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ɉɊɈȽɊȺɆɆɇɕɃ ɄɈɆɂɌȿɌ  ɈɊȽȺɇɂɁȺɐɂɈɇɇɕɃ ɄɈɆɂɌȿɌ 
ɋɨɩɪɟɞɫɟɞɚɬɟɥɢ:  ɋɨɩɪɟɞɫɟɞɚɬɟɥɢ: 
ɏɚɞɠɢɟɜ ɋ.ɇ., ɚɤɚɞɟɦɢɤ ɊȺɇ (ɂɇɏɋ ɊȺɇ)  

 

 Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ., ɂɇɏɋ ɊȺɇ, ɆȽɍ ɢɦ. 
Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

Ʌɭɧɢɧ ȼ.ȼ., ɚɤɚɞɟɦɢɤ ɊȺɇ, ɆȽɍ ɢɦ. Ɇ.ȼ. 
Ʌɨɦɨɧɨɫɨɜɚ 

 Ƚɚɥɢɛɟɟɜ ɋ.ɋ., ȺɈ «ɈɏɄ «ɍɊȺɅɏɂɆ» 

   

Ⱥɥɟɯɢɧ Ʌ.ɋ., ȺɈ «ɌȺɇȿɄɈ»  Ⱥɛɥɚɟɜ Ⱥ.Ɋ., Ɋɨɫɫɢɣɫɤɚɹ Ȼɢɨɬɨɩɥɢɜɧɚɹ 
Ⱥɫɫɨɰɢɚɰɢɹ 

Ⱥɪɭɬɸɧɨɜ ȼ.ɋ., ɂɏɎ ɊȺɇ  Ȼɟɪɦɟɲɟɜ Ɇ.ȼ., ɂɇɏɋ ɊȺɇ 

Ȼɭɯɬɢɹɪɨɜ ȼ.ɂ., ɚɤɚɞɟɦɢɤ ɊȺɇ, ɂɄ ɋɈ ɊȺɇ  ȼɨɥɤɨɜ Ⱥ.ȼ., ɂɇɏɋ ɊȺɇ 

Ⱦɟɞɨɜ Ⱥ.Ƚ., ɚɤɚɞɟɦɢɤ ɊȺɇ, ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ 
ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

 Ʉɚɧɚɬɶɟɜɚ Ⱥ.ɘ., ɂɇɏɋ ɊȺɇ, ɋɨɜɟɬ 
ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ 

ɂɜɚɧɨɜɚ ɂ.ɂ., ɂɇɏɋ ɊȺɇ, ɆȽɍ ɢɦ. Ɇ.ȼ. 
Ʌɨɦɨɧɨɫɨɜɚ 

 Ʉɭɥɢɤɨɜ Ⱥ.Ȼ., ɂɇɏɋ ɊȺɇ 

Ʉɚɩɭɫɬɢɧ ȼ.Ɇ., ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ ɢɦ. ɂ.Ɇ. 
Ƚɭɛɤɢɧɚ 

 Ʉɭɥɢɤɨɜɚ Ɇ.ȼ., ɂɇɏɋ ɊȺɇ 

Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ., ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ  Ʌɹɞɨɜ Ⱥ.ɋ., ɂɇɏɋ ɊȺɇ 

Ʌɢɯɨɥɨɛɨɜ ȼ.Ⱥ., ɱɥɟɧ-ɤɨɪɪ. ɊȺɇ, ɂɉɉɍ ɋɈ 
ɊȺɇ 

 Ɇɚɝɨɦɟɞɨɜɚ Ɇ.ȼ., ɂɇɏɋ ɊȺɇ 

Ɇɚɡɝɚɪɨɜ Ⱥ.Ɇ., ȺɈ «ȼɇɂɂɍɋ»  ɇɢɤɭɥɶɲɢɧ ɉ.Ⱥ., ȺɈ «ȼɇɂɂ ɇɉ 

ɉɚɪɦɨɧ ȼ.ɇ., ɚɤɚɞɟɦɢɤ ɊȺɇ, ɂɄ ɋɈ ɊȺɇ  ɉɟɬɪɭɯɢɧɚ ɇ.ɇ., ɂɇɏɋ ɊȺɇ 

ɉɚɬɚɲɧɢɤɨɜ Ƚ.Ʌ., OOO «Ȼɂ ȺɃ 
Ɍɟɯɧɨɥɨɞɠɢ» 

 ɒɚɥɵɝɢɧ Ɇ.Ƚ., ɂɇɏɋ ɊȺɇ, ɋɨɜɟɬ 
ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ 

Ɋɭɞɹɤ Ʉ.Ȼ., ɈɈɈ «Ɋɇ-ɐɂɊ»   

ɋɟɞɨɜ ɂ.ȼ., ɂɉɏɎ ɊȺɇ   

ɐɨɞɢɤɨɜ Ɇ.ȼ., ɂɇɏɋ ɊȺɇ   

əɪɭɥɥɢɧ Ɋ.ɋ., ɈȺɈ «Ɍɚɬɧɟɮɬɟɯɢɦɢɧɜɟɫɬ-

ɏɨɥɞɢɧɝ» 

  

 

ɋɛɨɪɧɢɤ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɨɜ XII Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ 
ɩɨ ɧɟɮɬɟɯɢɦɢɢ (17–21 ɫɟɧɬɹɛɪɹ 2018 ɝ., ɝ. Ɂɜɟɧɢɝɨɪɨɞ). – Ɇ.: ɂɇɏɋ ɊȺɇ, 2018. – 810 ɫ. 

ISBN 978-5-9905815-5-5 

ɋɛɨɪɧɢɤ ɜɤɥɸɱɚɟɬ ɬɟɡɢɫɵ ɞɨɤɥɚɞɨɜ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ XII 

Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɩɨ ɧɟɮɬɟɯɢɦɢɢ. 

©ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 
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ɈɊȽȺɇɂɁȺɌɈɊɕ ɄɈɇɎȿɊȿɇɐɂɂ 

 

Ɉɬɞɟɥɟɧɢɟ ɯɢɦɢɢ ɢ ɧɚɭɤ ɨ ɦɚɬɟɪɢɚɥɚɯ Ɋɨɫɫɢɣɫɤɨɣ 
ɚɤɚɞɟɦɢɢ ɧɚɭɤ 

 

Ɉɛɴɟɞɢɧɟɧɧɵɣ ɇɚɭɱɧɵɣ ɫɨɜɟɬ ɊȺɇ ɩɨ ɯɢɦɢɢ ɧɟɮɬɢ, ɝɚɡɚ, 
ɭɝɥɹ ɢ ɛɢɨɦɚɫɫɵ 

 

ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ 
ɊȺɇ 

 ɇɟɤɨɦɦɟɪɱɟɫɤɨɟ ɩɚɪɬɧɟɪɫɬɜɨ «ɐɟɧɬɪ ɪɚɡɜɢɬɢɹ ɬɟɯɧɨɥɨɝɢɣ 
ɝɥɭɛɨɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ» 

  

 

ɋɉɈɇɋɈɊɕ 

     
 

ɂɇɎɈɊɆȺɐɂɈɇɇɕȿ ɋɉɈɇɋɈɊɕ 
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Ɋɚɫɤɪɵɬɢɟ ɬɚɣɧ ɤɚɬɚɥɢɡɚ ɩɪɨɢɡɜɟɞɟɬ ɩɟɪɟɜɨɪɨɬ  

ɜ ɦɚɬɟɪɢɚɥɶɧɨɣ ɤɭɥɶɬɭɪɟ ɱɟɥɨɜɟɱɟɫɬɜɚ 

Ⱥɤɚɞɟɦɢɤ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧ 

 

ȼɫɟ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɤɚɬɚɥɢɡɟ 

ɬɚɤ ɢɥɢ ɢɧɚɱɟ ɫɜɹɡɚɧɵ ɫ ɢɦɟɧɟɦ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɚ ɢ ɫ 

ɨɬɤɪɵɬɵɦɢ ɢɦ ɩɪɢɧɰɢɩɚɦɢ ɫɬɪɭɤɬɭɪɧɨɝɨ ɢ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ. ɗɬɨ ɤɚɫɚɟɬɫɹ 

ɦɟɬɚɥɥɨɤɨɦɩɥɟɤɫɧɨɝɨ ɤɚɬɚɥɢɡɚ, ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ 

ɤɚɬɚɥɢɡɚ, ɤɚɬɚɥɢɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɪɭɝɢɯ 

ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɵɯ ɥɢɝɚɧɞɨɜ, ɰɟɨɥɢɬɧɨɝɨ ɤɚɬɚɥɢɡɚ, 

ɤɚɬɚɥɢɡɚ ɧɚ ɤɥɚɫɬɟɪɚɯ ɢ ɧɚɧɨɱɚɫɬɢɰɚɯ ɢ ɬ.ɞ. ȼ ɢɫɬɨɪɢɸ 

ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɧɚɭɤɢ ɚɤɚɞɟɦɢɤ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧ ɜɨɲɟɥ ɤɚɤ ɤɪɭɩɧɟɣɲɢɣ ɭɱɟɧɵɣ-ɯɢɦɢɤ, 

ɚɜɬɨɪ ɦɭɥɶɬɢɩɥɟɬɧɨɣ ɬɟɨɪɢɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ, ɩɨɡɜɨɥɢɜɲɟɣ ɫɜɹɡɚɬɶ 

ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜɟɳɟɫɬɜɚ ɫ ɟɝɨ ɚɬɨɦɧɨ-ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

Ɍɟɨɪɢɹ ɞɚɥɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɢɬɶ ɦɧɨɝɢɟ ɪɟɚɤɰɢɢ, ɜɚɠɧɵɟ ɞɥɹ ɯɢɦɢɱɟɫɤɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɢ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ ɩɨɞɛɢɪɚɬɶ ɤɚɬɚɥɢɡɚɬɨɪɵ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ. 

Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ Ȼɚɥɚɧɞɢɧ (20 ɞɟɤɚɛɪɹ 1898 ɝ. – 22 ɦɚɹ 1967 ɝ.)  ɪɨɞɢɥɫɹ 

ɜ ȿɧɢɫɟɣɫɤɟ. Ɉɤɨɧɱɢɥ Ɇɨɫɤɨɜɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (1923 ɝ.). Ⱦɢɩɥɨɦɧɭɸ ɪɚɛɨɬɭ ɜɵɩɨɥɧɢɥ 

ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɇ.Ⱦ. Ɂɟɥɢɧɫɤɨɝɨ. ɉɨ ɟɝɨ ɪɟɤɨɦɟɧɞɚɰɢɢ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧ ɩɨɫɥɟ 

ɨɤɨɧɱɚɧɢɹ ɭɧɢɜɟɪɫɢɬɟɬɚ ɛɵɥ ɨɫɬɚɜɥɟɧ ɧɚ ɤɚɮɟɞɪɟ ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ 

ɜ ɤɚɱɟɫɬɜɟ ɧɚɭɱɧɨɝɨ ɫɨɬɪɭɞɧɢɤɚ, ɚ ɡɚɬɟɦ ɚɫɩɢɪɚɧɬɚ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ 

ɢɧɫɬɢɬɭɬɚ ɯɢɦɢɢ ɩɪɢ ɆȽɍ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɚɫɩɢɪɚɧɬɭɪɵ ɜ 1928 ɝ. ɨɧ ɡɚɱɢɫɥɹɟɬɫɹ 

ɚɫɫɢɫɬɟɧɬɨɦ, ɚ ɫ 1930 ɝ. – ɞɨɰɟɧɬɨɦ ɬɨɣ ɠɟ ɤɚɮɟɞɪɵ. 

Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧ ɜ 1930 ɝ. ɩɟɪɜɵɦ ɤɚɤ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ, ɬɚɤ ɢ ɡɚ ɪɭɛɟɠɨɦ ɧɚɱɚɥ 

ɱɢɬɚɬɶ ɜ Ɇɨɫɤɨɜɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɫɩɟɰɢɚɥɶɧɵɣ ɤɭɪɫ «Ɉɪɝɚɧɢɱɟɫɤɢɣ ɤɚɬɚɥɢɡ», 

ɜɤɥɸɱɚɜɲɢɣ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɤɚɬɚɥɢɡɚ, ɬɟɨɪɢɸ, ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɫɢɧɬɟɡ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. ȼ 1929 ɝ. ɜɵɲɥɚ ɜ ɫɜɟɬ ɟɝɨ ɪɚɛɨɬɚ «Ʉ 

ɬɟɨɪɢɢ ɝɟɬɟɪɨɝɟɧɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. Ɇɨɞɟɥɶ ɞɟɝɢɞɪɨɝɟɧɢɡɚɰɢɨɧɧɨɝɨ ɤɚɬɚɥɢɡɚ», 

ɜ ɤɨɬɨɪɨɣ ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɩɪɟɞɥɨɠɟɧɧɨɣ ɢɦ ɜ 1927 ɝ. 

ɦɭɥɶɬɢɩɥɟɬɧɨɣ ɬɟɨɪɢɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ. ȼ ɹɧɜɚɪɟ 1934 ɝ. Ȼɚɥɚɧɞɢɧ ɭɬɜɟɪɠɞɚɟɬɫɹ 

ɜ ɡɜɚɧɢɢ ɩɪɨɮɟɫɫɨɪɚ. ɏɨɞɚɬɚɣɫɬɜɭɹ ɨ ɩɪɢɫɜɨɟɧɢɢ Ȼɚɥɚɧɞɢɧɭ ɡɜɚɧɢɹ ɩɪɨɮɟɫɫɨɪɚ ɩɨ 

ɤɚɮɟɞɪɟ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ, ɚɤɚɞɟɦɢɤ Ⱥ.ɇ. Ɏɪɭɦɤɢɧ ɜ ɫɜɨɟɦ ɨɬɡɵɜɟ ɩɢɫɚɥ: «ə ɫɱɢɬɚɸ 
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ɪɚɛɨɬɵ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɚ ɡɧɚɱɢɬɟɥɶɧɵɦ ɜɤɥɚɞɨɦ ɜ ɦɢɪɨɜɭɸ ɧɚɭɤɭ ɢ ɜ ɩɨɞɬɜɟɪɠɞɟɧɢɟ 

ɬɚɤɨɣ ɨɰɟɧɤɢ ɦɨɝ ɛɵ ɩɪɢɜɟɫɬɢ ɬɚɤɠɟ ɨɬɡɵɜɵ ɚɜɬɨɪɢɬɟɬɧɵɯ ɢɧɨɫɬɪɚɧɧɵɯ ɭɱɟɧɵɯ». 31 

ɦɚɪɬɚ 1935 ɝ. Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧ ɩɨɥɭɱɢɥ ɩɢɫɶɦɨ ɨɬ ɧɟɩɪɟɦɟɧɧɨɝɨ ɫɟɤɪɟɬɚɪɹ ɚɤɚɞɟɦɢɤɚ ȼ.ɉ. 

ȼɨɥɝɢɧɚ ɫ ɭɜɟɞɨɦɥɟɧɢɟɦ ɨ ɬɨɦ, ɱɬɨ ɉɪɟɡɢɞɢɭɦ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ ɋɋɋɊ ɧɚ ɫɜɨɟɦ ɡɚɫɟɞɚɧɢɢ 

15 ɦɚɪɬɚ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɤɨɦɢɫɫɢɢ ɩɨ ɯɢɦɢɢ ɩɪɢɫɭɞɢɥ 

ɟɦɭ ɭɱɟɧɭɸ ɫɬɟɩɟɧɶ ɞɨɤɬɨɪɚ ɯɢɦɢɢ ɡɚ ɪɚɛɨɬɵ ɩɨ ɤɚɬɚɥɢɡɭ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ȼ 1935 ɝ. Ȼɚɥɚɧɞɢɧ ɨɪɝɚɧɢɡɨɜɚɥ ɥɚɛɨɪɚɬɨɪɢɸ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɚɬɚɥɢɡɚ ɜ 

ɂɧɫɬɢɬɭɬɟ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ Ⱥɇ ɋɋɋɊ, ɝɞɟ ɨɧ ɜɨɡɝɥɚɜɢɥ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ 

ɢɡɭɱɟɧɢɟɦ ɦɟɯɚɧɢɡɦɚ ɜɚɠɧɟɣɲɢɯ ɪɟɚɤɰɢɣ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɚɬɚɥɢɡɚ, ɪɚɡɜɢɬɢɟɦ 

ɦɭɥɶɬɢɩɥɟɬɧɨɣ ɬɟɨɪɢɢ ɤɚɬɚɥɢɡɚ ɢ ɢɡɭɱɟɧɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ. 15 ɢɸɧɹ 

1936 ɝ. ɤɨɦɢɫɫɢɹ ɉɪɟɡɢɞɢɭɦɚ Ⱥɇ ɋɋɋɊ ɩɪɢɫɭɞɢɥɚ ɦɚɥɭɸ ɩɪɟɦɢɸ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

ɩɪɨɮɟɫɫɨɪɭ Ȼɚɥɚɧɞɢɧɭ ɡɚ ɪɚɛɨɬɵ ɩɨ ɤɚɬɚɥɢɡɭ ɜ ɨɛɥɚɫɬɢ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ. 

ɇɨ ɭɠɟ 16 ɢɸɥɹ ɩɨɫɥɟɞɨɜɚɥ ɚɪɟɫɬ ɥɚɭɪɟɚɬɚ Ɇɟɧɞɟɥɟɟɜɫɤɨɣ ɩɪɟɦɢɢ. ȼ ɫɜɨɟɣ 

ɚɜɬɨɛɢɨɝɪɚɮɢɢ, ɧɚɩɢɫɚɧɧɨɣ 2 ɫɟɧɬɹɛɪɹ 1939 ɝ., Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ ɩɢɫɚɥ: «ȼ ɢɸɥɟ 

1936 ɝ. ɛɵɥ ɚɪɟɫɬɨɜɚɧ ɢ ɜ ɦɚɪɬɟ 1937 ɝ. ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ ɫɨɫɥɚɧ ɜ Ɉɪɟɧɛɭɪɝ ɧɚ 5 ɥɟɬ, ɝɞɟ 

ɪɚɛɨɬɚɥ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ ɡɚɜɨɞɚ Ⱥɜɬɨɬɪɚɤɬɨɪɞɟɬɚɥɶ, ɚ ɫ III.1938 ɩɨ VI.1939 

– ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ ɯɢɦɢɢ ɢ ɮɢɡɢɤɢ ɜ ɫɪɟɞɧɟɣ ɲɤɨɥɟ ɜɡɪɨɫɥɵɯ №1. ȼ ɦɚɟ 1939 ɝ. ɛɵɥ 

ɪɟɚɛɢɥɢɬɢɪɨɜɚɧ ɩɨ ɩɟɪɟɫɦɨɬɪɭ ɞɟɥɚ (ɞɟɥɨ ɩɪɟɤɪɚɳɟɧɨ), ɜɨɡɜɪɚɳɟɧ ɜ Ɇɨɫɤɜɭ ɢ ɫ 

16.VI.1939 ɜɨɫɫɬɚɧɨɜɥɟɧ ɜ ɩɪɟɠɧɟɣ ɞɨɥɠɧɨɫɬɢ ɜ ɆȽɍ». Ⱦɨɛɪɵɦɢ ɫɥɨɜɚɦɢ ɧɚɞɨ 

ɜɫɩɨɦɧɢɬɶ ɦɭɠɟɫɬɜɟɧɧɵɯ ɭɱɟɧɵɯ, ɚɤɚɞɟɦɢɤɨɜ ɇ.Ⱦ. Ɂɟɥɢɧɫɤɨɝɨ, Ⱥ.ɇ. Ȼɚɯɚ, Ⱥ.ɇ. 

Ɏɪɭɦɤɢɧɚ, ȼ.ɂ. ȼɟɪɧɚɞɫɤɨɝɨ ɢ ɇ.ɋ. Ʉɭɪɧɚɤɨɜɚ, ɤɨɬɨɪɵɟ ɧɟ ɩɨɛɨɹɥɢɫɶ ɜɵɫɬɭɩɢɬɶ ɫ 

ɨɩɪɨɜɟɪɠɟɧɢɟɦ ɩɪɢɱɚɫɬɧɨɫɬɢ ɩɪɨɮɟɫɫɨɪɚ Ȼɚɥɚɧɞɢɧɚ ɤ ɤɚɤɢɦ-ɥɢɛɨ ɚɧɬɢɫɨɜɟɬɫɤɢɦ 

ɞɟɣɫɬɜɢɹɦ. 

ȼɫɤɨɪɟ ɩɨɫɥɟ ɪɟɚɛɢɥɢɬɚɰɢɢ ɩɨ ɯɨɞɚɬɚɣɫɬɜɭ ɞɢɪɟɤɬɨɪɚ ɂɧɫɬɢɬɭɬɚ ɨɪɝɚɧɢɱɟɫɤɨɣ 

ɯɢɦɢɢ Ⱥɇ ɋɋɋɊ ɱɥɟɧɚ-ɤɨɪɪɟɫɩɨɧɞɟɧɬɚ Ⱥɇ ɋɋɋɊ Ⱥ.ɇ. ɇɟɫɦɟɹɧɨɜɚ Ⱥɥɟɤɫɟɣ 

Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ ɫ 1 ɫɟɧɬɹɛɪɹ 1939 ɝ. ɭɬɜɟɪɠɞɚɟɬɫɹ ɪɭɤɨɜɨɞɢɬɟɥɟɦ ɝɪɭɩɩɵ ɤɢɧɟɬɢɤɢ 

ɤɨɧɬɚɤɬɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɚɬɚɥɢɡɚ, ɡɚɞɚɱɟɣ ɤɨɬɨɪɨɣ ɛɵɥɨ 

ɢɡɭɱɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɩɪɟɜɪɚɳɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɟ ɧɟɧɚɫɵɳɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɰɟɥɹɯ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɪɨɞɧɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɝɚɡɨɜ. ɉɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ Ⱥɥɟɤɫɟɹ 

Ⱥɥɟɤɫɚɧɞɪɨɜɢɱɚ ɭɠɟ ɤ ɧɚɱɚɥɭ 1941 ɝ. ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ 

ɩɪɟɜɪɚɳɟɧɢɟɦ ɛɭɬɚɧɚ ɜ ɛɭɬɢɥɟɧ ɢ ɛɭɬɢɥɟɧɚ ɜ ɛɭɬɚɞɢɟɧ, ɤɨɬɨɪɵɣ ɩɭɬɟɦ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɩɪɟɜɪɚɳɚɸɬ ɜ ɬɟɯɧɢɤɟ ɜ ɫɢɧɬɟɬɢɱɟɫɤɢɣ ɤɚɭɱɭɤ. ȼ ɷɬɨɣ ɠɟ ɥɚɛɨɪɚɬɨɪɢɢ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɩɪɟɜɪɚɳɟɧɢɹ ɷɬɢɥɛɟɧɡɨɥɚ ɜ ɫɬɢɪɨɥ. 
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ȼ ɝɨɞɵ ȼɟɥɢɤɨɣ Ɉɬɟɱɟɫɬɜɟɧɧɨɣ ɜɨɣɧɵ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧ ɪɚɛɨɬɚɥ ɜ Ʉɚɡɚɧɢ, ɤɭɞɚ 

ɷɜɚɤɭɢɪɨɜɚɥɫɹ ɂɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ Ⱥɇ ɋɋɋɊ. Ɂɚ ɰɢɤɥ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɜɵɩɨɥɧɟɧɧɵɯ ɜ 1943–1944 ɝɝ., Ȼɚɥɚɧɞɢɧ ɜ 1946 ɝ. ɛɵɥ ɭɞɨɫɬɨɟɧ ɋɬɚɥɢɧɫɤɨɣ ɩɪɟɦɢɢ II 

ɫɬɟɩɟɧɢ. ȿɦɭ ɩɪɢɫɭɠɞɚɟɬɫɹ ɬɚɤɠɟ ɩɪɟɦɢɹ ɢɦ. ɋ.ȼ. Ʌɟɛɟɞɟɜɚ I ɫɬɟɩɟɧɢ ɡɚ ɪɚɛɨɬɵ ɩɨ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɦɭ ɩɨɥɭɱɟɧɢɸ ɦɨɧɨɦɟɪɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɤɚɭɱɭɤɚ. ȼ 1945 ɝ. ɨɧ ɛɵɥ 

ɧɚɝɪɚɠɞɟɧ ɨɪɞɟɧɨɦ Ɍɪɭɞɨɜɨɝɨ Ʉɪɚɫɧɨɝɨ Ɂɧɚɦɟɧɢ ɡɚ ɜɵɞɚɸɳɢɟɫɹ ɡɚɫɥɭɝɢ ɜ ɨɛɥɚɫɬɢ 

ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ. 

ȼ 1948 ɝ. Ȼɚɥɚɧɞɢɧ ɫɬɚɥ ɞɟɤɚɧɨɦ ɯɢɦɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ ɆȽɍ. 1 ɚɩɪɟɥɹ 1949 ɝ. 

Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɚ, ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɱɥɟɧɚ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ ɋɋɋɊ, ɜɧɨɜɶ ɚɪɟɫɬɨɜɚɥɢ. 

Ⱥɤɚɞɟɦɢɤ Ȼɚɥɚɧɞɢɧ ɛɵɥ ɨɫɭɠɞɟɧ ɩɨ 58-ɣ ɫɬɚɬɶɟ ɧɚ 10 ɥɟɬ ɢ ɩɨ ɷɬɚɩɭ ɧɚɩɪɚɜɥɟɧ ɜ 

ɇɨɪɢɥɶɫɤ. ɉɨɫɬɭɩɢɥɨ ɪɚɫɩɨɪɹɠɟɧɢɟ ɩɪɟɤɪɚɬɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɦɭɥɶɬɢɩɥɟɬɧɨɣ ɬɟɨɪɢɢ. 

ɇɚ ɪɚɛɨɬɵ ɟɟ ɨɫɧɨɜɚɬɟɥɹ ɧɟɥɶɡɹ ɛɵɥɨ ɫɫɵɥɚɬɶɫɹ. ȼ ɇɨɪɢɥɶɫɤɟ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧ ɩɪɨɛɵɥ 

ɱɟɬɵɪɟ ɝɨɞɚ ɢ ɬɪɢ ɦɟɫɹɰɚ, ɪɚɛɨɬɚɥ ɧɚ ɬɹɠɟɥɵɯ ɪɚɛɨɬɚɯ, ɡɚɬɟɦ ɛɵɥ ɩɪɢɜɥɟɱɟɧ ɜ ɨɩɵɬɧɵɣ 

ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɰɟɯ, ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɤɨɬɨɪɨɝɨ ɨɧ ɢɡɭɱɚɥ ɤɢɧɟɬɢɤɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɨɤɫɢɞɨɜ ɧɢɤɟɥɹ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ ɩɨɪɨɲɤɚ. ȼ ɢɸɧɟ 1953 ɝ. ɜ 

ɍɩɪɚɜɥɟɧɢɟ ɤɨɦɛɢɧɚɬɚ ɩɪɢɲɥɚ ɩɪɚɜɢɬɟɥɶɫɬɜɟɧɧɚɹ ɬɟɥɟɝɪɚɦɦɚ ɫ ɭɤɚɡɚɧɢɟɦ ɧɟɦɟɞɥɟɧɧɨ 

ɨɬɩɪɚɜɢɬɶ ɚɤɚɞɟɦɢɤɚ Ȼɚɥɚɧɞɢɧɚ ɜ Ɇɨɫɤɜɭ.  

ȼ 1954 ɝ. ɨɧ ɜɨɡɝɥɚɜɢɥ ɫɨɡɞɚɧɧɭɸ ɜ ɂɧɫɬɢɬɭɬɟ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ Ⱥɇ ɋɋɋɊ 

ɥɚɛɨɪɚɬɨɪɢɸ ɢɦ. ɇ.Ⱦ. Ɂɟɥɢɧɫɤɨɝɨ ɢ ɞɨ ɤɨɧɰɚ ɫɜɨɢɯ ɞɧɟɣ ɛɵɥ ɟɟ ɛɟɫɫɦɟɧɧɵɦ 

ɪɭɤɨɜɨɞɢɬɟɥɟɦ. ȼ 1954–1961 ɝɝ. ɚɤɚɞɟɦɢɤ Ȼɚɥɚɧɞɢɧ – ɩɪɟɞɫɟɞɚɬɟɥɶ ɍɱɟɧɨɝɨ ɫɨɜɟɬɚ ɩɨ 

ɩɪɨɛɥɟɦɟ «ɇɚɭɱɧɵɟ ɨɫɧɨɜɵ ɩɨɞɛɨɪɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ» ɩɪɢ Ɉɬɞɟɥɟɧɢɢ ɯɢɦɢɱɟɫɤɢɯ ɧɚɭɤ 

Ⱥɇ ɋɋɋɊ. ȼ 1953 ɝ. ɞɥɹ ɪɚɡɜɢɬɢɹ ɪɚɛɨɬ ɩɨ ɤɚɬɚɥɢɡɭ ɛɵɥ ɫɨɡɞɚɧ ɇɚɭɱɧɵɣ ɫɨɜɟɬ ɩɨ 

ɤɚɬɚɥɢɡɭ, ɩɪɟɞɫɟɞɚɬɟɥɟɦ ɤɨɬɨɪɨɝɨ ɫɬɚɥ ɚɤɚɞɟɦɢɤ Ȼɚɥɚɧɞɢɧ. Ȼɵɥɨ ɫɮɨɪɦɢɪɨɜɚɧɨ 

ɦɧɨɠɟɫɬɜɨ «ɛɪɢɝɚɞ», ɫɨɫɬɨɹɜɲɢɯ ɢɡ ɭɱɟɧɵɯ ɢ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɜɟɞɨɦɫɬɜ, ɤɨɬɨɪɵɦɢ ɪɭɤɨɜɨɞɢɥɢ ɤɪɭɩɧɟɣɲɢɟ ɫɩɟɰɢɚɥɢɫɬɵ. Ɋɭɤɨɜɨɞɫɬɜɨ ɬɚɤɨɣ ɛɪɢɝɚɞɨɣ 

ɩɨ ɩɪɨɛɥɟɦɟ «Ʉɚɬɚɥɢɡ» ɛɵɥɨ ɩɨɥɭɱɟɧɨ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɭ. ȼ 1958 ɝ. Ⱥɥɟɤɫɟɣ 

Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ ɛɵɥ ɧɚɝɪɚɠɞɟɧ ɜɬɨɪɵɦ ɨɪɞɟɧɨɦ Ɍɪɭɞɨɜɨɝɨ Ʉɪɚɫɧɨɝɨ Ɂɧɚɦɟɧɢ «ɡɚ 

ɡɚɫɥɭɝɢ ɜ ɪɚɡɜɢɬɢɢ ɯɢɦɢɱɟɫɤɨɣ ɧɚɭɤɢ ɢ ɜ ɫɜɹɡɢ ɫ 60-ɥɟɬɢɟɦ ɫɨ ɞɧɹ ɪɨɠɞɟɧɢɹ». 

22 ɦɚɹ 1967 ɝɨɞɚ ɧɚ 69-ɦ ɝɨɞɭ ɠɢɡɧɢ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧ ɫɤɨɧɱɚɥɫɹ. ɉɪɨɮɟɫɫɨɪ ɗ.Ʉ. 

Ɋɢɞɢɥ (ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ) ɧɚɩɢɫɚɥ: «ɋɨ ɫɦɟɪɬɶɸ ɩɪɨɮɟɫɫɨɪɚ Ȼɚɥɚɧɞɢɧɚ ɦɢɪ ɨɛɟɞɧɟɥ ɬɟɦɢ 

ɧɟɦɧɨɝɢɦɢ, ɤɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɫɞɟɥɚɥ ɨɪɢɝɢɧɚɥɶɧɵɣ ɜɤɥɚɞ ɜ ɧɚɲɭ ɧɚɭɤɭ, Ɋɨɫɫɢɹ 

ɥɢɲɢɥɚɫɶ ɫɩɟɰɢɚɥɢɫɬɚ, ɩɪɢɡɧɚɧɧɨɝɨ ɜɨ ɜɫɟɦ ɦɢɪɟ, ɚɜɬɨɪɢɬɟɬɚ ɩɨ ɫɬɪɭɤɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ 

ɜ ɝɟɬɟɪɨɝɟɧɧɨɦ ɤɚɬɚɥɢɡɟ». 
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ɇɟɜɨɡɦɨɠɧɨ ɧɟ ɨɬɦɟɬɢɬɶ ɭɞɢɜɢɬɟɥɶɧɭɸ ɫɬɨɣɤɨɫɬɶ ɯɚɪɚɤɬɟɪɚ Ⱥɥɟɤɫɟɹ 

Ⱥɥɟɤɫɚɧɞɪɨɜɢɱɚ – ɟɝɨ ɧɟ ɫɥɨɦɢɥɢ ɞɜɚ ɚɪɟɫɬɚ, ɫɫɵɥɤɚ, ɥɢɲɟɧɢɹ. Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 

ɨɫɬɚɜɚɥɫɹ ɫɚɦɢɦ ɫɨɛɨɣ – ɱɟɥɨɜɟɤɨɦ ɦɭɠɟɫɬɜɟɧɧɵɦ, ɫɬɨɣɤɢɦ ɢ ɰɟɥɟɭɫɬɪɟɦɥɟɧɧɵɦ. ɑɟɪɟɡ 

ɜɫɟ ɢɫɩɵɬɚɧɢɹ ɩɪɨɧɟɫ ɨɧ ɠɢɡɧɟɭɬɜɟɪɠɞɚɸɳɢɣ ɮɚɤɟɥ ɥɸɛɜɢ ɤ ɧɚɭɤɟ. ɉɨ ɫɥɨɜɚɦ ɨɞɧɨɝɨ 

ɢɡ ɭɱɟɧɢɤɨɜ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɚ, ɩɪɨɮɟɫɫɨɪɚ Ⱥ.ɉ. Ɋɭɞɟɧɤɨ, «ɜɫɟ ɟɝɨ ɦɵɫɥɢ ɛɵɥɢ ɨɬɞɚɧɵ 

ɬɨɥɶɤɨ ɧɚɭɤɟ. Ɉɧ ɞɭɦɚɥ, ɩɢɫɚɥ, ɱɢɬɚɥ ɜɟɡɞɟ ɢ ɜɫɸɞɭ ɩɪɢ ɥɸɛɨɣ ɜɨɡɦɨɠɧɨɫɬɢ (ɜ ɤɚɛɢɧɟɬɟ, 

ɞɨɦɚ, ɧɚ ɞɚɱɟ, ɜ ɨɬɩɭɫɤɟ, ɜ ɛɨɥɶɧɢɰɟ) ɢ ɞɚɠɟ ɜ ɫɨɜɟɪɲɟɧɧɨ ɧɟɦɵɫɥɢɦɵɯ ɞɥɹ ɧɚɭɱɧɨɣ 

ɪɚɛɨɬɵ ɭɫɥɨɜɢɹɯ. ɍɞɨɜɥɟɬɜɨɪɟɧɢɟ ɩɨɬɪɟɛɧɨɫɬɢ ɧɚɭɱɧɨɝɨ ɬɜɨɪɱɟɫɬɜɚ ɛɵɥɨ ɝɥɚɜɧɵɦ 

ɫɬɪɟɦɥɟɧɢɟɦ, ɩɨɞɱɢɧɹɜɲɢɦ ɜɫɸ ɟɝɨ ɞɟɹɬɟɥɶɧɨɫɬɶ. ɉɨɷɬɨɦɭ ɧɢ ɱɚɫɬɵɟ ɬɹɠɟɥɵɟ ɛɨɥɟɡɧɢ, 

ɧɢ ɧɟɫɩɪɚɜɟɞɥɢɜɨɫɬɢ ɢ ɧɟɫɱɚɫɬɶɹ ɠɢɡɧɢ ɧɟ ɫɥɨɦɢɥɢ ɬɜɨɪɱɟɫɤɨɝɨ ɞɭɯɚ, ɜɟɪɵ ɜ 

ɩɪɚɜɢɥɶɧɨɫɬɶ ɢ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɡɛɪɚɧɧɨɝɨ ɢɦ ɩɭɬɢ». 

ɋɨɡɞɚɜ ɜ ɆȽɍ ɩɟɪɜɭɸ ɜ ɦɢɪɟ ɤɚɮɟɞɪɭ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɚɬɚɥɢɡɚ, Ⱥɥɟɤɫɟɣ 

Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ ɜɨɫɩɢɬɚɥ ɦɧɨɝɨ ɜɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɨɛɥɚɫɬɢ 

ɤɚɬɚɥɢɡɚ. ɇɚ ɫɜɨɢɯ ɥɟɤɰɢɹɯ ɨɧ ɩɪɢɡɵɜɚɥ ɦɨɥɨɞɟɠɶ ɩɪɢɦɟɧɢɬɶ ɫɜɨɣ ɬɚɥɚɧɬ ɜ ɨɛɥɚɫɬɢ 

ɭɩɪɚɜɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɫ ɩɨɦɨɳɶɸ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɷɬɢɦ ɨɛɨɝɚɬɢɬɶ 

ɦɚɬɟɪɢɚɥɶɧɭɸ ɤɭɥɶɬɭɪɭ ɱɟɥɨɜɟɱɟɫɬɜɚ. Ȼɨɥɟɟ ɬɪɟɯɫɨɬ ɯɢɦɢɤɨɜ-ɤɚɬɚɥɢɬɢɤɨɜ ɛɵɥɨ 

ɩɨɞɝɨɬɨɜɥɟɧɨ ɚɤɚɞɟɦɢɤɨɦ Ȼɚɥɚɧɞɢɧɵɦ. ɇɟɤɨɬɨɪɵɟ ɟɝɨ ɭɱɟɧɢɤɢ ɪɚɡɜɢɥɢ ɧɨɜɵɟ 

ɧɚɩɪɚɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚ: ȿ.ɂ. Ʉɥɚɛɭɧɨɜɫɤɢɣ (ɂɈɏ ɊȺɇ) – ɫɬɟɪɟɨɫɩɟɰɢɮɢɱɟɫɤɢɣ ɤɚɬɚɥɢɡ, 

ɭɱɢɬɵɜɚɸɳɢɣ ɮɚɤɬɨɪɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɩɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ; Ⱥ.ɉ. Ɋɭɞɟɧɤɨ (ɆȽɍ) – ɷɜɨɥɸɰɢɨɧɧɵɣ ɤɚɬɚɥɢɡ, ɨɯɜɚɬɵɜɚɸɳɢɣ 

ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɨɬɤɪɵɬɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, 

ɢɡɦɟɧɹɸɳɢɯɫɹ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ. 

ȼ 1991 ɝ. ɛɵɥɚ ɭɬɜɟɪɠɞɟɧɚ ɩɪɟɦɢɹ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ ɢɦ. Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɚ. ɉɟɪɜɚɹ 

ɩɪɟɦɢɹ ɛɵɥɚ ɩɪɢɫɭɠɞɟɧɚ ɜ 1993 ɝ. ɏ.Ɇ. Ɇɢɧɚɱɟɜɭ, Ⱥ.Ⱥ. ɋɥɢɧɤɢɧɭ ɢ ȿ.ɋ. ɒɩɢɪɨ ɡɚ ɰɢɤɥ 

ɪɚɛɨɬ «ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ». ɋɥɟɞɭɸɳɚɹ ɩɪɟɦɢɹ ɢɦ. Ⱥ.Ⱥ. 

Ȼɚɥɚɧɞɢɧɚ ɛɵɥɚ ɩɪɢɫɭɠɞɟɧɚ ȼ.ȼ. Ʌɭɧɢɧɭ ɡɚ ɰɢɤɥ ɪɚɛɨɬ «ɇɨɜɵɟ ɝɟɬɟɪɨɝɟɧɧɵɟ 

ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɢɯ ɝɢɞɪɢɞɨɜ». 

 

Ɉɫɧɨɜɧɵɟ ɪɚɛɨɬɵ: 
 Ɋɚɡɪɚɛɨɬɚɥ ɦɭɥɶɬɢɩɥɟɬɧɭɸ ɬɟɨɪɢɸ ɤɚɬɚɥɢɡɚ, ɨɫɧɨɜɚɧɧɭɸ ɧɚ ɫɥɟɞɭɸɳɢɯ 

ɩɪɢɧɰɢɩɚɯ: ɫɬɪɭɤɬɭɪɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɝɪɭɩɩɨɣ ɪɟɚɝɢɪɭɸɳɢɯ ɦɨɥɟɤɭɥ ɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɢ ɤɚɬɚɥɢɡɚɬɨɪɚ; ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ 

ɦɟɠɞɭ ɜɟɥɢɱɢɧɚɦɢ ɷɧɟɪɝɢɣ ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɟ ɢ ɯɟɦɨɫɨɪɛɰɢɨɧɧɵɯ ɫɜɹɡɟɣ ɦɨɥɟɤɭɥɵ ɫ 

ɤɚɬɚɥɢɡɚɬɨɪɨɦ; ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɜɹɡɟɣ ɜ ɩɟɪɟɯɨɞɧɨɦ ɦɭɥɶɬɢɩɥɟɬɧɨɦ ɤɨɦɩɥɟɤɫɟ.  
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ɇɚɱɚɥ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɧɟɪɝɢɣ ɚɤɬɢɜɚɰɢɢ ɝɟɬɟɪɨɝɟɧɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ.  

Ɋɚɡɜɢɥ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɩɪɢɧɰɢɩɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ, ɭɫɬɚɧɨɜɢɜ 

ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ ɪɟɚɤɰɢɢ ɨɬ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ. 

 ɉɪɟɞɥɨɠɢɥ ɭɪɚɜɧɟɧɢɟ ɤɢɧɟɬɢɤɢ ɪɟɚɤɰɢɣ ɜ ɩɪɨɬɨɱɧɵɯ ɫɢɫɬɟɦɚɯ. 

 Ɋɚɡɪɚɛɨɬɚɥ ɩɪɢɧɰɢɩɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, 

ɩɨɡɜɨɥɢɜɲɢɟ ɩɪɟɞɫɤɚɡɚɬɶ ɪɟɚɤɰɢɢ ɞɟɝɢɞɪɨɝɟɧɢɡɚɰɢɢ, ɩɨ ɤɨɬɨɪɵɦ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ 

ɦɨɧɨɦɟɪɵ ɞɥɹ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɤɚɭɱɭɤɚ.  

Ɋɚɡɪɚɛɨɬɚɥ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɣ ɫɜɹɡɢ ɪɟɚɝɟɧɬɨɜ ɫ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ. 

 Ɋɚɡɜɢɥ ɬɟɨɪɢɸ ɯɢɦɢɱɟɫɤɨɣ ɦɢɝɪɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɚɬɨɦɨɜ ɬɜёɪɞɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɞ ɜɥɢɹɧɢɟɦ ɛɚɡɢɫɧɨɣ ɪɟɚɤɰɢɢ.  

Ɋɚɡɪɚɛɨɬɚɥ ɦɟɬɨɞɵ ɪɚɫɱёɬɚ ɤɪɢɜɵɯ ɝɢɞɪɨɝɟɧɢɡɚɰɢɢ ɫɦɟɫɟɣ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɜɨɞɨɪɨɞɚ ɩɪɢ ɝɢɞɪɨɝɟɧɢɡɚɰɢɢ ɫɦɟɫɟɣ, ɩɪɟɞɜɵɱɢɫɥɟɧɢɹ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. 

ɋɨɡɞɚɥ ɧɨɜɭɸ ɬɟɨɪɢɸ ɝɢɞɪɨɝɟɧɢɡɚɰɢɢ; ɜ ɧɟɣ ɜɵɞɜɢɝɚɸɬɫɹ ɧɨɜɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɨ ɦɟɯɚɧɢɡɦɟ ɷɬɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɦɭɥɶɬɢɩɥɟɬɧɨɣ ɬɟɨɪɢɟɣ. ȼɚɠɧɵɦ 

ɡɜɟɧɨɦ ɜ ɩɨɫɬɪɨɟɧɢɢ ɬɟɨɪɢɢ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɚɞɫɨɪɛɰɢɨɧɧɵɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɧɚɣɞɟɧɧɵɯ ɜ ɪɚɛɨɬɚɯ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɚ ɩɨ ɤɢɧɟɬɢɤɟ ɞɟɝɢɞɪɨɝɟɧɢɡɚɰɢɢ. 

ȼ 1970 ɝ. ɜ ɢɡɞɚɬɟɥɶɫɬɜɟ ɆȽɍ ɜɵɲɥɚ ɜ ɫɜɟɬ III ɱɚɫɬɶ "Ɇɭɥɶɬɢɩɥɟɬɧɨɣ ɬɟɨɪɢɢ 

ɤɚɬɚɥɢɡɚ", ɤɭɞɚ ɜɨɲɥɢ ɦɚɥɨɢɡɜɟɫɬɧɵɟ ɪɚɛɨɬɵ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɚ ɩɨ ɬɟɨɪɢɢ ɫɥɨɠɧɵɯ 

ɪɟɚɤɰɢɣ, ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɦɭɥɶɬɢɩɥɟɬɧɨɣ ɬɟɨɪɢɢ, 

ɩɨ ɫɬɪɭɤɬɭɪɧɨɣ ɚɥɝɟɛɪɟ ɜ ɯɢɦɢɢ. ɉɨɫɥɟɞɧɢɟ ɪɚɡɞɟɥɵ ȿ.ɂ. Ʉɥɚɛɭɧɨɜɫɤɢɣ ɢ ɂ.ɂ. Ʉɭɥɚɤɨɜɚ 

ɩɨɞɝɨɬɨɜɢɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ «ɪɚɫɲɢɮɪɨɜɤɢ» ɡɚɩɢɫɟɣ Ⱥɥɟɤɫɟɹ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱɚ ɜ ɬɟɬɪɚɞɹɯ 

ɫ ɩɨɦɟɬɤɨɣ «ɑɤɚɥɨɜ, 1937», ɤɨɬɨɪɵɟ ɛɟɪɟɠɧɨ ɫɨɯɪɚɧɢɥɚ ɭɱɟɧɢɰɚ Ⱥɥɟɤɫɟɹ 

Ⱥɥɟɤɫɚɧɞɪɨɜɢɱɚ Ⱥ.Ⱥ. Ɍɨɥɫɬɨɩɹɬɨɜɚ. ȼ 1972 ɝ. ɛɵɥɢ ɢɡɞɚɧɵ «ɂɡɛɪɚɧɧɵɟ ɬɪɭɞɵ» Ⱥ.Ⱥ. 

Ȼɚɥɚɧɞɢɧɚ, ɜɤɥɸɱɢɜɲɢɟ ɟɝɨ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɟ ɫɬɚɬɶɢ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɩɪɢɧɰɢɩɨɜ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɦɭɥɶɬɢɩɥɟɬɧɨɣ ɬɟɨɪɢɢ, ɨɛɳɢɦ ɜɨɩɪɨɫɚɦ 

ɦɭɥɶɬɢɩɥɟɬɧɨɣ ɬɟɨɪɢɢ, ɩɨ ɤɢɧɟɬɢɤɟ ɢ ɦɟɯɚɧɢɡɦɭ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɢ ɪɚɡɪɚɛɨɬɤɟ 

ɧɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ.  
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17.09 ϭϴ ̭е̦т̬́̍́, ̏то̛̬̦к ϭϵ ̭е̦т̬́̍́, ̭̬ед̌ 
ʿ̦ 830–930  ʯ̌̏т̬̌к 830–930 ʯ̌̏т̬̌к 

1500 –1700   ʯ̌е̚д у̸̭̌т̛̦ко̏, ̬е̛̭̐т̶̛̬̌́  1900   ʿ̛̬̏ет̭т̏е̦̦̼̜ ̴у̬̹ет  
 930–940 Ко̦фе̬е̦ц-̚ал 

Отк̬̼т̛е ко̴̦е̬е̶̛̛̦. ʿ̬ед̭ед̌тел̛: Лу̛̦̦ ʦ.ʦ., Л̬̌̏е̦о̏ ʤ.ʦ. Ко̦фе̬е̦ц-̚ал 
ʿ̬ед̭ед̌тел̛: ʥу̵т̛̬́о̏ ʦ.ʰ., ʺ̌к̛̭̥о̏ ʤ.Л. 940–1020 ʿ-1 Локте̏̌ ʫ.ˁ. 930–1010 П-5 ʻ̛кул̛̹̦̽ ʿ.ʤ. 1020–1100 ʿ-2 ʺ̌к̛̭̥о̏ ʤ.Л. 1010–1050 ʿ-6 ʧоло̏ко ʤ.К. 1100–1120 ʿе̬е̬̼̏ 1050–1110 ʿе̬е̬̼̏ 1120–1200 ʿ-3 ʥу̵т̛̬́о̏ ʦ.ʰ. 1110–1150 ʿ-7 ʦ̴̬̌оло̥ее̏ ˁ.ʪ. 1200-1240 ʿ-4 ʰ̦̏̌о̏̌ ʰ.ʰ. 1150–1230 ʿ-8 Л̬̌̏е̦о̏ ʤ.ʦ. 1240–1300  ʿ̬е̚е̦т̶̛̌́ ко̥п̛̛̦̌ LECO Corporation 1230–1300  ʧле̍о̏ Л.ˁ. – п̬е̚е̦т̶̛̌́ ̥о̦о̴̛̛̬̐̌ 1300–1400 О̍ед 1300–1400 О̍ед I. ʻʫˇ˃ʫʿʫˀʫˀʤʥО˃Кʤ 

Ко̦фе̬е̦ц-̚ал 
ʿ̬ед̭ед̌тел̛: ʧоло̏ко ʤ.К.,  

ʻ̛кул̛̹̦̽ ʿ.ʤ. IV. ʦОʯОʥʻОʦЛЯʫʺОʫ ˁˏˀːʫ 
Малы̜ ;̛̛̦̙̦̜Ϳ ̚ал 

ʿ̬ед̭ед̌тел̛: ʤ̬ут̦̀о̏ ʦ.ˁ.,  
ʺ̌к̛̭̥о̏ ʤ.Л. II. ʻʫˇ˃ʫˈʰʺʰЯ 

Ко̦фе̬е̦ц-̚ал 
ʿ̬ед̭ед̌тел̛: ʰ̦̏̌о̏̌ ʰ.ʰ.,  

ʧе̬̚ел̛е̏ ʰ.ʺ. V. ˁʺʤʯОˋʻˏʫ ʺʤ˃ʫˀʰʤЛˏ 
Малы̜ ;̛̛̦̙̦̜Ϳ ̚ал 

ʿ̬ед̭ед̌тел̛: ˉ̏етко̏ О.ʻ.,  
К̌д̛е̏ ˈ.ʺ.  1400–1410 ˄-I-1 ʪе̥е̦т̽е̏ К.ʰ. 1400–1410 ˄-IV-1 ʥу̵т̛̬́о̏̌ ʧ.ʤ. 1400–1410 ˄-II-1 ˃е̛̥̦ко̏̌ ʦ.ʤ. 1400–1410 ˄-V-1 ʿ̛̐оле̏̌ ʰ.ʦ. 1410–1420 ˄-I-2 ʧлото̏ ʤ.ʿ. 1410–1420 ˄-IV-2 ʻепо̛̥̦̺̜́ ʤ.ʤ. 1410–1420 ˄-II-2 К̬̌по̏ ʧ.О. 1410–1420 ˄-V-2 Ко̭̬̌е̏̌ О.ʤ. 1420–1430 ˄-I-3 ʥо̍ко̏̌ ˃.ʦ. 1420–1430 ˄-IV-3 ʦл̭̌о̏̌ ʫ.ʻ. 1420–1430 ˄-II-3 ʿет̬о̏ Л.ʦ. 1420–1430 ˄-V-3 ʿ̵̛̭̌ ʥ.Л. 1430–1440 ˄-I-4 ʥелопу̵о̏ ʫ.ʤ. 1430–1440 ˄-IV-4 ʫ̬е̥ее̏̌ ʤ.ʺ. 1430–1440 ˄-II-4 ʯ̸̛̦е̦ко ʦ.ʦ. 1430–1440 ˄-V-4 ʺ̌т̏ее̏ ʿ.ʦ. 1440–1450 ˄-I-5 ʿ̵̬̌о̥е̦ко ʤ.ʤ. 1440–1450 ˄-IV-5 Ш̌к̛̬о̏ ʰ.ʰ. 1440–1450 ˄-II-5 Ку̦̚е̶о̏ ʰ.˓. 1440–1450 ˄-V-5 ʧл́д́е̏ ʪ.˓. 1450–1500 ˄-I-6 ˁ̥̌о̜ло̏ ʦ.О. 1450–1500 ˄-IV-6 К̬̼̭̦̌о̏̌ К.О. 1450–1500 ˄-II-6 ʧо̬̍у̦о̏ ʪ.ʻ. 1450–1500 ˄-V-6 ʦе̬е̛̺̦̌̐̌ ʻ.ʦ. 1500–1510 ˄-I-7 ˓̭о̭̏к̛̜ ʤ.ʦ. 1500–1510 ˄-IV-7 ˁло̍одо̏̌ ʪ.ʤ. 1500–1510 ˄-II-7 К̛̛̬̐̚о̏ ʤ.˓, 1500–1510 ˄-V-7 ʺ̥̌едо̏̌ ˇ.ʤ. 1510–1520 ˄-I-8 ˔купо̏ Ш.ʰ. 1510–1520 ˄-IV-8 К̬̌̌̏̌е̏ ʤ.ʤ. 1510–1520 ˄-II-8 ʦо̭̥е̛̬ко̏ ʤ.ʤ.  1520–1530 ˄-I-9 ʤ̦̹̌к̛̦ ˓.ʦ. 1520–1530 ˄-IV-9 ʧ̛̬̐о̬̽е̏̌ ʫ.ʦ. 1520–1530 ˄-II-9 ʤ̬те̥о̏̌ ʺ.ʰ. 1530–1540 ˄-I-10 Кл̛̥о̏ ʻ.ʤ. 1530–1540 ˄-IV-10 ʧолу̍е̏ ʧ.ˁ. 1530–1540 ˄-II-10 ˃̀л̀ко̏̌ ʰ.ʤ. 1540–1550 ˄-I-11 ˃̛т̬̌е̦ко ʺ.ʤ. 1540–1550 ˄-IV-11 ʺел̸̽̌ко̏ ʰ.ˁ. 1540–1550 ˄-II-11 ˁто̶к̌́ О.ʤ. 1550–1610 ʿе̬е̬̼̏ 1550–1610 ʿе̬е̬̼̏ 1550–1610 ʿе̬е̬̼̏ 1550–1610 ʿе̬е̬̼̏ 1610–1620 ˄-I-12 ʿол̛к̬̌по̏̌ ʿ.ʪ.  1610–1620 ˄-II-12 ʪ̙̬̌̍̌о̏ Э.ʧ.  1620–1630 ˄-I-13 ˇедо̬о̏ ˀ.ʤ. 1620–1630 ˄-II-13 ʦо̦́̚к ʤ.ʰ. 1630–1640 ˄-I-14 ʰ̦̏̌о̏̌ ʤ.ʻ. 1630–1640 ˄-II-14 ʧу̭е̏̌ ʺ.ʤ. 1640–1650 ˄-I-15 Шку̬е̦ок ʦ.ʤ. 1640–1650 ˄-II-15 ʤле̦т̽е̏ ʪ.ʤ. 1650–1700 ˄-I-16 ˃̬е̐у̍е̦ко ʦ.˓. 1650–1700 ˄-II-16 ʺо̬о̶̦е̏ ʤ.ʤ. 1700–1710 ˄-I-17 ʤ̛̍ло̏̌ ʧ.ˀ. 1700–1710 ˄-II-17 ʥо̬е̶к̌́ ʤ.ʦ. 1710–1720 ˄-I-18 Л̌п̛̦̌ ʺ.ˁ. 1710–1720 ˄-II-18 О̛̭по̏ ʤ.ˀ. 1720–1730 ˄-I-19 ʺ̛ло̬до̏ ʪ.ʦ.  1730–1740 ˄-I-20 ˁо̬ок̛̦̌ ʤ.˃. 1740–1800 ʿ̬е̚е̦т̶̛̌́ ко̥п̛̛̦̌ SocTrade 1800–1900 ˁте̦до̼̏е докл̌д̼. ˁеќ̶̛ II – ʻе̴те̵̛̛̥́ 1800–1900 ˁте̦до̼̏е докл̌д̼. ˁеќ̶̛ I – ʻе̴тепе̬е̬̌̍отк̌ 1800–1900 ʦ̼̭т̌̏к̌ ̦е̴те̵̸̛̛̥е̭к̵̛ ̙у̬̦̌ло̏ 1900–2000 ˄̛̙̦ 1900–2000 ˄̛̙̦ 2000 ʦе̸е̬ п̥̌́т̛ ̌к̌де̛̥к̌ ˁ.ʻ. ˈ̌д̛̙е̏̌ ;ко̦фе̬е̦ц-̚алͿ       
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ϮϬ ̭е̦т̬́̍́, ̸ет̏е̬̐ Ϯϭ ̭е̦т̬́̍́, п́т̶̛̦̌ 830–930 ʯ̌̏т̬̌к 830–930  ʯ̌̏т̬̌к 930–1110 К̬у̐л̼̜ ̭тол. ʻо̼̏е ̦̌п̬̌̏ле̛̦́ ̬̬̌̌̍̚отк̛ 
к̌т̌л̛̌̚то̬о̏ пол̛̥е̶̛̛̛̬̌̚ оле̴̛̦о̏ ̛ 

оп̼т ̵̛ ̦̏ед̬е̛̦́  
Малы̜ ;̛̛̦̙̦̜Ϳ ̚ал 1000 ˑк̭ку̛̬̭́ ̏ ̥у̚е̜ те̵̛̦к̛ 

ʦ̌д̛̥̌ ʯ̌до̬о̙̦о̐о     
П-9 Ко̦фе̬е̦ц-̚ал 

ʿ̬ед̭ед̌тел̛: ʥу̵т̛̬́о̏ ʦ.ʰ., К̵̬̦̌̌̌о̏ ˑ.ʤ., 
ʺ̌к̛̭̥о̏ ʤ.Л. 

Кул̛ко̏̌ ʺ.ʦ. 1010–1050 ʿ-10 Шек̌ ʫ.ˇ. 1050–1110 ʿе̬е̬̼̏ 1050–1110 ʿе̬е̬̼̏ 1110–1150 ʿ-11 ʤ̬ут̦̀о̏ ʦ.ˁ. 1110–1300 К̬у̐л̼̜ ̭тол. ʻо̼̏е ̦̌п̬̌̏ле̛̦́ ̬̬̌̌̍̚отк̛ 
к̌т̌л̛̌̚то̬о̏ пол̛̥е̶̛̛̛̬̌̚ оле̴̛̦о̏ ̛ 

оп̼т ̵̛ ̦̏ед̬е̛̦́  
Малы̜ ;̛̛̦̙̦̜Ϳ ̚ал 1150–1230 ʿ-12 ʧ̦̌ее̏̌ ˓.ʺ. 1230–1300 ʯ̌к̬̼т̛е ко̴̦е̬е̶̛̛̦. ʻ̬̙̌̐̌де̛̦е по̍ед̛теле̜ 1300–1400 О̍ед 1300–1400 О̍ед III. ˄ʧЛʫ- ʰ ʧʤʯОˈʰʺʰЯ 

Малы̜ ;̛̛̦̙̦̜Ϳ ̚ал 
ʿ̬ед̭ед̌тел̛: ˌек̌ ʫ.ˇ., Кул̛ко̏̌ ʺ.ʦ.  1430 От̻е̚д 1400–1410 ˄-III-1 О̚е̬̭к̛̜ ʤ.ʦ. 1410–1420 ˄-III-2 ʧол̛̦̭к̛̜ ʪ.ʦ. 1420–1430 ˄-III-3 ʫ̬̥ол̌е̏ ʰ.ˁ. 1430–1440 ˄-III-4 ʻ̛к̛т̛̦ ʤ.ʦ. 1440–1450 ˄-III-5 ˁтеп̦̌о̏ ʤ.ʤ. 1450–1500 ˄-III-6 ʥело̭то̶к̛̜ ʰ.ʤ. 1500–1510 ˄-III-7 ʧ̬у̹е̏е̦ко ʫ.ʤ.  1600  ˑк̭ку̛̬̭́ ̏ ʻо̏о-ʰе̬у̭̌л̛̥̭к̛̜ ̥о̦̭̌т̼̬̽ 1800–1900 ˁте̦до̼̏е докл̌д̼. ˁек̶̛̛ III, IV, V – ˄̐ле ̛ ̐̌̚о̵̛̛̥́, ̏о̚о̦̍о̏л́е̥ое ̭̼̬̽е, 

̭̥̌̚о̸̦̼е ̥̌те̛̬̌л̼ 1930 Ко̶̦е̬т. ʥ̦̌кет 
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ɉɊɈȽɊȺɆɆȺ ɄɈɇɎȿɊȿɇɐɂɂ 

17 ɫɟɧɬɹɛɪɹ, ɩɨɧɟɞɟɥɶɧɢɤ 
1500–1700 Ɂɚɟɡɞ ɭɱɚɫɬɧɢɤɨɜ, ɪɟɝɢɫɬɪɚɰɢɹ 

1900 ɉɪɢɜɟɬɫɬɜɟɧɧɵɣ ɮɭɪɲɟɬ 
 

18 ɫɟɧɬɹɛɪɹ, ɜɬɨɪɧɢɤ 
830–930 Ɂɚɜɬɪɚɤ 

 

 

 

930–940 

Ʉɨɧɮɟɪɟɧɰ-ɡɚɥ 
ɉɅȿɇȺɊɇɈȿ ɁȺɋȿȾȺɇɂȿ 
ɉɪɟɞɫɟɞɚɬɟɥɢ: Ʌɭɧɢɧ ȼɚɥɟɪɢɣ ȼɚɫɢɥɶɟɜɢɱ, ɚɤɚɞɟɦɢɤ 
ɊȺɇ, ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ʌɚɜɪɟɧɨɜ 
Ⱥɥɟɤɫɚɧɞɪ ȼɚɥɟɧɬɢɧɨɜɢɱ, ɤ.ɯ.ɧ., ɂɉɉɍ ɋɈ ɊȺɇ 

Ɉɬɤɪɵɬɢɟ ɤɨɧɮɟɪɟɧɰɢɢ.  
ȼɫɬɭɩɢɬɟɥɶɧɨɟ ɫɥɨɜɨ – Ʌɭɧɢɧ ȼɚɥɟɪɢɣ ȼɚɫɢɥɶɟɜɢɱ, 

Ɇɚɤɫɢɦɨɜ Ⱥɧɬɨɧ Ʌɶɜɨɜɢɱ 

940–1020 ɉ-1 Ⱥɤɚɞɟɦɢɤ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧ ɢ ɟɝɨ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɬɟɨɪɢɢ 
ɢ ɩɪɚɤɬɢɤɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ 
Ʌɨɤɬɟɜɚ ȿɤɚɬɟɪɢɧɚ ɋɟɪɝɟɟɜɧɚ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

1020–1100 ɉ-2 Ʉɚɬɚɥɢɡ  ɜ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦɚɯ ɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɟ ɢ 
ɧɟɮɬɟɯɢɦɢɢ 

Ɇɚɤɫɢɦɨɜ Ⱥɧɬɨɧ Ʌɶɜɨɜɢɱ 
ɂɇɏɋ ɊȺɇ, ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

1100–1120 ɉɟɪɟɪɵɜ 

1120–1200 ɉ-3 Ʉɚɬɚɥɢɬɢɱɟɫɤɨɟ ɝɢɞɪɢɪɨɜɚɧɢɟ ɜ ɧɟɮɬɟɯɢɦɢɢ ɢ 
ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ. ɑɬɨ ɜɚɠɧɟɟ – ɚɤɬɢɜɧɨɫɬɶ ɢɥɢ 
ɫɟɥɟɤɬɢɜɧɨɫɬɶ? 

Ȼɭɯɬɢɹɪɨɜ ȼɚɥɟɪɢɣ ɂɜɚɧɨɜɢɱ 
ɂɄ ɋɈ ɊȺɇ 

1200–1240 ɉ-4 ɉɪɢɦɟɧɟɧɢɟ ɫɩɟɤɬɪɨɫɤɨɩɢɢ əɆɊ in situ ɞɥɹ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ 
ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɂɜɚɧɨɜɚ ɂɪɢɧɚ ɂɝɨɪɟɜɧɚ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, ɂɇɏɋ ɊȺɇ 

1240–1300 – ɉɪɟɡɟɧɬɚɰɢɹ ɤɨɦɩɚɧɢɢ LECO Corporation 

1300–1400 Ɉɛɟɞ 
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Ʉɨɧɮɟɪɟɧɰ-ɡɚɥ 
ɋȿɄɐɂə I. ɄȺɌȺɅɂɁȺɌɈɊɕ ɂ ɉɊɈɐȿɋɋɕ 
ɇȿɎɌȿɉȿɊȿɊȺȻɈɌɄɂ 
ɉɪɟɞɫɟɞɚɬɟɥɢ: Ƚɨɥɨɜɤɨ Ⱥɧɚɬɨɥɢɣ Ʉɭɡɶɦɢɱ, ɞ.ɯ.ɧ., ɂɏɇ ɋɈ ɊȺɇ, 
ɇɢɤɭɥɶɲɢɧ ɉɚɜɟɥ Ⱥɧɚɬɨɥɶɟɜɢɱ, ɞ.ɯ.ɧ., ȺɈ «ȼɇɂɂ ɇɉ» 

1400–1410 ɍ-I-1 ɇɨɜɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɞɥɹ ɤɪɟɤɢɧɝɚ ɬɹɠɟɥɵɯ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

Ⱦɟɦɟɧɬɶɟɜ Ʉɨɧɫɬɚɧɬɢɧ ɂɝɨɪɟɜɢɱ 
ɂɇɏɋ ɊȺɇ 

1410–1420 ɍ-I-2 ɋɟɪɨɩɨɧɢɠɚɸɳɢɟ ɞɨɛɚɜɤɢ ɤ ɤɚɬɚɥɢɡɚɬɨɪɚɦ ɤɪɟɤɢɧɝɚ ɧɚ 
ɨɫɧɨɜɟ ɚɥɸɦɨɫɢɥɢɤɚɬɚ Al-MCM-41 ɢ ɝɚɥɥɭɚɡɢɬɧɵɯ 
ɧɚɧɨɬɪɭɛɨɤ 

Ƚɥɨɬɨɜ Ⱥɥɟɤɫɚɧɞɪ ɉɚɜɥɨɜɢɱ1, Ʌɟɜɲɚɤɨɜ ɇ.ɋ.1, 
Ⱥɪɬɟɦɨɜɚ Ɇ.ɂ.1, ȼɭɬɨɥɤɢɧɚ Ⱥ.ȼ.2, Ʌɵɫɟɧɤɨ ɋ.ȼ.2 
1 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ  ɢɦ. ɂ. Ɇ. Ƚɭɛɤɢɧɚ, 2 ɆȽɍ ɢɦ. Ɇ.ȼ. 
Ʌɨɦɨɧɨɫɨɜɚ 

1420–1430 ɍ-I-3 ɉɪɟɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɵɯ ɫɦɟɫɟɣ ɧ-ɭɧɞɟɤɚɧ – ɢɧɞɨɥ ɧɚ 
ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɤɪɟɤɢɧɝɚ ɭɫɬɨɣɱɢɜɵɯ ɤ ɞɟɣɫɬɜɢɸ 
ɚɡɨɬɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ  
Ȼɨɛɤɨɜɚ Ɍɚɬɶɹɧɚ ȼɢɤɬɨɪɨɜɧɚ, ɉɨɬɚɩɟɧɤɨ Ɉ.ȼ., 
Ⱦɨɪɨɧɢɧ ȼ.ɉ., ɋɨɪɨɤɢɧɚ Ɍ.ɉ. 
ɂɉɉɍ ɋɈ ɊȺɇ 

1430–1440 ɍ-I-4 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɧɨɫɢɬɟɥɟɣ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ 
ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 
ɨɬɫɟɜɚ ɧɨɫɢɬɟɥɹ 

Ȼɟɥɨɩɭɯɨɜ ȿɜɝɟɧɢɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ1,2, Ɍɪɟɝɭɛɟɧɤɨ 
ȼ.ɘ.1,2, Ȼɟɥɵɣ Ⱥ.ɋ.1,2  
1 ɂɉɉɍ ɋɈ ɊȺɇ, 2 Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

1440–1450 ɍ-I-5 ɗɤɫɩɪɟɫɫ-ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɦɦɵ ɫɟɪɨ- ɢ 
ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 
ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɬɨɩɥɢɜɚɯ 

ɉɚɪɯɨɦɟɧɤɨ Ⱥɧɚɫɬɚɫɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ, ɍɞɨɜɢɱɟɧɤɨ 
Ⱥ.ɇ. 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

1450–1500 ɍ-I-6 Ƚɢɞɪɢɪɨɜɚɧɢɟ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɢ 
ɤɨɤɫɨɜɚɧɢɹ ɫ ɩɨɥɭɱɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɚɤɬɢɜɧɵɯ 
ɬɨɩɥɢɜ 

ɋɚɦɨɣɥɨɜ ȼɚɞɢɦ Ɉɥɟɝɨɜɢɱ1, ɂɜɚɧɨɜ ɋ.ȼ.1, Ʉɧɹɡɟɜɚ 

Ɇ.ɂ.1, Ʉɭɥɢɤɨɜ Ⱥ.Ȼ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,2 
1 ɂɇɏɋ ɊȺɇ, 2 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 
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1500–1510 ɍ-I-7 ɉɨɥɭɱɟɧɢɟ ɦɚɥɨɫɟɪɧɢɫɬɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫɭɞɨɜɨɝɨ 
ɬɨɩɥɢɜɚ ɜ ɩɪɨɰɟɫɫɟ ɝɢɞɪɨɨɱɢɫɬɤɢ ɧɚ NiW/Al2O3 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɯɟɥɚɬɢɪɭɸɳɢɯ ɪɟɚɝɟɧɬɨɜ 

ɘɫɨɜɫɤɢɣ Ⱥɥɟɤɫɟɣ ȼɹɱɟɫɥɚɜɨɜɢɱ1, Ɇɢɧɚɟɜ ɉ.ɉ.1,2, 

ɒɦɟɥɶɤɨɜɚ Ɉ.ɂ.1, Ƚɭɥɹɟɜɚ Ʌ.Ⱥ.1, ɇɢɤɭɥɶɲɢɧ ɉ.Ⱥ.1,2 
1 ȺɈ «ȼɇɂɂ ɇɉ», 2 ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

1510–1520 ɍ-I-8 Ɉɩɟɪɚɬɢɜɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɭɫɬɚɧɨɜɨɤ ɝɢɞɪɨɨɱɢɫɬɤɢ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ 
ɈɈɈ «ɅɍɄɈɃɅ-ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ» 

əɤɭɩɨɜ ɒɚɦɢɥɶ ɂɥɶɦɢɪɨɜɢɱ 1, Ƚɨɥɭɛɟɜ ɂ.ɘ.1, 
Ƚɪɢɲɢɧ Ⱦ.Ɏ.2 
1 ɈɈɈ «ɅɍɄɈɃɅ-ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ»,  
2 ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɇɢɠɟɝɨɪɨɞɫɤɢɣ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɇ.ɂ. Ʌɨɛɚɱɟɜɫɤɨɝɨ 

1520–1530 ɍ-I-9 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɵɯ ɩɪɟɤɭɪɫɨɪɨɜ ɜ ɫɢɧɬɟɡɟ KCoMoS 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫɟɥɟɤɬɢɜɧɨɣ ɝɢɞɪɨɨɱɢɫɬɤɢ ɛɟɧɡɢɧɨɜ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ  
Ⱥɧɚɲɤɢɧ ɘɪɢɣ ȼɢɤɬɨɪɨɜɢɱ1, ɂɲɭɬɟɧɤɨ Ⱦ.ɂ.1, 
ɇɢɤɭɥɶɲɢɧ ɉ.Ⱥ.1,2, ɉɢɦɟɪɡɢɧ Ⱥ.Ⱥ.1  
1 ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ, 2 ȺɈ «ȼɇɂɂ ɇɉ» 

1530–1540 ɍ-I-10 Ɋɚɡɪɚɛɨɬɤɚ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɚɜɢɚɛɟɧɡɢɧɨɜ 

Ʉɥɢɦɨɜ ɇɢɤɢɬɚ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, ȿɪɲɨɜ Ɇ.Ⱥ. 
ȺɈ «ȼɇɂɂ ɇɉ» 

1540–1550 ɍ-I-11 ȼɥɢɹɧɢɟ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ 
ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ȿȼɊɈ 

Ɇɢɬɭɫɨɜɚ Ɍ.ɇ., Ɍɢɬɚɪɟɧɤɨ Ɇɚɪɢɧɚ Ⱥɧɞɪɟɟɜɧɚ 

ȺɈ «ȼɇɂɂ ɇɉ» 

1550–1610 ɉɟɪɟɪɵɜ 

1610–1620 ɍ-I-12 ɉɟɪɨɤɫɢɞɧɨɟ ɨɤɢɫɥɟɧɢɟ ɦɨɞɟɥɶɧɵɯ ɫɭɥɶɮɢɞɨɜ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɦɟɡɨɩɨɪɢɫɬɵɯ 
ɧɨɫɢɬɟɥɟɣ 

ɉɨɥɢɤɚɪɩɨɜɚ ɉɨɥɢɧɚ Ⱦɢɦɢɬɪɨɜɧɚ, Ⱥɤɨɩɹɧ Ⱥ.ȼ., 
Ⱥɧɢɫɢɦɨɜ Ⱥ.ȼ., Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ. 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

1620–1630 ɍ-I-13 Ɉɤɢɫɥɢɬɟɥɶɧɨɟ ɨɛɟɫɫɟɪɢɜɚɧɢɟ ɫɵɪɨɣ ɧɟɮɬɢ 
ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ 

Ɏɟɞɨɪɨɜ Ɋɨɦɚɧ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, Ⱥɤɨɩɹɧ Ⱥ.ȼ., 
Ⱥɧɢɫɢɦɨɜ Ⱥ.ȼ. 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 
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1630–1640 ɍ-I-14 Ƚɟɬɟɪɨɝɟɧɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ 
ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬ ɜ ɩɪɨɰɟɫɫɟ ɛɟɫɳɟɥɨɱɧɨɣ 
ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɦɟɪɤɚɩɬɚɧɢɡɚɰɢɢ 

ɂɜɚɧɨɜɚ Ⱥɧɚɫɬɚɫɢɹ ɇɢɤɨɥɚɟɜɧɚ, Ʉɭɡɧɟɰɨɜɚ ɂ.Ɉ., 
Ʌɨɝɢɧɨɜɚ ȿ.ɋ., ȼɟɪɠɢɱɢɧɫɤɚɹ ɋ.ȼ., Ȼɭɯɚɪɤɢɧɚ Ɍ.ȼ. 
ɊɏɌɍ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

1640–1650 ɍ-I-15 ɂɫɫɥɟɞɨɜɚɧɢɟ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɩɬɚɧɚ ɧɚ 
ɤɚɬɚɥɢɡɚɬɨɪɚɯ Pd/WO3/ZrO2 

ɒɤɭɪɟɧɨɤ ȼɢɨɥɟɬɬɚ Ⱥɧɞɪɟɟɜɧɚ1, ɋɦɨɥɢɤɨɜ Ɇ.Ⱦ.1, 
əɛɥɨɤɨɜɚ ɋ.ɋ.1, Ʉɢɪɶɹɧɨɜ Ⱦ.ɂ.1, ɉɚɭɤɲɬɢɫ ȿ.Ⱥ.2, Ȼɟɥɵɣ 
Ⱥ.ɋ. 1  
1 ɂɉɉɍ ɋɈ ɊȺɇ, 2 ɂɄ ɋɈ ɊȺɇ 

1650–1700 ɍ-I-16 ȼɥɢɹɧɢɟ ɰɢɪɤɨɧɢɹ ɧɚ ɫɜɨɣɫɬɜɚ ɚɥɸɦɨɩɥɚɬɢɧɨɜɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɪɢɮɨɪɦɢɧɝɚ 

Ɍɪɟɝɭɛɟɧɤɨ ȼɚɥɟɧɬɢɧɚ ɘɪɶɟɜɧɚ 1, Ȼɟɥɨɩɭɯɨɜ ȿ.Ⱥ.1, 
ȼɢɧɢɱɟɧɤɨ ɇ.ȼ.1,2, ɍɞɪɚɫ ɂ.ȿ.1, Ȼɟɥɵɣ Ⱥ.ɋ.1,2  
1 ɂɉɉɍ ɋɈ ɊȺɇ, 2 Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

1700–1710 ɍ-I-17 ȼɥɢɹɧɢɟ ɫɦɨɥ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɜɚɧɚɞɢɥɩɨɪɮɢɪɢɧɨɜ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ ɤ 
ɨɫɚɠɞɟɧɢɸ ɚɫɮɚɥɶɬɟɧɨɜ 

Ⱥɛɢɥɨɜɚ Ƚɭɡɚɥɢɹ Ɋɚɲɢɞɨɜɧɚ, əɤɭɛɨɜ Ɇ.Ɋ., Ɍɚɡɟɟɜɚ 
ɗ.Ƚ., Ȼɨɪɢɫɨɜɚ ɘ.ɘ., Ɇɢɥɨɪɞɨɜ Ⱦ.ȼ., əɤɭɛɨɜɚ ɋ.Ƚ. 
Ɏɂɐ «Ʉɚɡɚɧɫɤɢɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ ɊȺɇ», ɂɈɎɏ ɢɦ. Ⱥ.ȿ. 
Ⱥɪɛɭɡɨɜɚ Ʉɚɡɇɐ ɊȺɇ 

1710–1720 ɍ-I-18 Ɉɩɪɟɞɟɥɟɧɢɟ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ 
ɫɨɟɞɢɧɟɧɢɣ ɜ ɠɢɞɤɨɦ ɭɝɥɟɜɨɞɨɪɨɞɧɨɦ ɫɵɪɶɟ ɢ 
ɩɪɨɞɭɤɬɚɯ ɟɝɨ ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɬɨɞɨɦ ɝɚɡɨɜɨɣ 
ɯɪɨɦɚɬɨɝɪɚɮɢɢ 

Ⱥɪɵɫɬɚɧɛɟɤɨɜɚ ɋ.Ⱥ., Ʌɚɩɢɧɚ Ɇɚɪɢɹ ɋɟɪɝɟɟɜɧɚ, 

ȼɨɥɵɧɫɤɢɣ Ⱥ.Ȼ. 
ɈɈɈ «Ƚɚɡɩɪɨɦ ȼɇɂɂȽȺɁ» 

1720–1730 ɍ-I-19 ɇɨɜɵɟ ɩɨɞɯɨɞɵ ɤ ɩɨɥɭɱɟɧɢɸ ɚɫɮɚɥɶɬɟɧɨɜɵɯ 
ɫɭɥɶɮɨɤɚɬɢɨɧɢɬɨɜ ɢɡ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ 

Ɇɢɥɨɪɞɨɜ Ⱦɦɢɬɪɢɣ ȼɚɥɟɪɶɟɜɢɱ, ɋɢɧɹɲɢɧ Ʉ.Ɉ., 
Ƚɪɹɡɧɨɜ ɉ.ɂ., əɤɭɛɨɜ Ɇ.Ɋ.  
Ɏɂɐ «Ʉɚɡɚɧɫɤɢɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ ɊȺɇ», ɂɈɎɏ ɢɦ. Ⱥ.ȿ. 
Ⱥɪɛɭɡɨɜɚ Ʉɚɡɇɐ ɊȺɇ 

1730–1740 ɍ-I-20 ɗɉɊ ɢ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ 

ɋɨɪɨɤɢɧɚ Ⱥɥɟɤɫɚɧɞɪɚ Ɍɢɦɭɪɨɜɧɚ 1, Ⱦɨɥɨɦɚɬɨɜ 
Ɇ.ɘ.2,3, ɉɟɬɪɨɜ Ⱥ.Ɇ.2,4, Ƚɚɮɭɪɨɜ Ɇ.Ɋ.1, Ɉɪɥɢɧɫɤɢɣ 
ɋ.Ȼ.1, Ȼɚɯɬɢɡɢɧ Ɋ.Ɂ.2, ɏɚɣɪɭɞɢɧɨɜ ɂ.Ɋ.3,4, ȿɪɟɦɢɧɚ ɋ.Ⱥ.3 
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1 Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
2 Ȼɚɲɤɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 3 
ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ, 4 Ƚɍɉ ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɩɟɪɟɪɚɛɨɬɤɢ 
ɊȻ 

 

 

Ɇɚɥɵɣ (ɧɢɠɧɢɣ) ɡɚɥ 
ɋȿɄɐɂə IV. ɏɂɆɂə ȼɈɁɈȻɇɈȼɅəȿɆɈȽɈ 
ɍȽɅȿɊɈȾɋɈȾȿɊɀȺɓȿȽɈ ɋɕɊɖə 
ɉɪɟɞɫɟɞɚɬɟɥɢ: Ⱥɪɭɬɸɧɨɜ ȼɥɚɞɢɦɢɪ ɋɟɪɝɟɟɜɢɱ, ɞ.ɯ.ɧ., ɂɏɎ ɊȺɇ, 

Ɇɚɤɫɢɦɨɜ Ⱥɧɬɨɧ Ʌɶɜɨɜɢɱ, ɞ.ɯ.ɧ., ɂɇɏɋ ɊȺɇ 

1400–1410 ɍ-VI-1 Ʉɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɮɨɫɮɢɞɨɜ ɧɢɤɟɥɹ: ɜɥɢɹɧɢɟ 
ɫɩɨɫɨɛɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɩɪɢɪɨɞɵ ɧɨɫɢɬɟɥɹ ɧɚ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ ɪɟɚɤɰɢɢ 
ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ ɦɟɬɢɥɩɚɥɶɦɢɬɚɬɚ 

ɒɚɦɚɧɚɟɜ ɂ.ȼ., Ⱦɟɥɢɣ ɂ.ȼ, Ȼɭɯɬɢɹɪɨɜɚ Ƚɚɥɢɧɚ 
Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɂɄ ɋɈ ɊȺɇ 

1410–1420 ɍ-VI-2 Ƚɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɹ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ ɧɚ 
ɤɚɬɚɥɢɡɚɬɨɪɚɯ NiMoS/WO3-AL2O3  

ɇɟɩɨɦɧɹɳɢɣ Ⱥɥɟɤɫɚɧɞɪ Ⱥɧɞɪɟɟɜɢɱ1, Ȼɭɥɭɱɟɜɫɤɢɣ 
ȿ.Ⱥ.1,2, Ʌɚɜɪɟɧɨɜ Ⱥ.ȼ.1, ɘɪɩɚɥɨɜ ȼ.Ʌ.1, Ƚɭɥɹɟɜɚ Ɍ.ɂ.1, 
Ⱦɪɨɡɞɨɜ ȼ.Ⱥ.1 
1 ɂɉɉɍ ɋɈ ɊȺɇ, 2 Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɏ.Ɇ. Ⱦɨɫɬɨɟɜɫɤɨɝɨ 

1420–1430 ɍ-VI-3 ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ ɢ CO ɧɚ 
ɚɤɬɢɜɧɨɫɬɶ  ɫɭɥɶɮɢɞɧɵɯ CoMo/Al2O3 ɢ NiMo/Al2O3 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɝɢɞɪɨɨɱɢɫɬɤɢ ɩɪɹɦɨɝɨɧɧɨɣ 
ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɢ 

ȼɥɚɫɨɜɚ ȿɜɝɟɧɢɹ ɇɢɤɨɥɚɟɜɧɚ 1,2, Ⱥɥɟɤɫɚɧɞɪɨɜ ɉ.ȼ.1,2, 

Ȼɭɯɬɢɹɪɨɜɚ Ƚ.Ⱥ.1,2, Ⱦɟɥɢɣ ɂ.ȼ.1,2, ɉɨɪɫɢɧ Ⱥ.Ⱥ.1, 
ɇɭɠɞɢɧ Ⱥ.Ʌ.1, Ȼɭɯɬɢɹɪɨɜ ȼ.ɂ.1,2  
1 ɂɄ ɋɈ ɊȺɇ, 2 ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

1430–1440 ɍ-VI-4 ɋɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɯ ɞɢɡɟɥɶɧɵɯ 
ɬɨɩɥɢɜ ɢ ɩɭɬɢ ɩɨɜɵɲɟɧɢɹ ɢɯ ɤɚɱɟɫɬɜɚ 

ȿɪɟɦɟɟɜɚ Ⱥɧɠɟɥɢɤɚ Ɇɢɯɚɣɥɨɜɧɚ1, Ʉɨɧɞɪɚɲɟɜɚ ɇ.Ʉ.1, 
ɇɟɥɶɤɟɧɛɚɭɦ Ʉ.ɋ.2  
1 ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 2 ɂɇɄ 
ɊȺɇ 
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1440–1450 ɍ-VI-5 Ʉɚɬɚɥɢɡɚɬɨɪɵ ɝɢɞɪɨɩɪɨɰɟɫɫɨɜ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɱɚɫɬɢɰ 
ɪɭɬɟɧɢɹ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɟɡɨɩɨɪɢɫɬɵɯ ɧɚɧɨɫɮɟɪɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ  
ɒɚɤɢɪɨɜ ɂɫɤɚɧɞɟɪ ɂɥɶɝɢɡɨɜɢɱ, Ȼɨɪɨɧɨɟɜ Ɇ.ɉ. 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

1450–1500 ɍ-VI-6 Ƚɢɞɪɨɬɟɪɦɚɥɶɧɚɹ ɤɚɪɛɨɧɢɡɚɰɢɹ ɛɢɨɦɚɫɫɵ 

Ʉɪɵɫɚɧɨɜɚ Ʉɪɢɫɬɢɧɚ Ɉɥɟɝɨɜɧɚ1, Ɂɚɣɱɟɧɤɨ ȼ.Ɇ.1, 
Ʉɪɵɥɨɜɚ Ⱥ.ɘ.2  
1 ɈɂȼɌ ɊȺɇ, 2 ɈɈɈ «Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ» 

1500–1510 ɍ-VI-7 ɏɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɚɹ ɨɱɢɫɬɤɚ ɢ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ 
ɩɟɤɬɢɧɨɜɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ  
ɋɥɨɛɨɞɨɜɚ Ⱦɚɪɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 1, Ƚɨɪɲɤɨɜɚ Ɋ.Ɇ.2, 
ɉɚɧɚɪɢɧ ȿ.Ɏ.2 
1 ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ, ɦɟɯɚɧɢɤɢ ɢ ɨɩɬɢɤɢ, 2 ɂɧɫɬɢɬɭɬ 
ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɊȺɇ 

1510–1520 ɍ-VI-8 Ʉɨɧɜɟɪɫɢɹ ɢɡɨɛɭɬɚɧɨɥɚ ɢ ɷɬɚɧɨɥɚ ɧɚ ɰɟɨɥɢɬɚɯ MFI ɢ 
ɤɨɦɩɨɡɢɬɟ MFI/MCM-41, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 
ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɦɢɤɪɨɜɨɥɧɨɜɵɦ ɦɟɬɨɞɨɦ 

Ʉɚɪɚɜɚɟɜ Ⱥɥɟɤɫɚɧɞɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, Ɇɢɬɢɧɟɧɤɨ 
Ⱥ.ɋ., Ʌɨɤɬɟɜ Ⱥ.ɋ., Ⱦɟɞɨɜ Ⱥ.Ƚ., Ɇɨɢɫɟɟɜ ɂ.ɂ.  
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

1520–1530 ɍ-VI-9 ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ ɛɢɨɷɬɚɧɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 
ȿ30 

Ƚɪɢɝɨɪɶɟɜɚ ȿɤɚɬɟɪɢɧɚ ȼɢɤɬɨɪɨɜɧɚ, ȿɪɲɨɜ Ɇ.Ⱥ. 
ȺɈ «ȼɇɂɂ ɇɉ» 

1530–1540 ɍ-VI-10 ɋɬɚɛɢɥɢɡɚɰɢɹ ɩɨɬɨɤɚ ɢ ɮɚɤɬɨɪɚ ɪɚɡɞɟɥɟɧɢɹ 
ɛɭɬɚɧɨɥ/ɜɨɞɚ ɜ ɧɨɜɨɦ ɩɪɨɰɟɫɫɟ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɨɝɨ 
ɪɚɡɞɟɥɟɧɢɹ ɮɟɪɦɟɧɬɚɰɢɨɧɧɵɯ ɫɦɟɫɟɣ 

Ƚɨɥɭɛɟɜ Ƚɟɨɪɝɢɣ ɋɟɪɝɟɟɜɢɱ, Ȼɨɪɢɫɨɜ ɂ.Ʌ., 
ȼɚɫɢɥɟɜɫɤɢɣ ȼ.ɉ., ȼɨɥɤɨɜ ȼ.ȼ.  
ɂɇɏɋ ɊȺɇ 

1540–1550 ɍ-VI-11 Ʉɢɧɟɬɢɤɚ ɝɢɞɪɨɝɟɧɨɥɢɡɚ ɝɥɢɰɟɪɢɧɚ ɞɨ 1,2-

ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɹ 

Ɇɟɥɶɱɚɤɨɜ ɂɥɶɹ ɋɟɪɝɟɟɜɢɱ, Ⱦɦɢɬɪɢɟɜ Ƚ.ɋ., 
Ɂɚɧɚɜɟɫɤɢɧ Ʌ.ɇ., ɏɚɞɠɢɟɜ ȼ.ɂ. 
ɂɇɏɋ ɊȺɇ 

1550–1610 ɉɟɪɟɪɵɜ 
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1800–1900 Ɂɚɥ ɪɟɝɢɫɬɪɚɰɢɢ 
ɋɌȿɇȾɈȼȺə ɋȿɋɋɂə. ɋȿɄɐɂə I. ɄȺɌȺɅɂɁȺɌɈɊɕ ɂ 
ɉɊɈɐȿɋɋɕ ɇȿɎɌȿɉȿɊȿɊȺȻɈɌɄɂ 

ɋ-I-1 Ɋɚɡɪɚɛɨɬɤɚ ɧɨɫɢɬɟɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ 
ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ  
Ȼɚɤɚɧɟɜ ɂɜɚɧ Ⱥɥɟɤɫɟɟɜɢɱ, Ⱥɪɯɢɩɨɜɚ ɂ.Ⱥ.  
ɈɈɈ «Ɋɇ-ɐɂɊ» 

ɋ-I-2 Ƚɢɞɪɨɨɱɢɫɬɤɚ ɫɦɟɫɟɜɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɬɨɜɚɪɧɨɝɨ ɩɪɨɞɭɤɬɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ≤ 10 ppm 

ɇɚɫɬɢɧ Ⱥɧɬɨɧ ɇɢɤɨɥɚɟɜɢɱ, Ⱥɪɯɢɩɨɜɚ ɂ.Ⱥ. 
ɈɈɈ «Ɋɇ-ɐɂɊ» 

ɋ-I-3 Ƚɢɞɪɨɝɟɧɢɡɚɰɢɨɧɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɬɹɠɟɥɨɣ ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ ɜ 
ɤɨɦɩɨɧɟɧɬɵ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ 

ɂɜɚɧɨɜ ɋɟɪɝɟɣ ȼɢɤɬɨɪɨɜɢɱ1, ɋɚɦɨɣɥɨɜ ȼ.Ɉ.1, Ɇɚɤɫɢɦɨɜ 
Ⱥ.Ʌ.1,2  
1 ɂɇɏɋ ɊȺɇ, 2 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-I-4 Ʉɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɦɟɡɨɩɨɪɢɫɬɵɯ 
ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɞɥɹ ɝɢɞɪɢɪɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ 
ɫɟɪɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɛɫɬɪɚɬɨɜ 

ȼɭɬɨɥɤɢɧɚ Ⱥɧɧɚ ȼɢɤɬɨɪɨɜɧɚ1, Ɂɚɧɢɧɚ Ⱥ.ȼ.1, Ɇɚɯɦɭɬɨɜ Ⱦ.Ɏ.1, 
Ƚɥɨɬɨɜ Ⱥ.ɉ.2, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,3, Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ.1 
1 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. 
ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 3 ɂɇɏɋ ɊȺɇ 

ɋ-I-5 Ƚɢɞɪɢɪɨɜɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ 
ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɪɭɬɟɧɢɟɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

ɑɭɞɚɤɨɜ əɪɨɫɥɚɜ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, Ƚɥɨɬɨɜ Ⱥ.ɉ., ɋɬɵɰɟɧɤɨ 
ȼ.Ⱦ., Ƚɭɳɢɧ ɉ.Ⱥ., ȼɢɧɨɤɭɪɨɜ ȼ.Ⱥ.  
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

ɋ-I-6 ɂɡɜɥɟɱɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ ɦɨɥɢɛɞɟɧɚ ɢɡ ɨɫɬɚɬɤɚ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ 
ɬɹɠɟɥɨɝɨ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ  
ȼɢɫɚɥɢɟɜ Ɇɭɪɚɬ əɯɶɹɟɜɢɱ, Ʉɚɞɢɟɜ ɏ.Ɇ., Ɂɟɤɟɥɶ Ʌ.Ⱥ., 
Ʉɚɞɢɟɜɚ Ɇ.ɏ., Ⱦɚɧɞɚɟɜ Ⱥ.ɍ. 
ɂɇɏɋ ɊȺɇ 

ɋ-I-7 ɋɢɧɬɟɡ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɜɨɥɶɮɪɚɦɨɫɨɞɟɪɠɚɳɢɯ ɱɚɫɬɢɰ 
ɦɢɤɪɨɷɦɭɥɶɫɢɨɧɧɵɦ ɦɟɬɨɞɨɦ  
Ɋɨɦɚɡɚɧɨɜɚ Ⱦɚɪɶɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ1,2, Ⱥɛɪɚɦɨɜɚ Ⱦ.ɋ.1,2, 

Ⱦɟɦɟɧɬɶɟɜ Ʉ.ɂ.1,  ɏɚɞɠɢɟɜ ɋ.ɇ.1 
1ɂɇɏɋ ɊȺɇ, 2ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-I-8 ɋɢɧɬɟɡ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧɚɧɨɱɚɫɬɢɰ 
ɦɨɥɢɛɞɟɧɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ ɦɟɬɨɞɨɦ 

ɨɛɪɚɳɟɧɧɵɯ ɷɦɭɥɶɫɢɣ 

Ʉɚɞɢɟɜ ɏ.Ɇ., Ʉɚɞɢɟɜɚ Ɇɚɥɤɚɧ ɏɭɫɚɢɧɨɜɧɚ, Ɂɟɤɟɥɶ Ʌ.Ⱥ., 
ɗɪɦɚɧ ȿ.ɋ., ɏɚɞɠɢɟɜ ɋ.ɇ., ɂɇɏɋ ɊȺɇ 
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ɋ-I-9 Ƚɢɞɪɢɪɨɜɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɚɯ, 
ɫɨɞɟɪɠɚɳɢɯ ɦɟɡɨɩɨɪɢɫɬɵɟ ɚɥɸɦɨɫɢɥɢɤɚɬɵ  
ɇɚɪɚɧɨɜ ȿɜɝɟɧɢɣ Ɋɭɫɥɚɧɨɜɢɱ1,2, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,2  
1 ɂɇɏɋ ɊȺɇ, 2 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-I-10 Ʉɪɟɤɢɧɝ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɢɥɥɚɪɢɪɨɜɚɧɧɨɝɨ ɠɟɥɟɡɨɦ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ  ɰɟɨɥɢɬoɦ HZSM-5 ɫ ɪɚɡɥɢɱɧɵɦ 
ɫɢɥɢɤɚɬɧɵɦ ɦɨɞɭɥɟɦ 

Ʉɢɦ Ɉɥɶɝɚ Ʉɥɟɦɟɧɬɶɟɜɧɚ, ȼɨɥɤɨɜɚ Ʌ.Ⱦ., Ɂɚɤɚɪɢɧɚ ɇ.Ⱥ., 
ɇɭɪɦɚɤɚɧɨɜ ȿ.ȿ.  
ɂɧɫɬɢɬɭɬ ɬɨɩɥɢɜɚ, ɤɚɬɚɥɢɡɚ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦ. Ⱦ.ȼ. 
ɋɨɤɨɥɶɫɤɨɝɨ, Ʉɚɡɚɯɫɬɚɧ 

ɋ-I-11 ȼɥɢɹɧɢɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɚɦɨɪɮɧɨɝɨ ɝɢɞɪɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ ɧɚ ɫɜɨɣɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɪɟɚɤɰɢɹɯ ɤɢɫɥɨɬɧɨɝɨ ɬɢɩɚ 

Ɇɭɯɚɦɟɞɶɹɪɨɜɚ Ⱥɥɢɹ ɇɚɢɥɶɟɜɧɚ, ɇɟɫɬɟɪɨɜɚ Ɉ.ȼ., Ȼɨɪɟɰɤɢɣ 
Ʉ.ɋ., ȿɝɨɪɨɜɚ ɋ.Ɋ.,  Ʉɭɪɛɚɧɝɚɥɟɟɜɚ Ⱥ.Ɂ., Ʌɚɦɛɟɪɨɜ Ⱥ.Ⱥ. 
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ɋ-I-12 ɋɢɧɬɟɡ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɪɦɢɪɨɜɚɧɧɵɯ ɝɚɥɥɭɚɡɢɬɧɵɦɢ 
ɧɚɧɨɬɪɭɛɤɚɦɢ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɬɢɩɚ AL-MCM-41 ɜ 
ɢɡɨɦɟɪɢɡɚɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɵɪɶɹ 

Ⱦɟɦɢɯɨɜɚ ɇɚɬɚɥɢɹ Ɋɭɫɥɚɧɨɜɧɚ, ɋɦɢɪɧɨɜɚ ȿ.Ɇ., Ƚɥɨɬɨɜ Ⱥ.ɉ. 
ɂɜɚɧɨɜ ȿ.ȼ., ȼɢɧɨɤɭɪɨɜ ȼ.Ⱥ., Ʌɶɜɨɜ ɘ.Ɇ.  
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

ɋ-I-13 ɋɟɥɟɤɬɢɜɧɵɣ ɤɪɟɤɢɧɝ ɧ-ɚɥɤɚɧɨɜ ɫɪɟɞɧɢɯ ɞɢɫɬɢɥɥɹɬɨɜ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɧɢɡɤɨɡɚɫɬɵɜɚɸɳɟɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 

ɋɚɝɚɪɚɞɡɟ Ⱥɥɟɤɫɚɧɞɪ Ⱦɦɢɬɪɢɟɜɢɱ1,2, Ȼɚɛɤɢɧ ɘ.Ⱥ.1, 
Ⱦɟɦɟɧɬɶɟɜ Ʉ.ɂ.1, ɏɚɞɠɢɟɜ ɋ.ɇ.1 
1ɂɇɏɋ ɊȺɇ, 2ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-I-14 ɋɢɧɬɟɡ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɚɥɸɦɨɫɨɞɟɪɠɚɳɢɯ ɫɢɫɬɟɦ ɞɥɹ 
ɤɚɬɚɥɢɡɚ ɪɟɚɤɰɢɣ ɪɚɡɪɵɜɚ ɋ-ɋ ɫɜɹɡɟɣ 

Ⱥɛɪɚɦɨɜɚ Ⱦɚɪɶɹ ɋɟɪɝɟɟɜɧɚ1,2, Ⱦɟɦɟɧɬɶɟɜ Ʉ.ɂ.1, Ɋɨɦɚɡɚɧɨɜɚ 
Ⱦ.Ⱥ.1,2, ɏɚɞɠɢɟɜ ɋ.ɇ.1 
1ɂɇɏɋ ɊȺɇ, 2ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-I-15 Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ ɢɡɨɛɭɬɚɧɚ ɛɭɬɢɥɟɧɚɦɢ ɧɚ ɰɟɨɥɢɬɧɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɩɨɫɥɟ ɫɟɥɟɤɬɢɜɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɞɢɜɢɧɢɥɚ ɜ 
ɫɵɪɶɟ 

ɏɚɞɠɢɟɜ ɋ.ɇ., Ƚɟɪɡɟɥɢɟɜ ɂ.Ɇ., ɋɚɢɬɨɜ Ɂɚɭɪ Ⱥɥɚɭɞɢɧɨɜɢɱ, 

Ȼɚɫɯɚɧɨɜɚ Ɇ.ɇ., Ɍɟɦɧɢɤɨɜɚ ȼ.Ⱥ., Ⱥɫɵɥɛɚɟɜ Ⱦ.Ɏ. 
ɂɇɏɋ ɊȺɇ 

ɋ-I-16 Fe-ɩɢɥɥɚɪɧɵɟ ɫɥɨɢɫɬɵɟ ɚɥɸɦɨɫɢɥɢɤɚɬɵ ɞɥɹ ɪɟɚɤɰɢɢ 
ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɦɟɬɢɥɛɭɬɟɧɨɜ 
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Ƚɨɪɟɥɵɲɟɜɚ ȼɚɥɟɪɢɹ ȿɜɝɟɧɶɟɜɧɚ 1, ȼɚɥɢɟɜɚ Ƚ.Ɋ.1, 
ɋɬɚɪɲɢɧɨɜɚ ȼ.Ʌ.2, ɉɟɬɪɨɜ ɋ.Ɇ.1, Ƚɧɟɜɚɲɟɜ ɋ.Ƚ.1, ɉɹɬɚɟɜ Ⱥ.ȼ.2, 
Ʉɚɪɚɥɢɧ ɗ.Ⱥ.1, ɒɢɧɤɚɪɟɜ Ⱥ.Ⱥ.(ɦɥ)1  
1 Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ, 2 Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ 

ɋ-I-17 Ɇɟɡɨɩɨɪɢɫɬɵɟ ɰɟɨɥɢɬɵ BETA ɂ ZSM-12 ɜ ɤɚɱɟɫɬɜɟ 
ɤɨɦɨɩɨɧɟɧɬɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɤɪɟɤɢɧɝɚ 

Ʌɟɜɲɚɤɨɜ ɇɢɤɨɥɚɣ ɋɟɪɝɟɟɜɢɱ 1, Ƚɥɨɬɨɜ Ⱥ.ɉ.1,2, Ɇɚɬɟɜɨɫɹɧ 
Ⱦ.ȼ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,3, Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ.1 
1 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ  (ɇɂɍ) ɢɦ. ɂ. 
Ɇ. Ƚɭɛɤɢɧɚ, 3 ɂɇɏɋ ɊȺɇ 

ɋ-I-18 Ʉɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɨɤɫɢɞɢɪɨɜɚɧɧɵɟ ɤɨɦɩɨɡɢɰɢɢ ɜ 
ɨɤɢɫɥɟɧɢɢ ɬɢɨɮɟɧɚ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɯ 

Ȼɪɵɠɢɧ Ⱥɥɟɤɫɚɧɞɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 1, Ɋɭɞɧɟɜ ȼ. ɋ.2, 
Ɍɚɪɯɚɧɨɜɚ ɂ.Ƚ.1 
1 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2 ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ 
Ⱦɚɥɶɧɟɜɨɫɬɨɱɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɊȺɇ 

ɋ-I-19 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɫɨɡɞɚɧɢɟ ɫɨɥɶɜɟɧɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
ɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɬɹɠɟɥɨɝɨ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ 

Ɇɚɝɨɦɟɞɨɜ Ɋ.ɇ.1,2, ɉɪɢɩɚɯɚɣɥɨ Ⱥ.ȼ.1,3, ɉɨɩɨɜɚ Ⱥɥɢɧɚ 
Ɂɚɝɢɬɨɜɧɚ1,2, Ɇɚɪɸɬɢɧɚ Ɍ.Ⱥ.1,2,3, ɒɚɦɫɭɥɥɢɧ Ⱥ.ɂ.4, Ⱥɣɧɭɥɥɨɜ 
Ɍ.ɋ.4, Ƚɭɛɚɣɞɭɥɥɢɧ Ɏ.Ɋ.4, ɋɚɥɚɯɨɜ ɂ.ɂ.5, Ɂɭɪɛɚɲɟɜ Ⱥ.ȼ.5 
1 ɆɎɌɂ, 2 ɈɈɈ «ɂɧɠɢɧɢɪɢɧɝɨɜɵɣ ɰɟɧɬɪ ɆɎɌɂ», 3 ȽȿɈɏɂ 
ɊȺɇ, 4 ɉȺɈ «Ɍɚɬɧɟɮɬɶ» ɢɦ. ȼ.Ⱦ. ɒɚɲɢɧɚ, 5 ȺɈ «ɌȺɇȿɄɈ» 

ɋ-I-20 Ȼɚɪɨɦɟɦɛɪɚɧɧɨɟ ɜɵɞɟɥɟɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ ɢɡ ɬɨɥɭɨɥɚ 

ɘɲɤɢɧ Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, Ⱥɧɨɯɢɧɚ Ɍ.ɋ., ɉɟɬɪɭɯɢɧɚ 
ɇ.ɇ., ȼɨɥɤɨɜ Ⱥ.ȼ. 
ɂɇɏɋ ɊȺɇ 

ɋ-I-21 ɍɞɚɥɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɹɞɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɡɨ-

ɦɚɤɪɨɩɨɪɢɫɬɵɯ ɫɨɪɛɟɧɬɨɜ 

Ƚɨɥɭɛɟɜ Ɉɥɟɝ ȼɥɚɞɢɦɢɪɨɜɢɱ 1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,2, Ʉɚɪɚɯɚɧɨɜ 
ɗ.Ⱥ.1  
1 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2 ɂɇɏɋ ɊȺɇ 

ɋ-I-22 ȼɨɡɞɟɣɫɬɜɢɟ ɮɨɬɨɨɛɥɭɱɟɧɢɹ ɧɚ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ I-
IV ɝɪɭɩɩ ɫɭɪɚɯɚɧɫɤɨɣ ɧɟɮɬɢ 

Ƀɨɥɱɭɟɜɚ ɍɥɶɜɢɹ Ⱦɠɟɣɯɭɧ, Ⱦɠɚɮɚɪɨɜɚ Ɋ.Ⱥ., ɇɚɞɠɚɮɨɜɚ 
Ɇ.Ⱥ., ɋɚɥɦɚɧɨɜɚ ɑ.Ʉ., Ɇɟɯɬɢɟɜɚ Ƚ.ɇ. 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ 
ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 
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1900–2000 ɍɠɢɧ 

2000 ȼɟɱɟɪ ɩɚɦɹɬɢ ɚɤɚɞɟɦɢɤɚ ɋ.ɇ. ɏɚɞɠɢɟɜɚ (ɤɨɧɮɟɪɟɧɰ-ɡɚɥ) 
 

 

19 ɫɟɧɬɹɛɪɹ, ɫɪɟɞɚ 
830–930 Ɂɚɜɬɪɚɤ 

Ʉɨɧɮɟɪɟɧɰ-ɡɚɥ 
ɉɅȿɇȺɊɇɈȿ ɁȺɋȿȾȺɇɂȿ 
ɉɪɟɞɫɟɞɚɬɟɥɢ: Ȼɭɯɬɢɹɪɨɜ ȼɚɥɟɪɢɣ ɂɜɚɧɨɜɢɱ, ɚɤɚɞɟɦɢɤ ɊȺɇ, ɂɄ ɋɈ 
ɊȺɇ, Ɇɚɤɫɢɦɨɜ Ⱥɧɬɨɧ Ʌɶɜɨɜɢɱ, ɞ.ɯ.ɧ., ɂɇɏɋ ɊȺɇ 

930–1010 ɉ-5 Ʉɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɫɭɥɶɮɢɞɨɜ ɩɟɪɟɯɨɞɧɵɯ 
ɦɟɬɚɥɥɨɜ ɜ ɩɟɪɟɪɚɛɨɬɤɟ ɧɟɮɬɹɧɨɝɨ ɢ ɜɨɡɨɛɧɨɜɥɹɟɦɨɝɨ 
ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ 

ɇɢɤɭɥɶɲɢɧ ɉɚɜɟɥ Ⱥɧɚɬɨɥɶɟɜɢɱ1,2 
1 ȺɈ «ȼɇɂɂ ɇɉ», 2 ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

1010–1050 ɉ-6 Ɉɫɨɛɟɧɧɨɫɬɢ ɩɟɪɟɪɚɛɨɬɤɢ ɬɹɠɟɥɨɝɨ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ 

Ƚɨɥɨɜɤɨ Ⱥɧɚɬɨɥɢɣ Ʉɭɡɶɦɢɱ 
ɂɏɇ ɋɈ ɊȺɇ 

1050–1110 ɉɟɪɟɪɵɜ 

1110–1150 ɉ-7 ɏɢɦɢɹ ɛɢɨɦɚɫɫɵ – ɧɨɜɵɟ ɛɢɨɬɨɩɥɢɜɚ ɢ ɛɢɨɩɥɚɫɬɢɤɢ 

ȼɚɪɮɨɥɨɦɟɟɜ ɋɟɪɝɟɣ Ⱦɦɢɬɪɢɟɜɢɱ 
ɂȻɏɎ ɊȺɇ 

1150–1230 ɉ-8 Ɍɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɩɢɥɟɧɚ: ɱɬɨ ɧɨɜɨɝɨ? 

Ʌɚɜɪɟɧɨɜ Ⱥɥɟɤɫɚɧɞɪ ȼɚɥɟɧɬɢɧɨɜɢɱ, Ȼɭɥɭɱɟɜɫɤɢɣ 
ȿ.Ⱥ., Ʉɚɪɩɨɜɚ Ɍ.Ɋ., ɋɚɣɮɭɥɢɧɚ Ʌ.Ɏ. 
ɂɉɉɍ ɋɈ ɊȺɇ 

1230–1300 – ɉɪɟɡɟɧɬɚɰɢɹ ɦɨɧɨɝɪɚɮɢɢ: Ƚɥɟɛɨɜ Ʌ.ɋ., Ƚɥɟɛɨɜ ɋ.Ʌ. 
ɇɟɮɬɟɯɢɦɢɹ. Ɍɟɯɧɨɥɨɝɢɹ ɢ ɷɤɨɧɨɦɢɤɚ ɩɪɨɢɡɜɨɞɫɬɜɚ 
(C2H4, C3H6, [–CH2–CH2–], [–CH2–CH(CH3)–], C6H6, H2, 

NH3, CH3OH, S). Ɇ.: ɇɟɞɪɚ, 2018. 
Ƚɥɟɛɨɜ Ʌɟɨɧɢɞ ɋɟɪɝɟɟɜɢɱ 

1300–1400 Ɉɛɟɞ 

Ʉɨɧɮɟɪɟɧɰ-ɡɚɥ 
ɋȿɄɐɂə II. ɄȺɌȺɅɂɁȺɌɈɊɕ ɂ ɉɊɈɐȿɋɋɕ ɇȿɎɌȿɏɂɆɂɂ 
ɉɪɟɞɫɟɞɚɬɟɥɢ: ɂɜɚɧɨɜɚ ɂɪɢɧɚ ɂɝɨɪɟɜɧɚ, ɞ.ɯ.ɧ., ɆȽɍ ɢɦ. Ɇ.ȼ. 
Ʌɨɦɨɧɨɫɨɜɚ, ɂɇɏɋ ɊȺɇ, Ƚɟɪɡɟɥɢɟɜ ɂɥɶɹɫ Ɇɚɝɨɦɟɞɨɜɢɱ, ɤ.ɯ.ɧ., ɂɇɏɋ 
ɊȺɇ 

1400–1410 ɍ-II-1 ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɰɟɨɥɢɬɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ 
ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɡɨɛɭɬɚɧɚ ɨɥɟɮɢɧɚɦɢ 

ɏɚɞɠɢɟɜ ɋ.ɇ., Ƚɟɪɡɟɥɢɟɜ ɂ.Ɇ., Ɍɟɦɧɢɤɨɜɚ ȼɟɪɚ 
Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ, ɂɇɏɋ ɊȺɇ 
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1410–1420 ɍ-II-2 ɋɢɧɬɟɡ ɢ ɦɟɬɚɬɟɡɢɫɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ 3,3,4,4-

ɬɟɬɪɚɤɢɫ(ɬɪɢɮɬɨɪɦɟɬɢɥ)ɬɪɢɰɢɤɥɨɧɨɧɟɧɚ-7 

Ʉɚɪɩɨɜ Ƚɥɟɛ Ɉɥɟɝɨɜɢɱ 1, Ȼɨɪɢɫɨɜ ɂ.Ʌ.1, ȼɨɥɤɨɜ ȼ.ȼ.1, 
Ȼɟɪɦɟɲɟɜ Ɇ.ȼ.1,2, ɋɬɟɪɥɢɧ ɋ.Ɋ.3, Ɏɢɧɤɟɥɶɲɬɟɣɧ ȿ.ɒ.1 
1 ɂɇɏɋ ɊȺɇ, 2 ɊɏɌɍ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, 3 ɂɇɗɈɋ 
ɊȺɇ 

1420–1430 ɍ-II-3 Ⱥɤɬɢɜɧɵɟ ɢɧɬɟɪɦɟɞɢɚɬɵ ɤɢɫɥɨɬɧɨ-ɤɚɬɚɥɢɡɢɪɨɜɚɧɧɨɝɨ 
ɨɤɢɫɥɟɧɢɹ ɷɩɨɤɫɢɞɚ ɫɬɢɪɨɥɚ ɜ ɩɨɥɹɪɧɵɯ ɪɚɫɬɜɨɪɚɯ  
ɉɟɬɪɨɜ Ʌɟɜ ȼɚɫɢɥɶɟɜɢɱ, ɉɫɢɯɚ Ȼ.Ʌ., ɋɩɢɪɢɧ Ɇ.Ƚ., 
ɋɨɥɹɧɢɤɨɜ ȼ.Ɇ. 
ɂɉɏɎ ɊȺɇ 

1430–1440 ɍ-II-4 Ʉɨɛɚɥɶɬ-ɛɪɨɦɢɞɧɚɹ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɜ ɯɨɞɟ 
ɪɟɚɤɰɢɢ ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɚɥɤɢɥɛɟɧɡɨɥɨɜ ɜ 
ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 
ɤɢɫɥɨɪɨɞɚ 

Ȼɭɯɚɪɤɢɧɚ Ɍ.ȼ., ȼɟɪɠɢɱɢɧɫɤɚɹ ɋ.ȼ., Ƚɪɟɱɢɲɤɢɧɚ Ɉ.ɋ., 
Ɂɢɧɱɟɧɤɨ ȼɟɪɨɧɢɤɚ ȼɥɚɞɢɦɢɪɨɜɧɚ, ɋɚɩɨɠɧɢɤɨɜ ȼ.ɂ. 
ɊɏɌɍ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

1440–1450 ɍ-II-5 ɉɨɞɝɨɬɨɜɤɚ ɷɬɢɥɛɟɧɡɨɥɚ ɤ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɦɭ 
ɷɤɫɩɟɪɢɦɟɧɬɭ ɩɨ ɟɝɨ ɠɢɞɤɨɮɚɡɧɨɦɭ ɨɤɢɫɥɟɧɢɸ 
ɦɨɥɟɤɭɥɹɪɧɵɦ ɤɢɫɥɨɪɨɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɟ ɫɬɟɚɪɚɬɚ 
ɤɨɛɚɥɶɬɚ 

Ȼɭɯɚɪɤɢɧɚ Ɍ.ȼ., ȼɟɪɠɢɱɢɧɫɤɚɹ ɋ.ȼ., Ƚɪɟɱɢɲɤɢɧɚ Ɉ.ɋ., 
Ʉɚɪɚɞɠɟɜ Ɇ.Ⱥ., Ʉɭɡɧɟɰɨɜ ɂɥɶɹ ɘɪɶɟɜɢɱ 

ɊɏɌɍ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

1450–1500 ɍ-II-6 ɇɨɜɵɟ ɪɨɞɢɣɫɨɞɟɪɠɚɳɢɟ ɝɟɬɟɪɨɝɟɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ 
ɞɥɹ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɹ ɷɬɢɥɟɧɚ 

Ƚɨɪɛɭɧɨɜ Ⱦɦɢɬɪɢɣ ɇɢɤɨɥɚɟɜɢɱ, Ʉɚɪɞɚɲɟɜɚ ɘ.ɋ., 
Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ. 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

1500–1510 ɍ-II-7 ɇɚɧɟɫɟɧɧɵɟ ɩɚɥɥɚɞɢɟɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɫɟɥɟɤɬɢɜɧɨɝɨ 
ɝɢɞɪɢɪɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɹɱɟɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ 

Ʉɢɪɝɢɡɨɜ Ⱥɥɟɤɫɟɣ ɘɪɶɟɜɢɱ, ɂɥɶɹɫɨɜ ɂ.Ɋ., Ʌɚɫɤɢɧ 
Ⱥ.ɂ., Ʌɚɦɛɟɪɨɜ Ⱥ.Ⱥ. 
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

1510–1520 ɍ-II-8 ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɪɟɜɪɚɳɟɧɢɹ ɧ-ɛɭɬɚɧɚ ɧɚ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

ȼɨɫɦɟɪɢɤɨɜ Ⱥɧɬɨɧ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, ȼɨɫɦɟɪɢɤɨɜɚ Ʌ.ɇ. 
ɂɏɇ ɋɈ ɊȺɇ 

1520–1530 ɍ-II-9 Ʉɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɦɟɡɨɩɨɪɢɫɬɵɯ 
ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɢ ɰɟɨɥɢɬɨɜ ɞɥɹ ɢɡɨɦɟɪɢɡɚɰɢɢ ɤɫɢɥɨɥɨɜ 
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Ⱥɪɬɟɦɨɜɚ Ɇɚɪɢɹ ɂɝɨɪɟɜɧɚ, Ƚɥɨɬɨɜ Ⱥ.ɉ., ɂɜɚɧɨɜ ȿ.ȼ., 
Ƚɭɳɢɧ ɉ.Ⱥ., Ʌɸɛɢɦɟɧɤɨ ȼ.Ⱥ., ȼɢɧɨɤɭɪɨɜ ȼ.Ⱥ. 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

1530–1540 ɍ-II-10 ɋɢɧɬɟɡ ɰɟɨɥɢɬɨɩɨɞɨɛɧɨɝɨ ɦɚɬɟɪɢɚɥɚ SAPO-11 ɫ ɪɚɡɧɨɣ 
ɦɨɪɮɨɥɨɝɢɟɣ ɢ ɬɟɤɫɬɭɪɨɣ ɤɪɢɫɬɚɥɥɨɜ 

Ɍɸɥɸɤɨɜɚ ɂɪɢɧɚ Ⱥɥɟɤɫɟɟɜɧɚ 1,2, Ɋɭɞɢɧɚ ɇ.Ⱥ.2, 
Ʌɵɫɢɤɨɜ Ⱥ.ɂ.1,2, ɉɚɪɯɨɦɱɭɤ ȿ.ȼ.1,2  
1 ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 2 ɂɄ 
ɋɈ ɊȺɇ 

1540–1550 ɍ-II-11 ɋɢɧɬɟɡ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɨɥ ɧɚ ɨɫɧɨɜɟ 
ɢɡɨɩɪɟɧɚ 

ɋɬɨɰɤɚɹ Ɉɥɟɫɹ Ⱥɧɚɬɨɥɶɟɜɧɚ, Ɋɨɡɟɧɰɜɟɬ ȼ.Ⱥ., ɋɚɛɥɢɧɚ 
ɇ.Ⱥ. 
ɂɧɫɬɢɬɭɬ ɷɤɨɥɨɝɢɢ ȼɨɥɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ ɊȺɇ 

1550–1610 ɉɟɪɟɪɵɜ 

1610–1620 ɍ-II-12 Ƚɢɞɪɢɪɨɜɚɧɢɟ ɢɧɞɟɧ-ɤɭɦɚɪɨɧɨɜɵɯ ɫɦɨɥ ɧɚ ɩɚɥɥɚɞɢɟɜɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

Ⱦɠɚɛɚɪɨɜ ɗɞɭɚɪɞ Ƚɟɧɧɚɞɶɟɜɢɱ 1, ɉɟɬɪɭɯɢɧɚ ɇ.ɇ.2, 
Ɋɢɜɤɢɧɚ Ɍ.ȼ. 1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.2,3  
1 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 2 ɂɇɏɋ 
ɊȺɇ, 3 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

1620–1630 ɍ-II-13 Ʉɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ Pd-ɤɨɦɩɥɟɤɫɨɜ ɫ N-

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦɢ ɤɚɪɛɟɧɨɜɵɦɢ ɥɢɝɚɧɞɚɦɢ ɜ 
ɚɞɞɢɬɢɜɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 5-ɷɬɢɥɢɞɟɧ-2-ɧɨɪɛɨɪɧɟɧɚ 

ȼɨɡɧɹɤ Ⱥɥɟɧɚ ɂɝɨɪɟɜɧɚ, Ȼɟɪɦɟɲɟɜɚ ȿ.ȼ., Ȼɟɪɟɦɟɲɟɜ 
Ɇ.ȼ., Ɍɨɩɱɢɣ Ɇ.Ⱥ., Ƚɪɢɛɚɧɨɜ ɉ.ɋ., Ⱥɫɚɱɟɧɤɨ Ⱥ.Ɏ., 
ɇɟɱɚɟɜ Ɇ.ɋ. 
ɂɇɏɋ ɊȺɇ 

1630–1640 ɍ-II-14 Ɉɞɧɨɫɬɚɞɢɣɧɵɣ ɫɟɥɟɤɬɢɜɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɷɤɡɨ-

ɩɪɨɢɡɜɨɞɧɵɯ ɧɨɪɛɨɪɧɟɧɨɜ. Ⱥɞɞɢɬɢɜɧɚɹ ɢ ɦɟɬɚɬɟɡɢɫɧɚɹ 
ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɦɨɧɨɦɟɪɨɜ 

Ƚɭɫɟɜɚ Ɇɚɪɢɧɚ Ⱥɥɟɤɫɟɟɜɧɚ 1,2, Ȼɟɪɦɟɲɟɜ Ɇ.ȼ.1, 
Ɏɢɧɤɟɥɶɲɬɟɣɧ ȿ.ɒ.1 
1 ɂɇɏɋ ɊȺɇ, 2 ɆɂɊɗȺ - Ɋɨɫɫɢɣɫɤɢɣ Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɍɧɢɜɟɪɫɢɬɟɬ 

1640–1650 ɍ-II-15 Ƚɨɦɨɩɨɥɢɦɟɪɵ ɧɚ ɨɫɧɨɜɟ ɧɨɪɛɨɪɧɚɞɢɟɧɚ, ɟɝɨ ɞɢɦɟɪɚ ɢ 
ɬɪɢɦɟɪɚ: ɫɢɧɬɟɡ ɢ ɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ 

Ⱥɥɟɧɬɶɟɜ Ⱦɦɢɬɪɢɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 1, Ⱦɠɚɩɚɪɢɞɡɟ 
Ⱦ.Ɇ.1, Ȼɟɪɦɟɲɟɜ Ɇ.ȼ.1, ɒɚɧɬɚɪɨɜɢɱ ȼ.ɉ.2, Ȼɟɤɟɲɟɜ 
ȼ.Ƚ.2, Ⱥɫɚɱɟɧɤɨ Ⱥ.Ɏ.1, Ɍɨɩɱɢɣ Ɇ.Ⱥ.1, Ƚɪɢɛɚɧɨɜ ɉ.ɋ.1, 
ɇɟɱɚɟɜ Ɇ.ɋ.1 
1 ɂɇɏɋ ɊȺɇ, 2 ɂɏɎ ɊȺɇ 
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1650–1700 ɍ-II-16 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɝɚɡɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ 
ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ ɩɭɬɟɦ ɩɨɫɬ-ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɨɣ 
ɦɨɞɢɮɢɤɚɰɢɢ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɨɫɧɨɜɧɨɣ ɰɟɩɢ  
Ɇɨɪɨɧɰɟɜ Ⱥɥɟɤɫɚɧɞɪ Ⱥɥɟɤɫɟɟɜɢɱ, ɀɢɝɚɪɟɜ ȼ.Ⱥ., 
Ɋɹɛɢɧɫɤɚɹ Ʉ.ɋ., ɇɢɤɢɮɨɪɨɜ Ɋ.ɘ, Ȼɟɥɨɜ ɇ.Ⱥ., Ɏɢɥɚɬɨɜɚ 
Ɇ.ɉ., Ƚɪɢɧɝɨɥɶɰ Ɇ.Ʌ. 
ɂɇɏɋ ɊȺɇ 

1700–1710 ɍ-II-17 ȼɥɢɹɧɢɟ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ 
ɚɥɸɦɨɨɤɫɢɞɧɨɝɨ ɧɨɫɢɬɟɥɹ ɧɚ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɱɚɫɬɢɰ ɩɚɥɥɚɞɢɹ 

Ȼɨɪɟɰɤɚɹ Ⱥɜɝɭɫɬɢɧɚ ȼɚɞɢɦɨɜɧɚ, ɂɥɶɹɫɨɜ ɂ.Ɋ., 
Ʌɚɦɛɟɪɨɜ Ⱥ.Ⱥ.  
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

1710–1720 ɍ-II-18 ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Lɚ2O3 ɫ NH4F 

Ɉɫɢɩɨɜ Ⱥɥɟɤɫɟɣ Ɋɨɦɚɧɨɜɢɱ 1, Ȼɨɪɢɫɨɜ ȼ.Ⱥ.1,2, 

ɉɨɧɹɬɨɜɚ ɋ.ɋ.1, Ȼɨɝɞɚɧɨɜɚ Ⱥ.Ɉ.3, Ⱥɞɟɟɜɚ Ʌ.ɇ.3, ɒɥɹɩɢɧ 
Ⱦ.Ⱥ.2 
1 Ɉɦɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
 2 ɂɉɉɍ ɋɈ ɊȺɇ, 3 Ɉɦɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɏ.Ɇ. Ⱦɨɫɬɨɟɜɫɤɨɝɨ 

 

 

Ɇɚɥɵɣ (ɧɢɠɧɢɣ) ɡɚɥ 
ɋȿɄɐɂə V. ɏɂɆɂə ɂ ɌȿɏɇɈɅɈȽɂə ɉɈɅɍɑȿɇɂə 
ɋɆȺɁɈɑɇɕɏ ɆȺɌȿɊɂȺɅɈȼ ɂ ɉɊɂɋȺȾɈɄ 
ɉɪɟɞɫɟɞɚɬɟɥɢ: ɐɜɟɬɤɨɜ Ɉɥɟɝ ɇɢɤɨɥɚɟɜɢɱ, ɞ.ɬ.ɧ., ɂɇɏɋ ɊȺɇ, Ʉɚɞɢɟɜ 
ɏɭɫɚɢɧ Ɇɚɝɚɦɟɞɨɜɢɱ, ɤ.ɯ.ɧ., ɂɇɏɋ ɊȺɇ 

1400–1410 ɍ-V-1 ɉɨɥɭɱɟɧɢɟ ɛɟɥɵɯ ɦɚɫɟɥ ɢɡ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɤɪɟɤɢɧɝɚ 

ɉɢɝɨɥɟɜɚ ɂɪɢɧɚ ȼɥɚɞɢɦɢɪɨɜɧɚ 1, ɒɚɛɚɥɢɧɚ Ɍ.ɇ.2, 
Ɂɚɝɥɹɞɨɜɚ ɋ.ȼ.1, Ʉɢɬɨɜɚ Ɇ.ȼ.1 
1 ɈɈɈ «Ɋɇ-ɐɂɊ», 2 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. 
Ƚɭɛɤɢɧɚ 

1410–1420 ɍ-V-2 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɢɥɢɡɨɛɭɬɢɥɤɟɬɨɧɚ ɜ ɤɚɱɟɫɬɜɟ 
ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɥɹ ɩɪɨɰɟɫɫɚ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɪɚɮɢɧɚɬɨɜ 
ɫɟɥɟɤɬɢɜɧɨɣ ɨɱɢɫɬɤɢ 

Ʉɨɫɚɪɟɜɚ Ɉɥɶɝɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ, Ⱥɧɬɨɧɨɜ ɋ.Ⱥ., 
Ɂɚɝɥɹɞɨɜɚ ɋ.ȼ. 
ɈɈɈ «Ɋɇ-ɐɂɊ» 

1420–1430 ɍ-V-3 ɂɫɫɥɟɞɨɜɚɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɚɫɟɥ 

ɉɟɬɪɨɜ Ʌ.ȼ.1, ɉɫɢɯɚ Ȼɨɪɢɫ Ʌɶɜɨɜɢɱ 1, Ɍɵɳɟɧɤɨ ȼ.Ⱥ.2, 
ɒɟɣɤɢɧɚ ɇ.Ⱥ.2, Ʉɭɥɢɤɨɜɚ ɂ.Ⱥ.2, Ƚɚɜɪɢɥɨɜɚ ɂ.Ⱥ.2 
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1 ɂɉɏɎ ɊȺɇ, 2 ɋɪɟɞɧɟɜɨɥɠɫɤɢɣ ɇɂɂ ɩɨ 
ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɟ 

1430–1440 ɍ-V-4 ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɪɢɛɨɥɨɝɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɤɨɦɩɨɡɢɰɢɣ ɛɟɡɡɨɥɶɧɵɯ ɞɢɬɢɨɮɨɫɮɚɬɨɜ ɢ 
ɞɢɬɢɨɤɚɪɛɚɦɚɬɨɜ ɜ ɫɪɟɞɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɦɚɫɥɚ  
Ɂɨɥɨɬɨɜ ȼ.Ⱥ., ɋɟɥɟɡɧɟɜ Ɇ.ȼ., Ɇɚɬɜɟɟɜ ɉɚɜɟɥ 
ȼɚɥɟɪɶɟɜɢɱ 
ɎȺɍ «25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ» 

1440–1450 ɍ-V-5 ɂɫɫɥɟɞɨɜɚɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɥɢɬɢɟɜɵɯ ɩɥɚɫɬɢɱɧɵɯ ɫɦɚɡɨɤ, 
ɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɡɢɰɢɢ ɬɜɟɪɞɵɯ ɞɨɛɚɜɨɤ 

Ƚɥɹɞɹɟɜ Ⱦɦɢɬɪɢɣ ɘɪɶɟɜɢɱ 
ɎȺɍ «25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ» 

1450–1500 ɍ-V-6 Ȼɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɪɢɫɚɞɤɢ ɞɥɹ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ 

ȼɟɪɟɳɚɝɢɧɚ ɇɚɞɟɠɞɚ ȼɥɚɞɢɦɢɪɨɜɧɚ, ɉɨɥɹɧɫɤɢɣ Ʉ.Ȼ., 
Ɂɟɦɰɨɜ Ⱦ.Ȼ., ɋɟɧɢɧ Ⱥ.Ⱥ., Ȼɟɫɩɚɥɨɜɚ ɇ.Ȼ. 
ɈɈɈ «Ɋɇ-ɐɂɊ» 

1500–1510 ɍ-V-7 Ʉɨɧɫɟɪɜɚɰɢɨɧɧɚɹ ɠɢɞɤɨɫɬɶ ɧɚ ɛɚɡɟ ɫɨɥɢ ɦɨɧɨɷɮɢɪɚ 
ɝɟɤɫɟɧɢɥɹɧɬɚɪɧɨɣ ɤɢɫɥɨɬɵ 

Ɇɚɦɟɞɴɹɪɨɜ Ɇ.Ⱥ., Ⱥɛɛɚɫɨɜ ȼ.Ɇ., Ⱥɥɢɟɜɚ Ɏ.ɏ., 
ɂɛɪɚɝɢɦɡɚɞɟ Ƚ.Ɏ., Ɇɚɦɟɞɨɜɚ Ɏɢɞɚɧ Ⱥɤɢɮ 

ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɘ.Ƚ. 
Ɇɚɦɟɞɚɥɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

 

1800–1900 Ɂɚɥ ɪɟɝɢɫɬɪɚɰɢɢ 
ȼɕɋɌȺȼɄȺ ɇȿɎɌȿɏɂɆɂɑȿɋɄɂɏ ɀɍɊɇȺɅɈȼ 

1800–1900 Ɂɚɥ ɪɟɝɢɫɬɪɚɰɢɢ 
ɋɌȿɇȾɈȼȺə ɋȿɋɋɂə. ɋȿɄɐɂə II. ɄȺɌȺɅɂɁȺɌɈɊɕ ɂ 
ɉɊɈɐȿɋɋɕ ɇȿɎɌȿɏɂɆɂɂ 

ɋ-II-1 ɉɨɝɥɨɳɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɨɣ ɷɩɨɤɫɢɞ ɫɬɢɪɨɥɚ–
ɚɧɢɥɢɧ–Cu(II) ɜ ɩɨɥɹɪɧɨɦ ɪɚɫɬɜɨɪɟ  
ɉɟɬɪɨɜ Ʌɟɜ ȼɚɫɢɥɶɟɜɢɱ, ɉɫɢɯɚ Ȼ.Ʌ., ɋɨɥɹɧɢɤɨɜ ȼ.Ɇ.  
ɂɉɏɎ ɊȺɇ 

ɋ-II-2 Ʌɚɛɨɪɚɬɨɪɧɚɹ ɦɟɬɨɞɢɤɚ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɰɟɨɥɢɬɧɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɚ 

ɏɚɞɠɢɟɜ ɋ.ɇ., Ƚɟɪɡɟɥɢɟɜ ɂ.Ɇ., ɀɦɵɥɟɜ ȼɢɬɚɥɢɣ ɉɚɜɥɨɜɢɱ, 

Ɉɫɬɪɨɭɦɨɜɚ ȼ.Ⱥ.  
ɂɇɏɋ ɊȺɇ 

ɋ-II-3 ȼɥɢɹɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɧɚ ɫɜɨɣɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɚɥɤɢɥɢɪɨɜɚɧɢɹ 
ɛɟɧɡɨɥɚ ɩɪɨɩɢɥɟɧɨɦ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɰɟɨɥɢɬɚ 
ȻȿɌȺ 
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Ⱥɧɞɪɢɚɤɨ ȿɝɨɪ ɉɟɬɪɨɜɢɱ 1,2, Ȼɨɤ Ɍ.Ɉ.1, Ʉɨɧɧɨɜ ɋ.ȼ.1, ɂɜɚɧɨɜɚ 
ɂ.ɂ.1,3 
1 ɂɇɏɋ ɊȺɇ, 2 ɊɏɌɍ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, ȼɵɫɲɢɣ ɯɢɦɢɱɟɫɤɢɣ 
ɤɨɥɥɟɞɠ ɊȺɇ, 3 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-II-4 ɋɢɧɬɟɡ 2-ɜɢɧɢɥɧɨɪɛɨɪɧɚɧɚ ɝɢɞɪɢɪɨɜɚɧɢɟɦ 5-ɜɢɧɢɥ-2-

ɧɨɪɛɨɪɧɟɧɚ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɧɢɤɟɥɟɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

Ɋɹɛɢɧɫɤɚɹ Ʉɫɟɧɢɹ ɋɟɪɝɟɟɜɧɚ 1,2, Ƚɪɢɧɝɨɥɶɰ Ɇ.Ʌ.1 
1 ɂɇɏɋ ɊȺɇ, 2 ɆɂɊɗȺ - Ɋɨɫɫɢɣɫɤɢɣ Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɍɧɢɜɟɪɫɢɬɟɬ 

ɋ-II-5 Pd-ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɦɟɡɨɩɨɪɢɫɬɵɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɤɚɪɤɚɫɨɜ ɞɥɹ ɝɢɞɪɢɪɨɜɚɧɢɹ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

Ɇɚɤɟɟɜɚ Ⱦɚɪɶɹ Ⱥɧɞɪɟɟɜɧɚ, Ʉɭɥɢɤɨɜ Ʌ.Ⱥ. 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-II-6 Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɚɤɬɢɜɧɨɫɬɶ Ga- ɢ Zn-

ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɜ ɚɪɨɦɚɬɢɡɚɰɢɢ ɧɢɡɲɢɯ ɚɥɤɚɧɨɜ 

ȼɨɫɦɟɪɢɤɨɜ Ⱥɧɬɨɧ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 1, Ⱦɚɧɢɥɨɜɚ ɂ.Ƚ.2, 
ȼɨɫɦɟɪɢɤɨɜɚ Ʌ.ɇ.1  
1 ɂɏɇ ɋɈ ɊȺɇ, 2 ɂɄ ɋɈ ɊȺɇ 

ɋ-II-7 Ʉɚɬɚɥɢɡɚɬɨɪ ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɚ ZSM-5 ɢ ɝɚɥɥɭɚɡɢɬɧɵɯ 
ɧɚɧɨɬɪɭɛɨɤ  ɞɥɹ ɢɡɨɦɟɪɢɡɚɰɢɢ ɤɫɢɥɨɥɨɜ  
ɋɦɢɪɧɨɜɚ ȿɤɚɬɟɪɢɧɚ Ɇɚɤɫɢɦɨɜɧɚ, Ⱥɪɬɟɦɨɜɚ Ɇ.ɂ., Ƚɥɨɬɨɜ 
Ⱥ.ɉ., Ʉɨɬɟɥɟɜ Ɇ.ɋ., ȼɢɧɨɤɭɪɨɜ ȼ.Ⱥ.  
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ  

ɋ-II-8 ɋɢɧɬɟɡ 2,2`-ɷɤɡɨ/ɷɧɞɨ ɢ 2,2`-ɷɧɞɨ/ɷɧɞɨ ɛɢɫɧɨɪɛɨɪɧɚɧɨɜ 

ɉɢɫɤɭɧɨɜɚ ȿɤɚɬɟɪɢɧɚ ɋɟɪɝɟɟɜɧɚ, Ȼɵɤɨɜ ȼ.ɂ., ɒɨɪɭɧɨɜ ɋ.ȼ., 
Ȼɟɪɦɟɲɟɜ Ɇ.ȼ.  
ɂɇɏɋ ɊȺɇ 

ɋ-II-9 Ɇɟɬɚɥɥɨɤɨɦɩɥɟɤɫɧɚɹ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɞɥɹ 
ɜɵɫɨɤɨɫɟɥɟɤɬɢɜɧɨɝɨ ɩɨɥɭɱɟɧɢɹ 1-ɝɟɤɫɟɧɚ ɢɡ ɷɬɢɥɟɧɚ 

ɋɟɧɢɧ Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, ɑɟɪɟɞɢɥɢɧ Ⱦ.ɇ., Ʉɨɡɥɨɜɚ 
Ƚ.Ⱥ., ɒɟɥɨɭɦɨɜ Ⱥ.Ɇ., Ⱥɮɚɧɚɫɶɟɜ ȼ.ȼ., Ȼɟɫɩɚɥɨɜɚ ɇ.Ȼ. 
ɈɈɈ «Ɋɇ-ɐɂɊ» 

ɋ-II-10 Ƚɢɞɪɢɪɨɜɚɧɢɟ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ ɧɚ ɧɟɧɚɧɟɫɟɧɧɵɯ 
ɫɭɥɶɮɢɞɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ, ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɢɡ 
ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɩɪɟɤɭɪɫɨɪɨɜ 

ɏɚɧ Ɉɤɫɚɧɚ ɂɝɨɪɟɜɧɚ1, ɉɟɬɪɭɯɢɧɚ ɇ.ɇ.2, Ɍɭɦɚɧɹɧ Ȼ.ɉ.1, 
Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.2,3 
1 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ.ɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 2 ɂɇɏɋ ɊȺɇ,  
3 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-II-11 Ⱥɞɞɢɬɢɜɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
N-ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɤɚɪɛɟɧɨɜɵɯ Pd-ɤɨɦɩɥɟɤɫɨɜ 
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Ȼɟɪɦɟɲɟɜɚ ȿɜɝɟɧɢɹ ȼɥɚɞɢɦɢɪɨɜɧɚ 1,2, ȼɨɡɧɹɤ Ⱥ.ɂ.1, ɇɟɱɚɟɜ 
Ɇ.ɋ.1,3, Ⱥɫɚɱɟɧɤɨ Ⱥ.Ɏ.1, Ɍɨɩɱɢɣ Ɇ.Ⱥ.1, Ƚɪɢɛɚɧɨɜ ɉ.ɋ.1, 
Ȼɟɪɦɟɲɟɜ Ɇ.ȼ.1,4 
1 ɂɇɏɋ ɊȺɇ, 2 ɉɟɪɜɵɣ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɦɟɞɢɰɢɧɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɂ.Ɇ. ɋɟɱɟɧɨɜɚ, 3 ɆȽɍ ɢɦ. 
Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 4 ɊɏɌɍ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

ɋ-II-12 ɋɢɧɬɟɡ ɢ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪ-ɩɨɥɢɦɟɪɧɵɯ ɫɦɟɫɟɣ 
ɫɜɟɪɯɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ ɫ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɦ 
ɩɨɥɢɷɬɢɥɟɧɨɦ 

Ƚɨɫɬɟɜ ɋɟɪɝɟɣ ɋɟɪɝɟɟɜɢɱ, ɋɬɚɪɱɚɤ ȿ.ȿ., ɍɲɚɤɨɜɚ Ɍ.Ɇ., 
Ʉɪɚɲɟɧɧɢɧɢɤɨɜ ȼ.Ƚ., Ƚɪɢɧɟɜ ȼ.Ƚ., Ɇɚɤɥɚɤɨɜɚ ɂ.Ⱥ., 
ɇɨɜɨɤɲɨɧɨɜɚ Ʌ.Ⱥ. 
ɂɏɎ ɊȺɇ 

ɋ-II-13 Ɇɨɞɢɮɢɤɚɰɢɹ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɩɨɥɢɫɭɥɶɮɨɧɨɜɵɯ ɦɟɦɛɪɚɧ 
ɧɚɧɨɮɢɛɪɢɥɥɹɪɧɨɣ ɰɟɥɥɸɥɨɡɨɣ 

Ⱥɧɨɯɢɧɚ Ɍɚɬɶɹɧɚ ɋɟɪɝɟɟɜɧɚ 1, Ȼɚɠɟɧɨɜ ɋ.Ⱦ.1, ȼɚɫɢɥɟɜɫɤɢɣ 
ȼ.ɉ.1, ɉɟɬɪɨɜɚ Ⱦ.Ⱥ.2, ȼɢɧɨɤɭɪɨɜ ȼ.Ⱥ.2, ȼɨɥɤɨɜ Ⱥ.ȼ.1  
1 ɂɇɏɋ ɊȺɇ, 2 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

ɋ-II-14 ɋɬɚɛɢɥɶɧɨɫɬɶ ɦɟɦɛɪɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ PIM-1 ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɭɝɥɟɜɨɞɨɪɨɞɚɯ ɢ ɧɢɡɤɨɥɟɬɭɱɢɯ ɩɨɥɹɪɧɵɯ ɷɤɫɬɪɚɝɟɧɬɚɯ 

Ⱥɧɨɯɢɧɚ Ɍɚɬɶɹɧɚ ɋɟɪɝɟɟɜɧɚ1, ɘɲɤɢɧ Ⱥ.Ⱥ.1, Ȼɨɪɢɫɨɜ ɂ.Ʌ.1, 
ȼɚɫɢɥɟɜɫɤɢɣ ȼ.ɉ.1, Budd P.M.2, ȼɨɥɤɨɜ Ⱥ.ȼ.1  
1 ɂɇɏɋ ɊȺɇ, 2 School of Chemistry, The University of Manchester 

ɋ-II-15 ȼɥɢɹɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɦɛɪɚɧ ɢɡ 
ɩɨɥɢɚɤɪɢɥɨɧɢɬɪɢɥɚ ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɢɧɜɟɪɫɢɢ ɮɚɡ 

ɘɲɤɢɧ Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 1, ȿɮɢɦɨɜ Ɇ.ɇ.1, ɑɟɪɧɢɤɨɜɚ 
ȿ.ȼ.1,2, Ʉɚɪɩɚɱёɜɚ Ƚ.ɉ.1, ȼɨɥɤɨɜ Ⱥ.ȼ.1 
1 ɂɇɏɋ ɊȺɇ, 2 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-II-16 ɋɢɧɬɟɡ,  ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ ɢ ɝɚɡɨɪɚɡɞɟɥɢɬɟɥɶɧɵɟ 
ɫɜɨɣɫɬɜɚ ɧɨɜɨɝɨ ɦɟɬɚɬɟɡɢɫɧɨɝɨ ɩɨɥɢɧɨɪɛɨɪɧɟɧɚ ɫ 
ɫɢɥɚɰɢɤɥɨɩɟɧɬɚɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ ɜ ɦɨɧɨɦɟɪɧɨɦ ɡɜɟɧɟ 

ɀɢɝɚɪɟɜ ȼɫɟɜɨɥɨɞ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, Ɇɨɪɨɧɰɟɜ Ⱥ.Ⱥ., 
ɇɢɤɢɮɨɪɨɜ Ɋ.ɘ., Ȼɟɥɨɜ ɇ.Ⱥ., Ƚɪɢɧɝɨɥɶɰ Ɇ.Ʌ. 
ɂɇɏɋ ɊȺɇ 

ɋ-II-17 ȼɥɢɹɧɢɟ ɬɢɩɚ ɰɟɨɥɢɬɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɨɥɢɫɬɢɪɨɥɚ ɜ 
ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɪɟɞɟ 

Ⱦɟɦɟɧɬɶɟɜ Ʉ.ɂ., Ȼɚɛɤɢɧ ɘɪɢɣ Ⱥɥɟɤɫɟɟɜɢɱ, ɉɚɥɚɧɤɨɟɜ Ɍ.Ⱥ., 
ɏɚɞɠɢɟɜ ɋ.ɇ. 
ɂɇɏɋ ɊȺɇ 

ɋ-II-18 ȼɥɢɹɧɢɟ ɫɩɨɫɨɛɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɧɚ ɟɝɨ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
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ɍɪɭɫɨɜɚ ȿɤɚɬɟɪɢɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 1, ɋɤɨɪɧɢɤɨɜɚ ɋ.Ⱥ.2, 
Ⱥɥɢɟɜ Ɋ.Ɋ.3  
1 Ⱥɧɝɚɪɫɤɧɟɮɬɟɯɢɦɩɪɨɟɤɬ, 2 ɂɪɤɭɬɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ  ɭɧɢɜɟɪɫɢɬɟɬ, 3 ȺɈ «ȼɇɂɂ 
ɇɉ» 

ɋ-II-19 Ɏɨɫɮɨɪɫɨɞɟɪɠɚɳɢɟ ɦɚɤɪɨɥɢɝɚɧɞɵ ɞɥɹ ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɹ ɢ 
ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ ɨɥɟɮɢɧɨɜ 

ɇɟɧɚɲɟɜɚ Ɇɚɪɢɹ ȼɥɚɞɢɦɢɪɨɜɧɚ, Ʉɚɪɚɫɚɟɜɚ Ɇ.Ɇ., Ƚɨɪɛɭɧɨɜ 
Ⱦ.ɇ., Ɍɟɪɟɧɢɧɚ Ɇ.ȼ. 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-II-20 ɉɪɢɦɟɧɟɧɢɟ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɜ ɷɤɨɥɨɝɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɦ 
ɤɨɧɬɪɨɥɟ ɫɬɨɱɧɵɯ ɜɨɞ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɢɤɚɪɛɨɧɚɬɨɜ 

ɋɢɪɚɡɢɟɜɚ Ʌɢɥɢɹ Ɏɢɥɢɤɫɨɜɧɚ, əɪɭɥɥɢɧɚ Ɋ.Ɋ., Ⱥɧɚɧɶɟɜɚ Ƚ.ɋ., 
Ɇɚɪɹɧɢɧɚ ȿ.ȼ. 
ɉȺɈ «Ʉɚɡɚɧɶɨɪɝɫɢɧɬɟɡ» 

ɋ-II-21 Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɋɚɜɟɥɶɟɜ ȿɜɝɟɧɢɣ Ⱥɥɟɤɫɟɟɜɢɱ, ɋɚɩɭɧɨɜ ȼ.ɇ. 
ɊɏɌɍ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

ɋ-II-22 ɋɢɧɬɟɡ ɢ ɬɪɚɧɫɮɨɪɦɚɰɢɹ 1,1-ɞɢɯɥɨɪɨ-2-ɦɟɬɢɥ-2-

ɜɢɧɢɥɰɢɤɥɨɩɪɨɩɚɧɚ  
Ȼɨɪɢɫɨɜɚ ɘɥɢɚɧɧɚ Ƚɟɧɧɚɞɶɟɜɧɚ, Ȼɭɥɚɬɨɜɚ ɘ.ɂ., Ȼɚɣɛɭɪɬɥɢ 
Ⱥ.ȼ., Ɋɚɫɤɢɥɶɞɢɧɚ Ƚ.Ɂ. 
ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ 

 

 

1900–2000 ɍɠɢɧ 
 

 

20 ɫɟɧɬɹɛɪɹ, ɱɟɬɜɟɪɝ 
830–930 Ɂɚɜɬɪɚɤ 

930–1110 Ɇɚɥɵɣ (ɧɢɠɧɢɣ) ɡɚɥ 
ɄɊɍȽɅɕɃ ɋɌɈɅ. ɇɨɜɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɪɚɛɨɬɤɢ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɨɥɟɮɢɧɨɜ ɢ ɨɩɵɬ ɢɯ 
ɜɧɟɞɪɟɧɢɹ 

ɉɪɟɞɫɟɞɚɬɟɥɢ: Ȼɭɯɬɢɹɪɨɜ ȼɚɥɟɪɢɣ ɂɜɚɧɨɜɢɱ, 
ɚɤɚɞɟɦɢɤ ɊȺɇ, ɂɄ ɋɈ ɊȺɇ, Ɇɚɤɫɢɦɨɜ Ⱥɧɬɨɧ 
Ʌɶɜɨɜɢɱ, ɞ.ɯ.ɧ., ɂɇɏɋ ɊȺɇ 

1050–1110 ɉɟɪɟɪɵɜ 
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1110–1300 Ɇɚɥɵɣ (ɧɢɠɧɢɣ) ɡɚɥ 
ɄɊɍȽɅɕɃ ɋɌɈɅ. ɇɨɜɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɪɚɛɨɬɤɢ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɨɥɟɮɢɧɨɜ ɢ ɨɩɵɬ ɢɯ 
ɜɧɟɞɪɟɧɢɹ 

ɉɪɟɞɫɟɞɚɬɟɥɢ: Ȼɭɯɬɢɹɪɨɜ ȼɚɥɟɪɢɣ ɂɜɚɧɨɜɢɱ, 
ɚɤɚɞɟɦɢɤ ɊȺɇ, ɂɄ ɋɈ ɊȺɇ, Ɇɚɤɫɢɦɨɜ Ⱥɧɬɨɧ 
Ʌɶɜɨɜɢɱ, ɞ.ɯ.ɧ., ɂɇɏɋ ɊȺɇ 

1000 ɗɤɫɤɭɪɫɢɹ ɜ ɦɭɡɟɣ ɬɟɯɧɢɤɢ ȼɚɞɢɦɚ Ɂɚɞɨɪɨɠɧɨɝɨ 

 

 

Ɇɚɥɵɣ (ɧɢɠɧɢɣ) ɡɚɥ 
ɋȿɄɐɂə III. ɏɂɆɂə ɉɊɈɐȿɋɋɈȼ ɉȿɊȿɊȺȻɈɌɄɂ 
ɉɊɂɊɈȾɇɈȽɈ ȽȺɁȺ ɂ ɍȽɅə 
ɉɪɟɞɫɟɞɚɬɟɥɢ: ɒɟɤɚ ȿɥɟɧɚ Ɏɟɞɨɪɨɜɧɚ, ɞ.ɮ-ɦ.ɧ., ɊɍȾɇ, Ʉɭɥɢɤɨɜɚ 
Ɇɚɣɹ ȼɚɥɟɪɶɟɜɧɚ, ɤ.ɯ.ɧ., ɂɇɏɋ ɊȺɇ 

1400–1410 ɍ-III-1 ȼɥɢɹɧɢɟ ɞɨɛɚɜɨɤ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɧɚ ɩɪɨɰɟɫɫ ɦɚɬɪɢɱɧɨɣ  
ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɜ ɫɢɧɬɟɡ-ɝɚɡ  
Ɉɡɟɪɫɤɢɣ Ⱥɥɟɤɫɟɣ ȼɚɥɟɪɢɟɜɢɱ 1,2, ɇɢɤɢɬɢɧ Ⱥ.ȼ.1,2, 

ɋɟɞɨɜ ɂ.ȼ.1,3,Ɍɢɦɨɮɟɟɜ Ʉ.Ⱥ.2, Ʉɨɦɚɪɨɜ ɂ.Ʉ.1,3, ə.ɋ. 
Ɂɢɦɢɧ1,3, Ɏёɞɨɪɨɜ Ⱦ.ɉ.2,3, Ⱥɪɭɬɸɧɨɜ ȼ.ɋ.1,2,3 
1 ɂɉɏɎ ɊȺɇ, 2 ɂɏɎ ɊȺɇ, 3 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

1410–1420 ɍ-III-2 ɂɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɩɪɢɪɨɞɵ ɧɚɧɟɫɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɟɝɨ 
ɫɨɞɟɪɠɚɧɢɹ ɧɚ ɧɟɨɤɢɫɥɢɬɟɥɶɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɦɟɬɚɧɚ   
Ƚɨɥɢɧɫɤɢɣ Ⱦɦɢɬɪɢɣ ȼɥɚɞɢɦɢɪɨɜɢɱ, ȼɢɧɢɱɟɧɤɨ 
ɇ.ȼ.,  Ɂɚɬɨɥɨɤɢɧɚ ȿ.ȼ., Ʉɪɨɥɶ Ɉ.ȼ., Ȼɟɥɵɣ Ⱥ.ɋ.  
ɂɉɉɍ ɋɈ ɊȺɇ 

1420–1430 ɍ-III-3 ɋɪɚɜɧɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɨɜ 
ɩɨɥɭɱɟɧɢɹ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ 
ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ 

ȿɪɦɨɥɚɟɜ ɂɥɶɹ ɋɟɪɝɟɟɜɢɱ 1,2, ȿɪɦɨɥɚɟɜ ȼ.ɋ.1,2, 

Ɇɨɪɞɤɨɜɢɱ ȼ.Ɂ.1,2  
1 ɎȽȻɇɍ ɌɂɋɇɍɆ, 2 ɈɈɈ «ɂɇɎɊȺ ɬɟɯɧɨɥɨɝɢɢ» 

1430–1440 ɍ-III-4 ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɰɟɧɧɵɯ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ 
ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟɮɬɟɡɚɜɨɞɫɤɢɯ ɝɚɡɨɜ 

ɇɢɤɢɬɢɧ Ⱥɥɟɤɫɟɣ ȼɢɬɚɥɶɟɜɢɱ 1,2, ɋɟɞɨɜ ɂ.ȼ.1, 
Ɉɡɟɪɫɤɢɣ Ⱥ.ȼ.1,2, Ⱥɮɚɭɧɨɜ Ⱥ.Ⱥ.2, Ⱥɪɬɚɦɨɧɨɜɚ ɇ.ȿ.2, 
Ⱥɪɭɬɸɧɨɜ ȼ.ɋ.1,2 
1 ɂɉɏɎ ɊȺɇ, 2 ɂɏɎ ɊȺɇ 

1440–1450 ɍ-III-5 ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɞɟɝɢɞɪɨɚɪɨɦɚɬɢɡɚɰɢɢ ɦɟɬɚɧɚ 
ɧɚ ɰɟɨɥɢɬɚɯ ɬɢɩɚ ZSM-5, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ Mo ɢ Re 
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ɋɬɟɩɚɧɨɜ Ⱥɧɞɪɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, Ʉɨɪɨɛɢɰɵɧɚ Ʌ.Ʌ., 
ȼɨɫɦɟɪɢɤɨɜ Ⱥ.ȼ.  
ɂɏɇ ɋɈ ɊȺɇ 

1450–1500 ɍ-III-6 ɋɢɧɬɟɡ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ ɧɚ 
ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɫ ɰɟɨɥɢɬɚɦɢ ZSM-5 

Ɇɚɪɲɟɜ ɂ.ɂ., Ȼɟɥɨɫɬɨɰɤɢɣ ɂɝɨɪɶ Ⱥɧɞɪɟɟɜɢɱ, 

ȼɨɥɧɢɧɚ ɗ.Ⱥ., Ʉɢɩɧɢɫ Ɇ.Ⱥ. 
ɂɇɏɋ ɊȺɇ 

1500–1510 ɍ-III-7 ȼɵɫɨɤɨɩɪɨɧɢɰɚɟɦɚɹ ɤɨɦɩɨɡɢɰɢɨɧɧɚɹ ɦɟɦɛɪɚɧɚ ɧɚ 
ɨɫɧɨɜɟ ɩɨɥɢɞɟɰɢɥɦɟɬɢɥɫɢɥɨɤɫɚɧɚ ɫ ɩɨɜɵɲɟɧɧɨɣ 
ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɭɝɥɟɜɨɞɨɪɨɞɚɦ ɋ3+  
Ƚɪɭɲɟɜɟɧɤɨ ȿɜɝɟɧɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ, Ʉɧɹɡɟɜɚ Ⱥ.Ⱥ., 
Ȼɨɪɢɫɨɜ ɂ.Ʌ., ȼɨɥɤɨɜ Ⱥ.ȼ.  
ɂɇɏɋ ɊȺɇ 

 

1600 

 

ɗɤɫɤɭɪɫɢɹ ɜ ɇɨɜɨ-ɂɟɪɭɫɚɥɢɦɫɤɢɣ ɦɨɧɚɫɬɵɪɶ 
 

1800–1900 Ɂɚɥ ɪɟɝɢɫɬɪɚɰɢɢ 
ɋɌȿɇȾɈȼȺə ɋȿɋɋɂə. ɋȿɄɐɂə III. ɏɂɆɂə 
ɉɊɈɐȿɋɋɈȼ ɉȿɊȿɊȺȻɈɌɄɂ ɉɊɂɊɈȾɇɈȽɈ ȽȺɁȺ ɂ 
ɍȽɅə 

ɋ-III-1 Ɂɚɞɟɪɠɤɢ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɟɬɚɧ-ɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ ɫ 
ɞɨɛɚɜɤɚɦɢ ɚɥɤɚɧɨɜ ɋ2–ɋ5  

Ⱥɪɭɬɸɧɨɜ Ⱥɪɬɟɦ ȼɥɚɞɢɦɢɪɨɜɢɱ 1,2, ɇɢɤɢɬɢɧ Ⱥ.ȼ.1, 
Ɇɟɪɤɭɥɨɜɚ Ɇ.ȼ.3, ɐɚɪɟɧɤɨ Ⱥ.Ⱥ.3, Ɍɪɨɲɢɧ Ʉ.ə.1, Ⱥɪɭɬɸɧɨɜ 
ȼ.ɋ.1 
1 ɂɏɎ ɊȺɇ, 2 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 3 ɆɎɌɂ 

ɋ-III-2 Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɦɨɞɟɥɟɣ ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɧɚ ɜ ɨɛɥɚɫɬɢ 
ɭɦɟɪɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ 

Ⱦɦɢɬɪɭɤ Ⱥɧɧɚ ɋɟɪɝɟɟɜɧɚ 1,2, ɇɢɤɢɬɢɧ Ⱥ.ȼ.2, Ɉɡɟɪɫɤɢɣ 
Ⱥ.ȼ.2, Ⱥɪɭɬɸɧɨɜ Ⱥ.ȼ.2, Ⱥɪɭɬɸɧɨɜ ȼ.ɋ.1,2 
1 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2 ɂɏɎ ɊȺɇ 

ɋ-III-3 Ɉɛɪɚɡɨɜɚɧɢɟ ɫɚɠɢ ɜ ɩɪɨɰɟɫɫɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɚɪɨɜ ɜɨɞɵ 

Ʌɭɝɜɢɳɭɤ Ⱦɦɢɬɪɢɣ ɋɟɪɝɟɟɜɢɱ 1, Ɇɢɬɛɟɪɝ ɗ.Ȼ.1,2, 

Ɇɨɪɞɤɨɜɢɱ ȼ.Ɂ.1,2 
1 ɎȽȻɇɍ ɌɂɋɇɍɆ, 2 ɈɈɈ «ɂɇɎɊȺ ɬɟɯɧɨɥɨɝɢɢ» 

ɋ-III-4 ɋɨ-ɤɚɬɚɥɢɡɚɬɨɪɵ ɩɪɨɰɟɫɫɚ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ ɧɚɧɟɫɟɧɧɵɟ ɧɚ 
ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ ɞɨɩɢɪɨɜɚɧɧɵɟ ɚɡɨɬɨɦ: ɜɥɢɹɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ, ɬɢɩɚ, ɥɨɤɚɥɢɡɚɰɢɢ 

Ȼɭɪɰɟɜ Ⱥɥɟɤɫɚɧɞɪ Ⱥɥɟɤɫɟɟɜɢɱ, ɑɟɪɧɹɤ ɋ.Ⱥ., ɂɜɚɧɨɜ Ⱥ.ɋ., 
Ɇɚɫɥɚɤɨɜ Ʉ.ɂ., ȿɝɨɪɨɜɚ Ɍ.Ȼ., ɋɚɜɢɥɨɜ ɋ.ȼ., Ʌɭɧɢɧ ȼ.ȼ.  
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ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-III-5 Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɚɤɬɢɜɧɵɯ ɜ ɫɢɧɬɟɡɟ Ɏɢɲɟɪɚ-

Ɍɪɨɩɲɚ ɞɢɫɩɟɪɫɢɣ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɤɫɢɞɧɵɦɢ 
ɞɨɛɚɜɤɚɦɢ 

Ⱦɟɦɟɧɬɶɟɜɚ Ɉɤɫɚɧɚ ɋɟɪɝɟɟɜɧɚ 1, ɋɚɥɚɯɨɜ ɂ.ɂ.2, ɋɦɢɪɧɨɜ 
Ⱦ.ɂ.2, ɒɚɦɫɭɥɥɢɧ Ⱥ.ɂ.3 
1 ɂɇɏɋ ɊȺɇ, 2 ȺɈ «ɌȺɇȿɄɈ», 3 ɉȺɈ «Ɍɚɬɧɟɮɬɶ» 

ɋ-III-6 Ⱦɨɛɚɜɤɢ ɤ ɧɚɧɨɪɚɡɦɟɪɧɵɦ Fe-ɫɨɞɟɪɠɚɳɢɯ ɫɭɫɩɟɧɡɢɹɦ 
ɫɢɧɬɟɡɚ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ, ɩɨɞɚɜɥɹɸɳɢɟ ɨɛɪɚɡɨɜɚɧɢɟ ɋɈ2  

ɇɨɪɤɨ ɋɟɦɟɧ ɂɜɚɧɨɜɢɱ1, Ⱦɟɦɟɧɬɶɟɜɚ Ɉ.ɋ.2, Ʉɭɥɢɤɨɜɚ Ɇ.ȼ.2 
1 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2 ɂɇɏɋ ɊȺɇ 

ɋ-III-7 ɋɢɧɬɟɡ ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ 
ɫɩɢɪɬɚ 

ɂɜɚɧɰɨɜ Ɇɢɯɚɢɥ ɂɜɚɧɨɜɢɱ, ɑɭɞɚɤɨɜɚ Ɇ.ȼ., Ʉɭɥɢɤɨɜɚ Ɇ.ȼ. 
ɂɇɏɋ ɊȺɇ 

ɋ-III-8 Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɬɚɛɢɥɶɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɞɢɫɩɟɪɫɢɣ, 
ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɱɚɫɬɢɰɵ ɦɟɬɚɥɥɨɜ 

ɑɭɞɚɤɨɜɚ Ɇɚɪɢɹ ȼɥɚɞɢɦɢɪɨɜɧɚ 1, Ʉɭɥɢɤɨɜɚ Ɇ.ȼ.1, 
ɒɚɦɫɭɥɥɢɧ Ⱥ.ɂ.2, Ⱥɣɧɭɥɥɨɜ Ɍ.ɋ.2 
1 ɂɇɏɋ ɊȺɇ, 2 ɉȺɈ «Ɍɚɬɧɟɮɬɶ» ɢɦ. ȼ.Ⱦ. ɒɚɲɢɧɚ 

ɋ-III-9 Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɧɨɪɚɡɦɟɪɧɵɯ 
ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɢɯ ɫɢɫɬɟɦ, ɚɤɬɢɜɧɵɯ ɜ ɫɢɧɬɟɡɟ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ ɋɈ ɢ ɇ2 

ɉɨɧɨɦɚɪɟɜɚ Ⱥɧɧɚ Ʉɨɧɫɬɚɧɬɢɧɨɜɧɚ1, Ⱦɟɦɟɧɬɶɟɜɚ Ɉ.ɋ.2, 
Ʉɭɥɢɤɨɜɚ Ɇ.ȼ.2 
1ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2ɂɇɏɋ ɊȺɇ 

ɋ-III-10 Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɩɪɨɞɭɤɬɨɜ ɩɪɹɦɨɝɨ ɫɢɧɬɟɡɚ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ  
ɋɚɦɨɯɢɧ ɉ.ȼ., Ȼɟɥɨɫɬɨɰɤɢɣ ɂ.Ⱥ., Ɇɚɪɲɟɜ ɂɜɚɧ ɂɥɶɢɱ, 

Ʉɢɩɧɢɫ Ɇ.Ⱥ. 
ɂɇɏɋ ɊȺɇ 

ɋ-III-11 ȼɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɵ ɜ ɫɵɪɶɟ ɧɚ ɯɢɦɢɡɦ ɤɨɧɜɟɪɫɢɢ 
ɦɟɬɚɧɨɥɚ ɜ ɠɢɞɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ 

Ⱥɮɨɤɢɧ Ɇɢɯɚɢɥ ɂɜɚɧɨɜɢɱ, ɉɟɪɟɫɵɩɤɢɧɚ ȿ.Ƚ., ɂɨɧɢɧ Ⱦ.Ⱥ. 
ɂɇɏɋ ɊȺɇ 

ɋ-III-12 Ɉɫɨɛɟɧɧɨɫɬɢ ɤɨɧɜɟɪɫɢɢ ȾɆɗ ɜ ɬɪɟɯɮɚɡɧɨɦ ɪɟɚɤɬɨɪɟ 

ɋɬɚɲɟɧɤɨ Ⱥɧɬɨɧ ɇɢɤɨɥɚɟɜɢɱ 
ɂɇɏɋ ɊȺɇ 

ɋ-III-13 ȼɥɢɹɧɢɟ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɰɟɨɥɢɬɧɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɤɨɧɜɟɪɫɢɢ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɜ ɠɢɞɤɢɟ 
ɭɝɥɟɜɨɞɨɪɨɞɵ 

ɋɧɚɬɟɧɤɨɜɚ ɘɥɢɹ Ɇɢɯɚɣɥɨɜɧɚ, Ʉɭɪɭɦɨɜ ɋ.Ⱥ., Ɇɚɬɢɟɜɚ 
Ɂ.Ɇ. 
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ɂɇɏɋ ɊȺɇ 

ɋ-III-14 Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ Mg ɢ Mg-Rh-HZSM-5, 

ɨɛɪɚɛɨɬɚɧɧɵɯ ɭɥɶɬɪɚɡɜɭɤɨɦ, ɜ ɩɪɟɜɪɚɳɟɧɢɢ ɞɢɦɟɬɢɥɨɜɨɝɨ 
ɷɮɢɪɚ ɜ ɧɢɡɲɢɟ ɨɥɟɮɢɧɵ  
Ɉɛɭɯɨɜɚ Ɍɚɬɶɹɧɚ Ʉɨɧɫɬɚɧɬɢɧɨɜɧɚ, Ʉɨɥɟɫɧɢɤɨɜɚ ȿ.ȿ., 
Ȼɨɧɞɚɪɟɧɤɨ Ƚ.ɇ., Ʉɨɥɟɫɧɢɱɟɧɤɨ ɇ.ȼ. 
ɂɇɏɋ ɊȺɇ 

ɋ-III-15 ɉɨɥɢɞɢɦɟɬɢɥɫɢɥɚɥɤɢɥɟɧɫɢɥɨɤɫɚɧɵ – ɦɚɬɟɪɢɚɥɵ 
ɫɟɥɟɤɬɢɜɧɵɯ ɦɟɦɛɪɚɧ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɫɦɟɫɟɣ ɭɝɥɟɜɨɞɨɪɨɞɨɜ  
Ȼɨɪɢɫɨɜ ɂ.Ʌ., Ƚɪɭɲɟɜɟɧɤɨ ȿɜɝɟɧɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ, 

ɍɲɚɤɨɜ ɇ.ȼ., Ɏɢɧɤɟɥɶɲɬɟɣɧ ȿ.ɒ., ȼɨɥɤɨɜ ȼ.ȼ. 
ɂɇɏɋ ɊȺɇ 

ɋ-III-16 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ 
ɦɟɦɛɪɚɧ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɦɚɫɫɨɨɛɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɟɦɛɪɚɧɧɨɝɨ ɤɨɧɬɚɤɬɨɪɚ ɝɚɡ-ɠɢɞɤɨɫɬɶ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɞɟɥɟɧɢɹ 
ɫɦɟɫɢ ɷɬɢɥɟɧ/ɷɬɚɧ  
Ɉɜɱɚɪɨɜɚ Ⱥ.Ⱥ.1, Ȼɨɪɢɫɨɜ ɂ.Ʌ.1, ȼɚɫɢɥɟɜɫɤɢɣ ȼ.ɉ.1, Ȼɚɠɟɧɨɜ 
ɋɬɟɩɚɧ Ⱦɦɢɬɪɢɟɜɢɱ 1, Ȼɢɥɶɞɸɤɟɜɢɱ Ⱥ.ȼ.2, ȼɨɥɤɨɜ ȼ.ȼ.1 
1 ɂɇɏɋ ɊȺɇ, 2 ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɨ-ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɇȺɇ 
Ȼɟɥɚɪɭɫɢ 

ɋ-III-17 ɉɪɨɰɟɫɫ ɦɚɥɨɷɧɟɪɝɨɟɦɤɨɣ ɪɟɝɟɧɟɪɚɰɢɢ ɚɛɫɨɪɛɟɧɬɚ ɋɈ2 ɧɚ 
ɨɫɧɨɜɟ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɦɨɧɨɷɬɚɧɨɥɚɦɢɧɚ 

Ȼɚɠɟɧɨɜ ɋɬɟɩɚɧ Ⱦɦɢɬɪɢɟɜɢɱ, ɏɚɮɢɡɨɜ Ⱥ.Ɇ., ɇɨɜɢɰɤɢɣ 
ɗ.Ƚ. 
ɂɇɏɋ ɊȺɇ 

ɋ-III-18 Ɇɟɦɛɪɚɧɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɨɟ ɜɵɞɟɥɟɧɢɟ ɨɥɟɮɢɧɨɜ ɢɡ 
ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɝɚɡɨɜɵɯ ɫɪɟɞ 

Ȼɚɠɟɧɨɜ ɋɬɟɩɚɧ Ⱦɦɢɬɪɢɟɜɢɱ 1, Ʉɨɫɬɹɧɚɹ Ɇ.ɂ.1, 
ȼɚɫɢɥɟɜɫɤɢɣ ȼ.ɉ.1, ɇɢɤɢɬɢɧ Ⱥ.ȼ.2, ɋɟɞɨɜ ɂ.ȼ.2, ȼɨɥɤɨɜ Ⱥ.ȼ.1  
1 ɂɇɏɋ ɊȺɇ, 2 ɂɉɏɎ ɊȺɇ 

ɋ-III-19 ɋɢɧɬɟɡ ɢ ɫɜɨɣɫɬɜɚ ɯɥɨɪɫɨɞɟɪɠɚɳɟɝɨ ɩɨɥɢ(1-ɬɢɦɟɬɢɥɫɢɥɢɥ-1-

ɩɪɨɩɢɧɚ) ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɋɈ2 ɨɬ ɩɪɢɪɨɞɧɨɝɨ 
ɝɚɡɚ ɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 

ɉɨɥɟɜɚɹ ȼɢɤɬɨɪɢɹ Ƚɟɧɧɚɞɶɟɜɧɚ, Ƚɟɣɝɟɪ ȼ.ɘ., Ʉɨɫɫɨɜ Ⱥ.Ⱥ. 
ɂɇɏɋ ɊȺɇ 
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1800–1900 Ɂɚɥ ɪɟɝɢɫɬɪɚɰɢɢ 
ɋɌȿɇȾɈȼȺə ɋȿɋɋɂə. ɋȿɄɐɂə IV. ɏɂɆɂə 
ȼɈɁɈȻɇɈȼɅəȿɆɈȽɈ ɍȽɅȿɊɈȾɋɈȾȿɊɀȺɓȿȽɈ 
ɋɕɊɖə 

ɋ-IV-1 ȼɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɝɥɢɰɟɪɢɧɚ ɚɰɟɬɨɧɨɦ ɧɚ 
ɩɚɥɥɚɞɢɪɨɜɚɧɧɨɦ ɭɝɥɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɨɦɨɝɟɧɧɨɝɨ 
ɫɨɤɚɬɚɥɢɡɚɬɨɪɚ  
ɇɢ Ⱦɟɧɢɫ ɋɟɪɝɟɟɜɢɱ1, ɋɚɦɨɣɥɨɜ ȼ.Ɉ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,2  
1 ɂɇɏɋ ɊȺɇ, 2 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-IV-2 ɂɡɭɱɟɧɢɟ ɝɢɞɪɨɝɟɧɢɡɚɰɢɨɧɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɝɜɚɹɤɨɥɚ ɧɚ 
ɮɨɫɮɢɞɟ ɧɢɤɟɥɹ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɦ in situ ɢɡ 
ɦɚɫɥɨɪɚɫɬɜɨɪɢɦɵɯ ɩɪɟɤɭɪɫɨɪɨɜ 

ȼɢɧɧɢɤɨɜɚ Ɇɚɪɢɹ Ⱥɧɞɪɟɟɜɧɚ 1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,2 
1 ɂɇɏɋ ɊȺɇ, 2 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɋ-IV-3 ȼɥɢɹɧɢɟ ɚɰɟɬɨɧɚ ɧɚ ɩɪɟɜɪɚɳɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɤɪɟɤɢɧɝɟ 

ɉɚɥɚɧɤɨɟɜ Ɍɢɦɭɪ Ⱥɯɦɟɬɨɜɢɱ, Ⱦɟɦɟɧɬɶɟɜ Ʉ.ɂ., ɂɇɏɋ ɊȺɇ 

ɋ-IV-4 ɇɨɜɵɣ ɦɟɬɨɞ ɦɨɞɢɮɢɤɚɰɢɢ ɩɟɤɬɢɧɨɜɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ  
ɋɥɨɛɨɞɨɜɚ Ⱦɚɪɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 1, Ƚɨɪɲɤɨɜɚ Ɋ.Ɇ.2, 
ɉɚɧɚɪɢɧ ȿ.Ɏ.2 
1 ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɦɟɯɚɧɢɤɢ ɢ 
ɨɩɬɢɤɢ, 2 ɂɧɫɬɢɬɭɬ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɊȺɇ 

ɋ-IV-5 ɋɢɧɬɟɡ ɢɡɨɛɭɬɢɥɟɧɚ ɢɡ ɷɬɚɧɨɥɚ ɧɚ ZnO/ZrO2 

ɒɚɩɨɲɧɢɤ ɉɨɥɢɧɚ Ⱥɥɟɤɫɟɟɜɧɚ 1, ɉɨɧɨɦɚɪɟɜɚ Ɉ.Ⱥ.1,2, Ʉɨɰ 
ɉ.Ⱥ.1, Ʉɨɧɧɨɜ ɋ.ȼ.2, ɂɜɚɧɨɜɚ ɂ.ɂ.1,2 
1 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2 ɂɇɏɋ ɊȺɇ 

ɋ-IV-6 Ɇɟɦɛɪɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ 
ɩɨɥɢɦɟɬɢɥɚɥɤɢɥɫɢɥɨɤɫɚɧɨɜ ɫ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɨɣ ɛɨɤɨɜɨɝɨ 
ɡɚɦɟɫɬɢɬɟɥɹ ɞɥɹ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɨɤɫɢɝɟɧɚɬɨɜ 
ɢɡ ɜɨɞɵ 

ɉɨɞɬɵɧɧɢɤɨɜ ɂɜɚɧ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, Ƚɪɭɲɟɜɟɧɤɨ ȿ.Ⱥ., 
Ƚɨɥɭɛɟɜ Ƚ.ɋ., ɒɚɪɨɜɚ Ɉ.Ⱥ., ȼɨɥɤɨɜ ȼ.ȼ., Ȼɨɪɢɫɨɜ ɂ.Ʌ. 
ɂɇɏɋ ɊȺɇ 

ɋ-IV-7 ɗɮɮɟɤɬɢɜɧɵɣ ɦɟɦɛɪɚɧɧɵɣ ɦɟɬɨɞ ɜɵɞɟɥɟɧɢɹ ɛɢɨɫɩɢɪɬɨɜ ɤɚɤ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ 

Ʉɨɡɥɨɜɚ Ⱥɥɢɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ, ɒɚɥɵɝɢɧ Ɇ.Ƚ., Ɍɟɩɥɹɤɨɜ 
ȼ.ȼ.  
ɂɇɏɋ ɊȺɇ 

ɋ-IV-8 Ɍɪɨɣɧɚɹ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɹ ɋɈ2 ɫ ɩɪɨɩɢɥɟɧɨɤɫɢɞɨɦ ɢ 
ɛɭɬɟɧɨɤɫɢɞɨɦ 

Ʉɨɪɟɧɤɨɜ Ʉɨɧɫɬɚɧɬɢɧ Ɉɥɟɝɨɜɢɱ 1, ɑɭɤɚɧɨɜɚ Ɉ.Ɇ.2, ɋɟɞɨɜ 
ɂ.ȼ.2, 1 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2 ɂɉɏɎ ɊȺɇ 
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1800–1900 Ɂɚɥ ɪɟɝɢɫɬɪɚɰɢɢ 
ɋɌȿɇȾɈȼȺə ɋȿɋɋɂə. ɋȿɄɐɂə V. ɏɂɆɂə ɂ 
ɌȿɏɇɈɅɈȽɂə ɉɈɅɍɑȿɇɂə ɋɆȺɁɈɑɇɕɏ 
ɆȺɌȿɊɂȺɅɈȼ ɂ ɉɊɂɋȺȾɈɄ 

ɋ-V-1 ɋɢɧɬɟɡ ɫɟɪɨɫɨɞɟɪɠɚɳɟɣ ɩɪɢɫɚɞɤɢ ɤ ɫɦɚɡɨɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ 

Ʌɚɝɟɪɟɜɚ Ɇ.ɋ., Ʌɟɞɟɧёɜ ɋɟɪɝɟɣ Ɇɢɯɚɣɥɨɜɢɱ 

ȼɨɥɝɨɝɪɚɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
 

1930 Ʉɨɧɰɟɪɬ. Ȼɚɧɤɟɬ 
 

21 ɫɟɧɬɹɛɪɹ, ɩɹɬɧɢɰɚ 
830–930 Ɂɚɜɬɪɚɤ 

Ʉɨɧɮɟɪɟɧɰ-ɡɚɥ 
ɉɅȿɇȺɊɇɈȿ ɁȺɋȿȾȺɇɂȿ 
ɉɪɟɞɫɟɞɚɬɟɥɢ: Ȼɭɯɬɢɹɪɨɜ ȼɚɥɟɪɢɣ ɂɜɚɧɨɜɢɱ, ɚɤɚɞɟɦɢɤ ɊȺɇ, ɂɄ ɋɈ 
ɊȺɇ, Ʉɚɪɚɯɚɧɨɜ ɗɞɭɚɪɞ Ⱥɜɟɬɢɫɨɜɢɱ, ɞ.ɯ.ɧ., ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 

Ɇɚɤɫɢɦɨɜ Ⱥɧɬɨɧ Ʌɶɜɨɜɢɱ, ɞ.ɯ.ɧ., ɂɇɏɋ ɊȺɇ 

930–1010 ɉ-9 Ʉɨɧɜɟɪɫɢɹ ɫɢɧɬɟɡ-ɝɚɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

Ʉɭɥɢɤɨɜɚ Ɇɚɣɹ ȼɚɥɟɪɶɟɜɧɚ, ɂɇɏɋ ɊȺɇ 

1010–1050 ɉ-10 Ƚɪɚɮɟɧɨɜɚɹ ɩɪɢɪɨɞɚ ɚɦɨɪɮɧɵɯ ɩɪɢɪɨɞɧɵɯ ɢ 
ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɭɝɥɟɪɨɞɨɜ 

ɒɟɤɚ ȿɥɟɧɚ Ɏɟɞɨɪɨɜɧɚ 
Ɋɨɫɫɢɣɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɞɪɭɠɛɵ ɧɚɪɨɞɨɜ 

1050–1110 ɉɟɪɟɪɵɜ 

1110–1150 ɉ-11 ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ: ɩɪɨɛɥɟɦɵ ɢ ɩɪɨɝɧɨɡɵ. Ɇɨɝɭɬ 
ɥɢ ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ ɡɚɦɟɧɢɬɶ 
ɢɫɤɨɩɚɟɦɨɟ ɬɨɩɥɢɜɨ? 

Ⱥɪɭɬɸɧɨɜ ȼɥɚɞɢɦɢɪ ɋɟɪɝɟɟɜɢɱ 1,2, Ʌɢɫɢɱɤɢɧ Ƚ.ȼ.2, 
ɋɬɪɟɤɨɜɚ Ʌ.ɇ.1 1 ɂɏɎ ɊȺɇ, 2 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

1150–1230 ɉ-12 Ⱥɫɮɚɥɶɬɟɧɨɜɵɟ ɚɝɪɟɝɚɬɵ ɞɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɟɯɧɨɝɟɧɧɵɯ ɢ ɷɜɨɥɸɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɧɟɮɬɹɧɨɣ 
ɡɚɥɟɠɢ  
Ƚɚɧɟɟɜɚ ɘɥɢɹ Ɇɭɪɚɬɨɜɧɚ, ɘɫɭɩɨɜɚ Ɍ.ɇ., Ȼɚɪɫɤɚɹ 
ȿ.ȿ., Ɉɯɨɬɧɢɤɨɜɚ ȿ.ɋ., Ɋɨɦɚɧɨɜ Ƚ.ȼ. 
Ɏɂɐ «Ʉɚɡɚɧɫɤɢɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ ɊȺɇ», ɂɈɎɏ ɢɦ. Ⱥ.ȿ. 
Ⱥɪɛɭɡɨɜɚ Ʉɚɡɇɐ ɊȺɇ 

1230–1300 – Ɂɚɤɪɵɬɢɟ ɤɨɧɮɟɪɟɧɰɢɢ. ɇɚɝɪɚɠɞɟɧɢɟ ɩɨɛɟɞɢɬɟɥɟɣ 
ɤɨɧɤɭɪɫɨɜ ɧɚ ɥɭɱɲɢɣ ɭɫɬɧɵɣ ɢ ɥɭɱɲɢɣ ɫɬɟɧɞɨɜɵɣ 
ɞɨɤɥɚɞ 

1300–1400 Ɉɛɟɞ 

1430 Ɉɬɴɟɡɞ 
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ɁȺɈɑɇɈȿ ɍɑȺɋɌɂȿ 

ɋȿɄɐɂə I. ɄȺɌȺɅɂɁȺɌɈɊɕ ɂ ɉɊɈɐȿɋɋɕ 
ɇȿɎɌȿɉȿɊȿɊȺȻɈɌɄɂ 

Ɂ-I-1 Ʉɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɪɟɰɢɪɤɭɥɢɪɭɸɳɢɯ NiMoW-

ɫɭɥɶɮɢɞɧɵɯ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ  ɜ ɪɟɚɤɰɢɹɯ ɝɢɞɪɢɪɨɜɚɧɢɹ 
ɛɢɰɢɤɥɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ȿɥɢɡɚɪɨɜɚ ɇ.ɂ.1, Ɍɨɩɨɥɸɤ ɘ.Ⱥ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.2,3 
1 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 2 ɂɇɏɋ ɊȺɇ, 3 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

Ɂ-I-2 ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɚɥɥɨɜ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ ɜ 
ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɜɟɳɟɫɬɜɚ ɞɨɦɚɧɢɤɨɜɵɯ ɨɬɥɨɠɟɧɢɣ ɉɟɪɜɨɦɚɣɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ 

Ɇɢɯɚɣɥɨɜɚ Ⱥ.ɇ.1, Ʉɚɸɤɨɜɚ Ƚ.ɉ.1,2, Ʉɨɫɚɱɟɜ ɂ.ɉ.1, ȼɚɯɢɧ Ⱥ.ȼ.2 
1 ɂɈɎɏ Ʉɚɡɇɐ ɊȺɇ, 2 Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-I-3 ɉɪɟɜɪɚɳɟɧɢɟ ɩɪɹɦɨɝɨɧɧɨɣ ɛɟɧɡɢɧɨɜɨɣ ɮɪɚɤɰɢɢ ɧɚ 
ɜɵɫɨɤɨɤɪɟɦɧɟɡёɦɧɨɦ ɰɟɨɥɢɬɟ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɦɟɞɶɸ ɢ 
ɰɢɧɤɨɦ 

Ɇɚɦɟɞɨɜ ɋ.ɗ., Ⱥɯɦɟɞɨɜɚ ɇ.Ɏ., Ɇɢɪɡɚɥɢɟɜɚ ɋ.ɗ., Ⱦɚɞɚɲɟɜɚ ɋ.ɋ. 
Ȼɚɤɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-I-4 Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɫɩɨɪɬɢɜɧɨɝɨ ɛɟɧɡɢɧɚ ɧɚ ɈɈɈ 
«ɅɍɄɈɃɅ-ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ» 

Ɋɚɫɫɚɞɢɧ Ɉ.ȼ., Ȼɨɥɶɲɚɤɨɜ Ⱥ.ȼ., ɑɭɯɧɢɧ Ƚ.Ⱥ., Ƚɭɛɢɧ Ʉ.Ⱥ.  
ɈɈɈ «ɅɍɄɈɃɅ-ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ» 

Ɂ-I-5 ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ – ɨɫɧɨɜɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ ɞɥɹ ɬɟɯɧɢɤɢ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɣ ɜ 
ɚɪɤɬɢɱɟɫɤɨɣ ɡɨɧɟ 

Ȼɟɪɟɫɧɟɜɚ ȿ.ȼ., Ʌɭɧɟɜɚ ȼ.ȼ., ɒɚɪɢɧ ȿ.Ⱥ. 
ɎȺɍ «25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ» 

Ɂ-I-6 Ƚɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ ɢ ɨɤɢɫɥɟɧɢɟ ɝɚɡɨɤɨɧɞɟɧɫɚɬɚ ɫɟɧɨɦɚɧɫɤɨɣ 
ɡɚɥɟɠɢ 

ɇɟɯɚɟɜ Ⱥ.ɂ.1, ɀɚɪɧɢɤɨɜɚ ɗ.Ʌ.2, Ɍɨɩɨɥɸɤ ɘ.Ⱥ.2, ɋɚɦɨɣɥɨɜ ȼ.Ɉ.1, 
Ȼɨɪɢɫɨɜ Ɋ.ɋ.1, Ɏɢɥɚɬɨɜɚ Ɇ.ɉ.1, ɋɥɸɧɞɢɧɚ Ɇ.ɋ.1, Ȼɚɝɪɢɣ ȿ.ɂ.1, 
Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,3 
1 ɂɇɏɋ ɊȺɇ, 2 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 3 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

Ɂ-I-7 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɮɪɚɤɰɢɢ ɋ4, ɋ5 ɢ ɋ8–ɋ9 ɩɢɪɨɥɢɡɚ ɛɟɧɡɢɧɚ ɞɥɹ 
ɫɢɧɬɟɡɚ ɨɤɫɢɝɟɧɚɬɨɜ ɢ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ 

Ⱥɝɚɦɚɥɢɟɜ Ɂ.Ɂ., Ɇɟɞɠɢɞɨɜ ɗ.Ⱥ., Ɇɢɪɡɨɟɜ ȼ.Ƚ., ɇɚɝɢɟɜɚ Ɇ.ȼ., 
Ɋɚɫɭɥɨɜ ɑ.Ʉ. 
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ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ 
ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

Ɂ-I-8 Ɉɤɢɫɥɢɬɟɥɶɧɵɣ ɤɪɟɤɢɧɝ ɬɹɠɟɥɨɝɨ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ 

Ɇɭɪɚɲɤɢɧɚ Ⱥ.ȼ., Ʌɢɯɬɟɪɨɜɚ ɇ.Ɇ. 
ɎȺɍ «25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ» 

Ɂ-I-9 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɤɚɜɢɬɚɰɢɢ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ 
ɬɹɠɟɥɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ 

Ɍɟɪɟɧɬɶɟɜɚ ȼ.Ȼ., ɇɢɤɨɥɚɟɜ Ⱥ.ɂ., ɉɟɲɧɟɜ Ȼ.ȼ., Ⱥɪɧɚɰɤɢɣ Ƚ.Ⱥ. 
ɆɂɊɗȺ – Ɋɨɫɫɢɣɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-I-10 Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɫɨɫɬɚɜɵ ɞɟɩɪɟɫɫɨɪɧɨ-ɞɢɫɩɟɪɝɢɪɭɸɳɢɯ  
ɩɪɢɫɚɞɨɤ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ 

 ȼɚɥɢɟɜ  Ⱦ.Ɂ., Ʉɟɦɚɥɨɜ Ⱥ.Ɏ., Ʉɟɦɚɥɨɜ Ɋ.Ⱥ., Ȼɭɪɝɚɧɨɜɚ Ʌ.Ɏ. 
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-I-11 ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɤɭɛɨɜɵɯ ɨɫɬɚɬɤɨɜ 
ɩɪɨɰɟɫɫɨɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ 
ɤɚɭɱɭɤɨɜ 

ɉɢɫɚɪɟɜɚ ȼ.ɋ., ɐɜɟɬɤɨɜɚ ɂ.ȼ., Ȼɚɣɛɚɤɨɜɚ Ʉ.Ɏ.  
Ɍɨɥɶɹɬɬɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-I-12 ɂɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɦɚɫɟɥ ɚɲɚɥɶɱɢɧɫɤɨɣ ɧɟɮɬɢ ɩɪɢ ɟё 
ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɚɛɨɪɢɝɟɧɧɨɣ ɩɨɱɜɟɧɧɨɣ ɦɢɤɪɨɮɥɨɪɨɣ ɜ 
ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ 

Ȼɚɤɚɧɨɜɚ Ɉ.ɋ., Ⱥɧɬɢɩɟɧɤɨ ȼ.Ɋ., Ɏɢɥɚɬɨɜ Ⱦ.Ⱥ. 
ɂɏɇ ɋɈ ɊȺɇ 

Ɂ-I-13 ɍɥɭɱɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ ɧɚ  ɈɈɈ «ɅɍɄɈɃɅ-

ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ» ɡɚ ɫɱёɬ ɫɧɢɠɟɧɢɹ ɮɟɧɨɥɚ ɜ ɫɬɨɱɧɵɯ 
ɜɨɞɚɯ ɉɅɄ 

Ȼɨɥɶɲɚɤɨɜ Ⱥ.ȼ., ɇɟɫɬɟɪɨɜ Ɇ.ȼ., Ɂɢɧɢɧɚ ɇ.Ⱦ., Ɋɚɫɫɚɞɢɧ Ɉ.ȼ., 
Ⱦɨɣɧɢɤɨɜ ɋ.Ⱥ.  
ɈɈɈ «ɅɍɄɈɃɅ-ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ» 

Ɂ-I-14 ɋɥɚɧɰɟɜɵɟ ɮɨɪɦɚɰɢɢ, ɨɛɨɝɚɳɟɧɧɵɟ ɬɨɤɫɢɱɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ: 
ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɪɢɫɤɢ 

ɉɭɧɚɧɨɜɚ ɋ.Ⱥ.1, ɇɭɤɟɧɨɜ Ⱦ.2 
1 ɂɉɇȽ ɊȺɇ, 2 ɈɈɈ «Kaz-Waterhunters», Ʉɚɡɚɯɫɬɚɧ 

Ɂ-I-15 Ʉɢɧɟɬɢɤɚ ɦɢɝɪɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɜ ɩɨɱɜɭ 

Ɇɚɫɫɨɥɶɞ Ⱥ.ȼ. 

ɎȺɍ «25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ» 

Ɂ-I-16 ȼɥɢɹɧɢɟ ɫɩɨɫɨɛɨɜ ɜɜɟɞɟɧɢɹ ɬɢɬɚɧɚ ɧɚ ɢɡɨɦɟɪɢɡɭɸɳɭɸ 
ɚɤɬɢɜɧɨɫɬɶ ɛɟɫɰɟɨɥɢɬɧɵɯ ɢ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ Pt-ɤɚɬɚɥɢɡɚɬɨɪɨɜ 
ɧɚ ɨɫɧɨɜɟ ɬɚɝɚɧɫɤɨɝɨ ɦɨɧɬɦɨɪɪɢɥɨɧɢɬɚ 

Ʉɨɪɧɚɭɯɨɜɚ ɇ.Ⱥ., Ɂɚɤɚɪɢɧɚ ɇ.Ⱥ. 
ɂɧɫɬɢɬɭɬ ɬɨɩɥɢɜɚ, ɤɚɬɚɥɢɡɚ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦ. Ⱦ.ȼ. 
ɋɨɤɨɥɶɫɤɨɝɨ, Ʉɚɡɚɯɫɬɚɧ 



35 

 

Ɂ-I-17 Ⱥɤɬɢɜɧɨɫɬɶ Ni-W(Mo)/Co-Mo ɫɭɥɶɮɢɞɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, 
ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɨɠɟɧɢɟɦ ɬɢɨɩɪɟɤɭɪɫɨɪɨɜ in situ  

ɉɚɧɸɤɨɜɚ Ⱦ.ɂ.1,2, ɋɢɡɨɜɚ ɂ.Ⱥ.1, Ʉɧɹɡɟɜɚ Ɇ.ɂ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,3 
1 ɂɇɏɋ ɊȺɇ, 2 ɊɏɌɍ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, 3 ɆȽɍ ɢɦ. Ɇ.ȼ. 
Ʌɨɦɨɧɨɫɨɜɚ 

Ɂ-I-18 Pd-ɤɚɬɚɥɢɡɚɬɨɪɵ, ɧɚɧɟɫɟɧɧɵɟ ɧɚ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ 
ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ ɜ Na-ɮɨɪɦɟ, ɜ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɤɫɚɧɚ 

Ⱦɠɭɦɚɛɚɟɜɚ Ʌ.ɋ.2, Ɂɚɤɚɪɢɧɚ ɇ.Ⱥ.1, ȿɥɢɝɛɚɟɜɚ Ƚ.ɀ.2 
1 ȺɈ «ɂɧɫɬɢɬɭɬ ɬɨɩɥɢɜɚ, ɤɚɬɚɥɢɡɚ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦ. Ⱦ.ȼ. 
ɋɨɤɨɥɶɫɤɨɝɨ», 2 Ʉɚɡɚɯɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ʉ.ɂ. ɋɚɬɩɚɟɜɚ, Ʉɚɡɚɯɫɬɚɧ 

Ɂ-I-19 Ɇɨɞɢɮɢɤɚɰɢɹ ɜɵɫɨɤɨɫɟɪɧɢɫɬɨɝɨ ɧɟɮɬɹɧɨɝɨ ɤɨɤɫɚ ɝɨɪɸɱɢɦɢ 
ɫɥɚɧɰɚɦɢ ɢ ɩɪɨɞɭɤɬɚɦɢ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ 

ɋɬɪɟɥɤɨɜɚ ȼ.Ʉ.1, ɏɚɦɢɞɭɥɥɢɧ Ɋ.Ɏ.2, ɀɢɪɧɨɜ Ȼ.ɋ.3,  
Ɏɚɬɤɭɥɥɢɧ Ɇ.Ɋ.3, ɏɚɣɪɭɞɢɧɨɜ ɂ.Ɋ.4 
1 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 2  Ʉɚɡɚɧɫɤɢɣ 
ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ, 3 Ɏɢɥɢɚɥ ɎȽȻɈɍ ȼɉɈ «ɍɮɢɦɫɤɢɣ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ», 4 Ƚɍɉ 
«ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɊȻ», ɍɮɚ 

Ɂ-I-20 Ɍɟɪɦɨɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɧɟɮɬɹɧɨɝɨ ɩɚɪɚɮɢɧɚ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɩɨɪɨɲɤɨɜ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ 

Ɇɨɪɨɡɨɜ Ɇ.Ⱥ., Ⱥɤɢɦɨɜ Ⱥ.ɋ., Ɇɢɤɭɛɚɟɜɚ ȿ.ȼ., Ɏɟɞɭɳɚɤ Ɍ.Ⱥ., 
ȼɨɫɦɟɪɢɤɨɜ Ⱥ.ȼ.  
ɂɏɇ ɋɈ ɊȺɇ 

 
ɋȿɄɐɂə II. ɄȺɌȺɅɂɁȺɌɈɊɕ ɂ ɉɊɈɐȿɋɋɕ ɇȿɎɌȿɏɂɆɂɂ 

Ɂ-II-1 Ʉɢɧɟɬɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɚɞɚ ɤɭɦɢɥɝɢɞɪɨɩɟɪɨɤɫɢɞɚ, 
ɤɚɬɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɮɟɧɨɥɫɭɥɶɮɢɞɚɦɢ  ɦɟɬɨɞɨɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ  
Ʉɚɲɤɚɣ Ⱥ.Ɇ., Ƚɚɫɚɧɝɭɥɢɟɜɚ ɇ.Ɇ. 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ɇ. ɇɚɝɢɟɜɚ    
ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

Ɂ-II-2 ɉɨɥɭɱɟɧɢɟ ɫɨɪɛɟɧɬɨɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɤɬɢɜɚɰɢɟɣ ɞɢɫɩɟɪɫɧɵɯ 
ɭɝɥɟɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɇɝɭɟɧ ȼ.ɏ., Ɏɢɥɢɦɨɧɨɜ Ⱥ.ɋ., ɉɟɲɧɟɜ Ȼ.ȼ. 
ɆɂɊɗȺ - Ɋɨɫɫɢɣɫɤɢɣ Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɍɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-3 Ʉɨɦɩɥɟɤɫɧɚɹ ɫɨɥɶ ɤɨɛɚɥɶɬɚ (II) ɫ ɬɪɢɩɬɨɮɚɧɨɦ ɤɚɤ 
ɛɢɨɦɢɦɟɬɢɱɟɫɤɢɣ ɤɚɬɚɥɢɡɚɬɨɪ ɜ ɪɟɚɤɰɢɹɯ ɨɤɢɫɥɟɧɢɹ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ  
Ƚɭɫɟɣɧɨɜ ɗ.Ɋ., ɒɚɪɢɮɨɜɚ ɋ.Ʉ., Ɂɟɣɧɚɥɨɜ ɋ.Ȼ., Ⱥɛɞɭɥɥɚɟɜɚ Ɏ.Ⱥ., 
ɋɚɞɵɯɨɜɚ Ƚ.Ʉ. 
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ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ɇ. ɇɚɝɢɟɜɚ 
ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

Ɂ-II-4 ɂɧɬɟɧɫɢɮɢɤɚɰɢɹ ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɰɢɤɥɨɝɟɤɫɚɧɚ ɞɨ 
ɰɢɤɥɨɝɟɤɫɚɧɨɥɚ ɢ ɰɢɤɥɨɝɟɤɫɚɧɨɧɚ 

Ʉɚɥɟɧɨɜɚ Ⱥ.ɋ., əɪɤɢɧɚ ȿ.Ɇ., Ʉɭɪɝɚɧɨɜɚ ȿ.Ⱥ., Ɏɪɨɥɨɜ Ⱥ.ɋ., 
Ʉɨɲɟɥɶ Ƚ.ɇ. 
əɪɨɫɥɚɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-5 ɗɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɫɬɢɪɨɥɚ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
Tb- ɢ Pr-ɫɨɞɟɪɠɚɳɢɯ ɩɨɥɢɨɤɫɨɜɨɥɶɮɪɚɦɚɬɨɜ 

Ɇɭɫɚɟɜɚ ɗ.ɋ, Ƚɚɪɢɛɨɜ ɇ.ɂ, Ⱥɥɢɦɚɪɞɚɧɨɜ ɏ.Ɇ, ɇɚɞɠɚɮɨɜɚ Ɇ.Ⱥ. 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

Ɂ-II-6 Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɜɵɫɨɤɨɤɪɟɦɧɟɡɟɦɧɵɯ ɰɟɨɥɢɬɨɜ ɜ ɪɟɚɤɰɢɢ 
ɚɥɤɢɥɢɪɨɜɚɧɢɹ  ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ6–ɋ7  ɷɬɚɧɨɥɨɦ ɢ 
ɢɡɨɩɪɨɩɚɧɨɥɨɦ 

Ƚɚɯɪɚɦɚɧɨɜ Ɍ.Ɉ., Ⱥɦɢɪɨɜɚ ɇ.Ɇ., ɂɫɤɟɧɞɟɪɨɜɚ Ⱥ.Ⱥ., Ɇɚɦɟɞɨɜ 
ɋ.ɗ., Ⱥɯɦɟɞɨɜ ɗ.ɂ. 
Ȼɚɤɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-7 Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɛɢɧɨɪɨɦ-s ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɢɨɧɧɨɣ ɠɢɞɤɨɫɬɢ Et3NH-Al2Cl7 

Ⱥɦɢɧɨɜ Ɋ.ɂ.1, Ⱥɯɦɚɞɢɲɢɧɚ Ʌ.Ɏ.2, ɏɭɫɧɭɬɞɢɧɨɜ Ɋ.ɂ.1 
1 ɂɇɄ ɊȺɇ, 2 ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-8 Ʉɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɚ ZSM-12 ɞɥɹ ɩɪɨɰɟɫɫɨɜ 
ɬɪɚɧɫɚɥɤɢɥɢɪɨɜɚɧɢɹ-ɢɡɨɦɟɪɢɡɚɰɢɢ ɮɪɚɤɰɢɢ ȻɌɄ 

ɐɚɩɥɢɧ Ⱦ.ȿ.1, Ʉɭɥɢɤɨɜ Ʌ.Ⱥ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,2, Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ.1 
1 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2 ɂɇɏɋ ɊȺɇ 

Ɂ-II-9 ɉɨɥɭɱɟɧɢɟ ɰɟɨɥɢɬɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɥɹ ɩɪɨɰɟɫɫɚ ɠɢɞɤɨɮɚɡɧɨɝɨ 
ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɚ ɷɬɢɥɟɧɨɦ ɢ ɷɬɚɧ-ɷɬɢɥɟɧɨɜɵɦɢ 
ɮɪɚɤɰɢɹɦɢ ɩɢɪɨɥɢɡɚ 

ɉɚɜɥɨɜ Ɇ.Ʌ.1, ɗɪɲɬɟɣɧ Ⱥ.ɋ.1, ɒɚɜɚɥɟɟɜ Ⱦ.Ⱥ.2, Ȼɚɫɢɦɨɜɚ Ɋ.Ⱥ.1 
1 ɈɈɈ «ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɰɟɧɬɪ ɋɚɥɚɜɚɬɧɟɮɬɟɨɪɝɫɢɧɬɟɡ»,  
2 ɂɇɏɋ ɊȺɇ 

Ɂ-II-10 Ɏɨɫɮɨɪɫɨɞɟɪɠɚɳɢɟ ɰɟɨɥɢɬɵ – ɷɮɮɟɤɬɢɜɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɞɥɹ 
ɪɟɚɤɰɢɢ ɰɢɤɥɨɚɥɤɢɥɢɪɨɜɚɧɢɹ ɮɟɧɨɥɚ 

ɇɚɝɢɟɜɚ Ɇ.ȼ., Ⱥɝɚɦɚɥɢɟɜ Ɂ.Ɂ., Ɇɢɪɡɨɟɜ ȼ.Ƚ., Ɋɚɫɭɥɨɜ ɑ.Ʉ. 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ 
ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

Ɂ-II-11 Ɋɚɡɪɚɛɨɬɤɚ ɤɢɧɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɚɥɤɢɥɢɪɨɜɚɧɢɹ 
ɢɡɨɛɭɬɚɧɚ ɨɥɟɮɢɧɚɦɢ 

Ƚɚɟɬɤɭɥɨɜɚ Ƚ.Ʉ., ɏɚɦɡɢɧ ɘ.Ⱥ., Ⱦɚɜɥɟɬɲɢɧ Ⱥ.Ɋ., ɒɢɪɢɹɡɞɚɧɨɜ Ɋ. 
Ɋ., ɒɚɞɪɢɧɚ Ⱥ.ɗ. 
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ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-12 ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɟɤɭɪɫɨɪɨɜ ɩɚɥɥɚɞɢɹ ɫ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɟɥɟɤɬɢɜɧɨɝɨ 
ɝɢɞɪɢɪɨɜɚɧɢɹ 

Ʌɚɫɤɢɧ Ⱥ.ɂ., ɂɥɶɹɫɨɜ ɂ.Ɋ., Ʌɚɦɛɟɪɨɜ Ⱥ.Ⱥ. 
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-13 Ⱦɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɟ ɷɬɢɥɛɟɧɡɨɥɚ ɧɚ ɧ-ɩɟɧɬɚɫɢɥɚɯ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ  ɪɟɞɤɨɡɟɦɟɥɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ 

Ʉɟɪɢɦɥɢ Ɏ.ɒ., Ɇɚɝɟɪɪɚɦɨɜ Ⱥ.Ɇ., Ɇɚɦɟɞɨɜ ɋ.ɗ.  
Ȼɚɤɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-14 ɋɢɧɬɟɡ ɞɢɚɦɚɧɬɚɧɚ ɫɤɟɥɟɬɧɨɣ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɨɣ ɷɧɞɨ-ɷɧɞɨ-

ɝɟɤɫɚɰɢɤɥɨ[9.2.1.02,10.03,8.04,6.05,9]ɬɟɬɪɚɞɟɤɚɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɢɨɧɧɨɣ ɠɢɞɤɨɫɬɢ BMIM-Fe2Cl7 

Ⱥɦɢɧɨɜ Ɋ.ɂ.1, Ⱥɤɲɢɟɜɚ Ⱥ.ɇ.2, ɏɭɫɧɭɬɞɢɧɨɜ Ɋ.ɂ.1 
1 ɂɇɄ ɊȺɇ, 2 ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-15 Ɍɟɪɦɢɱɟɫɤɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɮɪɚɤɰɢɢ ɋ9+ ɩɢɪɨɥɢɡɚ 

ɇɟɯɚɟɜ Ⱥ.ɂ.1, Ƚɚɜɪɢɥɨɜ Ƚ.Ⱥ.2, Ɂɚɯɚɪɹɧ ȿ.Ɇ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,3  
1 ɂɇɏɋ ɊȺɇ, 2 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 
3 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

Ɂ-II-16 ɉɨɥɭɱɟɧɢɟ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ ɢɡ ɬɹɠɟɥɨɣ  ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ 

Ⱦɦɢɬɪɢɟɜ Ⱥ.ȼ.¹,³, ɏɚɧ Ɉ.ɂ.¹,³, ɉɟɬɪɭɯɢɧɚ ɇ.ɇ.³, Ɍɭɦɚɧɹɧ Ȼ.ɉ.¹, 
Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.¹,² 
¹ ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ, ² ɆȽɍ ɢɦ. Ɇ.ȼ. 
Ʌɨɦɨɧɨɫɨɜɚ,  ³ ɂɇɏɋ ɊȺɇ 

Ɂ-II-17 ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɲɢɜɚɬɟɥɟɣ ɞɥɹ ɫɲɢɜɤɢ ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɩɨɥɢɚɤɪɢɥɚɦɢɞɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

Ɋɭɧɟɧɤɨɜ Ⱥ.ȼ. 

ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

Ɂ-II-18 Ɋɟɚɤɰɢɹ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɟɯ- ɢ 
ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɯɪɨɦɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ  
ɫɢɫɬɟɦ ɫ ɞɨɧɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ SOS-ɬɢɩɚ  
Ȼɚɛɟɧɤɨ ɂ.Ⱥ.1, Ȼɟɡɛɨɪɨɞɨɜ ȼ.Ⱥ.1, ȼɢɥɶɦɫ Ⱥ.ɂ.1, Ȼɟɥɨɜ Ƚ.ɉ.2  
1 ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 2 ɂɉɏɎ ɊȺɇ 

Ɂ-II-19 ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɷɬɢɥɟɧɚ ɧɚ ɝɨɦɨɝɟɧɧɵɯ ɦɟɬɚɥɥɨɰɟɧɨɜɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ 

Ɇɚɤɥɚɤɨɜɚ ɂ.Ⱥ. , ɋɬɚɪɱɚɤ ȿ.ȿ., ɍɲɚɤɨɜɚ Ɍ.Ɇ., Ƚɨɫɬɟɜ ɋ.ɋ., 
Ʉɪɚɲɟɧɢɧɧɢɤɨɜ ȼ.Ƚ., ɇɨɜɨɤɲɨɧɨɜɚ Ʌ.Ⱥ. 
ɂɏɎ ɊȺɇ 

Ɂ-II-20 ɉɟɪɫɩɟɤɬɢɜɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ ɫ ɩɨɥɭɱɟɧɢɟɦ 
ɩɪɨɞɭɤɬɨɜ ɜɵɫɨɤɨɣ ɞɨɛɚɜɥɟɧɧɨɣ ɫɬɨɢɦɨɫɬɢ 
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Ʉɭɥɢɤ Ⱥ.ȼ., Ⱥɪɭɬɸɧɨɜ ɂ.Ⱥ., ɏɚɯɢɧ Ʌ.Ⱥ. 
ɈɈɈ «Ɋɇ-ɐɂɊ» 

Ɂ-II-21 Ɉɥɢɝɨɦɟɪɢɡɚɰɢɹ ɷɬɢɥɟɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɟɬɚɥɥɨɪɝɚɧɢɱɟɫɤɢɯ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɢɥ-ɧɚɮɬɟɧɚɬɨɜ 

ɏɚɧɦɟɬɨɜ  Ⱥ.Ⱥ., Ƚɚɞɠɢɟɜɚ Ʉ.ɒ., ɏɚɦɢɟɜ Ɇ.Ⱦɠ., Ⱥɥɢɟɜɚ Ɋ.ȼ., 
Ȼɚɝɢɪɨɜɚ ɒ.Ɋ., Ɇɚɦɟɞɥɢ Ɋ.Ɂ. 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ 
ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

Ɂ-II-22 ɉɨɥɭɱɟɧɢɟ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɞɭɤɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɩɢɪɨɥɢɡɚ 
ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ 

Ȼɚɭɥɢɧ ɋ.ȼ., ɋɥɟɞɡɶ Ɉ.ɋ., Ɇɭɮɬɟɟɜɚ ɂ.Ɋ., Ʉɚɛɚɧɨɜɚ ɉ. Ɋ., 
ɉɟɲɧɟɜ Ȼ.ȼ. 
ɆɂɊɗȺ - Ɋɨɫɫɢɣɫɤɢɣ Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɍɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-23 Ɍɜɟɪɞɨɮɚɡɧɵɣ ɫɢɧɬɟɡ ɮɟɪɪɢɬɨɜ ɦɟɞɢ ɢ ɰɢɧɤɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɋȼɑ-ɢɡɥɭɱɟɧɢɹ 

Ʌɢɬɜɢɲɤɨɜ ɘ.ɇ., Ɂɭɥɶɮɭɝɚɪɨɜɚ ɋ.Ɇ., Ⱥɥɟɫɤɟɪɨɜɚ Ɂ.Ɏ., 
Ƚɚɫɚɧɝɭɥɢɟɜɚ ɇ.Ɇ., ɒɚɤɭɧɨɜɚ ɇ.ȼ. 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ɇ. ɇɚɝɢɟɜɚ 
ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

Ɂ-II-24 ɇɢɡɤɨɞɨɡɢɪɭɟɦɵɟ ɢɧɝɢɛɢɬɨɪɵ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɫ 
ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɦ ɢ ɛɚɤɬɟɪɢɰɢɞɧɵɦ ɞɟɣɫɬɜɢɟɦ 

ɒɚɯɦɚɟɜ Ɋ.ɇ., ɋɭɧɚɝɚɬɭɥɥɢɧɚ Ⱥ.ɒ., Ɂɨɪɢɧ ȼ.ȼ.  
ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-25 ɋɬɟɪɟɨɫɟɥɟɤɬɢɜɧɵɣ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɫɢɧɬɟɡ ɦɚɤɪɨɞɢɨɥɢɞɨɜ, 
ɫɨɞɟɪɠɚɳɢɯ 1Z,5Z-ɞɢɟɧɨɜɵɣ ɮɪɚɝɦɟɧɬ  
ɂɫɥɚɦɨɜ ɂ.ɂ., ɏɭɫɚɢɧɨɜɚ ɗ.Ɇ., Ⱦɶɹɤɨɧɨɜ ȼ.Ⱥ., Ⱦɠɟɦɢɥɟɜ ɍ.Ɇ. 
ɂɇɄ ɊȺɇ 

Ɂ-II-26 Ɉɥɢɝɨɦɟɪɢɡɚɰɢɹ ɚɦɢɥɟɧɨɜ ɧɚ ɦɢɤɪɨ- ɢ ɦɢɤɪɨ-ɦɟɡɨ-

ɦɚɤɪɨɩɨɪɢɫɬɨɦ ɰɟɨɥɢɬɟ Y 

ɋɟɪɟɛɪɟɧɧɢɤɨɜ Ⱦ.ȼ.1,2, Ȼɭɛɟɧɧɨɜ ɋ.ȼ.1, ɏɚɡɢɩɨɜɚ Ⱥ.ɇ.1, Ȼɚɞɢɤɨɜɚ 
Ⱥ.Ⱦ.2, Ƚɪɢɝɨɪɶɟɜɚ ɇ.Ƚ.1 
1 ɂɇɄ ɊȺɇ, 2 Ȼɚɲɤɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-27 ɉɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɦɚɥɨɬɨɧɧɚɠɧɨɣ ɯɢɦɢɢ ɜ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ 

Ʌɹɞɨɜ Ⱥ.ɋ.1, ɉɟɬɪɭɯɢɧɚ ɇ.ɇ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,2 
1ɂɇɏɋ ɊȺɇ, 2 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

Ɂ-II-28 3-(ɉɢɩɟɪɢɞɢɧɨɦɟɬɨɤɫɢɦɟɬɢɥ)ɧɨɪɛɨɪɧ-5-ɟɧ ɜ ɤɚɱɟɫɬɜɟ 
ɚɧɬɢɦɢɤɪɨɛɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

Ɇɚɦɟɞɛɟɣɥɢ ɗ.Ƚ.1, Ƚɚɞɠɢɟɜɚ Ƚ.ɗ.1, ɂɫɦɚɢɥɨɜɚ ɋ.ȼ.1, ɂɛɪɚɝɢɦɥɢ 
ɋ.ɂ.2, Ⱦɠɚɮɚɪɨɜ ɂ.Ⱥ.3, Ⱦɠɚɮɚɪɨɜɚ ɇ.Ⱥ.4 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, 2 
Ƚɹɧɞɠɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
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3Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ, 4 Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

Ɂ-II-29 ɋɟɥɟɤɬɢɜɧɨɟ ɝɢɞɪɢɪɨɜɚɧɢɟ ɚɰɟɬɢɥɟɧɚ ɧɚ ɩɚɥɥɚɞɢɣ-ɦɚɪɝɚɧɰɟɜɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

Ɇɟɥɶɧɢɤɨɜ Ⱦ.ɉ., ɋɚɜɟɥɶɟɜɚ ȿ.ȼ., ɋɬɵɰɟɧɤɨ ȼ.Ⱦ. 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

Ɂ-II-30 Ɉɤɢɫɥɟɧɢɟ ɧ-ɝɟɩɬɚɧɚ ɧɚ ɫɮɟɪɢɱɟɫɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɫɨɫɬɚɜɚ: 
TiO2-SO2-NiO, TiO2-SiO2-Co3O4, TiO2-SiO2-Cr2O3  

Ɋɨɝɚɱɟɜɚ Ⱥ.Ɉ.1,  Ȼɪɢɱɤɨɜ Ⱥ.ɋ.1, Ʌɚɪɢɧɚ Ɍ.ȼ.2, ɉɚɭɤɲɬɢɫ ȿ.Ⱥ.1,2, 

Ʉɨɡɢɤ ȼ.ȼ.1  
1 ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ, 2 ɂɄ ɋɈ ɊȺɇ 

Ɂ-II-31 ɉɪɨɰɟɫɫ ɦɟɬɚɬɟɡɢɫɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɧɚ 
ɨɫɧɨɜɟ ɜɨɥɶɮɪɚɦɚ 

ɇɨɜɢɤɨɜɚ Ⱥ.ɋ., ɋɨɮɪɨɧɨɜɚ Ɉ.ȼ., ɋɨɮɪɨɧɨɜɚ ɂ.Ⱥ., ɒɚɪɢɮɭɥɥɢɧ 
ɂ.Ƚ.  
ɉȺɈ «ɇɢɠɧɟɤɚɦɫɤɧɟɮɬɟɯɢɦ» 

Ɂ-II-32 ɋɢɧɬɟɡ ɩ-ɤɫɢɥɨɥɚ ɚɥɤɢɥɢɪɨɜɚɧɢɟɦ ɬɨɥɭɨɥɚ ɦɟɬɚɧɨɥɨɦ ɧɚ 
ɫɢɥɢɤɨɚɥɸɦɨɮɨɫɮɚɬɟ SAPO-11  

Ⱥɝɥɢɭɥɥɢɧ Ɇ.Ɋ.1, ɏɚɣɪɭɥɥɢɧɚ  Ɂ.Ɋ.2, Ɏɚɣɡɭɥɥɢɧ Ⱥ.ȼ.1, ɉɟɬɪɨɜ 
Ⱥ.ɂ.2, Ȼɚɞɪɟɬɞɢɧɨɜɚ Ⱥ.Ⱥ.2 
1 ɂɇɄ ɊȺɇ, 2 ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-33 ɋɵɪɶɟ ɞɥɹ ɧɟɮɬɹɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚ ɛɚɡɟ ɝɢɞɪɨɤɫɢ-1,3-

ɞɢɨɤɫɚɰɢɤɥɨɚɥɤɚɧɨɜ 

Ɇɢɯɚɣɥɨɜɚ ɇ.ɇ.1, Ɂɥɨɬɫɤɢɣ ɋ.ɋ.1, Ȼɨɝɨɦɚɡɨɜɚ Ⱥ.Ⱥ.2 
1 ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ, 2 Ȼɚɲɤɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
Cɬɟɪɥɢɬɚɦɚɤɫɤɢɣ ɮɢɥɢɚɥ 

Ɂ-II-34 Ƚɚɡɨɮɚɡɧɚɹ ɢɡɨɦɟɪɢɡɚɰɢɹ ɰɢɤɥɨɝɟɤɫɚɧɨɧɨɤɫɢɦɚ ɜ ɤɚɩɪɨɥɚɤɬɚɦ 
ɧɚ ɫɢɥɢɤɨɚɥɸɦɨɮɨɫɮɚɬɟ SAPO-11  

Ⱥɝɥɢɭɥɥɢɧ Ɇ.Ɋ.1, ɏɚɣɪɭɥɥɢɧɚ  Ɂ.Ɋ.2, Ɏɚɣɡɭɥɥɢɧ Ⱥ.ȼ.1, ɉɟɬɪɨɜ 
Ⱥ.ɂ.2, Ȼɚɞɪɟɬɞɢɧɨɜɚ Ⱥ.Ⱥ.2 
1 ɂɇɄ ɊȺɇ, 2 ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɂ-II-35 Ɋɚɡɪɚɛɨɬɤɚ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢ-4-

ɦɟɬɢɥɩɟɧɬɟɧɚ-1 ɞɥɹ 3D ɩɟɱɚɬɢ ɦɟɦɛɪɚɧ 

Ȼɚɯɬɢɧ Ⱦ.ɋ., ɂɝɧɚɬɟɧɤɨ ȼ.ə., Ʉɨɫɬɸɤ Ⱥ.ȼ., Ⱥɧɨɯɢɧɚ Ɍ.ɋ., ɂɥɶɢɧ 
ɋ.Ɉ., Ⱥɧɬɨɧɨɜ ɋ.ȼ., ȼɨɥɤɨɜ Ⱥ.ȼ. 
ɂɇɏɋ ɊȺɇ 
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ɋȿɄɐɂə III. ɏɂɆɂə ɉɊɈɐȿɋɋɈȼ ɉȿɊȿɊȺȻɈɌɄɂ 
ɉɊɂɊɈȾɇɈȽɈ ȽȺɁȺ ɂ ɍȽɅə 

Ɂ-III-1 Ʉɚɬɚɥɢɬɢɱɟɫɤɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɥɟɝɤɢɯ ɚɥɤɚɧɨɜ ɜ ɨɥɟɮɢɧɵ 

Ȼɚɣɠɭɦɚɧɨɜɚ Ɍ.ɋ.1, Ɍɭɧɝɚɬɚɪɨɜɚ ɋ.Ⱥ.1,2, ɀɟɤɫɟɧɛɚɟɜɚ Ɂ.Ɍ.1,2, 

Ⱥɛɞɭɯɚɥɵɤɨɜ Ⱦ.Ȼ.1, Ȼɟɝɢɦɨɜɚ Ƚ.1,3, ɋɚɪɫɟɧɨɜɚ Ɋ.Ɉ.1, ɀɭɦɚɛɟɤ 
Ɇ.1, Ʉɚɫɵɦɯɚɧ Ʉ.1, Ʉɚɭɦɟɧɨɜɚ Ƚ.1,2, ȿɪɠɚɧɨɜ Ⱥ.1,2 
1 ɂɧɫɬɢɬɭɬ ɬɨɩɥɢɜɚ, ɤɚɬɚɥɢɡɚ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦ. Ⱦ.ȼ. 
ɋɨɤɨɥɶɫɤɨɝɨ, 2 Ʉɚɡɇɍ ɢɦ. ɚɥɶ-Ɏɚɪɚɛɢ, 3 Ʉɚɡɚɯɫɬɚɧɫɤɨ-

Ȼɪɢɬɚɧɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ʉɚɡɚɯɫɬɚɧ 

Ɂ-III-2 ɋɭɯɨɣ ɪɢɮɨɪɦɢɧɝ ɦɟɬɚɧɚ ɞɨ ɫɢɧɬɟɡ-ɝɚɡɚ ɧɚ ɩɨɥɢɨɤɫɢɞɧɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɚɯ  
Ⱦɨɫɭɦɨɜ Ʉ., ȿɪɝɚɡɢɟɜɚ Ƚ.ȿ., Ɇɵɥɬɵɤɛɚɟɜɚ Ʌ.Ʉ., Ɍɟɥɶɛɚɟɜɚ Ɇ.Ɇ.  
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɝɨɪɟɧɢɹ, Ʉɚɡɚɯɫɬɚɧ 

Ɂ-III-3 ɋɟɥɟɤɬɢɜɧɵɣ ɫɢɧɬɟɡ ɇ2+ɋɈ ɧɚ ɧɢɡɤɨɩɪɨɰɟɧɬɧɵɯ ɩɥɚɬɢɧɨ-

ɪɭɬɟɧɢɟɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

Ȼɚɣɠɭɦɚɧɨɜɚ Ɍ.ɋ.1, Ɍɭɧɝɚɬɚɪɨɜɚ ɋ.Ⱥ.1,2, ɀɟɤɫɟɧɛɚɟɜɚ Ɂ.Ɍ.1,2, 

Ȼɟɝɢɦɨɜɚ Ƚ.1,3, ɀɭɦɚɛɟɤ Ɇ.1, Ʉɚɭɦɟɧɨɜɚ Ƚ.1,2, Ɋɚɣɵɫɨɜ Ⱥ.1,2, 

Ⱥɣɞɚɪɨɜɚ Ⱥ.Ɉ.4 
1 ɂɧɫɬɢɬɭɬ ɬɨɩɥɢɜɚ, ɤɚɬɚɥɢɡɚ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦ. Ⱦ.ȼ. 
ɋɨɤɨɥɶɫɤɨɝɨ, 2 Ʉɚɡɇɍ ɢɦ. ɚɥɶ-Ɏɚɪɚɛɢ, 3 Ʉɚɡɚɯɫɬɚɧɫɤɨ-

Ȼɪɢɬɚɧɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 4 ɌɚɪȽɉɍ, Ʉɚɡɚɯɫɬɚɧ 

Ɂ-III-4 ɋɨɜɦɟɫɬɧɵɣ ɫɢɧɬɟɡ ɦɟɬɚɧɨɥɚ ɢ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɜ 
ɬɪɟɯɮɚɡɧɨɦ ɫɥɚɪɪɢ-ɪɟɚɤɬɨɪɟ 

Ƚɭɛɚɧɨɜ Ɇ.Ⱥ., ɑɭɞɚɤɨɜɚ Ɇ.ȼ., Ʉɭɥɢɤɨɜɚ Ɇ.ȼ. 
ɂɇɏɋ ɊȺɇ 

Ɂ-III-5 ɇɨɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɤɢɫɥɨɪɨɞɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɧɚ ɨɫɧɨɜɟ 
ɩɪɨɞɭɤɬɨɜ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɫɥɨɠɧɵɯ ɨɤɫɢɞɨɜ 

Ɇɚɥɵɲɟɜ ɋ.Ⱥ.1, ɒɥɹɯɬɢɧ Ɉ.Ⱥ.1, Ɇɚɡɨ Ƚ.ɇ.1, Ʌɨɤɬɟɜ Ⱥ.ɋ.2, Ⱦɟɞɨɜ 
Ⱥ.Ƚ.2, Ɇɨɢɫɟɟɜ ɂ.ɂ.2 
1 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. 
Ƚɭɛɤɢɧɚ 

Ɂ-III-6 Ʉɢɧɟɬɢɤɚ ɪɟɚɤɰɢɢ ɫɢɧɬɟɡɚ ɨɥɟɮɢɧɨɜ ɢɡ ȾɆɗ ɧɚ ɰɟɨɥɢɬɧɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

ɉɟɪɟɫɵɩɤɢɧɚ ȿ.Ƚ., Ⱦɚɜɵɞɨɜ ɂ.Ⱥ. 
ɂɇɏɋ ɊȺɇ 

 

ɋȿɄɐɂə IV. ɏɂɆɂə ȼɈɁɈȻɇɈȼɅəȿɆɈȽɈ 
ɍȽɅȿɊɈȾɋɈȾȿɊɀȺɓȿȽɈ ɋɕɊɖə 

Ɂ-IV-1 Ƚɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɹ ɦɨɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɛɢɨɧɟɮɬɢ ɜ 
ɭɫɥɨɜɢɹɯ ɧɚɧɨɝɟɬɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ 

Ɂɚɫɵɩɚɥɨɜ Ƚ.Ɉ.1, Ɍɨɩɨɥɸɤ ɘ.Ⱥ.1,2, ɇɟɯɚɟɜ Ⱥ.ɂ.2 
1 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 2 ɂɇɏɋ ɊȺɇ 
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Ɂ-IV-2 ɋɜɨɣɫɬɜɚ ɧɢɤɟɥɶ-ɫɭɥɶɮɢɞɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɩɪɨɰɟɫɫɟ 
ɞɟɨɤɫɢɝɟɧɚɰɢɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ 

Ʉɚɪɩɨɜ ȼ.Ɇ., ɂɜɚɧɨɜ Ƚ.Ⱥ., Ⱦɚɧɸɲɟɜɫɤɢɣ ȼ.ə., Ʉɚɰɦɚɧ ȿ.Ⱥ.  
ɆɂɊɗȺ - Ɋɨɫɫɢɣɫɤɢɣ Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɍɧɢɜɟɪɫɢɬɟɬ 

Ɂ-IV-3 Ɋɚɡɪɚɛɨɬɤɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɦɟɡɨɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɞɥɹ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɛɢɨ-ɧɟɮɬɢ 

Ɋɨɥɞɭɝɢɧɚ ȿ.Ⱥ.1, ɒɚɹɯɦɟɬɨɜ ɇ.ɇ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.2, Ʉɚɪɚɯɚɧɨɜ 
ɗ.Ⱥ.1 
1 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2 ɂɇɏɋ ɊȺɇ 

 
ɋȿɄɐɂə V. ɏɂɆɂə ɂ ɌȿɏɇɈɅɈȽɂə ɉɈɅɍɑȿɇɂə 

ɋɆȺɁɈɑɇɕɏ ɆȺɌȿɊɂȺɅɈȼ ɂ ɉɊɂɋȺȾɈɄ 

Ɂ-V-1 ɉɪɢɫɚɞɤɢ ɤ ɫɦɚɡɨɱɧɵɦ ɦɚɫɥɚɦ ɧɚ ɨɫɧɨɜɟ ɰɢɤɥɨɚɥɤɨɤɫɢ-

ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɢɯ ɷɮɢɪɨɜ  
Ȼɭɞɚɝɨɜɚ Ɋ.ɇ., Ɂɟɣɧɚɥɨɜ ɋ.Ȼ., Ɍɚɥɵɛɥɵ ɂ.Ⱥ., ɋɚɞɵɯɨɜɚ Ƚ.Ʉ., 
ɏɨɞɠɚɟɜ Ƚ.ɏ. 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ  ɢɦ. Ɇ.Ɏ. ɇɚɝɢɟɜɚ 
ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

Ɂ-V-2 ɋɢɧɬɟɡ ɩɪɢɫɚɞɨɤ ɧɚ ɨɫɧɨɜɟ ɩɪɨɞɭɤɬɚ ɤɨɧɞɟɧɫɚɰɢɢ ɚɥɤɢɥɮɟɧɨɥɚ ɫ 
ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ  
Ɇɟɞɠɢɛɨɜɫɤɢɣ Ⱥ.ɋ., Ʉɨɥɨɤɨɥɶɧɢɤɨɜ Ⱥ.ɋ., Ɂɢɛɪɨɜɚ ɋ.ɇ., Ʉɨɛɥɨɜ 
ȿ.Ⱥ. 
ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ» 

Ɂ-V-3 ɂɡɭɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɛɟɫɫɟɪɧɵɯ ɦɨɸɳɢɯ 
ɩɪɢɫɚɞɨɤ ɜ ɦɨɬɨɪɧɵɯ ɦɚɫɥɚɯ 

Ɇɟɞɠɢɛɨɜɫɤɢɣ Ⱥ.ɋ., Ʉɨɥɨɤɨɥɶɧɢɤɨɜ Ⱥ.ɋ., Ʉɨɛɥɨɜ ȿ.Ⱥ., Ɂɢɛɪɨɜɚ 
ɋ.ɇ. 
ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ» 

Ɂ-V-4 ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɚɥɤɢɥɮɟɧɨɥɨɜ – 

ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɫɢɧɬɟɡɚ ɨɝɧɟɫɬɨɣɤɢɯ ɦɚɫɟɥ 

Ɇɟɞɠɢɛɨɜɫɤɢɣ Ⱥ.ɋ., Ʉɨɥɨɤɨɥɶɧɢɤɨɜ Ⱥ.ɋ., ɋɚɜɱɟɧɤɨ Ⱥ.Ɉ.  
ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ» 

Ɂ-V-5 Ʌɚɛɨɪɚɬɨɪɧɨ-ɫɬɟɧɞɨɜɵɟ ɢɫɩɵɬɚɧɢɹ ɬɟɩɥɨɜɨɡɧɵɯ ɦɨɬɨɪɧɵɯ 
ɦɚɫɟɥ ɫ ɜɨɜɥɟɱɟɧɢɟɦ ɧɨɜɨɣ ɩɪɢɫɚɞɤɢ Ʉ-300  

Ʌɟɛɟɞɟɜɚ ɇ.Ⱥ., Ɍɤɚɱɟɜ ȼ.Ɍ., Ʉɨɥɨɤɨɥɶɧɢɤɨɜ Ⱥ.ɋ., Ɇɟɳɟɪɢɧ ȿ.Ɇ., 
Ɂɢɛɪɨɜɚ ɋ.ɇ. 
ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ» 

Ɂ-V-6 Ʉɨɦɩɥɟɤɫɧɚɹ ɨɱɢɫɬɤɚ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ 

ɋɵɪɦɚɧɨɜɚ Ʉ.Ʉ., Ʉɨɜɚɥɟɜɚ Ⱥ.ȿ., Ʉɚɥɞɵɛɟɤɨɜɚ ɀ.Ȼ., Ȼɟɥɨɛɨɪɨɞɨɜ 
Ȼ.ȿ.  
ɘɠɧɨ-Ʉɚɡɚɯɫɬɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ. 
Ⱥɭɷɡɨɜɚ 
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Ɂ-V-7 Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ  ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɝɭɳɚɸɳɟɣ ɩɪɢɫɚɞɤɢ 
«Ɇɚɤɫɨɣɥ ȼ3-011» ɜɯɨɞɹɳɟɣ ɜ ɫɨɫɬɚɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɚɫɥɚ 
ȺɆȽ-10 

Ƚɚɜɪɢɥɨɜ ɉ.Ⱥ., Ʉɪɚɫɧɚɹ Ʌ.ȼ., ɑɟɪɧɵɲɨɜɚ Ⱥ.ȼ., Ɂɭɟɜɚ ȼ.Ⱦ., 
ɉɪɢɜɚɥɟɧɤɨ Ⱥ.ɇ. 
ɎȺɍ «25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ» 

 

  



43 

 

 

 

ɉɅȿɇȺɊɇɕȿ ȾɈɄɅȺȾɕ 
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 ȺɄȺȾȿɆɂɄ Ⱥ.Ⱥ. ȻȺɅȺɇȾɂɇ ɂ ȿȽɈ ɊɈɅɖ ȼ ɊȺɁȼɂɌɂɂ ɌȿɈɊɂɂ ɂ 
ɉɊȺɄɌɂɄɂ ȽȿɌȿɊɈȽȿɇɇɈȽɈ ɄȺɌȺɅɂɁȺ 

Ʌɨɤɬɟɜɚ ȿ.ɋ. 

ACADEMICIAN A.A. BALANDIN AND HIS CONTRIBUTION TO THE THEORY 

AND PRACTICE OF HETEROGENEOUS CATALYSIS 
Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, ɯɢɦɢɱɟɫɤɢɣ 

ɮɚɤɭɥɶɬɟɬ, Ɇɨɫɤɜɚ 

E-mail: e.lokteva@rambler.ru 

 

Ɍɪɭɞɧɨ ɩɟɪɟɨɰɟɧɢɬɶ ɜɤɥɚɞ ɜɵɞɚɸɳɟɝɨɫɹ ɯɢɦɢɤɚ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɚ ɜ ɦɢɪɨɜɭɸ 

ɧɚɭɤɭ. ȿɝɨ ɪɚɛɨɬɵ ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɨɪɢɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ. ɇɚ ɨɫɧɨɜɟ 

ɩɪɢɧɰɢɩɨɜ, ɡɚɥɨɠɟɧɧɵɯ ɜ ɦɭɥɶɬɢɩɥɟɬɧɭɸ ɬɟɨɪɢɸ ɤɚɬɚɥɢɡɚ, ɜɨɡɧɢɤɥɢ ɢ ɩɨɥɭɱɢɥɢ 

ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɧɨɜɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɦɟɯɚɧɢɡɦɚɯ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ, ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ. Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧ ɩɨɫɬɨɹɧɧɨ 

ɪɚɛɨɬɚɥ ɧɚɞ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɨɛɴɹɫɧɟɧɢɸ ɢ 

ɩɪɟɞɫɤɚɡɚɧɢɸ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɢ ɦɧɨɝɢɟ 

ɜɵɞɚɸɳɢɟɫɹ ɯɢɦɢɤɢ ɜ Ɋɨɫɫɢɢ ɢ ɜ ɦɢɪɟ ɫɱɢɬɚɸɬ ɫɟɛɹ ɟɝɨ ɩɨɫɥɟɞɨɜɚɬɟɥɹɦɢ. Ⱥ.Ⱥ. 

Ȼɚɥɚɧɞɢɧ ɢ ɫɨɡɞɚɧɧɚɹ ɢɦ ɧɚ ɯɢɦɢɱɟɫɤɨɦ ɮɚɤɭɥɶɬɟɬɟ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɤɚɮɟɞɪɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɚɬɚɥɢɡɚ (ɫɟɣɱɚɫ – ɯɢɦɢɢ ɧɟɮɬɢ ɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɚɬɚɥɢɡɚ) 

ɩɨɞɝɨɬɨɜɢɥɢ ɫɨɬɧɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɨɛɥɚɫɬɢ ɤɚɬɚɥɢɡɚ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɤɪɭɩɧɟɣɲɢɟ ɭɱɟɧɵɟ 

ɢ ɩɪɚɤɬɢɤɢ.  

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ, ɩɪɟɞɥɨɠɟɧɧɵɟ ɢ ɪɚɡɜɢɬɵɟ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɵɦ, 

ɩɨɫɥɭɠɢɥɢ ɨɫɧɨɜɨɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ ɢ 

ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɢɥɢ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ ɩɨɥɭɱɚɬɶ ɦɨɧɨɦɟɪɵ 

ɞɥɹ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɤɚɭɱɭɤɚ.  

ɇɚɫɬɨɹɳɢɣ ɭɱɟɧɵɣ-ɢɫɫɥɟɞɨɜɚɬɟɥɶ, Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧ ɛɥɚɝɨɞɚɪɹ ɪɚɛɨɬɟ ɫɦɨɝ 

ɩɪɟɨɞɨɥɟɬɶ ɬɪɭɞɧɵɟ ɩɨɜɨɪɨɬɵ ɫɭɞɶɛɵ, ɜɫɟɝɞɚ ɛɵɥ ɩɨɥɟɡɟɧ ɫɜɨɟɣ ɫɬɪɚɧɟ.  

ȼ ɥɟɤɰɢɢ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɨɛ ɢɫɬɨɪɢɱɟɫɤɢɯ ɚɫɩɟɤɬɚɯ ɢ ɫɨɜɪɟɦɟɧɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɪɚɡɪɚɛɨɬɨɤ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɡɪɚɛɨɬɤɚɯ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ 

ɞɨɫɬɢɠɟɧɢɹɯ ɜ ɨɛɥɚɫɬɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ, ɢɡɥɨɠɟɧɧɵɯ ɜ ɪɚɛɨɬɚɯ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɚ.  

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ⱥ.Ⱥ.Ȼɚɥɚɧɞɢɧ. Ʉ ɬɟɨɪɢɢ ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. Ɇɨɞɟɥɶ 

ɝɢɞɪɨɲɟɧɢɡɚɰɢɨɧɧɨɝɨ ɤɚɬɚɥɢɡɚ. // ɀɭɪɧ. Ɋɨɫɫ. Ɏɢɡ.-ɯɢɦ. ɨɛ-ɜɚ. ɑ. ɯɢɦɢɱ. 1929. Ɍ.61. 

ȼɵɩ. 6. ɋ. 909-937. 
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2. Ⱥ.Ⱥ.Ȼɚɥɚɧɞɢɧ. Ɇɭɥɶɬɢɩɥɟɬɧɚɹ ɬɟɨɪɢɹ ɤɚɬɚɥɢɡɚ. ɑɚɫɬɶ I. ɋɬɪɭɤɬɭɪɧɵɟ ɮɚɤɬɨɪɵ ɜ 

ɤɚɬɚɥɢɡɟ. ɂɡɞ-ɜɨ ɆȽɍ. 1963. 104 ɫ. 

3. Ⱥ.Ⱥ.Ȼɚɥɚɧɞɢɧ. Ɇɭɥɶɬɢɩɥɟɬɧɚɹ ɬɟɨɪɢɹ ɤɚɬɚɥɢɡɚ. ɑɚɫɬɶ II. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ ɜ 

ɤɚɬɚɥɢɡɟ. ɂɡɞ-ɜɨ ɆȽɍ. 1964. 244 ɫ. 

4. Ⱥ.Ⱥ.Ȼɚɥɚɧɞɢɧ. ɋɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɬɟɨɪɢɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ. Ɇ.: ɂɡɞ-ɜɨ 

ɇɚɭɤɚ. 1968. 202 ɫ. 

5. Ⱥ.Ⱥ.Ȼɚɥɚɧɞɢɧ. Ɇɭɥɶɬɢɩɥɟɬɧɚɹ ɬɟɨɪɢɹ ɤɚɬɚɥɢɡɚ. ɑɚɫɬɶ III. Ɍɟɨɪɢɹ ɝɢɞɪɨɝɟɧɢɡɚɰɢɢ. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. Ɍɟɨɪɢɹ ɫɥɨɠɧɵɯ ɪɟɚɤɰɢɣ. 

ɋɬɪɭɤɬɭɪɧɚɹ ɚɥɝɟɛɪɚ ɜ ɯɢɦɢɢ. Ɇ.: ɂɡɞ-ɜɨ ɆȽɍ. 1970. 476 ɫ. 

6. Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ Ȼɚɥɚɧɞɢɧ (Ɇɚɬɟɪɢɚɥɵ ɤ ɛɢɛɥɢɨɝɪɚɮɢɢ ɭɱɟɧɵɯ ɋɋɋɊ. ɋɟɪ. 

ɯɢɦɢɱɟɫɤɢɯ ɧɚɭɤ, ɜɵɩ. 28). Ɇ.: ɂɡɞ-ɜɨ Ⱥɇ ɋɋɋɊ, 1958. 73 ɫ. 

7. Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ Ȼɚɥɚɧɞɢɧ. Ɉɱɟɪɤɢ. ȼɨɫɩɨɦɢɧɚɧɢɹ. Ɇɚɬɟɪɢɚɥɵ. 

Ɉɬɜ.ɪɟɞ.ȼ.Ɇ.Ƚɪɹɡɧɨɜ. Ɇ.: ɇɚɭɤɚ. 1995. 302 ɫ. 

8. ȿ.ɂ.Ʉɥɚɛɭɧɨɜɫɤɢɣ, ɘ.ɂ.ɋɨɥɨɜɶɟɜ. Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ Ȼɚɥɚɧɞɢɧ. 1898-1967. Ʉ 

100-ɥɟɬɢɸ ɫɨ ɞɧɹ ɪɨɠɞɟɧɢɹ. Ɇ.: ɇɚɭɤɚ. 1998. 184 ɫ. 
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ɄȺɌȺɅɂɁ  ȼ ȾɂɋɉȿɊɋɇɕɏ ɋɂɋɌȿɆȺɏ  
ȼ ɇȿɎɌȿɉȿɊȿɊȺȻɈɌɄȿ ɂ ɇȿɎɌȿɏɂɆɂɂ 

Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ. 
CATALYSIS IN DISPERSED MEDIA IN PETROLEUM PROCESSING AND 

PETROCHEMISTRY 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɥɢɟɜɚ ɊȺɇ, Ɇɨɫɤɨɜɫɤɢɣ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, ɯɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ, Ɇɨɫɤɜɚ 

E-mail: director@ips.ac.ru 
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 ɄȺɌȺɅɂɌɂɑȿɋɄɈȿ ȽɂȾɊɂɊɈȼȺɇɂȿ ȼ ɇȿɎɌȿɏɂɆɂɂ  
ɂ ɈɊȽȺɇɂɑȿɋɄɈɆ ɋɂɇɌȿɁȿ.  

ɑɌɈ ȼȺɀɇȿȿ – ȺɄɌɂȼɇɈɋɌɖ ɂɅɂ ɋȿɅȿɄɌɂȼɇɈɋɌɖ? 

Ȼɭɯɬɢɹɪɨɜ ȼ.ɂ. 

CATALYTIC HYDROGENATION IN PETROLEUM CHEMISTRY  

AND ORGANIC SYNTHESIS.  

WHAT IS MORE IMPORTANT – ACTIVITY OR SELECTIVITY?  
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤ,  

E-mail: bic@catalysis.ru  

 

ɇɚ ɪɭɛɟɠɟ ɫɬɨɥɟɬɢɣ ɛɵɥɚ ɫɮɨɪɦɭɥɢɪɨɜɚɧɨ ɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɤɥɸɱɟɜɵɦ 

ɜɵɡɨɜɨɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɧɚɭɤɢ ɜ XXI ɜɟɤɟ ɛɭɞɟɬ ɞɨɫɬɢɠɟɧɢɟ 100% ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ 

ɩɪɨɰɟɫɫɚɯ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ. Ⱦɚɧɧɵɣ ɜɵɡɨɜ ɢɦɟɟɬ ɨɝɪɨɦɧɨɟ ɡɧɚɱɟɧɢɟ ɧɟ ɬɨɥɶɤɨ 

ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɩɨɡɜɨɥɹɹ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɭɬɢɥɢɡɚɰɢɢ ɧɟɧɭɠɧɵɯ (ɩɨɛɨɱɧɵɯ) 

ɩɪɨɞɭɤɬɨɜ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɟɪɟɣɬɢ ɤ ɪɚɡɪɚɛɨɬɤɟ ”ɡɟɥɟɧɵɯ” ɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɧɨ 

ɢ ɫ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɬɚɤ ɤɚɤ ɷɬɨ ɬɪɟɛɭɟɬ ɪɟɲɟɧɢɹ ɨɞɧɨɣ ɢɡ 

ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɯ ɩɪɨɛɥɟɦ ɤɚɬɚɥɢɡɚ – ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɡɚɢɦɨɫɜɹɡɢ “ɫɬɪɭɤɬɭɪɚ-

ɫɜɨɣɫɬɜɨ”. ȿɫɥɢ ɡɚɜɢɫɢɦɨɫɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɨɬ ɫɬɪɭɤɬɭɪɵ ɚɤɬɢɜɧɵɯ 

ɰɟɧɬɪɨɜ ɞɥɹ ɦɧɨɝɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɭɫɬɚɧɨɜɥɟɧɚ ɢ 

ɧɚɲɥɚ, ɧɚɩɪɢɦɟɪ, ɫɜɨɟ ɨɬɪɚɠɟɧɢɟ ɜ ɪɚɛɨɬɚɯ Ȼɚɥɚɧɞɢɧɚ Ⱥ.Ⱥ. ɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɢ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɬɨ ɜɨɩɪɨɫ ɨ ɜɥɢɹɧɢɢ 

ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɨɫɬɚɟɬɫɹ ɨɬɤɪɵɬɵɦ ɢ ɬɪɟɛɭɟɬ 

ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢɡɭɱɟɧɢɹ ɩɨ ɪɚɡɥɢɱɧɵɦ ɝɪɭɩɩɚɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ.  

ȼɵɲɟɨɡɧɚɱɟɧɧɵɟ ɬɟɧɞɟɧɰɢɢ ɚɤɬɭɚɥɶɧɵ ɢ ɞɥɹ ɨɛɥɚɫɬɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɝɢɞɪɢɪɨɜɚɧɢɹ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɛɨɥɶɲɢɧɫɬɜɨ ɩɪɨɦɵɲɥɟɧɧɨ ɜɚɠɧɵɯ ɪɟɚɤɰɢɣ 

ɝɢɞɪɢɪɨɜɚɧɢɹ ɬɪɟɛɭɟɬ ɩɨɥɭɱɟɧɢɹ ɤɚɤɨɝɨ-ɥɢɛɨ ɩɪɨɞɭɤɬɚ ɢɡ ɪɹɞɚ ɜɨɡɦɨɠɧɵɯ, ɱɬɨ ɦɨɠɟɬ 

ɛɵɬɶ ɪɟɲɟɧɨ ɫɨɡɞɚɧɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɪɟɨɛɥɚɞɚɸɳɟɟ 

ɩɪɟɜɵɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɩɨɥɭɱɟɧɢɹ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ ɧɚɞ ɜɫɟɦɢ ɨɫɬɚɥɶɧɵɦɢ 

ɦɚɪɲɪɭɬɚɦɢ ɩɪɟɜɪɚɳɟɧɢɣ. ɞɚɠɟ ɜ ɭɳɟɪɛ ɡɧɚɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɩɪɟɜɪɚɳɟɧɢɹ ɢɫɯɨɞɧɵɯ 

ɜɟɳɟɫɬɜ. ɉɪɨɛɥɟɦɚ ɩɚɞɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɷɮɮɟɤɬɢɜɧɨ ɪɟɲɟɧɚ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɢɟɦɚɦɢ, ɧɚɩɪɢɦɟɪ, ɨɪɝɚɧɢɡɚɰɢɟɣ ɪɟɰɢɤɥɚ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 

ɩɨɫɥɟ ɨɬɞɟɥɟɧɢɹ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ ɜ “ɝɨɥɨɜɭ” ɩɪɨɰɟɫɫɚ ɩɪɢ ɭɫɥɨɜɢɢ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ ɜ 

ɩɪɨɬɨɱɧɨɦ ɪɟɠɢɦɟ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɝɢɞɪɢɪɨɜɚɧɢɹ (ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɧɢɤɟɥɶ, ɩɚɥɥɚɞɢɣ ɢ ɞɪ.), ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɝɨ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɵ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪɚɡɨɦ. Ɍɚɤ, ɦɨɞɢɮɢɤɚɰɢɹ ɱɚɫɬɢɰ ɩɚɥɥɚɞɢɹ ɰɢɧɤɨɦ 

ɢɥɢ ɢɧɞɢɟɦ ɜ ɧɚɧɟɫɟɧɧɵɯ Pd/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ 
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ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɚɰɟɬɢɥɟɧɚ ɜ ɷɬɢɥɟɧ – ɩɪɨɦɵɲɥɟɧɧɨ ɜɚɠɧɨɣ ɪɟɚɤɰɢɢ, 

ɤɨɬɨɪɚɹ ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ ɷɬɢɥɟɧɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɥɢɷɬɢɥɟɧɚ.  

ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɨɞɢɮɢɤɚɰɢɹ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɦɨɠɟɬ 

ɩɪɨɢɫɯɨɞɢɬɶ ɢ ɛɟɡ ɜɜɟɞɟɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɨɦɨɬɨɪɨɜ, ɚ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɜɨɡɞɟɣɫɬɜɢɹ 

ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɵ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɦɨɞɢɮɢɤɚɰɢɹ 

ɦɨɠɟɬ ɛɵɬɶ ɢɡɭɱɟɧɚ ɬɨɥɶɤɨ ɜ ɪɟɠɢɦɟ in situ, ɬ.ɟ. ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɯɨɞɟ ɩɪɨɬɟɤɚɧɢɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɟɝɨ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ 

ɞɚɧɧɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ, ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɚɤɰɢɢ 

ɫɟɥɟɤɬɢɜɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ 1-ɩɟɧɬɢɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɨɥɟɮɢɧ, ɜɵɩɨɥɧɟɧɧɨɝɨ 

ɦɟɬɨɞɨɦ ɊɎɗɋ ɜ ɪɟɠɢɦɟ in situ.  

ȿɳɟ ɨɞɢɧ ɩɪɢɦɟɪ, ɩɨɤɚɡɵɜɚɸɳɢɣ ɩɟɪɫɩɟɤɬɢɜɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɧɟɟ ɚɤɬɢɜɧɨɝɨ, 

ɧɨ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɫɟɥɟɤɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɫɜɹɡɚɧ ɫ ɯɟɦɨɫɟɥɟɤɬɢɜɧɵɦ ɝɢɞɪɢɪɨɜɚɧɢɟɦ 

ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɯ Cl-, C=C ɢɥɢ C=O ɝɪɭɩɩɚɦɢ ɧɢɬɪɨɛɟɧɡɨɥɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɚɦɢɧɵ ɧɚ Au/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɜ ɩɪɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ 

ɡɚɦɟɧɚ ɩɚɥɥɚɞɢɹ ɧɚ ɦɟɧɟɟ ɚɤɬɢɜɧɨɟ ɡɨɥɨɬɨ, ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ (ɞɨ 100%) ɩɨ ɰɟɥɟɜɵɦ ɩɪɨɞɭɤɬɚɦ ɩɪɢ ɭɫɥɨɜɢɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɜ 

ɤɢɧɟɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ.   

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɥɟɤɰɢɢ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɰɟɧɬɪɨɜ ɱɚɫɬɢɰ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɦɟɬɨɞɚɦɢ 

ɊɎɗɋ, IRAS, XAS, ɢ ɞɪ. Ȼɭɞɟɬ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɧɢɦɚɧɢɟ ɩɪɢɪɨɞɵ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɜ 

ɦɨɧɨ- ɢ ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɫɨɡɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɹɫɧɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ 

“ɫɬɪɭɤɬɭɪɚ-ɫɟɥɟɤɬɢɜɧɨɫɬɶ” ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɪɚɡɪɚɛɨɬɤɟ ɩɨɞɯɨɞɨɜ ɤ ɪɟɝɭɥɢɪɨɜɚɧɢɸ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɩɪɨɰɟɫɫɚɯ ɧɟɮɬɟɯɢɦɢɢ ɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ. 
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ɉɊɂɆȿɇȿɇɂȿ ɋɉȿɄɌɊɈɋɄɈɉɂɂ əɆɊ IN SITU ȾɅə 
ɍɋɌȺɇɈȼɅȿɇɂə ɆȿɏȺɇɂɁɆɈȼ ɎɈɊɆɂɊɈȼȺɇɂə ɂ 

ɄȺɌȺɅɂɌɂɑȿɋɄɈȽɈ ȾȿɃɋɌȼɂə ȺɄɌɂȼɇɕɏ ɐȿɇɌɊɈȼ ɐȿɈɅɂɌɇɕɏ 
ɄȺɌȺɅɂɁȺɌɈɊɈȼ 

ɂɜɚɧɨɜɚ ɂ.ɂ. 
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ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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ɋɨɜɪɟɦɟɧɧɚɹ ɬɟɨɪɢɹ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɤɨɧɰɟɩɰɢɸ ɚɤɬɢɜɧɵɯ 
ɰɟɧɬɪɨɜ ɤɚɤ ɨɫɧɨɜɭ ɞɥɹ ɪɚɡɜɢɬɢɹ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɦɟɯɚɧɢɡɦɟ ɞɟɣɫɬɜɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. 
ɉɨɷɬɨɦɭ ɩɪɨɛɥɟɦɚ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 
ɡɚɧɢɦɚɟɬ ɰɟɧɬɪɚɥɶɧɨɟ ɦɟɫɬɨ ɜ ɬɟɨɪɢɢ ɢ ɩɪɚɤɬɢɤɟ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ. Ɋɟɲɟɧɢɟ ɷɬɨɣ 
ɩɪɨɛɥɟɦɵ ɨɬɤɪɵɜɚɟɬ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ  ɞɥɹ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɩɪɨɰɟɫɫɨɜ. 

ɇɟɨɪɝɚɧɢɱɟɫɤɢɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɢɬɚ - ɰɟɨɥɢɬɵ, ɦɢɤɪɨɩɨɪɢɫɬɵɟ ɚɥɸɦɨɮɨɫɮɚɬɵ ɢ 
ɨɞɧɨɪɨɞɧɨ ɦɟɡɨɩɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ - ɡɚɧɢɦɚɸɬ ɨɫɨɛɨɟ ɦɟɫɬɨ ɫɪɟɞɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 
ɝɟɬɟɪɨɝɟɧɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ.  ɇɚɪɹɞɭ ɫ ɦɨɥɟɤɭɥɹɪɧɨ-ɫɢɬɨɜɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɷɬɢ ɤɚɬɚɥɢɡɚɬɨɪɵ ɩɪɨɹɜɥɹɸɬ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɟ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ 
ɫɜɨɣɫɬɜɚ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɰɟɫɫɚɯ ɧɟɮɬɟ- ɢ ɝɚɡɨɯɢɦɢɢ, ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɢ ɬɨɧɤɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɫɢɧɬɟɡɚ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɧɚɤɨɩɥɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɞɟɧɢɣ ɩɨ 
ɫɬɪɭɤɬɭɪɟ, ɫɨɫɬɚɜɭ ɢ ɬɢɩɚɦ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɦɨɥɟɤɭɥɹɪɧɨ-ɫɢɬɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ɉɨ 
ɬɢɩɭ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɢɯ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɱɟɬɵɪɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: ɛɪɟɧɫɬɟɞɨɜɫɤɢɟ 
ɤɢɫɥɨɬɵ, ɥɶɸɢɫɨɜɫɤɢɟ ɤɢɫɥɨɬɵ, ɨɫɧɨɜɧɵɟ ɫɢɫɬɟɦɵ ɢ  ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ 
ɫɢɫɬɟɦɵ. Ȼɪɟɧɫɬɟɞɨɜɫɤɢɟ ɤɢɫɥɨɬɧɵɟ ɰɟɧɬɪɵ ɜ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɫɢɬɚɯ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɪɨɬɨɧɧɵɟ ɰɟɧɬɪɵ, ɤɨɬɨɪɵɟ ɤɨɦɩɟɧɫɢɪɭɸɬ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ 
ɚɧɢɨɧɧɨɝɨ ɤɚɪɤɚɫɚ ɦɚɬɟɪɢɚɥɚ. ȼ ɫɥɭɱɚɟ ɰɟɨɥɢɬɨɜ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɛɪɟɧɫɬɟɞɨɜɫɤɨɣ 
ɤɢɫɥɨɬɧɨɫɬɢ ɫɜɹɡɵɜɚɸɬ ɫ ɡɚɦɟɳɟɧɢɟɦ ɚɬɨɦɨɜ ɤɪɟɦɧɢɹ Si4+ ɜ ɤɪɟɦɧɟ-ɤɢɫɥɨɪɨɞɧɨɣ 
ɪɟɲɟɬɤɟ ɧɚ ɚɬɨɦɵ ɚɥɸɦɢɧɢɹ Al3+ ɢɥɢ ɞɪɭɝɢɟ ɬɪɟɯɜɚɥɟɧɬɧɵɟ ɷɥɟɦɟɧɬɵ. ȼ ɫɥɭɱɚɟ 
ɫɢɥɢɤɨɚɥɸɦɨɮɨɫɮɚɬɨɜ ɛɪɟɧɫɬɟɞɨɜɫɤɢɟ ɰɟɧɬɪɵ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɦɟɳɟɧɢɹ 
ɮɨɫɮɨɪɚ ɧɚ ɚɬɨɦɵ ɤɪɟɦɧɢɹ. Ʌɶɸɢɫɨɜɫɤɢɟ ɤɢɫɥɨɬɧɵɟ ɰɟɧɬɪɵ ɨɛɪɚɡɨɜɚɧɵ 
ɤɨɨɪɞɢɧɚɰɢɨɧɧɨ-ɧɟɧɚɫɵɳɟɧɧɵɦɢ ɚɬɨɦɚɦɢ Al, Sn, Zr ɢ ɞɪ., ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ 
ɥɨɤɚɥɢɡɨɜɚɧɵ ɤɚɤ ɜ ɫɬɪɭɤɬɭɪɟ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɢɬɚ, ɬɚɤ ɢ ɜ ɫɨɟɞɢɧɟɧɢɹɯ ɜɤɥɸɱɟɧɢɹ. 
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Ɉɫɧɨɜɧɵɟ ɰɟɧɬɪɵ ɜɨɡɧɢɤɚɸɬ ɜ ɳɟɥɨɱɧɵɯ ɢ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɮɨɪɦɚɯ ɦɨɥɟɤɭɥɹɪɧɵɯ 
ɫɢɬ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɢɯ ɰɟɧɬɪɨɜ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɨɫɧɨɜɧɵɟ ɚɬɨɦɵ ɤɢɫɥɨɪɨɞɚ ɫɬɪɭɤɬɭɪɵ 
ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɢɬɚ, ɚ ɬɚɤɠɟ ɱɚɫɬɢɰɵ ɨɫɧɨɜɧɵɯ ɨɤɫɢɞɨɜ ɢ ɝɢɞɪɨɤɫɢɞɨɜ ɳɟɥɨɱɧɵɯ ɢ 
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, ɧɚɯɨɞɹɳɢɟɫɹ ɜɨ ɜɧɟɪɟɲɟɬɨɱɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 
Ɉɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɫɜɹɡɵɜɚɸɬ ɫ ɚɬɨɦɚɦɢ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, 
ɜɯɨɞɹɳɢɯ ɜ ɚɧɢɨɧɧɵɣ ɢɥɢ ɤɚɬɢɨɧɧɵɣ ɫɨɫɬɚɜ ɫɬɪɭɤɬɭɪɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɢɬɚ, ɚ ɬɚɤɠɟ ɫ 
ɪɚɡɥɢɱɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɜɤɥɸɱɟɧɢɹ: ɱɚɫɬɢɰɚɦɢ ɦɟɬɚɥɥɨɜ, ɨɤɫɢɞɨɜ, 
ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɦɢ ɮɟɪɦɟɧɬɚɦɢ ɢɥɢ ɚɤɬɢɜɧɵɦɢ ɦɟɬɚɥɥɨɤɨɦɩɥɟɤɫɚɦɢ.  

ɋɢɥɚ ɪɚɡɥɢɱɧɵɯ ɰɟɧɬɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɯ ɫɬɪɨɟɧɢɟɦ, ɥɨɤɚɥɢɡɚɰɢɟɣ ɜ ɫɬɪɭɤɬɭɪɟ 
ɰɟɨɥɢɬɚ ɢ ɛɥɢɠɚɣɲɢɦ ɨɤɪɭɠɟɧɢɟɦ. ȼ ɥɢɬɟɪɚɬɭɪɟ ɧɚɤɨɩɥɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɢɧɮɨɪɦɚɰɢɢ ɨ ɜɥɢɹɧɢɢ ɫɬɪɭɤɬɭɪɵ ɢ ɫɨɫɬɚɜɚ ɰɟɧɬɪɨɜ ɧɚ ɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ 
ɪɚɡɥɢɱɧɵɯ ɝɟɬɟɪɨɝɟɧɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. Ɉɞɧɚɤɨ ɫɜɟɞɟɧɢɹ ɩɨ ɦɟɯɚɧɢɡɦɭ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɰɟɧɬɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɢ ɩɨɫɬ-ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧɵ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɦɟɬɨɞɨɜ ɩɪɹɦɨɝɨ 
ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɩɪɨɰɟɫɫɚɦɢ, ɩɪɨɢɫɯɨɞɹɳɢɦɢ ɜ ɯɨɞɟ ɫɢɧɬɟɡɚ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ɇɟɠɞɭ ɬɟɦ, ɭɫɩɟɯɢ ɜ ɪɚɡɜɢɬɢɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɬɤɪɵɜɚɸɬ 
ɫɨɜɟɪɲɟɧɧɨ ɧɨɜɵɟ ɩɟɪɫɩɟɤɬɢɜɵ ɜ ɢɡɭɱɟɧɢɢ ɫɢɧɬɟɡɚ ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. 
Ɉɫɧɨɜɧɨɣ ɩɪɨɝɪɟɫɫ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɫɜɹɡɚɧ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɢɯ ɦɟɬɨɞɨɜ 
ɞɥɹ ɩɪɹɦɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɪɟɚɝɢɪɭɸɳɢɦɢ ɜɟɳɟɫɬɜɚɦɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɯɨɞɟ 
ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɫɢɧɬɟɡɚ ɢ ɩɨɫɬ-ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ (in situ). ɉɨɷɬɨɦɭ ɜ 
ɩɟɪɜɨɣ ɱɚɫɬɢ ɞɨɤɥɚɞɚ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɞɯɨɞɵ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ 
ɦɟɯɚɧɢɡɦɨɜ ɫɢɧɬɟɡɚ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɫɢɬ; ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɞɨɫɬɨɢɧɫɬɜɚ 
ɢ ɧɟɞɨɫɬɚɬɤɢ ɬɪɚɞɢɰɢɨɧɧɵɯ «ex situ» ɦɟɬɨɞɨɜ, ɚ ɬɚɤɠɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɧɨɜɵɯ ɩɨɞɯɨɞɨɜ 
“in situ”, ɩɨɡɜɨɥɹɸɳɢɯ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɪɹɦɨɟ ɧɚɛɥɸɞɟɧɢɟ ɡɚ ɩɪɨɰɟɫɫɨɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɜ ɯɨɞɟ ɫɢɧɬɟɡɚ.  

 ȼɨ ɜɬɨɪɨɣ ɱɚɫɬɢ ɞɨɤɥɚɞɚ ɛɭɞɭɬ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɞɚɧɧɵɟ ɩɨ ɦɟɯɚɧɢɡɦɚɦ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɪɟɧɫɬɟɞɨɜɫɤɢɯ ɢ ɥɶɸɢɫɨɜɫɤɢɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ, ɨɫɧɨɜɧɵɯ ɢ 
ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ ɪɹɞɚ ɛɚɡɨɜɵɯ ɦɨɥɟɤɭɥɹɪɧɨ-ɫɢɬɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɤɚɤ ɜ ɯɨɞɟ 
ɢɯ ɫɢɧɬɟɡɚ, ɬɚɤ ɢ ɩɨɫɬ-ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ. Ɏɨɪɦɢɪɨɜɚɧɢɟ 
ɛɪɟɧɫɬɟɞɨɜɫɤɢɯ ɰɟɧɬɪɨɜ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɨ ɧɚ ɩɪɢɦɟɪɟ Al-ɫɨɞɟɪɠɚɳɢɯ ɰɟɨɥɢɬɨɜ ɫɨ 
ɫɬɪɭɤɬɭɪɨɣ MFI ɢ BEA, ɫɢɥɢɤɨɚɥɸɦɨɮɨɫɮɚɬɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ SAPO-34 ɢ SAPO-18, ɚ 
ɬɚɤɠɟ ɦɢɤɪɨ-ɦɟɡɨɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɨɜ. Ⱦɥɹ ɨɛɫɭɠɞɟɧɢɹ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɶɸɢɫɨɜɫɤɢɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɜɵɛɪɚɧɵ Zr- ɢ Sn- ɫɨɞɟɪɠɚɳɢɟ ɰɟɨɥɢɬɵ 
ɫɨ ɫɬɪɭɤɬɭɪɨɣ BEA. Ɉɤɢɫɥɢɬɟɥɶɧɵɟ ɰɟɧɬɪɵ ɛɭɞɭɬ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɧɚ ɩɪɢɦɟɪɟ Ti- ɢ 
V-ɫɨɞɟɪɠɚɳɢɯ ɰɟɨɥɢɬɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ MFI. Ɉɫɧɨɜɧɵɟ ɰɟɧɬɪɵ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɞɥɹ 
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ɳɟɥɨɱɧɵɯ ɮɨɪɦ ɰɟɨɥɢɬɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ FAU, ɦɟɡɨɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ 
ɆɋɆ-41 ɢ ɦɢɤɪɨ-ɦɟɡɨɪɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ȼ ɡɚɤɥɸɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɞɨɤɥɚɞɚ ɛɭɞɭɬ ɨɛɫɭɠɞɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɧɚɩɪɚɜɥɟɧɧɨɝɨ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɫɢɬ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ                              
(ɩɪɨɟɤɬ №14-23-00094). 
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ɄȺɌȺɅɂɁȺɌɈɊɕ ɇȺ ɈɋɇɈȼȿ ɋɍɅɖɎɂȾɈȼ ɉȿɊȿɏɈȾɇɕɏ 
ɆȿɌȺɅɅɈȼ ȼ ɉȿɊȿɊȺȻɈɌɄȿ ɇȿɎɌəɇɈȽɈ ɂ ȼɈɁɈȻɇɈȼɅəȿɆɈȽɈ 

ɍȽɅȿȼɈȾɈɊɈȾɇɈȽɈ ɋɕɊɖə 

ɇɢɤɭɥɶɲɢɧ ɉ.Ⱥ. 

TRANSITION METAL SULFIDES BASED CATALYSTS FOR OIL AND 

RENEWABLE HYDROCARBON REFINING 
ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɧɟɮɬɢ, Ɇɨɫɤɜɚ 

ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɋɚɦɚɪɚ 
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Ʉɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɫɭɥɶɮɢɞɨɜ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɢɝɪɚɸɬ ɜɚɠɧɟɣɲɭɸ ɜ 

ɪɨɥɶ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɟ ɛɥɚɝɨɞɚɪɹ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɥɭɱɟɧɢɹ 

ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɩɨɜɵɲɟɧɢɹ ɝɥɭɛɢɧɵ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ, ɚ ɬɚɤɠɟ 

ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɲɢɪɟɧɢɹ ɫɵɪɶɟɜɵɯ ɪɟɫɭɪɫɨɜ ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɢɫɬɨɱɧɢɤɨɜ [1]. 

ȼ ɞɨɤɥɚɞɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɷɬɚɩɵ ɪɚɡɜɢɬɢɹ ɤɚɬɚɥɢɡɚ ɫɭɥɶɮɢɞɚɦɢ 

ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɚ ɬɚɤɠɟ ɫɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ. Ɉɬɞɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ 

ɭɞɟɥɹɟɬɫɹ ɫɩɨɫɨɛɚɦ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɫɢɧɬɟɡɚ ɧɚɧɟɫɟɧɧɵɯ ɢ ɦɚɫɫɢɜɧɵɯ ɫɭɥɶɮɢɞɧɵɯ 

ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ Ni(Co)Mo(W)S, ɜɥɢɹɧɢɸ ɫɨɫɬɚɜɚ ɢ 

ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚ ɝɥɭɛɢɧɭ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɹ 

ɝɟɬɟɪɨɚɬɨɦɧɵɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɜ ɬ.ɱ. ɚɤɬɢɜɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ in situ. 

Ɉɛɫɭɠɞɚɸɬɫɹ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɧɨɫɢɬɟɥɟɣ ɢ 

ɬɪɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɩɟɪɟɪɚɛɨɬɤɢ ɪɚɡɥɢɱɧɵɯ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ 

(KCoMoS ɫɟɥɟɤɬɢɜɧɨɣ ɝɢɞɪɨɨɱɢɫɬɤɢ ɛɟɧɡɢɧɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ, NiCoMoS ɢ 

NiMoWS ɝɥɭɛɨɤɨɣ ɝɢɞɪɨɨɱɢɫɬɤɢ ɞɢɡɟɥɶɧɵɯ ɮɪɚɤɰɢɣ ɢ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ, 

ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ) ɢ ɜɨɡɨɛɧɨɜɥɹɟɦɨɝɨ ɛɢɨɫɵɪɶɹ. 

 

Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɨɦ Ɋɨɫɫɢɣɫɤɨɝɨ ɇɚɭɱɧɨɝɨ Ɏɨɧɞɚ (ɋɨɝɥɚɲɟɧɢɟ № 17-

73-20386). 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Toulhoat H., Raybaud P. Catalysis by transition metal sulfides. From molecular theory 

to industrial application. Paris, Editions Technip, 2013. 787 p. 
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ɈɋɈȻȿɇɇɈɋɌɂ ɉȿɊȿɊȺȻɈɌɄɂ ɌəɀȿɅɈȽɈ ɇȿɎɌəɇɈȽɈ ɋɕɊɖə 

Ƚɨɥɨɜɤɨ Ⱥ.Ʉ. 
FEATURES OF HEAVY PETROLEUM FEEDSTOCK PROCESSING 

ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ ɧɟɮɬɢ ɋɈ ɊȺɇ, ɝ. Ɍɨɦɫɤ 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɂɏɇ ɋɈ ɊȺɇ, ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɞɚɧɧɵɟ 

ɨ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɯ ɬɟɪɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ 

ɨɫɧɨɜɟ ɪɚɫɱɟɬɨɜ ɝɟɨɦɟɬɪɢɢ ɦɨɥɟɤɭɥ ɢɫɯɨɞɧɵɯ ɧɟɮɬɹɧɵɯ ɫɦɨɥ ɢ ɚɫɮɚɥɶɬɟɧɨɜ ɢ 

ɩɪɨɞɭɤɬɨɜ ɢɯ ɤɪɟɤɢɧɝɚ. ɍɫɬɚɧɨɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɤɨɧɜɟɪɫɢɢ ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ ɨɬ 

ɫɨɞɟɪɠɚɧɢɹ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɨɬɫɭɬɫɬɜɢɢ 

ɚɫɮɚɥɶɬɟɧɨɜ ɞɟɫɬɪɭɤɰɢɹ ɦɨɥɟɤɭɥ ɫɦɨɥ ɢ ɩɚɪɚɮɢɧɨɜ ɩɪɨɬɟɤɚɟɬ ɝɥɭɛɠɟ, ɩɪɢ ɷɬɨɦ 

ɨɛɪɚɡɭɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢ ɤɨɤɫɚ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɮɪɚɝɦɟɧɬɚɦɢ ɦɚɤɪɨɦɨɥɟɤɭɥ ɫɦɨɥ ɢ ɚɫɮɚɥɶɬɟɧɨɜ 

ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ ɹɜɥɹɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɧɟɣ ɭɝɥɟɜɨɞɨɪɨɞɵ ɢ 

ɧɚɮɬɟɧɨɚɪɨɦɚɬɢɱɟɫɤɢɟ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɰɢɤɥɵ, ɫɨɞɟɪɠɚɳɢɟ ɚɬɨɦɵ ɫɟɪɵ, ɚɡɨɬɚ ɢ 

ɤɢɫɥɨɪɨɞɚ. ɂɡɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɝɥɭɛɢɧɵ ɞɟɫɬɪɭɤɰɢɢ ɫɦɨɥ ɢ ɚɫɮɚɥɶɬɟɧɨɜ ɨɬ 

ɫɬɪɭɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɢɯ ɦɨɥɟɤɭɥ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ.   

ȼɩɟɪɜɵɟ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɡɤɢɯ ɮɪɚɤɰɢɣ ɦɚɝɧɢɬɧɵɯ ɮɟɪɪɨɫɮɟɪ 

(ɦɢɤɪɨɫɮɟɪ) ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɨɥ, ɩɨɥɭɱɚɟɦɵɯ ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɟɣ, ɢ ɧɚɧɨɪɚɡɦɟɪɧɵɯ 

ɩɨɪɨɲɤɨɜ (ɇɊɉ) ɦɟɬɚɥɥɨɜ  ɜ ɤɚɱɟɫɬɜɟ ɚɤɬɢɜɧɵɯ ɝɟɬɟɪɨɮɚɡɧɵɯ ɞɨɛɚɜɨɤ, ɢɧɢɰɢɢɪɭɸɳɢɯ 

ɩɪɨɰɟɫɫ ɤɪɟɤɢɧɝɚ ɢ ɹɜɥɹɸɳɢɯɫɹ ɰɟɧɬɪɚɦɢ ɤɨɤɫɨɨɛɪɚɡɨɜɚɧɢɹ. Ɏɟɪɪɨɫɮɟɪɵ ɢ 

ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɱɚɫɬɢɰɵ ɦɟɬɚɥɥɨɜ ɫɩɨɫɨɛɧɵ ɢɧɢɰɢɢɪɨɜɚɬɶ ɪɟɚɤɰɢɢ ɪɚɡɪɵɜɚ ɫɜɹɡɟɣ 

ɜɧɭɬɪɢ ɤɪɭɩɧɵɯ ɦɨɥɟɤɭɥ ɫɦɨɥ ɢ ɚɫɮɚɥɶɬɟɧɨɜ. ɉɪɨɰɟɫɫ ɬɟɪɦɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɜ ɢɯ 

ɩɪɢɫɭɬɫɬɜɢɢ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɭɧɢɤɚɥɶɧɵɯ ɩɨ ɫɨɫɬɚɜɭ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, 

ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɜɨɞɨɪɨɞɚ ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɝɢɞɪɨɤɪɟɤɢɧɝɚ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɢɧɢɰɢɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɮɟɪɪɨɫɮɟɪ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ 

ɤɪɟɤɢɧɝɟ ɬɹɠɟɥɨɣ ɧɟɮɬɢ ɜɵɯɨɞ ɫɜɟɬɥɵɯ ɮɪɚɤɰɢɣ ɜɨɡɪɚɫɬɚɟɬ ɫ 30 ɞɨ 60-75 % ɦɚɫ. ɢ ɛɨɥɟɟ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɪɦɨɤɪɟɤɢɧɝɨɦ ɛɟɡ ɞɨɛɚɜɨɤ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ 1-2 % ɇɊɉ ɧɢɤɟɥɹ 

ɨɛɪɚɡɭɟɬɫɹ 37 % ɛɟɧɡɢɧɨɜɵɯ ɢ 28 % ɞɢɡɟɥɶɧɵɯ ɮɪɚɤɰɢɣ, ɤɪɟɤɢɧɝ ɫ  ɇɊɉ ɠɟɥɟɡɨ+ɧɢɤɟɥɶ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 44 % ɛɟɧɡɢɧɨɜɵɯ ɢ 14 % ɞɢɡɟɥɶɧɵɯ ɮɪɚɤɰɢɣ. ɇɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɟ «ɰɟɨɥɢɬ HY+ɧɚɧɨɩɨɪɨɲɨɤ Ni» ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɟɟ 30 % ɛɟɧɡɢɧɨɜɵɯ ɢ 36 % 

ɞɢɡɟɥɶɧɵɯ ɮɪɚɤɰɢɣ, ɩɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 5 %, 

ɤɨɤɫɚ ɨɛɪɚɡɭɟɬɫɹ 5 % ɢ ɦɟɧɟɟ, ɤɨɥɢɱɟɫɬɜɨ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ – 15 %, ɨɫɬɚɬɤɚ ɜɵɲɟ     500 

ɨɋ ɧɟ ɩɪɟɜɵɲɚɟɬ 11 % ɦɚɫ. Ⱦɨɛɚɜɤɚ 0,10 % ɦɚɫ. ɇɊɉ Ni-W-Cr ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɡɦɟɧɟɧɢɸ 
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ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɩɪɨɬɟɤɚɸɳɢɯ ɪɟɚɤɰɢɣ ɩɪɢ ɤɪɟɤɢɧɝɟ ɩɪɢɪɨɞɧɵɯ ɛɢɬɭɦɨɜ: ɡɚɦɟɞɥɹɟɬɫɹ 

ɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɞɭɤɬɨɜ ɭɩɥɨɬɧɟɧɢɹ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɞɟɫɬɪɭɤɰɢɢ ɚɫɮɚɥɶɬɟɧɨɜ, 

ɩɪɨɢɫɯɨɞɢɬ ɝɥɭɛɨɤɚɹ ɞɟɫɬɪɭɤɰɢɹ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɜɵɯɨɞ ɛɟɧɡɢɧɨɜɵɯ ɢ ɞɢɡɟɥɶɧɵɯ ɮɪɚɤɰɢɣ.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɝɥɭɛɢɧɭ 

ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɫɬɪɭɤɰɢɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɝɭɞɪɨɧɚ, ɫɧɢɡɢɬɶ 

ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɚ ɢ ɬɜɟɪɞɵɯ ɩɪɨɞɭɤɬɨɜ ɤɪɟɤɢɧɝɚ ɧɚ 10 %, ɜɵɯɨɞ ɫɜɟɬɥɵɯ ɮɪɚɤɰɢɣ 

ɭɜɟɥɢɱɢɬɶ ɧɚ 34 % ɦɚɫ. ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɫɬɚɜɨɦ ɩɪɨɞɭɤɬɨɜ ɤɪɟɤɢɧɝɚ ɛɟɡ ɞɨɛɚɜɤɢ.  

ɂɡɭɱɟɧ ɫɨɫɬɚɜ ɀɉ ɤɨɧɜɟɪɫɢɢ ɚɫɮɚɥɶɬɟɧɨɜ ɬɹɠɟɥɨɣ ɧɚɮɬɟɧɨɜɨɣ ɭɫɢɧɫɤɨɣ ɧɟɮɬɢ 

ɜ ɫɪɟɞɟ ɝɟɤɫɚɧɚ ɩɪɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

ɫ ɞɚɧɧɵɦɢ ɚɜɬɨɤɥɚɜɧɨɝɨ ɬɟɪɦɨɥɢɡɚ ɚɫɮɚɥɶɬɟɧɨɜɵɯ ɜɟɳɟɫɬɜ ɭɫɢɧɫɤɨɣ ɧɟɮɬɢ ɩɨɤɚɡɚɥɨ, 

ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɋɄ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ ɜ ɩɨɬɨɤɟ ɝɟɤɫɚɧɚ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 

ɬɟɦɩɟɪɚɬɭɪɭ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɞɟɫɬɪɭɤɰɢɢ ɚɫɮɚɥɶɬɟɧɨɜ ɫ 450 ºC ɞɨ 400 ºC ɢ 

ɭɜɟɥɢɱɢɬɶ ɜɵɯɨɞ ɦɚɫɥɹɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɉɨ ɞɚɧɧɵɦ Ƚɏ-Ɇɋ ɫɨɫɬɚɜ ɩɨɥɭɱɟɧɧɵɯ ɦɚɫɟɥ 

ɚɧɚɥɨɝɢɱɟɧ ɫɨɫɬɚɜɭ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɚɜɬɨɤɥɚɜɧɨɝɨ ɬɟɪɦɨɥɢɡɚ ɚɫɮɚɥɶɬɟɧɨɜ. ɗɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɜ ɦɚɫɥɚɯ ɩɢɪɨɥɢɡɚɬɚ ɫɨɟɞɢɧɟɧɢɹ 

ɹɜɥɹɸɬɫɹ ɧɚɬɢɜɧɵɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɮɪɚɝɦɟɧɬɚɦɢ ɦɚɤɪɨɦɨɥɟɤɭɥ ɚɫɮɚɥɶɬɟɧɨɜ ɧɟɮɬɢ.  
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ɏɂɆɂə ȻɂɈɆȺɋɋɕ – ɇɈȼɕȿ ȻɂɈɌɈɉɅɂȼȺ ɂ ȻɂɈɉɅȺɋɌɂɄɂ 

ȼɚɪɮɨɥɨɦɟɟɜ ɋ.Ⱦ. 

BOIMASS CHEMISTRY – NEW BIOFUELS AND BIOPLASTICS 
ɂɧɫɬɢɬɭɬ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.Ɇ. ɗɦɚɧɭɷɥɹ ɊȺɇ, Ɇɨɫɤɜɚ 
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ɌȿɏɇɈɅɈȽɂɂ ɉɊɈɂɁȼɈȾɋɌȼȺ ɉɊɈɉɂɅȿɇȺ: ɑɌɈ ɇɈȼɈȽɈ? 

Ʌɚɜɪɟɧɨɜ Ⱥ.ȼ., Ȼɭɥɭɱɟɜɫɤɢɣ ȿ.Ⱥ., Ʉɚɪɩɨɜɚ Ɍ.Ɋ., ɋɚɣɮɭɥɢɧɚ Ʌ.Ɏ. 
THECHNOLOGIES FOR PRODUCING PROPYLENE: WHAT' NEW? 

ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ, Ɉɦɫɤ 

E-mail: lavr@ihcp.ru 

 

ɉɪɨɩɢɥɟɧ, ɨɬɧɨɫɢɬɫɹ ɤ ɛɚɡɨɜɵɦ ɫɵɪɶɟɜɵɦ ɤɨɦɩɨɧɟɧɬɚɦ ɫɨɜɪɟɦɟɧɧɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ ɫɜɹɡɢ 

ɫ ɛɭɪɧɵɦ ɪɚɡɜɢɬɢɟɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɨɩɟɪɟɠɟɧɢɹ 

ɪɨɫɬɚ ɩɨɬɪɟɛɥɟɧɢɹ ɩɪɨɩɢɥɟɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɬɢɥɟɧɨɦ. Ʉɪɨɦɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɨɤɨɥɨ 

30% ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɜ ɦɢɪɟ ɩɪɨɩɢɥɟɧɚ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɩɨɥɭɱɟɧɢɟ ɩɪɨɩɢɥɟɧɨɤɫɢɞɚ, 

ɨɤɫɨɫɩɢɪɬɨɜ, ɚɤɪɢɥɨɧɢɬɪɢɥɚ, ɤɭɦɨɥɚ ɢ ɞɪɭɝɢɯ ɰɟɧɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. 

Ɍɪɚɞɢɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɢɪɨɥɢɡɚ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ 

ɫɵɪɶɹ, ɧɚ ɤɨɬɨɪɵɟ ɩɪɢɯɨɞɢɬɫɹ ɨɤɨɥɨ 80% ɦɢɪɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɩɢɥɟɧɚ, ɧɟ 

ɩɨɡɜɨɥɹɸɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɪɚɫɬɭɳɢɣ ɫɩɪɨɫ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɪɵɧɤɚ ɧɚ 

ɩɪɨɩɢɥɟɧ, ɩɨɫɤɨɥɶɤɭ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɩɨɥɭɱɟɧɢɹ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ 

ɩɪɨɞɭɤɬɨɜ. ɉɨɷɬɨɦɭ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɚɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɦɟɬɨɞɵ ɰɟɥɟɜɨɝɨ 

ɩɨɥɭɱɟɧɢɹ ɩɪɨɩɢɥɟɧɚ – ɩɢɪɨɥɢɡ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɝɥɭɛɨɤɢɣ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ 

ɤɪɟɤɢɧɝ, ɞɟɝɢɞɪɢɪɨɜɚɧɢɟ ɩɪɨɩɚɧɚ, ɦɟɬɚɬɟɡɢɫ ɢ ɞɪ.  

ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɤɚɤ ɞɟɣɫɬɜɭɸɳɢɯ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɬɚɤ ɢ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɢ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ 

ɩɪɨɩɢɥɟɧɚ ɢɡ ɧɟɮɬɹɧɨɝɨ ɢ ɝɚɡɨɜɨɝɨ ɫɵɪɶɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɚ 

ɬɚɤɠɟ ɩɪɨɰɟɫɫɵ ɧɚ ɨɫɧɨɜɟ ɫɵɪɶɹ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɟɝɨɞɧɹ, 

ɤɚɤ ɢ 50 ɥɟɬ ɧɚɡɚɞ, ɩɪɨɰɟɫɫ ɩɢɪɨɥɢɡɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɫɨɫɬɚɜɥɹɟɬ ɨɫɧɨɜɭ ɦɢɪɨɜɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɩɢɥɟɧɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ ɩɢɪɨɥɢɡɚ ɥɟɝɤɨɝɨ ɝɚɡɨɜɨɝɨ ɫɵɪɶɹ ɢ 

ɫɜɹɡɚɧɧɨɟ ɫ ɷɬɢɦ ɫɧɢɠɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨ ɩɪɨɩɢɥɟɧɭ ɦɨɠɟɬ ɛɵɬɶ 

ɤɨɦɩɟɧɫɢɪɨɜɚɧɨ ɢɧɬɟɝɪɚɰɢɟɣ ɩɢɪɨɥɢɡɧɵɯ ɦɨɳɧɨɫɬɟɣ ɫ ɭɫɬɚɧɨɜɤɚɦɢ ɦɟɬɚɬɟɡɢɫɚ ɢ 

ɨɞɧɨɫɬɚɞɢɣɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɷɬɢɥɟɧɚ ɜ ɩɪɨɩɢɥɟɧ. Ɍɚɤɨɟ ɤɨɦɛɢɧɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ 

ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɝɢɛɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɦɵɯ ɦɨɧɨɦɟɪɨɜ 

ɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɵɧɨɱɧɨɣ ɤɨɧɴɸɧɤɬɭɪɟ ɢɯ ɩɨɬɪɟɛɥɟɧɢɹ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɢɥɟɧɚ ɤɚɤ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɨɩɢɥɟɧɚ 

ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɦɵɯ ɦɨɧɨɦɟɪɨɜ ɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 

ɪɵɧɨɱɧɨɣ ɤɨɧɴɸɧɤɬɭɪɟ ɢɯ ɩɨɬɪɟɛɥɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɨɱɟɜɢɞɧɵɦ ɜɚɪɢɚɧɬɨɦ ɬɟɯɧɨɥɨɝɢɢ 

ɩɨɥɭɱɟɧɢɹ ɩɪɨɩɢɥɟɧɚ ɧɚ ɛɚɡɟ ɷɬɢɥɟɧɨɜɨɝɨ ɫɵɪɶɹ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜ ɞɜɟ 

ɫɬɚɞɢɢ. ɇɚ ɩɟɪɜɨɣ ɨɫɭɳɟɫɬɜɥɹɸɬ ɞɢɦɟɪɢɡɚɰɢɸ ɷɬɢɥɟɧɚ ɜ ɛɭɬɟɧ-1. ȼɬɨɪɚɹ ɫɜɹɡɚɧɚ ɫ 
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ɩɪɨɬɟɤɚɧɢɟɦ ɪɟɚɤɰɢɣ ɢɡɨɦɟɪɢɡɚɰɢɢ ɛɭɬɟɧɚ-1 ɜ ɛɭɬɟɧɵ-2 ɢ ɦɟɬɚɬɟɡɢɫɚ ɫ ɷɬɢɥɟɧɨɦ. ɋ 

ɰɟɥɶɸ ɭɩɪɨɳɟɧɢɹ ɚɩɩɚɪɚɬɭɪɧɨɝɨ ɨɮɨɪɦɥɟɧɢɹ ɢ ɫɧɢɠɟɧɢɹ ɤɚɤ ɤɚɩɢɬɚɥɶɧɵɯ, ɬɚɤ ɢ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɫɟɝɨɞɧɹ ɚɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɜɚɪɢɚɧɬɵ ɨɞɧɨɫɬɚɞɢɣɧɨɝɨ 

ɩɨɥɭɱɟɧɢɹ ɩɪɨɩɢɥɟɧɚ ɢɡ ɷɬɢɥɟɧɚ. Ɋɚɡɜɢɬɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɞɧɨɫɬɚɞɢɣɧɨɝɨ ɩɨɥɭɱɟɧɢɹ 

ɩɪɨɩɢɥɟɧɚ ɢɡ ɷɬɢɥɟɧɚ ɢɞɟɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɢɫɤɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ 

ɤɚɬɚɥɢɡɚɬɨɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɪɟɚɥɢɡɚɰɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɟɚɤɰɢɨɧɧɵɯ 

ɦɚɪɲɪɭɬɨɜ.  

ȼ ɛɥɢɠɚɣɲɢɟ ɝɨɞɵ ɟɳɟ ɛɨɥɟɟ ɜɨɡɪɚɫɬɭɬ ɦɨɳɧɨɫɬɢ ɝɥɭɛɨɤɨɝɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɤɪɟɤɢɧɝɚ ɬɹɠɟɥɵɯ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ, ɨɫɬɚɬɨɱɧɨɝɨ ɢ ɩɨɛɨɱɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ. 

ɋ ɭɱɟɬɨɦ ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɩɢɥɟɧɚ ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɫɵɪɶɟɜɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɠɧɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɢɦɟɧɧɨ ɷɬɨɬ ɩɪɨɰɟɫɫ ɫɤɨɪɨ ɫɬɚɧɟɬ ɛɚɡɨɜɵɦ ɞɥɹ 

ɧɟɮɬɟɯɢɦɢɢ ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ. 

ɉɪɨɰɟɫɫ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɩɪɨɩɚɧɚ ɤɨɧɤɭɪɢɪɭɟɬ ɜ ɫɜɨɟɦ ɫɵɪɶɟɜɨɦ ɨɛɟɫɩɟɱɟɧɢɢ ɫ 

ɩɪɨɰɟɫɫɨɦ ɩɢɪɨɥɢɡɚ ɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɷɬɨ ɫɞɟɪɠɢɜɚɟɬ ɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ. Ɉɛɟɫɩɟɱɢɜɚɹ 

ɨɱɟɧɶ ɜɵɫɨɤɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ, ɨɧ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ ɞɥɹ ɩɪɟɞɩɪɢɹɬɢɣ, ɩɪɨɞɭɤɬɨɜɚɹ 

ɥɢɧɟɣɤɚ ɤɨɬɨɪɵɯ ɩɨɱɬɢ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɩɢɥɟɧɚ ɤɚɤ 

ɢɫɯɨɞɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɚɡɨɜɨɝɨ ɫɵɪɶɹ ɧɚ ɨɫɧɨɜɟ ɥɟɝɤɢɯ 

ɚɥɤɚɧɨɜ ɧɟ ɬɨɥɶɤɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɪɨɩɢɥɟɧɚ, ɧɨ ɢ 

ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɭɬɢɥɢɡɚɰɢɢ 

ɩɨɩɭɬɧɵɯ ɧɟɮɬɹɧɵɯ ɝɚɡɨɜ. 

ɉɨɥɭɱɟɧɢɟ ɩɪɨɩɢɥɟɧɚ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɢɦɟɟɬ ɦɚɫɲɬɚɛɧɵɯ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɟɪɫɩɟɤɬɢɜ ɢɡ-ɡɚ ɜɵɫɨɤɢɯ ɤɚɩɢɬɚɥɶɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɫɜɹɡɚɧɧɵɯ ɫɨ ɫɬɚɞɢɹɦɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɥɭɱɟɧɢɹ ɫɢɧɬɟɡ-

ɝɚɡɚ ɢ ɟɝɨ ɩɟɪɟɜɨɞɚ ɜ ɦɟɬɚɧɨɥ ɢɥɢ ȾɆɗ. Ɍɟɯɧɨɥɨɝɢɢ ɩɪɹɦɨɣ ɤɨɧɜɟɪɫɢɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ 

ɜ ɩɪɨɩɢɥɟɧ ɟɳɟ ɬɨɥɶɤɨ ɠɞɭɬ ɫɜɨɢɯ ɪɚɡɪɚɛɨɬɱɢɤɨɜ. ȼɨɡɦɨɠɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɩɪɨɩɢɥɟɧɚ ɧɚ ɨɫɧɨɜɟ ɛɢɨɫɵɪɶɹ ɨɝɪɚɧɢɱɟɧɵ ɢɡ-ɡɚ ɟɝɨ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɫɬɨɢɦɨɫɬɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɧɟɮɬɹɧɵɦ ɢ ɦɚɥɨɣ ɞɨɫɬɭɩɧɨɫɬɢ ɜ ɫɢɥɭ ɫɜɨɟɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. 
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ɄɈɇȼȿɊɋɂə ɋɂɇɌȿɁ-ȽȺɁȺ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ 
ɍɅɖɌɊȺȾɂɋɉȿɊɋɇɕɏ ɄȺɌȺɅɂɁȺɌɈɊɈȼ 

Ʉɭɥɢɤɨɜɚ Ɇ.ȼ. 

SYNGAS CONVERSION OVER ULTRADISPERSED CATALYSTS  

ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ,  
E-mail: m_kulikova@ips.ac.ru 

 

ɉɨ ɦɧɟɧɢɸ ɦɢɪɨɜɨɝɨ ɷɤɫɩɟɪɬɚ Ⱦɷɧɢɟɥɹ ȿɪɝɢɧɚ ɜ ɛɥɢɠɚɣɲɢɟ ɧɟɫɤɨɥɶɤɨ 

ɞɟɫɹɬɢɥɟɬɢɣ ɧɟɮɬɶ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɟɟ ɰɟɧɵ ɨɫɬɚɧɟɬɫɹ ɜ ɰɟɧɬɪɟ ɦɢɪɨɜɨɣ ɩɨɥɢɬɢɤɢ. Ɉɞɧɚɤɨ 

ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɧɨɜɵɯ ɢɫɬɨɱɧɢɤɚɯ ɷɧɟɪɝɢɢ ɩɨɪɨɞɢɥɚ ɜɨɥɧɭ ɢɧɧɨɜɚɰɢɣ ɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɨ 

ɜɫɟɯ ɫɮɟɪɚɯ ɷɧɟɪɝɟɬɢɤɢ. 

ɇɟɮɬɶ ɧɚɱɚɥɚ ɨɤɚɡɵɜɚɬɶ ɫɟɪɶɟɡɧɭɸ ɤɨɧɤɭɪɟɧɰɢɸ ɭɝɥɸ, ɧɚɱɢɧɚɹ ɫ 1960-ɯ ɝɨɞɨɜ. ȼ 

ɷɬɨɬ ɩɟɪɢɨɞ ɪɚɡɪɚɛɨɬɤɚ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɞɟɲɟɜɨɣ ɧɟɮɬɢ Ȼɥɢɠɧɟɝɨ ȼɨɫɬɨɤɚ ɢ  Ɂɚɩɚɞɧɨɣ 

ɋɢɛɢɪɢ ɩɪɢɜɟɥɚ ɤ ɪɚɫɲɢɪɟɧɢɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɮɟɪɟ 

ɢ ɜ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɡɚɦɟɬɧɨɦɭ ɨɫɥɚɛɥɟɧɢɸ ɭɝɥɟɩɟɪɟɪɚɛɨɬɤɢ.  

Ɉɞɧɚɤɨ ɭɠɟ ɜ 1972 ɝ. ɜ ɫɜɹɡɢ ɫ ɧɟɮɬɹɧɵɦ ɤɪɢɡɢɫɨɦ ɫɬɚɥɨ ɹɫɧɨ, ɱɬɨ 

ɭɝɥɟɩɟɪɟɪɚɛɨɬɤɭ ɫɩɢɫɵɜɚɬɶ ɜ ɚɪɯɢɜ ɟɳɟ ɪɚɧɨ, ɬɚɤ ɤɚɤ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ 

ɦɧɨɝɨ ɭɝɥɹ ɢ ɦɚɥɨ ɢɥɢ ɫɨɜɫɟɦ ɧɟɬ ɧɟɮɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɚɩɚɫɵ ɧɟɮɬɢ ɨɝɪɚɧɢɱɟɧɵ ɢ 

ɪɚɫɩɪɟɞɟɥɟɧɵ ɤɪɚɣɧɟ ɧɟɪɚɜɧɨɦɟɪɧɨ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɡɚɩɚɫɵ ɠɟ ɭɝɥɹ ɢ ɞɪɭɝɢɯ ɬɜɟɪɞɵɯ 

ɝɨɪɸɱɢɯ ɢɫɤɨɩɚɟɦɵɯ ɪɚɫɩɪɟɞɟɥɟɧɵ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨ, ɢ ɫɪɨɤɢ ɢɯ ɢɫɱɟɪɩɚɧɢɹ 

ɨɰɟɧɢɜɚɟɬɫɹ ɦɧɨɝɢɦɢ ɫɨɬɧɹɦɢ ɥɟɬ.  

ȼ 1970-1980 ɝɝ. ɛɵɥɚ ɧɚɱɚɬɚ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɧɚ 

ɨɫɧɨɜɟ ɭɝɥɹ, ɩɪɢɱɟɦ ɩɪɢɨɪɢɬɟɬɧɵɦ ɛɵɥɨ ɩɨɥɭɱɟɧɢɟ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ, ɤɚɤ ɩɪɹɦɵɦ 

ɨɠɢɠɟɧɢɟɦ ɭɝɥɹ, ɬɚɤ ɢ ɤɨɫɜɟɧɧɵɦ, ɬ.ɟ. ɫɢɧɬɟɡɨɦ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ “ɭɝɨɥɶɧɨɝɨ” 

ɫɢɧɬɟɡ-ɝɚɡɚ. Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɷɬɢɯ "ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ" ɩɪɨɰɟɫɫɨɜ ɛɵɥɚ ɡɚɦɟɧɚ ɧɟɮɬɢ ɧɚ 

ɞɪɭɝɢɟ ɜɢɞɵ ɫɵɪɶɹ. 

ȼ ɂɇɏɋ ɊȺɇ ɫɨɡɞɚɧɵ ɨɫɧɨɜɵ ɧɨɜɨɣ ɝɢɛɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ ɥɸɛɨɝɨ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ. ȼɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞɚɜɚɟɦɨɣ 

ɬɟɯɧɨɥɨɝɢɢ ɛɭɞɭɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɨɥɭɱɟɧɢɟ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɧɟɮɬɢ ɢ ɰɟɧɧɵɯ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɦɟɬɚɧɨɥ, ȾɆɗ, ɫɩɢɪɬɵ. ɉɪɢ ɷɬɨɦ ɜɫɹ ɥɢɧɟɣɤɚ 

ɩɪɨɞɭɤɬɨɜ ɦɨɠɟɬ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɛɟɡ ɤɚɪɞɢɧɚɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɫɫɚ ɜ ɰɟɥɨɦ, ɬ.ɟ. ɛɟɡ ɡɚɦɟɧɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɉɪɨɰɟɫɫ, ɧɚ ɨɩɢɫɚɧɢɢ ɤɨɬɨɪɨɝɨ ɯɨɬɟɥɨɫɶ ɛɵ ɨɫɬɚɧɨɜɢɬɶɫɹ ɩɨɞɪɨɛɧɟɟ, ɢ ɤɨɬɨɪɵɣ 

ɭɫɩɟɲɧɨ ɪɟɚɥɢɡɨɜɚɧ ɜ ɪɚɦɤɚɯ ɫɨɡɞɚɜɚɟɦɨɣ ɝɢɛɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɷɬɨ ɩɨɥɭɱɟɧɢɟ 

ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɧɟɮɬɢ ɩɨ ɦɟɬɨɞɭ Ɏɢɳɟɪɚ-Ɍɪɨɩɲɚ ɧɚ ɧɚɧɨɪɚɡɦɟɪɧɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ɜ 

blacking-ɪɟɚɤɬɨɪɟ.  
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ɋɦɟɫɶ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ «ɫɢɧɬɟɬɢɱɟɫɤɚɹ ɧɟɮɬɶ», 

ɩɨɥɭɱɚɟɦɚɹ ɢɡ ɥɸɛɨɝɨ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ, ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɢɪɨɞɧɵɦ ɚɧɚɥɨɝɨɦ, ɜ ɱɚɫɬɧɨɫɬɢ ɩɨ ɫɜɨɢɦ ɷɤɨɥɨɝɢɱɟɫɤɢɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ: ɨɬɫɭɬɫɬɜɢɟ ɫɟɪɭ-ɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɨɬɫɭɬɫɬɜɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɢ ɞɪɭɝɢɯ ɤɚɧɰɟɪɨɝɟɧɧɵɯ ɩɪɢɦɟɫɟɣ.  

 ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɫɭɳɟɫɬɜɭɸɬ ɞɜɟ ɨɫɧɨɜɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ 

ɫɢɧɬɟɡɚ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ:  

-ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɫɢɧɬɟɡɚ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 220-

2400ɋ ɧɚ Fe ɢ  Co ɤɚɬɚɥɢɡɚɬɨɪɚɯ. 

-ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɫɢɧɬɟɡ, ɤɚɬɚɥɢɡɢɪɭɟɦɵɣ Fe-ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɩɪɢ 3000ɋ ɢ ɜɵɲɟ.  

ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɫɢɧɬɟɡɚ Ɏɢɲɟɪɚ-

Ɍɪɨɩɲɚ ɪɚɡɥɢɱɚɟɬɫɹ ɬɚɤɠɟ ɫɨɫɬɚɜɨɦ ɩɪɨɞɭɤɬɨɜ. 

ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɫɱɢɬɚɸɬɫɹ ɬɟɯɧɨɥɨɝɢɢ ɫ 

ɬɪɟɯɮɚɡɧɵɦɢ ɫɥɚɪɪɢ ɪɟɚɤɬɨɪɚɦɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɪɚɫɩɪɟɞɟɥɹɸɬ 

ɦɢɤɪɨɦɟɬɪɢɱɟɫɤɢɟ ɝɪɚɧɭɥɵ ɭɠɟ ɝɨɬɨɜɨɝɨ, ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɤɨɬɨɪɵɣ 

ɭɞɟɪɠɢɜɚɟɬɫɹ ɜ ɡɨɧɟ ɪɟɚɤɰɢɢ ɜ ɬɨɤɟ ɪɟɚɤɰɢɨɧɧɨɝɨ ɝɚɡɚ. ɉɨɞɞɟɪɠɚɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ 

ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ, ɭɱɢɬɵɜɚɹ ɟɟ ɫɥɨɠɧɵɟ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɤɥɨɧɧɨɫɬɶ ɤ ɪɚɫɫɥɨɟɧɢɸ. ɗɬɚ ɩɪɨɛɥɟɦɚ ɦɨɠɟɬ 

ɛɵɬɶ ɪɟɲɟɧɚ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ, ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, 

ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ ɦɚɤɪɨɦɟɬɪɢɱɟɫɤɢɯ 

ɤɨɧɬɚɤɬɨɜ.  

Ɍɚɤ ɤɚɤ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɜɟɞɭɳɢɟ ɧɟɮɬɹɧɵɟ ɤɨɦɩɚɧɢɢ ɦɢɪɚ ɩɪɨɹɜɥɹɸɬ ɢɧɬɟɪɟɫ ɤ 

ɪɚɛɨɬɚɦ ɜ ɨɛɥɚɫɬɢ ɫɢɧɬɟɡɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ ɋɈ ɢ ɇ2 ɢ ɢɦɟɧɧɨ ɧɟɧɨɬɟɯɧɨɥɨɝɢɢ 

ɡɚɧɢɦɚɸɬ ɜɫɟ ɛɨɥɶɲɟɟ ɦɟɫɬɨ ɜ ɫɩɢɫɤɟ ɧɚɢɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɜ ɦɢɪɨɜɨɦ ɦɚɫɲɬɚɛɟ, 

ɂɇɏɋ ɊȺɇ ɛɵɥɚ ɫɨɡɞɚɧɚ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɚɹ ɨɬɟɱɟɫɬɜɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ 

ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɧɟɮɬɢ ɩɨ ɦɟɬɨɞɭ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ ɜ ɬɪɟɯɮɚɡɧɨɦ ɫɥɚɪɪɢ-ɪɟɚɤɨɪɟ ɫ 

ɧɚɧɨɪɚɡɦɟɪɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ. 

ɏɨɬɟɥɨɫɶ ɛɵ ɨɬɦɟɬɢɬɶ ɩɪɟɢɦɭɳɟɫɬɜɚ ɫɨɡɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ:  

- ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɫɦɟɫɢ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɨɛɨɝɚɳɟɧɧɵɟ ɨɥɟɮɢɧɚɦɢ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɪɚɫɲɢɪɢɬɶ ɫɩɟɤɬɪ ɬɨɜɚɪɧɵɯ 

ɩɪɨɞɭɤɬɨɜ. 

- ɩɪɢɦɟɧɟɧɢɟ ɬɪɟɯɮɚɡɧɨɝɨ ɪɟɚɤɬɨɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɵɣ ɨɬɜɨɞ ɬɟɩɥɚ ɢɡ 

ɪɟɚɤɰɢɨɧɧɨɦ ɡɨɧɵ.  
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ɇɚɞɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɫɨɡɞɚɧɧɵɣ ɜ ɂɇɏɋ ɊȺɇ ɪɟɚɤɬɨɪ, ɧɟ ɹɜɥɹɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦ 

ɫɥɚɪɪɢ-ɪɟɚɤɬɨɪɨɦ. ȼ ɤɥɚɫɫɢɱɟɫɤɨɦ ɫɥɚɪɪɢ-ɪɟɚɤɬɨɪɟ ɦɢɤɪɨɦɟɬɪɢɱɟɫɤɢɣ ɤɚɬɚɥɢɡɚɬɨɪ 

ɫɭɫɩɟɧɞɢɪɨɜɚɧ ɜ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɟ ɪɟɚɤɬɨɪɚ. ȼ ɪɟɚɤɬɨɪɟ, ɤɨɬɨɪɵɣ ɷɤɫɩɥɭɚɬɢɪɭɟɬɫɹ 

ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɂɇɏɋ ɊȺɇ, ɪɟɚɤɰɢɨɧɧɚɹ ɫɪɟɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɥɥɨɢɞɧɭɸ ɫɢɫɬɟɦɭ 

ɫ ɧɚɧɨɪɚɡɦɟɪɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ. ɂɡ-ɡɚ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɤɨɧɫɢɫɬɟɧɰɢɢ ɢ ɱɟɪɧɨɝɨ ɰɜɟɬɚ 

ɤɨɧɬɚɤɬɚ ɪɚɡɪɚɛɨɬɱɢɤɢ ɜ ɂɇɏɋ ɊȺɇ ɧɚɡɜɚɥɢ ɪɟɚɤɬɨɪ blacking. 

Ɉɱɟɜɢɞɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢɦɟɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ:  

- ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɬɨ, ɤɨɧɟɱɧɨ, ɨɬɫɭɬɫɬɜɢɟ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɤɨɦɦɟɪɱɟɫɤɨɝɨ 

ɩɚɪɬɧɟɪɚ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ʉɚɬɚɥɢɡɚɬɨɪ ɝɨɬɨɜɢɬɫɹ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɟ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɟɚɤɬɨɪɟ, in situ. 

- ɨɬɫɭɬɫɬɜɢɟ ɨɬɞɟɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɬɚɞɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɬɚɤ ɤɚɤ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ ɬɚɤɠɟ ɩɪɨɜɨɞɢɬɫɹ in situ. 

- ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɧɨɪɚɡɦɟɪɧɨɫɬɢ ɩɪɢɦɟɧɹɟɦɵɯ ɤɨɧɬɚɤɬɨɜ ɪɟɲɚɟɬɫɹ ɩɪɨɛɥɟɦɚ 

ɫɟɞɢɦɟɧɬɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɟɞɢɧɢɰɵ 

ɪɟɚɤɰɢɨɧɧɨɝɨ ɨɛɴɟɦɚ. 

ɋɨɡɞɚɧɵ ɧɨɜɵɟ ɨɪɢɝɢɧɚɥɶɧɵɟ ɩɨɞɯɨɞɵ ɤ ɫɢɧɬɟɡɭ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɚɤɬɢɜɧɵɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. Ʉɚɬɚɥɢɬɢɱɟɫɤɚɹ ɫɭɫɩɟɧɡɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɧɨɪɚɡɦɟɪɧɵɣ 

ɦɟɬɚɥɥ, ɫɭɫɩɟɧɞɢɪɨɜɚɧɧɵɣ ɜ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɪɟɞɟ ɫɥɚɪɪɢ-ɪɟɚɤɬɨɪɚ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ 

ɦɟɬɨɞɵ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫɢɧɬɟɡɚ 

Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ:  

1. ɤɚɩɟɥɶɧɵɣ ɬɟɪɦɨɥɢɡ, ɬ.ɟ. ɦɟɞɥɟɧɧɨɟ ɩɪɢɤɚɩɵɜɚɧɢɟ ɪɚɫɬɜɨɪɚ ɫɨɥɢ ɦɟɬɚɥɥɚ ɜ 

ɞɢɫɩɟɪɫɢɨɧɧɭɸ ɫɪɟɞɭ ɪɟɚɤɬɨɪɚ ɜ ɬɨɤɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ;  

2. Ɍɚɤ ɧɚɡɵɜɚɟɦɵɣ flash-ɩɢɪɨɥɢɡ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɩɪɵɫɤ ɪɚɫɬɜɨɪɚ 

ɫɨɥɢ ɦɟɬɚɥɥɚ ɜ ɞɢɫɩɟɪɫɢɨɧɧɭɸ ɫɪɟɞɭ ɜ ɡɨɧɟ ɪɟɚɤɬɨɪɚ;  

3. ɷɦɭɥɶɫɢɨɧɧɵɣ ɦɟɬɨɞ, ɩɪɢ ɤɨɬɨɪɨɦ ɫɧɚɱɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɨɛɪɚɬɧɨɣ ɷɦɭɥɶɫɢɢ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɬɜɨɪ ɫɨɥɢ ɦɟɬɚɥɥɚ ɜ ɞɢɫɩɟɪɫɢɨɧɧɨɣ 

ɫɪɟɞɟ, ɫ ɞɚɥɶɧɟɣɲɢɦ ɟɟ ɬɟɪɦɨɥɢɡɨɦ ɜ ɪɟɚɤɬɨɪɟ. 

ȼ ɤɚɱɟɫɬɜɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɧɚɧɨɪɚɡɦɟɪɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ 

ɚɬɨɦɧɨ-ɫɢɥɨɜɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɜ ɩɪɨɛɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 41,2 ɧɦ.  

ɂɄ ɫɩɟɤɬɪɵ ɱɢɫɬɨɝɨ ɩɚɪɚɮɢɧɚ ɪɚɡɧɹɬɫɹ ɫ ɂɄ-ɫɩɟɤɬɪɚɦɢ ɩɚɪɚɮɢɧɚ ɫ 

ɧɚɧɨɪɚɡɦɟɪɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɠɟɥɟɡɚ (ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ). ɗɬɨɬ ɮɚɤɬ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɩɨ ɫɪɟɞɫɬɜɚɦ ɤɨɧɮɨɪɦɚɰɢɢ ɩɚɪɚɮɢɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɚɧɨɪɚɡɦɟɪɧɨɣ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɟɣ ɱɚɫɬɢɰɵ ɩɪɨɢɫɯɨɞɢɬ ɫɬɚɛɢɥɢɡɚɰɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ. 
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ɉɪɢɦɟɧɟɧɢɟ ɬɪɟɯ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɨɞɨɜ, ɩɪɢɜɟɥɨ ɤ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɤɨɧɬɚɤɬɨɜ ɜ ɫɢɧɬɟɡɟ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ. ɇɚɢɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɥ ɨɛɪɚɡɟɰ, 

ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɤɚɩɟɥɶɧɵɦ ɬɟɪɦɨɥɢɡɨɦ. ȼɵɯɨɞ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ ɧɟɦ ɞɨɫɬɢɝɚɥ 

130 ɝ/ɦ3 ɩɪɢ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ – 600 ɝ/ɤɝ ɦɟɬɚɥɥɚ ɜ ɱɚɫ. ɋɨɫɬɚɜ 

ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ – ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ – ɦɨɠɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ ɦɟɬɨɞɨɦ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ɍɚɤ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɫɦɟɫɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, 

ɨɛɨɝɚɳɟɧɧɨɣ ɛɟɧɡɢɧɨɜɨɣ ɢ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɹɦɢ, ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪɵ, 

ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɷɦɭɥɶɫɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɢ flash-ɩɢɪɨɥɢɡɨɦ. ɉɨɫɤɨɥɶɤɭ ɫɨɞɟɪɠɚɧɢɟ 

ɮɪɚɤɰɢɢ ɋ19+ ɜ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɛɪɚɡɰɚɯ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɷɬɢɦɢ 

ɦɟɬɨɞɚɦɢ, ɧɟ ɩɪɟɜɵɲɚɟɬ 6 ɦɚɫɫ%.  

ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɵɦ 

ɮɪɚɤɰɢɨɧɧɵɦ ɫɨɫɬɚɜɨɦ, ɤɚɬɚɥɢɡɚɬɨɪ ɧɟɨɛɯɨɞɢɦɨ ɝɨɬɨɜɢɬɶ ɦɟɬɨɞɨɦ ɤɚɩɟɥɶɧɨɝɨ 

ɬɟɪɦɨɥɢɡɚ. 

ɋɨɞɟɪɠɚɧɢɟ ɧɟɧɚɫɵɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɚɯ ɫɢɧɬɟɡɚ ɧɚ 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɜɫɟɦɢ ɬɪɟɦɹ ɦɟɬɨɞɚɦɢ, ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ~50%. Ɍɚɤɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɥɟɮɢɧ/ɩɚɪɚɮɢɧ ɜ ɩɪɨɞɭɤɬɚɯ ɫɢɧɬɟɡɚ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɢɫɩɨɥɧɟɧɢɸ ɩɪɨɰɟɫɫɚ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɫɢɧɬɟɡɚ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ ɧɟ ɢɫɩɨɥɶɡɭɸɬ ɚɜɬɨɤɥɚɜɧɵɣ 

ɪɟɚɤɬɨɪ ɫ ɥɨɩɚɫɬɧɨɣ ɦɟɲɚɥɤɨɣ ɢɡ-ɡɚ ɧɟɭɞɨɛɫɬɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ 

ɨɫɨɛɟɧɧɨɫɬɹɦɢ: ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɨɬɜɨɞɟ ɬɟɩɥɚ ɤɚɤ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɵ ɬɚɤ ɢ ɨɬ 

ɜɪɚɳɚɸɳɢɯɫɹ ɷɥɟɦɟɧɬɨɜ ɚɝɪɟɝɚɬɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɜɬɨɤɥɚɜɧɵɣ ɪɟɚɤɬɨɪ ɫ ɥɨɩɚɫɬɧɨɣ 

ɦɟɲɚɥɤɨɣ ɡɚɝɪɭɡɤɨɣ 100 ɦɥ ɤɚɬɚɥɢɡɚɬɨɪɧɨɣ ɫɭɫɩɟɧɡɢɢ ɩɪɢ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɢ ɛɵɥ 

ɡɚɦɟɧɟɧ ɧɚ ɛɚɪɛɨɬɚɠɧɭɸ ɤɨɥɨɧɧɭ ɜɦɟɫɬɢɦɨɫɬɶɸ 2ɥ ɩɨ ɤɚɬɚɥɢɡɚɬɨɪɧɨɣ ɫɭɫɩɟɧɡɢɢ. ȼ 

ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɡɚɝɪɭɠɚɟɦɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɭɜɟɥɢɱɢɥɚɫɶ ɢ ɧɚɝɪɭɡɤɚ 

ɪɟɚɤɬɨɪɚ ɩɨ ɫɵɪɶɸ ɫ 25 ɥ/ɱɚɫ ɞɨ 500 ɥ/ɱɚɫ. ɉɪɢ ɷɬɨɦ ɪɚɫɱɟɬɧɵɟ ɝɚɛɚɪɢɬɵ ɪɟɚɤɬɨɪɚ 

ɫɨɫɬɚɜɢɥɢ: 4,8 ɫɦ – ɞɢɚɦɟɬɪ ɚɝɪɟɝɚɬɚ ɢ 1,25 ɦ – ɜɵɫɨɬɚ. 

Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɞɨɫɬɢɠɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɢɧɬɟɡɚ:  

ɋɴɟɦ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɟ ɧɢɠɟ1900ɦɥ/ɫɭɬɤɢ;  

Ʉɨɧɜɟɪɫɢɹ ɋɈ ɧɟ ɧɢɠɟ 80% 

ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɰɟɥɟɜɨɦɭ ɩɪɨɞɭɤɬɭ ɧɟ ɧɢɠɟ 85%  

ɉɪɢ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɟ ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ 72 ɱɚɫɨɜ. 

Ɂɚɩɭɫɤ ɭɫɬɚɧɨɜɤɢ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɜ ɚɩɪɟɥɟ 2015 ɝɨɞɚ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɂɇɏɋ ɊȺɇ ɧɚɱɚɬɵ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 
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ɩɨɥɭɱɟɧɢɹ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɩɪɨɞɭɤɬɨɜ ɢɡ ɫɢɧɬɟɡɚ-ɝɚɡɚ. ɉɨɢɫɤ ɢ ɪɚɡɪɚɛɨɬɤɚ ɷɬɢɯ 

ɫɢɫɬɟɦ ɜɩɢɫɵɜɚɟɬɫɹ ɜ ɨɛɳɭɸ ɤɨɧɰɟɩɰɢɸ ɝɢɛɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

 ȼɩɟɪɜɵɟ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɦɟɬɚɧɨɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɬɪɟɯɮɚɡɧɨɣ ɫɢɫɬɟɦɟ ɝɚɡ-ɠɢɞɤɨɫɬɶ-ɬɜɟɪɞɨɟ ɬɟɥɨ (ɫɥɚɪɪɢ-

ɪɟɚɤɬɨɪ). Ɉɪɢɝɢɧɚɥɶɧɵɟ ɋu-Zn ɤɚɬɚɥɢɡɚɬɨɪɵ ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɧɟ ɛɨɥɟɟ 200 ɧɦ ɛɵɥɢ 

ɫɮɨɪɦɢɪɨɜɚɧɵ ɦɟɬɨɞɨɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɬɟɪɦɨɥɢɡɚ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɂɇɏɋ ɊȺɇ. ȼ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ, ɯɨɬɟɥɨɫɶ ɛɵ ɨɬɦɟɬɢɬɶ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɧɨɪɚɡɦɟɪɧɵɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɢ ɨɱɟɧɶ ɜɵɫɨɤɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɦɟɬɚɧɨɥɭ.  

ȼɬɨɪɨɣ ɤɥɚɫɫ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɂɇɏɋ ɊȺɇ – 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɱɚɫɬɢɰɵ ɦɟɬɚɥɥɨɜ – 

ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɫɦɟɫɢ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɩɪɨɞɭɤɬɨɜ, ɨɛɨɝɚɳɟɧɧɵɟ ɫɩɢɪɬɚɦɢ ɋ2-

ɋ4. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɧɚ ɛɚɡɟ ɂɇɏɋ ɊȺɇ ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ 

ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɩɪɨɟɤɬ №17-73-30046). 
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Ɋɨɫɫɢɣɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɞɪɭɠɛɵ ɧɚɪɨɞɨɜ, Ɇɨɫɤɜɚ 
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ɂɫɤɥɸɱɢɬɟɥɶɧɨ ɛɨɝɚɬɚɹ ɚɥɥɨɬɪɨɩɢɹ – ɨɞɧɚ ɢɡ ɜɵɞɚɸɳɢɯɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɭɝɥɟɪɨɞɚ, ɨɞɧɚ ɢɡ ɧɢɲ ɤɨɬɨɪɨɣ ɡɚɧɹɬɚ ɚɦɨɪɮɧɵɦ ɭɝɥɟɪɨɞɨɦ, ɢɥɢ ɭɝɥɟɪɨɞɧɵɦɢ 

ɚɦɨɪɮɢɤɚɦɢ. Ʉɚɡɚɥɨɫɶ ɛɵ, ɩɪɨɫɬɚɹ ɧɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ, ɷɬɚ ɧɢɲɚ ɩɨɤɪɵɜɚɟɬ ɛɨɥɶɲɨɣ ɧɚɛɨɪ 

ɭɝɥɟɪɨɞɧɵɯ ɜɟɳɟɫɬɜ, ɤɚɤ ɩɪɢɪɨɞɧɵɯ, ɬɚɤ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɩɟɪɜɚɹ ɱɚɫɬɶ 

ɞɨɜɨɥɶɧɨ ɫɤɭɞɧɚ ɢ ɨɛɵɱɧɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɚɠɚɦɢ ɢ ɭɝɥɹɦɢ, ɜɤɥɸɱɚɹ ɞɪɟɜɟɫɧɵɣ ɭɝɨɥɶ, ɜ 

ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɨɫɥɟɞɧɹɹ ɞɨɜɨɥɶɧɨ ɛɨɝɚɬɚ, ɜɤɥɸɱɚɹ ɜ ɫɟɛɹ ɱɟɪɧɵɣ, ɫɬɟɤɥɨɜɢɞɧɵɣ , 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ, ɭɝɥɟɪɨɞɧɭɸ ɧɚɧɨɩɟɧɭ, ɭɝɥɟɪɨɞ ɫɚɪɛɢɞɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, 

ɭɝɥɟɪɨɞɧɵɟ ɜɨɥɨɤɧɚ, ɚɥɦɚɡɨɩɨɞɨɛɧɵɣ ɚɦɨɪɮɧɵɣ ɭɝɥɟɪɨɞ (-C: H ɢ (ta) -C) ɢ ɞɪɭɝɢɟ (ɫɦ. 

ɨɛɡɨɪɵ [1-9] ɢ ɫɫɵɥɤɢ ɜ ɧɢɯ).  

ɋɩɢɫɨɤ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɚɦɨɪɮɧɵɯ ɭɝɥɟɪɨɞɨɜ ɩɨɫɬɨɹɧɧɨ ɪɚɫɲɢɪɹɟɬɫɹ, ɩɨɫɤɨɥɶɤɭ 

ɜɫɟ ɛɨɥɶɲɟ ɢ ɛɨɥɶɲɟ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɧɨɜɵɯ ɦɟɬɨɞɨɜ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ ɷɬɨɬ ɦɚɬɟɪɢɚɥ ɫ 

ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɩɨɬɪɟɛɧɨɫɬɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɟɝɨ ɫɥɟɞɭɟɬ ɞɨɩɨɥɧɢɬɶ «ɬɟɯɧɢɱɟɫɤɢɦɢ 

ɝɪɚɮɟɧɚɦɢ», ɤɨɬɨɪɵɟ ɨɯɜɚɬɵɜɚɸɬ ɛɨɥɶɲɨɣ ɤɥɚɫɫ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɨɤɫɢɞɨɜ ɝɪɚɮɟɧɚ 

[10]. ɑɬɨ ɤɚɫɚɟɬɫɹ ɩɟɪɟɱɧɹ ɩɪɢɪɨɞɧɵɯ ɚɦɨɪɮɢɤɨɜ, ɬɨ ɨɧ ɞɨɥɝɨɟ ɜɪɟɦɹ ɨɫɬɚɜɚɥɫɹ 

ɧɟɢɡɦɟɧɧɵɦ, ɩɨɤɚ ɫɤɪɭɩɭɥɟɡɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɲɭɧɝɢɬɨɜɨɝɨ ɭɝɥɟɪɨɞɚ [11, 12] ɢ 

ɚɧɬɪɚɤɫɨɥɢɬɚ [13] ɭɛɟɞɢɬɟɥɶɧɨ ɧɟ ɭɤɚɡɚɥɢ, ɱɬɨ ɷɬɢ ɞɜɚ ɦɢɧɟɪɚɥɶɧɵɯ ɩɪɨɞɭɤɬɚ ɞɨɥɠɧɵ 

ɛɵɬɶ ɞɨɛɚɜɥɟɧɵ ɜ ɫɩɢɫɨɤ.  

ɉɪɢɪɨɞɧɵɟ ɚɦɨɪɮɢɤɢ ɹɜɥɹɸɬɫɹ ɩɪɨɞɭɤɬɨɦ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɢɪɨɞɧɨɣ 

ɥɚɛɨɪɚɬɨɪɢɢ ɜ ɬɟɱɟɧɢɟ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɜɪɟɦɟɧɢ ɠɢɡɧɢ, ɢɡɦɟɪɹɟɦɨɝɨ ɦɢɥɥɢɚɪɞɚɦɢ ɥɟɬ. 

Ȼɭɞɭɱɢ ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ, ɤɚɤ ɢ ɥɸɛɵɟ ɞɪɭɝɢɟ ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɦɢɧɟɪɚɥɵ, ɷɬɢ ɩɪɨɞɭɤɬɵ, 

ɬɟɦ ɧɟ ɦɟɧɟɟ, ɯɨɪɨɲɨ ɨɩɪɟɞɟɥɟɧɵ ɢ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɞɨɜɨɥɶɧɨ ɫɬɚɧɞɚɪɬɧɵɯ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɚɦɨɪɮɢɤɢ ɩɪɨɦɵɲɥɟɧɧɨ ɩɪɨɢɡɜɨɞɹɬɫɹ ɜ ɜɢɞɟ ɫɨɬɟɧ 

ɪɚɡɥɢɱɧɵɯ ɤɨɦɦɟɪɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ, ɤɨɬɨɪɵɟ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɪɚɡɦɟɪɭ ɩɟɪɜɢɱɧɵɯ 

ɱɚɫɬɢɰ, ɪɚɡɦɟɪɭ ɡɚɩɨɥɧɢɬɟɥɹ, ɮɨɪɦɟ, ɩɨɪɢɫɬɨɫɬɢ, ɩɥɨɳɚɞɢ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɬ. 

Ⱦ., ɨɛɟɫɩɟɱɢɜɚɹ ɬɟɦ ɫɚɦɵɦ ɨɱɟɧɶ ɲɢɪɨɤɭɸ ɲɤɚɥɭ ɦɧɨɝɨɛɪɚɡɢɹ ɢɯ ɮɢɡɢɱɟɫɤɢɯ ɢ 

ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ɇɚ ɷɬɨɦ ɮɨɧɟ ɟɫɬɟɫɬɜɟɧɧɵɟ ɚɦɨɪɮɧɨɫɬɢ ɜɵɝɥɹɞɹɬ ɯɨɪɨɲɨ 

ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɵɦɢ ɨɩɨɪɧɵɦɢ ɨɛɴɟɤɬɚɦɢ, ɫɪɚɜɧɟɧɢɟ ɫ ɤɨɬɨɪɵɦɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɥɢɬɶ 

ɫɜɟɬ ɧɚ ɩɪɢɪɨɞɭ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɭɝɥɟɪɨɞɨɜ. ȼ 
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ɧɚɫɬɨɹɳɟɦ ɞɨɤɥɚɞɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɬɚɤɨɟ ɫɪɚɜɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɷɮɮɟɤɬɢɜɧɵɦ ɢ 

ɩɥɨɞɨɬɜɨɪɧɵɦ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɫɪɚɜɧɟɧɢɹ ɜɵɛɪɚɧɵ ɬɪɢ ɚɦɨɪɮɢɤɚ: ɞɜɚ ɩɪɢɪɨɞɧɵɯ, 

ɚ ɢɦɟɧɧɨ ɲɭɧɝɢɬɨɜɵɣ ɭɝɥɟɪɨɞ ɢ ɚɧɬɪɨɤɫɚɥɢɬ, ɢ ɱɟɪɧɵɣ ɭɝɥɟɪɨɞ (ɬɟɯɧɢɱɟɫɤɢɣ ɭɝɥɟɪɨɞ) 

ɤɚɤ ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɚɦɨɪɮɧɵɯ ɭɝɥɟɪɨɞɨɜ. Ɍɚɤ, 

ɟɝɨ ɦɢɪɨɜɨɣ ɫɩɪɨɫ ɜ 2016 ɝɨɞɭ ɫɨɫɬɚɜɥɹɥ ~ 12,625 ɦɥɧ. ɬɨɧɧ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɞɥɹ 

ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɚɪɦɢɪɭɸɳɢɯ ɧɚɩɨɥɧɢɬɟɥɟɣ ɜ ɲɢɧɚɯ, ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɢ ɞɪɭɝɢɯ 

ɪɟɡɢɧɨɜɵɯ ɢɡɞɟɥɢɣ ɨɛɳɟɝɨ ɩɨɥɶɡɨɜɚɧɢɹ. ɋɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɟ ɪɵɧɤɢ ɜɤɥɸɱɚɸɬ 

ɤɪɚɫɤɢ ɢ ɩɨɤɪɵɬɢɹ, ɩɟɱɚɬɧɵɟ ɤɪɚɫɤɢ, ɬɨɧɟɪɵ ɢ ɩɥɚɫɬɦɚɫɫɵ. Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ ɷɬɨɝɨ 

ɪɵɧɤɚ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 12,9-13 ɦɥɪɞ ɞɨɥɥɚɪɨɜ. 

ɒɭɧɝɢɬɧɵɣ ɭɝɥɟɪɨɞ, ɚɧɬɪɚɤɫɨɥɢɬɵ, ɫɚɠɚ,  ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢ ɬɟɯɧɢɱɟɫɤɢɣ 

ɭɝɥɟɪɨɞ, ɫ ɞɪɭɝɨɣ, ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɟɞɢɧɨɟ ɚɥɥɨɬɪɨɩɧɨɟ ɫɟɦɟɣɫɬɜɨ sp2 ɭɝɥɟɪɨɞɨɜ, 

ɨɛɥɚɞɚɸɳɢɯ ɭɧɢɤɚɥɶɧɨɣ ɨɛɳɧɨɫɬɶɸ. Ɇɢɤɪɨ- ɢ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɝɪɚɮɟɧɨɜɵɟ ɮɪɚɝɦɟɧɬɵ, 

ɩɚɤɭɸɳɢɟɫɹ ɫɬɨɥɛɢɤɚɦɢ, ɫɨɫɬɚɜɥɹɸɬ ɨɫɧɨɜɭ ɷɬɨɣ ɨɛɳɧɨɫɬɢ. Ƚɪɚɮɟɧɨɜɵɟ ɮɪɚɝɦɟɧɬɵ, ɜ 

ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɛɪɚɦɥɟɧɵ ɯɢɦɢɱɟɫɤɢɦɢ ɝɪɭɩɩɚɦɢ, ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɭɫɥɨɜɢɹɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɦɨɪɮɢɤɚ. Ɉɛɵɱɧɨ ɫɪɟɞɢ ɷɥɟɦɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɷɬɢɯ 

ɝɪɭɩɩ, ɧɚɛɥɸɞɚɸɬɫɹ ɜɨɞɨɪɨɞ, ɤɢɫɥɨɪɨɞ, ɫɟɪɚ, ɚɡɨɬ ɢ ɞɪ. Ɉɛɪɚɡɨɜɚɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 

ɨɛɪɚɦɥɟɧɧɵɟ ɝɪɚɮɟɧɨɜɵɟ ɮɪɚɝɦɟɧɬɵ (ɈȽɎ) ɹɜɥɹɸɬɫɹ ɛɚɡɨɜɵɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ 

ɷɥɟɦɟɧɬɚɦɢ sp2 ɚɦɨɪɮɢɤɨɜ. ɒɢɪɨɤɨ ɜɚɪɶɢɪɭɟɦɵɣ ɫɨɫɬɚɜ ɨɛɪɚɦɥɹɸɳɢɯ ɝɪɭɩɩ 

ɫɨɫɬɚɜɥɹɟɬ ɨɫɧɨɜɭ ɪɚɡɥɢɱɢɹ ɫɜɨɣɫɬɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɭɝɥɟɪɨɞɨɜ. ɉɪɢɜɨɞɢɬɫɹ 

ɩɨɞɪɨɛɧɵɣ ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫɬɪɭɤɬɭɪɵ ɈȽɎ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɲɭɧɝɢɬɨɜɨɦɭ 

ɭɝɥɟɪɨɞɭ, ɚɧɬɪɚɤɫɨɥɢɬɭ, ɫɚɠɟ ɢ ɬɟɯɧɢɱɟɫɤɨɦɭ ɭɝɥɟɪɨɞɭ ɜ ɜɢɞɟ carbon black.  
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ɗɇȿɊȽȿɌɂɑȿɋɄɂȿ ɊȿɋɍɊɋɕ: ɉɊɈȻɅȿɆɕ ɂ ɉɊɈȽɇɈɁɕ.  
ɆɈȽɍɌ Ʌɂ ȼɈɁɈȻɇɈȼɅəȿɆɕȿ ɂɋɌɈɑɇɂɄɂ ɗɇȿɊȽɂɂ ɁȺɆȿɇɂɌɖ 

ɂɋɄɈɉȺȿɆɈȿ ɌɈɉɅɂȼɈ? 

Ⱥɪɭɬɸɧɨɜ ȼ.ɋ. 1,2, Ʌɢɫɢɱɤɢɧ Ƚ.ȼ.2, ɋɬɪɟɤɨɜɚ Ʌ.ɇ.1 

ENERGY RESOURCES: PROBLEMS AND FORECASTS. 

IS IT POSSIBLE TO REPLACE FOSSIL FUELS BY RENEWABLE SOURCES? 
1 ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ, 

E-mail: v_arutyunov@mail.ru  
2 Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

 

Ⱦɚɧ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɨɫɧɨɜɧɵɯ ɬɟɧɞɟɧɰɢɣ ɪɚɡɜɢɬɢɹ ɦɢɪɨɜɨɣ 

ɷɧɟɪɝɟɬɢɤɢ. ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ ɜ ɩɪɢɧɰɢɩɟ ɧɟ 

ɫɩɨɫɨɛɧɵ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɪɚɫɬɭɳɢɟ ɩɨɬɪɟɛɧɨɫɬɢ ɱɟɥɨɜɟɱɟɫɬɜɚ ɜ ɷɧɟɪɝɢɢ ɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 

ɜɫɟɝɨ ɏɏI ɜɟɤɚ ɢɯ ɪɨɥɶ ɛɭɞɟɬ ɨɫɬɚɜɚɬɶɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɤɪɨɦɧɨɣ. Ɉɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ 

ɷɧɟɪɝɢɢ ɞɨ ɤɨɧɰɚ ɜɟɤɚ ɨɫɬɚɧɟɬɫɹ ɢɫɤɨɩɚɟɦɨɟ ɬɨɩɥɢɜɨ. ɂɡ-ɡɚ ɫɨɤɪɚɳɟɧɢɹ ɞɨɫɬɭɩɧɵɯ 

ɪɟɫɭɪɫɨɜ ɧɟɮɬɢ ɟɟ ɞɨɥɹ ɜ ɦɢɪɨɜɨɦ ɷɧɟɪɝɨɛɚɥɚɧɫɟ ɛɭɞɟɬ ɩɨɫɬɨɹɧɧɨ ɫɧɢɠɚɬɶɫɹ, ɚ ɞɨɥɹ 

ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ – ɪɚɫɬɢ. ȼ ɞɨɥɝɨɫɪɨɱɧɨɣ ɩɟɪɫɩɟɤɬɢɜɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɟɪɶɟɡɧɵɟ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ, ɭ ɱɟɥɨɜɟɱɟɫɬɜɚ ɩɨɤɚ ɧɟɬ ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ, ɤɪɨɦɟ ɬɟɪɦɨɹɞɟɪɧɨɣ 

ɷɧɟɪɝɟɬɢɤɢ. Ɉɞɧɚɤɨ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɷɧɬɪɨɩɢɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɪɚɡɜɢɬɢɟ ɰɢɜɢɥɢɡɚɰɢɢ 

ɬɪɟɛɭɟɬ ɩɨɫɬɨɹɧɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ. ȼ ɛɭɞɭɳɟɦ ɷɬɨ ɧɟɢɡɛɟɠɧɨ 

ɩɪɢɜɟɞɟɬ ɤ ɧɚɪɭɲɟɧɢɸ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɩɥɚɧɟɬɵ ɛɟɡɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ ɜ ɚɬɦɨɫɮɟɪɟ ɢ ɬɢɩɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ.  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɉɪɨɝɪɚɦɦɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɧɚ 2013-2020 ɝɝ. ɩɨ ɬɟɦɟ ɂɏɎ ɊȺɇ №47.16. 
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ȺɋɎȺɅɖɌȿɇɈȼɕȿ ȺȽɊȿȽȺɌɕ ȾɅə ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ 
ɌȿɏɇɈȽȿɇɇɕɏ ɂ ɗȼɈɅɘɐɂɈɇɇɕɏ ɉɊɈɐȿɋɋɈȼ ȼ ɇȿɎɌəɇɈɃ ɁȺɅȿɀɂ  

Ƚɚɧɟɟɜɚ ɘ.Ɇ., ɘɫɭɩɨɜɚ Ɍ.ɇ., Ȼɚɪɫɤɚɹ ȿ.ȿ., Ɉɯɨɬɧɢɤɨɜɚ ȿ.ɋ., Ɋɨɦɚɧɨɜ Ƚ.ȼ. 
ASPHALTENE AGGREGATES FOR CHARACTERIZATION OF TECHNOGENIC 

AND EVOLUTION PROCESSES IN OIL DEPOSITS  
ɂɈɎɏ ɢɦ. Ⱥ.ȿ. Ⱥɪɛɭɡɨɜɚ – ɨɛɨɫɨɛɥɟɧɧɨɟ ɫɬɪɭɤɬɭɪɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ Ɏɂɐ Ʉɚɡɇɐ ɊȺɇ 

E-mail: ganeeva@iopc.ru 

 

ȼ ɞɨɤɥɚɞɟ ɛɭɞɭɬ ɢɡɥɨɠɟɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɫɬɪɭɤɬɭɪɟ ɢ ɩɨɜɟɞɟɧɢɢ 

ɚɫɮɚɥɶɬɟɧɨɜ, ɢɯ ɜɥɢɹɧɢɢ ɧɚ ɫɜɨɣɫɬɜɚ ɧɟɮɬɹɧɨɣ ɫɢɫɬɟɦɵ. Ȼɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ ɜɡɚɢɦɨɫɜɹɡɶ 

ɚɫɮɚɥɶɬɟɧɨɜ ɫɨ ɫɦɨɥɚɦɢ ɢ ɩɨɪɮɢɪɢɧɨɜɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ, ɞɚɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɮɚɡɨɜɨɦ 

ɫɨɫɬɚɜɟ ɚɫɮɚɥɶɬɟɧɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨ ɬɟɦɩɟɪɚɬɭɪɧɨɣ  ɡɚɜɢɫɢɦɨɫɬɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ 

ɚɫɮɚɥɶɬɟɧɨɜ ɢ ɫɨɫɬɚɜɟ ɢ ɫɜɨɣɫɬɜɚɯ ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɜ ɧɢɯ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 

ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ ɚɫɮɚɥɶɬɟɧɨɜ ɩɥɚɫɬɨɜɵɯ (ɪɟɡɟɪɜɭɚɪɧɵɯ) ɛɢɬɭɦɨɜ ɛɭɞɭɬ 

ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɩɪɢɪɨɞɧɵɟ ɢ ɬɟɯɧɨɝɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɧɟɮɬɹɧɨɣ ɡɚɥɟɠɢ ɢ ɜɵɹɜɥɟɧɵ 

ɩɪɢɱɢɧɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɡɜɥɟɤɚɟɦɵɯ ɡɚɩɚɫɨɜ ɧɟɮɬɢ ɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɜɥɟɤɚɟɦɵɟ. ɇɚ 

ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɢ ɨɤɤɥɸɞɢɪɨɜɚɧɧɵɯ ɜ ɚɫɮɚɥɶɬɟɧɚɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɛɭɞɭɬ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɷɜɨɥɸɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɡɚɥɟɠɢ, ɢ ɨɰɟɧɟɧɚ 

ɫɬɟɩɟɧɶ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɢɫɯɨɞɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ.   
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Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɪɟɤɢɧɝ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ ɭɠɟ ɛɨɥɟɟ 70 ɥɟɬ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɝɥɭɛɨɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ. Ʉɢɫɥɨɬɧɚɹ ɩɪɢɪɨɞɚ ɤɚɬɚɥɢɡɚɬɨɪɚ, 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɩɪɨɰɟɫɫɟ, ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɣ ɤɪɟɤɢɧɝɚ ɩɨ 

ɤɚɪɛɨɤɚɬɢɨɧɧɨɦɭ ɦɟɯɚɧɢɡɦɭ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɩɪɟɞɟɥɹɟɬ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ 

ɩɪɟɜɪɚɳɟɧɢɹ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɤɬɨɜ 

ɢɡɨɦɟɪɧɵɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɹɜɥɹɸɳɢɯɫɹ ɤɨɦɩɨɧɟɧɬɚɦɢ 

ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɦɨɬɨɪɧɨɝɨ ɬɨɩɥɢɜɚ.  

Ʉɥɚɫɫɢɱɟɫɤɢɣ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɪɟɤɢɧɝ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɦɢ 

ɨɝɪɚɧɢɱɟɧɢɹɦɢ, ɝɥɚɜɧɵɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɜɜɨɞɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɜɨɞɨɪɨɞɚ ɜ ɪɟɚɤɰɢɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɟɩɟɧɶ ɩɪɟɜɪɚɳɟɧɢɹ ɫɵɪɶɹ ɜɨ ɦɧɨɝɨɦ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɝɨ ɫɨɨɬɧɨɲɟɧɢɟɦ ɇ/ɋ – ɱɟɦ ɬɹɠɟɥɟɟ ɫɵɪɶɟ, ɬɟɦ ɦɟɧɶɲɟ ɟɝɨ ɤɨɧɜɟɪɫɢɹ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɜɥɟɱɟɧɢɟ ɜ ɫɵɪɶɟ ɤɪɟɤɢɧɝɚ ɬɹɠɟɥɵɯ ɨɫɬɚɬɨɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢɜɨɞɢɬ ɤ 

ɡɚɤɭɩɨɪɤɟ ɩɨɪ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ ɟɝɨ ɛɵɫɬɪɨɣ ɞɟɡɚɤɬɢɜɚɰɢɢ. 

Ɉɫɧɨɜɧɵɟ ɭɫɢɥɢɹ ɩɨ ɩɨɜɵɲɟɧɢɸ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɫɵɪɶɹ ɜ ɩɪɨɰɟɫɫɟ 

ɤɪɟɤɢɧɝɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ: ɜɜɟɞɟɧɢɟ ɜ 

ɰɟɨɥɢɬ ɦɟɨɡɨɩɨɪ [1], ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɰɟɨɥɢɬ/ɦɚɬɪɢɰɚ [2], ɢɡɦɟɧɟɧɢɟ 

ɤɢɫɥɨɬɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ [3] ɢ ɬ.ɞ. Ɉɱɟɜɢɞɧɨ, ɨɞɧɚɤɨ, ɱɬɨ 

ɩɪɢɦɟɧɹɟɦɵɟ ɩɨɞɯɨɞɵ ɧɟ ɦɨɝɭɬ ɫɧɹɬɶ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɪɟɚɤɰɢɢ; 

ɧɟɨɛɯɨɞɢɦ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɤɚɬɚɥɢɡɭ ɪɟɚɤɰɢɣ ɤɪɟɤɢɧɝɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨ ɜɵɝɥɹɞɢɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɧɰɟɩɰɢɢ 

ɧɚɧɨɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɜ ɩɪɢɦɟɧɟɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫ ɪɚɡɦɟɪɨɦ 

ɡɟɪɧɚ, ɧɚɯɨɞɹɳɢɦɫɹ ɜ ɧɚɧɨɦɟɬɪɨɜɨɣ ɨɛɥɚɫɬɢ – 1-200 ɧɦ. ɋɧɢɠɟɧɢɟ ɪɚɡɦɟɪɨɜ ɡɟɪɧɚ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɨ ɩɨɪɹɞɤɨɜ ɪɚɡɦɟɪɨɜ ɪɟɚɝɢɪɭɸɳɢɯ ɦɨɥɟɤɭɥ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɭɜɟɥɢɱɢɬɶ ɭɞɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɫɧɢɡɢɬɶ ɫɤɨɪɨɫɬɶ ɟɝɨ ɞɟɡɚɤɬɢɜɚɰɢɢ [4]. 

Ʉɨɧɰɟɩɰɢɹ ɭɫɩɟɲɧɨ ɨɩɪɨɛɨɜɚɧɚ ɧɚ ɩɪɢɦɟɪɟ ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ [5], ɫɢɧɬɟɡɚ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ [6], ɫɢɧɬɟɡɚ ɨɥɟɮɢɧɨɜ ɢɡ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ [7] ɢ ɬ.ɞ., 

ɩɪɢɱɟɦ ɩɪɨɰɟɫɫ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ ɧɚ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɞɨɜɟɞɟɧ ɞɨ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɣ ɫɬɚɞɢɢ. 
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Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɞɯɨɞɨɜ ɧɚɧɨɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ ɞɥɹ 

ɤɪɟɤɢɧɝɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫɨɩɪɹɠɟɧɨ ɫ ɪɹɞɨɦ ɩɪɨɛɥɟɦ. Ɉɞɧɨɣ ɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɧɚɧɨɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɟ ɧɚɥɢɱɢɟ ɠɢɞɤɨɣ ɞɢɫɩɟɪɫɢɨɧɧɨɣ 

ɫɪɟɞɵ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɫɨɡɞɚɸɳɟɣ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɛɚɪɶɟɪ, ɤɨɬɨɪɵɣ 

ɩɪɟɩɹɬɫɬɜɭɟɬ ɚɝɥɨɦɟɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ, ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɟɧɧɨ ɨɝɪɚɧɢɱɟɧɚ; ɧɟɨɛɯɨɞɢɦ ɜɵɫɨɤɨɚɤɬɢɜɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ, 

ɩɪɨɹɜɥɹɸɳɢɣ ɜɵɫɨɤɭɸ ɤɢɫɥɨɬɧɨɫɬɶ ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ. Ɍɪɚɞɢɰɢɨɧɧɵɟ ɤɢɫɥɨɬɧɵɟ 

ɤɚɬɚɥɢɡɚɬɨɪɵ– ɰɟɨɥɢɬɵ – ɢɦɟɸɬ ɧɟɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɹɯ ɤɪɟɤɢɧɝɚ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɟɧɟɟ 450 °ɋ; ɤɪɨɦɟ ɬɨɝɨ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɬɫɭɬɫɬɜɭɸɬ ɫɩɨɫɨɛɵ in situ 

ɫɢɧɬɟɡɚ ɰɟɨɥɢɬɨɜ ɜ ɧɟɜɨɞɧɨɣ ɫɪɟɞɟ ɫ ɮɢɧɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ ɡɟɪɧɚ ɦɟɧɟɟ 300 ɧɦ. 

ɂɡɜɟɫɬɧɵɟ ɫɭɩɟɪɤɢɫɥɨɬɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɬɚɤɢɟ ɤɚɤ WO3/ZrO2 ɢɥɢ SO4/ZrO2 ɬɚɤɠɟ ɧɟ ɦɨɝɭɬ 

ɛɵɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɵ in situ, ɬ.ɤ. ɬɪɟɛɭɟɬ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɚɤɬɢɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɫɜɵɲɟ 500 °ɋ).  

ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɤɪɟɤɢɧɝɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɠɢɞɤɨɣ 

ɮɚɡɟ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ. ɇɟɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɷɬɨɝɨ ɤɥɚɫɫɚ 

ɫɨɟɞɢɧɟɧɢɣ ɢɦɟɸɬ ɤɢɫɥɨɬɧɨɫɬɶ ɧɚ ɭɪɨɜɧɟ ɰɟɨɥɢɬɨɜ (ZSM-5, ɦɨɪɞɟɧɢɬ), ɚ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɚɤɬɢɜɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɞɥɹ ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 300-400 °ɋ. Ⱦɥɹ ɫɢɧɬɟɡɚ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɜ ɤɪɟɤɢɧɝɚ ɜ ɫɥɭɱɚɟ 

ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬ ɩɪɢɝɨɞɧɵ ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ – ɬɟɪɦɨɥɢɡ ɨɛɪɚɬɧɵɯ 

ɦɢɤɪɨɷɦɭɥɶɫɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɩɪɟɤɭɪɫɨɪ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɤɚɩɟɥɶɧɵɣ ɬɟɪɦɨɥɢɡ ɢ ɬ.ɞ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɫɢɧɬɟɡɚ ɜɨɡɦɨɠɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ, ɫɨɞɟɪɠɚɳɢɯ ɤɢɫɥɨɬɧɭɸ ɬɜɟɪɞɭɸ 

ɮɚɡɭ ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɦɟɧɟɟ 10 ɧɦ. 

ɉɪɢɦɟɧɟɧɢɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɮɨɫɮɨɪ- ɢ 

ɤɪɟɦɧɟɜɨɥɶɮɪɚɦɨɜɵɯ ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬ ɞɥɹ ɤɪɟɤɢɧɝɚ ɫɦɟɫɢ ɧ-ɚɥɤɚɧɨɜ ɋ20-ɋ30 

ɩɨɤɚɡɵɜɚɟɬ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɚɧɧɨɝɨ ɬɢɩɚ. Ƚɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ ɩɪɨɹɜɢɥɢ 

ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɩɪɟɜɪɚɳɟɧɢɹɯ ɤɚɪɛɨɤɚɬɢɨɧɨɜ – ɜ ɩɪɨɞɭɤɬɚɯ ɧɚɛɥɸɞɚɥɨɫɶ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɢɡɨɦɟɪɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɪɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɚɥɤɟɧɨɜ. ɋɧɢɠɟɧɢɹ 

ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ ɧɚ ɨɫɧɨɜɟ ɜɨɥɶɮɪɚɦɚ ɹɜɥɹɸɬɫɹ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɜɵɫɨɤɨɚɤɬɢɜɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɤɪɟɤɢɧɝɚ 

ɧɨɜɨɝɨ ɬɢɩɚ; ɜɜɟɞɟɧɢɟ ɜ ɤɚɬɚɥɢɡɚɬɨɪ ɝɢɞɪɢɪɭɸɳɟɣ ɮɭɧɤɰɢɢ ɩɨɡɜɨɥɢɬ ɜɨɜɥɟɤɚɬɶ ɜ 

ɪɟɚɤɰɢɸ ɜɧɟɲɧɢɣ ɜɨɞɨɪɨɞ ɢ ɫɧɹɬɶ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɫɬɟɩɟɧɶ 

ɩɪɟɜɪɚɳɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ. 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ Ɋɨɫɫɢɣɫɤɨɝɨ ɇɚɭɱɧɨɝɨ Ɏɨɧɞɚ (ɋɨɝɥɚɲɟɧɢɟ 

№ 17-73-30046). 
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ɋȿɊɈɉɈɇɂɀȺɘɓɂȿ ȾɈȻȺȼɄɂ Ʉ ɄȺɌȺɅɂɁȺɌɈɊȺɆ ɄɊȿɄɂɇȽȺ ɇȺ 
ɈɋɇɈȼȿ ȺɅɘɆɈɋɂɅɂɄȺɌȺ Al-MCM-41 ɂ ȽȺɅɅɍȺɁɂɌɇɕɏ 

ɇȺɇɈɌɊɍȻɈɄ 

Ƚɥɨɬɨɜ Ⱥ.ɉ.1, Ʌɟɜɲɚɤɨɜ ɇ.ɋ.1, Ⱥɪɬɟɦɨɜɚ Ɇ.ɂ.1, ȼɭɬɨɥɤɢɧɚ Ⱥ.ȼ.2, Ʌɵɫɟɧɤɨ ɋ.ȼ.2 
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ɉɨɫɬɨɹɧɧɨ ɭɠɟɫɬɨɱɚɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɤ ɦɨɬɨɪɧɵɦ ɬɨɩɥɢɜɚɦ ɩɨ ɫɨɞɟɪɠɚɧɢɸ 

ɫɟɪɵ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɪɟɤɢɧɝ – ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ 

ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ. Ɉɞɢɧ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɟɪɵ ɜ 

ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɚɯ ɤɪɟɤɢɧɝɚ ɛɟɡ ɩɨɬɟɪɢ ɨɤɬɚɧɨɜɨɝɨ ɱɢɫɥɚ – ɩɪɢɦɟɧɟɧɢɟ 

ɫɟɪɨɩɨɧɢɠɚɸɳɢɯ ɞɨɛɚɜɨɤ. 

Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɞɨɛɚɜɤɢ ɧɚ ɨɫɧɨɜɟ ɦɟɡɨɩɨɪɢɫɬɵɯ ɨɤɫɢɞɨɜ 

ɤɪɟɦɧɢɹ MCM-41 ɢ HMS [1, 2]. Ɉɫɧɨɜɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɸɬɫɹ 

ɜɵɫɨɤɚɹ ɭɞɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ, ɜɵɫɨɤɚɹ ɚɞɫɨɪɛɰɢɨɧɧɚɹ 

ɟɦɤɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɟɪɧɢɫɬɵɦ ɫɨɟɞɢɧɟɧɢɹɦ, ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɧɬɪɨɥɹ ɬɟɤɫɬɭɪɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɤɢɫɥɨɬɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ. Ɉɞɧɚɤɨ ɦɟɡɨɩɨɪɢɫɬɵɟ ɫɢɥɢɤɚɬɵ 

ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ 

ɩɪɢɦɟɧɟɧɢɹ  ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɨɜ ɞɨɛɚɜɨɤ ɤ ɤɚɬɚɥɢɡɚɬɨɪɚɦ ɤɪɟɤɢɧɝɚ [3] ɢ ɬɪɟɛɭɟɬ 

ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ.  

Ƚɚɥɥɭɚɡɢɬɧɵɟ ɧɚɧɨɬɪɭɛɤɢ – ɷɬɨ ɚɥɸɦɨɫɢɥɢɤɚɬɵ ɫ ɩɨɥɨɣ ɦɢɤɪɨ- ɢ ɧɚɧɨ 

ɬɪɭɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɫɯɨɠɢɟ ɩɨ ɫɨɫɬɚɜɭ ɫ ɰɟɨɥɢɬɚɦɢ ɢ ɨɛɥɚɞɚɸɳɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ 

ɫɯɨɞɫɬɜɨɦ ɫ ɭɝɥɟɪɨɞɧɵɦɢ ɧɚɧɨɬɪɭɛɤɚɦɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɝɚɥɥɭɚɡɢɬ ɨɛɥɚɞɚɟɬ 

ɜɵɫɨɤɨɣ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ [4] ɢ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶɸ [5]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɚɪɦɢɪɨɜɚɧɢɟ ɦɟɡɨɩɨɪɢɫɬɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɝɚɥɥɭɚɡɢɬɧɵɦɢ ɧɚɧɨɬɪɭɛɤɚɦɢ ɩɨɡɜɨɥɢɬ 

ɩɨɥɭɱɢɬɶ ɦɚɬɟɪɢɚɥɵ, ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ, ɫ 

ɡɚɞɚɧɧɵɦɢ ɬɟɤɫɬɭɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɤɢɫɥɨɬɧɨɫɬɶɸ. 

ȼ ɪɚɛɨɬɟ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɚɬɟɪɢɚɥɵ ɫɨɫɬɚɜɚ: Al-MCM-41/Hal, Hal/Al2O3, Al-

MCM-41/Al2O3 c ɫɨɨɬɧɨɲɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ 60/40 %ɦɚɫ. ɢ Zn-, Mg-, La-ɫɨɞɟɪɠɚɳɢɟ 

ɞɨɛɚɜɤɢ ɧɚ ɢɯ ɨɫɧɨɜɟ. ȼɫɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɦɟɬɨɞɚɦɢ ɂɄ-

ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɌɉȾ ɚɦɦɢɚɤɚ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ/ɞɟɫɨɪɛɰɢɢ ɚɡɨɬɚ ɢ ɊɎȺ.  

ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɤɢɫɥɨɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɞɨɛɚɜɨɤ, ɧɚ 

ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɢ ɫɨɞɟɪɠɚɧɢɟ ɤɨɤɫɚ (ɬɚɛɥɢɰɚ). Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ 

ɍ-I-2 
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ɭɜɟɥɢɱɟɧɢɟɦ ɤɢɫɥɨɬɧɨɫɬɢ, ɪɚɫɬɟɬ ɜɵɯɨɞ ɛɟɧɡɢɧɨɜɨɣ ɮɪɚɤɰɢɢ ɢ ɫɨɞɟɪɠɚɧɢɟ ɤɨɤɫɚ. ɗɬɨ 

ɨɛɴɹɫɧɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟɦ ɞɨɥɢ ɪɟɚɤɰɢɣ ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɤɪɟɤɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ. Ɍɚɤ, ɞɥɹ ɦɚɬɟɪɢɚɥɚ Al-MCM-41/Al2O3 ɤɢɫɥɨɬɧɨɫɬɶ ɛɨɥɶɲɟ ɜ 3 

ɪɚɡɚ, ɱɟɦ ɞɥɹ Al-MCM-41 ɢ ɜ 2 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ Al2O3. 

Ɍɚɛɥɢɰɚ. Ⱦɚɧɧɵɟ ɩɨ ɤɢɫɥɨɬɧɨɫɬɢ ɞɨɛɚɜɨɤ, ɜɵɯɨɞɨɜ ɛɟɧɡɢɧɨɜɨɣ ɮɪɚɤɰɢɢ ɢ 

ɫɨɞɟɪɠɚɧɢɹ ɤɨɤɫɚ 

Ɉɛɪɚɡɟɰ Ʉɢɫɥɨɬɧɨɫɬɶ* ȼɵɯɨɞ ɮɪɚɤɰɢɢ 

ɧ.ɤ.-200 ɨɋ, %ɦɚɫ 

ɋɨɞɟɪɠɚɧɢɟ ɤɨɤɫɚ, 

%ɦɚɫ 

Al-MCM-41 115 41 5 

Al2O3 214 42 5 

Al-MCM-41/Al2O3 433 44 8 

5%La-Al-MCM-41/Al2O3 522 44 9 

*Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɚɦɦɢɚɤɚ, ɦɤɦɨɥɶ/ɝ  

 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɤɚɡɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ ɤɨɥɢɱɟɫɬɜɟ 10 %ɦɚɫ ɤ 

ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɪɚɜɧɨɜɟɫɧɨɦɭ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɦɭ ɤɚɬɚɥɢɡɚɬɨɪɭ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɫɧɢɠɟɧɢɟ ɫɟɪɵ ɜ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɚɯ ɤɪɟɤɢɧɝɚ  ɧɟɝɢɞɪɨɨɱɢɳɟɧɧɨɝɨ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ 

ɧɚ 25% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɛɟɡ ɞɨɛɚɜɤɢ. Ⱦɥɹ 

ɞɨɛɚɜɨɤ ɧɚ ɨɫɧɨɜɟ ɧɨɫɢɬɟɥɹ Hal/Al2O3 ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɟɪɵ ɜ 

ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɚɯ ɧɚ 10-15 % ɢ ɩɨɜɵɲɟɧɧɵɣ ɜɵɯɨɞ ɛɟɧɡɢɧɨɜɨɣ ɮɪɚɤɰɢɢ ɧɚ 2-3 % ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ ɛɟɡ ɞɨɛɚɜɤɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɩɪɨɟɤɬ 

№17-79-10301). 
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Ɉɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɡɚɞɚɱ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɪɟɜɪɚɳɟɧɢɹ ɬɹɠɟɥɨɝɨ ɫɵɪɶɹ ɜ ɫɜɟɬɥɵɟ ɩɪɨɞɭɤɬɵ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɪɟɤɢɧɝ ɹɜɥɹɟɬɫɹ 

ɨɫɧɨɜɧɵɦ ɩɪɨɰɟɫɫɨɦ ɝɥɭɛɨɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɤɪɟɤɢɧɝɚ 

ɢɫɩɨɥɶɡɭɸɬ ɜɚɤɭɭɦɧɵɣ ɝɚɡɨɣɥɶ ɲɢɪɨɤɨɝɨ ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɬɹɠɟɥɨɟ ɨɫɬɚɬɨɱɧɨɟ 

ɫɵɪɶɟ. ɇɚɪɹɞɭ ɫ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ ɜ ɫɵɪɶɟ ɫɨɞɟɪɠɚɬɫɹ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɦɟɬɚɥɥɨɜ, 

ɤɢɫɥɨɪɨɞɚ, ɫɟɪɵ ɢ ɚɡɨɬɚ [1], ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɨɫɬɚɜ 

ɩɨɥɭɱɚɟɦɵɯ ɩɪɨɞɭɤɬɨɜ ɤɪɟɤɢɧɝɚ. Ɉɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɜ ɫɵɪɶɟ ɤɪɟɤɢɧɝɚ ɞɨɫɬɢɝɚɟɬ 

0,3 ɦɚɫ. %. 

ȼɨɡɦɨɠɧɵɦ ɫɩɨɫɨɛɨɦ ɭɦɟɧɶɲɟɧɢɹ ɞɟɡɚɤɬɢɜɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ 

ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪ ɤɪɟɤɢɧɝɚ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɫɩɟɰɢɚɥɶɧɵɯ ɞɨɛɚɜɨɤ [2 – 4]. Ⱦɟɣɫɬɜɢɟ ɞɨɛɚɜɨɤ ɡɚɤɥɸɱɚɟɬɫɹ ɥɢɛɨ ɜ ɫɟɥɟɤɬɢɜɧɨɣ 

ɚɞɫɨɪɛɰɢɢ ɫɨɟɞɢɧɟɧɢɣ ɚɡɨɬɚ, ɥɢɛɨ ɜ ɩɪɟɜɪɚɳɟɧɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɚɡɨɬɚ ɜ 

ɦɟɧɟɟ ɨɫɧɨɜɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɧɚɩɪɢɦɟɪ ɚɡɨɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɛɚɜɤɢ ɩɪɟɞɨɬɜɪɚɳɚɸɬ 

ɛɥɨɤɢɪɨɜɤɭ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɤɚɬɚɥɢɡɚɬɨɪɚ (ɭɥɶɬɪɚɫɬɚɛɢɥɶɧɨɝɨ 

ɰɟɨɥɢɬɚ ɬɢɩɚ Y) ɢ ɩɨɞɞɟɪɠɢɜɚɸɬ ɟɝɨ ɜɵɫɨɤɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɹɯ 

ɤɪɟɤɢɧɝɚ. Ⱦɨɛɚɜɤɚ ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɦɢ ɤɢɫɥɨɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɛɵɬɶ 

ɫɬɚɛɢɥɶɧɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɪɟɝɟɧɟɪɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɤɨɬɨɪɚɹ ɞɨɫɬɢɝɚɟɬ 700 °ɋ. 

Mg, Al – ɫɦɟɲɚɧɧɵɟ ɨɤɫɢɞɵ, ɚ ɬɚɤɠɟ ɫɢɫɬɟɦɵ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ Zn, Co, Cu 

ɢɥɢ Ce, ɩɪɨɹɜɥɹɸɬ ɚɤɬɢɜɧɨɫɬɶ ɩɪɢ ɭɞɚɥɟɧɢɢ ɨɤɫɢɞɨɜ SOx ɢ NOx [5]. ɗɬɢ ɞɨɛɚɜɤɢ ɦɨɝɭɬ 

ɫɥɭɠɢɬɶ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɤ ɞɟɣɫɬɜɢɸ ɫɨɟɞɢɧɟɧɢɣ ɚɡɨɬɚ ɜ 

ɩɪɨɰɟɫɫɟ ɤɪɟɤɢɧɝɚ. ȼɨɡɦɨɠɧɵɣ ɦɟɯɚɧɢɡɦ ɪɟɚɤɰɢɢ 

R-N + [H] → R-H + NH3 

ɨɫɧɨɜɚɧ ɧɚ ɪɟɚɤɰɢɹɯ ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ ɢ ɚɪɨɦɚɬɢɡɚɰɢɢ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɝɢɞɪɢɪɨɜɚɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɚɡɨɬɚ, ɤɨɬɨɪɵɟ ɥɟɝɤɨ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɤɪɟɤɢɧɝɭ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɦɦɢɚɤɚ [6]. Ʉɪɨɦɟ ɬɨɝɨ, ɨɱɟɧɶ ɫɥɨɠɧɨ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɨɥɧɵɣ ɰɢɤɥ ɩɪɟɜɪɚɳɟɧɢɣ ɫɨɟɞɢɧɟɧɢɣ ɚɡɨɬɚ ɜ ɭɫɥɨɜɢɹɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɟɞɢɧɟɧɢɹɦɢ ɫɟɪɵ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɷɬɨ 

ɍ-I-3 
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ɫɜɹɡɚɧɨ ɫ ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɨɱɟɧɶ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɜɨɡɦɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɪɟɜɪɚɳɟɧɢɣ 

ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɩɪɨɞɭɤɬɚɯ ɪɟɚɤɰɢɢ. 

Ʉɢɫɥɨɬɧɨ-ɚɤɬɢɜɢɪɨɜɚɧɧɵɟ ɝɥɢɧɵ ɬɚɤɠɟ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ 

ɞɨɛɚɜɨɤ. ɂɡɜɟɫɬɧɨ [7], ɱɬɨ ɨɛɪɚɛɨɬɤɚ ɝɥɢɧɢɫɬɵɯ ɦɢɧɟɪɚɥɨɜ ɪɚɫɬɜɨɪɚɦɢ ɤɢɫɥɨɬ ɜ 

ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɢ 

ɚɞɫɨɪɛɰɢɨɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ. 

ɍɫɬɨɣɱɢɜɵɟ ɤ ɞɟɣɫɬɜɢɸ ɚɡɨɬɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ 

ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢ ɩɨɡɜɨɥɹɸɬ ɷɮɮɟɤɬɢɜɧɟɟ ɩɟɪɟɪɚɛɚɬɵɜɚɬɶ ɫɵɪɶɟ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɜɵɯɨɞɚ ɛɟɧɡɢɧɚ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɨɛɚɜɤɢ ɤ 

ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɦɭ ɤɚɬɚɥɢɡɚɬɨɪɭ ɤɪɟɤɢɧɝɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɟɝɨ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɨɬɪɚɜɥɟɧɢɸ ɚɡɨɬɢɫɬɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ (ɢɧɞɨɥɨɦ ɢ ɯɢɧɨɥɢɧɨɦ). 

Ʉɪɟɤɢɧɝ ɦɨɞɟɥɶɧɨɝɨ ɫɵɪɶɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɫ ɞɨɛɚɜɤɨɣ 

ɝɥɢɧ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɚɦɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ (ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ – ɆɆ, ɩɚɥɵɝɨɪɫɤɢɬ 

– ɉȽ) ɢ ɫɦɟɲɚɧɧɵɯ Me, Mg, Al–ɨɤɫɢɞɨɜ (Ɇɟ = Co, Zn, Cu, Ce) ɫ ɪɚɡɥɢɱɧɵɦ 

ɫɨɨɬɧɨɲɟɧɢɟɦ Me2+ : Me3+.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ (ɆɆ) ɢɥɢ ɩɚɥɵɝɨɪɫɤɢɬɚ (ɉȽ), ɨɛɪɚɛɨɬɚɧɧɨɝɨ 

5% -ɧɵɦ ɪɚɫɬɜɨɪɨɦ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɤɪɟɤɢɧɝɚ (ɤɨɧɜɟɪɫɢɹ ɧ-ɭɧɞɟɤɚɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɧɞɨɥɚ ɧɚ 4,2 ɦɚɫ.% ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɷɬɚɥɨɧɧɵɦ ɨɛɪɚɡɰɨɦ ɤɚɬ-1). Ʉɚɬɚɥɢɡɚɬɨɪ ɤɪɟɤɢɧɝɚ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɨɬɪɚɜɥɹɟɬɫɹ 

ɚɡɨɬɨɦ, ɢ ɟɝɨ ɚɤɬɢɜɧɨɫɬɶ ɨɫɬɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ (ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɤɨɧɜɟɪɫɢɹ 91,3 

ɢ 92,4 ɞɥɹ MM ɢ ɉȽ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɢɫ. 1). 

Ɋɢɫ. 1. ȼɥɢɹɧɢɟ ɤɢɫɥɨɬɧɨɣ ɚɤɬɢɜɚɰɢɢ ɝɥɢɧɵ, ɜɯɨɞɹɳɟɣ ɜ ɫɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɧɚ 
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ɤɨɧɜɟɪɫɢɸ ɧ-ɭɧɞɟɤɚɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɧɞɨɥɚ (ɫɵɪɶɟ: ɧ-ɭɧɞɟɤɚɧ, ɢɧɞɨɥ (500 ppm N); ɤɚɬ-

1—ɤɚɬ-5; 456°C; ɫ/ɨ = 2,7; WHSV = 7,4 ɱ-1). 

ɋɬɚɛɢɥɢɡɢɪɭɸɳɢɣ ɷɮɮɟɤɬ Mg, Al-ɫɦɟɲɚɧɧɵɯ ɨɤɫɢɞɨɜ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ 

ɨɬɧɨɲɟɧɢɹ Me 2+ : Me 3+ ɢ ɬɢɩɚ ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɦɟɬɚɥɥɚ. ɍɦɟɧɶɲɟɧɢɟ ɨɬɧɨɲɟɧɢɹ Me 
2+ : Me 3+ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ. Ɉɞɧɚɤɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɜɟɪɫɢɢ (ɨɬɧɨɲɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɧ-

ɭɧɞɟɤɚɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢ ɜ ɨɬɫɭɬɫɬɜɢɟ ɢɧɞɨɥɚ) ɜɵɲɟ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫ ɦɨɥɹɪɧɵɦ 

ɫɨɨɬɧɨɲɟɧɢɟɦ Me 2+ : Me 3+ = 1,90 : 1. Ɇɨɞɢɮɢɤɚɰɢɹ ɫɦɟɲɚɧɧɵɯ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɚɦɢ, ɚ 

ɢɦɟɧɧɨ ɤɨɛɚɥɶɬɨɦ ɢ ɰɢɧɤɨɦ, ɭɜɟɥɢɱɢɜɚɸɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɞɨɛɚɜɤɢ (ɞɨ 1,90 ɦɤɦɨɥɶ / ɦ2 ɞɥɹ Co ɢ 2,08 ɦɤɦɨɥɶ / ɦ2 ɞɥɹ Zn); ɷɬɨ ɩɨɜɵɲɚɟɬ 

ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ (ɤɨɧɜɟɪɫɢɹ ɧ-ɭɧɞɟɤɚɧɚ ɫɨɫɬɚɜɥɹɟɬ 58,1%) ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ 

ɨɬɪɚɜɥɟɧɢɸ ɚɡɨɬɨɦ (ɤɨɧɜɟɪɫɢɹ ɧ-ɭɧɞɟɤɚɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɧɞɨɥɚ ɫɨɫɬɚɜɥɹɟɬ 48,7%). 

Ɇɨɞɢɮɢɤɚɰɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɨɛɚɜɥɟɧɢɟɦ Co, Mg, Al - ɫɦɟɲɚɧɧɨɝɨ 

ɨɤɫɢɞɚ ɫ ɦɨɥɹɪɧɵɦ ɨɬɧɨɲɟɧɢɟɦ Me 2+ : Me 3+ , ɪɚɜɧɵɦ 0,50 : 1, ɢ ɜɜɟɞɟɧɢɟ ɜ ɟɟ ɫɨɫɬɚɜ 

ɩɚɥɵɝɨɪɫɤɢɬɚ, ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ 5% ɪɚɫɬɜɨɪɨɦ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 

ɚɡɨɬɨɭɫɬɨɣɱɢɜɵɣ ɤɚɬɚɥɢɡɚɬɨɪ ɤɪɟɤɢɧɝɚ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɟɜɪɚɳɚɬɶ ɬɹɠɟɥɨɟ ɫɵɪɶɟ, 

ɫɨɞɟɪɠɚɳɟɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɡɨɬɚ. 
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REGULATION OF MECHANICAL STRENGTH OF COMPOSITE SUPPORTS OF 

CATALYSTS BASED ON ALUMINA PREPARED WITH ADDITION OF THE 

SUPPORT SIFTING 
1 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ, Ɉɦɫɤ 
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2 Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  Ɉɦɫɤ 

 

Ɇɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ ɧɨɫɢɬɟɥɟɣ ɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ – ɜɚɠɧɚɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɤɨɬɨɪɚɹ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɚ ɫ ɢɯ ɫɨɫɬɚɜɨɦ ɢ ɬɟɤɫɬɭɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ – 

ɩɨɪɢɫɬɨɫɬɶɸ, ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɪɚɡɦɟɪɨɦ ɩɟɪɜɢɱɧɵɯ ɱɚɫɬɢɰ ɢ ɬɚɤ ɞɚɥɟɟ. ɐɟɥɶɸ 

ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɧɨɫɢɬɟɥɟɣ 

ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ Al2O3, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɨɬɫɟɜɚ ɧɨɫɢɬɟɥɹ, ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɬɟɤɫɬɭɪɵ, ɫɨɫɬɚɜɚ ɢ ɫɩɨɫɨɛɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɫɜɹɡɶ ɢɯ ɫ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ ɜ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɪɚɣɧɟ ɦɚɥɨ. ȼɜɢɞɭ 

ɨɬɫɭɬɫɬɜɢɹ ɨɛɳɢɯ ɩɪɚɜɢɥ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɦɚɥɨɢɫɫɥɟɞɨɜɚɧɧɨɫɬɢ ɩɪɨɱɧɨɫɬɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɨɫɢɬɟɥɟɣ ɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɜɵɫɨɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɣ ɡɧɚɱɢɦɨɫɬɢ ɞɚɧɧɨɝɨ 

ɜɨɩɪɨɫɚ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɹ ɬɟɦɩɨɜ ɜɧɟɞɪɟɧɢɹ ɜ ɪɨɫɫɢɣɫɤɨɣ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɟ 

ɬɟɯɧɨɥɨɝɢɣ ɜɬɨɪɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜ ɤɨɬɨɪɵɯ ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ 

ɨɤɢɫɢ ɚɥɸɦɢɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɧɟɫɨɦɧɟɧɧɨ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ ɢ 

ɫɜɨɟɜɪɟɦɟɧɧɵɦɢ.  

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɨ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɱɧɨɫɬɶ ɧɨɫɢɬɟɥɟɣ ɜɜɟɞɟɧɢɹ 

ɜ ɢɯ ɫɨɫɬɚɜ ɨɬɫɟɜɚ, ɫɭɲɟɧɨɝɨ ɩɪɢ 120 °ɋ ɧɨɫɢɬɟɥɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 

ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ ɨɬɫɟɜɚ ɫɭɲɟɧɨɝɨ ɩɪɢ 120 °ɋ ɧɨɫɢɬɟɥɹ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɨ ɜɩɥɨɬɶ ɞɨ 

100 % ɛɟɡ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɰɟɥɟɜɵɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ (ɧɚ 

ɩɪɢɦɟɪɟ ɩɪɨɰɟɫɫɚ ɪɢɮɨɪɦɢɧɝɚ). ɉɪɢ ɷɬɨɦ, ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ, ɜɵɫɨɤɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɬɚɤɨɝɨ ɨɬɫɟɜɚ ɜ ɧɨɫɢɬɟɥɟ (ɨɬ 50 ɞɨ 100 % ɦɚɫ.) ɭɜɟɥɢɱɢɜɚɟɬ ɦɟɯɚɧɢɱɟɫɤɭɸ 

ɩɪɨɱɧɨɫɬɶ ɧɨɫɢɬɟɥɹ ɞɨ 30 % ɚɛɫ., ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɩɨɜɬɨɪɧɵɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟɦ 

ɫɬɪɭɤɬɭɪɵ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜɨ ɜɪɟɦɹ ɟɝɨ "ɪɟɫɢɧɬɟɡɚ". ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɱɧɨɫɬɢ ɧɨɫɢɬɟɥɹ ɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɨɬɫɟɜɚ ɫɭɲɟɧɨɝɨ ɩɪɢ 

120 °ɋ ɧɨɫɢɬɟɥɹ. 

ɍ-I-4 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɨɱɧɨɫɬɢ ɧɨɫɢɬɟɥɹ ɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɨɬɫɟɜɚ 

ɫɭɲɟɧɨɝɨ ɩɪɢ 120 °ɋ ɧɨɫɢɬɟɥɹ.  

 

Ɍɚɤɠɟ ɜ ɪɚɛɨɬɟ ɛɭɞɟɬ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɜɥɟɱɟɧɢɹ ɜ ɩɪɨɰɟɫɫ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɧɨɫɢɬɟɥɹ ɩɨɦɨɥɚ ɨɬɫɟɜɚ ɩɪɨɤɚɥɟɧɧɨɝɨ ɧɨɫɢɬɟɥɹ ɜ ɤɨɥɢɱɟɫɬɜɚɯ 1-2 %, ɱɬɨ, 

ɩɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɞɚɧɧɵɦ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɫɧɢɠɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɩɪɨɱɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɧɟ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɰɟɥɟɜɵɯ ɩɨɤɚɡɚɬɟɥɹɯ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ⱦɚɧɧɵɣ 

ɩɨɞɯɨɞ ɨɫɧɨɜɚɧ ɧɚ ɪɚɡɛɚɜɥɟɧɢɢ ɢɫɯɨɞɧɨɝɨ ɩɫɟɜɞɨɛɟɦɢɬɚ ɩɪɨɤɚɥɟɧɧɵɦ Al2O3 ɧɚ ɫɬɚɞɢɢ 

ɩɟɩɬɢɡɚɰɢɢ.  

ȼ ɞɨɤɥɚɞɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɬɢɩɚ ɫɨɫɬɚɜ-ɩɪɨɱɧɨɫɬɶ ɢ 

ɫɩɨɫɨɛ ɩɪɢɝɨɬɨɜɥɟɧɢɹ-ɩɪɨɱɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɫɜɹɡɢ ɩɪɨɱɧɨɫɬɢ ɫ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɟɣ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ – ɝɪɚɧɬ № 18-33-00791. 
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ɗɄɋɉɊȿɋɋ-ɆȿɌɈȾ ɈɉɊȿȾȿɅȿɇɂə ɋɍɆɆɕ ɋȿɊɈ-  

ɂ ȺɁɈɌɋɈȾȿɊɀȺɓɂɏ ɈɊȽȺɇɂɑȿɋɄɂɏ ɋɈȿȾɂɇȿɇɂɃ ȼ 
ɍȽɅȿȼɈȾɈɊɈȾɇɕɏ ɌɈɉɅɂȼȺɏ 

ɉɚɪɯɨɦɟɧɤɨ Ⱥ.Ⱥ., ɍɞɨɜɢɱɟɧɤɨ Ⱥ.ɇ. 
EXPRESS METHOD OF DETERMINING THE AMOUNT OF SULFUR- AND 

NITRO-CONTAINING ORGANIC COMPOUNDS IN HYDROCARBON FUELS 
Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɚɰɢɨɧɚɥɶɧɵɣ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, Ɇɨɫɤɜɚ 

E-mail: anparkhomenko@mail.ru 

 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɷɤɫɩɪɟɫɫ-ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ 

ɬɨɩɥɢɜɚ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ. Ɍɪɟɛɨɜɚɧɢɹ Ɍɟɯɧɢɱɟɫɤɨɝɨ ɪɟɝɥɚɦɟɧɬɚ Ɍɚɦɨɠɟɧɧɨɝɨ 

ɋɨɸɡɚ ɤ ɬɨɩɥɢɜɭ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɥɚɫɫɚ 5 ɡɚɩɪɟɳɚɸɬ ɫ 2016 ɝɨɞɚ ɩɪɢɫɭɬɫɬɜɢɟ N-

ɦɟɬɢɥɚɧɢɥɢɧɚ (ɆɆȺ) ɜ ɛɟɧɡɢɧɟ ɢ ɨɝɪɚɧɢɱɢɜɚɸɬ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɨɨɪɝɚɧɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɞɨ 10 ɦɝ/ɤɝ. ɉɪɟɜɵɲɟɧɢɟ ɩɪɟɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɬɚɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɩɨɜɵɲɟɧɧɨɦɭ ɧɚɝɚɪɨɨɛɪɚɡɨɜɚɧɢɸ, ɤɨɪɪɨɡɢɢ ɞɟɬɚɥɟɣ ɚɜɬɨɦɨɛɢɥɶɧɵɯ 

ɞɜɢɝɚɬɟɥɟɣ, ɜɵɜɨɞɭ ɢɡ ɫɬɪɨɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɧɟɣɬɪɚɥɢɡɚɬɨɪɨɜ.  

Ʉɨɧɬɪɨɥɶ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ ɢ ɆɆȺ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɜ 

ɭɫɥɨɜɢɹɯ ɫɬɚɰɢɨɧɚɪɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɞɨɪɨɝɨɫɬɨɹɳɟɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ, ɡɚɬɪɚɱɢɜɚɸɬɫɹ ɜɪɟɦɹ ɢ ɫɪɟɞɫɬɜɚ ɧɚ ɞɨɫɬɚɜɤɭ ɩɪɨɛ ɜ ɥɚɛɨɪɚɬɨɪɢɸ. ȼ ɫɜɹɡɢ 

ɫ ɷɬɢɦ, ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɬɨɩɥɢɜɚ ɬɪɟɛɭɟɬɫɹ ɛɨɥɟɟ ɨɩɟɪɚɬɢɜɧɨɟ ɩɨɥɭɱɟɧɢɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɦɟɫɬɟ ɨɬɛɨɪɚ ɩɪɨɛɵ. 

ɇɚɦɢ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɷɤɫɩɪɟɫɫ-ɦɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɟɪɨ- ɢ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɢɯ ɫɨɜɦɟɫɬɧɨɦ 

ɩɪɢɫɭɬɫɬɜɢɢ ɜ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɪɟɞɚɯ. ɗɤɫɩɪɟɫɫ-ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɫɨɱɟɬɚɧɢɢ 

ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɜɟɳɟɫɬɜ, ɰɜɟɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɢ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɨɜ.  

Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɧɚɦɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɨɛɵɱɧɵɣ 

ɨɮɢɫɧɵɣ ɫɤɚɧɟɪ ɢ ɩɨɥɢɝɪɚɮɢɱɟɫɤɢɣ ɩɨɪɬɚɬɢɜɧɵɣ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪ [1]. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɚɧɚɥɢɡɚ ɞɨɫɬɚɬɨɱɧɨ 0,01-0,05 ɦɥ ɩɪɨɛɵ, ɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɚ ɞɨɫɬɢɝɚɟɬ 10-50 ɦɝ/ɤɝ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɬɨɩɥɢɜɚ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ ɜ ɪɚɦɤɚɯ 

ɜɵɩɨɥɧɟɧɢɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ «ȼɟɞɭɳɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɧɚ ɩɨɫɬɨɹɧɧɨɣ ɨɫɧɨɜɟ», 

ɩɪɨɟɤɬ 4.6718.2017/6.7 (ɚɧɤɟɬɚ 1422) ɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɜ ɫɮɟɪɟ ɧɚɭɱɧɨɣ 

ɞɟɹɬɟɥɶɧɨɫɬɢ, ɩɪɨɟɤɬ № 10.5422.2017/Ȼɑ. 
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Ʌɢɬɟɪɚɬɭɪɚ 

1. Ⱦɟɞɨɜ Ⱥ.Ƚ., Ɂɪɟɥɨɜɚ Ʌ.ȼ., Ȼɟɥɹɟɜɚ ȿ.Ⱥ., ɂɜɚɧɨɜɚ ȿ.Ⱥ., Ⱦɟɞɨɜɚ Ɉ.ȼ., Ɇɚɪɱɟɧɤɨ 

Ⱦ.ɘ., ɋɚɧɞɠɢɟɜɚ Ⱦ.Ⱥ., Ɂɪɟɥɨɜ Ⱥ.ɉ. ɋɩɨɫɨɛ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɛɢɨɰɢɞɧɨɝɨ 

ɚɡɨɬɫɨɞɟɪɠɚɳɟɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɝɢɞɪɚɡɢɞɚ ɢɡɨɧɢɤɨɬɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 

(ɢɡɨɧɢɚɡɢɞɚ) ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ // ɉɚɬɟɧɬ №2633080 ɨɬ 11.10.2017. 
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ȽɂȾɊɂɊɈȼȺɇɂȿ ɀɂȾɄɂɏ ɉɊɈȾɍɄɌɈȼ ɉɂɊɈɅɂɁȺ ɂ ɄɈɄɋɈȼȺɇɂə 
ɋ ɉɈɅɍɑȿɇɂȿɆ ɄɈɆɉɈɇȿɇɌɈȼ ɊȿȺɄɌɂȼɇɕɏ ɌɈɉɅɂȼ 

ɋɚɦɨɣɥɨɜ ȼ.Ɉ.1, ɂɜɚɧɨɜ ɋ.ȼ.1, Ʉɧɹɡɟɜɚ Ɇ.ɂ.1, Ʉɭɥɢɤɨɜ Ⱥ.Ȼ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,2 

HYDROGENATION OF STEAM CRACKING AND COKING TARS INTO JET 

FUEL COMPONENTS 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: samoilov@ips.ac.ru 
2 ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

 

Ɍɟɪɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɩɟɪɟɪɚɛɨɬɤɢ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɤɨɩɚɟɦɨɝɨ ɫɵɪɶɹ, ɬɚɤɢɟ ɤɚɤ 

ɩɢɪɨɥɢɡ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ, ɤɨɤɫɨɜɚɧɢɟ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ ɢ ɤɚɦɟɧɧɵɯ ɭɝɥɟɣ, 

ɡɚɧɢɦɚɸɬ ɜɚɠɧɨɟ ɦɟɫɬɨ ɜ ɫɬɪɭɤɬɭɪɟ ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɉɞɧɨɣ ɢɡ 

ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ, ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɧɚɪɹɞɭ ɫ 

ɰɟɥɟɜɵɦ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɦ ɤɚɱɟɫɬɜɨɦ ɢ 

ɬɪɟɛɭɸɳɢɯ ɭɬɢɥɢɡɚɰɢɢ (ɧɚɩɪɢɦɟɪ, ɫɦɨɥɚ ɩɢɪɨɥɢɡɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ, ɝɚɡɨɣɥɢ 

ɡɚɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ, ɤɚɦɟɧɧɨɭɝɨɥɶɧɚɹ ɫɦɨɥɚ). ɍɤɚɡɚɧɧɵɟ ɩɪɨɞɭɤɬɵ ɨɛɵɱɧɨ 

ɜɵɫɬɭɩɚɸɬ ɤɚɤ ɫɵɪɶɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɟɦɧɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ – ɧɟɮɬɹɧɵɯ ɜɹɠɭɳɢɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ, ɨɫɬɚɬɨɱɧɵɯ ɬɨɩɥɢɜ. 

Ɋɹɞ ɬɚɤɢɯ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ – ɜ ɱɚɫɬɧɨɫɬɢ, ɤɚɦɟɧɧɨɭɝɨɥɶɧɚɹ ɫɦɨɥɚ ɢ ɬɹɠɟɥɚɹ 

ɫɦɨɥɚ ɩɢɪɨɥɢɡɚ – ɫɨɫɬɨɹɬ ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɢɡ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

(ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɛɢ- ɢ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ) ɢ ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɹɜɥɹɸɬɫɹ ɩɨɞɯɨɞɹɳɢɦ 

ɫɵɪɶɟɦ ɞɥɹ ɢɫɱɟɪɩɵɜɚɸɳɟɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɫ ɩɨɥɭɱɟɧɢɟɦ ɧɚɮɬɟɧɨɜɵɯ ɤɨɧɰɟɧɬɪɚɬɨɜ. ȼ 

ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɷɬɢ ɩɪɨɞɭɤɬɵ ɡɚɦɟɬɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɫɨɞɟɪɠɚɧɢɸ 

ɝɟɬɟɪɨɚɬɨɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɮɪɚɤɰɢɨɧɧɨɦɭ ɢ ɤɨɦɩɨɧɟɧɬɧɨɦɭ ɫɨɫɬɚɜɭ, ɤɚɠɞɵɣ ɢɡ ɧɢɯ 

ɬɪɟɛɭɟɬ ɨɬɞɟɥɶɧɨɝɨ ɩɨɞɯɨɞɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɪɚɰɢɨɧɚɥɶɧɵɣ ɫɩɨɫɨɛ ɩɟɪɟɪɚɛɨɬɤɢ ɫ 

ɩɨɥɭɱɟɧɢɟɦ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫɜɟɬɥɵɯ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɚɤɬɢɜɧɵɯ ɬɨɩɥɢɜ ɧɚ ɨɫɧɨɜɟ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɤɚɦɟɧɧɨɝɨ 

ɭɝɥɹ ɧɚɦɢ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɫɯɟɦɚ, ɜɤɥɸɱɚɸɳɚɹ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ ɤɚɦɟɧɧɨɭɝɨɥɶɧɨɣ 

ɫɦɨɥɵ ɫ ɩɨɥɭɱɟɧɢɟɦ ɞɢɫɬɢɥɥɹɬɧɨɣ ɮɪɚɤɰɢɢ (ɫ ɜɵɯɨɞɨɦ ɞɨ 40% ɦɚɫɫ.) ɢ ɟё ɩɨɫɥɟɞɭɸɳɟɟ 

ɝɥɭɛɨɤɨɟ ɝɢɞɪɢɪɨɜɚɧɢɟ ɧɚ NiW-ɤɚɬɚɥɢɡɚɬɨɪɟ (Ɍ = 360-400°ɋ, ɪ(ɇ2) = 10-20 Ɇɉɚ). 

Ɉɫɬɚɬɨɤ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɫɵɪɶɟ ɞɥɹ ɝɚɡɢɮɢɤɚɰɢɢ (ɧɚɪɹɞɭ 

ɫ ɭɝɥɟɦ ɢɥɢ ɤɨɤɫɨɦ), ɱɬɨ ɜɩɨɫɥɟɞɫɬɜɢɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɢɧɬɟɬɢɱɟɫɤɭɸ 

ɭɝɥɟɜɨɞɨɪɨɞɧɭɸ ɮɪɚɤɰɢɸ ɜ ɫɢɧɬɟɡɟ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ (ɋɎɌ). Ƚɢɞɪɨɢɡɨɦɟɪɢɡɚɰɢɹ 

ɩɚɪɚɮɢɧɢɫɬɵɯ ɮɪɚɤɰɢɣ – ɩɪɨɞɭɤɬɨɜ ɋɎɌ – ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ Pt/Al-HMS (T = 300-360°C, ɪ(ɇ2) = 4-5 Ɇɉɚ) ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 

ɢɡɨɩɚɪɚɮɢɧɨɜɭɸ ɮɪɚɤɰɢɸ 150-270°ɋ, ɨɛɥɚɞɚɸɳɭɸ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɱɚɥɚ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɢɠɟ ɦɢɧɭɫ 50°ɋ. Ʉɨɦɩɚɭɧɞɢɪɨɜɚɧɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɧɚɮɬɟɧɨɜɨɝɨ ɢ 
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ɢɡɨɩɚɪɚɮɢɧɨɜɨɝɨ ɤɨɧɰɟɧɬɪɚɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɮɪɚɤɰɢɸ ɫ 

ɩɥɨɬɧɨɫɬɶɸ ɨɬ 0,78 ɞɨ 0,86 ɤɝ/ɞɦ3, ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ɦɟɧɟɟ 5 ɦ.ɞ., ɫɭɦɦɚɪɧɵɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɦɟɧɟɟ 2% ɦɚɫɫ., ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɫɩɵɲɤɢ 

ɜɵɲɟ 50°ɋ, ɨɛɴɟɦɧɨɣ ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ ɞɨ 37,6 ɆȾɠ/ɞɦ3  ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɱɚɥɚ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɬ ɦɢɧɭɫ 52 ɞɨ ɦɢɧɭɫ 64°ɋ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɤɚɡɚɧɧɚɹ ɫɯɟɦɚ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɚɤɫɢɦɢɡɚɰɢɸ ɜɵɯɨɞɚ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɪɟɚɤɬɢɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɩɨɥɭɱɟɧɧɨɝɨ 

ɢɡ ɭɝɥɹ, ɢ ɝɢɛɤɨɫɬɶ ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɡɚ ɫɱɟɬ ɫɬɚɞɢɢ 

ɤɨɦɩɚɭɧɞɢɪɨɜɚɧɢɹ. 

Ⱦɪɭɝɢɦ ɨɬɯɨɞɨɦ ɬɟɪɦɢɱɟɫɤɨɣ ɤɨɧɜɟɪɫɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ, 

ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɫ ɤɚɤ ɫɵɪɶɟ ɞɥɹ ɢɫɱɟɪɩɵɜɚɸɳɟɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ, ɹɜɥɹɟɬɫɹ ɬɹɠɟɥɚɹ 

ɫɦɨɥɚ ɩɢɪɨɥɢɡɚ (Ɍɋɉ). ɉɪɢɦɟɱɚɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ Ɍɋɉ ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɢɡɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɝɟɬɟɪɨɚɬɨɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɫɦɨɥɟ ɩɢɪɨɥɢɡɚ 

ɫɦɟɫɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɫɵɪɶɹ ɢ ɧɚɮɬɵ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ 200-500 ɦ.ɞ.), ɚ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɢɟ 

ɡɚɦɟɬɧɵɯ ɤɨɥɢɱɟɫɬɜ ɧɟɩɪɟɞɟɥɶɧɵɯ ɧɟɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, 

ɰɢɤɥɨɚɥɤɚɞɢɟɧɨɜ.  

ɉɟɪɜɨɣ ɫɬɚɞɢɟɣ ɩɨɞɝɨɬɨɜɤɢ Ɍɋɉ ɤ ɩɟɪɟɪɚɛɨɬɤɟ ɹɜɥɹɟɬɫɹ ɞɢɫɬɢɥɥɹɰɢɹ ɫ 

ɩɨɥɭɱɟɧɢɟɦ «ɫɜɟɬɥɨɣ» ɞɢɫɬɢɥɥɹɬɧɨɣ ɮɪɚɤɰɢɢ ɫ ɤɨɧɰɨɦ ɤɢɩɟɧɢɹ 320-340°ɋ. Ʉ 

ɩɟɪɟɪɚɛɨɬɤɟ ɩɨɥɭɱɟɧɧɨɣ ɞɢɫɬɢɥɥɹɬɧɨɣ ɮɪɚɤɰɢɢ ɧɚɦɢ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɞɜɚ ɩɨɞɯɨɞɚ. ȼ 

ɪɚɦɤɚɯ ɩɟɪɜɨɝɨ ɩɨɞɯɨɞɚ ɞɢɫɬɢɥɥɹɬ ɜɨɜɥɟɤɚɥɫɹ ɜ ɫɨɜɦɟɫɬɧɭɸ ɩɟɪɟɪɚɛɨɬɤɭ ɫ ɩɪɹɦɨɝɨɧɧɨɣ 

ɧɟɮɬɹɧɨɣ ɮɪɚɤɰɢɟɣ ɫ ɢɧɬɟɪɜɚɥɚɦɢ ɤɢɩɟɧɢɹ 180-280°ɋ. Ƚɢɞɪɨɨɱɢɫɬɤɚ ɫɦɟɫɟɜɨɝɨ ɫɵɪɶɹ, 

ɫɨɞɟɪɠɚɳɟɝɨ 30% ɦɚɫɫ. ɞɢɫɬɢɥɥɹɬɚ ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ ɢ 70% ɩɪɹɦɨɝɨɧɧɨɣ ɮɪɚɤɰɢɢ, ɧɚ 

ɩɪɨɦɵɲɥɟɧɧɨɦ NiMo-ɤɚɬɚɥɢɡɚɬɨɪɟ ɩɪɨɬɟɤɚɥɚ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ (Ɍ = 340-380°ɋ, 

ɪ(ɇ2) = 5 Ɇɉɚ) ɢ ɩɨɡɜɨɥɹɥɚ ɩɨɥɭɱɚɬɶ ɮɪɚɤɰɢɸ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ 2-3 ɦ.ɞ.  

Ⱦɚɥɶɧɟɣɲɚɹ ɞɟɚɪɨɦɚɬɢɡɚɰɢɹ ɩɨɥɭɱɟɧɧɨɣ ɮɪɚɤɰɢɢ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɦ 

ɩɚɥɥɚɞɢɟɜɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ((Ɍ = 180-220°ɋ, ɪ(ɇ2) = 3-5 Ɇɉɚ) ɩɪɢɜɨɞɢɥɚ ɤ ɩɪɨɞɭɤɬɭ, ɩɨ 

ɩɨɤɚɡɚɬɟɥɹɦ ɤɚɱɟɫɬɜɚ ɩɪɟɜɵɲɚɸɳɟɦɭ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɨɩɥɢɜɭ ɦɚɪɤɢ Ɍ-8ȼ, ɩɪɢɱɟɦ 

ɜɵɪɚɛɨɬɤɚ ɬɚɤɨɝɨ ɩɪɨɞɭɤɬɚ ɢɡ ɩɪɹɦɨɝɨɧɧɨɣ ɮɪɚɤɰɢɢ, ɧɟ ɭɬɹɠɟɥёɧɧɨɣ ɞɢɫɬɢɥɥɹɬɨɦ 

ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ, ɛɵɥɚ ɧɟɜɨɡɦɨɠɧɚ. ȼɬɨɪɨɣ ɩɨɞɯɨɞ ɩɪɟɞɩɨɥɚɝɚɥ ɩɟɪɟɪɚɛɨɬɤɭ ɱɢɫɬɨɝɨ 

ɞɢɫɬɢɥɥɹɬɚ Ɍɋɉ ɩɨ ɚɧɚɥɨɝɢɱɧɨɣ ɫɯɟɦɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɧɚɮɬɟɧɨɜɚɹ 

ɮɪɚɤɰɢɹ 160-250°ɋ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɱɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɢɠɟ ɦɢɧɭɫ 60°ɋ, 

ɩɥɨɬɧɨɫɬɶɸ ɞɨ 0,88 ɤɝ/ɞɦ3 ɢ ɨɛɴɟɦɧɨɣ ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ ɧɟ ɦɟɧɟɟ 37,6 ɆȾɠ/ɤɝ. 

ɉɨɥɭɱɟɧɧɚɹ ɤɨɦɛɢɧɚɰɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɨɥɭɱɟɧɧɵɣ 

ɩɪɨɞɭɤɬ ɤɚɤ ɤɨɦɩɨɧɟɧɬ ɪɟɚɤɬɢɜɧɵɯ ɬɨɩɥɢɜ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɞɨɛɚɜɥɟɧ ɜ ɢɯ ɫɨɫɬɚɜ ɫ 
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ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɟɦɤɨɫɬɢ, ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɢ ɝɟɬɟɪɨɚɬɨɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧɢɹ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ (Ɍɟɦɚ 1, Ƚɨɫɪɟɝɢɫɬɪɚɰɢɹ 

№ȺȺȺȺ-Ⱥ18-118011990216-3) 
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ɉɈɅɍɑȿɇɂȿ ɆȺɅɈɋȿɊɇɂɋɌɈȽɈ ɄɈɆɉɈɇȿɇɌȺ ɋɍȾɈȼɈȽɈ 
ɌɈɉɅɂȼȺ ȼ ɉɊɈɐȿɋɋȿ ȽɂȾɊɈɈɑɂɋɌɄɂ ɇȺ NiW/Al2O3 ɄȺɌȺɅɂɁȺɌɈɊȺɏ, 

ɋɂɇɌȿɁɂɊɈȼȺɇɇɕɏ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɏȿɅȺɌɂɊɍɘɓɂɏ 
ɊȿȺȽȿɇɌɈȼ 

ɘɫɨɜɫɤɢɣ Ⱥ.ȼ.1, Ɇɢɧɚɟɜ ɉ.ɉ.1,2, ɒɦɟɥɶɤɨɜɚ Ɉ.ɂ.1, Ƚɭɥɹɟɜɚ Ʌ.Ⱥ.1,  
ɇɢɤɭɥɶɲɢɧ ɉ.Ⱥ.1,2 

OBTAINING A LOW-SULFUR MARINE FUEL COMPONENT BY 

HYDROTREATING ON NiW/Al2O3 CATALYSTS PREPARED WITH USING 

CHELATING AGENTS 
1 ȺɈ «ȼɇɂɂ ɇɉ», Ɇɨɫɤɜɚ 

E-mail: iusovkiiav@vniinp.ru 
2 ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɋɚɦɚɪɚ 

 

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɦɚɥɨɫɟɪɧɢɫɬɨɝɨ ɫɭɞɨɜɨɝɨ ɬɨɩɥɢɜɚ ɹɜɥɹɟɬɫɹ 

ɤɨɫɜɟɧɧɨɟ ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɧɢɟ ɦɚɡɭɬɚ, ɜɤɥɸɱɚɸɳɟɟ ɩɟɪɟɝɨɧɤɭ ɦɚɡɭɬɚ ɫ ɜɵɞɟɥɟɧɢɟɦ 

ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ (ȼȽ) ɢ ɝɭɞɪɨɧɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɨɜɦɟɫɬɧɨɣ ɝɢɞɪɨɨɱɢɫɬɤɨɣ ȼȽ ɢ 

ɬɹɠɟɥɨɝɨ ɝɚɡɨɣɥɹ ɫ ɭɫɬɚɧɨɜɤɢ ɡɚɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ.  

Ƚɥɭɛɨɤɚɹ ɝɢɞɪɨɨɱɢɫɬɤɚ ɜɵɫɨɤɨɫɟɪɧɢɫɬɨɝɨ ɫɵɪɶɹ ɜɨɡɦɨɠɧɚ ɡɚ ɫɱɟɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɰɟɥɟɜɵɯ ɪɟɚɤɰɢɹɯ ɝɢɞɪɢɪɨɜɚɧɢɹ (ȽɂȾ), ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɧɢɹ (ȽȾɋ), 

ɝɢɞɪɨɞɟɚɡɨɬɢɪɨɜɚɧɢɹ (ȽȾȺ), ɚ ɬɚɤɠɟ ɫɬɚɛɢɥɶɧɨɫɬɶɸ. Ⱥɧɚɥɢɡ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɩɨɫɜɹɳɟɧɧɵɯ ɝɢɞɪɨɨɱɢɫɬɤɟ ɬɹɠɟɥɨɝɨ ɧɟɮɬɹɧɨɝɨ ɢ ɨɫɬɚɬɨɱɧɨɝɨ ɫɵɪɶɹ, ɚ ɬɚɤ ɠɟ 

ɩɪɨɞɭɤɬɨɜ ɜɬɨɪɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɨɡɜɨɥɹɟɬ ɨɬɦɟɬɢɬɶ ɧɟɤɨɬɨɪɵɟ ɬɟɧɞɟɧɰɢɢ. ɇɚɢɛɨɥɟɟ 

ɱɚɫɬɨ ɞɥɹ ɝɢɞɪɨɨɱɢɫɬɤɢ ɷɬɢɯ ɩɪɨɞɭɤɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ NiMo, NiW [1] ɢ NiMoW 

ɤɚɬɚɥɢɡɚɬɨɪɵ [2, 3]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ NiW/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɵ 

ɝɢɞɪɨɨɱɢɫɬɤɢ ɧɚ ɨɫɧɨɜɟ ɮɨɫɮɨɪɧɨɜɨɥɶɮɪɚɦɨɜɨɣ ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ (PW), 

ɦɟɬɚɜɨɥɶɮɪɚɦɚɬɚ ɚɦɦɨɧɢɹ (W), ɝɢɞɪɨɤɫɨɤɚɪɛɨɧɚɬɚ ɧɢɤɟɥɹ ɢɥɢ ɧɢɬɪɚɬɚ ɧɢɤɟɥɹ, ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɟɥɚɬɢɪɭɸɳɢɯ ɚɝɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɥɢɦɨɧɧɚɹ (ɅɄ) ɢɥɢ 

ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɚɹ (ɗȾɌȺ) ɤɢɫɥɨɬɵ. ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɢɫɫɥɟɞɨɜɚɥɢ 

ɦɟɬɨɞɚɦɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ, ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɮɨɬɨɷɥɟɤɬɪɨɧɧɨɣ 

ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ. 

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ ɢɡɭɱɚɥɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɩɪɨɬɨɱɧɨɣ 

ɝɢɞɪɨɝɟɧɢɡɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɟ. ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɢɥɢ ɩɪɢ t = 360 ºC, P = 5.0 Ɇɉɚ, Ɉɋɉɋ 

= 1.0 ɱ-1 ɢ ɫɨɨɬɧɨɲɟɧɢɢ ɇ2:ɫɵɪɶɟ 800 ɧɥ/ɥ ɜ ɬɟɱɟɧɢɟ 50 ɱɚɫɨɜ ɞɨ ɞɨɫɬɢɠɟɧɢɹ 

ɫɬɚɰɢɨɧɚɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. Ⱥɤɬɢɜɧɨɫɬɶ ɨɰɟɧɢɜɚɥɢ ɩɨ ɤɨɧɜɟɪɫɢɢ ɫɟɪɨ-ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɢ ɉȺɍ.  

ɍ-I-7 
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɡɥɢɱɧɵɟ ɯɟɥɚɬɢɪɭɸɳɢɟ ɚɝɟɧɬɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ ɫɢɧɬɟɡɟ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɩɨ-ɪɚɡɧɨɦɭ ɜɥɢɹɸɬ ɧɚ ɪɚɡɦɟɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɨɫɬɚɜ ɚɤɬɢɜɧɨɣ 

ɮɚɡɵ. Ʉɚɬɚɥɢɡɚɬɨɪ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ PW ɢ ɅɄ, ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ 

ɧɚɢɛɨɥɶɲɟɣ ɞɢɫɩɟɪɫɧɨɫɬɶɸ ɱɚɫɬɢɰ ɚɤɬɢɜɧɨɣ ɮɚɡɵ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɗȾɌȺ 

ɨɛɟɫɩɟɱɢɥɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɪɨɦɨɬɢɪɨɜɚɧɧɵɯ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ NiWS. 

ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɹɯ ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɧɢɹ ɩɨɤɚɡɚɥ ɨɛɪɚɡɟɰ Ni-ɅɄ-

PW/Al2O3, ɩɨɥɭɱɟɧɧɵɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɨɫɮɨɪɧɨɜɨɥɶɮɪɚɦɨɜɨɣ ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ 

ɢ ɰɢɬɪɚɬɚ ɧɢɤɟɥɹ. Ⱦɚɧɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɧɚɢɛɨɥɶɲɟɣ ȽȾȺ 

ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɧɟɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɤɫɚ. Ɉɫɬɚɬɨɱɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ 

ɩɨɥɭɱɟɧɧɨɦ ɤɨɦɩɨɧɟɧɬɟ ɫɭɞɨɜɨɝɨ ɬɨɩɥɢɜɚ ɫɨɫɬɚɜɢɥɨ 0,049% ɦɚɫɫ. ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ 

ɉɪɢɥɨɠɟɧɢɹ VI Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɜɟɧɰɢɢ MARPOL 73/78, ɩɨ ɡɚɩɪɟɬɭ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɫɭɞɨɜɵɯ ɬɨɩɥɢɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ɜɵɲɟ 0,5% ɦɚɫɫ. ɫ 2020 ɝɨɞɚ [4]. 

Ni-MTA/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪ, ɩɨɥɭɱɟɧɧɵɣ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɯɟɥɚɬɢɪɭɸɳɟɝɨ 

ɚɝɟɧɬɚ, ɨɛɥɚɞɚɥ ɫɚɦɨɣ ɧɢɡɤɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜɨ ɜɫɟɯ ɰɟɥɟɜɵɯ ɪɟɚɤɰɢɹɯ 

ɝɢɞɪɨɨɱɢɫɬɤɢ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ, ɬɚɤɠɟ ɩɨ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɤɨɤɫɚ 

ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɟɝɨ ɧɚɢɦɟɧɶɲɟɣ ɫɬɚɛɢɥɶɧɨɫɬɢ. 

Ȼɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ȽȾɋ ɚɤɬɢɜɧɨɫɬɢ ɫ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɱɚɫɬɢɰ ɚɤɬɢɜɧɨɣ ɮɚɡɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ (ɪɢɫɭɧɨɤ 1). 

 

Ɋɢɫ. 1. Ɍɪɟɯɦɟɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ȽȾɋ ɚɤɬɢɜɧɨɫɬɢ NiW/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ 

ɝɢɞɪɨɨɱɢɫɬɤɟ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ ɨɬ ɫɪɟɞɧɟɣ ɞɥɢɧɵ NiWS ɱɚɫɬɢɰ ɢ ɫɨɞɟɪɠɚɧɢɹ 

ɩɪɨɦɨɬɢɪɨɜɚɧɧɵɯ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ 
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Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ȽȾɋ ɚɤɬɢɜɧɨɫɬɶ ɢɡɭɱɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜɨɡɪɚɫɬɚɟɬ ɫ 

ɭɦɟɧɶɲɟɧɢɟɦ ɞɥɢɧɵ ɱɚɫɬɢɰ NiWS ɢ ɫɢɧɯɪɨɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ 

ɩɪɨɦɨɬɢɪɨɜɚɧɧɵɯ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ. Ȼɨɥɟɟ ɧɢɡɤɚɹ ɚɤɬɢɜɧɨɫɬɶ Ni-W/Al2O3 ɢ Ni-ɗȾɌȺ-

W/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɦɨɠɟɬ ɛɵɬɶ ɬɚɤɠɟ ɫɥɟɞɫɬɜɢɟɦ ɨɛɪɚɡɨɜɚɧɢɟ «NiWSN» ɮɚɡɵ, ɜ 

ɤɨɬɨɪɨɣ ɚɡɨɬ ɱɚɫɬɢɱɧɨ ɨɬɪɚɜɥɹɟɬ ɤɢɫɥɨɬɧɵɟ ɚɤɬɢɜɧɵɟ ɰɟɧɬɪɵ. 

 

ɉɪɢɤɥɚɞɧɵɟ ɧɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɹɸɬɫɹ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ 

Ɇɢɧɨɛɪɧɚɭɤɢ ɊɎ ɜ ɪɚɦɤɚɯ ɋɨɝɥɚɲɟɧɢɹ ɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɫɭɛɫɢɞɢɢ № 14.576.21.0088 ɨɬ 

26.09.2017 (ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ RFMEFI57617X088). 
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ɈɉȿɊȺɌɂȼɇɕɃ ɆɈɇɂɌɈɊɂɇȽ ȺɄɌɂȼɇɈɋɌɂ ɄȺɌȺɅɂɌɂɑȿɋɄɂɏ 
ɋɂɋɌȿɆ ɍɋɌȺɇɈȼɈɄ ȽɂȾɊɈɈɑɂɋɌɄɂ ȾɂɁȿɅɖɇɈȽɈ ɌɈɉɅɂȼȺ ȼ ɈɈɈ 

«ɅɍɄɈɃɅ-ɇɂɀȿȽɈɊɈȾɇȿɎɌȿɈɊȽɋɂɇɌȿɁ» 
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ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɇ.ɂ. Ʌɨɛɚɱɟɜɫɤɨɝɨ» (ɇɇȽɍ), ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ 
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ɉɪɟɞɦɟɬɨɦ ɪɚɛɨɬɵ ɹɜɥɹɸɬɫɹ ɭɫɬɚɧɨɜɤɢ ɝɢɞɪɨɨɱɢɫɬɤɢ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ 

ɩɪɟɞɩɪɢɹɬɢɢ ɈɈɈ «ɅɍɄɈɃɅ-ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ». ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɞɚɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɧɚɛɥɸɞɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ: 

 ɩɥɚɧɢɪɨɜɚɧɢɟ ɞɚɬɵ ɨɫɬɚɧɨɜɚ ɨɛɴɟɤɬɨɜ ɧɚ ɪɟɦɨɧɬ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɟɡ ɭɱɟɬɚ 

ɞɢɧɚɦɢɤɢ ɢɡɦɟɧɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ; 

 ɜ ɭɫɥɨɜɢɹɯ ɧɟɫɬɚɛɢɥɶɧɨɣ ɡɚɝɪɭɡɤɢ ɭɫɬɚɧɨɜɤɢ ɩɨ ɫɵɪɶɸ ɤɨɪɪɟɤɬɢɪɨɜɤɚ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɨɱɢɫɬɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɨɩɵɬɚ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɱɬɨ ɹɜɥɹɟɬɫɹ 

ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦ, ɬɪɟɛɭɟɬ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜɵɯɨɞɚ ɧɚ ɧɟɨɛɯɨɞɢɦɵɟ 

ɩɨɤɚɡɚɬɟɥɢ ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɬɤɥɨɧɟɧɢɹɦ ɤɚɱɟɫɬɜɚ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɩɨ 

ɫɨɞɟɪɠɚɧɢɸ ɫɟɪɵ ɨɬ ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɡɧɚɱɟɧɢɣ 7-10 ppm. 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɩɨɫɬɚɜɥɟɧɧɨɣ ɜ ɪɚɛɨɬɟ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɨɤ ɡɚ ɫɱɟɬ ɫɬɚɛɢɥɢɡɚɰɢɢ ɤɚɱɟɫɬɜɚ ɩɪɨɞɭɤɬɨɜɨɝɨ 

ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɫɟɪɵ, ɱɬɨ ɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɪɢɫɤɚ ɩɨɥɭɱɟɧɢɹ 

ɧɟɤɨɧɞɢɰɢɨɧɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɭɦɟɧɶɲɟɧɢɸ ɞɟɚɤɬɢɜɚɰɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ 

ɩɨɜɵɲɟɧɢɸ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɭɫɬɚɧɨɜɨɤ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɧɚ ɧɚɝɪɟɜ ɫɵɪɶɹ. 

ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɢ ɪɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɨɤ ɝɢɞɪɨɨɱɢɫɬɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɥɟɤɫɚ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɪɚɛɨɬɭ ɪɟɚɤɬɨɪɚ ɢɞɟɚɥɶɧɨɝɨ ɜɵɬɟɫɧɟɧɢɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɩɪɟɞɟɥɟɧɵ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɪɚɡɪɚɛɨɬɚɧɚ 

ɫɢɫɬɟɦɚ ɨɩɟɪɚɬɢɜɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɝɢɞɪɨɨɱɢɫɬɤɢ, 

ɜɤɥɸɱɚɸɳɚɹ ɮɭɧɤɰɢɸ ɪɚɫɱɟɬɚ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ. ɉɪɟɞɥɨɠɟɧɧɵɟ ɜ 

ɪɚɛɨɬɟ ɪɟɲɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɫɧɢɡɢɬɶ ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɝɢɞɪɨɨɱɢɫɬɤɢ 

ɡɚ ɫɱɟɬ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɪɟɚɤɬɨɪɚɯ 

ɝɢɞɪɨɨɱɢɫɬɤɢ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɟɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɧɚ 70 % ɫɥɭɱɚɟɜ ɨɬɤɥɨɧɟɧɢɹ 

ɍ-I-8 

mailto:Shamil.Yakupov@lukoil.com


89 

 

ɤɚɱɟɫɬɜɚ ɝɢɞɪɨɨɱɢɳɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɚ ɬɚɤɠɟ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɞɟɚɤɬɢɜɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɩɨɜɵɲɟɧɢɸ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɭɫɬɚɧɨɜɨɤ ɧɚ 0,5 Ƚɤɚɥ/ɱ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ ɪɚɛɨɬɟ ɫɢɫɬɟɦɚ ɨɩɟɪɚɬɢɜɧɨɝɨ 

ɦɨɧɢɬɨɪɢɧɝɚ ɩɨɡɜɨɥɹɟɬ: 

 ɩɪɨɜɨɞɢɬɶ ɨɰɟɧɤɭ ɞɥɢɬɟɥɶɧɨɫɬɢ ɰɢɤɥɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɱɬɨ 

ɩɨɡɜɨɥɢɬ ɛɨɥɟɟ ɬɨɱɧɨ ɩɥɚɧɢɪɨɜɚɬɶ ɜɪɟɦɹ ɨɫɬɚɧɨɜɤɢ ɨɛɴɟɤɬɨɜ ɧɚ ɪɟɦɨɧɬ, ɜ ɯɨɞɟ 

ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɦɟɧɚ ɤɚɬɚɥɢɡɚɬɨɪɚ; 

 ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɪɟɚɤɬɨɪɚɯ ɝɢɞɪɨɨɱɢɫɬɤɢ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɦ ɝɢɞɪɨɨɱɢɫɬɤɢ, ɢ ɤɚɤ 

ɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶɲɚɟɬ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɭɫɬɚɧɨɜɨɤ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ 

ɞɟɚɤɬɢɜɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ; 

 ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɨɞɢɬɶ ɤɨɪɪɟɤɬɢɪɭɸɳɢɟ ɞɟɣɫɬɜɢɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹ 

ɬɪɭɞɧɨ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɵɪɶɹ ɧɚ ɭɫɬɚɧɨɜɤɭ ɫ ɛɨɥɟɟ ɚɤɬɢɜɧɨɣ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ ɭɫɬɚɧɨɜɤɢ ɧɚ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɡɚɝɪɭɡɤɟ ɩɨ ɫɵɪɶɸ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɬɪɟɛɭɟɦɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɰɢɤɥɚ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 

Ɇɢɧɢɦɚɥɶɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɨɩɟɪɚɬɢɜɧɨɝɨ 

ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɫɬɚɜɥɹɟɬ 4`275`395 ɪɭɛɥɟɣ ɜ ɝɨɞ ɩɪɢ ɫɪɨɤɟ ɨɤɭɩɚɟɦɨɫɬɢ ɦɟɧɟɟ 0,5 ɦɟɫɹɰɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɵ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 

ɜɧɟɞɪɟɧɢɹ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɉȺɈ «ɅɍɄɈɃɅ». 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ʉɨɪɩɨɪɚɬɢɜɧɵɟ ɪɟɫɭɪɫɵ ɉȺɈ «ɅɍɄɈɃɅ» ɢ ɈɈɈ «ɅɍɄɈɃɅ-

ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ» ɜ ɫɟɬɢ ɂɧɬɟɪɧɟɬ: www.lukoil.ru;  www.nnos.lukoil.ru . 
2. Ɇɚɣɫɚɤ Ɉ.ɋ. SWOT-ɚɧɚɥɢɡ: ɨɛɴɟɤɬ, ɮɚɤɬɨɪɵ, ɫɬɪɚɬɟɝɢɢ. ɉɪɨɛɥɟɦɚ ɩɨɢɫɤɚ 

ɫɜɹɡɟɣ ɦɟɠɞɭ ɮɚɤɬɨɪɚɦɢ // ɉɪɢɤɚɫɩɢɣɫɤɢɣ ɠɭɪɧɚɥ: ɭɩɪɚɜɥɟɧɢɟ ɢ ɜɵɫɨɤɢɟ 
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4. Majak Mapiour, Kinetics and Effects of H2 Partial Pressure on Hydrotreating 

of Heavy Gas Oil // University of Saskatchewan. Canada: 2011. – 203 p.  

5.  Reinaldo M. Machado, Increasing Productivity in Slurry Hydrogenation 

Processes // Air Products and Chemicals, Inc. Allentown: 2013. – 20 p. 
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ɂɋɉɈɅɖɁɈȼȺɇɂȿ ɇɈȼɕɏ ɉɊȿɄɍɊɋɈɊɈȼ ȼ ɋɂɇɌȿɁȿ KCoMoS 

ɄȺɌȺɅɂɁȺɌɈɊɈȼ ɋȿɅȿɄɌɂȼɇɈɃ ȽɂȾɊɈɈɑɂɋɌɄɂ ȻȿɇɁɂɇɈȼ 
ɄȺɌȺɅɂɌɂɑȿɋɄɈȽɈ ɄɊȿɄɂɇȽȺ  

Ⱥɧɚɲɤɢɧ ɘ.ȼ.1, ɂɲɭɬɟɧɤɨ Ⱦ.ɂ.1, ɇɢɤɭɥɶɲɢɧ ɉ.Ⱥ.1,2, ɉɢɦɟɪɡɢɧ Ⱥ.Ⱥ.1  
NOVEL PRECURSORS IN SYNTHESIZE OF KCOMOS CATALYSTS FOR 

SELECTIVE HYDROTREATING OF FCC GASOLINE 
1 ɎȽȻɈɍ ȼɈ «ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɋɚɦɚɪɚ  

E-mail: yu.anashkin@gmail.com  
2 ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɧɟɮɬɢ, ɝ. 

Ɇɨɫɤɜɚ 

 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɫɜɹɡɚɧɚ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɨɱɢɫɬɤɢ ɛɟɧɡɢɧɨɜ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ (ȻɄɄ), ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ. ȻɄɄ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ɢ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɯ 

ɨɥɟɮɢɧɨɜ ɢ ɧɟɫɬɚɛɢɥɶɧɵɯ ɞɢɟɧɨɜ. Ɍɪɚɞɢɰɢɨɧɧɵɟ Co(Ni)Mo/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɟ 

ɩɨɞɯɨɞɹɬ ɞɥɹ ɫɟɥɟɤɬɢɜɧɨɣ ɝɢɞɪɨɨɱɢɫɬɤɢ ȻɄɄ, ɜɜɢɞɭ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɧɚɫɵɳɟɧɢɹ 

ɧɟɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɨɤɬɚɧɨɜɨɝɨ 

ɱɢɫɥɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɧɟɩɨɥɧɨɟ ɝɢɞɪɢɪɨɜɚɧɢɟ ɞɢɨɥɟɮɢɧɨɜ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɚɥɤɟɧɵ, 

ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɨɤɬɚɧɨɜɨɝɨ ɱɢɫɥɚ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɤɨɦɩɥɟɤɫɧɚɹ 

ɨɛɪɚɛɨɬɤɚ ɛɟɧɡɢɧɨɜ FCC ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɭɞɚɥɟɧɢɹ ɫɟɪɵ (ȽȾɋ) ɢ 

ɞɢɟɧɨɜ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɝɨ 

ɫɨɯɪɚɧɟɧɢɹ ɨɤɬɚɧɨɜɨɝɨ ɱɢɫɥɚ ɜɜɢɞɭ ɫɧɢɠɟɧɢɹ ɝɢɞɪɢɪɨɜɚɧɢɹ ɨɥɟɮɢɧɨɜ (ȽɂȾɈ). 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɩɨɫɨɛɨɜ ɜɜɟɞɟɧɢɹ ɚɤɬɢɜɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɦɨɪɮɨɥɨɝɢɸ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ 

ɚɤɬɢɜɧɨɣ ɮɚɡɵ KCoMoS ɩɪɢ ɝɢɞɪɨɨɱɢɫɬɤɟ ɦɨɞɟɥɶɧɨɝɨ ɛɟɧɡɢɧɚ FCC ɢ ɫɟɥɟɤɬɢɜɧɨɦ 

ɝɢɞɪɢɪɨɜɚɧɢɢ ɞɢɨɥɟɮɢɧɨɜ. 

ɋɟɪɢɹ (Co)KMo/SiO2 ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ 

(ɬɚɛɥ. 1). ɇɟɩɪɨɦɨɬɢɪɨɜɚɧɧɵɣ ɨɛɪɚɡɟɰ ɤɚɬɚɥɢɡɚɬɨɪɚ (KMo) ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɩɪɨɩɢɬɤɨɣ 

ɩɨ ɜɥɚɝɨɟɦɤɨɫɬɢ SiO2 ɪɚɫɬɜɨɪɨɦ Ʉ2MoS4 ɜ ɦɟɬɚɧɨɥɟ. ɉɟɪɜɵɣ ɩɪɨɦɨɬɢɪɨɜɚɧɧɵɣ ɨɛɪɚɡɟɰ 

ɤɚɬɚɥɢɡɚɬɨɪɚ (CoKMo) ɩɨɥɭɱɚɥɢ ɩɭɬɟɦ ɩɪɨɩɢɬɤɢ ɧɨɫɢɬɟɥɹ ɫɨɜɦɟɫɬɧɵɦ ɪɚɫɬɜɨɪɨɦ 

Ʉ2MoS4 ɜ ɦɟɬɚɧɨɥɟ ɢ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɚ ɤɨɛɚɥɶɬɚ (Co(acac)2) ɜ ȾɆɎȺ. ȼɬɨɪɨɣ 

ɩɪɨɦɨɬɢɪɨɜɚɧɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ (Co+KMo) ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɨɛɪɚɛɨɬɤɨɣ ɤɚɬɚɥɢɡɚɬɨɪɚ KMo 

ɪɚɫɬɜɨɪɨɦ Co(acac)2 ɜ ȾɆɎȺ. Ɉɛɪɚɡɟɰ ɫɪɚɜɧɟɧɢɹ (KCoMo) ɛɵɥ ɩɨɥɭɱɟɧ ɬɪɚɞɢɰɢɨɧɧɵɦ 

ɫɩɨɫɨɛɨɦ ɫɢɧɬɟɡɚ: ɩɪɨɩɢɬɤɨɣ SiO2 ɜɨɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ H3PMo12O40, CoCO3 ɢ KOH. Ⱦɥɹ 

ɜɫɟɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɬɨɦɨɜ Mo ɢ ɦɨɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ 

Co/Mo ɢ K/Mo ɛɵɥɢ ɨɞɢɧɚɤɨɜɵɦɢ. 

ɍ-I-9 
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Ʉɚɬɚɥɢɡɚɬɨɪɵ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɟɣ N2, 

ɦɟɬɨɞɨɦ ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɮɨɬɨɷɥɟɤɬɪɨɧɧɨɣ 

ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ, ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɟɣ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ, ɚ 

ɬɚɤɠɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɜ ɞɜɭɯ ɦɨɞɟɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ: ɜ ɝɢɞɪɨɨɱɢɫɬɤɟ ɫɦɟɫɢ 

ɬɢɨɮɟɧɚ (1000 ppm ɫɟɪɵ) ɢ 36 % ɦɚɫ. ɧ-ɝɟɤɫɟɧɚ-1 ɢ ɜ ɩɪɨɰɟɫɫɟ ɫɟɥɟɤɬɢɜɧɨɝɨ 

ɝɢɞɪɢɪɨɜɚɧɢɹ ɫɦɟɫɢ 5 % ɦɚɫ. 1,5-ɝɟɤɫɚɞɢɟɧɚ ɢ 30 % ɦɚɫ. ɧ-ɝɟɩɬɟɧɚ-1. 

 

Ɍɚɛɥɢɰɚ 1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

Ɉɛɨɡɧɚɱ. Ʉɚɬɚɥɢɡɚɬɨɪ 

ɋɨɫɬɚɜ (%ɦɚɫ.) ɉɨɜɟɪɯɧɨɫɬɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ 

Mo 

(ɚɬ. Mo/ɧɦ2) 

Ɇɨɥɶɧɨɟ 
ɫɨɨɬɧɨɲɟɧɢɟ 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Mo Co K ɋɨ/Ɇɨ Ʉ/Ɇɨ 
L, 

ɧɦ 
N D 

KMo K2MoS4/SiO2 8.7 0.0 7.1 

2 

- 

2.0 

4.4 2.6 0.27 

CoKMo 
Co0.5-

K2MoS4/SiO2 
8.6 2.6 7.0 

0.5 

3.3 2.3 0.35 

Co+KMo 
Co0.5-

K2MoS4/SiO2 
8.7 2.7 7.1 3.4 2.2 0.34 

KCoMo CoKMo12/SiO2 8.8 2.7 7.2 5.7 2.8 0.21 

 

Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɫɩɨɫɨɛ ɜɜɟɞɟɧɢɹ ɚɤɬɢɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɤɚɬɚɥɢɡɚɬɨɪ 

ɫɢɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɦɨɪɮɨɥɨɝɢɸ ɱɚɫɬɢɰ ɚɤɬɢɜɧɨɣ ɮɚɡɵ, ɚ ɬɚɤɠɟ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ. Ʉɚɬɚɥɢɡɚɬɨɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ K2MoS4 ɢ Co(acac)2, ɩɨɤɚɡɚɥɢ 

ɫɯɨɞɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɧɟɫɦɨɬɪɹ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɷɬɚɩɨɜ ɩɨɞɝɨɬɨɜɤɢ.  

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɢ ȽɂȾɈ ɧ-ɝɟɤɫɟɧɚ-1 (ɡɟɥɟɧɵɟ ɬɨɱɤɢ) ɢ ȽȾɋ 

ɬɢɨɮɟɧɚ (ɫɢɧɢɟ ɬɨɱɤɢ) ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɨɬ ɞɢɫɩɟɪɫɧɨɫɬɢ ɚɤɬɢɜɧɨɣ ɮɚɡɵ 

(ɩɭɫɬɵɟ ɬɨɱɤɢ – KMo ɨɛɪɚɡɟɰ, ɨɤɪɚɲɟɧɧɵɟ ɬɨɱɤɢ – ɩɪɨɦɨɬɢɪɨɜɚɧɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ) 

 

Ɉɛɪɚɡɟɰ ɫɪɚɜɧɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɣ ɬɪɚɞɢɰɢɨɧɧɵɦ ɫɩɨɫɨɛɨɦ, ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ 

ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɞɥɢɧɨɣ ɤɪɢɫɬɚɥɥɢɬɚ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɫɥɨɟɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
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ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɜɵɯ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ, ɩɪɢ ɝɢɞɪɨɨɱɢɫɬɤɟ FCC, ɛɵɥɚ ɜɵɲɟ, ɱɟɦ ɞɥɹ ɷɬɚɥɨɧɧɨɝɨ ɨɛɪɚɡɰɚ (ɪɢɫ. 

1).  

Ⱦɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɨɬɞɟɥɶɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ – PMo12-

ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ ɢ KOH – ɦɵ ɧɚɛɥɸɞɚɥɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ 

ɞɢɫɩɟɪɫɧɨɫɬɶɸ ɚɤɬɢɜɧɨɣ ɮɚɡɵ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ȽȾɋ/ȽɂȾɈ. ɇɢɡɤɚɹ ɞɢɫɩɟɪɫɧɨɫɬɶ ɢ 

ɛɨɥɶɲɚɹ ɞɥɢɧɚ ɤɪɢɫɬɚɥɥɢɬɚ, ɩɨɥɭɱɟɧɧɵɟ ɛɥɚɝɨɞɚɪɹ ɜɜɟɞɟɧɢɸ ɤɚɥɢɹ, ɩɪɢɜɟɥɢ ɤ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɸ ɚɤɬɢɜɧɵɯ ɭɱɚɫɬɤɨɜ ȽȾɋ (ɪɟɛɟɪɧɵɟ) ɢ ȽɂȾɈ (ɭɝɥɨɜɵɟ) ɫ ɱɚɫɬɢɱɧɵɦ 

ɨɬɪɚɜɥɟɧɢɟɦ ɨɛɨɢɯ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɜɜɟɞɟɧɢɟ K ɢɡ ɬɨɝɨ ɠɟ ɫɨɟɞɢɧɟɧɢɹ, ɱɬɨ ɢ Mo, ɩɪɢɜɟɥɨ 

ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɤ ɭɦɟɧɶɲɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɬɨɥɶɤɨ ɰɟɧɬɪɨɜ ȽɂȾɈ, ɬɨɝɞɚ ɤɚɤ 

ɞɢɫɩɟɪɫɧɨɫɬɶ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɝɪɚɟɬ ɧɟ ɬɚɤɭɸ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ȽȾɋ/ȽɂȾɈ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ. 

 

 

Ɋɢɫ. 2. Ɍɪɟɯɦɟɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ȽȾɋ/ȽɂȾɈ (ɫɢɧɢɟ ɦɚɪɤɟɪɵ) ɢ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɚɪɰɢɚɥɶɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɞɢɨɥɟɮɢɧɚ (ɤɪɚɫɧɵɟ ɦɚɪɤɟɪɵ) 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɬ ɫɪɟɞɧɟɣ ɞɥɢɧɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɫɥɨɟɜ 

ɤɪɢɫɬɚɥɥɢɬɨɜ ɚɤɬɢɜɧɨɣ ɮɚɡɵ 

 

Ⱦɥɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɬɚɤɠɟ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ȽȾɋ/ȽɂȾɈ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ ɱɚɫɬɢɱɧɨɦ ȽɂȾ ɞɢɨɥɟɮɢɧɚ ɞɨ ɩɨɥɧɨɝɨ 

ȽɂȾ ɞɢɨɥɟɮɢɧɚ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɪɢɫɬɚɥɥɢɬɨɜ ɚɤɬɢɜɧɨɣ ɮɚɡɵ (ɪɢɫ. 2). 

Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ ɨɛɨɢɯ ɩɪɨɰɟɫɫɚɯ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɩɪɨɦɨɬɢɪɨɜɚɧɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɚɦ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦ ɧɨɜɵɦɢ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚɦɢ. 

Ɉɞɧɚɤɨ ɨɛɪɚɡɟɰ Co+KMo ɛɵɥ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɞɥɹ ɫɟɥɟɤɬɢɜɧɨɣ ɝɢɞɪɨɨɱɢɫɬɤɢ 
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ɦɨɞɟɥɶɧɨɝɨ FCC-ɛɟɧɡɢɧɚ, ɬɨɝɞɚ ɤɚɤ ɤɚɬɚɥɢɡɚɬɨɪ CoKMo ɛɵɥ ɛɨɥɟɟ ɫɟɥɟɤɬɢɜɧɵɦ ɩɪɢ 

ɧɟɩɨɥɧɨɦ ɝɢɞɪɢɪɨɜɚɧɢɢ ɞɢɨɥɟɮɢɧɚ ɞɨ ɨɥɟɮɢɧɚ. ɉɨɷɬɨɦɭ ɤɚɬɚɥɢɡɚɬɨɪɵ KCoMo, 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɢɡ ɧɨɜɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ, ɹɜɥɹɸɬɫɹ ɩɪɟɞɩɨɱɢɬɟɥɶɧɵɦɢ ɞɥɹ 

ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ FCC-ɛɟɧɡɢɧɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ, 

ɩɪɨɟɤɬ № 17-73-10446. 
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ɊȺɁɊȺȻɈɌɄȺ ɉȿɊɋɉȿɄɌɂȼɇɕɏ ȺȼɂȺȻȿɇɁɂɇɈȼ 

Ʉɥɢɦɨɜ ɇ.Ⱥ., ȿɪɲɨɜ Ɇ.Ⱥ. 
DEVELOPMENT OF ADVANCED AVIATION GASOLINES 

ȺɈ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ 
ɧɟɮɬɢ», Ɇɨɫɤɜɚ 

E-mail: klinovna@vniinp.ru  

 

Ⱥɜɢɚɰɢɨɧɧɵɟ ɛɟɧɡɢɧɵ – ɷɬɨ ɬɨɩɥɢɜɚ ɞɥɹ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɨɫɧɚɳɟɧɧɨɣ 

ɩɨɪɲɧɟɜɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ. ɋɟɝɨɞɧɹ ɫɭɦɦɚɪɧɵɣ ɩɚɪɤ ɩɨɪɲɧɟɜɨɣ 

ɚɜɢɚɬɟɯɧɢɤɢ ɜ Ɋɨɫɫɢɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 3000 ɫɚɦɨɥɟɬɨɜ ɢ 400 ɜɟɪɬɨɥɟɬɨɜ, ɢɡ ɤɨɬɨɪɵɯ 

70% ɫɚɦɨɥɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɬɚɪɵɦɢ ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ – Ⱥɇ-2, əɤ-

12Ɇ/18Ⱥ/18Ɍ/50/52/54/55, ɚ 30% ɛɨɪɬɚɦɢ ɡɚɪɭɛɟɠɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ – ɜ ɨɫɧɨɜɧɨɦ 

Cessna-172. Ɉɤɨɥɨ 80% ɩɚɪɤɚ ɩɨɪɲɧɟɜɵɯ ɜɟɪɬɨɥɟɬɨɜ ɜ Ɋɨɫɫɢɢ ɡɚɪɭɛɟɠɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ.  

Ⱦɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɞɚɜɥɹɸɳɟɝɨ ɛɨɥɶɲɢɧɫɬɜɚ ɡɚɪɭɛɟɠɧɨɣ ɚɜɢɚɬɟɯɧɢɤɢ 

ɧɟɨɛɯɨɞɢɦ ɚɜɢɚɛɟɧɡɢɧ ɦɚɪɤɢ Avgas 100LL (ɩɨ ɫɬɚɧɞɚɪɬɚɦ ASTM D910 ɢ DEF STAN 91-

90). Ȼɟɧɡɢɧ ɦɚɪɤɢ Avgas 100LL ɡɚɧɢɦɚɟɬ ɩɨɞɚɜɥɹɸɳɭɸ ɞɨɥɸ ɦɢɪɨɜɨɝɨ ɪɵɧɤɚ 

ɚɜɢɚɛɟɧɡɢɧɚ ɢ ɮɚɤɬɢɱɟɫɤɢ, ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɧɚ ɥɸɛɵɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɚɯ, 

ɪɚɫɫɱɢɬɚɧɧɵɯ ɧɚ ɪɚɛɨɬɭ ɧɚ ɷɬɢɥɢɪɨɜɚɧɧɨɦ ɚɜɢɚɛɟɧɡɢɧɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɨɫɤɨɥɶɤɭ ɧɟ ɭɫɬɭɩɚɟɬ ɞɪɭɝɢɦ ɦɚɪɤɚɦ ɩɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɢ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɚɜɢɚɛɟɧɡɢɧɚ Avgas 100LL ɹɜɥɹɟɬɫɹ 

ɩɨɧɢɠɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɬɟɬɪɚɷɬɢɥɫɜɢɧɰɚ – ɧɚɢɛɨɥɟɟ ɞɨɪɨɝɨɣ ɩɪɢɫɚɞɤɢ ɤ ɚɜɢɚɛɟɧɡɢɧɭ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɪɹɞ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɚɧɢɣ ɜɨɫɫɬɚɧɨɜɢɥɢ ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɚɜɢɚɛɟɧɡɢɧɚ ɜ Ɋɨɫɫɢɢ, ɱɟɦɭ ɩɪɟɞɲɟɫɬɜɨɜɚɥ ɪɹɞ ɪɚɛɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɜɟɞɟɧɧɵɯ ȺɈ 

«ȼɇɂɂ ɇɉ». 

Ⱥɤɬɭɚɥɢɡɨɜɚɧ ȽɈɋɌ 1012-2013, ɪɚɡɪɚɛɨɬɚɧ ȽɈɋɌ Ɋ 55493-2013 «Ȼɟɧɡɢɧ 

ɚɜɢɚɰɢɨɧɧɵɣ Avgas 100LL. Ɍɟɯɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ» 

ȼ ȺɈ «ȼɇɂɂ ɇɉ» ɪɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɜɢɚɛɟɧɡɢɧɚ Avgas 

100LL ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɛɚɡɟ ɲɢɪɨɤɨɣ ɮɪɚɤɰɢɢ ɚɥɤɢɥɚɬɚ, 

ɢɦɟɸɳɟɝɨ ɬɟɦɩɟɪɚɬɭɪɭ ɤɨɧɰɚ ɤɢɩɟɧɢɹ ɜɵɲɟ 170 ɋ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɬɟɯɧɨɥɨɝɢɢ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɫɧɢɠɟɧɢɢ ɞɨɥɢ ɬɹɠɟɥɨɝɨ ɚɥɤɢɥɚɬɚ ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɞɨɥɢ 

ɮɪɚɤɰɢɣ ɢɡɨɩɚɪɚɮɢɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ6-ɋ8, ɫ ɧɟɛɨɥɶɲɢɦ ɩɪɢɫɭɬɫɬɜɢɟɦ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ5. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜɦɟɫɬɨ 

ɲɢɪɨɤɨɮɪɚɤɰɢɨɧɧɨɝɨ ɢɡɨɦɟɪɢɡɚɬɚ ɋ5-ɋ6 ɢ ɢɡɨɩɟɧɬɚɧɨɜɨɣ ɮɪɚɤɰɢɢ, ɝɟɤɫɚɧɨɜɨɝɨ 

ɢɡɨɦɟɪɢɡɚɬɚ (ɮɪɚɤɰɢɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɨɞɟɪɠɚɳɟɣ ɭɝɥɟɜɨɞɨɪɨɞɵ ɋ6) ɢ ɮɪɚɤɰɢɢ 

ɢɡɨɦɟɪɢɡɚɬɚ ɋ7+. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɦɟɪɢɡɚɬɚ ɋ6, 

ɍ-I-10 
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ɩɨɡɜɨɥɹɸɳɟɟ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɮɪɚɤɰɢɨɧɧɨɦɭ ɫɨɫɬɚɜɭ ɛɟɧɡɢɧɚ Avgas 100LL 

ɜ ɫɦɟɫɢ ɫ ɲɢɪɨɤɨɣ ɮɪɚɤɰɢɟɣ ɚɥɤɢɥɚɬɚ, ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɨɥɭɨɥɚ 25% ɦɚɫ., 

ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 25 ɞɨ 45% ɦɚɫ.  

Ɍɚɤɠɟ ɪɚɡɪɚɛɨɬɚɧɚ ɪɟɰɟɩɬɭɪɚ ɚɜɢɚɛɟɧɡɢɧɚ ɦɚɪɤɢ Avgas 100VLL, ɫɨɞɟɪɠɚɳɟɝɨ 

ɟɳɟ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɢɧɰɚ (0,46 ɝ/ɥ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 0,56 ɝ/ɥ ɞɥɹ Avgas 100LL) ɧɚ 

ɨɫɧɨɜɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɢɡɨɨɤɬɚɧɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɬɨɥɭɨɥɚ ɢ ɢɡɨɩɟɧɬɚɧɨɜɨɣ ɮɪɚɤɰɢɢ.  

ɇɚɣɞɟɧɨ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ, ɩɨɡɜɨɥɹɸɳɟɟ ɩɪɢɦɟɧɹɬɶ ɢɦɩɨɪɬɧɭɸ ɷɬɢɥɨɜɭɸ 

ɠɢɞɤɨɫɬɶ ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ, ɤɨɬɨɪɨɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɟɟ ɪɚɡɛɚɜɥɟɧɢɢ 

ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ. ɍɫɬɚɧɨɜɥɟɧɨ ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɜ ɷɬɢɥɨɜɭɸ ɠɢɞɤɨɫɬɶ 20 

% ɬɨɥɭɨɥɚ, ɥɢɛɨ 60 % ɛɚɡɨɜɵɯ ɫɦɟɫɟɣ Ⱥ ɢɥɢ Ȼ ɩɨɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɜɵɩɚɞɟɧɢɹ 

ɤɪɢɫɬɚɥɥɨɜ ɞɢɛɪɨɦɷɬɚɧɚ ɞɨ ɦɢɧɭɫ 40 ɝɪɚɞɭɫɨɜ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɨ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ 

ɪɟɝɢɨɧɨɜ Ɋɨɫɫɢɢ. 

Ɋɚɡɪɚɛɨɬɚɧɵ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɦɚɪɤɢ ɧɟɷɬɢɥɢɪɨɜɚɧɧɵɯ ɚɜɢɚɛɟɧɡɢɧɨɜ Ȼ-92/115, Ȼ-

92, ɜ ɤɨɬɨɪɵɯ ɜ ɤɚɱɟɫɬɜɟ ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɯ ɞɨɛɚɜɨɤ ɢɫɩɨɥɶɡɭɸɬɫɹ N-ɦɟɬɢɥɚɧɢɥɢɧ. 

ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ N-ɦɟɬɢɥɚɧɢɥɢɧɚ ɧɚ ɚɧɬɢɞɟɬɨɧɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɜɵɫɨɤɨɨɤɬɚɧɨɜɨɣ ɛɚɡɵ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ N-ɦɟɬɢɥɚɧɢɥɢɧɚ ɫɜɵɲɟ 1% 

ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɥɟɱɟɧɢɸ ɈɑɆ ɜɵɫɨɤɨɨɤɬɚɧɨɜɨɣ ɛɚɡɵ, ɦɨɬɨɪɧɨɟ ɨɤɬɚɧɨɜɨɟ ɱɢɫɥɨ 

ɤɨɬɨɪɨɣ ɜɵɲɟ 95. Ɉɞɧɚɤɨ ɨɧ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɪɢɪɨɫɬɚ ɡɧɚɱɟɧɢɹ 

ɫɨɪɬɧɨɫɬɢ. Ⱦɥɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɧɟɷɬɢɥɢɪɨɜɚɧɧɵɯ ɦɚɪɨɤ ɚɜɢɚɛɟɧɡɢɧɨɜ Ȼ-92/115, Ȼ-92 

ɩɨɥɭɱɟɧ ɞɨɩɭɫɤ ɤ ɩɪɢɦɟɧɟɧɢɸ ɧɚ ɞɜɢɝɚɬɟɥɹɯ Rotax. ȼɵɪɚɛɨɬɚɧɚ ɩɟɪɜɚɹ ɨɩɵɬɧɨ – 

ɩɪɨɦɵɲɥɟɧɧɚɹ ɩɚɪɬɢɹ ɧɟɷɬɢɥɢɪɨɜɚɧɧɨɝɨ ɚɜɢɚɛɟɧɡɢɧɚ Ȼ-92/115. ȼɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ 

ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɚɜɢɚɞɜɢɝɚɬɟɥɟ Ɇ-14. 
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ȼɅɂəɇɂȿ ɉɊɈɐȿɋɋȺ ɉɊɈɂɁȼɈȾɋɌȼȺ ɇȺ ɋɌȺȻɂɅɖɇɈɋɌɖ 
ȾɂɁȿɅɖɇɕɏ ɌɈɉɅɂȼ ȿȼɊɈ 

Ɇɢɬɭɫɨɜɚ Ɍ.ɇ., Ɍɢɬɚɪɟɧɤɨ Ɇ.Ⱥ. 
EFFECT OF PRODUCTION PROCESS ON STABILITY OF DIESEL FUELS EURO  

ȺɈ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɧɟɮɬɢ», 

Ɇɨɫɤɜɚ 

E-mail: titarenkoma@yandex.ru 

 

ȼɚɠɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɤɚɱɟɫɬɜɚ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɹɜɥɹɟɬɫɹ ɢɯ ɫɬɚɛɢɥɶɧɨɫɬɶ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ ɡɚɜɢɫɢɬ ɨɬ ɤɚɱɟɫɬɜɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɫɵɪɶɹ, 

ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɭɫɥɨɜɢɣ ɯɪɚɧɟɧɢɹ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɯɪɚɧɢɥɢɳɚ [1].  

Ⱦɥɹ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɢɡɟɥɶɧɵɯ 

ɬɨɩɥɢɜ ɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɛɵɥɢ ɜɵɛɪɚɧɵ ɨɛɪɚɡɰɵ ɬɨɩɥɢɜ, ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɩɨ ɫɥɟɞɭɸɳɢɦ 

ɝɢɞɪɨɝɟɧɢɡɚɰɢɨɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ: ɝɢɞɪɨɨɱɢɫɬɤɚ (ȽɈ), ɝɢɞɪɨɤɪɟɤɢɧɝ (ȽɄ), ɚ ɬɚɤɠɟ 

ɝɢɞɪɨɞɟɪɨɦɚɬɢɡɚɰɢɹ (ȽȾȺ). Ɍɚɤ ɤɚɤ ɫɨɜɪɟɦɟɧɧɵɟ ɞɢɡɟɥɶɧɵɟ ɬɨɩɥɢɜɚ ɧɟɜɨɡɦɨɠɧɨ 

ɩɪɨɢɡɜɨɞɢɬɶ ɛɟɡ ɜɨɜɥɟɱɟɧɢɹ ɩɪɢɫɚɞɨɤ ɪɚɡɥɢɱɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɜ 

ɨɛɪɚɡɰɵ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɞɨɛɚɜɥɹɥɢ ɩɪɨɦɨɬɨɪ ɜɨɫɩɥɚɦɟɧɟɧɢɹ (ɉȼ) ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 

0,2% ɦɚɫɫ., ɩɪɨɬɢɜɨɢɡɧɨɫɧɭɸ ɩɪɢɫɚɞɤɭ (ɉɉ) ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,03% ɦɚɫɫ. ɢ ɫɬɚɛɢɥɢɡɚɬɨɪ 

ɤɨɦɩɥɟɤɫɧɨɝɨ ɞɟɣɫɬɜɢɹ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,025% ɦɚɫɫ.  

Ɉɰɟɧɤɭ ɫɬɨɣɤɨɫɬɢ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ȿȼɊɈ ɤ ɨɤɢɫɥɟɧɢɸ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ 

ȽɈɋɌ Ɋ ȿɇ ɂɋɈ 12205 – «ɇɟɮɬɟɩɪɨɞɭɤɬɵ. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɣ 

ɫɬɚɛɢɥɶɧɨɫɬɢ ɞɢɫɬɢɥɥɹɬɧɵɯ ɬɨɩɥɢɜ», ɜɧɟɫɟɧɧɨɝɨ ɜ ɫɬɚɧɞɚɪɬɵ ȽɈɋɌ  32511 ɢ Ɋ 52368 ɧɚ 

ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ ȿȼɊɈ, ɚ ɬɚɤɠɟ ɩɨ ɋɌɈ 11605031-077-2013 «Ɍɨɩɥɢɜɚ ɞɢɡɟɥɶɧɵɟ. 

Ɇɟɬɨɞ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɨɰɟɧɤɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɭɫɤɨɪɟɧɧɨɝɨ 

ɯɪɚɧɟɧɢɹ». 

ȼ ɬɚɛɥ. 1 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, 

ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ. ȼɢɞɧɨ, ɱɬɨ ɜɜɟɞɟɧɧɵɣ ɜ ɞɢɡɟɥɶɧɨɟ 

ɬɨɩɥɢɜɨ ɩɚɤɟɬ ɩɪɢɫɚɞɨɤ, ɫɨɞɟɪɠɚɳɢɣ ɉȼ ɢ ɉɉ, ɭɯɭɞɲɚɟɬ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ 

ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ. ȼɜɟɞɟɧɢɟ ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɨɡɜɨɥɹɟɬ 

ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɨɫɚɞɤɚ.  

Ɍɚɛɥɢɰɚ 1. Ⱦɚɧɧɵɟ ɩɨ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɫɨɝɥɚɫɧɨ 

ȽɈɋɌ Ɋ ȿɇ ɂɋɈ 12205 

ɉɪɨɰɟɫɫ 
Ɉɤɢɫɥɢɬɟɥɶɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ, ɝ/ɦ3 

- ɉȼ+ɉɉ ɉȼ +ɉɉ + ɋɬɚɛɢɥɢɡɚɬɨɪ 

ȽɈ, Ʉɥɚɫɫ 

ȽɈ, ɋɨɪɬ 

2,3 

5,6 

6,3 

10,0 

3,6 

6,6 

ɍ-I-11 

mailto:titarenkoma@yandex.ru
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ȽɄ 3,0 6,6 5,1 

ȽȾȺ 6,4 16,0 9,0 

 

ȼ ɬɚɛɥ. 2 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɨɫɚɞɤɚ ɜ 

ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɦɭ ɩɨ ɋɌɈ 11605031-077-2013, ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɜ ȺɈ 

«ȼɇɂɂ ɇɉ». ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɬɜɟɪɞɢɥɢ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɩɪɢɫɚɞɨɤ ɧɚ 

ɤɨɥɢɱɟɫɬɜɨ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɨɫɚɞɤɚ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɬɨɩɥɢɜɚ.  

Ɍɚɛɥɢɰɚ 2. Ⱦɚɧɧɵɟ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɨɫɚɞɤɚ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ 

ɫɨɝɥɚɫɧɨ ɋɌɈ 11605031-077-2013 

ɉɪɨɰɟɫɫ 
Ʉɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɨɫɚɞɤɚ, ɦɝ/100 ɦɥ 

- ɉȼ+ɉɉ ɉȼ +ɉɉ + ɋɬɚɛɢɥɢɡɚɬɨɪ 

ȽɈ, Ʉɥɚɫɫ 

ȽɈ, ɋɨɪɬ 

0,05 

0,38 

0,25 

0,78 

0,18 

0,50 

ȽɄ 1,40 3,68 3,63 

ȽȾȺ 0,66 1,03 0,86 

 

Ɍɚɤ ɤɚɤ ɉȼ ɢ ɉɉ ɜ ɩɚɤɟɬɟ ɭɯɭɞɲɚɸɬ ɫɬɚɛɢɥɶɧɨɫɬɶ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ȿȼɊɈ, 

ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɩɪɢɫɚɞɨɤ ɧɚ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɜ ɨɬɞɟɥɶɧɨɫɬɢ. ȼ 

ɬɚɛɥ. 3 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɥɹ ɝɢɞɪɨɨɱɢɳɟɧɧɨɝɨ ɬɨɩɥɢɜɚ.  ɂɡ 

ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɩɪɨɬɢɜɨɢɡɧɨɫɧɚɹ ɩɪɢɫɚɞɤɚ ɨɤɚɡɵɜɚɟɬ ɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ 

ɧɚ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɦɨɬɨɪɨɦ 

ɜɨɫɩɥɚɦɟɧɟɧɢɹ. Ⱦɥɹ ɬɨɩɥɢɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɰɟɫɫɚɦɢ ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɢ 

ɝɢɞɪɨɞɟɚɪɨɦɚɬɢɡɚɰɢɢ ɧɚɛɥɸɞɚɸɬɫɹ ɬɟ ɠɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ.  

Ɍɚɛɥɢɰɚ 3. Ⱦɚɧɧɵɟ ɩɨ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɫɨɝɥɚɫɧɨ 

ȽɈɋɌ Ɋ ȿɇ ɂɋɈ 12205 

ɉɪɨɰɟɫɫ 
Ɉɤɢɫɥɢɬɟɥɶɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ, ɝ/ɦ3 

- ɉȼ ɉɉ ɉȼ +ɉɉ 

ȽɈ 11,1 16,3 26,0 30,2 

 

ɉɪɨɢɡɜɨɞɢɬɟɥɢ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɤɨɦɩɥɟɤɫɧɨɝɨ ɞɟɣɫɬɜɢɹ ɭɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɞɚɧɧɵɟ 

ɩɪɢɫɚɞɤɢ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɜ ɬɨɩɥɢɜɚɯ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɚ ɇɉɁ, ɧɨ ɢ ɜ 

ɬɨɩɥɢɜɚɯ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɯɪɚɧɟɧɢɸ ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɪɟɦɟɧɢ. ȼ ɬɚɛɥ. 4 

ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɬɨɩɥɢɜ ɩɨɥɭɱɟɧɧɵɯ ɜ 
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ɩɪɨɰɟɫɫɚɯ ɝɢɞɪɨɨɱɢɫɬɤɢ ɢ ɝɢɞɪɨɤɪɟɤɢɧɝɚ, ɯɪɚɧɢɜɲɢɯɫɹ 3 ɝɨɞɚ, ɩɨɫɥɟ ɱɟɝɨ ɜ ɧɢɯ ɜɜɨɞɢɥɢ 

ɫɬɚɛɢɥɢɡɚɬɨɪ. ȼɢɞɧɨ, ɱɬɨ ɫɬɚɛɢɥɢɡɚɬɨɪ ɧɟ ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɨɤɢɫɥɢɬɟɥɶɧɭɸ 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɞɨ ɧɨɪɦɵ 25 ɝ/ɦ3. 

Ɍɚɛɥɢɰɚ 4. Ⱦɚɧɧɵɟ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɨɫɚɞɤɚ ɫɨɝɥɚɫɧɨ ȽɈɋɌ Ɋ ȿɇ 

ɂɋɈ 12205 ɜ ɬɨɩɥɢɜɚɯ ɩɨɫɥɟ 3 ɥɟɬ ɯɪɚɧɟɧɢɹ 

ɉɪɨɰɟɫɫ 
Ɉɤɢɫɥɢɬɟɥɶɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ, ɝ/ɦ3 

- ɉȼ+ɉɉ ɉȼ +ɉɉ + ɋɬɚɛɢɥɢɡɚɬɨɪ 

ȽɈ 12,7 25,6 27,4 

ȽɄ 32,6 42,6 30,0 

ɇɨɪɦɚ – ɧɟ ɛɨɥɟɟ 25,0 ɝ/ɦ3 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɹɜɥɟɧɨ, ɱɬɨ: 

• ȼɜɟɞɟɧɢɟ ɉȼ ɢ ɉɉ ɭɯɭɞɲɚɟɬ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɨɩɥɢɜ, 

ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɮɪɚɤɰɢɣ ɝɢɞɪɨɝɟɧɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ: ɝɢɞɪɨɨɱɢɫɬɤɢ, 

ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɢ ɝɢɞɪɨɞɟɚɪɨɦɚɬɢɡɚɰɢɢ; 

• ɉɉ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɭɯɭɞɲɟɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨɣ 

ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɉȼ, ɫɨɜɦɟɫɬɧɨɟ ɩɪɢɫɭɬɫɬɜɢɟ ɉɉ ɢ ɉȼ ɭɫɢɥɢɜɚɟɬ 

ɨɤɢɫɥɟɧɢɟ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ. 

• ȼɜɟɞɟɧɢɟ ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɜ ɬɨɩɥɢɜɚ ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɝɨ ɯɪɚɧɟɧɢɹ ɜ ɬɟɱɟɧɢɟ 3ɯ 

ɥɟɬ, ɧɟ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɡɧɚɱɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɞɨ ɧɨɪɦɚɬɢɜɧɵɯ 

ɬɪɟɛɨɜɚɧɢɣ.  

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ɇɢɬɭɫɨɜɚ Ɍ.ɇ., ɇɟɞɚɣɛɨɪɳ Ⱥ.ɋ., Ɍɢɬɚɪɟɧɤɨ Ɇ.Ⱥ. ɋɬɚɛɢɥɶɧɨɫɬɶ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɢ 

ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɟ ɩɪɢɫɚɞɤɢ, ɦɚɬɟɪɢɚɥɵ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ «ɇȿɎɌȿȽȺɁɈɉȿɊȿɊȺȻɈɌɄȺ-2015». ɋ. 72-74 
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ɉȿɊɈɄɋɂȾɇɈȿ ɈɄɂɋɅȿɇɂȿ ɆɈȾȿɅɖɇɕɏ ɋɍɅɖɎɂȾɈȼ ȼ 
ɉɊɂɋɍɌɋɌȼɂɂ ɄȺɌȺɅɂɁȺɌɈɊɈȼ ɇȺ ɈɋɇɈȼȿ ɆȿɁɈɉɈɊɂɋɌɕɏ 

ɇɈɋɂɌȿɅȿɃ 

ɉɨɥɢɤɚɪɩɨɜɚ ɉ.Ⱦ., Ⱥɤɨɩɹɧ Ⱥ.ȼ., Ⱥɧɢɫɢɦɨɜ Ⱥ.ȼ., Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ. 
PEROXIDE OXIDATION OF MODEL SULPHIDES IN THE PRESENCE OF 

CATALYSTS BASED ON MEZOPORITE SUPPORT 
Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

E-mail: polikarpova@petrol.chem.msu.ru 

 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɩɨɫɬɨɹɧɧɨ ɭɠɟɫɬɨɱɚɸɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɦɨɬɨɪɧɵɦ ɬɨɩɥɢɜɚɦ, ɜ ɱɚɫɬɧɨɫɬɢ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɫɟɪɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ [1]. ɗɬɨ 

ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɫɟɪɧɢɫɬɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ ɡɚɝɪɹɡɧɟɧɢɸ ɚɬɦɨɫɮɟɪɵ, ɨɬɪɚɜɥɹɸɬ 

ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ, ɜɵɡɵɜɚɸɬ ɤɨɪɪɨɡɢɸ ɚɩɩɚɪɚɬɭɪɵ ɩɪɢ ɞɨɛɵɱɟ, 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɢ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɚ ɬɚɤɠɟ ɜ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ 

ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɞɨɛɵɜɚɟɦɵɯ ɧɟɮɬɹɯ, ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ 

ɫɩɨɫɨɛɨɜ ɫɟɪɨɨɱɢɫɬɤɢ ɧɟɮɬɢ ɢ ɟɟ ɞɢɫɬɢɥɥɹɬɨɜ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ [2].  

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɜ ɦɢɪɟ ɫɩɨɫɨɛɨɦ ɨɱɢɫɬɤɢ ɬɨɩɥɢɜ ɨɬ ɫɟɪɵ ɹɜɥɹɟɬɫɹ 

ɝɢɞɪɨɨɱɢɫɬɤɚ, ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɤɚɩɢɬɚɥɨ- ɢ ɷɧɟɪɝɨɟɦɤɢɦ, ɱɬɨ ɧɟɩɪɢɟɦɥɟɦɨ 

ɞɥɹ ɧɟɛɨɥɶɲɢɯ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɨɥɶɲɨɟ ɪɚɡɜɢɬɢɟ 

ɩɨɥɭɱɚɸɬ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɛɟɡɜɨɞɨɪɨɞɧɵɟ ɫɩɨɫɨɛɵ ɫɟɪɨɨɱɢɫɬɤɢ [3,4], ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 

– ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɨɛɟɫɫɟɪɢɜɚɧɢɟ [5]. Ɇɟɬɨɞ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɨɛɟɫɫɟɪɢɜɚɧɢɹ ɨɫɧɨɜɚɧ ɧɚ 

ɨɤɢɫɥɟɧɢɢ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɞɨ ɫɭɥɶɮɨɤɫɢɞɨɜ ɢ ɫɭɥɶɮɨɧɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɢɡɜɥɟɱɟɧɢɟɦ ɩɪɨɞɭɤɬɨɜ ɨɤɢɫɥɟɧɢɹ ɢɡ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɜ ɫɜɹɡɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɞɟɥɹɟɦɵɯ 

ɫɭɥɶɮɨɤɫɢɞɨɜ ɢ ɫɭɥɶɮɨɧɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɨɛɟɫɫɟɪɢɜɚɧɢɹ 

ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɨɦɨɝɟɧɧɵɟ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɫɨɥɟɣ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, 

ɨɞɧɚɤɨ ɷɬɨ ɧɟ ɜɫɟɝɞɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜ ɫɜɹɡɢ ɫ ɬɪɭɞɨɟɦɤɨɫɬɶɸ, ɚ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɢ 

ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɝɟɧɟɪɚɰɢɢ ɢ ɩɨɬɟɪɹɦɢ ɬɚɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ɗɬɢɯ 

ɧɟɞɨɫɬɚɬɤɨɜ ɥɢɲɟɧɵ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ 

ɯɨɪɨɲɢɦɢ ɩɟɪɫɩɟɤɬɢɜɚɦɢ ɧɚ ɢɯ ɩɪɨɦɵɲɥɟɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ. 

ɂɧɬɟɪɟɫɧɵɦɢ ɧɨɫɢɬɟɥɹɦɢ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 

ɨɛɟɫɫɟɪɢɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɦɟɡɨɩɨɪɢɫɬɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɪɚɡɦɟɪ ɩɨɪ ɤɨɬɨɪɵɯ ɫɨɨɬɧɨɫɢɬɫɹ ɫ 

ɪɚɡɦɟɪɨɦ ɦɨɥɟɤɭɥ ɫɟɪɨɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɹɯ 

[6]. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɦɟɡɨɩɨɪɢɫɬɵɦɢ ɧɨɫɢɬɟɥɹɦɢ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɦ 

ɨɛɟɫɫɟɪɢɜɚɧɢɢ ɜɵɫɬɭɩɚɸɬ SBA-15 ɢ ɆɋɆ-41. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɨɤɢɫɥɟɧɢɹ 

ɫɟɪɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ 
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ɨɫɧɨɜɟ ɦɟɡɨɩɨɪɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɆɋɆ-41), ɬ.ɤ. ɨɧ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɭɡɤɢɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨɪ ɩɨ ɪɚɡɦɟɪɚɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ SBA-15. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɧɚ ɆɋɆ-41 

ɧɚɧɨɫɢɥɢ ɨɤɫɢɞɵ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ (ɦɨɥɢɛɞɟɧ, ɜɨɥɶɮɪɚɦ, ɜɚɧɚɞɢɣ), ɭɱɢɬɵɜɚɹ ɢɯ 

ɜɵɫɨɤɭɸ  ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɩɪɨɰɟɫɫɚɯ ɨɤɢɫɥɟɧɢɹ ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ [7]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɨɫɢɬɟɥɶ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɨɣɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɚ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ 

ɤɚɬɚɥɢɡɚɬɨɪɚ [8]. Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɤɢɫɥɟɧɢɟ ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɬɟɤɚɟɬ 

ɥɭɱɲɟ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ [7], ɩɨɷɬɨɦɭ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɤɢɫɥɨɬɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɧɨɫɢɬɟɥɹ 

ɛɵɥ ɩɨɥɭɱɟɧ ɆɋɆ-41 ɫɨ ɜɫɬɪɨɟɧɧɵɦ ɜ ɟɝɨ ɫɬɪɭɤɬɭɪɭ ɚɥɸɦɢɧɢɟɦ (Al-ɆɋɆ-41), ɤɨɬɨɪɵɣ 

ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɵɥ ɫɭɥɶɮɚɬɢɪɨɜɚɧ.  

Ɉɤɫɢɞɵ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ (ɦɨɥɢɛɞɟɧɚ, ɜɨɥɶɮɪɚɦɚ, ɜɚɧɚɞɢɹ) ɧɚɧɨɫɢɥɢɫɶ ɧɚ 

ɆɋɆ-41 ɜ ɪɚɡɥɢɱɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ (ɜ ɦɨɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ Me:Si 

ɨɬ 1:320 ɞɨ 1:20). Ⱥɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɧɚ ɦɨɞɟɥɶɧɨɣ 

ɫɦɟɫɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɪɚɫɬɜɨɪ ɞɢɛɟɧɡɨɬɢɨɮɟɧɚ ɜ ɞɟɤɚɧɟ: ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɣ ɢɡ ɧɢɯ, 

ɫɨɞɟɪɠɚɳɢɣ ɧɚɧɟɫɟɧɧɵɣ ɨɤɫɢɞ ɜɨɥɶɮɪɚɦɚ, ɩɨɡɜɨɥɹɟɬ ɩɨɥɧɨɫɬɶɸ ɭɞɚɥɹɬɶ 

ɞɢɛɟɧɡɨɬɢɨɮɟɧ ɩɪɢ 60°ɋ ɡɚ ɨɞɢɧ ɱɚɫ.  

Ȼɨɥɟɟ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɦɨɞɟɥɶɧɵɯ ɫɭɥɶɮɢɞɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɧɚ ɨɫɧɨɜɟ ɱɢɫɬɨɝɨ ɆɋɆ-41 ɩɪɨɹɜɥɹɸɬ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ Al-

ɆɋɆ-41 ɢ ɟɝɨ ɫɭɥɶɮɚɬɢɪɨɜɚɧɧɵɟ ɚɧɚɥɨɝɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɨ ɜɥɢɹɧɢɢ ɩɪɢɪɨɞɵ ɧɨɫɢɬɟɥɹ (ɤɨɥɢɱɟɫɬɜɟ 

ɧɚɧɟɫɟɧɧɵɯ ɦɨɥɢɛɞɟɧɚ, ɜɨɥɶɮɪɚɦɚ, ɜɚɧɚɞɢɹ; ɤɨɥɢɱɟɫɬɜɟ ɜɧɟɞɪɟɧɧɨɝɨ ɜ ɫɬɪɭɤɬɭɪɭ 

ɚɥɸɦɢɧɢɹ; ɧɚɥɢɱɢɹ ɫɭɥɶɮɨɝɪɭɩɩ) ɧɚ ɤɨɧɜɟɪɫɢɸ ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɢɯ ɨɤɢɫɥɟɧɢɹ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɩɪɟɞɥɨɠɟɧ ɫɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɭɫɥɨɜɢɹ 

ɨɤɢɫɥɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɤɢɫɥɹɬɶ ɫ ɜɵɫɨɤɨɣ ɤɨɧɜɟɪɫɢɟɣ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɪɚɡɥɢɱɧɵɟ 

ɤɥɚɫɫɵ ɫɟɪɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɪɭɞɧɨɨɤɢɫɥɹɟɦɵɟ 

ɝɟɬɟɪɨɚɪɨɦɚɬɢɱɟɫɤɢɟ ɫɟɪɧɢɫɬɵɟ ɫɨɟɞɢɧɟɧɢɹ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ Ɉɛɪɚɡɨɜɚɧɢɹ ɢ 

ɇɚɭɤɢ ɊɎ ɜ ɪɚɦɤɚɯ Ɏɐɉ "ɂɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɩɨ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ 

ɪɚɡɜɢɬɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ Ɋɨɫɫɢɢ ɧɚ 2014-2020 ɝɝ." ɦɟɪɨɩɪɢɹɬɢɟ 

1.3, ɋɨɝɥɚɲɟɧɢɟ ɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɫɭɛɫɢɞɢɢ № 14.607.21.0173 ɨɬ 26.09.2017. 

ɍɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɢɤɥɚɞɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ RFMEFI60717X0173. 
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ɍɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɨɜ ɞɨɛɵɱɢ ɬɹɠɟɥɵɯ ɜɵɫɨɤɨɜɹɡɤɢɯ ɧɟɮɬɟɣ ɢ ɪɚɫɬɭɳɢɟ ɩɪɢ 

ɷɬɨɦ ɡɚɬɪɚɬɵ ɧɚ ɬɪɚɧɫɩɨɪɬ ɢ ɩɟɪɟɪɚɛɨɬɤɭ ɬɪɟɛɭɟɬ ɫɨɡɞɚɧɢɹ ɬɟɯɧɨɥɨɝɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ ɢ ɜɹɡɤɨɫɬɢ. ɋɨɟɞɢɧɟɧɢɹ ɫɟɪɵ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɸɬ ɧɚ 

ɫɜɨɣɫɬɜɚ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɫɧɢɠɚɹ ɫɪɨɤ ɫɥɭɠɛɵ ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɇɉɁ. ɋɧɢɠɟɧɢɟ ɜɹɡɤɨɫɬɢ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ 

ɜɵɫɨɤɨɜɹɡɤɢɯ ɧɟɮɬɟɣ, ɬɚɤ ɤɚɤ ɩɪɨɰɟɫɫ ɢɯ ɩɟɪɟɤɚɱɢɜɚɧɢɹ ɬɪɟɛɭɟɬ ɭɜɟɥɢɱɟɧɢɹ ɦɨɳɧɨɫɬɢ 

ɩɟɪɟɤɚɱɢɜɚɸɳɢɯ ɚɝɪɟɝɚɬɨɜ. ɉɟɪɟɪɚɛɨɬɤɚ ɬɚɤɨɣ ɧɟɮɬɢ ɬɪɟɛɭɟɬ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɡɚɬɪɚɬ ɧɟ ɬɨɥɶɤɨ ɧɚ 

ɟɟ ɬɪɚɧɫɩɨɪɬ, ɧɨ ɬɚɤɠɟ ɢ ɧɚ ɞɨɛɵɱɭ ɢ ɩɟɪɟɪɚɛɨɬɤɭ [1].  

ȼɹɡɤɨɫɬɶ ɫɵɪɨɣ ɧɟɮɬɢ ɡɚɜɢɫɢɬ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɟɣ ɫɦɨɥ ɫ ɜɵɫɨɤɨɣ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɢ ɚɫɮɚɥɶɬɟɧɨɜ [2]. ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɫɧɢɠɟɧɢɹ 

ɜɹɡɤɨɫɬɢ ɫɵɪɨɣ ɧɟɮɬɢ: ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ, ɫɨɡɞɚɧɢɟ ɷɦɭɥɶɫɢɣ ɧɟɮɬɢ ɜ ɜɨɞɟ, ɨɛɪɚɛɨɬɤɚ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɢɡɥɭɱɟɧɢɟɦ ɢɥɢ ɭɥɶɬɪɚɡɜɭɤɨɦ, ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɹ [3]. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 

ɞɥɹ ɫɧɢɠɟɧɢɹ ɜɹɡɤɨɫɬɢ ɧɟɮɬɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɫɨɡɞɚɧɢɹ ɫɬɚɛɢɥɶɧɵɯ ɷɦɭɥɶɫɢɣ 

,ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɫɵɪɭɸ ɧɟɮɬɶ ɠɢɪɧɵɯ ɤɢɫɥɨɬ, ɤɨɬɨɪɵɟ ɜɵɫɬɭɩɚɸɬ ɜ ɪɨɥɢ ɢɧɝɢɛɢɬɨɪɨɜ 

ɚɝɪɟɝɢɪɨɜɚɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ [2]. ɍɤɚɡɚɧɧɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɫɨɥɹɦɢ 

ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɚ ɬɚɤɠɟ ɫɨɥɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ (Fe, Cu, Co) ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɩɟɪɨɤɫɢɞɚ 

ɜɨɞɨɪɨɞɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ  ɢ ɤɚɤ ɤɨɦɩɨɧɟɧɬɵ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɞɥɹ ɫɧɢɠɟɧɢɹ 

ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ ɜ ɫɵɪɨɣ ɧɟɮɬɢ. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɬɟɚɪɢɧɨɜɚɹ, ɥɚɭɪɢɧɨɜɚɹ ɢ 

ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɵ, ɚ ɬɚɤɠɟ ɢɯ ɫɨɥɢ, ɜ ɤɚɱɟɫɬɜɟ ɫɨɟɞɢɧɟɧɢɣ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ Na2MoO4
 ɢ Na2WO4. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɩɨɞɨɛɪɚɧɚ ɨɩɬɢɦɚɥɶɧɚɹ ɨɤɢɫɥɢɬɟɥɶɧɚɹ 

ɫɢɫɬɟɦɚ ɧɚ ɨɫɧɨɜɟ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ, ɫɨɞɟɪɠɚɳɚɹ ɠɢɪɧɭɸ ɤɢɫɥɨɬɭ ɢɥɢ ɟё ɫɨɥɶ, ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɬɨɪɨɣ ɩɪɢɫɭɬɫɬɜɢɟ ɚɫɮɚɥɶɬɟɧɨɜ ɨɤɚɡɵɜɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɜɹɡɤɨɫɬɶ ɬɹɠɟɥɨɣ ɧɟɮɬɢ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɞɚɟɬɫɹ ɫɧɢɡɢɬɶ 

ɫɨɞɟɪɠɚɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ ɜ ɨɤɢɫɥɟɧɧɨɣ ɧɟɮɬɢ ɫ 4,5 % ɞɨ 2,5 % ɢ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɫ 12400 

ppm ɞɨ 7200 ppm ɨɛɳɟɣ ɫɟɪɵ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ ɨ ɛɟɫɫɩɨɪɧɨɣ ɚɤɬɭɚɥɶɧɨɫɬɢ ɪɚɡɜɢɬɢɹ 

ɛɟɫɳɟɥɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɦɟɪɤɚɩɬɚɧɢɡɚɰɢɢ, ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɤɨɬɨɪɨɝɨ 

ɹɜɥɹɸɬɫɹ ɦɹɝɤɢɟ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ, ɞɨɫɬɭɩɧɨɫɬɶ ɪɟɚɝɟɧɬɨɜ ɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɪɨɫɬɨɬɚ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱦɚɧɧɵɣ ɩɪɨɰɟɫɫ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɨɱɢɳɚɬɶ ɧɟɮɬɹɧɵɟ ɮɪɚɤɰɢɢ ɨɬ 

ɫɟɪɧɢɫɬɵɯ ɩɪɢɦɟɫɟɣ, ɧɨ ɢ ɩɨɥɭɱɚɬɶ ɪɟɞɤɢɟ ɢ ɩɨɥɟɡɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɭɬёɦ ɨɤɢɫɥɟɧɢɹ 

ɬɢɨɥɨɜ ɢ ɞɢɚɥɤɢɥɫɭɥɶɮɢɞɨɜ. 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɢɫɤɥɸɱɟɧɢɟ ɩɪɢɦɟɧɟɧɢɹ 

ɞɨɪɨɝɢɯ ɢ ɞɟɮɢɰɢɬɧɵɯ ɚɤɬɢɜɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ, ɩɨɜɵɲɟɧɢɟ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɫɵɪɶɹ, 

ɩɨɞɛɨɪ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ, ɫɬɚɛɢɥɶɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɫɧɢɠɟɧɢɟ ɟɝɨ ɪɚɫɯɨɞɚ. 

ɇɚɢɛɨɥɟɟ ɭɞɚɱɧɵɦɢ ɪɚɡɪɚɛɨɬɤɚɦɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɦɟɪɤɚɩɬɚɧɢɡɚɰɢɢ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɮɨɫɮɨɪɧɨ- ɢ 

ɦɨɥɢɛɞɟɧɫɨɞɟɪɠɚɳɢɯ ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬ (ȽɉɄ) ɤɟɝɝɢɧɨɜɫɤɨɝɨ ɬɢɩɚ ɫ ɢɦɢɞɚɡɨɥɶɧɵɦɢ 

ɢɥɢ ɩɢɪɢɞɢɧɨɜɵɦɢ ɮɪɚɝɦɟɧɬɚɦɢ, ɧɚɧɟɫɟɧɧɵɟ ɧɚ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɫɢɥɢɤɚɬɧɵɯ ɢ 

ɭɝɥɟɪɨɞɢɫɬɵɯ ɩɨɞɥɨɠɟɤ. 

Ƚɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ ɦɧɨɝɢɟ ɝɨɞɵ ɩɪɢɜɥɟɤɚɸɬ ɜɧɢɦɚɧɢɟ ɨɝɪɨɦɧɨɝɨ ɱɢɫɥɚ 

ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɭɧɢɤɚɥɶɧɵɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ. ɇɟɫɦɨɬɪɹ 

ɧɚ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɞɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɢɦɟɧɟɧɢɟ ȽɉɄ ɜ ɝɨɦɨɝɟɧɧɨɦ ɤɚɬɚɥɢɡɟ 

ɢɦɟɟɬ ɪɹɞ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɯɢɦɢɱɟɫɤɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶɸ ɫɨɟɞɢɧɟɧɢɣ. ȼɟɪɨɹɬɧɟɟ 

ɜɫɟɝɨ, ɞɚɧɧɵɟ ɩɪɨɛɥɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɪɚɧɟɧɵ ɩɭɬɟɦ ɧɚɧɟɫɟɧɢɹ ȽɉɄ ɧɚ ɧɨɫɢɬɟɥɶ, ɬ.ɟ. 

ɫɨɡɞɚɧɢɟɦ ɬɜɟɪɞɨɮɚɡɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɟɣ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɚɡɜɢɬɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɞɨɫɬɭɩɧɨɫɬɢ, ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ Ɋerlkat silica gels 

(ɂɆɉ) ɢ Ɇɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɤɨɤɫ (ɆɄ). ȼ ɫɢɫɬɟɦɟ ɫ ɩɨɞɥɨɠɤɚɦɢ ȽɉɄ ɮɨɪɦɢɪɭɸɬ 

ɫɬɚɛɢɥɶɧɭɸ ɢ ɚɤɬɢɜɧɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ, ɜɨɫɬɪɟɛɨɜɚɧɧɭɸ ɞɥɹ ɫɟɪɨɨɱɢɫɬɤɢ 

ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɵɪɶɹ, ɚ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɩɨɥɧɨɩɪɚɜɧɵɦɢ ɭɱɚɫɬɧɢɤɚɦɢ 

«ɡɟɥɟɧɨɣ» ɯɢɦɢɢ. 

ɉɪɢɱɢɧɨɣ ɜɵɛɨɪɚ ɥɸɛɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɹɜɥɹɟɬɫɹ ɧɚɰɟɥɟɧɧɨɫɬɶ 

ɧɚ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ ɫɬɨɢɬ ɫɞɟɥɚɬɶ ɚɤɰɟɧɬ ɧɚ ɧɚɢɛɨɥɟɟ 

ɩɨɞɪɨɛɧɨɦ ɢɡɭɱɟɧɢɢ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɤɚɠɞɨɣ ɟɝɨ ɱɚɫɬɢ. ɋɪɟɞɢ ɢɧɫɬɪɭɦɟɧɬɨɜ, 

ɍ-I-14 
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ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɩɨ ɤɚɠɞɨɦɭ ɤɨɦɩɨɧɟɧɬɭ, 

ɜɵɞɟɥɹɟɬɫɹ ɤɢɧɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɨɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɚɡɭ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɪɟɡɭɥɶɬɚɬɢɜɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ ɢ ɩɨɡɜɨɥɹɟɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ 

ɩɪɨɜɟɞɟɧɢɟ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɤɢɧɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɩɪɨɰɟɫɫɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɭɝɥɟɪɨɞɢɫɬɨɣ ɩɨɞɥɨɠɤɟ (ɆɄ) ɧɚ 

ɨɫɧɨɜɟ ɮɨɫɮɨɪɧɨɦɨɥɢɛɞɟɧɨɜɨɣ ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ ɫ ɢɦɢɞɚɡɨɥɶɧɵɦɢ ɮɪɚɝɦɟɧɬɚɦɢ 

(Im), ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɧɚ ɤɚɮɟɞɪɟ ɯɢɦɢɱɟɫɤɨɣ ɤɢɧɟɬɢɤɢ ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ- 

ɆɄ(Im)-Mo. 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɟɪɤɚɩɬɚɧɚɦ 

ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɨɩɵɬɨɜ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɧɚɱɚɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɞɚɧɧɨɝɨ 

ɤɚɬɚɥɢɡɚɬɨɪɚ, ɧɨ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɪɟɚɤɰɢɢ. ȼ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ ɪɟɡɭɥɶɬɚɬɵ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1. Ɍɚɤɠɟ, ɧɚ ɞɚɧɧɨɦ ɪɢɫɭɧɤɟ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɪɤɚɩɬɚɧɚ (RSH) ɜɨ ɜɪɟɦɟɧɢ ɜ ɫɢɫɬɟɦɟ ɫ 

ɤɚɬɚɥɢɡɚɬɨɪɨɦ, ɢɦɟɸɳɢɦ ɬɚɤɨɣ ɠɟ ɚɤɬɢɜɧɵɣ ɤɨɦɩɨɧɟɧɬ (Im) ɧɚ ɫɢɥɢɤɚɬɧɨɣ ɩɨɞɥɨɠɤɟ 

Silochrome-120 ɂɆɋ(Im)-Ɇɨ. 

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɣ RSH ɨɬ ɜɪɟɦɟɧɢ ɜ ɫɢɫɬɟɦɚɯ ɫ ɪɚɡɧɵɦɢ 

ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

♦- ɆɄ(Im)-Mo, 50°ɋ; ●- ɆɄ(Im)-Mo, 100°ɋ; ■- ɂɆɋ(Im)-Mo, 50°ɋ [1] 

 

ɂɡ ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɢɞɧɨ, ɱɬɨ ɤɚɬɚɥɢɡɚɬɨɪ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɢɬ 

Mo, ɧɟ ɩɟɪɟɜɨɞɢɬ ɬɢɨɥɵ ɜ ɞɢɫɭɥɶɮɢɞɵ. ɉɨɫɬɨɹɧɫɬɜɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɯɪɚɧɹɥɨɫɶ ɞɚɠɟ 

ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɣ (t=100°ɋ). ɂɦɟɟɬ ɦɟɫɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, 

ɱɬɨ ɤɚɬɚɥɢɡɚɬɨɪ ɜɟɞɟɬ ɫɟɛɹ ɩɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɜɜɢɞɭ ɫɩɟɰɢɮɢɱɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɢ ɫɟɪɨɫɨɞɟɪɠɚɳɟɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɍɞɨɫɬɨɜɟɪɢɬɶɫɹ ɜ ɩɪɨɬɟɤɚɧɢɢ ɪɟɚɤɰɢɢ 

ɨɤɢɫɥɟɧɢɹ ɦɟɪɤɚɩɬɚɧɨɜ ɧɚ Mo- ɫɨɞɟɪɠɚɳɟɦ ɝɟɬɟɪɨɝɟɧɧɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ɜɨɡɦɨɠɧɨ ɩɭɬɟɦ 
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ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ (t =150°ɋ), ɨɞɧɚɤɨ, ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɬɚɤɨɣ 

ɷɤɫɩɟɪɢɦɟɧɬ ɨɝɪɚɧɢɱɟɧ, ɜɫɥɟɞɫɬɜɢɟ ɜɵɤɢɩɚɧɢɹ ɫɪɟɞɵ (tɤɢɩ=125°ɋ). 

ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪ ɆɄ(Im)-Mo ɩɨɤɚɡɚɥ ɯɨɪɨɲɢɟ 

ɪɟɡɭɥɶɬɚɬɵ. Ɉɧ ɧɟ ɬɨɥɶɤɨ ɩɟɪɟɜɨɞɢɥ ɞɢɚɥɤɢɫɭɥɶɮɢɞɵ ɜ ɫɭɥɶɮɨɤɫɢɞɵ, ɧɨ ɬɚɤɠɟ ɜɵɹɜɢɥ 

ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɭɞɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ (ɍɄȺ) ɜ ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɟɧɢɹ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɞɪɭɝɢɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ (ɂɆɋ(Im)- Mo ɢ ɂɆɉ(Im)-ɋu), ɢɡɭɱɟɧɧɵɦɢ ɜ ɪɚɛɨɬɚɯ [1, 2] 

(ɪɢɫɭɧɨɤ 2).  

 

Ɋɢɫ. 2. Ʉɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɟɧɢɹ 

ɞɢɚɥɤɢɥɫɭɥɶɮɢɞɨɜ 

 

ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɨɬɥɢɱɢɟ ɜ ɡɧɚɱɟɧɢɹɯ ɍɄȺ ɨɛɴɹɫɧɹɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ 

ɧɨɫɢɬɟɥɟɣ. ɇɢɡɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɂɆɋ(Im)- Ɇɨ ɩɪɨɹɜɥɹɸɬɫɹ 

ɜɜɢɞɭ ɜɵɫɨɤɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɧɨɫɚ ɟɝɨ ɱɚɫɬɢɰ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɇɟɜɡɢɪɚɹ ɧɚ ɬɢɩ ɩɨɞɥɨɠɤɢ, ɤɚɤ ɞɥɹ Perlkat silica gels, ɬɚɤ ɢ ɞɥɹ Silochrome -120 

ɍɄȺ ɧɟ ɩɪɟɜɵɲɚɥɚ 6·105 ɦɨɥɶ/(ɝ∙ɦɢɧ), ɜ ɩɪɨɜɟɞɟɧɧɨɦ ɨɩɵɬɟ ɫɚɦɨɟ ɜɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ 

ɍɄȺ = 7,17·105 ɦɨɥɶ/(ɝ∙ɦɢɧ). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, Mo ɩɪɨɹɜɥɹɟɬ ɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɱɟɦ 

Cu (ɷɬɨ ɨɛɴɹɫɧɹɟɬ ɜɬɨɪɨɣ ɫɥɭɱɚɣ).  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɱɟɬɵɪɟɯɤɪɚɬɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ, 

ɜɤɥɸɱɚɸɳɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɦɟɬɚɥɥ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ- Ɇɨ, ɍɄȺ 

ɩɚɞɚɟɬ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤɨ ɜɬɨɪɨɦɭ ɷɤɫɩɟɪɢɦɟɧɬɭ ɢ ɩɥɚɜɧɨ ɩɨɜɵɲɚɟɬɫɹ- ɤ ɬɪɟɬɶɟɦɭ ɢ 

ɱɟɬɜɟɪɬɨɦɭ ɨɩɵɬɚɦ. ɂɦɟɟɬ ɦɟɫɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɬɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɫɜɹɡɚɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ- ɤɨɦɩɥɟɤɫɨɜ ɦɨɥɢɛɞɟɧɚ ɱɟɪɟɡ ɤɢɫɥɨɪɨɞɧɵɟ 

ɦɨɫɬɢɤɢ. əɜɥɟɧɢɟ, ɧɚɛɥɸɞɚɟɦɨɟ ɜ ɤɚɬɚɥɢɡɟ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɪɚɡɪɚɛɨɬɤɭ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɨɬ ɰɢɤɥɚ ɤ ɰɢɤɥɭ ɢ ɫɜɨɣɫɬɜɟɧɧɨ ɫɢɫɬɟɦɚɦ, ɫɨɞɟɪɠɚɳɢɦ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɢɨɧɵ Mo2- ɢ Mo3-
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. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɢ ɜ ɫɥɭɱɚɟ ɫ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɂɆɋ(Im)- Mo, ɝɞɟ ɩɪɢɫɭɬɫɬɜɭɟɬ 

ɩɨɯɨɠɚɹ ɜɨɡɪɚɫɬɚɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ. 

Ⱦɚɥɟɟ ɞɥɹ ɩɪɨɜɟɪɤɢ ɧɚ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɢɡɭɱɚɟɦɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɆɄ(Im)- Mo ɫɩɭɫɬɹ ɩɨɥɝɨɞɚ (ɪɢɫɭɧɨɤ 3). 

 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɣ RSR ɨɬ ɜɪɟɦɟɧɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ, 

ɩɪɨɜɨɞɢɦɵɯ ɜ ɪɚɡɥɢɱɧɨɟ ɜɪɟɦɹ. 

■- m= 0,5 ɝ; ×- m= 0,5 ɝ (ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɩɨɥɝɨɞɚ ɧɚɡɚɞ) 

 

ɋɪɚɜɧɢɜɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ 

ɤɚɬɚɥɢɡɚɬɨɪɟ, ɧɨ ɜ ɪɚɡɥɢɱɧɨɟ ɜɪɟɦɹ (ɩɨɥɝɨɞɚ ɧɚɡɚɞ ɢ ɞɚɧɧɵɣ ɩɟɪɢɨɞ), ɜɢɞɧɨ, ɱɬɨ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɚɥɤɢɥɫɭɥɶɮɢɞɚ ɜ ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɡɧɚɱɢɬɟɥɶɧɨ 

ɪɚɡɥɢɱɚɸɬɫɹ, ɧɟ ɫɦɨɬɪɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

 ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɞɚɧɧɚɹ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ (ɆɄ(Im)-Ɇɨ) ɜɟɞɟɬ ɫɟɛɹ 

ɩɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɥɢɛɨ ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɚ (ɚɤɬɢɜɧɵɣ ɤɨɦɩɨɧɟɧɬ 

ɞɚɧɧɨɝɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ) ɬɟɪɹɟɬɫɹ ɫɜɨɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɨ ɜɪɟɦɟɧɟɦ ɢ 

ɪɚɡɪɭɲɚɟɬɫɹ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɯɪɚɧɟɧɢɢ, ɥɢɛɨ ɩɪɨɢɫɯɨɞɢɬ ɮɢɡɢɱɟɫɤɨɟ ɫɬɚɪɟɧɢɟ 

ɤɚɬɚɥɢɡɚɬɨɪɚ- ɪɚɡɪɭɲɟɧɢɟ ɫɜɹɡɟɣ ȽɉɄ ɫ ɧɨɫɢɬɟɥɟɦ ɢ ɫɦɵɜ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ 

ɠɢɞɤɭɸ ɮɚɡɭ (ɬ.ɟ. ɧɚɛɥɸɞɚɟɬɫɹ ɝɨɦɨɝɟɧɧɵɣ ɤɚɬɚɥɢɡ). ɉɪɨɜɟɪɢɬɶ ɜɬɨɪɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ 

ɨ ɩɪɨɬɟɤɚɧɢɢ ɝɨɦɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ ɦɨɠɧɨ ɫ ɩɨɦɨɳɶɸ ɩɨɫɬɚɧɨɜɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ 

ɮɢɥɶɬɪɚɬɟ, ɩɨɥɭɱɟɧɧɨɦ ɩɨɫɥɟ ɨɩɵɬɚ, ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɭ ɝɟɬɟɪɨɝɟɧɧɨɝɨ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɆɄ(Im)-Mo, ɤɚɤ ɷɬɨ ɞɟɥɚɥɨɫɶ ɜ ɪɚɛɨɬɟ [1]. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫɧɨɜɚ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɭɞɟɥɶɧɚɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɞɥɹ ɞɚɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ. 

 ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫɨ ɡɧɚɱɟɧɢɹɦɢ, ɪɚɫɫɱɢɬɚɧɧɵɦɢ 6 

ɦɟɫɹɰɟɜ ɧɚɡɚɞ (ɪɢɫɭɧɨɤ 4).  
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Ɋɢɫɭɧɨɤ 4. Ʉɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ ɆɄ(Im)- Ɇɨ ɩɪɢ ɩɨɫɬɚɧɨɜɤɟ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɪɚɡɥɢɱɧɨɟ ɜɪɟɦɹ 

 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɍɄȺ ɞɥɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɝɢɩɨɬɟɡɚ ɨɛ ɢɡɦɟɧɟɧɢɢ ɫɨɫɬɚɜɚ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɡɚ ɞɥɢɬɟɥɶɧɵɣ 

ɫɪɨɤ ɯɪɚɧɟɧɢɹ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ. 

ɉɪɢɜɥɟɤɚɹ ɞɚɧɧɵɟ ɢɫɬɨɱɧɢɤɚ [3], ɦɨɠɧɨ ɩɪɢɣɬɢ ɤ ɡɚɤɥɸɱɟɧɢɸ, ɱɬɨ 

ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ ɹɜɥɹɸɬɫɹ ɯɢɦɢɱɟɫɤɢ ɧɟɭɫɬɨɣɱɢɜɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɢ ɩɪɢ ɯɪɚɧɟɧɢɢ 

ɱɚɫɬɢɱɧɨ ɪɚɫɩɚɞɚɸɬɫɹ ɧɚ ɢɧɝɪɟɞɢɟɧɬɵ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɪɟɡɤɨɟ ɪɚɡɥɢɱɢɟ ɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɪɚɡɥɢɱɧɨɟ ɜɪɟɦɹ 

ɩɨɫɬɚɧɨɜɤɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

Ɍɚɤ, ɤɪɟɦɧɟɦɨɥɢɛɞɟɧɨɜɚɹ ɢ ɮɨɫɮɨɪɧɨɦɨɥɢɛɞɟɧɨɜɚɹ ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ, 

ɯɪɚɧɢɜɲɢɟɫɹ ɜ ɬɟɱɟɧɢɟ 3ɯ ɦɟɫɹɰɟɜ ɜ ɯɨɪɨɲɨ ɡɚɤɪɵɬɵɯ ɛɚɧɤɚɯ, ɩɪɢ ɱɚɫɬɢɱɧɨɦ ɪɚɫɩɚɞɟ 

ɦɨɝɭɬ ɜɵɞɟɥɹɬɶ ɇ2ɆɨɈ4 [3], ɫɨɟɞɢɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɧɟ ɩɪɨɹɜɥɹɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɜ ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɟɧɢɹ ɞɢɚɥɤɢɥɫɭɥɶɮɢɞɨɜ. ɉɪɢɦɟɪɧɵɣ ɫɪɨɤ ɯɪɚɧɟɧɢɹ 

ɛɨɥɶɲɢɧɫɬɜɚ ȽɉɄ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɫɨɫɬɚɜɥɹɟɬ 3- 5 ɦɟɫɹɰɟɜ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɪɢɣɬɢ ɤ ɡɚɤɥɸɱɟɧɢɸ, ɱɬɨ ȽɉɄ ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ 

ɚɤɬɢɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ, ɨɞɧɚɤɨ ɨɧɢ ɤɪɚɣɧɟ ɧɟɭɫɬɨɣɱɢɜɵ. ɉɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ 

ɧɨɫɢɬɟɥɶ ɦɨɠɟɬ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɞɚɧɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɧɟ ɩɨɞɬɜɟɪɞɢɥɚɫɶ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɨɫɬɚɜɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɨɤɢɫɥɟɧɢɹ 

ɫɟɪɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɩɨɞɛɨɪ ɜɧɭɬɪɟɧɧɢɯ 

ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɯɢɦɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ 

ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬ ɫɨ ɜɪɟɦɟɧɟɦ.  

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ɂɫɯɚɤɨɜ ɂ.ɇ. Ɉɤɢɫɥɢɬɟɥɶɧɚɹ ɞɟɦɟɪɤɚɩɬɚɧɢɡɚɰɢɹ ɧɟɮɬɹɧɨɝɨ ɬɨɩɥɢɜɚ // Ⱦɢɩɥɨɦɧɚɹ 

ɪɚɛɨɬɚ. Ɇ.: ɊɏɌɍ ɢɦ. Ⱦ. ɂ. Ɇɟɧɞɟɥɟɟɜɚ. 2015. 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɂɁɈɆȿɊɂɁȺɐɂɂ ɇ-ȽȿɉɌȺɇȺ ɇȺ ɄȺɌȺɅɂɁȺɌɈɊȺɏ 
Pd/WO3/ZrO2 

ɒɤɭɪɟɧɨɤ ȼ.Ⱥ.1, ɋɦɨɥɢɤɨɜ Ɇ.Ⱦ.1, əɛɥɨɤɨɜɚ ɋ.ɋ.1, Ʉɢɪɶɹɧɨɜ Ⱦ.ɂ.1, ɉɚɭɤɲɬɢɫ 
ȿ.Ⱥ.2, Ȼɟɥɵɣ Ⱥ.ɋ1.  

INVESTIGATION OF n-HEPTANE ISOMERIZATION ON Pd/WO3/ZrO2 

CATALYSTS  
1 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ, Ɉɦɫɤ 

E-mail: shkurenok@ihcp.ru  
2 ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤ 

 

Ʉɚɱɟɫɬɜɨ ɩɪɨɢɡɜɨɞɢɦɵɯ ɢ ɜɵɩɭɫɤɚɟɦɵɯ ɜ ɨɛɨɪɨɬ ɬɨɜɚɪɧɵɯ ɛɟɧɡɢɧɨɜ ɧɚ 

ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɪɟɝɭɥɢɪɭɟɬɫɹ Ɍɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ 

Ɍɚɦɨɠɟɧɧɨɝɨ ɫɨɸɡɚ [1]. ȼ ɞɚɧɧɨɦ ɬɟɯɧɢɱɟɫɤɨɦ ɪɟɝɥɚɦɟɧɬɟ ɨɫɨɛɭɸ ɤɚɬɟɝɨɪɢɸ 

ɫɨɫɬɚɜɥɹɸɬ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɤɨɬɨɪɵɟ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɹɜɥɹɸɬɫɹ 

ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ, ɚ ɫ ɞɪɭɝɨɣ – ɞɚɧɧɵɣ ɤɥɚɫɫ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɛɥɚɞɚɟɬ 

ɤɚɧɰɟɪɨɝɟɧɧɵɦ ɢ ɨɬɪɚɜɥɹɸɳɢɦ ɞɟɣɫɬɜɢɟɦ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ 

ɞɨɩɭɫɬɢɦɨɟ ɢɯ ɫɨɞɟɪɠɚɧɢɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 35 ɨɛ. %, ɚ ɫɨɞɟɪɠɚɧɢɟ ɛɟɧɡɨɥɚ – ɧɟ 

ɛɨɥɟɟ 1 ɨɛ. % ɞɥɹ ɛɟɧɡɢɧɨɜ ɩɹɬɨɝɨ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɥɚɫɫɚ [1]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɛɟɧɡɢɧɚɯ ɪɨɫɫɢɣɫɤɢɯ ɇɉɁ ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɛɥɢɡɤɨ ɤ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ (34 ɨɛ. %). ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ 

ɛɚɡɨɜɵɦ ɤɨɦɩɨɧɟɧɬɨɦ (ɨɤɨɥɨ 50%) ɚɜɬɨɛɟɧɡɢɧɨɜ ɹɜɥɹɟɬɫɹ ɩɪɨɞɭɤɬ ɩɪɨɰɟɫɫɚ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɪɢɮɨɪɦɢɧɝɚ – ɪɢɮɨɪɦɚɬ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɞɨ 75 ɦɚɫ. % 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɛɟɧɡɨɥɚ – ɞɨ 5 ɦɚɫ. %.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɵ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɢɫɬɨɱɧɢɤɢ ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɯ 

ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɛɟɧɡɢɧɨɜ. Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɹɜɥɹɟɬɫɹ 

ɩɪɨɞɭɤɬ ɢɡɨɦɟɪɢɡɚɰɢɢ ɥɟɝɤɢɯ ɛɟɧɡɢɧɨɜɵɯ ɮɪɚɤɰɢɣ. Ɂɚ ɩɨɫɥɟɞɧɢɟ 12 ɥɟɬ ɧɚ ɇɉɁ Ɋɨɫɫɢɢ 

ɩɨɫɬɪɨɟɧɵ ɛɨɥɟɟ 20 ɭɫɬɚɧɨɜɨɤ ɢɡɨɦɟɪɢɡɚɰɢɢ ɩɟɧɬɚɧ-ɝɟɤɫɚɧɨɜɨɣ ɮɪɚɤɰɢɢ ɫɭɦɦɚɪɧɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 10 ɦɥɧ. ɬ/ɝɨɞ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɞɨɥɸ ɢɡɨɦɟɪɢɡɚɬɚ ɜ 

ɬɨɜɚɪɧɨɦ ɛɟɧɡɢɧɟ ɞɨ 20–25 %. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɩɨɥɨɜɢɧɟ 

ɇɉɁ Ɋɨɫɫɢɢ ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɨɜɚɪɧɵɯ ɛɟɧɡɢɧɨɜ ɤɥɚɫɫɚ 5 ɫ 

ɩɨɧɢɠɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɝɟɩɬɚɧɨɜɭɸ ɮɪɚɤɰɢɸ (70–105°ɋ) ɧɚɩɪɚɜɥɹɬɶ ɧɟ ɧɚ ɪɢɮɨɪɦɢɧɝ, ɚ ɧɚ ɧɨɜɵɣ ɩɪɨɰɟɫɫ 

ɢɡɨɦɟɪɢɡɚɰɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɝɟɩɬɚɧɚ ɜɵɡɜɚɥɢ ɲɢɪɨɤɢɣ ɢɧɬɟɪɟɫ 

ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ [2–4]. ɗɮɮɟɤɬɢɜɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɩɬɚɧɚ ɹɜɥɹɟɬɫɹ 

ɫɢɫɬɟɦɚ WO3/ZrO2 ɫ ɧɚɧɟɫɟɧɧɵɦɢ ɦɟɬɚɥɥɚɦɢ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ (Pt, Pd) [5, 6]. 
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Ɂɚɤɨɧɨɦɟɪɧɨɫɬɹɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɨɥɶɮɪɚɦɚɬɫɨɞɟɪɠɚɳɟɝɨ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɩɨɫɜɹɳɟɧ 

ɪɹɞ ɪɚɛɨɬ [7, 8].  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɝɨɬɨɜɥɟɧɵ ɤɚɬɚɥɢɡɚɬɨɪɵ Pd/WO3/ZrO2. ɉɪɨɜɟɞɟɧɨ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨ ɜɥɢɹɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɩɚɥɥɚɞɢɹ ɜ ɜɨɥɶɮɪɚɦɚɬɰɢɪɤɨɧɢɟɜɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɣ ɬɟɪɦɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ Pd/WO3/ZrO2 ɧɚ 

ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ (ɤɨɧɜɟɪɫɢɹ, 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ, ɜɵɯɨɞ ɢɡɨɦɟɪɨɜ) ɜ ɪɟɚɤɰɢɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɩɬɚɧɚ. 

ɋɢɧɬɟɡ ɤɚɬɚɥɢɡɚɬɨɪɨɜ Pd/WO3/ZrO2 ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɭɬɟɦ ɨɫɚɠɞɟɧɢɹ ɝɢɞɪɨɤɫɢɞɚ 

ɰɢɪɤɨɧɢɹ ɢɡ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ZrOCl2·8H2O ɪɚɫɬɜɨɪɨɦ ɚɦɦɢɚɤɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɚɧɢɨɧɧɵɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟɦ ɩɨɥɭɱɟɧɧɨɝɨ ɝɢɞɪɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ 

ɦɟɬɚɜɨɥɶɮɪɚɦɚɬɚ ɚɦɦɨɧɢɹ (NH4)6H2W12O40 (Aldrich, > 85 ɦɚɫ. % WO3). ɋɨɞɟɪɠɚɧɢɟ 

ɜɨɥɶɮɪɚɦɚ ɜ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɜ ɪɚɫɱɟɬɟ ɧɚ WO3 ɫɨɫɬɚɜɥɹɥɨ 25 ɦɚɫ. % [8]. ɉɨɥɭɱɟɧɧɭɸ 

ɦɚɫɫɭ ɮɨɪɦɨɜɚɥɢ, ɫɭɲɢɥɢ ɩɪɢ 120°ɋ ɢ ɩɪɨɤɚɥɢɜɚɧɢɹ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ 950°ɋ ɜ ɬɟɱɟɧɢɟ 2 

ɱ. ɉɚɥɥɚɞɢɣ ɜ ɤɚɬɚɥɢɡɚɬɨɪ ɜɜɨɞɢɥɢ ɩɪɨɩɢɬɤɨɣ ɢɡ ɪɚɫɬɜɨɪɨɜ H2PdCl4 ɬɪɟɛɭɟɦɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɡɚɞɚɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɦɟɬɚɥɥɚ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ (0,05–2 

ɦɚɫ. %) ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɭɲɤɨɣ ɩɪɢ 120°ɋ ɢ ɩɪɨɤɚɥɢɜɚɧɢɟɦ ɜ ɬɨɤɟ ɜɨɡɞɭɯɚ ɩɪɢ 450°ɋ ɜ 

ɬɟɱɟɧɢɟ 1 ɱ. 

ɂɡɨɦɟɪɢɡɚɰɢɸ ɧ-ɝɟɩɬɚɧɚ ɩɪɨɜɨɞɢɥɢ ɧɚ ɩɪɨɬɨɱɧɨɣ ɭɫɬɚɧɨɜɤɟ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɢɦ 

ɬɪɭɛɱɚɬɵɦ ɪɟɚɤɬɨɪɨɦ ɫ ɧɟɩɨɞɜɢɠɧɵɦ ɫɥɨɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ɂɚɝɪɭɡɤɚ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɫɨɫɬɚɜɥɹɥɚ 2 ɫɦ3, ɮɪɚɤɰɢɹ 0,2–0,7 ɦɦ. Ⱦɨ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɥɢ ɜ ɬɨɤɟ ɜɨɞɨɪɨɞɚ ɩɪɢ 200–500°ɋ ɜ ɬɟɱɟɧɢɟ 3 ɱ. ɍɫɥɨɜɢɹ ɢɫɩɵɬɚɧɢɣ: T = 

140–220°C, P = 1,5 Ɇɉɚ, ɦɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɇ2/ɧ-ɝɟɩɬɚɧ = 3, Ɉɋɉɋ = 1 ɱ-1. 

Ȼɵɥɨ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɩɚɥɥɚɞɢɹ ɜ ɤɚɬɚɥɢɡɚɬɨɪɚɯ Pd/WO3/ZrO2 ɜ 

ɞɢɚɩɚɡɨɧɟ 0,05–2,0 ɦɚɫ. % ɧɚ ɪɟɚɤɰɢɸ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɩɬɚɧɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɛɟɡ ɩɚɥɥɚɞɢɹ ɯɚɪɚɤɬɟɪɟɧ ɧɟɜɵɫɨɤɢɣ ɜɵɯɨɞ ɢɡɨɦɟɪɨɜ ɝɟɩɬɚɧɚ – ɫɭɦɦɚ 

ɢɡɨɦɟɪɨɜ 24,5 ɦɚɫ. %, ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɟ ɞɢ- ɢ ɬɪɢɦɟɬɢɥɡɚɦɟɳɟɧɧɵɟ ɢɡɨɦɟɪɵ (ȾɌɆɁ) – 

7 ɦɚɫ. %. ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɪɟɚɤɰɢɢ ɞɨɫɬɢɝɚɸɬɫɹ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ 

ɤɚɬɚɥɢɡɚɬɨɪ 0,1 ɦɚɫ. % ɩɚɥɥɚɞɢɹ: ɩɪɢ 210°ɋ ɤɨɧɜɟɪɫɢɹ ɧ-ɝɟɩɬɚɧɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ 

87,3 ɦɚɫ. %, ɜɵɯɨɞ ɫɭɦɦɵ ɢɡɨɦɟɪɨɜ ɝɟɩɬɚɧɚ – 74,2 ɦɚɫ. %, ȾɌɆɁ – 29,1 ɦɚɫ. %. 

ɉɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɚɥɥɚɞɢɹ ɞɨ 0,3–2,0 ɦɚɫ. % ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɭɥɭɱɲɟɧɢɸ 

ɩɨɤɚɡɚɬɟɥɟɣ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɚɤɬɢɜɧɨɣ ɢ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɟɪɟɞ 

ɩɪɨɜɟɞɟɧɢɟɦ ɪɟɚɤɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɬɟɪɦɢɱɟɫɤɭɸ ɚɤɬɢɜɚɰɢɸ (ɩɪɨɤɚɥɢɜɚɧɢɟ ɜ 

ɬɨɤɟ ɜɨɡɞɭɯɚ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɜɨɞɨɪɨɞɨɦ).  
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɪɹɞɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɚɥɥɚɞɢɹ ɜ ɜɨɥɶɮɪɚɦɚɬɰɢɪɤɨɧɢɟɜɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɬɟɪɦɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɢ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ 

ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɋɈ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɢɤɢ ɞɢɮɮɭɡɧɨɝɨ 

ɨɬɪɚɠɟɧɢɹ (ɬɚɛɥ. 1). 

 

Ɍɚɛɥɢɰɚ 6. Ɂɚɪɹɞɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɩɚɥɥɚɞɢɹ ɜ ɤɚɬɚɥɢɡɚɬɨɪɚɯ Pd/WO3/ZrO2 

(ɫɨɞɟɪɠɚɧɢɟ Pd 1 ɦɚɫ. %) ɩɨ ɞɚɧɧɵɦ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ ɋɈ 

ɍɫɥɨɜɢɹ 
ɬɟɪɦɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢ 
ɤɚɬɚɥɢɡɚɬɨɪɚ 

Ɉ2 – 450°ɋ 
Ɉ2 – 450°ɋ 

ɇ2 – 300°ɋ 
ɇ2 – 300°ɋ 

Ɂɚɪɹɞɨɜɨɟ 
ɫɨɫɬɨɹɧɢɟ Pd 

ɉɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ, ɫɦ-1 

Pd0 – 
1960-1985,  

2052 

1944, 

2060 

Pdį+ 2122 – – 

Pd+ 2022,  

2130-2134 
2143 – 

Pd2+ 2176 2177 – 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥ. 1 ɩɪɨɤɚɥɟɧɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ 

ɡɚɪɹɠɟɧɧɵɯ ɮɨɪɦ ɩɚɥɥɚɞɢɹ Pdį+, Pd+, Pd2+. ɉɪɢ ɷɬɨɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɤɚɥɟɧɧɨɝɨ ɜ ɬɨɤɟ 

ɜɨɡɞɭɯɚ ɤɚɬɚɥɢɡɚɬɨɪɚ Pd/WO3/ZrO2 ɡɚɪɹɠɟɧɧɵɟ ɮɨɪɦɵ ɩɚɥɥɚɞɢɹ ɫ ɩ.ɩ. 2143 ɢ 2177 ɫɦ-1 

ɫɨɯɪɚɧɹɸɬɫɹ ɩɨɫɥɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɜɨɞɨɪɨɞɧɨɣ ɫɪɟɞɟ. ȼɨɫɫɬɚɧɨɜɥɟɧɧɵɣ 

ɤɚɬɚɥɢɡɚɬɨɪ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɪɨɤɚɥɢɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟɦ ɚɬɨɦɨɜ 

ɩɚɥɥɚɞɢɹ ɬɨɥɶɤɨ ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɫ ɩ.ɩ. 1944, 1960 ɫɦ-1 (ɬɚɛɥ. 1). 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ ɧ-ɝɟɩɬɚɧɚ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ Pd/WO3/ZrO2 ɫ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɪɨɤɚɥɢɜɚɧɢɹ ɜ ɬɨɤɟ 

ɜɨɡɞɭɯɚ. Ⱥɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɰɟɧɢɜɚɥɢ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ 50–60%-ɧɨɣ ɤɨɧɜɟɪɫɢɢ ɧ-

ɝɟɩɬɚɧɚ. ȼɢɞɧɨ, ɱɬɨ ɤɚɬɚɥɢɡɚɬɨɪ ɛɟɡ ɩɪɨɤɚɥɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɟɧɟɟ ɚɤɬɢɜɧɵɦ. 

ɉɪɨɤɚɥɢɜɚɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 350–550°ɋ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɟɝɨ 

ɚɤɬɢɜɧɨɫɬɢ – ɤɨɧɜɟɪɫɢɹ ɝɟɩɬɚɧɚ ɧɚ ɭɪɨɜɧɟ 50–60% ɜ ɩɪɨɤɚɥɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɧɚ 20–30°ɋ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɩɪɨɤɚɥɟɧɧɵɦ 

ɨɛɪɚɡɰɨɦ (ɪɢɫ. 1). 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ ɧ-ɝɟɩɬɚɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɚɤɰɢɢ ɞɥɹ 

Pd/WO3/ZrO2 ɫ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɪɨɤɚɥɢɜɚɧɢɹ ɜ ɬɨɤɟ ɜɨɡɞɭɯɚ (°ɋ): ■ – ɛɟɡ 

ɩɪɨɤɚɥɢɜɚɧɢɹ; ● – 350; ▲– 450; ♦ – 550. 

 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ Pd/WO3/ZrO2 ɧɚ ɤɢɫɥɨɬɧɵɟ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

Ɍɟɦɩɟɪɚɬɭɪɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɚɪɶɢɪɨɜɚɥɢ ɜ ɞɢɚɩɚɡɨɧɟ 200–500°ɋ. ɇɚ ɪɢɫ. 2 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ ɝɟɩɬɚɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɚɤɰɢɢ ɞɥɹ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɞɢɚɩɚɡɨɧɟ 200–500°ɋ.  

140 160 180 200 220 240020406080100    
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Ɍɟɦɩɟɪаɬɭɪа, °ɋ
 

Ɋɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ ɧ-ɝɟɩɬɚɧɚ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ 

Pd/WO3/ZrO2 ɫ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ (°ɋ): ■ – 200; ● – 250; ▲– 300; 

♦ – 350; □ – 400; Δ – 450; ○ – 500. 
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ɂɡ ɪɢɫ. 2 ɜɢɞɧɨ, ɱɬɨ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ  200–350°ɋ ɤɨɧɜɟɪɫɢɹ ɝɟɩɬɚɧɚ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ ɢ ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ 84,4–86,7% ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɪɟɚɤɰɢɢ 

220°ɋ. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɞɨ 450–500°ɋ ɩɪɢɜɨɞɢɬ ɤ 

ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ – ɤɨɧɜɟɪɫɢɹ ɧ-ɝɟɩɬɚɧɚ 82,2–82,7% ɞɨɫɬɢɝɚɟɬɫɹ 

ɩɪɢ 190–200°ɋ. ɉɪɢ ɷɬɨɦ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɬ 200 ɞɨ 500°ɋ 

ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɨɬ 88,9 ɞɨ 65,9%, ɱɬɨ ɫɜɹɡɚɧɨ ɫ 

ɱɚɫɬɢɱɧɵɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɚɬɨɦɨɜ ɜɨɥɶɮɪɚɦɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ [9]. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ 

ɬɟɪɦɨɚɤɬɢɜɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ Pd/WO3/ZrO2 ɹɜɥɹɟɬɫɹ ɩɪɨɤɚɥɢɜɚɧɢɟ ɜ ɬɨɤɟ ɜɨɡɞɭɯɚ ɩɪɢ 

450°ɋ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɜ ɫɪɟɞɟ ɜɨɞɨɪɨɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 200–300°ɋ. ɉɪɢ ɷɬɢɯ 

ɭɫɥɨɜɢɹɯ ɞɨɫɬɢɝɚɸɬɫɹ ɜɵɫɨɤɢɯ ɜɵɯɨɞɵ ɜɵɯɨɞɨɜ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ – 

ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɯ ɞɢ- ɢ ɬɪɢɦɟɬɢɥɡɚɦɟɳɟɧɧɵɯ ɢɡɨɦɟɪɨɜ ɝɟɩɬɚɧɚ (ȾɌɆɁ) ɧɚ ɭɪɨɜɧɟ 27–

30 ɦɚɫ. %. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɎȺɇɈ Ɋɨɫɫɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ ɉɪɨɝɪɚɦɦɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɚɤɚɞɟɦɢɣ ɧɚɭɤ 

ɧɚ 2013-2020 ɝɨɞɵ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ V.46, ɩɪɨɟɤɬ № V.46.2.4 (AAAA-A17-117021450095-

1). 
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ȼɅɂəɇɂȿ ɐɂɊɄɈɇɂə ɇȺ ɋȼɈɃɋɌȼȺ ȺɅɘɆɈɉɅȺɌɂɇɈȼɕɏ 
ɄȺɌȺɅɂɁȺɌɈɊɈȼ ɊɂɎɈɊɆɂɇȽȺ 

Ɍɪɟɝɭɛɟɧɤɨ ȼ.ɘ. 1, Ȼɟɥɨɩɭɯɨɜ ȿ.Ⱥ.1, ȼɢɧɢɱɟɧɤɨ ɇ.ȼ.1,2, ɍɞɪɚɫ ɂ.ȿ.1, Ȼɟɥɵɣ Ⱥ.ɋ.1,2  

EFFECT OF ZIRCONIUM ON PROPERTIES OF ALUMINAPLATINUM 

REFORMING CATALYSTS  
1 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ, Ɉɦɫɤ 

E-mail: kalinina_ihcp1@mail.ru 
2 Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 

ɍɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɚ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɩɪɢ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɟ ɢ ɜɨɡɪɚɫɬɚɧɢɟ 

ɝɥɭɛɢɧɵ ɩɟɪɟɪɚɛɨɬɤɢ ɫɵɪɶɹ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ ɩɨɜɵɲɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɢɬɫɹ ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ - 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɪɢɮɨɪɦɢɧɝ. ɉɨɜɵɲɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɢ ɜɵɯɨɞɚ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, 

ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɞɨɫɬɢɝɚɟɬɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟɦ ɤɚɬɚɥɢɡɚɬɨɪɨɜ - 

ɯɢɦɢɱɟɫɤɢɦ, ɫɬɪɭɤɬɭɪɧɵɦ, ɬɟɤɫɬɭɪɧɵɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɡɚ ɫɱɟɬ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɫɢɧɬɟɡɚ ɢ ɜɜɟɞɟɧɢɹ ɜ ɢɯ ɫɨɫɬɚɜ ɪɚɡɥɢɱɧɵɯ ɚɤɬɢɜɧɵɯ ɞɨɛɚɜɨɤ. 

ɑɚɫɬɨ ɩɪɢɦɟɧɹɸɬ ɩɪɢɟɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɞɨɛɚɜɨɤ ɤɢɫɥɨɬɧɨɝɨ ɯɚɪɚɤɬɟɪɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɰɢɪɤɨɧɢɹ 

(0,1-2,0 %ɦɚɫ.) ɢ/ɢɥɢ SO4
2- (0,3 ɢ 3,0 %ɦɚɫ.)  ɧɚ ɤɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ 

ɩɨɤɚɡɚɬɟɥɢ Pt/Al2O3 ɜ ɪɟɚɤɰɢɹɯ ɪɢɮɨɪɦɢɧɝɚ. ɉɪɢ ɷɬɨɦ ɜɚɪɶɢɪɨɜɚɥɢ ɤɚɤ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤ 

ɰɢɪɤɨɧɢɹ (ɝɢɞɪɨɤɫɢɞ, ɨɤɫɢɧɢɬɪɚɬ ɢ ɫɭɥɶɮɚɬ ɰɢɪɤɨɧɢɹ) ɬɚɤ ɢ ɢɫɬɨɱɧɢɤ ɫɭɥɶɮɚɬ-ɢɨɧɨɜ 

(H2SO4 ɢ (NH4)2SO4). 

Ⱦɥɹ ɧɨɫɢɬɟɥɟɣ ɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ 

ɧɚ ɬɟɤɫɬɭɪɧɵɟ ɢ ɫɬɪɭɤɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ȼɜɟɞɟɧɢɟ SO4
2- ɢ ɭɜɟɥɢɱɟɧɢɟ ɢɯ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟɦ SȻɗɌ ɢ ɫɭɦɦɚɪɧɨɝɨ Vɩ. Ⱦɥɹ Pt/Al2O3-Zr-SO4
2-

ɨɩɪɟɞɟɥɟɧɚ ɞɢɫɩɟɪɫɧɨɫɬɶ ɩɥɚɬɢɧɵ ɩɨ ɚɞɫɨɪɛɰɢɢ ɋɈ ɢ H2. ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ 

ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɨɩɪɟɞɟɥɟɧɵ ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ ɩɥɚɬɢɧɵ ɜ 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ ɧɨɫɢɬɟɥɟɣ ɦɟɬɨɞɨɦ ɂɄ 

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɋɈ ɩɪɢ ɞɚɜɥɟɧɢɢ 10 ɬɨɪɪ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

ɉɢɤɢ 2240-2190 ɫɦ-1 ɨɬɧɨɫɹɬɫɹ ɤ ɤɨɥɟɛɚɧɢɹɦ ɋɈ, ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɧɚ ɫɢɥɶɧɵɯ 

ɤɚɬɢɨɧɧɵɯ ɰɟɧɬɪɚɯ. Ⱥɞɫɨɪɛɰɢɹ ɋɈ ɧɚ ɫɥɚɛɵɯ ɥɶɸɢɫɨɜɫɤɢɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɚɯ (ɅɄɐ) ɢ 

ɤɢɫɥɨɬɧɵɯ Ɉɇ--ɝɪɭɩɩɚɯ ɜɵɡɵɜɚɟɬ ɩɨɹɜɥɟɧɢɟ ɩɢɤɨɜ ɩɪɢ 2190-2170 ɢ 2180-2150 ɫɦ-1. 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫɭɥɶɮɚɬ-ɢɨɧɚɦɢ ɢ/ɢɥɢ ɰɢɪɤɨɧɢɟɦ ɩɪɢɜɨɞɢɬ ɤ 

ɢɡɦɟɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɧɨɫɢɬɟɥɹ. ɇɚɢɦɟɧɶɲɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɅɄɐ 

ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɨɛɪɚɡɰɚ ɫɪɚɜɧɟɧɢɹ. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 3 %ɦɚɫ. 

ɫɭɥɶɮɚɬ-ɢɨɧɚ ɩɪɢɜɨɞɢɬ ɤ ɢɫɱɟɡɧɨɜɟɧɢɸ ɰɟɧɬɨɜ ɅɄɐ-2, ɩɨɹɜɥɹɸɬɫɹ ɛɨɥɟ ɫɢɥɶɧɵɟ 
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ɰɟɧɬɪɵ ɅɄɐ-3. Ɍɚɤ ɠɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɰɟɧɬɪɨɜ ɅɄɐ-2 ɩɪɢ ɞɨɩɢɪɨɜɚɧɢɢ Al2O3 ɰɢɪɤɨɧɢɟɦ 

ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɰɢɪɤɨɧɢɣ ɨɛɥɚɞɚɟɬ ɦɟɧɟɟ ɫɢɥɶɧɵɦɢ ɅɄɐ, 

ɱɟɦ ɚɥɸɦɢɧɢɣ. 

 

Ɍɚɛɥɢɰɚ 1. ɉɨɥɨɠɟɧɢɹ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɅɄɐ (ɦɤɦɨɥɶ/ɝ) ɩɨ 

ɞɚɧɧɵɦ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɋɈ 

 

Ʉɚɬɚɥɢɡɚɬɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ 0,25 %ɦɚɫ. Pt ɢ 0,3 %ɦɚɫ. Re, ɛɵɥɢ ɢɫɩɵɬɚɧɵ ɜ 

ɪɟɚɤɰɢɢ ɞɟɝɢɞɪɨɰɢɤɥɢɡɚɰɢɢ ɧ-ɝɟɩɬɚɧɚ. Ⱦɥɹ ɜɫɟɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɬɦɟɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 

ɢɡɦɟɧɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɢɫɥɨɬɧɵɯ 

ɰɟɧɬɪɨɜ Ʌɶɸɢɫɚ 2-ɝɨ ɢ 3-ɝɨ ɬɢɩɚ, ɱɬɨ ɦɨɠɟɬ ɭɤɚɡɵɜɚɬɶ ɧɚ ɭɱɚɫɬɢɟ ɞɚɧɧɵɯ ɰɟɧɬɪɨɜ ɜ 

ɪɟɚɤɰɢɢ ɚɪɨɦɚɬɢɡɚɰɢɢ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɎȺɇɈ Ɋɨɫɫɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ ɉɪɨɝɪɚɦɦɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɚɤɚɞɟɦɢɣ ɧɚɭɤ 

ɧɚ 2013-2020 ɝɨɞɵ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ V.46, ɩɪɨɟɤɬ № V.46.2.4. 

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ 

ɩɪɨɜɟɞɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɛɨɪɧɨɣ ɛɚɡɵ Ɉɦɫɤɨɝɨ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɰɟɧɬɪɚ 

ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɋɈ ɊȺɇ, ɝ. Ɉɦɫɤ. 

 

  

Ɉɛɪɚɡɟɰ 

ɅɄɐ -1 ɅɄɐ-2 ɅɄɐ-3 ɅɄɐ-4 

Ɉɬɧɨɲɟɧɢɟ 

ɅɄɐ-2/ɅɄɐ-3 

ɋɭɦɦɚ 
ɜɫɟɯ 
ɅɄɐ, 

ɦɤɦɨɥɶ/ɝ 

ɦɤɦɨɥɶ/ɝ 

2178-
2184 

2190-
2193 

2195-
2197 

2235 

(ɫɦ-1) 
Al2O3 55 250 - - - 305 

1,7 %ɦɚɫ. SO4
2- 

Al2O3 
70 120 120 - 1 310 

3,0 %ɦɚɫ. SO4
2- 

Al2O3 
290 - 260 - - 550 

0,3 %ɦɚɫ. SO4
2- 

0,3 %ɦɚɫ. Zr-
Al2O3 

360 320 38 5,5 8,42 723,5 
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ȼɅɂəɇɂȿ ɋɆɈɅ ɋ ɊȺɁɅɂɑɇɕɆ ɋɈȾȿɊɀȺɇɂȿɆ 
ȼȺɇȺȾɂɅɉɈɊɎɂɊɂɇɈȼ ɇȺ ɍɋɌɈɃɑɂȼɈɋɌɖ ɌəɀȿɅɕɏ ɇȿɎɌȿɃ Ʉ 

ɈɋȺɀȾȿɇɂɘ ȺɋɎȺɅɖɌȿɇɈȼ 

Ⱥɛɢɥɨɜɚ Ƚ.Ɋ., əɤɭɛɨɜ Ɇ.Ɋ., Ɍɚɡɟɟɜɚ ɗ.Ƚ., Ȼɨɪɢɫɨɜɚ ɘ.ɘ., Ɇɢɥɨɪɞɨɜ Ⱦ.ȼ.,  
əɤɭɛɨɜɚ ɋ.Ƚ. 

INFLUENCE OF RESINS WITH VARIOUS CONTENT OF 

VANADYLPORPHYRINS ON STABILITY OF HEAVY OILS TO ASPHALTENE 

DEPOSITION 
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ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɚɤɬɢɜɧɨ ɜɟɞɟɬɫɹ ɨɫɜɨɟɧɢɟ ɪɟɫɭɪɫɨɜ ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ ɢ 

ɩɪɢɪɨɞɧɵɯ ɛɢɬɭɦɨɜ, ɨɫɨɛɟɧɧɨ ɜ ɪɹɞɟ ɪɟɝɢɨɧɨɜ ɫ ɩɚɞɚɸɳɟɣ ɞɨɛɵɱɟɣ. Ɍɹɠɟɥɵɟ ɧɟɮɬɢ 

(Ɍɇ) ɨɬɥɢɱɚɸɬɫɹ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɫɮɚɥɶɬɟɧɨ-ɫɦɨɥɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ 

ɝɟɬɟɪɨɚɬɨɦɨɜ – S, N ɢ O, ɚ ɬɚɤɠɟ ɜɚɧɚɞɢɹ ɢ ɧɢɤɟɥɹ. Ⱦɥɹ ɨɫɜɨɟɧɢɹ ɬɚɤɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ 

ɫɵɪɶɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɧɟɮɬɹɦɢ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ 

ɡɚɬɪɚɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɞɨɛɵɱɢ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɢ ɩɟɪɟɪɚɛɨɬɤɢ. Ɉɞɧɨɣ 

ɢɡ ɜɚɠɧɵɯ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜɵɯ ɨɬɥɨɠɟɧɢɣ ɜ ɩɥɚɫɬɟ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɚɯ, ɧɚɩɪɢɦɟɪ, ɜ ɬɟɯɧɨɥɨɝɢɹɯ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ Ɍɇ, ɝɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɚɡɛɚɜɥɟɧɢɟ ɫɵɪɶɹ ɭɝɥɟɜɨɞɨɪɨɞɧɵɦɢ 

ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ ɞɥɹ ɫɧɢɠɟɧɢɹ ɜɹɡɤɨɫɬɢ ɢ ɫɦɟɲɟɧɢɟ ɧɟɮɬɟɣ ɢɡ ɪɚɡɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ 

[1-3]. 

ȼɨɡɦɨɠɧɵɦ ɫɩɨɫɨɛɨɦ ɢɡɛɟɠɚɬɶ ɨɫɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ ɩɪɢ ɞɨɛɵɱɟ ɢ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ Ɍɇ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɞɨɛɚɜɥɟɧɢɟ ɜ ɧɢɯ 

ɫɬɚɛɢɥɢɡɚɬɨɪɚ (ɢɧɝɢɛɢɬɨɪɚ) ɨɫɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ [4, 5]. ɇɚɢɛɨɥɟɟ ɢɫɩɨɥɶɡɭɟɦɵɦɢ 

ɫɬɚɛɢɥɢɡɚɬɨɪɚɦɢ ɚɫɮɚɥɶɬɟɧɨɜ ɹɜɥɹɸɬɫɹ ɪɚɫɬɜɨɪɢɬɟɥɢ ɚɫɮɚɥɶɬɟɧɨɜ – ɚɪɨɦɚɬɢɱɟɫɤɢɟ 

ɭɝɥɟɜɨɞɨɪɨɞɵ (ɬɨɥɭɨɥ, ɤɫɢɥɨɥ ɢ ɬ.ɞ.). Ɉɞɧɚɤɨ ɞɚɧɧɵɟ ɞɨɛɚɜɤɢ ɧɟ ɨɬɜɟɱɚɸɬ ɧɨɪɦɚɦ 

ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɜɚɪɢɚɧɬɚ ɞɨɛɚɜɨɤ 

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɹɞ ɢɧɝɢɛɢɬɨɪɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɤɚɤ ɫɨɥɶɜɚɬɢɪɭɸɳɢɟ ɚɝɟɧɬɵ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɚɫɮɚɥɶɬɟɧɚɦ: ɧɟɮɬɹɧɵɟ ɫɦɨɥɵ, ɞɟɚɫɮɚɥɶɬɢɡɚɬ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɚɦɮɢɮɢɥɵ 

ɧɚ ɨɫɧɨɜɟ ɚɥɤɢɥɮɟɧɨɥɨɜ ɢ ɚɥɤɢɥɫɭɥɶɮɨɤɢɫɥɨɬ. 

ɋɦɨɥɵ ɜ ɧɟɮɬɹɧɨɣ ɤɨɥɥɨɢɞɧɨɣ ɫɢɫɬɟɦɟ ɜɵɩɨɥɧɹɸɬ ɪɨɥɶ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɱɚɫɬɢɰ 

ɚɫɮɚɥɶɬɟɧɨɜ ɢ ɩɪɟɞɨɬɜɪɚɳɚɸɬ ɢɯ ɚɝɪɟɝɚɰɢɸ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɦɨɥɵ ɭɜɟɥɢɱɢɜɚɸɬ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɚɫɮɚɥɶɬɟɧɨɜ ɢ ɫɧɢɠɚɸɬ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢ ɨɫɚɠɞɟɧɢɢ, ɚ ɬɚɤɠɟ ɦɨɝɭɬ 

ɭɦɟɧɶɲɚɬɶ ɪɚɡɦɟɪɵ ɚɫɮɚɥɶɬɟɧɨɜɵɯ ɚɝɪɟɝɚɬɨɜ [6]. Ɉɞɧɚɤɨ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɢɦɢɱɟɫɤɢɯ 

ɢ ɫɬɪɭɤɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɫɬɚɛɢɥɢɡɢɪɭɸɳɚɹ ɚɤɬɢɜɧɨɫɬɶ ɫɦɨɥ ɪɚɡɧɵɯ ɧɟɮɬɟɣ ɦɨɠɟɬ 
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ɪɚɡɥɢɱɚɬɶɫɹ. Ʉɪɨɦɟ ɩɪɢɪɨɞɧɵɯ ɚɦɮɢɮɢɥɨɜ ɜ ɫɨɫɬɚɜɟ ɫɦɨɥ ɨɫɨɛɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɚɫɮɚɥɶɬɟɧɨɜ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɦɟɬɚɥɥɨɩɨɪɮɢɪɢɧɵ [7]. Ɉɫɧɨɜɧɚɹ ɞɨɥɹ 

ɩɨɪɮɢɪɢɧɨɜɵɯ ɦɟɬɚɥɥɨɤɨɦɩɥɟɤɫɨɜ ɜ Ɍɇ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɚɧɚɞɢɥɩɨɪɮɢɪɢɧɚɦɢ [8] ɢ ɢɯ 

ɚɧɚɥɨɝɚɦɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɵɯ ɜ ɫɨɫɬɚɜɟ ɫɦɨɥ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 1-2 ɦɚɫ.%, ɩɨɷɬɨɦɭ 

ɨɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɜ ɢɡɭɱɟɧɢɢ ɜɥɢɹɧɢɹ ɧɚ ɨɫɚɠɞɟɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ ɩɨɫɜɹɳɟɧɨ 

ɜɚɧɚɞɢɥɩɨɪɮɢɪɢɧɚɦ. 

ȼɚɧɚɞɢɥɩɨɪɮɢɪɢɧɵ, ɨɛɥɚɞɚɹ ɩɥɨɫɤɨɣ ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ 

ɩɟɪɢɮɟɪɢɣɧɵɦɢ ɚɥɤɢɥɶɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ, ɩɚɪɚɦɚɝɧɟɬɢɡɦɨɦ ɢ ɫɨɩɨɫɬɚɜɢɦɵɦ 

ɪɚɡɦɟɪɨɦ ɫ ɚɫɮɚɥɶɬɟɧɨɜɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɞɨɥɠɧɵ ɨɤɚɡɵɜɚɬɶ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫɵ ɮɥɨɤɭɥɹɰɢɢ ɚɫɮɚɥɶɬɟɧɨɜ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɢɯ 

ɭɫɬɨɣɱɢɜɨɫɬɶ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɥɨɧɧɨɫɬɢ ɧɟɮɬɟɣ ɤ ɨɫɚɠɞɟɧɢɸ ɚɫɮɚɥɶɬɟɧɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɚɫɮɚɥɶɬɟɧɨɜ ɧɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ, 

ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɪɟɝɢɫɬɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɞɟɚɫɮɚɥɶɬɢɡɚɬɚ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ 

ɧɟɮɬɢ ɩɟɬɪɨɥɟɣɧɵɦ ɷɮɢɪɨɦ (ɉ.ɗ.). 

Ɉɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɟɬɨɩɨɝɥɨɳɟɧɢɹ (Ʉɫɩ) ɧɟɮɬɢ 

ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟɦ ɚɫɮɚɥɶɬɟɧɨɜ. ɉɪɢ ɧɚɪɭɲɟɧɢɢ ɤɨɥɥɨɢɞɧɨɣ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɮɬɢ ɢ ɜɵɩɚɞɟɧɢɢ ɚɫɮɚɥɶɬɟɧɨɜ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɫɜɟɬɨɩɨɝɥɨɳɟɧɢɹ, 

ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɚ ɚɫɮɚɥɶɬɟɧɨɜ ɩɨ Ʉɫɩ.  

ɋ ɰɟɥɶɸ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ Ʉɫɩ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 

ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɝɢɛɢɬɨɪɨɜ ɨɫɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɵ 12 ɩɪɨɛ Ɍɇ ɪɚɡɥɢɱɧɵɯ 

ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɜ Ɋɨɫɫɢɢ (ɬɚɛɥ. 1). 

 

Ɍɚɛɥɢɰɚ 1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ 

№ 

ɩ/ɩ 
ɇɟɮɬɶ, № ɫɤɜɚɠɢɧɵ A/ɋ 

Ʉɫɩ 

ɧɟɮɬɶ 
ɞɟɚɫɮɚɥɶɬɢɡɚ

ɬ 

1 Ɂɸɡɟɟɜɫɤɨɟ, 2370 0.28 4.4 1.68 

2 Ɂɸɡɟɟɜɫɤɨɟ, 956 0.22 3.7 1.65 

3 Ɂɸɡɟɟɜɫɤɨɟ, 2365 0.13 2.5 1.21 

4 ɋɛɨɪɧɨɜɫɤɨɟ, 217 0.08 3.1 2.37 

5 ɋɛɨɪɧɨɜɫɤɨɟ, 221 0.22 6.0 2.95 

6 ɋɦɨɪɨɞɢɧɫɤɨɟ, 502 0.44 10.3 2.98 

7 ɋɦɨɪɨɞɢɧɫɤɨɟ, 254 0.65 12.0 2.88 

8 Ɇɚɣɨɪɨɜɫɤɨɟ, 133 0.17 3.4 2.25 
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9 ɘɝɚɧɫɤɨɟ, 403 0.36 4.1 1.78 

10 Ⱥɲɚɥɶɱɢɧɫɤɨɟ, 232 0.25 5.2 1.98 

11 Ɇ-Ʉɚɪɦɚɥɶɫɤɨɟ, 177 0.27 4.3 1.55 

12 ȿɤɚɬɟɪɢɧɨɜɫɤɨɟ, 
6072 

0.37 10.4 3.53 

 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɧɟɮɬɟɣ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ Ⱥ/ɋ ɬɪɟɛɭɟɬɫɹ ɞɨ 

35% ɬɨɥɭɨɥɚ ɜ ɫɦɟɫɢ ɫ ɩɟɬɪɨɥɟɣɧɵɦ ɷɮɢɪɨɦ ɞɥɹ ɩɨɥɧɨɝɨ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɨɫɚɠɞɟɧɢɹ 

ɚɫɮɚɥɶɬɟɧɨɜ. ȼ ɧɟɮɬɹɯ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɨɨɬɧɨɲɟɧɢɹ Ⱥ/ɋ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɫɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ ɤɨɥɢɱɟɫɬɜɨ ɬɨɥɭɨɥɚ ɫɨɫɬɚɜɥɹɟɬ 15-20%. 

ɉɪɢ ɧɚɪɭɲɟɧɢɢ ɤɨɥɥɨɢɞɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɮɬɢ ɢ ɮɥɨɤɭɥɹɰɢɢ ɚɫɮɚɥɶɬɟɧɨɜ 

ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɫɜɟɬɨɩɨɝɥɨɳɟɧɢɹ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ Ʉɫɩ ɩɨɡɜɨɥɹɸɬ 

ɷɤɫɩɪɟɫɫɧɨ ɨɰɟɧɢɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɵɩɚɜɲɢɯ ɚɫɮɚɥɶɬɟɧɨɜ. Ɂɚɜɢɫɢɦɨɫɬɶ Ʉɫɩ 

ɢɫɫɥɟɞɨɜɚɧɧɵɯ Ɍɇ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. 

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ Ʉɫɩ ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ ɜ ɧɢɯ 

 

Ⱦɥɹ ɜɫɟɯ Ɍɇ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɞɨɥɢ ɬɨɥɭɨɥɚ ɜ ɫɦɟɫɢ ɫ ɉ.ɗ. (ɨɬ 5 ɞɨ 35% 

ɫ ɲɚɝɨɦ ɜ 5%) ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɨɫɚɞɤɚ ɚɫɮɚɥɶɬɟɧɨɜ. ɉɨɫɥɟ ɪɚɡɛɚɜɥɟɧɢɹ 

ɧɟɮɬɟɣ ɫɦɟɫɶɸ ɬɨɥɭɨɥ/ɉ.ɗ. ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:20 ɨɩɪɟɞɟɥɹɥɚɫɶ ɦɚɫɫɚ ɨɫɚɞɤɚ ɚɫɮɚɥɶɬɟɧɨɜ 

(ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ). ɇɚ ɩɪɢɦɟɪɟ ɧɟɮɬɢ Ⱥɲɚɥɶɱɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɩɨɤɚɡɚɧɨ 

(ɪɢɫ. 2), ɱɬɨ ɫ ɪɨɫɬɨɦ ɞɨɥɢ ɬɨɥɭɨɥɚ ɜ ɫɦɟɫɢ ɫ ɉ.ɗ. ɭɜɟɥɢɱɢɜɚɟɬɫɹ Ʉɫɩ ɞɟɚɫɮɚɥɶɬɢɡɚɬɚ 

(ȾȺ). 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɜɚɧɚɞɢɥɩɨɪɮɢɪɢɧɨɜ (ȼɉ) ɜ ɫɦɨɥɚɯ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɚɫɮɚɥɶɬɟɧɨɜ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ɋɪɚɜɧɢɜɚɥɢɫɶ ɨɛɪɚɡɰɵ ɫɦɨɥ ɫ 

ɞɨɛɚɜɥɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɬɚ ȼɉ ɨɬ 1 ɞɨ 5 ɦɚɫ. % ɫ ɲɚɝɨɦ ɜ 1%. ȼɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɨɜɟɞɟɧɵ ɧɚ ɩɪɢɦɟɪɟ Ɍɇ Ⱥɲɚɥɶɱɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ɂɡɦɟɧɟɧɢɟ Ʉɫɩ ȾȺ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɞɨɥɢ ɫɦɨɥ ɫ ɞɨɛɚɜɤɚɦɢ ɤɨɧɰɟɧɬɪɚɬɚ ȼɉ ɜ ɫɦɟɫɢ ɫ 
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ɩɟɬɪɨɥɟɣɧɵɦ ɷɮɢɪɨɦ ɞɥɹ ɧɟɮɬɢ Ⱥɲɚɥɶɱɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ 3. 

ɂɡ ɷɬɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ȼɉ ɜ ɫɦɨɥɚɯ ɧɚ ɢɯ ɚɤɬɢɜɧɨɫɬɶ, 

ɤɚɤ ɢɧɝɢɛɢɬɨɪɚ ɨɫɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ. 

 

 

Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ Ʉɫɩ ɞɟɚɫɮɚɥɶɬɢɡɚɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɥɢ ɬɨɥɭɨɥɚ ɜ ɫɦɟɫɢ ɫ 

ɩɟɬɪɨɥɟɣɧɵɦ ɷɮɢɪɨɦ ɞɥɹ Ɍɇ Ⱥɲɚɥɶɱɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 

 

 

Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ Ʉɫɩ ɞɟɚɫɮɚɥɶɬɢɡɚɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɞɨɥɢ ɫɦɨɥ ɫ 

ɞɨɛɚɜɤɚɦɢ ɤɨɧɰɟɧɬɪɚɬɚ ȼɉ ɜ ɫɦɟɫɢ ɫ ɩɟɬɪɨɥɟɣɧɵɦ ɷɮɢɪɨɦ 

 

ɉɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɜɵɩɚɜɲɢɯ 

ɚɫɮɚɥɶɬɟɧɨɜ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɧɟɮɬɢ ɫɦɟɫɶɸ ɉ.ɗ. ɢ 4 ɦɚɫ.% ɫɦɨɥ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɨɬ 1 ɞɨ 

5 ɦɚɫ.% ɤɨɧɰɟɧɬɪɚɬɚ ȼɉ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ (ɪɢɫ. 4) ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɹɦɨ-

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɨɫɚɞɤɚ ɚɫɮɚɥɶɬɟɧɨɜ ɨɬ 5,1 ɞɨ 0,9 ɦɚɫ.% ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ȼɉ ɜ ɫɦɨɥɚɯ ɨɬ 0,09 ɞɨ 0,56 ɦɚɫ.%. 
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Ɋɢɫ. 4. ɋɨɞɟɪɠɚɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ, ɩɨɥɭɱɟɧɧɨɟ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɧɟɮɬɢ ɫɦɟɫɶɸ ɉ.ɗ. ɢ 

ɫɦɨɥ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɧɰɟɧɬɪɚɬɚ ȼɉ 

 

ɂɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɨɫɚɞɤɚ ɚɫɮɚɥɶɬɟɧɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɧɟɮɬɢ 

ɫɦɟɫɶɸ ɉ.ɗ. ɢ ɫɦɨɥ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ȼɉ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɯ ɜɥɢɹɧɢɢ ɧɚ 

ɩɪɨɰɟɫɫɵ ɮɥɨɤɭɥɹɰɢɢ ɢ ɚɝɪɟɝɢɪɨɜɚɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɜɚɧɚɞɢɥɩɨɪɮɢɪɢɧɨɜ ɜ ɫɦɨɥɚɯ ɫɧɢɠɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 

ɚɫɮɚɥɶɬɟɧɨɜ, ɨɫɚɠɞɚɟɦɵɯ ɫɦɟɫɶɸ ɉ.ɗ. ɫ ɷɬɢɦɢ ɫɦɨɥɚɦɢ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ 

ɢɦɟɬɶ ɩɟɪɫɩɟɤɬɢɜɵ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɚɯ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɞɨɛɵɱɢ 

ɧɟɮɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɝɢɛɢɬɨɪɨɜ ɨɫɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ. 
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ɈɉɊȿȾȿɅȿɇɂȿ ɂɇȾɂȼɂȾɍȺɅɖɇɕɏ ɋȿɊɈɋɈȾȿɊɀȺɓɂɏ ɋɈȿȾɂɇȿɇɂɃ 
ȼ ɀɂȾɄɈɆ ɍȽɅȿȼɈȾɈɊɈȾɇɈɆ ɋɕɊɖȿ ɂ ɉɊɈȾɍɄɌȺɏ ȿȽɈ 
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DETERMINATION OF INDIVIDUAL SULFUR-CONTAINING COMPOUNDS IN 

LIQUID HYDROCARBON RAW MATERIALS AND THEIR PROCESSING 

PRODUCTS BY GAS CHROMATOGRAPHY 
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ɉɪɨɛɥɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɋɋɋ) 

ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɜ ɫɜɹɡɢ ɫ ɩɨɫɬɨɹɧɧɵɦ ɩɨɜɵɲɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɚɱɟɫɬɜɭ 

ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ. ɋɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɢɯ ɫɟɪɵ [1] ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɤɥɸɱɟɜɵɯ 

ɧɚɩɪɚɜɥɟɧɢɣ ɦɢɪɨɜɨɣ ɝɚɡɨ- ɢ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ 

ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɞɥɹ ɬɨɩɥɢɜɧɵɯ ɮɪɚɤɰɢɣ ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɨɱɢɫɬɤɚ. 

ɍɫɥɨɜɢɹ ɟɟ ɩɪɨɜɟɞɟɧɢɹ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢɪɨɞɨɣ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɫɵɪɶɟ ɋɋɋ.  

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ [2], ɜ ɞɢɫɬɢɥɥɹɬɚɯ, ɜɵɤɢɩɚɸɳɢɯ ɜ ɞɢɚɩɚɡɨɧɟ 150–

450 °ɋ, ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶɫɹ ɛɨɥɟɟ 10000 ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɋɋɋ. ɂɡɜɟɫɬɧɨ, ɱɬɨ 

ɪɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɜ ɩɪɨɰɟɫɫɚɯ ɝɢɞɪɨɨɱɢɫɬɤɢ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɡɥɢɱɚɟɬɫɹ ɭ ɋɋɋ 

ɪɚɡɧɵɯ ɤɥɚɫɫɨɜ [3]. Ɇɟɪɤɚɩɬɚɧɵ ɢ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɭɥɶɮɢɞɵ ɞɨɜɨɥɶɧɨ ɥɟɝɤɨ ɩɨɞɜɟɪɝɚɸɬɫɹ 

ɝɢɞɪɨɝɟɧɨɥɢɡɭ, ɨɛɪɚɡɭɹ ɭɝɥɟɜɨɞɨɪɨɞɵ ɢ ɫɟɪɨɜɨɞɨɪɨɞ. Ɋɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɬɢɨɮɟɧɚ 

ɧɚ ɦɧɨɝɨ ɩɨɪɹɞɤɨɜ ɧɢɠɟ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɦɟɪɤɚɩɬɚɧɨɜ, ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɫɭɥɶɮɢɞɨɜ ɢ ɞɢɫɭɥɶɮɢɞɨɜ. ɉɪɨɰɟɫɫ ɞɟɫɭɥɶɮɭɪɢɡɚɰɢɢ ɩɨɥɢɚɪɨɦɚɬɢɱɟɫɤɢɯ ɋɋɋ ɫ ɞɜɭɦɹ 

(ɛɟɧɡɨɬɢɨɮɟɧɵ, ȻɌ) ɢ ɱɟɬɵɪɶɦɹ (ɛɟɧɡɨɧɚɮɬɨɬɢɨɮɟɧɵ) ɤɨɥɶɰɚɦɢ ɩɪɨɬɟɤɚɟɬ ɧɟɫɤɨɥɶɤɨ 

ɥɟɝɱɟ, ɱɟɦ ɭ ɩɨɥɢɚɪɨɦɚɬɢɱɟɫɤɢɯ ɋɋɋ ɫ ɬɪɟɦɹ ɤɨɥɶɰɚɦɢ (ɞɢɛɟɧɡɨɬɢɨɮɟɧɵ, ȾȻɌ) [4]. ɉɪɢ 

ɝɢɞɪɨɨɱɢɫɬɤɟ ɝɚɡɨɣɥɟɣ ɢ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ ɪɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 4-

ɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧɚ ɢ 4,6-ɞɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧɚ ɧɚɦɧɨɝɨ ɧɢɠɟ, ɱɟɦ ɞɪɭɝɢɯ ɋɋɋ [5]. 

ɍɞɚɥɟɧɢɟ ɋɋɋ ɫ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɬɪɟɛɭɟɬ ɭɠɟɫɬɨɱɟɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɝɢɞɪɨɨɱɢɫɬɤɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ 

ɮɨɪɦɚɦ ɧɚɯɨɠɞɟɧɢɹ ɫɟɪɵ ɜ ɠɢɞɤɨɦ ɭɝɥɟɜɨɞɨɪɨɞɧɨɦ ɫɵɪɶɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɨɬɨɤɚɯ. 

ȼ ɈɈɈ «Ƚɚɡɩɪɨɦ ȼɇɂɂȽȺɁ» ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɛɨɥɟɟ 20 ɥɟɝɤɨ- 

ɢ ɫɪɟɞɧɟɥɟɬɭɱɢɯ ɋɋɋ (ɞɨ ɩɪɨɢɡɜɨɞɧɵɯ ɞɢɛɟɧɡɨɬɢɨɮɟɧɚ ɜɤɥɸɱɢɬɟɥɶɧɨ) ɜ ɠɢɞɤɨɦ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɦ ɫɵɪɶɟ ɢ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜɚɯ ɦɟɬɨɞɨɦ ɤɚɩɢɥɥɹɪɧɨɣ ɝɚɡɨɜɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɪɨɫɟɥɟɤɬɢɜɧɵɯ ɞɟɬɟɤɬɨɪɨɜ [6]. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɤɨɥɨɧɤɢ GS-GasPro (ɬɢɩ PLOT) ɢ ɩɥɚɦɟɧɧɨ-ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ 

ɞɟɬɟɤɬɨɪɚ (ɉɎȾ) ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɋɋɋ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɜɧɟɲɧɟɣ 

ɝɪɚɞɭɢɪɨɜɤɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɚɡɨɜɵɯ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɥɢɛɨ ɠɢɞɤɢɯ 

ɍ-I-18 
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ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɤɨɥɨɧɤɢ Optima-5 

(ɬɢɩɚ WCOT) ɢ ɯɟɦɢɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɞɟɬɟɤɬɨɪɚ (ɏɅȾ) ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɪɚɫɱɟɬ 

ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɚɧɞɚɪɬɚ. Ɉɛɚ ɪɚɡɜɢɬɵɯ ɩɨɞɯɨɞɚ ɛɥɢɡɤɢ ɩɨ ɫɜɨɢɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɤ  

ASTM D 5623 [7] ɢ ɩɨɥɨɠɟɧɵ ɜ ɨɫɧɨɜɭ ȽɈɋɌ Ɋ 56718-2015 «Ⱦɢɫɬɢɥɥɹɬɵ ɢ ɤɨɧɞɟɧɫɚɬ 

ɝɚɡɨɜɵɣ ɫɬɚɛɢɥɶɧɵɣ. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɨɞɨɦ ɝɚɡɨɜɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ». ɉɪɟɞɟɥ ɨɩɪɟɞɟɥɟɧɢɹ ɋɋɋ ɜ ɠɢɞɤɨɦ ɭɝɥɟɜɨɞɨɪɨɞɧɨɦ ɫɵɪɶɟ ɢ ɦɨɬɨɪɧɵɯ 

ɬɨɩɥɢɜɚɯ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɥɹɟɬ 1•10-4% ɦɚɫɫ. 

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɏɅȾ 

ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɚ, ɢ ɱɢɫɥɨ ɨɩɪɟɞɟɥɹɟɦɵɯ ɫ ɟɟ ɩɨɦɨɳɶɸ ɋɋɋ ɩɪɟɜɵɫɢɥɨ 60.  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɯɪɨɦɚɬɨɝɪɚɦɦɚ ɋɋɋ ɜ ɛɟɧɡɢɧɟ ɨɞɧɨɝɨ ɢɡ 

ɪɨɫɫɢɣɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɞɚɧɧɨɦ ɨɛɪɚɡɰɟ ɛɟɧɡɢɧɚ ɋɋɋ 

ɨɬɧɨɫɢɬɫɹ ɤ ɨɪɝɚɧɢɱɟɫɤɢɦ ɞɢɫɭɥɶɮɢɞɚɦ.  

 

 

1) ɫɟɪɨɨɤɫɢɞ ɭɝɥɟɪɨɞɚ; 2) ɦɟɬɢɥɦɟɪɤɚɩɬɚɧ; 3) ɷɬɢɥɦɟɪɤɚɩɬɚɧ; 4) ɞɢɦɟɬɢɥɫɭɥɶɮɢɞ;  

5) ɫɟɪɨɭɝɥɟɪɨɞ; 6) ɢ-ɩɪɨɩɢɥɦɟɪɤɚɩɬɚɧ; 7) 2-ɦɟɬɢɥ-2-ɩɪɨɩɢɥɦɟɪɤɚɩɬɚɧ;  

8) ɧ-ɩɪɨɩɢɥɦɟɪɤɚɩɬɚɧ; 9) ɦɟɬɢɥɷɬɢɥɫɭɥɶɮɢɞ; 10) 1-ɦɟɬɢɥ-1-ɩɪɨɩɢɥɦɟɪɤɚɩɬɚɧ; 11) 

ɬɢɨɮɟɧ; 12) 2-ɦɟɬɢɥ-1-ɩɪɨɩɢɥɦɟɪɤɚɩɬɚɧ; 13) ɞɢɷɬɢɥɫɭɥɶɮɢɞ; 14) ɧ-ɛɭɬɢɥɦɟɪɤɚɩɬɚɧ;  
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15) ɞɢɦɟɬɢɥɞɢɫɭɥɶɮɢɞ; 16) 2-ɦɟɬɢɥɬɢɨɮɟɧ; 17) 3-ɦɟɬɢɥɬɢɨɮɟɧ; 18) 

ɞɢɢɡɨɩɪɨɩɢɥɫɭɥɶɮɢɞ;  

19) ɬɟɬɪɚɝɢɞɪɨɬɢɨɮɟɧ; 20) ɦɟɬɢɥɷɬɢɥɞɢɫɭɥɶɮɢɞ; 21) 2-ɦɟɬɢɥɬɟɬɪɚɝɢɞɪɨɬɢɨɮɟɧ;  

22) 2-ɷɬɢɥɬɢɨɮɟɧ; 23) 2,5-ɞɢɦɟɬɢɬɢɨɮɟɧ; 24) ɞɢ-ɧ-ɩɪɨɩɢɥɫɭɥɶɮɢɞ;  

25) ɞɢɷɬɢɥɞɢɫɭɥɶɮɢɞ; 26) ɦɟɬɢɥ-ɧ-ɩɪɨɩɢɥɞɢɫɭɥɶɮɢɞ; 27) 2-ɩɪɨɩɢɥɬɢɨɮɟɧ;  

28) ɬɢɨɮɟɧɨɥ; 29) ɞɢɦɟɬɢɥɬɪɢɫɭɥɶɮɢɞ; 30) ɞɢɢɡɨɩɪɨɩɢɥɞɢɫɭɥɶɮɢɞ;  

31) 2-ɦɟɬɢɥɬɢɨɮɟɧɨɥ; 32)  ɞɢ-ɧ-ɩɪɨɩɢɥɞɢɫɭɥɶɮɢɞ; 33) ɞɢ-ɬɪɟɬ-ɛɭɬɢɥɞɢɫɭɥɶɮɢɞ;  

34) 2,6-ɞɢɦɟɬɢɥɬɢɨɮɟɧɨɥ; 35) ɛɟɧɡɨɬɢɨɮɟɧ; 36) ɞɢɮɟɧɢɥɫɭɥɶɮɢɞ (ɜɧɭɬɪɟɧɧɢɣ 

ɫɬɚɧɞɚɪɬ) 

Ɋɢɫ. 1. ɏɪɨɦɚɬɨɝɪɚɦɦɚ ɋɋɋ ɜ ɛɟɧɡɢɧɟ 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚɦɢ ɦɟɬɨɞɢɤɚ ɚɧɚɥɢɡɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɛɨɥɟɟ 

ɜɵɫɨɤɨɤɢɩɹɳɢɟ ɢ ɦɟɧɟɟ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɞɢɛɟɧɡɨɬɢɨɮɟɧɚ ɢ ɦɨɠɟɬ 

ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɤɚɤ ɞɥɹ ɫɬɚɛɢɥɶɧɨɝɨ ɝɚɡɨɜɨɝɨ ɤɨɧɞɟɧɫɚɬɚ, ɬɚɤ ɢ ɞɥɹ ɞɢɡɟɥɶɧɨɝɨ 

ɬɨɩɥɢɜɚ. ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɱɚɫɬɶ ɯɪɨɦɚɬɨɝɪɚɦɦɵ ɋɋɋ ɜ ɫɬɚɛɢɥɶɧɨɦ ɝɚɡɨɜɨɦ 

ɤɨɧɞɟɧɫɚɬɟ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 2. 

 

 

1) ɞɢɛɟɧɡɨɬɢɨɮɟɧ; 2) 4-ɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ; 3) 2-/3-ɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧɵ;  

4) 1- ɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ; 5) 4-ɷɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ; 6) 4,6-ɞɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ;  

7) 2,4-ɞɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ; 8) 2,6-/3,6- ɞɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧɵ;  

9) 2,8-/2,7-/3,7-ɞɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧɵ; 10) 1,4-/1,6-/1,8-ɞɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧɵ;  
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11) 1,3-ɞɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ; 12) 3,4-ɞɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ;  

13) 2,4,6-ɬɪɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ; 14) 2,4,8-ɬɪɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ;  

15) 2,4,7-ɬɪɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ; 16) 1,4,8-ɬɪɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ;  

17) 1,4,7-ɬɪɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ; 18) 2-ɦɟɬɢɥ-3-ɷɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ;  

19) 1,3,7- ɬɪɢɦɟɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ; 20) 4,6-ɞɢɷɬɢɥɞɢɛɟɧɡɨɬɢɨɮɟɧ 

Ɋɢɫ. 2. ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɱɚɫɬɶ ɯɪɨɦɚɬɨɝɪɚɦɦɵ ɋɋɋ ɜ ɫɬɚɛɢɥɶɧɨɦ ɝɚɡɨɜɨɦ 

ɤɨɧɞɟɧɫɚɬɟ  

ȼɧɟɞɪɟɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɧɚɦɢ ɦɟɬɨɞɢɤ ɚɧɚɥɢɡɚ ɩɨɡɜɨɥɢɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ 

ɭɫɥɨɜɢɹ ɫɟɪɨɨɱɢɫɬɤɢ ɠɢɞɤɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ, ɱɬɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɩɨɜɵɲɟɧɢɸ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧɢɸ ɤɚɱɟɫɬɜɚ 

ɩɨɥɭɱɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. 
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ɇɈȼɕȿ ɉɈȾɏɈȾɕ Ʉ ɉɈɅɍɑȿɇɂɘ ȺɋɎȺɅɖɌȿɇɈȼɕɏ 
ɋɍɅɖɎɈɄȺɌɂɈɇɂɌɈȼ ɂɁ ɇȿɎɌəɇɕɏ ɈɋɌȺɌɄɈȼ 

Ɇɢɥɨɪɞɨɜ Ⱦ.ȼ., ɋɢɧɹɲɢɧ Ʉ.Ɉ., Ƚɪɹɡɧɨɜ ɉ.ɂ., əɤɭɛɨɜ Ɇ.Ɋ.  
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OIL 
Ɏɟɞɟɪɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ «Ʉɚɡɚɧɫɤɢɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ ɊȺɇ»,  

ɂɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ⱥ.ȿ. Ⱥɪɛɭɡɨɜɚ Ʉɚɡɚɧɫɤɨɝɨ ɇɐ ɊȺɇ, 

Ʉɚɡɚɧɶ 
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ɇɟɮɬɹɧɵɟ ɨɫɬɚɬɤɢ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɞɨɪɨɝɢɯ ɢ 

ɷɮɮɟɤɬɢɜɧɵɯ ɢɨɧɢɬɨɜ ɢ ɫɨɪɛɟɧɬɨɜ. Ɋɚɧɟɟ ɧɚɦɢ [1-4] ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɫɟɪɧɨɣ 

ɤɢɫɥɨɬɨɣ ɧɚ ɚɫɮɚɥɶɬɟɧɵ ɢ ɬɹɠɟɥɨɟ ɧɟɮɬɹɧɨɟ ɫɵɪɶɟ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥ ɩɨɥɭɱɟɧ 

ɪɹɞ ɩɪɨɞɭɤɬɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɫɜɨɣɫɬɜɚɦɢ ɤɚɬɢɨɧɢɬɨɜ. ȼ ɞɪɭɝɢɯ ɪɚɛɨɬɚɯ ɛɵɥɢ ɢɡɭɱɟɧɵ 

ɩɪɨɰɟɫɫɵ ɫɭɥɶɮɢɪɨɜɚɧɢɹ 95%-ɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɢɥɢ 20%-ɧɵɦ ɨɥɟɭɦɨɦ ɬɹɠɟɥɵɯ 

ɫɦɨɥɢɫɬɵɯ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ (ɨɫɬɚɬɨɤ ɬɟɪɦɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ, 

ɩɨɥɭɦɚɡɭɬ ɩɪɹɦɨɣ ɩɟɪɟɝɨɧɤɢ, ɧɟɮɬɹɧɵɟ ɛɢɬɭɦɵ, ɬɹɠɟɥɚɹ ɫɦɨɥɢɫɬɚɹ ɧɟɮɬɶ), ɧɟɮɬɹɧɵɯ 

ɫɦɨɥ ɢ ɚɫɮɚɥɶɬɟɧɨɜ, ɚɫɮɚɥɶɬɟɧɨɜɵɯ ɤɨɧɰɟɧɬɪɚɬɨɜ, ɚ ɬɚɤɠɟ ɝɪɚɧɭɥ ɚɫɮɚɥɶɬɟɧɨɜ 0,42-0,84 

ɦɦ [5-8]. Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ [8] ɨɛɪɚɡɨɜɚɧɢɟ ɡɟɪɧɟɧɧɨɝɨ ɫɭɥɶɮɨɩɪɨɞɭɤɬɚ 

ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɩɟɪɜɵɟ ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ, ɨɞɧɚɤɨ ɞɥɹ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɭɥɶɮɢɪɨɜɚɧɢɹ 

ɬɪɟɛɭɟɬɫɹ ɧɟ ɦɟɧɟɟ 2 ɱɚɫɨɜ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɞɢɮɮɭɡɢɟɣ ɫɭɥɶɮɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɜɧɭɬɪɶ 

ɧɟɮɬɹɧɨɝɨ ɨɛɴɟɤɬɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɭɥɶɮɢɪɨɜɚɧɢɹ ɬɹɠɟɥɵɯ 

ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ ɜ ɪɚɫɬɜɨɪɟ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɩɪɨɞɭɤɬɨɜ, ɫɩɨɫɨɛɧɵɯ ɤ ɚɞɫɨɪɛɰɢɢ 

ɤɚɬɢɨɧɨɜ ɦɟɬɚɥɥɨɜ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɋɭɥɶɮɢɪɨɜɚɧɢɟ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ ɜ 

ɪɚɫɬɜɨɪɟɧɧɨɦ ɜɢɞɟ ɩɨɡɜɨɥɢɬ ɢɡɛɟɠɚɬɶ ɨɝɪɚɧɢɱɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɞɢɮɮɭɡɢɨɧɧɵɦɢ 

ɩɪɨɰɟɫɫɚɦɢ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ ɚɫɮɚɥɶɬɟɧɨɜ ɜ 

ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ. ɉɨɷɬɨɦɭ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɨɫɚɠɞɟɧɢɟ ɢ ɫɭɥɶɮɢɪɨɜɚɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ ɜ 

ɪɚɫɬɜɨɪɟ ɧɟɮɬɹɧɨɝɨ ɨɫɬɚɬɤɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɧɨɜɭɸ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜɵɯ ɫɭɥɶɮɨɤɚɬɢɨɧɢɬɨɜ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɜɵɞɟɥɟɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɧɟɮɬɹɧɵɯ ɨɛɴɟɤɬɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜɚɤɭɭɦɧɵɟ (550°ɋ) ɨɫɬɚɬɤɢ 

(ȼɈ) ɡɚɜɨɞɚ ɌȺɇȿɄɈ (ɉȺɈ «Ɍɚɬɧɟɮɬɶ»), ɚ ɬɚɤɠɟ ɫɩɟɰɢɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɟ ɢɡ ȼɈ ɜ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɚɫɮɚɥɶɬɟɧɨɜɵɣ ɤɨɧɰɟɧɬɪɚɬ (ȺɄ) ɢ ɚɫɮɚɥɶɬɟɧɵ (Ⱥɫɮ). Ⱦɥɹ 

ɜɵɞɟɥɟɧɢɹ ȺɄ ɢ Ⱥɫɮ ɜɚɤɭɭɦɧɵɟ ɨɫɬɚɬɤɢ ȼɈ ɪɚɡɛɚɜɥɹɥɢ ɛɟɧɡɨɥɨɦ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 20:1 ɢ 

ɞɨɛɚɜɥɹɥɢ 5-ɬɢ (ȺɄ) ɢ 30-ɬɢ (Ⱥɫɮ) ɤɪɚɬɧɵɣ ɢɡɛɵɬɨɤ ɧ-ɝɟɤɫɚɧɚ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ 

ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ ɢ ɜɵɫɭɲɢɜɚɥɢ. 

ɍ-I-19 
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ɇɟɮɬɹɧɵɟ ɨɛɴɟɤɬɵ (ȼɈ ɢ ȺɄ) ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɬɜɨɪɹɥɢ ɜ ɯɥɨɪɨɮɨɪɦɟ, 

ɛɟɧɡɨɥɟ ɢɥɢ ɬɨɥɭɨɥɟ. ɉɨɥɭɱɟɧɧɵɟ ɪɚɫɬɜɨɪɵ ɧɚɝɪɟɜɚɥɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɫɦɟɲɢɜɚɥɢ ɫ 6-ɬɢ ɤɪɚɬɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ 94 %-ɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ, ɞɚɥɟɟ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 2 ɱɚɫɚ. ɉɨɫɥɟ ɨɫɬɵɜɚɧɢɹ ɪɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ, ɬɜɟɪɞɵɣ ɨɫɬɚɬɨɤ ɩɪɨɦɵɜɚɥɢ ɢ ɮɢɥɶɬɪɨɜɚɥɢ. ɉɨɫɥɟ ɜɵɫɭɲɢɜɚɧɢɹ 

ɩɨɥɭɱɚɥɢ ɱɟɪɧɵɣ ɩɨɪɨɲɨɤ – ɫɭɥɶɮɢɪɨɜɚɧɧɵɟ ɧɟɮɬɹɧɵɟ ɩɪɨɞɭɤɬɵ ɋɇɉ-1 – ɋɇɉ-6 

(Ɍɚɛɥ. 1). ɋɭɥɶɮɢɪɨɜɚɧɧɵɟ ɚɫɮɚɥɶɬɟɧɵ ɩɨɥɭɱɚɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, 

ɨɩɢɫɚɧɧɨɣ ɧɚɦɢ ɪɚɧɟɟ [1]: ɚɫɮɚɥɶɬɟɧɵ ɨɛɪɚɛɚɬɵɜɚɥɢ 20-ɬɢ ɤɪɚɬɧɵɦ ɢɡɛɵɬɤɨɦ 94 %-ɧɨɣ 

ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ 2 ɱɚɫɚ ɩɪɢ 100°ɋ. 

 

Ɍɚɛɥɢɰɚ 1. ɍɫɥɨɜɢɹ ɪɟɚɤɰɢɢ ɫɭɥɶɮɢɪɨɜɚɧɢɹ ɧɟɮɬɹɧɵɯ ɨɛɴɟɤɬɨɜ. 

ɂɫɯɨɞɧɵɣ 
ɧɟɮɬɹɧɨɣ 

ɨɛɴɟɤɬ 

ɍɫɥɨɜɢɹ ɫɭɥɶɮɢɪɨɜɚɧɢɹ ɉɪɨɞɭɤɬ 
ɫɭɥɶɮɢɪɨɜɚɧɢɹ 

ȼɵɯɨɞ, 

% Ɋɚɫɬɜɨɪɢɬɟɥɶ Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ 

ȼɈ 

ɯɥɨɪɨɮɨɪɦ 60 ɋɇɉ-1 41,6 

ɛɟɧɡɨɥ 80 ɋɇɉ-2 45,9 

ɬɨɥɭɨɥ 100 ɋɇɉ-3 48,1 

ȺɄ 

ɯɥɨɪɨɮɨɪɦ 60 ɋɇɉ-4 78,7 

ɛɟɧɡɨɥ 80 ɋɇɉ-5 82,3 

ɬɨɥɭɨɥ 100 ɋɇɉ-6 86,0 

Ⱥɫɮ – 100 ɋɇɉ-7 114,3 

 

ɉɪɢ ɫɭɥɶɮɢɪɨɜɚɧɢɢ ɪɚɫɬɜɨɪɟɧɧɵɯ ɧɟɮɬɹɧɵɯ ɨɛɴɟɤɬɨɜ ɩɟɪɜɨɧɚɱɚɥɶɧɨ 

ɩɪɨɢɫɯɨɞɢɬ ɨɫɚɠɞɟɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ; ɩɪɢ ɷɬɨɦ ɫɦɨɥɵ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɱɚɫɬɢɱɧɨ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɚɫɮɚɥɶɬɟɧɵ. 

Ⱦɚɥɟɟ, ɩɨ ɞɚɧɧɵɦ ɂɄ Ɏɭɪɶɟ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɨɜ 

ɫɭɥɶɮɢɪɨɜɚɧɢɹ, ɫɭɥɶɮɨɧɨɨɛɪɚɡɨɜɚɧɢɹ, ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɞɟɚɥɤɢɥɢɪɨɜɚɧɢɹ, 

ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɢ ɤɨɧɞɟɧɫɚɰɢɢ ɨɛɪɚɡɭɸɬɫɹ ɫɭɥɶɮɢɪɨɜɚɧɧɵɟ ɧɟɮɬɹɧɵɟ ɩɪɨɞɭɤɬɵ, 

ɢɦɟɸɳɢɟ ɢɨɧɨɝɟɧɧɵɟ ɫɭɥɶɮɨ-, ɫɭɥɶɮɨɧɨ-, ɮɟɧɨɥɶɧɨ-ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɢ ɤɚɪɛɨɤɫɢɥɶɧɵɟ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ. Ⱥɧɚɥɢɡ ɩɪɨɞɭɤɬɨɜ ɫɭɥɶɮɢɪɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ 

ɫɟɪɵ ɜ ɨɛɪɚɡɰɚɯ ɋɇɉ-4, ɋɇɉ-5, ɋɇɉ-6 ɢ ɋɇɉ-7, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɚɫɮɚɥɶɬɟɧɨɜɨɝɨ 

ɤɨɧɰɟɧɬɪɚɬɚ ȺɄ ɢ ɚɫɮɚɥɶɬɟɧɨɜ Ⱥɫɮ, ɜɵɲɟ, ɱɟɦ ɜ ɨɛɪɚɡɰɚɯ ɋɇɉ-1 – ɋɇɉ-3, ɩɨɥɭɱɟɧɧɵɯ 

ɢɡ ɜɚɤɭɭɦɧɵɯ ɨɫɬɚɬɤɨɜ ȼɈ. 

Ȼɵɥɢ ɨɰɟɧɟɧɵ ɫɨɪɛɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɭɥɶɮɢɪɨɜɚɧɧɵɯ ɧɟɮɬɹɧɵɯ 

ɩɪɨɞɭɤɬɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɚɬɢɨɧɚɦ ɤɚɥɶɰɢɹ ɢ ɦɟɞɢ ɜ ɫɬɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɜ ɬɟɱɟɧɢɟ 

3-ɯ ɫɭɬɨɤ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɩɪɨɞɭɤɬɨɜ ɋɇɉ-1 ɢ ɋɇɉ-4, 
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ɋɇɉ-2 ɢ ɋɇɉ-5, ɋɇɉ-3 ɢ ɋɇɉ-6 (ɪɢɫ. 1) ɧɚɛɥɸɞɚɟɬɫɹ, ɱɬɨ ɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ 

ɩɪɨɞɭɤɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɚɫɮɚɥɶɬɟɧɨɜɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ ȺɄ, ɜɵɲɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɞɥɹ 

ɩɪɨɞɭɤɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɜɚɤɭɭɦɧɵɯ ɨɫɬɚɬɤɨɜ ȼɈ. ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɩɪɨɞɭɤɬɨɜ ɜ ɪɹɞɚɯ 

ɋɇɉ-1, ɋɇɉ-2, ɋɇɉ-3, ɢ ɋɇɉ-4, ɋɇɉ-5, ɋɇɉ-6 ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 

ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ, ɱɬɨ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɜɟɞɟɧɢɹ 

ɩɪɨɰɟɫɫɚ ɫɭɥɶɮɢɪɨɜɚɧɢɹ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ ɢ ɫɦɨɥ ɜ ɢɫɯɨɞɧɨɦ 

ɧɟɮɬɹɧɨɦ ɨɛɴɟɤɬɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɩɪɨɰɟɫɫɚɯ ɫɭɥɶɮɢɪɨɜɚɧɢɹ ɢɫɯɨɞɧɵɯ 

ɧɟɮɬɹɧɵɯ ɨɛɴɟɤɬɨɜ ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɫɮɚɥɶɬɟɧɨɜ ɢ ɫɦɨɥ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɩɨɥɭɱɟɧɢɸ ɫɭɥɶɮɢɪɨɜɚɧɧɵɯ ɧɟɮɬɹɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ 

ɫɭɥɶɮɢɪɨɜɚɧɢɹ ɢ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɢɨɧɨɝɟɧɧɵɯ ɫɭɥɶɮɨ- ɢ ɫɭɥɶɮɨɧɨɝɪɭɩɩ, 

ɱɬɨ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɪɨɞɭɤɬɨɜ, ɨɛɥɚɞɚɸɳɢɯ 

ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɶɸ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɭɥɶɮɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ 

ɩɨɥɭɱɚɟɦɵɯ ɫɭɥɶɮɢɪɨɜɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɥɶɮɢɪɨɜɚɧɢɟ ɧɟɮɬɹɧɵɯ 

ɨɫɬɚɬɤɨɜ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɫɮɚɥɶɬɟɧɨ-ɫɦɨɥɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

100°ɋ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɭɥɶɮɨɤɚɬɢɨɧɢɬɵ ɫ ɫɨɪɛɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 

ɫɨɩɨɫɬɚɜɢɦɵɦɢ ɫ ɫɭɥɶɮɢɪɨɜɚɧɧɵɦɢ ɚɫɮɚɥɶɬɟɧɚɦɢ ɛɟɡ ɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɵɞɟɥɟɧɢɹ. 

 

Ɋɢɫ. 1 ɋɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɫɭɥɶɮɢɪɨɜɚɧɧɵɯ ɧɟɮɬɹɧɵɯ 

ɩɪɨɞɭɤɬɨɜ. 
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ɗɉɊ ɂ ɗɅȿɄɌɊɈɎɂɁɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɇȿɎɌəɇɕɏ ɎɊȺɄɐɂɃ 

ɋɨɪɨɤɢɧɚ Ⱥ. Ɍ. 1, Ⱦɨɥɨɦɚɬɨɜ Ɇ. ɘ. 2,3, ɉɟɬɪɨɜ Ⱥ. Ɇ. 2,4, Ƚɚɮɭɪɨɜ Ɇ. Ɋ. 1, 
Ɉɪɥɢɧɫɤɢɣ ɋ.Ȼ. 1, Ȼɚɯɬɢɡɢɧ Ɋ. Ɂ. 2, ɏɚɣɪɭɞɢɧɨɜ ɂ. Ɋ. 3,4, ȿɪɟɦɢɧɚ ɋ. Ⱥ.3 

ESR AND ELECTROPHYSICAL PROPERTIES OF OIL FACTIONS 
1 Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ʉɚɡɚɧɶ 

E-mail: alexandrasortim@gmail.com  
2 Ȼɚɲɤɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ,  

3 ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  
4 Ƚɍɉ ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɩɟɪɟɪɚɛɨɬɤɢ ɊȻ, ɍɮɚ 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɬɚɛɢɥɶɧɵɟ ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ ɜ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ (ɩɨɪɹɞɤɚ 

1014-1020 ɫɩɢɧ/ɝ) ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɧɟɮɬɹɧɵɯ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦɚɯ (ɇȾɋ) [1]. Ɉɫɧɨɜɧɵɦɢ 

ɧɨɫɢɬɟɥɹɦɢ ɩɚɪɚɦɚɝɧɟɬɢɡɦɚ ɜ ɧɟɮɬɹɧɵɯ ɜɵɫɨɤɨɤɢɩɹɳɢɯ ɮɪɚɤɰɢɹɯ ɹɜɥɹɸɬɫɹ 

ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɯɢɦɢɱɟɫɤɢɟ  ɷɥɟɦɟɧɬɵ ɜ ɜɢɞɟ ɫɨɟɞɢɧɟɧɢɣ d –ɷɥɟɦɟɧɬɨɜ , 

ɜɯɨɞɹɳɢɯ ɜ ɩɨɪɮɢɪɢɧɨɜɵɟ ɤɨɦɩɥɟɤɫɵ. 

ɋɭɳɟɫɬɜɭɟɬ ɝɢɩɨɬɟɡɚ ɨ ɩɪɨɢɫɯɨɠɞɟɧɢɢ ɢ ɩɨɞɞɟɪɠɚɧɢɢ ɩɨɫɬɨɹɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɫɬɚɛɢɥɶɧɵɯ ɫɜɨɛɨɞɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ ɇȾɋ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɨɦɨɥɢɬɢɱɟɫɤɨɝɨ 

ɪɚɫɩɚɞɚ ɫɥɚɛɵɯ C-C ɫɜɹɡɟɣ [2], ɜ ɩɨɥɶɡɭ ɤɨɬɨɪɨɣ ɝɨɜɨɪɢɬ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 

ɪɨɫɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɤɚɤ ɜ ɨɫɬɚɬɨɱɧɵɯ ɮɪɚɤɰɢɹɯ, ɬɚɤ ɢ 

ɜ ɜɵɫɨɤɨɤɢɩɹɳɢɯ ɞɢɫɬɢɥɥɹɬɧɵɯ ɮɪɚɤɰɢɹɯ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ [3-5]. Ⱦɚɧɧɚɹ 

ɷɤɫɬɪɟɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɢɝɧɚɥɚ ɗɉɊ ɭɝɥɟɪɨɞɧɵɯ 

ɪɚɞɢɤɚɥɨɜ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɜ ɪɚɛɨɬɟ [6]. Ɍɚɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ 

ɭɫɢɥɟɧɢɟɦ ɩɪɨɰɟɫɫɚ ɪɟɤɨɦɛɢɧɚɰɢɢ ɪɚɞɢɤɚɥɨɜ ɢɡ-ɡɚ ɭɦɟɧɶɲɟɧɢɹ ɜɹɡɤɨɫɬɢ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɪɟɞɵ.  

ɇɟɮɬɹɧɵɟ ɞɢɫɩɟɪɫɧɵɟ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɨɪɝɚɧɢɱɟɫɤɢɣ 

ɦɚɬɟɪɢɚɥ, ɬɚɤ ɤɚɤ ɜ ɧɢɯ ɫɨɞɟɪɠɚɬɫɹ ɡɚɦɟɳɟɧɧɵɟ ɧɚɮɬɟɧɨɚɪɨɦɚɬɢɱɟɫɤɢɟ, 

ɩɨɥɢɫɨɩɪɹɠɟɧɧɵɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɮɪɚɝɦɟɧɬɵ ɢ ɧɟɫɩɚɪɟɧɧɵɟ ɷɥɟɤɬɪɨɧɵ, 

ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɫɬɪɭɤɬɭɪɚɯ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɨɛɴɟɤɬɚ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɩɟɤɬɪɨɜ ɗɉɊ ɢ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɜɵɫɨɤɨɤɢɩɹɳɢɯ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ ɤɭɧɝɭɪɫɤɨɣ ɧɟɮɬɢ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɢɧɞɭɫɬɪɢɚɥɶɧɵɯ ɦɚɫɟɥ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɤɭɧɝɭɪɫɤɚɹ ɧɟɮɬɶ, ɤɨɬɨɪɭɸ 

ɪɚɡɞɟɥɹɥɢ ɧɚ 20-ɝɪɚɞɭɫɧɵɟ ɦɚɫɥɹɧɵɟ ɮɪɚɤɰɢɢ.  

ɗɉɊ-ɫɩɟɤɬɪ ɢɫɯɨɞɧɨɣ ɤɭɧɝɭɪɫɤɨɣ ɧɟɮɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1. 
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Ɋɢɫ. 1. ɉɟɪɜɚɹ ɩɪɨɢɡɜɨɞɧɚɹ ɥɢɧɢɢ ɩɨɝɥɨɳɟɧɢɹ ɤɭɧɝɭɪɫɤɨɣ ɧɟɮɬɢ: ɫɥɟɜɚ – ɩɨɥɧɚɹ 

ɪɚɡɜɟɪɬɤɚ, ɫɩɪɚɜɚ – ɭɜɟɥɢɱɟɧɧɵɣ ɦɚɫɲɬɚɛ ɜ ɨɛɥɚɫɬɢ ɥɢɧɢɢ ɨɬ ɫɜɨɛɨɞɧɨɝɨ ɪɚɞɢɤɚɥɚ 

(FR). 

 

ȼ ɫɩɟɤɬɪɟ ɗɉɊ ɢɫɯɨɞɧɨɣ ɧɟɮɬɢ ɧɚɛɥɸɞɚɸɬɫɹ ɥɢɧɢɢ ɜɚɧɚɞɢɥɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ 

ɚɧɢɡɨɬɪɨɩɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɥɢɧɢɹ ɫɜɨɛɨɞɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɪɚɞɢɤɚɥɚ. ȼ ɝɭɞɪɨɧɟ 

(Tɤɢɩ>500ɨɋ) ɤɭɧɝɭɪɫɤɨɣ ɧɟɮɬɢ ɧɚ ɫɩɟɤɬɪɟ ɗɉɊ ɜɢɞɧɵ ɥɢɧɢɢ ɫɜɨɛɨɞɧɨɝɨ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɪɚɞɢɤɚɥɚ ɢ ɨɞɢɧ (ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɣ) ɩɢɤ ɜɚɧɚɞɢɥɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ 

[7].  

ɇɚ ɗɉɊ ɫɩɟɤɬɪɚɯ 20-ɝɪɚɞɭɫɧɵɯ ɜɵɫɨɤɨɤɢɩɹɳɢɯ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ ɜɵɲɟ 400ɨɋ ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɨɥɶɤɨ ɥɢɧɢɢ ɫɜɨɛɨɞɧɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. ȼ ɛɨɥɟɟ ɥɟɝɤɢɯ ɮɪɚɤɰɢɹɯ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ ɧɢɠɟ 

400ɨɋ ɫɢɝɧɚɥɚ ɫɜɨɛɨɞɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɡɚɦɟɱɟɧɨ ɧɟ ɛɵɥɨ. 

ȼ ɪɚɛɨɬɟ [8] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɜɵɫɨɤɨɤɢɩɹɳɢɯ ɞɢɫɬɢɥɥɹɬɨɜ 

ɫɜɹɡɚɧɚ ɫ ɧɚɤɨɩɥɟɧɢɟɦ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɨɡɦɨɠɧɵ ɮɚɡɨɜɵɟ 

ɩɟɪɟɯɨɞɵ ɞɢɷɥɟɤɬɪɢɤ-ɩɨɥɭɩɪɨɜɨɞɧɢɤ, ɨɛɭɫɥɨɜɥɟɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɪɚɫɩɚɞɚ ɭɝɥɟɪɨɞɧɵɯ 

ɫɜɹɡɟɣ. ɉɨɷɬɨɦɭ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɦɟɪɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɧɧɵɯ 

ɫɩɢɧɨɜ ɜ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɪɟɞɟ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɫɹɬɢɱɧɨɝɨ ɥɨɝɚɪɢɮɦɚ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɯɨɞɧɨɣ ɧɟɮɬɢ ɢ ɟɟ ɮɪɚɤɰɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 
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 Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɢ  ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɯɨɞɧɨɣ ɧɟɮɬɢ ɢ ɟɟ ɮɪɚɤɰɢɣ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ 

ȼ ɬɚɛɥɢɰɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɬɧɨɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɜɨɛɨɞɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ 

ɪɚɞɢɤɚɥɨɜ ɢ ɜɚɧɚɞɢɥɩɨɪɮɢɪɢɧɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɩɨɫɱɢɬɚɧɧɵɟ ɩɨ ɩɥɨɳɚɞɢ ɢ ɚɦɩɥɢɬɭɞɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɝɧɚɥɨɜ, ɚ ɬɚɤɠɟ ɚɛɫɨɥɸɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ. ɉɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɮɪɚɤɰɢɣ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɨɛɨɞɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ 

ɪɚɞɢɤɚɥɚ ɭɦɟɧɶɲɚɟɬɫɹ. 

 

Ɍɚɛɥɢɰɚ 3. Ⱥɛɫɨɥɸɬɧɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɢ ɜɚɧɚɞɢɥɩɨɪɮɢɪɢɧɨɜɵɯ 

ɤɨɦɩɥɟɤɫɨɜ ɢ ɢɯ ɨɬɧɨɲɟɧɢɟ ɞɪɭɝ ɤ ɞɪɭɝɭ ɩɨ ɩɥɨɳɚɞɢ (S) ɢ ɩɨ ɚɦɩɥɢɬɭɞɟ (A) 

Ⱥɦɩɥɢɬɭɞɚ ɦɨɞɭɥɹɰɢɢ 3.39 Ƚɫ SFR/SV AFR/AV IFR , ɭ.ɟ. 
C, 1013ɫɩɢɧ/ɦɝ 

FR VO2+ 

ɂɫɯɨɞɧɚɹ ɧɟɮɬɶ 10.8 13.9 609.6 3000 1760 

Ƚɭɞɪɨɧ>500 7.2 9.3 88.6 402 365 

Ɏɪɚɤɰɢɹ 480-500 - - 4.2 40.0 <1 

Ɏɪɚɤɰɢɹ 460-480 - - 3.3 27.9 <1 

Ɏɪɚɤɰɢɹ 440-460 - - 3.3 20.2 <1 

Ɏɪɚɤɰɢɹ 420-440 - - 1.9 11.3 <1 

Ɏɪɚɤɰɢɹ 400-420 - - 1 4.6 <1 
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ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɞɟɫɹɬɢɱɧɨɝɨ ɥɨɝɚɪɢɮɦɚ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 

20-ɝɪɚɞɭɫɧɵɯ ɮɪɚɤɰɢɣ ɧɟɮɬɢ ɨɬ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ. ɇɚɛɥɸɞɚɟɬɫɹ ɨɛɳɚɹ 

ɬɟɧɞɟɧɰɢɹ ɤ ɫɧɢɠɟɧɢɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɮɪɚɤɰɢɢ. 

ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɜɹɡɤɨɫɬɢ. Ɂɚɦɟɬɧɨ ɨɬɤɥɨɧɟɧɢɟ 

ɨɬ ɞɚɧɧɨɣ ɬɟɧɞɟɧɰɢɢ ɞɥɹ ɮɪɚɤɰɢɢ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ 440-460ɨɋ.  

 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɟɫɹɬɢɱɧɨɝɨ ɥɨɝɚɪɢɮɦɚ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ (25,45,65,85ɨɋ) 20-ɝɪɚɞɭɫɧɵɯ ɜɵɫɨɤɨɤɢɩɹɳɢɯ ɮɪɚɤɰɢɣ ɧɟɮɬɢ ɨɬ ɫɪɟɞɧɟɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɩɥɨɬɧɨɫɬɶ ɢ ɜɹɡɤɨɫɬɶ ɞɢɫɬɢɥɥɹɬɧɵɯ ɮɪɚɤɰɢɣ ɨɤɚɡɵɜɚɸɬ ɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɱɟɦ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. Ɉɞɧɚɤɨ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɫɬɟɩɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɤɥɚɞ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɞɢɫɬɢɥɥɹɬɧɵɯ ɮɪɚɤɰɢɣ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɬɜɟɪɠɞɚɸɬ ɝɢɩɨɬɟɡɭ ɨ ɪɨɥɢ ɩɪɨɰɟɫɫɨɜ ɝɟɧɟɪɚɰɢɢ-

ɪɟɤɨɦɛɢɧɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ ɚɫɮɚɥɶɬɟɧɚɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɧɟɮɬɹɧɵɯ 

ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦɚɯ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɧɟɫɩɚɪɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɫɭɳɟɫɬɜɟɧɧɵ ɹɜɥɟɧɢɹ 

ɫɩɢɧ-ɫɩɢɧɨɜɨɝɨ ɢ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɨɛɴɹɫɧɹɸɬ ɨɫɨɛɟɧɧɨɫɬɢ 

ɢ ɮɨɪɦɵ ɫɢɝɧɚɥɚ ɗɉɊ. 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɝɪɚɦɦɵ ɩɨɜɵɲɟɧɢɹ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ 

Ʉɚɡɚɧɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. ɋɨɪɨɤɢɧɚ Ⱥ.Ɍ. ɛɥɚɝɨɞɚɪɢɬ ɤɨɦɩɚɧɢɸ BP ɡɚ 

ɩɪɟɞɨɫɬɚɜɥɟɧɧɭɸ ɫɬɢɩɟɧɞɢɸ.  
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ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɜɚɤɭɭɦɧɵɯ ɝɚɡɨɣɥɟɣ 

ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɭɞɟɥɹɟɬɫɹ ɧɨɫɢɬɟɥɸ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɯɢɦɢɱɟɫɤɢɣ ɢ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ 

ɧɨɫɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɟɝɨ ɩɨɪɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɸɬ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɢ 

ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɇɨɫɢɬɟɥɶ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢ 

ɞɨɫɬɭɩɧɨɫɬɶ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɢ ɟɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ 

ɭɥɭɱɲɢɬɶ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɫɚɦɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ɉɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ 

ɧɨɫɢɬɟɥɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɫɨɱɟɬɚɧɢɟ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ, ɹɜɥɹɟɬɫɹ Ȗ-Al2O3 [1]. ɉɨɦɢɦɨ ɞɚɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 

ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɨɫɬɚɜɟ ɧɨɫɢɬɟɥɹ 

ɩɨɪɨɨɛɪɚɡɭɸɳɢɯ ɢ ɩɨɪɨɪɟɝɭɥɢɪɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɦɚɬɟɪɢɚɥɨɜ ɫ ɦɟɡɨɩɨɪɢɫɬɨɣ 

ɫɬɪɭɤɬɭɪɨɣ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɟ ɧɨɫɢɬɟɥɢ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɜɵɫɨɤɨɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɛɨɥɶɲɢɦ ɨɛɴɟɦɨɦ ɩɨɪ ɜ ɫɨɱɟɬɚɧɢɢ 

ɫ ɜɵɫɨɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɫɩɪɟɩɹɬɫɬɜɟɧɧɭɸ ɞɢɮɮɭɡɢɸ 

ɦɨɥɟɤɭɥ ɫɵɪɶɹ ɢ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɜɧɟɫɟɧɢɟ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ 

ɚɤɬɢɜɧɨɣ ɮɚɡɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ ɫ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ. 

Ɍɚɤɠɟ, ɨɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɜɚɤɭɭɦɧɵɯ ɝɚɡɨɣɥɟɣ, ɤɚɤ ɜ ɱɚɫɬɢ ɚɤɬɢɜɧɨɫɬɢ, ɬɚɤ ɢ ɞɨɫɬɭɩɧɨɫɬɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɰɟɧɬɪɨɜ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɛɢɞɢɫɩɟɪɫɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɨɫɢɬɟɥɹ [2]. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɸɳɚɹ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɩɨɜɵɲɚɟɬɫɹ, ɟɫɥɢ ɟɝɨ ɫɬɪɭɤɬɭɪɚ ɹɜɥɹɟɬɫɹ ɛɢɞɢɫɩɟɪɫɧɨɣ, ɡɚ ɫɱɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɪɧɚ ɢ ɭɥɭɱɲɟɧɢɹ ɭɫɥɨɜɢɣ ɦɚɫɫɨɨɛɦɟɧɚ [3]. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɛɢɞɢɫɩɟɪɫɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ 

ɫɨɞɟɪɠɚɧɢɹ ɦɟɡɨɩɨɪɢɫɬɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ Al2O3:SiO2 ɜ 

ɫɨɫɬɚɜɟ ɧɨɫɢɬɟɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ ɧɚ ɟɝɨ 

ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

ȼɫɟ ɧɨɫɢɬɟɥɢ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɦɟɬɨɞɨɦ ɫɨɷɤɫɬɪɭɡɢɢ. ȼ ɢɯ ɫɨɫɬɚɜɟ 

ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɫɨɨɬɧɨɲɟɧɢɟ ɩɨɪɨɲɤɨɜ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɦɚɪɤɢ Pural SB, ɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ (Ȗ-Al2O3), ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɨɤɚɥɢɜɚɧɢɟɦ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɦɚɪɤɢ Pural SB, 
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ɢ ɦɟɡɨɩɨɪɢɫɬɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ Al2O3:SiO2. ɇɨɫɢɬɟɥɢ 

ɝɨɬɨɜɢɥɢ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɦɟɲɟɧɢɟɦ ɢɫɯɨɞɧɵɯ ɪɟɚɝɟɧɬɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɜɥɚɠɧɟɧɢɟɦ, 

ɩɟɩɬɢɡɚɰɢɟɣ ɢ ɞɨɛɚɜɥɟɧɢɟɦ ɩɨɪɨɨɛɪɚɡɭɸɳɟɝɨ ɚɝɟɧɬɚ. ɉɨɥɭɱɟɧɧɭɸ ɩɚɫɬɭ 

ɷɤɫɬɪɭɞɢɪɨɜɚɥɢ, ɫɭɲɢɥɢ ɢ ɩɪɨɤɚɥɢɜɚɥɢ.  

ɍɞɟɥɶɧɭɸ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ ɩɨɪ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɪ ɩɨ 

ɞɢɚɦɟɬɪɚɦ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɢɡɨɬɟɪɦɚɦ ɚɞɫɨɪɛɰɢɢ ɢ ɞɟɫɨɪɛɰɢɢ 

ɚɡɨɬɚ ɧɚ ɩɪɢɛɨɪɟ ASAP 2020, ɚ ɦɟɯɚɧɟɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡɦɟɪɹɥɢ ɧɚ 

ɬɟɧɡɢɦɟɬɪɟ H5KS ɦɚɪɤɢ HOUNSFIELD. 

C ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɛɢɞɢɫɩɟɪɫɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɧɨɫɢɬɟɥɟ ɢ ɢɡɭɱɟɧɢɹ ɟɟ ɜɥɢɹɧɢɹ ɧɚ 

ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɚ ɛɵɥɚ ɩɪɢɝɨɬɨɜɥɟɧɧɚ ɫɟɪɢɹ ɨɛɪɚɡɰɨɜ 

ɧɨɫɢɬɟɥɟɣ (ɨɛɪɚɡɰɵ №1-1.2), ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɦɟɫɢ ɩɨɪɨɲɤɨɜ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɦɚɪɤɢ Pural SB ɢ Ȗ-Al2O3, 

ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɨɤɚɥɢɜɚɧɢɟɦ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɦɚɪɤɢ Pural SB, ɚ ɬɚɤɠɟ ɛɚɡɨɜɵɣ 

ɨɛɪɚɡɟɰ ɧɨɫɢɬɟɥɹ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɩɨɥɧɨɫɬɶɸ ɢɡ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɦɚɪɤɢ Pural SB 

(ɬɚɛɥɢɰɚ 1). 

Ɍɚɛɥɢɰɚ 1. ɋɨɫɬɚɜɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɟɣ  

№ ɩ/ɩ 

 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɛɪɚɡɰɚ 

ɋɨɞɟɪɠɚɧɢɟ, %ɦɚɫɫ. 

Ȗ-Al2O3 (ɢɡ Pural SB) Pural SB 

1 Ɉɛɪɚɡɟɰ 1 - 100 

2 Ɉɛɪɚɡɟɰ 1.1 20 80 

3 Ɉɛɪɚɡɟɰ 1.2 30 70 

ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ 

ɨɛɪɚɡɰɨɜ.  

Ɍɚɛɥɢɰɚ 2. ɋɬɪɭɤɬɭɪɧɵɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɟɣ 

№ 
ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɪɚɡɰɚ 

ɍɞɟɥɶɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ (ɩɨ 

ȻɗɌ), ɦ2/ɝ 

Ɉɛɳɢɣ ɨɛɴɟɦ 
ɩɨɪ, 
ɫɦ3/ɝ 

Ɇɟɯɚɧɢɱɫɟɤɚɹ 
ɩɪɨɱɧɨɫɬɶ, 

ɤɝ/ɝɪɚɧɭɥɚ 

1 Ɉɛɪɚɡɟɰ 1 251 0,49 4,7 

2 Ɉɛɪɚɡɟɰ 1.1 266 0,55 2,1 

3 Ɉɛɪɚɡɟɰ 1.2 250 0,51 1,4 

ɉɨ ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 2, ɩɨɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ Ȗ-Al2O3 ɜ 

ɨɛɪɚɡɰɚɯ ɧɨɫɢɬɟɥɹ ɨɬ 0 ɞɨ 30 % ɦɚɫɫ., ɩɪɢɜɨɞɢɬ ɤ ɥɢɧɟɣɧɨɦɭ ɫɧɢɠɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɩɪɨɱɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɫ 4,7 ɞɨ 1,4 ɤɝ/ɝɪɚɧɭɥɭ. ɏɨɬɹ, ɞɥɹ ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɹ 1 ɢ 1.1 ɞɚɧɧɵɣ 

ɩɨɤɚɡɚɬɟɥɶ ɨɫɬɚɟɬɫɹ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ, ɧɟ ɦɟɧɟɟ 2,0 ɤɝ/ɝɪɚɧɭɥɭ. 
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Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɩɨɪ (0,55 ɫɦ3/ɝ) ɢ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (266 

ɦ2/ɝ) ɛɵɥɢ ɞɨɫɬɢɝɧɭɬɵ ɧɚ ɨɛɪɚɡɰɟ 1.1, ɫɨɞɟɪɠɚɳɟɦ 20% ɦɚɫɫ. Ȗ–Al2O3.   

ɂɡ ɪɢɫɭɧɤɚ 1 ɜ ɢɧɬɟɪɜɚɥɟ ɞɢɚɦɟɬɪɨɜ ɩɨɪ ɨɬ 20 ɞɨ 150 Å ɜɢɞɧɨ, ɱɬɨ ɬɨɥɶɤɨ ɜ 

ɨɛɪɚɡɰɟ ɧɨɫɢɬɟɥɹ 1.1, ɫɨɞɟɪɠɚɳɟɦ 20% ɦɚɫɫ. Ȗ–Al2O3, ɧɚɱɢɧɚɟɬ ɮɨɪɦɢɪɨɜɚɬɶɫɹ 

ɛɢɞɢɫɩɟɪɫɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫ ɦɚɤɫɢɦɭɦɚɦɢ ɞɢɚɦɟɬɪɚ ɩɨɪ ɪɚɜɧɵɦɢ 52 ɢ 73 Å. Ɍɚɤɠɟ, ɞɥɹ 

ɨɛɪɚɡɰɨɜ, ɫɨɞɟɪɠɚɳɢɯ Ȗ–Al2O3, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɪ ɩɨ ɪɚɡɦɟɪɚɦ ɫɬɚɧɨɜɢɥɨɫɶ ɛɨɥɟɟ 

ɲɢɪɨɤɢɦ ɢ ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ ɫɪɟɞɧɟɝɨ ɞɢɚɦɟɬɪɚ ɩɨɪ ɨɬ 65 ɞɨ 84 Å (ɪɢɫɭɧɨɤ 1).  

 

Ɋɢɫ. 1. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɤɪɢɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɴёɦɚ ɩɨɪ ɩɨ ɞɢɚɦɟɬɪɚɦ ɨɛɪɚɡɰɨɜ ɫ 
ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ Ȗ –Al2O3:  – ɨɛɪɚɡɟɰ 1, ɧɟ ɫɨɞɟɪɠɚɳɢɣ Ȗ –Al2O3;  – 

ɨɛɪɚɡɟɰ 1.1, ɫɨɞɟɪɠɚɳɢɣ 20%ɦɚɫɫ. Ȗ –Al2O3;  – ɨɛɪɚɡɟɰ 1.2, ɫɨɞɟɪɠɚɳɢɣ 
30%ɦɚɫɫ. Ȗ –Al2O3. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɜɜɟɞɟɧɢɢ 20% ɦɚɫɫ. Ȗ–Al2O3, ɛɵɥ ɩɨɥɭɱɟɧ ɨɛɪɚɡɟɰ ɧɨɫɢɬɟɥɹ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɛɢɞɢɫɩɟɪɫɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɞɨɫɬɚɬɨɱɧɨɣɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɱɬɨ 

ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɡɜɨɥɢɬ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɤɚɬɚɥɢɡɚɬɨɪ ɫ ɜɵɫɨɤɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɩɪɨɰɟɫɫɟ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ [4]. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɨɫɢɬɟɥɹ ɫ ɜɵɫɨɤɨɪɚɡɜɢɬɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɛɨɥɶɲɢɦ 

ɨɛɴɟɦɨɦ ɩɨɪ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɞɜɟ ɫɟɪɢɢ ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ [5]. ȼ ɩɟɪɜɨɣ ɫɟɪɢɢ ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɹ 

(ɨɛɪɚɡɰɵ 2.1-2.5) ɩɪɢ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɝɢɞɪɨɤɫɢɞ ɚɥɸɦɢɧɢɹ ɦɚɪɤɢ Pural SB 

ɢ ɦɟɡɨɩɨɪɢɫɬɵɣ ɚɥɸɦɨɫɢɥɢɤɚɬ 1 (Al2O3:SiO2=60:40). ȼɨ ɜɬɨɪɨɣ ɫɟɪɢɢ ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɹ 

(ɨɛɪɚɡɰɵ 3.1-3.5) ɩɪɢ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɡɨɩɨɪɢɫɬɵɣ ɚɥɸɦɨɫɢɥɢɤɚɬ 2 

(Al2O3:SiO2=90:10). ɋɨɫɬɚɜɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 
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Ɍɚɛɥɢɰɚ 3. ɋɨɫɬɚɜɵ ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɦɟɡɨɩɨɪɢɫɬɵɟ ɚɥɸɦɨɫɢɥɢɤɚɬɵ ɫ 

ɪɚɡɥɢɱɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ Al2O3:SiO2 

№ 
ɩ/ɩ 

 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɪɚɡɰɚ 

 

ɋɨɞɟɪɠɚɧɢɟ, %ɦɚɫɫ. 

Pural SB 
Ɇɟɡɨɩɨɪɢɫɬɵɣ 

ɚɥɸɦɨɫɢɥɢɤɚɬ 1 

Ɇɟɡɨɩɨɪɢɫɬɵɣ 
ɚɥɸɦɨɫɢɥɢɤɚɬ 2 

1 Ɉɛɪɚɡɟɰ 2.1 70 30 - 

2 Ɉɛɪɚɡɟɰ 2.2 60 40 - 

3 Ɉɛɪɚɡɟɰ 2.3 50 50 - 

5 Ɉɛɪɚɡɟɰ 2.4 30 70 - 

6 Ɉɛɪɚɡɟɰ 2.5 20 80 - 

7 Ɉɛɪɚɡɟɰ 3.1 70 - 30 

8 Ɉɛɪɚɡɟɰ 3.2 60 - 40 

9 Ɉɛɪɚɡɟɰ 3.3 50 - 50 

10 Ɉɛɪɚɡɟɰ 3.4 30 - 70 

11 Ɉɛɪɚɡɟɰ 3.5 20 - 80 

ȼ ɬɚɛɥɢɰɟ 4 ɩɪɢɜɟɞɟɧɵ ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 

ɨɛɪɚɡɰɨɜ.  

Ɍɚɛɥɢɰɚ 4. ɋɬɪɭɤɬɭɪɧɵɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɹ, ɫɨɞɟɪɠɚɳɢɯ 

ɦɟɡɨɩɨɪɢɫɬɵɟ ɚɥɸɦɨɫɢɥɢɤɚɬɵ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ Al2O3:SiO2 

№ 
ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɪɚɡɰɚ 

ɍɞɟɥɶɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ (ɩɨ 

ȻɗɌ), ɦ2/ɝ 

Ɉɛɳɢɣ ɨɛɴɟɦ 
ɩɨɪ, 
ɫɦ3/ɝ 

Ɇɟɯɚɧɢɱɫɟɤɚɹ 
ɩɪɨɱɧɨɫɬɶ, 

ɤɝ/ɝɪɚɧɭɥɚ 

1 Ɉɛɪɚɡɟɰ 2.1 325 0,56 3,1 

2 Ɉɛɪɚɡɟɰ 2.2 338 0,68 3,2 

3 Ɉɛɪɚɡɟɰ 2.3 389 0,75 2,7 

5 Ɉɛɪɚɡɟɰ 2.4 402 1,02 2,5 

6 Ɉɛɪɚɡɟɰ 2.5 471 1,04 1,7 

7 Ɉɛɪɚɡɟɰ 3.1 298 0,52 4,8 

8 Ɉɛɪɚɡɟɰ 3.2 300 0,54 4,6 

9 Ɉɛɪɚɡɟɰ 3.3 310 0,57 5,5 

10 Ɉɛɪɚɡɟɰ 3.4 322 0,68 3,9 

11 Ɉɛɪɚɡɟɰ 3.5 326 0,76 2,5 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 4, ɞɥɹ ɨɛɪɚɡɰɨɜ 2.1-2.5 ɨɬɦɟɱɟɧɨ ɥɢɧɟɣɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 

ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɨɬ 325 ɞɨ 471 ɦ2/ɝ) ɢ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɩɨɪ (ɨɬ 0,56 ɞɨ 1,04 ɫɦ3/ɝ) 

ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɹ. 

Ⱦɥɹ ɨɛɪɚɡɰɨɜ 3.1-3.5 ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɦɟɡɨɩɨɪɢɫɬɨɝɨ 

ɚɥɸɦɨɫɢɥɢɤɚɬɚ 2 ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɨɬ 298 ɞɨ 326 

ɦ2/ɝ), ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɩɨɪ (ɨɬ 0,52 ɞɨ 0,76 ɫɦ3/ɝ) ɢ ɫɧɢɠɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ 

(ɬɚɛɥɢɰɚ 4). 
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ɏɨɬɹ ɜɨ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɚɯ (ɨɛɪɚɡɰɵ 2.1-2.5 ɢ 3.1-3.5) ɧɚɛɥɸɞɚɥɨɫɶ 

ɫɧɢɠɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɦɟɡɨɩɨɪɢɫɬɨɝɨ ɚɥɸɦɨɫɢɥɢɤɚɬɚ ɜ ɢɯ 

ɫɨɫɬɚɜ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɞɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɨɫɬɚɜɚɥɫɹ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ, ɧɟ 

ɦɟɧɟɟ 2,0 ɤɝ/ɝɪɚɧɭɥɭ (ɤɪɨɦɟ ɨɛɪɚɡɰɚ 2.5), ɩɪɢ ɜɵɫɨɤɢɯ ɩɨɤɚɡɚɬɟɥɹɯ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ 

ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɹ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɡɨɩɨɪɢɫɬɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦ 

ɫɨɨɬɧɨɲɟɧɢɟɦ Al2O3:SiO2 ɩɪɢ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɨɛɪɚɡɰɨɜ ɧɨɫɢɬɟɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 

ɢ ɨɛɳɢɣ ɨɛɴɟɦ ɩɨɪ ɧɨɫɢɬɟɥɹ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɧɨɫɢɬɟɥɟɣ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɫɥɟɞɧɟɝɨ ɤɚɤ ɩɨ ɝɥɭɛɢɧɟ ɭɞɚɥɟɧɢɹ ɫɟɪɨ- ɢ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɬɚɤ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɰɟɥɟɜɨɦɭ ɩɪɨɞɭɤɬɭ – ɫɵɪɶɸ ɭɫɬɚɧɨɜɨɤ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ. 
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Ɋɚɡɜɢɬɢɟ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɬɪɟɛɭɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɵɯ 

ɬɟɯɧɨɥɨɝɢɣ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɬɨɩɥɢɜɧɵɯ ɩɪɨɞɭɤɬɨɜ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ. 

Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɨɱɢɫɬɤɚ ɪɚɡɥɢɱɧɵɯ 

ɞɢɫɬɢɥɥɹɬɨɜ. Ɉɫɧɨɜɧɵɦɢ ɮɪɚɤɰɢɹɦɢ, ɩɨɞɜɟɪɝɚɟɦɵɦɢ ɷɬɨɦɭ ɩɪɨɰɟɫɫɭ ɢ ɩɨɥɭɱɚɟɦɵɦɢ ɧɚ 

ɩɪɟɞɩɪɢɹɬɢɢ, ɹɜɥɹɸɬɫɹ ɛɟɧɡɢɧɨɜɚɹ, ɤɟɪɨɫɢɧɨɜɚɹ ɢ ɞɢɡɟɥɶɧɚɹ. ɉɨ ɦɟɪɟ ɬɨɝɨ ɤɚɤ ɜɫɟ ɛɨɥɶɲɟɟ 

ɤɨɥɢɱɟɫɬɜɨ ɫɬɪɚɧ ɩɨɜɵɲɚɟɬ ɬɪɟɛɨɜɚɧɢɹ ɜ ɨɬɧɨɲɟɧɢɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɫ 

ɧɢɡɤɢɦ ɢ ɭɥɶɬɪɚɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ɢ ɜɵɫɨɤɢɦ ɰɟɬɚɧɨɜɵɦ ɱɢɫɥɨɦ, ɩɟɪɟɞ 

ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɜɫɬɚɟɬ ɞɜɨɣɧɚɹ ɡɚɞɚɱɚ, ɫɜɹɡɚɧɧɚɹ ɫ 

ɫɨɛɥɸɞɟɧɢɟɦ ɤɚɤ ɧɢɤɨɝɞɚ ɠɟɫɬɤɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɧɚ ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ ɩɪɢ 

ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɶ ɛɨɥɶɲɟ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢɡ 

ɧɢɡɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɵɪɶɹ [1]. ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɪɵɧɨɤ ɞɢɡɟɥɹ ɜ ɊɎ 

ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɟɬɫɹ. ɇɟɤɨɬɨɪɵɣ ɫɩɚɞ ɜ ɪɚɡɜɢɬɢɢ ɪɵɧɤɚ ɛɵɥ ɡɚɦɟɬɟɧ ɥɢɲɶ ɜ 2015 ɝ. ȼ 

ɦɢɪɟ ɠɟ ɩɨɬɪɟɛɥɟɧɢɟ ɞɢɡɟɥɹ ɧɟɭɤɥɨɧɧɨ ɪɚɫɬɟɬ ɜ ɫɜɹɡɢ ɫ ɪɚɡɜɢɬɢɟɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɪɟɡɤɢɦ 

ɩɚɞɟɧɢɟɦ ɰɟɧ ɧɚ ɧɟɮɬɶ.  

  

Ɋɢɫ. 1. ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɛɚɥɚɧɫ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɊɎ 

Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɇɉɁ ɨɫɜɚɢɜɚɸɬ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɬɚɤɢɟ ɤɚɤ ɝɢɞɪɨɤɪɟɤɢɧɝ, 

ɝɢɞɪɨɢɡɨɦɟɪɢɡɚɰɢɹ, FCC, ɧɟɩɪɟɪɵɜɧɵɣ ɪɢɮɨɪɦɢɧɝ, ɤɨɬɨɪɵɟ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɡɚ 

ɩɪɟɞɟɥɚɦɢ Ɋɨɫɫɢɢ. Ɍɚɤɚɹ ɬɟɧɞɟɧɰɢɹ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɛɫɬɜɟɧɧɵɯ 
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ɬɟɯɧɨɥɨɝɢɣ ɢ ɪɚɡɪɚɛɨɬɨɤ ɨɬ ɡɚɪɭɛɟɠɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɨɬɟɱɟɫɬɜɟɧɧɚɹ 

ɧɟɮɬɹɧɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɦɧɨɝɢɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɫɚɧɤɰɢɣ, ɱɬɨ 

ɡɚɬɪɭɞɧɹɟɬ ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ ɫ ɡɚɪɭɛɟɠɧɵɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɢ ɬɪɟɛɭɟɬ ɚɤɬɢɜɧɨɝɨ 

ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɹ ɜ ɫɮɟɪɟ ɪɚɡɜɢɬɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ.  

ɋɦɟɫɟɜɵɟ ɞɢɡɟɥɶɧɵɟ ɮɪɚɤɰɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɦɟɫɶ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ ɨɬ 180 ɞɨ 360°C, ɫɨɫɬɨɹɳɭɸ ɢɡ ɩɪɹɦɨɝɨɧɧɨɣ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɢ, ɚ 

ɬɚɤɠɟ ɝɚɡɨɣɥɟɣ ɜɬɨɪɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɬɚɤɢɯ ɤɚɤ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɪɟɤɢɧɝ, ɝɢɞɪɨɤɪɟɤɢɧɝ, 

ɡɚɦɟɞɥɟɧɧɨɟ ɤɨɤɫɨɜɚɧɢɟ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɊɎ ɬɪɟɛɨɜɚɧɢɹ ɤ ɞɢɡɟɥɶɧɨɦɭ ɬɨɩɥɢɜɭ 

ɩɨɞɱɢɧɹɸɬɫɹ ɬɟɯɧɢɱɟɫɤɨɦɭ ɪɟɝɥɚɦɟɧɬɭ ȽɈɋɌ 32511-2013 «Ɍɨɩɥɢɜɨ ɞɢɡɟɥɶɧɨɟ ȿɜɪɨ» 

(ɜɜɟɞɟɧ ɜ ɞɟɣɫɬɜɢɟ ɫ 1 ɹɧɜɚɪɹ 2015 ɝ.), ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɫɬɪɨɝɨ ɧɨɪɦɢɪɭɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ 

ɤɚɱɟɫɬɜɚ. Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɫɟɪɵ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 10 ɦɝ/ɤɝ (ppm), ɦɚɫɫɨɜɚɹ ɞɨɥɹ 

ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 8,0 %, ɰɟɬɚɧɨɜɨɟ 

ɱɢɫɥɨ ɧɟ ɦɟɧɟɟ 51,0, ɰɟɬɚɧɨɜɵɣ ɢɧɞɟɤɫ ɧɟ ɦɟɧɟɟ 46,0, ɩɥɨɬɧɨɫɬɶ ɩɪɢ 15°ɋ 820 - 845 ɤɝ/ɦ3 ɢ 

ɞɪɭɝɢɟ. ȼɫɟ ɩɪɟɞɩɪɢɹɬɢɹ, ɜɯɨɞɹɳɢɟ ɜ ɝɪɭɩɩɭ ɉȺɈ «ɇɄ «Ɋɨɫɧɟɮɬɶ», ɜɵɪɚɛɚɬɵɜɚɸɬ 

ɞɢɡɟɥɶɧɵɟ ɬɨɩɥɢɜɚ ɫɨɝɥɚɫɧɨ ɷɬɨɦɭ ɫɬɚɧɞɚɪɬɭ (ȿȼɊɈ-5).  

ɇɚ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɦ ɡɚɜɨɞɟ ɤɨɦɩɨɧɟɧɬɵ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɪɚɡɥɢɱɧɨɝɨ 

ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɚɸɬ ɧɚ ɭɫɬɚɧɨɜɤɚɯ: 

 ɚɬɦɨɫɮɟɪɧɨ-ɜɚɤɭɭɦɧɨɣ ɩɟɪɟɝɨɧɤɢ (ȺȼɌ); 
 ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ (ɄɄ); 
 ɡɚɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ (ɍɁɄ). 
Ɉɞɧɚɤɨ ɩɪɨɞɭɤɬɵ, ɩɨɥɭɱɚɟɦɵɟ ɜ ɷɬɢɯ ɩɪɨɰɟɫɫɚɯ, ɧɟ ɹɜɥɹɸɬɫɹ ɬɨɜɚɪɧɵɦɢ ɢ ɬɪɟɛɭɸɬ 

ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɪɚɛɨɬɤɢ. ɍɫɬɚɧɨɜɤɚ ȺȼɌ ɹɜɥɹɟɬɫɹ ɛɚɡɨɜɨɣ ɧɚ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɦ 

ɡɚɜɨɞɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɹɦɨɝɨɧɧɵɯ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ: ɝɚɡ (ɞɨ ɋ4), ɛɟɧɡɢɧ, ɤɟɪɨɫɢɧ, 

ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ ɢ ɦɚɡɭɬ. ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɷɬɢɯ ɮɪɚɤɰɢɹɯ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɟ, ɧɨ ɜɫɟ 

ɠɟ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɜ ɩɪɨɞɭɤɬɚɯ ɜɬɨɪɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɚ ɫɟɪɨɫɨɞɟɪɠɚɳɢɟ 

ɫɨɟɞɢɧɟɧɢɹ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɩɪɹɦɨɝɨɧɧɵɯ ɮɪɚɤɰɢɣ, ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɪɟɚɤɰɢɨɧɧɭɸ 

ɫɩɨɫɨɛɧɨɫɬɶ. Ʌɟɝɤɢɣ ɝɚɡɨɣɥɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ (ɅȽɄɄ) ɢ ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ ɫ 

ɭɫɬɚɧɨɜɤɢ ɡɚɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ (ɍɁɄ) ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ 

ɤɨɦɩɨɧɟɧɬɚ ɬɨɜɚɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢɡ-ɡɚ ɦɧɨɠɟɫɬɜɚ ɧɟɞɨɫɬɚɬɤɨɜ (ɅȽɄɄ ɨɬɥɢɱɚɟɬɫɹ 

ɛɨɥɶɲɢɦɢ ɩɥɨɬɧɨɫɬɶɸ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ 

ɫɦɨɥ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɜɢɞɚɦɢ ɫɵɪɶɹ, ɞɢɡɟɥɶɧɚɹ ɮɪɚɤɰɢɹ ɫ ɍɁɄ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɢɦ 

ɣɨɞɧɵɦ ɱɢɫɥɨɦ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɛɨɥɶɲɨɦ ɫɨɞɟɪɠɚɧɢɢ ɧɟɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ). Ⱦɥɹ 

ɬɨɝɨ ɱɬɨɛɵ ɷɬɢ ɝɚɡɨɣɥɢ ɨɬɜɟɱɚɥɢ ɬɪɟɛɨɜɚɧɢɹɦ ɫɬɚɧɞɚɪɬɨɜ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɢɡɟɥɶɧɵɟ 

ɬɨɩɥɢɜɚ, ɢɯ ɩɨɞɜɟɪɝɚɸɬ ɝɢɞɪɨɝɟɧɢɡɚɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɟ. ȼ ɪɚɛɨɬɟ [2] ɨɬɦɟɱɟɧɨ, ɱɬɨ 
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ɧɚɢɦɟɧɟɟ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɟ ɫɟɪɧɢɫɬɵɟ ɫɨɟɞɢɧɟɧɢɹ ɨɬɧɨɫɹɬɫɹ ɤ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɦ 

ɚɪɨɦɚɬɢɱɟɫɤɢɦ ɭɝɥɟɜɨɞɨɪɨɞɚɦ, ɩɪɨɢɡɜɨɞɫɬɜɨ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ɧɢɠɟ 

10 ɦɝ/ɤɝ ɬɟɫɧɨ ɫɜɹɡɚɧɨ ɫ ɢɯ ɝɢɞɪɢɪɨɜɚɧɢɟɦ. ȿɫɥɢ ɩɪɨɢɡɜɨɞɢɬɶ ɝɢɞɪɨɨɱɢɫɬɤɭ ɫɦɟɫɟɜɨɝɨ 

ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɩɪɨɞɭɤɬɨɜ ɩɪɹɦɨɣ ɩɟɪɟɝɨɧɤɢ ɢ ɩɪɨɞɭɤɬɨɜ ɜɬɨɪɢɱɧɵɯ 

ɩɪɨɰɟɫɫɨɜ, ɜɚɠɧɵɦ ɤɪɢɬɟɪɢɟɦ ɫɬɚɧɨɜɢɬɫɹ ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɫɵɪɶɹ, ɚ 

ɬɚɤɠɟ ɟɝɨ ɤɚɱɟɫɬɜɨ. Ⱦɥɹ ɇɉɁ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɹɬ ɬɚɤɢɟ ɩɪɨɰɟɫɫɵ, ɤɚɤ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ 

ɤɪɟɤɢɧɝ ɢ ɡɚɦɟɞɥɟɧɧɨɟ ɤɨɤɫɨɜɚɧɢɟ, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɦɟɫɶ, ɫɨɫɬɨɹɳɭɸ ɢɡ 

25% ɜɬɨɪɢɱɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ 75% ɩɪɹɦɨɝɨɧɧɨɝɨ. ȼ ɬɚɤɨɣ ɫɦɟɫɢ ɫɚɦɵɦ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɝɢɞɪɨɨɱɢɫɬɤɢ ɹɜɥɹɟɬɫɹ ɥɟɝɤɢɣ ɝɚɡɨɣɥɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɤɪɟɤɢɧɝɚ, ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɝɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɚɱɟɫɬɜɚ ɧɟɮɬɢ, ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɣ ɧɚ ɇɉɁ, 

ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ (ɬɚɛɥ. 1). 

Ɍɚɛɥɢɰɚ 1. ɋɜɨɣɫɬɜɚ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɫ ɪɚɡɥɢɱɧɵɯ ɭɫɬɚɧɨɜɨɤ ɇɉɁ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɤɚɡɚɬɟɥɹ 

Ɇɟɬɨɞ 
ɨɩɪɟɞɟɥɟɧɢɹ 

Ɂɧɚɱɟɧɢɟ 

ɇɄ 
ɇɉɁ    
ɉȾɎ 

ɇɄ 
ɇɉɁ  

ɅȽɍɁɄ 

ɇɄ 
ɇɉɁ                 

ɅȽɄɄ 

ɄɇɉɁ  
ɅȽɄɄ 

ɊɇɉɄ                 
ɅȽɄɄ 

ɉɥɨɬɧɨɫɬɶ ɩɪɢ 20ɨɋ, 
ɤɝ/ɦ3 

ASTM D 

4052 
849 880 881 961  964  

ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ,  
% ɦɚɫ. 

ASTM D 

4294 
1,03 1,65 1,35 3,09 0,139 

ɋɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ, 
 ppm 

ɦɟɬɨɞ 
Ʉɶɟɥɶɞɚɥɹ 

147 654 420  440 830  

Ɏɪɚɤɰɢɨɧɧɵɣ 
ɫɨɫɬɚɜ. °C: 

ȽɈɋɌ Ɋ ȿɇ 
ɂɋɈ 3405 

          

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ 
ɤɢɩɟɧɢɹ 

175,5 150,5 145,5 199,0  211,5  

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɜɵɤɢɩɚɧɢɹ:           

−        10% ɨɛ. 231,0 182,5    182,5 
 

234,5   
245,0 

−        50% ɨɛ. 291,0 249,5 293,2 258,0  278,5 

−        90% ɨɛ. 340,5 326,5 356,5 283,0  331,5 

−        95% ɨɛ. 355,0 342,5 366,0 302,0  
 

349,5  

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɨɧɰɚ 
ɤɢɩɟɧɢɹ 

371,0 360,5 378,5 310,0  351,0 

Ƀɨɞɧɨɟ ɱɢɫɥɨ,  
ɝ I2/100 ɝ  

ȽɈɋɌ 2070-

82 

- 8,7 4,5 5,0 4,4 

ɋɨɞɟɪɠɚɧɢɟ 
ɧɟɩɪɟɞɟɥɶɧɵɯ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ, % 
ɦɚɫ. 

- 9,5 4,9  5,4  4,8 
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ɇɄ ɇɉɁ – ɇɨɜɨɤɭɣɛɵɲɟɜɫɤɢɣ ɇɉɁ, ɄɇɉɁ – Ʉɭɣɛɵɲɟɜɫɤɢɣ ɇɉɁ, ɊɇɉɄ – Ɋɹɡɚɧɫɤɚɹ 
ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɚɹ ɤɨɦɩɚɧɢɹ. ɉȾɎ – ɩɪɹɦɨɝɨɧɧɚɹ ɞɢɡɟɥɶɧɚɹ ɮɪɚɤɰɢɹ, ɅȽɍɁɄ – ɥɟɝɤɢɣ ɝɚɡɨɣɥɶ ɫ 
ɭɫɬɚɧɨɜɤɢ ɡɚɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ, ɅȽɄɄ – ɥɟɝɤɢɣ ɝɚɡɨɣɥɶ ɫ ɭɫɬɚɧɨɜɤɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ.  

Ɍɪɚɞɢɰɢɨɧɧɨ ɞɥɹ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɨɱɢɫɬɤɢ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɲɢɪɨɤɨ 

ɩɪɢɦɟɧɹɸɬɫɹ ɚɥɸɦɨɤɨɛɚɥɶɬɦɨɥɢɛɞɟɧɨɜɵɟ (ȺɄɆ) ɢɥɢ ɚɥɸɦɨɧɢɤɟɥɶɦɨɥɢɛɞɟɧɨɜɵɟ (ȺɇɆ) 

ɤɚɬɚɥɢɡɚɬɨɪɵ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɢɯ ɭɧɢɤɚɥɶɧɵɦɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ: ɭɫɤɨɪɹɬɶ 

ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɚ ɫ ɫɟɪɨ-, ɚɡɨɬ-, ɤɢɫɥɨɪɨɞɨɫɨɞɟɪɠɚɳɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɧɚ 

ɩɪɨɬɹɠɟɧɢɢ ɞɨɥɝɨɝɨ ɜɪɟɦɟɧɢ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜɟɞɟɬɫɹ ɩɨ ɞɜɭɦ 

ɧɚɩɪɚɜɥɟɧɢɹɦ: ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɧɨɫɢɬɟɥɹ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɣ 

ɮɚɡɵ (ɜɨɥɶɮɪɚɦ, ɛɨɪ, ɮɨɫɮɨɪ) [5,6]. 

ɋɨɡɞɚɧɢɟ ɧɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ, ɬɚɤ ɤɚɤ ɩɨɞɛɨɪ 

ɜɯɨɞɹɳɢɯ ɜ ɧɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɞɟɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ɋɨɜɪɟɦɟɧɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ, 

ɫɨɫɬɨɹɳɭɸ ɢɡ ɬɪɟɯ ɝɪɭɩɩ ɤɨɦɩɨɧɟɧɬɨɜ, ɮɭɧɤɰɢɢ ɤɨɬɨɪɵɯ ɪɚɡɥɢɱɧɵ: ɚɤɬɢɜɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ (ȺɄ), ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɋɈɄ) ɢ ɦɨɞɢɮɢɤɚɬɨɪɨɜ (Ɇ) 

(ɪɢɫ. 2). ȺɄ - ɫɨɟɞɢɧɟɧɢɹ ɦɨɥɢɛɞɟɧɚ, ɫɬɚɛɢɥɶɧɵɟ ɜ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ (ɫɭɥɶɮɢɞɵ, ɨɤɫɢɞɵ, 

ɨɤɫɢɫɭɥɶɮɢɞɵ), ɩɪɨɦɨɬɢɪɨɜɚɧɧɵɟ ɤɨɛɚɥɶɬɨɦ ɢɥɢ ɧɢɤɟɥɟɦ; ɋɈɄ - ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɜ ɜɢɞɟ ɩɪɨɱɧɵɯ ɝɪɚɧɭɥ ɫ ɪɚɡɜɢɬɨɣ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɜɤɥɸɱɚɸɳɟɣ ȺɄ ɢ 

Ɇ; Ɇ - ɜɟɳɟɫɬɜɚ ɧɟɚɤɬɢɜɧɵɟ, ɧɟɫɩɨɫɨɛɧɵɟ ɢɝɪɚɬɶ ɪɨɥɶ ɋɈɄ ɢɥɢ ȺɄ, ɧɨ ɭɥɭɱɲɚɸɳɢɟ 

ɤɚɱɟɫɬɜɨ ɤɚɬɚɥɢɡɚɬɨɪɨɜ: 

 

Ɋɢɫɭɧɨɤ 2. Ƚɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɩɟɪɟɪɚɛɨɬɤɢ 

 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢɦɟɟɬɫɹ ɞɜɚ ɨɫɧɨɜɧɵɯ ɫɩɨɫɨɛɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ: 

ɫɨɷɤɫɬɪɭɡɢɹ (ɤɨɝɞɚ ɜɫɟ ɤɨɦɩɨɧɟɧɬɵ ɜɧɨɫɹɬɫɹ ɧɚ ɫɬɚɞɢɢ ɮɨɪɦɨɜɚɧɢɹ ɝɪɚɧɭɥ), ɩɪɨɩɢɬɤɚ 

(ɤɨɝɞɚ ɜɫɟ ɤɨɦɩɨɧɟɧɬɵ ɜɜɨɞɹɬɫɹ ɢɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɫɬɜɨɪɨɜ ɧɚ ɝɨɬɨɜɵɣ ɧɨɫɢɬɟɥɶ). 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥ. 1, ɫɵɪɶɟ ɞɥɹ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɨɱɢɫɬɤɢ ɦɨɠɟɬ ɫɢɥɶɧɨ 

ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɩɨ ɤɥɸɱɟɜɵɦ ɩɚɪɚɦɟɬɪɚɦ, ɱɬɨ ɭɫɥɨɠɧɹɟɬ ɢɯ ɫɨɜɦɟɫɬɧɭɸ ɩɟɪɟɪɚɛɨɬɤɭ ɢ 

ɬɪɟɛɭɟɬ ɪɚɡɪɚɛɨɬɤɢ ɝɢɛɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɪɚɡɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɥɭɱɚɟ ɩɟɪɟɪɚɛɨɬɤɢ ɫɦɟɫɟɜɨɝɨ ɫɵɪɶɹ ɤɚɬɚɥɢɡɚɬɨɪ ɞɨɥɠɟɧ ɛɵɬɶ 

ɩɨɞɨɛɪɚɧ ɧɟ ɬɨɥɶɤɨ ɩɨɞ ɜɨɡɦɨɠɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ, ɧɨ ɢ ɩɨɞ 
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ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ ɫɨɫɬɚɜ, ɚ ɬɚɤɠɟ ɫɬɪɭɤɬɭɪɧɨ-ɝɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɪɢ 

ɩɟɪɟɪɚɛɨɬɤɟ ɫɵɪɶɹ, ɫɨɞɟɪɠɚɳɟɝɨ ɛɨɥɟɟ 25% ɜɬɨɪɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɬɪɟɛɭɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɩɨɥɭɱɢɬɶ ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 

ɫɟɪɵ ≤ 10 ppm ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɦɟɠɪɟɝɟɧɟɪɚɰɢɨɧɧɨɝɨ ɰɢɤɥɚ. 
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ȿɠɟɝɨɞɧɨ ɜɨɡɪɚɫɬɚɸɳɢɟ ɦɨɳɧɨɫɬɢ ɩɢɪɨɥɢɡɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɚɤɬɭɚɥɢɡɢɪɭɸɬ 

ɜɨɩɪɨɫ ɨ ɩɭɬɹɯ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɨɞɧɢɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɬɹɠɟɥɚɹ 

ɫɦɨɥɚ ɩɢɪɨɥɢɡɚ (Ɍɋɉ). Ɉɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ ɷɬɨɝɨ ɩɪɨɞɭɤɬɚ (ɫɨɩɨɫɬɚɜɢɦɚɹ 

ɫɨ ɫɬɨɢɦɨɫɬɶɸ ɤɨɬɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ) ɨɩɪɟɞɟɥɹɟɬ ɨɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɟɝɨ ɭɬɢɥɢɡɚɰɢɢ: 

ɜɨɜɥɟɱɟɧɢɟ ɜ ɫɨɫɬɚɜ ɫɭɞɨɜɵɯ ɢ ɨɫɬɚɬɨɱɧɵɯ ɬɨɩɥɢɜ, ɫɵɪɶɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɮɬɹɧɵɯ 

ɜɹɠɭɳɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ. ɂɡɜɟɫɬɧɵ ɬɚɤɠɟ ɩɭɬɢ ɩɟɪɟɪɚɛɨɬɤɢ 

ɬɹɠɟɥɨɣ ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ ɫ ɩɨɥɭɱɟɧɢɟɦ ɛɨɥɟɟ ɰɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ: ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɧɚɮɬɚɥɢɧɚ [1] ɢɥɢ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɦɚɥɨɡɨɥɶɧɵɯ ɦɚɥɨɫɟɪɧɢɫɬɵɯ ɤɨɤɫɨɜ [2].  

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɤɢɩɟɧɢɹ ɬɹɠɟɥɨɣ ɫɦɨɥɵ ɨɛɵɱɧɨ ɥɟɠɢɬ ɜ ɢɧɬɟɪɜɚɥɟ 170-

190°ɋ, ɩɪɢ ɷɬɨɦ ɮɪɚɤɰɢɹ ɧ.ɤ.-360°ɋ (ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɢɡɟɥɶɧɨɦɭ ɬɨɩɥɢɜɭ) ɦɨɠɟɬ 

ɫɨɫɬɚɜɥɹɬɶ ɞɨ 70-80% ɜ ɫɨɫɬɚɜɟ Ɍɋɉ. ɉɟɪɟɪɚɛɨɬɤɚ ɭɤɚɡɚɧɧɨɣ «ɫɜɟɬɥɨɣ» ɮɪɚɤɰɢɢ 

ɬɹɠɟɥɨɣ ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ ɜ ɤɨɦɩɨɧɟɧɬɵ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɜ ɜɢɞɭ 

ɞɟɲɟɜɢɡɧɵ, ɧɟɜɵɫɨɤɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɝɟɬɟɪɨɚɬɨɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɩɨɥɧɨɝɨ ɨɬɫɭɬɫɬɜɢɹ 

ɩɚɪɚɮɢɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɫɩɨɫɨɛɧɵɯ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɬɶ ɧɚ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ 

ɫɜɨɣɫɬɜɚ ɦɨɬɨɪɧɨɝɨ ɬɨɩɥɢɜɚ; ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɷɬɨɝɨ ɫɵɪɶɹ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ 

ɧɟɩɪɟɞɟɥɶɧɵɯ ɢ ɛɢ- ɢ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 

ɩɨɥɭɱɟɧɢɟ ɤɨɦɩɨɧɟɧɬɚ ɬɨɩɥɢɜɚ ɬɪɟɛɭɟɬ ɝɥɭɛɨɤɨɣ ɝɢɞɪɨɝɟɧɢɡɚɰɢɢ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜɵɯɨɞ 

ɧɢɡɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɫɜɟɬɥɵɯ ɩɪɨɞɭɤɬɨɜ ɩɪɢ ɤɨɤɫɨɜɚɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ 

ɫɧɢɠɚɟɬɫɹ ɩɪɢ ɭɬɹɠɟɥɟɧɢɢ ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɤɨɤɫɨɜɚɧɢɹ; ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ Ɍɋɉ ɢ ɪɚɡɞɟɥɶɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɞɢɫɬɢɥɥɹɬɧɨɣ ɢ ɨɫɬɚɬɨɱɧɨɣ 

ɮɪɚɤɰɢɣ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɚ ɬɹɠɟɥɨɣ ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ, ɩɨɥɭɱɟɧɧɨɣ ɫ 

ɭɫɬɚɧɨɜɤɢ ɩɢɪɨɥɢɡɚ ɫɦɟɫɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɫɵɪɶɹ ɢ ɩɪɹɦɨɝɨɧɧɨɝɨ ɛɟɧɡɢɧɚ, ɦɟɬɨɞɨɦ Ƚɏ-

Ɇɋ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɢ 

ɧɚɮɬɟɧɨɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ: ɦɟɬɢɥɢɧɞɟɧɵ, ɧɚɮɬɚɥɢɧ ɢ ɟɝɨ ɦɟɬɢɥ- ɢ 

ɞɢɦɟɬɢɥɩɪɨɢɡɜɨɞɧɵɟ, ɛɢɮɟɧɢɥ ɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ ɬɪɢɰɢɤɥɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ: 

ɮɥɭɨɪɟɧ, ɚɰɟɧɚɮɬɟɧ, ɚɧɬɪɚɰɟɧ, ɮɟɧɚɧɬɪɟɧ, ɱɬɨ ɜ ɰɟɥɨɦ ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ 

ɞɚɧɵɦɢ [3,4]. ɉɭɬɟɦ ɜɚɤɭɭɦɧɨɣ ɞɢɫɬɢɥɥɹɰɢɢ (ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɨɧɱɚɧɢɹ ɨɬɛɨɪɚ 170°ɋ/4 

ɋ-I-3 
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ɦɦ.ɪɬ.ɫɬ.) ɛɵɥɚ ɜɵɞɟɥɟɧɚ ɮɪɚɤɰɢɹ Ɍɋɉ, ɜɵɯɨɞ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɢɥ ɨɤɨɥɨ 53-55% ɦɚɫɫ. 

ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɞɢɫɬɢɥɥɹɬɧɨɣ ɮɪɚɤɰɢɢ ɛɵɥɨ ɧɢɠɟ, ɱɟɦ ɜ ɢɫɯɨɞɧɨɣ Ɍɋɉ (198-220 

ɦ.ɞ. ɢ 325 ɦ.ɞ., ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɚ ɨɫɧɨɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɛɵɥɢ ɦɟɬɢɥɢɧɞɟɧɵ, 

ɧɚɮɬɚɥɢɧ, ɦɟɬɢɥɧɚɮɬɚɥɢɧɵ ɢ ɛɢɮɟɧɢɥ.  

ɉɨɥɭɱɟɧɧɚɹ ɞɢɫɬɢɥɥɹɬɧɚɹ ɮɪɚɤɰɢɹ (d4
20 = 1,016 ɤɝ/ɞɦ3) ɛɵɥɚ ɩɨɞɜɟɪɝɧɭɬɚ 

ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɬɨɱɧɨɣ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜ 

ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: T = 320-360°C, p(H2) = 3-6 Ɇɉɚ, ɨɛɴɟɦɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɫɵɪɶɹ 

0,5-2,0 ɱ-1, ɫɨɨɬɧɨɲɟɧɢɟ ɇ2/ɫɵɪɶё = 500-2000 ɧɦ3/ɦ3. Ȼɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɥɢɹɧɢɹ ɨɩɟɪɚɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɫɬɟɩɟɧɶ ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɧɢɹ ɢ 

ɞɟɚɪɨɦɚɬɢɡɚɰɢɢ ɫɵɪɶɹ, ɚ ɬɚɤɠɟ ɧɚɣɞɟɧ ɤɚɬɚɥɢɡɚɬɨɪ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɝɥɭɛɨɤɭɸ 

ɝɢɞɪɨɨɱɢɫɬɤɭ ɞɢɫɬɢɥɥɹɬɧɨɣ ɮɪɚɤɰɢɢ Ɍɋɉ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɞɥɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɭɫɥɨɜɢɹɯ; 

ɨɩɢɫɚɧ ɯɢɦɢɡɦ ɩɪɟɜɪɚɳɟɧɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɫɵɪɶɹ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɪɚɛɨɬɤɢ. ɉɚɪɚɥɥɟɥɶɧɨ 

ɫ ɭɞɚɥɟɧɢɟɦ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɢɫɯɨɞɢɥɨ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ 

ɝɢɞɪɢɪɨɜɚɧɢɟ ɧɚɮɬɚɥɢɧɚ ɢ ɢɧɞɟɧɨɜ ɜ ɬɟɬɪɚɥɢɧ ɢ ɢɧɞɚɧɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɮɪɚɤɰɢɹ (d4
20 = 0,964 ɤɝ/ɞɦ3), ɜɵɤɢɩɚɸɳɚɹ ɜ ɢɧɬɟɪɜɚɥɟ 180-280°ɋ ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ɦɟɧɟɟ 10 ɦ.ɞ.; ɤɨɧɜɟɪɫɢɹ ɧɚɮɬɚɥɢɧɚ ɜ ɬɟɬɪɚɥɢɧ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɢɥɚ 

95%.   

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ 

(ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɢɤɥɚɞɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɪɚɡɪɚɛɨɬɨɤ RFMEFI60716X0155). 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɐɟɧɬɪɚ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ «ɇɨɜɵɟ 

ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɬɵ ɢ ɚɞɝɟɡɢɜɵ». 
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ɄȺɌȺɅɂɁȺɌɈɊɕ ɇȺ ɈɋɇɈȼȿ ɍɉɈɊəȾɈɑȿɇɇɕɏ ɆȿɁɈɉɈɊɂɋɌɕɏ 
ȺɅɘɆɈɋɂɅɂɄȺɌɈȼ ȾɅə ȽɂȾɊɂɊɈȼȺɇɂə ȺɊɈɆȺɌɂɑȿɋɄɂɏ ɂ 

ɋȿɊɈɈɊȽȺɇɂɑȿɋɄɂɏ ɋɍȻɋɌɊȺɌɈȼ 

ȼɭɬɨɥɤɢɧɚ Ⱥ.ȼ.1, Ɂɚɧɢɧɚ Ⱥ.ȼ.1, Ɇɚɯɦɭɬɨɜ Ⱦ.Ɏ.1, Ƚɥɨɬɨɜ Ⱥ.ɉ.2, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,3, 

Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ.1 
CATALYSTS BASED ON ORDERED MESOPOROUS ALUMINOSILICATES FOR 

HYDROGENATION OF AROMATIC AND ORGANOSULFUR COMPOUNDS 
1 Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ  

2 Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ, Ɇɨɫɤɜɚ 
3 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

*E-mail: annavutolkina@mail.ru 
 

ȼɚɠɧɟɣɲɢɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɝɢɞɪɨɩɪɨɰɟɫɫɵ, ɬɚɤɢɟ ɤɚɤ ɝɢɞɪɨɤɪɟɤɢɧɝ, 

ɝɢɞɪɨɨɱɢɫɬɤɚ, ɝɢɞɪɢɪɨɜɚɧɢɟ, ɩɪɨɜɨɞɹɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɜɨɞɨɪɨɞɚ. 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɜɨɞɨɪɨɞɚ in situ ɹɜɥɹɟɬɫɹ ɪɟɚɤɰɢɹ 

ɜɨɞɹɧɨɝɨ ɫɞɜɢɝɚ [1]. ɋɭɳɟɫɬɜɟɧɧɨ, ɱɬɨ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɜɵɫɬɭɩɚɸɬ 

ɫɨɟɞɢɧɟɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ VI ɝɪɭɩɩɵ (ɦɨɥɢɛɞɟɧ, ɜɨɥɶɮɪɚɦ), ɹɜɥɹɸɳɢɟɫɹ, ɜɦɟɫɬɟ 

ɫ ɬɟɦ, ɨɫɧɨɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɛɨɥɶɲɢɧɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɩɪɨɰɟɫɫɨɜ [2]. 

Ɍɪɚɞɢɰɢɨɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɨɜ ɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢɦɟɸɬ ɪɹɞ 

ɧɟɞɨɫɬɚɬɤɨɜ: ɞɢɮɮɭɡɢɨɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ, ɩɨɜɵɲɟɧɧɨɟ ɤɨɤɫɨɨɛɪɚɡɨɜɚɧɢɟ, ɛɵɫɬɪɚɹ 

ɞɟɡɚɤɬɢɜɚɰɢɹ. ɇɚ ɧɚɲ ɜɡɝɥɹɞ, ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɧɨɫɢɬɟɥɹɦɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ 

ɢ ɝɢɞɪɨɨɱɢɫɬɤɢ ɦɨɝɭɬ ɫɬɚɬɶ ɦɟɡɨɩɨɪɢɫɬɵɟ ɚɥɸɦɨɫɢɥɢɤɚɬɵ – ɤɪɭɩɧɨɩɨɪɢɫɬɵɟ ɚɧɚɥɨɝɢ 

ɰɟɨɥɢɬɨɜ – Al–MCM–41 ɢ Al–HMS. Ȼɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɜ ɫɬɪɭɤɬɭɪɟ Ȼɪɟɧɫɬɟɞɨɜɫɤɢɯ 

ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ, ɛɨɥɶɲɨɣ ɭɞɟɥɶɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɪɚɡɦɟɪɭ ɩɨɪ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɫɨɤɚɹ ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɬɚɤɢɯ 

ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɟɪɧɢɫɬɵɦ ɫɨɟɞɢɧɟɧɢɹɦ [3], ɫɨɞɟɪɠɚɳɢɦɫɹ ɜ ɫɵɪɶɟ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɣ ɝɢɞɪɨɞɟɫɭɥɶɮɭɪɢɡɚɰɢɢ. 

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɭɩɨɪɹɞɨɱɟɧɧɵɟ ɦɟɡɨɩɨɪɢɫɬɵɟ ɚɥɸɦɨɫɢɥɢɤɚɬɵ 

ɬɢɩɚ  Al-MCM-41 ɢ Al-HMS ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ Si/Al=10, 20 ɢ ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɟ Ni-Mo-

ɫɭɥɶɮɢɞɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɢɯ ɨɫɧɨɜɟ. ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ  

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɦɟɬɨɞɚɦɢ ɉɗɆ ɢ ɊɎɗɋ, ɚ ɢɯ ɤɢɫɥɨɬɧɨɫɬɶ ɢ 

ɬɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɥɟɧɵ ɫ ɩɨɦɨɳɶɸ ɌɉȾ NH3  ɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɚɞɫɨɪɛɰɢɢ/ɞɟɫɨɪɛɰɢɢ ɚɡɨɬɚ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ Ni-Mo-ɫɭɥɶɮɢɞɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɭɩɨɪɹɞɨɱɟɧɧɵɯ 

ɦɟɡɨɩɨɪɢɫɬɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɚɤɬɢɜɧɵ ɜ ɝɢɞɪɢɪɨɜɚɧɢɢ 1- ɢ 2-ɦɟɬɢɥɧɚɮɬɚɥɢɧɨɜ, 

ɞɢɛɟɧɡɨɬɢɨɮɟɧɚ ɜ ɫɢɫɬɟɦɟ CO/H2O ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 340-400°C ɢ ɞɚɜɥɟɧɢɢ CO 3 

Ɇɉɚ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ CO/H2O=1,5-2,0.  

ɋ-I-4 
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ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɫɨɨɬɧɨɲɟɧɢɹ 

CO/H2O ɧɚ ɝɢɞɪɢɪɭɸɳɭɸ ɢ ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɝɢɞɪɢɪɨɜɚɧɢɢ ɩɪɨɹɜɥɹɸɬ ɤɚɬɚɥɢɡɚɬɨɪɵ 

ɧɚ ɨɫɧɨɜɟ Al-HMS, ɜ ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɧɢ – ɨɛɪɚɡɰɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Al-MCM-41  ɜ 

ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ 

ɩɪɨɟɤɬɚ № 18-38-00593. 
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ȽɂȾɊɂɊɈȼȺɇɂȿ ȺɊɈɆȺɌɂɑȿɋɄɂɏ ɋɈȿȾɂɇȿɇɂɃ ɇȺ 

ɇȺɇɈɋɌɊɍɄɌɍɊɂɊɈȼȺɇɇɕɏ ɊɍɌȿɇɂȿȼɕɏ ɄȺɌȺɅɂɁȺɌɈɊȺɏ 

ɑɭɞɚɤɨɜ ə.Ⱥ., Ƚɥɨɬɨɜ Ⱥ.ɉ., ɋɬɵɰɟɧɤɨ ȼ.Ⱦ., Ƚɭɳɢɧ ɉ.Ⱥ., ȼɢɧɨɤɭɪɨɜ ȼ.Ⱥ.  

HYDROGENATION OF AROMATIC COMPOUNDS USING RUTHENIUM 

NANOSTRUCTURED CATALYSTS  
Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 

Ɇɨɫɤɜɚ  
E-mail: chudakov.yaroslav@gmail.com 

 

ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ ɧɨɫɢɬɟɥɹɦɢ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɸɬɫɹ ɩɪɢɪɨɞɧɵɟ ɦɢɧɟɪɚɥɵ, ɜ ɱɚɫɬɧɨɫɬɢ ɝɚɥɥɭɚɡɢɬ, ɤɨɬɨɪɵɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɥɸɦɨɫɢɥɢɤɚɬɧɵɟ ɧɚɧɨɬɪɭɛɤɢ [1]. Ʉ ɟɝɨ ɨɬɥɢɱɢɬɟɥɶɧɵɦ 

ɨɫɨɛɟɧɧɨɫɬɹɦ ɫɬɨɢɬ ɨɬɧɟɫɬɢ ɧɚɥɢɱɢɟ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɦɟɡɨ-ɫɬɪɭɤɬɭɪɵ, ɜɵɫɨɤɭɸ 

ɦɟɯɚɧɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɧɢɡɤɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ 

ɞɨɛɵɱɢ [2].  

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɪɭɬɟɧɢɟɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ 

ɚɥɸɦɨɫɢɥɢɤɚɬɧɵɯ ɧɚɧɨɬɪɭɛɨɤ ɝɚɥɥɭɚɡɢɬɚ (Ru/Halloysite). ȼɫɟ ɤɚɬɚɥɢɡɚɬɨɪɵ 

Ru/Halloysite ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɫɢɧɬɟɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɨɞɧɨɝɨ 

ɪɚɫɬɜɨɪɚ Ruɋl3 ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ ɞɨ 

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ Ru. Ɉɛɪɚɡɰɵ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɦɟɬɨɞɚɦɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɚɞɫɨɪɛɰɢɢ/ɞɟɫɨɪɛɰɢɢ ɚɡɨɬɚ. ɋɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɨɩɪɟɞɟɥɹɥɢ ɩɨ 

ɫɨɜɨɤɭɩɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɣ 

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ Ɍɉȼ ɜɨɞɨɪɨɞɚ. ɉɨ ɞɚɧɧɵɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜɧɭɬɪɢ ɝɚɥɥɭɚɡɢɬɧɵɯ ɬɪɭɛɨɤ ɨɛɪɚɡɭɸɬɫɹ ɧɚɧɨɱɚɫɬɢɰɵ 

ɪɭɬɟɧɢɹ ɪɚɡɦɟɪɨɦ 1,5 - 2 ɧɦ. ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɎɗɋ, ɪɭɬɟɧɢɟɜɵɟ ɧɚɧɨɱɚɫɬɢɰɵ 

ɧɚɯɨɞɹɬɫɹ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ, ɜ ɧɭɥɶ-ɜɚɥɟɧɬɧɨɦ ɫɨɫɬɨɹɧɢɢ.  

Ʉɚɬɚɥɢɬɢɱɟɫɤɨɟ ɝɢɞɪɢɪɨɜɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɛɟɧɡɨɥ, ɬɨɥɭɨɥ) 

ɩɪɨɜɨɞɢɥɢ ɜ ɦɭɥɶɬɢɪɟɚɤɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ Parr 5000 Multiple Reactor System ɩɨɞ 

ɞɚɜɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ 15-50 ɚɬɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80 ɨɋ. ȼɫɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ 

ɝɚɥɥɭɚɡɢɬɚ ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɢ ɝɢɞɪɢɪɨɜɚɧɢɹ ɬɨɥɭɨɥɚ ɢ ɛɟɧɡɨɥɚ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ TOF 4167 ɱ-1 (ɬɨɥɭɨɥ) ɢ 1034 ɱ-1 (ɛɟɧɡɨɥ), ɧɚɛɥɸɞɚɟɬɫɹ 

ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɤɨɧɜɟɪɫɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɭɛɫɬɪɚɬɨɜ ɩɪɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ 

ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɚɧɭ -100 % ɢ ɰɢɤɥɨɝɟɤɫɚɧɭ -100 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɜɨɞɵ ɫɤɨɪɨɫɬɶ ɝɢɞɪɢɪɨɜɚɧɢɹ ɫɧɢɠɚɟɬɫɹ ɜ 5 (ɞɥɹ ɛɟɧɡɨɥɚ) ɢ ɜ 10 ɪɚɡ ɞɥɹ 

ɬɨɥɭɨɥɚ. ɇɚɣɞɟɧɨ, ɱɬɨ ɩɨɪɹɞɨɤ ɪɟɚɤɰɢɢ ɩɨ ɬɨɥɭɨɥɭ ɛɥɢɡɨɤ ɤ ɧɭɥɟɜɨɦɭ, ɚ ɩɪɢ 

ɝɢɞɪɢɪɨɜɚɧɢɢ ɛɟɧɡɨɥɚ ɧɚɛɥɸɞɚɟɬɫɹ ɞɪɨɛɧɵɣ ɩɨɪɹɞɨɤ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɜɨɞɵ ɞɪɨɛɧɵɣ 

ɩɨɪɹɞɨɤ ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɨɛɨɢɯ ɫɭɛɫɬɪɚɬɨɜ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɪɚɡɥɢɱɢɹ ɜ 
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ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧɵ ɜ ɨɫɧɨɜɧɨɦ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɤɨɬɨɪɚɹ ɦɚɤɫɢɦɚɥɶɧɚ ɞɥɹ ɱɢɫɬɨɝɨ ɬɨɥɭɨɥɚ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɜɨɞɵ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (Ƚɪɚɧɬ № 14.Z50.31.0035). 
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ɉɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɬɹɠɟɥɵɯ ɜɢɞɨɜ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ (ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ, ɩɪɢɪɨɞɧɵɯ 

ɛɢɬɭɦɨɜ, ɨɫɬɚɬɤɨɜ ɞɢɫɬɢɥɥɹɰɢɢ ɧɟɮɬɢ) ɭɫɬɚɧɨɜɥɟɧɚ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɫɭɫɩɟɧɡɢɸ 

ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ MoS2 [1]. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɪɚɫɯɨɞ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɛɵɱɧɨ ɧɟ 

ɩɪɟɜɵɲɚɟɬ 0,02-0,1 % ɨɬ ɦɚɫɫɵ ɫɵɪɶɹ, ɭɱɢɬɵɜɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ 

ɫɨɟɞɢɧɟɧɢɣ ɦɨɥɢɛɞɟɧɚ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜɵɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɪɚɡɪɚɛɨɬɤɢ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢɯ ɪɟɝɟɧɟɪɚɰɢɢ ɢɡ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɬɹɠɟɥɨɝɨ 

ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ.  

ɉɪɢɦɟɧɟɧɢɟ ɬɟɪɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɦɨɥɢɛɞɟɧɨɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɢɡ ɨɫɬɚɬɤɚ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɩɨɫɤɨɥɶɤɭ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɱɚɫɬɢ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɵɪɶɹ ɢ ɫɨɡɞɚɟɬ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɨɱɢɫɬɤɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɨɬ ɫɨɟɞɢɧɟɧɢɣ ɫɟɪɵ ɢ ɚɡɨɬɚ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɧɢɟ ɫɢɫɬɟɦɵ ɭɥɚɜɥɢɜɚɧɢɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɫɨɟɞɢɧɟɧɢɣ 

ɦɨɥɢɛɞɟɧɚ ɢ ɫɨɟɞɢɧɟɧɢɣ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɨɫɬɚɬɤɟ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ [2, 

3].  

 Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɜɟɪɞɵɣ ɩɪɨɞɭɤɬ, ɜɵɞɟɥɟɧɧɵɣ ɦɟɬɨɞɨɦ 

ɮɢɥɶɬɪɚɰɢɢ ɢɡ ɨɫɬɚɬɤɚ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ ɝɭɞɪɨɧɚ.  Ɍɜɟɪɞɵɣ ɩɪɨɞɭɤɬ ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣ 

ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɣ ɩɨɪɨɲɨɤ, ɫɨɞɟɪɠɚɳɢɣ 19.8 % ɦɨɥɢɛɞɟɧɚ ɜ ɮɨɪɦɟ MoS2. 

ȼɵɳɟɥɚɱɢɜɚɧɢɟ ɦɨɥɢɛɞɟɧɚ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɢɫɥɨɬɧɵɯ ɪɟɚɝɟɧɬɨɜ ɜ 

ɫɬɟɤɥɹɧɧɨɦ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɧɨɦ ɪɟɚɤɬɨɪɟ ɫ ɩɟɪɟɦɟɲɢɜɚɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ.  

ɉɨɥɭɱɟɧɧɭɸ ɫɭɫɩɟɧɡɢɸ ɩɨɞɜɟɪɝɚɥɢ ɮɢɥɶɬɪɚɰɢɢ, ɨɫɬɚɬɨɤ ɧɚ ɮɢɥɶɬɪɟ ɩɪɨɦɵɜɚɥɢ 

ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɫɧɚɱɚɥɚ 25% ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɚɦɦɢɚɤɚ, ɚ ɩɨɫɥɟ – ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ 

ɜɨɞɨɣ. ɉɨɥɭɱɟɧɧɵɣ ɨɫɬɚɬɨɤ ɩɨɫɥɟ ɫɭɲɤɢ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɧɚ ɫɨɞɟɪɠɚɧɢɟ Ɇɨ. ɋɬɟɩɟɧɶ 

ɢɡɜɥɟɱɟɧɢɹ Mo (S, %) ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ: 

S = ((C1 – C2)/C1)·100      

ɝɞɟ C1 ɢ C2 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɥɢɱɟɫɬɜɨ Ɇɨ (ɝ) ɜɨ ɜɡɹɬɨɣ ɢɫɯɨɞɧɨɣ ɧɚɜɟɫɤɟ ɢ ɩɨɥɭɱɟɧɧɨɦ 

ɨɫɬɚɬɤɟ ɩɨɫɥɟ ɫɭɲɤɢ.         Ʉɚɤ 
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ɩɨɤɚɡɚɥɢ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɬɚɛɥ. 1, ɪɢɫ. 1 ɢ 2), ɞɨɫɬɢɝɚɟɬɫɹ 

ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ Ɇɨ ɜ ɪɚɫɬɜɨɪ ɩɪɟɤɭɪɫɨɪɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ. 

Ɍɚɛɥɢɰɚ 1. ɋɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ Mo ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɪɚɫɬɜɨɪɚ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɵɳɟɥɚɱɢɜɚɧɢɹ (Ɍ/ɀ = 1/5; Ɍ = 90 °ɋ) 

ɋɨɫɬɚɜ ɪɚɫɬɜɨɪɚ 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ, ɱ 

2 4 8 12 16 20 

ɂɡɜɥɟɱɟɧɢɟ Ɇɨ, % 

HNO3 

(ɫɨɞɟɪɠɚɧɢɟ, 850 ɝ/ɥ) 
23.7 27.4 49.1 75.0 82.8 83.9 

HNO3/H2SO4 

(ɫɨɞɟɪɠɚɧɢɟ, ɝ/ɥ: 300/200) 
19.5 23.0 47.3 77.1 85.6 88.9 

HNO3/H2SO4 

(ɫɨɞɟɪɠɚɧɢɟ, ɝ/ɥ: 500/100) 
25.8 29.1 54.5 78.2 84.3 86.5 

HNO3/H2SO4 

(ɫɨɞɟɪɠɚɧɢɟ, ɝ/ɥ: 500/200) 
48.8 57.3 67.1 90.3 90.6 91.2 

HNO3/H2SO4 

(ɫɨɞɟɪɠɚɧɢɟ, ɝ/ɥ: 650/200) 
88.5 93.8 94.9 95.2 95.2 95.4 

HNO3/H2SO4 

(ɫɨɞɟɪɠɚɧɢɟ, ɝ/ɥ: 800/200) 
94.6 98.8 99.0 99.3 99.5 99.5 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥ. 1 ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɪɚɫɬɜɨɪɵ ɨɤɢɫɥɢɬɟɥɟɣ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɪɟɚɤɰɢɹɯ ɨɤɢɫɥɟɧɢɹ MoS2 ɢ ɩɟɪɟɜɨɞɚ ɦɨɥɢɛɞɟɧɚ ɜ ɪɚɫɬɜɨɪ. 

ɇɚɢɛɨɥɶɲɚɹ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ Ɇɨ (> 99.5 %) ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ 

ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɹ ɫɦɟɫɟɜɨɝɨ ɪɚɫɬɜɨɪɚ ɨɤɢɫɥɢɬɟɥɹ, ɫɨɞɟɪɠɚɳɟɝɨ 800 ɝ/ɥ HNO3 ɢ 200 

ɝ/ɥ H2SO4 ɩɪɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 16 - 20 ɱ.   

ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ [4, 5] ɨɤɢɫɥɟɧɢɟ MoS2 ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɪɚɫɬɜɨɪɢɦɨɣ ɜ ɜɨɞɟ ɦɨɥɢɛɞɟɧɨɜɨɣ ɤɢɫɥɨɬɵ (H2MoO4), 

ɫɨɝɥɚɫɧɨ ɪɟɚɤɰɢɢ (1). H2MoO4 ɜɵɩɚɞɚɟɬ ɜ ɨɫɚɞɨɤ, ɬɟɦ ɫɚɦɵɦ ɢɧɝɢɛɢɪɭɹ ɩɪɨɰɟɫɫ 

ɨɤɢɫɥɟɧɢɹ ɨɫɬɚɜɲɟɝɨɫɹ ɤɨɥɢɱɟɫɬɜɚ MoS2. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɢɡɜɥɟɱɟɧɢɹ 

ɦɨɥɢɛɞɟɧɚ. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɟ H2SO4 ɩɨɜɵɲɚɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɫɭɥɶɮɚɬ-ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ ɢ ɨɛɪɚɡɭɸɬɫɹ ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ ɚɧɢɨɧɧɵɟ ɤɨɦɩɥɟɤɫɵ 

[MoO2(SO4)2]
2- - ɪɟɚɤɰɢɹ (2). ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɢɡɜɥɟɱɟɧɢɟ ɦɨɥɢɛɞɟɧɚ ɜ ɪɚɫɬɜɨɪ.  
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MoS2 + 6HNO3 = H2MoO4 + 2H2SO4 + 6NOĹ    (1) 

                        H2MoO4 + 2H2SO4 = H2[MoO2(SO4)2]    (2) 

 ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ (ɪɢɫ. 1 ɢ 2), ɨɤɢɫɥɟɧɢɟ MoS2 ɢ ɢɡɜɥɟɱɟɧɢɟ Ɇɨ ɜ 

ɪɚɫɬɜɨɪ ɬɚɤɠɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɪɚɫɯɨɞɚ (ɫɨɨɬɧɨɲɟɧɢɟ Ɍ/ɀ) ɤɢɫɥɨɬ. 

 

Ɋɢɫ. 1. ɋɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ Mo ɜ ɡɚɜɢɫɢ- 

ɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɛɨɬɤɢ  

(Ɍ/ɀ = 1/5; t = 4 ɱ.) 

Ɋɢɫ. 2. ɋɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ Ɇɨ ɜ ɡɚɜɢɫɢ- 

ɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ Ɍ/ɀ (Ɍ= 90 °ɋ; t = 4 ɱ.) 

      ɉɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɢɡɜɥɟɱɟɧɢɟ Ɇɨ (99.5 %) ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 90 °ɋ (ɪɢɫ. 

1). ɉɪɢ ɫɧɢɠɟɧɢɢ ɪɚɫɯɨɞɚ ɤɢɫɥɨɬɵ ɞɨ ɫɨɨɬɧɨɲɟɧɢɹ Ɍ/ɀ = 1/3 ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɟ Ɇɨ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ ɢ ɫɨɫɬɚɜɥɹɟɬ 99.2 % (ɪɢɫ. 2). 

Ⱦɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɩɪɟɤɭɪɫɨɪɚ ɤɚɬɚɥɢɡɚɬɨɪɚ – ɩɚɪɚɦɨɥɢɛɞɚɬɚ ɚɦɦɨɧɢɹ, 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ, ɩɨɥɭɱɟɧɧɵɣ ɤɢɫɥɵɣ ɪɚɫɬɜɨɪ ɧɟɣɬɪɚɥɢɡɭɸɬ 

ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɚɦɦɢɚɤɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɨɛɪɚɡɭɟɬɫɹ ɩɚɪɚɦɨɥɢɛɞɚɬ 

ɚɦɦɨɧɢɹ ɫɨɝɥɚɫɧɨ ɪɟɚɤɰɢɢ (3): 

 H2[MoO2(SO4)2] + 6NH4OH = (NH4)2MoO4 + 2(NH4)2SO4 + 4H2O  (3) 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɢɫɥɨɬɧɨɟ 

ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɢɡɜɥɟɱɶ ɫɨɟɞɢɧɟɧɢɹ ɦɨɥɢɛɞɟɧɚ, 

ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɨɫɬɚɬɤɟ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ. ɉɨɫɥɟ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɤɢɫɥɵɯ ɪɚɫɬɜɨɪɨɜ 

ɚɦɦɢɚɤɨɦ ɨɛɪɚɡɭɟɬɫɹ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɩɚɪɚɦɨɥɢɛɞɚɬɚ ɚɦɦɨɧɢɹ, ɤɨɬɨɪɵɣ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɩɪɟɤɭɪɫɨɪɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɩɪɨɰɟɫɫ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ, ɭɧɢɤɚɥɶɧɵɣ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɨɟɤɬɚ: RFMEFI60716X0148. 
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 SYNTHESIS OF NANOSIZED TUNGSTEN CONTAINING PARTICLES BY 

MICROEMULSION METHOD 
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ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɵɣ ɢɧɬɟɪɟɫ ɤ ɧɚɧɨɪɚɡɦɟɪɧɵɦ 

ɞɢɯɚɥɶɤɨɝɟɧɢɞɚɦ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɤ ɩɨɥɭɱɟɧɢɸ ɢ ɢɫɫɥɟɞɨɜɚɧɢɸ 

ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɞɢɫɭɥɶɮɢɞɚ ɜɨɥɶɮɪɚɦɚ WS2 - ɞɨɛɚɜɤɢ, 

ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɤɚɱɟɫɬɜɟ ɝɢɞɪɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ, ɭɥɶɬɪɚɞɢɫɩɟɪɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ ɭɝɥɟɣ ɢ 

ɬɹɠɟɥɵɯ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ. ɇɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɢɹ 

ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɞɢɫɭɥɶɮɢɞɚ ɜɨɥɶɮɪɚɦɚ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ in situ ɢɡ ɦɢɤɪɨɷɦɭɥɶɫɢɣ ɩɭɬɟɦ 

ɬɟɪɦɨɥɢɡɚ ɩɪɟɤɭɪɫɨɪɚ.  

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɨɜ 

ɩɨɥɭɱɟɧɢɹ ɫɬɚɛɢɥɶɧɵɯ ɦɟɬɚɥɥɫɨɞɟɪɠɚɳɢɯ ɷɦɭɥɶɫɢɣ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ, ɢɡɭɱɟɧ ɢɯ 

ɬɟɪɦɨɥɢɡ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɩɪɟɤɭɪɫɨɪɚ ɩɪɢɦɟɧɹɥɫɹ ɩɚɪɚɜɨɥɶɮɪɚɦɚɬ ɚɦɦɨɧɢɹ 

(NH4)2WO4, ɢɫɬɨɱɧɢɤɨɦ ɫɟɪɵ ɫɥɭɠɢɥ ɫɭɥɶɮɢɞ ɚɦɦɨɧɢɹ (NH4)2S. Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ 

ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɷɦɭɥɶɫɢɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨɞɛɨɪ ɷɦɭɥɶɝɚɬɨɪɚ, ɟɝɨ 

ɤɨɧɰɟɧɬɪɚɰɢɢ,  ɫɨɨɬɧɨɲɟɧɢɹ ɩɚɪɚɜɨɥɶɮɪɚɦɚɬɚ ɚɦɦɨɧɢɹ ɢ ɜɨɞɵ. ɋɬɚɛɢɥɶɧɨɫɬɶ ɢɡɭɱɚɥɚɫɶ 

ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɜɟɬɨɪɚɫɫɟɹɧɢɹ (ȾɊɋ). Ⱦɚɥɟɟ ɷɦɭɥɶɫɢɢ ɩɨɞɜɟɪɝɚɥɢɫɶ 

ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ, ɩɨɫɥɟ ɱɟɝɨ ɩɨɥɭɱɟɧɧɵɟ ɞɢɫɩɟɪɫɢɢ, ɫɨɞɟɪɠɚɳɢɟ ɧɚɧɨɪɚɡɦɟɪɧɵɟ 

ɜɨɥɶɮɪɚɦɫɨɞɟɪɠɚɳɢɟ ɱɚɫɬɢɰɵ, ɛɵɥɢ ɢɡɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ ɢ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɩɨɥɭɱɟɧɵ ɫɬɚɛɢɥɶɧɵɟ ɜɨɥɶɮɪɚɦɫɨɞɟɪɠɚɳɢɟ 

ɦɢɤɪɨɷɦɭɥɶɫɢɢ ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɦɟɧɟɟ 70 ɧɦ. ɋɬɚɛɢɥɢɡɚɰɢɹ 

ɦɢɤɪɨɷɦɭɥɶɫɢɣ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɨɡɢɰɢɢ ɉȺȼ, ɜɤɥɸɱɚɸɳɟɣ ɜ ɫɟɛɹ 

ɷɦɭɥɶɝɚɬɨɪɵ ɬɢɩɚ SPAN-80 ɢ TWEEN-80. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɉȺȼ ɫɨɫɬɚɜɥɹɥɚ 3%, 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɥɶɮɪɚɦɚ – 200-700 ppm ɜ ɪɚɫɱɟɬɟ ɧɚ ɷɦɭɥɶɫɢɸ. 

Ɍɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɷɦɭɥɶɫɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɯɨɞɢɥɢ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ 200 ºɋ ɞɨ 560 ºɋ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɜ ɞɢɫɩɟɪɫɢɹɯ, 

ɩɨɥɭɱɟɧɧɵɯ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 200-400 °ɋ, ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 200-250 ɧɦ, ɩɪɢ 

ɷɬɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɫɬɚɧɨɜɢɬɫɹ ɭɠɟ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ 
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ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɨɥɢɡɚ ɡɧɚɱɟɧɢɹ 560 °ɋ ɜ ɩɨɥɭɱɟɧɧɨɣ ɞɢɫɩɟɪɫɢɢ ɩɪɟɜɚɥɢɪɭɸɬ 

ɡɧɚɱɢɬɟɥɶɧɨ ɭɤɪɭɩɧɟɧɧɵɟ ɱɚɫɬɢɰɵ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ 700 ɧɦ. 

ɉɨɥɭɱɟɧɧɵɟ ɞɢɫɩɟɪɫɢɢ ɛɵɥɢ ɢɡɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. ɑɚɫɬɢɰɵ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɫɭɥɶɮɢɞɨɜ ɢɦɟɸɬ ɬɨɧɤɭɸ 

ɫɬɪɭɤɬɭɪɭ ɢ ɫɨɫɬɨɹɬ ɢɡ ɛɨɥɟɟ ɦɟɥɤɢɯ ɱɚɫɬɢɰ (10-20 ɧɦ). Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ W-ɫɨɞɟɪɠɚɳɟɣ 

ɞɢɫɩɟɪɫɢɢ ɩɨɤɚɡɚɥɚ ɧɚɥɢɱɢɟ ɤɚɤ ɫɭɥɶɮɢɞɚ ɜɨɥɶɮɪɚɦɚ, ɬɚɤ ɢ ɬɪɢɨɤɫɢɞɚ. ɉɨ ɜɫɟɣ 

ɜɢɞɢɦɨɫɬɢ, ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɨɥɢɡɚ ɫɭɥɶɮɢɞɢɪɨɜɚɧɢɟ ɜɨɥɶɮɪɚɦɚ ɩɪɨɬɟɤɚɟɬ ɧɟ ɞɨ ɤɨɧɰɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɟ ɜɨɥɶɮɪɚɦɫɨɞɟɪɠɚɳɢɟ 

ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɤɚɤ ɤɚɬɚɥɢɡɚɬɨɪɵ ɝɢɞɪɢɪɨɜɚɧɢɹ ɢ ɤɪɟɤɢɧɝɚ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɭɫɥɨɜɢɹɯ ɧɚɧɨɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ ɢ ɩɪɢ 

ɱɚɫɬɢɱɧɨɣ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɏɨɧɞɚ ɫɨɞɟɣɫɬɜɢɹ ɪɚɡɜɢɬɢɸ ɦɚɥɵɯ ɮɨɪɦ 

ɩɪɟɞɩɪɢɹɬɢɣ ɜ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɫɮɟɪɟ ɩɨ ɩɪɨɝɪɚɦɦɟ «ɍɆɇɂɄ» ɩɨ ɬɟɦɟ 

«Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɩɨɥɭɱɟɧɢɹ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɝɢɞɪɢɪɭɸɳɟɣ 

ɮɭɧɤɰɢɟɣ» ɜ ɪɚɦɤɚɯ ɞɨɝɨɜɨɪɚ № 8805Ƚɍ/2015 ɨɬ 2015 ɝ. 
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ɋɂɇɌȿɁ ɄɈɇɐȿɇɌɊɂɊɈȼȺɇɇɕɏ ɋɍɋɉȿɇɁɂɃ ɇȺɇɈɑȺɋɌɂɐ 
ɆɈɅɂȻȾȿɇɋɈȾȿɊɀȺɓɂɏ ɄȺɌȺɅɂɁȺɌɈɊɈȼ ȽɂȾɊɈɄɈɇȼȿɊɋɂɂ 

ɆȿɌɈȾɈɆ ɈȻɊȺɓȿɇɇɕɏ ɗɆɍɅɖɋɂɃ 

Ʉɚɞɢɟɜ ɏ.Ɇ., Ʉɚɞɢɟɜɚ Ɇ.ɏ., Ɂɟɤɟɥɶ Ʌ.Ⱥ., ɗɪɦɚɧ ȿ.ɋ., ɏɚɞɠɢɟɜ ɋ.ɇ.  
SYNTHESIS OF CONCENTRATED SUSPENSIONS WITH NANOPARTICLES OF 

MOLYBDENUM-BASED HYDROCONVERSION CATALYSTS  

THROUGH REVERSE EMULSIONS 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 
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Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɩɪɨɰɟɫɫɨɜ ɝɥɭɛɨɤɨɣ 

ɩɟɪɟɪɚɛɨɬɤɢ ɬɹɠɟɥɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɹɜɥɹɟɬɫɹ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ 

ɝɢɞɪɨɝɟɧɢɡɚɰɢɨɧɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɝɢɞɪɨɤɨɧɜɟɪɫɢɹ [1-2]. Ɉɫɨɛɨɟ ɦɟɫɬɨ 

ɫɪɟɞɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɝɟɧɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɡɚɧɢɦɚɸɬ ɫɢɧɬɟɡɢɪɭɟɦɵɟ ɢ 

ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɮɨɪɦɟ ɞɢɫɩɟɪɫɢɢ ɜ ɫɪɟɞɟ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ ɫɵɪɶɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ 

ɱɚɫɬɢɰɵ [3-6]. Ɍɚɤɢɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɚɤɬɢɜɧɵɯ 

ɰɟɧɬɪɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɟɚɤɰɢɢ 

ɦɚɤɪɨɦɨɥɟɤɭɥ ɬɹɠɟɥɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ.  

Ⱦɥɹ ɫɢɧɬɟɡɚ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɭɥɶɮɢɞɧɵɯ ɮɨɪɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɟɤɭɪɫɨɪɨɜ 

ɩɪɢɦɟɧɹɸɬ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ ɫɨɥɢ ɦɟɬɚɥɥɨɜ - ɦɨɥɢɛɞɟɧɚ, ɜɨɥɶɮɪɚɦɚ, ɧɢɤɟɥɹ, ɤɨɛɚɥɶɬɚ, 

ɠɟɥɟɡɚ, ɚɥɸɦɢɧɢɹ ɢ ɩɪ. Ɉɩɬɢɦɚɥɶɧɵɦɢ ɢɫɯɨɞɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɭɫɩɟɧɡɢɣ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɫɭɥɶɮɢɞɨɜ ɦɟɬɚɥɥɨɜ ɜ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɪɟɞɚɯ ɫɥɭɠɚɬ 

ɨɛɪɚɳɟɧɧɵɟ ɷɦɭɥɶɫɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɨɱɟɪɟɞɧɨ ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɨɰɟɫɫɨɜ ɢɫɩɚɪɟɧɢɹ 

ɜɨɞɵ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɱɚɫɬɢɰ ɩɪɟɤɭɪɫɨɪɚ ɜɨɞɨɪɨɞɨɦ ɢ ɢɯ ɫɭɥɶɮɢɞɢɪɨɜɚɧɢɹ 

ɫɟɪɨɫɨɞɟɪɠɚɳɢɦ ɤɨɦɩɨɧɟɧɬɚɦɢ ɢ ɫɟɪɨɜɨɞɨɪɨɞɨɦ, ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɱɚɫɬɢɰ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɡ ɤɚɩɟɥɶ ɷɦɭɥɶɫɢɢ [4-5, 7-8]. 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɤɪɢɬɟɪɢɟɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɢɫɩɟɪɫɢɣ ɧɚɧɨɱɚɫɬɢɰ ɫ 

ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨ ɦɟɬɨɞɭ ɨɛɪɚɳɟɧɧɵɯ ɷɦɭɥɶɫɢɣ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ 

ɧɚɱɚɥɶɧɵɯ ɫɢɫɬɟɦ [4]. ȼ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɯɨɞɢɥɨ ɢɡɭɱɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɫɯɨɞɧɵɯ ɨɛɪɚɳɟɧɧɵɯ ɷɦɭɥɶɫɢɣ ɫ ɜɨɞɧɨɣ ɮɚɡɨɣ, ɫɨɞɟɪɠɚɳɟɣ, ɜ 

ɱɚɫɬɧɨɫɬɢ, ɩɪɟɤɭɪɫɨɪɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ.  

ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɫɬɚɛɢɥɢɡɚɬɨɪɚɦɢ ɨɛɪɚɳɟɧɧɵɯ ɷɦɭɥɶɫɢɣ ɜ ɭɫɥɨɜɢɹɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɧɟɢɨɧɨɝɟɧɧɵɟ ɉȺȼ (ɋɩɚɧ 80, ɋɩɚɧ 80+Ɍɜɢɧ 80 (ȽɅȻ=5.9)). 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɉȺȼ ɢ ɚɫɮɚɥɶɬɟɧɨɜ ɜ ɫɬɚɛɢɥɢɡɚɰɢɢ ɷɦɭɥɶɫɢɣ ɜɨɞɚ/[5% ɦɚɫɫ. 

ɉȺȼ+(ɬɨɥɭɨɥ+ɝɟɩɬɚɧ)] ɩɨɜɵɲɚɟɬɫɹ ɜ ɪɹɞɭ: ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ<ɚɫɮɚɥɶɬɟɧɵ<ɋɩɚɧ-

80<ɋɩɚɧ-80 + Ɍɜɢɧ 80 (ɬɚɛɥ.1).  
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Ⱦɢɚɦɟɬɪ ɤɚɩɟɥɶ ɷɦɭɥɶɫɢɢ, ɩɨɥɭɱɚɟɦɨɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɫɮɚɥɶɬɟɧɨɜ, ɥɢɲɶ 

ɧɟɧɚɦɧɨɝɨ ɩɪɟɜɵɲɚɟɬ ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɤɚɩɟɥɶ ɷɦɭɥɶɫɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɉȺȼ, ɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ ɫɪɟɞɧɟɝɨ ɞɢɚɦɟɬɪɚ ɤɚɩɟɥɶ ɷɦɭɥɶɫɢɢ, 

ɩɨɥɭɱɚɟɦɨɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ. ɇɚɛɥɸɞɚɟɦɵɣ ɷɮɮɟɤɬ ɨɛɭɫɥɨɜɥɟɧ 

ɫɧɢɠɟɧɢɟɦ ɦɟɠɮɚɡɧɨɝɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɜɨɞɚ/ɭɝɥɟɜɨɞɨɪɨɞɧɚɹ ɮɚɡɚ 

ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɚɫɮɚɥɶɬɟɧɨɜ.  

Ɍɚɛɥɢɰɚ 1. ɋɜɨɣɫɬɜɚ ɨɛɪɚɳɟɧɧɵɯ ɷɦɭɥɶɫɢɣ ɩɪɢ Cɜɨɞɧɨɣ ɮɚɡɵ = 2 ɦɚɫ. % ɢ CɉȺȼ = 5 ɦɚɫ. % 

ʿʤʦ ˁ̬ед̛̦̜ д̛̥̌ет̬ 
к̌пел̽, ̦̥ И̦дек̭ 

пол̛д̛̭пе̬̭̦о̭т̛ ʿло̺̌д̽ по̏е̵̬̦о̭т̛ 
̬̌̚дел̌ ̴̌̚, ̥2/̐ 

ˁ̛̭те̥̌ ̏ода/[толуол+̐епта̦] 
Оле̛̦о̏̌я к̛̭лот̌ 2310 0.24 0.063 
ˁп̦̌ 8Ϭ 189 0.23 0.63 
ˁп̦̌ 8Ϭ + ˃̛̦̏ 8Ϭ 159 0.51 0.75 
ʤ̴̭̌л̽те̦̼ 309 0.57 0.39 

ˁ̛̭те̥̌ ̬а̭т̏о̬ ;NH4)6Mo7O24/[толуол+̐епта̦] 
Оле̛̦о̏̌я к̛̭лот̌ 2099 0.5 0.042 
ˁп̦̌ 8Ϭ 142 0.3 0.62 
ˁп̦̌ 8Ϭ + ˃̛̦̏ 8Ϭ 127 0.24 0.69 
ʤ̴̭̌л̽те̦̼ 248 0.72 0.36 
 

Ⱦɢɫɩɟɪɫɧɵɣ ɫɨɫɬɚɜ ɷɦɭɥɶɫɢɣ ɢ ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɶ ɡɚɜɢɫɹɬ ɨɬ ɩɪɢɪɨɞɵ ɢ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɟɤɭɪɫɨɪɚ, ɜɜɨɞɢɦɨɝɨ ɜ ɜɨɞɧɭɸ ɮɚɡɭ. Ɉɛɪɚɳɟɧɧɵɟ ɷɦɭɥɶɫɢɢ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɟ 

ɚɫɮɚɥɶɬɟɧɚɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ «ɟɦɤɨɫɬɶɸ» ɩɨ ɫɨɥɸɛɢɥɢɡɢɪɭɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 

ɩɪɟɤɭɪɫɨɪɚ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɥɸɛɢɥɢɡɢɪɭɟɦɨɝɨ ɪɚɫɬɜɨɪɚ (NH4)6Mo7O24 

ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 55 ɦɚɫ. % (ɜ ɪɚɫɱɟɬɟ ɧɚ ɷɦɭɥɶɫɢɸ) ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɚɫɮɚɥɶɬɟɧɨɜ ɜ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɮɚɡɟ ɧɟ ɦɟɧɟɟ 5 ɦɚɫ. %. ɋɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɟ ɚɫɮɚɥɶɬɟɧɚɦɢ ɷɦɭɥɶɫɢɢ ɫ 

ɩɪɟɤɭɪɫɨɪɚɦɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ ɫɥɭɠɚɬ ɨɩɬɢɦɚɥɶɧɵɦɢ ɢɫɯɨɞɧɵɦɢ 

ɫɢɫɬɟɦɚɦɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ ɫ 

ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɨɛɴɟɦɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɮɚɡɵ. 

Ɍɚɤ, ɧɚ ɛɚɡɟ ɨɛɪɚɳɟɧɧɵɯ ɷɦɭɥɶɫɢɣ ɪɚɫɬɜɨɪ (NH4)6Mo7O24/ɜɚɤɭɭɦɧɵɣ ɨɫɬɚɬɨɤ 

ɞɢɫɬɢɥɥɹɰɢɢ ɧɟɮɬɢ ɩɨɥɭɱɟɧɵ ɨɩɵɬɧɵɟ ɨɛɪɚɡɰɵ ɫɭɫɩɟɧɡɢɣ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɞɨ 8,0 ɦɚɫ. % ɢ ɫɪɟɞɧɢɦ ɞɢɚɦɟɬɪɨɦ 

ɱɚɫɬɢɰ ɧɟ ɛɨɥɟɟ 283 ɧɦ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ, ɭɧɢɤɚɥɶɧɵɣ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɨɟɤɬɚ: RFMEFI60716X0148. 
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ȼ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɜ ɦɢɪɟ ɧɚɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɭɠɟɫɬɨɱɟɧɢɹ 

ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɤɚɱɟɫɬɜɭ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ. Ɍɚɤ, ɜ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜɚɯ 

ɪɟɡɤɨ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɗɬɨ ɫɜɹɡɚɧɨ 

ɫ ɬɟɦ, ɱɬɨ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɭɯɭɞɲɚɟɬ 

ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɨɩɥɢɜ: ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɤɥɨɧɧɨɫɬɶ ɤ 

ɧɚɝɚɪɨɨɛɪɚɡɨɜɚɧɢɸ, ɩɨɜɵɲɚɸɬɫɹ ɜɵɛɪɨɫɵ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ. Ʉɪɨɦɟ ɬɨɝɨ, ɚɪɨɦɚɬɢɱɟɫɤɢɟ 

ɫɨɟɞɢɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɬɨɤɫɢɱɧɨɫɬɶɸ. Ɉɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ 

ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɞɜɢɝɚɬɟɥɹɯ ɹɜɥɹɟɬɫɹ ɞɢɨɤɫɢɞ ɫɟɪɵ. ɉɨɷɬɨɦɭ ɜ 

ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɟ ɜɫɟ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɩɪɢɨɛɪɟɬɚɸɬ ɬɚɤɢɟ ɩɪɨɰɟɫɫɵ, ɤɚɤ ɝɢɞɪɨɨɱɢɫɬɤɚ 

ɢ  ɝɢɞɪɨɞɟɚɪɨɦɚɬɢɡɚɰɢɹ. ȼ ɢɯ ɨɫɧɨɜɟ ɥɟɠɢɬ ɪɟɚɤɰɢɹ ɝɢɞɪɢɪɨɜɚɧɢɹ: ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɧɚɮɬɟɧɵ, ɚ 

ɫɟɪɚ ɭɞɚɥɹɟɬɫɹ ɢɡ ɫɢɫɬɟɦɵ ɜ ɜɢɞɟ ɥɟɝɤɨɥɟɬɭɱɟɝɨ ɫɟɪɨɜɨɞɨɪɨɞɚ. 

ɉɨɥɭɱɟɧɢɟ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɧɟɟ 

10-15% ɢ ɭɥɶɬɪɚɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ 

ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɪɟɚɤɰɢɢ ɝɢɞɪɢɪɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɬɚɤɢɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɛɵɫɬɪɨ 

ɞɟɡɚɤɬɢɜɢɪɭɸɬɫɹ ɫɨɟɞɢɧɟɧɢɹɦɢ ɫɟɪɵ, ɫɨɞɟɪɠɚɳɢɦɢɫɹ ɜ ɫɵɪɶɟ. ɉɨɷɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɚɱɟɫɬɜɟɧɧɵɯ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɩɪɢɦɟɧɹɸɬɫɹ ɞɜɭɯɫɬɚɞɢɣɧɵɟ 

ɩɪɨɰɟɫɫɵ:  

- ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɭɥɶɮɢɞɧɵɟ Al-Ni-Mo ɢɥɢ Al-Ni-W 

ɤɚɬɚɥɢɡɚɬɨɪɵ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɬɨɪɵɯ  ɩɪɢ 340-380ɨɋ ɢ ɞɚɜɥɟɧɢɢ ɞɨ 70 ɚɬɦ. ɫɨɞɟɪɠɚɧɢɟ 

ɫɟɪɵ ɫɧɢɠɚɟɬɫɹ ɞɨ 30-100 ppm, ɚ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ -  ɞɨ 20-30 ɦɚɫɫ.%. ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɩɪɨɰɟɫɫɚ; 

- ɧɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɩɪɢ 260-280ɨɋ ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 

ɫɧɢɠɚɟɬɫɹ ɞɨ ɭɪɨɜɧɹ ɦɟɧɟɟ 10 ɦɚɫɫ.%, ɚ ɫɟɪɵ – ɞɨ 5-10 ppm. ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɧɚ ɷɬɨɣ ɫɬɚɞɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɫɬɟɦɵ Pt-Pd/ɰɟɨɥɢɬ/Ȗ-Al2O3, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ ɜ 

ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ ɧɨɫɢɬɟɥɹ. 

ɋ-I-9 

mailto:naranov@ips.ac.ru


161 

 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɩɨɜɵɲɟɧɢɹ ɫɟɥɟɤɬɢɜɧɨɫɬɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ ɨɩɬɢɦɢɡɚɰɢɟɣ ɫɜɨɣɫɬɜ ɧɨɫɢɬɟɥɹ. Ɋɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɢɤɢ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɧɚɧɟcɟɧɧɵɯ Ni-W ɢ Pt-Pd ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɧɨɫɢɬɟɥɹɦɢ ɤɨɬɨɪɵɯ ɫɥɭɠɚɬ 

ɤɨɦɩɨɡɢɰɢɢ Al-SBA-15/Ȗ-Al2O3, ɝɞɟ Al-SBA-15 – ɦɟɡɨɩɨɪɢɫɬɵɟ ɚɥɸɦɨɫɢɥɢɤɚɬɵ ɫ 

ɪɚɡɥɢɱɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ Si/Al. Ʉɚɬɚɥɢɡɚɬɨɪɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɦɢ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ: ɚɬɨɦɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ 

ɚɞɫɨɪɛɰɢɹ-ɞɟɫɨɪɛɰɢɹ ɚɡɨɬɚ, ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɭɟɦɚɹ ɞɟɫɨɛɪɰɢɹ NH3, ɞɢɮɪɚɤɰɢɹ 

ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɭɱɟɣ ɧɚ ɦɚɥɵɯ ɭɝɥɚɯ, ɩɪɨɫɜɟɱɢɜɚɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ, 

ɬɜɟɪɞɨɬɟɥɶɧɵɣ əɆɊ 27Al ɢ 29Si, ɪɟɧɬɝɟɧɨɮɨɬɨɷɥɟɤɬɪɨɧɧɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ. Ⱦɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɢɞɪɨɞɟɚɪɨɦɚɬɢɡɚɰɢɢ ɢ ɨɛɟɫɫɟɪɢɜɚɧɢɹ ɦɨɞɟɥɶɧɵɯ ɫɦɟɫɟɣ ɢ ɞɢɡɟɥɶɧɵɯ 

ɮɪɚɤɰɢɣ ɫɨɡɞɚɧɚ ɥɚɛɨɪɚɬɨɪɧɚɹ ɩɪɨɬɨɱɧɚɹ ɭɫɬɚɧɨɜɤɚ ɢ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ 

ɨɩɵɬɨɜ ɜ ɭɫɥɨɜɢɹɯ, ɛɥɢɡɤɢɯ ɤ ɩɪɨɦɵɲɥɟɧɧɵɦ. ɉɪɨɜɟɞɟɧɚ ɨɩɬɢɦɢɡɚɰɢɹ ɭɫɥɨɜɢɣ 

ɬɟɫɬɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ (ɚɜɬɨɤɥɚɜɟ). 

ɉɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɝɢɞɪɢɪɨɜɚɧɢɸ, ɦɨɞɟɥɢɪɭɸɳɢɟ ɩɟɪɜɭɸ ɢ ɜɬɨɪɭɸ 

ɫɬɭɩɟɧɢ ɞɟɚɪɨɦɚɬɢɡɚɰɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɵɯ ɫɦɟɫɟɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɫɬɜɨɪɵ, 

ɫɨɞɟɪɠɚɳɢɟ 4-6% ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ - ɧɚɮɬɚɥɢɧɚ, ɬɟɬɪɚɥɢɧɚ, 1-

ɦɟɬɢɥɧɚɮɬɚɥɢɧɚ ɢ 100-500 ppm ɛɟɧɡɨɬɢɨɮɟɧɚ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɧ-

ɝɟɩɬɚɧ. Ɍɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɝɢɞɪɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɦɟɫɶ ɧ-

ɝɟɩɬɚɧ-ɬɨɥɭɨɥ-ɧɚɮɬɚɥɢɧ-ɛɟɧɡɨɬɢɨɮɟɧ ɢ ɩɪɹɦɨɝɨɧɧɵɟ ɞɢɡɟɥɶɧɵɟ ɮɪɚɤɰɢɢ. ɋɨɫɬɚɜ 

ɩɪɨɞɭɤɬɨɜ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɚɦɢ Ƚɀɏ ɢ ɯɪɨɦɚɬɨɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ; ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ 

ɜ ɢɫɯɨɞɧɵɯ ɫɦɟɫɹɯ ɢ ɩɪɨɞɭɤɬɚɯ ɪɟɚɤɰɢɢ - ɮɥɭɨɪɟɫɰɟɧɬɧɵɦ ɦɟɬɨɞɨɦ. 
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ɄɊȿɄɂɇȽ ȼȺɄɍɍɆɇɈȽɈ ȽȺɁɈɃɅə ɇȺ ɄȺɌȺɅɂɁȺɌɈɊȺɏ ɋ 
ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɉɂɅɅȺɊɂɊɈȼȺɇɇɈȽɈ ɀȿɅȿɁɈɆ 

ɆɈɇɌɆɈɊɂɅɅɈɇɂɌȺ, ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɈȽɈ  ɐȿɈɅɂɌOɆ HZSM-5 ɋ 
ɊȺɁɅɂɑɇɕɆ ɋɂɅɂɄȺɌɇɕɆ ɆɈȾɍɅȿɆ 
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ɉɪɢ ɫɨɡɞɚɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɤɪɟɤɢɧɝɚ ɬɹɠёɥɨɝɨ ɢ ɨɫɬɚɬɨɱɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ, 

ɤɚɤ ɢɡɜɟɫɬɧɨ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɜɵɫɨɤɨɤɪɟɦɧɟɡɟɦɧɵɟ ɰɟɨɥɢɬɵ ɬɢɩɚ ZSM-5 ɞɥɹ 

ɭɜɟɥɢɱɟɧɢɹ ɜɵɯɨɞɨɜ ɥɟɝɤɢɯ ɚɥɤɟɧɨɜ [1] ɞɥɹ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ, ɭɜɟɥɢɱɟɧɢɹ 

ɫɭɦɦɚɪɧɨɝɨ ɜɵɯɨɞɚ ɛɟɧɡɢɧɚ ɢ ɥɟɝɤɢɯ ɚɥɤɟɧɨɜ (HZSM-5 ɜ ɫɦɟɫɢ ɫ HY- ɰɟɨɥɢɬɨɦ) [2]. 

ɉɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨ ɤɪɟɦɧɟɡɟɦɧɵɯ ɰɟɨɥɢɬɨɜ ɫɜɹɡɚɧɨ ɫ ɬɚɤɢɦɢ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɤɚɤ ɩɨɪɢɫɬɨɫɬɶ, ɤɢɫɥɨɬɧɨɫɬɶ ɢ ɥɨɤɚɥɢɡɚɰɢɹ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ (ɤ.ɰ.), 

ɬɟɪɦɢɱɟɫɤɚɹ ɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɫɢɥɢɤɚɬɧɨɝɨ ɦɨɞɭɥɹ 

ɰɟɨɥɢɬɚ. ɉɨɜɵɲɟɧɧɵɟ ɤɢɫɥɨɬɧɨɫɬɶ ɢ ɱɢɫɥɨ ɦɢɤɪɨɩɨɪ ɧɚɣɞɟɧɵ ɛɵɥɢ ɧɚɦɢ ɪɚɧɟɟ ɞɥɹ 

ɩɢɥɥɚɪɢɪɨɜɚɧɧɨɝɨ ɠɟɥɟɡɨɦ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ(ɆɆ) [3].   

ɐɟɥɶɸ ɪɚɛɨɬɵ ɫɬɚɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɜ ɤɪɟɤɢɧɝɟ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ 

(ȼȽ) HZSM-5 ɰɟɨɥɢɬɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɢɥɢɤɚɬɧɵɦɢ ɦɨɞɭɥɹɦɢ ɧɚ ɩɢɥɥɚɪɢɪɨɜɚɧɧɨɦ Al-Fe 

(2.5) ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɟ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ Al:Fe=1:2. 

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ HZSM-5 ɫ ɫɢɥɢɤɚɬɧɵɦɢ 

ɦɨɞɭɥɹɦɢ 38; 50 ɢ 80. Al-Fe(2.5)NaHMM ɩɨɥɭɱɚɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɩɢɥɥɚɪɢɪɨɜɚɧɢɟɦ 

ɇ-ɮɨɪɦɵ Na-ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ (NaHɆɆ) ɝɢɞɪɨɤɫɨɤɨɦɩɥɟɤɫɚɦɢ Al ɢ Fe ɫ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɝɢɞɪɨɤɫɨɤɨɦɩɥɟɤɫɨɜ 2.5 ɦɦɨɥɶ Ɇɟ3+ / ɝ ɆɆ. 

Ʉɚɬɚɥɢɡɚɬɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ 15% HZSM, ɝɨɬɨɜɢɥɢ ɦɟɬɨɞɨɦ ɜɥɚɠɧɨɝɨ ɫɦɟɲɟɧɢɹ 

ɤɨɦɩɨɧɟɧɬɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɮɨɪɦɨɜɚɧɢɟɦ, ɩɪɨɫɭɲɢɜɚɧɢɟɦ ɢ ɩɪɨɤɚɥɢɜɚɧɢɟɦ. 

ɉɥɨɬɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ - 0,82 ɝ/ɫɦ3. Ɉɰɟɧɤɭ ɚɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɜ ɤɪɟɤɢɧɝɟ  ɜɚɤɭɭɦɧɨɝɨ 

ɝɚɡɨɣɥɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ ɆȺɄ-10, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 450, 470 ɢ 4800ɋ (Si/Al=38), 

410, 430 ɢ 4500ɋ(Si/Al=50 ɢ 80), ɦɚɫɫɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ 21 ɱɚɫ-1 ɢ ɫɨɨɬɧɨɲɟɧɢɢ 

ɤɚɬɚɥɢɡɚɬɨɪ:ɫɵɪɶɟ, ɪɚɜɧɨɦ 3:1. Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɟɨɥɢɬɨɜ ɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɢɯ 

ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞɵ ȻɗɌ ɢ ɷɥɟɤɬɪɨɡɨɧɞɨɜɨɝɨ ɚɧɚɥɢɡɚ. Ɋɢɫɭɧɨɤ 1 ɢɥɥɸɫɬɪɢɪɭɟɬ 

ɚɤɬɢɜɧɨɫɬɶ AlFe(2.5)NaHMM+HZSM-5-ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɫɢɥɢɤɚɬɧɵɦɢ ɦɨɞɭɥɹɦɢ ɩɪɢ 4500ɋ ɢ ɦɚɫɫɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ 21 ɱɚɫ-1. 

ɇɚɢɛɨɥɶɲɢɣ ɜɵɯɨɞ ɛɟɧɡɢɧɚ 50,3% ɧɚɣɞɟɧ ɞɥɹ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨɩɨɪɢɫɬɨɝɨ 
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ɰɟɨɥɢɬɚ(Si/Al=38), ɤɨɧɜɟɪɫɢɹ ɫɵɪɶɹ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɢɥɚ 91,8%. ɍɜɟɥɢɱɟɧɢɟ ɫɢɥɢɤɚɬɧɨɝɨ 

ɦɨɞɭɥɹ ɞɨ 80 ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɜɵɯɨɞɚ ɝɚɡɨɜɨɣ ɮɚɡɵ, ɥɟɝɤɨɝɨ ɝɚɡɨɣɥɹ ɢ ɤɨɧɜɟɪɫɢɢ ɫɵɪɶɹ. 

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɟɤɢɧɝɚ ɨɬ 430 ɞɨ 4800ɋ ɧɚ  HZSM-5 (38)-

ɫɨɞɟɪɠɚɳɟɦ ɤɨɧɬɚɤɬɟ ɜɵɯɨɞ ɛɟɧɡɢɧɚ ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ 50,3 ɞɨ 37,0%. Ʉɨɥɢɱɟɫɬɜɨ 

ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɝɚɡɨɜ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɵɦ (25,0 , 26,0 ɢ 26,7%). 

ɇɚɛɥɸɞɚɟɬɫɹ ɜɵɫɨɤɚɹ ɤɨɧɜɟɪɫɢɹ, ɤɨɬɨɪɚɹ ɞɨɫɬɢɝɚɟɬ 91,6 - 99,3%. ɇɚ HZSM-5 (50) ɢ 

HZSM-5 (80)-ɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɡɚɜɢɫɢɦɨɫɬɢ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɤɪɟɤɢɧɝɚ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɛɥɢɡɤɢ. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɜɵɯɨɞɵ ɛɟɧɡɢɧɚ 41,5 ɢ 40,9%, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ  ɦɨɞɭɥɹɦ 50 ɢ 80, ɩɪɢɯɨɞɹɬɫɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 4300ɋ. ɋ ɩɨɜɵɲɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 410 ɞɨ 4500ɋ ɜ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɚɯ ɪɚɫɬɟɬ ɫɨɞɟɪɠɚɧɢɟ ɥɟɝɤɨɝɨ ɝɚɡɨɣɥɹ 

(ɅȽ) ɨɬ 12,5 ɢ  11,4% ɞɨ 28,2 ɢ 28,6%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜɨɣ ɮɚɡɵ 

ɤɨɥɟɛɥɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 22,1 - 27,4% - ɞɥɹ HZSM-5 (50) ɢ 23,8 - 29,4% - ɞɥɹ HZSM-5 (80). 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɜɟɪɫɢɹ ɫɵɪɶɹ ɞɥɹ HZSM-5 (80) - ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 80%. 

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɨɜ ɨɫɧɨɜɧɵɯ ɩɪɨɞɭɤɬɨɜ ɤɪɟɤɢɧɝɚ ȼȽ(%) ɨɬ 

ɫɢɥɢɤɚɬɧɨɝɨ ɦɨɞɭɥɹ ɰɟɨɥɢɬɚ ɜ ɢɫɩɨɥɶɡɭɟɦɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ Al-Fe(2.5)NaHMM+ɇZSM-5 

 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɥɢɬɟɪɚɬɭɪɵ [4] ɭɜɟɥɢɱɟɧɢɟ ɤɪɟɦɧɟɡɟɦɧɨɝɨ ɦɨɞɭɥɹ ɰɟɨɥɢɬɚ 

ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤ.ɰ. ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɢɯ ɫɢɥɵ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ, ɩɨ- 

ɜɢɞɢɦɨɦɭ, ɛɥɢɡɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɤɪɟɤɢɧɝɚ ȼȽ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɢɫɬɟɦɚɯ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɪɢɜɟɞɟɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɯɨɞɧɵɯ ZSM-5  

ɰɟɨɥɢɬɨɜ, ɢɯ ɤɢɫɥɨɬɧɵɯ ɮɨɪɦ ɢ Al-Fe(2.5)NaHMM + HZSM-5 ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ 

(ɬɚɛɥɢɰɚ 1). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɟɪɟɜɨɞ ZSM-5 ɜ ɇ-ɮɨɪɦɭ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɫɨɤɪɚɳɟɧɢɸ ɱɢɫɥɚ ɦɟɡɨɩɨɪ. ɉɨ ɱɢɫɥɭ ɦɟɡɨɩɨɪ Al-Fe ɤɨɦɩɨɡɢɬɧɵɟ 

ʧ̌̚

ʥе̛̦̦̚

Ле̐к̛̜ ̐̌̚о̜л̽
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ɤɚɬɚɥɢɡɚɬɨɪɵ ɡɚɧɢɦɚɸɬ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɦɟɠɞɭ  ZSM-5   ɢ HZSM-5 

ɰɟɨɥɢɬɚɦɢ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɨɣ ɩɢɥɥɚɪɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

 

Ɍɚɛɥɢɰɚ 1. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ZSM-5,  HZSM-5 ɢ Al-

Fe(2.5)NaHMM + HZSM-5 

ɨɛɪɚɡɟɰ S, 

ɦ2/ɝ 

Ɉɛɳɢɣ 
ɨɛɴёɦ 
ɩɨɪ, ɫɦ3/ɝ 

R, Å ɋɨɞɟɪɠɚɧɢɟ ɩɨɪ, % 

Ɇɢɤɪɨ 0-20Å Ɇɟɡɨ 20-80Å 

ZSM-5 (38) 350,8 0,324 12,9-82,9 5,6 94,4 

ZSM-5 (50) 328,3 0,268 8,6-87,1 4,1 95,9 

ZSM - 5 (80) 361,3 0,256 10-77,4 6,5 93,5 

ɇZSM-5 (38) 442,1 0,193 11,4-67,1 54,5 45,5 

ɇZSM-5 (50) 343,5 0,205 10-77,1 15,6 84,4 

ɇZSM - 5 (80) 376,5 0,244 11,4-74,3 56,2 43,8 

Al-FeNaHMM+HZSM-5 (80) 177,4 0,152 8,9-69,4 33,8 66,2 

Al-FeNaHMM+HZSM-5(50) 156,5 0,163 8,3-69,4 33,6 66,4 

Al-FeNaHMM+HZSM-5(38) 157,8 0,154 9,6-68,9 33 67 

 

ɉɟɪɟɜɨɞ ZSM-5 ɜ ɇ-ɮɨɪɦɭ ɩɪɢɜɨɞɢɬ ɤ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɦɭ ɭɞɚɥɟɧɢɸ ɧɚɬɪɢɹ. 

ȼ ɧɚɧɟɫёɧɧɨɦ HZSM-5-ɰɟɨɥɢɬɧɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ɧɚ ɩɢɥɥɚɪɢɪɨɜɚɧɧɨɦ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɟ 

ɫɨɞɟɪɠɚɧɢɟ Na ɫɨɫɬɚɜɥɹɟɬ - 0,7%.  

Ⱦɥɹ ɤɨɧɬɚɤɬɚ ɫ ɫɢɥɢɤɚɬɧɵɦ ɦɨɞɭɥɟɦ 80, ɧɚ ɤɨɬɨɪɨɦ ɨɬɦɟɱɟɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɝɚɡɨɨɛɪɚɡɨɜɚɧɢɟ, ɩɪɨɜɟɞɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɚɜɚ ɝɚɡɨɜɨɣ ɮɚɡɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɜɵɯɨɞɚ ɫɭɯɨɝɨ ɝɚɡɚ ɨɬ 3,9 ɞɨ 24,8%, ɷɬɢɥɟɧɚ 

ɨɬ 7,7 ɞɨ 12,8%. Ɇɚɥɨ ɦɟɧɹɟɬɫɹ ɜɵɯɨɞ ɩɪɨɩɢɥɟɧɚ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ 22,5 ɢ 23,3%, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɫɭɦɦɚɪɧɵɣ ɜɵɯɨɞ ɋ4-ɚɥɤɚɧɨɜ ɢ ɚɥɤɟɧɨɜ. ɋɨɞɟɪɠɚɧɢɟ ɋ5-

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜɨɡɪɚɫɬɚɟɬ ɨɬ 2,4 ɞɨ 17,2%. ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɋ3-ɋ4-ɚɥɤɟɧɨɜ ɜ 

ɫɨɫɬɚɜɟ ɝɚɡɚ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢ 4300ɋ 43,9 ɢ 29,2% - ɩɪɢ 4800ɋ. 

ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ HZSM-5-ɰɟɨɥɢɬɚ ɜ ɤɚɱɟɫɬɜɟ 

ɤɨɦɩɨɧɟɧɬɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɤɪɟɤɢɧɝɚ ȼȽ ɧɚ ɩɢɥɥɚɪɢɪɨɜɚɧɧɨɦ ɠɟɥɟɡɨ-ɚɥɸɦɢɧɢɟɜɨɦ 

ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɟ ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɥɭɱɟɧɢɹ ɛɟɧɡɢɧɚ ɢ ɝɚɡɨɜɨɣ ɮɚɡɵ, ɫɨɞɟɪɠɚɳɟɣ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɥɤɟɧɨɜ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɩɪɨɟɤɬɚ ɆɈɇ ɊɄ «ɋɨɡɞɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ  ɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ ɢ ɥɟɝɤɢɯ ɚɥɤɟɧɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ 

ɤɪɟɤɢɧɝɨɦ ɬɹɠɟɥɨɝɨ  ɢ ɨɫɬɚɬɨɱɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ». 

 

 



165 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ⱦɨɪɨɧɢɧ ȼ.ɉ.., ɋɨɪɨɤɢɧɚ Ɍ.ɉ. Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɱɟɫɤɢɣ ɠɭɪɧɚɥ. 2007. Ɍ. 51. № 4. ɋ. 23. 

2. Rahimi N., Karimzadeh R. Applied Catalysis A: General. 2011. Vol.398. P. 1. 

3. Ʉɢɦ Ɉ.Ʉ., ȼɨɥɤɨɜɚ Ʌ.Ⱦ., Ɂɚɤɚɪɢɧɚ  ɇ.Ⱥ. ɋɛɨɪɧɢɤ ɬɪɭɞɨɜ "Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ 

ɧɟɮɬɟɯɢɦɢɢ".2016. ɋ. 148. 

4. Ʉɥɹɱɤɨ Ⱥ.Ʌ., Ɇɢɲɢɧ ɂ.ȼ. ɇɟɮɬɟɯɢɦɢɹ. 1990. Ɍɨɦ 30. № 3. ɋ. 339. 

 

  



166 

 

ȼɅɂəɇɂȿ ȽɂȾɊɈɌȿɊɆȺɅɖɇɈɃ ɈȻɊȺȻɈɌɄɂ ȺɆɈɊɎɇɈȽɈ ȽɂȾɊɈɄɋɂȾȺ 
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INFLUENCE OF HYDROTHERMAL TREATMENT OF AMORPHOUS 

ALUMINUM HYDROXIDE ON THE CATALYST PROPERTIES IN ACID TYPE 

REACTIONS 
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ɭɧɢɜɟɪɫɢɬɟɬ, Ʉɚɡɚɧɶ 
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ɉɪɨɞɭɤɬɵ ɞɟɝɢɞɪɚɬɚɰɢɢ ɫɩɢɪɬɨɜ, ɚ ɬɚɤɠɟ ɫɤɟɥɟɬɧɨɣ ɢɡɨɦɟɪɢɡɚɰɢɢ ɨɥɟɮɢɧɨɜ 

ɹɜɥɹɸɬɫɹ ɜɚɠɧɟɣɲɢɦɢ ɦɨɧɨɦɟɪɚɦɢ ɤɚɭɱɭɤɨɜ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨ ɦɧɨɝɢɯ ɩɪɨɰɟɫɫɚɯ 

ɧɟɮɬɟɯɢɦɢɢ. ɗɬɢ ɪɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɫ ɭɱɚɫɬɢɟɦ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ Ʌɶɸɢɫɚ ɤɚɬɢɨɧɨɜ 

ɚɥɸɦɢɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɫɩɨɥɶɡɭɸɬ -Al2O3 ɫ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

ɥɶɸɢɫɨɜɫɤɢɯ ɤɢɫɥɨɬɧɵɯ ɰɟɬɪɨɜ. ɉɪɨɦɵɲɥɟɧɧɵɣ -Al2O3 ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɞɟɝɢɞɪɚɬɚɰɢɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɫɟɜɞɨɛɟɦɢɬɚ [1-3]. ɉɨɥɭɱɟɧɧɵɣ ɧɚɩɪɹɦɭɸ ɢɡ 

ɩɫɟɜɞɨɛɟɦɢɬɚ ɚɥɸɦɨɨɤɫɢɞɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ ɧɟ ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɷɬɢɯ ɪɟɚɤɰɢɣ ɫɢɥɨɣ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ Ʌɶɸɢɫɚ, ɩɨɷɬɨɦɭ ɩɨɜɟɪɯɧɨɫɬɶ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 

ɦɨɞɢɮɢɰɢɪɭɸɬ ɫ ɰɟɥɶɸ ɟɟ ɩɨɜɵɲɟɧɢɹ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɭɜɟɥɢɱɟɧɢɹ ɫɢɥɵ ɤɢɫɥɨɬɧɵɯ 

ɰɟɧɬɪɨɜ Ʌɶɸɢɫɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɩɪɚɜɥɟɧɧɚɹ 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɫɥɚɛɨɨɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ (ɩɫɟɜɞɨɛɟɦɢɬ) ɢ 

ɧɟɨɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ (ɚɦɨɪɮ) ɮɨɪɦ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɤɨɬɨɪɵɟ ɱɚɫɬɢɱɧɨ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɫɨɫɬɚɜɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɝɢɞɪɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ, ɩɨɥɭɱɚɟɦɵɯ 

ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. Ɍɚɤɠɟ ɜ ɯɨɞɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɨɢɫɯɨɞɢɬ 

ɢɧɬɟɧɫɢɜɧɨɟ ɜɵɞɟɥɟɧɢɟ ɢɨɧɨɜ Na, Fe ɢ ɞɪ. ɢɡ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɹɞɚɦɢ.  

ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ȽɌɈ ɚɦɨɪɮɧɨɝɨ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɧɚ ɫɜɨɣɫɬɜɚ 

ɩɨɥɭɱɚɟɦɨɝɨ ɚɥɸɦɨɨɤɫɢɞɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɣ ɤɢɫɥɨɬɧɨɝɨ ɬɢɩɚ. 

Ⱥɦɨɪɮɧɵɣ ɝɢɞɪɨɤɫɢɞ ɚɥɸɦɢɧɢɹ (ȽɈȺ) ɩɨɥɭɱɚɥɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ 

Al(NO3)39H2O ɩɪɢ Ɍ=350 ɋ ɜ ɬɟɱɟɧɢɟ 50 ɦɢɧ (ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ=250 ɋ/ɱ) ɩɪɢ 

ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ [1]. Ƚɢɞɪɨɬɟɪɦɚɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ (ȽɌɈ) ɩɪɨɜɨɞɢɥɢ ɜ ɜɨɞɧɨɣ 

ɫɭɫɩɟɧɡɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 110-150 ɋ ɜ ɬɟɱɟɧɢɟ 3 ɱ. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɪɟɦɟɧɢ 

ȽɌɈ ɧɚ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɢɫɫɥɟɞɨɜɚɥɢ ɩɪɢ ɢɫɯɨɞɧɨɦ ɡɧɚɱɟɧɢɢ ɪɇ (3,6). Ɉɬɛɨɪɵ 

ɩɪɨɛ ɩɪɨɜɨɞɢɥɢ ɜ ɪɟɠɢɦɟ ɧɚɝɪɟɜɚ ɪɟɚɤɬɨɪɚ ɚɜɬɨɤɥɚɜɚ ɱɟɪɟɡ 15 ɦɢɧ ɩɨɫɥɟ ɧɚɱɚɥɚ ɢ ɜ 

ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɱɟɧɢɟ 0-180 ɦɢɧ 
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ɱɟɪɟɡ ɤɚɠɞɵɟ 30 ɦɢɧ. ɉɪɨɞɭɤɬɨɦ ȽɌɈ ɜɨ ɜɫɟɯ ɞɢɚɩɚɡɨɧɚɯ ɬɟɦɩɟɪɚɬɭɪ ɹɜɥɹɟɬɫɹ ɛɟɦɢɬ 

(Ȼɦ), ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɣ ɧɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɯ ɯɚɪɚɤɬɟɪɧɵɦ ɧɚɛɨɪɨɦ ɞɢɮɪɚɤɰɢɨɧɧɵɯ 

ɥɢɧɢɣ, ɚ ɧɚ ɤɪɢɜɵɯ ȾɋɄ – ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ ɫ ɩɢɤɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 392-480 ɋ. 

 

 

Ɋɢɫ. 1. Ɋɟɡɭɥɶɬɚɬɵ ɌȽ/ȾɋɄ/Ɇɋ ɚɧɚɥɢɡɚ ɩɪɨɞɭɤɬɨɜ ȽɌɈ ɚɦɨɪɮɧɨɝɨ ȽɈȺ 

(Ɍ=150 ɋ ɢ 2,5 ɱ ɜɵɞɟɪɠɤɢ ɬɟɦɩɟɪɚɬɭɪɵ) 

 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ȽɌɈ ɨɛɪɚɡɰɚ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɳɟɧɢɟ 

ɩɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɷɧɞɨɬɟɪɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ, ɢɞɟɧɬɢɮɢɰɢɪɭɸɳɟɝɨ Ȼɦ, ɜ ɫɬɨɪɨɧɭ 

ɛɨɥɶɲɢɯ ɬɟɦɩɟɪɚɬɭɪ. ɂɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɨɛɪɚɡɰɨɜ ɫ ɩɨɦɨɳɶɸ 

ɦɟɠɩɥɨɫɤɨɫɬɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ d, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɭɪɚɜɧɟɧɢɸ ɋɟɥɹɤɨɜɚ-ɒɟɪɟɪɚ, 

ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɦɟɠɫɥɨɟɜɨɣ ɜɨɞɵ (n, ɦɨɥɶ H2O ɧɚ 1 ɦɨɥɶ Al2O3) ɜ ɫɬɪɭɤɬɭɪɟ Ȼɦ [2].  

 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɢ ɡɧɚɱɟɧɢɣ ɦɟɠɩɥɨɫɤɨɫɬɧɨɣ ɜɨɞɵ n ɩɪɨɞɭɤɬɨɜ ȽɌɈ 

ɚɦɨɪɮɧɨɝɨ ȽɈȺ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɪɚɛɨɬɤɢ.  

ɍɦɟɧɶɲɟɧɢɟ n ɞɥɹ ɩɪɨɞɭɤɬɨɜ ȽɌɈ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɢɤɚ 

ɷɧɞɨɪɬɟɪɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɧɚ ɤɪɢɜɵɯ ȾɋɄ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ Ȼɦ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ȽɌɈ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ n ɨɛɪɚɡɭɸɳɟɝɨɫɹ Ȼɦ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ 
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ɞɚɧɧɵɯ n, ɛɵɥɨ ɪɚɫɫɱɢɬɚɧɨ ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɭɸɳɟɝɨɫɹ Ȼɦ ɜ ɯɨɞɟ ȽɌɈ. ȼ ɫɥɭɱɚɟ ȽɌɈ ɩɪɢ 

120-150 ɋ ɛɨɥɟɟ 2 ɱ ɜɵɞɟɪɠɤɢ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɛɨɥɶɲɨɟ 

ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ Ȼɦ 0,30 – 3,57 ɦɚɫɫ.%. ɗɬɨɬ ɷɮɮɟɤɬ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟɦ 

ɪɚɡɦɟɪɨɜ ɨɛɥɚɫɬɢ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ (ɈɄɊ) ɤɪɢɫɬɚɥɥɨɜ ɨɛɪɚɡɭɸɳɟɝɨɫɹ Ȼɦ ɩɨ 

ɩɥɨɫɤɨɫɬɢ (120), ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟɦ Sɭɞ ɫ 111 ɞɨ 161 ɦ2/ɝ ɞɥɹ ɩɪɨɞɭɤɬɨɜ ȽɌɈ ɩɪɢ 150 

ɋ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɫ 120 ɞɨ 180 ɦɢɧ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɢɥɶɧɵɯ 

ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɞɨ 30,88 ɦɤɦɨɥɶ/ɝ.   

 

 

 

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɌɉȾ ɚɦɦɢɚɤɚ ɞɥɹ ɩɪɨɞɭɤɬɨɜ ȽɌɈ ɚɦɨɪɮɧɨɝɨ ɝɢɞɪɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ. 

ɍɫɥɨɜɢɹ ɨɛɪɚɛɨɬɤɢ Ʉɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ, ɦɤɦɨɥɶ/ɝ 
(%) 

ɋ(Ȼɦ) ɜ 
ȽɈȺ, 

ɦɚɫɫ.% Ɍ, ɋ , ɦɢɧ ɫɥɚɛɵɟ ɫɪɟɞɧɢɟ ɫɢɥɶɧɵɟ 

Ⱥɦɨɪɮɧɵɣ ȽɈȺ 508,85 

(46,8) 

577,25 

(53,1) 

0,75 

(0,1) 

0,00 

150 30 

(ɜɵɞɟɪɠɤɚ) 
136,37 

(45,5) 

150,01 

(50,0) 

13,42 

(4,5) 

80,83 

150  180 

(ɜɵɞɟɪɠɤɚ) 
103,71 

(35,7) 

156,20 

(53,7) 

30,88 

(10,6) 

87,74 

 

ȼɟɪɨɹɬɧɨ, ɷɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɦɨɪɮɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɚɥɸɦɢɧɢɹ ɜ 

ɤɨɥɢɱɟɫɬɜɟ 3,57 % ɜ ɯɨɞɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɚɦɨɪɮɧɨɝɨ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 

ɜ ɜɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ ɛɨɥɟɟ 2 ɱ ɜɵɞɟɪɠɤɢ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ 

ɩɪɨɟɤɬɚ № 18-33-00559. 
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ɋɂɇɌȿɁ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ȺɊɆɂɊɈȼȺɇɇɕɏ ȽȺɅɅɍȺɁɂɌɇɕɆɂ 
ɇȺɇɈɌɊɍȻɄȺɆɂ ȺɅɘɆɈɋɂɅɂɄȺɌɈȼ ɌɂɉȺ Al-MCM-41 ȼ 

ɂɁɈɆȿɊɂɁȺɐɂɂ ȺɊɈɆȺɌɂɑȿɋɄɈȽɈ ɋɕɊɖə 

Ⱦɟɦɢɯɨɜɚ ɇ.Ɋ., ɋɦɢɪɧɨɜɚ ȿ.Ɇ., Ƚɥɨɬɨɜ Ⱥ.ɉ. ɂɜɚɧɨɜ ȿ.ȼ., ȼɢɧɨɤɭɪɨɜ ȼ.Ⱥ.,  
Ʌɶɜɨɜ ɘ.Ɇ.  

SYNTHESIS AND INVESTIGATION OF ALUMINOSILICATES TYPE AL-MCM-41 

ARMED WITH HALLOYSITE NANOTUBES IN AROMATICS ISOMERIZATION  
Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 

Ɇɨɫɤɜɚ  
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ɉɪɨɰɟɫɫ ɢɡɨɦɟɪɢɡɚɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɮɪɚɤɰɢɢ ɋ8 ɧɚ ɫɟɝɨɞɧɹ – ɨɞɢɧ ɢɡ 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɩɚɪɚ-ɤɫɢɥɨɥɚ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɪɟɮɬɚɥɟɜɨɣ ɤɢɫɥɨɬɵ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɢɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬɚ. Ɍɪɚɞɢɰɢɨɧɧɨ, ɜ ɫɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɢɡɨɦɟɪɢɡɚɰɢɢ ɜɯɨɞɹɬ ɰɟɨɥɢɬɵ, ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ ɢ ɦɟɬɚɥɥɵ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ [1]. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɚɩɪɨɛɢɪɨɜɚɧɢɟ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɦɟɡɨɩɨɪɢɫɬɨɝɨ 

ɚɥɸɦɨɫɢɥɢɤɚɬɚ ɬɢɩɚ Al-MCM-41, ɚɪɦɢɪɨɜɚɧɧɨɝɨ ɝɚɥɥɭɚɡɢɬɧɵɦɢ ɧɚɧɨɬɪɭɛɤɚɦɢ ɜ 

ɢɡɨɦɟɪɢɡɚɰɢɢ C8 ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɮɪɚɤɰɢɢ ɪɢɮɨɪɦɢɧɝɚ. ɇɚɦɢ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ 

ɢɟɪɚɪɯɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɧɚ ɨɫɧɨɜɟ Al-MCM-41 (ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ Si/Al) ɢ 

ɚɥɸɦɨɫɢɥɢɤɚɬɧɵɯ ɧɚɧɨɬɪɭɛɨɤ. ɉɨɥɭɱɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɛɵɥ ɫɮɨɪɦɨɜɚɧ ɫ ɛɟɦɢɬɨɦ ɜ 

ɷɤɫɬɪɭɞɚɬɵ, ɡɚɬɟɦ ɧɚ ɩɨɥɭɱɟɧɧɵɣ ɧɨɫɢɬɟɥɶ ɛɵɥɚ ɧɚɧɟɫɟɧɚ ɩɥɚɬɢɧɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 0,5% 

ɦɚɫ. Ɉɛɪɚɡɰɵ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɦɟɬɨɞɚɦɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ/ɞɟɫɨɪɛɰɢɢ ɚɡɨɬɚ ɢ 

ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɞɟɫɨɪɛɰɢɢ ɚɦɦɢɚɤɚ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɫɥɟ ɮɨɪɦɨɜɤɢ ɧɨɫɢɬɟɥɹ, ɩɪɨɩɢɬɤɢ ɫɨɥɶɸ ɩɥɚɬɢɧɵ ɢ 

ɩɪɨɤɚɥɢɜɚɧɢɹ ɩɪɢ 600°ɋ ɫɬɪɭɤɬɭɪɚ ɰɟɨɥɢɬɚ ɢ ɚɥɸɦɨɫɢɥɢɤɚɬɧɵɯ ɧɚɧɨɬɪɭɛɨɤ 

ɫɨɯɪɚɧɹɟɬɫɹ. Ɇɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɦɟɡɨɩɨɪɢɫɬɨɝɨ ɚɥɸɦɨɫɢɥɢɤɚɬɚ ɬɢɩɚ 

Al-MCM-41 ɢ ɝɚɥɥɭɚɡɢɬɧɵɯ ɧɚɧɨɬɪɭɛɨɤ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɢɡɨɦɟɪɢɡɚɰɢɢ C8 

ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɮɪɚɤɰɢɢ ɪɢɮɨɪɦɢɧɝɚ ɜ ɩɪɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ ɫ ɫɬɚɰɢɨɧɚɪɧɵɦ ɫɥɨɟɦ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 360-420°ɋ, ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ 0,5-2 

ɱ-1 ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ 1Ɇɉɚ ɢ ɫɨɨɬɧɨɲɟɧɢɹ H2/ɫɵɪɶɟ 5-10:1. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɚɬɚɥɢɡɚɬɨɪ ɧɚ ɨɫɧɨɜɟ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɦɟɡɨɩɨɪɢɫɬɨɝɨ 

ɚɥɸɦɨɫɢɥɢɤɚɬɚ ɬɢɩɚ Al-MCM-41 ɢ ɝɚɥɥɭɚɡɢɬɧɵɯ ɧɚɧɨɬɪɭɛɨɤ ɚɤɬɢɜɟɧ ɜ ɩɪɨɰɟɫɫɟ 

ɢɡɨɦɟɪɢɡɚɰɢɢ C8 ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɮɪɚɤɰɢɢ ɪɢɮɨɪɦɢɧɝɚ. ɋɨɞɟɪɠɚɧɢɟ ɩɚɪɚ-ɤɫɢɥɨɥɚ ɜ 

ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ ɤɫɢɥɨɥɨɜ ɫɨɫɬɚɜɥɹɟɬ 58%. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɧɜɟɪɫɢɹ ɷɬɢɥɛɟɧɡɨɥɚ 
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ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ.  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (Ƚɪɚɧɬ № 14.Z50.31.0035). 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. M. Guisnet, N.S. Gnep, S. Morin. Microporous and Mesoporous Materials. 2000. Vol. 35–

36, P. 47. 
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ɋȿɅȿɄɌɂȼɇɕɃ ɄɊȿɄɂɇȽ ɇ-ȺɅɄȺɇɈȼ ɋɊȿȾɇɂɏ ȾɂɋɌɂɅɅəɌɈȼ ȾɅə 
ɉɈɅɍɑȿɇɂə ɇɂɁɄɈɁȺɋɌɕȼȺɘɓȿȽɈ ȾɂɁȿɅɖɇɈȽɈ ɌɈɉɅɂȼȺ 

ɋɚɝɚɪɚɞɡɟ Ⱥ.Ⱦ.1,2, Ȼɚɛɤɢɧ ɘ.Ⱥ.1, Ⱦɟɦɟɧɬɶɟɜ Ʉ.ɂ.1, ɏɚɞɠɢɟɜ ɋ.ɇ.1 

SELECTIVE CRACKING OF N-ALKANES OF MIDDLE DISTILLATES FOR 

PRODUCTION OF ARCTIC DIESEL FUEL 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

2 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 
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Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɜ ɭɫɥɨɜɢɹɯ Ʉɪɚɣɧɟɝɨ ɋɟɜɟɪɚ ɧɟɨɛɯɨɞɢɦɨ 

ɧɢɡɤɨɡɚɫɬɵɜɚɸɳɟɟ ɬɨɩɥɢɜɨ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɚɪɤɬɢɱɟɫɤɢɯ 

ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɢɦɢ ɨɩɟɪɚɰɢɨɧɧɵɦɢ ɡɚɬɪɚɬɚɦɢ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɫɬɚɧɨɜɨɤ ɜ ɭɫɥɨɜɢɹɯ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ. 

Ⱦɟɩɚɪɚɮɢɧɢɡɚɰɢɹ ɫɪɟɞɧɢɯ ɞɢɫɬɢɥɥɹɬɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ – ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɚɪɤɬɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ [1]. Ɉɫɨɛɵɟ 

ɦɨɥɟɤɭɥɹɪɧɨ-ɫɢɬɨɜɵɟ ɫɜɨɣɫɬɜɚ ɰɟɨɥɢɬɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɤɪɟɤɢɧɝɚ [2], ɚ ɧɢɡɤɢɟ ɨɩɟɪɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɨɛɭɫɥɚɜɥɢɜɚɸɬ 

ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɭɫɥɨɜɢɹɯ Ʉɪɚɣɧɟɝɨ ɋɟɜɟɪɚ. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɤɪɟɤɢɧɝ-ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɫɪɟɞɧɢɯ ɞɢɫɬɢɥɥɹɬɨɜ ɩɪɨɜɨɞɢɥɢɫɶ 

ɜ  ɩɪɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 350-400 °ɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 

ɦɢɤɪɨɫɮɟɪɢɱɟɫɤɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɂɄ-17-1 (ɇɁɏɄ) ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɚ ZSM-5. ȼ ɤɚɱɟɫɬɜɟ 

ɫɵɪɶɹ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɩɪɹɦɨɝɨɧɧɨɟ ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɡɚɫɬɵɜɚɧɢɹ -

12 °ɋ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 

ɭɡɤɨɩɨɪɢɫɬɵɯ ɰɟɨɥɢɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɤɪɟɤɢɧɝɚ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɫɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɡɚɫɬɵɜɚɧɢɹ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɡɚ ɫɱɟɬ ɫɟɥɟɤɬɢɜɧɨɝɨ ɤɪɟɤɢɧɝɚ ɧ-

ɚɥɤɚɧɨɜ. ɋɬɟɩɟɧɶ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɩɪɢ ɷɬɨɦ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ 

ɫɵɪɶɹ – ɫɧɢɠɟɧɢɟ ɨɧɨɣ ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɫɬɵɜɚɧɢɹ. ɉɨɥɭɱɟɧɵ 

ɨɛɪɚɡɰɵ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɡɚɫɬɵɜɚɧɢɹ -45 °ɋ ɢ -68 °ɋ ɫ ɜɵɫɨɤɢɦ 

ɜɵɯɨɞɨɦ, ɩɪɢɱɟɦ ɩɪɨɰɟɫɫ ɤɪɟɤɢɧɝɚ ɜ ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ 

ɞɟɩɪɟɫɫɢɟɣ ɰɟɬɚɧɨɜɨɝɨ ɱɢɫɥɚ ɡɚ ɫɱɟɬ ɢɡɨɦɟɪɢɡɚɰɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɧɚɛɥɸɞɚɟɬɫɹ ɱɚɫɬɢɱɧɨɟ ɨɛɟɫɫɟɪɢɜɚɧɢɟ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. 

ȼ ɪɚɛɨɬɟ ɨɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɡɢɦɧɟɝɨ ɢ ɚɪɤɬɢɱɟɫɤɨɝɨ 

ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ; ɩɨɤɚɡɚɧɚ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɧɢɡɤɨɡɚɫɬɵɜɚɸɳɢɯ ɬɨɩɥɢɜ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɭɫɬɚɧɨɜɤɚɯ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɫ 

ɲɚɪɢɤɨɜɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ ɤɚɩɢɬɚɥɶɧɵɟ ɢ ɨɩɟɪɚɰɢɨɧɧɵɟ 
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ɡɚɬɪɚɬɵ, ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɭɳɟɫɬɜɭɸɳɟɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɜɨɞɢɦɵɯ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɫɬɚɧɨɜɨɤ ɤɪɟɤɢɧɝɚ ɬɢɩɚ 43-102. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɩɨ ɞɨɝɨɜɨɪɭ № 3/2017-2, ɜɵɫɬɭɩɚɸɳɟɝɨ ɜ 

ɤɚɱɟɫɬɜɟ ɫɨɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɝɪɚɧɬɚ ɊɇɎ № 17-73-30046. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ȼ.Ɇ. Ʉɚɩɭɫɬɢɧ, Ⱥ.Ⱥ. Ƚɭɪɟɟɜ. "Ɍɟɯɧɨɥɨɝɢɹ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ. ɑɚɫɬɶ 2. Ɏɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ." Ɇ.: ɏɢɦɢɹ. 2013. 427 ɫ.  

2. ɋ. ɇ. ɏɚɞɠɢɟɜ. "Ʉɪɟɤɢɧɝ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ ɧɚ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ." 

Ɇ.: ɏɢɦɢɹ. 1982. 282 ɫ.  
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ɋɂɇɌȿɁ ɍɅɖɌɊȺȾɂɋɉȿɊɋɇɕɏ ȺɅɘɆɈɋɈȾȿɊɀȺɓɂɏ ɋɂɋɌȿɆ ȾɅə 
ɄȺɌȺɅɂɁȺ ɊȿȺɄɐɂɃ ɊȺɁɊɕȼȺ ɋ–ɋ ɋȼəɁȿɃ 

Ⱥɛɪɚɦɨɜɚ Ⱦ.ɋ.1,2, Ⱦɟɦɟɧɬɶɟɜ Ʉ.ɂ.1, Ɋɨɦɚɡɚɧɨɜɚ Ⱦ.Ⱥ.1,2, ɏɚɞɠɢɟɜ ɋ.ɇ.1 

SYNTHESIS OF ULTRADISPERSED ALUMINUM-CONTAINING SYSTEMS FOR 

THE CATALYSIS OF C-C BOND CRACKING REACTIONS 
1ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

2 ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 
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ɋ ɭɱɟɬɨɦ ɭɜɟɥɢɱɟɧɢɹ ɞɨɥɢ ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ ɜ ɨɛɳɟɣ ɫɬɪɭɤɬɭɪɟ ɧɟɮɬɟɞɨɛɵɱɢ, 

ɩɨɢɫɤ ɩɭɬɟɣ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɬɹɠɟɥɨɝɨ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ 

ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. Ɍɪɚɞɢɰɢɨɧɧɵɣ ɩɨɞɯɨɞ ɤ ɩɟɪɟɪɚɛɨɬɤɟ ɬɹɠɟɥɵɯ 

ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ – ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɪɟɤɢɧɝ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ – ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɨɫɬɢɝ ɩɪɟɞɟɥɚ ɫɜɨɟɝɨ ɪɚɡɜɢɬɢɹ. Ⱦɥɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɟɨɛɯɨɞɢɦɚ ɪɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɨɝɨ 

ɩɨɞɯɨɞɚ ɤ ɫɢɧɬɟɡɭ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɨɜɟɣɲɢɯ ɦɟɬɨɞɨɜ ɧɚɧɨɝɟɬɟɪɨɝɟɧɧɨɝɨ 

ɤɚɬɚɥɢɡɚ [1]. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɫɢɧɬɟɡ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ 

ɫɨɛɨɣ ɧɚɧɨɱɚɫɬɢɰɵ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɜ ɩɚɪɚɮɢɧɟ ɦɚɪɤɢ ɉ-2. ɋɢɧɬɟɡ 

ɩɪɨɢɡɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɤɚɩɟɥɶɧɨɝɨ ɬɟɪɦɨɥɢɡɚ ɩɪɟɤɭɪɫɨɪɚ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɝɨ ɩɪɢɦɟɧɹɥɢ 

Al(NO3)3*9H2O. ɉɨɥɭɱɟɧɧɵɟ ɫɢɫɬɟɦɵ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɥɸɦɢɧɢɹ (0,1-1,0%) 

ɢɡɭɱɚɥɢ ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɜɟɬɨɪɚɫɫɟɹɧɢɹ. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɨɜ 

ɢɡɭɱɚɥɢ ɦɟɬɨɞɨɦ ɂɄ-Ɏɭɪɶɟ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. 

ȼɫɟ ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɫɢɫɬɟɦɵ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɛɢɦɨɞɚɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ. Ⱦɥɹ ɫɢɫɬɟɦɵ, ɫɨɞɟɪɠɚɳɟɣ 0,1% Al, ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ 

ɮɚɡɵ ɫɨɫɬɚɜɥɹɥɢ 0,6-1,8 ɧɦ ɢ 25-50 ɧɦ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɬɚɥɥɚ ɜɩɥɨɬɶ 

ɞɨ 1%, ɧɚɛɥɸɞɚɥɢ ɭɤɪɭɩɧɟɧɢɟ ɦɟɥɤɢɯ ɱɚɫɬɢɰ ɞɨ 3 ɧɦ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɦɟɪɚ 

ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ ɞɨ 300-500 ɧɦ. Ⱦɨɥɹ ɦɟɥɤɢɯ ɱɚɫɬɢɰ ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ 

ɫɨɫɬɚɜɥɹɥɚ 20%, ɩɨ ɨɛɴɟɦɭ ɢ ɱɢɫɥɭ ɱɚɫɬɢɰ – 100%.  

ɇɚ ɂɄ-ɫɩɟɤɬɪɚɯ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚɛɥɸɞɚɸɬɫɹ ɩɨɥɨɫɵ ɩɪɢ 880 ɫɦ-1 ɨɬ 

ɫɜɹɡɟɣ Al-O ɜ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɥɨɫɵ ɜ 

ɨɛɥɚɫɬɢ 730 ɫɦ-1 ɨɬ ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. 

ɉɨɥɭɱɟɧɧɵɟ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɜ ɤɚɱɟɫɬɜɟ ɧɚɧɨɝɟɬɟɪɨɝɟɧɧɨɝɨ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɪɚɡɪɵɜɚ ɋ-ɋ ɫɜɹɡɟɣ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ ɊɇɎ №17-73-30046. 
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ȺɅɄɂɅɂɊɈȼȺɇɂȿ ɂɁɈȻɍɌȺɇȺ ȻɍɌɂɅȿɇȺɆɂ ɇȺ ɐȿɈɅɂɌɇɕɏ 
ɄȺɌȺɅɂɁȺɌɈɊȺɏ ɉɈɋɅȿ ɋȿɅȿɄɌɂȼɇɈȽɈ ȽɂȾɊɂɊɈȼȺɇɂə  

ȾɂȼɂɇɂɅȺ ȼ ɋɕɊɖȿ 

ɏɚɞɠɢɟɜ ɋ.ɇ., Ƚɟɪɡɟɥɢɟɜ ɂ.Ɇ., ɋɚɢɬɨɜ Ɂ.Ⱥ., Ȼɚɫɯɚɧɨɜɚ Ɇ.ɇ., Ɍɟɦɧɢɤɨɜɚ ȼ.Ⱥ., 
Ⱥɫɵɥɛɚɟɜ Ⱦ.Ɏ. 

ALKYLATION OF IZOBUTANE WITH BUTYLENES ON ZEOLITE CATALYSTS 

AFTER SELECTIVE HYDROGENATION OF DIVINYL 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ  

E-mail: saitov@ips.ac.ru 

 

ɐɟɨɥɢɬɵ, ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ (ɨɩɪɟɞɟɥɟɧɧɚɹ 

ɦɢɤɪɨɩɨɪɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ, ɧɚɥɢɱɢɟ ɤɢɫɥɨɬɧɨɫɬɢ) ɩɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ 

ɩɨɤɚɡɚɬɟɥɹɦ ɦɨɝɭɬ ɛɵɬɶ ɜɟɫɶɦɚ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɦɢ ɫ ɬɚɤɢɦɢ ɬɪɚɞɢɰɢɨɧɧɵɦɢ 

ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ, ɤɚɤ ɫɟɪɧɚɹ ɢ ɮɬɨɪɢɫɬɨɜɨɞɨɪɨɞɧɚɹ ɤɢɫɥɨɬɵ [1, 2]. 

Ɉɞɧɚɤɨ ɰɟɨɥɢɬɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɜɟɫɶɦɚ ɬɪɟɛɨɜɚɬɟɥɶɧɵ ɤ ɧɚɥɢɱɢɸ ɩɪɢɦɟɫɟɣ 

(ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɹɞɨɜ) ɜ ɫɵɪɶɟ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɞɟɡɚɤɬɢɜɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɶɸ 

(ɫɟɪɭ-, ɚɡɨɬ-, ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɟ ɫɨɟɞɢɧɟɧɢɹ). Ⱦɥɹ ɪɟɚɤɰɢɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɡɨɛɭɬɚɧɚ 

ɨɥɟɮɢɧɚɦɢ ɬɚɤɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɹɜɥɹɸɬɫɹ ɬɚɤɠɟ ɞɢɟɧɨɜɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɢ ɜ 

ɱɚɫɬɧɨɫɬɢ, ɞɢɜɢɧɢɥ.  

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɚɥɤɢɥɢɪɨɜɚɧɢɸ ɢɡɨɛɭɬɚɧɚ 

ɛɭɬɢɥɟɧɚɦɢ ɜ ɫɨɫɬɚɜɟ ɛɭɬɚɧ-ɛɭɬɢɥɟɧɨɜɨɣ ɮɪɚɤɰɢɢ (ȻȻɎ) ɭɫɬɚɧɨɜɤɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɤɪɟɤɢɧɝɚ ɞɨ ɢ ɩɨɫɥɟ ɫɟɥɟɤɬɢɜɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɞɢɜɢɧɢɥɚ.  

Ɋɟɚɤɰɢɸ ɫɟɥɟɤɬɢɜɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɞɢɜɢɧɢɥɚ (ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ ɨɬ  ɫɟɪɭ-, ɚɡɨɬ-, ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ) ɩɪɨɜɨɞɢɥɢ 

ɧɚ ɦɢɤɪɨɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɟ ɫ ɡɚɝɪɭɡɤɨɣ ɩɚɥɥɚɞɢɟɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ 40 ɫɦ3 ɜ 

ɠɢɞɤɨɮɚɡɧɨɣ ɫɢɫɬɟɦɟ. ɍɫɥɨɜɢɹ: ɬɟɦɩɟɪɚɬɭɪɚ - 35 0ɋ, ɞɚɜɥɟɧɢɟ - 0,7 Ɇɉɚ, ɨɛɴɟɦɧɚɹ 

ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɫɵɪɶɹ - 1,2 ɱ-1, ɨɛɴɟɦɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɜɨɞɨɪɨɞɚ 4 ɱ-1. 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɨɫɧɨɜɧɨɣ ɪɟɚɤɰɢɟɣ 

ɫɟɥɟɤɬɢɜɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɞɢɜɢɧɢɥɚ ɩɪɨɬɟɤɚɸɬ ɩɨɛɨɱɧɵɟ ɪɟɚɤɰɢɢ, ɤɨɬɨɪɵɟ ɜɟɞɭɬ ɤ 

ɫɭɳɟɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɛɭɬɚɧ-ɛɭɬɢɥɟɧɨɜɨɣ ɮɪɚɤɰɢɢ 

(ɬɚɛɥɢɰɚ 1, ɪɢɫɭɧɤɢ 1, 2).  ȼ ɩɪɢɧɹɬɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɧɚɛɥɸɞɚɟɬɫɹ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɛɭɬɟɧɚ-1 ɜ ɬɪɚɧɫ-ɛɭɬɟɧ-2.  

ɉɪɢ ɫɧɢɠɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɜɢɧɢɥɚ ɜ ɩɪɨɞɭɤɬɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɩɨɪɹɞɨɤ, 

ɩɨɬɟɪɹ ɛɭɬɢɥɟɧɨɜ ɨɬ ɨɛɳɟɣ ɦɚɫɫɵ ɧɟ ɩɪɟɜɵɲɚɟɬ 4%.  
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Ɍɚɛɥɢɰɚ 1. Ʉɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɢɫɯɨɞɧɨɣ ɢ ɝɢɞɪɢɪɨɜɚɧɧɨɣ ȻȻɎ 

 

 

 
 

Ɋɢɫ. 1. Ʉɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɮɪɚɤɰɢɢ ɋ4-ɋ5 ɜ ɫɨɫɬɚɜɟ ȻȻɎ ɞɨ ɢ ɩɨɫɥɟ 
ɝɢɞɪɢɪɨɜɚɧɢɹ  (1- ɢɡɨɛɭɬɚɧ; 2 - ɧ-ɛɭɬɚɧ; 3 - ɬɪɚɧɫ-ɛɭɬɟɧ-2; 4 - ɛɭɬɟɧ-1; 5 -  ɢɡɨɛɭɬɟɧ;       

6 - ɰɢɫ-ɛɭɬɟɧ-2; 7 – 3ɦɟɬɢɥɛɭɬɟɧ-1) 

 

 

И̵̭од̦̌я 
ʥʥˇ
ʥʥˇ ̛̐д̬.

ɦɚɫɫ. %

Ʉɨɦɩɨɧɟɧɬɵ

№ ɩ/ɩ Ʉɨɦɩɨɧɟɧɬɵ ȻȻɎ ɢɫɯɨɞɧɚɹ, ɦɚɫɫ. % 

ȻȻɎ ɝɢɞɪɢɪɨɜɚɧɧɚɹ, 
ɦɚɫɫ.% 

1 Ɇɟɬɚɧ 0,001 0,000 

2 ɉɪɨɩɚɧ 0,001 0,002 

3 ɂɡɨɛɭɬɚɧ 30,099 29,845 

4 ɇ-ɛɭɬɚɧ 8,715 13,146 

5 ɐɢɤɥɨɛɭɬɚɧ 0,013 0,013 

6 Ɍɪɚɧɫ-ɛɭɬɟɧ-2 17,019 24,370 

7 Ȼɭɬɟɧ-1 13,773 4,748 

8 ɂɡɨɛɭɬɟɧ 16,095 15,362 

9 ɐɢɫ-ɛɭɬɟɧ-2 12,467 11,024 

10 3-ɦɟɬɢɥɛɭɬɟɧ-1 0,006 0,007 

11 ɂɡɨɩɟɧɬɚɧ 1,012 0,998 

12 ɇ-ɩɟɧɬɚɧ 0,000 0,007 

13 Ⱦɢɜɢɧɢɥ 0,304 0,038 

14 ɐɢɤɥɨɩɟɧɬɚɧ 0,341 0,101 

15 Ɍɪɚɧɫ-ɩɟɧɬɟɧ-2 0,002 0,030 

16 2-ɦɟɬɢɥ-2-ɛɭɬɟɧ 0,000 0,004 

17 1-ɩɟɧɬɟɧ 0,069 0,249 

18 2-ɦɟɬɢɥ-1-ɛɭɬɟɧ 0,085 0,049 

19 ɐɢɫ-2-ɩɟɧɬɟɧ 0,000 0,008 

20 ɋɭɦɦɚ 100,00 100,00 
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Ɋɢɫ. 2. Ʉɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɮɪɚɤɰɢɢ ɋ4 - ɋ5 ɜ ɫɨɫɬɚɜɟ ȻȻɎ ɞɨ ɢ ɩɨɫɥɟ 
ɝɢɞɪɢɪɨɜɚɧɢɹ (1 - ɞɢɜɢɧɢɥ; 2 - ɰɢɤɥɨɩɟɧɬɟɧ; 3 - ɬɪɚɧɫ-ɩɟɧɬɟɧ-2; 4 – 2-ɦɟɬɢɥ-2-ɛɭɬɟɧ;            

5 - ɩɟɧɬɟɧ-1; 6 -  2-ɦɟɬɢɥ-1-ɛɭɬɟɧ; 7 - ɰɢɫ-2-ɩɟɧɬɟɧ) 
 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɚɥɤɢɥɢɪɨɜɚɧɢɸ ɢɡɨɛɭɬɚɧɚ ɛɭɬɢɥɟɧɚɦɢ ɩɪɨɜɨɞɢɥɢ ɧɚ 

ɩɢɥɨɬɧɨɣ ɧɟɩɪɟɪɵɜɧɨ ɞɟɣɫɬɜɭɸɳɟɣ ɭɫɬɚɧɨɜɤɟ: ɡɚɝɪɭɡɤɚ ɤɚɬɚɥɢɡɚɬɨɪɚ 0,1 ɥ, ɬɟɦɩɟɪɚɬɭɪɚ 

80÷85 Ɉɋ, ɞɚɜɥɟɧɢɟ 1,2÷1,5 Ɇɉɚ, ɨɬɧɨɲɟɧɢɟ ɢɡɨɛɭɬɚɧ : ɛɭɬɢɥɟɧɵ ɜ ɫɵɪɶɟ 10:1, ɨɛɴɟɦɧɚɹ 

ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɨ ɨɥɟɮɢɧɚɦ 0,15 ɱ-1, ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɨɞɚɱɢ ɫɵɪɶɹ 24 ɱɚɫɚ.  

ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɢɞɪɢɪɨɜɚɧɧɨɝɨ ɫɵɪɶɹ (ɪɢɫ.3) ɜɨɡɪɚɫɬɚɟɬ ɤɨɧɜɟɪɫɢɹ 

ɛɭɬɢɥɟɧɨɜ ɫ 97 ɞɨ 99 %, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɵɯɨɞ ɮɪɚɤɰɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ8 ɧɚ 4-5%, ɧɚɪɹɞɭ 

ɫ ɷɬɢɦ ɞɨɥɹ ɧɟɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ8 ɜ ɫɨɫɬɚɜɟ ɮɪɚɤɰɢɢ ɋ8 (ɪɢɫ.4) ɡɧɚɱɢɬɟɥɶɧɨ 

ɫɧɢɠɚɟɬɫɹ (ɧɚ 70-75%) ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɚɥɤɢɥɢɪɨɜɚɧɢɟɦ ɧɟɝɢɞɪɢɪɨɜɚɧɧɨɝɨ ɫɵɪɶɹ. 

 

Ɋɢɫ. 3. Ʉɨɧɜɟɪɫɢɹ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɋ8  

ɧɚ ɢɫɯɨɞɧɨɦ ɢ ɝɢɞɪɢɪɨɜɚɧɧɨɦ ȻȻɎ 

 

Ɋɢɫ. 4. ɋɪɚɜɧɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɚɥɤɢɥɚɬɨɜ 

ɧɚ ɢɫɯɨɞɧɨɦ ɢ ɝɢɞɪɢɪɨɜɚɧɧɨɦ ȻȻɎ 

 

ɦɚɫɫ. %
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ɇɟɫɤɨɥɶɤɨ ɫɧɢɠɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ5-ɋ7. ɋɭɳɟɫɬɜɟɧɧɨ ɩɚɞɚɟɬ 

ɜɵɯɨɞ ɮɪɚɤɰɢɢ ɋ9+. Ɍɚɤ ɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ (ɧɚ 64%) ɫɨɨɬɧɨɲɟɧɢɟ ɬɪɢɦɟɬɢɥɩɟɧɬɚɧɨɜ ɤ 

ɞɢɦɟɬɢɥɝɟɤɫɚɧɚɦ (ɌɆɉ/ȾɆȽ), ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɬɪɢɦɟɬɢɥɩɟɧɬɚɧɨɜ (ɪɢɫ.4).  

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ 

ɤɚɱɟɫɬɜɭ ɩɪɨɞɭɤɬɨɜ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɡɨɛɭɬɚɧɚ 

ɛɭɬɢɥɟɧɚɦɢ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɵɪɶɟ, ɬɳɚɬɟɥɶɧɨ ɨɱɢɳɟɧɧɨɟ ɨɬ ɩɪɢɦɟɫɟɣ. 

 

Ɋɚɛɨɬɚ ɩɪɨɜɟɞɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ 

ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɋɨɝɥɚɲɟɧɢɟ № 14.607.21.0170, ɭɧɢɤɚɥɶɧɵɣ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɢɤɥɚɞɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ RFMEFI60717X0170). 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ƚɟɪɡɟɥɢɟɜ ɂ.Ɇ., ɐɨɞɢɤɨɜ Ɇ.ȼ., ɏɚɞɠɢɟɜ ɋ.ɇ.// ɇɨɜɵɟ ɩɭɬɢ ɩɨɥɭɱɟɧɢɹ 
ɢɡɨɩɚɪɚɮɢɧɨɜ – ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɚɜɬɨɛɟɧɡɢɧɨɜ. ɀɭɪɧ. ɧɟɮɬɟɯɢɦɢɹ, 2009, ɬɨɦ 49, №1, ɫ. 3-8. 

2. ɏɚɞɠɢɟɜ ɋ.ɇ., Ƚɟɪɡɟɥɢɟɜ ɂ.Ɇ. Ʉɚɬɚɥɢɡɚɬɨɪ, ɫɩɨɫɨɛ ɟɝɨ ɩɨɥɭɱɟɧɢɹ (ɜɚɪɢɚɧɬɵ) ɢ 
ɫɩɨɫɨɛ ɠɢɞɤɨɮɚɡɧɨɝɨ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɡɨɛɭɬɚɧɚ ɨɥɟɮɢɧɚɦɢ ɋ2-ɋ4 ɜ ɟɝɨ 
ɩɪɢɫɭɬɫɬɜɢɢ. ɉɚɬɟɧɬ Ɋɨɫɫɢɢ № 2445165. Ɉɩɭɛɥɢɤɨɜɚɧɨ: 2012.03.20 Ȼɸɥ. №8. 
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Fe-ɉɂɅɅȺɊɇɕȿ ɋɅɈɂɋɌɕȿ ȺɅɘɆɈɋɂɅɂɄȺɌɕ ȾɅə ɊȿȺɄɐɂɂ 
ȾȿȽɂȾɊɂɊɈȼȺɇɂə ɆȿɌɂɅȻɍɌȿɇɈȼ 

Ƚɨɪɟɥɵɲɟɜɚ ȼ.ȿ. 1, Ȼɨɱɤɨɜ Ɇ.Ⱥ. 1, ɋɬɚɪɲɢɧɨɜɚ ȼ.Ʌ. 1,2, Ƚɧɟɜɚɲɟɜ ɋ.Ƚ. 1, ɉɹɬɚɟɜ 
Ⱥ.ȼ. 2, ɏɚɪɥɚɦɩɢɞɢ ɏ.ɗ. 1, Ʉɚɪɚɥɢɧ ɗ.Ⱥ. 1, ɒɢɧɤɚɪɟɜ Ⱥ.Ⱥ. (ɦɥ) 1  

Fe-PILLARED LAYERED ALUMINOSILICATES FOR THE DEHYDROGENATION  

OF METHYLBUTENES  
1 Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

E-mail: gorelyshevav@gmail.com 

2 Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ʉɚɡɚɧɶ 

 

Ɍɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɨɩɪɟɧɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ 

ɩɪɨɰɟɫɫɵ, ɢ ɩɨɷɬɨɦɭ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɤɚɱɟɫɬɜɨɦ ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɢɡɨɩɪɟɧɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɢɧɬɟɡɟ ɰɢɫ-1,4-ɩɨɥɢɢɡɨɩɪɟɧɚ - ɢɡɨɩɪɟɧɨɜɨɝɨ ɤɚɭɱɭɤɚ. Ⱦɥɹ ɪɟɚɤɰɢɣ 

ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɦɟɬɢɥɛɭɬɟɧɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɠɟɥɟɡɨɨɤɫɢɞɧɵɟ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ. 

ɉɢɥɥɚɪɧɵɟ ɫɥɨɢɫɬɵɟ ɚɥɸɦɨɫɢɥɢɤɚɬɵ – ɷɬɨ ɦɟɡɨ- ɢ ɦɢɤɪɨɩɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ, 

ɩɨɥɭɱɚɟɦɵɟ ɢɧɬɟɪɤɚɥɢɪɨɜɚɧɢɟɦ ɨɥɢɝɨɹɞɟɪɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɤɚɬɢɨɧɨɜ ɩɟɪɟɯɨɞɧɵɯ 

ɦɟɬɚɥɥɨɜ ɜ ɦɟɠɫɥɨɟɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɢɪɨɞɧɨɝɨ ɫɢɥɢɤɚɬɚ, ɤɨɬɨɪɵɟ, ɬɪɚɧɫɮɨɪɦɢɪɭɹɫɶ 

ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɜ ɦɟɬɚɥɥɨɨɤɫɢɞɧɵɟ ɤɥɚɫɬɟɪɵ, ɜɵɫɬɭɩɚɸɬ ɜ ɤɚɱɟɫɬɜɟ 

«ɩɨɞɩɨɪɨɤ» ɫɥɨɟɜ ɢ ɨɩɪɟɞɟɥɹɸɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɚɛɢɥɶɧɨɣ ɬɟɤɫɬɭɪɵ. ȼɚɪɶɢɪɭɹ ɫɨɫɬɚɜ 

ɤɨɦɩɥɟɤɫɨɜ ɢ ɬɢɩ ɦɟɬɚɥɥɨɜ, ɦɨɠɧɨ ɚɞɚɩɬɢɪɨɜɚɬɶ ɩɪɢɦɟɧɟɧɢɟ ɩɢɥɥɚɪɧɵɯ ɫɬɪɭɤɬɭɪ ɜ 

ɪɚɡɥɢɱɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. 

ɉɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ 

ɩɢɥɥɚɪɧɵɦ ɫɥɨɢɫɬɵɦ ɚɥɸɦɨɫɢɥɢɤɚɬɚɦ, ɬɪɚɞɢɰɢɨɧɧɨ ɮɨɤɭɫɢɪɭɟɬɫɹ ɧɚ ɫɢɧɬɟɡɟ 

ɩɢɥɥɚɪɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɳɟɥɨɱɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɫɨɥɟɣ ɦɟɬɚɥɥɨɜ ɫ ɜɚɪɶɢɪɨɜɚɧɢɟɦ 

ɢɫɯɨɞɧɵɯ ɪɟɚɝɟɧɬɨɜ ɢ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɭɫɥɨɜɢɣ ɜ ɩɢɥɥɚɪɢɪɭɸɳɟɦ ɪɚɫɬɜɨɪɟ ɦɨɝɭɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɝɢɞɪɨɤɫɨɤɚɬɢɨɧɵ ɫ ɪɚɡɥɢɱɧɵɦ ɱɢɫɥɨɦ ɹɞɟɪ ɦɟɬɚɥɥɚ (ɡɚɪɹɞɨɦ ɢ ɪɚɡɦɟɪɨɦ), ɱɬɨ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɤɚɬɚɥɢɡɚɬɨɪɵ ɫɨ ɫɬɚɛɢɥɶɧɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ.  

Ɉɫɧɨɜɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɥɭɱɟɧɢɹ ɩɢɥɥɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

ɹɜɥɹɸɬɫɹ ɜɚɪɶɢɪɨɜɚɧɢɟ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ (ɫɥɨɢɫɬɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ), 

ɩɨɥɢɝɢɞɪɨɤɫɨɤɚɬɢɨɧɨɜ, ɭɫɥɨɜɢɣ ɢɧɬɟɪɤɚɥɹɰɢɢ ɢ ɩɢɥɥɚɪɢɪɨɜɚɧɢɹ [1]. 

Ɉɬɞɟɥɶɧɨɝɨ ɜɧɢɦɚɧɢɹ ɡɚɫɥɭɠɢɜɚɸɬ ɪɚɛɨɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ 

ɨɛɪɚɛɨɬɤɢ ɩɨɥɢɝɢɞɪɨɤɫɨɤɚɬɢɨɧɨɜ, ɩɨɡɜɨɥɹɸɳɟɣ ɭɜɟɥɢɱɢɬɶ ɢɯ ɪɚɡɦɟɪ, ɭɧɢɮɢɰɢɪɨɜɚɬɶ 

ɫɨɫɬɚɜ, ɚ ɬɚɤɠɟ ɞɨɛɢɬɶɫɹ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɢɝɢɞɪɨɤɫɨɤɚɬɢɨɧɨɜ ɧɚ ɢɨɧɚɯ ɦɟɬɚɥɥɨɜ 

ɋ-I-16 
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ɫɦɟɲɚɧɧɨɝɨ ɫɨɫɬɚɜɚ, ɫɢɧɬɟɡ ɤɨɬɨɪɵɯ ɜ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɚɯ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɡɚɬɪɭɞɧɟɧ ɪɚɡɥɢɱɢɹɦɢ ɜ ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɦ ɩɨɜɟɞɟɧɢɢ [2, 

3]. ȼ ɪɚɛɨɬɚɯ ɚɜɬɨɪɨɜ [4, 5] ɜ ɤɚɱɟɫɬɜɟ ɩɢɥɥɚɪɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɯɥɨɪɢɞ 

ɬɪɢɚɤɜɚɝɟɤɫɚɚɰɟɬɚɬɬɪɢɨɤɫɨɠɟɥɟɡɚ, ɤɚɬɢɨɧɵ ɤɨɬɨɪɨɝɨ ɜ ɪɚɫɬɜɨɪɟ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ 

ɫɬɚɛɢɥɶɧɵɦɢ ɢ ɭɫɬɨɣɱɢɜɵɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɥɢɝɨ(ɩɨɥɢ)ɝɢɞɪɨɤɫɨɤɨɦɩɥɟɤɫɚɦɢ ɠɟɥɟɡɚ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ Fe-ɩɢɥɥɚɪɧɵɯ ɫɥɨɢɫɬɵɯ 

ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɳɟɥɨɱɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɧɟ 

ɩɪɟɜɵɲɚɸɬ 200 ɦ2/ɝ, ɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɰɟɬɚɬɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɤɚɬɢɨɧɨɜ – ɧɚ ɭɪɨɜɧɟ 

300 ɦ2/ɝ ɢ ɛɨɥɟɟ. Ⱦɢɮɪɚɤɰɢɨɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɪɪɟɥɢɪɭɸɬ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɢ ɩɨɤɚɡɵɜɚɸɬ ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɦɟɠɩɥɨɫɤɨɫɬɧɵɯ ɛɚɡɚɥɶɧɵɯ ɪɚɫɫɬɨɹɧɢɣ 

ɢ ɧɢɡɤɭɸ ɫɬɟɩɟɧɶ ɪɟɝɭɥɹɪɧɨɫɬɢ ɚɥɸɦɨɫɢɥɢɤɚɬɧɵɯ ɫɥɨɟɜ ɞɥɹ ɩɢɥɥɚɪɧɵɯ ɫɬɪɭɤɬɭɪ, 

ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɨɥɢɝɨ(ɩɨɥɢ)ɝɢɞɪɨɤɫɨɤɨɦɩɥɟɤɫɨɜ ɠɟɥɟɡɚ. 

Ⱥɜɬɨɪɚɦɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ Fe-ɩɢɥɥɚɪɧɵɟ ɫɥɨɢɫɬɵɟ ɚɥɸɦɨɫɢɥɢɤɚɬɵ ɩɭɬɟɦ 

ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ ɧɚɫɵɳɟɧɢɹ ɧɚɬɪɢɟɜɨɣ ɮɨɪɦɵ ɫɥɨɢɫɬɨɝɨ ɚɥɸɦɨɫɢɥɢɤɚɬɚ ɪɚɫɬɜɨɪɨɦ 

ɚɰɟɬɚɬɚ ɠɟɥɟɡɚ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɦɧɨɝɨɤɪɚɬɧɨɣ ɨɬɦɵɜɤɨɣ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɨɬ 

ɢɡɛɵɬɤɚ ɫɨɥɟɣ; ɞɚɥɟɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɜɵɫɭɲɟɧɵ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ 

ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɵ ɩɪɢ 600 ºɋ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɚɯ ɜ 

ɬɪɭɛɱɚɬɨɣ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ.  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Fe-ɩɢɥɥɚɪɧɵɯ ɫɥɨɢɫɬɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɩɪɨɜɨɞɢɥɚɫɶ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɰɢɢ, ɫɨɪɛɬɨɦɟɬɪɢɢ ɢ ɦɟɫɫɛɚɭɷɪɨɜɫɤɨɣ 

ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɰɢɢ Fe-ɩɢɥɥɚɪɧɨɝɨ ɚɥɸɦɨɫɢɥɢɤɚɬɚ 

ɩɨɤɚɡɵɜɚɸɬ ɧɚɥɢɱɢɟ ɩɟɪɜɨɝɨ ɛɚɡɚɥɶɧɨɝɨ ɦɟɠɩɥɨɫɤɨɫɬɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ (d001) ɪɚɜɧɨɝɨ 2,1 

ɧɦ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɭɫɩɟɲɧɨɟ ɜɧɟɞɪɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ ɠɟɥɟɡɚ ɦɟɠɞɭ ɫɥɨɹɦɢ 

ɚɥɸɦɨɫɢɥɢɤɚɬɚ, ɚ ɬɚɤɠɟ ɪɟɝɭɥɹɪɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ. ɉɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɛɚɡɚɥɶɧɨɟ 

ɦɟɠɩɥɨɫɤɨɫɬɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 1,9 ɧɦ  ɡɚ ɫɱɟɬ ɭɞɚɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɥɢɝɚɧɞɨɜ ɢ ɦɨɥɟɤɭɥ ɜɨɞɵ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɨɬɪɚɠɟɧɢɣ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɩɨɪɹɞɤɨɜ.  

Ⱥɧɚɥɢɡ ɤɪɢɜɵɯ ɫɨɪɛɰɢɢ-ɞɟɫɨɪɛɰɢɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɨɝɨ ɨɛɪɚɡɰɚ: ɭɞɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ (SȻɗɌ) 

= 314 ɦ2/ɝ, ɨɛɴɟɦ ɦɟɡɨɩɨɪ (Vɦɟɡ) = 0,21 ɫɦ3/ɝ, ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɩɨɪ (Dɫɪ) = 2,70 ɧɦ. Ⱦɥɹ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɨɛɪɚɡɰɚ: SȻɗɌ = 135 ɦ2/ɝ, Vɦɟɡ = 0,26 ɫɦ3/ɝ, Dɫɪ = 7,96 ɧɦ.  

Ɇёɫɫɛɚɭɷɪɨɜɫɤɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɩɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɫɭɩɟɪɩɚɪɚɦɚɝɧɢɬɧɵɯ 

ɮɨɪɦ ɠɟɥɟɡɚ ɢ ɦɚɝɧɟɬɢɬɨɩɨɞɨɛɧɵɯ ɨɤɢɫɥɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɦɚɬɪɢɰɟɣ. 
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Ɋɟɚɤɰɢɹ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɦɟɬɢɥɛɭɬɟɧɨɜ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɩɪɨɬɨɱɧɨɣ  

ɦɢɤɪɨɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 600 ºɋ  ɫ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɶɸ ɩɨɞɚɱɢ 

ɫɵɪɶɹ 1,5 ɱ-1. ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ  ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ ɦɟɬɨɞɨɦ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɤɢɫɥɟɧɧɚɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɚɹ ɮɨɪɦɵ Fe-ɩɢɥɥɚɪɧɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ 

ɢɦɟɸɬ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɝɞɟ ɤɨɧɜɟɪɫɢɹ ɩɨ 

ɦɟɬɢɥɛɭɬɟɧɚɦ ɫɨɫɬɚɜɥɹɟɬ 20%, ɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɢɡɨɩɪɟɧɭ – 64%.  
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ɆȿɁɈɉɈɊɂɋɌɕȿ ɐȿɈɅɂɌɕ BETA ɂ ZSM-12 ȼ ɄȺɑȿɋɌȼȿ 
ɄɈɆɈɉɈɇȿɇɌɈȼ ɄȺɌȺɅɂɁȺɌɈɊɈȼ ɄɊȿɄɂɇȽȺ 

Ʌɟɜɲɚɤɨɜ ɇ.ɋ.1, Ƚɥɨɬɨɜ Ⱥ.ɉ.1,2, Ɇɚɬɟɜɨɫɹɧ Ⱦ.ȼ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,3,  

Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ.1 

MESOPOROUS ZEOLITES BETA AND ZSM-12 AS COMPONENTS OF 

CRACKING CATALYSTS 
1 Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

E-mail: Levshakov_nikk@bk.ru 
2 Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ. Ɇ. Ƚɭɛɤɢɧɚ, 

Ɇɨɫɤɜɚ 
3 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

 

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɪɟɤɢɧɝ – ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɬɨɜɚɪɧɵɣ ɛɟɧɡɢɧ 

ɫɨɫɬɨɢɬ ɞɨ 50 % ɢɡ ɛɟɧɡɢɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ [1]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɚɤɬɭɚɥɶɧɨɣ 

ɫɬɚɧɨɜɢɬɫɹ ɡɚɞɚɱɚ ɫɨɡɞɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɤɪɟɤɢɧɝɚ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɭɥɭɱɲɢɬɶ 

ɜɵɯɨɞɵ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ.  

ɐɟɨɥɢɬɵ – ɷɬɨ ɤɥɚɫɫ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ, ɤɨɬɨɪɵɟ ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ 

ɜɵɫɨɤɨɣ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɤɢɫɥɨɬɧɨɫɬɢ [2], ɧɚɲɥɢ ɲɢɪɨɤɨɣ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɢ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɐɟɨɥɢɬɵ ɨɬɧɨɫɹɬɫɹ ɤ 

ɦɢɤɪɨɩɨɪɢɫɬɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɫ ɞɢɚɦɟɬɪɨɦ ɩɨɪ ɦɟɧɟɟ 2 ɧɦ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɸɬ 

ɨɝɪɚɧɢɱɟɧɢɹ ɞɥɹ ɞɢɮɮɭɡɢɢ ɨɛɴɟɦɧɵɯ ɦɨɥɟɤɭɥ ɤ ɚɤɬɢɜɧɵɦ ɰɟɧɬɪɚɦ ɰɟɨɥɢɬɨɜ. Ɉɞɧɨ ɢɡ 

ɪɟɲɟɧɢɣ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ – ɷɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɡɨɩɨɪɢɫɬɵɯ ɰɟɨɥɢɬɨɜ [3], ɬ.ɟ. 

ɰɟɨɥɢɬɨɜ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɜ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɦɟɡɨ- ɢ ɦɢɤɪɨɩɨɪɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɨɛɴɟɦɧɵɟ ɦɨɥɟɤɭɥɵ ɩɨɞɜɟɪɝɚɸɬɫɹ ɩɟɪɜɢɱɧɨɦɭ ɤɪɟɤɢɧɝɭ ɜ ɦɟɡɨɩɨɪɚɯ (ɩɨɪɵ ɞɢɚɦɟɬɪɨɦ 

ɨɬ 2 ɞɨ 50 ɧɦ) ɢ ɞɚɥɟɟ ɦɨɝɭɬ ɛɵɬɶ ɤɪɟɤɢɪɨɜɚɧɵ ɧɚ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɚɯ ɰɟɨɥɢɬɨɜ.  

Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟɡɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɰɟɨɥɢɬɵ Beta ɢ ZSM-12, ɩɭɬɟɦ 

ɨɛɪɚɛɨɬɤɢ ɰɟɨɥɢɬɨɜ ɳɟɥɨɱɧɵɦ ɪɚɫɬɜɨɪɨɦ ɰɟɬɢɥɬɪɢɦɟɬɢɥɚɦɦɨɧɢɣ ɛɪɨɦɢɞɚ [4]. 

ɉɨɥɭɱɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɛɵɥɢ ɩɪɨɩɢɬɚɧɵ ɧɢɬɪɚɬɚɦɢ ɦɟɬɚɥɥɨɜ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ 

ɦɟɬɚɥɥɨɜ ɜ ɨɤɫɢɞɧɨɣ ɮɨɪɦɟ. ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ 

ɦɟɬɨɞɚɦɢ: ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɌɉȾ ɚɦɦɢɚɤɚ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ/ɞɟɫɨɪɛɰɢɢ 

ɚɡɨɬɚ ɢ ɊɎȺ. ɇɚ ɢɡɨɬɟɪɦɚɯ ɚɞɫɨɪɛɰɢɢ/ɞɟɫɨɪɛɰɢɢ ɚɡɨɬɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɟɬɥɹ ɝɢɫɬɟɪɟɡɢɫɚ 4 

ɬɢɩɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɩɨɥɭɱɟɧɢɢ ɱɚɫɬɢɱɧɨ ɦɟɡɨɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɪɟɤɢɧɝ ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɬɚɧɞɚɪɬɭ 

ASTM D 3907, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 500 0ɋ. ȼ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɨɞɟɥɶɧɭɸ 

ɫɦɟɫɶ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɞɢɛɟɧɡɨɬɢɨɮɟɧɚ ɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɦɚɫɫɨɜɵɯ 

ɫɨɨɬɧɨɲɟɧɢɹɯ. Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɝɚɡɨ-

ɠɢɞɤɨɫɬɧɨɝɨ ɯɪɨɦɚɬɨɝɪɚɮɚ ɏɪɨɦɨɫ Ƚɏ-1000 ɫ ɩɥɚɦɟɧɧɨ-ɢɨɧɢɡɚɰɢɨɧɧɵɦ ɞɟɬɟɤɬɨɪɨɦ. 
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɰɟɨɥɢɬɨɜ ɫ ɦɟɡɨɩɨɪɢɫɬɨɣ 

ɫɬɪɭɤɬɭɪɨɣ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɟɦɭ ɜɵɯɨɞɭ ɫɜɟɬɥɵɯ ɮɪɚɤɰɢɣ ɢ ɦɟɧɶɲɟɦɭ ɨɛɪɚɡɨɜɚɧɢɸ 

ɤɨɤɫɚ. ȼɤɥɸɱɟɧɢɟ ɜ ɫɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɨɪɚ ɥɚɧɬɚɧɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɫɟɪɨɩɨɧɢɠɚɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ.  
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ɄȺɌȺɅɂɌɂɑȿɋɄɂ ȺɄɌɂȼɇɕȿ ɈɄɋɂȾɂɊɈȼȺɇɇɕȿ ɄɈɆɉɈɁɂɐɂɂ  
ȼ ɈɄɂɋɅȿɇɂɂ ɌɂɈɎȿɇȺ ɂ ȿȽɈ ɉɊɈɂɁȼɈȾɇɕɏ 

Ȼɪɵɠɢɧ Ⱥ.Ⱥ.1, Ɋɭɞɧɟɜ ȼ. ɋ.2, Ɍɚɪɯɚɧɨɜɚ ɂ.Ƚ.1 
CATALYTICALLY ACTIVE OXIDATED COMPOSITIONS IN THE OXIDATION 

OF THIOPHENE AND ITS DERIVATIVES 
1Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ,  

ɯɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ, Ɇɨɫɤɜɚ 
2ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ Ⱦɚɥɶɧɟɜɨɫɬɨɱɧɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ, 

ȼɥɚɞɢɜɨɫɬɨɤ 
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ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɛɨɥɟɟ ɱɢɫɬɵɯ ɜɢɞɚɯ ɬɨɩɥɢɜɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɜ ɫɜɹɡɢ 

ɫɨ ɫɬɪɨɝɢɦɢ ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ ɧɨɪɦɚɦɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɫɨɞɟɪɠɚɧɢɟ ɪɚɡɥɢɱɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɟɪɨɨɪɝɚɧɢɱɟɫɤɢɯ (10 ppm.). Ɍɪɚɞɢɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ 

ɫɟɪɨɨɱɢɫɬɤɢ (ɝɢɞɪɨɨɱɢɫɬɤɚ) ɩɪɨɜɨɞɢɬɫɹ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ƚɢɞɪɨɨɱɢɫɬɤɚ ɦɚɥɨɷɮɮɟɤɬɢɜɧɚ ɞɥɹ 

ɭɞɚɥɟɧɢɹ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɟɮɬɢ, ɬɚɤɢɯ ɤɚɤ ɞɢɛɟɧɡɨɬɢɨɮɟɧ ɢ 

ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɟ [1], ɩɨɷɬɨɦɭ, ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɩɪɨɰɟɫɫ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɨɛɟɫɫɟɪɢɜɚɧɢɹ, ɤɚɤ ɫɨɜɪɟɦɟɧɧɵɣ ɦɟɬɨɞ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɣ ɝɥɭɛɨɤɨɣ 

ɞɟɫɭɥɶɮɭɪɢɡɚɰɢɢ, ɞɨɩɨɥɧɹɸɳɢɣ ɭɫɬɨɹɜɲɢɟɫɹ ɢ ɬɪɚɞɢɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ.  

Ɉɛɵɱɧɨ ɜ ɤɚɱɟɫɬɜɟ ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɤɢɫɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɫɨɟɞɢɧɟɧɢɹ 

ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɧɚɧɟɫɟɧɧɵɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɧɨɫɢɬɟɥɹ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɦɟɬɚɥɥɢɱɟɫɤɨɣ. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɬɪɭɤɬɭɪ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɢɫɩɨɥɶɡɭɸɬ ɩɥɚɡɦɟɧɧɨ-

ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɟ ɨɫɚɠɞɟɧɢɟ ɢɥɢ ɨɤɫɢɞɢɪɨɜɚɧɢɟ (ɉɗɈ). ɋɩɨɫɨɛ ɜɤɥɸɱɚɟɬ ɨɛɪɚɛɨɬɤɭ 

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɢɡɞɟɥɢɹ (ɧɨɫɢɬɟɥɹ) ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɷɥɟɤɬɪɨɥɢɬɚ ɩɪɢ ɩɟɪɟɦɟɧɧɨɣ 

ɚɧɨɞɧɨ-ɤɚɬɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ [2]. Ɍɚɤɢɟ ɤɨɦɩɨɡɢɰɢɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ 

ɫɬɨɣɤɨɫɬɶɸ, ɩɪɨɱɧɨɫɬɶɸ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɜɨɡɦɨɠɧɨɫɬɶɸ ɮɨɪɦɢɪɨɜɚɬɶ ɫɥɨɢ 

ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɧɚɡɧɚɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ [3].   

ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɨɞɟɥɶɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɩɟɪɨɤɫɢɞɧɨɝɨ 

ɨɤɢɫɥɟɧɢɹ ɬɢɨɮɟɧɚ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɯ ɜ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɪɟɞɟ (ɢɡɨɨɤɬɚɧɟ). ɉɨɤɚɡɚɧɨ 

ɜɥɢɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɬɚɥɥɚ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ, 

ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɉɗɈ. ɉɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɞɪɨɛɧɨɣ ɡɚɝɪɭɡɤɢ ɨɤɢɫɥɢɬɟɥɹ ɫ ɰɟɥɶɸ 

ɭɜɟɥɢɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ ɩɨɛɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɪɚɡɥɨɠɟɧɢɹ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ. ɉɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɞɨɛɚɜɨɤ 

ɝɢɞɪɨɮɢɥɶɧɵɯ/ɝɢɞɪɨɮɨɛɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɨɤɫɢɞɢɪɨɜɚɧɧɵɯ 

ɤɨɦɩɨɡɢɰɢɣ. ɍɫɬɚɧɨɜɥɟɧ ɪɹɞ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɭɛɫɬɪɚɬɨɜ 
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(ɬɢɨɮɟɧ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɟ). ɉɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɨɤɢɫɥɟɧɢɹ ɫɭɛɫɬɪɚɬɚ. ɍɫɬɚɧɨɜɥɟɧ ɫɢɧɟɪɝɢɡɦ Ce-Zr ɨɤɫɢɞɢɪɨɜɚɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɝɥɭɛɨɤɨɟ ɩɪɨɬɟɤɚɧɢɟ ɩɪɨɰɟɫɫɚ.  

ɋɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɚ ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɭɫɬɚɧɨɜɥɟɧɵ ɫɤɚɧɢɪɭɸɳɟɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɟɣ (ɋɗɆ), ɪɟɧɬɝɟɧɨɮɥɨɭɪɟɫɰɟɧɬɧɵɦ ɢ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦɢ. Ⱥɧɚɥɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɪɨɜɟɞɟɧ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ Ƚɀɏ, əɆɊ, ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɂɗɊ.  
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ɊȺɁɊȺȻɈɌɄȺ ɂ ɋɈɁȾȺɇɂȿ ɋɈɅɖȼȿɇɌɇɈɃ ɌȿɏɇɈɅɈȽɂɂ 

ɈȻɅȺȽɈɊȺɀɂȼȺɇɂə ɌəɀȿɅɈȽɈ ɇȿɎɌəɇɈȽɈ ɋɕɊɖə 

Ɇɚɝɨɦɟɞɨɜ Ɋ.ɇ.1, 2, ɉɪɢɩɚɯɚɣɥɨ Ⱥ.ȼ.1, 3, ɉɨɩɨɜɚ Ⱥ.Ɂ.1, 2, Ɇɚɪɸɬɢɧɚ Ɍ.Ⱥ.1, 2, 3, 

ɒɚɦɫɭɥɥɢɧ Ⱥ.ɂ.4, Ⱥɣɧɭɥɥɨɜ Ɍ.ɋ.4, Ƚɭɛɚɣɞɭɥɥɢɧ Ɏ.Ɋ.4,  

ɋɚɥɚɯɨɜ ɂ.ɂ.5, Ɂɭɪɛɚɲɟɜ Ⱥ.ȼ.5 

CREATION OF SOLVENT UPGRADING TECHNOLOGY  

FOR HEAVY PETROLEUM FEEDSTOCK 
1 ɆɎɌɂ, Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ, Ⱦɨɥɝɨɩɪɭɞɧɵɣ  

2 ɈɈɈ «ɂɧɠɢɧɢɪɢɧɝɨɜɵɣ ɰɟɧɬɪ ɆɎɌɂ», Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ, Ⱦɨɥɝɨɩɪɭɞɧɵɣ 

3 ȽȿɈɏɂ ɊȺɇ, Ɇɨɫɤɜɚ 
4 ɉȺɈ «Ɍɚɬɧɟɮɬɶ» ɢɦ. ȼ.Ⱦ. ɒɚɲɢɧɚ, Ɋɟɫɩɭɛɥɢɤɚ Ɍɚɬɚɪɫɬɚɧ, Ⱥɥɶɦɟɬɶɟɜɫɤ 

5 ȺɈ «ɌȺɇȿɄɈ», Ɋɟɫɩɭɛɥɢɤɚ Ɍɚɬɚɪɫɬɚɧ, ɇɢɠɧɟɤɚɦɫɤ 
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Ɍɹɠɟɥɨɟ ɧɟɮɬɹɧɨɟ ɫɵɪɶɟ (Ɍɇɋ) ɜ ɭɫɥɨɜɢɹɯ ɢɫɬɨɳɟɧɢɹ ɬɪɚɞɢɰɢɨɧɧɵɯ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɩɪɢɨɛɪɟɬɚɟɬ ɜɫɟ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɜ ɦɢɪɨɜɨɣ ɷɤɨɧɨɦɢɤɟ. ȼ 

ɫɜɹɡɢ ɫ ɪɚɫɬɭɳɢɦ ɩɨɬɪɟɛɥɟɧɢɟɦ ɧɟɮɬɢ ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɫɬɪɟɦɥɟɧɢɟɦ ɷɤɫɩɨɪɬɢɪɨɜɚɬɶ 

ɜɵɫɨɤɢɟ ɫɨɪɬɚ ɧɟɮɬɢ, ɩɨɫɬɟɩɟɧɧɵɦ ɢɫɬɨɳɟɧɢɟɦ ɪɚɧɟɟ ɪɚɡɜɟɞɚɧɧɵɯ ɧɟɮɬɹɧɵɯ 

ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɫɜɟɪɯɜɹɡɤɢɟ ɬɹɠɟɥɵɟ ɧɟɮɬɢ ɫɬɚɧɨɜɹɬɫɹ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦɢ ɜ ɷɤɨɧɨɦɢɤɟ 

ɊɎ. 

ɉɨ ɦɟɪɟ ɭɬɹɠɟɥɟɧɢɹ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ ɜɨɡɪɚɫɬɚɟɬ ɜɧɢɦɚɧɢɟ ɤ ɡɚɞɚɱɚɦ ɟɝɨ 

ɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ 

ɧɚ ɩɟɪɟɪɚɛɨɬɤɭ ɧɟɮɬɢ. ȼɵɯɨɞ ɫɜɟɬɥɵɯ ɮɪɚɤɰɢɣ ɢ ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ ɩɟɪɟɪɚɛɨɬɤɢ Ɍɇɋ 

ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ, ɱɟɦ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɥɟɝɤɢɯ ɧɟɮɬɟɣ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢɟɦɥɟɦɨɣ 

ɝɥɭɛɢɧɵ ɩɟɪɟɪɚɛɨɬɤɢ ɬɹɠɟɥɨɣ ɧɟɮɬɢ ɫ ɩɨɦɨɳɶɸ ɢɡɜɟɫɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɬɪɟɛɭɸɬɫɹ 

ɛɨɥɶɲɢɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɜɵɫɨɤɢɟ ɩɪɨɰɟɧɬɧɵɟ ɧɨɪɦɵ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɢ 

ɨɛɨɪɨɬɧɵɯ ɫɪɟɞɫɬɜ [1-3].  

ȼɧɟɞɪɟɧɢɟ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ Ɍɇɋ, ɧɚɪɹɞɭ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɝɥɭɛɢɧɵ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ, ɞɨɥɠɧɨ ɩɨɡɜɨɥɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɩɨɬɟɧɰɢɚɥ ɰɟɧɧɵɯ ɩɨɩɭɬɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ ɢ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɩɨɥɭɱɟɧɢɸ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɧɚ ɜɵɯɨɞɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɰɟɩɨɱɤɢ 

ɩɪɨɢɡɜɨɞɫɬɜɚ. ɋɪɟɞɢ ɩɪɨɰɟɫɫɨɜ ɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ Ɍɇɋ, ɩɨɡɜɨɥɹɸɳɢɯ ɭɜɟɥɢɱɢɬɶ 

ɚɬɨɦɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɇ/ɋ ɢ ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, 

ɷɤɫɬɪɚɤɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɫɨɥɶɜɟɧɬɧɨɣ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ (ɋȾȺ) ɨɬɥɢɱɚɸɬɫɹ ɪɹɞɨɦ 

ɩɪɟɢɦɭɳɟɫɬɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɫɬɨɬɨɣ ɚɩɩɚɪɚɬɭɪɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɮɨɪɦɥɟɧɢɹ, 

ɧɢɡɤɢɦɢ ɭɞɟɥɶɧɵɦɢ ɤɚɩɢɬɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ, ɨɬɫɭɬɫɬɜɢɟɦ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɚɞɫɨɪɛɟɧɬɨɜ ɢ ɜɨɞɨɪɨɞɚ, ɜɵɫɨɤɨɣ ɝɢɛɤɨɫɬɶɸ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɱɟɫɬɜɚ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ, ɜɵɯɨɞɚ ɢ ɫɨɫɬɚɜɚ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ [4]. 
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ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɞɥɹ ɪɚɡɜɢɬɢɹ ɧɚɭɤɢ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɪɚɡɪɚɛɨɬɤɢ, ɪɟɚɥɢɡɭɸɳɢɟ ɩɪɨɰɟɫɫ ɋȾȺ Ɍɇɋ (ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɷɤɫɬɪɚɤɰɢɸ) ɜ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɨɛɟɫɩɟɱɢɜɚɹ ɩɪɢ ɷɬɨɦ ɨɩɬɢɦɚɥɶɧɵɟ ɪɚɛɨɱɢɟ ɩɚɪɚɦɟɬɪɵ 

(ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ) ɢ ɧɟɜɵɫɨɤɢɟ ɨɩɟɪɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ. ɉɨɦɢɦɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞɧɨɣ 

ɷɤɫɬɪɚɤɰɢɢ (ɋɎɗ) ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɞɨɛɵɱɟ ɢ ɩɟɪɟɪɚɛɨɬɤɟ/ɨɛɥɚɝɨɪɚɠɢɜɚɧɢɸ Ɍɇɋ, ɜɫɟ 

ɛɨɥɶɲɟ ɜɧɢɦɚɧɢɹ ɭɞɟɥɹɟɬɫɹ ɧɟɨɪɝɚɧɢɱɟɫɤɢɦ, ɩɪɨɫɬɵɦ ɢ ɞɨɫɬɭɩɧɵɦ ɜɟɳɟɫɬɜɚɦ ɜ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɚɤɢɦ ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ [5]. 

ȼ ɞɨɤɥɚɞɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɯɨɞɟ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɪɨɟɤɬɚ ɩɨ 

ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɨɣ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɫɨɥɶɜɟɧɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ Ɍɇɋ ɧɚ ɛɚɡɟ 

ɩɪɨɰɟɫɫɚ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ (ɋɄɎ) ɢ 

ɫɨɡɞɚɧɢɸ ɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɥɨɳɚɞɤɟ ɉȺɈ «Ɍɚɬɧɟɮɬɶ» ɢɦ. ȼ.Ⱦ. 

ɒɚɲɢɧɚ (ɩɪɨɟɤɬ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɪɚɦɤɚɯ ɉɨɫɬɚɧɨɜɥɟɧɢɹ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ 

Ɏɟɞɟɪɚɰɢɢ ɨɬ 09 ɚɩɪɟɥɹ 2010 ɝɨɞɚ № 218). 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɚɹ ɬɟɯɧɨɥɨɝɢɹ ɋȾȺ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɡ Ɍɇɋ (ɜɤɥɸɱɚɹ 

ɨɫɬɚɬɨɤ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ) ɧɨɜɨɝɨ ɩɪɨɞɭɤɬɚ – ɞɟɚɫɮɚɥɶɬɢɡɚɬɚ (ȾȺ), ɤɨɬɨɪɵɣ 

ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɟɫɬɪɭɤɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɫ 

ɰɟɥɶɸ ɜɵɪɚɛɨɬɤɢ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ (ɛɟɧɡɢɧɚ, ɞɢɡɟɥɶɧɨɝɨ 

ɬɨɩɥɢɜɚ ɢ ɚɜɢɚɰɢɨɧɧɨɝɨ ɤɟɪɨɫɢɧɚ) ɭɥɭɱɲɟɧɧɨɝɨ ɤɚɱɟɫɬɜɚ ɢɥɢ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ 

ɤɨɤɫɚ. ɍɞɚɥɟɧɢɟ ɫɦɨɥɢɫɬɨ-ɚɫɮɚɥɶɬɟɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɬɹɠɟɥɨɝɨ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɤɨɤɫɭɟɦɨɫɬɢ ɢ ɭɥɭɱɲɟɧɢɸ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɞɟɚɫɮɚɥɶɬɢɡɚɬɚ, ɩɪɚɤɬɢɱɟɫɤɢ ɫɜɨɛɨɞɧɨɝɨ ɨɬ ɦɟɬɚɥɥɨɜ. 

ɉɨɩɭɬɧɵɦ ɩɪɨɞɭɤɬɨɦ ɬɟɯɧɨɥɨɝɢɢ ɋȾȺ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɚɫɮɚɥɶɬ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɚ ɨɫɬɚɬɨɱɧɵɯ ɧɟɮɬɹɧɵɯ ɬɨɩɥɢɜ ɢɥɢ 

ɫɵɪɶɹ ɭɫɬɚɧɨɜɨɤ ɝɚɡɢɮɢɤɚɰɢɢ ɫ ɜɵɪɚɛɨɬɤɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦɭ 

ɰɢɤɥɭ ɢɥɢ ɫ ɩɨɥɭɱɟɧɢɟɦ ɜɨɞɨɪɨɞɚ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɡɨɥɨɲɥɚɤɨɜɵɟ ɨɫɬɚɬɤɢ (ɁɒɈ), 

ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɫɥɭɱɚɟ ɫɠɢɝɚɧɢɹ ɢɥɢ ɝɚɡɢɮɢɤɚɰɢɢ ɚɫɮɚɥɶɬɚ, ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɰɟɧɧɵɦ 

ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɦ ɫɵɪɶɟɦ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɨɤɫɢɞɚ ɜɚɧɚɞɢɹ, ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɨɝɨ ɜ ɁɒɈ 

ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɬɶ ɟɝɨ ɫɨɞɟɪɠɚɧɢɟ ɜ ɤɨɧɜɟɪɬɟɪɧɨɦ ɜɚɧɚɞɢɟɜɨɦ ɲɥɚɤɟ. 

Ȼɥɨɤ-ɫɯɟɦɚ ɜɨɡɦɨɠɧɨɣ ɢɧɬɟɝɪɚɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɋȾȺ ɜ ɫɯɟɦɭ ɇɉɁ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. 
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Ɋɢɫ. 1. Ȼɥɨɤ-ɫɯɟɦɚ ɢɧɬɟɝɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɋȾȺ ɜ ɫɯɟɦɭ ɇɉɁ 

Ɋɟɚɥɢɡɨɜɚɧ ɰɢɤɥ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɪɚɛɨɬ ɧɚ ɫɵɪɶɟ ɉȺɈ «Ɍɚɬɧɟɮɬɶ» ɢɦ. ȼ.Ⱦ. ɒɚɲɢɧɚ, ɩɨɫɜɹɳɟɧɧɵɯ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɋȾȺ ɧɚ ɜɵɯɨɞ ɢ ɫɨɫɬɚɜ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɞɟɚɫɮɚɥɶɬɢɡɚɬɚ (ȾȺ) ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɬɨɥɭɨɥɚ ɜ ɤɚɱɟɫɬɜɟ 

ɪɚɫɬɜɨɪɢɬɟɥɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ 

ɩɪɨɰɟɫɫɚ, ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ ɢ ɟɝɨ ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ, ɩɪɢ 

ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɜɵɫɨɤɢɯ ɜɵɯɨɞɨɜ ȾȺ, ɧɢɡɤɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ 

ɦɟɬɚɥɥɨɜ ɜ ȾȺ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɭɞɚɥɟɧɢɹ ɦɟɬɚɥɥɨɜ ɢ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ ɢɡ 

ɫɨɫɬɚɜɚ Ɍɇɋ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɠɢɞɤɨɫɬɶ, 

ɫɭɛɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ, ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ) ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɜɵɛɪɚɧɧɵɯ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɞɝɨɬɨɜɥɟɧɧɨɝɨ ɥɢɬɟɪɚɬɭɪɧɨɝɨ ɨɛɡɨɪɚ  

(ɧ-ɩɟɧɬɚɧ, ɚɰɟɬɨɧ ɢ ɷɬɢɥɚɰɟɬɚɬ), ɧɚ ɜɵɯɨɞ ɢ ɫɨɫɬɚɜ ȾȺ, ɚ ɬɚɤɠɟ ɩɨɤɚɡɚɬɟɥɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɋȾȺ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɨɩɪɟɞɟɥɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɫɨɫɬɚɜ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ 

ɢɫɯɨɞɧɨɝɨ Ɍɇɋ ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɋȾȺ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɡɞɚɧ ɥɚɛɨɪɚɬɨɪɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 

ɪɟɝɥɚɦɟɧɬ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɋȾȺ Ɍɇɋ, ɩɪɨɜɨɞɹɬɫɹ ɪɚɛɨɬɵ ɩɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭ 

ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɤɨɥɨɧɧɵ, ɚ ɬɚɤɠɟ 
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ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɚ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɩɢɥɨɬɧɨɣ 

ɭɫɬɚɧɨɜɤɢ ɋȾȺ. 

ɉɢɥɨɬɧɚɹ ɭɫɬɚɧɨɜɤɚ ɋȾȺ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɫ ɭɱɟɬɨɦ ɨɛɟɫɩɟɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɝɢɛɤɨɫɬɢ ɩɪɨɰɟɫɫɚ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɨɤɚɡɚɬɟɥɹɦ: 

- ɫɵɪɶɟ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ; 

- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ; 

- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɢ ɜ ɤɨɦɛɢɧɚɰɢɢ; 

- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɠɢɞɤɨɦ ɢɥɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ,  

ɱɬɨ ɩɨɡɜɨɥɢɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɜɵɯɨɞɚ (ɜɵɯɨɞ ȾȺ 

– ɧɟ ɦɟɧɟɟ 50% ɦɚɫɫ.) ɢ ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ (ɫɬɟɩɟɧɶ ɞɟɦɟɬɚɥɥɢɡɚɰɢɢ Ɍɇɋ ɩɨ ɨɫɧɨɜɧɵɦ 

ɦɟɬɚɥɥɚɦ (V+Ni) – ɧɟ ɦɟɧɟɟ 80 % ɦɚɫɫ.; ɫɬɟɩɟɧɶ ɭɞɚɥɟɧɢɹ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ Ɍɇɋ – ɧɟ 

ɦɟɧɟɟ 60 % ɦɚɫɫ.). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɚɥɢɡɚɰɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɪɨɟɤɬɚ ɩɨ ɫɨɡɞɚɧɢɸ ɧɨɜɨɣ 

ɫɨɥɶɜɟɧɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ Ɍɇɋ ɩɨɡɜɨɥɢɬ ɜɨɜɥɟɱɶ ɜ ɝɥɭɛɨɤɭɸ 

ɩɟɪɟɪɚɛɨɬɤɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ ɢ ɭɜɟɥɢɱɢɬɶ ɜɵɩɭɫɤ ɬɨɜɚɪɧɨɣ 

ɩɪɨɞɭɤɰɢɢ (ɛɟɧɡɢɧɚ, ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɚɜɢɚɰɢɨɧɧɨɝɨ ɤɟɪɨɫɢɧɚ) ɭɥɭɱɲɟɧɧɨɝɨ 

ɤɚɱɟɫɬɜɚ ɢ ɨɛɟɫɩɟɱɢɬɶ ɛɟɡɨɬɯɨɞɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɞɨɛɢɬɶɫɹ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɫɧɢɠɟɧɢɹ 

ɨɛɴɟɦɨɜ ɬɹɠɟɥɵɯ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ (ɌɇɈ), ɜɤɥɸɱɚɹ ɧɟɮɬɹɧɵɟ ɨɫɬɚɬɤɢ ɩɟɪɟɝɨɧɤɢ 

ɧɟɮɬɢ ɢ ɬɟɪɦɨɞɟɫɬɪɭɤɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ. 
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Ⱥɫɮɚɥɶɬɟɧɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɧɟɮɬɢ. 

ɋɨɞɟɪɠɚɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ ɜ ɧɟɮɬɢ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ ɞɨɥɟɣ ɩɪɨɰɟɧɬɚ ɞɨ 20%. ɋɨɞɟɪɠɚɧɢɟ 

ɚɫɮɚɥɶɬɟɧɨɜ ɨɩɪɟɞɟɥɹɟɬ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɭɫɬɨɣɱɢɜɨɫɬɶ, ɩɨɜɟɞɟɧɢɟ ɧɟɮɬɢ 

ɩɪɢ ɤɨɦɩɚɭɧɞɢɪɨɜɚɧɢɢ ɫ ɞɪɭɝɢɦɢ ɧɟɮɬɹɦɢ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɟɟ 

ɩɟɪɟɪɚɛɨɬɤɢ. ɋɤɥɨɧɧɨɫɬɶ ɚɫɮɚɥɶɬɟɧɨɜ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɚɱɟɱɧɵɯ ɧɚɞɦɨɥɟɤɭɥɹɧɵɯ 

ɫɬɪɭɤɬɭɪ, ɚ ɬɚɤɠɟ ɦɚɥɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɚɫɮɚɥɶɬɟɧɨɜ ɜ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɚɯ 

ɨɛɭɫɥɨɜɥɢɜɚɸɬ ɩɪɨɛɥɟɦɵ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɮɬɟɫɦɟɫɟɣ ɩɪɢ ɫɦɟɲɟɧɢɢ ɧɟɮɬɟɣ 

ɪɚɡɧɨɣ ɩɪɢɪɨɞɵ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɨɛɪɚɡɨɜɚɧɢɟ ɨɬɥɨɠɟɧɢɣ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ, ɪɟɡɟɪɜɭɚɪɚɯ, 

ɬɟɩɥɨɨɛɦɟɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɷɥɟɤɬɪɨɞɟɝɢɞɪɚɬɨɪɚɯ. Ⱥɫɮɚɥɶɬɟɧɵ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦɢ ɩɪɟɤɭɪɫɨɪɚɦɢ ɤɨɤɫɚ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ. ȼɵɫɨɤɚɹ 

ɞɨɥɹ ɚɫɮɚɥɶɬɟɧɨɜ ɯɚɪɚɤɬɟɪɧɚɹ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɧɟɮɬɟɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɫɟɯ ɨɫɬɚɬɤɨɜ 

ɤɪɟɤɢɧɝɚ, ɜɢɫɛɪɟɤɢɧɝɚ ɢ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ, ɨɩɪɟɞɟɥɹɟɬ ɢɯ ɜɵɫɨɤɭɸ ɫɤɥɨɧɧɨɫɬɶ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɨɬɥɨɠɟɧɢɣ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɷɬɢɦ ɩɪɨɛɥɟɦɵ ɩɪɢ ɬɪɚɧɫɩɨɪɬɟ, ɯɪɚɧɟɧɢɢ ɢ 

ɩɟɪɟɪɚɛɨɬɤɟ. 

Ɇɧɨɝɢɟ ɫɯɟɦɵ ɩɟɪɟɪɚɛɨɬɤɢ ɬɹɠɟɥɵɯ ɛɢɬɭɦɢɧɨɡɧɵɯ ɧɟɮɬɟɣ ɜɤɥɸɱɚɸɬ ɩɪɨɰɟɫɫ 

ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɨɬɞɟɥɢɬɶ ɨɬ ɧɟɮɬɢ ɚɫɮɚɥɶɬɟɧɵ ɥɢɛɨ ɩɨɥɧɨɫɬɶɸ, 

ɥɢɛɨ ɱɚɫɬɢɱɧɨ – ɢɯ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɚɪɨɦɚɬɢɱɧɭɸ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɭɸ ɮɪɚɤɰɢɸ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɰɟɫɫ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɯɟɦɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɫɬɚɬɨɱɧɵɯ 

ɛɚɡɨɜɵɯ ɦɚɫɟɥ ɢɡ ɝɭɞɪɨɧɚ, ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɨɫɬɚɬɨɱɧɨɝɨ ɫɵɪɶɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

– ɤɪɟɤɢɧɝɚ, ɝɢɞɪɨɤɪɟɤɢɧɝɚ. ɉɪɨɰɟɫɫ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ ɨɫɧɨɜɚɧ ɧɚ ɨɫɚɠɞɟɧɢɢ 

ɚɫɮɚɥɶɬɟɧɨɜ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɫɨɩɪɹɠɟɧ ɫ ɜɵɫɨɤɢɦɢ ɡɚɬɪɚɬɚɦɢ, ɬɚɤ ɤɚɤ 

ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɶ/ɫɵɪɶɟ ɨɛɵɱɧɨ ɫɨɫɬɚɜɥɹɟɬ (3–8)/1. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ 

ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɦɨɥɟɤɭɥɟ ɪɚɫɬɜɨɪɢɬɟɥɹ  ɨɬ ɋ3 ɞɨ ɋ9 ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɪɚɫɬɜɨɪɹɸɳɚɹ 

ɫɩɨɫɨɛɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɚɫɮɚɥɶɬɟɧɨɜ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 

ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɫɮɚɥɶɬɟɧɨɜ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɢɯ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɢ ɚɪɨɦɚɬɢɱɧɨɫɬɢ 

[1–3]. Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɩɪɨɰɟɫɫ Ⱦɨɛɟɧ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɟɝɤɨɣ 

ɛɟɧɡɢɧɨɜɨɣ ɮɪɚɤɰɢɟɣ [4], ɨɬɥɢɱɚɸɳɢɣɫɹ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɩɪɨɩɚɧɨɜɨɣ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɟɣ. ɂɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɜ 

ɩɪɨɰɟɫɫɟ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ ɚɰɟɬɨɧɚ [5] ɢɥɢ ɷɬɢɥɚɰɟɬɚɬɚ [6]. ɉɨɦɢɦɨ ɜɨɡɦɨɠɧɨɫɬɢ 
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ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ, ɞɨɫɬɢɝɚɟɬɫɹ ɛɨɥɟɟ ɝɥɭɛɨɤɚɹ 

ɞɟɦɟɬɚɥɥɢɡɚɰɢɹ ɧɟɮɬɢ ɡɚ ɫɱɟɬ ɫɟɥɟɤɬɢɜɧɨɝɨ ɭɞɚɥɟɧɢɹ ɦɟɬɚɥɥɨɩɨɪɮɢɪɢɧɨɜ.  

ɍɞɚɥɟɧɢɟ ɢ ɪɟɝɟɧɟɪɚɰɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɭɬёɦ ɞɢɫɬɢɥɥɹɰɢɢ ɫɨɩɪɹɠɟɧɵ ɫ 

ɛɨɥɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɷɧɟɪɝɢɢ ɢ ɜɵɫɨɤɨɣ ɦɟɬɚɥɥɨɟɦɤɨɫɬɶɸ ɜɫɥɟɞɫɬɜɢɟ ɩɪɢɦɟɧɟɧɢɹ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɪɨɞɨɥɠɚɟɬɫɹ ɩɨɢɫɤ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 

ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɪɟɝɟɧɟɪɚɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɪɨɰɟɫɫɨɜ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ. 

Ɉɞɧɚɤɨ ɜɫɟ ɩɪɨɰɟɫɫɵ ɫɨɥɶɜɟɧɬɧɨɣ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ ɫɨɩɪɹɠɟɧɵ ɫ ɜɵɫɨɤɢɦɢ 

ɡɚɬɪɚɬɚɦɢ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɢɫɬɢɥɥɹɰɢɟɣ. Ɉɱɟɜɢɞɧɨ, ɱɟɦ ɜɵɲɟ 

ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɬɟɦ ɜɵɲɟ ɛɭɞɭɬ ɡɚɬɪɚɬɵ ɧɚ ɟɝɨ ɪɟɝɟɧɟɪɚɰɢɸ. Ɉɞɧɢɦ 

ɢɡ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɜɵɫɨɤɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɧɚ ɫɬɚɞɢɢ ɪɟɝɟɧɟɪɚɰɢɢ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɡ ɪɚɫɬɜɨɪɨɜ ɚɫɮɚɥɶɬɚ ɢ ɞɟɚɫɮɚɥɶɬɢɡɚɬɚ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɟɦɛɪɚɧɧɨɣ 

ɬɟɯɧɨɥɨɝɢɢ. Ɋɟɝɟɧɟɪɚɰɢɹ ɱɚɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɛɟɡ ɧɚɝɪɟɜɚɧɢɹ ɩɨɡɜɨɥɢɥɚ ɛɵ ɧɚ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɭɫɬɚɧɨɜɤɚɯ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 

ɩɨɞɜɟɞɟɧɢɟ ɬɟɩɥɚ ɜ ɤɨɥɨɧɧɵ ɪɟɝɟɧɟɪɚɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɹ. 

ȼ ɩɪɨɰɟɫɫɚɯ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ ɨɫɧɨɜɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɞɜɚ 

ɧɚɩɪɚɜɥɟɧɢɹ: ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɵɞɟɥɟɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ, ɥɢɛɨ ɪɟɝɟɧɟɪɚɰɢɸ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɨɫɥɟ ɨɫɚɠɞɟɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ. ȼ ɫɜɹɡɢ ɫ ɪɹɞɨɦ ɧɟɞɨɫɬɚɬɤɨɜ ɫɨɥɶɜɟɧɬɧɨɣ 

ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ – ɧɢɡɤɢɦɢ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɪɚɡɞɟɥɟɧɢɹ, 

ɩɨɬɟɪɹɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɛɨɥɶɲɢɦɢ ɪɚɡɦɟɪɚɦɢ ɨɛɨɪɭɞɨɜɚɧɢɹ – ɧɟɩɪɟɪɵɜɧɨ ɜɟɞɟɬɫɹ ɩɨɢɫɤ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɜɵɞɟɥɟɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ, ɤ ɤɨɬɨɪɵɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ 

ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ [7], ɚɞɫɨɪɛɰɢɨɧɧɨɟ [8], ɦɟɦɛɪɚɧɧɨɟ ɜɵɞɟɥɟɧɢɟ [9–17].  

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɹɞɚ ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɢ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ ɢɡ 

ɪɚɫɬɜɨɪɨɜ ɜ ɬɨɥɭɨɥɟ ɢ ɟɝɨ ɫɦɟɫɹɯ ɫ ɝɟɤɫɚɧɨɦ. ɇɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ 

ɩɪɨɜɨɞɢɥɢ ɜ ɹɱɟɣɤɚɯ ɬɭɩɢɤɨɜɨɝɨ ɬɢɩɚ ɤɨɬɨɪɵɟ ɛɵɥɢ ɨɩɢɫɚɧɵ ɪɚɧɟɟ [18], ɩɪɢ ɞɚɜɥɟɧɢɢ 

30 ɚɬɦ ɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ⱥɤɬɢɜɧɚɹ ɩɥɨɳɚɞɶ ɦɟɦɛɪɚɧ ɜ ɹɱɟɣɤɚɯ ɫɨɫɬɚɜɥɹɥɚ 

3,3·10-3ɦ2. Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɷɮɮɟɤɬɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɹɱɟɣɤɢ ɛɵɥɢ 

ɫɧɚɛɠɟɧɵ ɩɨɞɜɟɲɟɧɧɵɦɢ ɦɚɝɧɢɬɧɵɦɢ ɹɤɨɪɹɦɢ ɢ ɦɚɝɧɢɬɧɵɦɢ ɦɟɲɚɥɤɚɦɢ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɷɮɮɟɤɬɢɜɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɠɢɞɤɨɣ ɪɚɡɞɟɥɹɟɦɨɣ ɫɦɟɫɢ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɦɛɪɚɧɵ. Ɉɛɴɟɦ ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨɫɬɚɜɥɹɥ 

800 ɦɥ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɩɨɬɨɤɚ ɩɟɪɦɟɚɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɹɱɟɣɤɢ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɩɪɢɟɦɧɢɤ 

ɠɢɞɤɨɫɬɢ, ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɢɫɩɚɪɟɧɢɟ 

ɠɢɞɤɨɫɬɢ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɦɛɪɚɧɵ (J), ɪɚɫɫɱɢɬɵɜɚɥɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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(1) 

ɝɞɟ m – ɦɚɫɫɚ ɩɟɪɦɟɚɬɚ (ɤɝ) ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɫ ɩɥɨɳɚɞɶɸ S (ɦ2) ɡɚ 

ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ Δt (ɱ). ɉɪɨɧɢɰɚɟɦɨɫɬɶ ɦɟɦɛɪɚɧɵ (P) ɨɩɪɟɞɟɥɹɥɚɫɶ ɤɚɤ ɨɬɧɨɲɟɧɢɟ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɦɛɪɚɧɵ (J) ɤ ɩɪɢɥɨɠɟɧɧɨɦɭ ɬɪɚɧɫɦɟɦɛɪɚɧɧɨɦɭ ɞɚɜɥɟɧɢɸ (p): 

ptS

m

p

J
P





  (2) 

ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɨɝɨ ɪɚɫɬɜɨɪёɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɧɵ ɚɫɮɚɥɶɬɟɧɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɢɡ Ⱥɲɢɥɶɱɢɧɫɤɨɣ ɧɟɮɬɢ. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɚɫɬɜɨɪɵ ɚɫɮɚɥɶɬɟɧɨɜ ɜ 

ɬɨɥɭɨɥɟ ɢ ɜ ɫɦɟɫɢ ɬɨɥɭɨɥ/ɝɟɤɫɚɧ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 10-100 ɦɝ/ɥ. ɉɪɢ ɬɚɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɚɫɮɚɥɶɬɟɧɵ ɩɨɥɧɨɫɬɶɸ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ ɚɝɪɟɝɚɬɨɜ. ɉɪɨɛɵ 

ɞɥɹ ɚɧɚɥɢɡɚ ɪɚɫɬɜɨɪɚ ɧɚɞ ɦɟɦɛɪɚɧɨɣ ɨɬɛɢɪɚɥɢɫɶ ɢɡ ɹɱɟɣɤɢ ɩɚɪɚɥɥɟɥɶɧɨ ɫɨ ɫɛɨɪɨɦ 

ɩɟɪɦɟɚɬɚ, ɬɚɤ ɤɚɤ ɤɨɧɫɬɪɭɤɰɢɹ ɹɱɟɟɤ ɩɨɡɜɨɥɹɥɚ ɩɪɨɜɨɞɢɬɶ ɨɬɛɨɪ ɠɢɞɤɨɫɬɢ ɛɟɡ ɫɛɪɨɫɚ 

ɞɚɜɥɟɧɢɹ. Ʉɨɧɰɟɧɬɪɚɰɢɸ ɚɫɮɚɥɶɬɟɧɨɜ ɜ ɹɱɟɣɤɟ ɢ ɩɟɪɦɟɚɬɟ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɚ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 300 ɧɦ. 

ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫ ɨɩɪɟɞɟɥёɧɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɨɣ ɜ ɩɢɬɚɸɳɟɦ ɩɨɬɨɤɟ (c0) ɢ ɩɟɪɦɟɚɬɟ (cP), ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɞɟɪɠɚɧɢɹ 

R (%): 

%,100)1(
0


c

cPR  (3) 

Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɬɞɟɥɟɧɢɸ ɚɫɮɚɥɶɬɟɧɨɜ ɢɡ ɪɚɫɬɜɨɪɨɜ ɜ 

ɬɨɥɭɨɥɟ ɢ ɟɝɨ ɫɦɟɫɹɯ ɫ ɝɟɤɫɚɧɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɹɞɚ ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɢ 

ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ. Ⱦɥɹ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ ɢɡ 

ɩɨɥɢɚɤɪɢɥɨɧɢɬɪɢɥɚ ɧɚɛɥɸɞɚɥɨɫɶ ɫɢɥɶɧɨɟ ɡɚɫɨɪɟɧɢɟ ɦɟɦɛɪɚɧ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 

ɡɚɞɟɪɠɢɜɚɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ ɫɨɫɬɚɜɥɹɥɨ 48%, ɩɪɢ ɷɬɨɦ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɦɟɦɛɪɚɧ 

ɫɧɢɠɚɥɚɫɶ ɫ 11 ɥ/ɦ2·ɱ·ɚɬɦ ɞɨ 0,14 ɥ/ɦ2·ɱ·ɚɬɦ ɭɠɟ ɩɨɫɥɟ 8 ɱɚɫɨɜ ɪɚɛɨɬɵ. Ʌɭɱɲɢɟ 

ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 

ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ ɫ MWCO=700. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɞɟɪɠɢɜɚɧɢɟ ɫɨɫɬɚɜɥɹɥɨ 

ɛɨɥɟɟ 95% ɩɪɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ 1 ɥ/ɦ2·ɱ·ɚɬɦ. ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɦɟɫɢ 70% Ɍɨɥɭɨɥɚ 

ɢ 30% ɝɟɤɫɚɧɚ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɫɟɯ ɦɟɦɛɪɚɧ ɫɧɢɠɚɥɚɫɶ ɧɚ 40% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɬɵɦ 

ɬɨɥɭɨɥɨɦ, ɩɪɢ ɷɬɨɦ ɞɥɹ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ ɢɡ ɉȺɇ ɬɚɤɠɟ ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ 

ɱɢɫɬɨɝɨ ɬɨɥɭɨɥɚ ɧɚɛɥɸɞɚɥɨɫɶ ɡɚɫɨɪɟɧɢɟ ɦɟɦɛɪɚɧɵ, ɯɨɬɹ ɭɞɟɪɠɢɜɚɧɢɟ ɛɵɥɨ ɧɟɫɤɨɥɶɤɨ 

ɜɵɲɟ (ɨɤɨɥɨ 80%). ɉɪɢɱёɦ ɭɜɟɥɢɱɟɧɢɟ ɡɚɞɟɪɠɢɜɚɧɢɹ ɧɚɛɥɸɞɚɥɨɫɶ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ 

ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɫɮɚɥɶɬɟɧɨɜ ɜ ɫɦɟɫɢ 100 ɦɝ/ɥ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 10 
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ɦɝ/ɥ ɡɚɞɟɪɠɢɜɚɧɢɟ ɜ ɫɦɟɫɢ ɬɨɥɭɨɥ/ɝɟɤɫɚɧ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɵɦɢ ɉȺɇ ɦɟɦɛɪɚɧɚɦɢ 

ɫɨɫɬɚɜɥɹɥɨ ɧɟ ɛɨɥɟɟ 70%. 

ɇɚɛɥɸɞɚɟɦɨɟ ɭɜɟɥɢɱɟɧɢɟ ɡɚɞɟɪɠɢɜɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɬɟɦ, ɱɬɨ ɩɪɢ 

ɩɨɜɵɲɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɝɟɤɫɚɧɚ ɩɪɨɢɫɯɨɞɢɬ ɚɝɪɟɝɢɪɨɜɚɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɱɟɝɨ ɨɛɪɚɡɭɸɬɫɹ ɱɚɫɬɢɰɵ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɶɲɟ ɪɚɡɦɟɪɚ ɩɨɪ ɦɟɦɛɪɚɧɵ. 

ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ ɫ MWCO ɪɚɜɧɵɦ 400, 700 ɢ 1100 ɡɚɞɟɪɠɢɜɚɧɢɟ 

ɚɫɮɚɥɶɬɟɧɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɭɜɟɥɢɱɢɜɚɥɨɫɶ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɬɚɤɢɯ ɦɟɦɛɪɚɧɚɯ 

ɪɚɡɦɟɪ ɩɨɪ ɢɡɧɚɱɚɥɶɧɨ ɦɟɧɶɲɟ ɪɚɡɦɟɪɚ ɛɨɥɶɲɢɧɫɬɜɚ ɦɨɥɟɤɭɥ ɚɫɮɚɥɶɬɟɧɨɜ. 

ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ ɧɚɛɥɸɞɚɟɬɫɹ ɫɢɥɶɧɨɟ 

ɡɚɝɪɹɡɧɟɧɢɹ ɦɟɦɛɪɚɧɵ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧёɧɨ ɬɟɦ, ɱɬɨ ɚɫɮɚɥɶɬɟɧɵ ɢɦɟɸɬ ɪɚɡɦɟɪ, 

ɛɥɢɡɤɢɣ ɤ ɪɚɡɦɟɪɭ ɩɨɪ ɦɟɦɛɪɚɧ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨɝɭɬ ɱɚɫɬɢɱɧɨ ɩɪɨɧɢɤɚɬɶ ɜ ɧɢɯ ɢ 

ɛɥɨɤɢɪɨɜɚɬɶ ɬɪɚɧɫɩɨɪɬ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɇɚɩɪɨɬɢɜ, ɜ ɫɥɭɱɚɟ ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ 

ɚɫɮɚɥɶɬɟɧɵ ɦɨɝɭɬ ɫɨɪɛɢɪɨɜɚɬɶɫɹ ɬɨɥɶɤɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɦɛɪɚɧɵ, ɚ ɜ ɫɜɹɡɢ ɫ ɧɢɡɤɨɣ 

ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜ ɪɚɫɬɜɨɪɟ ɧɟ ɦɨɝɭɬ ɨɛɪɚɡɨɜɚɬɶ ɩɨɝɪɚɧɢɱɧɵɣ ɝɟɥɶ ɫɥɨɣ, ɤɨɬɨɪɵɣ ɛɵ 

ɫɧɢɠɚɥ ɩɪɨɧɢɰɚɟɦɨɫɬɶ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɧɨɮɢɥɶɬɪɚɰɨɧɧɵɯ 

ɦɟɦɛɪɚɧ, ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɜɵɞɟɥɹɬɶ ɚɫɮɚɥɶɬɟɧɵ ɢɡ ɬɨɥɭɨɥɚ ɢ ɫɦɟɫɟɣ ɬɨɥɭɨɥɚ ɫ 

ɝɟɤɫɚɧɨɦ, ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ. ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɞɟɥɚɟɬ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɦɟɦɛɪɚɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɪɨɰɟɫɫɨɜ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ 

ɧɟɮɬɢ. 
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Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɭɫɬɚɧɨɜɨɤ ɝɢɞɪɨɨɱɢɫɬɤɢ, ɹɜɥɹɟɬɫɹ ɫɨɯɪɚɧɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. ȼ ɫɵɪɨɣ ɧɟɮɬɢ 

ɢ ɟɟ ɞɢɫɬɢɥɥɹɬɚɯ ɧɚɯɨɞɢɬɫɹ ɦɧɨɠɟɫɬɜɨ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɧɢɠɚɬɶ ɚɤɬɢɜɧɨɫɬɶ 

ɤɚɬɚɥɢɡɚɬɨɪɚ. ɋɨɟɞɢɧɟɧɢɹ ɦɟɬɚɥɥɨɜ Ni, V, Na, Fe ɹɜɥɹɸɬɫɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɹɞɚɦɢ, ɫ 

ɜɪɟɞɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɤɨɬɨɪɵɯ ɭɫɩɟɲɧɨ ɫɩɪɚɜɥɹɸɬɫɹ, ɭɞɚɥɹɹ ɢɯ ɢɡ ɫɵɪɶɹ. Ɉɞɧɚɤɨ 

ɫɭɳɟɫɬɜɭɸɬ ɢ ɞɪɭɝɢɟ ɝɟɬɟɪɨɚɬɨɦɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɨɤɚɡɵɜɚɸɳɢɟ ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 

ɤɚɬɚɥɢɡɚɬɨɪ. Ɍɚɤ, ɚɪɫɢɧ ɢ ɨɪɝɚɧɢɱɟɫɤɢɟ ɩɪɨɢɡɜɨɞɧɵɟ ɦɵɲɶɹɤɚ ɧɟɨɛɪɚɬɢɦɨ ɨɬɪɚɜɥɹɸɬ 

ɤɚɬɚɥɢɡɚɬɨɪ ɩɭɬɟɦ ɫɜɹɡɵɜɚɧɢɹ ɫ ɚɤɬɢɜɧɵɦɢ ɰɟɧɬɪɚɦɢ: ɫɭɥɶɮɢɞɚɦɢ ɧɢɤɟɥɹ ɢɥɢ ɤɨɛɚɥɶɬɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɛɪɚɡɭɸɬɫɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ NiAs ɢ CoAs [1,2]. 

Ɉɬɪɚɜɥɟɧɧɵɟ ɚɤɬɢɜɧɵɟ ɰɟɧɬɪɵ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɪɟɝɟɧɟɪɢɪɨɜɚɧɵ, ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɠɟ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɦɵɲɶɹɤɚ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɞɚɧɧɵɣ ɷɮɮɟɤɬ, ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɞɟɧɢɟ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ 

ɫɢɫɬɟɦɭ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɭɥɚɜɥɢɜɚɬɶ ɫɨɟɞɢɧɟɧɢɹ 

ɦɵɲɶɹɤɚ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɚɬɵɜɚɥɢ ɤɚɬɚɥɢɡɚɬɨɪ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ ɞɥɹ ɭɞɚɥɟɧɢɹ 

ɫɨɟɞɢɧɟɧɢɣ ɦɵɲɶɹɤɚ ɢɡ ɞɢɡɟɥɶɧɵɯ ɮɪɚɤɰɢɣ. Ɉɫɧɨɜɭ ɬɚɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɟɞɫɬɚɜɥɹɥɢ 

ɦɟɡɨɩɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ. Ɍɚɤɢɟ ɦɟɡɨɩɨɪɢɫɬɵɟ ɫɢɫɬɟɦɵ ɤɚɤ TUD, MCF ɜɵɛɪɚɧɵ ɜ 

ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɪɚɡɦɟɪɨɦ 

ɩɨɪ ɛɨɥɟɟ 50 Å. ɂɯ ɫɢɧɬɟɡ ɩɪɨɜɨɞɢɥɢ ɜ ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɭɞɚɥɟɧɢɸ ɦɵɲɶɹɤɚ ɢɡ ɞɢɡɟɥɶɧɵɯ 

ɮɪɚɤɰɢɣ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɬɨɱɧɨɝɨ ɪɟɚɤɬɨɪɚ ɫɨ ɫɬɚɰɢɨɧɚɪɧɵɦ ɫɥɨɟɦ 

ɤɚɬɚɥɢɡɚɬɨɪɚ. ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɵ ɤ 

ɩɪɨɦɵɲɥɟɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɨɱɢɫɬɤɢ.  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɋɨɝɥɚɲɟɧɢɹ № 14.576.21.0087 (Ɏɟɞɟɪɚɥɶɧɚɹ ɰɟɥɟɜɚɹ 

ɩɪɨɝɪɚɦɦɚ «ɂɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɩɨ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɪɚɡɜɢɬɢɹ 

ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ Ɋɨɫɫɢɢ ɧɚ 2007 - 2013 ɝɨɞɵ») 
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Ʌɢɬɟɪɚɬɭɪɚ 

1. ART Catalagram®, 2010, 108, 9-13. 

2. S. Yang, J. Adjaye, W.C. McCaffrey, A.E. Nelson, J. Mol. Catal. A: Chem. 2010, 321, 83 

91. 
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ȼɈɁȾȿɃɋɌȼɂȿ ɎɈɌɈɈȻɅɍɑȿɇɂə ɇȺ ȺɊɈɆȺɌɂɑȿɋɄɂȿ 

ɍȽɅȿȼɈȾɈɊɈȾɕ I-IV ȽɊɍɉɉ ɋɍɊȺɏȺɇɋɄɈɃ ɇȿɎɌɂ 

Ƀɨɥɱɭɟɜɚ ɍ.Ⱦɠ., Ⱦɠɚɮɚɪɨɜɚ Ɋ.Ⱥ., ɇɚɞɠɚɮɨɜɚ Ɇ.Ⱥ., ɋɚɥɦɚɧɨɜɚ ɑ.Ʉ.,  

Ɇɟɯɬɢɟɜɚ Ƚ.ɇ. 

IMPACT OF PHOTO-OBJECTION ON AROMATIC  

HYDROCARBONS OF I-IV GROUP OF SURAKHAN OIL 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ,  

ɝ. Ȼɚɤɭ 

E-mail: ulviyya.yolcuyeva@gmail.com 

 

Ɇɟɫɬɨɪɨɠɞɟɧɢɟ ɋɭɪɚɯɚɧɵ - ɨɞɧɨ ɢɡ ɧɨɜɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɟɝɥɭɛɨɤɢɯ (658ɦ) 

ɡɚɥɟɠɟɣ ɧɟɮɬɢ Ⱥɩɲɟɪɨɧɫɤɨɝɨ ɩɨɥɭɨɫɬɪɨɜɚ. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɧɟɮɬɢ: 

ɩɥɨɬɧɨɫɬɶ ɩɪɢ 200ɋ – 0,8417 ɝ/ɫɦ3, ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ - 202,64, ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ 

- 6,33 ɦɦ2 /ɫ, ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɫɬɵɜɚɧɢɹ –(+ 400ɋ), ɬɟɦɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ – (+440ɋ), 

ɤɢɫɥɨɬɧɨɟ ɱɢɫɥɨ -2,55 ɦɝ Ɉɇ/ ɝ, ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ - 0,7809 % ɦɚɫ., ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɫɦɨɥɢɫɬɨ-ɚɫɮɚɥɶɬɟɧɨɜɵɯ ɜɟɳɟɫɬɜ - 6 1015 ɫɩɢɧ/ɝ. Ɇɟɬɨɞɨɦ ɚɞɫɨɪɛɰɢɨɧɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ I-IV ɝɪɭɩɩɵ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (Ⱥɍȼ) 

ɢɫɫɥɟɞɭɟɦɨɣ ɧɟɮɬɢ, ɤɨɬɨɪɵɟ ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ ɧɚ ɪɟɮɪɚɤɬɨɦɟɬɪɟ. Ʉ I- ɝɪɭɩɩɟ Ⱥɍȼ 

ɨɬɧɨɫɢɬɫɹ ɮɪɚɤɰɢɹ ɫ nd
20– 1,5108; ɤɨ II -1,5357; ɤ III – 1,5768; ɤ IV -1,5990.  

Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨ-ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɫɜɨɣɫɬɜ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɛɨɥɶɲɨɟ 

ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ ɧɟɮɬɹɧɵɟ ɫɢɫɬɟɦɵ, ɜ ɫɨɫɬɚɜɟ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɚɬɫɹ ɚɪɨɦɚɬɢɱɟɫɤɢɟ 

ɭɝɥɟɜɨɞɨɪɨɞɵ, ɨɛɥɚɞɚɸɳɢɟ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɜɢɞɢɦɨɣ ɥɸɦɢɧɟɫɰɟɧɰɢɟɣ. ȼ ɩɪɨɞɭɤɬɚɯ 

ɩɟɪɜɢɱɧɨɣ ɜ ɨɬɥɢɱɢɟ ɨɬ ɜɬɨɪɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ Ⱥɍȼ ɫɨɫɬɨɹɬ ɩɪɚɤɬɢɱɟɫɤɢ ɬɨɥɶɤɨ 

ɢɡ ɡɚɦɟɳɟɧɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɢɡɦɟɧɟɧɢɹ 

ɨɬɬɟɧɤɨɜ ɰɜɟɬɚ ɥɸɦɢɧɟɫɰɟɧɰɢɢ. Ȼɨɥɶɲɢɧɫɬɜɨ Ⱥɍȼ I-IV ɝɪɭɩɩ ɢɫɫɥɟɞɭɟɦɨɣ ɧɟɮɬɢ 

ɢɦɟɸɬ, ɜ ɨɫɧɨɜɧɨɦ, ɹɪɤɭɸ ɥɸɦɢɧɟɫɰɟɧɰɢɸ ɝɨɥɭɛɨɝɨ, ɛɢɪɸɡɨɜɨɝɨ ɢ ɠɟɥɬɨɝɨ ɰɜɟɬɚ. Ʉɚɤ 

ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ ɧɟɮɬɹɧɵɟ ɫɢɫɬɟɦɵ ɷɬɢ ɝɪɭɩɩɵ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɮɨɬɨɨɤɢɫɥɢɬɟɥɶɧɵɦ ɩɪɟɜɪɚɳɟɧɢɹɦ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɢɯ 

ɥɸɦɢɧɟɫɰɟɧɰɢɢ. ɉɪɢ ɜɨɡɛɭɠɞɟɧɢɢ Ⱥɍȼ ɧɟɪɚɡɥɨɠɟɧɧɵɦ ɫɜɟɬɨɦ ɪɬɭɬɧɨɣ ɥɚɦɩɵ (ɉɊɄ-

2) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɢɥɶɬɪɚ ɍɎɋ-1 (= 240 – 400 ɧɦ) ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɥɸɦɢɧɟɫɰɟɧɰɢɹ ɫ 

ɪɚɡɥɢɱɧɵɦ ɰɜɟɬɨɦ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɮɨɬɨɨɛɥɭɱɟɧɢɹ ɧɚ I-IVɝɪ .Ⱥɍȼ ɩɪɨɜɨɞɢɥɨɫɶ 

ɫɨɜɪɟɦɟɧɧɵɦɢ, ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ : ɍɎ- (JENEVAY UV-Vis, ɂɄ- ɢ 

əɆɊ- (BRUKER)– ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ɉɪɢ ɢɡɭɱɟɧɢɢ ɍɎ- ɫɩɟɤɬɪɨɜ ɩɨɝɥɨɳɟɧɢɹ ɩɨɥɭɱɟɧɵ 

ɞɚɧɧɵɟ ɨɛ ɭɦɟɧɶɲɟɧɢɢ ɨɩɬɢɱɟɫɤɢɯ ɩɥɨɬɧɨɫɬɟɣ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɛɢ- (225 ɧɦ) ɢ 

ɬɪɢɰɢɤɥɢɱɟɫɤɢɦ, (256 ɧɦ) ɚɪɨɦɚɬɢɱɟɫɤɢɦ ɭɝɥɟɜɨɞɨɪɨɞɚɦ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɝɢɩɫɨ- 

ɢ ɛɚɬɨɯɪɨɦɧɵɟ ɫɦɟɳɟɧɢɹ ɦɚɤɫɢɦɭɦɨɜ ɩɨɝɥɨɳɟɧɢɹ. ɋɬɪɭɤɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɨɤɢɫɥɟɧɢɹ 
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(ɷɧɞɨɩɟɪɨɤɫɢɞɵ, ɤɟɬɨɧɵ, ɫɩɢɪɬɵ ɢ ɬ.ɞ.), ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɨ ɪɚɞɢɤɚɥɶɧɨɦɭ ɢ 

ɦɨɥɟɤɭɥɹɪɧɨɦɭ ɦɟɯɚɧɢɡɦɚɦ ,ɢɫɫɥɟɞɨɜɚɧɚ ɦɟɬɨɞɨɦ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ:  
 

ɂɡɭɱɟɧɚ ɬɚɤɠɟ ɤɢɧɟɬɢɤɚ ɩɪɨɰɟɫɫɚ ɮɨɬɨɨɤɢɫɥɟɧɢɹ Ⱥɍȼ I-IV ɝɪ. ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ (1720 ɫɦ-1) ɢ ɨɬ ɜɪɟɦɟɧɢ ɨɛɥɭɱɟɧɢɹ. ɉɪɢ 

ɨɛɥɭɱɟɧɢɢ ɜ ɬɟɱɟɧɢɟ 2,5ɱ ɩɪɨɰɟɫɫ ɩɪɨɢɫɯɨɞɢɬ ɭɫɤɨɪɟɧɧɨ ɢ ɩɪɹɦɨɥɢɧɟɣɧɨ, ɩɨɫɥɟ 2,5ɱ 

ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɮɨɬɨɨɤɢɫɥɟɧɢɹ ɡɚɦɟɞɥɹɟɬɫɹ ɞɨ 10 ɱ.  

ɉɨ əɆɊ- ɫɩɟɤɬɪɚɦ ɨɩɪɟɞɟɥɟɧɵ ɢɡɦɟɧɟɧɢɹ ɫɬɟɩɟɧɢ ɚɪɨɦɚɬɢɱɧɨɫɬɢ ɞɨ ɢ ɩɨɫɥɟ 

ɮɨɬɨɨɛɥɭɱɟɧɢɹ: ɞɥɹ I, II , III ɢ IV ɝɪ.Ⱥɍȼ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 10, 15, 11 ɢ 2%. 

ɇɟɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɫɬɟɩɟɧɢ ɚɪɨɦɚɬɢɱɧɨɫɬɢ, ɧɚɛɥɸɞɚɟɦɨɟ ɞɥɹ IV ɝɪ.Ⱥɍȼ 

ɋɭɪɚɯɚɧɫɤɨɣ ɧɟɮɬɢ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɮɨɬɨɫɬɚɛɢɥɶɧɨɫɬɢ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɞɪɭɝɢɦɢ Ⱥɍȼ ɢɫɫɥɟɞɭɟɦɨɣ ɧɟɮɬɢ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɪɟɞɢ ɢɫɫɥɟɞɭɟɦɵɯ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɝɪɭɩɩ Ⱥɍȼ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨɣ 

ɨɤɚɡɚɥɚɫɶ IV ɝɪ. Ⱥɍȼ, ɤɨɬɨɪɚɹ ɯɨɪɨɲɨ ɥɸɦɢɧɟɫɰɢɪɭɟɬ ɜ ɜɢɞɢɦɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ, ɱɬɨ 

ɩɪɟɞɨɩɪɟɞɟɥɹɟɬ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɜ ɨɛɥɚɫɬɢ ɤɚɩɢɥɥɹɪɧɨɣ ɞɟɮɟɤɬɨɫɤɨɩɢɢ. 
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ɄȺɌȺɅɂɌɂɑȿɋɄȺə ȺɄɌɂȼɇɈɋɌɖ ɊȿɐɂɊɄɍɅɂɊɍɘɓɂɏ NiMoW-

ɋɍɅɖɎɂȾɇɕɏ ɇȺɇɈȾɂɋɉȿɊɋɇɕɏ ɋɂɋɌȿɆ  ȼ ɊȿȺɄɐɂəɏ 
ȽɂȾɊɂɊɈȼȺɇɂə ȻɂɐɂɄɅɂɑȿɋɄɂɏ ɍȽɅȿȼɈȾɈɊɈȾɈȼ 

ȿɥɢɡɚɪɨɜɚ ɇ.ɂ.1, Ɍɨɩɨɥɸɤ ɘ.Ⱥ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.2,3 

CATALYTIC ACTIVITY OF RECIRCULATING NiMoW-SULFIDE 

NANODISPERSE SYSTEMS IN THE REACTIONS OF  BICYCLIC 

HYDROCARBONS HYDROGENATION 
1 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, Ɇɨɫɤɜɚ 

E-mail: topolyuk.y@gubkin.ru 
2 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

3 ɏɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ, Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

 

Ɂɧɚɱɢɬɟɥɶɧɨɟ ɭɥɭɱɲɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɩɟɪɟɪɚɛɨɬɤɢ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɝɟɬɟɪɨɝɟɧɧɵɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ  - 

ɛɢ-(MoNi) ɢ ɬɪɢɦɟɬɚɥɥɢɱɟɫɤɢɦɢ (MoWNi) ɫɭɥɶɮɢɞɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ, ɧɚɧɟɫɟɧɧɵɦɢ 

ɧɚ ɤɢɫɥɨɬɧɵɣ ɧɨɫɢɬɟɥɶ, ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɭɫɩɟɧɞɢɪɨɜɚɧɧɵɯ 

ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɫɭɥɶɮɢɞɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ  ɜ ɫɥɚɪɪɢ-ɩɪɨɰɟɫɫɚɯ [1]. Ɉɞɧɚɤɨ  ɩɟɪɟɯɨɞ ɤ 

ɩɪɨɦɵɲɥɟɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɧɨɪɚɡɦɟɪɧɵɯ  ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ slurry-

ɪɟɚɤɬɨɪɨɜ ɫɞɟɪɠɢɜɚɟɬɫɹ ɨɛɴɟɤɬɢɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫɨ  ɫɥɨɠɧɨɫɬɶɸ 

ɬɟɯɧɨɥɨɝɢɢ ɨɬɞɟɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɬ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ  ɢ ɨɩɬɢɦɢɡɚɰɢɟɣ ɫɪɨɤɨɜ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɍɫɬɚɧɨɜɥɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɫɨɫɬɚɜɚ  ɜɵɜɨɞɢɦɨɝɨ ɢɡ 

ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ  ɤɚɬɚɥɢɡɚɬɨɪɚ ɦɨɠɟɬ ɫɬɚɬɶ ɜɚɠɧɵɦ ɷɬɚɩɨɦ ɜ ɩɨɧɢɦɚɧɢɢ 

ɜɨɡɦɨɠɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɪɟɰɢɤɥɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ   ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɞɢɫɩɟɪɫɧɵɯ  

ɱɚɫɬɢɰ [2]. 

ȼ ɪɚɛɨɬɟ ɢɡɭɱɚɥɢɫɶ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ  ɢ  ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ NiMoW-ɫɭɥɶɮɢɞɧɵɯ ɫɢɫɬɟɦ ɝɢɞɪɢɪɨɜɚɧɢɹ ɛɢɰɢɤɥɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ in situ ɢ  ɜɵɞɟɥɹɟɦɵɯ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ  ɫ 

ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɢ ɨɬɝɨɧɤɢ ɠɢɞɤɨɣ ɱɚɫɬɢ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɨɬ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɜɚɤɭɭɦɟ. ȼ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɯɨɞɢɥɨ ɭɫɬɚɧɨɜɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ  

ɚɤɬɢɜɧɨɣ ɮɚɡɵ ɜɵɞɟɥɹɟɦɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɫɪɚɜɧɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɫɬɪɭɤɬɭɪɧɨ-

ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɬɨɞɚ ɨɬɞɟɥɟɧɢɹ   

ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɬ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ  ɢ ɜɢɞɚ  ɫɵɪɶɹ,  ɩɨɞɜɟɪɝɚɸɳɟɝɨɫɹ ɝɢɞɪɨɩɟɪɟɪɚɛɨɬɤɟ.  

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɜ ɫɬɚɥɶɧɵɯ ɚɜɬɨɤɥɚɜɚɯ ɟɦɤɨɫɬɶɸ 20 ɦɥ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 380ɨɋ (ɧɚɝɪɟɜ 15 Ʉ/ɦɢɧ), ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ ɜɨɞɨɪɨɞɚ 5 Ɇɉɚ ɢ 

ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ (700 ɨɛ./ɦɢɧ), ɞɥɢɬɟɥɶɧɨɫɬɶ ɤɚɠɞɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɫɨɫɬɚɜɢɥɚ 5 ɱ. Ɇɨɞɟɥɶɧɵɦ ɫɵɪɶɟɦ ɫɥɭɠɢɥɢ 10%-ɧɵɟ ɪɚɫɬɜɨɪɵ ɛɢɰɢɤɥɢɱɟɫɤɢɯ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɧ-ɝɟɤɫɚɞɟɤɚɧɟ: ɧɚɮɬɚɥɢɧɚ, 2-ɦɟɬɢɥɧɚɮɬɚɥɢɧɚ ɢ 2,6-
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ɞɢɦɟɬɢɥɧɚɮɬɚɥɢɧɚ. Ɇɨɥɶɧɨɟ ɨɬɧɨɲɟɧɢɟ ɫɭɛɫɬɪɚɬ : ɦɟɬɚɥɥ ɫɨɫɬɚɜɥɹɥɨ 60–100 : 1 (ɦɟɬɚɥɥ 

– Mo, W, Ni). Ɇɨɥɶɧɨɟ ɨɬɧɨɲɟɧɢɟ ɜɨɞɨɪɨɞ : ɫɭɛɫɬɪɚɬ ɫɨɫɬɚɜɥɹɥɨ 50 : 1. 

ɂɡɭɱɟɧɢɟ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɜ 2-ɯ ɫɟɪɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɩɨɫɥɟ ɫɟɩɚɪɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ  ɜ ɩɪɨɞɭɤɬɚɯ ɪɟɚɤɰɢɢ 

ɩɨɫɥɟ ɨɬɞɟɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɦɟɬɨɞɨɦ ɨɬɝɨɧɤɢ  ɫɨɞɟɪɠɚɧɢɟ Mo  ɧɟ ɩɪɟɜɵɲɚɥɨ  0,0005 

%, W – 0,0004%, Ni <0,0001 %,  ɩɪɢ ɜɵɞɟɥɟɧɢɢ ɪɟɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɦɟɬɨɞɨɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɟ Mo  ɜ ɤɚɬɚɥɢɡɚɬɟ ɫɨɫɬɚɜɢɥɨ 0,0014 %, W – 

0,0005%, Ni<0,0003 %. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɭɫɬɚɧɨɜɥɟɧɨ,  ɱɬɨ ɩɪɢ ɜɵɞɟɥɟɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɤɚɤ 

ɦɟɬɨɞɨɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ, ɬɚɤ ɢ ɨɬɝɨɧɤɨɣ ɤɚɬɚɥɢɡɚɬɚ ɜ ɜɚɤɭɭɦɟ, ɜɫɟ ɦɟɬɚɥɥɵ 

ɩɪɚɤɬɢɱɟɫɤɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɤɨɧɰɟɧɬɪɢɪɭɸɬɫɹ ɜ ɬɜɟɪɞɨɦ ɨɫɬɚɬɤɟ, ɱɬɨ ɜɚɠɧɨ ɞɥɹ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɢ ɪɟɝɟɧɟɪɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɉɨ ɞɚɧɧɵɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɦɢɤɪɨɫɤɨɩɢɢ 

(Ɋɢɫ. 1)  ɜ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɢ 

ɝɢɞɪɢɪɨɜɚɧɢɹ 2,6-ɞɢɦɟɬɢɥɧɚɮɬɚɥɢɧɚ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɧɨɦɟɪɚ ɰɢɤɥɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɤɚɤ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɜɵɞɟɥɹɟɦɵɯ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ, ɬɚɤ ɢ 

ɫɟɩɚɪɢɪɨɜɚɧɧɵɯ ɨɬɝɨɧɤɨɣ, ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ ɞɥɢɧɵ ɱɚɫɬɢɰ Mo(W)S2, ɩɪɢ ɷɬɨɦ 

ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ Mo(W)S2 ɜ ɩɚɱɤɟ ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɬɨɞɚ ɜɵɞɟɥɟɧɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪɚ. Ɍɚɤ, ɩɨɫɥɟ 1-ɝɨ ɰɢɤɥɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɨɛɪɚɡɰɚ ɤɚɬɚɥɢɡɚɬɨɪɚ, 

ɜɵɞɟɥɟɧɧɨɝɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ,  ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɱɚɫɬɢɰ ɫɭɥɶɮɢɞɧɨɣ ɮɚɡɵ ɫɨɫɬɚɜɢɥɚ 7 

ɧɦ, ɫɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ ɜ ɭɩɚɤɨɜɤɟ  ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ 6, ɩɨɫɥɟ 4-ɝɨ ɰɢɤɥɚ  

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɞɚɧɧɨɦ ɨɛɪɚɡɰɟ   ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɱɚɫɬɢɰ ɭɜɟɥɢɱɢɥɚɫɶ ɞɨ 15 ɧɦ, 

ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ  ɜ ɭɩɚɤɨɜɤɟ  ɭɜɟɥɢɱɢɥɨɫɶ  ɜ ɫɪɟɞɧɟɦ ɞɨ 10. ɉɨɫɥɟ ɩɟɪɜɨɝɨ ɪɟɰɢɤɥɚ 

ɤɚɬɚɥɢɡɚɬɨɪɚ, ɜɵɞɟɥɟɧɧɨɝɨ ɨɬɝɨɧɤɨɣ ɜ ɜɚɤɭɭɦɟ,  ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɱɚɫɬɢɰ ɫɭɥɶɮɢɞɧɨɣ ɮɚɡɵ  

ɜ ɧɟɦ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ 6 ɧɦ, ɭɫɪɟɞɧɟɧɧɨɟ ɱɢɫɥɨ ɫɥɨɟɜ  ɜ ɩɚɱɤɟ ɨɩɪɟɞɟɥɹɥɨɫɶ  ɪɚɜɧɵɦ 8,  

ɜ 4-ɯ ɰɢɤɥɚɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɨɛɪɚɡɰɚ ɞɥɢɧɚ ɱɚɫɬɢɰ ɫɭɥɶɮɢɞɧɨɣ ɮɚɡɵ 

ɭɜɟɥɢɱɢɥɚɫɶ ɞɨ 16 ɧɦ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ  Mo(W)S2  ɜ ɭɩɚɤɨɜɤɟ ɭɦɟɧɶɲɢɥɨɫɶ ɞɨ 4. ɉɪɢ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜɨɣ ɫɪɟɞɧɟɣ ɞɥɢɧɟ ɱɚɫɬɢɰ ɫɭɥɶɮɢɞɧɨɣ ɮɚɡɵ 15−16 ɧɦ ɤɨɥɢɱɟɫɬɜɨ 

ɫɥɨɟɜ ɜ ɭɩɚɤɨɜɤɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɪɚɡɥɢɱɚɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɜ ɨɛɪɚɡɰɟ 

ɤɚɬɚɥɢɡɚɬɨɪɚ, ɫɟɩɚɪɢɪɨɜɚɧɧɨɝɨ ɨɬɝɨɧɤɨɣ ɞɥɢɧɧɵɟ ɱɚɫɬɢɰɵ ɩɟɪɟɩɥɟɬɟɧɵ ɢ ɧɚɥɨɠɟɧɵ 

ɞɪɭɝ ɧɚ ɞɪɭɝɚ, ɛɨɥɶɲɚɹ ɢɯ ɱɚɫɬɶ ɫɨɛɪɚɧɚ ɜ ɚɝɥɨɦɟɪɚɬɵ. 
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ɚ)  
 

 ɛ)  

  

Ɋɢɫ. 1.  Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɫɥɟ 4-ɯ ɰɢɤɥɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ:  
ɚ – ɜɵɞɟɥɹɟɦɨɝɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ, ɛ – ɜɵɞɟɥɹɟɦɨɝɨ ɨɬɝɨɧɤɨɣ   

 

ɂɡɭɱɟɧɢɟ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɨɬɪɚɛɨɬɚɧɧɵɯ  ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ 

ɦɟɬɨɞɚɦɢ ɩɨɫɥɟ 4-ɝɨ ɰɢɤɥɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɪɟɚɤɰɢɢ ɝɢɞɪɢɪɨɜɚɧɢɹ 2,6-

ɞɢɦɟɬɢɥɧɚɮɬɚɥɢɧɚ (Ɋɢɫ. 2), ɩɨɤɚɡɚɥɨ, ɱɬɨ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɨɜ ɨɞɢɧɚɤɨɜ, ɨɞɧɚɤɨ ɫ 

ɜɵɫɨɤɨɣ ɞɨɥɟɣ ɜɟɪɨɹɬɧɨɫɬɢ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɥɭɱɲɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɛɪɚɡɰɚ, 

ɫɟɩɚɪɢɪɨɜɚɧɧɨɝɨ ɨɬɝɨɧɤɨɣ ɤɚɬɚɥɢɡɚɬɚ ɜ ɜɚɤɭɭɦɟ.  

 
Ɋɢɫ. 2. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɫɥɟ 4-ɯ ɰɢɤɥɨɜ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ: ɚ – ɜɵɞɟɥɹɟɦɨɝɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ, ɛ – ɜɵɞɟɥɹɟɦɨɝɨ ɨɬɝɨɧɤɨɣ   
 

ɋ ɩɨɦɨɳɶɸ ɛɚɡɵ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɞɚɧɧɵɯ PDF-2 ɢ ɩɪɨɝɪɚɦɦɵ MDI Jade 6.5 ɛɵɥɨ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɲɢɪɨɤɢɟ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɦɚɤɫɢɦɭɦɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɮɚɡɚɦ ɫɭɥɶɮɢɞɚ 

ɦɨɥɢɛɞɟɧɚ MoS2 ɢɥɢ ɜɨɥɶɮɪɚɦɚ WS2 ɜ ɞɜɭɯ ɝɟɤɫɚɝɨɧɚɥɶɧɵɯ ɦɨɞɢɮɢɤɚɰɢɹɯ – 2ɇ 
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(ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P63/mmc) ɢ 3R (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ R3m), ɚ ɬɚɤɠɟ 

ɛɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɭɥɶɮɢɞɚ Mo6Ni1.4S8. ɏɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ ɫɭɥɶɮɢɞɧɵɯ 

ɮɚɡ, ɨɰɟɧɟɧɧɵɣ ɩɨ ɭɲɢɪɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɦɚɤɫɢɦɭɦɨɜ ɩɨ 

ɮɨɪɦɭɥɟ ɋɟɥɹɤɨɜɚ−ɒɟɪɪɟɪɚ, ɧɟ ɩɪɟɜɵɲɚɥ 5 ɧɦ, ɩɪɢɱɟɦ ɞɥɹ ɨɛɪɚɡɰɚ, ɨɬɞɟɥɟɧɧɨɝɨ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ, ɨɧ ɫɨɫɬɚɜɢɥ  4,8 ɧɦ, ɚ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɜɵɞɟɥɟɧɧɨɝɨ ɨɬɝɨɧɤɨɣ, – 

3.7 ɧɦ. ɋɨɩɨɫɬɚɜɢɦɵɟ ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥɥɢɬɨɜ ɫɭɥɶɮɢɞɧɵɯ ɮɚɡ ɛɵɥ ɩɨɥɭɱɟɧɵ ɩɨ ɦɟɬɨɞɭ 

ȼɢɥɥɢɚɦɫɨɧɚ−ɏɨɥɥɚ,  ɞɥɹ ɩɟɪɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ  ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ ɫɨɫɬɚɜɢɥ 3.6 ɧɦ, 

ɞɥɹ ɜɬɨɪɨɝɨ – 2.2 ɧɦ.  ɍɡɤɢɟ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɦɚɤɫɢɦɭɦɵ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɦɨɝɭɬ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɪɢɫɭɬɫɬɜɢɸ ɜ ɨɛɪɚɡɰɚɯ ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɥɢɱɟɫɬɜ ɮɚɡ ɨɤɫɢɞɨɜ ɧɢɤɟɥɹ 

NiO ɥɢɛɨ ɜɨɥɶɮɪɚɦɚ WO3, ɩɨ ɭɲɢɪɟɧɢɸ  ɭɡɤɢɯ ɦɚɤɫɢɦɭɦɨɜ ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɯɚɪɚɤɬɟɪɧɵɣ 

ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ ɬɚɤɢɯ ɜɤɥɸɱɟɧɢɣ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɢɥ ɩɨɪɹɞɤɚ 50 ɧɦ.  

ɂɡɭɱɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɜ ɩɨɜɬɨɪɧɵɯ 

ɰɢɤɥɚɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɨɛɳɟɣ ɬɟɧɞɟɧɰɢɟɣ ɞɥɹ ɜɫɟɯ ɫɟɪɢɣ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɦɟɬɨɞɚ ɫɟɩɚɪɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɜɢɞɚ ɤɨɧɜɟɪɬɢɪɭɟɦɨɝɨ 

ɫɵɪɶɹ ɹɜɥɹɥɨɫɶ ɫɧɢɠɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɞɟɤɚɥɢɧɚɦ ɨɬ ɩɟɪɜɨɝɨ ɤ 

ɤɨɧɟɱɧɨɦɭ ɰɢɤɥɭ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ʉɚɬɚɥɢɡɚɬɨɪɵ, ɜɵɞɟɥɟɧɧɵɟ ɩɪɢ ɨɬɝɨɧɤɟ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɜ ɜɚɤɭɭɦɟ, ɩɨɤɚɡɵɜɚɥɢ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɧɢɡɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ 

ɩɨɫɥɟɞɭɸɳɢɯ ɰɢɤɥɚɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɂɡɜɟɫɬɧɨ [3], ɱɬɨ ɪɟɲɚɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ 

ɚɤɬɢɜɧɨɫɬɶ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɫɭɥɶɮɢɞɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɤɚɡɵɜɚɟɬ ɩɪɢɫɭɬɫɬɜɢɟ ɢɡɛɵɬɤɚ 

ɫɟɪɵ ɜ ɜɢɞɟ S2
2− ɱɚɫɬɢɰ, ɤɨɬɨɪɵɟ ɩɪɢ ɪɟɚɤɰɢɢ ɫ ɜɨɞɨɪɨɞɨɦ ɨɛɪɚɡɭɸɬ ɩɨɜɟɪɯɧɨɫɬɧɵɟ −SH 

ɝɪɭɩɩɵ, ɨɛɥɚɞɚɸɳɢɟ ɝɢɞɪɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɶɸ. Ȼɵɥ ɩɪɨɜɟɞɟɧ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢɡ 4-

ɯ ɪɟɰɢɤɥɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɤɭɪɫɨɪ ɫɟɪɵ ɞɨɛɚɜɥɹɥɫɹ ɬɨɥɶɤɨ ɜ ɩɟɪɜɨɦ ɰɢɤɥɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɰɢɤɥɚɯ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɧɢɠɚɥɚɫɶ ɫɨɩɨɫɬɚɜɢɦɨ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɤɭɪɫɨɪ ɫɟɪɵ ɞɨɛɚɜɥɹɥɫɹ ɜ ɤɚɠɞɨɦ ɰɢɤɥɟ. 

ɋɧɢɠɟɧɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɞɟɤɚɥɢɧɚɦ ɬɚɤɠɟ ɩɨɜɬɨɪɹɥɨ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɱɢɫɥɚ ɪɟɰɢɤɥɨɜ  

ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ ɞɨɡɢɪɨɜɚɧɢɟɦ ɩɪɟɤɭɪɫɨɪɚ ɫɟɪɵ  ɜ ɤɚɠɞɨɦ ɰɢɤɥɟ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ  ɫɬɪɭɤɬɭɪɵ,  ɫɨɫɬɚɜɚ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɭɤɚɡɵɜɚɸɬ  ɧɚ ɬɨ, ɱɬɨ ɪɚɡɦɟɪɵ ɢ ɫɬɪɭɤɬɭɪɚ ɱɚɫɬɢɰ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɮɨɪɦɢɪɨɜɚɜɲɢɯɫɹ in situ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɡɚɜɢɫɹɬ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɪɟɚɤɰɢɣ ɤɨɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɩɪɟɜɪɚɳɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɵɪɶɹ ɩɪɢ ɝɢɞɪɨɤɨɧɜɟɪɫɢɢ. ɉɪɢ 

ɝɢɞɪɢɪɨɜɚɧɢɢ ɡɚɦɟɳɟɧɧɵɯ ɧɚɮɬɚɥɢɧɨɜ ɪɚɡɥɢɱɢɟ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ  

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɭɥɶɮɢɞɨɜ, ɫɟɩɚɪɢɪɨɜɚɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɛɵɥɨ  ɛɨɥɟɟ 

ɡɧɚɱɢɬɟɥɶɧɨ.  
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ɇɢɡɤɚɹ  ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɜɵɞɟɥɟɧɧɨɝɨ ɨɬɝɨɧɤɨɣ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɜ 

ɜɚɤɭɭɦɟ, ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɧɟɫɤɨɥɶɤɢɦɢ ɮɚɤɬɨɪɚɦɢ. ȼɨ-ɩɟɪɜɵɯ, ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɛɨɥɟɟ ɩɥɨɬɧɨɣ  ɧɟɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɩɨɜɵɲɟɧɧɵɦ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɤɚɬɚɥɢɡɚɬɨɪɨɦ, ɜɵɞɟɥɟɧɧɵɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ)  ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɤɫɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɬɪɭɞɧɹɟɬ ɞɨɫɬɭɩ ɪɟɚɝɢɪɭɸɳɢɦ ɦɨɥɟɤɭɥɚɦ ɤ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɰɟɧɬɪɚɦ. 

ȼɨ-ɜɬɨɪɵɯ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ [4], ɫɬɟɩɟɧɶ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɫɭɥɶɮɢɞɧɨɣ ɮɚɡɵ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ: 

ɨɛɪɚɡɰɵ ɫ ɛɨɥɶɲɟɣ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶɸ ɫɭɥɶɮɢɞɧɨɣ ɮɚɡɵ ɩɪɨɹɜɥɹɸɬ ɦɟɧɶɲɭɸ 

ɚɤɬɢɜɧɨɫɬɶ. ȼ-ɬɪɟɬɶɢɯ, ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɫɭɥɶɮɢɞɧɵɯ ɫɥɨɟɜ ɜ ɭɩɚɤɨɜɤɟ ɬɚɤɠɟ 

ɦɨɝɥɨ ɩɨɜɥɢɹɬɶ ɧɚ ɫɧɢɠɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɪɟɚɤɰɢɢ ɝɢɞɪɢɪɨɜɚɧɢɹ 

ɛɢɰɢɤɥɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 
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ɗɎɎȿɄɌɂȼɇɈɋɌɖ ɉɊɂɆȿɇȿɇɂə ɆȿɌȺɅɅɈȼ ɉȿɊȿɆȿɇɇɈɃ 
ȼȺɅȿɇɌɇɈɋɌɂ ȼ ɄȺɑȿɋɌȼȿ ɄȺɌȺɅɂɁȺɌɈɊɈȼ ȾɅə ɌɊȺɇɋɎɈɊɆȺɐɂɂ 

ɈɊȽȺɇɂɑȿɋɄɈȽɈ ȼȿɓȿɋɌȼȺ ȾɈɆȺɇɂɄɈȼɕɏ ɈɌɅɈɀȿɇɂɃ 
ɉȿɊȼɈɆȺɃɋɄɈȽɈ ɆȿɋɌɈɊɈɀȾȿɇɂə 

Ɇɢɯɚɣɥɨɜɚ Ⱥ.ɇ. 1, Ʉɚɸɤɨɜɚ Ƚ.ɉ. 1,2, Ʉɨɫɚɱɟɜ ɂ.ɉ. 1, ȼɚɯɢɧ Ⱥ.ȼ. 2 

1ɂɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ⱥ.ȿ. Ⱥɪɛɭɡɨɜɚ Ɏɂɐ Ʉɚɡɇɐ ɊȺɇ 
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2Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 

 ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɪɨɫɬɚ ɢ ɜɨɫɩɨɥɧɟɧɢɹ ɡɚɩɚɫɨɜ ɧɟɮɬɢ ɬɪɟɛɭɟɬ ɜɵɹɜɥɟɧɢɹ ɧɨɜɵɯ, 

ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ ɨɛɴɟɤɬɨɜ ɪɚɡɜɟɞɤɢ ɢ ɞɨɛɵɱɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ, ɤ ɱɢɫɥɭ ɤɨɬɨɪɵɯ 

ɨɬɧɨɫɹɬɫɹ ɛɨɝɚɬɵɟ ɨɪɝɚɧɢɱɟɫɤɢɦ ɜɟɳɟɫɬɜɨɦ ɩɨɪɨɞɵ ɞɨɦɚɧɢɤɨɜɵɯ ɮɨɪɦɚɰɢɣ. 

Ɋɨɫɫɢɣɫɤɚɹ ɞɨɦɚɧɢɤɨɜɚɹ ɫɜɢɬɚ (ɫɟɦɢɥɭɤɫɤɢɣ ɝɨɪɢɡɨɧɬ ɮɪɚɧɤɫɤɨɝɨ ɹɪɭɫɚ ɜɟɪɯɧɟɝɨ 

ɞɟɜɨɧɚ) ɹɜɥɹɟɬɫɹ ɩɟɪɜɨɣ ɧɟɮɬɟɝɚɡɨɦɚɬɟɪɢɧɫɤɨɣ ɫɥɚɧɰɟɜɨɣ ɮɨɪɦɚɰɢɟɣ, ɩɪɢɡɧɚɧɧɨɣ ɜ 

ɧɚɭɤɟ [1]. Ⱦɨɦɚɧɢɤɨɜɵɣ ɝɨɪɢɡɨɧɬ ȼɨɥɝɨ-ɍɪɚɥɶɫɤɨɣ ɩɪɨɜɢɧɰɢɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɧɚ 

ɩɥɨɳɚɞɢ ɨɤɨɥɨ 400 ɬɵɫ. ɤɦ, ɢ, ɩɪɢ ɦɨɳɧɨɫɬɢ ɨɤɨɥɨ 30 ɦ ɢ ɫɪɟɞɧɟɦ ɫɨɞɟɪɠɚɧɢɢ ɨɪɝɚɧɢɤɢ 

2-3%, ɫɨɞɟɪɠɢɬ ɜ ɫɭɦɦɟ ɨɤɨɥɨ ɬɪɢɥɥɢɨɧɚ ɬɨɧɧ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɱɬɨ ɞɟɥɚɟɬ ɟɝɨ 

ɧɟɮɬɟɝɟɧɟɪɢɪɭɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɫɱɟɪɩɚɟɦɵɦɢ [2]. ɇɚ ɬɟɪɪɢɬɨɪɢɢ 

ɪɟɫɩɭɛɥɢɤɢ Ɍɚɬɚɪɫɬɚɧ ɩɨ ɞɚɧɧɵɦ ɉȺɈ «Ɍɚɬɧɟɮɬɶ» ɪɟɫɭɪɫɵ ɫɥɚɧɰɟɜɨɣ ɧɟɮɬɢ ɜ 

ɞɨɦɚɧɢɤɨɜɵɯ ɨɬɥɨɠɟɧɢɹɯ ɨɰɟɧɢɜɚɸɬɫɹ ɞɨ 16 ɦɥɪɞ. ɬɨɧɧ. ɇɨ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɞɨɛɵɱɢ ɢ 

ɪɚɡɪɚɛɨɬɤɢ ɧɚɯɨɞɹɬɫɹ ɧɚ ɫɬɚɞɢɢ ɢɡɭɱɟɧɢɹ ɢ ɨɩɵɬɧɨɝɨ ɨɫɜɨɟɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 

ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɢɡɭɱɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ 

ɜɵɫɨɤɨɭɝɥɟɪɨɞɢɫɬɵɯ ɞɨɦɚɧɢɤɨɜɵɯ ɩɨɪɨɞ ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦɢ ɞɥɹ ɪɟɲɟɧɢɹ ɜɨɩɪɨɫɨɜ 

ɫɨɡɞɚɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɞɨɛɵɱɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɢɡ ɩɥɨɬɧɵɯ ɧɢɡɤɨɩɪɨɧɢɰɚɟɦɵɯ 

ɧɟɮɬɟɦɚɬɟɪɢɧɫɤɢɯ ɩɨɪɨɞ.  

 ɐɟɥɶ ɪɚɛɨɬɵ – ɜɵɹɜɥɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɜɟɳɟɫɬɜɚ ɧɟɮɬɟɫɨɞɟɪɠɚɳɟɣ ɞɨɦɚɧɢɤɨɜɨɣ ɩɨɪɨɞɵ ɜ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɟɮɬɟɪɚɫɬɜɨɪɢɦɵɯ ɤɚɪɛɨɤɫɢɥɚɬɨɜ 

ɦɟɬɚɥɥɨɜ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ. 

 Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥ ɨɛɪɚɡɟɰ ɜɵɫɨɤɨɭɝɥɟɪɨɞɢɫɬɨɣ ɤɚɪɛɨɧɚɬɧɨ-

ɤɪɟɦɧɢɫɬɨɣ ɩɨɪɨɞɵ ɫɟɦɢɥɭɤɫɤɨɝɨ ɝɨɪɢɡɨɧɬɚ ɢɡ ɩɪɨɞɭɤɬɢɜɧɵɯ ɨɬɥɨɠɟɧɢɣ ɜɟɪɯɧɟɝɨ 

ɞɟɜɨɧɚ ɉɟɪɜɨɦɚɣɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɨɬɨɛɪɚɧɧɵɣ ɢɡ ɢɧɬɟɪɜɚɥɚ ɝɥɭɛɢɧ 1601,2-1607 ɦ 

(ɦ.ɜ. 3,74-3,81). ɂɫɯɨɞɧɚɹ ɩɨɪɨɞɚ, ɩɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨ-ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɫɨɫɬɨɢɬ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɤɜɚɪɰɚ (54 %), ɤɚɥɶɰɢɬɚ (24 %) ɢ ɦɢɤɪɨɤɥɢɧɚ (12 %) ɫ ɩɪɢɦɟɫɹɦɢ 

ɦɢɤɢ (7 %), ɞɨɥɨɦɢɬɚ (1 %) ɢ ɩɢɪɢɬɚ (0,7 %). ɋɨɞɟɪɠɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɜ 

ɩɨɪɨɞɟ, ɩɨ ɞɚɧɧɵɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɫɨɫɬɚɜɥɹɟɬ 8,15 %.  
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 ɉɟɪɜɨɦɚɣɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ, ɨɞɧɨ ɢɡ ɤɪɭɩɧɟɣɲɢɯ ɜ ɪɟɫɩɭɛɥɢɤɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɟ 

ɧɚ ɫɟɜɟɪɨ-ɜɨɫɬɨɤɟ Ɍɚɬɚɪɫɬɚɧɚ, ɜɜɟɞɟɧɨ ɜ ɪɚɡɪɚɛɨɬɤɭ ɜ 1962 ɝ. Ɉɫɧɨɜɧɵɦ ɨɛɴɟɤɬɨɦ 

ɧɟɮɬɟɞɨɛɵɱɢ ɡɞɟɫɶ ɹɜɥɹɸɬɫɹ ɤɵɧɨɜɫɤɨ-ɩɚɲɢɣɫɤɢɟ ɨɬɥɨɠɟɧɢɹ ɜɟɪɯɧɟɝɨ ɞɟɜɨɧɚ, ɫɬɟɩɟɧɶ 

ɜɵɪɚɛɨɬɤɢ ɤɨɬɨɪɵɯ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɨɫɬɚɜɥɹɟɬ 92,2 % [3]. Ɋɚɡɜɟɞɚɧɧɵɟ ɧɚ ɞɚɧɧɨɦ 

ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɛɨɥɶɲɢɟ ɡɚɩɚɫɵ ɞɨɦɚɧɢɤɨɜɵɯ ɨɬɥɨɠɟɧɢɣ, ɛɨɝɚɬɵɯ Ɉȼ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɧɚ ɨɛɧɚɪɭɠɟɧɢɟ ɫɥɚɧɰɟɜɵɯ ɡɚɥɟɠɟɣ ɧɟɮɬɢ ɜ ɨɬɥɨɠɟɧɢɹɯ ɫɟɦɢɥɭɤɫɤɨɝɨ, ɟɥɯɨɜɫɤɨɝɨ, 

ɪɚɞɚɟɜɫɤɨɝɨ ɢ ɞɪ. ɝɨɪɢɡɨɧɬɨɜ, ɡɚɫɬɚɜɥɹɸɬ ɢɫɤɚɬɶ ɧɨɜɵɟ ɩɭɬɢ ɨɫɜɨɟɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ 

ɞɚɧɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɤɚɤ ɢɫɬɨɱɧɢɤɚ ɧɟɬɪɚɞɢɰɢɨɧɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ. 

 Ɉɩɵɬɵ ɩɨ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɦɭ ɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ 

ɩɨɪɨɞɭ ɩɪɨɜɟɞɟɧɵ ɜ ɚɜɬɨɤɥɚɜɟ ɟɦɤɨɫɬɶɸ 1 ɥ ɜ ɭɝɥɟɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

300°ɋ, ɤɨɧɟɱɧɨɦ ɞɚɜɥɟɧɢɢ ɜ ɫɢɫɬɟɦɟ 10,5 Ɇɉɚ ɢ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜɨɞɵ ɜ ɫɢɫɬɟɦɭ ɜ 

ɤɨɥɢɱɟɫɬɜɟ 30% ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɡɹɬɨɣ ɧɚɜɟɫɤɟ ɩɨɪɨɞɵ. ɉɪɢɫɭɬɫɬɜɢɟ ɋɈ2 ɨɛɭɫɥɨɜɥɟɧɨ 

ɟɝɨ ɜɵɬɟɫɧɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɩɨɪɨɞ ɢ 

ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɞɜɢɠɧɨɫɬɢ ɢɡɜɥɟɤɚɟɦɨɝɨ ɛɢɬɭɦɨɢɞɚ [4]. ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɨɦɩɨɡɢɰɢɸ ɧɟɮɬɟɪɚɫɬɜɨɪɢɦɵɯ ɤɚɪɛɨɤɫɢɥɚɬɨɜ ɦɟɬɚɥɥɨɜ ɩɟɪɟɦɟɧɧɨɣ 

ɜɚɥɟɧɬɧɨɫɬɢ – ɠɟɥɟɡɚ, ɤɨɛɚɥɶɬɚ ɢ ɦɟɞɢ, ɩɨɥɭɱɟɧɧɵɯ ɨɛɦɟɧɧɨɣ ɪɟɚɤɰɢɣ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ 

ɫɨɥɢ ɦɟɬɚɥɥɚ ɫ ɧɚɬɪɢɟɜɨɣ ɫɨɥɶɸ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɝɨ ɬɚɥɥɨɜɨɝɨ ɦɚɫɥɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɞɚɧɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫɜɹɡɚɧɨ ɫ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɢɯ  ɩɪɢɦɟɧɟɧɢɹ ɜ ɪɹɞɟ 

ɪɚɛɨɬ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ  ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɬɹɠɟɥɵɯ ɫɜɟɪɯɜɹɡɤɢɯ 

ɧɟɮɬɟɣ [5, 6]. ɗɤɫɬɪɚɤɰɢɸ ɨɛɪɚɡɰɚ ɩɨɪɨɞɵ ɞɨ ɢ ɩɨɫɥɟ ɨɩɵɬɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɚɩɩɚɪɚɬɟ 

ɋɨɤɫɥɟɬɬɚ ɫɦɟɫɶɸ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ: ɯɥɨɪɨɮɨɪɦ, ɬɨɥɭɨɥ, ɢɡɨɩɪɨɩɚɧɨɥ, 

ɜɡɹɬɵɯ ɜ ɪɚɜɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ. ɂɫɯɨɞɧɵɣ ɷɤɫɬɪɚɤɬ ɢ ɩɪɨɞɭɤɬɵ ɨɩɵɬɨɜ ɢɫɫɥɟɞɨɜɚɥɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɦɩɥɟɤɫɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ.  

 ȼɵɯɨɞ ɷɤɫɬɪɚɤɬɨɜ ɢɡ ɨɛɪɚɡɰɨɜ ɩɨɪɨɞɵ ɩɨɫɥɟ ɨɩɵɬɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ: ɫ 4,45 % ɢɡ 

ɢɫɯɨɞɧɨɣ ɩɨɪɨɞɵ ɞɨ 5,69 % ɩɨɫɥɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɢ ɞɨ 7,84 % ɩɨɫɥɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɵɬɨɜ (ɬɚɛɥ. 1). ȼ ɷɤɫɬɪɚɤɬɚɯ ɩɨɫɥɟ ɨɩɵɬɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɵɯɨɞ 

ɧɚɫɵɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ 27 ɞɨ 40 %, ɫɧɢɠɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɫɦɨɥ ɫ 33 % ɞɨ 18 % ɜ  

Ɍɚɛɥɢɰɚ 1. Ƚɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ ɷɤɫɬɪɚɤɬɨɜ ɢɡ ɨɛɪɚɡɰɨɜ ɞɨɦɚɧɢɤɨɜɨɣ ɩɨɪɨɞɵ ɞɨ ɢ 
ɩɨɫɥɟ ɨɩɵɬɨɜ 

№  ɨɛɪɚɡɰɚ 

ȼɵɯɨɞ 
ɷɤɫɬɪɚɤɬɚ, 

ɦɚɫ. % 

*Ƚɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ, ɦɚɫ. % 

ɇɍ Ⱥɋ ɋɦɨɥɵ Ⱥɫɮ. Ʉɚɪɛɟɧɵ ɢ 
ɤɚɪɛɨɢɞɵ 

ɂɫɯɨɞɧɚɹ ɩɨɪɨɞɚ 

1 4,45 27,55 29,48 33,14 9,83 - 

ɉɨɪɨɞɚ ɩɨɫɥɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɨɩɵɬɚ (ɛɟɡ ɤɚɬɚɥɢɡɚɬɨɪɚ) 
2 5,69 40,70 26,16 18,41 14,73 - 
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ɉɨɪɨɞɚ ɩɨɫɥɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɵɬɚ (ɤɚɬɚɥɢɡɚɬɨɪ Fe+Co+Cu) 

3 7,84 40,63 32,88 13,99 11,38 1,12 

*ɇɍ – ɧɚɫɵɳɟɧɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ; Ⱥɋ – ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ; Ⱥɫɮ. – ɚɫɮɚɥɶɬɟɧɵ 

 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɦ ɨɩɵɬɟ ɢ ɞɨ 13 % ɜ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɨɩɵɬɟ. 

ɋɨɞɟɪɠɚɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ ɜ ɩɪɨɞɭɤɬɚɯ ɨɩɵɬɨɜ, ɧɚɩɪɨɬɢɜ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ȼ ɫɨɫɬɚɜɟ 

ɚɫɮɚɥɶɬɟɧɨɜ ɩɨɫɥɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɵɬɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɯ ɬɟɪɦɨɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ 

ɨɛɪɚɡɭɟɬɫɹ ɧɟɪɚɫɬɜɨɪɢɦɚɹ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɮɪɚɤɰɢɹ ɧɨɜɨɨɛɪɚɡɨɜɚɧɧɵɯ 

ɭɝɥɢɫɬɵɯ ɜɟɳɟɫɬɜ ɬɢɩɚ ɤɚɪɛɟɧɨɜ ɢ ɤɚɪɛɨɢɞɨɜ, ɜɫɥɟɞɫɬɜɢɟ ɫɬɚɞɢɣɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ 

ɤɟɪɨɝɟɧɚ.   

 ȼ ɫɨɫɬɚɜɟ ɧɚɫɵɳɟɧɧɵɯ ɮɪɚɤɰɢɣ, ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɷɤɫɬɪɚɤɬɨɜ, ɩɪɢɫɭɬɫɬɜɭɸɬ ɧ-

ɚɥɤɚɧɵ ɪɹɞɚ ɋ10-ɋ35 (ɪɢɫ. 1). ɇɚ ɯɪɨɦɚɬɨɝɪɚɦɦɚɯ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɢ 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɵɬɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɛɨɥɶɲɨɟ ɭɜɟɥɢɱɟɧɢɟ 

ɫɨɞɟɪɠɚɧɢɹ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɧ-ɚɥɤɚɧɨɜ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ 

ɜɟɥɢɱɢɧɵ ɨɬɧɨɲɟɧɢɹ ɋ27/ɋ17 ɫ 0,25 ɞɨ 0,29 ɢ 0,30 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

  

ɚ) 

 
ɛ) 

 
ɜ) 
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Ɋɢɫ. 1. ɏɪɨɦɚɬɨɝɪɚɦɦɵ ɧɚɫɵɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ  ɷɤɫɬɪɚɤɬɨɜ, ɢɡɜɥɟɤɚɟɦɵɯ ɢɡ 
ɞɨɦɚɧɢɤɨɜɨɣ ɩɨɪɨɞɵ ɉɟɪɜɨɦɚɣɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɞɨ ɢ ɩɨɫɥɟ ɨɩɵɬɨɜ:  ɚ) – ɢɫɯɨɞɧɚɹ 

ɩɨɪɨɞɚ; ɛ) –ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɨɩɵɬ; ɜ) – ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɨɩɵɬ 

 

ɇɚ ɯɪɨɦɚɬɨɝɪɚɦɦɟ  ɩɪɨɞɭɤɬɚ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɵɬɚ ɫɥɟɞɭɟɬ 

ɨɬɦɟɬɢɬɶ ɜɵɫɨɤɢɟ ɩɢɤɢ ɧ-ɚɥɤɚɧɨɜ ɋ19-ɋ20. ɉɨɫɤɨɥɶɤɭ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɫɢɧɬɟɡɚ 

ɩɪɟɤɭɪɫɨɪɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɟ ɬɚɥɥɨɜɨɟ ɦɚɫɥɨ,  

ɩɪɢɫɭɬɫɬɜɢɟ ɩɢɤɨɜ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ  ɩɪɢɪɨɞɧɵɯ ɫɦɨɥɹɧɵɯ ɢ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɮɪɚɤɰɢɢ ɋ14-ɋ24 [8], ɜɯɨɞɹɳɢɯ ɜ ɟɝɨ ɫɨɫɬɚɜ,  ɜ ɩɚɪɚɮɢɧɵ ɩɪɢ Ɍ ɨɩɵɬɚ 

300°ɋ. 

 ɋɬɟɩɟɧɶ ɚɪɨɦɚɬɢɱɧɨɫɬɢ ɚɫɮɚɥɶɬɟɧɨɜ ɜ ɩɪɨɰɟɫɫɟ ɨɩɵɬɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɨ ɱɟɦ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ I(R*): ɫ 196 ɞɨ 342 ɜ 

ɩɪɨɞɭɤɬɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɨɩɵɬɚ ɢ ɞɨ 352 ɜ ɩɪɨɞɭɤɬɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɨɩɵɬɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ R*/V4+ ɫ 0,41 ɞɨ 0,65 ɢ 0,58 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɤɚɪɛɟɧɨ-ɤɚɪɛɨɢɞɚɯ ɩɨɫɥɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɤɨɧɰɟɧɬɪɚɰɢɹ V4+ ɫɧɢɠɚɟɬɫɹ (ɪɢɫ. 2) ɜ ɫɜɹɡɢ ɫ ɩɪɚɤɬɢɱɟɫɤɢɦ ɨɬɫɭɬɫɬɜɢɟɦ ɜ 

ɢɯ ɫɨɫɬɚɜɟ ɜɚɧɚɞɢɥɩɨɪɮɢɪɢɧɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɨɤɚɡɚɬɟɥɶ R*/ V4+ ɞɥɹ 

ɧɢɯ ɢɦɟɟɬ ɛɈɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɚɫɮɚɥɶɬɟɧɨɜ (1,27), ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɫɚɦɭɸ 

ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɢɯ ɚɪɨɦɚɬɢɱɧɨɫɬɢ, ɢ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɧɚɢɦɟɧɶɲɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨɤɚɡɚɬɟɥɹ 

ɇ/ɋɚɬ ɩɨ ɞɚɧɧɵɦ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ (1,13 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 1,28 ɞɥɹ ɚɫɮɚɥɶɬɟɧɨɜ ɢɡ 

ɢɫɯɨɞɧɨɣ ɩɨɪɨɞɵ) ɢ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨɤɚɡɚɬɟɥɹ ɚɪɨɦɚɬɢɱɧɨɫɬɢ (ɋ1= D1600/D720=8,60). 

ȼ ɚɫɮɚɥɶɬɟɧɚɯ ɩɪɨɞɭɤɬɨɜ ɨɩɵɬɨɜ, ɩɨ ɞɚɧɧɵɦ ɊɎȺ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɜɚɧɚɞɢɹ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɩɪɨɰɟɫɫɚɦɢ ɞɟɫɬɪɭɤɰɢɢ ɦɚɬɪɢɰɵ ɤɟɪɨɝɟɧɚ. ɇɚ ɩɨɪɨɞɟ 

ɩɨɫɥɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɵɬɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɟɬɚɥɥɨɜ – 

Fe (ɫ 3,8 ɞɨ 6,0), Co (ɫ 0 ɞɨ 1,3), Cu (ɫ 0,09 ɞɨ 0,4), ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ, 

ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɯ ɫɨɪɛɰɢɢ ɧɚ ɩɨɪɨɞɟ.  

 

ɚ) ɛ) 



209 

 

Ɋɢɫ. 2. ɗɉɊ ɫɩɟɤɬɪɵ: (ɚ) -  ɮɪɚɤɰɢɢ ɚɫɮɚɥɶɬɟɧɨɜ: 1 – ɢɫɯɨɞɧɚɹ ɩɨɪɨɞɚ; 2 – 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɨɩɵɬ; 3 – ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɨɩɵɬ;  
(ɛ) -  ɮɪɚɤɰɢɢ ɚɫɮɚɥɶɬɟɧɨɜ (3ɚ) ɢ ɤɚɪɛɟɧɨ-ɤɚɪɛɨɢɞɨɜ (3ɛ) ɩɨɫɥɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɵɬɚ. 
 

  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɞɨɦɚɧɢɤɨɜɭɸ 

ɩɨɪɨɞɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 300°ɋ ɜ ɭɝɥɟɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ  ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɤɨɦɩɥɟɤɫɚ ɦɟɬɚɥɥɨɜ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ: Fe, Co, Cu, ɩɨɡɜɨɥɢɥɨ 

ɭɜɟɥɢɱɢɬɶ ɜɵɯɨɞ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɤɬɚ ɢɡ ɩɨɪɨɞɵ ɫ 4,45 % ɞɨ 7,84 %. 

Ƚɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɨɩɵɬ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɨɡɜɨɥɢɥ ɭɜɟɥɢɱɢɬɶ ɜɵɯɨɞ 

ɷɤɫɬɪɚɤɬɚ ɞɨ 5,69 %. ȼ ɫɨɫɬɚɜɟ ɷɤɫɬɪɚɤɬɨɜ ɩɪɨɞɭɤɬɨɜ ɨɩɵɬɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ 

ɧɚɫɵɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ  ɜ 1,5 ɪɚɡɚ ɢ ɫɧɢɠɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɫɦɨɥ ɜ 2 ɪɚɡɚ. 

ȼɫɥɟɞɫɬɜɢɟ ɩɪɨɬɟɤɚɧɢɹ ɞɟɫɬɪɭɤɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ 

ɧ-ɚɥɤɚɧɨɜ  ɜ ɩɪɨɞɭɤɬɚɯ ɨɩɵɬɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɬɟɩɟɧɶ ɚɪɨɦɚɬɢɱɧɨɫɬɢ ɚɫɮɚɥɶɬɟɧɨɜ. 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɚɥɥɨɜ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ ɜ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɟ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɪɚɫɬɜɨɪɢɦɨɣ ɮɪɚɤɰɢɢ ɚɫɮɚɥɶɬɟɧɨɜ ɬɢɩɚ ɤɚɪɛɟɧɨɜ ɢ ɤɚɪɛɨɢɞɨɜ. Ɉɬɦɟɱɟɧ 

ɮɚɤɬ ɫɨɪɛɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɩɨɪɨɞɟ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
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Ɉɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɡɚɞɚɱ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɹɜɥɹɟɬɫɹ 

ɩɨɥɭɱɟɧɢɟ ɛɟɧɡɢɧɨɜɵɯ ɮɪɚɤɰɢɣ ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɨɤɬɚɧɨɜɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɚɜɬɨɦɨɛɢɥɶɧɵɦ ɛɟɧɡɢɧɚɦ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 

ɨɛɥɚɝɨɪɚɠɢɜɚɬɶ ɧɢɡɤɨɨɤɬɚɧɨɜɵɟ ɤɨɦɩɨɧɟɧɬɵ ɩɪɹɦɨɝɨɧɧɵɯ ɛɟɧɡɢɧɨɜɵɯ ɮɪɚɤɰɢɣ ɜ 

ɜɵɫɨɨɤɬɚɧɨɜɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɧɟ ɩɨɞɜɟɪɝɚɹ ɞɟɫɬɪɭɤɰɢɢ ɢɡɨɩɚɪɚɮɢɧɨɜɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦ ɤɚɬɚɥɢɡɚɬɨɪ, ɨɛɥɚɞɚɸɳɢɣ ɩɨɜɵɲɟɧɧɨɣ 

ɦɨɥɟɤɭɥɹɪɧɨ-ɫɢɬɨɜɨɣ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɶɸ ɢ ɤɢɫɥɨɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɍɚɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ 

ɨɬɜɟɱɚɸɬ ɜɵɫɨɤɨɤɪɟɦɧɟɡёɦɧɵɟ ɰɟɨɥɢɬɵ ɬɢɩɚ ɩɟɧɬɚɫɢɥɚ. ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ 

ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɦɟɞɶɸ ɢ ɟɝɨ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫ ɰɢɧɤɨɦ ɧɚ 

ɤɢɫɥɨɬɧɵɟ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɟɧɬɚɫɢɥɚ ɜ ɩɪɨɰɟɫɫɟ ɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ 

ɩɪɹɦɨɝɨɧɧɨɣ ɛɟɧɡɢɧɨɜɨɣ ɮɪɚɤɰɢɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɛɵɥ ɜɵɛɪɚɧ ɰɟɨɥɢɬ ɬɢɩɚ ɩɟɧɬɚɫɢɥɚ ɫ SiO2:Al2O3=61. ȼɫɟ 

ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɨɛɪɚɡɰɵ ɫɨɞɟɪɠɚɥɢ 25% (ɦɚɫɫ.) ɫɜɹɡɭɸɳɟɝɨ - Al2O3. ɉɨɫɥɟ ɝɪɚɧɭɥɹɰɢɢ 

ɤɚɬɚɥɢɡɚɬɨɪ ɫɭɲɢɥɢ (120 0ɋ, 4 ɱ) ɢ ɩɪɨɤɚɥɢɜɚɥɢ (550 0ɋ, 4ɱ). ɉɪɨɰɟɫɫ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɩɪɨɩɢɬɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫɨɫɬɨɹɥ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɬɚɞɢɣ: ɞɟɤɚɬɢɨɧɢɪɨɜɚɧɢɹ, 

ɩɪɨɩɢɬɤɢ ɞɟɤɚɬɢɨɧɢɪɨɜɚɧɧɨɝɨ ɰɟɨɥɢɬɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɩɪɨɩɢɬɤɨɣ ɞɢɝɢɞɪɨɮɨɫɮɚɬɚ 

ɚɦɦɨɧɢɹ, ɧɢɬɪɚɬɚɦɢ ɰɢɧɤɚ ɢ ɦɟɞɢ ɢ ɝɪɚɧɭɥɹɰɢɢ ɫɨ ɫɜɹɡɭɸɳɢɦ – ɨɤɫɢɞɨɦ ɚɥɸɦɢɧɢɹ, 

ɫɭɲɤɢ ɢ ɩɪɨɤɚɥɤɢ. Ʉɨɥɢɱɟɫɬɜɨ Zn, Ɋ ɢ Cu ɜ ɰɟɨɥɢɬɟ ɫɨɫɬɚɜɥɹɥɨ1.0-3,0; 1,0 ɢ 0.5,-1.5 % 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɩɵɬɵ ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ ɩɪɨɬɨɱɧɨɝɨ ɬɢɩɚ ɫo ɫɬɚɰɢɨɧɚɪɧɵɦɢ 

ɫɥɨɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ (5ɦɥ) ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 350-4300ɋ ɫ ɨɛɴёɦɧɨɣ ɫɤɨɪɨɫɬɶɸ 

ɩɨɞɚɱɢ ɫɵɪɶɹ 2 ɱɚɫ-1.   Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɹɦɨɝɨɧɧɚɹ ɛɟɧɡɢɧɨɜɚɹ 

ɮɪɚɤɰɢɹ Ȼɚɤɢɧɫɤɨɝɨ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɝɨ ɡɚɜɨɞɚ «Ⱥɡɟɪɢɹɝ» ɫɨ ɫɥɟɞɭɸɳɢɦ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɦ ɫɨɫɬɚɜɨɦ (ɦɚɫ.%): ɩɚɪɚɮɢɧɨɜɵɟ – 28,3; ɢɡɨɩɚɪɚɮɢɧɨɜɵɟ – 29,5; 

ɧɚɮɬɟɧɨɜɵɟ – 33,6; ɚɪɨɦɚɬɢɱɟɫɤɢɟ – 8,8. Ɉɤɬɚɧɨɜɨɟ ɱɢɫɥɨ ɮɪɚɤɰɢɢ ɩɨ Ɇ.Ɇ. ɫɨɫɬɚɜɥɹɥɨ 

58. 

ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ 

ɨɛɪɚɡɟɰ ɇ-ɩɟɧɬɚɫɢɥ ɩɪɨɹɜɥɹɟɬ ɧɢɡɤɭɸ ɢɡɨɦɟɪɢɡɭɸɳɭɸ ɢ ɚɪɨɦɚɬɢɡɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ. 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɇ-ɩɟɧɬɚɫɢɥɚ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɜɵɯɨɞɚ ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɯ 

Ɂ-I-3 
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ɤɨɦɩɨɧɟɧɬɨɜ: ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ ɢɡɨɩɚɪɚɮɢɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɰɢɧɤɚ ɜ ɰɟɨɥɢɬɟ ɫ 1,0 ɞɨ 3,0 ɦɚɫ.% ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɜɨɡɪɚɫɬɚɧɢɸ ɜɵɯɨɞɚ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɇɚ ɨɛɪɚɡɰɟ, ɫɨɞɟɪɠɚɳɟɦ 3,0ɦɚɫ.% ɰɢɧɤɚ ɩɪɢ 3800ɋ, 

ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜɨɡɪɚɫɬɚɟɬ ɞɨ 23,8ɦɚɫ.%. Ɉɞɧɚɤɨ, ɩɪɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ ɇ-ɩɟɧɬɚɫɢɥɚ ɰɢɧɤɨɦ, ɜɵɯɨɞ ɢɡɨɩɚɪɚɮɢɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜɨɡɪɚɫɬɚɟɬ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ (ɫ 33,5 ɞɨ 38,2). Ɉɤɬɚɧɨɜɨɟ ɱɢɫɥɨ ɤɚɬɚɥɢɡɚɬɚ ɜɨɡɪɚɫɬɚɟɬ ɞɨ 81,3. 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ Zn-ɩɟɧɬɚɫɢɥɚ ɮɨɫɮɪɨɪɨɦ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɞɨ 

78,6ɦɚɫ.%. ɋɨɞɟɪɠɚɧɢɟ ɢɡɨɩɚɪɚɮɢɧɨɜɵɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡɦɟɧɹɟɬɫɹ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ.  

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɇ-ɩɟɧɬɚɫɢɥɚ ɰɢɧɤɨɦ ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɳɟɧɢɸ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɢɤɚ ɜ ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɫɧɢɠɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɨɛɟɢɯ ɮɨɪɦ ɞɟɫɨɪɛɰɢɢ ɚɦɦɢɚɤɚ. ȼɜɟɞɟɧɢɟ ɮɨɫɮɨɪɚ ɢ ɦɟɞɢ ɜ ɫɨɫɬɚɜ Zn-

ɫɨɞɟɪɠɚɳɟɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢɜɨɞɢɬ ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɫɧɢɠɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɢɥɶɧɵɯ 

ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɨɛɪɚɡɰɚ 3% Zn-H-ɩɟɧɬɚɫɢɥɚ ɮɨɫɮɨɪɨɦ ɜ 

ɤɨɥɢɱɟɫɬɜɟ 1,0 ɦɚɫ.% ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɫ 224 ɦɤɦɨɥɶ·ɝ-1 

ɞɨ 109 ɦɤɦɨɥɶ·ɝ-1. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɦɟɞɢ ɜ ɫɨɫɬɚɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ 3%Zn1%P/H-

ɩɟɧɬɚɫɢɥ ɞɨ 5,0 ɦɚɫ.% ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɫɧɢɠɚɟɬɫɹ ɞɨ 79 

ɦɤɦɨɥɶ·ɝ-1. 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɨɛɪɚɡɰɚ ɤɚɬɚɥɢɡɚɬɨɪɚ 3 % Zn-1,0%Ɋ-H-ɩɟɧɬɚɫɢɥ ɦɟɞɶɸ 

ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɜɵɯɨɞ ɢɡɨɩɚɪɚɮɢɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ɇɚɤɫɢɦɚɥɶɧɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɩɚɪɚɮɢɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɞɨɫɬɢɝɚɟɬɫɹ ɧɚ ɨɛɪɚɡɰɟ, ɫɨɞɟɪɠɚɳɟɦ 1,0 

ɦɚɫ.% ɦɟɞɢ. ɇɚ ɷɬɨɦ ɨɛɪɚɡɰɟ ɩɪɢ 380 0ɋ ɜɵɯɨɞ ɢɡɨɩɚɪɚɮɢɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɞɨɫɬɢɝɚɟɬ ɞɨ 42,6 ɦɚɫ.%. ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɦɟɞɢ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ ɞɨ 1,5 ɦɚɫ.% 

ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɜɵɯɨɞɚ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɰɢɧɤɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɦɟɞɶɸ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ 

ɢɡɨɦɟɪɢɡɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɪɟɞɢ ɢɫɫɥɟɞɭɟɦɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɥɭɱɲɢɦ ɨɤɚɡɚɥɫɹ 

ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɣ ɤɚɬɚɥɢɡɚɬɨɪ ɫɨɫɬɚɜɚ 1%Cu 1%P 3%Zn/H-ɩɟɧɬɚɫɢɥ (ɫɨɨɬɧɨɲɟɧɢɟ 

Cu:Zn=1:3), ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 3800ɋ ɩɨɥɭɱɚɬɶ ɤɨɦɩɨɧɟɧɬ ɛɟɧɡɢɧɚ ɫ 

Ɉɑ=87. ɂɡɦɟɧɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɟɧɬɚɫɢɥɨɜ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ ɰɟɨɥɢɬɨɜ ɦɨɞɢɮɢɤɚɬɨɪɚɦɢ (Cu, Zn, P) ɩɪɨɢɫɯɨɞɢɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 

ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ. ɇɚ ɇ-ɩɟɧɬɚɫɢɥɟ, ɨɛɥɚɞɚɸɳɟɦ ɛɨɥɟɟ 

ɫɢɥɶɧɵɦɢ Ȼɪɟɧɫɬɟɞɨɜɫɤɢɦɢ ɤɢɫɥɨɬɧɵɦɢ ɰɟɧɬɪɚɦɢ (538 ɦɤɦɨɥɶ·ɝ-1), ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ 

ɤɪɟɤɢɧɝɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ ɫɤɨɪɨɫɬɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɢ ɚɪɨɦɚɬɢɡɚɰɢɢ 
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ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɧɢɡɤɨɦɭ ɜɵɯɨɞɭ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɉɪɢ 

ɦɚɫɫɨɜɨɦ ɫɨɨɬɧɨɲɟɧɢɢ Cu:Zn ɪɚɜɧɨɦ 1:3 ɞɨɫɬɢɝɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 

Ȼɪɟɧɫɬɟɞɨɜɫɤɢɯ ɢ Ʌɶɸɢɫɨɜɫɤɢɯ ɤɢɥɨɬɧɵɯ ɰɟɧɬɪɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ 

ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɩɚɪɚɮɢɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ.  
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ɊȺɁɊȺȻɈɌɄȺ ɌȿɏɇɈɅɈȽɂɂ ɉɈɅɍɑȿɇɂə ɋɉɈɊɌɂȼɇɈȽɈ ȻȿɇɁɂɇȺ  
ɇȺ ɈɈɈ “ɅɍɄɈɃɅ-ɇɂɀȿȽɈɊɈȾɇȿɎɌȿɈɊȽɋɂɇɌȿɁ” 

Ɋɚɫɫɚɞɢɧ Ɉ.ȼ. , Ȼɨɥɶɲɚɤɨɜ Ⱥ.ȼ., ɑɭɯɧɢɧ Ƚ.Ⱥ.  , Ƚɭɛɢɧ Ʉ.Ⱥ.  

DEVELOPMENT OF TECHNOLOGY FOR SPORTS PETROL  

AT LLC “LUKOIL-NIZHEGORODNEFTEORGSINTEZ” 
 ɈɈɈ “ɅɍɄɈɃɅ-ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ”, ɇɢɠɟɝɨɪɨɞɫɤɚɹ ɨɛɥɚɫɬɶ, ɝ. Ʉɫɬɨɜɨ 
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ɇɚ ɪɵɧɤɟ Ɋɨɫɫɢɢ ɚɫɫɨɪɬɢɦɟɧɬ ɫɩɨɪɬɢɜɧɨɝɨ ɬɨɩɥɢɜɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɨɫɧɨɜɧɨɦ 

ɢɧɨɫɬɪɚɧɧɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ VP Racing Fuels, Inc [1] ɢ ɞɪ. ɂɦɩɨɪɬɢɪɭɟɦɵɟ 

ɫɩɨɪɬɢɜɧɵɟ ɦɚɪɤɢ ɛɟɧɡɢɧɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 

ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɚɫɫɨɰɢɚɰɢɢ (FIA) [2]  ɢ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɚɫɫɨɰɢɚɰɢɢ ɦɨɬɨɫɩɨɪɬɚ (FIM) 

[2], ɧɨ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ Ɋɨɫɫɢɣɫɤɢɯ ɫɬɚɧɞɚɪɬɨɜ ɢ Ɍɟɯɧɢɱɟɫɤɨɝɨ 

Ɋɟɝɥɚɦɟɧɬɚ Ɍɚɦɨɠɟɧɧɨɝɨ ɋɨɸɡɚ “. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟ ɦɨɝɭɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶɫɹ ɱɟɪɟɡ ȺɁɋ. 

ɉɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɡɢɰɢɢ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɛɟɧɡɢɧɚ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ Ɋ 51866-2002 (ȿɇ 228-2004), Ɍɟɯɧɢɱɟɫɤɨɝɨ 

ɪɟɝɥɚɦɟɧɬɚ Ɍɚɦɨɠɟɧɧɨɝɨ ɫɨɸɡɚ ɌɊ Ɍɋ 013/2011, ɚ ɬɚɤ ɠɟ Ɍɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɚɦ FIA 

(Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɚɜɬɨɦɨɛɢɥɶɧɚɹ ɮɟɞɟɪɚɰɢɹ) ɢ FIM (Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɬɨɰɢɤɥɟɬɧɚɹ 

ɮɟɞɟɪɚɰɢɹ) ɫ ɨɤɬɚɧɨɜɵɦ ɱɢɫɥɨɦ ɩɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦɭ ɦɟɬɨɞɭ ɧɟ ɦɟɧɟɟ 100 ɩɭɧɤɬɨɜ 

ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɝɨɧɨɱɧɵɯ, ɫɩɨɪɬɢɜɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ 

ɤɨɦɩɚɭɧɞɢɪɨɜɚɧɢɢ ɜ ɩɨɬɨɤɟ ɛɟɧɡɢɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɪɢɮɨɪɦɢɧɝɚ [3], ɢɡɨɦɟɪɢɡɚɬɚ [4], 

ɚɥɤɢɥɚɬɚ [5], ɮɪɚɤɰɢɢ ɫɬɚɛɢɥɶɧɨɝɨ ɛɟɧɡɢɧɚ [6], ɦɟɬɢɥ-ɬɪɟɬ-ɛɭɬɢɥɨɜɨɝɨ ɷɮɢɪɚ [7] ɢ 

ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɣ ɩɪɢɫɚɞɤɢ ɚɝɢɞɨɥ-12 ɩɪɢ ɫɥɟɞɭɸɳɟɦ ɫɨɨɬɧɨɲɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ: 

Ɍɚɛɥɢɰɚ 1. ɋɨɫɬɚɜ ɤɨɦɩɨɡɢɰɢɢ ɫɩɨɪɬɢɜɧɨɝɨ ɛɟɧɡɢɧɚ 

 

 

 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɤɨɦɩɨɧɟɧɬɚ Ⱦɨɥɹ ɜɨɜɥɟɱɟɧɢɹ, % ɦɚɫɫ. 

Ⱥɥɤɢɥɚɬ 3,5÷36 

ɂɡɨɦɟɪɢɡɚɬ 0÷10 

Ʌɟɝɤɢɣ ɛɟɧɡɢɧ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɤɪɟɤɢɧɝɚ 
10÷25 

Ɏɪɚɤɰɢɹ ɫɬɚɛɢɥɶɧɨɝɨ ɛɟɧɡɢɧɚ  0÷30 

Ʉɚɬɚɥɢɡɚɬ  20÷55 

Ɇɟɬɢɥ-ɬɪɟɬ-ɛɭɬɢɥɨɜɵɣ ɷɮɢɪ 5÷14,5 

Ⱥɝɢɞɨɥ-12 0,01 

Ɂ-I-4 

mailto:Oleg.Rassadin@lukoil.com
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Ɏɪɚɤɰɢɸ ɥёɝɤɨɝɨ ɛɟɧɡɢɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɩɨɥɭɱɚɸɬ ɩɪɢ ɪɚɡɞɟɥɟɧɢɢ 

ɮɪɚɤɰɢɢ ɫɬɚɛɢɥɶɧɨɝɨ ɛɟɧɡɢɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɧɚ ɞɜɟ ɮɪɚɤɰɢɢ – ɮɪɚɤɰɢɸ 

ɥёɝɤɨɝɨ ɢ ɬɹɠёɥɨɝɨ ɛɟɧɡɢɧɚ.  

Ɍɚɛɥɢɰɚ 2. Ʉɚɱɟɫɬɜɨ ɮɪɚɤɰɢɢ ɫɬɚɛɢɥɶɧɨɝɨ ɛɟɧɡɢɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ 

№ ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ Ɍɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ 

1 ɉɥɨɬɧɨɫɬɶ ɩɪɢ 15°ɋ, ɤɝ/ɦ3 747,8 

2 Ɉɤɬɚɧɨɜɨɟ ɱɢɫɥɨ ɩɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦɭ ɦɟɬɨɞɭ 94,5 

3 Ɉɤɬɚɧɨɜɨɟ ɱɢɫɥɨ ɩɨ ɦɨɬɨɪɧɨɦɭ ɦɟɬɨɞɭ 82,3 

4 Ⱦɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ, ɤɉɚ 61,5 

5 ɋɨɞɟɪɠɚɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ: 

- Ȼɟɧɡɨɥ, %ɨɛ 

- Ɉɥɟɮɢɧɵ, %ɨɛ 

- ɇɚɮɬɟɧɵ, %ɨɛ 

- Ⱥɪɨɦɚɬɢɱɟɫɤɢɟ, %ɨɛ 

- I-ɩɚɪɚɮɢɧɵ, % ɨɛ. 

- N-ɩɚɪɚɮɢɧɵ, % ɨɛ. 

 

0,75 

26,06 

1,22 

26,6 

34,78 

4,14 

6 Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ, ◦ɋ 

ɇ.Ʉ. 

10% 

50 %  

90% 

 Ʉ.Ʉ. 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ ɢɫɩɚɪɢɜɲɟɝɨɫɹ ɛɟɧɡɢɧɚ ɩɪɢ 70 ◦ɋ 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ ɢɫɩɚɪɢɜɲɟɝɨɫɹ ɛɟɧɡɢɧɚ ɩɪɢ 100 ◦ɋ 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ ɢɫɩɚɪɢɜɲɟɝɨɫɹ ɛɟɧɡɢɧɚ ɩɪɢ 150 ◦ɋ 

 

35,4 

50,6 

96,1 

182,7 

210,0 

33,5 

54,1 

76,5 

7 ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ, ppm ɦɚɫɫ. 8,5 

 

Ɏɪɚɤɰɢɸ ɥɟɝɤɨɝɨ ɛɟɧɡɢɧɚ ɧɚɩɪɚɜɥɹɸɬ ɧɚ ɫɦɟɲɟɧɢɟ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɩɪɟɞɥɚɝɚɟɦɨɣ ɤɨɦɩɨɡɢɰɢɢ ɫɩɨɪɬɢɜɧɨɝɨ ɛɟɧɡɢɧɚ, ɚ ɮɪɚɤɰɢɸ ɬɹɠɟɥɨɝɨ ɛɟɧɡɢɧɚ ɧɚ 

ɫɦɟɲɟɧɢɟ ɞɪɭɝɢɯ ɜɢɞɨɜ ɬɨɜɚɪɧɵɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɛɟɧɡɢɧɨɜ. Ʉɚɱɟɫɬɜɟɧɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɥɟɝɤɨɝɨ ɛɟɧɡɢɧɚ - ɨɤɬɚɧɨɜɨɟ ɱɢɫɥɨ ɩɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦɭ ɦɟɬɨɞɭ  96,8 

ɢ 93 ɩɨ ɦɨɬɨɪɧɨɦɭ, - ɜɵɤɢɩɚɟɦɨɫɬɶ ɩɪɢ 70 ̊ɋ – 100% ɨɛɴɟɦɚ, ɩɪɢ ɷɬɨɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɛɟɧɡɢɧɚ ɤɪɟɤɢɧɝɚ ɩɪɨɬɨɬɢɩɚ:  ɜɵɤɢɩɚɟɦɨɫɬɶ ɩɪɢ 70 ̊ɋ – 30% ɨɛɴɟɦɚ, ɨɤɬɚɧɨɜɨɟ ɱɢɫɥɨ ɩɨ 
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ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦɭ ɦɟɬɨɞɭ – 94 ɩɭɧɤɬɚ, ɱɬɨ ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɟɬ ɥɟɝɤɢɣ ɛɟɧɡɢɧ ɨɬ 

ɫɬɚɛɢɥɶɧɨɝɨ ɛɟɧɡɢɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ.  

Ɍɚɛɥɢɰɚ 3. Ʉɚɱɟɫɬɜɨ ɮɪɚɤɰɢɢ ɥёɝɤɨɝɨ ɛɟɧɡɢɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ 

№ ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ Ɍɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ 

1 ɉɥɨɬɧɨɫɬɶ ɩɪɢ 15°ɋ, ɤɝ/ɦ3 650,9 

2 Ɉɤɬɚɧɨɜɨɟ ɱɢɫɥɨ ɩɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦɭ ɦɟɬɨɞɭ 96,8 

3 Ɉɤɬɚɧɨɜɨɟ ɱɢɫɥɨ ɩɨ ɦɨɬɨɪɧɨɦɭ ɦɟɬɨɞɭ 83,0 

4 Ⱦɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ, ɤɉɚ 140,2 

5 ɋɨɞɟɪɠɚɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ: 

- Ȼɟɧɡɨɥ, %ɨɛ 

- Ɉɥɟɮɢɧɵ, %ɨɛ 

- ɇɚɮɬɟɧɵ, %ɨɛ 

- Ⱥɪɨɦɚɬɢɱɟɫɤɢɟ, %ɨɛ 

- I-ɩɚɪɚɮɢɧɵ, % ɨɛ. 

- N-ɩɚɪɚɮɢɧɵ, % ɨɛ. 

 

0,0 

60,2 

0,0 

0,0 

14,6 

25,2 

6 Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ, ◦ɋ 

ɇ.Ʉ. 

5% 

10%  

50 %  

90% 

95% 

 Ʉ.Ʉ. 

 

31,1 

32,1 

32,6 

34,6 

38,7 

41,2 

52,5 

6 ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ, ppm ɦɚɫɫ.%  19,2 

 

ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɫɩɨɪɬɢɜɧɨɝɨ ɛɟɧɡɢɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɨɫɬɚɜɨɦ, ɭɤɚɡɚɧɧɨɦ ɜ 

ɬɚɛɥɢɰɟ №2, ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɤɚɱɟɫɬɜɟɧɧɨɟ ɬɨɩɥɢɜɨ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɨɤɬɚɧɨɜɵɯ 

ɱɢɫɟɥ 100-102 ɩɭɧɤɬɚ ɩɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦɭ ɦɟɬɨɞɭ ɫ ɭɱёɬɨɦ ɢɡɦɟɧɟɧɢɣ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɴɟɤɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ, ɩɪɢ ɨɫɬɚɧɨɜɟ ɭɫɬɚɧɨɜɨɤ 

ɧɚ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɈɈɈ “ɅɍɄɈɃɅ-

ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ”. 
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Ʌɢɬɟɪɚɬɭɪɚ 

1. http://sfmotorsport.ru/products/gasoline/vp-racing 

2. Ɍɪɟɛɨɜɚɧɢɹ FIA ɢ FIM ɤ ɚɜɬɨɦɨɛɢɥɶɧɵɦ ɛɟɧɡɢɧɚɦ. 3. Ɂɚɛɪɹɧɫɤɢɣ ȿ.ɂ. Ⱦɟɬɨɧɚɰɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɢ ɜɨɫɩɥɚɦɟɧɹɟɦɨɫɬɶ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ. – 

Ɇ.:ɏɢɦɢɹ, 1965. – 188 ɫ. 

4. Ƚɭɪɟɟɜ Ⱥ.Ⱥ. ɉɪɢɦɟɧɟɧɢɟ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɛɟɧɡɢɧɨɜ. – Ɇ.: ɏɢɦɢɹ, 1972. – 109 ɫ. 

5. ȿɦɟɥɶɹɧɨɜ ȼ.ȿ.  ȼɫɟ ɨ ɬɨɩɥɢɜɟ. Ⱥɜɬɨɦɨɛɢɥɶɧɵɣ ɛɟɧɡɢɧ: ɋɜɨɣɫɬɜɚ, ɚɫɫɨɪɬɢɦɟɧɬ, 

ɩɪɢɦɟɧɟɧɢɟ / ȼ.ȿ. ȿɦɟɥɶɹɧɨɜ. - Ɇ.: ɈɈɈ «ɂɡɞɚɬɟɥɶɫɬɜɨ Ⱥɫɬɪɟɥɶ»: 000 «ɂɡɞɚɬɟɥɶɫɬɜɨ 

ACT», 2003.-79, [1] ɫ. 

6. ɏɚɪɥɚɦɩɢɞɢ ɏ.ɗ., ɏɚɦɢɞɭɥɥɢɧ Ɋ.Ɏ. Ⱥɤɬɢɜɚɰɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ – ɨɞɢɧ 

ɫɩɨɫɨɛɨɜ ɭɜɟɥɢɱɟɧɢɹ ɝɥɭɛɢɧɵ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ // VIII Ɇɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-

ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɜ ɈȺɈ «ɌȺɇȿɄɈ». – ɇɢɠɧɟɤɚɦɫɤ, 2015. – ɋ. 78–83. 

 

  

http://sfmotorsport.ru/products/gasoline/vp-racing


218 

 

ɋɈȼɊȿɆȿɇɇɕȿ ɉɊɈɐȿɋɋɕ ɇȿɎɌȿɉȿɊȿɊȺȻɈɌɄɂ – ɈɋɇɈȼȺ 
ɉɊɈɂɁȼɈȾɋɌȼȺ ɆɈɌɈɊɇɕɏ ɌɈɉɅɂȼ ȾɅə ɌȿɏɇɂɄɂ,  

ɗɄɋɉɅɍȺɌɂɊɍȿɆɈɃ ȼ ȺɊɄɌɂɑȿɋɄɈɃ ɁɈɇȿ 

Ȼɟɪɟɫɧɟɜɚ ȿ.ȼ., Ʌɭɧɟɜɚ ȼ.ȼ., ɒɚɪɢɧ ȿ.Ⱥ. 
MODERN OIL REFINING PROCESSES – THE BASIS FOR THE PRODUCTION  

OF MOTOR FUELS FOR EQUIPMENT OPERATED IN THE ARTIC ZONE 
ɎȺɍ «25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ» 

E-mail: beresnevaev@mail.ru 

 

ȼ ɩɟɪɢɨɞ ɫ 2011 ɩɨ 2017 ɝ. ɧɚ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɚɯ (ɇɉɁ) Ɋɨɫɫɢɢ 

ɩɪɨɜɟɞɟɧɚ ɦɚɫɲɬɚɛɧɚɹ ɦɨɞɟɪɧɢɡɚɰɢɹ. ȼ ɬɟɱɟɧɢɟ ɫɟɦɢ ɥɟɬ ɜɜɟɞɟɧɵ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢɥɢ 

ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɵ 78 ɭɫɬɚɧɨɜɨɤ ɜɬɨɪɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɨ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɛɟɧɡɢɧɚ ɤ 2020 ɝɨɞɭ ɜɨɡɪɚɫɬɟɬ ɞɨ 41,4 ɦɥɧ 

ɬɨɧɧ, ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ – ɞɨ 90 ɦɥɧ ɬɨɧɧ, ɚ ɝɥɭɛɢɧɚ ɩɟɪɟɪɚɛɨɬɤɢ ɞɨɥɠɧɚ ɫɨɫɬɚɜɢɬɶ 85 

% [1].  

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜ ɭɫɥɨɜɢɹɯ ɪɵɧɨɱɧɨɣ ɷɤɨɧɨɦɢɤɢ ɧɚɲɟɣ ɫɬɪɚɧɵ, ɜ ɫɜɹɡɢ ɫ 

ɢɫɬɨɳɟɧɢɟɦ ɤɪɭɩɧɵɯ ɧɟɮɬɹɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɨɫɜɨɟɧɢɢ ɢ 

ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ, ɪɚɰɢɨɧɚɥɶɧɨɟ ɢ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ 

ɩɪɨɞɨɥɠɚɟɬ ɨɫɬɚɜɚɬɶɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ȼɧɟɞɪɟɧɢɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɜɬɨɪɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ, ɬɚɤɢɯ ɤɚɤ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɪɟɤɢɧɝ, ɝɢɞɪɨɤɪɟɤɢɧɝ, ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɹ ɢ ɝɢɞɪɨɨɱɢɫɬɤɚ, ɩɨɡɜɨɥɹɟɬ 

ɩɨɜɵɫɢɬɶ ɝɥɭɛɢɧɭ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ ɢ ɩɨɥɭɱɚɬɶ ɤɨɦɩɨɧɟɧɬɵ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. ȼ ɬɚɛɥ. 1 ɩɪɢɜɟɞɟɧɵ ɫɜɟɞɟɧɢɹ [2] 

ɧɟɤɨɬɨɪɵɯ ɞɟɣɫɬɜɭɸɳɢɯ ɇɉɁ, ɧɚ ɤɨɬɨɪɵɯ ɨɫɜɨɟɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɟɪɟɪɚɛɨɬɤɢ 

ɧɟɮɬɢ.  

Ɍɚɛɥɢɰɚ 1. ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɧɟɤɨɬɨɪɵɯ ɇɉɁ Ɋɨɫɫɢɢ 

ɇɉɁ Ⱦɟɩɚɪɚɮɢɧɢɡɚɰɢɹ Ƚɢɞɪɨɤɪɟɤɢɧɝ 
Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ 

ɤɪɟɤɢɧɝ 

Ⱥɧɝɚɪɫɤɚɹ ɇɏɄ ɫɬɪɨɢɬɟɥɶɫɬɜɨ - + 

Ɍɭɚɩɫɢɧɫɤɢɣ ɇɉɁ - ɫɬɪɨɢɬɟɥɶɫɬɜɨ - 

Ⱥɱɢɧɫɤɢɣ ɇɉɁ + ɫɬɪɨɢɬɟɥɶɫɬɜɨ - 

ɊɇɉɄ - ɫɬɪɨɢɬɟɥɶɫɬɜɨ + 

ɇɨɜɨɤɭɣɛɵɲɟɜɫɤɢɣ ɇɉɁ - ɫɬɪɨɢɬɟɥɶɫɬɜɨ - 

ɋɵɡɪɚɧɫɤɢɣ ɇɉɁ - + ɫɬɪɨɢɬɟɥɶɫɬɜɨ 

Ʉɨɦɫɨɦɨɥɶɫɤɢɣ ɇɉɁ + ɫɬɪɨɢɬɟɥɶɫɬɜɨ - 

ɏɚɛɚɪɨɜɫɤɢɣ ɇɉɁ - + - 

ȼɨɥɝɨɝɪɚɞɫɤɢɣ ɇɉɁ - + - 

ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ - - + 

ɉɟɪɦɧɟɮɬɟɨɪɝɫɢɧɬɟɡ - + - 

ɍɯɬɚɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɚ + - - 

Ɂ-I-5 
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ɋɭɪɝɭɬɫɤɢɣ ɁɋɄ + - - 

Ɉɦɫɤɢɣ ɇɉɁ + - + 

ɍɮɚɧɟɮɬɟɯɢɦ - + - 

Ʉɢɪɢɲɢɧɟɮɬɟɨɪɝɫɢɧɬɟɡ + + - 

ɌȺɇȿɄɈ - + - 

əɇɈɋ - + + 

ɌȺɂɎ ɇɄ - - + 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥ. 1, ɩɪɨɰɟɫɫ ɝɢɞɪɨɤɪɟɤɢɧɝɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɛɨɥɟɟ 

ɜɵɫɨɤɢɣ ɩɪɨɰɟɧɬ ɜɵɯɨɞɚ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɤɪɟɤɢɧɝɨɦ, 

ɧɚɯɨɞɢɬ ɜɫɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ [3]. ɉɪɨɰɟɫɫɵ 

ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɹɜɥɹɸɬɫɹ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ c 

ɭɥɭɱɲɟɧɧɵɦɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɍɤɚɡɨɦ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 2 ɦɚɹ 2014 ɝ. № 

296 «Ɉ ɫɭɯɨɩɭɬɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ Ⱥɪɤɬɢɱɟɫɤɨɣ ɡɨɧɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ» ɜ ɰɟɥɹɯ 

ɪɟɚɥɢɡɚɰɢɢ Ɉɫɧɨɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ Ⱥɪɤɬɢɤɟ ɧɚ 

ɩɟɪɢɨɞ ɞɨ 2020 ɝ. ɢ ɞɚɥɶɧɟɣɲɭɸ ɩɟɪɫɩɟɤɬɢɜɭ ɨɩɪɟɞɟɥɟɧɵ ɫɭɯɨɩɭɬɧɵɟ ɬɟɪɪɢɬɨɪɢɢ 

Ⱥɪɤɬɢɱɟɫɤɨɣ ɡɨɧɵ. ɋɨɝɥɚɫɧɨ ȽɈɋɌ 16350 «Ʉɥɢɦɚɬ ɋɋɋɊ» ɷɬɢ ɬɟɪɪɢɬɨɪɢɢ ɨɬɧɨɫɹɬɫɹ ɤ 

ɯɨɥɨɞɧɨɦɭ ɢ ɭɦɟɪɟɧɧɨɦɭ ɦɚɤɪɨɤɥɢɦɚɬɢɱɟɫɤɢɦ ɪɚɣɨɧɚɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ 

ɜɨɡɞɭɯɚ ɜ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɦɢɧɭɫ 65 0ɋ [4]. 

ɋ ɰɟɥɶɸ ɨɫɜɨɟɧɢɹ ɷɬɢɯ ɬɟɪɪɢɬɨɪɢɣ ɪɚɡɪɚɛɨɬɚɧɵ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ 

ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ, ɬɚɤɢɟ ɤɚɤ ɞɜɭɯɡɜɟɧɧɵɣ ɝɭɫɟɧɢɱɧɵɣ ɬɪɚɧɫɩɨɪɬɟɪ ɩɥɚɜɚɸɳɢɣ ȾɌ-

30ɉ, ɝɭɫɟɧɢɱɧɵɣ ɬɨɩɥɢɜɨɡɚɩɪɚɜɳɢɤ ɩɥɚɜɚɸɳɢɣ ɌɁ-4ȻɉȾ, ɨɫɧɚɳɟɧɧɵɟ ɞɢɡɟɥɶɧɵɦɢ 

ɞɜɢɝɚɬɟɥɹɦɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɪɟɛɨɜɚɧɢɹ ɤ ɚɪɤɬɢɱɟɫɤɨɦɭ ɞɢɡɟɥɶɧɨɦɭ ɬɨɩɥɢɜɭ 

ɭɫɬɚɧɨɜɥɟɧɵ ȽɈɋɌ 305-2013, ȽɈɋɌ Ɋ 52368-2005, ȽɈɋɌ 32511-2013, ȽɈɋɌ Ɋ 55475-

2013, ɜ ɤɨɬɨɪɵɯ ɡɚ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɧɢɦɚɸɬ ɩɪɟɞɟɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ 

ɮɢɥɶɬɪɭɟɦɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɭɸ ɩɨ ȽɈɋɌ 22254-92. Ⱦɢɡɟɥɶɧɵɟ ɬɨɩɥɢɜɚ, ɜɵɪɚɛɚɬɵɜɚɟɦɵɟ 

ɩɨ ȽɈɋɌ Ɋ 52368-2005, ȽɈɋɌ 32511-2013, ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɚɞɟɠɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ 

ɬɟɯɧɢɤɢ ɬɨɥɶɤɨ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɧɢɠɟ ɦɢɧɭɫ 44 0ɋ, ɩɨ ȽɈɋɌ 305-2013 -  ɧɟ ɧɢɠɟ ɦɢɧɭɫ 

45 0ɋ, ɩɨ ȽɈɋɌ Ɋ 55475-2013 – ɧɟ ɧɢɠɟ ɦɢɧɭɫ 52 0ɋ. 

Ɉɬɫɭɬɫɬɜɢɟ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɧɚɞɟɠɧɵɣ ɡɚɩɭɫɤ ɞɜɢɝɚɬɟɥɹ 

ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ ɬɟɯɧɢɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɞɨ ɦɢɧɭɫ 65 0ɋ, 

ɨɩɪɟɞɟɥɢɥɨ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɨɝɨ ɚɪɤɬɢɱɟɫɤɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ (ȾɌȺɁ) ɫ 

ɭɥɭɱɲɟɧɧɵɦɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɨɫɬɚɥɶɧɵɯ ɮɢɡɢɤɨ-
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ɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚ ɭɪɨɜɧɟ ɬɪɟɛɨɜɚɧɢɣ ɞɟɣɫɬɜɭɸɳɢɯ ɧɨɪɦɚɬɢɜɧɵɯ 

ɞɨɤɭɦɟɧɬɨɜ.  

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɜɵɩɭɫɤɚɟɦɵɯ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ, ɚ 

ɬɚɤɠɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɇɉɁ ɧɚɲɟɣ ɫɬɪɚɧɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ 

ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɮɪɚɤɰɢɢ, 

ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɪɨɰɟɫɫɚɯ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɢ ɝɢɞɪɨɤɪɟɤɢɧɝɚ. 

Ʌɚɛɨɪɚɬɨɪɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ 

ɤɨɦɩɨɧɟɧɬɚ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ȾɌȺɁ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɞɟɩɚɪɚɮɢɧɢɡɢɪɨɜɚɧɧɭɸ ɢɥɢ ɝɢɞɪɨɨɱɢɳɟɧɧɭɸ ɮɪɚɤɰɢɸ, ɜɵɤɢɩɚɸɳɭɸ ɜ ɩɪɟɞɟɥɚɯ 150–

300 ɨɋ, ɚ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɪɨɤɚɱɢɜɚɟɦɨɫɬɢ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɮɪɚɤɰɢɣ ɝɢɞɪɨɤɪɟɤɢɧɝɚ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɬɨɩɥɢɜɚ ȾɌȺɁ ɧɚ ɨɫɧɨɜɟ ɞɟɧɨɪɦɚɥɢɡɚɬɚ, 

ɜɵɤɢɩɚɸɳɟɝɨ ɜ ɩɪɟɞɟɥɚɯ 150-300 0ɋ, ɝɢɞɪɨɤɪɟɤɢɧɝɨɜɨɣ ɮɪɚɤɰɢɢ, ɜɵɤɢɩɚɸɳɟɣ ɜ 

ɩɪɟɞɟɥɚɯ 180-270 0ɋ ɢ ɝɢɞɪɨɤɪɟɤɢɧɝɨɜɨɣ ɮɪɚɤɰɢɢ, ɜɵɤɢɩɚɸɳɟɣ ɜ ɩɪɟɞɟɥɚɯ 140-240 0ɋ 

ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ ɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɝɥɚɫɧɨ ɦɚɬɪɢɰɟ ɩɥɚɧɢɪɨɜɚɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɢɦɩɥɟɤɫ-ɪɟɲɟɬɱɚɬɨɝɨ ɩɥɚɧɚ ɒɟɮɮɟ. ɉɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɩɪɨɜɟɞɟɧɨ ɧɚ ɥɨɤɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ D-

ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɥɚɧɚ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 

Ⱦɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɬɨɩɥɢɜɚ ȾɌȺɁ ɤɪɢɬɟɪɢɟɦ ɜɵɛɪɚɧɚ 

ɩɪɟɞɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɮɢɥɶɬɪɭɟɦɨɫɬɢ (ɉɌɎ), ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɨɛɪɚɡɨɜɚɧɢɟ ɜ 

ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ ɬɜɟɪɞɨɣ ɮɚɡɵ ɫ ɪɚɡɦɟɪɚɦɢ ɱɚɫɬɢɰ, ɩɪɢɜɨɞɹɳɢɦɢ ɤ ɡɚɛɢɜɤɟ ɮɢɥɶɬɪɚ. 

Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɉɌɎ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɫ ɭɱɟɬɨɦ ɜɜɟɞɟɧɧɵɯ 

ɨɝɪɚɧɢɱɟɧɢɣ ɨɩɪɟɞɟɥɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɬɨɩɥɢɜɚ ȾɌȺɁ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɡɜɨɥɢɥɚ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ ɬɨɩɥɢɜɨ ȾɌȺɁ ɦɨɠɟɬ 

ɫɨɞɟɪɠɚɬɶ ɨɬ 40 ɞɨ 60 % ɞɟɧɨɪɦɚɥɢɡɚɬɚ, ɨɬ 30 ɞɨ 50 % ɮɪɚɤɰɢɢ 180-270 ⁰ɋ  

ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɢ ɨɬ 3 ɞɨ 25 % ɮɪɚɤɰɢɢ 140-240 ⁰ɋ ɝɢɞɪɨɤɪɟɤɢɧɝɚ. 
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GROUP COMPOSITION AND OXIDATION OF THE GAS CONDENSATE  

OF THE SENɈMAN DEPOSIT 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: nekhaev@ips.ac.ru 
2 ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, Ɇɨɫɤɜɚ 

 

 ɉɪɨɦɵɲɥɟɧɧɨɟ ɨɫɜɨɟɧɢɟ Ɂɚɩɨɥɹɪɧɨɝɨ ɝɚɡɨɧɟɮɬɟɤɨɧɞɟɧɫɚɬɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, 

ɤɨɬɨɪɨɟ ɩɨ ɡɚɩɚɫɚɦ ɫɱɢɬɚɟɬɫɹ ɨɞɧɢɦ ɢɡ ɤɪɭɩɧɟɣɲɢɯ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɧɚɱɚɥɨɫɶ 

ɜ 2001 ɝɨɞɭ. Ɉɞɧɢɦ ɢɡ ɨɛɴɟɤɬɨɜ ɪɚɡɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɋɟɧɨɦɚɧɫɤɢɣ ɝɚɡɨɜɵɣ ɤɨɧɞɟɧɫɚɬ 

(ɋȽɄ), ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɪɚɤɰɢɸ, ɜɵɤɢɩɚɸɳɭɸ ɜ ɢɧɬɟɪɜɚɥɟ 160-340°ɋ. Ⱦɥɹ 

ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɚɡɨɤɨɧɞɟɧɫɚɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɟɝɨ ɝɪɭɩɩɨɜɨɣ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ ɫɨɫɬɚɜ. ɍɝɥɟɜɨɞɨɪɨɞɧɵɣ ɫɨɫɬɚɜ ɝɚɡɨɤɨɧɞɟɧɫɚɬɨɜ ɞɥɹ ɢɯ ɝɟɨɯɢɦɢɱɟɫɤɨɣ 

ɬɢɩɢɡɚɰɢɢ ɢɫɫɥɟɞɨɜɚɥɫɹ ɜ ɪɚɛɨɬɟ [1]. ɋɜɨɣɫɬɜɚ ɋɟɧɨɦɚɧɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɛɵɥɢ 

ɩɪɢɡɧɚɧɵ ɭɧɢɤɚɥɶɧɵɦɢ ɢ ɩɨɡɜɨɥɹɸɳɢɦɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɚ 

ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ [2], ɨɞɧɚɤɨ ɰɟɬɚɧɨɜɨɟ ɱɢɫɥɨ ɤɨɦɩɚɭɧɞɢɪɨɜɚɧɧɨɝɨ ɬɨɩɥɢɜɚ 

ɫɧɢɠɚɟɬɫɹ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɧɞɟɧɫɚɬ ɫɨɞɟɪɠɢɬ 75% ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚɮɬɟɧɨɜɨɝɨ 

ɪɹɞɚ ɢ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɤɚɤ ɪɚɡɛɚɜɢɬɟɥɶ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɧɵɯ ɩɥɚɫɬɢɡɨɥɟɣ [3]. 

 ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɝɪɭɩɩɨɜɨɝɨ ɫɨɫɬɚɜɚ ɮɪɚɤɰɢɣ ɋȽɄ 

ɢ ɨɤɢɫɥɟɧɢɟ ɨɞɧɨɣ ɢɡ ɟɝɨ ɮɪɚɤɰɢɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɮɬɟɧɨɜɵɯ ɤɢɫɥɨɬ.   

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɨɛɪɚɡɟɰ ɋȽɄ ɫɨ ɫɥɟɞɭɸɳɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ: 

nD
20.5  1.4750, d4

21  0.880 ɝ/ɦɥ, ɫɨɞɟɪɠɚɧɢɟ (ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɚɹ 

ɫɩɟɤɬɪɨɫɤɨɩɢɹ) S – 70 ppm, Si –  1110 ppm. 

Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ (ɢɦɢɬɢɪɨɜɚɧɧɚɹ ɞɢɫɬɢɥɥɹɰɢɹ, % ɦɚɫɫ.): ɞɨ 160° – 0.32, 160-

180° – 1.23, 180-200° – 5.07,  200-220° – 11.71, 220-240° – 19.99, 240-260° – 27.80, 260-

280° – 17.37, 280-300°    – 9.85, 300-320° – 4.44, 320-340° – 1.80, 340-360° – 0.41. ɋɭɦɦɚ 

160-360° – 99.68% ɦɚɫɫ. ȼ ɢɧɬɟɪɜɚɥɟ 200-300° ɫɨɫɪɟɞɨɬɨɱɟɧɨ 86.7% ɦɚɫɫ. ɮɪɚɤɰɢɢ. 

ɋɩɟɤɬɪ 1ɇ əɆɊ ɩɨɤɚɡɵɜɚɟɬ ɧɢɱɬɨɠɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ 

(0.31%). 

 

Ⱥɬɦɨɫɮɟɪɧɚɹ ɪɚɡɝɨɧɤɚ 
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ɉɟɪɟɝɨɧɹɥɢ ɨɛɪɚɡɟɰ ɋȽɄ ɨɛɴёɦɨɦ 200 ɦɥ. 

Ɏɪɚɤɰɢɹ 1 (185-205 ºɋ): m1ɮɪ=2.181 ɝ; V1ɮɪ=2.3 ɦɥ; ρ20
1ɮɪ=0.948 ɝ/ɦɥ; nD

20 1.4522. 

Ɏɪɚɤɰɢɹ 2 (205-225 ºɋ): m2ɮɪ=13,497 ɝ; V2ɮɪ=15,4 ɦɥ; ρ20
2ɮɪ=0,876 ɝ/ɦɥ; nD

20 1.4697 

Ɏɪɚɤɰɢɹ 3 (225-245 ºɋ): m3ɮɪ=46,191 ɝ; V3ɮɪ=52,5 ɦɥ; ρ20
3ɮɪ=0,880 ɝ/ɦɥ; nD

20 1.4747 

Ɏɪɚɤɰɢɹ 4 (245-265 ºɋ): m4ɮɪ=36,275 ɝ; V4ɮɪ=41,5 ɦɥ; ρ20
4ɮɪ=0,874 ɝ/ɦɥ; nD

20 1.4767 

Ɏɪɚɤɰɢɹ 5 (265-285 ºɋ): m5ɮɪ=13,806 ɝ; V5ɮɪ=15,7 ɦɥ; ρ20
5ɮɪ=0,879 ɝ/ɦɥ; nD

20 1.4787 

Ɉɫɬɚɬɨɤ: mɨɫɬɚɬɤɚ=19.5 ɝ; Vɨɫɬɚɬɤɚ=23 ɦɥ; ρ20
ɨɫɬɚɬɤɚ=0.848 ɝ/ɦɥ; nD

20 1.4831. 

 

ȼɚɤɭɭɦɧɚɹ ɪɚɡɝɨɧɤɚ 

ȼɚɤɭɭɦɧɭɸ ɪɚɡɝɨɧɤɭ ɨɛɪɚɡɰɚ ɋȽɄ ɨɛɴёɦɨɦ 200 ɦɥ ɩɪɨɜɨɞɢɥɢ ɜ ɤɪɭɝɥɨɞɨɧɧɨɣ, 

ɞɜɭɝɨɪɥɨɣ ɤɨɥɛɟ ɫ ɞɟɮɥɟɝɦɚɬɨɪɨɦ ɞɥɢɧɨɣ 32 ɫɦ, ɜ ɨɞɧɨɦ ɢɡ ɝɨɪɥ – ɤɚɩɢɥɥɹɪ ɫ ɩɨɞɚɱɟɣ 

ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ (ɦɟɬɚɧ), ɩɪɹɦɨɣ ɯɨɥɨɞɢɥɶɧɢɤ ɞɥɢɧɨɣ 20 ɫɦ, ɨɯɥɚɠɞɚɟɦɵɣ ɜɨɞɨɣ, ɚɥɨɧɠ 

ɫ ɨɬɜɨɞɨɦ ɧɚ ɜɚɤɭɭɦɧɵɣ ɧɚɫɨɫ, ɲɟɫɬɢɩɨɡɢɰɢɨɧɧɵɣ ɩɚɭɤ, ɞɚɜɥɟɧɢɟ 5 ɦɦ ɪɬ. ɫɬ. 

ɉɨɥɭɱɟɧɵ ɮɪɚɤɰɢɢ: 

Ɏɪɚɤɰɢɹ 1 (43-63 ºɋ): m1ɮɪ=4,1 ɝ; V1ɮɪ=4,6 ɦɥ; ρ20
1ɮɪ=0,8913 ɝ/ɦɥ; nD

20 1.4638. 

Ɏɪɚɤɰɢɹ 2 (63-83 ºɋ): m2ɮɪ=32,9 ɝ; V2ɮɪ=37,7 ɦɥ; ρ2ɮɪ=0,8727 ɝ/ɦɥ; nD
20 1.4718. 

Ɏɪɚɤɰɢɹ 3 (83-103 ºɋ): m3ɮɪ=48,8 ɝ; V3ɮɪ=55 ɦɥ; ρ3ɮɪ=0,8873 ɝ/ɦɥ; nD
20 1.4759. 

Ɏɪɚɤɰɢɹ 4 (103-123 ºɋ): m4ɮɪ=49,4 ɝ; V4ɮɪ=56,6 ɦɥ; ρ4ɮɪ=0,8728 ɝ/ɦɥ; nD
20 1.4768. 

Ɏɪɚɤɰɢɹ 5 (123-131 ºɋ): m5ɮɪ=11,6 ɝ; V5ɮɪ=13 ɦɥ; ρ5ɮɪ=0,8923 ɝ/ɦɥ; nD
20 1.4763 

Ɉɫɬɚɬɨɤ: mɨɫɬ=23,2 ɝ; Vɨɫɬ=26,9 ɦɥ; ρɨɫɬ=0,8625 ɝ/ɦɥ; nD
20 1.4793. 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨ-ɝɪɭɩɩɨɜɨɝɨ ɫɨɫɬɚɜɚ ɋȽɄ 

Ɋɚɫɱɟɬ ɫɬɪɭɤɬɭɪɧɨ-ɝɪɭɩɩɨɜɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɭ n – d – Ɇ ɞɥɹ 

ɮɪɚɤɰɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɣ ɩɟɪɟɝɨɧɤɟ ɋȽɄ. 

Ⱦɥɹ «ɩɪɟɞɟɥɶɧɨɝɨ» ɚɥɤɚɧɚ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɤɨɧɫɬɚɧɬɵ: 

nD
20=1,4750                           nD

70=1,4600   

 ρ4
20=0,8510                           ρ4

70=0,8280 

Ɇɚɫɫɨɜɭɸ ɞɨɥɸ ɭɝɥɟɪɨɞɚ ɜ ɚɪɟɧɨɜɵɯ ɋɚɪ, % ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ: 

ɉɪɢ V>0          ɋɚɪ=430V+3660/Mr . ɉɪɢ V<0         ɋɚɪ=670V+3660/Mr  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɭɝɥɟɪɨɞɚ ɢ ɫɨɞɟɪɠɚɧɢɟ ɤɨɥɟɰ ɜɵɱɢɫɥɹɸɬ ɩɨ ɩɪɢɜɟɞɟɧɧɵɦ ɧɢɠɟ 

ɮɨɪɦɭɥɚɦ: 

V=2,51(n-1,4750)-(ρ-0,8510). W=(ρ-0,8510)-1,11(n-1,4750) 

ɋɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɜ ɤɨɥɶɱɚɬɵɯ ɫɬɪɭɤɬɭɪɚɯ ɋɤ,%: 

ɉɪɢ W>0  Cɤ=820W-3S+10000/Mr, 
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 ɝɞɟ S=0 – ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɫɟɪɵ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɮɪɚɤɰɢɢ, % 

ɉɪɢ W<0   ɋɤ=1440W-3S+10600/Mr  

Ɇɚɫɫɨɜɭɸ ɞɨɥɸ ɭɝɥɟɪɨɞɚ ɜ ɰɢɤɥɨɚɥɤɚɧɨɜɵɯ ɫɬɪɭɤɬɭɪɚɯ ɋɧ,% ɧɚɯɨɞɹɬ ɩɨ 

ɪɚɡɧɨɫɬɢ: 

ɋɧ=ɋɤ-ɋɚɪ 

Ɇɚɫɫɨɜɭɸ ɞɨɥɸ ɭɝɥɟɪɨɞɚ ɜ ɚɥɤɢɥɶɧɵɯ ɡɚɦɟɫɬɢɬɟɥɹɯ ɋɚ,%  ɧɚɯɨɞɹɬ ɩɨ ɪɚɡɧɨɫɬɢ: 

ɋɚ=100-ɋɤ 

ɑɢɫɥɨ ɚɪɟɧɨɜɵɯ ɤɨɥɟɰ Ʉɚɪ: 

ɉɪɢ V>0         Ʉɚɪ=0,44+0,05MrV . ɉɪɢ V<0   Ʉɚɪ=0,44+0,08MrV 

Ɉɛɳɟɟ ɱɢɫɥɨ ɤɨɥɟɰ Ʉɨ: 

ɉɪɢ W>0      Ʉɨ=1,33+0,146Mr(W-0,005S)  

ɉɪɢ W<0       Ʉɨ=1,33+0,180Mr(W-0,005S) 

ɑɢɫɥɨ ɰɢɤɥɨɚɥɤɚɧɨɜɵɯ ɤɨɥɟɰ Ʉɧ: 

Ʉɧ=Ʉɨ-Ʉɚɪ 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɭɝɥɟɪɨɞɚ ɜ ɚɪɟɧɨɜɵɯ ɤɨɥɶɰɚɯ ɋɚɪ, %: 

ɋɚɪ 1ɮɪ=-77.36%, ɋɚɪ 2ɮɪ=-1.87%, ɋɚɪ 3ɮɪ=2.23%,  ɋɚɪ 4ɮɪ=6.96%, ɋɚɪ 5ɮɪ=4.49%, ɋɚɪ 

ɨɫɬ=25,68%. 

ɋɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɜ ɤɨɥɶɱɚɬɵɯ ɫɬɪɭɤɬɭɪɚɯ ɋɤ, %: 

ɋɤ 1ɮɪ=171.93%, ɋɤ 2ɮɪ=91.47%, ɋɤ 3ɮɪ=84.15%, ɋɤ 4ɮɪ=70.87%, ɋɤ 5ɮɪ=67.06%, ɋɤ 

ɨɫɬ=27.59%. 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɭɝɥɟɪɨɞɚ ɜ ɰɢɤɥɨɚɥɤɚɧɨɜɵɯ ɫɬɪɭɤɬɭɪɚɯ ɋɧ,%: 

ɋɧ 1ɮɪ=249.29%, ɋɧ 2ɮɪ=93.34%, ɋɧ 3ɮɪ=81.91%, ɋɧ 4ɮɪ=63.91%, ɋɧ 5ɮɪ=62.57%, ɋɧ 

ɨɫɬ=1.91%. 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɭɝɥɟɪɨɞɚ ɜ ɚɥɤɢɥɶɧɵɯ ɡɚɦɟɫɬɢɬɟɥɹɯ ɋɚ, %: 

 ɋɚ 1ɮɪ=-71.93%, ɋɚ 2ɮɪ=8.53%, ɋɚ 3ɮɪ=18.09%, ɋɚ 4ɮɪ=29.13%, ɋɚ 5ɮɪ=32.94%, ɋɚ 

ɨɫɬ=72.41%. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɚ ɚɪɟɧɨɜɵɯ ɤɨɥɟɰ Ʉɚɪ: 

Ʉɚɪ 1ɮɪ=-1.29, Ʉɚɪ 2ɮɪ=-0,03, Ʉɚɪ 3ɮɪ=0.05, Ʉɚɪ 4ɮɪ=0.16, Ʉɚɪ 5ɮɪ=0.12, Ʉɚɪ ɨɫɬ=0.72. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɳɟɝɨ ɱɢɫɥɚ ɤɨɥɟɰ Ʉɨ: 

Ʉɨ 1ɮɪ=3.84, Ʉɨ 2ɮɪ=2.03,  Ʉɨ 3ɮɪ=2.04, Ʉɨ 4ɮɪ=1.91, Ʉɨ 5ɮɪ=2.08, Ʉɨ ɨɫɬ=0.82. 

ɑɢɫɥɨ ɰɢɤɥɨɚɥɤɚɧɨɜɵɯ ɤɨɥɟɰ Ʉɧ: 

Ʉɧ 1ɮɪ=5.13, Ʉɧ 2ɮɪ=2.06, Ʉɧ 3ɮɪ=1.99, Ʉɧ 4ɮɪ=1.75,  Ʉɧ 5ɮɪ=1.96, Ʉɧ ɨɫɬ=0.099. 
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Ɉɤɢɫɥɟɧɢɟ 

Ɉɤɢɫɥɟɧɢɟ ɮɪɚɤɰɢɢ ɋȽɄ 225 – 245°ɋ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɣ ɩɟɪɟɝɨɧɤɟ,  (10 

ɦɥ) ɩɪɨɜɨɞɢɥɢ ɩɪɢ 125°ɋ ɜ ɬɪёɯɝɨɪɥɨɣ ɤɨɥɛɟ ёɦɤɨɫɬɶɸ 25 ɦɥ, ɫɧɚɛɠёɧɧɨɣ ɨɛɪɚɬɧɵɦ 

ɯɨɥɨɞɢɥɶɧɢɤɨɦ, ɬɟɪɦɨɦɟɬɪɨɦ ɢ ɬɪɭɛɤɨɣ ɞɥɹ ɜɜɨɞɚ ɜɨɡɞɭɯɚ.  Ʉɚɬɚɥɢɡɚɬɨɪ – ɄMnO4 

ɜɜɨɞɢɥɢ ɜ ɜɢɞɟ 10%-ɧɨɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ 0.0176 ɝ  ɄMnO4, ɞɨ ɧɚɱɚɥɚ 

ɪɟɚɤɰɢɢ, ɚ ɬɚɤɠɟ ɱɟɪɟɡ 14 ɢ 31 ɱɚɫ. Ɉɛɳɟɟ ɜɪɟɦɹ ɪɟɚɤɰɢɢ 50 ɱɚɫɨɜ. ȼɨɡɞɭɯ ɩɨɞɚɜɚɥɫɹ 

ɤɨɦɩɪɟɫɫɨɪɨɦ ɞɥɹ ɚɤɜɚɪɢɭɦɨɜ Sora air 110 plus (Germany). ɉɨɫɥɟ ɨɤɢɫɥɟɧɢɹ ɮɪɚɤɰɢɹ ɢɡ 

ɛɟɫɰɜɟɬɧɨɣ ɫɬɚɥɚ ɠɟɥɬɨɜɚɬɨɣ. 

Ʉɢɫɥɨɬɧɨɟ ɱɢɫɥɨ: ɢɫɯɨɞɧɚɹ ɮɪɚɤɰɢɹ ɋȽɄ 225 – 245°ɋ – 0, ɩɨɫɥɟ ɨɤɢɫɥɟɧɢɹ – 29.3.  

  

Ⱦɚɧɧɵɟ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ: 

ɢɫɯɨɞɧɚɹ ɮɪɚɤɰɢɹ ɋȽɄ 225 – 245°ɋ  ɫɨɞɟɪɠɢɬ (% ɦɚɫɫ.): ɋ 78.80, ɇ 11.86, N 0.05, 

S ɧɟ ɨɛɧɚɪɭɠɟɧɚ; 

ɩɨɫɥɟ ɨɤɢɫɥɟɧɢɹ: ɋ 78.27, ɇ 11.43, N 0.06, S ɧɟ ɨɛɧɚɪɭɠɟɧɚ. ɉɪɢɛɚɜɤɚ ɫɨɞɟɪɠɚɧɢɹ 

ɤɢɫɥɨɪɨɞɚ (ɩɨ ɪɚɡɧɨɫɬɢ ɫɭɦɦɚɪɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɨɫɬɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ) ɩɨɫɥɟ ɨɤɢɫɥɟɧɢɹ 

ɫɨɫɬɚɜɥɹɟɬ 0.95%. 

ȼ ɂɄ-ɫɩɟɤɬɪɟ ɨɤɢɫɥɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɧɚɛɥɸɞɚɟɬɫɹ ɫɢɥɶɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɝɪɭɩɩ ɋ=Ɉ 

(1725 ɫɦ –1), ɯɚɪɚɤɬɟɪɧɨɟ ɞɥɹ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɤɚɪɛɨɧɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɫɢɥɶɧɨɟ ɩɥɟɱɨ 

ɩɪɢ 1710 ɫɦ –1, ɯɚɪɚɤɬɟɪɧɨɟ ɞɥɹ ɰɢɤɥɨɝɟɤɫɚɧɨɧɨɜ, ɫɪɟɞɧɟɟ ɩɥɟɱɨ ɩɪɢ 1770 ɫɦ –1, 

ɯɚɪɚɤɬɟɪɧɨɟ ɞɥɹ ɤɨɥɟɛɚɧɢɣ ɋ=Ɉ ɜ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩɚɯ ɋɈɈɇ. 

 

ȼɵɜɨɞɵ 

 Ɉɛɪɚɡɟɰ ɋȽɄ ɩɨ ɮɪɚɤɰɢɨɧɧɨɦɭ ɫɨɫɬɚɜɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɲɢɪɨɤɨɣ ɞɢɡɟɥɶɧɨɣ 

ɮɪɚɤɰɢɢ 160-360°ɋ. ɋɭɞɹ ɩɨ ɫɭɦɦɚɪɧɨɦɭ ɦɚɫɫ-ɫɩɟɤɬɪɭ, ɨɛɪɚɡɟɰ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜ 

ɨɫɧɨɜɧɨɦ ɫɦɟɫɶ ɰɢɤɥɢɱɟɫɤɢɯ (ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɜɨɟɦ ɛɢ- ɢ ɛɨɥɟɟ ɰɢɤɥɢɱɟɫɤɢɟ) 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɋɭɞɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɩɢɤɨɜ ɢɨɧɨɜ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ 

ɚɥɤɢɥɡɚɦɟɳɟɧɧɵɯ ɞɢɚɦɚɧɬɚɧɨɜ (m/z 187 ɢ ɝɨɦɨɥɨɝɢ), ɢɯ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɫɦɟɫɢ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɬɪɢɚɦɚɧɬɚɧɵ (m/z 239 ɢ ɝɨɦɨɥɨɝɢ) ɜ ɫɦɟɫɢ ɟɫɥɢ ɢ ɩɪɢɫɭɬɫɬɜɭɸɬ, ɬɨ ɜ 

ɫɥɟɞɨɜɵɯ ɤɨɥɢɱɟɫɬɜɚɯ. ɇɚɩɪɨɬɢɜ, ɪɚɡɧɨɨɛɪɚɡɢɟ ɢ ɫɨɞɟɪɠɚɧɢɟ ɜ ɫɦɟɫɢ ɚɤɢɥɡɚɦɟɳɟɧɧɵɯ 

ɚɞɚɦɚɧɬɚɧɨɜ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ.  Ɇɟɬɨɞ n – d – Ɇ ɞɥɹ ɩɟɪɜɨɣ ɢ ɨɬɱɚɫɬɢ ɜɬɨɪɨɣ ɮɪɚɤɰɢɣ 

ɞɚɥ ɧɟɤɨɪɪɟɤɬɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. ɗɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɨ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɷɬɢɯ 

ɮɪɚɤɰɢɹɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɚɞɚɦɚɧɬɚɧɨɜɨɝɨ ɪɹɞɚ ɢ ɨɬɫɭɬɫɬɜɢɟɦ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ. Ⱥɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɫɨɫɪɟɞɨɬɨɱɟɧɵ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɜ ɨɫɬɚɬɤɟ. 

Ɉɛɳɟɟ ɱɢɫɥɨ ɤɨɥɟɰ ɜ ɫɪɟɞɧɟɣ ɦɨɥɟɤɭɥɟ  ɮɪɚɤɰɢɣ ɋȽɄ ɫɨ ɜɬɨɪɨɣ ɩɨ ɩɹɬɭɸ (205 - 285°ɋ) 
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ɪɚɜɧɨ ɞɜɭɦ, ɩɪɢɱёɦ ɷɬɢ ɤɨɥɶɰɚ ɜ ɨɫɧɨɜɧɨɦ ɧɚɮɬɟɧɨɜɵɟ. Ⱦɨɥɹ ɭɝɥɟɪɨɞɚ ɜ ɚɥɤɢɥɶɧɵɯ 

ɝɪɭɩɩɚɯ ɪɚɫɬёɬ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɢ ɞɨɫɬɢɝɚɟɬ 72% ɜ ɨɫɬɚɬɤɟ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɂɇɏɋ ɊȺɇ (№79) ɜ ɪɚɦɤɚɯ Ƚɨɫɡɚɞɚɧɢɹ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
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ɂɋɉɈɅɖɁɈȼȺɇɂȿ ɎɊȺɄɐɂɂ ɋ4,ɋ5 ɂ ɋ8-ɋ9 ɉɂɊɈɅɂɁȺ ȻȿɇɁɂɇȺ ȾɅə 
ɋɂɇɌȿɁȺ ɈɄɋɂȽȿɇȺɌɈȼ ɂ ɋɌȺȻɂɅɂɁȺɌɈɊɈȼ 

Ⱥɝɚɦɚɥɢɟɜ Ɂ.Ɂ., Ɇɟɞɠɢɞɨɜ ɗ.Ⱥ., Ɇɢɪɡɨɟɜ ȼ.Ƚ., ɇɚɝɢɟɜɚ Ɇ.ȼ., Ɋɚɫɭɥɨɜ ɑ.Ʉ. 
USING FRACTIONS C4, C5 AND C8-C9 OF PYROLYSIS GASOLINE FOR 

SYNTHESIS OF OXYGENATES AND STABILIZERS  
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ,  

ɝ. Ȼɚɤɭ 

E-mail: mehri.nagieva@mail.ru  

 

ɉɨɥɭɱɚɟɦɵɟ  ɧɚ ɩɢɪɨɥɢɡɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɮɪɚɤɰɢɢ ɋ4, ɋ5 ɢ ɋ8-ɋ9 ɩɢɪɨɥɢɡɚ ɛɟɧɡɢɧɚ 

ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɧɚɲɥɢ ɫɜɨɟɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ɉɪɢɜɥɟɱɟɧɢɟ ɷɬɢɯ ɮɪɚɤɰɢɣ ɜ 

ɫɮɟɪɭ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ, c ɷɤɨɥɨɝɢɱɟɫɤɨɣ, ɧɚɭɱɧɨɣ ɢ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɢɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɚɤɰɢɢ ɷɬɟɪɢɮɢɤɚɰɢɢ 

ɮɪɚɤɰɢɢ ɋ4 ɦɟɬɚɧɨɥɨɦ ɢ ɛɢɨɷɬɚɧɨɥɨɦ, ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɦɟɬɢɥ ɢ ɷɬɢɥ-ɬɪɟɬɛɭɬɢɥɨɜɨɝɨ 

ɷɮɢɪɚ (ɆɌȻɗ ɢ ɗɌȻɗ); ɢ ɪɟɚɤɰɢɢ ɤɨɧɞɟɧɫɚɰɢɢ ɮɪɚɤɰɢɢ ɋ5  ɷɬɢɥɟɧɨɦ, ɫ ɰɟɥɶɸ 

ɩɨɥɭɱɟɧɢɹ 3- ɢ 1-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɟɧɨɜ. 

Ɏɪɚɤɰɢɹ ɋ4, ɫɨɞɟɪɠɚɳɚɹ 40-43% ɢɡɨɛɭɬɢɥɟɧɚ, ɛɵɥɚ ɩɪɢɜɥɟɱɟɧɚ ɤ ɪɟɚɤɰɢɢ 

ɷɬɟɪɢɮɢɤɚɰɢɢ ɫ ɦɟɬɚɧɨɥɨɦ (ɛɢɨɷɬɚɧɨɥɨɦ) [1]. ȼ ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ   ɤɨɦɩɚɧɢɢ  

“Ɍɭɪɚɥ-110” ɧɚ ɨɫɧɨɜɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɂɧɫɬɢɬɭɬɚ ɇɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɉɪɨɰɟɫɫɨɜ ɇȺɇȺ 

ɫɨɨɪɭɠɟɧɚ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ  ɆɌȻɗ (ɗɌȻɗ) ɫ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 1000 ɬɧ/ɦɟɫɹɰ. ɉɪɨɰɟɫɫ ɭɫɩɟɲɧɨ ɩɪɨɲɟɥ ɩɪɨɦɵɲɥɟɧɧɨɟ 

ɢɫɩɵɬɚɧɢɟ. 

ɇɚ ɷɬɨɣ ɭɫɬɚɧɨɜɤɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ  ɆɌȻɗ ɢ ɗɌȻɗ ɞɜɭɯ ɦɚɪɨɤ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɆɌȻɗ 

(ɗɌȻɗ) ɜ ɩɪɨɞɭɤɬɚɯ ɪɟɚɤɰɢɢ ɜ ɦɚɪɤɟ Ⱥ ɫɨɫɬɚɜɢɥɚ 75.0% (65.0%), ɚ ɜ ɦɚɪɤɟ Ȼ-95.0% 

(92%). 

Ʉɪɨɦɟ ɨɫɧɨɜɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɜ ɫɦɟɫɢ ɆɌȻɗ  ɢ ɗɌȻɗ ɫɨɞɟɪɠɚɥɢɫɶ ɬɚɤɠɟ ɩɪɨɞɭɤɬɵ 

ɞɢɦɟɪɢɡɚɰɢɢ, ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɩɢɪɬɨɜ. ɗɬɢ ɩɪɨɞɭɤɬɵ, ɢɦɟɸɳɢɟ 

ɢɡɨɫɬɪɨɟɧɢɟ, ɹɜɥɹɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦɢ ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɞɥɹ 

ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɛɟɧɡɢɧɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɜɪɟɦɟɧɧɵɦ ɦɟɠɞɭɧɚɪɨɞɧɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ. Ɉɤɬɚɧɨɜɨɟ ɱɢɫɥɨ ɫɦɟɫɢ ɩɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦɭ ɦɟɬɨɞɭ ɧɚɯɨɞɢɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ 107-118, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɆɌȻɗ (ɗɌȻɗ): ɚɥɤɢɥɚɬɵ: 

ɫɩɢɪɬ. 

ȼ ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɚɤɰɢɢ ɬɟɪɦɢɱɟɫɤɨɣ 

ɤɨɧɞɟɧɫɚɰɢɢ ɷɬɢɥɟɧɚ ɢ ɦɟɬɚɤɪɢɥɚɬɚ ɫ ɞɢɟɧɚɦɢ ɮɪɚɤɰɢɢ ɋ5, ɫɨɞɟɪɠɚɳɟɣ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 

ɢɡɨɩɪɟɧ ɢ ɩɢɩɟɪɢɥɟɧ. Ɍɟɪɦɢɱɟɫɤɭɸ ɤɨɧɞɟɧɫɚɰɢɸ ɮɪɚɤɰɢɢ ɋ5 ɫ ɷɬɢɥɟɧɨɦ ɨɫɭɳɟɫɬɜɥɹɥɢ 

ɧɚ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ.  

Ɂ-I-7 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 1(3)-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɟɧɵ ɢ ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 4-ɦɟ-

ɬɢɥɰɢɤɥɨɝɟɤɫɟɧ ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 

ɤɚɱɟɫɬɜɟ ɚɥɤɢɥɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɜ ɪɟɚɤɰɢɢ  ɰɢɤɥɨɚɥɤɢɥɢɪɨɜɚɧɢɹ ɮɟɧɨɥɚ. Ʉɪɨɦɟ 

ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɟɧɨɜ, ɧɚɦɢ ɜ ɤɚɱɟɫɬɜɟ ɚɥɤɢɥɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 

ɮɪɚɤɰɢɹ ɋ8-ɋ9 ɩɢɪɨɥɢɡɚ ɛɟɧɡɢɧɚ. Ɏɪɚɤɰɢɹ ɋ8-ɋ9 (130-1900ɋ), ɫɨɞɟɪɠɚɳɚɹ ɜ ɨɫɧɨɜɧɨɦ 

ɫɬɢɪɨɥ (33.65%), ɚɥɶɮɚ-ɦɟɬɢɥɫɬɢɪɨɥ (6.15%), ɜɢɧɢɥɬɨɥɭɨɥ (7.02%) ɢ ɢɧɞɟɧ (4.85%), 

ɤɨɬɨɪɵɣ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ ɮɟɧɨɥɨɦ ɜ ɤɚɱɟɫɬɜɟ ɚɥɤɢɥɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ.  

ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɥɹ ɪɟɚɤɰɢɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɮɟɧɨɥɚ 1(3)-

ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɟɧɚɦɢ ɢ ɮɪɚɤɰɢɢ ɋ8-ɋ9 ɩɢɪɨɥɢɡɚ ɛɟɧɡɢɧɚ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ Ʉɍ-23 ɢ 

ɐɟɨɥɢɬ-Y, ɩɪɨɩɢɬɚɧɧɨɝɨ ɨɪɬɨ-ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɨɣ [2-4]. 

Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ ɮɟɧɨɥɚ ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɟɧɚɦɢ ɢ ɮɪɚɤɰɢɢ ɋ8-ɋ9 ɩɢɪɨɥɢɡɚ ɛɟɧɡɢɧɚ 

ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ. ɋɦɟɫɶ ɢɫɯɨɞɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɩɪɨɯɨɞɹɳɚɹ ɱɟɪɟɡ ɫɥɨɣ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɨɯɥɚɠɞɚɥɢ ɭ ɜɵɯɨɞɚ ɢɡ ɪɟɚɤɬɨɪɚ, 

ɡɚɬɟɦ ɫɨɛɢɪɚɥɢ ɜ ɟɦɤɨɫɬɶ ɢ ɩɨɞɜɟɪɝɚɥɢ ɪɟɤɬɢɮɢɤɚɰɢɢ. 

ɑɟɬɤɨɣ ɪɟɤɬɢɮɢɤɚɰɢɟɣ ɢɡ ɚɥɤɢɥɚɬɚ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɩɚɪɚ-(1-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɢɥ)-

ɮɟɧɨɥ, ɩɚɪɚ-(3-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɢɥ)-ɮɟɧɨɥ, ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 4-ɝɢɞɪɨɨɤɫɢɮɟɧɢɥ-4-

ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɚɧ ɤɚɪɛɨɧɨɜɵɣ ɤɢɫɥɨɬɵ ɢ ɩɚɪɚ-ɚɪɢɥɚɥɤɢɥɮɟɧɨɥ ɧɚ ɨɫɧɨɜɟ ɮɪɚɤɰɢɢ ɋ8-

ɋ9 ɩɢɪɨɥɢɡɚ ɛɟɧɡɢɧɚ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɞɭɤɬɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɩɨɫɥɟ 

ɪɟɤɬɢɮɢɤɚɰɢɢ 

 

ɉɪɨɞɭɤɬɵ ɪɟɤɬɢɮɢɤɚɰɢɢ 

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

Ɍ.ɤɢɩ., Ɉɋ 
ɩɪɢ 10 ɦɦ 

ɪɬ.ɫɬ. 

Ɍ.ɩɥɚɜ., 
Ɉɋ 

Ɇɨɥɟɤɭɥɹɪɧɚɹ 
ɦɚɫɫɚ 

𝜌4
40 nD

20 

n-(1-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɢɥ)-
ɮɟɧɨɥ 

 

160-164 

 

95 

 

190 

 

- 

 

- 

n-(3-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɢɥ)-
ɮɟɧɨɥ 

 

158-160 

 

91-92 

 

190 

 

- 

 

- 

ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 4-

ɝɢɞɪɨɨɤɫɢɮɟɧɢɥ-4-

ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɚɧ 
ɤɚɪɛɨɧɨɜɵɣ ɤɢɫɥɨɬɵ 

 

175-177 

 

- 

 

246 

 

1.0338 

 

1.4990 

n-ɚɪɢɥɚɥɤɢɥɮɟɧɨɥ  160-180 - 108 0.9830 1.5735 

 

 

Ⱥɰɢɥɢɪɨɜɚɧɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɩɚɪɚ-ɡɚɦɟɳɟɧɧɵɯ ɮɟɧɨɥɨɜ ɫ ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ 

ɤɢɫɥɨɬɵ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ZnCl2 ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɚɰɟɬɨɮɟɧɨɧɵ.  
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Ⱦɥɹ ɩɪɢɦɟɪɚ ɧɢɠɟ ɞɚɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɫɢɧɬɟɡɚ 2-ɝɢɞɪɨɤɫɢ-5-(1-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɢɥ)-

ɚɰɟɬɨɮɟɧɨɧɚ. 

ȼ ɤɨɥɛɭ ɡɚɝɪɭɠɚɥɢ 16.5 ɝ (0.12 ɦɨɥɶ) ɛɟɡɜɨɞɧɨɝɨ ZnCl2 ɢ 16.5 ɝ (0.27 ɦɨɥɶ) 

«ɥɟɞɹɧɨɣ» ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ, ɡɚɬɟɦ ɩɪɨɜɨɞɢɥɢ ɩɨɫɬɟɩɟɧɧɵɣ ɧɚɝɪɟɜ ɫɦɟɫɢ. ɉɪɢ 

ɞɨɫɬɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 100Ɉɋ ɩɨ ɩɨɪɰɢɹɦ ɞɨɛɚɜɥɹɥɢ 19.0 ɝ (0.1 ɦɨɥɶ) ɩɚɪɚ-(1-

ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɢɥ)-ɮɟɧɨɥɚ, ɞɚɥɟɟ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɜɵɲɚɥɢ ɞɨ 160Ɉɋ ɩɪɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 30 ɦɢɧ. 

ɉɨɬɨɦ ɫɦɟɫɶ ɩɪɨɦɵɜɚɥɢ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ 10%-ɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ ɩɪɨɜɨɞɢɥɢ 

ɪɟɤɬɢɮɢɤɚɰɢɸ ɩɪɢ ɨɫɬɚɬɨɱɧɨɦ ɞɚɜɥɟɧɢɢ. ɐɟɥɟɜɨɣ ɩɪɨɞɭɤɬ ɩɪɨɦɵɜɚɥɢ ɷɬɢɥɨɜɵɦ 

ɫɩɢɪɬɨɦ, ɩɨɫɥɟ ɱɟɝɨ ɨɩɪɟɞɟɥɹɥɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ. ɉɪɢ  ɷɬɨɦ ɜɵɯɨɞ 

ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ- 2-ɝɢɞɪɨɤɫɢ-5-(1-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɢɥ)-ɚɰɟɬɨɮɟɧɨɧɚ ɫɨɫɬɚɜɢɥ 56.3% 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɡɹɬɨɝɨ ɩɚɪɚ-(1-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɢɥ)-ɮɟɧɨɥɚ. 

ɉɨɫɥɟ ɩɪɨɦɵɜɤɢ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɂɄ-  ɢ əɆɊ-

ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɟ ɚɧɚɥɢɡɵ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɮɨɪɦɭɥ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫ-

ɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. ɂɄ-ɫɩɟɤɬɪɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ Alhpa İR-Furye (ɮɢɪɦɚ 

“Bruker”, Ƚɟɪɦɚɧɢɹ) ɜ ɞɢɚɩɚɡɨɧɟ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ 600-3350 ɫɦ-1. ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 2-ɝɢɞɪɨɤɫɢ-5-(1-ɦɟɬɢɥ-ɰɢɤɥɨɝɟɤɫɢɥ)-

ɚɰɟɬɨɮɟɧɨɧɚ.  

ȼ 1ɇ əɆɊ –ɫɩɟɤɬɪɟ 2-ɝɢɞɪɨɤɫɢ-5-(1-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɢɥ)-ɚɰɟɬɚɮɟɧɨɧɚ ɧɚɛɥɸɞɚɥɢɫɶ 

ɫɥɟɞɭɸɳɢɟ ɫɢɝɧɚɥɵ: 0.75 ɦ.ɞ. ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɨɬɨɧɭ ɝɪɭɩɩɵ ɋɇ3, ɧɚɯɨɞɹɳɢɣɫɹ 

ɪɹɞɨɦ ɫ ɱɟɬɜɟɪɬɢɱɧɵɦ ɭɝɥɟɪɨɞɨɦ, ɛɨɥɶɲɨɣ ɩɢɤ ɦɭɥɶɬɢɩɥɟɬɚ (ϭ=1.77 ɦ.ɞ.), 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɣ ɨ ɧɚɥɢɱɢɢ ɋ-ɇ ɫɜɹɡɢ, ɫɢɧɝɥɟɬ 5-6 ɦ.ɞ. ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ Ɉɇ ɝɪɭɩɩɟ. 
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Ɍɚɛɥɢɰɚ 2. Ɋɟɡɭɥɶɬɚɬɵ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɨɝɨ  ɚɧɚɥɢɡɚ 2-ɝɢɞɪɨɤɫɢ-5-(1-ɦɟɬɢɥ-

ɰɢɤɥɨɝɟɤɫɢɥ)-ɚɰɟɬɨɮɟɧɨɧɚ 

ɉɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ, ɫɦ-1 Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ 

686, 1242, 1278 ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ Ɉ-ɇ ɫɜɹɡɢ ɝɪɭɩɩɵ Ɉɇ 
ɮɟɧɨɥɚ 

732 ɦɚɹɬɧɢɤɨɜɵɟ ɤɨɥɟɛɚɧɢɹ 

771, 852, 878 ɡɚɦɟɳɟɧɧɨɟ ɛɟɧɡɨɥɶɧɨɟ ɤɨɥɶɰɨ 

926, 1084 ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɋ-ɇ ɫɜɹɡɢ ɝɪɭɩɩɵ ɋɇ2, 

ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɰɢɤɥɟ 

1036, 1084 Ɉ-ɇ ɫɜɹɡɶ 

1242, 1266, 1278 ɋ-Ɉ ɫɜɹɡɶ 

1336 ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɋ-ɇ ɫɜɹɡɢ ɝɪɭɩɩɵ ɋɇ3 

1439, 1462 ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɋ-ɇ ɫɜɹɡɢ ɝɪɭɩɩɵ ɋ(Ɉ)ɋɇ2 

1588 ɛɟɧɡɨɥɶɧɨɟ ɤɨɥɶɰɨ 

1613 ɜɚɥɟɧɬɧɵɟ ɤɨɥɟɛɚɧɢɹ ɋ=ɋ ɫɜɹɡɢ ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɶɰɚ 

1710 ɜɚɥɟɧɬɧɵɟ ɤɨɥɟɛɚɧɢɹ ɋ=Ɉ ɫɜɹɡɢ 

2860, 2921 ɜɚɥɟɧɬɧɵɟ ɤɨɥɟɛɚɧɢɹ ɋ-ɇ ɫɜɹɡɢ ɝɪɭɩɩɵ ɋɇ3 

3040 ɇ-ɋ=ɋ-ɇ 

3312 ɜɚɥɟɧɬɧɵɟ ɤɨɥɟɛɚɧɢɹ Ɉ-ɇ ɫɜɹɡɢ ɝɪɭɩɩɵ Ɉɇ 

 

2-Ƚɢɞɪɨɤɫɢ-5-(1-ɦɟɬɢɥɰɢɤɥɨɚɥɤɢɥ)-ɚɰɟɬɨɮɟɧɨɧɵ ɜ ɤɨɥɢɱɟɫɬɜɟ 0.5% ɛɵɥɢ 

ɞɨɛɚɜɥɟɧɵ ɜ ɩɨɥɢɫɬɢɪɨɥ ɢ ɢɯ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ ɫɪɚɜɧɢɜɚɥɢ ɫ ɢɡɜɟɫɬɧɵɦɢ 

ɫɬɚɛɢɥɢɡɚɬɨɪɚɦɢ. Ɏɨɬɨɨɛɥɭɱɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɫɬɚɧɞɚɪɬɧɵɦ ɨɫɜɟɬɢɬɟɥɟɦ ɫ ɪɬɭɬɧɨ-

ɤɜɚɪɰɟɜɨɣ ɥɚɦɩɨɣ ɉɊɄ-2. Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɢɡɦɟɧɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɋ=0, ɋɇ3 

ɢ ɋɇ2 ɝɪɭɩɩ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɮɨɬɨɨɛɥɭɱɟɧɢɹ. ȼ ɂɄ-ɫɩɟɤɬɪɟ ɩɨɥɢɫɬɢɪɨɥɚ ɛɵɥɚ 

ɜɢɞɧɚ ɩɨɥɨɫɚ ɩɪɢ 1715 ɫɦ-1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ. Ɂɚɬɟɦ ɩɨɥɭɱɟɧɧɵɟ 

ɤɨɦɩɨɡɢɰɢɢ ɩɨɞɜɟɪɝɚɥɢ ɮɨɬɨɨɛɥɭɱɟɧɢɸ ɜ ɬɟɱɟɧɢɟ 8 ɱɚɫɨɜ. ɉɨɫɥɟ 8-ɦɢ ɱɚɫɨɜɨɝɨ 

ɮɨɬɨɨɛɥɭɱɟɧɢɹ ɂɄ-ɫɩɟɤɬɪɵ ɨɛɪɚɡɰɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɢɥɢɫɶ. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ 

ɂɄ-ɫɩɟɤɬɪɨɜ ɩɨɤɚɡɚɥ ɨɬɫɭɬɫɬɜɢɟ ɢɡɦɟɧɟɧɢɣ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɤɚɪɛɨɧɢɥɶɧɨɣ 

ɝɪɭɩɩɵ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɨɛɪɚɡɰɵ ɹɜɥɹɸɬɫɹ ɮɨɬɨɫɬɚɛɢɥɢɡɚɬɨɪɚɦɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɵɟ ɢɫɩɵɬɚɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ  ɨ ɬɨɦ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ 2-

ɝɢɞɪɨɤɫɢ-5-(ɦɟɬɢɥɰɢɤɥɨɚɥɤɢɥ)-ɚɰɟɬɨɮɟɧɨɧɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ 

ɮɨɬɨɫɬɚɛɢɥɢɡɚɬɨɪɵ ɩɨɥɢɫɬɢɪɨɥɚ. 
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ɈɄɂɋɅɂɌȿɅɖɇɕɃ ɄɊȿɄɂɇȽ ɌəɀȿɅɈȽɈ ɇȿɎɌəɇɈȽɈ ɋɕɊɖə 

Ɇɭɪɚɲɤɢɧɚ Ⱥ.ȼ., Ʌɢɯɬɟɪɨɜɚ ɇ.Ɇ. 
OXIDATIVE CRACKING OF HEAVY OIL RAW MATERIALS 

ɎȺɍ «25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ» 

E-mail: alyamurashkina@gmail.com 

 

ɉɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ ɝɭɞɪɨɧɨɜ ɧɚɩɪɚɜɥɟɧ ɧɚ ɩɨɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɫɦɨɥ ɜ ɫɨɫɬɚɜɟ 

ɧɟɮɬɹɧɵɯ ɨɤɢɫɥɟɧɧɵɯ ɛɢɬɭɦɨɜ. ɉɨɥɚɝɚɸɬ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 250-270 °ɋ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ (ɦɚɫɟɥ) ɩɪɨɢɫɯɨɞɢɬ 

ɨɛɨɝɚɳɟɧɢɟ ɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɝɭɞɪɨɧɚ ɫɦɨɥɚɦɢ ɢ ɚɫɮɚɥɶɬɟɧɚɦɢ. ȼ ɯɨɞɟ ɩɪɨɰɟɫɫɚ 

ɨɤɢɫɥɟɧɢɹ ɨɫɧɨɜɧɵɦɢ ɹɜɥɹɸɬɫɹ ɪɟɚɤɰɢɢ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɢ ɞɟɚɥɤɢɥɢɪɨɜɚɧɢɹ. ɉɨ 

ɧɚɲɟɦɭ ɦɧɟɧɢɸ ɷɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɨɬɟɤɚɧɢɢ ɩɪɨɰɟɫɫɚ ɞɟɫɬɪɭɤɰɢɢ ɜ ɨɫɧɨɜɧɨɦ 

ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɦɨɥɟɤɭɥɚɯ ɫɦɨɥ ɢ ɚɫɮɚɥɶɬɟɧɨɜ ɡɚ ɫɱɟɬ ɚɤɬɢɜɚɰɢɢ 

ɦɨɥɟɤɭɥ ɤɢɫɥɨɪɨɞɚ. ɉɨɫɥɟɞɧɢɣ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɛɢɪɚɞɢɤɚɥ ɥɟɝɤɨ ɩɟɪɟɯɨɞɹɳɢɣ 

ɜ ɜɨɡɛɭɠɞɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 

 Ɍɟɪɦɢɱɟɫɤɢɣ ɤɪɟɤɢɧɝ ɤɨɦɩɨɧɟɧɬɨɜ ɝɭɞɪɨɧɚ ɜ ɨɬɫɭɬɫɬɜɢɟ ɤɢɫɥɨɪɨɞɚ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟ ɩɪɨɢɫɯɨɞɢɬ. Ɋɟɚɤɰɢɢ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɢ ɞɟɚɥɤɢɥɢɪɨɜɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫɚ 

ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɚɞɢɤɚɥɨɜ ɪɚɡɧɨɣ ɩɪɢɪɨɞɵ. Ⱦɟɚɥɤɢɥɢɪɨɜɚɧɢɟ ɢ ɞɟɝɢɞɪɢɪɨɜɚɧɢɟ 

ɦɨɥɟɤɭɥ ɫɦɨɥ ɢ ɚɫɮɚɥɶɬɟɧɨɜ ɦɟɧɹɟɬ ɢɯ ɫɬɪɭɤɬɭɪɭ. Ⱦɥɹ ɫɦɨɥ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɢɯ 

ɚɪɨɦɚɬɢɱɧɨɫɬɢ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɦɚɥɨɚɤɬɢɜɧɵɯ ɪɚɞɢɤɚɥɨɜ ɛɟɧɡɢɥɶɧɨɝɨ ɬɢɩɚ. 

ɉɨɫɥɟɞɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɨɰɟɫɫɚ ɜɫɬɭɩɚɸɬ ɜ ɪɟɚɤɰɢɢ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ π-ɫɜɹɡɹɦ. 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɪɟɜɪɚɳɚɸɬɫɹ ɚɫɮɚɥɶɬɟɧɵ. ɇɚɬɢɜɧɵɟ ɚɫɮɚɥɶɬɟɧɵ ɜ ɭɫɥɨɜɢɹɯ 

ɩɪɨɰɟɫɫɚ ɦɟɧɹɸɬ ɫɜɨɸ ɫɬɪɭɤɬɭɪɭ ɫɨ ɫɬɪɭɤɬɭɪɵ «ɚɪɯɢɩɟɥɚɝ» ɧɚ ɫɬɪɭɤɬɭɪɭ «ɤɨɧɬɢɧɟɧɬ». 

ɍɝɥɟɜɨɞɨɪɨɞɵ ɦɚɫɟɥ ɜ ɢɫɯɨɞɧɨɦ ɫɵɪɶɟ ɡɚ ɫɱɟɬ ɬɟɯ ɠɟ ɪɟɚɤɰɢɣ ɞɟɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢ 

ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɡɚ ɫɱɟɬ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ ɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ 

ɪɚɞɢɤɚɥɨɜ ɩɨɞɜɟɪɝɚɸɬɫɹ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɦɨɥ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɢɫɯɨɞɧɨɝɨ ɩɪɹɦɨɝɨɧɧɨɝɨ ɝɭɞɪɨɧɚ ɢ ɨɫɬɚɬɤɚ 

ɜɢɫɛɪɟɤɢɧɝɚ ɷɬɨɝɨ ɝɭɞɪɨɧɚ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɞɚɠɟ ɜ ɫɥɭɱɚɟ ɤɥɚɫɫɢɱɟɫɤɨɝɨ 

ɬɟɪɦɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɫɨɞɟɪɠɚɧɢɟ ɫɦɨɥ ɢ ɚɫɮɚɥɶɬɟɧɨɜ ɜ ɫɢɫɬɟɦɟ ɧɟ ɦɟɧɹɟɬɫɹ. 

ɂɡɦɟɧɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɜ ɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɟ ɜ ɰɟɥɨɦ: ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 

ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ ɢ ɭɦɟɧɶɲɚɸɬɫɹ ɪɚɡɦɟɪɵ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ (ɬɚɛɥɢɰɚ 1). 

Ɍɚɛɥɢɰɚ 1 

Ʉɨɦɩɨɧɟɧɬɵ, % ɨɬɧ. ɉɪɹɦɨɝɨɧɧɵɣ ɝɭɞɪɨɧ Ɉɫɬɚɬɨɤ ɜɢɫɛɪɟɤɢɧɝɚ 

ɧɚɫɵɳɟɧɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ 9,29 15,88 

ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ 49,52 44,12 

ɫɦɨɥɵ 30,41 29,29 

ɚɫɮɚɥɶɬɟɧɵ 10,79 10,72 

Ɂ-I-8 
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ȼ ɫɨɫɬɚɜ ɩɪɹɦɨɝɨɧɧɵɯ ɝɭɞɪɨɧɨɜ, ɩɨɦɢɦɨ ɫɦɨɥ ɢ ɚɫɮɚɥɶɬɟɧɨɜ, ɜɯɨɞɹɬ 

ɦɟɬɚɥɥɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɜɚɧɚɞɢɥɩɨɪɮɢɪɢɧɨɜɵɟ ɤɨɦɩɥɟɤɫɵ ɢ ɧɢɤɟɥɶɩɨɪɮɢɪɢɧɵ. ɂɡɜɟɫɬɧɨ ɬɚɤɠɟ, ɱɬɨ ɨɤɫɢɞɵ 

ɜɚɧɚɞɢɹ (V2O5) ɢ ɧɢɤɟɥɹ (NiO) ɹɜɥɹɸɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɉɨɪɮɢɪɢɧɨɜɵɟ ɤɨɦɩɥɟɤɫɵ ɜɚɧɚɞɢɹ ɢ ɧɢɤɟɥɹ ɨɤɢɫɥɹɸɬɫɹ ɤɢɫɥɨɪɨɞɨɦ 

ɜɨɡɞɭɯɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɢ ɫɨɟɞɢɧɟɧɢɹ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɪɨɰɟɫɫ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ 

ɢɧɬɟɪɦɟɞɢɚɬɨɜ. 

ȼ ɯɨɞɟ ɢɡɭɱɟɧɢɹ ɤɢɧɟɬɢɤɢ ɨɤɢɫɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɹɦɨɝɨɧɧɵɯ ɝɭɞɪɨɧɨɜ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɝɥɭɛɢɧɵ ɩɪɟɜɪɚɳɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ 

ɭɦɟɧɶɲɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɜɚɧɚɞɢɥɩɨɪɮɢɪɢɧɨɜ. Ɉɰɟɧɤɭ ɝɥɭɛɢɧɵ ɩɪɟɜɪɚɳɟɧɢɹ ɜɟɥɢ ɩɨ 

ɭɪɨɜɧɸ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɦɹɝɱɟɧɢɹ ɛɢɬɭɦɚ: ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɡɦɹɝɱɟɧɢɹ ɛɢɬɭɦɚ 42 °ɋ 

ɫɨɞɟɪɠɚɧɢɟ ɜɚɧɚɞɢɥɩɨɪɮɢɪɢɧɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɫɨɫɬɚɜɥɹɥɨ – 11,9·N·10-17 ɫɩɢɧ/ɝ; ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 46 °ɋ – 9,39·N·10-17 ɫɩɢɧ/ɝ; ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50 °ɋ – 5,13·N·10-17 ɫɩɢɧ/ɝ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ ɝɭɞɪɨɧɨɜ ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 

ɬɟɪɦɨɤɚɬɚɥɢɬɢɱɟɫɤɢɣ. Ɉɫɧɨɜɧɵɦ ɩɪɟɜɪɚɳɟɧɢɹɦ ɩɨɞɜɟɪɝɚɸɬɫɹ ɤɨɦɩɨɧɟɧɬɵ ɞɢɫɩɟɪɫɧɨɣ 

ɮɚɡɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɢɯ ɫɬɪɭɤɬɭɪɵ ɢ ɪɚɡɦɟɪɨɜ. ɉɪɟɜɚɥɢɪɭɸɳɢɦɢ ɪɟɚɤɰɢɹɦɢ ɩɪɨɰɟɫɫɚ 

ɨɤɢɫɥɟɧɢɹ ɝɭɞɪɨɧɨɜ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɞɟɝɢɞɪɢɪɨɜɚɧɢɟ, ɞɟɚɥɤɢɥɢɪɨɜɚɧɢɟ ɢ ɨɤɢɫɥɢɬɟɥɶɧɭɸ 

ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɸ. 
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Ⱦɨɛɵɜɚɟɦɚɹ ɜ  ɊɎ ɧɟɮɬɶ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɫɬɚɧɨɜɢɬɫɹ ɜɫɟ ɛɨɥɟɟ ɬɹɠɟɥɨɣ, 

ɫɦɨɥɢɫɬɨɣ ɢ ɜɵɫɨɤɨɜɹɡɤɨɣ [1]. ɉɟɪɟɪɚɛɨɬɤɚ ɬɚɤɨɣ ɧɟɮɬɢ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɞ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɦɢ 

ɡɚɜɨɞɚɦɢ ɫɬɨɢɬ ɡɚɞɚɱɚ ɭɜɟɥɢɱɟɧɢɹ ɫɬɟɩɟɧɢ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ. ȿɟ ɪɟɲɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ 

ɞɨɫɬɢɝɧɭɬɨ ɩɪɢɦɟɧɟɧɢɟɦ ɧɨɜɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɰɟɫɫɨɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɢ ɜɧɟɞɪɟɧɢɟɦ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɚɤɬɢɜɚɰɢɢ 

ɫɵɪɶɹ [2]. ȼ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɧɢɯ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɦɟɬɨɞ ɚɤɬɢɜɚɰɢɢ ɫɵɪɶɹ, 

ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɟɝɨ ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɟ. 

ɉɪɨɰɟɫɫ ɤɚɜɢɬɚɰɢɢ ɫɜɹɡɚɧ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɫɯɥɨɩɵɜɚɧɢɟɦ 

ɪɚɫɬɜɨɪɟɧɧɵɯ ɜ ɧɟɮɬɟɩɪɨɞɭɤɬɟ ɩɭɡɵɪɶɤɨɜ ɝɚɡɚ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɦɫɹ ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ 

ɷɧɟɪɝɢɢ. ȼ ɪɚɛɨɬɟ [3] ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɥɨɤɚɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 

ɫɯɥɨɩɵɜɚɧɢɢ ɩɭɡɵɪɶɤɨɜ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 800 ɨɋ. ɉɪɢ ɬɚɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ 

ɧɟɮɬɟɩɪɨɞɭɤɬɚɯ ɦɨɝɭɬ ɩɪɨɬɟɤɚɬɶ ɪɟɚɤɰɢɢ ɤɪɟɤɢɧɝɚ, ɚɪɨɦɚɬɢɡɚɰɢɢ ɢ ɢɡɨɦɟɪɢɡɚɰɢɢ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɱɬɨ ɧɟ ɦɨɠɟɬ ɧɟ ɩɨɜɥɢɹɬɶ ɧɚ ɢɡɦɟɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɯɨɞɧɨɝɨ 

ɧɟɮɬɟɩɪɨɞɭɤɬɚ [4].  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɚɜɢɬɚɰɢɹ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɧɚ ɨɫɧɨɜɟ ɜɨɡɞɟɣɫɬɜɢɹ 

ɚɤɭɫɬɢɱɟɫɤɢɯ ɜɨɥɧ ɢɥɢ ɠɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ [5, 6, 7]. Ʉ ɩɪɟɢɦɭɳɟɫɬɜɭ 

ɩɨɫɥɟɞɧɟɝɨ ɨɬɧɨɫɢɬɫɹ ɩɪɨɫɬɨɬɚ ɚɩɩɚɪɚɬɭɪɧɨɝɨ ɨɮɨɪɦɥɟɧɢɹ. ɉɨɷɬɨɦɭ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 

ɤɚɜɢɬɚɰɢɨɧɧɭɸ ɨɛɪɚɛɨɬɤɭ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɚɩɩɚɪɚɬɟ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ. Ⱦɚɜɥɟɧɢɟ ɨɛɪɚɛɨɬɤɢ (Ɋ) ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɨɬ 20 ɞɨ 50 Ɇɉɚ. 

ɑɢɫɥɨ ɰɢɤɥɨɜ ɨɛɪɚɛɨɬɤɢ (n) ɫɨɫɬɚɜɥɹɥɨ 1, 3 ɢ 5 ɪɚɡ.  

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɜɡɹɬɵ ɬɹɠɟɥɵɟ ɩɪɹɦɨɝɨɧɧɵɟ ɮɪɚɤɰɢɢ 

ɧɟɮɬɢ - ɦɚɡɭɬ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɈɈɈ Ʉɢɪɢɲɢɧɟɮɬɟɨɪɝɫɢɧɬɟɡɚ (ɨɛɪɚɡɟɰ 1), ɦɚɡɭɬ, 

ɩɨɥɭɱɟɧɧɵɣ ɫ Ɇɨɫɤɨɜɫɤɨɝɨ ɇɉɁ (ɨɛɪɚɡɟɰ 2) ɢ ɝɭɞɪɨɧ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɉȺɈ «Ʌɭɤɨɣɥ-

ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ» (ɨɛɪɚɡɟɰ 3). ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɨɜ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

ɇɚ ɪɢɫ. 1 ɞɥɹ ɨɛɪɚɡɰɚ 1 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɧɚɱɚɥɚ 

ɤɢɩɟɧɢɹ ɨɬ ɞɚɜɥɟɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɚ ɰɢɤɥɨɜ ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ. 
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Ɍɚɛɥɢɰɚ 1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɉɨɤɚɡɚɬɟɥɶ Ɉɛɪɚɡɟɰ 1 Ɉɛɪɚɡɟɰ 2 Ɉɛɪɚɡɟɰ 3 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3 0,9478 0,9684 0,9800 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɤɢɩɟɧɢɹ (Ɍɧɤ), °ɋ  280 290 475 

ȼɵɯɨɞ ɮɪɚɤɰɢɣ, % ɦɚɫɫ.:  

Ɍɧɤ – 350 °ɋ 13,2 5,0 - 

350 - 400 °ɋ 15,8 9,0 - 

400 – 480 °ɋ 47,0 28,0 - 

ɧɢɠɟ 480 °ɋ 76,0 42,0 8,0 

ɜɵɲɟ 480 °ɋ 24,0 58,0 91,0 

 

 

Ɋɢɫ. 1. ȼɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ  

ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ ɤɢɩɟɧɢɹ ɨɛɪɚɡɰɚ 1  

 

ȼɢɞɧɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɚɜɢɬɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢɡɦɟɧɹɸɬɫɹ ɡɧɚɱɟɧɢɹ Ɍɧɤ. 

Ɍɚɤ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɰɢɤɥɨɜ ɨɛɪɚɛɨɬɤɢ ɢ ɞɚɜɥɟɧɢɹ ɤɚɜɢɬɚɰɢɨɧɧɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɡɧɚɱɟɧɢɹ Ɍɧɤ ɭɦɟɧɶɲɚɸɬɫɹ. ɇɚɢɛɨɥɶɲɟɟ ɫɧɢɠɟɧɢɟ Ɍɧɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɩɪɢ 

ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ ɤɚɜɢɬɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ: ɞɚɜɥɟɧɢɟ ɨɛɪɚɛɨɬɤɢ - 50 Ɇɉɚ, 

ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ – 5. ɉɪɢ ɷɬɢɯ ɭɫɥɨɜɢɹɯ Ɍɧɤ ɫɧɢɡɢɥɚɫɶ ɫ 280 °ɋ ɞɨ 257 °ɋ. Ⱦɥɹ ɨɛɪɚɡɰɚ 

2 ɢ 3 ɬɚɤ ɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɭɦɟɧɶɲɟɧɢɟ Ɍɧɤ ɩɪɢ ɤɚɜɢɬɚɰɢɨɧɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɷɬɢ 

ɨɛɪɚɡɰɵ. Ⱦɥɹ ɨɛɪɚɡɰɚ 2 ɫɧɢɠɟɧɢɟ Ɍɧɤ ɫɨɫɬɚɜɢɥɨ 25 °ɋ, ɞɥɹ ɨɛɪɚɡɰɚ 3 - 30 °ɋ. 
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ȼɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɜɵɯɨɞ ɮɪɚɤɰɢɣ ɩɪɢ ɞɢɫɬɢɥɥɹɰɢɢ ɨɛɪɚɡɰɚ 2 

ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2  

 

Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɜɵɯɨɞɨɜ ɮɪɚɤɰɢɣ ɨɛɪɚɡɰɚ 2 ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɚɜɢɬɚɰɢɨɧɧɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ 

 

ȼɢɞɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɮɪɚɤɰɢɣ, ɜɵɤɢɩɚɸɳɢɯ ɞɨ 400 °ɋ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

ɇɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɬɢɯ ɮɪɚɤɰɢɣ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɩɪɢ ɤɚɜɢɬɚɰɢɨɧɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ 

ɧɚ ɨɛɪɚɡɟɰ ɩɪɢ ɞɚɜɥɟɧɢɢ 50 Ɇɉɚ ɜ ɬɟɱɟɧɢɟ 5 ɰɢɤɥɨɜ. ȼɵɯɨɞ ɮɪɚɤɰɢɣ, ɜɵɤɢɩɚɸɳɢɯ ɜɵɲɟ 

400 °ɋ ɜ ɤɚɜɢɬɚɰɢɨɧɧɵɯ ɨɛɪɚɡɰɚɯ ɫɧɢɠɚɟɬɫɹ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɨɛɪɚɡɰɚ 1. Ⱦɥɹ ɧɟɝɨ ɜɵɯɨɞ ɮɪɚɤɰɢɢ, ɜɵɤɢɩɚɸɳɟɣ ɜ ɢɧɬɟɪɜɚɥɟ 

ɬɟɦɩɟɪɚɬɭɪ Ɍɧɤ – 350 °ɋ ɭɜɟɥɢɱɢɥɫɹ ɫ 13,2 ɞɨ 22,3 % ɦɚɫɫ (ɜɵɯɨɞ ɮɪɚɤɰɢɣ, ɜɵɤɢɩɚɸɳɢɯ 

ɞɨ 480 ɭɜɟɥɢɱɢɥɫɹ ɫ 76,0 ɞɨ 86,4 %). Ⱦɥɹ ɨɛɪɚɡɰɚ 3 ɜɵɯɨɞ ɮɪɚɤɰɢɢ, ɜɵɤɢɩɚɸɳɟɣ ɞɨ 

480 °ɋ ɭɜɟɥɢɱɢɥɫɹ ɛɨɥɟɟ ɱɟɦ ɜ 2 ɪɚɡɚ (ɫ 7,1 ɞɨ 15,5%). 

ɂɡɦɟɧɟɧɢɹ ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ, ɤɨɬɨɪɵɟ ɩɪɨɢɡɨɲɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɚɜɢɬɚɰɢɢ, 

ɧɟ ɦɨɝɭɬ ɧɟ ɨɬɪɚɡɢɬɶɫɹ ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɧɟɮɬɟɩɪɨɞɭɤɬɚ. ɇɚ 

ɩɪɢɦɟɪɟ ɨɛɪɚɡɰɚ 3 ɪɚɫɫɦɨɬɪɢɦ ɢɡɦɟɧɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɧɟɮɬɟɩɪɨɞɭɤɬɚ ɨɬ ɭɫɥɨɜɢɣ 

ɤɚɜɢɬɚɰɢɢ (ɬɚɛɥɢɰɚ 2). 

ȼɢɞɧɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɚɜɢɬɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢɡɦɟɧɹɟɬɫɹ ɩɥɨɬɧɨɫɬɶ 

ɨɛɪɚɡɰɚ. Ɍɚɤ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɢ ɱɢɫɥɚ ɰɢɤɥɨɜ ɨɛɪɚɛɨɬɤɢ ɡɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ 

ɫɧɢɠɚɟɬɫɹ. ɇɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɛɵɥɨ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɩɪɢ ɞɚɜɥɟɧɢɢ 50 Ɇɉɚ 

ɢ 5 ɰɢɤɥɚɯ ɨɛɪɚɛɨɬɤɢ. Ⱦɥɹ ɷɬɢɯ ɠɟ ɭɫɥɨɜɢɣ ɞɥɹ ɨɛɪɚɡɰɚ 1 ɡɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɫɧɢɡɢɥɨɫɶ 

ɜ 4,5 ɪɚɡɚ, ɚ ɞɥɹ ɨɛɪɚɡɰɚ 2 – ɜ 3,4 ɪɚɡɚ. 
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Ɍɚɛɥɢɰɚ 2. Ɂɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɚ 3 ɨɬ ɭɫɥɨɜɢɣ 

ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ 

ɑɢɫɥɨ ɰɢɤɥɨɜ ɨɛɪɚɛɨɬɤɢ 
Ⱦɚɜɥɟɧɢɟ ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ, Ɇɉɚ 

ɂɫɯɨɞɧɵɣ ɨɛɪɚɡɟɰ 20 30 40 50 

ɂɫɯɨɞɧɵɣ ɨɛɪɚɡɟɰ 0,9800 0,9800 0,9800 0,9800 0,9800 

1 0,9800 0,9722 0,9682 0,9652 0,9601 

3 0,9800 0,9589 0,9541 0,9489 0,9441 

5 0,9800 0,9545 0,9489 0,9438 0,9388 

 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɤɚɜɢɬɚɰɢɨɧɧɚɹ ɨɛɪɚɛɨɬɤɚ ɫɵɪɶɹ 

ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɜɵɯɨɞ ɥɟɝɤɨɤɢɩɹɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɫ 

ɰɟɥɶɸ ɛɨɥɟɟ ɩɨɥɧɨɣ ɝɥɭɛɢɧɵ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ ɢ ɩɨɥɭɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɤɨɥɢɱɟɫɬɜ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ. ɇɚɢɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ, ɫ ɧɚɲɟɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, 

ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɫɨɡɞɚɧɢɹ ɤɚɜɢɬɚɰɢɨɧɧɵɯ ɹɜɥɟɧɢɣ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ɍɚɯɚɭɬɞɢɧɨɜ ɒ.Ɏ., Ɇɭɫɥɢɦɨɜ Ɋ.X., ɏɢɫɚɦɨɜ Ɋ.ɋ. [ɢ ɞɪ.]. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɫɬɨɪɨɠɞɟɧɢɣ 

ɜɵɫɨɤɨɜɹɡɤɢɯ ɧɟɮɬɟɣ ɢ ɦɟɬɨɞɵ ɭɜɟɥɢɱɟɧɢɹ ɧɟɮɬɟɨɬɞɚɱɢ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ɋɟɫɩɭɛɥɢɤɢ 

Ɍɚɬɚɪɫɬɚɧ. ɋɛɨɪɧɢɤ ɬɪɭɞɨɜ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ "ȼɵɫɨɤɨɜɹɡɤɢɟ ɧɟɮɬɢ, 
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ɄɈɆɉɈɁɂɐɂɈɇɇɕȿ ɋɈɋɌȺȼɕ ȾȿɉɊȿɋɋɈɊɇɈ-ȾɂɋɉȿɊȽɂɊɍɘɓɂɏ  
ɉɊɂɋȺȾɈɄ ȾɅə ɉɈɅɍɑȿɇɂə ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɕɏ  

ȾɂɁȿɅɖɇɕɏ ɌɈɉɅɂȼ 

 ȼɚɥɢɟɜ  Ⱦ. Ɂ., Ʉɟɦɚɥɨɜ Ⱥ. Ɏ., Ʉɟɦɚɥɨɜ Ɋ. Ⱥ., Ȼɭɪɝɚɧɨɜɚ Ʌ.Ɏ. 
COMPOSITE COMPOSITIONS OF DEPRESSOR-DISPERSED ADDITIVES  

FOR PRODUCING MODIFIED DIESEL FUELS 
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ʉɚɡɚɧɶ 

E-mail: valievdz@gmail.com 

 
ȼ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɜɨɡɪɚɫɬɚɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɧɢɡɤɨɡɚɫɬɵɜɚɸɳɢɯ 

ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜɚɯ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦ ɫɩɨɫɨɛɨɦ 

ɭɥɭɱɲɟɧɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɫɜɨɣɫɬɜ ɬɨɩɥɢɜ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɟɩɪɟɫɫɨɪɧɵɯ 

ɩɪɢɫɚɞɨɤ. Ⱦɨɛɚɜɥɟɧɢɟ ɞɟɩɪɟɫɫɨɪɧɵɯ ɩɪɢɫɚɞɨɤ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɫɧɢɡɢɬɶ ɩɪɟɞɟɥɶɧɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ ɮɢɥɶɬɪɭɟɦɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɡɚɫɬɵɜɚɧɢɹ ɧɚ  10-20 °ɋ, ɧɨ ɢ ɩɨɜɵɫɢɬɶ 

ɬɟɦɩɟɪɚɬɭɪɭ ɤɨɧɰɚ ɩɟɪɟɝɨɧɤɢ ɧɚ 20-30 °ɋ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɟɥɢɱɢɬɶ ɨɬɛɨɪ ɡɢɦɧɟɝɨ 

ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ 2-3%, ɫɱɢɬɚɹ ɩɨ ɫɵɪɶɸ [1—3]. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɣɫɬɜɢɹ ɩɪɢɫɚɞɨɤ ɡɚɜɢɫɢɬ ɨɬ ɤɚɱɟɫɬɜɚ ɫɚɦɢɯ ɩɪɢɫɚɞɨɤ ɢ ɫɨɫɬɚɜɚ 

ɬɨɩɥɢɜ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɜɢɞɚ ɬɨɩɥɢɜ ɫɭɳɟɫɬɜɭɟɬ ɨɩɬɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɫɚɞɤɢ, ɩɪɢ 

ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɩɪɟɞɟɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɮɢɥɶɬɪɭɟɦɨɫɬɢ ɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɡɚɫɬɵɜɚɧɢɹ.  ȼ ɨɫɧɨɜɧɨɦ, ɩɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɫɚɞɤɢ ɩɪɢɜɨɞɢɬ ɤ 

ɧɟɤɨɬɨɪɨɦɭ ɫɧɢɠɟɧɢɸ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɨɫɥɟ ɱɟɝɨ ɩɨɫɥɟɞɧɢɟ 

ɫɬɚɛɢɥɢɡɢɪɭɸɬɫɹ. 

Ɍɚɤɢɟ ɩɪɢɫɚɞɤɢ ɫɧɢɠɚɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɡɚɫɬɵɜɚɧɢɹ (tɡ) ɢ ɭɥɭɱɲɚɸɬ ɩɪɟɞɟɥɶɧɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ ɮɢɥɶɬɪɭɟɦɨɫɬɢ (tɩɬɮ) ɬɨɩɥɢɜ [4—5]. Ɉɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɞɢɫɩɟɪɝɚɬɨɪɵ 

ɩɚɪɚɮɢɧɨɜ ɢɦɟɸɬ ɜ ɫɬɪɚɧɚɯ ɫ ɛɨɥɶɲɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɯɨɥɨɞɧɨɝɨ ɜɪɟɦɟɧɢ ɝɨɞɚ. 

ɉɨɷɬɨɦɭ ɜ Ɋɨɫɫɢɢ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɩɨɡɢɰɢɣ ɞɟɩɪɟɫɫɨɪɨɜ ɢ ɞɢɫɩɟɪɝɚɬɨɪɨɜ ɩɚɪɚɮɢɧɨɜ 

ɹɜɥɹɟɬɫɹ ɧɚɫɬɨɹɬɟɥɶɧɨ ɪɟɤɨɦɟɧɞɭɟɦɵɦ.  

ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɫɨɫɬɚɜɵ ɞɟɩɪɟɫɫɨɪɧɨ-

ɞɢɫɩɟɪɝɢɪɭɸɳɢɯ ɩɪɢɫɚɞɨɤ (ȾȾɉ), ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɥɢɫɶ ɭɫɥɨɜɢɹɦɢ ɩɪɨɜɟɞɟɧɢɹ ɫɢɧɬɟɡɚ 

ɢ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɨɜ ɫ ɰɟɥɶɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɫɬɚɛɢɥɶɧɨɫɬɢ 

ɢɯ ɫɜɨɣɫɬɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɢɡɟɥɶɧɵɟ ɬɨɩɥɢɜɚ ɥɟɬɧɢɟ 

ȿɥɯɨɜɫɤɨɝɨ ɇɉɍ ɇȽȾɍ «ȿɥɯɨɜɧɟɮɬɶ» ɢ ɈȺɈ «ɌȺɂɎ-ɇɄ». 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɟ ɤɚɱɟɫɬɜɚ 

ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɫ ȾȾɉ ɩɨ ɩɨɤɚɡɚɬɟɥɸ tɡ  ɢ tɩɬɮ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ 

ɩɪɢɟɦɥɟɦɨɣ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶɸ  ɢ ɨɩɬɢɦɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɨ ɷɬɨɦɭ ɩɨɤɚɡɚɬɟɥɸ 

ɨɛɥɚɞɚɥɢ ɨɛɪɚɡɰɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɪɢɫɚɞɨɤ ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥ.1. 
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Ɍɚɛɥɢɰɚ 1. ɋɨɫɬɚɜ ɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɫ ȾȾɉ. 

№ 

ɨɛɪɚɡ
ɰɚ 

ɍɫɥɨɜɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɪɢɫɚɞɨɤ  

ɋɨɞɟɪɠɚɧɢɟ 
ɩɪɢɫɚɞɤɢ ɜ 

ɞɢɡ.ɬɨɩɥɢɜɟ, 
% ɦɚɫɫ. 

ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɢɡɟɥɶɧɵɯ 

ɬɨɩɥɢɜ, (°ɋ) 
tɩ tɩɬɮ tɡ 

1. Ɉɛɪɚɡɟɰ 1 0,07 -15 -28 -38 

2. Ɉɛɪɚɡɟɰ 2 0,07 -17,5 -36 -48 

3. Ɉɛɪɚɡɟɰ 3 0,07 -17 -35 -47 

4. Ɉɛɪɚɡɟɰ 2 + Keroflux 3614 
(ɞɢɫɩɟɪɝɚɬɨɪ) 

0,07 -17,5 -36 -48 

5. Dodiflow (BASF) 0,07 -16 -34 -46 

 
ɂɫɫɥɟɞɭɹ ɡɚɜɢɫɢɦɨɫɬɶ tɩɬɮ ɢ  tɡ  ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɫ ɷɬɢɦɢ ȾȾɉ ɜ ɪɚɡɥɢɱɧɵɯ 

ɫɨɨɬɧɨɲɟɧɢɹɯ  (ɪɢɫ. 1), ɦɵ ɧɚɛɥɸɞɚɟɦ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵ ɨɛɪɚɡɰɵ №2,4 ɢ 5 ɩɪɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɯ ɜ ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ 0,07 % ɦɚɫɫ. Ɉɛɪɚɡɰɵ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɫ 

ɭɤɚɡɚɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ȾȾɉ ɡɚɫɬɵɜɚɸɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɢɧɭɫ 48 ºɋ ɢ ɦɢɧɭɫ 46 ºɋ, ɚ 

tɩɬɮ ɫɧɢɠɚɟɬɫɹ ɞɨ ɦɢɧɭɫ 36 ºɋ ɢ ɞɨ 34 ºɋ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɷɬɢɯ ɩɪɢɫɚɞɨɤ  tɩɬɮ ɢ  tɡ  ɩɨɜɵɲɚɟɬɫɹ. ɉɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɦɨɥɟɤɭɥɵ 

ɩɪɢɫɚɞɨɤ, ɜ ɤɨɬɨɪɵɯ ɡɚɤɥɸɱɟɧɵ ɧ-ɩɚɪɚɮɢɧɵ, ɧɚɱɢɧɚɸɬ ɚɝɪɟɝɢɪɨɜɚɬɶɫɹ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ 

ɩɨɞɜɢɠɧɨɫɬɶ ɮɚɡ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɫɬɵɜɚɧɢɹ ɩɨɜɵɲɚɸɬɫɹ. 

 
 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ tɩɬɮ  ɢ tɡ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɫ ɩɪɢɫɚɞɤɨɣ ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ ɨɛɪɚɡɰɨɜ №2, 4 ɢ 5 

 

Ⱦɥɹ ɧɚɢɥɭɱɲɢɯ ɨɛɪɚɡɰɨɜ ɩɪɨɜɟɥɢ ɚɧɚɥɢɡ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɬɨɩɥɢɜ ɫ ȾȾɉ ɫɨɝɥɚɫɧɨ ȽɈɋɌ Ɋ 52368-2005. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 

ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ  ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɡɚɦɟɬɧɨɦ ɭɥɭɱɲɟɧɢɢ ɫɜɨɣɫɬɜ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ 

(ɨɛɪɚɡɰɵ 2, 4 ɢ 5), ɩɨɥɭɱɟɧɧɵɯ ɫ ɭɱɚɫɬɢɟɦ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ȾȾɉ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

-60-50-40-30-20-100 0 0,02 0,04 0,06 0,08 0,1 0,12
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ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɪɢɜɟɞɟɧɧɵɟ ɜ ȽɈɋɌ Ɋ 52368-2005, ɚ ɬɚɤɠɟ ɫ ɨɛɪɚɡɰɚɦɢ ɢɫɯɨɞɧɨɝɨ 

ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɫ ɞɨɛɚɜɥɟɧɢɟ ɞɢɫɩɟɪɝɚɬɨɪɚ ɩɚɪɚɮɢɧɨɜ Keroflux 3614 (ɨɛɪɚɡɟɰ 4) ɢ 

ɬɨɩɥɢɜɚ ɧɚ ɨɫɧɨɜɟ ɩɪɢɫɚɞɤɢ Dodiflow (ɨɛɪɚɡɟɰ 5). 

Ɂɞɟɫɶ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɱɟɪɤɧɭɬɶ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɫɨɝɥɚɫɧɨ ɫɨɜɪɟɦɟɧɧɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ ɞɟɩɪɟɫɫɨɪɧɵɟ ɩɪɢɫɚɞɤɢ ɤ ɞɢɡɟɥɶɧɵɦ ɬɨɩɥɢɜɚɦ ɞɨɥɠɧɵ ɧɟ ɬɨɥɶɤɨ ɫɧɢɠɚɬɶ 

tɩɬɮ  ɢ tɡ, ɧɨ ɢ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɭɞɟɪɠɢɜɚɧɢɸ ɦɟɥɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɬɜɟɪɞɨɣ ɮɚɡɵ ɜɨ 

ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɪɚɜɧɨɦɟɪɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɢɯ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɬɨɩɥɢɜɚ.  

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɷɬɨɝɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɬɪɟɛɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɩɪɢ ɯɪɚɧɟɧɢɢ 

ɬɨɩɥɢɜɚ ɫ ɩɪɢɫɚɞɤɨɣ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɨɡɦɨɠɧɨ ɟɝɨ ɪɚɫɫɥɚɢɜɚɧɢɟ ɢ ɧɚɤɨɩɥɟɧɢɟ 

ɤɪɢɫɬɚɥɥɨɜ ɬɜɟɪɞɨɣ ɮɚɡɵ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɟɦɤɨɫɬɟɣ [6]. ȼɢɡɭɚɥɶɧɨɟ ɧɚɛɥɸɞɟɧɢɟ ɡɚ 

ɨɛɪɚɡɰɚɦɢ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɫ ɞɟɩɪɟɫɫɨɪɧɵɦɢ ɩɪɢɫɚɞɤɚɦɢ ɩɪɢ ɯɪɚɧɟɧɢɢ ɧɚ ɨɬɤɪɵɬɨɦ 

ɜɨɡɞɭɯɟ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ 4-ɯ ɞɨ ɦɢɧɭɫ 25°ɋ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɛɴɟɦ 

ɦɭɬɧɨɝɨ ɫɥɨɹ ɩɨɫɬɟɩɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɜ ɤɨɧɰɟ ɯɪɚɧɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1-2% ɨɛɴɟɦɚ 

ɬɨɩɥɢɜɚ ɜɫɥɟɞɫɬɜɢɟ ɭɩɥɨɬɧɟɧɢɹ ɱɚɫɬɢɰ. Ɂɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɦɭɬɧɟɧɢɹ ɢ 

ɩɪɟɞɟɥɶɧɨɣ ɮɢɥɶɬɪɭɟɦɨɫɬɢ ɧɢɠɧɟɝɨ (ɦɭɬɧɨɝɨ) ɫɥɨɹ ɧɚ 13-14°ɋ ɜɵɲɟ, ɱɟɦ ɜɟɪɯɧɟɝɨ. ȼ 

ɫɜɹɡɢ ɫ ɷɬɢɦ ɭɫɬɚɧɨɜɥɟɧ ɩɨɤɚɡɚɬɟɥɶ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ 

ɫ ɞɟɩɪɟɫɫɨɪɧɵɦɢ ɩɪɢɫɚɞɤɚɦɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪ ɢɯ ɩɨɦɭɬɧɟɧɢɹ [8].  

ȼ ɰɟɥɹɯ ɭɥɭɱɲɟɧɢɹ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɛɪɚɡɰɵ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ 

ɫ ɭɱɚɫɬɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ȾȾɉ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɟ (ɬɚɛɥ.2). 

ȼɥɢɹɧɢɟ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ 

ɢ ɢɯ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɵ ɜ ɪɚɛɨɬɚɯ [7], [9].  

 

Ɍɚɛɥɢɰɚ 2. Ɋɟɡɭɥɶɬɚɬɵ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɛɪɚɡɰɨɜ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ 

ɩ/ɩ ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɨɛɪɚɡɰɚ 

ɋɟɞɢɦɟɧɬɚɰɢɨɧɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ, 
% ɨɛɴёɦ. 

8 ɱ 10 ɱ 12 ɱ 14 ɱ 16 ɱ 

1 Ɉɛɪɚɡɟɰ №2  
ɞɨ ɨɛɪɚɛɨɬɤɢ 

90 60 40 30 28 

2 Ɉɛɪɚɡɟɰ №2  
ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ 

100 100 100 100 100 

3 Ɉɛɪɚɡɟɰ №4  
(ɫ ɞɢɫɩɟɪɝɚɬɨɪɨɦ 

Keroflux)  

ɛɟɡ ɨɛɪɚɛɨɬɤɢ 

100 100 100 100 100 

4 Ɉɛɪɚɡɟɰ № 5   
ɞɨ ɨɛɪɚɛɨɬɤɢ 

100 100 98 95 85 

5 

 

Ɉɛɪɚɡɟɰ № 5 

ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ 

100 100 100 100 100 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɪɚɡɰɵ 2, 4 ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɩɪɢɫɚɞɤɢ 0,07 % ɦɚɫɫ. ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɜɨɡɦɨɠɧɨɫɬɶ  ɩɨɥɭɱɟɧɢɹ ɡɢɦɧɟɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɩɨɤɚɡɚɥ  ɢɯ ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɪɟɛɨɜɚɧɢɹɦ 

ȽɈɋɌ Ɋ 52368-2005  (Eɇ 590:2009) Ɍɨɩɥɢɜɨ ɞɢɡɟɥɶɧɨɟ ȿȼɊɈ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɭɥɭɱɲɟɧɢɢ ɤɚɱɟɫɬɜɚ 

ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ȾȾɉ ɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ.  
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ɂɋɋɅȿȾɈȼȺɇɂȿ ȼɈɁɆɈɀɇɈɋɌɂ ɉɊɂɆȿɇȿɇɂə  
ɄɍȻɈȼɕɏ ɈɋɌȺɌɄɈȼ ɉɊɈɐȿɋɋɈȼ ɇȿɎɌȿɉȿɊȿɊȺȻɈɌɄɂ  

ȼ ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ ɋɂɇɌȿɌɂɑȿɋɄɂɏ ɄȺɍɑɍɄɈȼ 

ɉɢɫɚɪɟɜɚ ȼ.ɋ., ɐɜɟɬɤɨɜɚ ɂ.ȼ., Ȼɚɣɛɚɤɨɜɚ Ʉ.Ɏ.  
STUDY ON CRUDE OIL DISTILLATION RESIDUES UTILIZATION  

IN SYNTHETIC RUBBER INDUSTRY 
Ɍɨɥɶɹɬɬɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɍɨɥɶɹɬɬɢ 
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ɋɨɜɪɟɦɟɧɧɚɹ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɧɚɩɪɚɜɥɟɧɚ ɧɚ 

ɭɝɥɭɛɥɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɬɹɠɟɥɵɯ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɥɢɱɟɫɬɜ ɫɜɟɬɥɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ. ɉɟɪɟɪɚɛɨɬɤɚ ɬɚɤɢɯ ɮɪɚɤɰɢɣ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɚɯ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ, ɬɟɪɦɨɤɪɟɤɢɧɝɚ, ɜɢɫɛɪɟɤɢɧɝɚ ɢɥɢ 

ɝɢɞɪɨɤɪɟɤɢɧɝɚ. Ⱦɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɚɤɬɢɜɧɨ ɜɧɟɞɪɹɸɬɫɹ ɧɚ ɇɉɁ, ɧɨ ɩɨɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ 

ɭɬɢɥɢɡɚɰɢɢ ɛɨɥɟɟ ɬɹɠɟɥɵɯ ɩɪɨɞɭɤɬɨɜ. ɍɬɢɥɢɡɚɰɢɹ ɬɹɠɟɥɵɯ ɨɫɬɚɬɤɨɜ ɜ ɤɚɱɟɫɬɜɟ 

ɤɨɬɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɟ ɚɤɬɭɚɥɶɧɨ ɢɡ-ɡɚ ɩɨɜɫɟɦɟɫɬɧɨɣ ɝɚɡɢɮɢɤɚɰɢɢ ɬɚɤɢɯ ɭɫɬɚɧɨɜɨɤ [1]. 

ɉɨɷɬɨɦɭ ɩɪɨɛɥɟɦɚ ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɪɚɛɨɬɤɢ ɬɚɤɢɯ ɨɬɯɨɞɨɜ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ 

ɡɚɜɨɞɨɜ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɚ. 

ɂɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɬɹɠɟɥɵɯ ɤɭɛɨɜɵɯ ɨɫɬɚɬɤɨɜ ɜ ɤɚɱɟɫɬɜɟ 

ɚɞɫɨɪɛɟɧɬɨɜ ɦɚɥɵɯ ɤɨɥɢɱɟɫɬɜ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ ɜ ɫɬɨɱɧɵɯ ɜɨɞɚɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

ɋɄ. 

Ⱥɞɫɨɪɛɟɧɬ ɛɵɥ ɩɨɥɭɱɟɧ ɩɭɬɟɦ ɫɦɟɲɟɧɢɹ ɤɭɛɨɜɨɝɨ ɨɫɬɚɬɤɚ ɫ ɤɚɪɛɨɧɚɬɨɦ ɧɚɬɪɢɹ ɢ 

ɫɢɥɢɤɚɬɨɦ ɧɚɬɪɢɹ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:0,5:0,5 ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɨɤɚɥɢɜɚɧɢɟɦ ɜ ɦɭɮɟɥɶɧɨɣ 

ɩɟɱɢ ɩɪɢ 200 0ɋ. ɂɫɫɥɟɞɨɜɚɧɨ ɞɜɚ ɨɛɪɚɡɰɚ ɫɨɪɛɟɧɬɚ ɦɚɫɫɨɣ 1ɝ., ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɛɵɥ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɨɛɪɚɛɨɬɚɧ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɟɦ. ɋɨɪɛɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɪɚɡɰɨɜ 

ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɦɟɬɨɞɨɦ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɯɪɨɦɚɬɨɝɪɚɮɟ ɬɢɩɚ Ʉɪɢɫɬɚɥɥɸɤɫ-

4000Ɇ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɥɚɦɟɧɧɨ-ɢɨɧɢɡɚɰɢɨɧɧɨɝɨ ɞɟɬɟɤɬɨɪɚ. ɇɚ ɪɢɫɭɧɤɟ №1 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɯɪɨɦɚɬɨɝɪɚɦɦɚ ɪɚɫɬɜɨɪɚ ɫɬɢɪɨɥɚ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɩɨɪɢɫɬɵɦ ɫɨɪɛɟɧɬɨɦ, ɧɚ 

ɪɢɫɭɧɤɟ №2 ɯɪɨɦɚɬɨɝɪɚɦɦɚ ɪɚɫɬɜɨɪɚ ɫɬɢɪɨɥɚ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɦ, 

ɧɟɩɨɪɢɫɬɵɦ ɫɨɪɛɟɧɬɨɦ. 
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Ɋɢɫ. 1. ɏɪɨɦɚɬɨɝɪɚɦɦɚ ɪɚɫɬɜɨɪɚ ɫɬɢɪɨɥɚ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɩɨɪɢɫɬɵɦ ɫɨɪɛɟɧɬɨɦ. 

ɉɥɨɳɚɞɶ ɩɢɤɚ ɫɬɢɪɨɥɚ 7,3877% 

 

Ɋɢɫ. 2. ɏɪɨɦɚɬɨɝɪɚɦɦɚ ɪɚɫɬɜɨɪɚ ɫɬɢɪɨɥɚ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɦ, 

ɧɟɩɨɪɢɫɬɵɦ ɫɨɪɛɟɧɬɨɦ. ɉɥɨɳɚɞɶ ɩɢɤɚ ɫɬɢɪɨɥɚ 3,9427% 

 

ɏɪɨɦɚɬɨɝɪɚɦɦɚ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɪɚɜɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ№3. 

 

Ɋɢɫ. 3. ɏɪɨɦɚɬɨɝɪɚɦɦɚ ɪɚɫɬɜɨɪɚ ɫɪɚɜɧɟɧɢɹ. ɉɥɨɳɚɞɶ ɩɢɤɚ ɫɬɢɪɨɥɚ 29,1733% 

 

ɉɨɥɭɱɟɧɧɵɟ ɫɨɪɛɟɧɬɵ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɩɥɨɳɚɞɶ 

ɩɢɤɨɜ ɭɦɟɧɶɲɢɥɚɫɶ ɫ 29,1733% ɞɨ 7,3877% ɢ 3,9427% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ɘɫɟɜɢɱ Ⱥ. ɂ., Ƚɪɭɲɨɜɚ ȿ. ɂ., Ɍɢɦɨɲɤɢɧɚ Ɇ. Ⱥ., ɉɪɨɤɨɩɱɭɤ ɇ. Ɋ. (2008). ɍɬɢɥɢɡɚɰɢɹ 

ɬɹɠɟɥɵɯ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ ɧɚ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɚɯ: ɚɧɚɥɢɡ ɫɨɫɬɨɹɧɢɹ 

ɩɪɨɛɥɟɦɵ // Ɍɪɭɞɵ ȻȽɌɍ. ɋɟɪɢɹ 2: ɏɢɦɢɱɟɫɤɢɟ ɬɟɯɧɨɥɨɝɢɢ, ɛɢɨɬɟɯɧɨɥɨɝɢɹ, 

ɝɟɨɷɤɨɥɨɝɢɹ, 1 (4), 52-57. 
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ɂɁɆȿɇȿɇɂȿ ɋɈɋɌȺȼȺ ɆȺɋȿɅ ȺɒȺɅɖɑɂɇɋɄɈɃ ɇȿɎɌɂ  
ɉɊɂ ȿЁ ȻɂɈȾȿȽɊȺȾȺɐɂɂ ȺȻɈɊɂȽȿɇɇɈɃ ɉɈɑȼȿɇɇɈɃ ɆɂɄɊɈɎɅɈɊɈɃ  

ȼ ɅȺȻɈɊȺɌɈɊɇɕɏ ɍɋɅɈȼɂəɏ 

Ȼɚɤɚɧɨɜɚ Ɉ.ɋ., Ⱥɧɬɢɩɟɧɤɨ ȼ.Ɋ., Ɏɢɥɚɬɨɜ Ⱦ.Ⱥ. 
COMPOSITIONAL CHANGES OF OILS IN ASHALCHIN PETROLEUM 

UNDER ITS BIO-DEGRADATION BY NATIVE SOIL MICROFLORA  

IN LABORATORY CONDITIONS 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ ɧɟɮɬɢ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ, Ɍɨɦɫɤ,  

E-mail: avr@ipc.tsc.ru 

 

ɂɧɮɨɪɦɚɰɢɹ ɨ ɫɨɫɬɚɜɟ ɤɨɦɩɨɧɟɧɬɨɜ (ɦɚɫɟɥ, ɫɦɨɥ ɢ ɚɫɮɚɥɶɬɟɧɨɜ) ɬɹɠɟɥɵɯ 

ɜɵɫɨɤɨɜɹɡɤɢɯ ɧɟɮɬɟɣ ɢ ɩɪɢɪɨɞɧɵɯ ɛɢɬɭɦɨɜ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɢɯ 

ɞɨɛɵɱɢ, ɬɪɭɛɨɩɪɨɜɨɞɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ, ɩɟɪɟɪɚɛɨɬɤɢ ɢ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɜ 

ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɦɚɡɨɱɧɵɯ ɦɚɫɟɥ [1]. ȼɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ 

ɩɪɨɛɥɟɦɚ ɪɟɤɭɥɶɬɢɜɚɰɢɢ ɷɤɨɫɢɫɬɟɦ, ɡɚɝɪɹɡɧɟɧɧɵɯ ɬɚɤɢɦɢ ɧɟɮɬɹɦɢ. Ɉɞɧɢɦ ɢɡ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟɮɬɹɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɜ 

ɷɤɨɫɢɫɬɟɦɚɯ ɹɜɥɹɟɬɫɹ ɛɢɨɝɟɧɧɨɟ ɨɤɢɫɥɟɧɢɟ [2]. ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 

ɜɧɟɫɟɧɢɟ ɛɢɨɩɪɟɩɚɪɚɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɤɢɫɥɹɸɳɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ, ɧɨ ɢ 

ɚɤɬɢɜɚɰɢɹ ɚɛɨɪɢɝɟɧɧɨɣ ɦɢɤɪɨɮɥɨɪɵ ɡɚɝɪɹɡɧɟɧɧɵɯ ɨɛɴɟɤɬɨɜ. ɉɪɢɦɟɪɨɦ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ 

ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ [3]. ȼ ɧɟɣ ɛɢɨɞɟɫɬɪɭɤɰɢɹ ɬɹɠɟɥɨɣ ɜɵɫɨɤɨɜɹɡɤɨɣ ɧɟɮɬɢ Ⱥɲɚɥɶɱɢɧɫɤɨɝɨ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɚɛɨɪɢɝɟɧɧɨɣ ɩɨɱɜɟɧɧɨɣ ɦɢɤɪɨɮɥɨɪɨɣ ɝɪɭɧɬɚ ɧɚ ɨɫɧɨɜɟ ɧɢɡɢɧɧɨɝɨ ɬɨɪɮɚ 

ɢ ɛɢɨɝɭɦɭɫɚ ɢɡɭɱɟɧɚ ɜ ɥɚɛɨɪɚɬɨɪɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɚ 180 ɫɭɬ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɭɬɢɥɢɡɚɰɢɹ ɧɟɮɬɢ ɫɨɫɬɚɜɢɥɚ 84 %. ɉɪɢ ɷɬɨɦ ɜɫɟ ɧɟɮɬɹɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ 

– ɚɥɤɚɧɵ, ɧɚɮɬɟɧɵ, ɚɪɟɧɵ – ɩɨɞɜɟɪɝɥɢɫɶ ɨɤɢɫɥɟɧɢɸ ɧɚ 68–99 %. Ȼɢɨɞɟɫɬɪɭɤɰɢɹ ɫɦɨɥ ɢ 

ɚɫɮɚɥɶɬɟɧɨɜ ɫɨɫɬɚɜɢɥɚ 85,6 ɢ 55,2 %, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼɵɹɜɥɟɧɨ ɡɚɦɟɬɧɨɟ ɢɡɦɟɧɟɧɢɟ 

ɫɬɪɭɤɬɭɪɧɨ-ɝɪɭɩɩɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɪɟɞɧɢɯ ɦɨɥɟɤɭɥ ɫɦɨɥ ɢ ɚɫɮɚɥɶɬɟɧɨɜ. Ⱦɟɬɚɥɶɧɚɹ 

ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɢɡɦɟɧɟɧɢɢ ɫɨɫɬɚɜɚ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɫɨɟɞɢɧɟɧɢɣ ɜ ɦɚɫɥɚɯ ɧɟ ɛɵɥɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ. ɋ ɭɱɟɬɨɦ ɜɩɟɪɜɵɟ ɜɵɹɜɥɟɧɧɨɝɨ ɜ ɪɚɛɨɬɟ [4] ɮɚɤɬɚ ɧɚɥɢɱɢɹ ɜ ɦɚɫɥɚɯ 

ɧɟɮɬɟɣ ɢ ɩɪɢɪɨɞɧɵɯ ɛɢɬɭɦɨɜ ɫɬɪɭɤɬɭɪɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɱɟɪɟɡ ɫɭɥɶɮɢɞɧɵɟ ɢ 

ɷɮɢɪɧɵɟ ɦɨɫɬɢɤɢ ɜ ɫɨɫɬɚɜɟ ɫɥɨɠɧɵɯ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ, ɛɵɥɨ ɛɵ 

ɢɧɬɟɪɟɫɧɵɦ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɧɚ ɢɯ ɫɬɪɨɟɧɢɟ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɡɦɟɧɟɧɢɢ ɩɪɢ 

ɥɚɛɨɪɚɬɨɪɧɨɣ ɚɷɪɨɛɧɨɣ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɚɲɚɥɶɱɢɧɫɤɨɣ ɧɟɮɬɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɨɫɬɚɜɚ 

ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɜ ɦɚɫɥɚɯ, ɜɤɥɸɱɚɹ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɬɪɨɟɧɢɢ ɢ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɫɬɪɭɤɬɭɪɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɤɨɦɩɨɧɟɧɬɚɯ 

ɦɚɫɟɥ ɜ «ɫɜɹɡɚɧɧɨɦ» ɜɢɞɟ.  
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ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɦɚɫɥɚ ɩɪɢɪɨɞɧɨɝɨ ɛɢɬɭɦɚ 

(ɧɟɮɬɢ) Ⱥɲɚɥɶɱɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ (ɆȺȻ), ɚ ɬɚɤɠɟ ɦɚɫɥɚ ɩɪɨɞɭɤɬɨɜ ɟɝɨ 

ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ (ɛɢɨɞɟɝɪɚɞɚɰɢɢ) ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ (ɆȺȻ-ȻɂɈ) 

ɩɨ ɦɟɬɨɞɢɤɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ [3]. Ɇɚɫɥɚ ɜɵɞɟɥɟɧɵ ɢɡ ɢɫɯɨɞɧɨɣ ɢ ɛɢɨɞɟɝɪɚɞɢɪɨɜɚɧɧɨɣ 

ɧɟɮɬɟɣ ɩɨ ɦɟɬɨɞɢɤɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ [5]. Ɇɟɬɨɞɢɤɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɪɚɡɪɵɜɚ ɋ–Ɉ ɫɜɹɡɢ ɷɮɢɪɧɵɯ ɦɨɫɬɢɤɨɜ 

ɢ C–S ɫɜɹɡɢ ɫɭɥɶɮɢɞɧɵɯ ɦɨɫɬɢɤɨɜ ɜ ɤɨɦɩɨɧɟɧɬɚɯ ɦɚɫɟɥ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ [4]. Ɉɧɢ ɨɫɧɨɜɚɧɵ ɧɚ 

ɪɟɚɤɰɢɢ ɫ BBr3 c ɩɨɫɥɟɞɭɸɳɢɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɛɪɨɦɩɪɨɢɡɜɨɞɧɵɯ ɚɥɸɦɨɝɢɞɪɢɞɨɦ 

ɥɢɬɢɹ ɢ ɧɚ ɪɟɚɤɰɢɢ ɫ ɛɨɪɢɞɨɦ ɧɢɤɟɥɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨɥɭɱɟɧɧɵɟ ɩɪɨɞɭɤɬɵ 

ɪɚɡɪɭɲɟɧɢɹ ɫɭɥɶɮɢɞɧɵɯ ɦɨɫɬɢɤɨɜ (ɉɊɋɆ) ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɪɚɡɞɟɥɟɧɢɹ. Ⱥ ɩɪɨɞɭɤɬɵ ɪɚɡɪɭɲɟɧɢɹ ɷɮɢɪɧɵɯ ɦɨɫɬɢɤɨɜ (ɉɊɗɆ) ɩɟɪɟɞ ɚɧɚɥɢɡɨɦ ɛɵɥɢ 

ɨɱɢɳɟɧɵ ɨɬ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɩɨɥɹɪɧɵɯ ɫɦɨɥɢɫɬɵɯ ɩɪɢɦɟɫɟɣ ɠɢɞɤɨɫɬɧɨ-

ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ. ɉɨɥɭɱɟɧɚ ɦɚɫɥɹɧɢɫɬɚɹ ɧɟɩɨɥɹɪɧɚɹ 

ɮɪɚɤɰɢɹ (ɉɊɗɆ-ɇɎ). ɂɫɯɨɞɧɵɟ ɆȺȻ, ɆȺȻ-ȻɂɈ, ɚ ɬɚɤɠɟ ɩɪɨɞɭɤɬɵ ɢɯ ɯɢɦɢɱɟɫɤɨɣ 

ɦɨɞɢɮɢɤɚɰɢɢ ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ [4], ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ 

ɦɟɬɨɞɚ ɯɪɨɦɚɬɨɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ, ɤɨɬɨɪɵɣ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ DFS ɩɪɢɛɨɪɚ 

«TERMO-scientific». ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

1. ɉɪɢ ɛɢɨɞɟɝɪɚɞɚɰɢɢ Ⱥɲɚɥɶɱɢɧɫɤɨɣ ɧɟɮɬɢ ɚɛɨɪɢɝɟɧɧɨɣ ɩɨɱɜɟɧɧɨɣ 

ɦɢɤɪɨɮɥɨɪɨɣ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɝɥɭɛɨɤɚɹ ɛɢɨɞɟɫɬɪɭɤɰɢɹ 

ɤɨɦɩɨɧɟɧɬɨɜ ɦɚɫɟɥ [3], ɧɨ ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɨɫɬɚɜɚ ɚɥɢɮɚɬɢɱɟɫɤɢɯ, 

ɧɚɮɬɟɧɨɜɵɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬɫɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ «ɝɨɪɛɚ», ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ ɨɬɧɨɲɟɧɢɟ ɧ-

ɚɥɤɚɧɵ/ɢɡɨɩɪɟɧɚɧɵ ɢ ɩɪɢɫɬɚɧ/ɮɢɬɚɧ (Pr/Ph), ɦɚɤɫɢɦɭɦ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɪɹɞɭ ɧ-ɚɥɤɚɧɨɜ ɫɦɟɳɚɟɬɫɹ ɜ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɭɸ ɨɛɥɚɫɬɶ (ɪɢɫ. 1Ⱥ). ȼ 

ɫɨɫɬɚɜɟ ɮɟɧɚɧɬɪɟɧɨɜ ɡɚɦɟɬɧɨ ɜɨɡɪɚɫɬɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɧɟɡɚɦɟɳɟɧɧɨɝɨ 

ɝɨɦɨɥɨɝɚ. ȼ ɫɨɫɬɚɜɟ ɬɟɪɩɚɧɨɜ ɢɫɱɟɡɚɸɬ ɯɟɣɥɚɧɬɚɧɵ, ɚ ɜ ɫɨɫɬɚɜɟ ɬɟɬɪɚɰɢɤɥɢɱɟɫɤɢɯ 

ɧɚɮɬɟɧɨɜ (ɪɢɫ. 1Ȼ) – ɩɪɟɝɧɚɧɵ. ȼ ɩɨɥɶɡɭ ɋ29 ɦɟɧɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ ɝɨɦɨɥɨɝɨɜ ɫɬɟɪɚɧɨɜ 

ɫɨɫɬɚɜɚ ɋ27–ɋ29; 

2. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɥɤɚɧɵ, ɬɪɢ- ɢ ɬɟɬɪɚɰɢɤɥɢɱɟɫɤɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɦɚɫɥɚɯ ɛɢɨɞɟɝɪɚɞɢɪɨɜɚɧɧɨɣ ɧɟɮɬɢ ɧɟ ɬɨɥɶɤɨ ɜ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɟ, ɧɨ 

ɢ ɜ ɜɢɞɟ ɫɬɪɭɤɬɭɪɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɱɟɪɟɡ ɷɮɢɪɧɵɣ ɢɥɢ ɫɭɥɶɮɢɞɧɵɣ ɦɨɫɬɢɤɢ ɜ 

ɫɨɫɬɚɜɟ ɫɥɨɠɧɵɯ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ. Ɉɛ ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɡɚɦɟɬɧɨɟ 

ɢɡɦɟɧɟɧɢɟ ɦɚɫɫ-ɯɪɨɦɚɬɨɝɪɚɦɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɣ 

ɪɚɡɪɭɲɟɧɢɹ ɷɮɢɪɧɵɯ ɢ ɫɭɥɶɮɢɞɧɵɯ ɦɨɫɬɢɤɨɜ ɜ ɤɨɦɩɨɧɟɧɬɚɯ ɆȺȻ-ȻɂɈ (ɪɢɫ. 2, 3).  
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Ɋɢɫ. 1. Ɇɚɫɫ-ɯɪɨɦɚɬɨɝɪɚɦɦɵ ɚɥɤɚɧɨɜ (Ⱥ) ɢ ɫɬɟɪɚɧɨɜ (Ȼ) ɜ ɦɚɫɥɚɯ ɢɫɯɨɞɧɨɣ (1) ɢ 

ɛɢɨɞɟɝɪɚɞɢɪɨɜɚɧɧɨɣ (2) ɧɟɮɬɢ. ɐɢɮɪɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɱɢɫɥɭ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ 

ɦɨɥɟɤɭɥɟ ɧ-ɚɥɤɚɧɨɜ 

 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɷɮɢɪɧɵɯ ɦɨɫɬɢɤɨɜ ɫɪɟɞɢ ɧ-ɚɥɤɚɧɨɜ 

(ɪɢɫ. 2Ⱥ) ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɝɨɦɨɥɨɝɨɜ ɫɨɫɬɚɜɚ ɋ16–ɋ21. ɋɤɨɪɟɟ 

ɜɫɟɝɨ, ɷɬɨ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɫɧɢɠɟɧɢɹ ɨɬɧɨɲɟɧɢɣ Pr/C17 ɢ Ph/C18. ɂɡɦɟɧɟɧɢɹ ɜ 

ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɚɥɤɚɧɨɜ ɩɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɫɭɥɶɮɢɞɧɵɯ ɦɨɫɬɢɤɨɜ 

(ɪɢɫ. 2Ȼ) ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɦɟɬɧɵ, ɯɨɬɹ ɨɬɧɨɲɟɧɢɹ Pr/C17 ɢ Ph/C18 ɬɚɤɠɟ ɫɧɢɠɚɟɬɫɹ. 

Ɉɬɦɟɱɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɆȺȻ-ȻɂɈ ɚɥɤɚɧɵ ɫɨɫɬɚɜɚ ɋ16–ɋ21 

ɧɚɯɨɞɹɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ O-ɫɜɹɡɚɧɧɨɦ ɜɢɞɟ, ɩɪɢɱɟɦ «ɫɜɹɡɚɧɧɵɟ» ɧ-ɚɥɤɚɧɵ 

ɩɪɟɨɛɥɚɞɚɸɬ ɧɚɞ «ɫɜɹɡɚɧɧɵɦɢ» ɢɡɨɩɪɟɧɚɧɚɦɢ. Ⱦɨɥɹ S-ɫɜɹɡɚɧɧɵɯ ɚɥɤɚɧɨɜ ɝɨɪɚɡɞɨ 

ɦɟɧɶɲɟ, ɩɪɢɱɟɦ ɫɜɹɡɚɧɧɵɟ ɧ-ɚɥɤɚɧɵ, ɤɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɫɥɭɱɚɟ, ɩɪɟɨɛɥɚɞɚɸɬ ɧɚɞ 

ɫɜɹɡɚɧɧɵɦɢ ɢɡɨɩɪɟɧɚɧɚɦɢ. ɋɪɟɞɢ O- ɢ S-ɫɜɹɡɚɧɧɵɯ ɝɨɦɨɥɨɝɨɜ ɮɟɧɚɧɬɪɟɧɚ ɩɪɟɨɛɥɚɞɚɟɬ 

ɧɟɡɚɦɟɳɟɧɧɨɟ ɫɨɟɞɢɧɟɧɢɟ.  
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ɇɚ ɪɢɫ. 3 ɜɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɷɮɢɪɧɵɯ ɢ ɫɭɥɶɮɢɞɧɵɯ ɦɨɫɬɢɤɨɜ 

ɨɬɧɨɲɟɧɢɟ ɮɥɭɨɪɚɧɬɟɧɚ ɢ ɩɢɪɟɧɚ ɤ ɯɪɢɡɟɧɭ ɜɨɡɪɚɫɬɚɟɬ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ. ɇɨ ɷɬɨɬ ɷɮɮɟɤɬ 

ɩɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɫɭɥɶɮɢɞɧɵɯ ɦɨɫɬɢɤɨɜ ɜɵɪɚɠɟɧ ɝɨɪɚɡɞɨ ɫɢɥɶɧɟɟ.  

 

Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɚɥɤɚɧɨɜ ɩɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ 

ɷɮɢɪɧɵɯ (Ⱥ) ɢ ɫɭɥɶɮɢɞɧɵɯ (Ȼ) ɦɨɫɬɢɤɨɜ. ɐɢɮɪɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɱɢɫɥɭ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ 

ɜ ɦɨɥɟɤɭɥɟ ɧ-ɚɥɤɚɧɨɜ  

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɛɢɨɞɟɝɪɚɞɚɰɢɢ Ⱥɲɚɥɶɱɢɧɫɤɨɣ ɧɟɮɬɢ 

ɚɛɨɪɢɝɟɧɧɨɣ ɩɨɱɜɟɧɧɨɣ ɦɢɤɪɨɮɥɨɪɨɣ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 

ɝɥɭɛɨɤɚɹ ɛɢɨɞɟɫɬɪɭɤɰɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɦɚɫɟɥ [3], ɧɨ ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɫɨɫɬɚɜɚ ɚɥɢɮɚɬɢɱɟɫɤɢɯ, ɧɚɮɬɟɧɨɜɵɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɚɥɤɚɧɵ, ɬɪɢ- ɢ ɬɟɬɪɚɰɢɤɥɢɱɟɫɤɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɦɚɫɥɚɯ 

ɛɢɨɞɟɝɪɚɞɢɪɨɜɚɧɧɨɣ ɧɟɮɬɢ ɧɟ ɬɨɥɶɤɨ ɜ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɟ, ɧɨ ɢ ɜ ɜɢɞɟ ɫɬɪɭɤɬɭɪɧɵɯ 

ɮɪɚɝɦɟɧɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɱɟɪɟɡ ɷɮɢɪɧɵɣ ɢɥɢ ɫɭɥɶɮɢɞɧɵɣ ɦɨɫɬɢɤɢ ɜ ɫɨɫɬɚɜɟ ɫɥɨɠɧɵɯ 

ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ. ɋɨɫɬɚɜ Ɉ- ɢ S-ɫɜɹɡɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɟɪɟɱɢɫɥɟɧɧɵɯ 

ɬɢɩɨɜ ɜ ɦɚɫɥɚɯ ɛɢɨɞɟɝɪɚɞɢɪɨɜɚɧɧɨɣ ɧɟɮɬɢ ɨɬɥɢɱɚɟɬɫɹ.  
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Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɬɪɚɰɢɤɥɢɱɟɫɤɢɯ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɷɮɢɪɧɵɯ (Ⱥ) ɢ ɫɭɥɶɮɢɞɧɵɯ (Ȼ) ɦɨɫɬɢɤɨɜ. 

Ɏɥɭ – ɮɥɭɨɪɚɧɬɟɧ, ɉɢɪ – ɩɢɪɟɧ, ɏɪ - ɯɪɢɡɟɧ 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ʉɚɸɤɨɜɚ Ƚ.ɉ., Ɋɨɦɚɧɨɜ Ƚ.ȼ., Ɇɭɫɥɢɦɨɜ Ɋ.ɏ., Ʌɟɛɟɞɟɜ ɇ.ɉ., ɉɟɬɪɨɜ Ƚ.Ⱥ. ɏɢɦɢɹ ɢ 

ɝɟɨɯɢɦɢɹ ɩɟɪɦɫɤɢɯ ɛɢɬɭɦɨɜ Ɍɚɬɚɪɫɬɚɧɚ. Ɇɨɫɤɜɚ, ɇɚɭɤɚ, 1999. 304 c. 

2. ɋɟɪɟɞɢɧɚ ȼ.ɉ., Ȼɭɪɦɢɫɬɪɨɜɚ Ɍ.ɂ., Ɍɟɪɟɳɟɧɤɨ ɇ.ɇ. ɇɟɮɬɟɡɚɝɪɹɡɧɟɧɧɵɟ ɩɨɱɜɵ: 

ɫɜɨɣɫɬɜɚ ɢ ɪɟɤɭɥɶɬɢɜɚɰɢɹ. Ɍɨɦɫɤ, ɂɡɞ-ɜɨ Ɍɉɍ, 2006. 270 ɫ. 
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ɍɅɍɑɒȿɇɂȿ ɗɄɈɅɈȽɂɑȿɋɄɈȽɈ ɄɅɂɆȺɌȺ ɇȺ  ɈɈɈ «ɅɍɄɈɃɅ-

ɇɂɀȿȽɈɊɈȾɇȿɎɌȿɈɊȽɋɂɇɌȿɁ» ɁȺ ɋɑЁɌ ɋɇɂɀȿɇɂə ɎȿɇɈɅȺ  
ȼ ɋɌɈɑɇɕɏ ȼɈȾȺɏ ɉɅɄ 

Ȼɨɥɶɲɚɤɨɜ Ⱥ.ȼ. , ɇɟɫɬɟɪɨɜ Ɇ.ȼ. , Ɂɢɧɢɧɚ ɇ.Ⱦ., Ɋɚɫɫɚɞɢɧ Ɉ.ȼ. , Ⱦɨɣɧɢɤɨɜ ɋ.Ⱥ.  
IMPROVEMENT OF ECOLOGICAL CLIMATE TO THE LLC "LUKOIL-

NIZHEGORODNEFTEORGSINTEZ" BY REDUCTION OF PHENOL IN 

WASTEWATER OF INDUSTRIAL LENEVEU THE SEWER» 
 ɈɈɈ «ɅɍɄɈɃɅ-ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ», ɇɢɠɟɝɨɪɨɞɫɤɚɹ ɨɛɥɚɫɬɶ, ɝ. Ʉɫɬɨɜɨ  

E-mail: Alexander.Bolshakov@lukoil.com 

 

ɇɚɥɢɱɢɟ ɮɟɧɨɥɚ ɜ ɜɨɞɟ ɢ ɜ ɜɨɞɨɬɨɤɚɯ ɪɟɡɤɨ ɭɯɭɞɲɚɟɬ ɢɯ ɨɛɳɟɟ ɷɤɨɥɨɝɢɱɟɫɤɨɟ 

ɫɨɫɬɨɹɧɢɟ, ɨɤɚɡɵɜɚɹ ɜɥɢɹɧɢɟ ɧɚ ɠɢɜɵɟ ɨɪɝɚɧɢɡɦɵ ɧɟ ɬɨɥɶɤɨ ɫɜɨɟɣ ɬɨɤɫɢɱɧɨɫɬɶɸ, ɧɨ ɢ 

ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɪɟɠɢɦɚ ɛɢɨɝɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɪɚɫɬɜɨɪɟɧɧɵɯ ɝɚɡɨɜ. ȼ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢɡɜɟɫɬɟɧ ɪɹɞ ɫɩɨɫɨɛɨɜ ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɮɟɧɨɥɚ (ɷɤɫɬɪɚɤɰɢɨɧɧɚɹ 

ɨɱɢɫɬɤɚ, ɨɛɪɚɬɧɵɣ ɨɫɦɨɫ, ɚɞɫɨɪɛɰɢɹ) ɜ ɫɬɨɱɧɵɯ ɜɨɞɚɯ, ɨɞɧɚɤɨ ɢɯ ɪɟɚɥɢɡɚɰɢɹ ɫɨɩɪɹɠɟɧɚ 

ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɨɪɢɝɢɧɚɥɶɧɵɣ ɢ ɦɚɥɨ ɡɚɬɪɚɬɧɵɣ 

ɦɟɬɨɞ ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɮɟɧɨɥɚ ɜ ɫɬɨɱɧɵɯ ɜɨɞɚɯ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨɬɨɤɨɜ ɤɢɫɥɨɣ ɜɨɞɵ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɈɈɈ “ɅɍɄɈɃɈ-

ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ”. Ʉɢɫɥɚɹ ɜɨɞɚ ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɮɟɧɨɥɚ ɫ ɭɫɬɚɧɨɜɨɤ 

ɍȽȼȽ, ȺȼɌ, ȼɌ-2, ɍȼȽ, 24/2000 ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ 3000 ɫɟɤɰɢɸ ɨɬɩɚɪɤɢ ɍɉɗɋ, ɚ ɤɢɫɥɚɹ 

ɜɨɞɚ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɮɟɧɨɥɚ ɧɚ ɍɄɄ ɢ ɉɄɄ-2  ɩɨɞɚёɬɫɹ ɧɚ 8000 ɫɟɤɰɢɸ ɨɬɩɚɪɤɢ 

ɍɉɗɋ ɢ ɋɄ.  Ɉɬɩɚɪɟɧɧɚɹ ɜɨɞɚ ɫ 8000 ɫɟɤɰɢɢ ɍɉɗɋ ɢ ɋɄ ɩɨɫɬɭɩɚɟɬ ɧɚ 

ɷɥɟɤɬɪɨɨɛɟɫɫɨɥɢɜɚɧɢɟ ɧɚ ɗɅɈɍ-ȺȼɌ 2,5,6, ɨɬɤɭɞɚ ɤɢɫɥɵɟ ɫɬɨɤɢ ɜɦɟɫɬɟ ɫ ɫɦɟɫɟɜɨɣ 

ɜɨɞɨɣ ɫ 3000 ɫɟɤɰɢɢ ɩɨɫɬɭɩɚɸɬ ɜ ɉɅɄ. Ɋɟɚɥɢɡɚɰɢɹ ɭɤɚɡɚɧɧɨɣ ɫɯɟɦɵ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɤɢɫɥɵɯ ɫɬɨɤɨɜ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɮɟɧɨɥɚ ɜ ɫɬɨɱɧɵɯ ɜɨɞɚɯ ɛɨɥɟɟ ɱɟɦ ɜ 5 ɪɚɡ. 

 ȼ ɩɟɪɢɨɞ ɫ 2010 ɩɨ 2015 ɝɨɞ ɤɢɫɥɚɹ ɜɨɞɚ, ɨɛɪɚɡɭɸɳɚɹɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɉɆɌ ɢ 

ɉɄɄ (ABT, 24/2000, ɍȼȽ, ɍɄɄ, ɍȽȼȽ), ɧɚɩɪɚɜɥɹɥɚɫɶ ɧɚ ɫɟɤɰɢɸ 3000 ɨɬɩɚɪɤɢ ɤɢɫɥɨɣ 

ɜɨɞɵ ɍɉɗɋ ɢ ɋɄ.  

ɇɚ ɫɟɤɰɢɸ 3000  ɍɉɗɋɢɋɄ ɩɨɫɬɭɩɚɥɢ ɤɢɫɥɵɟ ɫɬɨɤɢ ɜ ɨɛɴɟɦɟ 135 ɦ3/ɱ (ɍɄɄ - 30 

ɦ3/ɱ, ɍȽȼȽ - 50 ɦ3/ɱ, ȺȼɌ - 44 ɦ3/ɱ, ɍȼȽ(5) ɢ Ʌɑ - 24/2000(6) - 11 ɦ3/ɱ). Ɇɚɤɫɢɦɚɥɶɧɚɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɤɰɢɢ ɨɬɩɚɪɤɢ ɍɉɗɋɢɋɄ ɩɨ ɤɢɫɥɨɣ ɜɨɞɟ ɫɨɫɬɚɜɥɹɟɬ 157 ɦ3/ɱ.  

ɐɟɥɶɸ ɩɪɨɰɟɫɫɚ ɨɬɩɚɪɤɢ ɤɢɫɥɨɣ ɜɨɞɵ ɹɜɥɹɟɬɫɹ ɨɱɢɫɬɤɚ ɤɢɫɥɨɣ ɜɨɞɵ ɨɬ 

ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɚɦɦɢɚɤɚ ɫ ɩɨɥɭɱɟɧɢɟɦ ɨɬɩɚɪɟɧɧɨɣ ɜɨɞɵ ɢ ɤɢɫɥɨɝɨ ɝɚɡɚ. Ɉɛɳɢɦ 

ɩɪɢɧɰɢɩɨɦ, ɥɟɠɚɳɢɦ ɜ ɨɫɧɨɜɟ ɬɟɯɧɨɥɨɝɢɢ, ɹɜɥɹɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɢɡ ɜɨɞɵ ɦɟɬɨɞɨɦ 

ɪɟɤɬɢɮɢɤɚɰɢɢ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɚɦɦɢɚɤɚ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɫɬɜɨɪɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɚ ɬɚɤɠɟ 

ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɫɭɥɶɮɢɞɨɜ ɚɦɦɨɧɢɹ. ɉɨɫɥɟ 
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ɨɬɩɚɪɤɢ ɱɚɫɬɶ ɜɨɞɵ ɜɵɜɨɞɢɬɫɹ ɧɚ ɛɥɨɤɢ ɗɅɈɍ ɭɫɬɚɧɨɜɨɤ ȺȼɌ  ̴ 90 ɦ3/ɱ, ɨɫɬɚɥɶɧɨɣ 

ɨɛɴёɦ ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ ɉɅɄ ɧɚ ɨɱɢɫɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɈɈɈ «ɗɄɈɂɇ».  

 ȼ 2015 ɝɨɞɭ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɛɵɥɢ ɜɜɟɞɟɧɵ ɭɫɬɚɧɨɜɤɢ ȼɌ-2, ɍɄɄ-2, ȻȽȻɄɄ. 

ȼɵɯɨɞ ɤɢɫɥɨɣ ɜɨɞɵ ɫ ɭɤɚɡɚɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɫɨɫɬɚɜɥɹɟɬ: ɍɄɄ-2 - 33 ɦ3/ɱ, ȻȽȻɄɄ - 16 ɦ3 

/ɱ (ɩɨɞɚɟɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɢ), ȼɌ-2 - 22 ɦ3/ɱ. Ⱦɥɹ ɨɬɩɚɪɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɴёɦɚ ɤɢɫɥɨɣ 

ɜɨɞɵ ɧɚ ɭɫɬɚɧɨɜɤɟ ɉɗɋɢɋɄ ɛɵɥɚ ɜɜɟɞɟɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜɧɨɜɶ ɫɦɨɧɬɢɪɨɜɚɧɧɚɹ ɫɟɤɰɢɹ 

ɨɬɩɚɪɤɢ 8000, ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 110 ɦ3/ɱ. 

ɋɨɞɟɪɠɚɧɢɟ ɮɟɧɨɥɚ ɜ ɨɬɩɚɪɟɧɧɨɣ ɜɨɞɟ ɩɪɟɜɵɲɚɟɬ ɧɨɪɦɭ. Ɏɟɧɨɥ - ɧɟ ɛɨɥɟɟ 0,369 

ɦɝ/ɥ. Ɉɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɮɟɧɨɥɚ ɹɜɥɹɸɬɫɹ ɍɄɄ (56 ɦɝ/ɥ), ɍɄɄ-2 (372,5 ɦɝ/ɥ), 

ɍȽɈȻɄɄ (410,5 ɦɝ/ɥ). ɋɟɤɰɢɢ ɨɬɩɚɪɤɢ ɤɢɫɥɨɣ ɜɨɞɵ 3000 ɢ 8000 ɍɉɗɋ ɢ ɋɄ ɧɟ ɜɥɢɹɸɬ 

ɧɚ ɩɨɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɮɟɧɨɥɚ ɜ ɨɬɩɚɪɟɧɧɨɣ ɜɨɞɟ. ɉɨɹɜɢɥɚɫɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɫɧɢɠɟɧɢɹ ɫɛɪɨɫɨɜ ɫɬɨɱɧɵɯ ɜɨɞ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɫɜɨёɦ ɫɨɫɬɚɜɟ ɮɟɧɨɥ, ɧɚ ɨɱɢɫɬɧɵɟ 

ɫɨɨɪɭɠɟɧɢɹ. 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 1. ɋɯɟɦɚ ɩɟɪɟɪɚɛɨɬɤɢ ɤɢɫɥɨɣ ɜɨɞɵ ɧɚ ɍɉɗɋɢɋɄ 

 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɭɥɭɱɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ ɧɚ  ɈɈɈ «ɅɍɄɈɃɅ-

ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ» ɡɚ ɫɱёɬ ɫɧɢɠɟɧɢɹ ɮɟɧɨɥɚ ɜ ɫɬɨɱɧɵɯ ɜɨɞɚɯ ɉɅɄ ɛɵɥɚ 

ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɜɧɟɞɪɟɧɚ ɩɨɬɨɱɧɚɹ ɫɯɟɦɚ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɬɨɤɨɜ ɤɢɥɨɣ ɜɨɞɵ (Ɋɢɫ. 2) 

ɩɨɫɬɭɩɚɸɳɟɣ ɫ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɧɚ ɫɟɤɰɢɢ ɨɬɩɚɪɤɢ 3000 ɢ 8000 ɍɉɗɋɢɋɄ: 

1. ȼɨɞɚ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟ ɮɟɧɨɥɚ ɧɚɩɪɚɜɢɥɢ ɧɚ ɫɟɤɰɢɸ 8000. ɉɨɫɥɟ 
ɨɬɩɚɪɤɢ ɧɚɩɪɚɜɢɬɶ ɧɚ ɛɥɨɤɢ ɗɅɈɍ ɭɫɬɚɧɨɜɨɤ ȺȼɌ. 

2. ȼɨɞɚ ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟ ɮɟɧɨɥɚ ɧɚɩɪɚɜɢɥɢ ɧɚ ɫɟɤɰɢɸ 3000. ɉɨɫɥɟ 
ɨɬɩɚɪɤɢ ɧɚɩɪɚɜɢɥɢ ɜ ɉɅɄ ɧɚ ɨɱɢɫɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɈɈɈ «ɗɄɈɂɇ». 

Ⱦɚɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨɡɜɨɥɢɥɢ ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɮɟɧɨɥɚ ɜɨɞɧɵɯ ɫɬɨɤɚɯ ɉɅɄ. 

ɍȽȼȽɫȻɄ

Ʉɢɫɥ

ɚɹ ɜɨɞɚ,  71 

ɋ.30

ɍɄɄ 

ɍɄɄ-2 

ȻȽȻɄɄ 

ɍɫɬɚɧɨɜɤ

ɋ.80

Ʉɢɫɥ

ɚɹ ɜɨɞɚ, 135 

ȼɌ-2 
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ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 
ɤɢɫɥɨɣ ɜɨɞɵ SRW ɨɬ ɍɄɄ ɢ ɉɄɄ-2 ɫ ɫɟɤɰɢɟɣ 8000  

ɍɉЭɋɢɋɄ.
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Ɉɬ ɭɫɬɚɧɨɜɨɤ ɉɆɌ, ɉɄɄ

ɇɚ ɫɟɤɰɢɸ 3000

ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ:

- ɫɭщ. ɬɪ-ɞ ɆЦɄ ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 21.01.15 (ɋɬ.20)

- ɫɭщ. ɬɪ-ɞ ɫɟɤɰɢɢ 8000 ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 21.01.15 (ɧɠ)

- ɬɪ-ɞ ɫɟɤɰɢɢ 8000, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɫɦɨɧɬɢɪɨɜɚɧ (ɧɠ)

- ɬɪ-ɞ, ɩɪɟɞɥɚɝɚɟɦɵɣ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɉɄɈ (ɋɬ.20)

В ɦɟɫɬɟ ɜɪɟɡɤɢ 
ɬɪɭɛɨɩɪɨɜɨɞɚ ɉɄɈ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞ ɫɟɤɰɢɢ 8000 

ɢɫɤɥɸɱɢɬɶ ɪɚɡɧɨɪɨɞɧɵɟ 
ɫɜɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ

 

Ɋɢɫ. 2. Ɉɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ ɫɯɟɦɚ ɩɟɪɟɪɚɛɨɬɤɢ ɤɢɫɥɨɣ ɜɨɞɵ ɧɚ ɍɉɗɋɢɋɄ 

 

ɋɛɪɨɫ ɨɬɩɚɪɟɧɧɨɣ ɜɨɞɵ ɜ ɉɅɄ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɮɟɧɨɥɚ ɫ ɫɟɤɰɢɢ 8000  ɛɵɥ 

ɩɪɟɤɪɚɳёɧ (ɪɢɫ. 3) 

 

Ɋɢɫ. 3. Ɋɚɫɯɨɞ ɨɬɩɚɪɟɧɧɨɣ ɜɨɞɵ ɫ ɫɟɤɰɢɢ 8000 ɜ ɉɅɄ. 

ɩɟɪɢɨɞ 

Ɉɉɉ
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ɋɯɟɦɚ 1. ɇɚɩɪɚɜɥɟɧɢɹ ɤɢɫɥɨɣ ɜɨɞɵ ɧɚ ɛɥɨɤɢ ɗɅɈɍ ɭɫɬɚɧɨɜɨɤ ȺȼɌ ɢ  ɜɵɜɨɞɚ ɫɬɨɤɨɜ 

ɉɅɄ 

 

ɉɨɬɨɤɢ ɤɢɫɥɨɣ ɜɨɞɵ ɫ ɭɫɬɚɧɨɜɨɤ ɉɆɌ ɢ ɉɄɄ ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɮɟɧɨɥɚ ɛɵɥɢ 

ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɫɟɤɰɢɸ ɨɬɩɚɪɤɢ ɤɢɫɥɨɣ ɜɨɞɵ 3000 ɍɉɗɋɢɋɄ. Ɉɬɩɚɪɟɧɧɚɹ ɜɨɞɚ ɫ ɫɟɤɰɢɢ 

3000 ɧɚɩɪɚɜɥɹɥɚɫɶ ɜ ɉɅɄ.  

ɋɨɞɟɪɠɚɧɢɟ ɮɟɧɨɥɚ ɜ ɤɢɫɥɨɣ ɜɨɞɟ, ɧɚɩɪɚɜɥɹɟɦɨɣ ɫ ɍɄɄ, ɍɄɄ-2, ȽɈȻɄɄ ɧɚ 

ɤɨɥɨɧɧɭ ɨɬɩɚɪɤɢ 4VC8001, ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɩɪɟɞɟɥɚɯ 185 - 1172 ɦɝ/ɞɦ3. ɋɨɞɟɪɠɚɧɢɟ 

ɮɟɧɨɥɚ ɜ ɜɨɞɟ ɧɚɩɪɚɜɥɹɟɦɨɣ ɧɚ ɫɟɤɰɢɸ 3000 ɫ ɉɆɌ ɫɨɫɬɚɜɥɹɥɨ 26,3 – 667 ɦɝ/ɞɦ3 (ɪɢɫ. 

10). 

 

Ɋɢɫ. 4. ɋɨɞɟɪɠɚɧɢɟ ɮɟɧɨɥɚ ɜ ɤɢɫɥɨɣ ɜɨɞɟ, ɧɚɩɪɚɜɥɹɟɦɨɣ ɧɚ ɫɟɤɰɢɢ 3000 ɢ 8000 

ɍɉɗɋɢɋɄ. 
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ɋɨɞɟɪɠɚɧɢɟ ɮɟɧɨɥɚ ɜ ɨɬɩɚɪɟɧɧɨɣ ɜɨɞɟ, ɧɚɩɪɚɜɥɹɟɦɨɣ ɫ ɫɟɤɰɢɢ 8000 ɧɚ ɗɅɈɍ 

ȺȼɌ-2,5,6 ɫɨɫɬɚɜɥɹɥɨ 96,3 – 468 ɦɝ/ɞɦ3. ɋɨɞɟɪɠɚɧɢɟ ɮɟɧɨɥɚ ɜ ɨɬɩɚɪɟɧɧɨɣ ɜɨɞɟ, 

ɧɚɩɪɚɜɥɹɟɦɨɣ ɜ ɉɅɄ ɜ ɩɟɪɢɨɞ ɩɪɨɛɟɝɚ, ɫɧɢɡɢɥɨɫɶ ɞɨ 27,4 – 53,6 ɦɝ/ɞɦ3 (ɪɢɫ. 5).  

 

Ɋɢɫ. 5. ɋɨɞɟɪɠɚɧɢɟ ɮɟɧɨɥɚ ɜ ɨɬɩɚɪɟɧɧɨɣ ɜɨɞɟ 

 

ȼ ɩɟɪɢɨɞ ɩɪɨɛɟɝɚ ɧɚɛɥɸɞɚɥɨɫɶ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɮɟɧɨɥɚ ɜ ɫɦɟɫɟɜɨɣ ɜɨɞɟ ɉɅɄ  
 

 

              Ɋɢɫ. 6. Ʉɚɱɟɫɬɜɨ ɫɦɟɫɟɜɨɣ ɜɨɞɵ ɧɚɩɪɚɜɥɹɟɦɨɟ ɜ ɉɅɄ 

 

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɟɤɬɚ ɩɨ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɨɬɨɤɨɜ ɤɢɫɥɨɣ ɜɨɞɵ ɧɚ  ɈɈɈ 

«ɅɍɄɈɃɅ-ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ» ɩɨɡɜɨɥɢɥɨ ɫɧɢɡɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɮɟɧɨɥɚ ɫ 468 ɦɝ/ɥ 

ɞɨ 24,7 ɦɝ/ɥ ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɨɬɩɚɪɟɧɧɨɣ ɜɨɞɟ ɫɛɪɚɫɵɜɚɟɦɨɝɨ ɜ ɉɅɄ ɫ ɍɉɗɋ ɢ ɋɄ. 

Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɮɟɧɨɥɚ ɜ ɫɦɟɫɟɜɨɣ ɜɨɞɟ ɉɅɄ ɫɧɢɡɢɥɨɫɶ 24 ɞɨ 5 ɦɝ/ɥ. 

  

0510152025 17.10.16 27.10.16 06.11.16 16.11.16 26.11.16 06.12.16 16.12.16 26.12.16 05.01.17 15.01.17 25.01.17 04.02.17 14.02.17 24.02.17 06.03.17 16.03.17 26.03.17 05.04.17 15.04.17ˁоде̛̬̙̦̌е ̴е̦ол̌ ̏ ̭ток̵̌ ʿЛК, 
̥̐/д̥3пе̛̬од 

Оʿʿ
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ɋɅȺɇɐȿȼɕȿ ɎɈɊɆȺɐɂɂ, ɈȻɈȽȺɓȿɇɇɕȿ ɌɈɄɋɂɑɇɕɆɂ 
ɗɅȿɆȿɇɌȺɆɂ: ɗɄɈɅɈȽɂɑȿɋɄɂȿ ɊɂɋɄɂ 

ɉɭɧɚɧɨɜɚ ɋ.Ⱥ.1, ɇɭɤɟɧɨɜ Ⱦ.2 
SHALE FORMATIONS ENRICHED BY TOXIC ELEMENTS:  

ENVIRONMENTAL RISKS 
1 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɧɟɮɬɢ ɢ ɝɚɡɚ ɊȺɇ, ɝ. Ɇɨɫɤɜɚ 

E-mail: punanova@mail.ru 
2 ɈɈɈ «Kaz-Waterhunters» Ɋɟɫɩɭɛɥɢɤɚ Ʉɚɡɚɯɫɬɚɧ, ɝ. Ⱥɤɬɚɭ 

E-mail: nukenov_d@mail.ru 

 

Ɇɧɨɝɢɦɢ ɩɪɚɤɬɢɤɚɦɢ ɢ ɭɱɟɧɵɦɢ ɨɬɦɟɱɚɥɢɫɶ ɧɟɝɚɬɢɜɧɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ 

ɩɨɫɥɟɞɫɬɜɢɹ ɪɚɡɪɚɛɨɬɤɢ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ, ɛɭɪɟɧɢɹ ɧɚ ɫɥɚɧɰɟɜɵɟ 

ɮɨɪɦɚɰɢɢ (ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɛɭɪɟɧɢɟ ɢ ɝɢɞɪɨɪɚɡɪɵɜ ɩɥɚɫɬɚ) ɢ ɞɨɛɵɱɢ ɢɡ ɧɢɯ ɧɟɮɬɹɧɵɯ ɢ 

ɝɚɡɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɍȼ), ɫɜɹɡɚɧɧɵɟ ɫ ɨɛɨɝɚɳɟɧɧɨɫɬɶɸ ɧɚɮɬɢɞɨɜ ɩɨɬɟɧɰɢɚɥɶɧɨ 

ɬɨɤɫɢɱɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ (ɉɌɗ). Ʉ ɬɚɤɨɜɵɦ ɨɬɧɨɫɹɬ Fe, As, Be, Cl, Co, Cr, F, Hg, Mn, Ni, 

Pb, Sr, Sb, Se, Tl, V, Zn, U, Th, Rn ɢ ɞɪ.  

ɇɚ ɮɨɧɟ ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɢɡɭɱɟɧɧɨɫɬɢ ɩɨɫɥɟɞɫɬɜɢɣ ɜɨɡɞɟɣɫɬɜɢɣ ɍȼ ɧɚ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɬɪɚɝɢɜɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɧɟɝɚɬɢɜɧɨɝɨ ɜɥɢɹɧɢɹ 

ɦɢɤɪɨɷɥɟɦɟɧɬɧɨɝɨ (Ɇɗ) ɫɨɫɬɚɜɚ, ɤɚɤ ɫɚɦɢɯ ɫɥɚɧɰɟɜ, ɬɚɤ ɢ ɫɥɚɧɰɟɜɨɣ ɧɟɮɬɢ ɩɪɢ ɨɫɜɨɟɧɢɢ 

ɫɥɚɧɰɟɜɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɤɨɥɨ 15-20% ɞɨɛɵɜɚɟɦɨɝɨ ɍȼ ɫɵɪɶɹ 

ɫɨɞɟɪɠɚɬ ɜ ɫɜɨёɦ ɫɨɫɬɚɜɟ ɉɌɗ ɜ ɤɨɥɢɱɟɫɬɜɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɢɯ ɛɟɡɨɩɚɫɧɵɣ ɭɪɨɜɟɧɶ, ɢ 

ɨɛɴёɦɵ ɟɝɨ ɞɨɛɵɱɢ ɫ ɝɨɞɚɦɢ ɜɨɡɪɚɫɬɚɸɬ. ɇɚɢɛɨɥɟɟ ɦɢɝɪɚɰɢɨɧɧɨ ɩɨɞɜɢɠɧɵɟ ɢ ɥɟɬɭɱɢɟ 

ɢɡ ɧɢɯ Hg, Cd, As ɢ ɞɪ. ȼ ɱɢɫɥɟ ɩɪɨɱɧɨ ɯɢɦɢɱɟɫɤɢ ɫɜɹɡɚɧɧɵɯ ɜ ɤɨɦɩɥɟɤɫɧɵɯ 

ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɜ ɍȼ – V, Ni, Co, Cr, Cu, Zn ɢ ɞɪɭɝɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢ 

ɢɧɟɪɬɧɵɟ ɜ ɩɪɢɪɨɞɧɨɣ ɧɟɮɬɢ ɢ ɛɢɬɭɦɚɯ, ɧɨ ɬɨɤɫɢɱɧɨ ɨɩɚɫɧɵɟ ɜ ɦɢɤɪɨɞɢɫɩɟɪɫɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɬɟɯɧɨɝɟɧɧɨɝɨ, ɨɫɨɛɟɧɧɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ (>450°C), ɜɨɡɞɟɣɫɬɜɢɹ 

ɧɚ ɫɵɪɶё. Ⱥɤɬɢɧɨɢɞɵ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɱɧɨɫɬɢ ɫɜɹɡɢ ɫ ɦɨɥɟɤɭɥɹɪɧɵɦɢ 

ɫɬɪɭɤɬɭɪɚɦɢ ɍȼ, ɜɯɨɞɹɬ ɜ ɤɥɚɫɫ ɚɤɬɢɜɧɨ ɨɩɚɫɧɵɯ ɜ ɥɸɛɨɦ ɫɨɫɬɨɹɧɢɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ 

ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɫɥɟɞɫɬɜɢɣ ɪɚɡɪɚɛɨɬɤɢ ɧɟɮɬɹɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɫ ɩɨɜɵɲɟɧɧɵɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɬɨɤɫɢɱɟɫɤɢ ɨɩɚɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɨɜɟɞɟɧɵ ɋ.ɉ. əɤɭɰɟɧɢ [1]. Ⱥɜɬɨɪɨɦ 

ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɬɨɤɫɨɪɢɫɤɨɜ ɢ ɩɪɟɞɥɨɠɟɧɵ ɨɫɧɨɜɵ ɫɬɪɚɬɟɝɢɢ ɩɪɟɜɟɧɬɢɜɧɨɣ ɡɚɳɢɬɵ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬ ɧɟɝɚɬɢɜɧɨɝɨ ɜɥɢɹɧɢɹ ɩɪɢ ɨɫɜɨɟɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɨɛɨɝɚɳɟɧɧɵɯ 

ɩɨɬɟɧɰɢɚɥɶɧɨ ɬɨɤɫɢɱɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. ȼɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɉɌɗ ɜɵɹɜɥɟɧɵ ɧɚɦɢ ɩɪɢ 

ɢɫɫɥɟɞɨɜɚɧɢɢ ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ Ȼɭɡɚɱɢɧɫɤɨɣ ɝɪɭɩɩɵ ɩɨɞɧɹɬɢɣ Ɋɟɫɩɭɛɥɢɤɢ Ʉɚɡɚɯɫɬɚɧ 

(ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɋɟɜɟɪɧɵɟ Ȼɭɡɚɱɢ, Ʉɚɪɚɠɚɧɛɚɫ) [2]. Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɪɚɳɟɧɨ ɜɧɢɦɚɧɢɟ ɧɚ 

ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɧɟɮɬɹɯ ɢɡ ɝɥɭɛɨɤɢɯ ɝɨɪɢɡɨɧɬɨɜ (ɛɨɥɟɟ 4.5 ɤɦ) ɫ 

ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɹ ɚɫɮɚɥɶɬɨɜɨ-ɫɦɨɥɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɬɨɤɫɢɱɧɵɯ ɢ ɥɟɬɭɱɢɯ 

Ɂ-I-14 
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ɷɥɟɦɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ Cd, Hg, As, Tn, Se, Mo ɢ ɞɪ. ɇɟɮɬɢ ɬɚɤɨɝɨ ɫɨɫɬɚɜɚ ɦɨɝɭɬ ɜɫɬɪɟɱɚɬɶɫɹ 

ɢ ɧɚ ɦɚɥɵɯ ɝɥɭɛɢɧɚɯ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɭɪɨɱɟɧɵ ɤ ɡɨɧɚɦ ɪɢɮɬɨɜ ɢ ɦɨɥɨɞɵɯ ɩɪɨɝɢɛɨɜ 

[3]. ɉɌɗ ɨɛɨɝɚɳɟɧɵ ɢ ɫɚɦɢ ɫɥɚɧɰɟɜɵɟ ɩɨɪɨɞɵ ɢ ɞɨɛɵɜɚɟɦɵɟ ɢɡ ɧɢɯ ɫɥɚɧɰɟɜɵɟ ɍȼ.  

Ɍɟɩɥɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɥɚɫɬ, ɭɜɟɥɢɱɟɧɢɟ ɞɚɜɥɟɧɢɹ, ɡɚɤɚɱɤɚ ɯɢɦɢɱɟɫɤɢɯ 

ɪɟɚɝɟɧɬɨɜ ɩɪɢ ɝɢɞɪɨɪɚɡɪɵɜɟ ɩɥɚɫɬɚ ɩɪɢ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɩɟɪɮɨɪɚɰɢɣ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 

ɞɥɢɧɧɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɩɪɢɜɨɞɢɬ ɤ ɜɵɫɜɨɛɨɠɞɟɧɢɸ ɷɥɟɦɟɧɬɨɨɪɝɚɧɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɜɨɡɦɨɠɧɨ ɥɟɬɭɱɢɯ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɜɵɛɪɨɫɭ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

Ɍɟɩɥɨɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞ ɜɧɭɬɪɢɩɥɚɫɬɨɜɨɝɨ ɝɨɪɟɧɢɹ ɩɪɢ ɜɵɪɚɛɨɬɤɟ 

ɡɚɩɚɫɨɜ ɜɚɧɚɞɢɟɧɨɫɧɵɯ ɧɚɮɬɢɞɨɜ ɧɟ ɩɪɢɟɦɥɟɦɵ ɜ ɜɢɞɭ ɡɧɚɱɢɬɟɥɶɧɵɯ ɩɨɬɟɪɶ ɦɟɬɚɥɥɨɜ ɜ 

ɩɥɚɫɬɟ, ɚ ɬɚɤɠɟ ɢɡ-ɡɚ ɜɨɡɦɨɠɧɨɝɨ ɩɨɩɚɞɚɧɢɹ V ɢ Ni ɜ ɜɵɲɟɡɚɥɟɝɚɸɳɢɟ ɜɨɞɨɧɨɫɧɵɟ 

ɝɨɪɢɡɨɧɬɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɧɚɫɟɥɟɧɢɹ. ɉɨɞɨɛɧɨɟ ɭɠɟ ɡɚɮɢɤɫɢɪɨɜɚɧɨ 

ɧɚ ɭɱɚɫɬɤɟ ɜɧɭɬɪɢɩɥɚɫɬɨɜɨɝɨ ɝɨɪɟɧɢɹ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ʉɚɪɚɠɚɧɛɚɫ: ɩɨ ɞɚɧɧɵɦ Ɍ.ȼ. 

ɏɢɫɦɟɬɨɜɚ (1992), ɚɧɚɥɢɡ ɩɪɨɛ ɩɥɚɫɬɨɜɵɯ ɜɨɞ ɢɡ ɫɤɜɚɠɢɧ ɷɬɨɝɨ ɭɱɚɫɬɤɚ ɩɨɤɚɡɚɥ ɧɚɥɢɱɢɟ 

ɜ ɧɢɯ V ɢ ɞɪɭɝɢɯ Ɇɗ. Ʌɚɛɨɪɚɬɨɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɩɪɨɜɟɞɟɧɧɨɟ ɧɚɦɢ [4], ɬɚɤɠɟ 

ɩɨɞɬɜɟɪɞɢɥɨ ɮɚɤɬ ɩɨɬɟɪɢ ɧɚɮɬɢɞɚɦɢ Ɇɗ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɩɟɪɟɯɨɞɚ ɢɯ ɜ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɥɢɛɨ ɩɪɢ ɫɨɪɛɰɢɢ ɧɚ ɩɨɪɨɞɚɯ ɜɦɟɫɬɟ ɫɨ ɫɦɨɥɢɫɬɨ-ɚɫɮɚɥɶɬɟɧɨɜɵɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ, ɥɢɛɨ ɡɚ ɫɱɟɬ ɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɉɨɜɵɲɟɧɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ Ɇɗ ɜ ɪɹɞɟ ɱɟɪɧɵɯ ɢ ɝɨɪɸɱɢɯ ɫɥɚɧɰɟɜ Ɇɗ (ɞɥɹ 

ɧɟɤɨɬɨɪɵɯ ɷɥɟɦɟɧɬɨɜ ɫɨɞɟɪɠɚɧɢɟ ɜɵɲɟ 100 ɝ/ɬ) ɩɨɞɬɜɟɪɠɞɚɸɬ ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɵɟ 

ɭɫɪɟɞɧɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ 36 Ɇɗ (ɬɚɛɥ. 1). 

Ɍɚɛɥ. 1. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɭɫɪɟɞɧɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨ ɫɨɞɟɪɠɚɧɢɸ Ɇɗ ɜ ɦɢɧɟɪɚɥɶɧɨɦ 
ɜɟɳɟɫɬɜɟ ɫɥɚɧɰɟɜ 
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ɇɚɢɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɧɚɦɢ ɛɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɧɢɯ 

ɫɨɞɟɪɠɚɧɢɣ Ɇɗ ɜ ɫɥɚɧɰɚɯ Ʉɟɧɞɟɪɥɵɤɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ʉɚɡɚɯɫɬɚɧɚ (ɩɨ 

ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɞɚɧɧɵɦ [5]), ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɧɚɱɚɥɨɦ ɫɥɚɧɰɟɜɵɯ ɩɪɨɟɤɬɨɜ ɜ Ɋɟɫɩɭɛɥɢɤɟ 

Ʉɚɡɚɯɫɬɚɧ ɢ ɛɨɥɶɲɨɣ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɨɫɬɶɸ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ Ʉɚɡɚɯɫɬɚɧɚ ɜ ɩɨɥɭɱɟɧɢɢ ɢɡ 
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ɫɥɚɧɰɟɜ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɵɪɶɹ [6]. Ⱥɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɤɟɧɞɟɪɥɵɤɫɤɢɟ ɫɥɚɧɰɵ ɫɨɞɟɪɠɚɬ 

ɛɨɥɶɲɨɣ ɤɨɦɩɥɟɤɫ ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɜɵɲɟɧɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɭɫɪɟɞɧɟɧɧɵɦ ɫɨɫɬɚɜɨɦ ɝɨɪɸɱɢɯ ɫɥɚɧɰɟɜ ɛɵɜɲɟɝɨ ɋɋɋɊ, ɤɚɡɚɯɫɬɚɧɫɤɢɟ ɤɟɧɞɟɪɥɵɤɫɤɢɟ 

ɫɥɚɧɰɵ ɨɛɨɝɚɳɟɧɵ Ɇɗ. Ɍɚɤ, ɫɭɦɦɚ ɜɫɟɯ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɨɫɬɚɜɢɥɚ 2110 

ɝ/ɬ, ∑(Mo, Pb, Zn) ɪɚɜɧɚ 120 ɝ/ɬ, ∑(V, Ni, Cr) ɞɨɫɬɢɝɚɟɬ 190 ɝ/ɬ. ȼ ɫɥɚɧɰɚɯ ɛɵɜɲɟɝɨ ɋɋɋɊ 

ɷɬɢ ɰɢɮɪɵ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɫɬɚɜɥɹɸɬ (ɝ/ɬ): 1063; 90 ɢ 170. 

Ʉɨɧɰɟɧɬɪɚɰɢɢ Ag, Be, Sc, Pb, Zn, La, Mn ɢ Ti ɜ ɤɟɧɞɟɪɥɵɤɫɤɢɯ ɫɥɚɧɰɚɯ ɡɧɚɱɢɬɟɥɶɧɨ 

ɜɵɲɟ, ɱɟɦ ɜ ɫɥɚɧɰɚɯ ɛɵɜɲɟɝɨ ɋɋɋɊ. ȼ ɫɥɚɧɰɚɯ ɷɬɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ Ba, Zn 

ɢ V ≥ 100 ɝ/ɬ, ɤɨɧɰɟɧɬɪɚɰɢɹ Ti ɞɨɫɬɢɝɚɟɬ 4000 ɝ/ɬ, ɚ Mn – 4500 ɝ/ɬ. ȼ ɝɨɪɸɱɢɯ ɫɥɚɧɰɚɯ 

Ȼɚɣɯɨɠɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɨɬɦɟɱɚɸɬɫɹ ɬɚɤɠɟ ɜɵɫɨɤɢɟ ɫɨɞɟɪɠɚɧɢɹ Re – 

ɪɟɞɤɨɡɟɦɟɥɶɧɨɝɨ ɦɟɬɚɥɥɚ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɨɝɨ ɜ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɢ ɬɭɝɨɩɥɚɜɤɢɯ 

ɫɩɥɚɜɚɯ.  

Ɂɚɮɢɤɫɢɪɨɜɚɧɵ ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ Ɇɗ ɜ ɛɚɠɟɧɨɜɫɤɢɯ ɫɥɚɧɰɚɯ Ɂɚɩɚɞɧɨɣ 

ɋɢɛɢɪɢ, ɤɭɚɧɚɦɫɤɢɯ ɫɥɚɧɰɚɯ ɢ ɢɯ ɚɧɚɥɨɝɚɯ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ, ɜ ɞɨɦɚɢɢɤɨɜɵɯ 

ɨɬɥɨɠɟɧɢɹɯ ȼɨɥɝɨ-ɍɪɚɥɚ ɢ Ɍɢɦɚɧɨ-ɉɟɱɨɪɵ. Ⱥɧɚɥɢɡ ɫɨɞɟɪɠɚɧɢɣ ɛɨɥɶɲɨɣ ɝɪɭɩɩɵ Ɇɗ ɜ 

ɫɥɚɧɰɚɯ ɮɨɪɦɚɰɢɢ Ȼɚɪɧɟɬɬ (ɋɒȺ) ɬɚɤɠɟ ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɧɢɯ 

ɰɟɥɨɝɨ ɪɹɞɚ ɬɨɤɫɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ: V, Ni, Rb, Fe, Ti (ɪɢɫ. 1).  

 

Ɋɢɫ. 1. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɜ ɫɥɚɧɰɚɯ ɮɨɪɦɚɰɢɢ Ȼɚɪɧɟɬɬ (ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɢɦ 
ɞɚɧɧɵɦ [7, 8]) 

Ⱦɨɫɬɚɬɨɱɧɨ ɱɟɬɤɨ ɜɢɞɧɚ ɛɨ׳ɥɶɲɚɹ ɨɛɨɝɚɳɟɧɧɨɫɬɶ Ɇɗ ɝɥɢɧɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ 

ɧɢɠɧɟɝɨ ɢ ɜɟɪɯɧɟɝɨ Ȼɚɪɧɟɬɬɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
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ɜɟɳɟɫɬɜɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɜɟɫɬɤɨɜɢɫɬɵɦɢ ɪɚɡɧɨɫɬɹɦɢ ɫɪɟɞɧɟɝɨ Ȼɚɪɧɟɬɬɚ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɨɫɧɨɜɧɵɯ ɩɨɪɨɞɨɨɛɪɚɡɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫɨɫɬɚɜɥɹɟɬ ɰɟɥɵɟ ɩɪɨɰɟɧɬɵ (Fe, 

Ca, Si, Mg, Al, K, Ti, Sr), ɚ ɫɨɞɟɪɠɚɧɢɟ ɪɹɞɚ ɉɌɗ ɩɪɢɛɥɢɠɚɟɬɫɹ ɢɥɢ ɩɪɟɜɵɲɚɟɬ 100 ɝ/ɬ 

(Ni, Rb, V, Cr, Mn, Zn).  

ȼɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ Ɇɗ ɨɛɧɚɪɭɠɟɧɵ ɢ ɜ ɨɫɬɚɬɨɱɧɵɯ ɧɚɮɬɢɞɚɯ, 

ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɫɥɚɧɰɚɯ, ɬ.ɟ. ɜ ɫɥɚɧɰɟɜɨɣ ɧɟɮɬɢ (ɬɚɛɥ. 2).  

Ɍɚɛɥ. 2. Ɇɢɤɪɨɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɛɢɬɭɦɨɢɞɨɜ ɞɨɦɚɧɢɤɨɜɵɯ ɨɬɥɨɠɟɧɢɣ Ɍɢɦɚɧɨ-ɉɟɱɨɪɵ 
[4] 
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ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɨɰɟɧɤɟ ɨɛɴɟɦɨɜ ɷɤɨɥɨɝɢɱɟɫɤɢ 

ɨɩɚɫɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɪɬɭɬɶɸ ɢ ɟɟ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɨɛɪɚɡɭɸɳɢɦɢɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɞɨɛɵɱɢ ɫɥɚɧɰɟɜ, ɭɝɥɟɣ, ɧɟɮɬɟɣ ɢ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ [9]. ɇɚɢɛɨɥɶɲɟɟ ɱɢɫɥɨ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɨɰɟɧɤɟ ɩɨɜɟɞɟɧɢɹ ɪɬɭɬɢ ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɜɟɪɞɵɯ ɢ ɠɢɞɤɢɯ ɬɨɩɥɢɜ 

ɜɵɩɨɥɧɟɧɨ ɜ ɋɒȺ ɩɨ ɩɪɨɝɪɚɦɦɟ ɡɚɳɢɬɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬ ɨɩɚɫɧɨɝɨ ɜɥɢɹɧɢɹ 

ɫɨɟɞɢɧɟɧɢɣ ɪɬɭɬɢ [10]. ȼɵɛɪɨɫ ɪɬɭɬɢ ɜ ɚɬɦɨɫɮɟɪɭ ɩɪɢ ɫɠɢɝɚɧɢɢ ɧɟɮɬɟɣ ɦɨɠɟɬ ɫɨɫɬɚɜɢɬɶ 

1.0ɯ10-3 ɝ/ɬ. ȼɵɩɨɥɧɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɪɬɭɬɶ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɧɟɮɬɹɯ ɜ ɜɢɞɟ ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɥɟɬɭɱɟɫɬɶɸ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ 

ɤɚɩɟɥɶ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɪɬɭɬɢ, ɤɚɤ ɨɫɧɨɜɧɨɣ ɮɨɪɦɵ ɟɟ ɥɟɬɭɱɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɞɢɚɥɤɢɥɨɜ 

ɪɬɭɬɢ, ɚ ɬɚɤɠɟ ɧɟɥɟɬɭɱɢɯ ɫɭɥɶɮɢɞɨɜ ɢ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɚɫɮɚɥɶɬɟɧɚɯ, ɤɨɬɨɪɵɟ 

ɦɨɝɭɬ ɛɵɬɶ ɨɫɧɨɜɧɵɦ ɟё ɤɨɦɩɨɧɟɧɬɨɦ ɜ ɧɟɤɨɬɨɪɵɯ ɧɟɮɬɹɯ. ȼ ɧɟɮɬɢ ɨɛɧɚɪɭɠɟɧɚ ɬɚɤɠɟ 

ɫɚɦɨɪɨɞɧɚɹ ɪɬɭɬɶ, ɟɟ ɚɦɚɥɶɝɚɦɵ ɢ ɦɢɧɟɪɚɥ ɚɥɶɬɦɚɪɤɢɬ (Hg, Pb). ȼɵɹɜɥɟɧɧɨɟ 

ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɲɢɪɨɤɨɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ɪɬɭɬɢ ɜ ɩɪɢɪɨɞɟ ɢ 

ɜɚɠɧɨɫɬɢ ɨɰɟɧɤɢ ɟɟ ɤɨɥɢɱɟɫɬɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟ ɫɬɨɢɬ ɧɟɞɨɨɰɟɧɢɜɚɬɶ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɪɢɫɤɢ ɩɨɫɥɟɞɫɬɜɢɹ 

ɪɚɡɪɚɛɨɬɤɢ ɫɥɚɧɰɟɜɵɯ ɮɨɪɦɚɰɢɣ ɢ ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ ɜ ɫɜɹɡɢ ɫ ɜɵɫɨɤɢɦɢ ɫɨɞɟɪɠɚɧɢɹɦɢ ɜ 

ɧɢɯ V, Ni, Mo, Sc, Ti, Zn, Ag, U, Re, Hg, U, As ɢ ɞɪɭɝɢɯ ɉɌɗ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɢɤɚɦ ɢ ɭɱɟɧɵɦ ɫɬɨɢɬ ɡɚɞɭɦɚɬɶɫɹ ɨ ɬɟɯ ɧɟɜɨɡɜɪɚɬɧɵɯ ɩɨɬɟɪɹɯ ɰɟɧɧɵɯ 
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ɩɪɨɦɵɲɥɟɧɧɨ ɡɧɚɱɢɦɵɯ ɦɟɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɪɟɧɬɚɛɟɥɶɧɨɣ 

ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɞɨɛɵɱɢ ɢɡ ɧɚɮɬɢɞɨɜ, ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, 

ɜɨɡɦɨɠɧɨ ɩɨɩɚɞɚɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨ ɬɨɤɫɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɤɚɤ ɢɡ ɫɥɚɧɰɟɜ, ɬɚɤ ɢ ɢɡ 

ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɧɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɫɤɜɚɠɢɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɞɥɹ ɭɱɟɬɚ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɭɱɚɫɬɤɨɜ ɫɥɚɧɰɟɜɵɯ ɮɨɪɦɚɰɢɣ, 

ɜɜɨɞɢɦɵɯ ɜ ɪɚɡɪɚɛɨɬɤɭ, ɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɨ ɤɨɦɩɥɟɤɫɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪɚɛɨɬɤɢ 

ɫɥɚɧɰɟɜ ɫ ɢɡɜɥɟɱɟɧɢɟɦ ɝɚɡɚ, ɧɟɮɬɢ ɢ ɦɟɬɚɥɥɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɨɰɟɧɤɟ ɦɢɤɪɨɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ, ɤɚɤ ɫɥɚɧɰɟɜɵɯ ɨɬɥɨɠɟɧɢɣ, ɬɚɤ ɢ 

ɧɚɮɬɢɞɨɜ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɧɢɯ.  
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ɉɪɨɛɥɟɦɚ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɥɢɜɨɜ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ 

ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɨɫɬɪɨɣ ɞɥɹ ɨɛɴɟɤɬɨɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ. ɉɪɢ ɩɟɪɟɪɚɛɨɬɤɟ, ɯɪɚɧɟɧɢɢ ɢ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɝɨɪɸɱɟ-ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɭɳɟɫɬɜɭɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 

ɧɟɲɬɚɬɧɵɯ ɫɢɬɭɚɰɢɣ (ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɥɢɜɨɜ ɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɚɜɚɪɢɣ) ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɤɨɬɨɪɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɵ ɩɨɩɚɞɚɹ ɧɚ ɝɪɭɧɬ ɡɚɝɪɹɡɧɹɸɬ ɩɨɱɜɟɧɧɵɣ ɩɨɤɪɨɜ.  

ɉɨɫɬɟɩɟɧɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɜ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɟ ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɭɬɟɱɟɤ ɧɟɮɬɟɩɪɨɞɭɤɬɚ ɩɪɢ ɮɢɡɢɱɟɫɤɨɦ ɢɡɧɨɫɟ ɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚɪɭɲɟɧɢɟ ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɫɬɵɤɨɜɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. Ɉɫɧɨɜɧɚɹ 

ɨɩɚɫɧɨɫɬɶ ɡɚɝɪɹɡɧɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɟɮɬɟɩɪɨɞɭɤɬɵ ɩɨɩɚɞɚɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 

ɩɨɱɜɵ ɫɩɨɫɨɛɧɵ ɩɪɨɧɢɤɚɬɶ ɧɚ ɡɧɚɱɢɬɟɥɶɧɵɟ ɝɥɭɛɢɧɵ ɢ ɩɨɩɚɞɚɬɶ ɜ ɩɨɞɡɟɦɧɵɟ 

ɜɨɞɨɧɨɫɧɵɟ ɝɨɪɢɡɨɧɬɵ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɩɢɬɚɧɧɵɣ ɧɟɮɬɟɩɪɨɞɭɤɬɚɦɢ ɩɨɱɜɟɧɧɨɣ ɩɨɤɪɨɜ ɩɪɢɜɨɞɢɬ ɤ 

ɚɤɬɢɜɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ, ɫɜɨɣɫɬɜɚɯ ɢ ɫɬɪɭɤɬɭɪɟ ɩɨɱɜɵ ɭɯɭɞɲɚɹ ɟё 

ɤɚɤ ɩɢɬɚɬɟɥɶɧɵɣ ɫɭɛɫɬɪɚɬ ɞɥɹ ɪɚɫɬɟɧɢɣ. Ƚɢɞɪɨɮɨɛɧɵɟ ɱɚɫɬɢɰɵ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ 

ɡɚɬɪɭɞɧɹɸɬ ɩɨɫɬɭɩɥɟɧɢɟ ɜɥɚɝɢ ɤ ɤɨɪɧɹɦ ɪɚɫɬɟɧɢɣ ɢ ɩɪɢɜɨɞɹɬ ɤ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɦ 

ɢɡɦɟɧɟɧɢɹɦ ɩɨɫɥɟɞɧɢɯ, ɚ ɩɪɨɞɭɤɬɵ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɪɟɡɤɨ ɢɡɦɟɧɹɸɬ 

ɫɨɫɬɚɜ ɩɨɱɜɟɧɧɨɝɨ ɝɭɦɭɫɚ [1-2]. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɞɟɣɫɬɜɟɧɧɵɯ ɫɩɨɫɨɛɨɜ 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɧɟɝɚɬɢɜɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɚ ɬɚɤɠɟ 

ɫɜɨɟɜɪɟɦɟɧɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ ɢ ɥɢɤɜɢɞɚɰɢɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɥɢɜɚɦɢ 

ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɧɚ ɝɪɭɧɬ ɢ ɩɨɧɢɦɚɧɢɹ ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɨɰɟɫɫɨɜ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ 

«Ɇɟɬɨɞɢɤɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɜ 

ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɩɨɱɜ»    (ɞɚɥɟɟ – Ɇɟɬɨɞɢɤɚ) [3]. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɢɧɟɬɢɤɢ 

ɦɢɝɪɚɰɢɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɨɱɜɚ, ɤɨɬɨɪɚɹ ɩɨ ɫɜɨɟɦɭ ɬɢɩɭ ɨɬɧɨɫɢɬɫɹ ɤ 

ɫɭɝɥɢɧɤɭ. ɂɫɩɵɬɭɟɦɭɸ ɩɨɱɜɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɫɭɲɢɜɚɸɬ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɨ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ⱦɚɥɟɟ ɩɨɱɜɭ ɢɫɬɢɪɚɸɬ ɢ ɩɪɨɫɟɢɜɚɸɬ ɱɟɪɟɡ ɫɢɬɨ 

ɥɚɛɨɪɚɬɨɪɧɨɟ ɫ ɪɚɡɦɟɪɨɦ ɹɱɟɣɤɢ ɫɢɬɨɜɨɣ ɬɤɚɧɢ 1 ɦɦ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɡɚɝɪɹɡɧɢɬɟɥɹ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ 

ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ: ɬɨɩɥɢɜɨ ɞɢɡɟɥɶɧɨɟ ɦɚɪɤɢ ȾɌ-4; ɦɨɬɨɪɧɨɟ ɦɚɫɥɨ ɦɚɪɤɢ Ɇ-10ȼ2ɫ; 

ɬɨɩɥɢɜɨ ɞɥɹ ɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɦɚɪɤɢ Ɍɋ-1; ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɛɟɧɡɢɧ ɦɚɪɤɢ Ⱥɂ-92. 

Ɂ-I-15 
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Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɜɵɩɨɥɧɹɥɢɫɶ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ȼ 

ɥɚɛɨɪɚɬɨɪɧɵɟ ɫɬɚɤɚɧɵ ɜɦɟɫɬɢɦɨɫɬɶɸ 100 ɦɥ ɧɚɫɵɩɚɥɫɹ ɨɛɪɚɡɟɰ ɩɨɱɜɵ ɜ ɤɨɥɢɱɟɫɬɜɟ 100 

ɝ ɢ ɞɚɥɟɟ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧɭɬ ɩɪɢ ɩɨɦɨɳɢ ɜɫɬɪɹɯɢɜɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɪɨɜɨɞɢɥɨɫɶ ɟɝɨ 

ɭɩɥɨɬɧɟɧɢɟ. ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɭɩɥɨɬɧɟɧɢɹ ɜɵɫɨɬɚ ɩɨɱɜɵ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɫɬɚɤɚɧɚɯ 

ɜɦɟɫɬɢɦɨɫɬɶɸ 100 ɦɥ ɫɨɫɬɚɜɢɥɚ 5 ɫɦ, ɚ ɩɥɨɳɚɞɶ ɩɨɱɜɵ – 15,89 ɫɦ2. Ⱦɚɥɟɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɛɪɚɡɰɨɜ ɩɨɱɜɵ ɜɧɨɫɢɥɫɹ ɧɟɮɬɟɩɪɨɞɭɤɬ ɜ ɤɨɥɢɱɟɫɬɜɚɯ ɨɬ 2 ɞɨ 10 ɝ. ɉɨ ɢɫɬɟɱɟɧɢɢ 

ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜɪɟɦɟɧɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɇɟɬɨɞɢɤɨɣ, ɩɭɬɟɦ ɜɢɡɭɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 

ɫɦɚɱɢɜɚɧɢɹ ɧɟɮɬɟɩɪɨɞɭɤɬɨɦ ɩɪɨɛɵ ɩɨɱɜɵ ɭ ɫɬɟɧɨɤ ɫɬɚɤɚɧɚ, ɩɪɢ ɩɨɦɨɳɢ ɥɢɧɟɣɤɢ 

ɢɡɦɟɪɹɥɚɫɶ ɝɥɭɛɢɧɚ ɟɝɨ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɩɨɱɜɭ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɥɫɹ ɯɚɪɚɤɬɟɪ 

ɩɪɨɫɚɱɢɜɚɧɢɹ ɢ ɪɚɫɬɟɤɚɧɢɹ ɧɟɮɬɟɩɪɨɞɭɤɬɚ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ ɫɥɟɞɭɸɳɟɟ, ɱɬɨ ɩɪɢ 

ɡɚɝɪɹɡɧɟɧɢɢ ɩɨɱɜɵ ɪɚɡɥɢɱɧɵɦɢ ɧɟɮɬɟɩɪɨɞɭɤɬɚɦɢ, ɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɤɚɩɢɥɥɹɪɧɵɯ 

ɫɢɥ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ (ɜ ɫɬɨɪɨɧɵ ɨɬ ɰɟɧɬɪɚ), ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɜɵɫɨɤɨɣ 

ɞɢɫɩɟɪɫɧɨɫɬɶɸ ɢ ɧɢɡɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɩɨɱɜɵ, ɚ ɬɚɤɠɟ 

ɪɚɡɥɢɱɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɦɨɞɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɢɡɭɱɟɧɢɸ 

ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɜ ɩɨɱɜɭ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɹ 

ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɱɟɪɟɡ ɨɛɪɚɡɟɰ ɩɨɱɜɵ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɪɹɞɭ: ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɛɟɧɡɢɧ – 

ɬɨɩɥɢɜɨ ɞɥɹ ɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ – ɬɨɩɥɢɜɨ ɞɢɡɟɥɶɧɨɟ – ɦɨɬɨɪɧɨɟ ɦɚɫɥɨ. Ⱦɥɹ ɛɨɥɟɟ 

ɞɟɬɚɥɶɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɨɬ 

ɜɪɟɦɟɧɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɱɟɪɟɡ ɨɛɪɚɡɟɰ ɩɨɱɜɵ ɪɚɫɫɦɨɬɪɢɦ ɝɪɚɮɢɤ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɪɢɫɭɧɤɟ 1.  

Ƚɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɱɟɪɟɡ 30 ɦɢɧɭɬ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɛɟɧɡɢɧɚ ɞɨɫɬɢɝɚɟɬ 2,7 

ɫɦ, ɬɨɩɥɢɜɚ ɞɢɡɟɥɶɧɨɝɨ – 1,5 ɫɦ, ɚ ɬɨɩɥɢɜɚ ɞɥɹ ɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ – 1,8 ɫɦ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɫɤɨɪɨɫɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɬɨɩɥɢɜɚ ɞɢɡɟɥɶɧɨɝɨ ɜ 1,8 ɪɚɡ ɦɟɧɶɲɟ ɫɤɨɪɨɫɬɢ 

ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɛɟɧɡɢɧɚ ɢ ɜ 1,2 ɪɚɡɚ ɦɟɧɶɲɟ ɫɤɨɪɨɫɬɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ 

ɬɨɩɥɢɜɚ ɞɥɹ ɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɤɨɪɨɫɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɬɨɩɥɢɜɚ 

ɞɥɹ ɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɜ 1,5 ɪɚɡɚ ɦɟɧɶɲɟ ɫɤɨɪɨɫɬɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ 

ɛɟɧɡɢɧɚ.  
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Ɋɢɫ. 1. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɝɥɭɛɢɧɵ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ 
ɦɚɫɫɨɣ 4 ɝ ɜ ɩɨɱɜɭ ɨɬ ɜɪɟɦɟɧɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɢ 

ɝɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɱɟɪɟɡ ɩɨɱɜɵ ɜ ɨɫɧɨɜɧɨɦ ɧɚɯɨɞɢɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɜɧɟɫɟɧɧɨɝɨ ɧɟɮɬɟɩɪɨɞɭɤɬɚ, ɢ ɟɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ. ɉɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɡɭɥɶɬɚɬɵ 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 

ɩɪɨɧɢɤɧɨɜɟɧɢɸ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɜ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɩɨɱɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɫɨɪɛɟɧɬɨɜ.  
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 ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧɚɛɥɸɞɚɟɬɫɹ ɭɫɬɨɣɱɢɜɵɣ ɢɧɬɟɪɟɫ ɤ ɪɟɚɤɰɢɹɦ ɢɡɨɦɟɪɢɡɚɰɢɢ 

ɥɟɝɤɢɯ ɚɥɤɚɧɨɜ ɋ4—ɋ6 c ɩɨɥɭɱɟɧɢɟɦ ɢɡɨɦɟɪɨɜ ɫ ɜɵɫɨɤɢɦɢ ɨɤɬɚɧɨɜɵɦɢ ɱɢɫɥɚɦɢ, 

ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɯ ɞɨɛɚɜɨɤ ɤ ɦɨɬɨɪɧɵɦ 

ɬɨɩɥɢɜɚɦ. Ɍɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɪɚɧɟɟ ɤɚɬɚɥɢɡɚɬɨɪɵ, ɬɚɤɢɟ ɤɚɤ ɯɥɨɪɢɞ ɚɥɸɦɢɧɢɹ 

ɢ ɠɢɞɤɢɟ ɤɢɫɥɨɬɵ, ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɷɤɨɥɨɝɢɱɟɫɤɢɦ, ɤɨɪɪɨɡɢɨɧɧɵɦ ɢ ɧɟɤɨɬɨɪɵɦ 

ɞɪɭɝɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. ɉɨɷɬɨɦɭ ɜɨɡɧɢɤɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɯ ɡɚɦɟɧɵ ɧɚ ɬɜɟɪɞɵɟ ɤɢɫɥɨɬɵ. 

Ʉ ɱɢɫɥɭ ɬɜɟɪɞɵɯ ɤɢɫɥɨɬ ɨɬɧɨɫɹɬ ɰɟɨɥɢɬɵ ɢ ɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ. ȼɜɟɞɟɧɢɟ ɩɥɚɬɢɧɵ 

ɭɜɟɥɢɱɢɜɚɟɬ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɟɝɨ ɫɬɚɛɢɥɶɧɨɫɬɶ ɜ 

ɪɟɚɤɰɢɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɩɚɪɚɮɢɧɨɜ ɋ4—ɋ6 [1-3]. 

 ȼɚɠɧɨɟ ɡɧɚɱɟɧɢɟ, ɬɚɤ ɠɟ, ɩɪɢɨɛɪɟɬɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɬɚɤɢɯ ɤɚɤ ɛɟɧɬɨɧɢɬɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 

ɭɞɟɲɟɜɥɟɧɢɸ. Ɇɨɧɬɦɨɪɢɥɥɨɧɢɬ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɛɟɧɬɨɧɢɬɨɜɵɯ ɝɥɢɧ 

[4]. Ȼɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɫɥɨɢɫɬɨɣ ɫɬɪɭɤɬɭɪɟ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ (ɆɆ) ɛɵɥ ɜɵɛɪɚɧ ɜ ɤɚɱɟɫɬɜɟ 

ɧɨɫɢɬɟɥɹ Pt-ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɚɥɤɚɧɨɜ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɢɡɭɱɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ 

ɫɩɨɫɨɛɚɦɢ ɜɜɟɞɟɧɢɹ ɬɢɬɚɧɚ. Ɋɚɧɟɟ ɛɚɥɚ ɩɨɤɚɡɚɧɚ ɜɵɫɨɤɚɹ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɢ 

ɫɬɚɛɢɥɶɧɨɫɬɶ Pt – ɤɚɬɚɥɢɡɚɬɨɪɚ, ɧɚɧɟɫɟɧɧɨɝɨ ɧɚ ɩɢɥɥɚɪɢɪɨɜɚɧɧɵɣ ɬɢɬɚɧɨɦ 

ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ ɜ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɤɫɚɧɚ [5]. ɇɟ ɫɦɨɬɪɹ ɧɚ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 

ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɩɪɨɰɟɫɫ ɩɢɥɥɚɪɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɞɥɢɬɟɥɶɧɵɦ ɢ ɬɪɟɛɭɟɬ 

ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɛɵɥɚ ɩɨɩɵɬɤɚ ɭɫɤɨɪɢɬɶ ɢ ɭɞɟɲɟɜɢɬɶ 

ɩɪɨɰɟɫɫ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɬɢɬɚɧɚ ɢɡ ɨɤɫɢɞɚ TiO2 ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɥɭɱɲɟɧɢɟɦ ɫɬɪɭɤɬɭɪɧɵɯ 

ɢ ɤɢɫɥɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɭɱɟɧɧɵɯ ɫɢɫɬɟɦ ɜɜɟɞɟɧɢɟɦ ɇ-ɦɨɪɞɟɧɢɬɚ.  

 ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɢɡɭɱɟɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɢ ɨɩɪɟɞɟɥɟɧɵ 

ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɥɟɞɭɸɳɢɯ ɨɛɪɚɡɰɨɜ:1) 0,35%Pt/TiNaHMM, ɝɞɟ 

TiNaHMM-ɩɢɥɥɚɪɢɪɨɜɚɧɧɵɣ ɬɢɬɚɧɨɦ ɆɆ (Ti=5 ɦɦɨɥɶ/ɝ), 2) 0,35% Pt/NaHMM+TiɈ2, 

ɝɞɟ ɬɢɬɚɧ ɜɜɨɞɢɥɫɹ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ TiɈ2 (8%); 3) 0,35%Pt/NaHMM+TiɈ2+ɇɆ - ɫɨɫɬɚɜ 

ɢɞɟɧɬɢɱɧɵɣ ɩɪɟɞɵɞɭɳɟɦɭ ɫ ɞɨɛɚɜɥɟɧɢɟɦ15% ɇɆ. ȼɫɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ 

Ɂ-I-16 
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ɦɟɬɨɞɚɦɢ ȻɗɌ, ɊɎȺ ɢ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɢɯ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɞɨ ɪɚɛɨɬɵ ɢ ɩɨɫɥɟ 

ɢɫɩɵɬɚɧɢɣ ɜ ɪɟɚɤɰɢɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɤɫɚɧɚ ɜ ɬɟɱɟɧɢɟ 6 ɱɚɫɨɜ. Ʉɚɬɚɥɢɡɚɬɨɪɵ ɛɵɥɢ 

ɢɫɩɵɬɚɧɵ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɜɨɞɨɪɨɞɚ, ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 250-4000ɋ, ɜ 

ɩɪɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ ɧɚ 5 ɫɦ3 ɤɚɬɚɥɢɡɚɬɨɪɚ, ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɧ-ɝɟɤɫɚɧɚ 0,82 ɱɚɫ-1 ɢ 

ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɇ2:ɋ6ɇ14 = 3,5. 

Ɇɟɬɨɞɨɦ ȻɗɌ ɩɨ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ (Sɭɞ., Vɚɞɫ., R) ɛɵɥɢ 

ɨɩɪɟɞɟɥɟɧɵ ɫɬɪɭɤɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (Sɭɞ., Vɚɞɫ., R) Pt /TiNaɇɆɆ – ɤɨɦɩɨɡɢɬɧɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɨɜ ɜɜɟɞɟɧɢɹ ɬɢɬɚɧɚ ɜ ɫɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ 

ɩɪɢɫɭɬɫɬɜɢɹ ɰɟɨɥɢɬɚ (ɬɚɛɥɢɰɚ 1).  

 

Ɍɚɛɥɢɰɚ 1 – ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Pt/TiNaɇɆɆ 

– ɤɨɦɩɨɡɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɨ ɪɟɚɤɰɢɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɤɫɚɧɚ ɢ ɩɨɫɥɟ. 

№ Ʉɚɬɚɥɢɡɚɬɨɪ  S, m2/g Ɉɛɳɢɣ ɨɛɴɟɦ 
ɩɨɪ, ɫɦ 3/ɝ 

Ɇɢɤɪɨɩɨɪɵ, % Ɇɟɡɨɩɨɪɵ, % 

1 0.35%Pt/Ti(5,0)NaHMM 

(Ti=5,0 ɦɦɨɥɶ/ɝ) 
132,3 0,1336 38,0 62,0 

2 0.35%Pt /NaHMM+TiɈ2 118,2 0,1233 36,6 63,4 

3 0.35%Pt/ NaHMM 

+TiɈ2+HM  

155,3 0,1143 52,2 47,8 

4 0.35%Pt/ Ti(5,0)NaHMM 

ɉɨɫɥɟ ɢɫɩɵɬɚɧɢɣ 

86,4 0,0939 47,8 52,2 

5 0.35%Pt/NaHMM+TiɈ2 

ɉɨɫɥɟ ɢɫɩɵɬɚɧɢɣ 

105,5 0,1048 58,0 42,0 

6 0.35%Pt/NaHMM+TiɈ2+HM 

ɉɨɫɥɟ ɢɫɩɵɬɚɧɢɣ 

139,3 0,1027 50,0 50,0 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 1 ɧɚ ɨɛɪɚɡɰɟ 0.35%Pt/TiNaHMM ɩɪɢ ɩɢɥɥɚɪɢɪɨɜɚɧɢɢ 

ɬɢɬɚɧɨɦ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɥɹɟɬ 132,3 ɦ2/ɝ. ɉɪɢ ɜɜɟɞɟɧɢɢ ɬɢɬɚɧɚ ɜ 

ɫɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ TiɈ2 ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɞɨ 118,2 

ɦ2/ɝ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɨɛɪɚɡɰɟ ɫ 15% ɇɆ ɢ 

ɫɨɫɬɚɜɥɹɟɬ 155,3 ɦ2/ɝ. ɉɨɫɥɟ ɨɬɪɚɛɨɬɤɢ ɜ ɪɟɚɤɰɢɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɤɫɚɧɚ ɭɞɟɥɶɧɚɹ 

ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɵɣ ɨɛɴɟɦ ɩɨɪ ɫɧɢɠɚɟɬɫɹ ɧɚ ɜɫɟɯ ɨɛɪɚɡɰɚɯ. Ɇɚɤɫɢɦɚɥɶɧɵɣ 

ɷɮɮɟɤɬɢɜɧɵɣ ɨɛɴɟɦ ɩɨɪ 0,1336 ɫɦ 3/ɝ ɡɚɮɢɤɫɢɪɨɜɚɧ ɧɚ 0.35%Pt/Ti(5,0)NaHMM, ɜɜɟɞɟɧɢɟ 

TiɈ2 ɢ ɇɆ ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ ɫɧɢɠɟɧɢɸ. 

Ɋɚɫɱɟɬ ɢɡ ɬɚɛɥɢɰɵ 1 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚ ɨɛɪɚɡɰɟ 0.35% Pt/ NaHMM + TiɈ2 + HM 

15% ɧɚ ɞɨɥɸ ɦɢɤɪɨɩɨɪ (ɞɨ 20Å) ɩɪɢɯɨɞɢɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɢɯ ɤɨɥɢɱɟɫɬɜɨ - 52,2%. ɇɚ 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ Pt 0.35%/Ti(5,0)NaHMM ɢ Pt 0.35%/NaHMM + TiɈ2 ɩɪɟɜɚɥɢɪɭɸɬ 

ɦɟɡɨɩɨɪɵ, ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɧɚ ɨɛɨɢɯ ɨɛɪɚɡɰɚɯ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɨɟ 62,0 ɢ 63,4, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
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ɉɨɫɥɟ ɨɬɪɚɛɨɬɤɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɤɫɚɧɚ ɧɚ 

ɛɟɫɰɟɨɥɢɬɧɵɯ ɨɛɪɚɡɰɚɯ ɮɢɤɫɢɪɭɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɢɤɪɨɩɨɪ ɢ ɭɦɟɧɶɲɟɧɢɟ 

ɦɟɡɨɩɨɪ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦɢ ɨɛɪɚɡɰɚɦɢ. ɇɚ ɇɆ-ɫɨɞɟɪɠɚɳɟɦ ɤɚɬɚɥɢɡɚɬɨɪɟ 

ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɬɧɚɹ ɤɚɪɬɢɧɚ. 

Ɇɟɬɨɞɨɦ ɊɎȺ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ 0.35%Pt/NaHMM/Ti – ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

-ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɞɢɮɪɚɤɬɨɦɟɬɪɚ DRON-4*0.7; ɫ CoKα ɢ CuKα-

ɢɡɥɭɱɟɧɢɟɦ. Ⱦɢɮɪɚɤɬɨɦɟɬɪɢɱɟɫɤɢɟ ɪɟɮɥɟɤɫɵ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫɪɚɜɧɢɜɚɥɢ ɫ 

ɩɨɪɨɲɤɨɜɵɦɢ ɫɬɚɧɞɚɪɬɚɦɢ ɤɚɪɬɨɬɟɤɢ ICPDS. 

ɇɚ ɨɛɪɚɡɰɟ 1 0.35%Pt/Ti(5,0)NaHMM ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɪɟɮɥɟɤɫ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ 

(4.44) ɢ ɛɚɡɚɥɶɧɵɣ ɪɟɮɥɟɤɫ (9.0 - 9.4), ɤɨɬɨɪɵɣ ɭɤɚɡɵɜɚɟɬ ɧɚ ɪɚɡɞɜɢɠɟɧɢɟ ɦɟɠɫɥɨɟɜɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ ɩɢɥɥɚɪɢɪɨɜɚɧɢɢ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ.  

 ɇɚ ɨɛɪɚɡɰɟ 2 0.35%Pt /NaHMM+TiɈ2 ɫɨɯɪɚɧɹɟɬɫɹ ɪɟɮɥɟɤɫ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ 

(4.44) ɢ ɛɚɡɚɥɶɧɵɣ ɪɟɮɥɟɤɫ (9.2). ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɩɢɤɚ 4.44 ɪɚɫɬɟɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɨɛɪɚɡɰɨɦ 1. ɉɨɹɜɥɹɟɬɫɹ ɪɟɮɥɟɤɫ - TiɈ2 –ɚɧɚɬɚɡ (3.52).  

 Ɇɚɬɪɢɰɚ ɨɛɪɚɡɰɚ 3 ɝɨɬɨɜɢɥɚɫɶ ɢɞɟɧɬɢɱɧɨ ɨɛɪɚɡɰɭ 2 ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɜɟɞɟɧɢɟɦ ɇ 

- ɦɨɪɞɟɧɢɬɚ 15%. Ɉɛɧɚɪɭɠɟɧɵ ɪɟɮɥɟɤɫɵ: ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ (4.44), TiɈ2 – ɚɧɚɬɚɡ (3.52) ɢ 

ɇ-ɦɨɪɞɟɧɢɬ (9.0). Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɜɵɡɵɜɚɟɬ ɬɨ, ɱɬɨ ɛɚɡɚɥɶɧɵɣ ɪɟɮɥɟɤɫ, ɪɚɜɧɵɣ 9.2-9.4, 

ɫɨɯɪɚɧɹɟɬɫɹ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɤɚɤɢɦ ɦɟɬɨɞɨɦ ɜɜɨɞɢɥɫɹ ɬɢɬɚɧ ɜ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ. 

 ɇɚ ɨɬɪɚɛɨɬɚɧɧɵɯ ɨɛɪɚɡɰɚɯ ɧɚɣɞɟɧ ɢɞɟɧɬɢɱɧɵɣ ɫɨɫɬɚɜ, ɜɫɟ ɫɬɪɭɤɬɭɪɧɵɟ ɷɥɟɦɟɧɬɵ 

ɫɨɯɪɚɧɹɸɬɫɹ ɛɟɡ ɢɡɦɟɧɟɧɢɣ. 

 Ɇɟɬɨɞɨɦ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɹɦ ɫɨɞɟɪɠɚɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɩɨɥɭɱɟɧɧɵɟ ɢɡ 3-ɯ ɢɡɦɟɪɟɧɢɣ ɜ ɜɟɫɨɜɵɯ % ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɢɫɥɨɬɧɚɹ ɚɤɬɢɜɚɰɢɹ NaMM*- 

ɩɪɢɜɨɞɢɬ ɤ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɦɭ ɭɞɚɥɟɧɢɸ ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ ɢɡ ɝɥɢɧɵ. ɉɪɢ ɜɜɟɞɟɧɢɢ TiO2 

ɢ ɇɆ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ C, Mg, Ⱥl, Si, S ɫɧɢɠɚɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡɰɨɦ, 

ɩɢɥɥɚɪɢɪɨɜɚɧɧɵɦ ɬɢɬɚɧɨɦ. Ʉɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɩɨɫɥɟ ɨɬɪɚɛɨɬɤɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ 

ɱɟɬɵɪɟɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɧɟ ɦɟɧɹɟɬɫɹ, ɧɚ ɨɫɬɚɥɶɧɵɯ ɞɜɭɯ ɨɛɪɚɡɰɚɯ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ʉɨɥɢɱɟɫɬɜɨ ɚɤɬɢɜɧɵɯ ɦɟɬɚɥɥɨɜ Pt ɢ Ti ɩɨɫɥɟ ɨɬɪɚɛɨɬɤɢ ɧɟ 

ɫɧɢɠɚɟɬɫɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɢɡɤɨɣ ɫɬɟɩɟɧɢ ɡɚɭɝɥɟɪɨɠɢɜɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ.  

ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɹɜɥɟɧɵ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɢɡɨɦɟɪɢɡɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɩɥɚɬɢɧɨɜɵɯ ɛɟɫɰɟɨɥɢɬɧɵɯ ɢ 

ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ȼɫɟ ɢɡɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɢɫɩɵɬɚɧɵ ɜ ɪɟɚɤɰɢɢ 

ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɤɫɚɧɚ ɩɪɢ ɱɟɬɵɪɟɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɪɢɫɭɧɨɤ 1). ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ 

ɩɨɤɚɡɚɥɨ, ɱɬɨ ɧɚ Pt 0.35% Ti(5,0)NaHMM ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫ 250 ɞɨ 4000ɋ 
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ɤɨɧɜɟɪɫɢɹ ɪɚɫɬɟɬ ɨɬ 9,0 ɞɨ 50,0%. ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɋ4+-ɢɡɨɦɟɪɚɦ ɩɪɢ 250 ɢ 3000ɋ 

ɫɨɫɬɚɜɥɹɟɬ 100%. Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 4000ɋ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 

S ɩɨ ɋ4+ ɞɨ 95,0%. ȼɵɯɨɞ ɋ7-ɢɡɨɦɟɪɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 2,2 

ɞɨ 4,7%. ȼɵɯɨɞ 2,2-ɞɢɦɟɬɢɥɛɭɬɚɧɚ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 3,5 ɞɨ 21,7%. ɋɭɦɦɚ ɋ6 ɢɡɨɦɟɪɨɜ ɩɪɢ 

4000ɋ ɫɨɫɬɚɜɥɹɟɬ 40,3%. 

ȼɜɟɞɟɧɢɟ TiɈ2 ɜ ɤɚɬɚɥɢɡɚɬɨɪɵ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɢɡɨɦɟɪɢɡɭɸɳɟɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 250-3500ɋ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɢɥɥɚɪɢɪɨɜɚɧɧɵɦ. 

Ɍɚɤ, ɤɨɧɜɟɪɫɢɹ ɩɪɢ ɭɤɚɡɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 7,9 ɞɨ 30,7%, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɩɪɢ 4000ɋ ɡɧɚɱɟɧɢɟ ɤɨɧɜɟɪɫɢɢ 51,6%, ɱɬɨ ɧɚ 1,6% ɜɵɲɟ, ɱɟɦ ɧɚ ɢɫɯɨɞɧɨɦ ɨɛɪɚɡɰɟ. 

ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɋ4+-ɢɡɨɦɟɪɚɦ ɩɪɢ 250 ɢ 3000ɋ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɧɚ ɩɢɥɥɚɪɢɪɨɜɚɧɧɨɦ 

ɨɛɪɚɡɰɟ ɫɨɫɬɚɜɥɹɟɬ 100%. Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 4000ɋ ɩɪɢɜɨɞɢɬ ɤ 

ɫɧɢɠɟɧɢɸ S ɩɨ ɋ4+ ɞɨ 95,6%. ȼɵɯɨɞ ɋ7-ɢɡɨɦɟɪɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

ɤɨɥɟɛɥɟɬɫɹ ɨɬ 2,1 ɞɨ 4,9%, ɜɵɯɨɞ 2,2-ɞɢɦɟɬɢɥɛɭɬɚɧɚ ɨɬ 3,0 ɞɨ 22,4%. ɋɭɦɦɚ ɋ6 ɢɡɨɦɟɪɨɜ 

ɩɪɢ 4000ɋ ɫɨɫɬɚɜɥɹɟɬ 41,6%. 

ɇɚ 0,35%Pt/NaHMM+TiɈ2+ɇɆ ɧɚɛɥɸɞɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɜɟɪɫɢɹ ɧ-ɝɟɤɫɚɧɚ 

ɩɪɢ ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 20 ɞɨ 57,0%. ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɋ4+-

ɢɡɨɦɟɪɚɦ ɩɪɢ 2500ɋ – 100%, ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɋ6- ɢɡɨɦɟɪɚɦ - 99,8%. Ɋɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɋ4+ ɞɨ 93,3% (ɩɪɢ 4000ɋ). ȼɵɯɨɞ 2,2-

ɞɢɦɟɬɢɥɛɭɬɚɧɚ ɧɚ ɞɚɧɧɨɦ ɨɛɪɚɡɰɟ ɨɬ 10,3 ɞɨ 24,1%, ɋ7-ɢɡɨɦɟɪɨɜ ɨɬ 2,1 ɞɨ 8,5%, ɫɭɦɦɚ 

ɋ6 ɢɡɨɦɟɪɨɜ ɩɪɢ 4000ɋ - 43,1%. ȼ ɢɡɨɦɟɪɢɡɚɬɟ ɨɛɧɚɪɭɠɟɧɵ ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ ɤɨɥɢɱɟɫɬɜɚ 

ɝɚɡɨɜ ɋ1-ɋ3.  

 

Ɋɢɫ. 1. Ʉɨɧɜɟɪɫɢɹ (Ⱥ) ɢ ɜɵɯɨɞ ɩɨ ɋ6-ɢɡɨɦɟɪɚɦ (Ȼ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɪɨɰɟɫɫɚ: 1 - Pt 0.35% Ti(5,0)NaHMM; 2 - Pt 0.35%/NaHMM+TiO2;  

3 - Pt 0.35%/NaHMM + TiO2+HM 15%. 
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɬɢɬɚɧɚ ɢɡ TiO2 ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 

ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɢɥɥɚɪɢɪɨɜɚɧɧɵɦ ɨɛɪɚɡɰɨɦ ɫ 132,3 m2/g ɞɨ 118,2 

m2/g ɢ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɩɨɪ ɫ 0,1336 ɫɦ 3/ɝ ɞɨ 0,1233 ɫɦ 3/ɝ, ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɭɦɟɧɶɲɟɧɢɢ 

ɢɡɨɦɟɪɢɡɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɞɚɧɧɨɝɨ ɨɛɪɚɡɰɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 250-3500ɋ. ȼɟɞɟɧɢɟ ɇ-

ɦɨɪɞɟɧɢɬɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɥɭɱɟɧɢɸ ɫɢɫɬɟɦɵ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

155,3 m2/g, ɚ ɬɚɤɠɟ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɨɡɧɚɱɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɦɟɠɞɭ ɦɢɤɪɨ - ɢ 

ɦɟɡɨɩɨɪɚɦɢ, 47,8% ɢ 52,2%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɚɧɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ ɩɨɤɚɡɚɥ ɧɚɢɛɨɥɶɲɭɸ 

ɤɨɧɜɟɪɫɢɸ ɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɜɵɯɨɞɵ ɩɨ ɋ6 ɢ ɋ7- ɢɡɨɦɟɪɚɦ ɩɪɢ ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ.  
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ȺɄɌɂȼɇɈɋɌɖ Ni-W(Mo)/Co-Mo ɋɍɅɖɎɂȾɇɕɏ ɄȺɌȺɅɂɁȺɌɈɊɈȼ, 
ɉɈɅɍɑȿɇɇɕɏ ɊȺɁɅɈɀȿɇɂȿɆ ɌɂɈɉɊȿɄɍɊɋɈɊɈȼ IN SITU  

ɉɚɧɸɤɨɜɚ Ⱦ.ɂ. 1,2, ɋɢɡɨɜɚ ɂ.Ⱥ.1, Ʉɧɹɡɟɜɚ Ɇ.ɂ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,3 

ACTIVITY OF Ni-W(Mo)/Co-Mo SULFIDE CATALYSTS, PREPARED BY THE IN 

SITU DECOMPOSITION OF THIOPRECURSORS 
1ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, ɝ. Ɇɨɫɤɜɚ 

E-mail: panykova@ips.ac.ru  
2Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, ɝ. Ɇɨɫɤɜɚ 

3Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, ɝ. Ɇɨɫɤɜɚ 

 

ɂɫɬɨɳɟɧɢɟ ɡɚɩɚɫɨɜ ɥɟɝɤɢɯ ɧɟɮɬɟɣ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɨɜɥɟɱɟɧɢɟ ɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɭ 

ɧɢɡɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɵɪɶɹ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ 

ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɉȺɍ), ɧɚɩɪɢɦɟɪ, ɝɚɡɨɣɥɶ ɤɪɟɤɢɧɝɚ ɢ 

ɤɨɤɫɨɜɚɧɢɹ [1]. ɉɪɢɦɟɧɹɟɦɵɟ ɜ ɩɪɨɰɟɫɫɚɯ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ «ɤɥɚɫɫɢɱɟɫɤɢɟ» 

ɫɭɥɶɮɢɞɢɪɨɜɚɧɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ Ni-W(Mo)/Co-Mo, ɧɚɧɟɫɟɧɧɵɟ ɧɚ Ȗ-Al2O3, 

ɩɟɪɟɫɬɚɸɬ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɫɨɜɪɟɦɟɧɧɵɦ ɦɢɪɨɜɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟɭɤɥɨɧɧɨ 

ɜɨɡɪɚɫɬɚɟɬ ɢɧɬɟɪɟɫ ɤ ɪɚɡɪɚɛɨɬɤɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɧɟɧɚɧɟɫɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɝɢɞɪɨɨɱɢɫɬɤɢ [2], ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ.  

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞɚ ɤ ɫɢɧɬɟɡɭ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɫɭɥɶɮɢɞɧɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ: ɩɟɪɜɵɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɚɤɬɢɜɧɨɣ ɮɚɡɵ ɜɧɟ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɪɟɞɵ (ex situ), ɜɬɨɪɨɣ – ɨɛɪɚɡɨɜɚɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ 

ɫɪɟɞɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (in situ). ɋɢɧɬɟɡ ɤɚɬɚɥɢɡɚɬɨɪɨɜ in situ ɩɭɬɟɦ ɪɚɡɥɨɠɟɧɢɹ 

ɩɪɟɤɭɪɫɨɪɨɜ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɬɚɛɢɥɶɧɵɟ ɧɚɧɨɱɚɫɬɢɰɵ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 

ɫɭɥɶɮɢɞɧɨɣ ɮɚɡɵ, ɚɤɬɢɜɧɵɯ ɜ ɩɪɟɜɪɚɳɟɧɢɢ ɜɵɫɨɤɨɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɵɪɶɹ [3, 4]. ȼ 

ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨ ɞɚɧɧɨɣ ɫɯɟɦɟ ɭɱɚɫɬɜɭɸɬ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɢ – ɬɢɨɫɨɥɢ. ɒɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɚɦɦɨɧɢɟɜɵɟ ɬɢɨɩɪɟɤɭɪɫɨɪɵ 

ɩɨɫɬɟɩɟɧɧɨ ɬɟɪɹɸɬ ɫɜɨɸ ɚɤɬɭɚɥɶɧɨɫɬɶ, ɢ ɜɟɞɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɟɣɲɢɯ ɫɭɥɶɮɨɧɢɟɜɵɯ 

ɬɢɨɩɪɟɤɭɪɫɨɪɨɜ, ɫɩɨɫɨɛɧɵɯ ɭɥɭɱɲɢɬɶ ɫɜɨɣɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɢɯ 

ɨɫɧɨɜɟ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɥɭɱɟɧɵ Ni-W(Mo) ɢ Co-Mo ɫɭɥɶɮɢɞɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ in situ 

ɜ ɭɝɥɟɜɨɞɨɪɨɞɧɨɦ ɫɵɪɶɟ ɪɚɡɥɨɠɟɧɢɟɦ ɫɭɥɶɮɨɧɢɟɜɵɯ ɬɢɨɩɪɟɤɭɪɫɨɪɨɜ: 

[(Met)3S]2Ni(WS4)2, [(Met)3S]2Ni(MoS4)2, [(Met)3S]2Co(MoS4)2, ɝɞɟ Met – ɦɟɬɢɥɶɧɵɣ 

ɪɚɞɢɤɚɥ. ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɩɪɨɰɟɫɫɚɯ 

ɝɢɞɪɨɞɟɚɪɨɦɚɬɢɡɚɰɢɢ ɢ ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ 

ɫɵɪɶɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɨɞɟɥɶɧɵɟ ɪɚɫɬɜɨɪɵ ɛɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

(ɧɚɮɬɚɥɢɧ, ɦɟɬɢɥɧɚɮɬɚɥɢɧɵ, ɞɢɦɟɬɢɥɧɚɮɬɚɥɢɧɵ, ɬɪɢɦɟɬɢɥɧɚɮɬɚɥɢɧɵ) ɢ 

Ɂ-I-17 
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ɞɢɛɟɧɡɨɬɢɨɮɟɧɚ (ȾȻɌ). Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɜ ɪɟɚɤɬɨɪɟ 

ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ, ɜ ɚɬɦɨɫɮɟɪɟ ɜɨɞɨɪɨɞɚ ɩɨɞ 

ɞɚɜɥɟɧɢɟɦ 5,0 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ (350-380°ɋ), ɜɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ 

ɜɚɪɶɢɪɨɜɚɥɢ (2-8 ɱ). ɉɨɥɭɱɟɧɧɵɟ ɩɪɨɞɭɤɬɵ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɝɚɡɨ-ɠɢɞɤɨɫɬɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɢ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. 

ȼ ɪɟɚɤɰɢɢ ɝɢɞɪɢɪɨɜɚɧɢɹ ɦɨɞɟɥɶɧɨɣ ɫɦɟɫɢ (10%-ɝɨ ɪɚɫɬɜɨɪɚ ɧɚɮɬɚɥɢɧɚ ɜ                      

ɧ-ɝɟɤɫɚɞɟɤɚɧɟ) ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫɪɚɜɧɢɜɚɥɢ ɩɪɢ ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 

ɧɚɮɬɚɥɢɧɚ ɤ ɚɤɬɢɜɧɨɦɭ ɦɟɬɚɥɥɭ (W, Mo), ɪɚɜɧɨɦ 105,3/1. ȼ ɬɚɛɥ.1 ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ 

ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ ɧɚ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 350°ɋ. 

Ɍɚɛɥɢɰɚ 1. Ƚɢɞɪɢɪɨɜɚɧɢɟ 10%-ɝɨ ɪɚɫɬɜɨɪɚ ɧɚɮɬɚɥɢɧɚ ɜ ɧ-ɝɟɤɫɚɞɟɤɚɧɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

350°ɋ 

ɉɪɟɤɭɪɫɨɪ 
ȼɪɟɦɹ 

ɪɟɚɤɰɢɢ, ɱ 

ɋɟɥɟɤɬɢɜɧɨɫɬɶ, % 
Ʉɨɧɜɟɪɫɢɹ 

ɧɚɮɬɚɥɢɧɚ, % 
Ɍɪɚɧɫ-

ɞɟɤɚɥɢɧ 

ɐɢɫ-
ɞɟɤɚɥɢɧ 

Ɍɟɬɪɚɥɢɧ 

[(Met)3S]2Ni(WS4)2 2 5,0 1,0 94,3 24 

[(Met)3S]2Ni(WS4)2 5 7,7 1,3 91,0 32 

[(Met)3S]2Ni(WS4)2 8 8,0 1,0 91,0 35 

[(Met)3S]2Ni(MoS4)2 2 3,0 1,0 96,0 7 

[(Met)3S]2Ni(MoS4)2 5 10,0 3,0 87,0 42 

[(Met)3S]2Ni(MoS4)2 8 11,0 3,0 86,0 99 

[(Met)3S]2Co(MoS4)2 2 1,0 1,0 98,0 20 

[(Met)3S]2Co(MoS4)2 5 2,0 1,0 97,0 30 

[(Met)3S]2Co(MoS4)2 8 3,0 0,6 96,4 45 

 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ 5-ɱɚɫɨɜɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɭɦɦɚɪɧɵɣ ɜɵɯɨɞ 

ɞɟɤɚɥɢɧɨɜ ɜɨɡɪɚɫɬɚɟɬ ɢ ɦɟɧɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɚ ɞɨ 8 

ɱɚɫɨɜ. ɋɬɪɟɦɢɬɟɥɶɧɵɣ ɪɨɫɬ ɤɨɧɜɟɪɫɢɢ ɧɚɮɬɚɥɢɧɚ (ɞɨ 99%) ɢ ɧɚɢɛɨɥɶɲɢɣ ɜɵɯɨɞ 

ɞɟɤɚɥɢɧɨɜ (14%) ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ Ni-Mo-S ɫɢɫɬɟɦɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɝɢɞɪɢɪɨɜɚɧɢɟ – ɫɢɥɶɧɨ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢ ɧɚɯɨɞɢɬɫɹ ɜ 

ɪɚɜɧɨɜɟɫɢɢ ɫ ɨɛɪɚɬɧɵɦ ɩɪɨɰɟɫɫɨɦ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɨɩɬɢɦɢɡɚɰɢɹ 

ɭɫɥɨɜɢɣ ɪɟɚɤɰɢɢ ɬɪɟɛɭɟɬ ɩɨɢɫɤɚ ɬɚɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɤɨɧɜɟɪɫɢɹ ɞɨɫɬɢɝɧɟɬ 
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ɦɚɤɫɢɦɭɦɚ ɩɪɢ ɫɜɟɞɟɧɢɢ ɤ ɦɢɧɢɦɭɦɭ ɪɟɚɤɰɢɢ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ. ɉɨɫɥɟɞɭɸɳɟɟ ɫɪɚɜɧɟɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 380°ɋ (ɬɚɛɥ. 2). 

Ɍɚɛɥɢɰɚ 2. Ƚɢɞɪɢɪɨɜɚɧɢɟ 10%-ɝɨ ɪɚɫɬɜɨɪɚ ɧɚɮɬɚɥɢɧɚ ɜ ɧ-ɝɟɤɫɚɞɟɤɚɧɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

380°ɋ 

ɉɪɟɤɭɪɫɨɪ 
ȼɪɟɦɹ 

ɪɟɚɤɰɢɢ, ɱ 

ɋɟɥɟɤɬɢɜɧɨɫɬɶ, % 
Ʉɨɧɜɟɪɫɢɹ 

ɧɚɮɬɚɥɢɧɚ, % 
Ɍɪɚɧɫ-

ɞɟɤɚɥɢɧ 

ɐɢɫ-
ɞɟɤɚɥɢɧ 

Ɍɟɬɪɚɥɢɧ 

[(Met)3S]2Ni(WS4)2 2 2,7 0,3 97,0 20 

[(Met)3S]2Ni(WS4)2 5 3,6 0,4 96,0 29 

[(Met)3S]2Ni(WS4)2 8 6,2 0,8 93,0 79 

[(Met)3S]2Ni(MoS4)2 2 3,0 2,0 95,0 26 

[(Met)3S]2Ni(MoS4)2 5 8,0 3,0 89,0 68 

[(Met)3S]2Ni(MoS4)2 8 10,0 4,0 86,0 100 

[(Met)3S]2Co(MoS4)2 2 1,5 0,5 98,0 27 

[(Met)3S]2Co(MoS4)2 5 3,5 0,5 96,0 63 

[(Met)3S]2Co(MoS4)2 8 3,0 1,0 96,0 89 

 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 380°ɋ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ 

ɩɪɨɰɟɫɫɚ ɧɚ ɜɫɟɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɤɨɧɜɟɪɫɢɹ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɜɨɡɪɚɫɬɚɟɬ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɜɟɪɫɢɹ (100%) ɢ ɜɵɯɨɞ ɞɟɤɚɥɢɧɨɜ (14%) ɬɚɤɠɟ ɨɬɦɟɱɟɧɵ ɧɚ Ni-Mo-S 

ɫɢɫɬɟɦɟ. 

ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɢ 

ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɨɣ ɫɦɟɫɢ ɢɫɩɨɥɶɡɨɜɚɥɢ 3,5%-ɧɵɣ ɪɚɫɬɜɨɪ ȾȻɌ 

ɜ ɧ-ɝɟɤɫɚɞɟɤɚɧɟ, ɦɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɫɭɛɫɬɪɚɬɚ ɤ ɚɤɬɢɜɧɨɦɭ ɦɟɬɚɥɥɭ (W, Mo) 

ɜɚɪɶɢɪɨɜɚɥɢ. ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ ɫɵɪɶɹ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɚɤɬɢɜɧɨɝɨ ɦɟɬɚɥɥɚ. 
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Ɋɢɫ.1 Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ ȾȻɌ ɨɬ ɦɨɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ȾȻɌ/W(Mo)                      

ɍɫɥɨɜɢɹ ɪɟɚɤɰɢɢ: t=350°C, P=5,0 Ɇɉɚ, Ĳ=5 ɱɚɫɨɜ 

Ɉɛɳɚɹ ɬɟɧɞɟɧɰɢɹ ɤ ɫɧɢɠɟɧɢɸ ɤɨɧɜɟɪɫɢɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɵɪɶɹ 

ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ Ni-Mo-S ɢ Co-Mo-S ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ɉɪɢ ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ȾȻɌ/Mo 

= 26/1 ɤɨɧɜɟɪɫɢɹ ɞɨɫɬɢɝɚɟɬ 68%. Ⱦɥɹ Co-Mo-S ɤɚɬɚɥɢɡɚɬɨɪɚ ɯɚɪɚɤɬɟɪɧɚ ɜɵɫɨɤɚɹ 

ɤɨɧɜɟɪɫɢɹ ɫɭɛɫɬɪɚɬɚ ɩɪɢ ɥɸɛɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ȾȻɌ/Mo, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 

ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɫɢɫɬɟɦɵ ɤ ɞɟɡɚɤɬɢɜɚɰɢɢ, ɫɪɨɞɫɬɜɨɦ ɚɤɬɢɜɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɦɟɬɚɥɥɚ 

ɩɪɨɦɨɬɨɪɚ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ Co-Mo-S ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɬɟɤɚɸɬ ɪɟɚɤɰɢɢ 

ɝɢɞɪɨɝɟɧɨɥɢɡɚ (ɪɚɡɪɵɜ ɋ-S ɫɜɹɡɟɣ). ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɟɚɤɰɢɹ ɝɢɞɪɢɪɨɜɚɧɢɹ ɩɪɨɬɟɤɚɟɬ ɩɨ 

ɞɜɭɦ ɦɚɪɲɪɭɬɚɦ: ɩɪɹɦɚɹ ɞɟɫɭɥɶɮɭɪɢɡɚɰɢɹ (ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɧɢɟ) ɢ ɝɢɞɪɢɪɨɜɚɧɢɟ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɪɟɚɤɰɢɹ ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɧɢɹ ɧɚ             Co-Mo-S ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɢɞɟɬ 

ɩɨ ɦɚɪɲɪɭɬɭ ɩɪɹɦɨɣ ɞɟɫɭɥɶɮɭɪɢɡɚɰɢɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɝɢɞɪɢɪɨɜɚɧɢɟɦ. ȼ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɫɬɶ ɤɨɦɩɨɡɢɰɢɹɦ ɧɚ ɨɫɧɨɜɟ Mo, ɧɚ Ni-W-S ɤɚɬɚɥɢɡɚɬɨɪɟ ɪɟɚɤɰɢɹ 

ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɧɢɹ ɩɪɨɬɟɤɚɟɬ ɩɨ ɦɚɪɲɪɭɬɭ ɝɢɞɪɢɪɨɜɚɧɢɹ, ɤɨɧɜɟɪɫɢɹ ɫɵɪɶɹ ɧɚ 

ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ ɧɟ ɩɪɟɜɵɲɚɟɬ 4%. 

ȼɵɜɨɞɵ: 

 ɉɪɨɜɟɞɟɧɢɟ ɝɢɞɪɢɪɨɜɚɧɢɹ 10%-ɝɨ ɪɚɫɬɜɨɪɚ ɧɚɮɬɚɥɢɧɚ ɜ ɧ-ɝɟɤɫɚɞɟɤɚɧɟ 

ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɧɚ Ni-Mo-S ɤɚɬɚɥɢɡɚɬɨɪɟ, ɜɫɥɟɞɫɬɜɢɟ ɟɝɨ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɢ; 

 Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɨɧɜɟɪɫɢɢ ɧɚɮɬɚɥɢɧɚ ɫ ɭɱɟɬɨɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɨɝɪɚɧɢɱɟɧɢɣ ɪɟɚɤɰɢɢ ɝɢɞɪɢɪɨɜɚɧɢɹ ɉȺɍ, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɟ ɭɫɥɨɜɢɹ ɩɪɨɬɟɤɚɧɢɹ 

ɩɪɨɰɟɫɫɚ: t = 380°ɋ, P = 5,0 Ɇɉɚ, Ĳ = 8 ɱɚɫɨɜ; 

010203040506070
26./1 52/1 105,3/1Ʉ

ɨɧ
ɜɟ

ɪɫ
ɢɹ

 Ⱦ
ȻɌ

, %

ɋɨɨɬɧɨɲɟɧɢɟ ȾȻɌ/W(Mo), ɦɨɥɶ/ɦɨɥɶ

Ni-W-SNi-Mo-SCo-Mo-S
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 ɇɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɢ ɝɢɞɪɢɪɨɜɚɧɢɹ ȾȻɌ ɩɪɨɹɜɥɹɟɬ Co-Mo-S 

ɤɚɬɚɥɢɡɚɬɨɪ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɜɟɪɫɢɹ – 68%. 

 

 Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ ɩɪɢ 

ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɎȺɇɈ Ɋɨɫɫɢɢ. 
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Pd-ɄȺɌȺɅɂɁȺɌɈɊɕ, ɇȺɇȿɋȿɇɇɕȿ ɇȺ ȺɄɌɂȼɂɊɈȼȺɇɇɕɃ 
ɆɈɇɌɆɈɊɂɅɅɈɇɂɌ ȼ Na-ɎɈɊɆȿ, ȼ ɂɁɈɆȿɊɂɁȺɐɂɂ ɧ-ȽȿɄɋȺɇȺ 

Ⱦɠɭɦɚɛɚɟɜɚ Ʌ.ɋ.2, Ɂɚɤɚɪɢɧɚ ɇ.Ⱥ.1, ȿɥɢɝɛɚɟɜɚ Ƚ. ɀ.2 
Pd-CATALYSTS INFLICTED ON ACTIVATED MONTMORILLONITE IN Na- 

FORM, IN ISOMERIZATION OF n-HEXANE 
1 ȺɈ «ɂɧɫɬɢɬɭɬ ɬɨɩɥɢɜɚ, ɤɚɬɚɥɢɡɚ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦ. Ⱦ.ȼ. ɋɨɤɨɥɶɫɤɨɝɨ»,  

ɝ. Ⱥɥɦɚɬɵ 
2 Ʉɚɡɚɯɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ʉ.ɂ. 

ɋɚɬɩɚɟɜɚ, ɝ. Ⱥɥɦɚɬɵ 

e-mail: djumabaevals@mail.ru 

 

Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɚɥɤɚɧɨɜ ɹɜɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɧɨɟ ɢɡɦɟɧɟɧɢɟ ɧ-

ɩɚɪɚɮɢɧɨɜ ɜ ɢɯ ɢɡɨɦɟɪɵ, ɨɛɥɚɞɚɸɳɢɟ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɨɤɬɚɧɨɜɵɦ ɱɢɫɥɨɦ, ɤɨɬɨɪɵɟ 

ɜɨɫɬɪɟɛɨɜɚɧɵ ɤɚɤ ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɟ ɞɨɛɚɜɤɢ ɤ ɦɨɬɨɪɧɵɦ 

ɬɨɩɥɢɜɚɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɩɪɨɰɟɫɫɚɯ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɚɥɤɚɧɨɜ ɢɫɩɨɥɶɡɭɸɬ ɜ 

ɨɫɧɨɜɧɨɦ ɤɚɬɚɥɢɡɚɬɨɪɵ ɫ ɛɥɚɝɨɪɨɞɧɵɦ ɦɟɬɚɥɥɨɦ (ɩɥɚɬɢɧɚ, ɩɚɥɥɚɞɢɣ) [1].  

ɉɪɢɪɨɞɧɵɟ ɚɥɸɦɨɫɢɥɢɤɚɬɵ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɢ ɞɨɫɬɭɩɧɵɯ 

ɜɢɞɨɜ ɦɚɬɪɢɰ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɪɚɡɥɢɱɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ɂɯ ɤɢɫɥɨɬɧɚɹ ɚɤɬɢɜɚɰɢɹ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɤɢɫɥɨɬɧɨɫɬɢ, ɭɞɚɥɟɧɢɸ ɩɪɢɦɟɫɟɣ ɢ ɭɦɟɧɶɲɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ 

Na, Ca, Mg ɛɥɚɝɨɞɚɪɹ ɤɚɬɢɨɧɧɨɦɭ ɨɛɦɟɧɭ [2,3]. ȼɫɟ ɷɬɢ ɮɚɤɬɨɪɵ ɫɩɨɫɨɛɫɬɜɭɸɬ 

ɩɨɜɵɲɟɧɢɸ ɢɡɨɦɟɪɢɡɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ 

ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ (ɆɆ).    

ɐɟɥɶ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɵ- ɫɢɧɬɟɡ, ɢɡɭɱɟɧɢɟ ɬɟɤɫɬɭɪɧɵɯ ɢ ɞɪɭɝɢɯ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɟɫɰɟɨɥɢɬɧɵɯ ɢ ɦɨɪɞɟɧɢɬɫɨɞɟɪɠɚɳɢɯ Pd-ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ 

ɨɫɧɨɜɟ PdCl2, ɧɚɧɟɫɟɧɧɵɯ ɧɚ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ Ɍɚɝɚɧɫɤɢɣ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ ɜ Nɚ-ɮɨɪɦɟ 

(NaHMM), ɜ ɪɟɚɤɰɢɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɤɫɚɧɚ. 

 ɇ-ɮɨɪɦɭ Ɍɚɝɚɧɫɤɨɝɨ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ ɩɨɥɭɱɚɥɢ ɨɛɪɚɛɨɬɤɨɣ 20% ɪɚɫɬɜɨɪɨɦ 

H2SO4 ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɦɵɜɚɧɢɟɦ ɨɬ ɢɨɧɨɜ SO4
2-. Ⱥɤɬɢɜɢɪɨɜɚɧɧɭɸ ɝɥɢɧɭ ɮɨɪɦɨɜɚɥɢ, 

ɫɭɲɢɥɢ ɜ ɬɨɧɤɨɦ ɫɥɨɟ ɫɧɚɱɚɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɡɚɬɟɦ ɩɪɢ 1500ɋ ɢ ɞɚɥɟɟ 

ɩɨɞɜɟɪɝɚɥɢ ɩɪɨɤɚɥɢɜɚɧɢɸ ɩɪɢ 5000ɋ [4]. ɉɨɞɝɨɬɨɜɥɟɧɧɭɸ ɇ-ɮɨɪɦɭ ɆɆ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɤɚɤ ɧɨɫɢɬɟɥɶ ɞɥɹ Pd-ɤɚɬɚɥɢɡɚɬɨɪɨɜ.  

Ʉɚɬɚɥɢɡɚɬɨɪɵ ɝɨɬɨɜɢɥɢ ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ ɧɨɫɢɬɟɥɹ ɜɨɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ PdCl2 

ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɫɭɲɢɜɚɧɢɟɦ, ɩɪɨɤɚɥɢɜɚɧɢɟɦ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɨɤɫɢɞɨɜ ɞɨ 

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɋɨɞɟɪɠɚɧɢɟ ɦɟɬɚɥɥɚ ɜ ɨɛɪɚɡɰɚɯ ɫɨɫɬɚɜɢɥɨ 0,1 ɢ 0,35 ɦɚɫ.%. 

B Pd/NaHMM ɜɜɨɞɢɥɢ 15% ɦɨɪɞɟɧɢɬɚ (HM) ɫ ɫɢɥɢɤɚɬɧɵɦ ɦɨɞɭɥɟɦ Si/Al=20. 

Ɍɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ȻɗɌ ɩɨ 

ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ ɧɚ ɩɪɢɛɨɪɟ ACCUSORB. ɗɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ 

Ɂ-I-18 
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ɤɨɦɩɨɡɢɬɨɜ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɣ – ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɣ 

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɧɚ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɢɫɬɟɦɟ ɦɢɤɪɨɚɧɚɥɢɡɚ INCA – Energy 450, 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ  ɧɚ ɫɤɚɧɢɪɭɸɳɢɣ ɷɥɟɤɬɪɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ JSM6610LV, JOEL, əɩɨɧɢɹ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɜ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɤɫɚɧɚ ɢɫɫɥɟɞɨɜɚɥɢ ɜ ɩɪɨɬɨɱɧɨɦ 

ɪɟɚɤɬɨɪɟ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɜ ɢɧɬɟɪɜɚɥɟ 250-4000ɋ. ɉɪɨɰɟɫɫ 

ɩɪɨɜɨɞɢɥɫɹ ɜ ɬɨɤɟ ɜɨɞɨɪɨɞɚ ɩɪɢ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ 0,82ɱɚɫ-1. ȼ ɬɚɛɥɢɰɟ 1 

ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɷɥɟɦɟɧɬɧɨɦɭ ɫɨɫɬɚɜɭ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɇ-ɮɨɪɦɵ Ɍɚɝɚɧɫɤɨɝɨ 

ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ ɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ Pd. 

 

Ɍɚɛɥɢɰɚ 1. ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɛɟɫɰɟɨɥɢɬɧɵɯ ɢ ɦɨɪɞɟɧɢɬɫɨɞɟɪɠɚɳɢɯ 

Ɋd/NaHMM c ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ Pd 

Ɉɛɪɚɡɟɰ 
ɋɨɞɟɪɠɚɧɢɟ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, % 

C Ɉ Na Mg Al Si Ca Fe Pd 

NaɇɆɆ - 51,19 0,74 2,72 10,90 33,75 0,27 0,44 - 

0,1%Pd/NaHMM +HM 8,59 47,76 0,09 0,95 11,71 30,24 0,09 0,36 0,21 

0,1%Pd/NaHMM 8,86 47,73 0,05 1,40 13,36 27,93 0,08 0,44 0,16 

0,35% Pd/NaHMM +HM 8,77 48,41 0,07 1,04 11,57 28,97 0,06 0,36 0,74 

0,35% Pd/NaHMM 8,69 48,84 0,05 1,36 12,96 27,05 0,07 0,35 0,63 

 

ɂɡ ɞɚɧɧɵɯ ɩɨ ɷɥɟɦɟɧɬɧɨɦɭ ɫɨɫɬɚɜɭ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɇ-ɮɨɪɦɵ ɆɆ ɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ Pd ɬɚɛɥ. 1 ɜɢɞɧɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɜɟɞɟɧɢɹ Pd 

ɢ ɇɆ ɜ ɤɚɬɚɥɢɡɚɬɨɪɵ ɤɨɥɢɱɟɫɬɜɨ ɧɚɬɪɢɹ, ɤɚɥɶɰɢɹ ɢ ɦɚɝɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬɫɹ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɢɡɚ NaHMM. ɉɨ ɞɚɧɧɵɦ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɤɨɥɢɱɟɫɬɜɨ 

ɩɚɥɥɚɞɢɹ ɜ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɜɵɲɟ ɪɚɫɱɟɬɧɵɯ ɜɟɥɢɱɢɧ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ (ȻɗɌ) ɨɩɪɟɞɟɥɟɧɵ 

ɬɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɬɚɛɥ.2.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɤɢɫɥɨɬɨɣ NaMM ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ 

ɪɚɫɬɟɬ ɨɬ 48,2 ɦ2/ɝ ɞɨ 245,1 ɦ2/ɝ, ɨɛɳɢɣ ɨɛɴɟɦ ɩɨɪ ɢɡɦɟɧɹɟɬɫɹ ɦɚɥɨ, ɭɦɟɧɶɲɚɟɬɫɹ 

ɤɨɥɢɱɟɫɬɜɨ ɦɢɤɪɨɩɨɪ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɪɨɫɬɟ ɦɟɡɨɩɨɪ. ɉɪɢ ɜɧɟɫɟɧɢɢ ɩɚɥɥɚɞɢɹ ɧɚ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɧɨɫɢɬɟɥɶ ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɳɟɝɨ 

ɨɛɴɟɦɚ ɩɨɪ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɚɧɧɵɦɢ, ɧɚɣɞɟɧɧɵɦɢ ɞɥɹ ɫɚɦɨɝɨ ɧɨɫɢɬɟɥɹ (NaHMM), 

ɩɪɢɱɟɦ ɷɬɨɬ ɷɮɮɟɤɬ ɭɫɢɥɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ Pd ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ. 

Ɏɨɪɦɢɪɨɜɚɧɢɸ ɦɢɤɪɨɩɨɪ ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɜɟɞɟɧɢɟ ɦɨɪɞɟɧɢɬɚ ɢ ɩɚɥɥɚɞɢɹ ɜ ɫɨɫɬɚɜ 

ɤɚɬɚɥɢɡɚɬɨɪɚ.  
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Ɍɚɛɥɢɰɚ 2. Ɍɟɤɫɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ Pd-ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɧɚɧɟɫɟɧɧɵɯ ɧɚ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ   ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ (NaHMM) ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɦɨɪɞɟɧɢɬɨɦ. 

 

ȼɜɟɞɟɧɢɟ ɦɨɪɞɟɧɢɬɚ ɜ Pd/NaHMM-ɤɚɬɚɥɢɡɚɬɨɪɵ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 

ɩɨɜɵɲɟɧɢɸ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɩɨɪ. ȼ Pd/NaHMM+HM-

ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɟɡɨɩɨɪ ɢ ɫɧɢɠɟɧɢɟ 

ɤɨɥɢɱɟɫɬɜɚ ɦɢɤɪɨɩɨɪ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɩɚɥɥɚɞɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɛɟɫɰɟɨɥɢɬɧɵɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ.  

 

Ɍɚɛɥɢɰɚ 3. ɂɡɨɦɟɪɢɡɚɰɢɹ ɧ-ɝɟɤɫɚɧɚ ɧɚ Pd/NɚHɆɆ– ɤɨɦɩɨɡɢɬɧɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ 

Ʉɚɬ-ɪ Ɍ, 
0ɋ 

α, % Sɋ6, 
% 

Sɋ4+ 

% 

ȼɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ, % 

{ɋ1-

ɋ4 

i-Ȼ 2ɆȻ 2,2Ⱦ 

ɆȻ 

2Ɇɉ ɋɭɦɦɚ 
ɋ6 

ɋɭɦɦɚ 
ɋ7

* 

0,35

% Pd 

250 10,5 75,5 99,6 0,00 0,00 0,04 4,75 3,15 7,90 2,53 

300 40,4 89,8 98,5 0,00 0,00 0,60 18,50 17,8 36,30 3,52 

350 51,2 90,2 97,4 0,03 0,17 1,14 25,67 20,50 46,20 3,65 

400 54,1 78,9 97,1 0,03 0,50 1,03 23,37 19,28 42,65 9,86 

0,1% 

Pd 

250 11,9 65,3 96,5 0,00 0,20 0,22 4,60 3,20 7,80 3,73 

300 27,1 83,9 97,8 0,00 0,00 0,60 13,60 9,17 22,73 3,76 

350 47,5 87,8 97,2 0,15 0,15 1,05 22,77 18,93 41,70 4,43 

400 52,1 88,3 98,3 0,10 0,25 0,53 26,00 20,03 46,03 5,21 

* - ɋ7: 2,2 ȾɆɉ – 2,2-Ⱦɢɦɟɬɢɥɩɟɧɬɚɧ; 2,4 ȾɆɉ – 2,4-Ⱦɢɦɟɬɢɥɩɟɧɬɚɧ; 2,2,3ɌɆȻ – 2,2,3-

Ɍɪɢɦɟɬɢɥɛɭɬɚɧ; 3,3ȾɆɉ - 3,3-Ⱦɢɦɟɬɢɥɩɟɧɬɚɧ; 2ɆȽ - 2-Ɇɟɬɢɥɝɟɤɫɚɧ; 3ɆȽ – 3-

Ɇɟɬɢɥɝɟɤɫɚɧ; 3ɗɉ – 3-ɗɬɢɥɩɟɧɬɚɧ. 

 

ɂɫɩɵɬɚɧɢɹ 0,35% ɢ 0,1% ɩɚɥɥɚɞɢɟɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɤɫɚɧɚ 

ɩɨɤɚɡɚɥɢ ɪɨɫɬ ɤɨɧɜɟɪɫɢɢ ɧ- ɝɟɤɫɚɧɚ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɚɹ ɞɨɫɬɢɝɚɟɬ 

54,1% ɧɚ 0,35% Pd-ɤɚɬɚɥɢɡɚɬɨɪɟ ɢ 52,1% ɧɚ 0,1% Pd–ɤɚɬɚɥɢɡɚɬɨɪɟ ɩɪɢ 4000ɋ (ɬɚɛɥ.3, 

Ɉɛɪɚɡɟɰ 
S, 

m2/g 

Ɉɛɳɢɣ 
ɨɛɴɟɦ ɩɨɪ, 

ɫɦ3/ɝ 

R, Å 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ,% 

Ɇɢɤɪɨɩɨɪɵ, 
(0-20Å) 

Ɇɟɡɨɩɨɪɵ, 
(20-80Å) 

NaMM 48,2 0,478 12,0-60,0 17,0 83,0 

NaHMM 245,1 0,468 15,0-80,0 12,9 87,1 

0,35%Pd/NaHMM 105,2 0,112 11,0-70,0 42,2 57,1 

0,1%Pd/NaHMM 125,6 0,132 10,0-70,0 40,0 60,1 

0,35% Pd/NaHMM+HM 131,9 0,124 12,0-70,0 34,6 65,3 

0,1% Pd/NaHMM+HM 156,8 0,145 11,0-70,0 36,0 64,0 
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ɪɢɫ.1). ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɋ4+ ɢɡɨɦɟɪɚɦ ɫɨɯɪɚɧɹɟɬɫɹ ɜɵɫɨɤɨɣ ɩɪɢ ɜɫɟɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

(96,5-99,5%). 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ 2.2-ɞɢɦɟɬɢɥɛɭɬɚɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ 4000ɋ ɧɚ 0,1% Pd-

ɤɨɧɬɚɤɬɟ ɢ ɫɨɫɬɚɜɥɹɟɬ 26,0 %. Ȼɥɢɡɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢ ɧɚ 0,35% Pd-

ɤɚɬɚɥɢɡɚɬɨɪɟ ɩɪɢ 3500ɋ. ȼɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɧɟ ɛɨɥɟɟ 0,15%. ɋɭɦɦɚɪɧɵɣ 

ɜɵɯɨɞ ɦɨɧɨ- ɢ ɞɢɡɚɦɟɳɟɧɧɵɯ ɢɡɨɝɟɤɫɚɧɨɜ ɧɚ 0,35% Pd-ɤɚɬɚɥɢɡɚɬɨɪɟ ɩɪɢ 3500ɋ 

ɫɨɫɬɚɜɥɹɟɬ 46,2%, ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɩɚɥɥɚɞɢɹ ɞɨ 0,1% ɜɵɯɨɞ ɢɡɨɝɟɤɫɚɧɨɜ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. 

    1) 2) 

Ɋɢɫ. 1.  ɋɟɥɟɤɬɢɜɧɨɫɬɶ, ɜɵɯɨɞ ɢɡɨɝɟɤɫɚɧɨɜ, ɢ ɤɨɧɜɟɪɫɢɹ ɧ-ɝɟɤɫɚɧɚ ɧɚ 0,1%Pd/NɚHɆɆ 

(1); 0,35%Pd/NɚHɆɆ (2)- ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ 

 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. 2, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 

ɢɡɨɦɟɪɢɡɭɸɳɚɹ ɚɤɬɢɜɧɨɫɬɶ Pd-ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɟɡ ɦɨɪɞɟɧɢɬɚ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɚ ɭ 

0,35% ɢ 0,1%Pd.  ȼɜɟɞɟɧɢɟ ɦɨɪɞɟɧɢɬɚ ɜ ɫɨɫɬɚɜ 0,35%Pd/NɚHɆɆ+ɇɆ-ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɫɧɢɠɚɟɬ ɜɵɯɨɞɵ 2,2-ȾɆȻ, ɢɡɨɝɟɤɫɚɧɨɜ ɢ ɤɨɧɜɟɪɫɢɸ ɧ- ɝɟɤɫɚɧɚ, ɧɨ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɢɡɨ-

ɋ6 ɢ ɫɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɫɟɯ ɢɡɨɦɟɪɨɜ, ɧɚɱɢɧɚɹ ɫ ɋ4+ ɪɚɫɬɭɬ. Ⱥɧɚɥɨɝɢɱɧɨɟ ɜɥɢɹɧɢɟ 

ɦɨɪɞɟɧɢɬɚ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɧɚ 0,1%Ɋd ɪɢɫ. 2. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɢɡɨɝɟɤɫɚɧɨɜ 

ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ 3500ɋ, ɤɨɬɨɪɵɣ ɞɨɫɬɢɝɚɟɬ 39,6%, ɩɪɢ ɷɬɨɦ ɜɵɯɨɞ 2,2-ɞɢɦɟɬɢɥɛɭɬɚɧɚ 

ɫɨɫɬɚɜɥɹɟɬ 20,9%. ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɋ4+ -ɢɡɨɦɟɪɚɦ ɫɨɯɪɚɧɹɟɬɫɹ ɨɱɟɧɶ ɜɵɫɨɤɨɣ 96,6-

100% ɜ ɢɡɭɱɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ.  
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Ɋɢɫ. 2.  ȼɥɢɹɧɢɟ ɦɨɪɞɟɧɢɬɚ ɢ ɫɨɞɟɪɠɚɧɢɹ ɩɚɥɥɚɞɢɹ ɧɚ ɜɵɯɨɞ 2,2 ȾɆȻ, ɫɭɦɦɵ 

ɢɡɨɝɟɤɫɚɧɨɜ, ɤɨɧɜɟɪɫɢɸ, ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɢ ɫɭɦɦɚɪɧɵɣ ɜɵɯɨɞ ɢɡɨɦɟɪɨɜ ɋ4+   ɜ ɩɪɨɰɟɫɫɟ 

ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɝɟɤɫɚɧɚ  

 

ɍɦɟɧɶɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɩɚɥɥɚɞɢɹ ɞɨ 0,1%, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɵɯɨɞɚ 

ɞɢɦɟɬɢɥɛɭɬɚɧɚ ɢɡ ɧ-ɝɟɤɫɚɧɚ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɧɚ Ɋd-ɤɚɬɚɥɢɡɚɬɨɪɟ, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɦɨɪɞɟɧɢɬɨɦ, ɫɨɫɬɚɜɥɹɟɬ 23,5% ɩɪɢ 3500ɋ. ɉɨ ɫɭɦɦɚɪɧɨɦɭ 

ɫɨɞɟɪɠɚɧɢɸ ɋ6 ɢɡɨɦɟɪɨɜ (42,45%) 0,1%Ɋd-ɤɚɬɚɥɢɡɚɬɨɪ ɬɚɤɠɟ ɧɟɦɧɨɝɨ ɩɪɟɜɨɫɯɨɞɢɬ 

0,35% Ɋd.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ Pd-

ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɧɚɧɟɫɟɧɧɵɯ ɧɚ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ ɜ Na-ɮɨɪɦɟ, ɞɥɹ 

ɢɡɨɦɟɪɢɡɚɰɢɢ ɧ-ɚɥɤɚɧɨɜ, ɩɟɧɬɚɧ-ɝɟɤɫɚɧɨɜɨɣ ɮɪɚɤɰɢɢ, ɥɟɝɤɨɣ ɛɟɧɡɢɧɨɜɨɣ ɮɪɚɤɰɢɢ 

ɧɟɮɬɢ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɩɪɢɜɥɟɤɚɸɬ ɤ ɫɟɛɟ ɢɧɬɟɪɟɫ ɩɪɨɫɬɨɬɨɣ ɫɢɧɬɟɡɚ, 

ɞɨɫɬɭɩɧɨɫɬɶɸ ɫɵɪɶɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɚɪɶɢɪɨɜɚɬɶ ɤɢɫɥɨɬɧɵɟ ɢ ɬɟɤɫɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ.  

 

Ʌɢɬɟɪɚɬɭɪɚ 
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ɆɈȾɂɎɂɄȺɐɂə ȼɕɋɈɄɈɋȿɊɇɂɋɌɈȽɈ ɇȿɎɌəɇɈȽɈ ɄɈɄɋȺ 
ȽɈɊɘɑɂɆɂ ɋɅȺɇɐȺɆɂ ɂ ɉɊɈȾɍɄɌȺɆɂ ɂɏ ɉȿɊȿɊȺȻɈɌɄɂ 

ɋɬɪɟɥɤɨɜɚ ȼ.Ʉ.1, ɏɚɦɢɞɭɥɥɢɧ Ɋ.Ɏ.2, ɀɢɪɧɨɜ Ȼ.ɋ.3, Ɏɚɬɤɭɥɥɢɧ Ɇ.Ɋ.3,  
ɏɚɣɪɭɞɢɧɨɜ ɂ.Ɋ.4 

MODIFICATION OF HIGH-SULPHUR PETROLEUM COKE OIL SHALE  

AND PRODUCTS OF THEIR PROCESSING 
1 Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 

Ɇɨɫɤɜɚ 
2  Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 

Ʉɚɡɚɧɶ 
3 Ɏɢɥɢɚɥ ɎȽȻɈɍ ȼɉɈ «ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ 

ɭɧɢɜɟɪɫɢɬɟɬ», ɋɚɥɚɜɚɬ 
4 Ƚɍɉ «ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɊȻ», ɍɮɚ 

E-mail: strelkova-valentina@yandex.ru 

 

ȼ ɫɯɟɦɚɯ ɫɨɜɪɟɦɟɧɧɵɯ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɡɚɦɟɞɥɟɧɧɨɟ 

ɤɨɤɫɨɜɚɧɢɟ ɡɚɧɢɦɚɟɬ ɜɚɠɧɨɟ ɦɟɫɬɨ ɧɟ ɬɨɥɶɤɨ ɤɚɤ ɧɚɞɟɠɧɵɣ ɢ ɧɢɡɤɨɢɧɜɟɫɬɢɰɢɨɧɧɵɣ 

ɭɝɥɭɛɥɹɸɳɢɣ ɩɪɨɰɟɫɫ, ɧɨ ɢ ɤɚɤ ɩɨɫɬɚɜɳɢɤ ɜɚɠɧɨɝɨ ɩɪɨɞɭɤɬɚ – ɧɟɮɬɹɧɨɝɨ ɤɨɤɫɚ, 

ɤɨɬɨɪɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ – ɰɜɟɬɧɚɹ ɢ ɱɟɪɧɚɹ ɦɟɬɚɥɥɭɪɝɢɹ, ɯɢɦɢɱɟɫɤɚɹ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬ.ɞ. Ɋɨɫɬ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɤɨɤɫɚɯ ɪɚɡɧɨɝɨ 

ɧɚɡɧɚɱɟɧɢɹ ɫɬɚɜɢɬ ɩɟɪɟɞ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɡɚɞɚɱɭ ɩɨɥɭɱɟɧɢɹ 

ɤɨɤɫɚ ɡɚɞɚɧɧɨɝɨ ɤɚɱɟɫɬɜɚ. 

ȼɜɢɞɭ ɭɬɹɠɟɥɟɧɢɹ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɵɯ ɧɟɮɬɟɣ ɢ ɩɨɜɵɲɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ ɜ 

ɫɵɪɶɟ ɤɨɤɫɨɜɚɧɢɹ, ɩɪɨɛɥɟɦɵ ɷɤɨɥɨɝɢɢ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɢ ɫɝɨɪɚɧɢɢ ɜɵɫɨɤɨɫɟɪɧɢɫɬɵɯ 

ɤɨɤɫɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɚɤ ɬɨɩɥɢɜɨ) ɩɪɢɨɛɪɟɬɚɸɬ ɜɫɟ ɛɨɥɶɲɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɵɫɨɤɨɫɟɪɧɢɫɬɵɟ ɢ ɫɟɪɧɢɫɬɵɟ ɤɨɤɫɵ ɤɚɤ ɩɨɛɨɱɧɵɟ ɩɪɨɞɭɤɬɵ 

ɢɫɩɨɥɶɡɭɸɬ, ɜ ɨɫɧɨɜɧɨɦ, ɤɚɤ ɬɨɩɥɢɜɨ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬ ɢɯ ɨɝɪɚɧɢɱɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ. 

ɇɟɮɬɹɧɨɣ ɤɨɤɫ ɤɚɤ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɬɨɩɥɢɜɨ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɬɟɩɥɨɬɜɨɪɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɢ ɧɢɡɤɨɣ ɡɨɥɶɧɨɫɬɶɸ, ɧɨ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ (3-6 ɦɚɫ.%) ɜ ɟɝɨ 

ɫɨɫɬɚɜɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɜɵɛɪɨɫɚɦ ɨɤɫɢɞɨɜ ɫɟɪɵ ɜ ɚɬɦɨɫɮɟɪɭ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 

ɫɥɟɞɭɟɬ ɭɥɭɱɲɢɬɶ ɩɨɤɚɡɚɬɟɥɢ ɢɯ ɝɨɪɟɧɢɹ, ɚ ɢɦɟɧɧɨ ɭɦɟɧɶɲɢɬɶ ɫɨɞɟɪɠɚɧɢɟ SɈx ɜ ɝɚɡɚɯ 

ɝɨɪɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɰɟɥɢ: 

ɪɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɚ ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɨɤɢɫɥɨɜ ɫɟɪɵ ɜ ɩɪɨɞɭɤɬɚɯ ɝɨɪɟɧɢɹ 

ɜɵɫɨɤɨɫɟɪɧɢɫɬɵɯ ɤɨɤɫɨɜ; ɭɥɭɱɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɨɪɟɧɢɹ ɜɵɫɨɤɨɫɟɪɧɢɫɬɨɝɨ 

ɧɟɮɬɹɧɨɝɨ ɤɨɤɫɚ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ, ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ 

ɩɨɥɭɱɟɧɢɟ ɦɚɥɨɫɟɪɧɢɫɬɨɝɨ ɤɨɤɫɚ (ɞɨ 1.5 ɦɚɫ.%) ɨɝɪɚɧɢɱɟɧɨ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɤɚ 

ɧɢɡɤɨɫɟɪɧɢɫɬɵɯ ɧɟɮɬɟɣ. 

Ɂ-I-19 

mailto:strelkova-valentina@yandex.ru


278 

 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɰɟɥɟɣ ɬɪɟɛɨɜɚɥɨɫɶ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

ɢɡɭɱɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ  ɜɵɫɨɤɨɫɟɪɧɢɫɬɵɯ ɤɨɤɫɨɜ, ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɚɬɶ ɫɩɨɫɨɛ 

ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɨɤɢɫɥɨɜ ɫɟɪɵ ɜ ɩɪɨɞɭɤɬɚɯ ɝɨɪɟɧɢɹ ɜɵɫɨɤɨɫɟɪɧɢɫɬɵɯ  ɤɨɤɫɨɜ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɦɢ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦɢ ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɨɤɢɫɥɨɜ ɫɟɪɵ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɡɚ ɫɱɟɬ 

ɭɫɤɨɪɟɧɢɹ ɪɟɚɤɰɢɣ ɝɨɪɟɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɨɛɚɜɨɤ.  

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɫɩɨɫɨɛɚ ɩɨɤɚɡɚɧɚ ɜɵɫɨɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɨɤɢɫɥɨɜ ɫɟɪɵ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ,  ɩɪɢɜɟɞɟɬ ɤ 

ɭɥɭɱɲɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ ɧɚ ɮɚɤɟɥɚɯ.  

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɚɜɬɨɪɨɦ ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɢɬ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɧɟɮɬɹɧɨɣ ɤɨɤɫ ɫ 

ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ɜ ɬɜɟɪɞɨɟ ɬɨɩɥɢɜɨ, ɤɨɬɨɪɨɟ ɜɩɨɫɥɟɞɫɬɜɢɢ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɨ ɧɚ ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɢɥɢ ɜ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ. 

Ɍɨɩɥɢɜɨ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɜ ɥɸɛɨɣ ɨɬɪɚɫɥɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 

ɩɨɬɪɟɛɥɹɸɳɟɣ ɭɝɨɥɶɧɨɟ ɢɥɢ ɤɨɤɫɨɜɨɟ ɬɨɩɥɢɜɨ, ɤɨɬɨɪɨɣ ɬɪɟɛɭɟɬɫɹ ɷɤɨɥɨɝɢɱɧɨɟ ɬɨɩɥɢɜɨ, 

ɞɚɸɳɟɟ ɩɨɫɬɨɹɧɧɨ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɬɟɩɥɚ.  

ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɢ ɜɵɲɟɭɤɚɡɚɧɧɨɝɨ ɬɨɩɥɢɜɚ ɧɟɤɨɬɨɪɵɟ ɢɡ ɨɬɪɚɫɥɟɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɦɨɝɭɬ ɩɨɥɭɱɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɩɪɢɛɵɥɶ, ɬɚɤ ɤɚɤ ɨɞɧɨɣ ɢɡ ɞɨɛɚɜɨɤ, 

ɤɨɬɨɪɭɸ ɨɧɨ ɫɨɞɟɪɠɢɬ, ɹɜɥɹɟɬɫɹ ɢɡɜɟɫɬɶ. ɗɬɨ ɨɡɧɚɱɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɛɟɪɟɠɟɧɢɹ ɞɥɹ 

ɬɟɯ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɝɞɟ ɜ ɬɨɩɥɢɜɨ, ɤɨɬɨɪɨɟ ɨɧɢ ɢɫɩɨɥɶɡɭɸɬ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɥɹɬɶ ɢɡɜɟɫɬɶ. 

ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɚ, ɜ ɩɟɪɫɩɟɤɬɢɜɟ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɧɟɮɬɹɧɵɯ 

ɤɨɤɫɨɜ ɫ ɩɨɧɢɠɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɤɫɢɞɨɜ ɫɟɪɵ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɝɨɪɟɧɢɹ ɦɨɠɧɨ ɛɵɥɨ 

ɛɵ ɩɪɟɞɥɨɠɢɬɶ ɧɚ ɈȺɈ «Ɇɨɫɤɨɤɫ» (ɝ. ȼɢɞɧɨɟ, Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ).  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ 

ɭɥɭɱɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɫɨɤɨɫɟɪɧɢɫɬɨɝɨ ɧɟɮɬɹɧɨɝɨ ɤɨɤɫɚ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ, ɩɨɫɤɨɥɶɤɭ ɩɨɥɭɱɟɧɢɟ ɦɚɥɨɫɟɪɧɢɫɬɨɝɨ ɤɨɤɫɚ (ɞɨ 1,5 %ɦɚɫɫ.) 

ɨɝɪɚɧɢɱɟɧɨ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɤɚ ɧɢɡɤɨɫɟɪɧɢɫɬɵɯ ɧɟɮɬɟɣ. ȼɵɫɨɤɨɫɟɪɧɢɫɬɵɟ ɢ ɫɟɪɧɢɫɬɵɟ 

ɤɨɤɫɵ ɤɚɤ ɩɨɛɨɱɧɵɟ ɩɪɨɞɭɤɬɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ. Ɉɞɧɚɤɨ 

ɫɥɟɞɭɟɬ ɭɥɭɱɲɢɬɶ ɩɨɤɚɡɚɬɟɥɢ ɢɯ ɝɨɪɟɧɢɹ, ɚ ɢɦɟɧɧɨ ɭɦɟɧɶɲɢɬɶ ɫɨɞɟɪɠɚɧɢɟ SɈx ɜ ɝɚɡɚɯ 

ɝɨɪɟɧɢɹ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɪɚɛɨɬɟ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɞɨɛɚɜɤɢ, ɫɜɹɡɵɜɚɸɳɢɟ 

ɨɤɫɢɞɵ ɫɟɪɵ ɩɪɢ ɝɨɪɟɧɢɢ ɤɨɤɫɚ.  

ȼ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɨɤ – ɩɪɨɩɢɬɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɵɛɪɚɧɵ ɜɨɞɧɵɟ ɞɢɫɩɟɪɫɢɢ 

ɤɚɥɶɰɢɣɫɨɞɟɪɠɚɳɢɯ ɞɨɛɚɜɨɤ ɧɚ ɨɫɧɨɜɟ ɫɥɚɧɰɚ ɩɪɢɛɚɥɬɢɣɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ (ɫɥɚɧɟɰ 

№1): ɫɥɚɧɰɟɜɵɣ ɩɨɥɭɤɨɤɫ; ɫɥɚɧɰɟɜɚɹ ɡɨɥɚ; ɤɟɪɨɝɟɧ – ɨɪɝɚɧɢɱɟɫɤɚɹ ɱɚɫɬɶ ɝɨɪɸɱɟɝɨ ɫɥɚɧɰɚ 
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ɩɭɬɟɦ ɭɦɟɧɶɲɟɧɢɹ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ. ɂɫɫɥɟɞɨɜɚɧ ɬɚɤɠɟ ɨɛɪɚɡɟɰ ɫɥɚɧɰɚ 

ɥɟɧɢɧɝɪɚɞɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ (ɫɥɚɧɟɰ №2). ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɚɤɠɟ ɨɤɫɢɞ 

ɤɚɥɶɰɢɹ ɢ ɞɨɥɨɦɢɬ. ȼɵɛɨɪ ɤɚɥɶɰɢɣɫɨɞɟɪɠɚɳɢɯ ɞɨɛɚɜɨɤ ɧɚ ɨɫɧɨɜɟ ɫɥɚɧɰɚ ɢ ɩɪɨɞɭɤɬɨɜ 

ɟɝɨ ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ ɩɪɨɩɢɬɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɛɭɫɥɨɜɥɟɧ ɧɚɥɢɱɢɟɦ ɜ 

ɢɯ ɫɨɫɬɚɜɟ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ (ɨɤɫɢɞɨɜ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ), ɤɨɬɨɪɵɟ ɜ 

ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ ɤɨɤɫɚ ɨɛɪɚɡɭɸɬ ɭɫɬɨɣɱɢɜɨɟ ɯɢɦɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ ɫ ɫɟɪɨɣ, 

ɩɟɪɟɯɨɞɹɳɟɟ ɜ ɲɥɚɤ. Ɂɚ ɫɱɟɬ ɩɟɪɟɜɨɞɚ ɨɪɝɚɧɢɱɟɫɤɨɣ ɫɟɪɵ ɜ ɭɫɬɨɣɱɢɜɨɟ ɦɢɧɟɪɚɥɶɧɨɟ 

ɫɨɟɞɢɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɨɜ ɫɟɪɵ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɝɨɪɟɧɢɹ ɫɧɢɠɚɟɬɫɹ. ȼ ɪɚɛɨɬɟ 

ɩɪɢɜɟɞɟɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɧɟɮɬɹɧɨɝɨ ɤɨɤɫɚ, 

ɚ ɬɚɤɠɟ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɩɢɬɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɝɚɡɚɯ ɝɨɪɟɧɢɹ ɤɨɤɫɚ ɛɟɡ ɞɨɛɚɜɨɤ ɫɨɫɬɚɜɥɹɥɨ 5.8 ɦɚɫ.%. 

ȼɵɫɨɤɨɫɟɪɧɢɫɬɵɣ ɧɟɮɬɹɧɨɣ ɤɨɤɫ ɛɪɚɥɢ ɜ ɦɚɫɫɨɜɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɞɨɛɚɜɤɢ ɫ 

ɜɨɞɧɨɣ ɞɢɫɩɟɪɫɢɟɣ ɨɬ 0,5:1,0 ɞɨ 1,0:1,0. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɳɟɣ ɫɟɪɵ ɜ ɨɛɪɚɡɰɚɯ ɩɪɨɜɨɞɢɥɢ 

ɫɨɝɥɚɫɧɨ ȽɈɋɌ 1437-75.  

ɇɚ ɪɢɫ.1 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ ɜ ɩɪɨɞɭɤɬɚɯ ɝɨɪɟɧɢɹ (%ɦɚɫɫ. ɧɚ 

ɤɨɤɫ) ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɨɤ ɜ ɢɫɯɨɞɧɨɦ ɨɛɪɚɡɰɟ ɨɬ 1 ɞɨ 10 %ɦɚɫɫ. Ⱦɚɧɧɵɟ ɪɢɫ.1 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɨɩɢɬɤɚ ɜɵɫɨɤɨɫɟɪɧɢɫɬɨɝɨ ɤɨɤɫɚ ɪɚɫɫɦɨɬɪɟɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɜɨ 

ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɝɚɡɚɯ ɝɨɪɟɧɢɹ, ɩɪɢɱɟɦ ɞɨɛɚɜɤɚ ɧɚ 

ɨɫɧɨɜɟ ɫɥɚɧɰɟɜ ɫɧɢɠɚɟɬ ɜɵɛɪɨɫɵ ɫɟɪɵ ɫ ɝɚɡɚɦɢ ɝɨɪɟɧɢɹ ɬɚɤɠɟ ɷɮɮɟɤɬɢɜɧɨ, ɤɚɤ ɢ ɨɤɫɢɞ 

ɤɚɥɶɰɢɹ. ɉɪɢ ɜɨɜɥɟɱɟɧɢɢ ɜ ɫɵɪɶɟ ɫɥɚɧɰɚ №1 ɜ ɤɨɥɢɱɟɫɬɜɟ 9,0 %ɦɚɫɫ. ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ 

ɝɚɡɚɯ ɝɨɪɟɧɢɹ ɫɧɢɠɚɟɬɫɹ ɫ 5,8 %ɦɚɫɫ. ɞɨ 0,8 %ɦɚɫɫ.; ɩɪɢ ɬɚɤɨɣ ɠɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɥɚɧɰɚ 

№2 ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɝɚɡɚɯ ɝɨɪɟɧɢɹ ɫɧɢɠɚɟɬɫɹ ɞɨ 2,8 %ɦɚɫɫ. ȼ ɫɥɭɱɚɟ ɜɜɟɞɟɧɢɹ ɜ ɤɨɤɫ 

ɞɨɛɚɜɤɢ ɧɚ ɨɫɧɨɜɟ ɫɥɚɧɰɟɜɨɝɨ ɩɨɥɭɤɨɤɫɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 9 %ɦɚɫɫ. – ɜɵɛɪɨɫɵ ɫɟɪɵ 

ɫɧɢɠɚɸɬɫɹ ɞɨ 2,2 %ɦɚɫɫ. ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɦɚɫɫɭ ɤɨɤɫɚ.  Ⱦɨɛɚɜɥɟɧɢɟ ɡɨɥɵ ɫɥɚɧɰɚ ɜ 

ɤɨɥɢɱɟɫɬɜɟ 9,5 %ɦɚɫɫ. ɫɧɢɠɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɝɚɡɚɯ ɝɨɪɟɧɢɹ ɞɨ 2,9 %ɦɚɫɫ. 

Ⱦɨɛɚɜɥɟɧɢɟ ɤɟɪɨɝɟɧɚ ɢ ɞɨɥɨɦɢɬɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 9,0 %ɦɚɫɫ. ɫɧɢɠɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ 

ɝɚɡɚɯ ɝɨɪɟɧɢɹ ɞɨ 4,5 %ɦɚɫɫ. ɢ 4,9 %ɦɚɫɫ. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɫɟɪɵ ɫ ɝɚɡɚɦɢ ɝɨɪɟɧɢɹ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɞɨɛɚɜɨɤ ɜ 

ɤɨɤɫɟ:  

◊ – ɫɥɚɧɟɰ №1; ▲ – ɫɥɚɧɰɟɜɵɣ ɩɨɥɭɤɨɤɫ; □ – ɡɨɥɚ ɫɥɚɧɰɚ №1;  

○ – CaO;     – ɞɨɥɨɦɢɬ; ● – ɫɥɚɧɟɰ №2; ∆ – ɤɟɪɨɝɟɧ  

ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɝɚɡɚɯ ɝɨɪɟɧɢɹ ɤɨɤɫɚ ɛɟɡ ɞɨɛɚɜɨɤ ɫɨɫɬɚɜɥɹɥɨ 5,8 % ɦɚɫɫ. 

ɉɪɨɩɢɬɨɱɧɵɟ ɫɦɟɫɢ, ɜɜɟɞɟɧɧɵɟ ɜ ɫɟɪɧɢɫɬɵɣ ɤɨɤɫ, ɫɧɢɠɚɸɬ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ 

ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɨɤ 5 ɢ 9 %ɦɚɫɫ.  ɤɚɤ ɩɨɤɚɡɚɜɲɢɟ ɧɚɢɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɵɣ ɪɟɡɭɥɶɬɚɬ: 

Ɍɚɛɥɢɰɚ 1. ȼɥɢɹɧɢɟ ɞɨɛɚɜɨɤ ɤ ɤɨɤɫɭ ɧɚ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ SɈx ɜ ɝɚɡɚɯ ɝɨɪɟɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɪɨɩɢɬɨɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ 

ɋɧɢɠɟɧɢɟ ɨɤɫɢɞɨɜ ɫɟɪɵ  
ɜ ɝɚɡɚɯ ɝɨɪɟɧɢɹ, % ɨɬɧ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɞɨɛɚɜɤɢ, %ɦɚɫɫ.  
5  9 

ɫɥɚɧɟɰ №1 32,8 86,0 

ɫɥɚɧɰɟɜɵɣ ɩɨɥɭɤɨɤɫ 22,4 58,6 

ɫɥɚɧɰɟɜɚɹ ɡɨɥɚ 17,2 46,6 

ɋɚO 34,5 68,9 

ɞɨɥɨɦɢɬ 8,62 15,5  

ɫɥɚɧɟɰ №2 32,7  51,7  

ɤɟɪɨɝɟɧ 22,4  25,9  
 

Ⱦɚɧɧɵɟ ɪɢɫ.1 ɢ ɬɚɛɥɢɰɵ 1 ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ ɤɨɤɫɚ ɦɨɝɭɬ 

ɩɪɨɢɫɯɨɞɢɬɶ ɹɜɥɟɧɢɹ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɭɫɢɥɟɧɢɸ ɚɤɬɢɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ, 

ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɫɥɚɧɰɚ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɛɨɥɟɟ ɩɨɥɧɨɦɭ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɸ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɤɨɤɫɚ ɫ ɚɤɬɢɜɧɵɦ ɜɟɳɟɫɬɜɨɦ ɢ ɫɧɢɠɟɧɢɸ SɈx ɜ ɝɚɡɚɯ ɝɨɪɟɧɢɹ.  
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ɂɡ ɬɚɛɥɢɰɵ 1 ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɫɥɚɧɰɟɜɵɣ ɩɨɥɭɤɨɤɫ ɢ ɡɨɥɚ 

ɫɥɚɧɰɚ №1. ȼ ɫɥɭɱɚɟ ɜɜɟɞɟɧɢɹ ɜ ɤɨɤɫ ɞɨɛɚɜɤɢ ɧɚ ɨɫɧɨɜɟ ɫɥɚɧɰɟɜɨɝɨ ɩɨɥɭɤɨɤɫɚ ɜ 

ɤɨɥɢɱɟɫɬɜɟ 9 %ɦɚɫɫ. ɫɧɢɠɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɝɚɡɚɯ ɝɨɪɟɧɢɹ ɞɨ 2,2 %ɦɚɫɫ, ɚ 

ɞɨɛɚɜɥɟɧɢɟ ɫɥɚɧɰɟɜɨɣ ɡɨɥɵ ɜ ɤɨɥɢɱɟɫɬɜɟ 9,5 %ɦɚɫɫ. ɫɧɢɠɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɝɚɡɚɯ 

ɝɨɪɟɧɢɹ ɞɨ 2,9 %ɦɚɫɫ. 

ɇɚɢɛɨɥɶɲɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɥɚɧɰɟɜɨɝɨ ɩɨɥɭɤɨɤɫɚ ɢ ɡɨɥɵ ɫɥɚɧɰɚ ɦɨɠɧɨ 

ɨɛɴɹɫɧɢɬɶ ɫɧɢɠɟɧɢɟɦ ɷɮɮɟɤɬɚ ɬɪɚɧɫɩɨɪɬɚ ɚɤɬɢɜɧɨɝɨ ɜɟɳɟɫɬɜɚ (ɫɨɟɞɢɧɟɧɢɹ 

ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɨɝɨ ɦɟɬɚɥɥɚ) ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɝɨɪɟɧɢɹ, ɤɨɬɨɪɵɣ ɨɫɭɳɟɫɬɜɥɹɸɬ 

ɜɵɞɟɥɹɟɦɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɫɥɚɧɰɚ, ɚ ɬɚɤɠɟ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɫɨɫɬɚɜɟ ɩɨɥɭɤɨɤɫɚ ɢ ɡɨɥɵ 

ɦɢɧɟɪɚɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɟɪɵ – ɫɭɥɶɮɚɬɨɜ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 

ɚɤɬɢɜɧɨɝɨ ɜɟɳɟɫɬɜɚ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɝɨɪɟɧɢɹ ɩɪɨɩɢɬɚɧɧɵɯ ɩɪɨɛ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɢɫɯɨɞɧɵɦ 

ɤɨɤɫɨɦ, ɦɟɬɨɞɨɦ ɤɨɦɩɥɟɤɫɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢɡɭɱɟɧɵ ɨɛɪɚɡɰɵ ɢɫɯɨɞɧɨɝɨ 

ɜɵɫɨɤɨɫɟɪɧɢɫɬɨɝɨ ɤɨɤɫɚ ɢ ɩɪɨɩɢɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɤɨɤɫɚ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 

ɞɨɛɚɜɨɤ (ɫɥɚɧɰɚ 8,6 %ɦɚɫɫ. ɢ ɫɥɚɧɰɟɜɨɝɨ ɩɨɥɭɤɨɤɫɚ 9,1 %ɦɚɫɫ.) ȼɵɛɨɪ ɞɚɧɧɵɯ ɞɨɛɚɜɨɤ 

ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɦ ɜɥɢɹɧɢɟɦ ɧɚ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɝɚɡɚɯ 

ɝɨɪɟɧɢɹ. ɉɪɢɜɟɞɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɞɟɪɢɜɚɬɨɝɪɚɦɦɵ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɧɚ 

ɞɟɪɢɜɚɬɨɝɪɚɮɟ ɉɚɭɥɢɤ ɢ ɗɪɞɟɣ (ɧɚɝɪɟɜ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɫɤɨɪɨɫɬɢ ɩɨɞɴɟɦɚ ɬɟɦɩɟɪɚɬɭɪɵ 

100ɋ/ɦɢɧ ɢ 20ɋ/ɦɢɧ) ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɚɦɵɣ ɫɬɨɣɤɢɣ ɤ ɬɟɪɦɨɨɤɢɫɥɟɧɢɸ – ɢɫɯɨɞɧɵɣ 

ɨɛɪɚɡɟɰ ɧɟɮɬɹɧɨɝɨ ɤɨɤɫɚ, ɚ ɩɪɨɩɢɬɚɧɧɵɟ ɨɛɪɚɡɰɵ ɨɤɢɫɥɹɸɬɫɹ ɢɧɬɟɧɫɢɜɧɟɟ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɧɢɦ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɢɡɭɱɟɧɢɸ ɝɨɪɟɧɢɹ (ɨɤɢɫɥɟɧɢɹ) 

ɢɫɯɨɞɧɨɝɨ ɜɵɫɨɤɨɫɟɪɧɢɫɬɨɝɨ ɤɨɤɫɚ ɢ ɤɨɤɫɚ, ɩɪɨɩɢɬɚɧɧɨɝɨ ɜɨɞɧɨɣ ɫɭɫɩɟɧɡɢɟɣ ɫɥɚɧɰɚ ɢ 

ɫɥɚɧɰɟɜɨɝɨ ɩɨɥɭɤɨɤɫɚ, ɩɨɤɚɡɚɥɢ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɤɢɫɥɨɪɨɞɭ 

ɢ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɝɨɪɟɧɢɹ. ɗɬɨɬ ɮɚɤɬ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢ 

ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɜ ɬɨɩɨɱɧɨɣ ɱɚɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɟɱɟɣ ɝɨɪɟɧɢɟ ɤɨɤɫɚ, 

ɩɪɨɩɢɬɚɧɧɨɝɨ ɞɨɛɚɜɤɨɣ ɫɥɚɧɰɚ ɢ ɫɥɚɧɰɟɜɨɝɨ ɩɨɥɭɤɨɤɫɚ ɛɭɞɟɬ ɛɨɥɟɟ ɩɨɥɧɵɦ, ɱɟɦ 

ɢɫɯɨɞɧɨɝɨ ɤɨɤɫɚ, ɱɬɨ ɭɜɟɥɢɱɢɬ ɨɛɳɢɣ ɄɉȾ ɩɟɱɢ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
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ɌȿɊɆɈɄȺɌȺɅɂɌɂɑȿɋɄɂȿ ɉɊȿȼɊȺɓȿɇɂə ɇȿɎɌəɇɈȽɈ ɉȺɊȺɎɂɇȺ 
ȼ ɉɊɂɋɍɌɋɌȼɂɂ ɉɈɊɈɒɄɈȼ ɄȺɊȻɂȾȺ ȼɈɅɖɎɊȺɆȺ 

Ɇɨɪɨɡɨɜ Ɇ.Ⱥ., Ⱥɤɢɦɨɜ Ⱥ.ɋ., Ɇɢɤɭɛɚɟɜɚ ȿ.ȼ., Ɏɟɞɭɳɚɤ Ɍ.Ⱥ., ȼɨɫɦɟɪɢɤɨɜ Ⱥ.ȼ.  
THERMO-CATALYTIC TRANSFORMATIONS OF OIL PARAFFIN IN THE 

PRESENCE OF TUNGSTEN CARBIDE POWDERS  
 ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ ɧɟɮɬɢ ɋɈ ɊȺɇ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ  

E-mail: fr0stm4n@yandex.ru 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɨɩɪɨɫɚɦ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ ɜ Ɋɨɫɫɢɢ 

ɭɞɟɥɹɟɬɫɹ ɩɨɜɵɲɟɧɧɨɟ ɜɧɢɦɚɧɢɟ. ɂɧɬɟɧɫɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ 

ɨɬɪɚɫɥɢ, ɪɨɫɬ ɫɩɪɨɫɚ ɧɚ ɦɨɬɨɪɧɵɟ ɬɨɩɥɢɜɚ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɡɚɦɟɳɟɧɢɹ ɡɚɪɭɛɟɠɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ – ɜɫɟ ɷɬɨ ɬɪɟɛɭɟɬ ɪɟɲɟɧɢɹ ɧɨɜɵɯ ɡɚɞɚɱ ɩɨ ɭɥɭɱɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɢ ɩɨɜɵɲɟɧɢɸ 

ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɞɭɤɬɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɇɉɁ [1]. ɍɥɭɱɲɟɧɢɟ ɤɚɱɟɫɬɜɚ 

ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ ɞɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɭɪɨɜɧɸ ɫɨɜɪɟɦɟɧɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɩɪɨɰɟɫɫɨɜ ɢɡɨɦɟɪɢɡɚɰɢɢ, ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɪɢɮɨɪɦɢɧɝɚ, ɝɢɞɪɨɨɱɢɫɬɤɢ ɥɟɝɤɢɯ ɢ ɫɪɟɞɧɢɯ ɞɢɫɬɢɥɥɹɬɧɵɯ ɮɪɚɤɰɢɣ. Ⱦɪɭɝɚɹ ɡɚɞɚɱɚ, 

ɫɬɨɹɳɚɹ ɩɟɪɟɞ ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɇɉɁ, – ɷɬɨ ɭɜɟɥɢɱɟɧɢɟ ɝɥɭɛɢɧɵ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɪɚɛɨɬɤɢ ɫɜɟɬɥɵɯ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ [1]. ɇɟɫɦɨɬɪɹ ɧɚ ɚɤɬɢɜɧɨɟ 

ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɬɹɠɟɥɨɝɨ ɧɟɮɬɹɧɨɝɨ 

ɫɵɪɶɹ, ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɩɪɟɞɥɨɠɟɧɚ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɚɹ ɢ ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɟɝɨ 

ɝɥɭɛɨɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɥёɝɤɢɟ ɞɢɫɬɢɥɥɹɬɵ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɹɝɤɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɭɫɥɨɜɢɹɯ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɨɪɨɲɤɚ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɦɢɤɪɨɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɩɪɟɜɪɚɳɟɧɢɣ ɧɟɮɬɹɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ.   

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ - ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɩɨɪɨɲɤɨɜ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɧɚ 

ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɬɟɪɦɨɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɧɟɮɬɹɧɨɝɨ ɩɚɪɚɮɢɧɚ.  

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧ ɤɨɦɦɟɪɱɟɫɤɢɣ ɤɚɪɛɢɞ ɜɨɥɶɮɪɚɦɚ (ɦɚɪɤɚ ɋ), ɩɨɥɭɱɟɧɧɵɣ 

ɩɟɱɧɵɦ ɫɩɨɫɨɛɨɦ. Ȼɵɥɚ ɩɪɢɝɨɬɨɜɥɟɧɚ ɫɟɪɢɹ ɨɛɪɚɡɰɨɜ ɩɨɪɨɲɤɚ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɜ 

ɭɫɥɨɜɢɹɯ ɩɪɨɤɚɥɢɜɚɧɢɹ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 320,420 ɢ 520°C ɜ ɬɟɱɟɧɢɢ 

2 ɱ. ȼ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɧɟɮɬɹɧɨɣ ɩɚɪɚɮɢɧ 

ɦɚɪɤɢ ɉ-1, ɫɨɞɟɪɠɚɳɢɣ ɚɥɤɚɧɵ ɧɨɪɦɚɥɶɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɫɨɫɬɨɹɳɢɟ ɢɡ 16-33 ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ. ɉɪɨɰɟɫɫ ɬɟɪɦɢɱɟɫɤɢɯ ɢ ɬɟɪɦɨɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɨɜɨɞɢɥɢ ɜ 

ɫɬɚɥɶɧɵɯ ɚɜɬɨɤɥɚɜɚɯ ɫ ɨɛɴɟɦɨɦ 12 ɫɦ3 ɜ ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ ɩɪɢ 

ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: ɬɟɦɩɟɪɚɬɭɪɚ – 420-440°ɋ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 1 – 2 ɱ, ɦɚɫɫɚ ɫɵɪɶɹ 

– 5 ɝ, ɡɚɝɪɭɡɤɚ ɤɚɬɚɥɢɡɚɬɨɪɚ 0,8 % ɦɚɫɫ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɤɪɢɬɟɪɢɹ ɨɰɟɧɤɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨɪɨɲɤɨɜ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɨɤɚɡɚɬɟɥɶ 
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ɤɨɧɜɟɪɫɢɢ ɫɵɪɶɹ, ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɵɜɚɥɢ, ɢɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɚɧɚɥɢɡɚ ɢɫɯɨɞɧɨɝɨ 

ɩɚɪɚɮɢɧɚ ɢ ɩɪɨɞɭɤɬɨɜ ɩɪɨɰɟɫɫɚ ɦɟɬɨɞɨɦ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. ɏɪɨɦɚɬɨ-ɦɚɫɫ-

ɫɩɟɤɬɪɵ ɩɨɥɭɱɚɥɢ ɧɚ DFS ɩɪɢɛɨɪɟ “Thermo Scientific”. ȼ ɝɚɡɨɜɨɦ ɯɪɨɦɚɬɨɝɪɚɮɟ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɜɚɪɰɟɜɭɸ ɤɚɩɢɥɥɹɪɧɭɸ ɤɨɥɨɧɤɭ TR5MS ɞɥɢɧɨɣ 30 ɦ ɢ ɜɧɭɬɪɟɧɧɢɦ 

ɞɢɚɦɟɬɪɨɦ 0.25 ɦɦ. ɏɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɪɟɠɢɦɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɝɨ 

ɩɨɞɴɟɦɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 80 ɞɨ 300°ɋ ɫɨ ɫɤɨɪɨɫɬɶɸ 4 ɝɪɚɞ/ɦɢɧ ɢ ɡɚɬɟɦ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ 

ɩɪɢ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ƚɚɡ ɧɨɫɢɬɟɥɶ – ɝɟɥɢɣ. ɋɤɚɧɢɪɨɜɚɧɢɟ ɦɚɫɫ-ɫɩɟɤɬɪɨɜ 

ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɤɚɠɞɭɸ ɫɟɤɭɧɞɭ ɜ ɞɢɚɩɚɡɨɧɟ ɦɚɫɫ ɞɨ 500 ɚ.ɟ.ɦ. Ɉɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Xcalibur. ɂɞɟɧɬɢɮɢɤɚɰɢɸ ɫɨɟɞɢɧɟɧɢɣ 

ɜɵɩɨɥɧɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɛɢɛɥɢɨɬɟɤɢ ɦɚɫɫ-

ɫɩɟɤɬɪɨɜ NIST 08. 

 

Ɋɢɫ. 1 Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɨɛɪɚɡɰɨɜ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɞɨ ɢ ɩɨɫɥɟ ɩɪɨɤɚɥɢɜɚɧɢɹ 

Ⱦɥɹ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɦɢɤɪɨɫɤɨɩɨɦ 

ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɵɣ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɫɩɟɤɬɪɨɦɟɬɪ. Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ (ɊɎȺ) 

ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ DISCOVER D8 (Bruker, Ƚɟɪɦɚɧɢɹ), ɢɫɩɨɥɶɡɭɹ 

ɦɨɧɨɯɪɨɦɧɨɟ CuKα-ɢɡɥɭɱɟɧɢɟ ɢ LynxEye-ɞɟɬɟɤɬɨɪ. ɋɤɚɧɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ 

ɞɢɚɩɚɡɨɧɟ ɭɝɥɨɜ 2ș = 10-90ɨ, ɲɚɝ 0,02 ɝɪɚɞ, ɧɚɤɨɩɥɟɧɢɟ ɜ ɬɨɱɤɟ – 3 ɫ. Ɇɚɬɟɦɚɬɢɱɟɫɤɭɸ 

ɨɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɪɨɲɤɨɜɨɣ ɛɚɡɵ ɞɚɧɧɵɯ PDF-

4+ Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ ɰɟɧɬɪɚ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɞɚɧɧɵɯ (ICDD). Ɍɚɤɠɟ ɞɥɹ ɠɢɞɤɢɯ 

ɩɪɨɞɭɤɬɨɜ ɤɪɟɤɢɧɝɚ ɨɩɪɟɞɟɥɹɥɢ ɫɨɨɬɧɨɲɟɧɢɟ H/C ɫ ɩɨɦɨɳɶɸ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ 

Vario El Cube (Elementar Analysensysteme GmbH, ɋɒȺ). 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɵ ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ WC ɢ ɧɚɢɛɨɥɟɟ 

ɚɤɬɢɜɧɨɝɨ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɦɨɞɢɮɢɤɚɰɢɢ ɩɪɢ 420 °ɋ, ɚ ɧɚ ɪɢɫ. 2 ɦɢɤɪɨɫɧɢɦɤɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ. ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ, ɤɚɪɛɢɞ 

ɜɨɥɶɮɪɚɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ, ɨɛ ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ 

ɪɟɮɥɟɤɫɵ ɩɪɢ 31,5°; 35,6°; 48,3°. ɇɚ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɯ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɞɨ ɢ ɩɨɫɥɟ 
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ɩɪɨɤɚɥɢɜɚɧɢɹ ɩɪɢ 420 °ɋ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɤɚɤɢɯ-ɥɢɛɨ ɹɜɧɵɯ ɨɬɥɢɱɢɣ ɜ ɫɬɪɭɤɬɭɪɟ, 

ɦɨɪɮɨɥɨɝɢɢ ɢɥɢ ɞɢɫɩɟɪɫɧɨɫɬɢ ɨɛɪɚɡɰɚ (ɪɢɫ. 2). Ⱦɚɧɧɵɟ ɦɢɤɪɨɚɧɚɥɢɡɚ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɩɨɫɥɟ ɩɪɨɤɚɥɢɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɨɛɪɚɡɰɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 8,31 ɞɨ 15,04% 

ɦɚɫ. 

 

Ɋɢɫ. 2 Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɪɨɲɤɚ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɞɨ ɢ ɩɨɫɥɟ ɩɪɨɤɚɥɢɜɚɧɢɹ 

ɧɚ ɜɨɡɞɭɯɟ 

ɉɪɨɞɭɤɬɵ ɬɟɪɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɧɟɮɬɹɧɨɝɨ ɩɚɪɚɮɢɧɚ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ 

ɦɟɬɨɞɨɦ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. ȼ ɨɛɪɚɡɰɚɯ ɛɵɥɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ 85-95% 

ɫɨɟɞɢɧɟɧɢɣ. ɂɡ ɩɨɥɭɱɟɧɧɨɝɨ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɤɨɧɜɟɪɫɢɹ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɫɯɨɞɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɩɚɪɚɮɢɧɚ ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɱɟɬɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɩɪɨɰɟɫɫɚ ɢ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɞɨɛɚɜɤɢ ɤɨɛɚɥɶɬɚ.  

ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɦɵ ɧɚɛɥɸɞɚɟɦ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɢɫɯɨɞɧɨɝɨ 

ɩɚɪɚɮɢɧɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɥɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ 

(Ɍɚɛɥ.1), ɱɬɨ ɩɨɥɧɨɫɬɶɸ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ [ɑ].  

ȼɧɟɫɟɧɢɟ ɜ ɫɢɫɬɟɦɭ ɞɨɛɚɜɨɤ ɢɫɯɨɞɧɨɝɨ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɩɪɢɜɨɞɢɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɤɨɧɜɟɪɫɢɢ ɧɟɮɬɹɧɨɝɨ ɩɚɪɚɮɢɧɚ ɩɪɢ ɥɸɛɵɯ ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɰɟɫɫɚ. Ɉɞɧɚɤɨ, 

ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 440 °ɋ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 1,5ɱ ɤɨɧɜɟɪɫɢɹ 

ɫɨɫɬɚɜɥɹɟɬ 95% ɛɟɡ ɞɨɛɚɜɨɤ, ɱɬɨ ɞɟɥɚɟɬ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ. 

ɇɚɢɛɨɥɶɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɜɟɪɫɢɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɛɟɡ ɞɨɛɚɜɨɤ, ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɢɫɯɨɞɧɨɝɨ WC ɫɨɫɬɚɜɥɹɟɬ 52% ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 440 °ɋ ɜ ɬɟɱɟɧɢɢ 1ɱ, 27% 

ɩɪɢ ɩɚɪɚɦɟɬɪɚɯ 420 °ɋ ɢ 2ɱ, 10% ɜ ɬɟɱɟɧɢɢ 1,5ɱ ɩɪɢ 430 °ɋ. Ʉɚɪɛɢɞ ɜɨɥɶɮɪɚɦɚ, 

ɩɪɨɤɚɥёɧɧɵɣ ɩɪɢ 420 °ɋ, ɩɨɤɚɡɵɜɚɟɬ ɚɧɚɥɨɝɢɱɧɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɨɞɧɚɤɨ ɩɪɢ ɩɚɪɚɦɟɬɪɚɯ 

ɩɪɨɰɟɫɫɚ 430 °ɋ ɢ 1,5ɱ ɜ ɟɝɨ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɧɜɟɪɫɢɹ ɧɟɮɬɹɧɨɝɨ ɩɚɪɚɮɢɧɚ ɜɵɲɟ, ɱɟɦ ɭ 

ɢɫɯɨɞɧɨɝɨ WC ɧɚ 4%. ȼ ɩɪɢɫɭɬɫɬɜɢɢ WC ɩɪɨɤɚɥёɧɧɨɝɨ ɩɪɢ 520 °ɋ ɧɚɢɛɨɥɶɲɟɟ 

ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɬɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 430 °ɋ ɜ ɬɟɱɟɧɢɢ 1,5ɱ ɢ 
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ɫɨɫɬɚɜɥɹɟɬ 13%, ɩɪɢ 440 °ɋ ɜ ɬɟɱɟɧɢɢ 1ɱ ɤɨɧɜɟɪɫɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 10% ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɛɟɡ ɞɨɛɚɜɨɤ. ɇɚɢɦɟɧɟɟ ɚɤɬɢɜɧɨɣ ɞɨɛɚɜɤɨɣ ɜ ɭɤɚɡɚɧɧɨɦ ɪɹɞɭ ɹɜɥɹɟɬɫɹ 

ɬɪɢɨɤɫɢɞ ɜɨɥɶɮɪɚɦɚ, ɭɜɟɥɢɱɢɜɲɢɣ ɧɚ 10% ɤɨɧɜɟɪɫɢɸ ɩɚɪɚɮɢɧɚ ɩɪɢ 440 °ɋ ɜ ɬɟɱɟɧɢɢ 

1ɱ. 

 

Ɍɚɛɥɢɰɚ 1. ȼɥɢɹɧɢɟ ɞɨɛɚɜɨɤ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɧɚ ɤɨɧɜɟɪɫɢɸ ɧɟɮɬɹɧɨɝɨ 

ɩɚɪɚɮɢɧɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɰɟɫɫɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ 420 430 440 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ, ɱ 2 1,5 2 1 1,5 

 

 

Ʉɨɧɜɟɪɫɢɹ, % 

Ȼɟɡ 
ɞɨɛɚɜɨɤ 

55 68 88 36 95 

WC 82 78 93 88 96 

WC*420 82 82 91 88 87 

WC*520 56 81 - 46 88 

WO3 51 70 - 47 94 

 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɚɪɛɢɞ ɜɨɥɶɮɪɚɦɚ ɨɛɥɚɞɚɟɬ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ 

ɩɪɨɰɟɫɫɟ ɬɟɪɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɭɝɥɟɜɨɞɨɪɨɞɨɜ – ɩɪɢ ɜɫɟɯ ɢɫɩɵɬɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ 

ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜ ɟɝɨ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɧɜɟɪɫɢɹ ɩɚɪɚɮɢɧɨɜ ɜɵɲɟ, ɱɟɦ ɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɛɟɡ ɞɨɛɚɜɨɤ. ɉɪɨɤɚɥɢɜɚɧɢɟ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɩɪɢ 420°ɋ ɩɪɢɜɨɞɢɬ ɤ 

ɪɨɫɬɭ ɤɨɧɜɟɪɫɢɢ ɩɚɪɚɮɢɧɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ ɩɪɢ 430°ɋ ɜ ɬɟɱɟɧɢɢ 1,5ɱ.   

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ № V.46.2.1 ɉɪɨɝɪɚɦɦɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɚɤɚɞɟɦɢɣ ɧɚɭɤ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Kai Xiong.  Kinetic study of catalytic cracking of heavy oil over an in-situ crystallized 

catalyst // Fuel. – 2015. –  № 142 – P.65 

2. ɋɚɮɢɧ,  Ɂ.ɂ.  Ʉɨɦɩɥɟɤɫɧɚɹ  ɨɰɟɧɤɚ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɨɜ ɢ ɡɚɜɨɞɨɜ ɩɨ 

ɩɟɪɟɪɚɛɨɬɤɟ  ɬɹɠɟɥɵɯ  ɧɟɮɬɟɣ ɢ  ɩɪɢɪɨɞɧɵɯ ɛɢɬɭɦɨɜ // ȼɟɫɬɧɢɤ  Ʉɚɡɚɧ. ɬɟɯɧɨɥ.  ɭɧ-ɬɚ.–

2011.–№9.–ɋ. 188–191 

3. Ʉɪɢɜɰɨɜ  ȿ.Ȼ. ɂɧɢɰɢɢɪɨɜɚɧɧɵɣ  ɤɪɟɤɢɧɝ  ɩɪɢɪɨɞɧɨɝɨ  ɛɢɬɭɦɚ  ɞɥɹ  ɭɜɟɥɢɱɟɧɢɹ 

ɜɵɯɨɞɚ  ɞɢɫɬɢɥɥɹɬɧɵɯ  ɮɪɚɤɰɢɣ // ɂɡɜɟɫɬɢɹ ɬɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. – 

2013. – № 3. – ɋ. 37 – 42. 
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ɋȿɄɐɂə II.  

ɄȺɌȺɅɂɁȺɌɈɊɕ ɂ ɉɊɈɐȿɋɋɕ 

ɇȿɎɌȿɏɂɆɂɂ 
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ȼɈɋɋɌȺɇɈȼɅȿɇɂȿ ȺɄɌɂȼɇɈɋɌɂ ɐȿɈɅɂɌɇɈȽɈ ɄȺɌȺɅɂɁȺɌɈɊȺ 
ȺɅɄɂɅɂɊɈȼȺɇɂə ɂɁɈȻɍɌȺɇȺ ɈɅȿɎɂɇȺɆɂ 

ɏɚɞɠɢɟɜ ɋ.ɇ., Ƚɟɪɡɟɥɢɟɜ ɂ.Ɇ., Ɍɟɦɧɢɤɨɜɚ ȼ.Ⱥ. 
REGENERATION OF ZEOLITE CATALYST OF THE ALKYLATION OF 

ISOBUTANE WITH OLEFINS 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: mikrukova@ips.ac.ru 

 

ȼɵɩɨɥɧɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɡɨɛɭɬɚɧɚ ɛɭɬɢɥɟɧɚɦɢ ɩɨɫɥɟ ɰɢɤɥɚ ɪɟɚɤɰɢɢ. ȼ 

ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɰɟɨɥɢɬ ɬɢɩɚ Y ɜ PdCaLaH-ɮɨɪɦɟ. ɗɤɫɩɟɪɢɦɟɧɬɵ 

ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɦɢɤɪɨɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɨɬɨɱɧɨɝɨ ɬɢɩɚ ɩɨ ɫɩɨɫɨɛɭ ɠɢɞɤɨɮɚɡɧɨɝɨ 

ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɜ «ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɦ» ɪɟɠɢɦɟ (ȺɋɊ) [1, 2] ɜ ɰɢɤɥɟ ɪɟɚɤɰɢɹ – 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ ɪɟɝɟɧɟɪɚɰɢɹ – ɪɟɚɤɰɢɹ. ɍɫɥɨɜɢɹ: ɬɟɦɩɟɪɚɬɭɪɚ 80 °ɋ, ɞɚɜɥɟɧɢɟ 1,2 

Ɇɉɚ, ɨɬɧɨɲɟɧɢɟ ɢɡɨɛɭɬɚɧ:ɨɥɟɮɢɧɵ ɜ ɫɵɪɶɟ 10:1, ɨɛɴɟɦɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɫɵɪɶɹ ɩɨ 

ɨɥɟɮɢɧɚɦ 0,15 ɱ-1, ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɩɵɬɚ – 4 ɱɚɫɚ. ɍɫɥɨɜɢɹ ɪɟɝɟɧɟɪɚɰɢɢ: ɫɪɟɞɚ – ɜɨɞɨɪɨɞ, 

ɨɛɴɟɦɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɜɨɞɨɪɨɞɚ – 1000 ɱ-1, ɞɚɜɥɟɧɢɟ 1,2 Ɇɉɚ, ɬɟɦɩɟɪɚɬɭɪɚ 260…380 

°ɋ.  

Ɋɟɡɭɥɶɬɚɬɵ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ (ɪɢɫ. 1) ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɦɟɬɨɞɨɦ 

ɌȽȺ/ȾɋɄ (ɪɢɫ. 2) ɜ ɬɨɤɟ ɫɦɟɫɢ ɜɨɞɨɪɨɞɚ ɢ ɚɪɝɨɧɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɝɟɧɟɪɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɫɪɟɞɟ ɜɨɞɨɪɨɞɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 

ɬɟɦɩɟɪɚɬɭɪɵ 320 °ɋ.  

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ  ɪɟɚɤɰɢɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɡɨɛɭɬɚɧɚ ɛɭɬɢɥɟɧɚɦɢ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɝɟɧɟɪɚɰɢɢ 

1751801851901952002052102152200102030405060708090 250 270 290 310 330 350 370 390 ʦ̼
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Ɍɟɦɩɟɪɚɬɭɪɚ, Ɉɋ 

Ɋɢɫ. 2. Ʉɪɢɜɚɹ ɌȽȺ/ȾɌȽ ɤɚɬɚɥɢɡɚɬɨɪɚ ɚɥɤɢɥɢɪɨɜɚɧɢɹ, ɜɵɝɪɭɠɟɧɧɨɝɨ ɩɨɫɥɟ ɪɟɚɤɰɢɢ  

 

ɇɚ ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ8, ɫɭɦɦɵ 

ɬɪɢɦɟɬɢɥɩɟɧɬɚɧɨɜ (ɌɆɉ) ɢ ɫɭɦɦɵ ɞɢɦɟɬɢɥɝɟɤɫɚɧɨɜ (ȾɆȽ) ɜ ɝɚɡɚɯ ɪɟɝɟɧɟɪɚɰɢɢ ɩɪɢ 

ɫɬɭɩɟɧɱɚɬɨɦ ɧɚɝɪɟɜɟ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɬ ɜɪɟɦɟɧɢ ɜ ɩɨɬɨɤɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 300 - 320°ɋ. 

ɏɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ8 ɢɞɟɧɬɢɱɟɧɵɯ 

ɫɨɫɬɚɜɭ ɚɥɤɢɥɚɬɚ, ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɩɪɨɬɟɤɚɧɢɢ ɩɪɨɰɟɫɫɚ ɦɹɝɤɨɝɨ 

ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɨɬɥɨɠɟɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɯɨɞɟ 

ɪɟɝɟɧɟɪɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɬɨɤɟ ɜɨɞɨɪɨɞɚ. 

 

 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ8, ɌɆɉ ɢ ȾɆȽ ɜ ɝɚɡɚɯ ɪɟɝɟɧɟɪɚɰɢɢ ɜɨ 

ɜɪɟɦɟɧɢ ɪɟɝɟɧɟɪɚɰɢɢ 
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Ɇɟɬɨɞɨɦ əɆɊ ȼɆɍ ɧɚ ɹɞɪɚɯ ɤɪɟɦɧɢɹ ɢ ɚɥɸɦɢɧɢɹ (ɪɢɫ. 4) ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɯɨɞɟ 

ɦɧɨɝɨɤɪɚɬɧɵɯ ɰɢɤɥɨɜ ɪɟɚɤɰɢɹ - ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ ɪɟɝɟɧɟɪɚɰɢɹ - ɪɟɚɤɰɢɹ ɢɡɦɟɧɟɧɢɣ ɜ 

ɫɬɪɭɤɬɭɪɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

Ɋɢɫ. 4. ɋɩɟɤɬɪɵ 29Si əɆɊ ȼɆɍ ɢ 27Al əɆɊ ȼɆɍ 

 

ȼ ɞɨɤɥɚɞɟ ɨɛɫɭɠɞɚɟɬɫɹ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ 

ɪɟɝɟɧɟɪɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɭɫɥɨɜɢɹɯ. 

 

Ɋɚɛɨɬɚ ɩɪɨɜɟɞɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ 

ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɋɨɝɥɚɲɟɧɢɟ № 14.607.21.0170, ɭɧɢɤɚɥɶɧɵɣ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɢɤɥɚɞɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ RFMEFI60717X0170). 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ƚɟɪɡɟɥɢɟɜ ɂ.Ɇ., ɏɚɞɠɢɟɜ ɋ.ɇ. ɐɟɨɥɢɬɧɵɣ ɤɚɬɚɥɢɡ ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɧɟɮɬɟɯɢɦɢɢ; 

ɚɥɤɢɥɢɪɨɜɚɧɢɟ, ɬɪɚɧɫɚɥɤɢɥɢɪɨɜɚɧɢɟ, ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɟ. ɋɛɨɪɧɢɤ ɬɪɭɞɨɜ 6ɨɣ 

ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɰɟɨɥɢɬɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɐɟɨɥɢɬɵ ɢ ɦɟɡɨɩɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ: 

ɞɨɫɬɢɠɟɧɢɹ ɢ ɩɟɪɫɩɟɤɬɢɜɵ», ɩɨɫɜɹɳɟɧɧɨɣ 100-ɥɟɬɢɸ ɫɨ ɞɧɹ ɪɨɠɞɟɧɢɹ ɩɪɨɮ. Ʉ.ȼ. 

Ɍɨɩɱɢɟɜɨɣ. ɝ. Ɂɜɟɧɢɝɨɪɨɞ. 14-16 ɢɸɧɹ 2011 ɝ. ɋ. 39-40. 

2. ɏɚɞɠɢɟɜ ɋ.ɇ., Ƚɟɪɡɟɥɢɟɜ ɂ.Ɇ., Ɉɤɧɢɧɚ ɇ.ȼ., Ʉɭɡɶɦɢɧ Ⱥ.ȿ., ɋɚɢɬɨɜ Ɂ.Ⱥ. ɋɩɨɫɨɛ 

ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɡɨɛɭɬɚɧɚ ɜ ɬɪɟɯɮɚɡɧɨɦ ɪɟɚɤɬɨɪɟ ɫ ɧɟɩɨɞɜɢɠɧɵɦ ɫɥɨɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

ɉɚɬɟɧɬ Ɋɨɫɫɢɢ № 2016121884. Ɉɩɭɛɥɢɤɨɜɚɧɨ: 2017.12.05. Ȼɸɥ. № 34. 
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ɋɂɇɌȿɁ ɂ ɆȿɌȺɌȿɁɂɋɇȺə ɉɈɅɂɆȿɊɂɁȺɐɂə 3,3,4,4-

ɌȿɌɊȺɄɂɋ(ɌɊɂɎɌɈɊɆȿɌɂɅ)ɌɊɂɐɂɄɅɈɇɈɇȿɇȺ-7 

Ʉɚɪɩɨɜ Ƚ.Ɉ.1, Ȼɨɪɢɫɨɜ ɂ.Ʌ.1, ȼɨɥɤɨɜ ȼ.ȼ.1, Ȼɟɪɦɟɲɟɜ Ɇ.ȼ.1,2, ɋɬɟɪɥɢɧ ɋ.Ɋ.3, 
Ɏɢɧɤɟɥɶɲɬɟɣɧ ȿ.ɒ.1 

SYNTHESIS AND METATHESIS POLYMERIZATION OF 3,3,4,4-

TETRAKIS(TRIFLUOROMETHYL)TRICYCLONONENE-7 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

2 Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, Ɇɨɫɤɜɚ 
3 ɂɧɫɬɢɬɭɬ ɷɥɟɦɟɧɬɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢɦ. Ⱥ.ɇ. ɇɟɫɦɟɹɧɨɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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Ɋɚɧɟɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɚɜɢɫɢɦɨɫɬɟɣ «ɫɬɪɭɤɬɭɪɚ ɩɨɥɢɦɟɪɚ – ɦɟɦɛɪɚɧɧɵɟ ɫɜɨɣɫɬɜɚ» 

ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɧɨɜɵɣ ɤɥɚɫɫ ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɵɯ ɫɬɟɤɥɨɨɛɪɚɡɧɵɯ ɩɨɥɢɦɟɪɨɜ ɧɚ 

ɨɫɧɨɜɟ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ ɬɪɢɰɢɤɥɨɧɨɧɟɧɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧ ɪɹɞ 

ɮɚɤɬɨɪɨɜ, ɨɤɚɡɵɜɚɸɳɢɯ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɝɚɡɨɬɪɚɧɫɩɨɪɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɦɟɦɛɪɚɧ, ɬɚɤɢɟ ɤɚɤ ɫɬɪɭɤɬɭɪɚ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ, ɤɨɥɢɱɟɫɬɜɨ ɢ ɩɪɢɪɨɞɚ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ 

ɛɨɤɨɜɨɣ ɰɟɩɢ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɵɞɭɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ 

ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɞɢɡɚɣɧɚ ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɵɯ ɩɨɥɢɦɟɪɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɜɟɞɟɧɢɟ 

ɜ ɫɬɪɭɤɬɭɪɭ ɩɨɥɢɦɟɪɚ ɠɟɫɬɤɢɯ ɢ ɨɛɴɟɦɢɫɬɵɯ ɮɬɨɪɨɪɝɚɧɢɱɟɫɤɢɯ ɡɚɦɟɫɬɢɬɟɥɟɣ. ɇɚɥɢɱɢɟ 

ɜ ɩɨɥɢɦɟɪɟ ɮɬɨɪɨɪɝɚɧɢɱɟɫɤɢɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɨɤɚɡɵɜɚɟɬ ɬɚɤɠɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɯɢɦɢɱɟɫɤɭɸ ɢ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɚɤɢɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɮɬɨɪɫɨɞɟɪɠɚɳɢɣ ɬɪɢɰɢɤɥɨɧɨɧɟɧ ɩɨ ɪɟɚɤɰɢɢ 

ɬɟɪɦɢɱɟɫɤɨɣ [2+2+2]-ɤɨɧɞɟɧɫɚɰɢɢ ɤɜɚɞɪɢɰɢɤɥɚɧɚ ɫ ɬɟɬɪɚɤɢɫ(ɬɪɢɮɬɨɪɦɟɬɢɥ)ɷɬɢɥɟɧɨɦ 

(ɋɯɟɦɚ 1). ɂɫɩɨɥɶɡɨɜɚɧɧɚɹ ɞɥɹ ɫɢɧɬɟɡɚ ɪɟɚɤɰɢɹ ɹɜɥɹɟɬɫɹ ɫɬɟɪɟɨ- ɢ ɪɟɝɢɨ-ɫɩɟɰɢɮɢɱɧɨɣ 

ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɷɤɡɨ-ɬɪɢɰɢɤɥɨɧɨɧɟɧɨɜ, ɩɪɨɹɜɥɹɸɳɢɯ 

ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɹɯ ɩɨɥɢɦɟɪɢɡɚɰɢɢ. ɋɢɧɬɟɡ ɦɨɧɨɦɟɪɚ ɹɜɥɹɟɬɫɹ 

ɨɞɧɨɫɬɚɞɢɣɧɵɦ ɜ ɨɬɥɢɱɢɟ ɨɬ ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɞɜɭɯɫɬɚɞɢɣɧɨɣ ɩɪɨɰɟɞɭɪɵ ɩɨɥɭɱɟɧɢɹ 

ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ ɬɪɢɰɢɤɥɨɧɨɧɟɧɨɜ, ɱɬɨ ɛɟɡɭɫɥɨɜɧɨ ɞɟɥɚɟɬ ɛɨɥɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ 

ɢɯ ɩɨɥɭɱɟɧɢɟ. ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫ ɩɨɦɨɳɶɸ 1H,13C ɢ 
19F əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 

 

ɋɯɟɦɚ 1.  Ɋɟɚɤɰɢɹ [2ı+2ı+2π]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɬɟɬɪɚɤɢɫ(ɬɪɢɮɬɨɪɦɟɬɢɥ)ɷɬɢɥɟɧɚ ɤ 

ɤɜɚɞɪɢɰɢɤɥɚɧɭ. 

ɍ-II-2 
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ɉɨɥɭɱɟɧɧɵɣ ɩɪɨɞɭɤɬ ɨɤɚɡɚɥɫɹ ɚɤɬɢɜɧɵɦ ɜ ɪɟɚɤɰɢɢ ɦɟɬɚɬɟɡɢɫɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ Ƚɪɚɛɛɫɚ I ɩɨɤɨɥɟɧɢɹ (ɋɯɟɦɚ 2). Ɋɟɚɤɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɫɦɟɫɢ 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ (C6F6 ɢ CH2Cl2) ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ 

ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɨɥɢɦɟɪɚ. 

 

ɋɯɟɦɚ 2. Ɇɟɬɚɬɟɡɢɫɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɬɟɬɪɚɤɢɫ(ɬɪɢɮɬɨɪɦɟɬɢɥ)ɬɪɢɰɢɤɥɨɧɨɧɟɧɚ-7 ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ Ƚɪɚɛɛɫɚ I-ɝɨ ɩɨɤɨɥɟɧɢɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɫ ɯɨɪɨɲɢɦɢ ɜɵɯɨɞɨɦ (92%) ɛɵɥ ɩɨɥɭɱɟɧ ɧɟɨɩɢɫɚɧɧɵɣ ɪɚɧɟɟ 

ɦɟɬɚɬɟɡɢɫɧɵɣ ɩɨɥɢɬɪɢɰɢɤɥɨɧɨɧɟɧ, ɫɨɞɟɪɠɚɳɢɣ ɮɬɨɪɨɪɝɚɧɢɱɟɫɤɢɟ ɡɚɦɟɫɬɢɬɟɥɢ ɜ 

ɛɨɤɨɜɨɣ ɰɟɩɢ, ɢ ɨɛɥɚɞɚɸɳɢɣ ɜɵɫɨɤɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ. 

ɉɨɥɢɦɟɪ ɹɜɥɹɟɬɫɹ ɚɦɨɪɮɧɵɦ, ɫɬɟɤɥɨɨɛɪɚɡɧɵɦ (Tc = 197-203℃) ɢ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɢɦɢ 

ɩɥɟɧɤɨɨɛɪɚɡɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɢɡɭɱɟɧɢɹ ɝɚɡɨɬɪɚɧɫɩɨɪɬɧɵɯ 

ɫɜɨɣɫɬɜ. ɋɬɪɨɟɧɢɟ ɩɨɥɢɦɟɪɚ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɫ ɩɨɦɨɳɶɸ 1H, 13C, 19F əɆɊ-

ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 

Ƚɚɡɨɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɥɢɦɟɪɚ ɛɵɥɢ ɢɡɭɱɟɧɵ ɞɥɹ ɧɚɛɨɪɚ 

ɝɚɡɨɜ (He, H2, N2, O2, CO2, CH4). Ʉɨɷɮɮɢɰɢɟɧɬɵ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɨɥɢɦɟɪɚ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɝɚɡɨɜ ɧɚɯɨɞɹɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɧɚɪɭɠɟɧɧɨɣ ɪɚɧɟɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ 

ɞɥɹ ɦɟɬɚɬɟɡɢɫɧɵɯ ɮɬɨɪɫɨɞɟɪɠɚɳɢɯ ɩɨɥɢɬɪɢɰɢɤɥɨɧɨɧɟɧɨɜ (He≈CO2>H2>O2>N2>CH4). 

ɂɡɭɱɟɧɧɵɣ ɩɨɥɢɦɟɪ ɨɛɥɚɞɚɟɬ ɫɚɦɵɦɢ ɜɵɫɨɤɢɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ 

ɫɪɟɞɢ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɮɬɨɪɫɨɞɟɪɠɚɳɢɯ ɦɟɬɚɬɟɡɢɫɧɵɯ ɩɨɥɢɬɪɢɰɢɤɥɨɧɨɧɟɧɨɜ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɵɣ ɩɨɥɢɦɟɪ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥ ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɞɥɹ ɩɚɪ ɝɚɡɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɭɝɥɟɜɨɞɨɪɨɞɵ (H2/CH4, He/CH4, CO2/CH4) 

ɋɪɚɜɧɟɧɢɟ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɥɢɦɟɪɚ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɪɚɧɟɟ 

ɢɡɭɱɟɧɧɨɝɨ ɢ ɛɨɥɟɟ ɩɪɨɧɢɰɚɟɦɨɝɨ ɦɟɬɚɬɟɡɢɫɧɨɝɨ ɩɨɥɢɬɪɢɰɢɤɥɨɧɨɧɟɧɚ ɫ ɞɜɭɦɹ Me3Si-

ɝɪɭɩɩɚɦɢ ɜ ɦɨɧɨɦɟɪɧɨɦ ɡɜɟɧɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɧɨɜɵɣ ɩɨɥɢɦɟɪ ɡɚɦɟɬɧɨ ɩɪɟɜɨɫɯɨɞɢɬ 

ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɣ ɩɨɥɢɦɟɪ ɩɨ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ ɞɥɹ ɩɚɪ ɝɚɡɨɜ, 

ɫɨɞɟɪɠɚɳɢɯ ɭɝɥɟɜɨɞɨɪɨɞɵ [1]. 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɇɚɭɱɧɨɝɨ ɮɨɧɞɚ No. 

17-73-10499. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ȿ.ɒ. Ɏɢɧɤɟɥɶɲɬɟɣɧ, Ɇ.ȼ. Ȼɟɪɦɟɲɟɜ, ɢ ɞɪ. // ɍɫɩɟɯɢ ɯɢɦɢɢ, 2011, Ɍ.80, №4, ɫ.362-383. 
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ȺɄɌɂȼɇɕȿ ɂɇɌȿɊɆȿȾɂȺɌɕ ɄɂɋɅɈɌɇɈ-ɄȺɌȺɅɂɁɂɊɈȼȺɇɇɈȽɈ 
ɈɄɂɋɅȿɇɂə ɗɉɈɄɋɂȾȺ ɋɌɂɊɈɅȺ ȼ ɉɈɅəɊɇɕɏ ɊȺɋɌȼɈɊȺɏ  

ɉɟɬɪɨɜ Ʌ.ȼ., ɉɫɢɯɚ Ȼ.Ʌ., ɋɩɢɪɢɧ Ɇ.Ƚ., ɋɨɥɹɧɢɤɨɜ ȼ.Ɇ. 
THE ACTIVE INTERMEDIATES OF STYRENE EPOXIDE ACID-CATALYZED 

OXIDATION IN POLAR SOLUTIONS 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ, ɑɟɪɧɨɝɨɥɨɜɤɚ 
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ɂɡɭɱɟɧɢɟ ɤɨɧɤɭɪɟɧɰɢɢ ɦɟɯɚɧɢɡɦɨɜ ɝɨɦɨɥɢɡɚ ɢ ɝɟɬɟɪɨɥɢɡɚ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ ɩɪɢ 

ɞɟɣɫɬɜɢɢ ɤɢɫɥɨɬɧɵɯ ɢ ɧɨɜɵɯ ɬɨɝɞɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ (VI ɝɪɭɩɩɵ ɬɚɛɥ. Ɇɟɧɞɟɥɟɟɜɚ, 

ɜɚɧɚɞɢɹ, ɯɪɨɦɚ) ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɢɜɟɥɨ, ɜ ɱɚɫɬɧɨɫɬɢ, ɤ ɩɨɹɜɥɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɝɨ 

ɯɪɨɦɫɨɞɟɪɠɚɳɟɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɤɢɫɥɟɧɢɹ ɰɢɤɥɨɝɟɤɫɚɧɚ [1, 2]. ɇɚɥɢɱɢɟ ɪɚɞɢɤɚɥɶɧɨɝɨ 

ɦɚɪɲɪɭɬɚ, ɤɨɧɤɭɪɢɪɭɸɳɟɝɨ ɫ ɨɫɧɨɜɧɵɦ ɝɟɬɟɪɨɥɢɬɢɱɟɫɤɢɦ ɦɟɯɚɧɢɡɦɨɦ ɪɚɫɯɨɞɨɜɚɧɢɹ 

ɷɩɨɤɫɢɞɚ ɫɬɢɪɨɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜɩɟɪɜɵɟ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɨɤɨɥɨ 

20 ɥɟɬ ɧɚɡɚɞ [3]. Ⱦɚɧɧɵɟ ɢɡɭɱɟɧɢɹ ɤɢɧɟɬɢɤɢ ɩɨɝɥɨɳɟɧɢɹ ɤɢɫɥɨɪɨɞɚ (ɪɚɞɢɤɚɥɶɧɨɝɨ 

ɦɚɪɲɪɭɬɚ) ɞɜɨɣɧɵɦɢ ɫɢɫɬɟɦɚɦɢ (Ⱦɋ) ɷɩɨɤɫɢɞ ɫɬɢɪɨɥɚ (ɗɋ) – ɤɢɫɥɨɬɚ (ɩ-ɬɨɥɭɨɥɫɟɪɧɚɹ 

(ɌɋɄ), ɯɥɨɪɧɚɹ, ɫɟɪɧɚɹ) [4, 5] ɩɨɩɨɥɧɟɧɵ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɧɚ ɨɤɢɫɥɟɧɢɟ 

Ⱦɋ(ɗɋ-ɌɋɄ) ɚɦɢɧɨɜ (ɚɧɢɥɢɧ, α-ɧɚɮɬɢɥɚɦɢɧ) ɢ ɝɢɞɪɨɯɢɧɨɧɚ (Ƚɏ) [6, 7].  ȼɜɟɞɟɧɢɟ ɷɬɢɯ 

ɜɟɳɟɫɬɜ ɭɫɤɨɪɹɟɬ ɨɤɢɫɥɟɧɢɟ. ɗɮɮɟɤɬ ɧɟɨɠɢɞɚɧɧɵɣ ɜ ɫɥɭɱɚɟ Ƚɏ ɢ ɧɚɮɬɢɥɚɦɢɧɚ, ɬ.ɤ. ɷɬɨ 

ɷɮɮɟɤɬɢɜɧɵɟ ɢɧɝɢɛɢɬɨɪɵ ɪɚɞɢɤɚɥɶɧɨ-ɰɟɩɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɉɪɢ 

ɨɤɢɫɥɟɧɢɢ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ Ɍɪɋ(ɗɋ-ɌɋɄ-Ƚɏ) ɭɫɬɚɧɨɜɥɟɧɨ ɡɚɦɟɬɧɨɟ (~ ɜ 5 ɪɚɡ) 

ɭɜɟɥɢɱɟɧɢɟ ɨɬɧɨɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɨɤɢɫɥɟɧɢɹ VO2 ɤ ɫɤɨɪɨɫɬɢ ɛɪɭɬɬɨ-ɪɚɫɯɨɞɨɜɚɧɢɹ 

ɷɩɨɤɫɢɞɚ VɌɪɋ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ VO2 / VɌɪɋ. ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ 

ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɜ ɛɭɞɭɳɟɦ ɫɨɫɬɚɜɧɵɯ ɢɧɢɰɢɚɬɨɪɨɜ ɪɚɞɢɤɚɥɶɧɵɯ ɪɟɚɤɰɢɣ, 

ɛɟɡɨɩɚɫɧɵɯ ɢ ɭɞɨɛɧɵɯ ɬɟɦ, ɱɬɨ ɢɯ «ɜɤɥɸɱɟɧɢɟ» ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɥɢɲɶ ɩɪɢ ɫɨɜɦɟɳɟɧɢɢ 

ɢɧɟɪɬɧɵɯ ɩɨɪɨɡɧɶ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɪɚɛɨɱɟɦ ɪɚɫɬɜɨɪɟ. 

ȿɫɬɟɫɬɜɟɧɧɵɦ ɬɨɪɦɨɡɨɦ ɢɡɭɱɟɧɢɹ ɬɟɦɚɬɢɤɢ ɤɨɧɤɭɪɟɧɰɢɢ ɝɟɬɟɪɨɥɢɡɚ ɢ ɝɨɦɨɥɢɡɚ 

ɜ ɤɚɬɚɥɢɡɢɪɨɜɚɧɧɨɦ ɩɪɟɜɪɚɳɟɧɢɢ ɷɩɨɤɫɢɞɨɜ ɹɜɥɹɥɨɫɶ ɨɬɫɭɬɫɬɜɢɟ ɡɧɚɧɢɣ ɨ ɩɪɢɪɨɞɟ ɢ 

ɦɟɯɚɧɢɡɦɟ ɩɨɹɜɥɟɧɢɹ ɱɚɫɬɢɰ, ɫɩɨɫɨɛɧɵɯ ɪɟɚɝɢɪɨɜɚɬɶ ɫ ɤɢɫɥɨɪɨɞɨɦ. Ɇɟɯɚɧɢɡɦ 

ɩɨɹɜɥɟɧɢɹ ɬɚɤɨɣ ɱɚɫɬɢɰɵ, ɤɚɪɛɟɧɚ ɮɟɧɢɥɦɟɬɢɥɟɧɚ (ɎɆ), ɩɪɟɞɥɨɠɟɧ ɟɳɟ ɜ 2005 ɝɨɞɭ [8], 

ɨɞɧɚɤɨ ɨɩɵɬɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɪɟɚɥɢɡɚɰɢɢ ɜɟcɶɦɚ ɷɧɟɪɝɨɡɚɬɪɚɬɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɪɚɫɩɚɞɚ 

ɩɪɨɬɨɧɢɡɨɜɚɧɧɨɣ ɦɨɥɟɤɭɥɵ ɗɋ (ɢɥɢ ɠɟ ɤɨɦɩɥɟɤɫɚ ɗɋ ɫ ɤɢɫɥɨɬɨɣ) ɩɨɥɭɱɟɧɨ ɧɟɞɚɜɧɨ [9, 

10]. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɚɤɬɢɜɧɨɝɨ ɤɚɪɛɟɧɨɜɨɝɨ ɢɧɬɟɪɦɟɞɢɚɬɚ ɜ Ⱦɋ 

(ɗɋ+ɌɋɄ) ɩɪɨɜɨɞɢɥɚɫɶ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ «ɬɟɯɧɢɤɢ ɩɢɪɢɞɢɧɨɜɨɣ ɩɪɨɛɵ», ɜ 

ɭɫɥɨɜɢɹɯ ɤɢɫɥɨɬɧɨ-ɤɚɬɚɥɢɡɢɪɭɟɦɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɷɩɨɤɫɢɞɚ ɫɬɢɪɨɥɚ ɜ ɪɚɫɬɜɨɪɚɯ 
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ɚɰɟɬɨɧɢɬɪɢɥɚ ɢ ɫɩɢɪɬɨɜɨɣ, ɬɪɟɬ.ɛɭɬɚɧɨɥɶɧɨɣ, ɫɦɟɫɢ ɫ ɯɥɨɪɛɟɧɡɨɥɨɦ (9:1) (Ȼɍɏ). 

Ʉɢɧɟɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɪɚɫɯɨɞɨɜɚɧɢɹ ɗɋ ɢ ɩɨɝɥɨɳɟɧɢɹ ɤɢɫɥɨɪɨɞɚ (ɧɚɤɨɩɥɟɧɢɹ 

ɛɟɧɡɚɥɶɞɟɝɢɞɚ – ɝɥɚɜɧɨɝɨ  ɩɪɨɞɭɤɬɚ ɨɤɢɫɥɟɧɢɹ) (ɫɦ. ɪɢɫ. 1) ɩɨɡɜɨɥɢɥɢ ɩɪɟɞɩɨɥɚɝɚɬɶ 

ɩɨɫɬɨɹɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɢɫɤɨɦɵɯ ɚɤɬɢɜɧɵɯ ɢɧɬɟɪɦɟɞɢɚɬɨɜ ɜ ɬɟɱɟɧɢɟ 

ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɧɟɛɨɥɶɲɨɣ ɧɟɝɚɬɢɜɧɵɣ ɷɮɮɟɤɬ ɩɪɢɫɭɬɫɬɜɢɹ ɩɪɨɞɭɤɬɨɜ 

ɝɟɬɟɪɨɥɢɡɚ ɷɩɨɤɫɢɞɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɤɨɩɥɟɧɢɹ ɫɬɚɰɢɨɧɚɪɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɥɢɞɚ, ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ. 

 

 

Ɋɢɫ. 1. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɪɚɫɯɨɞɨɜɚɧɢɹ ɗɋ ɜ ɚɬɦɨɫɮɟɪɚɯ O2 (1) ɢ Ar (2) 

ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɪɢɜɵɟ ɧɚɤɨɩɥɟɧɢɹ  ɛɟɧɡɚɥɶɞɟɝɢɞɚ (1′) ɢ (2′). 

 

ɗɥɟɤɬɪɨɧɧɵɟ ɫɩɟɤɬɪɵ (UV/Vis) ɢɫɫɥɟɞɭɟɦɵɯ ɷɩɨɤɫɢɞɧɨ-ɤɢɫɥɨɬɧɵɯ ɪɚɫɬɜɨɪɨɜ, 

ɫɨɞɟɪɠɚɳɢɯ ɩɢɪɢɞɢɧɨɜɭɸ ɥɨɜɭɲɤɭ, ɜ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɪɟɚɤɰɢɢ ɪɚɫɯɨɞɨɜɚɧɢɹ 

ɷɩɨɤɫɢɞɚ (343 K) ɩɨɥɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɛɵɫɬɪɨɣ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɢ ɧɚ ɜɨɥɨɤɨɧɧɨ-

ɨɩɬɢɱɟɫɤɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ HR-2000 Ocean Optics.  ȼɪɟɦɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ  

ɫɨɫɬɚɜɥɹɥɨ 5 ɦɫ, ɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɫɩɟɤɬɪɨɦɟɬɪɚ  ɧɚ ɢɫɫɥɟɞɭɟɦɵɯ ɞɥɢɧɚɯ ɜɨɥɧ ɛɵɥɚ 

ɧɟ ɦɟɧɟɟ 0.002, ɜ ɤɨɦɩɶɸɬɟɪɧɨɣ ɨɛɪɚɛɨɬɤɟ ɫɩɟɤɬɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɪɨɝɪɚɦɦɚ OOI 

Base 32. ȼɵɛɨɪ ɪɚɛɨɱɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɟɚɝɟɧɬɨɜ ([ɗɋ]0 > [Py] >> [ɌɋɄ]) ɭɱɢɬɵɜɚɥ 

ɤɢɧɟɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɨɤɢɫɥɟɧɢɸ ɢ ɛɪɭɬɬɨ-ɪɚɫɯɨɞɨɜɚɧɢɸ ɗɋ (ȼɗɀɏ) 

(ɫɦ. ɪɢɫ. 1).   
ɋɨɞɟɪɠɚɜɲɢɟ ɗɋ, ɌɋɄ, Py ɪɚɫɬɜɨɪɵ ɩɨɦɟɳɚɥɢɫɶ ɜ ɝɟɪɦɟɬɢɱɧɨ ɡɚɤɪɵɜɚɟɦɭɸ 

ɤɸɜɟɬɭ, ɩɪɨɞɭɜɚɜɲɭɸɫɹ ɫɭɯɢɦ ɝɚɡɨɦ (Ar, O2) ɢ ɧɚɝɪɟɜɚɜɲɭɸɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɚɤɰɢɢ. 

Ɂɚɩɢɫɶ  ɫɩɟɤɬɪɨɜ, ɫɨɞɟɪɠɚɜɲɢɯ  ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɭɸ ɩɨɥɨɫɭ  ɩɢɪɢɞɢɧɢɟɜɨɝɨ ɢɥɢɞɚ 

ɮɟɧɢɥɦɟɬɢɥɟɧɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɢɪɢɞɢɧɨɜɨɣ ɥɨɜɭɲɤɢ ɜ ɭɫɥɨɜɢɹɯ 

ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɌɋɄ ɪɟɚɤɰɢɢ ɪɚɫɯɨɞɨɜɚɧɢɹ ɷɩɨɤɫɢɞɚ ɫɬɢɪɨɥɚ ɩɪɨɜɨɞɢɥɚɫɶ ɩɨ 
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ɡɚɞɚɧɧɨɦɭ ɜɪɟɦɟɧɧɨɦɭ ɝɪɚɮɢɤɭ. ȼɟɥɢɱɢɧɚ Ȝmax  ɧɚɛɥɸɞɚɜɲɟɣɫɹ ɩɨɥɨɫɵ ~ 440 ÷ 450 ɧɦ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ  ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ ɞɥɹ ɩɢɪɢɞɢɧɢɟɜɨɝɨ ɢɥɢɞɚ, ɩɨɥɭɱɟɧɧɵɦ  ɦɟɬɨɞɨɦ 

ɬɟɯɧɢɤɢ ɩɢɪɢɞɢɧɨɜɨɣ ɩɪɨɛɵ  ɩɪɢ ɥɚɡɟɪɧɨɣ ɮɥɷɲ-ɮɨɬɨɥɢɬɢɱɟɫɤɨɣ (LVT)  ɝɟɧɟɪɚɰɢɢ 

ɤɚɪɛɟɧɨɜɵɯ ɢɧɬɟɪɦɟɞɢɚɬɨɜ  ɢɡ ɞɢɚɡɨɫɨɟɞɢɧɟɧɢɹ [11-13]. 

 Ɉɫɨɛɟɧɧɨɫɬɶ ɯɢɦɢɱɟɫɤɨɣ ɝɟɧɟɪɚɰɢɢ ɚɤɬɢɜɧɵɯ ɢɧɬɟɪɦɟɞɢɚɬɨɜ  ɪɟɚɤɰɢɟɣ ɗɋ + 

ɌɋɄ, ɩɨɫɬɨɹɧɫɬɜɨ ɫɤɨɪɨɫɬɢ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ [8], 

ɩɨɡɜɨɥɢɥɚ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɢɤɭ ɫ ɩɢɪɢɞɢɧɨɜɨɣ ɥɨɜɭɲɤɨɣ  ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ LVT. 

Ɋɚɛɨɱɚɹ ɤɨɧɰɟɧɬɪɚɰɢɢ Py ɜ CH3CN ɢ ɫɩɢɪɬɨɜɨɣ ɫɪɟɞɟ ɨɛɟɫɩɟɱɢɥɚ ɤɚɤ ɫɨɩɨɫɬɚɜɢɦɨɫɬɶ 

ɫɤɨɪɨɫɬɟɣ ɪɚɫɯɨɞɨɜɚɧɢɹ ɚɤɬɢɜɧɨɣ ɱɚɫɬɢɰɵ ɩɨ ɤɨɧɤɭɪɢɪɭɸɳɢɦ ɪɟɚɤɰɢɹɦ ɫ  

ɩɢɪɢɞɢɧɨɜɨɣ ɥɨɜɭɲɤɨɣ ɢ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ, ɬɚɤ ɢ ɩɪɢɟɦɥɟɦɨɟ ɫɧɢɠɟɧɢɟ ɤɢɫɥɨɬɧɨɫɬɢ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ Py. Ʉɚɱɟɫɬɜɨ ɩɨɥɭɱɟɧɧɵɯ ɫɩɟɤɬɪɨɜ ɭɥɭɱɲɚɥɨɫɶ ɭɫɬɪɚɧɟɧɢɟɦ ɮɨɧɨɜɨɝɨ 

ɩɨɝɥɨɳɟɧɢɹ (ɫɦ. ɪɢɫ. 2, 3). ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ, ɢɡ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɫɩɟɤɬɪɨɜ 

ɩɨɝɥɨɳɟɧɢɹ ɫɢɫɬɟɦɵ (ɗɋ+ɌɋɄ+Py) ɜ ɚɬɦɨɫɮɟɪɟ Ar, ɜɵɱɢɬɚɥɢ ɜɟɥɢɱɢɧɵ ɚɛɫɨɪɛɰɢɢ, 

ɩɨɥɭɱɟɧɧɵɟ ɜ ɚɬɦɨɫɮɟɪɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ ɛɥɢɡɤɢɯ ɝɥɭɛɢɧɚɯ ɪɟɚɤɰɢɢ ɜ ɬɚɤɨɣ ɫɢɫɬɟɦɟ (ɬ.ɟ. 

AAr ‒ AO2), ɚ ɜɨ ɜɬɨɪɨɦ ɜɵɱɢɬɚɥɢ ɜɟɥɢɱɢɧɵ ɩɨɝɥɨɳɟɧɢɹ, ɢɡɦɟɪɟɧɧɵɟ ɜ ɚɬɦɨɫɮɟɪɟ  ɚɪɝɨɧɚ 

ɜ ɨɬɫɭɬɫɬɜɢɟ ɩɢɪɢɞɢɧɨɜɨɣ ɥɨɜɭɲɤɢ, ɩɪɢ ɛɥɢɡɤɨɣ ɫɤɨɪɨɫɬɢ ɝɟɧɟɪɚɰɢɢ ɚɤɬɢɜɧɵɯ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɱɚɫɬɢɰ. Ɉɛɚ ɫɩɨɫɨɛɚ ɩɪɢɜɟɥɢ ɤ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɳɢɦ ɞɚɧɧɵɦ 

ɦɚɤɫɢɦɭɦɚ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɢɥɢɞɚ (ɪɢɫ. 3), ɩɨɤɚɡɚɜ ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɷɩɨɤɫɢɞɧɨ-

ɤɢɫɥɨɬɧɨɣ ɞɜɨɣɧɨɣ ɫɢɫɬɟɦɟ ɮɟɧɢɥɦɟɬɢɥɟɧɨɜɵɯ ɢɧɬɟɪɦɟɞɢɚɬɨɜ, ɪɟɚɝɢɪɭɸɳɢɯ ɫ O2 ɢ 

ɫɩɨɫɨɛɧɵɯ ɜɫɬɭɩɚɬɶ ɜ ɪɟɚɤɰɢɢ ɫ ɫɭɛɫɬɪɚɬɚɦɢ-ɥɨɜɭɲɤɚɦɢ ɜ ɟɝɨ ɨɬɫɭɬɫɬɜɢɟ. 
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Ɋɢɫ. 2. ɋɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ. [ɗɋ]0=1.04, [ɌɋɄ]=0.093, [Py]=0.4 ɦɨɥɶ/ɥ,  

Ȼɍɏ, 343K. ȼɪɟɦɹ ɪɟɚɤɰɢɢ: 600, 780, 900. 1200, 1800 ɫ. ȼɵɱɟɬ ɮɨɧɚ (AAr ‒ AO2). 
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Ɋɢɫ. 3. ɋɩɟɤɬɪɵ ɢɥɢɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ ɮɟɧɢɥɦɟɬɢɥɟɧɚ ɫ ɩɢɪɢɞɢɧɨɦ 

(1, 2), ɩɨɥɭɱɟɧɧɵɟ ɨɛɨɢɦɢ ɫɩɨɫɨɛɚɦɢ ɜɵɱɟɬɚ ɮɨɧɨɜɨɝɨ ɩɨɝɥɨɳɟɧɢɹ: (AAr ‒ 

AO2) ɢ (AAr ‒ AAr,ɛɟɡ Py) . ȼɪɟɦɹ ɪɟɚɤɰɢɢ 600 ɫ. CH3CN, 343 K. 

 

ɉɟɪɜɢɱɧɵɟ ɩɪɨɞɭɤɬɵ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ ɬɪɢɩɥɟɬɧɵɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɤɚɪɛɟɧɨɜ ɫ ɤɢɫɥɨɪɨɞɨɦ – ɤɚɪɛɨɧɢɥɨɤɫɢɞɵ. ȼɵɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɣ ɩɨɥɨɫɵ 

ɩɨɝɥɨɳɟɧɢɹ ɤɚɪɛɨɧɢɥɨɤɫɢɞɚ ɬɪɢɩɥɟɬɧɨɝɨ ɎɆ ɜ ɫɩɟɤɬɪɚɯ ɫɢɫɬɟɦ (ɗɋ-ɌɋɄ) + Py, (ɗɋ-

ɌɋɄ) ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ, ɩɪɨɜɨɞɢɥɨɫɶ ɜɵɱɢɬɚɧɢɟɦ ɚɛɫɨɪɛɰɢɢ ɮɨɧɚ ɜ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɬ.ɟ. AO2 ‒ AAr.  
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Ɋɢɫ. 4. ɋɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɤɚɪɛɨɧɢɥɨɤɫɢɞɚ ɎɆ. CH3CN, 343 K. [ɗɋ]0=1.04, 

[ɌɋɄ]=0.093, [Py]=0.4 ɦɨɥɶ/ɥ. ȼɪɟɦɹ: 1200, 1800, 2400, 3000, 3600, 4200 ɫ. 
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ȼ ɚɬɦɨɫɮɟɪɟ O2 ɩɨɥɨɫɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɢɥɢɞɭ ɨɬɫɭɬɫɬɜɭɟɬ, ɧɨ ɩɪɨɹɜɥɹɟɬɫɹ (ɪɢɫ. 4) 

ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ (Ȝmax ~ 408 ɧɦ), ɛɥɢɡɤɚɹ ɤ ɫɩɟɤɬɪɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ  

ɤɚɪɛɨɧɢɥɨɤɫɢɞɚ [14].  ȼɟɥɢɱɢɧɵ ɩɨɥɭɱɚɟɦɵɯ Ȝmax ɩɨɥɨɫ ~ 400 ÷ 408 ɧɦ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɩɪɢɜɨɞɢɦɵɦ ɜ ɥɢɬɟɪɚɬɭɪɟ [14, 15]. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɨ ɬɟɦɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ, ɧɨɦɟɪ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 

ɪɟɝɢɫɬɪɚɰɢɢ 01201361859. 
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ɄɈȻȺɅɖɌ-ȻɊɈɆɂȾɇȺə ɄȺɌȺɅɂɌɂɑȿɋɄȺə ɋɂɋɌȿɆȺ ȼ ɏɈȾȿ ɊȿȺɄɐɂɂ 
ɀɂȾɄɈɎȺɁɇɈȽɈ ɈɄɂɋɅȿɇɂə ȺɅɄɂɅȻȿɇɁɈɅɈȼ ȼ ɍɄɋɍɋɇɈɃ 

ɄɂɋɅɈɌȿ ɉɈȾ ȾȿɃɋɌȼɂȿɆ ɆɈɅȿɄɍɅəɊɇɈȽɈ ɄɂɋɅɈɊɈȾȺ 

Ȼɭɯɚɪɤɢɧɚ Ɍ. ȼ., ȼɟɪɠɢɱɢɧɫɤɚɹ ɋ.ȼ., Ƚɪɟɱɢɲɤɢɧɚ Ɉ.ɋ., Ɂɢɧɱɟɧɤɨ ȼ.ȼ., 
ɋɚɩɨɠɧɢɤɨɜ ȼ.ɂ. 

COBALT-BROMIDE CATALYTIC SYSTEM IN THE REACTION LIQUID-

PHASE OXIDATION OF ALKYLBENZENES IN ACETIC ACID UNDER THE 

ACTION OF MOLECULAR OXYGEN 
Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, Ɇɨɫɤɜɚ 
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ɀɢɞɤɨɮɚɡɧɨɟ ɨɤɢɫɥɟɧɢɟ ɚɥɤɢɥɛɟɧɡɨɥɨɜ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɚɤ ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɢ 

ɷɤɨɧɨɦɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɫɢɧɬɟɡɚ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, 

ɧɚɯɨɞɹɳɢɯ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɍɚɤ ɤɚɤ ɜ ɨɤɢɫɥɢɬɟɥɶɧɵɯ 

ɩɪɨɰɟɫɫɚɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɨɣ ɮɨɪɦɨɣ ɤɚɬɚɥɢɡɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɦɟɬɚɥɥ ɜ ɜɵɫɲɟɣ 

ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ, ɬɨ ɜɫɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɤɚɬɚɥɢɡɚɬɨɪ ɜ 

ɜɵɫɲɟɣ ɜɚɥɟɧɬɧɨɣ ɮɨɪɦɟ, ɢ ɜɨɩɪɨɫ ɩɨɞɪɨɛɧɨɝɨ ɢɡɭɱɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɠɢɞɤɨɮɚɡɧɨɝɨ 

ɨɤɢɫɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ. Ⱦɨ ɫɟɝɨɞɧɹɲɧɟɝɨ ɞɧɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɞɨɛɧɨɝɨ 

ɦɟɯɚɧɢɡɦɚ ɜɟɥɨɫɶ ɜ ɨɛɥɚɫɬɢ ɝɥɭɛɨɤɢɯ ɤɨɧɜɟɪɫɢɣ ɭɝɥɟɜɨɞɨɪɨɞɚ ɜ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɟ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɛɚɥɶɬ-ɛɪɨɦɢɞɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɨɫɬɚɜɢɜ ɛɟɡ ɜɧɢɦɚɧɢɹ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ 

ɨɤɢɫɥɟɧɢɹ ɚɪɟɧɨɜ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ [1], 

ɫɜɹɡɚɧɧɨɣ ɫ ɩɟɪɟɯɨɞɨɦ ɜ ɚɤɬɢɜɧɨɟ ɫɨɫɬɨɹɧɢɟ ɦɟɬɚɥɥɚ-ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ ɭɱɚɫɬɢɢ 

ɩɪɨɦɨɬɨɪɚ KBr. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɜɵɹɜɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɪɟɚɤɰɢɣ, 

ɩɪɢɜɨɞɹɳɢɯ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɩɪɨɰɟɫɫɚ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜɵɛɪɚɧɵ ɫɨɟɞɢɧɟɧɢɹ 

ɤɨɛɚɥɶɬɚ ɜ ɧɢɡɲɟɣ ɜɚɥɟɧɬɧɨɣ ɮɨɪɦɟ, ɩɪɨɦɨɬɨɪ – ɛɪɨɦɢɞ ɤɚɥɢɹ, «ɦɨɞɟɥɶɧɚɹ ɫɦɟɫɶ» – 

ɪɚɫɬɜɨɪ ɬɨɥɭɨɥɚ (Ɍ) ɜ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɟ (ɍɄ). ɉɨɫɤɨɥɶɤɭ ɜ ɦɨɦɟɧɬ ɨɤɢɫɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɟɜɪɚɳɟɧɢɟ ɜɚɥɟɧɬɧɨɣ ɮɨɪɦɵ ɦɟɬɚɥɥɚ-ɤɚɬɚɥɢɡɚɬɨɪɚ, ɫɨɩɪɨɜɨɠɞɚɟɦɨɟ ɢɡɦɟɧɟɧɢɟɦ 

ɨɤɪɚɫɤɢ ɰɜɟɬɚ ɪɚɫɬɜɨɪɚ – ɫ ɫɢɧɟɣ (ɋɨ+2) ɱɟɪɟɡ ɦɚɥɢɧɨɜɭɸ ɞɨ ɬёɦɧɨ-ɡɟɥёɧɨɣ (ɋɨ+3) –, 

ɜɨɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɚɧɚɥɢɡɚ, ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦɢ 

ɞɥɹ ɨɤɪɚɲɟɧɧɵɯ ɩɪɨɛ. Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. 

 

ɍ-II-4 

mailto:maruna90@bk.ru


299 

 

 

Ɋɢɫ. 1. Ɋɟɡɭɥɶɬɚɬɵ ɫɩɟɤɬɪɨɜ ɪɚɫɬɜɨɪɨɜ KBr ɢ CoAc2 ɜ ɍɄ  

 

 

ɉɪɹɦɚɹ ɥɢɧɢɹ ɜ ɜɢɞɟ ɲɭɦɨɜ ɞɥɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɤɪɢɜɵɯ ȼ) ɢ ȿ) ɪɢɫ.1 ɩɨɞɬɜɟɪɠɞɚɟɬ 

ɨɬɫɭɬɫɬɜɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɍɄ ɢ KBr. ɉɪɢ ɚɧɚɥɢɡɟ ɪɚɫɬɜɨɪɚ ɚɰɟɬɚɬɚ ɤɨɛɚɥɶɬɚ ɜ 

ɍɄ, ɤɚɤ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɬɚɤ ɢ ɩɪɢ 800ɋ (ɤɪɢɜɵɟ Ⱥ) ɢ Ƚ) ɪɢɫ.1 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɧɚɛɥɸɞɚɟɬɫɹ ɦɚɤɫɢɦɭɦ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 500 ɧɦ. 

ɋɨɝɥɚɫɧɨ ɪɚɛɨɬɟ [1], ɜ ɫɢɫɬɟɦɟ «ɫɬɟɚɪɚɬ ɤɨɛɚɥɶɬɚ–ɷɬɢɥɛɟɧɡɨɥ» ɨɛɪɚɡɭɟɬɫɹ ɤɨɦɩɥɟɤɫ 

[Co+2…ɗȻ] ɢ ɜ ɪɚɛɨɬɟ [2], ɩɨɫɜɹɳёɧɧɨɣ ɢɡɭɱɟɧɢɸ ɯɚɪɚɤɬɟɪɧɵɯ ɫɩɟɤɬɪɨɜ ɦɟɬɚɥɥɨɜ 

ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɫɢɫɬɟɦɟ «ɚɰɟɬɚɬ ɤɨɛɚɥɶɬɚ – ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ» 

ɦɚɤɫɢɦɭɦ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɞɥɹ ɋɨ+2 ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɥɢɧɟ ɜɨɥɧɵ ɜ ɨɛɥɚɫɬɢ 

500 ɧɦ. Ɉɞɧɚɤɨ, ɩɨ ɢɧɵɦ ɫɜɟɞɟɧɢɹɦ [3], ɛɨɥɶɲɢɧɫɬɜɭ ɫɨɥɟɣ ɋɨ+2 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɥɢɧɚ 

ɜɨɥɧɵ 670ɧɦ. ɋɥɟɞɭɟɬ ɭɱɟɫɬɶ, ɱɬɨ ɜ ɪɚɛɨɬɟ [3] ɢɫɫɥɟɞɨɜɚɥɫɹ ɮɬɚɥɨɰɢɚɧɢɧɨɜɵɣ ɤɨɦɩɥɟɤɫ 

ɤɨɛɚɥɶɬɚ, ɝɟɨɦɟɬɪɢɹ ɤɨɬɨɪɨɝɨ, ɨɱɟɜɢɞɧɨ, ɡɚɬɪɭɞɧɹɟɬ ɜɯɨɠɞɟɧɢɟ ɜ ɟɝɨ ɥɢɝɚɧɞɧɭɸ ɫɮɟɪɭ 

ɦɨɥɟɤɭɥ ɭɝɥɟɜɨɞɨɪɨɞɚ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɫɢɫɬɟɦɟ «ɚɰɟɬɚɬ ɤɨɛɚɥɶɬɚ – ɍɄ» ɢɞёɬ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɚ [ɋɨ+2…ɍɄ]. Ⱥɧɚɥɢɡ ɫɦɟɫɢ ɫɨɥɟɣ KBr ɢ CoAc2 ɜ ɍɄ (ɤɪɢɜɵɟ Ȼ) 

ɢ Ⱦ) ɪɢɫ. 1) ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɞɜɚ ɦɚɤɫɢɦɭɦɚ ɜ ɞɢɚɩɚɡɨɧɟ 630-690 ɧɦ, 

ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɚɤɫɢɦɭɦɚɦ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɞɥɹ ɱɢɫɬɨɣ ɫɨɥɢ ɋɨ+2. 

Ɉɛɴɟɞɢɧɹɹ ɩɨɥɭɱɟɧɧɵɟ ɫɜɟɞɟɧɢɹ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ ɨ ɤɨɧɤɪɟɬɧɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 

ɩɢɤɨɜ ɤ ɨɩɪɟɞɟɥёɧɧɵɦ ɜɟɳɟɫɬɜɚɦ: ɦɚɤɫɢɦɭɦ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ 620 ɧɦ 

ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ Co3+; ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɫ Co2+ – ɞɢɚɩɚɡɨɧ ɞɥɢɧ ɜɨɥɧ 625-670ɧɦ, 

ɚ ɜ ɨɛɥɚɫɬɶ 520 ɧɦ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɫɢɫɬɟɦɵ «ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ – ɬɨɥɭɨɥ». ɇɟ 
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ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɩɢɤɢ ɩɪɢɧɚɞɥɟɠɚɬ, ɜɟɪɨɹɬɧɨ, ɤɨɦɩɥɟɤɫɚɦ ɤɨɛɚɥɶɬɚ ɫ ɛɪɨɦɨɦ. 

ɉɨɜɟɞɹ ɷɤɫɩɟɪɢɦɟɧɬ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɫɯɨɞɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɚ – Ɍ – ɛɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ 

ɯɚɪɚɤɬɟɪ ɫɩɟɤɬɪɨɜ ɧɟ ɢɡɦɟɧɢɥɫɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, Ɍ ɧɟ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɢ ɫ ɛɪɨɦɢɞɨɦ, ɧɨ 

ɨɛɪɚɡɭɟɬ ɤɨɦɩɥɟɤɫ ɫ ɚɰɟɬɚɬɨɦ ɤɨɛɚɥɶɬɚ – [ɋɨ+2…Ɍ]. əɜɥɹɹɫɶ ɨɤɢɫɥɹɸɳɢɦɫɹ 

ɭɝɥɟɜɨɞɨɪɨɞɨɦ, ɨɧ ɧɟ ɭɱɚɫɬɜɭɟɬ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɨɣ ɫɢɫɬɟɦɵ. 

 

 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ D ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ λ  
ɉɪɢɧɚɞɥɟɠɧɨɫɬɶ ɤɪɢɜɵɯ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ:            0 ɦɢɧ,                    

        30 ɦɢɧ,        75 ɦɢɧ,        120 ɦɢɧ,       150 ɦɢɧ,        180 ɦɢɧ.                                   

  

ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧ ɚɧɚɥɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɜ ɪɚɧɟɟ ɨɩɢɫɚɧɧɵɯ ɭɫɥɨɜɢɹɯ. 

ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɫɩɟɤɬɪɚɥɶɧɵɟ ɨɛɥɚɫɬɢ (ɪɢɫ.1) ɩɨɡɜɨɥɹɸɬ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɬɶ ɪɢɫ. 2. 

Ɉɛɧɚɪɭɠɟɧɢɟ ɦɚɤɫɢɦɭɦɨɜ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɞɥɹ 150 ɢ 180 ɦɢɧ ɜ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ 

ɜɨɥɧ 600-615 ɧɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɦɚɤɫɢɦɚɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ Co+3 ɜ ɤɨɧɟɱɧɵɯ ɬɨɱɤɚɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚ, ɬɨɝɞɚ ɤɚɤ ɞɥɹ ɧɚɱɚɥɶɧɵɯ ɩɪɨɛ ɭɜɟɥɢɱɟɧɢɟ ɦɚɤɫɢɦɭɦɨɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɱɬɨ 

ɨɛɭɫɥɨɜɥɟɧɨ ɧɚɱɚɥɨɦ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ. Ⱦɥɹ ɫɢɫɬɟɦɵ «ɚɰɟɬɚɬ ɤɨɛɚɥɶɬɚ – ɭɤɫɭɫɧɚɹ 

ɤɢɫɥɨɬɚ» ɜ ɨɛɥɚɫɬɢ 500-520 ɧɦ (0, 30, 75ɦɢɧ) ɧɚɛɥɸɞɚɟɬɫɹ ɦɚɤɫɢɦɭɦ ɩɨɝɥɨɳɟɧɢɹ ɞɥɹ 

ɋɨ+2 – ɯɚɪɚɤɬɟɪɧɚɹ ɱɟɪɬɚ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ [Co+2…ɍɄ]. Ɉɛɥɚɫɬɶ ɦɚɤɫɢɦɭɦɨɜ 

ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ 550-590 ɧɦ ɞɥɹ [ɋɨ2+…ȼr –] ɫɥɨɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɧɚ ɫɩɟɤɬɪɟ, 

ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɨɛɳɢɦ ɮɨɧɨɦ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɢ, ɩɨɷɬɨɦɭ ɩɪɢɦɟɧɹɬɶ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɸ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ [ɋɨ2+…ȼr –] ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ. 
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Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɜɵɜɨɞɨɜ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɩɪɢɦɟɧɹɸɬɫɹ 

ɬɢɬɪɢɦɟɬɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ: ɨɛɪɚɬɧɚɹ ɤɨɦɩɥɟɤɫɨɧɨɦɟɬɪɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɋɨ+2 ɢ 

ɣɨɞɨɦɟɬɪɢɹ ɞɥɹ ɋɨ+3. Ɋɚɫɯɨɠɞɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ, ɫɜɨɞɢɦɨɝɨ ɩɨ ɫɜɨɛɨɞɧɵɦ 

ɢɨɧɚɦ Co+2 ɢ Co+3 (ɭɪɚɜɧɟɧɢɟ 1), ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨ ɹɜɧɵɦ 

ɜɚɥɟɧɬɧɵɦ ɮɨɪɦɚɦ [Co+2] ɢ [Co+3], ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ ɩɪɢɫɭɬɫɬɜɢɟ ɤɨɛɚɥɶɬɚ ɜ 

ɤɨɦɩɥɟɤɫɟ [Co]ɤ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɬɨɪɨɝɨ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ (2), ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ 

ɪɚɛɨɬɟ [2]:  

[Co]ɢɫɯ = [Co+2] + [Co+3] (1) 

 [Co]ɤ= [Co]ɢɫɯ. – ([Co+2] + [Co+3]) (2). 

 ȼ ɫɜɹɡɢ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɦɨɬɨɪɚ KBr, ɩɪɟɞɩɨɥɨɠɢɥɢ, ɱɬɨ ɷɬɨ 

ɤɨɦɩɥɟɤɫ [Co+2…Br –]. Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɛɪɨɦɚ ɢɫɩɨɥɶɡɭɸɬ 

ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɣ ɫɩɨɫɨɛ, ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɢɫɫɥɟɞɭɟɦɚɹ ɩɪɨɛɚ, 

ɫɨɞɟɪɠɚɳɚɹ Br-ɢɨɧɵ, ɪɚɡɛɚɜɥɹɥɚɫɶ 50 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ; ɬɢɬɪɚɧɬ – 0,004 ɧ 

ɧɢɬɪɚɬ ɫɟɪɟɛɪɚ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɜ ɞɟɧɶ ɚɧɚɥɢɡɚ [3,4], ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ Br – ɫɨɫɬɚɜɢɥɚ 1,4%.  

 ɇɚ ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɬɨɝɨɜɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɲɟ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚ.  

 

 

Ɋɢɫ. 3. Ɋɟɡɭɥɶɬɚɬɵ ɬɢɬɪɢɦɟɬɪɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ   
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ.2 ɢ ɪɢɫ.3, ɪɟɡɭɥɶɬɚɬɵ ɣɨɞɨɦɟɬɪɢɢ ɩɨɥɧɨɫɬɶɸ ɫɨɝɥɚɫɨɜɵɜɚɸɬɫɹ 

ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɞɚɧɧɵɯ ɫɩɟɤɬɪɚ ɢ ɬɢɬɪɢɦɟɬɪɢɢ ɧɚ 0, 
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30 ɢ 70 ɦɢɧ ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɋɨ3+, ɚ ɞɥɹ 120, 150 ɢ 180 ɦɢɧ ɜɢɞɟɧ ɪɨɫɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ Co+3. ɋɨɝɥɚɫɨɜɚɧɢɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɢ ɞɥɹ ɤɨɦɩɥɟɤɫɨɧɨɦɟɬɪɢɢ ɢ 

ɩɨɬɟɧɰɢɨɦɟɬɪɢɢ: ɜ 0, 30 ɢ 75 ɦɢɧ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟ ɋɨ+2 ɢ Br –, ɤɨɬɨɪɵɟ ɫɨ 

ɜɪɟɦɟɧɟɦ ɨɬɛɨɪɚ ɩɪɨɛ ɭɦɟɧɶɲɢɥɢɫɶ, ɱɬɨ ɞɥɹ ɋɨ+2 ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɩɟɤɬɪɚɥɶɧɨ. Ʉ 120, 

150 ɢ 180 ɦɢɧ ɋɨ+2 ɢ Br – ɪɚɫɯɨɞɭɸɬɫɹ ɜ ɋɨ+3, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ 

ɋɨ+3 ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɪɟɚɤɰɢɸ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɋo2+ ɢ Br –. ȼ ɫɢɫɬɟɦɟ ɤ 150 ɦɢɧ 

ɩɪɨɬɟɤɚɸɬ ɪɟɚɤɰɢɢ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɋɨ+3 ɢ ɜɵɫɜɨɛɨɠɞɟɧɢɸ ɛɪɨɦɚ ɢɡ ɟɝɨ 

ɫɨɥɢ KBr ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ [ɋɨ+2…Br –]. ɋɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ ɟɞɢɧɫɬɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɪɚɡɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɨɩɪɟɞɟɥɟɧɢɹ.  

Ɉɛɨɛɳɚɹ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɚɧɧɵɟ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɪɟɚɤɰɢɹɦɢ, 

ɩɪɢɜɨɞɹɳɢɦɢ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɤɨɛɚɥɶɬ-ɛɪɨɦɢɞɧɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɨɰɟɫɫɚ 

ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ, ɹɜɹɥɸɬɫɹ ɪɟɚɤɰɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ 

ɦɟɬɚɥɥɚ-ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɩɪɨɦɨɬɨɪɨɦ KBr ɢ ɫɨ ɫɪɟɞɨɣ ɩɪɨɰɟɫɫɚ – ɍɄ (ɪɟɚɤɰɢɢ 3, 4): 

 [ɋɨ2+(ɇ2Ɉ)4(ɋɇ3ɋɈɈ –)2] + ȼr – ↔ [ɋɨ2+(ɇ2Ɉ)4(ɋɇ3ɋɈɈ –)ȼr –] + ɋɇ3ɋɈɈ – (3) 

[ɋɨ2+(ɇ2Ɉ)4(ɋɇ3ɋɈɈ –) ȼr –]+ +ɋɇ3ɋɈɈ –  ↔ [ɋɨ2+(ɇ2Ɉ)4(ɋɇ3ɋɈɈ –)2]+ ȼr – (4) 

ɉɪɢɜɥɟɤɚɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɥɤɢɥɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɧɟɩɨɥɹɪɧɵɯ 

ɪɚɫɬɜɨɪɢɬɟɥɹɯ [2], ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɦɟɬɚɥɥɚ-ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ 

ɤɢɫɥɨɪɨɞɨɦ, ɜɵɫɬɭɩɚɸɳɢɦ ɜ ɪɨɥɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɚɝɟɧɬɚ (ɪɟɚɤɰɢɹ 5): 

[ɋɨ2+(ɇ2Ɉ)4(ɋɇ3ɋɈɈ–)ȼr –] + Ɉ2 ↔ [ɋɨ3+(ɇ2Ɉ)4(ɋɇ3ɋɈɈ–)ȼr – ]+ + Ɉ2
– (5) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɢɪɭɸɬ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɬɨɥɭɨɥɚ 

ɦɨɥɟɤɭɥɹɪɧɵɦ ɤɢɫɥɨɪɨɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɟɬɚɥɥɚ-ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɩɪɨɦɨɬɨɪɚ ɜɫɟ ɟɝɨ 

ɭɱɚɫɬɧɢɤɢ.  
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ɀɢɞɤɨɮɚɡɧɨɟ ɨɤɢɫɥɟɧɢɟ ɚɥɤɢɥɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ. ɉɪɨɞɭɤɬɵ ɩɪɨɰɟɫɫɚ ɜ ɜɢɞɟ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ, ɢɯ ɫɨɥɟɣ ɢ ɷɮɢɪɨɜ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 

ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ, ɩɢɳɟɜɨɣ ɢ ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɹɯ. 

ɉɪɨɰɟɫɫ ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɷɬɢɥɛɟɧɡɨɥɚ (ɗȻ) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɬɟɚɪɚɬɚ 

ɤɨɛɚɥɶɬɚ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɩɟɪɢɨɞɚ: ɢɧɞɭɤɰɢɨɧɧɵɣ ɢ ɪɚɡɜɢɬɨɣ. ɂɧɞɭɤɰɢɨɧɧɵɣ 

ɩɟɪɢɨɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɢ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɚ ɢɦɟɧɧɨ: ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɚɤɬɢɜɧɨɣ ɮɨɪɦɵ ɤɚɬɚɥɢɡɚɬɨɪɚ ɋɨ3+ ɢ ɧɚɤɨɩɥɟɧɢɟɦ ɝɢɞɪɨɩɟɪɟɤɢɫɢ ɷɬɢɥɛɟɧɡɨɥɚ (Ƚɉ ɗȻ), 

ɹɜɥɹɸɳɟɣɫɹ ɩɟɪɜɵɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɨɤɢɫɥɟɧɢɹ. Ɋɚɫɩɚɞ Ƚɉ ɗȻ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɞɭɤɬɨɜ ɜ ɜɢɞɟ ɫɩɢɪɬɚ ɢ ɤɟɬɨɧɚ ɫɱɢɬɚɟɬɫɹ ɨɤɨɧɱɚɧɢɟɦ 

ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɢ ɧɚɱɚɥɨɦ ɪɚɡɜɢɬɨɝɨ.  

Ɋɚɡɜɢɬɨɣ ɩɟɪɢɨɞ ɢɫɫɥɟɞɨɜɚɧ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɞɨɫɬɚɬɨɱɧɨ ɩɨɞɪɨɛɧɨ, 

ɪɚɡɪɚɛɨɬɚɧɚ ɤɢɧɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɨɩɢɫɵɜɚɟɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɟɚɝɟɧɬɨɜ ɜɩɥɨɬɶ ɞɨ ɝɥɭɛɨɤɢɯ ɤɨɧɜɟɪɫɢɣ [1]. Ɉɞɧɚɤɨ ɜ ɫɭɳɟɫɬɜɭɸɳɟɣ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɢɦɚɬɶ ɢɫɯɨɞɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɟɚɝɟɧɬɨɜ 

ɭɫɥɨɜɧɨ ɪɚɜɧɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦ ɪɟɚɝɟɧɬɨɜ ɜ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɪɚɡɜɢɬɨɝɨ ɩɟɪɢɨɞɚ, ɱɬɨ 

ɜɧɨɫɢɬ ɧɟɬɨɱɧɨɫɬɶ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɜɨɞɢɬɶ ɩɨɩɪɚɜɨɱɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɢ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɰɟɫɫɚ.  ɉɨɷɬɨɦɭ ɩɨɫɬɪɨɟɧɢɟ ɨɛɳɟɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɚɡɜɢɬɨɝɨ ɢ 

ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

Ɉɞɧɚɤɨ ɫɟɪɶɟɡɧɨɣ ɩɪɨɛɥɟɦɨɣ ɩɪɢ ɪɚɛɨɬɟ ɫ ɷɬɢɥɛɟɧɡɨɥɨɦ ɹɜɥɹɟɬɫɹ ɟɝɨ ɜɵɫɨɤɚɹ 

ɪɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɞɚɠɟ ɜ ɨɬɫɭɬɫɬɜɢɢ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ ɯɪɚɧɟɧɢɢ ɜ ɝɟɪɦɟɬɢɱɧɨ ɡɚɤɪɵɬɨɣ ɬɚɪɟ. Ɉɛɪɚɡɭɸɳɚɹɫɹ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ 

ɧɟɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɩɭɬɟɦ Ƚɉ ɗȻ ɞɚɠɟ ɜ ɧɢɱɬɨɠɧɨ ɦɚɥɵɯ ɤɨɥɢɱɟɫɬɜɚɯ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɯ 

ɞɨɥɟɣ ɩɪɨɰɟɧɬɚ ɨɬ ɨɛɳɟɣ ɦɚɫɫɵ ɗȻ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɢɧɞɭɤɰɢɨɧɧɨɝɨ 
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ɩɟɪɢɨɞɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɹ ɟɝɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢ ɡɚɬɪɭɞɧɹɹ ɢɡɭɱɟɧɢɟ. Ɍɚɤ, ɤɚɤ 

ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɪɢɫɭɧɤɚ 1, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɞɥɹ ɗȻ 

ɯɪɚɧɢɜɲɟɝɨɫɹ ɨɤɨɥɨ 3-ɯ ɧɟɞɟɥɶ ɜ ɡɚɤɪɵɬɨɣ ɟɦɤɨɫɬɢ ɫɨɤɪɚɬɢɥɚɫɶ ɩɨɱɬɢ ɜɞɜɨɟ. 

 

Ɋɢɫ. 1. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɧɚɤɨɩɥɟɧɢɹ ɚɤɬɢɜɧɨɣ ɮɨɪɦɵ ɤɚɬɚɥɢɡɚɬɨɪɚ 

 ɍɫɥɨɜɢɹ: t= 100˚ C; [O2]= 10% ɨɛ.; [Co(St)2]= 3 ɦɦɨɥɶ/ɥ;V(ɗȻ)= 100 ɦɥ [2] 

 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɫɬɚёɬ ɜɨɩɪɨɫ ɨ ɩɨɞɝɨɬɨɜɤɟ ɢɫɯɨɞɧɨɝɨ ɗȻ ɩɭɬɟɦ ɟɝɨ ɨɱɢɫɬɤɢ ɨɬ 

ɩɪɢɦɟɫɟɣ, ɜɥɢɹɸɳɢɯ ɧɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ, ɩɟɪɟɞ 

ɩɪɨɜɟɞɟɧɢɟɦ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ.  

Ɉɫɧɨɜɧɵɦ ɪɟɚɝɟɧɬɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ, 

ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɩɟɪɟɤɢɫɶ ɷɬɢɥɛɟɧɡɨɥɚ [3]. Ȼɭɞɭɱɢ ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ 

ɧɟɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɩɪɢ ɯɪɚɧɟɧɢɢ, ɨɧɚ ɡɧɚɱɢɬɟɥɶɧɨ 

ɫɨɤɪɚɳɚɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ, ɡɚɬɪɭɞɧɹɹ ɬɟɦ ɫɚɦɵɦ ɟɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɟ. 

ȼ ɪɚɛɨɬɟ [2] ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞɢɤɚ ɭɞɚɥɟɧɢɹ Ƚɉ ɗȻ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɜɨɞɧɨɝɨ 

ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɦɨɥɟɤɭɥɹɪɧɵɣ ɣɨɞ ɢ ɣɨɞɢɞ-ɢɨɧɵ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɦɟɬɨɞɢɤɚ 

ɩɨɤɚɡɚɥɚ ɫɜɨɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɩɨɫɥɟɞɭɸɳɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɬɟɯ ɠɟ 

ɭɫɥɨɜɢɹɯ ɫ ɱɢɫɬɵɦ ɗȻ, ɧɨ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɞɨɛɚɜɥɟɧɢɟɦ ɜɨɞɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ 

ɧɚɱɚɥɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚ.  
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Ɋɢɫ. 2. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɧɚɤɨɩɥɟɧɢɹ ɚɤɬɢɜɧɨɣ ɮɨɪɦɵ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ 

ɫ ɞɨɛɚɜɥɟɧɢɟɦ 0,2 ɦɥ ɜɨɞɵ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɍɫɥɨɜɢɹ: t= 100˚ C; [O2] = 10% ɨɛ.; [Co(St)2]= 3 ɦɦɨɥɶ/ɥ;V(ɗȻ)= 100 ɦɥ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɧɚ ɪɢɫ. 2 ɜɨɞɚ ɡɚɦɟɞɥɹɟɬ ɫɤɨɪɨɫɬɶ ɧɚɤɨɩɥɟɧɢɹ ɚɤɬɢɜɧɨɣ 

ɮɨɪɦɵ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɚ ɬɚɤɠɟ, ɜ ɫɜɹɡɢ ɫ ɫɜɹɡɵɜɚɟɬ ɧɟɤɨɬɨɪɨɟ ɟɝɨ ɤɨɥɢɱɟɫɬɜɨ ɜ ɧɟɚɤɬɢɜɧɨɣ 

ɮɨɪɦɟ. 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɬɚɤɚɹ ɦɟɬɨɞɢɤɚ ɢɦɟɟɬ ɨɛɴɟɤɬɢɜɧɵɟ ɧɟɞɨɫɬɚɬɤɢ: ɜ ɫɢɫɬɟɦɭ ɜɜɨɞɢɬɫɹ 

ɤɚɤ ɦɢɧɢɦɭɦ 3 ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɪɟɚɝɟɧɬɚ: ɣɨɞɢɞ-ɢɨɧ, ɦɨɥɟɤɭɥɹɪɧɵɣ ɣɨɞ ɢ ɜɨɞɚ, ɤɚɠɞɵɣ 

ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɩɪɨɰɟɫɫɚ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ 

ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ, ɧɟ ɩɨɞɪɚɡɭɦɟɜɚɸɳɭɸ ɞɨɛɚɜɥɟɧɢɹ ɧɨɜɵɯ ɜɟɳɟɫɬɜ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɟɚɤɬɨɪ ɩɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɞɝɨɬɨɜɤɢ ɢɫɯɨɞɧɨɝɨ ɗȻ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɞɥɢɬɟɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɗȻ ɫ ɝɢɞɪɢɞɨɦ 

ɤɚɥɶɰɢɹ ɜ ɨɬɞɟɥɶɧɨɦ ɫɨɫɭɞɟ, ɹɜɥɹɸɳɢɦɫɹ ɫɢɥɶɧɟɣɲɢɦ ɨɤɢɫɥɢɬɟɥɟɦ, ɤɨɬɨɪɵɣ ɫɩɨɫɨɛɟɧ 

ɷɮɮɟɤɬɢɜɧɨ ɜɵɜɨɞɢɬɶ ɢɡ ɫɢɫɬɟɦɵ ɜɨɞɭ, Ƚɉ ɗȻ, ɚ ɬɚɤɠɟ ɫɩɢɪɬ ɩɨ ɪɟɚɤɰɢɹɦ: ROOH + ʠаНଶ  ՜ ˒˓ˑˇ˖ˍ˕ы +՛ Нଶ + CaሺOHሻଶ ʠаНଶ + HଶO ՜՛ Нଶ + CaሺOHሻଶ  ʠаНଶ + ROH ՜ а˔˔ˑциа˕ы аˎˍˑˆˑˎя˕ˑ˅  
ȼɵɞɟɥɹɸɳɢɣɫɹ ɜɨɞɨɪɨɞ ɥɟɝɤɨ ɭɞɚɥɹɟɬɫɹ ɢɡ ɫɢɫɬɟɦɵ, ɚ ɝɢɞɪɨɤɫɢɞ ɤɚɥɶɰɢɹ 

ɨɫɚɠɞɚɟɬɫɹ ɧɚ ɞɧɟ ɫɨɫɭɞɚ, ɜ ɤɨɬɨɪɨɦ ɯɪɚɧɢɬɫɹ ɗȻ, ɜɦɟɫɬɟ ɫ ɚɫɫɨɰɢɚɬɚɦɢ ɚɥɤɨɝɨɥɹɬɨɜ 

ɫɩɢɪɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɨɞɭɤɬɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɬɚɤɨɣ ɦɟɬɨɞɢɤɟ ɨɱɢɫɬɤɢ, ɧɟ 

ɦɟɲɚɸɬ ɩɪɨɜɟɞɟɧɢɸ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
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 Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɧɨɬɵ ɭɞɚɥɟɧɢɹ Ƚɉ ɗȻ ɢɡ ɢɫɯɨɞɧɨɝɨ ɪɟɚɝɟɧɬɚ, ɯɪɚɧɢɜɲɟɝɨɫɹ 

ɜ ɨɬɞɟɥɶɧɨɦ ɫɨɫɭɞɟ ɜɦɟɫɬɟ ɫ ɝɢɞɪɢɞɨɦ ɤɚɥɶɰɢɹ, ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɨɬɛɨɪɵ ɩɪɨɛ, ɜ ɤɨɬɨɪɵɯ 

ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɤɨɧɰɟɧɬɪɚɰɢɹ Ƚɉ ɗȻ. Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.2: 

 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɫɬɚɬɨɱɧɨɣ Ƚɉ ɗȻ ɨɬ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɢɜɚɧɢɹ ɧɚɞ 

ɝɢɞɪɢɞɨɦ ɤɚɥɶɰɢɹ 

 

ɂɡ ɞɚɧɧɵɯ ɪɢɫ.2 ɜɢɞɧɨ, ɱɬɨ ɨɫɬɚɬɨɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ Ƚɉ ɗȻ ɩɨɫɥɟ ɞɜɭɯ ɧɟɞɟɥɶ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɹ ɧɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɩɪɨɬɟɤɚɧɢɹ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ [3], ɚ ɩɨɫɥɟ ɬɪɟɯ ɧɟɞɟɥɶ Ƚɉ ɗȻ ɩɪɚɤɬɢɱɟɫɤɢ 

ɩɨɥɧɨɫɬɶɸ ɜɵɜɨɞɢɬɫɹ ɢɡ ɫɢɫɬɟɦɵ. Ⱦɥɹ ɨɰɟɧɤɢ ɫɨɫɬɨɹɬɟɥɶɧɨɫɬɢ ɦɟɬɨɞɢɤɢ ɛɵɥɢ 

ɩɪɨɢɡɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɨɤɢɫɥɟɧɢɸ ɗȻ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɫɬɟɚɪɚɬɚ ɤɨɛɚɥɶɬɚ. 

 

Ɋɢɫ. 4. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɧɚɤɨɩɥɟɧɢɹ ɚɤɬɢɜɧɨɣ ɮɨɪɦɵ ɤɚɬɚɥɢɡɚɬɨɪɚ  

ɍɫɥɨɜɢɹ: t= 100˚ C; [O2]= 10% ɨɛ.; [Co(St)2]= 3 ɦɦɨɥɶ/ɥ;V(ɗȻ)= 100 ɦɥ 
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ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɗȻ, 

ɜɵɞɟɪɠɚɧɧɨɝɨ ɧɚɞ ɝɢɞɪɢɞɨɦ ɤɚɥɶɰɢɹ ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ ɧɟɞɟɥɶ ɩɪɢɦɟɪɧɨ ɜ 6 ɪɚɡ ɛɨɥɶɲɟ 

(ɪɢɫ. 4), ɱɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɫɜɟɠɟɝɨ ɗȻ.  ɉɪɢ ɷɬɨɦ ɮɨɪɦɚ 

ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɧɟ ɢɡɦɟɧɢɥɚɫɶ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɦɟɬɨɞ ɩɨɞɝɨɬɨɜɤɢ 

ɧɟ ɦɟɧɹɟɬ ɦɟɯɚɧɢɡɦɚ ɩɪɨɰɟɫɫɚ, ɧɨ ɩɪɢ ɷɬɨɦ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɟɝɨ 

ɢɧɢɰɢɚɬɨɪɨɜ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɬɟɦ ɫɚɦɵɦ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɹ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ.  

Ɉɞɧɚɤɨ ɩɨɫɥɟɞɭɸɳɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɢɬɟɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ 

ɝɢɞɪɢɞɨɦ ɤɚɥɶɰɢɹ (ɛɨɥɟɟ ɨɞɧɨɝɨ ɦɟɫɹɰɚ) ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɫɨɤɪɚɳɟɧɢɸ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ, ɫɤɨɪɟɟ ɜɫɟɝɨ ɜɜɢɞɭ ɨɤɢɫɥɟɧɢɹ ɚɥɤɨɝɨɥɹɬɨɜ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɩɢɪɬɨɜ ɤɢɫɥɨɪɨɞɨɦ [4], ɪɚɫɬɜɨɪɟɧɧɨɦ ɜ ɭɝɥɟɜɨɞɨɪɨɞɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɫɨɥɟɣ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɧɢɰɢɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ. 

ɉɨɷɬɨɦɭ ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɨɱɟɬɚɬɶ ɨɛɟ ɦɟɬɨɞɢɤɢ ɩɨɞɝɨɬɨɜɤɢ ɗȻ ɤ 

ɷɤɫɩɟɪɢɦɟɧɬɭ: ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɝɢɞɪɢɞɨɦ ɤɚɥɶɰɢɹ, ɢ ɞɨɛɚɜɥɟɧɢɟ 

ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɣɨɞɚ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɝɚɡ ɫ ɭɫɬɚɧɨɜɨɤ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ 

ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɨɜ, ɧɚɡɵɜɚɟɦɵɣ «ɫɭɯɢɦ ɝɚɡɨɦ», ɧɟ ɧɚɯɨɞɢɬ 

ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɢ, ɜ ɨɫɧɨɜɧɨɦ, ɫɠɢɝɚɟɬɫɹ [1]. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɬɚɤɨɣ ɝɚɡ 

ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ (ɞɨ 20%) ɷɬɢɥɟɧɚ [2-4]. ɉɟɪɫɩɟɤɬɢɜɧɵɦ 

ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɷɬɢɥɟɧɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɩɨɞɨɛɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɹɯ, ɦɨɠɟɬ 

ɫɬɚɬɶ ɟɝɨ ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɟ ɫ ɩɨɥɭɱɟɧɢɟɦ ɰɟɧɧɵɯ ɠɢɞɤɢɯ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ 

ɩɪɨɞɭɤɬɨɜ – ɩɪɨɩɚɧɚɥɹ ɢ ɞɢɷɬɢɥɤɟɬɨɧɚ. ɉɪɨɩɚɧɚɥɶ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɟɬ ɛɵɬɶ 

ɩɟɪɟɪɚɛɨɬɚɧ ɜ ɤɚɤ ɧ-ɩɪɨɩɚɧɨɥ – ɩɟɪɫɩɟɤɬɢɜɧɭɸ ɬɨɩɥɢɜɧɭɸ ɞɨɛɚɜɤɭ, ɩɨɜɵɲɚɸɳɭɸ 

ɨɤɬɚɧɨɜɨɟ ɱɢɫɥɨ ɛɟɧɡɢɧɨɜ, ɩɪɨɢɡɜɨɞɢɦɵɯ ɧɚ ɇɉɁ, ɬɚɤ ɢ ɜ ɩɪɨɩɢɨɧɨɜɭɸ ɤɢɫɥɨɬɭ – 

ɜɟɳɟɫɬɜɨ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ⱦɢɷɬɢɥɤɟɬɨɧ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧ ɤɚɤ ɚɧɚɥɨɝ ɦɟɬɢɥɷɬɢɥɤɟɬɨɧɚ, ɩɪɢɦɟɧɹɟɦɨɝɨ ɩɪɢ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɦɚɫɟɥ, 

ɩɪɨɢɡɜɨɞɢɦɵɯ ɇɉɁ, ɚ ɬɚɤɠɟ ɢ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɥɚɤɨɤɪɚɫɨɱɧɨɣ ɢɧɞɭɫɬɪɢɢ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɬɚɤɢɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ 

ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɢ ɷɬɢɥɟɧɚ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ, ɩɪɢ ɷɬɨɦ ɛɭɞɭɬ 

ɥɟɝɤɨ ɨɬɞɟɥɹɬɶɫɹ ɨɬ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɢ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɧɟ ɬɟɪɹɬɶ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ 

ɦɧɨɝɨɤɪɚɬɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɵ ɧɨɜɵɟ ɝɟɬɟɪɨɝɟɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ, ɤɨɬɨɪɵɟ ɜ ɤɚɱɟɫɬɜɟ 

ɚɤɬɢɜɧɨɝɨ ɦɟɬɚɥɥɚ ɫɨɞɟɪɠɚɬ ɪɨɞɢɣ. Ɂɚɤɪɟɩɥɟɧɢɟ ɪɨɞɢɟɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜɵɩɨɥɧɟɧɨ ɧɚ 

ɝɢɛɪɢɞɧɨɦ ɦɚɬɟɪɢɚɥɟ BP-1, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɥɢɤɚɝɟɥɶ ɫ ɡɚɤɪɟɩɥɟɧɧɵɦ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɢɚɥɥɢɥɚɦɢɧɨɦ [5]. ɋɢɧɬɟɡ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥёɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫɨ ɫɯɟɦɨɣ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 1. Ɇɨɞɢɮɢɤɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɛɪɢɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 

ɜɵɩɨɥɧɟɧɚ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɪɨɜɟɞɟɧɨ ɡɚɤɪɟɩɥɟɧɢɟ  

4-ɞɢɮɟɧɢɥɮɨɫɮɢɧɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ, ɜɨ-ɜɬɨɪɨɦ – ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɚɦɢɧɨɝɪɭɩɩ  

1,2-ɞɢɛɪɨɦɷɬɚɧɨɦ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɤɪɟɩɥɟɧɢɟɦ ɞɢɮɟɧɢɥɮɨɫɮɢɧɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɩɨɞɥɨɠɤɢ ɛɵɥɢ ɨɛɪɚɛɨɬɚɧɵ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɨɞɢɤɚɪɛɨɧɢɥɨɦ ɪɨɞɢɹ ɫ 

ɩɨɥɭɱɟɧɢɟɦ ɤɚɬɚɥɢɡɚɬɨɪɨɜ Ʉ-1 ɢ Ʉ-2. ɋɨɞɟɪɠɚɧɢɟ ɪɨɞɢɹ ɜ ɨɛɪɚɡɰɚɯ ɫɨɫɬɚɜɢɥɨ ɨɬ 1,5 ɞɨ 

2,5%. 

ɍ-II-6 
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Ɋɢɫ. 1. ɋɢɧɬɟɡ ɤɚɬɚɥɢɡɚɬɨɪɨɜ Ʉ-1 ɢ Ʉ-2 

 

ɋɬɪɨɟɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɭɫɬɚɧɨɜɥɟɧɨ ɦɟɬɨɞɚɦɢ ɬɜɟɪɞɨɬɟɥɶɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ 

əɆɊ ɧɚ ɹɞɪɚɯ 1ɇ, 13ɋ ɢ 31Ɋ, ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɉɗɆ, ɊɎɗɋ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɰɟɧɟɧɚ ɜ ɪɟɚɤɰɢɢ ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɹ ɤɚɤ 

ɱɢɫɬɨɝɨ ɷɬɢɥɟɧɚ, ɬɚɤ ɢ ɷɬɢɥɟɧɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɫɦɟɫɢ ɫ ɦɟɬɚɧɨɦ, ɱɬɨ ɦɨɞɟɥɢɪɭɟɬ 

ɩɪɨɰɟɫɫ ɩɟɪɟɪɚɛɨɬɤɢ «ɫɭɯɨɝɨ ɝɚɡɚ» ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ. ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɬɚɤɢɯ 
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ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɝɥɭɛɢɧɭ ɩɪɟɜɪɚɳɟɧɢɹ ɷɬɢɥɟɧɚ, ɤɚɤ ɩɚɪɰɢɚɥɶɧɵɟ ɞɚɜɥɟɧɢɹ ɦɨɧɨɨɤɫɢɞɚ 

ɭɝɥɟɪɨɞɚ, ɜɨɞɨɪɨɞɚ, ɷɬɢɥɟɧɚ, ɬɟɦɩɟɪɚɬɭɪɚ, ɜɪɟɦɹ ɪɟɚɤɰɢɢ ɢ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ 

ɫɢɫɬɟɦɟ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɨɛɳɟɦ ɞɚɜɥɟɧɢɢ ɜ 

ɫɢɫɬɟɦɟ ɨɬ 4.0 Ɇɉɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɬɨɥɭɨɥɚ ɢ ɩɪɢ ɦɨɥɶɧɨɦ 

ɫɨɨɬɧɨɲɟɧɢɢ ɷɬɢɥɟɧ/Rh ɞɨ 10000:1, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ Ʉ-1 ɢ Ʉ-2 ɝɥɭɛɢɧɚ ɩɪɟɜɪɚɳɟɧɢɹ ɷɬɢɥɟɧɚ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 80 ɞɨ 99% ɡɚ 5 

ɱɚɫɨɜ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ; ɩɪɢ ɷɬɨɦ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɩɚɪɰɢɚɥɶɧɵɯ ɞɚɜɥɟɧɢɣ ɷɬɢɥɟɧɚ ɢ 

ɫɢɧɬɟɡ-ɝɚɡɚ (CO/H2 = 1:1) ɨɬ 1:1 ɞɨ 3:1 ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɛɪɚɡɭɟɬɫɹ ɞɢɷɬɢɥɤɟɬɨɧ, ɚ ɩɪɢ 

ɫɨɨɬɧɨɲɟɧɢɢ ɨɬ 0,1:1 ɞɨ 1:1 ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɩɪɨɞɭɤɬɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɩɢɨɧɨɜɵɣ 

ɚɥɶɞɟɝɢɞ. ɇɚɥɢɱɢɟ ɦɟɬɚɧɚ ɜ ɫɢɫɬɟɦɟ ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɨ 60% ɧɟ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɩɪɨɬɟɤɚɧɢɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ. Ʉɚɬɚɥɢɡɚɬɨɪɵ Ʉ-1 ɢ Ʉ-2 ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɬɟɪɹɸɬ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ ɩɨɜɬɨɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ; ɜɵɦɵɜɚɧɢɟ ɪɨɞɢɹ ɧɟ 

ɩɪɟɜɵɲɚɟɬ 1%, ɱɬɨ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɦɟɬɨɞɨɦ ICP/AES. ɉɪɢ ɚɧɚɥɢɡɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜ 

ɪɟɚɤɰɢɢ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɦɟɬɨɞɨɦ ɊɎɗɋ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɪɨɞɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɬɚɛɢɥɶɧɵɯ ɧɚɧɨɱɚɫɬɢɰ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɢ ɪɨɞɢɣ 

ɨɫɬɚɟɬɫɹ ɜ ɮɨɪɦɟ ɮɨɫɮɢɧɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ (ɋɨɝɥɚɲɟɧɢɟ ɨ 

ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɫɭɛɫɢɞɢɢ № 14.607.21.0171, ɢɞɟɧɬɢɮɢɤɚɬɨɪ RFMEFI60717X0171). 
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ɇȺɇȿɋȿɇɇɕȿ ɉȺɅɅȺȾɂȿȼɕȿ ɄȺɌȺɅɂɁȺɌɈɊɕ ɋȿɅȿɄɌɂȼɇɈȽɈ 
ȽɂȾɊɂɊɈȼȺɇɂə ɇȺ ɈɋɇɈȼȿ ɄɈɆɉɈɁɂɐɂɈɇɇɕɏ ȼɕɋɈɄɈɉɈɊɂɋɌɕɏ 

əɑȿɂɋɌɕɏ ɆȺɌȿɊɂȺɅɈȼ 
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ɉɪɨɦɵɲɥɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɨɱɢɫɬɤɢ ɋ2-ɋ5+-ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɮɪɚɤɰɢɣ ɨɬ 

ɚɰɟɬɢɥɟɧɨɜɵɯ ɢ ɞɢɟɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɨɫɭɳɟɫɬɜɥɹɸɬ ɦɟɬɨɞɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɜ ɪɟɚɤɬɨɪɚɯ ɫ ɧɟɪɟɝɭɥɹɪɧɵɦ 

ɡɟɪɧɢɫɬɵɦ ɫɥɨɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ [1]. Ʉɚɬɚɥɢɡɚɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɚɥɥɚɞɢɣ, 

ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɵɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ [2,3,4,5,6,7]. ɂɫɩɨɥɶɡɭɟɦɵɣ 

ɤɚɬɚɥɢɡɚɬɨɪ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ: ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɨɛɟɫɩɟɱɢɜɚɹ ɨɫɬɚɬɨɱɧɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɚɰɟɬɢɥɟɧɨɜɵɯ ɢ ɞɢɟɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɩɪɨɞɭɤɬɚɯ ɪɟɚɤɰɢɢ ɞɨ ɡɧɚɱɟɧɢɣ 

~0,0001 % ɦɚɫɫ; ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ – ɩɪɨɜɨɞɹ ɝɢɞɪɢɪɨɜɚɧɢɟ ɚɰɟɬɢɥɟɧɨɜɵɯ ɢ 

ɞɢɟɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɥɟɮɢɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɉɪɢɦɟɧɹɟɦɵɟ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɨɰɟɫɫɚɯ ɝɢɞɪɢɪɨɜɚɧɢɹ ɡɟɪɧɢɫɬɵɟ 

ɤɚɬɚɥɢɡɚɬɨɪɵ ɫ ɧɟɪɟɝɭɥɹɪɧɵɦ ɫɥɨɟɦ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ ɩɟɪɟɧɨɫɚ 

ɬɟɩɥɚ ɢ ɪɟɚɝɟɧɬɨɜ ɫ ɞɢɮɮɭɡɢɨɧɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 

ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɝɥɭɛɢɧɟ ɝɪɚɧɭɥɵ ɧɨɫɢɬɟɥɹ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɪɚɡɜɢɬɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɪɢɜɟɥɨ ɤ ɢɡɦɟɧɟɧɢɸ ɢɯ 

ɝɟɨɦɟɬɪɢɢ ɢ ɮɨɪɦɵ ɜ ɜɢɞɟ ɪɟɝɭɥɹɪɧɵɯ ɛɥɨɱɧɵɯ ɫɨɬɨɜɵɯ ɢ ɫɟɬɱɚɬɵɯ ɫɬɪɭɤɬɭɪ. 

Ɋɚɡɧɨɜɢɞɧɨɫɬɶɸ ɛɥɨɱɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɩɨɪɢɫɬɵɟ ɹɱɟɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ 

(ȼɉəɆ), ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɤɚɪɤɚɫ ɨɛɪɚɡɨɜɚɧɧɵɣ ɫɢɫɬɟɦɨɣ 

ɹɱɟɟɤ ɢ ɢɦɟɸɳɢɣ ɜ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɦɧɨɠɟɫɬɜɨ ɩɨɪ ɢ ɤɚɧɚɥɨɜ ɩɨɡɜɨɥɹɸɳɢɯ ɭɥɭɱɲɢɬɶ 

ɪɚɞɢɚɥɶɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ, ɭɜɟɥɢɱɢɬɶ ɬɟɩɥɨɩɟɪɟɧɨɫ, ɭɦɟɧɶɲɢɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɫɥɨɟ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

ɂɫɯɨɞɧɨɣ ɦɚɬɪɢɰɟɣ ɩɪɢ ɫɢɧɬɟɡɟ ȼɉəɆ ɹɜɥɹɟɬɫɹ ɨɬɤɪɵɬɨɹɱɟɢɫɬɵɣ 

ɩɟɧɨɩɨɥɢɭɪɟɬɚɧ (ɉɉɍ). ȼ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɭɛɥɢɪɨɜɚɧɢɟ ɢɫɯɨɞɧɨɣ 

ɦɚɬɪɢɰɵ ɉɉɍ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɟɟ ɭɞɚɥɟɧɢɟɦ ɩɪɢ ɨɬɠɢɝɟ. 

ȼ ɪɚɛɨɬɟ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɫɢɧɬɟɡɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɢɤɢ ɦɟɬɚɥɥɢɡɚɰɢɢ ɩɥɨɫɤɨɝɨ ɞɢɷɥɟɤɬɪɢɤɚ [8], ɜɤɥɸɱɚɸɳɚɹ 

ɨɫɧɨɜɧɵɟ ɫɬɚɞɢɢ: ɩɨɞɝɨɬɨɜɤɚ (ɬɪɚɜɥɟɧɢɟ ɳɟɥɨɱɶɸ) ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɷɥɟɤɬɪɢɤɚ, 
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ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɞɝɨɬɨɜɥɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɨɥɨɜɚ (II) ɢ 

ɩɚɥɥɚɞɢɹ (ɚɤɬɢɜɚɰɢɹ) ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɷɥɟɤɬɪɢɤɚ, ɩɨɥɭɱɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɝɨ ɩɨɞɫɥɨɹ ɧɚ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɷɥɟɤɬɪɢɤɚ, ɧɚɧɟɫɟɧɢɹ 

ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɩɨɜɟɪɯ ɬɨɤɨɩɪɨɜɨɞɹɳɟɝɨ ɫɥɨɹ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɨɥɭɱɟɧɵ ɩɚɥɥɚɞɢɟɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɟɜɨɝɨ 

ɜɵɫɨɤɨɩɨɪɢɫɬɨɝɨ ɹɱɟɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ȼɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɞɜɚ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɉɟɪɜɵɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɩɚɥɥɚɞɢɣ ɧɚɧɟɫɟɧɧɵɣ ɧɚ ɧɢɤɟɥɟɜɵɣ ɜɵɫɨɤɨɩɨɪɢɫɬɵɣ ɦɚɬɟɪɢɚɥ. ȼɨ 

ɜɬɨɪɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ɩɚɥɥɚɞɢɣ ɧɚɧɟɫɟɧ ɧɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ – ɚɤɬɢɜɧɵɣ ɨɤɫɢɞ 

ɚɥɸɦɢɧɢɹ ɧɚ ɧɢɤɟɥɟɜɨɦ ɜɵɫɨɤɨɩɨɪɢɫɬɨɦ ɹɱɟɢɫɬɨɦ ɦɚɬɟɪɢɚɥɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɩɪɨɢɡɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɩɚɥɥɚɞɢɟɜɵɯ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɹɱɟɢɫɬɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫ 

ɧɚɥɢɱɢɟɦ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɜɬɨɪɢɱɧɨɝɨ ɚɥɸɦɨɨɤɫɢɞɧɨɝɨ ɧɨɫɢɬɟɥɹ ɢ ɧɟ ɢɦɟɸɳɟɝɨ ɜ 

ɫɨɫɬɚɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫ ɪɚɡɜɢɬɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. 

Ɉɤɫɢɞ ɚɥɸɦɢɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɢɤɟɥɟɜɨɝɨ ȼɉəɆ ɩɨɥɭɱɚɥɢ ɬɟɪɦɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɨɣ ɧɚɧɟɫɟɧɧɨɝɨ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ⱦɥɹ 

ɩɨɜɵɲɟɧɢɹ ɚɞɝɟɡɢɢ ɦɟɠɞɭ ɧɚɧɨɫɢɦɵɦ ɝɢɞɪɨɤɫɢɞɨɦ ɚɥɸɦɢɧɢɹ ɢ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɩɟɧɨɧɢɤɟɥɹ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɨɩɬɢɦɢɡɚɰɢɹ ɩɨ ɫɨɡɞɚɧɢɸ ɪɚɜɧɨɦɟɪɧɨɣ 

ɞɟɮɟɤɬɧɨɫɬɢ ɩɟɪɟɦɵɱɟɤ ɧɢɤɟɥɟɜɨɝɨ ȼɉəɆ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɰɟɥɢ ɛɵɥ ɜɵɛɪɚɧ 

ɦɟɬɨɞ ɚɧɨɞɧɨɝɨ ɬɪɚɜɥɟɧɢɹ ɜ ɫɭɥɶɮɚɬɧɨɦ ɷɥɟɤɬɪɨɥɢɬɟ ɧɢɤɟɥɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɚɳɟɦ 

ɯɥɨɪɢɞ ɢɨɧɵ. 

ɇɚ ɡɚɤɥɸɱɢɬɟɥɶɧɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɥɢ ɧɚɧɟɫɟɧɢɟ ɩɪɟɤɭɪɫɨɪɚ ɩɚɥɥɚɞɢɹ ɢɡ 

ɨɪɝɚɧɢɱɟɫɤɨɣ ɮɚɡɵ.. 

ȼ ɯɨɞɟ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɩɨɤɚɡɚɥɢ 

ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ ɪɟɚɤɰɢɢ ɝɢɞɪɢɪɨɜɚɧɢɹ ɚɰɟɬɢɥɟɧɚ ɜ ɷɬɚɧ-

ɷɬɢɥɟɧɨɜɨɣ ɮɪɚɤɰɢɢ.  
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Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɪɟɲɟɧɢɹ ɜɚɠɧɟɣɲɟɣ ɡɚɞɚɱɢ ɝɥɭɛɨɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ 

ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ ɩɭɬɟɣ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɩɭɬɧɨɝɨ 

ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɡɧɚɱɢɬɟɥɶɧɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɟɬ ɩɪɹɦɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɟɝɨ 

ɤɨɦɩɨɧɟɧɬɨɜ – ɚɥɤɚɧɨɜ ɋ3-ɋ4, ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ. Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɢ ɡɚ ɪɭɛɟɠɨɦ, ɭɛɟɞɢɬɟɥɶɧɨ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɞɥɹ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɸɬɫɹ 

ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɟɧɬɚɫɢɥɫɨɞɟɪɠɚɳɢɟ ɫɢɫɬɟɦɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɧɚɥɢɱɢɟɦ 

ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɜɵɫɨɤɨɤɪɟɦɧɟɡɟɦɧɨɝɨ ɰɟɨɥɢɬɚ ɢ ɚɤɬɢɜɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɰɟɧɬɪɨɜ, 

ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɤɚɬɚɥɢɡɚɬɨɪ ɩɪɨɦɨɬɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɢ ɨɛɥɚɞɚɸɳɢɯ 

ɞɟɝɢɞɪɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ [1-5]. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɢɡɭɱɟɧɢɸ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɪɟɜɪɚɳɟɧɢɹ ɧ-ɛɭɬɚɧɚ, ɤɚɤ ɨɞɧɨɝɨ ɢɡ 

ɤɨɦɩɨɧɟɧɬɨɜ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ, ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ (Ⱥɪɍ) ɧɚ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ.  

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɫɬɭɩɚɥɢ: ɚɥɸɦɨɫɢɥɢɤɚɬ (Ⱥɋ – 

ɜɵɫɨɤɨɤɪɟɦɧɟɡёɦɧɵɣ ɰɟɨɥɢɬ ɜ ɇ-ɮɨɪɦɟ) ɫ ɦɨɥɶɧɵɦ ɨɬɧɨɲɟɧɢɟɦ SiO2/Al2O3 = 40; 

ɚɥɸɦɨɫɢɥɢɤɚɬ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ ɰɢɧɤɨɦ ɢɡ ɪɚɫɱёɬɚ ɟɝɨ 

ɫɨɞɟɪɠɚɧɢɹ 3,0 % ɦɚɫ. (3,0 % Zn-AC), ɢ ɝɚɥɥɢɣɫɨɞɟɪɠɚɳɢɣ ɰɟɨɥɢɬ ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɢɩɚ 

MFI (SiO2/Al2O3 + Ga2O3 = 40, ɫɨɞɟɪɠɚɧɢɟ Ga2O3 ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɫɨɫɬɚɜɥɹɥɨ 1,85 %  

ɦɚɫ., ɚ Al2O3 – 3,01 % ɦɚɫ.), ɩɨɥɭɱɟɧɧɵɣ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ 

ɚɥɸɦɨɤɪɟɦɧɟɝɟɥɹ, ɜ ɤɨɬɨɪɨɦ ɱɚɫɬɶ ɚɥɸɦɢɧɢɹ ɡɚɦɟɳɚɥɚɫɶ ɧɚ ɝɚɥɥɢɣ (1,85 % Ga-AC). 

ɉɪɨɰɟɫɫ ɩɪɟɜɪɚɳɟɧɢɹ ɧ-ɛɭɬɚɧɚ ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɢɡɭɱɚɥɢ ɧɚ 

ɫɬɟɧɞɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɨɬɨɱɧɨɝɨ ɬɢɩɚ ɫɨ ɫɬɚɰɢɨɧɚɪɧɵɦ ɫɥɨɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ (V = 3,0 ɫɦ3) 

ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ, ɬɟɦɩɟɪɚɬɭɪɟ ɪɟɚɤɰɢɢ 400-600 °ɋ ɢ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ 

ɩɨɞɚɱɢ ɫɵɪɶɹ 500 ɱ–1. ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ Ƚɀɏ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɯɪɨɦɚɬɨɝɪɚɮɚ «ɏɪɨɦɚɬɷɤ-Ʉɪɢɫɬɚɥɥ 5000.2». Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɥɢ ɫɬɟɩɟɧɶ ɩɪɟɜɪɚɳɟɧɢɹ ɧ-ɛɭɬɚɧɚ, ɜɵɯɨɞ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢ ɠɢɞɤɢɯ 

ɩɪɨɞɭɤɬɨɜ, ɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɵɜɚɥɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ.  

ɍ-II-8 
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ɂɫɫɥɟɞɨɜɚɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɰɟɨɥɢɬɧɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɢ ɚɪɨɦɚɬɢɡɚɰɢɢ ɧ-ɛɭɬɚɧɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨ ɨɛɳɟɣ (ɨɰɟɧɢɜɚɟɦɨɣ 

ɩɨ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɧ-ɛɭɬɚɧɚ) ɢ ɚɪɨɦɚɬɢɡɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɵ 

ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 1 ɞɚɧɧɵɯ, ɧɚ 

ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɰɟɨɥɢɬɟ ɡɚɦɟɬɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɧ-ɛɭɬɚɧɚ ɧɚɱɢɧɚɟɬɫɹ ɭɠɟ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɪɟɚɤɰɢɢ 400 °ɋ. Ʉɨɧɜɟɪɫɢɹ ɧ-ɛɭɬɚɧɚ ɩɪɢ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫɚ ɫɨɫɬɚɜɥɹɟɬ 

76 %, ɨɞɧɚɤɨ ɨɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɟɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɩɪɢ 400 °ɋ ɹɜɥɹɸɬɫɹ ɩɪɨɞɭɤɬɵ 

ɤɪɟɤɢɧɝɚ, ɜ ɨɫɧɨɜɧɨɦ, ɩɪɨɩɚɧ. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɤɨɧɜɟɪɫɢɹ ɧ-ɛɭɬɚɧɚ 

ɪɚɫɬɟɬ, ɚ ɩɪɢ 550 °ɋ ɨɧ ɩɪɟɜɪɚɳɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ. Ɂɚɦɟɬɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ ɨɛɪɚɡɰɟ Ⱥɋ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 450 °ɋ, ɚ 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɢɯ ɜɵɯɨɞ (34,9 %) ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ 550 °ɋ.  

Ɍɚɛɥɢɰɚ 1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɨɞɭɤɬɨɜ ɩɪɟɜɪɚɳɟɧɢɹ ɧ-ɛɭɬɚɧɚ ɧɚ ɰɟɨɥɢɬɧɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

Ʉɚɬɚɥɢɡɚɬɨɪ Ɍɪɟɚɤɰɢɢ, ɨɋ  ɏ, % S1, % S2, % S3, % S4, % Ⱥ, % 
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ɉɪɢɦɟɱɚɧɢɟ. ɏ – ɤɨɧɜɟɪɫɢɹ; S1, S2, S3 ɢ S4 – ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɞɨɪɨɞɚ, 
ɚɥɤɚɧɨɜ, ɚɥɤɟɧɨɜ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; Ⱥ – ɜɵɯɨɞ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ.  

 

Ⱥɥɸɦɨɫɢɥɢɤɚɬ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɰɢɧɤɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɢɡɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɰɟɫɫɚ 450-500 ɨɋ, ɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɨɛɪɚɡɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɬ.ɟ. ɧɚɛɥɸɞɚɟɬɫɹ 

ɨɛɪɚɡɨɜɚɧɢɟ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɇɚ ɪɢɫ. 1 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɬ ɤɨɧɜɟɪɫɢɢ ɧ-ɛɭɬɚɧɚ ɧɚ ɨɛɪɚɡɰɟ 3,0 % Zn-AC ɩɪɢ ɪɚɡɥɢɱɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɰɟɫɫɚ. ȼɢɞɧɨ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɦɨɧɨɬɨɧɧɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɚ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɤɨɬɨɪɵɣ ɩɪɢ 550 ɨɋ ɞɨɫɬɢɝɚɟɬ 39,5 % 
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ɩɪɢ 100%-ɧɨɦ ɩɪɟɜɪɚɳɟɧɢɢ ɧ-ɛɭɬɚɧɚ. ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 400-450 °ɋ (ɤɨɧɜɟɪɫɢɹ ɧ-

ɛɭɬɚɧɚ – 13-40 %), ɨɞɧɚɤɨ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ (ɭɜɟɥɢɱɟɧɢɢ 

ɤɨɧɜɟɪɫɢɢ ɧ-ɛɭɬɚɧɚ) ɨɧɚ ɧɟɫɤɨɥɶɤɨ ɫɧɢɠɚɟɬɫɹ. ȼ ɫɨɫɬɚɜɟ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɫ ɪɨɫɬɨɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɵɲɚɟɬɫɹ ɞɨɥɹ ɛɟɧɡɨɥɚ, ɬɨɥɭɨɥɚ, ɧɚɮɬɚɥɢɧɚ ɢ ɭɦɟɧɶɲɚɟɬɫɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɫɢɥɨɥɨɜ ɢ ɚɥɤɢɥɛɟɧɡɨɥɨɜ ɋ8+. ȼ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɚɯ ɫ ɪɨɫɬɨɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɚɤɰɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ, ɦɟɬɚɧɚ, ɷɬɚɧɚ, ɷɬɢɥɟɧɚ ɢ 

ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɚɥɤɚɧɨɜ ɋ3-ɋ5 ɢ ɚɥɤɟɧɨɜ ɋ3-ɋ4. 

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ (1) ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ (2) ɨɛɪɚɡɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ 3,0 % Zn-AC ɨɬ ɤɨɧɜɟɪɫɢɢ ɧ-ɛɭɬɚɧɚ  

 

ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɨɣ ɚɪɨɦɚɬɢɡɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜɨ ɜɫɟɦ ɢɫɫɥɟɞɭɟɦɨɦ 

ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɝɚɥɥɨɚɥɸɦɨɫɢɥɢɤɚɬ. ȼɵɯɨɞ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ ɧɟɦ ɩɪɢ 550 °ɋ ɫɨɫɬɚɜɥɹɟɬ 47 %, ɱɬɨ ɧɚ 11,8 % ɛɨɥɶɲɟ, ɱɟɦ ɧɚ 

ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ, ɢ ɧɚ 7,5 % ɜɵɲɟ, ɱɟɦ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ 3,0 % Zn-AC. 

ȼ ɫɨɫɬɚɜɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɧɚ ɞɚɧɧɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ, 

ɩɪɟɨɛɥɚɞɚɟɬ ɛɟɧɡɨɥ-ɬɨɥɭɨɥ-ɤɫɢɥɨɥɶɧɚɹ ɮɪɚɤɰɢɹ (82,5 % ɦɚɫ.), ɫɨɞɟɪɠɚɧɢɟ 

ɚɥɤɢɥɛɟɧɡɨɥɨɜ ɋ9+ ɫɨɫɬɚɜɥɹɟɬ 4,3 %., ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɨɥɟɟ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɤɥɸɱɚɹ ɧɚɮɬɚɥɢɧ, ɦɟɬɢɥ- ɢ ɞɢɦɟɬɢɥɧɚɮɬɚɥɢɧɵ, – 12,9 %. 

ɋɭɦɦɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɝɢɫɬɨɝɪɚɦɦɭ (ɪɢɫ. 2).  

0

10

20

30

40

50

0 20 40 60 80 100

ȼɵ
ɯɨ

ɞ,
 ɫ

ɟɥ
ɟɤ

ɬɢ
ɜɧ

ɨɫ
ɬɶ

, %

Ʉɨɧɜɟɪɫɢɹ ɧ-ɛɭɬɚɧɚ, %

2

1
400 oC 450 oC 500 oC 550 oC 



317 

 

 

Ɋɢɫ. 2. ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɚɪɨɦɚɬɢɡɚɰɢɢ ɧ-ɛɭɬɚɧɚ (Ɍ = 550 °ɋ)  

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɟɬ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜɫɟ ɢɡɭɱɟɧɧɵɟ 

ɤɚɬɚɥɢɡɚɬɨɪɵ ɩɪɨɹɜɥɹɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɢ ɚɪɨɦɚɬɢɡɚɰɢɢ ɧ-

ɛɭɬɚɧɚ, ɧɨ ɧɚɢɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɟɬ ɝɚɥɥɨɚɥɸɦɨɫɢɥɢɤɚɬ. ɋɟɥɟɤɬɢɜɧɨɫɬɶ 

ɨɛɪɚɡɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ ɧɟɦ ɩɪɢ 550 °ɋ ɫɨɫɬɚɜɥɹɟɬ 47 % ɩɪɢ 

100 %-ɨɦ ɩɪɟɜɪɚɳɟɧɢɢ ɧ-ɛɭɬɚɧɚ. ɇɚɢɦɟɧɶɲɭɸ ɚɪɨɦɚɬɢɡɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɩɪɨɹɜɥɹɟɬ ɚɥɸɦɨɫɢɥɢɤɚɬ, ɜɵɯɨɞ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ ɤɨɬɨɪɨɦ ɩɪɢ ɷɬɢɯ ɠɟ 

ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫɚ ɫɨɫɬɚɜɥɹɟɬ 34,9 %. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ № V.46.2.1 ɉɪɨɝɪɚɦɦɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɚɤɚɞɟɦɢɣ ɧɚɭɤ. 
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ɂɡɨɦɟɪɢɡɚɰɢɹ ɋ8-ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɵɪɶɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ 

ɩɨɥɭɱɟɧɢɹ ɩɚɪɚɤɫɢɥɨɥɚ – ɜɚɠɧɟɣɲɟɝɨ ɩɨɥɭɩɪɨɞɭɤɬɚ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɩɨɥɢɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬɚ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɤɚɬɚɥɢɡɚɬɨɪ ɩɪɨɰɟɫɫɚ ɢɡɨɦɟɪɢɡɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ 

ɰɟɨɥɢɬɚ, ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɚɤɬɢɜɧɨɝɨ ɦɟɬɚɥɥɚ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ [1]. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɢ ɚɩɪɨɛɢɪɨɜɚɧɢɟ ɢɟɪɚɪɯɢɱɟɫɤɢɯ 

ɚɥɸɦɨɫɢɥɢɤɚɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɡɨɦɟɪɢɡɚɰɢɢ 

ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɵɪɶɹ. Ȼɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɨɛɪɚɡɰɵ, ɢɦɟɸɳɢɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 

ɚɥɸɦɨɫɢɥɢɤɚɬɵ ɬɢɩɚ Al-MCM-41 ɢ ZSM-5 ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ Si/Al (5 – 20), 

ɚɪɦɢɪɨɜɚɧɧɵɟ ɧɚɧɨɬɪɭɛɤɚɦɢ ɝɚɥɥɭɚɡɢɬɚ. ɋɨɨɬɧɨɲɟɧɢɟ ɚɥɸɦɨɫɢɥɢɤɚɬ/ɝɚɥɥɭɚɡɢɬ ɞɥɹ 

ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɥɨ 60/40 % ɦɚɫ. ɇɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɫɢɧɬɟɡɚ ɦɚɬɟɪɢɚɥɵ ɛɵɥɢ 

ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɦɟɬɨɞɚɦɢ ɉɗɆ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ/ɞɟɫɨɪɛɰɢɢ ɚɡɨɬɚ, 

ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɢ ɌɉȾ ɚɦɦɢɚɤɚ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɪɚɡɰɵ ɬɢɩɚ Al-

MCM-41/ɝɚɥɥɭɚɡɢɬ ɨɛɥɚɞɚɸɬ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɦɟɡɨɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɚ ZSM-

5/ɝɚɥɥɭɚɡɢɬ – ɦɢɤɪɨ-ɦɟɡɨɩɨɪɢɫɬɨɣ. ɉɪɢ ɮɨɪɦɨɜɤɟ ɧɨɫɢɬɟɥɟɣ, ɩɪɨɩɢɬɤɟ ɫɨɥɹɦɢ 

ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɩɪɨɤɚɥɢɜɚɧɢɢ ɫɬɪɭɤɬɭɪɚ ɢɟɪɚɪɯɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 

ɫɨɯɪɚɧɹɥɚɫɶ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ ɫɨ 

ɫɬɚɰɢɨɧɚɪɧɵɦ ɫɥɨɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 360-420°ɋ, ɞɚɜɥɟɧɢɢ ɜɨɞɨɪɨɞɚ 

1 Ɇɉɚ ɢ ɫ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɶɸ ɩɨɞɚɱɢ ɫɵɪɶɹ 0,5-2 ɱ-1. 

ȼɩɟɪɜɵɟ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ 

ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɢ ɝɚɥɥɭɚɡɢɬɧɵɯ ɧɚɧɨɬɪɭɛɨɤ. ɉɨɤɚɡɚɧɚ ɚɤɬɢɜɧɨɫɬɶ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧɚ ɛɚɡɟ ɢɟɪɚɪɯɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. ɍɫɬɚɧɨɜɥɟɧɚ 

ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɰɟɫɫɚ ɨɬ ɬɢɩɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɚɥɸɦɨɫɢɥɢɤɚɬɚ, ɪɚɡɦɟɪɨɜ ɩɨɪ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɫɨɨɬɧɨɲɟɧɢɹ Si/Al. 

 

Ɋɚɛɨɬɵ ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɨɫɭɞɚɪɫɬɜɚ ɜ ɥɢɰɟ 

Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ (ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɨɟɤɬɚ 

RFMEFI57717X0239; ɧɨɦɟɪ ɫɨɝɥɚɲɟɧɢɹ 14.577.21.0239). 

ɍ-II-9 
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ɋɂɇɌȿɁ ɐȿɈɅɂɌɈɉɈȾɈȻɇɈȽɈ ɆȺɌȿɊɂȺɅȺ SAPO-11 ɋ ɊȺɁɇɈɃ 
ɆɈɊɎɈɅɈȽɂȿɃ ɂ ɌȿɄɋɌɍɊɈɃ ɄɊɂɋɌȺɅɅɈȼ 

Ɍɸɥɸɤɨɜɚ ɂ.Ⱥ.1,2, Ɋɭɞɢɧɚ ɇ.Ⱥ.2, Ʌɵɫɢɤɨɜ Ⱥ.ɂ. 1,2, ɉɚɪɯɨɦɱɭɤ ȿ.ȼ. 1,2  

SYNTHESIS OF ZEOLITE-LIKE MATERIAL SAPO-11 WITH DIFFERENT 

MORPHOLOGY AND TEXTURE OF CRYSTALS 
1ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɇɨɜɨɫɢɛɢɪɫɤ  

2 ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤ 

E-mail: i.tiuliukova@gmail.com 

 

SAPO-11 – ɰɟɨɥɢɬɨɩɨɞɨɛɧɨɟ ɦɨɥɟɤɭɥɹɪɧɨɟ ɫɢɬɨ, ɩɪɟɞɫɬɚɜɢɬɟɥɶ ɝɪɭɩɩɵ 

ɫɢɥɢɤɨɚɥɸɦɨɮɨɫɮɚɬɨɜ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦ ɬɢɩɨɦ AEL, ɢɦɟɸɳɢɣ ɨɞɧɨɦɟɪɧɭɸ ɫɢɫɬɟɦɭ 

ɧɟɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɬɪɭɛɱɚɬɵɯ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɩɨɪ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ 0,44 x 0,65 

ɧɦ [1]. Ɇɚɬɟɪɢɚɥɵ SAPO ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɚɡɥɢɱɧɵɯ 

ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ: ɪɢɮɨɪɦɢɧɝ ɧɚɮɬɟɧɨɜ, ɢɡɨɦɟɪɢɡɚɰɢɹ ɚɥɤɟɧɨɜ, 

ɝɢɞɪɨɢɡɨɦɟɪɢɡɚɰɢɹ ɚɥɤɚɧɨɜ ɧɨɪɦɚɥɶɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɨɥɚ ɜ ɨɥɟɮɢɧɵ, ɚ 

ɬɚɤɠɟ ɜ ɪɟɚɤɰɢɹɯ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ [1–3]. ȼ ɱɚɫɬɧɨɫɬɢ, 

SAPO – 11 ɩɨɤɚɡɚɥ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ ɩɪɨɰɟɫɫɟ ɝɢɞɪɨɢɡɨɦɟɪɢɡɚɰɢɢ ɚɥɤɚɧɨɜ 

ɛɥɚɝɨɞɚɪɹ ɦɨɥɟɤɭɥɹɪɧɨ-ɫɢɬɨɜɨɦɭ ɷɮɮɟɤɬɭ ɢ ɧɟɨɛɯɨɞɢɦɨɣ ɤɢɫɥɨɬɧɨɫɬɢ [3–5]. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɨɛɪɚɡɨɜɚɧɢɹ ɰɟɨɥɢɬɨɜ ɢ ɰɟɨɥɢɬɨɩɨɞɨɛɧɵɯ 

ɤɪɢɫɬɚɥɥɨɜ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɪɚɡɦɟɪɚɦɢ, ɦɨɪɮɨɥɨɝɢɟɣ ɢ ɬɟɤɫɬɭɪɨɣ ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 

ɞɥɹ ɢɯ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɤɚɬɚɥɢɡɚ ɢ ɚɞɫɨɪɛɰɢɢ. ɇɚɦɢ ɩɪɨɜɨɞɢɬɫɹ 

ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɧɬɟɡɚ ɧɚ ɦɨɪɮɨɥɨɝɢɸ ɢ ɬɟɤɫɬɭɪɭ ɩɨɥɭɱɚɟɦɵɯ 

ɨɛɪɚɡɰɨɜ ɫɢɥɢɤɨɚɥɸɦɨɮɨɫɮɚɬɚ SAPO-11. 

Ȼɵɥ ɩɪɨɜɟɞɟɧ ɪɹɞ ɫɢɧɬɟɡɨɜ ɜ ɪɚɡɥɢɱɧɨɣ ɫɪɟɞɟ: ɜɨɞɚ, ɫɦɟɫɶ ɜɨɞɚ-ɷɬɚɧɨɥ (EtOH), 

ɷɬɚɧɨɥ. Ɇɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɫɭɫɩɟɧɡɢɢ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɛɵɥɨ ɫɥɟɞɭɸɳɢɦ: 1Al2O3: 1P2O5: 0.1SiO2: 1DPA: xH2O: y EtOH; ɞɥɹ 

ɜɨɞɧɨɣ ɫɪɟɞɵ x=50, ɞɥɹ ɫɦɟɫɢ ɜɨɞɚ-ɷɬɚɧɨɥ x=25, y=25, ɞɥɹ ɷɬɚɧɨɥɚ y=60 (ɢɥɢ y=30). ɉɪɢ 

ɷɬɨɦ ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɮɚɡɵ AEL ɫɭɫɩɟɧɡɢɸ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɩɨɞɜɟɪɝɚɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɜɚɧɧɟ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɜɭɯɫɬɚɞɢɣɧɵɣ ɩɨɞɯɨɞ ɤ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ, ɨɡɧɚɱɚɸɳɢɣ ɪɚɡɞɟɥɟɧɢɟ ɞɜɭɯ ɫɬɚɞɢɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ SAPO-11: 

ɩɟɪɜɵɣ ɷɬɚɩ («ɫɬɚɞɢɹ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ») ɩɪɨɬɟɤɚɥ ɩɪɢ 200 °ɋ ɜ ɬɟɱɟɧɢɟ 3 ɱɚɫɨɜ 

(ɞɥɹ ɨɛɪɚɡɰɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɜ ɩɪɢɫɭɬɫɬɜɢɢ EtOH, – 5 ɱɚɫɨɜ), ɜɬɨɪɨɣ ɷɬɚɩ («ɫɬɚɞɢɹ 

ɪɨɫɬɚ») – ɩɪɢ 120 °ɋ ɜ ɬɟɱɟɧɢɟ 24, 144, 160 ɱɚɫɨɜ ɞɥɹ ɜɨɞɧɨɣ, ɜɨɞɧɨ-ɫɩɢɪɬɨɜɨɣ ɢ 

ɫɩɢɪɬɨɜɨɣ ɫɪɟɞɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɛɨɡɧɚɱɟɧɢɹ ɨɛɪɚɡɰɨɜ ɫɥɟɞɭɸɳɢɟ: W-SAPO-11 

ɍ-II-10 
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ɩɨɥɭɱɟɧ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ, M-SAPO-11 ‒ ɜ ɫɪɟɞɟ ɜɨɞɚ-ɷɬɚɧɨɥ, yEt-SAPO-11 ‒ ɜ ɫɪɟɞɟ 

ɷɬɚɧɨɥɚ, ɝɞɟ y – ɦɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɷɬɚɧɨɥɚ ɜ ɫɦɟɫɢ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ. 

 

     

Ɋɢɫ. 1. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɧɟɩɪɨɤɚɥɟɧɧɵɯ (ɚ) ɢ ɩɪɨɤɚɥɟɧɧɵɯ (ɛ) ɨɛɪɚɡɰɨɜ  

SAPO-11 

 

Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɨɛɪɚɡɰɨɜ (ɪɢɫ.1), ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɜ ɪɚɡɥɢɱɧɨɣ ɫɪɟɞɟ, 

ɢɥɥɸɫɬɪɢɪɭɸɬ, ɱɬɨ ɜ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɫɟ ɪɟɮɥɟɤɫɵ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɪɭɤɬɭɪɟ AEL, ɧɨ ɧɟɤɨɬɨɪɵɟ ɨɛɪɚɡɰɵ (W-SAPO-11 ɢ 30Et-SAPO-11) 

ɢɦɟɸɬ ɫɥɚɛɨɜɵɪɚɠɟɧɧɭɸ ɩɪɢɦɟɫɶ ɞɪɭɝɢɯ ɮɚɡ: ATO ɢ AFI. Ɏɚɡɚ ATO ɹɜɥɹɟɬɫɹ 

ɪɨɞɫɬɜɟɧɧɵɦ ɦɨɥɟɤɭɥɹɪɧɵɦ ɫɢɬɨɦ AEL ɫɨ ɫɯɨɠɢɦ ɪɚɡɦɟɪɨɦ ɦɢɤɪɨɩɨɪ ɢ ɫɬɪɭɤɬɭɪɨɣ, ɚ 

ɩɪɢɦɟɫɶ ɮɚɡɵ AFI ɹɜɥɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ, ɩɨɷɬɨɦɭ ɧɚɥɢɱɢɟ ɞɚɧɧɵɯ ɮɚɡɨɜɵɯ ɩɪɢɦɟɫɟɣ 

ɧɟ ɩɨɜɥɢɹɟɬ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ SAPO-11. 
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Ɋɢɫ. 2. ɋɗɆ ɢɡɨɛɪɚɠɟɧɢɹ ɤɪɢɫɬɚɥɥɨɜ SAPO-11 ɚ) W-SAPO-11, ɛ) M-SAPO-11, 

ɜ) 60Et-SAPO-11, ɝ) 30Et-SAPO-11. 

 

ɇɚ ɪɢɫ.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 

(ɋɗɆ) ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ. Ɇɨɪɮɨɥɨɝɢɹ ɤɪɢɫɬɚɥɥɨɜ ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɢɫɩɨɥɶɡɭɟɦɨɣ ɫɪɟɞɵ. Ɉɛɪɚɡɟɰ W-SAPO-11 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ 

ɩɫɟɜɞɨɫɮɟɪɢɱɟɫɤɢɯ ɚɝɪɟɝɚɬɨɜ, ɫɨɫɬɚɜɥɟɧɧɵɯ ɢɡ ɩɥɚɫɬɢɧɱɚɬɵɯ ɤɪɢɫɬɚɥɥɢɬɨɜ, ɢ 

ɭɞɥɢɧɟɧɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ (ɪɢɫ.2ɚ). ɑɚɫɬɢɰɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɫɦɟɫɢ ɜɨɞɚ-ɷɬɚɧɨɥ, 

ɹɜɥɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɩɫɟɜɞɨɫɮɟɪɢɱɟɫɤɢɦɢ ɚɝɪɟɝɚɬɚɦɢ, ɧɨ ɢ ɲɟɫɬɢɝɪɚɧɧɵɦɢ 

ɩɥɚɫɬɢɧɱɚɬɵɦɢ (ɪɢɫ.2ɛ). ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɚɧɨɥɚ ɜ ɤɚɱɟɫɬɜɟ ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɵ ɩɪɢɜɟɥɨ 

ɤ ɩɨɥɭɱɟɧɢɸ ɱɚɫɬɢɰ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɤɨɦɛɢɧɚɰɢɸ ɲɭɪɭɩɨɨɛɪɚɡɧɨɣ ɢ 

ɫɧɨɩɨɨɛɪɚɡɧɨɣ ɦɨɪɮɨɥɨɝɢɣ (ɪɢɫ.2ɜ). ɉɪɢ ɷɬɨɦ ɭɦɟɧɶɲɟɧɢɟ ɨɛɴɟɦɚ ɷɬɚɧɨɥɚ ɜ ɞɜɚ ɪɚɡɚ 

ɩɪɢɜɟɥɨ ɤ ɩɨɥɭɱɟɧɢɸ ɫɦɟɫɢ ɫɧɨɩɨɨɛɪɚɡɧɵɯ, ɲɭɪɭɩɨɨɛɪɚɡɧɵɯ ɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɧɢɬɟɜɢɞɧɵɯ ɚɝɪɟɝɚɬɨɜ, ɞɥɢɧɨɣ 50-100 ɦɤɦ (ɪɢɫ.2ɝ). 

ɂɡɦɟɧɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɤɪɢɫɬɚɥɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɚɡɧɵɯ ɫɪɟɞɚɯ, ɹɜɥɹɟɬɫɹ 

ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɡɥɢɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɱɬɨ, ɜɢɞɢɦɨ, ɜɵɡɜɚɧɨ ɢɡɦɟɧɟɧɢɟɦ 

ɫɬɟɩɟɧɢ ɩɟɪɟɫɵɳɟɧɢɹ ɩɪɢ ɫɦɟɧɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɢɡɦɟɧɟɧɢɢ ɟɝɨ ɨɛɴɟɦɚ. 
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Ɋɚɡɥɢɱɧɵɟ ɦɟɯɚɧɢɡɦɵ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢɫɬɚɥɥɨɜ SAPO-11 ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ 

ɮɨɪɦɢɪɨɜɚɧɢɸ ɭɧɢɤɚɥɶɧɨɣ ɬɟɤɫɬɭɪɵ ɞɥɹ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ: ɪɚɡɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɴɟɦɨɜ 

ɦɢɤɪɨ-ɦɟɡɨɩɨɪ, ɚ ɬɚɤɠɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ (ɬɚɛɥ.1). 

 

Ɍɚɛɥɢɰɚ 1. Ɍɟɤɫɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ ɧɟɤɨɬɨɪɵɯ ɨɛɪɚɡɰɨɜ 

Ɉɛɪɚɡɟɰ SBET, 

 ɦ2/ɝ 

Smicro, 

 ɦ2/ɝ 

Vmicro, 

cɦ3/ɝ 

Vtot, 

cɦ3/ɝ 

W-SAPO-11 226 195 0.08 0.14 

M-SAPO-11 271 227 0.09 0.18 

60Et-SAPO-11 292 271 0.11 0.19 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɦɟɧɹɹ ɫɪɟɞɭ ɫɢɧɬɟɡɚ ɤɪɢɫɬɚɥɥɨɜ SAPO-11, ɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ 

ɦɨɪɮɨɥɨɝɢɟɣ, ɪɚɡɦɟɪɨɦ, ɬɟɤɫɬɭɪɨɣ ɰɟɨɥɢɬɨɩɨɞɨɛɧɵɯ ɱɚɫɬɢɰ, ɡɚɞɚɜɚɹ ɧɟɨɛɯɨɞɢɦɵɟ 

ɩɚɪɚɦɟɬɪɵ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚɭɱɧɵɟ ɢ ɩɪɨɦɵɲɥɟɧɧɵɟ ɡɚɞɚɱɢ.  

 

Ɋɚɛɨɬɚ ɛɵɥɚ ɮɢɧɚɧɫɨɜɨ ɩɨɞɞɟɪɠɚɧɚ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ. ɍɧɢɤɚɥɶɧɵɣ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɨɟɤɬɚ №RFMEFI60417X0159, ɬɟɦɚ "Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ 

ɝɢɞɪɨɩɟɪɟɪɚɛɨɬɤɢ ɦɚɡɭɬɚ ɜ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɫɭɞɨɜɵɟ ɬɨɩɥɢɜɚ ɧɚ ɦɚɤɪɨɩɨɪɢɫɬɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ". ɍɱɚɫɬɢɟ ɜ ɤɨɧɮɟɪɟɧɰɢɢ ɛɵɥɨ ɩɪɨɮɢɧɚɧɫɢɪɨɜɚɧɨ ɈȺɈ 

«Ƚɚɡɩɪɨɦɧɟɮɬɶ» ɢ Ɇɨɫɤɨɜɫɤɢɦ ɇɉɁ. 
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THE SYNTHESIS OF ALIPHATIC HYDROCARBON RESINS 

ON THE BASIS OF ISOPRENE 
ɂɧɫɬɢɬɭɬ ɷɤɨɥɨɝɢɢ ȼɨɥɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ ɊȺɇ, Ɍɨɥɶɹɬɬɢ 
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ɍɝɥɟɜɨɞɨɪɨɞɧɵɟ ɫɦɨɥɵ – ɷɬɨ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɟ ɚɦɨɪɮɧɵɟ 

ɩɨɥɢɦɟɪɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɡɦɹɝɱɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 90 ɞɨ 120 °C (ɩɨ 

ɦɟɬɨɞɭ «ɤɨɥɶɰɚ ɢ ɲɚɪɚ») ɢ ɧɟɜɵɫɨɤɨɣ ɜɹɡɤɨɫɬɶɸ ɪɚɫɩɥɚɜɚ. ɗɬɢ ɩɨɥɢɦɟɪɵ ɩɨɥɭɱɚɸɬ ɢɡ 

ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɵɪɶɹ, ɧɚɩɪɢɦɟɪ, ɢɡ ɩɪɢɪɨɞɧɵɯ ɦɨɧɨɦɟɪɨɜ (α- ɢɥɢ ȕ-ɬɟɪɩɟɧɨɜ, 

ɥɢɦɨɧɟɧɚ), ɚ ɬɚɤɠɟ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ ɢ ɭɝɥɹ. ɋɦɨɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ 

ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɵɪɶɹ (ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɬɚɤɢɟ ɫɦɨɥɵ ɧɚɡɵɜɚɸɬ «ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɦɢ»), 

ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɫɥɟɞɭɸɳɢɟ ɩɨɞɝɪɭɩɩɵ: ɚɥɢɮɚɬɢɱɟɫɤɢɟ, ɚɪɨɦɚɬɢɱɟɫɤɢɟ, 

ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɨɜɵɟ. ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɚɥɢɮɚɬɢɱɟɫɤɢɟ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɫɦɨɥɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɬɨɣɤɨɫɬɢ ɤ 

ɚɬɦɨɫɮɟɪɧɨɦɭ ɫɬɚɪɟɧɢɸ ɢ ɨɩɬɢɦɚɥɶɧɵɦ ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

Ⱦɚɧɧɵɣ ɜɢɞ ɫɦɨɥ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 

ɧɚɩɪɢɦɟɪ, ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɞɥɹ ɪɚɡɦɟɬɤɢ 

ɞɨɪɨɝ, ɚɞɝɟɡɢɜɨɜ, ɝɟɪɦɟɬɢɤɨɜ ɢ ɤɥɟɟɜ [1, 2]. ɉɪɨɢɡɜɨɞɫɬɜɨ ɚɥɢɮɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɨɥ ɨɫɜɨɟɧɨ ɜɟɞɭɳɢɦɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɦɢ ɤɨɧɰɟɪɧɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ 

Exxon Mobil, Zeon Corp., Eastman Chemical [1]. ȼ Ɋɨɫɫɢɢ ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɨɥ ɨɬɫɭɬɫɬɜɭɟɬ, ɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɨɝɨ 

ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɛɨɥɟɟ 20000 ɬɨɧɧ) ɢɦɩɨɪɬɢɪɭɟɬɫɹ ɢɡ-ɡɚ ɪɭɛɟɠɚ [2]. 

Ɍɪɚɞɢɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɢɹ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɨɥ ɹɜɥɹɟɬɫɹ 

ɩɪɨɰɟɫɫ ɤɚɬɢɨɧɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɢɪɨɥɢɡɧɨɣ ɋ5-ɮɪɚɤɰɢɢ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ  ɫɦɟɫɢ 

ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɞɢɟɧɨɜɵɯ, ɨɥɟɮɢɧɨɜɵɯ ɢ ɧɚɫɵɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ 

ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɫɭɳɟɫɬɜɟɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ, ɬɚɤɢɯ ɤɚɤ ɫɥɨɠɧɚɹ ɢ ɷɧɟɪɝɨёɦɤɚɹ ɬɟɯɧɨɥɨɝɢɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɦɨɥ, ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɥɟɤɭɥɹɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɩɨɥɢɦɟɪɨɜ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, 

ɩɨɡɜɨɥɹɸɳɢɯ ɪɟɝɭɥɢɪɨɜɚɬɶ ɚɞɝɟɡɢɸ ɩɨɥɢɦɟɪɚ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɨɝɨ ɩɨɞɯɨɞɚ ɤ ɩɨɥɭɱɟɧɢɸ 

ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɨɥ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɤɚɬɢɨɧɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɢɡɨɩɪɟɧɚ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɞɨɫɬɭɩɧɚɹ ɜ Ɋɨɫɫɢɢ 

ɫɵɪɶɟɜɚɹ ɛɚɡɚ ɢɫɯɨɞɧɨɝɨ ɦɨɧɨɦɟɪɚ – ɢɡɨɩɪɟɧɚ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɚɹ ɬɟɯɧɨɥɨɝɢɹ 

ɍ-II-11 
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ɩɨɥɭɱɟɧɢɹ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ, ɜɨɡɦɨɠɧɨɫɬɶ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɦɨɥɟɤɭɥɹɪɧɵɯ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɦɟɪɚ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ 

ɩɨɥɢɦɟɪɨɜ ɢɡɨɩɪɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɬɟɬɪɚɯɥɨɪɢɞɚ 

ɬɢɬɚɧɚ. Ɋɟɚɤɰɢɹ ɤɚɬɢɨɧɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢɡɨɩɪɟɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ TiCl4 ɛɟɡ ɞɨɛɚɜɨɤ 

ɢɧɢɰɢɚɬɨɪɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɫɢɫɬɟɦɭ ɩɪɨɬɟɤɚɟɬ ɫ ɨɱɟɧɶ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɶɸ [2, 3]. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɫɦɟɫɶ ɜ ɤɚɱɟɫɬɜɟ ɢɧɢɰɢɚɬɨɪɨɜ 

ɩɪɨɰɟɫɫɚ, ɜɨɞɵ ɢɥɢ ɯɥɨɪɢɫɬɨɝɨ ɜɨɞɨɪɨɞɚ, ɫɤɨɪɨɫɬɶ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢɡɨɩɪɟɧɚ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. Ⱦɨɛɚɜɥɟɧɢɟ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɧɚ ɨɫɧɨɜɟ TiCl4 

ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ (ɞɢɯɥɨɪɭɤɫɭɫɧɨɣ, ɬɪɢɯɥɨɪɭɤɫɭɫɧɨɣ ɢɥɢ ɬɪɢɮɬɨɪɭɤɫɭɫɧɨɣ) ɩɨɡɜɨɥɹɟɬ 

ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɫɤɨɪɨɫɬɶ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢɡɨɩɪɟɧɚ ɢ ɜɵɯɨɞ ɩɨɥɢɦɟɪɚ (ɬɚɛɥ. 1).  

 

Ɍɚɛɥɢɰɚ 1. ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɢɡɨɩɪɟɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ 
TiCl4 ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɬɪɢɮɬɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ ɢɥɢ ɬɪɟɬ-ɛɭɬɢɥɯɥɨɪɢɞɨɦ. ɍɫɥɨɜɢɹ 
ɩɨɥɢɦɟɪɢɡɚɰɢɢ: [TiCl4] = 1.5·10-2 ɦɨɥɶ/ɥ, 20 °C, ɯɥɨɪɢɫɬɵɣ ɦɟɬɢɥɟɧ. 

ɂɧɢɰɢɚɬɨɪ 
(ɂɧ) 

ɂɧ/ 
TiCl4 

ɦɨɥɶ/ 
ɦɨɥɶ 

[C5H8], 

ɦɨɥɶ/ɥ 

ȼɪɟɦɹ, 
ɦɢɧ 

ȼɵɯɨɞ 
ɩɨɥɢɦɟɪɚ, 

ɦɚɫ. % 

ɋɨɞɟɪ-

ɠɚɧɢɟ 
ɇɎ, 

ɦɚɫ. % 

Ɇɨɥɟɤɭɥɹɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Tp, 

ºɋ 

Ɇn ·10-3 Mw/ Ɇn 

 

 

 

CF3COOH 

 

 

 

 

2.0 

 

 

2.0 

0.5 

5.0 

30.0 

240.0 

1200.0 

51.8 

61.4 

73.9 

84.4 

93.7 

0 

0 

0 

0 

0 

2.1 

2.4 

2.8 

2.9 

3.1 

3.6 

11.1 

19.7 

59.8 

71.4 

- 

- 

64 

92 

102 

 

4.0 

0.5 
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0 

0 

0 

1.7 

2.2 

3.0 

4.7 
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21.3 

- 

- 

- 

 

100 

 

4.0 

5.0 

30.0 

120.0 

240.0 

12.4 

57.0 

97.1 

100.0 

0 

0 

0 

0 

1.6 

1.6 

2.2 

2.2 
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4.1 

5.1 

5.9 

- 

65 
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4.0 

5.0 

30.0 

60.0 

120.0 

240.0 

18.0 

68.9 

78.3 

99.8 

100.0 

0 

0 

0 

0 

0 

1.4 

1.7 

1.8 

1.9 

1.8 

4.8 

4.7 

4.9 

4.8 

5.1 

- 

41 

80 
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ɉɨɥɢɢɡɨɩɪɟɧ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ TiCl4–CF3COOH ɩɪɢ 

ɢɫɯɨɞɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɧɨɦɟɪɚ 2.0 ɦɨɥɶ/ɥ ɢ ɤɨɧɜɟɪɫɢɹɯ ɦɨɧɨɦɟɪɚ ɜɵɲɟ 80 ɦɚɫ. %, 
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ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɡɦɹɝɱɟɧɢɹ (ɬɚɛɥ. 1). ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɢɫɯɨɞɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɧɨɦɟɪɚ ɞɨ 4.0 ɦɨɥɶ/ɥ ɢ ɤɨɧɜɟɪɫɢɹɯ ɧɚ ɭɪɨɜɧɟ 50 ɦɚɫ. % ɢ ɜɵɲɟ 

ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɨɥɢɦɟɪ ɫɨɞɟɪɠɢɬ ɧɟɪɚɫɬɜɨɪɢɦɭɸ ɮɪɚɤɰɢɸ (ɬɚɛɥ. 1), ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɯɭɞɲɚɟɬ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɚ. 

ȼɜɟɞɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɢɧɢɰɢɚɬɨɪɚ ɜ ɬɢɬɚɧɨɜɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɬɪɟɬ-

ɛɭɬɢɥɯɥɨɪɢɞɚ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɬɶ ɜɵɯɨɞ ɩɨɥɢɢɡɨɩɪɟɧɚ ɢ ɫɢɧɬɟɡɢɪɨɜɚɬɶ 

ɩɨɥɧɨɫɬɶɸ ɪɚɫɬɜɨɪɢɦɵɣ ɩɨɥɢɦɟɪ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɤɨɧɜɟɪɫɢɣ ɦɨɧɨɦɟɪɚ. ɋ ɪɨɫɬɨɦ 

ɦɨɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɬɪɟɬ-ɛɭɬɢɥɯɥɨɪɢɞɚ ɤ TiCl4 ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɤɨɪɨɫɬɶ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɦɨɧɨɦɟɪɚ, ɢ ɭɦɟɧɶɲɚɸɬɫɹ ɫɪɟɞɧɢɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɦɚɫɫɵ ɨɛɪɚɡɭɸɳɟɝɨɫɹ 

ɩɨɥɢɦɟɪɚ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɝɥɭɛɨɤɢɯ ɫɬɟɩɟɧɟɣ ɩɪɟɜɪɚɳɟɧɢɹ ɢɡɨɩɪɟɧɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ 

ɩɨɥɢɦɟɪ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦɢ ɜɵɫɨɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɪɚɡɦɹɝɱɟɧɢɹ (ɬɚɛɥ. 

1). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɢɡɭɱɟɧɧɵɯ ɬɢɬɚɧɨɜɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɨɩɬɢɦɚɥɶɧɨɣ 

ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ TiCl4 ɢ (CH3)3CCl. Ⱦɚɧɧɚɹ ɨɪɢɝɢɧɚɥɶɧɚɹ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ 

ɫɢɫɬɟɦɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɜɵɯɨɞ ɩɨɥɧɨɫɬɶɸ ɪɚɫɬɜɨɪɢɦɨɝɨ ɩɨɥɢɢɡɨɩɪɟɧɚ, ɚ 

ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɥɟɤɭɥɹɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɢɦɟɪɚ.  

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɩɨɞɪɨɛɧɨ 

ɢɡɭɱɟɧɨ ɫɬɪɨɟɧɢɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɨɥɢɦɟɪɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɦɢɧɢɪɭɸɳɟɣ 

ɫɬɪɭɤɬɭɪɨɣ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ ɹɜɥɹɸɬɫɹ 1,4-ɬɪɚɧɫ-ɡɜɟɧɶɹ ɫ ɪɚɡɥɢɱɧɵɦ ɜɢɞɨɦ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɦɨɧɨɦɟɪɧɵɯ ɡɜɟɧɶɟɜ («ɝɨɥɨɜɚ-ɯɜɨɫɬ», «ɝɨɥɨɜɚ-ɝɨɥɨɜɚ» ɢ «ɯɜɨɫɬ-ɯɜɨɫɬ»). 

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɬɪɭɤɬɭɪɟ ɩɨɥɢɦɟɪɚ ɫɨɞɟɪɠɢɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ ɤɨɥɢɱɟɫɬɜɚ 1,2- ɢ 3,4-

ɡɜɟɧɶɟɜ [4, 5]. Ɇɚɤɪɨɦɨɥɟɤɭɥɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɢɡɨɩɪɟɧɚ ɫɨɞɟɪɠɚɬ ɧɚɱɚɥɶɧɵɟ 

ɬɪɟɬ-ɛɭɬɢɥɶɧɵɟ ɡɜɟɧɶɹ ɢ ɤɨɧɰɟɜɵɟ ɯɥɨɪɫɨɞɟɪɠɚɳɢɟ ɡɜɟɧɶɹ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɪɟɚɤɰɢɢ ɩɟɪɟɞɚɱɢ ɪɚɫɬɭɳɟɣ ɰɟɩɢ ɧɚ ɬɪɟɬ-ɛɭɬɢɥɯɥɨɪɢɞ.  ɋ ɪɨɫɬɨɦ ɦɨɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

ɬɪɟɬ-ɛɭɬɢɥɯɥɨɪɢɞɚ ɤ TiCl4 ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɰɟɜɵɯ ɯɥɨɪɫɨɞɟɪɠɚɳɢɯ ɡɜɟɧɶɟɜ ɜ 

ɩɨɥɢɢɡɨɩɪɟɧɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ ɚɞɝɟɡɢɸ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ 

ɩɨɥɢɦɟɪɚ ɤ ɪɚɡɥɢɱɧɵɦ ɩɨɜɟɪɯɧɨɫɬɹɦ.  

Ɋɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɚɤɰɢɢ 

ɤɚɬɢɨɧɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢɡɨɩɪɟɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɬɟɬɪɚɯɥɨɪɢɞ ɬɢɬɚɧɚ–ɬɪɟɬ-ɛɭɬɢɥɯɥɨɪɢɞ [6]. Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɪɚɫɱɟɬɟ ɩɨ 

ɞɚɧɧɵɦ 13ɋ əɆɊ-ɫɩɟɤɬɪɨɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɱɚɥɶɧɵɯ ɬɪɟɬ-ɛɭɬɢɥɶɧɵɯ ɡɜɟɧɶɟɜ, ɫɜɹɡɚɧɧɵɯ 

ɫ ɦɚɤɪɨɦɨɥɟɤɭɥɚɦɢ ɢɡɨɩɪɟɧɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦɢ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɨɧɨɦɟɪɚ. 

ɉɨɫɥɟɞɭɸɳɚɹ ɷɤɫɬɪɚɩɨɥɹɰɢɹ ɡɧɚɱɟɧɢɣ ɫɨɞɟɪɠɚɧɢɹ ɬɪɟɬ-ɛɭɬɢɥɶɧɵɯ ɡɜɟɧɶɟɜ ɧɚ ɧɭɥɟɜɭɸ 

ɤɨɧɜɟɪɫɢɸ ɦɨɧɨɦɟɪɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɧɚɱɚɥɶɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ 
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ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɟɣ ɪɨɫɬɚ ɰɟɩɢ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 30 ɞɨ 110 ɥ/ɦɨɥɶ·ɦɢɧ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ [6]. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɩɪɨɟɤɬ № 17-43-630945). 
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ɑɚɫɬɢɱɧɨɟ ɢɥɢ ɩɨɥɧɨɟ ɝɢɞɪɢɪɨɜɚɧɢɟ ɧɟɧɚɫɵɳɟɧɧɵɯ ɩɨɥɢɦɟɪɨɜ ɨɬɤɪɵɜɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɨɜɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

Ɇɨɞɢɮɢɤɚɰɢɹ ɧɟɩɪɟɞɟɥɶɧɵɯ ɩɨɥɢɦɟɪɨɜ ɩɭɬɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 

ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɷɥɚɫɬɨɦɟɪɨɜ ɫ ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɤ 

ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɫɜɟɬɭ, ɢɫɬɢɪɚɧɢɸ ɢ ɫɨɯɪɚɧɟɧɢɸ ɜɵɫɨɤɨɣ 

ɷɥɚɫɬɢɱɧɨɫɬɢ ɩɨɫɥɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɱɬɨ ɪɚɫɲɢɪɹɟɬ ɨɛɥɚɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ 

[1, 2]. 

Ƚɢɞɪɢɪɨɜɚɧɢɟ ɧɟɮɬɟɩɨɥɢɦɟɪɧɚɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ 

ɩɨɥɭɱɟɧɢɹ ɫɜɟɬɥɵɯ ɫɦɨɥɚ. ɇɚɪɹɞɭ ɫ ɭɥɭɱɲɟɧɢɟɦ ɰɜɟɬɚ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɟɝɨ ɫɬɚɛɢɥɶɧɨɫɬɶ 

ɩɪɢ ɯɪɚɧɟɧɢɢ ɇɉɋ, ɫɧɢɠɚɟɬɫɹ ɬɨɤɫɢɱɧɨɫɬɶ ɩɪɨɞɭɤɬɚ, ɩɨɜɵɲɚɟɬɫɹ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɚɹ 

ɫɬɚɛɢɥɶɧɨɫɬɶ [3]. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɪɢ ɝɢɞɪɢɪɨɜɚɧɢɢ ɇɉɋ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɞɟɫɬɪɭɤɰɢɹ 

ɩɨɥɢɦɟɪɧɵɯ ɰɟɩɟɣ, ɤɨɬɨɪɚɹ ɩɪɢɜɟɞɟɬ ɤ ɧɟɠɟɥɚɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɫɪɟɞɧɟɣ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɦɹɝɱɟɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, 

ɚɤɬɭɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɢ ɩɨɢɫɤ ɚɤɬɢɜɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɩɪɨɰɟɫɫɚ ɝɢɞɪɢɪɨɜɚɧɢɹ ɇɉɋ.  

ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ – ɨɩɬɢɦɢɡɚɰɢɹ ɭɫɥɨɜɢɣ ɝɢɞɪɢɪɨɜɚɧɢɹ ɢɧɞɟɧ-

ɤɭɦɚɪɨɧɨɜɨɣ ɇɉɋ ɧɚ ɩɚɥɥɚɞɢɟɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ. 

Ʉɚɬɚɥɢɡɚɬɨɪ ɩɨɞɛɢɪɚɥɫɹ ɬɚɤ, ɱɬɨɛɵ ɩɪɨɰɟɫɫ ɝɢɞɪɢɪɨɜɚɧɢɹ ɩɪɨɯɨɞɢɥ ɩɪɢ ɛɨɥɟɟ 

ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ƚɢɞɪɢɪɨɜɚɧɢɟ ɇɉɋ ɧɚ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɭɥɶɮɢɞɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

ɝɢɞɪɢɪɨɜɚɧɢɹ ɬɪɟɛɭɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (290-320℃), ɱɬɨ ɫɨɩɪɹɠɟɧɨ ɫ 

ɞɟɫɬɪɭɤɰɢɟɣ ɩɨɥɢɦɟɪɚ. ɇɚ ɩɥɚɬɢɧɨɜɵɯ ɢ ɩɚɥɥɚɞɢɟɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɪɟɚɤɰɢɹ 

ɝɢɞɪɢɪɨɜɚɧɢɹ ɩɪɨɬɟɤɚɟɬ ɭɠɟ ɩɪɢ 180-230℃, ɩɨɷɬɨɦɭ ɞɚɧɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ 

ɜɟɫɶɦɚ ɩɟɪɫɩɟɤɬɢɜɧɵ ɞɥɹ ɝɢɞɪɢɪɨɜɚɧɢɹ ɇɉɋ.  ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɛɵɥ ɜɵɛɪɚɧ 

ɉɍ(ɊɄ-400), ɩɪɨɢɡɜɨɞɢɦɵɣ ɧɚ Ɋɟɞɤɢɧɫɤɨɦ ɤɚɬɚɥɢɡɚɬɨɪɧɨɦ ɡɚɜɨɞɟ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɇɉɋ, ɢɦɟɸɳɭɸ ɫɥɟɞɭɸɳɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɰɜɟɬ ɩɨ ɣɨɞɧɨɣ ɲɤɚɥɟ 800 ɦɝ I2/100 ɫɦ3, ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɍ-II-12 

mailto:dzhabarov.e@mail.ru


329 

 

ɩɪɨɬɨɧɨɜ ɩɨ ɫɩɟɤɬɪɭ 1ɇ əɆɊ 69,49%, ɨɥɟɮɢɧɨɜɵɯ – 0,97%, ɫɪɟɞɧɟɜɟɫɨɜɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ 

ɦɚɫɫɚ Mw = 1412, ɫɪɟɞɧɟɱɢɫɥɨɜɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ Mn = 450, z-ɫɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ 

ɦɚɫɫɚ Mz = 3920.  

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɜ ɫɬɚɥɶɧɨɦ ɚɜɬɨɤɥɚɜɟ ɟɦɤɨɫɬɶɸ 10 ɦɥ ɩɪɢ 

ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ. ȼɚɪɶɢɪɨɜɚɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɞɚɜɥɟɧɢɟ. ȼ ɚɜɬɨɤɥɚɜ 

ɡɚɝɪɭɠɚɥɢ 30% ɪɚɫɬɜɨɪ ɇɉɋ ɜ ɰɢɤɥɨɝɟɤɫɚɧɟ, ɢ ɤɚɬɚɥɢɡɚɬɨɪ ɜ ɪɚɫɱɟɬɟ 0,5% Pd ɧɚ ɇɉɋ. 

Ʉɚɬɚɥɢɡɚɬɨɪ ɫɨɞɟɪɠɢɬ Pd 2% ɦɚɫɫ., ɧɨɫɢɬɟɥɟɦ ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ. 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫɨɫɬɚɜɥɹɥɚ 7 ɱ. Ⱥɜɬɨɤɥɚɜ ɡɚɩɨɥɧɹɥɢ ɜɨɞɨɪɨɞɨɦ ɞɨ 

ɡɚɞɚɧɧɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɧɚɝɪɟɜɚɥɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɚɤɰɢɢ ɫɨ ɫɤɨɪɨɫɬɶɸ 10 

ɝɪɚɞ./ɦɢɧ. Ʉɚɬɚɥɢɡɚɬɨɪ ɨɬɞɟɥɹɥɢ ɨɬ ɪɚɫɬɜɨɪɚ ɩɪɨɞɭɤɬɚ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ, 

ɪɚɫɬɜɨɪɢɬɟɥɶ ɨɬɝɨɧɹɥɢ ɜ ɪɨɬɨɪɧɨɦ ɢɫɩɚɪɢɬɟɥɟ ɩɪɢ ɨɫɬɚɬɨɱɧɨɦ ɞɚɜɥɟɧɢɢ 30 ɦɦ ɪɬ. ɫɬ. ɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɜɵɲɟ 70°ɋ.  

ɋɬɟɩɟɧɶ ɝɢɞɪɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ 1ɇ əɆɊ. 1ɇ əɆɊ ɫɩɟɤɬɪɵ ɜɵɫɨɤɨɝɨ 

ɪɚɡɪɟɲɟɧɢɹ ɩɨɥɭɱɚɥɢ ɧɚ əɆɊ ɫɩɟɤɬɪɨɦɟɬɪɟ MSL-300 (Bruker) ɜ ɪɚɫɬɜɨɪɚɯ CDCl3 ɩɪɢ 

ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: ɱɚɫɬɨɬɚ 300,13 ɆȽɰ; ɤɨɥɢɱɟɫɬɜɨ ɧɚɤɨɩɥɟɧɢɣ 40 ɩɪɢ ɱɚɫɬɨɬɧɨɣ 

ɪɚɡɜɟɪɬɤɟ 8928 Ƚɰ (29,8 ɦ.ɞ.); ɬɟɦɩɟɪɚɬɭɪɚ 24ɨɋ; 90ɨ ɢɦɩɭɥɶɫ 3 ɦɤɫɟɤ. ɏɢɦɢɱɟɫɤɢɟ 

ɫɞɜɢɝɢ ɫɱɢɬɚɥɢ ɨɬ ɫɢɝɧɚɥɚ ɨɫɬɚɬɨɱɧɵɯ ɩɪɨɬɨɧɨɜ ɯɥɨɪɨɮɨɪɦɚ 7,27 ɦ.ɞ. ɩɨ ɢɦɩɭɥɶɫɧɨɣ 

ɩɪɨɝɪɚɦɦɟ PAPS.PC ɫ ɩɨɫɥɟɞɭɸɳɢɦ Ɏɭɪɶɟ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ. ɋɬɟɩɟɧɶ ɝɢɞɪɢɪɨɜɚɧɢɹ 

ɨɥɟɮɢɧɨɜɵɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɮɪɚɝɦɟɧɬɨɜ ɜɵɱɢɫɥɹɥɢ ɩɨ ɮɨɪɦɭɥɚɦ (1) ɢ (2) [4,5]: 

 

 

ɝɞɟ Șol, Șar – ɫɬɟɩɟɧɶ ɝɢɞɪɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɥɟɮɢɧɨɜɵɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɮɪɚɝɦɟɧɬɨɜ, %; , – ɢɧɬɟɝɪɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɢɝɧɚɥɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɨɛɥɚɫɬɢ ɞɥɹ ɩɪɨɞɭɤɬɚ ɢ ɫɵɪɶɹ.  

Ȼɵɥ ɩɪɨɜɟɞɟɧ ɩɟɪɜɵɣ ɰɢɤɥ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɝɢɞɪɢɪɨɜɚɧɢɹ. ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɚɧɚɥɢɡɚ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ 

ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɝɢɞɪɢɪɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫɦɨɥɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɪɨɰɟɫɫɚ. 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɨɥɟɮɢɧɨɜɵɟ ɮɪɚɝɦɟɧɬɵ ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɜɫɟɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɝɢɞɪɢɪɭɸɬɫɹ ɩɨɥɧɨɫɬɶɸ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1. 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɝɢɞɪɢɪɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ 

ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɝɢɞɪɢɪɨɜɚɧɢɹ, ɜɨɡɦɨɠɧɨ ɩɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɣ 

ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ ɦɨɥɟɤɭɥ ɇɉɋ. ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɦɟɬɨɞɨɦ 

Ƚɉɏ, ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɢɬɶ ɫɪɟɞɧɸɸ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɝɢɞɪɢɪɨɜɚɧɢɹ (ɪɢɫ.2). Ɇɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢ ɫɪɟɞɧɸɸ ɆɆ ɨɛɪɚɡɰɨɜ 

ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɟɦ ɯɪɨɦɚɬɨɝɪɚɮɟ Agilent PL-GPC 220, ɫɧɚɛɠɟɧɧɨɦ 

ɤɨɥɨɧɤɨɣ Styrogel HR 5E, ɜ ɤɚɱɟɫɬɜɟ ɷɥɸɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧ (ɌȽɎ), 

ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 1 ɦɥ/ɦɢɧ. ȼɢɞɧɨ, ɱɬɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɲɟ 230°ɋ ɫɪɟɞɧɹɹ 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɇɉɋ ɧɚɱɢɧɚɟɬ ɫɧɢɠɚɬɶɫɹ.  

 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬ ɫɪɟɞɧɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɝɢɞɪɢɪɨɜɚɧɢɹ 
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Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɢɞɪɢɪɨɜɚɧɢɹ 

ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ ɧɚ ɞɚɧɧɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ɹɜɥɹɟɬɫɹ 230℃. ɐɜɟɬ ɇɉɋ ɜ ɞɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. Ⱦɚɥɶɧɟɣɲɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɧɚ ɨɩɬɢɦɢɡɚɰɢɸ 

ɞɚɜɥɟɧɢɹ, ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɂɇɏɋ ɊȺɇ (№79) ɜ ɪɚɦɤɚɯ Ƚɨɫɡɚɞɚɧɢɹ (ɬɟɦɚ 5). 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1.  Ƚɭɦɚɪɨɜ, Ⱥ.ɏ. Ɇɨɞɢɮɢɤɚɰɢɹ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɯɥɨɪɫɭɥɶɮɢɪɨɜɚɧɧɨɝɨ 

ɩɨɥɢɷɬɢɥɟɧɚ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɦɢ ɫɦɨɥɚɦɢ./Ⱥ.ɏ. Ƚɭɦɚɪɨɜ, Ɋ.Ɇ. Ƚɚɪɢɩɨɜ, Ɉ.ȼ. 

ɋɬɨɹɧɨɜ // ȼɟɫɬɧɢɤ Ʉɚɡɚɧɫɤɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 2011. № 9. ɋ. 

71-73. 

2. Ⱥɧɢɫɢɦɨɜ Ȼ.ɘ., Ⱦɵɤɦɚɧ Ⱥ.ɋ., ɂɦɹɧɢɬɨɜ ɇ.ɋ., ɉɨɥɹɤɨɜ ɋ.Ⱥ. // Ʉɚɭɱɭɤ ɢ 

ɪɟɡɢɧɚ. 2007. № 2. ɋ. 32. 

3. Mildenberg R., Zander M., Collin G. Hydrocarbon Resins. – Weinheim, VCH 

Verlagsgesellschaft mbH, New York, VCH Publishers. Inc., 1997. 189 p. 

4. Sae-Ma N., Praserthdam P., Panpranot J., Chaemchuen S., Dokjamp S., Suriye K., 

Rempel G. L. Color Improvment of C9 Hydrocarbon Resin by Hydrogenation Over 

2% Pd/c-Alumina Catalyst: Effect of Degree of Aromatic Rings Hydrogenation // 

Journal ofApplied Polymer Science. 2010. Vol. 117. P. 2862–2869. 

5. Ambros yon Holleben M.L., Silva S. M., Mauler R. S. Hydrogenation of styrene-

butadiene rubber by hydrogen transfer from limonene // Polymer Bulletin. 1994. 

Vol. 33. P. 203-208. 

 

  



332 
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CATALYST ACTIVITY OF Pd-COMPLEXES WITH N-HETEROCYCLIC 
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NORBORNEN  
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Ⱥɞɞɢɬɢɜɧɵɟ ɩɨɥɢɧɨɪɛɨɪɧɟɧɵ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɨɥɢɦɟɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɚɬɟɡɢɫɚ, ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɬɟɪɦɢɱɟɫɤɢ ɢ ɯɢɦɢɱɟɫɤɢ ɫɬɨɣɤɢɦɢ, 

ɩɨɫɤɨɥɶɤɭ ɧɟ ɫɨɞɟɪɠɚɬ ɧɟɧɚɫɵɳɟɧɧɵɯ ɫɜɹɡɟɣ ɜ ɨɫɧɨɜɧɨɣ ɰɟɩɢ. ɋɢɧɬɟɡ ɚɞɞɢɬɢɜɧɵɯ 

ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ ɫ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɩɨɡɜɨɥɹɟɬ ɩɭɬɟɦ ɢɯ 

ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɥɭɱɚɬɶ ɧɨɜɵɟ ɦɚɬɟɪɢɚɥɵ, ɨɛɥɚɞɚɸɳɢɟ ɪɹɞɨɦ ɰɟɧɧɵɯ ɩɪɢɤɥɚɞɧɵɯ 

ɫɜɨɣɫɬɜ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɪɢɪɨɞɨɣ ɜɜɨɞɢɦɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɢ ɩɪɨɜɨɞɢɦɵɯ 

ɩɨɥɢɦɟɪɚɧɚɥɨɝɢɱɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ (ɧɚɩɪɢɦɟɪ, ɜɵɫɨɤɨɣ ɢ ɫɟɥɟɤɬɢɜɧɨɣ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɩɪɢ ɜɜɟɞɟɧɢɢ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ ɮɪɚɝɦɟɧɬɨɜ ɫ ɩɨɦɨɳɶɸ 

ɪɟɚɤɰɢɢ ɝɢɞɪɨɫɢɥɢɥɢɪɨɜɚɧɢɹ). 

Ɉɞɧɚɤɨ ɜɨɜɥɟɱɟɧɢɟ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɧɨɪɛɨɪɧɟɧɚ ɜ ɚɞɞɢɬɢɜɧɭɸ 

ɩɨɥɢɦɟɪɢɡɚɰɢɸ ɫ ɭɱɚɫɬɢɟɦ ɬɨɥɶɤɨ ɷɧɞɨɰɢɤɥɢɱɟɫɤɨɣ (ɧɨɪɛɨɪɧɟɧɨɜɨɣ) ɞɜɨɣɧɨɣ ɫɜɹɡɢ 

ɢɡɭɱɟɧɨ ɦɚɥɨ, ɩɨɫɤɨɥɶɤɭ ɞɚɧɧɵɣ ɬɢɩ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɧɚɥɢɱɢɸ 

ɡɚɦɟɫɬɢɬɟɥɟɣ, ɱɟɦ ɦɟɬɚɬɟɡɢɫɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ 

5-ɗɬɢɥɢɞɟɧ-2-ɧɨɪɛɨɪɧɟɧ (ɗɇȻ) ɹɜɥɹɟɬɫɹ ɩɪɨɦɵɲɥɟɧɧɨ-ɩɪɨɢɡɜɨɞɢɦɵɦ 

ɩɪɨɢɡɜɨɞɧɵɦ ɧɨɪɛɨɪɧɟɧɚ (ɪɢɫ. 1), ɩɨɷɬɨɦɭ ɨɧ ɛɵɥ ɜɵɛɪɚɧ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɨɝɨ 

ɦɨɧɨɦɟɪɚ ɞɥɹ ɢɡɭɱɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɹɞɚ Pd-ɤɨɦɩɥɟɤɫɨɜ ɫ N-

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦ ɤɚɪɛɟɧɨɜɵɦ ɥɢɝɚɧɞɨɦ (ɪɢɫ. 2). Ɋɚɧɟɟ, ɞɥɹ ɚɞɞɢɬɢɜɧɨɣ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɗɇȻ ɛɵɥɢ ɨɩɪɨɛɨɜɚɧɵ Ni- [1], Pd- [2-4] ɢ Ti- [5-7] ɫɨɞɟɪɠɚɳɢɟ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ. Ɉɞɧɚɤɨ, ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɫɬɪɭɤɬɭɪɚ ɩɨɥɭɱɚɟɦɵɯ ɩɨɥɢɦɟɪɧɵɯ 

ɩɪɨɞɭɤɬɨɜ, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɧɟ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ 

ɩɪɟɞɩɨɥɚɝɚɟɦɨɦɭ ɫɬɪɨɟɧɢɸ ɚɞɞɢɬɢɜɧɨɝɨ ɩɨɥɢ(5-ɷɬɢɥɢɞɟɧ-2-ɧɨɪɛɨɪɧɟɧɚ).  

 

Ɋɢɫ. 1. ɋɯɟɦɵ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɗɇȻ 

ɍ-II-13 
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Ɋɢɫ. 2. ɋɬɪɨɟɧɢɟ ɢɫɫɥɟɞɭɟɦɵɯ Pd-ɤɨɦɩɥɟɤɫɨɜ 

ɉɪɟɞɥɨɠɟɧɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ Pd-ɤɨɦɩɥɟɤɫɨɜ ɫ N-

ɝɟɬɟɪɨɰɢɤɥɢɰɟɫɤɢɦ ɤɚɪɛɟɧɨɜɵɦ ɥɢɝɚɧɞɨɦ, ɚɤɬɢɜɢɪɨɜɚɧɧɵɟ Na+[B(3,5-(CF3)2C6H3)4]
- 

(NaBARF), ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɟɥɟɤɬɢɜɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɚɞɞɢɬɢɜɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɗɇȻ, ɱɬɨ 

ɩɨɞɬɜɟɪɠɞɟɧɨ ɞɚɧɧɵɦɢ əɆɊ- ɢ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɢ ɩɨɡɜɨɥɹɸɬ ɜɨɜɥɟɤɚɬɶ ɗɇȻ ɩɪɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɪɚɡɦɟɪɚ ɰɢɤɥɚ N-

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɝɨ ɤɚɪɛɟɧɨɜɨɝɨ ɥɢɝɚɧɞɚ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ Pd-ɤɨɦɩɥɟɤɫɨɜ 

(ɪɢɫ. 3), ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ Pd-ɤɨɦɩɥɟɤɫɨɜ ɫ ɧɟɧɚɫɵɳɟɧɧɵɦɢ 

(ɢɦɢɞɚɡɨɥɢɟɜɵɦɢ) ɤɚɪɛɟɧɨɜɵɦɢ ɥɢɝɚɧɞɚɦɢ ɢ ɚɧɚɥɨɝɢɱɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɫɨɞɟɪɠɚɳɢɯ 

ɧɚɫɵɳɟɧɧɵɟ (4,5-ɞɢɝɢɞɪɨɢɦɢɞɚɡɨɥɢɟɜɵɟ) ɤɚɪɛɟɧɨɜɵɟ ɥɢɝɚɧɞɵ (ɪɢɫ. 4), ɚ ɬɚɤɠɟ ɢɡɭɱɟɧɨ 

ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɪɢ ɚɬɨɦɚɯ ɚɡɨɬɚ ɜ ɥɢɝɚɧɞɟ (ɪɢɫ.5) ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ Pd-ɤɨɦɩɥɟɤɫɨɜ. 

 

Ɋɢɫ. 3. ȼɵɯɨɞ ɩɨɥɢɦɟɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɚ ɝɟɬɟɪɨɰɢɤɥɚ N-ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɝɨ 

Pd-ɤɨɦɩɥɟɤɫɚ 
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Ɋɢɫ. 4. ȼɵɯɨɞ ɩɨɥɢɦɟɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɪɨɞɵ ɝɟɬɟɪɨɰɢɤɥɚ 

(ɧɚɫɵɳɟɧɧɵɣ/ɧɟɧɚɫɵɳɟɧɧɵɣ) N-ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɝɨ Pd-ɤɨɦɩɥɟɤɫɚ 

 

Ɋɢɫ. 5. ȼɵɯɨɞ ɩɨɥɢɦɟɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɪɨɞɵ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɚɬɨɦɚɯ ɚɡɨɬɚ ɜ 

ɤɚɪɛɟɧɨɜɨɦ ɥɢɝɚɧɞɟ 

Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɚ ɝɟɬɟɪɨɰɢɤɥɚ ɨɬ ɩɹɬɢ- ɞɨ ɫɟɦɢɱɥɟɧɧɨɝɨ 

ɪɟɡɤɨ ɩɚɞɚɟɬ ɜɵɯɨɞ ɩɨɥɢɦɟɪɚ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɪɢɱɟɫɤɢɯ 

ɩɪɟɩɹɬɫɬɜɢɣ ɞɥɹ ɤɨɨɪɞɢɧɚɰɢɢ ɩɪɨɢɡɜɨɞɧɨɝɨ ɧɨɪɛɨɪɧɟɧɚ ɢ ɪɚɡɦɟɳɟɧɢɹ ɦɨɧɨɦɟɪɧɵɯ 

ɡɜɟɧɶɟɜ ɪɚɫɬɭɳɟɣ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ ɩɪɢ Pd-ɰɟɧɬɪɟ, ɚ ɬɚɤɠɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɨɧɨɪɧɵɯ 

ɫɜɨɣɫɬɜ ɥɢɝɚɧɞɚ. ɋɬɟɪɢɱɟɫɤɢɦɢ ɩɪɟɩɹɬɫɬɜɢɹɦɢ ɜɨɡɦɨɠɧɨ ɬɚɤɠɟ ɨɛɴɹɫɧɹɟɬɫɹ ɦɟɧɶɲɢɣ 

ɜɵɯɨɞ ɩɨɥɢɦɟɪɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ 2,6-ɞɢ-ɢɡɨ- 

ɩɪɨɩɢɥɮɟɧɢɥɶɧɵɟ ɡɚɦɟɫɬɢɬɟɥɢ ɩɪɢ ɚɬɨɦɚɯ ɚɡɨɬɚ. 
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Ⱥɤɬɢɜɧɨɫɬɶ Pd-ɤɨɦɩɥɟɤɫɨɜ ɫ ɧɟɧɚɫɵɳɟɧɧɵɦɢ (ɢɦɢɞɚɡɨɥɢɟɜɵɦɢ) ɤɚɪɛɟɧɨɜɵɦɢ 

ɥɢɝɚɧɞɚɦɢ ɧɟɫɤɨɥɶɤɨ ɩɪɟɜɵɲɚɟɬ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɚɧɚɥɨɝɢɱɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, 

ɫɨɞɟɪɠɚɳɢɯ ɧɚɫɵɳɟɧɧɵɟ (4,5-ɞɢɝɢɞɪɨɢɦɢɞɚɡɨɥɢɟɜɵɟ) ɤɚɪɛɟɧɨɜɵɟ ɥɢɝɚɧɞɵ, ɱɬɨ ɦɨɠɟɬ 

ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦɢ ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢɦɢɞɚɡɨɥɢɟɜɵɯ 

ɤɚɪɛɟɧɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ Pd-

ɤɨɦɩɥɟɤɫɨɜ ɩɨɜɵɲɚɟɬɫɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɞɨɧɨɪɧɵɯ ɫɜɨɣɫɬɜ N-ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ 

ɤɚɪɛɟɧɨɜɵɯ ɥɢɝɚɧɞɨɜ (ɭɦɟɧɶɲɚɸɬɫɹ ɜ ɪɹɞɭ 7>6>5>ɧɟɧɚɫɵɳɟɧɧɵɟ ɩɹɬɢɱɥɟɧɧɵɟ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ ɤɚɪɛɟɧɵ) ɢ ɫɧɢɠɟɧɢɟɦ ɫɬɟɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ, ɫɨɡɞɚɜɚɟɦɨɣ ɤɚɤ 

ɚɪɢɥɶɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɩɪɢ ɚɬɨɦɚɯ ɚɡɨɬɚ, ɬɚɤ ɢ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɚ 

ɝɟɬɟɪɨɰɢɤɥɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɇɚɭɱɧɨɝɨ Ɏɨɧɞɚ (ɝɪɚɧɬ ɊɇɎ № 17-

19-01595). 
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ɈȾɇɈɋɌȺȾɂɃɇɕɃ ɋȿɅȿɄɌɂȼɇɕɃ ɆȿɌɈȾ ɋɂɇɌȿɁȺ эɤɡɨ-

ɉɊɈɂɁȼɈȾɇɕɏ ɇɈɊȻɈɊɇȿɇɈȼ. ȺȾȾɂɌɂȼɇȺə ɂ ɆȿɌȺɌȿɁɂɋɇȺə 
ɉɈɅɂɆȿɊɂɁȺɐɂə ɉɈɅɍɑȿɇɇɕɏ ɆɈɇɈɆȿɊɈȼ 

Ƚɭɫɟɜɚ Ɇ.Ⱥ.1,2, Ȼɟɪɦɟɲɟɜ Ɇ.ȼ.1, Ɏɢɧɤɟɥɶɲɬɟɣɧ ȿ.ɒ.1 
 ONE-STEP SELECTIVE SYNTHESIS OF EXO-DERIVATIVES OF 

NORBORNENES. ADDITION AND METATHESIS POLYMERIZATION OF 

PRODUCED MONOMERS 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

2Ɇɨɫɤɨɜɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,ɢɧɫɬɢɬɭɬ ɬɨɧɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ  
ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

E-mail: m.guseva@ips.ac.ru 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɟɥɟɤɬɢɜɧɨɩɪɨɧɢɰɚɟɦɵɯ 

ɫɬɟɤɥɨɨɛɪɚɡɧɵɯ ɩɨɥɢɦɟɪɨɜ, ɨɞɧɚɤɨ ɩɨɢɫɤ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɦɟɦɛɪɚɧɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɚɤɬɢɜɧɨ ɩɪɨɞɨɥɠɚɟɬɫɹ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɢ ɡɚ ɪɭɛɟɠɨɦ. Ⱦɜɢɠɭɳɟɣ ɫɢɥɨɣ 

ɩɨɞɨɛɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ ɪɵɧɤɚ ɦɟɦɛɪɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɫɬɪɚɧɟɧɢɹ ɧɟɞɨɫɬɚɬɤɨɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɨɥɢɦɟɪɧɵɯ ɦɟɦɛɪɚɧ, ɧɟ 

ɨɛɥɚɞɚɸɳɢɯ ɜɫɟɣ ɩɨɥɧɨɬɨɣ ɬɪɟɛɭɸɳɢɯɫɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɧɚɩɪɢɦɟɪ, 

ɜɵɫɨɤɨɣ ɢ ɫɟɥɟɤɬɢɜɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ, ɧɟ ɢɡɦɟɧɹɸɳɟɣɫɹ ɜ ɩɪɨɰɟɫɫɟ ɞɥɢɬɟɥɶɧɨɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɂɚ ɩɨɫɥɟɞɧɢɟ 15 ɥɟɬ ɛɵɥɨ ɫɢɧɬɟɡɢɪɨɜɚɧɨ ɧɟɫɤɨɥɶɤɨ ɧɨɜɵɯ ɤɥɚɫɫɨɜ 

ɫɬɟɤɥɨɨɛɪɚɡɧɵɯ ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɵɯ ɩɨɥɢɦɟɪɨɜ ɞɥɹ ɦɟɦɛɪɚɧɧɨɝɨ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ, ɬɚɤɢɟ 

ɤɚɤ ɩɨɥɢɦɟɪɵ ɫ ɜɧɭɬɪɟɧɧɟɣ ɦɢɤɪɨɩɨɪɢɫɬɨɫɬɶɸ [1], ɬɟɪɦɢɱɟɫɤɢ-ɩɟɪɟɝɪɭɩɩɢɪɨɜɚɧɧɵɟ 

ɩɨɥɢɦɟɪɵ [2], ɩɨɥɢ(ɞɢɚɪɢɥɚɰɟɬɢɥɟɧɵ) [3], ɬɪɢɦɟɬɢɥɫɢɥɢɥ-ɫɨɞɟɪɠɚɳɢɟ 

ɩɨɥɢɧɨɪɛɨɪɧɟɧɵ [4-5] ɢ ɞɪ. ȼɵɫɨɤɚɹ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɷɬɢɯ ɩɨɥɢɦɟɪɨɜ ɨɛɭɫɥɨɜɥɟɧɚ ɢɯ 

ɦɢɤɪɨɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɧɚɥɢɱɢɟɦ ɛɨɥɶɲɨɝɨ ɫɜɨɛɨɞɧɨɝɨ ɨɛɴɟɦɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ 

ɧɚɥɢɱɢɟ ɛɨɥɶɲɨɣ ɞɨɥɢ ɫɜɨɛɨɞɧɨɝɨ ɨɛɴɟɦɚ ɜ ɷɬɢɯ ɩɨɥɢɦɟɪɚɯ ɬɚɤɠɟ ɩɪɢɜɨɞɢɥɨ ɤ ɢɯ 

ɛɵɫɬɪɨɦɭ «ɫɬɚɪɟɧɢɸ» ɜɨ ɜɪɟɦɟɧɢ ɩɨ ɪɚɡɥɢɱɧɵɦ ɦɟɯɚɧɢɡɦɚɦ (ɫɨɪɛɰɢɹ, ɪɟɥɚɤɫɚɰɢɹ 

ɩɨɥɢɦɟɪɧɵɯ ɰɟɩɟɣ ɢ ɞɪ.) ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ. ɉɨɷɬɨɦɭ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢ ɢɧɬɟɪɟɫɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɫɢɧɬɟɡ 

ɩɨɥɢɦɟɪɨɜ ɧɨɜɨɝɨ ɬɢɩɚ, ɧɟ ɨɛɥɚɞɚɸɳɢɯ ɛɨɥɶɲɢɦ ɫɜɨɞɧɵɦ ɨɛɴɟɦɨɦ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɧɟ ɫɤɥɨɧɧɵɯ ɤ ɛɵɫɬɪɨɦɭ ɫɬɚɪɟɧɢɸ ɜɨ ɜɪɟɦɟɧɢ. ɇɚɲɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɚ 

ɬɚɤɠɟ ɚɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɩɨɞɯɨɞɨɜ ɤ 

ɫɨɡɞɚɧɢɸ ɩɨɥɢɦɟɪɨɜ ɬɚɤɨɝɨ ɪɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɜɜɟɞɟɧɢɟ ɝɢɛɤɢɯ ɫɢɥɨɤɫɚɧɨɜɵɯ 

ɮɪɚɝɦɟɧɬɨɜ ɜ ɛɨɤɨɜɵɟ ɡɚɦɟɫɬɢɬɟɥɢ ɫɬɟɤɥɨɨɛɪɚɡɧɵɯ ɩɨɥɢɦɟɪɨɜ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ 

ɤɥɚɫɫɨɜ ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɵɯ ɫɬɟɤɥɨɨɛɪɚɡɧɵɯ ɩɨɥɢɦɟɪɨɜ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵɫɨɤɚɹ ɢ 

ɫɟɥɟɤɬɢɜɧɚɹ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɧɟ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɜ ɩɨɥɢɦɟɪɟ 

ɷɥɟɦɟɧɬɨɜ ɫɜɨɛɨɞɧɨɝɨ ɨɛɴɟɦɚ ɢ ɦɢɤɪɨɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɫɤɥɨɧɧɨɣ ɤ ɢɡɦɟɧɟɧɢɸ ɜɨ 

ɜɪɟɦɟɧɢ, ɚ ɧɚɥɢɱɢɟɦ ɝɢɛɤɢɯ ɫɢɥɨɤɫɚɧɨɜɵɯ ɮɪɚɝɦɟɧɬɨɜ ɜ ɛɨɤɨɜɵɯ ɡɚɦɟɫɬɢɬɟɥɹɯ, 
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ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɦɚɫɫɨɩɟɪɟɧɨɫɭ ɱɟɪɟɡ ɩɨɥɢɦɟɪɧɭɸ ɦɟɦɛɪɚɧɭ. Ɍɚɤɢɟ ɩɨɥɢɦɟɪɵ ɛɭɞɭɬ 

ɫɨɱɟɬɚɬɶ ɜ ɫɟɛɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɜɨɣɫɬɜɚ, ɯɚɪɚɤɬɟɪɧɵɟ ɤɚɤ ɞɥɹ ɫɬɟɤɥɨɨɛɪɚɡɧɵɯ ɩɨɥɢɦɟɪɨɜ, 

ɬɚɤ ɢ ɞɥɹ ɤɚɭɱɭɤɨɜ (ɧɚɩɪɢɦɟɪ: ɯɨɪɨɲɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɩɪɢɫɭɳɢɟ 

ɫɬɟɤɥɨɨɛɪɚɡɧɵɦ ɩɨɥɢɦɟɪɚɦ; ɜɵɫɨɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɋH4-ɋ4H10), ɤɨɧɬɪɨɥɢɪɭɟɦɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɧɚɥɢɱɢɟɦ 

ɝɢɛɤɢɯ ɫɢɥɨɤɫɚɧɨɜɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ). ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɩɨɩɵɬɚɥɢɫɶ ɫɢɧɬɟɡɢɪɨɜɚɬɶ 

ɬɚɤɢɟ ɩɨɥɢɦɟɪɵ ɧɚ ɨɫɧɨɜɟ ɩɪɨɢɡɜɨɞɧɵɯ ɧɨɪɛɨɪɧɟɧɚ. ȼɵɛɨɪ ɢɦɟɧɧɨ ɧɨɪɛɨɪɧɟɧɨɜ ɜ 

ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɦɨɧɨɦɟɪɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɦɟɪɨɜ ɨɛɭɫɥɨɜɥɟɧ ɩɪɟɩɚɪɚɬɢɜɧɨɣ 

ɞɨɫɬɭɩɧɨɫɬɶɸ ɢɯ ɫɢɧɬɟɡɚ, ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɨɜɟɞɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɞɢɡɚɣɧɚ ɧɚ ɢɯ ɨɫɧɨɜɟ, ɚ ɬɚɤɠɟ ɭɧɢɤɚɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɧɨɪɛɨɪɧɟɧɨɜ ɩɨɥɢɦɟɪɢɡɨɜɚɬɶɫɹ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɧɚɩɪɚɜɥɟɧɢɹɦ, ɩɪɢɜɨɞɹ ɤ 

ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɦ ɩɪɨɞɭɤɬɚɦ ɫ ɪɚɡɧɵɦ ɫɬɪɨɟɧɢɟɦ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɢ ɫɜɨɣɫɬɜɚɦɢ [6-8]. 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɧɚɦɢ ɩɨɞɯɨɞ ɤ ɫɢɧɬɟɡɭ ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ ɫ ɫɢɥɨɤɫɚɧɨɜɵɦɢ ɮɪɚɝɦɟɧɬɚɦɢ 

ɜ ɛɨɤɨɜɵɯ ɡɚɦɟɫɬɢɬɟɥɹɯ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɪɨɫɬɵɦ, ɜɤɥɸɱɚɟɬ ɜɫɟɝɨ ɞɜɟ ɫɬɚɞɢɢ (ɫɢɧɬɟɡ 

ɧɨɪɛɨɪɧɟɧɚ ɢ ɟɝɨ ɩɨɥɢɦɟɪɢɡɚɰɢɸ) ɢ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɛɨɥɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ (ɋɯɟɦɵ 1, 

2). 
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ɋɯɟɦɚ 1. ɋɢɧɬɟɡ 1-(ɧɨɪɛɨɪɧ-5-ɟɧ-2-ɢɥ)-1,1,3,3,3-ɩɟɧɬɚɦɟɬɢɥɞɢɫɢɥɨɤɫɚɧɚ ɢ ɟɝɨ 

ɩɨɥɢɦɟɪɢɡɚɰɢɹ 

 

ɀɟɥɚɟɦɵɟ ɦɨɧɨɦɟɪɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɤɰɢɢ 

ɝɢɞɪɨɫɢɥɢɥɢɪɨɜɚɧɢɹ ɧɨɪɛɨɪɧɚɞɢɟɧɚ-2,5 ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɢɥɚɧɨɦ (ɋɯɟɦɵ 1, 2). ɗɬɚ 

ɪɟɚɤɰɢɹ ɨɤɚɡɚɥɚɫɶ ɫɟɥɟɤɬɢɜɧɨɣ ɢ ɩɪɢɜɨɞɢɥɚ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɛɭɟɦɵɯ ɦɨɧɨɦɟɪɨɜ ɫ 

ɯɨɪɨɲɢɦɢ ɜɵɯɨɞɚɦɢ. 
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ɋɯɟɦɚ 2. ɋɢɧɬɟɡ 5-ɬɪɢɷɬɢɥɫɢɥɢɥɧɨɪɛɨɪɧɟɧɚ-2 ɢ ɟɝɨ ɩɨɥɢɦɟɪɢɡɚɰɢɹ 

 

ɉɨɥɭɱɟɧɧɵɟ ɦɨɧɨɦɟɪɵ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ ɢ 

ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ 1ɇ, 13ɋ ɢ 29Si-əɆɊ ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ. ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɦɨɧɨɦɟɪɵ 

ɭɞɚɥɫɨɶ ɭɫɩɟɲɧɨ ɜɨɜɥɟɱɶ ɜ ɩɨɥɢɦɟɪɢɡɚɰɢɸ. Ⱥɞɞɢɬɢɜɧɚɹ ɢ ɦɟɬɚɬɟɡɢɫɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ 

ɷɬɢɯ ɦɨɧɨɦɟɪɨɜ ɩɪɢɜɨɞɢɥɚ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫ 35-85% 

ɜɵɯɨɞɚɦɢ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɬɚɤɠɟ ɨɛɫɭɞɢɬɶ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɩɨɥɢɦɟɪɨɜ. 
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ȽɈɆɈɉɈɅɂɆȿɊɕ ɇȺ ɈɋɇɈȼȿ ɇɈɊȻɈɊɇȺȾɂȿɇȺ, ȿȽɈ ȾɂɆȿɊȺ ɂ 

ɌɊɂɆȿɊȺ: ɋɂɇɌȿɁ ɂ ɋɈɊȻɐɂɈɇɇɕȿ ɋȼɈɃɋɌȼȺ 

Ⱥɥɟɧɬɶɟɜ Ⱦ.Ⱥ.1, Ⱦɠɚɩɚɪɢɞɡɟ Ⱦ.Ɇ.1, Ȼɟɪɦɟɲɟɜ Ɇ.ȼ.1, ɒɚɧɬɚɪɨɜɢɱ ȼ.ɉ.2,  

Ȼɟɤɟɲɟɜ ȼ.Ƚ.2, Ⱥɫɚɱɟɧɤɨ Ⱥ.Ɏ.1, Ɍɨɩɱɢɣ Ɇ.Ⱥ.1, Ƚɪɢɛɚɧɨɜ ɉ.ɋ.1, ɇɟɱɚɟɜ Ɇ.ɋ.1 

HOMOPOLYMERS BASED ON NORBORNADIENE, ITS DIMER AND TRIMER: 

SYNTHESIS AND SORPTION PROPERTIES 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: d.alentiev@ips.ac.ru 
2 ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

 

Ɇɨɧɨɦɟɪɵ ɧɨɪɛɨɪɧɟɧɨɜɨɝɨ ɪɹɞɚ ɨɛɥɚɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɨ 

ɪɚɡɥɢɱɧɵɦ ɫɯɟɦɚɦ: ɦɟɬɚɬɟɡɢɫɧɨɣ ɢ ɚɞɞɢɬɢɜɧɨɣ. Ȼɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ (ɫɨɞɟɪɠɚɳɢɟ ɞɜɟ 

ɫɩɨɫɨɛɧɵɟ ɤ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɞɜɨɣɧɵɟ ɫɜɹɡɢ) ɧɨɪɛɨɪɧɟɧɵ ɹɜɥɹɸɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ 

ɦɨɧɨɦɟɪɚɦɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɲɢɬɵɯ ɦɢɤɪɨɩɨɪɢɫɬɵɯ ɩɨɥɢɦɟɪɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɛɨɥɶɲɨɣ 

ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. Ɇɢɤɪɨɩɨɪɢɫɬɵɟ ɩɨɥɢɦɟɪɵ (ɧɚɩɪɢɦɟɪ, ɜɵɫɨɤɨɫɲɢɬɵɣ 

ɩɨɥɢɫɬɢɪɨɥ, PIM-1 ɢ ɬ.ɞ.) ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɯɪɚɧɟɧɢɹ 

ɝɚɡɨɜ (ɧɚɩɪɢɦɟɪ, ɜɨɞɨɪɨɞɚ), ɥɢɛɨ ɞɥɹ ɦɟɦɛɪɚɧɧɨɝɨ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ [1-4]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧ ɪɹɞ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɧɨɪɛɨɪɧɟɧɨɜ ɪɚɡɥɢɱɧɨɣ 

ɞɥɢɧɵ (ɧɨɪɛɨɪɧɚɞɢɟɧ, ɟɝɨ ɞɢɦɟɪ ɢ ɬɪɢɦɟɪ) ɤɚɤ ɦɨɧɨɦɟɪɨɜ ɞɥɹ ɚɞɞɢɬɢɜɧɨɣ ɢ 

ɦɟɬɚɬɟɡɢɫɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ. ɗɬɢ ɦɨɧɨɦɟɪɵ ɪɚɡɥɢɱɚɸɬɫɹ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ 

ɞɜɨɣɧɵɦɢ ɫɜɹɡɹɦɢ ɢ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɨɥɢɦɟɪɵ ɧɚ ɢɯ ɨɫɧɨɜɟ ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɪɚɡɥɢɱɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ. ɉɨɥɢɦɟɪɵ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɨ ɪɚɡɥɢɱɧɵɦ 

ɫɯɟɦɚɦ. Ɇɟɬɚɬɟɡɢɫɧɭɸ ɩɨɥɢɦɟɪɢɡɚɰɢɸ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ 

Ƚɪɚɛɛɫɚ ɩɟɪɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɚɞɞɢɬɢɜɧɭɸ ɩɨɥɢɦɟɪɢɡɚɰɢɸ ‒ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɥɟɤɫɨɜ ɩɚɥɥɚɞɢɹ ɢ ɧɢɤɟɥɹ (ɫɯɟɦɚ 1). 

 

ɋɯɟɦɚ 1. Ɇɟɬɚɬɟɡɢɫɧɚɹ ɢ ɚɞɞɢɬɢɜɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɩɪɨɢɡɜɨɞɧɵɯ 

ɧɨɪɛɨɪɧɚɞɢɟɧɚ-2,5. 
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ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɦɟɬɚɬɟɡɢɫɧɵɟ ɩɨɥɢɦɟɪɵ ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ ɭɞɟɥɶɧɵɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ. ɉɨɥɢɦɟɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɚɞɞɢɬɢɜɧɨɣ ɫɯɟɦɟ, ɨɛɥɚɞɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ: ɩɨ ɞɚɧɧɵɦ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ-

ɞɟɫɨɪɛɰɢɢ ɚɡɨɬɚ ‒ ɜɩɥɨɬɶ ɞɨ 800 ɦ2/ɝ. Ɂɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɢɦɟɪɨɜ 

ɭɜɟɥɢɱɢɜɚɥɢɫɶ ɜ ɪɹɞɭ ɢɫɯɨɞɧɵɯ ɦɨɧɨɦɟɪɨɜ ɧɨɪɛɨɪɧɚɞɢɟɧ < ɞɢɦɟɪ < ɬɪɢɦɟɪ, ɱɬɨ 

ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɞɜɨɣɧɵɦɢ ɫɜɹɡɹɦɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ (ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɨɫɧɨɜɟ Ni ɢɥɢ Pd, ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɦɨɧɨɦɟɪɚ) ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ ɩɨɥɢɦɟɪɵ ɫ ɪɚɡɥɢɱɧɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɞɞɢɬɢɜɧɵɟ ɩɨɥɢɦɟɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɫɨɞɟɪɠɚɬ 

ɞɜɨɣɧɵɟ ɫɜɹɡɢ: ɩɨ ɞɚɧɧɵɦ ɬɜɟɪɞɨɬɟɥɶɧɨɣ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɢɯ ɤɨɥɢɱɟɫɬɜɨ 

ɫɨɩɨɫɬɚɜɢɦɨ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɦɨɧɨɦɟɪɧɵɯ ɡɜɟɧɶɟɜ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɧɟɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ 

ɫɲɢɜɤɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɬɚɤɠɟ ɛɵɥ ɢɫɫɥɟɞɨɜɚɧ ɩɨɥɢɦɟɪ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɝɢɞɪɢɪɨɜɚɧɢɹ ɚɞɞɢɬɢɜɧɨɝɨ ɩɨɥɢɦɟɪɚ ɧɚ ɨɫɧɨɜɟ ɞɢɦɟɪɚ ɧɨɪɛɨɪɧɚɞɢɟɧɚ; ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɝɢɞɪɢɪɨɜɚɧɢɹ ɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɢɡɦɟɧɹɸɬɫɹ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɇɚɭɱɧɨɝɨ Ɏɨɧɞɚ 

(ɝɪɚɧɬ № 17-19-01595). 
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ɊȿȽɍɅɂɊɈȼȺɇɂȿ ȽȺɁɈɌɊȺɇɋɉɈɊɌɇɕɏ ɋȼɈɃɋɌȼ 

ɉɈɅɂɇɈɊȻɈɊɇȿɇɈȼ ɉɍɌȿɆ ɉɈɋɌ-ɉɈɅɂɆȿɊɂɁȺɐɂɈɇɇɈɃ 

ɆɈȾɂɎɂɄȺɐɂɂ ȾȼɈɃɇɕɏ ɋȼəɁȿɃ ɈɋɇɈȼɇɈɃ ɐȿɉɂ  

Ɇɨɪɨɧɰɟɜ Ⱥ.Ⱥ., ɀɢɝɚɪɟɜ ȼ.Ⱥ., Ɋɹɛɢɧɫɤɚɹ Ʉ.ɋ., ɇɢɤɢɮɨɪɨɜ Ɋ.ɘ, Ȼɟɥɨɜ ɇ.Ⱥ., 

Ɏɢɥɚɬɨɜɚ Ɇ.ɉ., Ƚɪɢɧɝɨɥɶɰ Ɇ.Ʌ.,  

REGULATION OF POLYNORBORNENES GAS-TRANSPORT PROPERTIES BY 

POST‑POLYMERIZATION MODIFICATION OF BACKBONE DOUBLE BONDS 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: morontsev@ips.ac.ru 

 

ɉɨɥɢɧɨɪɛɨɪɧɟɧɵ – ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɦɟɦɛɪɚɧɧɨɝɨ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ 

[1]. ɂɡɦɟɧɹɹ ɫɬɪɭɤɬɭɪɭ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɡɜɟɧɚ, ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɢɯ ɝɚɡɨɬɪɚɧɫɩɨɪɬɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɍɪɚɞɢɰɢɨɧɧɵɣ ɩɨɞɯɨɞ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ ɫ ɠɟɥɚɟɦɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɢɧɬɟɡɟ ɦɨɧɨɦɟɪɚ ɫ ɬɪɟɛɭɟɦɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɢ ɩɨɫɥɟɞɭɸɳɟɣ 

ɟɝɨ ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ (ɫɯɟɦɚ 1ɚ). Ɍɚɤ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɜ ɛɨɤɨɜɭɸ ɰɟɩɶ 

ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ ɬɪɢɦɟɬɢɥɫɢɥɢɥɶɧɨɣ ɝɪɭɩɩɵ ɢɥɢ ɮɬɨɪɫɨɞɟɪɠɚɳɟɝɨ ɡɚɦɟɫɬɢɬɟɥɹ 

ɩɨɜɵɲɚɟɬ ɢɯ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ [1]. ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɧɨɪɛɨɪɧɟɧɨɜ ɩɨ ɫɯɟɦɟ ɦɟɬɚɬɟɡɢɫɚ 

ɩɨɡɜɨɥɹɟɬ ɫɨɯɪɚɧɢɬɶ ɜ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɞɜɨɣɧɵɟ ɫɜɹɡɢ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɜɨɞɢɬɶ ɢɯ 

ɦɨɞɢɮɢɤɚɰɢɸ. ɇɚɦɢ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɝɚɡɨɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɢ 

ɞɪɭɝɢɯ ɫɜɨɣɫɬɜ ɦɟɬɚɬɟɡɢɫɧɵɯ ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ ɩɭɬɟɦ ɦɨɞɢɮɢɤɚɰɢɢ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ 

ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟɦ ɢ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟɦ (ɫɯɟɦɚ 1ɛ). ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɟɧɵ ɩɨɥɢɦɟɪɵ, ɤɨɬɨɪɵɟ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɞɪɭɝɢɦɢ 

ɦɟɬɨɞɚɦɢ.  
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ɝɞɟ R = H (ɩɨɥɢɧɨɪɛɨɪɧɟɧ), R = SiMe3 (ɩɨɥɢ(5-ɬɪɢɦɟɬɢɥɫɢɥɢɥ-2-ɧɨɪɛɨɪɧɟɧ)). 
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ɉɨɤɚɡɚɧɨ, ɱɬɨ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ – ɞɨɫɬɚɬɨɱɧɨ 

ɩɪɨɫɬɨɣ ɦɟɬɨɞ ɦɨɞɢɮɢɤɚɰɢɢ ɨɫɧɨɜɧɨɣ ɰɟɩɢ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ 

ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨɥɢɦɟɪɚ ɢ ɫɨɯɪɚɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ 

ɞɚɥɶɧɟɣɲɟɣ ɦɨɞɢɮɢɤɚɰɢɢ. Ⱦɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ (ȾɎɐ) ɩɨɡɜɨɥɹɟɬ ɜɜɟɫɬɢ ɜ 

ɨɫɧɨɜɧɭɸ ɰɟɩɶ ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ ɮɬɨɪɫɨɞɟɪɠɚɳɢɣ ɡɚɦɟɫɬɢɬɟɥɶ, ɭɥɭɱɲɚɸɳɢɣ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɢɬɶ ɩɨɥɢɧɨɪɛɨɪɧɟɧɵ ɫɨɞɟɪɠɚɳɢɟ ɜ ɷɥɟɦɟɧɬɚɪɧɨɦ 

ɡɜɟɧɟ ɤɚɤ ɮɬɨɪ, ɬɚɤ ɢ ɬɪɢɦɟɬɢɥɫɢɥɢɥɶɧɭɸ ɝɪɭɩɩɭ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɢɯ ɫɨɜɦɟɫɬɧɨɟ 

ɜɥɢɹɧɢɟ.  

ɂɫɯɨɞɧɵɟ ɩɨɥɢɧɨɪɛɨɪɧɟɧ (ɉɇȻ) ɢ ɩɨɥɢ(5-ɬɪɢɦɟɬɢɥɫɢɥɢɥ-2-ɧɨɪɛɨɪɧɟɧ) 

(ɉɇȻSi) ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɩɨ ɫɯɟɦɟ ɦɟɬɚɬɟɡɢɫɚ ɫ ɪɚɫɤɪɵɬɢɟɦ ɰɢɤɥɚ ɢɡ ɧɨɪɛɨɪɧɟɧɚ ɢ 

5-ɬɪɢɦɟɬɢɥɫɢɥɢɥ-2-ɧɨɪɛɨɪɧɟɧɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ Ƚɪɚɛɛɫɚ 

ɩɟɪɜɨɝɨ ɩɨɤɨɥɟɧɢɹ (Ƚɪ-1), (PCy3)2Cl2Ru=CHPh. 

ɉɨɥɢɦɟɪɚɧɚɥɨɝɢɱɧɵɟ ɪɟɚɤɰɢɢ ɱɚɫɬɨ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɩɨɛɨɱɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ 

ɞɟɫɬɪɭɤɰɢɢ ɩɨɥɢɦɟɪɚ, ɱɬɨ ɫɧɢɠɚɟɬ ɟɝɨ ɩɥɟɧɤɨɨɛɪɚɡɭɸɳɢɟ ɫɜɨɣɫɬɜɚ. Ⱦɥɹ 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɷɬɨɝɨ, ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɫ ɩɨɦɨɳɶɸ ɦɹɝɤɨɝɨ 

ɷɩɨɤɫɢɞɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ - ɞɢɦɟɬɢɥɞɢɨɤɫɢɪɚɧɚ, ɤɨɬɨɪɵɣ ɨɤɚɡɚɥɫɹ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦ ɞɥɹ 

ɦɨɞɢɮɢɤɚɰɢɢ ɬɪɚɧɫ-ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɜ ɉɇȻ [2]. Ȼɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɷɩɨɤɫɢɞɢɪɭɸɳɢɦ 

ɚɝɟɧɬɨɦ ɨɤɚɡɚɥɚɫɶ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɚɹ ɦɟɬɚ-ɯɥɨɪɩɟɪɛɟɧɡɨɣɧɚɹ ɤɢɫɥɨɬɚ. ɋ ɩɨɦɨɳɶɸ 

1ɇ əɆɊ ɦɨɧɢɬɨɪɢɧɝɚ ɢɡɭɱɟɧɚ ɤɢɧɟɬɢɤɚ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɹ ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ ɜ 

ɯɥɨɪɨɮɨɪɦɟ ɢ ɬɨɥɭɨɥɟ. Ɉɛɧɚɪɭɠɟɧɨ ɩɪɨɬɟɤɚɧɢɟ ɩɨɛɨɱɧɵɯ ɪɟɚɤɰɢɣ ɞɟɝɪɚɞɚɰɢɢ 

ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ ɜ ɯɨɞɟ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɹ. ɉɨɞɨɛɪɚɧɵ ɭɫɥɨɜɢɹ ɢɫɱɟɪɩɵɜɚɸɳɟɝɨ 

ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɹ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɜ ɩɨɥɢɧɨɪɛɨɪɧɟɧɚɯ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɣ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɨɜ ɩɭɬɟɦ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɜ ɫɪɟɞɟ ɬɨɥɭɨɥɚ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɢɧɝɢɛɢɬɨɪɚ ɨɤɢɫɥɟɧɢɹ. ȼɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ ɷɩɨɤɫɢɞɢɪɨɜɚɧɧɵɟ 

ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɩɨɥɢɧɨɪɛɨɪɧɟɧ ɢ ɩɨɥɢ(5-ɬɪɢɦɟɬɢɥɫɢɥɢɥ-2-ɧɨɪɛɨɪɧɟɧ) ɫ 

ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɣ ɤɨɧɜɟɪɫɢɟɣ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ, ɯɨɪɨɲɢɦɢ ɩɥɟɧɤɨɨɛɪɚɡɭɸɳɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɤɢɫɥɨɪɨɞɭ ɜɨɡɞɭɯɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟ 

ɢɡɦɟɧɹɟɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɝɚɡɨɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɨɜ: ɩɨɜɵɲɚɟɬ 

ɬɟɦɩɟɪɚɬɭɪɭ ɫɬɟɤɥɨɜɚɧɢɹ ɩɪɢɦɟɪɧɨ ɧɚ 20ɨɋ, ɫɧɢɠɚɟɬ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɢ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɨɜɵɲɚɟɬ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɹ ɉɇȻ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ, ɧɚɩɪɢɦɟɪ ɞɥɹ ɩɚɪɵ ɝɚɡɨɜ H2/CH4  ɜɨɡɪɚɫɬɚɟɬ ɨɬ 25 ɞɨ 97 

[3]. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɹ (ȾɎɐ) ɉɇȻ ɢ ɉɇȻSi 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɢɮɬɨɪɤɚɪɛɟɧɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɪɦɨɥɢɡɚ 
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ɯɥɨɪɞɢɮɬɨɪɚɰɟɬɚɬɚ ɧɚɬɪɢɹ ɜ ɫɪɟɞɟ ɦɟɬɢɥɛɟɧɡɨɚɬɚ ɩɪɢ 185ɨɋ. ȼɩɟɪɜɵɟ ɩɨɥɭɱɟɧ 

ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɧɵɣ ɩɨɥɢɧɨɪɛɨɪɧɟɧ (ȾɎɐ-ɉɇȻ), ɧɟ 

ɫɨɞɟɪɠɚɳɢɣ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ, ɚ ɬɚɤɠɟ ɩɨɥɢɧɨɪɛɨɪɧɟɧ ɫ ɤɪɟɦɧɢɣ ɢ ɮɬɨɪɫɨɞɟɪɠɚɳɢɦɢ 

ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɜ ɷɥɟɦɟɧɬɚɪɧɨɦ ɡɜɟɧɟ  (ȾɎɐ-ɉɇȻSi), ɫɨɞɟɪɠɚɳɢɣ 16% ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ 

[4]. Ⱦɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ ɩɨɜɵɲɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɫɬɟɤɥɨɜɚɧɢɹ ɩɪɢɦɟɪɧɨ ɧɚ 40ɨɋ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɯɨɞɧɵɯ ɩɨɥɢɦɟɪɨɜ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɨɥɢɦɟɪɨɜ ɜɨɡɪɚɫɬɚɸɬ ɩɪɢɦɟɪɧɨ ɜ 1,5 ɪɚɡɚ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɜɦɟɫɬɧɨɝɨ ɜɥɢɹɧɢɹ ɷɩɨɤɫɢɞɧɵɯ ɢ ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɨɜɵɯ 

ɮɪɚɝɦɟɧɬɨɜ ɧɚ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɧɨɜɵɣ ɩɨɥɢɧɨɪɛɨɪɧɟɧ, 

ɫɨɞɟɪɠɚɳɢɣ ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɨɜɵɟ ɢ ɨɤɫɢɪɚɧɨɜɵɟ ɮɪɚɝɦɟɧɬɵ ɜ ɨɫɧɨɜɧɨɣ ɰɟɩɢ. 

ɋɢɧɬɟɡ ɨɫɭɳɟɫɬɜɥɟɧ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɱɚɫɬɢɱɧɵɦ ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟɦ 

ɩɨɥɢɧɨɪɛɨɪɧɟɧɚ ɫ ɩɨɥɭɱɟɧɢɟɦ ȾɎɐ-ɉɇȻ, ɫɨɞɟɪɠɚɳɟɝɨ 17% ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ, ɤɨɬɨɪɵɟ 

ɡɚɬɟɦ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɸ (ɫɯɟɦɚ 2). ȼɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɬɚɤɨɣ 

ɬɢɩ «ɞɜɨɣɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ» ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɤɚɤ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɬɚɤ ɢ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ ɩɨɥɢɧɨɪɛɨɪɧɟɧɚ. 
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ɋɯɟɦɚ 2. ɋɢɧɬɟɡ ɩɨɥɢɧɨɪɛɨɪɧɟɧɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɨɜɵɣ ɢ 

ɨɤɫɢɪɚɧɨɜɵɣ ɮɪɚɝɦɟɧɬɵ ɜ ɨɫɧɨɜɧɨɣ ɰɟɩɢ 

 

ɇɟɩɨɥɧɚɹ ɤɨɧɜɟɪɫɢɹ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɉɇȻSi, ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɚ ɫ 

ɷɤɪɚɧɢɪɭɸɳɢɦ ɜɥɢɹɧɢɟɦ ɨɛɴɟɦɧɨɣ ɬɪɢɦɟɬɢɥɫɢɥɢɥɶɧɨɣ ɝɪɭɩɩɵ. Ⱦɥɹ ɨɬɞɚɥɟɧɢɹ 

ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɟɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɢ ɩɨɥɢɦɟɪɢɡɨɜɚɧ ɩɨ ɫɯɟɦɟ 

ɦɟɬɚɬɟɡɢɫɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ Ƚɪ-1 ɧɨɜɵɣ ɦɨɧɨɦɟɪ 4,4-ɞɢɦɟɬɢɥ-4-

ɫɢɥɚɬɪɢɰɢɤɥɨ[5.2.1.02,6]ɞɟɰ-8-ɟɧ. ɋɬɪɨɟɧɢɟ ɦɨɧɨɦɟɪɚ ɢ ɩɨɥɢɦɟɪɚ ɩɨɞɬɜɟɪɠɞɟɧɨ 

ɞɚɧɧɵɦɢ 1H, 13C, 29Si əɆɊ, ɜɤɥɸɱɚɹ ɞɜɭɦɟɪɧɵɟ ɫɩɟɤɬɪɵ 1H-1H COSY, 1H-13C HMQC. 

Ⱦɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɥɢɦɟɪɚ ɩɪɨɲɥɨ ɫ ɩɨɥɧɨɣ ɤɨɧɜɟɪɫɢɟɣ 

ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ. Ȼɵɥɢ ɢɡɦɟɪɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢɫɯɨɞɧɨɝɨ ɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɦɟɪɨɜ. ɂɫɯɨɞɧɵɣ ɩɨɥɢɦɟɪ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɵɲɟ, ɱɟɦ ɧɟɡɚɦɟɳɟɧɧɵɣ ɉɇȻ, ɧɨ ɧɢɠɟ ɱɟɦ ɉɇȻSi. ȾɎɐ ɩɪɢɜɟɥɨ ɤ 

ɩɨɜɵɲɟɧɢɸ ɟɝɨ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɪɢɦɟɪɧɨ ɜ 1,5 ɪɚɡɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢɹ 

ɩɨɜɵɫɢɥɚɫɶ ɩɪɢɦɟɪɧɨ ɧɚ 60ɨɋ. 
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ȼɵɜɨɞɵ: 

1. Ɋɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɝɚɡɨɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɢ ɞɪɭɝɢɯ 

ɫɜɨɣɫɬɜ ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ ɩɭɬɟɦ ɩɨɫɬɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ 

ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟɦ ɢ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟɦ. 

2. ȼɩɟɪɜɵɟ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɷɩɨɤɫɢɞɢɪɨɜɚɧɧɵɟ ɉɇȻ ɢ 

ɉɇȻSi. ɂɡɦɟɪɟɧɵ ɢɯ ɤɨɷɮɮɢɰɢɟɧɬɵ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ 

ɩɪɨɫɬɵɯ ɝɚɡɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɩɨɥɢɧɨɪɛɨɪɧɟɧɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ. 

3. Ɉɫɭɳɟɫɬɜɥɟɧɨ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ ɩɨɥɢɧɨɪɛɨɪɧɟɧɚ ɫ ɩɨɥɧɨɣ 

ɤɨɧɜɟɪɫɢɟɣ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ, ɩɨɥɭɱɟɧ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ȾɎɐ-ɉɇȻ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ ɩɨɜɵɲɚɟɬ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɩɨɥɢɧɨɪɛɨɪɧɟɧɚ ɜ 1,5 ɪɚɡɚ 

ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ. 

4. ȼɩɟɪɜɵɟ ɫɢɧɬɟɡɢɪɨɜɚɧ ɩɨɥɢɧɨɪɛɨɪɧɟɧ ɫ ɬɪɢɦɟɬɢɥɫɢɥɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɢ 

ɮɬɨɪɫɨɞɟɪɠɚɳɢɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɜ ɷɥɟɦɟɧɬɚɪɧɨɦ ɡɜɟɧɟ (ȾɎɐ-ɉɇȻSi). ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɫɨɜɦɟɫɬɧɨɟ ɩɪɢɫɭɬɫɬɜɢɟ ɭɤɚɡɚɧɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɧɚɩɪɢɦɟɪ ɩɨ Ɉ2 ɨɬ 2.3 Ȼɚɪɪɟɪ (ɉɇȻ) ɞɨ 44 Ȼɚɪɪɟɪ (ȾɎɐ-ɉɇȻSi). 

5. ȼɜɟɞɟɧɢɟ ɜ ɨɫɧɨɜɧɭɸ ɰɟɩɶ ɉɇȻ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɨɜɨɝɨ ɢ 

ɨɤɫɢɪɚɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɨɜ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɤɚɤ ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɬɚɤ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ ɩɨɥɢɦɟɪɚ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɚɟɬ ɟɝɨ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. 

6. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɬɞɚɥɟɧɢɟ ɨɛɴɟɦɧɨɝɨ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɟɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɨɬ 

ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɢɫɱɟɪɩɵɜɚɸɳɭɸ ɦɨɞɢɮɢɤɚɰɢɸ 

ɤɪɚɬɧɵɯ ɫɜɹɡɟɣ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ. 
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ȼɅɂəɇɂȿ ɄɂɋɅɈɌɇɕɏ ɋȼɈɃɋɌȼ ɉɈȼȿɊɏɇɈɋɌɂ 
ȺɅɘɆɈɈɄɋɂȾɇɈȽɈ ɇɈɋɂɌȿɅə ɇȺ ɉɊɈɐȿɋɋ ɎɈɊɆɂɊɈȼȺɇɂə 

ɑȺɋɌɂɐ ɉȺɅɅȺȾɂə 

Ȼɨɪɟɰɤɚɹ Ⱥ.ȼ. 1, ɂɥɶɹɫɨɜ ɂ.Ɋ.1, Ʌɚɦɛɟɪɨɜ Ⱥ.Ⱥ.1  
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ɏɢɦɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦ. Ⱥ.Ɇ. Ȼɭɬɥɟɪɨɜɚ, Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ 

ɭɧɢɜɟɪɫɢɬɟɬ 
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ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ 

ɧɚɧɟɫёɧɧɵɯ ɱɚɫɬɢɰ ɦɟɬɚɥɥɚ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɡɚɪɹɞɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɩɪɟɤɭɪɫɨɪɚ ɫ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɦɢ ɰɟɧɬɪɚɦɢ ɧɨɫɢɬɟɥɹ ɧɚ ɫɬɚɞɢɢ ɩɪɨɩɢɬɤɢ ɢ 

ɩɪɟɞɨɛɪɚɛɨɬɤɢ ɤɚɬɚɥɢɡɚɬɨɪɚ [1], [2], [3], [4], [5], [6]. ɉɨɷɬɨɦɭ ɤɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ 

ɚɥɸɦɨɨɤɫɢɞɧɨɝɨ ɧɨɫɢɬɟɥɹ ɨɤɚɡɵɜɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɷɥɟɤɬɪɨɧɧɵɟ ɢ 

ɫɬɪɭɤɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ 

ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɧɚ ɬɪɚɧɫɮɨɪɦɚɰɢɸ ɩɪɟɤɭɪɫɨɪɚ ɩɚɥɥɚɞɢɹ ɢ ɫɜɨɣɫɬɜ ɱɚɫɬɢɰ ɦɟɬɚɥɥɚ ɜ 

ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɤɚɬɚɥɢɡɚɬɨɪɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɧɨɫɢɬɟɥɢ Ȗ-Al2O3, 

ɨɛɥɚɞɚɸɳɢɟ ɪɚɡɥɢɱɧɨɣ ɤɢɫɥɨɬɧɨɫɬɶɸ. Ⱦɥɹ ɜɚɪɶɢɪɨɜɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɬɧɵɯ 

ɰɟɧɬɪɨɜ ɧɨɫɢɬɟɥɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ ɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ 

ɩɫɟɜɞɨɛɟɦɢɬɚ (ɮɢɪɦɵ «Sasol», ɦɚɪɤɢ «Pural SB») ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɦɢ ɞɨɛɚɜɤɚɦɢ: 

ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ, ɮɬɨɪɢɞɨɦ ɚɦɦɨɧɢɹ, ɝɢɞɪɨɤɫɢɞɨɦ ɧɚɬɪɢɹ ɢ ɧɢɬɪɚɬɨɦ ɰɟɡɢɹ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ 

ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɤɢɫɥɨɬɧɵɯ ɢ ɨɫɧɨɜɧɵɯ 

ɞɨɛɚɜɨɤ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɝɟɨɦɟɬɪɢɢ ɩɨɪ. Ⱦɥɹ ɨɛɪɚɡɰɨɜ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ 

ɤɢɫɥɨɬɧɵɦɢ ɞɨɛɚɜɤɚɦɢ, ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼɜɟɞɟɧɢɟ 

ɨɫɧɨɜɧɵɯ ɞɨɛɚɜɨɤ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɚɡɧɨɧɚɩɪɚɜɥɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ.  

ɋɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɧɚ ɤɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ ɚɥɸɦɨɨɤɫɢɞɧɨɝɨ ɧɨɫɢɬɟɥɹ 

ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɞɟɫɨɪɛɰɢɢ ɚɦɦɢɚɤɚ. Ȼɵɥɢ 

ɩɨɥɭɱɟɧɵ ɤɪɢɜɵɟ ɞɟɫɨɪɛɰɢɢ ɚɦɦɢɚɤɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɫ 

ɪɚɡɛɢɟɧɢɟɦ ɤɚɠɞɨɣ ɤɪɢɜɨɣ ɧɚ ɝɚɭɫɫɨɜɵ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɢɩɚɦ 

ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨ ɫɢɥɟ [7]. Ɉɬɥɢɱɢɟɦ ɤɪɢɜɵɯ ɹɜɥɹɟɬɫɹ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɞɟɫɨɪɛɰɢɢ ɚɦɦɢɚɤɚ. Ⱦɥɹ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ ɜɵɞɟɥɟɧɢɟ ɚɦɦɢɚɤɚ ɩɪɨɬɟɤɚɟɬ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 50-600 0ɋ, ɱɬɨ 
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ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɞɟɪɠɚɧɢɸ 820 ɦɤɦɨɥɶ/ɝ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ. ɉɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ 

ɫɢɥɶɧɵɯ ɢ ɨɱɟɧɶ ɫɢɥɶɧɵɯ ɰɟɧɬɪɨɜ ɪɚɜɧɨ 304 ɢ 149 ɦɤɦɨɥɶ/ɝ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɢɫɥɨɬɧɵɯ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɳɟɧɢɸ ɤɪɢɜɨɣ ɞɟɫɨɪɛɰɢɢ 

ɚɦɦɢɚɤɚ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ ɨɛɥɚɫɬɶ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɧɨɜɵɯ ɨɱɟɧɶ 

ɫɢɥɶɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ. ȼɜɟɞɟɧɢɟ ɨɫɧɨɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɨɫɬɚɜ ɨɤɫɢɞɨɜ 

ɚɥɸɦɢɧɢɹ, ɧɚɩɪɨɬɢɜ, ɭɦɟɧɶɲɚɟɬ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɤɪɢɜɵɯ ɞɟɫɨɪɛɰɢɣ ɚɦɦɢɚɤɚ ɢ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɫɱɟɡɧɨɜɟɧɢɸ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɢɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɨɱɟɧɶ 

ɫɢɥɶɧɵɦ ɤɢɫɥɨɬɧɵɦ ɰɟɧɬɪɚɦ. 

ɇɚɧɟɫɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɚɥɥɚɞɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɫ 

ɪɚɡɧɨɣ ɤɢɫɥɨɬɧɨɫɬɶɸ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɩɨ ɩɪɨɱɧɨɫɬɢ 

ɫɜɹɡɵɜɚɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɚɥɥɚɞɢɹ ɫ ɤɢɫɥɨɬɧɵɦɢ ɰɟɧɬɪɚɦɢ ɧɨɫɢɬɟɥɟɣ. 

ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɸɬ ɪɟɡɭɥɶɬɚɬɵ ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɬɨɤɟ ɜɨɞɨɪɨɞɚ. 

ɉɨɫɥɟɞɭɸɳɟɟ ɯɟɦɨɫɨɪɛɰɢɨɧɧɨɟ ɬɢɬɪɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɤɚɡɚɥɨ, 

ɱɬɨ ɡɧɚɱɟɧɢɹ ɩɨɝɥɨɳɟɧɧɨɝɨ ɋɈ ɛɥɢɡɤɢ ɞɥɹ ɜɫɟɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ɍɨɥɶɤɨ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɧɚ ɧɨɫɢɬɟɥɟ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ, ɨɬɦɟɱɚɟɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɞɢɫɩɟɪɫɧɨɫɬɢ ɱɚɫɬɢɰ ɩɚɥɥɚɞɢɹ ɞɨ 95 %.  

ɗɥɟɤɬɪɨɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɱɚɫɬɢɰ ɩɚɥɥɚɞɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɥɸɦɨɨɤɫɢɞɧɵɯ 

ɧɨɫɢɬɟɥɟɣ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɮɨɬɨɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ 

(ɊɎɗɋ). Ⱥɧɚɥɢɡ ɫɩɟɤɬɪɨɜ ɊɎɗɋ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ 

ɧɨɫɢɬɟɥɟ ɨɬɦɟɱɚɸɬɫɹ ɞɜɟ ɮɨɪɦɵ ɩɚɥɥɚɞɢɟɜɵɯ ɱɚɫɬɢɰ, Pd0 ɢ Pd2+, ɜ ɤɨɥɢɱɟɫɬɜɟ 64 % ɢ 36 

%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɚɧɟɫɟɧɢɟ ɩɪɟɤɭɪɫɨɪɚ ɧɚ ɧɨɫɢɬɟɥɢ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɚɬɨɦɚɦɢ 

ɧɚɬɪɢɹ ɢ ɰɟɡɢɹ, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɞɨɥɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɚɥɥɚɞɢɹ ɞɨ 91 ɢ 100 %, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼɜɟɞɟɧɢɟ ɜ ɫɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɨɪɚ ɤɢɫɥɨɬɧɵɯ ɦɨɞɢɮɢɤɚɬɨɪɨɜ, ɧɚɩɪɨɬɢɜ, 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ, ɪɨɫɬɨɦ ɤɨɥɢɱɟɫɬɜɚ ɨɤɢɫɥɟɧɧɵɯ ɱɚɫɬɢɰ ɩɚɥɥɚɞɢɹ. Ⱦɥɹ ɨɛɪɚɡɰɨɜ «ɄɌ-

Ac» ɢ «ɄɌ-F» ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɨɫɬɢɝɚɟɬ 75 ɢ 70 %, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɞɥɹ ɜɫɟɯ 

ɧɚɧɟɫёɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɤɪɨɦɟ «ɄɌ-Ⱥɫ», ɧɚɛɥɸɞɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚɡɚ ɩɚɥɥɚɞɢɹ ɫ 

ɦɟɠɩɥɨɫɤɨɫɬɧɵɦɢ ɪɚɫɫɬɨɹɧɢɹɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ Pd (111). Ⱦɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ 

ɨɫɧɨɜɟ ɧɨɫɢɬɟɥɹ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ, ɧɟ ɨɬɦɟɱɚɟɬɫɹ ɧɚɥɢɱɢɟ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. ɑɚɫɬɢɰɵ ɩɚɥɥɚɞɢɹ, ɜɟɪɨɹɬɧɨ, ɧɚɯɨɞɹɬɫɹ ɜ ɚɬɨɦɚɪɧɨ-ɞɢɫɩɟɪɫɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɫ ɜɨɡɦɨɠɧɵɦ ɜɤɥɸɱɟɧɢɟɦ ɜ ɞɟɮɟɤɬɧɵɟ ɭɱɚɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɧɨɫɢɬɟɥɹ [8].  

ɂɫɩɵɬɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɪɟɚɤɰɢɢ ɝɢɞɪɢɪɨɜɚɧɢɹ 1,3-ɛɭɬɚɞɢɟɧɚ ɩɪɢ 

35 °ɋ ɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ. Ʉɚɬɚɥɢɡɚɬɨɪ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
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ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɧɨɫɢɬɟɥɹ, ɨɛɥɚɞɚɟɬ ɤɨɧɜɟɪɫɢɟɣ ɛɭɬɚɞɢɟɧɚ-1,3 ɞɨ 48 % ɢ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɰɟɥɟɜɨɦɭ ɤɨɦɩɨɧɟɧɬɭ (ɛɭɬɟɧ-1) – 35,3 %. Ɉɛɪɚɡɰɵ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɨɜ 

ɚɥɸɦɢɧɢɹ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɫɧɨɜɧɵɦɢ ɞɨɛɚɜɤɚɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɤɨɧɜɟɪɫɢɟɣ 1,3-ɛɭɬɚɞɢɟɧɚ ɞɨ 74 %. ɋɢɫɬɟɦɵ, ɧɚ ɨɫɧɨɜɟ ɧɨɫɢɬɟɥɟɣ ɫ ɜɵɫɨɤɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ, «ɄɌ-Ⱥɫ» ɢ «ɄɌ-F», ɨɛɥɚɞɚɸɬ ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ 

ɤɨɧɜɟɪɫɢɢ ɢ TOF («ɱɚɫɬɨɬɚ ɨɛɨɪɨɬɨɜ»). ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɛɨɥɟɟ ɫɢɥɶɧɨɣ ɯɟɦɨɫɨɪɛɰɢɟɣ 

ɞɢɟɧɚ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɚɬɨɦɚɦɢ ɩɚɥɥɚɞɢɹ Pd2+, ɨɛɥɚɞɚɸɳɢɯ ɧɢɡɤɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɶɸ [9].  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɫɭɛɫɢɞɢɢ, ɜɵɞɟɥɟɧɧɨɣ ɜ ɪɚɦɤɚɯ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɞɞɟɪɠɤɢ Ʉɚɡɚɧɫɤɨɝɨ (ɉɪɢɜɨɥɠɫɤɨɝɨ) ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɜ 

ɰɟɥɹɯ ɩɨɜɵɲɟɧɢɹ ɟɝɨ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɪɟɞɢ ɜɟɞɭɳɢɯ ɦɢɪɨɜɵɯ ɧɚɭɱɧɨ-

ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ. 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɊȿȺɄɐɂɂ ȼɁȺɂɆɈȾȿɃɋɌȼɂə Lɚ2O3 ɋ NH4F 

Ɉɫɢɩɨɜ Ⱥ.Ɋ.1, Ȼɨɪɢɫɨɜ ȼ.Ⱥ.1,2, ɉɨɧɹɬɨɜɚ ɋ.ɋ.1, Ȼɨɝɞɚɧɨɜɚ Ⱥ.Ɉ.3,  
Ⱥɞɟɟɜɚ Ʌ.ɇ.3, ɒɥɹɩɢɧ Ⱦ.Ⱥ.2 

REACTION OF LANTANUM OXIDE WITH AMMONIUM FLUORIDE  
1 Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɉɦɫɤ 

2 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ, Ɉɦɫɤ 
3 Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɏ.Ɇ. Ⱦɨɫɬɨɟɜɫɤɨɝɨ, Ɉɦɫɤ 
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ɋ ɪɚɡɜɢɬɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɟɣ ɜɫё ɛɨɥɶɲɢɣ 

ɢɧɬɟɪɟɫ ɧɚɱɢɧɚɟɬ ɩɪɨɹɜɥɹɬɶɫɹ ɤ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦ ɷɥɟɦɟɧɬɚɦ (ɊɁɗ). Ɉɞɧɢɦ ɢɡ 

ɧɚɩɪɚɜɥɟɧɢɣ ɩɪɢɦɟɧɟɧɢɹ ɨɤɫɢɞɨɜ ɊɁɗ ɹɜɥɹɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɤɪɟɤɢɧɝɚ 

ɧɟɮɬɢ, ɩɟɪɟɪɚɛɨɬɤɚ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɡɧɚɱɢɦɨɣ ɡɚɞɚɱɟɣ [1]. 

Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɫɪɟɞɢ ɥɚɧɬɚɧɨɢɞɨɜ, ɚ ɬɚɤɠɟ ɩɨ 

ɫɨɞɟɪɠɚɧɢɸ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ ɤɪɟɤɢɧɝɚ, ɹɜɥɹɟɬɫɹ ɥɚɧɬɚɧ. ɂɡɭɱɟɧɢɟ ɤɢɧɟɬɢɤɢ 

ɮɬɨɪɢɪɨɜɚɧɢɹ ɨɤɫɢɞɚ ɥɚɧɬɚɧɚ ɮɬɨɪɢɞɨɦ ɚɦɦɨɧɢɹ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɬɟɨɪɢɬɢɱɟɫɤɢɟ ɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɟ ɞɚɧɧɵɟ ɨ ɦɟɬɨɞɚɯ ɢ ɫɩɨɫɨɛɚɯ ɜɵɞɟɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɥɚɧɬɚɧɚ [2]. 

ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Lɚ2O3 ɫ NH4F. 

Ɂɚɞɚɱɢ: ɢɫɫɥɟɞɨɜɚɬɶ ɤɢɧɟɬɢɤɭ ɢ ɬɟɪɦɨɞɢɧɚɦɢɤɭ ɮɬɨɪɢɪɨɜɚɧɢɹ ɨɤɫɢɞɚ ɥɚɧɬɚɧɚ ɮɬɨɪɢɞɨɦ 

ɚɦɦɨɧɢɹ, ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɹɸɳɟɝɨɫɹ ɚɦɦɢɚɤɚ, ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɩɪɨɞɭɤɬɵ 

ɪɟɚɤɰɢɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɚɧɚɥɢɡɨɜ. 

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɟɚɤɰɢɨɧɧɵɯ ɫɦɟɫɟɣ ɛɵɥɢ ɜɡɹɬɵ La2O3 ɢ NH4F, 

ɤɜɚɥɢɮɢɤɚɰɢɢ “ɯ. ɱ.”. Ʉɢɧɟɬɢɱɟɫɤɢɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɢ ɜ ɚɥɸɦɢɧɢɟɜɨɦ ɪɟɚɤɬɨɪɟ ɜ 

ɚɬɦɨɫɮɟɪɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ (ɚɪɝɨɧɚ) ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 150 – 300 ºɋ ɫ ɲɚɝɨɦ 50 ºɋ. 

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɟɚɤɰɢɨɧɧɵɯ ɫɦɟɫɟɣ ɛɵɥɢ ɜɡɹɬɵ ɧɚɜɟɫɤɢ ɩɨ 1,00 ɝ La2O3 ɢ 2,32 ɝ 

NH4F. Ɏɬɨɪɢɞ ɚɦɦɨɧɢɹ ɛɪɚɥɫɹ ɜ 2-ɯ ɤɪɚɬɧɨɦ ɢɡɛɵɬɤɟ ɨɬ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢ 

ɪɚɫɫɱɢɬɚɧɧɨɝɨ.  Ɋɟɚɤɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ ɜɵɞɟɪɠɢɜɚɥɢ ɜ ɩɟɱɢ ɞɨ ɨɤɨɧɱɚɧɢɹ ɜɵɞɟɥɟɧɢɹ 

ɚɦɦɢɚɤɚ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɤɫɢɞɚ 

ɥɚɧɬɚɧɚ ɢ ɮɬɨɪɢɞɚ ɚɦɦɨɧɢɹ ɪɚɫɫɱɢɬɚɥɢ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɢ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ (ɬɚɛɥ. 

1) [3]. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɪɚɜɧɨɜɟɫɢɟ ɩɪɨɰɟɫɫɚ ɮɬɨɪɢɪɨɜɚɧɢɹ 

ɨɤɫɢɞɚ ɥɚɧɬɚɧɚ ɫɦɟɳɟɧɨ ɜ ɫɬɨɪɨɧɭ ɨɛɪɚɡɨɜɚɧɢɹ ɮɬɨɪɢɞɚ ɥɚɧɬɚɧɚ ɩɪɢ Ɍ > 11,5 Ʉ. 

 

 

Ɍɚɛɥ. 1. Ɋɚɫɱёɬ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɤɫɢɞɚ ɥɚɧɬɚɧɚ ɢ ɮɬɨɪɢɞɚ 

ɚɦɦɨɧɢɹ 

ɍ-II-18 
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La2O3 + 6NH4F = 2LaF3 + 3H2O + 6NH3 

T, K 300 400 500 600 700 800 900 1000 

G, 

ɤȾɠ/ɦɨɥɶ*K 
-412 -551 -690 -831 -973 -1116 -1259 -1403 

 

ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɤɢɧɟɬɢɤɟ 

ɩɪɨɰɟɫɫɚ. Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɨɛɴёɦɚ ɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ. ɇɚɢɥɭɱɲɢɦ 

ɨɛɪɚɡɨɦ ɤɢɧɟɬɢɤɭ ɩɪɨɰɟɫɫɚ ɨɩɢɫɵɜɚɟɬ ɦɨɞɟɥɶ ɫɨɤɪɚɳɚɸɳɟɣɫɹ ɫɮɟɪɵ. ɗɧɟɪɝɢɹ 

ɚɤɬɢɜɚɰɢɢ ɫɨɫɬɚɜɢɥɚ 12 ɤȾɠ/ɦɨɥɶ.  

ɂɫɫɥɟɞɨɜɚɧɵ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɫ ɩɨɦɨɳɶɸ ɂɄ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɢ ɊɎȺ. Ⱦɚɧɧɵɟ 

ɚɧɚɥɢɡɨɜ ɫɨɝɥɚɫɨɜɚɧɵ ɢ ɧɟ ɩɪɨɬɢɜɨɪɟɱɚɬ ɞɪɭɝ ɞɪɭɝɭ. Ɍɚɤ ɠɟ ɞɥɹ ɩɨɥɧɨɣ ɬɨɱɧɨɫɬɢ 

ɩɨɧɢɦɚɧɢɹ ɦɟɠɫɬɚɞɢɣɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɟɚɤɰɢɢ ɮɬɨɪɢɪɨɜɚɧɢɹ ɨɤɫɢɞɚ ɥɚɧɬɚɧɚ 

ɮɬɨɪɢɞɨɦ ɚɦɦɨɧɢɹ ɩɥɚɧɢɪɭɟɬɫɹ ɫɞɟɥɚɬɶ ɌȽȺ ɢ ȾɋɄ.  
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ɉɈȽɅɈɓȿɇɂȿ ɄɂɋɅɈɊɈȾȺ ɌɊɈɃɇɈɃ ɋɂɋɌȿɆɈɃ  
ɗɉɈɄɋɂȾ ɋɌɂɊɈɅȺ–ȺɇɂɅɂɇ–Cu(II) ȼ ɉɈɅəɊɇɈɆ ɊȺɋɌȼɈɊȿ  

ɉɟɬɪɨɜ Ʌ.ȼ., ɉɫɢɯɚ Ȼ.Ʌ., ɋɨɥɹɧɢɤɨɜ ȼ.Ɇ.  
THE ABSORPTION OF OXYGEN STYRENE EPOXIDE –ANILINE– Cu(II) TRIPLE 

SYSTEM IN POLAR SOLUTION 
 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ, ɝ. ɑɟɪɧɨɝɨɥɨɜɤɚ 
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Ʉɚɬɚɥɢɡɢɪɨɜɚɧɧɨɟ ɫɨɥɹɦɢ ɦɟɬɚɥɥɨɜ ɚɷɪɨɛɧɨɟ ɫɟɥɟɤɬɢɜɧɨɟ ɨɤɢɫɥɟɧɢɟ ɚɦɢɧɨɜ ɜ 

ɧɢɬɪɢɥɵ ɢ ɢɦɢɧɵ ɭɠɟ ɛɨɥɟɟ ɩɨɥɭɜɟɤɚ ɫɭɳɟɫɬɜɭɟɬ ɤɚɤ ɟɦɤɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɯɢɦɢɢ 

ɨɤɢɫɥɟɧɢɹ [1]. Ɉɤɨɥɨ 20 ɥɟɬ ɧɚɡɚɞ ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɨɛɥɚɫɬɶ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ, 

ɨɩɟɪɢɪɭɸɳɚɹ ɪɟɚɤɰɢɹɦɢ ɚɦɢɧɨɜ ɢ ɷɩɨɤɫɢɞɨɜ ɫ ɩɨɥɭɱɟɧɢɟɦ ɰɟɧɧɵɯ ɜɟɳɟɫɬɜ; ɪɟɚɤɰɢɢ, 

ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɩɪɨɬɟɤɚɸɬ ɝɟɬɟɪɨɥɢɬɢɱɟɫɤɢ ɫ ɪɚɡɪɭɲɟɧɢɟɦ ɬɪɟɯɱɥɟɧɧɨɝɨ 

ɝɟɬɟɪɨɰɢɤɥɚ [2]. ȼɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ: ɜɫɟɝɞɚ ɥɢ ɬɚɤɢɟ ɪɟɚɤɰɢɢ ɱɢɫɬɨ ɝɟɬɟɪɨɥɢɬɢɱɟɫɤɢɟ? 

Ʉɨɧɤɭɪɟɧɰɢɹ ɝɟɬɟɪɨɥɢɡɚ ɢ ɝɨɦɨɥɢɡɚ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ – 

ɬɪɚɞɢɰɢɨɧɧɵɣ ɩɪɟɞɦɟɬ ɧɚɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼ ɤɚɬɚɥɢɡɢɪɨɜɚɧɧɨɦ ɤɢɫɥɨɬɚɦɢ 

ɩɪɟɜɪɚɳɟɧɢɢ ɷɩɨɤɫɢɞɨɜ, ɤɚɤ ɭɫɬɚɧɨɜɥɟɧɨ ɞɜɭɦɹ ɞɟɫɹɬɢɥɟɬɢɹɦɢ ɪɚɧɟɟ, ɭɩɨɦɹɧɭɬɚɹ 

ɤɨɧɤɭɪɟɧɰɢɹ ɬɚɤɠɟ ɪɟɚɥɢɡɭɟɬɫɹ [3, 4]. ɇɟɞɚɜɧɨ ɩɨɤɚɡɚɧɨ [5], ɱɬɨ ɫɨɜɦɟɫɬɧɵɣ  ɪɚɫɬɜɨɪ 

ɷɩɨɤɫɢɞɚ ɫɬɢɪɨɥɚ (ɗɋ) ɢ ɚɧɢɥɢɧɚ (Ⱥɧ) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɚɪɵ ɫɨɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɨɥɢ 

ɤɨɛɚɥɶɬɚ ɢ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ, ɩɨɝɥɨɳɚɟɬ ɤɢɫɥɨɪɨɞ. ȼ ɢɬɨɝɟ ɞɚɥɶɧɟɣɲɟɝɨ ɩɨɢɫɤɚ 

ɨɛɧɚɪɭɠɟɧɚ ɬɪɨɣɧɚɹ ɨɤɢɫɥɹɸɳɚɹɫɹ ɛɟɡɤɢɫɥɨɬɧɚɹ ɫɢɫɬɟɦɚ Ɍɪɋ(ɗɋ-Ⱥɧ-Cu), ɝɞɟ Ⱥɧ – 

ɚɧɢɥɢɧ, Cu(II) – ɯɥɨɪɢɞ CuCl2∙2H2O; ɪɟɡɭɥɶɬɚɬɵ ɟɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɢɠɟ. 
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Ɋɢɫ. 1. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɨɝɥɨɳɟɧɢɹ O2 Ɍɪɋ(ɗɋ–Ⱥɧ–CuCl2∙2H2O)  ɩɪɢ 

[Ⱥɧ] = 0.66, [CuCl2∙2H2O] = 7.6×10-3 ɦɨɥɶ/ɥ, [ɗɋ]0 ɜ ɨɩ. 1,2,3,4, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

0.0, 0.174, 0.35 ɢ 0.78 ɦɨɥɶ/ɥ. Ȼɍɏ, 333 K.  

ɋ-II-1 
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Ɋɚɫɬɜɨɪɢɬɟɥɟɦ ɫɥɭɠɢɥ ɬ.ɧ. Ȼɍɏ – ɫɦɟɫɶ 90 % ɨɛ. ɬɪɟɬ.ɛɭɬɚɧɨɥɚ ɫ 10 % ɨɛ. 

ɯɥɨɪɛɟɧɡɨɥɚ. ɂɡɦɟɪɟɧɢɟ ɩɨɝɥɨɳɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɚɧɨɦɟɬɪɢɱɟɫɤɨɣ 

ɭɫɬɚɧɨɜɤɟ. Ⱦɨɛɢɬɶɫɹ ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɫɤɨɪɨɫɬɢ ɨɤɢɫɥɟɧɢɹ 

ɭɞɚɥɨɫɶ ɩɪɢ ɫɬɪɨɝɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɡɚɩɨɥɧɟɧɢɹ ɪɟɚɤɬɨɪɚ: 1 – ɧɚɜɟɫɤɚ CuCl2∙2H2O, 

2 – ɪɚɫɬɜɨɪɢɬɟɥɶ, ɩɨɥɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɫɨɥɢ Cu, 3 – ɷɩɨɤɫɢɞ ɫɬɢɪɨɥɚ, 4 – ɚɧɢɥɢɧ. ɇɚ ɪɢɫ. 

1 ɩɪɢɦɟɪɵ ɤɪɢɜɵɯ ɩɨɝɥɨɳɟɧɢɹ ɤɢɫɥɨɪɨɞɚ, ɨɧɢ ɨɫɨɛɟɧɧɨ ɛɵɫɬɪɨ ɢɡɝɢɛɚɸɬɫɹ ɜ ɩɟɪɜɵɟ 

ɦɢɧɭɬɵ ɪɟɚɤɰɢɢ. ɉɨɷɬɨɦɭ ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɨɤɢɫɥɟɧɢɹ VO2  ɩɨ 

ɬɚɧɝɟɧɫɚɦ ɧɚɤɥɨɧɚ ɤɚɫɚɬɟɥɶɧɵɯ ɤ ɧɚɱɚɥɶɧɵɦ ɭɱɚɫɬɤɚɦ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ (ɪɢɫ. 1) 

ɫɨɦɧɢɬɟɥɶɧɚ: ɩɨɥɚɝɚɟɦ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ VO2 ɜ ɩɪɟɞɟɥɚɯ ± 10% ɨɬ ɪɟɚɥɶɧɨɣ 

ɜɟɥɢɱɢɧɵ VO2. Ɂɚɜɢɫɢɦɨɫɬɶ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɨɤɢɫɥɟɧɢɹ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɤɨɦɩɨɧɟɧɬɨɜ Ɍɪɋ(ɗɋ-Ⱥɧ-Cu)  ɧɚ ɪɢɫ. 2.  
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɢ  ɧɚɱɚɥɶɧɨɣ VO2 Ɍɪɋ(ɗɋ–Ⱥɧ–CuCl2∙2H2O): 1 – ɨɬ [ɗɋ]0 ɩɪɢ 

[Ⱥɧ] = 0.66, [CuCl2∙2H2O] = 7.6×10-3 ɦɨɥɶ/ɥ, ɫɜɟɬɥɵɟ ɬɨɱɤɢ. ɑɟɪɧɵɟ ɬɨɱɤɢ – 

ɨɤɢɫɥɟɧɢɟ ɜ ɩɪɢɫɭɬɫɬɜɢɟ 0.52 ɦɨɥɶ/ɥ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ. 2 – ɨɬ [CuCl2∙2H2O] 

ɩɪɢ [ɗɋ]0 = 0.52, [Ⱥɧ] = 0.66 ɦɨɥɶ/ɥ. 3 – ɨɬ [Ⱥɧ], [ɗɋ]0 = 0.52, [CuCl2∙2H2O] = 

1.09×10-2 ɦɨɥɶ/ɥ. Ȼɍɏ, 333 K. 

 

ɋɤɨɪɨɫɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɩɨɤɫɢɞɚ (ɤɪɢɜɚɹ 1 ɪɢɫ. 2), ɩɨɪɹɞɨɤ ɩɨ 

Cu(II), ɫɭɞɹ ɩɨ ɤɪɢɜɨɣ 2 ɪɢɫ. 2, ɱɭɬɶ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ, ɡɚɜɢɫɢɦɨɫɬɶ V = f [Ⱥɧ] ɜɵɪɚɠɚɟɬɫɹ 

ɤɪɢɜɨɣ  ɫ ɧɚɫɵɳɟɧɢɟɦ (ɪɢɫ. 3, ɤɪɢɜɚɹ 3). ɗɬɢ ɞɚɧɧɵɟ ɚɧɚɥɨɝɢɱɧɵ ɞɚɧɧɵɦ [6] ɩɨ 
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ɨɤɢɫɥɟɧɢɸ ɬɪɨɣɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɷɩɨɤɫɢɞ-ɚɧɢɥɢɧ-ɤɢɫɥɨɬɚ, ɬɨɥɶɤɨ ɜ ɪɨɥɢ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɨɤɢɫɥɟɧɢɹ ɜɵɫɬɭɩɚɟɬ ɭɠɟ ɧɟ ɤɢɫɥɨɬɚ Ȼɪɟɧɫɬɟɞɚ (ɢɥɢ ɩɪɨɬɨɧ), ɚ ɫɨɟɞɢɧɟɧɢɟ (ɢɥɢ 

ɜɨɡɦɨɠɧɨ, ɢɨɧ)  ɦɟɬɚɥɥɚ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ, ɦɟɞɢ. Ⱥɧɚɥɨɝɢɹ ɫ ɤɢɫɥɨɬɧɵɦ 

ɤɚɬɚɥɢɡɨɦ ɤɚɫɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɞɚɧɧɵɯ ɩɨ ɩɨɝɥɨɳɟɧɢɸ ɤɢɫɥɨɪɨɞɚ; ɨɩɵɬɵ ɜ ɛɚɪɛɨɬɚɠɧɨɣ 

ɹɱɟɣɤɟ ɫ ɚɧɚɥɢɡɨɦ ɩɪɨɞɭɤɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɷɩɨɤɫɢɞɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

CuCl2∙2H2O (ɛɟɡ ɤɢɫɥɨɬɵ) ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɛɟɧɡɚɥɶɞɟɝɢɞ (ɪɢɫ. 3), ɬ.ɟ. ɪɟɚɥɢɡɭɟɬɫɹ ɦɚɪɲɪɭɬ 

ɩɪɟɜɪɚɳɟɧɢɹ ɦɨɥɟɤɭɥɵ ɷɩɨɤɫɢɞɚ ɫ ɪɚɡɪɵɜɨɦ ɋ – ɋ ɫɜɹɡɢ ɷɩɨɤɫɢɞɧɨɝɨ ɤɨɥɶɰɚ ɢ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɞɢɤɚɥɶɧɨɣ ɱɚɫɬɢɰɵ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɨɤɢɫɥɟɧɢɹ ɗɋ ɜ ɩɪɢɫɭɬɫɬɜɢɟ ɩ-

ɬɨɥɭɨɥɫɭɥɶɮɨɤɢɫɥɨɬɵ [7].  
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Ɋɢɫ.3. ɇɚɤɨɩɥɟɧɢɟ ɛɟɧɡɚɥɶɞɟɝɢɞɚ (ɩɪɚɜɚɹ ɲɤɚɥɚ) ɜ ɞɜɨɣɧɨɣ ɫɢɫɬɟɦɟ (ɗɋ – 

CuCl2∙2H2O) ɩɪɢ  [ɗɋ]0 = 0.52 ɦɨɥɶ/ɥ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ: 1 – 15.2 

×10-3, 2 – 7.6×10-3, 3 – 2.5×10-3 ɦɨɥɶ/ɥ; ɫɨɞɟɪɠɚɧɢɟ ɗɋ (ɥɟɜɚɹ ɲɤɚɥɚ) ɜ ɨɩ. 1, 

2, 3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  (ɤɪɢɜɚɹ 4). Ȼɚɪɛɨɬɚɠɧɵɣ ɪɟɚɤɬɨɪ, Ȼɍɏ, 343 K. 

 

ɋɯɨɞɫɬɜɨ ɞɟɣɫɬɜɢɹ ɜ ɢɡɭɱɚɟɦɨɣ ɫɢɫɬɟɦɟ ɫɬɨɥɶ ɪɚɡɥɢɱɧɵɯ ɩɨ ɩɪɢɪɨɞɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, 

ɩɪɨɬɨɧɧɨɣ ɤɢɫɥɨɬɵ ɢ ɫɨɥɢ ɦɟɞɢ, ɧɟɨɠɢɞɚɧɧɨ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ ɚɧɚɥɨɝɢɹ ɫ 

ɩɪɟɠɧɢɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɤɨɧɤɭɪɟɧɰɢɢ ɝɨɦɨɥɢɡɚ ɢ ɝɟɬɟɪɨɥɢɡɚ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ ɩɪɢ 

ɤɚɬɚɥɢɡɟ ɤɢɫɥɨɬɚɦɢ ɢ ɦɟɬɚɥɥɚɦɢ 5-ɣ ɢ 6-ɣ ɝɪɭɩɩ ɬɚɛɥɢɰɵ Ɇɟɧɞɟɥɟɟɜɚ. Ɂɚɦɟɬɢɦ, ɨɩɵɬɵ 

ɪɢɫ. 3 ɩɪɨɜɟɞɟɧɵ ɩɪɢ 343 K, ɱɬɨ ɧɚ 10 K ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɧɨɜɧɨɝɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɚɫɫɢɜɚ, ɜ ɧɚɞɟɠɞɟ ɩɨɥɭɱɢɬɶ ɢɡɦɟɪɹɟɦɵɟ ɫɤɨɪɨɫɬɢ ɪɚɫɯɨɞɨɜɚɧɢɹ 

ɷɩɨɤɫɢɞɚ  Vɗɋ . ȼɫɟ ɠɟ ɢɡɦɟɪɢɬɶ ɜɟɥɢɱɢɧɵ Vɗɋ, ɧɭɠɧɵɟ ɞɥɹ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɜɤɥɚɞɨɜ 

ɝɨɦɨɥɢɡɚ (~ VȻȺ) ɜ ɛɪɭɬɬɨ-ɪɚɫɯɨɞɨɜɚɧɢɟ (~ Vɗɋ) ɧɟ ɭɞɚɥɨɫɶ ɢɡ-ɡɚ ɦɚɥɨɫɬɢ ɫɤɨɪɨɫɬɟɣ 

ɩɪɟɜɪɚɳɟɧɢɹ ɗɋ ɢ ɢɡ-ɡɚ ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɢ ɧɚɲɟɝɨ ɚɧɚɥɢɡɚ ɧɚ ɗɋ. ɇɚ ɪɢɫ. 4 
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ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɨɤɢɫɥɟɧɢɸ Ɍɪɋ(ɗɋ-Ⱥɧ-Cu) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɚɥɵɯ ɞɨɛɚɜɨɤ 

ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ: ɢɦɟɧɧɨ ɜ ɩɚɪɟ ɫ ɍɄ ɤɨɛɚɥɶɬ ɩɪɨɹɜɥɹɥ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɬɚɥɢɡɢɪɨɜɚɬɶ 

ɨɤɢɫɥɟɧɢɟ ɩɚɪɵ ɷɩɨɤɫɢɞ-ɚɦɢɧ [5]. ɋɚɦɚ ɤɢɫɥɨɬɚ ɜ ɨɬɫɭɬɫɬɜɢɟ Cu(II) ɧɟ ɤɚɬɚɥɢɡɢɪɭɟɬ 

ɨɤɢɫɥɟɧɢɟ (ɤɪɢɜɚɹ 1 ɪɢɫ. 4).  
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Ɋɢɫ. 4.  Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɨɝɥɨɳɟɧɢɹ O2: Ɍɪɋ (ɗɋ–Ⱥɧ–ɍɄ), 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɤɨɦɩɨɧɟɧɬɨɜ 0.78, 0.66 ɢ 0.52 ɦɨɥɶ/ɥ – 

(1) ; ɤɜɚɪɬɟɬɨɦ (ɗɋ–Ⱥɧ–CuCl2∙2H2O–ɍɄ) ɩɪɢ [Ⱥɧ] = 0.66, [CuCl2∙2H2O] = 

7.6×10-3, [ɍɄ] = 0.52 ɦɨɥɶ/ɥ ɩɪɢ  [ɗɋ]0 = 0.175, 0.35, 0.78 ɦɨɥɶ/ɥ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ,  – (2, 3, 4). Ȼɍɏ, 333 K. 

 

ɉɪɢ ɧɟɛɨɥɶɲɢɯ [ɗɋ] (ɤɪɢɜɵɟ 2, 3 ɪɢɫ. 4) ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ ɬɨɪɦɨɡɢɬ ɨɤɢɫɥɟɧɢɟ ɧɚ 

ɧɚɱɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ. ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɵ ɫɤɨɪɨɫɬɟɣ, 

ɢɡɦɟɪɟɧɧɵɟ ɩɨ ɬɚɧɝɟɧɫɚɦ ɪɚɡɜɢɜɲɟɝɨɫɹ ɨɤɢɫɥɟɧɢɹ ɜ ɨɩɵɬɚɯ 2,3,4 ɪɢɫ. 4 ɯɨɪɨɲɨ ɥɨɠɚɬɫɹ 

ɧɚ ɤɪɢɜɭɸ 1 ɪɢɫ. 1 (ɱɟɪɧɵɟ ɤɪɭɠɤɢ). Ɉɬɫɸɞɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɜɵɜɨɞ ɨ ɡɚɦɟɞɥɟɧɢɢ 

ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɗɋ-Cu-Ⱥɧ, ɜ ɫɥɭɱɚɟ Co-

ɤɚɬɚɥɢɡɚɬɨɪɚ ɷɮɮɟɤɬ ɍɄ ɨɛɪɚɬɧɵɣ [5]. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɨ ɬɟɦɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ, ɧɨɦɟɪ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 

ɪɟɝɢɫɬɪɚɰɢɢ 01201361859. 
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ɅȺȻɈɊȺɌɈɊɇȺə ɆȿɌɈȾɂɄȺ ɋɊȺȼɇɂɌȿɅɖɇɈɃ ɈɐȿɇɄɂ 
ɐȿɈɅɂɌɇɕɏ ɄȺɌȺɅɂɁȺɌɈɊɈȼ ȺɅɄɂɅɂɊɈȼȺɇɂə ȻȿɇɁɈɅȺ 

ɏɚɞɠɢɟɜ ɋ.ɇ., Ƚɟɪɡɟɥɢɟɜ ɂ.Ɇ., ɀɦɵɥɟɜ ȼ.ɉ., Ɉɫɬɪɨɭɦɨɜɚ ȼ.Ⱥ. 
LABORATORY METHOD OF COMPARATIVE EVALUATION OF ZEOLITE 

CATALYSTS OF ALKYLATION OF BENZENE 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɜ 

ɱɚɫɬɢ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ 

ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ.  

ɇɚɦɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɥɚɛɨɪɚɬɨɪɧɚɹ ɦɟɬɨɞɢɤɚ ɢɫɩɵɬɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɨɫɧɨɜɚɧɧɚɹ 

ɧɚ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɩɨɫɬɨɹɧɧɵɯ ɞɟɡɚɤɬɢɜɢɪɭɸɳɢɯ 

ɮɚɤɬɨɪɨɜ, ɤɚɤɢɦɢ ɞɥɹ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɧɢɡɤɨɟ 

(ɚɬɦɨɫɮɟɪɧɨɟ) ɞɚɜɥɟɧɢɟ ɢ ɩɨɜɵɲɟɧɧɚɹ ɨɛɴɟɦɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɫɵɪɶɹ (ɭɦɟɧɶɲɟɧɢɟ 

ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ). ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɢɫɩɵɬɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

[1], ɨɬɪɚɠɚɸɳɢɯ ɩɪɨɰɟɫɫ ɫɧɢɠɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ.  

ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɧɚɯɨɠɞɟɧɢɹ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɵ ɞɥɹ ɨɩɢɫɚɧɢɹ 

ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥɚ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɩɪɨɰɟɫɫɟ ɚɥɤɢɥɢɪɨɜɚɧɢɹ 

ɛɟɧɡɨɥɚ ɩɪɨɩɢɥɟɧɨɦ ɧɚ ɫɪɚɜɧɢɜɚɟɦɵɯ ɨɛɪɚɡɰɚɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɨɬ ɜɪɟɦɟɧɢ ɜ ɩɨɬɨɤɟ 

(ɬɚɛɥ. 1).  

ȼɵɛɨɪ ɬɢɩɚ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɵ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 

ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɯɚɪɚɤɬɟɪɟ ɢɡɭɱɚɟɦɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢ ɫɪɚɜɧɟɧɢɢ ɤɪɢɜɵɯ, ɩɨɫɬɪɨɟɧɧɵɯ 

ɩɨ ɧɚɛɥɸɞɚɟɦɵɦ ɞɚɧɧɵɦ, ɫ ɬɢɩɢɱɧɵɦɢ ɝɪɚɮɢɤɚɦɢ ɮɨɪɦɭɥɵ Y=AX. Ɉɛɥɚɫɬɶ ɡɧɚɱɟɧɢɣ 

ɮɭɧɤɰɢɢ − (0; + ∞). 

ɑɚɫɬɧɚɹ ɮɭɧɤɰɢɹ, ɩɪɢɦɟɧɢɦɚɹ ɞɥɹ ɡɚɞɚɧɧɨɣ ɰɟɥɢ, ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

ɋ(ɂɉȻ) = b10fĲ, ɝɞɟ 

ɋ(ɂɉȻ) – ɤɨɧɰɟɧɬɪɚɰɢɹ ɂɉȻ, % ɦɚɫɫ;   

Ĳ – ɜɪɟɦɹ ɜ ɩɨɬɨɤɟ, ɦɢɧ; 

f – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɚɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜɨ ɜɪɟɦɟɧɢ; 

b – ɦɧɨɠɢɬɟɥɶ, ɭɤɚɡɵɜɚɸɳɢɣ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɂɉȻ 

Ʌɨɝɚɪɢɮɦɢɪɭɹ ɷɬɨ ɜɵɪɚɠɟɧɢɟ, ɩɨɥɭɱɢɦ ɥɢɧɟɣɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ Ĳ ɢ lg C(ɂɉȻ):      

lg C(ɂɉȻ) = lg b + fĲ.  

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɚɥɤɢɥɢɪɨɜɚɧɢɸ ɛɟɧɡɨɥɚ ɩɪɨɩɢɥɟɧɨɦ 

ɋ-II-2 
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(ɍɫɥɨɜɢɹ: ɩɪɨɬɨɱɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫ ɢɧɬɟɝɪɚɥɶɧɵɦ ɪɟɚɤɬɨɪɨɦ, ɬɟɦɩɟɪɚɬɭɪɚ 205 °ɋ, 
ɞɚɜɥɟɧɢɟ ɚɬɦɨɫɮɟɪɧɨɟ, ɨɬɧɨɲɟɧɢɟ ɛɟɧɡɨɥ:ɩɪɨɩɢɥɟɧ ɜ ɫɵɪɶɟ 8:1, ɨɛɴɟɦɧɚɹ ɫɤɨɪɨɫɬɶ 
ɩɨɞɚɱɢ ɫɵɪɶɹ 10 ɱ-1, ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɩɵɬɚ – 4 ɱ.) 

 ɇɨɦɟɪ 
ɩɪɨɛɵ 

ȼɪɟɦɹ ɜ 
ɩɨɬɨɤɟ, 

ɦɢɧ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥɚ (ɂɉȻ),  ɦɚɫɫ.% 

Ɉɛɪɚɡɟɰ 1 

 
Ɉɛɪɚɡɟɰ 2 

 
Ɉɛɪɚɡɟɰ 3 

1 40 20.8 20.4 13.9 

2 80 18.0 17.9 13.6 

3 120 17.2 15.2 13.4 

4 160 16.1 13.9 13.3 

5 200 15.2 11.6 13.3 

6 240 13.8 11.0 13.3 

7 280 11.7 10.1 13.3 

8 320 11.0 9.6 13.2 

9 360 10.2 9.1 13.1 

10 400 9.3 8.7 13.0 

ɋɪ.  14.4 12.8 13.3 

 

ɉɨɥɚɝɚɹ Ĳ = 0, ɧɚɣɞɟɦ ɡɧɚɱɟɧɢɟ ɦɧɨɠɢɬɟɥɹ b. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥɚ ɜ ɧɚɱɚɥɶɧɵɣ, ɧɭɥɟɜɨɣ, ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. Ɉɞɧɚɤɨ ɜ ɷɬɨɬ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɂɉȻ ɜɫɟɝɞɚ ɪɚɜɧɚ ɧɨɥɸ. Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜɵɛɪɚɧɧɨɣ 

ɦɨɞɟɥɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢɦɟɦ, ɱɬɨ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥɚ ɜ 

ɪɟɚɤɰɢɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɬɪɟɛɭɟɬɫɹ ɜɪɟɦɹ, ɪɚɜɧɨɟ ɜɪɟɦɟɧɢ ɩɪɨɯɨɠɞɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɱɟɪɟɡ 

ɫɥɨɣ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɢ ɷɬɨ ɜɪɟɦɹ ɩɪɢɦɟɦ ɡɚ ɧɭɥɟɜɭɸ ɬɨɱɤɭ ɨɬɫɱɟɬɚ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ 

ɬɚɛɥɢɰɵ 1 ɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥɚ ɜɨ ɜɪɟɦɟɧɢ ɢ 

ɩɪɨɞɨɥɠɚɟɦ ɟɝɨ ɞɨ ɨɫɢ ɨɪɞɢɧɚɬ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɱɢɫɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɂɉȻ ɜ ɧɭɥɟɜɨɣ ɬɨɱɤɟ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɨɥɚɝɚɹ Ĳ = 0, ɞɥɹ ɫɥɭɱɚɹ ɫ ɤɚɬɚɥɢɡɚɬɨɪɨɦ №1 ɧɚɯɨɞɢɦ 

ɦɧɨɠɢɬɟɥɶ b = 22,2  

Ɍɚɤ ɤɚɤ ɨɫɬɚɥɨɫɶ ɨɩɪɟɞɟɥɢɬɶ ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɟ f, ɜɫɟ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɨɛɴɟɞɢɧɹɟɦ 

ɜ ɨɞɧɭ ɝɪɭɩɩɭ. ɗɦɩɢɪɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɨɩɵɬɧɵɦ ɞɚɧɧɵɦ (ɞɥɹ 

ɤɚɬɚɥɢɡɚɬɨɪɚ №1), ɩɨɫɥɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢɦɟɟɬ ɜɢɞ: 

ɋ(ɂɉȻ) = 22.2×10-0.000927Ĳ. 

ɂɫɩɨɥɶɡɭɹ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜɵɲɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɚɞɤɢ, ɧɚɯɨɞɢɦ ɱɢɫɥɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɱɥɟɧɨɜ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ (ɬɚɛɥ. 2).  

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɧɚɣɞɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɧɚɣɞɟɦ ɡɧɚɱɟɧɢɹ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥɚ ɞɥɹ ɬɨɱɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɜɪɟɦɟɧɢ ɜ ɩɨɬɨɤɟ ɪɚɜɧɨɦɭ 

40 ɦɢɧ: 

ɋ(ɂɉȻ) = 22.2×10-0.000927Ĳ = 22.2×10-0.000927×40 = 20,4.
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Ɍɚɛɥɢɰɚ 2. ɇɚɛɥɸɞɚɟɦɵɟ ɢ ɩɪɟɞɫɤɚɡɚɧɧɵɟ ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɭɪɚɜɧɟɧɢɹɦ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɂɉȻ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɚɯ №1, №2, №3. 
ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɱɥɟɧɨɜ ɭɪɚɜɧɟɧɢɣ 

 

 

ȼɪɟɦɹ 

Ĳ, ɦɢɧ 

Ɉɛɪɚɡɟɰ №1 Ɉɛɪɚɡɟɰ №2 Ɉɛɪɚɡɟɰ №3 

ɋ(ɂɉȻ) = 22.2×10-0.000927Ĳ ɋ(ɂɉȻ) = 21.8×10-0.001141Ĳ ɋ(ɂɉȻ) = 13.9×10-0.000081Ĳ 

ɤɨɧɰ. 
ɂɉȻ, % 

ɦɚɫ. 
ɷɤɫɩ. 

 

lgɋ(ɂɉȻ) 
ɤɨɧɰ. 

ɂɉȻ, % 
ɦɚɫ. 

ɩɪɟɞɫɤ. 

/∆/, 
% 

ɤɨɧɰ. 
ɂɉȻ, % 

ɦɚɫ. 
ɷɤɫɩ. 

 

lgɋ(ɂɉȻ) 
ɤɨɧɰ. 

ɂɉȻ, % 
ɦɚɫ. 

ɩɪɟɞɫɤ. 

/∆/, 
% 

ɤɨɧɰ. 
ɂɉȻ, % 

ɦɚɫɫ. 
ɷɤɫɩ. 

 

lgɋ(ɂɉȻ) 
ɤɨɧɰ. 

ɂɉȻ, % 
ɦɚɫ. 

ɩɪɟɞɫɤ. 

/∆/, 
% 

0 22.2 - - - 21.8 - -  13.9 - - - 

40 20.8 1.32 20.4 2.0 1.31 1.31 20.0 2.0 13.9 1.21 13.7 0.1 

80 18 1.26 18.0 0.0 1.25 1.25 17.7 1.3 13.6 1.21 13.6 1.3 

120 17.2 1.24 17.2 0.1 1.18 1.18 15.4 1.3 13.4 1.18 13.5 1.1 

160 16.1 1.21 15.8 2.0 1.14 1.14 14.3 3.6 13.3 1.16 13.5 0.5 

200 15.2 1.18 15.0 1.3 1.07 1.07 11.9 2.5 13.3 1.12 13.4 3.3 

240 13.8 1.14 13.6 1.5 1.04 1.04 11.0 0.0 13.3 1.12 13.3 0.0 

280 11.7 1.07 11.9 1.7 1.00 1.00 10.4 3.3 13.3 1.11 13.2 1.9 

320 11 1.04 11.2 1.9 0.98 0.98 9.4 2.0 13.2 1.09 13.2 0.4 

360 10.2 1.01 10.3 0.9 0.96 0.96 9.0 1.1 13.1 1.05 13.1 3.1 

400 9.3 0.97 9.5 1.6 0.94 0.94 8.4 3.6 13.0  1.05 13.0 0.8 

 

ΣĲ= 

2200 

- 

 

Σ 

lgC(ɂɉȻ)= 

11,42 

b = 22.2 

lgb=1,346 

- 

 

Σ 

lgC(ɂɉȻ)= 

10,88 

b = 21.8 

lgb=1,339 

- 

 

Σ 

lgC(ɂɉȻ)= 

11,25 

b = 13.9 

lgb=11,43 

Ɍɚɛɥɢɰɚ 3. Ɂɧɚɱɟɧɢɹ ɮɚɤɬɨɪɚ ɚɤɬɢɜɧɨɫɬɢ ɜ ɭɪɚɜɧɟɧɢɹɯ ɞɥɹ ɨɛɪɚɡɰɨɜ 1, 2, 3 

Ɉɛɪɚɡɟɰ ɍɪɚɜɧɟɧɢɟ Ɏɚɤɬɨɪ ɚɤɬɢɜɧɨɫɬɢ,  
-f×10-5 

1 ɋ(ɂɉȻ) = 22.2×10-0.000927Ĳ  92,7 

2 ɋ(ɂɉȻ) = 21.8×10-0.001141Ĳ  114 

3 ɋ(ɂɉȻ) = 13.9×10-0.000081Ĳ  8,1 
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ɉɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ, ɧɚɣɞɟɦ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥɚ ɞɥɹ ɜɫɟɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɨɬ 40 ɞɨ 400 ɦɢɧ (ɬɚɛɥ. 2). 

ɇɚɛɥɸɞɚɟɦɵɟ ɢ ɩɪɟɞɫɤɚɡɚɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥɚ ɢɦɟɸɬ ɨɱɟɧɶ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ, ɚ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɢɯ 

ɨɬɤɥɨɧɟɧɢɣ /∆/ ɨɬ ɧɚɛɥɸɞɚɟɦɵɯ ɜɟɥɢɱɢɧ ɜɚɪɶɢɪɭɸɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0 ɞɨ 3,9 % 

(ɞɨɩɭɫɬɢɦɚɹ ɨɛɥɚɫɬɶ ɡɧɚɱɟɧɢɣ ɫɪɟɞɧɢɯ ɨɬɤɥɨɧɟɧɢɣ ɨɬ 0 ɞɨ 5%), ɱɬɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 

ɩɨɥɭɱɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɤɚɤ ɚɞɟɤɜɚɬɧɵɟ ɞɥɹ ɨɛɥɚɫɬɢ ɜɵɛɪɚɧɧɵɯ ɡɧɚɱɟɧɢɣ.  

       Ʉɨɷɮɮɢɰɢɟɧɬ f ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɭɪɚɜɧɟɧɢɹɯ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜɨ ɜɪɟɦɟɧɢ, ɧɚɡɨɜɟɦ ɟɝɨ ɮɚɤɬɨɪɨɦ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

ɉɪɢ ɨɩɢɫɚɧɢɢ ɫ ɩɨɦɨɳɶɸ ɨɛɳɟɣ ɮɭɧɤɰɢɢ ɍ=Aɏ ɡɚɜɢɫɢɦɨɫɬɢ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɩɪɹɦɭɸ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɏ-ɍ, ɤɨɷɮɮɢɰɢɟɧɬ f ɪɚɜɟɧ 0. ɉɨɷɬɨɦɭ, ɱɟɦ ɛɥɢɠɟ ɡɧɚɱɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ f ɤ ɧɨɥɸ, ɬɟɦ ɛɨɥɶɲɟ ɝɪɚɮɢɤ ɫɬɪɟɦɢɬɫɹ ɤ ɩɪɹɦɨɣ ɢ ɬɟɦ ɛɨɥɶɲɟ ɫɬɟɩɟɧɶ 

ɚɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜɨ ɜɪɟɦɟɧɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɪɚɜɧɢɜɚɬɶ 

ɤɨɷɮɮɢɰɢɟɧɬ f ɩɪɢ ɩɟɪɟɦɟɧɧɨɣ Ĳ ɜ ɩɨɥɭɱɟɧɧɵɯ ɭɪɚɜɧɟɧɢɹɯ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 

ȼɢɞɧɨ, ɱɬɨ ɮɚɤɬɨɪ f ɜ ɭɪɚɜɧɟɧɢɹɯ ɞɥɹ ɨɛɪɚɡɰɨɜ №1 ɢ №2 ɢɦɟɟɬ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ. 

ɋɤɨɪɨɫɬɶ ɞɟɡɚɤɬɢɜɚɰɢɢ ɷɬɢɯ ɨɛɪɚɡɰɨɜ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɚ. Ɇɧɨɠɢɬɟɥɶ b ɹɜɥɹɟɬɫɹ 

ɩɨɤɚɡɚɬɟɥɟɦ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥɚ, ɢ ɢɦɟɟɬ ɬɚɤɠɟ 

ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɨɛɪɚɡɰɨɜ.  

Ɏɚɤɬɨɪ ɚɤɬɢɜɧɨɫɬɢ (-f) ɞɥɹ ɨɛɪɚɡɰɚ ɤɚɬɚɥɢɡɚɬɨɪɚ №3 (-f×10-5= 8,1) ~ ɧɚ ɩɨɪɹɞɨɤ 

ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɨɛɪɚɡɰɨɜ №1 (-f×10-5= 114) ɢ №2 (-f×10-5= 92,7), ɱɬɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 

ɤɚɬɚɥɢɡɚɬɨɪ №3 ɤɚɤ ɨɛɪɚɡɟɰ ɫ ɧɚɢɦɟɧɶɲɟɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɞɟɡɚɤɬɢɜɚɰɢɢ ɜɨ ɜɪɟɦɟɧɢ.  
 

Ɋɚɛɨɬɚ ɩɪɨɜɟɞɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ 

ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɋɨɝɥɚɲɟɧɢɟ № 14.607.21.0167, ɭɧɢɤɚɥɶɧɵɣ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɢɤɥɚɞɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ RFMEFI60717X0167). 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ȼɚɬɭɧɟɪ Ʌ.Ɇ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɜ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɟ / Ʌ.Ɇ. Ȼɚɬɭɧɟɪ, Ɇ.ȿ. 
ɉɨɡɢɧ. – Ʌ: ɏɢɦɢɹ, 1971. 
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ȼɅɂəɇɂȿ ɋȼəɁɍɘɓȿȽɈ ɇȺ ɋȼɈɃɋɌȼȺ ɄȺɌȺɅɂɁȺɌɈɊɈȼ 
ȺɅɄɂɅɂɊɈȼȺɇɂə ȻȿɇɁɈɅȺ ɉɊɈɉɂɅȿɇɈɆ ɇȺ ɈɋɇɈȼȿ 

ɇȺɇɈɄɊɂɋɌȺɅɅɂɑȿɋɄɈȽɈ ɐȿɈɅɂɌȺ ȻȿɌȺ 

Ⱥɧɞɪɢɚɤɨ ȿ.ɉ.1,2, Ȼɨɤ Ɍ.Ɉ.1, Ʉɨɧɧɨɜ ɋ.ȼ.1, ɂɜɚɧɨɜɚ ɂ.ɂ.1,3 

INFLUENCE OF BINDER ON THE PROPERTIES OF NANOCRYSTALLINE BETA-

BASED CATALYSTS IN ALKYLATION OF BENZENE BY PROPYLENE 
1ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦɟɧɢ Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: e.andriako@mail.ru 
2ɊɏɌɍ ɢɦɟɧɢ Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, ȼɵɫɲɢɣ ɯɢɦɢɱɟɫɤɢɣ ɤɨɥɥɟɞɠ ɊȺɇ, Ɇɨɫɤɜɚ 

3ɏɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

 

 Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ ɛɟɧɡɨɥɚ ɩɪɨɩɢɥɟɧɨɦ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 

ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥ 

(ɂɉȻ), ɹɜɥɹɸɳɢɣɫɹ ɰɟɧɧɵɦ ɩɨɥɭɩɪɨɞɭɤɬɨɦ ɧɟɮɬɟɯɢɦɢɢ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɂɉȻ ɧɚɢɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɵɦɢ ɢ ɷɤɨɥɨɝɢɱɧɵɦɢ ɹɜɥɹɸɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɨɜ Y, Ȼɟɬɚ, 

ɆɋɆ-22 [1]. ɋɪɟɞɢ ɢɡɭɱɟɧɧɵɯ ɰɟɨɥɢɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɪɟɚɤɰɢɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ 

ɛɟɧɡɨɥɚ ɩɪɨɩɢɥɟɧɨɦ, ɧɚɢɛɨɥɟɟ ɫɟɥɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪ ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɚ ɫɨ 

ɫɬɪɭɤɬɭɪɨɣ BEA. 

  ɋɨɫɬɚɜɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ ɬɢɩ ɢ ɤɨɥɢɱɟɫɬɜɨ ɫɜɹɡɭɸɳɟɝɨ) 

ɡɚɩɚɬɟɧɬɨɜɚɧɵ, ɧɨ ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɝɪɚɧɢɱɟɧɚ ɢɧɮɨɪɦɚɰɢɹ, ɩɨɡɜɨɥɹɸɳɚɹ ɤɨɪɪɟɤɬɧɨ 

ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɬɢɩɚ ɫɜɹɡɭɸɳɟɝɨ ɧɚ ɫɜɨɣɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

ɋ ɰɟɥɶɸ ɩɨɞɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɰɟɨɥɢɬɚ Ȼɟɬɚ ɜ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɧɚ ɫɨɜɨɤɭɩɧɨɫɬɶ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ, 

ɬɟɤɫɬɭɪɧɵɯ ɢ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ ɰɟɨɥɢɬɚ Ȼɟɬɚ, ɚ ɬɚɤɠɟ ɢɡɭɱɟɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɚ ɩɪɨɩɢɥɟɧɨɦ. 

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɢɩɚɦɢ ɫɜɹɡɭɸɳɟɝɨ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɰɟɨɥɢɬ Ȼɟɬɚ ɫ ɧɚɧɨɪɚɡɦɟɪɧɵɦɢ ɤɪɢɫɬɚɥɥɚɦɢ 200-400 ɧɦ, ɩɨɥɭɱɟɧɧɵɣ 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɩɨ ɦɟɬɨɞɢɤɟ [2], ɫ ɦɨɥɶɧɵɦ ɨɬɧɨɲɟɧɢɟɦ SiO2/Al2O3 

= 24,8 ɢ ɨɫɬɚɬɨɱɧɨɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɚɬɪɢɹ 0,02 % ɦɚɫɫ.  ȼ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ ɛɵɥɢ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɝɢɞɪɨɨɤɢɫɶ ɚɥɸɦɢɧɢɹ (ɨɛɪɚɡɟɰ K-1), ɫɢɥɢɤɚɝɟɥɶ (ɨɛɪɚɡɟɰ K-2), 

ɩɫɟɜɞɨɛɟɦɢɬ (ɨɛɪɚɡɟɰ K-3), ɫɦɟɫɶ ɤɚɨɥɢɧɚ ɢ ɫɢɥɢɤɚɡɨɥɹ (ɨɛɪɚɡɟɰ K-4), ɫɦɟɫɶ ɤɚɨɥɢɧɚ ɢ 

ɝɢɞɪɨɨɤɢɫɢ ɚɥɸɦɢɧɢɹ (ɨɛɪɚɡɟɰ K-5). ɋɨɞɟɪɠɚɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ 

ɫɨɫɬɚɜɢɥɨ 30 % ɩɨ ɦɚɫɫɟ. ɉɨɥɭɱɟɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ, əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɚɞɫɨɪɛɰɢɨɧɧɵɯ 

ɢɡɦɟɪɟɧɢɣ, ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɣ 

ɞɟɫɨɪɛɰɢɢ ɚɦɦɢɚɤɚ. 

ɋ-II-3 
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ȼ Ɍɚɛɥ.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɜɟɥɢɱɢɧɵ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɞɥɹ ɰɟɨɥɢɬɚ BEA ɢ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, 

ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɧɚ ɟɝɨ ɨɫɧɨɜɟ. ɋɨɝɥɚɫɧɨ ɜɟɥɢɱɢɧɚɦ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɴɟɦɚ ɦɢɤɪɨɩɨɪ, 

ɛɥɢɡɤɢɯ ɢɫɯɨɞɧɨɦɭ ɰɟɨɥɢɬɭ ȼȿȺ – 25, ɜ ɤɚɬɚɥɢɡɚɬɨɪɚɯ Ʉ-1, Ʉ-2, Ʉ-5 ɫɜɹɡɭɸɳɟɟ ɧɟ 

ɛɥɨɤɢɪɭɟɬ ɦɢɤɪɨɩɨɪɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɰɟɨɥɢɬɚ, ɬɨɝɞɚ ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ 

ɫɜɹɡɭɸɳɢɯ ɜɟɳɟɫɬɜ ɩɫɟɜɞɨɛɟɦɢɬɚ (ɨɛɪɚɡɟɰ Ʉ-3) ɢ ɫɦɟɫɢ ɤɚɨɥɢɧɚ ɢ ɫɢɥɢɤɚɡɨɥɹ (Ʉ-4) 

ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɴɟɦɚ ɦɢɤɪɨɩɨɪ ɨɛɪɚɡɰɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɛɥɨɤɢɪɨɜɤɢ.  

Ɍɚɛɥɢɰɚ 1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɟɨɥɢɬɚ ȼȿȺ-25 ɢ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ 
ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ  

Ʉɚɬɚɥɢɡɚɬɨɪ ɋɜɹɡɭɸɳɟɟ 

S ɦɢɤɪɨɩɨɪ,       
ɦ2/ɝ 

Vɦɢɤɪɨɩɨɪ,      
ɫɦ3/ɝ 

a0 (NH3),   

ɦɤɦɨɥɶ/ɝ 

* ** * ** * ** 

ȼȿȺ-25 - 420 420 0.19 0.19 900 900 

Ʉ-1 Al(OH)3 292 417 0.13 0.19 844 1206 

Ʉ-2 SiO2 277 396 0.13 0.18 714 1020 

Ʉ-3 ɩɫɟɜɞɨɛɟɦɢɬ 240 343 0.11 0.16 763 1090 

Ʉ-4 ɤɚɨɥɢɧ+ɫɢɥɢɤɚɡɨɥɶ 228 326 0.10 0.15 578 825 

Ʉ-5 ɤɚɨɥɢɧ+Al(OH)3 288 411 0.13 0.19 704 1005 

*    - ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɝ ɤɚɬɚɥɢɡɚɬɨɪɚ 

**  - ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɝ ɰɟɨɥɢɬɚ 

 

Ʉɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ ɛɵɥɢ ɢɡɭɱɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɌɉȾ NH3. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ Ɍɚɛɥ.1, ɜɜɟɞɟɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɜ ɨɛɪɚɡɰɚɯ Ʉ-1, Ʉ-3 ɢ Ʉ-5 ɩɪɢɜɨɞɢɬ ɤ 

ɪɨɫɬɭ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɰɟɨɥɢɬɨɦ, ɱɬɨ, 

ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɨ ɫ ɝɟɧɟɪɢɪɨɜɚɧɢɟɦ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɫɜɹɡɭɸɳɟɝɨ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɪɢɫɬɚɥɥɨɜ ɰɟɨɥɢɬɚ ȼȿȺ ɚɧɚɥɨɝɢɱɧɨ [3,4].  ɍɜɟɥɢɱɟɧɢɟ 

ɤɢɫɥɨɬɧɨɫɬɢ ɞɥɹ ɨɛɪɚɡɰɚ Ʉ-2 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɰɟɨɥɢɬɨɦ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɧɟ ɰɟɨɥɢɬɧɨɣ ɩɪɢɪɨɞɵ ɜ 

ɤɚɬɚɥɢɡɚɬɨɪɟ ɡɚ ɫɱɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɫ ɜɧɟɪɟɲɟɬɨɱɧɵɦ ɚɥɸɦɢɧɢɟɦ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɨɜ ɰɟɨɥɢɬɚ.  ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɷɬɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɦɨɠɟɬ 

ɹɜɥɹɬɶɫɹ ɭɦɟɧɶɲɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɢɝɧɚɥɚ ɨɤɨɥɨ 0 ppm, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɚɥɸɦɢɧɢɸ ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɩɨɡɢɰɢɢ,  ɜ əɆɊ – ɫɩɟɤɬɪɟ 27Al ɨɛɪɚɡɰɚ Ʉ-2. 

ɂɞɟɧɬɢɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɨɜ ɬɟɪɦɨɞɟɫɨɪɛɰɢɢ ɚɦɦɢɚɤɚ ɧɚ ɤɪɢɜɵɯ ɌɉȾ  

NH3 (Ɋɢɫ.1) ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɧɟ ɜɥɢɹɟɬ ɧɚ ɫɢɥɭ ɤɢɫɥɨɬɧɵɯ 

ɰɟɧɬɪɨɜ. 
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Ɋɢɫ.1. ɋɩɟɤɬɪɵ ɌɉȾ NH3 ɨɛɪɚɡɰɨɜ 

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɰɟɨɥɢɬɚ ȼȿȺ-25 ɢ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥɢ ɢɡɭɱɟɧɵ ɜ ɪɟɚɤɰɢɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɚ ɩɪɨɩɢɥɟɧɨɦ ɜ ɩɪɨɬɨɱɧɨɣ 

ɭɫɬɚɧɨɜɤɟ ɩɪɢ 30 ɚɬɦ, 170ɨɋ, WHSV=1600 ɱ-1, ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ C6H6/C3H6=10. ȼ 

Ɍɚɛɥɢɰɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɡɚ ɜɪɟɦɹ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ 

(1,5 ɱ ɪɟɚɤɰɢɢ). Ɉɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ ɛɵɥɢ ɤɭɦɨɥ ɢ ɞɢɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥ, 

ɤɪɨɦɟ ɬɨɝɨ ɜ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ ɬɚɤɠɟ ɬɪɢɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥ, ɧ – 

ɩɪɨɩɢɥɛɟɧɡɨɥ.  

Ɍɚɛɥɢɰɚ 2. ɉɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɚ ɩɪɨɩɢɥɟɧɨɦ ɞɥɹ ɰɟɨɥɢɬɚ 
ȼȿȺ-25 ɢ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ  

ɉɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ 
Ʉɚɬɚɥɢɡɚɬɨɪ 

ȼȿȺ-25 Ʉ-1 Ʉ-2 Ʉ-3 Ʉ-4 Ʉ-5 

Ʉɨɧɜɟɪɫɢɹ ɋ3ɇ6, % 62.2 70.5 65.1 66.5 41.0 62.3 

ȼɵɯɨɞ ɤɭɦɨɥɚ, % 57.8 66.0 61.8 62.4 39.2 58.1 

ȼɵɯɨɞ ȾɂɉȻ, % 4.3 4.4 3.1 4.1 1.8 4.1 

ȼɵɯɨɞ ɞɪɭɝɢɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ, % 0.1 0.1 0.1 0.1 0.1 0.1 

 

ɉɨ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɵ ɨɛɪɚɡɭɸɬ ɪɹɞ: Ʉ-1 > Ʉ-3 > Ʉ-2 > Ʉ-5 ≈ ȼȿȺ > Ʉ-4, 

ɱɬɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɜ ɨɛɪɚɡɰɚɯ.  ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ 

ɩɨɤɚɡɚɬɟɥɢ ɤɨɧɜɟɪɫɢɢ ɩɪɨɩɢɥɟɧɚ ɢ ɜɵɯɨɞɚ ɤɭɦɨɥɚ ɛɵɥɢ ɞɨɫɬɢɝɧɭɬɵ ɞɥɹ ɨɛɪɚɡɰɚ Ʉ-1. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ 

ɩɨɞɞɟɪɠɤɟ ɎȺɇɈ Ɋɨɫɫɢɢ 
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ɋɂɇɌȿɁ 2-ȼɂɇɂɅɇɈɊȻɈɊɇȺɇȺ ȽɂȾɊɂɊɈȼȺɇɂȿɆ 5-ȼɂɇɂɅ-2-

ɇɈɊȻɈɊɇȿɇȺ ɇȺ ɉɊɈɆɕɒɅȿɇɇɕɏ ɇɂɄȿɅȿȼɕɏ ɄȺɌȺɅɂɁȺɌɈɊȺɏ 

Ɋɹɛɢɧɫɤɚɹ Ʉ.ɋ. 1, 2, Ƚɪɢɧɝɨɥɶɰ Ɇ.Ʌ. 1 

SYNTHESIS OF 2-VINYLNORBORNANE BY 5-VINYL-2-NORBORNENE 

HYDROGENATION IN THE PRESENCE OF COMMERCIAL Ni-CATALYSTS  
1ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

2Ɇɨɫɤɨɜɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɂɧɫɬɢɬɭɬ ɬɨɧɤɢɯ ɯɢɦɢɱɟɫɤɢɯ 
ɬɟɯɧɨɥɨɝɢɣ, Ɇɨɫɤɜɚ 

E-mail: ryabinskaya@mail.ru 

 

ɉɨɥɭɱɟɧɢɟ ɷɧɟɪɝɨɟɦɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɬɨɩɥɢɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ 

ɫɨɜɪɟɦɟɧɧɨɣ ɧɟɮɬɟɯɢɦɢɢ. Ɇɨɥɟɤɭɥɚ ɧɨɪɛɨɪɧɟɧɚ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɧɚɩɪɹɠɟɧɧɨɣ ɢ ɩɨ 

ɷɧɟɪɝɢɢ ɧɚɩɪɹɠɟɧɢɹ ɫɪɚɜɧɢɦɚ ɫ ɰɢɤɥɨɛɭɬɚɧɨɦ (100 ɤȾɠ/ɦɨɥɶ). ɗɬɨ ɞɟɥɚɟɬ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɧɵɯ ɧɨɪɛɨɪɧɟɧɚ ɞɥɹ ɫɢɧɬɟɡɚ ɤɨɦɩɨɧɟɧɬɨɜ 

ɬɨɩɥɢɜ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɜɵɛɪɚɧ 5-ɜɢɧɢɥ-2-ɧɨɪɛɨɪɧɟɧ – ɞɨɫɬɭɩɧɵɣ 

ɩɪɨɦɵɲɥɟɧɧɵɣ ɩɪɨɞɭɤɬ, ɩɨɥɭɱɚɟɦɵɣ ɞɢɟɧɨɜɨɣ ɤɨɧɞɟɧɫɚɰɢɟɣ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɫ 

ɛɭɬɚɞɢɟɧɨɦ. ɂɫɫɥɟɞɨɜɚɧɨ ɝɢɞɪɢɪɨɜɚɧɢɟ 5-ɜɢɧɢɥ-2-ɧɨɪɛɨɪɧɟɧɚ (ȼɇȻ) ɧɚ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɝɟɬɟɪɨɝɟɧɧɵɯ Ni-ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɫ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ 

ɩɨɥɭɱɟɧɢɹ 2-ɜɢɧɢɥɧɨɪɛɨɪɧɚɧɚ (ȼɇȻȺ). ȼɇȻȺ ɫɩɨɫɨɛɟɧ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɪɟɚɤɰɢɢ 

ɦɟɬɚɬɟɡɢɫɚ ɨɥɟɮɢɧɨɜ, ɞɢɟɧɨɜɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɢ ɞɪ., ɮɨɪɦɢɪɭɹ ɦɨɥɟɤɭɥɵ ɫ ɞɜɭɦɹ ɢ ɛɨɥɟɟ 

ɧɨɪɛɨɪɧɚɧɨɜɵɦɢ ɮɪɚɝɦɟɧɬɚɦɢ. ɉɪɢ ɝɢɞɪɢɪɨɜɚɧɢɢ ȼɇȻ ɛɨɥɟɟ ɚɤɬɢɜɧɚɹ 

ɷɧɞɨɰɢɤɥɢɱɟɫɤɚɹ ɞɜɨɣɧɚɹ ɫɜɹɡɶ ɪɟɚɝɢɪɭɟɬ ɛɵɫɬɪɟɟ, ɱɟɦ ɜɢɧɢɥɶɧɚɹ ɋ=ɋ ɫɜɹɡɶ, ɱɬɨ 

ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ. ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ 

ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɪɨɦɵɲɥɟɧɧɵɟ ɧɢɤɟɥɟɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ: ɧɢɤɟɥɶ-ɯɪɨɦɨɜɵɣ (Ni-Cr) ɢ 

ɧɢɤɟɥɶ ɧɚ ɤɢɡɟɥɶɝɭɪɟ (Ni/ɤɢɡɟɥɶɝɭɪ). 

 

 

ɋɯɟɦɚ 1. Ɋɟɚɤɰɢɹ ɝɢɞɪɢɪɨɜɚɧɢɹ 5-ɜɢɧɢɥ-2-ɧɨɪɛɨɪɧɟɧɚ 

 

Ɇɟɬɨɞɚɦɢ Ƚɏ-Ɇɋ, Ƚɀɏ ɢ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ 

ɩɪɨɞɭɤɬɚɦɢ ɝɢɞɪɢɪɨɜɚɧɢɹ ȼɇȻ ɹɜɥɹɸɬɫɹ ȼɇȻȺ ɢ ɷɬɢɥɧɨɪɛɨɪɧɚɧ (ɗɇȻȺ). ȼ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɷɬɢɥɧɨɪɛɨɪɧɟɧɚ, ɷɬɢɥɢɞɟɧɧɨɪɛɨɪɧɟɧɚ 

ɢ ɷɬɢɥɢɞɟɧɧɨɪɛɨɪɧɚɧɚ, ɫɭɦɦɚɪɧɵɣ ɜɵɯɨɞ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ 1-3%. ɇɢɤɟɥɶ-ɯɪɨɦɨɜɵɣ 

ɤɚɬɚɥɢɡɚɬɨɪ ɨɤɚɡɚɥɫɹ ɦɚɥɨɚɤɬɢɜɧɵɦ ɜ ɝɢɞɪɢɪɨɜɚɧɢɢ ȼɇȻ, ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ 
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ɨɛɪɚɡɨɜɚɧɢɹ ȼɇȻȺ ɧɟ ɩɪɟɜɵɲɚɥɚ 35%. Ʉɚɬɚɥɢɡɚɬɨɪ Ni/ɤɢɡɟɥɶɝɭɪ ɩɪɨɹɜɢɥ ɜɵɫɨɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɢ ɛòɥɶɲɭɸ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɶ. ȼ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɨɧ ɞɟɦɨɧɫɬɪɢɪɨɜɚɥ 

ɚɤɬɢɜɧɨɫɬɶ ɜ 4 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ Ni-Cr-ɤɚɬɚɥɢɡɚɬɨɪ, ɢ ɜɞɜɨɟ ɛɨɥɟɟ ɜɵɫɨɤɭɸ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɟɚɤɰɢɢ. ɉɚɫɫɢɜɚɰɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ Ni/ɤɢɡɟɥɶɝɭɪɟ ɞɨɛɚɜɤɚɦɢ ɩɢɪɢɞɢɧɚ, 

ɩɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ ɩɪɢ ɩɨɧɢɠɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɡɜɨɥɢɥɢ ɭɜɟɥɢɱɢɬɶ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɪɟɚɤɰɢɢ ɜ 1,5-1,7 ɪɚɡɚ.   

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ 

(ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɪɚɛɨɬ (ɩɪɨɟɤɬɚ) RFMEFI60417X0181, ɫɨɝɥɚɲɟɧɢɟ 

№14.604.21.0181 ɨɬ 26.09.2017). 

 

 

  



366 

 

Pd-ɄȺɌȺɅɂɁȺɌɈɊɕ ɇȺ ɈɋɇɈȼȿ ɆȿɁɈɉɈɊɂɋɌɕɏ ȺɊɈɆȺɌɂɑȿɋɄɂɏ 
ɄȺɊɄȺɋɈȼ ȾɅə ȽɂȾɊɂɊɈȼȺɇɂə ɇȿɉɊȿȾȿɅɖɇɕɏ ɋɈȿȾɂɇȿɇɂɃ 

Ɇɚɤɟɟɜɚ Ⱦ.Ⱥ., Ʉɭɥɢɤɨɜ Ʌ.Ⱥ. 
Pd-CATALYSTS BASED ON MESOPOROUS AROMATIC FRAMEWORKS FOR 

HYDROGENATION OF UNSATURATED COMPOUNDS 
 Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɟɥɟɤɬɢɜɧɨɟ ɝɢɞɪɢɪɨɜɚɧɢɟ ɧɟɧɚɫɵɳɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ – ɚɥɤɢɧɨɜ 

ɢ ɞɢɟɧɨɜ – ɞɨ ɚɥɤɟɧɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɧɟɮɬɟɯɢɦɢɢ. ɉɪɨɦɵɲɥɟɧɧɨɟ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɥɟɮɢɧɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɚɤɢɟ ɩɪɨɰɟɫɫɵ, ɤɚɤ ɩɢɪɨɥɢɡ ɢ ɞɟɝɢɞɪɢɪɨɜɚɧɢɟ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɧɟɢɡɛɟɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɩɨɛɨɱɧɵɯ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ, ɜ 

ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɬɪɚɜɥɹɸɬ ɤɚɬɚɥɢɡɚɬɨɪɵ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ ɡɚɬɪɭɞɧɹɸɬ ɞɚɥɶɧɟɣɲɢɟ ɩɪɨɰɟɫɫɵ 

ɩɟɪɟɪɚɛɨɬɤɢ ɚɥɤɟɧɨɜ [1]. 

Ʉɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɩɚɥɥɚɞɢɹ ɞɚɜɧɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ ɫɟɛɹ, ɤɚɤ ɧɚɢɛɨɥɟɟ 

ɚɤɬɢɜɧɵɟ, ɫɟɥɟɤɬɢɜɧɵɟ ɢ ɭɫɬɨɣɱɢɜɵɟ ɜ ɩɪɨɰɟɫɫɚɯ ɝɢɞɪɢɪɨɜɚɧɢɹ [2]. ɉɟɪɫɩɟɤɬɢɜɧɵɦ 

ɧɚɩɪɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɩɚɥɥɚɞɢɹ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɨɛɥɚɞɚɸɬ 

ɜɵɫɨɤɨɣ ɩɥɨɳɚɞɶɸ ɩɨɜɟɪɯɧɨɫɬɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɫɨɱɚɣɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ. Ɉɞɧɚɤɨ, 

ɝɥɚɜɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɧɚɧɨɱɚɫɬɢɰ – ɫɤɥɨɧɧɨɫɬɶ ɤ ɚɝɪɟɝɚɰɢɢ – ɡɚɬɪɭɞɧɹɟɬ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɉɛɵɱɧɨ ɧɚɧɨɱɚɫɬɢɰɵ ɫɬɚɛɢɥɢɡɢɪɭɸɬ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɥɢɝɚɧɞɚɦɢ ɢɥɢ 

ɢɨɧɧɵɦɢ ɠɢɞɤɨɫɬɹɦɢ, ɥɢɛɨ ɢɧɤɚɩɫɭɥɢɪɭɸɬ ɢɯ ɜ ɩɨɪɚɯ ɝɟɬɟɪɨɝɟɧɧɵɯ ɧɨɫɢɬɟɥɟɣ.  ȼ ɫɜɹɡɢ 

ɫ ɷɬɢɦ, ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɚɤɢɯ ɤɚɪɤɚɫɨɜ, ɤɨɬɨɪɵɟ ɛɥɚɝɨɞɚɪɹ 

ɨɫɨɛɟɧɧɨɫɬɹɦ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɵ ɫɩɨɫɨɛɧɵ ɧɟ ɬɨɥɶɤɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɧɚɧɨɱɚɫɬɢɰɵ, ɧɨ ɢ 

ɩɪɢɞɚɜɚɬɶ ɩɨɥɭɱɟɧɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɚɦ ɭɧɢɤɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. 

 

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɩɨɪɢɫɬɨɝɨ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɚɪɤɚɫɚ PAF-1 

 

ɉɨɪɢɫɬɵɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɤɚɪɤɚɫɵ (porous aromatic frameworks, PAF) – ɧɨɜɵɣ 

ɤɥɚɫɫ ɦɚɬɟɪɢɚɥɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɥɨɳɚɞɶɸ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɪɟɝɭɥɹɪɧɵɦ ɫɬɪɨɟɧɢɟɦ, ɯɢɦɢɱɟɫɤɨɣ ɢ ɮɢɡɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ [3]. ɂɯ ɨɬɥɢɱɚɟɬ ɩɪɨɫɬɨɬɚ 
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ɦɟɬɨɞɨɜ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ ɪɚɡɦɟɪɚɦɢ ɧɚɧɨɱɚɫɬɢɰ, 

ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ɋɚɧɟɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ PAF ɭɠɟ 

ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɪɟɚɤɰɢɹɯ ɝɢɞɪɢɪɨɜɚɧɢɹ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ [4, 5] ɢ 

ɝɢɞɪɨɞɟɚɪɨɦɚɬɢɡɚɰɢɢ [6]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɤɚɬɚɥɢɡɚɬɨɪɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɧɚɧɨɱɚɫɬɢɰɚɯ ɩɚɥɥɚɞɢɹ, 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɜ ɩɨɪɵ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɚɪɤɚɫɨɜ, ɛɵɥɢ ɢɫɩɵɬɚɧɵ ɜ ɪɟɚɤɰɢɹɯ 

ɝɢɞɪɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɭɛɫɬɪɚɬɨɜ. Ⱦɥɹ Pd–PAF-20-NH2 (3,2 ɦɚɫɫ.% Pd), 

ɜ ɨɬɥɢɱɢɟ ɨɬ Pd–PAF-20 (4,7 ɦɚɫɫ.% Pd), ɧɨɫɢɬɟɥɶ ɛɵɥ ɦɨɞɢɮɢɰɢɪɨɜɚɧ ɚɦɢɧɨɝɪɭɩɩɚɦɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ. 

 

Ɍɚɛɥɢɰɚ 1. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɥɹ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ Pd–PAF-20 ɢ Pd–PAF-20-NH2 

ɋɭɛɫɬɪɚɬ ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ 
ȼɵɯɨɞ ɩɪɨɞɭɤɬɨɜ, % 

Pd–PAF-20 Pd–PAF-20-NH2 

ɋɬɢɪɨɥ ɗɬɢɥɛɟɧɡɨɥ 2.2 0.7 

Ɏɟɧɢɥɚɰɟɬɢɥɟɧ 
ɋɬɢɪɨɥ 58.8 30.4 

ɗɬɢɥɛɟɧɡɨɥ 3 1.2 

Ɉɤɬɢɧ-1 
Ɉɤɬɟɧ-1 66.3 25.5 

Ɉɤɬɚɧ 2.3 3.9 

Ɉɤɬɢɧ-4 Ɉɤɬɟɧ-4 72.9 4.4 

Ɉɤɬɟɧ-1 

ɬɪɚɧɫ-ɨɤɬɟɧ-2 7.9 0.2 

ɰɢɫ-ɨɤɬɟɧ-2 8.2 0.3 

Ɉɤɬɚɧ 20.8 2.5 

 

 

7.8 2.1 

 

31.8 0.8 

ɍɫɥɨɜɢɹ ɪɟɚɤɰɢɢ: 1 ɦɝ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɫɭɛɫɬɪɚɬ : ɦɟɬɚɥɥ = 27000:1 (ɦɨɥɶ), 10 ɚɬɦ. H2, 60˚ɋ, 30 ɦɢɧ. 
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Ɋɢɫ. 2. Ƚɢɞɪɢɪɨɜɚɧɢɟ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ Pd–PAF-20 ɢ Pd–PAF-20-NH2 
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ɎɂɁɂɄɈ-ɏɂɆɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɂ ȺɄɌɂȼɇɈɋɌɖ Ga- ɂ Zn-

ȺɅɘɆɈɋɂɅɂɄȺɌɈȼ ȼ ȺɊɈɆȺɌɂɁȺɐɂɂ ɇɂɁɒɂɏ ȺɅɄȺɇɈȼ 

ȼɨɫɦɟɪɢɤɨɜ Ⱥ.Ⱥ. 1, Ⱦɚɧɢɥɨɜɚ ɂ.Ƚ.2, ȼɨɫɦɟɪɢɤɨɜɚ Ʌ.ɇ.1  

PHYSICO-CHEMICAL PROPERTIES AND ACTIVITY OF Ga- AND Zn-

ALUMOSILICATES IN THE AROMATIZATION OF LOWER ALKANES 
1  ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ ɧɟɮɬɢ ɋɈ ɊȺɇ, Ɍɨɦɫɤ 

E-mail: antonvosmerikov@gmail.com  
2 ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤ 

 

Ɋɚɰɢɨɧɚɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ ɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ 

ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɧɚɲɟɣ ɫɬɪɚɧɵ ɜ ɩɨɫɥɟɞɧɢɟ ɞɜɚ ɞɟɫɹɬɢɥɟɬɢɹ. Ɂɚ ɷɬɨ ɜɪɟɦɹ Ɋɨɫɫɢɹ 

ɜɵɲɥɚ ɧɚ ɩɟɪɜɨɟ ɦɟɫɬɨ ɜ ɦɢɪɟ ɩɨ ɨɛɴɟɦɚɦ ɟɝɨ ɫɠɢɝɚɧɢɹ ɜ ɮɚɤɟɥɚɯ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɟ ɬɨɥɶɤɨ ɬɟɪɹɟɬɫɹ ɧɟɜɨɫɩɨɥɧɢɦɵɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɟɫɭɪɫ, ɹɜɥɹɸɳɢɣɫɹ ɤ 

ɬɨɦɭ ɠɟ ɢ ɰɟɧɧɵɦ ɯɢɦɢɱɟɫɤɢɦ ɫɵɪɶɟɦ, ɧɨ ɢ ɧɚɧɨɫɢɬɫɹ ɨɝɪɨɦɧɵɣ ɭɳɟɪɛ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɟ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɜ ɩɨɫɥɟɞɧɟɟ ɝɨɞɵ ɜ ɫɜɹɡɢ ɫ ɢɫɬɨɳɟɧɢɟɦ ɤɪɭɩɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɢ 

ɜɜɨɞɨɦ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɦɟɥɤɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɜɨɩɪɨɫ ɭɬɢɥɢɡɚɰɢɢ 

ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ ɫɬɚɧɨɜɢɬɫɹ ɟɳё ɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɦ. Ɉɩɬɢɦɚɥɶɧɨɟ ɟɝɨ ɪɟɲɟɧɢɟ ɫɜɹɡɚɧɨ ɫ 

ɪɚɡɪɚɛɨɬɤɨɣ ɢ ɫɨɡɞɚɧɢɟɦ ɷɮɮɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɥɭɱɟɧɢɹ ɰɟɧɧɵɯ ɯɢɦɢɱɟɫɤɢɯ 

ɩɪɨɞɭɤɬɨɜ ɢɡ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɦɨɠɟɬ 

ɫɬɚɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɧɢɡɲɢɯ ɚɥɤɚɧɨɜ ɜ ɠɢɞɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɫɨɫɬɚɜɚ ɋ6-

ɋ12 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɫɢɫɬɟɦ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɫɨɛɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ 

ɷɥɟɦɟɧɬɨɚɥɸɦɨɫɢɥɢɤɚɬɵ ɰɟɨɥɢɬɧɨɣ ɫɬɪɭɤɬɭɪɵ MFI ɫɨ ɜɫɬɪɨɟɧɧɵɦɢ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ 

ɪɟɲɟɬɤɭ ɪɚɡɥɢɱɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɨɛɥɚɞɚɸɳɢɟ ɪɹɞɨɦ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, 

ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɪɢɪɨɞɨɣ ɡɚɦɟɳɚɸɳɢɯ ɤɚɬɢɨɧɨɜ. ɉɪɢ ɩɨɥɭɱɟɧɢɢ 

ɷɥɟɦɟɧɬɨɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɰɟɨɥɢɬɨɜ ɬɢɩɚ MFI ɜ ɢɫɯɨɞɧɭɸ ɫɦɟɫɶ ɜɜɨɞɹɬ 

ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɭɸɳɢɟ ɞɨɛɚɜɤɢ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬ ɱɟɬɜɟɪɬɢɱɧɵɟ 

ɚɦɦɨɧɢɟɜɵɟ ɨɫɧɨɜɚɧɢɹ, ɫɩɢɪɬɵ, ɚɦɢɧɨɫɩɢɪɬɵ, ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɢ ɞɪ. ɐɟɥɶ 

ɞɚɧɧɨɣ ɪɚɛɨɬɵ − ɪɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ  ɷɥɟɦɟɧɬɨɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɫɬɪɭɤɬɭɪɧɨɝɨ 

ɬɢɩɚ ɰɟɨɥɢɬɚ MFI, ɫɨɞɟɪɠɚɳɢɯ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ, ɧɚɪɹɞɭ ɫ ɚɬɨɦɚɦɢ Si ɢ Al, 

ɚɬɨɦɵ Ga ɢɥɢ Zn, ɢ ɢɡɭɱɟɧɢɟ  ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

Ɇɟɬɨɞɨɦ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɫɢɧɬɟɡɚ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɰɟɨɥɢɬɵ ɫɨ ɫɬɪɭɤɬɭɪɨɣ MFI 

ɫ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ ɡɚɦɟɳɟɧɢɹ ɚɬɨɦɨɜ ɚɥɸɦɢɧɢɹ ɧɚ ɚɬɨɦɵ ɝɚɥɥɢɹ ɢɥɢ ɰɢɧɤɚ ɜ 

ɚɥɸɦɨɤɪɟɦɧɟɤɢɫɥɨɪɨɞɧɨɦ ɤɚɪɤɚɫɟ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɤɪɟɦɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɠɢɞɤɨɟ 

ɫɬɟɤɥɨ ɫɨɫɬɚɜɚ: 9 % Na2O, 29 % SiO2, 62 % H2O, ɢɫɬɨɱɧɢɤɚɦɢ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ, ɝɚɥɥɢɹ 

ɢ ɰɢɧɤɚ ɫɥɭɠɢɥɢ ɪɚɫɬɜɨɪɵ ɢɯ ɚɡɨɬɧɨɤɢɫɥɵɯ ɫɨɥɟɣ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɬɟɦɩɥɚɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɝɟɤɫɚɦɟɬɢɥɟɧɞɢɚɦɢɧ (ȽɆȾȺ), ɞɢɷɬɢɥɟɧɬɪɢɚɦɢɧ (ȾɗɌȺ), ɛɢɤɚɪɛɨɧɚɬ ɚɦɦɨɧɢɹ (ȻɄȺ) ɢ 

ɛɭɬɚɧɨɥ. Ʉɪɢɫɬɚɥɥɢɡɚɰɢɸ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɩɪɨɜɨɞɢɥɢ ɜ ɫɬɚɥɶɧɵɯ ɚɜɬɨɤɥɚɜɚɯ ɫ 
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ɬɟɮɥɨɧɨɜɵɦɢ ɜɫɬɚɜɤɚɦɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 170 oɋ ɜ ɬɟɱɟɧɢɟ 4 ɫɭɬɨɤ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɬɜɟɪɞɭɸ ɮɚɡɭ ɨɬɞɟɥɹɥɢ ɨɬ ɠɢɞɤɨɣ ɮɚɡɵ ɮɢɥɶɬɪɨɜɚɧɢɟɦ, ɩɪɨɦɵɜɚɥɢ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɞɨ ɪɇ ɩɪɨɦɵɜɧɵɯ ɜɨɞ  9, ɫɭɲɢɥɢ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ 110 oɋ ɢ 

ɩɪɨɤɚɥɢɜɚɥɢ ɩɪɢ 540 oɋ ɜ ɬɟɱɟɧɢɟ 16 ɱ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɚ 

ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɜɫɟɯ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɤ ɰɟɨɥɢɬɭ ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɢɩɚ MFI ɢ ɤ 

ɪɨɦɛɢɱɟɫɤɨɣ ɫɢɧɝɨɧɢɢ. Ⱦɚɧɧɵɟ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɢɦɟɸɬ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ ɨɛɥɚɫɬɢ 450 ɢ 550 ɫɦ–1, 

ɢɞɟɧɬɢɱɧɵɟ ɫɩɟɤɬɪɚɦ ɰɟɨɥɢɬɨɜ ɬɢɩɚ MFI.  

Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ 

ɷɥɟɦɟɧɬɨɚɥɸɦɨɫɢɥɢɤɚɬɵ ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ ɦɨɪɮɨɥɨɝɢɸ, ɱɬɨ, ɨɱɟɜɢɞɧɨ, ɫɜɹɡɚɧɨ ɫ 

ɪɚɡɧɨɣ ɩɪɢɪɨɞɨɣ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɫɢɧɬɟɡɟ ɬɟɦɩɥɚɬɨɜ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ȻɄȺ ɜ 

ɤɚɱɟɫɬɜɟ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɭɸɳɟɣ ɞɨɛɚɜɤɢ ɨɛɪɚɡɭɸɬɫɹ ɯɨɪɨɲɨ ɨɝɪɚɧɟɧɧɵɟ ɤɪɢɫɬɚɥɥɵ ɜ 

ɮɨɪɦɟ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɩɪɢɡɦɵ ɫ ɪɚɡɦɟɪɚɦɢ ɝɪɚɧɟɣ 3 × 4 × 5 ɦɤɦ. ɑɚɫɬɢɰɵ ɰɟɨɥɢɬɚ, 

ɩɨɥɭɱɟɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ȽɆȾȺ, ɢɦɟɸɬ ɜɢɞ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɮɟɪɨɢɞɨɜ, 

ɫɨɫɬɨɹɳɢɯ ɢɡ ɫɪɨɫɲɢɯɫɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɫ ɪɚɡɦɟɪɚɦɢ 3-8 ɦɤɦ, ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɜɵɫɨɤɨɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɑɚɫɬɢɰɵ ɰɟɨɥɢɬɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ȾɗɌȺ, ɩɨ ɫɜɨɟɣ ɮɨɪɦɟ ɩɨɞɨɛɧɵ ɱɚɫɬɢɰɚɦ ɰɟɨɥɢɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɫ ȽɆȾȺ, ɧɨ ɨɧɢ ɦɟɧɟɟ 

ɨɞɧɨɪɨɞɧɵ ɩɨ ɫɜɨɟɦɭ ɫɨɫɬɚɜɭ. Ʉɪɢɫɬɚɥɥɵ ɰɟɨɥɢɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɫ ɛɭɬɚɧɨɥɨɦ, ɢɦɟɸɬ 

ɧɟɨɞɧɨɪɨɞɧɵɣ ɫɨɫɬɚɜ, ɜɫɬɪɟɱɚɸɬɫɹ ɤɚɤ ɦɟɥɤɢɟ, ɬɚɤ ɢ ɤɪɭɩɧɵɟ ɱɚɫɬɢɰɵ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɵɯ ɷɥɟɦɟɧɬɨɚɥɸɦɨɫɢɥɢɤɚɬɨɜ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɫɟ ɨɧɢ ɢɦɟɸɬ ɞɜɚ ɬɢɩɚ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ: ɫɥɚɛɨɤɢɫɥɨɬɧɵɟ (L-ɰɟɧɬɪɵ, 

ɫɢɥɚɧɨɥɶɧɵɟ ɝɪɭɩɩɵ), ɞɟɫɨɪɛɰɢɹ ɚɦɦɢɚɤɚ ɫ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɜ ɢɧɬɟɪɜɚɥɟ 150-300 °ɋ, 

ɢ ɫɢɥɶɧɨɤɢɫɥɨɬɧɵɟ (ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ, ȼ-ɰɟɧɬɪɵ), ɞɟɫɨɪɛɰɢɹ ɚɦɦɢɚɤɚ ɫ ɤɨɬɨɪɵɯ 

ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 300 °ɋ. Ƚɚɥɥɨ- ɢ ɰɢɧɤɚɥɸɦɨɫɢɥɢɤɚɬɵ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ 

ɨɬ ɞɪɭɝɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɢ ɫɨɨɬɧɨɲɟɧɢɟɦ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɪɚɡɧɨɣ ɩɪɢɪɨɞɵ, ɱɬɨ ɢ 

ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɜ ɩɪɟɜɪɚɳɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨɩɭɬɧɨɝɨ 

ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ Ga- ɢ Zn-ɫɨɞɟɪɠɚɳɢɯ ɰɟɨɥɢɬɨɜ ɬɢɩɚ 

MFI ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨ ɨɛɳɟɣ (ɨɰɟɧɢɜɚɟɦɨɣ ɩɨ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɩɪɨɩɚɧɚ) ɢ 

ɚɪɨɦɚɬɢɡɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɵ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 

ɇɚɢɛɨɥɶɲɭɸ ɚɪɨɦɚɬɢɡɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɹɜɥɹɟɬ ɰɟɨɥɢɬ, ɫɨɞɟɪɠɚɳɢɣ ɜ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ, ɧɚɪɹɞɭ ɫ ɚɬɨɦɚɦɢ Si ɢ Al, ɚɬɨɦɵ Ga.  
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ɄȺɌȺɅɂɁȺɌɈɊ ɇȺ ɈɋɇɈȼȿ ɐȿɈɅɂɌȺ ZSM-5 ɂ ȽȺɅɅɍȺɁɂɌɇɕɏ 
ɇȺɇɈɌɊɍȻɈɄ  ȾɅə ɂɁɈɆȿɊɂɁȺɐɂɂ ɄɋɂɅɈɅɈȼ  

ɋɦɢɪɧɨɜɚ ȿ.Ɇ., Ⱥɪɬɟɦɨɜɚ Ɇ.ɂ., Ƚɥɨɬɨɜ Ⱥ.ɉ., Ʉɨɬɟɥɟɜ Ɇ.ɋ., ȼɢɧɨɤɭɪɨɜ ȼ.Ⱥ.  
CATALYST ON THE BASIS OF ZSMOLITE ZSM-5 AND HALLOZASE 

NANOTUBEMS FOR ISOMERIZATION OF XYLINES        
Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 

Ɇɨɫɤɜɚ 

E-mail: smirnova.em94@gmail.com 

 

ɂɡɨɦɟɪɢɡɚɰɢɹ ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɮɪɚɤɰɢɢ ɋ8 ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɜɚɠɧɟɣɲɢɯ ɩɪɨɞɭɤɬɨɜ ɧɟɮɬɟɯɢɦɢɢ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ 

ɫɵɪɶɹ ɜ ɩɨɥɭɩɪɨɞɭɤɬɵ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɧɨɦɟɪɨɜ. ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɰɟɨɥɢɬɵ, ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ ɢ 

ɦɟɬɚɥɥɵ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɣ ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɦɚɬɟɪɢɚɥ, 

ɨɛɥɚɞɚɸɳɢɣ ɦɢɤɪɨ-ɦɟɡɨɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ. Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ ɰɟɨɥɢɬɚ ɢɥɢ 

ɦɟɡɨɩɨɪɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɚɥɥɭɚɡɢɬɧɵɯ ɧɚɧɨɬɪɭɛɨɤ. 

ɉɨɥɭɱɚɟɦɵɣ ɩɨɜɟɪɯɧɨɫɬɵɣ ɫɥɨɣ ɦɚɬɟɪɢɚɥɚ ɛɭɞɟɬ ɫɨɯɪɚɧɹɬɶ ɫɜɨɣɫɬɜɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɰɟɨɥɢɬɚ ɢɥɢ ɞɪɭɝɨɝɨ ɤɢɫɥɨɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ.  

ɇɚɦɢ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɢɟɚɪɯɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɬɢɩɚ ZSM-5, ɨɛɥɚɞɚɸɳɢɣ 

ɦɟɡɨɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ ɧɚ ɩɪɢɪɨɞɧɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɧɵɯ ɧɚɧɨɬɪɭɛɤɚɯ. ɋɢɧɬɟɡ 

ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɥɚɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɝɢɞɪɨɤɫɢɞ 

ɬɟɬɪɚɩɪɨɩɢɥɚɦɦɨɧɢɹ (TPAOH) ɢ ɛɪɨɦɢɞ ɬɟɬɪɚɩɪɨɩɢɥɚɦɦɨɧɢɹ (TBABr), ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɜɪɟɦɟɧɢ. ɉɨɥɭɱɟɧɧɵɣ ɨɛɪɚɡɟɰ ɛɵɥ ɫɮɨɪɦɢɪɨɜɚɧ ɜ 

ɷɤɫɬɪɭɞɚɬɵ ɫ ɛɟɦɢɬɨɦ, ɞɚɥɟɟ ɧɚ ɮɨɪɦɨɜɚɧɧɵɟ ɧɨɫɢɬɟɥɢ ɛɵɥɚ ɧɚɧɟɫɟɧɚ ɩɥɚɬɢɧɚ ɜ 

ɤɨɥɢɱɟɫɬɜɟ 0,5% ɦɚɫ.  

Ʉɢɫɥɨɬɧɨɫɬɶ ɢ ɩɨɪɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ 

ɨɬ ɩɪɨɰɟɞɭɪɵ ɫɢɧɬɟɡɚ, ɱɬɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɰɟɨɥɢɬɨɜ. 

ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ: ɉɗɆ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɟɣ/ɞɟɫɨɪɛɰɢɟɣ ɚɡɨɬɚ, 

ɢ ɌɉȾ ɚɦɦɢɚɤɚ. Ɇɚɬɟɪɢɚɥ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɢɦɨɞɚɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨɪ ɜ 

ɢɧɬɟɪɜɚɥɟ ɫ ɦɚɤɫɢɦɭɦɚɦɢ ɜ ɨɛɥɚɫɬɹɯ 5-9 ɢ 150 Ⱥ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɰɟɨɥɢɬɚ ZSM-5 ɢ 

ɝɚɥɥɭɚɡɢɬɧɵɯ ɧɚɧɨɬɪɭɛɨɤ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɚɥɢɱɢɟ ɦɢɤɪɨ-

ɦɟɡɨɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ . 

Ʉɚɬɚɥɢɡɚɬɨɪ ɛɵɥ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧ ɜ  ɢɡɨɦɟɪɢɡɚɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɮɪɚɤɰɢɢ ɋ8 

(ɷɬɢɥɛɟɧɡɨɥ, ɨ-, ɦ- ɢ ɩ-ɤɫɢɥɨɥɵ) ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 360-420 °ɋ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, 

ɋ-II-7 
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ɱɬɨ ɤɚɬɚɥɢɡɚɬɨɪ ɚɤɬɢɜɟɧ ɜ ɩɪɨɰɟɫɫɟ ɢɡɨɦɟɪɢɡɚɰɢɢ C8 ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɮɪɚɤɰɢɢ 

ɪɢɮɨɪɦɢɧɝɚ. 

 

Ɋɚɛɨɬɵ ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɨɫɭɞɚɪɫɬɜɚ ɜ ɥɢɰɟ 

Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ (ɝɪɚɧɬ № 14.Z50.31.0035). 
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ɋɂɇɌȿɁ 2,2`-ЭКɁɈ/ЭɇДɈ ɂ 2,2`-ЭɇДɈ/ЭɇДɈ ȻɂɋɇɈɊȻɈɊɇȺɇɈȼ 

ɉɢɫɤɭɧɨɜɚ ȿ.ɋ.1, Ȼɵɤɨɜ ȼ.ɂ.1, ɒɨɪɭɧɨɜ ɋ.ȼ.1, Ȼɟɪɦɟɲɟɜ Ɇ.ȼ.1  
SYNTHESIS OF 2,2`EXO/ENDO AND 2,2`-ENDO/ENDO BISNORBORNANES 

1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: bmv@ips.ac.ru 

 

ɋɢɧɬɟɡ ɧɚɩɪɹɠɟɧɧɵɯ ɰɢɤɥɢɱɟɫɤɢɯ ɤɚɪɤɚɫɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɹɜɥɹɟɬɫɹ 

ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. ɇɨɪɛɨɪɧɟɧ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɧɚɪɨɞɧɨɦ 

ɯɨɡɹɣɫɬɜɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ, 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɞɭɲɢɫɬɵɯ ɜɟɳɟɫɬɜ, ɫɢɧɬɟɡɚ ɨɥɢɝɨɦɟɪɨɜ, ɩɨɥɢɦɟɪɨɜ, ɚ ɬɚɤɠɟ 

ɜ ɤɚɱɟɫɬɜɟ ɜɵɫɨɤɨɩɥɨɬɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɤɟɬɧɵɯ ɢ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ. 2-

ȼɢɧɢɥɧɨɪɛɨɪɧɚɧ, ɩɨɥɭɱɚɟɦɵɣ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ 5-ɜɢɧɢɥ-2-ɧɨɪɛɨɪɧɟɧɚ [1] ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧ ɤɚɤ ɢɫɯɨɞɧɨɟ ɜɟɳɟɫɬɜɨ ɞɥɹ ɫɢɧɬɟɡɚ ɧɚɩɪɹɠɟɧɧɵɯ ɤɚɪɤɚɫɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

2,2`-ɷɤɡɨ/ɷɧɞɨ ɢ 2,2`-ɷɧɞɨ/ɷɧɞɨ-ɛɢɫɧɨɪɛɨɪɧɚɧɨɜ. ɂɫɯɨɞɧɵɣ 2-ɜɢɧɢɥɧɨɪɛɨɪɧɚɧ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɫɦɟɫɶ ɷɤɡɨ- ɢ ɷɧɞɨ- ɢɡɨɦɟɪɨɜ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ 27/73. ɉɪɢ ɟɝɨ 

ɜɜɟɞɟɧɢɢ ɜ ɪɟɚɤɰɢɸ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ ɫ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɨɦ, ɫ ɜɵɯɨɞɨɦ 55% ɩɨɥɭɱɚɟɬɫɹ 

ɫɦɟɫɶ ɬɪɟɯ ɩɪɨɞɭɤɬɨɜ (ɋɯɟɦɚ 1). Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɦ ɯɪɨɦɚɬɨ-ɦɚɫɫ ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɩɨɡɜɨɥɢɥ 

ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɩɪɨɞɭɤɬɨɦ ɪɟɚɤɰɢɢ ɹɜɥɹɸɬɫɹ ɬɪɢ ɢɡɨɦɟɪɚ 5-(2`-ɧɨɪɛɨɪɧɢɥ)-ɧɨɪɛɨɪɧɟɧɚ, 

ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 33/47/20. ɗɬɢ ɫɨɟɞɢɧɟɧɢɹ ɢɦɟɸɬ ɛɥɢɡɤɢɟ ɜɪɟɦɟɧɚ 

ɭɞɟɪɠɢɜɚɧɢɹ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵɟ ɦɚɫɫ-ɫɩɟɤɬɪɵ. Ɇɵ ɩɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ 

ɩɨɥɭɱɟɧɧɵɟ ɢɡɨɦɟɪɵ ɹɜɥɹɸɬɫɹ ɫɦɟɫɶɸ ɷɤɡɨ/ɷɧɞɨ, ɷɧɞɨ/ɷɤɡɨ ɢ ɷɧɞɨ/ɷɧɞɨ ɢɡɨɦɟɪɨɜ, ɩɪɢ 

ɷɬɨɦ ɷɤɡɨ/ɷɤɡɨ ɢɡɨɦɟɪ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɧɚɩɪɹɠɟɧɧɵɣ, ɜ ɩɪɨɰɟɫɫɟ ɪɟɚɤɰɢɢ ɧɟ ɨɛɪɚɡɭɟɬɫɹ.  

ɋɯɟɦɚ 1. 

ɉɪɢ ɝɢɞɪɢɪɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ ɢɡɨɦɟɪɨɜ 5-(2`-ɧɨɪɛɨɪɧɢɥ)-ɧɨɪɛɨɪɧɟɧɚ 
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ɜɨɞɨɪɨɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Pd ɧɚ ɚɤɬɢɜɢɪɨɜɚɧɧɨɦ ɭɝɥɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɛɟɡ 

ɪɚɫɬɜɨɪɢɬɟɥɹ, ɫ ɜɵɯɨɞɨɦ 91% ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɭɠɟ ɞɜɭɯ ɢɡɨɦɟɪɨɜ 2,2`-ɛɢɫɧɨɪɛɨɪɧɚɧɚ ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ 69/31 (Ƚɀɏ).  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ (ɭɧɢɤɚɥɶɧɵɣ 
ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɪɚɛɨɬ (ɩɪɨɟɤɬɚ) RFMEFI60417X0181, ɫɨɝɥɚɲɟɧɢɟ №14.604.21.0181 ɨɬ 
26.09.2017). 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ɒɨɪɭɧɨɜ ɋ. ȼ., ɉɢɫɤɭɧɨɜɚ ȿ. ɋ., ɉɟɬɪɨɜ ȼ.Ⱥ., Ȼɵɤɨɜ ȼ. ɂ,, Ȼɟɪɦɟɲɟɜ Ɇ. ȼ. 

ɇɟɮɬɟɯɢɦɢɹ. Ɉɬɩɪɚɜɥɟɧɨ ɜ ɪɟɞɚɤɰɢɸ. 
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ɆȿɌȺɅɅɈɄɈɆɉɅȿɄɋɇȺə ɄȺɌȺɅɂɌɂɑȿɋɄȺə ɋɂɋɌȿɆȺ ȾɅə 
ȼɕɋɈɄɈɋȿɅȿɄɌɂȼɇɈȽɈ ɉɈɅɍɑȿɇɂə 1-ȽȿɄɋȿɇȺ ɂɁ ɗɌɂɅȿɇȺ 

ɋɟɧɢɧ Ⱥ.Ⱥ., ɑɟɪɟɞɢɥɢɧ Ⱦ.ɇ., Ʉɨɡɥɨɜɚ Ƚ.Ⱥ., ɒɟɥɨɭɦɨɜ Ⱥ.Ɇ.,  
Ⱥɮɚɧɚɫɶɟɜ ȼ.ȼ., Ȼɟɫɩɚɥɨɜɚ ɇ.Ȼ. 

METALLO-COMPLEX CATALYTYC SYSTEM FOR HIGH SELECTIVE 

PRODUCTION OF 1-HEXENE FROM ETHYLENE 
ООО «Оɛɴɟɞɢɧɟɧɧɵɣ цɟɧɬɪ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɪɚɡɪɚɛɨɬɨɤ» (ɈɈɈ «Ɋɇ-ɐɂɊ»), Мɨɫɤɜɚ 

Е-mail: SeninAA@rn-rdc.ru  
Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɥɢɧɟɣɧɵɯ ɚɥɶɮɚ-ɨɥɟɮɢɧɨɜ ɜ ɦɢɪɨɜɨɦ 

ɯɢɦɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɹɜɥɹɟɬɫɹ 1-ɝɟɤɫɟɧ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɤɚɱɟɫɬɜɟ ɫɨɦɨɧɨɦɟɪɚ ɩɪɢ 

ɩɨɥɭɱɟɧɢɢ ɩɨɥɢɷɬɢɥɟɧɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɩɨɥɢɷɬɢɥɟɧɚ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ ɢ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ. Ɂɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴɟɦ 1-ɝɟɤɫɟɧɚ ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɨɣ 

ɱɢɫɬɨɬɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɨɦɩɚɧɢɟɣ Chevron Phillips ɩɨ ɫɟɥɟɤɬɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 

ɬɪɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɣ 

ɯɪɨɦɚ ɢ ɚɥɸɦɢɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ ɚɤɬɢɜɚɬɨɪɨɜ, ɩɨɡɜɨɥɹɸɳɟɣ ɩɨɥɭɱɚɬɶ ɮɪɚɤɰɢɸ                        

C6-ɨɥɟɮɢɧɨɜ ɫ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɛɨɥɟɟ 85 %, ɩɪɢ ɷɬɨɦ ɱɢɫɬɨɬɚ ɮɪɚɤɰɢɢ ɩɨ 1-ɝɟɤɫɟɧɭ 

ɫɨɫɬɚɜɥɹɟɬ 99 % [1]. 

ȼ ɈɈɈ «Ɋɇ-ɐɂɊ» ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɩɨɥɭɱɟɧɢɹ 1-ɝɟɤɫɟɧɚ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɥɟɤɫɨɜ ɯɪɨɦɚ ɫ 

ɞɢɮɨɫɮɢɧɨɜɵɦɢ ɥɢɝɚɧɞɚɦɢ. Ɋɹɞ ɩɨɥɭɱɟɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ [2, 3] ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 

1. 

    

K-1 Ʉ-2 Ʉ-3 Ʉ-4 

 

Ɋɢɫ. 1. Ʉɨɦɩɥɟɤɫɵ ɯɪɨɦɚ ɫ ɞɢɮɨɫɮɢɧɨɜɵɦɢ ɥɢɝɚɧɞɚɦɢ 

ɉɪɢ ɢɫɩɵɬɚɧɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɤɨɦɩɥɟɤɫɚ ɯɪɨɦɚ Ʉ-1, 

ɚɤɬɢɜɚɬɨɪɚ  ɦɟɬɢɥɚɥɸɦɨɤɫɚɧɚ ɢ ɫɨɚɤɬɢɜɚɬɨɪɚ  ɬɪɢɦɟɬɢɥɚɥɸɦɢɧɢɹ, ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 

ɨɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ – ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ, ɚ 

ɬɚɤɠɟ ɩɨɞɨɛɪɚɧ ɨɩɬɢɦɚɥɶɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ. ɉɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ 

ɷɬɢɥɟɧɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɣ ɫɢɫɬɟɦɵ (ɬɚɛɥ. 1) ɛɵɥɢ ɭɥɭɱɲɟɧɵ ɦɨɞɢɮɢɤɚɰɢɟɣ 

ɞɢɮɨɫɮɢɧɨɜɨɝɨ ɥɢɝɚɧɞɚ. ȼɜɟɞɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɡɚɦɟɫɬɢɬɟɥɹ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ 

ɮɟɧɢɥɶɧɨɟ ɤɨɥɶɰɨ (Ʉ-2) ɩɪɢɜɟɥɨ ɤ ɛɨɥɟɟ ɱɟɦ ɬɪɟɯɤɪɚɬɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ 
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ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢ ɩɨɜɵɲɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɩɨ 

ɮɪɚɤɰɢɢ ɋ6  ɞɨ 84,5 %. Ⱦɚɥɶɧɟɣɲɚɹ ɪɚɛɨɬɚ ɩɨ ɦɨɞɢɮɢɤɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɥɢɝɚɧɞɚ 

ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɬɪɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɜ 1-ɝɟɤɫɟɧ ɧɨɜɨɝɨ 

ɩɨɤɨɥɟɧɢɹ ɫ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɮɪɚɤɰɢɢ ɋ6 ɛɨɥɟɟ 90 % ɢ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɧɟɣ 1-ɝɟɤɫɟɧɚ 

ɞɨ 99,5 % ɦɚɫɫ. ɩɪɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ 900-1400 ɤɝ/ɝCr∙ɱ. Ɍɚɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

ɞɨɫɬɢɝɚɸɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 1-ɝɟɤɫɟɧɚ ɢɡ ɷɬɢɥɟɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɤɨɦɩɥɟɤɫɚ ɯɪɨɦɚ ɨɛɳɟɣ ɮɨɪɦɭɥɵ 

[CrCl3(ɇ2Ɉ)((Ph2P(1,2-ɋ6ɇ4)Ɋ(Ph)(1,2-ɋ6ɇ4)ɋɇ=CR2)], ɝɞɟ R  ɜɨɞɨɪɨɞ (Ʉ-3) ɢɥɢ 

ɦɟɬɢɥɶɧɚɹ ɝɪɭɩɩɚ (Ʉ-4), ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɫɦɟɫɶɸ ɪɚɫɬɜɨɪɨɜ ɦɟɬɢɥɚɥɸɦɨɤɫɚɧɚ ɢ 

ɬɪɢɦɟɬɢɥɚɥɸɦɢɧɢɹ ɜ ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɚɧɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 70-90 °ɋ ɢ ɞɚɜɥɟɧɢɢ 30-40 

ɛɚɪ. 

Ɍɚɛɥɢɰɚ 1. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɬɪɢɦɟɪɢɡɚɰɢɢ 

Ʉɨɦɩɥɟɤɫ ɯɪɨɦɚ 

ɉɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɶ,  
ɤɝ/ɝCr∙ɱ 

ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɮɪɚɤɰɢɹɦ, % ɦɚɫɫ. ɂɫɬɨ-

ɱɧɢɤ ɩɨɥɢɦɟɪ ɋ4 ɋ6 ɋ8 ɋ10+ 

K-1 218 0,2 0,5 52,8 29,1 17,4 [3] 

K-2 726 0,3 0,2 84,5 6,9 8,1 [3] 

Ʉ-3 900 0,3 0,4 89,8 7,1 2,4 [2] 

Ʉ-4 1400 0,01 0,1 94,8 2,8 2,3 [2] 

 

ɋɭɳɟɫɬɜɟɧɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɩɨɥɢɦɟɪɧɵɯ 

ɩɪɨɞɭɤɬɨɜ, ɩɪɢ ɷɬɨɦ ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɤɚɬɚɥɢɡɚɬɨɪɚ, 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɢ (ɧɟ ɛɨɥɟɟ 40 ɛɚɪ) ɢ ɬɟɦɩɟɪɚɬɭɪɟ (ɧɟ ɛɨɥɟɟ 90 °ɋ). 

ɏɨɪɨɲɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɜ ɚɥɢɮɚɬɢɱɟɫɤɢɯ 

ɰɢɤɥɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɚɯ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ, 

ɬ.ɤ. ɨɛɥɟɝɱɚɟɬɫɹ ɢɯ ɜɜɨɞ ɜ ɪɟɚɤɬɨɪ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ. Ɋɚɫɬɜɨɪ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɫɨɯɪɚɧɹɟɬ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɚɤɬɢɜɧɨɫɬɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɦɟɫɹɰɟɜ ɩɪɢ 

ɯɪɚɧɟɧɢɢ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ.  

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. J. T. Dixon, M. J. Green, F. M. Hess, D. H. Morgan. J. Organomet. Chem., 2004, 689, 

3641-3668. 

2. ɉɚɬɟɧɬ 2 581 052 C1 (ɊɎ). 
3. ɉɚɬɟɧɬ 2 556 636 ɋ1 (ɊɎ). 
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ȽɂȾɊɂɊɈȼȺɇɂȿ ɇȿɎɌȿɉɈɅɂɆȿɊɇɕɏ ɋɆɈɅ ɇȺ ɇȿɇȺɇȿɋȿɇɇɕɏ 
ɋɍɅɖɎɂȾɇɕɏ ɄȺɌȺɅɂɁȺɌɈɊȺɏ, ɋɂɇɌȿɁɂɊɍȿɆɕɏ ɂɁ 

ȼɈȾɈɊȺɋɌȼɈɊɂɆɕɏ ɉɊȿɄɍɊɋɈɊɈȼ 

ɏɚɧ Ɉ.ɂ.1, ɉɟɬɪɭɯɢɧɚ ɇ.ɇ.2, Ɍɭɦɚɧɹɧ Ȼ.ɉ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.2,3 

PETROLEUM RESINS HYDROGENATION OVER UNSUPPORTED SULFIDE 

CATALYSTS FORMED FROM WATER-SOLUBLE PRECURSORS 
1Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 

Ɇɨɫɤɜɚ 
2ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ              

 E-mail: oksa_0096@mail.ru 
3ɏɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

 

ɇɟɮɬɟɩɨɥɢɦɟɪɧɵɟ ɫɦɨɥɵ (ɇɉɋ) ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ: ɲɢɧɧɨɣ ɢ ɪɟɡɢɧɨɜɨɣ, ɥɚɤɨɤɪɚɫɨɱɧɨɣ, ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɛɭɦɚɝɢ, ɤɥɟɟɜ ɢ 

ɞɪ.  

Ƚɢɞɪɢɪɨɜɚɧɧɵɟ ɇɉɋ ɧɟ ɫɨɞɟɪɠɚɬ ɨɥɟɮɢɧɨɜɵɯ ɮɪɚɝɦɟɧɬɨɜ ɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɫɬɟɩɟɧɢ ɝɢɞɪɢɪɨɜɚɧɢɹ, ɢɦɟɸɬ ɧɢɡɤɨɟ  ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɮɪɚɝɦɟɧɬɨɜ ɢɥɢ ɜɨɜɫɟ 

ɧɟ ɫɨɞɟɪɠɚɬ ɢɯ [1]. ɗɬɨɬ ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɫɢɧɬɟɡɟ ɇɉɋ ɲɢɪɨɤɨ 

ɞɨɫɬɭɩɧɨɟ ɫɵɪɶɟ: ɮɪɚɤɰɢɸ ɋ9, ɬɹɠɟɥɭɸ ɫɦɨɥɭ ɩɢɪɨɥɢɡɚ, ɤɚɦɟɧɧɨɭɝɨɥɶɧɵɟ ɫɦɨɥɵ.  

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɫɜɟɬɥɵɯ 

ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ ɝɢɞɪɢɪɨɜɚɧɢɟɦ ɧɚ ɧɟɧɚɧɟɫɟɧɧɵɯ ɫɭɥɶɮɢɞɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ, 

ɫɢɧɬɟɡɢɪɭɟɦɵɯ ex situ, ɢ ɜɵɹɜɥɟɧɢɟ ɜɡɚɢɦɨɫɜɹɡɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɟɝɨ ɚɤɬɢɜɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɝɢɞɪɢɪɨɜɚɧɢɹ. ɉɨɥɭɱɚɟɦɵɟ ɫɜɟɬɥɵɟ ɇɉɋ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɤɚɤ ɤɨɦɩɨɧɟɧɬɵ ɰɜɟɬɧɵɯ ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɧɟɮɬɟɩɨɥɢɦɟɪɧɭɸ ɫɦɨɥɭ (ɇɉɋ), ɢɦɟɸɳɭɸ 

ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɰɜɟɬ ɩɨ ɣɨɞɨɦɟɬɪɢɱɟɫɤɨɣ ɲɤɚɥɟ 60 ɦɝ I2/100 ɫɦ3, 

ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ ɩɨ ɫɩɟɤɬɪɭ 1ɇ əɆɊ 22%, ɨɥɟɮɢɧɨɜɵɯ – 2,6%, 

ɫɪɟɞɧɟɜɟɫɨɜɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ Mw = 1325, ɫɪɟɞɧɟɱɢɫɥɨɜɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ Mn = 

589, z-ɫɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ Mz = 3268. 

ɉɪɢ ɫɢɧɬɟɡɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢ: ɞɟɤɚɥɢɧ, ɇɉɋ ɢɥɢ Span 80 ɜ ɤɚɱɟɫɬɜɟ 

ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɨɝɨ ɜɟɳɟɫɬɜɚ (ɉȺȼ), ɧɢɬɪɚɬ ɧɢɤɟɥɹ ɢ ɩɚɪɚɦɨɥɢɛɞɚɬ ɚɦɦɨɧɢɹ. ȼ 

ɤɚɱɟɫɬɜɟ ɫɭɥɶɮɢɞɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɷɥɟɦɟɧɬɧɭɸ ɫɟɪɭ. ȼɚɪɶɢɪɨɜɚɥɢ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɉȺȼ ɨɬ 1 ɞɨ 6% ɧɚ ɞɟɤɚɥɢɧ. ɋɢɧɬɟɡ ɜɟɥɢ ɜ ɚɜɬɨɤɥɚɜɟ ɩɪɢ ɧɚɱɚɥɶɧɨɦ 

ɞɚɜɥɟɧɢɢ ɜɨɞɨɪɨɞɚ 30 ɚɬɦ, ɧɟɩɪɟɪɵɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 360°ɋ ɜ ɬɟɱɟɧɢɟ 

6 ɱ. ɉɨɫɥɟ ɫɢɧɬɟɡɚ ɤɚɬɚɥɢɡɚɬɨɪ ɨɬɞɟɥɹɥɢ ɨɬ ɞɟɤɚɥɢɧɚ. Ʉ ɤɚɬɚɥɢɡɚɬɨɪɭ ɞɨɛɚɜɥɹɥɢ ɧɚɜɟɫɤɭ 

ɇɉɋ ɜ ɰɢɤɥɨɝɟɤɫɚɧɟ ɢ ɩɪɨɜɨɞɢɥɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɷɤɫɩɟɪɢɦɟɧɬ. ɉɪɨɰɟɫɫ ɝɢɞɪɢɪɨɜɚɧɢɹ 

ɩɪɨɜɨɞɢɥɢ ɜ ɚɜɬɨɤɥɚɜɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 290°ɋ, ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ ɜɨɞɨɪɨɞɚ 30 ɚɬɦ ɢ 

ɋ-II-10 
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ɧɟɩɪɟɪɵɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜ ɬɟɱɟɧɢɟ 7 ɱɚɫɨɜ. Ʉɚɬɚɥɢɡɚɬɨɪ ɨɬɞɟɥɹɥɢ ɨɬ  ɪɚɫɬɜɨɪɚ 

ɩɪɨɞɭɤɬɚ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ, ɪɚɫɬɜɨɪɢɬɟɥɶ ɨɬɝɨɧɹɥɢ ɜ ɪɨɬɨɪɧɨɦ ɢɫɩɚɪɢɬɟɥɟ ɩɪɢ 

ɨɫɬɚɬɨɱɧɨɦ ɞɚɜɥɟɧɢɢ 30 ɦɦ ɪɬ. ɫɬ. ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɜɵɲɟ 70°ɋ. Ⱦɥɹ ɩɨɥɭɱɟɧɧɵɯ ɫɜɟɬɥɵɯ 

ɇɉɋ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɰɜɟɬ ɩɨ ɣɨɞɨɦɟɬɪɢɱɟɫɤɨɣ ɲɤɚɥɟ, 

ɫɨɞɟɪɠɚɧɢɟ ɨɥɟɮɢɧɨɜɵɯ, ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ ɫ ɩɨɦɨɳɶɸ 1ɇ əɆɊ-

ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɫɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɦɟɬɨɞɨɦ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɟɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ.  

Ɇɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢ ɫɪɟɞɧɸɸ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɨɛɪɚɡɰɨɜ 

ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɟɦ ɯɪɨɦɚɬɨɝɪɚɮɟ Agilent PL-GPC 220, ɫɧɚɛɠɟɧɧɨɦ 

ɤɨɥɨɧɤɨɣ Styrogel HR 5E, ɜ ɤɚɱɟɫɬɜɟ ɷɥɸɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧ (ɌȽɎ), 

ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 1 ɦɥ/ɦɢɧ. 

ɋɬɟɩɟɧɶ ɝɢɞɪɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ 1ɇ əɆɊ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦ ɩɪɢ 

ɢɫɫɥɟɞɨɜɚɧɢɢ ɝɢɞɪɢɪɨɜɚɧɧɵɯ ɩɨɥɢɦɟɪɨɜ ɢ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ. ɋɬɟɩɟɧɶ 

ɝɢɞɪɢɪɨɜɚɧɢɹ ɨɥɟɮɢɧɨɜɵɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɮɪɚɝɦɟɧɬɨɜ ɜɵɱɢɫɥɹɥɢ ɩɨ ɮɨɪɦɭɥɚɦ (1) ɢ 

(2) [2,3] 

 

(1) 

(2) 

ɝɞɟ Șol, Șar – ɫɬɟɩɟɧɶ ɝɢɞɪɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɥɟɮɢɧɨɜɵɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɮɪɚɝɦɟɧɬɨɜ, %; , – ɢɧɬɟɝɪɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɢɝɧɚɥɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɨɛɥɚɫɬɢ ɞɥɹ ɩɪɨɞɭɤɬɚ ɢ ɫɵɪɶɹ. Ɉɛɥɚɫɬɶ ɨɥɟɮɢɧɨɜɵɯ ɩɪɨɬɨɧɨɜ ɩɪɨɬɨɧɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

4,0–6,5 ppm, ɚɪɨɦɚɬɢɱɟɫɤɢɯ – 6,5–8,0 ppm, ɚɥɢɮɚɬɢɱɟɫɤɢɯ – 1,0–4,0 ppm. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɨɛ ɚɤɬɢɜɧɨɫɬɢ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ɉɨ 

ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵ ɤɚɬɚɥɢɡɚɬɨɪɵ, 

ɫɢɧɬɟɡɢɪɭɟɦɵɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɇɉɋ ɜ ɤɚɱɟɫɬɜɟ ɷɦɭɥɶɝɢɪɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ. ɗɬɨ 

ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɫɨɫɬɚɜɟ Span ɢ ɇɉɋ (ɂɄ) ɩɪɢɫɭɬɫɬɜɭɟɬ ɤɢɫɥɨɪɨɞ, ɤɨɬɨɪɵɣ ɨɤɢɫɥɹɟɬ 

ɩɨɜɟɪɯɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ.  

 

 

 

 

;1001 
feed

ol

prod

ol

ol
S

S

;1001 
feed

ar

prod

ar

ar
S

S

prod

xS
feed

xS



379 

 

Ɍɚɛɥɢɰɚ 1. Ⱥɤɬɢɜɧɨɫɬɶ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ  

ɋɨɞɟɪɠɚɧɢɟ ɇɉɋ ɜ 
ɷɦɭɥɶɫɢɢ ɩɪɢ ɫɢɧɬɟɡɟ, % 

ɋɬɟɩɟɧɶ ɝɢɞɪɢɪɨɜɚɧɢɹ, % 

ɐɜɟɬ, ɦɝ 
I2/100 ɦɥ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɨɥɟɮɢɧɨɜɵɯ 

Span 80 

0 43.7 85.3 700 

2 35.9 88.8 2 

ɇɉɋ 

1 62.9 100.0 10 

2 50.7 61.4 7 

4 59.6 100.0 3 

6 64.1 100.0 7 

ɇɉɋ ɂɄ 

1 52.6 100.0 5 

2 42.5 100.0 10 

4 34.6 100.0 40 

6 42.5 100.0 7 

 

ɋɜɟɬɥɵɟ ɇɉɋ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜɹɠɭɳɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɰɜɟɬɧɵɯ ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɜ. ɋɦɨɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɭɬɟɦ ɝɢɞɪɢɪɨɜɚɧɢɹ, 

ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦɢ, ɬɚɤ ɤɚɤ ɢɦɟɸɬ ɫɜɟɬɥɵɣ ɰɜɟɬ, ɜɵɫɨɤɭɸ ɨɤɢɫɥɢɬɟɥɶɧɭɸ 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɫɨɥɧɟɱɧɨɝɨ ɫɜɟɬɚ.  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɂɇɏɋ ɊȺɇ (№79) ɜ ɪɚɦɤɚɯ Ƚɨɫɡɚɞɚɧɢɹ (ɬɟɦɚ 5). 
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ȺȾȾɂɌɂȼɇȺə ɉɈɅɂɆȿɊɂɁȺɐɂə ȾɂɐɂɄɅɈɉȿɇɌȺȾɂȿɇȺ ȼ 
ɉɊɂɋɍɌɋɌȼɂɂ N-ȽȿɌȿɊɈɐɂɄɅɂɑȿɋɄɂɏ ɄȺɊȻȿɇɈȼɕɏ Pd-

ɄɈɆɉɅȿɄɋɈȼ 

Ȼɟɪɦɟɲɟɜɚ ȿ.ȼ.1,2, ȼɨɡɧɹɤ Ⱥ.ɂ. 1, ɇɟɱɚɟɜ Ɇ.ɋ. 1,3, Ⱥɫɚɱɟɧɤɨ Ⱥ.Ɏ.1, Ɍɨɩɱɢɣ Ɇ.Ⱥ.1, 
Ƚɪɢɛɚɧɨɜ ɉ.ɋ.1, Ȼɟɪɦɟɲɟɜ Ɇ.ȼ.1,4 

ADDITIVE POLYMERIZATION OF DICYCLOPENTADIENE IN THE 

PRESENCE OF N-HETEROCYCLIC CARBENE Pd COMPLEXES 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: Janebp@ips.ac.ru 
2 ɉɟɪɜɵɣ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɦɟɞɢɰɢɧɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɂ.Ɇ. 

ɋɟɱɟɧɨɜɚ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, Ɇɨɫɤɜɚ 
3Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, ɏɢɦɢɱɟɫɤɢɣ 

ɮɚɤɭɥɶɬɟɬ, Ɇɨɫɤɜɚ 
4 Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, Ɇɨɫɤɜɚ 

 
ɍɜɟɥɢɱɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɬɢɥɟɧɚ ɢ ɩɪɨɩɢɥɟɧɚ,  ɧɚɛɥɸɞɚɟɦɨɟ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ, 

ɩɪɢɜɟɥɨ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɜɨɡɪɚɫɬɚɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ (ɐɉȾ) ɢ ɟɝɨ ɞɢɦɟɪɚ 

– ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ (ȾɐɉȾ), ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɧɚ 

ɭɫɬɚɧɨɜɤɚɯ ɩɢɪɨɥɢɡɚ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ. Ɉɞɧɚ ɢɡ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɠɢɞɤɢɯ 

ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɹɜɥɹɟɬɫɹ ɢɯ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ 

ɫɦɨɥ, ɤɨɬɨɪɵɟ ɤɚɤ ɩɪɚɜɢɥɨ, ɬɟɪɦɨɩɥɚɫɬɢɱɧɵ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɦɹɝɱɟɧɢɹ ɷɬɢɯ ɩɨɥɢɦɟɪɨɜ 

ɧɚɯɨɞɹɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɬ 60 ɞɨ 150°ɋ. ɗɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɞɥɹ ɫɢɧɬɟɡɚ ɬɚɤɢɯ ɫɦɨɥ ɫɵɪɶɟ, ɫɨɞɟɪɠɚɳɟɟ ɧɟ ɦɟɧɟɟ 30 % ɧɟɩɪɟɞɟɥɶɧɵɯ 

ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ɏɪɚɤɰɢɢ ɋ5+, ɋ9+ ɩɢɪɨɥɢɡɚ ɫɨɞɟɪɠɚɬ ɜ ɫɜɨɟɦ 

ɫɨɫɬɚɜɟ ɞɨ 15-30% ɐɉȾ ɢ ȾɐɉȾ. ɇɟ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɐɉȾ ɫɨɞɟɪɠɢɬɫɹ ɜ 

ɚɧɚɥɨɝɢɱɧɨɦ ɤɨɤɫɨɯɢɦɢɱɟɫɤɨɦ ɫɵɪɶɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɐɉȾ ɢ ȾɐɉȾ ɜ Ɋɨɫɫɢɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɥɢɲɶ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɬɢɥɟɧ-ɩɪɨɩɢɥɟɧ-

ɞɢɟɧɨɜɵɯ ɤɚɭɱɭɤɨɜ, ɚɞɚɦɚɧɬɚɧɚ, ɦɟɬɚɥɥɨɰɟɧɨɜ, ɩɟɫɬɢɰɢɞɨɜ ɢ ɢɧɫɟɤɬɢɰɢɞɨɜ, 

ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ, ɩɨɥɢɷɮɢɪɧɵɯ ɨɥɢɝɨɦɟɪɨɜ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɯ 

ɧɚɭɤɨɟɦɤɢɯ ɩɭɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ȾɐɉȾ, ɨɫɜɨɟɧɧɵɯ ɡɚ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɜ ɦɢɪɟ, 

ɹɜɥɹɟɬɫɹ ɟɝɨ ɦɟɬɚɬɟɡɢɫɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɩɨɥɭɱɚɟɬɫɹ 

ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɣ ɩɨɥɢɦɟɪ ɫ ɭɧɢɤɚɥɶɧɵɦɢ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ: ɧɢɡɤɨɣ 

ɩɥɨɬɧɨɫɬɶɸ, ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɩɪɢ ɜɵɫɨɤɢɯ ɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, 

ɫɬɨɣɤɨɫɬɶɸ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ. ɉɨɫɤɨɥɶɤɭ ȾɐɉȾ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 

ɢɦɟɟɬ ɧɚɩɪɹɠɟɧɧɵɣ ɰɢɤɥ, ɚ ɬɚɤɠɟ ɞɜɟ ɧɟɩɪɟɞɟɥɶɧɵɟ ɫɜɹɡɢ ɧɨɪɛɨɪɧɟɧɨɜɭɸ ɢ 

ɰɢɤɥɨɩɟɧɬɟɧɨɜɭɸ, ɬɨ ɦɟɯɚɧɢɡɦ ɟɝɨ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɦɧɨɝɨɫɬɚɞɢɣɧɵɦ ɢ 

ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ  ɪɟɚɤɰɢɢ ɩɨɥɢɩɪɢɫɨɟɞɢɧɟɧɢɹ ɢ ɪɚɫɤɪɵɬɢɹ ɰɢɤɥɚ. ɇɨɪɛɨɪɧɟɧ ɢ ɟɝɨ 

ɩɪɨɢɡɜɨɞɧɵɟ ɫɩɨɫɨɛɧɵ ɩɨɥɢɦɟɪɢɡɨɜɚɬɶɫɹ ɧɟ ɬɨɥɶɤɨ ɩɨ ɦɟɬɚɬɟɡɢɫɧɨɣ ɫɯɟɦɟ, ɤɨɬɨɪɚɹ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ  ɪɚɫɤɪɵɬɢɟ ɰɢɤɥɚ ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɟɩɪɟɞɟɥɶɧɵɯ 
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ɩɨɥɢɰɢɤɥɨɩɟɧɬɢɥɟɧɜɢɧɢɥɟɧɨɜ, ɚ ɬɚɤɠɟ  ɩɨ ɚɞɞɢɬɢɜɧɨɣ ɫɯɟɦɟ. Ⱥɞɞɢɬɢɜɧɚɹ 

ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɛɢɰɢɤɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, ɬɨ ɟɫɬɶ ɫ 

ɪɚɫɤɪɵɬɢɟɦ ɬɨɥɶɤɨ ɤɨɦɩɨɧɟɧɬɵ ɞɜɨɣɧɨɣ ɫɜɹɡɢ, ɩɪɢɜɨɞɹɳɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɬɪɭɤɬɭɪ c 

ɧɚɫɵɳɟɧɧɵɦɢ ɨɫɧɨɜɧɵɦɢ ɰɟɩɹɦɢ (ɫɯɟɦɚ 1). 

[Pd]
n

 

ɋɯɟɦɚ 1 Ⱥɞɞɢɬɢɜɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ȾɐɉȾ 

 

Ⱦɨ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɚɞɞɢɬɢɜɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɛɵɥɚ 

ɢɫɫɥɟɞɨɜɚɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɡɥɢɱɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ [1-3], ɨɞɧɚɤɨ ɜ ɞɚɧɧɵɯ 

ɪɚɛɨɬɚɯ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɭɞɟɥɹɥɨɫɶ ɜɧɢɦɚɧɢɟ ɢɡɭɱɟɧɢɸ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɫɢɧɬɟɡɢɪɭɟɦɨɝɨ ɚɞɞɢɬɢɜɧɨɝɨ ɩɨɥɢɞɢɰɢɤɥɩɟɧɬɚɞɢɟɧɚ ɢ ɷɬɨɬ ɩɨɥɢɦɟɪ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 

ɹɜɥɹɟɬɫɹ ɦɚɥɨ ɢɡɭɱɟɧɧɵɦ. ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɫɤɚɡɚɧɧɵɦ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɩɨɢɫɤ ɷɮɮɟɤɬɢɜɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɞɥɹ ɚɞɞɢɬɢɜɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɢ ɢɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɩɨɥɭɱɚɸɳɟɝɨɫɹ ɩɨɥɢɦɟɪɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ 

ɜɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɥɢ ɚɞɞɢɬɢɜɧɭɸ ɩɨɥɢɦɟɪɢɡɚɰɢɸ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɜɵɫɨɤɨɚɤɬɢɜɧɵɯ N-ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ Pd-ɤɨɦɩɥɟɤɫɨɜ, ɚɤɬɢɜɢɪɭɟɦɵɯ ɛɨɪɚɬɨɦ 

(Na+[B(3,5-(CF3)2C6H5)4]
- (NaBARF)) (Ɋɢɫ.1). 
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Ɋɢɫ. 1. ɋɬɪɨɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɢɡɭɱɟɧɧɵɯ ɜ ɪɚɛɨɬɟ Pd-ɤɨɦɩɥɟɤɫɨɜ. 

 ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɬɪɨɟɧɢɹ 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ Pd-ɤɨɦɩɥɟɤɫɚ, ɫɬɟɪɢɱɟɫɤɨɣ ɡɚɝɪɭɠɟɧɧɨɫɬɢ N-ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦɢ 

ɥɢɝɚɧɞɚɦɢ, ɚ ɬɚɤ ɠɟ ɨɬ ɧɚɫɵɳɟɧɧɨɫɬɢ ɤɚɪɛɟɧɨɜɨɝɨ ɥɢɝɚɧɞɚ. Ⱥɤɬɢɜɧɨɫɬɶ ɢɡɭɱɟɧɧɵɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɞɨɫɬɢɝɚɥɚ ɜɟɥɢɱɢɧɵ 1·104 ɝɩɨɥɢɦɟɪɚ/(ɦɨɥɶPd·ɱ). Ȼɵɥɨ ɬɚɤɠɟ 

ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ. 
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Ɉɤɚɡɚɥɚɫɶ, ɱɬɨ ɩɪɢɪɨɞɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ. Ɇɚɤɫɢɦɚɥɶɧɚɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɛɵɥɚ ɞɨɫɬɢɝɧɭɬɚ ɩɪɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ 1,2-ɞɢɯɥɨɪɷɬɚɧɟ 

(Ⱦɏɗ). Ⱥɞɞɢɬɢɜɧɵɟ ɩɨɥɢɦɟɪɵ ɧɚ ɨɫɧɨɜɟ ȾɐɉȾ ɩɨɥɭɱɟɧɵ ɫ ɜɵɯɨɞɚɦɢ ɞɨ 97%. 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɚɞɞɢɬɢɜɧɵɣ ɩɨɥɢɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧ ɹɜɥɹɟɬɫɹ ɚɦɨɪɮɧɵɦ, 

ɫɬɟɤɥɨɨɛɪɚɡɧɵɦ ɢ ɦɢɤɪɨɩɨɪɢɫɬɵɦ ɩɨɥɢɦɟɪɨɦ. ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɷɬɨɝɨ ɩɨɥɢɦɟɪɚ 

ɫɨɫɬɚɜɥɹɟɬ 320 ɦ2/ɝ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ Ɋɨɫɫɢɣɫɤɨɝɨ ɇɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɋɨɝɥɚɲɟɧɢɟ №. 17-19-

0595). 
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ɉɨɥɢɷɬɢɥɟɧ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦ ɜ ɦɢɪɟ ɩɨɥɢɨɥɟɮɢɧɨɦ. 

ɉɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɟɝɨ ɨɫɧɨɜɟ, ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ 

ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ 

ɯɢɦɢɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɩɨɥɢɦɟɪ-ɩɨɥɢɦɟɪɧɵɯ 

ɫɦɟɫɟɣ ɫ ɦɭɥɶɬɢɦɨɞɚɥɶɧɵɦ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɧɚ ɨɫɧɨɜɟ 

ɩɨɥɢɷɬɢɥɟɧɚ. Ɍɚɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɲɢɪɹɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɦɨɞɢɮɢɤɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɢ 

ɭɥɭɱɲɟɧɢɹ ɫɜɨɣɫɬɜ ɩɨɥɢɨɥɟɮɢɧɚ ɡɚ ɫɱɟɬ ɩɪɢɞɚɧɢɹ ɦɚɬɟɪɢɚɥɭ ɫɜɨɣɫɬɜ ɤɚɠɞɨɝɨ ɢɡ 

ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɦɚɬɟɪɢɚɥɵ, ɜɤɥɸɱɚɸɳɢɟ 

ɫɜɟɪɯɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɩɨɥɢɷɬɢɥɟɧ (ɋȼɆɉɗ) ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ≥ 1×106, 

ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɤɨɦɩɥɟɤɫɨɦ ɭɧɢɤɚɥɶɧɵɯ ɫɜɨɣɫɬɜ (ɜɵɫɨɤɢɟ ɭɞɚɪɧɵɟ, ɞɟɮɨɪɦɚɰɢɨɧɧɨ-

ɩɪɨɱɧɨɫɬɧɵɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɬ.ɞ.). ȼɵɫɨɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɫɩɥɚɜɚ ɡɚɬɪɭɞɧɹɟɬ ɤɚɤ 

ɩɟɪɟɪɚɛɨɬɤɭ ɷɬɨɝɨ ɭɧɢɤɚɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɢɡɞɟɥɢɹ, ɬɚɤ ɢ ɜɜɟɞɟɧɢɟ ɋȼɆɉɗ ɜ 

ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɪɢɰɵ ɬɪɚɞɢɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɫɦɟɲɟɧɢɹ ɜ ɪɚɫɩɥɚɜɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɪɚɡɜɢɜɚɸɬɫɹ ɧɨɜɵɟ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ 

ɫɢɧɬɟɡɟ ɩɭɬɟɦ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɦɧɨɝɨɫɬɚɞɢɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɝɨɦɨ- ɢ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɨɥɟɮɢɧɨɜ ɧɚ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɦɭɥɶɬɢɪɟɚɤɬɨɪɧɵɯ ɫɯɟɦ [1, 2]. Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɬɚɤɢɯ “ɪɟɚɤɬɨɪɧɵɯ” ɦɟɬɨɞɨɜ 

ɧɚɪɹɞɭ ɫ ɞɪɭɝɢɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɦɟɲɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ 

ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɣ, ɪɟɚɤɬɨɪɧɵɯ ɫɦɟɫɟɣ (Ɋɋ) ɧɚ ɨɫɧɨɜɟ 

ɩɨɥɢɦɟɪɨɜ ɫɨ ɫɜɟɪɯɜɵɫɨɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ. ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɩɨɥɭɱɟɧɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɫɢɧɬɟɡɟ ɩɨɥɢɦɟɪ-ɩɨɥɢɦɟɪɧɵɯ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ ɋȼɆɉɗ 

ɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ  ɩɨɥɢɷɬɢɥɟɧɚ (ɇɆɉɗ) ɩɭɬɟɦ ɞɜɭɯɫɬɚɞɢɣɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɧɚ ɦɟɬɚɥɥɨɰɟɧɨɜɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ɢ ɢɡɭɱɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɢ ɫɜɨɣɫɬɜ 

ɩɨɥɭɱɟɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɩɪɨɞɭɤɬɨɜ. 

ɋɢɧɬɟɡ ɫɦɟɫɟɣ ɋȼɆɉɗ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɭɬɟɦ ɞɜɭɯɫɬɚɞɢɣɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ ɪɚɰ-(CH3)2Si(Ind)2ZrCl2/ɆȺɈ, ɤɨɬɨɪɵɣ 

ɋ-II-12 
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ɫɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɟɦɧɨɝɢɯ ɦɟɬɚɥɥɨɰɟɧɨɜɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɬɨɪɵɯ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɨɛɪɚɡɭɟɬɫɹ ɋȼɆɉɗ [3, 4]. ȼɵɛɨɪ ɭɫɥɨɜɢɣ ɫɬɚɞɢɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ [4]. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɦɟɫɟɣ 

ɋȼɆɉɗ/ɇɆɉɗ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɩɪɢ 30 0ɋ ɩɪɨɜɨɞɢɥɢ ɩɨɥɢɦɟɪɢɡɚɰɢɸ ɷɬɢɥɟɧɚ ɫ 

ɩɨɥɭɱɟɧɢɟɦ ɡɚɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɋȼɆɉɗ ɫ Ɇw = 1×106 ɝ/ɦɨɥɶ, ɡɚɬɟɦ ɩɨɞɧɢɦɚɥɢ 

ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɞɨ 70 0ɋ ɢ ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɉɗ ɫ Ɇw = 160000 ɝ/ɦɨɥɶ. Ɍɚɤɠɟ 

ɩɪɢɦɟɧɹɥɚɫɶ ɫɯɟɦɚ ɫɢɧɬɟɡɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɦɟɧɹɥɚɫɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɬɚɞɢɣ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɫɦɟɫɢ ɧɚ ɨɫɧɨɜɟ ɋȼɆɉɗ ɢɥɢ ɧɚ ɨɫɧɨɜɟ ɇɆɉɗ (Ɍɚɛɥɢɰɚ). 

ɋɨɞɟɪɠɚɧɢɟ ɮɪɚɤɰɢɢ ɇɆɉɗ ɜ ɫɦɟɫɹɯ ɦɟɧɹɥɢ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 23 ɞɨ 70 ɦɚɫɫ.%.  

  

Ɍɚɛɥɢɰɚ. ɋɨɫɬɚɜ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɚɤɬɨɪɧɵɯ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ ɋȼɆɉɗ ɢ ɇɆɉɗ.  

ɋȼɆɉɗ 

ɦɚɫ.% 

ɇɆɉɗ 

ɦɚɫ.% 

ȾɋɄ  

(2 ɩɥɚɜɥɟɧɢɟ) 

Ⱦɟɮɨɪɦɚɰɢɨɧɧɨ-ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ 

Ɍɩɥ, 
0ɋ 

Χ, 

 % 

ıɌ,  

Ɇɉɚ 

İɌ, 

 % 

ıɪ,  

Ɇɉɚ 

İɪ,  

% 

ȿɊ, Ɇɉɚ 

ɋȼɆɉɗ/ɇɆɉɗ 

100 0 140 54.3 23.2±0.2 10.1±0.2 39.3±5.1 619±49 1000±75 

30 70 134.7 67.2 23.8±0.8 10.2±0.4 34.6±1.6 650±72 1020±30 

50 50 133.8 64.2 24.2±0.2 8.7±0.1 30.7±1.1 620±15 1080±30 

77 23 134.1 63.4 22.6± 10.6±0,5 35.0±1,3 570±18 940±60 

ɇɆɉɗ/ɋȼɆɉɗ 

0 100 134.6 62.2 26.2±0.6 8.3±0.5 33.0±2.4 800±31 1230±30 

30 70 135.4 64.7 24.8±0.3 9.2±0.1 31.5±1.6 850±22 1100±40 

50 50 134.2 62.6 24.2±0,6 10.1±0,4 27.2±2,5 606.5±52 1010±50 

77 23 134.8 58.0 22.4±0.4 10.0±0.3 39.0±3.4 690±31 880±20  
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɬɚɞɢɣ ɜɥɢɹɟɬ ɧɚ ɦɨɪɮɨɥɨɝɢɸ ɱɚɫɬɢɰ 

ɩɨɥɢɦɟɪɧɨɝɨ ɩɪɨɞɭɤɬɚ. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɵ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɪɨɲɤɨɜ Ɋɋ 

ɨɞɢɧɚɤɨɜɨɝɨ ɫɨɫɬɚɜɚ. Ⱥ ɢ ȼ – ɩɨɪɨɲɨɤ ɋȼɆɉɗ, ɫ ɜɜɟɞɟɧɧɵɦ ɜ ɧɟɝɨ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɦ 

ɉɗ ɩɪɢ ɩɹɬɢɤɪɚɬɧɨɦ ɭɜɟɥɢɱɟɧɢɢ, C ɢ D ɩɨɪɨɲɨɤ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɉɗ, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɋȼɆɉɗ ɩɪɢ ɞɟɫɹɬɢɤɪɚɬɧɨɦ ɭɜɟɥɢɱɟɧɢɢ. ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ 
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ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɟɟ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɣ ɦɚɬɟɪɢɚɥ. ɗɬɨ ɨɫɨɛɟɧɧɨ ɜɢɞɧɨ ɩɪɢ ɫɪɚɜɧɟɧɢɢ 

ɮɨɬɨɝɪɚɮɢɣ ȼ ɢ D ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ ɩɨɪɨɲɤɨɜ. 

     
Ɋɢɫ. 1. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɱɚɫɬɢɰ ɩɨɥɢɦɟɪ-ɩɨɥɢɦɟɪɧɵɯ ɪɟɚɤɬɨɪɧɵɯ ɫɦɟɫɟɣ 

ɋȼɆɉɗ/ɇɆɉɗ ɩɪɢ ɩɹɬɢɤɪɚɬɧɨɦ ɭɜɟɥɢɱɟɧɢɢ (Ⱥ, B) ɢ ɇɆɉɗ/ɋȼɆɉɗ ɩɪɢ 

ɞɟɫɹɬɢɤɪɚɬɧɨɦ ɭɜɟɥɢɱɟɧɢɢ (C, D). ɋɨɞɟɪɠɚɧɢɟ ɮɪɚɤɰɢɢ ɇɆɉɗ 70 ɦɚɫ. %. 

Ⱥ ɢ ɋ – ɩɨɪɨɲɤɢ ɜ ɦɚɫɫɟ; B ɢ D – ɨɬɞɟɥɶɧɵɟ ɱɚɫɬɢɰɵ ɩɨɪɨɲɤɨɜ 

 

ɂɡɭɱɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ Ɋɋ ɦɟɬɨɞɨɦ ȾɋɄ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɧɚ ȾɋɄ ɤɪɢɜɵɯ ɜɫɟɯ 

ɨɛɪɚɡɰɨɜ ɩɪɢɫɭɬɫɬɜɭɟɬ ɟɞɢɧɢɱɧɵɣ ɩɢɤ ɩɥɚɜɥɟɧɢɹ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɣ ɨ ɧɚɥɢɱɢɢ 

ɟɞɢɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. ɂɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ, ɜɢɞɧɨ, ɱɬɨ 

ɩɨɜɵɲɟɧɢɟ ɞɨɥɢ ɮɪɚɤɰɢɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɉɗ ɜ ɋȼɆɉɗ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɨɬ 54.3 % ɞɨ 67.2 % ɢ, ɧɚɨɛɨɪɨɬ, ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɩɪɨɰɟɫɫɟ 

ɫɢɧɬɟɡɚ ɋȼɆɉɗ ɜ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɉɗ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶ ɫɦɟɫɢ ɫɧɢɠɚɟɬɫɹ. ȼ ɨɛɨɢɯ 

ɫɥɭɱɚɹɯ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɫɦɟɫɢ ɜɵɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ. ɗɬɨ 

ɫɜɹɡɚɧɨ ɫ ɦɨɞɢɮɢɤɚɰɢɟɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ, 

ɢɡɦɟɧɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɨɜ ɧɚɞɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ. Ɋɚɡɦɟɪɵ 

ɥɚɦɟɥɟɣ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɩɪɢɛɥɢɠɟɧɧɨɦɭ ɭɪɚɜɧɟɧɢɸ Ɍɨɦɫɨɧɚ-Ƚɢɛɛɫɚ, ɦɟɧɹɥɢɫɶ ɨɬ 

40.6 ɧɦ ɞɥɹ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɋȼɆɉɗ ɞɨ 18 ɧɦ ɞɥɹ ɫɦɟɫɢ ɋȼɆɉɗ/ɇɆɉɗ ɫ 77 ɦɚɫ. 

% ɇɆɉɗ. 

Ⱥ C 

B D 
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ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɫɨɫɬɚɜɨɜ Ɋɋ ɧɚ ɢɯ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ. 

ɉɪɨɢɫɯɨɞɢɬ ɧɟɤɨɬɨɪɨɟ ɢɡɦɟɧɟɧɢɟ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ (ȿ), ɩɪɟɞɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ 

ɪɚɡɪɵɜɟ (ıɪ) ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɩɪɢ ɪɚɡɪɵɜɟ (İɪ), ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɟɞɟɥ 

ɬɟɤɭɱɟɫɬɢ (ıɌ) ɦɚɬɟɪɢɚɥɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ. ɇɟɬ ɱɟɬɤɢɯ ɞɚɧɧɵɯ ɨ ɜɥɢɹɧɢɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɬɚɞɢɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɪɢ ɫɢɧɬɟɡɟ ɪɟɚɤɬɨɪɧɵɯ ɫɦɟɫɟɣ ɧɚ ɢɯ 

ɫɜɨɣɫɬɜɚ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɇɆɉɗ/ɋȼɆɉɗ ɩɪɨɹɜɥɹɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ 

ɩɥɚɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ȿ, ɱɟɦ ɋȼɆɉɗ/ɇɆɉɗ. 

ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɫɪɚɜɧɢɜɚɬɶ ɦɚɬɟɪɢɚɥɵ, ɫɨɞɟɪɠɚɳɢɟ 30 ɦɚɫ. % ɋȼɆɉɗ, ɬɨ ɜɢɞɧɨ, ɱɬɨ 

ɜɟɥɢɱɢɧɚ İɪ ɞɥɹ ɇɆɉɗ/ɋȼɆɉɗ ɫɨɫɬɚɜɥɹɟɬ 850±22 % ɢ ɩɪɟɜɵɲɚɟɬ İɪ ɧɟ ɬɨɥɶɤɨ 

ɋȼɆɉɗ/ɇɆɉɗ ɬɨɝɨ ɠɟ ɫɨɫɬɚɜɚ (650±72 %), ɧɨ ɢ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɇɆɉɗ (800±31 

%). ɗɬɨɬ ɦɚɬɟɪɢɚɥ ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ 

(1100±40 % Ɇɉɚ), ɧɨ ɩɨ ɩɪɨɱɧɨɫɬɢ ɜ 31.5±1.6 Ɇɉɚ ɭɫɬɭɩɚɟɬ ɫɦɟɫɢ ɋȼɆɉɗ/ɇɆɉɗ 

(34.6±1.6 Ɇɉɚ). ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜɜɟɞɟɧɢɟ ɜ ɇɆɉɗ 77 ɦɚɫ. % ɋȼɆɉɗ (ɫɦɟɫɶ 

ɇɆɉɗ/ɋȼɆɉɗ) ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɭɱɟɧɢɸ ɦɚɬɟɪɢɚɥɚ ɫ ɜɟɥɢɱɢɧɨɣ ıɪ ɜ 39.0±3.4 Ɇɉɚ 

ɪɚɜɧɨɣ ıɪ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɋȼɆɉɗ (39.3±5.1 Ɇɉɚ). 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ Ɋɨɫɫɢɣɫɤɨɝɨ Ɏɨɧɞɚ Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɂɫɫɥɟɞɨɜɚɧɢɣ  (ɦɨɥ_ɚ № 18-33-00825). 
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ɆɈȾɂɎɂɄȺɐɂə ɉɈɅɈȼɈɅɈɄɈɇɇɕɏ ɉɈɅɂɋɍɅɖɎɈɇɈȼɕɏ 
ɆȿɆȻɊȺɇ ɇȺɇɈɎɂȻɊɂɅɅəɊɇɈɃ ɐȿɅɅɘɅɈɁɈɃ 

Ⱥɧɨɯɢɧɚ Ɍ.ɋ.1, Ȼɚɠɟɧɨɜ ɋ.Ⱦ.1, ȼɚɫɢɥɟɜɫɤɢɣ ȼ.ɉ.1, ɉɟɬɪɨɜɚ Ⱦ.Ⱥ.2, ȼɢɧɨɤɭɪɨɜ ȼ.Ⱥ.2, 
ȼɨɥɤɨɜ Ⱥ.ȼ.1  

MODIFICATION OF HOLLOW FIBER POLYSULFONE MEMBRANES WITH 

CELLULOSE NANOFIBRILS 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: tsanokhina@ips.ac.ru 
2 Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. 

Ƚɭɛɤɢɧɚ», Ɇɨɫɤɜɚ 

 

ȼ ɩɪɨɰɟɫɫɟ ɞɨɛɵɱɢ ɧɟɮɬɢ ɢ ɟɟ ɩɟɪɟɪɚɛɨɬɤɢ ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɦɚɫɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ, ɤɨɬɨɪɵɟ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɸɬ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 

[1]. Ɉɛɴɟɦ ɬɚɤɢɯ ɜɨɞ ɟɠɟɝɨɞɧɨ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 1500 ɤɦ3 [2]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɝɪɨɦɧɨɟ 

ɜɧɢɦɚɧɢɟ ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɧɚ ɢɯ ɨɱɢɫɬɤɟ. Ɍɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɢɦɟɸɬ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ ɫ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɜɵɫɨɤɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ ɢ ɤɪɭɩɧɵɯ ɝɚɛɚɪɢɬɨɜ 

ɨɱɢɫɬɧɵɯ ɭɫɬɚɧɨɜɨɤ. ɉɨɷɬɨɦɭ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɜɵɡɵɜɚɸɬ 

ɛɚɪɨɦɟɦɛɪɚɧɧɵɟ ɩɪɨɰɟɫɫɵ: ɦɢɤɪɨɮɢɥɶɬɪɚɰɢɹ, ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɹ, ɧɚɧɨɮɢɥɶɬɪɚɰɢɹ ɢ 

ɨɛɪɚɬɧɵɣ ɨɫɦɨɫ [3-5].  

ɍɥɶɬɪɚɮɢɥɶɬɪɚɰɢɹ (ɍɎ) - ɩɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɹ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɢ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɥɟɤɬɢɜɧɵɯ ɦɟɦɛɪɚɧ, 

ɩɪɨɩɭɫɤɚɸɳɢɯ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɬɨɥɶɤɨ ɦɨɥɟɤɭɥɵ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ [4]. 

Ɋɚɡɦɟɪ ɩɨɪ ɍɎ-ɦɟɦɛɪɚɧ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 1 ɞɨ 100 ɧɦ [6]. Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ 

ɩɪɢɦɟɧɹɟɦɵɯ ɩɨɥɢɦɟɪɨɜ ɞɥɹ ɝɢɞɪɨɮɨɛɧɵɯ ɍɎ-ɦɟɦɛɪɚɧ ɹɜɥɹɟɬɫɹ ɩɨɥɢɫɭɥɶɮɨɧ (ɉɋɎ), 

ɬɚɤ ɤɚɤ ɨɧ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶɸ ɢ ɫɬɨɣɤɨɫɬɶɸ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 

pH. Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɝɢɞɪɨɮɨɛɧɵɯ ɉɋɎ-ɦɟɦɛɪɚɧ – ɡɚɝɪɹɡɧɟɧɢɟ ɢɯ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢɥɢ ɨɛɴɟɦɚ ɩɨɪ, ɡɚ ɫɱɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɢɦɟɪɚ ɫ ɜɵɞɟɥɹɟɦɵɦ 

ɜɟɳɟɫɬɜɨɦ, ɫɨɞɟɪɠɚɳɟɦɫɹ ɜ ɜɨɞɟ ɩɪɢ ɟɟ ɨɱɢɫɬɤɟ. Ɋɟɲɟɧɢɟɦ ɬɚɤɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɟɬ 

ɭɜɟɥɢɱɟɧɢɟ ɢɯ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ. ɉɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɦɨɠɟɬ ɛɵɬɶ ɬɚɤɨɣ ɛɢɨ-

ɧɚɧɨɦɚɬɟɪɢɚɥ, ɤɚɤ ɧɚɧɨɰɟɥɥɸɥɨɡɚ (ɇɐ). ȼɜɟɞɟɧɢɟ ɇɐ – ɜ ɜɢɞɟ ɰɟɥɥɸɥɨɡɧɵɯ 

ɧɚɧɨɮɢɛɪɢɥɥ (ɐɇɎ) ɢɥɢ ɧɚɧɨɤɪɢɫɬɚɥɥɨɜ (ɐɇɄ) – ɜ ɩɥɨɫɤɢɟ ɦɟɦɛɪɚɧɵ ɢɡ ɉɋɎ, ɛɨɥɟɟ 

ɱɟɦ ɜɞɜɨɟ ɭɜɟɥɢɱɢɜɚɟɬ ɢɯ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɩɨ ɜɨɞɟ, ɫɨɯɪɚɧɹɹ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɛɵɱɶɟɦɭ ɫɵɜɨɪɨɬɨɱɧɨɦɭ ɚɥɶɛɭɦɢɧɭ [7-9], ɩɪɢ ɷɬɨɦ ɫɬɟɩɟɧɶ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɨɬɨɤɚ ɩɨɫɥɟ ɍɎ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 50 (ɢɫɯɨɞɧɚɹ ɦɟɦɛɪɚɧɚ) ɞɨ 75 % 

(ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ ɇɐ) [8]. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɥɢɬɟɪɚɬɭɪɟ 

ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ ɩɨ ɦɨɞɢɮɢɤɚɰɢɢ ɧɚɧɨɰɟɥɥɸɥɨɡɨɣ ɍɎ ɦɟɦɛɪɚɧ ɢɡ ɉɋɎ ɜ ɜɢɞɟ 

ɩɨɥɵɯ ɜɨɥɨɤɨɧ – ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɬɢɩɚ ɦɟɦɛɪɚɧ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 
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ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɦɨɞɢɮɢɤɚɰɢɹ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɉɋɎ 

ɦɟɦɛɪɚɧ ɰɟɥɥɸɥɨɡɧɵɦɢ ɧɚɧɨɮɢɛɪɢɥɥɚɦɢ.  

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɨɜ ɢ ɮɨɪɦɨɜɤɢ ɦɟɦɛɪɚɧ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɟɬɨɞɢɤɚ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɪɚɛɨɬɚɯ [10-11], ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ ɜɜɟɞɟɧɢɟɦ ɧɚɧɨɰɟɥɥɸɥɨɡɵ 

ɫɩɨɫɨɛɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɢɠɟ. Ɏɨɪɦɨɜɨɱɧɵɟ ɪɚɫɬɜɨɪɵ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɢɡ 

ɫɥɟɞɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ: ɦɟɦɛɪɚɧɨɨɛɪɚɡɭɸɳɢɣ ɩɨɥɢɦɟɪ - ɉɋɎ ɜ ɝɪɚɧɭɥɚɯ (BASF 

Ultrason® S 6010), ɪɚɫɬɜɨɪɢɬɟɥɶ - N-ɦɟɬɢɥɩɢɪɪɨɥɢɞɨɧ (ɇɆɉ, Acros Organics 99% extra 

pure), ɩɨɪɨɨɛɪɚɡɭɸɳɚɹ ɞɨɛɚɜɤɚ - ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ ɫɨ ɫɪɟɞɧɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 

400 ɝ/ɦɨɥɶ (ɉɗȽ-400, Acros Organics), ɦɨɞɢɮɢɤɚɬɨɪ – ɝɟɥɶ ɐɇɎ ɜ N-ɦɟɬɢɥɩɢɪɪɨɥɢɞɨɧɟ. 

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦɨɜɨɱɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɦɟɫɶ ɉɋɎ ɢ ɉɗȽ-400 ɜ 

ɦɚɫɫɨɜɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 1:1,25. ɗɬɭ ɫɦɟɫɶ ɩɨɦɟɳɚɥɢ ɜ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɭɸ ɟɦɤɨɫɬɶ ɢ 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɭɫɥɨɜɢɹɯ (ɬɟɦɩɟɪɚɬɭɪɚ 70°ɋ, ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 

150 ɨɛ/ɦɢɧ) ɜ ɬɟɱɟɧɢɟ ɱɚɫɚ. ɉɨɫɥɟ ɷɬɨɝɨ ɜ ɫɦɟɫɶ ɞɨɛɚɜɥɹɥɢ ɝɟɥɶ ɐɇɎ, ɡɚɬɟɦ ɞɨɥɢɜɚɥɢ 

ɪɚɫɬɜɨɪɢɬɟɥɶ (ɇɆɉ) ɜ ɬɚɤɢɯ ɩɪɨɩɨɪɰɢɹɯ, ɱɬɨɛɵ ɦɚɫɫɚ ɝɟɥɹ ɫɨɫɬɚɜɥɹɥɚ 1 ɢɥɢ 5% ɦɚɫɫ. ɨɬ 

ɦɚɫɫɵ ɫɭɯɨɝɨ ɉɋɎ, ɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɉɋɎ ɜ ɪɟɡɭɥɶɬɢɪɭɸɳɟɦ ɪɚɫɬɜɨɪɟ ɫɨɫɬɚɜɥɹɥɚ 23,9% 

ɦɚɫɫ. Ⱦɚɥɟɟ ɭɜɟɥɢɱɢɜɚɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɨɣ ɟɦɤɨɫɬɢ ɞɨ 120 °ɋ ɢ 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɭɫɥɨɜɢɹɯ (ɫɤɨɪɨɫɬɶ 500 ɨɛ/ɦɢɧ) ɜ ɬɟɱɟɧɢɟ 4-5 ɱ, ɩɨɫɥɟ 

ɱɟɝɨ ɨɯɥɚɠɞɚɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ɋɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɨɜ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɩɨ 

ɨɩɪɟɞɟɥɟɧɢɸ ɢɯ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ (ɜɢɫɤɨɡɢɦɟɬɪ Ȼɪɭɤɮɢɥɶɞɚ Brookfield DV2T-RV 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɩɢɧɞɟɥɹ RV-07 ɫɨ ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ 100 ɨɛ/ɦɢɧ) ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ (23ɋ). ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɹɡɤɨɫɬɶ ɪɚɫɬɜɨɪɨɜ ɉɋɎ ɫ ɝɟɥɟɦ ɐɇɎ, ɛɵɥɚ 

ɫɪɚɜɧɢɦɚ ɫ ɜɹɡɤɨɫɬɶɸ ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɦɚɬɪɢɱɧɨɝɨ ɩɨɥɢɦɟɪɚ, ɢ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ 

ɩɪɟɞɟɥɚɯ 32500 ± 1500 ɫɉɡ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɩɪɢɜɟɥ ɤ ɬɨɦɭ, ɱɬɨ ɧɚ ɷɬɚɩɟ ɮɨɪɦɨɜɚɧɢɹ 

ɜɨɥɨɤɧɚ ɧɟ ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɦɟɬɨɞɢɤɢ ɩɨɥɭɱɟɧɢɹ 

ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɦɟɦɛɪɚɧ. ɉɟɪɟɞ ɮɨɪɦɨɜɚɧɢɟɦ ɜɹɡɤɨɫɬɶ ɮɨɪɦɨɜɨɱɧɵɯ ɪɚɫɬɜɨɪɨɜ 

ɩɨɧɢɠɚɥɢ ɩɭɬɟɦ ɧɚɝɪɟɜɚ ɞɨ 120 °ɋ, ɩɨɫɥɟ ɱɟɝɨ ɪɚɫɬɜɨɪɵ ɮɢɥɶɬɪɨɜɚɥɢ ɱɟɪɟɡ ɫɟɬɤɭ ɢɡ 

ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɫ ɪɚɡɦɟɪɨɦ ɹɱɟɣɤɢ 4-5 ɦɤɦ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɚɡɨɬɚ 0,18-0,2 Ɇɉɚ. ɉɨɫɥɟ 

ɮɢɥɶɬɪɚɰɢɢ ɪɚɫɬɜɨɪɵ ɨɯɥɚɠɞɚɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɟɝɚɡɢɪɨɜɚɥɢ ɩɨɞ 

ɜɚɤɭɭɦɨɦ ɜ ɬɟɱɟɧɢɟ 4-5 ɱɚɫɨɜ ɞɥɹ ɭɞɚɥɟɧɢɹ ɩɭɡɵɪɶɤɨɜ ɝɚɡɚ, ɤɨɬɨɪɵɟ ɜ ɩɪɨɰɟɫɫɟ 

ɮɨɪɦɨɜɚɧɢɹ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɨɛɪɵɜɭ ɩɨɥɭɱɚɟɦɨɝɨ ɩɨɥɨɝɨ ɜɨɥɨɤɧɚ. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ 

ɩɨɥɭɱɟɧɢɟ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɦɟɦɛɪɚɧ ɩɪɨɜɨɞɢɥɢ «ɫɭɯɨ-ɦɨɤɪɵɦ» ɫɩɨɫɨɛɨɦ ɮɨɪɦɨɜɚɧɢɹ 

ɜ ɪɟɠɢɦɟ «ɫɜɨɛɨɞɧɨɝɨ ɩɪɹɞɟɧɢɹ» ɩɨɥɨɝɨ ɜɨɥɨɤɧɚ ɧɚ ɜɨɡɞɭɯɟ ɫ ɩɨɞɚɱɟɣ ɜɧɭɬɪɟɧɧɟɝɨ 

ɨɫɚɞɢɬɟɥɹ (ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ) ɜɧɭɬɪɶ ɠɢɞɤɨɝɨ ɤɚɩɢɥɥɹɪɚ ɩɨɥɢɦɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɫɩɟɰɢɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ (ɫɦ. Ɋɢɫ.1). ȼ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɩɪɹɞɟɧɢɹ 
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ɫɮɨɪɦɨɜɚɧɧɚɹ ɦɟɦɛɪɚɧɚ ɩɨɞ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɫɨɦ ɩɨɫɬɭɩɚɥɚ ɜ ɩɪɢɟɦɧɭɸ ɜɚɧɧɭ 

(ɩɪɨɬɨɱɧɚɹ ɜɨɞɚ), ɝɞɟ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɫɦɚɬɵɜɚɥɚɫɶ ɜ ɛɭɯɬɭ. ȼ ɪɚɛɨɬɟ ɛɵɥɚ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɮɢɥɶɟɪɚ ɫ ɩɥɨɳɚɞɶɸ ɤɨɥɶɰɟɜɨɝɨ ɫɟɱɟɧɢɹ 1,77 ɦɦ2. ɍɫɥɨɜɢɹ ɮɨɪɦɨɜɚɧɢɹ 

ɫɥɟɞɭɸɳɢɟ: ɞɚɜɥɟɧɢɟ ɧɚɞ ɮɨɪɦɨɜɨɱɧɵɦ ɪɚɫɬɜɨɪɨɦ – 200 ɤɉɚ, ɞɚɜɥɟɧɢɟ ɧɚɞ ɜɧɭɬɪɟɧɧɢɦ 

ɨɫɚɞɢɬɟɥɟɦ – 45 ɤɉɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɨɫɚɞɢɬɟɥɹ ɧɚ ɜɯɨɞɟ ɜ ɮɢɥɶɟɪɭ – 70ɋ. 

 

Ɋɢɫ. 1. ɍɫɬɚɧɨɜɤɚ ɢ ɩɪɨɰɟɫɫ ɮɨɪɦɨɜɚɧɢɹ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɦɟɦɛɪɚɧ, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɧɚɧɨɮɢɛɪɢɥɥɹɪɧɨɣ ɰɟɥɥɸɥɨɡɨɣ: 1 – ɮɨɪɦɨɜɨɱɧɚɹ ɮɢɥɶɟɪɚ; 2 –

ɟɦɤɨɫɬɶ ɮɨɪɦɨɜɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ; 3– ɟɦɤɨɫɬɶ ɜɧɭɬɪɟɧɧɟɝɨ ɨɫɚɞɢɬɟɥɹ; 4 – ɜɵɫɨɤɨɬɨɱɧɵɣ 

ɰɢɮɪɨɜɨɣ ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ; 5 – ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɬɟɪɦɨɫɬɚɬ; 6 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɞɥɹ 

ɧɚɝɪɟɜɚɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɨɫɚɞɢɬɟɥɹ; 7 – ɪɟɝɢɫɬɪɚɬɨɪ ɦɧɨɝɨɤɚɧɚɥɶɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ; 8 

– ɩɪɢɟɦɧɚɹ/ɩɪɨɦɵɜɨɱɧɚɹ ɜɚɧɧɚ ɫ ɜɧɟɲɧɢɦ ɨɫɚɞɢɬɟɥɟɦ; 9 – ɫɮɨɪɦɨɜɚɧɧɚɹ 

ɩɨɥɨɜɨɥɨɤɨɧɧɚɹ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɚɹ ɦɟɦɛɪɚɧɚ; I – ɥɢɧɢɹ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ; II – 

ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɚɹ ɥɢɧɢɹ ɮɨɪɦɨɜɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ; III – ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɚɹ ɥɢɧɢɹ 

ɜɧɭɬɪɟɧɧɟɝɨ ɨɫɚɞɢɬɟɥɹ; IV – ɥɢɧɢɹ ɜɧɟɲɧɟɝɨ ɨɫɚɞɢɬɟɥɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɚɫɢɦɦɟɬɪɢɱɧɵɟ ɩɨɥɨɜɨɥɨɤɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɢɡ 

ɩɨɥɢɫɭɥɶɮɨɧɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɝɟɥɹ ɐɇɎ 1% ɢ 5% ɧɚ ɦɚɫɫɭ ɫɭɯɨɝɨ ɉɋɎ. ɂɡɨɛɪɚɠɟɧɢɹ 

ɛɨɤɨɜɵɯ ɫɤɨɥɨɜ ɦɟɦɛɪɚɧ, ɩɨɥɭɱɟɧɧɵɟ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɟɣ, 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ.2.  
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ɚ ɛ ɜ 

Ɋɢɫ. 2. ɂɡɨɛɪɚɠɟɧɢɹ ɦɟɦɛɪɚɧ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɝɟɥɹ ɧɚɧɨɮɢɛɪɢɥɥɹɪɧɨɣ 

ɰɟɥɥɸɥɨɡɵ: ɚ) ɢɫɯɨɞɧɚɹ ɦɟɦɛɪɚɧɚ; ɛ) ɦɟɦɛɪɚɧɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɝɟɥɹ ɐɇɎ 1% ɦɚɫɫ.; ɜ) 

ɦɟɦɛɪɚɧɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɝɟɥɹ ɐɇɎ 5% ɦɚɫɫ. 

 

ɂɡ ɪɢɫ. 2 ɜɢɞɧɨ, ɱɬɨ ɦɨɪɮɨɥɨɝɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɥɨɜɨɥɨɤɨɧɧɨɣ ɦɟɦɛɪɚɧɵ 

ɹɜɥɹɟɬɫɹ ɚɫɢɦɦɟɬɪɢɱɧɨɣ ɢ ɜɤɥɸɱɚɟɬ ɩɥɨɬɧɵɣ ɫɟɥɟɤɬɢɜɧɵɣ ɫɥɨɣ ɝɭɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɢ 

ɩɨɞɥɨɠɟɱɧɵɣ ɫɥɨɣ ɫ «ɩɚɥɶɰɟɜɢɞɧɵɦɢ» ɦɚɤɪɨɩɭɫɬɨɬɚɦɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɝɟɥɹ 

ɧɚɧɨɰɟɥɥɸɥɨɡɵ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɹɦ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɦɟɦɛɪɚɧ: 

ɫɟɥɟɤɬɢɜɧɵɣ ɫɥɨɣ ɦɟɦɛɪɚɧ ɫɬɚɧɨɜɢɬɫɹ ɬɨɧɶɲɟ, ɩɪɢ ɷɬɨɦ ɭɦɟɧɶɲɚɟɬɫɹ ɞɢɚɦɟɬɪ 

«ɩɚɥɶɰɟɜɢɞɧɵɯ» ɦɚɤɪɨɩɭɫɬɨɬ, ɢ ɜɨɡɪɚɫɬɚɟɬ ɢɯ ɤɨɥɢɱɟɫɬɜɨ. Ⱦɥɹ ɬɚɤɢɯ ɦɟɦɛɪɚɧ ɫɥɟɞɭɟɬ 

ɨɠɢɞɚɬɶ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨ ɜɨɞɟ. 

 ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɤɨɧɬɚɤɬɧɵɦ ɭɝɥɚɦ ɫɦɚɱɢɜɚɧɢɹ ɢɫɯɨɞɧɵɯ ɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɦɟɦɛɪɚɧ ɩɨ ɪɚɡɧɵɦ ɬɟɫɬɨɜɵɦ ɠɢɞɤɨɫɬɹɦ (ɜɨɞɚ, ɷɬɢɥɟɧɝɥɢɤɨɥɶ). 

ɋɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɦɟɦɛɪɚɧ (𝛾௦) ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɧɚ 

ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɦɟɠɮɚɡɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Owens-Wendt ɧɚ ɨɫɧɨɜɟ ɜɤɥɚɞɨɜ ɩɨɥɹɪɧɨɣ 

(𝛾௦𝑝) ɢ ɧɟɩɨɥɹɪɧɨɣ (ɞɢɫɩɟɪɫɢɨɧɧɨɣ, 𝛾௦𝑑) ɤɨɦɩɨɧɟɧɬ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɭɤɚɡɚɧɧɵɯ ɬɟɫɬɨɜɵɯ 

ɠɢɞɤɨɫɬɟɣ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡ ɨɛɳɟɝɨ ɭɪɚɜɧɟɧɢɹ Fowkes 𝛾ሺͳ + ܿ𝑜ݏ𝜃ሻ = ʹሺ𝛾𝑑𝛾௦𝑑ሻଵ/ଶ + ʹሺ𝛾𝑝𝛾௦𝑝ሻଵ/ଶ       (1) 

ɝɞɟ ɢɧɞɟɤɫɵ «d» ɢ «p» ɨɬɧɨɫɹɬɫɹ ɤ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɢ ɩɨɥɹɪɧɨɣ ɤɨɦɩɨɧɟɧɬɚɦ 

(ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɷɧɟɪɝɢɣ ɠɢɞɤɨɣ 𝛾 ɢ ɬɜɟɪɞɨɣ ɮɚɡɵ (ɩɨɜɟɪɯɧɨɫɬɢ 

ɦɟɦɛɪɚɧɵ) 𝛾௦ [12]. ɂɡ ɬɚɛɥɢɰɵ 1 ɨɱɟɜɢɞɧɨ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɇɐ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɉɋɎ ɦɟɦɛɪɚɧ: ɭɝɥɵ ɫɦɚɱɢɜɚɧɢɹ ɫɧɢɠɚɸɬɫɹ ɫ ɪɨɫɬɨɦ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɐɇɎ. ɉɪɢ ɷɬɨɦ ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ ɦɟɦɛɪɚɧ ɜɨɡɪɚɫɬɚɟɬ 

ɩɨɱɬɢ ɜ ɩɨɥɬɨɪɚ ɪɚɡɚ ɞɨ 34,60 ɦȾɠ/ɦ2 ɞɥɹ ɦɟɦɛɪɚɧ ɫ 5% ɝɟɥɹ ɐɇɎ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɩɨɥɭɱɟɧɧɵɟ ɦɟɦɛɪɚɧɵ ɩɟɪɫɩɟɤɬɢɜɧɵ ɍɎ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɜ ɩɪɨɰɟɫɫɚɯ ɧɟɮɬɟɯɢɦɢɢ 

ɢ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ. 
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Ɍɚɛɥɢɰɚ 1. Ʉɨɧɬɚɤɬɧɵɟ ɭɝɥɵ ɫɦɚɱɢɜɚɧɢɹ ɩɨ ɜɨɞɟ ɢ ɷɬɢɥɟɧɝɥɢɤɨɥɸ ɢ ɡɧɚɱɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɢ ɦɟɦɛɪɚɧ.  

Ɉɛɪɚɡɟɰ 
Ʉɨɧɬɚɤɬɧɵɣ ɭɝɨɥ ,  𝛾௦𝑑, 

ɦȾɠ/ɦ2 

𝛾௦𝑝, 

ɦȾɠ/ɦ2 

𝛾௦, 

ɦȾɠ/ɦ2 ȼɨɞɚ ɗɬɢɥɟɧɝɥɢɤɨɥɶ 

ɂɫɯɨɞɧɚɹ 
ɦɟɦɛɪɚɧɚ 

81 70 6,96 17,17 24,13 

Ɇɟɦɛɪɚɧɚ ɫ 
1% ɐɇɎ 

78 51 24,14 8,58 32,71 

Ɇɟɦɛɪɚɧɚ ɫ 
5% ɐɇɎ 

68 48,5 14,25 20,35 34,60 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɪɚɦɤɚɯ Ɏɐɉ “ɂɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɩɨ 

ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɪɚɡɜɢɬɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ Ɋɨɫɫɢɢ ɧɚ 

2014–2020 ɝɨɞɵ” ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ 

(ɩɪɨɟɤɬ 14.577.21.0265, ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɉɇɂɗɊ RFMEFI57717X0265). 

Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɹɬ Ʉɭɬɭɡɨɜɚ Ʉ.Ⱥ. ɡɚ ɩɨɦɨɳɶ ɜ ɩɨɥɭɱɟɧɢɢ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɦɟɦɛɪɚɧ. 
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ɋɌȺȻɂɅɖɇɈɋɌɖ ɆȿɆȻɊȺɇɇɈȽɈ ɆȺɌȿɊɂȺɅȺ PIM-1 ȼ 
ȺɊɈɆȺɌɂɑȿɋɄɂɏ ɍȽɅȿȼɈȾɈɊɈȾȺɏ ɂ ɇɂɁɄɈɅȿɌɍɑɂɏ ɉɈɅəɊɇɕɏ 

ɗɄɋɌɊȺȽȿɇɌȺɏ 

Ⱥɧɨɯɢɧɚ Ɍ.ɋ.1, ɘɲɤɢɧ Ⱥ.Ⱥ.1, Ȼɨɪɢɫɨɜ ɂ.Ʌ. 1,ȼɚɫɢɥɟɜɫɤɢɣ ȼ.ɉ.1, Budd P.M.2, 

ȼɨɥɤɨɜ Ⱥ.ȼ.1  

STABILITY OF PIM-1 IN AROMATIC HYDROCARBONC AND LOW-VOLATILE 

POLAR EXCTRACTANTSS 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: tsanokhina@ips.ac.ru 
2 School of Chemistry, The University of Manchester, Manchester, UK 

 

Ⱥɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ (ɚɪɟɧɵ) ɨɬɧɨɫɹɬɫɹ ɤ ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɦ 

ɩɪɨɞɭɤɬɚɦ ɨɫɧɨɜɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ, ɭɫɬɭɩɚɹ ɩɨ ɦɚɫɲɬɚɛɚɦ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɥɢɲɶ ɧɟɩɪɟɞɟɥɶɧɵɦ ɭɝɥɟɜɨɞɨɪɨɞɚɦ. ɇɚ ɞɨɥɸ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɪɢɯɨɞɢɬɫɹ ɱɟɬɜɟɪɬɶ ɦɢɪɨɜɨɣ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ, ɨɛɴɟɦ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɟɧɡɨɥɚ-ɬɨɥɭɨɥɚ-ɤɫɢɥɨɥɨɜ (ȻɌɄ) ɜ ɦɢɪɟ ɭɠɟ ɩɪɟɜɵɫɢɥɨ 100 ɦɥɧ.ɬ ɜ ɝɨɞ. 

Ⱥɪɟɧɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɫɥɭɠɚɬ ɢɫɯɨɞɧɵɣ ɫɵɪɶɟɦ ɜ 

ɧɟɮɬɟɯɢɦɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɩɨɥɢɦɟɪɨɜ, ɥɟɤɚɪɫɬɜ, ɤɪɚɫɢɬɟɥɟɣ, 

ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɦɨɸɳɢɯ ɫɪɟɞɫɬɜ, ɜɨɥɨɤɨɧ, ɢɧɫɟɤɬɢɰɢɞɨɜ, ɩɪɢɫɚɞɨɤ ɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ 

ɩɪɨɞɭɤɬɨɜ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɩɨɜɵɲɚɸɬ ɩɨɤɚɡɚɬɟɥɶ 

ɨɤɬɚɧɨɜɨɝɨ ɱɢɫɥɚ ɛɟɧɡɢɧɚ, ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɬɟɧɞɟɧɰɢɹ ɩɨ ɭɠɟɫɬɨɱɟɧɢɸ 

ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɢɯ ɫɨɞɟɪɠɚɧɢɸ ɜ ɬɨɩɥɢɜɟ. ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɚɪɟɧɨɜ ɢɡ ɢɯ ɫɦɟɫɟɣ ɫ 

ɩɚɪɚɮɢɧɚɦɢ, ɧɚɮɬɟɧɚɦɢ ɢ ɨɥɟɮɢɧɚɦɢ ɹɜɥɹɟɬɫɹ ɷɤɫɬɪɚɤɰɢɨɧɧɚɹ ɩɟɪɟɝɨɧɤɚ, ɬɚɤ ɤɚɤ 

ɪɚɡɞɟɥɟɧɢɟ ɬɚɤɢɯ ɫɦɟɫɟɣ ɨɛɵɱɧɨɣ ɪɟɤɬɢɮɢɤɚɰɢɟɣ ɧɟɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɨɛɪɚɡɨɜɚɧɢɹ 

ɚɡɟɨɬɪɨɩɧɵɯ ɫɦɟɫɟɣ. ȼ ɤɚɱɟɫɬɜɟ ɷɤɫɬɪɚɝɟɧɬɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬ 

ɧɢɡɤɨɥɟɬɭɱɢɟ ɩɨɥɹɪɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ: ɫɭɥɶɮɨɥɚɧ, ɞɢɷɬɢɥɟɧɝɥɢɤɨɥɶ, ɬɪɢɷɬɢɥɟɧɝɥɢɤɨɥɶ, 

ɬɟɬɪɚɷɬɢɥɟɧɝɥɢɤɨɥɶ, N-ɦɟɬɢɥɩɢɪɪɨɥɢɞɨɧ (Ɇɉ), N-ɮɨɪɦɢɥɦɨɪɮɨɥɢɧ, 

ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞ (ȾɆɋɈ), ɩɪɨɩɢɥɟɧ ɤɚɪɛɨɧɚɬ (ɉɄ). ɉɨɫɥɟ ɷɤɫɬɪɚɤɰɢɢ ȻɌɄ, 

ɧɢɡɤɨɥɟɬɭɱɢɟ ɩɨɥɹɪɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ ɪɟɝɟɧɟɪɢɪɭɸɬ ɩɭɬɟɦ ɞɢɫɬɢɥɥɹɰɢɨɧɧɨɣ ɨɬɝɨɧɤɢ 

ɚɪɟɧɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 140-190°ɋ, ɱɬɨ ɫɨɩɪɹɠɟɧɨ ɫ 

ɜɵɫɨɤɢɦɢ ɷɧɟɪɝɨɡɚɬɪɚɬɚɦɢ (ɞɥɹ ɩɨɥɭɱɟɧɢɹ 1 ɬɨɧɧɵ ȻɌɄ ɧɟɨɛɯɨɞɢɦɨ ɩɨɪɹɞɤɚ 200 ɤȼɬ∙ɱ 

ɷɧɟɪɝɢɢ [1]). Ʉɪɨɦɟ ɬɨɝɨ, ɫɭɳɟɫɬɜɭɸɳɢɣ ɦɟɬɨɞ ɪɟɝɟɧɟɪɚɰɢɢ ɷɤɫɬɪɚɝɟɧɬɨɜ ɫɨɩɪɹɠɟɧ ɫ 

ɧɟɢɡɛɟɠɧɵɦɢ ɜɵɛɪɨɫɚɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɟɬɭɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ȻɌɄ ɜ ɭɫɥɨɜɢɹɯ 

ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɱɬɨ ɨɤɚɡɵɜɚɟɬ ɧɟɝɚɬɢɜɧɵɣ ɷɮɮɟɤɬ 

ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. Ȼɨɥɟɟ ɬɨɝɨ, ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɷɬɚɩɟ ɪɟɝɟɧɟɪɚɰɢɢ ɢ 

ɩɨɛɨɱɧɵɟ ɩɪɢɦɟɫɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɱɢɧɨɣ ɩɨɫɬɟɩɟɧɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɷɤɫɬɪɚɝɟɧɬɨɜ ɢ 
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ɭɯɭɞɲɟɧɢɸ ɢɯ ɫɨɪɛɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ, ɚ ɩɪɨɞɭɤɬɵ ɢɯ ɞɟɫɬɪɭɤɰɢɢ ɬɚɤɠɟ ɨɩɚɫɧɵ ɞɥɹ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɬɪɟɛɭɸɬ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɭɬɢɥɢɡɚɰɢɢ. 

Ɂɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɦɟɦɛɪɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢ ɢɦɟɸɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɬɚɤɢɯ, ɤɚɤ 

ɨɬɫɭɬɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɦɨɞɭɥɶɧɨɫɬɶ, 

ɤɨɦɩɚɤɬɧɨɫɬɶ, ɫɧɢɠɟɧɧɚɹ ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ ɜ ɬ.ɱ. ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɨɧɢ ɹɜɥɹɸɬɫɹ ɜɟɫɶɦɚ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜ ɩɪɨɰɟɫɫɟ ɪɟɝɟɧɟɪɚɰɢɢ ɩɨɥɹɪɧɵɯ 

ɧɢɡɤɨɥɟɬɭɱɢɯ ɷɤɫɬɪɚɝɟɧɬɨɜ ɨɬ ȻɌɄ.  ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɟɦɛɪɚɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɫɦɟɫɟɣ 

ɷɤɫɬɪɚɝɟɧɬɨɜ ɫ ȻɌɄ ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɟɪɟɫɧɵɦ ɩɪɨɰɟɫɫ ɧɚɧɨɮɢɥɶɬɪɚɰɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɪɟɞ 

(ɇɎɈɋ) (ɛɚɪɨɦɟɦɛɪɚɧɧɵɣ ɩɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɹ ɠɢɞɤɨɫɬɟɣ).  Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ 

ɇɎɈɋ ɦɟɦɛɪɚɧɚ ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɜ 

ɜɵɛɪɚɧɧɵɯ ɫɪɟɞɚɯ, ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɪɚɡɞɟɥɟɧɢɹ ɢ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɰɟɥɟɜɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɦɟɦɛɪɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɧɟɨɛɯɨɞɢɦɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɢɡɤɨɩɪɨɧɢɰɚɟɦɵɟ ɩɨɥɢɦɟɪɧɵɟ ɫɬɟɤɥɚ – ɩɨɥɢɚɦɢɞɵ, 

ɩɨɥɢɢɦɢɞɵ, ɩɨɥɢɫɭɥɶɮɨɧɵ, ɩɨɥɢɷɮɢɪ ɷɮɢɪ ɤɟɬɨɧɵ. ɉɨɥɭɱɟɧɢɟ ɦɟɦɛɪɚɧ ɫ ɬɨɧɤɨɣ 

ɧɚɧɨɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢɡ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɨɫɧɨɜɚɧɨ ɧɚ ɦɟɬɨɞɟ ɢɧɜɟɪɫɢɢ ɮɚɡ ɢ 

ɫɨɩɪɹɠɟɧɨ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɬɪɭɞɧɨɫɬɹɦɢ ɢ ɧɚɥɢɱɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɟɚɝɟɧɬɨɜ. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɤɥɚɫɫɨɦ ɦɟɦɛɪɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɸɬɫɹ 

ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɵɟ ɩɨɥɢɦɟɪɧɵɟ ɫɬɟɤɥɚ, ɢ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ, ɫɟɦɟɣɫɬɜɨ ɩɨɥɢɦɟɪɨɜ ɫ 

ɜɧɭɬɪɟɧɧɟɣ ɦɢɤɪɨɩɨɪɢɫɬɨɫɬɶ (polymers of intrinsic microporosity – PIMs) [2]. ɑɟɪɟɞɨɜɚɧɢɟ 

ɠɟɫɬɤɢɯ ɷɥɟɦɟɧɬɨɜ «ɥɟɫɬɧɢɱɧɨɣ» ɫɬɪɭɤɬɭɪɵ ɢ ɫɩɢɪɚɥɶɧɵɯ ɰɟɧɬɪɨɜ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ 

ɫɜɨɛɨɞɨɣ ɜɪɚɳɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ «ɪɵɯɥɨɣ» ɭɩɚɤɨɜɤɢ ɦɚɤɪɨɰɟɩɟɣ. ɂɯ 

ɠɟɫɬɤɨɫɬɶ ɩɪɢɜɨɞɢɬ ɤ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɦɭ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɨɣ 

ɧɚɧɨɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɦɟɦɛɪɚɧɵ. ɗɬɨ ɧɟ ɬɪɟɛɭɟɬ 

ɩɨɞɛɨɪɚ ɫɥɨɠɧɵɯ ɭɫɥɨɜɢɣ ɜ ɫɢɫɬɟɦɟ ɩɨɥɢɦɟɪ-ɪɚɫɬɜɨɪɢɬɟɥɶ-ɨɫɚɞɢɬɟɥɶ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɧɚɧɨɩɨɪɢɫɬɨɝɨ ɫɟɥɟɤɬɢɜɧɨɝɨ ɫɥɨɹ, ɤɚɤ ɜ ɫɥɭɱɚɟ ɧɢɡɤɨɩɪɨɧɢɰɚɟɦɵɯ ɫɬɟɤɥɨɨɛɪɚɡɧɵɯ 

ɩɨɥɢɦɟɪɨɜ. Ȼɨɥɟɟ ɬɨɝɨ, ɯɨɪɨɲɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɩɥɟɧɤɨɨɛɪɚɡɭɸɳɢɟ ɫɜɨɣɫɬɜɚ PIM-1 

ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɤɚɤ ɫɩɥɨɲɧɵɟ, ɬɚɤ ɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɫ ɬɨɧɤɢɦɢ 

ɫɟɥɟɤɬɢɜɧɵɦɢ ɫɥɨɹɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɥɢɦɟɪɚ PIM-1 ɤɚɤ ɦɚɬɟɪɢɚɥɚ 

ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɦɟɦɛɪɚɧɵ ɞɥɹ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɪɚɫɬɜɨɪɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɞɟɪɠɢɜɚɧɢɹ ɧɟɩɨɥɹɪɧɨɝɨ ɜɟɳɟɫɬɜɚ, 

ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɩɨɥɹɪɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɛɨɥɶɲɟɦ ɫɪɨɞɫɬɜɟ ɦɚɬɟɪɢɚɥɚ 

PIM-1 ɤ ɧɟɩɨɥɹɪɧɵɦ ɫɨɟɞɢɧɟɧɢɹɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɥɹɪɧɵɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɭɱɢɬɵɜɚɹ ɜɵɫɨɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɞɟɪɠɢɜɚɧɢɹ (R>93%) ɡɚɪɹɠɟɧɧɵɯ ɤɚɬɢɨɧɧɵɯ 

ɢ ɚɧɢɨɧɧɵɯ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɧɚ ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɟ 
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ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɦɛɪɚɧ ɢɡ PIM-1 ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɡɚɪɹɞ ɢ ɩɨɥɹɪɧɨɫɬɶ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɗɬɨ ɞɟɥɚɟɬ ɦɚɬɟɪɢɚɥ PIM-1 ɩɟɪɫɩɟɤɬɢɜɧɵɦ 

ɦɟɦɛɪɚɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɢɥɢ ɫɨɪɛɟɧɬɨɦ ɞɥɹ ɦɧɨɝɢɯ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ ɪɚɡɞɟɥɟɧɢɹ ɫɦɟɫɢ 

ɩɨɥɹɪɧɵɯ-ɧɟɩɨɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ [3, 4]. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ 

ɫɬɚɛɢɥɶɧɨɫɬɶ PIM-1 ɜ ɪɚɡɞɟɥɹɟɦɨɣ ɫɦɟɫɢ ȻɌɄ ɫ ɷɤɫɬɪɚɝɟɧɬɚɦɢ, ɜɨɡɦɨɠɧɚ ɯɢɦɢɱɟɫɤɚɹ 

ɫɲɢɜɤɚ ɩɨɥɢɦɟɪɨɜ ɫ ɜɧɭɬɪɟɧɧɟɣ ɦɢɤɪɨɩɨɪɢɫɬɨɫɬɶɸ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɭɞɟɬ ɩɪɨɜɟɞɟɧ 

ɚɧɚɥɢɡ ɯɢɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢɫɯɨɞɧɨɝɨ ɢ ɫɲɢɬɨɝɨ PIM-1 ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɚɯ ɢ ɩɨɥɹɪɧɵɯ ɧɢɡɤɨɥɟɬɭɱɢɯ ɷɤɫɬɪɚɝɟɧɬɚɯ.   

ȼ ɤɚɱɟɫɬɜɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɨɥɭɨɥ “ɏɑ”, ɏɢɦɦɟɞ 

(Ɋɨɫɫɢɹ) ɢ ɛɟɧɡɨɥ “ɑȾȺ”, ɏɢɦɦɟɞ (Ɋɨɫɫɢɹ). ȼ ɤɚɱɟɫɬɜɟ ɩɨɥɹɪɧɵɯ ɧɢɡɤɨɥɟɬɭɱɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ȾɆɋɈ “ɏɑ”, ȼɟɤɬɨɧ (Ɋɨɫɫɢɹ), N-ɦɟɬɢɥ-ɩɢɪɪɨɥɢɞɨɧ 

ɱɢɫɬɨɬɨɣ 99%, ACROS (Ȼɟɥɶɝɢɹ), ɩɪɨɩɢɥɟɧ ɤɚɪɛɨɧɚɬ, Fluka.  

Ɇɟɦɛɪɚɧɵ ɩɨɥɭɱɚɥɢ ɩɭɬɟɦ ɨɬɥɢɜɤɢ ɪɚɫɬɜɨɪɚ PIM-1 ɜ ɯɥɨɪɨɮɨɪɦɟ ɫ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɩɨɥɢɦɟɪɚ 0,5 ɦɚɫ.%.. Ɂɚɬɟɦ ɩɥɟɧɤɭ ɧɚɤɪɵɜɚɥɢ ɱɚɲɤɨɣ ɉɟɬɪɢ ɞɥɹ 

ɦɟɞɥɟɧɧɨɝɨ ɢɫɩɚɪɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɞɧɟɣ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɫɭɲɢɜɚɧɢɟɦ ɞɨ 

ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɜɟɫɚ ɨɛɪɚɡɰɚ. Ɍɨɥɳɢɧɚ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɥɚ 20-30 

ɦɤɦ. ɋɲɢɬɵɟ ɦɟɦɛɪɚɧɵ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ, ɨɩɢɫɚɧɧɨɝɨ ɜ 

ɪɚɛɨɬɟ [5]. Ⱦɜɚ ɪɚɫɬɜɨɪɚ ɜ ɯɥɨɪɨɮɨɪɦɟ, ɫɨɞɟɪɠɚɳɢɯ ɩɨɥɢɦɟɪ PIM-1 (0,5 ɦɚɫ.%) ɢ 

ɫɲɢɜɚɸɳɢɣ ɚɝɟɧɬ - ɩɨɥɢɷɬɢɥɟɧɢɦɢɧ (ɉɗɂ), ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 1,0 ɦɚɫ.%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɫɦɟɲɢɜɚɥɢ ɜ ɨɬɧɨɲɟɧɢɟ PIM-1 ɤ PEI ɤɚɤ 80:20. ɉɨɫɥɟ ɜɵɩɚɪɢɜɚɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ 

ɜɵɫɭɲɟɧɧɭɸ ɦɟɦɛɪɚɧɭ ɩɨɝɪɭɠɚɥɢ ɜ ɦɟɬɚɧɨɥ, ɫɨɞɟɪɠɚɳɢɣ 5 ɦɚɫ.% ɩɨɥɢ 

(ɷɬɢɥɟɧɝɥɢɤɨɥɶ) ɞɢɝɥɢɰɢɞɢɥɨɜɨɝɨ ɷɮɢɪɚ (ɉɗȽȾɗȽ) ɢ ɜɵɞɟɪɠɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 24 ɱ, ɩɨɫɥɟ 

ɱɟɝɨ ɩɪɨɦɵɜɚɥɢ ɜ ɱɢɫɬɨɦ ɦɟɬɚɧɨɥɟ ɢ ɫɭɲɢɥɢ. ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ 

ɦɟɦɛɪɚɧ ɩɨɦɟɳɚɥɢ ɜ ɢɫɫɥɟɞɭɟɦɵɟ ɩɨɥɹɪɧɵɟ ɢ ɧɟɩɨɥɹɪɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ, ɫɬɟɩɟɧɶ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɦɟɦɛɪɚɧɵ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ ɢɡɦɟɧɟɧɢɸ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ, ɚɧɚɥɢɡ 

ɤɨɬɨɪɨɣ ɩɪɨɜɨɞɢɥɫɹ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ ɉɗ-5400ɍɎ (Ɍɚɛɥ.1). Ɍɚɤɠɟ ɛɵɥɚ ɢɡɦɟɪɟɧɚ 

ɫɨɪɛɰɢɹ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɩɨɥɢɦɟɪɧɵɯ ɦɟɦɛɪɚɧ.  Ɉɛɪɚɡɟɰ ɫ ɩɪɟɞ-

ɜɚɪɢɬɟɥɶɧɨ ɢɡɦɟɪɟɧɧɨɣ ɦɚɫɫɨɣ (m0) ɩɨɦɟɳɚɥɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɧɚ 24 

ɱ. ɉɨɫɥɟ ɜɵɦɚɱɢɜɚɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫ ɩɨɦɨɳɶɸ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɛɭɦɚɝɢ 

ɭɞɚɥɹɥɢ ɢɡɥɢɲɤɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɢɡɦɟɪɹɥɢ ɦɚɫɫɭ ɧɚɛɭɯɲɟɝɨ ɨɛɪɚɡɰɚ (m). ȼɟɥɢɱɢɧɭ 

ɫɨɪɛɰɢɢ ɨɩɪɟɞɟɥɹɥɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ܵ = ݉ − ݉݉  
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Ɍɚɛɥɢɰɚ 1. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɢɫɯɨɞɧɨɝɨ ɢ ɫɲɢɬɨɝɨ PIM-1 ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɚɯ ɢ ɩɨɥɹɪɧɵɯ ɧɟɥɟɬɭɱɢɯ ɷɤɫɬɪɚɝɟɧɬɚɯ.  

Ɋɚɫɬɜɨɪɢɬɟɥɢ 
į*, 

Ɇɉɚ1/2 

PIM-1 PIM-1+20%ɉɗɂ 

ɋɨɪɛɰɢɹ ɜ  
ɪ-ɥɟ, ɝ/ɝ 

Ɉɩɬɢɱɟɫɤɚɹ 
ɩɥɨɬɧɨɫɬɶ 
ɪɚɫɬɜɨɪɚ 

ɋɨɪɛɰɢɹ ɜ  
ɪ-ɥɟ, ɝ/ɝ 

Ɉɩɬɢɱɟɫɤɚɹ 
ɩɥɨɬɧɨɫɬɶ 
ɪɚɫɬɜɨɪɚ 

 

 

ɉɄ 
27,2 1,0 0,077 1,16 0,018 

Ɇɉ 23,0 0,31 0,787 1,30 1,645 

ȾɆɋɈ 26,7 0,69 0,163 0,90 0,046 

Ȼɟɧɡɨɥ 18,5 0,30 0,312 0,31 0,027 

Ɍɨɥɭɨɥ 18,2 0,50 0,107 0,53 0,028 

* Ȝ - ɞɥɢɧɚ ɜɨɥɧɵ ɦɚɤɫɢɦɭɦɚ ɩɨɝɥɨɳɟɧɢɹ (450) 

**į - ɩɚɪɚɦɟɬɪ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. 

ɂɡ ɬɚɛɥɢɰɵ 1 ɜɢɞɧɨ, ɱɬɨ ɫɨɪɛɰɢɹ ɧɟɥɟɬɭɱɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɛɨɥɶɲɟ, ɱɟɦ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɩɨɥɢɦɟɪɧɵɯ ɦɟɦɛɪɚɧɚɯ PIM-1, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɜɵɫɨɤɨɦ 

ɫɪɨɞɫɬɜɟ ɦɚɬɪɢɱɧɨɝɨ ɩɨɥɢɦɟɪɚ ɫ ɩɨɥɹɪɧɵɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ, ɱɟɦ ɫ ɧɟɩɨɥɹɪɧɵɦɢ. ɉɪɢ 

ɫɲɢɜɤɟ PIM-1 c ɉɗɂ ɫɨɪɛɰɢɹ ɬɨɥɭɨɥɚ ɢ ɛɟɧɡɨɥɚ ɧɟ ɦɟɧɹɟɬɫɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɢɡɤɨɥɟɬɭɱɢɯ 

ɩɨɥɹɪɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɫɨɪɛɰɢɹ ɤɨɬɨɪɵɯ ɭɜɟɥɢɱɢɥɚɫɶ ɩɨɫɥɟ ɦɨɞɢɮɢɤɚɰɢɢ PIM-1 

ɦɟɦɛɪɚɧ. ɉɪɢ ɷɬɨɦ ɩɨ ɫɧɢɠɟɧɢɸ ɡɧɚɱɟɧɢɣ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɜɢɞɧɨ, ɱɬɨ ɫɲɢɜɤɚ 

ɞɟɥɚɟɬ ɢɫɫɥɟɞɭɟɦɵɟ ɩɨɥɢɦɟɪɧɵɟ ɦɟɦɛɪɚɧɵ ɫɬɚɛɢɥɶɧɟɟ ɞɥɹ ɜɫɟɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɤɪɨɦɟ 

ɩɪɨɩɢɥɟɧ ɤɚɪɛɨɧɚɬɚ. ȼ ɞɚɧɧɨɦ ɩɨɥɹɪɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɯɢɦɢɱɟɫɤɢ ɧɟɫɬɨɣɤɢ ɤɚɤ 

ɢɫɯɨɞɧɵɟ, ɬɚɤ ɢ ɫɲɢɬɵɟ PIM-1 ɦɟɦɛɪɚɧɵ. ɇɚ ɪɢɫɭɧɤɟ 1 ɢ 2 ɦɨɠɧɨ ɜɢɡɭɚɥɶɧɨ ɭɜɢɞɟɬɶ, ɜ 

ɤɚɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɢɫɯɨɞɧɵɟ ɢ ɫɲɢɬɵɟ ɦɟɦɛɪɚɧɵ ɯɢɦɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɵ.  

 

Ɋɢɫ. 1. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ PIM-1 ɦɟɦɛɪɚɧ ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɧɟɩɨɥɹɪɧɵɯ ɢ 

ɧɢɡɤɨɥɟɬɭɱɢɯ ɩɨɥɹɪɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. 

 



396 

 

 

Ɋɢɫ. 2. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ PIM-1+ɉɗɂ ɦɟɦɛɪɚɧ ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɧɟɩɨɥɹɪɧɵɯ ɢ 

ɧɢɡɤɨɥɟɬɭɱɢɯ ɩɨɥɹɪɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. 

 ɂɡ ɪɢɫɭɧɤɚ 1 ɜɢɞɧɨ, ɱɬɨ ɢɫɯɨɞɧɵɣ PIM-1 ɪɚɫɬɜɨɪɹɟɬɫɹ ɜɨ ɜɫɟɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. 

Ɍɨɝɞɚ ɤɚɤ ɫɲɢɜɤɚ ɩɨɥɢɦɟɪɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɦɟɦɛɪɚɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɭɫɬɨɣɱɢɜɵɣ ɜ 

ɲɢɪɨɤɨɦ ɤɪɭɝɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ N-ɦɟɬɢɥɩɢɪɪɨɥɢɞɨɧ (ɫɦ. ɪɢɫɭɧɨɤ 2).   

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɪɚɦɤɚɯ Ɏɐɉ “ɂɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɩɨ 

ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɪɚɡɜɢɬɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ Ɋɨɫɫɢɢ ɧɚ 

2014–2020 ɝɨɞɵ” ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ 

(ɩɪɨɟɤɬ 14.616.21.0100, ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɉɇɂɗɊ RFMEFI61618X0100).  

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ƚɚɣɥɟ ɢ ɞɪ. Ⱥɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ: ɜɵɞɟɥɟɧɢɟ, ɩɪɢɦɟɧɟɧɢɟ, ɪɵɧɨɤ. 2000 

2. P. M. Budd  E. S. Elabas  B. S. Ghanem et al. Adv.Mater. 2004. Vol.16. P. 456 

3. A. Volkov ,  A. Yushkin , Y. Kachula et. al. J. Membr. Sci. 2012. Vol. 65. P. 423 

4. T.S. Anokhina, A.A. Yushkin, P.M. Budd  et al. Sep.Purif.Technol. 2015. Vol.156. P. 683 

5. D. Fritsch, P. Merten, K. Heinrich et al. J. Membr. Sci. 2012. Vol. 222. P. 401. 
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ȼɅɂəɇɂȿ ɆɈɅȿɄɍɅəɊɇɈɃ ɆȺɋɋɕ ɇȺ ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ 
ɆȿɆȻɊȺɇ ɂɁ ɉɈɅɂȺɄɊɂɅɈɇɂɌɊɂɅȺ ɉɈɅɍɑȿɇɇɕȿ ɆȿɌɈȾɈɆ 

ɂɇȼȿɊɋɂɂ ɎȺɁ 

ɘɲɤɢɧ Ⱥ.Ⱥ.1, ȿɮɢɦɨɜ Ɇ.ɇ.1, ɑɟɪɧɢɤɨɜɚ ȿ.ȼ.1,2, Ʉɚɪɩɚɱёɜɚ Ƚ.ɉ.1, ȼɨɥɤɨɜ Ⱥ.ȼ.1 
MOLECULAR WEIGHT EFFECT ON THE CHARACTERISTICS OF 

POLYACRYLONITRILE MEMBRANES OBTAINED BY PHASE INVERSION 
1ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

2ɏɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ.Ʌɨɦɨɧɨɫɨɜɚ 

E-mail: Halex@ips.ac.ru 

 

ɉɪɨɰɟɫɫɵ ɪɚɡɞɟɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɷɧɟɪɝɨɟɦɤɨɣ ɱɚɫɬɶɸ ɩɪɚɤɬɢɱɟɫɤɢ 

ɥɸɛɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɰɢɤɥɚ, ɩɨɷɬɨɦɭ ɢɧɬɟɪɟɫ ɤ ɧɨɜɵɦ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɦ 

ɪɚɡɞɟɥɢɬɟɥɶɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɜɨɡɪɚɫɬɚɟɬ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ. Ɍɪɚɞɢɰɢɨɧɧɨɣ ɨɛɥɚɫɬɶɸ 

ɩɪɢɦɟɧɟɧɢɹ ɛɚɪɨɦɟɦɛɪɚɧɧɵɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɜɨɞɧɵɯ ɫɪɟɞ. Ɉɞɧɚɤɨ ɜ 

ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɦɟɦɛɪɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜɫё ɚɤɬɢɜɧɟɟ ɪɚɡɜɢɜɚɸɬɫɹ ɜ ɧɟɮɬɹɧɨɣ, 

ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ, ɥɚɤɨɤɪɚɫɨɱɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɩɪɨɰɟɫɫɚɯ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɫɢɧɬɟɡɚ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɨɪɢɫɬɵɯ 

ɦɟɦɛɪɚɧ ɭɫɬɨɣɱɢɜɵɯ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɹɜɥɹɟɬɫɹ ɩɨɥɢɚɤɪɢɥɨɧɢɬɪɢɥ (ɉȺɇ) 

[1,2]. ɉȺɇ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɯɨɪɨɲɟɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɪɚɫɬɜɨɪɢɬɟɥɹɦ, 

ɬɟɪɦɢɱɟɫɤɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɶɸ [2,3]. ɉɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɦɟɦɛɪɚɧɚɦɢ, ɧɚɩɪɢɦɟɪ ɢɡ ɩɨɥɢɜɢɧɢɥɢɞɟɧɮɬɨɪɢɞɚ, ɩɨɥɢɫɭɥɶɮɨɧɚ 

ɢ ɩɨɥɢɷɮɢɪɫɭɥɶɮɨɧɚ, ɦɟɦɛɪɚɧɵ ɢɡ ɉȺɇ ɦɟɧɟɟ ɫɤɥɨɧɧɵ ɤ ɡɚɫɨɪɟɧɢɸ ɜ ɩɪɨɰɟɫɫɟ 

ɷɤɫɩɥɭɚɬɚɰɢɢ [4–8].  

ɉɨɪɢɫɬɵɟ ɦɟɦɛɪɚɧɵ ɢɡ ɉȺɇ ɩɨɥɭɱɚɸɬ ɢɧɜɟɪɫɢɟɣ ɮɚɡ, ɩɭɬɟɦ ɩɨɝɪɭɠɟɧɢɹ 

ɩɥɟɧɤɢ ɩɨɥɢɦɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɨɫɚɞɢɬɟɥɶ (ɧɚɩɪɢɦɟɪ, ɜɨɞɚ) [2, 9–12], ɯɨɬɹ ɦɨɝɭɬ 

ɩɪɢɦɟɧɹɬɶɫɹ ɢ ɞɪɭɝɢɟ ɨɫɚɞɢɬɟɥɢ, ɧɚɩɪɢɦɟɪ, ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɋɈ2 [13]. ȼɚɠɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɥɭɱɟɧɢɹ ɦɟɦɛɪɚɧ ɹɜɥɹɸɬɫɹ ɫɨɫɬɚɜ ɮɨɪɦɨɜɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɟɝɨ 

ɬɟɦɩɟɪɚɬɭɪɚ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɨɛɚɜɤɢ, ɪɚɫɬɜɨɪɢɬɟɥɶ ɢ ɨɫɚɞɢɬɟɥɶ. ɉɨɦɢɦɨ ɷɬɨɝɨ, 

ɫɬɪɭɤɬɭɪɚ ɩɨɥɭɱɚɟɦɵɯ ɦɟɦɛɪɚɧ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɡɚɜɢɫɢɬ ɨɬ ɜɹɡɤɨɫɬɢ 

ɩɨɥɢɦɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢ ɨɫɚɞɢɬɟɥɹ.  

Ʉɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɟ ɨɛɪɚɡɰɵ ɉȺɇ ɢɦɟɸɬ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɨɤɨɥɨ 

150×10-3. ȼɚɪɶɢɪɭɹ ɭɫɥɨɜɢɹ ɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ 

ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɫɢɧɬɟɡ ɉȺɇ ɩɪɨɜɨɞɹɬ ɪɚɞɢɤɚɥɶɧɨɣ 

ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ ɚɤɪɢɥɨɧɢɬɪɢɥɚ ɜ ɫɪɟɞɟ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɜɨɞɧɨɣ ɷɦɭɥɶɫɢɢ ɢɥɢ ɫɭɫɩɟɧɡɢɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɧɢɰɢɚɬɨɪɨɜ ɩɪɢɦɟɧɹɸɬ ɚɡɨ- ɢ ɞɢɚɡɨɫɨɟɞɢɧɟɧɢɹ, ɩɟɪɨɤɫɢɞɵ, 

ɷɥɟɦɟɧɬɨɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ. 
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ȼɪɟɦɹ ɫɢɧɬɟɡɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɝɚɡɨɜɚɹ ɫɪɟɞɚ, ɜ ɤɨɬɨɪɨɣ ɩɪɨɜɨɞɹɬ ɩɨɥɢɦɟɪɢɡɚɰɢɸ ɬɚɤɠɟ 

ɨɤɚɡɵɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɢɦɟɪɚ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɉȺɇ ɧɚ 

ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ ɦɟɬɨɞɨɦ ɢɧɜɟɪɫɢɢ ɮɚɡ ɚɫɫɢɦɟɬɪɢɱɧɵɯ ɦɟɦɛɪɚɧ. ȼ ɪɚɛɨɬɟ 

ɥɚɛɨɪɚɬɨɪɧɵɟ ɨɛɪɚɡɰɵ ɉȺɇ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɭɫɥɨɜɢɣ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ. ɋɢɧɬɟɡ ɩɪɨɜɨɞɢɥɫɹ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɢɡ ɩɟɪɨɤɫɨɞɢɫɭɥɶɮɚɬɚ ɚɦɦɨɧɢɹ ((NH4)2S2O8) ɢ ɞɢɬɢɨɧɢɬɚ 

ɧɚɬɪɢɹ (Na2S2O4) ɜ ɤɚɱɟɫɬɜɟ ɢɧɢɰɢɚɬɨɪɨɜ. ɉɨɥɢɦɟɪɢɡɚɰɢɸ ɩɪɨɜɨɞɢɥɢ ɜ ɫɥɟɞɭɸɳɢɯ 

ɭɫɥɨɜɢɹɯ: [(NH4)2S2O8]=1,47×10–3ɦɨɥɶ/ɥ, [Na2S2O4]=6,29×10–4ɦɨɥɶ/ɥ, [H2SO4]=1,9×10–

2ɦɨɥɶ/ɥ, ɢ [ɚɤɪɢɥɨɧɢɬɪɢɥ]=1,45 ɦɨɥɶ/ɥ. ɂɫɯɨɞɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɟɪɨɤɫɨɞɢɫɭɥɶɮɚɬɚ 

ɚɦɦɨɧɢɹ ɢ ɞɢɬɢɨɧɢɬɚ ɧɚɬɪɢɹ ɢɡɦɟɧɹɥɢɫɶ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 0,5; 1; 1,5; 2. ȼɨɞɭ, ɦɨɧɨɦɟɪ 

ɢ ɫɟɪɧɭɸ ɤɢɫɥɨɬɭ ɡɚɝɪɭɠɚɥɢ ɜ ɪɟɚɤɬɨɪ ɜ ɞɜɚ ɷɬɚɩɚ. ɂɧɢɰɢɚɬɨɪ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ ɢɡ ɩɟɪɨɤɫɨɞɢɫɭɥɶɮɚɬɚ ɚɦɦɨɧɢɹ ɢ ɞɢɬɢɨɧɢɬɚ 

ɧɚɬɪɢɹ, ɡɚɝɪɭɠɚɥɢ ɜ ɪɟɚɤɬɨɪ, ɫɨɞɟɪɠɚɳɢɣ 3/4 ɨɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɴɟɦɚ ɜɨɞɵ, ɦɨɧɨɦɟɪɚ 

ɢ ɤɢɫɥɨɬɵ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɜɨɞɢɥɢ ɪɟɚɤɰɢɸ ɜ ɬɟɱɟɧɢɟ 20 ɢɥɢ 40 ɦɢɧɭɬ ɩɪɢ 60°C. Ɂɚɬɟɦ 

ɡɚɝɪɭɠɚɥɢ ɨɫɬɚɜɲɭɸɫɹ 1/4 ɪɚɫɬɜɨɪɚ, ɩɨɫɥɟ ɱɟɝɨ ɪɟɚɤɰɢɹ ɩɪɨɞɨɥɠɚɥɚɫɶ ɜ ɬɟɱɟɧɢɟ 4 ɱɚɫɨɜ. 

Ⱦɚɥɟɟ ɩɨɥɢɦɟɪ ɮɢɥɶɬɪɨɜɚɥɢ, ɩɪɨɦɵɜɚɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜ ɪɚɫɬɜɨɪɟ ɤɚɪɛɨɧɚɬɚ ɤɚɥɢɹ ɜ 

ɜɨɞɟ ɢ ɦɟɬɚɧɨɥɟ ɞɥɹ ɭɞɚɥɟɧɢɹ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɩɨɫɥɟ ɱɟɝɨ ɜɵɫɭɲɢɜɚɥɢ ɜ ɜɚɤɭɭɦɟ ɞɨ 

ɩɨɫɬɨɹɧɧɨɝɨ ɜɟɫɚ. Ɉɛɪɚɡɰɵ ɩɨɥɢɦɟɪɚ ɩɨɥɭɱɢɥɢ ɧɚɢɦɟɧɨɜɚɧɢɹ ɫ ɨɬɨɛɪɚɠɟɧɢɟɦ ɭɫɥɨɜɢɣ 

ɫɢɧɬɟɡɚ ɉȺɇab, ɝɞɟ a - ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɧɢɰɢɚɬɨɪɨɜ, ɚ b - 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɟɪɜɨɝɨ ɲɚɝɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɦɢɧɭɬɚɯ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɥɢɦɟɪɚ 

ɩɪɨɜɨɞɢɥɨɫɶ ɦɟɬɨɞɨɦ Ƚɉɏ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɧɚ ɯɪɨɦɚɬɨɝɪɚɮɟ GPC-120 ɮɢɪɦɵ 

“PolymerLabs”. Ⱥɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɩɪɢ 50°ɋ ɜ ȾɆɎȺ.  

ɉɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɭɫɥɨɜɢɣ ɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɚ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɟɪɨɤɫɨɞɢɫɭɥɶɮɚɬɚ ɚɦɦɨɧɢɹ ɢ ɞɢɬɢɨɧɢɬɚ ɧɚɬɪɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɉȺɇ (ɬɚɛɥ.1). ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɪɚɞɢɤɚɥɨɜ, ɨɛɪɚɡɭɸɳɟɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɜɟɞɟɧɢɹ ɛɨɥɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

((NH4)2S2O8) ɢ (Na2S2O4) (ɢ ɧɚɨɛɨɪɨɬ), ɩɪɢɜɨɞɢɬ ɤ ɢɧɢɰɢɢɪɨɜɚɧɢɸ ɪɨɫɬɚ ɰɟɩɢ ɧɚ 

ɛɨɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ ɦɨɥɟɤɭɥ ɦɨɧɨɦɟɪɚ. ȼɫɥɟɞɫɬɜɢɟ ɱɟɝɨ, ɩɨɜɵɲɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ 

ɪɟɤɨɦɛɢɧɚɰɢɢ ɞɜɭɯ ɪɚɞɢɤɚɥɨɜ ɧɚ ɤɨɧɰɚɯ ɤɨɪɨɬɤɢɯ ɰɟɩɟɣ ɩɨɥɢɦɟɪɚ, ɧɚ ɱɟɦ ɪɨɫɬ 

ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ ɩɪɟɤɪɚɳɚɟɬɫɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɚɪɶɢɪɨɜɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɧɢɰɢɚɬɨɪɨɜ, 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ ɩɨɥɢɦɟɪɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɦɚɫɫɚɦɢ (ɬɚɛɥ.1).  
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Ɍɚɛɥɢɰɚ 1. Ɇɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɡɰɨɜ ɉȺɇ  

Ɉɛɪɚɡɟɰ 

ɉȺɇ 
Mn, ×10-3 Mw, ×10-3 Mw/Mn 

ɉȺɇ120 57.7 267.2 4.63 

ɉȺɇ0.540 121.6 389.6 3.2 

ɉȺɇ140 79.1 280.0 3.54 

ɉȺɇ1.540 47.9 183.0 3.82 

ɉȺɇ240 41.9 146.5 3.49 

 

Ȼɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɪɚɫɬɜɨɪɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɉȺɇ ɜ ȾɆɋɈ. Ⱦɥɹ 

ɷɬɨɝɨ ɨɛɪɚɡɰɵ ɉȺɇ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɩɪɨɩɨɪɰɢɹɯ ɪɚɫɬɜɨɪɹɥɢ ɜ ȾɆɋɈ. Ɋɚɫɬɜɨɪ 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 72 ɱɚɫɨɜ, ɩɨɫɥɟ ɱɟɝɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 50 ɦɢɧɭɬ ɨɛɪɚɛɚɬɵɜɚɥɢ ɜ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɜɚɧɧɟ. ɉɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɩɨɥɢɦɟɪɚ ɬɨɧɤɢɦ ɫɥɨɟɦ (200 ɦɤɦ) ɧɚɧɨɫɢɥɢ 

ɧɚ ɫɬɟɤɥɨ ɢ ɨɫɚɠɞɚɥɢ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ. ȼɪɟɦɹ ɦɟɠɞɭ ɧɚɧɟɫɟɧɢɟɦ ɪɚɫɬɜɨɪɚ ɧɚ 

ɫɬɟɤɥɨ ɢ ɩɨɝɪɭɠɟɧɢɟɦ ɜ ɜɨɞɭ ɧɟ ɩɪɟɜɵɲɚɥɨ 10 ɫɟɤɭɧɞ. ɋɤɨɪɨɫɬɶ ɧɚɧɟɫɟɧɢɹ ɩɨɥɢɦɟɪɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɫɨɫɬɚɜɥɹɥɚ 2,5 ɦ/ɦɢɧ. ɉɨɥɭɱɟɧɧɭɸ ɩɥɨɫɤɭɸ ɦɟɦɛɪɚɧɭ ɨɬɦɵɜɚɥɢ ɜ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɯɪɚɧɟɧɢɟɦ ɜ ɜɨɞɟ ɞɨ ɦɨɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ ɦɟɦɛɪɚɧ ɢɡ ɪɚɫɬɜɨɪɨɜ ɉȺɇ ɪɚɡɥɢɱɧɨɣ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɜ ȾɆɋɈ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 5%. ɂɡ ɨɛɪɚɡɰɚ ɉȺɇ240 ɫ ɧɚɢɦɟɧɶɲɟɣ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɧɟ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɦɟɦɛɪɚɧɵ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɦɟɦɛɪɚɧ ɢɡ 

ɉȺɇ240 ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨɥɢɦɟɪɚ ɜ ɮɨɪɦɨɜɨɱɧɨɦ ɪɚɫɬɜɨɪɟ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 9%.  

ɂɡɭɱɟɧɢɟ ɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɦɛɪɚɧ ɩɪɨɜɨɞɢɥɢ ɜ ɹɱɟɣɤɚɯ 

ɬɭɩɢɤɨɜɨɝɨ ɬɢɩɚ ɩɪɢ ɬɪɚɧɫɦɟɦɛɪɚɧɧɨɦ ɞɚɜɥɟɧɢɢ 5 ɚɬɦ., ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɦɚɝɧɢɬɧɨɣ 

ɦɟɲɚɥɤɨɣ, ɞɥɹ ɫɧɢɠɟɧɢɹ ɷɮɮɟɤɬɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ. Ⱥɤɬɢɜɧɚɹ ɩɥɨɳɚɞɶ 

ɦɟɦɛɪɚɧ ɜ ɹɱɟɣɤɚɯ ɫɨɫɬɚɜɥɹɥɚ 8-33 ɫɦ2. Ⱦɚɜɥɟɧɢɟ ɜ ɫɢɫɬɟɦɟ ɫɨɡɞɚɜɚɥɢ ɫ ɩɨɦɨɳɶɸ 

ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ (ɝɟɥɢɣ). ɉɨɬɨɤ ɩɟɪɦɟɚɬɚ ɨɩɪɟɞɟɥɹɥɢ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢ.  

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɦɛɪɚɧɵ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢ ɩɨɬɨɤɨɦ ɠɢɞɤɨɫɬɢ (J), ɤɨɬɨɪɵɣ 

ɪɚɫɫɱɢɬɵɜɚɥɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

tS

m
J




, 
(1) 

ɝɞɟ m – ɦɚɫɫɚ ɩɟɪɦɟɚɬɚ (ɤɝ) ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɫ ɩɥɨɳɚɞɶɸ S (ɦ2) ɡɚ 

ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ Δt (ɱ).  ɉɪɨɧɢɰɚɟɦɨɫɬɶ ɦɟɦɛɪɚɧɵ (P) ɨɩɪɟɞɟɥɹɥɚɫɶ ɤɚɤ ɨɬɧɨɲɟɧɢɟ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɦɛɪɚɧɵ (J) ɤ ɩɪɢɥɨɠɟɧɧɨɦɭ ɬɪɚɧɫɦɟɦɛɪɚɧɧɨɦɭ ɞɚɜɥɟɧɢɸ (p): 
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ptS

m

p

J
P





  (2) 

Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ ɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ ɦɟɦɛɪɚɧɵ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 

ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɞɟɪɠɚɧɢɹ R (%): 

%,100)1(
0


c

cPR  (3) 

ɝɞɟ c0 ɢ cP – ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɩɢɬɚɸɳɟɦ ɩɨɬɨɤɟ ɢ ɩɟɪɦɟɚɬɟ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɵɯ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɵɱɢɣ 

ɫɵɜɨɪɨɬɨɱɧɵɣ ɚɥɶɛɭɦɢɧ (ȻɋȺ, MɆ=69 ɤȾɚ), Ɉɜɚɥɶɛɭɦɢɧ (45 ɤȾɚ), ɉɟɩɫɢɧ (34,5 ɤȾɚ), 

Ʌɢɡɨɰɢɦ (14,3 ɤȾɚ). Ʉɨɧɰɟɧɬɪɚɰɢɸ ɪɚɫɬɜɨɪёɧɧɵɯ ɜɟɳɟɫɬɜ ɜ ɪɚɫɬɜɨɪɟ ɨɩɪɟɞɟɥɹɥɢ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢ ɩɨ ɢɡɦɟɧɟɧɢɸ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 280 ɧɦ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɩɨɥɢɦɟɪɚ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ 

ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɚɟɦɵɯ ɦɟɦɛɪɚɧ (ɪɢɫ.1). ɇɚɢɛɨɥɶɲɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 

ɧɚɛɥɸɞɚɥɚɫɶ ɞɥɹ ɦɟɦɛɪɚɧ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɨɛɪɚɡɰɚ ɉȺɇ1,540. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɡɚɜɢɫɢɦɨɫɬɢ ɡɚɞɟɪɠɢɜɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɦɟɦɛɪɚɧ ɨɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɚ 

ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɟɦɛɪɚɧɵ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɩɨɥɢɦɟɪɨɜ ɫ ɦɟɧɶɲɟɣ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ, ɨɛɥɚɞɚɸɬ ɜ ɰɟɥɨɦ ɦɟɧɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɡɚɞɟɪɠɢɜɚɸɳɟɣ 

ɫɩɨɫɨɛɧɨɫɬɢ.  

 

 

Ɋɢɫɭɧɨɤ 1. ɉɪɨɧɢɰɚɟɦɨɫɬɢ ɢ ɡɚɞɟɪɠɢɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɉȺɇ ɦɟɦɛɪɚɧ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɥɢɦɟɪɚ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɋɗɆ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɣ ɩɨɥɭɱɟɧɧɵɯ ɦɟɦɛɪɚɧ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜɫɟ 

ɦɟɦɛɪɚɧɵ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɚ, ɢɦɟɥɢ ɩɨɪɵ 

«ɩɚɥɶɰɟɜɢɞɧɨɣ» ɮɨɪɦɵ. ɉɪɢ ɷɬɨɦ ɦɟɦɛɪɚɧɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɉȺɇ ɫ ɛɨɥɶɲɟɣ 
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ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ, ɢɦɟɥɢ ɛɨɥɟɟ ɬɨɧɤɢɣ ɢ ɪɟɡɤɨ ɜɵɪɚɠɟɧɧɵɣ ɫɟɥɟɤɬɢɜɧɵɣ ɫɥɨɣ ɢ 

ɛɨɥɟɟ ɬɨɧɤɢɟ ɫɬɟɧɤɢ ɩɨɪ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡɰɚɦɢ ɢɡ ɉȺɇ ɫ ɦɟɧɶɲɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɨɣ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ, ɜɹɡɤɨɫɬɶ ɪɚɫɬɜɨɪɨɜ ɜ ɫɥɭɱɚɟ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɩɨɥɢɦɟɪɚ ɜ ɰɟɥɨɦ ɜɵɲɟ. ɗɬɨ ɡɚɦɟɞɥɹɟɬ ɩɟɪɟɧɨɫ ɨɫɚɞɢɬɟɥɹ ɜ ɧɢɠɧɢɟ ɫɥɨɢ ɦɟɦɛɪɚɧɵ, 

ɩɪɢɜɨɞɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɣ ɚɫɢɦɦɟɬɪɢɢ ɩɨɪ ɫ ɩɥɨɬɧɵɦ ɜɟɪɯɧɢɦ ɫɥɨɟɦ ɢ 

ɤɪɭɩɧɵɦɢ ɩɨɪɚɦɢ ɜ ɧɢɠɟ ɥɟɠɚɳɢɯ ɫɥɨɹɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɢɟ ɦɟɦɛɪɚɧɵ, ɨɛɥɚɞɚɸɬ 

ɦɟɧɶɲɟɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɦɛɪɚɧɚɦɢ ɢɡ ɉȺɇ ɫ ɦɟɧɶɲɟɣ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ. 

 

Ⱥ.Ⱥ. ɘɲɤɢɧ ɛɥɚɝɨɞɚɪɢɬ ɡɚ ɮɢɧɚɧɫɨɜɭɸ ɩɨɞɞɟɪɠɤɭ ɊɎɎɂ (ɝɪɚɧɬ № 16-38-

60152 ɦɨɥ_ɚ_ɞɤ). 
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SYNTHESIS, DIFLUOROCYCLOPROPANATION AND GAS-PERMEATION 

PROPERTIES OF NEW METATHESIS POLYNORBORNENE WITH 

SILACYCLOPENTANE FRAGMENT IN MONOMER UNIT  
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: zhigarev@ips.ac.ru 

 

ɗɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɟ ɩɪɨɰɟɫɫɵ ɦɟɦɛɪɚɧɧɨɝɨ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ ɜɫɟ ɲɢɪɟ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɧɟɮɬɟɯɢɦɢɢ ɞɥɹ ɫɟɥɟɤɬɢɜɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɝɚɡɨɜ, 

ɥɟɝɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ1-ɋ4 ɢ ɞɪ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɪɚɛɨɬɵ ɦɟɦɛɪɚɧɵ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɣ ɢɫɩɨɥɶɡɭɸɬɫɹ, 

ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ. ȼ ɂɇɏɋ ɊȺɇ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɫɢɧɬɟɡɭ ɢ 

ɢɡɭɱɟɧɢɸ ɦɟɦɛɪɚɧɧɵɯ ɫɜɨɣɫɬɜ ɪɚɡɥɢɱɧɵɯ ɩɨɥɢɦɟɪɨɜ. ɉɨɥɢɧɨɪɛɨɪɧɟɧɵ, 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɨ ɫɯɟɦɟ ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɨɝɨ ɦɟɬɚɬɟɡɢɫɚ ɫ ɪɚɫɤɪɵɬɢɟɦ ɰɢɤɥɚ 

(ɆɉɇȻ), ɹɜɥɹɸɬɫɹ ɫɢɧɬɟɬɢɱɟɫɤɢ ɞɨɫɬɭɩɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɢɡɭɱɟɧɢɹ 

ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɨɥɢɦɟɪ-ɫɜɨɣɫɬɜɚ. ɇɚ ɢɯ ɩɪɢɦɟɪɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɮɬɨɪ- ɢ Me3Si-

ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɦɨɧɨɦɟɪɧɨɟ ɡɜɟɧɨ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɢɬɶ ɝɚɡɨɪɚɡɞɟɥɢɬɟɥɶɧɵɟ 

ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɨɜ [1,2]. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɆɉɇȻ ɫɨɞɟɪɠɚɬ ɞɜɨɣɧɵɟ ɫɜɹɡɢ ɜ ɨɫɧɨɜɧɨɣ ɰɟɩɢ, 

ɱɬɨ ɩɪɢɞɚɟɬ ɢɦ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɢ ɯɪɚɧɟɧɢɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɜɢɜɚɟɬɫɹ ɩɨɞɯɨɞ ɤ 

ɦɨɞɢɮɢɤɚɰɢɢ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɆɉɇȻ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 

ɝɚɡɨɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ ɢ ɭɥɭɱɲɟɧɢɟ ɯɟɦɨ-ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɨɥɢɦɟɪɨɜ. Ɋɚɧɟɟ ɧɚɦɢ 

ɛɵɥɨ ɢɡɭɱɟɧɨ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɢ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɜ 

ɆɉɇȻ (ɫɯɟɦɚ 1) [3,4,5].  SiMe3PCy3PCy3Ru=CHPhCl Cl SiMe3ClCF2COONaCOOHClO PhCOOMe SiMe3OSiMe3F F
185
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ɋɯɟɦɚ 1. ɋɢɧɬɟɡ, ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɢ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ  
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ɩɨɥɢ(5-ɬɪɢɦɟɬɢɥɫɢɥɢɥɧɨɪɛɨɪɧɟɧɚ) (SiɉɇȻ) 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ ɆɉɇȻ, ɫɧɢɠɚɹ ɩɪɢ ɷɬɨɦ ɢɯ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ [3,4]. Ƚɟɦ-

ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɭɜɟɥɢɱɢɜɚɟɬ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɆɉɇȻ 

ɩɪɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ [5]. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ 

ɆɉɇȻ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɯɨɪɨɲɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɢ ɯɪɚɧɟɧɢɢ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɧɚɣɞɟɧɨ, ɱɬɨ  

ɧɚɥɢɱɢɟ ɨɛɴɟɦɧɵɯ Me3Si-ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɦɨɧɨɦɟɪɧɨɦ ɡɜɟɧɟ ɆɉɇȻ ɫɭɳɟɫɬɜɟɧɧɨ 

ɫɧɢɠɚɟɬ ɚɤɬɢɜɧɨɫɬɶ ɩɨɥɢɦɟɪɨɜ ɜ ɩɨɫɬ-ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɠɟɫɬɨɱɟɧɢɹ ɭɫɥɨɜɢɣ ɦɨɞɢɮɢɤɚɰɢɢ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ  ɢɫɱɟɪɩɵɜɚɸɳɟɝɨ 

ɩɪɟɜɪɚɳɟɧɢɹ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ.  ɉɪɢɱɟɦ, ɟɫɥɢ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɆɉɇȻ, ɫɨɞɟɪɠɚɳɢɯ ɨɞɢɧ 

ɢ ɞɜɚ Me3Si-ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɦɨɧɨɦɟɪɧɨɦ ɡɜɟɧɟ, ɭɞɚɥɨɫɶ ɩɪɨɜɟɫɬɢ ɫ ɩɨɱɬɢ ɩɨɥɧɨɣ 

ɤɨɧɜɟɪɫɢɟɣ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ, ɬɨ ɩɪɢ ɢɯ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɢ ɨɫɬɚɸɬɫɹ 

ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɢɦɢ ɨɤɨɥɨ 15-20% ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ, ɞɚɠɟ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɢɡɛɵɬɤɟ 

ɰɢɤɥɨɩɪɨɩɚɧɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ.  

Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ ɩɨɜɵɲɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɤɪɟɦɧɢɣɡɚɦɟɳɟɧɧɵɯ ɆɉɇȻ ɦɨɠɟɬ 

ɫɬɚɬɶ ɨɬɞɚɥɟɧɢɟ ɡɚɦɟɫɬɢɬɟɥɟɣ ɨɬ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɧɚɦɢ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ 

ɧɨɜɵɣ ɦɨɧɨɦɟɪ 4,4-ɞɢɦɟɬɢɥɬɪɢɰɢɤɥɨ[5.2.1.02,6]-4-ɫɢɥɚɞɟɰɟɧ-8 (ɌɐɋȾ) ɪɟɚɤɰɢɟɣ 

ɞɢɟɧɨɜɨɣ ɤɨɧɞɟɧɫɚɰɢɢ 1,1-ɞɢɯɥɨɪ-1-ɫɢɥɚɰɢɤɥɨɩɟɧɬɟɧɚ-3 ɫ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɨɦ ɢ 

ɩɨɫɥɟɞɭɸɳɢɦ ɦɟɬɢɥɢɪɨɜɚɧɢɟɦ Si-Cl ɫɜɹɡɟɣ (ɫɯɟɦɚ 2ɚ).   

 Si ClCl Si ClCl MeMgISiMe MeSi MeMe ClCF2COONa
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ɋɯɟɦɚ 2 – ɋɢɧɬɟɡ ɌɐɋȾ (ɚ), ɟɝɨ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɢ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ 

ɉɌɐɋȾ (ɛ) 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɟɚɤɰɢɹ ɞɢɟɧɨɜɨɣ ɤɨɧɞɟɧɫɚɰɢɢ 1,3-

ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ/ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɫ 1,1-ɞɢɯɥɨɪ-1-ɫɢɥɚɰɢɤɥɨɩɟɧɬɟɧɨɦ-3 ɩɪɨɬɟɤɚɟɬ 

ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɜɵɲɟ 240ɨɋ. ɉɨɛɨɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɹɜɥɹɸɬɫɹ ɬɪɢɦɟɪɵ ɢ 

ɨɥɢɝɨɦɟɪɵ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ. Ɉɫɭɳɟɫɬɜɥɟɧ ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɵɣ ɦɟɬɚɬɟɡɢɫ ɌɐɋȾ ɫ 

ɪɚɫɤɪɵɬɢɟɦ ɰɢɤɥɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ Ru-ɤɚɪɛɟɧɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ Ƚɪɚɛɛɫɚ 1-ɝɨ ɩɨɤɨɥɟɧɢɹ 

Cl2(PCy3)2Ru=CHPh. ɋ ɜɵɯɨɞɨɦ 99%  ɜɵɞɟɥɟɧ ɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɧɨɜɵɣ ɆɉɇȻ - 

ɩɨɥɢ(4,4-ɞɢɦɟɬɢɥɬɪɢɰɢɤɥɨ[5.2.1.02,6]-4-ɫɢɥɚɞɟɰɟɧ-8) (ɉɌɐɋȾ), ɜ ɤɨɬɨɪɨɦ ɤɪɟɦɧɢɣ-

ɦɟɬɢɥɶɧɚɹ ɝɪɭɩɩɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɛɨɥɶɲɟɦ ɨɬɞɚɥɟɧɢɢ ɨɬ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

SiɉɇȻ (ɫɯɟɦɚ 2ɛ). ɂɡɭɱɟɧɨ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ ɉɌɐɋȾ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ClɋF2COONa ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɞɢɮɬɨɪɤɚɪɛɟɧɚ (:CF2) ɜ ɫɪɟɞɟ ɦɟɬɢɥɛɟɧɡɨɚɬɚ (ɫɯɟɦɚ 

2ɛ). ɇɚɣɞɟɧɵ ɭɫɥɨɜɢɹ ɢɫɱɟɪɩɵɜɚɸɳɟɝɨ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɹ ɞɜɨɣɧɵɯ 

ɫɜɹɡɟɣ ɜ ɉɌɐɋȾ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɹɞ ɚɤɬɢɜɧɨɫɬɢ ɆɉɇȻ ɜ ɝɟɦ-

ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɢ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɧɟɡɚɦɟɳɟɧɧɵɣ 

ɩɨɥɢɧɨɪɛɨɪɧɟɧ (ɉɇȻ) ޓ ɉɌɐɋȾ ޓ SiɉɇȻ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫɨ ɫɬɟɩɟɧɶɸ 

ɷɤɪɚɧɢɪɨɜɚɧɧɨɫɬɢ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɜ ɆɉɇȻ. 

ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɵɯ ɩɨɥɢɦɟɪɨɜ, ɉɌɐɋȾ ɢ ɋF2-ɉɌɐɋȾ, ɢ ɦɨɧɨɦɟɪɚ ɌɐɋȾ 

ɞɨɤɚɡɚɧɚ ɦɟɬɨɞɚɦɢ Ƚɏ-Ɇɋ, 1ɇ, 13ɋ, 29Si ɢ ɞɜɭɦɟɪɧɨɣ əɆɊ-, ɂɄ- ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 

ɉɨɥɢɦɟɪɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɦɟɬɨɞɚɦɢ Ƚɉɏ, ȾɋɄ, ɌȽȺ, ɷɥɟɦɟɧɬɧɵɦ ɚɧɚɥɢɡɨɦ, ɨɧɢ 

ɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɯɨɪɨɲɢɟ ɩɥɟɧɤɨɨɛɪɚɡɭɸɳɢɟ ɫɜɨɣɫɬɜɚ.  

ɇɚɪɚɛɨɬɚɧɵ  ɨɛɪɚɡɰɵ ɉɌɐɋȾ ɢ ɋF2-ɉɌɐɋȾ, ɨɬɥɢɬɵ ɩɨɥɢɦɟɪɧɵɟ ɩɥɟɧɤɢ ɢ 

ɢɫɫɥɟɞɨɜɚɧɵ ɢɯ ɝɚɡɨɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. ɇɚɣɞɟɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ 

ɫɢɥɚɰɢɤɥɨɩɟɧɬɚɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ ɉɇȻ ɭɜɟɥɢɱɢɜɚɟɬ ɟɝɨ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜ 3-4 ɪɚɡɚ, 

ɧɚɩɪɢɦɟɪ, Ɋ(Ɉ2) ɨɬ 1.4 ɞɨ 5.7 Ȼɚɪɪɟɪ. Ɉɞɧɚɤɨ ɡɚɦɟɧɚ Me3Si-ɡɚɦɟɫɬɢɬɟɥɹ ɧɚ Me2Si-ɝɪɭɩɩɭ 

ɫɧɢɠɚɟɬ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɩɨɥɢɦɟɪɚ, ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɉɌɐɋȾ ɧɢɠɟ, 

ɱɟɦ ɭ SiɉɇȻ (ɧɚɩɪɢɦɟɪ, ɭ SiɉɇȻ Ɋ(Ɉ2) = 30 Ȼɚɪɪɟɪ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ 

ɆɉɇȻ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɪɹɞɭ: ɉɇȻ ޒ ɉɌɐɋȾ ޒ SiɉɇȻ. ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ ɜ 

ɭɤɚɡɚɧɧɨɦ ɪɹɞɭ, ɤɚɤ ɭ ɛɨɥɶɲɢɧɫɬɜɚ ɩɨɥɢɦɟɪɨɜ, ɢɡɦɟɧɹɟɬɫɹ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟ, ɬ.ɟ. ɞɥɹ 

ɛɨɥɟɟ ɩɪɨɧɢɰɚɟɦɨɝɨ ɩɨɥɢɦɟɪɚ ɯɚɪɚɤɬɟɪɧɚ ɦɟɧɶɲɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ: SiɉɇȻ  ޒ  ɉɌɐɋȾ  ޒ  

ɉɇȻ. 

Ƚɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ ɉɌɐɋȾ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɥɨ ɟɝɨ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ. Ɍɚɤ, ɤɨɷɮɮɢɰɢɟɧɬ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɨ Ɉ2 ɭɜɟɥɢɱɢɥɫɹ ɨɬ 5.7 ɞɨ 

30.5 Ȼɚɪɪɟɪ. ɉɪɢ ɷɬɨɦ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ ɩɨɧɢɡɢɥɚɫɶ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɩɚɪɵ 
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ɝɚɡɨɜ Ɉ2/N2 ɨɬ 4.96 ɞɨ 3.18. Ⱥɧɚɥɢɡ ɜɥɢɹɧɢɹ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɹ ɞɜɨɣɧɵɯ 

ɫɜɹɡɟɣ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɪɹɞɭ ɩɨɥɢɦɟɪɨɜ ɉɇȻ, ɉɌɐɋȾ, SiɉɇȻ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 

ɧɚɢɛɨɥɶɲɢɣ ɷɮɮɟɤɬ ɦɨɞɢɮɢɤɚɰɢɹ ɨɤɚɡɚɥɚ ɧɚ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɉɌɐɋȾ. Ƚɟɦ-

ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɟ ɩɨɥɢɦɟɪɨɜ ɜ ɭɤɚɡɚɧɧɨɦ ɪɹɞɭ ɩɪɢɜɟɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɨ ɝɚɡɚɦ (He, H2, O2, N2, CO2, CH4) ɜ ɫɪɟɞɧɟɦ ɜ 3-3.5 (ɉɇȻ); 4-5.5 

(ɉɌɐɋȾ); 1.2-1.4 (SiɉɇȻ) ɪɚɡɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɷɬɨɦ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɢɮɢɤɚɰɢɢ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɜ ɉɇȻ ɢ SiɉɇȻ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɢɥɚɫɶ ɢ 

ɭɦɟɧɶɲɢɥɚɫɶ ɩɪɢ ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɢ ɉɌɐɋȾ.  

Ȼɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɝɚɡɨɜ ɜ ɉɌɐɋȾ ɢ 

CF2-ɉɌɐɋȾ. ɇɚɣɞɟɧɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɟɦ-ɞɢɮɬɨɪɰɢɤɥɨɩɪɨɩɚɧɢɪɨɜɚɧɢɹ ɉɌɐɋȾ 

ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ, ɬɚɤ ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɝɚɡɨɜ.  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ ɩɪɢ 

ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɎȺɇɈ Ɋɨɫɫɢɢ 
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ȼɅɂəɇɂȿ ɌɂɉȺ ɐȿɈɅɂɌɇɈȽɈ ɄȺɌȺɅɂɁȺɌɈɊȺ ɇȺ ɋɈɋɌȺȼ 
ɉɊɈȾɍɄɌɈȼ ɄȺɌȺɅɂɌɂɑȿɋɄɈɃ ȾȿɉɈɅɂɆȿɊɂɁȺɐɂɂ ɉɈɅɂɋɌɂɊɈɅȺ ȼ 

ɍȽɅȿȼɈȾɈɊɈȾɇɈɃ ɋɊȿȾȿ 

Ⱦɟɦɟɧɬɶɟɜ Ʉ.ɂ., Ȼɚɛɤɢɧ ɘ.Ⱥ., ɉɚɥɚɧɤɨɟɜ Ɍ.Ⱥ., ɏɚɞɠɢɟɜ ɋ.ɇ. 
ZEOLITE TYPE EFFECT ON THE PRODUCTS’ COMPOSITION OF CATALYTIC 

DEPOLYMERIZATION OF POLYSTYRENE IN A HYDROCARBON MEDIUM. 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɭɬɢɥɢɡɚɰɢɢ ɨɞɧɨɝɨ ɢɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ 

ɩɥɚɫɬɢɤɨɜ, ɚ ɢɦɟɧɧɨ ɩɨɥɢɫɬɢɪɨɥɚ, ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɬɟɪɦɨɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɞɟɤɨɦɩɨɡɢɰɢɹ 

ɧɚ ɬɜɟɪɞɨɤɢɫɥɨɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɫ ɩɨɥɭɱɟɧɢɟɦ ɢɫɯɨɞɧɵɯ ɦɨɧɨɦɟɪɨɜ, ɤɨɬɨɪɵɟ ɩɨɬɨɦ 

ɦɨɝɭɬ ɛɵɬɶ ɜɨɡɜɪɚɳɟɧɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ [1-2]. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɪɟɞɟ ɪɟɚɤɰɢɹ ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɨɥɢɦɟɪɨɜ ɩɪɨɬɟɤɚɟɬ ɛɨɥɟɟ ɩɨɥɧɨ ɢ ɫ 

ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɰɟɥɟɜɵɦ ɩɪɨɞɭɤɬɚɦ [3]. 

ȼ ɪɚɛɨɬɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɤɨɦɩɥɟɤɫ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ ɬɢɩɚ 

ɪɚɡɥɢɱɧɵɯ ɰɟɨɥɢɬɨɜ ɧɚ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɨɥɢɫɬɢɪɨɥɚ 

ɜ ɫɨɥɸɛɢɥɢɡɢɪɨɜɚɧɧɨɦ ɜɢɞɟ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ 

ɰɟɨɥɢɬɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɬɪɟɯ ɬɢɩɨɜ ɪɟɲɟɬɨɤ: FAU (ɰɟɨɥɢɬ Y), MFI (ɰɟɨɥɢɬ ZSM-5) ɢ 

BEA (ɰɟɨɥɢɬ Beta). Ɋɟɚɤɰɢɹ ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢɢ ɩɨɥɢɫɬɢɪɨɥɚ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɪɚɫɬɜɨɪɟ 

ɥɟɝɤɨɝɨ ɝɚɡɨɣɥɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ (10%) ɩɪɢ 500 °ɋ. 

Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɬɢɩ ɪɟɲɟɬɤɢ ɰɟɨɥɢɬɚ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɜɥɢɹɟɬ ɧɚ ɩɭɬɶ 

ɩɪɟɜɪɚɳɟɧɢɹ ɩɨɥɢɫɬɢɪɨɥɚ. ȼɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɧɚɯɨɞɢɬɫɹ ɜ ɫɬɪɨɝɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɩɨɪɹɞɤɨɦ ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɦɟɪɨɜ ɩɨɪ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ.  

Ɍɚɛɥɢɰɚ 1 - ȼɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɨɥɢɫɬɢɪɨɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɪɚɡɥɢɱɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, % ɦɚɫɫ. 

ɉɪɨɞɭɤɬ FAU (ReHY) BEA  

(Beta) 

MFI  

(ZSM-5) 

Ȼɟɧɡɨɥ 11,2 31,4 53,3 

Ɍɨɥɭɨɥ 9,8 27,2 23,4 

Ⱥɪɨɦɚɬɢɤɚ ɋ8 

(ɷɬɢɥɛɟɧɡɨɥ) 

78,9 

(77,8) 

40,6 

(19,7) 

12,5 

(2,7) 

Ⱥɪɨɦɚɬɢɤɚ ɋ9+ 0,1 1,0 10,8 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ ɩɪɟɜɪɚɳɟɧɢɹ ɩɨɥɢɫɬɢɪɨɥɚ ɧɚ ɰɟɨɥɢɬɟ 

ɬɢɩɚ FAU ɹɜɥɹɟɬɫɹ ɷɬɢɥɛɟɧɡɨɥ (80-85%) ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɋ8+, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ, ɜ ɨɫɧɨɜɧɨɦ, ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ ɫ ɪɚɡɜɟɬɜɥɟɧɧɵɦɢ ɚɥɤɢɥɶɧɵɦɢ 
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ɡɚɦɟɫɬɢɬɟɥɹɦɢ. ɇɚɩɪɨɬɢɜ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɭɡɤɨɩɨɪɢɫɬɨɝɨ ɰɟɨɥɢɬɚ ɬɢɩɚ MFI ɨɛɪɚɡɭɟɬɫɹ, ɜ 

ɨɫɧɨɜɧɨɦ, ɛɟɧɡɨɥ (50%); ɛɨɥɟɟ ɬɹɠɟɥɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɚɪɨɦɚɬɢɤɨɣ ɫ 

ɦɟɬɢɥɶɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ. ɐɟɨɥɢɬ ɬɢɩɚ BEA ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɪɨɞɭɤɬɨɜ. Ȼɨɥɟɟ ɬɹɠɟɥɵɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɜ 

ɫɭɳɟɫɬɜɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɨɛɧɚɪɭɠɟɧɵ ɥɢɲɶ ɜ ɩɪɨɞɭɤɬɚɯ ɪɟɚɤɰɢɢ ɧɚ ɰɟɨɥɢɬɟ ɬɢɩɚ MFI, 

ɱɬɨ ɫɜɹɡɚɧɨ, ɜɟɪɨɹɬɧɨ, ɫ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɩɪɨɬɟɤɚɧɢɟɦ ɪɟɚɤɰɢɢ ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɰɟɨɥɢɬɚ, ɧɟɠɟɥɢ ɜ ɟɝɨ ɩɨɪɚɯ. Ɉɬɞɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɬɟɩɟɧɶ 

ɩɪɟɜɪɚɳɟɧɢɹ ɩɨɥɢɫɬɢɪɨɥɚ ɛɵɥɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɜɨ ɜɫɟɯ ɬɪɟɯ ɫɥɭɱɚɹɯ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ. 
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ȼɅɂəɇɂȿ ɋɉɈɋɈȻȺ ɉɊɂȽɈɌɈȼɅȿɇɂə ȽɂȾɊɈɄɋɂȾȺ ȺɅɘɆɂɇɂə 
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INFLUENCE OF THE WAY OF PREPARATION OF HYDROXIDE OF 
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1 Ⱥɧɝɚɪɫɤɧɟɮɬɟɯɢɦɩɪɨɟɤɬ, Ⱥɧɝɚɪɫɤ 

E-mail: urusova.katia@yandex.ru 
2 ɂɪɤɭɬɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ  ɭɧɢɜɟɪɫɢɬɟɬ, 

ɂɪɤɭɬɫɤ 
3 ȺɈ «ȼɇɂɂ ɇɉ», Ɇɨɫɤɜɚ 

 

ȼɚɠɧɵɦ ɷɥɟɦɟɧɬɨɦ ɬɟɯɧɨɥɨɝɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɪɢɮɨɪɦɢɧɝɚ ɢ ɝɢɞɪɨɨɱɢɫɬɤɢ 

ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɧɨɫɢɬɟɥɹ - ɚɤɬɢɜɧɨɝɨ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ (ȺɈȺ)  ɫ ɨɩɬɢɦɚɥɶɧɨɣ ɩɨɪɢɫɬɨɣ 

ɫɬɪɭɤɬɭɪɨɣ. ɋɬɪɭɤɬɭɪɚ ȺɈȺ, ɤɚɤ ɧɨɫɢɬɟɥɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɡɚɤɥɚɞɵɜɚɟɬɫɹ ɧɚ ɜɫɟɯ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɬɚɞɢɹɯ, ɜɤɥɸɱɚɹ ɫɢɧɬɟɡ, ɮɨɪɦɨɜɚɧɢɟ, ɫɩɟɰɢɚɥɶɧɵɟ ɩɪɢɟɦɵ 

ɦɨɞɢɮɢɤɚɰɢɢ ɢ ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ. 

 ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɝɢɞɪɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ (ȽȺ), ɚ ɢɦɟɧɧɨ- ɨɫɚɠɞɟɧɢɹ, ɫɬɚɛɢɥɢɡɚɰɢɢ ɢ ɩɟɩɬɢɡɚɰɢɢ, ɧɚ ɬɟɤɫɬɭɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. Ɉɛɪɚɡɰɵ ȽȺ ɩɨɥɭɱɚɥɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ 

ɨɫɚɠɞɟɧɢɟɦ ɢɡ ɪɚɫɬɜɨɪɚ ɚɥɸɦɢɧɚɬɚ ɧɚɬɪɢɹ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɩɪɢ ɪɚɡɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɩɪɨɤɚɥɤɨɣ  ɩɪɢ 550 ºɋ ɜ ɬɟɱɟɧɢɟ 4 ɱɚɫɨɜ.  Ɍɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȺɈȺ 

ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ ɧɚ ɩɪɢɛɨɪɟ ASAP 2010. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 – ȼɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɨɫɚɠɞɟɧɢɹ ɧɚ ɬɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȺɈȺ 

 
№  

ɍɫɥɨɜɢɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɉɨɪɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ Ɉɫɚɠɞɟɧɢɟ ɋɬɚɛɢɥɢɡɚɰɢɢ 
Ɍ, ºɋ ɪɇ, ɟɞ. ʋ, ɝ/ɱ Ɍ, ºɋ ɪɇ, ɟɞ. t, ɦɢɧ. S ɭɞ, ɦ2/ɝ V ɩɨɪ, ɫɦ3/ɝ Dɩɨɪ, Ǻ 

1 70 9,0 20 70 9,1 30 288 0,59 82 

2/1 60 6,5 40 60 9,0 30 312 0,83 106 

2/2 60 7,7 20 60 9,1 30 322 0,85 105 

2/6 60 8,2 20 60 8,4 30 313 0,79 102 

2/3 60 8,2 20 60 9,0 30 300 0,93 124 

2/4 60 8,2 20 60 9,1 40 322 0,97 120 

2/5 60 8,2 20 60 9,1 60 305 0,91 120 

2/8 60 9,2 20 60 9,2 40 264 0,49 74 

3/1 50 6,5 20 50 9,0 35 280 0,61 87 

3/2 50 7,6 20 50 9,0 30 306 0,74 98 

3/3 50 8,0 30 50 9,0 30 316 0,81 102 

3/4 50 9,0 30 50 9,0 35 315 0,67 84 

4/1 40 6,5 20 40 9,0 30 310 0,69 90 

4/2 40 6,5 20 60 9,1 30 292 0,55 76 

4/3 40 8,1 20 60 9,1 60 298 0,68 92 

4/4 40 8,8 20 87 9,2 60 286 0,59 82 

5/1 30 8,7 20 83 4,7 30 309 0,77 100 

5/2 30 8,7 40 83 5,0 30 236 0,41 70 

 

ɋ-II-18 
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Ɇɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɫɟ ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɫɟɜɞɨɛɟɦɢɬɨɦ.  Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɛɥɢɰɵ 1 ɩɨɤɚɡɚɥ, ɱɬɨ 

ɦɚɤɫɢɦɚɥɶɧɵɣ  ɨɛɴɟɦ ɢ ɞɢɚɦɟɬɪ ɩɨɪ  ɭ ɨɛɪɚɡɰɨɜ,  ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɫɚɠɞɟɧɢɹ 

ȽȺ, ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 60 ɨɋ ɜ ɞɢɚɩɚɡɨɧɟ ɪɇ = 8,0 - 8,5 ɟɞ. ȼ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɚɠɞɟɧɢɹ ɝɢɞɪɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ  (ɜ ɢɧɬɟɪɜɚɥɟ  ɬɟɦɩɟɪɚɬɭɪ 30 - 70 ɨɋ) ɩɪɢ ɪɇ = 8,3 ɧɚ ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȺɈȺ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2 ɢ ɧɚ ɪɢɫɭɧɤɟ 1.  

Ɍɚɛɥɢɰɚ 2 – ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɚɠɞɟɧɢɹ ȽȺ ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ȺɈȺ ɩɪɢ  ɪɇ=8,3 ɟɞ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ 
Ɍɟɦɩɟɪɚɬɭɪɚ, ɨɋ 

70 60 50 40 30 

1 ɇɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3 0,422 0,406 0,503 0,44 0,45 

2 ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, 
ɦ2/ɝ 

288 
256 

316 310 286 

3 Ɉɛɴɟɦ ɩɨɪ, ɫɦ3/ɝ 0,59 0,72 0,81 0,69 0,59 

4 Ⱦɢɚɦɟɬɪ ɩɨɪ, Ǻ 82 112 102 90 82 

5 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɪ ɩɨ 
ɪɚɞɢɭɫɚɦ, % 

 
 

   

< 18 Ǻ 5,5 2,7 0,8 5,5 7,4 

18-60 Ǻ 74,1 79,8 83,6 71 71 

60-100 Ǻ 3,6 4,5 4,4 5,2 3,9 

> 100 Ǻ 16,8 13,0 11,2 18,3 17,9 
 

 

Ɋɢɫɭɧɨɤ 1    

ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɚɠɞɟɧɢɹ ɧɚ ɩɨɪɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ 

 ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɜɟɥɢɱɢɧɟ  
ɪɇ ɨɫɚɠɞɟɧɢɹ 8,0 ɟɞ 
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Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɛɥɢɰɵ 2 ɢ ɪɢɫɭɧɤɚ 1 

ɩɨɤɚɡɵɜɚɟɬ,  ɱɬɨ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢ ɪɇ= 8,3 ɧɚɛɥɸɞɚɟɬɫɹ 

ɨɛɪɚɡɨɜɚɧɢɟ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫ ɦɨɧɨɞɢɫɩɟɪɫɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨɪ, ɩɪɢɱɟɦ 

ɛɨɥɟɟ 70 %  ɨɬ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɩɨɪ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɞɢɚɦɟɬɪ 18-60 Ǻ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɫɚɠɞɟɧɢɹ ȽȺ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 50-60 ɨɋ, 

ɜɨɡɦɨɠɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ȺɈȺ ɫ ɧɚɢɛɨɥɶɲɢɦ ɨɛɴɟɦɨɦ ɩɨɪ, Ʉɪɨɦɟ ɬɨɝɨ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɵɯ ɭɫɥɨɜɢɣ ɨɫɚɠɞɟɧɢɹ  ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ  ɨɛɪɚɡɰɵ 

ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫ ɧɚɫɵɩɧɵɦ ɜɟɫɨɦ ɜ ɞɢɚɩɚɡɨɧɟ 0,4-0,5 ɤɝ/ɞɦ3, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, 

ɱɟɦ ɭ ɩɪɨɢɡɜɨɞɢɦɵɯ  ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜɚɪɶɢɪɭɹ ɪɇ ɢ 

ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɬɜɨɪɚ ɩɪɢ ɨɫɚɠɞɟɧɢɢ,  ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɝɢɞɪɨɤɫɢɞ (ɥɢɛɨ ɨɤɫɢɞ) 

ɚɥɸɦɢɧɢɹ ɫ ɡɚɞɚɧɧɨɣ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɱɬɨ ɨɱɟɧɶ ɜɚɠɧɨ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɨɫɢɬɟɥɟɣ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɪɚɡɥɢɱɧɵɯ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. 
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ɎɈɋɎɈɊɋɈȾȿɊɀȺɓɂȿ ɆȺɄɊɈɅɂȽȺɇȾɕ ȾɅə 
ȽɂȾɊɈɎɈɊɆɂɅɂɊɈȼȺɇɂə ɂ ɄȺɊȻɈɇɂɅɂɊɈȼȺɇɂə ɈɅȿɎɂɇɈȼ 

ɇɟɧɚɲɟɜɚ Ɇ.ȼ., Ʉɚɪɚɫɚɟɜɚ Ɇ.Ɇ., Ƚɨɪɛɭɧɨɜ Ⱦ.ɇ., Ɍɟɪɟɧɢɧɚ Ɇ.ȼ. 
PHOSPHORUS-CONTANING MACROLIGANDS FOR OLEFINS 

HYDROFORMYLATION AND CARBONYLATION 
Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

E-mail: suskab_91@mail.ru 

 

ɉɪɨɰɟɫɫɵ ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɹ ɢ ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ ɧɟɩɪɟɞɟɥɶɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɉɧɢ ɧɚɩɪɚɜɥɟɧɵ ɧɚ 

ɩɨɥɭɱɟɧɢɟ ɚɥɶɞɟɝɢɞɨɜ, ɫɩɢɪɬɨɜ, ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɢ ɷɮɢɪɨɜ [1]. Ɉɞɧɢɦ ɢɡ ɭɝɥɭɛɥɟɧɧɵɯ 

ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɵɪɶɹ ɜ ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ ɦɨɠɟɬ ɫɬɚɬɶ 

ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɰɟɧɧɵɯ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɩɪɨɩɚɧɚɥɶ, ɞɢɷɬɢɥɤɟɬɨɧ, 

ɩɪɨɩɢɨɧɨɜɚɹ ɤɢɫɥɨɬɚ, ɩɪɨɩɚɧɨɥ, ɚɥɤɢɥɩɪɨɩɢɨɧɚɬɵ) ɢɡ ɷɬɢɥɟɧɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ 

ɝɚɡɨɜɵɯ ɩɨɬɨɤɚɯ ɫ ɭɫɬɚɧɨɜɨɤ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɇɉɁ, ɚ ɬɚɤɠɟ ɩɪɨɱɢɯ ɝɚɡɨɜɵɯ 

ɫɦɟɫɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɷɬɢɥɟɧ, ɛɟɡ ɟɝɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɵɞɟɥɟɧɢɹ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɥɭɱɟɧɢɹ 

ɩɪɨɞɭɤɬɨɜ ɨɤɫɨ-ɫɢɧɬɟɡɚ (ɧɚɩɪɢɦɟɪ, ɜɵɫɲɢɯ ɚɥɶɞɟɝɢɞɨɜ ɢ ɫɩɢɪɬɨɜ), ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɧɢɟ 

ɷɮɮɟɤɬɢɜɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɫɢɫɬɟɦɚɦ 

– ɢɯ ɜɵɫɨɤɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɫ ɧɚɢɥɭɱɲɟɣ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɰɟɥɟɜɵɦ ɩɪɨɞɭɤɬɚɦ. Ɍɚɤɠɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɨɤɫɨ-ɩɪɨɰɟɫɫɨɜ, 

ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɨɧɢ ɫɨɞɟɪɠɚɬ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɦɟɬɚɥɥɵ, ɞɨɥɠɧɵ ɛɵɬɶ ɥɟɝɤɨ ɨɬɞɟɥɹɟɦɵɦɢ 

ɨɬ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɧɨɝɨɤɪɚɬɧɨ ɛɟɡ ɩɨɬɟɪɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɵ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ, 

ɫɨɞɟɪɠɚɳɢɟ ɮɨɫɮɢɧɨɜɵɟ ɥɢɝɚɧɞɵ ɧɚ ɨɫɧɨɜɟ ɦɚɤɪɨɦɨɥɟɤɭɥ – ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɫ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 3000 – 5000 ɝ/ɦɨɥɶ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɭɤɚɡɚɧɧɵɯ ɦɚɤɪɨɦɨɥɟɤɭɥ ɜ 

ɤɚɬɚɥɢɡɟ ɩɟɪɫɩɟɤɬɢɜɧɨ ɫ ɧɟɫɤɨɥɶɤɢɯ ɬɨɱɟɤ ɡɪɟɧɢɹ. ȼɨ-ɩɟɪɜɵɯ, ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɣ 

ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɹ ɢ ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ (ɧɚɥɢɱɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɩɨɜɵɲɟɧɧɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ, ɩɟɪɟɦɟɲɢɜɚɧɢɟ), ɤɨɦɩɥɟɤɫɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɟɞɥɨɠɟɧɧɵɯ ɥɢɝɚɧɞɨɜ, ɪɚɫɬɜɨɪɢɦɵ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ 

ɧɚ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɪɟɚɤɰɢɢ. ȼɨ-ɜɬɨɪɵɯ, ɦɚɤɪɨɤɨɦɩɥɟɤɫɵ ɦɨɝɭɬ ɛɵɬɶ ɨɬɞɟɥɟɧɵ ɨɬ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ 

ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ:  

 ɧɟɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɦɩɥɟɤɫɨɜ ɜ ɞɢɷɬɢɥɨɜɨɦ ɷɮɢɪɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ 

ɢɯ ɨɫɚɠɞɟɧɢɟ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɞɟɥɟɧɢɟɦ ɢ ɩɨɜɬɨɪɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ;  

ɋ-II-19 
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 ɯɨɪɨɲɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɦɚɤɪɨɤɨɦɩɥɟɤɫɨɜ ɜ ɜɨɞɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ 

ɪɟɚɤɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɞɜɭɯɮɚɡɧɨɝɨ ɤɚɬɚɥɢɡɚ ɜ ɫɢɫɬɟɦɟ ɜɨɞɚ/ɨɪɝɚɧɢɱɟɫɤɢɣ 

ɪɚɫɬɜɨɪɢɬɟɥɶ ɫ ɪɟɰɢɪɤɭɥɹɰɢɟɣ ɜɨɞɧɨɣ ɮɚɡɵ; 

 ɥɢɝɚɧɞɵ ɞɚɧɧɨɝɨ ɬɢɩɚ ɦɨɝɭɬ ɛɵɬɶ «ɬɟɪɦɨɪɟɝɭɥɢɪɭɟɦɵɦɢ», ɬɨ ɟɫɬɶ 

ɪɚɫɬɜɨɪɢɦɵɦɢ ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ (ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ) 

ɢ ɧɟɪɚɫɬɜɨɪɢɦɵɦɢ ɜ ɤɨɧɟɱɧɵɯ ɫɦɟɫɹɯ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɞɨ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ; 

 ɫɩɟɰɢɚɥɶɧɵɟ ɪɚɫɱɟɬɵ ɢ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɵɞɟɥɟɧɢɟ 

ɦɚɤɪɨɤɨɦɩɥɟɤɫɨɜ ɢɡ ɝɨɦɨɝɟɧɧɵɯ ɫɪɟɞ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ ɫ ɪɚɡɦɟɪɚɦɢ ɩɨɪ ɞɨ 2 ɧɦ [2]. 

 

ɉɨɥɭɱɟɧɢɟ ɮɨɫɮɢɧɨɜɵɯ ɥɢɝɚɧɞɨɜ ɧɚ ɨɫɧɨɜɟ ɦɚɤɪɨɦɨɥɟɤɭɥ ɦɨɠɟɬ ɛɵɬɶ 

ɨɫɭɳɟɫɬɜɥɟɧɨ ɫɨɝɥɚɫɧɨ ɫɯɟɦɚɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɧɚ ɪɢɫ.1-3. 

 

Ɋɢɫɭɧɨɤ 1. Ɇɨɞɢɮɢɤɚɰɢɹ ɉɗȽ 4-ɞɢɮɟɧɮɨɫɮɢɧɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɨɣ 
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Ɋɢɫɭɧɨɤ 2. Ɇɨɞɢɮɢɤɚɰɢɹ ɉɗȽ ɥɢɝɚɧɞɨɦ N-Xantphos 

 

 

Ɋɢɫɭɧɨɤ 3. Ɇɨɞɢɮɢɤɚɰɢɹ ɉɗȽ ɞɢɮɟɧɢɥɮɨɫɮɢɧɨɦ 

 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɪɚɛɨɬɵ ɩɨɫɜɹɳɟɧɚ ɫɢɧɬɟɡɭ ɥɢɝɚɧɞɚ L-3 ɢ 

ɨɰɟɧɤɟ ɟɝɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɪɟɚɤɰɢɢ ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɹ ɦɨɞɟɥɶɧɨɝɨ 

ɫɭɛɫɬɪɚɬɚ – ɨɤɬɟɧɚ-1. ɋɢɧɬɟɡ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɜ ɞɜɟ ɫɬɚɞɢɢ ɫɨɝɥɚɫɧɨ ɪɢɫ.3, ɦɚɫɫɚ 

ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɹ – 5000 ɝ/ɦɨɥɶ. ɋɬɪɨɟɧɢɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɪɨɞɭɤɬɚ – 

ɛɪɨɦɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ, ɚ ɬɚɤɠɟ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ – ɥɢɝɚɧɞɚ L-3, ɛɵɥɨ 

ɭɫɬɚɧɨɜɥɟɧɨ ɦɟɬɨɞɚɦɢ MALDI, ɫɩɟɤɬɪɨɫɤɨɩɢɢ əɆɊ ɧɚ ɹɞɪɚɯ 1H, 13C, 31P ɢ ɦɟɬɨɞɨɦ 

ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. ȼɵɯɨɞ ɥɢɝɚɧɞɚ L-3 ɫɨɫɬɚɜɢɥ 85% ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ. 
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Ƚɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɟ ɨɤɬɟɧɚ-1 ɩɪɢ ɞɚɜɥɟɧɢɢ ɫɢɧɬɟɡ-ɝɚɡɚ (CO/H2 = 1:1) ɪɚɜɧɨɦ 

3,0 Ɇɉɚ ɡɚ 5 ɱɚɫɨɜ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɝɚɧɞɚ L-3 ɢ Rh(acac)(CO)2 ɜ 

ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɪɨɞɢɹ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɧɨɧɢɥɨɜɵɟ ɚɥɶɞɟɝɢɞɵ ɫ ɜɵɯɨɞɨɦ 70%. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɥɢɧɟɣɧɨɝɨ ɚɥɶɞɟɝɢɞɚ ɤ ɚɥɶɞɟɝɢɞɭ ɫ ɢɡɨɦɟɪɢɡɨɜɚɧɧɵɦ 

ɪɚɞɢɤɚɥɨɦ ɫɨɫɬɚɜɢɥɨ 3:1. 

Ⱦɚɥɶɧɟɣɲɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɨɥɭɱɟɧɢɟ ɥɢɝɚɧɞɨɜ L-1 – L-3 ɢ ɧɟɤɨɬɨɪɵɯ 

ɞɪɭɝɢɯ ɥɢɝɚɧɞɨɜ ɧɚ ɨɫɧɨɜɟ ɦɚɤɪɨɦɨɥɟɤɭɥ, ɢɡɭɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɜ 

ɫɟɥɟɤɬɢɜɧɨɦ ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɢ ɢ ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɢ ɤɚɤ ɦɨɞɟɥɶɧɵɯ ɫɭɛɫɬɪɚɬɨɜ, ɬɚɤ 

ɢ ɪɟɚɥɶɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɨɬɨɤɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɧɟɩɪɟɞɟɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɚ 

ɨɬɪɚɛɨɬɤɭ ɫɩɨɫɨɛɨɜ ɜɵɞɟɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɡ ɪɟɚɤɰɢɨɧɧɵɯ ɫɦɟɫɟɣ ɢ ɢɯ 

ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ (ɋɨɝɥɚɲɟɧɢɟ ɨ 

ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɫɭɛɫɢɞɢɢ № 14.607.21.0171, ɢɞɟɧɬɢɮɢɤɚɬɨɪ RFMEFI60717X0171). 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ƚɨɪɛɭɧɨɜ Ⱦ.ɇ., Ɍɟɪɟɧɢɧɚ Ɇ.ȼ., Ʉɚɪɞɚɲɟɜɚ ɘ.ɋ., Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ., Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ. 

ɇɟɮɬɟɯɢɦɢɹ, 2017. № 57 (6). ɋ. 759. 

2. Ⱦɪɢɝɨ ɇ.Ⱥ., Ƚɨɪɛɭɧɨɜ Ⱥ.ɇ., Ƚɨɪɛɭɧɨɜ Ⱦ.ɇ., Ɍɚɥɚɧɨɜɚ Ɇ.ɘ., Ʉɚɪɞɚɲɟɜɚ ɘ.ɋ., Ʉɨɜɚɥɟɜ 
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(12). ɋ. 1042. 

 

  



415 

 

ɉɊɂɆȿɇȿɇɂȿ ȽȺɁɈȼɈɃ ɏɊɈɆȺɌɈȽɊȺɎɂɂ ȼ ɗɄɈɅɈȽɈ-

ȺɇȺɅɂɌɂɑȿɋɄɈɆ ɄɈɇɌɊɈɅȿ ɋɌɈɑɇɕɏ ȼɈȾ ɉɊɈɂɁȼɈȾɋɌȼȺ 
ɉɈɅɂɄȺɊȻɈɇȺɌɈȼ 

ɋɢɪɚɡɢɟɜɚ Ʌ.Ɏ., əɪɭɥɥɢɧɚ Ɋ.Ɋ., Ⱥɧɚɧɶɟɜɚ Ƚ.ɋ., Ɇɚɪɹɧɢɧɚ ȿ.ȼ. 
APPLICATION OF GAS CHROMATOGRAPHY IN ECOLOGICAL AND 

ANALYTICAL CONTROL WASTEWATER POLYCARBONATES PRODUCTION 
ɉȺɈ «Ʉɚɡɚɧɶɨɪɝɫɢɧɬɟɡ», ɝ.Ʉɚɡɚɧɶ 

E-mail: clo@kos.ru  

 

Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ ɹɜɥɹɟɬɫɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɭɬɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɧɟɝɚɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 

ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɜɨɡɞɭɲɧɵɯ ɜɵɛɪɨɫɨɜ ɢ 

ɫɬɨɱɧɵɯ ɜɨɞ. 

Ɋɟɚɥɶɧɨɟ ɭɥɭɱɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɛɟɡ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɷɤɨɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. Ɋɚɫɲɢɪɟɧɢɟ ɫɨɫɬɚɜɚ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 

ɩɚɪɚɦɟɬɪɨɜ, ɭɠɟɫɬɨɱɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɬɨɱɧɨɫɬɢ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɢɤ ɚɧɚɥɢɡɚ. 

ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ – ɷɤɨɥɨɝɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ ɫɬɨɱɧɵɯ ɜɨɞ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɩɨɥɢɤɚɪɛɨɧɚɬɨɜ. 

Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ – ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɧɨɝɨ ɫɨɫɬɚɜɚ ɫɬɨɱɧɵɯ ɜɨɞ ɡɚɜɨɞɚ ɩɨɥɢɤɚɪɛɨɧɚɬɚ 

(ɦɟɬɚɧɨɥɚ, ɞɢɦɟɬɢɥɤɚɪɛɨɧɚɬɚ, ɚɧɢɡɨɥɚ, ɮɟɧɨɥɚ, ɦɟɬɢɥɮɟɧɢɥɤɚɪɛɨɧɚɬɚ, 

ɞɢɮɟɧɢɥɤɚɪɛɨɧɚɬɚ, ɦɨɧɨɷɬɢɥɟɧɝɥɢɤɨɥɹ, ɞɢɷɬɢɥɟɧɝɥɢɤɨɥɹ, ɷɬɢɥɟɧɤɚɪɛɨɧɚɬɚ) ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɨɞɧɨɝɨ ɜɜɨɞɚ ɩɪɨɛɵ. Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɫɬɨɱɧɵɯ ɜɨɞ ɫɬɚɥɚ ɨɫɭɳɟɫɬɜɢɦɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ 

ɤɚɩɢɥɥɹɪɧɨɣ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɩɢɥɥɹɪɧɨɣ ɤɨɥɨɧɤɢ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɜɨɞɢɬɶ ɩɨɥɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɜɫɟɯ ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɩɪɢɦɟɫɟɣ ɜ ɜɨɞɟ ɢ ɬɟɦ ɫɚɦɵɦ 

ɢɫɤɥɸɱɢɬɶ ɧɚɥɨɠɟɧɢɟ ɩɪɢɦɟɫɟɣ ɞɪɭɝ ɧɚ ɞɪɭɝɚ.  

Ɋɚɧɟɟ ɢɫɩɨɥɶɡɭɟɦɵɟ ɧɚ ɉȺɈ «Ʉɚɡɚɧɶɨɪɝɫɢɧɬɟɡ» ɦɟɬɨɞɢɤɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɫɨɫɬɚɜɚ 

ɫɬɨɱɧɵɯ ɜɨɞ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɫɚɞɨɱɧɵɯ ɤɨɥɨɧɨɤ ɛɵɥɢ ɛɨɥɟɟ ɬɪɭɞɨɟɦɤɢɦɢ ɢ 

ɞɥɢɬɟɥɶɧɵɦɢ ɜɫɥɟɞɫɬɜɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɪɟɯ ɪɚɡɥɢɱɧɵɯ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɯ ɦɟɬɨɞɢɤ 

ɧɚ ɬɪɟɯ ɯɪɨɦɚɬɨɝɪɚɮɚɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɠɟ ɬɪɟɯ ɦɟɬɨɞɢɤ ɧɟ ɩɨɡɜɨɥɹɥɨ 

ɨɩɪɟɞɟɥɹɬɶ ɩɨɥɧɵɣ ɫɨɫɬɚɜ ɢɡ-ɡɚ ɧɚɥɨɠɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɩɪɢɦɟɫɟɣ (ɞɢɷɬɢɥɟɧɝɥɢɤɨɥɹ ɢ 

ɷɬɢɥɟɧɤɚɪɛɨɧɚɬɚ)  

ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɝɚɡɨɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫɨɜɨɣ ɞɨɥɢ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɬɨɱɧɵɯ ɜɨɞɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɢɤɚɪɛɨɧɚɬɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɩɢɥɥɹɪɧɨɣ ɤɨɥɨɧɤɢ ɢ ɩɥɚɦɟɧɧɨ-ɢɨɧɢɡɚɰɢɨɧɧɨɝɨ ɞɟɬɟɤɬɨɪɚ. 
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ɉɨɞɨɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɝɚɡɨɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɩɪɢɦɟɫɟɣ ɜ ɜɨɞɟ. Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ 

ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɚɛɫɨɥɸɬɧɨɣ ɝɪɚɞɭɢɪɨɜɤɢ.  

Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɫɩɨɫɨɛ ɫɧɢɠɚɟɬ ɩɪɟɞɟɥɵ ɨɛɧɚɪɭɠɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɬɨɱɧɵɯ 

ɜɨɞɚɯ ɞɨ 0,0004 %ɦɚɫɫ. 
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ɁȺɄɈɇɈɆȿɊɇɈɋɌɂ ɊȺȻɈɌɕ ɄȺɌȺɅɂɁȺɌɈɊɈȼ 

ɋɚɜɟɥɶɟɜ ȿ.Ⱥ. , ɋɚɩɭɧɨɜ ȼ.ɇ. 
CATALYSTS EFFECTIVITY REGULARITIES 

Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, Ɇɨɫɤɜɚ 
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Ʉɚɬɚɥɢɡ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɯɢɦɢɱɟɫɤɨɣ ɤɢɧɟɬɢɤɢ. Ɉɞɧɚ 

ɢɡ ɩɟɪɜɵɯ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɬɟɨɪɢɣ (ɬɟɨɪɢɹ ɦɨɥɟɤɭɥɹɪɧɵɯ ɭɞɚɪɨɜ), ɨɛɴɹɫɧɹɸɳɢɯ ɷɬɨ 

ɹɜɥɟɧɢɟ, ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ Ʌɢɛɢɯɨɦ ɘ.ɂ. ɜ 1839 ɝɨɞɭ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ, ɤɚɬɚɥɢɡɚɬɨɪ 

ɭɦɟɧɶɲɚɟɬ ɷɧɟɪɝɢɸ ɚɤɬɢɜɚɰɢɢ ɪɟɚɤɰɢɢ, ɜɫɬɭɩɚɹ ɫ ɦɨɥɟɤɭɥɚɦɢ ɪɟɚɝɟɧɬɨɜ ɜɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɨɫɬɚɜɚɹɫɶ ɯɢɦɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɵɦ. 

ɋ ɪɚɡɜɢɬɢɟɦ ɧɚɭɤɢ ɧɚɯɨɞɢɥɢɫɶ ɜɫё ɛɨɥɶɲɟ ɩɨɞɬɜɟɪɠɞɟɧɢɣ ɝɢɩɨɬɟɡɵ Ʌɢɛɢɯɚ. ɇɚ 

ɨɫɧɨɜɟ ɟɝɨ ɬɪɭɞɨɜ ɛɵɥɨ ɜɵɜɟɞɟɧɨ ɦɧɨɠɟɫɬɜɨ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɫɜɹɡɵɜɚɸɳɢɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ ɫ ɤɨɧɫɬɚɧɬɨɣ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ.  

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɬɪɚɠɚɸɳɢɟ ɜɥɢɹɧɢɟ ɷɧɟɪɝɢɢ 

ɚɤɬɢɜɚɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɨɧɫɬɚɧɬɭ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ, ɹɜɥɹɸɬɫɹ ɭɪɚɜɧɟɧɢɹ 

Ⱥɪɪɟɧɢɭɫɚ ɢ ɗɣɪɢɧɝɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɚ ɭɪɚɜɧɟɧɢɹ ɢɦɟɸɬ ɫɯɨɠɭɸ ɫɬɪɭɤɬɭɪɭ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɨɛɳɟɦ ɜɢɞɟ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: φሺʡሻ = φexp ሺ− EakBTሻ 

ɉɪɢɦɟɧɹɹ ɞɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ, W. Meyer ɢ H. Neldel, ɜ 1937 ɝɨɞɭ ɧɚ ɨɫɧɨɜɟ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ 

ɜɵɜɟɥɢ ɪɚɜɟɧɫɬɜɨ, ɤɨɬɨɪɨɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɥɢɧɟɣɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ 

ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɦ ɦɧɨɠɢɬɟɥɟɦ (φ0) ɢ ɷɧɟɪɝɢɟɣ ɚɤɬɢɜɚɰɢɢ (ȿɚ), ɩɨɥɭɱɢɜɲɟɟ 

ɧɚɡɜɚɧɢɟ Meyer-Neldel rule [1]: 𝜑 = 𝜑exp ሺ 𝐸𝑎𝐸ಾಿሻ 

ɋ ɭɱёɬɨɦ ɩɪɟɞɵɞɭɳɟɣ ɮɨɪɦɭɥɵ ɩɨɥɭɱɢɦ: 𝜑ሺܶሻ = 𝜑exp [ቀ ଵ𝐸ಾಿ − ଵ்ಳቁ 𝐸𝑎] 
ɉɨɥɭɱɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ [2,3]. 

Ɉɞɧɚɤɨ, ɞɚɧɧɚɹ ɮɨɪɦɚ ɡɚɩɢɫɢ ɤɨɪɪɟɥɹɰɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜ ɯɢɦɢɱɟɫɤɨɣ 

ɤɢɧɟɬɢɤɟ, ɨɧɚ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɢɡɭɱɟɧɢɢ ɞɢɮɮɭɡɢɢ ɜ ɤɪɢɫɬɚɥɥɚɯ [4], 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ [5], ɜɹɡɤɨɫɬɢ [6] ɢ ɬ.ɞ. 

Ʉɨɪɪɟɥɹɰɢɨɧɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɨɬɪɚɫɥɹɯ, 

ɫɜɹɡɵɜɚɟɬ ɨɞɧɨ: ɤɚɠɞɨɟ ɢɡ ɧɢɯ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɦɨɥɟɤɭɥ 

ɩɨ ɷɧɟɪɝɢɹɦ, ɤɨɬɨɪɨɟ ɡɚɤɥɸɱɟɧɨ ɜ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦ ɦɧɨɠɢɬɟɥɟ.  
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ȼ ɫɚɦɨɦ ɞɟɥɟ, ɞɥɹ ɢɡɭɱɟɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɨɞɨɛɧɵɯ ɩɪɨɰɟɫɫɨɜ ɱɚɫɬɨ 

ɫɫɵɥɚɸɬɫɹ ɤ ɪɚɫɩɪɟɞɟɥɟɧɢɸ Ɇɚɤɫɜɟɥɥɚ-Ȼɨɥɶɰɦɚɧɚ. ɇɨ ɱɬɨ ɧɚɢɛɨɥɟɟ ɭɞɢɜɢɬɟɥɶɧɨ, ɫɚɦɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɹɜɥɹɟɬɫɹ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ Meyer-Neldel rule. 

ɋ ɪɚɡɜɢɬɢɟɦ ɧɚɭɤɢ ɪɚɫɲɢɪɹɥɚɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɛɚɡɚ ɞɚɧɧɵɯ ɨ 

ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɭɪɚɜɧɟɧɢɹɯ, ɨɩɢɫɵɜɚɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɩɪɨɰɟɫɫɵ. ɉɪɢ ɢɯ ɚɧɚɥɢɡɟ ɛɵɥɨ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɝɪɚɮɢɤɢ ɥɢɧɟɣɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɨɞɧɨɣ ɬɨɱɤɟ. Ⱦɚɧɧɵɣ 

ɪɟɡɭɥɶɬɚɬ ɜɵɡɜɚɥ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɫɩɨɪɵ, ɧɟ ɹɜɥɹɟɬɫɹ ɥɢ ɷɬɨ ɫɥɟɞɫɬɜɢɟɦ ɩɨɝɪɟɲɧɨɫɬɟɣ 

ɢɡɦɟɪɟɧɢɣ ɜ ɩɪɨɜɨɞɢɦɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ. Ɉɞɧɚɤɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ 

ɤɨɪɪɟɥɹɰɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɨɲɢɛɤɢ ɧɟ ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɨɫɧɨɜɨɣ ɷɬɨɝɨ 

ɮɟɧɨɦɟɧɚ.  

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ 

ɬɟɨɪɟɦɭ, ɤɨɬɨɪɚɹ ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɧɚɛɥɸɞɚɟɦɨɝɨ ɹɜɥɟɧɢɹ: ɟɫɥɢ ɫɭɳɟɫɬɜɭɸɬ ɥɢɧɟɣɧɚɹ 

ɤɨɪɪɟɥɹɰɢɹ «ɫɬɪɭɤɬɭɪɚ – ɫɜɨɣɫɬɜɚ» ɩɪɢ ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɬɨ ɬɨɱɤɚ ɢɯ ɩɟɪɟɫɟɱɟɧɢɹ 

ɛɭɞɟɬ ɨɛɳɟɣ ɬɨɱɤɨɣ ɞɥɹ ɷɬɢɯ ɠɟ ɤɨɪɪɟɥɹɰɢɣ ɩɪɢ ɞɪɭɝɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ [7]. 

Ɋɚɫɫɦɨɬɪɢɦ ɟё ɧɚ ɩɪɢɦɟɪɟ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɬɟɪɦɢɱɟɫɤɢ ɚɤɬɢɜɢɪɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ, 

ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɤɨɬɨɪɨɝɨ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɪɚɜɟɧɫɬɜɨɦ: K = Aexpሺ− Ea݇Tሻ 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɥɨɝɚɪɢɮɦɚ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɩɪɨɰɟɫɫɚ ɨɬ ɢɡɦɟɧɹɟɦɨɝɨ 

ɩɚɪɚɦɟɬɪɚ ıi 

ȼ ɯɨɞɟ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɨɝɨ ɝɪɚɮɢɤɚ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ, ɱɬɨ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ 

ɨɩɪɟɞɟɥёɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɞɧɨɝɨ ɢɡ ɜɚɪɶɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ 
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ɩɪɨɰɟɫɫɚ ɫɬɚɧɨɜɢɬɫɹ ɧɟɡɚɜɢɫɢɦɚ ɨɬ ɞɪɭɝɨɝɨ ɢ ɩɨɫɬɨɹɧɧɨɣ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɨɫɬɢɠɟɧɢɟ 

Ɍiso ɢɫɤɥɸɱɚɟɬ ɜɥɢɹɧɢɟ ıi, ɢ ɧɚɨɛɨɪɨɬ.  

Ɍɟɨɪɟɦɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɫɟ ɥɢɧɟɣɧɵɟ ɤɨɪɪɟɥɹɰɢɢ ɨɞɧɨɬɢɩɧɵɯ ɩɪɨɰɟɫɫɨɜ, 

ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɭɞɭɬ ɩɟɪɟɫɟɤɚɬɶɫɹ ɜ ɨɞɧɨɣ ɬɨɱɤɟ. ɉɨɧɹɬɧɨ, ɱɬɨ 

ɫɞɟɥɚɧɧɵɣ ɜɵɜɨɞ ɫɩɪɚɜɟɞɥɢɜ ɬɨɥɶɤɨ ɩɪɢ ɭɫɥɨɜɢɢ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɬɚɥɢɡɚ, Ɍiso ɢɧɬɟɪɩɪɟɬɢɪɭɟɬɫɹ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ 

ɜɨɡɧɢɤɚɟɬ ɪɟɡɨɧɚɧɫ ɦɟɠɞɭ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɢ ɦɨɥɟɤɭɥɨɣ ɪɟɚɝɟɧɬɚ [2]. 

ȼɵɩɨɥɧɟɧɢɟ ɥɢɧɟɣɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɫɜɨɛɨɞɧɵɯ ɷɧɟɪɝɢɣ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ 

ɚɧɚɥɢɡ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ⱥ ɬɚɤɠɟ ɞɨɫɬɢɱɶ ɛɨɥɶɲɟɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɨɞɧɨɝɨ ɢɡ ɩɚɪɚɦɟɬɪɨɜ. 
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ɋɂɇɌȿɁ ɂ ɌɊȺɇɋɎɈɊɆȺɐɂə 1,1-ȾɂɏɅɈɊɈ-2-ɆȿɌɂɅ-2-

ȼɂɇɂɅɐɂɄɅɈɉɊɈɉȺɇȺ  

Ȼɨɪɢɫɨɜɚ ɘ.Ƚ., Ȼɭɥɚɬɨɜɚ ɘ.ɂ., Ȼɚɣɛɭɪɬɥɢ Ⱥ.ȼ., Ɋɚɫɤɢɥɶɞɢɧɚ Ƚ.Ɂ. 

SYNTHESIS AND TRANSFORMATION OF 1,1-DICHLORO-2-METHYL-2-

VINYLCYCLOPROPANE 
ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. ɍɮɚ 
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Ɉɞɧɚ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɩɪɨɛɥɟɦ ɫɨɜɪɟɦɟɧɧɨɣ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ — 

ɪɚɰɢɨɧɚɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɵɪɶɟɜɵɯ ɪɟɫɭɪɫɨɜ ɫɬɪɚɧɵ, ɚ ɬɚɤɠɟ ɩɟɪɟɪɚɛɨɬɤɚ ɩɨɛɨɱɧɵɯ 

ɩɪɨɞɭɤɬɨɜ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ [1]. Ⱦɢɟɧɵ, ɩɨɥɭɱɚɟɦɵɟ ɢɡ ɋ5-

ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ ɦɨɝɭɬ ɧɚɣɬɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɢɧɬɟɡɟ ɤɚɪɛɨ ɢ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ [2, 3]. 

ɇɚɦɢ ɩɪɟɞɥɨɠɟɧɚ ɫɯɟɦɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɫɬɭɩɧɨɝɨ ɤɪɭɩɧɨɬɨɧɧɚɠɧɨɝɨ ɩɪɨɞɭɤɬɚ 

ɧɟɮɬɟɯɢɦɢɢ - 2-ɦɟɬɢɥ-1,3-ɛɭɬɚɞɢɟɧɚ (ɢɡɨɩɪɟɧɚ). CH3 CH3Cl Cl CH3COOHCl ClCH3Cl Cl OH Cl ClCH3 CH31
2

3
4

5

CCl2H2O C6H6 O
 

ɇɚ ɨɫɧɨɜɟ ɢɡɨɩɪɟɧɚ ɫ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɜɵɯɨɞɨɦ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɟɧɢɟ 1,1-

ɞɢɯɥɨɪɨ-2-ɦɟɬɢɥ-2-ɜɢɧɢɥɰɢɤɥɨɩɪɨɩɚɧɚ 2, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɰɟɧɧɵɦ ɪɟɚɝɟɧɬɨɦ ɞɥɹ 

ɦɧɨɝɢɯ ɫɢɧɬɟɡɨɜ [4].  

ɉɭɬɟɦ ɝɢɞɪɚɬɚɰɢɢ 1,1-ɞɢɯɥɨɪɨ-2-ɦɟɬɢɥ-2-ɜɢɧɢɥɰɢɤɥɨɩɪɨɩɚɧɚ 2 ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɤɚɤ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɨɛɪɚɡɭɟɬɫɹ ɞɢɯɥɨɪɰɢɤɥɨɩɪɨɩɚɧɨɜɵɣ ɫɩɢɪɬ 3. ɉɪɨɰɟɫɫ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɜɨɞɵ ɩɪɨɬɟɤɚɟɬ ɫ ɜɵɯɨɞɨɦ ɛɨɥɟɟ 90%. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɚɜɬɨɪɚɦɢ 

[5] ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɪɟɚɝɟɧɬɚ 3 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɰɟɨɥɢɬɚ                   H-beta. 

Ɍɚɤɠɟ ɫɨɟɞɢɧɟɧɢɟ 2 ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɧɚɩɪɢɦɟɪ ɛɟɧɡɨɥɚ, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɢɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɧɨɝɨ 4. Ɋɟɚɤɰɢɹ 

ɩɪɨɬɟɤɚɟɬ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɢɥɢ ɷɮɢɪɚ ɬɪɟɯɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ 

ɫ ɜɵɯɨɞɨɦ ɛɨɥɟɟ 50%. 

ɇɚɥɢɱɢɟ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɜ ɦɨɥɟɤɭɥɟ 1,1-ɞɢɯɥɨɪɨ-2-ɦɟɬɢɥ-2-ɜɢɧɢɥɰɢɤɥɨɩɪɨɩɚɧɚ 2 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɤɢɫɥɟɧɢɸ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɢɯɥɨɪɰɢɤɥɨɩɪɨɩɚɧɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ 5. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɤɢɫɥɨɬɵ ɩɪɨɬɟɤɚɟɬ ɫ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɜɵɯɨɞɨɦ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ ɞɨɫɬɭɩɧɨɟ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɟ ɫɵɪɶɟ, ɜɨɡɦɨɠɟɧ ɫɢɧɬɟɡ 

ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɜ ɩɥɚɧɟ ɩɨɥɭɱɟɧɢɹ 

ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ [6]. 
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ɄɂɇȿɌɂɑȿɋɄɂȿ ɈɋɈȻȿɇɇɈɋɌɂ ɊȺɋɉȺȾȺ 
ɄɍɆɂɅȽɂȾɊɈɉȿɊɈɄɋɂȾȺ, ɄȺɌȺɅɂɁɂɊɈȼȺɇɇɈȽɈ 

ɎȿɇɈɅɋɍɅɖɎɂȾȺɆɂ,  ɆȿɌɈȾɈɆ ɄɈɆɉɖɘɌȿɊɇɈȽɈ ɆɈȾȿɅɂɊɈȼȺɇɂə  
Ʉɚɲɤɚɣ Ⱥ.Ɇ., Ƚɚɫɚɧɝɭɥɢɟɜɚ ɇ.Ɇ. 

COMPUTER SIMULATION OF KINETIC PECULIARITIES OF CUMENE 

HYDROPEROXIDE DESTRUCTION CATALYZED BY PHENOL SULFIDES 

ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ Ɇ. ɇɚɝɢɟɜɚ  ɇȺɇ 
Ⱥɡɟɪɛɚɣɞɠɚɧɚ, ɝ. Ȼɚɤɭ 

 

Ʉɢɧɟɬɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɚɞɚ ɝɢɞɪɨɩɟɪɨɤɫɢɞɚ ɤɭɦɢɥɚ (ROOH) ɤɚɬɚɥɢɡɢ-

ɪɨɜɚɧɧɨɝɨ ɮɟɧɨɥɫɭɥɶɮɢɞɚɦɢ (PS), 

                                                                             PS                          
ɢɫɫɥɟɞɨɜɚɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢ ɦɟɬɨɞɨɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɋɚɡɥɨɠɟɧɢɟ 

ROOH ɜ ɩɪɢɫɭɬɫɬɜɢɢ PS ɩɪɟɞɫɬɚɜɥɹɟɦ ɫɨɛɨɣ ɫɥɨɠɧɵɣ ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ ɚɜɬɨɤɚɬɚɥɢɬɢ-

ɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɢɡ ɢɫɯɨɞɧɨɝɨ PS ɮɨɪɦɢɪɭɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɣ 

ɤɚɬɚɥɢɡɚɬɨɪ ɪɚɫɩɚɞɚ. ȼ ɞɚɧɧɨɦ ɩɪɨɰɟɫɫɟ ɨɛɧɚɪɭɠɟɧ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɣ ɷɮɮɟɤɬ 

ɭɦɟɧɶɲɟɧɢɢ ɜɪɟɦɟɧɢ ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɨɜɚɧɢɹ ROOH ɫ ɪɨɫɬɨɦ ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɝɢɞɪɨɩɟɪɨɤɫɢɞɚ ɢ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ PS ɩɪɢ ɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ROOH 

[1-3]. 

Ⱥɧɚɥɢɡ ɤɢɧɟɬɢɤɢ ɪɚɫɩɚɞɚ ROOH, ɤɚɬɚɥɢɡɢɪɨɜɚɧɧɨɝɨ PS ɢ ɨɤɢɫɥɟɧɢɹ ɤɭɦɨɥɚ ɫ 

ɞɨɛɚɜɤɚɦɢ PS, ɩɪɨɜɟɞɟɧɧɵɦ ɦɟɬɨɞɨɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɨɤɚɡɚɥ ɫɥɟɞɭ-

ɸɳɟɟ: 

1) ɉɪɨɫɬɟɣɲɚɹ ɫɯɟɦɚ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɡɥɨɠɟɧɢɹ ROOH: 

 

ɚ) ROOH + PS Pi + ɩɪɨɞɭɤɬɵ (kA) 

      ɛ) ROOH + Pi       ɩɪɨɞɭɤɬɵ + Pi (kB), 

 

ɜ ɤɨɬɨɪɨɣ ɜɬɨɪɚɹ ɫɬɚɞɢɹ ɩɪɨɬɟɤɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɵɫɬɪɟɟ, ɱɟɦ ɩɟɪɜɚɹ, ɬ.ɟ. ɤɜ>>ɤȺ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ S-ɨɛɪɚɡɧɵɦ ɤɪɢɜɵɦ ɪɚɫɯɨɞɨɜɚɧɢɹ ROOH. ɇɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ, ɪɚɫɱɟɬɧɵɟ ɤɪɢɜɵɟ ɜɡɚɢɦɧɨ ɧɟ ɩɟɪɟɫɟɤɚɸɬɫɹ. 

2) ɇɚɢɛɨɥɟɟ ɛɥɢɡɤɨɟ ɫɨɝɥɚɫɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɩɨɥɭɱɟɧɨ ɜ ɤɢɧɟɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɪɟɚɤɰɢɢ PS ɫ ROOH ɮɨɪɦɢɪɭɸɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

S - CH2 - S S- CH2 - S

C(CH3)3 C(CH3)3 C(CH3)3

OH OH OH
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ɪɚɫɩɚɞɚ P1 ɢ Ɋ2, ɢ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ Ɋ2 ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɟ ɮɟɧɨɥ 

ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɪɚɫɩɚɞɟ ROOH: 

 

        1) ROOH + PS + ROOH       P1 + alcohol                 k=0,05 (M2ɫ)-1. 

                              2) ROOH + Pi + ROOH        Pi + PhOH + aceton         k=0,2 (M2c)-1 

                            3) PhOH +P      P2                                                                                         k=20 (Mc)-1  

                            4) ROOH + P2        P2 + St                                              k=80(Mc)-1 

Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɪɚɫɩɚɞɚ ROOH, ɪɚɫɫɱɢɬɚɧɧɵɟ ɞɥɹ ɫɨɜɨɤɭɩɧɨɫɬɢ ɪɟɚɤɰɢɣ 

1-4, ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɧɚɱɚɥɶɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ROOH ɜɡɚɢɦɧɨ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɬɨɱɤɚɯ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɦ ɫɬɟɩɟɧɹɦ ɩɪɟɜɪɚɳɟɧɢɹ. Ʉ ɤɨɧɰɭ ɪɚɫɯɨɞɨ-

ɜɚɧɢɹ ɝɢɞɪɨɩɟɪɨɤɫɢɞɚ, ɤɨɝɞɚ [ROOH]t=0.01M, ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɨɫɬɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶ-

ɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɫɯɨɞɧɨɝɨ PS, ɤɨɬɨɪɨɟ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɧɢɠɟ ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ROOH. Ɉɫɬɚɜɲɢɣɫɹ ɩɨɫɥɟ ɪɚɡɥɨɠɟɧɢɹ ROOH ɢɫɯɨɞɧɵɣ PS ɦɨɠɟɬ ɜɧɨɫɢɬɶ 

ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɪɚɡɥɨɠɟɧɢɹ Ɋɚɫɱɟɬɵ 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɨɜɵɟ ɩɨɪɰɢɢ ɝɢɞɪɨɩɟɪɨɤɫɢɞɚ, ɞɨɛɚɜɥɟɧɧɵɟ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ 

ɪɚɡɥɨɠɟɧɢɹ ROOH, ɪɚɫɯɨɞɭɸɬɫɹ ɛɟɡ ɩɟɪɢɨɞɚ ɢɧɞɭɤɰɢɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɱɚɥɶɧɨɣ 

ɫɤɨɪɨɫɬɶɸ, ɱɬɨ ɬɚɤɠɟ ɧɚɛɥɸɞɚɥɨɫɶ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ. 
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ɉɈɅɍɑȿɇɂȿ ɋɈɊȻȿɇɌɈȼ ɈɄɂɋɅɂɌȿɅɖɇɈɃ ȺɄɌɂȼȺɐɂȿɃ 
ȾɂɋɉȿɊɋɇɕɏ ɍȽɅȿɊɈȾɇɕɏ ɆȺɌȿɊɂȺɅɈȼ 

ɇɝɭɟɧ ȼ.ɏ., Ɏɢɥɢɦɨɧɨɜ Ⱥ.ɋ., ɉɟɲɧɟɜ Ȼ.ȼ. 
OBTAINING SORBENTS BY OXIDATIVE ACTIVATION OF DISPERSED 

CARBON MATERIALS 
Ɇɨɫɤɨɜɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɂɧɫɬɢɬɭɬ ɬɨɧɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ, 

Ɇɨɫɤɜɚ 

E-mail: nguyenvanhuy281190@gmail.com 

 

ɍɝɥɟɪɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɷɮɮɟɤɬɢɜɧɵɟ ɫɨɪɛɟɧɬɵ ɢ ɧɨɫɢɬɟɥɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɢɯ ɜɵɫɨɤɨɣ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ 

ɢɧɟɪɬɧɨɫɬɶɸ ɤ ɚɤɬɢɜɧɵɦ ɤɨɦɩɨɧɟɧɬɚɦ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ɉɪɟɤɭɪɫɨɪɚɦɢ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 

ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɭɝɥɟɪɨɞɧɵɟ ɜɨɥɨɤɧɚ, ɤɨɦɩɨɡɢɬɵ ɬɢɩɚ «ɫɢɛɭɧɢɬ», ɤɨɤɫɵ, ɚɤɬɢɜɧɵɟ ɭɝɥɢ ɢ 

ɬ.ɩ. Ɍɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɭɝɥɟɪɨɞɧɵɯ ɫɨɪɛɟɧɬɨɜ ɢ ɧɨɫɢɬɟɥɟɣ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɩɪɟɞɩɨɥɚɝɚɟɬ ɚɤɬɢɜɚɰɢɸ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ ɨɤɢɫɥɹɸɳɢɦ ɚɝɟɧɬɨɦ, ɜ ɤɚɱɟɫɬɜɟ 

ɤɨɬɨɪɨɝɨ ɢɫɩɨɥɶɡɭɸɬ ɜɨɡɞɭɯ, ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɜɨɞɹɧɨɣ ɩɚɪ ɢɥɢ ɢɯ ɫɦɟɫɢ.  

ɉɪɨɰɟɫɫ ɚɤɬɢɜɚɰɢɢ ɯɨɪɨɲɨ ɢɡɭɱɟɧ. ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɨɫɧɨɜɧɵɯ ɟɝɨ 

ɩɚɪɚɦɟɬɪɨɜ (ɩɪɢɪɨɞɵ ɨɤɢɫɥɹɸɳɟɝɨ ɚɝɟɧɬɚ, ɟɝɨ ɪɚɫɯɨɞɚ, ɬɟɦɩɟɪɚɬɭɪɵ) ɧɚ ɫɜɨɣɫɬɜɚ 

ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ. Ɉɞɧɚɤɨ, ɩɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɷɬɢ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ 

ɷɦɩɢɪɢɱɟɫɤɢɦ ɩɭɬёɦ ɢ ɞɚɥɟɤɨ ɧɟ ɜɫɟɦ ɚɫɩɟɤɬɚɦ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɭɝɥɟɪɨɞɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɫ ɨɤɢɫɥɢɬɟɥɟɦ ɭɞɟɥɟɧɨ ɞɨɥɠɧɨɟ ɜɧɢɦɚɧɢɟ. ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɟɝɨ ɫ ɩɨɡɢɰɢɣ 

ɬɨɩɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɩɟɪɫɩɟɤɬɢɜɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ 

ɭɝɥɟɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɨɪɢɫɬɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ.  

ȼɡɚɢɦɨɞɟɣɫɬɜɢɸ ɭɝɥɟɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɨɤɢɫɥɹɸɳɢɦ ɚɝɟɧɬɨɦ ɞɨɥɠɧɚ 

ɩɪɟɞɲɟɫɬɜɨɜɚɬɶ ɫɬɚɞɢɹ ɚɞɫɨɪɛɰɢɢ (ɛɨɥɟɟ ɜɟɪɨɹɬɧɨ ɯɟɦɨɫɨɪɛɰɢɢ) ɨɤɢɫɥɢɬɟɥɹ. ȼɨɡɦɨɠɧɚ 

ɨɧɚ ɬɨɥɶɤɨ ɩɨ ɚɤɬɢɜɧɵɦ ɰɟɧɬɪɚɦ, ɢ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɛɭɞɟɬ 

ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɬɶ ɧɚ ɩɪɨɰɟɫɫɵ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢɥɢ ɨɤɢɫɥɟɧɢɟ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɩɪɢɜɨɞɹɳɟɟ ɤ ɭɦɟɧɶɲɟɧɢɸ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɨɤɢɫɥɹɟɦɨɝɨ ɨɛɪɚɡɰɚ. Ɇɨɠɧɨ 

ɞɨɩɭɫɬɢɬɶ ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɨɤɢɫɥɹɸɳɟɝɨ ɚɝɟɧɬɚ ɧɚ ɯɚɪɚɤɬɟɪ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɨɪ ɢ 

ɫɨɪɛɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɥɭɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ȼ ɪɚɛɨɬɟ [1] ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɟɥɶ ɦɟɯɚɧɢɡɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɩɢɪɨɭɝɥɟɪɨɞɚ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɚɠɟɜɵɯ ɱɚɫɬɢɰ, ɩɪɟɞɩɨɥɚɝɚɜɲɚɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɡɚɪɨɞɵɲɟɣ ɩɢɪɨɭɝɥɟɪɨɞɚ 

ɢ ɢɯ ɩɨɫɥɟɞɭɸɳɢɣ ɪɨɫɬ. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ, ɜɨɡɧɢɤɚɥɢ ɡɚɪɨɞɵɲɢ ɧɚ ɝɪɚɧɢɰɚɯ 

ɤɪɢɫɬɚɥɥɢɬɨɜ ɩɨɞɥɨɠɤɢ. ɇɚɲɢ ɪɚɛɨɬɵ [2, 3] ɩɨɞɬɜɟɪɞɢɥɢ ɷɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɢ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɢɪɨɭɝɥɟɪɨɞɚ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɩɪɨɬɹɠёɧɧɨɫɬɢ ɝɪɚɧɢɰ ɤɪɢɫɬɚɥɥɢɬɨɜ. Ɍɚɤɠɟ ɩɨɤɚɡɚɧɨ [4], ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ 

Ɂ-II-2 
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ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɝɚɡɚɯ ɩɢɪɨɥɢɡɚ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 

ɩɪɨɬɹɠёɧɧɨɫɬɢ ɝɪɚɧɢɰ ɤɨɧɬɚɤɬɨɜ ɤɪɢɫɬɚɥɥɢɬɨɜ ɦɚɬɟɪɢɚɥɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɪɟɚɤɰɢɨɧɧɨɣ 

ɡɨɧɟ. ɗɬɨ ɞɚɜɚɥɨ ɨɫɧɨɜɚɧɢɹ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɪɨɞɭɤɬɵ ɭɩɥɨɬɧɟɧɢɹ ɩɢɪɨɥɢɡɚ, 

ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɧɚ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɚɯ ɩɨɞɥɨɠɤɢ (ɥɨɤɚɥɢɡɭɸɳɢɯɫɹ ɧɚ ɝɪɚɧɢɰɚɯ ɟё 

ɤɪɢɫɬɚɥɥɢɬɨɜ) ɢ ɮɨɪɦɢɪɭɸɬ ɬɚɦ ɡɚɪɨɞɵɲɢ ɩɢɪɨɭɝɥɟɪɨɞɚ.  

ȼɟɪɨɹɬɧɨ, ɱɬɨ ɯɟɦɨɫɨɪɛɰɢɹ ɚɤɬɢɜɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɩɪɨɯɨɞɢɬ ɩɨ ɬɚɤɢɦ ɠɟ 

ɚɤɬɢɜɧɵɦ ɰɟɧɬɪɚɦ. ɍɜɟɥɢɱɟɧɢɟ ɪɚɡɦɟɪɨɜ ɤɪɢɫɬɚɥɥɢɬɨɜ ɭɝɥɟɪɨɞɚ ɞɨɥɠɧɨ 

ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɢɯ ɝɪɚɧɢɰ, ɫɧɢɠɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɨɤɢɫɥɟɧɢɹ, ɦɟɧɶɲɢɦ 

ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɟɦ.  

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɫɹ ɬɟɯɧɢɱɟɫɤɢɣ ɭɝɥɟɪɨɞɚ ɦɚɪɨɤ N220 ɢ N234, ɬɟ 

ɠɟ ɨɛɪɚɡɰɵ, ɩɨɞɜɟɪɝɧɭɬɵɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ  2300 ɨɋ (N220ɝɪ ɢ 

N234ɝɪ), ɩɨɪɨɲɨɤ ɝɪɚɮɢɬɚ ɢ ɚɧɬɪɚɰɢɬ. Ɉɤɢɫɥɹɸɳɢɟ ɚɝɟɧɬɵ - ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɢ ɜɨɡɞɭɯ, 

ɪɚɫɯɨɞɵ ɤɨɬɨɪɵɯ ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɨɬ 5 ɞɨ 50 ɦɥ/ɦɢɧ., ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɥɨ ɜɪɟɦɹ ɤɨɧɬɚɤɬɚ () 

ɨɬ 0,2 ɞɨ 2,0 ɫ. ȼɪɟɦɹ ɤɨɧɬɚɤɬɚ ɨɩɪɟɞɟɥɹɥɨɫɶ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɨɛɴёɦɚ ɡɚɝɪɭɡɤɢ ɨɛɪɚɡɰɚ 

ɤ ɪɚɫɯɨɞɭ ɨɤɢɫɥɹɸɳɟɝɨ ɚɝɟɧɬɚ. Ɉɤɢɫɥɟɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 450-

1000 ɨɋ. ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɜɥɢɹɧɢɟ ɩɪɨɬɹɠёɧɧɨɫɬɢ 

ɝɪɚɧɢɰ ɤɪɢɫɬɚɥɥɢɬɨɜ1 ɭɝɥɟɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɫɤɨɪɨɫɬɶ ɟɝɨ ɨɤɢɫɥɟɧɢɹ. ȼɢɞɧɨ, ɱɬɨ 

ɜɨɡɪɚɫɬɚɧɢɟ ɩɪɨɬɹɠёɧɧɨɫɬɢ ɝɪɚɧɢɰ ɤɨɧɬɚɤɬɨɜ ɤɪɢɫɬɚɥɥɢɬɨɜ (ɜ ɪɚɫɱёɬɟ ɧɚ ɨɞɧɭ ɱɚɫɬɢɰɭ) 

ɩɪɢɜɨɞɢɬ ɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɨɤɢɫɥɟɧɢɹ.  

Ɍɚɛɥɢɰɚ 1. ȼɥɢɹɧɢɟ ɩɪɨɬɹɠёɧɧɨɫɬɢ ɝɪɚɧɢɰ ɤɪɢɫɬɚɥɥɢɬɨɜ ɭɝɥɟɪɨɞɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɧɚ ɫɤɨɪɨɫɬɶ ɟɝɨ ɨɤɢɫɥɟɧɢɹ (ɬɟɦɩɟɪɚɬɭɪɚ 1000 ɨɋ, ɨɤɢɫɥɹɸɳɢɣ ɚɝɟɧɬ ɋɈ2, 

=0,3 ɫ.) 

ɂɫɯɨɞɧɵɣ 
ɨɛɪɚɡɟɰ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ ɋɤɨɪɨɫɬɶ 
ɪɟɚɤɰɢɢ 

ɨɤɢɫɥɟɧɢɹ ɯ102, 

ɦɝ/ɦɢɧ 

ɋɪɟɞɧɢɣ 
ɪɚɡɦɟɪ 

ɱɚɫɬɢɰ, ɧɦ 

Ɋɚɡɦɟɪ 
ɤɪɢɫɬɚɥɥɢɬɨɜ 

ɭɝɥɟɪɨɞɚ La, ɧɦ 

ɉɪɨɬɹɠёɧɧɨɫɬɶ 
ɝɪɚɧɢɰ 

ɤɪɢɫɬɚɥɥɢɬɨɜ, 
ɧɦ 

N220ɝɪ 27 7,6 1200 15,2 

N234ɝɪ 32 7,5 1700 36,1 

N220 27 3,2 2900 78,6 

N234 32 3,0 4300 88,1 

                                                 
1 ɉɪɢ ɪɚɫɱёɬɟ ɩɪɨɬɹɠёɧɧɨɫɬɢ ɝɪɚɧɢɰ ɤɪɢɫɬɚɥɥɢɬɨɜ ɞɟɥɚɥɢɫɶ ɞɨɩɭɳɟɧɢɹ ɨ ɦɨɧɨɞɢɫɩɟɪɫɧɨɫɬɢ 

ɱɚɫɬɢɰ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ, ɨɛ ɢɯ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɟ, ɤɪɢɫɬɚɥɥɢɬɵ ɭɝɥɟɪɨɞɚ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɤɚɤ ɤɪɭɝ 
ɞɢɚɦɟɬɪɨɦ La 
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Ʉ ɜɨɡɪɚɫɬɚɧɢɸ ɫɤɨɪɨɫɬɢ ɨɤɢɫɥɟɧɢɹ ɩɪɢɜɨɞɢɬ ɬɚɤɠɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫ 450 ɞɨ 800 ɨɋ (ɨɤɢɫɥɢɬɟɥɶ ɜɨɡɞɭɯ, =0,18 ɫ.) ɩɪɢɜɨɞɢɥɨ ɤ 

ɜɨɡɪɚɫɬɚɧɢɸ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ N234 ɨɬ 22,5*102 ɞɨ 51,6*102 ɦɝ/ɦɢɧ.  

ɋɤɨɪɨɫɬɶ ɨɤɢɫɥɟɧɢɹ ɜɡɪɚɫɬɚɥɚ ɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɫɯɨɞɚ ɚɤɬɢɜɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ. 

ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɋɈ2 ɨɬ 5 (=1,8 ɫ) ɞɨ 40 ɦɥ/ɦɢɧ (=0,23 ɫ) ɩɪɢɜɨɞɢɥɨ ɤ ɜɨɡɪɚɫɬɚɧɢɸ 

ɫɤɨɪɨɫɬɢ ɨɤɢɫɥɟɧɢɹ ɬɨɝɨ ɠɟ ɨɛɪɚɡɰɚ (ɬɟɦɩɟɪɚɬɭɪɚ 900 ɨɋ) ɫ 30 ɞɨ 44,6 ɦɝ/ɦɢɧ. 

ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢɪɨɞɵ ɢ ɪɚɫɯɨɞɚ ɨɤɢɫɥɢɬɟɥɹ ɩɪɢɜɨɞɢɬ ɧɟ ɬɨɥɶɤɨ ɤ 

ɢɡɦɟɧɟɧɢɸ ɫɤɨɪɨɫɬɢ ɩɪɨɰɟɫɫɚ, ɧɨ ɢ ɤ ɨɛɥɚɫɬɢ ɟɝɨ ɩɪɨɬɟɤɚɧɢɹ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɭɝɥɟɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɨɤɢɫɥɢɬɟɥɟɦ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɪ ɢɥɢ 

ɭɦɟɧɶɲɟɧɢɸ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɰɚ [5, 6]. Ȼɵɥɢ ɩɨɫɬɪɨɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 

ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɢɟ ɢɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢ ɟɝɨ ɤɚɠɭɳɟɝɨɫɹ 

ɨɛɴёɦɚ (ɨɬɧɨɲɟɧɢɟ ɨɛɴёɦɚ ɨɛɪɚɡɰɚ ɤ ɟɝɨ ɦɚɫɫɟ, ɜɟɥɢɱɢɧɚ ɨɛɪɚɬɧɚɹ ɧɚɫɵɩɧɨɣ ɦɚɫɫɟ) ɩɪɢ 

ɨɤɢɫɥɟɧɢɢ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɦɨɞɟɥɹɦɢ ɩɨɡɜɨɥɹɥɨ 

ɨɰɟɧɢɬɶ ɩɪɨɢɫɯɨɞɹɳɢɟ ɩɪɢ ɚɤɬɢɜɚɰɢɢ ɦɟɬɚɦɨɪɮɨɡɵ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1 ɢ ɪɢɫ. 2.  

 
Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ2  ɨɛɪɚɡɰɚ N234 ɜ ɩɪɨɰɟɫɫɟ 

ɚɤɬɢɜɚɰɢɢ. 1 – ɨɤɢɫɥɢɬɟɥɶ ɜɨɡɞɭɯ, =1,8 ɫ., Ɍ=800 ɨɋ; 2 – ɨɤɢɫɥɢɬɟɥɶ ɋɈ2, =0,23 ɫ., 

Ɍ=900 ɨɋ; 3 – ɨɤɢɫɥɢɬɟɥɶ ɋɈ2, =1,8 ɫ., Ɍ=900 ɨɋ; 4 – ɨɤɢɫɥɢɬɟɥɶ ɜɨɡɞɭɯ, =1,8 ɫ., Ɍ=450 

                                                 
2 ɑɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɜɥɢɹɧɢɟ ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɤɚɠɭɳɟɝɨɫɹ ɨɛɴёɦɚ 

ɨɛɪɚɡɰɚ ɧɚ ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɢɯ ɢɡɦɟɧɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɚɤɬɢɜɚɰɢɢ ɜɵɪɚɠɚɥɢ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ 
ɟɞɢɧɢɰɚɯ (ɨɬɧɨɲɟɧɢɟ ɬɟɤɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɤ ɢɫɯɨɞɧɨɦɭ). ɋɬɟɩɟɧɶ ɚɤɬɢɜɚɰɢɢ ɨɩɪɟɞɟɥɹɥɢ, ɤɚɤ 
ɨɬɧɨɲɟɧɢɟ ɭɛɵɥɢ ɦɚɫɫɵ ɨɛɪɚɡɰɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɤɬɢɜɚɰɢɢ ɤ ɜɟɥɢɱɢɧɟ ɢɫɯɨɞɧɨɣ ɧɚɜɟɫɤɢ. 
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ɨɋ;    5 – ɦɨɞɟɥɶ, ɩɪɟɞɩɨɥɚɝɚɸɳɚɹ ɨɛɪɚɡɨɜɚɧɢɟ ɨɞɧɨɣ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɪɵ; 6 – ɦɨɞɟɥɶ, 

ɩɪɟɞɩɨɥɚɝɚɸɳɚɹ ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɰɚ. 

 

 
Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɤɚɠɭɳɟɝɨɫɹ ɨɛɴёɦɚ ɨɛɪɚɡɰɚ N234 ɩɪɢ 

ɚɤɬɢɜɚɰɢɢ. 1 – ɨɤɢɫɥɢɬɟɥɶ ɜɨɡɞɭɯ, =1,8 ɫ., Ɍ=800 ɨɋ; 2 – ɨɤɢɫɥɢɬɟɥɶ ɋɈ2, =0,23 ɫ., 

Ɍ=900 ɨɋ; 3 – ɨɤɢɫɥɢɬɟɥɶ ɋɈ2, =1,8 ɫ., Ɍ=900 ɨɋ; 4 – ɨɤɢɫɥɢɬɟɥɶ ɜɨɡɞɭɯ, =1,8 ɫ., Ɍ=450 
ɨɋ; 5 – ɦɨɞɟɥɶ, ɩɪɟɞɩɨɥɚɝɚɸɳɚɹ ɨɛɪɚɡɨɜɚɧɢɟ ɨɞɧɨɣ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɪɵ; 6 – ɦɨɞɟɥɶ, 

ɩɪɟɞɩɨɥɚɝɚɸɳɚɹ ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɰɚ. 

ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɝɚɛɚɪɢɬɧɵɯ 

ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɰɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɡɞɭɯɚ, ɚ ɧɟ ɋɈ2, ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ, ɩɨɜɵɲɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɹɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɪɢ ɚɤɬɢɜɚɰɢɢ ɩɪɟɨɛɥɚɞɚɸɬ ɩɪɨɰɟɫɫɵ ɨɤɢɫɥɟɧɢɹ ɩɨ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɧɟ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɹ.  

ȼ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɬɟɤɚɟɬ ɢ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɚɤɬɢɜɚɰɢɢ 

ɩɨɞɜɟɪɝɚɟɬɫɹ ɨɛɪɚɡɟɰ ɫ ɦɟɧɶɲɟɣ ɩɪɨɬɹɠёɧɧɨɫɬɶɸ ɝɪɚɧɢɰ ɤɨɧɬɚɤɬɨɜ ɤɪɢɫɬɚɥɥɢɬɨɜ ɢɥɢ 

ɛɨɥɟɟ ɝɪɚɮɢɬɢɪɨɜɚɧɧɵɣ. Ɍɚɤ ɩɪɢ ɫɨɩɨɫɬɚɜɢɦɵɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɨɛɪɚɡɰɨɜ N220 (60 

%) ɢ N234 (57 %), ɞɨɥɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɩɨɲɟɞɲɟɝɨ ɧɚ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɟ ɜ ɩɟɪɜɨɦ 

ɫɥɭɱɚɟ ɫɨɫɬɚɜɥɹɥɚ 44%, ɚ ɜɨ ɜɬɨɪɨɦ - 66 % (ɩɪɨɬɹɠёɧɧɨɫɬɶ ɝɪɚɧɢɰ ɤɪɢɫɬɚɥɥɢɬɨɜ N220 

2900 ɧɦ, ɚ N234 – 4300 ɧɦ). ɂ ɜ ɬɨɦ ɢ ɞɪɭɝɨɦ ɫɥɭɱɚɟ ɚɤɬɢɜɚɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 1000 ɨɋ ɢ =0,3 ɫ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɜ ɩɪɨɰɟɫɫɟ 

ɚɤɬɢɜɚɰɢɢ, ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ (ɦɝ/ɦɢɧ) ɛɵɥɚ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɚ ɢ ɬɨɥɶɤɨ 
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ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ  65÷75 % ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɥɚɫɶ. ɗɬɨ ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɩɪɟɞɩɨɥɨɠɟɧɢɸ ɨ ɬɨɦ, ɱɬɨ ɨɤɢɫɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɧɟ 

ɩɨ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɱɟɪɟɡ ɚɤɬɢɜɧɵɟ ɰɟɧɬɪɵ. ɋɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɢ ɛɨɥɶɲɢɯ 

ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ ɩɨɹɜɥɟɧɢɟɦ ɫɬɚɞɢɢ ɞɢɮɮɭɡɢɢ ɪɟɚɝɟɧɬɚ 

ɜɝɥɭɛɶ ɫɚɠɟɜɨɣ ɱɚɫɬɢɰɵ ɩɨ ɨɛɪɚɡɭɸɳɟɣɫɹ. ɉɨ ɦɟɪɟ ɜɨɡɪɚɫɬɚɧɢɹ ɫɬɟɩɟɧɢ ɚɤɬɢɜɚɰɢɢ 

ɢɡɦɟɧɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ ɨɤɢɫɥɢɬɟɥɹ, ɪɚɫɯɨɞɭɸɳɟɝɨɫɹ ɧɚ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɟ ɢ ɧɚ 

ɨɤɢɫɥɟɧɢɟ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ. ɇɚ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ ɨɤɢɫɥɟɧɢɹ N234 (ɞɨ 10 %)  95 % 

ɭɛɵɥɢ ɟɝɨ ɦɚɫɫɵ ɫɜɹɡɚɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɪ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɫɬɟɩɟɧɢ ɚɤɬɢɜɚɰɢɢ 80 % 

ɷɬɚ ɞɨɥɹ ɫɧɢɡɚɥɚɫɶ ɞɨ  25 %. ɉɪɢɱɢɧɨɣ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɢɦɟɧɧɨ ɫɬɚɞɢɹ ɞɢɮɮɭɡɢɢ.  

Ɉɛɪɚɡɰɵ, ɩɨɥɭɱɟɧɧɵɟ ɚɤɬɢɜɚɰɢɟɣ N234, ɬɟɫɬɢɪɨɜɚɥɢɫɶ ɧɚ ɫɩɨɫɨɛɧɨɫɬɶ 

ɫɨɪɛɢɪɨɜɚɬɶ ɦɟɬɢɥɨɜɵɣ ɨɪɚɧɠɟɜɵɣ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɇɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ (280 

ɦɝ/ɝ) ɭ ɨɛɪɚɡɚ ɫɨ ɫɬɟɩɟɧɶɸ ɚɤɬɢɜɚɰɢɢ 50% (1000 ɨɋ, ɋɈ2, =1,8 ɫ.), ɩɪɢ ɫɨɤɪɚɳɟɧɢɢ 

ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɞɨ 0,23 ɫ. ɫɨɪɛɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɧɢɠɚɥɚɫɶ ɞɨ 250 ɦɝ/ɝ. 

ɋɨɪɛɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ (ɧɟ ɨɤɢɫɥɟɧɧɨɝɨ N234) ɛɵɥɚ ɜɫɟɝɨ 50 ɦɝ/ɝ.  

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜɚɪɶɢɪɭɹ ɬɟɦɩɟɪɚɬɭɪɭ, ɩɪɢɪɨɞɭ 

ɨɤɢɫɥɢɬɟɥɹ ɢ ɟɝɨ ɪɚɫɯɨɞ, ɜɪɟɦɹ ɚɤɬɢɜɚɰɢɢ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɭɝɥɟɪɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫ 

ɛɨɥɶɲɢɦ ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɩɪɢ ɨɤɢɫɥɟɧɢɢ N234 ɋɈ2 ɛɵɥ 

ɩɨɥɭɱɟɧ ɨɛɪɚɡɟɰ ɫ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ  1100 ɦ2/ɝ, ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɜɨɡɞɭɯɨɦ –

700 ɦ2/ɝ, ɚ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɜɨɞɹɧɵɦ ɩɚɪɨɦ - 1400 ɦ2/ɝ.), ɷɮɮɟɤɬɢɜɧɵɟ ɤɚɤ ɫɨɪɛɟɧɬɵ. 
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ɄɈɆɉɅȿɄɋɇȺə ɋɈɅɖ ɄɈȻȺɅɖɌȺ(II) ɋ ɌɊɂɉɌɈɎȺɇɈɆ ɄȺɄ 
ȻɂɈɆɂɆȿɌɂɑȿɋɄɂɃ ɄȺɌȺɅɂɁȺɌɈɊ ȼ ɊȿȺɄɐɂəɏ ɈɄɂɋɅȿɇɂə 

ɍȽɅȿȼɈȾɈɊɈȾɈȼ  
Ƚɭɫɟɣɧɨɜ ɗ.Ɋ., ɒɚɪɢɮɨɜɚ ɋ.Ʉ., Ɂɟɣɧɚɥɨɜ ɋ.Ȼ., Ⱥɛɞɭɥɥɚɟɜɚ Ɏ.Ⱥ., ɋɚɞɵɯɨɜɚ Ƚ.Ʉ. 

ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦɟɧɢ Ɇ. ɇɚɝɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, ɝ. 
Ȼɚɤɭ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɟɥɟɤɬɢɜɧɨɟ ɨɤɢɫɥɟɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ  ɦɨɥɟɤɭɥɹɪɧɵɦ 

ɤɢɫɥɨɪɨɞɨɦ ɢ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɜ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɟɣ ɜ ɰɟɥɟɜɵɟ ɩɪɨɞɭɤɬɵ 

ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɤɚɬɚɥɢɡɚ ɢ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɦɟɬɚɥɥɨɤɨɦɩɥɟɤɫɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ɇɟɬɚɥɥɨɤɨɦɩɥɟɤɫɧɵɣ ɤɚɬɚɥɢɡ ɨɬɤɪɵɜɚɟɬ ɲɢɪɨɤɢɟ 

ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɬɚɞɢɣ [1,2]. 

ȼɟɫɶɦɚ ɷɮɮɟɤɬɢɜɧɵ ɤɨɛɚɥɶɬɨɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɸɬɫɹ 

ɫɦɟɫɢ ɩɚɪɚɮɢɧɨɜ ɜ ɨɫɧɨɜɧɨɦ ɥɢɧɟɣɧɨɝɨ ɫɬɪɨɟɧɢɹ. ɂɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨ 

ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɞɥɹ 

ɯɢɦɢɱɟɫɤɨɣ, ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ, ɩɢɳɟɜɨɣ, ɦɟɞɢɰɢɧɫɤɨɣ ɢ ɩɚɪɮɸɦɟɪɧɨɣ ɩɪɨɦɵɲɥɟɧ-

ɧɨɫɬɟɣ.  

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɩɪɨɛɥɟɦ ɜ ɩɪɨɰɟɫɫɚɯ ɨɤɢɫ-

ɥɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɹɜɥɹɟɬɫɹ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɵɣ ɫɢɧɬɟɡ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɪɝɚɧɢ-

ɱɟɫɤɢɯ ɥɢɝɚɧɞɨɜ ɞɥɹ ɛɢɨɦɢɦɟɬɢɱɟɫɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɧɚɩɪɚɜɥɟɧɢɟ ɢ 

ɫɤɨɪɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɣ. ȼ ɷɬɨɦ ɚɫɩɟɤɬɟ ɫ ɰɟɥɶɸ ɪɚɫɲɢɪɟɧɢɹ ɩɨɞɨɛɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ  ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɪɟɚɤɰɢɹɯ ɫ 

ɦɟɬɚɥɥɚɦɢ ɚɦɢɧɨɤɢɫɥɨɬ ɛɟɥɤɨɜɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɬɚɤ ɤɚɤ ɨɧɢ ɜ ɩɪɢɪɨɞɟ ɹɜɥɹɸɬɫɹ 

ɨɫɧɨɜɧɨɣ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɢ ɢɫɯɨɞɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɮɟɪɦɟɧɬɨɜ, 

ɜɢɬɚɦɢɧɨɜ [3]. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɭɱɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ (d-

ɷɥɟɦɟɧɬɨɜ) ɫ ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɛɨɥɟɟ ɩɨɥɧɨɦɭ ɩɨɧɢɦɚɧɢɸ 

ɦɟɯɚɧɢɡɦɨɜ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɜ ɩɪɢɪɨɞɟ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɦɩɥɟɤɫɧɵɟ 

ɫɨɥɢ ɚɦɢɧɨɤɢɫɥɨɬ ɫ ɩɟɪɟɯɨɞɧɵɦɢ ɦɟɬɚɥɥɚɦɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɵɣ 

ɢɧɬɟɪɟɫ ɜ ɤɚɱɟɫɬɜɟ ɩɨɬɟɧɰɢɚɥɶɧɨ-ɚɤɬɢɜɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɚɥɤɢɥɚɪɟɧɨɜ 

ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ [4]. 

ɉɨɥɭɱɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɣ ɫɨɥɢ ɤɨɛɚɥɶɬɚ(II) ɫ ɬɪɢɩɬɨɮɚɧɨɦ (TRY) ɩɪɨɜɨɞɢɥɢ ɩɪɢ 

ɫɨɨɬɧɨɲɟɧɢɢ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɋɨCl2∙6H2O:TRY, ɪɚɜɧɨɦ 1:2 ɜ ɬɟɱɟɧɢɟ 4 ɱɚɫɨɜ ɩɪɢ 

ɧɟɩɪɟɪɵɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 37-400ɋ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɪɟɚɤɰɢɢ 

ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ, ɩɪɨɦɵɜɚɥɢ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɜɨɞɨɣ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ, ɜɵɩɚɪɢɜɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 400ɋ ɢ ɫɭɲɢɥɢ ɛɟɡɜɨɞɧɵɦ CaCl2 ɜ 

ɬɟɱɟɧɢɟ 24 ɱɚɫɨɜ. ȼɵɩɚɜɲɢɟ ɤɪɢɫɬɚɥɥɵ ɤɨɦɩɥɟɤɫɚ ɯɥɨɪɢɞɚ ɤɨɛɚɥɶɬɚ(II) ɫ ɬɪɢɩɬɨɮɚɧɨɦ 

Ɂ-II-3 
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ɱɟɪɧɨ-ɮɢɨɥɟɬɨɜɨɝɨ ɰɜɟɬɚ, ɧɟ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɫɩɢɪɬɚɯ, ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɚɯ ɢ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɨ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

ȼɵɯɨɞ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ ɫɨɫɬɚɜɢɥ 74,0%. ɉɨɥɭɱɟɧɧɵɣ ɤɨɦɩɥɟɤɫ ɭɫɬɨɣɱɢɜ ɤ ɫɜɟɬɭ ɢ 

ɜɨɡɞɭɯɭ. Ɇɟɬɨɞɚɦɢ ɂɄ- ɢ ɍɎ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɭɫɬɚɧɨɜɥɟɧɚ ɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ.   

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɬɪɢɩɬɨɮɚɧ ɭɱɚɫɬɜɭɟɬ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɤɨɛɚɥɶɬɚ(II) ɜ ɜɢɞɟ ɛɢɩɨɥɹɪɧɨɝɨ ɢɨɧɚ: 

 

 

 

 

 

Ɋɟɚɤɰɢɸ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɨɣ ɫɨɥɢ ɯɥɨɪɢɞɚ ɤɨɛɚɥɶɬɚ(II) ɫ ɬɪɢɩɬɨɮɚɧɨɦ 

ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɨɣ: 
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ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɢɠɟ: 

 

ɂɫɫɥɟɞɨɜɚɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɦɨɞɟɥɢ-

ɪɭɸɳɟɝɨ ɮɪɚɝɦɟɧɬ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ – ɤɨɛɚɥɶɬɫɨɞɟɪɠɚɳɚɹ (II) ɤɨɦɩɥɟɤɫɧɚɹ ɫɨɥɶ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɜ ɦɨɞɟɥɶɧɨɣ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥɚ (ɤɭɦɨɥɚ) ɜ ɩɪɢɫɭɬɫ-
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ɬɜɢɢ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɨɦɩɥɟɤɫɚ ɩɪɨɜɨ-

ɞɢɥɢ ɧɚ ɝɚɡɨɦɟɬɪɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ, ɮɢɤɫɢɪɭɸɳɟɣ ɫɤɨɪɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɩɪɢ 

ɨɤɢɫɥɟɧɢɢ ɠɢɞɤɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɚ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫ Co+2@(TRY)2 ɩɪɨɹɜɥɹɟɬ 

ɫɢɥɶɧɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɪɢ ɚɷɪɨɛɧɨɦ ɨɤɢɫɥɟɧɢɢ ɤɭɦɨɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɇ2Ɉ2. 
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Ⱥɷɪɨɛɧɨɟ ɨɤɢɫɥɟɧɢɹ ɰɢɤɥɨɝɟɤɫɚɧɚ ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɫɨɜɦɟɫɬɧɨɝɨ ɩɨɥɭɱɟɧɢɹ 

ɰɢɤɥɨɝɟɤɫɚɧɨɥɚ ɢ ɰɢɤɥɨɝɟɤɫɚɧɨɧɚ – ɰɟɧɧɵɯ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɯ ɩɪɨɞɭɤɬɨɜ ɨɫɧɨɜɧɨɝɨ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ. ɐɢɤɥɨɝɟɤɫɚɧɨɧ (ɐȽ-ɨɧ) – ɩɨɥɭɩɪɨɞɭɤɬ ɜ ɫɢɧɬɟɡɟ ɚɞɢɩɢɧɨɜɨɣ 

ɤɢɫɥɨɬɵ, ɤɚɩɪɨɥɚɤɬɚɦɚ, ɝɟɤɫɨɞɢɚɦɢɧɷɬɢɥɟɧɚ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ ɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɐɢɤɥɨɝɟɤɫɚɧɨɥ (ɐȽ-ɨɥ) 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ, ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ, ɤɚɤ 

ɪɚɫɬɜɨɪɢɬɟɥɶ ɢ ɪɟɚɝɟɧɬ ɩɪɢ ɮɥɨɬɚɰɢɢ ɫɢɥɶɜɢɧɢɬɨɜɨɣ ɪɭɞɵ [1].  

Ɉɫɧɨɜɧɵɦ ɩɪɨɦɵɲɥɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɐȽ-ɨɥɚ ɢ ɐȽ-ɨɧɚ ɤɚɤ ɭ ɧɚɫ ɜ 

ɫɬɪɚɧɟ, ɬɚɤ ɢ ɡɚ ɪɭɛɟɠɨɦ ɹɜɥɹɟɬɫɹ ɨɤɢɫɥɟɧɢɟ ɰɢɤɥɨɝɟɤɫɚɧɚ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ. Ɉɞɧɚɤɨ 

ɩɪɨɰɟɫɫ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɚɥɨɣ ɫɤɨɪɨɫɬɶɸ ɢ ɧɢɡɤɢɦ ɜɵɯɨɞɨɦ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ: 

ɤɨɧɜɟɪɫɢɹ ɰɢɤɥɨɝɟɤɫɚɧɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 4-5 %, ɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 70 % ɢ 

ɩɪɨɜɨɞɢɬɫɹ ɜ ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɹɯ: ɞɚɜɥɟɧɢɟ 1,7-2,5 Ɇɉɚ, ɬɟɦɩɟɪɚɬɭɪɚ 433-453 Ʉ [1]. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ 

ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ ɩɭɬɟɣ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 

ɰɢɤɥɨɝɟɤɫɚɧɚ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɢɧɬɟɧɫɢɮɢɤɚɰɢɸ ɩɪɨɰɟɫɫɚ 

ɨɤɢɫɥɟɧɢɹ ɰɢɤɥɨɝɟɤɫɚɧɚ ɫɜɹɡɚɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɟɞɢɧɟɧɢɣ, ɥɟɝɤɨ ɪɚɫɩɚɞɚɸɳɢɯɫɹ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ (ɩɟɪɟɤɢɫɟɣ, ɚɡɨɫɨɟɞɢɧɟɧɢɣ) [2]. Ɍɚɤɠɟ, ɩɪɢɦɟɧɹɟɬɫɹ 

ɝɚɡɨɜɨɟ ɢɧɢɰɢɢɪɨɜɚɧɢɟ (ɞɟɣɫɬɜɢɟ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɝɚɡɨɜ, ɧɚɩɪɢɦɟɪ NO2, ɋ12, ɇȼr, 

O3) [3], ɜɨɡɞɟɣɫɬɜɢɟ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɢɥɢ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɞɨɛɚɜɥɟɧɢɟ 

ɝɨɦɨɝɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ ɫɨɥɢ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, (Co2+, Cr2+ ɢɥɢ Mn2+), 

ɦɟɬɚɥɥɨɩɨɪɮɢɪɢɧɵ, WO3 ɢ Cr2O3 [4].  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɩɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ ɰɢɤɥɨɝɟɤɫɚɧɚ ɞɨ 

ɰɢɤɥɨɝɟɤɫɚɧɨɥɚ ɢ ɰɢɤɥɨɝɟɤɫɚɧɨɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ N-ɝɢɞɪɨɤɫɢɮɬɚɥɢɦɢɞɚ (N-ȽɎɂ). 

Ⱦɥɹ ɜɵɛɨɪɚ ɭɫɥɨɜɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɨɥɭɱɚɬɶ ɐȽ-ɨɥ ɢ ɐȽ-ɨɧ ɫ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ, 

ɛɵɥɨ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɪɹɞɚ ɮɚɤɬɨɪɨɜ ɧɚ ɩɪɨɰɟɫɫ ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɰɢɤɥɨɝɟɤɫɚɧɚ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɥɢ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɭɸ ɢɡɦɟɧɹɥɢ ɜ ɢɧɬɟɪɜɚɥɟ 125-

150 °ɋ. ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1, ɜɢɞɧɨ, ɱɬɨ ɫ ɩɨɜɵɲɟɧɢɟɦ 
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ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɜɟɪɫɢɹ ɐȽ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 0,5 ɞɨ 10 %. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 150 °ɋ ɡɚ ɨɞɢɧ 

ɱɚɫ ɪɟɚɤɰɢɢ ɫɨɞɟɪɠɚɧɢɟ ɐȽ-ɥɚ ɢ ɐȽ-ɧɚ ɜ ɩɪɨɞɭɤɬɚɯ ɨɤɢɫɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 3 ɢ 6 % 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɷɬɨɦ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɨɤɨɥɨ 90 %. 

 

Ɍɚɛɥɢɰɚ 2. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ ɐȽ ɜɨɡɞɭɯɨɦ. Ⱦɚɜɥɟɧɢɟ 

20 ɚɬɦ., ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɢ 60 ɦɢɧ. ɋɨɞɟɪɠɚɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ (N-ȽɎɂ) 1,5 % 

ɦɚɫɫ. 

Ɍɟɦɩɟɪɚɬɭɪɚ, 
°ɋ 

ɋɨɞɟɪɠɚɧɢɟ 

ɐȽ-ɨɥɚ, 
% ɦɚɫɫ. 

ɋɨɞɟɪɠɚɧɢɟ 

ɐȽ-ɨɧɚ, 
% ɦɚɫɫ. 

ɉɨɛɨɱɧɵɟ 
ɩɪɨɞɭɤɬɵ,  

% ɦɚɫɫ. 
125 0,2 0,2 0,2 

130 0,2 0,6 0,2 

135 0,6 0,8 0,5 

140 2,9 2,7 0,5 

145 3,2 4,5 0,8 

150 3,2 5,7 1,0 

 

ȿɳɟ ɨɞɧɢɦ ɜɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɢ ɟɝɨ 

ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɹɜɥɹɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɂɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ 

ɤɨɧɰɟɧɬɪɚɰɢɢ N-ɝɢɞɪɨɤɫɢɮɬɚɥɢɦɢɞɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɚɠɟ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɟɝɨ ɜ 

ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɟ ɩɨɪɹɞɤɚ 0,25 % ɦɚɫɫ ɤɨɧɜɟɪɫɢɹ ɰɢɤɥɨɝɟɤɫɚɧɚ ɡɚ 60 ɦɢɧɭɬ ɪɟɚɤɰɢɢ 

ɫɨɫɬɚɜɥɹɟɬ 8-9 % 

ɉɨ ɞɚɧɧɵɦ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɫɨɨɬɧɨɲɟɧɢɟ ɐȽ-ɨɧɚ ɢ ɐȽ-ɨɥɚ ɜ 

ɨɤɫɢɞɚɬɟ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 1:2. ȼ ɩɪɟɞɥɚɝɚɟɦɵɯ ɭɫɥɨɜɢɹɯ ɫɨɞɟɪɠɚɧɢɟ ɐȽ-ɨɧɚ ɜ 

ɩɪɨɞɭɤɬɚɯ ɨɤɢɫɥɟɧɢɹ ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɐȽ-ɨɥɚ. Ɍɚɤɨɟ ɭɜɟɥɢɱɟɧɢɟ 

ɫɨɞɟɪɠɚɧɢɹ ɐȽ-ɨɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɐȽ-ɨɥɨɦ ɫɜɹɡɚɧɨ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɨɤɢɫɥɟɧɢɹ ɐȽ-ɨɥɚ ɞɨ ɐȽ-ɨɧɚ ɜ ɩɪɟɞɥɚɝɚɟɦɵɯ ɭɫɥɨɜɢɹɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ  

N-ɝɢɞɪɨɤɫɢɮɬɚɥɢɦɢɞɚ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɤɨɧɜɟɪɫɢɸ ɰɢɤɥɨɝɟɤɫɚɧɚ ɞɨ 10 %, ɚ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɞɨ 97 %. 
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ɗɉɈɄɋɂȾɂɊɈȼȺɇɂȿ ɋɌɂɊɈɅȺ ɉȿɊɈɄɋɂȾɈɆ ȼɈȾɈɊɈȾȺ ȼ 
ɉɊɂɋɍɌɋɌȼɂɂ Tb-   ɂ Pr-ɋɈȾȿɊɀȺɓɂɏ ɉɈɅɂɈɄɋɈȼɈɅɖɎɊȺɆȺɌɈȼ 

Ɇɭɫɚɟɜɚ ɗ.ɋ, Ƚɚɪɢɛɨɜ ɇ.ɂ, Ⱥɥɢɦɚɪɞɚɧɨɜ ɏ.Ɇ, ɇɚɞɠɚɮɨɜɚ Ɇ.Ⱥ. 
EPOXIDATION OF STYRENE BY HYDROGEN PEROXIDE IN THE PRESENCE 

OF Tb- AND Pr-CONTAINING POLYOXOTUNGSTATES 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, ɝ.Ȼɚɤɭ 
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Ɋɟɚɤɰɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɹ ɧɟɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜ ɬɨɦ 

ɱɢɫɥɟ, ɫɬɢɪɨɥɚ, ɨɫɬɚɟɬɫɹ ɨɞɧɨɣ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ ɫɨɜɪɟɦɟɧɧɨɝɨ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ 

ɫɢɧɬɟɡɚ[1-3]. 

ȼ ɧɚɫɬɨɹɳɟɦ ɞɨɤɥɚɞɟ  ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨ ɠɢɞɤɨɮɚɡɧɨɦɭ 

ɨɤɢɫɥɟɧɢɸ  ɫɬɢɪɨɥɚ  ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ  ɢɥɢ ɟɝɨ ɚɞɞɭɤɬɨɦ ɫ 

ɤɚɪɛɚɦɢɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɊɁɗ-ɫɨɞɟɪɠɚɳɢɯ ɩɨɥɢɨɤɫɨɜɨɥɶɮɪɚɦɚɬɨɜ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɢɛɨɥɟɟ  ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɩɪɨɹɜɥɹɸɬ Tb- ɢɥɢ Pr-ɫɨɞɟɪɠɚɳɢɟ ɨɛɪɚɡɰɵ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ  ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ H3PO4 

H2C2O4(ɬɚɛɥ.1). Ɉɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɨɤɢɫɥɟɧɢɹ ɫɬɢɪɨɥɚ (ɋɬ) ɹɜɥɹɸɬɫɹ ɷɩɨɤɫɢɞ 

ɫɬɢɪɨɥɚ, ɛɟɧɡɚɥɶɞɟɝɢɞ, ɮɟɧɢɥɚɰɟɬɚɥɶɞɟɝɢɞ ɢ ɛɟɧɡɨɣɧɚɹ ɤɢɫɥɨɬɚ. ɋɨɨɬɧɨɲɟɧɢɟ ɢɯ 

ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɢ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ 

ɪɟɚɤɰɢɢ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ H2O2 (41%) ɤɨɥɢɱɟɫɬɜɨ ɷɩɨɤɫɢɞɚ ɜ 

ɤɚɬɚɥɢɡɚɬɟ ɧɟ ɩɪɟɜɵɲɚɟɬ 12-15%. Ɉɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɹɜɥɹɸɬɫɹ  ɛɟɧɡɚɥɶɞɟɝɢɞ ɢ 

ɮɟɧɢɥɚɰɟɬ- ɚɥɶɞɟɝɢɞ, ɜɵɯɨɞ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɟɬ 52-55%. Ȼɨɥɟɟ ɜɵɫɨɤɢɣ ɜɵɯɨɞ ɷɩɨɤɫɢɞɚ 

ɩɨɥɭɱɟɧ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 26-30%-ɧɵɯ ɪɚɫɬɜɨɪɨɜ  H2O2 ɢ ɦɨɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ  

ɋɬ:H2O2= 1:1,5-2. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɹ ɚɞɞɭɤɬɚ H2O2 ɢ ɤɚɪɛɚɦɢɞɚ  ɫ 

ɭɱɚɫɬɢɟɦ ɦɭɪɚɜɶɢɧɨɣ ɤɢɫɥɨɬɵ  ɫɨɨɬɧɨɲɟɧɢɟ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ ɨɤɢɫɥɟɧɢɹ 

ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɹɟɬɫɹ ɢ ɜɵɯɨɞ ɷɩɨɤɫɢɞɚ ɋɬ ɞɨɫɬɢɝɚɟɬ 45-52% ɧɚ ɩɪɟɜɪɚɳɟɧɧɵɣ 

ɭɝɥɟɜɨɞɨɪɨɞ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɤɢɫɥɟɧɢɟ ɫɬɢɪɨɥɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɫɯɟɦɟ : 

 

Ɉɞɧɢɦ ɢɡ ɮɚɤɬɨɪɨɜ, ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɸɳɢɯ ɧɚ ɫɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɚ ɹɜɥɹɟɬɫɹ 

ɬɟɦɩɟɪɚɬɭɪɚ  ɪɟɚɤɰɢɢ. ɉɪɢ ɛɨɥɟɟ ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ (60-70°ɋ) ɨɤɢɫɥɟɧɢɟ ɋɬ 
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ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ  ɩɪɨɬɟɤɚɟɬ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ ɧɚɤɨɩɥɟɧɢɹ ɜ ɨɤɫɢɞɚɬɟ ɮɟɧɢɥɨɤɫɢɪɚɧɚ ɢ 

ɚɥɶɞɟɝɢɞɨɜ (ɛɟɧɡɚɥɶɞɟɝɢɞ, ɮɟɧɢɥɚɰɟɬɚɥɶɞɟɝɢɞ). Ɉɞɧɚɤɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 

90-100°ɋ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ  ɨɩɵɬɨɜ ɨɬ 3 ɞɨ 5 ɱ ɜɵɯɨɞ ɷɩɨɤɫɢɞɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɢ 

ɨɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ  ɹɜɥɹɸɬɫɹ ɛɟɧɡɚɥɶɞɟɝɢɞ  ɢ ɛɟɧɡɨɣɧɚɹ ɤɢɫɥɨɬɚ. ɉɪɢ ɷɬɨɦ 

ɤɨɧɜɟɪɫɢɹ ɫɬɢɪɨɥɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ 34-40 ɞɨ 52-59% .ɋɬɢɪɨɥ ɱɚɫɬɢɱɧɨ ɩɨɞɜɟɪɝɚɟɬɫɹ  

ɬɚɤɠɟ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ.  

Ȼɨɥɟɟ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɹɜɥɹɸɬ ɨɛɪɚɡɰɵ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɨɛɪɚɛɨɬɚɧɧɵɟ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ  41%-ɧɨɝɨ H2O2. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɞɢɤɚɥɶɧɨɣ ɩɪɢɪɨɞɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɩɪɢɦɟɧɹɥɢ ɗɉɊ ɦɟɬɨɞ. ɋɩɟɤɬɪɵ Tb- ɢ Pr-ɫɨɞɟɪɠɚɳɢɯ  ɨɛɪɚɡɰɨɜ ɩɨɥɢɨɤɫɨɜɨɥɶɮɪɚɦɚɬɚ, 

ɨɛɪɚɛɨɬɚɧɧɨɝɨ H2C2O4 ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ 1 ɢ 2. ɋɩɟɤɬɪ ɗɉɊ ɢɫɯɨɞɧɨɝɨ 

(NH4)10W12Ɉ41·4H2O ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɩɟɪɩɨɡɢɰɢɸ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɬɪёɯ 

ɩɚɪɚɦɚɝɧɢɬɧɵɯ ɱɚɫɬɢɰ ɫ ɨɛɳɟɣ ɲɢɪɢɧɨɣ ɫɩɟɤɬɪɚ Δɇɨɛɳ = 155 ɦɌɥ, ɫ g-ɮɚɤɬɨɪɚɦɢ 2,7; 

2,4; 1,92 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ NH4
+, W(6+) ɢ ɜ ɫɥɟɞɨɜɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɨɬ ɫɢɝɧɚɥɚ ɗɉɊ ɫ 

Δɇɨɛɳ = 5 ɦɌɥ, g = 1,92. ɉɪɢ ɨɞɢɧɚɤɨɜɨɦ ɤɨɥɢɱɟɫɬɜɟ Tb4O7-ɯ ɢ Pr6O11-x ɜɚɪɶɢɪɨɜɚɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ (NH4)10W12Ɉ41·4H2O ɩɪɢɜɨɞɢɬ ɤ ɫɢɥɶɧɨɦɭ ɢɯ ɢɡɦɟɧɟɧɢɸ. Ʌɢɧɢɹ ɗɉɊ, 

ɯɚɪɚɤɬɟɪɧɚɹ ɞɥɹ Tb4O7-ɯ ɢ Pr6O11-x ɫ ɨɛɳɟɣ ɲɢɪɢɧɨɣ ɫɩɟɤɬɪɚ Δɇɨɛɳ = 65 ɦɌɥ, g = 4,26, ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ (NH4)10 W12041·4H2O ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ ɫɥɟɞɨɜɵɯ ɤɨɥɢɱɟɫɬɜ. 

ɉɪɢ ɷɬɨɦ ɱёɬɤɨ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɣ ɨɞɢɧɨɱɧɵɣ ɫɢɝɧɚɥ ɗɉɊ ɫ Δɇɨɛɳ = 5 ɦɌɥ, 

g = 1,92. Ɋɟɝɢɫɬɪɢɪɭɟɦɵɣ ɪɚɞɢɤɚɥ ɫɨɯɪɚɧɹɟɬɫɹ ɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɣ ɞɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫ 

H3PɈ4. ɉɪɢ ɷɬɨɦ ɥɢɧɢɹ ɗɉɊ ɫɢɥɶɧɨ ɭɲɢɪɹɟɬɫɹ ɞɨ Δɇɨɛɳ = 400 ɦɌɥ. ɇɚɛɥɸɞɚɟɦɨɟ 

ɭɲɢɪɟɧɢɟ  ɞɚɧɧɨɣ ɥɢɧɢɢ, ɩɨ ɜɫɟɣ ɜɟɪɨɹɬɧɨɫɬɢ, ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱёɬ ɨɛɦɟɧɧɵɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɚɧɢɡɨɬɪɨɩɢɢ g-ɮɚɤɬɨɪɚ ɩɪɢ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɢ (ɢɥɢ 

ɪɚɫɫɥɨɟɧɢɢ) ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɛɪɚɡɰɚ [4,5]. ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ H2C2Ɉ4 ɧɚ ɞɚɧɧɵɟ ɨɛɪɚɡɰɵ  

ɫɢɝɧɚɥɵ ɗɉɊ ɨɬ Tb, Pr- ɢ ɢɨɧɨɜ [PW12O41]
3- ɱɚɫɬɢɱɧɨ ɢɫɱɟɡɚɸɬ. ɉɪɢ ɷɬɨɦ ɧɚ ɗɉɊ ɫɩɟɤɬɪɟ  

ɩɨɹɜɥɹɸɬɫɹ ɫɢɝɧɚɥɵ, ɚɧɚɥɨɝɢɱɧɵɟ Ɉɇ-ɝɪɭɩɩɚɦ, ɤɨɬɨɪɵɟ ɩɨ ɭɬɜɟɪɠɞɟɧɢɸ ɚɜɬɨɪɨɜ [7] 

ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɹɞɟ ɨɤɫɢɤɢɫɥɨɬ ɜ ɩɪɨɰɟɫɫɟ ɞɢɫɫɨɰɢɢɪɨɜɚɧɧɨɝɨ ɡɚɯɜɚɬɚ ɷɥɟɤɬɪɨɧɚ ɜ ɜɨɞɧɨɣ 

ɫɪɟɞɟ ɫɜɹɡɚɧɧɵɦ ɩɪɨɬɨɧɨɦ ɤɢɫɥɨɬɵ. ɑɚɫɬɢɱɧɨɟ ɡɚɦɟɳɟɧɢɟ ( NH4)
+ ɝɪɭɩɩɵ ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɢ ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ Tb(NO3)3[Pr (NO3)3]: (NH4)10 W12041=1:1.Ʌɢɧɢɢ ɫɩɟɤɬɪɨɜ ɗɉɊ 

ɨɬ W(6+) (Δɇɨɛɳ = 100 ɦɌɥ) ɢ ɚɦɦɨɧɢɣɧɨɣ ɝɪɭɩɩɵ ɭɦɟɧɶɲɚɸɬɫɹ, ɩɪɢ ɷɬɨɦ ɨɞɢɧɨɱɧɵɣ 

ɫɢɝɧɚɥ ɧɚɱɢɧɚɟɬ ɜɵɞɟɥɹɬɶɫɹ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ (NH4)10W12041·H2O ɨɬ 

0,96 ɦɦɨɥɶ ɞɨ 1,44 ɦɦɨɥɶ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɣ ɗɉɊ-ɫɩɟɤɬɪ ɨɞɢɧɨɱɧɨɝɨ 

ɛɟɫɫɬɪɭɤɬɭɪɧɨɝɨ ɫɢɝɧɚɥɚ. ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɩɨɥɧɨɟ ɡɚɦɟɳɟɧɢɟ NH4
+ ɝɪɭɩɩɵ ɧɚ Tb4O7-

ɯ ɢɥɢ Pr6O11-x ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ  ɢɡɛɵɬɤɟ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɊɁɗ. 
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ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɫɢɫɬɟɦɵ (Pr(NO3)3  +(NH4)10W12O41ɯɇ20) ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɇ2Ɉ2 

ɥɢɧɢɹ  ɗɉɊ ɨɬ ɨɞɢɧɨɱɧɨɝɨ ɫɢɝɧɚɥɚ ɢɫɱɟɡɚɟɬ, ɫɨɯɪɚɧɢɜ ɫɩɟɤɬɪ ɨɬ Pr. ȼ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ 

ɫɩɟɤɬɪɚ ɩɨɹɜɥɹɸɬɫɹ ɥɢɧɢɢ, ɤɨɬɨɪɵɟ ɧɚɦɢ ɞɨ ɤɨɧɰɚ ɧɟ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞёɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɡɜɨɥɢɥɢ ɜɵɛɪɚɬɶ ɜ 

ɤɚɱɟɫɬɜɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɤɢɫɥɟɧɢɹ ɫɬɢɪɨɥɚ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ 

ɫɨɫɬɚɜɚ TbPO4·(WO2)0,5PW12041 ɢ PrPO4·(WO2)0,5PW12041 . 

 

 

Ɋɢɫ. 1. ɋɩɟɤɬɪɵ ɗɉɊ ɩɨɥɢɨɤɫɨɜɨɥɶɮɪɚɦɚɬɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɨɦ ɬɟɪɛɢɹ ɢ 

ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɇ2ɋ2Ɉ4 

 

 

Ɋɢɫ.2. ɋɩɟɤɬɪɵ ɗɉɊ ɩɨɥɢɨɤɫɨɜɨɥɶɮɪɚɦɚɬɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɨɦ ɩɪɚɡɟɨɞɢɦɚ ɫ 

ɞɨɛɚɜɤɚɦɢ ɇ2ɋ2Ɉ4 ɢ H2O2 ɚ- Pr(NO3)3 (1,3ɦɦɨɥɶ)+(NH4)10W12O41×H20(1,0ɦɦɨɥɶ)+H2C2Ɉ4 ɛ- 

Pr(NO3)3 (1,3 ɦɦɨɥɶ)+(NH4)10W12O41×H20  (1,0ɦɦɨɥɶ)+H2C2Ɉ4+ H2O2] 

Ɍɚɛɥɢɰɚ 1.ȼɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɪɟɚɤɰɢɢ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɨɤɢɫɥɟɧɢɟ ɫɬɢɪɨɥɚ ɫ ɭɱɚɫɬɢɟɦ 

26-41%-ɧɵɯ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɇ2Ɉ2 

(ɤɨɥɢɱɟɫɬɜɨ ɫɬɢɪɨɥɚ — 7,5 ɝ, ɬɨɥɭɨɥɚ — 15 ɦɥ, ɋɇ3ɋɈɈɇ-3,0 ɝ) 
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Ɇɨɥɶ. 
cɨɨɬ. 

ɋɬ : ɇ2Ɉ2 

Ɍ, 
°ɋ 

, 
ɱ 

Ʉɨɧɜɟɪ 

ɫɢɹ  
ɋɬ, % 

ɋɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɚ, % ɦɚɫ. 

ɗɩɨɤ. 
ɋɬ 

Ȼɟɧɡɚɥɶ 

ɞɟɝɢɞ 

Ɏɟɧɢɥ 

ɚɰɟɬɚɥɶ 

ɞɟɝɢɞ 

Ɏɟɧɢɥ-

ɷɬɚɧ-

1,2-

ɞɢɨɥ 

Ȼɟɧɡɨɣ 

ɧɚɹ 
ɤɢɫɥɨɬɚ 

Ʉɚɬ:TbPO4·(WO2)0,5PW12041 

ȼɨɞɧɵɣ ɪɚɫɬɜɨɪ 26%-ɣ ɇ2Ɉ2 

1:2,5 70 5 12,4 42,0 19,0 18,3 5,7 15,0 

1:2 80 4 21,0 37,3 22,0 20,3 4,0 16,4 

1:2 90 3 23,7 28,4 25,6 24,4 3,9 17,7 

ȼɨɞɧɵɣ ɪɚɫɬɜɨɪ 30%-ɣ ɇ2Ɉ2 

1:2 70 4 29,6 41,7 22,3 17,1 3,9 15,0 

1:2 70 5 41,8 39,3 23,8 20,4 1,4 15,1 

1:1,5 80 3 38,6 36,5 24,1 21,0 1,9 16,5 

1:1,5 90 2 32,3 24,8 26,4 19,2 6,9 22,7 

ȼɨɞɧɵɣ ɪɚɫɬɜɨɪ 41%-ɣ ɇ2Ɉ2 

1:2 80 3 41,6 12,0 35,2 12,4 14,1 26,3 

1:1,5 80 3 37,3 14,2 37,0 9,6 5,2 34,0 

1:1,5 90 3 55 7,0 37,4 16,4 5,8 33,4 

1:1,2 90 2 52 8,6 38,0 14,3 7,1 32,0 

1:1,5 100 2 59 6,2 43,7 12,0 5,4 44,7 

Ʉɚɬ:PrPO4·(WO2)0,5PW12041 

ȼɨɞɧɵɣ ɪɚɫɬɜɨɪ 30%-ɣ ɇ2Ɉ2 

1:2 80 4 42,0 48,4 18,2 11,4 4,0 18,0 

1:1,5 80 3 32,3 49,0 17,2 12,0 3,8 18,0 

1:1,5 90 3 49,7 21,7 34,8 7,9 5,2 30,4 

1:1,5 100 2 56,8 9,2 39,0 9,3 5,5 37,0 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Choudhary, V. R. Supported Nano-Gold Catalysts for Epoxidation of Styrene and Oxidation 

of Benzyl Alcohol to Benzaldehyde / V. R. Choudhary, D. K. Dumbre // Topics in Catalysis, 

V. 12, 2009, ɪ.1677-1687. 

2. Co-oxidation of styrene and iso-butyraldehyde in the presence of polyaniline- supported 

metalloporphyrins Original research article Journal of Molecular Catalysis A: Chemical, 

Volume 201, Issues 1–2, 1 July 2003, Pages 167-178J. Haber, M. Kłosowski, J. Połtowicz 

3. Homogeneous catalytic oxidation of styrene and styrene derivatives with hydrogen peroxide 

in the presence of transition metal-substituted polyoxotungstates Tiago A. G. Duarte a , Ana C. 

Estrada b , Mário M. Q. Simões * a , Isabel C. M. S. Santos * a , Ana M. V. Cavaleiro b , M. 

Graça P. M. S. Neves a and José A. S. Cavaleiro a DOI: 10.1039/C4CY00702F (Paper) Catal. 

Sci. Technol., 2015, 5, 351- 363 



439 

 

4. Udalova O.I., Shashkin D.P., Krylov O.V. Effect of modifying additives on the catalytic 

properties of heteropoly compounds in the reaction of propane oxidation. Catalysis in industry. 

2007, no. 6, ɪɪ. 3-13.  

5. Khursan S.A., Shishlov N.M. On the possibility of electron transfer during alkaline 

hydrolysis. Chemical.phys. 2011, v. 30, no. 10, p. 55. 

6.Chernozatonsky O.S., Nedelina O.S., Zubkov A.S., Artyukhov V.I. Model of one-electron 

transport of electron capture by bound proton of hydroxy acids, calculation of thermodynamic 

parameters. Chemistry Physics. 2011, no. 10, ɪɪ. 23-40. 

7. Kostritsch L.N., Mangasaryan N.A. Makinian A.Ya. Effect of phosphoric acid on the 

structure of silica gel. Journal of Colloid Chemistry. 1983, v. 45, no. 2, ɪɪ. 337-340.  

 

  



440 

 

ɎɂɁɂɄɈ-ɏɂɆɂɑȿɋɄɂȿ ɂ ɄȺɌȺɅɂɌɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ 
ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɕɏ ȼɕɋɈɄɈɄɊȿɆɇȿɁȿɆɇɕɏ ɐȿɈɅɂɌɈȼ ȼ 

ɊȿȺɄɐɂɂ ȺɅɄɂɅɂɊɈȼȺɇɂə ȺɊɈɆȺɌɂɑȿɋɄɂɏ ɍȽɅȿȼɈȾɈɊɈȾɈȼ ɋ6-ɋ7 

ɗɌȺɇɈɅɈɆ ɂ ɂɁɈɉɊɈɉȺɇɈɅɈɆ 

Ƚɚɯɪɚɦɚɧɨɜ Ɍ.Ɉ., Ⱥɦɢɪɨɜɚ ɇ.Ɇ., ɂɫɤɟɧɞɟɪɨɜɚ Ⱥ.Ⱥ.,Ɇɚɦɟɞɨɜ ɋ.ɗ., Ⱥɯɦɟɞɨɜ ɗ.ɂ. 
PHYSICO-CHEMICAL AND CATALYTIC PROPERTIES OF MODIFIED HIGH-

CRYSTALLINE ZEOLITES IN THE REACTION OF ALKYLATION OF 

AROMATIC HYDROCARBONS WITH C6-C7 ETHANOL AND IZOPROPANOL 
Ȼɚɤɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ⱥɡɟɪɛɚɣɞɠɚɧ, Ȼɚɤɭ 

E-mail: taleh_bdu@mail.ru 

 

ɉɟɪɟɫɩɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɷɬɢɥɛɟɧɡɨɥɚ (ɗȻ) ɢ ɷɬɢɥɬɨɥɭɨɥɨɜ (ɗɌ) ɢ ɩ-

ɦɟɬɢɥɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥ (ɩ-ɰɢɦɨɥ)-ɜɚɠɧɵɯ ɩɪɨɞɭɤɬɨɜ ɞɥɹ ɫɢɧɬɟɡɚ ɫɬɢɪɨɥɚ, 

ɦɟɬɢɥɫɬɢɪɨɥɨɜ, ɞɭɲɢɫɬɵɯ ɜɟɲɟɫɬɜ ɢ ɬɟɪɟɮɬɚɥɟɜɨɣ ɤɢɫɥɨɬɵ ɹɜɥɹɸɬɫɹ ɚɥɤɢɥɢɪɨɜɚɧɢɟ 

ɛɟɧɡɨɥɚ ɷɬɚɧɨɥɨɦ ɢ ɬɨɥɭɨɥɚ ɫ ɷɬɚɧɨɥɨɦ ɢ ɢɡɨɩɪɨɩɚɧɨɥɨɦ ɧɚ ɜɵɫɨɤɨɤɪɟɦɧɟɡɟɦɧɵɯ 

ɰɟɨɥɢɬɚɯ ɬɢɩɚ ɩɟɧɬɚɫɢɥɚ [1,2]. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɨɛɦɟɧɧɨɝɨ 

ɤɚɬɢɨɧɚ (Sr2+
, Ba2+, Zn2+ , La3+ , Ho3+ Lu3+ ) ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɢ ɤɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ 

ɩɟɧɬɚɫɢɥɨɜ ɚɥɤɢɥɢɪɨɜɚɧɢɢ ɛɟɧɡɨɥɚ ɷɬɚɧɨɥɨɦ ɢ ɬɨɥɭɨɥɚ ɫ ɷɬɚɧɨɥɨɦ ɢ ɢɡɨɩɪɨɩɚɧɨɥɨɦ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɢɩɚ ɐȼɆ ɫ ɦɨɥɶɧɵɦɢ ɨɬɧɨɲɟɧɢɹɦɢ ɪɚɜɧɵɦɢ 61 ɢ 33 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ʉɚɬɢɨɧɧɵɟ ɮɨɪɦɵ ɩɟɧɬɚɫɢɥɚ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ. 

Ʉɚɬɚɥɢɡɚɬɨɪɵ ɫɨɞɟɪɠɚɳɢɟ 1,0-5,0 ɦɚɫ.% ɦɟɬɚɥɥɚ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 2%-ɧɵɯ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɧɢɬɪɚɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɚɥɥɨɜ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ Mn+ -ɤɚɬɢɨɧɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɩɟɧɬɚɫɢɥɨɜ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢɪɨɞɨɣ, ɡɚɪɹɞɨɦ ɢ ɪɚɡɦɟɪɨɦ ɤɚɬɢɨɧɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɇ-ɮɨɪɦ ɤɚɬɢɨɧɧɵɟ 

ɮɨɪɦɵ ɰɟɨɥɢɬɨɜ ɩɪɨɹɜɥɹɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɗȻ, ɩ-ȾɗȻ ɢ 

ɩ-ɰɢɦɨɥɭ. ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɹɜɥɹɸɬ ɰɟɨɥɢɬɵ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ 

ɤɚɬɢɨɧɚɦɢ ɊɁɗ3+. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɩɟɧɬɚɫɢɥɨɜ ɞɜɭɯ ɢ ɬɪɟɯɡɚɪɹɞɧɵɦɢ ɤɚɬɢɨɧɚɦɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ ɜɵɯɨɞ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ. ɇɚɢɛɨɥɶɲɟɟ ɫɧɢɠɟɧɢɟ ɜɵɯɨɞɚ 

ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ Sr- ɢ Ba-ɮɨɪɦɚɯ ɰɟɨɥɢɬɨɜ. ɉɪɢɪɨɞɚ ɤɚɬɢɨɧɚ ɊɁɗ3+ 

ɡɚɦɟɬɧɨ ɜɥɢɹɟɬ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɟɧɬɚɫɢɥɚ. La-ɮɨɪɦɚ ɰɟɨɥɢɬɚ ɩɪɨɹɜɥɹɸɬ 

ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɗȻ, ɩ-ȾɗȻ ɢ ɩ-ɰɢɦɨɥɭ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 300 ɋɨ ɧɚ La-

ɮɨɪɦɟ ɰɟɨɥɢɬɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɩ-ɢɡɨɦɟɪɚɦ ɫɨɫɬɚɜɥɹɟɬ 49-53%. ȼɜɟɞɟɧɢɟ ɜ ɫɨɫɬɚɜ ɇ-

ɩɟɧɬɚɫɢɥɨɜ 5.0 ɦɚɫ% ɊɁɗ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɪɚɫɬɚɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɩ-ɢɡɨɦɟɪɚɦ ɞɨ 75%. 

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɟɧɬɚɫɢɥɨɜ ɡɚɜɢɫɹɬ ɨɬ ɫɩɨɫɨɛɚ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ, ɩɪɢɪɨɞɵ, ɡɚɪɹɞɚ, ɪɚɡɦɟɪɚ ɤɚɬɢɨɧɨɜ Mn+, ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɫɢɥɵ 

ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ, ɚ ɬɚɤɠɟ ɨɬ ɢɡɦɟɧɟɧɢɹ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɰɟɨɥɢɬɨɜ. 
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ȺɅɄɂɅɂɊɨȼȺɇɂȿ ȺɊɈɆȺɌɂɑȿɋɄɂɏ ɋɈȿȾɂɇȿɇɂɃ Ȼɢɧɨɪɨɦ-s ɉɈȾ 
ȾȿɃɋɌȼɂȿɆ ɂɈɇɇɈɃ ɀɂȾɄɈɋɌɂ Et3NH-Al2Cl7 

Ⱥɦɢɧɨɜ Ɋ.ɂ. 1, Ⱥɯɦɚɞɢɲɢɧɚ Ʌ.Ɏ.2, ɏɭɫɧɭɬɞɢɧɨɜ Ɋ.ɂ.1 
ALKYLATION OF AROMATIC COMPOUNDS WITH BINOR-S MEDIATED BY 

IONIC LIQUID Et3NH-Al2Cl7 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɍɎɂɐ ɊȺɇ, ɍɮɚ 

E-mail: rishaminov@gmail.com 
2 ȽɈɍ ȼɉɈ ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɍɮɚ 

 

ɇɟɫɦɨɬɪɹ ɧɚ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɲɢɪɨɤɨɝɨ ɧɚɛɨɪɚ ɢɡɜɟɫɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ,  

ɯɢɦɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢ ɨɪɝɚɧɢɱɟɫɤɢɣ ɫɢɧɬɟɡ ɩɨɫɬɨɹɧɧɨ ɧɭɠɞɚɟɬɫɹ ɜ ɧɨɜɵɯ, ɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɵɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɩɪɢɟɦɥɟɦɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɢ ɪɟɚɤɰɢɨɧɧɵɯ ɫɪɟɞɚɯ. 

ɍɤɚɡɚɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɚɥɸɦɢɧɚɧɬɧɵɟ ɢɨɧɧɵɟ ɠɢɞɤɨɫɬɢ (ɂɀ). 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɟɨɪɝɚɧɢɱɟɫɤɚɹ ɢɨɧɧɚɹ ɠɢɞɤɨɫɬɶ 

Et3NH-Al2Cl7 ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ: ɛɟɧɡɨɥɚ ɢ ɧɚɮɬɚɥɢɧɚ ɫ ɩɨɦɨɳɶɸ ɞɢɦɟɪɚ ɧɨɪɛɨɪɧɚɞɢɟɧɚ - ɷɧɞɨ-ɷɧɞɨ-

ɝɟɩɬɚɰɢɤɥɨ[8.4.0.02,12.03,8.04,6.05,9.011,13]ɬɟɬɪɚɞɟɤɚɧɚ ɢɡɜɟɫɬɧɨɝɨ ɩɨɞ ɬɪɢɜɢɚɥɶɧɵɦ 

ɧɚɡɜɚɧɢɟɦ - «ɛɢɧɨɪ-S». 

Ɍɚɤ, ɩɪɢ ɚɥɤɢɥɢɪɨɜɚɧɢɢ ɛɟɧɡɨɥɚ ɫ ɩɨɦɨɳɶɸ ɛɢɧɨɪɚ-S ɜ ɩɪɢɫɭɬɫɬɜɢɢ Et3NH-

Al2Cl7, ɜ ɭɫɥɨɜɢɹɯ: 40ɨɋ, ɡɚ 8 ɱ ɨɛɪɚɡɭɸɬɫɹ 14-

ɮɟɧɢɥɝɟɤɫɚɰɢɤɥɨ[9.2.1.02,7.03,5.04,8.09,10]ɬɟɬɪɚɞɟɤɚɧ 2 ɢ 10-

ɮɟɧɢɥɝɟɤɫɚɰɢɤɥɨ[9.2.1.02,7.03,5.04,8.09,13]ɬɟɬɪɚɞɟɤɚɧ 3. ȼ ɯɨɞɟ ɪɟɚɤɰɢɢ ɩɪɨɢɫɯɨɞɢɬ 

ɪɚɫɤɪɵɬɢɟ ɨɞɧɨɝɨ ɰɢɤɥɨɩɪɨɩɚɧɨɜɨɝɨ ɤɨɥɶɰɚ ɛɢɧɨɪɚ-S 1 ɩɨ ɫɜɹɡɹɦ ɋ4-ɋ5 ɢ ɋ4-ɋ6. 

 

ȼ ɫɥɭɱɚɟ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɧɚɮɬɚɥɢɧɚ ɛɢɧɨɪɨɦ-S 1 ɜ ɩɪɢɫɭɬɫɬɜɢɢ Et3NH-Al2Cl7. 

ɪɟɚɤɰɢɹ ɩɪɨɯɨɞɢɬ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (80oC, 8-10 ɱ), ɞɚɜɚɹ ɷɤɜɢɦɨɥɹɪɧɭɸ 

ɫɦɟɫɶ ɞɜɭɯ ɰɢɤɥɨɚɥɤɢɥɩɪɨɢɡɜɨɞɧɵɯ ɧɚɮɬɚɥɢɧɚ 4, 5 ɫ ɨɛɳɢɦ ɜɵɯɨɞɨɦ 72%. Ȼɢɧɨɪ-S ɢ 

ɧɚɮɬɚɥɢɧ – ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ, ɩɨɷɬɨɦɭ ɨɩɵɬɵ ɫ ɢɯ ɭɱɚɫɬɢɟɦ ɩɪɨɜɨɞɢɥɢ ɜ ɫɪɟɞɟ 

ɰɢɤɥɨɝɟɤɫɚɧɚ.  

Ɂ-II-7 
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ɋɬɪɨɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɚ ɛɢɧɨɪɨɦ-S ɞɨɤɚɡɚɧɨ 

ɞɚɧɧɵɦɢ ɫɩɟɤɬɪɨɜ əɆɊ 1H ɢ 13C. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɫɩɟɤɬɪɚɯ əɆɊ 1H ɫɨɟɞɢɧɟɧɢɣ 2, 3  

ɢɦɟɸɬɫɹ ɫɢɝɧɚɥɵ ɜ ɨɛɥɚɫɬɢ ɩɪɢ 7.15-7.35 ɦ.ɞ., ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɩɪɨɬɨɧɨɜ 

ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ, ɢ ɜ ɫɩɟɤɬɪɚɯ əɆɊ 13ɋ ɫɢɝɧɚɥɵ ɩɪɢ 125.38, 127.18, 128.29, 148.81 

ɦ.ɞ. ɞɥɹ 2 ɢ 125.40, 127.07, 128.22, 147.69 ɦ.ɞ. ɞɥɹ 3, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɭɝɥɟɪɨɞɧɵɯ ɚɬɨɦɨɜ 

ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ. ɋɢɝɧɚɥɵ ɜ ɨɛɥɚɫɬɢ 0.93 ɢ 1.01 ɦ.ɞ. ɩɪɢɧɚɞɥɟɠɚɬ 

ɫɨɯɪɚɧɢɜɲɟɦɭɫɹ ɰɢɤɥɨɩɪɨɩɚɧɨɜɨɦɭ ɤɨɥɶɰɭ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɪɚɡɨɜɚɧɢɟ ɰɢɤɥɨɚɥɤɢɥɩɪɨɢɡɜɨɞɧɵɯ ɛɟɧɡɨɥɚ 2, 3  ɢ ɧɚɮɬɚɥɢɧɚ 4, 5 

ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ: ɢɯ ɦɨɥɟɤɭɥɹɪɧɵɟ ɦɚɫɫɵ (m/z) 

ɫɨɫɬɚɜɥɹɸɬ 262 ɢ 312 ɞɚɥɶɬɨɧɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɩɟɪɜɵɟ ɨɫɭɳɟɫɬɜɥɟɧɨ ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɛɟɧɡɨɥɚ, ɧɚɮɬɚɥɢɧɚ ɷɧɞɨ-

ɷɧɞɨ-ɝɟɩɬɚɰɢɤɥɨ[8.4.0.02,12.03,8.04,6.05,9.011,13]-ɬɟɬɪɚɞɟɤɚɧɨɦ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɟ 

ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɢɨɧɧɨɣ ɠɢɞɤɨɫɬɶɸ Et3NH-Al2Cl7, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɰɢɤɥɨɚɥɤɢɥɩɪɨɢɡɜɨɞɧɵɯ  2, 3 ɢ 4, 5 ɫ ɜɵɯɨɞɚɦɢ 95 ɢ 72%. 
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ɄȺɌȺɅɂɁȺɌɈɊɕ ɇȺ ɈɋɇɈȼȿ ɐȿɈɅɂɌȺ ZSM-12 ȾɅə ɉɊɈɐȿɋɋɈȼ 
ɌɊȺɇɋȺɅɄɂɅɂɊɈȼȺɇɂə-ɂɁɈɆȿɊɂɁȺɐɂɂ ɎɊȺɄɐɂɂ ȻɌɄ 

ɐɚɩɥɢɧ Ⱦ.ȿ.1, Ʉɭɥɢɤɨɜ Ʌ.Ⱥ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,2, Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ.1 
CATALYSTS BASED ON ZSM-12 ZEOLITE FOR TRANSALKYLATION-

ISOMERIZATION OF BENZENE-TOLUENE-XYLENE FRACTION 
1Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɇɨɫɤɜɚ 

E-mail: dima-tsaplin-1994@mail.ru 
2ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

 

ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɨɫɧɨɜɧɨɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɬɟɪɟɮɬɚɥɟɜɨɣ ɤɢɫɥɨɬɵ, ɨɞɧɨɝɨ ɢɡ 

ɜɚɠɧɟɣɲɢɯ ɦɨɧɨɦɟɪɨɜ ɜ ɩɨɥɢɦɟɪɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ – ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɨɤɢɫɥɟɧɢɟ ɩ-

ɤɫɢɥɨɥɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɚɤɬɭɚɥɶɧɚɹ ɡɚɞɚɱɚ – ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ 

ɫɟɥɟɤɬɢɜɧɨɣ ɢɡɨɦɟɪɢɡɚɰɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɛɟɧɡɨɥ-ɬɨɥɭɨɥ-ɤɫɢɥɨɥɶɧɨɣ (ȻɌɄ) ɮɪɚɤɰɢɢ ɜ 

ɩɚɪɚ-ɤɫɢɥɨɥ. ɉɪɢɦɟɪ ɬɚɤɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ – ɰɟɨɥɢɬ ZSM-12, ɨɛɥɚɞɚɸɳɢɣ ɷɥɥɢɩɬɢɱɟɫɤɨɣ 

ɮɨɪɦɨɣ ɩɨɪ ɫ ɪɚɡɦɟɪɚɦɢ 5.6*6.1 Å, ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɜ ɫɢɫɬɟɦɭ ɨɞɧɨɦɟɪɧɵɯ ɤɚɧɚɥɨɜ [1]. 

Ɉɫɧɨɜɧɨɣ ɦɟɬɨɞɨɦ ɫɢɧɬɟɡɚ ɰɟɨɥɢɬɚ ZSM-12 – ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɫɢɧɬɟɡ ɢɡ ɪɚɫɬɜɨɪɚ, 

ɫɨɞɟɪɠɚɳɢɣ ɫɨɟɞɢɧɟɧɢɹ ɤɪɟɦɧɢɹ ɢ ɚɥɸɦɢɧɢɹ [2]. ȼ ɫɢɧɬɟɡɟ ɩɪɢɦɟɧɹɸɬ ɨɪɝɚɧɢɱɟɫɤɢɟ 

ɦɨɥɟɤɭɥɵ-ɬɟɦɥɚɬɵ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪɚɡɨɦ ɤɨɨɪɞɢɧɢɪɭɸɬ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ 

ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɟɞɢɧɢɰɵ, ɜɵɫɬɭɩɚɸɳɢɟ ɢɫɯɨɞɧɵɦɢ ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɛɥɨɤɚɦɢ 

ɫɬɪɭɤɬɭɪɵ ɰɟɨɥɢɬɚ, ɨɛɪɚɡɭɸɳɟɣɫɹ ɜ ɯɨɞɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ [3]. ɉɪɢ ɷɬɨɦ ɢɡɨɦɨɪɮɧɨɟ 

ɡɚɦɟɳɟɧɢɟ ɚɬɨɦɨɜ ɤɪɟɦɧɢɹ ɚɥɸɦɢɧɢɟɦ, ɬɨ ɟɫɬɶ ɭɦɟɧɶɲɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ Si/Al, 

ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɤɢɫɥɨɬɧɨɫɬɶ ɰɟɨɥɢɬɚ [1]. 

ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɫɢɧɬɟɡɚ ɰɟɨɥɢɬɚ ZSM-12 ɧɚ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɩɪɨɰɟɫɫɚɯ 

ɢɡɨɦɟɪɢɡɚɰɢɢ-ɬɪɚɧɫɚɥɤɢɥɢɪɨɜɚɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ȻɌɄ-ɮɪɚɤɰɢɢ. ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɢɧɬɟɡɚ, ɩɪɢɪɨɞɵ ɢɫɬɨɱɧɢɤɨɜ ɤɪɟɦɧɢɹ ɢ ɚɥɸɦɢɧɢɹ ɢ ɢɯ ɫɨɨɬɧɨɲɟɧɢɹ, 

ɫɬɪɨɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɟɦɩɥɚɬɚ ɧɚ ɫɬɪɨɟɧɢɟ ɩɨɥɭɱɚɟɦɨɝɨ ɰɟɨɥɢɬɚ ZSM-12. ȼ 

ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɤɪɟɦɧɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɨɥɥɨɢɞɧɵɣ ɪɚɫɬɜɨɪ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ 

(LUDOX ȺS-30, LUDOX HS-40), ɫɢɥɢɤɚɝɟɥɶ, ɬɷɬɪɚɷɬɢɥɨɪɬɨɫɢɥɢɤɚɬ; ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɬɨɱɧɢɤɚ ɚɥɸɦɢɧɢɹ –ɚɥɸɦɢɧɚɬ ɧɚɬɪɢɹ, ɫɭɥɶɮɚɬ ɚɥɸɦɢɧɢɹ, ɧɢɬɪɚɬ ɚɥɸɦɢɧɢɹ, 

ɢɡɨɩɪɨɩɢɥɚɬ ɚɥɸɦɢɧɢɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɫɢɧɬɟɡɚ ZSM-12 – 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɤɪɟɦɧɢɹ, ɫɨɥɟɣ ɬɟɬɪɚɷɬɢɥɚɦɦɨɧɢɹ ɢɥɢ 

ɬɪɢɷɬɢɥ-ɦɟɬɢɥɚɦɦɨɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɬɟɦɩɥɚɬɨɜ ɢ ɬɟɦɩɟɪɚɬɭɪ 145-155°ɋ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ Ɉɛɪɚɡɨɜɚɧɢɹ ɢ 

ɇɚɭɤɢ ɊɎ, Ɏɐɉ «ɂɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɩɨ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ 

Ɂ-II-8 



445 

 

ɪɚɡɜɢɬɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ Ɋɨɫɫɢɢ ɧɚ 2014-2020 ɝɨɞɵ», Ɇɟɪɨɩɪɢɹɬɢɟ 

1.4, ɋɨɝɥɚɲɟɧɢɟ ɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɫɭɛɫɢɞɢɢ № 14.610.21.0009 ɨɬ 03.10.2017. 

ɍɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɋɨɝɥɚɲɟɧɢɹ RFMEFI61017X0009. 

 

Ʌɢɬɟɪɚɬɭɪɚ 1. Ɋɚɫɤɢɥɶɞɢɧɚ Ƚ., Ƚɪɢɝɨɪɶɟɜɚ ɇ., Ɂɥɨɬɫɤɢɣ ɋ. ɍɫɩɟɯɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɧɚ ɰɟɨɥɢɬɚɯ 

// LAP LAMBERT Academic Pablishing. 2014. ɫ. 92 

2. US pat. 4,391,785 - Preparation of ZSM-12 type zeolite // Rosinski E.J., Pedricktown N.J., 

Rubin M.K. (1983) 

3. Cundy C. S. The hydrothermal synthesis of zeolites: history and development from the 

earliest days to the present time [Ɍɟɤɫɬ] / C. S. Cundy, P. A. Cox //Chemical Reviews. – 2003. 

– Ɍ. 103. – №. 3. – ɋ. 663-702. - DOI:10.1021/cr020060. 
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ɉɈɅɍɑȿɇɂȿ ɐȿɈɅɂɌɇɈȽɈ ɄȺɌȺɅɂɁȺɌɈɊȺ ȾɅə ɉɊɈɐȿɋɋȺ 
ɀɂȾɄɈɎȺɁɇɈȽɈ ȺɅɄɂɅɂɊɈȼȺɇɂə ȻȿɇɁɈɅȺ ɗɌɂɅȿɇɈɆ ɂ ɗɌȺɇ-

ɗɌɂɅȿɇɈȼɕɆɂ ɎɊȺɄɐɂəɆɂ ɉɂɊɈɅɂɁȺ 

ɉɚɜɥɨɜ Ɇ.Ʌ. 1, ɗɪɲɬɟɣɧ Ⱥ.ɋ. 1, ɒɚɜɚɥɟɟɜ Ⱦ.Ⱥ. 2, ȻɚɫɢɦɨɜɚɊ.Ⱥ. 1 
PRODUCTION OF ZEOLITE CATALYST OF THE PROCESS OF LIQUID PHASE 

ALKYLATION OF BENZENE BY ETHYLENE AND ETHANE-ETHYLENE FROM 

STEAM CRACKING 
1ɈɈɈ «ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɰɟɧɬɪ ɋɚɥɚɜɚɬɧɟɮɬɟɨɪɝɫɢɧɬɟɡ», ɋɚɥɚɜɚɬ 

E-mail: ershteyn@gmail.com 
2 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɨɰɟɫɫɨɜ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɚ ɷɬɢɥɟɧɨɦ 

ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɬɢɥɟɧ ɱɢɫɬɨɬɨɣ ɛɨɥɟɟ 99%. ɇɚ ɩɨɥɭɱɟɧɢɟ ɗȻ ɪɚɫɯɨɞɭɟɬɫɹ 

ɨɤɨɥɨ 10% ɦɢɪɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɬɢɥɟɧɚ ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɨɣ ɱɢɫɬɨɬɵ. ɉɨɷɬɨɦɭ 

ɢɧɬɟɪɟɫɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɚɥɤɢɥɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɧɟ 

ɷɬɢɥɟɧɚ ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɨɣ ɱɢɫɬɨɬɵ, ɚ ɝɢɞɪɢɪɨɜɚɧɧɨɣ, ɥɢɛɨ ɧɟ ɝɢɞɪɢɪɨɜɚɧɧɨɣ ɷɬɚɧ-

ɷɬɢɥɟɧɨɜɨɣ ɮɪɚɤɰɢɢ (ɗɗɎ) ɩɢɪɨɥɢɡɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ȿɫɥɢ ɷɬɨ  ɜɨɡɦɨɠɧɨ, ɬɨ ɷɬɨ 

ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ ɧɚ ɛɥɨɤɟ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɩɢɪɨɥɢɡɚ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ HY-Ȼɋ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɧɚɦɢ [1] ɰɟɨɥɢɬ NɚY-Ȼɋ, ɧɟ 

ɫɨɞɟɪɠɚɳɢɣ ɫɜɹɡɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɫ ɦɨɥɶɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ SiO2/Al2O3 (ɦɨɞɭɥɟɦ) 5,5 

ɩɟɪɟɜɨɞɢɥɢ ɜ ɤɢɫɥɨɬɧɭɸ ɇ+- ɮɨɪɦɭ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɨɜɨɞɢɥɢ ɞɟɤɚɬɢɨɧɢɪɨɜɚɧɢɟ (ɡɚɦɟɳɟɧɢɟ 

ɤɚɬɢɨɧɨɜ Na+ ɧɚ NH4
+) ɰɟɨɥɢɬɚ ɩɭɬɟɦ ɬɪɟɯ ɢɨɧɨɨɛɦɟɧɧɵɯ ɨɛɪɚɛɨɬɨɤ (ɂɈ) ɜ ɪɚɫɬɜɨɪɟ 

ɧɢɬɪɚɬɚ ɚɦɦɨɧɢɹ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 25 ɝ/ɞɦ3 (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ NH4
+). Ɇɟɠɞɭ ɂɈ ɢ ɩɨɫɥɟ ɢɯ 

ɡɚɜɟɪɲɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɨɤɚɥɤɭ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

540 °C ɜ ɬɟɱɟɧɢɟ 3 ɱ. 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ ɂɈ Y-Ȼɋ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɩɪɨɤɚɥɤɚɦɢ ɩɪɨɢɫɯɨɞɢɬ 

ɞɟɚɥɸɦɢɧɢɪɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɤɚɪɤɚɫɚ ɰɟɨɥɢɬɚ, ɦɨɞɭɥɶ ɤɨɬɨɪɨɝɨ ɜɨɡɪɚɫɬɚɟɬ, ɚ 

ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɢ ɫɬɟɩɟɧɶ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɫɧɢɠɚɸɬɫɹ (ɬɚɛɥɢɰɚ 1). 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ HY-Ȼɋ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɨɛɦɟɧɚ ɤɚɬɢɨɧɨɜ Na+ ɧɚ ɇ+ ɨɬ 0,58 ɞɨ 0,96 ɤɨɧɰɟɧɬɪɚɰɢɹ 

«ɫɢɥɶɧɵɯ» ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ 243 ɞɨ 463 ɦɤɦɨɥɶ NH3/ɝ. ɉɪɢ ɷɬɨɦ 

ɨɛɳɚɹ ɤɢɫɥɨɬɧɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ ɨɬ 692 ɞɨ 1019 ɦɤɦɨɥɶ NH3/ɝ.  

 

Ɍɚɛɥɢɰɚ 1 - ɋɜɨɣɫɬɜɚ ɰɟɨɥɢɬɨɜ Y-Ȼɋ ɞɨ ɢ ɩɨɫɥɟ ɞɟɤɚɬɢɨɧɢɪɨɜɚɧɢɹ 

ɉɨɤɚɡɚɬɟɥɢ ɐɟɨɥɢɬ Y-Ȼɋ 

Ʉɨɥɢɱɟɫɬɜɨ ɢɨɧɨɨɛɦɟɧɧɵɯ ɨɛɪɚɛɨɬɨɤ  - 1 2 3 
ɋɬɟɩɟɧɶ ɨɛɦɟɧɚ ɤɚɬɢɨɧɨɜ Na+ ɧɚ ɇ+  - 0,58 0,82 0,96 
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           ȼɵɫɨɤɚɹ ɤɢɫɥɨɬɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ 

HY-Ȼɋ ɛɭɞɟɬ ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɪɟɚɤɰɢɢ ɠɢɞɤɨɮɚɡɧɨɝɨ  ɚɥɤɢɥɢɪɨɜɚɧɢɹ 

(ɀɎȺ) ɛɟɧɡɨɥɚ ɷɬɢɥɟɧɨɦ ɢ ɗɗɎ ɩɢɪɨɥɢɡɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɪɟɚɤɰɢɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɚ 

ɷɬɢɥɟɧɨɦ ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɨɣ ɱɢɫɬɨɬɵ (99,9% ɨɛ. ɷɬɢɥɟɧɚ), ɚ ɬɚɤɠɟ ɝɢɞɪɢɪɨɜɚɧɧɨɣ (80% 

ɨɛ. ɷɬɢɥɟɧɚ ɢ 20% ɨɛ. ɷɬɚɧɚ) ɢ ɧɟ ɝɢɞɪɢɪɨɜɚɧɧɨɣ (79% ɨɛ. ɷɬɢɥɟɧɚ, 2% ɨɛ. ɚɰɟɬɢɥɟɧɚ ɢ 

19% ɨɛ. ɷɬɚɧɚ) ɮɪɚɤɰɢɹɦɢ ɩɢɪɨɥɢɡɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ 

HY-Ȼɋ.   

Ɍɚɛɥɢɰɚ 2 - Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɇY-Ȼɋ ɜ ɪɟɚɤɰɢɢ ɀɎȺ 

ɛɟɧɡɨɥɚ ɪɚɡɥɢɱɧɵɦɢ ɚɥɤɢɥɢɪɭɸɳɢɦɢ ɚɝɟɧɬɚɦɢ 

 

ɍɫɥɨɜɢɹ ɢɫɩɵɬɚɧɢɣ: ɬɟɦɩɟɪɚɬɭɪɚ 200 ɨɋ; ɞɚɜɥɟɧɢɟ 2,5 Ɇɉɚ;  ɨɛɴɟɦɧɚɹ ɫɤɨɪɨɫɬɶ 

ɩɨ ɛɟɧɡɨɥɭ 5 ɱ-1; ɦɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɛɟɧɡɨɥ/ɷɬɢɥɟɧ 5/1. Ɇɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ  

ɛɟɧɡɨɥɚ ɤ ɗɗɎ ɫɨɫɬɚɜɥɹɥɨ 6,6/1 ɢɥɢ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ 100% ɷɬɢɥɟɧ 5/1.  

ɋɨɞɟɪɠɚɧɢɟ Na2O ɜ ɰɟɨɥɢɬɟ, % ɦɚɫ.  12,5 5,2 2,3 0,5 

ɋɬɚɬɢɱɟɫɤɚɹ ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɩɪɢ Ɍ=250ɋ, Ɋ/ɊS=0,5 ɩɨ ɩɚɪɚɦ, ɫɦ³/ɝ: 
- ɋ6ɇ6 0,32 0,32 0,31 0,30 

- ɇ2Ɉ 0,30 0,30 0,29 0,28 

ɋɬɟɩɟɧɶ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɰɟɨɥɢɬɚ,% 0,98 0,98 0,95 0,92 

Ɇɨɞɭɥɶ ɰɟɨɥɢɬɚ ɩɨ ɞɚɧɧɵɦ ɊɎȺ, ɦɨɥɶ/ɦɨɥɶ 5,5 5,5 6,3 7,1 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ⱥɥɤɢɥɢɪɭɸɳɢɣ ɚɝɟɧɬ 

ɗɬɢɥɟɧ ɗɗɎ ɧɟ ɝɢɞɪ. 

Ƚɢɞɪɢɪ.

ɗɗɎ ɝɢɞɪ. 
1. ɍɝɥɟɜɨɞɨɪɨɞɧɵɣ ɫɨɫɬɚɜ ɚɥɤɢɥɚɬɚ, % ɦɚɫ.:  

 ɇɟɚɪɨɦɚɬɢɱɟɫɤɢɟ 

ɭɝɥɟɜɨɞɨɪɨɞɵ

0,459 0,462 0,217 
Ȼɟɧɡɨɥ 82,159 82,566 80,191 

Ɍɨɥɭɨɥ 0,032 0,026 0,034 

ɗɬɢɥɛɟɧɡɨɥ 12,770 13,315 14,761 

ɂɡɨ-ɩɪɨɩɢɥɛɟɧɡɨɥ 0,077 0,035 0,042 

Ʉɫɢɥɨɥɵ 0,000 0,000 0,000 
ɇ-ɩɪɨɩɢɥɛɟɧɡɨɥ  0,002 0,002 0,003 

ɗɬɢɥɬɨɥɭɨɥ 0,192 0,112 0,111 

ɦ-ȾɗȻ 1,061 0,928 1,354 

ɩ-ȾɗȻ 0,788 0,604 0,865 

ɨ-ȾɗȻ 0,775 0,620 0,748 

ɋ11 ɢ ɜɵɲɟ (ɉȺȻ) 1,685 1,330 1,674 

ɋɭɦɦɚ 100,00 100,000 100,000 

2 ɉɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ 

2.1 Ʉɨɧɜɟɪɫɢɹ ɛɟɧɡɨɥɚ, % 17,78 17,38 19,75 

2.2 ȼɵɯɨɞ ɗȻ ɨɬ ɬɟɨɪ.,%  50,35 52,50 58,20 

2.3 ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɗȻ, % 71,82 76,61 74,74 
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ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ 

ɚɥɤɢɥɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɤɚɤ ɝɢɞɪɢɪɨɜɚɧɧɨɣ, ɬɚɤ ɢ ɧɟ ɝɢɞɪɢɪɨɜɚɧɧɨɣ ɗɗɎ ɩɢɪɨɥɢɡɚ 

ɜɦɟɫɬɨ ɷɬɢɥɟɧɚ ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɨɣ ɱɢɫɬɨɬɵ ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɩɨɤɚɡɚɬɟɥɹɯ 

ɩɪɨɰɟɫɫɚ ɀɎȺ ɛɟɧɡɨɥɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ HY-Ȼɋ:  

–  ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ ɝɢɞɪɢɪɨɜɚɧɧɨɣ  ɗɗɎ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ, % ɨɬɧ.: 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɗȻ ɜ ɚɥɤɢɥɚɬɟ  ɧɚ 4,3 ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ 6,7; ɩɪɢ 

ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɧɢɠɟɧɢɢ ɜ ɚɥɤɢɥɚɬɟ, % ɨɬɧ.: ɫɨɞɟɪɠɚɧɢɹ ɜɪɟɞɧɵɯ  ɩɪɢɦɟɫɟɣ: 

ɷɬɢɥɬɨɥɭɨɥɚ ɧɚ 41,7; ɢɡɨ-ɩɪɨɩɢɥɛɟɧɡɨɥɚ ɧɚ 54,5, ɚ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ: ȾɗȻ ɧɚ 18,0 ɢ 

ɉȺȻ ɧɚ 21,1; 

– ɢɫɩɨɥɶɡɨɜɚɧɢɟ  ɝɢɞɪɢɪɨɜɚɧɧɨɣ  ɗɗɎ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ, % ɨɬɧ.: 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɗȻ ɜ ɚɥɤɢɥɚɬɟ  ɧɚ 15,6 ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ 4,1; ɩɪɢ 

ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɧɢɠɟɧɢɢ ɜ ɚɥɤɢɥɚɬɟ, % ɨɬɧ.: ɫɨɞɟɪɠɚɧɢɹ ɜɪɟɞɧɵɯ  ɩɪɢɦɟɫɟɣ: 

ɷɬɢɥɬɨɥɭɨɥɚ ɧɚ 42,2; ɢɡɨ-ɩɪɨɩɢɥɛɟɧɡɨɥɚ ɧɚ 45,5, ɚ ɩɨɛɨɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɉȺȻ ɧɚ 0,7. ɇɨ 

ɫɨɞɟɪɠɚɧɢɟ ȾɗȻ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 13,1% ɨɬɧ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɧɬɟɡɢɪɨɜɚɧ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɜɧɟɞɪɟɧɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪ ɩɪɨɰɟɫɫɚ ɀɎȺ ɛɟɧɡɨɥɚ ɷɬɢɥɟɧɨɦ ɢ ɗɗɎ ɩɢɪɨɥɢɡɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ 

ɷɬɢɥɛɟɧɡɨɥ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɥɭɛɨɤɨ ɞɟɤɚɬɢɨɧɢɪɨɜɚɧɧɵɣ ɰɟɨɥɢɬ ɇY-Ȼɋ, ɧɟ 

ɫɨɞɟɪɠɚɳɢɣ ɫɜɹɡɭɸɳɢɯ ɜɟɳɟɫɬɜ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ɉɚɬ. 2553876 Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɆɉɄ B01J29/08. ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ 

ɜɵɫɨɤɨɦɨɞɭɥɶɧɨɝɨ ɮɨɠɚɡɢɬɚ ɛɟɡ ɫɜɹɡɭɸɳɢɯ ɜɟɳɟɫɬɜ / ɒɚɜɚɥɟɟɜ Ⱦ.Ⱥ., ɉɚɜɥɨɜ Ɇ.Ʌ., 

Ȼɚɫɢɦɨɜɚ Ɋ.Ⱥ., ɒɚɜɚɥɟɟɜɚ ɇ.ɇ., ɗɪɲɬɟɣɧ Ⱥ.ɋ., Ɍɪɚɜɤɢɧɚ Ɉ.ɋ., Ʉɭɬɟɩɨɜ Ȼ.ɂ.; ɈɈɈ «ɇɌɐ 

ɋɚɥɚɜɚɬɧɟɮɬɟɨɪɝɫɢɧɬɟɡ» - № 2014113770/05; ɡɚɹɜɥ. 08.04.14; ɨɩɭɛ. 10.06.15. – ɛɸɥ.17. – 

14 ɫ.  
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ɎɈɋɎɈɊɋɈȾȿɊɀȺɓɂȿ ɐȿɈɅɂɌɕ – ɗɎɎȿɄɌɂȼɇɕȿ 
ɄȺɌȺɅɂɁȺɌɈɊɕ ȾɅə ɊȿȺɄɐɂɂ ɐɂɄɅɈȺɅɄɂɅɂɊɈȼȺɇɂə ɎȿɇɈɅȺ 

ɇɚɝɢɟɜɚ Ɇ.ȼ., Ⱥɝɚɦɚɥɢɟɜ Ɂ.Ɂ., Ɇɢɪɡɨɟɜ ȼ.Ƚ., Ɋɚɫɭɥɨɜ ɑ.Ʉ. 
PHOSPHORUS CONTAINING ZEOLITES - EFFECTIVE CATALYSTS FOR THE 

REACTION OF CYCLOALKYLATION OF PHENOL 
 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɘ. Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, ɝ. 

Ȼɚɤɭ 

E-mail: mehri.nagieva@mail.ru 

 

Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ ɮɟɧɨɥɚ ɚɥɢɮɚɬɢɱɟɫɤɢɦɢ ɢ ɰɢɤɥɢɱɟɫɤɢɦɢ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɭɤɫɭɫɧɨɣ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬ, ɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ, 

ɯɥɨɪɢɫɬɨɝɨ ɚɥɸɦɢɧɢɹ ɢ Ʉɍ-2 ɨɬɥɢɱɚɟɬɫɹ ɧɢɡɤɢɦ ɜɵɯɨɞɨɦ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ, 

ɦɧɨɝɨɫɬɚɞɢɣɧɨɫɬɶɸ ɩɪɨɰɟɫɫɨɜ, ɬɨɤɫɢɱɧɨɫɬɶɸ ɩɪɢɦɟɧɹɟɦɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɬɞ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɰɢɤɥɨɚɥɤɢɥɢɪɨɜɚɧɢɹ ɮɟɧɨɥɚ 

ɦɟɬɢɥɨɜɵɦɢ ɷɮɢɪɨɦɚɦɢ ɰɢɤɥɨɝɟɤɫɟɧ- ɢ 1-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɟɧ ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ, 

ɜɢɧɢɥɰɢɤɥɨɝɟɤɫɟɧɨɦ, ɞɢɩɪɟɧɨɦ ɢ ɞɢɩɟɧɬɟɧɚɦɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɰɟɨɥɢɬɚ Y, ɩɪɨɩɢɬɚɧɧɨɝɨ ɨ-ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɨɣ [1-3]. 

 

Ʉɚɬɚɥɢɡɚɬɨɪ ɝɨɬɨɜɢɥɢ ɩɭɬɟɦ ɬɳɚɬɟɥɶɧɨɝɨ ɫɦɟɲɢɜɚɧɢɹ ɚɥɸɦɨɝɟɥɹ ɫ 

ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɤɪɟɤɢɧɝɚ- ɰɟɨɥɢɬɚ ɬɢɩɚ Y (SiO2/Al2O3 4.8, ɫɬɟɩɟɧɶ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ- 97%). 

ɉɨɥɭɱɟɧɧɭɸ ɦɚɫɫɭ ɮɨɪɦɨɜɚɥɢ, ɩɪɨɞɚɜɥɢɜɚɹ ɱɟɪɟɡ ɮɢɥɶɟɪɭ (ɞɢɚɦɟɬɪɨɦ 1.6 ɦɦ), 

ɝɪɚɧɭɥɢɪɨɜɚɥɢ ɢ ɩɪɨɤɚɥɢɜɚɥɢ. Ɂɚɬɟɦ ɤɚɬɚɥɢɡɚɬɨɪ ɩɪɨɩɢɬɵɜɚɥɢ 10 %-ɧɵɦ ɪɚɫɬɜɨɪɨɦ 

ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ Ɋ2Ɉ5), ɜɵɩɚɪɢɜɚɥɢ, ɫɭɲɢɥɢ ɜ ɩɟɱɢ ɩɪɢ 100 Ɉɋ ɢ 

ɩɪɨɤɚɥɢɜɚɥɢ ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɩɨɞɴɟɦɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 200 ɞɨ 600 Ɉɋ. 

Ɂ-II-10 

mailto:mehri.nagieva@mail.ru
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Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ ɮɟɧɨɥɚ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɞɟɣɫɬɜɢɹ. ɉɨɫɥɟ ɫɦɟɲɢɜɚɧɢɹ ɜ ɫɦɟɫɢɬɟɥɟ ɮɟɧɨɥ ɢ ɦɟɬɢɥɰɢɤɥɟɧ ɩɨɞɚɜɚɥɢ ɜ ɧɢɡ ɪɟɚɤɬɨɪɚ. 

Ɋɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ, ɩɪɨɯɨɞɹɳɚɹ ɱɟɪɟɡ ɫɥɨɣ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɜ 

ɯɨɥɨɞɢɥɶɧɢɤɟ, ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɪɟɤɬɢɮɢɤɚɰɢɸ. 

ɋ ɰɟɥɶɸ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɜɵɯɨɞ ɦɟɬɢɥɰɢɤɥɨɚɥɤɢɥɮɟɧɨɥɨɜ, ɛɵɥɢ ɢɡɭɱɟɧɵ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɦɨɥɶɧɨɝɨ 

ɫɨɨɬɧɨɲɟɧɢɹ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɰɟɥɟɜɵɯ ɰɢɤɥɨɚɥɤɢɥɮɟɧɨɥɨɜ. Ɍɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɢ ɜɚɪɶɢɪɨɜɚɥɢ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 60 ɞɨ 

140Ɉɋ, ɦɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɮɟɧɨɥɚ ɤ ɦɟɬɢɥɰɢɤɥɟɧɭ ɩɨɞɞɟɪɠɢɜɚɥɢ ɜ ɩɪɟɞɟɥɟ ɨɬ 2:1 ɞɨ 

1:2 ɦɨɥɶ, ɚ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɨɬ 0.3 ɞɨ 0.7 ɱɚɫ-1. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɰɢɤɥɨɚɥɤɢɥɢɪɨɜɚɧɢɟ ɮɟɧɨɥɚ ɰɢɤɥɢɱɟɫɤɢɦɢ 

ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɟɝɨ ɰɟɨɥɢɬ-Y ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ 

ɚɥɤɢɥɢɪɭɸɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɩɪɨɬɟɤɚɟɬ ɜ ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ, ɫ ɜɵɫɨɤɢɦɢ ɜɵɯɨɞɚɦɢ ɢ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ. 
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THE KINETIC MODEL DEVELOPMENT OF THE PROCESS OF ALKYLATION 

OF ISOBUTANE WITH OLEFINS  
ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɍɮɚ 
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Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ ɢɡɨɛɭɬɚɧɚ ɨɥɟɮɢɧɚɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ 

ɜɵɫɨɤɨɨɤɬɚɧɨɜɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɛɟɧɡɢɧɨɜ.  

Ʉɢɧɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɷɥɟɦɟɧɬɚɪɧɵɯ 

ɫɬɚɞɢɣ, ɪɟɚɤɰɢɣ ɢ ɭɪɚɜɧɟɧɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɨɝɨ 

ɩɪɟɜɪɚɳɟɧɢɹ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ. ɉɨɫɤɨɥɶɤɭ ɪɟɚɤɰɢɢ ɩɪɨɰɟɫɫɚ ɚɥɤɢɥɢɪɨɜɚɧɢɹ 

ɹɜɥɹɸɬɫɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɦɢ, ɬɨ ɜɢɞ ɤɢɧɟɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɨɱɟɧɶ 

ɝɪɨɦɨɡɞɤɢɦ, ɢ ɧɚɯɨɠɞɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɨɧɫɬɚɧɬ ɫɬɚɧɨɜɢɬɫɹ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ ɢɥɢ 

ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ [1]. 

ɇɚɝɥɹɞɧɨɫɬɶ ɢ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɨɬ 

ɡɚɥɨɠɟɧɧɨɣ ɜ ɟɟ ɨɫɧɨɜɭ ɫɯɟɦɵ ɩɪɟɜɪɚɳɟɧɢɣ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɬɶ 

ɩɪɨɫɬɨɣ, ɧɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɞɨɫɬɚɬɨɱɧɨ ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɨɣ [2,3]. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɜ ɪɚɛɨɬɚɯ ɩɪɢɧɹɬɵ 

ɞɨɩɭɳɟɧɢɹ ɨ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɫɤɨɪɨɫɬɹɦɢ ɪɟɚɤɰɢɢ ɢ ɤɢɧɟɬɢɱɟɫɤɢɦɢ 

ɤɪɢɜɵɦɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬ ɧɚɯɨɞɹɬɫɹ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. 

ȿɫɥɢ ɤɚɤɚɹ-ɥɢɛɨ ɤɨɧɫɬɚɧɬɚ ɨɤɚɠɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɨɣ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɫɦɨɬɪɟɬɶ 

ɦɟɯɚɧɢɡɦ ɪɟɚɤɰɢɢ [4]. 

ɉɨɫɤɨɥɶɤɭ ɧɚɯɨɠɞɟɧɢɟ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɥɨɠɧɨɫɬɶ, 

ɡɚɞɚɱɚ ɦɨɠɟɬ ɛɵɬɶ ɭɩɪɨɳɟɧɚ ɩɭɬɟɦ ɨɛɨɛɳɟɧɢɹ ɪɟɚɤɰɢɣ ɚɥɤɢɥɢɪɨɜɚɧɢɹ.  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ, ɯɪɨɦɚɬɨɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɢ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɨɜ ɫɨɫɬɚɜɚ ɫɵɪɶɟɜɨɝɨ ɩɨɬɨɤɚ ɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɟɚɤɰɢɢ 

ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɧɚ ɬɜɟɪɞɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɢɦɟɬɢɥɩɟɧɬɚɧɨɜ 

(ɌɆɉ) ɢ ɞɢɦɟɬɢɥɝɟɤɫɚɧɨɜ.  

ȼ ɯɨɞɟ ɩɨɢɫɤɚ ɤɢɧɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɚɤɰɢɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɧɫɬɚɧɬɵ 

ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɩɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɩɭɬɟɦ ɦɢɧɢɦɢɡɚɰɢɢ 

ɨɬɤɥɨɧɟɧɢɣ ɦɟɠɞɭ ɪɚɫɱɟɬɧɵɦɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɩɪɨɞɭɤɬɨɜɭɸ ɫɦɟɫɶ.  
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Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɹɜɥɹɟɬɫɹ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɣ, ɚ ɤɨɧɫɬɚɧɬɵ 

ɫɤɨɪɨɫɬɟɣ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ k1 – k12 ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ 

ɷɮɮɟɤɬɢɜɧɵɯ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɟɣ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ (ɪɢɫ. 1), ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɣ ɫɤɨɪɨɫɬɶ 

ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɫɧɨɜɧɵɯ ɝɪɭɩɩ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɬ ɧɚɱɚɥɚ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ. 

Ʉɨɧɟɱɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɜɩɚɞɚɸɬ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ.  

 

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɬ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ: 

      – ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɭɬɟɧ-1;    – ɢɡɦɟɧɟɧɢɟ ɛɭɬɟɧ-2 ɩɨ ɜɫɟɦɭ ɪɟɚɤɬɨɪɭ;     – 

ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɍȼ ɋ5;    – ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɍȼ ɋ6;  

× – ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɍȼ ɋ7;      – ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɍȼ ɋ8;  – ɢɡɦɟɧɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɍȼ ɋ9.  

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɤɢɧɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɤɨɧɫɬɚɧɬ 

ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɣ ɩɪɨɰɟɫɫɚ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɡɨɛɭɬɚɧɚ ɨɥɟɮɢɧɚɦɢ ɧɚ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 

ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɩɨɫɬɪɨɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ. 
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ɇɚɧɟɫёɧɧɵɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɩɚɥɥɚɞɢɟɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ 

ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɟ ɫɢɫɬɟɦɵ ɜ ɩɪɨɰɟɫɫɚɯ ɫɟɥɟɤɬɢɜɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ 

ɚɰɟɬɢɥɟɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɨɥɟɮɢɧ ɫɨɞɟɪɠɚɳɢɯ ɩɨɬɨɤɚɯ [1-3]. Ⱦɚɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ 

ɹɜɥɹɸɬɫɹ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɧɚɧɟɫёɧɧɵɯ ɱɚɫɬɢɰ ɦɟɬɚɥɥɚ [4,5]. Ɉɤɫɢɞ 

ɚɥɸɦɢɧɢɹ, ɨɛɥɚɞɚɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨɪɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɢɮɮɭɡɢɸ ɪɟɚɤɰɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɡɚɤɪɟɩɥɟɧɢɟ 

ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. ȼɵɫɨɤɨɞɢɫɩɟɪɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ɦɟɬɚɥɥɚ ɨɩɪɟɞɟɥɹɟɬ ɩɪɨɹɜɥɟɧɢɟ 

ɞɜɭɯ ɷɮɮɟɤɬɨɜ: ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɚɥɥ-ɧɨɫɢɬɟɥɶ ɢ ɪɚɡɦɟɪɧɨɝɨ ɷɮɮɟɤɬɚ [6,7]. Ⱦɚɧɧɵɟ 

ɷɮɮɟɤɬɵ ɢ ɢɯ ɜɤɥɚɞ ɜ ɷɥɟɤɬɪɨɧɧɵɟ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɤɬɢɜɧɨɝɨ 

ɤɨɦɩɨɧɟɧɬɚ ɦɨɠɧɨ ɜɚɪɶɢɪɨɜɚɬɶ ɧɚ ɪɚɡɥɢɱɧɵɯ ɫɬɚɞɢɹɯ ɫɢɧɬɟɡɚ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɜ 

ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɫɜɨɣɫɬɜɚ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɡɚɤɥɚɞɵɜɚɸɬɫɹ ɭɠɟ ɧɚ ɫɬɚɞɢɢ 

ɧɚɧɟɫɟɧɢɹ ɫɨɥɟɣ ɩɚɥɥɚɞɢɹ ɢɡ ɩɪɨɩɢɬɨɱɧɵɯ ɪɚɫɬɜɨɪɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 

[8,9]. ɗɬɨ ɨɩɪɟɞɟɥɹɟɬ ɜɚɠɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɚɞɫɨɪɛɰɢɢ ɫɨɥɟɣ ɩɚɥɥɚɞɢɹ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɶ ɚɥɸɦɨɨɤɫɢɞɧɨɝɨ ɧɨɫɢɬɟɥɹ ɢ ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɩɪɢ ɷɬɨɦ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɮɨɪɦ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɚɥɥɚ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɚɞɫɨɪɛɰɢɢ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ ɢɡ ɪɚɫɬɜɨɪɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜɵɲɟ, ɱɟɦ ɞɥɹ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɚ 

ɩɚɥɥɚɞɢɹ. Ⱥɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɟɣ ɩɚɥɥɚɞɢɹ ɜ ɪɚɫɬɜɨɪɟ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɪɢ ɢɯ ɧɚɧɟɫɟɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɤɨɥɢɱɟɫɬɜɨ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ ɜ ɬɟɱɟɧɢɟ 120 ɦɢɧɭɬ ɩɪɨɰɟɞɭɪɵ ɩɪɨɩɢɬɤɢ ɭɦɟɧɶɲɚɟɬɫɹ 

ɩɪɢɦɟɪɧɨ ɜ 7 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɢɫɯɨɞɧɨɦ ɪɚɫɬɜɨɪɟ. Ⱦɥɹ 

ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɚ ɩɚɥɥɚɞɢɹ ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɦɟɧɶɲɟ ɢ ɫɨɫɬɚɜɥɹɟɬ 1,5 ɪɚɡɚ. Ȼɨɥɟɟ ɧɢɡɤɚɹ 

ɫɤɨɪɨɫɬɶ ɚɞɫɨɪɛɰɢɢ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɚ ɩɚɥɥɚɞɢɹ ɨɛɭɫɥɨɜɥɟɧɨ, ɤɚɤ ɩɨɤɚɡɚɧɨ, 

ɩɪɟɜɚɥɢɪɨɜɚɧɢɟɦ ɞɥɹ ɞɚɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ 

ɤɢɫɥɨɬɧɵɦɢ ɰɟɧɬɪɚɦɢ Ʌɶɸɢɫɚ [10]. Ⱦɥɹ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ, ɜɟɪɨɹɬɧɨ, ɯɚɪɚɤɬɟɪɟɧ ɜɟɫɶ 

ɧɚɛɨɪ ɜɨɡɦɨɠɧɵɯ ɪɟɚɤɰɢɣ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɚɥɸɦɨɨɤɫɢɞɧɨɝɨ ɧɨɫɢɬɟɥɹ, ɜɤɥɸɱɚɸɳɢɣ 

ɧɟɫɩɟɰɢɮɢɱɟɫɤɭɸ ɮɢɡɢɱɟɫɤɭɸ ɚɞɫɨɪɛɰɢɸ ɢ ɪɟɚɤɰɢɢ ɫ ɛɪɟɧɫɬɟɞɨɜɫɤɢɦɢ ɢ 

ɥɶɸɢɫɨɜɫɤɢɦɢ ɰɟɧɬɪɚɦɢ. 

Ɂ-II-12 



455 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɦɟɬɨɞɚ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɫɨɜɦɟɳɟɧɧɨɝɨ ɫ ɦɚɫɫ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢɡɭɱɟɧɵ ɮɨɪɦɵ ɫɨɥɟɣ ɩɚɥɥɚɞɢɹ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ 

ɧɚɧɟɫɟɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ.  

 

Ɋɢɫɭɧɨɤ 1. ɋɩɟɤɬɪɵ Ɍɉȼ-ɇ2 ɞɥɹ ɧɚɧɟɫɟɧɧɨɝɨ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ ɧɚ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ 

  

Ɋɢɫɭɧɨɤ 2. Ɇɚɫɫ-ɫɩɟɤɬɪɵ ɩɪɨɞɭɤɬɨɜ, ɜɵɞɟɥɹɸɳɢɯɫɹ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ ɜ ɩɪɨɰɟɫɫɟ 

Ɍɉȼ-ɇ2, ɞɥɹ ɧɚɧɟɫɟɧɧɨɝɨ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ ɧɚ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ 

Ⱥɧɚɥɢɡ ɦɚɫɫ-ɫɩɟɤɬɪɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ (Ɋɢɫ. 1,2), 

ɧɚɧɟɫёɧɧɨɝɨ ɧɚ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ, ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɮɨɪɦ ɫɨɥɢ ɦɟɬɚɥɥɚ. ȼ ɨɬɥɢɱɢɟ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬ ɩɚɥɥɚɞɢɹ (Ɋɢɫ. 3,4) ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɭɡɤɢɦ 

ɞɢɚɩɚɡɨɧɨɦ ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɧɨ 

ɫɢɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɰɟɧɬɪɚɦɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɮɨɪɦɢɪɨɜɚɧɢɸ ɱɚɫɬɢɰ ɩɚɥɥɚɞɢɹ ɫ ɦɟɧɶɲɢɦ ɞɢɚɦɟɬɪɨɦ ɢ ɛɨɥɟɟ ɧɢɡɤɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɶɸ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɚɫɬɢɰɚɦɢ ɦɟɬɚɥɥɚ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɢɡ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ. 

  

Ɋɢɫɭɧɨɤ 3. ɋɩɟɤɬɪɵ Ɍɉȼ-ɇ2 ɞɥɹ ɧɚɧɟɫɟɧɧɨɝɨ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɚ ɩɚɥɥɚɞɢɹ ɧɚ ɨɤɫɢɞ 
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Ɋɢɫɭɧɨɤ 4.  Ɇɚɫɫ-ɫɩɟɤɬɪɵ ɩɪɨɞɭɤɬɨɜ, ɜɵɞɟɥɹɸɳɢɯɫɹ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ ɜ ɩɪɨɰɟɫɫɟ 

Ɍɉȼ-ɇ2, ɞɥɹ ɧɚɧɟɫɟɧɧɨɝɨ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɚ ɩɚɥɥɚɞɢɹ ɧɚ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɢɦɩɭɥɶɫɧɨɣ ɯɟɦɨɫɨɪɛɰɢɢ ɦɨɧɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɪɟɚɤɰɢɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɦɟɬɢɥɚɰɟɬɢɥɟɧɚ ɢ ɩɪɨɩɚɞɢɟɧɚ 

ɱɚɫɬɢɰ ɩɚɥɥɚɞɢɹ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɢɚɩɚɡɨɧɚɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɪɚɡɥɨɠɟɧɢɸ ɫɨɥɟɣ ɦɟɬɚɥɥɚ, ɩɪɨɜɟɞɟɧɧɵɯ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɚɥɸɦɨɨɤɫɢɞɧɵɯ 

ɧɨɫɢɬɟɥɟɣ ɫ ɧɚɧɟɫёɧɧɵɦɢ ɫɨɥɹɦɢ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 150, 300, 400, 

500 ɢ 600 °ɋ (Ɍɚɛɥ. 1) ɩɨɤɚɡɚɥ, ɱɬɨ ɛɨɥɟɟ ɫɢɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɚ 

ɩɚɥɥɚɞɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɰɟɧɬɪɚɦɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ 

ɱɚɫɬɢɰ ɦɟɬɚɥɥɚ ɫ ɦɟɧɶɲɢɦ ɞɢɚɦɟɬɪɨɦ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɢɫɬɟɦɚɦɢ ɢɡ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ. 

ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɛɨɥɟɟ ɧɢɡɤɭɸ ɷɥɟɤɬɪɨɧɧɭɸ ɩɥɨɬɧɨɫɬɶ ɱɚɫɬɢɰ ɦɟɬɚɥɥɚ ɢɡ 

ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɚ ɩɚɥɥɚɞɢɹ, ɨɛɥɚɞɚɸɳɢɯ ɦɟɧɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɱɚɫɬɢɰɚɦɢ ɦɟɬɚɥɥɚ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɢɡ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ. 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ TOF ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɧɨɜɟ ɪɚɡɧɵɯ ɫɨɥɟɣ ɩɚɥɥɚɞɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 500 °ɋ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɨɧɜɟɪɫɢɟɣ 

ɦɟɬɢɥɚɰɟɬɢɥɟɧɚ ɢ ɩɪɨɩɚɞɢɟɧɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɱɬɨ ɞɥɹ ɨɛɪɚɡɰɚ ɧɚ ɨɫɧɨɜɟ ɚɰɟɬɚɬɚ 

ɩɚɥɥɚɞɢɹ TOF ɩɪɢɦɟɪɧɨ ɜ 2 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɧɨɣ ɫɢɫɬɟɦɵ. 

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɢɦɩɭɥɶɫɧɨɣ ɯɟɦɨɫɨɪɛɰɢɢ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɧɚɧɟɫɟɧɢɟɦ ɚɰɟɬɚɧɨɝɨ ɢ 

ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɧɨɝɨ ɩɪɟɤɭɪɫɨɪɚ ɧɚ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ 

Ɉɛɪɚɡɟɰ Ɍ, °ɋ 
C(Pds), 

ȝɦɨɥɶ/ɝ 
D, % 

d, 

ɧɦ 

ɄɆȺɉȾ, 

% 

Sɉɉ, 

% 

ƲɆȺɉȾ, 

ɦɦɨɥɶ/(ɝ*ɱ) 
TOFɆȺɉȾ, 

ɫ-1
 

Pd(Ac)2/ 

į-Al2O3 

150 10,0 35,4 3,2 36,4 79,9 6,43 0,178 

300 10,8 38,2 2,9 34,9 78,7 6,16 0,158 

400 11,7 41,3 2,7 36,0 81,8 6,36 0,151 

500 8,3 29,3 3,8 49,4 83,0 8,73 0,292 

600 7,2 25,4 4,4 37,3 75,9 6,59 0,255 

Pd(Acac)2/ 

į-Al2O3 

150 13,2 46,7 2,4 29,0 77,4 5,12 0,108 

300 15,5 54,7 2,0 35,9 78,4 6,33 0,114 
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400 16,3 57,7 1,9 37,1 80,3 6,55 0,111 

500 14,3 50,5 2,2 45,8 74,9 8,09 0,157 

600 10,8 38,0 2,9 40,7 76,4 7,18 0,186 
ɝɞɟ Ɍ - ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, °ɋ; C(Pds) – ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɚɬɨɦɨɜ ɩɚɥɥɚɞɢɹ, 

ȝɦɨɥɶ/ɝ; D – ɞɢɫɩɟɪɫɧɨɫɬɶ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, %; d – ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɧɚɧɟɫɟɧɧɵɯ ɱɚɫɬɢɰ ɩɚɥɥɚɞɢɹ, 

ɧɦ; ƲɆȺɉȾ– ɫɭɦɦɚɪɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɟɜɪɚɳɟɧɧɨɝɨ ɦɟɬɢɥɚɰɟɬɢɥɟɧɚ ɢ ɩɪɨɩɚɞɢɟɧɚ, ɦɦɨɥɶ/(ɝ*ɱ); ɄɆȺɉȾ – 

ɤɨɧɜɟɪɫɢɹ ɦɟɬɢɥɚɰɟɬɢɥɟɧɚ ɢ ɩɪɨɩɚɞɢɟɧɚ, %; Sɉɉ – ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɩɪɨɩɢɥɟɧɭ, %; TOF – ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ 

ɤɚɬɚɥɢɡɚɬɨɪɚ, ɫ-1 

 

  

Ɋɢɫɭɧɨɤ 5. ɋɩɟɤɬɪɵ ɩɚɥɥɚɞɢɹ Pd3d ɞɥɹ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ 

ɩɪɢ 500 °ɋ ɫ ɪɚɡɥɨɠɟɧɢɟɦ ɧɚ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɢ ɞɨɥɹ ɨɤɢɫɥɟɧɧɵɯ ɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɮɨɪɦ ɩɚɥɥɚɞɢɹ  

ɗɬɨ ɪɚɡɥɢɱɢɟ ɜɟɪɨɹɬɧɨ ɨɛɭɫɥɨɜɥɟɧɨ ɛɨɥɟɟ ɧɢɡɤɨɣ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ 

ɧɟɧɚɫɵɳɟɧɧɨɫɬɶɸ ɱɚɫɬɢɰ ɩɚɥɥɚɞɢɹ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬɧɨɝɨ ɨɛɪɚɡɰɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɚɰɟɬɚɬɧɨɣ ɫɢɫɬɟɦɨɣ, ɩɪɢɜɨɞɹɳɢɣ ɤ ɛɨɥɟɟ ɧɢɡɤɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɚɬɨɦɨɜ 

ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. ɉɨɫɥɟɞɧɟɟ ɩɨɞɬɜɟɪɠɞɚɸɬ ɪɟɡɭɥɶɬɚɬɵ ɊɎɗɋ (Ɋɢɫ. 5), ɫɨɝɥɚɫɧɨ 

ɤɨɬɨɪɵɦ ɞɨɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɮɨɪɦ ɩɚɥɥɚɞɢɹ ɞɥɹ ɨɛɪɚɡɰɚ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɩɨɥɭɱɟɧɧɨɝɨ 

ɢɡ Pd(Ac)2 , ɜ 1,4 ɪɚɡɚ ɛɨɥɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡɰɨɦ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ 

ɢɡ Pd(Acac)2 [12-13]. 
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ɉɚɪɚ-ɡɚɦɟɳɟɧɧɵɟ ɚɥɤɢɥɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ 

ɩɪɢɦɟɧɟɧɢɟ ɜ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɦ ɢ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɚɯ. Ȼɥɚɝɨɞɚɪɹ ɪɟɝɭɥɹɪɧɨɣ 

ɫɢɫɬɟɦɟ ɤɚɧɚɥɨɨɛɪɚɡɧɵɯ ɦɢɤɪɨɩɨɪ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ ɫɨ ɫɪɟɞɧɢɦ ɞɢɚɦɟɬɪɨɦ 

ɨɤɨɥɨ 0.6 ɧɦ ɰɟɨɥɢɬɵ ɬɢɩɚ ZSM-5 ɩɪɟɞɫɬɚɜɥɹɸɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤɚɤ ɤɚɬɚɥɢɡɚɬɨɪɵ ɞɥɹ

 ɫɟɥɟɤɬɢɜɧɨɝɨ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɢ ɢ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɚɥɤɢɥɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ [1,2].  

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɇ-

ɩɟɧɬɚɫɢɥɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ  (ɊɁɗ) ɧɚ ɟɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ ɪɟɚɤɰɢɢ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ ɷɬɢɥɛɟɧɡɨɥɚ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɵɫɨɤɨɤɪɟɦɧɟɡɟɦɧɵɣ ɰɟɨɥɢɬ ɬɢɩɚ ɩɟɧɬɚɫɢɥɚ 

(ɐȼɆ) ɫ ɦɨɥɶɧɵɦ ɨɬɧɨɲɟɧɢɟɦ SiO2/Al2O3=33, ɤɨɬɨɪɵɣ ɩɭɬɟɦ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ 

ɩɟɪɟɜɨɞɢɥɢ ɜ NH4- ɮɨɪɦɭ, ɚ ɡɚɬɟɦ ɬɟɪɦɢɱɟɫɤɢɦ ɪɚɡɥɨɠɟɧɢɟɦ ɩɪɢ 500°C ɜ ɬɟɱɟɧɢɟ 4 ɱ. 

ɩɨɥɭɱɚɥɢ H-ɮɨɪɦɭ ɰɟɨɥɢɬɚ. Ʉɚɬɚɥɢɡɚɬɨɪɵ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ 1,0-10,0 ɦɚɫ% ɊɁɗ, 

ɩɨɥɭɱɚɥɢ ɩɪɨɩɢɬɤɨɣ H-ɮɨɪɦ ɰɟɨɥɢɬɚ ɪɚɫɬɜɨɪɨɦ ɧɢɬɪɚɬɚ ɊɁɗ  ɩɪɢ 80°C ɜ ɬɟɱɟɧɢɟ 6 ɱ. 

Ɉɛɪɚɡɰɵ ɫɭɲɢɥɢ ɧɚ ɜɨɡɞɭɯɟ ɜ ɬɟɱɟɧɢɟ 16 ɱ, ɡɚɬɟɦ 4 ɱ. ɜ ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ ɩɪɢ 110°C ɢ, 

ɧɚɤɨɧɟɰ, ɩɪɨɤɚɥɢɜɚɥɢ 4 ɱ. ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɩɪɢ 550°C. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɩɪɢɦɟɧɹɥɢ ɯɢɦɢɱɟɫɤɢɣ  ɢ ɚɞɫɨɪɛɰɢɨɧɧɵɣ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɪɢɫɬɨɣ 

ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ ɧɚ 

ɭɫɬɚɧɨɜɤɟ ASAP-2000 ɮɢɪɦɵ Micromeritics. Ʉɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɧɚ ɫɨɞɟɪɠɚɧɢɟ 

ɥɚɧɬɚɧɚ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɚɬɨɦɧɨ-ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɧɚ ɩɪɢɛɨɪɟ AAS TJA 

(Atomsan 16). Ɋɟɧɬɝɟɧɨɮɚɡɨɜɨɣ ɚɧɚɥɢɡ ɫɬɪɭɤɬɭɪɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ 

ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ X-Ray ɫ Cu Kα ɢɡɥɭɱɟɧɢɟɦ (Ȝ=0,15046 ɧɦ). Ʉɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɰɟɨɥɢɬɨɜ ɢɡɭɱɚɥɢ ɦɟɬɨɞɨɦ ɬɟɪɦɨɞɟɫɨɪɛɰɢɢ ɚɦɦɢɚɤɚ. Ɉɩɵɬɵ 

ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ ɩɪɨɬɨɱɧɨɝɨ ɬɢɩɚ ɫɨ ɫɬɚɰɢɨɧɚɪɧɵɦ ɫɥɨɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɛɴɟɦɨɦ 

4 ɫɦ3 ɜ ɪɟɚɤɬɨɪɟ ɢɞɟɚɥɶɧɨɝɨ ɜɵɬɟɫɧɟɧɢɹ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɜɨɞɨɪɨɞɚ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 250-400 °C, ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ 1ɱ-1. ɩɪɢ 

ɦɨɥɶɧɨɦ ɨɬɧɨɲɟɧɢɢ ɋ8ɇ10:H2, ɪɚɜɧɨɦ 3:1.  

ɉɨɤɚɡɚɧɨ ɱɬɨ H-ɩɟɧɬɚɫɢɥ ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ 
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ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ  ɗȻ. ȼ ɢɧɬɟɪɜɚɥɟ 250-300°ɋ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɟ ɗȻ 

ɩɪɨɬɟɤɚɟɬ ɫɟɥɟɤɬɢɜɧɨ. ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɫɨɫɬɨɹɬ ɢɡ ɛɟɧɡɨɥɚ, ɦ- ɢ ɩ-ɞɢɷɬɢɥɛɟɧɡɨɥɨɜ 

(ȾɗȻ). ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɧɟɫɟɥɟɤɬɢɜɧɨ. ȼ ɩɪɨɞɭɤɬɚɯ 

ɪɟɚɤɰɢɢ ɩɨɹɜɥɹɸɬɫɹ ɬɨɥɭɨɥ, ɤɫɢɥɨɥɵ ɢ ɈȾɗȻ. ɉɪɢ 400°ɋ ɫɨɞɟɪɠɚɧɢɟ ɩɨɛɨɱɧɵɯ 

ɩɪɨɞɭɤɬɨɜ ɬɨɥɭɨɥɚ, ɤɫɢɥɨɥɨɜ ɢ ɌɗȻ ɫɨɫɬɚɜɥɹɸɬ 10,6; 3,8 ɢ 4,8 ɦɚɫ. % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨ ɜɫɟɦ ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ (250-400°ɋ) ɜ 

ɩɪɨɞɭɤɬɚɯ ɪɟɚɤɰɢɢ ɫɨɞɟɪɠɚɧɢɟ ɆȾɗȻ ɩɪɟɨɛɥɚɞɚɟɬ ɧɚɞ ɉȾɗȻ. 

ɍɫɬɚɧɨɜɥɟɧɨ ɱɬɨ ɧɚ ɩɪɨɰɟɫɫ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ ɗȻ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɫɨ-

ɞɟɪɠɚɧɢɟ ɊɁɗ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɟɝɨ ɚɤɬɢɜɧɨɫɬɶ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ. ȼɜɟɞɟɧɢɟ 

ɊɁɗ ɜ ɤɨɥɢɱɟɫɬɜɟ 1,0-10 ɦɚɫ.% ɜ ɫɨɫɬɚɜ ɇ-ɩɟɧɬɚɫɢɥɚ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ 

ɢɡɦɟɧɟɧɢɸ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ɋ 

ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɟ ɊɁɗ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɗȻ. ɉɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 

ɊɁɗ ɜɵɲɟ 2.0-2,5 ɦɚɫ. % ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɗȻ ɢ ɜɵɯɨɞ ȾɗȻ. 

Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɩɚɪɚ-ɫɟɥɟɤɬɢɜɧɨɫɬɢ 

ɤɚɬɚɥɢɡɚɬɨɪɚ. ȼɨ ɜɫɟɦ ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ 300-400°ɋ ɩɚɪɚ-ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɦɨɞɢɮɢ-

ɰɢɪɨɜɚɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜɵɲɟ, ɱɟɦ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ. ɋɪɟɞɢ ɢɫɫɥɟɞɭɟɦɵɯ 

ɨɛɪɚɡɰɨɜ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɭɸ ɩɚɪɚ-ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɪɨɹɜɥɹɸɬ ɨɛɪɚɡɰɵ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɥɚɧɬɚɧɨɦ. ȼ ɢɧɬɟɪɜɚɥɟ ɤɨɧɰɟɧɬɪɚɰɢɣ 1,0-10,0 ɦɚɫ.% ɊɁɗ ɜ ɇ-

ɩɟɧɬɚɫɢɥɟ Ɋr-ɇ-ɩɟɧɬɚɫɢɥ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɇɨ- ɢ La-ɇ-ɩɟɧɬɚɫɢɥɚɦ ɩɪɨɹɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ 

ɧɢɡɤɭɸ ɩɚɪɚɫɟɥɟɤɬɢɜɧɨɫɬɶ (66,1 %). ɇɚ ɨɛɪɚɡɰɚɯ ɇ-ɩɟɧɬɚɫɢɥ ɫɨɞɟɪɠɚɲɟɦ 10 ɦɚɫ% ɇɨ- 

ɢ La ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɉȾɗȻ ɫɨɫɬɚɜɥɹɸɬ 67,2 ɢ 69,3% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɚɦɢ ɊɎȺ, ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ȼȿɌ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ 

ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɩɨɪ ɢ ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬɧɵɯ 

ɰɟɧɬɪɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ ɱɬɨ ɩɚɪɚ- ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ 

ɊɁɗ ɜ ɩɟɧɬɚɫɢɥɟ. ɉɨɜɵɲɟɧɢɟ ɩɚɪɚ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɫɜɹɡɚɧɨ ɭɦɟɧɶɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɫɢɥɶɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɢ ɨɛɴɟɦɚ ɩɨɪ ɰɟɨɥɢɬɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ 

ɰɟɨɥɢɬɚ. ɇɚɢɛɨɥɶɲɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɩ-ɗɌ (69,3 %) ɩɪɨɹɜɥɹɟɬ ɇ-ɩɟɧɬɚɫɢɥ  

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɥɚɧɬɚɧɨɦ.  
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ɋɂɇɌȿɁ ȾɂȺɆȺɇɌȺɇȺ ɋɄȿɅȿɌɇɈɃ ɉȿɊȿȽɊɍɉɉɂɊɈȼɄɈɃ ЭɇДɈ-

ЭɇДɈ-ȽȿɄɋȺɐɂɄɅɈ[9.2.1.02,10.03,8.04,6.05,9]ɌȿɌɊȺȾȿɄȺɇȺ  

ɉɈȾ ȾȿɃɋɌȼɂȿɆ ɂɈɇɇɈɃ ɀɂȾɄɈɋɌɂ BMIM-Fe2Cl7 

Ⱥɦɢɧɨɜ Ɋ.ɂ., Ⱥɤɲɢɟɜɚ Ⱥ.ɇ., ɏɭɫɧɭɬɞɢɧɨɜ Ɋ.ɂ. 
SYNTHESIS OF DIAMANTANE VIA SKELETAL REARRANGEMENT OF ENDO-

ENDO-HEXACYCLO[9.2.1.02,10.03,8.04,6.05,9]TETRADECANE MEDIATED  

BY IONIC LIQUID BMIM-Fe2Cl7 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɍɎɂɐ ɊȺɇ, ɍɮɚ 

E-mail: rishaminov@gmail.com 
2 ȽɈɍ ȼɉɈ ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɍɮɚ 

 

ȼɬɨɪɨɣ ɩɪɟɞɫɬɚɜɢɬɟɥɶ ɝɨɦɨɥɨɝɢɱɟɫɤɨɝɨ ɪɹɞɚ ɞɢɚɦɨɧɞɨɢɞɨɜ – ɞɢɚɦɚɧɬɚɧ 1 

ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɫɢɧɬɟɡɚ ɬɟɪɦɨɫɬɨɣɤɢɯ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɫɦɚɡɨɱɧɵɯ ɦɚɫɟɥ ɢ ɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɢɚɦɚɧɬɚɧ 1 ɹɜɥɹɟɬɫɹ ɩɪɟɤɭɪɫɨɪɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɟɡɢɧ, 

ɭɫɬɨɣɱɢɜɵɯ ɤ ɪɚɫɬɜɨɪɢɬɟɥɹɦ [1-4]. 

ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɞɢɚɦɚɧɬɚɧ 1 ɩɨɥɭɱɚɸɬ ɫɤɟɥɟɬɧɨɣ 

ɢɡɨɦɟɪɢɡɚɰɢɟɣ ɢɡɨɫɨɫɬɚɜɧɵɯ C14H20-ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɝɢɞɪɢɪɨɜɚɧɧɨɝɨ 

ɞɢɦɟɪɚ ɧɨɪɛɨɪɧɚɞɢɟɧɚ – ɛɢɧɨɪɚ-S ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

(B(OSO2CF3)3, CF3SO3H-SbF5, CF3SO3H-B(OSO2CF3)3) [5], ɋS2/AlBr3 [6] ɢ ɰɟɨɥɢɬɚ Y ɜ 

NaH-ɮɨɪɦɟ [7]. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɚɹ ɢɨɧɧɚɹ ɠɢɞɤɨɫɬɶ, 

ɩɪɢɝɨɬɨɜɥɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɯɥɨɪɢɞɚ 1-ɛɭɬɢɥ-3-ɦɟɬɢɥɢɦɢɞɚɡɨɥɢɹ (BMIM-Cl) ɢ ɯɥɨɪɢɞɚ 

ɠɟɥɟɡɚ (III) – BMIM-Fe2Cl7 ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɫɤɟɥɟɬɧɨɣ 

ɢɡɨɦɟɪɢɡɚɰɢɢ ɝɢɞɪɢɪɨɜɚɧɧɨɝɨ ɞɢɦɟɪɚ ɧɨɪɛɨɪɧɚɞɢɟɧɚ – ɷɧɞɨ-ɷɧɞɨ-

ɝɟɤɫɚɰɢɤɥɨ[9.2.1.02,10.03,8.04,6.05,9]ɬɟɬɪɚɞɟɤɚɧɚ 2 ɜ ɞɢɚɦɚɧɬɚɧ 1 ɫ ɜɵɯɨɞɨɦ 68-79%. 

Ɋɟɚɤɰɢɹ ɩɪɨɯɨɞɢɬ ɜ ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ (50ɨɋ, 8 ɱ), ɩɪɢ ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ [2] : [BMIM-

Fe2Cl7] = 1 : 1÷3. 

Ɍɚɤɨɣ ɪɟɡɭɥɶɬɚɬ ɹɜɥɹɟɬɫɹ ɧɟɨɠɢɞɚɧɧɵɦ, ɬɚɤ ɤɚɤ ɜ ɦɨɥɟɤɭɥɟ ɭɝɥɟɜɨɞɨɪɨɞɚ 2 

(ɋ14H18), ɫɨɞɟɪɠɢɬɫɹ ɦɟɧɶɲɟ ɜɨɞɨɪɨɞɚ, ɱɟɦ ɜ ɞɢɚɦɚɧɬɚɧɟ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɨɧɨɪɨɦ 

ɜɨɞɨɪɨɞɚ ɫɥɭɠɢɬ ɢɨɧɧɚɹ ɠɢɞɤɨɫɬɶ, ɤɨɬɨɪɚɹ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ ɜɵɩɨɥɧɹɟɬ ɬɪɢ ɟɳɟ ɮɭɧɤɰɢɢ, 

ɢɝɪɚɹ ɪɨɥɶ ɝɢɞɪɢɪɭɸɳɟɝɨ ɢ ɢɡɨɦɟɪɢɡɭɸɳɟɝɨ ɚɝɟɧɬɚ, ɚ ɬɚɤɠɟ ɪɚɫɬɜɨɪɢɬɟɥɹ. 
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Ɇɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɞɢɚɦɚɧɬɚɧɚ 1 (79%) ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɢɨɧɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɢɡɛɵɬɤɟ (1:3). 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɬɚɤ ɤɚɤ ɜ ɫɪɟɞɟ ɝɟɤɫɚɧɚ, 

ɰɢɤɥɨɝɟɤɫɚɧɚ ɢ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɜɵɯɨɞ ɞɢɚɦɚɧɬɚɧɚ 1 ɫɧɢɠɚɟɬɫɹ ɞɨ 5%. 
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ɌȿɊɆɂɑȿɋɄȺə ɉɈɅɂɆȿɊɂɁȺɐɂə ɎɊȺɄɐɂɂ ɋ9+ ɉɂɊɈɅɂɁȺ 

ɇɟɯɚɟɜ Ⱥ.ɂ.1, Ƚɚɜɪɢɥɨɜ Ƚ.Ⱥ.2, Ɂɚɯɚɪɹɧ ȿ.Ɇ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,3  

THERMAL POLYMERIZATION OF C9+ PYROLYSIS FRACTION 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: nekhaev@ips.ac.ru 
2 Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 

Ɇɨɫɤɜɚ 
3 Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɂ.Ɇ. Ʌɨɦɨɧɨɫɨɜɚ, ɏɢɦɢɱɟɫɤɢɣ 

ɮɚɤɭɥɶɬɟɬ, Ɇɨɫɤɜɚ 

 

Ɏɪɚɤɰɢɹ ɋ9+ ɩɢɪɨɥɢɡɚ, ɫɨɞɟɪɠɚɳɚɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɟɩɪɟɞɟɥɶɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ  (ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɢ ɰɢɤɥɢɱɟɫɤɢɯ ɨɥɟɮɢɧɨɜ ɢ ɞɢɟɧɨɜ, ɚ ɬɚɤɠɟ ɚɪɢɥɚɥɤɟɧɨɜ) –  

ɭɞɨɛɧɨɟ ɫɵɪɶё ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬ ɩɪɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ [1], ɪɟɡɢɧɨɬɟɯɧɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ, ɜ 

ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ [2]. 

Ⱦɥɹ ɫɢɧɬɟɡɚ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɫɬɚɹ ɬɟɯɧɨɥɨɝɢɹ 

ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ [3].  

ɐɟɥɶ  ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ –  ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɪɟɦɟɧɢ 

ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɮɪɚɤɰɢɢ ɋ9+ ɩɢɪɨɥɢɡɚ ɧɚ ɫɪɟɞɧɸɸ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɢ 

ɝɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ. 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

ȼ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɪɚɤɰɢɸ 

ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɫ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɜɵɤɢɩɚɧɢɹ 110 – 200°ɋ –  ɮɪɚɤɰɢɸ ɋ9+ 

[4]. Ɏɪɚɤɰɢɹ ɋ9+ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɡɪɚɱɧɭɸ ɠɢɞɤɨɫɬɶ ɠɟɥɬɨɜɚɬɨɝɨ ɰɜɟɬɚ, 

ɩɥɨɬɧɨɫɬɶ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɟɬ 1.066 ɝ/ɫɦ3 ɩɪɢ 20ºɋ. ɉɨ ɞɚɧɧɵɦ 1ɇ əɆɊ ɜɨ ɮɪɚɤɰɢɢ ɋ9+ 

ɞɨɥɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ ɫɨɫɬɚɜɥɹɟɬ 34.9%, ɨɥɟɮɢɧɨɜɵɯ – 8.9%, ɚɥɢɮɚɬɢɱɟɫɤɢɯ – 

56.2%, ɧɚɮɬɟɧɨɜɵɯ ɩɪɨɬɨɧɨɜ ɨɛɧɚɪɭɠɟɧɨ ɧɟ ɛɵɥɨ. Ɂɧɚɱɢɬɟɥɶɧɭɸɭɸ ɱɚɫɬɶ ɮɪɚɤɰɢɢ ɋ9+ 

ɫɨɫɬɚɜɥɹɸɬ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧ (ȾɐɉȾ) (34.55%) ɢ ɢɧɞɟɧ (16.93%). ɋɨɞɟɪɠɚɧɢɟ ɜɨ 

ɮɪɚɤɰɢɢ ɋ9+ ɦɟɬɢɥ-ɷɬɢɥ-ɡɚɦɟɳɟɧɧɵɯ ȾɐɉȾ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨɥɨɠɟɧɢɹɯ ɩɪɟɜɵɲɚɟɬ 17%. 

Ⱦɨɥɹ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɫɬɭɩɢɬɶ ɜ ɩɨɥɢɦɟɪɢɡɚɰɢɸ, ɫɨɫɬɚɜɥɹɟɬ 

86.52%. 

Ɉɩɵɬɵ ɩɪɨɜɨɞɢɥɢ ɜ ɚɜɬɨɤɥɚɜɟ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ёɦɤɨɫɬɶɸ 20 ɦɥ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ  250°ɋ ɞɨ 290°ɋ ɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɜ ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ (ɚɪɝɨɧ) ɞɥɹ 

ɢɫɤɥɸɱɟɧɢɹ ɩɨɛɨɱɧɵɯ ɪɚɞɢɤɚɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫ ɭɱɚɫɬɢɟɦ ɤɢɫɥɨɪɨɞɚ ɜɨɡɞɭɯɚ ɜ ɬɟɱɟɧɢɟ 

5 – 9 ɱ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɧɚ ɦɚɝɧɢɬɧɨɣ ɦɟɲɚɥɤɟ. Ⱥɜɬɨɤɥɚɜ ɧɚɝɪɟɜɚɥɢ ɞɨ 

ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨ ɫɤɨɪɨɫɬɶɸ 10 ɝɪɚɞ./ɦɢɧ. Ɇɚɫɫɚ ɮɪɚɤɰɢɢ ɋ9+ ɫɨɫɬɚɜɥɹɥɚ 7 
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ɝ, ɮɪɚɤɰɢɢ ɋ9+ ɜ ɰɢɤɥɨɝɟɤɫɚɧɟ – 4 ɝ ɜ 3 ɝ ɰɢɤɥɨɝɟɤɫɚɧɚ. 

Ⱥɧɚɥɢɡ ɩɪɨɞɭɤɬɨɜ. Ʉɚɱɟɫɬɜɟɧɧɵɣ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ ɫɨɫɬɚɜ 

ɩɨɥɭɱɟɧɧɵɯ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ (ɇɉɋ) ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɫɩɟɤɬɪɨɫɤɨɩɢɢ 

ɹɞɟɪɧɨ-ɦɚɝɧɢɬɧɨɝɨ ɪɟɡɨɧɚɧɫɚ (əɆɊ) ɧɚ ɩɪɢɛɨɪɟ Bruker MSL 300 ɫ Ɏɭɪɶɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɢ ɜɪɚɳɟɧɢɟɦ ɩɨɞ ɦɚɝɢɱɟɫɤɢɦ ɭɝɥɨɦ (ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

7 Ɍɟɫɥɚ, 300 ɆȽɰ ɩɨ ɩɪɨɬɨɧɭ) ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ 

ɢɫɩɨɥɶɡɨɜɚɥɢ CDCl3. 

Ɇɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɝɟɥɶɩɪɨɧɢɤɚɸɳɟɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ (Ƚɉɏ) ɧɚ ɯɪɨɦɚɬɨɝɪɚɮɟ Aligent PL-GPC 220, ɫɧɚɛɠɟɧɧɨɦ ɤɨɥɨɧɤɨɣ 

Styrogel HR 5E, ɜ ɤɚɱɟɫɬɜɟ ɷɥɸɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧ, ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 1 

ɦɥ/ɦɢɧ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ȼɵɞɟɥɟɧɢɟ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ. ȼ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɨ ɨɤɨɧɱɚɧɢɸ ɫɢɧɬɟɡɚ 

ɨɫɬɚɜɚɥɢɫɶ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɤɨɬɨɪɵɟ ɨɬɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ 

ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɤɨɥɨɧɤɢ (ɚɞɫɨɪɛɟɧɬ – ɫɢɥɢɤɚɝɟɥɶ ȺɋɄȽ) ɫ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ 

ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɦɟɬɨɞɨɦ Ɍɋɏ (ɬɨɧɤɨɫɥɨɣɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ) ɧɚ ɩɥɚɫɬɢɧɚɯ Silufol. ȼ 

ɤɚɱɟɫɬɜɟ ɩɨɞɜɢɠɧɨɣ ɮɚɡɵ Ɍɋɏ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ ɮɪ. 40-70ºC (ɋɌɉ 

Ɍɍ ɋɈɆɊ 1-070-08) ɢ ɬɨɥɭɨɥ (99.5%, ɏɑ, ȽɈɋɌ 5789-78). Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 3, 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ (ɚ) ɪɚɫɬɜɨɪɹɟɬ ɧɟɩɪɨɪɟɚɝɢɪɨɜɲɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɫɚɦɚ ɇɉɋ ɨɫɬɚɟɬɫɹ 

ɧɟɩɨɞɜɢɠɧɨɣ, ɚ ɬɨɥɭɨɥ (ɛ) ɪɚɫɬɜɨɪɹɟɬ ɩɪɨɞɭɤɬ – ɧɟɮɬɟɩɨɥɢɦɟɪɧɭɸ ɫɦɨɥɭ, ɱɬɨ ɡɚɦɟɬɧɨ 

ɩɨ ɜɵɫɨɬɟ ɫɬɨɥɛɚ ɨɤɪɚɲɟɧɧɨɝɨ ɩɹɬɧɚ. ɇɟɛɨɥɶɲɨɟ ɤɨɪɢɱɧɟɜɨɟ ɩɹɬɧɨ ɜ «ɧɚɱɚɥɟ ɨɬɫɱɟɬɚ» 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ, ɜɨɡɦɨɠɧɨ, ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ (ɫɦɨɥɵ). 

ɚ)                       ɛ)  

Ɋɢɫ. 1. Ɍɋɏ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ, ɩɨɞɜɢɠɧɚɹ ɮɚɡɚ: ɚ) ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ, ɛ) ɬɨɥɭɨɥ.  
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Ⱦɚɥɟɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɪɚɡɞɟɥɟɧɢɟ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɧɚ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ 

ɤɨɥɨɧɤɟ, ɡɚɩɨɥɧɟɧɧɨɣ ɫɢɥɢɤɚɝɟɥɟɦ ȺɋɄȽ (ɜɵɫɨɬɚ ɫɬɟɤɥɹɧɧɨɣ ɬɪɭɛɤɢ - 50 ɫɦ, ɞɢɚɦɟɬɪ – 

1 ɫɦ). Ɉɬ ɰɟɥɟɜɨɣ ɮɪɚɤɰɢɢ ɧɚ ɪɨɬɨɪɧɨɦ ɢɫɩɚɪɢɬɟɥɟ ɨɬɝɨɧɹɥɢ ɬɨɥɭɨɥ ɩɪɢ 60-80ºɋ ɢ 

ɫɭɲɢɥɢ ɩɪɨɞɭɤɬ ɜ ɮɚɪɮɨɪɨɜɨɣ ɱɚɲɤɟ.  

ɇɟɮɬɟɩɨɥɢɦɟɪɧɚɹ ɫɦɨɥɚ ɧɚ ɨɫɧɨɜɟ ɮɪɚɤɰɢɢ ɋ9+ ɢ ɋ9+/ɰɢɤɥɨɝɟɤɫɚɧ. Ɋɟɡɭɥɶɬɚɬɵ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɮɪɚɤɰɢɢ ɋ9+ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

Ɍɚɛɥɢɰɚ 1. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɮɪɚɤɰɢɢ 

ɋ9+ ɧɚ ɜɵɯɨɞɵ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ, ɢɯ ɝɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ ɢ ɫɪɟɞɧɸɸ ɦɨɥɟɤɭɥɹɪɧɭɸ 

ɦɚɫɫɭ.   

ɍɫɥɨɜɢɹ: ɬɟɦɩɟɪɚɬɭɪɚ 250°ɋ, ɮɪɚɤɰɢɹ ɋ9, ɛɟɡ ɪɚɫɬɜɨɪɢɬɟɥɹ 

ȼɪɟɦɹ 
ɪɟɚɤɰɢɢ, 

ɱ 

ȼɵɯɨɞ 
ɫɦɨɥɵ, % 

ɦɚɫ. ɧɚ 
ɫɵɪɶɟ 

ɋɨɞɟɪɠɚɧɢɟ ɩɪɨɬɨɧɨɜ, % 

ɋɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɩɨ 
ɦɟɬɨɞɭ Ƚɉɏ 

Ɉɥɟɮ. Ⱥɪɨɦ. Ⱥɥɢɮ. Mw Mz Mn 

5 58.8 2.93 22.13 74.93 1270 3874 337 

7 66.4 3.77 17.62 78.61 2013 5740 539 

        
ɍɫɥɨɜɢɹ: ɬɟɦɩɟɪɚɬɭɪɚ 290°ɋ, ɮɪɚɤɰɢɹ ɋ9, ɛɟɡ ɪɚɫɬɜɨɪɢɬɟɥɹ 

ȼɪɟɦɹ 
ɪɟɚɤɰɢɢ, 

ɱ 

ȼɵɯɨɞ 
ɫɦɨɥɵ, % 

ɦɚɫ. ɧɚ 
ɫɵɪɶɟ 

ɋɨɞɟɪɠɚɧɢɟ ɩɪɨɬɨɧɨɜ, % 

ɋɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɩɨ 
ɦɟɬɨɞɭ Ƚɉɏ 

Ɉɥɟɮ. Ⱥɪɨɦ. Ⱥɥɢɮ. Mw Mz Mn 

5 14.3 0.42 16.56 83,02 2087 7930 439 

7 15.1 0.06 17.41 82,53 2670 14075 415 

        
ɍɫɥɨɜɢɹ: ɬɟɦɩɟɪɚɬɭɪɚ 270°ɋ, ɮɪɚɤɰɢɹ ɋ9, ɛɟɡ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɫɬɚɬɶɹ Ɂɚɯɚɪɹɧ) 

ȼɪɟɦɹ 
ɪɟɚɤɰɢɢ, 

ɱ 

ȼɵɯɨɞ 
ɫɦɨɥɵ, % 

ɦɚɫ. ɧɚ 
ɫɵɪɶɟ 

ɋɨɞɟɪɠɚɧɢɟ ɩɪɨɬɨɧɨɜ, % 

ɋɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɩɨ 
ɦɟɬɨɞɭ Ƚɉɏ 

Ɉɥɟɮ. Ⱥɪɨɦ. Ⱥɥɢɮ. Mw Mz Mn 

5 14.9 6 15,3 78,7 1204 2611 551 

7 29.8 4,9 14,8 80,3 1232 2512 582 

9 36.6 4,6 14,3 81,1 1200 2512 555  
ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɬɨɣ ɮɪɚɤɰɢɟɣ ɋ9+, ɜ ɤɨɬɨɪɨɣ ɞɨɥɹ ɩɪɨɬɨɧɨɜ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ 

ɤɨɥɶɰɚ ɫɨɫɬɚɜɥɹɟɬ 34.9%, ɞɨɥɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ ɜ ɩɨɥɭɱɟɧɧɵɯ ɇɉɋ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ ɫɧɢɠɚɟɬɫɹ ɫ 22.13 ɞɨ 14.3%, ɚ ɞɨɥɹ ɩɪɨɬɨɧɨɜ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɪɢ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɭɦɟɧɶɲɚɟɬɫɹ ɫ 8.9% (ɮɪɚɤɰɢɹ ɋ9+) ɞɨ 0.06% (ɇɉɋ, 

7 ɱ, 290°ɋ). ȼɵɯɨɞ ɇɉɋ, ɩɨɥɭɱɟɧɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
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ɮɪɚɤɰɢɢ ɋ9+ ɜ ɰɢɤɥɨɝɟɤɫɚɧɟ ɩɪɢ 290 ºɋ ɢ 7ɱ, ɨɤɚɡɚɥɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ (9.2%). Ⱦɨɥɹ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ ɜ ɷɬɨɦ ɨɛɪɚɡɰɟ ɇɉɋ ɪɚɜɧɚ 33.01%, ɞɨɥɹ ɩɪɨɬɨɧɨɜ ɩɪɢ ɞɜɨɣɧɨɣ 

ɫɜɹɡɢ ɫɨɫɬɚɜɥɹɟɬ 1.38%, ɚɥɢɮɚɬɢɱɟɫɤɢɟ ɩɪɨɬɨɧɵ – 65.61%. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ 

ɪɟɚɤɰɢɢ ɫ 5 ɞɨ 9 ɱ z-ɫɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɇɉɋ, ɩɨɥɭɱɟɧɧɵɯ ɩɭɬɟɦ ɬɟɪɦɢɱɟɫɤɨɣ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɮɪɚɤɰɢɢ ɋ9+ ɩɪɢ 270 ºɋ, ɫɧɢɠɚɟɬɫɹ ɫ 2611 ɞɨ 

2512, ɢɧɞɟɤɫ ɩɨɥɢɞɢɫɩɟɪɧɨɫɬɢ ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 2.12 - 2.19. ɋɪɟɞɧɟɱɢɫɥɨɜɚɹ 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɩɨɥɭɱɟɧɧɵɯ ɇɉɋ ɫɨɫɬɚɜɥɹɟɬ 551-582, ɚ ɫɪɟɞɧɟɦɚɫɫɨɜɚɹ – 1200-

1232. 

Z-ɫɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɇɉɋ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɮɪɚɤɰɢɢ ɋ9+/ɰɢɤɥɨɝɟɤɫɚɧ ɩɪɢ 

270 ºɋ , ɫɨɫɬɚɜɥɹɟɬ 1916 (ɜɪɟɦɹ ɪɟɚɤɰɢɢ 7 ɱ) ɢ 2482 (ɜɪɟɦɹ ɪɟɚɤɰɢɢ 5 ɱ), ɢɧɞɟɤɫ 

ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ ɫɧɢɠɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ. ɋɪɟɞɧɟɱɢɫɥɨɜɚɹ 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɬɚɤɢɯ ɇɉɋ ɧɢɠɟ, ɱɟɦ ɇɉɋ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɱɢɫɬɨɣ ɮɪɚɤɰɢɢ ɋ9+ ɛɟɡ 

ɪɚɫɬɜɨɪɢɬɟɥɹ.  

Ɂɚɤɥɸɱɟɧɢɟ 

ɉɨɥɭɱɟɧɵ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɟ ɫɦɨɥɵ ɩɭɬɟɦ ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɮɪɚɤɰɢɢ 

ɋ9+ (ɛɟɡ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɜ ɰɢɤɥɨɝɟɤɫɚɧɟ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 250 – 290ºɋ ɢ ɚɬɦɨɫɮɟɪɧɨɦ 

ɞɚɜɥɟɧɢɢ ɜ ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ ɜ ɬɟɱɟɧɢɟ 5 – 9 ɱ. ɇɟɮɬɟɩɨɥɢɦɟɪɧɵɟ ɫɦɨɥɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ 

ɦɟɬɨɞɚɦɢ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɝɟɥɶɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ 

ɜɪɟɦɟɧɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ ɞɨɥɹ ɨɥɟɮɢɧɨɜɵɯ 

ɩɪɨɬɨɧɨɜ ɜ ɩɪɨɞɭɤɬɚɯ ɢ ɜɨɡɪɚɫɬɚɟɬ ɫɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɇɉɋ. ȼɵɯɨɞ ɇɉɋ 

ɩɚɞɚɟɬ, ɜɨɡɦɨɠɧɨ, ɢɡ-ɡɚ ɨɛɪɚɡɨɜɚɧɢɹ ɬɹɠёɥɵɯ ɩɪɨɞɭɤɬɨɜ, ɩɥɨɯɨ ɪɚɫɬɜɨɪɢɦɵɯ ɜ ɬɨɥɭɨɥɟ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɂɇɏɋ ɊȺɇ (№79) ɜ ɪɚɦɤɚɯ Ƚɨɫɡɚɞɚɧɢɹ. 
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ɉɈɅɍɑȿɇɂȿ ɇȿɎɌȿɉɈɅɂɆȿɊɇɈɃ ɋɆɈɅɕ  

ɂɁ ɌəɀȿɅɈɃ  ɋɆɈɅɕ ɉɂɊɈɅɂɁȺ 

Ⱦɦɢɬɪɢɟɜ Ⱥ.ȼ.¹,³, ɉɟɬɪɭɯɢɧɚ ɇ.ɇ.³, Ɍɭɦɚɧɹɧ Ȼ.ɉ.¹, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.¹,² 
OBTAINING OIL-POLYMER RESIN FROM HEAVY PYROLYSIS RESIN 

¹Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ. Ɇ. Ƚɭɛɤɢɧɚ, 
Ɇɨɫɤɜɚ 

²Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ,  ɏɢɦɢɱɟɫɤɢɣ 
ɮɚɤɭɥɶɬɟɬ, Ɇɨɫɤɜɚ 

³ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: alexey-dmitriev-i@yandex.ru 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɦɨɳɧɨɫɬɟɣ 

ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ 

ɭɬɢɥɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɬɯɨɞɨɜ ɢ ɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɰɟɧɧɵɟ 

ɤɨɧɟɱɧɵɟ ɩɪɨɞɭɤɬɵ. ȼ ɱɚɫɬɧɨɫɬɢ, ɨɞɧɢɦ ɢɡ ɨɬɯɨɞɨɜ ɩɪɟɞɩɪɢɹɬɢɣ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 

ɩɢɪɨɥɢɡɚ ɹɜɥɹɟɬɫɹ ɬɹɠɟɥɚɹ ɫɦɨɥɚ ɩɢɪɨɥɢɡɚ (Ɍɋɉ), ɤɨɬɨɪɚɹ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɢɛɨ ɤɚɤ ɤɨɦɩɨɧɟɧɬ ɤɨɬɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɥɢɛɨ ɤɚɤ ɫɵɪɶɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɹɠɟɥɨɣ 

ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ (ɇɉɋ). 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɤɚɤ ɨɞɧɨɦɭ ɢɡ ɦɟɬɨɞɨɜ 

ɩɨɥɭɱɟɧɢɹ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ ɢɡ ɬɹɠɟɥɨɣ ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ. 

ȼ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɯɨɞɟ ɪɹɞɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ 

ɬɟɪɦɢɱɟɫɤɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɬɹɠɟɥɨɣ ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ. ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɢɥɫɹ ɜ ɚɜɬɨɤɥɚɜɟ 

ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ: 230, 250, 270 ɢ 290 °ɋ ɢ ɧɟɩɪɟɪɵɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜ 

ɬɟɱɟɧɢɟ 7 ɱɚɫɨɜ. Ɍɚɤɠɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫɨ ɫɦɟɫɶɸ Ɍɋɉ ɢ ɮɪɚɤɰɢɢ ɋ9 

ɩɢɪɨɥɢɡɚ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ, ɩɪɨɰɟɫɫ ɩɪɨɜɨɞɢɥɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 270 °ɋ ɢ ɜ 

ɬɟɱɟɧɢɟ 7 ɱɚɫɨɜ. ɇɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɛɵɥɢ ɢɡɜɥɟɱɟɧɵ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɢ ɜɚɤɭɭɦɧɨɣ ɩɟɪɟɝɨɧɤɨɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɬɜɟɪɞɚɹ ɇɉɋ ɬɟɦɧɨɝɨ 

ɰɜɟɬɚ. Ⱦɥɹ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ: ɰɜɟɬ ɩɨ ɣɨɞɨɦɟɬɪɢɱɟɫɤɨɣ ɲɤɚɥɟ, 

ɫɨɞɟɪɠɚɧɢɟ ɚɥɢɮɚɬɢɱɟɫɤɢɯ, ɨɥɟɮɢɧɨɜɵɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ ɫ ɩɨɦɨɳɶɸ 1ɇ əɆɊ-

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɫɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɦɟɬɨɞɨɦ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɟɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ (Ƚɉɏ) 

Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ 

ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɱɢɫɬɨɣ Ɍɋɉ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɞɥɹ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ, ɩɨɥɭɱɟɧɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ ɱɢɫɬɨɣ Ɍɋɉ ɜ 

ɬɟɱɟɧɢɟ 7 ɱɚɫɨɜ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɜɵɯɨɞ ɫɧɚɱɚɥɚ ɫɧɢɠɚɟɬɫɹ, ɡɚɬɟɦ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɫɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɫɧɚɱɚɥɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɡɚɬɟɦ ɭɦɟɧɶɲɚɟɬɫɹ. 

ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɭɜɟɥɢɱɢɜɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ ɜ 

Ɂ-II-16 
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ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɟ  ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɧɢɠɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɩɪɨɬɨɧɨɜ. ɍɦɟɧɶɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɜ ɫɦɨɥɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɪɨɰɟɫɫɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɜɟɪɫɢɢ. ɇɚ ɰɜɟɬ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɧɟ ɜɥɢɹɟɬ.  

 

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɱɢɫɬɨɣ Ɍɋɉ 

ɍɫɥɨɜɢɹ:  Ɍɋɉ, ɛɟɡ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɜɪɟɦɹ ɪɟɚɤɰɢɢ 7 ɱɚɫɨɜ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɪɟɚɤɰɢɢ,°ɋ 

ȼɵɯɨɞ 
ɫɦɨɥɵ, 
% ɦɚɫ. 

ɧɚ 
ɫɵɪɶɟ 

ɐɜɟɬ, 
ɦɝ 

I2/100 

ɦɥ 

ɋɨɞɟɪɠɚɧɢɟ ɩɪɨɬɨɧɨɜ, % 

ɋɪɟɞɧɹɹ 
ɦɨɥɟɤɭɥɹɪɧɚɹ 
ɦɚɫɫɚ ɦɟɬɨɞɨɦ 

Ƚɉɏ 

ɨɥɟɮɢɧɨɜɵɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɥɢɮɚɬɢɱɟɫɤɢɯ Mw Mz Mn 

230 50 >800 0,9 39,21 59,89 1885 5696 817 

250 38,25 >800 0 29,68 70,32 1747 6559 417 

290 44,3 >800 0 29,42 70,58 1379 3838 427 

ɉɪɢɦɟɱɚɧɢɟ. Mw – ɫɪɟɞɧɟɦɚɫɫɨɜɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, Mz – ɫɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ 

ɦɚɫɫɚ, Mn –ɫɪɟɞɧɟɱɢɫɥɨɜɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ. 

  

Ɍɚɛɥɢɰɚ 2. Ɋɟɡɭɥɶɬɚɬɵ ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɬɹɠɟɥɨɣ ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ ɜ 

ɫɦɟɫɢ ɫ ɮɪɚɤɰɢɟɣ ɋ9 

ɍɫɥɨɜɢɹ: ɬɟɦɩɟɪɚɬɭɪɚ 270 °ɋ, ɜɪɟɦɹ 7 ɱɚɫɨɜ 

Ɍɋɉ:ɋ9, 
ɦɚɫ. 

ȼɵɯɨɞ 
ɫɦɨɥɵ, 
% ɦɚɫ. 

ɧɚ 
ɫɵɪɶɟ 

ɐɜɟɬ, 
ɦɝ 

I2/100 

ɦɥ 

ɋɨɞɟɪɠɚɧɢɟ ɩɪɨɬɨɧɨɜ, % 

ɋɪɟɞɧɹɹ 
ɦɨɥɟɤɭɥɹɪɧɚɹ 

ɦɚɫɫɚ ɩɨ ɦɟɬɨɞɭ 
Ƚɉɏ 

ɨɥɟɮɢɧɨɜɵɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɥɢɮɚɬɢɱɟɫɤɢɯ Mw Mz Mn 

60:40 55 >800 0,04 24,87 75,09 1530 4156 689 

10:90 69 >800 2,75 18,81 78,44 1706 4383 784 

 

Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ 

ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫɦɟɫɢ Ɍɋɉ ɫ ɮɪɚɤɰɢɟɣ ɋ9, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.  

ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɮɪɚɤɰɢɢ ɋ9 ɩɨɜɵɲɚɟɬ  ɜɵɯɨɞ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ, ɨɞɧɚɤɨ 

ɩɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɨɥɟɮɢɧɨɜɵɯ ɩɪɨɬɨɧɨɜ ɜ ɩɨɥɭɱɟɧɧɨɣ ɫɦɨɥɟ. Ɍɚɤɠɟ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɮɪɚɤɰɢɢ ɋ9 ɜ ɫɦɟɫɢ  ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 

ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ ɢ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ. ɋɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ 

ɦɚɫɫɚ ɜɨɡɪɚɫɬɚɟɬ. ɇɚ ɰɜɟɬ ɩɨɥɭɱɟɧɧɨɣ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ ɢɡɦɟɧɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ 

Ɍɋɉ:ɋ9 ɧɟ ɜɥɢɹɟɬ. 
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ɉɨɥɭɱɟɧɧɵɟ ɬɟɦɧɵɟ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɟ ɫɦɨɥɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 

ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɛɢɬɭɦɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɰɟɥɶɸ ɭɥɭɱɲɟɧɢɹ ɢɯ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ (ɩɟɧɟɬɪɚɰɢɹ, ɞɭɤɬɢɥɶɧɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɡɦɹɝɱɟɧɢɹ ɢ ɞɪ.), 

ɚ ɬɚɤɠɟ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɥɚɤɨɜ, ɤɪɚɫɨɤ, ɩɪɢ  ɢɡɝɨɬɨɜɥɟɧɢɢ ɪɟɡɢɧɵ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ 

(ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɢɤɥɚɞɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɪɚɡɪɚɛɨɬɨɤ RFMEFI60716X0155). 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɐɟɧɬɪɚ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ 

«ɇɨɜɵɟ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɬɵ ɢ ɚɞɝɟɡɢɜɵ». 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɊȺɁɅɂɑɇɕɏ ȼɂȾɈȼ ɋɒɂȼȺɌȿɅȿɃ ȾɅə ɋɒɂȼɄɂ 
ȼɈȾɇɕɏ ɊȺɋɌȼɈɊɈȼ ɉɈɅɂȺɄɊɂɅȺɆɂȾȺ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ 

ɆȿɌɈȾɈȼ ɄɈɆɉɖɘɌȿɊɇɈȽɈ ɆɈȾȿɅɂɊɈȼȺɇɂə 

Ɋɭɧɟɧɤɨɜ Ⱥ.ȼ. 
CROSSLINKING OF POLYACRYLAMIDE WATER SOLUTIONS WITH THE 

IMPLEMENTATION OF COMPUTER MODELING METHODS 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɢɧɫɬɜɨ ɧɟɮɬɹɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ɋɨɫɫɢɢ ɧɚɯɨɞɹɬɫɹ ɧɚ 

ɩɨɡɞɧɟɣ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɜɨɞɧɟɧɧɨɫɬɢ 

ɞɨɛɵɜɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ [1]. 

ɋɲɢɬɵɟ ɩɨɥɢɦɟɪɧɵɟ ɫɢɫɬɟɦɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɩɪɨɮɢɥɹ 

ɩɪɢɟɦɢɫɬɨɫɬɢ ɧɚɝɧɟɬɚɬɟɥɶɧɵɯ ɫɤɜɚɠɢɧ ɫ ɰɟɥɶɸ ɨɝɪɚɧɢɱɟɧɢɹ ɜɨɞɨɩɪɢɬɨɤɚ ɜ 

ɞɨɛɵɜɚɸɳɢɯ ɫɤɜɚɠɢɧɚɯ [2,3]. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ ɧɨɜɵɯ ɷɮɮɟɤɬɢɜɧɵɯ 

ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɩɨɥɢɦɟɪ-ɫɲɢɜɚɬɟɥɶ ɧɚ ɩɪɢɦɟɪɟ ɧɟɫɤɨɥɶɤɢɯ ɦɚɪɨɤ ɚɧɢɨɧɧɨɝɨ 

ɩɨɥɢɚɤɪɢɥɚɦɢɞɚ (ɉȺȺ), ɤɨɬɨɪɵɣ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɭɤɚɡɚɧɧɵɯ ɜɢɞɨɜ 

ɪɚɛɨɬ. 

Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɫɲɢɜɚɸɳɢɯ ɚɝɟɧɬɨɜ ɞɥɹ ɩɨɥɢɚɤɪɢɥɚɦɢɞɚ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɚɰɟɬɚɬ ɯɪɨɦɚ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɣ ɜ ɩɚɬɟɧɬɧɵɯ ɢɫɬɨɱɧɢɤɚɯ, ɧɨ 

ɬɚɤɠɟ ɚɡɨɬɫɨɞɟɪɠɚɳɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɜɤɥɸɱɚɹ ɭɪɨɬɪɨɩɢɧ, ɩɨɥɢɷɬɢɥɟɧɢɦɢɧ, ɚ ɬɚɤɠɟ ɫɨɥɢ 

ɩɨɥɢɜɚɥɟɧɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɚɧɢɨɧ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢɥɢ ɛɨɪɧɵɯ ɤɢɫɥɨɬ. 

Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɲɢɜɚɸɳɢɯ ɚɝɟɧɬɨɜ 

ɩɨɥɢɚɤɪɢɥɚɦɢɞ ɦɚɪɤɢ «DP-9» («ɉɨɥɢɮɥɨɤ», Ɋɨɫɫɢɹ) ɩɨɤɚɡɚɥ ɥɭɱɲɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɲɢɜɚɧɢɹ, ɱɟɦ ɫɭɥɶɮɢɪɨɜɚɧɧɵɣ ɩɨɥɢɦɟɪ ɦɚɪɤɢ «AN-125 SH» (SNF-group, Ɏɪɚɧɰɢɹ). 

Ɉɞɧɚɤɨ ɝɟɥɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɦɟɪɚ «AN-125 SH» ɢ ɫɨɥɟɣ ɩɨɥɢɜɚɥɟɧɬɧɵɯ 

ɦɟɬɚɥɥɨɜ, ɢɦɟɥɢ ɛɨɥɟɟ ɩɥɨɬɧɭɸ ɤɨɧɫɢɫɬɟɧɰɢɸ (ɫɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ ɋɢɞɚɧɫɤɚ) ɢ ɦɟɧɶɲɢɣ 

ɢɧɞɭɤɰɢɨɧɧɵɣ ɩɟɪɢɨɞ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ, ɱɟɦ ɭ ɫɢɫɬɟɦ «DP-9» / ɫɨɥɢ ɩɨɥɢɜɚɥɟɧɬɧɵɯ 

ɦɟɬɚɥɥɨɜ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɲɢɜɚɧɢɟ ɩɨɥɢɚɤɪɢɥɚɦɢɞɚ ɜɵɡɜɚɧɨ 

ɚɝɟɧɬɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɚɬɨɦɵ ɫɨ ɫɩɚɪɟɧɧɵɦɢ ɷɥɟɤɬɪɨɧɚɦɢ (ɭɪɨɬɪɨɩɢɧ, 

ɩɨɥɢɷɬɢɥɟɧɢɦɢɧ, ɚɰɟɬɚɬ ɯɪɨɦɚ, ɮɬɨɪɢɞ ɤɨɛɚɥɶɬɚ, ɛɟɧɡɨɚɬ ɜɢɫɦɭɬɚ ɢ ɞɪ.). ɉɨɷɬɨɦɭ ɜ 

ɛɭɞɭɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɟɪɫɩɟɤɬɢɜɧɨ ɬɟɫɬɢɪɨɜɚɬɶ ɧɨɜɵɟ ɢɥɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ 

ɫɢɫɬɟɦɵ, ɜɤɥɸɱɚɸɳɢɟ ɚɦɢɧɵ, ɢɦɢɧɵ, ɚɡɢɧɵ, ɫɨɥɢ ɚɦɦɨɧɢɹ ɢɥɢ ɫɨɥɢ ɩɨɥɢɜɚɥɟɧɬɧɵɯ 

ɦɟɬɚɥɥɨɜ ɜ ɧɢɡɲɢɯ ɢ ɫɪɟɞɧɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ. 
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ȼ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɢɧɫɬɪɭɦɟɧɬɵ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɟɯɚɧɢɤɢ ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ) ɞɥɹ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɫɲɢɜɤɢ ɦɨɥɟɤɭɥ ɩɨɥɢɚɤɪɢɥɚɦɢɞɚ ɪɚɡɥɢɱɧɵɦɢ 

ɫɲɢɜɚɬɟɥɹɦɢ [4]. Ɍɚɤ, ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɨɬɫɭɬɫɬɜɢɟ ɫɲɢɜɤɢ ɫɢɫɬɟɦɵ «AN-125 SH» / 

ɫɭɥɶɮɚɬ ɧɢɤɟɥɹ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɬɪɨɟɧɢɹ ɜɧɟɲɧɢɯ ɷɥɟɤɬɪɨɧɧɵɯ ɨɪɛɢɬɚɥɟɣ ɚɬɨɦɚ ɧɢɤɟɥɹ 

ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɦɨɥɟɤɭɥ ɜɨɞɵ, ɨɤɪɭɠɚɸɳɢɯ ɢɨɧ Ni2+. ɇɚɩɪɨɬɢɜ, ɫɨɥɢ ɤɨɛɚɥɶɬɚ 

ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɟɣ ɛɥɚɝɨɞɚɪɹ ɛɨɥɶɲɟɦɭ ɫɪɨɞɫɬɜɭ ɚɬɨɦɚ ɤɨɛɚɥɶɬɚ ɤ 

ɤɢɫɥɨɪɨɞɭ, ɱɬɨ ɦɨɠɧɨ ɞɨɤɚɡɚɬɶ, ɨɩɢɪɚɹɫɶ ɧɚ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ 

ɜ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɋɚɫɱɟɬɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɜ ɩɚɤɟɬɚɯ MOPAC ɢ ChemOffice, ɜ 

ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɨɛɥɚɞɚɸɬ ɦɨɳɧɨɣ ɩɪɟɞɫɤɚɡɚɬɟɥɶɧɨɣ ɫɢɥɨɣ ɢ ɩɨɡɜɨɥɹɸɬ 

ɫɨɤɪɚɳɚɬɶ ɱɢɫɥɨ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɩɨɢɫɤɭ ɧɨɜɵɯ ɫɲɢɜɚɬɟɥɟɣ, ɫɩɨɫɨɛɧɵɯ ɩɪɢɣɬɢ ɧɚ 

ɡɚɦɟɧɭ ɫɲɢɜɚɸɳɢɯ ɫɨɫɬɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɚɰɟɬɚɬɚ ɯɪɨɦɚ [5]. 
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ɊȿȺɄɐɂə ɈɅɂȽɈɆȿɊɂɁȺɐɂɂ ɗɌɂɅȿɇȺ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɌɊȿɏ- 

ɂ ȾȼɍɏɄɈɆɉɈɇȿɇɌɇɕɏ ɏɊɈɆɋɈȾȿɊɀȺɓɂɏ ɄȺɌȺɅɂɌɂɑȿɋɄɂɏ 
ɋɂɋɌȿɆ ɋ ȾɈɇɈɊɇɕɆɂ ɅɂȽȺɇȾȺɆɂ SOS-ɌɂɉȺ  

Ȼɚɛɟɧɤɨ ɂ.Ⱥ.1, Ȼɟɡɛɨɪɨɞɨɜ ȼ.Ⱥ. 1, ȼɢɥɶɦɫ Ⱥ.ɂ. 1, Ȼɟɥɨɜ Ƚ.ɉ. 2  
THE REACTION OF ETHYLENE OLIGOMERIZATION WITH USE OF THREE- 

AND TWO-COMPONENT CHROME-CONTAINING CATALYTIC SYSTEMS 

WITH DONOR LIGANDS SOS-TYPE 
1 ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɂɪɤɭɬɫɤ 
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ɏɪɨɦɫɨɞɟɪɠɚɳɢɟ ɤɨɦɩɥɟɤɫɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɫ ɬɪɢɞɟɧɬɚɧɬɧɵɦɢ 

ɫɟɪɭɫɨɞɟɪɠɚɳɢɦɢ ɥɢɝɚɧɞɚɦɢ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ ɫɟɥɟɤɬɢɜɧɵɦɢ ɜ ɪɟɚɤɰɢɢ 

ɬɪɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ [1]. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɚɧɟɟ [2]. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɧɚɦɢ ɢɡɭɱɟɧɵ ɞɜɭɯɤɨɦɩɨɧɟɬɧɵɟ ɫɢɫɬɟɦɵ (Ʉɋ2 ɢ Ʉɋ4) ɬɢɩɚ 

CrCl3L/ɌɗȺ, ɝɞɟ L = (RSC2H4)2O, ɢ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɟ ɫɢɫɬɟɦɵ (Ʉɋ1 ɢ Ʉɋ3) ɬɢɩɚ 

CrCl3(THF)3/(RSC2H4)2O/ɌɗȺ, ɝɞɟ R = Me, Et; ɌɗȺ – ɬɪɢɷɬɢɥɚɥɥɸɦɢɧɢɹ, ɩɪɢ ɞɚɜɥɟɧɢɢ 

ɷɬɢɥɟɧɚ ɜ ɫɢɫɬɟɦɟ 2 Ɇɉɚ ɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 40-80 ºɋ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1.  

 

Ɍɚɛɥɢɰɚ 1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɬɪɟɯ- ɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ 

№ 

ɩ/ɩ 
Ɍ, ºɋ 

ȼɵɯɨɞ ɉɗ 
ɋɨɞɟɪɠɚɧɢɟ ɨɥɢɝɨɦɟɪɨɜ Ⱥɤɬɢɜɧɨɫɬɶ Ʉɋ, 

ɝɩɪɨɞ·(ɝCr·ɱ)-1 
ɋ4 (1-ɋ4) ɋ6 (1-ɋ6) ɋ8+ 

ɦɚɫɫ.% 

Ʉɋ1 CrCl3(THF)3/(MeSC2H4)2O/ɌɗȺ 

1 40 9 5 (35)  54 (89) 32 9078 

2 60 16 8 (38)  47 (84)  29 5644 

3 80 12 7 (47)  51 (84)  30 3534 

Ʉɋ2 [CrCl3((MeSC2H4)2Ɉ)]/ɌɗȺ 

4 40 15 7 (11) 42 (63) 36 6119 

5 60 21 10 (15) 36 (56) 33 4032 

6 80 23 7 (26) 42 (87) 28 2896 

Ʉɋ3 CrCl3(THF)3/(EtSC2H4)2O/ɌɗȺ 

7 40 21 6 (16) 50 (66) 23 5455 

8 60 21 11 (21) 44 (62) 24 4324 

9 80 33 2 (33) 51 (77) 14 3380 

Ʉɋ4 [CrCl3((EtSC2H4)2Ɉ)]/ɌɗȺ 

10 40 32 3 (24) 39 (44) 26 6381 

11 60 26 7 (18) 34 (79) 33 4181 

12 80 22 9 (23) 38 (79) 31 4152 

ɍɫɥɨɜɢɹ: ɪɚɫɬɜɨɪɢɬɟɥɶ – ɰɢɤɥɨɝɟɤɫɚɧ; P = 2 Ɇɉɚ; ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ Cr : L : Al 

= 1 : 1 : 20; ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɪɟɚɤɬɨɪɟ [CrCl3L] = 1,1·10-5 [ɦɨɥɶ]; ɫɭɦɦɚɪɧɵɣ 
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ɨɛɴɟɦ 50 ɦɥ; ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ – 60 ɦɢɧ; ɪɚɫɱɟɬ ɚɤɬɢɜɧɨɫɬɢ Ʉɋ ɧɚ ɝɪɚɦɦ 

ɯɪɨɦɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɥɢɱɟɫɬɜɚ ɩɨɝɥɨɳɟɧɧɨɝɨ ɷɬɢɥɟɧɚ ɡɚ ɜɵɱɟɬɨɦ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ 

ɩɪɨɛɟ.  

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥ.1 ɜɨ ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ Ʉɋ ɧɚɪɹɞɭ ɫ ɩɪɨɰɟɫɫɨɦ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ 

ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɉɗ, ɩɪɢɱɟɦ ɜ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɟɝɨ ɞɨɥɹ 

ɫɨɫɬɚɜɥɹɟɬ ɞɨ ɨɞɧɨɣ ɬɪɟɬɢ ɨɬ ɫɭɦɦɵ ɜɫɟɯ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ.  

ɉɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɞɥɹ Ʉɋ1 ɢ Ʉɋ3, ɢɦɟɸɳɢɯ ɨɬɥɢɱɢɟ ɥɢɲɶ 

ɜ ɞɥɢɧɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɚɬɨɦɟ ɫɟɪɵ, ɦɵ ɧɚɛɥɸɞɚɟɦ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ 

ɞɨɥɢ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɉɗ, ɬɨɝɞɚ ɤɚɤ ɢɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɨɥɢɝɨɦɟɪɨɜ (ɛɭɬɟɧɨɜ ɢ 

ɝɟɤɫɟɧɨɜ) ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ȼ ɫɥɭɱɚɟ Ʉɋ2 ɢ Ʉɋ4 ɧɚɛɥɸɞɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ – 

ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ ɞɨɥɢ ɉɗ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɧɢɠɟɧɢɟ ɞɨɥɢ ɫɦɟɫɢ ɛɭɬɟɧɨɜ ɢ ɝɟɤɫɟɧɨɜ. 

Ⱦɥɹ Ʉɋ3 ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɞɨɥɹ 

ɉɗ ɢ ɝɟɤɫɟɧɨɜ ɪɚɫɬɟɬ. ɇɚɩɪɢɦɟɪ, ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80 ºɋ 

ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɉɗ ɢ ɝɟɤɫɟɧɨɜɭɸ ɮɪɚɤɰɢɸ ɫ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɝɟɤɫɟɧɭ-1 ɞɨ 77 ɦɚɫɫ.% 

(ɬɚɛɥ.1, ɨɩɵɬ 9).  

ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ Ʉɋ1 ɤ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ Ʉɋ2 ɧɚɛɥɸɞɚɟɬɫɹ 

ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɉɗ ɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɞɨɥɢ ɝɟɤɫɟɧɨɜɨɣ ɮɪɚɤɰɢɢ, ɬɨɝɞɚ 

ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɛɭɬɟɧɨɜ ɜ ɫɦɟɫɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ. ȼ ɫɥɭɱɚɟ Ʉɋ3 ɢ Ʉɋ4 ɬɚɤɠɟ 

ɨɬɦɟɱɚɟɬɫɹ ɪɨɫɬ ɞɨɥɢ ɉɗ ɧɚɪɹɞɭ ɫ ɩɨɧɢɠɟɧɢɟɦ ɞɨɥɢ ɝɟɤɫɟɧɨɜ. ȼɨɡɦɨɠɧɨ, ɱɬɨ ɩɪɢɱɢɧɨɣ 

ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɦɨɥɟɤɭɥ THF ɜ Ʉɋ1 ɢ Ʉɋ3, ɤɨɬɨɪɵɣ ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɦɨɞɢɮɢɤɚɬɨɪ ɞɥɹ ɫɢɫɬɟɦ ɨɥɢɝɨɦɟɪɢɡɚɰɢ ɷɬɢɥɟɧɚ [3,4].  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɂɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

ɭɧɢɜɟɪɫɢɬɟɬɚ, ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɝɪɚɧɬ № 091-16-215.  

 

Ʌɢɬɟɪɚɬɭɪɚ 
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ETHYLENE POLYMERIZATION ON HOMOGENEOUS METALLOCENE 

ɋATALYSTS OF DIFFERENT COMPOSITION AND STRUCTURE 
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ɋɜɨɣɫɬɜɚ ɩɨɥɢɨɥɟɮɢɧɨɜ ɡɚɜɢɫɹɬ ɨɬ ɢɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɦɨɪɮɨɥɨɝɢɢ. 

Ƚɨɦɨɝɟɧɧɵɟ ɨɞɧɨɰɟɧɬɪɨɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɤɚɬɢɨɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 

ɦɟɬɚɥɥɨɰɟɧɨɜ ɢ ɦɟɬɢɥɚɥɸɦɨɤɫɚɧɚ (ɆȺɈ) ɞɚɸɬ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɨɥɟɮɢɧɨɜ ɫ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɗɬɢ 

ɤɚɬɚɥɢɡɚɬɨɪɵ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɩɨɥɢɦɟɪɚ ɡɚ ɫɱɟɬ ɞɢɡɚɣɧɚ ɤɚɬɚɥɢɡɚɬɨɪɚ [1]. Ɉɬ ɩɪɢɪɨɞɵ ɦɟɬɚɥɥɨɰɟɧɚ 

ɡɚɜɢɫɢɬ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɩɨɥɢɷɬɢɥɟɧɚ (ɉɗ), ɢɡɦɟɧɟɧɢɟ ɤɨɬɨɪɨɣ ɩɨɡɜɨɥɹɟɬ ɜ ɲɢɪɨɤɢɯ 

ɩɪɟɞɟɥɚɯ ɜɚɪɶɢɪɨɜɚɬɶ ɦɨɪɮɨɥɨɝɢɸ ɢ ɫɜɨɣɫɬɜɚ ɷɬɨɝɨ ɤɪɭɩɧɨɬɨɧɧɚɠɧɨɝɨ ɩɨɥɢɨɥɟɮɢɧɚ, 

ɩɨɥɶɡɭɸɳɟɝɨɫɹ ɜɵɫɨɤɢɦ ɫɩɪɨɫɨɦ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ.  

Ɇɨɞɢɮɢɤɚɰɢɹ ɦɨɪɮɨɥɨɝɢɢ ɢ ɫɜɨɣɫɬɜ ɩɨɥɢɨɥɟɮɢɧɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɚɤɠɟ ɩɭɬɟɦ 

ɫɨɡɞɚɧɢɹ ɩɨɥɢɦɟɪ-ɩɨɥɢɦɟɪɧɵɯ ɫɦɟɫɟɣ, ɜ ɤɨɬɨɪɵɯ ɫɨɱɟɬɚɸɬɫɹ ɫɜɨɣɫɬɜɚ ɤɚɠɞɨɝɨ ɢɡ ɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ. ɉɪɢɱɟɦ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ 

ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɫɜɟɪɯɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɉɗ (ɋȼɆɉɗ), ɤɨɬɨɪɵɣ 

ɨɛɥɚɞɚɟɬ ɤɨɦɩɥɟɤɫɨɦ ɭɧɢɤɚɥɶɧɵɯ ɫɜɨɣɫɬɜ (ɜɵɫɨɤɢɟ ɭɞɚɪɧɵɟ, ɞɟɮɨɪɦɚɰɢɨɧɧɨ-

ɩɪɨɱɧɨɫɬɧɵɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɬ.ɞ.) [2]. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɭɬɫɹ 

ɢɧɬɟɧɫɢɜɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɫɦɟɫɟɣ 

ɋȼɆɉɗ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɫɢɧɬɟɡɟ [3]. ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɧɬɟɪɟɫɧɵɦ ɢ ɚɤɬɭɚɥɶɧɵɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɯɫɬɚɞɢɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɧɚ ɝɨɦɨɝɟɧɧɵɯ 

ɦɟɬɚɥɥɨɰɟɧɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɞɥɹ ɜɜɟɞɟɧɢɹ ɜ ɋȼɆɉɗ ɩɨɥɢɦɟɪɧɵɯ ɞɨɛɚɜɨɤ ɫ 

ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɧɚɩɪɢɦɟɪ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɉɗ (ɇɆɉɗ).  

ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɢ 

ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ-1 ɧɚ ɝɨɦɨɝɟɧɧɵɯ ɦɟɬɚɥɥɨɰɟɧɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

ɧɚ ɨɫɧɨɜɟ: rac-Me2Si(Ind)2ZrCl2, rac-Et(Ind)2ZrCl2, rac-Me2Si(2-Me-4-Ph-Ind)2ZrCl2, rac-

Me2Si(2-Me-4-Ph-Ind)2HfCl2 ɞɥɹ ɜɵɛɨɪɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢ ɭɫɥɨɜɢɣ ɫɬɚɞɢɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɨɥɭɱɟɧɢɟ 

ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ ɫ ɠɟɥɚɟɦɵɦɢ ɫɜɨɣɫɬɜɚɦɢ.  
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ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɞɢɡɚɣɧɚ ɦɟɬɚɥɥɨɰɟɧɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɢɯ ɚɤɬɢɜɧɨɫɬɶ ɜ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɢ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɨɥɢɦɟɪɧɵɯ ɩɪɨɞɭɤɬɨɜ. ɂɫɫɥɟɞɨɜɚɧɵ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɚɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦ ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɨɛɪɚɡɭɸɳɟɝɨɫɹ 

ɉɗ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 

ɩɨɥɢɦɟɪɨɜ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɨɞɵ Ƚɉɏ ɢ ɜɢɡɤɨɡɢɦɟɬɪɢɢ. Ɇɟɬɨɞɨɦ ȾɋɄ ɢɡɭɱɟɧɚ 

ɦɨɪɮɨɥɨɝɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɩɪɟɞɟɥɟɧɵ ɫɬɟɩɟɧɶ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ, 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɢ ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥɥɢɬɨɜ. Ɉɩɪɟɞɟɥɟɧɵ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-

ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɉɗ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɫɪɟɞɢ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɨɛɥɚɞɚɟɬ ɝɨɦɨɝɟɧɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ rac-Me2Si(2-

Me-4-Ph-Ind)2ZrCl2/ɆȺɈ. Ⱥɤɬɢɜɧɨɫɬɶ ɭɤɚɡɚɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 82400 

ɤɝɉɷ/ɦɨɥɶZr [C2]ɱɚɫ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 50 0ɋ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɬɢɥɟɧɚ  

[C2]=410-2 ɦɨɥɶ/ɥ. Ʉɚɬɚɥɢɡɚɬɨɪ rac-Me2Si(2-Me-4-Ph-Ind)2ZrCl2/ɆȺɈ ɦɟɧɟɟ 
ɷɮɮɟɤɬɢɜɟɧ, ɨɞɧɚɤɨ ɜ ɟɝɨ ɩɪɢɫɭɬɫɬɜɢɢ ɨɛɪɚɡɭɟɬɫɹ ɉɗ ɫ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɦɚɫɫɨɣ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɧɚ ɷɬɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ 30 ɞɨ 80 0ɋ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɚɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦɵ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɇɚɛɥɸɞɚɟɦɚɹ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 9,5 ɤɤɚɥ/ɦɨɥɶ. (Ɋɢɫ.1).  

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɚɤɬɢɜɧɨɫɬɢ Ɇe2Si(Ind)2ZrCl2/ɆȺɈ  ɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɷɬɢɥɟɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɭɪɚɜɧɟɧɢɹ Ⱥɪɪɟɧɢɭɫɚ 

 

ɋɪɟɞɧɟɜɟɫɨɜɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ (Mw) ɩɨɥɢɷɬɢɥɟɧɚ ɦɟɧɹɟɬɫɹ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ 

ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ. ɉɪɢ 30 0ɋ ɨɛɪɚɡɭɟɬɫɹ ɋȼɆɉɗ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɦɚɫɫɨɣ 

ɜ 1000000 ɝ/ɦɨɥɶ. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 80 0ɋ Mw ɫɧɢɠɚɟɬɫɹ ɞɨ 110000 ɝ/ɦɨɥɶ. 

ȼɟɥɢɱɢɧɚ ɧɚɛɥɸɞɚɟɦɨɣ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɢɡɦɟɧɟɧɢɹ Ɇw ɩɨɥɢɷɬɢɥɟɧɚ ɫɨɫɬɚɜɥɹɟɬ -8,5 

ɤɤɚɥ/ɦɨɥɶ. ɍɦɟɧɶɲɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɉɗ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɨɬ 140 ɞɨ 133.6 0ɋ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɦɟɧɶɲɟɧɢɸ ɪɚɡɦɟɪɨɜ ɥɚɦɟɥɟɣ 
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ɜ ɟɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɟ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɩɪɢɛɥɢɠɟɧɧɨɦɭ ɭɪɚɜɧɟɧɢɸ Ɍɨɦɫɨɧɚ-

Ƚɢɛɛɫɚ, ɨɬ 40.6 ɧɦ ɞɥɹ ɋȼɆɉɗ ɞɨ 17 ɧɦ ɞɥɹ ɇɆɉɗ. ɉɨɦɢɦɨ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɉɗ ɧɚɛɥɸɞɚɟɬɫɹ ɜɨɡɪɚɫɬɚɧɢɟ ɟɟ ɞɨɥɢ ɜ ɦɚɬɟɪɢɚɥɟ ɨɬ 54.3 % ɞɥɹ 

ɋȼɆɉɗ ɞɨ 65.7 % ɞɥɹ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɉɗ ɫ Ɇw = 110000 ɝ/ɦɨɥɶ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ 

80 0ɋ. 

ɂɡɭɱɟɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɉɗ ɪɚɡɥɢɱɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɵ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɋȼɆɉɗ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ 

ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɪɚɡɪɵɜɟ (ıɪ = 39.3±5.1 Ɇɉɚ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡɰɚɦɢ ɇɆɉɗ, ɧɨ 

ɭɫɬɭɩɚɟɬ ɢɦ ɩɨ ɜɟɥɢɱɢɧɟ ɭɞɥɢɧɟɧɢɹ ɩɪɢ ɪɚɡɪɵɜɟ (İɪ ɫɨɫɬɚɜɥɹɟɬ 620±49 % ɢ 800±31 % 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɋȼɆɉɗ ɢ ɇɆɉɗ), ɚ ɬɚɤɠɟ ɜɟɥɢɱɢɧɟ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɩɪɢ 

ɪɚɫɬɹɠɟɧɢɢ (ȿ ɫɨɫɬɚɜɥɹɟɬ 1000±75 % Ɇɉɚ ɢ 1230±30 % Ɇɉɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ 

ɋȼɆɉɗ ɢ ɇɆɉɗ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

Ɇe2Si(Ind)2ZrCl2/ɆȺɈ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɞɜɭɯɫɬɚɞɢɣɧɵɯ ɩɪɨɰɟɫɫɚɯ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɦɟɪ-ɩɨɥɢɦɟɪɧɵɯ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ ɋȼɆɉɗ ɢ ɇɆɉɗ ɫ ɡɚɞɚɧɧɵɦɢ 

ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɭɫɥɨɜɢɣ 

ɩɪɨɜɟɞɟɧɢɹ ɢɯ ɨɬɞɟɥɶɧɵɯ ɫɬɚɞɢɣ [5].  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ Ɋɨɫɫɢɣɫɤɨɝɨ Ɏɨɧɞɚ Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɂɫɫɥɟɞɨɜɚɧɢɣ  ( ɦɨɥ_ɚ № 18-33-00825). 
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Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɟɪɟɪɚɛɨɬɤɢ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɧɧɨɜɚɰɢɨɧɧɨɣ 

ɞɟɹɬɟɥɶɧɨɫɬɢ. 

ɉɪɨɰɟɫɫ ɩɢɪɨɥɢɡɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ 

ɩɨɥɭɱɟɧɢɹ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɨɥɟɮɢɧɨɜ – ɷɬɢɥɟɧɚ ɢ ɩɪɨɩɢɥɟɧɚ. ɋɭɳɟɫɬɜɭɸɳɢɟ 

ɦɢɪɨɜɵɟ ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɨɜɨɤ ɩɢɪɨɥɢɡɚ ɩɨ ɷɬɢɥɟɧɭ ɫɨɫɬɚɜɥɹɸɬ ɛɨɥɟɟ 155 ɦɥɧ ɬ/ɝɨɞ 3. 

ɉɨɫɥɟɞɧɢɟ 20 ɥɟɬ ɧɚɪɚɳɢɜɚɧɢɟ ɦɨɳɧɨɫɬɟɣ ɜ ɊɎ ɜ ɨɫɧɨɜɧɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ 

ɫɱɟɬ ɪɚɫɲɢɪɟɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɧɚɩɪɢɦɟɪ, ɜ ɈȺɈ «Ʉɚɡɚɧɶɨɪɝɫɢɧɬɟɡ», 

ɈȺɈ «ɇɢɠɧɟɤɚɦɫɤɧɟɮɬɟɯɢɦ» ɢ ɈɈɈ «ɋɂȻɍɊ-Ʉɫɬɨɜɨ». ɉɥɚɧ ɪɚɡɜɢɬɢɹ ɝɚɡɨ- ɢ 

ɧɟɮɬɟɯɢɦɢɢ Ɋɨɫɫɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ Ɇɢɧɷɧɟɪɝɨ ɜ 2012 ɝɨɞɭ, 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɩɢɪɨɥɢɡɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɞɨ 12 ɦɥɧ ɬ/ɝɨɞ ɩɨ 

ɷɬɢɥɟɧɭ. 

ɋɪɟɞɢ ɩɨɛɨɱɧɵɯ ɮɪɚɤɰɢɣ ɩɢɪɨɥɢɡɚ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɮɪɚɤɰɢɢ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ4, ɋ5 ɢ ɋ6 - ɋ9. ɋ5 ɮɪɚɤɰɢɹ ɩɢɪɨɥɢɡɚ ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴɟɦ, ɜɵɯɨɞ 

ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ ɞɨɫɬɢɝɚɟɬ 5 % ɦɚɫɫ ɨɬ ɫɵɪɶɹ ɩɢɪɨɥɢɡɚ, ɚ ɬɚɤɠɟ ɧɚɢɛɨɥɶɲɢɣ 

ɧɟɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɰɟɧɧɵɟ ɩɪɨɞɭɤɬɵ. 

ɂɡ ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɬɚɤɢɟ ɩɪɨɞɭɤɬɵ ɤɚɤ 

ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧ, ɰɢɤɥɨɩɟɧɬɚɞɢɟɧ, ɰɢɤɥɨɩɟɧɬɚɧ, ɢɡɨɩɪɟɧ, ɩɢɩɟɪɢɥɟɧ ɢ ɬ.ɞ. Ɇɚɥɵɟ 

ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɥɟɬɭɱɟɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ, ɚ ɬɚɤ ɠɟ ɧɢɡɤɚɹ 

ɬɟɪɦɢɱɟɫɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɧɟɣ ɞɢɨɥɟɮɢɧɨɜ, ɧɟ ɩɨɡɜɨɥɹɸɬ ɜɵɩɨɥɧɢɬɶ 

ɪɚɡɞɟɥɟɧɢɟ ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ ɧɚ ɨɬɞɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɦɟɬɨɞɚɦɢ ɪɟɤɬɢɮɢɤɚɰɢɢ. ɉɨ 

ɷɬɨɣ ɩɪɢɱɢɧɟ ɬɪɟɛɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɣ ɩɨɞɯɨɞ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɥɭɱɢɬɶ ɰɟɧɧɵɟ ɜɟɳɟɫɬɜɚ 

ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɱɢɫɬɨɬɨɣ. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɩɪɨɞɭɤɬɨɦ ɩɟɪɟɪɚɛɨɬɤɢ ɮɪɚɤɰɢɢ ɋ5 ɩɢɪɨɥɢɡɚ ɹɜɥɹɟɬɫɹ 

ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɨɫɧɨɜɧɨɝɨ ɜɟɳɟɫɬɜɚ ɧɟ ɦɟɧɟɟ 98 

% ɦɚɫɫ., ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɥɢɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ, ɬɪɨɣɧɵɯ ɷɬɢɥɟɧ-

ɩɪɨɩɢɥɟɧɨɜɵɯ ɤɚɭɱɭɤɨɜ, ɧɟɧɚɫɵɳɟɧɧɵɯ ɩɨɥɢɷɮɢɪɧɵɯ ɫɦɨɥ ɢ ɩɪɨɱɢɯ ɩɪɨɞɭɤɬɨɜ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ. ɉɨɥɭɱɟɧɢɟ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ ɢɡ ɋ5 ɮɪɚɤɰɢɢ 
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ɩɢɪɨɥɢɡɚ ɪɟɚɥɢɡɭɟɬɫɹ ɫɨɱɟɬɚɧɢɟɦ ɬɟɪɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɞɢɦɟɪɢɡɚɰɢɢ ɢ 

ɦɨɧɨɦɟɪɢɡɚɰɢɢ, ɩɪɨɬɟɤɚɸɳɢɯ ɩɨ ɪɟɚɤɰɢɢ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ, ɫ ɚɬɦɨɫɮɟɪɧɨɣ ɢ ɜɚɤɭɭɦɧɨɣ 

ɪɟɤɬɢɮɢɤɚɰɢɟɣ. ɉɪɨɞɭɤɬɨɦ ɩɪɨɰɟɫɫɚ ɦɨɧɨɦɟɪɢɡɚɰɢɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɹɜɥɹɟɬɫɹ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɫɧɨɜɧɨɝɨ 

ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, 

ɨɛɭɫɥɚɜɥɢɜɚɸɳɟɣ ɩɪɨɬɟɤɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɪɟɚɤɰɢɣ ɫ ɩɨɥɭɱɟɧɢɟɦ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɰɟɧɧɵɯ 

ɩɪɨɞɭɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ, ɷɬɢɥɢɞɟɧɧɨɪɛɨɪɧɟɧ, ɰɢɤɥɨɩɟɧɬɟɧ, ɰɢɤɥɨɩɟɧɬɚɧ, ɦɟɬɚɥɥɨɰɟɧɵ ɢ 

ɞɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ ɰɢɤɥɨɩɟɧɬɚɧɨɜɨɝɨ ɢ ɧɨɪɛɨɪɧɟɧɨɜɨɝɨ ɪɹɞɚ. 

ɉɨɥɭɱɟɧɢɟ ɰɢɤɥɨɩɟɧɬɚɧɚ – ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɝɨ ɜɫɩɟɧɢɜɚɸɳɟɝɨ ɚɝɟɧɬɚ 

ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɟɪɟɪɚɛɨɬɤɢ ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ. 

ɐɢɤɥɨɩɟɧɬɚɧ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɛɟɡɨɩɚɫɧɨɝɨ ɞɥɹ ɨɡɨɧɨɜɨɝɨ ɫɥɨɹ ɜɫɩɟɧɢɜɚɬɟɥɹ 

ɩɨɥɢɭɪɟɬɚɧɚ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɟɧɨɩɨɥɢɭɪɟɬɚɧɨɜɨɣ 

ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɞɥɹ ɛɵɬɨɜɨɝɨ ɢ ɬɨɪɝɨɜɨɝɨ ɯɨɥɨɞɢɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɩɪɟɞɢɡɨɥɢɪɨɜɚɧɧɵɯ ɬɪɭɛ, ɚɜɬɨɮɭɪɝɨɧɨɜ, ɫɷɧɞɜɢɱ-ɩɚɧɟɥɟɣ ɢ ɞɪɭɝɢɯ ɢɡɞɟɥɢɣ. 

Ɉɡɨɧɨɪɚɡɪɭɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɰɢɤɥɨɩɟɧɬɚɧɚ ɪɚɜɧɚ ɧɭɥɸ. ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 

ɰɢɤɥɨɩɟɧɬɚɧ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɫɟɤɬɨɪɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɵɬɨɜɨɣ ɢ 

ɤɨɦɦɟɪɱɟɫɤɨɣ ɯɨɥɨɞɢɥɶɧɨɣ ɬɟɯɧɢɤɢ, ɚ ɬɚɤ ɠɟ ɫɷɧɞɜɢɱ ɩɚɧɟɥɟɣ ɛɨɥɶɲɢɧɫɬɜɨ 

ɩɪɟɞɩɪɢɹɬɢɣ ɩɨɥɧɨɫɬɶɸ ɨɬɤɚɡɚɥɢɫɶ ɨɬ ɝɢɞɪɨɮɬɨɪɭɝɥɟɜɨɞɨɪɨɜ ɢ ɩɟɪɟɲɥɢ ɧɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɰɢɤɥɨɩɟɧɬɚɧɚ. 

ɐɢɤɥɨɩɟɧɬɚɧ ɫɨɞɟɪɠɢɬɫɹ ɜ ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ ɜ ɦɚɥɵɯ ɤɨɥɢɱɟɫɬɜɚɯ (1 – 2 % 

ɦɚɫɫ.), ɧɨ ɢɡ-ɡɚ ɧɢɡɤɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɥɟɬɭɱɟɫɬɢ ɰɢɤɥɨɩɟɧɬɚɧɚ ɢ ɟɝɨ ɩɪɢɦɟɫɟɣ, 

ɜɵɞɟɥɟɧɢɟ ɟɝɨ ɢɡ ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ ɦɟɬɨɞɚɦɢ ɷɤɫɬɪɚɤɬɢɜɧɨɣ ɞɢɫɬɢɥɥɹɰɢɢ ɹɜɥɹɟɬɫɹ 

ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɰɢɤɥɨɩɟɧɬɚɧɚ ɢɡ ɋ5 ɮɪɚɤɰɢɢ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧ, ɩɨɥɭɱɚɟɦɵɣ ɧɚ ɫɬɚɞɢɢ ɦɨɧɨɦɟɪɢɡɚɰɢɢ ɩɪɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ. Ʉɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧ ɩɨɞɜɟɪɝɚɸɬ 

ɝɢɞɪɢɪɨɜɚɧɢɸ ɞɥɹ ɩɨɥɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ. ɉɨɥɭɱɟɧɧɵɣ ɩɪɨɞɭɤɬ ɫɨɞɟɪɠɢɬ 

ɞɨ 99 % ɦɚɫɫ. ɰɢɤɥɨɩɟɧɬɚɧɚ ɩɪɢɝɨɞɧɨɝɨ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɨɡɨɧɨɛɟɡɨɩɚɫɧɨɝɨ 

ɜɫɩɟɧɢɜɚɸɳɟɝɨ ɚɝɟɧɬɚ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɢ ɰɢɤɥɨɩɟɧɬɚɧɚ ɢɦɟɸɬ 

ɨɛɳɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɱɚɫɬɶ – ɩɨɥɭɱɟɧɢɟ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɢɡ ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ. 

ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɛɴɟɞɢɧɹɬɶ ɷɬɢ ɬɟɯɧɨɥɨɝɢɢ ɜ ɟɞɢɧɭɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 

ɤɚɩɢɬɚɥɶɧɵɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɟɞɢɧɢɰɭ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ, ɚ ɬɚɤɠɟ 

ɨɛɟɫɩɟɱɢɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɝɢɛɤɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɪɨɫɚ ɧɚ 

ɩɪɨɞɭɤɰɢɸ. 
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ɇɟ ɦɟɧɟɟ ɜɚɠɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ ɹɜɥɹɟɬɫɹ ɢɡɨɩɪɟɧ, ɤɨɬɨɪɵɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɰɟɧɧɨɫɬɶ ɤɚɤ ɦɨɧɨɦɟɪ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɨɩɪɟɧɨɜɨɝɨ ɤɚɭɱɭɤɚ ɋɄɂ-3 ɢ 

ɛɭɬɢɥɤɚɭɱɭɤɚ. ɋɨɞɟɪɠɚɧɢɟ ɢɡɨɩɪɟɧɚ ɜ ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ ɦɨɠɟɬ ɩɪɟɜɵɲɚɬɶ 30 % 

ɦɚɫɫ. ɉɨɥɭɱɟɧɢɟ ɢɡɨɩɪɟɧɚ ɢɡ ɋ5 ɮɪɚɤɰɢɢ ɩɢɪɨɥɢɡɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ ɩɪɨɰɟɫɫɚ ɤɥɚɫɫɢɱɟɫɤɨɣ ɢ ɷɤɫɬɪɚɤɬɢɜɧɨɣ ɪɟɤɬɢɮɢɤɚɰɢɢ ɋ5 ɮɪɚɤɰɢɢ 

ɩɢɪɨɥɢɡɚ ɩɨɫɥɟ ɢɡɜɥɟɱɟɧɢɹ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɟɪɚɛɨɬɤɚ ɧɢɡɤɨɰɟɧɧɨɝɨ ɫɵɪɶɹ, ɬɚɤɨɝɨ ɤɚɤ ɋ5 ɮɪɚɤɰɢɹ 

ɩɢɪɨɥɢɡɚ, ɜ ɩɪɨɞɭɤɬɵ ɫ ɜɵɫɨɤɨɣ ɞɨɛɚɜɥɟɧɧɨɣ ɫɬɨɢɦɨɫɬɶɸ (ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧ, 

ɰɢɤɥɨɩɟɧɬɚɧ, ɢɡɨɩɪɟɧ) ɩɨɡɜɨɥɹɟɬ ɨɪɝɚɧɢɡɨɜɚɬɶ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɲɢɪɨɤɨɝɨ ɚɫɫɨɪɬɢɦɟɧɬɚ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ. 
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ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ  ɨɥɢɝɨɦɟɪɢɡɚɰɢɟɣ ɷɬɢɥɟɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɦɩɥɟɤɫɧɵɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɫɨɞɟɪɠɚɳɢɯ ɪɚɡɥɢɱɧɵɟ ɩɟɪɟɯɨɞɧɵɟ ɦɟɬɚɥɥɵ, α-ɨɥɟɮɢɧɵ  

ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɚɤɢɯ ɨɫɧɨɜɧɵɯ ɩɪɨɞɭɤɬɨɜ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɤɚɤ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɫɦɚɡɨɱɧɵɟ ɦɚɫɥɚ, ɩɪɢɫɚɞɤɢ ɢ ɞɨɛɚɜɤɢ ɤ ɬɨɩɥɢɜɚɦ, 

ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ ɢ ɬ.ɞ.. Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɨɥɭɱɟɧɢɟ  ɤɨɦɩɥɟɤɫɧɵɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ  ɫ 

ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ.  

  ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɪɚɡɪɚɛɨɬɤɚ ɢ ɩɨɥɭɱɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ 

ɧɚɮɬɟɧɚɬɨɜ ɰɢɪɤɨɧɢɹ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɧɚɦɢ ɢɡ ZrOCl2ɯ8H2O ɢ ɮɪɚɤɰɢɣ ɧɟɮɬɹɧɵɯ 

ɤɢɫɥɨɬ, ɹɜɥɹɸɳɢɯɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɨɫɬɭɩɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɫɵɪɶɹ, ɩɪɢɜɥɟɤɚɸɬ ɤ ɫɟɛɟ 

ɛɨɥɶɲɨɣ  ɢɧɬɟɪɟɫ. Ⱦɥɹ ɫɢɧɬɟɡɚ ɧɚɮɬɟɧɚɬɨɜ ɰɢɪɤɨɧɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜɵɞɟɥɟɧɧɵɟ ɢɡ 

Ȼɚɤɢɧɫɤɢɯ ɧɟɮɬɟɣ ɮɪɚɤɰɢɢ, ɜɵɤɢɩɚɸɳɢɟ ɩɪɢ 5 ɦɦ.ɪɬ.ɫɬ. ɜ ɩɪɟɞɟɥɚɯ 130-160ɨɋ, 160-

180ɨɋ ɢ 180-200ɨɋ. ɋɢɧɬɟɡ ɧɚɮɬɟɧɚɬɨɜ ɰɢɪɤɨɧɢɹ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɮɪɚɤɰɢɣ ɩɪɨɜɨɞɢɥɫɹ ɜ 

ɞɜɚ ɷɬɚɩɚ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50-60ɨɋ ɜ ɬɟɱɟɧɢɢ 1-2-ɯ ɱɚɫɨɜ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɤɚɥɢɟɜɵɟ ɫɨɥɢ ɭɤɚɡɚɧɧɵɯ ɮɪɚɤɰɢɣ ɩɪɢɪɨɞɧɵɯ ɧɟɮɬɹɧɵɯ ɤɢɫɥɨɬ. ɇɚ ɜɬɨɪɨɦ 

ɠɟ ɷɬɚɩɟ ɛɵɥ ɩɪɢɝɨɬɨɜɥɟɧ ɪɚɫɬɜɨɪ ɯɥɨɪɢɞɚ ɰɢɪɤɨɧɢɹ ɜ ɫɩɢɪɬɟ ɩɪɢ ɦɨɥ. ɫɨɨɬɧɨɲɟɧɢɢ 

1:2, ɤɨɬɨɪɵɣ  ɨɯɥɚɠɞɚɥɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 10-15ɨɋ. Ɂɚɬɟɦ ɤ ɷɬɨɦɭ ɪɚɫɬɜɨɪɭ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɢɡ ɤɚɩɟɥɶɧɨɣ ɜɨɪɨɧɤɢ ɩɪɢɥɢɜɚɥɢ ɩɨ ɤɚɩɥɹɦ ɪɚɫɬɜɨɪ 

ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɧɚɮɬɟɧɚɬɚ ɤɚɥɢɹ ɜ ɜɨɞɟ ɢ ɩɪɨɰɟɫɫ ɩɪɨɜɨɞɢɥɫɹ ɜ ɬɟɱɟɧɢɢ 

ɱɚɫɚ. ɉɨɥɭɱɚɟɦɵɣ ɛɟɥɵɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɫɹ ɨɬ ɜɨɞɵ ɢ ɫɩɢɪɬɚ, ɚ ɡɚɬɟɦ 

ɜɵɫɭɲɢɜɚɥɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50-60ɨɋ  ɜ ɜɚɤɭɭɦɟ. ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɛɵɥɢ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɷɥɟɦɟɧɬɧɵɦ ɚɧɚɥɢɡɨɦ, ɂɄ-, əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ, ȾɋɄ, ȾɌȺ, ɊɎȺ 

ɢ ɞɪ. ɦɟɬɨɞɚɦɢ ɚɧɚɥɢɡɨɜ. ɇɚɮɬɟɧɚɬɵ ɰɢɪɤɨɧɢɥɚ (ɇɐ) ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ (ɰɢɤɥɨ)ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɚɯ. 

        ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɞɨɤɥɚɞɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ  ɩɪɨɰɟɫɫɨɜ 

ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɫ ɫɟɥɟɤɬɢɜɧɵɦ ɩɨɥɭɱɟɧɢɟɦ ɥɢɧɟɣɧɵɯ           α-

Ɂ-II-21 
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ɨɥɟɮɢɧɨɜ ɢ ɩɨɥɢɷɬɢɥɟɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɦɩɥɟɤɫɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɫɨɫɬɨɹɳɢɯ 

ɢɡ ɜɵɲɟɭɤɚɡɚɧɧɵɯ  ɇɐ ɢ ɪɚɡɥɢɱɧɵɯ ɚɥɤɢɥɚɥɸɦɢɧɢɣɯɥɨɪɢɞɨɜ. 

        Ȼɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ  ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɇɐ  ɢ (C2H5)3Al2Cl3, ɜɡɹɬɵɟ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ 

ɤɚɬɚɥɢɡɚɬɨɪɚ Zr:Al=1:(20-50) ɦɨɥɶ, ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 70-100ɨɋ, ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɩɪɨɹɜɥɹɸɬ ɜɵɫɨɤɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɩɪɨɰɟɫɫɟ 

ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɬɢ ɩɪɨɞɭɤɬɵ ɜ ɨɫɧɨɜɧɨɦ, ɫɨɫɬɨɹɬ ɢɡ 

ɥɢɧɟɣɧɵɯ α-ɨɥɟɮɢɧɨɜ ɢ ɤɨɥɢɱɟɫɬɜɨ ɧɟɮɬɹɧɨɣ ɤɢɫɥɨɬɵ  ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɥɟɤɫɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɜɥɢɹɟɬ ɤɚɤ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɨɥɢɝɨɦɟɪɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɬɚɤ ɢ ɧɚ 

ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ.  ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ 

ɨɬ 70ɨɋ ɞɨ 140ɨɋ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ (ɨɬ 809 ɝ.ɨɥɢɝɨɦɟɪ/ɝ. 

Zr ɱɚɫ-1 ɞɨ 3988 ɝ.ɨɥɢɝɨɦɟɪ/ɝ.Zr ɱɚɫ-1. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɚɡɵɜɚɟɬ 

ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɨɫɬɚɜ ɩɨɥɭɱɟɧɧɨɝɨ ɨɥɢɝɨɦɟɪɧɨɝɨ ɩɪɨɞɭɤɬɚ. Ɍɚɤ ɧɚɩɪɢɦɟɪ, 

ɟɫɥɢ ɜ ɨɥɢɝɨɦɟɪɧɨɦ ɩɪɨɞɭɤɬɟ, ɩɨɥɭɱɟɧɧɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɪɟɚɤɰɢɢ 70ɨɋ, ɤɨɥɢɱɟɫɬɜɨ 

ɮɪɚɤɰɢɢ ɋ4  ɫɨɫɬɚɜɥɹɟɬ 63,04%, ɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 140ɨɋ ɤɨɥɢɱɟɫɬɜɨ ɷɬɨɣ 

ɮɪɚɤɰɢɢ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 10,7%. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɤɨɥɢɱɟɫɬɜɨ ɋ10 – ɋ18 ɮɪɚɤɰɢɢ, 

ɜɵɤɢɩɚɸɳɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 3.76% ɞɨ 

43,5 %. 

          ɉɪɨɜɟɞɟɧɵ ɩɪɨɰɟɫɫɵ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɦɩɥɟɤɫɧɨɣ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɇɐ ɢ (C2H5)AlCl3, (C2H5)3Al, ɜ ɢɧɬɟɪɜɚɥɟ 

ɬɟɦɩɟɪɚɬɭɪɵ 70-90ɨɋ ɢ ɞɚɜɥɟɧɢɢ ɷɬɢɥɟɧɚ 1,3 ɆɊɚ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɬɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɬɚɤɠɟ ɩɪɨɹɜɥɹɸɬ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɜ 

ɩɪɨɰɟɫɫɚɯ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ.  

                                        

        Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ (ɫɨɝɥɚɲɟɧɢɟ № EIF-KETPL-2-2015-1(25)-56/ 

25/4-M-48) Ɏɨɧɞɚ Ɋɚɡɜɢɬɢɹ ɇɚɭɤɢ ɩɪɢ ɉɪɟɡɢɞɟɧɬɟ Ⱥɡɟɪɛɚɣɞɠɚɧɚ.   
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ɉɈɅɍɑȿɇɂȿ ȼɕɋɈɄɈɆɈɅȿɄɍɅəɊɇɕɏ ɉɊɈȾɍɄɌɈȼ ȼ ɉɊɈɐȿɋɋȿ 
ɉɂɊɈɅɂɁȺ ɉɈɉɍɌɇɈȽɈ ɇȿɎɌəɇɈȽɈ ȽȺɁȺ 

Ȼɚɭɥɢɧ ɋ.ȼ., ɋɥɟɞɡɶ Ɉ.ɋ., Ɇɭɮɬɟɟɜɚ ɂ.Ɋ., Ʉɚɛɚɧɨɜɚ ɉ. Ɋ., ɉɟɲɧɟɜ Ȼ.ȼ. 
THE PRODUCTION OF HIGH-MOLECULAR WEIGHT PRODUCTS BY 

ASSOCIATED PETROLIUM GAS PYROLYSIS  
Ɇɨɫɤɨɜɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɂɌɏɌ) 
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Ⱦɨɛɵɱɚ ɧɟɮɬɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ (ɉɇȽ). Ⱦɥɹ 

ɩɨɜɵɲɟɧɢɹ ɧɟɮɬɟɨɬɞɚɱɢ, ɟɝɨ ɡɚɤɚɱɢɜɚɸɬ ɨɛɪɚɬɧɨ ɜ ɩɥɚɫɬ, ɧɨ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɩɪɨɫɬɨ 

ɫɠɢɝɚɟɬɫɹ [5].  Ɇɟɠɞɭ ɬɟɦ ɉɇȽ ɹɜɥɹɟɬɫɹ ɰɟɧɧɵɦ ɪɟɫɭɪɫɨɦ, ɜ ɷɬɨɣ ɫɜɹɡɢ ɜ 2009 ɝɨɞɭ 

ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɛɵɥɨ ɢɡɞɚɧɨ ɩɨɫɬɚɧɨɜɥɟɧɢɟ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɞɨɜɟɫɬɢ ɭɪɨɜɟɧɶ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉɇȽ ɞɨ 95% [1, 2]. ȼ ɤɚɱɟɫɬɜɟ 

ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɨɧɜɟɪɫɢɹ ɜ 

ɠɢɞɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ (GTL-ɬɟɯɧɨɥɨɝɢɹ) ɢɥɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ [2].   

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞёɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɭɪɨɜɟɧɶ ɩɟɪɟɪɚɛɨɬɤɢ ɉɇȽ ɩɨɞɧɹɥɫɹ ɫ 73 

ɞɨ 77% [3, 4], ɧɨ ɞɨ ɡɚɹɜɥɟɧɧɵɯ 95 % ɟɳё ɞɚɥɟɤɨ ɢ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɝɚɡɚ ɩɪɨɞɨɥɠɚɟɬ 

ɫɠɢɝɚɬɶɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɵɛɪɨɫɭ ɜ ɚɬɦɨɫɮɟɪɭ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɚɠɢ, ɩɚɪɧɢɤɨɜɵɯ 

ɝɚɡɨɜ ɢ ɬ.ɞ. [6].  

ɉɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɨɞɧɚ ɢɡ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉɇȽ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɨ ɦɟɪɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 

ɨɛɴёɦ ɢ ɫɨɫɬɚɜ ɉɇȽ ɦɟɧɹɸɬɫɹ [7], ɚ ɷɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɨɫɥɨɠɧɹɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 

ɩɪɨɰɟɫɫ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ GTL-ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ 

ɨɛɴёɦ ɩɪɨɞɭɤɰɢɢ, ɧɨ ɜɫё ɪɚɜɧɨ ɨɫɬɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɟё ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ. ȼɨɡɦɨɠɧɨɫɬɶ 

ɤɨɦɩɚɭɧɞɢɪɨɜɚɧɢɹ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ ɧɟɮɬɶɸ ɜɵɡɵɜɚɟɬ ɞɢɫɤɭɫɫɢɢ.  

Ⱥɜɬɨɪɵ ɩɪɟɞɥɚɝɚɸɬ ɟɳё ɨɞɢɧ ɜɚɪɢɚɧɬ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉɇȽ, 

ɩɪɟɞɩɨɥɚɝɚɸɳɢɣ ɢɯ ɩɢɪɨɥɢɡ.  

ɉɪɨɰɟɫɫɵ ɩɢɪɨɥɢɡɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɧɚ ɩɨɥɭɱɟɧɢɟ ɥёɝɤɢɯ ɧɟɩɪɟɞɟɥɶɧɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

(ɫɦɨɥ). ȼ ɪɹɞɟ ɪɚɛɨɬ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɬɢ ɫɦɨɥɵ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɜɵɞɟɥɟɧɢɹ 

ɩɨɥɢɚɥɶɮɚɨɥɟɮɢɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɥɭɱɟɧɢɟɦ ɫɢɧɬɟɬɢɱɟɫɤɢɯ 

ɫɦɚɡɨɱɧɵɯ ɦɚɫɟɥ, ɜɵɞɟɥɟɧɢɹ ɫɩɟɤɚɸɳɢɯɫɹ ɞɨɛɚɜɨɤ, ɫɜɹɡɭɸɳɢɯ, ɩɪɨɩɢɬɨɱɧɵɯ ɢ 

ɜɨɥɨɤɧɨɨɛɪɚɡɭɸɳɢɯ ɩɟɤɨɜ, ɛɟɡ ɤɨɬɨɪɵɯ ɧɟɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɝɪɚɮɢɬ ɞɥɹ ɚɬɨɦɧɵɯ 

ɪɟɚɤɬɨɪɨɜ ɢ ɬ.ɞ. [9, 10]. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɉɇȽ ɦɨɝɭɬ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬɵ ɩɢɪɨɥɢɡɭ, ɧɨ 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦɭ ɧɟ ɧɚ ɩɨɥɭɱɟɧɢɟ ɥёɝɤɢɯ ɨɥɟɮɢɧɨɜ, ɚ ɧɚ ɫɦɨɥɨɨɛɪɚɡɨɜɚɧɢɟ. ɉɢɪɨɥɢɡ 

Ɂ-II-22 

mailto:ivanov-aa@ips.ac.ru


483 

 

ɦɟɧɟɟ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɢɡɦɟɧɟɧɢɸ ɫɨɫɬɚɜɚ ɫɵɪɶɹ, ɨɛɴёɦ ɩɪɨɞɭɤɰɢɢ (ɫɦɨɥ) ɫɭɳɟɫɬɜɟɧɧɨ 

ɦɟɧɶɲɟ, ɱɟɦ ɜ GTL-ɬɟɯɧɨɥɨɝɢɢ, ɚ ɝɚɡɵ ɩɢɪɨɥɢɡɚ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ 

ɬɨɩɨɱɧɵɯ ɞɥɹ ɩɟɱɢ ɩɢɪɨɥɢɡɚ.   

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɨɧɜɟɪɫɢɢ ɝɚɡɨɨɛɪɚɡɧɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ ɫ ɪɟɚɤɬɨɪɨɦ ɩɪɨɬɨɱɧɨɝɨ 

ɬɢɩɚ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 700÷900 ɨɋ. Ɉɛɴɟɦ ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɵ 3,08 ɫɦ3. ɂɫɯɨɞɧɨɟ 

ɫɵɪɶё – ɩɪɨɩɚɧ-ɛɭɬɚɧɨɜɚɹ ɮɪɚɤɰɢɹ (ɉȻɎ), ɪɚɫɯɨɞ ɤɨɬɨɪɨɣ ɜɚɪɶɢɪɨɜɚɥɫɹ ɨɬ 15 ɞɨ 40 

ɦɥ/ɦɢɧ. Ɍɚɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɫɯɨɞɚ ɝɚɡɚ ɢ ɨɛɴёɦɚ ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɵ ɨɛɟɫɩɟɱɢɜɚɥɨ 

ɜɪɟɦɟɧɚ ɤɨɧɬɚɤɬɚ ɨɬ 4,6 ɞɨ 12,3 ɫ. 

ȼɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɜɵɯɨɞ ɫɦɨɥ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 1. 

ȼɢɞɧɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɟ ɫɦɨɥɨɨɛɪɚɡɨɜɚɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 

750 ɨɋ ɢ ɩɪɢ 900 ɨɋ ɜɵɯɨɞ ɫɦɨɥ ɞɨɫɬɢɝɚɟɬ 90 %. ɉɪɢ ɷɬɨɦ ɧɚ ɜɵɯɨɞ ɫɦɨɥ ɨɱɟɧɶ ɛɨɥɶɲɨɟ 

ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɜɪɟɦɹ ɤɨɧɬɚɤɬɚ. ɉɪɢ ɟɝɨ ɭɜɟɥɢɱɟɧɢɢ ɨɬ 4,6 ɞɨ 12,3 ɫ. ɜɵɯɨɞ ɫɦɨɥ 

ɜɨɡɪɚɫɬɚɥ ɨɬ 40 ɞɨ 90 % (ɬɟɦɩɟɪɚɬɭɪɚ 900 ɨɋ).  

 

Ɋɢɫ. 1. ȼɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɧɚ ɜɵɯɨɞ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ, % 

ɦɚɫɫ. 

ȼɪɟɦɹ ɤɨɧɬɚɤɬɚ, ɫ: 1 – 12,3, 2 – 9,2, 3 – 6,1, 4 – 4,6.  

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɢ ɪɚɫɯɨɞ ɝɚɡɚ ɜɥɢɹɸɬ ɧɟ ɬɨɥɶɤɨ ɧɚ ɜɵɯɨɞ ɫɦɨɥ, ɧɨ ɬɚɤɠɟ ɧɚ ɨɛɴёɦ, 

ɫɨɫɬɚɜ ɢ ɬɟɩɥɨɬɜɨɪɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɝɚɡɚ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɜɵɯɨɞ ɝɚɡɚ (ɦ3/ɦ3) ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɜ ɝɚɡɟ ɜɨɡɪɚɫɬɚɟɬ 

ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ (ɨɬ 2,4 % ɩɪɢ 700 ɨɋ ɢ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ 4,6 ɫ, ɞɨ 22,5 % ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 900 ɨɋ ɢ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ 12,3 ɫ). Ɂɚɜɢɫɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɜ ɝɚɡɟ 
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ɧɟɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɢɦɟɟɬ ɷɤɫɬɪɟɦɚɥɶɧɵɣ 

ɯɚɪɚɤɬɟɪ (ɪɢɫ. 2) 

 

Ɋɢɫ. 2. ȼɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɩɪɨɰɟɫɫɚ ɧɚ ɜɵɯɨɞ ɝɚɡɚ ɢ ɫɨɞɟɪɠɚɧɢɟ ɧɟɩɪɟɞɟɥɶɧɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɨɬɯɨɞɹɳɟɦ ɝɚɡɟ. ȼɪɟɦɹ ɤɨɧɬɚɤɬɚ, ɫ: 1 – 4,6, 2 – 9,2. 

 

ɇɢɡɲɚɹ ɬɟɩɥɨɬɜɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 

35500÷63000 ɤȾɠ/ɦ3 ɢ ɫɧɢɠɚɟɬɫɹ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜ ɝɚɡɚɯ ɜɨɞɨɪɨɞɚ ɢ 

ɦɟɬɚɧɚ. 

Ɉɞɢɧɚɤɨɜɨɟ ɜɪɟɦɹ ɤɨɧɬɚɤɬɚ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ 

ɞɥɢɧɧɵ ɢ ɞɢɚɦɟɬɪɚ ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɵ. Ɉɞɧɚɤɨ ɢɡɦɟɧɟɧɢɟ ɢɯ ɫɨɨɬɧɨɲɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ 

ɢɡɦɟɧɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚ ɤɨɬɨɪɭɸ ɦɨɝɭɬ ɨɫɚɠɞɚɬɶɫɹ ɫɦɨɥɵ. ɗɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, 

ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɜɵɯɨɞɧɵɯ ɩɨɤɚɡɚɬɟɥɹɯ ɩɪɨɰɟɫɫɚ. ɉɨɤɚɡɚɬɟɥɟɦ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɵ ɢ ɟё ɨɛɴёɦɚ, ɹɜɥɹɟɬɫɹ 

ɝɟɬɟɪɨɝɟɧɧɵɣ ɮɚɤɬɨɪ. ɍ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɪɟɚɤɬɨɪɚ ɨɧ ɛɵɥ ɪɚɜɟɧ 350 ɦ-1. Ⱦɥɹ ɢɡɦɟɧɟɧɢɹ 

ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɮɚɤɬɨɪɚ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɡɨɧɭ ɩɨɦɟɳɚɥɚɫɶ ɧɚɜɟɫɤɚ (0,05÷0,10 ɝ) 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɦɚɪɤɢ N234. ɗɬɚ ɧɚɜɟɫɤɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɤɚɡɵɜɚɥɚɫɶ ɧɚ 

ɢɡɦɟɧɟɧɢɢ ɪɟɚɤɰɢɨɧɧɨɝɨ ɨɛɴɟɦɚ, ɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɨɬ 0,007 ɦ2 

ɞɨ 5÷10 ɦ2. ȼɥɢɹɧɢɟ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɮɚɤɬɨɪɚ ɧɚ ɜɵɯɨɞ ɫɦɨɥ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 3. ȼɢɞɧɨ, 

ɱɬɨ ɜɨɡɪɚɫɬɚɧɢɟ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɮɚɤɬɨɪɚ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɫɧɢɠɟɧɢɸ ɜɵɯɨɞɚ ɫɦɨɥ, ɧɨ 

ɩɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɵɯɨɞ ɤɨɤɫɚ. 

Ɍɚɤɨɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɮɚɤɬɨɪɚ ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɵ ɧɚ 

ɜɵɯɨɞɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɪɟɚɤɬɨɪɚ. 



485 

 

ɋɦɨɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 735 ɢ 900 ɨɋ (ɜɪɟɦɹ ɤɨɧɬɚɤɬɚ 22 ɫ) ɛɵɥɢ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɦɟɬɨɞɨɦ ɯɪɨɦɚɬɨ ɦɚɫɫ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 

1. 

 

Ɋɢɫ. 3. ȼɥɢɹɧɢɟ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɮɚɤɬɨɪɚ ɧɚ ɜɵɯɨɞ ɫɦɨɥ. 

 

Ɍɚɛɥɢɰɚ 1. Ƚɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ ɫɦɨɥ ɩɢɪɨɥɢɡɚ ɉȻɎ, % 

ɍɝɥɟɜɨɞɨɪɨɞɵ 
Ɍɟɦɩɟɪɚɬɭɪɚ, 0ɋ 

735 900 

ɉɚɪɚɮɢɧɵ 33.4 36.3 

Ⱥɥɤɟɧɵ, Ⱦɢɟɧɵ 16.6 18.2 

ɐɢɤɥɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ 50,0 45.5 

ɂɡ ɧɢɯ ɚɪɟɧɨɜ: 
Ɇɨɧɨɰɢɤɥɢɱɟɫɤɢɯ 66.6 60,0 

Ȼɢɰɢɤɥɢɱɟɫɤɢɯ 16.7 20,0 

Ƚɢɛɪɢɞɧɵɯ 16.7 20,0 

 

ȼɢɞɧɨ, ɱɬɨ ɧɚɪɹɞɭ ɫ ɚɥɤɚɧɚɦɢ, ɜ ɫɦɨɥɚɯ ɩɢɪɨɥɢɡɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɧɟɩɪɟɞɟɥɶɧɵɟ 

ɭɝɥɟɜɨɞɨɪɨɞɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɢɧɬɟɪɟɫ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɥɭɱɟɧɢɹ ɫɢɧɬɟɬɢɱɟɫɤɢɯ 

ɫɦɚɡɨɱɧɵɯ ɦɚɫɟɥ (ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɚɥɶɮɚɨɥɟɮɢɧɨɜ), ɚ ɬɚɤɠɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɰɢɤɥɢɱɟɫɤɨɝɨ 

ɫɬɪɨɟɧɢɹ (ɧɚɮɬɟɧɵ, ɚɪɟɧɵ), ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɢɧɬɟɪɟɫ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɟɤɨɜ. 

ɋɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɧɚ ɝɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ ɫɦɨɥ ɧɟ ɨɬɦɟɱɟɧɨ, 

ɧɨ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ, ɱɬɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɩɪɨɞɭɤɬɚɯ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨɥɹ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ.  

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ 

ɩɢɪɨɥɢɡɨɦ ɝɚɡɨɨɛɪɚɡɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫ ɛɨɥɶɲɢɦ 
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ɜɵɯɨɞɨɦ (ɞɨ 90 % ɦɚɫɫ.). Ɉɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɷɬɨɦ ɝɚɡ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɤɚɥɨɪɢɣɧɨɫɬɶɸ 

ɢ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɬɨɩɥɢɜɧɵɣ ɧɚ ɭɫɬɚɧɨɜɤɟ ɩɢɪɨɥɢɡɚ.  

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ɉɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 08.11.2012 № 

1148 «Ɉɛ ɨɫɨɛɟɧɧɨɫɬɹɯ ɢɫɱɢɫɥɟɧɢɹ ɩɥɚɬɵ ɡɚ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 

ɫɪɟɞɭ ɩɪɢ ɜɵɛɪɨɫɚɯ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ 

ɫɠɢɝɚɧɢɢ ɧɚ ɮɚɤɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɢ (ɢɥɢ) ɪɚɫɫɟɢɜɚɧɢɹ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ». 

2. Ȼɪɚɝɢɧɫɤɢɣ Ɉ. Ȼ. ɍɬɢɥɢɡɚɰɢɹ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ – ɮɚɤɬɨɪ 

ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ. // ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ: ɬɟɨɪɢɹ 

ɢ ɩɪɚɤɬɢɤɚ. 2014. – ɋ. 23. 

3. ɇ. ɂ. Ɂɜɭɣɤɨɜɫɤɢɣ. Ɏɚɤɟɥɵ ɝɚɫɧɭɬ // Oil&Gas Journal Russia – 2016. - №5. - 

ɋ. 78-81. 

4. Ƚɪɢɝɨɪɶɟɜ Ʌ. ɍɬɢɥɢɡɚɰɢɹ ɉɇȽ ɜ Ɋɨɫɫɢɢ: ɞɜɢɠɟɧɢɟ ɤ ɰɟɥɢ ɜ 95%. // 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɸɥɥɟɬɟɧɶ. – 2015 - №25. – ɋ. 19 – 23. 

5. ɗɞɟɪ Ʌ.ȼ., ɉɪɨɜɨɪɧɚɹ ɂ.ȼ., Ɏɢɥɢɦɨɧɨɜɚ ɂ.ȼ. Ⱦɨɛɵɱɚ ɢ ɭɬɢɥɢɡɚɰɢɹ 

ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ ɤɚɤ ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɨɫɜɨɟɧɢɹ ɧɟɞɪ: ɪɨɥɶ 

ɝɨɫɭɞɚɪɫɬɜɚ ɢ ɛɢɡɧɟɫɚ, ɬɟɯɧɨɥɨɝɢɣ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɨɝɪɚɧɢɱɟɧɢɣ. // ȻɍɊȿɇɂȿ ɂ 

ɇȿɎɌɖ. 2016. - №10 – ɋ. 8 – 15. 

6. Ʉɢɪɸɲɢɧ ɉ. Ⱥ., Ʉɧɢɠɧɢɤɨɜ Ⱥ. ɘ., Ʉɨɱɢ Ʉ. ȼ., ɉɭɡɚɧɨɜɚ Ɍ. Ⱥ., ɍɜɚɪɨɜ ɋ. 

Ⱥ. ɉɨɩɭɬɧɵɣ ɧɟɮɬɹɧɨɣ ɝɚɡ ɜ Ɋɨɫɫɢɢ: «ɋɠɢɝɚɬɶ ɧɟɥɶɡɹ, ɩɟɪɟɪɚɛɚɬɵɜɚɬɶ!». // 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɞɨɤɥɚɞ ɨɛ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢɡɞɟɪɠɤɚɯ ɫɠɢɝɚɧɢɹ 

ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ ɜ Ɋɨɫɫɢɢ. – Ɇ.: ȼɫɟɦɢɪɧɵɣ ɮɨɧɞ ɞɢɤɨɣ ɩɪɢɪɨɞɵ (WWF), 2013. 

– 88 ɫ. 

7. Ɏɢɥɢɩɩɨɜ Ⱥ. ȼ. Ʉɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ. // 

Neftegaz.Ru. 2013. - №10 – C. 68 – 72. 

8. ɉɪɨɢɡɜɨɞɫɬɜɨ ɭɝɥɟɪɨɞɧɨɣ ɩɪɨɞɭɤɰɢɢ. ɉɪɨɛɥɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ 

ɭɝɥɟɪɨɞɢɫɬɵɦ ɫɵɪɶɟɦ. ɋɛ. ɬɪ. ɊɏɌɍ ɢɦ. Ⱦ. ɂ. Ɇɟɧɞɟɥɟɟɜɚ. 2002. ɜɵɩ. 1, 182 ɫ. 

9. Ⱥ. Ⱥ. ɉɭɝɚɱɟɜɚ. ɋɢɧɬɟɡ ɢ ɫɜɨɣɫɬɜɚ ɧɨɜɵɯ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ 

ɤɢɫɥɨɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɟɜɪɚɳɟɧɢɹ ɜɵɫɲɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ: Ⱦɢɫ. … ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ: 

05.17.07. – Ɇɨɫɤɜɚ, 2015. – 156 ɫ. 
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ɌȼȿɊȾɈɎȺɁɇɕɃ ɋɂɇɌȿɁ ɎȿɊɊɂɌɈȼ ɆȿȾɂ ɂ ɐɂɇɄȺ ɉɈȾ 
ɆɂɄɊɈȼɈɅɇɈȼɕɆ ȼɈɁȾȿɃɋɌȼɂȿɆ  

Ʌɢɬɜɢɲɤɨɜ ɘ.ɇ., Ɂɭɥɶɮɭɝɚɪɨɜɚ ɋ.Ɇ., Ⱥɥɟɫɤɟɪɨɜɚ Ɂ.Ɏ., Ƚɚɫɚɧɝɭɥɢɟɜɚ ɇ.Ɇ., 
ɒɚɤɭɧɨɜɚ ɇ.ȼ. 

SOLID PHASE SYNTHESIS OF COPPER FERRITES  

BY MICROWAVE RADIATION 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ Ɇ. ɇɚɝɢɟɜɚ ɇȺɇ 

Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ  
E-mail: zsm07@mail.ru 

 

Ɏɟɪɪɢɬɵ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɨɫɨɛɵɦɢ ɦɚɝɧɢɬɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɢ ɫɨɱɟɬɚɸɳɢɯ ɜɵɫɨɤɭɸ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɨɥɭɩɪɨ-

ɜɨɞɧɢɤɨɜ ɢ ɞɢɷɥɟɤɬɪɢɤɨɜ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɨɧɢ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɷɥɟɤɬɪɨɬɟɯɧɢɤɟ, ɪɚɞɢɨɷɥɟɤɬɪɨɧɢɤɟ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɧɟɮɬɟɯɢɦɢɢ [1]. 

Ɏɟɪɪɢɬɵ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɠɟ ɤɚɤ ɮɨɬɨɤɚɬɚɥɢ-

ɡɚɬɨɪɵ, ɚɞɫɨɪɛɟɧɬɵ, ɩɨɝɥɨɬɢɬɟɥɢ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɤɟɪɚɦɢɱɟɫɤɢɟ ɩɢɝɦɟɧɬɵ. 

ɂɫɯɨɞɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɟɪɪɢɬɨɜ ɨɛɵɱɧɨ ɹɜɥɹɸɬɫɹ ɨɤɫɢɞɵ, ɫɨɥɢ 

ɢ ɝɢɞɪɨɤɫɢɞɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɚɥɥɨɜ.  

Ɏɟɪɪɢɬɵ ɩɨɥɭɱɚɸɬ ɦɟɬɨɞɨɦ ɫɨɨɫɚɠɞɟɧɢɹ  ɫɨɥɟɣ ɢɥɢ ɝɢɞɪɨɨɤɢɫɟɣ ɦɟɬɚɥɥɨɜ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɬɟɪɦɢɱɟɫɤɢɦ ɪɚɡɥɨɠɟɧɢɟɦ ɢ ɫɩɟɤɚɧɢɟɦ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɨɤɫɢɞɨɜ. Ɇɟɬɨɞ 

ɨɫɚɠɞɟɧɢɹ ɢɦɟɟɬ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ, ɨɫɧɨɜɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɝɚɡɨɜɵɯ ɜɵɛɪɨɫɨɜ.    

ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɟɬɨɞɚ ɫɨɨɫɚɠɞɟɧɢɹ, ɩɨɥɭɱɟɧɢɟ ɮɟɪɪɢɬɨɜ ɢɡ ɨɤɫɢɞɨɜ ɩɨ ɬɚɤ 

ɧɚɡɵɜɚɟɦɨɣ «ɤɟɪɚɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ»  ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɷɬɢɯ ɧɟɞɨɫɬɚɬ-

ɤɨɜ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɩɪɨɰɟɫɫɚ. Ɇɟɯɚɧɨɯɢɦɢɱɟɫɤɢɣ ɫɢɧɬɟɡ ɮɟɪɪɢɬɨɜ 

ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɬɚɞɢɣ - ɦɟɯɚɧɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɢ ɫɨɥɟɣ ɦɟɬɚɥɥɨɜ ɢɥɢ ɫɨɥɟɣ ɢ ɨɤɫɢɞɨɜ ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ  [2].     

Ɉɞɧɚɤɨ ɜɨ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɚɯ ɩɨɥɭɱɟɧɢɹ ɮɟɪɪɢɬɨɜ ɮɨɪɦɢɪɨɜɚɧɢɟ ɟɝɨ 

ɫɬɪɭɤɬɭɪɵ (ɲɩɢɧɟɥɢ)  ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨ ɜɪɟɦɹ ɫɩɟɤɚɧɢɹ, 

ɹɜɥɹɸɳɢɦɫɹ ɬɜɟɪɞɨɮɚɡɧɵɦ ɩɪɨɰɟɫɫɨɦ,  ɢ ɬɪɟɛɭɟɬ ɞɥɢɬɟɥɶɧɨɣ  ɬɟɪɨɦɨɨɛɪɚɛɨɬɤɢ. 

ɉɨɷɬɨɦɭ ɜɫɟ  ɟɳɟ ɚɤɬɭɚɥɶɧɵɦ ɨɫɬɚɟɬɫɹ ɩɨɢɫɤ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɮɟɪɪɢɬɨɜ ɫ 

ɦɟɧɶɲɟɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɢ ɷɧɟɪɝɨɡɚɬɪɚɬɚɦɢ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɥɢɦɢɬɢɪɭɸɳɟɣ ɫɬɚɞɢɟɣ ɬɜɟɪɞɨɮɚɡɧɵɯ  ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ 

ɞɢɮɮɭɡɢɹ. ɉɨɷɬɨɦɭ ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɬɜɟɪɞɨɮɚɡɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɨɦɢɦɨ ɬɟɪɦɢ-

ɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɜ ɨɛɥɚɫɬɢ ɬɟɯɧɨɥɨɝɢɢ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɮɟɪɪɢɬɨɜ ɜ 

ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɢɫɩɨɥɶɡɭɸɬ ɧɨɜɵɟ ɦɟɬɨɞɵ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɦɟɫɢ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ -

Ɂ-II-23 
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ɭɥɶɬɪɚɡɜɭɤɨɦ, ɫɜɟɪɯɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ, ɫɜɟɪɯɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦ (ɋȼɑ)  ɢɥɢ ɦɢɤɪɨɜɨɥ-

ɧɨɜɵɦ ɢɡɥɭɱɟɧɢɟɦ [3]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɢɧɬɟɡɚ 

ɮɟɪɪɢɬɨɜ ɦɟɬɚɥɥɨɜ (Cu, Zn)  ɢɡ ɢɯ ɨɤɫɢɞɨɜ ɢ ɩɪɢɪɨɞɧɨɝɨ ɦɚɝɧɟɬɢɬɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɋȼɑ ɢɡɥɭɱɟɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɞɥɹ ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɢɧɬɟɡɚ  ɮɟɪɪɢɬɨɜ ɤɨɛɚɥɶɬɚ ɢ 

ɧɢɤɟɥɹ  ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ  ɨɤɫɢɞ ɦɟɞɢ ɢ ɰɢɧɤɚ ɦɚɪɤɢ «ɱ», ɚ ɬɚɤɠɟ ɤɨɧɰɟɧɬɪɚɬ 

Ⱦɚɲɤɟɫɚɧɫɤɨɝɨ ɦɚɝɧɟɬɢɬɚ Fe3O4 ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɠɟɥɟɡɚ 70.4 %.  ɋɢɧɬɟɡ ɩɪɨɜɨɞɢɥɢ ɧɚ 

ɭɫɬɚɧɨɜɤɟ, ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɣ  ɧɚ ɛɚɡɟ ɦɢɤɪɨɜɨɥɧɨɜɨɣ ɩɟɱɢ EM-G5593V (Panasonic) ɫ 

ɨɛɴɟɦɨɦ ɪɟɡɨɧɚɬɨɪɚ 25 ɥ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɦɨɳɧɨɫɬɢ ɦɚɝɧɟɬɪɨɧɚ 300-800 ȼɬ ɫ ɪɚɛɨɱɟɣ 

ɱɚɫɬɨɬɨɣ 2450 ɆȽɰ. 

ɋɢɧɬɟɡ ɮɟɪɪɢɬɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨ ɫɥɟɞɭɸɳɟɣ ɦɟɬɨɞɢɤɟ:  ɜɡɹɬɵɟ ɜ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫ-

ɤɢɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ ɢ ɦɚɝɧɟɬɢɬɚ ɜ ɬɟɱɟɧɢɟ ɱɚɫɚ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɥɢ 

ɩɟɪɟɬɢɪɚɧɢɟɦ ɜ ɮɨɪɮɨɪɨɜɨɣ ɫɬɭɩɤɟ  ɫ ɷɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ ɞɨ ɩɨɥɧɨɝɨ ɜɵɫɵɯɚɧɢɹ. Ɂɚɬɟɦ 

ɩɨɥɭɱɟɧɧɭɸ  ɫɦɟɫɶ ɩɨɦɟɳɚɥɢ ɜ ɤɜɚɪɰɟɜɵɣ ɫɬɚɤɚɧ ɢ  ɩɨɞɜɟɪɝɚɥɢ ɋȼɑ ɨɛɪɚɛɨɬɤɟ. 

ȼɚɪɶɢɪɭɹ ɜɥɢɹɸɳɢɟ ɧɚ ɪɟɚɤɰɢɸ ɩɚɪɚɦɟɬɪɵ (ɦɨɳɧɨɫɬɶ ɦɚɝɧɟɬɪɨɧɚ ɢ ɜɪɟɦɹ ɪɟɚɤɰɢɢ), 

ɨɩɪɟɞɟɥɹɥɢ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɪɟɚɤɰɢɢ. ɉɪɢ ɦɨɳɧɨɫɬɢ ɦɚɝɧɟɬɪɨɧɚ 800 ȼɬ  ɨɛɳɟɟ 

ɜɪɟɦɹ ɪɟɚɤɰɢɢ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɬɢɪɚɧɢɟɦ ɫɨɫɬɚɜɥɹɥɨ 10-15 ɦɢɧɭɬ. ɉɨɫɥɟ ɩɟɪɜɵɯ 

5-7 ɦɢɧɭɬ ɫɦɟɫɶ ɞɨɫɬɚɜɚɥɢ ɢɡ ɩɟɱɢ, ɫɧɨɜɚ ɩɟɪɟɬɢɪɚɥɢ ɜ ɫɬɭɩɤɟ ɢ ɩɨɞɜɟɪɝɚɥɢ ɞɚɥɶɧɟɣɲɟɣ 

ɦɢɤɪɨɜɨɥɧɨɜɨɣ ɨɛɪɚɛɨɬɤɟ. 

          Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ (ɊɎȺ) ɩɨɥɭɱɟɧɧɵɯ ɮɟɪɪɢɬɨɜ ɛɵɥ ɩɪɨɜɟɞɟɧ ɧɚ ɚɜɬɨɦɚɬɢ-

ɱɟɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ «D 2Phazer» ɮɢɪɦɵ Bruker. Ɋɚɡɦɟɪɵ ɢ ɮɨɪɦɵ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɬɨɜ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɮɟɪɪɢɬɨɜ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɧɚ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ 

ɜɵɫɨɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ JSM – 6460LV  (ɊɗɆ). 

ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɬɜɟɪɞɨɮɚɡɧɨɦ ɫɢɧɬɟɡɟ ɮɟɪɪɢɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɩɪɟɤɭɪ-

ɫɨɪɚ-ɦɚɝɧɟɬɢɬɚ,  ɮɨɪɦɢɪɨɜɚɧɢɟ ɞɜɨɣɧɵɯ ɨɤɫɢɞɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɲɩɢɧɟɥɢ  (ɆɟFɟɈ)  ɜ 

ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɥɟɞɭɸɳɢɦɢ ɫɬɟɯɢɨɦɟɬ-

ɪɢɱɟɫɤɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ:    

2Fe3O4+MeO+0,5O2=MeFe2O4+2Fe2O3    (1) 

2Fe3O4+0,5O2=3Fe2O3                             (2) 

Fe2O3+MeO=Fe2O3·MeO=MeFe2O4          (3) 

ɋɨɝɥɚɫɧɨ ɩɪɢɜɟɞɟɧɧɵɦ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɹɦ ɪɟɚɤɰɢɣ, ɩɪɨɬɟɤɚɧɢɟ 

ɪɟɚɤɰɢɣ ɮɟɪɪɢɬɢɡɚɰɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɨ ɩɚɪɚɥɟɥɶɧɨ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɫɯɟɦɟ, ɜɤɥɸ-

ɱɚɸɳɟɣ ɦɚɪɲɪɭɬ (2)  ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɦɚɝɧɟɬɢɬɚ ɫ ɜɟɪɨɹɬɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɧɟɫɬɚɛɢɥɶɧɨɝɨ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ  ɦɟɝɝɚɦɢɬɚ (Ȗ-Fe2O3) ɢ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɝɨ ɝɟɦɚɬɢɬɚ 
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(α-

Fe2O3) ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɟɜɪɚɳɟɧɢɟɦ ɟɝɨ ɜ ɮɟɪɪɢɬ ( ɦɚɪɲɪɭɬ 3).                                                                                                                          

                                      ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɎȺ ɨɛɪɚɡɰɨɜ, (ɧɚ ɩɪɢɜɟɞɟɧɧɵɯ ɩɪɢɦɟɪɚɯ 

ɮɟɪɪɢɬɨɜ ɋu ɢ  Zn), ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɤɨɬɨɪɵɯ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ 

ɦɚɝɧɟɬɪɨɧɚ ɦɨɳɧɨɫɬɶɸ  200-400ɜɚɬɬ ɢ ɷɤɫɩɨɡɢɰɢɢ 10-15ɦɢɧ., ɜ ɢɯ ɫɨɫɬɚɜɟ ɩɨɦɢɦɨ ɮɚɡ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ  ɮɟɪɪɨɲɩɢɧɟɥɢ, ɧɚɥɢɱɢɫɬɜɭɸɬ ɮɚɡɵ Fe2O3 ɢ ɨɤɫɢɞɨɜ–ɦɟɬɚɥɥɨɜ 

ɦɨɞɢɮɢɤɚɬɨɪɨɜ. ɋ ɩɨɜɵɲɟɧɢɟɦ ɦɨɳɧɨɫɬɢ ɋȼɑ ɢɡɥɭɱɟɧɢɹ ɞɨ 800 ɜɚɬɬ ɢ ɜɪɟɦɟɧɢ 

ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ ɜ ɪɟɡɨɧɚɬɨɪɟ ɩɟɱɢ ɞɨ 15 ɦɢɧ., ɭɫɬɚɧɨɜɥɟɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɬɨɥɶɤɨ 

ɨɞɧɨɪɨɞɧɵɯ ɨɛɪɚɡɰɨɜ ɮɟɪɪɢɬɨɜ. ɋɥɚɛɨɟ ɞɢɮɮɭɡɢɨɧɧɨɟ ɪɚɫɫɟɹɧɢɟ ɧɚ ɦɚɥɵɯ ɭɝɥɚɯ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɢɫɭɬɫɬɜɢɢ ɜ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɧɚɪɹɞɭ ɫ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ 

ɮɚɡɚɦɢ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣɜ ɪɟɧɬɝɟɧɨɚɦɨɪɮɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

 
 

Ɋɢɫ. 1. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ (ZnO+ɦɚɝɧɟɬɢɬ) ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɋȼɑ 

ɢɡɥɭɱɟɧɢɹ 800 ȼɬ, ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ15 ɦɢɧ. 
 

 
 

Ɋɢɫ. 2. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ (CuɈ+ɦɚɝɧɟɬɢɬ) ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɋȼɑ 

ɢɡɥɭɱɟɧɢɹ,  ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ 15 ɦɢɧ. 
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ɂɡ ɫɪɚɜɧɟɧɢɹ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɢɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɫ ɞɚɧɧɵɦɢ ɛɚɡɵ Powder 

Diffraction File (PDF) ɫɥɟɞɭɟɬ, ɱɬɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ  ɜ ɩɪɢɜɟɞɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɪɚɡɰɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɮɚɡɟ ɮɟɪɪɢɬɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɲɩɢɧɟɥɢ [4]. 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɊɎȺ ɢ ɊɗɆ ɩɨɡɜɨɥɹɟɬ ɨɬɦɟɬɢɬɶ 

ɮɚɤɬ ɧɚɛɥɸɞɚɟɦɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɢɪɚɳɟɧɢɹ ɜɵɯɨɞɚ ɮɟɪɪɢɬɨɜ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ 

ɦɨɳɧɨɫɬɢ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɨɛɥɚɫɬɢ 400 -600 ɜɚɬɬ ɢ ɜɪɟɦɟɧɢ ɷɤɫɩɨɡɢɰɢɢ ɜ 

ɩɨɥɟ ɋȼɑ 10 -15 ɦɢɧ., ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɪɨɫɬɟ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɆɟFe2O4, ɱɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɛɪɚɡɨɜɚɧɢɢ ɮɟɪɪɨɲɩɢɧɟɥɢ, ɜɫɥɟɞɫɬɜɢɟ ɪɨɫɬɚ ɱɚɫɬɢɰ ɧɚ ɨɫɧɨɜɟ 

ɡɚɪɨɞɵɲɟɣ ɳɩɢɧɟɥɶɧɨɣ ɮɚɡɵ, ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɢɡɥɭɱɟɧɢɹ ɦɨɳɧɨɫɬɶɸ 

400 ɜɚɬɬ. Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ ɋȼɑ ɢɡɥɭɱɟɧɢɹ ɤ 

ɮɨɪɦɢɪɨɜɚɧɢɸ ɧɨɜɵɯ ɡɚɪɨɞɵɲɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɳɩɢɧɟɥɶɧɨɣ ɮɚɡɵ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɧɟ 

ɩɪɢɜɨɞɢɬ. 

ȼɵɹɜɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɢɧɬɟɡɚ 

ɋuFe2O4 ɢ ZnFe2O4 ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ. ɍɫɬɚɧɨɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɚɤɬɢɱɟɫɤɢ 

ɨɞɧɨɪɨɞɧɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ   ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɮɟɪɪɨɲɩɢɧɟɥɢ ɫ 

ɜɵɯɨɞɨɦ, ɩɪɢɟɦɥɟɦɵɦ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɣ  ɪɟɚɥɢɡɚɰɢɢ. 
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ɇɂɁɄɈȾɈɁɂɊɍȿɆɕȿ ɂɇȽɂȻɂɌɈɊɕ ȽɂȾɊȺɌɈɈȻɊȺɁɈȼȺɇɂə ɋ 
ȺɇɌɂɄɈɊɊɈɁɂɈɇɇɕɆ ɂ ȻȺɄɌȿɊɂɐɂȾɇɕɆ ȾȿɃɋɌȼɂȿɆ 

ɒɚɯɦɚɟɜ Ɋ.ɇ., ɋɭɧɚɝɚɬɭɥɥɢɧɚ Ⱥ.ɒ., Ɂɨɪɢɧ ȼ.ȼ.  
LOW DOSAGE HYDRATE INHIBITORS WITH ANTICORROSIVE AND 

BACTERICIDAL ACTION 
ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɍɮɚ 
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Ɉɛɪɚɡɨɜɚɧɢɟ ɝɚɡɨɝɢɞɪɚɬɧɵɯ ɨɬɥɨɠɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɪɨɛɥɟɦ 

ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɢ ɞɨɛɵɱɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɭɫɥɨɜɢɹɯ ɩɨɧɢɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɢ 

(ɢɥɢ) ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ [1]. Ƚɚɡɨɝɢɞɪɚɬɧɵɟ ɩɪɨɛɤɢ ɛɥɨɤɢɪɭɸɬ ɫɤɜɚɠɢɧɵ, 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɥɢɧɢɢ ɢ ɞɚɠɟ ɦɚɝɢɫɬɪɚɥɶɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɱɚɫɬɨ ɹɜɥɹɹɫɶ ɩɪɢɱɢɧɨɣ 

ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ ɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɬɟɪɶ. Ɍɪɚɞɢɰɢɨɧɧɵɟ ɢɧɝɢɛɢɬɨɪɵ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ (ɦɟɬɚɧɨɥ ɢ ɝɥɢɤɨɥɢ) ɩɪɟɞɨɬɜɪɚɳɚɸɬ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɟ 

ɥɢɲɶ ɩɪɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɞɨɪɨɠɚɟɬ ɞɨɛɵɱɭ ɢ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɫɨɡɞɚɟɬ ɫɟɪɶɟɡɧɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ. ȼ 

ɩɨɫɥɟɞɧɢɟ ɞɜɚ ɞɟɫɹɬɢɥɟɬɢɹ ɤɪɭɩɧɟɣɲɢɦɢ ɡɚɩɚɞɧɵɦɢ ɧɟɮɬɹɧɵɦɢ ɢ ɯɢɦɢɱɟɫɤɢɦɢ 

ɤɨɦɩɚɧɢɹɦɢ ɭɫɩɟɲɧɨ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɢ ɜɧɟɞɪɹɸɬɫɹ ɧɢɡɤɨɞɨɡɢɪɭɟɦɵɟ ɢɧɝɢɛɢɬɨɪɵ 

ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ [Low dosage hydrate inhibitors (LDHIs)], ɩɨɡɜɨɥɹɸɳɢɟ ɫɭɳɟɫɬɜɟɧɧɨ 

ɫɨɤɪɚɬɢɬɶ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɢ ɨɩɟɪɚɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟɮɬɟ- ɢ ɝɚɡɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦ [2]. Ⱦɜɚ ɨɫɧɨɜɧɵɯ ɬɢɩɚ LDHIs – 

ɤɢɧɟɬɢɱɟɫɤɢɟ ɢɧɝɢɛɢɬɨɪɵ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ [kinetic hydrate inhibitors (KHIs)] ɢ 

ɚɧɬɢɚɝɥɨɦɟɪɚɧɬɵ [antiagglomerants (AAs)] ɷɮɮɟɤɬɢɜɧɨ ɪɚɛɨɬɚɸɬ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 0.1-

1%, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɢɧɝɢɛɢɬɨɪɨɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ 

ɬɪɟɛɭɸɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟ ɧɢɠɟ 20-50% [3]. 

Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɧɟɮɬɢ ɢ ɝɚɡɚ ɜɫɟ 

ɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɚɸɬ ɚɧɬɢɚɝɥɨɦɟɪɚɧɬɵ (AAs), ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɨɬ 

KHIs ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɩɪɢ ɨɱɟɧɶ ɧɢɡɤɢɯ ɪɚɛɨɱɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ (0.1-

0.3%) [2]. AAs ɧɟ ɩɪɟɩɹɬɫɬɜɭɸɬ ɮɨɪɦɢɪɨɜɚɧɢɸ ɝɚɡɨɝɢɞɪɚɬɧɵɯ ɱɚɫɬɢɰ, ɧɨ 

ɩɪɟɞɨɬɜɪɚɳɚɸɬ ɢɯ ɚɝɥɨɦɟɪɚɰɢɸ ɢ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɟ ɜ ɛɨɥɶɲɢɟ ɝɢɞɪɚɬɧɵɟ ɦɚɫɫɵ, 

ɫɩɨɫɨɛɧɵɟ ɤ ɡɚɤɭɩɨɪɤɟ ɫɤɜɚɠɢɧ ɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. Ɉɫɧɨɜɧɵɦ ɤɨɦɦɟɪɱɟɫɤɢɦ ɤɥɚɫɫɨɦ 

ȺȺs ɹɜɥɹɸɬɫɹ ɱɟɬɜɟɪɬɢɱɧɵɟ ɚɦɦɨɧɢɣɧɵɟ ɫɨɥɢ, ɫɨɞɟɪɠɚɳɢɟ ɞɜɚ ɢɥɢ ɛɨɥɟɟ ɋ4-ɋ6 

ɚɥɤɢɥɶɧɵɯ ɮɪɚɝɦɟɧɬɚ. ɍɦɟɧɶɲɟɧɢɟ ɢɥɢ ɭɜɟɥɢɱɟɧɢɟ ɰɟɩɢ ɚɥɤɢɥɶɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜɟɞɟɬ 

ɤ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɣ ɩɨɬɟɪɟ ɩɪɨɬɢɜɨɝɢɞɪɚɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ [2]. 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ ɧɟɮɬɟɩɪɨɦɵɫɥɨɜɨɣ ɯɢɦɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɱɟɬɥɢɜɵɣ ɬɪɟɧɞ ɩɨ 

ɫɨɡɞɚɧɢɸ ɪɟɚɝɟɧɬɨɜ ɤɨɦɩɥɟɤɫɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɱɬɨ ɜɟɞɟɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ 
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ɨɩɟɪɚɰɢɨɧɧɵɯ ɢɡɞɟɪɠɟɤ ɜ ɧɟɮɬɟɝɚɡɨɞɨɛɵɜɚɸɳɟɣ ɨɬɪɚɫɥɢ. Ȼɨɥɟɟ ɬɨɝɨ ɡɚɦɟɧɚ ɝɪɭɩɩɵ 

ɪɟɚɝɟɧɬɨɜ ɨɞɧɢɦ ɱɚɫɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɨɥɟɟ ɞɨɪɨɝɨɫɬɨɹɳɢɯ, 

ɧɨ ɜɦɟɫɬɟ ɫ ɬɟɦ ɛɨɥɟɟ ɷɤɨɥɨɝɢɱɧɵɯ ɪɟɚɝɟɧɬɨɜ. 

ɇɚɦɢ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɧɢɡɤɨɞɨɡɢɪɭɟɦɵɯ ɢɧɝɢɛɢɬɨɪɨɜ 

ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ (ɚɧɬɢɚɝɥɨɦɟɪɚɧɬɨɜ) ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɦɢ ɢ 

ɛɚɤɬɟɪɢɰɢɞɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɧɚ ɨɫɧɨɜɟ ɤɜɚɬɟɪɧɢɡɚɰɢɢ ɞɢɛɭɬɢɥɚɦɢɧɚ (1) (E)- ɢ (Z)-

ɢɡɨɦɟɪɚɦɢ 1,3-ɞɢɯɥɨɪɩɪɨɩɟɧɚ (2 ɢ 3). ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ ɫ 3-ɯɥɨɪɩɪɨɩ-2-

ɟɧɢɥɶɧɵɦ ɮɪɚɝɦɟɧɬɨɦ ɨɛɥɚɞɚɸɬ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɦ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɦ ɢ 

ɛɚɤɬɟɪɢɰɢɞɧɵɦ ɞɟɣɫɬɜɢɟɦ [4]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɥɢɱɢɟ ɜ ɩɪɨɞɭɤɬɚɯ ɤɜɚɬɟɪɧɢɡɚɰɢɢ 

ɨɩɬɢɦɚɥɶɧɵɯ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɚɝɥɨɦɟɪɚɰɢɢ ɝɚɡɨɝɢɞɪɚɬɨɜ ɋ4-ɚɥɤɢɥɶɧɵɯ ɝɪɭɩɩ ɢ 3-

ɯɥɨɪɩɪɨɩ-2-ɟɧɢɥɶɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɬɢɜɨɝɢɞɪɚɬɧɭɸ, 

ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɭɸ ɢ ɛɚɤɬɟɪɢɰɢɞɧɭɸ ɚɤɬɢɜɧɨɫɬɶ. 

ɋ ɰɟɥɶɸ ɜɵɞɟɥɟɧɢɹ ɢ ɫɩɟɤɬɪɚɥɶɧɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɬɪɟɬɢɱɧɨɝɨ 

ɚɦɢɧɚ ɤɜɚɬɟɪɧɢɡɚɰɢɸ ɞɢɛɭɬɢɥɚɦɢɧɚ (1) ɩɪɨɜɨɞɢɥɢ ɜ ɞɜɟ ɫɬɚɞɢɢ. ɉɪɢ ɚɥɤɢɥɢɪɨɜɚɧɢɢ 

ɚɦɢɧɚ 1 ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ (E)-1,3-ɞɢɯɥɨɩɪɨɩɟɧɚ (2) ɜ ɤɢɩɹɳɟɦ ɚɰɟɬɨɧɢɬɪɢɥɟ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ K2CO3 ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɨɛɪɚɡɭɟɬɫɹ N-ɛɭɬɢɥ-N-[(2E)-3-ɯɥɨɪɩɪɨɩ-2-ɟɧ-

1-ɢɥ]ɛɭɬɚɧ-1-ɚɦɢɧ (4). ɉɨɜɬɨɪɧɨɟ ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɬɪɟɬɢɱɧɨɝɨ ɚɦɢɧɚ 4 ɟɳɟ ɨɞɧɢɦ 

ɷɤɜɢɜɚɥɟɧɬɨɦ (E)-1,3-ɞɢɯɥɨɩɪɨɩɟɧɚ (2) ɩɪɢɜɨɞɢɬ ɤ ɰɟɥɟɜɨɣ ɚɦɦɨɧɢɟɜɨɣ ɫɨɥɢ 6 ɫ 

ɜɵɯɨɞɨɦ 77%.  
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Ʉɜɚɬɟɪɧɢɡɚɰɢɟɣ ɞɢɛɭɬɢɥɚɦɢɧɚ (1) (Z)-1,3-ɞɢɯɥɨɩɪɨɩɟɧɨɦ (3) ɫ ɚɧɚɥɨɝɢɱɧɵɦ 

ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ  N,N-ɞɢɛɭɬɢɥ-N,N-ɛɢɫ[(2Z)-3-ɯɥɨɪɩɪɨɩ-2-ɟɧ-1-ɢɥ]ɚɦɦɨɧɢɣ ɯɥɨɪɢɞ (7). 

Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ ɞɢɛɭɬɢɥɚɦɢɧɚ (1) ɢɡɨɦɟɪɚɦɢ 1,3-ɞɢɯɥɨɪɩɪɨɩɟɧɚ ɩɪɨɬɟɤɚɟɬ ɛɟɡ 

ɚɥɥɢɥɶɧɨɣ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ ɢ ɫ ɩɨɥɧɵɦ ɫɨɯɪɚɧɟɧɢɟɦ ɤɨɧɮɢɝɭɪɚɰɢɢ ɯɥɨɪɜɢɧɢɥɶɧɨɝɨ 

ɮɪɚɝɦɟɧɬɚ. ɋ ɰɟɥɶɸ ɭɩɪɨɳɟɧɢɹ ɩɪɨɜɟɞɟɧɢɹ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ 

ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɬɟɪɟɨɯɢɦɢɱɟɫɤɢ ɱɢɫɬɵɟ ɢɡɨɦɟɪɵ 1,3-
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ɞɢɯɥɨɪɩɪɨɩɟɧɚ, ɨɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ ɰɟɥɟɫɨɨɛɪɚɡɧɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɩɪɨɦɵɲɥɟɧɧɭɸ 

ɫɦɟɫɶ – ɞɟɲɟɜɵɣ ɩɨɛɨɱɧɵɣ ɩɪɨɞɭɤɬ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɥɢɥɯɥɨɪɢɞɚ. 

ɂɫɩɵɬɚɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɱɟɬɜɟɪɬɢɱɧɵɯ ɫɨɥɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɦɟɬɨɞɨɜ 

ɤɚɱɚɸɳɢɯɫɹ ɹɱɟɟɤ [5], ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫɵ ɤɪɢɫɬɚɥɥɚ ɌȽɎ-ɝɢɞɪɚɬɚ [6], 

ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ [7] ɢ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɞɢɫɤɨɜɨɝɨ ɦɟɬɨɞɚ [8] ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ 

ɩɪɨɬɢɜɨɝɢɞɪɚɬɧɭɸ ɚɤɬɢɜɧɨɫɬɶ (ɫɪɚɜɧɢɦɭɸ ɫ ɚɤɬɢɜɧɨɫɬɶɸ 

ɬɟɬɪɚɩɟɧɬɢɥɚɦɦɨɧɢɣɛɪɨɦɢɞɚ), ɯɨɪɨɲɭɸ ɫɬɟɩɟɧɶ ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ (92-95 %) ɢ 

ɜɵɫɨɤɭɸ ɛɚɤɬɟɪɢɰɢɞɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɲɬɚɦɦɚɦ Bacillus subtilis, 

Pseudomonas aureofaciens ɢ Micrococcus sp. ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 0.5 %. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɱɟɬɜɟɪɬɢɱɧɵɟ ɚɦɦɨɧɢɟɜɵɟ ɫɨɥɢ 6 ɢ 7 ɦɨɝɭɬ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɷɮɮɟɤɬɢɜɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɧɢɡɤɨɞɨɡɢɪɭɟɦɵɯ ɢɧɝɢɛɢɬɨɪɨɜ 

ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ, ɢɧɝɢɛɢɬɨɪɨɜ ɤɨɪɪɨɡɢɢ ɢ ɛɚɤɬɟɪɢɰɢɞɨɜ. 
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ɋɌȿɊȿɈɋȿɅȿɄɌɂȼɇɕɃ ɄȺɌȺɅɂɌɂɑȿɋɄɂɃ ɋɂɇɌȿɁ 
ɆȺɄɊɈȾɂɈɅɂȾɈȼ, ɋɈȾȿɊɀȺɓɂɏ 1Z,5Z-ȾɂȿɇɈȼɕɃ ɎɊȺȽɆȿɇɌ  

ɂɫɥɚɦɨɜ ɂ.ɂ., ɏɭɫɚɢɧɨɜɚ ɗ.Ɇ., Ⱦɶɹɤɨɧɨɜ ȼ.Ⱥ., Ⱦɠɟɦɢɥɟɜ ɍ.Ɇ. 
STEREOSELECTIVE CATALYTIC SYNTHESIS OF MACRODIOLIDES 

CONTAINING A 1Z,5Z-DEINE MOIETY  
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɊȺɇ, ɍɮɚ, Ɋɨɫɫɢɹ 
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ɇɟɭɤɥɨɧɧɨ ɜɨɡɪɚɫɬɚɸɳɢɣ ɢɧɬɟɪɟɫ ɤ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɦɚɤɪɨɤɚɪɛɨɰɢɤɥɚɦ 

ɨɛɭɫɥɨɜɥɟɧ, ɩɪɨɹɜɥɹɟɦɵɦ ɞɚɧɧɵɦ ɤɥɚɫɫɨɦ ɫɨɟɞɢɧɟɧɢɣ, ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɩɨɥɟɡɧɵɯ 

ɫɜɨɣɫɬɜ. Ɍɚɤ, ɦɚɤɪɨɤɚɪɛɨɰɢɤɥɵ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɜɵɫɨɤɨɫɨɪɬɧɵɯ 

ɞɭɲɢɫɬɵɯ ɜɟɳɟɫɬɜ, ɮɟɪɨɦɨɧɨɜ, ɷɤɫɬɪɚɝɟɧɬɨɜ, ɢɨɧɨɮɨɪɨɜ ɢ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ [1,2]. 

Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɢ ɩɪɚɤɬɢɱɟɫɤɭɸ ɰɟɧɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɸɬ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɟ 

ɦɨɧɨ- ɢ ɞɢɥɚɤɬɨɧɵ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɤɪɚɬɧɵɟ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɵɟ ɫɜɹɡɢ, ɚ 

ɬɚɤɠɟ ɝɟɬɟɪɨɚɬɨɦɵ, ɤɨɬɨɪɵɟ ɩɪɨɹɜɥɹɸɬ ɜɵɫɨɤɭɸ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɭɸ, 

ɩɪɨɬɢɜɨɜɢɪɭɫɧɭɸ, ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɭɸ ɢ ɮɭɧɝɢɰɢɞɧɭɸ ɚɤɬɢɜɧɨɫɬɢ [3,4]. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɭɤɚɡɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜɵɞɟɥɹɸɬ ɢɡ ɩɪɢɪɨɞɧɵɯ 

ɨɛɴɟɤɬɨɜ, ɫɢɧɬɟɡɢɪɭɸɬ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɢɥɢ ɩɪɨɜɨɞɹɬ ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ 

ɫɢɧɬɟɡ. ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɨɪɢɝɢɧɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɦɚɤɪɨɥɢɞɨɜ ɢ 

ɢɡɭɱɟɧɢɟ ɢɯ ɫɜɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɢ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɫɢɧɬɟɡɚ ɪɚɧɟɟ ɧɟɨɩɢɫɚɧɧɵɯ 

ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɞɢɥɚɤɬɨɧɨɜ – ɦɚɤɪɨɞɢɨɥɢɞɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ 1Z,5Z-

ɞɢɟɧɨɜɵɟ ɮɪɚɝɦɟɧɬɵ, ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ ɢ 

ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɯ ɩɪɟɩɚɪɚɬɨɜ. 

 

ɋɯɟɦɚ 1. ɋɢɧɬɟɡ ɦɚɤɪɨɞɢɨɥɢɞɨɜ, ɫɨɞɟɪɠɚɳɢɯ 1Z,5Z-ɞɢɟɧɨɜɵɣ ɮɪɚɝɦɟɧɬ 
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ɉɨɤɚɡɚɧɨ, ɱɬɨ ɝɨɦɨ-ɰɢɤɥɨɦɚɝɧɢɪɨɜɚɧɢɟ [5] 2-(7,8-ɧɨɧɚɞɢɟɧ-1-

ɢɥɨɤɫɢ)ɬɟɬɪɚɝɢɞɪɨɩɢɪɚɧɚ 1 ɫ ɩɨɦɨɳɶɸ EtMgBr ɤɚɬɚɥɢɡɢɪɭɟɦɨɟ Cp2TiCl2 ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɦɚɝɧɟɡɚɰɢɤɥɨɩɟɧɬɚɧɚ 2. Ʉɢɫɥɨɬɧɵɣ ɝɢɞɪɨɥɢɡ ɨɛɪɚɡɭɸɳɟɝɨɫɹ in situ 

ɦɚɝɧɟɡɚɰɢɤɥɨɩɟɧɬɚɧɚ 2 ɞɚɟɬ 1,18-ɛɢɫ-ɬɟɬɪɚɝɢɞɪɨɩɢɪɚɧɢɥ-7Z,11Z-ɞɢɟɧ-1,18-ɞɢɨɥ 3 ɫ 

ɜɵɯɨɞɨɦ 79%. Ɉɤɢɫɥɟɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɫ ɩɨɦɨɳɶɸ ɪɟɚɤɬɢɜɚ Ⱦɠɨɧɫɚ ɩɪɢɜɨɞɢɬ ɤ 

(7Z,11Z)-ɨɤɬɚɞɟɤɚ-7,11-ɞɢɟɧɞɢɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɟ 4 c ɜɵɯɨɞɨɦ 56 % (ɋɯɟɦɚ 1). ɇɚ 

ɡɚɜɟɪɲɚɸɳɟɦ ɷɬɚɩɟ ɫɢɧɬɟɡɚ, ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɨɤɨɧɞɟɧɫɚɰɢɟɣ [6] 

ɤɢɫɥɨɬɵ 4 ɫ α,ѡ-ɞɢɨɥɚɦɢ ɩɨɥɭɱɟɧɵ ɰɟɥɟɜɵɟ ɦɚɤɪɨɞɢɨɥɢɞɵ 5 ɫ ɜɵɯɨɞɚɦɢ ɛɨɥɟɟ 71% 

(ɋɯɟɦɚ 1). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɦɢ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɭɧɢɤɚɥɶɧɵɯ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ 

ɞɢɥɚɤɬɨɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ 1Z,5Z-ɞɢɟɧɨɜɵɣ ɮɪɚɝɦɟɧɬ, ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜ 

ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ, ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɯ, 

ɩɪɨɬɢɜɨɦɚɥɹɪɢɣɧɵɯ ɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɯ ɩɪɟɩɚɪɚɬɨɜ.  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ 

(ɉɪɨɟɤɬ № 17-73-00136). 
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ɇ.Ƚ.1 

OLIGOMERIZATION OF AMYLENES ON MICRO- AND MICRO-MESO-

MACROPOUROUS ZEOLITE Y 
1 ɎȽȻɍɇ ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɊȺɇ, ɍɮɚ 
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2 ɎȽȻɈɍ ȼɈ Ȼɚɲɤɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɍɮɚ 

 

Ɉɥɢɝɨɦɟɪɵ ɚɦɢɥɟɧɨɜ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɞɢɦɟɪɵ ɢ ɬɪɢɦɟɪɵ, ɷɬɨ ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɟ 

ɤɨɦɩɨɧɟɧɬɵ ɛɟɧɡɢɧɨɜɨɝɨ ɢ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɞɭɤɬɵ ɞɢɦɟɪɢɡɚɰɢɢ 

ɢɡɨɩɟɧɬɟɧɨɜ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɫɚɞɨɤ, ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ, 

ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ, ɩɚɪɮɸɦɟɪɧɵɯ ɨɫɧɨɜ, ɤɪɚɫɢɬɟɥɟɣ, ɫɦɨɥ, ɞɟɬɟɪɝɟɧɬɨɜ, 

ɞɟɩɪɟɫɫɚɧɬɨɜ ɞɥɹ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɦɟɪɡɚɧɢɹ [1]. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ 

ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɧɢɡɲɢɯ ɨɥɟɮɢɧɨɜ ɹɜɥɹɸɬɫɹ ɫɢɥɢɤɚɮɨɫɮɚɬɧɵɟ [2], ɢɦɟɸɳɢɟ ɫɟɪɶɟɡɧɵɟ 

ɧɟɞɨɫɬɚɬɤɢ: ɤɨɪɨɬɤɢɣ ɫɪɨɤ ɫɥɭɠɛɵ, ɤɨɪɪɨɡɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɥɨɠɧɨɫɬɢ ɩɪɢ ɭɞɚɥɟɧɢɢ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɡ ɪɟɚɤɬɨɪɚ ɢ ɟɝɨ ɭɬɢɥɢɡɚɰɢɢ. Ȼɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɛɨɥɟɟ ɭɞɨɛɧɵɟ ɜ 

ɷɤɫɩɥɭɚɬɚɰɢɢ  ɤɚɬɚɥɢɡɚɬɨɪɵ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɧɢɡɲɢɯ ɨɥɟɮɢɧɨɜ ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɚ ZSM-

5 (ɩɪɨɰɟɫɫ MOGD ɮɢɪɦɵ Mobil Oil). Ʉ ɫɨɠɚɥɟɧɢɸ,  ɰɟɨɥɢɬɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɛɵɫɬɪɨ 

ɞɟɡɚɤɬɢɜɢɪɭɸɬɫɹ, ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɡɚɬɪɭɞɧɟɧɢɣ, ɫɨɡɞɚɜɚɟɦɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɪɟɲɟɬɤɨɣ ɰɟɨɥɢɬɨɜ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɦɨɥɟɤɭɥ ɨɥɢɝɨɦɟɪɨɜ ɢ ɛɥɨɤɢɪɨɜɤɢ  ɰɟɨɥɢɬɧɵɯ ɦɢɤɪɨɩɨɪ. 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɸɬɫɹ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɦɢɤɪɨ-ɦɟɡɨɩɨɪɢɫɬɵɯ 

ɰɟɨɥɢɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɭɦɟɧɶɲɢɬɶ  ɞɢɮɮɭɡɢɨɧɧɵɟ ɡɚɬɪɭɞɧɟɧɢɹ [3]. 

.ɋ ɰɟɥɶɸ ɪɚɡɪɚɛɨɬɤɢ ɝɟɬɟɪɨɝɟɧɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɩɨɫɨɛɨɜ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ 

ɮɪɚɤɰɢɢ ɨɥɟɮɢɧɨɜ ɋ5 ɢɡɭɱɟɧɵ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɢɤɪɨ- ɢ ɦɢɤɪɨ-ɦɟɡɨ-

ɦɚɤɪɨɩɨɪɢɫɬɵɯ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɭɤɚɡɚɧɧɨɣ ɪɟɚɤɰɢɢ. 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɪɚɤɰɢɸ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ5, ɩɨɥɭɱɟɧɧɭɸ ɢɡ ɈȺɈ 

”ɋɢɧɬɟɡ-ɤɚɭɱɭɤ” (ɝ. ɋɬɟɪɥɢɬɚɦɚɤ). ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɫɫɥɟɞɨɜɚɥɢ 

ɦɢɤɪɨɩɨɪɢɫɬɵɣ  ɰɟɨɥɢɬ H-Y (ɫɨɨɬɧɨɲɟɧɢɟ SiO2/Al2O3=4,9) ɢ ɦɢɤɪɨ-ɦɟɡɨ-ɦɚɤɪɨ-

ɩɨɪɢɫɬɵɣ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɰɟɨɥɢɬ H-Y-ɦɦɦ (SiO2/Al2O3 =8). 

Ɉɛɪɚɡɰɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɩɪɢ ɩɨɦɨɳɢ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɢ 

ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ,  ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ 

ɞɟɫɨɪɛɰɢɢ ɚɦɦɢɚɤɚ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ, ɪɬɭɬɧɨɣ ɩɨɪɨɦɟɬɪɢɢ, ɂɄ-

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɫ  ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɦɨɥɟɤɭɥɵ-ɡɨɧɞɚ CO.  
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Ɉɥɢɝɨɦɟɪɢɡɚɰɢɸ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɧɟɩɪɟɪɵɜɧɨ ɜɪɚɳɚɸɳɢɯɫɹ  ɚɜɬɨɤɥɚɜɚɯ, ɜ 

ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 60-200°ɋ ɛɟɡ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. Ɇɚɫɫɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ ɰɟɨɥɢɬɧɨɝɨ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɨɫɬɚɜɥɹɥɨ 10-30%. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɚɦɢ Ƚɏ, Ƚɀɏ, 

ȼɗɀɏ. ɂɞɟɧɬɢɮɢɤɚɰɢɸ ɩɪɨɞɭɤɬɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɚɦɢ ɯɪɨɦɚɬɨɦɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɢɢ, ɂɄ-, 1ɇ ɢ 13ɋ-əɆɊ –ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 

ɋɪɚɜɧɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɰɟɨɥɢɬɨɜ HY-ɦɦɦ ɢ HY ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 

ɩɨ ɚɤɬɢɜɧɨɫɬɢ ɩɨɫɥɟɞɧɢɣ ɭɫɬɭɩɚɟɬ ɦɢɤɪɨ-ɦɟɡɨɩɨɪɢɫɬɨɦɭ ɨɛɪɚɡɰɭ. ȼɵɫɨɤɚɹ ɚɤɬɢɜɧɨɫɬɶ 

ɰɟɨɥɢɬɚ HY-ɦɦɦ ɨɛɭɫɥɨɜɥɟɧɚ  ɧɚɥɢɱɢɟɦ ɜ ɧɟɦ  ɪɚɡɜɢɬɨɣ ɫɢɫɬɟɦɵ ɦɟɡɨɩɨɪ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɷɮɮɟɤɬɢɜɧɵɣ ɬɪɚɧɫɩɨɪɬ ɦɨɥɟɤɭɥ ɪɟɚɝɟɧɬɨɜ ɤ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɦ 

ɰɟɧɬɪɚɦ ɢ ɨɛɪɚɬɧɭɸ ɞɢɮɮɭɡɢɸ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ. ȼ ɫɨɫɬɚɜɟ ɨɥɢɝɨɦɟɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ 

ɧɚ   ɰɟɨɥɢɬ ɇ-Y,  ɨɤɨɥɨ 90% ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɞɨɥɸ ɞɢɦɟɪɨɜ ɩɟɧɬɟɧɨɜ - ɞɟɰɟɧɨɜ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɨɥɟɮɢɧɨɜ ɋ5  ɤɚɬɚɥɢɡɚɬɨɪɚ HY-ɦɦɦ ɩɪɢɜɟɥɨ ɤ 

ɩɨɥɭɱɟɧɢɸ ɨɥɢɝɨɦɟɪɨɜ ɫ ɛɨɥɟɟ ɲɢɪɨɤɢɦ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

(ɫɬɟɩɟɧɶ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ n = 2-5). ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɞɢɦɟɪɨɜ ɧɚ ɰɟɨɥɢɬɟ HY-

ɦɦɦ ɫɨɫɬɚɜɥɹɟɬ 70-85%.  

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɋɨɜɟɬɚ ɩɨ ɝɪɚɧɬɚɦ 

ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɞɥɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ ɚɫɩɢɪɚɧɬɨɜ, ɩɪɨɟɤɬ №ɋɉ-2137.2018.1. 

ɋɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɜ ɐɟɧɬɪɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ “Ⱥɝɢɞɟɥɶ” 

ɩɪɢ ɂɧɫɬɢɬɭɬɟ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɊȺɇ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
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ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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ɉɨ ɞɚɧɧɵɦ Ɇɢɧɩɪɨɦɬɨɪɝɚ ɊɎ ɧɚ ɞɨɥɸ ɦɚɥɨɬɨɧɧɚɠɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ 

ɩɪɢɯɨɞɢɬɶɫɹ ɧɟ ɛɨɥɟɟ 10% ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ 

(ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɨɛɨɪɨɬ ɪɵɧɤɚ ɦɚɥɨ- ɢ ɫɪɟɞɧɟɬɨɧɧɚɠɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ ɫɨɫɬɚɜɢɥ 

ɨɤɨɥɨ 300 ɦɥɪɞ. ɪɭɛɥɟɣ ɜ ɩɟɪɢɨɞ ɫ 2014 ɩɨ 2016 ɝɨɞɵ), ɩɪɢ ɷɬɨɦ ɢɦɩɨɪɬɨɡɚɜɢɫɢɦɨɫɬɶ ɧɨ 

ɦɧɨɝɢɦ ɫɬɪɚɬɟɝɢɱɟɫɤɢ ɜɚɠɧɵɦ ɩɪɨɞɭɤɬɚɦ ɞɨɯɨɞɢɬ ɞɨ 100% [1]. ɉɨ ɨɰɟɧɤɟ ɇɂɂɌɗɏɂɆ 

[2] ɞɨɥɹ ɦɚɥɨɬɨɧɧɚɠɧɨɣ ɯɢɦɢɢ ɜ ɯɢɦɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɊɎ ɧɟ ɩɪɟɜɵɲɚɟɬ 5%, ɜ ɬɨ 

ɜɪɟɦɹ ɤɚɤ ɜ ȿɜɪɨɫɨɸɡɟ ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɫɨɫɬɚɜɢɥ 28%. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɥɚɧɨɦ 

ɦɟɪɨɩɪɢɹɬɢɣ («ɞɨɪɨɠɧɚɹ ɤɚɪɬɚ») ɩɨ ɪɚɡɜɢɬɢɸ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɚɥɨɬɨɧɧɚɠɧɨɣ ɯɢɦɢɢ ɜ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ 

ɜɟɳɟɫɬɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɫɨɤɪɚɳɟɧɢɟ ɢɦɩɨɪɬɚ ɢ ɪɨɫɬ ɜɧɭɬɪɟɧɧɟɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ [3]: ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɟ ɩɨɥɢɦɟɪɵ, ɩɥɚɫɬɢɤɢ ɢ ɤɚɭɱɭɤɢ ɫɩɟɰɢɚɥɶɧɨɝɨ 

ɧɚɡɧɚɱɟɧɢɹ, ɫɬɪɨɢɬɟɥɶɧɵɟ ɞɨɛɚɜɤɢ, ɉȺȼ, ɞɟɡɢɧɮɢɰɢɪɭɸɳɢɟ ɜɟɳɟɫɬɜɚ, ɤɥɟɢ ɢ 

ɝɟɪɦɟɬɢɤɢ, ɯɢɦɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɞɥɹ ɩɢɳɟɜɵɯ ɞɨɛɚɜɨɤ, ɯɢɦɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɞɥɹ 

ɤɨɪɦɨɜɵɯ ɞɨɛɚɜɨɤ, ɜɟɳɟɫɬɜɚ ɞɥɹ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ, ɩɢɝɦɟɧɬɵ, ɩɪɨɱɢɟ ɞɨɛɚɜɤɢ ɞɥɹ 

ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɥɚɦɟɝɚɫɢɬɟɥɢ (ɚɧɬɢɩɢɪɟɧɵ), ɚɧɬɢɨɤɫɢɞɚɧɬɵ, ɜɟɳɟɫɬɜɚ ɞɥɹ 

ɷɥɟɤɬɪɨɧɢɤɢ, ɤɚɬɚɥɢɡɚɬɨɪɵ, ɢɧɢɰɢɚɬɨɪɵ, ɢɧɝɢɛɢɬɨɪɵ (ɤɪɨɦɟ ɢɧɝɢɛɢɬɨɪɨɜ ɤɨɪɪɨɡɢɢ), 

ɞɨɛɚɜɤɢ ɞɥɹ ɩɥɚɫɬɢɤɨɜ ɢ ɤɚɭɱɭɤɨɜ, ɫɩɟɰɢɚɥɶɧɵɟ ɥɭɛɪɢɤɚɧɬɵ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɠɢɞɤɨɫɬɢ, 

ɜɟɳɟɫɬɜɚ ɞɥɹ ɧɟɮɬɟɞɨɛɵɱɢ ɢ ɧɟɮɬɟ- ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɬɪɚɧɫɩɨɪɬɚ, ɜɟɳɟɫɬɜɚ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɭɦɚɝɢ, ɜɟɳɟɫɬɜɚ ɞɥɹ ɝɨɪɧɨɝɨ ɞɟɥɚ, ɜɟɳɟɫɬɜɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɤɫɬɢɥɹ, 

ɢɧɝɢɛɢɬɨɪɵ ɤɨɪɪɨɡɢɢ, ɩɪɢɫɚɞɤɢ ɤ ɬɨɩɥɢɜɚɦ ɢ ɫɦɚɡɨɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɯɢɦɢɱɟɫɤɢɟ 

ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɪɚɫɬɟɧɢɣ, ɜɟɳɟɫɬɜɚ ɞɥɹ ɤɨɫɦɟɬɢɤɢ, ɜɟɳɟɫɬɜɚ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɢɡɨɛɪɚɠɟɧɢɣ, ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɬɢɜɵ ɢ ɪɚɫɬɜɨɪɢɬɟɥɢ. Ɋɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɩɥɚɧɚ ɩɨɡɜɨɥɢɬ 

ɫɨɤɪɚɬɢɬɶ ɞɨɥɸ ɷɤɫɩɨɪɬɚ ɧɚ 13%, ɚ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɦɚɥɨɬɨɧɧɚɠɧɨɣ 

ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ ɧɚ 1,5 ɦɥɪɞ. ɞɨɥɥɚɪɨɜ ɋɒȺ.  

ɉɪɟɞɥɨɠɟɧɧɚɹ ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ ɞɨɪɨɠɧɚɹ ɤɚɪɬɚ ɜɤɥɸɱɚɟɬ ɩɭɧɤɬ ɩɨ 

ɨɩɟɪɟɠɚɸɳɟɦɭ ɪɚɡɜɢɬɢɸ ɬɟɯɧɨɥɨɝɢɣ, ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɤɨɬɨɪɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɛɭɞɟɬ 

ɪɟɲɚɬɶ ɪɹɞ ɡɚɞɚɱ ɫɜɹɡɚɧɧɵɯ ɫ:      

1. ɨɩɬɢɦɚɥɶɧɵɦ ɜɵɛɨɪɨɦ ɩɪɢɟɦɥɟɦɨɝɨ ɩɨ ɫɬɨɢɦɨɫɬɢ, ɞɨɫɬɭɩɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɭ ɫɵɪɶɹ; 
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2. ɨɩɬɢɦɚɥɶɧɵɦ ɜɵɛɨɪɨɦ ɯɢɦɢɱɟɫɤɢɯ ɫɬɚɞɢɣ ɩɟɪɟɪɚɛɨɬɤɢ ɫɵɪɶɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɜɵɫɨɤɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ, 

ɬɪɟɛɭɸɳɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɞɥɹ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɢɥɢ ɛɟɡɨɩɚɫɧɨɝɨ ɫɛɪɨɫɚ ɜ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ; 

3. ɦɢɧɢɦɢɡɚɰɢɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ,  ɩɭɬёɦ ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ ɯɢɦɢɱɟɫɤɢɯ 

ɫɬɚɞɢɣ, ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɪɟɚɤɰɢɨɧɧɵɯ ɭɡɥɨɜ ɢ ɫɬɚɞɢɣ ɪɚɡɞɟɥɟɧɢɹ, 

ɜɵɞɟɥɟɧɢɹ ɢ ɨɱɢɫɬɤɢ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ; 

4. ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫɬɚɞɢɣ ɪɚɡɞɟɥɟɧɢɹ, ɜɵɞɟɥɟɧɢɹ ɢ ɨɱɢɫɬɤɢ 

ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ, ɜɤɥɸɱɚɹ ɩɪɨɰɟɫɫɵ ɦɟɦɛɪɚɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ, ɩɪɨɦɵɲɥɟɧɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɢ ɞɪ. 

5. ɫɨɡɞɚɧɢɟɦ ɧɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɵɫɨɤɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ ɜ ɬɟɱɟɧɢɟ 

ɞɥɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɪɚɛɨɬɵ (ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ). 

Ɍɚɤɠɟ ɩɪɢ ɪɚɡɜɢɬɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɞɭɤɰɢɢ ɦɚɥɨɬɨɧɧɚɠɧɨɣ ɯɢɦɢɢ ɫɥɟɞɭɟɬ 

ɫɨɡɞɚɜɚɬɶ ɢ ɜɧɟɞɪɹɬɶ ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɜɟɪɫɢɢ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɢ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ ɜ ɜɵɫɨɤɨɦɚɪɠɢɧɚɥɶɧɵɟ 

ɩɪɨɞɭɤɬɵ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɚ ɥɨɤɚɥɶɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ. Ʉ ɞɚɧɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ 

ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɩɟɪɟɪɚɛɨɬɤɭ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ, ɧɟɮɬɟɡɚɜɨɞɫɤɢɯ ɝɚɡɨɜ, 

ɧɟɮɬɟɲɥɚɦɨɜ, ɨɬɯɨɞɨɜ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ ɢ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ɗɬɨ ɩɨɡɜɨɥɢɬɶ ɩɨɜɵɫɢɬɶ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɡɞɚɜɚɟɦɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜ.   

ȼ ɞɨɤɥɚɞɟ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ ɩɪɨɢɡɜɨɞɫɬɜ ɦɚɥɨɬɨɧɧɚɠɧɵɯ ɩɪɨɞɭɤɬɨɜ, 

ɤɨɬɨɪɵɟ ɛɵɥɢ ɫɨɡɞɚɧɵ ɢɥɢ ɩɥɚɧɢɪɭɸɬɫɹ ɤ ɫɨɡɞɚɧɢɸ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɊɎ.  

 

Ɋɚɛɨɬɚ ɩɨɞɝɨɬɨɜɥɟɧɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɟɤɬɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ 

ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ, ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɨɟɤɬɚ 
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3-(ɉɂɉȿɊɂȾɂɇɈɆȿɌɈɄɋɂɆȿɌɂɅ)ɇɈɊȻɈɊɇ-5-ȿɇ ȼ ɄȺɑȿɋɌȼȿ 
ȺɇɌɂɆɂɄɊɈȻɇɈȽɈ ɋɈȿȾɂɇȿɇɂə 

Ɇɚɦɟɞɛɟɣɥɢ ɗ.Ƚ.1, Ƚɚɞɠɢɟɜɚ Ƚ.ɗ.1, ɂɫɦɚɢɥɨɜɚ ɋ.ȼ.1, ɂɛɪɚɝɢɦɥɢ ɋ.ɂ.2, Ⱦɠɚɮɚɪɨɜ 
ɂ.Ⱥ.3, Ⱦɠɚɮɚɪɨɜɚ ɇ.Ⱥ.4 

3-(PIPERIDINOMETHEXIMETHYL)NORBORN-5-EN  

AS ANTIMICROBIAL COMPOUNDS 
1ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, ɝ. Ȼɚɤɭ 

E-mail: gulsum.mete@mail.ru  
2Ƚɹɧɞɠɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ƚɹɧɞɠɚ   

3Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ȼɚɤɭ 
4Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɝ. Ȼɚɤɭ 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɟɚɤɰɢɹ Ɇɚɧɧɢɯɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɭɞɨɛɧɵɯ, ɩɪɨɫɬɵɯ ɢ 

ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɨɫɧɨɜɚɧɢɣ Ɇɚɧɧɢɯɚ, 

ɧɚɯɨɞɹɳɢɯ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ ɦɟɞɢɰɢɧɵ ɜ ɤɚɱɟɫɬɜɟ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɟɩɚɪɚɬɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨɥɭɱɟɧɢɟ ɧɨɜɵɯ ɨɫɧɨɜɚɧɢɣ Ɇɚɧɧɢɯɚ ɢ ɩɨɢɫɤ ɨɛɥɚɫɬɟɣ ɢɯ 

ɩɪɢɦɟɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɜ ɬɚɧɞɟɦɟ 

ɫ ɮɚɪɦɚɤɨɥɨɝɢɟɣ. 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɧɚɦɢ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɫɢɧɬɟɡ 3-

(ɩɢɩɟɪɢɞɢɧɨɦɟɬɨɤɫɢɦɟɬɢɥ)ɧɨɪɛɨɪɧ-5-ɟɧɚ ɧɚ ɨɫɧɨɜɟ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɪɟɚɤɰɢɢ 

Ɇɚɧɧɢɯɚ ɫ ɭɱɚɫɬɢɟɦ ɧɨɪɛɨɪɧɟɧɢɥɦɟɬɚɧɨɥɚ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɪɟɚɤɰɢɟɣ 

ɞɢɟɧɨɜɨɝɨ ɫɢɧɬɟɡɚ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɫ ɚɥɥɢɥɨɜɵɦ ɫɩɢɪɬɨɦ), ɮɨɪɦɚɥɶɞɟɝɢɞɚ ɢ 

ɩɢɩɟɪɢɞɢɧɚ. ɂɡɭɱɟɧɚ ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ 

ɨɬɧɨɲɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɬɚɤɢɯ ɤɚɤ ɡɨɥɨɬɢɫɬɵɣ ɫɬɚɮɢɥɨɤɨɤɤ (ɝɪɚɦɦ-

ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɛɚɤɬɟɪɢɢ), ɤɢɲɟɱɧɚɹ ɩɚɥɨɱɤɚ, Klebsiella pneumoniae (ɝɪɚɦɦ-

ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɛɚɤɬɟɪɢɢ), ɚ ɬɚɤɠɟ ɞɪɨɠɠɟɩɨɞɨɛɧɵɟ ɝɪɢɛɵ ɪɨɞɚ Ʉɚɧɞɢɞɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɨɜɨɞɢɥɢɫɶ ɦɟɬɨɞɨɦ ɫɟɪɢɣɧɵɯ ɪɚɡɜɟɞɟɧɢɣ. ȼɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ ɫɨɫɬɚɜɢɥɨ 5–60 ɦɢɧɭɬ. 

Ɋɟɡɭɥɶɬɚɬɵ ɨɫɭɳɟɫɬɜɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ 

ɚɞɞɭɤɬ ɷɮɮɟɤɬɢɜɧɨ ɩɨɞɚɜɥɹɟɬ ɪɨɫɬ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɬɟɱɟɧɢɟ 

ɧɟɛɨɥɶɲɨɝɨ ɜɪɟɦɟɧɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɜɟɫɬɧɵɦɢ ɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɜ 

ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɚɤɬɢɤɟ ɤɨɧɬɪɨɥɶɧɵɦɢ ɩɪɟɩɚɪɚɬɚɦɢ (ɷɬɚɧɨɥ, ɪɢɜɚɧɨɥ, ɮɭɪɚɰɢɥɢɧ ɢ ɞɪ.). 

Ⱦɥɹ ɧɚɝɥɹɞɧɨɣ ɢɥɥɸɫɬɪɚɰɢɢ ɛɢɨɚɤɬɢɜɧɨɫɬɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢɜɨɞɢɬɫɹ 

ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɷɤɫɩɨɡɢɰɢɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ 

(ɤɪɢɜɚɹ 1) ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɤɨɧɬɪɨɥɶɧɵɦ ɩɪɟɩɚɪɚɬɨɦ (ɤɪɢɜɚɹ 2) ɜ ɨɬɧɨɲɟɧɢɢ ɤɢɲɟɱɧɨɣ 

ɩɚɥɨɱɤɢ (ɪɢɫ. 1). Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɩɪɨɹɜɥɹɟɬ ɛɨɥɟɟ 

ɹɪɤɨ ɜɵɪɚɠɟɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɤɢɲɟɱɧɨɣ ɩɚɥɨɱɤɢ, ɱɟɦ ɤɨɧɬɪɨɥɶɧɵɣ 

ɩɪɟɩɚɪɚɬ. 
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Ɋɢɫ. 1. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɷɤɫɩɨɡɢɰɢɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɟɞɢɧɟɧɢɹ. 

 

Ɍɚɤɠɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɧɟɤɨɬɨɪɵɯ ɜɵɲɟ ɭɤɚɡɚɧɧɵɯ ɛɚɤɬɟɪɢɣ ɢ ɝɪɢɛɨɜ ɛɵɥɢ 

ɨɩɪɟɞɟɥɟɧɵ ɦɢɧɢɦɚɥɶɧɚɹ ɢɧɝɢɛɢɪɭɸɳɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ (ɆɂɄ) ɢ ɦɢɧɢɦɚɥɶɧɚɹ 

ɛɚɤɬɟɪɢɰɢɞɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ (ɆȻɄ). ȼ ɤɚɱɟɫɬɜɟ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ ɞɥɹ ɛɚɤɬɟɪɢɣ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɹɫɨ-ɩɟɩɬɢɞɧɵɣ ɛɭɥɶɨɧ, ɚ ɞɥɹ ɝɪɢɛɨɜ – ɫɥɚɞɤɢɣ ɛɭɥɶɨɧ. Ȼɵɥ ɩɪɢɦɟɧɟɧ 

ɦɟɬɨɞ ɪɚɡɜɟɞɟɧɢɣ, ɜɪɟɦɹ ɢɧɤɭɛɚɰɢɢ ɫɨɫɬɚɜɢɥɨ ɨɞɧɢ ɫɭɬɤɢ. ɆɂɄ ɢ ɆȻɄ ɞɥɹ ɡɨɥɨɬɢɫɬɨɝɨ 

ɫɬɚɮɢɥɨɤɨɤɤɚ ɫɨɫɬɚɜɢɥɢ ɩɨ 0.0025%; ɞɥɹ ɤɢɲɟɱɧɨɣ ɩɚɥɨɱɤɢ ɆɂɄ – 0.005%, ɆȻɄ – 

0.00125%; ɞɥɹ ɝɪɢɛɨɜ ɪɨɞɚ Ʉɚɧɞɢɞɚ ɤɚɠɞɚɹ ɩɨ 0.0025%. 

Ʉɚɤ ɫɥɟɞɫɬɜɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ 3-

(ɩɢɩɟɪɢɞɢɧɨɦɟɬɨɤɫɢɦɟɬɢɥ)ɧɨɪɛɨɪɧ-5-ɟɧ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 

ɚɧɬɢɦɢɤɪɨɛɧɨɣ ɩɪɢɫɚɞɤɢ ɜ ɦɚɫɥɚɯ ɢ ɬɨɩɥɢɜɚɯ, ɚ ɬɚɤɠɟ ɜ ɦɟɞɢɰɢɧɟ ɤɚɤ ɚɧɬɢɦɢɤɪɨɛɧɵɣ 

ɩɪɟɩɚɪɚɬ.  
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ɋȿɅȿɄɌɂȼɇɈȿ ȽɂȾɊɂɊɈȼȺɇɂȿ ȺɐȿɌɂɅȿɇȺ ɇȺ ɉȺɅɅȺȾɂɃ-

ɆȺɊȽȺɇɐȿȼɕɏ ɄȺɌȺɅɂɁȺɌɈɊȺɏ 

Ɇɟɥɶɧɢɤɨɜ Ⱦ.ɉ., ɋɚɜɟɥɶɟɜɚ ȿ.ȼ., ɋɬɵɰɟɧɤɨ ȼ.Ⱦ. 
SELECTIVE HYDROGENATION OF ACETYLENE OVER PALLADIUM-

MANGANESE CATALYSTS  
Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 

Ɇɨɫɤɜɚ 
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ɗɬɢɥɟɧ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɦɨɧɨɦɟɪɨɜ ɧɟɮɬɟɯɢɦɢɢ. ȼ ɷɬɚɧ-ɷɬɢɥɟɧɨɜɵɯ 

ɮɪɚɤɰɢɹɯ, ɩɨɥɭɱɚɟɦɵɯ ɩɢɪɨɥɢɡɨɦ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ, ɫɨɞɟɪɠɢɬɫɹ 0,5-2,0% ɨɛ. 

ɚɰɟɬɢɥɟɧɚ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɹɞɨɦ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ ɩɨɷɬɨɦɭ 

ɭɞɚɥɹɟɬɫɹ ɩɭɬɟɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɤɚɬɚɥɢɡɚɬɨɪɵ Pd-Ag/Al2O3 [1]. 

Ɋɚɡɪɚɛɨɬɚɧɵ Pd-Mn/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɵ ɫɟɥɟɤɬɢɜɧɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɚɰɟɬɢɥɟɧɚ. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɭɬɟɦ ɪɚɡɥɨɠɟɧɢɹ ɤɨɦɩɥɟɤɫɨɜ ɦɚɪɝɚɧɰɚ 

ɢɫɫɥɟɞɨɜɚɧɨ ɦɟɬɨɞɨɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. ɉɨɥɭɱɟɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɢɡɭɱɟɧɵ 

ɦɟɬɨɞɚɦɢ ɮɢɡɢɱɟɫɤɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ, ɯɟɦɨɫɨɪɛɰɢɢ ɜɨɞɨɪɨɞɚ, ɷɬɢɥɟɧɚ ɢ ɚɰɟɬɢɥɟɧɚ, 

ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɣ ɞɟɫɨɪɛɰɢɢ H2, ɪɚɫɬɪɨɜɨɣ ɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ. ɇɚɣɞɟɧɨ, ɱɬɨ ɪɚɡɦɟɪ Pd-Mn ɱɚɫɬɢɰ ɫɨɫɬɚɜɥɹɟɬ 10-15ɧɦ. ɏɟɦɨɫɨɪɛɰɢɹ H2 

ɧɚ 1 ɝ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 0.0582 ɫɦ3/ɝ ɢ ɩɥɨɳɚɞɶ Pd 0,246 ɦ2/ɝ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɩɪɢ ɨɛɪɚɛɨɬɤɟ Pd-Mn ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜɨɞɨɪɨɞɨɦ ɩɪɢ 300-350°C ɩɪɨɱɧɨ ɚɞɫɨɪɛɢɪɨɜɚɧɧɚɹ 

ɮɨɪɦɚ H2 ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɧɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ ɝɢɞɪɢɪɨɜɚɧɢɢ. 

Ƚɢɞɪɢɪɨɜɚɧɢɟ ɚɰɟɬɢɥɟɧɚ ɜ ɫɦɟɫɢ ɫ ɷɬɢɥɟɧɨɦ ɢɫɫɥɟɞɨɜɚɥɢ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ 

ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 30-50 °C ɜ ɩɪɨɬɨɱɧɨɣ ɭɫɬɚɧɨɜɤɟ ɫ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɦ ɢ ɦɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɚɧɚɥɢɡɨɦ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ. Ɉɛɧɚɪɭɠɟɧɚ ɩɨɫɬɨɹɧɧɚɹ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɷɬɢɥɟɧɭ ɞɨ 70% ɤɨɧɜɟɪɫɢɢ ɋ2ɇ2, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɚɪɚɥɥɟɥɶɧɭɸ ɫɯɟɦɭ 

ɨɛɪɚɡɨɜɚɧɢɹ ɷɬɢɥɟɧɚ ɢ ɷɬɚɧɚ ɢɡ ɱɚɫɬɢɱɧɨ ɝɢɞɪɢɪɨɜɚɧɧɨɣ ɮɨɪɦɵ ɚɰɟɬɢɥɟɧɚ. 

Ɉɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɢɪɨɜɚɧɢɹ: ɩɨɪɹɞɨɤ ɩɨ ɚɰɟɬɢɥɟɧɭ 

ɛɥɢɡɨɤ ɤ 0 ɢ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ 53 ɤȾɠ/ɦɨɥɶ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ Pd-Mn 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ~ ɧɚ 50% ɜɵɲɟ, ɱɟɦ Pd-Ag, ɚ ɢɯ ɫɟɥɟɤɬɢɜɧɨɫɬɶ – ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 75% ɩɪɢ 

ɤɨɧɜɟɪɫɢɢ 95%. 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ertl G., Knözinger H., Schüth F., Weitkamp J.// Handbook of Heterogeneous 
Catalysts. V. 5. VCH. Weinheim. Germany. 1997. 

  

Ɂ-II-29 



503 

 

ɈɄɂɋɅȿɇɂȿ ɇ-ȽȿɉɌȺɇȺ ɇȺ ɋɎȿɊɂɑȿɋɄɂɏ ɄȺɌȺɅɂɁȺɌɈɊȺɏ 
ɋɈɋɌȺȼȺ: TiO2-SO2-NiO, TiO2-SiO2-Co3O4, TiO2-SiO2-Cr2O3  

Ɋɨɝɚɱɟɜɚ Ⱥ.Ɉ.1,  Ȼɪɢɱɤɨɜ Ⱥ.ɋ.1, Ʌɚɪɢɧɚ Ɍ.ȼ.2, ɉɚɭɤɲɬɢɫ ȿ.Ⱥ.1,2, Ʉɨɡɢɤ ȼ.ȼ.1  
OXIDATION OF N-HEPTANE ON SPHERICAL CATALYSTS OF THE 

COMPOSITION: TiO2-SiO2-NiO, TiO2-SiO2-Co3O4, TiO2-SiO2-Cr2O3  
1 ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɍɨɦɫɤ  

E-mail: Roga4eva1015@yandex.ru 
2 ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤ 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɡɚɩɚɫɵ ɩɪɢɪɨɞɧɨɝɨ ɢ ɧɟɮɬɹɧɨɝɨ ɝɚɡɨɜ ɨɝɪɨɦɧɵ. ȼ ɷɬɨɣ ɫɜɹɡɢ 

ɩɪɨɰɟɫɫɵ ɩɟɪɟɪɚɛɨɬɤɢ ɷɬɢɯ ɝɚɡɨɜ ɢɦɟɟɬ ɚɤɬɭɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɰɟɧɧɵɯ 

ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɟɪɟɪɚɛɨɬɤɢ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɹɜɥɹɟɬɫɹ ɟɝɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɨɤɢɫɥɟɧɢɟ [1, 2]. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɫɧɢɠɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɫɠɢɝɚɟɦɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɝɚɡɨɜ ɜ ɮɚɤɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɦɟɧɶɲɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɚɬɦɨɫɮɟɪɭ. 

ɋ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɤɨɧɜɟɪɫɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɟɦɚɥɨɜɚɠɧɨɣ ɡɚɞɚɱɟɣ 

ɹɜɥɹɟɬɫɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ 

ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ. ɉɟɪɟɯɨɞ ɨɬ 

ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɮɨɪɦ ɤ ɫɮɟɪɢɱɟɫɤɢɦ ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

ɪɟɚɤɬɨɪɨɜ [3], ɭɜɟɥɢɱɢɬɶ ɫɬɟɩɟɧɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ, ɬɟɦ ɫɚɦɵɦ, 

ɭɦɟɧɶɲɢɬɶ ɭɞɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɚɬɚɥɢɡɚɬɨɪɚ.  

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɢɡɭɱɟɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɫɮɟɪɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ: TiO2-SiO2-NiO, TiO2-SiO2-Co3O4 ɢ TiO2-SiO2-Cr2O3 ɢ ɨɰɟɧɟɧɚ 

ɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ ɦɨɞɟɥɶɧɨɣ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ ɧ-ɝɟɩɬɚɧɚ.  

Ɇɟɬɨɞɢɤɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɨɫɬɨɹɥɚ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɫɬɚɞɢɣ. ɉɟɪɜɚɹ ɡɚɤɥɸɱɚɥɚɫɶ ɜ 

ɩɨɞɝɨɬɨɜɤɟ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɞɥɨɠɤɢ, ɩɭɬɟɦ ɫɨɪɛɰɢɢ ɩɨɥɢɦɟɪɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɢɨɧɨɜ Ni2+, 

Co2+ ɢ Cr2O7
2– ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. ȼɬɨɪɨɣ ɷɬɚɩ ɡɚɤɥɸɱɚɥɫɹ ɜ ɩɪɢɝɨɬɨɜɥɟɧɢɢ 

ɚɝɪɟɝɚɬɢɜɧɨ ɭɫɬɨɣɱɢɜɨɝɨ ɡɨɥɹ ɧɚ ɨɫɧɨɜɟ ɬɟɬɪɚɛɭɬɨɤɫɢɬɢɬɚɧɚ, ɬɟɬɪɚɷɬɨɤɫɢɫɢɥɚɧɚ, 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ ɟɝɨ ɧɚɧɟɫɟɧɢɹ ɧɚ ɩɨɞɥɨɠɤɭ. ɋɨɪɛɟɧɬ 

ɧɚɯɨɞɢɥɫɹ ɜ ɡɨɥɟ ɜ ɬɟɱɟɧɢɟ 12 ɱ. ɉɨɫɥɟ ɱɟɝɨ ɫɮɟɪɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɫɭɲɢɥɢ ɩɪɢ 80 ºɋ ɜ 

ɬɟɱɟɧɢɟ 60 ɦɢɧ ɢ ɫɬɭɩɟɧɱɚɬɨ ɩɪɨɤɚɥɢɜɚɥɢ ɩɪɢ 100 ºɋ, 150 ºɋ ɢ 250 ºɋ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧɭɬ 

ɩɪɢ ɤɚɠɞɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɥɟɟ ɩɪɢ 500 ºɋ ɜ ɬɟɱɟɧɢɟ 60 ɦɢɧɭɬ. 

ɗɥɟɤɬɪɨɧɧɨɟ ɫɨɫɬɨɹɧɢɟ d-ɷɥɟɦɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɫɮɟɪɢɱɟɫɤɢɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ 

ɨɬɪɚɠɟɧɢɹ (ɗɋȾɈ). ɋɩɟɤɬɪɵ ɗɋȾɈ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ 

UV-2501 PC ɮɢɪɦɵ «Shimadzu» ɫ ɩɪɢɫɬɚɜɤɨɣ ɞɢɮɮɭɡɧɨɝɨ ɨɬɪɚɠɟɧɢɹ ISR-240 A 

ɨɬɧɨɫɢɬɟɥɶɧɨ BaSO4 ɜ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ 190-900 ɧɦ (11 000-54 000 ɫɦ–1). Ʉɨɧɟɱɧɵɟ 
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ɫɩɟɤɬɪɵ ɗɋȾɈ ɩɪɟɞɫɬɚɜɥɹɥɢ ɜ ɤɨɨɪɞɢɧɚɬɚɯ: ɮɭɧɤɰɢɹ Ʉɭɛɟɥɤɢ-Ɇɭɧɤɚ – ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ. 

Ɇɨɪɮɨɥɨɝɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɧɚ ɦɢɤɪɨɫɤɨɩɟ Carl 

Zeiss NVision 40 ɩɪɢ ɭɫɤɨɪɹɸɳɢɯ ɧɚɩɪɹɠɟɧɢɹɯ 1 – 30 ɤȼ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɟɬɟɤɬɨɪɨɜ 

ɜɬɨɪɢɱɧɵɯ ɢ ɨɛɪɚɬɧɨ-ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ. Ʉɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɰɨɜ 

TiO2-SiO2-NiO, TiO2-SiO2-Co3O4 ɢ TiO2-SiO2-Cr2O3 ɢɡɦɟɪɹɥɢ ɜ ɦɨɞɟɥɶɧɨɣ ɪɟɚɤɰɢɢ 

ɞɨɠɢɝɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɨɤɢɫɥɟɧɢɟ ɧ-ɝɟɩɬɚɧɚ). Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɭɫɬɚɧɨɜɤɭ ɩɪɨɬɨɱɧɨɝɨ ɬɢɩɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɜɚɪɰɟɜɨɝɨ ɬɪɭɛɱɚɬɨɝɨ 

ɪɟɚɤɬɨɪɚ ɫ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ 4 ɦɦ. ɋɨɫɬɚɜ ɢɫɯɨɞɧɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 

C7%:O2%=1:25, ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɫɵɪɶɹ 4,5 ɥ/ɱɚɫ, ɪɚɡɦɟɪ ɫɮɟɪ 0,2-0,5 ɦɦ, ɧɚɜɟɫɤɚ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɨɫɬɚɜɥɹɥɚ 0,2 ɝ. Ʉɚɱɟɫɬɜɟɧɧɵɣ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ 

ɢ ɩɪɨɞɭɤɬɨɜ ɨɤɢɫɥɟɧɢɹ ɧ-ɝɟɩɬɚɧɚ ɩɪɨɜɨɞɢɥɢ ɧɚ ɂɄ-ɮɭɪɶɟ-ɫɩɟɤɬɪɨɦɟɬɪɟ ɮɢɪɦɵ 

«Shimadzu» FTIR-8300.  

Ɋɟɡɭɥɶɬɚɬɵ ɦɢɤɪɨɫɤɨɩɢɢ (ɪɢɫ. 1) ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ 

ɫɥɨɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ, ɜɧɭɬɪɟɧɧɹɹ ɱɚɫɬɶ ɫɮɟɪɢɱɟɫɤɨɝɨ ɨɛɪɚɡɰɚ ɡɚɩɨɥɧɟɧɚ ɨɤɫɢɞɨɦ d-

ɦɟɬɚɥɥɚ, ɚ ɜɧɟɲɧɢɣ ɤɚɪɤɚɫ ɩɪɟɞɫɬɚɜɥɟɧ ɨɤɫɢɞɧɵɦ ɫɥɨɟɦ TiO2. 

 

Ɋɢɫ. 1. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɹ ɞɥɹ ɨɛɪɚɡɰɚ TiO2-Co3O4  

 

ɇɚ ɫɩɟɤɬɪɚɯ ɗɋȾɈ (ɪɢɫ. 2) ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɜ ɨɛɥɚɫɬɢ ɜɵɲɟ 

27 000 ɫɦ–1 ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɝɥɨɳɟɧɢɟ ɢ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɤɪɚɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɝɨ 

ɩɨɝɥɨɳɟɧɢɹ (28000-32000 ɫɦ–1), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɲɢɪɢɧɟ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɌiO2. ɇɚ 

ɫɩɟɤɬɪɟ ɗɋȾɈ ɞɥɹ ɨɛɪɚɡɰɚ TiO2-SiO2-NiO (ɪɢɫ. 2ɚ) ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ 

ɨɤɨɥɨ 14000 ɫɦ-1, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɚɬɢɨɧɚɦ Ni2+ ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɤɢɫɥɨɪɨɞɧɨɣ 

ɤɨɨɪɞɢɧɚɰɢɢ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɦ ɜ ɜɢɞɟ NiO. ɉɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ ɨɤɨɥɨ 15000 ɫɦ–1 ɞɥɹ 

ɨɛɪɚɡɰɚ TiO2-SiO2/Co3O4 (ɪɢɫ. 2ɛ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɚɬɢɨɧɚɦ Co2+ ɜ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɣ 

ɤɢɫɥɨɪɨɞɧɨɣ ɤɨɨɪɞɢɧɚɰɢɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ, ɜɟɪɨɹɬɧɨ, ɮɚɡɟ ɋɨ3Ɉ4. Ⱦɥɹ ɨɛɪɚɡɰɚ TiO2-

SiO2-Cr2O3 (ɪɢɫ. 2ɜ) ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ ɨɤɨɥɨ 16400 ɫɦ-1, ɨɬɧɨɫɹɳɚɹɫɹ ɤ 
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ɤɚɬɢɨɧɚɦ Cr3+ ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɤɢɫɥɨɪɨɞɧɨɣ ɤɨɨɪɞɢɧɚɰɢɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ, ɜɟɪɨɹɬɧɨ, 

ɮɚɡɟ ɋr2Ɉ3.  

   

Ɋɢɫ. 3. ɋɩɟɤɬɪɵ ɗɋȾɈ ɞɥɹ ɨɛɪɚɡɰɨɜ:  

ɚ – TiO2-SiO2-NiO, ɛ – TiO2-SiO2-Co3O4, ɜ – TiO2-SiO2-Cr2O3 

 

Ɋɟɡɭɥɶɬɚɬɵ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɤɢɫɥɟɧɢɟ ɧ-ɝɟɩɬɚɧɚ ɧɚ 

ɨɛɪɚɡɰɟ TiO2-SiO2-NiO (ɪɢɫ. 3) ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ 300 ºɋ. ɉɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɨɞɭɤɬɵ 

ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ: ɤɟɬɨɧɵ ɢ α-ɨɥɟɮɢɧɵ – ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 450 ºɋ. ɉɪɢ 

ɞɚɥɶɧɟɣɲɟɦ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɛɥɸɞɚɟɬɫɹ ɝɥɭɛɨɤɨɟ ɨɤɢɫɥɟɧɢɟ ɧ-ɝɟɩɬɚɧɚ. 

Ʉɨɧɜɟɪɫɢɹ ɧ-ɝɟɩɬɚɧɚ ɧɚ TiO2-SiO2-NiO ɧɟ ɩɪɟɜɵɲɚɟɬ 50 %. 

(ɚ) (ɛ) 
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(ɜ) 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɩɬɚɧɚ ɢ ɩɪɨɞɭɤɬɨɜ ɨɤɢɫɥɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 

ɨɛɪɚɡɰɚɯ: ɚ – TiO2-SiO2-NiO, ɛ – TiO2-SiO2-Co3O4, ɜ – TiO2-SiO2-Cr2O3 

 

ɇɚ ɨɛɪɚɡɰɟ TiO2-SiO2-Co3O4 ɨɤɢɫɥɟɧɢɟ ɧ-ɝɟɩɬɚɧɚ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

250 ºɋ. ȼ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 500-600 °ɋ ɨɛɪɚɡɭɸɬɫɹ ɩɪɨɞɭɤɬɵ ɝɥɭɛɨɤɨɝɨ 

ɨɤɢɫɥɟɧɢɹ ɧ-ɝɟɩɬɚɧɚ (ɋɈ2) ɢ ɩɪɨɞɭɤɬɵ ɟɝɨ ɤɪɟɤɢɧɝɚ (α-ɨɥɟɮɢɧɵ). Ʉɨɧɜɟɪɫɢɹ ɧ-ɝɟɩɬɚɧɚ 

ɧɚ TiO2-SiO2-Co3O4 ɫɨɫɬɚɜɥɹɟɬ 80% ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 600°ɋ (ɪɢɫ. 2).  

Ɉɤɢɫɥɟɧɢɟ ɧ-ɝɟɩɬɚɧɚ ɧɚ ɨɛɪɚɡɰɟ TiO2-SiO2-Cr2O3 ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ 145 ºɋ. 

ɋɟɥɟɤɬɢɜɧɨɫɬɶ TiO2-SiO2-Cr2O3 ɤ ɩɪɨɞɭɤɬɚɦ ɝɥɭɛɨɤɨɝɨ ɨɤɢɫɥɟɧɢɹ – 100 %. Ʉɨɧɜɟɪɫɢɹ ɧ-

ɝɟɩɬɚɧɚ ɞɨɫɬɢɝɚɟɬ 100 % ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 400 ºɋ (ɪɢɫ. 3).  

ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ TiO2-SiO2-NiO, TiO2-SiO2-Co3O4 ɜ ɮɨɪɦɟ ɫɮɟɪ ɨɛɥɚɞɚɸɬ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɪɟɚɤɰɢɢ ɝɥɭɛɨɤɨɝɨ ɢ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɧ-ɝɟɩɬɚɧɚ 

ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ. Ɉɛɪɚɡɟɰ TiO2-

SiO2/Cr2O3 ɩɪɨɹɜɥɹɟɬ ɚɤɬɢɜɧɨɫɬɶ ɬɨɥɶɤɨ ɜ ɪɟɚɤɰɢɢ ɝɥɭɛɨɤɨɝɨ ɨɤɢɫɥɟɧɢɹ ɧ-ɝɟɩɬɚɧɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ №10.2281.2017/ɉɑ.  
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ɉɊɈɐȿɋɋ ɆȿɌȺɌȿɁɂɋɇɈɃ ɉɈɅɂɆȿɊɂɁȺɐɂɂ 
ȾɂɐɂɄɅɈɉȿɇɌȺȾɂȿɇȺ ȼ ɉɊɂɋɍɌɋɌȼɂɂ ȾȼɍɏɄɈɆɉɈɇȿɇɌɇɈɃ 

ɄȺɌȺɅɂɌɂɑȿɋɄɈɃ ɋɂɋɌȿɆɕ ɇȺ ɈɋɇɈȼȿ ȼɈɅɖɎɊȺɆȺ 

ɇɨɜɢɤɨɜɚ Ⱥ.ɋ., ɋɨɮɪɨɧɨɜɚ Ɉ.ȼ., ɋɨɮɪɨɧɨɜɚ ɂ.Ⱥ., ɒɚɪɢɮɭɥɥɢɧ ɂ.Ƚ.  
ACTIVITY OF MOLYBDENUM DISULFIDE NANOPARTICLES IN SLURRY 

PHASE HYDROCRACKING  
ɉȺɈ «ɇɢɠɧɟɤɚɦɫɤɧɟɮɬɟɯɢɦ»,  ɝ. ɇɢɠɧɟɤɚɦɫɤ, 

E-mail: SofronovaOV@nknh.ru 

 

Ɉɫɨɛɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɧɨɜɵɯ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɬɤɪɵɜɚɟɬ ɦɟɬɚɬɟɡɢɫɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɰɢɤɥɨɨɥɟɮɢɧɨɜ [1, 

2]. Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɩɨɥɢɦɟɪ ɞɢɰɢɥɨɩɟɧɬɚɞɢɟɧɚ (ɩɨɥɢ-ȾɐɉȾ) – 

ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɣ ɩɨɥɢɦɟɪ ɫ ɭɧɢɤɚɥɶɧɵɦɢ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɣ 

ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɧɚɪɨɞɧɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ȼ ɬɨɦ ɱɢɫɥɟ ɨɫɧɨɜɧɵɦ ɫɟɝɦɟɧɬɨɜ ɩɨɬɪɟɛɥɟɧɢɹ ɩɨɥɢȾɐɉȾ ɹɜɥɹɟɬɫɹ 

ɨɬɪɚɫɥɶ ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɹ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɟɬɚɥɟɣ ɢɡ ɩɨɥɢȾɐɉȾ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ 

RIM-ɥɢɬɶɹ (ɪɟɚɤɰɢɨɧɧɨ-ɢɧɠɟɤɰɢɨɧɧɨɟ ɮɨɪɦɨɜɚɧɢɟ) ɜ ɡɚɤɪɵɬɭɸ ɮɨɪɦɭ,  ɪɚɡɪɚɛɨɬɚɧɧɵɣ 

ɜ ɤɨɧɰɟ 80-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ ɮɢɪɦɚɦɢ “Hercules Inc” ɢ “BF Goodrich”  ɢ 

ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɫɦɟɲɟɧɢɢ ɪɚɜɧɵɯ ɱɚɫɬɟɣ ɤɨɦɩɨɧɟɧɬɚ Ⱥ,  ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɫɢɫɬɟɦɵ 

ɦɨɧɨɦɟɪ – ɚɤɬɢɜɚɬɨɪ ɢ ɤɨɦɩɨɧɟɧɬɚ Ȼ,  ɫɨɫɬɨɹɳɟɝɨ  ɢɡ ɫɢɫɬɟɦɵ ɦɨɧɨɦɟɪ – ɤɚɬɚɥɢɡɚɬɨɪ. 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɜ Ɋɨɫɫɢɢ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɨɥɢȾɐɉȾ, ɭɠɟ ɢɦɟɸɳɟɝɨ ɲɢɪɨɤɨɟ 

ɩɪɢɦɟɧɟɧɢɟ ɜ ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɢ, ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɛɚɡɢɪɭɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ 

ɢɦɩɨɪɬɢɪɭɟɦɨɦ ɫɵɪɶɟ (Metton inc., USA ɢ Telene S.A.S., France) [3]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɫ 

ɰɟɥɶɸ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɹ ɫɵɪɶɹ  ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɞɟɬɚɥɟɣ ɚɜɬɨɦɨɛɢɥɹ ɚɤɬɭɚɥɶɧɵɦ 

ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ Ⱥ ɢ Ȼ ɞɥɹ ɫɢɧɬɟɡɚ ɩɨɥɢȾɐɉȾ, 

ɩɪɢɝɨɞɧɵɯ ɞɥɹ ɦɟɬɚɬɟɡɢɫɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ,  ɧɚ ɛɚɡɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɫɵɪɶɹ ɉȺɈ 

«ɇɢɠɧɟɤɚɦɫɤɧɟɮɬɟɯɢɦ».  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɩɪɢɦɟɧɹɥɢ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧ, 

ɜɵɞɟɥɟɧɧɵɣ ɧɚ ɭɫɬɚɧɨɜɤɟ ɩɟɪɟɪɚɛɨɬɤɢ ɮɪɚɤɰɢɢ ɋ5 – ɩɢɪɨɥɢɡɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȺɈ 

«ɇɢɠɧɟɤɚɦɫɤɧɟɮɬɟɯɢɦ». ɋɢɧɬɟɡ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɤɨɦɩɨɧɟɧɬɚ Ȼ 

ɩɪɨɜɨɞɢɥɢ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜ ɇɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɰɟɧɬɪɟ ɉȺɈ 

«ɇɢɠɧɟɤɚɦɫɤɧɟɮɬɟɯɢɦ» ɦɟɬɨɞɢɤɟ [4]. ɉɪɢ ɟɝɨ ɩɨɥɭɱɟɧɢɢ ɛɵɥɢ ɜɵɞɟɪɠɚɧɵ ɫɥɟɞɭɸɳɢɟ 

ɦɨɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ: Ⱥɥɤɢɥɮɟɧɨɥ /ɋɬɚɛɢɥɢɡɚɬɨɪ/Ƚɟɤɫɚɯɥɨɪɢɞɮɨɥɶɮɪɚɦɚ=2/3/1 

Ƚɨɬɨɜɵɣ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ ɞɨɛɚɜɥɹɥɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜ ȾɐɉȾ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɧɟɧɬɚ Ȼ. Ʉɨɦɩɨɧɟɧɬ Ⱥ, ɫɨɞɟɪɠɚɳɢɣ ɚɤɬɢɜɚɬɨɪ – 

ɬɪɢɢɡɨɛɭɬɢɥɚɥɸɦɢɧɢɣ, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɧɚɫɬɨɹɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɦɟɥ ɫɬɚɛɢɥɶɧɵɣ 

ɫɨɫɬɚɜ, ɩɨɞɨɛɪɚɧɧɵɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɪɢ ɫɦɟɲɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ Ⱥ ɢ Ȼ ɦɨɥɶɧɨɟ 

Ɂ-II-31 
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ɫɨɨɬɧɨɲɟɧɢɟ Al : W  ɛɵɥɨ ɪɚɜɧɨ 3,5. ɂɫɯɨɞɹ ɢɡ ɞɨɩɭɫɬɢɦɨɝɨ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɢɹ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɩɨɥɢȾɐɉȾ ɦɟɬɨɞɨɦ ɪɟɚɤɰɢɨɧɧɨ-ɢɧɠɟɤɰɢɨɧɧɨɝɨ 

ɮɨɪɦɨɜɚɧɢɹ, ɛɵɥɢ ɜɵɛɪɚɧɵ ɦɨɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ȾɐɉȾ:W, ɪɚɜɧɵɟ 1500 ɢ 3000.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɦɩɨɧɟɧɬɨɜ Ⱥ ɢ Ȼ  ɧɚ 

ɭɫɬɚɧɨɜɤɟ ɮɨɪɦɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɞɟɬɚɥɢ ɢɡ ɩɨɥɢȾɐɉȾ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢȾɐɉȾ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ASTM D638, ASTM D 256. ɋɞɟɥɚɧ 

ɜɵɜɨɞ ɨ ɬɪɟɛɭɟɦɨɣ ɱɢɫɬɨɬɟ ɦɨɧɨɦɟɪɚ, ɩɪɢɝɨɞɧɨɝɨ ɞɥɹ ɪɟɚɤɰɢɢ ɦɟɬɚɬɟɡɢɫɧɨɣ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫ ɪɚɫɤɪɵɬɢɟɦ ɰɢɤɥɚ ȾɐɉȾ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɨɫɧɨɜɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɢɫɯɨɞɧɨɦ ɦɨɧɨɦɟɪɟ ɞɨ 98 % ɦɚɫ. ɫɧɢɠɚɟɬ ɪɚɫɯɨɞ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ 

ɨɫɧɨɜɟ ɝɟɤɫɚɯɥɨɪɢɞɚ ɜɨɥɶɮɪɚɦɚ ɧɚ 75 %. 
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ɫɨɟɞɢɧɟɧɢɣ, 1977, Ɍ.9., ɋ. 129. 
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3. ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ: hp://www.napinfo.ru/reports/rynok-plastikov-v-rossii-v-2014-chast- 
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ɋɂɇɌȿɁ ɩ-ɄɋɂɅɈɅȺ ȺɅɄɂɅɂɊɈȼȺɇɂȿɆ ɌɈɅɍɈɅȺ ɆȿɌȺɇɈɅɈɆ ɇȺ 
ɋɂɅɂɄɈȺɅɘɆɈɎɈɋɎȺɌȿ SAPO-11  

Ⱥɝɥɢɭɥɥɢɧ Ɇ.Ɋ.1, ɏɚɣɪɭɥɥɢɧɚ  Ɂ.Ɋ.2, Ɏɚɣɡɭɥɥɢɧ Ⱥ.ȼ. 1, ɉɟɬɪɨɜ Ⱥ.ɂ. 2, 
Ȼɚɞɪɟɬɞɢɧɨɜɚ Ⱥ.Ⱥ. 2 

p-XYLENE SYNTHESIS BY TOLUENE ALKYLATION WITH METHANOL  

OVER SAPO-11 SILICOALUMINOPHOSPHATE 
1ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɊȺɇ, ɝ. ɍɮɚ 

2ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɍɮɚ 

E-mail: Maratradikovich@mail.ru  

 

ɩ-Ʉɫɢɥɨɥ ɬɪɚɞɢɰɢɨɧɧɨ ɩɨɥɭɱɚɸɬ ɪɢɮɨɪɦɢɧɝɨɦ ɛɟɧɡɢɧɚ. ɑɬɨɛɵ ɭɜɟɥɢɱɢɬɶ ɜɵɯɨɞ 

ɩ-ɤɫɢɥɨɥɚ, ɩɪɨɜɨɞɹɬ ɢɡɨɦɟɪɢɡɚɰɢɸ ɨ- ɢ ɦ-ɤɫɢɥɨɥɚ. ɉɨ ɦɟɪɟ ɬɨɝɨ ɤɚɤ ɩɨɥɢɷɮɢɪ — 

ɨɫɧɨɜɧɨɣ ɤɨɧɟɱɧɵɣ ɩɪɨɞɭɤɬ ɩɟɪɟɪɚɛɨɬɤɢ ɩ-ɤɫɢɥɨɥɚ — ɜɵɬɟɫɧɹɥ ɞɪɭɝɢɟ ɦɚɬɟɪɢɚɥɵ ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɨɥɨɤɨɧ, ɩɥɟɧɨɤ ɢ ɩɢɳɟɜɵɯ ɤɨɧɬɟɣɧɟɪɨɜ, ɨɛɴɟɦɵ ɜɵɩɭɫɤɚ ɩ-ɤɫɢɥɨɥɚ ɫɬɚɥɢ 

ɛɵɫɬɪɨ ɪɚɫɬɢ. ɉɨɷɬɨɦɭ ɩɨɹɜɢɥɢɫɶ ɬɟɯɧɨɥɨɝɢɢ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 

ɜɢɞɨɜ ɫɵɪɶɹ, ɧɚɩɪɢɦɟɪ, ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɟ ɬɨɥɭɨɥɚ ɧɚ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɩ-ɤɫɢɥɨɥɚ ɹɜɥɹɟɬɫɹ ɢ ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɬɨɥɭɨɥɚ 

ɦɟɬɚɧɨɥɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ [1]. ɇɚɢɛɨɥɟɟ ɫɟɥɟɤɬɢɜɧɵɦɢ ɜ 

ɭɩɨɦɹɧɭɬɨɣ ɜɵɲɟ ɪɟɚɤɰɢɢ ɹɜɥɹɸɬɫɹ ɫɪɟɞɧɟɩɨɪɢɫɬɵɟ ɫɢɥɢɤɨɚɥɸɦɨɮɨɫɮɚɬɧɵɟ 

ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɢɬɚ SAPO-11 ɫ ɨɞɧɨɦɟɪɧɨɣ ɤɚɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɛɨɥɟɟ ɫɥɚɛɵɦɢ 

ɤɢɫɥɨɬɧɵɦɢ ɰɟɧɬɪɚɦɢ, ɱɟɦ ɜ ɚɥɸɦɨɫɢɥɢɤɚɬɚɯ. Ɉɞɧɚɤɨ, ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɥɢɹɧɢɟɦ 

ɤɢɫɥɨɬɧɨɫɬɢ SAPO-11 ɧɚ ɟɝɨ ɚɤɬɢɜɧɨɫɬɶ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɜ ɦɟɬɢɥɢɪɨɜɚɧɢɢ ɬɨɥɭɨɥɚ, 

ɬɪɟɛɭɸɬ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ [2].  

ȼ ɞɚɧɧɨɦ ɫɨɨɛɳɟɧɢɢ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɚɥɤɢɥɢɪɨɜɚɧɢɹ 

ɬɨɥɭɨɥɚ ɧɚ ɨɛɪɚɡɰɚɯ ɫɢɥɢɤɨɚɥɸɦɨɮɨɫɮɚɬɚ SAPO-11, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɦ ɫɢɧɬɟɡɨɦ ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ [3], ɢ ɨɬɥɢɱɚɥɢɫɶ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ. 

ɉɨɥɭɱɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ, 

ȼɆɍ əɆɊ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɧɚ ɹɞɪɚɯ 27Al, 31P, 29Si ɢ ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɞɟɫɨɪɛɰɢɢ 

ɚɦɦɢɚɤɚ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɩɪɨɬɨɱɧɨɦ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ 

ɪɟɚɤɬɨɪɟ ɩɪɢ 400ɨɋ, ɫɨɨɬɧɨɲɟɧɢɢ ɬɨɥɭɨɥɚ ɤ ɦɟɬɚɧɨɥɭ - 2:1 ɢ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ 

ɫɵɪɶɹ 3 ɱ-1.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ, ɜɚɪɶɢɪɭɹ ɤɢɫɥɨɬɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɫɢɥɢɤɨɚɥɸɦɨɮɨɫɮɚɬɚ SAPO-11, 

ɦɨɠɧɨ ɩɪɢ ɩɨɥɧɨɣ ɤɨɧɜɟɪɫɢɢ ɬɨɥɭɨɥɚ ɞɨɫɬɢɝɧɭɬɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩ-ɤɫɢɥɨɥɚ 

ɛɨɥɟɟ 60%.  
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ɋɕɊɖȿ ȾɅə ɇȿɎɌəɇɈɃ ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ ɇȺ ȻȺɁȿ  
ȽɂȾɊɈɄɋɂ-1,3-ȾɂɈɄɋȺɐɂɄɅɈȺɅɄȺɇɈȼ 

Ɇɢɯɚɣɥɨɜɚ ɇ.ɇ 1., Ɂɥɨɬɫɤɢɣ ɋ.ɋ. 1, Ȼɨɝɨɦɚɡɨɜɚ Ⱥ.Ⱥ. 2 

RAW MATERIAL FOR THE OIL INDUSTRY ON THE BASIS OF 

 HYDROXY-1,3-DIOXACYCLOALKANES 
1ɎȽȻɈɍ ȼɈ ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 

e-mail.ru: ximik2008@mail.ru 
2ɎȽȻɈɍ ȼɈ Ȼɚɲɤɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Cɬɟɪɥɢɬɚɦɚɤɫɤɢɣ ɮɢɥɢɚɥ,  

 

ɂɡɜɥɟɱɟɧɢɟ ɨɫɬɚɬɨɱɧɨɣ ɧɟɮɬɢ ɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɹ ɧɟɮɬɟɞɨɛɵɱɢ ɹɜɥɹɸɬɫɹ 

ɰɟɧɬɪɚɥɶɧɵɦɢ ɜɨɩɪɨɫɚɦɢ ɧɟɮɬɟɩɪɨɦɵɫɥɨɜɨɣ ɯɢɦɢɢ. Ɇɵ ɩɨɥɭɱɢɥɢ ɢ ɢɫɫɥɟɞɨɜɚɥɢ 

ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ ɫɩɨɫɨɛɧɵɟ ɪɚɡɪɭɲɚɬɶ ɝɢɩɫɨ-ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ 

ɨɬɥɨɠɟɧɢɹ ɢ ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɧɟɮɬɟɨɬɞɚɱɭ. 

Ʉ ɬɚɤɢɦ ɪɚɫɬɜɨɪɢɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ ɫɥɨɠɧɵɟ ɢ ɩɪɨɫɬɵɟ ɷɮɢɪɵ ɞɢɨɤɫɚɧɨɜɵɯ 

ɫɩɢɪɬɨɜ. ɉɨɫɥɟɞɧɢɟ ɹɜɥɹɸɬɫɹ ɩɨɛɨɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɨɩɪɟɧɚ ɢ ɞɨ 

ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɧɚɯɨɞɹɬ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ [1].  

Ɇɵ ɢɡɭɱɢɥɢ ɢɯ ɷɬɟɪɢɮɢɤɚɰɢɸ ɧɚ ɩɪɢɦɟɪɟ ɦɨɞɟɥɶɧɵɯ 5-ɝɢɞɪɨɤɫɨ-1,3-ɞɢɨɤɫɚɧɨɜ 

ɢ 4-ɝɢɞɪɤɫɨɦɟɬɢɥ-1,3-ɞɢɨɤɫɨɥɚɧɨɜ (ɫɦɟɫɶ ɢɡɨɦɟɪɨɜ) [2].  

ɋɦɟɫɶ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɩɢɪɬɨɜ 1ɚ,ɛ ɪɟɚɝɢɪɭɟɬ ɫ ɯɥɨɪɚɧɝɢɞɪɢɞɨɦ ɛɟɧɡɨɣɧɨɣ 

ɤɢɫɥɨɬɵ 2 ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɷɤɜɢɦɨɥɹɪɧɨɣ ɫɦɟɫɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɛɟɧɡɨɚɬɨɜ 3a,ɛ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɡɨɦɟɪɧɨɣ ɫɦɟɫɢ 1a,ɛ ɫ ɯɥɨɪɚɧɝɢɞɪɢɞɚɦɢ  ɞɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ 

(ɬɟɪɟɮɬɚɥɟɜɨɣ 4 ɢ ɝɥɭɬɚɪɨɜɨɣ 5) ɩɪɢɜɨɞɢɬ ɤ ɫɥɨɠɧɨɣ ɫɦɟɫɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɢɷɮɢɪɨɜ 

6ɚ-ɜ ɢ 7ɚ-ɜ (ɫɯɟɦɚ 1).  

ȼ ɪɟɡɭɥɶɬɚɬɟ Ɉ-ɚɰɢɥɢɪɨɜɚɧɢɹ 5-ɷɬɢɥ-5-ɝɢɞɪɨɤɫɨɦɟɬɢɥ-1,3-ɞɢɨɤɫɚɧɚ 8 

ɯɥɨɪɚɧɝɢɞɪɢɞɚɦɢ 2, 4-5 ɩɨɥɭɱɟɧɵ ɦɨɧɨ- ɢ ɞɢɷɮɢɪɵ 9-11 (ɫɯɟɦɚ 2).  

ɋɯɟɦɚ 1 O O OHO OOH ɩиɪидин200С O O O O O O O O+3ɚ 3ɛO O O R O O OO O O R OO OO O O O O R O O OO OO O+ +6ɚ, 7ɚ 6ɛ, 7ɛ 6ɜ, 7ɜ24,5
 

R=C6H4 (4, 6ɚ-ɜ), R=C3H6 (5, 7ɚ-ɜ) 
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ɋɯɟɦɚ 2 O OH3C OH OO O OCH3O OH3C O RO OO O O CH3ɩиɪидин200С 24,5 9 10,118
 

 

R= C6H4 (4, 10), R= n-C3H6 (5, 11) 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɣ ɫ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɚɰɟɬɚɬɵ, ɛɟɧɡɨɚɬɵ, ɦɚɥɨɧɚɬɵ ɢ ɞɪ. Ɍɚɤɠɟ ɰɟɥɟɜɵɟ ɫɥɨɠɧɵɟ ɷɮɢɪɵ ɤɨɥɢɱɟɫɬɜɟɧɧɨ 

ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ ɩɪɢ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ ɷɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɢɫɥɨɬ 

ɞɢɨɤɫɚɧɨɜɵɦɢ ɫɩɢɪɬɚɦɢ. 

ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɢɤɪɨɜɨɥɧɨɜɨɟ ɢɡɥɭɱɟɧɢɟ ɭɫɤɨɪɹɟɬ 

ɷɬɟɪɢɮɢɤɚɰɢɸ ɢ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɸ, ɚ ɜɵɯɨɞ ɰɟɥɟɜɵɯ ɷɮɢɪɨɜ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ 

ɫɩɢɪɬɨɜ ɞɨɫɬɢɝɚɟɬ 85-90%. 

ȼ ɞɨɤɥɚɞɟ ɩɪɢɜɨɞɹɬɫɹ ɞɚɧɧɵɟ ɨ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɫɜɨɣɫɬɜɚɯ ɩɨɥɭɱɟɧɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɢ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ ɜɵɬɟɫɧɹɬɶ ɭɝɥɟɜɨɞɨɪɨɞɵ ɢɡ ɨɛɜɨɞɧɟɧɧɵɯ ɧɟɮɬɹɧɵɯ 

ɤɨɥɥɟɤɬɨɪɨɜ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ȼɨɝɨɦɚɡɨɜɚ Ⱥ.Ⱥ., Ɇɢɯɚɣɥɨɜɚ ɇ.ɇ., Ɂɥɨɬɫɤɢɣ ɋ.ɋ. ɋɨɜɪɟɦɟɧɧɚɹ ɯɢɦɢɹ 

ɰɢɤɥɢɱɟɫɤɢɯ ɚɰɟɬɚɥɟɣ. ɩɨɥɭɱɟɧɢɟ. Ɋɟɚɤɰɢɢ. ɋɜɨɣɫɬɜɚ // LAP LAMBERT Academic 

Publishing, 2012, 87ɫ. 

2. Ƚɢɧɢɹɬɭɥɥɢɧɚ ɗ.ɏ., Ɂɥɨɬɫɤɢɣ ɋ.ɋ. ɋɢɧɬɟɡ ɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɰɢɤɥɢɱɟɫɤɢɯ 

ɚɰɟɬɚɥɟɣ 1,1,1-ɬɪɢɫ(ɨɤɫɢɦɟɬɢɥ)ɩɪɨɩɚɧɚ // ȼɟɫɬɧɢɤ ȻȽɍ. – ɍɮɚ, 2010. – Ɍ.15. – №3. – 

ɋ.578-580. 

 

  



513 

 

ȽȺɁɈɎȺɁɇȺə ɂɁɈɆȿɊɂɁȺɐɂə ɐɂɄɅɈȽȿɄɋȺɇɈɇɈɄɋɂɆȺ ȼ 
ɄȺɉɊɈɅȺɄɌȺɆ ɇȺ ɋɂɅɂɄɈȺɅɘɆɈɎɈɋɎȺɌȿ SAPO-11  

Ⱥɝɥɢɭɥɥɢɧ Ɇ.Ɋ.1, ɏɚɣɪɭɥɥɢɧɚ  Ɂ.Ɋ.2, Ɏɚɣɡɭɥɥɢɧ Ⱥ.ȼ. 1, ɉɟɬɪɨɜ Ⱥ.ɂ. 2, 
Ȼɚɞɪɟɬɞɢɧɨɜɚ Ⱥ.Ⱥ.2 

GAS PHASE ISOMERIZATION OF CYCLOHEXANONE OXIME INTO 

CAPROLACTAM OVER SAPO-11 SILICOALUMINOPHOSPHATE 
1ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɊȺɇ, ɝ. ɍɮɚ 

2ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɍɮɚ 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɚɩɪɨɥɚɤɬɚɦ ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɦɨɧɨɦɟɪɨɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɩɨɥɢɚɦɢɞɚ-6, ɦɢɪɨɜɨɣ ɜɵɩɭɫɤ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 5 ɦɥɧ. ɬɨɧɧ/ɝɨɞ. ɉɨɫɥɟɞɧɟɣ 

ɫɬɚɞɢɟɣ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɭɤɚɡɚɧɧɨɝɨ ɦɨɧɨɦɟɪɚ ɹɜɥɹɟɬɫɹ ɠɢɞɤɨɮɚɡɧɚɹ ɢɡɨɦɟɪɢɡɚɰɢɹ 

ɰɢɤɥɨɝɟɤɫɚɧɨɧɨɤɫɢɦɚ ɜ ɤɚɩɪɨɥɚɤɬɚɦ (ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɚ Ȼɟɤɦɚɧɚ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ 

ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜɵɫɨɤɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ [1]. ɇɟɞɨɫɬɚɬɤɢ 

ɭɤɚɡɚɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵ, ɩɨɷɬɨɦɭ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɝɚɡɨɮɚɡɧɵɣ ɩɪɨɰɟɫɫ 

ɦɨɳɧɨɫɬɶɸ 60 ɬɵɫ.ɬɨɧɧ/ɝɨɞ ɧɚ ɨɫɧɨɜɟ ɜɵɫɨɤɨɦɨɞɭɥɶɧɨɝɨ ɰɟɨɥɢɬɚ ZSM-5 (Si/Al>10000), 

ɤɨɬɨɪɵɣ ɩɪɢ ɩɨɥɧɨɣ ɤɨɧɜɟɪɫɢɢ ɨɤɫɢɦɚ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ 

ɤɚɩɪɨɥɚɤɬɚɦɭ ɨɤɨɥɨ 85% [2]. Ɉɞɧɚɤɨ, ɩɪɨɛɥɟɦɚ ɫɨɡɞɚɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɰɟɥɟɜɨɦɭ ɩɪɨɞɭɤɬɭ ɛɨɥɟɟ 90%, ɨɫɬɚɟɬɫɹ ɩɨ-ɩɪɟɠɧɟɦɭ 

ɚɤɬɭɚɥɶɧɨɣ.  

ȼ ɞɚɧɧɨɦ ɫɨɨɛɳɟɧɢɢ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɝɚɡɨɮɚɡɧɨɣ 

ɢɡɨɦɟɪɢɡɚɰɢɢ ɰɢɤɥɨɝɟɤɫɚɧɨɧɨɤɫɢɦɚ ɜ ɤɚɩɪɨɥɚɤɬɚɦ ɧɚ ɨɛɪɚɡɰɚɯ ɫɢɥɢɤɨɚɥɸɦɨɮɨɫɮɚɬɚ 

SAPO-11, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɦ ɫɢɧɬɟɡɨɦ ɩɨ ɦɟɬɨɞɢɤɟ, 

ɨɩɢɫɚɧɧɨɣ ɜ [3], ɢ ɨɬɥɢɱɚɥɢɫɶ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ. 

ɉɨɥɭɱɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ, 

ȼɆɍ əɆɊ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɧɚ ɹɞɪɚɯ 27Al, 31P, 29Si ɢ ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɞɟɫɨɪɛɰɢɢ 

ɚɦɦɢɚɤɚ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɩɪɨɬɨɱɧɨɦ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ 

ɪɟɚɤɬɨɪɟ ɩɪɢ 350ɨɋ ɢ ɫ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ 6 ɱ-1.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɤɚɩɪɨɥɚɤɬɚɦɭ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɤɢɫɥɨɬɧɨɫɬɢ 

ɨɛɪɚɡɰɨɜ ɢ ɭɛɵɜɚɟɬ ɫ ɟɟ ɪɨɫɬɨɦ. Ɉɩɪɟɞɟɥɟɧɵ ɭɫɥɨɜɢɹ, ɜ ɤɨɬɨɪɵɯ ɩɪɢ ɩɨɥɧɨɣ ɤɨɧɜɟɪɫɢɢ 

ɰɢɤɥɨɝɟɤɫɚɧɨɧɨɤɫɢɦɚ ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 95%.  
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ɊȺɁɊȺȻɈɌɄȺ ɉɈɅɂɆȿɊɇɈȽɈ ɆȺɌȿɊɂȺɅȺ ɇȺ ɈɋɇɈȼȿ ɉɈɅɂ-4-

ɆȿɌɂɅɉȿɇɌȿɇȺ-1 ȾɅə 3D ɉȿɑȺɌɂ ɆȿɆȻɊȺɇ 

Ȼɚɯɬɢɧ Ⱦ.ɋ., ɂɝɧɚɬɟɧɤɨ ȼ.ə., Ʉɨɫɬɸɤ Ⱥ.ȼ., Ⱥɧɨɯɢɧɚ Ɍ.ɋ., ɂɥɶɢɧ ɋ.Ɉ.,  
Ⱥɧɬɨɧɨɜ ɋ.ȼ., ȼɨɥɤɨɜ Ⱥ.ȼ. 

DEVELOPMENT OF POLY-4-METHYLPHENTHENE-1 BASED POLYMER 

MATERIAL FOR 3D PRINTING OF MEMBRANES 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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Ɇɟɦɛɪɚɧɧɵɟ ɦɟɬɨɞɵ ɪɚɡɞɟɥɟɧɢɹ ɠɢɞɤɢɯ ɫɪɟɞ ɨɛɥɚɞɚɸɬ ɫɭɳɟɫɬɜɟɧɧɵɦɢ 

ɞɨɫɬɨɢɧɫɬɜɚɦɢ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɩɨɞɯɨɞɚɦɢ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɞɢɫɬɢɥɥɹɰɢɹ, ɡɚ ɫɱɟɬ ɨɬɫɭɬɫɬɜɢɹ ɮɚɡɨɜɵɯ 

ɩɟɪɟɯɨɞɨɜ ɩɪɢ ɪɚɡɞɟɥɟɧɢɢ, ɦɟɧɶɲɢɯ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɪɨɫɬɨɬɵ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɬɨ ɠɟ ɫɚɦɨɟ ɜɪɟɦɹ, ɧɟɫɦɨɬɪɹ ɧɚ 

ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɳɟɦɢɪɨɜɨɣ ɩɪɨɪɵɜ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ 

ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɢ ɫɟɥɟɤɬɢɜɧɵɯ ɦɟɦɛɪɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɦɟɦɛɪɚɧ, 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɪɚɡɞɟɥɟɧɢɢ ɪɟɚɥɶɧɵɯ ɠɢɞɤɢɯ ɫɦɟɫɟɣ ɩɨ-ɩɪɟɠɧɟɦɭ 

ɫɭɳɟɫɬɜɟɧɧɨ ɨɝɪɚɧɢɱɟɧɚ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɢɡ-ɡɚ ɜɨɡɧɢɤɚɸɳɢɯ ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ 

ɷɮɮɟɤɬɨɜ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɢ ɡɚɫɨɪɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɦɛɪɚɧ. ɗɬɨ 

ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɦɟɦɛɪɚɧ ɫɤɨɪɨɫɬɶ 

ɞɢɮɮɭɡɢɢ ɭɞɚɥɹɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ (ɧɚɩɪɢɦɟɪ, ɜɨɞɵ) ɢɡ ɨɛɴɟɦɚ ɪɚɡɞɟɥɹɟɦɨɣ ɫɦɟɫɢ ɤ 

ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɦɛɪɚɧɵ ɫɬɚɧɨɜɢɬɫɹ ɫɪɚɜɧɢɦɨɣ ɢɥɢ ɞɚɠɟ ɧɢɠɟ, ɱɟɦ ɫɤɨɪɨɫɬɶ ɟɝɨ 

ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ, ɩɪɢɜɨɞɹ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɸ 

ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɨɬɫɟɤɚɟɦɨɝɨ ɦɟɦɛɪɚɧɨɣ (ɰɟɥɟɜɨɣ ɤɨɦɩɨɧɟɧɬ – ɧɚɩɪɢɦɟɪ, 

ɰɟɧɧɵɣ ɛɟɥɨɤ ɢɥɢ ɨɪɝɚɧɢɱɟɫɤɢɟ ɡɚɝɪɹɡɧɢɬɟɥɢ) ɭ ɟё ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɪɚɡɨɜɚɧɢɸ 

ɨɬɥɨɠɟɧɢɣ ɧɚ ɦɟɦɛɪɚɧɟ. Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɞɚɧɧɵɯ ɧɟɝɚɬɢɜɧɵɯ ɷɮɮɟɤɬɨɜ ɜ ɦɟɦɛɪɚɧɧɵɯ 

ɦɨɞɭɥɹɯ, ɜ ɱɚɫɬɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɭɪɛɭɥɢɡɚɬɨɪɵ (ɨɛɵɱɧɨ, ɜ ɜɢɞɟ ɩɨɥɢɦɟɪɧɨɣ ɫɟɬɤɢ), 

ɭɥɭɱɲɚɸɳɢɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɪɚɡɞɟɥɹɟɦɨɣ ɫɦɟɫɢ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɦɛɪɚɧɵ. ɇɚ ɪɹɞɭ ɫ 

ɷɬɢɦ, ɜ ɦɟɫɬɚɯ ɤɨɧɬɚɤɬɚ ɬɚɤɢɯ ɬɭɪɛɭɥɢɡɚɬɨɪɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɟɦɛɪɚɧɵ ɦɨɝɭɬ 

ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɥɨɤɚɥɶɧɵɟ ɡɚɫɬɨɣɧɵɟ ɡɨɧɵ, ɩɪɢɜɨɞɹ ɤ ɫɧɢɠɟɧɢɸ ɚɤɬɢɜɧɨɣ ɩɥɨɳɚɞɢ 

ɦɟɦɛɪɚɧɵ, ɨɛɪɚɡɨɜɚɧɢɸ ɨɬɥɨɠɟɧɢɣ ɧɚ ɦɟɦɛɪɚɧɟ ɢ ɩɨɹɜɥɟɧɢɸ ɞɟɮɟɤɬɨɜ ɜ ɫɟɥɟɤɬɢɜɧɨɣ 

ɫɥɨɟ. 

ɂɫɩɨɥɶɡɭɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɦɛɪɚɧɵ ɨɛɥɚɞɚɸɬ ɚɫɢɦɦɟɬɪɢɟɣ ɩɨɪɢɫɬɨɣ 

ɫɬɪɭɤɬɭɪɵ ɬɨɥɶɤɨ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ (1D ɚɫɢɦɦɟɬɪɢɹ: ɭɡɤɢɟ ɩɨɪɵ ɜ ɫɟɥɟɤɬɢɜɧɨɦ ɫɥɨɟ 

ɢ ɤɪɭɩɧɵɟ ɩɨɪɵ ɜ ɚɪɦɢɪɭɸɳɟɦ ɫɥɨɟ). ȼ ɬɨ ɠɟ ɫɚɦɨɟ ɜɪɟɦɹ, ɩɪɨɯɨɠɞɟɧɢɟ ɪɚɡɞɟɥɹɟɦɨɣ 

ɫɦɟɫɢ ɜɞɨɥɶ ɦɨɞɭɥɹ ɨɛɵɱɧɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɟɟ ɫɨɫɬɚɜɚ ɢ 
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ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ɉɨɷɬɨɦɭ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɬɪɚɧɫɩɨɪɬɧɵɦ ɢ 

ɪɚɡɞɟɥɢɬɟɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɦɟɦɛɪɚɧɵ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɪɚɡɞɟɥɟɧɢɹ (ɜ ɱɚɫɬɧɨɫɬɢ, ɨɩɬɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɨɬɛɨɪɚ ɩɪɨɧɢɤɚɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ) 

ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵ ɞɥɹ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɪɚɡɞɟɥɹɟɦɨɣ ɫɦɟɫɢ (ɧɚ ɜɯɨɞɟ) ɢ ɫɨɫɬɚɜɚ 

ɫɦɟɫɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɦɨɞɭɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɛɥɟɦɚ ɫɧɢɠɟɧɢɹ ɧɟɝɚɬɢɜɧɨɝɨ ɷɮɮɟɤɬɚ 

ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɩɪɢ ɪɚɡɞɟɥɟɧɢɢ ɪɟɚɥɶɧɵɯ ɫɦɟɫɟɣ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ ɧɟ 

ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɬɭɪɛɭɥɢɡɚɬɨɪɨɜ, ɧɨ ɢ ɡɚ ɫɱɟɬ ɪɚɡɪɚɛɨɬɤɢ ɦɟɦɛɪɚɧ ɫ 

ɜɚɪɶɢɪɭɟɦɵɦɢ ɨɩɬɢɦɚɥɶɧɵɦ ɨɛɪɚɡɨɦ ɩɨ ɞɥɢɧɟ ɢ ɲɢɪɢɧɟ ɬɪɚɧɫɩɨɪɬɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɩɨɡɜɨɥɹɸɳɢɦɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɬɶ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɤɨɪɨɫɬɶ ɨɬɛɨɪɚ 

ɩɨɬɨɤɚ ɩɨ ɞɥɢɧɟ ɦɟɦɛɪɚɧɧɨɝɨ ɦɨɞɭɥɹ. ɉɨɥɭɱɟɧɢɟ ɬɚɤɨɣ ɦɟɦɛɪɚɧɵ ɜɨɡɦɨɠɧɨ ɩɭɬёɦ 

ɫɨɡɞɚɧɢɹ ɚɧɢɡɨɬɪɨɩɧɨɣ ɩɨ ɩɥɨɳɚɞɢ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɩɨɦɨɳɶɸ 3D ɩɟɱɚɬɢ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɝɥɚɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɬɟɯɧɨɥɨɝɢɢ 3D ɩɟɱɚɬɢ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɫɨɡɞɚɧɢɹ ɨɛɴɟɤɬɨɜ ɫɨ ɫɥɨɠɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶɸ ɜ ɨɞɧɭ ɫɬɚɞɢɸ. ȼ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 3D ɩɟɱɚɬɶ ɭɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ [1], 

ɚɜɬɨɦɨɛɢɥɟ- ɢ ɫɭɞɨɫɬɪɨɟɧɢɢ [2], ɫɬɪɨɢɬɟɥɶɫɬɜɟ [3], ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ [4], 

ɛɢɨɦɟɞɢɰɢɧɟ [5,6] ɢ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ. ɇɟɫɦɨɬɪɹ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɟ ɨɝɪɚɧɢɱɟɧɢɹ 

ɬɟɯɧɨɥɨɝɢɢ 3D ɩɟɱɚɬɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɨɱɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ, ɜ 

ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ ɦɢɪɟ ɚɤɬɢɜɧɨ ɢɫɫɥɟɞɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɦɟɦɛɪɚɧ ɢ ɷɥɟɦɟɧɬɨɜ ɦɟɦɛɪɚɧɧɵɯ ɦɨɞɭɥɟɣ [7-11]. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɨɦ 3D ɩɟɱɚɬɢ 

ɛɵɥ ɫɨɡɞɚɧ ɤɨɦɩɚɤɬɧɵɣ ɦɟɦɛɪɚɧɧɵɣ ɤɨɧɬɚɤɬɨɪ ɝɚɡ-ɠɢɞɤɨɫɬɶ ɧɚ ɨɫɧɨɜɟ ɦɚɬɟɪɢɚɥɚ 

ɩɨɥɢɞɢɦɟɬɢɥɫɢɥɨɤɫɚɧ ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɨɤɫɢɝɟɧɚɰɢɢ, ɩɚɪɨɪɚɡɞɟɥɟɧɢɹ ɢ ɧɚɧɨɮɢɥɶɬɪɚɰɢɢ, 

ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɣ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɨɛɦɟɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɩɥɨɫɤɢɦɢ ɢɥɢ ɩɨɥɨɜɨɥɨɤɨɧɧɵɦɢ ɦɟɦɛɪɚɧɚɦɢ [9]. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɢ ɫɧɢɠɟɧɢɹ ɷɮɮɟɤɬɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɢ 

ɡɚɫɨɪɟɧɢɹ ɦɟɦɛɪɚɧ ɜ ɦɨɞɭɥɟ, ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 3D ɩɟɱɚɬɢ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɬɭɪɛɭɥɢɡɚɬɨɪɨɜ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɢ [7,12]. ȼ ɬɨ ɠɟ ɫɚɦɨɟ ɜɪɟɦɹ, ɧɟɫɦɨɬɪɹ ɧɚ 

ɫɭɳɟɫɬɜɭɸɳɢɣ ɲɢɪɨɤɢɣ ɚɫɫɨɪɬɢɦɟɧɬ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɝɨɞɧɵɯ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 3D 

ɩɟɱɚɬɢ, ɫɟɝɨɞɧɹ ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɩɨ-ɩɪɟɠɧɟɦɭ ɨɝɪɚɧɢɱɟɧɨ ɭɡɤɢɦ ɜɵɛɨɪɨɦ 

ɦɚɬɟɪɢɚɥɨɜ, ɩɨɞɯɨɞɹɳɢɯ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɫɨɡɞɚɧɢɢ ɦɟɦɛɪɚɧ. Ⱦɪɭɝɢɦ 

ɨɝɪɚɧɢɱɟɧɢɟɦ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 3D ɩɟɱɚɬɢ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ, 

ɤɨɬɨɪɨɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɟɱɚɬɶ ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ 

ɦɚɥɵɦ ɪɚɡɦɟɪɨɦ ɩɨɪ. ȼ ɷɬɨɣ ɫɜɹɡɢ, ɜ ɪɚɦɤɚɯ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɵ, ɪɟɲɚɸɬɫɹ ɡɚɞɚɱɢ 

ɩɨ ɪɚɫɲɢɪɟɧɢɸ ɤɪɭɝɚ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɝɨɞɧɵɯ ɞɥɹ 3D ɩɟɱɚɬɢ ɦɟɦɛɪɚɧ, ɚ 
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ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɤɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫɨɡɞɚɧɢɹ ɦɟɦɛɪɚɧ, ɜɤɥɸɱɚɸɳɟɝɨ 

ɧɚɩɪɚɜɥɟɧɧɨɟ ɡɨɧɢɪɨɜɚɧɢɟ ɛɭɞɭɳɟɣ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɦɟɦɛɪɚɧɵ ɦɟɬɨɞɨɦ 3D ɩɟɱɚɬɢ 

ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɡɚ ɫɱɟɬ ɷɤɫɬɪɚɤɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɟɦ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ.  

Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɟɦɛɪɚɧ ɦɟɬɨɞɨɦ 3D ɩɟɱɚɬɢ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɦɟɫɶ ɫɥɟɞɭɸɳɢɯ 

ɦɚɬɟɪɢɚɥɨɜ: ɩɨɥɢ-4-ɦɟɬɢɥɩɟɧɬɟɧ-1 (ɉɆɉ) ɢ ɩɨɥɢɢɡɨɛɭɬɢɥɟɧ Oppanol B15 (ɉɂȻ). 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɥɚɡɟɪɧɨɣ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɢ, ɩɨɥɢɦɟɪɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɚɫɬɜɨɪɢɦɵ 

ɞɪɭɝ ɜ ɞɪɭɝɟ: ɧɚ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦɟ (ɪɢɫ. 1) ɜɢɞɧɚ ɱɟɬɤɚɹ ɮɚɡɨɜɚɹ ɝɪɚɧɢɰɚ ɦɟɠɞɭ 

ɩɨɥɢɦɟɪɚɦɢ, ɨɤɨɥɨ ɤɨɬɨɪɨɣ ɧɟɬ ɢɫɤɪɢɜɥɟɧɢɹ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɩɨɥɨɫ, ɱɬɨ ɦɨɝɥɨ ɛɵ 

ɭɤɚɡɵɜɚɬɶ ɧɚ ɜɡɚɢɦɧɭɸ ɞɢɮɮɭɡɢɸ ɩɨɥɢɦɟɪɨɜ. 

 

Ɋɢɫ. 1. ɂɧɬɟɪɮɟɪɨɝɪɚɦɦɚ ɞɢɮɮɭɡɢɨɧɧɨɣ ɡɨɧɵ ɧɚ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɟ ɉɂȻ/ɉɆɉ 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɫɞɜɢɝɚ ɩɪɢ 240 °ɋ 

ȼɜɟɞɟɧɢɟ ɉɂȻ ɜ ɉɆɉ ɩɪɢɜɨɞɢɥɨ ɤ ɫɧɢɠɟɧɢɸ ɜɹɡɤɨɫɬɢ ɉɆɉ ɞɨ ɭɪɨɜɧɹ, 

ɯɚɪɚɤɬɟɪɧɨɝɨ ɉɂȻ (ɪɢɫ. 2). ɉɨɫɤɨɥɶɤɭ ɩɨɥɢɦɟɪɵ ɹɜɥɹɸɬɫɹ ɧɟɫɨɜɦɟɫɬɢɦɵɦɢ ɢ ɢɯ 
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ɫɨɞɟɪɠɚɧɢɟ ɜ ɫɦɟɫɢ ɫɨɢɡɦɟɪɢɦɨ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɧɢɡɤɚɹ ɜɹɡɤɨɫɬɶ ɨɛɭɫɥɨɜɥɟɧɚ 

ɦɟɠɫɥɨɟɜɵɦ ɫɤɨɥɶɠɟɧɢɟɦ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɧɢɡɤɚɹ ɜɹɡɤɨɫɬɶ ɤɨɦɩɨɡɢɰɢɣ ɨɛɟɫɩɟɱɢɜɚɥɚ 

ɥɟɝɤɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ. 

ɋ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɨɛɪɚɡɰɵ ɩɥёɧɨɤ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɫɦɟɫɢ 

ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɦɚɬɟɪɢɚɥɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɛɵɥɢ ɷɤɫɬɪɚɝɢɪɨɜɚɧɵ ɜ 

ɝɟɩɬɚɧɟ ɞɥɹ ɭɞɚɥɟɧɢɹ ɉɂȻ. ɋ ɩɨɦɨɳɶɸ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɛɵɥɢ 

ɢɫɫɥɟɞɨɜɚɧɵ ɫɬɪɭɤɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɟɧɵ 

ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɩɟɪɟɱɧɵɯ ɫɤɨɥɨɜ ɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɥёɧɨɤ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɫɦɟɫɢ 

ɉɆɉ ɢ ɉɂȻ, ɞɨ ɢ ɩɨɫɥɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɜ ɝɟɩɬɚɧɟ. 

ɉɆɉ+ɉɂȻ ɞɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɜ ɝɟɩɬɚɧɟ 

ɉɨɩɟɪɟɱɧɵɣ ɫɤɨɥ (ɭɜɟɥɢɱɟɧɢɟ ɯ1000) ɉɨɜɟɪɯɧɨɫɬɶ (ɭɜɟɥɢɱɟɧɢɟ ɯ300) 

ɉɆɉ+ɉɂȻ ɩɨɫɥɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɜ ɝɟɩɬɚɧɟ 

ɉɨɩɟɪɟɱɧɵɣ ɫɤɨɥ (ɭɜɟɥɢɱɟɧɢɟ ɯ1000) ɉɨɜɟɪɯɧɨɫɬɶ (ɭɜɟɥɢɱɟɧɢɟ ɯ100) 

Ɋɢɫ. 3. ɋɗɆ – ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɥёɧɨɤ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɫɦɟɫɢ ɉɆɉ ɢ ɉɂȻ. 
 

ɉɨɫɥɟ ɜɵɦɵɜɚɧɢɹ ɉɂȻ ɢɡ ɫɦɟɫɢ, ɨɛɪɚɡɭɟɬɫɹ ɩɨɪɢɫɬɚɹ ɦɟɦɛɪɚɧɚ ɢɡ ɉɆɉ ɫ 

ɦɨɪɮɨɥɨɝɢɟɣ ɝɢɪɨɢɞɧɨɝɨ ɬɢɩɚ. Ɋɚɡɦɟɪ ɩɨɪ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ ɟɞɢɧɢɰ ɦɢɤɪɨɧɚ, ɱɬɨ 
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ɞɟɥɚɟɬ ɟё ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɞɥɹ ɦɢɤɪɨɮɢɥɶɬɪɚɰɢɢ ɡɚɝɪɹɡɧɟɧɧɵɯ ɫɪɟɞ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ 

ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɆȾ-
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ȼɅɂəɇɂȿ ȾɈȻȺȼɈɄ ȼɈȾəɇɈȽɈ ɉȺɊȺ ɇȺ ɉɊɈɐȿɋɋ ɆȺɌɊɂɑɇɈɃ           
ɄɈɇȼȿɊɋɂɂ ɆȿɌȺɇȺ ȼ ɋɂɇɌȿɁ-ȽȺɁ  

Ɉɡɟɪɫɤɢɣ Ⱥ.ȼ.1,2, ɇɢɤɢɬɢɧ Ⱥ.ȼ.1,2, ɋɟɞɨɜ ɂ.ȼ.1,3,Ɍɢɦɨɮɟɟɜ Ʉ.Ⱥ.2, Ʉɨɦɚɪɨɜ ɂ.Ʉ.1,3, 

Ɂɢɦɢɧ ə.ɋ.1,3, Ɏёɞɨɪɨɜ Ⱦ.ɉ.2,3, Ⱥɪɭɬɸɧɨɜ ȼ.ɋ.1,2,3 

VAPOUR INFLUENCE ON THE PROCESS OF MATRIX CONVERSION  

OF METHANE TO SYNGAS 

 
1 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ, ɑɟɪɧɨɝɨɥɨɜɤɚ 

2 ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɋɟɦёɧɨɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
3Ɏɚɤɭɥɶɬɟɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɣ ɢɧɠɟɧɟɪɢɢ Ɇɨɫɤɨɜɫɤɨɝɨ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

E-mail: alex.ozersky.1992@gmail.com. 
 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɫɢɧɬɟɡ-ɝɚɡɚ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ 

ɦɚɬɪɢɱɧɚɹ ɤɨɧɜɟɪɫɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ. ɉɚɪɰɢɚɥɶɧɨɟ ɨɤɢɫɥɟɧɢɟ ɦɟɬɚɧɚ ɩɪɢ ɦɚɬɪɢɱɧɨɣ 

ɤɨɧɜɟɪɫɢɢ ɩɪɨɬɟɤɚɟɬ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɜɛɥɢɡɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɪɢɰɵ, 

ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɢɡ ɩɪɨɧɢɰɚɟɦɨɝɨ ɞɥɹ ɝɚɡɚ ɢ ɬɟɪɦɨɫɬɨɣɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɨɜɟɪɯɧɨɫɬɶ 

ɦɚɬɪɢɰɵ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɮɪɨɧɬ ɩɥɚɦɟɧɢ ɧɚɞ ɧɟɣ. ɉɨɷɬɨɦɭ, ɜ ɭɫɥɨɜɢɹɯ ɦɚɬɪɢɱɧɨɣ 

ɤɨɧɜɟɪɫɢɢ, ɜɨɡɦɨɠɧɨ ɝɨɪɟɧɢɟ ɛɨɝɚɬɵɯ ɬɨɩɥɢɜɨɦ ɫɦɟɫɟɣ, ɤɨɧɜɟɪɫɢɹ ɤɨɬɨɪɵɯ ɧɟɜɨɡɦɨɠɧɚ 

ɩɪɢ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ.  

Ɋɚɧɟɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɭɫɩɟɲɧɵɟ ɢɫɩɵɬɚɧɢɹ ɦɚɬɪɢɱɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ, 

ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɧɜɟɪɬɨɪɨɜ ɞɚɧɧɨɝɨ ɬɢɩɚ [1-3]. ɉɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɹ ɤɢɫɥɨɪɨɞɚ ɜɨɡɞɭɯɚ, ɩɨɥɭɱɚɟɦɵɣ ɫɢɧɬɟɡ-ɝɚɡ ɛɵɥ 

ɫɢɥɶɧɨ ɪɚɡɛɚɜɥɟɧ ɚɡɨɬɨɦ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɞɚɥɶɧɟɣɲɢɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ ɦɚɬɪɢɱɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ 

ɩɨɡɜɨɥɹɟɬ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜ ɫɢɧɬɟɡ-ɝɚɡɟ ɛɚɥɥɚɫɬɧɨɝɨ ɚɡɨɬɚ ɭɜɟɥɢɱɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɤɢɫɥɨɪɨɞɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɦɟɬɨɞɨɦ 

ɦɚɬɪɢɱɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɜɵɫɨɤɢɣ ɜɵɯɨɞ ɫɢɧɬɟɡ-ɝɚɡɚ ɫ ɧɢɡɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɚɡɨɬɚ [2,3]. Ɉɞɧɚɤɨ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɤɨɧɜɟɪɫɢɢ ɨɤɚɡɚɥɫɹ ɤɪɚɣɧɟ 

ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɢɡɦɟɧɟɧɢɸ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɪɟɫɭɪɫɧɵɟ 

ɢɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ ɜ ɰɟɥɨɦ ɯɨɪɨɲɭɸ ɜɪɟɦɟɧɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɰɟɫɫɚ, 

ɦɚɬɪɢɱɧɨɟ ɝɨɪɟɧɢɟ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɥɨɤɚɥɶɧɵɦɢ ɩɟɪɟɝɪɟɜɚɦɢ ɦɚɬɪɢɰɵ ɢ ɩɪɨɫɤɨɤɚɦɢ 

ɩɥɚɦɟɧɢ ɜ ɤɚɦɟɪɭ ɫɦɟɲɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɇ2/ɋɈ ɧɟ ɩɪɟɜɵɲɚɥɨ 

1.7, ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɚ ɧɟ ɩɪɟɜɵɲɚɥɚ 75 % ɢ ɧɚɛɥɸɞɚɥɨɫɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ 

ɫɚɠɢ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɜ ɩɪɨɰɟɫɫɚɯ ɝɨɪɟɧɢɹ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ 

ɜɥɢɹɧɢɟ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ, ɤɢɧɟɬɢɤɭ ɬɟɪɦɢɱɟɫɤɢɯ ɢ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɫɬɚɞɢɣ, 

ɩɪɨɰɟɫɫɵ ɞɢɮɮɭɡɢɢ [4], ɚ ɬɚɤɠɟ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢ ɂɄ-ɢɡɥɭɱɟɧɢɹ [5]. 

ɍ-III-1 
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ɉɨɷɬɨɦɭ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɧɚ 

ɜɨɡɦɨɠɧɨɫɬɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ, ɩɨɤɚɡɚɬɟɥɢ ɢ ɤɢɧɟɬɢɱɟɫɤɢɟ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɦɚɬɪɢɱɧɨɣ ɤɨɧɜɟɪɫɢɢ. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ, ɪɚɫɯɨɞɟ ɦɟɬɚɧɚ ɨɬ 3 ɞɨ 4.5 

ɦ3/ɱ ɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɨɤɢɫɥɢɬɟɥɹ α = 0.34 – 0.38. ȼ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɹ 

ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɬɟɯɧɢɱɟɫɤɢɣ ɤɢɫɥɨɪɨɞ. ȼ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɫɨɨɬɧɨɲɟɧɢɟ ɜɨɞɹɧɨɣ 

ɩɚɪ/ɦɟɬɚɧ ɢɡɦɟɧɹɥɨɫɶ ɨɬ 0 ɞɨ 2.2. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨɝɨ ɪɟɠɢɦɚ ɤɨɧɜɟɪɫɢɢ 

ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɪɢɰɵ ɧɚɯɨɞɢɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 

ɨɬ 1000 ɞɨ 1100 °C. Ɍɚɤ ɤɚɤ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɫɤɨɤ 

ɩɥɚɦɟɧɢ ɜ ɤɚɦɟɪɭ ɫɦɟɲɟɧɢɹ, ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɨɢɫɯɨɞɢɬ ɡɚɬɭɯɚɧɢɟ 

ɩɪɨɰɟɫɫɚ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ 

ɧɚɛɥɸɞɚɥɫɹ ɫɬɚɛɢɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɜɧɭɬɪɢ ɦɚɬɪɢɱɧɨɝɨ ɛɥɨɤɚ, ɥɨɤɚɥɶɧɵɯ 

ɩɟɪɟɝɪɟɜɨɜ ɢ ɩɪɨɫɤɨɤɚ ɩɥɚɦɟɧɢ ɜ ɡɨɧɭ ɫɦɟɲɟɧɢɹ ɧɟ ɛɵɥɨ (ɪɢɫ. 1). Ɉɞɧɚɤɨ ɬɟɦɩɟɪɚɬɭɪɚ 

ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɪɢɰɵ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɫɧɢɠɚɥɚɫɶ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ 

ɩɨɞɚɜɚɟɦɨɝɨ ɩɚɪɚ ɜ ɤɚɦɟɪɭ ɫɦɟɲɟɧɢɹ ɤɨɧɜɟɤɬɨɪɚ, ɢ ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 

ɜɨɞɹɧɨɣ ɩɚɪ/ɦɟɬɚɧ ɛɨɥɟɟ 1,75 ɝɨɪɟɧɢɟ ɩɪɟɤɪɚɳɚɥɨɫɶ. 

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɪɚɛɨɱɟɣ ɫɬɨɪɨɧɟ ɦɚɬɪɢɰɵ ɨɬ ɤɨɥɢɱɟɫɬɜɚ, 

ɩɨɞɚɜɚɟɦɨɝɨ ɜɨɞɹɧɨɝɨ ɩɚɪɚ. Ɋɚɫɯɨɞ ɦɟɬɚɧɚ 3.4 ɦ3/ɱɚɫ, =0.36. 

 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɵ ɜ ɫɢɫɬɟɦɟ ɞɨ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɬɚɧ/ɩɚɪ = 1.5, 

ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɥɢɫɶ, ɩɪɢ ɷɬɨɦ 

ɧɚɛɥɸɞɚɥɨɫɶ ɧɟɛɨɥɶɲɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɇ2/ɋɈ, ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ ɢɡ-ɡɚ 
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ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (ɪɢɫ. 2). Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɛɚɜɥɟɧɢɟ 

ɜɨɞɹɧɵɦ ɩɚɪɨɦ ɢɫɯɨɞɧɨɣ ɦɟɬɚɧɨɤɢɫɥɨɪɨɞɧɨɣ ɫɦɟɫɢ, ɢɡ-ɡɚ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɨɧɜɟɪɫɢɢ ɢ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɜ ɦɚɬɪɢɱɧɨɦ ɛɥɨɤɟ ɤɨɧɜɟɪɬɨɪɚ, 

ɩɪɢɜɨɞɢɥɨ ɤ ɫɧɢɠɟɧɢɸ ɜɵɯɨɞɚ ɜɨɞɨɪɨɞɚ ɢ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɚɧɚ.  

 

 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ( ● ), ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ( ■ ) ɢ 

ɡɧɚɱɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɇ2/ɋɈ ( ▲ ) ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɪɟɚɤɬɨɪ ɜɨɞɹɧɨɝɨ ɩɚɪɚ. 

Ɋɚɫɯɨɞ ɦɟɬɚɧɚ 3.4 ɦ3/ɱɚɫ;  = 0.36. 

 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɜ ɞɜɚ ɪɚɡɚ ɭɦɟɧɶɲɚɟɬɫɹ ɜɵɯɨɞ 

ɚɰɟɬɢɥɟɧɚ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɦ ɫɚɠɢ, ɚ ɬɚɤɠɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ 

ɹɞɨɦ ɩɪɢ ɞɚɥɶɧɟɣɲɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɧɬɟɡɚɯ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɫɧɢɠɚɟɬɫɹ ɫ 2.3 ɞɨ 1.2 %ɦɨɥɶɧ. 

ɋɬɚɛɢɥɢɡɚɰɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɦɚɬɪɢɱɧɨɣ ɤɨɧɜɟɪɫɢɢ ɩɨɡɜɨɥɢɥɚ 

ɜɚɪɶɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɡɧɚɱɟɧɢɣ. ɇɚ ɪɢɫ. 4 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɰɟɫɫɚ – ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ, 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɢ ɡɧɚɱɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɇ2/ɋɈ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

ɦɟɬɚɧɨɤɢɫɥɨɪɨɞɧɨɣ ɦɟɬɚɧ/ɤɢɫɥɨɪɨɞ ɜ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ (α).  
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Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ( ● ), ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ( ■ ) ɢ 

ɡɧɚɱɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɇ2/ɋɈ ( ▲ ) ɨɬ . Ɋɚɫɯɨɞ ɦɟɬɚɧɚ 3.4 ɦ3/ɱɚɫ; [H2O]/[CH4]=0.8. 

 

ȼɢɞɧɨ, ɱɬɨ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɪɚɫɯɨɞɟ ɦɟɬɚɧɚ ɟɝɨ ɤɨɧɜɟɪɫɢɹ ɥɢɧɟɣɧɨ ɪɚɫɬɟɬ ɩɨ ɦɟɪɟ 

ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɢɫɥɢɬɟɥɹ ɜ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɢ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɹ 90 % ɩɪɢ 

=0.38. ɉɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ ɩɪɢɜɨɞɢɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɜ ɯɨɞɟ ɤɨɧɜɟɪɫɢɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɧɟɛɨɥɶɲɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɫɢɧɬɟɡ-ɝɚɡɟ, ɜɟɪɨɹɬɧɟɟ 

ɜɫɟɝɨ ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɨɬɧɨɲɟɧɢɹ ɇ2/ɋɈ ɨɬ  ɢɦɟɟɬ 

ɱёɬɤɨ ɜɵɪɚɠɟɧɧɵɣ ɦɚɤɫɢɦɭɦ ɩɪɢ =0.34.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɫɬɢɝɧɭɬɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɨɤɚɡɚɬɟɥɢ 

ɩɪɨɰɟɫɫɚ: ɫɨɞɟɪɠɚɧɢɟ ɇ2 ɜ ɫɭɯɨɦ ɫɢɧɬɟɡ-ɝɚɡɟ ɞɨ 56 %ɦɨɥɶɧ, ɋɈ – 32 %ɦɨɥɶɧ (ɫɨɨɬɧɨɲɟɧɢɟ 

H2/CO=1.8). ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ2+ ɞɨ 2 % ɦɨɥɶɧ, ɋɈ2 ɞɨ 7 % ɦɨɥɶɧ, 

ɤɨɧɜɟɪɫɢɹ ɋɇ4 ɞɨ 85 %. Ɍɚɤɠɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɨɛɚɜɤɚ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɩɨɡɜɨɥɹɟɬ 

ɭɜɟɥɢɱɢɬɶ ɭɞɟɥɶɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɜɟɪɬɟɪɚ ɩɨ ɫɢɧɬɟɡ-ɝɚɡɭ ɧɚ 30 % ɡɚ ɫɱɟɬ 

ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɦɚɬɪɢɱɧɨɝɨ ɛɥɨɤɚ.  
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɉɪɨɝɪɚɦɦɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɧɚɭɱɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɚɤɚɞɟɦɢɣ ɧɚɭɤ ɧɚ 2013-2020 ɝɝ. (ɲɢɮɪ ɬɟɦɵ 0089-2014-

0032) 
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Ɇɟɬɚɧ (ɋɇ4) – ɨɫɧɨɜɧɨɣ ɤɨɦɩɨɧɟɧɬ ɝɚɡɨɨɛɪɚɡɧɵɯ/ɬɜɟɪɞɵɯ ɢɫɤɨɩɚɟɦɵɯ 

ɬɨɩɥɢɜɧɵɯ ɪɟɫɭɪɫɨɜ: ɩɪɢɪɨɞɧɨɝɨ ɢ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɨɜ, ɝɚɡɚ ɭɝɨɥɶɧɵɯ ɩɥɚɫɬɨɜ, 

ɫɥɚɧɰɟɜɨɝɨ ɝɚɡɚ, ɝɢɞɪɚɬɨɜ ɦɟɬɚɧɚ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɪɨɞɧɵɣ ɝɚɡ, ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɧɚ 

ɜ ɤɨɬɨɪɨɦ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 98 %, ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɢ ɧɟ ɛɨɥɟɟ 

10% ɤɚɤ ɫɵɪɶё ɞɥɹ ɧɟɮɬɟɯɢɦɢɢ. Ɍɚɤɨɟ ɨɝɪɚɧɢɱɟɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɚɡɚ ɫɜɹɡɚɧɨ ɫɨ 

ɫɥɨɠɧɨɫɬɶɸ ɚɤɬɢɜɚɰɢɢ ɦɟɬɚɧɚ - ɫɚɦɨɣ ɩɪɨɫɬɨɣ ɢ ɧɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨɣ ɦɨɥɟɤɭɥɵ ɫɪɟɞɢ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ.  

ɇɟɨɤɢɫɥɢɬɟɥɶɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɋɇ4 ɢɡɭɱɚɟɬɫɹ ɫ 90-ɯ ɝɨɞɨɜ 20 ɜɟɤɚ. Ʉ ɨɫɧɨɜɧɵɦ 

ɩɪɨɞɭɤɬɚɦ, ɩɨɥɭɱɚɟɦɵɦ ɢɡ ɦɟɬɚɧɚ ɜ ɛɟɫɤɢɫɥɨɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ, ɨɬɧɨɫɹɬɫɹ 

ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ (ɨɞɧɨɫɬɚɞɢɣɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ) ɢ ɩɚɪɚɮɢɧɨɜɵɟ 

ɭɝɥɟɜɨɞɨɪɨɞɵ ɋ2-ɋ5 (ɞɜɭɯɫɬɚɞɢɣɧɚɹ ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɚ) [1-3]. Ʉɚɤ ɩɪɚɜɢɥɨ, 

ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɢɡ ɦɟɬɚɧɚ ɩɨɥɭɱɚɸɬ ɧɚ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ, ɚ 

ɩɚɪɚɮɢɧɨɜɵɟ ɧɚ ɦɟɬɚɥɥɨɤɫɢɞɧɵɯ. Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ 

ɧɟɨɤɢɫɥɢɬɟɥɶɧɨɣ ɤɨɧɜɟɪɫɢɟɣ ɦɟɬɚɧɚ ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɨ ɢɡɭɱɟɧɵ ɞɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɛɨɥɶɲɨɝɨ ɧɚɛɨɪɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɚɧɚ, ɫɜɹɡɚɧɧɨɟ ɫ ɟɝɨ 

ɫɨɜɦɟɫɬɧɨɣ ɤɨɧɜɟɪɫɢɟɣ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɦɢ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ [4-5]. 

ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɧɚɧɟɫɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɯɟɦɨɫɨɪɛɰɢɢ ɦɟɬɚɧɚ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɯɟɦɨɫɨɪɛɢɪɨɜɚɧɧɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɜ ɪɟɚɤɰɢɢ ɫɨɜɦɟɫɬɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɫ ɧ-ɩɟɧɬɚɧɨɦ. ɉɪɢ 

ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɚɪɟɧɨɜ ɫ ɧ-

ɩɟɧɬɚɧɨɦ ɢɡɭɱɟɧɨ ɦɟɬɨɞɨɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɢɡɨɬɨɩɧɵɯ ɨɬɧɨɲɟɧɢɣ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 13ɋɇ4.   

ɂɫɫɥɟɞɨɜɚɧɵ ɤɚɬɚɥɢɡɚɬɨɪɵ ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ Ȗ-Al2O3 (Sɭɞ. = 250,4 ɦ2/ɝ, 

Vɩɨɪ = 0,51 ɫɦ3/ɝ, dɫɪ. = 81 Å). Ɇɟɬɚɥɥɵ ɧɚɧɨɫɢɥɢɫɶ ɩɪɨɩɢɬɤɨɣ ɢɡ ɪɚɫɬɜɨɪɨɜ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ HReO4, H2IrCl6, H2PdCl4, H2PtCl6. ȼɵɫɭɲɟɧɧɵɟ (Ɍ = 393 Ʉ) ɨɛɪɚɡɰɵ 

ɩɪɨɤɚɥɢɜɚɥɢ ɜ ɬɨɤɟ ɜɨɡɞɭɯɚ ɩɪɢ Ɍ = 773 Ʉ, ɚ ɡɚɬɟɦ ɜɨɫɫɬɚɧɚɜɥɢɜɚɥɢ ɜ ɚɬɦɨɫɮɟɪɟ ɜɨɞɨɪɨɞɚ 
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mailto:goldim@ihcp.ru


526 

 

(ɇ2). ɂɡɭɱɟɧɢɟ ɯɟɦɨɫɨɪɛɰɢɢ ɦɟɬɚɧɚ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 293-823 Ʉ ɜ 

ɪɟɚɤɬɨɪɟ ɢɞɟɚɥɶɧɨɝɨ ɫɦɟɲɟɧɢɹ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Al2O3 ɧɚɧɟɫɟɧɧɵɟ ɦɟɬɚɥɥɵ ɜ 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɜɢɞɟ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɨɞɧɨɪɨɞɧɵɯ ɱɚɫɬɢɰ ɫ ɞɢɚɦɟɬɪɨɦ 

1,0-1,2 ɧɦ.  

ɉɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɧɚɧɟɫɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ 

ɯɟɦɨɫɨɪɛɰɢɢ ɦɟɬɚɧɚ, ɤɨɬɨɪɚɹ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 723 ɞɨ 773 Ʉ, ɚ ɬɚɤɠɟ ɤɨɥɢɱɟɫɬɜɨ 

ɯɟɦɨɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɦɟɬɚɧɚ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 823 Ʉ (0,6-1,3 ɦɨɥɶ/ɦɨɥɶ ɦɟɬɚɥɥɚ). 

ɉɪɨɬɟɤɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɪɟɚɤɰɢɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ ɜ 

ɪɟɚɤɰɢɨɧɧɵɣ ɨɛɴɟɦ, ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɨɝɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 0,1 

ɦɨɥɶ/ɦɨɥɶ Me (Ɍ=723 Ʉ) ɞɨ 2,0 ɦɨɥɶ/ɦɨɥɶ Me (Ɍ=823 Ʉ). ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ 

ɡɚɜɢɫɢɦɨɫɬɟɣ ɨ ɤɨɥɢɱɟɫɬɜɟ ɯɟɦɨɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɦɟɬɚɧɚ ɢ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɜɨɞɨɪɨɞɚ 

ɪɚɫɫɱɢɬɚɧɨ ɫɪɟɞɧɟɟ ɨɬɧɨɲɟɧɢɟ ɇ/ɋ ɨɛɪɚɡɭɸɳɢɯɫɹ ɋɇɯ-ɱɚɫɬɢɰ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ Ɇe/Al2O3. Ɍɚɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 823 Ʉ ɨɬɧɨɲɟɧɢɟ ɇ/ɋ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 

1,2-1,3 ɚɬ/ɚɬ., ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɞɨɜɨɥɶɧɨ ɝɥɭɛɨɤɭɸ ɫɬɟɩɟɧɶ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɦɟɬɚɧɚ ɩɪɢ 

ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɉɞɧɚɤɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 

ɯɟɦɨɫɨɪɛɢɪɨɜɚɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɢɡ ɦɟɬɚɧɚ, ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 823 Ʉ ɫ ɧ-ɩɟɧɬɚɧɨɦ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɛɪɚɡɨɜɚɧɢɢ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɪɨɹɜɥɹɟɬ ɨɛɪɚɡɟɰ Pt/Al2O3, ɞɥɹ ɤɨɬɨɪɨɝɨ ɜɵɯɨɞ ɚɪɟɧɨɜ 

ɫɨɫɬɚɜɥɹɟɬ 14,3 %ɦɚɫɫ. ɩɪɨɬɢɜ 3,4 %ɦɚɫɫ. ɞɥɹ ɧɚɢɦɟɧɟɟ ɚɤɬɢɜɧɨɝɨ ɜ ɪɟɚɤɰɢɢ 

ɚɪɨɦɚɬɢɡɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ Ir/Al2O3. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ 

ɢɡɨɬɨɩɧɵɯ ɨɬɧɨɲɟɧɢɣ ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ ɨɛɳɭɸ ɫɬɟɩɟɧɶ ɨɛɨɝɚɳɟɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɟɬ 41,8 %. ɂɫɯɨɞɹ ɢɡ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɩɨ ɤɨɥɢɱɟɫɬɜɭ 

ɯɟɦɨɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɦɟɬɚɧɚ ɩɪɢ 823 Ʉ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ Pt/Al2O3 (1,2 ɦɨɥɶ/ɦɨɥɶ Pt) 

ɪɚɫɫɱɢɬɚɧɨ, ɱɬɨ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɭɱɚɫɬɜɭɟɬ 4,7 % 

ɯɟɦɨɫɨɪɛɢɪɨɜɚɧɧɵɯ 13Cɇɯ.  

Ɍɚɤɠɟ ɜ ɪɚɛɨɬɟ ɭɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɢ ɡɚɪɹɞɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɩɥɚɬɢɧɵ, ɤɢɫɥɨɬɧɨɫɬɢ ɧɨɫɢɬɟɥɹ ɧɚ ɨɫɨɛɟɧɧɨɫɬɢ ɯɟɦɨɫɨɪɛɰɢɢ ɦɟɬɚɧɚ ɢ ɟɝɨ ɫɨɜɦɟɫɬɧɨɝɨ 

ɩɪɟɜɪɚɳɟɧɢɹ ɫ ɧ-ɩɟɧɬɚɧɨɦ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɎȺɇɈ Ɋɨɫɫɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ ɉɪɨɝɪɚɦɦɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɚɤɚɞɟɦɢɣ ɧɚɭɤ 
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ɋɊȺȼɇȿɇɂȿ ɗɇȿɊȽȿɌɂɑȿɋɄɈɃ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ɆȿɌɈȾɈȼ 
ɉɈɅɍɑȿɇɂə ɋɂɇɌȿɌɂɑȿɋɄɂɏ ɀɂȾɄɂɏ ɍȽɅȿȼɈȾɈɊɈȾɈȼ  

ɂɁ ɉɊɂɊɈȾɇɈȽɈ ȽȺɁȺ 

ȿɪɦɨɥɚɟɜ ɂ.ɋ. 1,2, ȿɪɦɨɥɚɟɜ ȼ.ɋ.1,2, Ɇɨɪɞɤɨɜɢɱ ȼ.Ɂ.1,2  

COMPARISON OF THE ENERGY EFFICIENCY OF METHODS  

FOR THE PRODUCTION OF SYNTHETIC LIQUID HYDROCARBONS  

FROM NATURAL GAS  
1 ɎȽȻɇɍ ɌɂɋɇɍɆ, Ɍɪɨɢɰɤ 

2 ɈɈɈ ɂɇɎɊȺ ɬɟɯɧɨɥɨɝɢɢ, Ɇɨɫɤɜɚ 

E-mail: ermolaevis@tisnum.ru 

 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ 

ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɋɀɍ) ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ. Ȼɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ 2-ɯ 

ɫɬɚɞɢɣɧɚɹ ɬɟɯɧɨɥɨɝɢɹ, ɜ ɤɨɬɨɪɨɣ ɋɀɍ ɧɚɩɪɹɦɭɸ ɩɨɥɭɱɚɸɬɫɹ ɧɚ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ 

Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ (ɎɌ) ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ (ɫɦɟɫɢ ɇ2 ɢ ɋɈ), ɛɟɡ ɫɬɚɞɢɢ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ 

ɩɪɨɞɭɤɬɚ. ȼ ɪɚɛɨɬɟ ɫɪɚɜɧɢɜɚɥɢ ɜɚɪɢɚɧɬɵ ɬɟɯɧɨɥɨɝɢɢ, ɜ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɢɟ ɫɢɧɬɟɡ-ɝɚɡɚ 

ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɩɚɪɨɜɨɣ ɤɨɧɜɟɪɫɢɢ (SMR, SDR) ɢ ɦɟɬɨɞɨɦ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 

(POX). Ⱥɧɚɥɢɡ ɩɪɨɜɨɞɢɥɫɹ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨ ɋɀɍ ɪɚɜɧɨɣ 400 

ɤɝ/ɱ. 

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɩɚɪɨɜɨɣ  ɤɨɧɜɟɪɫɢɢ: 

ɋɇ4 + ɇ2Ɉ = ɋɈ + 3ɇ2 (ɇ0
298 = + 206,4 ɤȾɠ/ɦɨɥɶ) 

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ: 

ɋɇ4 + 0,5Ɉ2 = ɋɈ + 2ɇ2 (ɇ0
298 = - 35,6 ɤȾɠ/ɦɨɥɶ) 

Ȼɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ, ɬɚɤɢɯ ɤɚɤ 

ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɫɨɨɬɧɨɲɟɧɢɟ ɩɚɪ/ɝɚɡ, ɚ ɬɚɤɠɟ ɤɨɥɢɱɟɫɬɜɨ ɋɈ2 ɢ Ɉ2 ɧɚ 

ɷɧɟɪɝɨɬɟɯɧɨɥɨɝɢɸ ɩɨɥɭɱɟɧɢɹ ɋɀɍ. ȼ ɱɚɫɬɢ ɛɥɨɤɚ ɫɢɧɬɟɡɚ ɎɌ ɜ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɨ 

ɜɥɢɹɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɇ2/ɋɈ ɜ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɦ ɫɢɧɬɟɡ-ɝɚɡɟ ɧɚ ɩɚɪɚɦɟɬɪɵ ɫɢɧɬɟɡɚ ɢ 

ɷɧɟɪɝɨɬɟɯɧɨɥɨɝɢɸ ɜ ɰɟɥɨɦ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɜɚɪɢɚɧɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɯɨɞɹɳɢɯ 

ɝɚɡɨɜ ɫɢɧɬɟɡɚ ɎɌ ɩɪɢ ɜɨɡɜɪɚɬɟ ɢɯ ɨɛɪɚɬɧɨ ɜ ɪɟɚɤɬɨɪ ɫɢɧɬɟɡɚ, ɜ ɪɢɮɨɪɦɟɪ, ɚ ɬɚɤɠɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɫɤɚɞɚ ɪɟɚɤɬɨɪɨɜ ɫɢɧɬɟɡɚ. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɢɛɨɥɟɟ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɯ 

ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɫ ɩɚɪɨɜɨɣ ɢ ɤɢɫɥɨɪɨɞɧɨɣ ɤɨɧɜɟɪɫɢɟɣ ɦɟɬɚɧɚ, ɜ ɤɨɬɨɪɵɯ ɨɬɯɨɞɹɳɢɟ ɝɚɡɵ 

ɫɢɧɬɟɡɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɨɥɶɤɨ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ. Ʉɚɤ ɜɢɞɧɨ, ɤɢɫɥɨɪɨɞɧɵɟ ɫɩɨɫɨɛɵ 

ɤɨɧɜɟɪɫɢɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɵ ɢ ɛɨɥɟɟ ɷɧɟɪɝɨɡɚɬɪɚɬɧɵ. ȼ ɧɢɯ ɜɵɞɟɥɹɟɬɫɹ 

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɤɨɬɨɪɨɟ, ɜɩɪɨɱɟɦ, ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɜɵɪɚɛɨɬɤɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɫɯɟɦɚ ɫ ɩɚɪɨɜɵɦ ɪɢɮɨɪɦɟɪɨɦ ɩɨɤɚɡɵɜɚɟɬ ɛɨɥɶɲɭɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɱɟɦ ɫ ɤɢɫɥɨɪɨɞɧɵɦ ɧɚ 13,37%. 

ɍ-III-3 
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Ɍɚɛɥɢɰɚ 1. Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɯ ɫɯɟɦ. 

ɋɯɟɦɚ ɉɚɪɨɜɚɹ SDR Ʉɢɫɥɨɪɨɞɧɚɹ SMR 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɫɯɟɦ:   

ɍɝɥɟɪɨɞɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, % 47,7 34,33 

ɗɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɄɉȾ 0,397 0,3 

Ɉɫɧɨɜɧɵɟ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɬɨɤɢ, ɤȼɬ:   

ɉȽ ɧɚ ɬɟɯɧɨɥɨɝɢɸ 13000 17212 

Ɉɬɯɨɞɹɳɢɣ ɝɚɡ 8680 8104 

ɋɀɍ 5154 5154 

ɉɚɪɨɜɨɞɹɧɨɣ ɰɢɤɥ, ɤȼɬ:   

ɋɭɦɦɚɪɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɩɚɪɚ 1950 400 

ɋɭɦɦɚɪɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɚɪɚ 3667 6047 

ɗɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɤȼɬ:   

ɉɨɬɪɟɛɥɟɧɢɟ ɫ ɤɨɦɩɪɟɫɫɨɪɨɦ ɉȽ 618 1186 

ɉɨɬɪɟɛɥɟɧɢɟ ɛɟɡ ɤɨɦɩɪɟɫɫɨɪɚ ɉȽ 380 876 

ɉɪɨɢɡɜɨɞɫɬɜɨ 567 1983 

 

ȼ ɤɢɫɥɨɪɨɞɧɵɯ ɫɯɟɦɚɯ ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɚɪɨɜɵɯ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ 

ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɛɨɥɶɲɟ ɫɢɧɬɟɡ-ɝɚɡɚ ɫ ɟɞɢɧɢɰɵ ɉȽ, ɩɪɢ 

ɷɬɨɦ ɜ ɞɚɧɧɵɯ ɫɯɟɦɚɯ ɩɨɬɪɟɛɥɟɧɢɟ ɜɨɞɵ ɝɨɪɚɡɞɨ ɦɟɧɶɲɟ ɱɟɦ ɜ ɩɚɪɨɜɵɯ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 

ɋɈ2 ɨɛɪɚɡɭɟɬɫɹ ɜ ɦɟɧɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ. Ɉɞɧɚɤɨ ɜ ɩɚɪɨɜɵɯ ɫɯɟɦɚɯ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɩɚɪɨɜɨɣ ɤɨɧɜɟɪɫɢɢ ɋɈ2 ɩɨɥɧɨɫɬɶɸ ɜɨɡɜɪɚɳɚɟɬɫɹ ɨɛɪɚɬɧɨ ɜ ɩɪɨɰɟɫɫ, ɩɥɸɫ ɤ 

ɷɬɨɦɭ ɱɚɫɬɶ ɭɝɥɟɪɨɞɚ ɜ ɜɢɞɟ ɋɈ2 ɜɨɡɜɪɚɳɚɟɬɫɹ ɢɡ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɫɝɨɪɚɧɢɹ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ ɫɢɧɬɟɡɚ ɎɌ. ȼ ɫɯɟɦɟ ɠɟ POX ɜɟɫɶ ɋɈ2 

ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɚɪɨɜɨɣ 

ɫɯɟɦɵ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɦɟɧɶɲɢɯ ɩɨɬɟɪɶ ɭɝɥɟɪɨɞɚ ɜ ɜɢɞɟ ɋɈ2. ȼ ɫɥɭɱɚɟ SDR ɩɨɬɟɪɢ 

ɭɝɥɟɪɨɞɚ ɫɨɫɬɚɜɹɬ 3,06 ɤɝ ɋɈ2/ɤɝ ɋɀɍ, ɚ ɜ ɫɥɭɱɚɟ POX – 5,19 ɤɝ ɋɈ2/ɤɝ ɋɀɍ.  

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɟɯɧɨɥɨɝɢɣ. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ POX ɦɨɠɟɬ ɛɵɬɶ 
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ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɟɧɚ ɡɚ ɫɱɟɬ ɪɟɰɢɪɤɭɥɹɰɢɢ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ ɫɢɧɬɟɡɚ ɎɌ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɣ ɫɯɟɦɵ ɫɨɫɬɚɜɢɬ 68,53 % ɩɪɢ ɩɨɬɟɪɹɯ ɭɝɥɟɪɨɞɚ – 1,02 ɤɝ ɋɈ2/ɤɝ 

ɋɀɍ. ȼ ɫɥɭɱɚɟ ɩɚɪɨɜɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ ɨɝɪɚɧɢɱɟɧɨ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɨɞɜɨɞɚ ɬɟɩɥɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɬɚɞɢɢ ɤɨɧɜɟɪɫɢɢ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɩɨɜɵɲɟɧɚ ɞɨ 55,46 % ɢ ɬɨɥɶɤɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɨɬɢɜɨɬɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɪɢɮɨɪɦɟɪɚ. 
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ɋɉɈɋɈȻ ɉɈɅɍɑȿɇɂə ɐȿɇɇɕɏ ɇȿɎɌȿɏɂɆɂɑȿɋɄɂɏ ɉɊɈȾɍɄɌɈȼ ɂɁ 
ɄɈɆɉɈɇȿɇɌɈȼ ɇȿɎɌȿɁȺȼɈȾɋɄɂɏ ȽȺɁɈȼ 

ɇɢɤɢɬɢɧ Ⱥ.ȼ.1,2, ɋɟɞɨɜ ɂ.ȼ.1, Ɉɡɟɪɫɤɢɣ Ⱥ.ȼ.1,2, Ⱥɮɚɭɧɨɜ Ⱥ.Ⱥ.2, Ⱥɪɬɚɦɨɧɨɜɚ ɇ.ȿ.2, 
Ⱥɪɭɬɸɧɨɜ ȼ.ɋ.1,2 

A METHOD OF PRODUCING VALUABLE PETROLEUM PRODUCTS FROM 

COMPONENTS OF REFINERY GASES  
1ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ, ɑɟɪɧɨɝɨɥɨɜɤɚ 

E-mail: nik@icp.ac.ru 
2ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.ɇ. ɋɟɦёɧɨɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

 

Ɉɬɟɱɟɫɬɜɟɧɧɚɹ ɧɟɮɬɟɯɢɦɢɱɟɫɤɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɢɡɤɨɣ ɝɥɭɛɢɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ (ɦɟɧɟɟ 80 %) ɢ ɦɚɥɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɬɟɯɧɨɥɨɝɢɣ ɩɨ ɜɨɜɥɟɱɟɧɢɸ ɜ ɩɟɪɟɪɚɛɨɬɤɭ ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ, ɬɚɤɢɯ ɤɚɤ ɧɟɮɬɟɡɚɜɨɞɫɤɢɟ ɝɚɡɵ, ɜ ɜɨɫɬɪɟɛɨɜɚɧɧɵɟ ɯɢɦɢɱɟɫɤɢɟ 

ɩɪɨɞɭɤɬɵ ɫ ɜɵɫɨɤɨɣ ɞɨɛɚɜɥɟɧɧɨɣ ɫɬɨɢɦɨɫɬɶɸ. Ɋɟɫɭɪɫɵ ɧɟɮɬɟɡɚɜɨɞɫɤɢɯ ɝɚɡɨɜ ɨɝɪɨɦɧɵ: 

ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɢɯ ɩɨɬɨɤɢ ɫ ɭɫɬɚɧɨɜɨɤ ɤɪɟɤɢɧɝɚ ɩɪɟɜɵɲɚɸɬ 1,5 – 2 ɦɥɧ.ɬ/ɝ, ɫ ɭɫɬɚɧɨɜɨɤ 

ɚɬɦɨɫɮɟɪɧɨ-ɜɚɤɭɭɦɧɨɣ ɩɟɪɟɝɨɧɤɢ ɧɟɮɬɢ – ɨɤɨɥɨ 1,5 – 2 ɦɥɧ. ɬ/ɝ, ɫ ɩɪɨɰɟɫɫɨɜ 

ɝɢɞɪɨɤɪɟɤɢɧɝɚ – ɟɳɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 2 – 3 ɦɥɧ. ɬ/ɝ. 

ɇɟɮɬɟɡɚɜɨɞɫɤɢɟ ɝɚɡɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɥɨɠɧɵɟ ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ (ɜɨɞɨɪɨɞ, 

ɦɟɬɚɧ, ɧɟɩɪɟɞɟɥɶɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɋ2 – ɋ4, ɨɤɫɢɞɵ ɭɝɥɟɪɨɞɚ, ɤɢɫɥɨɪɨɞ, ɚɡɨɬ ɢ ɬ.ɞ.), 

ɤɨɬɨɪɵɟ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ ɧɚ 

ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɚɯ (ɇɉɁ). ɑɬɨɛɵ ɪɚɡɞɟɥɢɬɶ ɬɚɤɢɟ ɫɦɟɫɢ ɧɚ ɨɬɞɟɥɶɧɵɟ 

ɤɨɦɩɨɧɟɧɬɵ ɬɪɟɛɭɸɬɫɹ ɨɱɟɧɶ ɫɥɨɠɧɨɟ ɢ ɞɨɪɨɝɨɫɬɨɹɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɜɵɫɨɤɢɟ 

ɷɧɟɪɝɨɡɚɬɪɚɬɵ, ɩɨɷɬɨɦɭ ɱɚɫɬɨ ɪɚɡɞɟɥɟɧɢɟ ɩɪɨɜɨɞɹɬ ɧɟ ɩɨɥɧɨɫɬɶɸ. Ⱥɥɤɢɥɢɪɨɜɚɧɢɟɦ 

ɜɵɞɟɥɹɟɦɵɯ ɢɡ ɧɟɮɬɟɡɚɜɨɞɫɤɢɯ ɝɚɡɨɜ ɩɪɨɩɢɥɟɧɚ ɢ ɢɡɨɛɭɬɢɥɟɧɨɜ ɧɚ ɇɉɁ ɩɨɥɭɱɚɸɬ 

ɤɨɦɩɨɧɟɧɬɵ ɛɟɧɡɢɧɨɜ, ɚ ɨɫɬɚɜɲɢɣɫɹ ɷɬɢɥɟɧ ɢ ɧɚɫɵɳɟɧɧɵɟ ɋ2 ɭɝɥɟɜɨɞɨɪɨɞɵ ɜ ɥɭɱɲɟɦ 

ɫɥɭɱɚɟ ɧɟɷɮɮɟɤɬɢɜɧɨ ɫɠɢɝɚɸɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢɥɢ ɬɟɩɥɚ.  

ȼɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɪɟɚɤɰɢɨɧɧɵɟ ɚɤɬɢɜɧɨɫɬɢ ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɧɟɮɬɟɡɚɜɨɞɫɤɢɯ ɝɚɡɨɜ 

ɧɚɫɵɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫɢɥɶɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɢ ɢɯ ɫɨɫɬɚɜ ɧɟɩɨɫɬɨɹɧɟɧ, ɩɟɪɟɪɚɛɨɬɤɚ 

ɬɚɤɢɯ ɝɚɡɨɜ ɛɟɡ ɪɚɡɞɟɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 

ɩɥɨɯɨ ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɬɚɤɢɦɢ ɡɚɞɚɱɚɦɢ, ɤɚɤ ɚɤɬɢɜɚɰɢɹ ɋ-H ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɚɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɧɨ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɢɦɟɧɧɨ ɨɧɢ ɦɨɝɭɬ ɷɮɮɟɤɬɢɜɧɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ 

ɜɵɯɨɞ ɰɟɧɧɵɯ ɤɨɧɟɱɧɵɯ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ. 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɧɧɨɜɚɰɢɨɧɧɵɯ 

ɝɚɡɨɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɦɨɝɭɬ ɫɬɚɬɶ ɧɨɜɵɟ ɩɪɨɰɟɫɫɵ ɧɚ ɨɫɧɨɜɟ ɫɟɥɟɤɬɢɜɧɨɝɨ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɟɤɢɧɝɚ (ɨɤɫɢɤɪɟɤɢɧɝɚ) ɤɨɦɩɨɧɟɧɬɨɜ ɧɟɮɬɟɡɚɜɨɞɫɤɨɝɨ ɝɚɡɚ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɷɬɢɥɟɧɚ, ɋɈ ɢ ɜɨɞɨɪɨɞɚ ɫ ɢɯ ɩɨɫɥɟɞɭɸɳɢɦ ɜɨɜɥɟɱɟɧɢɟɦ ɜ ɪɟɚɤɰɢɢ 
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ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɹ ɢɥɢ ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ ɫ ɩɨɥɭɱɟɧɢɟɦ ɰɟɧɧɵɯ 

ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ (ɪɢɫ.1) [1-3].  

ɇȿɎɌȿɁȺȼɈȾɋɄɈɃ
ȽȺɁ

ɈɄɂɋɅɂɌȿɅɖɇɕɃ 
ɄɊȿɄɂɇȽ

Ɍ=600-750 0ɋ
Ɋ=1-10 ɚɬɦ.

ɗɌɂɅȿɇ + ɋɈ + ɇ2

ɄȺɊȻɈɇɂɅɂɊɈȼȺɇɂȿȽɂȾɊɈФɈɊɆɂɅɂɊɈȼȺɇɂȿ

ɉɊɈɉȺɇȺɅɖ

ɉɊɈɉȺɇɈɅ  

ȺɆɂɇɕ
ɉɊɈɉɂɈɇɈȼȺə 

ɄɂɋɅɈɌȺ

ɉɊɈȾɍɄɌɕ 
ɄɈɇȾȿɇɋȺɐɂɂ

ȺɐȿɌȺɅɂ

ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ ɜ ɫɩɢɪɬɨɜɨɣ ɫɪɟɞɟ

ɉɊɈɉɂɈɇɈȼȺə 
ɄɂɋɅɈɌȺ

ɆȿɌɂɅɉɊɈɉɂɈɇȺɌ,

ɗɌɂɅɉɊɈɉɂɈɇȺɌ,

ɉɊɈɉɂɅɉɊɈɉɂɈɇȺɌ

 

Ɋɢɫ. 1. ɋɩɨɫɨɛɵ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɟɡɚɜɨɞɫɤɨɝɨ ɝɚɡɚ ɜ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɟ ɩɪɨɞɭɤɬɵ 

 

Ɉɤɫɢɤɪɟɤɢɧɝ ɥɟɝɤɢɯ ɚɥɤɚɧɨɜ ɩɪɨɬɟɤɚɟɬ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ, ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ ɞɚɜɥɟɧɢɢ 1-10 ɚɬɦ. ɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɝɚɡɨɜɵɟ ɫɦɟɫɢ, ɫɨɞɟɪɠɚɳɢɟ 

ɷɬɢɥɟɧ, CO ɢ ɜɨɞɨɪɨɞ ɜ ɪɟɝɭɥɢɪɭɟɦɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ. ɇɚɦɢ ɛɵɥɚ ɩɨɤɚɡɚɧɚ 

ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɷɬɢɥɟɧɚ ɢ ɋɈ ɜ ɫɨɨɬɧɨɲɟɧɢɹɯ, ɩɪɢɝɨɞɧɵɯ ɞɥɹ 

ɢɯ ɞɚɥɶɧɟɣɲɢɯ ɫɨɜɦɟɫɬɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ [4]. ɗɬɨ ɨɬɤɪɵɜɚɟɬ ɛɨɥɶɲɢɟ 

ɩɟɪɫɩɟɤɬɢɜɵ ɢɯ ɫɨɜɦɟɫɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɰɟɧɧɵɯ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ 

ɩɪɨɞɭɤɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɛɟɡ ɫɬɚɞɢɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɋ2ɇ4, ɋɈ ɢ ɇ2 ɢɡ ɫɦɟɫɢ 

ɪɟɚɤɰɢɨɧɧɵɯ ɩɪɨɞɭɤɬɨɜ.  

ɉɨɫɥɟɞɭɸɳɢɦɢ ɫɬɚɞɢɹɦɢ ɜ ɪɚɦɤɚɯ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ 

ɪɢɫɭɧɤɟ 1, ɹɜɥɹɸɬɫɹ ɪɟɚɤɰɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɹ ɢɥɢ 

ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ [5, 6], ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɚɬɶ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɟ ɩɪɨɞɭɤɬɵ ɫ ɜɵɫɨɤɨɣ 

ɞɨɛɚɜɥɟɧɧɨɣ ɫɬɨɢɦɨɫɬɶɸ, ɜɤɥɸɱɚɹ ɚɥɶɞɟɝɢɞɵ, ɞɢɷɬɢɥɤɟɬɨɧ, ɩɨɥɢɤɟɬɨɧɵ ɢ ɬ.ɩ. [7, 8]. 

Ⱦɚɧɧɵɟ ɩɪɨɞɭɤɬɵ ɦɨɝɭɬ ɛɵɬɶ ɜɵɞɟɥɟɧɵ ɜ ɤɚɱɟɫɬɜɟ ɰɟɥɟɜɵɯ ɢɥɢ ɧɚɩɪɚɜɥɟɧɵ ɧɚ 

ɩɨɫɥɟɞɭɸɳɭɸ ɤɨɧɞɟɧɫɚɰɢɸ ɩɭɬɟɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɤɢɫɥɨɬɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɢ 

ɩɨɫɥɟɞɭɸɳɟɟ ɝɢɞɪɢɪɨɜɚɧɢɟ ɫ ɩɨɥɭɱɟɧɢɟɦ ɜɵɫɲɢɯ ɫɩɢɪɬɨɜ – ɜɵɫɨɤɨɰɟɬɚɧɨɜɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ. 
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ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɩɨɦɢɦɨ ɩɪɨɞɭɤɬɨɜ 

ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɬɚɤɠɟ ɢ ɨɱɢɳɟɧɧɵɣ ɨɬ ɬɹɠɟɥɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɭɯɨɣ 

ɬɨɩɥɢɜɧɵɣ ɝɚɡ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɦɟɬɚɧɨɜɵɦ ɢɧɞɟɤɫɨɦ [9]. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɤɨɥɥɟɤɬɢɜɨɦ ɩɪɨɟɤɬɚ ɨɫɭɳɟɫɬɜɥɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɜɨɡɦɨɠɧɵɯ ɫɯɟɦɧɵɯ ɪɟɲɟɧɢɣ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɠɢɞɤɢɯ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ 

ɢɡ ɨɥɟɮɢɧɨɜ, ɜɨɞɨɪɨɞɚ ɢ ɋɈ, ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɨɞɛɨɪɭ ɩɚɪɚɦɟɬɪɨɜ (ɫɨɫɬɚɜ, 

ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ) ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɞɥɹ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɩɪɨɩɚɧɚɥɹ, 

ɩɪɨɩɢɥɨɜɵɯ ɫɩɢɪɬɨɜ, ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɨɞɭɤɬɨɜɨɣ ɫɦɟɫɢ 

ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨɞɨɦ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɟɤɢɧɝɚ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟɮɬɟɡɚɜɨɞɫɤɢɯ ɝɚɡɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ (ɋɨɝɥɚɲɟɧɢɟ 

ɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɫɭɛɫɢɞɢɢ № 14.607.21.0171, ɢɞɟɧɬɢɮɢɤɚɬɨɪ RFMEFI60717X0171). 
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Ɇɢɪɨɜɵɟ ɡɚɩɚɫɵ ɩɪɢɪɨɞɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɝɚɡɚ, ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ 

ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɦɟɬɚɧ, ɨɝɪɨɦɧɵ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɩɨɥɭɱɟɧɢɹ ɢɡ ɧɟɝɨ ɰɟɧɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ ɢɦɟɟɬ ɚɤɬɭɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. ɇɚɢɛɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɱɢɬɚɟɬɫɹ ɩɪɨɰɟɫɫ ɧɟɨɤɢɫɥɢɬɟɥɶɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɟ 

ɭɝɥɟɜɨɞɨɪɨɞɵ ɧɚ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ 

ɩɟɪɟɯɨɞɧɵɦɢ ɦɟɬɚɥɥɚɦɢ, ɤɨɬɨɪɵɟ ɩɨ ɫɜɨɟɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɞɚɧɧɨɦ ɩɪɨɰɟɫɫɟ 

ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɪɹɞɭ: Ɇɨ>W>Fe>V>Cr [1]. Ɉɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ 

ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɷɬɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɛɵɫɬɪɚɹ ɢɯ ɞɟɡɚɤɬɢɜɚɰɢɹ ɜ ɯɨɞɟ 

ɪɟɚɤɰɢɢ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɜɪɟɦɟɧɢ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɜɨɞɹɬ ɢɯ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɜɬɨɪɵɦɢ ɷɥɟɦɟɧɬɚɦɢ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟɨɤɢɫɥɢɬɟɥɶɧɨɣ 

ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɚɯ Mo/ZSM-5, Re/ZSM-

5 ɢ Re-Ɇɨ/ZSM-5, ɜ ɤɨɬɨɪɵɯ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɩɨɪɨɲɤɢ (ɇɊɉ) Mo ɢ Re ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜ 

ɤɚɱɟɫɬɜɟ ɩɪɨɦɨɬɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ.  

Ʉɚɬɚɥɢɡɚɬɨɪɵ Mo/ZSM-5 ɢ Re/ZSM-5 ɝɨɬɨɜɢɥɢ ɦɟɬɨɞɨɦ ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɢɧɬɟɡɚ 

ɩɭɬɟɦ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɦɟɲɟɧɢɹ H-ɮɨɪɦɵ ɰɟɨɥɢɬɚ ZSM-5 (ɦɨɥɶɧɨɟ ɨɬɧɨɲɟɧɢɟ 

SiO2/Al2O3=40) ɢ ɧɚɧɨɩɨɪɨɲɤɨɜ Ɇɨ ɢ Re ɜ ɲɚɪɨɜɨɣ ɜɢɛɪɨɦɟɥɶɧɢɰɟ ɄɆ-1 ɜ ɬɟɱɟɧɢɟ 2 ɱ. 

ɉɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɩɪɨɤɚɥɢɜɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 540 ºɋ ɜ ɬɟɱɟɧɢɟ 4 ɱ. ɋɨɞɟɪɠɚɧɢɟ 

ɦɨɥɢɛɞɟɧɚ ɜ ɰɟɨɥɢɬɟ ɫɨɫɬɚɜɥɹɥɨ 4,0 % ɦɚɫ., ɚ ɪɟɧɢɹ – 5,0 % ɦɚɫ. Ʉɚɬɚɥɢɡɚɬɨɪ Re-

Ɇɨ/ZSM-5 ɝɨɬɨɜɢɥɢ ɞɨɛɚɜɥɟɧɢɟɦ ɇɊɉ Re ɤ ɤɚɬɚɥɢɡɚɬɨɪɭ 4,0 % Mo/ZSM-5 ɫ ɞɚɥɶɧɟɣɲɢɦ 

ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ ɜ ɜɢɛɪɨɦɟɥɶɧɢɰɟ ɜ ɬɟɱɟɧɢɟ 2 ɱ. ɋɨɞɟɪɠɚɧɢɟ Re ɜ 

ɤɚɬɚɥɢɡɚɬɨɪɟ 4,0 % Mo/ZSM-5 ɢɡɦɟɧɹɥɢ ɨɬ 0,1 ɞɨ 2,0 % ɦɚɫ. 

Ʉɢɫɥɨɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ 

ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɣ ɞɟɫɨɪɛɰɢɢ ɚɦɦɢɚɤɚ. Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ 

ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ DISCOVER D8, ɢɫɩɨɥɶɡɭɹ ɦɨɧɨɯɪɨɦɧɨɟ CuKα-ɢɡɥɭɱɟɧɢɟ ɢ Lynx-Eye-

ɞɟɬɟɤɬɨɪ. ɍɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɡɦɟɪɹɥɢ ɦɟɬɨɞɨɦ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ ɧɚ ɚɧɚɥɢɡɚɬɨɪɟ «ɋɈɊȻɌɈɆȿɌɊ-Ɇ». Ɋɚɫɱɟɬ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɭ ȻɗɌ.  
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ɉɪɨɰɟɫɫ ɧɟɨɤɢɫɥɢɬɟɥɶɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɩɪɨɜɨɞɢɥɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ 

ɭɫɬɚɧɨɜɤɟ ɩɪɨɬɨɱɧɨɝɨ ɬɢɩɚ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 750 ºɋ, ɨɛɴɟɦɧɚɹ 

ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɫɵɪɶɹ ɫɨɫɬɚɜɥɹɥɚ 1000 ɱ–1. ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ 

ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ.  

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɰɟɨɥɢɬɚ ɇZSM-5, ɧɚɧɨɩɨɪɨɲɤɚ Re ɢ 

ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ 5,0 % Re/ZSM-5 ɞɨ ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɧɟɨɤɢɫɥɢɬɟɥɶɧɨɣ 

ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ. ȼɢɞɧɨ, ɱɬɨ ɞɥɹ ɨɛɨɢɯ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ 5,0 % Re/ZSM-5 

ɧɚɛɥɸɞɚɸɬɫɹ ɩɢɤɢ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ Re, ɩɪɢ ɷɬɨɦ ɩɪɢɫɭɬɫɬɜɢɟ ɮɚɡ 

ɨɤɫɢɞɨɜ ɪɟɧɢɹ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ.  

 

Ɋɢɫ. 1. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɵ ɨɛɪɚɡɰɨɜ: 1 – HZSM-5; 2 – ɇɊɉ Re; 3 – 5,0 % Re/ZSM-5 (ɞɨ 

ɪɟɚɤɰɢɢ);  4 – 5,0 % Re/ZSM-5 (ɩɨɫɥɟ ɪɟɚɤɰɢɢ) 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɫɟ ɨɧɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (ɬɚɛɥ. 1). ɍɜɟɥɢɱɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ Re  ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ Re-4,0 % Mo/ZSM-5 ɨɬ 0,5 ɞɨ 2,0 % ɩɪɢɜɨɞɢɬ ɤ 

ɩɨɜɵɲɟɧɢɸ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ 330 ɞɨ 358 ɦ2/ɝ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥ. 1. ȼɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɰɟɨɥɢɬ HZSM-5. Ⱦɨɛɚɜɤɚ ɤ ɧɟɦɭ ɧɚɧɨɩɨɪɨɲɤɚ Ɇɨ ɩɪɢɜɨɞɢɬ ɤ 

ɫɧɢɠɟɧɢɸ ɫɢɥɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɟɝɨ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ: ɫɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɭɦɟɧɶɲɚɟɬɫɹ ɫ 996 ɞɨ 928 ɦɤɦɨɥɶ/ɝ, ɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɢɥɶɧɵɯ 

ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ – ɫ 286 ɞɨ 234 ɦɤɦɨɥɶ/ɝ. ɇɚɛɥɸɞɚɟɦɵɟ ɢɡɦɟɧɟɧɢɹ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ 

ɤɚɬɚɥɢɡɚɬɨɪɚ Ɇɨ/ZSM-5 ɫɜɹɡɚɧɵ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɟɝɨ ɩɪɨɤɚɥɢɜɚɧɢɢ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ 540 ºC 
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ɩɪɨɢɫɯɨɞɢɬ ɦɢɝɪɚɰɢɹ Ɇɨ ɜ ɤɚɧɚɥɵ ɰɟɨɥɢɬɚ, ɝɞɟ ɨɧ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɤɢɫɥɨɬɧɵɦɢ 

ɰɟɧɬɪɚɦɢ. 

 

Ɍɚɛɥɢɰɚ 1. Ʉɢɫɥɨɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

Ʉɚɬɚɥɢɡɚɬɨɪ 
Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ Ʉɨɧɰɟɧɬɪɚɰɢɹ, ɦɤɦɨɥɶ/ɝ Sɭɞ., 

ɦ2/ɝ TI TII CI CII CΣ 

HZSM-5 201 435 710 286 996 377 

4,0 % Mo/ZSM-5 200 415 694 234 928 315 

5,0 % Re/ZSM-5 190 420 602 287 889 395 

0,5 % Re-4,0 % Mo/ZSM-5 190 395 671 214 885 330 

1,0 % Re-4,0 % Mo/ZSM-5 185 390 658 193 851 337 

2,0 % Re-4,0 % Mo/ZSM-5 180 385 637 170 807 358 

ɉɪɢɦɟɱɚɧɢɟ: Ɍ
I
, T

II
 – ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɤɫɢɦɭɦɨɜ ɧɢɡɤɨ- ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɢɤɨɜ 

ɧɚ ɬɟɪɦɨɞɟɫɨɪɛɰɢɨɧɧɵɯ ɤɪɢɜɵɯ; ɋ
I
, ɋ

II
 ɢ ɋ

Σ
 – ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɥɚɛɵɯ ɢ ɫɢɥɶɧɵɯ 

ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɢ ɢɯ ɫɭɦɦɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

Ⱦɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ 5,0 % Re/ZSM-5 ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ, ɧɚ 

ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɰɟɨɥɢɬɚ, ɬɨɝɞɚ ɤɚɤ ɫɨɞɟɪɠɚɧɢɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɢɫɥɨɬɧɵɯ 

ɰɟɧɬɪɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɤɚɧɚɥɚɯ ɰɟɨɥɢɬɚ, ɧɟ ɢɡɦɟɧɹɟɬɫɹ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ 

ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɨɤɚɥɢɜɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚɛɥɸɞɚɟɬɫɹ ɚɝɪɟɝɚɰɢɹ ɧɚɧɨɱɚɫɬɢɰ 

ɪɟɧɢɹ ɜ ɤɪɭɩɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɛɥɨɤɢɪɭɸɬ ɤɚɧɚɥɵ ɰɟɨɥɢɬɚ. ɉɪɢ ɷɬɨɦ ɦɢɝɪɚɰɢɹ 

ɪɟɧɢɹ ɜ ɤɚɧɚɥɵ ɰɟɨɥɢɬɚ ɢ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɫɢɥɶɧɵɦɢ ɤɢɫɥɨɬɧɵɦɢ ɰɟɧɬɪɚɦɢ ɧɟ 

ɩɪɨɢɫɯɨɞɢɬ. Ⱦɨɛɚɜɥɟɧɢɟ ɪɟɧɢɹ ɤ ɤɚɬɚɥɢɡɚɬɨɪɭ 4,0 % Ɇɨ/ZSM-5 ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɟɝɨ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ Re ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ ɨɬ 

0,5 ɞɨ 2,0 % ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ 214 ɞɨ 170 

ɦɤɦɨɥɶ/ɝ, ɩɪɢ ɷɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɥɚɛɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɬɚɤɠɟ ɡɚɦɟɬɧɨ ɫɧɢɠɚɟɬɫɹ. 

ɇɚɛɥɸɞɚɟɦɨɟ ɢɡɦɟɧɟɧɢɟ ɤɢɫɥɨɬɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɜɹɡɚɧɨ ɫ ɛɥɨɤɢɪɨɜɤɨɣ ɚɤɬɢɜɧɵɯ 

ɰɟɧɬɪɨɜ ɪɟɧɢɟɦ ɤɚɤ ɜ ɤɚɧɚɥɚɯ ɰɟɨɥɢɬɚ, ɬɚɤ ɢ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ.  

ɇɚ ɪɢɫ. 2ɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɩɨ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 4,0 % Ɇɨ/ZSM-5; 

5,0 % Re/ZSM-5 ɢ Re-4,0 % Ɇɨ/ZSM-5 ɜ ɩɪɨɰɟɫɫɟ ɧɟɨɤɢɫɥɢɬɟɥɶɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɜ 

ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ. ȼɢɞɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ 5,0 % Re/ZSM-5 

ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɚɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɰɚ 4,0 % Ɇɨ/ZSM-5. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɜɟɪɫɢɹ 
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ɦɟɬɚɧɚ ɧɚ ɧɢɯ ɡɚ 20 ɦɢɧ ɪɟɚɤɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 4,0 % ɢ 13,5 %, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋ 

ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɧɚ 

ɨɛɨɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ. 

 
 

(ɚ) (ɛ) 

 
 

(ɜ) (ɝ) 

Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ (ɚ), ɫɭɦɦɚɪɧɨɝɨ ɜɵɯɨɞɚ ɷɬɚɧɚ ɢ ɷɬɢɥɟɧɚ (ɛ), ɜɵɯɨɞɚ 

ɛɟɧɡɨɥɚ (ɜ) ɢ ɧɚɮɬɚɥɢɧɚ (ɝ) ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɟɚɤɰɢɢ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɚɯ Re-4,0 % 

Mo/ZSM-5 ɫ ɫɨɞɟɪɠɚɧɢɟɦ Re (% ɦɚɫ.): 1 – 0; 2 – 0,1; 3 – 0,5; 4 – 0,7; 5 – 1; 6 – 2,0, ɢ ɧɚ 

ɤɚɬɚɥɢɡɚɬɨɪɟ 5,0 % Re/ZSM-5 (7)  

 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɇɊɉ Re ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ 4,0 % Ɇɨ/ZSM-5 ɨɬ 0,1 % ɞɨ 

0,7 % ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɟɝɨ ɚɤɬɢɜɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɚɧɚ. Ɍɚɤ, 

ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɚ ɡɚ 20 ɦɢɧ ɪɟɚɤɰɢɢ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ 0,5 % Re-4,0 % ɆɨZSM-5 ɞɨɫɬɢɝɚɟɬ 

14,8 % ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡɰɨɦ 4,0 % ɆɨZSM-5, ɧɚ ɤɨɬɨɪɨɦ ɨɧɚ ɫɨɫɬɚɜɥɹɥɚ 13,.5 %. 

Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ Re ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ 4,0 % Ɇɨ/ZSM-5 ɩɪɢɜɨɞɢɬ ɤ 

ɫɧɢɠɟɧɢɸ ɟɝɨ ɚɤɬɢɜɧɨɫɬɢ ɜ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ. ɋɬɟɩɟɧɶ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɚɧɚ ɧɚ ɨɛɪɚɡɰɟ 

2,0 % Re-4,0 % Ɇɨ/ZSM-5 ɡɚ ɩɟɪɜɵɟ 20 ɦɢɧ ɪɟɚɤɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 11,9 %. Ⱦɥɹ ɜɫɟɯ 
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ɢɫɫɥɟɞɭɟɦɵɯ Re-Ɇɨ/ZSM-5 ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɫ 

ɪɨɫɬɨɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ. 

Ⱥɧɚɥɢɡ ɫɨɫɬɚɜɚ ɨɛɪɚɡɭɸɳɢɯɫɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɚɧɚ, 

ɩɨɥɭɱɟɧɧɵɯ ɧɚ Re-Mo-ɫɨɞɟɪɠɚɳɢɯ ɰɟɨɥɢɬɚɯ, ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ ɫɭɦɦɚɪɧɵɣ 

ɜɵɯɨɞ ɷɬɚɧɚ ɢ ɷɬɢɥɟɧɚ ɩɨɫɬɟɩɟɧɧɨ ɩɨɜɵɲɚɟɬɫɹ, ɚ ɡɚɬɟɦ ɩɨɫɥɟ 180-260 ɦɢɧ ɩɪɨɰɟɫɫɚ 

ɧɚɱɢɧɚɟɬ ɫɧɢɠɚɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɭɝɥɟɪɨɠɢɜɚɧɢɹ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

(ɪɢɫ. 2ɛ). Ɇɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɬɚɧɚ ɢ ɷɬɢɥɟɧɚ ɨɛɪɚɡɭɟɬɫɹ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ 2,0 % 

Re-4,0 % Mo/ZSM-5 ɢ ɫɨɫɬɚɜɥɹɟɬ 1,2 %. ɉɨɫɥɟ 220 ɦɢɧ ɪɟɚɤɰɢɢ ɫɭɦɦɚɪɧɵɣ ɜɵɯɨɞ ɷɬɚɧɚ 

ɢ ɷɬɢɥɟɧɚ ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ, ɚ ɭɠɟ ɩɨɫɥɟ 300 ɦɢɧ ɪɚɛɨɬɵ ɷɬɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɧ ɫɬɚɧɨɜɢɬɫɹ 

ɧɢɠɟ, ɱɟɦ ɧɚ ɞɪɭɝɢɯ ɨɛɪɚɡɰɚɯ. ɇɚɢɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɬɚɧɚ ɢ ɷɬɢɥɟɧɚ ɨɛɪɚɡɭɟɬɫɹ ɧɚ 

ɤɚɬɚɥɢɡɚɬɨɪɟ 5,0 % Re/ZSM-5, ɤɨɬɨɪɨɟ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,6 %.  

Ⱥɧɚɥɢɡ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɚɧɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɢɯ ɫɨɫɬɚɜɟ 

ɫɨɞɟɪɠɚɬɫɹ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ, ɛɟɧɡɨɥ ɢ ɧɚɮɬɚɥɢɧ (ɪɢɫ. 2ɜ, ɝ). ɇɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 

ɛɟɧɡɨɥɚ (7,5 %) ɨɛɪɚɡɭɟɬɫɹ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ 0,5 % Re-4,0 % Mo/ZSM-5 ɜ ɩɟɪɜɵɟ 20 ɦɢɧ 

ɪɟɚɤɰɢɢ (ɪɢɫ. 2ɜ). ɇɚ ɨɛɪɚɡɰɟ 1,0 % Re-4,0 % Mo/ZSM-5 ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɜɵɯɨɞɚ 

ɛɟɧɡɨɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɚɬɚɥɢɡɚɬɨɪɨɦ 4,0 % Mo/ZSM-5. ɇɚɢɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 

ɛɟɧɡɨɥɚ (1,8 %) ɡɚ 20 ɦɢɧ ɪɟɚɤɰɢɢ ɨɛɪɚɡɭɟɬɫɹ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ 5,0 % Re/ZSM-5. ȼ ɯɨɞɟ 

ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɞɟɝɢɞɪɨɚɪɨɦɚɬɢɡɚɰɢɢ ɦɟɬɚɧɚ ɜɵɯɨɞ ɛɟɧɡɨɥɚ ɫɧɢɠɚɟɬɫɹ ɧɚ ɜɫɟɯ 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ. 

Ⱦɨɛɚɜɤɚ 0,5 % ɪɟɧɢɹ ɤ ɤɚɬɚɥɢɡɚɬɨɪɭ 4,0 % Mo/ZSM-5 ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɜɵɯɨɞɚ ɧɚɮɬɚɥɢɧɚ ɧɚ 0,4 %, ɚ ɩɨɫɥɟ 100 ɦɢɧ ɪɟɚɤɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ 

ɜɵɯɨɞɚ ɧɚɮɬɚɥɢɧɚ ɧɚ ɨɛɨɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ (ɪɢɫ. 2ɝ). ɇɚ ɞɪɭɝɢɯ ɨɛɪɚɡɰɚɯ ɨɛɪɚɡɭɟɬɫɹ 

ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ ɧɚɮɬɚɥɢɧɚ ɤɚɤ ɜɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ, ɬɚɤ ɢ ɜ ɯɨɞɟ ɟɝɨ ɩɪɨɬɟɤɚɧɢɹ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ Mo/ZSM-5 ɪɟɧɢɟɦ ɩɨɜɵɲɚɟɬ ɟɝɨ 

ɚɤɬɢɜɧɨɫɬɶ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɪɟɦɟɧɢ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ ɜ ɩɪɨɰɟɫɫɟ ɩɪɟɜɪɚɳɟɧɢɹ 

ɦɟɬɚɧɚ ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ. ɇɚɢɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶɸ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪ 0,5 % Re-4,0 % Mo/ZSM-5. ɍɜɟɥɢɱɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɛɭɫɥɨɜɥɟɧɨ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɪɟɧɢɹ, ɜɵɩɨɥɧɹɸɳɟɝɨ ɤɚɤ 

ɝɢɞɪɢɪɭɸɳɭɸ, ɬɚɤ ɢ ɞɟɝɢɞɪɢɪɭɸɳɭɸ ɮɭɧɤɰɢɸ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ № V.46.2.1 ɉɪɨɝɪɚɦɦɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɚɤɚɞɟɦɢɣ ɧɚɭɤ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Xu Y., Lin L. Applied Catalysis A: General. 1999. Vol. 188. P. 53. 
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ɋɂɇɌȿɁ ȾɂɆȿɌɂɅɈȼɈȽɈ ɗɎɂɊȺ ɂɁ ɋɂɇɌȿɁ-ȽȺɁȺ ɇȺ 
ɄȺɌȺɅɂɁȺɌɈɊȺɏ ɋ ɐȿɈɅɂɌȺɆɂ ZSM-5 

Ɇɚɪɲɟɜ ɂ.ɂ., Ȼɟɥɨɫɬɨɰɤɢɣ ɂ.Ⱥ., ȼɨɥɧɢɧɚ ɗ.Ⱥ., Ʉɢɩɧɢɫ Ɇ.Ⱥ. 
SYNTHESIS OF DIMETHYL ETHER FROM SYNTHESIS GAS ON CATALYSTS 

WITH ZEOLITES ZSM-5 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: belostotsky@ips.ac.ru 

 

Ɉɞɧɨ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ – ɨɤɢɫɥɢɬɟɥɶɧɚɹ 

ɤɨɧɜɟɪɫɢɹ ɞɨ ɫɢɧɬɟɡ-ɝɚɡɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɫɦɟɫɶ ɨɤɫɢɞɨɜ ɭɝɥɟɪɨɞɚ ɢ ɜɨɞɨɪɨɞɚ. 

Ɍɚɤɨɣ ɫɢɧɬɟɡ-ɝɚɡ ɦɨɠɟɬ ɛɵɬɶ ɤɨɧɜɟɪɬɢɪɨɜɚɧ ɞɨ ɨɤɫɢɝɟɧɚɬɨɜ (ɦɟɬɚɧɨɥɚ ɢɥɢ 

ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ) ɢ ɞɚɥɟɟ ɞɨ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɤɨɧɜɟɪɫɢɢ ɫɢɧɬɟɡ-ɝɚɡɚ ɞɨ ȾɆɗ (ɩɪɹɦɨɣ ɫɢɧɬɟɡ 

ȾɆɗ) ɚɤɬɭɚɥɶɧɵ ɢ ɢɧɬɟɧɫɢɜɧɨ ɜɟɞɭɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ [1, 2]. 

ɉɪɢ ɫɢɧɬɟɡɟ ȾɆɗ ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ ɩɪɨɬɟɤɚɸɬ ɬɪɢ ɪɟɚɤɰɢɢ: ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɢɧɬɟɡ 

ɦɟɬɚɧɨɥɚ ɝɢɞɪɢɪɨɜɚɧɢɟɦ ɋɈ2 

ɋɈ2 + 3ɇ2 = ɋɇ3Ɉɇ +ɇ2Ɉ       (1) 

 ɞɟɝɢɞɪɚɬɚɰɢɹ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɦɟɬɚɧɨɥɚ ɞɨ ȾɆɗ 

2ɋɇ3Ɉɇ =ɋɇ3Ɉɋɇ3 +ɇ2Ɉ       (2) 

 ɢ ɫɨɩɭɬɫɬɜɭɸɳɚɹ ɪɟɚɤɰɢɹ ɤɨɧɜɟɪɫɢɢ ɋɈ ɜɨɞɨɣ – ɪɟɚɤɰɢɹ ɜɨɞɹɧɨɝɨ ɝɚɡɚ 

ɋɈ + ɇ2Ɉ = ɋɈ2 +ɇ2        (3) 

ɇɚ ɨɫɧɨɜɟ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɦɟɬɚɧɨɥɶɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ Ɇɟɝɚɦɚɤɫ 507 ɫɢɧɬɟɡɢɪɨɜɚɧ 

ɪɹɞ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫɢɧɬɟɡɚ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ (ȾɆɗ) ɢɡ ɫɢɧɬɟɡ-

ɝɚɡɚ. ȼ ɤɚɱɟɫɬɜɟ ɞɟɝɢɞɪɚɬɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɨɦɦɟɪɱɟɫɤɢɟ ɰɟɨɥɢɬɵ 

ZSM-5 ɜ ɇ-ɮɨɪɦɟ ɫ ɫɢɥɢɤɚɬɧɵɦ ɦɨɞɭɥɟɦ (ɨɬɧɨɲɟɧɢɟɦ SiɈ2/Al2Ɉ3) ɪɚɜɧɵɦ 23, 80, 307 ɢ 

ɝɚɦɦɚ-ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ. ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɰɟɨɥɢɬɨɜ ɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. 

Ɍɚɛɥɢɰɚ 1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɟɨɥɢɬɨɜ ɬɢɩɚ ɇZSM-5 ɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. 
Ɉɛɪɚɡɟɰ SiO2/Al2O3 Sɭɞ., 

ɦ2/ɝ 

*Vɦ, 
ɫɦ3/ɝ 

*Vɩ, 
ɫɦ3/ɝ 

Ʉ-ɜɨ ɞɟɫ. NH3, 

ɦɤɦɨɥɶ/ɝ 

**ɩ.ɩ.ɩ. ɞɨ 
1000ɨɋ, % 
ɜɟɫ. 

CBV-2314 23 335 0,116 0,18 1542 14,5 

CBV-8014         80 419 0,12 0,23 560 13,9 

CBV-30014G 307 366 0,033 0,18 116 11,5 

Ɉɤɫɢɞ Al 0 160 0,00087 0,54 283 12,5 

*Vɦ, Vɩ – ɨɛɴёɦ ɦɢɤɪɨɩɨɪ, ɨɛɴёɦ ɩɨɪ ɞɢɚɦɟɬɪɨɦ ɦɟɧɟɟ 40 ɧɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
**Ⱦɚɧɧɵɟ ɞɥɹ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ 
Ɇɟɝɚɦɚɤɫɚ 507 ɢ ɞɟɝɢɞɪɚɬɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ 1:1. 

ɍ-III-6 
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ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɟɞɟɧɵ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ, ɫɯɟɦɚ ɤɨɬɨɪɨɣ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. 

 

Ɋɢɫ. 1 ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɹɦɨɝɨ ɫɢɧɬɟɡɚ ȾɆɗ 

1 – ɛɚɥɥɨɧ ɫ ɫɢɧɬɟɡ-ɝɚɡɨɦ; 2, 5 – ɞɚɬɱɢɤɢ ɞɚɜɥɟɧɢɹ; 3 – ɪɟɝɭɥɹɬɨɪ ɪɚɫɯɨɞɚ; 4, 8 – 

ɬɪɟɯɯɨɞɨɜɵɟ ɤɪɚɧɵ; 6 – ɪɟɚɤɬɨɪ; 7 – ɩɟɱɶ; 9 – ɜɟɧɬɢɥɶ ɬɨɧɤɨɣ ɪɟɝɭɥɢɪɨɜɤɢ; 10 – 

ɯɪɨɦɚɬɨɝɪɚɮ; 11 – ɥɨɜɭɲɤɚ ɫɨ ɥɶɞɨɦ; 12 – ɪɟɨɦɟɬɪ; 13,15 – ɡɚɩɨɪɧɵɟ ɜɟɧɬɢɥɢ; 14 – 

ɯɨɥɨɞɢɥɶɧɢɤ-ɫɟɩɚɪɚɬɨɪ; 16 – ɪɟɝɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ; 17 – ɢɡɦɟɪɢɬɟɥɶ ɪɚɫɯɨɞɚ. ɉɨɬɨɤɢ: I – 

ɩɪɨɬɨɱɧɚɹ ɜɨɞɚ; II – ɤɨɧɞɟɧɫɚɬ; III, IV – ɤɨɧɜɟɪɬɢɪɨɜɚɧɧɵɣ ɝɚɡ 

 

Ⱥɤɬɢɜɚɰɢɸ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɨɜɨɞɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɟɚɤɬɨɪɟ ɜ ɫɦɟɫɢ 2-3  ɨɛ. % 

ɇ2/N2 ɫ ɪɚɫɯɨɞɨɦ 2-3 ɧɥ/ɱɚɫ, ɩɨɞɧɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɭ ɞɨ 220ɨɋ ɢ ɤɨɧɬɪɨɥɢɪɭɹ 

ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢ ɩɨɝɥɨɳɟɧɢɟ ɇ2 ɢ ɜɵɞɟɥɟɧɢɟ ɇ2Ɉ (ɪɢɫ. 2 ).  

 
Ɋɢɫ. 2. Ⱥɤɬɢɜɚɰɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ CBV-8014/Al2O3 

 

ɉɪɟɤɪɚɳɟɧɢɟ ɩɨɝɥɨɳɟɧɢɹ ɇ2 ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɞɟɥɟɧɢɹ ɜɨɞɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 

ɨ ɩɨɥɧɨɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɨɤɫɢɞɚ ɦɟɞɢ, ɩɪɢɫɭɬɫɬɜɭɸɳɟɝɨ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ. 
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Ⱥɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɫɢɧɬɟɡɟ ȾɆɗ ɢɡɭɱɟɧɚ ɩɪɢ ɞɚɜɥɟɧɢɢ 3 Ɇɉɚ, ɜ 

ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 200-260ɨɋ, ɩɪɢ ɧɚɝɪɭɡɤɚɯ ɞɨ 30000 ɥ*(ɤɝ ɤɚɬ*ɱɚɫ)-1 ɩɨ ɫɢɧɬɟɡ-ɝɚɡɭ, 

ɫɨɫɬɚɜɚ, ɨɛ. %: ɋɈ – 21, ɋɈ2 – 6, ɇ2 – 67, N2 – ɨɫɬ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 3, ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɨɥɚ ɜ ȾɆɗ ɫ ɪɨɫɬɨɦ ɧɚɝɪɭɡɤɢ ɩɚɞɚɟɬ, ɧɨ ɬɟɦɩ 

ɩɚɞɟɧɢɹ ɪɚɡɥɢɱɟɧ ɞɥɹ ɪɚɡɧɵɯ ɜɚɪɢɚɧɬɨɜ ɞɟɝɢɞɪɚɬɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ. Ɍɚɤ, ɰɟɨɥɢɬɵ ɫ 

ɦɨɞɭɥɹɦɢ 23 ɢ 80 ɜɟɞɭɬ ɫɟɛɹ ɢɞɟɧɬɢɱɧɨ: ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ 

ɨɞɧɨɣ ɩɪɹɦɨɣ.  

 

Ɋɢɫ. 3. ȼɥɢɹɧɢɟ ɨɛɴёɦɧɨɣ ɫɤɨɪɨɫɬɢ ɢ ɬɢɩɚ ɞɟɝɢɞɪɚɬɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɧɚ 
ɤɨɧɜɟɪɫɢɸ ɦɟɬɚɧɨɥɚ ɜ ȾɆɗ. Ⱦɟɝɢɞɪɚɬɢɪɭɸɳɢɣ ɤɨɦɩɨɧɟɧɬ: ɰɟɨɥɢɬ ɦɨɞɭɥɶ 23 (1, 2), 

ɰɟɨɥɢɬ ɦɨɞɭɥɶ 80 (3, 4), ɰɟɨɥɢɬ ɦɨɞɭɥɶ 300 (5), Al2O3 (6); ɧɚɜɟɫɤɚ: 0,8 ɝ (1, 3, 5, 6), 1,2 ɝ 
(2), 2,4 ɝ (4). ɐɢɮɪɵ ɜ ɫɤɨɛɤɚɯ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɭɦɟɪɚɰɢɢ ɞɚɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ. 
 

ɐɟɨɥɢɬɵ, ɨɫɨɛɟɧɧɨ ɫ ɦɨɞɭɥɟɦ 23, 80 ɚɤɬɢɜɧɟɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɞɟɝɢɞɪɚɬɚɰɢɢ 

ɦɟɬɚɧɨɥɚ ɞɨ ȾɆɗ, ɧɨ ɩɪɢ ɷɬɨɦ ɩɪɢ 260ɨɋ ɨɬɦɟɱɟɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɫɥɟɞɨɜɵɯ ɤɨɥɢɱɟɫɬɜ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɋɧɢɠɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɨɥɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɛɴёɦɧɨɣ ɫɤɨɪɨɫɬɢ 

ɫɜɹɡɚɧɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɧɢɠɟɧɢɟɦ ɩɚɪɰɢɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɦɟɬɚɧɨɥɚ. ɂɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɰɟɨɥɢɬ ɫ ɦɨɞɭɥɟɦ 307, ɧɚ ɤɨɬɨɪɨɦ 

ɨɛɪɚɡɨɜɚɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ, ɚ ɚɤɬɢɜɧɨɫɬɶ ɜ ɞɟɝɢɞɪɚɬɚɰɢɢ 

ɦɟɬɚɧɨɥɚ ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ, ɱɟɦ ɭ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɩɪɨɟɤɬ 

№17-73-30046) ɧɚ ɛɚɡɟ ɂɇɏɋ ɊȺɇ. 
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ȼɕɋɈɄɈɉɊɈɇɂɐȺȿɆȺə ɄɈɆɉɈɁɂɐɂɈɇɇȺə ɆȿɆȻɊȺɇȺ ɇȺ 
ɈɋɇɈȼȿ ɉɈɅɂȾȿɐɂɅɆȿɌɂɅɋɂɅɈɄɋȺɇȺ ɋ ɉɈȼɕɒȿɇɇɈɃ 

ɋȿɅȿɄɌɂȼɇɈɋɌɖɘ ɉɈ ɍȽɅȿȼɈȾɈɊɈȾȺɆ ɋ3+  

Ƚɪɭɲɟɜɟɧɤɨ ȿ.Ⱥ., Ʉɧɹɡɟɜɚ Ⱥ.Ⱥ., Ȼɨɪɢɫɨɜ ɂ.Ʌ., ȼɨɥɤɨɜ Ⱥ.ȼ.  
COMPOSITE MEMBRANE BASED ON POLYDECYLMETHYLSILOXANE FOR 

C3+ HYDROCARBON SEPARATION  
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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ȼ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɬɪɟɛɥɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, ɭɜɟɥɢɱɢɬɫɹ ɞɨɛɵɱɚ ɧɟ 

ɬɨɥɶɤɨ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, ɧɨ ɬɚɤɠɟ ɫɥɚɧɰɟɜɨɝɨ ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ 

«ɠɢɪɧɨɝɨ» ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɋ3+[1]. Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ3+ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɢɫɩɨɥɶɡɭɸɬ ɬɚɤɢɟ ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɤɚɤ: ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɤɨɧɞɟɧɫɚɰɢɹ, 

ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɪɟɤɬɢɮɢɤɚɰɢɹ, ɚɛɫɨɪɛɰɢɹ ɢ ɚɞɫɨɪɛɰɢɹ [2]. Ɇɟɦɛɪɚɧɧɨɟ 

ɝɚɡɨɪɚɡɞɟɥɟɧɢɟ ɫɟɝɨɞɧɹ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ, ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ 

ɩɨɞɯɨɞɚ ɩɨ ɪɚɡɞɟɥɟɧɢɸ ɫɦɟɫɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɩɨɫɤɨɥɶɤɭ ɨɛɥɚɞɚɟɬ ɬɚɤɢɦɢ ɜɚɠɧɵɦɢ 

ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɟɪɟɞ ɩɟɪɟɱɢɫɥɟɧɧɵɦɢ ɜɵɲɟ ɩɪɨɰɟɫɫɚɦɢ, ɤɚɤ ɤɨɦɩɚɤɬɧɨɫɬɶ, 

ɦɨɞɭɥɶɧɨɫɬɶ, ɩɨɧɢɠɟɧɧɵɟ ɨɩɟɪɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɫɬɢɠɟɧɢɹ 

ɧɟɨɛɯɨɞɢɦɵɯ ɫɬɟɩɟɧɟɣ ɨɱɢɫɬɤɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɤɨɧɮɢɝɭɪɚɰɢɢ 

ɦɟɦɛɪɚɧɧɵɯ ɦɨɞɭɥɟɣ [2].  

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ Ɋɨɫɫɢɢ ɧɟ ɩɪɨɢɡɜɨɞɹɬɫɹ ɩɪɨɦɵɲɥɟɧɧɵɟ ɦɟɦɛɪɚɧɵ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɪɟɲɚɬɶ ɬɚɤɢɟ ɡɚɞɚɱɢ, ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɩɨɥɭɱɟɧɢɟ 

ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ, ɫɟɥɟɤɬɢɜɧɵɯ ɩɨ ɭɝɥɟɜɨɞɨɪɨɞɚɦ ɋ3+ ɧɚ 

ɩɨɪɢɫɬɨɣ ɩɨɥɢɦɟɪɧɨɣ ɩɨɞɥɨɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ.  

ȼɵɛɨɪ ɦɚɬɟɪɢɚɥɚ ɫɟɥɟɤɬɢɜɧɨɝɨ ɫɥɨɹ ɤɥɸɱɟɜɵɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɹɟɬ 

ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɦɟɦɛɪɚɧɵ. ȼ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɞɥɹ 

ɜɵɞɟɥɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ3+ ɢɫɩɨɥɶɡɭɸɬ ɦɟɦɛɪɚɧɵ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɞɢɦɟɬɢɥɫɢɥɨɤɫɚɧɚ 

(ɉȾɆɋ) ɢ ɩɨɥɢɨɤɬɢɥɦɟɬɢɥɫɢɥɨɤɫɚɧɚ (ɉɈɆɋ). Ⱦɚɧɧɵɟ ɩɨɥɢɦɟɪɵ ɩɨɥɭɱɢɥɢ ɬɚɤɨɟ 

ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɛɥɚɝɨɞɚɪɹ ɬɚɤɢɦ ɟɝɨ ɫɜɨɣɫɬɜɚɦ ɤɚɤ ɫɬɨɣɤɨɫɬɶ ɤ ɭɝɥɟɜɨɞɨɪɨɞɚɦ 

ɢ ɞɪɭɝɢɦ ɨɪɝɚɧɢɱɟɫɤɢɦ ɪɚɫɬɜɨɪɢɬɟɥɹɦ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɨ ɜɪɟɦɟɧɢ [3]. Ɇɟɦɛɪɚɧɵ ɧɚ ɨɫɧɨɜɟ ɉȾɆɋ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɡɚ ɫɱɟɬ ɜɵɫɨɤɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɞɥɹ 

ɦɟɦɛɪɚɧɵ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɨɤɬɢɥɦɟɬɢɥɫɢɥɨɤɫɚɧɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɶɲɢɦɢ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɉȾɆɋ ɡɧɚɱɟɧɢɹɦɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ [4]. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ 

ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɧɵ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɛɨɤɨɜɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜɨɡɪɚɫɬɚɟɬ ɫɪɨɞɫɬɜɨ 

ɦɟɦɛɪɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤ ɭɝɥɟɜɨɞɨɪɨɞɚɦ ɢ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ, ɪɨɫɬɭ ɫɨɪɛɰɢɨɧɧɨɣ 

ɍ-III-7 

mailto:evgrushevenko@ips.ac.ru


543 

 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ [5]. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɛɵɥɚ 

ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ - ɩɨɥɭɱɢɬɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɦɟɬɨɞɨɦ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɞɟɰɢɥɦɟɬɢɥɫɢɥɨɤɫɚɧɚ (ɉȾɟɰɆɋ), ɤɨɬɨɪɵɟ, 

ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɛɭɞɭɬ ɨɛɥɚɞɚɬɶ ɛɨɥɶɲɟɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɦɟɦɛɪɚɧɚɦɢ ɧɚ ɨɫɧɨɜɟ ɉɈɆɋ  

Ɇɵ ɩɪɟɞɥɨɠɢɥɢ ɩɪɨɫɬɨɣ ɨɞɧɨɫɬɚɞɢɣɧɵɣ ɫɢɧɬɟɡ ɦɟɦɛɪɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ 

ɨɫɧɨɜɟ ɡɚɦɟɳɟɧɧɵɯ ɩɨɥɢɦɟɬɢɥɫɢɥɨɤɫɚɧɨɜ, ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɞɧɨɜɪɟɦɟɧɧɨɦ 

ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɜɜɟɞɟɧɢɹ ɛɨɤɨɜɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɢ ɫɲɢɜɤɢ ɦɚɤɪɨɰɟɩɟɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ Pt-ɫɨɞɟɪɠɚɳɟɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɩɨ ɪɟɚɤɰɢɢ ɝɢɞɪɨɫɢɥɢɥɢɪɨɜɚɧɢɹ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ Ʉɚɪɫɬɟɞɚ [6]. Ɉɛɳɚɹ ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɦɟɦɛɪɚɧɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɩɪɢɜɟɞɟɧɚ ɜ ɪɚɛɨɬɟ [6]. ɉɨɥɭɱɟɧɧɭɸ ɜ ɯɨɞɟ ɫɢɧɬɟɡɚ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɧɚɧɨɫɢɥɢ ɧɚ ɩɨɪɢɫɬɭɸ ɩɨɞɥɨɠɤɭ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɣ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɦɢɤɪɨɮɢɥɶɬɪɚɰɢɨɧɧɭɸ ɦɟɦɛɪɚɧɭ ɆɎɎɄ-1 (ɁȺɈ ɇɌɐ «ȼɥɚɞɢɩɨɪ») ɫ ɩɨɪɢɫɬɵɦ ɫɥɨɟɦ 

ɢɡ ɮɬɨɪɨɩɥɚɫɬɚ Ɏ-41, ɧɚɧɟɫɟɧɧɵɦ ɧɚ ɧɟɬɤɚɧɭɸ ɩɨɞɥɨɠɤɭ ɢɡ ɥɚɜɫɚɧɚ. ɉɨɞɥɨɠɤɭ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɦɩɪɟɝɧɢɪɨɜɚɥɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɫ ɰɟɥɶɸ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 

ɡɚɬɟɤɚɧɢɹ ɩɨɥɢɦɟɪɚ ɜ ɩɨɪɵ ɩɨɞɥɨɠɤɢ.  ɇɚɧɟɫɟɧɢɟ ɫɟɥɟɤɬɢɜɧɨɝɨ ɫɥɨɹ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ 

ɩɨɝɪɭɠɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɤɚɫɚɧɢɹ ɮɨɪɦɨɜɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ ɪɚɛɨɱɟɣ ɫɬɨɪɨɧɨɣ ɦɟɦɛɪɚɧɵ 

ɆɎɎɄ-1 ɧɚ ɭɫɬɚɧɨɜɤɟ ɩɨɥɭɱɟɧɢɹ ɦɟɦɛɪɚɧ Cheminstruments EC-200.  

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɫɪɚɜɧɟɧɢɹ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɢ ɢɫɫɥɟɞɨɜɚɧɚ ɦɟɦɛɪɚɧɚ ɧɚ ɨɫɧɨɜɟ 

ɩɨɥɢɨɤɬɢɥɦɟɬɢɥɫɢɥɨɤɫɚɧɚ (ɉɈɆɋ).  

ɉɨɥɭɱɟɧɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɦɟɬɨɞɨɦ 

ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɋɗɆ) ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ 

ɦɢɤɪɨɫɤɨɩɟ ɌɆ-3000 (Hitachi, Japan).  

ɂɡɦɟɪɟɧɢɟ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɦɟɦɛɪɚɧ ɩɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɝɚɡɚɦ (CH4 ɢ  

ɧ-C4H10) ɦɨɧɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɩɪɢ ɞɚɜɥɟɧɢɢ ɧɚɞ ɦɟɦɛɪɚɧɨɣ 1,5 ɚɬɦ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 

25°ɋ. ɉɪɨɧɢɰɚɟɦɨɫɬɶ P/l ɦɟɦɛɪɚɧɵ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ (1): 

 𝑃/݈ = ∆∙𝑉ಿ∙ௌ∙௧      (1) 

ɝɞɟ ΔP – ɪɚɡɧɢɰɚ ɜɟɥɢɱɢɧɵ ɞɚɜɥɟɧɢɹ ɩɨɞ ɦɟɦɛɪɚɧɧɨɣ ɞɨ ɢ ɩɨɫɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, VN – 

ɨɛɴɟɦ ɝɚɡɚ ɩɪɢ ɧ.ɭ. ɩɪɨɲɟɞɲɢɣ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɩɥɨɳɚɞɶɸ S ɡɚ ɜɪɟɦɹ t. Ɋɚɛɨɱɚɹ ɩɥɨɳɚɞɶ 

ɦɟɦɛɪɚɧɵ ɜ ɹɱɟɣɤɟ ɫɨɫɬɚɜɥɹɥɚ 13.8 ɫɦ2. ɂɞɟɚɥɶɧɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ (αi) ɩɨ ɩɚɪɟ ɝɚɡɨɜ X ɢ 

Y ɪɚɡɞɟɥɟɧɢɹ ɦɟɦɛɪɚɧ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɩɨ ɮɨɪɦɭɥɟ (2):  
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𝛼(ܺ ܻ⁄ ) = ೣ     (2) 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɵ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɥɭɱɟɧɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ. 

 

 

Ɋɢɫ. 1. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ ɉȾɟɰɆɋ/ɆɎɎɄ.  

 

Ʉɚɤ ɦɨɠɧɨ ɜɢɞɟɬɶ ɧɚ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɯ ɦɟɦɛɪɚɧ (Ɋɢɫ.1), ɱɬɨ ɩɨɥɢɦɟɪ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɧɢɤɚɟɬ ɜ ɩɨɪɵ ɩɨɞɥɨɠɤɢ, ɚ ɬɨɥɳɢɧɚ ɫɟɥɟɤɬɢɜɧɨɝɨ ɫɥɨɹ ɞɥɹ ɦɟɦɛɪɚɧɵ 

ɉȾɟɰɆɋ ɫɨɫɬɚɜɢɥɚ 7,2 ɦɤɦ. Ɇɟɦɛɪɚɧɚ ɉɈɆɋ/ɆɎɎɄ ɢɦɟɥɚ ɫɨɩɨɫɬɚɜɢɦɭɸ ɬɨɥɳɢɧɭ, 

ɬ.ɤ. ɩɨɫɤɨɥɶɤɭ ɦɟɬɨɞɢɤɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɦɟɦɛɪɚɧ ɛɵɥɚ ɨɞɢɧɚɤɨɜɚ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɦɟɦɛɪɚɧ ɩɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɝɚɡɚɦ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1.  

 

Ɍɚɛɥɢɰɚ 1. Ƚɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɦɟɦɛɪɚɧ ɉɈɆɋ/ɆɎɎɄ ɢ ɉȾɟɰɆɋ/ɆɎɎɄ 

(pfeed=1.5ɚɬɦ, t=25°C). 

Ɇɟɦɛɪɚɧɚ 
P, ɦɧ.ɭ.

3/ɦ2·ɚɬɦ·ɱɚɫ 
αi (n-C4H10/CH4) 

CH4 n-C4H10 

ɉɈɆɋ/ɆɎɎɄ 0.26 6.5 25 

ɉȾɟɰɆɋ/ɆɎɎɄ 0.27 7.4 27 

ɉɈɆɋ* 75 ɦɤɦ 0.01 0.27 25 

ɉȾɟɰɆɋ 75 ɦɤɦ 0.01 0.23 27 

*Ⱦɚɧɧɵɟ ɩɨ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɟ [6]. 
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ɂɡ ɬɚɛɥɢɰɵ 1 ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɦɟɦɛɪɚɧɵ ɹɜɥɹɸɬɫɹ ɧɟ 

ɞɟɮɟɤɬɧɵɦɢ, ɚ ɢɯ ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɯɨɪɨɲɨ ɫɨɨɬɧɨɫɹɬɫɹ ɫ 

ɪɚɡɞɟɥɢɬɟɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɫɚɦɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɟɥɟɤɬɢɜɧɨɝɨ ɫɥɨɹ: ɞɥɹ ɬɨɥɫɬɵɯ 

ɩɥɟɧɨɤ ɉɈɆɋ ɬɨɥɳɢɧɨɣ 4,5 ɦɤɦ ɢɞɟɚɥɶɧɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ n-C4H10/CH4 – 25, 

ɞɥɹ ɬɨɥɫɬɵɯ ɩɥɟɧɨɤ ɉȾɟɰɆɋ ɬɨɥɳɢɧɨɣ 2 ɦɤɦ ɢɞɟɚɥɶɧɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ n-

C4H10/CH4 – 27. Ɇɟɦɛɪɚɧɚ ɉɈɆɋ/ɆɎɎɄ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɯɨɞɟ ɪɚɛɨɬɵ, ɩɨ ɫɜɨɢɦ 

ɬɪɚɧɫɩɨɪɬɧɵɦ ɢ ɪɚɡɞɟɥɢɬɟɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɪɟɜɵɲɚɟɬ ɩɪɨɦɵɲɥɟɧɧɵɟ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɧɚ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɩɨɪɢɫɬɨɣ ɩɨɞɥɨɠɤɟ ɫ 

ɫɟɥɟɤɬɢɜɧɵɦ ɫɥɨɟɦ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɨɤɬɢɥɦɟɬɢɥɫɢɥɨɤɫɚɧɚ, ɢɡɜɟɫɬɧɵɦ ɢɡ ɥɢɬɟɪɚɬɭɪɟ ɫ 

ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ (ɩɪɢ 20°ɋ ɢ p→0 P(CH4) = 0.2 ɦɧ.ɭ.
3/ɦ2·ɚɬɦ·ɱɚɫ, 

P(n-C4H10) = 3.1 ɦɧ.ɭ.
3/ɦ2·ɚɬɦ·ɱɚɫ) [7]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɚ ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɩɨɥɭɱɟɧɢɹ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɦɢɤɪɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɩɨɞɥɨɠɤɚɯ ɆɎɎɄ 

ɫ ɫɟɥɟɤɬɢɜɧɵɦ ɫɥɨɟɦ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɞɟɰɢɥɦɟɬɢɥɫɢɥɨɤɫɚɧɚ ɢ ɩɨɥɭɱɟɧɵ ɦɟɦɛɪɚɧɵ 

ɫɪɚɜɧɟɧɢɹ ɫ ɫɟɥɟɤɬɢɜɧɵɦ ɫɥɨɟɦ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɨɤɬɢɥɦɟɬɢɥɫɢɥɨɤɫɚɧɚ. Ɉɩɪɟɞɟɥɟɧɵ 

ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɦɟɦɛɪɚɧɵ 

ɫ ɫɟɥɟɤɬɢɜɧɵɦ ɫɥɨɟɦ ɧɚ ɨɫɧɨɜɟ ɉȾɟɰɆɋ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ, ɱɟɦ ɦɟɦɛɪɚɧɵ ɫ 

ɫɟɥɟɤɬɢɜɧɵɦ ɫɥɨɟɦ ɧɚ ɨɫɧɨɜɟ ɉɈɆɋ (ɚɧɚɥɨɝ ɦɚɬɟɪɢɚɥɚ ɫɟɥɟɤɬɢɜɧɨɝɨ ɫɥɨɹ 

ɩɪɨɦɵɲɥɟɧɧɨɣ ɦɟɦɛɪɚɧɵ) ɢɞɟɚɥɶɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɪɚɡɞɟɥɟɧɢɹ ɩɨ ɝɚɡɚɦ ɧ-

ɛɭɬɚɧ/ɦɟɬɚɧ ɢ ɛɨɥɶɲɟɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɦɵɲɥɟɧɧɵɦɢ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɦɢ ɦɟɦɛɪɚɧɚɦɢ ɧɚ ɨɫɧɨɜɟ ɉɈɆɋ.  

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ 

ɩɪɨɟɤɬɚ №16-08-00830_ɚ. Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ Ȼɚɯɬɢɧɭ Ⱦ.ɋ. ɡɚ 

ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɣ ɦɟɦɛɪɚɧ ɢ ɐɟɧɬɪɭ Ʉɨɥɥɟɤɬɢɜɧɨɝɨ ɉɨɥɶɡɨɜɚɧɢɹ 

«ɇɨɜɵɟ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɬɵ ɢ ɚɞɝɟɡɢɜɵ» ɡɚ 

ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɟ. 
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ɁȺȾȿɊɀɄɂ ɋȺɆɈȼɈɋɉɅȺɆȿɇȿɇɂə ɆȿɌȺɇ-ȼɈɁȾɍɒɇɕɏ ɋɆȿɋȿɃ ɋ 
ȾɈȻȺȼɄȺɆɂ ȺɅɄȺɇɈȼ ɋ2-ɋ5  

Ⱥɪɭɬɸɧɨɜ Ⱥ.ȼ.1,2, ɇɢɤɢɬɢɧ Ⱥ.ȼ.1, Ɇɟɪɤɭɥɨɜɚ Ɇ.ȼ.3, ɐɚɪɟɧɤɨ Ⱥ.Ⱥ.3, Ɍɪɨɲɢɧ Ʉ.ə.1, 
Ⱥɪɭɬɸɧɨɜ ȼ.ɋ.1 

SELF-IGNITION DELAY IN METHANE-AIR MIXTURES WITH ADMIXTURE OF 

C2-C5 ALKANES 
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ȼɜɟɞɟɧɢɟ 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɢ ɫɥɨɠɧɟɣɲɢɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ 

ɧɟɮɬɹɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɨɫɬɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɭɬɢɥɢɡɚɰɢɢ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ (ɉɇȽ). 

ɇɟɫɦɨɬɪɹ ɧɚ ɜɫɟ ɩɪɟɞɩɪɢɧɢɦɚɟɦɵɟ ɭɫɢɥɢɹ ɢ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɟ ɦɟɪɵ, ɞɨɥɹ ɮɚɤɟɥɶɧɨɝɨ 

ɫɠɢɝɚɧɢɹ ɉɇȽ ɜ Ɋɨɫɫɢɢ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɶ ɥɟɬ ɧɟ ɫɧɢɠɚɟɬɫɹ, ɨɫɬɚɜɚɹɫɶ ɧɚ ɭɪɨɜɧɟ 25÷28% 

[1]. Ɂɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɉɇȽ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɞɥɹ 

ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɧɨɫɬɟɣ ɜ ɷɧɟɪɝɢɢ ɢ ɬɟɩɥɟ ɫɚɦɢɯ ɞɨɛɵɜɚɸɳɢɯ 

ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɛɥɢɠɚɣɲɢɯ ɤ ɧɢɦ ɪɟɝɢɨɧɨɜ. Ɉɞɧɚɤɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɬɨɜɚɪɧɨɝɨ ɩɪɢɪɨɞɧɨɝɨ 

ɝɚɡɚ ɩɨɩɭɬɧɵɣ ɝɚɡ ɧɟ ɢɦɟɟɬ ɤɚɤɨɝɨ-ɥɢɛɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɫɬɚɜɚ. ɉɪɢɫɭɬɫɬɜɢɟ ɜ ɉɇȽ 

ɲɢɪɨɤɨɝɨ ɧɚɛɨɪɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ2÷ɋ5+, ɪɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɨɬɨɪɵɯ ɨɬɥɢɱɚɟɬɫɹ 

ɧɚ ɩɨɪɹɞɤɢ, ɡɚɬɪɭɞɧɹɟɬ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɚɯ. ɉɪɢɦɟɫɶ 

ɬɹɠɟɥɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɋ5+ ɫ ɧɢɡɤɢɦɢ ɨɤɬɚɧɨɜɵɦɢ (ɦɟɬɚɧɨɜɵɦɢ) ɱɢɫɥɚɦɢ ɞɟɥɚɟɬ ɉɇȽ 

ɫɤɥɨɧɧɵɦ ɤ ɞɟɬɨɧɚɰɢɢ ɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɝɚɬɶ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɟɣ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɢɯ ɫɦɟɫɟɣ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɧɨɦɭ ɫɦɨɥɨ- ɢ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɸ ɜ 

ɞɜɢɝɚɬɟɥɟ, ɬ.ɟ. ɤ ɫɧɢɠɟɧɢɸ ɟɝɨ ɪɟɫɭɪɫɚ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɚ ɨɱɢɫɬɤɚ ɉɇȽ ɨɬ ɬɹɠɟɥɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ [2]. Ɉɞɧɚɤɨ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɪɢɦɟɧɹɟɦɵɯ ɬɟɯɧɨɥɨɝɢɣ ɭɞɚɥɟɧɢɹ ɢɥɢ 

ɤɨɧɜɟɪɫɢɢ ɩɪɢɦɟɫɢ ɬɹɠɟɥɵɯ ɚɥɤɚɧɨɜ ɫɥɟɞɭɟɬ ɱɟɬɤɨ ɩɪɟɞɫɬɚɜɥɹɬɶ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɷɬɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɟɳɟ ɧɟ ɩɪɢɜɨɞɹɳɟɟ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ 

ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɝɚɡɨɦɨɬɨɪɧɨɝɨ ɬɨɩɥɢɜɚ, ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɟɨɛɯɨɞɢɦɭɸ 

ɝɥɭɛɢɧɭ ɨɱɢɫɬɤɢ, ɨɩɪɟɞɟɥɹɸɳɭɸ ɷɤɨɧɨɦɢɤɭ ɩɪɨɰɟɫɫɚ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɬɚɤɢɟ ɞɚɧɧɵɟ ɜ 

ɥɢɬɟɪɚɬɭɪɟ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɧɟɛɨɥɶɲɢɯ ɞɨɛɚɜɨɤ ɚɥɤɚɧɨɜ ɋ2÷ɋ5 ɧɚ 

ɡɚɞɟɪɠɤɭ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɥɨɠɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɟɫɟɣ, ɢɦɢɬɢɪɭɸɳɢɯ 

ɪɟɚɥɶɧɵɟ ɩɪɢɪɨɞɧɵɟ ɢ ɩɨɩɭɬɧɵɟ ɝɚɡɵ. Ɋɚɛɨɬɚ ɩɪɨɞɨɥɠɚɟɬ ɢɫɫɥɟɞɨɜɚɧɢɟ [3], ɜ ɤɨɬɨɪɨɦ 

ɢɡɭɱɚɥɨɫɶ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɟ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɦɟɬɚɧɚ ɫ ɚɥɤɚɧɚɦɢ ɋ3-ɋ5. ȼ ɞɚɧɧɨɣ 
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ɪɚɛɨɬɟ, ɩɨɦɢɦɨ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ 

ɬɪɨɣɧɵɟ ɢ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɫɦɟɫɢ.  

 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

Ʉɚɤ ɢ ɜ [3], ɡɚɞɟɪɠɤɭ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɨɩɪɟɞɟɥɹɥɢ ɜ ɡɚɦɤɧɭɬɨɦ ɨɛɴɟɦɟ ɜ 

ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɩɟɪɟɩɭɫɤɧɨɝɨ ɬɢɩɚ, ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɧɨɣ ɜ [4]. ȼ ɪɚɛɨɬɟ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɡɚɪɚɧɟɟ ɩɟɪɟɦɟɲɚɧɧɵɟ ɫɦɟɫɢ, ɜɵɞɟɪɠɚɧɧɵɟ ɜ ɫɦɟɫɢɬɟɥɟ ɨɛɴɟɦɨɦ 5 ɥ ɧɟ 

ɦɟɧɟɟ 48 ɱɚɫɨɜ. Ɂɚɞɟɪɠɤɭ ɨɩɪɟɞɟɥɹɥɢ ɜ ɨɛɥɚɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ T = 

523÷1 000 K ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ Ɋ0 = 1 ɚɬɦ ɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɬɨɩɥɢɜɚ φ = 

1,0.  

ȼ ɪɚɛɨɬɟ ɛɵɥ ɩɨɥɭɱɟɧ ɪɹɞ ɧɨɜɵɯ ɢɧɬɟɪɟɫɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɷɬɨ 

ɤɚɫɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɜ ɪɹɞɭ ɋ1-ɋ5 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ȼɨɩɪɟɤɢ ɨɠɢɞɚɧɢɹɦ, ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɷɬɨɦ ɪɹɞɭ ɦɟɧɹɟɬɫɹ ɧɟɦɨɧɨɬɨɧɧɨ, ɞɟɦɨɧɫɬɪɢɪɭɹ 

ɹɜɧɵɣ ɷɤɫɬɪɟɦɭɦ ɞɥɹ ɷɬɚɧɚ (ɪɢɫ. 1). ɏɨɬɹ ɩɨ ɫɭɳɟɫɬɜɭɸɳɢɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɛɨɥɟɟ 

ɟɫɬɟɫɬɜɟɧɧɨ ɛɵɥɨ ɛɵ ɨɠɢɞɚɬɶ, ɱɬɨ ɨɤɢɫɥɟɧɢɟ ɷɬɚɧɚ ɛɭɞɟɬ ɩɪɨɬɟɤɚɬɶ ɥɟɝɱɟ, ɱɟɦ ɦɟɬɚɧɚ.  

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ1-ɋ5 ɨɬ ɱɢɫɥɚ ɭɝɥɟɪɨɞɧɵɯ ɚɬɨɦɨɜ Nc ɜ ɦɨɥɟɤɭɥɟ 

ɭɝɥɟɜɨɞɨɪɨɞɚ. 

 

Ⱦɚɠɟ ɞɥɹ ɩɪɨɩɚɧɚ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɜɵɲɟ ɷɧɟɪɝɢɢ 

ɚɤɬɢɜɚɰɢɢ ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɟɬɚɧɚ. ɂ ɬɨɥɶɤɨ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɡɚɞɟɪɠɤɢ 

ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɛɭɬɚɧɚ ɩɪɢɦɟɪɧɨ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɷɧɟɪɝɢɟɣ ɚɤɬɢɜɚɰɢɢ ɡɚɞɟɪɠɤɢ 
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ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɟɬɚɧɚ. Ɉ ɬɚɤɨɣ ɷɤɫɬɪɟɦɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ 

ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɥɟɝɤɢɯ ɚɥɤɚɧɨɜ ɜ ɥɢɬɟɪɚɬɭɪɟ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɫɨɨɛɳɚɥɨɫɶ.  

Ɂɚɜɢɫɢɦɨɫɬɶ ɡɚɞɟɪɠɤɢ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɜɫɟɯ ɛɢɧɚɪɧɵɯ ɦɟɬɚɧ-ɭɝɥɟɜɨɞɨɪɨɞ-

ɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɞɨɛɚɜɤɢ ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɢ 

ɢɞɟɧɬɢɱɧɵɣ ɜɢɞ (ɪɢɫ. 2) ɫ ɧɟɛɨɥɶɲɢɦɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɪɚɡɥɢɱɢɹɦɢ. Ⱦɨɛɚɜɤɢ ɜɫɟɯ ɋ2-

ɋ5 ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ ɭɪɨɜɧɟ 1% ɜ ɞɜɚ-ɬɪɢ ɪɚɡɚ ɫɧɢɠɚɸɬ ɡɚɞɟɪɠɤɭ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɟɬɚɧɚ. 

Ⱥ ɢɯ ɞɨɛɚɜɤɢ ɧɚ ɭɪɨɜɧɟ 10% ɞɟɥɚɸɬ ɡɚɞɟɪɠɤɭ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɦɟɫɢ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟɨɬɥɢɱɢɦɨɣ ɨɬ ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɞɨɛɚɜɥɹɟɦɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɚ.  

 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɡɚɞɟɪɠɤɢ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɛɢɧɚɪɧɵɯ ɦɟɬɚɧ-

ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɟɫɟɣ ɨɬ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɞɨɛɚɜɥɟɧɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɚ. Ⱦɨɛɚɜɥɹɟɦɵɣ 

ɭɝɥɟɜɨɞɨɪɨɞ: (♦) - ɷɬɚɧ, (■) – ɩɪɨɩɚɧ, () – ɛɭɬɚɧ, (▲) – ɩɟɧɬɚɧ. Ɍ = 900 Ʉ. Ɋ = 1 ɚɬɦ. 

 

Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɪɹɞɭ ɧɚɛɥɸɞɚɸɬɫɹ ɢɧɬɟɪɟɫɧɵɟ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɨɬɥɢɱɢɹ. ȼɨɩɪɟɤɢ 

ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɠɢɞɚɧɢɹɦ ɢ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɜɵɲɟ ɩɨɪɹɞɤɭ ɢɡɦɟɧɟɧɢɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ 

ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɋ2-ɋ5 ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɪɢɫ. 1), ɧɚɢɛɨɥɶɲɟɟ ɫɧɢɠɟɧɢɟ ɡɚɞɟɪɠɤɢ 

ɜɵɡɵɜɚɟɬ ɞɨɛɚɜɤɚ ɷɬɚɧɚ. ɋɧɢɠɟɧɢɟ ɡɚɞɟɪɠɤɢ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɬɚɤɨɝɨ ɠɟ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɨɩɚɧɚ ɢ ɛɭɬɚɧɚ ɧɟɦɧɨɝɨ ɧɢɠɟ. ɂ ɬɨɥɶɤɨ ɞɨɛɚɜɥɟɧɢɟ ɩɟɧɬɚɧɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 

ɡɚɞɟɪɠɤɭ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɧɟɦɧɨɝɨ ɧɢɠɟ, ɱɟɦ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɷɬɚɧɚ (ɪɢɫ. 3). Ɍɚɤɨɟ 

ɩɨɜɟɞɟɧɢɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɜɫɟɝɨ ɞɢɚɩɚɡɨɧɚ ɤɨɧɰɟɧɬɪɚɰɢɣ ɞɨɛɚɜɥɹɟɦɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɬ 

1 ɞɨ 10%. ɉɨɥɭɱɟɧɧɚɹ ɧɟɦɨɧɨɬɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ɋ2-ɋ5 ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɧɚ ɡɚɞɟɪɠɤɭ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɛɢɧɚɪɧɵɯ ɦɟɬɚɧ-ɭɝɥɟɜɨɞɨɪɨɞ-ɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ ɨɬ ɱɢɫɥɚ 

ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɦɨɥɟɤɭɥɟ ɞɨɛɚɜɥɹɟɦɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɚ ɞɨɫɬɚɬɨɱɧɨ ɧɟɨɠɢɞɚɧɧɚ, ɪɚɧɟɟ 

ɧɟ ɧɚɛɥɸɞɚɥɚɫɶ, ɢ ɬɪɟɛɭɟɬ ɫɟɪɶɟɡɧɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ.  
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Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɛɢɧɚɪɧɵɯ ɦɟɬɚɧ-ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ 

ɫɦɟɫɟɣ ɩɪɢ ɨɛɴɟɦɧɨɣ ɞɨɥɟ ɞɨɛɚɜɥɟɧɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɚ ɋn ɪɚɜɧɨɣ 0,1 ɨɬ ɱɢɫɥɚ 

ɭɝɥɟɪɨɞɧɵɯ ɚɬɨɦɨɜ Nc ɜ ɦɨɥɟɤɭɥɟ ɭɝɥɟɜɨɞɨɪɨɞɚ. 

 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɞɚɧɧɵɯ ɧɚ ɪɢɫ. 3, ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɜɥɢɹɧɢɟ 

ɞɨɛɚɜɨɤ ɜɫɟɯ ɥɟɝɤɢɯ ɚɥɤɚɧɨɜ ɋ2-ɋ5 ɧɚ ɜɟɥɢɱɢɧɭ ɡɚɞɟɪɠɤɢ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɟɬɚɧ-

ɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɨ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ 

ɨɩɢɫɚɧɢɹ ɟɫɥɢ ɧɟ ɨɞɢɧɚɤɨɜɵɦɢ, ɬɨ ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɢɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ. 

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɞɟɪɠɤɢ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ 

ɬɪɨɣɧɵɯ ɦɟɬɚɧ-ɷɬɚɧ-ɩɪɨɩɚɧɨɜɵɯ, ɦɟɬɚɧ-ɷɬɚɧ-ɛɭɬɚɧɨɜɵɯ ɢ ɦɟɬɚɧ-ɷɬɚɧ-ɩɟɧɬɚɧɨɜɵɯ 

ɫɦɟɫɟɣ. ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɡɚɞɟɪɠɤɢ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɬɚɤɢɯ 

ɬɪɨɣɧɵɯ ɫɦɟɫɟɣ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɧɢɯ ɷɬɚɧɚ. 

 

Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɡɚɞɟɪɠɤɢ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɬɪɨɣɧɵɯ ɦɟɬɚɧ-ɷɬɚɧ-

ɩɪɨɩɚɧɨɜɵɯ (), ɦɟɬɚɧ-ɷɬɚɧ-ɛɭɬɚɧɨɜɵɯ (■), ɢ ɦɟɬɚɧ-ɷɬɚɧ-ɩɟɧɬɚɧɨɜɵɯ (▲) ɫɦɟɫɟɣ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɧɢɯ ɷɬɚɧɚ. [CH4] = 90%, [C2H6] + [CnH2n+2] = 10%. Ɍ = 900 Ʉ. Ɋ = 1 ɚɬɦ.  

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 

ɫɦɟɫɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɞɨɛɚɜɤɢ 10% ɛɨɥɟɟ ɬɹɠɟɥɵɯ ɚɥɤɚɧɨɜ ɤ ɦɟɬɚɧɭ, ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɢ. 
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Ɋɚɡɥɢɱɢɟ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɧɟ ɩɪɟɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ. Ɍɚɤɠɟ ɧɟ ɛɵɥɨ 

ɜɵɹɜɥɟɧɨ ɤɚɤɨɣ-ɥɢɛɨ ɪɟɝɭɥɹɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɡɚɞɟɪɠɤɢ 

ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɬɚɤɢɯ ɫɦɟɫɟɣ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɷɬɚɧɚ ɢ ɞɨɛɚɜɥɹɟɦɨɝɨ ɟɳɟ ɨɞɧɨɝɨ 

ɚɥɤɚɧɚ.  

ȼɵɜɨɞɵ 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨ ɡɚɞɟɪɠɤɚɦ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɬɪɨɣɧɵɯ 

ɫɦɟɫɟɣ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɟɣɫɬɜɢɟ 

ɞɨɛɚɜɨɤ ɜɫɟɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ2-ɋ5 ɤ ɦɟɬɚɧɭ ɨɱɟɧɶ ɛɥɢɡɤɨ, ɩɪɢɱɟɦ ɜ ɥɸɛɵɯ ɫɨɱɟɬɚɧɢɹɯ. 

ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɞɟɹɬɶɫɹ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɨɛɳɟɣ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ 

ɡɚɞɟɪɠɤɢ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɬɚɤɢɯ ɫɥɨɠɧɵɯ 

ɫɦɟɫɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɞɨ 10-15% ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ2-ɋ5 ɜ ɦɟɬɚɧɟ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɷɬɨ ɞɚɫɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɜɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɝɥɭɛɢɧɭ ɨɱɢɫɬɤɢ ɉɇȽ ɨɬ ɬɹɠɟɥɵɯ ɚɥɤɚɧɨɜ ɞɥɹ 

ɫɧɢɠɟɧɢɹ ɞɟɪɟɣɬɢɧɝɚ ɝɚɡɨɩɨɪɲɧɟɜɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɧɢɯ ɜ 

ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ.  

 

Pa6oɬa ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɉɪɨɝɪɚɦɦɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɂɏɎ ɊȺɇ № 47.16. ɇɨɦɟɪ ɬɟɦɵ ɎȺɇɈ 0082-2014-0004. ɇɨɦɟɪ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 

ɪɟɝɢɫɬɪɚɰɢɢ ɐɂɌɂɋ: AAA-Al7-117040610283-3. 
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ȺɇȺɅɂɁ ɅɂɌȿɊȺɌɍɊɇɕɏ ɆɈȾȿɅȿɃ ɈɄɂɋɅȿɇɂə ɆȿɌȺɇȺ ȼ 
ɈȻɅȺɋɌɂ ɍɆȿɊȿɇɇɕɏ ɌȿɆɉȿɊȺɌɍɊ 

Ⱦɦɢɬɪɭɤ Ⱥ.ɋ.1,2, ɇɢɤɢɬɢɧ Ⱥ.ȼ.2, Ɉɡɟɪɫɤɢɣ Ⱥ.ȼ.2, Ⱥɪɭɬɸɧɨɜ Ⱥ.ȼ.2, Ⱥɪɭɬɸɧɨɜ ȼ.ɋ.1,2 

ANALYSIS OF LITERATURE MODELS OF OXIDATION OF METHANE AT 

INTERMEDIATE TEMPERATURES 
1 Ɏɚɤɭɥɶɬɟɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɣ ɢɧɠɟɧɟɪɢɢ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. 

Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

E-mail: anitadmitruk@gmail.com 
2 ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦɟɧɢ ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

 

ȼ ɦɢɪɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɭɤɥɨɧɧɨɟ ɫɧɢɠɟɧɢɟ ɪɟɫɭɪɫɨɜ ɢɫɤɨɩɚɟɦɵɯ ɠɢɞɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ [1], ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɡɚɩɚɫɵ ɪɚɡɥɢɱɧɵɯ ɝɚɡɨɨɛɪɚɡɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɦɢɧɢɦɭɦ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ ɩɪɟɜɵɲɚɸɬ ɡɚɩɚɫɵ ɠɢɞɤɢɯ [2], ɱɬɨ ɞɟɥɚɟɬ ɝɚɡɨɨɛɪɚɡɧɵɟ 

ɭɝɥɟɜɨɞɨɪɨɞɵ ɨɱɟɧɶ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɬɨɩɥɢɜ ɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ ɞɥɹ ɦɢɪɨɜɨɣ 

ɷɤɨɧɨɦɢɤɢ. Ɉɞɧɚɤɨ, ɢɡɜɟɫɬɧɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɝɚɡɨɯɢɦɢɱɟɫɤɢɟ ɬɟɯɧɨɥɨɝɢɢ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɟɜɪɚɳɚɬɶ ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɜ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɠɢɞɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, 

ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɤɚɤ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɢɦɟɸɬ ɫɥɢɲɤɨɦ 

ɧɢɡɤɭɸ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. ɉɨɷɬɨɦɭ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɫɬɚɧɨɜɢɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 

ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɯ ɝɚɡɨɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɩɪɟɜɪɚɳɟɧɢɹ ɝɚɡɨɮɚɡɧɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɠɢɞɤɢɟ ɬɨɩɥɢɜɚ ɢ ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɞɭɤɬɵ. ȼ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɬɚɤɢɯ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɚɪɰɢɚɥɶɧɨɟ ɨɤɢɫɥɟɧɢɟ ɦɟɬɚɧɚ ɜ ɦɟɬɚɧɨɥ 

(ɉɈɆɆ). Ɉɧɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɦɟɬɚɧɨɥ ɩɪɹɦɵɦ ɨɞɧɨɫɬɚɞɢɣɧɵɦ ɨɤɢɫɥɟɧɢɟɦ ɦɟɬɚɧɚ 

[3], ɢ ɫɨɡɞɚɜɚɬɶ ɧɚ ɷɬɨɣ ɛɚɡɟ ɷɮɮɟɤɬɢɜɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɟɜɪɚɳɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɜ 

ɠɢɞɤɢɟ ɩɪɨɞɭɤɬɵ [4]. 

ɉɟɪɫɩɟɤɬɢɜɵ ɩɪɨɦɵɲɥɟɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɉɈɆɆ ɞɟɥɚɸɬ ɧɟɨɛɯɨɞɢɦɵɦ 

ɧɟ ɬɨɥɶɤɨ ɬɳɚɬɟɥɶɧɨɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɝɨ ɪɟɠɢɦɨɜ ɢ ɡɚɜɢɫɢɦɨɫɬɢ 

ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɨɬ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ [5], ɧɨ ɢ ɜɫɟɫɬɨɪɨɧɧɟɟ ɤɢɧɟɬɢɱɟɫɤɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɷɬɨɝɨ ɫɥɨɠɧɨɝɨ ɪɚɡɜɟɬɜɥɟɧɨ-ɰɟɩɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɋɪɟɞɢ ɰɟɥɟɣ ɬɚɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ - ɩɨɢɫɤ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ ɭɫɥɨɜɢɣ ɩɨɜɵɲɟɧɢɹ ɜɵɯɨɞɚ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ 

ɢ ɨɛɟɫɩɟɱɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɬɨɝɨ ɫɥɨɠɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɧɟɥɢɧɟɣɧɵɯ 

ɫɬɚɞɢɣ ɩɪɢ ɜɨɡɦɨɠɧɵɯ ɮɥɭɤɬɭɚɰɢɹɯ ɟɝɨ ɩɚɪɚɦɟɬɪɨɜ [6].  

ȼ ɥɢɬɟɪɚɬɭɪɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɞɟɬɚɥɶɧɵɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɫɯɟɦ, 

ɤɨɬɨɪɵɟ ɫ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɶɸ ɩɨɥɧɨɬɵ ɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɦɨɝɭɬ ɩɪɟɬɟɧɞɨɜɚɬɶ ɧɚ 

ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɧɚ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɧɢɠɟ 1000 Ʉ ɢ ɭɱɢɬɵɜɚɸɬ 

ɨɛɪɚɡɨɜɚɧɢɟ ɦɟɬɚɧɨɥɚ ɢ/ɢɥɢ ɞɪɭɝɢɯ ɨɤɫɢɝɟɧɚɬɨɜ [7-22]. Ɉɞɧɚɤɨ ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ ɧɟ 

ɜɤɥɸɱɚɸɬ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɵɣ ɛɥɨɤ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɬɚɞɢɣ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɩɨɥɭɱɟɧɢɟ 

ɋ-III-2 



553 

 

ɢ ɪɚɫɯɨɞɨɜɚɧɢɟ ɦɟɬɚɧɨɥɚ, ɩɨɫɤɨɥɶɤɭ ɢɡɧɚɱɚɥɶɧɨ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ ɦɟɬɚɧɚ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ɍɚɤɠɟ, ɩɪɢ ɜɵɛɨɪɟ ɢɥɢ 

ɪɚɡɪɚɛɨɬɤɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɦɨɞɟɥɢ ɉɈɆɆ ɩɨɦɢɦɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɢɚɩɚɡɨɧɚ 

ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɫɩɟɰɢɮɢɤɭ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ – ɜɵɫɨɤɢɟ (ɜɵɲɟ 20 ɚɬɦ) ɞɚɜɥɟɧɢɹ ɢ 

ɧɢɡɤɭɸ (ɦɟɧɟɟ 10 %) ɤɨɧɰɟɧɬɪɚɰɢɸ ɤɢɫɥɨɪɨɞɚ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɉɈɆɆ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 6-ɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɦɟɯɚɧɢɡɦɨɜ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɧɚ: 

ȼɟɞɟɧɟɟɜ [7], Ranzi [22], NUI Galway [18], Battin-Leclerc [20], Rasmussen [10] ɢ Lodeng 

[9], ɜ ɭɫɥɨɜɢɹɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɦ ɜ ɩɪɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ ɜ ɪɚɛɨɬɟ [23].  

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧ ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ ɨɬɨɛɪɚɧɧɵɦ ɦɨɞɟɥɹɦ ɪɚɡɨɝɪɟɜ 

ɪɟɚɝɢɪɭɸɳɟɣ ɫɦɟɫɢ ɩɨ ɞɥɢɧɟ ɪɟɚɤɬɨɪɚ ɛɟɡ ɭɱɟɬɚ ɬɟɩɥɨɩɨɬɟɪɶ ɜ ɫɬɟɧɤɭ. ɇɚɛɥɸɞɚɟɦɵɟ 

ɪɚɡɥɢɱɢɹ ɜ ɬɟɦɩɟɪɚɬɭɪɟ ɫɜɹɡɚɧɵ ɫ ɡɚɦɟɬɧɵɦ ɪɚɡɥɢɱɢɟɦ ɜ ɪɚɫɱɟɬɧɨɦ ɫɨɫɬɚɜɟ ɤɨɧɟɱɧɵɯ 

ɩɪɨɞɭɤɬɨɜ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɪɚɡɥɢɱɢɟɦ ɜ ɪɚɫɱɟɬɧɨɦ ɬɟɩɥɨɜɨɦ ɷɮɮɟɤɬɟ ɪɟɚɤɰɢɢ. Ƚɨɪɚɡɞɨ 

ɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵ ɪɚɡɥɢɱɢɹ ɜ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɟɪɢɨɞɚ ɢɧɞɭɤɰɢɢ. ɉɨ ɷɬɨɦɭ 

ɩɚɪɚɦɟɬɪɭ ɦɨɞɟɥɢ Rasmussen (5) ɢ Lodeng (6) ɩɪɚɤɬɢɱɟɫɤɢ ɜɵɩɚɞɚɸɬ ɢɡ ɨɛɳɟɝɨ ɬɪɟɧɞɚ, 

ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɢɯ ɫɟɪɶɟɡɧɵɟ ɢɡɴɹɧɵ.  
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Ɋɢɫ. 1. Ɋɚɫɱɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɞɥɢɧɟ ɪɟɚɤɬɨɪɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɤɢɧɟɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ȼɟɞɟɧɟɟɜɚ (1), Ranzi (2), NUI Galway (3), Battin-Leclerc (4), 

Rasmussen (5) ɢ Lodeng (6). Ɇɟɬɚɧɨ-ɜɨɡɞɭɲɧɚɹ ɫɦɟɫɶ ɫ ɧɚɱɚɥɶɧɵɦ ɨɬɧɨɲɟɧɢɟɦ 

[O2]0/[CH4]0=0.05, p=80 ɚɬɦ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 723 Ʉ.  

 

ɋɥɟɞɭɸɳɚɹ ɝɪɭɩɩɚ ɫɨɩɨɫɬɚɜɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2, 

ɨɩɢɫɵɜɚɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɬɚɧɨɥɚ ɩɨ ɞɥɢɧɟ ɪɟɚɤɬɨɪɚ. ȼɫɟ ɦɟɯɚɧɢɡɦɵ 
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ɩɨɤɚɡɵɜɚɸɬ ɜɵɯɨɞ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɬɚɧɨɥɚ ɧɚ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ 

ɧɚɛɥɸɞɚɟɬɫɹ ɫɩɚɞ.  
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Ɋɢɫ. 2. Ɋɚɫɱɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɬɚɧɨɥɚ (ɦɨɥɶɧɵɟ ɞɨɥɢ) ɩɨ ɞɥɢɧɟ 

ɪɟɚɤɬɨɪɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ȼɟɞɟɧɟɟɜɚ (1), Ranzi (2), NUI Galway 

(3), Battin-Leclerc (4), Rasmussen (5) ɢ Lodeng (6). Ɇɟɬɚɧɨ-ɜɨɡɞɭɲɧɚɹ ɫɦɟɫɶ ɫ ɧɚɱɚɥɶɧɵɦ 

ɨɬɧɨɲɟɧɢɟɦ [O2]0/[CH4]0=0.05, p=80 ɚɬɦ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 723 Ʉ.  

 

Ɋɚɫɱɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɨɪɦɚɥɶɞɟɝɢɞɚ ɩɨ ɞɥɢɧɟ ɪɟɚɤɬɨɪɚ (ɪɢɫɭɧɨɤ 

3) ɬɚɤɠɟ ɩɨɤɚɡɚɥ ɫɭɳɟɫɬɜɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɦɨɞɟɥɟɣ. ɇɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɧɵɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ ɪɟɡɭɥɶɬɚɬɵ ɨɩɹɬɶ ɩɨɤɚɡɚɥɢ ɦɟɯɚɧɢɡɦɵ ȼɟɞɟɧɟɟɜɚ (1) ɢ 

Ranzi (2). ɇɨ ɟɫɥɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɟɬɚɧɨɥɚ ɩɨ ɦɟɯɚɧɢɡɦɭ Ranzi (2) ɛɵɥɚ ɡɚɦɟɬɧɨ ɜɵɲɟ, 

ɱɟɦ ɩɨ ɦɟɯɚɧɢɡɦɭ ȼɟɞɟɧɟɟɜɚ (1), ɬɨ ɞɥɹ ɮɨɪɦɚɥɶɞɟɝɢɞɚ ɷɬɨ ɫɨɨɬɧɨɲɟɧɢɟ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟ.  
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Ɋɢɫ. 3. Ɋɚɫɱɟɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɨɪɦɚɥɶɞɟɝɢɞɚ ɩɨ ɞɥɢɧɟ ɪɟɚɤɬɨɪɚ 

(ɦɨɥɶɧɵɟ ɞɨɥɢ) ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ȼɟɞɟɧɟɟɜɚ (1), Ranzi (2), NUI 

Galway (3), Battin-Leclerc (4), Rasmussen (5) ɢ Lodeng (6). Ɇɟɬɚɧɨ-ɜɨɡɞɭɲɧɚɹ ɫɦɟɫɶ ɫ 

ɧɚɱɚɥɶɧɵɦ ɨɬɧɨɲɟɧɢɟɦ [O2]0/[CH4]0=0.05, p=80 ɚɬɦ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 723 Ʉ. 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɪɢɦɟɧɢɦɨɫɬɢ ɢɦɟɸɳɢɯɫɹ ɥɢɬɟɪɚɬɭɪɧɵɯ ɦɨɞɟɥɟɣ 

ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɧɚ ɜ ɨɛɥɚɫɬɢ ɭɦɟɪɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɚɪɰɢɚɥɶɧɨɝɨ 

ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɧɚ ɜ ɦɟɬɚɧɨɥ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɨɧɢ ɦɚɥɨɩɪɢɝɨɞɧɵ ɞɥɹ ɷɬɨɣ 

ɰɟɥɢ. Ɍɨɥɶɤɨ ɞɜɟ ɦɨɞɟɥɢ ȼɟɞɟɧɟɟɜɚ (1) ɢ Ranzi (2) ɞɚɸɬ ɪɟɡɭɥɶɬɚɬɵ, ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɢɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ. ɇɨ ɜ ɫɭɳɟɫɬɜɟɧɧɵɯ ɞɟɬɚɥɹɯ ɪɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɪɚɛɨɬ ɬɚɤɠɟ 

ɪɚɫɯɨɞɹɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ. ȼɫɟ ɷɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɛɨɥɟɟ 

ɪɟɚɥɢɫɬɢɱɟɫɤɨɣ ɢ ɚɞɟɤɜɚɬɧɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɉɈɆɆ. ȼɢɞɢɦɨ, ɦɨɞɟɥɢ ȼɟɞɟɧɟɟɜɚ (1) ɢ 

Ranzi (2) ɦɨɝɭɬ ɛɵɬɶ ɜɡɹɬɵ ɡɚ ɨɫɧɨɜɭ ɬɚɤɨɣ ɦɨɞɟɥɢ, ɤɚɤ ɜɩɪɨɱɟɦ, ɢ ɮɪɚɝɦɟɧɬɵ ɞɪɭɝɢɯ 

ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɦɨɞɟɥɟɣ. ɇɨ ɧɟɨɛɯɨɞɢɦ ɬɳɚɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɦɚɪɲɪɭɬɨɜ ɨɛɪɚɡɨɜɚɧɢɹ 

ɨɫɧɨɜɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɤ ɤɥɸɱɟɜɵɦ ɷɥɟɦɟɧɬɚɪɧɵɦ ɫɬɚɞɢɹɦ, 

ɚ ɬɚɤɠɟ ɬɳɚɬɟɥɶɧɵɣ ɜɵɛɨɪ ɤɢɧɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɷɬɢɯ ɤɥɸɱɟɜɵɯ ɫɬɚɞɢɣ.  

 

Pa6oɬa ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɉɪɨɝɪɚɦɦɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɂɏɎ ɊȺɇ № 47.16. ɇɨɦɟɪ ɬɟɦɵ ɎȺɇɈ 0082-2014-0004. ɇɨɦɟɪ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 

ɪɟɝɢɫɬɪɚɰɢɢ ɐɂɌɂɋ: AAA-Al7-117040610283-3. 
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ɇɚ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɧɟɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ (POX) ɦɟɬɚɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 8 ɧ.ɦ3/ɱɚɫ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ 

ɫɚɬɭɪɚɰɢɢ ɦɟɬɚɧɚ ɩɚɪɚɦɢ ɜɨɞɵ ɧɚ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɟ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɧɚɫɵɳɟɧɢɹ. 

ɉɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɫɬɚɜɚ ɫɢɧɬɟɡ-ɝɚɡɚ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ H2O/CH4, ɚ ɬɚɤɠɟ 

ɤɚɱɟɫɬɜɟɧɧɚɹ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɫɚɠɟɜɵɯ ɚɝɥɨɦɟɪɚɬɨɜ ɨɬ 

ɫɬɟɩɟɧɢ ɧɚɫɵɳɟɧɢɹ ɩɚɪɚɦɢ ɜɨɞɵ ɱɢɫɬɨɝɨ ɦɟɬɚɧɚ ɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ. ɋɬɪɭɤɬɭɪɧɵɟ 

ɨɫɨɛɟɧɧɨɫɬɢ ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɫɚɠɢ ɢɫɫɥɟɞɨɜɚɧɵ ɦɟɬɨɞɚɦɢ ɫɤɚɧɢɪɭɸɳɟɣ ɢ 

ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɚ ɬɚɤɠɟ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ. 

Ɉɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɨɫɬɪɵɯ ɩɪɨɛɥɟɦ ɜ ɬɟɯɧɨɥɨɝɢɢ ɧɟɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɞɨ ɫɢɧɬɟɡ-ɝɚɡɚ – ɷɬɨ 

ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɟ.  

Ʉ ɨɛɪɚɡɨɜɚɧɢɸ ɫɚɠɢ ɜɟɞɭɬ ɩɨɛɨɱɧɵɟ ɪɟɚɤɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɝɨɪɟɧɢɹ: 

2CO+⇄CO2+C + 172 ɤȾɠ/ɦɨɥɶ      (1) 

CH4⇄C+2H2 – 75 ɤȾɠ/ɦɨɥɶ       (2) 

CO+H2⇄C+H2O + 132 ɤȾɠ/ɦɨɥɶ      (3) 

Ʉɚɤ ɨɬɦɟɱɟɧɨ ɜ ɪɚɛɨɬɚɯ [1-2], ɜɜɟɞɟɧɢɟ ɩɚɪɚ ɭɜɟɥɢɱɢɜɚɟɬ ɜɵɯɨɞ ɫɢɧɬɟɡ-ɝɚɡɚ, 

ɭɦɟɧɶɲɚɟɬ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɟ ɢ ɡɚɳɢɳɚɟɬ ɤɚɬɚɥɢɡɚɬɨɪ. ȼɨɞɹɧɨɣ ɩɚɪ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬ ɜ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɩɨɥɭɱɟɧɢɹ ɫɢɧɬɟɡ-ɝɚɡɚ ɜ ɪɨɥɢ ɨɫɧɨɜɧɨɝɨ ɢɥɢ ɜɬɨɪɢɱɧɨɝɨ 

ɨɤɢɫɥɢɬɟɥɹ. Ⱦɨɛɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɩɪɨɰɟɫɫ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɩɪɨɦɨɬɢɪɭɟɬ ɪɟɚɤɰɢɢ 

ɩɚɪɨɜɨɝɨ ɪɢɮɨɪɦɢɧɝɚ ɢ ɪɚɜɧɨɜɟɫɢɹ ɜɨɞɹɧɨɝɨ ɝɚɡɚ (1.4), ɤɨɬɨɪɵɟ ɭɜɟɥɢɱɢɜɚɸɬ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɨɞɨɪɨɞɚ ɜ ɫɢɧɬɟɡ-ɝɚɡɟ. 

CO+H2O⇄CO2+H2 – 41 ɤȾɠ/ɦɨɥɶ      (4) 

ɋɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɫɜɟɞɟɧɢɹ ɨ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɢ ɜ ɯɨɞɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ, ɜɥɢɹɧɢɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɢ ɜɥɢɹɧɢɢ ɩɪɢɫɭɬɫɬɜɢɹ ɫɬɚɪɲɢɯ 

ɝɨɦɨɥɨɝɨɜ ɦɟɬɚɧɚ ɜ ɩɪɢɪɨɞɧɨɦ ɝɚɡɟ ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɬɫɭɬɫɬɜɭɸɬ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɩɨɫɬɚɧɨɜɤɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ. 

ɋ-III-3 
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ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɡɭɱɟɧɢɟ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɱɢɫɬɨɝɨ ɦɟɬɚɧɚ ɩɪɢ 

ɫɚɬɭɪɚɰɢɢ ɫɵɪɶɹ ɩɚɪɚɦɢ ɜɨɞɵ.  

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɚ ɫɨɛɪɚɧɚ ɢɫɩɵɬɚɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ 

ɧɟɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɧɚ 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɚɤ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɟɲɟɧɢɣ ɪɟɚɤɬɨɪɚ 

ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ, ɬɚɤ ɢ ɫɚɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ.  

Ɋɟɚɤɬɨɪ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ 

ɦɟɠɞɭ ɫɨɛɨɣ ɱɚɫɬɟɣ (ɪɢɫ 1): 

 

Ɋɢɫ. 1. Ɋɟɚɤɬɨɪ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 

Ⱦɚɧɧɵɟ ɩɨ ɫɨɫɬɚɜɭ ɩɪɨɞɭɤɬɨɜ ɞɥɹ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɫɪɟɞɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ 

ɡɧɚɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. ɉɨɫɥɟ ɤɚɠɞɨɝɨ ɩɪɨɜɟɞɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɨɜɨɞɢɥɢ 

ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɤɚɦɟɪɵ ɝɨɪɟɧɢɹ ɢ ɮɢɤɫɢɪɨɜɚɥɢ ɫɨɫɬɨɹɧɢɟ ɟɟ ɫɬɟɧɤɢ.  

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɦɨɥɶɧɨɝɨ 

ɫɨɨɬɧɨɲɟɧɢɹ H2O/CH4 ɫ 0 ɞɨ 0.07, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, ɫɨɨɬɧɨɲɟɧɢɟ 

H2/CO ɜɵɪɨɫɥɨ ɫ 1.60 ɞɨ 1.65. ȼ ɫɥɭɱɚɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɱɢɫɬɵɦ ɦɟɬɚɧɨɦ ɫɨɨɬɧɨɲɟɧɢɟ 

ɩɨɞɧɹɥɨɫɶ ɫ 1.61 ɞɨ 1.66 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ 

ɤɨɧɰɟɧɬɪɚɰɢɣ CO2 ɜ ɨɛɨɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ, ɚ ɬɚɤɠɟ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ CO. Ⱦɚɧɧɚɹ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɜɩɨɥɧɟ ɨɠɢɞɚɟɦɚ ɜ ɫɜɹɡɢ ɫ ɩɪɨɬɟɤɚɧɢɟɦ ɪɟɚɤɰɢɢ (4) ɢ ɧɚɛɥɸɞɚɟɬɫɹ ɜɨ 

ɜɫɟɯ ɫɥɭɱɚɹɯ, ɤɪɨɦɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɚɬɭɪɚɰɢɟɣ. ɉɪɢ ɷɬɨɦ ɜ ɞɚɧɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɧɚɛɥɸɞɚɥɢ ɤɪɚɣɧɟ ɧɢɡɤɭɸ ɤɨɧɜɟɪɫɢɸ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ, ɱɬɨ 

ɝɨɜɨɪɢɬ ɨ ɩɨɞɚɜɥɟɧɢɢ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɩɪɢɫɭɬɫɬɜɢɟɦ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɫɬɚɬɨɱɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ 

Ƚɨɪɟɥɤɚ 
ɏɨɥɨɞɢɥɶɧɢɤ 

ɋɦɟɫɢɬɟɥɶ 
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ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɧɟ ɩɪɟɜɵɲɚɥɨ 1% ɨɛ, ɡɚ ɬɟɦ ɠɟ ɢɫɤɥɸɱɟɧɢɟɦ. Ɍɚɤɠɟ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ, 

ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɨɬɧɨɲɟɧɢɹ H2O/CH4, ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ (4), 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ H2/CO, ɧɨ ɩɚɞɚɟɬ ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɚ (ɬɚɛɥ. 1). 

Ɍɚɛɥɢɰɚ 1. ɍɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɫɨɫɬɚɜɵ ɝɚɡɨɜɵɯ ɩɪɨɞɭɤɬɨɜ ɤɨɧɜɟɪɫɢɢ 

№ ɗɤɫɩɟɪɢɦɟɧɬɚ 1 2 3 4 5 6 7 8 

ɍɝɥɟɜɨɞɨɪɨɞɧɨɟ ɫɵɪɶɟ ɉȽ ɉȽ ɉȽ ɉȽ ɑɆ ɑɆ ɑɆ ɑɆ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɚɬɭɪɚɰɢɢ, °ɋ - 40 60 80 - 40 60 80 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɤɚɦɟɪɟ ɝɨɪɟɧɢɹ, °ɋ 1430 1420 1380 1210 1420 1390 1380 1030 

Ɇɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ H2O/CH4  0.00 0.07 0.22 0.79 0.00 0.07 0.22 0.79 

H2 56.9

9 

56.5

4 

54.8

3 

7,06 55.8

4 

55.1

5 

57.3

9 

11.0

7 

Ɉ2 0.07 0.12 0.07 33.7

6 

0.35 0.81 0.05 30.4

1 

ɋɈ2 3.73 4.24 5.6 1.06 3.78 4.08 5.23 0.13 

N2 0.57 0.77 0.66 0.38 1.55 3.33 0.02 0.03 

C2H4 0.09 0.14 0.2 0.02 0.12 0.09 0.13 0 

CH4 2.22 2.71 4.56 56.2

7 

2.67 2.41 3.11 58.3

6 

C2H6 0.82 1.28 1.78 1.10 0.99 0.82 1.23 0 

CO 35.5

1 

34.2 32.3 0.00 34.7 33.3

1 

32.8

4 

0 

C3H6 0 0 0 0.35 0 0 0 0 

ɋɭɦɦɚ 100 100 100 100 100 100 100 100 

ɋɨɨɬɧɨɲɟɧɢɟ H2/CO 1.60 1.65 1.70 0.00 1.61 1.66 1.75 0.00 

 

ȼ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɩɚɪɨɜ ɜɨɞɵ ɧɚ ɩɪɨɰɟɫɫ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɱɢɫɬɨɝɨ ɦɟɬɚɧɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɭɜɟɥɢɱɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ H2O/CH4 ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɫɨɨɬɧɨɲɟɧɢɹ H2/CO. 

ɉɨɜɵɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɹɧɨɝɨ ɩɚɪɚ, ɜɜɨɞɢɦɨɝɨ ɜ ɩɪɨɰɟɫɫ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ, 

ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɤɨɧɜɟɪɫɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɜ 

ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɫɨɨɬɧɨɲɟɧɢɣ H2O/CH4 ɤɨɥɢɱɟɫɬɜɨ, ɯɚɪɚɤɬɟɪ ɜɵɩɚɞɟɧɢɹ ɢ ɫɬɪɭɤɬɭɪɚ 

ɫɚɠɢ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɦɟɧɹɸɬɫɹ, ɧɨ ɩɪɢ ɤɪɢɬɢɱɟɫɤɨɦ ɫɨɨɬɧɨɲɟɧɢɢ H2O/CH4 = 0.79, 

ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɫɚɠɢ, ɱɬɨ, ɜɟɪɨɹɬɧɨ, ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɧɢɡɤɨɣ ɤɨɧɜɟɪɫɢɢ 

ɦɟɬɚɧɚ ɜ ɪɟɚɤɰɢɢ ɩɚɪɰɢɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɱɢɫɬɨɝɨ ɦɟɬɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɜɦɟɫɬɨ 

ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɩɨɡɜɨɥɢɥɨ ɢɫɤɥɸɱɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɫɚɠɢ ɜ ɤɚɦɟɪɟ ɝɨɪɟɧɢɹ ɢ 

ɥɨɤɚɥɢɡɨɜɚɬɶ ɟɟ ɨɫɚɠɞɟɧɢɟ ɧɚ ɫɬɟɧɤɚɯ ɜ ɡɨɧɟ ɩɟɪɟɞ ɯɨɥɨɞɢɥɶɧɢɤɨɦ ɡɚɤɚɥɤɢ ɫɢɧɬɟɡ-ɝɚɡɚ. 

ɋɤɚɧɢɪɭɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ (Ɋɢɫ. 2ɛ) ɩɨɤɚɡɵɜɚɟɬ ɝɥɨɛɭɥɹɪɧɵɟ 

ɫɬɪɭɤɬɭɪɵ ɞɢɚɦɟɬɪɨɦ ɩɨɪɹɞɤɚ 1 ɦɤɦ, ɚɝɥɨɦɟɪɢɪɨɜɚɧɧɵɟ ɜ ɨɛɪɚɡɨɜɚɧɢɹ ɞɢɚɦɟɬɪɨɦ 

ɩɨɪɹɞɤɚ 4 ɦɤɦ. Ƚɥɨɛɭɥɹɪɧɚɹ ɦɨɪɮɨɥɨɝɢɹ ɩɨɞɬɜɟɪɠɞɚɟɬ ɝɢɩɨɬɟɡɭ ɨ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɢ ɢ 

ɪɨɫɬɟ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ, ɚ ɧɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ ɪɟɚɤɬɨɪɚ [3]. ɉɪɨɫɜɟɱɢɜɚɸɳɚɹ 
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ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ (Ɋɢɫ. 2ɚ) ɩɨɤɚɡɵɜɚɟɬ ɹɪɤɨ ɜɵɪɚɠɟɧɧɭɸ ɝɪɚɮɢɬɨɜɭɸ ɫɬɪɭɤɬɭɪɭ 

ɜɧɭɬɪɢ ɝɥɨɛɭɥ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɱɚɫɬɢɰ, ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɢ ɜɵɪɨɫɲɢɯ ɩɪɢ ɜɵɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ (ɚɦɨɪɮɧɵɟ ɱɚɫɬɢɰɵ ɪɚɫɬɭɬ ɜ ɡɨɧɟ ɨɯɥɚɠɞɟɧɢɹ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ 

500⁰ɋ [3]). Ɇɟɠɫɥɨɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɜ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɱɚɫɬɢɰɚɯ ɫɚɠɢ ɫɨɫɬɚɜɥɹɟɬ 0.340 

ɧɦ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɢ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɚɦɢ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɢ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ 

ɩɨɡɜɨɥɢɥɢ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɨɛɪɚɡɭɸɳɚɹɫɹ ɫɚɠɚ ɫɨɫɬɨɢɬ ɢɡ ɦɢɤɪɨɦɟɬɪɢɱɟɫɤɢɯ 

ɝɥɨɛɭɥɹɪɧɵɯ ɱɚɫɬɢɰ ɫ ɝɪɚɮɢɬɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɱɚɫɬɢɰ ɭɝɥɟɪɨɞɚ, 

ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɢ ɜɵɪɨɫɲɢɯ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɚ ɧɟ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ ɪɟɚɤɬɨɪɚ.  

ɚ: ɛ: 

 

Ɋɢɫ. 2. ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɚ ɫɚɠɢ ɦɟɬɨɞɚɦɢ: a) ɉɗɆ; ɛ) ɋɗɆ 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 

ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɞɨɫɬɢɠɟɧɢɟɦ ɩɨɞɚɜɥɟɧɢɹ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɚɦɟɪɟ ɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɜɩɪɵɫɤɚ ɨɤɢɫɥɢɬɟɥɹ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
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3. Ⱦɟɪɟɜɢɱ ɂ.ȼ., Ɏɨɤɢɧɚ Ⱥ.ɘ., ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɚɩɟɥɶɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 

ɩɪɨɞɭɤɬɨɜ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɜ ɫɢɧɬɟɡ-ɝɚɡ // ɂɧɠɟɧɟɪɧɵɣ ɠɭɪɧɚɥ ɧɚɭɤɚ ɢ ɢɧɧɨɜɚɰɢɢ, 

2013, №8(20), ɫɬɪ.1-29. 

http://dx.doi.org/10.1016/j.ijhydene.2016.11.012
http://dx.doi.org/10.1002/ceat.200600399
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ɋɨ-ɄȺɌȺɅɂɁȺɌɈɊɕ ɉɊɈɐȿɋɋȺ ɎɂɒȿɊȺ-ɌɊɈɉɒȺ ɇȺɇȿɋȿɇɇɕȿ  
ɇȺ ɍȽɅȿɊɈȾɇɕȿ ɇȺɇɈɌɊɍȻɄɂ ȾɈɉɂɊɈȼȺɇɇɕȿ ȺɁɈɌɈɆ: ȼɅɂəɇɂȿ 

ɄɈɇɐȿɇɌɊȺɐɂɂ, ɌɂɉȺ, ɅɈɄȺɅɂɁȺɐɂɂ 

Ȼɭɪɰɟɜ Ⱥ.Ⱥ., ɑɟɪɧɹɤ ɋ.Ⱥ., ɂɜɚɧɨɜ Ⱥ.ɋ., Ɇɚɫɥɚɤɨɜ Ʉ.ɂ., ȿɝɨɪɨɜɚ Ɍ.Ȼ., ɋɚɜɢɥɨɜ 
ɋ.ȼ., Ʌɭɧɢɧ ȼ.ȼ.  

Co-BASED FISCHER-TROPSCH CATALYSTS SUPPORTED ON NITROGEN-

DOPED CARBON NANOTUBES: EFFECT OF NITROGEN CONCENTRATION, 

TYPE AND LOCALIZATION. 
Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ  
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ɉɪɨɰɟɫɫ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɢɧɬɟɡɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ – 

ɫɦɟɫɢ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɜɨɞɨɪɨɞɚ [1]. Ⱦɚɧɧɵɣ ɫɢɧɬɟɡ ɤɚɬɚɥɢɡɢɪɭɟɬɫɹ ɦɟɬɚɥɥɚɦɢ 

VIII ɝɪɭɩɩɵ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɥɢɲɶ Co, Fe ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, 

ɧɟ ɨɛɪɚɡɭɸɬ ɤɚɪɛɨɧɢɥɵ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɞɨɪɨɝɢɟ. ȼ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɟɣ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɢɫɩɨɥɶɡɭɸɬ ɨɤɫɢɞɵ ɚɥɸɦɢɧɢɹ, ɬɢɬɚɧɚ ɢɥɢ ɤɪɟɦɧɢɹ. ɇɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɢɯ ɩɨɞɥɨɠɟɤ 

ɢɦɟɟɬ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ, ɬɚɤɢɯ ɤɚɤ ɨɛɪɚɡɨɜɚɧɢɟ ɫɥɨɠɧɵɯ ɨɤɫɢɞɨɜ ɢ ɧɢɡɤɚɹ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. ȼ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɝɥɟɪɨɞɧɵɟ 

ɧɚɧɨɦɚɬɟɪɢɚɥɵ, ɤɨɬɨɪɵɟ ɢɧɟɪɬɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɟɬɚɥɥɚ ɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɪɢɫɤ ɥɨɤɚɥɶɧɵɯ ɩɟɪɟɝɪɟɜɨɜ ɢ ɫɩɟɤɚɧɢɹ ɱɚɫɬɢɰ 

ɚɤɬɢɜɧɨɣ ɮɚɡɵ. ɋɪɟɞɢ ɧɢɯ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɩɪɢɜɥɟɤɚɸɬ ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ, ɬɚɤ ɤɚɤ 

ɞɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧ, ɨɛɥɚɞɚɟɬ ɯɢɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɢ ɠёɫɬɤɨɫɬɶɸ, 

ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɥɨɳɚɞɶɸ ɩɨɜɟɪɯɧɨɫɬɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɰɟɧɚ ɧɚ ɧɟɝɨ ɩɚɞɚɟɬ, ɚ ɨɛɴёɦɵ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɫɬɨɹɧɧɨ ɪɚɫɬɭɬ [2]. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɨɜɟɪɯɧɨɫɬɶ ɬɚɤɨɝɨ ɧɨɫɢɬɟɥɹ 

ɧɭɠɞɚɟɬɫɹ ɜ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɱɚɫɬɢɰ ɦɟɬɚɥɥɚ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ 

ɢɫɫɥɟɞɭɸɬɫɹ ɚɡɨɬ-ɡɚɦɟɳёɧɧɵɟ ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ (N-ɍɇɌ). Ⱥɡɨɬ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɫɬɚɛɢɥɢɡɚɰɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɡɚ ɫɱёɬ ɨɛɨɝɚɳɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɧɚɦɢ ɢ 

ɨɛɪɚɡɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɞɟɮɟɤɬɨɜ[3]. 

Ɇɧɨɝɨɫɬɟɧɧɵɟ N-ɍɇɌ ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɩɢɪɨɥɢɡɚ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ CH3CN, ɫɦɟɫɢ CH3CN/C6H14, ɚ ɬɚɤɠɟ ɦɟɬɨɞɨɦ ɩɨɫɬ-

ɞɨɩɢɪɨɜɚɧɢɹ ɨɤɢɫɥɟɧɧɵɯ ɍɇɌ ɚɦɦɢɚɤɨɦ. Ⱦɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ N-

ɍɇɌ ɤɢɫɥɨɪɨɞɧɵɦɢ ɝɪɭɩɩɚɦɢ ɦɚɬɟɪɢɚɥ ɩɨɞɜɟɪɝɚɥɢ ɨɤɢɫɥɟɧɢɸ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ 

HNO3 ɩɪɢ ɤɢɩɹɱɟɧɢɢ. Ʉɨɛɚɥɶɬɨɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɫ ɪɚɫɱёɬɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɦɟɬɚɥɥɚ 10 

ɦɚɫɫ.% ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ ɢɡ ɪɚɫɬɜɨɪɚ ɧɢɬɪɚɬɚ. 

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ, ɩɪɨɜɨɞɢɥɢ ɧɚ 

ɭɫɬɚɧɨɜɤɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɜ ɭɫɥɨɜɢɹɯ: Ɍ = 200-220ɨɋ, Ɋ = 20 ɚɬɦ., ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɨɜ 

ɝɚɡɨɜ ɇ2:ɋɈ:N2 = 20:10:4 ɦɥ/ɦɢɧ. ɉɨɥɭɱɟɧɧɵɟ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ 

ɋ-III-4 
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Ƚɀɏ. ɇɚɢɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɫɪɟɞɢ ɜɫɟɯ ɢɫɩɵɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɨɛɥɚɞɚɥ ɤɚɬɚɥɢɡɚɬɨɪ, 

ɧɚɧɟɫɟɧɧɵɣ ɧɚ N-ɍɇɌ, ɨɤɢɫɥɟɧɧɵɟ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ: 7,4 ɦɨɥɶ ɋɈ/(ɝɋɨ*ɫ)*105. ȼɦɟɫɬɟ ɫ 

ɬɟɦ, ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɮɪɚɤɰɢɢ ɋ5+ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɤɚɡɚɥɚɫɶ ɧɚɢɦɟɧɶɲɟɣ: 41%. ɉɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ N-ɍɇɌ, ɧɚɨɛɨɪɨɬ, 

ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɧɚɢɦɟɧɶɲɚɹ ɚɤɬɢɜɧɨɫɬɶ (1,6 ɦɨɥɶ ɋɈ/(ɝɋɨ*ɫ)*105), ɧɨ ɡɧɚɱɟɧɢɟ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɋ5+ ɷɬɨɝɨ ɨɛɪɚɡɰɚ ɩɪɟɜɵɫɢɥɨ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɢ ɫɨɫɬɚɜɢɥɨ 

88%. ɋɬɨɢɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɨɥɭɱɚɥɢ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜɩɥɨɬɶ ɞɨ ɋ24 ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɮɪɚɤɰɢɢ ɋ9-ɋ17 (ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 

1).  

 

 

Ɋɢɫ. 1.  ɏɪɨɦɚɬɨɝɪɚɦɦɚ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ 

10ɋɨ/N-CNTox 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ 

ɩɪɨɟɤɬɚ № 18-33-00390. 
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ɄȺɌȺɅɂɌɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ȺɄɌɂȼɇɕɏ ȼ ɋɂɇɌȿɁȿ ɎɂɒȿɊȺ-

ɌɊɈɉɒȺ ȾɂɋɉȿɊɋɂɃ, ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɕɏ ɈɄɋɂȾɇɕɆɂ 
ȾɈȻȺȼɄȺɆɂ 
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CATALYTIC PROPERTIES OF ACTIVE IN FISɋHER-TROPSɋH SYNTHESIS 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɨɛɥɚɫɬɶɸ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ 

ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɬɚɤɬɨɜ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɦɟɬɚɥɥ-ɫɨɞɟɪɠɚɳɢɯ ɱɚɫɬɢɰ, 

ɜɡɜɟɲɟɧɧɵɯ ɜ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɟ. Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ (ɜ ɫɥɚɪɪɢ-ɫɢɫɬɟɦɟ) ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɥɹ ɪɟɚɤɰɢɣ, 

ɩɪɨɬɟɤɚɸɳɢɯ ɫ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɬɚɤɨɦ ɜɚɪɢɚɧɬɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 

ɩɪɨɰɟɫɫɚ ɩɪɨɢɫɯɨɞɢɬ ɪɚɜɧɨɦɟɪɧɵɣ ɢ ɛɵɫɬɪɵɣ ɨɬɜɨɞ ɬɟɩɥɚ, ɱɬɨ ɩɪɟɞɨɬɜɪɚɳɚɟɬ 

ɥɨɤɚɥɶɧɵɟ ɩɟɪɟɝɪɟɜɵ ɢ ɩɪɨɞɥɟɜɚɟɬ ɫɪɨɤ ɫɥɭɠɛɵ ɤɚɬɚɥɢɡɚɬɨɪɚ [1, 2]. Ɉɫɧɨɜɧɨɣ 

ɩɪɨɛɥɟɦɨɣ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɵɯ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ, ɧɟ 

ɫɤɥɨɧɧɵɯ ɤ ɚɝɥɨɦɟɪɚɰɢɢ: ɤɚɤ ɩɪɚɜɢɥɨ, ɤɚɬɚɥɢɡɚɬɨɪɵ ɫɢɧɬɟɡɚ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ 

ɧɟɨɛɯɨɞɢɦɨ ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ ɞɨɛɚɜɤɚɦɢ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɢɯ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ ɨɬɧɨɲɟɧɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɤɪɭɩɧɟɧɢɸ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ [3-4].  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥɨ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɜɜɟɞɟɧɢɹ ɞɨɛɚɜɨɤ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ 

ɢ ɤɪɟɦɧɢɹ ɧɚ ɪɚɡɦɟɪɧɵɣ ɮɚɤɬɨɪ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɞɢɫɩɟɪɫɢɣ ɧɚ ɨɫɧɨɜɟ ɠɟɥɟɡɚ ɢ ɢɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɫɭɫɩɟɧɡɢɣ ɫ ɨɤɫɢɞɧɵɦɢ ɞɨɛɚɜɤɚɦɢ ɜ 

ɤɨɥɢɱɟɫɬɜɟ 0,025% ɦɚɫɫ. ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɫɨɜɦɟɫɬɧɵɯ 

ɪɚɫɬɜɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɩɪɢ 280°ɋ ɜ ɬɨɤɟ ɢɧɟɪɬɧɨɝɨ 

ɝɚɡɚ (Ar). ȼ ɤɚɱɟɫɬɜɟ ɩɪɟɤɭɪɫɨɪɨɜ ɠɟɥɟɡɚ ɢ ɚɥɸɦɢɧɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɯ ɧɢɬɪɚɬɵ. 

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɫ ɞɨɛɚɜɤɨɣ ɤɪɟɦɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ 

ɫɢɧɬɟɡ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ SiO2 ɩɨ ɦɟɬɨɞɭ ɒɬɨɛɟɪɚ ɩɭɬɟɦ ɝɢɞɪɨɥɢɡɚ 

ɬɟɬɪɨɷɬɨɤɫɢɫɢɥɚɧɚ Si(OC2H5)4. ȼ ɯɨɞɟ ɫɢɧɬɟɡɚ ɩɭɬɟɦ ɜɚɪɶɢɪɨɜɚɧɢɹ ɨɫɧɨɜɧɨɫɬɢ ɪɚɫɬɜɨɪɚ 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜɡɜɟɲɟɧɧɵɟ ɜ ɜɨɞɧɨ-ɫɩɢɪɬɨɜɨɦ ɪɚɫɬɜɨɪɟ ɱɚɫɬɢɰɵ SiO2 ɪɚɡɥɢɱɧɨɝɨ 

ɞɢɚɦɟɬɪɚ. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɭɫɩɟɧɡɢɢ ɧɢɬɪɚɬ ɠɟɥɟɡɚ ɜɜɨɞɢɥɢ ɜ ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɪɚɫɬɜɨɪɚ ɫ ɱɚɫɬɢɰɚɦɢ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢ ɡɚɬɟɦ ɬɟɪɦɢɱɟɫɤɢ ɪɚɡɥɚɝɚɥɢ ɜɜɟɞɟɧɢɟɦ ɜ 

ɞɢɫɩɟɪɫɢɨɧɧɭɸ ɫɪɟɞɭ ɩɪɢ 280°ɋ ɜ ɬɨɤɟ Ar. 
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Ɇɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɨɛɚɜɤɚ 

ɧɢɬɪɚɬɚ ɚɥɸɦɢɧɢɹ ɩɪɢɜɨɞɢɥɚ ɤ ɭɤɪɭɩɧɟɧɢɸ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɫɭɫɩɟɧɡɢɣ ɨɬ 0,7 

ɞɨ 2,2 ɧɦ (ɬɚɛɥɢɰɚ 1). Ɉɛɪɚɡɰɵ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ SiO2, ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ 

ɱɚɫɬɢɰɚɦɢ 3,1 ɧɦ ɢ 0,8 ɧɦ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɥɫɹ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɩɪɟɤɭɪɫɨɪɚ – ɱɚɫɬɢɰ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ 

ɩɨ ɦɟɬɨɞɭ ɒɬɨɛɟɪɚ. 

 

Ɍɚɛɥɢɰɚ 1. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɫɭɫɩɟɧɡɢɣ 1%Fe-0,02%K-0,025%SiO2(Al2O3) 

Ⱦɨɛɚɜɤɚ ɋɪɟɞɧɟɱɢɫɥɨɜɨɣ 

ɷɮɮɟɤɬɢɜɧɵɣ ɞɢɚɦɟɬɪ 

ɱɚɫɬɢɰ, ɧɦ 

ɋɪɟɞɧɟɱɢɫɥɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ, % 

- 0,7 100 

0,025%Al2O3 2,2 100 

0,025%SiO2 3,1 100 

0,025%SiO2 0,8 100 

 

ɉɪɨɜɟɞɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɫɭɫɩɟɧɡɢɣ 

ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɨɤɢɫɟɣ ɚɥɸɦɢɧɢɹ ɢ ɤɪɟɦɧɢɹ ɜ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ ɩɪɢɜɨɞɢɥɨ ɤ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ, ɨɞɧɚɤɨ, ɩɪɢ ɷɬɨɦ 

ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ ɫɧɢɠɟɧɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɞɢɨɤɫɢɞɭ ɭɝɥɟɪɨɞɚ ɧɚ 10-20%, 

ɧɚɛɥɸɞɚɜɲɟɟɫɹ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 260-280°ɋ ɢ ɩɨɜɵɲɟɧɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ 

ɨɬɧɨɲɟɧɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɫɢɧɬɟɡɚ.  

Ʉɚɬɚɥɢɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɩɪɨɦɨɬɢɪɨɜɚɧɧɚɹ ɤɪɟɦɧɢɟɦ, ɫ ɪɚɡɦɟɪɚɦɢ ɱɚɫɬɢɰ 

ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɨɤɨɥɨ 1 ɧɦ ɩɪɨɹɜɥɹɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɧɢɡɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɨɛɪɚɡɰɨɦ, ɫɨɞɟɪɠɚɳɢɦ ɱɚɫɬɢɰɵ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɞɢɚɦɟɬɪɨɦ 3 ɧɦ: ɫɬɟɩɟɧɶ 

ɩɪɟɜɪɚɳɟɧɢɹ ɫɵɪɶɹ ɭɦɟɧɶɲɚɥɚɫɶ ɧɚ 50-70% ɜɨ ɜɫɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ. 

ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɞɜɢɝɚɥɚɫɶ ɜ ɫɬɨɪɨɧɭ ɝɚɡɨɨɛɪɚɡɧɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ1-ɋ4 ɨɬ 16 ɞɨ 36% ɩɪɢ ɤɨɧɜɟɪɫɢɢ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɪɚɜɧɨɣ 30%. ɉɨ-

ɜɢɞɢɦɨɦɭ, ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɢɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ 

ɩɨɞɚɜɥɟɧɢɸ ɪɟɚɤɰɢɢ ɪɨɫɬɚ ɰɟɩɢ.  

ȼɜɟɞɟɧɢɟ ɜ ɫɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɤɢɫɟɣ ɚɥɸɦɢɧɢɹ ɢ ɤɪɟɦɧɢɹ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ 

ɭɦɟɧɶɲɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɧɚɫɵɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɥɢɧɟɣɧɨɝɨ ɫɬɪɨɟɧɢɹ ɜ ɫɨɫɬɚɜɟ 

ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɞɨɥɢ ɪɚɡɜɟɬɜɥɟɧɧɵɯ ɚɥɤɚɧɨɜ (ɬɚɛɥɢɰɚ 2).  
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Ɍɚɛɥɢɰɚ 2. ɋɨɫɬɚɜ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɫɭɫɩɟɧɡɢɣ 1%Fe-0,02%K-0,025%SiO2(Al2O3) ɩɪɢ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɫɵɪɶɹ 60% 

Ⱦɨɛɚɜɤɚ 

Ƚɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ, % ɦɚɫɫ. Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ, %ɦɚɫɫ. 

ɧ.ɩɚɪɚɮɢɧɵ ɢ-ɩɚɪɚɮɢɧɵ ɨɥɟɮɢɧɵ ɋ5-ɋ10 ɋ11-ɋ18 ɋ19+ 

- 19,2 42,8 38,1 56,1 37,0 6,9 

0,025%Al2O3 17,5 44,2 38,4 60,8 35,7 3,5 

0,025%SiO2 16,0 45,5 38,5 60,5 34,8 4,7 

 

Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɛɪɚɡɰɨɜ, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ Al2O3 ɢ SiO2, ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɛɟɧɡɢɧɨɜɨɣ ɮɪɚɤɰɢɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɞɜɭɤɪɚɬɧɵɦ ɫɧɢɠɟɧɢɟɦ ɞɨɥɢ 

ɬɜɟɪɞɵɯ ɩɚɪɚɮɢɧɨɜ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɞɢɫɩɟɪɫɢɣ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɢɧɬɟɡɚ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ ɫ ɪɚɡɦɟɪɨɦ 

ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ 5 ɧɦ. Ɇɨɞɢɮɢɤɚɰɢɹ ɫɢɫɬɟɦ ɞɨɛɚɜɤɚɦɢ 

ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɢ ɤɪɟɦɧɢɹ ɩɪɢɜɨɞɢɥɚ ɤ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɤɪɭɩɧɟɧɢɸ ɱɚɫɬɢɰ 

ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɢ ɢɡɦɟɧɟɧɢɸ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦ, ɜ ɱɚɫɬɧɨɫɬɢ, 

ɭɦɟɧɶɲɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɩɨɜɵɲɟɧɢɸ ɜɵɯɨɞɚ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɛɟɧɡɢɧɨɜɨɣ ɮɪɚɤɰɢɢ. 

 

Ɋɚɛɨɬɚ ɩɪɨɜɟɞɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ 

ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɋɨɝɥɚɲɟɧɢɟ № 14.607.21.0168, ɭɧɢɤɚɥɶɧɵɣ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɢɤɥɚɞɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ RFMEFI60717X0168). 
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ȾɈȻȺȼɄɂ Ʉ ɇȺɇɈɊɆȺɁɆȿɊɇɕɆ FE-ɋɈȾȿɊɀȺɓɂɏ ɋɍɋɉȿɇɁɂəɆ 
ɋɂɇɌȿɁȺ ɎɂɒȿɊȺ-ɌɊɈɉɒȺ, ɉɈȾȺȼɅəɘɓɂȿ ɈȻɊȺɁɈȼȺɇɂȿ ɋɈ2  

ɇɨɪɤɨ ɋ.ɂ.1, Ⱦɟɦɟɧɬɶɟɜɚ Ɉ.ɋ.2, Ʉɭɥɢɤɨɜɚ Ɇ.ȼ.2 
CO2 FORMATION SUPPRESSING ADDITIVES TO NANOSIZED FE-CONTAINING 

CATALYST FOR FUSHER-TROPSH SYNTHESIS  
1Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ. ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

2ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail:  dementyeva@ips.ac.ru 

 

ɉɪɨɰɟɫɫɵ ɤɥɚɫɫɚ GTL, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɢɧɬɟɡ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ, ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ 

ɛɟɫɫɟɪɧɢɫɬɵɟ ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɩɪɨɞɭɤɬɵ ɢɡ ɦɚɥɨɰɟɧɧɨɝɨ ɝɚɡɨɜɨɝɨ ɫɵɪɶɹ. ɇɚɢɛɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ – ɤɚɬɚɥɢɡ ɜ ɬɪɟɯɮɚɡɧɨɣ ɫɢɫɬɟɦɟ ɧɚ 

ɦɢɤɪɨɫɮɟɪɢɱɟɫɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ – ɢɦɟɟɬ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ: ɧɢɡɤɚɹ ɫɬɟɩɟɧɶ ɩɪɟɜɪɚɳɟɧɢɹ 

ɫɢɧɬɟɡ-ɝɚɡɚ ɡɚ ɩɪɨɯɨɞ, ɧɟɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɧɟɨɛɪɚɬɢɦɚɹ 

ɩɨɬɟɪɹ ɱɚɫɬɢ ɢɫɯɨɞɧɨɝɨ ɭɝɥɟɪɨɞɚ ɜ ɜɢɞɟ ɞɢɨɤɫɢɞɚ [1,2]. ɇɚɧɨɪɚɡɦɟɪɧɨɫɬɶ ɱɚɫɬɢɰ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɢɯ ɚɤɬɢɜɧɨɫɬɶ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɩɪɢ 

ɷɬɨɦ ɜɚɠɧɵɦ ɚɫɩɟɤɬɨɦ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɫɟɥɟɤɬɢɜɧɨɫɬɢ 

ɩɪɟɜɪɚɳɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢɡ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɞɪɭɝɢɟ ɤɢɫɥɨɪɨɞɨɫɨɞɟɪɠɚɳɢɟ 

ɫɨɟɞɢɧɟɧɢɹ (ɜɨɞɭ ɢ ɫɩɢɪɬɵ). Ɍɚɤɨɟ ɢɡɦɟɧɟɧɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɨɫɬɢɝɚɟɬɫɹ 

ɡɚ ɫɱɟɬ ɜɜɟɞɟɧɢɹ ɜ ɫɨɫɬɚɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɨɦɨɬɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ, 

ɢɧɝɢɛɢɪɭɸɳɢɯ ɪɟɚɤɰɢɢ Ȼɟɥɥɚ-Ȼɭɞɭɚɪɚ ɢ ɜɨɞɹɧɨɝɨ ɝɚɡɚ [3,4]. 

 ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥɢ ɢɡɭɱɟɧɵ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɢɯ 

ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɫɭɫɩɟɧɡɢɢ ɫ ɞɨɛɚɜɤɚɦɢ ɦɚɝɧɢɹ ɢ ɭɝɥɟɪɨɞɚ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɦɟɬɨɞɨɦ 

ɤɚɩɟɥɶɧɨɝɨ ɬɟɪɦɨɥɢɡɚ. Ɍɟɪɦɢɱɟɫɤɨɟ ɪɚɡɥɨɠɟɧɢɟ ɩɪɟɤɭɪɫɨɪɨɜ ɦɟɬɚɥɥɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ 

ɫɪɟɞɟ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɮɪɚɤɰɢɢ ɋ19-ɋ32 ɩɪɢ 280ɨɋ ɜ ɬɨɤɟ ɚɪɝɨɧɚ, 

ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɫɨɫɬɚɜɥɹɥɨ 1% ɦɚɫɫ. ɜ ɪɚɫɱɟɬɟ ɧɚ Fe0, ɞɨɛɚɜɤɭ 

ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɪɚɫɫɱɢɬɵɜɚɥɢ ɜ ɩɪɨɰɟɧɬɧɨɦ ɨɬɧɨɲɟɧɢɢ ɧɚ ɠɟɥɟɡɨ.   

 

Ɍɚɛɥɢɰɚ 1. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɫɭɫɩɟɧɡɢɣ. 

ɋɨɫɬɚɜ  ɤɚɬɚɥɢɡɚɬɨɪɚ ɋɪɟɞɧɟɱɢɫɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ, ɧɦ 

Fe 0,7 

Fe + 15%Mg 2,8 

Fe+35%ɋ 3,3 

Fe+15%Mg+35%ɋ 2,9 

Fe+7.5% ɋ 2,8 

Fe+15%Mg+7.5%C 2,1 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɞɨɛɚɜɨɤ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɪɢɜɨɞɢɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɞɢɚɦɟɬɪɚ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɩɪɨɦɨɬɢɪɨɜɚɧɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ 
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ɨɬ 0,7 ɧɦ ɞɨ 2,1-3,3 ɧɦ (ɬɚɛɥɢɰɚ 1). ɋɢɧɬɟɡ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɤɨɧɬɚɤɬɨɜ ɩɪɨɬɟɤɚɥ ɫ ɩɨɧɢɠɟɧɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ 

ɨɛɪɚɡɨɜɚɧɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɶɡɭ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɞɵ ɜ ɤɚɱɟɫɬɜɟ 

ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɟɝɨ ɩɪɨɞɭɤɬɚ ɢ ɨɤɫɢɝɟɧɚɬɨɜ, ɪɚɫɬɜɨɪɢɦɵɯ ɜ ɜɨɞɧɨɣ ɮɚɡɟ 

(ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɩɢɪɬɵ ɋ1-ɋ4) (ɪɢɫ. 1). 

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɛɨɱɧɵɯ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɩɪɨɞɭɤɬɨɜ ɨɬ 

ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 

 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɟɦɭ ɤɚɬɚɥɢɡɚɬɨɪɭ ɦɚɝɧɢɹ ɜ ɤɨɥɢɱɟɫɬɜɟ 15% 

ɦɚɫɫ. ɫɬɟɩɟɧɶ ɩɪɟɜɪɚɳɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɧɟ ɢɡɦɟɧɹɥɚɫɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɨɛɪɚɡɰɨɦ, ɞɨɫɬɢɝɚɹ 50% ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 

ɩɪɨɰɟɫɫɚ, ɪɚɜɧɨɣ 320ɨɋ, ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɥɢ ɫɧɢɠɟɧɢɟ ɜɵɯɨɞɚ ɋɈ2 ɨɬ ɦɚɤɫɢɦɚɥɶɧɨ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɨɝɨ ɫ 81% ɞɨ 72%, ɭɦɟɧɶɲɟɧɢɟ ɜɵɯɨɞɚ ɦɟɬɚɧɚ ɢ ɥɟɝɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɮɪɚɤɰɢɢ ɋ2-ɋ4 ɧɚ 14-16% ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɯɨɞɚ ɠɢɞɤɢɯ 

ɩɪɨɞɭɤɬɨɜ ɋ5+ ɨɬ 33 ɞɨ 46 ɝ/ɦ3. ȼɜɟɞɟɧɢɟ ɜ ɫɨɫɬɚɜ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɟɣ ɫɢɫɬɟɦɵ 35% ɦɚɫɫ. 

ɭɝɥɟɪɨɞɚ ɩɪɢɜɨɞɢɥɨ ɤ ɩɨɜɵɲɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦɵ: ɡɧɚɱɟɧɢɹ ɤɨɧɜɟɪɫɢɢ ɦɨɧɨɨɤɫɢɞɚ 

ɭɝɥɟɪɨɞɚ ɜ ɢɡɭɱɟɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜɨɡɪɚɫɬɚɥɢ ɧɚ 

30% ɩɪɢ ɞɜɭɤɪɚɬɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɜɵɯɨɞɚ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɫɢɧɬɟɡɚ (ɠɢɞɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ) ɨɬ 30 ɞɨ 59 ɝ/ɦ3 ɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɜɵɯɨɞɚ ɋɈ2 ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɢ 

ɜɨɡɦɨɠɧɨɝɨ ɞɨ 49%. Ⱦɚɥɶɧɟɣɲɟɟ ɭɦɟɧɶɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɧɨɣ ɞɨɛɚɜɤɢ 

ɩɪɢɜɨɞɢɥɨ ɤ ɩɨɜɵɲɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦɵ ɜ ɨɬɧɨɲɟɧɢɢ ɩɪɟɜɪɚɳɟɧɢɹ ɫɵɪɶɟɜɨɝɨ ɝɚɡɚ, 

ɨɞɧɚɤɨ ɩɨɤɚɡɚɬɟɥɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɭɯɭɞɲɚɥɢɫɶ. 

Ɇɨɞɢɮɢɤɚɰɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɨɛɚɜɤɚɦɢ ɦɚɝɧɢɹ ɢ ɭɝɥɟɪɨɞɚ ɩɪɢɜɨɞɢɥɚ ɤ 
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ɢɡɦɟɧɟɧɢɸ ɮɪɚɤɰɢɨɧɧɨɝɨ ɢ ɝɪɭɩɩɨɜɨɝɨ ɫɨɫɬɚɜɚ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɨɤɫɢɝɟɧɚɬɨɜ. 

ɋɨɞɟɪɠɚɧɢɟ ɛɟɧɡɢɧɨɜɨɣ ɮɪɚɤɰɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɪɢ ɜɜɟɞɟɧɢɢ ɞɨɛɚɜɨɤ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ 

ɜɨɡɪɚɫɬɚɥɨ ɨɬ 40 ɞɨ 52-59%, ɩɪɢ ɷɬɨɦ ɞɨɥɹ ɧɟɧɚɫɵɳɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɬɚɤɠɟ 

ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɫ 25 ɞɨ 25-34%. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɦɚɝɧɢɹ ɢɥɢ ɭɝɥɟɪɨɞɚ ɜ ɤɚɱɟɫɬɜɟ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɫɨɞɟɪɠɚɧɢɟ ɫɩɢɪɬɨɜ ɋ2+ ɜ ɜɨɞɧɨɣ ɮɚɡɟ ɫɨɫɬɚɜɥɹɥɨ 16 – 

18% ɦɚɫɫ., ɬɨɝɞɚ ɤɚɤ ɜɜɟɞɟɧɢɟ ɨɛɨɢɯ ɩɪɨɦɨɬɨɪɨɜ ɜ ɫɨɫɬɚɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ 

ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɞɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɞɨ 42% ɦɚɫɫ. 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɟɜɪɚɳɟɧɢɹ ɫɢɧɬɟɡ-ɝɚɡɚ 

ɜ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɟ ɩɪɨɞɭɤɬɵ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɢɯ ɫɭɫɩɟɧɞɢɪɨɜɚɧɧɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɭɫɥɨɜɢɹɯ ɫɥɚɪɪɢ-ɫɢɫɬɟɦɵ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɦɚɝɧɢɹ ɢ/ɢɥɢ 

ɭɝɥɟɪɨɞɚ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɦɨɬɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɞɚɜɥɟɧɢɸ ɨɛɪɚɡɨɜɚɧɢɹ 

ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɶɡɭ ɜɨɞɵ ɢ ɫɩɢɪɬɨɜ ɋ1-ɋ4. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɧɚ ɛɚɡɟ ɂɇɏɋ ɊȺɇ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɩɪɨɟɤɬɚ 
ɉɪɨɝɪɚɦɦɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɉɪɟɡɢɞɢɭɦɚ ɊȺɇ № 33 «ɍɝɥɟɪɨɞɧɚɹ 
ɷɧɟɪɝɟɬɢɤɚ: ɯɢɦɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ». 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ɏɚɞɠɢɟɜ ɋ.ɇ., Ʉɪɵɥɨɜɚ Ⱥ.ɘ. ɇɟɮɬɟɯɢɦɢɹ. 2011. Ɍɨɦ 51. № 2. ɋ. 84. 
2. Cheng K., Ordomsky V. V. , Legras B., Virginiea M. Applied Catalysis A: General. 2015. 

Vol. 502. P. 204. 

3. Zhang J., Fang K., Zhang K., Li W., and Sun Y. Korean J. Chem. Eng. 2008. Vol. 26. P. 

890. 

4. Yang J.,  Sun Y.,  Tang Y.,  Liu Y. Journal of molecular catalysis A: Chemical. 2006. Vol. 

245. P. 26. 
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ɋɂɇɌȿɁ ɄɈɆɉɈɁɂɌɇɕɏ ɆȺɌȿɊɂȺɅɈȼ ɇȺ ɈɋɇɈȼȿ 
ɉɈɅɂȼɂɇɂɅɈȼɈȽɈ ɋɉɂɊɌȺ 

ɂɜɚɧɰɨɜ Ɇ.ɂ., ɑɭɞɚɤɨɜɚ Ɇ.ȼ., Ʉɭɥɢɤɨɜɚ Ɇ.ȼ. 
SYNTHESIS OF COMPOSITE MATERIALS BASED ON POLYVINYL ALCOHOL  

ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: ivantsov@ips.ac.ru 

 

 

ɍɦɟɧɶɲɟɧɢɟ ɡɚɩɚɫɨɜ ɥɟɝɤɨɞɨɛɵɜɚɟɦɨɣ ɧɟɮɬɢ ɞɟɥɚɟɬ ɚɤɬɭɚɥɶɧɵɦ ɪɚɡɪɚɛɨɬɤɢ 

ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢɡ ɪɚɡɥɢɱɧɨɝɨ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ. 

Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ (ɋɎɌ), ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ 

ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɥɭɱɚɬɶ ɭɝɥɟɜɨɞɨɪɨɞɵ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ. 

ɂɧɬɟɧɫɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɩɨɹɜɥɟɧɢɸ ɧɨɜɵɯ ɭɧɢɤɚɥɶɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ – ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ, ɫɩɨɫɨɛɧɵɯ ɩɪɨɹɜɥɹɬɶ ɜɵɫɨɤɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ. Ɋɚɧɟɟ ɜ ɂɇɏɋ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɦɩɨɡɢɬɧɵɟ 

ɦɚɬɟɪɢɚɥɵ, ɧɚ ɨɫɧɨɜɟ ɩɢɪɨɥɢɡɨɜɚɧɧɵɯ ɩɨɥɢɦɟɪɨɜ, ɩɪɨɹɜɥɹɸɬ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɚɤɬɢɜɚɰɢɢ[1]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɂɄ-ɩɢɪɨɥɢɡɚ ɧɚ ɮɚɡɨɜɵɣ 

ɫɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɭ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɦɟɫɢ ɧɢɬɪɚɬɚ ɤɨɛɚɥɶɬɚ ɢ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ 

ɫɩɢɪɬɚ (ɉȼɋ). 

Ɇɟɬɨɞɨɦ ɂɄ-Ɏɭɪɶɟ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 250° 

ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɭɱɚɫɬɤɨɜ ɫɨɩɪɹɠɟɧɧɵɯ ɫɜɹɡɟɣ ɜ ɨɛɪɚɡɭɸɳɢɯɫɹ ɰɢɤɥɢɱɟɫɤɢɯ 

ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɬɪɭɤɬɭɪɚɯ (ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɨɬ ɫɢɫɬɟɦɵ ɫɨɩɪɹɠɟɧɢɹ 1380ɫɦ-

1-1572 ɫɦ-1) ɦɚɤɪɨɦɨɥɟɤɭɥɵ, ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 450°ɋ ɩɪɢɜɨɞɢɬ ɤ ɝɥɭɛɨɤɨɦɭ 

ɪɚɡɪɭɲɟɧɢɸ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɩɨɥɢɦɟɪɧɨɣ ɦɨɥɟɤɭɥɵ ɢ ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɢɫɬɟɦɵ, ɜ 

ɤɨɬɨɪɨɣ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɧɚɫɵɳɟɧɧɵɟ ɝɪɭɩɩɵ (ɦɚɥɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɥɨɫɵ 

ɩɨɝɥɨɳɟɧɢɹ ɨɬ -ɋɇ2- ɝɪɭɩɩ 2840-2960 ɢ 1460ɫɦ-1). Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɞɨ 650°ɋ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɫɜɹɡɟɣ ɋ-ɇ ɢ ɋ=ɋ ɢ 

ɨɛɪɚɡɨɜɚɧɢɸ ɫɜɹɡɟɣ ɋ-Ɉ-ɋ (ɲɢɪɨɤɚɹ ɩɨɥɨɫɚ 1000-1100ɫɦ-1. 

Ɇɟɬɨɞɚɦɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ 

ɚɧɚɥɢɡɚ ɢ ɢɡɦɟɪɟɧɢɹ ɦɚɝɧɢɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ 250°ɋ ɮɨɪɦɢɪɭɟɬɫɹ 

ɤɨɦɩɨɡɢɬ ɫ ɩɚɪɚɦɚɝɧɢɬɧɵɦɢ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɋɨɈ ɪɚɡɦɟɪɨɦ 2-3 ɧɦ, ɬɨɝɞɚ ɤɚɤ ɭɜɟɥɢɱɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɢɧɬɟɡɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɨɬɟɤɚɧɢɸ ɩɪɨɰɟɫɫɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ 

ɩɪɨɞɭɤɬɚɦɢ ɪɚɡɥɨɠɟɧɢɹ ɩɨɥɢɦɟɪɚ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɮɟɪɪɨɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɫɦɟɫɢ 

ɨɤɫɢɞɨɜ ɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɛɚɥɶɬɚ ɪɚɡɦɟɪɨɦ 18-19 ɧɦ. 
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ɉɨɥɭɱɟɧɧɵɟ ɤɨɦɩɨɡɢɬɵ ɢɫɩɵɬɚɥɢ ɜ ɫɢɧɬɟɡɟ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ ɛɟɡ ɫɬɚɞɢɢ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɬɟɪɦɨɥɢɡɚ ɧɚ ɜɫɟɯ ɦɚɬɟɪɢɚɥɚɯ ɞɨɫɬɢɝɚɟɬɫɹ 100% ɤɨɧɜɟɪɫɢɹ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɨɞɧɚɤɨ 

ɧɚɢɛɨɥɶɲɢɣ ɜɵɯɨɞ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ5+  ɞɨɫɬɢɝɚɥɫɹ ɧɚ ɤɨɦɩɨɡɢɬɟ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɦ ɩɪɢ 

650°ɋ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ʉɭɥɢɤɨɜɚ Ɇ.ȼ., Ɂɟɦɰɨɜ Ʌ.Ɇ., ɋɚɝɢɬɨɜ ɋ.Ⱥ., ȿɮɢɦɨɜ Ɇ.ɇ., Ʉɪɵɥɨɜɚ Ⱥ.ɘ., 

Ʉɚɪɩɚɱɟɜɚ Ƚ.ɉ., ɏɚɞɠɢɟɜ ɋ.ɇ. ɏɢɦɢɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ. 2014. № 2. ɋ. 32 
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ɎɈɊɆɂɊɈȼȺɇɂȿ ɋɌȺȻɂɅɖɇɕɏ ɄȺɌȺɅɂɌɂɑȿɋɄɂɏ ȾɂɋɉȿɊɋɂɃ, 
ɋɈȾȿɊɀȺɓɂɏ ɇȺɇɈɊȺɁɆȿɊɇɕȿ ɑȺɋɌɂɐɕ ɆȿɌȺɅɅɈȼ 

ɑɭɞɚɤɨɜɚ Ɇ.ȼ.1, Ʉɭɥɢɤɨɜɚ Ɇ.ȼ.1, ɒɚɦɫɭɥɥɢɧ Ⱥ.ɂ.2, Ⱥɣɧɭɥɥɨɜ Ɍ.ɋ.2 
FORMATION OF STABLE CATALYTIC DISPERSIONS CONTAINING 

NANOSIZED METAL PARTICLES 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

2 ɉȺɈ «Ɍɚɬɧɟɮɬɶ» ɢɦ. ȼ.Ⱦ. ɒɚɲɢɧɚ, Ⱥɥɶɦɟɬɶɟɜɫɤ 

E-mail: chudakova@ips.ac.ru 

 

ɋɢɧɬɟɡ Ɏɢɲɟɪɚ–Ɍɪɨɩɲɚ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɩɟɪɟɪɚɛɨɬɤɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ 

ɫɵɪɶɹ (ɭɝɥɹ, ɩɪɢɪɨɞɧɨɝɨ ɢɥɢ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ, ɬɨɪɮɚ ɢ ɬ.ɞ.) ɜ ɫɢɧɬɟɬɢɱɟɫɤɭɸ ɧɟɮɬɶ ɢ 

ɦɨɬɨɪɧɵɟ ɬɨɩɥɢɜɚ. Ɍɪɟɯɮɚɡɧɵɟ ɫɢɫɬɟɦɵ ɝɚɡ-ɠɢɞɤɨɫɬɶ-ɬɜɟɪɞɨɟ ɬɟɥɨ, ɪɟɚɥɢɡɭɟɦɵɟ ɜ 

ɫɥɚɪɪɢ-ɪɟɚɤɬɨɪɚɯ, ɫɱɢɬɚɸɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɞɚɧɧɨɝɨ 

ɩɪɨɰɟɫɫɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɬɚɛɢɥɶɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɞɢɫɩɟɪɫɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɱɚɫɬɢɰɵ ɚɤɬɢɜɧɵɯ 

ɦɟɬɚɥɥɨɜ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɫɟɪɢɹ 

ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɟ (ɩɚɪɚɮɢɧ ɉ-

2) ɫɥɚɪɪɢ-ɪɟɚɤɬɨɪɚ ɢ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɫɢɧɬɟɡɚ ɞɢɫɩɟɪɫɢɣ ɧɚ ɪɚɡɦɟɪ ɱɚɫɬɢɰ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɜɜɟɞɟɧɢɹ ɪɚɫɬɜɨɪɚ ɩɪɟɤɭɪɫɨɪɚ ɚɤɬɢɜɧɵɯ ɦɟɬɚɥɥɨɜ 

ɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ: ɩɪɢ ɛɵɫɬɪɨɦ ɜɜɟɞɟɧɢɢ 

ɪɚɫɬɜɨɪɚ ɨɛɪɚɡɭɸɬɫɹ ɚɝɥɨɦɟɪɚɬɵ ɱɚɫɬɢɰ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ 400 ɧɦ, ɬɨɝɞɚ ɤɚɤ 

ɦɟɞɥɟɧɧɨɟ ɜɜɟɞɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɛɢɦɨɞɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ 

3-6 ɧɦ ɢ 300-400 ɧɦ ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɛɨɥɟɟ ɦɟɥɤɢɯ ɱɚɫɬɢɰ. ɍɥɶɬɪɚɡɜɭɤɨɜɚɹ ɨɛɪɚɛɨɬɤɚ 

ɩɨɥɭɱɟɧɧɵɯ ɫɭɫɩɟɧɡɢɣ ɜ ɬɟɱɟɧɢɟ 5-20 ɦɢɧɭɬ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɞɨɥɸ ɛɨɥɟɟ ɦɟɥɤɢɯ 

ɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɢɬɶ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɛɨɥɟɟ ɤɪɭɩɧɨɣ ɮɪɚɤɰɢɢ ɞɨ 100-200 

ɧɦ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɩɨɥɢɦɟɪɚ ɜ ɫɨɫɬɚɜ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ ɧɚ ɫɬɚɞɢɢ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɭɫɩɟɧɡɢɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɢɫɬɟɦɭ ɫ ɛɨɥɟɟ ɭɡɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɭ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɥɢɦɟɪ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ 

ɫɢɫɬɟɦɵ ɬɢɩɚ «ɹɞɪɨ-ɨɛɨɥɨɱɤɚ», ɤɨɬɨɪɚɹ ɩɪɟɩɹɬɫɬɜɭɟɬ ɚɝɪɟɝɚɰɢɢ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ. 

 

Ɋɚɛɨɬɚ ɩɪɨɜɟɞɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɋɨɝɥɚɲɟɧɢɟ № 14.607.21.0168, ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ 

ɩɪɢɤɥɚɞɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ RFMEFI60717X0168) 
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ɁȺɄɈɇɈɆȿɊɇɈɋɌɂ ɎɈɊɆɂɊɈȼȺɇɂə ɇȺɇɈɊȺɁɆȿɊɇɕɏ 
ɀȿɅȿɁɈɋɈȾȿɊɀȺɓɂɏ ɋɂɋɌȿɆ, ȺɄɌɂȼɇɕɏ ȼ ɋɂɇɌȿɁȿ  

ɍȽɅȿȼɈȾɈɊɈȾɈȼ ɂɁ ɋɈ ɂ ɇ2 

ɉɨɧɨɦɚɪɟɜɚ Ⱥ.Ʉ.1, Ⱦɟɦɟɧɬɶɟɜɚ Ɉ.ɋ.2, Ʉɭɥɢɤɨɜɚ Ɇ.ȼ.2 
REGULARITIES OF FORMATION OF NANO-SIZED IRON-CONTAINING 

SYSTEMS ACTIVE IN HYDROCARBON SYNTHESIS FROM CO AND H2. 
1Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ. ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

 2ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail:   dementyeva@ips.ac.ru 

 

ɉɪɨɰɟɫɫ ɩɪɹɦɨɣ ɤɨɧɜɟɪɫɢɢ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɜɨɞɨɪɨɞɚ ɜ ɭɝɥɟɜɨɞɨɪɨɞɵ 

ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɦ 

ɜɨɜɥɟɤɚɬɶ ɜ ɩɟɪɟɪɚɛɨɬɤɭ ɦɚɥɨɰɟɧɧɨɟ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɟɟ ɫɵɪɶɟ [1, 2]. ɉɭɬɟɦ ɩɨɞɛɨɪɚ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɢɧɬɟɡɚ ɢ ɭɫɥɨɜɢɣ ɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɮɪɚɤɰɢɣ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

ɋɭɫɩɟɧɞɢɪɨɜɚɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ, ɞɢɫɩɟɪɫɧɚɹ ɮɚɡɚ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɧɚɧɨɪɚɡɦɟɪɧɵɦɢ ɦɟɬɚɥɥɫɨɞɟɪɠɚɳɢɦɢ ɱɚɫɬɢɰɚɦɢ, ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɨɣ ɚɤɬɢɜɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɤɨɧɬɚɤɬɚɦɢ, ɱɟɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɯ 

ɜɵɫɨɤɚɹ ɭɞɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ [3,4].  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥɢ ɢɡɭɱɟɧɵ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɫɭɫɩɟɧɡɢɢ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ 

ɦɟɬɨɞɨɦ ɤɚɩɟɥɶɧɨɝɨ ɬɟɪɦɨɥɢɡɚ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɠɟɥɟɡɚ ɢ ɩɪɨɦɨɬɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɜ 

ɫɦɟɫɢ ɩɚɪɚɮɢɧɨɜ ɮɪɚɤɰɢɢ ɋ19-ɋ32, ɢ ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɫɬɪɭɤɰɢɢ 

ɪɚɫɬɜɨɪɨɜ ɩɪɟɤɭɪɫɨɪɨɜ ɦɟɬɚɥɥɨɜ ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɨɛɪɚɡɰɨɜ.  ȼɫɟ ɨɛɪɚɡɰɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɚɩɟɥɶɧɨɝɨ ɬɟɪɦɨɥɢɡɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 200ɨɋ ɞɨ 280ɨɋ, ɩɪɨɹɜɢɥɢ ɚɤɬɢɜɧɨɫɬɶ ɜ ɫɢɧɬɟɡɟ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ ɋɈ ɢ ɇ2, ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɟ ɭɫɥɨɜɢɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɭɫɩɟɧɡɢɣ 

ɨɤɚɡɵɜɚɥɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɡɦɟɪɧɵɟ ɢ ɫɬɪɭɤɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ ɞɢɫɩɟɪɫɧɨɣ 

ɮɚɡɵ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɫɬɪɭɤɰɢɢ ɩɪɟɤɭɪɫɨɪɨɜ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 

ɩɪɢɜɨɞɢɥɨ ɤ ɭɤɪɭɩɧɟɧɢɸ ɪɚɡɦɟɪɚ ɜɡɜɟɲɟɧɧɵɯ ɦɟɬɚɥɥɫɨɞɟɪɠɚɳɢɯ ɱɚɫɬɢɰ (ɬɚɛɥɢɰɚ 1). 
Ɍɚɛɥɢɰɚ 1. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɨɥɢɡɚ ɧɚ ɪɚɡɦɟɪɧɵɟ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɨɛɪɚɡɰɨɜ ɫɭɫɩɟɧɡɢɣ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɬɟɪɦɨɥɢɡɚ, 
0ɋ 

D, ɧɦ ɉɨɤɚɡɚɬɟɥɶ ɪɨɫɬɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ 
ɰɟɩɢ α ɩɪɢ ɤɨɧɜɟɪɫɢɢ ɫɵɪɶɹ ≈ 60% 

200 2,1 0,67 

220 1,1 0,84 

250 0,8 0,89 

280 0,7 0,89 
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ɂɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɫɭɫɩɟɧɡɢɣ ɦɟɬɨɞɨɦ ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɣ 

ɞɟɫɨɪɛɰɢɢ CO (ɌɉȾ ɋɈ) ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ ɤɨɪɪɟɥɹɰɢɸ ɦɟɠɞɭ ɞɢɚɦɟɬɪɨɦ ɱɚɫɬɢɰ 

ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɢ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɫɢɥɨɣ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ɋɪɚɜɧɟɧɢɟ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ [5] ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ 

ɤɚɱɟɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɚɤɬɢɜɧɨɣ ɮɚɡɵ. Ɍɚɤ, ɞɥɹ ɨɛɪɚɡɰɨɜ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ 

ɩɪɢ ɩɨɧɢɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɤɚɩɟɥɶɧɨɝɨ ɬɟɪɦɨɥɢɡɚ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɛɨɥɟɟ 

ɤɪɭɩɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ, ɧɚ ɫɩɟɤɬɪɚɯ ɌɉȾ ɋɈ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɩɢɤɢ ɜ 

ɨɛɥɚɫɬɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɞɟɫɨɪɛɰɢɢ ɋɈ. ɉɪɢ ɷɬɨɦ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɨɫɶ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨɤɚɡɚɬɟɥɹ 

ɪɨɫɬɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɰɟɩɢ α: 0,89 ɩɪɨɬɢɜ 0,67, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɨɛɪɚɡɰɟ, ɫɩɟɤɬɪ ɤɨɬɨɪɨɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧ ɬɨɥɶɤɨ ɩɢɤɨɦ ɫɥɚɛɨɫɜɹɡɚɧɧɨɝɨ ɋɈ. 

ɉɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɩɟɥɶɧɨɝɨ ɬɟɪɦɨɥɢɡɚ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɭɜɟɥɢɱɟɧɢɟɦ 

ɪɚɡɦɟɪɚ ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɫɭɫɩɟɧɡɢɢ, ɩɪɢɜɨɞɢɥɨ ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɰɟɧɬɪɨɜ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɧɢɠɟɧɢɸ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ 

ɋɈ. Ɉɞɧɚɤɨ, ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɩɪɢ ɤɨɧɜɟɪɫɢɢ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ 20-50% ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ 

ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɠɢɞɤɢɦ ɭɝɥɟɜɨɞɨɪɨɞɚɦ, ɞɨɫɬɢɝɚɜɲɢɦ 65% ɧɚ 

ɩɪɟɜɪɚɳɟɧɧɵɣ ɭɝɥɟɪɨɞ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɢɦ ɩɪɨɦɵɲɥɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ. ɋɬɨɢɬ 

ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɫɧɢɠɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨ ɦɟɬɚɧɭ ɢ ɥɟɝɤɢɦ ɭɝɥɟɜɨɞɨɪɨɞɚɦ ɋ2-ɋ4 

ɧɚ 25% ɩɪɢ ɪɚɜɧɵɯ ɫɬɟɩɟɧɹɯ ɩɪɟɜɪɚɳɟɧɢɹ ɫɢɧɬɟɡ-ɝɚɡɚ, ɪɟɝɢɫɬɪɢɪɭɟɦɨɟ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɧɬɚɤɬɨɜ ɨɬ 280 ɞɨ 200-220°ɋ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 

ɭɩɪɚɜɥɟɧɢɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɪɨɰɟɫɫɚ ɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɨ ɦɟɬɨɞɭ 

Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ ɩɨɫɪɟɞɫɬɜɨɦ ɜɚɪɶɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɧɬɚɤɬɨɜ ɢ 

ɢɡɦɟɧɟɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɧɚ ɛɚɡɟ ɂɇɏɋ ɊȺɇ ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ 
ɮɨɧɞɚ (ɩɪɨɟɤɬ №17-73-30046). 
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ɉɪɹɦɨɣ ɫɢɧɬɟɡ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ (ȾɆɗ) ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɰɟɧɤɭ 

ɫɨɫɬɚɜɚ ɢ ɪɚɫɯɨɞɚ ɤɨɧɜɟɪɬɢɪɨɜɚɧɧɨɝɨ ɝɚɡɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɟɚɤɬɨɪɚ. 

Ɉɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɚɧɚɥɢɡ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɝɚɡɟ ɥɟɝɤɨ 

ɤɨɧɞɟɧɫɢɪɭɸɳɢɯɫɹ ɤɨɦɩɨɧɟɧɬɨɜ (ɜɨɞɚ, ɦɟɬɚɧɨɥ) ɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɫɩɨɫɨɛɧɵɯ 

ɪɚɫɬɜɨɪɹɬɶɫɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜ ɤɨɧɞɟɧɫɚɬɟ ɜ ɡɚɦɟɬɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ (ȾɆɗ, ɋɈ2). 

ɇɚɦɢ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɝɚɡɨɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɞɭɤɬɨɜ 

ɫɢɧɬɟɡɚ ȾɆɗ ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɩɪɹɦɨɦ ɚɧɚɥɢɡɟ ɝɨɪɹɱɟɝɨ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɪɟɚɤɬɨɪɚ. Ⱥɧɚɥɢɡ ɪɟɚɥɢɡɨɜɚɧ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨ ɫɨɛɪɚɧɧɨɝɨ ɯɪɨɦɚɬɨɝɪɚɮɚ ɧɚ ɛɚɡɟ 

«ɏɪɨɦɚɬɷɤ-Ʉɪɢɫɬɚɥɥ 5000». ɏɪɨɦɚɬɨɝɪɚɮ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 3 ɞɟɬɟɤɬɨɪɚ ɩɨ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ȾɌɉ), ɩɥɚɦɟɧɧɨ-ɢɨɧɢɡɚɰɢɨɧɧɵɣ ɞɟɬɟɤɬɨɪ (ɉɂȾ), ɤɨɬɨɪɵɣ 

ɩɨɞɤɥɸɱɟɧ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɫɥɟ ȾɌɉ-1, ɨɛɨɝɪɟɜɚɟɦɵɟ ɤɪɚɧɵ-ɞɨɡɚɬɨɪɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɧɚ 6 ɢ 10 ɩɨɪɬɨɜ, ɞɨɡɢɪɭɸɳɢɟ ɩɟɬɥɢ, ɤɨɥɨɧɤɢ ɧɚɫɚɞɨɱɧɵɟ ɫ ɚɞɫɨɪɛɟɧɬɨɦ 

ɰɟɨɥɢɬ NaX (2 ɲɬ.) ɢ Porapak T (1 ɲɬ.), ɩɪɟɞɤɨɥɨɧɤɢ ɫ HayeSep R (2 ɲɬ.), ɤɥɚɩɚɧɵ ɫɛɪɨɫɚ 

ɝɚɡɚ ɞɥɹ ɨɛɪɚɬɧɨɣ ɩɪɨɞɭɜɤɢ ɩɪɟɞɤɨɥɨɧɨɤ (2 ɲɬ.), ɷɥɟɤɬɪɨɧɧɵɟ ɪɟɝɭɥɹɬɨɪɵ ɪɚɫɯɨɞɚ ɢ 

ɞɚɜɥɟɧɢɹ. Ʉɨɥɨɧɤɢ ɢ ɩɪɟɞɤɨɥɨɧɤɢ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɛɳɟɦ ɬɟɪɦɨɫɬɚɬɟ. ȼ ɤɚɱɟɫɬɜɟ ɝɚɡɚ-

ɧɨɫɢɬɟɥɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɟɥɢɣ ɢ ɚɪɝɨɧ. 

ɇɚ ɬɪɟɯ ɞɟɬɟɤɬɨɪɚɯ ɩɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɨɜɨɞɢɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɵɣ ɚɧɚɥɢɡ 

ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɚɤɰɢɨɧɧɨɝɨ ɝɚɡɚ: ɋɇ3Ɉɇ, ȾɆɗ, ɋɈ, ɋɈ2, ɇ2, ɇ2Ɉ, N2 ɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɞɨ 

ɋ6 ɜɤɥɸɱɢɬɟɥɶɧɨ (ɜɨɡɦɨɠɧɵɟ ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɝɚɡɵ Ɉ2, ɇɟ, ɋɇ4), Ʉɪɨɦɟ ɬɨɝɨ, ɉɂȾ 

ɩɨɡɜɨɥɹɟɬ ɞɟɬɟɤɬɢɪɨɜɚɬɶ ɷɬɚɧ ɢ ɷɬɢɥɟɧ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɛɨɥɶɲɢɯ ɫɨɞɟɪɠɚɧɢɣ ɋɈ2  

(ɩɢɤ-ɪɚɫɬɜɨɪɢɬɟɥɶ, ɧɟ ɞɟɬɟɤɬɢɪɭɟɬɫɹ ɉɂȾ) ɢ ɫɥɟɞɨɜɵɟ ɤɨɥɢɱɟɫɬɜɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɞɨ ɋ6. 

ɉɪɟɞɤɨɥɨɧɤɢ ɢ ɤɥɚɩɚɧɵ ɫɛɪɨɫɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɚɛɨɬɭ ɮɭɧɤɰɢɢ ɩɨɥɭɨɛɪɚɬɧɨɣ ɩɪɨɞɭɜɤɢ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɫɟɩɚɪɚɰɢɢ ɜɨɞɵ ɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ ɩɪɨɛɵ, ɩɭɬёɦ ɢɯ ɫɨɪɛɰɢɢ ɢ 

ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɫɨɪɛɰɢɢ ɜ ɩɨɬɨɤɟ ɝɚɡɚ, ɧɚɩɪɚɜɥɟɧɧɨɦ ɜ ɨɛɪɚɬɧɭɸ ɫɬɨɪɨɧɭ. ɗɬɨ 

ɭɫɥɨɠɧɟɧɢɟ ɫɯɟɦɵ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɚɞɫɨɪɛɰɢɹ ɜɨɞɵ ɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɰɟɨɥɢɬɨɦ ɜ 

ɨɫɧɨɜɧɨɣ ɤɨɥɨɧɤɟ ɡɧɚɱɢɬɟɥɶɧɨ ɭɯɭɞɲɚɟɬ ɪɚɡɞɟɥɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ. ɍɞɚɥɟɧɢɟ ɢɯ ɜ 

ɬɪɚɞɢɰɢɨɧɧɨɦ ɜɚɪɢɚɧɬɟ ɬɪɟɛɭɟɬ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢ 350°ɋ ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ 2 

ɱɚɫɨɜ. 

ɋ-III-10 
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Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɦɢɤɪɨɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɩɨ ɫɢɧɬɟɡɭ 

ȾɆɗ. 

Ƚɚɡɨɜɚɹ ɫɯɟɦɚ ɯɪɨɦɚɬɨɝɪɚɮɚ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɜɵɯɨɞɨɦ ɢɡ ɪɟɚɤɬɨɪɚ ɩɪɢɜɟɞɟɧɚ ɧɚ 

ɪɢɫ.1. 

 

Ɋɢɫ. 1. Ƚɚɡɨɜɚɹ ɫɯɟɦɚ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɝɨɪɹɱɟɝɨ ɤɨɧɜɟɪɬɢɪɨɜɚɧɧɨɝɨ 
ɝɚɡɚ. 1 – ɬɪɟɯɯɨɞɨɜɨɣ ɤɪɚɧ; 2 – ɜɟɧɬɢɥɶ ɬɨɧɤɨɣ ɪɟɝɭɥɢɪɨɜɤɢ; 3 – 10-ɩɨɪɬɨɜɵɣ ɤɪɚɧ; 4, 8, 
10, 14, 16 – ɤɨɥɨɧɤɢ ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɢ ɩɪɟɞɤɨɥɨɧɤɢ; 5 – ȾɌɉ-1; 6 – ɉɂȾ-1; 7, 13 – 

ɤɥɚɩɚɧɵ ɩɨɥɭɨɛɪɚɬɧɨɣ ɩɪɨɞɭɜɤɢ ɞɥɹ ɫɛɪɨɫɚ ɝɚɡɚ; 9, 15 – ɪɟɝɭɥɹɬɨɪɵ ɞɚɜɥɟɧɢɹ; 11 – 

ȾɌɉ-2; 12 – 6-ɩɨɪɬɨɜɨɣ ɤɪɚɧ; 16 – ɡɚɩɨɪɧɵɣ ɜɟɧɬɢɥɶ; 17 – ȾɌɉ-3. ɉɨɬɨɤɢ: I – ɝɚɡ ɧɚ 
ɚɧɚɥɢɡ: ɚ – ɩɨɫɥɟ ɪɟɚɤɬɨɪɚ, ɛ – ɜ ɨɛɯɨɞ ɪɟɚɤɬɨɪɚ; II – ɝɟɥɢɣ; III – ɚɪɝɨɧ; IV – ɜɨɞɨɪɨɞ; V 

– ɜɨɡɞɭɯ; VI – ɫɛɪɨɫ. 
 

Ⱦɥɹ ɨɬɛɨɪɚ ɝɨɪɹɱɟɝɨ ɝɚɡɚ ɢɡ ɩɨɬɨɤɚ ɧɚ ɚɧɚɥɢɡ ɩɨɫɥɟ ɪɟɚɤɬɨɪɚ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɚ ɢ 

ɫɦɨɧɬɢɪɨɜɚɧɚ ɫɢɫɬɟɦɚ ɢɡ ɝɚɡɨɜɵɯ ɥɢɧɢɣ, ɜɟɧɬɢɥɟɣ (1, 2, 16). Ʉɪɚɧ ɬɨɧɤɨɣ ɪɟɝɭɥɢɪɨɜɤɢ 

(2), ɩɨɦɢɦɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɫɯɨɞɚ, ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɪɟɝɭɥɹɬɨɪɚ ɞɚɜɥɟɧɢɹ. ɇɚ 

ɜɵɯɨɞɟ ɢɡ ɤɪɚɧɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ. ɉɨ ɨɛɨɝɪɟɜɚɟɦɨɣ ɥɢɧɢɢ ɝɚɡ 

ɩɨɫɬɭɩɚɟɬ ɜ ɝɨɪɹɱɭɸ ɡɨɧɭ ɯɪɨɦɚɬɨɝɪɚɮɚ, ɝɞɟ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɟ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵɟ ɱɚɫɬɢ 

ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨ ɩɨɞɨɛɪɚɧɧɵɯ ɬɪɭɛɨɤ. Ʉɚɠɞɵɣ ɢɡ ɩɨɬɨɤɨɜ ɩɨɫɬɭɩɚɟɬ ɜ ɤɪɚɧ-

ɞɨɡɚɬɨɪ ɢ ɞɚɥɟɟ ɜ ɞɨɡɢɪɭɸɳɭɸ ɩɟɬɥɸ, ɧɚɯɨɞɹɳɭɸɫɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

ȼɵɣɞɹ ɢɡ ɤɪɚɧɨɜ-ɞɨɡɚɬɨɪɨɜ ɢ, ɞɚɥɟɟ, ɢɡ ɨɛɨɝɪɟɜɚɟɦɨɣ ɡɨɧɵ ɯɪɨɦɚɬɨɝɪɚɮɚ, 

ɚɧɚɥɢɡɢɪɭɟɦɵɟ ɩɨɬɨɤɢ (VIII) ɨɛɴɟɞɢɧɹɸɬɫɹ ɢ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɥɨɜɭɲɤɭ, 

ɩɨɞɞɟɪɠɢɜɚɟɦɭɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 0°ɋ. ɋɤɨɪɨɫɬɶ ɨɛɳɟɝɨ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɩɨɬɨɤɚ 

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɪɟɨɦɟɬɪɨɦ. 
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ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɞɨɡɢɪɭɸɳɢɯ ɩɟɬɥɹɯ, ɫɤɨɪɨɫɬɶ 

ɚɧɚɥɢɡɢɪɭɟɦɨɣ ɱɚɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ (Ia) ɩɨɞɞɟɪɠɢɜɚɥɢ ɪɚɜɧɨɣ 2 ɥɇ/ɱɚɫ. Ɉɫɬɚɥɶɧɚɹ 

ɱɚɫɬɶ ɩɨɬɨɤɚ ɱɟɪɟɡ ɜɟɧɬɢɥɶ (16) ɩɨɫɬɭɩɚɟɬ ɜ ɫɟɩɚɪɚɬɨɪ, ɨɯɥɚɠɞɚɟɦɵɣ ɩɪɨɬɨɱɧɨɣ ɜɨɞɨɣ, 

ɢ ɞɚɥɟɟ ɧɚ ɪɟɝɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ ɞɥɹ ɫɛɪɨɫɚ ɞɚɜɥɟɧɢɹ ɞɨ ɚɬɦɨɫɮɟɪɧɨɝɨ.  

Ⱦɥɹ ɞɟɥɟɧɢɹ ɩɪɨɫɬɵɯ ɝɚɡɨɜ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɰɟɨɥɢɬɵ ɋɚȺ (ɫɢɬɚ 5Ⱥ) ɢ ɰɟɨɥɢɬ 

NaX (ɫɢɬɚ 13ɏ) ɫ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɚɧɚɥɢɡɚ ɨɤɨɥɨ 40°ɋ. Ɋɚɡɞɟɥɟɧɢɟ 

ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ, ɜɨɞɵ ɢ ɦɟɬɚɧɨɥɚ ɬɪɚɞɢɰɢɨɧɧɨ ɯɨɪɨɲɨ ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɚɞɫɨɪɛɟɧɬɚɯ 

HayeSep ɢ Porapak ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɣ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 100°ɋ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜɫɟ 

ɤɨɥɨɧɤɢ ɧɚɯɨɞɹɬɫɹ ɜ ɨɛɳɟɦ ɬɟɪɦɨɫɬɚɬɟ, ɜɵɛɨɪ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɦɟɬɨɞɢɱɟɫɤɢ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ. 

ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɜɪɟɦɟɧɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɱɬɨ ɜɥɟɱёɬ ɭɯɭɞɲɟɧɢɟ ɪɚɡɞɟɥɟɧɢɹ. ɍɞɥɢɧɟɧɢɟ ɤɨɥɨɧɤɢ ɭɥɭɱɲɚɟɬ 

ɪɚɡɞɟɥɟɧɢɟ, ɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɟɦɹ ɚɧɚɥɢɡɚ. ȼɪɟɦɹ ɚɧɚɥɢɡɚ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ 

ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɧɨɫɢɬɟɥɹ, ɧɨ ɷɬɨ ɫɧɢɠɚɟɬ ɨɬɤɥɢɤ ɞɟɬɟɤɬɨɪɚ ɢ ɩɪɟɞɟɥɵ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɜɵɛɨɪ ɞɥɢɧɵ ɤɨɥɨɧɤɢ ɬɟɯɧɢɱɟɫɤɢ ɨɝɪɚɧɢɱɟɧ 

ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɞɚɜɥɟɧɢɟɦ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ, ɫɨɡɞɚɜɚɟɦɵɦ ɩɟɪɟɞ ɤɨɥɨɧɤɨɣ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬёɦ, ɦɟɧɹɹ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɬɟɪɦɨɫɬɚɬɟ, ɫɤɨɪɨɫɬɶ ɝɚɡɚ 

ɧɨɫɢɬɟɥɹ, ɞɥɢɧɭ ɤɨɥɨɧɨɤ, ɭɞɚɥɨɫɶ ɩɨɞɨɛɪɚɬɶ ɭɫɥɨɜɢɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɨɥɧɨɝɨ 

ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɤɨɦɩɨɧɟɧɬɨɜ ɤɨɧɜɟɪɬɢɪɨɜɚɧɧɨɝɨ ɝɚɡɚ ɜ ɩɪɹɦɨɦ ɫɢɧɬɟɡɟ 

ȾɆɗ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɢɥɚ ɩɪɢɦɟɪɧɨ 8–12 ɦɢɧ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɩɪɢ ɧɚɞɥɟɠɚɳɟɦ ɤɚɱɟɫɬɜɟ ɪɚɡɞɟɥɟɧɢɹ ɩɢɤɨɜ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɫ ɡɚɞɚɧɧɵɦɢ ɩɪɟɞɟɥɚɦɢ ɨɛɧɚɪɭɠɟɧɢɹ (0,0005 – 0,01 ɨɛ.  %). Ⱦɥɢɬɟɥɶɧɨɫɬɶ 

ɚɧɚɥɢɡɚ ɩɨɞɨɛɪɚɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɩɵɬɚ ɩɪɨɜɟɞɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ.  

Ʉɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɩɪɚɜɨɱɧɵɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚɦɢ ɦɟɬɨɞɨɦ ɚɛɫɨɥɸɬɧɨɣ ɤɚɥɢɛɪɨɜɤɢ. Ⱦɥɹ ɷɬɨɝɨ 

ɢɫɩɨɥɶɡɨɜɚɥɢ 32 ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɝɚɡɨɜɵɟ ɫɦɟɫɢ ɢɡɜɟɫɬɧɨɝɨ ɫɨɫɬɚɜɚ ɢ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɝɚɡɵ, ɱɬɨ ɨɛɟɫɩɟɱɢɥɨ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɚɛɫɨɥɸɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɥɹ 20 ɜɟɳɟɫɬɜ ɜ ɬɪɟɛɭɟɦɨɦ ɞɢɚɩɚɡɨɧɟ ɢɯ ɫɨɞɟɪɠɚɧɢɹ. 

ɉɪɢɦɟɪɵ ɪɚɡɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2 – 4. 
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Ɋɢɫ. 2. Ⱦɟɥɟɧɢɟ ɩɢɤɨɜ ɋɈ2, ȾɆɗ, ɜɨɞɵ, ɦɟɬɚɧɨɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɇ2. ɍɫɥɨɜɢɹ: 140°ɋ, 
ȾɌɉ-1, He 30 ɦɥ/ɦɢɧ, Porapak T (ɞɥɢɧɚ ɤɨɥɨɧɤɢ 4 ɦ, ɞɢɚɦɟɬɪ 2 ɦɦ), ɞɨɡɚ 1,0 ɦɥ. 1 – H2, 

O2, N2, CH4, CO; 2 – 1,19 ɨɛ. % CO2; 3 – 9,61 ɨɛ. % ȾɆɗ; 4 – 2,26 ɨɛ. % H2O; 5 – 3,55 

ɨɛ. % CH3OH. ɇɟɫɬɚɛɢɥɶɧɨɫɬɶ ɛɚɡɨɜɨɣ ɥɢɧɢɢ ɩɨɫɥɟ ɜɜɨɞɚ ɩɪɨɛɵ ɜ ɬɟɱɟɧɢɟ 0,5 ɦɢɧ 
ɫɜɹɡɚɧɚ ɫ ɩɟɪɟɩɚɞɨɦ ɞɚɜɥɟɧɢɹ ɜ ɥɢɧɢɹɯ ɚɧɚɥɢɡɚ ɢ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ. 

 

Ɋɢɫ. 3. Ⱦɟɥɟɧɢɟ ɩɢɤɨɜ Ɉ2, N2, ɋɇ4, ɋɈ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɇ2. ɍɫɥɨɜɢɹ: 140°ɋ, ȾɌɉ-2, He 15,8 

ɦɥ/ɦɢɧ, ɰɟɨɥɢɬ NaX (ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɢɬɚ 13X, ɞɥɢɧɚ ɤɨɥɨɧɤɢ 5 ɦ, ɞɢɚɦɟɬɪ 2 ɦɦ.), ɞɨɡɚ 
1,0 ɦɥ. 1 – 49,9 ɨɛ. % H2; 2 – 0,25 ɨɛ. % O2; 3 – 10,0 ɨɛ. % N2; 4 – 0,51 ɨɛ. % CH4; 5 – 4,9 

ɨɛ. % CO. ȼɨɞɨɪɨɞ ɜɵɯɨɞɢɬ ɨɛɪɚɬɧɵɦ ɩɢɤɨɦ ɧɚ ɝɚɡɟ-ɧɨɫɢɬɟɥɟ ɝɟɥɢɢ. 
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1 2
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Ɋɢɫ. 4. Ⱦɟɥɟɧɢɟ ɩɢɤɨɜ ɇɟ ɢ ɇ2. ɍɫɥɨɜɢɹ: 140°ɋ, ȾɌɉ-3, Ar 16,4 ɦɥ/ɦɢɧ, ɰɟɨɥɢɬ NaX 
(ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɢɬɚ 13X, ɞɥɢɧɚ ɤɨɥɨɧɤɢ 4 ɦ, ɞɢɚɦɟɬɪ 2 ɦɦ.), ɞɨɡɚ 0,25 ɦɥ. 1 – 24,3 ɨɛ. % 
ɇɟ; 2 – 49,9 ɨɛ. % H2; 3 – 10,0 ɨɛ. % N2; 4 – 0,51 ɨɛ. % CH4; 5 – 4,9 ɨɛ. % CO. 
 

 Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ. 
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ȼɅɂəɇɂȿ ɋɈȾȿɊɀȺɇɂə ȼɈȾɕ ȼ ɋɕɊɖȿ ɇȺ ɏɂɆɂɁɆ ɄɈɇȼȿɊɋɂɂ 
ɆȿɌȺɇɈɅȺ ȼ ɀɂȾɄɂȿ ɍȽɅȿȼɈȾɈɊɈȾɕ 

Ⱥɮɨɤɢɧ Ɇ.ɂ., ɉɟɪɟɫɵɩɤɢɧɚ ȿ.Ƚ., ɂɨɧɢɧ Ⱦ.Ⱥ. 
EFFECT OF WATER CONTENT IN FEEDSTOCK ON CHEMISTRY OF 

METHANOL CONVERSION IN LIQUID HYDROCARBONS 

ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: m_afokin@ips.ac.ru 

 

ɉɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ ɰɟɨɥɢɬɚɯ ZSM-5 ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ 

ɤɨɦɩɚɧɢɟɣ Mobil ɜ 70-ɯ ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ 

ɫɵɪɶɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɦɟɬɚɧɨɥɚ. Ⱦɪɭɝɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ – 

TIGAS-ɩɪɨɰɟɫɫ ɮɢɪɦɵ ɏɚɥɶɞɟɪ Ɍɨɩɫɟ - ɨɫɧɨɜɚɧɨ ɧɚ ɪɟɚɤɰɢɢ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɫɢɧɬɟɡɚ 

ɦɟɬɚɧɨɥɚ ɢ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ (ȾɆɗ) ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɧɜɟɪɫɢɟɣ 

ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ ɜ ɭɝɥɟɜɨɞɨɪɨɞɵ. Ɉɞɧɚɤɨ, ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɢɧɬɟɡɟ ɛɟɧɡɢɧɚ ɫɦɟɫɢ 

ɦɟɬɚɧɨɥ-ȾɆɗ-ɜɨɞɚ ɢ ɪɚɫɬɜɨɪёɧɧɵɯ ɜ ɧɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɧɬɟɡ-ɝɚɡɚ, ɚ ɬɚɤɠɟ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɝɚɡɨɜɨɝɨ ɪɟɰɢɤɥɚ, ɡɚɬɪɭɞɧɹɟɬ 

ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɢ ɧɟ ɞɚɟɬ 

ɨɞɧɨɡɧɚɱɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɨɫɬɚɜɨɦ ɫɵɪɶɹ ɢ ɤɚɱɟɫɬɜɨɦ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

(ɝɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ, ɩɥɨɬɧɨɫɬɶ). Ⱦɚɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɧɚ ɨɫɧɨɜɟ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɯɢɦɢɡɦɚ ɪɟɚɤɰɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɫɢɫɬɟɦɟ, ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɫɨɫɬɚɜɚ 

ɫɵɪɶɹ. Ɉɞɧɚɤɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɸɳɢɟɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɞɚɧɧɵɟ ɤɚɫɚɸɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɦɟɬɚɥɥɚɦɢ, ɤɚɤ ɦɚɬɟɪɢɥɚ, ɚ ɞɥɹ ɨɰɟɧɤɢ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɢ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɭɸɬ 

ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɱɢɫɬɵɟ ɤɨɦɩɨɧɟɧɬɵ (ɦɟɬɚɧɨɥɚ, ȾɆɗ) ɜ ɫɪɟɞɟ ɢɧɟɪɬɨɜ (ɚɡɨɬ, ɝɟɥɢɣ).  

ȼ ɂɇɏɋ ɊȺɇ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜɨɞɵ ɜ ɫɨɫɬɚɜɟ ɫɵɪɶɹ ɧɚ ɜɵɯɨɞ ɢ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɩɪɢ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɨɥɚ ɜ 

ɠɢɞɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɜ ɫɪɟɞɟ ɫɢɧɬɟɡ-ɝɚɡɚ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜɨɞɨɪɨɞɚ (ɇ2/ɋɈ>4). 

ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɰɟɨɥɢɬ ɬɢɩɚ ZSM-5 ɜ ɫɦɟɫɢ ɫɨ ɫɜɹɡɭɸɳɢɦ Al2O3, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɰɢɧɤɨɦ ɢ ɩɚɥɥɚɞɢɟɦ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɪɟɚɤɬɨɪɟ ɫ ɧɟɩɨɞɜɢɠɧɵɦ ɫɥɨɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɩɪɨɬɨɱɧɨ-

ɰɢɪɤɭɥɹɰɢɨɧɧɨɦ ɪɟɠɢɦɟ ɩɨ ɝɚɡɨɜɨɣ ɮɚɡɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 340ɨɋ ɢ ɞɚɜɥɟɧɢɟ 10,0 Ɇɉɚ. 

Ʉɨɥɢɱɟɫɬɜɨ ɩɨɞɚɜɚɟɦɨɝɨ ɦɟɬɚɧɨɥɚ ɢɥɢ ɫɦɟɫɢ ɦɟɬɚɧɨɥ/ɜɨɞɚ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ 95/5, 85/15, 

65/35, 50/50 ɦɚɫɫ./ɦɚɫɫ. ɢ ɪɚɫɯɨɞ ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɝɚɡɚ ɩɨɞɛɢɪɚɥɢɫɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɲɢɪɨɤɢɣ ɢɧɬɟɪɜɚɥ ɜɚɪɶɢɪɨɜɚɧɢɹ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɨɥɚ. ȼ ɫɨɫɬɚɜɟ 

ɩɪɨɞɭɤɬɨɜ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɚɥɤɚɧɵ ɋ1-ɋ4, ɚɥɤɚɧɵ ɋ5+, ɨɥɟɮɢɧɵ ɋ5+, ɧɚɮɬɟɧɵ, 

ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ȾɆɗ.  
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ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɫɬɪɨɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ 

ɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɜ ɪɚɫɱɟɬɟ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɵ ɨɬ ɤɨɧɜɟɪɫɢɢ ɫɵɪɶɹ ɢ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɵ ɜ ɫɨɫɬɚɜɟ ɫɵɪɶɹ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɟɟ 

ɫɧɢɠɟɧɢɸ (ɪɢɫ. 1). 

 

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɛɟɧɡɢɧɚ ɜ ɪɚɫɱɟɬɟ ɧɚ 
ɭɝɥɟɜɨɞɨɪɨɞɵ ɨɬ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɨɥɚ ɡɚ ɩɪɨɯɨɞ. 

 

ɋ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɢɦɢɢ ɪɟɚɤɰɢɢ ɪɚɫɫɦɨɬɪɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɜɵɯɨɞɚ ȾɆɗ ɢ 

ɝɪɭɩɩ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɬ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɞɥɹ ɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ ɫɵɪɶɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ȾɆɗ ɹɜɥɹɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɫɢɧɬɟɡɚ, ɜɵɯɨɞ ɤɨɬɨɪɨɝɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɞɨɫɬɢɝɚɟɬ 20-25 % ɦɚɫɫ. ɢ ɡɚɬɟɦ ɩɥɚɜɧɨ ɫɧɢɠɚɟɬɫɹ (ɪɢɫ. 2). 

ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ ɫɜɹɡɚɧ ɫ ɚɤɬɢɜɧɵɦ ɭɱɚɫɬɢɟɦ ȾɆɗ ɜ ɪɟɚɤɰɢɹɯ 

ɦɟɬɢɥɢɪɨɜɚɧɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɱɬɨ ɫɨɡɞɚɟɬ ɤɨɧɤɭɪɟɧɰɢɸ 

ɦɟɬɚɧɨɥɭ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɬ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ (ɪɢɫ. 3) 

ɬɚɤ ɠɟ ɢɦɟɟɬ ɜɵɪɚɠɟɧɧɵɣ ɦɚɤɫɢɦɭɦ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɯɚɪɚɤɬɟɪɟ 

ɷɬɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɍɜɟɥɢɱɟɧɢɟ ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɵ ɜ ɫɨɫɬɚɜɟ ɫɵɪɶɹ ɩɪɢɜɨɞɢɬ 

ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɚɤɫɢɦɭɦɚ ɜɵɯɨɞɚ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɟɝɨ ɫɦɟɳɟɧɢɸ ɜ ɨɛɥɚɫɬɶ 

ɛɨɥɶɲɢɯ ɜɪɟɦɟɧ ɤɨɧɬɚɤɬɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦɢ ɜɬɨɪɢɱɧɵɦɢ ɪɟɚɤɰɢɹɦɢ 

ɪɚɫɯɨɞɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɸɬɫɹ ɪɟɚɤɰɢɢ ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɢ 

ɞɟɚɥɤɢɥɢɪɨɜɚɧɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɥɤɚɧɨɜ. 



583 

 

 
  ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɝɥɚɫɧɨ ɬɨɱɤɚɦ 

ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ ɡɚɜɢɫɢɦɨɫɬɶ  
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ȾɆɗ ɨɬ 

ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ. 
Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɬ ɜɪɟɦɟɧɢ 
ɤɨɧɬɚɤɬɚ. 

 

Ⱦɚɧɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɨɜɦɟɫɬɧɵɦ ɪɚɫɫɦɨɬɪɟɧɢɟɦ ɪɢɫ. 4 ɢ 5. 

ȼɢɞɧɨ, ɱɬɨ ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɜɵɯɨɞɚ ɚɥɤɚɧɨɜ ɢ ɧɚɮɬɟɧɨɜ. ɋɧɢɠɟɧɢɟ ɜɵɯɨɞɚ ɚɥɤɚɧɨɜ ɋ1-

ɋ4 ɢ ɪɨɫɬ ɜɵɯɨɞɚ ɚɪɨɦɚɬɢɤɢ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɬɚɧɨɥ/ɜɨɞɚ ɩɪɢ ɡɚɞɚɧɧɨɦ 

ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɪɦɨɠɟɧɢɢ ɜɨɞɨɣ ɜɬɨɪɢɱɧɵɯ ɪɟɚɤɰɢɣ.  

 

 

Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɚɥɤɚɧɨɜ ɋ1-ɋ4 

ɢ ɧɚɮɬɟɧɨɜ ɨɬ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ. 
Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɚɥɤɚɧɨɜ ɋ5+ 

ɨɬ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ. 
 



584 

 

ɇɚɥɢɱɢɟ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ ɰɢɧɤɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɪɟɚɤɰɢɣ ɩɟɪɟɧɨɫɚ 

ɜɨɞɨɪɨɞɚ, ɚ ɩɚɥɥɚɞɢɣ ɜɥɢɹɟɬ ɧɚ ɩɪɨɰɟɫɫ ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɚɥɤɢɥɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ ɜɨɞɚ ɱɚɫɬɢɱɧɨ ɛɥɨɤɢɪɭɟɬ Ȼɪɟɧɫɬɟɞɨɜɫɤɢɟ ɤɢɫɥɨɬɧɵɟ ɰɟɧɬɪɵ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɰɟɧɬɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɩɚɥɥɚɞɢɣ, ɢ ɷɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɨɞɢɬ ɤ 

ɭɦɟɧɶɲɟɧɢɸ ɜɤɥɚɞɚ ɜɬɨɪɢɱɧɵɯ ɪɟɚɤɰɢɣ. 

Ʉɨɫɜɟɧɧɨ, ɷɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɩɨ ɪɚɫɱɟɬɭ ɩɨɤɚɡɚɬɟɥɹ 

ɭɞɟɥɶɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɫɢɫɬɟɦɟ (ɝ(ɇ2)/ɝ(ɛɟɧɡɢɧɚ)) ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ 

ɩɨɫɬɨɹɧɧɵɦ ɜɵɯɨɞɚ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɚɜɨɜ ɫɵɪɶɹ 

(ɪɢɫ.6). 

 

 

Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɬɪɟɛɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɨɬ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ. 

 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 

ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɪɟɚɤɰɢɢ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɟɚɤɬɨɪɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ ɩɪɢ 

ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɎȺɇɈ Ɋɨɫɫɢɢ. 
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ɈɋɈȻȿɇɇɈɋɌɂ ɄɈɇȼȿɊɋɂɂ ȾɆɗ ȼ ɌɊȿɏɎȺɁɇɈɆ ɊȿȺɄɌɈɊȿ 

ɋɬɚɲɟɧɤɨ Ⱥ.ɇ. 

FEATURES OF DME CONVERSION IN A THREE-PHASE REACTOR 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: stashenko@ips.ac.ru 

 

ɋ ɰɟɥɶɸ ɪɚɫɲɢɪɟɧɢɹ ɫɵɪɶɟɜɨɣ ɛɚɡɵ ɤɪɭɩɧɨɬɨɧɧɚɠɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɢɦɟɪɨɜ 

ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɟ ɩɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ  ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɥɟɮɢɧɨɜ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɭɝɥɟɪɨɞɧɵɯ ɦɨɥɟɤɭɥ (ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ-ɦɟɬɚɧɚ, 

ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ, ɦɟɬɚɧɨɥɚ, ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ (ȾɆɗ)). ȼ ɷɬɢɯ ɢɧɧɨɜɚɰɢɨɧɧɵɯ 

ɝɟɬɟɪɨɝɟɧɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɰɟɨɥɢɬɵ ɫ ɪɚɡɦɟɪɨɦ ɩɨɪ 0,54-0,56 

ɧɦ. ɋɭɳɟɫɬɜɭɸɳɢɣ ɝɚɡɨɮɚɡɧɵɣ ɩɪɨɰɟɫɫ ɩɪɟɜɪɚɳɟɧɢɹ ȾɆɗ ɜ ɧɢɡɲɢɟ ɨɥɟɮɢɧɵ ɧɚ 

ɰɟɨɥɢɬɚɯ ɬɢɩɚ MFI ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ȼ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɟɯɮɚɡɧɨɣ 

ɫɢɫɬɟɦɵ (slurry-ɪɟɚɤɬɨɪ) [1, 2].  

ȼ ɂɇɏɋ ɊȺɇ ɛɵɥɚ ɭɫɩɟɲɧɨ ɪɟɚɥɢɡɨɜɚɧɚ ɫɯɟɦɚ ɩɪɟɜɪɚɳɟɧɢɹ ȾɆɗ ɜ ɧɢɡɲɢɟ 

ɨɥɟɮɢɧɵ (ɷɬɢɥɟɧ, ɩɪɨɩɢɥɟɧ) ɱɟɪɟɡ ɧɚ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ, 

ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɵɯ ɜ ɜɵɫɨɤɨɤɢɩɹɳɟɣ ɠɢɞɤɨɫɬɢ ɜ ɬɪɟɯɮɚɡɧɨɣ ɫɢɫɬɟɦɟ. ɂɡɦɟɥɶɱɟɧɢɟ 

ɱɚɫɬɢɰ ɰɟɨɥɢɬɚ ɞɨ ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟ ɢɯ ɜ ɜɵɫɨɤɨɤɢɩɹɳɟɣ 

ɠɢɞɤɨɫɬɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɭɫɩɟɧɡɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ, 

ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɨɰɟɫɫɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɠɢɞɤɨɣ ɞɢɫɩɟɪɫɢɨɧɧɨɣ 

ɫɪɟɞɵ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɨɬɜɨɞɚ ɬɟɩɥɚ, ɱɬɨ ɬɚɤɠɟ ɨɬɤɪɵɜɚɟɬ ɩɭɬɶ ɤ 

ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɛɨɥɟɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɫɵɪɶɹ. 

Ⱦɥɹ ɫɢɧɬɟɡ ɧɢɡɲɢɯ ɨɥɟɮɢɧɨɜ ɢɡ ȾɆɗ ɜ ɬɪɟɯɮɚɡɧɨɣ ɩɪɨɬɨɱɧɨɣ ɫɢɫɬɟɦɟ (slurry-

ɪɟɚɤɬɨɪ) ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɭɫɩɟɧɡɢɢ ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɨɜ CBV, 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɚɧɢɢ Zeolyst, SiO2/Al2O3 = 80, 50, 30; ɫ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ 

ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ. [3]. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɯ ɫɭɫɩɟɧɡɢɣ ɰɟɨɥɢɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɢ (ɍɁɈ), ɧɟ ɜɵɡɵɜɚɸɳɢɣ ɪɚɡɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɰɟɨɥɢɬɚ, ɱɬɨ 

ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɦɟɬɨɞɨɦ əɆɊ ɬɜёɪɞɨɝɨ ɬɟɥɚ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ (MAS NMR) ɧɚ 

ɹɞɪɚɯ 27Al ɢ 29Si ɢ ɂɄɋ. ɇɚɢɛɨɥɟɟ ɦɟɥɤɢɟ ɧɚɧɨɱɚɫɬɢɰɵ (ɪɚɡɦɟɪɨɦ ~ 40 ɧɦ) ɩɨɥɭɱɟɧɵ ɩɪɢ 

ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɰɟɨɥɢɬɵ, ɪɟɚɥɢɡɭɟɦɨɦ ɱɟɪɟɡ 

ɩɟɪɜɢɱɧɭɸ ɭɥɶɬɪɚɡɜɭɤɨɜɭɸ ɨɛɪɚɛɨɬɤɭ ɨɛɪɚɡɰɨɜ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɜɵɞɟɥɟɧɢɟɦ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɢɡ ɜɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ ɢ ɢɯ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦ 

ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟɦ ɜ ɜɵɫɨɤɨɤɢɩɹɳɟɦ ɦɚɫɥɟ. 
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɜɥɢɹɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ (1%)Mg/CBV ɩɪɢ ɪɚɡɧɨɦ SiO2/Al2O3, ɤɨɧɰɟɧɬɪɚɰɢɢ ȾɆɗ ɜ 

ɢɫɯɨɞɧɨɦ ɫɵɪɶɟ. ɋɨɩɨɫɬɚɜɥɟɧɵ ɬɟɤɫɬɭɪɧɵɟ ɢ ɤɢɫɥɨɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ ȾɆɗ ɜ ɨɥɟɮɢɧɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɥɚɪɪɢ-ɪɟɚɤɬɨɪɟ. 

(ɞɢɫɩɟɪɫɢɨɧɧɚɹ ɫɪɟɞɚ- Syltherm 800; ɍɁ-ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟ ɜ ɬɟɱɟɧɢɟ 1,5 ɱ.; WȾɆɗ= 0,14 

ɝ/(ɝ-ɤɚɬ,ɱ)) 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɤɨɧɜɟɪɢɢ ȾɆɗ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɋɟɚɤɰɢɸ 

ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɦ ɪɟɠɢɦɟ ɫɨ ɫɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫ 330 ɨɋ  ɞɨ 

230 ɨɋ (Ɍ-) ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɜɵɲɟɧɢɟɦ ɨɛɪɚɬɧɨ ɞɨ 330 ɨɋ (Ɍ+). ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɦɨɞɭɥɹ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɪɚɡɧɨɦɭ ɜɥɢɹɟɬ ɧɚ ɤɨɧɜɟɪɫɢɸ. ɉɪɢ ɫɧɢɠɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫ 330 ɞɨ 270 ɨɋ (Ɍ-) ɤɨɧɜɟɪɫɢɹ ȾɆɗ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ ɞɥɹ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫ ɦɨɞɭɥɟɦ 50 ɢ 80, ɚ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɦɨɞɭɥɟɦ 30 ɩɪɨɢɫɯɨɞɢɬ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɟɟ ɫɧɢɠɟɧɢɟ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 230 ɨɋ ɤɨɧɜɟɪɫɢɹ 

ȾɆɗ ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ ɞɥɹ ɜɫɟɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɢ ɬɨɥɶɤɨ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɦɨɞɭɥɟɦ 80 

ɩɪɨɢɫɯɨɞɢɬ ɧɟɫɭɳɟɫɬɜɟɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ȾɆɗ ɩɪɢ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɉɪɢ ɩɨɲɚɝɨɜɨɦ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 330ɨ ɋ (Ɍ+) ɚɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɰɨɜ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɦɨɞɭɥɟɦ 50 ɢ 80 ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɞɥɹ  ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɦɨɞɭɥɟɦ 

30 ɩɪɢ ɩɨɞɴɟɦɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɢɫɯɨɞɧɭɸ ɬɨɱɤɭ (330ɨ ɋ) ɚɤɬɢɜɧɨɫɬɶ ɧɟ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. ɉɚɞɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɞɥɹ ɜɫɟɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɜɹɡɚɧɨ ɫ ɢɯ 
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ɞɟɡɚɤɬɢɜɚɰɢɟɣ. Ɉɞɧɚɤɨ ɞɟɡɚɤɬɢɜɚɰɢɹ ɢɡɭɱɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜɨɡɦɨɠɧɨ ɢɦɟɟɬ ɪɚɡɧɭɸ 

ɩɪɢɪɨɞɭ. Ɉɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ ɞɟɡɚɤɬɢɜɚɰɢɸ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɹɜɥɹɟɬɫɹ 

ɫɨɨɬɧɨɲɟɧɢɟ ɜɧɟɲɧɢɯ ɢ ɜɧɭɬɪɟɧɧɢɯ ɫɢɥɚɧɨɥɶɧɵɯ ɝɪɭɩɩ. ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ 

ɡɚ ɞɟɡɚɤɬɢɜɚɰɢɸ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɫɥɚɪɪɢ-ɪɟɚɤɬɨɪɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɬɜɟɱɚɸɬ ɜɧɟɲɧɢɟ 

ɫɢɥɚɧɨɥɶɧɵɟ ɝɪɭɩɩɵ, ɱɬɨ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɨɬɢɜɨɪɟɱɢɢ ɫ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɞɥɹ 

ɝɚɡɨɮɚɡɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɚɤɰɢɢ ɞɥɹ ɜɫɟɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɢɜɨɞɢɬ 

ɤ ɫɧɢɠɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɷɬɢɥɟɧɭ. Ⱦɨɥɹ ɩɪɨɩɢɥɟɧɚ ɜ ɩɪɨɞɭɤɬɚɯ ɩɥɚɜɧɨ ɪɚɫɬɟɬ, ɢ ɩɪɢ 

ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɧ ɫɬɚɧɨɜɢɬɫɹ ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ ɪɟɚɤɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,  

ɩɭɬɟɦ ɩɨɞɛɨɪɚ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɚ ɦɨɠɧɨ ɜɚɪɶɢɪɨɜɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ 

ɷɬɢɥɟɧ/ɩɪɨɩɢɥɟɧ ɜ ɞɢɚɩɚɡɨɧɟ 0,1-2,4. 

ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɫɢɧɬɟɡɚ ɧɢɡɲɢɯ ɨɥɟɮɢɧɨɜ ɜ ɬɪɟɯɮɚɡɧɨɣ 

ɫɢɫɬɟɦɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɵɪɶɹ ɫ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ȾɆɗ (ɜɩɥɨɬɶ ɞɨ 100%), ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɝɚɡɨɮɚɡɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ ɩɪɢ 

ɮɢɧɚɧɫɨɜɨɣ  ɩɨɞɞɟɪɠɤɟ ɎȺɇɈ Ɋɨɫɫɢɢ 

 

Ʌɢɬɟɪɚɬɭɪɚ. 
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ȼɅɂəɇɂȿ ɋɉɈɋɈȻȺ ɉɈɅɍɑȿɇɂə ɇȺɇɈɊȺɁɆȿɊɇɕɏ ɐȿɈɅɂɌɇɕɏ 
ɄȺɌȺɅɂɁȺɌɈɊɈȼ ȼ ɄɈɇȼȿɊɋɂɂ ȾɂɆȿɌɂɅɈȼɈȽɈ ɗɎɂɊȺ  

ȼ ɀɂȾɄɂȿ ɍȽɅȿȼɈȾɈɊɈȾɕ 
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ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ ɫɜɹɡɢ ɫ ɢɫɬɨɳɟɧɢɟɦ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɪɟɫɭɪɫɨɜ 

ɬɪɚɞɢɰɢɨɧɧɨɣ ɧɟɮɬɢ ɢ ɭɠɟɫɬɨɱɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɤ ɟɝɨ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

ɢɧɧɨɜɚɰɢɨɧɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɤɨɦɩɚɧɢɢ ɦɢɪɚ ɜɫɟ ɛɨɥɶɲɟ ɜɧɢɦɚɧɢɹ ɭɞɟɥɹɸɬ 

ɪɚɡɜɢɬɢɸ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ ɪɚɡɥɢɱɧɨɝɨ 

ɭɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ (ɝɚɡ, ɭɝɨɥɶ, ɛɢɨɦɚɫɫɚ) [1,2]. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɹɜɥɹɟɬɫɹ ɜɚɪɢɚɧɬ ɬɟɯɧɨɥɨɝɢɢ ɂɇɏɋ ɊȺɇ 

ɨɞɧɨɫɬɚɞɢɣɧɨɝɨ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ (ȾɆɗ) ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ ɢ 

ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɩɨɫɥɟɞɧɟɝɨ ɜ ɫɦɟɫɶ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ 

ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ (≥80%) [3,4]. ɋɨɫɬɚɜ ɩɪɨɞɭɤɬɚ, ɩɨɥɭɱɚɟɦɨɝɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɚ ZSM-5 (ɜ ɦɚɫ. %): 

ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɍȼ ɨɬ 6 ɞɨ 27, ɧɟɠɟɥɚɬɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ - ɛɟɧɡɨɥ, ɞɭɪɨɥ ≤2; 

ɧɟɩɪɟɞɟɥɶɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ≤3. 

ɋɪɟɞɢ ɢɡɭɱɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɚɯ ɩɨɥɭɱɟɧɢɹ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ 

ɦɟɬɚɧɨɥɚ ɢ/ɢɥɢ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɞɨɫɬɢɝɚɸɬɫɹ ɧɚ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɰɟɨɥɢɬɚɯ ZSM-5, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ Zn [5]. 

ȼ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɦɨɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ SiO2/Al2O3 ɜ ɤɚɪɤɚɫɟ 

ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɰɟɨɥɢɬɚ ɇZSM-5 ɢ ɫɩɨɫɨɛɚ ɜɜɟɞɟɧɢɹ ɤɚɬɢɨɧɨɜ ɰɢɧɤɚ (ɢɨɧɧɵɣ ɨɛɦɟɧ ɢ 

ɩɪɨɩɢɬɤɚ) ɜ ɫɨɫɬɚɜ ɰɟɨɥɢɬɚ ɧɚ ɟɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ 

ɩɪɟɜɪɚɳɟɧɢɢ ȾɆɗ ɜ ɫɦɟɫɶ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɠɢɞɤɢɯ ɍȼ. ɇɚɧɨɪɚɡɦɟɪɧɵɟ ɰɟɨɥɢɬɵ (NZ) 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɢ (ɍɁɈ) ɰɟɨɥɢɬɨɜ NH4-ZSM-5 

(ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɨɦɩɚɧɢɢ Zeolyst) ɫ ɪɚɡɥɢɱɧɵɦ ɦɨɥɶɧɵɦ ɨɬɧɨɲɟɧɢɟɦ SiO2/Al2O3 (30; 55; 

80).  ɋɨɞɟɪɠɚɧɢɟ ɰɢɧɤɚ ɜɨ ɜɫɟɯ ɨɛɪɚɡɰɚɯ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 2 ɦɚɫ.%. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɤɚɬɢɨɧɨɜ ɰɢɧɤɚ ɜ NZ-ɰɟɨɥɢɬɵ ɦɟɬɨɞɨɦ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ (ɧɟ ɧɢɠɟ 85%) ɩɨ ɠɢɞɤɢɦ 

ɭɝɥɟɜɨɞɨɪɨɞɚɦ. ɉɪɢ ɷɬɨɦ ɜ ɫɨɫɬɚɜɟ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨ-ɩɚɪɚɮɢɧɨɜ 

ɩɪɟɜɵɲɚɟɬ 75 %, ɚ ɫɨɞɟɪɠɚɧɢɟ  ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ – ɧɟ ɛɨɥɟɟ 10%.  
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ɉɪɨɜɟɞɟɧɢɟ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɜ ɍɁɈ-ɭɫɥɨɜɢɹɯ (ɍɁ-ɨɛɪɚɛɨɬɤɚ ɰɟɨɥɢɬɚ NH4-ZSM-

5 ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɚɡɨɬɧɨɤɢɫɥɨɝɨ ɰɢɧɤɚ) ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɭɱɟɧɢɸ ɩɪɨɞɭɤɬɚ ɫ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ 90% ɢ ɫɨɞɟɪɠɚɧɢɟɦ ɩɚɪɚɮɢɧɨɜ ɢɡɨ-ɫɬɪɨɟɧɢɹ ɛɨɥɟɟ 78%. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɧɚ ɛɚɡɟ ɂɇɏɋ ɊȺɇ ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ 

ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɩɪɨɟɤɬ №17-73-30046). 
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ɄȺɌȺɅɂɌɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ Mg ɢ Mg-Rh-HZSM-5, ɈȻɊȺȻɈɌȺɇɇɕɏ 
ɍɅɖɌɊȺɁȼɍɄɈɆ, ȼ ɉɊȿȼɊȺɓȿɇɂɂ ȾɂɆȿɌɂɅɈȼɈȽɈ ɗɎɂɊȺ ȼ ɇɂɁɒɂȿ 
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ɋɢɧɬɟɡ ɧɢɡɲɢɯ ɨɥɟɮɢɧɨɜ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɷɬɢɥɟɧɚ ɢ ɩɪɨɩɢɥɟɧɚ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ 

ɱɟɪɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɤɫɢɝɟɧɚɬɨɜ ɩɨɥɭɱɚɟɬ ɜɨɡɪɚɫɬɚɸɳɟɟ ɩɪɨɦɵɲɥɟɧɧɨɟ 

ɩɪɢɦɟɧɟɧɢɟ. ɉɨ ɪɹɞɭ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɩɨɜɵɲɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɨɥɟɟ ɰɟɧɧɨɝɨ 

ɨɥɟɮɢɧɚ – ɩɪɨɩɢɥɟɧɚ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵ ɩɪɨɰɟɫɫɵ ɩɪɹɦɨɝɨ ɫɢɧɬɟɡɚ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɢ ɟɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɨɥɟɮɢɧɵ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɥɨɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɧɚ ɨɫɧɨɜɟ 

ɰɟɨɥɢɬɚ HZSM-5 [1]. 

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɚɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫɢɥɶɧɨ ɡɚɜɢɫɹɬ ɨɬ 

ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɨɬ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɰɟɨɥɢɬɚ ɢ ɪɚɜɧɨɦɟɪɧɨɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɨɫɬɢɱɶ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɦɟɬɚɥɥɨɜ ɢ ɩɨɥɭɱɢɬɶ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɱɚɫɬɢɰɵ ɰɟɨɥɢɬɚ ɜɨɡɦɨɠɧɨ, ɛɥɚɝɨɞɚɪɹ 

ɩɪɢɦɟɧɟɧɢɸ ɪɚɡɥɢɱɧɵɯ ɦɟɯɚɧɢɫɬɢɱɟɫɤɢɯ ɨɛɪɚɛɨɬɨɤ, ɨɞɧɨɣ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ 

ɨɛɪɚɛɨɬɤɚ ɰɟɨɥɢɬɚ ɢɥɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɭɥɶɬɪɚɡɜɭɤɨɦ [2,3]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɵ ɤɢɫɥɨɬɧɵɟ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɰɟɨɥɢɬɧɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɥɭɱɟɧɢɹ ɧɢɡɲɢɯ ɨɥɟɮɢɧɨɜ ɢɡ ȾɆɗ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɦɚɝɧɢɟɦ ɢ 

ɪɨɞɢɟɦ ɢ ɨɛɪɚɛɨɬɚɧɧɵɯ ɭɥɶɬɪɚɡɜɭɤɨɦ ɧɚ ɪɚɡɧɵɯ ɷɬɚɩɚɯ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ.  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɨɦɵɲɥɟɧɧɵɣ 

ɰɟɨɥɢɬ ɬɢɩɚ ZSM-5 ɜ ɚɦɦɨɧɢɣɧɨɣ ɮɨɪɦɟ ɫ ɦɨɥɶɧɵɦ ɨɬɧɨɲɟɧɢɟɦ SiO2/Al2O3 = 37. 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɦɚɝɧɢɟɦ ɢ ɪɨɞɢɟɦ ɩɪɨɜɨɞɢɥɢ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɫɨɥɟɣ ɦɟɬɨɞɨɦ ɛɟɡɨɫɬɚɬɨɱɧɨɣ ɩɪɨɩɢɬɤɢ. ɍɥɶɬɪɚɡɜɭɤɨɜɭɸ ɨɛɪɚɛɨɬɤɭ ɨɫɭɳɟɫɬɜɥɹɥɢ ɥɢɛɨ 

ɞɨ, ɥɢɛɨ ɩɨɫɥɟ, ɥɢɛɨ ɜɨ ɜɪɟɦɹ ɜɜɟɞɟɧɢɹ ɚɤɬɢɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

ɂɫɩɵɬɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɩɪɨɬɨɱɧɨɣ ɦɢɤɪɨɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɭɫɬɚɧɨɜɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 320ɨɋ ɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɦɟɫɶ ɫɨɫɬɚɜɚ 10% ɨɛ. ȾɆɗ ɢ 90% ɨɛ.N2. ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ 

ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ Ƚɀɏ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɰɟɨɥɢɬɚ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ Mg ɧɚ ɰɟɨɥɢɬ HZSM-5, ɩɪɢɜɨɞɢɬ ɤ 

ɩɨɜɵɲɟɧɢɸ ɤɨɧɜɟɪɫɢɢ ȾɆɗ ɧɚ 10-15% ɢ ɛɥɚɝɨɩɪɢɹɬɫɬɜɭɟɬ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɟ 
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ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɨɛɪɚɛɨɬɚɧɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɍɁɈ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ: ɫɧɢɠɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɧɨɥɚ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɞɨɥɹ ɷɬɢɥɟɧɚ ɢ ɛɭɬɟɧɨɜ ɜ ɭɝɥɟɜɨɞɨɪɨɞɧɨɦ ɩɪɨɞɭɤɬɟ, ɩɪɢ ɷɬɨɦ ɫɭɦɦɚɪɧɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɨɛɪɚɡɨɜɚɧɢɹ C2-C4 ɨɥɟɮɢɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɍɁɈ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ. 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ Mg-HZSM-5 ɪɨɞɢɟɦ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ 

ɦɟɬɚɧɨɥɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɥɶɬɪɚɡɜɭɤɨɜɚɹ ɨɛɪɚɛɨɬɤɚ Mg-HZSM-5 ɜ ɩɪɨɰɟɫɫɟ ɜɜɟɞɟɧɢɹ 

ɪɨɞɢɹ ɩɨɜɵɲɚɟɬ ɤɨɧɜɟɪɫɢɸ ȾɆɗ ɢ ɛɥɚɝɨɩɪɢɹɬɫɬɜɭɟɬ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɨɛɪɚɛɨɬɚɧɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ, ɩɪɢ ɷɬɨɦ ɦɟɬɚɧɨɥ ɨɛɪɚɡɭɟɬɫɹ 

ɜ ɫɥɟɞɨɜɵɯ ɤɨɥɢɱɟɫɬɜɚɯ. 
Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɨɥɭɱɚɟɦɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥ 

ɩɪɢɦɟɧɟɧ ɤɨɦɩɥɟɤɫ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ: ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɚɞɫɨɪɛɰɢɹ-

ɞɟɫɨɪɛɰɢɹ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɚ, ɬɟɦɩɟɪɚɬɭɪɧɨ-ɩɪɨɝɪɚɦɦɢɪɭɟɦɚɹ ɞɟɫɨɪɛɰɢɹ ɚɦɦɢɚɤɚ, 

ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɞɢɮɮɭɡɧɨɝɨ ɨɬɪɚɠɟɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ 

ɤɢɫɥɨɬɧɵɦɢ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ Mg-ɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɝɞɟ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɍɁɈ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ Mg ɜɥɟɱɟɬ ɩɨɜɵɲɟɧɢɟ ɞɨɥɢ ɤɢɫɥɨɬɧɵɯ 

ɰɟɧɬɪɨɜ Ȼɪɟɧɫɬɟɞɚ ɫɪɟɞɧɟɣ ɫɢɥɵ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɨɧɜɟɪɫɢɢ 

ȾɆɗ. 
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ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɦɟɦɛɪɚɧɧɵɟ ɦɟɬɨɞɵ ɩɪɢɨɛɪɟɬɚɸɬ ɜɫɟ ɛɨɥɟɟ 

ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɫɦɟɫɟɣ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢ ɠɢɞɤɢɯ ɜɟɳɟɫɬɜ [1]. Ɋɚɡɜɢɬɢɟ 

ɨɬɪɚɫɥɢ ɦɟɦɛɪɚɧɧɨɝɨ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ ɜ Ɋɨɫɫɢɢ ɚɤɬɭɚɥɶɧɨ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɨɬɨɦɭ, ɱɬɨ 

ɧɚɲɚ ɫɬɪɚɧɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɤɪɭɩɧɟɣɲɢɯ ɦɢɪɨɜɵɯ ɥɢɞɟɪɨɜ ɢ ɩɨ ɡɚɩɚɫɚɦ, ɢ ɩɨ ɞɨɛɵɱɟ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢɪɨɞɧɨɝɨ ɢ ɩɨɩɭɬɧɵɯ ɝɚɡɨɜ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɯ 

ɜɢɞɨɜ ɝɚɡɨɜɵɯ ɤɨɧɞɟɧɫɚɬɨɜ. ɇɚɢɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɩɪɨɰɟɫɫɵ ɪɚɡɞɟɥɟɧɢɹ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɮɪɚɤɰɢɣ ɫɨɫɬɚɜɚ ɋ1 – ɋ4, ɫ ɩɨɥɭɱɟɧɢɟɦ ɦɟɬɚɧɨɜɨɣ ɮɪɚɤɰɢɢ ɢ ɮɪɚɤɰɢɢ 

ɋ3+, ɚ ɬɚɤɠɟ ɜɵɞɟɥɟɧɢɟ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢɡ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɦɟɫɟɣ ɢ ɟɝɨ 

ɭɬɢɥɢɡɚɰɢɹ (ɧɚɩɪɢɦɟɪ, ɡɚɤɚɱɤɚ ɜ ɫɤɜɚɠɢɧɵ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɨɬɞɚɱɢ) [2]. Ɉɛɳɟɩɪɢɧɹɬɚɹ ɢ 

ɯɨɪɨɲɨ ɨɬɪɚɛɨɬɚɧɧɚɹ ɜɨ ɜɫɟɦ ɦɢɪɟ ɬɟɯɧɨɥɨɝɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ ɜɟɫɶɦɚ ɞɨɪɨɝɨɫɬɨɹɳɚ ɤɚɤ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɩɢɬɚɥɶɧɵɯ 

ɜɥɨɠɟɧɢɣ, ɬɚɤ ɢ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɡɚɬɪɚɬɚɦ. ɋɭɳɟɫɬɜɟɧɧɵɣ ɩɪɨɪɵɜ ɜ ɷɬɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ ɦɨɠɟɬ ɞɚɬɶ ɪɚɡɪɚɛɨɬɤɚ ɢ ɩɪɢɦɟɧɟɧɢɟ ɝɚɡɨɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɦɟɦɛɪɚɧ, 

ɫɟɥɟɤɬɢɜɧɵɯ ɩɨ ɭɝɥɟɜɨɞɨɪɨɞɚɦ ɋ3+.  

ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɦɟɦɛɪɚɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɪɚɡɞɟɥɹɟɦɵɯ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɩɪɨɢɡɜɟɞɟɧɢɟɦ 

ɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɮɮɭɡɢɢ ɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɦɚɬɟɪɢɚɥɟ ɦɟɦɛɪɚɧɵ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɜɵɞɟɥɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ3+ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɦɟɦɛɪɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɫɟɥɟɤɬɢɜɧɵɣ ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɵɯ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɪɚɫɬɜɨɪɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɷɮɮɟɤɬɢɜɧɨ ɨɬɞɟɥɹɬɶ ɜɟɳɟɫɬɜɚ ɫ ɛɨɥɟɟ 

ɤɪɭɩɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɨɬ ɜɟɳɟɫɬɜ ɫ ɦɨɥɟɤɭɥɚɦɢ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ [2, 3].  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɪɟɲɚɬɶ ɷɬɢ ɡɚɞɚɱɢ ɩɨɡɜɨɥɹɸɬ 

ɦɟɦɛɪɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɞɜɭɯ ɬɢɩɨɜ ɩɨɥɢɦɟɪɨɜ – ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɵɟ 

ɫɬɟɤɥɨɨɛɪɚɡɧɵɟ ɩɨɥɢɦɟɪɵ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɩɨɥɢɬɪɢɦɟɬɢɥɫɢɥɢɥɩɪɨɩɢɧ (ɉɌɆɋɉ) [4] ɢ 

ɫɢɥɢɤɨɧɨɜɵɟ ɤɚɭɱɭɤɢ (ɩɨɥɢɞɢɦɟɬɢɥɫɢɥɨɤɫɚɧ (ɉȾɆɋ), ɚ ɬɚɤɠɟ 

ɩɨɥɢɨɤɬɢɥɦɟɬɢɥɫɢɥɨɤɫɚɧ (ɉɈɆɋ)) ɫ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɬɟɤɥɨɜɚɧɢɹ ɢ ɜɵɫɨɤɨɣ 

ɫɟɝɦɟɧɬɚɥɶɧɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ ɦɚɤɪɨɦɨɥɟɤɭɥ [5]. Ɍɚɤ ɤɚɤ ɞɥɹ ɉɌɆɋɉ ɢ ɞɪɭɝɢɯ 

ɧɚɧɨɩɨɪɢɫɬɵɯ ɩɨɥɢɦɟɪɨɜ ɯɚɪɚɤɬɟɪɧɚ ɩɪɨɛɥɟɦɚ «ɫɬɚɪɟɧɢɹ» (ɫɧɢɠɟɧɢɹ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɜɨ 
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ɜɪɟɦɟɧɢ) [6], ɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɢɧɬɟɧɫɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɪɚɛɨɬ ɩɨ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɧɚɧɨɩɨɪɢɫɬɵɯ ɫɬɟɤɨɥ, ɩɪɚɤɬɢɱɟɫɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɢɯ ɩɨɥɢɦɟɪɨɜ ɡɚɬɪɭɞɧɟɧɨ. ȼ ɬɨ 

ɠɟ ɜɪɟɦɹ, ɫɢɥɢɤɨɧɨɜɵɟ ɤɚɭɱɭɤɢ ɯɨɬɹ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɟɧɶɲɟɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ, ɱɟɦ 

ɉɌɆɋɉ, ɨɞɧɚɤɨ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɨ 

ɜɪɟɦɟɧɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɦ ɧɚɯɨɞɢɬɶ ɪɟɚɥɶɧɨɟ ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ [1]. 

ɉɨɥɢɞɢɦɟɬɢɥɚɥɤɢɥɟɧɫɢɥɨɤɫɚɧɵ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɤɚɤ ɫɢɥɚɥɤɢɥɟɧɨɜɵɟ ɬɚɤ 

ɢ ɫɢɥɨɤɫɚɧɨɜɵɟ ɮɪɚɝɦɟɧɬɵ, ɹɜɥɹɸɬɫɹ ɝɢɛɪɢɞɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɫɨɱɟɬɚɬɶ ɦɟɦɛɪɚɧɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɞɢɦɟɬɢɥɫɢɥɨɤɫɚɧɚ ɢ ɩɨɥɢɫɢɥɚɥɤɢɥɟɧɨɜ [6], ɱɬɨ 

ɜɵɝɨɞɧɨ ɢɯ ɨɬɥɢɱɚɟɬ ɨɬ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɨɥɢɦɟɪɨɜ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ 

ɜɥɢɹɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɫɢɥɨɤɫɚɧɨɜɨɝɨ ɢ ɫɢɥɚɥɤɢɥɟɧɨɜɵɯ ɮɪɚɝɦɟɧɬɨɜ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɞɢɮɮɭɡɢɢ ɢ ɫɨɪɛɰɢɢ ɛɭɬɚɧɚ ɢ ɦɟɬɚɧɚ ɞɥɹ ɞɜɭɯ ɫɨɫɟɞɧɢɯ ɩɨɥɢɦɟɪ – 

ɝɨɦɨɥɨɝɨɜ: ɩɨɥɢɞɢɦɟɬɢɥɫɢɥɞɢɦɟɬɢɥɟɧ (ɉɋȾɆɋ) - ɢ ɩɨɥɢɞɢɦɟɬɢɥɫɢɥɬɪɢɦɟɬɢɥɟɧ 

(ɉɋɌɆɋ) – ɞɢɦɟɬɢɥɫɢɥɨɤɫɚɧɚ.   

ɋɢɧɬɟɡ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɉɋȾɆɋ ɢ ɉɋɌɆɋ ɩɪɨɜɨɞɢɥɢ ɩɭɬɟɦ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫ ɪɚɫɤɪɵɬɢɟɦ ɰɢɤɥɚ ɢɡ ɜɵɫɨɤɨɱɢɫɬɵɯ ɰɢɤɥɢɱɟɫɤɢɯ ɦɨɧɨɦɟɪɨɜ: 1,1,3,3-

ɬɟɬɪɚɦɟɬɢɥ-2-ɨɤɫɚ-1,3-ɞɢɫɢɥɚɰɢɤɥɨɩɟɧɬɚɧɚ ɢ 1,1,3,3-Ɍɟɬɪɚɦɟɬɢɥ-2-ɨɤɫɚ-1,3-

ɞɢɫɢɥɚɰɢɤɥɨɝɟɤɫɚɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ɇɟɦɛɪɚɧɵ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɩɨɥɢɜɚ 2,0%-ɝɨ ɪɚɫɬɜɨɪɚ ɩɨɥɢɦɟɪɚ ɜ ɝɟɤɫɚɧɟ ɧɚ 

ɰɟɥɥɨɮɚɧ. ȼ ɨɬɞɟɥɶɧɵɯ ɟɦɤɨɫɬɹɯ ɝɨɬɨɜɢɥɢ ɝɟɤɫɚɧɨɜɵɟ ɪɚɫɬɜɨɪɵ ɩɨɥɢɦɟɪɨɜ, 

ɫɲɢɜɚɸɳɟɝɨ ɚɝɟɧɬɚ (ɌɗɈɋ) ɢ ɤɚɬɚɥɢɡɚɬɨɪɚ (ɞɢɦɟɬɢɥɞɢɧɟɨɞɟɤɚɧɨɚɬ ɨɥɨɜɚ). Ɋɚɫɬɜɨɪ 

ɩɨɥɢɦɟɪɚ ɮɢɥɶɬɪɨɜɚɥɢ ɱɟɪɟɡ ɦɢɤɪɨɮɢɥɶɬɪ, ɞɨɛɚɜɥɹɥɢ ɤ ɧɟɦɭ ɪɚɫɬɜɨɪɵ ɌɗɈɋ ɢ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɢɧɬɟɧɫɢɜɧɨ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜ ɬɟɱɟɧɢɟ 1 ɱɚɫɚ. ɋɨɨɬɧɨɲɟɧɢɟ 

ɩɨɥɢɦɟɪ:ɌɗɈɋ:ɤɚɬɚɥɢɡɚɬɨɪ ɪɚɜɧɹɥɨɫɶ 10:1:0,2 [3]. ɉɨɥɭɱɟɧɧɵɣ ɝɨɦɨɝɟɧɧɵɣ ɪɚɫɬɜɨɪ 

ɨɬɥɢɜɚɥɢ ɧɚ ɰɟɥɥɨɮɚɧ ɢ ɫɭɲɢɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 72 ɱ, ɚ ɡɚɬɟɦ ɜ 

ɜɚɤɭɭɦɧɨɦ ɲɤɚɮɭ 5 ɱ ɩɪɢ 80ɨɋ. Ɍɨɥɳɢɧɚ ɩɥɟɧɨɤ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɢɧɬɟɪɜɚɥɟ 37-44 ɦɤɦ. 

Ⱦɢɚɦɟɬɪ ɢɫɯɨɞɧɵɯ ɩɥɟɧɨɤ ɫɨɫɬɚɜɥɹɥ 7,5 ɫɦ.  

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢ ɞɢɮɮɭɡɢɢ ɦɟɬɚɧɚ ɢ ɛɭɬɚɧɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ 

ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ Ⱦɚɣɧɟɫɚ-Ȼɚɪɪɟɪɚ ɧɚ ɩɪɟɰɢɡɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɮɢɪɦɵ Helmholtz-

Zentrum Geesthacht, ɨɛɨɪɭɞɨɜɚɧɧɨɣ ɞɚɬɱɢɤɨɦ ɞɚɜɥɟɧɢɹ ɮɢɪɦɵ Baratron ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 

10-7 ɚɬɦ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɭɤɚɡɚɧ ɜ ɛɚɪɪɟɪɚɯ: 1 ɛɚɪɪɟɪ = ɫɦ3(STP)ɫɦ/(ɫɦ2 ɫ 

ɫɦ.ɪɬ.ɫɬ.)·1010. Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɪɛɰɢɢ ɧɚɯɨɞɢɥɢ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɤ ɤɨɷɮɮɢɰɢɟɧɬɭ ɞɢɮɮɭɡɢɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɩɪɢ ɞɚɜɥɟɧɢɢ 0,8 ɛɚɪ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ȼɢɞɧɨ, ɱɬɨ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɜɵɫɨɤɭɸ ɢɞɟɚɥɶɧɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 



594 

 

ɛɭɬɚɧ/ɦɟɬɚɧ (α = 22,5 ɞɥɹ ɉɋȾɆɋ ɢ 23,2 ɞɥɹ ɉɋɌɆɋ) ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɢɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɨɧɢɰɚɟɦɨɫɬɢ (Ɋ = 7400-9000 ɛɚɪɪɟɪ). ɂɡɜɟɫɬɧɨ [9], ɱɬɨ ɢɞɟɚɥɶɧɚɹ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɞɥɹ ɷɬɨɣ ɩɚɪɵ ɝɚɡɨɜ ɜ ɫɥɭɱɚɟ ɦɟɦɛɪɚɧɵ ɢɡ ɉȾɆɋ ɫɨɫɬɚɜɥɹɟɬ 11.0 ɩɪɢ 

ɡɧɚɱɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɛɭɬɚɧɚ 14000 ɛɚɪɪɟɪ.  

 

Ɍɚɛɥɢɰɚ 1. Ƚɚɡɨɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɦɟɦɛɪɚɧ ɉɋȾɆɋ ɢ ɉɋɌɆɋ  

(t = 30°C, p = 0.8 ɛɚɪ) 

ȼɟɥɢɱɢɧɚ 
ɉɋȾɆɋ ɉɋɌɆɋ 

Ɇɟɬɚɧ Ȼɭɬɚɧ α Ɇɟɬɚɧ Ȼɭɬɚɧ α 

Ɋ, ɛɚɪɪɟɪ 400 9000 22.4 320 7500 23.2 

D·108, ɫɦ2/ɫ 1400 320 0.22 600 120 0.2 

S·102, 

ɫɦ3/ɫɦ3·ɫɦ.ɪɬ.ɫɬ. 
0.3 28.3 100 0.5 62.5 125 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 1, ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɛɭɬɚɧɭ 

ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɫɨɪɛɰɢɢ. Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɪɛɰɢɢ ɩɨ ɛɭɬɚɧɭ ɩɨɱɬɢ ɧɚ 

ɞɜɚ ɩɨɪɹɞɤɚ ɜɵɲɟ, ɱɟɦ ɩɨ ɦɟɬɚɧɭ ɢ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ɜ ɰɟɩɢ ɩɨɥɢɦɟɪɚ ɫ 28,3 ɞɥɹ ɉɋȾɆɋ ɞɨ 62,5 ɞɥɹ ɉɋɌɆɋ.  ɋɟɥɟɤɬɢɜɧɨɫɬɶ 

ɞɢɮɮɭɡɢɢ ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ ɢ ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɤ ɫɧɢɠɟɧɢɸ ɜ ɪɹɞɭ ɉȾɆɋ > ɉɋȾɆɋ > 

ɉɋɌɆɋ. ɋ ɜɨɡɪɚɫɬɚɧɢɟɦ ɞɥɢɧɵ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɩɨɥɢɦɟɪɚ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɛɭɬɚɧ/ɦɟɬɚɧ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɫɧɢɠɚɟɬɫɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɩɨ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɝɚɡɚɦ. ȼɨɡɪɚɫɬɚɧɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɛɭɬɚɧ/ɦɟɬɚɧ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ 

ɩɨɜɵɲɟɧɢɹ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɛɭɬɚɧɚ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 

ɦɚɬɟɪɢɚɥɚɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɚɪɶɢɪɭɹ ɞɥɢɧɭ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ ɨɫɧɨɜɧɨɣ 

ɰɟɩɢ ɩɨɥɢɰɢɤɥɨɤɚɪɛɨɫɢɥɨɤɫɚɧɨɜ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɫɨɪɛɰɢɨɧɧɨ-ɫɟɥɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ 

ɫ ɨɩɬɢɦɚɥɶɧɵɦɢ ɬɪɚɧɫɩɨɪɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɚɡɞɟɥɢɬɟɥɶɧɵɯ 

ɡɚɞɚɱ.  

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ 
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ɊȺɁɊȺȻɈɌɄȺ ɂ ɉɊɂɆȿɇȿɇɂȿ ɄɈɆɉɈɁɂɐɂɈɇɇɕɏ 
ɉɈɅɈȼɈɅɈɄɈɇɇɕɏ ɆȿɆȻɊȺɇ ȾɅə ɈɉɌɂɆɂɁȺɐɂɂ 

ɆȺɋɋɈɈȻɆȿɇɇɕɏ ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɆȿɆȻɊȺɇɇɈȽɈ ɄɈɇɌȺɄɌɈɊȺ 
ȽȺɁ-ɀɂȾɄɈɋɌɖ ȼ ɉɊɈɐȿɋɋȿ ɊȺɁȾȿɅȿɇɂə ɋɆȿɋɂ ɗɌɂɅȿɇ/ɗɌȺɇ  

Ɉɜɱɚɪɨɜɚ Ⱥ.Ⱥ. 1, Ȼɨɪɢɫɨɜ ɂ.Ʌ.1, ȼɚɫɢɥɟɜɫɤɢɣ ȼ.ɉ.1, Ȼɚɠɟɧɨɜ ɋ.Ⱦ.1, 
 Ȼɢɥɶɞɸɤɟɜɢɱ Ⱥ.ȼ.2, ȼɨɥɤɨɜ ȼ.ȼ.1 

DEVELOPMENT AND APPLICATION OF COMPOSITE HOLLOW FIBER 

MEMBRANES FOR OPTIMIZATION OF MASS-TRANSFER PROPERTIES OF 

GAS-LIQUID MEMBRANE CONTACTOR IN ETHYLENE/ETHANE SEPARATION  
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: sbazhenov@ips.ac.ru 
2 ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɨ-ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɇȺɇȻ, Ɇɢɧɫɤ 

 

 ɉɨɥɨɜɨɥɨɤɨɧɧɵɟ ɦɟɦɛɪɚɧɧɵɟ ɤɨɧɬɚɤɬɨɪɵ ɝɚɡ-ɠɢɞɤɨɫɬɶ ɹɜɥɹɸɬɫɹ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɨɜɵɦ, ɦɧɨɝɨɨɛɟɳɚɸɳɢɦ ɩɨɞɯɨɞɨɦ ɤ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɪɚɡɞɟɥɟɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ [1]. ȼ ɱɚɫɬɧɨɫɬɢ, ɨɧɢ ɩɟɪɫɩɟɤɬɢɜɧɵ ɞɥɹ ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ 

ɪɚɡɞɟɥɟɧɢɹ ɩɪɟɞɟɥɶɧɵɯ ɢ ɧɟɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ [2]. Ɋɚɧɟɟ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬɵ [2] 

ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɜɵɞɟɥɟɧɢɹ ɷɬɢɥɟɧɚ ɢɡ ɫɦɟɫɢ ɫ ɷɬɚɧɨɦ ɜ ɦɟɦɛɪɚɧɧɨɦ 

ɤɨɧɬɚɤɬɨɪɟ ɝɚɡ-ɠɢɞɤɨɫɬɶ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɧɢɬɪɚɬɚ ɫɟɪɟɛɪɚ ɜ ɤɚɱɟɫɬɜɟ 

ɫɟɥɟɤɬɢɜɧɨɝɨ ɚɛɫɨɪɛɟɧɬɚ ɷɬɢɥɟɧɚ ɩɪɨɢɫɯɨɞɢɬ ɨɬɥɨɠɟɧɢɟ ɤɪɢɫɬɚɥɥɨɜ AgNO3 ɜ ɩɨɪɢɫɬɨɣ 

ɫɬɪɭɤɬɭɪɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɦɟɡɨɩɨɪɢɫɬɵɯ ɦɟɦɛɪɚɧ, ɱɬɨ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ 

ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɢɯ ɦɚɫɫɨɨɛɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ (ɫɪɟɞɧɢɣ ɫɪɨɤ ɫɥɭɠɛɵ ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɟɦɛɪɚɧ – 2 ɝɨɞɚ), ɩɪɢɜɨɞɹ ɤ 

ɱɚɫɬɢɱɧɨɣ ɛɥɨɤɢɪɨɜɤɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɪ.  

 Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɷɬɨɝɨ ɷɮɮɟɤɬɚ ɚɜɬɨɪɚɦɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɟɞɥɨɠɟɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɦɛɪɚɧɧɵɣ ɤɨɧɬɚɤɬɨɪ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ ɜ ɜɢɞɟ 

ɚɫɢɦɦɟɬɪɢɱɧɵɯ ɩɨɪɢɫɬɵɯ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɩɨɞɥɨɠɟɤ ɫ ɬɨɧɤɢɦ ɫɟɥɟɤɬɢɜɧɵɦ 

ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɵɦ ɫɥɨɟɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. ɗɬɨɬ ɫɥɨɣ ɫɥɭɠɢɬ ɛɚɪɶɟɪɨɦ ɞɥɹ 

ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɠɢɞɤɨɫɬɢ ɢ ɩɪɟɞɨɯɪɚɧɹɟɬ ɩɨɪɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɩɨɞɥɨɠɤɢ 

ɨɬ ɟɟ ɜɨɡɞɟɣɫɬɜɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɫɟɥɟɤɬɢɜɧɨɝɨ ɫɥɨɹ ɩɪɟɞɥɨɠɟɧ ɧɚɧɨɩɨɪɢɫɬɵɣ 

ɫɬɟɤɥɨɨɛɪɚɡɧɵɣ ɩɨɥɢɦɟɪ ɤɥɚɫɫɚ ɡɚɦɟɳɟɧɧɵɯ ɩɨɥɢɚɰɟɬɢɥɟɧɨɜ - ɩɨɥɢ[1-ɬɪɢɦɟɬɢɥɫɢɥɢɥ-

1-ɩɪɨɩɢɧ]ɚ (ɉɌɆɋɉ), ɨɛɥɚɞɚɸɳɢɣ ɪɟɤɨɪɞɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ 

ɩɨ ɷɬɢɥɟɧɭ (61 ɦ3(ɧ.ɭ.)·ɦɤɦ/(ɦ2·ɱ·ɛɚɪ)), ɞɢɨɤɫɢɞɭ ɭɝɥɟɪɨɞɚ (71 ɦ3(ɧ.ɭ.)·ɦɤɦ/(ɦ2·ɱ·ɛɚɪ)), 

ɢ ɞɪɭɝɢɦ ɝɚɡɚɦ. ɗɬɨ ɦɢɧɢɦɢɡɢɪɭɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɫɫɨɩɟɪɟɧɨɫɭ ɜ ɯɨɞɟ ɩɪɨɰɟɫɫɚ 

ɜɵɞɟɥɟɧɢɹ ɷɬɢɥɟɧɚ, ɜɧɨɫɢɦɨɟ ɫɟɥɟɤɬɢɜɧɵɦ ɫɥɨɟɦ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɦɟɦɛɪɚɧɵ. ȼ 

ɤɚɱɟɫɬɜɟ ɩɨɞɥɨɠɟɤ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɚɫɢɦɦɟɬɪɢɱɧɵɟ ɩɨɥɨɜɨɥɨɤɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɫ 

ɦɟɡɨɩɨɪɢɫɬɵɦ ɫɤɢɧ-ɫɥɨɟɦ ɢɡ ɩɨɥɢɫɭɥɶɮɨɧɚ (ɉɋɎ), ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɪɚɧɟɟ ɜ ɪɚɛɨɬɟ [3]. 

Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɝɨ ɧɚɧɟɫɟɧɢɹ ɬɚɤɨɝɨ ɫɥɨɹ ɢɡ ɮɨɪɦɨɜɨɱɧɵɯ 
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ɪɚɫɬɜɨɪɨɜ ɉɌɆɋɉ ɜ ɧ-ɝɟɤɫɚɧɟ ɧɚ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɩɨɞɥɨɠɟɤ. 

Ɍɢɩɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ (P/l) ɢ ɢɞɟɚɥɶɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɩɚɪɟ ɝɚɡɨɜ 

α(CO2/N2) ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ, ɫɮɨɪɦɨɜɚɧɧɵɯ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ, ɩɪɢɜɟɞɟɧɵ 

ɜ ɬɚɛɥ. 1. Ȼɵɥɢ ɨɫɭɳɟɫɬɜɥɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɜɚɪɶɢɪɨɜɚɧɢɸ ɫɨɫɬɚɜɨɜ ɮɨɪɦɨɜɨɱɧɵɯ 

ɪɚɫɬɜɨɪɨɜ ɢ ɧɚɣɞɟɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɫɬɜɨɪɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 1% ɦɚɫɫ. ɉɌɆɋɉ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɬɨɧɤɢɟ ɛɟɡɞɟɮɟɤɬɧɵɟ ɫɥɨɢ ɉɌɆɋɉ ɬɨɥɳɢɧɨɣ 4-5 ɦɤɦ. ɂɡɨɛɪɚɠɟɧɢɹ 

ɩɨɥɭɱɚɟɦɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɤɚɧɢɪɭɸɳɟɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɋɗɆ), ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1.  

 

Ɍɚɛɥɢɰɚ 1. Ƚɚɡɨɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɉɌɆɋɉ ɦɟɦɛɪɚɧ ɧɚ 

ɩɨɥɨɜɨɥɨɤɨɧɧɨɣ ɉɋɎ ɩɨɪɢɫɬɨɣ ɩɨɞɥɨɠɤɟ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 

ɮɨɪɦɨɜɚɧɢɹ 

ω(PTMSP), % 
ɦɚɫɫ. ɂɦɩɪɟɝɧɚɧɬ 

P/l (N2),  

ɦ3 (ɧ.ɭ.) /ɦ2·ɱ·ɛɚɪ 

P/l (ɋɈ2),  

ɦ3 (ɧ.ɭ.) /ɦ2·ɱ·ɛɚɪ 
α(ɋɈ2/N2) 

1 H2O 4,4 6,5 1,5 

1 ɝɥɢɰ.20%/H2O 0,5 3,3 6,6 

0,7 ɝɥɢɰ.20%/H2O 0,8 4,8 5,8 

0,5 ɝɥɢɰ.20%/H2O 15,5 19 1,2 

 

   

ɚ ɛ ɜ 

Ɋɢɫ. 1. ɋɗɆ-ɢɡɨɛɪɚɠɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɦɟɦɛɪɚɧ ɫ ɫɟɥɟɤɬɢɜɧɵɦ 

ɫɥɨɟɦ ɉɌɆɋɉ ɧɚ ɩɨɥɨɜɨɥɨɤɨɧɧɨɣ ɦɟɡɨɩɨɪɢɫɬɨɣ ɩɨɞɥɨɠɤɟ ɢɡ ɩɨɥɢɫɭɥɶɮɨɧɚ, 

ɫɮɨɪɦɨɜɚɧɧɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 1 % (ɚ); 0,7 % (ɛ) ɢ 0.5 % (ɜ) ɪɚɫɬɜɨɪɚ ɉɌɆɋɉ ɜ ɧ-

ɝɟɤɫɚɧɟ. 

 

Ȼɵɥɨ ɧɚɣɞɟɧɨ (ɫɦ. ɬɚɛɥ. 1), ɱɬɨ ɩɪɟɞɨɛɪɚɛɨɬɤɚ ɢɫɯɨɞɧɵɯ ɩɨɞɥɨɠɟɤ ɢɦɩɪɟɝɧɢɪɭɸɳɢɦ 

ɚɝɟɧɬɨɦ ɢ ɩɪɚɜɢɥɶɧɵɣ ɟɝɨ ɜɵɛɨɪ ɤɪɢɬɢɱɟɫɤɢ ɜɚɠɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɟɡɞɟɮɟɤɬɧɵɯ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ. Ɍɚɤ, ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɦɩɪɟɝɧɚɰɢɹ 20% 
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ɦɚɫɫ. ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɝɥɢɰɟɪɢɧɚ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɝɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ 

ɮɨɪɦɨɜɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜɧɭɬɪɶ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɞɥɨɠɤɢ ɫɨɫɬɚɜɥɹɟɬ, ɩɨ ɞɚɧɧɵɦ 

ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɣ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ (ɗȾɊɋ), ɧɟ ɛɨɥɟɟ 1 ɦɤɦ, ɤɚɤ 

ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2.  

 

Ɋɢɫ. 2. ɋɗɆ-ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɗȾɊɋ-ɩɪɨɮɢɥɢ ɤɪɟɦɧɢɹ (Si) ɢ ɫɟɪɵ (S) ɜ 

ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɩɨɥɨɜɨɥɨɤɨɧɧɨɣ ɦɟɦɛɪɚɧɵ: ɬɨɧɤɢɣ 

ɫɟɥɟɤɬɢɜɧɵɣ ɫɥɨɣ ɉɌɆɋɉ ɧɚ ɩɨɪɢɫɬɨɣ ɩɨɥɨɜɨɥɨɤɨɧɧɨɣ ɩɨɞɥɨɠɤɟ ɢɡ ɉɋɎ. 

 

Ɉɬɫɭɬɫɬɜɢɟ ɞɟɮɟɤɬɨɜ ɜ ɩɨɥɭɱɟɧɧɵɯ ɦɟɦɛɪɚɧɚɯ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɩɨ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ (ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɩɨ ɞɢɨɤɫɢɞɭ ɭɝɥɟɪɨɞɚ – 3,3 ɦ3(ɧ.ɭ.)/(ɦ2·ɱ·ɛɚɪ), ɩɨ 

ɚɡɨɬɭ – 0,5 ɦ3(ɧ.ɭ.)/(ɦ2·ɱ·ɛɚɪ), ɢɞɟɚɥɶɧɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ – 6,6, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɫɚɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɉɌɆɋɉ), ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟɦ ɩɪɨɬɟɤɚɧɢɹ ɜɨɞɧɵɯ 

ɪɚɫɬɜɨɪɨɜ ɧɢɬɪɚɬɚ ɫɟɪɟɛɪɚ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɜɩɥɨɬɶ ɞɨ ɞɚɜɥɟɧɢɹ ɪɚɡɪɵɜɚ ɜɨɥɨɤɧɚ ( 11 ɛɚɪ).  

 ɇɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɦɟɦɛɪɚɧ ɛɵɥ 

ɫɨɡɞɚɧ ɥɚɛɨɪɚɬɨɪɧɵɣ ɦɟɦɛɪɚɧɧɵɣ ɤɨɧɬɚɤɬɨɪ ɝɚɡ-ɠɢɞɤɨɫɬɶ, ɤɨɬɨɪɵɣ ɛɵɥ ɢɫɫɥɟɞɨɜɚɧ ɜ 

ɩɪɨɰɟɫɫɟ ɜɵɞɟɥɟɧɢɹ ɷɬɢɥɟɧɚ ɢɡ ɟɝɨ ɫɦɟɫɢ ɫ ɷɬɚɧɨɦ ɩɪɢ ɩɨɞɚɱɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ 

ɚɡɨɬɧɨɤɢɫɥɨɝɨ ɫɟɪɟɛɪɚ ɜɨ ɜɧɭɬɪɟɧɧɢɣ ɤɚɧɚɥ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɦɟɦɛɪɚɧ. ɍɞɟɥɶɧɚɹ 

ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɚ ɮɚɡ (1490 ɦ2/ɦ3) ɫɨɡɞɚɧɧɨɝɨ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɟɦɛɪɚɧɧɨɝɨ 

ɤɨɧɬɚɤɬɨɪɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɩɪɨɦɵɲɥɟɧɧɵɦ ɨɛɪɚɡɰɚɦ ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɤɨɧɬɚɤɬɨɪɨɜ. 

Ȼɵɥ ɩɪɨɜɟɞɟɧ ɨɛɲɢɪɧɵɣ ɤɨɦɩɥɟɤɫ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɜɥɢɹɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɢɬɪɚɬɚ 

ɫɟɪɟɛɪɚ ɜ ɚɛɫɨɪɛɟɧɬɟ, ɥɢɧɟɣɧɵɯ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɜɵɞɟɥɟɧɢɹ ɷɬɢɥɟɧɚ ɢɡ ɟɝɨ ɫɦɟɫɢ ɫ ɷɬɚɧɨɦ ɜ ɦɟɦɛɪɚɧɧɨɦ ɤɨɧɬɚɤɬɨɪɟ. Ȼɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ 

ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ ɤɨɧɬɚɤɬɨɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɷɬɢɥɟɧɚ 

174 ɥ(ɧ.ɭ.)/(ɦ2·ɱ·ɚɬɦ): ɫɨɞɟɪɠɚɧɢɟ ɧɢɬɪɚɬɚ ɫɟɪɟɛɪɚ ɜ ɚɛɫɨɪɛɟɧɬɟ 3 ɦɨɥɶ/ɥ, ɥɢɧɟɣɧɨɣ 
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ɫɤɨɪɨɫɬɢ ɚɛɫɨɪɛɟɧɬɚ 40 ɫɦ/ɫ ɢ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢ 3 ɦ/ɫ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɷɬɢɥɟɧɚ ɫɨɫɬɚɜɢɥɚ 25% ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ. Ȼɵɥɢ 

ɩɪɨɜɟɞɟɧɵ ɞɨɥɝɨɫɪɨɱɧɵɟ ɢɫɩɵɬɚɧɢɹ ɦɟɦɛɪɚɧɧɨɝɨ ɤɨɧɬɚɤɬɨɪɚ ɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ (ɫɦ. ɪɢɫ. 

3), ɱɬɨ ɦɚɫɫɨɨɛɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɬɚɤɬɨɪɚ ɧɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɦɟɦɛɪɚɧ ɫ ɬɨɧɤɢɦ ɫɟɥɟɤɬɢɜɧɵɦ ɫɥɨɟɦ ɢɡ 

ɧɚɧɨɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ ɩɨɥɢɦɟɪɚ ɉɌɆɋɉ ɧɚ ɩɨɪɢɫɬɨɣ ɩɨɞɥɨɠɤɟ ɢɡ ɉɋɎ 

ɫɬɚɛɢɥɶɧɵ ɜɨ ɜɪɟɦɟɧɢ.  

 

Ɋɢɫ. 3. ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɷɬɢɥɟɧɚ ɩɪɢ ɞɨɥɝɨɫɪɨɱɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɦɛɪɚɧɧɨɝɨ ɤɨɧɬɚɤɬɨɪɚ. 

 

ɋɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɫɚ ɜ ɪɟɠɢɦɟ ɫɬɚɛɢɥɶɧɨɝɨ ɫɟɥɟɤɬɢɜɧɨɝɨ ɜɵɞɟɥɟɧɢɹ 

ɷɬɢɥɟɧɚ ɢɡ ɟɝɨ ɫɦɟɫɢ ɫ ɷɬɚɧɨɦ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ 

[4,5], ɚ ɬɚɤɠɟ ɫ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɪɚɦɤɚɯ ɪɚɛɨɬɵ [2], ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɨɟ 

ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɷɬɢɥɟɧɚ (~ 70 ɥ (ɧ.ɭ.)/(ɦ2·ɱ·ɚɬɦ)) ɜ ɦɟɦɛɪɚɧɧɨɦ 

ɤɨɧɬɚɤɬɨɪɟ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɦɟɦɛɪɚɧ ɡɚɤɨɧɨɦɟɪɧɨ ɧɢɠɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɦɟɡɨɩɨɪɢɫɬɵɯ ɝɢɞɪɨɮɨɛɢɡɢɪɨɜɚɧɧɵɯ ɦɟɦɛɪɚɧ [2], ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɦɚɫɫɨɩɟɪɟɧɨɫɭ, ɨɤɚɡɵɜɚɟɦɵɦ ɫɟɥɟɤɬɢɜɧɵɦ ɫɥɨɟɦ ɢɡ 

ɉɌɆɋɉ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɫɭɳɟɫɬɜɟɧɧɨ – ɛɨɥɟɟ, 

ɱɟɦ ɜ 2 ɪɚɡɚ – ɩɪɟɜɨɫɯɨɞɹɬ ɞɚɧɧɵɟ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɟ ɜ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɞɥɹ 

ɤɨɧɬɚɤɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ (ɧɟ ɛɨɥɟɟ 30 ɥ/(ɦ2·ɱ·ɚɬɦ)) [4,5]. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɧɚ ɛɚɡɟ ɂɇɏɋ ɊȺɇ ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ 

ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɩɪɨɟɤɬ № 14-49-00101). Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɹɬ Ⱦ.ɋ. Ȼɚɯɬɢɧɚ ɡɚ 
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ɪɟɡɭɥɶɬɚɬɵ ɋɗɆ ɢ ɗȾɊɋ, Ʉ.Ⱥ. Ʉɭɬɭɡɨɜɚ ɡɚ ɩɨɦɨɳɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɤɨɧɬɚɤɬɨɪɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 
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ɉɊɈɐȿɋɋ ɆȺɅɈɗɇȿɊȽɈȿɆɄɈɃ ɊȿȽȿɇȿɊȺɐɂɂ ȺȻɋɈɊȻȿɇɌȺ ɋɈ2 ɇȺ 
ɈɋɇɈȼȿ ȼɈȾɇɈȽɈ ɊȺɋɌȼɈɊȺ ɆɈɇɈɗɌȺɇɈɅȺɆɂɇȺ 

Ȼɚɠɟɧɨɜ ɋ.Ⱦ., ɏɚɮɢɡɨɜ Ⱥ.Ɇ., ɇɨɜɢɰɤɢɣ ɗ.Ƚ.  
PROCESS OF LOW-ENERGY REGENERATION OF CO2 SOLVENT  

BASED ON AQUEOUS MONOETHANOLAMINE SOLUTION  
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: sbazhenov@ips.ac.ru 

 

Ɇɨɧɨɷɬɚɧɨɥɚɦɢɧ (ɆɗȺ) – ɩɟɪɜɢɱɧɵɣ ɚɥɤɚɧɨɥɚɦɢɧ, ɞɟɲɟɜɵɣ ɩɪɨɞɭɤɬ 

ɤɪɭɩɧɨɬɨɧɧɚɠɧɨɝɨ ɫɢɧɬɟɡɚ ɚɦɦɢɚɤɚ ɢ ɷɬɢɥɟɧɨɤɫɢɞɚ – ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɝɚɬɶ ɜɵɫɨɤɨɣ 

ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ (80-99%) ɝɚɡɨɜ ɩɨɬɨɤɨɜ ɨɬ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (ɋɈ2) ɜ ɲɢɪɨɤɨɦ 

ɞɢɚɩɚɡɨɧɟ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɣ. ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɛɵɫɬɪɨɣ ɤɢɧɟɬɢɤɨɣ ɚɛɫɨɪɛɰɢɢ ɋɈ2 

ɜɨɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɆɗȺ, ɢɯ ɜɵɫɨɤɨɣ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɶɸ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ 

ɋɈ2. Ʉɨɦɛɢɧɢɪɨɜɚɧɢɟ ɚɛɫɨɪɛɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɆɗȺ ɫ ɩɨɥɨɜɨɥɨɤɨɧɧɵɦɢ ɦɟɦɛɪɚɧɚɦɢ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɩɪɨɰɟɫɫ ɚɛɫɨɪɛɰɢɢ-ɞɟɫɨɪɛɰɢɢ ɋɈ2 ɜ ɦɟɦɛɪɚɧɧɵɯ 

ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɤɨɧɬɚɤɬɨɪɚɯ, ɞɨ 10 ɪɚɡ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɵɯ (ɩɪɢ ɫɪɚɜɧɢɦɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɫɚɞɨɱɧɵɦɢ ɢɥɢ ɬɚɪɟɥɶɱɚɬɵɦɢ ɤɨɥɨɧɧɚɦɢ, 

ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɞɥɹ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ, ɧɚɩɪɢɦɟɪ, ɞɵɦɨɜɵɯ ɝɚɡɨɜ [1].  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɟɞɩɪɢɧɢɦɚɸɬɫɹ ɩɨɩɵɬɤɢ ɨɩɬɢɦɢɡɚɰɢɢ ɚɛɫɨɪɛɟɧɬɨɜ ɧɚ 

ɨɫɧɨɜɟ ɆɗȺ ɞɥɹ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɜ ɦɟɦɛɪɚɧɧɵɯ ɤɨɧɬɚɤɬɨɪɚɯ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 

ɨɫɧɨɜɧɚɹ ɦɚɫɫɚ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɚ ɦɟɦɛɪɚɧɧɨɣ ɚɛɫɨɪɛɰɢɢ ɋɈ2 30 %ɦɚɫɫ. ɜɨɞɧɵɦ 

ɪɚɫɬɜɨɪɨɦ ɆɗȺ [2], ɧɟɤɨɬɨɪɵɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɩɪɟɞɥɚɝɚɸɬ ɩɨɜɵɲɚɬɶ ɫɨɞɟɪɠɚɧɢɟ ɆɗȺ 

ɜ ɪɚɫɬɜɨɪɚɯ ɜɩɥɨɬɶ ɞɨ 90 %ɦɚɫɫ. [3], ɭɜɟɥɢɱɢɜɚɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɯ ɫɨɪɛɰɢɨɧɧɭɸ 

ɟɦɤɨɫɬɶ. ɗɬɨɬ ɩɨɞɯɨɞ ɜɵɝɥɹɞɢɬ ɜɵɢɝɪɵɲɧɵɦ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɫɬɚɞɢɸ ɪɟɝɟɧɟɪɚɰɢɢ ɚɛɫɨɪɛɟɧɬɚ (ɞɟɫɨɪɛɰɢɢ ɋɈ2). Ɍɚɤ, ɬɪɚɞɢɰɢɨɧɧɨ ɪɟɝɟɧɟɪɚɰɢɹ ɆɗȺ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 110 – 140 ºɋ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɷɮɮɟɤɬɢɜɧɭɸ ɞɟɫɨɪɛɰɢɸ ɋɈ2, ɧɨ ɩɪɢɜɨɞɢɬ ɤ ɹɜɥɟɧɢɸ ɬɟɪɦɨɯɢɦɢɱɟɫɤɨɣ ɞɟɫɬɪɭɤɰɢɢ 

ɆɗȺ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɧɟɫɜɹɡɚɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ. ȼ ɪɚɛɨɬɚɯ A.Bello ɫ ɫɨɬɪ. 

[4;5] ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɬɟɪɢ ɆɗȺ ɜɨɡɪɚɫɬɚɸɬ ɤɚɤ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɫɨɪɛɰɢɢ, ɬɚɤ 

ɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɆɗȺ ɜ ɪɚɫɬɜɨɪɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫɹ ɲɢɪɨɤɢɣ 

ɫɩɟɤɬɪ ɩɪɨɞɭɤɬɨɜ: ɨɤɫɚɡɨɥɢɞɨɧ-2, ɞɢɦɟɪɵ ɢ ɬɪɢɦɟɪɵ ɆɗȺ, ɚɦɢɞɵ, ɚɦɢɧɵ, ɚɥɶɞɟɝɢɞɵ, 

ɚɦɦɢɚɤ, ɤɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɵ ɢ ɞɪ. [6]. ɉɨɫɥɟɞɧɢɟ ɨɛɪɚɡɭɸɬ ɜ ɪɚɫɬɜɨɪɚɯ ɆɗȺ 

ɬɟɪɦɨɫɬɚɛɢɥɶɧɵɟ ɫɨɥɢ, ɤɨɬɨɪɵɟ ɫɬɢɦɭɥɢɪɭɸɬ ɩɪɨɰɟɫɫɵ ɤɨɪɪɨɡɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɤɚɬɚɥɢɡɢɪɭɸɬ ɞɚɥɶɧɟɣɲɭɸ ɞɟɫɬɪɭɤɰɢɸ ɆɗȺ [7], ɫɧɢɠɚɸɬ ɩɨɬɨɤɢ ɋɈ2 

ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɚɛɫɨɪɛɰɢɢ ɋɈ2 ɜ ɦɟɦɛɪɚɧɧɵɯ ɤɨɧɬɚɤɬɨɪɚɯ [8]. 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɟ ɩɨɝɥɨɬɢɬɟɥɢ ɋɈ2, ɥɢɲɟɧɧɵɟ ɭɤɚɡɚɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ – ɪɚɫɬɜɨɪɵ 
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ɫɬɟɪɢɱɟɫɤɢ ɡɚɬɪɭɞɧɟɧɧɵɯ ɚɦɢɧɨɜ, ɚɦɦɢɚɤɚ, ɫɨɥɟɣ ɚɦɢɧɨɤɢɫɥɨɬ, ɢɨɧɧɵɟ ɠɢɞɤɨɫɬɢ [9] – 

ɩɨ-ɩɪɟɠɧɟɦɭ ɦɚɥɨ ɤɨɧɤɭɪɟɧɬɧɨɫɩɨɫɨɛɧɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɆɗȺ ɜɫɥɟɞɫɬɜɢɟ ɢɯ ɜɵɫɨɤɨɣ 

ɫɬɨɢɦɨɫɬɢ ɢ ɧɟɤɨɬɨɪɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

ȼ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɫɬɶ ɜɵɲɟɫɤɚɡɚɧɧɨɦɭ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨɡɦɨɠɧɨɫɬɢ 

ɨɩɬɢɦɢɡɚɰɢɢ ɚɛɫɨɪɛɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɆɗȺ ɟɳɟ ɧɟ ɢɫɱɟɪɩɚɧɵ. ɇɚɩɪɢɦɟɪ, ɪɚɧɟɟ ɛɵɥ 

ɨɛɧɚɪɭɠɟɧ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɱɬɨ ɩɪɨɰɟɫɫ ɞɟɫɨɪɛɰɢɢ ɆɗȺ ɦɨɠɧɨ 

ɷɮɮɟɤɬɢɜɧɨ ɩɪɨɜɨɞɢɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 70-90ºɋ, ɭɦɟɧɶɲɢɜ ɩɪɢ ɷɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɸ 

ɆɗȺ ɜ ɪɚɫɬɜɨɪɟ ɞɨ 10-14% ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɜɟɥɢɱɢɜ ɫɬɟɩɟɧɶ ɧɚɫɵɳɟɧɢɹ ɚɛɫɨɪɛɟɧɬɚ ɞɨ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɨɣ (0,7 ɦɨɥɶ ɋɈ2/ɦɨɥɶ ɆɗȺ) [10]. ȼ ɪɚɡɜɢɬɢɟ 

ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɜ ɪɚɦɤɚɯ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɚɩɪɨɛɢɪɨɜɚɧɚ 

ɩɪɨɫɬɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɦɚɥɨɷɧɟɪɝɨɟɦɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɪɟɝɟɧɟɪɚɰɢɢ ɚɛɫɨɪɛɟɧɬɨɜ ɋɈ2 ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɆɗȺ (ɫɦ. Ɋɢɫ. 1). 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɹɜɥɹɟɬɫɹ ɫɦɟɧɧɵɣ ɞɟɫɨɪɛɰɢɨɧɧɵɣ ɛɥɨɤ 

1, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɥɢɛɨ ɞɟɫɨɪɛɰɢɨɧɧɭɸ ɤɨɥɨɧɤɭ ɫ ɧɚɫɚɞɤɨɣ ɜ ɜɢɞɟ ɬɟɮɥɨɧɨɜɵɯ 

ɤɨɥɟɰ Ɋɚɲɢɝɚ ɞɢɚɦɟɬɪɨɦ 6 ɦɦ (ɚ), ɥɢɛɨ ɦɟɦɛɪɚɧɧɵɣ ɤɨɧɬɚɤɬɨɪ ɝɚɡ-ɠɢɞɤɨɫɬɶ ɧɚ ɨɫɧɨɜɟ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ ɦɟɦɛɪɚɧ (ɛ).  
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Ɋɢɫ. 1. Ⱦɟɫɨɪɛɰɢɨɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɦɚɥɨɷɧɟɪɝɨɟɦɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɟɝɟɧɟɪɚɰɢɢ 

ɚɛɫɨɪɛɟɧɬɨɜ ɋɈ2 ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɦɨɧɨɷɬɚɧɨɥɚɦɢɧɚ: 1- ɞɟɫɨɪɛɰɢɨɧɧɵɣ ɛɥɨɤ 

(ɚ – ɞɟɫɨɪɛɰɢɨɧɧɚɹ ɤɨɥɨɧɤɚ ɫ ɬɟɮɥɨɧɨɜɵɦɢ ɤɨɥɶɰɚɦɢ Ɋɚɲɢɝɚ ( 6 ɦɦ); ɛ – ɦɟɦɛɪɚɧɧɵɣ 

ɤɨɧɬɚɤɬɨɪ ɝɚɡ-ɠɢɞɤɨɫɬɶ ɫ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦɢ ɩɨɥɨɜɨɥɨɤɨɧɧɵɦɢ ɦɟɦɛɪɚɧɚɦɢ); 2- 

ɟɦɤɨɫɬɶ ɫ ɧɚɫɵɳɟɧɧɵɦ ɚɛɫɨɪɛɟɧɬɨɦ; 3- ɧɚɫɨɫ ɫ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɦ ɪɚɫɯɨɞɨɦ; 4- ɛɥɨɤ 

ɩɨɤɚɡɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɚɛɫɨɪɛɟɧɬɚ; 5- ɤɨɧɞɟɧɫɚɬɨɪ; 6- ɧɚɝɪɟɜɚɬɟɥɶ (ɥɟɧɬɚ ɗɇȽɅ-1); 7- 

ɨɯɥɚɞɢɬɟɥɶ (ɩɪɨɬɨɱɧɚɹ ɜɨɞɚ). 

 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɞɟɫɨɪɛɰɢɸ ɋɈ2 ɢɡ ɪɚɡɛɚɜɥɟɧɧɵɯ ɜɨɞɧɵɯ 

ɪɚɫɬɜɨɪɨɜ ɆɗȺ (10-14%) ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɤɚɪɛɨɧɢɡɚɰɢɢ (0,6-0,7 ɦɨɥɶ ɋɈ2/ɦɨɥɶ 

ɆɗȺ) ɜ ɦɹɝɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɟɠɢɦɟ (80-90ɋ) ɢ ɫɪɚɜɧɢɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ 

ɩɪɢ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ ɜ ɧɚɫɚɞɨɱɧɨɣ ɤɨɥɨɧɤɟ ɢ ɦɟɦɛɪɚɧɧɨɦ ɝɚɡɨɠɢɞɤɨɫɬɧɨɦ ɤɨɧɬɚɤɬɨɪɟ. 
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ɉɪɢ ɷɬɨɦ ɩɪɟɞɥɨɠɟɧɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɪɟɝɟɧɟɪɚɰɢɢ ɨɛɨɫɧɨɜɚɧ ɫɧɢɠɟɧɢɟɦ 

ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɆɗȺ ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɬɟɪɦɨɫɬɚɛɢɥɶɧɵɯ ɫɨɥɟɣ ɜ 

ɚɛɫɨɪɛɰɢɨɧɧɨɦ ɪɚɫɬɜɨɪɟ.  

 ɍɫɬɚɧɨɜɤɚ ɛɵɥɚ ɚɩɪɨɛɢɪɨɜɚɧɚ ɜ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: ɢɫɯɨɞɧɵɣ ɚɛɫɨɪɛɟɧɬ – 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɫɵɳɟɧɧɵɣ 12% ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɆɗȺ ɫɨ ɫɬɟɩɟɧɶɸ ɤɚɪɛɨɧɢɡɚɰɢɢ 0,69 

ɦɨɥɶ ɋɈ2/ɦɨɥɶ ɆɗȺ ɨɛɴɟɦɨɦ 300 ɦɥ. Ⱦɟɫɨɪɛɰɢɨɧɧɵɣ ɛɥɨɤ – ɧɚɫɚɞɨɱɧɚɹ ɤɨɥɨɧɤɚ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ ɞɟɫɨɪɛɰɢɢ - 90±1ɋ. Ɍɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ - 

25±1ɋ. Ɋɚɫɯɨɞ ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɫɢɫɬɟɦɟ – 5 ɦɥ/ɦɢɧ. Ɉɫɬɚɬɨɱɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 

ɋɈ2 ɜ ɩɪɨɛɚɯ ɪɚɫɬɜɨɪɚ, ɨɬɨɛɪɚɧɧɵɯ ɜ ɪɚɡɥɢɱɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɚ, 

ɨɩɪɟɞɟɥɹɥɨɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ ɪɚɦɤɚɯ ɪɚɛɨɬɵ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ 

ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɧɚɫɵɳɟɧɢɹ ɪɚɫɬɜɨɪɚ ɜ ɨɛɥɚɫɬɢ ɨɬ 0 ɞɨ 0,7 

ɦɨɥɶ/ɦɨɥɶ ɞɥɹ 12% ɦɚɫɫ. ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɆɗȺ ɧɨɫɢɬ ɥɢɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɮɚɤɬɚ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɧɨɦɨɝɪɚɦɦɵ, ɫ ɩɨɦɨɳɶɸ 

ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɚɧɢɟ ɋɈ2 ɜ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɨɦ ɪɚɫɬɜɨɪɟ ɨɩɪɟɞɟɥɹɥɨɫɶ ɩɨ ɡɧɚɱɟɧɢɸ ɟɝɨ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɢɡɦɟɪɟɧɧɨɣ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɩɪɢɛɨɪɨɦ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɭɞɟɥɶɧɨɣ ɨɛɴɟɦɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɚ (Multiline P4, WTW, 

Ƚɟɪɦɚɧɢɹ).  

 Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ.2. ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɦɹɝɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ 

ɪɟɠɢɦ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɩɪɨɰɟɫɫ ɞɟɫɨɪɛɰɢɢ: ɫɬɟɩɟɧɶ ɧɚɫɵɳɟɧɢɹ 

ɪɚɫɬɜɨɪɚ ɆɗȺ ɩɨ ɋɈ2 ɫɧɢɠɚɟɬɫɹ ɫ 0,69 ɞɨ 0,11 ɦɨɥɶ ɋɈ2/ɦɨɥɶ ɆɗȺ ɜ ɬɟɱɟɧɢɟ 3 ɱ 

ɷɤɫɩɟɪɢɦɟɧɬɚ. ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɟɩɟɧɢ ɭɞɚɥɟɧɢɹ ɋɈ2 ɢɡ ɪɚɫɬɜɨɪɚ 84% (ɫɦ. Ɋɢɫ. 2), 

ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɪɚɛɨɬɟ [10].  
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Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɫɬɟɩɟɧɢ ɧɚɫɵɳɟɧɢɹ ɚɛɫɨɪɛɟɧɬɚ ɜɨ ɜɪɟɦɟɧɢ ɢ ɫɬɟɩɟɧɶ 

ɭɞɚɥɟɧɢɹ ɋɈ2 ɜ ɞɟɫɨɪɛɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɟ. 

 

ɂɧɬɟɧɫɢɮɢɤɚɰɢɹ ɞɟɫɨɪɛɰɢɢ ɋɈ2 ɜɨɡɦɨɠɧɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɦɛɪɚɧɧɨɝɨ 

ɤɨɧɬɚɤɬɨɪɚ ɝɚɡ-ɠɢɞɤɨɫɬɶ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɞɟɫɨɪɛɰɢɨɧɧɨɦ ɛɥɨɤɟ. 

ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɞɥɹ ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɡɚɞɚɱ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɫɬɟɩɟɧɧɵɣ ɩɟɪɟɯɨɞ 

ɨɬ ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɨɪɢɫɬɵɯ ɦɟɦɛɪɚɧ ɤ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ ɫ ɬɨɧɤɢɦ ɧɟɩɨɪɢɫɬɵɦ 

ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɵɦ ɫɥɨɟɦ [2]. ɇɚɥɢɱɢɟ ɬɚɤɨɝɨ ɫɥɨɹ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɨɬɜɪɚɬɢɬɶ 

ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɚɛɫɨɪɛɟɧɬɚ ɢ ɫɦɚɱɢɜɚɧɢɟ ɩɨɪ ɦɟɦɛɪɚɧɵ, ɱɬɨ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɢɜɨɞɢɬ ɤ 

ɜɨɡɪɚɫɬɚɧɢɸ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɢ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɩɨɪɢɫɬɵɯ ɦɟɦɛɪɚɧɧɵɯ 

ɤɨɧɬɚɤɬɨɪɨɜ. Ȼɨɥɟɟ ɬɨɝɨ, ɩɪɚɜɢɥɶɧɵɦ ɩɨɞɛɨɪɨɦ ɩɨɞɥɨɠɤɢ ɢ ɦɚɬɟɪɢɚɥɚ ɬɨɧɤɨɝɨ ɫɥɨɹ 

ɭɞɚɟɬɫɹ ɫɨɡɞɚɬɶ ɦɟɦɛɪɚɧɵ ɞɥɹ ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɣ ɞɟɫɨɪɛɰɢɢ ɋɈ2 ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ [11;12]. ȼ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɟ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧ 

ɦɟɦɛɪɚɧɧɵɣ ɤɨɧɬɚɤɬɨɪ ɝɚɡ-ɠɢɞɤɨɫɬɶ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɥɨɜɨɥɨɤɨɧɧɵɯ 

ɦɟɦɛɪɚɧ ɫ ɬɨɧɤɢɦ ɫɟɥɟɤɬɢɜɧɵɦ ɫɥɨɟɦ ɢɡ ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɨɝɨ ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ 

ɩɨɥɢɦɟɪɚ ɩɨɥɢɬɪɢɦɟɬɢɥɫɢɥɢɥɩɪɨɩɢɧɚ ɧɚ ɩɨɞɥɨɠɤɟ ɜ ɜɢɞɟ ɚɫɢɦɦɟɬɪɢɱɧɨɣ 

ɦɟɡɨɩɨɪɢɫɬɨɣ ɦɟɦɛɪɚɧɵ ɢɡ ɩɨɥɢɫɭɥɶɮɨɧɚ. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ 

ɩɪɨɟɤɬɚ № 18-08-00886 Ⱥ. 
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MEMBRANE-ABSORPTION SEPARATION OF OLEFINS FROM HYDROCARBON 

GAS MIXTURES 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: sbazhenov@ips.ac.ru 
2 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ, ɑɟɪɧɨɝɨɥɨɜɤɚ 

 

ɉɪɟɞɥɚɝɚɟɦɵɣ ɜ ɪɚɛɨɬɟ ɦɟɬɨɞ ɜɵɫɨɤɨɫɟɥɟɤɬɢɜɧɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɨɞɧɨɫɬɚɞɢɣɧɨɝɨ ɦɟɦɛɪɚɧɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵɞɟɥɟɧɢɹ ɨɥɟɮɢɧɨɜ ɨɫɧɨɜɚɧ ɧɚ 

ɫɢɧɟɪɝɟɬɢɱɟɫɤɨɣ ɤɨɦɛɢɧɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɦɟɦɛɪɚɧɧɨɝɨ ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ [1] ɢ 

ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɭɥɚɜɥɢɜɚɧɢɹ ɧɟɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ [2]. 

ɉɪɨɰɟɫɫ ɚɛɫɨɪɛɰɢɢ/ɞɟɫɨɪɛɰɢɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɨɬɟɤɚɟɬ ɜ ɦɟɦɛɪɚɧɧɨɦ 

ɝɚɡɨɠɢɞɤɨɫɬɧɨɦ ɦɨɞɭɥɟ (ɤɨɧɬɚɤɬɨɪɟ) – ɚɩɩɚɪɚɬɟ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ 

ɪɚɡɞɟɥɟɧɢɹ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɨɥɟɮɢɧɨɜ, ɜ ɤɨɬɨɪɨɦ ɦɟɦɛɪɚɧɚ ɜɵɫɬɭɩɚɟɬ ɜ 

ɤɚɱɟɫɬɜɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɞɜɭɯ ɮɚɡ. Ɍɚɤɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ 

ɞɨɫɬɨɢɧɫɬɜɚɦɢ: 

- ɰɢɤɥɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɚɛɫɨɪɛɰɢɢ/ɞɟɫɨɪɛɰɢɢ ɩɪɨɜɨɞɢɬɫɹ ɜ ɭɫɥɨɜɢɹɯ ɱɟɬɤɨ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɮɚɡ, ɡɚɞɚɧɧɨɣ ɦɟɦɛɪɚɧɨɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɥɨɳɚɞɶ 

ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɫɫɨɨɛɦɟɧɚ ɩɨɫɬɨɹɧɧɚ ɢ ɜɫɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɪɚɛɨɬɚɟɬ ɫ ɨɞɢɧɚɤɨɜɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɞɚɠɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɢɥɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɠɢɞɤɨɫɬɢ.  

- ɩɥɨɬɧɚɹ ɭɩɚɤɨɜɤɚ ɦɟɦɛɪɚɧ ɜ ɦɨɞɭɥɟ ɩɪɢɜɨɞɢɬ ɤ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɨɧɬɚɤɬɚ ɮɚɡ ɧɚ ɟɞɢɧɢɰɭ ɨɛɴɟɦɚ ɚɩɩɚɪɚɬɚ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɟɝɨ ɦɚɥɵɟ ɝɚɛɚɪɢɬɵ ɢ ɜɟɫ.  

- ɨɬɫɭɬɫɬɜɢɟ ɩɪɹɦɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɧɢɡɤɢɦ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ ɩɪɨɰɟɫɫɚ: ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɞɟɥɹɬɶ ɞɜɟ ɮɚɡɵ ɧɚ ɜɵɯɨɞɟ 

ɚɩɩɚɪɚɬɚ, ɩɪɢ ɷɬɨɦ ɨɬɫɭɬɫɬɜɭɟɬ ɤɚɩɟɥɶɧɵɣ ɭɧɨɫ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɠɢɞɤɨɫɬɢ ɢ ɟɟ 

ɜɫɩɟɧɢɜɚɧɢɟ.  

- ɩɨɜɵɲɟɧɧɚɹ ɝɢɛɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɡɚ ɫɱɟɬ ɧɟɡɚɜɢɫɢɦɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɟɣ 

ɝɚɡɨɜɵɯ ɢ ɠɢɞɤɨɫɬɧɵɯ ɩɨɬɨɤɨɜ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. 

- ɦɨɞɭɥɶɧɚɹ ɩɪɢɪɨɞɚ ɩɪɨɰɟɫɫɚ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɝɢɛɤɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɰɟɫɫɨɦ ɢ ɩɪɨɫɬɨɬɭ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɦɟɦɛɪɚɧɧɵɟ ɦɨɞɭɥɢ ɧɟ ɫɨɞɟɪɠɚɬ ɜ 

ɫɜɨɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɞɜɢɠɭɳɢɯɫɹ ɞɟɬɚɥɟɣ ɢ ɷɥɟɦɟɧɬɨɜ ɢ ɜ ɰɟɥɨɦ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɧɟɡɧɚɱɢɬɟɥɶɧɵɦɢ ɩɟɪɟɩɚɞɚɦɢ ɞɚɜɥɟɧɢɹ.  

ɋ-III-18 
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ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɢɧɰɢɩ ɜɵɫɨɤɨɫɟɥɟɤɬɢɜɧɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɨɞɧɨɫɬɚɞɢɣɧɨɝɨ ɦɟɦɛɪɚɧɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵɞɟɥɟɧɢɹ ɨɥɟɮɢɧɨɜ ɢɡ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɝɚɡɨɜɵɯ ɫɪɟɞ.  

 

Ɋɢɫ. 1. ɉɪɢɧɰɢɩ ɜɵɫɨɤɨɫɟɥɟɤɬɢɜɧɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɨɞɧɨɫɬɚɞɢɣɧɨɝɨ ɦɟɦɛɪɚɧɧɨ-

ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵɞɟɥɟɧɢɹ ɨɥɟɮɢɧɨɜ ɢɡ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɝɚɡɨɜɵɯ ɫɪɟɞ. 

 

Ɉɫɧɨɜɧɵɦɢ ɪɚɛɨɱɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɪɨɰɟɫɫɚ ɹɜɥɹɸɬɫɹ ɦɟɦɛɪɚɧɧɵɟ ɦɨɞɭɥɢ, 

ɪɚɛɨɬɚɸɳɢɟ ɜ ɪɟɠɢɦɟ ɚɛɫɨɪɛɰɢɢ ɢ ɞɟɫɨɪɛɰɢɢ. ɍɝɥɟɜɨɞɨɪɨɞɧɵɣ ɝɚɡ, ɫɨɞɟɪɠɚɳɢɣ 

ɨɥɟɮɢɧɵ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – ɷɬɢɥɟɧ ɋ2ɇ4), ɩɨɫɬɭɩɚɟɬ ɜ ɦɟɦɛɪɚɧɧɵɣ ɦɨɞɭɥɶ, ɪɚɛɨɬɚɸɳɢɣ 

ɜ ɪɟɠɢɦɟ ɚɛɫɨɪɛɰɢɢ, ɜ ɤɨɬɨɪɨɦ ɨɥɟɮɢɧɵ, ɩɪɨɧɢɤɚɹ ɱɟɪɟɡ ɩɪɨɦɵɲɥɟɧɧɭɸ ɦɟɦɛɪɚɧɭ, 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɚɤɬɢɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɠɢɞɤɨɫɬɢ (ɪɚɫɬɜɨɪɟɧɧɵɟ ɜ 

ɜɨɞɟ ɫɨɥɢ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ – ɫɟɪɟɛɪɚ, ɦɟɞɢ) ɢ ɩɨɝɥɨɳɚɸɬɫɹ ɟɸ. Ⱦɜɢɠɭɳɟɣ ɫɢɥɨɣ 

ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶ ɩɚɪɰɢɚɥɶɧɵɯ ɞɚɜɥɟɧɢɣ ɨɥɟɮɢɧɨɜ ɫ ɪɚɡɧɵɯ ɫɬɨɪɨɧ 

ɦɟɦɛɪɚɧɵ. ɉɪɢ ɷɬɨɦ: 

- ɜɵɫɨɤɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɨɥɟɮɢɧɨɜ ɢɡ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɝɚɡɨɜ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɯ ɯɢɦɢɱɟɫɤɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ ɚɤɬɢɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ 

ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɠɢɞɤɨɫɬɢ, ɷɬɢɦ ɠɟ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɨɞɧɨɫɬɚɞɢɣɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ 

ɨɥɟɮɢɧɨɜ ɜ ɨɬɥɢɱɢɟ ɨɬ ɢɯ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɢ 

ɩɨɧɢɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ; 

- ɦɟɦɛɪɚɧɚ, ɨɛɥɚɞɚɸɳɚɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɢɦɢ ɦɚɫɫɨɨɛɦɟɧɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɜ ɦɨɞɭɥɟ ɜɵɫɨɤɭɸ ɤɨɧɬɪɨɥɢɪɭɟɦɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 

ɤɨɧɬɚɤɬɚ ɝɚɡɨɜɨɣ ɢ ɠɢɞɤɨɫɬɧɨɣ ɮɚɡ ɛɟɡ ɢɯ ɩɪɹɦɨɝɨ ɫɦɟɲɟɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɤɨɦɩɚɤɬɧɨɫɬɢ ɢ ɦɨɛɢɥɶɧɨɫɬɢ ɪɚɡɞɟɥɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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ɇɚɫɵɳɟɧɧɚɹ ɨɥɟɮɢɧɚɦɢ ɚɛɫɨɪɛɰɢɨɧɧɚɹ ɠɢɞɤɨɫɬɶ ɞɚɥɟɟ ɩɨɫɬɭɩɚɟɬ ɜ 

ɦɟɦɛɪɚɧɧɵɣ ɦɨɞɭɥɶ, ɪɚɛɨɬɚɸɳɢɣ ɜ ɪɟɠɢɦɟ ɞɟɫɨɪɛɰɢɢ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɬɟɤɚɟɬ ɨɛɪɚɬɧɵɣ 

ɩɪɨɰɟɫɫ – ɞɟɫɨɪɛɰɢɹ ɨɥɟɮɢɧɨɜ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɜ ɝɚɡɨɜɭɸ ɱɚɫɬɶ ɦɟɦɛɪɚɧɧɨɝɨ ɦɨɞɭɥɹ, ɜ 

ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɪɟɝɟɧɟɪɚɰɢɹ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɠɢɞɤɨɫɬɢ. ɋɬɚɞɢɹ 

ɪɟɝɟɧɟɪɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɪɢ ɤɨɬɨɪɵɯ 

ɤɨɦɩɥɟɤɫɵ «ɨɥɟɮɢɧ – ɢɨɧ ɩɟɪɟɯɨɞɧɨɝɨ ɦɟɬɚɥɥɚ» ɧɟɫɬɨɣɤɢ ɢ ɪɚɡɪɭɲɚɸɬɫɹ ɫ 

ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ ɧɟɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ȼɵɞɟɥɟɧɧɵɟ ɨɥɟɮɢɧɵ ɞɢɮɮɭɧɞɢɪɭɸɬ 

ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɢ ɭɞɚɥɹɸɬɫɹ ɫ ɭɫɬɚɧɨɜɤɢ, ɚ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɚɹ ɚɛɫɨɪɛɰɢɨɧɧɚɹ ɠɢɞɤɨɫɬɶ 

ɨɯɥɚɠɞɚɟɬɫɹ ɢ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɚɛɫɨɪɛɰɢɨɧɧɵɣ ɦɨɞɭɥɶ, ɡɚɦɵɤɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɰɢɤɥ. 

Ȼɨɥɶɲɢɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɩɨɜɵɲɟɧɧɚɹ 

ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦ ɡɚɬɪɚɬɧɵɦ ɦɟɬɨɞɨɦ ɜɵɞɟɥɟɧɢɹ 

ɨɥɟɮɢɧɨɜ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɨɫɧɨɜɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɨɛɪɚɬɢɦɨɟ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɨɥɟɮɢɧɨɦ ɢ 

ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɠɢɞɤɨɫɬɶɸ, ɩɪɨɬɟɤɚɸɳɟɟ ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɜɵɲɟ 0ɋ). 

Ʉɪɢɬɢɱɟɫɤɢ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɦɟɦɛɪɚɧɚ ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ 

ɛɚɪɶɟɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɛɫɨɪɛɟɧɬɚɦ ɨɥɟɮɢɧɨɜ, ɩɨɫɤɨɥɶɤɭ ɲɢɪɨɤɨ 

ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɨɬɟɤɚɧɢɟ ɚɛɫɨɪɛɟɧɬɚ ɜ ɫɬɪɭɤɬɭɪɭ ɦɟɦɛɪɚɧɵ, ɡɚɩɨɥɧɟɧɢɟ ɟɟ 

ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɪ, ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɟɬ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ 

ɦɟɦɛɪɚɧɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ [3]. ɋ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɫ ɬɨɧɤɢɦ ɧɟɩɨɪɢɫɬɵɦ ɫɟɥɟɤɬɢɜɧɵɦ ɫɥɨɟɦ, 

ɩɪɟɞɨɬɜɪɚɳɚɸɳɢɦ ɩɪɨɬɟɤɚɧɢɟ ɚɛɫɨɪɛɟɧɬɚ ɜ ɩɨɪɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɦɟɦɛɪɚɧɵ. ɂɫɯɨɞɹ ɢɡ 

ɷɬɢɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɞɥɹ ɪɚɛɨɬɵ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɪɨɦɵɲɥɟɧɧɚɹ ɩɥɨɫɤɚɹ ɤɨɦɩɨɡɢɰɢɨɧɧɚɹ 

ɦɟɦɛɪɚɧɚ ɬɢɩɚ ɆȾɄ-3 (ɁȺɈ ɇɌɐ "ȼɥɚɞɢɩɨɪ"), ɫɨɫɬɨɹɳɚɹ ɢɡ ɬɨɧɤɨɝɨ ɪɚɡɞɟɥɢɬɟɥɶɧɨɝɨ 

ɫɥɨɹ ɢɡ ɤɪɟɦɧɢɣ-ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ (ɬɨɥɳɢɧɨɣ 5 ɦɤɦ) ɧɚ ɤɨɦɩɨɡɢɬɧɨɣ ɩɨɞɥɨɠɤɟ 

(ɫɥɨɣ ɩɨɪɢɫɬɨɝɨ ɩɨɥɢɦɟɪɧɨɝɨ ɩɥɟɧɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɮɬɨɪɨɩɥɚɫɬɚ Ɏ42Ʌ ɧɚ ɩɨɞɥɨɠɤɟ 

ɢɡ ɧɟɬɤɚɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɩɨɥɢɩɪɨɩɢɥɟɧ, ɥɚɜɫɚɧ). ɋɬɪɭɤɬɭɪɚ ɦɟɦɛɪɚɧɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

Ɋɢɫ.2 (ɩɨɞɥɨɠɤɚ ɢɡ ɧɟɬɤɚɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɟ ɩɨɤɚɡɚɧɚ). Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɜɵɛɪɚɧɧɨɣ 

ɦɟɦɛɪɚɧɵ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɲɢɪɨɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɟɟ ɩɪɢɦɟɧɢɦɨɫɬɢ 

(ɞɨ 80ɋ), ɚ ɬɚɤɠɟ ɯɢɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ (ɞɢɚɩɚɡɨɧ pH – ɨɬ 2 ɞɨ 8) [4], ɱɬɨ ɜɚɠɧɨ, 

ɩɨɫɤɨɥɶɤɭ ɚɛɫɨɪɛɟɧɬɵ ɨɥɟɮɢɧɨɜ ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɩɟɪɟɯɨɞɧɵɯ 

ɦɟɬɚɥɥɨɜ ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɚɝɪɟɫɫɢɜɧɵɦɢ ɯɢɦɢɱɟɫɤɢɦɢ ɚɝɟɧɬɚɦɢ.  
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Ɋɢɫ. 2. ɂɡɨɛɪɚɠɟɧɢɟ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɚ ɦɟɦɛɪɚɧɵ ɆȾɄ-3. 

 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɝɚɡɨɬɪɚɧɫɩɨɪɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɦɟɦɛɪɚɧɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɟɦɛɪɚɧɵ ɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɨɣ ɢɞɟɚɥɶɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ 

ɪɚɡɧɵɦ ɩɚɪɚɦ ɝɚɡɨɜ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɩɨ 

ɭɝɥɟɜɨɞɨɪɨɞɚɦ (ɫɦ. ɬɚɛɥ. 1). ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɫɟɥɟɤɬɢɜɧɵɣ 

ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɦɟɦɛɪɚɧɵ ɛɟɡɞɟɮɟɤɬɟɧ ɢ ɧɟ ɢɦɟɟɬ 

ɦɢɤɪɨɬɪɟɳɢɧ/ɦɢɤɪɨɩɭɫɬɨɬ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɢ ɜɚɠɧɨ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɟɚɥɢɡɚɰɢɢ 

ɩɪɨɰɟɫɫɚ ɦɟɦɛɪɚɧɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɷɬɢɥɟɧɚ ɢɡ ɝɚɡɨɜɵɯ ɫɪɟɞ.  

 

Ɍɚɛɥɢɰɚ 1. Ƚɚɡɨɬɪɚɧɫɩɨɪɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɦɵɲɥɟɧɧɨɣ ɦɟɦɛɪɚɧɵ ɆȾɄ-3. 

Ƚɚɡ 
Ƚɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ P/l, 

ɦ3(ɧ.ɭ.)/(ɦ2ɱɛɚɪ) 

ɋɟɥɟɤɬɢɜɧɨɫɬɶ =(P/l)1/(P/l)2 

O2/N2 CO2/N2 CO2/CH4 C4H10/CH4 He/CH4 

O2 0,35 

2,2 11,5 3,6 32,9 0,5 

N2 0,16 

CO2 1,84 

CH4 0,51 

C4H10 16,77 

He 0,23 

 

ɇɚɥɢɱɢɟ ɛɚɪɶɟɪɧɵɯ ɫɜɨɣɫɬɜ ɦɟɦɛɪɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɛɫɨɪɛɟɧɬɚɦ ɷɬɢɥɟɧɚ ɧɚ ɨɫɧɨɜɟ 

ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɫɟɪɟɛɪɚ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨ ɨɬɫɭɬɫɬɜɢɸ 
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ɩɪɨɬɟɤɚɧɢɹ ɪɚɫɬɜɨɪɨɜ ɩɪɢ ɪɚɛɨɱɢɯ ɞɚɜɥɟɧɢɹɯ ɞɨ 5 ɛɚɪ ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ 100 ɱ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɜɵɛɪɚɧɧɚɹ ɦɟɦɛɪɚɧɚ ɨɛɟɫɩɟɱɢɬ ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɧɬɚɤɬ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɪɹɦɨɝɨ 

ɫɦɟɲɟɧɢɹ ɝɚɡɨɜɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ ɩɪɢ ɪɚɛɨɱɢɯ ɞɚɜɥɟɧɢɹɯ ɩɪɨɰɟɫɫɚ. ȼ ɪɚɛɨɬɟ ɛɭɞɭɬ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɚɛɫɨɪɛɰɢɢ ɢ ɞɟɫɨɪɛɰɢɢ ɷɬɢɥɟɧɚ ɢɡ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɝɚɡɨɜɵɯ ɫɪɟɞ ɜ ɦɟɦɛɪɚɧɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɦɟɦɛɪɚɧ ɆȾɄ-3. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ɏɐɉ “ɂɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɩɨ 

ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɪɚɡɜɢɬɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ Ɋɨɫɫɢɢ ɧɚ 

2014–2020 ɝɨɞɵ” ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ 

(ɩɪɨɟɤɬ 14.607.21.0171, ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɉɇɂɗɊ RFMEFI60717X0171). 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Bessarabov D.G., Jacobs E.P., Sanderson R.D. et al. Journal of Membrane science. 1996. 

Vol. 113. P. 275.  

2. Keller G.E., Marcinkowsky A.E., Verma S.K., et al. Olefin Recovery and Purification via 

Silver Complexation. Separation and Purification Technology. Li N.N., Calo J.M. New York, 

Dekker, 1992. p. 59. 

3. Mosadegh-Sedghi S., Rodrigue D., Brisson J. et al. Journal of Membrane science. 2014. Vol. 

452. P. 332. 

4. Ƚɚɡɨɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɤɨɦɩɨɡɢɬɧɵɟ ɦɟɦɛɪɚɧɵ ɬɢɩɚ ɆȾɄ [ɷɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // ɁȺɈ 

ɇɌɐ "ȼɥɚɞɢɩɨɪ". – 2018. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.vladipor.ru/catalog/&cid=008. (ɞɚɬɚ 

ɨɛɪɚɳɟɧɢɹ: 20.03.2018). 
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ɋɂɇɌȿɁ ɂ ɋȼɈɃɋɌȼȺ ɏɅɈɊɋɈȾȿɊɀȺɓȿȽɈ ɉɈɅɂ(1-

ɌɂɆȿɌɂɅɋɂɅɂɅ-1-ɉɊɈɉɂɇȺ) ȾɅə ɗɎɎȿɄɌɂȼɇɈȽɈ ɈɌȾȿɅȿɇɂə ɋɈ2 ɈɌ 
ɉɊɂɊɈȾɇɈȽɈ ȽȺɁȺ ɂ ȾɕɆɈȼɕɏ ȽȺɁɈȼ 

ɉɨɥɟɜɚɹ ȼ.Ƚ., Ƚɟɣɝɟɪ ȼ.ɘ., Ʉɨɫɫɨɜ Ⱥ.Ⱥ.  
SYNTHESIS AND PROPERTIES OF CHLORO-CONTAINING POLY (1-

TYTHETILSILYL-1-PROPIN) FOR EFFECTIVE CO2 SEPARATION FROM 

NATURAL GAS AND FLUE GASES 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: polevaya@ips.ac.ru 

 

ɍɝɥɟɤɢɫɥɵɣ ɝɚɡ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ ɢ 

ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɠɢɝɚɧɢɹ ɢɫɤɨɩɚɟɦɵɯ ɬɨɩɥɢɜ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɈ2 ɜ 

ɚɬɦɨɫɮɟɪɟ Ɂɟɦɥɢ ɢ ɪɨɫɬ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɟɥɢ ɤ ɜɟɫɶɦɚ ɫɟɪɶɟɡɧɨɣ ɩɪɨɛɥɟɦɟ 

ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɬɟɩɥɟɧɢɹ, ɩɨɷɬɨɦɭ ɜɨɡɧɢɤɥɚ ɧɟɨɬɥɨɠɧɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɨɤɪɚɳɟɧɢɟ ɬɟɤɭɳɟɝɨ ɭɪɨɜɧɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɜɵɛɪɨɫɨɜ 

ɋɈ2 ɢ ɫɬɚɛɢɥɢɡɚɰɢɸ ɟɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɚɬɦɨɫɮɟɪɟ Ɂɟɦɥɢ [1]. 

Ɍɚɤɢɟ ɦɟɪɵ, ɤɚɤ ɩɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɦɨɝɭɬ ɜ ɤɚɤɨɣ-ɬɨ ɦɟɪɟ ɨɛɟɫɩɟɱɢɬɶ ɫɧɢɠɟɧɢɟ 

ɷɦɢɫɫɢɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. Ɉɞɧɚɤɨ, ɭɱɢɬɵɜɚɹ, ɱɬɨ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɦɢɪɨɜɵɯ 

ɩɨɬɪɟɛɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬɫɹ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɫɤɨɩɚɟɦɵɯ 

ɜɢɞɨɜ ɬɨɩɥɢɜɚ, ɧɟɥɶɡɹ ɨɠɢɞɚɬɶ ɜ ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ ɨɬɤɚɡɚ ɨɬ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɛɟɡ 

ɧɚɧɟɫɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɳɟɪɛɚ ɦɢɪɨɜɨɣ ɷɤɨɧɨɦɢɤɟ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɷɦɢɫɫɢɸ 

ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɩɪɢɦɟɧɟɧɢɟɦ ɢɫɤɨɩɚɟɦɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ, ɦɨɠɧɨ 

ɭɦɟɧɶɲɚɬɶ ɩɭɬɟɦ ɟɝɨ ɭɥɚɜɥɢɜɚɧɢɹ.  

ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɧɚɩɪɢɦɟɪ, ɜ ɬɚɤɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɤɚɤ ɨɱɢɫɬɤɚ 

ɩɨɬɨɤɨɜ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ (CO2/N2), ɚ ɬɚɤɠɟ ɨɱɢɫɬɤɚ ɩɪɢɪɨɞɧɵɯ 

ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ (ɩɪɢɪɨɞɧɵɣ ɝɚɡ, ɛɢɨɝɚɡ) (CO2/CH4) ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɬɟɩɥɨɬɵ 

ɫɝɨɪɚɧɢɹ [2]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɢ ɢɫɫɥɟɞɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ 

ɭɥɚɜɥɢɜɚɧɢɹ ɋɈ2 ɢɡ ɩɪɨɦɵɲɥɟɧɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ, ɬɚɤɢɟ ɤɚɤ, ɯɢɦɢɱɟɫɤɚɹ ɢ ɮɢɡɢɱɟɫɤɚɹ 

ɚɛɫɨɪɛɰɢɹ, ɚɞɫɨɪɛɰɢɹ ɧɚ ɬɜёɪɞɵɯ ɫɨɪɛɟɧɬɚɯ, ɤɪɢɨɝɟɧɧɚɹ ɞɢɫɬɢɥɥɹɰɢɹ. Ɍɟɯɧɨɥɨɝɢɹ 

ɨɱɢɫɬɤɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɝɚɡɨɜ ɨɬ ɋɈ2 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɦɢɧɨɜ ɞɨɫɬɢɝɥɚ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɚɫɲɬɚɛɨɜ ɢ ɞɨɦɢɧɢɪɭɟɬ ɧɚɞ ɜɫɟɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ. Ɉɞɧɚɤɨ ɢɡ-ɡɚ 

ɜɵɫɨɤɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɢ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ ɚɦɢɧɨɜɵɯ ɟɦɤɨɫɬɟɣ ɧɟɨɛɯɨɞɢɦɵ 

ɪɟɚɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɭɫɬɚɧɨɜɨɤ. 

Ɍɚɤɨɟ ɩɨɥɨɠɟɧɢɟ ɜɵɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ 

ɋ-III-19 
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ɪɚɡɞɟɥɟɧɢɹ ɢ ɭɥɚɜɥɢɜɚɧɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɬɚɤ ɤɚɤ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɢɦɟɸɬ 

ɧɢɡɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɬɪɟɛɭɸɬ ɛɨɥɶɲɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ. 

ɋ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɟɦɛɪɚɧɧɨɟ ɜɵɞɟɥɟɧɢɟ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɤɚɤ ɦɧɨɝɨɨɛɟɳɚɸɳɚɹ ɩɨɬɟɧɰɢɚɥɶɧɨ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɚɹ ɢ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɚɹ 

ɚɥɶɬɟɪɧɚɬɢɜɚ, ɧɟ ɬɪɟɛɭɸɳɚɹ ɷɧɟɪɝɨɟɦɤɢɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɬɨɤɫɢɱɧɵɯ ɪɟɚɝɟɧɬɨɜ [3]. Ⱦɥɹ ɭɫɩɟɲɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɪɟɚɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ 

ɦɟɦɛɪɚɧɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɋɈ2 ɧɟɨɛɯɨɞɢɦɨ ɫɨɱɟɬɚɧɢɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫ ɋɈ2-ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɢ, ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ, ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɜɵɫɲɢɦ 

ɭɝɥɟɜɨɞɨɪɨɞɚɦ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɧɟɤɨɬɨɪɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɦɟɫɹɯ, ɬɚɤɢɯ 

ɤɚɤ ɩɪɢɪɨɞɧɵɣ ɝɚɡ. Ɉɞɧɚɤɨ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɟ 

ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɨɬɜɟɱɚɸɬ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɫɨɡɞɚɧɢɹ 

ɧɨɜɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɟɦɛɪɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɱɟɬɚɸɳɢɯ ɜɵɲɟɭɩɨɦɹɧɭɬɵɟ ɫɜɨɣɫɬɜɚ, ɧɚ 

ɨɫɧɨɜɟ ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɨɝɨ ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ 1,2-ɞɢɡɚɦɟɳɟɧɧɨɝɨ ɩɨɥɢɚɰɟɬɢɥɟɧɚ 

ɩɨɥɢ(1-ɬɪɢɦɟɬɢɥɫɢɥɢɥ-1-ɩɪɨɩɢɧ)ɚ (ɉɌɆɋɉ) , ɩɭɬɟɦ ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ. 

ɏɨɬɹ ɦɟɦɛɪɚɧɵ ɧɚ ɨɫɧɨɜɟ ɉɌɆɋɉ ɢɦɟɸɬ ɪɟɤɨɪɞɧɨ ɜɵɫɨɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɨɧɢ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɟɚɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ ɜɵɞɟɥɟɧɢɹ ɞɢɨɤɫɢɞɚ 

ɭɝɥɟɪɨɞɚ ɜ ɫɢɥɭ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɋɈ2 ɢ ɧɢɡɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ 

ɨɪɝɚɧɢɱɟɫɤɢɦ ɜɟɳɟɫɬɜɚɦ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɹɜɥɹɟɬɫɹ 

ɜɚɠɧɵɦ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɫɜɨɣɫɬɜɨɦ, ɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɨɠɧɨ ɩɨɜɵɫɢɬɶ 

ɩɭɬɟɦ ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ.  

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɦɨɞɢɮɢɤɚɰɢɢ ɜɵɫɨɤɨɩɪɨɧɢɰɚɟɦɵɯ 1,2-ɞɢɡɚɦɟɳɟɧɧɵɯ 

ɩɨɥɢɚɰɟɬɢɥɟɧɨɜ ɹɜɥɹɟɬɫɹ ɜɜɟɞɟɧɢɟ ɜ ɩɨɥɢɦɟɪɧɭɸ ɦɚɬɪɢɰɭ ɪɚɡɥɢɱɧɵɯ ɩɨɥɹɪɧɵɯ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɬɚɤɢɯ ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɚɬɨɦɵ ɯɥɨɪɚ. Ƚɚɥɚɝɟɧɢɪɨɜɚɧɢɟ 

ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɟɝɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ 

ɭɝɥɟɜɨɞɨɪɨɞɚɦ ɢ ɞɪɭɝɢɦ ɨɪɝɚɧɢɱɟɫɤɢɦ ɜɟɳɟɫɬɜɚɦ, ɚ ɬɚɤɠɟ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɩɨɜɵɲɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɞɢɨɤɫɢɞɚ 

ɭɝɥɟɪɨɞɚ [4, 5]. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 

ɋɈ2 ɜ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟ ɡɚ ɫɱɟɬ ɞɢɩɨɥɶɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɩɨɥɹɪɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ 

ɫ ɦɨɥɟɤɭɥɚɦɢ ɩɟɧɟɬɪɚɧɬɚ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɯɥɨɪɢɪɨɜɚɧɢɟ ɉɌɆɋɉ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜ ɝɨɦɨɝɟɧɧɨɣ ɫɪɟɞɟ, ɜ 

ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ, ɢɫɤɥɸɱɚɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɞɟɫɬɪɭɤɰɢɢ ɩɨɥɢɦɟɪɚ ɢ ɞɪɭɝɢɯ ɩɨɛɨɱɧɵɯ 

ɩɪɨɰɟɫɫɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɯɥɨɪɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɯɥɨɪɫɨɞɟɪɠɚɳɟɝɨ ɩɨɥɢɦɟɪɚ 
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ɢɫɩɨɥɶɡɨɜɚɥɫɹ N-ɯɥɨɪɫɭɤɰɢɧɢɦɢɞ (Ɋɢɫ. 1), ɤɨɬɨɪɵɣ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɫɟɥɟɤɬɢɜɧɨ 

ɩɪɢɫɨɟɞɢɧɹɟɬ ɯɥɨɪ, ɧɟ ɡɚɬɪɚɝɢɜɚɹ ɞɜɨɣɧɭɸ ɫɜɹɡɶ. 

 

 

Ɋɢɫ.1. ɋɯɟɦɚ ɯɥɨɪɢɪɨɜɚɧɢɹ ɉɌɆɋɉ ɯɥɨɪɫɭɤɰɢɧɢɦɢɞɨɦ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɯɥɨɪɚ. 

Ⱦɚɧɧɵɦɢ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɯɥɨɪɢɪɨɜɚɧɢɟ ɩɪɨɬɟɤɚɟɬ ɜ ɦɟɬɢɥɶɧɭɸ 

ɝɪɭɩɩɭ ɩɪɢ ɚɬɨɦɟ ɤɪɟɦɧɢɹ. 

Ɇɵ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɩɨɥɢɦɟɪɵ ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɛɥɢɡɤɢɦɢ ɤ ɢɫɯɨɞɧɨɦɭ ɉɌɆɋɉ, ɱɬɨ ɜɚɠɧɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɟɦɛɪɚɧ.  

ɏɥɨɪɫɨɞɟɪɠɚɳɢɟ ɩɨɥɢɦɟɪɵ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ, ɱɬɨ 

ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɞɢɡɚɦɟɳɟɧɧɵɯ ɩɨɥɢɚɰɟɬɢɥɟɧɨɜ ɫ ɨɛɴɟɦɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ. ɉɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɯɥɨɪɚ ɜ ɩɨɥɢɦɟɪɚɯ Ɍ ɧɚɱɚɥɚ ɩɨɬɟɪɢ ɜɟɫɚ ɜ ɚɬɦɨɫɮɟɪɟ ɢɧɟɪɬɧɨɝɨ 

ɝɚɡɚ ɫɧɢɠɚɟɬɫɹ, ɧɨ ɨɫɬɚɟɬɫɹ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ.  

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɟɬɨɞɨɦ ȾɋɄ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ 

ɤɚɥɨɪɢɦɟɬɪɢɢ) ɞɥɹ ɯɥɨɪɢɪɨɜɚɧɧɵɯ ɩɨɥɢɦɟɪɨɜ ɧɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 

ɩɟɪɟɯɨɞɨɜ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɩɪɨɰɟɫɫ ɫɬɟɤɥɨɜɚɧɢɹ, ɜ ɨɛɥɚɫɬɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɧɚɱɚɥɚ 

ɪɚɡɥɨɠɟɧɢɹ. 

ɉɨɥɭɱɟɧɧɵɟ ɩɨɥɢɦɟɪɵ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɚɥɢɰɢɤɥɢɱɟɫɤɢɦ 

ɚɥɢɮɚɬɢɱɟɫɤɢɦ ɭɝɥɟɜɨɞɨɪɨɞɚɦ ɋ5-ɋ12, ɱɟɦ ɢɫɯɨɞɧɵɣ ɉɌɆɋɉ.  

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɯɥɨɪɢɪɨɜɚɧɧɵɣ ɉɌɆɋɉ ɨɛɥɚɞɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɦ 

ɭɪɨɜɧɟɦ ɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɫɪɚɜɧɢɦɵɦ ɫ ɢɫɯɨɞɧɵɦ, ɢ ɧɚ ɩɨɪɹɞɨɤ ɩɪɟɜɵɲɚɸɳɢɦ 

ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɛɨɥɶɲɢɧɫɬɜɚ ɫɬɟɤɥɨɨɛɪɚɡɧɵɯ ɩɨɥɢɦɟɪɨɜ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 

ɱɬɨ ɯɥɨɪɢɪɨɜɚɧɧɵɟ ɩɨɥɢɦɟɪɵ ɩɪɟɜɨɫɯɨɞɹɬ ɢɫɯɨɞɧɵɣ ɉɌɆɋɉ ɩɨ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ 

ɨɬɧɨɲɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɩɚɪ ɝɚɡɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ CO2/N2 ɢ CO2/CH4, ɩɪɢɱɟɦ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɜɨɡɪɚɫɬɚɟɬ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɯɥɨɪɚ ɜ ɩɨɥɢɦɟɪɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɥɢɱɢɟ ɚɬɨɦɨɜ ɯɥɨɪɚ ɞɟɥɚɟɬ ɩɨɥɭɱɟɧɧɵɟ ɯɥɨɪɫɨɞɟɪɠɚɳɢɟ 

ɩɨɥɢɦɟɪɵ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɦɟɦɛɪɚɧɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɋɈ2 ɢɡ 

ɩɨɬɨɤɨɜ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ. 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ Ɋɨɫɫɢɣɫɤɨɝɨ Ɏɨɧɞɚ Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ (ɉɪɨɟɤɬ №18-33-00960 ɦɨɥ_ɚ). 
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ɄȺɌȺɅɂɌɂɑȿɋɄȺə ɉȿɊȿɊȺȻɈɌɄȺ ɅȿȽɄɂɏ ȺɅɄȺɇɈȼ ȼ ɈɅȿɎɂɇɕ 

Ȼɚɣɠɭɦɚɧɨɜɚ Ɍ.ɋ.1, Ɍɭɧɝɚɬɚɪɨɜɚ ɋ.Ⱥ.1,2, ɀɟɤɫɟɧɛɚɟɜɚ Ɂ.Ɍ.1,2, Ⱥɛɞɭɯɚɥɵɤɨɜ Ⱦ.Ȼ.1, 

Ȼɟɝɢɦɨɜɚ Ƚ.1,3, ɋɚɪɫɟɧɨɜɚ Ɋ.Ɉ.1, ɀɭɦɚɛɟɤ Ɇ.1, Ʉɚɫɵɦɯɚɧ Ʉ.1, Ʉɚɭɦɟɧɨɜɚ Ƚ.1,2, 

ȿɪɠɚɧɨɜ Ⱥ.1,2 

CATALYTIC PROCESSING OF LIGHT ALKANES INTO OLEFINS 
1 ɂɧɫɬɢɬɭɬ ɬɨɩɥɢɜɚ, ɤɚɬɚɥɢɡɚ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦ. Ⱦ.ȼ. ɋɨɤɨɥɶɫɤɨɝɨ, Ⱥɥɦɚɬɵ 

E-mail: baizhuma@mail.ru 
2 Ʉɚɡɇɍ ɢɦ. ɚɥɶ-Ɏɚɪɚɛɢ, Ⱥɥɦɚɬɵ 

3Ʉɚɡɚɯɫɬɚɧɫɤɨ-Ȼɪɢɬɚɧɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ⱥɥɦɚɬɵ 

 

Ɉɥɟɮɢɧɵ ɫɱɢɬɚɸɬɫɹ ɤɥɸɱɟɜɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ȼɟɞɭɳɭɸ ɪɨɥɶ ɢɡ ɧɢɯ ɢɝɪɚɸɬ ɧɢɡɲɢɟ ɚɥɤɟɧɵ – ɷɬɢɥɟɧ ɢ ɩɪɨɩɢɥɟɧ, ɝɨɞɨɜɨɣ ɨɛɴɟɦ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɬɨɪɵɯ ɩɪɢɦɟɪɧɨ 1,5×108 ɢ 8×107 ɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɥɟɮɢɧɵ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɷɬɢɥɟɧɚ, ɩɨɥɢɩɪɨɩɢɥɟɧɚ, ɮɟɧɨɥɚ, 

ɚɰɟɬɨɧɚ, ɫɩɢɪɬɨɜ, ɥɚɤɨɜ, ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɞɪɭɝɢɯ ɩɪɨɞɭɤɬɨɜ ɰɟɥɟɜɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ 

ɪɚɡɧɵɯ ɨɬɪɚɫɥɹɯ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɚ ɬɚɤɠɟ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɞɥɹ ɫɢɧɬɟɡɚ 

ɞɪɭɝɢɯ ɜɟɳɟɫɬɜ [1-3]. 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɫɩɨɫɨɛɨɜ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬ 12 ɪɹɞɚ - H3PW12O40, ɇ4SiW12O40, ɧɚɧɟɫɟɧɧɵɯ 

ɧɚ ɩɪɢɪɨɞɧɵɟ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɧɨɫɢɬɟɥɢ. Ɇɟɬɨɞɢɤɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɪɚɧɟɟ 

ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɨɤɢɫɥɟɧɢɹ ȺɈ «ɂɌɄɗ ɢɦ. Ⱦ.ȼ. ɋɨɤɨɥɶɫɤɨɝɨ» [4]. 

ɇɚ ɩɪɢɦɟɪɟ 5-15% ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ H4SiW12O40∙ɢ ɟɟ ɫɨɥɟɣ ɧɚ 

ɚɥɸɦɨɫɢɥɢɤɚɬɟ ɭɫɬɚɧɨɜɥɟɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɢɦɟɪɢɡɚɰɢɢ 

ɦɟɬɚɧɚ (ɈȾɆ) ɋ2ɇ6, ɋ2ɇ4, ɋɈ2, ɇ2, ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɥɨɫɶ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɪɟɚɤɰɢɢ. ɋɨɨɬɧɨɲɟɧɢɟ ɜ ɩɪɨɞɭɤɬɚɯ ɋ2ɇ4:ɋ2ɇ6 ɜɨɡɪɚɫɬɚɥɨ ɜ ɫɬɨɪɨɧɭ ɨɛɪɚɡɨɜɚɧɢɹ ɋ2ɇ4 

ɩɨ ɦɟɪɟ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɜɵɫɨɤɨɩɪɨɰɟɧɬɧɵɯ ɤ 

ɧɢɡɤɨɩɪɨɰɟɧɬɧɵɦ ɤɚɬɚɥɢɡɚɬɨɪɚɦ. Ɇɚɤɫɢɦɚɥɶɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɫɭɦɦɟ ɋ2-ɍȼ 

ɨɛɥɚɞɚɥ ɤɚɬɚɥɢɡɚɬɨɪ 5% H4SiW12Ɉ40/AlSi (Sɋ2ɇ4=51,5%, Sɋ2-ɍȼ=80,0%) ɢ 15% 

H3ɊW12Ɉ40/AlSi (Sɋ2ɇ4=39,2%, Sɋ2-ɍȼ=60,2%). ȼ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɟɣ ɦɨɝɭɬ ɛɵɬɶ 

ɪɟɤɨɦɟɧɞɨɜɚɧɵ CaAZ, CaX, ɦɢɧɟɪɚɥɵ, ɫɨɞɟɪɠɚɳɢɟ MgO, SiO2, NaA. 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɜɵɯɨɞɭ ɋ2ɇ4 ɢɡ ɋɇ4, ɤɨɬɨɪɵɣ ɞɨɫɬɢɝɚɥ 13,5-18,5% 

ɩɪɢ ɤɨɧɜɟɪɫɢɢ ɋɇ4 23-32% ɢ ɫɨɨɬɧɨɲɟɧɢɢ ɋ2ɇ4:ɋ2ɇ6 3,6-7,5. ɗɤɫɩɟɪɢɦɟɧɬɵ 

ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɫɨɫɬɚɜɟ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɨɛ.%: ɋɇ4 - 20,5; Ɉ2 - 15,4; Ar - 64,1; ɩɚɪɵ 

ɜɨɞɵ. 
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Ɋɢɫ. 1. ȼɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɧɨɫɢɬɟɥɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 5% [SiW12] ɧɚ ɤɨɧɜɟɪɫɢɸ ɢ ɜɵɯɨɞ  

ɋ2-ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɩɪɨɰɟɫɫɟ ɈȾɆ 

 

ɂɡɭɱɟɧɧɵɟ ɤɚɬɢɨɧɵ ɜ ɫɨɫɬɚɜɟ ɝɟɬɟɪɨɩɨɥɢɫɨɟɞɢɧɟɧɢɣ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɥɢɹɧɢɹ 

ɧɚ ɜɵɯɨɞ ɋ2ɇ4 (%) ɢɡ ɋɇ4 ɨɛɪɚɡɭɸɬ ɪɹɞɵ: 

-ɞɥɹ 5% [SiW12]/SiO2: Na (13,7) > Mg (11,9) > Ce (11,1) > Cd (10,7) > Ni (10,0) > 

Pb (9,7) > Ca (6,9) > Cr (8,1) > Fe (7,3) > Bi (7,0); 

-ɞɥɹ 5% [PW12]/SiO2: Mg (14,2) > Cs (12,7) > Pb (11,7) > Ba (10,0) > Cr (9,8). 

ɉɟɪɟɯɨɞ ɨɬ ɧɚɧɟɫɟɧɧɵɯ ȽɉɄ ɤ ɢɯ ɫɨɥɹɦ ɨɩɬɢɦɢɡɢɪɨɜɚɥ ɩɪɨɰɟɫɫ ɈȾɆ. ȼ ɬɚɛɥ. 1 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɵɯɨɞ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɋ2ɇ4 ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ 

ɫɨɨɬɧɨɲɟɧɢɹ ɋɇ4:Ɉ2 ɨɬ 1:1 ɞɨ (1,5-30):1 ɧɚ 0,5% H4SiW12O40/AlSi. 

 

Ɍɚɛɥɢɰɚ 1. ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɇ4 ɢ Ɉ2 ɜ ɫɦɟɫɢ ɧɚ ɜɵɯɨɞ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɨɛɪɚɡɨɜɚɧɢɹ ɋ2-ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ 0,5% H4SiW12O40/AlSi 

ɋɨɫɬɚɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɦɨɥɢ ȼɵɯɨɞ, % ɋɟɥɟɤɬɢɜɧɨɫɬɶ, % 

ɋ2ɇ6 ɋ2ɇ4 ɋ2ɇ6 ɋ2ɇ4 

ɋɇ4-0,0013, Ɉ2-0,0013, Ar-0,006 2,2 9,5 5,9 25,7 

ɋɇ4-0,0018, Ɉ2-0,0013, Ar-0,0056 3,4 8,8 16,6 43,0 

ɋɇ4-0,0031, Ɉ2-0,0013, Ar-0,0042 3,1 10,2 11,2 38,6 

ɋɇ4-0,0044, Ɉ2-0,0013, Ar-0,0030 3,0 8,9 48,0 20,9 

ɋɇ4-0,0018, Ɉ2-0,0004, Ar-0,0065 5,1 5,2 28,4 29,0 

ɋɇ4-0,0018, Ɉ2-0,0004, Ar-0,006 4,1 7,4 13,6 24,6 

ɉɪɢɦɟɱɚɧɢɟ – Ɍ = 1023 Ʉ, =0,46 ɫ. ɋɨɩɭɬɫɬɜɭɸɳɢɟ ɩɪɨɞɭɤɬɵ: ɋɇ2Ɉ, ɇ2, ɋɈ2. 
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Ɉɩɬɢɦɚɥɶɧɵɦ ɞɥɹ ɫɢɧɬɟɡɚ ɋ2ɇ4 ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜ ɫɦɟɫɢ, ɦɨɥɢ: ɋɇ4 – 0,0018-0,0031, 

Ɉ2 – 0,0013, ɢɧɟɪɬɧɵɣ ɝɚɡ – 0,008-0,004. ɉɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɜɜɟɞɟɧɢɟ ɜ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɚɪɨɜ ɜɨɞɵ (ɋɇ4:Ɉ2 = 1:0,21, ɦɨɥɶ). 

ɉɪɨɰɟɫɫ ɈȾɆ ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɧ ɩɭɬɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɩɪɨɞɭɤɬɚ ɈȾɆ – C2ɇ6 ɜ ɋ2ɇ4. 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɈȾɆ ɦɨɠɧɨ 

ɫɬɪɨɝɢɦ ɩɨɞɛɨɪɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɚɤɰɢɢ, ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɫɨɫɬɚɜɚ 

ɧɚɧɟɫɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɧɚɩɪɢɦɟɪ, ɡɚɦɟɳɟɧɢɟɦ ɩɪɨɬɨɧɨɜ ȽɉɄ ɧɚ ɤɚɬɢɨɧɵ ɦɟɬɚɥɥɨɜ 

I, II ɝɪɭɩɩ, ɧɚɧɟɫɟɧɢɟɦ ȽɉɄ ɧɚ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɟ ɧɨɫɢɬɟɥɢ (SiO2, ɩɟɧɬɚɫɢɥɵ, 

ɚɥɸɦɨɫɢɥɢɤɚɬ, ɩɪɢɪɨɞɧɵɟ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɰɟɨɥɢɬɵ). 

 

Ɋɚɛɨɬɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɨɜ ȺɊ01133881, BR05236739, 

ɮɢɧɚɧɫɢɪɭɟɦɵɯ Ʉɇ ɆɈɇ ɊɄ. 
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ɋɍɏɈɃ ɊɂɎɈɊɆɂɇȽ ɆȿɌȺɇȺ ȾɈ ɋɂɇɌȿɁ-ȽȺɁȺ ɇȺ 
ɉɈɅɂɈɄɋɂȾɇɕɏ ɄȺɌȺɅɂɁȺɌɈɊȺɏ  

Ⱦɨɫɭɦɨɜ Ʉ., ȿɪɝɚɡɢɟɜɚ Ƚ.ȿ., Ɇɵɥɬɵɤɛɚɟɜɚ Ʌ.Ʉ., Ɍɟɥɶɛɚɟɜɚ Ɇ.Ɇ.  
DRY REFORMING OF METHANE TO SYNGAS OVER POLYOXIDE CATALYSTS  

E-mail:  laura.kaden@mail.ru  
 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɝɨɪɟɧɢɹ, Ⱥɥɦɚɬɵ, Ʉɚɡɚɯɫɬɚɧ  

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɦɢɪɨɜɵɯ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ ɝɥɨɛɚɥɶɧɨɟ 

ɩɨɬɟɩɥɟɧɢɟ ɤɥɢɦɚɬɚ ɡɟɦɥɢ ɢɡ-ɡɚ ɨɛɪɚɡɨɜɚɧɢɹ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ, ɤɨɬɨɪɵɟ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 

ɫɬɟɩɟɧɢ ɩɪɨɢɡɜɨɞɹɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ. ɇɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɩɚɪɧɢɤɨɜɵɦɢ ɝɚɡɚɦɢ ɹɜɥɹɸɬɫɹ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ (CO2) ɢ ɦɟɬɚɧ (CH4). 

Ɉɞɧɢɦ ɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɫɩɨɫɨɛɨɜ ɭɬɢɥɢɡɚɰɢɢ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ – ɦɟɬɚɧɚ ɢ ɞɢɨɤɫɢɞɚ 

ɭɝɥɟɪɨɞɚ ɹɜɥɹɟɬɫɹ ɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɩɟɪɟɪɚɛɨɬɤɚ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɡ ɩɪɢɪɨɞɧɨɝɨ, ɩɨɩɭɬɧɨɝɨ ɝɚɡɨɜ ɢ ɛɢɨɝɚɡɚ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɨɫɧɨɜɧɨɦ ɦɟɬɚɧ, 

ɩɨɥɭɱɢɬɶ ɫɢɧɬɟɡ-ɝɚɡ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ Ɏɢɲɟɪɚ-

Ɍɪɨɩɲɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɦɵɲɥɟɧɧɨ ɰɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ (ɦɟɬɚɧɨɥ, ɞɢɦɟɬɢɥɨɜɵɣ 

ɷɮɢɪ, ɨɥɟɮɢɧɵ, ɤɢɫɥɨɬɵ ɢ ɞɪ.) [1-3].  

Ɉɫɧɨɜɧɵɦɢ ɩɪɨɛɥɟɦɚɦɢ ɭɝɥɟɤɢɫɥɨɬɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ (ɍɄɆ) ɹɜɥɹɸɬɫɹ 

ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɤɨɤɫɨɨɛɪɚɡɨɜɚɧɢɸ ɜɫɟɯ ɢɡɜɟɫɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ [4].  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɚɤɬɢɜɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ 

ɷɮɮɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɩɪɨɰɟɫɫɚ ɪɢɮɨɪɦɢɧɝɚ ɦɟɬɚɧɚ. ȼ ɤɚɱɟɫɬɜɟ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɨɰɟɫɫɚ ɢɡɭɱɟɧɵ ɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ (Co, Mn, Cr, 

Ni, Ce, La) ɧɚɧɟɫɟɧɧɵɟ ɧɚ Ȗ-Al2O3 ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɨɤɫɢɞɚɦɢ ɥɚɧɬɚɧɚ ɢ ɦɨɥɢɛɞɟɧɚ 

ɧɢɤɟɥɶɫɨɞɟɪɠɚɳɢɟ ɤɚɬɚɥɢɡɚɬɨɪɵ.  

 Ʉɚɬɚɥɢɡɚɬɨɪɵ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɦɟɬɨɞɨɦ ɤɚɩɢɥɥɹɪɧɨɣ ɩɪɨɩɢɬɤɢ ɧɨɫɢɬɟɥɹ ɩɨ 

ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɸ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɭɸɳɟɝɨ ɫɨɟɞɢɧɟɧɢɹ (ɋɋ) ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɫɭɲɤɨɣ ɩɪɢ 300 ɨɋ ɢ ɩɪɨɤɚɥɢɜɚɧɢɟɦ ɩɪɢ 500 ɨɋ. ɋɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɨɣ 

ɮɚɡɵ ɧɚ ɧɨɫɢɬɟɥɟ ɪɚɫɫɱɢɬɚɧo ɧɚ ɫɭɦɦɭ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ (ɦɚɫɫ.%). Ɍɟɫɬɢɪɨɜɚɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɩɪɨɬɨɱɧɨɣ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ. ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɥɢ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢ 

ɧɚ ɩɪɢɛɨɪɟ "ɏɊɈɆɈɋ Ƚɏ-1000" ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɚɛɫɨɥɸɬɧɨɣ ɤɚɥɢɛɪɨɜɤɢ.  

ɉɨɥɭɱɟɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɦɟɬɨɞɨɦ 

ɬɟɪɦɨɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɚ ɩɪɢɛɨɪɟ ɍɋȽȺ-101. Ɍɟɦɩɟɪɚɬɭɪɧɨ-

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ (Ɍɉȼ) ɩɪɨɜɨɞɢɥɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ, 

ɜɤɥɸɱɚɸɳɟɣ ɫɢɫɬɟɦɭ ɩɨɞɝɨɬɨɜɤɢ ɝɚɡɨɜ, ɪɟɚɤɬɨɪ ɫ ɬɪɭɛɱɚɬɨɣ ɩɟɱɶɸ ɢ ɞɟɬɟɤɬɨɪ ɩɨ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜɨɞɨɪɨɞɨɦ, ɩɪɨɩɭɫɤɚɹ ɫɦɟɫɶ ɝɚɡɨɜ 
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(5% ɇ2 ɢ 95% Ar) ɱɟɪɟɡ ɪɟɚɤɬɨɪ ɫɨ ɫɤɨɪɨɫɬɶɸ 30 ɦɥ/ɦɢɧ. ɋɤɨɪɨɫɬɶ ɥɢɧɟɣɧɨɝɨ ɧɚɝɪɟɜɚ 

ɫɨɫɬɚɜɥɹɥɚ 10 ɨɋ/ɦɢɧ.  

ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɜ ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɚɧɚ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɰɟɫɫɚ Ɍɪ = 750 ɨɋ ɢ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ W = 2000 ɱ-1 ɛɵɥɢ ɢɫɩɵɬɚɧɵ 

ɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ (ɋɟ, Mn, Co, La, Cr ɢ Ni), ɧɚɧɟɫɟɧɧɵɟ ɧɚ 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɧɨɫɢɬɟɥɶ - ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ (Ȗ -Al2O3), ɤɨɬɨɪɵɣ ɧɚɦɢ ɛɵɥ ɜɵɛɪɚɧ 

ɪɚɧɟɟ [5].  

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ ɱɬɨ, ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨ ɨɛɪɚɡɨɜɚɧɢɸ ɜɨɞɨɪɨɞɚ ɢ 

ɋɈ ɜ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɧɚ ɢɡɦɟɧɹɟɬɫɹ ɜ ɪɹɞɭ, ɜ ɨɛ.%: Ni (ɇ2 – 28, ɋɈ – 14) > Cr (ɇ2 

– 18,2, ɋɈ – 11,3) > La (ɇ2 – 18,2, ɋɈ – 10,2) > Cɨ (ɇ2 - 15, ɋɈ –)> Mn (ɇ2 – 9,4, ɋɈ – 4,7) 

> ɋɟ (ɇ2 – 8,3, ɋɈ – 6,2). ɋɪɟɞɢ ɢɡɭɱɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɩɨɤɚɡɚɥ 3%Ni/Ȗ-Al2O3. ȼɵɯɨɞɵ ɜɨɞɨɪɨɞɚ ɢ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɞɨɫɬɢɝɚɸɬ 28 ɢ 14 ɨɛ.%, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ 50 %.  

 Ⱦɚɥɟɟ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɧɢɤɟɥɹ ɨɬ 0,05 ɞɨ 10 %, ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɬ 600 ɞɨ 900 ɨɋ ɢ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɨɬ 1000 ɞɨ 4500 ɱ-1 ɧɚ ɩɪɨɰɟɫɫ ɍɄɆ. ɇɚɣɞɟɧɨ, ɱɬɨ 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɨɤɚɡɚɥɫɹ 3%NiɈ/Al2O3 ɩɪɢ Ɍɪ = 850 ɨɋ ɢ W = 1000 ɱ-1. ɉɪɢ ɷɬɢɯ 

ɭɫɥɨɜɢɹɯ ɜɵɯɨɞ ɜɨɞɨɪɨɞɚ ɞɨɫɬɢɝɚɟɬ 34.7ɨɛ.% ɢ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 37.8 ɨɛ.%.  

 Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɢɤɟɥɟɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɧɨɫɢɬɟɥɟ 

ɛɵɥɨ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ - ɨɤɫɢɞɨɜ ɦɨɥɢɛɞɟɧɚ, ɰɢɪɤɨɧɢɹ ɢ 

ɥɚɧɬɚɧɚ. ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɤɬɢɜɧɨɫɬɢ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɭɝɥɟɤɢɫɥɨɬɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ. ɍɫɥɨɜɢɹ ɪɟɚɤɰɢɢ - ɋɇ4:ɋɈ2=1:1, 

Ɍɪ=850 ɨɋ ɢ ɨɛɴɟɦɧɚɹ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ 1000 ɱ-1. 

 

1 - 3%NiO/Al2O3; 2- 3%NiO - 2%La2O3/Al2O3; 3- 3%NiO - 2%ZrO2/Al2O3;  

4 - 3%NiO - 2%MoO3/Al2O3 

Ɋɢɫ. 1. Ⱥɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɢ ɭɝɥɟɤɢɫɥɨɬɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 1, ɧɚ ɜɫɟɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɤɨɧɜɟɪɬɢɪɭɟɬ 

ɩɨɥɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɚɧɨɦ. Ⱦɨɛɚɜɥɟɧɢɟ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɢ ɦɨɥɢɛɞɟɧɚ ɜ ɫɨɫɬɚɜ 

ɧɢɤɟɥɟɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɨɜɵɲɚɟɬ ɫɬɟɩɟɧɶ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ, ɚ ɬɚɤɠɟ ɜ ɩɪɨɞɭɤɬɚɯ 

ɪɟɚɤɰɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɚɯ. ɇɚɢɛɨɥɶɲɚɹ ɤɨɧɜɟɪɫɢɹ 

ɦɟɬɚɧɚ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ ɫɨɫɬɚɜ 3%NiO/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɤɫɢɞɨɜ 

ɰɢɪɤɨɧɢɹ ɢ ɦɨɥɢɛɞɟɧɚ. ɇɚ ɤɚɬɚɥɢɡɚɬɨɪɟ 3%NiɈ - 2%ZrɈ2/Al2O3 ɤɨɧɜɟɪɫɢɹ ɢɫɯɨɞɧɵɯ 

ɝɚɡɨɜ ɫɨɫɬɚɜɥɹɸɬ ɋɇ4 - 90 %, ɋɈ2 - 94 %, ɩɪɢ ɷɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɹ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ 

ɪɟɚɤɰɢɢ ɇ2 - 43 ɨɛ.%, ɋɈ - 47ɨɛ.%. ɇɚ ɤɚɬɚɥɢɡɚɬɨɪɟ 3%NiO - 2%MoO3/Al2O3 ɤɨɧɜɟɪɫɢɹ 

ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɨɫɬɚɜɥɹɸɬ ɋɇ4-91 %, ɋɈ2 - 95 ɨɛ.%, ɩɪɢ ɷɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɇ2 - 43 ɨɛ.%, ɋɈ - 48 ɨɛ.%. 

Ⱦɚɥɟɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɚ ɦɨɥɢɛɞɟɧɚ ɜ ɫɨɫɬɚɜɟ NiO/Al2O3 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɪɟɚɤɰɢɢ ɭɝɥɟɤɢɫɥɨɬɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ. ȼ ɬɚɛɥɢɰɟ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɪɟɚɤɰɢɢ 850 ɨɋ ɢ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ 1000 ɱ-1.  

 

Ɍɚɛɥɢɰɚ. ȼɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɚ ɦɨɥɢɛɞɟɧɚ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɧɢɤɟɥɶɫɨɞɟɪɠɚɳɟɝɨ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɪɟɚɤɰɢɢ ɭɝɥɟɤɢɫɥɨɬɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ 

 

Ʉɚɬɚɥɢɡɚɬɨɪɵ (ɫɭɦɦɚ 
ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ, ɦɚɫɫ.%) 

ɏɋɇ4, % ɋɇ2, ɨɛ. % ɋɋɈ, ɨɛ. % 

3,5 % NiɈMoɈ3 /Al2O3 97 47 47 

4 % NiɈMoɈ3 /Al2O3 98 50 48 

5 % NiɈMoɈ3 /Al2O3 91 43 48 

6 % NiɈ MoɈ3 /Al2O3 97 47 48 

ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɚ ɦɨɥɢɛɞɟɧɚ ɨɬ 0,5 ɦɚɫɫ.% 

ɞɨ 3 ɦɚɫɫ.% ɜ ɫɨɫɬɚɜɟ NiO - MoO3/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɧɚɱɚɥɟ ɢɞɟɬ ɩɨɜɵɲɟɧɢɟ, ɡɚɬɟɦ 

ɩɨɧɢɠɟɧɢɟ ɜɵɯɨɞɚ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɦɚɤɫɢɦɭɦ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ 

ɦɨɥɢɛɞɟɧɚ 1 ɦɚɫɫ.%. ɧɚ 3%NiO - 1%MoO3/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɰɟɥɟɜɵɯ 

ɩɪɨɞɭɤɬɚɯ ɪɚɜɧɚ ɇ2 – 50 ɨɛ. %, ɋɈ – 48 ɨɛ. %, ɩɪɢ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ 98 %. 

ɂɡɭɱɟɧɢɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɜɨɞɢɥɨɫɶ ɦɟɬɨɞɨɦ Ɍɉȼ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2. ɂɡ ɪɢɫ. 2 ɜɢɞɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 

ɨɤɫɢɞɚ ɦɨɥɢɛɞɟɧɚ ɜ ɫɨɫɬɚɜɟ ɧɢɤɟɥɶ-ɦɨɥɢɛɞɟɧɨɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜɥɢɹɟɬ ɧɚ ɯɚɪɚɤɬɟɪ 

Ɍɉȼ ɩɪɨɮɢɥɟɣ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. 
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Ɋɢɫ. 2. Ɍɉȼ ɩɪɨɮɢɥɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ȼɜɟɞɟɧɢɟ ɜ ɫɨɫɬɚɜ ɧɢɤɟɥɟɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ 1 ɦɚɫɫ.% ɨɤɫɢɞɚ ɦɨɥɢɛɞɟɧɚ ɩɪɢɜɨɞɢɬ 

ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ Ɍɉȼ ɫɩɟɤɬɪɚ. ɇɚ Ɍɉȼ ɤɪɢɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚ 3%Ni-

1%Mo/Al2O3 ɧɚɛɥɸɞɚɸɬɫɹ 4 ɩɢɤɚ ɫ ɦɚɤɫɢɦɭɦɚɦɢ ɩɪɢ Ɍ1
ɦɚɤɫ = 187 ɨɋ, Ɍ2

ɦɚɤɫ = 400 ɨɋ, 

Ɍ3
ɦɚɤɫ = 679 ɨɋ ɢ Ɍ4

ɦɚɤɫ = 796 ɨɋ. Ɇɚɤɫɢɦɭɦ ɩɪɢ 400 ɨɋ ɦɨɠɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɥɟɝɤɨ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɭɸ ɦɚɫɫɢɜɧɨɦɭ ɨɤɫɢɞɭ ɧɢɤɟɥɹ. Ɇɚɤɫɢɦɭɦ ɩɪɢ 600 ɨɋ ɜɨɡɦɨɠɧɨ 

ɨɬɧɨɫɢɬɫɹ ɤ ɱɚɫɬɢɰɚɦ NiO ɢɥɢ MoO3 ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɦ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ. ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɢɤ ɩɪɢ 796 ɨɋ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ 

ɧɢɤɟɥɶ-ɚɥɸɦɢɧɢɟɜɵɯ ɲɩɢɧɟɥɟɣ, ɱɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɚɧɚ ɢɫɩɵɬɚɧɵ ɨɤɫɢɞɵ 

ɦɟɬɚɥɥɨɜ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ (ɋɟ, Mn, Co, La, Cr ɢ Ni), ɧɚɧɟɫɟɧɧɵɟ ɧɚ ɨɤɫɢɞ 

ɚɥɸɦɢɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɪɟɞɢ ɢɡɭɱɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɩɨɤɚɡɚɥ 3%Ni/Ȗ-Al2O3. ȼɵɯɨɞɵ ɜɨɞɨɪɨɞɚ ɢ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɞɨɫɬɢɝɚɸɬ 28 ɢ 

14 ɨɛ. %, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ 50%. 

ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧ ɫɨɫɬɚɜ ɨɤɫɢɞɧɨɝɨ 3%NiɈ/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ 

ɩɪɨɦɨɬɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ (ɆɨɈ3). Ɉɩɪɟɞɟɥɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 

ɩɪɨɦɨɬɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ ɨɤɫɢɞɚ ɦɨɥɢɛɞɟɧɚ (1 ɦɚɫɫ.%) ɜ ɫɨɫɬɚɜɟ ɩɨɥɢɨɤɫɢɞɧɨɝɨ 3%NiɈ 

- 1%ɆɨɈ3/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɩɨɥɢɨɤɫɢɞɧɵɣ 

ɤɚɬɚɥɢɡɚɬɨɪ 3%NiɈ - 1%ɆɨɈ3/Al2O3 ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɧɵɦ ɜ ɪɟɚɤɰɢɹɯ ɭɝɥɟɤɢɫɥɨɬɧɨɣ 

ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ, ɝɞɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɚɯ ɞɨɫɬɢɝɚɟɬ ɇ2 – 50 ɨɛ. %, ɋɈ – 

48 ɨɛ. %, ɩɪɢ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ 98 %. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɆɈɇ ɊɄ (ɩɪɨɟɤɬ № AP05132114). 
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ɋɢɧɬɟɡ-ɝɚɡ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɢɫɯɨɞɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ 

ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ 

ɫɢɧɬɟɡ-ɝɚɡɟ ɨɧ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɥɢ 

ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɤɥɸɱɚɹ ɦɟɬɚɧɨɥ, ɭɤɫɭɫɧɭɸ ɤɢɫɥɨɬɭ, ɮɨɪɦɚɥɶɞɟɝɢɞ 

ɢ ɞɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ [1-6]. Ɋɟɚɤɰɢɹ ɫɟɥɟɤɬɢɜɧɨɝɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ (ɋɄɈ) 

ɦɟɬɚɧɚ, ɞɚɸɳɚɹ ɜ ɩɪɨɞɭɤɬɚɯ ɦɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɇ2/ɋɈ = 2,0, ɦɨɝɥɚ ɛɵ ɫɬɚɬɶ ɪɟɚɤɰɢɟɣ, 

ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ ɩɚɪɨɜɨɝɨ ɪɟɮɨɪɦɢɧɝɚ ɦɟɬɚɧɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɢɧɬɟɡ-ɝɚɡɚ. 

ɇɚɦɢ ɢɫɫɥɟɞɨɜɚɥɢɫɶ Pt, Ru ɢ Pt-Ru/2%ɋɟ/(+)-Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɵ ɫ ɪɚɡɥɢɱɧɵɦ 

ɫɨɨɬɧɨɲɟɧɢɟɦ Pt ɤ Ru ɜ ɩɪɨɰɟɫɫɟ ɋɄɈ ɦɟɬɚɧɚ ɜ ɫɢɧɬɟɡ-ɝɚɡ ɩɪɢ ɦɚɥɵɯ ɜɪɟɦɟɧɚɯ ɤɨɧɬɚɤɬɚ 

[7-9]. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɜɪɟɦɟɧɚɯ ɤɨɧɬɚɤɬɚ 3,0-4,0 ɦɫ ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɚ ɩɪɢ 1173 Ʉ 

ɢɡɦɟɧɹɟɬɫɹ ɨɬ 96 ɞɨ 100%, ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɜɨɞɨɪɨɞɭ - 100%, ɩɨ ɋɈ - 95-100%. ɉɪɢ 

ɚɬɨɦɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ Pt:Ru 2:1 ɥɢɛɨ 1:1 (32,4 ɢ 45,3ɚɬ.% Ru ɜ ɫɦɟɲɚɧɧɵɯ Pt-Ru) ɢ Ĳ = 

4,0 ɦɫ ɧɚɛɥɸɞɚɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɟ 100%-ɧɵɟ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɚɧɚ ɩɨ ɩɪɹɦɨɦɭ 

ɦɟɯɚɧɢɡɦɭ ɜ ɫɢɧɬɟɡ-ɝɚɡ ɩɪɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɇ2 ɢ ɋɈ 100%. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ 

ɦɟɬɨɞɚɦɢ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɚɬɨɦɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɜ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɡɚɦɟɬɧɨ 

ɜɥɢɹɟɬ ɧɚ ɚɞɫɨɪɛɰɢɸ Ɉ2. Ɍɚɤ, ɜɜɟɞɟɧɢɟ ɪɭɬɟɧɢɹ ɜ ɫɨɫɬɚɜ ɩɥɚɬɢɧɨɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ 

ɫɨɨɬɧɨɲɟɧɢɟɦ Pt:Ru=2:1 (0,68Pt:0,32Ru, ɜɟɫ.%) ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɚɞɫɨɪɛɰɢɢ 

ɩɪɨɱɧɨɫɜɹɡɚɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɜɨ ɜɬɨɪɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ (873−1073Ʉ). 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɧɚ Pt:Ru (2:1, 1:1) ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɪɟɚɤɰɢɹ ɋɄɈ ɋɇ4 ɩɪɨɬɟɤɚɟɬ ɩɨ 

ɩɪɹɦɨɦɭ ɦɟɯɚɧɢɡɦɭ ɫ ɭɱɚɫɬɢɟɦ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ Pt-Ru ɤɥɚɫɬɟɪɨɜ, ɨɛɥɚɞɚɸɳɢɯ 

ɧɚɢɛɨɥɶɲɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɚɞɫɨɪɛɰɢɢ ɚɬɨɦɚɪɧɨɝɨ ɜɨɞɨɪɨɞɚ [10]. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɩɪɢɝɨɬɨɜɥɟɧɚ ɫɟɪɢɹ Pt-, Ru- ɢ Pt-Ru ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ 

ɧɨɫɢɬɟɥɟ 2%Ce/(ș+α)−Al2O3. Ʉɚɬɚɥɢɡɚɬɨɪɵ ɝɨɬɨɜɢɥɢɫɶ ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 

ɧɚɧɟɫɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɚ (ș+α)−Al2O3 (100 − 200 ɦɤɦ, Sɭɞ = 57,7 ɦ2/ɝ) ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ 

ɫɨɥɟɣ ɦɟɬɚɥɥɨɜ Ce(NO3)36H2O, Ru(OH)Cl3 ɢ H2PtCl66H2O ɦɟɬɨɞɨɦ ɤɚɩɢɥɥɹɪɧɨɣ 

ɩɪɨɩɢɬɤɢ ɩɨ ɜɥɚɝɨɟɦɤɨɫɬɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɨɝɪɟɜɨɦ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ 873 Ʉ 3 ɱ. 

Ɂ-III-3 
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Ⱥɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɢ ɋɄɈ ɋɇ4 ɨɩɪɟɞɟɥɹɥɢ ɜ ɩɪɨɬɨɱɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɢ 

ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɜ ɤɜɚɪɰɟɜɨɦ ɦɢɤɪɨɪɟɚɤɬɨɪɟ ɫ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ 4,5 ɦɦ. 

ɇɚɜɟɫɤɚ ɤɚɬɚɥɢɡɚɬɨɪɚ 10 ɦɝ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɚɫɶ ɫ ɩɨɪɨɲɤɨɦ ɤɜɚɪɰɚ, ɚ ɫɜɟɪɯɭ ɜ 

ɪɟɚɤɬɨɪ ɞɨɛɚɜɥɹɥɢɫɶ ɱɚɫɬɢɰɵ ɛɨɥɟɟ ɤɪɭɩɧɨɝɨ ɤɜɚɪɰɚ ɞɨ ɨɛɳɟɣ ɜɵɫɨɬɵ ɫɥɨɹ 70 ɦɦ. 

ɉɨɞɚɜɚɥɚɫɶ ɢɫɯɨɞɧɚɹ ɪɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɩɪɢ ɋɄɈ ɦɟɬɚɧɚ: ɋɇ4:Ɉ2:Ar = 2,0 : 1,0 : 97,0, 

(%), ɩɪɢ Ɍ = 1173 Ʉ, V = 9·105 ɱ-1, Ĳ = 0,004 ɫ. ɉɪɢ ɩɚɪɨɤɢɫɥɨɪɨɞɧɨɣ ɤɨɧɜɟɪɫɢɢ (ɉɄɄ) 

ɦɟɬɚɧɚ: ɋɇ4 : Ɉ2 : ɇ2Ɉ : Ar = 2,0 : 1,0 : 2,0 : 95,0, %, Ɍ = 1073 – 1173 Ʉ, V = 1∙105 - 9∙105 ɱ-

1. 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɦɟɬɨɞɨɦ 

ɤɚɩɢɥɥɹɪɧɨɣ ɩɪɨɩɢɬɤɢ ɜ ɩɪɨɰɟɫɫɟ ɉɄɄ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫɧɚɱɚɥɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ 

ɜɥɢɹɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɥɹɟɦɵɯ ɩɚɪɨɜ ɜɨɞɵ ɜ ɢɫɯɨɞɧɭɸ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɜ ɉɄɄ 

2,0% ɋɇ4 + 1,0% Ɉ2 + Ar + ɇ2Ɉ ɩɪɢ V = 9∙105  ɱ-1, Ĳ = 0,004 ɫ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɩɪɢ 

ɞɨɛɚɜɥɟɧɢɢ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ ɦɚɥɵɯ ɤɨɥɢɱɟɫɬɜ ɩɚɪɨɜ ɜɨɞɵ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɋɇ4 : 

ɇ2Ɉ = 1 : 0,5 ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 1023 ɞɨ 1173 Ʉ ɧɚɛɥɸɞɚɥɨɫɶ ɩɨɫɬɟɩɟɧɧɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɋɇ4 ɨɬ 70 ɞɨ 90%, ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɇ2 ɨɬ 23,8 ɩɪɢ 1023 Ʉ ɞɨ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ 100% ɡɧɚɱɟɧɢɹ ɩɪɢ 1173 Ʉ, ɛɟɡ ɜɵɞɟɥɟɧɢɹ ɋɈ2. ɋɨɨɬɧɨɲɟɧɢɟ ɇ2/ɋɈ 

ɤɨɥɟɛɚɥɨɫɶ ɨɬ 3,3 ɞɨ 5,0. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ ɋɇ4 : ɇ2Ɉ = 1 : 1 ɫ ɩɨɜɵɲɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 1023 ɞɨ 1123 ɢ 1173 Ʉ ɬɚɤɠɟ ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɜɟɪɫɢɢ ɋɇ4 ɢ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɇ2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬ 97,5% ɢ 18,8 ɞɨ ɦɚɤɫɢɦɚɥɶɧɵɯ 100% ɡɧɚɱɟɧɢɣ 

ɛɟɡ ɜɵɞɟɥɟɧɢɹ ɋɈ2 ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɇ2/ɋɈ 3,0 – 3,6. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɞɨɛɚɜɥɹɟɦɵɯ ɩɚɪɨɜ 

ɜɨɞɵ ɞɨ ɫɨɨɬɧɨɲɟɧɢɹ ɋɇ4 : ɇ2Ɉ = 1 : 2 ɩɨ ɦɟɪɟ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 1023 ɞɨ 1123 

Ʉ ɜɫɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɬɚɤɠɟ ɩɨɜɵɲɚɥɢɫɶ, ɬ.ɟ. ɤɨɧɜɟɪɫɢɹ ɋɇ4 ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɇ2 

ɭɜɟɥɢɱɢɜɚɥɢɫɶ ɨɬ 62,5 ɢ 26,6 ɞɨ ɦɚɤɫɢɦɚɥɶɧɵɯ 100% ɡɧɚɱɟɧɢɣ, ɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɋɈ 

ɤɨɥɟɛɚɥɚɫɶ ɨɬ 88,8 – 98,2% ɫ ɩɨɹɜɥɟɧɢɟɦ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ ɦɚɥɵɯ ɤɨɥɢɱɟɫɬɜ ɋɈ2 

(0,013 – 0,023%). ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɨɬɧɨɲɟɧɢɟ ɇ2/ɋɈ ɭɦɟɧɶɲɚɥɨɫɶ ɨɬ 10,0 

ɞɨ 4,6. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ ɩɨ ɩɪɟɜɪɚɳɟɧɢɸ ɦɟɬɚɧɚ 

ɹɜɥɹɟɬɫɹ ɉɄɄ ɋɇ4 ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɋɇ4 : ɇ2Ɉ = 1 : 1. Ⱦɨɛɚɜɥɟɧɢɟ ɜ ɪɟɚɤɰɢɨɧɧɭɸ 

ɫɢɫɬɟɦɭ ɩɚɪɨɜ ɜɨɞɵ (2,0%) ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɞɨ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 

ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ, ɫɟɥɟɤɬɢɜɧɨɫɬɟɣ ɩɨ ɇ2 ɢ ɋɈ (100%) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ 50ɨ ɛɨɥɟɟ 

ɧɢɡɤɨɣ, ɱɟɦ ɩɪɢ ɋɄɈ ɦɟɬɚɧɚ ɫ ɩɨɥɭɱɟɧɢɟɦ ɫɢɧɬɟɡ-ɝɚɡɚ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɇ2/ɋɈ = 3,0 ɛɟɡ 

ɨɛɪɚɡɨɜɚɧɢɹ ɋɈ2. 

ɇɚɦɢ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ 

ɉɄɄ ɦɟɬɚɧɚ ɋɇ4 : Ɉ2 : ɇ2Ɉ : Ar = 2,0 : 1,0 : 2,0 : 95,0,% ɧɚ ɏɋɇ4, ɤɨɧɰɟɧɬɪɚɰɢɸ ɇ2 ɢ ɋɈ 

ɧɚ 1,0% Pt-Ru (1:1)/2%ɋɟ/(+)−Al2O3 ɩɪɢ Ɍ = 1073 – 1173 Ʉ, V = 1∙105 - 9∙105 ɱ-1. Ʉɚɤ 
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ɜɢɞɧɨ ɢɡ ɪɢɫ. 1, ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɰɟɫɫɚ ɉɄɄ ɦɟɬɚɧɚ ɩɪɢ 1073 Ʉ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴɟɦɧɨɣ 

ɫɤɨɪɨɫɬɢ ɨɬ 1∙105 ɱ-1 ɞɨ 9∙105 ɱ-1 ɏɋɇ4, ɤɨɧɰɟɧɬɪɚɰɢɹ ɇ2 ɢ ɋɈ ɭɦɟɧɶɲɚɸɬɫɹ. Ɉɞɧɚɤɨ, ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɞɨ 1123 ɢ 1173 Ʉ ɫɧɨɜɚ ɩɨɜɵɲɚɸɬɫɹ ɜɫɟ ɩɨɤɚɡɚɬɟɥɢ 

ɩɪɨɰɟɫɫɚ ɞɨ ɧɚɱɚɥɶɧɵɯ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. ɋɨɨɬɧɨɲɟɧɢɟ ɇ2/ɋɈ ɫɨɫɬɚɜɥɹɥɨ 3,0 – 

4,5. 

 
ɍɫɥɨɜɢɹ ɨɩɵɬɚ: ɉɄɄ ɋɇ4 : Ɉ2 : ɇ2Ɉ : Ar = 2,0 : 1,0 : 2,0 : 95,0,%, Ɍ = 1073–1173 

Ʉ, V = 1∙105 - 9∙105 ɱ-1. 

Ɋɢɫ. 1. ȼɥɢɹɧɢɟ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɢɡɦɟɧɟɧɢɟ ɏɋɇ4, [ɇ2], [ɋɈ] ɜ ɉɄɄ 

ɦɟɬɚɧɚ ɧɚ 1,0% Pt-Ru (1:1)/2%ɋɟ/(+)-Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɟ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɨ ɱɬɨ ɩɪɨɰɟɫɫ ɉɄɄ ɦɟɬɚɧɚ ɫ ɧɚɣɞɟɧɧɵɦ 

ɨɩɬɢɦɚɥɶɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɋɇ4 : ɇ2Ɉ = 1 : 1 ɩɪɨɬɟɤɚɟɬ ɫ ɩɨɥɧɵɦ ɩɪɟɜɪɚɳɟɧɢɟɦ 

ɢɫɯɨɞɧɨɝɨ ɦɟɬɚɧɚ ɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɚɦ ɪɟɚɤɰɢɢ 

ɛɟɡ ɜɵɞɟɥɟɧɢɹ ɋɈ2 ɤɚɤ ɩɪɢ 1123 Ʉ ɫ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɶɸ 9·105 ɱ-1, ɬɚɤ ɢ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɚɤɰɢɢ ɞɨ 1073 Ʉ ɫɨ ɫɤɨɪɨɫɬɶɸ 1·105 ɱ-1 ɧɚ 1,0% Pt-Ru (1:1)/2%ɋɟ/(+)-

Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɟ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɩɨɢɫɤɚ ɧɨɜɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ ɪɟɫɭɪɫɨɜ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ ɢ ɩɪɨɞɭɤɬɨɜ 

ɧɟɮɬɟɯɢɦɢɢ. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ-ɝɚɡ (ɫɦɟɫɶ ɨɤɫɢɞɨɜ 

ɭɝɥɟɪɨɞɚ ɢ ɜɨɞɨɪɨɞɚ), ɤɨɬɨɪɵɣ ɩɪɨɢɡɜɨɞɹɬ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ, ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɭɝɥɹ, 

ɧɨ ɝɚɡɨɜɚɹ ɫɦɟɫɶ ɇ2/ɋɈ/ɋɈ2 ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɢɡ ɥɸɛɨɝɨ 

ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ, ɜɤɥɸɱɚɹ ɛɢɨɦɚɫɫɭ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ 

ɝɢɛɤɨɫɬɶ ɬɟɯɧɨɥɨɝɢɣ ɩɟɪɟɯɨɞɢɬɶ ɧɚ ɬɨɬ ɢɥɢ ɢɧɨɣ ɫɵɪɶɟɜɨɣ ɪɟɫɭɪɫ.  

ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɦ ɩɪɨɞɭɤɬɨɦ, ɩɟɪɟɪɚɛɨɬɤɢ ɫɢɧɬɟɡ-ɝɚɡɚ, ɹɜɥɹɟɬɫɹ 

ɦɟɬɚɧɨɥ, ɲɢɪɨɤɨ ɜɨɫɬɪɟɛɨɜɚɧɧɵɣ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɞɭɤɬɨɜ ɧɟɮɬɟɯɢɦɢɢ ɢ 

ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ. Ɉɞɧɚɤɨ, ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɨɡɪɚɫɬɚɟɬ ɢɧɬɟɪɟɫ ɤ ɩɪɨɞɭɤɬɭ 

ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɬɚɧɨɥɚ –  ɞɢɦɟɬɢɥɨɜɨɦɭ ɷɮɢɪɭ (ȾɆɗ), ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɥɢɛɨ 

ɩɭɬɟɦ ɞɟɝɢɞɪɚɬɚɰɢɢ ɦɟɬɚɧɨɥɚ, ɥɢɛɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ. ȾɆɗ ɜ ɩɟɪɫɩɟɤɬɢɜɟ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɟ ɬɨɩɥɢɜɨ ɞɥɹ ɞɢɡɟɥɶɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɨɞɧɨɫɬɚɞɢɣɧɨɦɭ ɦɟɬɨɞɭ ɩɨɥɭɱɟɧɢɹ ȾɆɗ 

ɢɡ ɫɢɧɬɟɡ-ɝɚɡɚ ɜ ɭɫɥɨɜɢɹɯ ɫɥɚɪɪɢ-ɪɟɚɤɬɨɪɚ, ɬɚɤɠɟ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫ ɩɪɨɰɟɫɫɨɦ, 

ɩɪɨɜɨɞɢɦɵɦ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɬɨɪɚ ɫɨ ɫɬɚɰɢɨɧɚɪɧɵɦ ɫɥɨɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ ɚɧɚɥɨɝɢɱɧɵɯ 

ɭɫɥɨɜɢɹɯ. 

ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢɦɟɧɹɥɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ ɫɢɧɬɟɡɚ 

ɦɟɬɚɧɨɥɚ ɜ ɫɦɟɫɢ ɫ ɞɟɝɢɞɪɚɬɢɪɭɸɳɢɦ ɚɝɟɧɬɨɦ, ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɵɟ ɜ ɫɪɟɞɟ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɟɜɪɚɳɟɧɢɟ ɦɟɬɚɧɨɥɚ ɩɨ ɪɟɚɤɰɢɢ ɟɝɨ ɞɟɝɢɞɪɚɬɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ 

ɫɦɟɳɟɧɢɸ ɪɚɜɧɨɜɟɫɢɹ «ɫɢɧɬɟɡ-ɝɚɡ – ɦɟɬɚɧɨɥ», ɚ ɤɨɧɜɟɪɫɢɹ CO ɡɚ ɩɪɨɯɨɞ ɜɨɡɪɚɫɬɚɟɬ ~ ɜ 

2 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɜɟɪɫɢɟɣ CO ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɦɟɬɚɧɨɥɚ ɩɪɢ ɚɧɚɥɨɝɢɱɧɵɯ 

ɭɫɥɨɜɢɹɯ. ɉɨɫɤɨɥɶɤɭ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɫɢɧɬɟɡɚ ɦɟɬɚɧɨɥɚ ɬɚɤɠɟ 

ɩɪɨɹɜɥɹɸɬ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɢ ɫɞɜɢɝɚ ɜɨɞɹɧɨɝɨ ɝɚɡɚ, ɜɨɡɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɫɬɨɪɨɧɭ ɨɞɧɨɝɨ ɢɡ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫɢɧɬɟɡɚ CO2 ɥɢɛɨ 

ɜɨɞɵ ɡɚ ɫɱɟɬ ɜɚɪɶɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɜ ɢɧɬɟɪɜɚɥɟ 220-280°ɋ. 
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ɉɪɨɜɟɞɟɧɢɟ ɩɪɨɰɟɫɫɚ ɫɨɜɦɟɫɬɧɨɝɨ ɫɢɧɬɟɡɚ ɦɟɬɚɧɨɥɚ ɢ ȾɆɗ ɜ ɪɟɚɤɬɨɪɟ ɫɨ 

ɫɬɚɰɢɨɧɚɪɧɵɦ ɫɥɨɟɦ ɩɪɢ ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ ɹɜɥɹɟɬɫɹ ɦɟɬɚɧɨɥ, 

ɱɬɨ, ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɨ ɫ ɦɟɧɶɲɢɦ ɜɪɟɦɟɧɟɦ ɩɪɟɛɵɜɚɧɢɹ ɦɟɬɚɧɨɥɚ ɜ ɡɨɧɟ ɪɟɚɤɰɢɢ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɇɎ (ɋɨɝɥɚɲɟɧɢɟ № 17-73-30046). 
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ɇɈȼɕȿ ɄȺɌȺɅɂɁȺɌɈɊɕ ɄɂɋɅɈɊɈȾɇɈɃ ɄɈɇȼȿɊɋɂɂ ɆȿɌȺɇȺ ɇȺ 
ɈɋɇɈȼȿ ɉɊɈȾɍɄɌɈȼ ȼɈɋɋɌȺɇɈȼɂɌȿɅɖɇɈȽɈ ɊȺɁɅɈɀȿɇɂə 

ɋɅɈɀɇɕɏ ɈɄɋɂȾɈȼ 

Ɇɚɥɵɲɟɜ ɋ.Ⱥ. 1, ɒɥɹɯɬɢɧ Ɉ.Ⱥ. 1, Ɇɚɡɨ Ƚ.ɇ. 1, Ʌɨɤɬɟɜ Ⱥ.ɋ. 2,  
Ⱦɟɞɨɜ Ⱥ.Ƚ. 2, Ɇɨɢɫɟɟɜ ɂ.ɂ. 2 

NEW CATALYSTS FOR PARTIAL OXIDATION OF METHANE BASED ON 

PRODUCTS OF REDUCTIVE DECOMPOSITION OF COMPLEX OXIDES 
1ɏɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ Ɇɨɫɤɨɜɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦɟɧɢ Ɇ.ȼ. 

Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ  
E-mail: malyshev.sergey.a@gmail.com 

2 Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 
Ɇɨɫɤɜɚ 

 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɜ ɫɢɧɬɟɡ-ɝɚɡ ɹɜɥɹɟɬɫɹ 

ɟɝɨ ɩɚɪɰɢɚɥɶɧɨɟ ɨɤɢɫɥɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɵɦ ɤɢɫɥɨɪɨɞɨɦ. Ɉɞɧɚɤɨ ɤ ɧɚɫɬɨɹɳɟɦɭ ɦɨɦɟɧɬɭ 

ɜɫё ɟɳё ɧɟ ɪɟɲɟɧɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɩɪɨɛɥɟɦɚ ɩɨɢɫɤɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢ ɫɬɚɛɢɥɶɧɨɝɨ 

ɤɚɬɚɥɢɡɚɬɨɪɚ, ɤɨɬɨɪɵɣ ɛɵ ɩɨɡɜɨɥɢɥ ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɩɪɢ 

ɭɦɟɪɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɋɨɝɥɚɫɧɨ ɧɟɞɚɜɧɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ, ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ 

ɩɚɪɰɢɚɥɶɧɨɟ ɨɤɢɫɥɟɧɢɟ, ɢɥɢ ɤɢɫɥɨɪɨɞɧɚɹ ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɚ (ɄɄɆ), ɹɜɥɹɟɬɫɹ 

ɦɧɨɝɨɫɬɚɞɢɣɧɨɣ ɪɟɚɤɰɢɟɣ, ɜɤɥɸɱɚɸɳɟɣ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ ɨɤɢɫɥɟɧɢɹ-ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢ 

ɪɟɤɨɦɛɢɧɚɰɢɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ [1]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɬɚɥɢɡɚɬɨɪ ɄɄɆ, ɩɨ-

ɜɢɞɢɦɨɦɭ, ɞɨɥɠɟɧ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɣ ɤɨɦɩɨɡɢɬ, ɫɨɞɟɪɠɚɳɢɣ 

ɚɤɬɢɜɧɵɟ ɰɟɧɬɪɵ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɦɟɠɱɚɫɬɢɱɧɨɝɨ 

ɩɟɪɟɧɨɫɚ ɪɟɚɝɢɪɭɸɳɢɯ ɦɨɥɟɤɭɥ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɜɵɫɨɤɚɹ ɨɞɧɨɪɨɞɧɨɫɬɶ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɤɨɦɩɨɡɢɬɧɨɦ ɦɚɬɟɪɢɚɥɟ ɢ ɧɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɦɟɠɮɚɡɧɵɯ ɤɨɧɬɚɤɬɨɜ.  ɋɨɝɥɚɫɧɨ ɧɚɲɢɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ, ɨɩɬɢɦɚɥɶɧɨɣ 

ɦɢɤɪɨɦɨɪɮɨɥɨɝɢɟɣ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɦɟɬɚɥɥ-ɨɤɫɢɞɧɵɟ ɤɨɦɩɨɡɢɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɭɬёɦ 

ɪɚɫɩɚɞɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɥɨɠɧɵɯ ɨɤɫɢɞɨɜ ɢ ɬɜёɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ.  

Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɞɭɤɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɪɚɫɩɚɞɚ ɫɨɟɞɢɧɟɧɢɹ 

NdCaCoO4 – ɤɨɦɩɨɡɢɬ Co/CaO,Nd2O3 - ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɤɨɧɜɟɪɫɢɢ ɢ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ ɪɟɚɤɰɢɢ ɄɄɆ ɩɪɢ Ɍ > 900 °C, ɧɟ ɬɟɪɹɹ ɩɪɢ ɷɬɨɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɜ ɬɟɱɟɧɢɟ 140 ɱɚɫɨɜ [2]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ [1], ɱɬɨ ɧɢɤɟɥɟɜɵɟ 

ɤɚɬɚɥɢɡɚɬɨɪɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɨɤɢɫɥɟɧɢɢ ɦɟɬɚɧɚ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɛɚɥɶɬɫɨɞɟɪɠɚɳɢɦɢ ɚɧɚɥɨɝɚɦɢ. Ɂɚɞɚɱɟɣ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɫɹ ɫɢɧɬɟɡ 

ɬɜёɪɞɵɯ ɪɚɫɬɜɨɪɨɜ Nd2-yCayCo1-xNixO4 ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɢɯ 

ɨɫɧɨɜɟ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫ ɩɨɦɨɳɶɸ ɤɪɢɨɯɢɦɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɜɩɟɪɜɵɟ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɢ 

ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɫɨɟɞɢɧɟɧɢɹ Nd2-yCayCo1-xNixO4, ɝɞɟ ɡɧɚɱɟɧɢɹ ɯ ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɨɬ 0 ɞɨ 
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1, ɚ ɡɧɚɱɟɧɢɹ ɭ – ɨɬ 1 ɞɨ 0,5, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (Ɋɢɫ. 1). Ɍɚɤ ɤɚɤ ɢɨɧ Ni3+ ɹɜɥɹɟɬɫɹ 

ɧɟɭɫɬɨɣɱɢɜɵɦ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɢɧɬɟɡɚ ɧɚ ɜɨɡɞɭɯɟ, ɞɥɹ ɡɚɦɟɳɟɧɢɹ 

ɤɨɛɚɥɶɬɚ ɧɚ ɧɢɤɟɥɶ ɜ NdCaCoO4 ɧɟɨɛɯɨɞɢɦɨ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ 

Nd/Ca [3]. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɫɟ ɩɨɥɭɱɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɫɬɪɭɤɬɭɪɨɣ Ʉ2NiF4; ɩɪɢ 

ɷɬɨɦ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɧɢɤɟɥɹ ɯ > 0,6  ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɦɛɢɱɟɫɤɨɟ ɢɫɤɚɠɟɧɢɟ 

ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ.  

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɞɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɬɨɤɟ ɜɨɞɨɪɨɞɚ ɩɨɥɭɱɟɧɵ ɤɨɦɩɨɡɢɬɵ 

Co,Ni/CaO,Nd2O3, ɜ ɤɨɬɨɪɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɛɚɥɶɬ ɢ ɧɢɤɟɥɶ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɜɢɞɟ ɮɚɡ ɫ 

ɤɭɛɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ. ɋ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɞɭɤɬɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɨɫɬɨɹɬ ɢɡ ɩɥɨɬɧɵɯ ɫɭɛɦɢɤɪɨɧɧɵɯ 

ɚɝɪɟɝɚɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰɵ ɪɚɡɦɟɪɨɦ 20-30 ɧɦ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɷɬɢɯ 

ɯɨɪɨɲɨ ɤɨɪɪɟɥɢɪɭɸɬ ɫ ɪɚɡɦɟɪɚɦɢ ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ, ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɩɨ 

ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɰɢɢ.  Ɇɟɬɨɞɚɦɢ ȼȿɌ ɢ BJH ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɯɨɞɟ 

ɪɚɫɩɚɞɚ ɢɫɯɨɞɧɨɝɨ ɫɥɨɠɧɨɝɨ ɨɤɫɢɞɚ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 

ɩɨɪɢɫɬɨɫɬɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ.  

Рɢɫ. 1. Ɉɛɥɚɫɬɢ ɭɫɬɨɣчɢɜɨɫɬɢ ɬɜёɪɞɨɝɨ ɪɚɫɬɜɨɪɚ Nd2-ɭCaɭNi1-xCoxO4 

. 
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Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɜ ɩɪɹɦɨɦ ɩɪɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɩɨɥɭɱɟɧɧɵɟ ɤɨɦɩɨɡɢɬɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɜɵɫɨɤɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɢ 

ɄɄɆ (Ɋɢɫ. 2). ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɰɟɧɢɜɚɥɢɫɶ ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɚ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɋɈ ɢ 

ɇ2. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɚɦɟɳɟɧɢɟ ɤɨɛɚɥɶɬɚ ɧɚ ɧɢɤɟɥɶ ɜ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɤɚɤ ɤɨɧɜɟɪɫɢɢ CH4, ɬɚɤ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɋɈ 

ɢ H2. Ɍɚɤ, ɞɥɹ ɩɪɨɞɭɤɬɚ ɪɚɫɩɚɞɚ Nd1,5Ca0,5NiO4 ɩɪɢ 850 °ɋ ɧɚɛɥɸɞɚɟɬɫɹ 95 % 

ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɋɈ ɩɪɢ ɡɧɚɱɟɧɢɢ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ 80 %. 

T, °C 

 

ˁо 
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T, °C 

 

ˁо 

Ni 

Ɋɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɜɟɪɫɢɢ ɋɇ4 (Ⱥ) ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ 
ɩɨ ɋɈ (Ȼ) ɩɪɨɞɭɤɬɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ Nd2-ɭCaɭNi1-xCoxO4 

Co 

CoϬ,ϴNiϬ,Ϯ 

CoϬ,ϲNiϬ,ϰ 
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ȼ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɄɄɆ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɤɫɢɞɵ ɆɟɈ, Nd2O3 ɋɚɈ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ 

ɤɨɦɩɨɡɢɬɟ, ɦɨɝɭɬ ɜɫɬɭɩɚɬɶ ɜ ɬɜɟɪɞɨɮɚɡɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, 

ɨɛɟɫɩɟɱɢɜɚɹ ɪɟɫɢɧɬɟɡ ɫɥɨɠɧɨɨɤɫɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɗɬɨɦɭ ɫɩɨɫɨɛɫɬɜɭɸɬ ɤɚɤ 

ɦɚɥɵɣ ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɬɚɤ ɢ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɢɯ ɤɨɧɬɚɤɬɚ. 

Ɉɤɢɫɥɟɧɢɟ ɤɨɦɩɨɡɢɬɨɜ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɫɥɨɠɧɵɯ ɨɤɫɢɞɨɜ ɜ ɯɨɞɟ ɄɄɆ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɡɚɦɟɬɧɵɦ ɩɚɞɟɧɢɟɦ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɢ ɤɨɧɜɟɪɫɢɢ. Ⱦɥɹ ɨɛɪɚɡɰɨɜ ɫ 

ɯ = 0-0,6.ɫɪɟɞɢ ɩɪɨɞɭɤɬɨɜ ɩɪɟɜɪɚɳɟɧɢɹ ɨɬɱɟɬɥɢɜɨ ɮɢɤɫɢɪɭɟɬɫɹ Nd2-yCayCo1-

xNixO4. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɫɨɟɞɢɧɟɧɢɣ 

Nd1,4Ca0,6Co0,2Ni0,8O4 ɢ Nd1,5Ca0,5NiO4 ɫ ɪɨɦɛɢɱɟɫɤɢ ɢɫɤɚɠёɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ 

K2NIF4, ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɵɯ ɮɚɡ ɜ ɭɫɥɨɜɢɹɯ ɄɄɆ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

ɗɬɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧɨ ɫ ɩɨɧɢɠɟɧɢɟɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ ɫ ɛɨɥɶɲɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɧɢɤɟɥɹ ɜɫɥɟɞɫɬɜɢɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢɫɤɚɠɟɧɢɣ ɢɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɭɩɨɦɹɧɭɬɵ ɧɚɦɢ ɪɚɧɟɟ.  

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɝɪɚɧɬ 14-13-

01007) ɢ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ (ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɡɚɞɚɧɢɟ “ȼɟɞɭɳɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɧɚ 

ɩɨɫɬɨɹɧɧɨɣ ɨɫɧɨɜɟ”, ɩɪɨɟɤɬ 4.6718.2017/6.7, ɚɧɤɟɬɚ № 1422) 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. B.C. Enger, R. Lødeng, A. Holmen Appl. Cat. A, 2008, 346: 1-27. 

2. A.G. Dedov, A.S. Loktev et al. Appl. Cat. A, 2015, 489: 140-146.  
3. S.A. Malyshev, O.A. Shlyakhtin et al. Func. Mater. Lett, 2017, 6: 1750071 1-4. 
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ɄɂɇȿɌɂɄȺ ɊȿȺɄɐɂɂ ɋɂɇɌȿɁȺ ɈɅȿɎɂɇɈȼ ɂɁ ȾɆɗ ɇȺ ɐȿɈɅɂɌɇɕɏ 
ɄȺɌȺɅɂɁȺɌɈɊȺɏ 

ɉɟɪɟɫɵɩɤɢɧɚ ȿ.Ƚ., Ⱦɚɜɵɞɨɜ ɂ.Ⱥ. 
KINETIC OF OLEFINS SYNTHESIS REACTON FROM DME OVER ZEOLITES 

CATALYSTS 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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ɇɢɡɲɢɟ ɨɥɟɮɢɧɵ, ɬɚɤɢɟ ɤɚɤ ɷɬɢɥɟɧ ɢ ɩɪɨɩɢɥɟɧ, ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɡɧɚɱɢɦɨɫɬɶ ɜ 

ɤɚɱɟɫɬɜɟ ɩɨɥɭɩɪɨɞɭɤɬɨɜ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɥɢɦɟɪɨɜ. Ⱦɨɥɝɨɟ ɜɪɟɦɹ ɨɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ 

ɢɯ ɩɨɥɭɱɟɧɢɹ ɨɫɬɚɜɚɥɫɹ ɩɢɪɨɥɢɡ ɥɟɝɤɢɯ ɧɟɮɬɹɧɵɯ ɮɪɚɤɰɢɣ. ɇɨ ɜ ɫɜɹɡɢ ɫ ɜɨɡɪɚɫɬɚɸɳɢɦ 

ɫɩɪɨɫɨɦ ɧɚ ɩɨɥɢɦɟɪɵ ɚɤɬɭɚɥɶɧɵɦ ɫɬɚɥɨ ɬɚɤ ɠɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢɯ ɩɨɥɭɱɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɤɨɧɜɟɪɫɢɢ ɨɤɫɢɝɟɧɚɬɨɜ (ɦɟɬɚɧɨɥ ɢ/ɢɥɢ ɞɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ (ȾɆɗ)), ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɤɨɦɩɚɧɢɹɦɢ UOP, Sinopec ɢ Ⱦɚɥɶɹɧɫɤɢɦ 

ɢɧɫɬɢɬɭɬɨɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ (DCIP) ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɜɧɟɞɪɟɧɵ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ 

ɬɟɯɧɨɥɨɝɢɢ ɫɢɧɬɟɡɚ ɷɬɢɥɟɧɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɥɢɤɨɚɥɸɦɨɮɨɫɮɚɬɨɜ ɜ «ɤɢɩɹɳɟɦ» ɫɥɨɟ 

ɤɚɬɚɥɢɡɚɬɨɪɚ, ɚ ɤɨɦɩɚɧɢɹɦɢ Lurgi ɢ JGC (Japan Gasoline Company) - ɬɟɯɧɨɥɨɝɢɢ ɫɢɧɬɟɡɚ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɪɨɩɢɥɟɧɚ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɥɨɟ ɰɟɨɥɢɬɚ ZSM-5. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɤɚɤ 

ɩɨɤɚɡɚɥ ɚɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ, ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ (ɯɢɦɢɹ ɢ ɤɢɧɟɬɢɤɚ) 

ɪɟɚɤɰɢɢ ɞɨ ɤɨɧɰɚ ɧɟ ɢɡɭɱɟɧɵ. ɉɪɟɞɥɚɝɚɟɦɵɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɢɦɟɸɬ 

ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɢ ɧɟ ɞɚɸɬ ɱɟɬɤɨɝɨ ɨɩɢɫɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɱɬɨ ɜɟɪɨɹɬɧɟɟ 

ɜɫɟɝɨ ɨɛɭɫɥɨɜɥɟɧɨ ɨɬɫɭɬɫɬɜɢɟɦ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɯɢɦɢɢ ɩɪɨɬɟɤɚɸɳɢɯ ɪɟɚɤɰɢɣ ɢ 

ɫɨɨɬɧɨɲɟɧɢɹɯ ɢɯ ɫɤɨɪɨɫɬɟɣ. 

ȼ ɂɇɏɋ ɊȺɇ ɩɪɨɜɟɞɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɚɤɰɢɢ ɫɢɧɬɟɡɚ ɨɥɟɮɢɧɨɜ 

ɢɡ ȾɆɗ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɜɭɯ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ - HZSM-5/Al2O3 ɢ 1,0%Mg-

HZSM-5/Al2O3. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ 

ɩɪɨɞɭɤɬɨɜ, ɤɨɬɨɪɵɟ ɫɨɨɬɧɟɫɟɧɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɩɪɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ. 

ɋɬɪɭɤɬɭɪɧɵɟ, ɬɟɤɫɬɭɪɧɵɟ ɢ ɤɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ ɢɡɭɱɟɧɵ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɊɎȺ, Al27 əɆɊ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ, ɌɉȾ 

ɚɦɦɢɚɤɚ, ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɞɢɮɮɭɡɧɨɝɨ ɨɬɪɚɠɟɧɢɹ. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 

ɫɪɚɜɧɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɪɟɚɤɬɨɪɟ ɩɪɨɬɨɱɧɨɝɨ ɬɢɩɚ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 320ɨɋ ɜ ɫɪɟɞɟ ɚɡɨɬɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɮɪɚɤɰɢɢ 0,4-0,6 ɦɦ, ɩɪɢ ɷɬɨɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɛɪɚɡɰɵ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ ɨɛɪɚɛɨɬɚɧɵ ɫ 

ɰɟɥɶɸ ɢɫɤɥɸɱɟɧɢɹ ɞɟɡɚɤɬɢɜɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜɨ ɜɪɟɦɟɧɢ.  

Ɂ-III-6 
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ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ ɯɨɪɨɲɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫɨ ɡɧɚɱɟɧɢɟɦ 

ɨɛɳɟɣ ɤɢɫɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɚ – ɱɟɦ ɜɵɲɟ ɤɢɫɥɨɬɧɨɫɬɶ, ɬɟɦ ɧɢɠɟ ɤɨɧɜɟɪɫɢɹ ȾɆɗ ɩɪɢ 

ɡɚɞɚɧɧɨɦ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ (ɪɢɫ. 1, 2). 

  
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ ȾɆɗ ɨɬ 

ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ 

Ɋɢɫ. 2. ɌɉȾ ɚɦɦɢɚɤɚ ɨɛɪɚɡɰɨɜ 

 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɦɚɝɧɢɟɦ ɩɪɢɜɨɞɢɬ ɧɟ ɬɨɥɶɤɨ ɤ ɧɟɤɨɬɨɪɨɦɭ 

ɭɜɟɥɢɱɟɧɢɸ ɨɛɳɟɣ ɤɢɫɥɨɬɧɨɫɬɢ (ɫ 495 ɞɨ 555 ɦɤɦɨɥɶNH3/ɝɤɚɬ), ɧɨ ɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɸ 

ɫɢɥɵ ɰɟɧɬɪɨɜ ɜ ɫɬɨɪɨɧɭ ɨɛɪɚɡɨɜɚɧɢɹ ɫɥɚɛɵɯ (Ʌɶɸɢɫɨɜɫɤɢɯ) ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ (ɪɢɫ. 2). 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɩɟɤɬɪɟ 1,0% Mg-HZSM-5/Al2O3 ɧɚɛɥɸɞɚɟɬɫɹ ɬɚɤɠɟ ɩɨɹɜɥɟɧɢɟ 

ɩɢɤɚ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 500-700ɨɋ, ɤɨɬɨɪɵɣ, ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Mg. ɇɨ ɜ ɪɟɚɤɰɢɢ ɨɧɢ ɭɱɚɫɬɢɹ 

ɧɟ ɩɪɢɧɢɦɚɸɬ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɩɟɪɜɢɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɨɥɟɮɢɧɨɜ 

ɹɜɥɹɟɬɫɹ ɦɟɬɚɧɨɥ (ɪɢɫ. 3), ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɬɨɪɨɝɨ ɩɪɢ ɧɭɥɟɜɨɦ ɡɧɚɱɟɧɢɢ 

ɤɨɧɜɟɪɫɢɢ ȾɆɗ ɞɨɫɬɢɝɚɟɬ 70 %ɦɨɥ. Ʉ ɩɟɪɜɢɱɧɵɦ ɩɪɨɞɭɤɬɚɦ ɨɬɧɨɫɹɬɫɹ ɩɪɨɩɢɥɟɧ (12 % 

ɦɨɥ) ɢ ɭɝɥɟɜɨɞɨɪɨɞɵ ɋ5-ɋ8 (8,0 % ɦɨɥ). ɋ ɦɟɧɶɲɟɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ 

ɤɨɧɜɟɪɫɢɢ ɫɵɪɶɹ ɨɛɪɚɡɭɸɬɫɹ ɛɭɬɟɧɵ (6,0 % ɦɨɥ.) ɷɬɢɥɟɧ (2,0 % ɦɨɥ.). ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, 

ɨɛɪɚɡɨɜɚɧɢɟ ɦɟɬɚɧɨɥɚ, ɩɪɨɩɢɥɟɧɚ ɢ ɜɵɫɲɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɪɨɬɟɤɚɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ 

ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɤɨɪɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɷɬɢɥɟɧɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ ɤɨɧɰɟɩɰɢɟɣ «ɞɜɭɯɰɢɤɥɨɜɨɝɨ ɦɟɯɚɧɢɡɦɚ», 

ɧɨ ɩɪɨɬɢɜɨɪɟɱɚɬ ɟɣ ɜ ɱɚɫɬɢ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɨɛɪɚɡɨɜɚɧɢɹ ɦɟɬɚɧɨɥɚ ɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɩɪɨɩɢɥɟɧɚ ɤɚɤ ɝɥɚɜɧɨɝɨ ɩɟɪɜɢɱɧɨɝɨ ɨɥɟɮɢɧɚ. 

ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɦɟɬɚɧɨɥɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɜɟɪɫɢɢ ȾɆɗ 

ɫɧɢɠɚɟɬɫɹ, ɚ ɩɪɨɩɢɥɟɧɚ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɧɟɤɨɬɨɪɵɣ ɦɚɤɫɢɦɭɦ. ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɨɧɢ 
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ɹɜɥɹɸɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ, ɤɨɬɨɪɵɟ ɭɱɚɫɬɜɭɸɬ ɜ ɪɟɚɤɰɢɹɯ ɦɟɬɢɥɢɪɨɜɚɧɢɹ 

ɢ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ. 

Ʉ ɜɬɨɪɢɱɧɵɦ ɩɪɨɞɭɤɬɚɦ ɨɬɧɨɫɹɬɫɹ ɚɥɤɚɧɵ ɋ1-ɋ4, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɜ ɯɨɞɟ 

ɪɟɚɤɰɢɣ ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ.  

  

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɨɬ ɤɨɧɜɟɪɫɢɢ ȾɆɗ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɦɚɝɧɢɹ ɜ ɫɨɫɬɚɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ HZSM-5/Al2O3 

ɧɚ ɨɛɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɤɨɧɜɟɪɫɢɢ ȾɆɗ ɜ ɨɥɟɮɢɧɵ ɧɟ ɜɥɢɹɟɬ.  

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɨɡɜɨɥɢɥ ɩɪɟɞɥɨɠɢɬɶ ɤɢɧɟɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ 

ɪɟɚɤɰɢɢ ɫ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɱɬɨ ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ 

ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɨɫɧɨɜ ɬɟɯɧɨɥɨɝɢɢ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ Ɋɨɫɫɢɣɫɤɨɝɨ ɇɚɭɱɧɨɝɨ Ɏɨɧɞɚ (ɋɨɝɥɚɲɟɧɢɟ 

№ 17-73-30046). 
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ɋȿɄɐɂə IV. 

ɏɂɆɂə ȼɈɁɈȻɇɈȼɅəȿɆɈȽɈ 

ɍȽɅȿɊɈȾɋɈȾȿɊɀȺɓȿȽɈ 
ɋɕɊɖə 

 

 

  



638 

 

ɄȺɌȺɅɂɁȺɌɈɊɕ ɇȺ ɈɋɇɈȼȿ ɎɈɋɎɂȾɈȼ ɇɂɄȿɅə: ȼɅɂəɇɂȿ 
ɋɉɈɋɈȻȺ ɉɊɂȽɈɌɈȼɅȿɇɂə ɂ ɉɊɂɊɈȾɕ ɇɈɋɂɌȿɅə ɇȺ 

ɄȺɌȺɅɂɌɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ȼ ɊȿȺɄɐɂɂ ȽɂȾɊɈȾȿɈɄɋɂȽȿɇȺɐɂɂ 
ɆȿɌɂɅɉȺɅɖɆɂɌȺɌȺ 

ɒɚɦɚɧɚɟɜ ɂ.ȼ., Ⱦɟɥɢɣ ɂ.ȼ, Ȼɭɯɬɢɹɪɨɜɚ Ƚ.Ⱥ.  
SUPPORTED NICKEL PHOSPHIDES CATALYSTS: EFFECT OF THE 

PREPARATION METHOD AND THE SUPPORT NATURE ON THE CATALYTIC 

PROPERTIES IN METHYL PALMITATE HYDRODEOXYGENATION 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤ 
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Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ ɢɡ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɪɟɫɭɪɫɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɬɪɢɝɥɢɰɟɪɢɞɵ ɠɢɪɧɵɯ ɤɢɫɥɨɬ, ɤɨɬɨɪɵɟ ɜ ɩɪɨɰɟɫɫɟ ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ (ȽȾɈ) 

ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɚɥɤɚɧɵ - ɰɟɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ [1]. ɋɭɥɶɮɢɞɧɵɟ 

ɤɚɬɚɥɢɡɚɬɨɪɵ ɝɢɞɪɨɨɱɢɫɬɤɢ, ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɨɰɟɫɫɚɯ ȽȾɈ, 

ɞɟɡɚɤɬɢɜɢɪɭɸɬɫɹ ɜ ɨɬɫɭɬɫɬɜɢɢ ɫɭɥɶɮɢɞɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ; ɧɟɞɨɫɬɚɬɤɨɦ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ 

ɨɫɧɨɜɟ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ. Ⱥɤɬɢɜɧɨɣ ɫɢɫɬɟɦɨɣ ɞɥɹ 

ɪɟɚɤɰɢɢ ȽȾɈ ɷɮɢɪɨɜ ɨɤɚɡɚɥɫɹ ɮɨɫɮɢɞ Ni [2-6], ɨɞɧɚɤɨ, ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɛɧɚɪɭɠɟɧɵ 

ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ ɞɚɧɧɵɟ ɨ ɜɥɢɹɧɢɢ ɭɫɥɨɜɢɣ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɫɨɫɬɚɜɚ ɚɤɬɢɜɧɨɣ ɮɚɡɵ ɧɚ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ NixPy/SiO2 ɫɢɫɬɟɦ ɜ ɪɟɚɤɰɢɢ ȽȾɈ ɷɮɢɪɨɜ [2,3].  

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɨɫɮɢɞɨɜ 

Ni ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ SiO2 ɢ Ȗ-Al2O3 ɢ ɜɵɹɜɥɟɧɢɟ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɮɨɫɮɢɞɨɜ ɧɢɤɟɥɹ ɜ ɪɟɚɤɰɢɢ ȽȾɈ ɦɨɞɟɥɶɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ – ɦɟɬɢɥɩɚɥɶɦɢɬɚɬɚ (Ɇɉ). 

Ɉɛɪɚɡɰɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɨɬɨɜɢɥɢ ɩɪɨɩɢɬɤɨɣ ɧɨɫɢɬɟɥɹ (SiO2 ɢɥɢ Ȗ-Al2O3; 0,25-0,5 

ɦɦ) ɪɚɫɬɜɨɪɚɦɢ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ, ɫɨɞɟɪɠɚɳɢɦɢ ɚɰɟɬɚɬ ɧɢɤɟɥɹ ɢ ɝɢɞɪɨɮɨɫɮɚɬ 

ɚɦɦɨɧɢɹ  (NiP_A) ɢɥɢ ɝɢɞɪɨɤɫɢɞ ɧɢɤɟɥɹ ɢ ɮɨɫɮɨɪɢɫɬɭɸ ɤɢɫɥɨɬɭ (NiP_I). ɉɨɫɥɟ 

ɩɪɨɩɢɬɤɢ ɢ ɫɭɲɤɢ (ɨɛɪɚɡɟɰ NiP_A  ɩɪɨɤɚɥɢɜɚɥɢ ɩɪɢ 500ɋ) ɩɪɨɜɨɞɢɥɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɨɛɪɚɡɰɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 450, 500, 550, 600, 650 ɨɋ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ SiO2 ɢɥɢ Ȗ-Al2O3 

ɝɨɬɨɜɢɥɢ ɞɜɟ ɫɟɪɢɢ ɨɛɪɚɡɰɨɜ ɫ ɜɵɫɨɤɢɦ (7 ɦɚɫɫ.%, NiP_Ah ɢ NiP_Ih) ɢ ɧɢɡɤɢɦ (2,5 

ɦɚɫɫ.%) ɫɨɞɟɪɠɚɧɢɟɦ Ni. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɟɬɨɞɵ ɯ/ɚ, ɇ2-Ɍɉȼ, ɊɎȺ, ɉɗɆ, 31P, 

1H ɢ 27Al əɆɊ, NH3-ɌɉȾ. Ɍɟɫɬɢɪɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 250-330ɋ ɢ ɞɚɜɥɟɧɢɢ ɜɨɞɨɪɨɞɚ 3,0 Ɇɉɚ, ɨɬɧɨɲɟɧɢɢ H2/ɫɵɪɶɟ=600 

ɇɦ3/ɇɦ3, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɚ Ɇɉ (10 ɦɚɫɫ%) ɜ ɧ-ɞɨɞɟɤɚɧɟ. Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ 

ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɜ ɠɢɞɤɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɟ (CO, CO2,) ɩɪɨɜɨɞɢɥɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɪɨɦɚɬɨɝɪɚɮɨɜ Agilent 6890N (“Agilent”, ɋɒȺ) ɢ ɏɪɨɦɨɫ-1000 

(“ɏɪɨɦɨɫɢɛ”, Ɋɨɫɫɢɹ).  

ɍ-IV-1 
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ɉɟɪɜɨɨɱɟɪɟɞɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɥɨɫɶ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɟ ɬɢɩɚ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

NixPy/SiO2 ɫɢɫɬɟɦ (ɬɚɛɥɢɰɚ 1). Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ NiP_Ah  ɢ 

NiP_Ih ɦɟɬɨɞɨɦ Ɍɉȼ ɩɨɤɚɡɚɥ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ  NixPy ɢɡ ɮɨɫɮɨɪɢɫɬɨɣ ɤɢɫɥɨɬɵ 

ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɦɟɧɶɲɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɪɢɫ. 1); ɩɪɢɱɢɧɨɣ ɱɟɝɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɪɚɡɨɜɚɧɢɟ 

PH3  ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɥɨɠɟɧɢɹ H3PO3 [7]. Ɏɚɡɚ Ni2P ɢɞɟɧɬɢɮɢɰɢɪɭɟɬɫɹ ɦɟɬɨɞɨɦ ɊɎȺ ɜ 

ɨɛɪɚɡɰɚɯ NiP_Ah  ɢ NiP_Ih, ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 550ɋ ɢ ɜɵɲɟ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɢ Ɇɉ ɜ ɩɪɢɫɭɬɫɬɜɢɢ NiP_A  ɢ NiP_I ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɢɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɦɚɤɫɢɦɭɦ, ɩɪɢ ɷɬɨɦ ɤɚɬɚɥɢɡɚɬɨɪɵ NiP_I ɩɪɨɹɜɥɹɸɬ 

ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ (Ɋɢɫ.2).  Ɉɩɬɢɦɚɥɶɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɨɛɪɚɡɰɨɜ  NiP_A ɢ NiP_I ɹɜɥɹɸɬɫɹ 600 ɢ 450 °ɋ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [7]. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɦɚɥɨ 

ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɧɚɢɛɨɥɟɟ ɹɜɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɹɜɥɹɟɬɫɹ 

ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɮɨɫɮɨɪɚ. ɋɨɝɥɚɫɧɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ ɥɢɬɟɪɚɬɭɪɟ ɦɨɞɟɥɢ [8], 

ɮɨɫɮɨɪ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɮɨɫɮɢɞɚ Ni, ɚ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɜɢɞɟ ɮɨɫɮɚɬɧɵɯ ɝɪɭɩɩ ɫ 

ɤɢɫɥɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɉɨ ɞɚɧɧɵɦ NH3-ɌɉȾ, ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɵɯ ɰɟɧɬɪɨɜ ɜ 

ɨɛɪɚɡɰɚɯ NiP_I ɜɵɲɟ; ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɫɧɢɠɚɟɬɫɹ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ (ɬɚɛɥɢɰɚ 1). 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ 31P əɆɊ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪɚ NiP_Ih ɧɚɛɥɸɞɚɟɬɫɹ ɬɚɤɠɟ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ POx ɝɪɭɩɩ (ɪɢɫ.3). Ɉɛɳɟɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɨɜɟɞɟɧɢɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ NixPy/SiO2 ɹɜɥɹɟɬɫɹ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ Ɉ-

ɫɨɞɟɪɠɚɳɢɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɢɫɩɵɬɚɧɢɣ – ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɫɚɦɨɣ ɦɟɞɥɟɧɧɨɣ ɪɟɚɤɰɢɟɣ ɹɜɥɹɟɬɫɹ ɩɪɟɜɪɚɳɟɧɢɟ Ɇɉ, ɉɨɷɬɨɦɭ ɞɥɹ ɨɛɴɹɫɧɟɧɢɹ 

ɧɚɛɥɸɞɚɟɦɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ NixPy/SiO2 ɧɟɨɛɯɨɞɢɦɨ 

ɪɚɫɫɦɨɬɪɟɬɶ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɜɨɡɦɨɠɧɵɟ ɦɚɪɲɪɭɬɵ ɩɪɟɜɪɚɳɟɧɢɹ Ɇɉ. 

 

Ɍɚɛɥɢɰɚ 1. ȼɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɚ 
ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ NiP_A  ɢ NiP_I (ɨɬɧɨɲɟɧɢɟ Ni/P ɜ ɪɚɫɬɜɨɪɟ = 1/2). 

ɉɪɟɞɲɟɫɬɜɟɧɧɢɤ Ɍɜɨɫɫɬ, °ɋ Ni/P SȻɗɌ, ɦ2/ɝ DɈɄɊ, ɧɦ DɉɗɆ, ɧɦ 
NH3-ɌɉȾ, 
ɦɨɥɶ/ɝ 

NiP_Ⱥ 

(NH4)2HPO4 

(2.5% Ni) 

550 1/0.8 257 5.6 3.4  

600 1/0.6 254 5.8 3.2 110 

650 1/0.5 253 6.0 3.3  

NiP_I 

H3PO3 

(2.5% Ni) 

400 1/1.8 242 – 1.8 422 

450 1/1.8 235 – 1.9 420 

500 1/1.6 245 – 2.5 362 

550 1/0.7 249 – 3.2 152 

600 1/0.7 243 <2.5 2.2 139 
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Ɋɢɫ.1. Ʉɪɢɜɵɟ Ɍɉȼ ɨɛɪɚɡɰɨɜ NiP_Ah  

ɢ NiP_Ih, Ni/SiO2 ɢ POx/ SiO2. 

 Ɋɢɫ.2. Ⱥɤɬɢɜɧɨɫɬɶ NiP_A  ɢ NiP_I 

ɨɛɪɚɡɰɨɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ Ɍ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɜ ɪɟɚɤɰɢɢ ȽȾɈ 

ɦɟɬɢɥɩɚɥɶɦɢɬɚɬɚ (Ɍ- 290°ɋ, P- 3 Ɇɉɚ, 
ɇ/ɋ- 600 ɧɦ3/ɦ3, Wɨɛ.- 48 ɱ–1). 

 

Ɋɢɫɭɧɨɤ 3. 15 ɤȽɰ 31P MAS əɆɊ ɫɩɟɤɬɪɵ NiP_Ih ɨɛɪɚɡɰɨɜ, ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
450, 500, 550 ɢ 600 °C. 

ɉɪɟɜɪɚɳɟɧɢɟ Ɇɉ ɩɪɨɬɟɤɚɟɬ ɩɨ ɫɥɨɠɧɨɣ ɫɯɟɦɟ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɤɢɫɥɨɬɧɨ-

ɤɚɬɚɥɢɡɢɪɭɟɦɵɟ ɢ ɦɟɬɚɥɥ-ɤɚɬɚɥɢɡɢɪɭɟɦɵɟ ɪɟɚɤɰɢɢ [9]. Ɇɉ ɦɨɠɟɬ ɩɪɟɜɪɚɳɚɬɶɫɹ ɧɚ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɰɟɧɬɪɚɯ ɩɭɬɟɦ ɝɢɞɪɨɝɟɧɨɥɢɡɚ ɋ-Ɉ ɫɜɹɡɟɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɢɫɥɨɬɵ ɢɥɢ 

ɚɥɶɞɟɝɢɞɚ; ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɜɚɪɢɚɧɬɨɦ ɹɜɥɹɟɬɫɹ  ɤɢɫɥɨɬɧɨ-ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ ɪɟɚɤɰɢɹ 

ɝɢɞɪɨɥɢɡɚ Ɇɉ ɞɨ ɤɢɫɥɨɬɵ ɢ ɫɩɢɪɬɚ. ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɜɨɡɦɨɠɧɵɟ ɦɚɪɲɪɭɬɵ 

ɩɪɟɜɪɚɳɟɧɢɹ Ɇɉ, ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ ɩɪɢɱɢɧɨɣ ɭɜɟɥɢɱɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ Ni2P/SiO2 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɢ ȽȾɈ Ɇɉ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɵɯ ɰɟɧɬɪɨɜ 

ɹɜɥɹɟɬɫɹ ɭɫɤɨɪɟɧɢɟ ɪɟɚɤɰɢɢ ɝɢɞɪɨɥɢɡɚ. ɉɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɫɢɬɟɥɹ ɫ ɤɢɫɥɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ (ɧɚɩɪɢɦɟɪ, Ȗ-Al2O3) ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɭɫɤɨɪɟɧɢɸ ɪɟɚɤɰɢɢ ȽȾɈ Ɇɉ. 
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ɉɪɟɞɩɨɥɨɠɟɧɢɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɚɥɢɱɢɟɦ ɫɢɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ, 

ɨɛɧɚɪɭɠɟɧɧɨɝɨ ɧɚɦɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɪɚɡɛɚɜɢɬɟɥɹ ɝɪɚɧɭɥ -Al2O3 ɜ ɫɦɟɫɢ 

ɫ Ni2P/SiO2 ɜɡɚɦɟɧ ɢɧɟɪɬɧɨɝɨ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɢɥɢ SiO2 [10]. Ʉɨɧɜɟɪɫɢɹ Ɇɉ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɫɦɟɫɢ Ni2P/SiO2–Ȗ-Al2O3 ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɢɫɬɟɦɚɦɢ 

Ni2P/SiO2-SiC ɢɥɢ Ni2P/SiO2-Ni2P/SiO2 (Ɋɢɫ. 4). Ɉɬɥɢɱɢɟɦ ɫɢɫɬɟɦɵ Ni2P/SiO2–Ȗ-Al2O3 

ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɨɛɪɚɡɨɜɚɧɢɟ ɡɚɦɟɬɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ Ɉ-ɫɨɞɟɪɠɚɳɢɯ 

ɫɨɟɞɢɧɟɧɢɣ; ɫɪɟɞɢ ɩɪɨɞɭɤɬɨɜ ɨɛɧɚɪɭɠɟɧɵ ɞɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ ɢ ɩɚɥɶɦɢɬɢɥɩɚɥɶɦɢɬɚɬ, 

ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɤɢɫɥɨɬɧɨ-ɤɚɬɚɥɢɡɢɪɭɟɦɵɯ ɪɟɚɤɰɢɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ. ɇɚɤɨɧɟɰ, ɦɵ ɩɨɩɵɬɚɥɢɫɶ ɩɨɥɭɱɢɬɶ ɮɚɡɭ Ni2P, ɧɚɧɟɫɟɧɧɭɸ ɧɚ Ȗ-Al2O3 

(ɬɚɛɥɢɰɚ 2). ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ (NH4)2HPO4 ɜ ɤɚɱɟɫɬɜɟ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɮɚɡɭ Ni2P 

ɫɮɨɪɦɢɪɨɜɚɬɶ ɧɟ ɭɞɚɥɨɫɶ: ɩɨɫɥɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢ 700ɋ ɩɨɥɭɱɟɧɚ ɮɚɡɚ Ni12P5. ɉɨ-

ɜɢɞɢɦɨɦɭ, ɫɢɥɶɧɨɟ  ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ  ɮɨɫɮɚɬɧɵɯ ɝɪɭɩɩ ɫ ɨɤɫɢɞɨɦ ɚɥɸɦɢɧɢɹ 

ɩɪɟɩɹɬɫɬɜɭɟɬ ɢɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ.  
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɣ Ɇɉ (ɫɩɥɨɲɧɵɟ 
ɥɢɧɢɢ) ɢ O-ɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɩɭɧɤɬɢɪɧɵɟ 

ɥɢɧɢɢ) ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɚɤɰɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɫɦɟɫɢ Ni2P/SiO2–Ȗ-Al2O3, Ni2P/SiO2–SiC ɢ 

Ni2P/SiO2–SiO2. 

Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɜɟɪɫɢɣ Ɇɉ (ɫɩɥɨɲɧɵɟ 
ɥɢɧɢɢ) ɢ O-ɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɩɭɧɤɬɢɪɧɵɟ 

ɥɢɧɢɢ)  ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɚɤɰɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
Ni2P/-Al2O3 (Ih) ɢ Ni2P/SiO2 (Ih) ɤɚɬɚɥɢɡɚɬɨɪɨɜ  

 

Ɍɚɛɥɢɰɚ 2. ȼɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɚ 
ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ NiP_A/Al2O3  ɢ NiP_I/ Al2O3 (ɨɬɧɨɲɟɧɢɟ Ni/P ɜ ɪɚɫɬɜɨɪɟ = 1/2). 

Ɉɛɪɚɡɟɰ 
TɌɉȼ, 

°C 

ɋNi, 
ɦɚɫ.% 

Ɇɨɥɶɧɨɟ 
ɨɬɧɨɲ. 

Ni/P 

ȺȻɗɌ, 

ɦ
2
/ɝ 

DɊɎȺ, ɧɦ Ɏɚɡɚ  
(ɊɎȺ) 

 

NiP_A/Al2O3,   

 

  

550 7.3 0.51 127 5.5 Ni; Ni3P 

600 7.3 0.51 130 5.0; 4.0; 4.5-12.0 Ni; Ni3P; Ni12P5 

650 7.5 0.45 158 7.6; 11.5 Ni3P; Ni12P5 

700 7.6 0.45 172 17 Ni12P5 

NiP_I/Al2O3 

 

550 7.4 0.30 115 3.8 Ni2P 

600 7.4 0.28 120 3.8 Ni2P 

650 7.6 0.30 101 4.4 Ni2P 
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ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ H3PO3 ɜ ɤɚɱɟɫɬɜɟ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɮɚɡɚ Ni2P ɮɨɪɦɢɪɭɟɬɫɹ 

ɭɠɟ ɩɨɫɥɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 550ɋ, ɱɬɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧɨ ɫ ɛɨɥɟɟ 

ɧɢɡɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ, ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɚɡɵ ɮɨɫɮɢɞɚ Ni ɢɡ ɷɬɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɚɬɚɥɢɡɚɬɨɪ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  Ȗ-Al2O3 

(ɨɛɪɚɡɟɰ NiP_I/ Al2O3, ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 600ɋ), ɩɪɨɹɜɥɹɟɬ ɛɨɥɟɟ 

ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɢ ȽȾɈ ɦɟɬɢɥɩɚɥɶɦɢɬɚɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɨɦ, 

ɩɪɢɝɨɬɨɜɥɟɧɧɵɦ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɪɢɫ.5). ɋɭɳɟɫɬɜɟɧɧɵɦ ɨɬɥɢɱɢɟɦ ɜ ɩɨɜɟɞɟɧɢɢ ɨɛɪɚɡɰɨɜ, 

ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ NiP_I/ Al2O3, ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɩɪɨɞɭɤɬɨɜ, ɧɚɪɹɞɭ ɫɨ ɫɩɢɪɬɨɦ ɨɛɧɚɪɭɠɟɧɵ ɩɪɨɞɭɤɬɵ ɤɢɫɥɨɬɧɨ-

ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɪɟɚɤɰɢɢ ɷɬɟɪɢɮɢɤɚɰɢɢ – ɦɟɬɢɥɩɚɥɶɦɢɬɚɬ ɢ ɞɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ NixPy/SiO2 ɤɚɬɚɥɢɡɚɬɨɪɨɜ, 

ɨɬɥɢɱɚɸɳɢɯɫɹ ɭɫɥɨɜɢɹɦɢ ɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɨɛɧɚɪɭɠɟɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɢɡɦɟɧɟɧɢɟɦ 

ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɢ ɢɯ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɪɟɚɤɰɢɢ ȽȾɈ 

ɦɟɬɢɥɩɚɥɶɦɢɬɚɬɚ. Ɋɚɫɫɦɨɬɪɟɧɢɟ ɜɨɡɦɨɠɧɵɯ ɦɚɪɲɪɭɬɨɜ ɩɪɟɜɪɚɳɟɧɢɹ Ɇɉ ɩɨɡɜɨɥɢɥɨ 

ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɡɚ ɫɱɟɬ ɭɫɤɨɪɟɧɢɹ 

ɪɟɚɤɰɢɢ ɝɢɞɪɨɥɢɡɚ ɧɚ ɤɢɫɥɵɯ ɰɟɧɬɪɚɯ ɤɚɬɚɥɢɡɚɬɨɪɚ.  ȼ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɜɵɫɤɚɡɚɧɧɨɝɨ 

ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨɛɧɚɪɭɠɟɧ ɫɢɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɦɟɫɢ Ni2P/SiO2 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ Ȗ-Al2O3 ɜ ɪɟɚɤɰɢɢ ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ Ɇɉ. Ʉɚɬɚɥɢɡɚɬɨɪ Ni2P/Ȗ-Al2O3 

ɬɚɤɠɟ ɩɪɨɹɜɥɹɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɢ ȽȾɈ ɦɟɬɢɥɩɚɥɶɦɢɬɚɬɚ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɧɟɫɟɧɧɵɦ ɧɚ “ɢɧɟɪɬɧɵɣ” ɫɢɥɢɤɚɝɟɥɶ ɚɧɚɥɨɝɨɦ (Ni2P/SiO2), ɩɨɞɬɜɟɪɠɞɚɹ 

ɜɚɠɧɭɸ ɪɨɥɶ ɤɢɫɥɵɯ ɰɟɧɬɪɨɜ ɜ ɪɟɚɤɰɢɢ ɩɪɟɜɪɚɳɟɧɢɹ Ɇɉ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɧɫɬɢɬɭɬɚ ɤɚɬɚɥɢɡɚ 
ɋɈ ɊȺɇ (ɩɪɨɟɤɬ ȺȺȺȺ-Ⱥ17-117041710075-0). 
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ȽɂȾɊɈȾȿɈɄɋɂȽȿɇȺɐɂə ɊȺɋɌɂɌȿɅɖɇɈȽɈ ɆȺɋɅȺ ɇȺ 
ɄȺɌȺɅɂɁȺɌɈɊȺɏ NIMOS/WO3-AL2O3  

ɇɟɩɨɦɧɹɳɢɣ Ⱥ.Ⱥ.1, Ȼɭɥɭɱɟɜɫɤɢɣ ȿ.Ⱥ.1,2, Ʌɚɜɪɟɧɨɜ Ⱥ.ȼ.1, ɘɪɩɚɥɨɜ ȼ.Ʌ.1, Ƚɭɥɹɟɜɚ 
Ɍ.ɂ.1, Ⱦɪɨɡɞɨɜ ȼ.Ⱥ.1 

HYDRODEOXYGENATION OF VEGETABLE OIL  

OVER NIMOS/WO3-AL2O3 CATALYSTS 
1 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ, Ɉɦɫɤ 

E-mail: himik@ihcp.ru 
2 Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɏ.Ɇ. Ⱦɨɫɬɨɟɜɫɤɨɝɨ, Ɉɦɫɤ 

 

Ⱥɥɤɢɥɶɧɵɟ ɰɟɩɢ ɬɪɢɝɥɢɰɟɪɢɞɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ ɢ 

ɠɢɪɨɜ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɱɢɬɚɸɬɫɹ ɨɞɧɢɦ ɢɯ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɪɟɚɤɬɢɜɧɵɯ ɢ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ. ɉɪɨɞɭɤɬɵ ɢɯ ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ 

(ɛɢɨɬɨɩɥɢɜɚ ɜɬɨɪɨɝɨ ɩɨɤɨɥɟɧɢɹ) ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɢɦɢ ɯɢɦɦɨɬɨɥɨɝɢɱɟɫɤɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɫɱɢɬɚɸɬɫɹ ɜɵɫɨɤɨɷɤɨɥɨɝɢɱɧɵɦɢ, ɬɚɤ ɤɚɤ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɨɞɟɪɠɚɬ 

ɫɨɟɞɢɧɟɧɢɣ ɫɟɪɵ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ ɨɛɵɱɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɝɢɞɪɢɪɨɜɚɧɢɹ 

ɧɚ ɨɫɧɨɜɟ Pt, Pd, Ni, ɚ ɬɚɤɠɟ ɫɭɥɶɮɢɞɧɵɟ ɤɨɛɚɥɶɬ- ɢ ɧɢɤɟɥɶɦɨɥɢɛɞɟɧɨɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ. 

ɉɪɨɞɭɤɬɵ ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ, ɩɨɥɭɱɚɟɦɵɟ ɧɚ ɬɚɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɫɦɟɫɢ ɧ-ɚɥɤɚɧɨɜ ɋ12-ɋ22, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɩɥɨɯɢɦɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɬɪɟɛɭɸɬ ɜɤɥɸɱɟɧɢɹ ɜ ɩɪɨɰɟɫɫ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɬɚɞɢɢ 

ɢɡɨɦɟɪɢɡɚɰɢɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ ɠɢɪɨɜ 

ɪɚɫɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ Ni-Mo-S/WO3-Al2O3, ɤɢɫɥɨɬɧɨɫɬɶ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɜ ɲɢɪɨɤɢɯ 

ɩɪɟɞɟɥɚɯ ɪɟɝɭɥɢɪɨɜɚɬɶ ɩɨɫɪɟɞɫɬɜɨɦ ɜɚɪɶɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɦɨɞɢɮɢɤɚɬɨɪɚ (ɨɤɫɢɞɚ 

ɜɨɥɶɮɪɚɦɚ) ɢ ɭɫɥɨɜɢɣ ɩɪɢɝɨɬɨɜɥɟɧɢɹ. ȼɨɥɶɮɪɚɦɫɨɞɟɪɠɚɳɢɟ ɧɨɫɢɬɟɥɢ (WA)  ɛɵɥɢ 

ɩɪɢɝɨɬɨɜɥɟɧɵ ɩɭɬɟɦ ɫɦɟɲɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɧɧɨɣ ɫɭɫɩɟɧɡɢɢ 

ɩɫɟɜɞɨɛɟɦɢɬɚ ɫ ɜɨɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɦɟɬɚɜɨɥɶɮɪɚɦɚɬɚ ɚɦɦɨɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ. ɇɨɦɢɧɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɚ ɜɨɥɶɮɪɚɦɚ ɜ ɧɨɫɢɬɟɥɹɯ ɜɚɪɶɢɪɨɜɚɥɨɫɶ 

ɨɬ 0 ɞɨ 30 ɦɚɫ. %. ɇɢɤɟɥɶ ɢ ɦɨɥɢɛɞɟɧ ɧɚɧɨɫɢɥɢɫɶ ɢɡ ɪɚɫɬɜɨɪɚ ɛɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 

ɰɢɬɪɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. Ɇɨɥɹɪɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ Ni/Mo ɜ ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

ɫɨɫɬɚɜɥɹɥɨ 0.5. Ʉɚɬɚɥɢɡɚɬɨɪɵ ɜ ɫɭɥɶɮɢɞɧɨɣ ɮɨɪɦɟ ɢɫɩɵɬɵɜɚɥɢ ɜ ɪɟɚɤɰɢɢ 

ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ ɩɨɞɫɨɥɧɟɱɧɨɝɨ ɦɚɫɥɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 380°ɋ ɢ ɞɚɜɥɟɧɢɢ 4.0 Ɇɉɚ, 

ɦɚɫɫɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ 1 ɱ-1, ɫɨɨɬɧɨɲɟɧɢɟ  H2:ɦɚɫɥɨ = 2500 ɧɦ3:ɦ3. ȼ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɞɨɡɢɪɨɜɚɥɢ ɫɟɪɨɜɨɞɨɪɨɞ ɜ ɤɨɥɢɱɟɫɬɜɟ 0.4 % ɨɬ 

ɨɛɴɟɦɚ ɩɨɞɚɜɚɟɦɨɝɨ ɜɨɞɨɪɨɞɚ. 

ɍ-IV-2 
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Ʉɚɤ ɩɨɤɚɡɚɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɥɭɱɟɧɧɵɯ ɧɨɫɢɬɟɥɟɣ, ɨɧɢ 

ɹɜɥɹɸɬɫɹ ɦɟɡɨɩɨɪɢɫɬɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɫ ɬɢɩɢɱɧɵɦɢ ɞɥɹ Ȗ-Al2O3 ɬɟɤɫɬɭɪɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ – ɪɚɡɦɟɪɨɦ ɩɨɪ 8.5–11.4 ɧɦ ɢ ɨɛɴɟɦɨɦ ɩɨɪ 0.3–0.5 ɫɦ3/ɝ. ɍɞɟɥɶɧɚɹ 

ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɩɥɨɬɶ ɞɨ ɫɨɞɟɪɠɚɧɢɹ WO3 11.6 ɦɚɫ. %, ɚ ɩɪɢ 

ɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɫɧɢɠɚɟɬɫɹ ɞɨ ɡɧɚɱɟɧɢɣ ɛɥɢɡɤɢɯ ɤ Sɭɞ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 

Al2O3. ɉɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ, ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɧɨɫɢɬɟɥɹɯ ɩɪɢɫɭɬɫɬɜɭɟɬ 

ɥɢɲɶ ɮɚɡɚ Ȗ-Al2O3, ɚ ɨɛɪɚɡɨɜɚɧɢɟ ɮɚɡɵ  WO3 ɯɚɪɚɤɬɟɪɧɨ ɥɢɲɶ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ WO3 ɛɨɥɟɟ 30 ɦɚɫ. %. Ɋɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ (ɈɄɊ) ɮɚɡɵ  Ȗ-Al2O3 

ɡɧɚɱɢɬɟɥɶɧɨ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɜɨ ɜɫɟɣ ɫɟɪɢɢ ɨɛɪɚɡɰɨɜ. ɂɡɦɟɧɟɧɢɟ ɨɛɳɟɣ ɤɢɫɥɨɬɧɨɫɬɢ (ɩɨ 

ɞɚɧɧɵɦ ɌɉȾ ɚɦɦɢɚɤɚ) ɫ ɪɨɫɬɨɦ ɦɚɫɫɨɜɨɣ ɞɨɥɢ WO3 ɜ ɧɢɯ ɨɬ 0 ɞɨ 25.3 ɩɪɨɢɫɯɨɞɢɬ 

ɫɢɦɛɚɬɧɨ ɢɡɦɟɧɟɧɢɸ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɩɪɢ ɷɬɨɦ ɜɜɟɞɟɧɢɟ ɦɨɞɢɮɢɤɚɬɨɪɚ 

ɜ ɧɨɫɢɬɟɥɶ ɢɡɦɟɧɹɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɩɨ ɫɢɥɟ: ɞɨɥɹ ɫɢɥɶɧɵɯ ɰɟɧɬɪɨɜ 

ɫɧɢɠɚɟɬɫɹ ɨɬ 41 ɞɨ 22–27 %, ɚ ɞɨɥɹ ɫɪɟɞɧɢɯ ɢ ɫɥɚɛɵɯ ɰɟɧɬɪɨɜ ɜɨɡɪɚɫɬɚɟɬ ɫ 23 ɞɨ 28–32 % 

ɢ ɫ 37 ɞɨ 41-46 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨ ɞɚɧɧɵɦ ɗɉɊ-ɫɩɟɤɬɪɨɜ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɩɟɪɢɥɟɧɚ 

ɜ ɢɧɬɟɪɜɚɥɟ ɤɨɧɰɟɧɬɪɚɰɢɣ 0-30.1 ɦɚɫ. % WO3 ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɚɬɢɨɧ-

ɪɚɞɢɤɚɥɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɫɭɦɦɭ ɫɥɚɛɵɯ, ɫɪɟɞɧɢɯ ɢ ɫɢɥɶɧɵɯ ɛɪɟɧɫɬɟɞɨɜɫɤɢɯ ɤɢɫɥɨɬɧɵɯ 

ɰɟɧɬɪɨɜ. 

ɂɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɞɭɤɬɵ 

ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ ɩɨɞɫɨɥɧɟɱɧɨɝɨ ɦɚɫɥɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɦɟɫɶ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɨɪɦɚɥɶɧɨɝɨ ɢ ɢɡɨ-ɫɬɪɨɟɧɢɹ ɫ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɨɟɞɢɧɟɧɢɣ ɫ ɱɢɫɥɨɦ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɋ17 ɢ ɋ18. 

ȼɵɯɨɞɵ ɨɫɧɨɜɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɢɡɦɟɧɹɸɬɫɹ ɡɚ 

ɢɫɤɥɸɱɟɧɢɟɦ ɩɟɪɜɵɯ 4 ɱɚɫɨɜ «ɩɪɢɪɚɛɨɬɤɢ» ɤɚɬɚɥɢɡɚɬɨɪɚ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɢɧɬɟɧɫɢɜɧɵɦ ɩɪɨɬɟɤɚɧɢɟɦ ɪɟɚɤɰɢɣ ɤɪɟɤɢɧɝɚ, ɱɬɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɩɨɜɵɲɟɧɢɢ ɜɵɯɨɞɚ 

ɛɟɧɡɢɧɨɜɨɣ ɮɪɚɤɰɢɢ ɢ ɫɧɢɠɟɧɢɢ ɜɵɯɨɞɚ ɞɢɡɟɥɶɧɨɣ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɜ ɞɚɧɧɵɣ ɩɟɪɢɨɞ 

ɩɪɨɢɫɯɨɞɢɬ ɞɟɡɚɤɬɢɜɚɰɢɹ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ. ȼɵɯɨɞ 

ɠɢɞɤɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɧɚ ɩɨɞɚɧɧɨɟ ɦɚɫɥɨ ɞɥɹ ɜɫɟɯ ɫɢɫɬɟɦ ɫɨɫɬɚɜɥɹɟɬ 82-84 

ɦɚɫ. %, ɱɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɜɵɯɨɞɚ ɠɢɞɤɢɯ 

ɩɪɨɞɭɤɬɨɜ. ȼɵɯɨɞ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɢ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 78-80 ɦɚɫ. %, ɜɵɯɨɞ ɛɟɧɡɢɧɚ 

ɫɨɫɬɚɜɥɹɟɬ 1-2 ɦɚɫ. %, ɢ ɩɨɫɥɟ ɩɟɪɢɨɞɚ «ɩɪɢɪɚɛɨɬɤɢ» ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 

ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɚ ɜɨɥɶɮɪɚɦɚ ɜ ɨɛɪɚɡɰɚɯ. ȼɵɯɨɞ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 

16 ɦɚɫ. % (ɪɢɫ. 1ɚ). 
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Ɋɢɫ.1. ȼɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ WO3 (ɦɚɫ. %) ɜ ɧɨɫɢɬɟɥɟ ɧɚ ɜɵɯɨɞ ɨɫɧɨɜɧɵɯ 

ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ ɩɨɞɫɨɥɧɟɱɧɨɝɨ ɦɚɫɥɚ (ɚ) ɢ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ 

ɤɚɬɚɥɢɡɚɬɨɪɚ (ɱ) ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɚɥɤɚɧɨɜ (ɛ) ɢ ɫɨɨɬɧɨɧɨɲɟɧɢɟ (ɋ15+ɋ17)/∑ɋ15-18 (ɜ) ɜ 

ɫɨɫɬɚɜɟ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɢ. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɚɥɸɦɨɨɤɫɢɞɧɨɝɨ ɧɨɫɢɬɟɥɹ ɨɤɫɢɞɨɦ 

ɜɨɥɶɮɪɚɦɚ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɢ ɢɡɨɦɟɪɢɡɚɰɢɢ. 

ɋɨɞɟɪɠɚɧɢɟ ɢɡɨɦɟɪɨɜ ɜ ɩɪɨɞɭɤɬɟ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɤɢɫɥɨɬɧɨɫɬɶɸ ɨɛɪɚɡɰɨɜ, ɢ ɦɨɠɟɬ 

ɞɨɫɬɢɝɚɬɶ ɜ ɩɟɪɜɵɟ ɱɚɫɵ 39 ɦɚɫ. % (ɪɢɫ. 1ɛ). ɉɨɦɢɦɨ ɫɨɞɟɪɠɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɢɡɨ-

ɫɬɪɨɟɧɢɹ ɜ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɢ, ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɨɞɢɮɢɤɚɬɨɪɚ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ 

ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ ɧɟɱɟɬɧɵɦ ɱɢɫɥɨɦ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɩɪɨɞɭɤɬɚɯ (ɪɢɫ. 1ɜ). 

Ɉɛɚ ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɹ ɫɧɢɠɚɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɱɬɨ 

ɝɨɜɨɪɢɬ ɨ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɣ ɞɟɡɚɤɬɢɜɚɰɢɢ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɎȺɇɈ Ɋɨɫɫɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ ɉɪɨɝɪɚɦɦɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɚɤɚɞɟɦɢɣ ɧɚɭɤ 

ɧɚ 2013-2020 ɝɨɞɵ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ V.46, ɩɪɨɟɤɬ № V.46.4.4, ɷɬɚɩ «Ɉɞɧɨɫɬɚɞɢɣɧɨɟ 

ɩɨɥɭɱɟɧɢɟ ɧɢɡɤɨɡɚɫɬɵɜɚɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɢɡ ɦɚɫɥɨɠɢɪɨɜɨɝɨ 

ɫɵɪɶɹ» (ɇɨɦɟɪ ɝɨɫɪɟɝɢɫɬɪɚɰɢɢ ɜ ɫɢɫɬɟɦɟ ȿȽɂɋɍ ɇɂɈɄɌɊ AAAA-A17-117021450098-

2). 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ȼɅɂəɇɂə ɊȺɉɋɈȼɈȽɈ ɆȺɋɅȺ ɂ CO ɇȺ 
ȺɄɌɂȼɇɈɋɌɖ  ɋɍɅɖɎɂȾɇɕɏ CoMo/Al2O3 ɢ NiMo/Al2O3 ɄȺɌȺɅɂɁȺɌɈɊɈȼ ȼ 

ɉɊɈɐȿɋɋȿ ȽɂȾɊɈɈɑɂɋɌɄɂ ɉɊəɆɈȽɈɇɇɈɃ ȾɂɁȿɅɖɇɈɃ ɎɊȺɄɐɂɂ 

ȼɥɚɫɨɜɚ ȿ.ɇ. 1,2, Ⱥɥɟɤɫɚɧɞɪɨɜ ɉ.ȼ. 1,2, Ȼɭɯɬɢɹɪɨɜɚ Ƚ.Ⱥ.1,2, Ⱦɟɥɢɣ ɂ.ȼ. 1,2,  

ɉɨɪɫɢɧ Ⱥ.Ⱥ. 1, ɇɭɠɞɢɧ Ⱥ.Ʌ. 1, Ȼɭɯɬɢɹɪɨɜ ȼ.ɂ.1,2  

THE EFFECT OF RAPESEED OIL AND CO ON THE STRAIGHT-RUN GAS OIL  

HYDROTREATING: COMPARATIVE STUDY OF SULFIDE  

CoMo/Al2O3 AND NiMo/Al2O3 CATALYSTS 
1 ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ,  ɝ. ɇɨɜɨɫɢɛɢɪɫɤ  

2 ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. ɇɨɜɨɫɢɛɢɪɫɤ 

E-mail: evgenia@catalysis.ru 

 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɦɧɨɝɨ ɜɧɢɦɚɧɢɹ ɭɞɟɥɹɟɬɫɹ ɪɚɡɜɢɬɢɸ ɬɟɯɧɨɥɨɝɢɣ ɩɨɥɭɱɟɧɢɹ 

ɰɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ, ɚɥɤɚɧɨɜ, ɢɡ ɬɪɢɝɥɢɰɟɪɢɞɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ 

(ɌɀɄ). Ɉɞɧɢɦ ɢɡ ɩɨɞɯɨɞɨɜ ɹɜɥɹɟɬɫɹ ɩɟɪɟɪɚɛɨɬɤɚ ɌɀɄ ɜ ɫɦɟɫɢ ɫ ɧɟɮɬɹɧɵɦɢ 

ɞɢɫɬɢɥɥɹɬɚɦɢ ɧɚ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɭɥɶɮɢɞɧɵɯ Co(Ni)Mo/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɚɯ 

ɝɢɞɪɨɨɱɢɫɬɤɢ [1,2]. Ʌɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɨ ɜɥɢɹɧɢɢ ɞɨɛɚɜɨɤ ɌɀɄ ɧɚ ɚɤɬɢɜɧɨɫɬɶ 

ɫɭɥɶɮɢɞɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɹɯ ɝɢɞɪɨɨɛɟɫɫɟɪɢɜɚɧɢɹ (ȽɈȻ) ɞɨɫɬɚɬɨɱɧɨ 

ɩɪɨɬɢɜɨɪɟɱɢɜɵ [3]. Ɍɚɤɠɟ ɨɬɫɭɬɫɬɜɭɟɬ ɟɞɢɧɚɹ ɬɨɱɤɚ ɡɪɟɧɢɹ ɧɚ ɩɪɢɱɢɧɭ ɫɧɢɠɟɧɢɹ ȽɈȻ 

ɚɤɬɢɜɧɨɫɬɢ ɫɭɥɶɮɢɞɧɵɯ CoMo/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɌɀɄ: ɩɨɬɟɧɰɢɚɥɶɧɨ 

ɢɧɝɢɛɢɬɨɪɚɦɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɨɞɭɤɬɵ ɩɪɟɜɪɚɳɟɧɢɹ ɌɀɄ - ɤɢɫɥɨɬɵ, ɫɩɢɪɬɵ, ɜɨɞɚ, ɨɤɫɢɞɵ 

ɭɝɥɟɪɨɞɚ [4,5].  

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ 

ɞɨɛɚɜɨɤ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ (ɊɆ) ɢ CO ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɫɭɥɶɮɢɞɧɵɯ CoMo/Al2O3 ɢ 

NiMo/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɢ ȽɈȻ ɩɪɹɦɨɝɨɧɧɨɣ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɢ (ɉȾɎ).  

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɪɚɧɭɥɵ -Al2O3 ɩɪɨɩɢɬɵɜɚɥɢ ɪɚɫɬɜɨɪɚɦɢ, 

ɩɪɢɝɨɬɨɜɥɟɧɧɵɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɆɨɈ3, ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɢ ɥɢɦɨɧɧɨɣ ɤɢɫɥɨɬ, ɚ ɬɚɤɠɟ  

Co(OH)2 ɢɥɢ  NiCO3 • Ni(OH)2 • xH2O; ɩɟɪɟɱɟɧɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɟɤɫɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɩɪɢɛɨɪɟ ASAP 2400 (ɋɒȺ); ɷɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜɵɩɨɥɧɟɧ ɧɚ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ “Optima 4300 DV” 

(Perkin Elmer, Ɏɪɚɧɰɢɹ). Ɇɨɪɮɨɥɨɝɢɸ ɫɭɥɶɮɢɞɧɨɣ ɮɚɡɵ ɢɡɭɱɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɨɫɜɟɱɢɜɚɸɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ JEM-2010 (JEOL, əɩɨɧɢɹ).   

ɋɪɚɜɧɢɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɊɆ ɢ ɋO ɧɚ ɚɤɬɢɜɧɨɫɬɶ NiMo/Al2O3-1.5 ɢ 

CoMo/Al2O3-1.5 ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ; ɫɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ 

ɫɵɪɶɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ.2. ɊɆ ɫɦɟɲɢɜɚɥɢ ɫ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɟɣ, ɋɈ ɞɨɛɚɜɥɹɥɢ ɜ ɩɨɬɨɤ 

ɜɨɞɨɪɨɞɚ  (0-3 ɨɛ.%). Ⱦɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ  10 ppm S (ULSD) 

ɩɨɥɭɱɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ NiMo/Al2O3-1.2 ɢ CoMo/Al2O3-1.2 ɤɚɬɚɥɢɡɚɬɨɪɨɜ  ɧɚ 

ɍ-IV-3 
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ɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɨɩɢɫɚɧɧɨɣ ɪɚɧɟɟ [6]. ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ 

ɚɧɚɥɢɡɚɬɨɪɨɜ Lab-X 3500SCl (Oxford Instrument, ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ) ɢ ANTEK 9000NS 

(Antek Instruments L.P., ɋɒȺ), ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ - ɧɚ ɷɥɟɦɟɧɬɧɨɦ CHNSO-

ɚɧɚɥɢɡɚɬɨɪɟ Vario EL Cube (Elementar Analysensysteme GmbH, Ƚɟɪɦɚɧɢɹ). ɋɈ ɢ ɋɈ2 ɜ 

ɝɚɡɨɜɨɣ ɮɚɡɟ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɝɚɡɨɜɨɝɨ ɯɪɨɦɚɬɨɝɪɚɮɚ «ɏɪɨɦɨɫ 1000» («ɏɪɨɦɨɫ», 

Ɋɨɫɫɢɹ), ɩɨɫɥɟ ɝɢɞɪɢɪɨɜɚɧɢɹ ɞɨ ɦɟɬɚɧɚ. 

Ɍɚɛɥɢɰɚ 1. ɉɟɪɟɱɟɧɶ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ CoMo/Al2O3 ɢ NiMo/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɨɜ  

Ɉɛɨɡɧɚɱɟɧɢɟ 

ɋɨɞɟɪɠɚɧɢɟ 
ɷɥɟɦɟɧɬɨɜ, 

ɦɚɫɫ.% 

ɋɪɟɞɧɢɣ 
ɪɚɡɦɟɪ 
ɱɚɫɬɢɰ, 

ɧɦ 
(ɉɗɆ) 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɨɫɢɬɟɥɹ 

ɋo Mo 

Ɋɚɡɦɟɪ 
ɝɪɚɧɭɥ**, 

ɦɦ 

Sɭɞ, 

ɦ2/ɝ 

Ɉɛɴɟɦ 
ɩɨɪ, 
ɫɦ3/ɝ 

ɋɪɟɞɧɢɣ 
ɞɢɚɦɟɬɪ 
ɩɨɪ, Å 

NiMo/Al2O3-1.5 3,9 13,3 3,5 

1.5 208 0,68 132 CoMo/Al2O3-

1.5 
3,9 13,2 3,1 

NiMo/Al2O3-1.2 3,7 12,1 3,2 

1.2 235 0,79 134 CoMo/Al2O3-

1.2 
3,5 12,5 3,2 

*  - ɤɨɧɰɟɧɬɪɚɰɢɸ ɚɤɬɢɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɪɚɡɰɚɯ ɨɩɪɟɞɟɥɹɥɢ ɩɨɫɥɟ 
ɩɪɨɤɚɥɢɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 550ºC ɜ ɬɟɱɟɧɢɟ 4-ɯ ɱɚɫɨɜ. 

  

Ɍɚɛɥɢɰɚ 2. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɵɪɶɹ  

 ɉȾɎ 5%ɊɆ 10%ɊɆ 15%ɊɆ 20%ɊɆ 

ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ (ɦɝ/ɤɝ) 10300 9800 9200 8700 8200 

ɋɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ 
(ɦɝ/ɤɝ) 680 

6210 
11500 17000 

23400 

ɋɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ (ɦɝ/ɤɝ) 151 150 148 145 141 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɦɟɬɨɞɨɦ ɉɗɆ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɫɥɟ ɪɟɚɤɰɢɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɟ ɨɞɧɨ- ɢ ɞɜɭɯɫɥɨɣɧɵɟ 

ɫɭɥɶɮɢɞɧɵɟ ɱɚɫɬɢɰɵ ɫ ɪɚɡɦɟɪɨɦ 3,1-3,5 ɧɦ, ɦɨɪɮɨɥɨɝɢɹ ɤɨɬɨɪɵɯ ɬɢɩɢɱɧɚ ɞɥɹ 

ɫɭɥɶɮɢɞɧɵɯ ɋɨ(Ni)Ɇɨ/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɪɭɤɬɭɪɟ ɞɢɫɭɥɶɮɢɞɚ 

ɦɨɥɢɛɞɟɧɚ ɆɨS2 (ɪɢɫ.1). ɇɚ ɫɧɢɦɤɚɯ ɉɗɆ ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɱɚɫɬɢɰ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ 

ɫɭɥɶɮɢɞɨɜ ɤɨɛɚɥɶɬɚ ɢɥɢ ɧɢɤɟɥɹ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɊɆ ɢ ɋɈ ɧɚ ɚɤɬɢɜɧɨɫɬɶ NiMo/Al2O3-1.5 ɢ CoMo/Al2O3-

1.5 ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɪɟɚɤɰɢɢ ȽɈȻ ɉȾɎ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜɨɞɨɪɨɞɚ 4.0 Ɇɉɚ, Ɍ – 

340°ɋ, LHSV - 2 ɱ-1 ɢ ɫɨɨɬɧɨɲɟɧɢɢ H2/ɫɵɪɶё - 600 ɇɦ3/ɦ3. Ɂɚɜɢɫɢɦɨɫɬɢ ɨɫɬɚɬɨɱɧɨɝɨ 

ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ ɜ ɩɪɨɞɭɤɬɚɯ ɝɢɞɪɨɨɱɢɫɬɤɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɊɆ ɢ ɋɈ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 

2 ɢ 3, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

CoMo/Al2O3-1.5 ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɨɫɬɚɬɨɱɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ ɜ 
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ɩɪɨɞɭɤɬɚɯ ɝɢɞɪɨɨɱɢɫɬɤɢ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɊɆ ɜ ɢɫɯɨɞɧɨɦ ɫɵɪɶɟ ɨɬ 0 

ɞɨ 15 ɦɚɫɫ.%; ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɊɆ ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɢɡɦɟɧɹɟɬɫɹ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ (ɪɢɫ. 2). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɤɬɢɜɧɨɫɬɶ CoMo ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɧɢɠɚɟɬɫɹ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɊɆ; ɫɧɢɠɟɧɢɟ ɢɧɝɢɛɢɪɭɸɳɟɝɨ ɷɮɮɟɤɬɚ ɊɆ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɟɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɭɦɟɧɶɲɟɧɢɟɦ ɜ ɫɵɪɶɟ  ɤɨɥɢɱɟɫɬɜɚ S-ɫɨɞɟɪɠɚɳɢɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ  ɞɪɭɝɢɯ ɢɧɝɢɛɢɬɨɪɨɜ – N-ɫɨɞɟɪɠɚɳɢɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ NiMo/Al2O3-1.5 ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɩɪɨɞɭɤɬɚɯ 

ɩɨɫɬɟɩɟɧɧɨ ɫɧɢɠɚɟɬɫɹ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɊɆ ɜ ɢɫɯɨɞɧɨɦ ɫɵɪɶɟ, ɱɬɨ 

ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ NiMo/Al2O3 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɨɞɭɤɬɚɦɢ ɩɪɟɜɪɚɳɟɧɢɹ ɊɆ.  

 

    

Ɋɢɫ.1. ɋɧɢɦɤɢ ɉɗɆ ɫɭɥɶɮɢɞɧɵɯ ɋɨɆɨ/Al2O3 (Ⱥ) ɢ NiMo/Al2O3 (Ȼ) ɤɚɬɚɥɢɡɚɬɨɪɨɜ 
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Ɋɢɫ.2. ȼɥɢɹɧɢɟ ɞɨɛɚɜɨɤ ɊɆ ɧɚ 
ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɩɪɨɞɭɤɬɚɯ 

ɝɢɞɪɨɨɱɢɫɬɤɢ ɉȾɎ 

 Ɋɢɫ.3. ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ CO ɜ 
ɝɚɡɨɜɨɣ ɮɚɡɟ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ 

ɩɪɨɞɭɤɬɚɯ ɝɢɞɪɨɨɱɢɫɬɤɢ ɉȾɎ 

 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɤɨɧɜɟɪɫɢɹ ɤɢɫɥɨɪɨɞɚ ɫɨɫɬɚɜɥɹɟɬ 

100%, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɥɧɨɦ ɩɪɟɜɪɚɳɟɧɢɢ ɊɆ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɤɢɫɥɨɬ, ɚɥɶɞɟɝɢɞɨɜ ɢ ɫɩɢɪɬɨɜ) ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɢɹ 

Ⱥ Ȼ
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ɪɟɚɤɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦɢ ɢɧɝɢɛɢɬɨɪɚɦɢ 

ɪɟɚɤɰɢɣ ȽɈȻ CoMo/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɹɜɥɹɸɬɫɹ ɤɨɧɟɱɧɵɟ ɩɪɨɞɭɤɬɵ ɩɪɟɜɪɚɳɟɧɢɹ ɊɆ 

– ɜɨɞɚ ɢɥɢ ɨɤɫɢɞ ɭɝɥɟɪɨɞɚ. 

ȼɥɢɹɧɢɟ CO ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɩɪɨɞɭɤɬɚɯ ɝɢɞɪɨɨɱɢɫɬɤɢ ɉȾɎ ɚɧɚɥɨɝɢɱɧɨ 

ɜɥɢɹɧɢɸ ɞɨɛɚɜɨɤ ɊɆ: ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ CoMo/Al2O3-1.5 ɤɚɬɚɥɢɡɚɬɨɪɚ ɭɜɟɥɢɱɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɈ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ 

ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ ɜ ɩɪɨɞɭɤɬɚɯ (ɩɪɢ ɷɬɨɦ ɚɤɬɢɜɧɨɫɬɶ CoMo/Al2O3-1.5 ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɩɨɥɧɨɫɬɶɸ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨɫɥɟ ɭɞɚɥɟɧɢɹ ɊɆ ɢ ɋɈ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ). ȼ ɬɨ ɠɟ 

ɜɪɟɦɹ CO ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ȽɈȻ ɚɤɬɢɜɧɨɫɬɶ NiMo/Al2O3-1.5 ɤɚɬɚɥɢɡɚɬɨɪɚ (ɪɢɫ. 

3).  

Ɇɵ ɩɪɟɞɩɨɥɨɠɢɥɢ, ɱɬɨ ɩɪɢɱɢɧɨɣ ɫɧɢɠɟɧɢɹ ȽɈȻ ɚɤɬɢɜɧɨɫɬɢ CoMo ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ  ɋɈ ɹɜɥɹɟɬɫɹ ɤɨɧɤɭɪɟɧɬɧɚɹ ɚɞɫɨɪɛɰɢɹ ɋO ɧɚ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɚɯ 

ɤɚɬɚɥɢɡɚɬɨɪɚ. ɉɪɢ ɬɚɤɨɦ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɧɝɢɛɢɬɨɪɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 𝑑𝑆𝑑௧ = − ∙𝑆𝑛ଵ+𝐾ೀ∙ೀ ሺͳሻɢɥɢ ɜ ɢɧɬɟɝɪɚɥɶɧɨɦ ɜɢɞɟ: ሺ𝑛−ଵሻ𝑆𝑛−భ−𝑆బ𝑛−భ   ݐ݀ = ଵ + 𝐾ೀ 𝑃ை. 

ɇɚɛɥɸɞɚɟɦɵɣ ɩɨɪɹɞɨɤ ɪɟɚɤɰɢɢ (n=1.44) ɩɨɥɭɱɟɧ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɧɚɛɥɸɞɚɟɦɨɣ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɨɬ ɞɚɜɥɟɧɢɹ ɋɈ 

ɜ ɫɩɪɹɦɥɹɸɳɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɞɚёɬ ɛɥɢɡɤɢɟ ɤ ɩɪɹɦɵɦ ɡɚɜɢɫɢɦɨɫɬɢ (ɪɢɫ. 4). Ʉɨɧɫɬɚɧɬɵ 

ɚɞɫɨɪɛɰɢɢ, KCO, ɫɨɫɬɚɜɥɹɸɬ 1,6 ɢ 0,16 ɛɚɪ-1 ɞɥɹ CoMo/Al2O3-1.5  ɢ NiMo/Al2O3-1.5 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɬ ɞɚɜɥɟɧɢɹ ɋɈ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

CoMo/Al2O3-1.5 ɢ NiMo/Al2O3-1.5 ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɉɨɥɭɱɟɧɧɵɟ ɜɵɲɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɨɞɬɜɟɪɞɢɥɢɫɶ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ULSD ɢɡ 

ɫɦɟɫɢ 90 ɦɚɫɫ.% ɉȾɎ / 10 ɦɚɫɫ.% ɊɆ ɧɚ ɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɟ  ɜ ɩɪɢɫɭɬɫɬɜɢɢ NiMo/Al2O3-

1.2 ɢ CoMo/Al2O3-1.2 ɤɚɬɚɥɢɡɚɬɨɪɨɜ (ɬɚɛɥ.3). ɂɡ ɩɪɹɦɨɝɨɧɧɨɣ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɢ 
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ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ 10 ppm ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜɨɞɨɪɨɞɚ 

4.0 Ɇɉɚ, Ɍ – 343°ɋ, LHSV – 1,5 ɱ-1 ɢ ɫɨɨɬɧɨɲɟɧɢɢ H2/ɫɵɪɶё - 600 ɇɦ3/ɦ3.  NiMo/Al2O3-

1.2 ɤɚɬɚɥɢɡɚɬɨɪ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɫɜɟɪɯɱɢɫɬɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢɡ ɫɦɟɫɢ ɉȾɎ 

ɢ ɊɆ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ CoMo/Al2O3-1.2 ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ~ ɧɚ 9°ɋ.  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɫɢɫɬɟɦɨɣ 

ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɫɨɜɦɟɫɬɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɩɪɹɦɨɝɨɧɧɨɣ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɢ 

ɢ ɊɆ ɜ ɫɜɟɪɯɱɢɫɬɨɟ ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ, ɹɜɥɹɟɬɫɹ NiMo/Al2O3 ɤɚɬɚɥɢɡɚɬɨɪ.    

Ɍɚɛɥɢɰɚ 3. ȼɥɢɹɧɢɟ ɞɨɛɚɜɨɤ ɊɆ ɧɚ ɫɜɨɣɫɬɜɚ ɫɜɟɪɯɱɢɫɬɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ  

Ʉɚɬɚɥɢɡɚɬɨɪ ɊɆ, ɦɚɫɫ.% T, °ɋ , ɝ/ɫɦ3 ɐɟɬɚɧɨɜɵɣ ɢɧɞɟɤɫ N, ppm 

ɋoMo/Al2O3-1.2 
0 343 0,836 56,7 0,5-1,0 

10 352 0,831 60,3 1,0-1,5 

NiMo/Al2O3-1.2 
0 343 0,836 56,8 0,5-1,0 

10 343 0,830 60,8 1,0-1,5 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ 

ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɩɪɨɟɤɬ № 14.575.21.0128, ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ 

ɩɪɨɟɤɬɚ – RFMEFI57517X0128. 
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ɋɉɈɋɈȻɕ ɉɈɅɍɑȿɇɂə ɗɄɈɅɈȽɂɑȿɋɄɂ ɑɂɋɌɕɏ ȾɂɁȿɅɖɇɕɏ 
ɌɈɉɅɂȼ ɂ ɉɍɌɂ ɉɈȼɕɒȿɇɂə ɂɏ ɄȺɑȿɋɌȼȺ 

ȿɪɟɦɟɟɜɚ Ⱥ.Ɇ. 1, Ʉɨɧɞɪɚɲɟɜɚ ɇ.Ʉ.1, ɇɟɥɶɤɟɧɛɚɭɦ Ʉ.ɋ.2  
METHODS OF OBTAINING ENVIRONMENTALLY CLEAN DIESEL FUELS AND 

WAYS OF IMPROVING THEIR QUALITY 
1 ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ 

E-mail: eremeevaanzhelika@rambler.ru 
2 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɊȺɇ, ɍɮɚ 

 

ȼ ɫɜɹɡɢ ɫ ɞɟɮɢɰɢɬɨɦ ɡɚɩɚɫɨɜ ɧɟɮɬɢ, ɚ ɬɚɤɠɟ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɩɟɪɟɪɚɛɨɬɤɢ (85%) 

ɜ ȿɜɪɨɩɟɣɫɤɢɯ ɫɬɪɚɧɚɯ [3], ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ ɬɟɯɧɨɥɨɝɢɢ ɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ 

ɹɜɥɹɟɬɫɹ ɛɢɨɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ, ɬɚɤ ɤɚɤ ɧɚ ɞɨɥɸ ɜɫɟɯ ɚɜɬɨɦɨɛɢɥɟɣ ɛɨɥɟɟ ɩɨɥɨɜɢɧɵ 

ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɬɪɚɧɫɩɨɪɬ ɫ ɞɢɡɟɥɶɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ. 

ȼ Ɋɨɫɫɢɢ ɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɜɬɨɦɨɛɢɥɟɣ ɧɚ ɞɢɡɟɥɶɧɨɦ ɞɜɢɝɚɬɟɥɟ ɡɧɚɱɢɬɟɥɶɧɨ 

ɦɟɧɶɲɟ, ɱɟɦ ɜ ȿɜɪɨɩɟ, ɧɨ ɞɚɧɧɵɣ ɜɢɞ ɬɪɚɧɫɩɨɪɬɚ ɧɚɛɢɪɚɟɬ ɩɨɩɭɥɹɪɧɨɫɬɶ ɜ ɫɜɹɡɢ ɫ 

ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɬɨɩɥɢɜɚ, ɬɚɤɢɦɢ ɤɚɤ ɭɥɭɱɲɟɧɧɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ (ɫɧɢɠɟɧɢɟ 

ɜɵɛɪɨɫɨɜ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ, ɥɟɬɭɱɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 

ɚɬɦɨɫɮɟɪɭ ɩɪɢ ɫɠɢɝɚɧɢɢ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɞɜɢɝɚɬɟɥɟ ɚɜɬɨɦɨɛɢɥɹ [2]), ɭɥɭɱɲɟɧɧɚɹ 

ɫɦɚɡɵɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɩɨɜɵɲɟɧɧɨɟ ɰɟɬɚɧɨɜɨɟ ɱɢɫɥɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɜɨɡɨɛɧɨɜɥɹɟɦɨɝɨ ɫɵɪɶɹ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɯ ɛɢɨɞɢɡɟɥɶɧɵɯ 

ɬɨɩɥɢɜ: ɷɬɟɪɢɮɢɤɚɰɢɹ ɠɢɪɨɜ ɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ, ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɹ ɥɢɩɢɞɨɜ ɢ 

ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ ɢ ɞɪ. 

ɇɚɢɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ ɩɨɥɭɱɢɥ ɩɪɨɰɟɫɫ ɷɬɟɪɢɮɢɤɚɰɢɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ, 

ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɥɚɯ (ɧɚɩɪɢɦɟɪ, ɩɨɞɫɨɥɧɟɱɧɨɦ, ɤɭɤɭɪɭɡɧɨɦ, ɥɶɧɹɧɨɦ 

ɢ ɞɪ.) ɢ ɠɢɜɨɬɧɨɦ ɫɵɪɶɟ (ɪɵɛɢɣ ɠɢɪ). Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɚɤɰɢɸ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ ɫɨ ɫɩɢɪɬɚɦɢ ɫ ɩɨɥɭɱɟɧɢɟɦ ɫɥɨɠɧɵɯ ɷɮɢɪɨɜ [1]. 

ɋɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

Ɋɢɫ.1 ɋɯɟɦɚ ɪɟɚɤɰɢɢ ɷɬɟɪɢɮɢɤɚɰɢɢ 

 

Ⱥɜɬɨɪɚɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɢɨɬɨɩɥɢɜɚ ɩɨ ɞɚɧɧɨɦɭ ɦɟɬɨɞɭ ɛɵɥɢ ɜɵɛɪɚɧɵ 

ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɫɵɪɶɹ: ɤɢɫɥɨɬɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɩɨɞɫɨɥɧɟɱɧɨɦ ɦɚɫɥɟ, ɢ ɞɜɭɯɚɬɨɦɧɵɣ 

ɍ-IV-4 

mailto:eremeevaanzhelika@rambler.ru
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ɫɩɢɪɬ (ɷɬɢɥɟɧɝɥɢɤɨɥɶ). ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɷɬɟɪɢɮɢɤɚɰɢɢ ɩɪɨɢɫɯɨɞɢɥɨ 

ɪɚɡɞɟɥɟɧɢɟ ɮɚɡ (ɷɮɢɪɧɨɣ ɢ ɜɨɞɧɨɣ) ɫ ɩɨɦɨɳɶɸ ɨɬɫɬɚɢɜɚɧɢɹ, ɫɭɲɤɢ ɢ ɩɟɪɟɝɨɧɤɢ. 

 

Ɍɚɛɥɢɰɚ 1. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɛɢɨɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɩɨɫɥɟ ɩɪɨɰɟɫɫɚ 

ɷɬɟɪɢɮɢɤɚɰɢɢ 

ɋɜɨɣɫɬɜɨ ȿɞɢɧɢɰɵ ɀɄɉɆ ɗɮɢɪ 

ɉɥɨɬɧɨɫɬɶ ɩɪɢ 20°C ɤɝ/ɦ3 0,90978 0,91400 

ȼɹɡɤɨɫɬɶ ɩɪɢ 40°C ɦɦ2/ɫ 27,995 23,25 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ °C 115 110 

ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɦɝ/ɤɝ 13 71 

ɋɦɚɡɵɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ: ɋȾɉɂ ɦɤɦ 157 202 

 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɛɢɨɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, 

ɩɨɥɭɱɟɧɧɨɝɨ ɩɨ ɪɟɚɤɰɢɢ ɷɬɟɪɢɮɢɤɚɰɢɢ ɩɨɞɫɨɥɧɟɱɧɨɝɨ ɦɚɫɥɚ ɢ ɞɜɭɯɚɬɨɦɧɨɝɨ ɫɩɢɪɬɚ ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ (ɀɄɉɆ), ɜɵɞɟɥɟɧɧɵɯ 

ɢɡ ɦɚɫɥɚ. 

ȿɳɟ ɨɞɧɢɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɞɢɡɟɥɹ ɹɜɥɹɟɬɫɹ 

ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɹ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ – ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɨɛɦɟɧɚ ɫɬɪɭɤɬɭɪɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɠɢɪɨɜ (ɪɢɫɭɧɨɤ 2). ɉɪɢ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ ɢɡɦɟɧɹɟɬɫɹ ɦɨɥɟɤɭɥɹɪɧɵɣ ɫɨɫɬɚɜ 

ɬɪɢɝɥɢɰɟɪɢɞɨɜ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɦɟɧɹɸɬɫɹ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɪɨɞɭɤɬɨɜ. 

 

Ɋɢɫ.2 ɋɯɟɦɚ ɩɪɨɰɟɫɫɚ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ [4] 

 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɥɨɠɧɵɯ ɷɮɢɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɧɨɪɦɚɥɶɧɵɣ ɛɭɬɢɥɨɜɵɣ ɫɩɢɪɬ, ɚ ɬɚɤɠɟ ɪɵɠɢɤɨɜɨɟ, ɥɶɧɹɧɨɟ ɢ ɤɭɤɭɪɭɡɧɨɟ ɦɚɫɥɨ. ȼ 

ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ. 

Ɍɚɛɥɢɰɚ 2. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɮɢɪɨɜ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ 

ɋɜɨɣɫɬɜɨ ȿɞɢɧɢɰɵ ɧ-ȻɗɊɆ ɧ-ȻɗɅɆ ɧ-ȻɗɄɆ 

ɉɥɨɬɧɨɫɬɶ ɩɪɢ 20°C ɤɝ/ɦ3 0,87659 0,8700 0,8758 

ȼɹɡɤɨɫɬɶ ɩɪɢ 40°C ɦɦ2/ɫ 4,5719 5,0 4,492 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ °C 150 135 120 

ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɦɝ/ɤɝ 5,5 6,8 8,51 

ɐɟɬɚɧɨɜɨɟ ɱɢɫɥɨ  56 53 51 

ɋɦɚɡɵɜɚɸɳɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ: ɋȾɉɂ 

ɦɤɦ 553 601 592 
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Ɉɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɵɯ ɬɨɩɥɢɜ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. ɇɚɢɥɭɱɲɢɦ ɫɵɪɶɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɢɨɞɢɡɟɥɹ ɩɨ ɦɟɯɚɧɢɡɦɭ 

ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ ɹɜɥɹɟɬɫɹ ɪɵɠɢɤɨɜɨɟ ɦɚɫɥɨ, ɬ.ɤ. ɜ ɧɟɦ ɧɚɢɦɟɧɶɲɟɟ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ 

(5,5 ppm), ɧɚɢɛɨɥɶɲɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ (150 °C), ɧɚɢɛɨɥɶɲɟɟ ɰɟɬɚɧɨɜɨɟ ɱɢɫɥɨ (56), 

ɚ ɬɚɤɠɟ ɧɚɢɦɟɧɶɲɢɣ ɞɢɚɦɟɬɪ ɩɹɬɧɚ ɢɡɧɨɫɚ (553 ɦɤɦ). 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ɋɥɨɠɧɵɟ ɷɮɢɪɵ [ɷɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://cnit.ssau.ru/organics/chem4/o46.htm  (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 15.02.2017) 

2. Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://a4group.net/kupit_gotovyi_chertezh-chertezhi-

teplotehnika_ventilyaciya_vodosnabzhenie/pereeterifikaciya_gidrooblagorazhivanie.html 

(ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 20.10.2017) 

3. Ƚɥɭɛɢɧɚ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ ɜ Ɋɨɫɫɢɢ, ȿɜɪɨɩɟ ɢ ɋɒȺ [ɷɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: http://neftegaz.ru/analisis/view/8485-Glubina-pererabotki-nefti-v-Rossii-Evrope-i-

SShA (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 20.10.2017) 

4. Ƚɥɭɛɢɧɚ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ ɜ Ɋɨɫɫɢɢ, ȿɜɪɨɩɟ ɢ ɋɒȺ [ɷɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: http://www.findpatent.ru/patent/253/2533419.html (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 20.10.2017) 
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ɄȺɌȺɅɂɁȺɌɈɊɕ ȽɂȾɊɈɉɊɈɐȿɋɋɈȼ ɇȺ ɈɋɇɈȼȿ ɇȺɇɈɑȺɋɌɂɐ 
ɊɍɌȿɇɂə, ɂɆɆɈȻɂɅɂɁɈȼȺɇɇɕɏ ɇȺ ɉɈȼȿɊɏɇɈɋɌɂ ɆȿɁɈɉɈɊɂɋɌɕɏ 

ɇȺɇɈɋɎȿɊɂɑȿɋɄɂɏ ɉɈɅɂɆȿɊɈȼ  
ɒɚɤɢɪɨɜ ɂ.ɂ., Ȼɨɪɨɧɨɟɜ Ɇ.ɉ. 

HYBRID HYDROGENATION CATALYSTS BASED ON RUTHENIUM NANOPARTICLES 
IMMOBILIZED ON NANOSPHERICAL ORDED MESOPOROUS POLYMERS 

Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ.Ʌɨɦɨɧɨɫɨɜɚ, 
ɯɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ, Ɇɨɫɤɜɚ  

E-mail: sammy-power96@yandex.ru 

 

Ȼɨɥɶɲɢɧɫɬɜɨ ɩɪɨɦɵɲɥɟɧɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɧɚ 

ɝɟɬɟɪɨɝɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ 

ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɧɨ ɢ ɨɬ ɬɟɤɫɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ: ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɨɛɴёɦɚ ɩɨɪ ɢ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ. ɉɨɷɬɨɦɭ ɬɟɤɭɳɢɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪ ɫ ɜɵɫɨɤɢɦɢ ɩɥɨɳɚɞɹɦɢ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɛɨɥɶɲɢɦɢ ɨɛɴɟɦɚɦɢ ɩɨɪ, ɤɨɧɬɪɨɥɢɪɭɟɦɵɦɢ ɪɚɡɦɟɪɚɦɢ ɢ ɮɨɪɦɨɣ ɩɨɪ, 

ɯɢɦɢɱɟɫɤɨɣ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ, ɫɬɪɭɤɬɭɪɧɨɣ ɝɢɛɤɨɫɬɶɸ ɢ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ. ɗɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɨɬɜɟɱɚɸɬ ɦɟɡɨɩɨɪɢɫɬɵɟ ɩɨɥɢɦɟɪɵ, 

ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɛɨɥɶɲɢɦ ɨɛɴɟɦɨɦ ɩɨɪ ɢ 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɨɫɥɟɞɭɸɳɢɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɝɟɬɟɪɨɝɟɧɧɨɦ ɤɚɬɚɥɢɡɟ. Ɍɚɤ, ɦɨɞɢɮɢɤɚɰɢɹ ɦɟɡɨɩɨɪɢɫɬɵɯ ɩɨɥɢɦɟɪɨɜ 

ɫɭɥɶɮɨɝɪɭɩɩɚɦɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɪɟɚɤɰɢɢ ɷɬɟɪɢɮɢɤɚɰɢɢ ɩɨ Ɏɢɲɟɪɭ ɢ 

ɚɫɫɢɦɟɬɪɢɱɧɭɸ ɚɥɶɞɨɥɶɧɭɸ ɤɨɧɞɟɧɫɚɰɢɸ [1]. Ʉɪɨɦɟ ɬɨɝɨ, ɜɚɪɶɢɪɨɜɚɧɢɟ ɭɫɥɨɜɢɣ 

ɫɢɧɬɟɡɚ ɦɟɡɨɩɨɪɢɫɬɵɯ ɧɨɫɢɬɟɥɟɣ ɩɨɡɜɨɥɹɟɬ ɧɚɩɪɚɜɥɟɧɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.   

ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ ɫɢɧɬɟɡɢɪɨɜɚɧɚ ɫɟɪɢɹ ɦɟɡɨɩɨɪɢɫɬɵɯ ɧɚɧɨɫɮɟɪɢɱɟɫɤɢɯ 

ɩɨɥɢɦɟɪɨɜ ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ ɫ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɧɚ ɨɫɧɨɜɟ ɮɟɧɨɥɚ ɢ ɪɟɡɨɪɰɢɧɚ 

ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɪɟɚɝɟɧɬɨɜ [2]. ɇɚɧɨɫɮɟɪɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ 

ɫɥɟɞɭɸɳɢɦɢ ɦɟɬɨɞɚɦɢ: ɉɗɆ, ɬɜɟɪɞɨɬɟɥɶɧɵɣ əɆP, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɚɞɫɨɪɛɰɢɹ 

ɚɡɨɬɚ, ȾɊɋ. ɉɨɥɭɱɟɧɧɵɟ ɦɟɡɨɩɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ 

ɧɨɫɢɬɟɥɟɣ ɞɥɹ ɪɭɬɟɧɢɣɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɝɢɞɪɢɪɨɜɚɧɢɹ ɦɨɞɟɥɶɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɛɢɨɧɟɮɬɢ - ɝɜɚɹɤɨɥɚ. Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɟɚɤɰɢɢ ɜ ɜɨɞɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɦɟɬɚɧɨɥɚ (10%, 50%) ɢ ɞɨɞɟɤɚɧɚ (10%, 50%), ɚ ɬɚɤɠɟ ɜ ɱɢɫɬɨɦ ɦɟɬɚɧɨɥɟ ɢ ɞɨɞɟɤɚɧɟ. ɋ 

ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɬɚɧɨɥɚ ɢɥɢ ɞɨɞɟɤɚɧɚ ɤɨɧɜɟɪɫɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɥɚɫɶ ɫɨ 

100% ɞɨ ≈ 35%. ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɨɣ ɫɦɟɫɢ ɛɢɨɧɟɮɬɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɪɚɫɬɜɨɪ 

ɝɜɚɹɤɨɥɚ ɜ ɜɨɞɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 10 ɢ 40% ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɍ-IV-5 
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ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɪɚɫɬɟɬ ɜɵɯɨɞ ɰɢɤɥɨɝɟɤɫɚɧɨɥɚ ɫ 12 ɞɨ 25 %, ɨɞɧɚɤɨ ɤɨɧɜɟɪɫɢɹ ɩɚɞɚɟɬ 

ɨɬ 100 % ɞɨ 70%. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ 

ɩɪɨɟɤɬɚ № 18-33-00987. 
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ȽɂȾɊɈɌȿɊɆȺɅɖɇȺə ɄȺɊȻɈɇɂɁȺɐɂə ȻɂɈɆȺɋɋɕ 

Ʉɪɵɫɚɧɨɜɚ Ʉ.Ɉ. 1, Ɂɚɣɱɟɧɤɨ ȼ.Ɇ.1, Ʉɪɵɥɨɜɚ Ⱥ.ɘ.2  

HYDROTERMAL CARBONIZATION OF BIOMASS 
1 Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail:kristinakrysanova@gmail.com 
2 ɈɈɈ "Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ", Ɇɨɫɤɜɚ 

 

Ɉɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɤ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɣ ɢ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɟɣ 

ɷɧɟɪɝɟɬɢɤɟ, ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɨɛɵɱɢ ɢ ɝɥɭɛɨɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɫɩɨɫɨɛɨɜ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɢ 

ɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ.[1] ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɭɯɭɞɲɚɸɳɟɣɫɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɨɣ ɧɚ 

ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɤɨɬɨɪɚɹ ɧɟɫɦɨɬɪɹ ɧɚ ɩɪɢɧɢɦɚɟɦɵɟ ɦɟɪɵ 

ɩɪɨɞɨɥɠɚɟɬ ɭɫɭɝɭɛɥɹɬɶɫɹ. Ɉɞɧɢɦ ɢɡ ɤɥɸɱɟɜɵɯ ɮɚɤɬɨɪɨɜ ɭɯɭɞɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ 

ɫɢɬɭɚɰɢɢ – ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɤɚɱɟɫɬɜɟɧɧɨ ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɨɬɯɨɞɵ. 

ɉɟɪɟɪɚɛɨɬɤɚ ɛɢɨɦɚɫɫɵ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɟ ɭɝɥɟɪɨɞɨɫɨɞɟɪɠɚɳɟɝɨ ɦɚɬɟɪɢɚɥɚ 

ɨɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ, ɨɫɨɛɟɧɧɨ ɜ ȿɜɪɨɩɟ. ȼɬɨɪɢɱɧɚɹ ɛɢɨɦɚɫɫɚ ɦɨɠɟɬ 

ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɨɬɯɨɞɵ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɢ ɠɢɜɨɬɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. Ɉɞɧɢɦ ɢɡ 

ɫɨɜɪɟɦɟɧɧɵɯ ɫɩɨɫɨɛɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɛɢɨɦɚɫɫɵ ɜ ɛɢɨɭɝɨɥɶ ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɬɟɪɦɚɥɶɧɚɹ 

ɤɚɪɛɨɧɢɡɚɰɢɹ. 

ɉɪɨɰɟɫɫ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ (Hydrothermal carbonization - ɇɌɋ) ɜ 

1913 ɝɨɞɭ ɜɩɟɪɜɵɟ ɨɩɢɫɚɥ ɧɟɦɟɰɤɢɣ ɭɱɟɧɵɣ Ɏɪɢɞɪɢɯ Ȼɟɪɝɢɭɫ (ɨɧ ɢɡɜɟɫɬɟɧ ɬɚɤɠɟ ɬɟɦ, 

ɱɬɨ ɨɬɤɪɵɥ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɢɡ ɭɝɥɹ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɠɢɞɤɢɯ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ, 

ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɮɚɲɢɫɬɫɤɚɹ Ƚɟɪɦɚɧɢɹ ɜɨ ɜɪɟɦɹ ȼɬɨɪɨɣ ɦɢɪɨɜɨɣ ɜɨɣɧɵ ɩɨɤɪɵɜɚɥɚ 

ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɫɜɨɟɣ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɛɟɧɡɢɧɟ ɢ ɫɚɦɨɥɟɬɧɨɦ ɬɨɩɥɢɜɟ).[2] 

ɉɪɨɰɟɫɫ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ~ 200°ɋ ɢ 

ɞɚɜɥɟɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɞɚɜɥɟɧɢɸ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɚ 

ɬɚɤɠɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɨɥɢɱɟɫɬɜ ɜɨɞɵ.[3] 

ɗɬɨɬ ɩɪɨɰɟɫɫ ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨ, ɨɬɥɢɱɚɸɳɟɟ ɟɝɨ ɨɬ ɞɪɭɝɢɯ ɬɟɪɦɢɱɟɫɤɢɯ 

ɫɩɨɫɨɛɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɛɢɨɦɚɫɫɵ: ɝɢɞɪɨɬɟɦɚɥɶɧɚɹ ɤɚɪɛɨɧɢɡɚɰɢɹ ɫɩɨɫɨɛɧɚ 

ɩɟɪɟɪɚɛɚɬɵɜɚɬɶ ɛɢɨɦɚɫɫɭ ɜɵɫɨɤɨɣ ɜɥɚɠɧɨɫɬɢ (ɞɨ 80%), ɜ ɬɨɦ ɱɢɫɥɟ ɢɥɨɜɵɟ ɨɫɚɞɤɢ, 

ɨɬɛɪɨɫɵ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɩɨɦɟɬɧɨ-ɩɨɞɫɬɢɥɨɱɧɵɣ ɦɚɬɟɪɢɚɥ ɢ 

ɬ.ɞ. 

ɉɨɥɭɱɢɜɲɢɣɫɹ ɩɪɨɞɭɤɬ ɧɚɡɵɜɚɟɬɫɹ ɛɢɨɭɝɨɥɶ. Ȼɢɨɭɝɨɥɶ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ 

ɬɟɩɥɨɬɧɨɪɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɩɪɢɛɥɢɠɚɸɳɢɣɫɹ ɤ ɤɚɦɟɧɧɨɦɟɧɧɵɦ ɭɝɥɹɦ, CO2-
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ɧɟɣɬɪɚɥɟɧ, ɢɦɟɟɬ ɞɥɢɬɟɥɶɧɵɣ ɫɪɨɤ ɯɪɚɧɟɧɢɹ ɢ ɧɢɡɤɭɸ ɜɥɚɠɧɨɫɬɶ. ȼ ɩɪɨɰɟɫɫɟ 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ ɦɚɬɟɪɢɚɥ ɬɚɤɠɟ ɨɛɟɡɡɚɪɚɠɢɜɚɟɬɫɹ.  

ȼ Ɉɛɴɟɞɢɧɟɧɧɨɦ ɢɧɫɬɢɬɭɬɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ 

ɛɵɥɚ ɧɚɱɚɬɨ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ ɧɚ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ 

ɛɢɨɦɚɫɫɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɤɭɪɢɧɵɣ ɩɨɦɟɬ, ɤɨɬɨɪɵɣ ɹɜɥɹɥɫɹ 

ɢɫɯɨɞɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɢɡɭɱɟɧɢɹ.  

Ƚɢɞɪɨɬɟɪɦɚɥɶɧɭɸ ɤɚɪɛɨɧɢɡɚɰɢɸ ɫɵɪɶɹ ɩɪɨɜɨɞɢɥɢ ɜ ɫɬɚɥɶɧɨɦ ɚɩɩɚɪɚɬɟ 

ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɢ 180-210ɋ ɜ ɬɟɱɟɧɢɟ 4 ɱ.  

ɂɫɯɨɞɧɨɟ ɫɵɪɶɟ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɨɫɶ ɧɢɡɤɨɣ ɜɥɚɠɧɨɫɬɶ (12,46%) ɢ ɜɵɫɨɤɨɣ 

ɡɨɥɶɧɨɫɬɶɸ (17.8%). ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɫɵɪɶɹ, ɦɚɫ.%: 3.59 ɚɡɨɬ; 39.27 ɭɝɥɟɪɨɞ; 5.46 

ɜɨɞɨɪɨɞ; 0.764 ɫɟɪɚ; 30,54 ɤɢɫɥɨɪɨɞ. ȼɵɯɨɞ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɫɨɫɬɚɜɥɹɥ 68,48%. ɇɢɡɲɚɹ 

ɬɟɩɥɨɬɜɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɛɵɥɚ ɪɚɜɧɚ 15.69 ɆȾɠ/ɤɝ, ɚ ɜɵɫɲɚɹ 16.93 ɆȾɠ/ɤɝ. 

ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɫɵɪɶɹ ɦɟɬɨɞɨɦ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ ɩɪɢ ɪɚɡɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɹɥɫɹ (ɬɚɛɥɢɰɚ 1). 

 

Ɍɚɛɥɢɰɚ 1 ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ ɫɵɪɶɹ ɧɚ ɫɨɫɬɚɜ 

ɛɢɨɭɝɥɹ 

Ɍ, ɋ 
ȼɥɚɠɧɨɫɬɶ, 

% 

ɋɨɫɬɚɜ, ɦɚɫ. % (ɧɚ ɫɭɯɨɟ ɜɟɳɟɫɬɜɨ) 
N C H S Ɉ Ⱥ  

180 3.68 3.31 49.10 5.47 0.49 24.28 16.70 

210 2.9 3.97 53.33 5.56 0.48 13.79 22.20 

 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ ɫɵɪɶɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 210ɋ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɥɟɪɨɞɚ ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 25% ɛɨɥɶɲɟ ɜ ɨɬɥɢɱɢɢ ɨɬ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ɂɚɦɟɬɧɨ ɫɧɢɡɢɥɚɫɶ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɨɛɪɚɡɰɟ (ɩɨɱɬɢ ɧɚ 55% ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

210ɋ) ɜ ɨɬɥɢɱɢɟ ɨɬ ɢɡɧɚɱɚɥɶɧɨɝɨ ɫɵɪɶɹ. Ɍɚɤɠɟ ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɨɛɥɚɞɚɥɢ ɦɟɧɶɲɟɣ 

ɜɥɚɠɧɨɫɬɶɸ. 

ȼ ɬɚɛɥɢɰɟ 2 ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɬɟɩɥɨɬɜɨɪɧɵɟ ɫɩɨɫɨɛɧɨɫɬɢ ɫɵɪɶɹ ɢ ɛɢɨɭɝɥɹ, 

ɩɨɥɭɱɟɧɧɨɝɨ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɟɣ. ɂɡɧɚɱɚɥɶɧɨɣ ɫɵɪɶɟ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɨɫɶ 

ɜɵɫɨɤɨɣ ɡɨɥɶɧɨɫɬɶɸ ɢ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɤɢɫɥɨɪɨɞɚ, ɱɬɨ ɨɬɪɚɠɚɥɨɫɶ ɧɚ 

ɬɟɩɥɨɬɜɨɪɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɵɪɶɹ. ɉɪɨɜɟɞɟɧɢɹ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ ɩɪɢɜɟɥɨ 

ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɟɩɥɨɬɜɨɪɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɥɭɱɢɜɲɟɝɨɫɹ ɛɢɨɭɝɥɹ. 
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Ɍɚɛɥɢɰɚ 2. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ ɫɵɪɶɹ ɧɚ 

ɬɟɩɥɨɬɜɨɪɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɛɢɨɭɝɥɹ 

Ɍ, ɋ 
Ɍɟɩɥɨɬɜɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɆȾɠ/ɤɝ 

ɇɢɡɲɚɹ ȼɵɫɲɚɹ 

180 19,69 20,93 

210 22.36 23,63 

 

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɜɵɯɨɞ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɫɨɫɬɚɜɢɥ 

68.48%. ȼ ɬɚɛɥɢɰɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɡɦɟɧɟɧɢɹ ɜɵɯɨɞɚ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ 

Ɍɚɛɥɢɰɚ 3 ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ ɧɚ ɜɵɯɨɞ 

ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ 

Ɍ, ɋ ȼɵɯɨɞ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ, % 

180 59,28 

210 52,59 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɢɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɝɨ 

ɩɬɢɱɶɟɝɨ ɩɨɦɟɬɚ ~ 200ɋ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɛɢɨɭɝɨɥɶ, ɨɬɥɢɱɚɸɳɢɣɫɹ ɛɨɥɶɲɢɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɭɝɥɟɪɨɞɚ ɜ ɫɨɫɬɚɜɟ, ɦɟɧɶɲɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɜɵɯɨɞɚ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ, ɚ 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟɣ ɬɟɩɥɨɬɜɨɪɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ 

ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɩɨɤɚɡɚɬɟɥɹɦ ɛɭɪɵɯ ɭɝɥɟɣ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ 

ɩɪɨɟɤɬɚ № 17-08-01393  ɚ. 
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ɏɊɈɆȺɌɈȽɊȺɎɂɑȿɋɄȺə ɈɑɂɋɌɄȺ ɂ ɎɊȺɄɐɂɈɇɂɊɈȼȺɇɂȿ 
ɉȿɄɌɂɇɈȼɕɏ ɉɈɅɂɋȺɏȺɊɂȾɈȼ  

ɋɥɨɛɨɞɨɜɚ Ⱦ.Ⱥ. 1, Ƚɨɪɲɤɨɜɚ Ɋ.Ɇ.2, ɉɚɧɚɪɢɧ ȿ.Ɏ.2 
CHROMATOGRAPHIC ISOLATION AND FRACTIONATION  

OF PECTIC POLYSACCHARIDES 
1 ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɦɟɯɚɧɢɤɢ ɢ ɨɩɬɢɤɢ 

E-mail: dar.slobodova@gmail.com 
2 ɂɧɫɬɢɬɭɬ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɊȺɇ, Ɇɨɫɤɜɚ  

 

ȼɨɡɪɚɫɬɚɸɳɚɹ ɬɟɧɞɟɧɰɢɹ ɩɪɢɦɟɧɟɧɢɹ ɩɟɤɬɢɧɨɜɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɜ ɪɚɡɥɢɱɧɵɯ 

ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɦɟɞɢɰɢɧɵ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɢɫɤɚ ɧɨɜɵɯ 

ɩɨɬɟɧɰɢɚɥɶɧɨ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɵɪɶɟɜɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ ɪɚɡɪɚɛɨɬɤɢ ɷɮɮɟɤɬɢɜɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɨɥɭɱɟɧɢɹ. Ɋɟɲɟɧɢɟ ɞɚɧɧɨɝɨ ɜɨɩɪɨɫɚ ɩɨɡɜɨɥɹɟɬ ɪɚɰɢɨɧɚɥɶɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɵɪɶё, ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ ɫɨɛɨɣ ɜɬɨɪɢɱɧɵɟ ɪɟɫɭɪɫɵ ɩɢɳɟɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɢ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɩɨɬɪɟɛɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 

ɜɟɳɟɫɬɜɚɯ ɢ ɩɪɨɞɭɤɬɚɯ ɧɚ ɢɯ ɨɫɧɨɜɟ [1, 2].  

ȼ ɦɧɨɝɨɫɬɚɞɢɣɧɨɦ ɩɪɨɰɟɫɫɟ ɩɨɥɭɱɟɧɢɹ ɩɟɤɬɢɧɨɜɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɜɚɠɧɟɣɲɢɦ 

ɢ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɥɢɡ-ɷɤɫɬɪɚɤɰɢɹ. Ɉɬ ɩɨɞɛɨɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɭɫɥɨɜɢɣ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɡɚɜɢɫɢɬ ɜɵɯɨɞ ɢ ɤɚɱɟɫɬɜɨ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ. ɉɟɤɬɢɧɨɜɵɟ 

ɩɨɥɢɫɚɯɚɪɢɞɵ, ɜɵɞɟɥɹɟɦɵɟ ɢɡ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ ɩɪɢ ɩɨɦɨɳɢ ɝɢɞɪɨɥɢɡ-ɷɤɫɬɪɚɤɰɢɢ 

ɧɟ ɹɜɥɹɸɬɫɹ ɱɢɫɬɵɦ ɜɟɳɟɫɬɜɨɦ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɚ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɦɟɫɶ ɩɟɤɬɢɧɨɜɵɯ ɦɚɤɪɨɦɨɥɟɤɭɥ, ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ 

ɫɬɪɭɤɬɭɪɟ, ɫɨɫɬɚɜɭ ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɟ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɬɪɭɞɧɹɟɬ ɢɯ ɞɚɥɶɧɟɣɲɟɟ 

ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɨɫɨɛɟɧɧɨ ɜ ɦɟɞɢɰɢɧɟ ɢ ɮɚɪɦɚɰɟɜɬɢɤɟ. ɍɱɢɬɵɜɚɹ ɞɚɧɧɵɣ 

ɮɚɤɬ, ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɨɱɢɫɬɤɢ 

ɩɟɤɬɢɧɨɜɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɨɬ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɮɪɚɤɰɢɣ.  

ɂɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɩɨɫɨɛɨɜ ɨɱɢɫɬɤɢ ɢ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɥɢɦɟɪɨɜ ɨɞɧɢɦ ɢɡ 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɹɜɥɹɟɬɫɹ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɦɟɬɨɞ, ɩɪɢɦɟɧɟɧɢɟ ɤɨɬɨɪɨɝɨ 

ɜɨɡɦɨɠɧɨ ɞɚɠɟ ɞɥɹ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɥɢɦɟɪɨɜ ɫ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɟɦ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɵ [3]. ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɥɹ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ ɩɟɤɬɢɧɨɜɵɟ 

ɩɨɥɢɫɚɯɚɪɢɞɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ ɢɡ ɪɚɫɬɢɬɟɥɶɧɨɣ ɤɥɟɬɤɢ, ɜɵɫɭɲɢɬɶ, ɪɚɫɬɜɨɪɢɬɶ, 

ɩɨɞɜɟɪɝɧɭɬɶ ɪɚɡɞɟɥɟɧɢɸ ɧɚ ɮɪɚɤɰɢɢ, ɜɧɨɜɶ ɜɵɞɟɥɢɬɶ ɢɯ ɢɡ ɪɚɫɬɜɨɪɨɜ ɢ ɜɵɫɭɲɢɬɶ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɜɪɟɦɟɧɧɵɦ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɡɚɬɪɚɬɚɦ. ɇɚɦɢ ɪɚɡɪɚɛɨɬɚɧ 

ɦɟɬɨɞ, ɩɨɡɜɨɥɹɸɳɢɣ ɫɨɜɦɟɫɬɢɬɶ ɩɪɨɰɟɫɫɵ ɝɢɞɪɨɥɢɡ-ɷɤɫɬɪɚɤɰɢɢ, ɨɱɢɫɬɤɢ ɢ 

ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɢɫɤɥɸɱɢɬɶ ɩɨɜɬɨɪɧɵɟ ɫɬɚɞɢɢ ɜɵɞɟɥɟɧɢɹ ɢ ɪɚɫɬɜɨɪɟɧɢɹ 

ɩɟɤɬɢɧɨɜɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ [4]. Ɇɟɬɨɞ ɚɩɪɨɛɢɪɨɜɚɧ ɧɚ ɤɨɪɡɢɧɤɚɯ ɩɨɞɫɨɥɧɟɱɧɢɤɚ (Ʉɉ), 
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ɜɵɠɢɦɤɚɯ ɹɛɥɨɤ (əȼ) ɢ ɰɢɬɪɭɫɨɜɵɯ ɤɨɪɤɚɯ (ɐɄ). ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɢɥɢ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: ɜɵɫɭɲɟɧɧɨɟ, ɢɡɦɟɥɶɱёɧɧɨɟ ɫɵɪɶё ɩɨɫɥɟ ɧɚɛɭɯɚɧɢɹ ɩɨɦɟɳɚɥɢ ɜ 

ɷɤɫɬɪɚɤɰɢɨɧɧɭɸ ɤɨɥɨɧɤɭ ɢ ɩɨɞɜɟɪɝɚɥɢ ɷɤɫɬɪɚɤɰɢɢ ɩɪɢ Ɍ=85ɨɋ, ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ 6 

ɦɥ/ɦɢɧ ɜ ɬɟɱɟɧɢɟ 60 ɦɢɧ, ɢɫɩɨɥɶɡɭɹ ɜ ɤɚɱɟɫɬɜɟ ɝɢɞɪɨɥɢɡɭɸɳɟɝɨ ɚɝɟɧɬɚ ɪɚɫɬɜɨɪ ɫɨɥɹɧɨɣ 

ɤɢɫɥɨɬɵ ɫ ɪɇ=1,2. Ɋɚɫɬɜɨɪ-ɝɢɞɪɨɥɢɡɚɬ ɜɵɜɨɞɢɥɫɹ ɢɡ ɫɢɫɬɟɦɵ ɫɨ ɫɤɨɪɨɫɬɶɸ, ɪɚɜɧɨɣ 

ɫɤɨɪɨɫɬɢ ɩɨɫɬɭɩɥɟɧɢɹ ɝɢɞɪɨɥɢɡɭɸɳɟɝɨ ɚɝɟɧɬɚ ɜ ɷɤɫɬɪɚɤɬɨɪ. Ɋɚɫɬɜɨɪ-ɝɢɞɪɨɥɢɡɚɬ 

ɪɚɡɞɟɥɹɥɢ ɧɚ ɜɨɫɟɦɶ ɮɪɚɤɰɢɣ, ɫɨɛɢɪɚɹ ɜ ɨɬɞɟɥɶɧɵɟ ёɦɤɨɫɬɢ. ɂɡ ɮɪɚɤɰɢɣ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ 6000 ɨɛ/ɦɢɧ ɛɵɥ ɜɵɞɟɥɟɧ ɜɨɞɨɧɚɛɭɯɚɸɳɢɣ 

ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɩɨɥɢɦɟɪ ɫ ɫɟɬɱɚɬɨɣ ɫɬɪɭɤɬɭɪɨɣ – ɦɢɤɪɨɝɟɥɶ (ɆȽ), ɨɫɚɠɞɟɧɢɟɦ 

ɬɪɟɯɤɪɚɬɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɷɬɚɧɨɥɚ ɛɵɥ ɩɨɥɭɱɟɧ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɣ ɩɨɥɢɦɟɪ ɫ 

ɪɚɡɜɟɬɜɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ – ɩɟɤɬɢɧɨɜɵɟ ɜɟɳɟɫɬɜɚ (ɉȼ) ɢ ɭɩɚɪɢɜɚɧɢɟɦ ɨɫɬɚɬɨɱɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɜɟɳɟɫɬɜɚ – ɨɥɢɝɨɫɚɯɚɪɢɞɵ (Ɉɋ) [4]. Ⱦɥɹ 

ɩɨɥɭɱɟɧɧɵɯ ɮɪɚɤɰɢɣ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, 

ɨɬɜɟɱɚɸɳɢɟ ɡɚ ɫɜɨɣɫɬɜɚ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ: ɫɨɞɟɪɠɚɧɢɟ ɡɜɟɧɶɟɜ ɝɚɥɚɤɬɭɪɨɧɨɜɨɣ 

ɤɢɫɥɨɬɵ (ȽɄ) [5], ɫɬɟɩɟɧɶ ɷɬɟɪɢɮɢɤɚɰɢɢ (ɋɗ) [6] ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ [7]. 

ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɫɵɪɶɹ, ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɜɵɯɨɞɚ 

ɮɪɚɤɰɢɣ ɩɟɤɬɢɧɨɜɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɨɫɬɚɸɬɫɹ ɫɯɨɠɢɦɢ (ɪɢɫ. 1). ȼ ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ 

ɷɤɫɬɪɚɝɢɪɭɟɬɫɹ ɆȽ, ɫ ɦɚɤɫɢɦɭɦɨɦ ɜɵɯɨɞɚ, ɩɪɢɯɨɞɹɳɢɦɫɹ ɧɚ ɬɪɟɬɶɸ ɮɪɚɤɰɢɸ (V 

ɪɚɫɬɜɨɪɚ=150ɦɥ, t=18 ɦɢɧɭɬ). Ⱦɚɥɟɟ, ɜɵɯɨɞ ɆȽ ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ, ɫɬɪɟɦɹɫɶ ɤ ɧɭɥɸ. ȼ 

ɨɛɥɚɫɬɢ ɫɧɢɠɟɧɢɹ ɜɵɯɨɞɚ ɆȽ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɚ ɉȼ, 

ɧɚɛɥɸɞɚɸɳɟɟɫɹ ɞɨ ɩɹɬɨɣ ɮɪɚɤɰɢɢ (V ɪɚɫɬɜɨɪɚ = 250ɦɥ, t = 35 ɦɢɧɭɬ), ɩɨɫɥɟ ɱɟɝɨ ɞɚɧɧɚɹ 

ɜɟɥɢɱɢɧɚ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ. ɉɨɫɥɟ ɩɹɬɨɣ ɮɪɚɤɰɢɢ ɜɵɯɨɞ Ɉɋ ɧɟɩɪɟɪɵɜɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɯɨɞɨɜ ɉȼ ɢ Ɉɋ ɞɨɤɚɡɵɜɚɸɬ 

ɩɨɷɬɚɩɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɆȽ ɜ ɉȼ, ɚ ɡɚɬɟɦ ɜ Ɉɋ [4].  

Ⱦɚɧɧɵɣ ɮɚɤɬ ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɡɜɟɧɶɟɜ 

ɝɚɥɚɤɬɭɪɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɦɢɤɪɨɝɟɥɟ ɢ ɩɟɤɬɢɧɨɜɵɯ ɜɟɳɟɫɬɜɚɯ (ɬɚɛɥ. 1 ɢ 2). ȼ ɧɚɱɚɥɟ 

ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɥɢɡ-ɷɤɫɬɪɚɤɰɢɢ, ɆȽ ɢ ɉȼ ɨɬɥɢɱɚɸɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɡɜɟɧɶɟɜ ȽɄ. Ⱦɚɥɟɟ, ɷɤɫɬɪɚɝɢɪɭɸɬɫɹ ɜɟɳɟɫɬɜɚ, ɨɛɨɝɚɳɟɧɧɵɟ ɡɜɟɧɶɹɦɢ 

ɝɚɥɚɤɬɭɪɨɧɨɜɨɣ ɤɢɫɥɨɬɵ. ɂɡɦɟɧɟɧɢɟ ɫɬɟɩɟɧɢ ɷɬɟɪɢɮɢɤɚɰɢɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɣ 

ɜɹɡɤɨɫɬɢ ɮɪɚɤɰɢɣ ɬɚɤɠɟ ɧɨɫɢɬ ɷɤɫɬɪɟɦɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ (ɬɚɛɥ. 1 ɢ 2). ɂɡɦɟɧɟɧɢɟ 

ɫɨɞɟɪɠɚɧɢɹ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɚɧɚɥɨɝɢɱɧɨɣ 

ɢɡɦɟɧɟɧɢɹɦ ɜɵɯɨɞɚ, ɬ.ɟ. ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɦɚɤɫɢɦɭɦ, ɩɪɢɯɨɞɹɳɢɣɫɹ ɞɥɹ ɦɢɤɪɨɝɟɥɹ ɧɚ 

ɬɪɟɬɶɸ, ɚ ɞɥɹ ɩɟɤɬɢɧɨɜɵɯ ɜɟɳɟɫɬɜ ɧɚ ɩɹɬɭɸ ɮɪɚɤɰɢɢ.  
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Ɋɢɫ. 1. ɋɨɞɟɪɠɚɧɢɟ ɮɪɚɤɰɢɣ ɆȽ, ɉȼ ɢ Ɉɋ ɜ ɪɚɡɥɢɱɧɵɯ ɫɵɪɶɟɜɵɯ ɢɫɬɨɱɧɢɤɚɯ  

 

Ɍɚɛɥɢɰɚ 1 Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɮɪɚɤɰɢɣ ɦɢɤɪɨɝɟɥɹ  

№ 
ɮɪɚɤɰɢɢ 

ȽɄ, % ɋɗ, % [n], ɫɦ3/ɝ 

əȼ ɐɄ Ʉɉ əȼ ɐɄ Ʉɉ əȼ ɐɄ Ʉɉ 

1 - - - - - - - - - 

2 60,00 70,20 64,20 43,37 43,37 33,72 2,40 2,80 2,56 

3 76,20 84,00 82,20 55,42 55,42 43,96 4,80 5,20 6,30 

4 74,40 78,00 70,80 50,60 50,60 40,23 4,60 5,00 5,50 

5 70,40 72,00 67,20 45,78 45,78 30,23 4,00 4,60 4,10 

6 65,40 70,32 - 44,58 44,58 - 3,20 3,40 - 

7 64,80 66,00 - 43,37 43,37 - 2,70 2,90 - 

8 - - - - - - - 0,00 - 

 

Ɍɚɛɥɢɰɚ 2 Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɮɪɚɤɰɢɣ ɩɟɤɬɢɧɨɜɵɯ ɜɟɳɟɫɬɜ 

№ 
ɮɪɚɤɰɢɢ 

ȽɄ, % ɋɗ, % [n], ɫɦ3/ɝ 

əȼ ɐɄ Ʉɉ əȼ ɐɄ Ʉɉ əȼ ɐɄ Ʉɉ 

1 45,60 60,00 40,80 62,35 64,29 32,53 1,17 1,30 0,74 

2 46,80 62,40 56,40 64,71 67,44 35,71 1,88 1,94 0,83 

3 49,20 68,40 63,60 68,24 70,93 38,10 2,38 2,45 1,12 

4 55,80 76,20 72,00 75,29 77,65 48,89 3,10 3,80 1,65 

5 58,20 81,60 76,20 79,55 81,82 51,11 4,10 4,50 1,86 

6 57,00 82,20 74,40 78,41 80,68 50,00 3,80 4,30 1,80 

7 52,20 78,00 68,40 77,27 79,55 44,19 3,50 4,00 1,72 

8 49,85 74,40 60,60 73,86 78,41 39,53 2,70 2,85 1,30 

 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɩɪɢɡɧɚɤɨɜ ɪɚɡɞɟɥɟɧɢɹ ɩɨɥɢɦɟɪɚ ɩɨ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɟ ɹɜɥɹɟɬɫɹ ɫɨɜɩɚɞɟɧɢɟ ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ 
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ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɦɟɪɚ ɫɨ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ɜɟɥɢɱɢɧɵ [Ș] ɩɨ ɜɫɟɦ ɮɪɚɤɰɢɹɦ. ɂɡ ɞɚɧɧɵɯ 

ɬɚɛɥ. 3 ɫɥɟɞɭɟɬ, ɱɬɨ ɨɧɨ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨ. 

Ɍɚɛɥ. 3 ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɢɫɯɨɞɧɨɝɨ 

ɩɨɥɢɦɟɪɚ ɢ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧɵ [Ș] ɮɪɚɤɰɢɣ 

Ʉɉ 

[n] ɫɪɟɞ ɉȼ [n] ɢɫɯ ɉȼ [n] ɫɪɟɞ ɆȽ [n] ɢɫɯ ɆȽ 

1,38 1,36 4,62 4,85 

əȼ 

[n] ɫɪɟɞ ɉȼ [n] ɢɫɯ ɉȼ [n] ɫɪɟɞ ɆȽ [n] ɢɫɯ ɆȽ 

2,83 2,8 3,62 3,65 

ɐɄ 

[n] ɫɪɟɞ ɉȼ [n] ɢɫɯ ɉȼ [n] ɫɪɟɞ ɆȽ [n] ɢɫɯ ɆȽ 

3,14 3,15 3,98 3,90 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ 

ɨɱɢɫɬɤɢ ɢ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ ɝɢɞɪɨɥɢɡ-

ɷɤɫɬɪɚɤɰɢɢ ɨɬɞɟɥɹɬɶ ɩɟɤɬɢɧɨɜɵɟ ɩɨɥɢɫɚɯɚɪɢɞɵ, ɨɛɨɝɚɳɟɧɧɵɟ ɡɜɟɧɶɹɦɢ ɝɚɥɚɤɬɭɪɨɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɫ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ, ɨɬ ɫɨɩɭɬɫɬɜɭɸɳɢɯ 

ɮɪɚɤɰɢɣ.  
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ɄɈɇȼȿɊɋɂə ɂɁɈȻɍɌȺɇɈɅȺ ɂ ɗɌȺɇɈɅȺ ɇȺ ɐȿɈɅɂɌȺɏ MFI ɂ 
ɄɈɆɉɈɁɂɌȿ MFI/MCM-41, ɋɂɇɌȿɁɂɊɈȼȺɇɇɕɏ ȽɂȾɊɈɌȿɊɆȺɅɖɇɈ-

ɆɂɄɊɈȼɈɅɇɈȼɕɆ ɆȿɌɈȾɈɆ 

Ʉɚɪɚɜɚɟɜ Ⱥ.Ⱥ., Ɇɢɬɢɧɟɧɤɨ Ⱥ.ɋ., Ʌɨɤɬɟɜ Ⱥ.ɋ., Ⱦɟɞɨɜ Ⱥ.Ƚ., Ɇɨɢɫɟɟɜ ɂ.ɂ.  
ISOBUTANOL AND ETHANOL CONVERSION ON MFI AND MFI/MCM-41 

SYNTHESIZED BY HYDROTHERMAL-MICROWAVE METHOD  
Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ, 

Ɇɨɫɤɜɚ 

E-mail: aleksankarav@yandex.ru, genchem@gubkin.ru 

 

Ɋɚɫɲɢɪɟɧɢɟ ɫɵɪɶɟɜɨɣ ɛɚɡɵ ɧɟɮɬɟɯɢɦɢɢ ɡɚ ɫɱɟɬ ɜɨɡɨɛɧɨɜɥɹɟɦɨɝɨ ɫɵɪɶɹ 

ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ – ɚɤɬɭɚɥɶɧɚɹ ɫɬɪɚɬɟɝɢɱɟɫɤɚɹ ɡɚɞɚɱɚ. ȼɨɡɪɚɫɬɚɸɳɟɟ 

ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɩɪɢɜɥɟɤɚɟɬ ɩɨɥɭɱɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɧɟɮɬɟɯɢɦɢɢ ɢɡ 

ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɫɩɢɪɬɨɜ ɛɢɨɝɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɤ ɱɢɫɥɭ ɤɨɬɨɪɵɯ ɨɬɧɨɫɹɬɫɹ 

ɢɡɨɛɭɬɚɧɨɥ ɢ ɷɬɚɧɨɥ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɟɜɪɚɳɟɧɢɹ ɢɡɨɛɭɬɢɥɨɜɨɝɨ ɢ 

ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɨɜ ɜɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-

ɦɢɤɪɨɜɨɥɧɨɜɵɦ ɦɟɬɨɞɨɦ ɦɢɤɪɨ-ɦɟɡɨɩɨɪɢɫɬɵɣ ɤɨɦɩɨɡɢɬ MFI/MCM-41, ɬɨɬ ɠɟ 

ɤɨɦɩɨɡɢɬ, ɩɪɨɦɨɬɢɪɨɜɚɧɧɵɣ ɰɢɧɤɨɦ ɢ ɯɪɨɦɨɦ - ZnCrMFI/MCM-41, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɦɢɤɪɨɜɨɥɧɨɜɵɦ ɦɟɬɨɞɨɦ ɰɟɨɥɢɬɵ MFI ɫ ɤɪɟɦɧɟɡɟɦɧɵɦ ɦɨɞɭɥɟɦ 87 ɢ 

136, ɚ ɬɚɤɠɟ ɰɟɨɥɢɬ MFI (ɤɪɟɦɧɟɡɟɦɧɵɣ ɦɨɞɭɥɶ 136), ɩɪɨɦɨɬɢɪɨɜɚɧɧɵɣ ɰɢɧɤɨɦ ɢ 

ɯɪɨɦɨɦ -  ZnCrMFI. ɉɪɨɦɨɬɢɪɨɜɚɧɢɟ ɰɟɨɥɢɬɚ MFI ɢ ɦɢɤɪɨ-ɦɟɡɨɩɨɪɢɫɬɨɝɨ ɤɨɦɩɨɡɢɬɚ 

MFI/MCM-41 ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ ɪɚɫɬɜɨɪɚɦɢ ɧɢɬɪɚɬɨɜ ɰɢɧɤɚ ɢ ɯɪɨɦɚ. 

ɋɨɞɟɪɠɚɧɢɟ ɰɢɧɤɚ ɢ ɯɪɨɦɚ ɜ ɤɨɧɟɱɧɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ɫɨɫɬɚɜɢɥɨ 1% ɦɚɫɫ. ɤɚɠɞɨɝɨ. 

ɋɢɧɬɟɡ ɰɟɨɥɢɬɨɜ ɩɪɨɜɨɞɢɥɢ ɩɪɢ 190°ɋ ɜ ɬɟɱɟɧɢɟ 3 ɱɚɫɨɜ ɜ ɬɟɮɥɨɧɨɜɵɯ ɚɜɬɨɤɥɚɜɚɯ 

ɫ ɞɚɬɱɢɤɚɦɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ, ɩɨɦɟɳɟɧɧɵɯ ɜ ɦɢɤɪɨɜɨɥɧɨɜɭɸ ɭɫɬɚɧɨɜɤɭ Speed 

Wave Berghof 4. Ɇɢɤɪɨ-ɦɟɡɨɩɨɪɢɫɬɵɣ ɤɨɦɩɨɡɢɬ MFI/MCM-41 ɛɵɥ ɜɩɟɪɜɵɟ 

ɫɢɧɬɟɡɢɪɨɜɚɧ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨ-ɦɢɤɪɨɜɨɥɧɨɜɵɦ ɦɟɬɨɞɨɦ [1-2]. ɋɬɚɞɢɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɛɵɥɚ ɜɩɟɪɜɵɟ ɩɪɨɜɟɞɟɧɚ ɩɪɢ 190°ɋ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɧɟ ɬɨɥɶɤɨ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɫɢɧɬɟɡɚ ɜ 

ɞɟɫɹɬɤɢ ɪɚɡ, ɧɨ ɢ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɪɚɡɪɭɲɟɧɢɟ ɦɟɡɨɩɨɪɢɫɬɨɣ ɚɦɨɪɮɧɨɣ ɮɚɡɵ MCM-41. 

ɇɚɥɢɱɢɟ ɜ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɮɚɡɵ ɰɟɨɥɢɬɚ MFI ɩɨɞɬɜɟɪɠɞɟɧɨ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɣ 

ɞɢɮɪɚɤɬɨɦɟɬɪɢɢ, ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɩɢɤɢ ɩɪɢ 2ș = 8-9° ɢ 23-25°, ɚ ɮɚɡɵ MCM-41- 

ɧɚɥɢɱɢɟɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɩɢɤɚ ɩɪɢ 2ș = 2,5° [2]. ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ MFI/MCM-

41 ɩɨ ɞɚɧɧɵɦ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ-ɞɟɫɨɪɛɰɢɢ ɚɡɨɬɚ ɫɨɫɬɚɜɢɥɚ 454 ɦ2/ɝ, ɩɪɢ 

ɷɬɨɦ ɦɟɡɨɩɨɪɢɫɬɚɹ ɮɚɡɚ ɫɨɞɟɪɠɢɬ ɦɟɡɨɩɨɪɵ ɪɚɡɦɟɪɨɦ 3 ɢ 3,8 ɧɦ. ɋɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɩɨɪ 

ɫɨɫɬɚɜɥɹɥ 0,321 ɫɦ3/ɝ, ɜ ɬɨɦ ɱɢɫɥɟ 57% ɦɢɤɪɨɩɨɪ ɢ 43% ɦɟɡɨɩɨɪ.  

ɍ-IV-8 

mailto:aleksankarav@yandex.ru


664 

 

ɋɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ MFI/MCM-41, ɩɨ ɞɚɧɧɵɦ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ, ɨɛɪɚɡɨɜɚɧɚ ɱɚɫɬɢɰɚɦɢ ɰɟɨɥɢɬɚ ɯɚɪɚɤɬɟɪɧɨɣ ɮɨɪɦɵ, ɞɟɤɨɪɢɪɨɜɚɧɧɵɦɢ 

ɚɦɨɪɮɧɨɣ ɫɢɥɢɤɚɬɧɨɣ ɦɚɬɪɢɰɟɣ (ɪɢɫ. 1).  

 

Ɋɢɫ. 1. ɊɗɆ-ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹ ɦɢɤɪɨ-ɦɟɡɨɩɨɪɢɫɬɨɝɨ ɤɨɦɩɨɡɢɬɚ MFI/MCM-41. 

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɜ ɤɜɚɪɰɟɜɨɦ ɪɟɚɤɬɨɪɟ ɩɪɨɬɨɱɧɨɝɨ ɬɢɩɚ 

ɩɪɢ 320°ɋ-600°ɋ ɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ.  

ȼ ɩɪɟɜɪɚɳɟɧɢɢ ɢɡɨɛɭɬɚɧɨɥɚ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ 

MFI/MCM-41. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɧɟɩɪɨɦɨɬɢɪɨɜɚɧɧɨɝɨ MFI/MCM-41 ɤɨɧɜɟɪɫɢɹ ɢɡɨɛɭɬɚɧɨɥɚ 

ɫɨɫɬɚɜɢɥɚ 100%., ɜɵɯɨɞ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɞɨɫɬɢɝɚɥ 61% ɦɚɫɫ. ɩɪɢ 400°ɋ [3-4]. 

Ɇɟɬɨɞɨɦ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɠɢɞɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɫɨɫɬɨɹɬ ɢɡ 

ɢɡɨ- ɢ ɰɢɤɥɨɚɥɤɚɧɨɜ (19% ɦɚɫɫ.), ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (26% ɦɚɫɫ.) ɢ ɨɥɟɮɢɧɨɜ 

ɋ5 ɢ ɜɵɲɟ (16% ɦɚɫɫ.). ɉɪɢ ɷɬɨɦ, ɫɨɞɟɪɠɚɧɢɟ ɛɟɧɡɨɥɚ ɫɨɫɬɚɜɥɹɟɬ 0,5% ɦɚɫɫ. ɋɪɟɞɢ 

ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɧɚɢɛɨɥɟɟ ɰɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɩɪɨɩɢɥɟɧ (10% ɦɚɫɫ.) ɢ ɛɭɬɟɧɵ 

(11% ɦɚɫɫ.), ɜɤɥɸɱɚɹ ɢɡɨɛɭɬɟɧ. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɟɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɵɯɨɞɚ 

ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢ ɭɦɟɧɶɲɟɧɢɸ ɜɵɯɨɞɚ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɉɪɢ 500°ɋ 

ɜɵɯɨɞ ɨɥɟɮɢɧɨɜ ɫɨɫɬɚɜɢɥ 40% ɦɚɫɫ., ɜɵɯɨɞ ɷɬɢɥɟɧɚ ɫɨɫɬɚɜɢɥ 7% ɦɚɫɫ., ɩɪɨɩɢɥɟɧɚ – 16% 

ɦɚɫɫ., ɚ ɛɭɬɟɧɨɜ – 17% ɦɚɫɫ. 

ɉɪɢ ɩɪɟɜɪɚɳɟɧɢɢ ɢɡɨɛɭɬɚɧɨɥɚ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ ZnCrMFI/MCM-41 ɩɪɢ 450°ɋ 

ɞɨɫɬɢɝɧɭɬ ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɢɣ ɜɵɯɨɞ ɤɫɢɥɨɥɨɜ - 9% ɦɚɫɫ, ɜ ɬɨɦ ɱɢɫɥɟ ɩ-ɤɫɢɥɨɥɚ - 7% 

ɦɚɫɫ. ɋɨɞɟɪɠɚɧɢɟ ɩ-ɤɫɢɥɨɥɚ ɜ ɫɦɟɫɢ ɢɡɨɦɟɪɨɜ ɫɨɫɬɚɜɢɥɨ 78%, ɚ ɟɝɨ ɞɨɥɹ ɜ ɩɨɥɭɱɟɧɧɵɯ 

ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɚɯ - 17% ɦɚɫɫ. [5]. ɉɪɢ 550°ɋ ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɚ 

ɨɥɟɮɢɧɨɜ ɞɨ 44% ɦɚɫɫ., ɜ ɬɨɦ ɱɢɫɥɟ ɷɬɢɥɟɧɚ 11% ɦɚɫɫ., ɩɪɨɩɢɥɟɧɚ – 21% ɦɚɫɫ, ɛɭɬɟɧɨɜ 

- 12% ɦɚɫɫ. 

ɉɪɟɜɪɚɳɟɧɢɟ ɷɬɚɧɨɥɚ ɧɚ ɰɟɨɥɢɬɟ MFI ɫ ɤɪɟɦɧɟɡɟɦɧɵɦ ɦɨɞɭɥɟɦ 136 ɢ ɦɢɤɪɨ-

ɦɟɡɨɩɨɪɢɫɬɨɦ ɤɨɦɩɨɡɢɬɟ MFI/MCM-41 ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɪɨɬɟɤɚɥɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɜ ɨɫɧɨɜɨɧɨɦ, ɷɬɢɥɟɧɚ. ȼɵɯɨɞ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɟ 
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ɩɪɟɜɵɲɚɥ 10-12% ɦɚɫɫ. ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɨɝɨ. ɉɪɨɦɨɬɢɪɨɜɚɧɢɟ ɰɢɧɤɨɦ ɢ ɯɪɨɦɨɦ 

ɧɟ ɨɤɚɡɚɥɨ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ. 

ɉɪɟɜɪɚɳɟɧɢɟ ɷɬɚɧɨɥɚ ɧɚ ɰɟɨɥɢɬɟ ɫ ɦɟɧɶɲɢɦ ɤɪɟɦɧɟɡɟɦɧɵɦ ɦɨɞɭɥɟɦ - 87 

ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɜɵɯɨɞ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɤɨɬɨɪɵɣ ɩɪɢ 320-400 ⁰ɋ ɞɨɫɬɢɝɚɥ 

24-28% ɦɚɫɫ. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɥɨ ɤ ɫɧɢɠɟɧɢɸ ɜɵɯɨɞɚ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɜɵɯɨɞɚ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɠɢɞɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ – 28% ɦɚɫɫ. - ɧɚɛɥɸɞɚɥɫɹ ɩɪɢ 400 ⁰ɋ. ȼ ɢɯ ɫɨɫɬɚɜɟ ɩɪɟɨɛɥɚɞɚɥɢ 

ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɜɵɯɨɞ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɢɥ 25% ɦɚɫɫ. Ⱥɪɨɦɚɬɢɱɟɫɤɢɟ 

ɭɝɥɟɜɨɞɨɪɨɞɵ ɫɨɞɟɪɠɚɥɢ 4% ɛɟɧɡɨɥɚ, 22% ɬɨɥɭɨɥɚ ɢ 27% ɷɬɢɥɛɟɧɡɨɥɚ ɢ ɤɫɢɥɨɥɨɜ, 

ɨɫɬɚɥɶɧɨɟ - ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɋ9+. ȼɵɯɨɞ ɝɚɡɨɨɛɪɚɡɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɪɢ 

400 ⁰ɋ ɫɨɫɬɚɜɢɥ 50% ɦɚɫɫ., ɜ ɬɨɦ ɱɢɫɥɟ ɨɥɟɮɢɧɨɜ ɋ2-ɋ4 - 29% ɦɚɫɫ., ɷɬɢɥɟɧɚ 16 % ɦɚɫɫ., 

ɩɪɨɩɢɥɟɧɚ 6 % ɦɚɫɫ., ɛɭɬɟɧɨɜ 7 % ɦɚɫɫ. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɯɨɞ ɷɬɢɥɟɧɚ 

ɫɨɫɬɚɜɢɥ 50-60% ɦɚɫɫ., ɩɪɨɩɢɥɟɧɚ - 16-17% ɦɚɫɫ., ɛɭɬɟɧɨɜ – 9-10% ɦɚɫɫ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɢɡɨɛɭɬɚɧɨɥ ɨɛɪɚɡɨɜɵɜɚɥ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɠɢɞɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɫ ɡɚɦɟɬɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩ-ɤɫɢɥɨɥɚ, ɚ ɷɬɚɧɨɥ ɜ 

ɨɫɧɨɜɧɨɦ ɩɪɟɜɪɚɳɚɥɫɹ ɜ ɷɬɢɥɟɧ ɢ ɟɝɨ ɝɨɦɨɥɨɝɢ. 

 

Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɤ.ɯ.ɧ. ɑɟɪɧɹɤɭ ɋ.Ⱥ., ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. 

Ʌɨɦɨɧɨɫɨɜɚ (ɪɚɫɬɪɨɜɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ) ɢ ɤ.ɮ-ɦ.ɧ. Ɇɚɫɥɚɤɨɜɭ Ʉ.ɂ., ɆȽɍ 

ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ (ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɚɞɫɨɛɰɢɹ-ɞɟɫɨɪɛɰɢɹ ɚɡɨɬɚ). 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɊɎɎɂ (ɝɪɚɧɬ 16-03-00273) ɢ Ɇɢɧɨɛɪɧɚɭɤɢ 

Ɋɨɫɫɢɢ (ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɡɚɞɚɧɢɟ “ȼɟɞɭɳɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɧɚ ɩɨɫɬɨɹɧɧɨɣ ɨɫɧɨɜɟ”, 

ɩɪɨɟɤɬ 4.6718.2017/6.7 (ɚɧɤɟɬɚ 1422)). 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɂ ɊȺɁɊȺȻɈɌɄȺ ȻɂɈɗɌȺɇɈɅɖɇɈȽɈ ɌɈɉɅɂȼȺ ȿ30 

Ƚɪɢɝɨɪɶɟɜɚ ȿ.ȼ., ȿɪɲɨɜ Ɇ.Ⱥ. 
STUDY AND DEVELOPMENT OF BIOETHANOL FUEL E30 

ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɧɟɮɬɢ, Ɇɨɫɤɜɚ 

E-mail: trifonovaev@vniinp.ru 

 

 ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɦɧɨɝɢɦɢ ɫɬɪɚɧɚɦɢ ɦɢɪɚ ɧɚ ɡɚɤɨɧɨɞɚɬɟɥɶɧɨɦ ɭɪɨɜɧɟ 

ɪɟɝɭɥɢɪɭɟɬɫɹ ɫɧɢɠɟɧɢɟ ɜɵɛɪɨɫɨɜ ɋɈ2 ɜ ɚɬɦɨɫɮɟɪɭ, ɝɞɟ ɛɨ́ɥɶɲɚɹ ɱɚɫɬɶ ɩɪɢɯɨɞɢɬɫɹ ɧɚ 

ɬɪɚɧɫɩɨɪɬɧɵɣ ɫɟɤɬɨɪ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɬɚɤɠɟ ɧɟɦɚɥɨɜɚɠɧɵɦ ɤɪɢɬɟɪɢɟɦ ɜ ɞɨɫɬɢɠɟɧɢɢ ɷɬɢɯ 

ɰɟɥɟɣ ɹɜɥɹɟɬɫɹ ɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɩɥɢɜɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɞɥɹ ɞɜɢɝɚɬɟɥɟɣ 

ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɛɟɧɡɢɧɨɜɵɯ ɚɜɬɨɦɨɛɢɥɹɯ, ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɦɢ 

ɬɟɧɞɟɧɰɢɹɦɢ ɹɜɥɹɸɬɫɹ ɩɨɜɵɲɟɧɢɟ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɡɚ ɫɱɟɬ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɜ ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɫɨɤɨɨɤɬɚɧɨɜɵɯ ɬɨɩɥɢɜ. Ɉɤɬɚɧɨɜɨɟ ɱɢɫɥɨ 

ɛɟɧɡɢɧɚ ɦɨɠɧɨ ɩɨɜɵɲɚɬɶ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ - 

ɨɤɫɢɝɟɧɚɬɨɜ, ɝɞɟ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɦ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɛɢɨɷɬɚɧɨɥ, 

ɤɨɬɨɪɵɣ ɧɟ ɬɨɥɶɤɨ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɚɧɬɢɞɟɬɨɧɚɰɢɨɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɫɪɟɞɢ 

ɩɪɨɱɢɯ, ɧɨ ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɞɪɚɣɜɟɪɨɦ ɪɚɡɜɢɬɢɹ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ.  

 ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɛɟɧɡɢɧɚ ɭɠɟ ɞɚɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɨɩɥɢɜɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 

ɫɩɢɪɬɚ ɨɬ 5 ɞɨ 10 %, ɝɞɟ ɫ ɰɟɥɶɸ ɞɨɫɬɢɠɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɢ ɧɨɪɦ ɩɨ 

ɜɨɜɥɟɱɟɧɢɸ ɛɢɨɬɨɩɥɢɜ ɜ ɨɛɳɢɣ ɛɟɧɡɢɧɨɜɵɣ ɩɭɥ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɩɢɪɬɚ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 

20-40 % ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɯ ɜ ɚɜɬɨɦɨɛɢɥɹɯ ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɜ 

ɞɜɢɝɚɬɟɥɟ ɢ ɬɨɩɥɢɜɧɨɣ ɫɢɫɬɟɦɟ. ɋɟɝɨɞɧɹ ɫɪɟɞɧɟɷɬɚɧɨɥɶɧɵɟ ɬɨɩɥɢɜɚ – ȿ20, ȿ30, ȿ40 

ɩɪɢɦɟɧɹɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɜ Ȼɪɚɡɢɥɢɢ, Ɍɚɣɥɚɧɞɟ, ɋɒȺ, ɜ ȿɋ ɢ ɂɧɞɢɢ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɜ 

ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

 ȼ ȺɈ «ȼɇɂɂ ɇɉ» ɬɚɤɠɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɧɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ 

ɫɪɟɞɧɟɷɬɚɧɨɥɶɧɵɯ ɬɨɩɥɢɜ. ȼ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ 

ɤ ɛɢɨɷɬɚɧɨɥɶɧɨɦɭ ɬɨɩɥɢɜɭ ȿ30, ɫɨɫɬɚɜɥɟɧɵ ɬɨɩɥɢɜɧɵɟ ɤɨɦɩɨɡɢɰɢɢ, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɛɚɡɵ ɢɫɩɨɥɶɡɨɜɚɧɚ ɧɚɮɬɚ ɝɢɞɪɨɤɪɟɤɢɧɝɚ, ɤɨɬɨɪɚɹ ɨɛɥɚɞɚɟɬ ɧɢɡɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ, ɨɥɟɮɢɧɨɜɵɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɛɟɧɡɨɥɚ, ɛɨ́ɥɶɲɟɣ 

ɨɛɴɟɦɧɨɣ ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ, ɧɚɩɪɢɦɟɪ, ɫ ɩɪɹɦɨɝɨɧɧɵɦ ɛɟɧɡɢɧɨɦ. ɉɪɢ 

ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɥɢɹɧɢɹ ɛɢɨɷɬɚɧɨɥɚ ɧɚ ɢɫɩɚɪɹɟɦɨɫɬɶ ɬɨɩɥɢɜ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ 

ɷɦɩɢɪɢɱɟɫɤɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɫɱёɬɚ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ (Ⱦɇɉ) 

ɫɪɟɞɧɟɷɬɚɧɨɥɶɧɵɯ ɬɨɩɥɢɜ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɚɥɚ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɟɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 
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 Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɛɢɨɷɬɚɧɨɥɶɧɵɯ ɬɨɩɥɢɜ ɧɚ ɪɚɛɨɬɭ ɞɜɢɝɚɬɟɥɹ 

ɢ ɬɨɩɥɢɜɧɨɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɹ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫɬɟɧɞɨɜɵɟ ɦɨɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɢ 

ɢɫɩɵɬɚɧɢɹ ɧɚ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɪɟɡɢɧɨɬɟɯɧɢɱɟɫɤɢɦɢ ɢɡɞɟɥɢɹɦɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ 

ɫɬɚɧɞɚɪɬɧɵɦɢ ɚɜɬɨɦɨɛɢɥɶɧɵɦɢ ɛɟɧɡɢɧɚɦɢ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɪɚɡɰɨɜ ɫɪɚɜɧɟɧɢɹ ɛɵɥɢ ɜɡɹɬɵ: 

ɛɟɧɡɢɧ ɦɚɪɤɢ Ⱥɂ-95 ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɥɚɫɫɚ Ʉ5 ɩɨ ȽɈɋɌ 32513 ɫ 12 % ɨɛ. ɆɌȻɗ, ɢ 

ɛɟɧɡɢɧ Ⱥɂ-95, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɜɪɨɩɟɣɫɤɨɦɭ ɫɬɚɧɞɚɪɬɭ ȿɇ 228, ɢ ɫɨɞɟɪɠɚɳɢɣ 10 % 

ɨɛ. ɛɢɨɷɬɚɧɨɥɚ.  Ɉɰɟɧɢɜɚɥɢɫɶ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɬɨɩɥɢɜɧɨɣ 

ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɢ ɬɨɤɫɢɱɧɨɫɬɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɞɜɢɝɚɬɟɥɹ. 

 ɉɪɢɪɨɫɬ, ɤɚɤ ɱɚɫɨɜɨɝɨ, ɬɚɤ ɢ ɭɞɟɥɶɧɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɨɛɪɚɡɰɨɜ 

ɛɢɨɷɬɚɧɨɥɶɧɵɯ ɬɨɩɥɢɜ ɜ ɫɪɟɞɧɟɦ ɧɟ ɩɪɟɜɵɲɚɟɬ 5 %, ɱɬɨ ɜ ɰɟɥɨɦ ɤɨɪɪɟɥɢɪɭɟɬɫɹ ɫ 

ɢɡɦɟɧɟɧɢɟɦ ɨɛɴɟɦɧɨɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ. Ȼɵɥɚ ɬɚɤɠɟ ɨɰɟɧɟɧɚ ɬɨɤɫɢɱɧɨɫɬɶ 

ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ (ɛɟɡ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɧɟɣɬɪɚɥɢɡɚɬɨɪɚ), ɤɨɬɨɪɚɹ ɞɥɹ ɛɟɧɡɢɧɨɜɵɯ 

ɞɜɢɝɚɬɟɥɟɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (ɋɈ), 

ɧɟɫɝɨɪɟɜɲɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɋɇ) ɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ (NOx). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɨɛɳɟɣ 

ɬɟɧɞɟɧɰɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ  ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ (ɋɈ) ɜ ɫɪɟɞɧɟɦ ɧɚ 10 %, 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɋɇ) – ɧɚ 20 %, ɨɤɫɢɞɨɜ ɚɡɨɬɚ (NOx) – ɧɚ 6 %.  

 ɂɫɩɵɬɚɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɬɨɩɥɢɜ ɧɚ ɷɥɚɫɬɨɦɟɪɵ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ ɬɜёɪɞɨɫɬɶ, 

ɭɫɥɨɜɧɚɹ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɩɪɢ ɪɚɡɪɵɜɟ ɩɨɤɚɡɚɥɢ 

ɫɪɚɜɧɢɦɨɟ ɫ ɛɟɧɡɢɧɚɦɢ ɜɥɢɹɧɢɟ ɧɚ ɪɟɡɢɧɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɬɨɩɥɢɜɧɨɣ ɫɢɫɬɟɦɟ 

ɚɜɬɨɦɨɛɢɥɹ.  

 Ȼɵɥɢ ɬɚɤɠɟ ɨɰɟɧɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɝɢɨɧɵ Ɋɨɫɫɢɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ 

ɩɨɬɪɟɛɥɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɛɢɨɷɬɚɧɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ȿ30. Ɉɫɧɨɜɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ 

ɨɰɟɧɤɢ ɹɜɥɹɥɢɫɶ ɭɪɨɠɚɣɧɨɫɬɶ ɪɟɝɢɨɧɚ ɩɨ ɡɟɪɧɭ, ɦɨɳɧɨɫɬɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɬɢɥɨɜɨɝɨ 

ɫɩɢɪɬɚ, ɫɪɟɞɧɢɟ ɫɟɡɨɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɛɴёɦɵ ɩɨɬɪɟɛɥɟɧɢɹ ɛɟɧɡɢɧɚ, ɫɭɳɟɫɬɜɭɸɳɢɣ 

ɚɜɬɨɩɚɪɤ. ɂɫɯɨɞɹ ɢɡ ɚɧɚɥɢɡɚ ɷɬɢɯ ɞɚɧɧɵɯ ɨɩɬɢɦɚɥɶɧɵɦ ɛɵɥ ɜɵɛɪɚɧ ɋɟɜɟɪɨ-Ʉɚɜɤɚɡɫɤɢɣ 

ɮɟɞɟɪɚɥɶɧɵɣ ɨɤɪɭɝ. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɢɫɩɵɬɚɧɢɣ ɩɨɡɜɨɥɹɸɬ 

ɫɭɞɢɬɶ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɩɪɢɦɟɧɟɧɢɹ ɛɢɨɷɬɚɧɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ȿ30 ɫ 

ɭɥɭɱɲɟɧɧɵɦɢ ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɧɚ ɫɬɚɧɞɚɪɬɧɵɯ ɚɜɬɨɦɨɛɢɥɹɯ ɫ 

ɢɧɠɟɤɬɨɪɧɵɦɢ ɛɟɧɡɢɧɨɜɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɛɟɡ ɢɯ ɦɨɞɢɮɢɤɚɰɢɣ. 

 

  



668 

 

ɋɌȺȻɂɅɂɁȺɐɂə ɉɈɌɈɄȺ ɂ ɎȺɄɌɈɊȺ ɊȺɁȾȿɅȿɇɂə ȻɍɌȺɇɈɅ/ȼɈȾȺ ȼ 
ɇɈȼɈɆ ɉɊɈɐȿɋɋȿ ɉȿɊȼȺɉɈɊȺɐɂɈɇɇɈȽɈ ɊȺɁȾȿɅȿɇɂə 

ɎȿɊɆȿɇɌȺɐɂɈɇɇɕɏ ɋɆȿɋȿɃ 

Ƚɨɥɭɛɟɜ Ƚ.ɋ., Ȼɨɪɢɫɨɜ ɂ.Ʌ., ȼɚɫɢɥɟɜɫɤɢɣ ȼ.ɉ., ȼɨɥɤɨɜ ȼ.ȼ.  
STABILIZATION OF FLUX AND BUTANOL/WATER SEPARATION FACTOR IN 

A NOVEL PERVAPORATION PROCESS FOR SEPARATION OF 

FERMENTATION BROTH 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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Ȼɭɬɚɧɨɥ - ɷɬɨ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɣ ɩɪɨɞɭɤɬ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 

ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɥɚɤɨɤɪɚɫɨɱɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚ 

ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɪɟɡɢɧɨɜɵɯ ɤɨɦɩɨɡɢɰɢɣ ɢ ɩɥɚɫɬɢɤɨɜ 

[1]. Ʉɪɨɦɟ ɬɨɝɨ, ɛɢɨɛɭɬɚɧɨɥ ɫɱɢɬɚɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɠɢɞɤɢɦ ɬɨɩɥɢɜɨɦ ɢɡ-ɡɚ ɟɝɨ 

ɜɵɫɨɤɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ, ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɚɪɨɜ ɢ ɫɩɨɫɨɛɧɨɫɬɢ ɫɦɟɲɢɜɚɬɶɫɹ 

ɫ ɛɟɧɡɢɧɨɦ ɢ ɞɢɡɟɥɶɧɵɦ ɬɨɩɥɢɜɨɦ ɜ ɛɨɥɶɲɨɦ ɫɨɨɬɧɨɲɟɧɢɢ [2]. Ⱥɰɟɬɨɧ-ɛɭɬɚɧɨɥ-

ɷɬɚɧɨɥɶɧɚɹ (ȺȻɗ) ɮɟɪɦɟɧɬɚɰɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɚɤɬɟɪɢɣ Clostridium acetobutylicum 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɛɭɬɚɧɨɥɚ [3]. 

ɋɨɨɬɧɨɲɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ȺȻɗ ɮɟɪɦɟɧɬɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 3:6:1, ɩɪɢ ɷɬɨɦ ɫɨɞɟɪɠɚɧɢɟ 

ɛɭɬɚɧɨɥɚ ɜ ɫɦɟɫɢ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɟɟ 2% ɦɚɫɫ. ɜɜɢɞɭ ɢɧɝɢɛɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɫɩɢɪɬɚ ɧɚ 

ɛɚɤɬɟɪɢɢ [4]. 

ɉɪɨɛɥɟɦɚ ɜɵɞɟɥɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɮɟɪɦɟɧɬɚɰɢɢ ɫɱɢɬɚɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ 

ɩɪɟɩɹɬɫɬɜɢɣ ɧɚ ɩɭɬɢ ɛɢɨɫɩɢɪɬɨɜ ɤ ɤɨɦɦɟɪɰɢɚɥɢɡɚɰɢɢ. Ɍɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ 

ɷɬɢɯ ɰɟɥɟɣ ɞɢɫɬɢɥɥɹɰɢɹ ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɞɨɪɨɝɢɦ ɩɪɨɰɟɫɫɨɦ, ɢɡ-ɡɚ ɧɢɡɤɢɯ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɮɟɪɦɟɧɬɚɰɢɢ ɢ ɛɨɥɶɲɨɝɨ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ. [5]. 

ɉɟɪɜɚɩɨɪɚɰɢɹ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɬɟɪɦɨɩɟɪɜɚɩɨɪɚɰɢɹ (Ɍɉȼ) ɩɪɢɜɥɟɤɥɢ ɜɧɢɦɚɧɢɟ 

ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɜɵɞɟɥɟɧɢɹ ɛɢɨɛɭɬɚɧɨɥɚ ɢɡ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɦɟɫɢ [6]. 

Ɉɞɧɚɤɨ, ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɨɝɨ in situ ɜɵɞɟɥɟɧɢɹ ɰɟɥɟɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɡ 

ɮɟɪɦɟɧɬɚɰɢɨɧɧɵɯ ɫɦɟɫɟɣ, ɜɫɟ ɨɪɝɚɧɨɮɢɥɶɧɵɟ ɦɟɦɛɪɚɧɵ ɩɨɞɜɟɪɠɟɧɵ ɡɚɝɪɹɡɧɟɧɢɸ 

ɩɨɛɨɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɮɟɪɦɟɧɬɚɰɢɢ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 

ɫɧɢɠɟɧɢɸ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ ɦɟɦɛɪɚɧ [7–9]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɨɱɢɫɬɤɚ 

ɦɟɦɛɪɚɧ ɹɜɥɹɟɬɫɹ ɨɛɵɱɧɨɣ ɩɪɚɤɬɢɤɨɣ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɤɨɧɰɟɩɰɢɹ Ɍɉȼ ɫ ɩɨɪɢɫɬɵɦ ɤɨɧɞɟɧɫɨɪɨɦ 

ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɛɭɬɚɧɨɥɚ, ɚɰɟɬɨɧɚ, ɷɬɚɧɨɥɚ ɢɡ ɦɨɞɟɥɶɧɵɯ, ɢ 

ɪɟɚɥɶɧɵɯ ɮɟɪɦɟɧɬɚɰɢɨɧɧɵɯ ɫɦɟɫɟɣ [10], ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɩɟɪɢɨɞɢɱɟɫɤɭɸ 

ɪɟɝɟɧɟɪɚɰɢɸ ɦɟɦɛɪɚɧɵ ɠɢɞɤɢɦ ɩɟɪɦɟɚɬɨɦ, ɩɪɢ ɷɬɨɦ ɞɨɫɬɢɱɶ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɤɨɦɩɚɤɬɧɨɫɬɢ ɪɚɡɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 
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Ƚɥɚɜɧɨɟ ɨɬɥɢɱɢɟ ɧɨɜɨɣ ɤɨɧɰɟɩɰɢɢ Ɍɉȼ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɤɨɧɫɬɪɭɤɰɢɢ 

ɦɟɦɛɪɚɧɧɨɝɨ ɦɨɞɭɥɹ, ɜ ɤɨɬɨɪɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɨɧɞɟɧɫɚɰɢɢ ɹɜɥɹɟɬɫɹ ɧɟ ɫɩɥɨɲɧɚɹ 

ɩɥɚɫɬɢɧɚ, ɚ ɩɨɪɢɫɬɚɹ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɩɟɪɟɝɨɪɨɞɤɚ. ȼ ɤɚɱɟɫɬɜɟ ɯɥɚɞɚɝɟɧɬɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɢɫɩɨɥɶɡɭɸɬ ɫɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɣ ɩɟɪɦɟɚɬ.  

ɉɢɥɨɬɧɚɹ Ɍɉȼ ɭɫɬɚɧɨɜɤɚ ɫ ɩɨɪɢɫɬɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɨɧɞɟɧɫɚɰɢɢ 

ɩɟɪɦɟɚɬɚ ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. Ɇɨɞɭɥɶ ɨɫɧɚɳɟɧ 2 ɦɟɦɛɪɚɧɚɦɢ, 

ɫɭɦɦɚɪɧɚɹ ɚɤɬɢɜɧɚɹ ɩɥɨɳɚɞɶ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ 33,6 x 10-3 ɦ2. Ɋɟɝɟɧɟɪɚɰɢɸ ɦɟɦɛɪɚɧɵ 

ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɭɬɟɦ ɡɚɩɨɥɧɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ ɡɚɡɨɪɚ ɨɪɝɚɧɢɱɟɫɤɨɣ ɮɚɡɨɣ ɩɟɪɦɟɚɬɚ ɢ ɟё 

ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɵɞɟɪɠɢɜɚɧɢɹ ɜ ɤɨɧɬɚɤɬɟ ɫ ɦɟɦɛɪɚɧɨɣ. 

 

Ɋɢɫ. 1. ɋɯɟɦɚ ɩɢɥɨɬɧɨɣ ɬɟɪɦɨɩɟɪɜɚɩɨɪɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɩɨɪɢɫɬɨɣ 
ɩɟɪɟɝɨɪɨɞɤɨɣ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ: (1) ɟɦɤɨɫɬɶ ɫ ɪɚɡɞɟɥɹɟɦɨɣ ɫɦɟɫɶɸ, (2) 

ɬɟɪɦɨɫɬɚɬ, (3) ɧɚɫɨɫ ɪɚɡɞɟɥɹɟɦɨɣ ɫɦɟɫɢ, (4) ɬɟɪɦɨɩɟɪɜɚɩɨɪɚɰɢɨɧɧɵɣ ɦɨɞɭɥɶ, (5) 
ɦɟɦɛɪɚɧɚ, (6) ɦɟɦɛɪɚɧɚ, (7) ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɩɨɪɢɫɬɚɹ ɩɟɪɟɝɨɪɨɞɤɚ, (8) ɤɪɢɨɫɬɚɬ, (9) 

ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ, (10) ɧɚɫɨɫ ɯɥɚɞɚɝɟɧɬɚ, (11) ɫɟɩɚɪɚɬɨɪ ɫ ɯɥɚɞɚɝɟɧɬɨɦ/ɩɟɪɦɟɚɬɨɦ. 
 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɱɟɬɵɪɟɯ ɞɨɫɬɭɩɧɵɯ ɤɨɦɦɟɪɱɟɫɤɢɯ 

ɨɪɝɚɧɨɮɢɥɶɧɵɯ ɦɟɦɛɪɚɧ ɢ ɝɨɦɨɝɟɧɧɵɯ ɉɌɆɋɉ ɦɟɦɛɪɚɧ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦ ɫɬɟɧɞɟ ɩɪɢ 

ɪɚɡɞɟɥɟɧɢɢ 1% ɦɚɫɫ. ɪɚɫɬɜɨɪɚ ɛɭɬɚɧɨɥɚ ɜ ɜɨɞɟ. Ʌɭɱɲɢɟ ɬɟɪɦɨɩɟɪɜɚɩɨɪɚɰɢɨɧɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡ ɤɨɦɦɟɪɱɟɫɤɢɯ ɦɟɦɛɪɚɧ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɚ ɆȾɄ-3, ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɁȺɈ ɇɌɐ “ȼɥɚɞɢɩɨɪ” (Ɋɨɫɫɢɹ). ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɦɟɦɛɪɚɧɵ ɆȾɄ-3 ɫ ɝɨɦɨɝɟɧɧɨɣ ɉɌɆɋɉ 

ɦɟɦɛɪɚɧɨɣ, ɧɟ ɫɦɨɬɪɹ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɨɛɳɢɣ ɩɨɬɨɤ ɩɟɪɦɟɚɬɚ ɱɟɪɟɡ ɤɨɦɩɨɡɢɰɢɨɧɧɭɸ 

ɦɟɦɛɪɚɧɭ, ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɛɭɬɚɧɨɥ/ɜɨɞɚ ɞɥɹ ɩɥɟɧɨɤ ɉɌɆɋɉ ɨɤɚɡɚɥɚɫɶ ɝɨɪɚɡɞɨ ɜɵɲɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɨɦɨɝɟɧɧɵɟ ɉɌɆɋɉ ɦɟɦɛɪɚɧɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɥɭɱɲɢɟ 

ɬɟɪɦɨɩɟɪɜɚɩɨɪɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
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Ɍɚɛɥɢɰɚ 1. Ɍɉȼ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɦɟɪɱɟɫɤɢɯ ɝɢɞɪɨɮɨɛɧɵɯ ɦɟɦɛɪɚɧ ɜ 
ɩɪɨɰɟɫɫɟ ɪɚɡɞɟɥɟɧɢɹ 1% ɦɚɫɫ. ɪɚɫɬɜɨɪɚ ɛɭɬɚɧɨɥɚ ɜ ɜɨɞɟ, Ɍɪɚɡɞ = 60 °C, Ɍɤɨɧɞ = 10 °C. 

Ɇɟɦɛɪɚɧɚ  ɉɨɬɨɤ, 
(ɤɝ/ɦ2∙ɱ)  

ɉɨɬɨɤ 
BuOH, 

(ɤɝ/ɦ2∙ɱ) 

Ɏɚɤɬɨɪ 
ɪɚɡɞɟɥɟɧɢɹ 

PSI, 
(ɤɝ/ɦ2∙ɱ)  

Pervap 4060, Sulzer Chemtech 
(ɒɜɟɣɰɚɪɢɹ)  0,9  0,10 11,9  9,8  

Pervatech PDMS  Pervatech (Ƚɨɥɥɚɧɞɢɹ)  1,5  0,11 7,8  10,2 

PolyAn, POL_OR_M2, PolyAn GmbH 
(Ƚɟɪɦɚɧɢɹ)  2,2  0,15 7,5  14,3  

ɆȾɄ-3, ɁȺɈ ɇɌɐ “ȼɥɚɞɢɩɨɪ” (Ɋɨɫɫɢɹ)  1,5 0,15 11,5  15,7  
ɉɌɆɋɉ 0,57 0,21 59 33,1 

 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɛɵɥɚ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ ɩɢɥɨɬɧɚɹ Ɍɉȼ ɭɫɬɚɧɨɜɤɚ ɫ 

ɩɨɪɢɫɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɨɧɞɟɧɫɚɰɢɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɨɦɨɝɟɧɧɨɣ ɉɌɆɋɉ 

ɦɟɦɛɪɚɧɵ, ɬɨɥɳɢɧɨɣ 42 ɦɤɦ ɩɪɢ ɪɚɡɞɟɥɟɧɢɢ ɦɨɞɟɥɶɧɨɣ ɢ ɪɟɚɥɶɧɨɣ ɮɟɪɦɟɧɬɚɰɢɨɧɧɵɯ 

ɫɦɟɫɟɣ. Ɋɟɡɭɥɶɬɚɬɵ ɞɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɜɵɞɟɥɟɧɢɸ ɰɟɥɟɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɡ 

ȺȻɗ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɦɟɫɢ, c ɩɨɫɥɟɞɭɸɳɟɣ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɪɟɝɟɧɟɪɚɰɢɟɣ ɉɌɆɋɉ 

ɦɟɦɛɪɚɧɵ ɨɪɝɚɧɢɱɟɫɤɨɣ ɮɚɡɨɣ ɩɟɪɦɟɚɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2. Ʉɨɧɰɟɧɬɪɚɰɢɹ 

ɚɰɟɬɨɧɚ:ɛɭɬɚɧɨɥɚ:ɷɬɚɧɨɥɚ ɜ ɪɚɡɞɟɥɹɟɦɵɯ ɦɨɞɟɥɶɧɨɣ ɢ ɪɟɚɥɶɧɨɣ ɮɟɪɦɟɧɬɚɰɢɨɧɧɵɯ 

ɫɦɟɫɹɯ ɫɨɫɬɚɜɥɹɥɚ 0,62:1,2:0,15 % ɦɚɫɫ., ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɨɞɟɥɶɧɨɣ ɤ 

ɪɟɚɥɶɧɨɣ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɩɚɞɟɧɢɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ. ȼ 

ɬɟɱɟɧɢɢ ɩɨɫɥɟɞɭɸɳɢɯ 55 ɞɧɟɣ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɧɨɟ ɫɧɢɠɟɧɢɟ 

ɜɫɟɯ ɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɦɛɪɚɧɵ ɡɚ ɫɱɟɬ ɡɚɝɪɹɡɧɟɧɢɹ ɟё ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɨɛɨɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɮɟɪɦɟɧɬɚɰɢɢ. Ɍɚɤ ɩɨɬɨɤ ɩɟɪɦɟɚɬɚ ɭɦɟɧɶɲɢɥɫɹ ɫ 0,31 ɤɝ/ɦ2∙ɱ ɞɨ 

0,17 ɤɝ/ɦ2∙ɱ, ɚ ɮɚɤɬɨɪ ɪɚɡɞɟɥɟɧɢɹ ɫ 43 ɞɨ 22. Ⱦɚɥɟɟ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɩɟɪɢɨɞɢɱɟɫɤɚɹ 

ɪɟɝɟɧɟɪɚɰɢɹ ɦɟɦɛɪɚɧɵ, ɩɭɬɟɦ ɡɚɩɨɥɧɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ ɡɚɡɨɪɚ ɨɪɝɚɧɢɱɟɫɤɨɣ ɮɚɡɨɣ 

ɩɟɪɦɟɚɬɚ ɢ ɟё ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɵɞɟɪɠɢɜɚɧɢɹ ɜ ɤɨɧɬɚɤɬɟ ɫ ɦɟɦɛɪɚɧɨɣ.  ɉɪɢɦɟɧɟɧɢɟ 

ɪɟɝɟɧɟɪɚɰɢɢ ɜ ɬɟɱɟɧɢɢ ɩɨɫɥɟɞɭɸɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɡɜɨɥɢɥɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ 

ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉɌɆɋɉ ɦɟɦɛɪɚɧɵ ɢ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɜɵɫɨɤɢɟ 

ɡɧɚɱɟɧɢɹ ɤɚɤ ɩɨɬɨɤɚ ɛɭɬɚɧɨɥɚ (0,27 ɤɝ/ɦ2∙ɱ), ɬɚɤ ɢ ɮɚɤɬɨɪɚ ɪɚɡɞɟɥɟɧɢɹ (31) ɜ ɬɟɱɟɧɢɢ 50 

ɞɧɟɣ. 
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Ɋɢɫ. 2. Ⱦɥɢɬɟɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ ɉɌɆɋɉ ɦɟɦɛɪɚɧɵ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɞɟɥɟɧɢɹ 
ɪɟɚɥɶɧɨɣ ȺȻɗ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɦɟɫɢ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɪɟɝɟɧɟɪɚɰɢɟɣ 

ɦɟɦɛɪɚɧɵ ɨɪɝɚɧɢɱɟɫɤɨɣ ɮɚɡɨɣ ɩɟɪɦɟɚɬɚ, Ɍɪɚɡɞ = 60 °C, Ɍɤɨɧɞ = 10 °C. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɢ ɢɫɫɥɟɞɨɜɚɧɚ ɧɨɜɚɹ 

ɤɨɧɰɟɩɰɢɹ Ɍɉȼ ɫ ɩɨɪɢɫɬɵɦ ɤɨɧɞɟɧɫɨɪɨɦ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɪɨɜɨɞɢɬɶ ɩɟɪɢɨɞɢɱɟɫɤɭɸ 

ɪɟɝɟɧɟɪɚɰɢɸ ɦɟɦɛɪɚɧɵ ɠɢɞɤɢɦ ɩɟɪɦɟɚɬɨɦ, ɩɪɢ ɷɬɨɦ ɞɨɫɬɢɱɶ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɤɨɦɩɚɤɬɧɨɫɬɢ ɪɚɡɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. ȼɩɟɪɜɵɟ ɪɟɚɥɢɡɨɜɚɧ ɩɪɨɰɟɫɫ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɫɬɚɛɢɥɶɧɵɣ ɩɨɬɨɤ ɛɭɬɚɧɨɥɚ ɢ ɜɵɫɨɤɢɣ ɮɚɤɬɨɪ ɪɚɡɞɟɥɟɧɢɹ 

ɛɭɬɚɧɨɥ/ɜɨɞɚ ɜ ɬɟɱɟɧɢɟ ɛɨɥɟɟ 50 ɞɧɟɣ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ 

ɮɟɪɦɟɧɬɚɰɢɨɧɧɵɯ ɫɦɟɫɟɣ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ. 
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ɄɂɇȿɌɂɄȺ ȽɂȾɊɈȽȿɇɈɅɂɁȺ ȽɅɂɐȿɊɂɇȺ  

ȾɈ 1,2-ɉɊɈɉɂɅȿɇȽɅɂɄɈɅə 

Ɇɟɥɶɱɚɤɨɜ ɂ.ɋ., Ⱦɦɢɬɪɢɟɜ Ƚ.ɋ., Ɂɚɧɚɜɟɫɤɢɧ Ʌ.ɇ., ɏɚɞɠɢɟɜ ȼ.ɂ. 
KINETICS OF GLYCEROL HYDROGENOLYSIS TO 1,2-PROPYLENE GLYCOL 

ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: melchakov.is@ips.ac.ru 

 

ɉɪɨɩɢɥɟɧɝɥɢɤɨɥɶ-1,2 ɹɜɥɹɟɬɫɹ ɫɵɪɶɟɦ ɞɥɹ ɫɢɧɬɟɡɚ ɩɨɥɢɷɮɢɪɧɵɯ 

ɧɟɧɚɫɵɳɟɧɧɵɯ ɫɦɨɥ, ɤɨɫɦɟɬɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɚɧɬɢɮɪɢɡɨɜ ɢ ɞɪ. ȼ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 1,2-ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɶ (ɉȽ) ɩɪɨɢɡɜɨɞɹɬ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɝɢɞɪɚɬɚɰɢɟɣ 

ɨɤɢɫɢ ɩɪɨɩɢɥɟɧɚ [1]. ɋɢɧɬɟɡ ɉȽ ɢɡ ɝɥɢɰɟɪɢɧɚ ɹɜɥɹɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɟɝɨ 

ɩɨɥɭɱɟɧɢɹ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɜɨɡɨɛɧɨɜɥɹɟɦɨɝɨ ɫɵɪɶɹ. 

Ɉɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɝɟɧɨɥɢɡɚ ɝɥɢɰɟɪɢɧɚ ɜ ɉȽ 

ɹɜɥɹɸɬɫɹ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɦɟɞɢ ɧɚ ɧɨɫɢɬɟɥɟ 

ɤɢɫɥɨɬɧɨɝɨ ɬɢɩɚ Ȗ-Al2O3 [2,3].  

Ƚɢɞɪɨɝɟɧɨɥɢɡ ɝɥɢɰɟɪɢɧɚ ɜ 1,2-ɉȽ ɩɪɨɬɟɤɚɟɬ ɱɟɪɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ 

ɚɰɟɬɨɥɚ (ɝɢɞɪɨɤɫɢɚɰɟɬɨɧɚ): 

ɇO-CH2-CH(OH)-CH2-OH → ɇɈ-CH2-C(O)-CH3 + H2O       (1) 

ɇO-CH2-C(O)-CH3 + H2 → ɇO-CH2-CH(OH)-CH3 + H2O       (2) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɤɚɬɚɥɢɡɚɬɨɪɚ Cu/Al2O3 ɢ ɤɢɧɟɬɢɱɟɫɤɨɝɨ 

ɭɪɚɜɧɟɧɢɹ ɝɢɞɪɨɝɟɧɨɥɢɡɚ ɝɥɢɰɟɪɢɧɚ ɜ ɉȽ ɧɚ ɷɬɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɨɛɪɚɡɰɚɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ Cu/Al2O3, ɩɨɥɭɱɟɧɧɵɯ 

ɫɨɜɦɟɫɬɧɵɦ ɨɫɚɠɞɟɧɢɟɦ ɢɡ ɧɢɬɪɚɬɨɜ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɩɪɨɤɚɥɤɨɣ ɩɪɢ 450ºɋ ɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɩɪɢ 300ºɋ. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɨɛɪɚɡɰɨɜ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫɨɫɬɚɜɥɹɥ 0,1-0,16 

ɦɦ. ɂɫɩɵɬɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɫɬɚɥɶɧɨɦ ɚɜɬɨɤɥɚɜɟ ɨɛɴɟɦɨɦ 300 ɦɥ. ȼ 

ɚɜɬɨɤɥɚɜ ɡɚɝɪɭɠɚɥɨɫɶ 150 ɝ 80% ɦɚɫɫ. ɝɥɢɰɟɪɢɧɚ ɢ 7,5 ɝ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ɍɟɦɩɟɪɚɬɭɪɚ 

200ºɋ, ɞɚɜɥɟɧɢɟ 20 ɚɬɦ. ȼɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ 18 ɱɚɫɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ȼ ɤɚɱɟɫɬɜɟ 

ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɬɨɥɶɤɨ ɷɬɢɥɟɧɝɥɢɤɨɥɶ ɢ CɈ2.  

ɂɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 1 ɜɢɞɧɨ, ɱɬɨ Al2O3, ɧɟ ɫɨɞɟɪɠɚɳɢɣ ɦɟɞɶ, ɧɟ ɩɪɨɹɜɥɹɟɬ 

ɚɤɬɢɜɧɨɫɬɢ ɞɚɠɟ ɜ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɚɰɟɬɨɥɚ (1), ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɞɟɝɢɞɪɚɬɚɰɢɹ 

ɝɥɢɰɟɪɢɧɚ ɹɜɥɹɟɬɫɹ ɤɢɫɥɨɬɧɨ-ɤɚɬɚɥɢɡɢɪɭɟɦɵɦ ɩɪɨɰɟɫɫɨɦ [4]. ɋ ɪɨɫɬɨɦ ɫɨɞɟɪɠɚɧɢɹ 

ɦɟɞɢ ɧɚ ɧɨɫɢɬɟɥɟ Al2O3 ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɦɟɧɹɟɬɫɹ ɧɟɥɢɧɟɣɧɨ ɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ 

ɦɚɤɫɢɦɭɦ ɩɪɢ 60% ɦɚɫɫ. Cu.  
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Ɍɚɛɥɢɰɚ 1. Ʉɨɧɜɟɪɫɢɹ ɝɥɢɰɟɪɢɧɚ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɚɰɟɬɨɥɚ ɢ 1,2-

ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɋu/Al2O3. 

№ 

ɩ/ɩ 

ɋɨɞɟɪɠɚɧɢɟ Cu ɧɚ 
ɧɨɫɢɬɟɥɟ Al2O3,  

% ɦɚɫɫ. 

Ʉɨɧɜɟɪɫɢɹ 
ɝɥɢɰɟɪɢɧɚ, % 

ɋɟɥɟɤɬɢɜɧɨɫɬɶ 
ɩɨ ɚɰɟɬɨɥɭ, % 

ɋɟɥɟɤɬɢɜɧɨɫɬɶ 
ɩɨ ɉȽ, % 

1 0 0 - - 

2 2 2,5 1,4 97,1 

3 20 36,8 1,2 97,6 

4 40 50,18 0,5 99,0 

5 60 55,15 0,6 98,8 

6 80 54 1,0 97,9 

7 90 40,4 1,2 97,1 

8 100 18,13 0,4 99,2 

 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɢɡɦɟɧɟɧɢɟɦ ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɥɢɰɟɪɢɧɚ ɨɬ 

50 ɞɨ 98,6% ɦɚɫɫ. ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɝɢɞɪɨɝɟɧɨɥɢɡɚ ɝɥɢɰɟɪɢɧɚ ɢɦɟɟɬ ɩɟɪɜɵɣ 

ɩɨɪɹɞɨɤ ɩɨ ɝɥɢɰɟɪɢɧɭ. ɂɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɨɬ 15 ɞɨ 45 ɚɬɦ. ɧɟ ɨɤɚɡɚɥɨ ɧɢɤɚɤɨɝɨ ɜɥɢɹɧɢɹ 

ɧɚ ɧɚɛɥɸɞɚɟɦɭɸ ɤɨɧɜɟɪɫɢɸ ɝɥɢɰɟɪɢɧɚ ɢ ɫɤɨɪɨɫɬɶ ɟɝɨ ɝɢɞɪɨɝɟɧɨɥɢɡɚ. ɂ ɷɬɨ ɹɜɥɹɟɬɫɹ 

ɜɩɨɥɧɟ ɥɨɝɢɱɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɜɨɞɨɪɨɞ ɧɟ ɭɱɚɫɬɜɭɟɬ ɜ ɪɟɚɤɰɢɢ (1) ɨɛɪɚɡɨɜɚɧɢɹ ɚɰɟɬɨɥɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɤɨɪɨɫɬɶ ɝɢɞɪɨɝɟɧɨɥɢɡɚ ɝɥɢɰɟɪɢɧɚ ɜ ɉȽ ɨɩɢɫɵɜɚɟɬɫɹ ɤɢɧɟɬɢɱɟɫɤɢɦ 

ɭɪɚɜɧɟɧɢɟɦ w=k·Cɝɥ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ, ɩɨ ɫɭɬɢ, ɫɤɨɪɨɫɬɶ ɞɟɝɢɞɪɚɬɚɰɢɢ ɝɥɢɰɟɪɢɧɚ ɜ 

ɚɰɟɬɨɥ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɢ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɨɥɠɧɨ 

ɛɵɬɶ ɧɚɩɪɚɜɥɟɧɨ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɟɝɢɞɪɚɬɚɰɢɢ ɝɥɢɰɟɪɢɧɚ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɰɟɬɨɥɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ ɩɪɢ 

ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɎȺɇɈ Ɋɨɫɫɢɢ. 
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ȼɈɋɋɌȺɇɈȼɂɌȿɅɖɇɈȿ ȺɅɄɂɅɂɊɈȼȺɇɂȿ ȽɅɂɐȿɊɂɇȺ ȺɐȿɌɈɇɈɆ 
ɇȺ ɉȺɅɅȺȾɂɊɈȼȺɇɇɈɆ ɍȽɅȿ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ȽɈɆɈȽȿɇɇɈȽɈ 
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Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɟɪɟɪɚɛɨɬɤɢ ɛɢɨɝɥɢɰɟɪɢɧɚ, ɜ 

ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɛɢɨɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, 

ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɨɤɫɢɝɟɧɚɬɧɵɯ ɞɨɛɚɜɨɤ ɤ ɦɨɬɨɪɧɵɦ ɬɨɩɥɢɜɚɦ [1]. ȼɜɢɞɭ ɜɵɫɨɤɨɣ 

ɝɢɞɪɨɮɨɛɧɨɫɬɢ, ɧɢɡɤɨɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ, ɥɟɬɭɱɟɫɬɢ ɢ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ 

ɫɬɚɛɢɥɶɧɨɫɬɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ ɧɚ ɨɫɧɨɜɟ ɛɢɨɝɥɢɰɟɪɢɧɚ 

ɬɪɟɛɭɟɬɫɹ ɟɝɨ ɯɢɦɢɱɟɫɤɚɹ ɞɟɪɢɜɚɬɢɡɚɰɢɹ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɧɚ ɩɨɥɭɱɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ, 

ɨɛɥɚɞɚɸɳɢɯ ɩɪɢɟɦɥɟɦɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɞɥɹ ɜɨɜɥɟɱɟɧɢɹ ɜ ɫɨɫɬɚɜ 

ɬɨɩɥɢɜɚ. Ɋɚɧɟɟ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɫɩɨɫɨɛɵ ɩɪɟɜɪɚɳɟɧɢɹ ɝɥɢɰɟɪɢɧɚ ɩɭɬɟɦ ɷɬɟɪɢɮɢɤɚɰɢɢ 

ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ [2], ɚɰɟɬɚɥɢɡɚɰɢɢ ɫ ɧɢɡɲɢɦɢ [3,4] ɢ ɜɵɫɲɢɦɢ [5] ɚɥɶɞɟɝɢɞɚɦɢ, Ɉ-

ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɨɥɟɮɢɧɚɦɢ [6] ɢɥɢ ɫɩɢɪɬɚɦɢ [7–9]. ȼ ɪɹɞɟ ɪɚɛɨɬ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɩɪɹɦɨɟ Ɉ-ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɝɥɢɰɟɪɢɧɚ ɩɟɪɜɢɱɧɵɦɢ ɢ ɜɬɨɪɢɱɧɵɦɢ ɫɩɢɪɬɚɦɢ ɬɪɟɛɭɟɬ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (ɜɩɥɨɬɶ ɞɨ 170°ɋ), ɩɪɨɜɨɰɢɪɭɸɳɢɯ ɪɚɡɥɨɠɟɧɢɟ 

ɝɥɢɰɟɪɢɧɚ, ɢ ɩɪɨɬɟɤɚɟɬ ɫ ɧɟɜɵɫɨɤɨɣ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶɸ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɤɨɦ 

ɭɤɚɡɚɧɧɨɝɨ ɩɨɞɯɨɞɚ. 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɩɭɬɟɦ ɫɢɧɬɟɡɚ ɩɪɨɫɬɵɯ ɷɮɢɪɨɜ ɝɥɢɰɟɪɢɧɚ ɹɜɥɹɟɬɫɹ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɝɥɢɰɟɪɢɧɚ ɤɚɪɛɨɧɢɥɶɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɤ 

ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɤɨɬɨɪɨɝɨ ɨɬɧɨɫɹɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɚɹ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ (ɞɨ 99% 

ɩɨ 1-O-ɚɥɤɢɥɝɥɢɰɟɪɢɧɭ ɜ ɢɡɨɦɟɪɧɨɣ ɫɦɟɫɢ ɦɨɧɨɷɮɢɪɨɜ) ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɜ 

ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ (Ɍ = 100-140°ɋ). Ⱦɥɹ ɪɟɚɤɰɢɢ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɪɚɡɥɢɱɧɵɟ 

ɤɚɬɚɥɢɡɚɬɨɪɵ – ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɟɬɟɪɨɝɟɧɧɵɟ [10] ɢ ɩɚɥɥɚɞɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ ɜ 

ɫɨɱɟɬɚɧɢɢ ɫ ɝɨɦɨɝɟɧɧɵɦɢ ɤɢɫɥɨɬɚɦɢ [11] – ɢ ɪɚɡɥɢɱɧɵɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɢ – 

ɬɟɬɪɚɦɟɬɢɥɞɢɫɢɥɨɤɫɚɧ, ɜɨɞɨɪɨɞ ɢ ɚɥɸɦɨɝɢɞɪɢɞ ɥɢɬɢɹ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɩɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ Pd/C + 

ɬɨɥɭɨɥɫɭɥɶɮɨɤɢɫɥɨɬɚ ɛɵɥɨ ɢɡɭɱɟɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɨɥɶɲɨɝɨ ɢɡɛɵɬɤɚ ɝɥɢɰɟɪɢɧɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɪɛɨɧɢɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (ɞɨ ɫɨɪɨɤɚɤɪɚɬɧɨɝɨ), ɱɬɨ ɝɚɪɚɧɬɢɪɨɜɚɥɨ 

ɩɨɥɧɨɬɭ ɩɪɨɬɟɤɚɧɢɹ ɚɰɟɬɚɥɢɡɚɰɢɢ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɪɨɬɟɤɚɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɝɢɞɪɢɪɨɜɚɧɢɹ ɤɟɬɚɥɟɣ 

ɝɥɢɰɟɪɢɧɚ ɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɤɚɪɛɨɧɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɝɥɢɰɟɪɢɧɨɦ 
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ɷɬɢ ɪɟɚɤɰɢɢ ɛɵɥɢ ɢɡɭɱɟɧɵ ɧɚɦɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ Pd/C + 

ɬɨɥɭɨɥɫɭɥɶɮɨɤɢɫɥɨɬɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɪɟɚɝɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɝɥɢɰɟɪɢɧ (ɱ.ɞ.ɚ., Ʉɨɦɩɨɧɟɧɬ-

Ɋɟɚɤɬɢɜ), ɚɰɟɬɨɧ (ɨ.ɫ.ɱ, Ʉɨɦɩɨɧɟɧɬ-Ɋɟɚɤɬɢɜ) ɢ ɡɨɥɶɤɟɬɚɥɶ (97%, Acros). ɗɤɫɩɟɪɢɦɟɧɬɵ 

ɩɪɨɜɨɞɢɥɢ ɜ ɫɬɚɥɶɧɨɦ ɪɟɚɤɬɨɪɟ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ, ɫɧɚɛɠɟɧɧɨɦ ɦɟɲɚɥɤɨɣ, 

ɬɟɪɦɨɩɚɪɨɣ ɢ ɦɚɧɨɦɟɬɪɨɦ. ɋɨɫɬɚɜ ɩɨɥɭɱɟɧɧɵɯ ɫɦɟɫɟɣ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɦɟɬɨɞɚɦɢ Ƚɏ 

(Ʉɪɢɫɬɚɥɥɸɤɫ-4000Ɇ, ɞɟɬɟɤɬɨɪ - ɉɂȾ, ɤɨɥɨɧɤɚ – Supelcowax 10) ɢ Ƚɏ-Ɇɋ (Thermo DSQ, 

ɤɨɥɨɧɤɚ – DB-1ms, ɢɨɧɢɡɚɰɢɹ ɷɥɟɤɬɪɨɧɚɦɢ). ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɩɚɥɥɚɞɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ (5% ɦɚɫɫ. ɩɚɥɥɚɞɢɹ) ɢ ɩɚɪɚ-ɬɨɥɭɨɥɫɭɥɶɮɨɤɢɫɥɨɬɭ (ɩ-ɌɋɄ) (ɯɱ, 

Ɋɟɚɯɢɦ). 

ɉɪɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɦ ɚɥɤɢɥɢɪɨɜɚɧɢɢ ɚɰɟɬɨɧɚ ɝɥɢɰɟɪɢɧɨɦ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ 

ɩɪɨɢɫɯɨɞɢɬ ɤɟɬɚɥɢɡɚɰɢɹ ɝɥɢɰɟɪɢɧɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɨɥɶɤɟɬɚɥɹ: 

OH

OHHO

O

[H
+
]

- H2O O

OH
O

ɝɥɢцɟɪɢɧ ɡɨɥɶɤɟɬаɥɶ
, 

ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɝɢɞɪɢɪɨɜɚɧɢɟɦ. Ɉɛɳɚɹ ɫɯɟɦɚ ɪɟɚɤɰɢɢ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ: 

OH

OHHO

O

[H
+
], H2

- H2O
ɝɥɢцɟɪɢɧ

O

O
O

ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɷɮɢɪ
ɡɨɥɶɤɟɬаɥя

HO

OO

ɞɢɢɡɨɩɪɨɩɢɥɨɜɵɣ ɷɮɢɪ ɝɥɢцɟɪɢɧа

+

. 

 Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɵɯɨɞ ɰɟɥɟɜɵɯ ɢ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɝɢɞɪɢɪɭɸɳɟɝɨ (Pd/C) ɢ ɤɢɫɥɨɬɧɨɝɨ (ɩ-

ɌɋɄ) ɤɨɦɩɨɧɟɧɬɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (Ɋɢɫ. 1). Ʉɚɤ ɜɢɞɧɨ, ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ 

ɦɨɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ Pd/ɩ-ɌɋɄ ɫ 1,0 ɞɨ 0,5 ɩɪɨɢɫɯɨɞɢɬ ɡɚɦɟɬɧɨɟ ɫɧɢɠɟɧɢɟ ɜɵɯɨɞɚ 

ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ (ɫ 25 ɞɨ 18%). Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɬɵ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɨɫɬɨɦ ɜɵɯɨɞɚ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɚɤɬɢɜɢɡɚɰɢɟɣ 

ɩɨɛɨɱɧɵɯ ɪɟɚɤɰɢɣ. Ɉɫɧɨɜɧɵɦɢ ɩɨɛɨɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɩɪɢ ɷɬɨɦ ɹɜɥɹɸɬɫɹ ɤɟɬɚɥɢ 

ɦɟɬɢɥɢɡɨɛɭɬɢɥɤɟɬɨɧɚ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɤɪɨɬɨɧɨɜɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɚɰɟɬɨɧɚ ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɤɟɬɚɥɢɡɚɰɢɟɣ ɝɥɢɰɟɪɢɧɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɭɜɟɥɢɱɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ Pd/ɩ-

ɌɋɄ ɫ 1,0 ɞɨ 2,0 ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɵɯɨɞɚ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ. 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ (○) ɢ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ 

(●) ɨɬ ɦɨɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɩɚɪɚ-ɬɨɥɭɨɥɫɭɥɶɮɨɤɢɫɥɨɬɚ/ɡɨɥɶɤɟɬɚɥɶ. Ɍ = 120°ɋ, p(H2) = 

20 ɛɚɪ, ɜɪɟɦɹ ɪɟɚɤɰɢɢ 6 ɱ, Pd/ɡɨɥɶɤɟɬɚɥɶ = 0,117% ɦɨɥ. 

 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɥɢɰɟɪɢɧɚ ɜ ɡɨɥɶɤɟɬɚɥɶ ɧɚɛɥɸɞɚɥɨɫɶ 

ɡɚɦɟɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɚ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ (ɫ 26 ɞɨ 36% ɦɨɥ.) (Ɋɢɫ. 2). Ⱦɚɥɶɧɟɣɲɟɟ 

ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɥɢɰɟɪɢɧɚ ɩɪɢɜɨɞɢɥɨ ɤ ɫɧɢɠɟɧɢɸ ɜɵɯɨɞɚ, ɱɬɨ, ɜɟɪɨɹɬɧɨ, 

ɫɜɹɡɚɧɨ ɫ ɛɥɨɤɢɪɨɜɚɧɢɟɦ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫɜɨɛɨɞɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ 

ɝɥɢɰɟɪɢɧɚ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɝɥɢɰɟɪɢɧɨɦ ɢ ɚɰɟɬɨɧɨɦ 

ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɛɵɥ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɱɢɫɬɨɝɨ ɡɨɥɶɤɟɬɚɥɹ ɢ 

ɡɨɥɶɤɟɬɚɥɹ ɜ ɫɦɟɫɢ ɫ ɝɥɢɰɟɪɢɧɨɦ (Ɍɚɛɥɢɰɚ 1). Ⱦɚɠɟ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ ɜ 

5 ɪɚɡ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɩɨɜɵɲɚɥɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɢɡɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɜɨɛɨɞɧɨɝɨ 

ɝɥɢɰɟɪɢɧɚ. 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɢɪɨɜɚɧɢɹ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɝɥɢɰɟɪɢɧɚ ɜ ɢɫɯɨɞɧɨɦ ɡɨɥɶɤɟɬɚɥɟ. Ɍ = 120°ɋ, p(H2) = 20 ɛɚɪ, ɜɪɟɦɹ ɪɟɚɤɰɢɢ 6 ɱ, 

Pd/ɡɨɥɶɤɟɬɚɥɶ = 0,117% ɦɨɥ. 

 

Ɍɚɛɥɢɰɚ 1. ȼɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɩɪɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɦ ɚɥɤɢɥɢɪɨɜɚɧɢɢ ɚɰɟɬɨɧɚ 

ɝɥɢɰɟɪɢɧɨɦ. Ɍ = 120°ɋ, p(H2) = 20 ɛɚɪ, ɜɪɟɦɹ ɪɟɚɤɰɢɢ 6 ɱ, Pd/ɡɨɥɶɤɟɬɚɥɶ = 0,117% ɦɨɥ. 

 

ɋɨɫɬɚɜ ɫɵɪɶɹ, ɱɚɫɬɟɣ (ɦɨɥ.) 
ȼɵɯɨɞ 

ɩɪɨɞɭɤɬɨɜ 
ɝɢɞɪɢɪɨɜɚɧɢɹ, 

% ɦɨɥ. Ⱥɰɟɬɨɧ Ƚɥɢɰɟɪɢɧ 

1 2 5,4 

1 2 7,4* 

1 1 8,6 

*-ɜɪɟɦɹ ɪɟɚɤɰɢɢ 30 ɱɚɫɨɜ 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ 

ɩɪɨɟɤɬɚ № 18-33-00533. 
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ɂɁɍɑȿɇɂȿ ȽɂȾɊɈȽȿɇɂɁȺɐɂɈɇɇɕɏ ɉɊȿȼɊȺɓȿɇɂɃ ȽȼȺəɄɈɅȺ ɇȺ 
ɎɈɋɎɂȾȿ ɇɂɄȿɅə, ɋɎɈɊɆɂɊɈȼȺɇɇɈɆ IN SITU ɂɁ 

ɆȺɋɅɈɊȺɋɌȼɈɊɂɆɕɏ ɉɊȿɄɍɊɋɈɊɈȼ 

ȼɢɧɧɢɤɨɜɚ Ɇ.Ⱥ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,2 

INVESTIGATION OF GUAIACOL HYDROGENATION PROCESS ON NICKEL 

PHOSPHIDE, GENERATED IN SITU FROM OIL-SOLUBLE PRECURSORS 
1 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: vinnikova@ips.ac.ru 
2 Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɩɪɨɫ ɧɚ ɷɧɟɪɝɢɸ ɢ ɬɨɩɥɢɜɨ ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɜ ɤɪɭɩɧɵɯ 

ɝɨɪɨɞɚɯ ɩɨɫɬɨɹɧɧɨ ɜɨɡɪɚɫɬɚɟɬ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɦɧɨɝɢɟ ɫɬɪɚɧɵ ɫɬɚɪɚɸɬɫɹ ɩɪɢɜɥɟɱɶ 

ɜɧɢɦɚɧɢɟ ɨɛɳɟɫɬɜɟɧɧɨɫɬɢ ɤ ɩɪɨɛɥɟɦɟ ɷɤɨɥɨɝɢɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɦɢɪɨɜɨɣ ɢɧɬɟɪɟɫ 

ɨɛɪɚɳɚɸɬ ɧɚ ɫɟɛɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɢɫɬɨɱɧɢɤɢ ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ ɷɧɟɪɝɢɢ, 

ɬɚɤɢɟ ɤɚɤ ɛɢɨɦɚɫɫɚ. Ⱦɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɛɢɨɦɚɫɫɵ ɜ ɬɨɩɥɢɜɨ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ 

ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɫɠɢɝɚɧɢɟ, ɝɚɡɢɮɢɤɚɰɢɸ, 

ɫɠɢɠɟɧɢɟ, ɝɢɞɪɢɪɨɜɚɧɢɟ ɢ ɩɢɪɨɥɢɡ  [1]. 

ɋɪɟɞɢ ɝɟɬɟɪɨɚɬɨɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɛɢɨɬɨɩɥɢɜ ɩɪɟɨɛɥɚɞɚɸɬ 

ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɟ ɫɨɟɞɢɧɟɧɢɹ. Ɍɪɚɞɢɰɢɨɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ, 

ɫɭɥɶɮɢɞɵ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɩɥɨɯɨ ɩɨɞɯɨɞɹɬ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɛɢɨɬɨɩɥɢɜɚɯ, ɬ.ɤ. 

ɩɨɫɬɟɩɟɧɧɨ ɬɟɪɹɸɬ ɫɜɨɸ ɚɤɬɢɜɧɨɫɬɶ ɢɡ-ɡɚ ɜɵɦɵɜɚɧɢɹ ɫɟɪɵ ɢ ɡɚɦɟɳɟɧɢɹ ɟɟ ɧɚ ɤɢɫɥɨɪɨɞ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɧɢɡɤɨɫɟɪɧɢɫɬɨɦ ɫɵɪɶɟ. Ⱦɥɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɛɥɚɝɨɪɨɞɧɵɯ 

ɦɟɬɚɥɥɨɜ ɯɚɪɚɤɬɟɪɧɚ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ. 

ɂɧɬɟɪɟɫɧɵɦ ɤɥɚɫɫɨɦ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɡɚɫɥɭɠɢɜɚɸɳɢɦ ɛɨɥɟɟ ɲɢɪɨɤɨɝɨ ɢɡɭɱɟɧɢɹ, 

ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɮɨɫɮɢɞɵ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ. ɂɯ ɩɨɥɭɱɚɸɬ ɢɡ ɜɨɞɨ- ɢ 

ɦɚɫɥɨɪɚɫɬɜɨɪɢɦɵɯ ɩɪɟɤɭɪɫɨɪɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɩɪɟɤɭɪɫɨɪɨɜ ɢɫɩɨɥɶɡɭɸɬ 

ɮɨɫɮɚɬɵ, ɮɨɫɮɢɬɵ, ɝɢɩɨɮɨɫɮɢɬɵ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɥɢ ɦɟɬɚɥɥɨɜ. ȼ ɤɚɱɟɫɬɜɟ 

ɦɚɫɥɨɪɚɫɬɜɨɪɢɦɵɯ ɩɪɟɤɭɪɫɨɪɨɜ ɢɫɩɨɥɶɡɭɸɬ ɨɪɝɚɧɢɱɟɫɤɢɟ ɩɪɨɢɡɜɨɞɧɵɟ ɮɨɫɮɢɧɚ ɢ ɫɨɥɢ 

ɦɟɬɚɥɥɨɜ, ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɧɟɩɨɥɹɪɧɵɯ ɫɪɟɞɚɯ [2]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɫɢɧɬɟɡ ɮɨɫɮɢɞɚ ɧɢɤɟɥɹ ɢɡ ɦɚɫɥɨɪɚɫɬɜɨɪɢɦɵɯ 

ɩɪɟɤɭɪɫɨɪɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɮɨɫɮɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɨɪɝɚɧɢɱɟɫɤɢɟ ɩɪɨɢɡɜɨɞɧɵɟ 

ɮɨɫɮɢɧɚ, ɬɚɤɢɟ ɤɚɤ ɬɪɢɮɟɧɢɥ- ɢ ɬɪɢɨɤɬɢɥɮɨɫɮɢɧ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɧɢɤɟɥɹ – 

ɚɰɟɬɢɥɚɰɟɬɨɧɚɬ ɧɢɤɟɥɹ ɢ 2-ɷɬɢɥɝɟɤɫɚɧɨɚɬ ɧɢɤɟɥɹ. Ɏɨɫɮɢɞ ɧɢɤɟɥɹ ɩɨɥɭɱɚɥɢ in situ ɜ 

ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɣ ɝɢɞɪɢɪɨɜɚɧɢɹ-ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ ɝɜɚɹɤɨɥɚ (ɦɨɧɨɦɟɪɚ ɥɢɝɧɢɧɚ, 

ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɛɢɨɧɟɮɬɢ). ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 

350-400°C ɢ ɧɚɱɚɥɶɧɵɯ ɞɚɜɥɟɧɢɣ ɜɨɞɨɪɨɞɚ 50-70 ɚɬɦ. Ʉɚɬɚɥɢɡɚɬɨɪ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢ ɫ 

ɋ-IV-2 

mailto:vinnikova@ips.ac.ru


681 

 

ɩɨɦɨɳɶɸ ɤɨɦɩɥɟɤɫɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɩɪɨɞɭɤɬɨɜ 

ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ Ƚɏ-Ɇɋ, Ƚɏ-ɉɂȾ. Ɉɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ 

ɝɢɞɪɢɪɨɜɚɧɢɹ-ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ ɝɜɚɹɤɨɥɚ ɹɜɥɹɥɢɫɶ ɰɢɤɥɨɝɟɤɫɚɧ, ɰɢɤɥɨɝɟɤɫɚɧɨɥ ɢ 

ɰɢɤɥɨɝɟɤɫɚɧɨɧ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ Ɋɨɫɫɢɣɫɤɨɝɨ Ɏɨɧɞɚ Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɂɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬ № 18-03-01186 A) 
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ȼɅɂəɇɂȿ ȺɐȿɌɈɇȺ ɇȺ ɉɊȿȼɊȺɓȿɇɂə ɍȽɅȿȼɈȾɈɊɈȾɈȼ ȼ 

ɄȺɌȺɅɂɌɂɑȿɋɄɈɆ ɄɊȿɄɂɇȽȿ 

ɉɚɥɚɧɤɨɟɜ Ɍ.Ⱥ., Ⱦɟɦɟɧɬɶɟɜ Ʉ.ɂ.  

INFLUENCE OF ACETONE ON HYDROCARBON REACTIONS IN CATALYTIC 

CRACKING  
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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ɋɨɤɪɚɳɟɧɢɟ ɡɚɩɚɫɨɜ ɢɫɤɨɩɚɟɦɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɜɨɡɪɚɫɬɚɸɳɚɹ ɫɬɨɢɦɨɫɬɶ 

ɞɨɛɵɱɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɩɭɬɟɣ 

ɩɨɥɭɱɟɧɢɹ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ ɢɡ ɛɨɥɟɟ ɞɨɫɬɭɩɧɵɯ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɜ ɥɢɬɟɪɚɬɭɪɟ ɜɫɬɪɟɱɚɟɬɫɹ ɜɫё ɛɨɥɶɲɟ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɩɟɪɟɪɚɛɨɬɤɟ ɛɢɨ-

ɦɚɫɟɥ – ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɛɢɨɦɚɫɫɵ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɢɫɤɨɩɚɟɦɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, 

ɛɢɨ-ɦɚɫɥɨ ɹɜɥɹɟɬɫɹ  ɫɥɨɠɧɨɣ ɫɦɟɫɶɸ ɪɚɡɥɢɱɧɵɯ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɜɟɳɟɫɬɜ: ɤɟɬɨɧɨɜ, ɤɢɫɥɨɬ, ɫɩɢɪɬɨɜ, ɫɚɯɚɪɨɜ ɢ ɩɪɨɱɢɯ. ȼɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɟё ɫɨɫɬɚɜɟ 

ɤɢɫɥɨɪɨɞɚ, ɨɛɵɱɧɨ ɨɬ 35 ɞɨ 40 %, ɫɨɡɞɚёɬ ɨɫɧɨɜɧɭɸ ɩɪɨɛɥɟɦɭ, ɩɪɟɩɹɬɫɬɜɭɸɳɭɸ 

ɩɟɪɟɪɚɛɨɬɤɟ ɛɢɨ-ɦɚɫɟɥ ɜ ɰɟɧɧɵɟ ɩɪɨɞɭɤɬɵ: ɢɡ-ɡɚ ɫɜɨɟɝɨ ɫɨɫɬɚɜɚ ɷɬɨ ɫɵɪɶɟ ɨɬɥɢɱɚɟɬɫɹ 

ɬɟɪɦɢɱɟɫɤɨɣ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶɸ, ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɩɨɥɢɦɟɪɢɡɚɰɢɢ,  ɤɨɪɪɨɡɢɜɧɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ[1]. ɋɨɝɥɚɫɧɨ ɢɦɟɸɳɢɦɫɹ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɢɫɫɥɟɞɨɜɚɧɢɹɦ, 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɟɪɟɪɚɛɨɬɤɢ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɛɢɨɦɚɫɫɵ ɦɨɠɟɬ ɛɵɬɶ 

ɫɨɜɦɟɫɬɧɚɹ ɫ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ ɩɟɪɟɪɚɛɨɬɤɚ ɧɚ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɜ ɭɫɥɨɜɢɹɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ[2,3]. Ɉɞɧɚɤɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɟɬ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɡɚɢɦɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɩɪɟɜɪɚɳɟɧɢɟ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɰɟɨɥɢɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɤɪɟɤɢɧɝɚ ɦɨɞɟɥɶɧɵɯ ɫɦɟɫɟɣ ɚɰɟɬɨɧɚ ɢ ɋ6 ɭɝɥɟɜɨɞɨɪɨɞɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɨɞɢɧ ɢɡ 

ɤɥɚɫɫɨɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ: ɧ-ɝɟɤɫɚɧɚ, ɝɟɤɫɟɧɚ-1, ɰɢɤɥɨɝɟɤɫɚɧɚ. Ʉɚɠɞɨɦɭ ɢɡ 

ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɬɜɟɱɚɟɬ ɫɜɨɣ ɧɚɛɨɪ ɯɢɦɢɱɟɫɤɢɣ ɪɟɚɤɰɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ 

ɩɪɢ ɩɪɟɜɪɚɳɟɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ. Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɥɢɹɧɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɚ ɬɢɩɚ ɰɟɨɥɢɬɨɜ: Y, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɫɪɟɞɧɢɦ 

ɪɚɡɦɟɪɨɦ ɩɨɪ ɢ ɧɚɥɢɱɢɟɦ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɢ ɰɟɧɬɪɨɜ ɫɪɟɞɧɟɣ ɫɢɥɵ, ɚ ɬɚɤɠɟ 

ɰɟɨɥɢɬ ɬɢɩɚ MFI ɫ ɦɚɥɵɦ ɪɚɡɦɟɪɨɦ ɩɨɪ ɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɢɥɶɧɵɦɢ ɤɢɫɥɨɬɧɵɦɢ 

ɰɟɧɬɪɚɦɢ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 500 ºɋ ɢ 

ɜɚɪɶɢɪɭɟɦɨɦ ɨɬɧɨɲɟɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪ/ɫɵɪɶɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɫɬɟɩɟɧɟɣ 

ɩɪɟɜɪɚɳɟɧɢɹ ɫɦɟɫɢ.  
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɛɧɚɪɭɠɟɧɨ ɜɥɢɹɧɢɟ ɚɰɟɬɨɧɚ ɧɚ 

ɩɪɟɜɪɚɲɟɧɢɟ ɧ-ɝɟɤɫɚɧɚ, ɜɵɪɚɠɚɸɳɟɟɫɹ ɜ ɢɡɦɟɧɟɧɢɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ. 

Ɍɚɤ, ɩɪɢ ɩɪɟɜɪɚɳɟɧɢɢ ɧ-ɝɟɤɫɚɧɚ ɧɚ ɰɟɨɥɢɬɟ ɜ ɨɬɫɭɬɫɬɜɢɟ ɚɰɟɬɨɧɚ ɩɟɪɜɢɱɧɵɦ ɩɪɨɞɭɤɬɨɦ 

ɹɜɥɹɟɬɫɹ ɩɪɨɩɚɧ, ɜɬɨɪɢɱɧɵɦ – ɩɪɨɩɢɥɟɧ, ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɩɪɟɜɪɚɳɟɧɢɢ ɦɨɞɟɥɶɧɨɣ ɫɦɟɫɢ 

ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɬɧɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ: ɩɟɪɜɢɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɫɬɚɧɨɜɢɬɫɹ ɩɪɨɩɢɥɟɧ, 

ɜɬɨɪɢɱɧɵɦ – ɩɪɨɩɚɧ. ɗɬɨ ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɩɪɨɩɚɧ/ɩɪɨɩɢɥɟɧ, ɤɨɬɨɪɨɟ ɩɪɢ 

ɩɪɟɜɪɚɳɟɧɢɢ ɧ-ɝɟɤɫɚɧɚ ɛɟɡ ɚɰɟɬɨɧɚ ɢ ɧɢɡɤɨɣ ɤɨɧɜɟɪɫɢɢ (ɨɤɨɥɨ 4 %) ɛɥɢɡɤɨ ɤ ɡɧɚɱɟɧɢɸ 

1,0 ɞɥɹ ɨɛɨɢɯ ɰɟɨɥɢɬɨɜ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɦ ɩɪɨɬɟɤɚɧɢɢ 

ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɟɤɢɧɝɚ ɢɫɯɨɞɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɚ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢ 

ɩɪɟɜɪɚɳɟɧɢɢ ɦɨɞɟɥɶɧɨɣ ɫɦɟɫɢ ɝɟɤɫɚɧ-ɚɰɟɬɨɧ ɩɪɢ ɬɨɣ ɠɟ ɤɨɧɜɟɪɫɢɢ ɷɬɨ ɨɬɧɨɲɟɧɢɟ 

ɫɧɢɠɚɟɬɫɹ ɞɨ ɡɧɚɱɟɧɢɹ 0,5 – 0,7 ɞɥɹ ɰɟɨɥɢɬɚ ɬɢɩɚ Y ɢ MFI, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɰɟɨɥɢɬɚ 

ɬɢɩɚ MFI ɨɬɧɨɲɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɜɟɪɫɢɢ ɭɝɥɟɜɨɞɨɪɨɞɚ, ɜ 

ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢ ɩɪɟɜɪɚɳɟɧɢɢ ɫɦɟɫɢ ɧ-ɝɟɤɫɚɧɚ ɫ ɚɰɟɬɨɧɨɦ ɨɬɧɨɲɟɧɢɟ 

ɩɚɪɚɮɢɧɵ/ɨɥɟɮɢɧɵ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɦɚɤɫɢɦɭɦ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɤɨɧɜɟɪɫɢɢ ɪɟɚɝɟɧɬɨɜ (ɪɢɫ. 
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Ɋɢɫ. 1. Ɉɬɧɨɲɟɧɢɟ ɩɪɨɩɚɧ/ɩɪɨɩɢɥɟɧ ɩɪɢ ɩɪɟɜɪɚɳɟɧɢɢ ɧɚ ɰɟɨɥɢɬɟ ɬɢɩɚ MFI 

ɝɟɤɫɚɧɚ (ɧɟɡɚɤɪɚɲɟɧɵɟ ɬɨɱɤɢ) ɢ ɫɦɟɫɢ ɝɟɤɫɚɧ-ɚɰɟɬɨɧ (ɡɚɤɪɚɲɟɧɧɵɟ ɬɨɱɤɢ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɚɰɟɬɨɧɚ ɧɚ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɜɵɯɨɞɚ 

ɩɪɨɞɭɤɬɨɜ ɩɪɟɜɪɚɳɟɧɢɹ ɫɦɟɫɢ ɝɟɤɫɚɧ-ɚɰɟɬɨɧ ɨɬ ɤɨɧɜɟɪɫɢɢ. Ɍɚɤɨɣ ɷɮɮɟɤɬ ɦɨɠɟɬ ɛɵɬɶ 

ɨɛɴɹɫɧɟɧ ɜɤɥɸɱɟɧɢɟɦ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɟɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ ɪɟɚɤɰɢɢ ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ ɜ 

ɪɨɥɢ ɚɤɰɟɩɬɨɪɚ ɜɨɞɨɪɨɞɚ. ɉɪɢ ɩɪɟɜɪɚɳɟɧɢɢ ɞɪɭɝɢɯ ɦɨɞɟɥɶɧɵɯ ɫɦɟɫɟɣ ɫ ɝɟɤɫɟɧɨɦ-1 ɢ 

ɰɢɤɥɨɝɟɤɫɚɧɨɦ ɷɮɮɟɤɬ ɧɟ ɨɛɧɚɪɭɠɟɧ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɢɡ-ɡɚ ɧɟɩɨɞɯɨɞɹɳɢɯ ɭɫɥɨɜɢɣ 

ɤɨɧɜɟɪɫɢɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ ɩɪɢ 

ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɎȺɇɈ Ɋɨɫɫɢɢ. 
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ɇɈȼɕɃ ɆȿɌɈȾ ɆɈȾɂɎɂɄȺɐɂɂ ɉȿɄɌɂɇɈȼɕɏ ɉɈɅɂɋȺɏȺɊɂȾɈȼ  
ɋɥɨɛɨɞɨɜɚ Ⱦ.Ⱥ. 1, Ƚɨɪɲɤɨɜɚ Ɋ.Ɇ.2, ɉɚɧɚɪɢɧ ȿ.Ɏ.2 

NEW METHOD OF MODIFICATION OF PECTIC POLYSACCHARIDES  
1 ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɦɟɯɚɧɢɤɢ ɢ ɨɩɬɢɤɢ 

E-mail: dar.slobodova@gmail.com 
2 ɂɧɫɬɢɬɭɬ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɊȺɇ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ 

 

ɍɯɭɞɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɩɪɢɜɟɥɢ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɢɫɤɚ ɢ 

ɫɨɡɞɚɧɢɹ ɜɟɳɟɫɬɜ ɫ ɷɧɬɟɪɨɫɨɪɛɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɨɧɚɦ ɬɹɠёɥɵɯ 

ɦɟɬɚɥɥɨɜ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɟɧɨ ɩɪɨɞɭɤɬɚɦ ɩɪɢɪɨɞɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɜ 

ɱɚɫɬɧɨɫɬɢ, ɩɟɤɬɢɧɨɜɵɦ ɩɨɥɢɫɚɯɚɪɢɞɚɦ, ɩɨɥɭɱɚɟɦɵɦ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɩɚɞɚ ɩɪɨɬɨɩɟɤɬɢɧɚ, 

ɜɜɢɞɭ ɢɯ ɜɵɫɨɤɨɣ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ, ɦɚɥɨɣ ɬɨɤɫɢɱɧɨɫɬɢ, ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɨɫɬɢ ɢ 

ɨɬɫɭɬɫɬɜɢɹ ɩɨɛɨɱɧɵɯ ɹɜɥɟɧɢɣ ɩɪɢ ɩɟɪɨɪɚɥɶɧɨɦ ɩɪɢɦɟɧɟɧɢɢ [1-3]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɨɪɛɰɢɨɧɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɟɤɬɢɧɨɜɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɡɚɜɢɫɢɬ ɨɬ 

ɤɨɥɢɱɟɫɬɜɚ ɫɜɨɛɨɞɧɵɯ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ (Ʉɫ) ɢ ɫɬɟɩɟɧɢ ɷɬɟɪɢɮɢɤɚɰɢɢ (ɋɗ) 

ɝɚɥɚɤɬɭɪɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (ȽɄ) [4]. Ⱦɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɡɚɜɢɫɹɬ ɨɬ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɫɵɪɶɟɜɨɝɨ ɢɫɬɨɱɧɢɤɚ, ɚ ɬɚɤɠɟ ɨɬ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɩɟɤɬɢɧɚ. ɋɬɟɩɟɧɶ 

ɷɬɟɪɢɮɢɤɚɰɢɢ ɢ ɤɨɥɢɱɟɫɬɜɨ ɫɜɨɛɨɞɧɵɯ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɜɨɡɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ 

ɩɭɬёɦ ɜɚɪɶɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɥɢɡ-ɷɤɫɬɪɚɤɰɢɢ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɨɦɨɳɢ 

ɦɨɞɢɮɢɤɚɰɢɢ. ȼ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɞɜɟɪɝɚɸɬ ɝɨɬɨɜɵɟ 

ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɟ ɩɟɤɬɢɧɨɜɵɟ ɩɨɥɢɫɚɯɚɪɢɞɵ, ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ ɧɢɯ ɪɚɡɥɢɱɧɵɦɢ 

ɪɟɚɝɟɧɬɚɦɢ, ɨɫɜɨɛɨɠɞɚɸɳɢɦɢ ɷɬɟɪɢɮɢɰɢɪɨɜɚɧɧɵɟ ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ (Ʉɷ) ȽɄ ɨɬ 

ɧɟɣɬɪɚɥɶɧɵɯ ɫɚɯɚɪɨɜ. ɇɚɦɢ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɦɟɬɨɞ ɦɨɞɢɮɢɤɚɰɢɢ ɩɟɤɬɢɧɨɜ, 

ɩɪɟɢɦɭɳɟɫɬɜɨ ɤɨɬɨɪɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɪɚɛɨɬɤɟ ɧɟ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ, ɚ ɧɚɛɭɯɲɟɝɨ 

ɩɟɤɬɢɧɨɜɨɝɨ ɝɟɥɹ, ɞɨ ɜɵɞɟɥɟɧɢɹ ɢɡ ɧɟɝɨ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ. Ⱦɚɧɧɵɣ 

ɦɟɬɨɞ ɦɨɞɢɮɢɤɚɰɢɢ ɛɵɥ ɚɩɪɨɛɢɪɨɜɚɧ ɧɚ ɬɪɚɞɢɰɢɨɧɧɨɦ ɫɵɪɶɟɜɨɦ ɢɫɬɨɱɧɢɤɟ - ɹɛɥɨɱɧɵɯ 

ɜɵɠɢɦɤɚɯ (əȼ), ɢ ɧɚ ɩɟɪɫɩɟɤɬɢɜɧɨɦ – ɦɚɧɞɚɪɢɧɨɜɵɯ ɤɨɪɤɚɯ (Ɇɧ). Ƚɢɞɪɨɥɢɡ-ɷɤɫɬɪɚɤɰɢɹ 

ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɡɚɤɪɵɬɨɣ ɫɢɫɬɟɦɟ, ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ, ɬɟɦɩɟɪɚɬɭɪɟ 85ɨɋ, 

ɝɢɞɪɨɦɨɞɭɥɟ 1:20, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 60 ɦɢɧɭɬ ɢ ɪɇ ɝɢɞɪɨɥɢɡɭɸɳɟɝɨ ɚɝɟɧɬɚ 1,2 [5]. 

Ⱦɚɥɟɟ, ɩɟɤɬɢɧɨɜɵɣ ɝɢɞɪɨɥɢɡɚɬ ɛɵɥ ɨɫɚɠɞёɧ ɬɪёɯɤɪɚɬɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɷɬɚɧɨɥɚ. 

Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɩɟɤɬɢɧɨɜɵɣ ɧɚɛɭɯɲɢɣ ɝɟɥɶ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɨɛɪɚɛɨɬɤɟ 0,5 Ɇ ɪɚɫɬɜɨɪɨɦ 

HCl ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɩɪɨɦɵɜɤɨɣ ɷɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ ɞɨ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ ɧɚ ɯɥɨɪɢɞ-

ɢɨɧɵ. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢɫɯɨɞɧɵɯ (ɉȼ-əȼ ɢ ɉȼ-Ɇɧ) ɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ (ɉȼ-əȼ-Ɇ ɢ ɉȼ-Ɇɧ-Ɇ) ɩɟɤɬɢɧɨɜɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ, 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜ ɪɚɛɨɬɟ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ 

ɋ-IV-4 
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ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɡɜɟɧɶɟɜ ɝɚɥɚɤɬɭɪɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 

ɤɨɥɢɱɟɫɬɜɨ ɫɜɨɛɨɞɧɵɯ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ, ɚ ɬɚɤɠɟ ɫɧɢɡɢɬɶ ɫɬɟɩɟɧɶ ɷɬɟɪɢɮɢɤɚɰɢɢ.  

 

Ɍɚɛɥɢɰɚ 1. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢɫɯɨɞɧɵɯ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ 

ɩɟɤɬɢɧɨɜɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ 

Ɉɛɪɚɡɟɰ ȽɄ, % ɋɗ, % Ʉɫ, % Ʉɷ, % 

ɉȼ-əȼ 49,8 71,59 4,5 11,34 

ɉȼ-əȼ-Ɇ 69,4 36,47 9,72 5,58 

ɉȼ-Ɇɧ 73,2 75,00 3,96 11,88 

ɉȼ-Ɇɧ-Ɇ 84,6 25,88 11,34 3,96 

 

ɋɨɪɛɰɢɨɧɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɟɤɬɢɧɨɜɵɯ ɜɟɳɟɫɬɜ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɢɨɧɚɦ ɫɜɢɧɰɚ ɢ ɦɟɞɢ ɛɵɥɚ ɢɡɭɱɟɧɚ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɢɫɯɨɞɧɵɦɢ ɩɟɤɬɢɧɨɜɵɦɢ 

ɜɟɳɟɫɬɜɚɦɢ, ɚ ɬɚɤɠɟ ɦɨɞɟɥɶɧɵɦ ɷɧɬɟɪɨɫɨɪɛɟɧɬɨɦ - ɚɤɬɢɜɢɪɨɜɚɧɧɵɦ ɭɝɥɟɦ. ɉɨɥɭɱɟɧɧɵɟ 

ɞɚɧɧɵɟ ɛɵɥɢ ɨɛɪɚɛɨɬɚɧɵ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɹɦ Ʌɷɧɝɦɸɪɚ ɢ Ɏɪɟɣɧɞɥɢɯɚ [6]. ɍɪɚɜɧɟɧɢɟ 

Ʌɷɧɝɦɸɪɚ ɩɨɡɜɨɥɢɥɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɫɨɪɛɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ ɜ ɦɨɥɟɤɭɥɟ ɫɨɪɛɟɧɬɚ 

(qmax) ɢ ɫɬɟɩɟɧɶ ɚɮɮɢɧɢɬɟɬɚ ɦɟɠɞɭ ɫɨɪɛɟɧɬɨɦ ɢ ɫɨɪɛɚɬɨɦ (b). ɍɪɚɜɧɟɧɢɟ Ɏɪɟɣɧɞɥɢɯɚ 

ɩɨɡɜɨɥɢɥɨ ɨɰɟɧɢɬɶ ɩɪɨɱɧɨɫɬɶ ɫɜɹɡɵɜɚɧɢɹ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɦɟɠɞɭ 

ɫɨɪɛɟɧɬɨɦ ɢ ɫɨɪɛɚɬɨɦ. Ʉɨɷɮɮɢɰɢɟɧɬ ɚɩɩɪɨɤɫɢɦɚɰɢɢ (R2) ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɞɥɹ ɨɰɟɧɤɢ 

ɪɟɥɟɜɚɧɬɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ.  

Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 2 ɢ 3. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɫɨɪɛɰɢɹ ɢɨɧɨɜ ɩɪɨɬɟɤɚɟɬ ɩɨ ɦɨɞɟɥɢ Ʌɷɧɝɦɸɪɚ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ ёɦɤɨɫɬɶ 

(qmax) ɨɬɦɟɱɚɟɬɫɹ ɭ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɦɚɧɞɚɪɢɧɚ. Ⱦɚɧɧɵɣ ɨɛɪɚɡɟɰ 

ɩɨɤɚɡɚɥ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɫɜɹɡɟɣ (KF) ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɨɪɛɰɢɨɧɧɵɯ 

ɩɪɨɰɟɫɫɨɜ (n). 

ɏɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɫɨɪɛɰɢɢ ɢɨɧɨɜ ɦɟɞɢ ɢ ɫɜɢɧɰɚ ɧɚɛɥɸɞɚɥɢɫɶ ɬɚɤɠɟ ɭ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɹɛɥɨɱɧɵɯ ɩɨɥɢɫɚɯɚɪɢɞɨɜ. Ⱥɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ ɩɨɤɚɡɚɥ 

ɧɚɢɯɭɞɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ. 
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Ɍɚɛɥɢɰɚ 2. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɫɜɹɡɵɜɚɧɢɹ ɢɨɧɨɜ ɦɟɞɢ ɩɟɤɬɢɧɨɜɵɦɢ 

ɩɨɥɢɫɚɯɚɪɢɞɚɦɢ 

Ɉɛɪɚɡɟɰ Ɇɨɞɟɥɶ Ʌɷɧɝɦɸɪɚ Ɇɨɞɟɥɶ Ɏɪɟɣɧɞɥɢɯɚ 

b qmax, ɦɝ/ɝ R2 KF n R2 

ɉȼ-əȼ-Ɇ 0,002 150,00 0,9962 5,01 2,29 0,8851 

ɉȼ-Ɇɧ-Ɇ 0,003 200,00 0,9909 1,99 2,00 0,9567 

ɆȽ-Ɇɧ 0,002 105,26 0,9962 1,74 1,82 0,9522 

ɉȼ-əȼ 0,001 89,28 0,9945 0,63 1,71 0,9587 

Ⱥɤɬ. ɭɝɨɥɶ 0,002 57,69 0,9966 1,82 2,36 0,9719 

 

Ɍɚɛɥɢɰɚ 3. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɫɜɹɡɵɜɚɧɢɹ ɢɨɧɨɜ ɫɜɢɧɰɚ ɩɟɤɬɢɧɨɜɵɦɢ 

ɩɨɥɢɫɚɯɚɪɢɞɚɦɢ 

Ɉɛɪɚɡɟɰ Ɇɨɞɟɥɶ Ʌɷɧɝɦɸɪɚ Ɇɨɞɟɥɶ Ɏɪɟɣɧɞɥɢɯɚ 

b qmax, ɦɝ/ɝ R2 KF n R2 

ɉȼ-əȼ-Ɇ 0,0012 828,28 0,9929 5,01 1,73 0,9589 

ɉȼ-Ɇɧ-Ɇ 0,0020 1000,00 0,9921 12,59 2,00 0,9843 

ɉȼ-əȼ 0,0006 312,01 0,9980 3,16 3,10 0,9750 

ɉȼ-Ɇɧ 0,0008 653,71 0,9989 10,00 2,70 0,9601 

Ⱥɤɬ. ɭɝɨɥɶ 0,0007 231,75 0,9970 2,51 1,07 0,9770 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɤɬɢɧɨɜɵɟ ɩɨɥɢɫɚɯɚɪɢɞɵ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɪɚɡɪɚɛɨɬɚɧɧɵɦ 

ɫɩɨɫɨɛɨɦ, ɩɨ ɫɜɨɟɣ ɫɨɪɛɰɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɨɧɚɦ ɬɹɠёɥɵɯ ɦɟɬɚɥɥɨɜ 

ɩɪɟɜɨɫɯɨɞɹɬ ɢɫɯɨɞɧɵɟ ɨɛɪɚɡɰɵ, ɚ ɬɚɤɠɟ ɩɪɟɩɚɪɚɬ ɫɪɚɜɧɟɧɢɹ – ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ ɢ 

ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɷɧɬɟɪɨɫɨɪɛɟɧɬɨɜ ɢ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɨɣ 

ɩɢɳɟɜɨɣ ɞɨɛɚɜɤɢ ɩɪɢ ɤɨɦɩɥɟɤɫɧɨɣ ɬɟɪɚɩɢɢ ɨɬɪɚɜɥɟɧɢɣ ɬɹɠёɥɵɦɢ ɦɟɬɚɥɥɚɦɢ. 
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ɋɂɇɌȿɁ ɂɁɈȻɍɌɂɅȿɇȺ ɂɁ ɗɌȺɇɈɅȺ ɇȺ ZnO/ZrO2 

ɒɚɩɨɲɧɢɤ ɉ. Ⱥ. 1, ɉɨɧɨɦɚɪɟɜɚ Ɉ.Ⱥ. 1,2, Ʉɨɰ ɉ.Ⱥ. 1, Ʉɨɧɧɨɜ ɋ.ȼ. 2, ɂɜɚɧɨɜɚ ɂ.ɂ. 1,2 

SYNTHESIS OF ISOBUTHENE FROM ETHANOL ON  ZnO/ZrO2 
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ɮɚɤɭɥɶɬɟɬ, Ɇɨɫɤɜɚ 
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2 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

 

Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ ɫɨɜɪɟɦɟɧɧɨɣ ɯɢɦɢɢ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɢ ɜɧɟɞɪɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ 

ɪɟɫɭɪɫɵ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɨɥɭɱɟɧɢɟ ɢɡɨɛɭɬɢɥɟɧɚ ɢɡ ɷɬɚɧɨɥɚ. ɂɡɨɛɭɬɢɥɟɧ ɹɜɥɹɟɬɫɹ ɫɵɪɶɟɦ 

ɦɧɨɝɨɬɨɧɧɚɠɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɨɥɭɱɟɧɢɹ ɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɚ, ɩɨɥɢɦɟɪɨɜ ɢ 

ɦɟɬɢɥɬɪɟɬɛɭɬɢɥɨɜɨɝɨ ɷɮɢɪɚ, ɨɞɧɚɤɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɟɝɨ ɩɨɥɭɱɚɸɬ ɩɟɪɟɪɚɛɨɬɤɨɣ 

ɧɟɮɬɢ, ɡɚɩɚɫɵ ɤɨɬɨɪɨɣ ɛɵɫɬɪɨ ɢɫɬɨɳɚɸɬɫɹ. ɉɨɷɬɨɦɭ ɤɚɤ ɧɚɭɱɧɵɣ, ɬɚɤ ɢ ɩɪɚɤɬɢɱɟɫɤɢɣ 

ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɪɚɛɨɬɤɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɩɨɫɨɛɚ ɩɪɹɦɨɝɨ ɩɨɥɭɱɟɧɢɹ ɢɡɨɛɭɬɢɥɟɧɚ 

ɢɡ ɷɬɚɧɨɥɚ – ɨɞɧɨɝɨ ɢɡ ɧɚɢɛɨɥɟɟ ɞɨɫɬɭɩɧɵɯ ɜɢɞɨɜ ɫɵɪɶɹ, ɩɨɥɭɱɚɟɦɨɝɨ ɮɟɪɦɟɧɬɚɰɢɟɣ 

ɪɚɫɬɢɬɟɥɶɧɨɣ ɦɚɫɫɵ. 

 ɉɪɨɰɟɫɫ ɫɢɧɬɟɡɚ ɢɡɨɛɭɬɢɥɟɧɚ ɢɡ ɷɬɚɧɨɥɚ ɢɡɭɱɚɥɢ ɧɚ ɫɦɟɲɚɧɧɵɯ ɨɤɫɢɞɧɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɚɯ ZnO/ZrO2 ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɫ ɨɬɧɨɲɟɧɢɟɦ Zn:Zr 1:2, 1:6, 1:8, 1:14, 1:20, 

1:40, ɤɨɬɨɪɵɟ ɩɨɥɭɱɚɥɢ ɩɪɨɩɢɬɤɨɣ ZrO(OH)2 ɧɢɬɪɚɬɨɦ ɰɢɧɤɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɩɪɨɤɚɥɢɜɚɧɢɟɦ ɩɪɢ 550 ɨɋ. Ɍɚɤɠɟ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ZrO2.  

ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɚɦɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ 

ɚɡɨɬɚ, ɊɎȺ, ɂɄ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɋɈ, ɌȽȺ-ȾɌȺ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ 

ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ,  ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 

440-500 ɨɋ, ɦɚɫɫɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɩɨɞɚɱɢ ɫɵɪɶɹ (50% ɪɚɫɬɜɨɪ ɷɬɚɧɨɥɚ ɜ ɜɨɞɟ) 1,3-14,5 ɝ/ɝ.ɱ, 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɡɨɬɚ (10 ɦɥ/ɦɢɧ). ɋɨɫɬɚɜ ɫɵɪɶɹ ɜɚɪɶɢɪɨɜɚɥɢ, ɢɡɦɟɧɹɹ ɫɨɞɟɪɠɚɧɢɟ 

ɷɬɚɧɨɥɚ ɜ ɜɨɞɟ ɨɬ 20 ɞɨ 80 ɦɚɫ% ɀɢɞɤɢɟ ɢ ɝɚɡɨɨɛɪɚɡɧɵɟ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ 

ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ.  

ȼɫɟ ɨɛɪɚɡɰɵ ZnɈ/ZrO2 ɩɨɫɥɟ ɩɪɨɤɚɥɢɜɚɧɢɹ ɩɪɢ 550 ɨɋ ɢɦɟɸɬ ɭɞɟɥɶɧɭɸ ɩɥɨɳɚɞɶ 

ɩɨɜɟɪɯɧɨɫɬɢ 30-40 ɦ2/ɝ, ɩɪɢ ɷɬɨɦ ɞɢɚɦɟɬɪ ɩɨɪ ɭ ɧɢɯ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜ ɢ ɫɨɫɬɚɜɥɹɟɬ 

ɨɤɨɥɨ 45-65 Å, ɬɨɝɞɚ ɤɚɤ ɭ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɞɢɚɦɟɬɪ ɩɨɪ 90  Å.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɦɟɬɨɞɨɦ ɋɗɆ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɢɯ ɦɨɪɮɨɥɨɝɢɹ  

ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ. Ɉɛɪɚɡɰɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɚɝɥɨɦɟɪɚɬɵ ɱɚɫɬɢɰ ɧɟɩɪɚɜɢɥɶɧɨɣ 

ɮɨɪɦɵ ɫ ɛɨɥɶɲɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨ ɪɚɡɦɟɪɚɦ. ɋɚɦɢ ɚɝɥɨɦɟɪɚɬɵ ɫɨɫɬɨɹɬ ɢɡ ɦɟɥɤɢɯ 

ɤɪɢɫɬɚɥɥɨɜ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ ɪɚɡɦɟɪɨɦ ɨɬ 400 ɧɦ ɢ ɦɟɧɶɲɟ.  

ɋ-IV-5 
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ɉɨ ɞɚɧɧɵɦ ɊɎȺ ZrO2, ɩɨɥɭɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɤɚɥɢɜɚɧɢɹ ɩɪɢ 550 ɨɋ 

ZrO(OH)2, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɞɜɭɯ ɮɚɡ - ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɢ ɦɨɧɨɤɥɢɧɧɨɣ. ɉɨɫɥɟ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ZrO(OH)2 ɧɢɬɪɚɬɨɦ ɰɢɧɤɚ ɢ ɩɪɨɤɚɥɢɜɚɧɢɹ ɩɪɢ 550 0ɋ ɜ ɨɛɪɚɡɰɟ 

ZnO/40ZrO2 ɟɳɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɪɟɮɥɟɤɫɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɦɨɧɨɤɥɢɧɧɨɣ ɮɚɡɟ, ɯɨɬɹ ɢɯ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɡɚɦɟɬɧɨ ɧɢɠɟ, ɱɟɦ ɜ ZrO2, ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɰɢɧɤɚ 

ɧɚɛɥɸɞɚɥɢ ɪɟɮɥɟɤɫɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɬɨɥɶɤɨ ɤ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɮɚɡɟ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ. ɗɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɨɤɫɢɞ ɰɢɧɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ 

ɩɪɟɩɹɬɫɬɜɭɸɬ ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɭ ZrO2 ɢɡ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɮɚɡɵ ɜ ɦɨɧɨɤɥɢɧɧɭɸ. 

ɉɪɢɪɨɞɭ ɢ ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɨɜ ɢɡɭɱɚɥɢ ɫ ɩɨɦɨɳɶɸ ɂɄ ɫɩɟɤɬɪɨɫɤɨɩɢɢ 

ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɋɈ. ȼ ɫɩɟɤɬɪɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ 2204 ɫɦ-1, ɤɨɬɨɪɵɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɚɞɫɨɪɛɰɢɢ ɋɈ ɧɚ Zn2+, 2154 ɫɦ-1, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɚɞɫɨɪɛɰɢɢ ɋɈ 

ɧɚ ɫɥɚɛɵɯ ɛɪɟɧɫɬɟɞɨɜɫɤɢɯ ɰɟɧɬɪɚɯ, 2168 ɫɦ-1 - ɧɚ ɫɥɚɛɵɯ ɥɶɸɢɫɨɜɫɤɢɯ ɰɟɧɬɪɚɯ, 2180 ɫɦ-

1 - ɧɚ ɫɢɥɶɧɵɯ ɥɶɸɢɫɨɜɫɤɢɯ ɰɟɧɬɪɚɯ. ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɰɢɧɤɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɜɥɢɹɟɬ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɋɈ, ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɧɚ ɤɚɬɢɨɧɚɯ ɰɢɧɤɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɬɨɦ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɚ ɰɢɧɤɚ ɢɞɟɬ ɭɤɪɭɩɧɟɧɢɟ ɱɚɫɬɢɰ. Ɍɚɤɠɟ 

ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɰɢɧɤɚ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɫɢɥɶɧɵɯ 

ɥɶɸɢɫɨɜɫɤɢɯ ɰɟɧɬɪɨɜ (ɅɄɐ), ɬɨɝɞɚ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɋɈ ɧɚ ɫɥɚɛɵɯ 

ɥɶɸɢɫɨɜɫɤɢɯ ɢ ɫɥɚɛɵɯ ɛɪɟɧɫɬɟɞɨɜɫɤɢɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɚɯ (ȻɄɐ) ɭɦɟɧɶɲɚɟɬɫɹ.  ȿɫɥɢ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɢɥɶɧɵɟ ɥɶɸɢɫɨɜɫɤɢɟ ɰɟɧɬɪɵ ɧɚɯɨɞɹɬɫɹ ɧɚ ɝɪɚɧɹɯ ɤɪɢɫɬɚɥɥɨɜ, ɬɨɝɞɚ 

ɤɚɤ ɫɥɚɛɵɟ ɥɶɸɢɫɨɜɫɤɢɟ ɢ ɛɪɟɧɫɬɟɞɨɜɫɤɢɟ ɧɚ ɩɥɨɫɤɨɫɬɹɯ ɤɪɢɫɬɚɥɥɨɜ, ɬɨ ɩɨɥɭɱɟɧɧɵɟ 

ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ ɨɤɫɢɞ ɰɢɧɤɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ 

ɩɥɨɫɤɨɫɬɹɯ ɤɪɢɫɬɚɥɥɨɜ, ɩɪɢɜɨɞɹ ɤ ɭɦɟɧɶɲɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɫɥɚɛɵɯ ɅɄɐ ɢ ȻɄɐ ɜ ZrO2.   

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɢɡɨɛɭɬɢɥɟɧɚ ɢɡ ɷɬɚɧɨɥɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɢɠɟ: 

          3ɋ2ɇ5Ɉɇ + ɇ2Ɉ = i-C4H8 + 2CO2 + 6H2 

ɉɪɟɞɩɨɥɚɝɚɟɦɚɹ ɫɯɟɦɚ ɪɟɚɤɰɢɢ ɢ ɜɨɡɦɨɠɧɵɟ ɩɭɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɛɥɸɞɚɟɦɵɯ 

ɩɪɨɞɭɤɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1. Ʉɚɬɚɥɢɬɢɱɟɫɤɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɷɬɚɧɨɥɚ ɜ 

ɢɡɨɛɭɬɢɥɟɧ ɩɪɨɬɟɤɚɟɬ ɱɟɪɟɡ ɞɟɝɢɞɪɢɪɨɜɚɧɢɟ ɷɬɚɧɨɥɚ ɞɨ ɚɰɟɬɚɥɶɞɟɝɢɞɚ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɟɦ ɩɨ ɪɟɚɤɰɢɢ Ɍɢɳɟɧɤɨ ɞɨ ɷɬɢɥɚɰɟɬɚɬɚ, ɤɨɬɨɪɵɣ ɞɚɥɟɟ 

ɝɢɞɪɨɥɢɡɭɟɬɫɹ ɞɨ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɢ ɷɬɚɧɨɥɚ. Ⱦɚɥɟɟ ɩɪɨɬɟɤɚɟɬ ɪɟɚɤɰɢɹ ɤɟɬɨɧɢɡɚɰɢɢ 

ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɰɟɬɨɧɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɚɥɶɞɨɥɶɧɨɣ ɤɨɧɞɟɧɫɚɰɢɟɣ 

ɚɰɟɬɨɧɚ ɜ ɞɢɚɰɟɬɨɧɨɜɵɣ ɫɩɢɪɬ, ɤɨɬɨɪɵɣ ɞɚɥɟɟ ɨɛɪɚɡɭɟɬ ɰɟɥɟɜɨɣ ɩɪɨɞɭɤɬ ɢɡɨɛɭɬɢɥɟɧ ɢ 

ɭɤɫɭɫɧɭɸ ɤɢɫɥɨɬɭ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɛɨɱɧɵɯ ɪɟɚɤɰɢɣ ɞɟɝɢɞɪɚɬɚɰɢɢ, ɝɢɞɪɢɪɨɜɚɧɢɹ, 
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ɤɨɧɞɟɧɫɚɰɢɢ, ɢɡɨɦɟɪɢɡɚɰɢɢ, ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ, ɞɟɝɢɞɪɨɰɢɤɥɢɡɚɰɢɢ ɢ ɞɪ. ɨɛɪɚɡɭɟɬɫɹ 

ɲɢɪɨɤɢɣ ɧɚɛɨɪ ɧɚɛɥɸɞɚɟɦɵɯ ɩɪɨɞɭɤɬɨɜ. 

Ɋɢɫɭɧɨɤ 1 – ɉɪɟɞɩɨɥɚɝɚɟɦɚɹ ɫɯɟɦɚ ɩɪɟɜɪɚɳɟɧɢɹ ɷɬɚɧɨɥɚ ɜ ɢɡɨɛɭɬɢɥɟɧ 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɨɧɜɟɪɫɢɢ ɷɬɚɧɨɥɚ ɜ ɢɡɨɛɭɬɢɥɟɧ ɧɚ ZrO2 ɢ ɨɛɪɚɡɰɚɯ ZnO/ZrO2 

ɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɧɚ ZrO2 ɨɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ ɹɜɥɹɸɬɫɹ ɷɬɢɥɟɧ 

ɢ ɩɪɨɩɢɥɟɧ, ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɢɥɚ 79 ɦɨɥɶɧ% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɢ ɷɬɨɦ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɰɟɥɟɜɨɦɭ ɩɪɨɞɭɤɬɭ ɢɡɨɛɭɬɢɥɟɧɭ ɧɟ ɩɪɟɜɵɲɚɥɚ 1,2%. ɗɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɧɚ ɷɬɢɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɩɪɨɬɟɤɚɸɬ ɩɪɨɰɟɫɫɵ ɞɟɝɢɞɪɚɬɚɰɢɢ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɷɬɢɥɟɧɚ. ȼɫɟ Zn-ɫɨɞɟɪɠɚɳɢɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɚɤɬɢɜɧɵ ɜ ɨɛɪɚɡɨɜɚɧɢɢ 

ɢɡɨɛɭɬɢɥɟɧɚ, ɩɪɢ ɷɬɨɦ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɚ ɰɢɧɤɚ ɜ ɨɛɪɚɡɰɚɯ ɨɬ 1,6 

(ZnO:ZrO2=1:40) ɞɨ 24,5 ɦɚɫ% (ZnO:ZrO2= 1:2) ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɢɡɨɛɭɬɢɥɟɧɚ 

ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɦɚɤɫɢɦɭɦ. Ɉɩɬɢɦɚɥɶɧɵɦ ɫɨɫɬɚɜɨɦ ɨɛɪɚɡɰɨɜ, ɩɪɢ ɤɨɬɨɪɨɦ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɩɨ ɢɡɨɛɭɬɢɥɟɧɭ ɫɨɫɬɚɜɥɹɟɬ 44-48%, ɹɜɥɹɟɬɫɹ ZnO:ZrO2= 1:20-1:8, ɩɪɢ ɷɬɨɦ ɜɵɯɨɞ 
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ɢɡɨɛɭɬɢɥɟɧɚ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɧɚ ɧɢɯ ɫɨɫɬɚɜɢɥ 73-66%. ɋɪɚɜɧɟɧɢɟ ɤɢɫɥɨɬɧɵɯ ɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɢɡɨɛɭɬɢɥɟɧɚ 

ɩɪɨɬɟɤɚɟɬ ɧɚ ɫɢɥɶɧɵɯ ɥɶɸɢɫɨɜɫɤɢɯ ɤɢɫɥɨɬɧɵɯ ɰɟɧɬɪɚɯ.  

ȼɫɟ ZnO/ZrO2 ɤɚɬɚɥɢɡɚɬɨɪɵ ɪɚɛɨɬɚɥɢ ɫɬɚɛɢɥɶɧɨ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ZnO/40ZrO2, ɭ ɤɨɬɨɪɨɝɨ ɚɤɬɢɜɧɨɫɬɶ ɫɧɢɡɢɥɚɫɶ ɧɚ 20% ɡɚ 

2,5 ɱɚɫɚ ɪɟɚɤɰɢɢ. 

 Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ 

ɪɟɚɤɰɢɢ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɛɵɥ ɜɵɛɪɚɧ ɨɛɪɚɡɟɰ ɫɨɫɬɚɜɚ ZnO:8ZrO2.  

ɂɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɤɨɧɜɟɪɫɢɢ ɷɬɚɧɨɥɚ ɩɨɡɜɨɥɢɥɨ 

ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 440 ɞɨ 500 ɨC ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɦɟɬɚɧɚ ɫ 0,8 ɞɨ 4,0%, ɩɪɨɩɢɥɟɧɚ ɫ 5,8 ɞɨ 12,0%, ɭɦɟɧɶɲɟɧɢɸ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɚɰɟɬɨɧɚ ɫ 61,6 ɞɨ 12,2%.. ɉɪɢ ɷɬɨɦ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɨɛɪɚɡɨɜɚɧɢɹ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ ɢɡɨɛɭɬɢɥɟɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 7 ɞɨ 45%, ɜɵɯɨɞ 

ɢɡɨɛɭɬɢɥɟɧɚ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɫ 11 ɞɨ 67%.  

ɍɜɟɥɢɱɟɧɢɟ ɦɚɫɫɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ ɨɬ 1,3 ɞɨ 3,1 ɱ-1 ɩɪɢ 500  ɨɋ ɧɟ ɩɪɢɜɨɞɢɬ 

ɤ ɫɭɳɟɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɪɨɞɭɤɬɨɜ, ɬɨɝɞɚ ɤɚɤ ɭɜɟɥɢɱɟɧɢɟ ɞɨ 14,5 

ɱ-1 ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ ɪɨɫɬɭ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɚɰɟɬɨɧɭ ɢ ɫɧɢɠɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ 

ɢɡɨɛɭɬɢɥɟɧɭ, ɩɪɨɩɢɥɟɧɭ ɢ ɦɟɬɚɧɭ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɢɡɨɛɭɬɢɥɟɧ, ɩɪɨɩɢɥɟɧ 

ɢ ɦɟɬɚɧ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɬɨɪɢɱɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɢɡ ɚɰɟɬɨɧɚ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫɨ 

ɫɯɟɦɨɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1. ɉɪɢ ɜɫɟɯ ɜɪɟɦɟɧɚɯ ɤɨɧɬɚɤɬɚ ZnO/8ZrO2 ɪɚɛɨɬɚɥ 

ɫɬɚɛɢɥɶɧɨ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɇɚɢɛɨɥɶɲɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 

ɨɛɪɚɡɨɜɚɧɢɹ ɢɡɨɛɭɬɢɥɟɧɚ (43,9 ɦɨɥɶɧ%) ɧɚɛɥɸɞɚɥɢ ɩɪɢ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ 3,1 ɝ/ɝ.ɱ, 

ɩɪɢ ɷɬɨɦ ɜɵɯɨɞ ɟɝɨ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɢɥ 65,8 %. 

 ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɫɵɪɶɹ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɷɬɚɧɨɥɚ ɜ ɜɨɞɟ ɨɬ 20 

ɞɨ 80 ɦɚɫ% ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɫɦɟɫɶ, ɫɨɞɟɪɠɚɳɚɹ 50 

ɦɚɫ.% ɷɬɚɧɨɥɚ. ɉɪɢ ɷɬɨɦ ɫɨɫɬɚɜɟ ɫɵɪɶɹ ɜɵɯɨɞ ɢɡɨɛɭɬɢɥɟɧɚ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɢɥ 

67%. Ʉɚɬɚɥɢɡɚɬɨɪ ɪɚɛɨɬɚɥ ɫɬɚɛɢɥɶɧɨ, ɟɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɢɫɩɨɥɶɡɨɜɚɥɢ 20 ɢɥɢ 50% 

ɪɚɫɬɜɨɪ ɷɬɚɧɨɥɚ ɜ ɜɨɞɟ. ɉɪɢ ɜɵɫɨɤɨɦ ɫɨɞɟɪɠɚɧɢɢ ɷɬɚɧɨɥɚ ɜ ɫɵɪɶɟ ɤɚɬɚɥɢɡɚɬɨɪ ɛɵɫɬɪɨ 

ɞɟɡɚɤɬɢɜɢɪɭɟɬɫɹ. ȼɟɪɨɹɬɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɪɚɡɭɟɬɫɹ ɢɡɨɛɭɬɢɥɟɧ, 

ɤɨɬɨɪɵɣ ɜ ɨɬɫɭɬɫɬɜɢɢ ɪɚɡɛɚɜɥɟɧɢɹ ɩɚɪɚɦɢ ɜɨɞɵ ɥɟɝɤɨ ɨɥɢɝɨɦɟɪɢɡɭɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɛɵɫɬɪɨɣ ɞɟɡɚɤɬɢɜɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

  Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ZnO/ZrO2 ɤɚɬɚɥɢɡɚɬɨɪɵ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɩɨɫɥɟ ɪɟɝɟɧɟɪɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 530-550 ɨC ɜ ɬɨɤɟ ɜɨɡɞɭɯɚ ɜ ɬɟɱɟɧɢɟ 4-6 

ɱɚɫɨɜ.  
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɨɫɬɚɜɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɭɫɥɨɜɢɣ 

ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɢɡɨɛɭɬɢɥɟɧɚ ɢɡ 

ɷɬɚɧɨɥɚ ɨɩɬɢɦɚɥɶɧɵɦ ɦɨɥɶɧɵɦ ɨɬɧɨɲɟɧɢɟɦ Zr:Zn, ɩɨɡɜɨɥɹɸɳɟɦ ɩɨɥɭɱɚɬɶ ɢɡɨɛɭɬɢɥɟɧ 

ɫ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ 45-50%, ɹɜɥɹɟɬɫɹ 8-20, ɨɩɬɢɦɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɩɪɨɜɟɞɟɧɢɹ 

ɩɪɟɜɪɚɳɟɧɢɹ ɷɬɚɧɨɥɚ ɜ ɢɡɨɛɭɬɢɥɟɧ ɹɜɥɹɸɬɫɹ 500 ɨɋ, ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɫɵɪɶɹ 3 ɝ/ɝ.ɱ, 

ɫɵɪɶɟ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ ɫɨɛɨɣ 50% ɪɚɫɬɜɨɪ ɷɬɚɧɨɥɚ ɜ ɜɨɞɟ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɂɇɏɋ ɊȺɇ. 
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ɆȿɆȻɊȺɇɇɕȿ ɆȺɌȿɊɂȺɅɕ ɇȺ ɈɋɇɈȼȿ 
ɉɈɅɂɆȿɌɂɅȺɅɄɂɅɋɂɅɈɄɋȺɇɈȼ ɋ ɊȺɁɅɂɑɇɈɃ ȾɅɂɇɈɃ ȻɈɄɈȼɈȽɈ 

ɁȺɆȿɋɌɂɌȿɅə ȾɅə ɉȿɊȼȺɉɈɊȺɐɂɈɇɇɈȽɈ ȼɕȾȿɅȿɇɂə 
ɈɄɋɂȽȿɇȺɌɈȼ ɂɁ ȼɈȾɕ 

ɉɨɞɬɵɧɧɢɤɨɜ ɂ.Ⱥ., Ƚɪɭɲɟɜɟɧɤɨ ȿ.Ⱥ., Ƚɨɥɭɛɟɜ Ƚ.ɋ., ɒɚɪɨɜɚ Ɉ.Ⱥ., ȼɨɥɤɨɜ ȼ.ȼ., 
Ȼɨɪɢɫɨɜ ɂ.Ʌ. 

MEMBRANE MATERIAL BASED ON POLYMETHYLALKYLSILOXANES  

WITH VARIOUS LENGTH SIDE-CHAIN SUBSTITUTED FOR PERVAPORATION 

REMOVAL OXYGENATE FROM WATER 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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Ɉɤɫɢɝɟɧɚɬɵ – ɡɚɝɪɹɡɧɹɸɳɢɟ ɜɟɳɟɫɬɜɚ ɜ ɫɬɨɤɚɯ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɢ 

ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ, ɬɚɤɢɟ ɤɚɤ 

ɛɢɨɨɱɢɫɬɤɚ, ɧɟ ɜɵɞɟɥɹɸɬ ɨɤɫɢɝɟɧɚɬɵ, ɤɚɤ ɩɪɨɞɭɤɬ ɜɵɫɨɤɨɣ ɞɨɛɚɜɨɱɧɨɣ ɫɬɨɢɦɨɫɬɢ, ɚ 

ɭɬɢɥɢɡɢɪɭɸɬ ɢɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ, ɱɬɨ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɢ 

ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ [1]. ɉɟɪɜɚɩɨɪɚɰɢɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɜɵɞɟɥɟɧɢɹ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ 

ɜɨɞɧɵɯ ɫɪɟɞ [2]. ɉɟɪɜɚɩɨɪɚɰɢɟɣ ɧɚɡɵɜɚɸɬ ɩɪɨɰɟɫɫ ɢɫɩɚɪɟɧɢɹ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ, ɬ.ɟ. 

ɠɢɞɤɚɹ ɪɚɡɞɟɥɹɟɦɚɹ ɫɦɟɫɶ ɩɪɢɜɨɞɢɬɫɹ ɜ ɤɨɧɬɚɤɬ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɨɣ ɧɟɩɨɪɢɫɬɨɣ ɦɟɦɛɪɚɧɵ 

ɫɟɥɟɤɬɢɜɧɨɣ ɩɨ ɰɟɥɟɜɵɦ ɤɨɦɩɨɧɟɧɬɚɦ, ɚ ɫ ɨɛɪɚɬɧɨɣ ɫɬɨɪɨɧɵ ɦɟɦɛɪɚɧɵ ɩɪɨɞɭɤɬ, 

ɨɛɨɝɚɳɟɧɧɵɣ ɩɨ ɰɟɥɟɜɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɪɚɡɞɟɥɹɟɦɨɣ ɫɦɟɫɢ, ɭɞɚɥɹɟɬɫɹ ɜ ɜɢɞɟ ɩɚɪɚ. Ʉ 

ɨɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɨɤɫɢɝɟɧɚɬɨɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ 

ɛɟɡɪɟɚɝɟɧɬɧɨɫɬɶ, ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɨɤɫɢɝɟɧɚɬɨɜ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ (30-60 ˚ɋ), ɨɬɫɭɬɫɬɜɢɟ ɪɟɝɟɧɟɪɚɰɢɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɮɚɡɵ (ɚɞɫɨɪɛɟɧɬ, 

ɷɤɫɬɪɚɝɟɧɬ, ɫɞɭɜɨɱɧɵɣ ɝɚɡ ɢ ɬ.ɞ.), ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɨɤɫɢɝɟɧɚɬɨɜ, ɹɜɥɹɸɳɢɯɫɹ ɩɪɨɞɭɤɬɚɦɢ ɫ ɜɵɫɨɤɨɣ ɞɨɛɚɜɨɱɧɨɣ ɫɬɨɢɦɨɫɬɶɸ.  

ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɨɤɫɢɝɟɧɚɬɨɜ ɢɡ ɜɨɞɵ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɞɟɥɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɦɟɦɛɪɚɧɵ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢɡ ɜɨɞɧɵɯ 

ɫɪɟɞ ɩɪɢɦɟɧɹɸɬɫɹ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɧɚ ɨɫɧɨɜɟ ɫɢɥɢɤɨɧɨɜɵɯ ɤɚɭɱɭɤɨɜ 

(ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɞɢɦɟɬɢɥɫɢɥɨɤɫɚɧɚ (ɉȾɆɋ)) [3, 4]. Ɇɟɦɛɪɚɧɵ ɧɚ 

ɨɫɧɨɜɟ ɉȾɆɋ ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ, ɱɬɨɛɵ ɫɞɟɥɚɬɶ 

ɩɟɪɜɨɩɨɪɚɰɢɨɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ 

ɞɢɫɬɢɥɥɹɰɢɟɣ ɠɢɞɤɨɫɬɟɣ [3]. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɦɟɦɛɪɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ 

ɩɨɥɢɦɟɬɢɥɫɢɥɨɤɫɚɧɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɜ ɩɪɨɰɟɫɫɟ ɜɵɞɟɥɟɧɢɹ ɨɤɫɢɝɟɧɚɬɨɜ 

ɢɡ ɜɨɞɵ ɦɟɬɨɞɨɦ ɩɟɪɜɚɩɨɪɚɰɢɢ.  

ɋ-IV-6 

mailto:podtynnikov@ips.ac.ru


694 

 

Ɏɨɪɦɨɜɨɱɧɵɣ ɪɚɫɬɜɨɪ ɢ ɫɩɥɨɲɧɵɟ ɦɟɦɛɪɚɧɵ ɩɨɥɭɱɚɥɢ ɩɨ ɧɟɞɚɜɧɨ ɩɪɟɞɥɨɠɟɧɧɨɣ 

ɦɟɬɨɞɢɤɟ [5], ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɨɜɵɣ ɨɞɧɨɫɬɚɞɢɣɧɵɣ in situ ɦɟɬɨɞ ɫɢɧɬɟɡɚ 

ɢ ɜɭɥɤɚɧɢɡɚɰɢɢ ɡɚɦɟɳɟɧɧɨɝɨ ɩɨ ɛɨɤɨɜɨɣ ɰɟɩɢ ɩɨɥɢɦɟɬɢɥɫɢɥɨɤɫɚɧɚ. ȼ ɛɨɤɨɜɭɸ ɰɟɩɶ 

ɩɨɥɢɦɟɬɢɥɝɢɞɪɨɫɢɥɨɤɫɚɧɚ ɩɨ ɪɟɚɤɰɢɢ ɝɢɞɪɨɫɢɥɢɥɢɪɨɜɚɧɢɹ ɜɜɨɞɢɥɢɫɶ ɬɚɤɢɟ 

ɡɚɦɟɫɬɢɬɟɥɢ, ɤɚɤ ɝɟɤɫɢɥ (ɉȽɟɤɆɋ), ɝɟɩɬɢɥ (ɉȽɟɩɬɆɋ), ɞɟɰɢɥ (ɉȾɟɰɆɋ), ɩɭɬɟɦ 

ɡɚɦɟɳɟɧɢɹ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ ɜ ɩɨɥɢɦɟɬɢɥɝɢɞɪɨɫɢɥɨɤɫɚɧɟ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ ɪɚɞɢɤɚɥ ɩɨ 

ɪɟɚɤɰɢɢ ɝɢɞɪɨɫɢɥɢɥɢɪɨɜɚɧɢɹ ɑ-ɨɥɟɮɢɧɚɦɢ. ɋɯɟɦɚ ɪɟɚɤɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. ȼ 

ɤɚɱɟɫɬɜɟ ɫɲɢɜɚɸɳɟɝɨ ɚɝɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ 1,7-ɨɤɬɚɞɢɟɧ. ɉɨɥɧɨɬɭ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ 

ɝɢɞɪɨɫɢɥɢɥɢɪɨɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɚɥɢ ɦɟɬɨɞɨɦ ɂɄ-Ɏɭɪɶɟ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. Ɋɟɝɢɫɬɪɚɰɢɹ ɂɄ 

ɫɩɟɤɬɪɨɜ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɪɟɠɢɦɟ ɨɬɪɚɠɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɨɤ ɧɚ ɂɄ ɦɢɤɪɨɫɤɨɩɟ 

HYPERION-2000, ɫɨɩɪɹɠɟɧɧɵɦ ɫ ɂɄ ɮɭɪɶɟ ɫɩɟɤɬɪɨɦɟɬɪɨɦ IFS 66 v/s Bruker (ɤɪɢɫɬɚɥɥ 

Ge, ɫɤɚɧ.- 50, ɪɚɡɪɟɲɟɧɢɟ 2 ɫɦ-1, ɞɢɚɩɚɡɨɧ 600-4000ɫɦ-1). Ɇɟɦɛɪɚɧɵ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ 

ɩɨɥɢɜɚ ɧɚ ɫɟɬɤɭ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ (ɪɚɡɦɟɪ ɹɱɟɣɤɢ 40 ɦɤɦ), ɡɚɤɪɟɩɥɟɧɧɭɸ ɧɚ 

ɬɟɮɥɨɧɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɭɲɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 60°ɋ ɜ ɬɟɱɟɧɢɟ 24 

ɱɚɫɨɜ. Ɉɫɬɚɬɤɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɭɞɚɥɹɥɢ ɩɭɬɟɦ ɫɭɲɤɢ ɜ ɜɚɤɭɭɦɧɨɦ ɲɤɚɮɭ. Ɍɨɥɳɢɧɚ ɩɥɟɧɨɤ 

ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɢɧɬɟɪɜɚɥɟ 40-50 ɦɤɦ.  

 

Ɋɢɫ. 1. ɋɯɟɦɚ ɪɟɚɤɰɢɢ ɩɨɥɭɱɟɧɢɹ ɡɚɦɟɳɟɧɧɵɯ ɩɨ ɛɨɤɨɜɨɣ ɰɟɩɢ 

ɩɨɥɢɦɟɬɢɥɫɢɥɨɤɫɚɧɨɜ.  

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɫɪɚɜɧɟɧɢɹ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɦɟɦɛɪɚɧɚ ɧɚ ɨɫɧɨɜɟ ɉȾɆɋ. 

Ɇɟɦɛɪɚɧɭ ɩɨɥɭɱɚɥɢ ɩɭɬɟɦ ɩɨɥɢɜɚ, ɚɧɚɥɨɝɢɱɧɨ ɦɟɦɛɪɚɧɚɦ ɧɚ ɨɫɧɨɜɟ ɡɚɦɟɳɟɧɧɨɝɨ 

ɩɨɥɢɦɟɬɢɥɫɢɥɨɤɫɚɧɚ. ȼ ɤɚɱɟɫɬɜɟ ɫɲɢɜɚɸɳɟɝɨ ɚɝɟɧɬɚ ɜɢɧɢɥɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɉȾɆɋ 

ɩɪɢɦɟɧɹɥɢ ɉɆȽɋ. ɋɲɢɜɤɭ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ Ʉɚɪɫɬɟɞɚ 

(ɫɨɨɬɧɨɲɟɧɢɟ ɉȾɆɋ:ɉɆȽɋ:ɤɚɬɚɥɢɡɚɬɨɪ ɫɨɫɬɚɜɥɹɥɨ 10:1:0.01). ɂɡɭɱɟɧɢɟ 

ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɵɯ ɦɟɦɛɪɚɧ ɩɪɨɜɨɞɢɥɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ 

ɜɚɤɭɭɦɧɨɣ ɩɟɪɜɚɩɨɪɚɰɢɢ ɧɚ ɦɨɞɟɥɶɧɵɯ ɛɢɧɚɪɧɵɯ ɪɚɫɬɜɨɪɚɯ (1 ɦɚɫɫ. %) ɷɬɚɧɨɥɚ, ɧ-

ɩɪɨɩɚɧɨɥɚ ɢ ɧ-ɛɭɬɚɧɨɥɚ ɜ ɜɨɞɟ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30°ɋ 

ɩɨɥɭɱɟɧɧɵɯ ɦɟɦɛɪɚɧ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1 ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɦɟɦɛɪɚɧɨɣ ɉȾɆɋ.  
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Ɍɚɛɥɢɰɚ 1. ɉɟɜɚɪɩɨɪɚɰɢɨɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɛɢɧɚɪɧɨɣ ɦɨɞɟɥɶɧɨɣ ɫɦɟɫɢ 

 1 ɦɚɫɫ. % ɧ-ɛɭɬɚɧɨɥ/ɜɨɞɚ 

Ɇɟɦɛɪɚɧɚ Ɉɛɳɢɣ ɩɨɬɨɤ, ɤɝ/ɦ2ɱ ɉɨɬɨɤ ɧ-ɛɭɬɚɧɨɥɚ, ɤɝ/ɦ2ɱ Ɏɚɤɬɨɪ ɪɚɡɞɟɥɟɧɢɹ (X/H2O) 

ɉȾɆɋ 0,0291 0,0081 38,50 

ɉȽɟɤɆɋ 0,0135 0,0063 85,46 

ɉȽɟɩɬɆɋ 0,0086 0,0045 105,73 

ɉȾɟɰɆɋ 0,0050 0,0027 114,59 

 

ɂɡ ɬɚɛɥ. 1 ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ 

ɛɨɤɨɜɨɣ ɰɟɩɢ ɩɨɬɨɤ ɩɟɪɦɟɚɬɚ ɫɧɢɠɚɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɮɚɤɬɨɪ 

ɪɚɡɞɟɥɟɧɢɹ ɫ 38,50 (ɦɟɬɢɥ) ɞɨ 114,59 (ɞɟɰɢɥ). ɉɨ-ɜɢɞɢɦɨɦɭ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɝɢɞɪɨɮɨɛɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ [6].  

ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɦɟɦɛɪɚɧɵ ɫ ɚɥɤɢɥɶɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɋ6-ɋ10 

ɨɛɥɚɞɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɢɦɢ ɮɚɤɬɨɪɚɦɢ ɪɚɡɞɟɥɟɧɢɹ ɩɨ ɫɦɟɫɹɦ ɫɩɢɪɬ/ɜɨɞɚ, ɱɟɦ 

ɉȾɆɋ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɨɝɨ ɜɵɞɟɥɟɧɢɹ 

ɫɩɢɪɬɨɜ ɢɡ ɜɨɞɵ ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɵɣ ɢɧɞɟɤɫ ɪɚɡɞɟɥɟɧɢɹ (PSI) ɩɨ 

ɭɪɚɜɧɟɧɢɸ (1): 𝑃ܵܫ = ܬ ∙ ሺ𝛼 − ͳሻ                                                         (1) 

 

Ƚɞɟ J – ɨɛɳɢɣ ɩɨɬɨɤ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ, α - ɮɚɤɬɨɪ ɪɚɡɞɟɥɟɧɢɹ. Ɂɧɚɱɟɧɢɹ 

ɩɨɥɭɱɟɧɧɵɯ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɵɯ ɢɧɞɟɤɫɨɜ ɪɚɡɞɟɥɟɧɢɹ ɞɥɹ ɦɟɦɛɪɚɧ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 

 

Ɍɚɛɥɢɰɚ 2. ɉɟɪɜɚɩɨɪɚɰɢɨɧɧɵɟ ɢɧɞɟɤɫɵ ɪɚɡɞɟɥɟɧɢɹ (PSI) ɫɦɟɫɢ ɧ-ɛɭɬɚɧɨɥ/ɜɨɞɚ ɞɥɹ 

ɦɟɦɛɪɚɧ ɧɚ ɨɫɧɨɜɟ ɡɚɦɟɳɟɧɧɵɯ ɩɨ ɛɨɤɨɜɨɣ ɰɟɩɢ ɩɨɥɢɦɟɬɢɥɫɢɥɨɫɚɧɨɜ. 

Ɇɟɦɛɪɚɧɚ PSI (BuOH /H2O) 

ɉȽɟɤɆɋ 1,14 

ɉȽɟɩɬɆɋ 0,90 

ɉȾɟɰɆɋ 0,57 

Ʉɚɤ ɦɨɠɧɨ ɜɢɞɟɬɶ ɢɡ ɬɚɛɥ. 2 ɧɚɢɛɨɥɶɲɢɦ PSI ɩɨ ɫɦɟɫɢ ɛɭɬɚɧɨɥ/ɜɨɞɚ ɨɛɥɚɞɚɟɬ 

ɦɟɦɛɪɚɧɚ ɉȽɟɤɆɋ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɟɟ ɧɚɢɛɨɥɶɲɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ 

ɩɪɨɰɟɫɫɟ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɜɨɞɧɨ-ɫɩɢɪɬɨɜɵɯ ɫɦɟɫɟɣ.   
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ Ɋɨɫɫɢɣɫɤɨɝɨ ɇɚɭɱɧɨɝɨ Ɏɨɧɞɚ (ɩɪɨɟɤɬ 

№ 17-79-20296). 
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ɗɎɎȿɄɌɂȼɇɕɃ ɆȿɆȻɊȺɇɇɕɃ ɆȿɌɈȾ ȼɕȾȿɅȿɇɂə ȻɂɈɋɉɂɊɌɈȼ 
ɄȺɄ ȺɅɖɌȿɊɇȺɌɂȼɇɕɏ ɂɋɌɈɑɇɂɄɈȼ ɗɇȿɊȽɂɂ 

Ʉɨɡɥɨɜɚ Ⱥ.Ⱥ., ɒɚɥɵɝɢɧ Ɇ.Ƚ., Ɍɟɩɥɹɤɨɜ ȼ.ȼ.  
EFFECTIVE MEMBRANE METHOD OF BIOALCOHOLS RECOVERY AS 

ALTERNATIVE SOURCES OF ENERGY 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 
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ɑɟɥɨɜɟɤɭ ɧɭɠɧɚ ɷɧɟɪɝɢɹ, ɩɪɢɱɟɦ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɧɟɣ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɫ ɤɚɠɞɵɦ 

ɝɨɞɨɦ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɦɦɚɪɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 

200 ɦɥɪɞ. ɤȼɬ·ɱ ɜ ɝɨɞ (ɷɤɜɢɜɚɥɟɧɬɧɨ 36 ɦɥɪɞ. ɬ ɭɫɥ. ɬɨɩɥɢɜɚ), ɢɡ ɧɢɯ ɧɚ ɞɨɥɸ Ɋɨɫɫɢɢ 

ɩɪɢɯɨɞɢɬɫɹ ɨɤɨɥɨ 5% [1]. Ɉɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɨɥɭɱɟɧɢɹ ɷɧɟɪɝɢɢ ɹɜɥɹɸɬɫɹ 

ɬɪɚɞɢɰɢɨɧɧɵɟ ɷɧɟɪɝɨɧɨɫɢɬɟɥɢ: ɧɟɮɬɶ, ɭɝɨɥɶ ɢ ɩɪɢɪɨɞɧɵɣ ɝɚɡ. Ɉɞɧɢɦ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ ɹɜɥɹɟɬɫɹ ɛɢɨɦɚɫɫɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɪɚɛɨɬɚɧɚ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ 

ɜ ɫɢɧɬɟɡ-ɝɚɡ, ɛɢɨɝɚɡ, ɛɢɨɫɩɢɪɬɵ (ɷɬɚɧɨɥ, ɛɭɬɚɧɨɥ). Ȼɢɨɫɩɢɪɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɧɚɩɪɹɦɭɸ ɤɚɤ ɠɢɞɤɨɟ ɛɢɨɬɨɩɥɢɜɨ ɥɢɛɨ ɩɪɟɨɛɪɚɡɨɜɚɧɵ ɜ ɤɨɦɩɨɧɟɧɬɵ ɬɪɚɞɢɰɢɨɧɧɵɯ 

ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ. 

ɉɨɥɭɱɚɸɬ ɛɢɨɫɩɢɪɬɵ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɩɟɪɟɪɚɛɨɬɤɨɣ ɛɢɨɦɚɫɫɵ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɱɟɝɨ ɨɛɪɚɡɭɸɬɫɹ ɪɚɡɛɚɜɥɟɧɧɵɟ ɜɨɞɧɨ-ɫɩɢɪɬɨɜɵɟ ɪɚɫɬɜɨɪɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɷɬɚɧɨɥɚ 7–10 

ɦɚɫɫ.% ɢ ɛɭɬɚɧɨɥɚ – 1–1.5 ɦɚɫɫ.%. Ⱦɨɫɬɢɠɟɧɢɟ ɷɬɨɝɨ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɫɩɢɪɬɚ ɜ 

ɫɦɟɫɢ ɩɪɢɜɨɞɢɬ ɤ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɛɢɨɩɪɨɰɟɫɫɚ, ɩɨɷɬɨɦɭ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɝɥɭɛɢɧɵ ɩɟɪɟɪɚɛɨɬɤɢ ɬɪɟɛɭɟɬɫɹ ɧɟɩɪɟɪɵɜɧɨɟ ɭɞɚɥɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɩɪɨɞɭɤɬɚ ɜ ɯɨɞɟ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ɍɪɚɞɢɰɢɨɧɧɨ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɜɨɞɧɨ-

ɫɩɢɪɬɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɮɟɪɦɟɧɬɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɵɣ ɦɟɬɨɞ, 

ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɥɭɱɚɬɶ ɷɬɚɧɨɥ ɢ ɛɭɬɚɧɨɥ ɫ ɱɢɫɬɨɬɨɣ 96 ɢ 99 ɦɚɫɫ.%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɉɞɧɚɤɨ ɜ ɫɜɹɡɢ ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɩɢɪɬɚ ɜ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɪɟɤɬɢɮɢɤɚɰɢɹ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɷɧɟɪɝɨɡɚɬɪɚɬɚɦɢ, ɧɚɩɪɢɦɟɪ ɞɥɹ ɛɭɬɚɧɨɥɚ 20 ɆȾɠ/ɤɝ, 

ɱɬɨ ɞɟɥɚɟɬ ɧɟɜɵɝɨɞɧɵɦ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ 

ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɫɪɚɜɧɢɦɨ ɫ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ ɛɭɬɚɧɨɥɚ (36 ɆȾɠ/ɤɝ). 

ɋɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɢɬɶ ɷɧɟɪɝɨɡɚɬɪɚɬɵ (ɞɨ 7 ɆȾɠ/ɤɝ(ɛɭɬɚɧɨɥɚ)) ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɟɧɢɟ 

ɦɟɦɛɪɚɧɧɨɝɨ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɫɟɥɟɤɬɢɜɧɨɦ ɢɫɩɚɪɟɧɢɢ 

ɫɩɢɪɬɚ ɢɡ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɪɟɞɵ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɦɟɬɨɞ ɢɦɟɟɬ ɫɜɨɢ 

ɧɟɞɨɫɬɚɬɤɢ: ɡɚɫɨɪɟɧɢɟ ɦɟɦɛɪɚɧɵ ɛɢɨɫɪɟɞɨɣ ɢ ɧɢɡɤɨɥɟɬɭɱɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɫɦɟɫɢ; 

ɧɟɜɵɫɨɤɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɦɟɦɛɪɚɧ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɩɢɪɬɚɦ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɬɪɟɛɭɟɬɫɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɫɬɚɞɢɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɫɩɢɪɬɚ, ɧɚɩɪɢɦɟɪ, ɪɟɤɬɢɮɢɤɚɰɢɟɣ. 

ɋ-IV-7 
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɫɩɢɪɬɨɜ ɢɡ 

ɮɟɪɦɟɧɬɚɰɢɨɧɧɵɯ ɫɦɟɫɟɣ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɚɪɨɮɚɡɧɨɝɨ ɦɟɦɛɪɚɧɧɨɝɨ 

ɦɟɬɨɞɚ [2], ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɤɨɦɛɢɧɚɰɢɢ ɨɬɞɭɜɤɢ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɦɟɫɢ ɝɚɡɨɦ-

ɧɨɫɢɬɟɥɟɦ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɦɟɦɛɪɚɧɧɵɦ ɪɚɡɞɟɥɟɧɢɟɦ ɩɨɥɭɱɚɟɦɨɣ ɩɚɪɨ-ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɢ 

ɤɨɧɞɟɧɫɚɰɢɟɣ ɨɛɨɝɚɳёɧɧɵɯ ɩɚɪɨɜ ɫɩɢɪɬɚ (ɪɢɫ.1). ɉɪɢɦɟɧɟɧɢɟ ɩɚɪɨɮɚɡɧɨɝɨ ɦɟɬɨɞɚ ɞɥɹ 

ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɩɟɪɜɚɩɨɪɚɰɢɟɣ, ɩɨɫɤɨɥɶɤɭ ɨɧ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ [3]. ɇɚɥɢɱɢɟ 

ɩɚɪɨɜɨɣ ɮɚɡɵ ɫɧɢɦɚɟɬ ɩɪɨɛɥɟɦɭ ɜɨɡɦɨɠɧɨɝɨ ɡɚɫɨɪɟɧɢɹ ɦɟɦɛɪɚɧɵ ɛɢɨɫɪɟɞɨɣ ɢ 

ɧɢɡɤɨɥɟɬɭɱɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ, ɤɚɤ ɢ ɩɟɪɜɚɩɨɪɚɰɢɹ, ɩɨɡɜɨɥɹɟɬ 

ɪɟɚɥɢɡɨɜɚɬɶ ɩɪɨɰɟɫɫ ɧɟɩɪɟɪɵɜɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɛɢɨɫɩɢɪɬɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɨ ɜɪɟɦɹ 

ɮɟɪɦɟɧɬɚɰɢɢ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɢɨɪɟɚɤɬɨɪɚ ɢ ɩɨɜɵɲɚɟɬ ɝɥɭɛɢɧɭ 

ɩɟɪɟɪɚɛɨɬɤɢ ɫɵɪɶɹ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɟɪɜɚɩɨɪɚɰɢɢ ɜɨɡɦɨɠɧɨ ɜɚɪɶɢɪɨɜɚɧɢɟ ɭɫɥɨɜɢɣ 

ɩɪɨɰɟɫɫɚ (ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ, ɚɤɬɢɜɧɨɫɬɢ ɩɚɪɨɜ) ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɛɟɡ 

ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɮɟɪɦɟɧɬɚɰɢɨɧɧɨɣ ɫɪɟɞɵ, ɫɩɨɫɨɛɧɨɣ ɩɨɜɥɢɹɬɶ 

ɧɚ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɶ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 

 

Ɋɢɫ. 1. ɋɯɟɦɚ ɩɪɨɰɟɫɫɚ ɩɚɪɨɮɚɡɧɨɝɨ ɦɟɦɛɪɚɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɜɨɞɧɨ-ɛɭɬɚɧɨɥɶɧɨɣ ɫɦɟɫɢ 

ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɨɞɨɫɟɥɟɤɬɢɜɧɨɣ ɦɟɦɛɪɚɧɵ 

 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɬɨɞɚ ɞɨɫɬɢɝɚɟɬɫɹ, ɜ ɬɨɦ ɱɢɫɥɟ, ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɜ 

ɪɚɡɛɚɜɥɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɫɩɢɪɬ-ɜɨɞɚ ɧɚɛɥɸɞɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ 

ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɡɚɤɨɧɚ Ɋɚɭɥɹ – ɫɨɞɟɪɠɚɧɢɟ ɫɩɢɪɬɚ ɜ ɩɚɪɨɜɨɣ ɮɚɡɟ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ 

ɜ ɢɫɯɨɞɧɨɣ ɠɢɞɤɨɣ ɮɚɡɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɚɪɨɮɚɡɧɵɣ ɦɟɦɛɪɚɧɧɵɣ ɦɟɬɨɞ ɞɨɩɭɫɤɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɧɟ ɬɨɥɶɤɨ ɫɩɢɪɬɨɫɟɥɟɤɬɢɜɧɵɯ, ɧɨ ɢ ɜɨɞɨɫɟɥɟɤɬɢɜɧɵɯ ɦɟɦɛɪɚɧ, 

ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɬɶ ɫɩɢɪɬɵ ɜ ɨɞɧɭ ɫɬɚɞɢɸ ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɢɫɩɚɪɟɧɢɹ ɨɫɧɨɜɧɨɣ ɦɚɫɫɵ ɜɨɞɵ. 

 
 

Ƚɚɡ-

ɧɨɫɢɬɟɥɶ + ɩɚɪɵ 

21 ɦɚɫɫ.% 

1 ɦɚɫɫ.% 

 

Ɉɬɞɭɜɤɚ Ɇɟɦɛ

ɪɚɧɧɨɟ 

ɀɢɞɤɚɹ ɮɚɡɚ 

ɉɚɪɨɜɚɹ ɮɚɡɚ 

Ƚɚɡ-

ɧɨɫɢɬɟɥɶ + ɩɚɪɵ 

Ƚ

ɚɡ-ɧɨɫɢɬɟɥɶ 

Ʉɨɧ

ɞɟɧɫɚɬɨɪ 

9

7 ɦɚɫɫ % 
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ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɟɪɟɧɨɫɚ ɩɚɪɨɜ ɜɨɞɧɨ-ɷɬɚɧɨɥɶɧɨɣ ɢ ɜɨɞɧɨ-

ɛɭɬɚɧɨɥɶɧɨɣ ɫɦɟɫɟɣ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɜɨɞɨɫɟɥɟɤɬɢɜɧɵɯ ɦɟɦɛɪɚɧ ɧɚ ɨɫɧɨɜɟ ɰɟɥɥɸɥɨɡɵ (ɰɟɥɥɨɮɚɧ), ɩɨɥɢɜɢɧɢɥɬɪɢɦɟɬɢɥɫɢɥɚɧɚ 

(ɉȼɌɆɋ) ɢ ɩɨɥɢɩɢɩɟɪɚɡɢɧɚɦɢɞɚ (ɩɪɨɦɵɲɥɟɧɧɚɹ ɦɟɦɛɪɚɧɚ ɇɚɊɆ). ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ 

ɩɨ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɚɪɨɜ ɫɩɢɪɬɨɜ ɢ ɜɨɞɵ ɩɪɨɜɟɞɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɩɪɨɰɟɫɫɚ, ɩɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2 ɢ 3.  

 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɢɡɜɥɟɱɟɧɢɹ ɛɭɬɚɧɨɥɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɭɬɚɧɨɥɚ ɜ 

ɤɨɧɞɟɧɫɚɬɟ ɢ ɩɪɢɦɟɧɹɟɦɨɣ ɦɟɦɛɪɚɧɵ 

 

 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɬ 

ɩɨɥɭɱɚɟɦɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɭɬɚɧɨɥɚ ɜ ɤɨɧɞɟɧɫɚɬɟ ɢ 

ɩɪɢɦɟɧɹɟɦɨɣ ɦɟɦɛɪɚɧɵ 

 

00.10.20.30.40.50.60.70.80.91
82% 84% 86% 88% 90% 92% 94% 96% 98% 100%ɋ

ɬɟ
ɩɟ

ɧь
 ɢ

ɡɜ
ɥɟ

ɱɟ
ɧɢ

я 
C 4H 9OH

Кɨɧɰɟɧɬɪɚɰɢя C4H9OH, ɦɚɫ.%

Цɟɥɥɨɮɚɧɨɜɚя ɦɟɦɛɪɚɧɚ
Ɇɟɦɛɪɚɧɚ ɉВɌɆɋ
Ɇɟɦɛɪɚɧɚ ɇɚɊɆ

00.20.40.60.811.21.4
82% 84% 86% 88% 90% 92% 94% 96% 98% 100%ɉ

ɪɨ
ɢɡ

ɜɨ
ɞɢ

ɬɟ
ɥь

ɧɨ
ɫɬ

ь,
 ɤɝ

/(ɦ
2 ·ɱ)

Кɨɧɰɟɧɬɪɚɰɢя C4H9OH, ɦɚɫ.%

Цɟɥɥɨɮɚɧɨɜɚя ɦɟɦɛɪɚɧɚ
Ɇɟɦɛɪɚɧɚ ɉВɌɆɋ
Ɇɟɦɛɪɚɧɚ ɇɚɊɆ



700 

 

ɂɡ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. 2 ɢ 3 ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɵɣ 

ɩɪɨɰɟɫɫ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɞɧɨɫɬɚɞɢɣɧɨɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɛɢɨɛɭɬɚɧɨɥɚ ɞɨ 98 

ɦɚɫɫ.% ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɢɡɜɥɟɱɟɧɢɹ ɫɩɢɪɬɚ – 0,9 (ɢɫɯɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 

ɛɭɬɚɧɨɥɚ 1 ɦɚɫɫ.%). Ⱥɧɚɥɨɝɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɥɭɱɟɧɵ ɞɥɹ ɜɨɞɧɨ-ɷɬɚɧɨɥɶɧɨɝɨ 

ɪɚɫɬɜɨɪɚ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨɥɭɱɚɟɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɩɢɪɬɚ 

ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɜɚɩɨɪɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɟɚɥɢɡɚɰɢɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɚɪɨɮɚɡɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɜɨɞɧɨ-ɫɩɢɪɬɨɜɵɯ ɫɦɟɫɟɣ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɨɞɨɫɟɥɟɤɬɢɜɧɵɯ ɦɟɦɛɪɚɧ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɦɵɲɥɟɧɧɵɯ, ɪɨɫɫɢɣɫɤɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ. Ȼɨɥɟɟ ɬɨɝɨ, ɩɪɢɦɟɧɟɧɢɟ ɩɚɪɨɮɚɡɧɨɝɨ ɦɟɦɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɨɡɜɨɥɢɬ 

ɫɧɢɡɢɬɶ ɫɬɨɢɦɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɛɢɨɫɩɢɪɬɨɜ ɢ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɪɚɡɜɢɬɢɸ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ, ɩɪɨɟɤɬ №16-08-01187. 
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ɌɊɈɃɇȺə ɋɈɉɈɅɂɆȿɊɂɁȺɐɂɂ ɋɈ2 ɋ ɉɊɈɉɂɅȿɇɈɄɋɂȾɈɆ ɂ 
ȻɍɌȿɇɈɄɋɂȾɈɆ 

Ʉɨɪɟɧɤɨɜ Ʉ.Ɉ. 1, ɑɭɤɚɧɨɜɚ Ɉ.Ɇ.2, ɋɟɞɨɜ ɂ.ȼ.2  
COPOLYMERIZATION OF CO2 WITH PROPYLENE OXIDE  

AND BUTENE OXIDE 
1 Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

E-mail: konstantinkorenkov@mail.ru 
2 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ, ɑɟɪɧɨɝɨɥɨɜɤɚ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɧɨɜɨɣ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɹɜɥɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 

ɩɪɨɞɭɤɬɵ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ, ɨɞɧɚɤɨ ɧɢɡɤɚɹ ɝɥɭɛɢɧɚ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ (80 – 90 %) ɢ 

ɧɢɡɤɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɟɮɬɟɯɢɦɢɢ 

ɨɛɭɫɥɨɜɥɢɜɚɸɬ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɩɨɢɫɤɨɜ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɫɵɪɶɹ [ɋɬɪɚɬɟɝɢɹ 

ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. ɍɬɜɟɪɠɞɟɧɚ ɍɤɚɡɨɦ 

ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 1 ɞɟɤɚɛɪɹ 2016 ɝ. № 642]. Ⱦɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ – 

ɞɟɲɟɜɵɣ ɜɨɡɨɛɧɨɜɥɹɟɦɵɣ ɢɫɬɨɱɧɢɤ ɭɝɥɟɪɨɞɚ, ɱɬɨ ɚɤɬɭɚɥɢɡɢɪɭɟɬ ɡɚɞɚɱɭ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɞɚɧɧɨɣ ɦɨɥɟɤɭɥɵ ɤɚɤ ɚɥɶɬɟɪɧɚɬɢɜɵ ɭɝɥɟɜɨɞɨɪɨɞɧɨɦɭ ɫɵɪɶɸ. 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɋɈ2, ɹɜɥɹɟɬɫɹ 

ɫɢɧɬɟɡ ɫɨɩɨɥɢɦɟɪɨɜ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɫ ɷɩɨɤɫɢɞɚɦɢ [1-3]. 

Ⱦɚɧɧɚɹ ɪɟɚɤɰɢɹ ɷɮɮɟɤɬɢɜɧɨ ɩɪɨɬɟɤɚɟɬ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. ȼ 

ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɵ ɪɚɡɥɢɱɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ ɧɚ ɨɫɧɨɜɟ 

ɤɨɛɚɥɶɬɚ, ɰɢɧɤɚ, ɚɥɸɦɢɧɢɹ ɢ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ [1,2]. ɉɪɢɪɨɞɚ ɷɩɨɤɫɢɞɚ ɨɤɚɡɵɜɚɟɬ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. ɉɨɷɬɨɦɭ ɪɚɡɥɢɱɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ 

ɦɨɝɭɬ ɛɵɬɶ ɷɮɮɟɤɬɢɜɧɵ ɜ ɪɟɚɤɰɢɹɯ ɫ ɪɚɡɥɢɱɧɵɦɢ ɷɩɨɤɫɢɞɚɦɢ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɩɪɨɩɢɥɟɧɨɤɫɢɞɚ 

(ɉɈ) ɢ ɛɭɬɟɧɨɤɫɢɞɚ (ȻɈ) ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɧɚ ɫɤɨɪɨɫɬɶ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ ɫɨɫɬɚɜ 

ɮɨɪɦɢɪɭɸɳɟɝɨɫɹ ɬɪɨɣɧɨɝɨ ɫɨɩɨɥɢɦɟɪɚ. 

 

Ɋɢɫ. 1. Ɉɛɳɟɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ. 

 

 Ɋɟɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɜɟɫɬɧɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

(salen)Co(DNP)/[PPN]Cl (salen = (1R, 2R)-N,N’-ɛɢɫ-(3,5-ɞɢ-ɬɪɟɬ-ɛɭɬɢɥɫɚɥɢɰɢɥɢɞɟɧ)-1,2-

ɞɢɚɦɢɧɨɰɢɤɥɨɝɟɤɫɚɧ, DNP = 2,4-ɞɢɧɢɬɪɨɮɟɧɨɤɫɢɞ, [PPN]Cl = ɛɢɫ-

ɋ-IV-8 
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(ɬɪɢɮɟɧɢɥɮɨɫɮɢɧ)ɢɦɢɧɢɹ ɯɥɨɪɢɞ). ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɷɬɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɹ ɋɈ2 ɫ ɩɪɨɩɢɥɟɧɨɤɫɢɞɨɦ ɩɪɨɬɟɤɚɟɬ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ [4]. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɢɡɦɟɪɹɥɢ ɩɨɝɥɨɳɟɧɢɟ ɋɈ2 ɫ ɬɟɱɟɧɢɟɦ 

ɜɪɟɦɟɧɢ ɧɚ ɭɫɬɚɧɨɜɤɟ, ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɣ ɜ ɂɉɏɎ ɊȺɇ. ɋɨɫɬɚɜ ɫɨɩɨɥɢɦɟɪɚ ɢɡɭɱɚɥɢ, 

ɪɟɝɢɫɬɪɢɪɭɹ ɫɩɟɤɬɪɵ əɆɊ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɫɪɚɡɭ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɨɩɵɬɚ. 

 

Ɋɢɫ. 2. ɋɩɟɤɬɪɵ əɆɊ ɨɱɢɳɟɧɧɨɝɨ ɬɪɨɣɧɨɝɨ ɫɨɩɨɥɢɦɟɪɚ ɋɈ2 ɫ ɉɈ ɢ ȻɈ. 

 

ɋɢɧɬɟɡ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ 0.6 Ɇɉɚ, ɬɟɦɩɟɪɚɬɭɪɟ 450ɋ. ȼ 

ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɹ ɫɟɥɟɤɬɢɜɧɨ ɩɪɨɬɟɤɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɪɨɣɧɨɝɨ ɫɨɩɨɥɢɦɟɪɚ 

ɋɈ2 ɫ ɩɪɨɩɢɥɟɧɨɤɫɢɞɨɦ ɢ ɛɭɬɟɧɨɤɫɢɞɨɦ. ɉɨɝɥɨɳɟɧɢɟ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɞɥɢɬɟɥɶɧɨɟ 

ɜɪɟɦɹ ɢɞɟɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ (ɪɢɫɭɧɨɤ 3). ɋɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɨɰɟɧɢɜɚɥɢ ɩɨ 

ɩɨɝɥɨɳɟɧɢɸ ɋɈ2 ɜ ɪɚɫɱɟɬɟ ɧɚ ɦɨɥɶ ɤɚɬɚɥɢɡɚɬɨɪɚ ɡɚ ɱɚɫ (TOF, ɱ-1). ɉɪɢ ɢɡɦɟɧɟɧɢɢ 

ɫɨɫɬɚɜɚ ɫɦɟɫɢ ɧɚɛɥɸɞɚɥɨɫɶ ɩɥɚɜɧɨɟ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ TOF ɨɬ 780 ɱ-1 ɞɥɹ 

ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɋɈ2/ɉɈ ɞɨ 200 ɱ-1 ɞɥɹ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɋɈ2/ȻɈ. Ɉɞɧɨɜɪɟɦɟɧɧɨ 

ɢɡɦɟɧɹɟɬɫɹ ɫɨɫɬɚɜ ɬɪɨɣɧɨɝɨ ɫɨɩɨɥɢɦɟɪɚ. ɉɨɥɭɱɟɧɵ ɬɪɨɣɧɵɟ ɫɨɩɨɥɢɦɟɪɵ ɪɚɡɥɢɱɧɵɯ 

ɫɨɫɬɚɜɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɛɭɬɟɧɨɜɵɯ ɡɜɟɧɶɟɜ ɨɬ 14% ɞɨ 80%. ɋɨɞɟɪɠɚɧɢɟ ɛɭɬɟɧɨɜɵɯ 

ɡɜɟɧɶɟɜ ɜ ɩɨɥɢɦɟɪɟ ɥɢɧɟɣɧɨ ɪɚɫɬɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɨɥɢ ɛɭɬɟɧɨɤɫɢɞɚ ɜ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɢ. 
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ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɭɡɤɢɦ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɫ ɢɧɞɟɤɫɨɦ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ 1,2. Ɇɨɥɟɤɭɥɹɪɧɵɟ ɦɚɫɫɵ ɪɚɫɬɭɬ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɜɟɪɫɢɢ ɷɩɨɤɫɢɞɚ. ɉɪɢ ɤɨɧɜɟɪɫɢɢ 40% ɫɪɟɞɧɟɱɢɫɥɟɧɧɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ 

ɦɚɫɫɚ ɫɨɫɬɚɜɥɹɥɚ 9600 ɝ/ɦɨɥɶ. 

 

Ɋɢɫ. 3. ɉɨɝɥɨɳɟɧɢɟ ɋɈ2 ɫɨ ɜɪɟɦɟɧɟɦ ɜ ɩɪɨɰɟɫɫɟ ɬɪɨɣɧɨɣ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫ 

ɉɈ ɢ ȻɈ ɩɪɢ ɦɨɥɶɧɨɣ ɞɨɥɟ ȻɈ 24% (1), 65% (2), 100% (3). 

 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɬɜɟɪɠɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɬɪɨɣɧɵɯ 

ɫɨɩɨɥɢɦɟɪɨɜ ɪɚɡɧɵɯ ɫɨɫɬɚɜɨɜ. ɋɨɫɬɚɜ ɫɨɩɨɥɢɦɟɪɚ ɥɟɝɤɨ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ 

ɦɨɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɩɪɨɩɢɥɟɧɨɤɫɢɞɚ ɢ ɛɭɬɟɧɨɤɫɢɞɚ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. D.J. Danesbourg Chemical Reviews. 2007. V.107. P. 2388 

2. M.R. Kember, A. Buchard, C. Williams Chem. Commun. 2011. V. 47. P. 141. 

3. M. Taherimehr, P.P. Pescarmona. J. Appl. Polym. Sci. 2014. V. 131. P. 41141 

4. Ɉ.Ɇ. ɑɭɤɚɧɨɜɚ, ȿ.Ɉ. ɉɟɪɟɩɟɥɢɰɢɧɚ, Ƚ.ɉ. Ȼɟɥɨɜ. ȼɵɫɨɤɨɦɨɥɟɤ. ɋɨɟɞ., ɫɟɪ. Ȼ. 2014. Ɍ. 

56. ɋ. 447. 
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ȽɂȾɊɈȾȿɈɄɋɂȽȿɇȺɐɂə ɆɈȾȿɅɖɇɕɏ ɋɈȿȾɂɇȿɇɂɃ ȻɂɈɇȿɎɌɂ ȼ 
ɍɋɅɈȼɂəɏ ɇȺɇɈȽȿɌȿɌȿɊɈȽȿɇɇɈȽɈ ɄȺɌȺɅɂɁȺ 

Ɂɚɫɵɩɚɥɨɜ Ƚ.Ɉ.1, Ɍɨɩɨɥɸɤ ɘ.Ⱥ.1,2, ɇɟɯɚɟɜ Ⱥ.ɂ.2 

HYDRODEOXYGENATION OF BIOOIL MODEL COMPOUNDS IN THE 

CONDITIONS OF NANOGETHEROGENEOUS CATALYSIS 

1 Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. 
Ƚɭɛɤɢɧɚ 

2 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

E-mail: topolyuk.y@gubkin.ru 

 

Ɋɚɡɜɢɬɢɟ ɬɟɯɧɨɥɨɝɢɣ ɩɟɪɟɪɚɛɨɬɤɢ ɜɨɡɨɛɧɨɜɥɹɟɦɨɝɨ ɫɵɪɶɹ ɜ ɬɪɚɞɢɰɢɨɧɧɵɟ 

ɩɪɨɞɭɤɬɵ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɚɤɬɭɚɥɶɧɵɯ  ɧɚɩɪɚɜɥɟɧɢɣ  

ɞɢɜɟɪɫɢɮɢɤɚɰɢɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ. ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɧɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ   ɹɜɥɹɸɬɫɹ ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪɚɛɨɬɤɢ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɞɪɟɜɟɫɧɨɣ 

ɛɢɨɦɚɫɫɵ ɜ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɛɢɨɬɨɩɥɢɜɚ 2–ɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɩɪɨɞɭɤɬɵ ɬɨɧɤɨɝɨ  

ɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ  [1].  ɉɪɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɢ ɩɪɨɞɭɤɬɨɜ 

ɩɢɪɨɥɢɡɚ ɛɢɨɦɚɫɫɵ – ɛɢɨɧɟɮɬɢ – ɜ ɧɢɯ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɪɨɞɚ,  

ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɞɨɫɬɢɝɚɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɵ ɞɚɥɶɧɟɣɲɟɣ  ɩɟɪɟɪɚɛɨɬɤɢ ɛɢɨɧɟɮɬɢ ɤɚɤ ɜ 

ɛɢɨɬɨɩɥɢɜɨ,  ɬɚɤ ɢ ɜɵɛɨɪɚ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɰɟɧɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɜɟɳɟɫɬɜ  – ɫɵɪɶɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ  ɩɨɥɢɦɟɪɨɜ [2].  

Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɢɡɭɱɟɧɢɹ ɪɟɚɤɰɢɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɭɞɚɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢɡ  

ɛɢɨɧɟɮɬɢ  ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ  ɢɫɩɨɥɶɡɭɸɬ ɮɟɧɨɥ, ɚɧɢɡɨɥ ɢ ɝɜɚɹɤɨɥ. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɪɟɚɤɰɢɢ  ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ (ȽȾɈ) ɦɨɝɭɬ ɩɪɨɬɟɤɚɬɶ ɩɨ ɧɟɫɤɨɥɶɤɢɦ 

ɦɚɪɲɪɭɬɚɦ: ɩɪɹɦɨɟ ɭɞɚɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɚ ɢ 

ɜɨɞɵ ɢ ɝɢɞɪɢɪɨɜɚɧɢɟ ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɳɟɩɥɟɧɢɟɦ ɜɨɞɵ ɢ 

ɝɢɞɪɢɪɨɜɚɧɢɟɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɰɢɤɥɨɝɟɤɫɚɧɚ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɯ (Ɋɢɫ. 1).  

 
Ɋɢɫ. 1.  ɋɯɟɦɚ ɩɪɟɜɪɚɳɟɧɢɣ ɝɜɚɹɤɨɥɚ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ ɝɢɞɪɨɞɟɨɫɢɝɟɧɚɰɢɢ [3] 

Ɂ-IV-1 
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Ɋɢɫ. 2. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ Ru-nano-TiO2 ɩɨɫɥɟ ɪɟɚɤɰɢɢ 

 

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɞɢɫɩɟɪɫɧɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ Ru-nano-TiO2 ɢ Ru-nanɨ-AlO2, ɩɨɥɭɱɟɧɧɵɯ in situ, ɜ ɪɟɚɤɰɢɢ 

ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ ɝɜɚɹɤɨɥɚ. ɂɡɭɱɚɥɨɫɶ ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɟɤɭɪɫɨɪɨɜ,  

ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɬɚɥɥɨɜ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɜɨɞɨɪɨɞɚ, 

ɩɪɢɫɭɬɫɬɜɢɹ ɜ ɦɨɞɟɥɶɧɨɣ ɫɦɟɫɢ ɦɟɬɚɧɨɥɚ ɢ ɜɨɞɵ  ɧɚ ɫɬɟɩɟɧɶ ɩɪɟɜɪɚɳɟɧɢɹ ɝɜɚɹɤɨɥɚ ɢ 

ɜɵɯɨɞ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ȽȾɈ. Ɋɟɚɤɰɢɢ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɫɬɚɥɶɧɨɦ ɚɜɬɨɤɥɚɜɟ ɩɪɢ 

ɞɚɜɥɟɧɢɢ H2 3-5 Ɇɉɚ ɜ ɞɢɚɩɚɡɨɧɟ  ɬɟɦɩɟɪɚɬɭɪ 250-350 °C.  

 

 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɢ ɤɨɧɜɟɪɫɢɢ ɝɜɚɹɤɨɥɚ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ 

ɰɢɤɥɨɝɟɤɫɚɧɚ ɨɬ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ, 280 ɨɋ, 0,5 Ɇɉɚ, ɤɚɬɚɥɢɡɚɬɨɪ Ru-nano-TiO2 

ɋɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɨɩɪɟɞɟɥɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ Ƚɀɏ ɢ ɯɪɨɦɚɬɨɦɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɢɢ. Ɉɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɣ, ɩɪɨɜɨɞɢɜɲɢɯɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 

ɧɢɠɟ 260 ɨɋ,  ɹɜɥɹɥɢɫɶ ɦɟɬɨɤɫɢɮɟɧɨɥɵ, ɤɨɧɜɟɪɫɢɹ ɝɜɚɹɤɨɥɚ ɧɟ ɩɪɟɜɵɲɚɥɚ 60%. ȼ 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ, ɩɪɨɜɨɞɢɜɲɢɯɫɹ ɩɪɢ 310 °C ɢ ɜɵɲɟ ɧɚɛɥɸɞɚɥɨɫɶ ɨɛɪɚɡɨɜɚɧɢɟ 
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ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɨɥɢɱɟɫɬɜ ɩɪɨɞɭɤɬɨɜ ɭɩɥɨɬɧɟɧɢɹ, ɩɪɢ ɷɬɨɦ ɞɨɫɬɢɝɚɥɚɫɶ ɩɨɥɧɚɹ ɤɨɧɜɟɪɫɢɹ 

ɝɜɚɹɤɨɥɚ. ɇɚɢɛɨɥɟɟ ɫɟɥɟɤɬɢɜɧɨɣ ɜ ɝɢɞɪɨɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɩɪɟɜɪɚɳɟɧɢɢ ɝɜɚɹɤɨɥɚ ɜ 

ɰɢɤɥɨɝɟɤɫɚɧ  ɨɤɚɡɚɥɚɫɶ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɩɨɥɭɱɟɧɧɚɹ ɢɡ ɩɪɟɤɭɪɫɨɪɨɜ  RuCl3•H2O 

ɢ ɧɚɧɨ-TiO2, ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɬɚɥɥɨɜ Ru:Al = 4, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 300ɨɋ ɢ ɧɚɱɚɥɶɧɨɦ 

ɞɚɜɥɟɧɢɢ ɇ2 0,5 Ɇɉɚ. Ʉɨɧɜɟɪɫɢɹ ɝɜɚɹɤɨɥɚ ɫɨɫɬɚɜɢɥɚ 80%, ɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ 

ɰɢɤɥɨɝɟɤɫɚɧɭ 73%. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɢ ɫɬɪɭɤɬɭɪɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥ 

ɢɫɩɨɥɶɡɨɜɚɧ ɤɨɦɩɥɟɤɫ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɂɇɏɋ ɊȺɇ (№79) ɜ ɪɚɦɤɚɯ Ƚɨɫɡɚɞɚɧɢɹ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Kunkes E.L., Simonetti D.A, West R.M. et al. Science. 2008. Vol. 322. P. 417. 

2.  Hong D.Y., Miller S.J., Agrawal P.K. and Jones C.W.. Chem. Commun. 2010.  Vol. 46.   

     P.1038.  

3. Şenol O. İ., Viljava T.-R., Krausede A. O. I. Catalysis Today. 2005. Vol. 10. № 3-4, P. 331. 
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ɋȼɈɃɋɌȼȺ ɇɂɄȿɅɖ-ɋɍɅɖɎɂȾɇɈȽɈ ɄȺɌȺɅɂɁȺɌɈɊȺ ȼ ɉɊɈɐȿɋɋȿ 
ȾȿɈɄɋɂȽȿɇȺɐɂɂ ɀɂɊɇɕɏ ɄɂɋɅɈɌ 

Ʉɚɪɩɨɜ ȼ.Ɇ., ɂɜɚɧɨɜ Ƚ.Ⱥ., Ⱦɚɧɸɲɟɜɫɤɢɣ ȼ.ə., Ʉɚɰɦɚɧ ȿ.Ⱥ.  
EFFICIENCY OF NICKEL-SULFIDE CATALYST  

IN FATTY ACIDS DEOXYGENATION  
Ɇɨɫɤɨɜɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɢɧɫɬɢɬɭɬ ɬɨɧɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ 

ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ), Ɇɨɫɤɜɚ 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɪɨɥɢ ɪɚɡɦɟɪɚ ɢ ɮɨɪɦɵ ɱɚɫɬɢɰ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ, ɨɞɧɚɤɨ ɜ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ ɥɢɲɶ 

ɮɪɚɝɦɟɧɬɚɪɧɵɟ ɫɜɟɞɟɧɢɹ ɨ ɜɥɢɹɧɢɢ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɩɪɨɰɟɫɫ [1-4]. ȼ ɪɚɡɧɵɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɪɚɡɦɟɪɧɵɟ ɷɮɮɟɤɬɵ ɦɨɝɭɬ ɩɪɨɹɜɥɹɬɶɫɹ ɩɨ-ɪɚɡɧɨɦɭ [5]. Ɉɞɧɚɤɨ 

ɞɥɹ ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɩɪɨɛɥɟɦ ɧɟɨɛɯɨɞɢɦɨ ɢɡɭɱɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɬɚɥɢɡɚɬɨɪɚ 

ɨɬ ɭɫɥɨɜɢɣ ɟɝɨ ɩɪɢɝɨɬɨɜɥɟɧɢɹ.   

Ɋɚɧɟɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɧɚɧɟɫɟɧɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ ɜ ɩɪɨɰɟɫɫɟ ɞɟɨɤɫɢɝɟɧɚɰɢɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɞɨ ɜɵɫɲɢɯ ɨɥɟɮɢɧɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɧɚɢɛɨɥɶɲɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ ɨɛɥɚɞɚɟɬ ɧɢɤɟɥɟɜɵɣ ɤɚɬɚɥɢɡɚɬɨɪ ɧɚ 

ɫɢɥɢɤɚɝɟɥɟ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɫɭɥɶɮɚɬɚ [6].  

Ȼɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɤɚɬɚɥɢɡɚɬɨɪɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɧɢɤɟɥɹ 1.5, 3, 6 ɢ 9 % ɧɚ 

ɫɢɥɢɤɚɝɟɥɟ. ɂɡɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ ɪɟɚɤɰɢɢ 

ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɦɟɬɚɥɥɚ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɥɥɚ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɟɪɟɦɟɧɧɨɟ (ɪɢɫɭɧɨɤ 1). ɇɚ 

ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 

ɦɟɬɚɥɥɚ ɜ ɧɟɦ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɦɟɬɚɥɥɚ ɢ ɧɨɫɢɬɟɥɹ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ.  

Ɇɚɤɫɢɦɭɦ ɭɞɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ Ni ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ 

ɨɤɨɥɨ 3 %. Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɚɝɪɟɝɚɰɢɟɣ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɧɨɫɢɬɟɥɹ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɟɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ. Ʉɚɬɚɥɢɡɚɬɨɪɵ ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ ɦɟɬɚɥɥɚ 6 ɢ 9 % ɢɡɭɱɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɞɢɮɪɚɤɰɢɢ. Ɉɛɧɚɪɭɠɟɧɵ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɩɨɥɨɫɵ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɟɠɩɥɨɫɤɨɫɬɧɵɦ ɪɚɫɫɬɨɹɧɢɹɦ 1.78 ɢ 3.05 Ǻ, ɤɨɬɨɪɵɟ ɛɥɢɡɤɢ ɤ 

ɪɚɫɫɬɨɹɧɢɹɦ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɤɚɯ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɧɢɤɟɥɹ (1.76 Ǻ) ɢ ɫɭɥɶɮɢɞɚ 

ɧɢɤɟɥɹ Ni3S2 (2.88; 1.78 Ǻ) [7].  
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɫɵɪɶɹ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɩɪɨɞɭɤɬɚɦ ɨɬ 

ɫɨɞɟɪɠɚɧɢɹ ɦɟɬɚɥɥɚ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɡɚɝɪɭɡɤɟ ɤɚɬɚɥɢɡɚɬɨɪɚ 0.5 ɝ. 

 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɫɵɪɶɹ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɩɪɨɞɭɤɬɚɦ ɨɬ 

ɫɨɞɟɪɠɚɧɢɹ ɦɟɬɚɥɥɚ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ (ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɚɥɥɚ ɢ ɧɨɫɢɬɟɥɹ ɜ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɨɫɬɨɹɧɧɨ).  
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Ʉɪɨɦɟ ɬɨɝɨ, ɢɡɭɱɢɥɢ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ Ni 6 % ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ (ɪɢɫɭɧɨɤ 3) 

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɟ 3 ɱɚɫɨɜ. 

 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɫɵɪɶɹ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɩɪɨɞɭɤɬɚɦ, ɚ 

ɬɚɤɠɟ ɜɵɯɨɞɚ ɩɨ ɝɟɩɬɚɞɟɰɟɧɚɦ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

Ɍɨɱɤɚ 0°ɋ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɚɬɚɥɢɡɚɬɨɪɭ, ɧɟ ɩɨɞɜɟɪɝɚɜɲɟɦɭɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦɭ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ 

 

ɏɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ 350 ɞɨ 250°ɋ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ 

ɝɟɩɬɚɞɟɰɟɧɚɦ ɢ ɫɧɢɠɟɧɢɟ – ɩɨ ɝɟɩɬɚɞɟɤɚɧɭ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɨɥɢ 

ɨɫɬɚɬɨɱɧɨɣ ɫɟɪɵ ɜ ɤɚɬɚɥɢɡɚɬɨɪɟ ɢ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 

ɢɡ-ɡɚ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ.  
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ɊȺɁɊȺȻɈɌɄȺ ɄȺɌȺɅɂɁȺɌɈɊɈȼ ɇȺ ɈɋɇɈȼȿ ɆȿɁɈɉɈɊɂɋɌɕɏ 
ɆȺɌȿɊɂȺɅɈȼ ȾɅə ȽɂȾɊɈɈȻɅȺȽɈɊȺɀɂȼȺɇɂə ȻɂɈ-ɇȿɎɌɂ 

Ɋɨɥɞɭɝɢɧɚ ȿ.Ⱥ. 1, ɒɚɹɯɦɟɬɨɜ ɇ.ɇ.1, Ɇɚɤɫɢɦɨɜ Ⱥ.Ʌ.1,2, Ʉɚɪɚɯɚɧɨɜ ɗ.Ⱥ.1 
DEVELOPMENT OF CATALYSTS BASED ON MESOPOROUS MATERIALS FOR 

HYDROTREATING OF PYROLYSIS BIO-OIL  
1 Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɨɫɤɜɚ 

E-mail: rolduginakate@mail.ru  
2 ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ 

 

ɑɚɫɬɢɱɧɚɹ ɡɚɦɟɧɚ ɧɟɮɬɢ ɧɚ ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɪɟɫɭɪɫɵ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɬɨɩɥɢɜɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɬɟɦɨɣ ɦɧɨɝɢɯ 

ɷɤɨɥɨɝɢɱɟɫɤɢɯ, ɯɢɦɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ [1]. Ȼɢɨɦɚɫɫɚ (ɨɫɬɚɬɨɤ 

ɫɟɥɶɫɤɨɝɨ ɢ ɥɟɫɧɨɝɨ ɯɨɡɹɣɫɬɜɚ) ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜɢɞɨɜ 

ɜɨɡɨɛɧɨɜɥɹɟɦɨɝɨ ɫɵɪɶɹ, ɚ ɩɨɥɭɱɚɟɦɚɹ ɢɡ ɧɟɟ ɩɭɬɟɦ ɛɵɫɬɪɨɝɨ ɩɢɪɨɥɢɡɚ ɛɢɨ-ɧɟɮɬɶ ɦɨɠɟɬ 

ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɛɢɨ-ɬɨɩɥɢɜɚ. ɂɡ-ɡɚ ɛɨɥɶɲɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ, 

ɩɪɢɞɚɸɳɟɝɨ ɛɢɨ-ɧɟɮɬɢ ɫɜɨɣɫɬɜɚ (ɜɵɫɨɤɚɹ ɜɹɡɤɨɫɬɶ ɢ ɤɢɫɥɨɬɧɨɫɬɶ, ɧɟɫɦɟɲɢɜɚɟɦɨɫɬɶ ɫ 

ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ, ɜɵɫɨɤɚɹ ɤɨɪɪɨɡɢɣɧɨɫɬɶ), ɡɚɬɪɭɞɧɹɸɳɢɟ ɟɟ ɜɧɟɞɪɟɧɢɟ ɜ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɛɢɨ-ɧɟɮɬɶ ɧɟɩɪɢɝɨɞɧɚ ɞɥɹ ɩɪɹɦɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 

ɦɨɬɨɪɧɨɝɨ ɬɨɩɥɢɜɚ, ɩɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ ɟё ɞɚɥɶɧɟɣɲɚɹ ɩɟɪɟɪɚɛɨɬɤɚ. ɉɪɟɞɫɬɚɜɥɹɸɳɟɣ 

ɢɧɬɟɪɟɫ ɬɟɯɧɨɥɨɝɢɟɣ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɛɢɨ-ɧɟɮɬɢ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ (ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ, ȽȾɈ) [2]. 

ȼɫɥɟɞɫɬɜɢɟ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɛɢɨ-ɧɟɮɬɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɛɨɥɶɲɨɝɨ 

ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɵ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɚɬɚɥɢɡɚɬɨɪ 

ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɝɢɞɪɢɪɭɸɳɢɟ ɢ ɞɟɨɤɫɟɝɢɧɢɪɭɸɳɢɟ ɚɤɬɢɜɧɵɟ 

ɰɟɧɬɪɵ [3]. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɞɟɨɤɫɢɝɟɧɢɪɭɸɳɟɝɨ (ɤɢɫɥɨɬɧɨɝɨ) ɚɝɟɧɬɚ 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɦɟɡɨɩɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ 

ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ, ɰɢɪɤɨɧɢɹ ɢ ɬɢɬɚɧɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɤɫɢɞɨɦ ɤɪɟɦɧɢɹ, 

ɨɛɥɚɞɚɸɳɢɟ ɪɚɡɥɢɱɧɵɦɢ ɤɢɫɥɨɬɧɵɦɢ ɢ ɬɟɤɫɬɭɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ȼ ɪɚɛɨɬɟ 

ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɢɤɢ ɫɢɧɬɟɡɚ ɦɨɧɨ- ɢ ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ 

ɧɚɧɨ-ɱɚɫɬɢɰɵ Ru ɢ Pt-Pd ɜ ɤɚɱɟɫɬɜɟ ɝɢɞɪɢɪɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɉɨɥɭɱɟɧɧɵɟ 

ɤɚɬɚɥɢɡɚɬɨɪɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ.  

ɇɚɥɢɱɢɟ ɜ ɛɢɨ-ɧɟɮɬɢ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɵ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɤɢɫɥɨɬ ɢ ɫɩɢɪɬɨɜ (~45%) ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɩɪɨɰɟɫɫ 

ɝɢɞɪɢɪɨɜɚɧɢɹ ɢ ɦɨɠɟɬ ɫɧɢɠɚɬɶ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ [4]. 

ɉɨɷɬɨɦɭ ɩɨɥɭɱɟɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɛɵɥɢ ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ ɜ ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ 

ɦɨɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɛɢɨ-ɧɟɮɬɢ (ɝɜɚɹɤɨɥɚ, ɚɧɢɡɨɥɚ, ɜɚɧɢɥɢɧɚ, ɦɟɬɨɤɫɢɛɟɧɡɢɥɨɜɨɝɨ 

ɫɩɢɪɬɚ) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɨɞɵ, ɦɟɬɚɧɨɥɚ ɢ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ 

Ɂ-IV-3 
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ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɫɭɛɫɬɪɚɬ/ɪɚɫɬɜɨɪɢɬɟɥɶ 1:1, ɬɟɦɩɟɪɚɬɭɪɟ 200ɨɋ ɢ ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ 

50 ɚɬɦ. ɋɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɚɦɢ Ƚɀɏ ɢ ɯɪɨɦɚɬɨɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. 

Ɉɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ ɦɨɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɭɤɚɡɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɹɜɥɹɥɢɫɶ ɰɢɤɥɨɝɟɤɫɚɧɵ, ɛɟɧɡɨɥɵ ɢ ɮɟɧɨɥɵ ɪɚɡɥɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ. Ⱥɤɬɢɜɧɨɫɬɶ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɢ ɡɚɦɟɧɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɫɧɢɠɚɥɚɫɶ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ: ɜɨɞɚ > ɦɟɬɚɧɨɥ 

> ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ.  

ɇɚ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɧɚ ɨɫɧɨɜɟ ɦɟɡɨɩɨɪɢɫɬɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ Ru/Al-HMS (Si/Al = 

10), ɩɪɨɹɜɢɜɲɢɯ ɧɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɝɢɞɪɨɞɟɨɤɫɢɝɟɧɚɰɢɢ ɦɨɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 

ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɸ ɪɟɚɥɶɧɨɣ 

ɛɢɨ-ɧɟɮɬɢ (Ɍɚɛɥɢɰɚ 1). 

 

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɩɨ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɸ ɛɢɨ-ɧɟɮɬɢ ɧɚ Ru/Al-HMS 

ɤɚɬɚɥɢɡɚɬɨɪɟ 

 Ȼɢɨ-ɧɟɮɬɶ ȽȾɈ ɛɢɨ-ɧɟɮɬɶ (ɨɪɝɚɧɢɱɟɫɤɚɹ ɮɪɚɤɰɢɹ) 
pH 3.2 6.6 

ɋɨɞɟɪɠɚɧɢɟ ɜɨɞɵ (ɦɚɫ.%) 22.67 3.45 

ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ (ɦɚɫ.%) 
H 9.5 33.0 

O 40.3 33.8 

C 50.1 53.2 

N 0.2 - 
ɍɫɥɨɜɢɹ: 0.25 ɝ ɤɚɬ-ɪɚ, ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɥɥɚ ɜ ɤɚɬ-ɪɟ 1 ɦɚɫ.%, 4 ɦɥ ɫɵɪɶɹ, 250oC, 5 Ɇɉɚ, 4 ɱ.  

 

ɉɨɫɥɟ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɹ ɚɬɨɦɧɨɟ ɨɬɧɨɲɟɧɢɟ H/ C ɭɜɟɥɢɱɢɜɚɥɨɫɶ ɨɬ 1.66 ɞɨ 

2.10, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɨ ɨ ɩɨɜɵɲɟɧɢɢ ɤɚɱɟɫɬɜɚ ɛɢɨ-ɧɟɮɬɢ, ɨɞɧɚɤɨ ɫɨɞɟɪɠɚɧɢɟ 

ɤɢɫɥɨɪɨɞɚ ɨɫɬɚɜɚɥɨɫɶ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ – 33.8 ɦɚɫ.%.  

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɦɟɡɨɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɫ ɧɚɧɟɫɟɧɧɵɦɢ ɧɚ ɧɢɯ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɞɢɫɩɟɪɫɧɨɫɬɢ ɧɚɧɨ-ɱɚɫɬɢɰɚɦɢ ɦɟɬɚɥɥɨɜ, 

ɩɪɨɹɜɢɥɢ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɝɢɞɪɨɨɛɥɚɝɨɪɚɠɢɜɚɧɢɢ ɛɢɨ-ɧɟɮɬɢ, ɤɨɬɨɪɨɟ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɜɨɢɦɢ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɜɵɫɨɤɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɢ ɩɨɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɛɵɫɬɪɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ, ɚ ɬɚɤɠɟ ɫɧɢɠɟɧɢɟ 

ɞɨɥɢ ɠɢɞɤɨɝɨ ɩɪɨɞɭɤɬɚ ɜɫɥɟɞɫɬɜɢɟ ɝɚɡɨ- ɢ ɤɨɤɫɨɨɛɪɚɡɨɜɚɧɢɹ [1]. Ɋɚɡɪɚɛɨɬɤɚ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɚɤɬɢɜɧɵɦ ɝɢɞɪɢɪɭɸɳɢɦ ɤɨɦɩɨɧɟɧɬɨɦ, ɨɛɥɚɞɚɸɳɟɝɨ ɪɚɡɜɢɬɨɣ ɩɥɨɳɚɞɶɸ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɨɩɬɢɦɚɥɶɧɨɣ ɤɢɫɥɨɬɧɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ, ɦɨɠɟɬ ɩɨɦɨɱɶ 

ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɬɨɩɥɢɜɚ ɢɡ ɛɢɨ-ɧɟɮɬɢ. 
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ɉɈɅɍɑȿɇɂȿ ȻȿɅɕɏ ɆȺɋȿɅ ɂɁ ɉɊɈȾɍɄɌɈȼ ȽɂȾɊɈɄɊȿɄɂɇȽȺ 

ɉɢɝɨɥɟɜɚ ɂ.ȼ. 1, ɒɚɛɚɥɢɧɚ Ɍ.ɇ.2, Ɂɚɝɥɹɞɨɜɚ ɋ.ȼ.1, Ʉɢɬɨɜɚ Ɇ.ȼ.1 
PRODUCTION OF WHITE OILS FROM HYDROCRACKING PRODUCTS 

1 ɈɈɈ «Ɋɇ-ɐɂɊ», Ɇɨɫɤɜɚ 

E-mail: pigolevaiv@rn-rdc.ru 
2 Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. 

Ƚɭɛɤɢɧɚ, Ɇɨɫɤɜɚ 

 

ɋɨɝɥɚɫɧɨ ɩɪɨɝɪɚɦɦɟ ɪɚɡɜɢɬɢɹ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɜ Ɋɨɫɫɢɢ ɧɚɦɟɱɟɧɨ ɲɢɪɨɤɨɟ 

ɨɫɜɨɟɧɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɛɨɥɶɲɭɸ ɪɨɥɶ ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɛɭɞɭɬ 

ɜɵɩɨɥɧɹɬɶ ɩɪɨɰɟɫɫɵ ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɜɚɤɭɭɦɧɨɝɨ ɝɚɡɨɣɥɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɝɥɭɛɨɤɭɸ 

ɩɟɪɟɪɚɛɨɬɤɭ ɥɸɛɨɝɨ ɬɢɩɚ ɫɵɪɶɹ ɢ ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɚɬɶ ɧɟɮɬɟɩɪɨɞɭɤɬɵ ɜɵɫɨɤɨɝɨ 

ɭɪɨɜɧɹ ɤɚɱɟɫɬɜɚ. ɉɪɨɞɭɤɬɵ ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɦɟɫɶ ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ 

ɩɚɪɚɮɢɧɨ-ɧɚɮɬɟɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɧɟɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɦ ɨɬɫɭɬɫɬɜɢɟɦ ɝɟɬɟɪɨɚɬɨɦɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɱɬɨ ɞɟɥɚɟɬ ɢɯ 

ɰɟɧɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɫɟɥ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ [1]. 

Ȼɟɥɵɟ ɦɚɫɥɚ ɫɨɫɬɚɜɥɹɸɬ ɨɫɨɛɭɸ ɤɚɬɟɝɨɪɢɸ ɦɚɫɟɥ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ 

ɧɚɢɛɨɥɟɟ ɝɥɭɛɨɤɨɣ ɫɬɟɩɟɧɶɸ ɨɱɢɫɬɤɢ ɨɬ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɢ ɢɦɟɸɬ ɜɟɫɶɦɚ 

ɨɛɲɢɪɧɵɟ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ, ɜɤɥɸɱɚɸɳɢɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɚɪɮɸɦɟɪɧɨ-

ɤɨɫɦɟɬɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ, ɦɟɞɢɰɢɧɭ ɢ ɜɟɬɟɪɢɧɚɪɢɸ, ɫɢɧɬɟɡ ɢ ɩɟɪɟɪɚɛɨɬɤɭ ɩɨɥɢɦɟɪɨɜ, 

ɬɟɤɫɬɢɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɭɩɚɤɨɜɤɭ ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ ɢ ɞɪ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɡɚɪɭɛɟɠɧɵɟ 

ɧɟɮɬɹɧɵɟ ɤɨɦɩɚɧɢɢ ɩɪɨɢɡɜɨɞɹɬ ɛɟɥɵɟ ɦɚɫɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɞɪɨɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ, ɨɬɟɱɟɫɬɜɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɪɟɞɩɪɢɹɬɢɹɦɢ, 

ɫɩɟɰɢɚɥɢɡɢɪɭɸɳɢɦɢɫɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɟɞɢɰɢɧɫɤɢɯ ɫɭɛɫɬɚɧɰɢɣ ɢ ɜɵɩɭɫɤɚɸɳɢɦɢ 

ɜɚɡɟɥɢɧɨɜɵɟ ɦɚɫɥɚ ɩɨ ɭɫɬɚɪɟɜɲɟɣ ɬɟɯɧɨɥɨɝɢɢ ɫɟɪɧɨɤɢɫɥɨɬɧɨɣ ɨɱɢɫɬɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɪɚɡɪɚɛɨɬɤɚ ɝɢɞɪɨɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨ ɩɨɥɭɱɟɧɢɸ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɛɟɥɵɯ 

ɦɚɫɟɥ ɩɨɡɜɨɥɢɬ ɜɵɪɚɛɚɬɵɜɚɬɶ ɦɚɫɥɚ, ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɟ ɫ ɦɚɫɥɚɦɢ ɡɚɪɭɛɟɠɧɵɯ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. əɜɥɹɹɫɶ ɦɚɥɨɬɨɧɧɚɠɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ, ɜɵɩɭɫɤ ɛɟɥɵɯ ɦɚɫɟɥ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɚ ɢɦɟɸɳɢɯɫɹ ɢɥɢ ɜɧɨɜɶ ɫɬɪɨɹɳɢɯɫɹ ɦɨɳɧɨɫɬɹɯ ɩɨ 

ɩɪɨɢɡɜɨɞɫɬɜɭ ɛɚɡɨɜɵɯ ɦɚɫɟɥ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɢɞɪɨɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɜ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ, ɝɢɞɪɨɤɪɟɤɢɧɝɚ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɦɚɫɟɥ, 

ɨɬɜɟɱɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚ ɛɟɥɵɟ ɦɚɫɥɚ, ɢɡ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɞɜɭɯ ɬɢɩɨɜ. 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɵɪɶɹ – ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɤɪɟɤɢɧɝɚ (ɉȽɄ) – 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. 
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Ɍɚɛɥɢɰɚ 1. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɤɪɟɤɢɧɝɚ 

№ ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
Ɇɟɬɨɞ 

ɨɩɪɟɞɟɥɟɧɢɹ 
ɉȽɄ №1 ɉȽɄ №2 

1 ɉɥɨɬɧɨɫɬɶ ɩɪɢ 20°ɋ, ɝ/ɫɦ3 ASTM D 1298 0,8415 0,8412 

2 ȼɹɡɤɨɫɬɶ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɩɪɢ 40°ɋ, ɦɦ2/ɫ ASTM D 445 8,144 16,82 

3 ɉɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɩɪɢ 20°ɋ ASTM D 1218 1,4635 1,4680 

4 Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɫɬɵɜɚɧɢɹ, °ɋ 
ȽɈɋɌ 20287-91 

(Ɇɟɬɨɞ Ȼ) 
ɩɥɸɫ 6 ɩɥɸɫ 36 

5 Ɍɟɦɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ, °ɋ ASTM D 92 150 200 

6 ɋɨɞɟɪɠɚɧɢɟ ɨɛɳɟɣ ɫɟɪɵ, % ɦɚɫɫ. ASTM D 4294 0,0001 0,0003 

7 
ɋɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ, % ɦɚɫɫ. ASTM D7419 0,08 4,3 

8 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɭɝɥɟɪɨɞɚ ɩɨ ɫɬɪɭɤɬɭɪɚɦ,%: 
ɩɚɪɚɮɢɧɨɜɵɟ/ɧɚɮɬɟɧɨɜɵɟ/ɚɪɨɦɚɬɢɱɟɫɤɢɟ 

ASTM D 2140 64,7/35,3/0 70,5/29,5/0 

9 

Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ, ɬɟɦɩɟɪɚɬɭɪɚ,°ɋ:  
- ɧɚɱɚɥɚ ɤɢɩɟɧɢɹ 

- ɤɨɧɰɚ ɤɢɩɟɧɢɹ 

ASTM D2887 

 

210 

494 

 

282 

538 

Ɉɛɚ ɬɢɩɚ ɫɵɪɶɹ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɵɦ ɨɬɫɭɬɫɬɜɢɟɦ ɫɟɪɧɢɫɬɵɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɚɫɵɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ȼɨɥɟɟ ɜɹɡɤɢɣ ɉȽɄ №2 

ɜ ɨɬɥɢɱɢɟ ɨɬ ɉȽɄ №1 ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɚɪɚɮɢɧɨɜɵɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɭɬɹɠɟɥɟɧɧɵɦ ɮɪɚɤɰɢɨɧɧɵɦ ɫɨɫɬɚɜɨɦ. ȼ ɉȽɄ №2 ɫɨɞɟɪɠɚɧɢɟ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫɨɫɬɚɜɥɹɟɬ 4,3 % ɦɚɫɫ. ɩɪɨɬɢɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ 0,08 % ɦɚɫɫ. ɜ ɉȽɄ №1. Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɚ ɩɪɨɞɭɤɬɚ ɧɟ ɜɵɞɟɪɠɢɜɚɸɬ ɨɫɧɨɜɧɵɟ 

ɢɫɩɵɬɚɧɢɹ ɧɚ ɛɟɥɵɟ ɦɚɫɥɚ [2 – 4], ɬɚɤɢɟ ɤɚɤ, ɰɜɟɬ ɩɨ ɲɤɚɥɟ ɋɟɣɛɨɥɬɚ, ɩɪɨɛɚ ɧɚ 

ɩɪɢɫɭɬɫɬɜɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ (ASTM D565) ɢ ɢɫɩɵɬɚɧɢɟ ɩɪɢ ɍɎ-ɩɨɝɥɨɳɟɧɢɢ 

(ASTM D2269), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɨɞɟɪɠɚɧɢɢ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ, ɩɪɢɫɭɬɫɬɜɢɟ ɤɨɬɨɪɵɯ ɧɟɞɨɩɭɫɬɢɦɨ ɜ ɛɟɥɵɯ 

ɦɚɫɥɚɯ. Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɞɥɹ ɛɟɥɵɯ ɦɚɫɟɥ ɡɧɚɱɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɫɬɵɜɚɧɢɹ. ɉɨɥɭɱɟɧɢɟ ɛɟɥɵɯ ɦɚɫɟɥ ɢɡ ɜɵɛɪɚɧɧɨɝɨ ɫɵɪɶɹ ɬɪɟɛɭɟɬ 

ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɞɨɨɱɢɫɬɤɢ, ɚ ɬɚɤɠɟ ɭɥɭɱɲɟɧɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɵɛɪɚɧɵ 

ɝɢɞɪɨɢɡɨɦɟɪɢɡɚɰɢɹ ɢ ɝɢɞɪɢɪɨɜɚɧɢɟ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɝɢɞɪɨɢɡɨɦɟɪɢɡɚɰɢɹ ɉȽɄ №1 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɸɦɨɩɥɚɬɢɧɨɜɨɝɨ 

ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 240-260°C, ɞɚɜɥɟɧɢɢ 4 Ɇɉɚ, 

ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ (ω) 1ɱ-1, ɫɨɨɬɧɨɲɟɧɢɢ ɜɨɞɨɪɨɞ:ɫɵɪɶɟ=1000 ɧɥ/ɥ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɪɨɞɭɤɬ ɫ ɩɪɢɟɦɥɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɡɚɫɬɵɜɚɧɢɹ (-45°÷-24°ɋ), 

ɨɞɧɚɤɨ ɩɪɨɞɭɤɬɵ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɟ ɜɵɞɟɪɠɢɜɚɸɬ ɩɪɨɛɭ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɩɪɢɦɟɫɟɣ ɢ ɍɎ-ɢɫɩɵɬɚɧɢɟ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɭɪɨɜɧɹ ɤɚɱɟɫɬɜɚ ɛɟɥɵɯ ɦɚɫɟɥ 
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ɩɪɨɜɟɞɟɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɫɬɚɞɢɢ ɝɢɞɪɢɪɨɜɚɧɢɹ ɩɪɨɞɭɤɬɚ ɝɢɞɪɨɢɡɨɦɟɪɢɡɚɰɢɢ ɧɚ 

ɚɥɸɦɨɩɥɚɬɢɧɨɜɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 150-170°ɋ, ɞɚɜɥɟɧɢɢ 4 Ɇɉɚ, ɨɛɴɟɦɧɨɣ 

ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ (ω) 1 ɱ-1, ɫɨɨɬɧɨɲɟɧɢɢ ɜɨɞɨɪɨɞ:ɫɵɪɶɟ=1000:1 ɧɥ/ɥ, ɱɬɨ 

ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɨɛɪɚɡɟɰ ɦɚɫɥɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɤɚɱɟɫɬɜɭ ɧɚ ɛɟɥɵɟ 

ɦɚɫɥɚ. 

Ƚɢɞɪɨɢɡɨɦɟɪɢɡɚɰɢɟɣ ɉȽɄ №2 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɥɸɦɨɩɥɚɬɢɧɨɜɨɝɨ 

ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ ɞɚɜɥɟɧɢɢ 4 Ɇɉɚ, ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ 

ɫɵɪɶɹ (ω) 0,5÷1ɱ-1, ɫɨɨɬɧɨɲɟɧɢɢ ɜɨɞɨɪɨɞ:ɫɵɪɶɟ =1000 ɧɥ/ɥ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 300-

320°C ɞɨɫɬɢɝɧɭɬɵ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɫɬɵɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɦɚɫɟɥ ɜ ɢɧɬɟɪɜɚɥɟ -41°÷-

19°ɋ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɨɞɟɪɠɚɧɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫɧɢɠɟɧɨ ɬɨɥɶɤɨ ɞɨ 1,5 % 

ɦɚɫɫ. ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɫɩɵɬɚɧɢɟ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɢ ɍɎ-

ɩɨɝɥɨɳɟɧɢɟ ɩɨɤɚɡɚɥɨ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. Ⱦɨɨɱɢɫɬɤɭ ɝɢɞɪɢɪɨɜɚɧɢɟɦ ɩɪɨɜɨɞɢɥɢ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɥɸɦɨɩɥɚɬɢɧɨɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 150-240°ɋ, 

ɞɚɜɥɟɧɢɢ 4 Ɇɉɚ, ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɵɪɶɹ 1,0 ɱ-1 ɢ ɫɨɨɬɧɨɲɟɧɢɢ ɜɨɞɨɪɨɞ: 

ɫɵɪɶɟ=1000:1 ɧɥ/ɥ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɛɟɥɵɯ ɦɚɫɟɥ ɢɡ ɞɜɭɯ ɬɢɩɨɜ 

ɩɪɨɞɭɤɬɚ ɝɢɞɪɨɤɪɟɤɢɧɝɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɛɟɥɵɯ ɦɚɫɟɥ ɢɡ ɞɚɧɧɨɝɨ ɫɵɪɶɹ 

ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɬɪɟɛɭɟɬ ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɫɬɚɞɢɢ 

ɝɢɞɪɨɢɡɨɦɟɪɢɡɚɰɢɢ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɩɨɫɥɟɞɭɸɳɟɣ 

ɞɨɨɱɢɫɬɤɢ ɩɭɬɟɦ ɝɢɞɪɢɪɨɜɚɧɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɥɚɬɢɧɨɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɥɹ ɭɞɚɥɟɧɢɹ 

ɨɫɬɚɬɨɱɧɵɯ ɤɨɥɢɱɟɫɬɜ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 
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ɂɋɉɈɅɖɁɈȼȺɇɂȿ ɆȿɌɂɅɂɁɈȻɍɌɂɅɄȿɌɈɇȺ ȼ ɄȺɑȿɋɌȼȿ 
ɊȺɋɌȼɈɊɂɌȿɅə ȾɅə ɉɊɈɐȿɋɋȺ ȾȿɉȺɊȺɎɂɇɂɁȺɐɂɂ ɊȺɎɂɇȺɌɈȼ 

ɋȿɅȿɄɌɂȼɇɈɃ ɈɑɂɋɌɄɂ 

Ʉɨɫɚɪɟɜɚ Ɉ.Ⱥ., Ⱥɧɬɨɧɨɜ ɋ.Ⱥ., Ɂɚɝɥɹɞɨɜɚ ɋ.ȼ. 
THE USE OF METHYL ISOBUTYL KETONE AS A SOLVENT  

FOR DEWAXING OF SOLVENT REFINING RAFFINATES 
ɈɈɈ «Ɋɇ-ɐɂɊ», Ɇɨɫɤɜɚ  

E-mail: KosarevaOA@rn-rdc.ru  

 

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɫɨɥɶɜɟɧɬɧɨɣ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ 

ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ ɢ ɩɪɢɦɟɧɟɧɢɟ ɧɨɜɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ 

ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫɱɢɬɚɸɬɫɹ ɤɟɬɨɧɵ ɫ ɱɢɫɥɨɦ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ 5-8, ɧɚɩɪɢɦɟɪ, 

ɦɟɬɢɥɢɡɨɛɭɬɢɥɤɟɬɨɧ (ɆɂȻɄ). ȿɝɨ ɨɬɥɢɱɢɬɟɥɶɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɹɜɥɹɸɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɭɥɟɜɨɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɷɮɮɟɤɬ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ (ɌɗȾ) ɢ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ 

ɮɢɥɶɬɪɨɜɚɧɢɹ [1]. Ȼɨɥɟɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɞɢɧɨɱɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɭɩɪɨɳɚɟɬ 

ɨɛɫɥɭɠɢɜɚɧɢɟ ɭɫɬɚɧɨɜɤɢ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɆɂȻɄ ɨɬɧɨɫɹɬ ɞɟɮɢɰɢɬɧɨɫɬɶ 

[2], ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɭɫɬɪɚɧɢɬɶ ɩɭɬɟɦ ɨɪɝɚɧɢɡɚɰɢɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɚɧɧɨɝɨ 

ɪɚɫɬɜɨɪɢɬɟɥɹ. Ɍɚɤ, ɜ ɈɈɈ «Ɋɇ-ɐɂɊ» ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɨɞɧɨɫɬɚɞɢɣɧɨɝɨ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɆɂȻɄ ɢɡ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ.  

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɆɂȻɄ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ 

ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɫɵɪɶɹ ɪɚɡɥɢɱɧɨɣ ɜɹɡɤɨɫɬɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɆɂȻɄ ɢ ɫɦɟɫɢ ɦɟɬɢɥɷɬɢɥɤɟɬɨɧɚ (ɆɗɄ) ɢ ɬɨɥɭɨɥɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɞɟɩɚɪɚɮɢɧɢɪɨɜɚɧɧɵɯ ɦɚɫɟɥ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɡɚɫɬɵɜɚɧɢɹ ɧɟ ɜɵɲɟ ɦɢɧɭɫ 15°ɋ. ɍɫɥɨɜɢɹ 

ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɢ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 2 – ɍɫɥɨɜɢɹ ɩɪɨɰɟɫɫɚ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɢ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 
ɞɟɩɚɪɚɮɢɧɢɪɨɜɚɧɧɵɯ ɦɚɫɟɥ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ 

Ɋɚɫɬɜɨɪɢɬɟɥɶ 
Ɍɤ.ɨ, 

°ɋ 

Ʉɪ:ɫ, 
ɨɛ. 

Ɋɯ.ɩ, 
ɨɛ. Ɍɡ, °ɋ ɌɗȾ, °ɋ 

Wɮ, 

ɤɝ/ɦ2·ɱ 

ȼɵɯɨɞ, 
% ɦɚɫ. 

Ɋɚɮɢɧɚɬ ɫɪɟɞɧɟɜɹɡɤɢɣ (Ʉȼ ɩɪɢ 100°ɋ 6,53 ɦɦ2/ɫ) 
ɆɗɄ+ɬɨɥɭɨɥ -25 3,0 1,0 -17 8 1720 79,45 

ɆɂȻɄ -17 3,0 1,0 -17 0 1897 83,67 

Ɋɚɮɢɧɚɬ ɦɚɥɨɜɹɡɤɢɣ (Ʉȼ ɩɪɢ 100°ɋ 4,21 ɦɦ2/ɫ) 
ɆɗɄ+ɬɨɥɭɨɥ -25 2,3 1,0 -17 8 1280 84,75 

ɆɂȻɄ -17 2,3 0,5 -17 0 1534 85,64 

Ɋɚɮɢɧɚɬ ɨɫɬɚɬɨɱɧɵɣ (Ʉȼ ɩɪɢ 100°ɋ 20,62 ɦɦ2/ɫ) 
ɆɗɄ+ɬɨɥɭɨɥ -20 4,5 1,8 -15 5 896 76,52 

ɆɂȻɄ -15 5,0 1,5 -15 0 932 80,52 

Ɋɚɮɢɧɚɬ ɦɚɥɨɜɹɡɤɢɣ (Ʉȼ ɩɪɢ 100°ɋ 4,74 ɦɦ2/ɫ) 
ɆɗɄ+ɬɨɥɭɨɥ -25 2,3 1,0 -17 8 1592 85,70 

ɆɂȻɄ -17 2,3 1,0 -17 0 1999 89,02 

ɍ-V-2 
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ɉɪɢɦɟɱɚɧɢɟ: Ɍɤ.ɨ – ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɟɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ; Ʉɪ:ɫ – ɤɪɚɬɧɨɫɬɶ ɪɚɫɬɜɨɪɢɬɟɥɹ 
ɤ ɫɵɪɶɸ; Ɋɯ.ɩ – ɤɪɚɬɧɨɫɬɶ ɪɚɫɬɜɨɪɢɬɟɥɹ ɯɨɥɨɞɧɨɣ ɩɪɨɦɵɜɤɢ; Ɍɡ – ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɫɬɵɜɚɧɢɹ 
ɞɟɩɚɪɚɮɢɧɢɪɨɜɚɧɧɨɝɨ ɦɚɫɥɚ; Wɮ – ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɫɭɫɩɟɧɡɢɢ; Ʉȼ – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ 
ɜɹɡɤɨɫɬɶ.   

 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɟɢɦɭɳɟɫɬɜɚɯ ɆɂȻɄ ɤɚɤ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɥɹ ɩɪɨɰɟɫɫɚ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ: ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɟɩɚɪɚɮɢɧɢɪɨɜɚɧɧɵɯ 

ɦɚɫɟɥ ɫ ɨɞɢɧɚɤɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɡɚɫɬɵɜɚɧɢɹ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɆɂȻɄ ɬɪɟɛɭɟɬɫɹ ɦɟɧɟɟ 

ɝɥɭɛɨɤɨɟ ɨɯɥɚɠɞɟɧɢɟ (ɩɪɢɦɟɪɧɨ ɧɚ 5-8°ɋ), ɱɬɨ ɫɤɚɠɟɬɫɹ ɧɚ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ, 

ɬɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɮɢɥɶɬɪɨɜɚɧɢɹ ɫɭɫɩɟɧɡɢɢ, ɱɬɨ ɨɬɪɚɡɢɬɫɹ ɧɚ 

ɩɨɜɵɲɟɧɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ, ɢ ɩɨɜɵɲɟɧɢɟ ɜɵɯɨɞɚ ɞɟɩɚɪɚɮɢɧɢɪɨɜɚɧɧɵɯ 

ɦɚɫɟɥ ɧɚ 3-4 %. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɆɂȻɄ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɨɰɟɫɫɚ ɫɨɥɶɜɟɧɬɧɨɣ 

ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ ɫɥɟɞɭɸɳɟɟ: 

 ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɟɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɩɨɧɢɠɚɟɬɫɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɫɬɵɜɚɧɢɹ ɞɟɩɚɪɚɮɢɧɢɪɨɜɚɧɧɵɯ ɦɚɫɟɥ ɢ ɢɯ ɜɵɯɨɞ; 

 ɩɪɢ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɆɂȻɄ ɢɡɦɟɧɟɧɢɟ ɤɪɚɬɧɨɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɤ ɫɵɪɶɸ 

ɜ ɩɪɟɞɟɥɚɯ 1-5:1 ɧɟ ɨɤɚɡɵɜɚɟɬ ɡɚɦɟɬɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 

ɡɚɫɬɵɜɚɧɢɹ ɞɟɩɚɪɚɮɢɧɢɪɨɜɚɧɧɵɯ ɦɚɫɟɥ; 

 ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɪɚɬɧɨɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜɨɡɪɚɫɬɚɟɬ ɫɤɨɪɨɫɬɶ 

ɮɢɥɶɬɪɨɜɚɧɢɹ ɫɭɫɩɟɧɡɢɢ, ɨɞɧɚɤɨ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɞɥɹ 

ɤɚɠɞɨɝɨ ɫɵɪɶɹ ɡɧɚɱɟɧɢɹ ɧɚɱɢɧɚɟɬ ɩɨɜɵɲɚɬɶɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɫɬɵɜɚɧɢɹ 

ɞɟɩɚɪɚɮɢɧɢɪɨɜɚɧɧɵɯ ɦɚɫɟɥ;  

 ɞɥɹ ɤɚɠɞɨɝɨ ɜɢɞɚ ɫɵɪɶɹ ɫɭɳɟɫɬɜɭɟɬ ɨɩɬɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɥɹ ɩɪɨɦɵɜɤɢ ɥɟɩɟɲɤɢ ɬɜɟɪɞɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, 

ɩɪɟɜɵɲɟɧɢɟ ɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɡɚɫɬɵɜɚɧɢɹ ɞɟɩɚɪɚɮɢɧɢɪɨɜɚɧɧɵɯ ɦɚɫɟɥ. 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɆɗɄ ɢ ɬɨɥɭɨɥɚ, ɆɂȻɄ ɧɟ ɜɯɨɞɢɬ 

ɜ ɫɩɢɫɨɤ ɩɪɟɤɭɪɫɨɪɨɜ, ɨɛɨɪɨɬ ɤɨɬɨɪɵɯ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɝɪɚɧɢɱɟɧ ɢ ɜ 

ɨɬɧɨɲɟɧɢɢ ɤɨɬɨɪɵɯ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɦɟɪɵ ɤɨɧɬɪɨɥɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɢ ɦɟɠɞɭɧɚɪɨɞɧɵɦɢ ɞɨɝɨɜɨɪɚɦɢ Ɋɨɫɫɢɣɫɤɨɣ 

Ɏɟɞɟɪɚɰɢɢ (ɫɩɢɫɨɤ IV)  (ɜ ɪɟɞ. ɉɨɫɬɚɧɨɜɥɟɧɢɹ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɨɬ 02.07.2015 N 665). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɜɵɹɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɆɂȻɄ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɨɰɟɫɫɚ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɢ ɩɨɤɚɡɚɧɵ 

ɟɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ, ɡɚɤɥɸɱɚɸɳɢɟɫɹ ɜ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɞɥɹ 
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ɜɵɪɚɛɨɬɤɢ ɦɚɫɟɥ ɫ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɡɚɫɬɵɜɚɧɢɹ, ɭɩɪɨɳɟɧɢɢ ɨɛɫɥɭɠɢɜɚɧɢɹ 

ɭɫɬɚɧɨɜɤɢ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɢ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɨɞɢɧɨɱɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɩɨɜɵɲɟɧɢɢ 

ɜɵɯɨɞɚ ɞɟɩɚɪɚɮɢɧɢɪɨɜɚɧɧɵɯ ɦɚɫɟɥ ɢ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ʉɚɡɚɤɨɜɚ Ʌ.ɉ., Ʉɪɟɣɧ ɋ.ɗ. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɮɬɹɧɵɯ 
ɦɚɫɟɥ. Ɇ.: ɏɢɦɢɹ, 1978. 320 ɫ. 

2. ɉɟɪɟɜɟɪɡɟɜ Ⱥ.ɇ., Ȼɨɝɞɚɧɨɜ ɇ.Ɏ., Ɋɨɳɢɧ ɘ.ɇ. ɉɪɨɢɡɜɨɞɫɬɜɨ ɩɚɪɚɮɢɧɨɜ. Ɇ.: ɏɢɦɢɹ, 
1973. 224 ɫ. 

  

  

  
  



721 

 

ɂɋɋɅȿȾɈȼȺɇɂə ɈɄɂɋɅɂɌȿɅɖɇɈɃ ɋɌȺȻɂɅɖɇɈɋɌɂ 
ȽɂȾɊȺȼɅɂɑȿɋɄɂɏ ɆȺɋȿɅ 

ɉɟɬɪɨɜ Ʌ.ȼ.1, ɉɫɢɯɚ Ȼ.Ʌ.1, Ɍɵɳɟɧɤɨ ȼ.Ⱥ.2, ɒɟɣɤɢɧɚ ɇ.Ⱥ.2, Ʉɭɥɢɤɨɜɚ ɂ.Ⱥ.2, 
Ƚɚɜɪɢɥɨɜɚ ɂ.Ⱥ.2 

THE STUDY OF OXIDATIVE STABILITY OF HYDRAULIC OILS 
1 ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ, ɑɟɪɧɨɝɨɥɨɜɤɚ 

E-mail: psi@icp.ac.ru 
2ɋɪɟɞɧɟɜɨɥɠɫɤɢɣ ɇɂɂ ɩɨ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɟ, ɇɨɜɨɤɭɣɛɵɲɟɜɫɤ 

 

ȼ ɤɚɱɟɫɬɜɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ ɜ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ ɪɚɤɟɬɧɨ-

ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɩɪɢɦɟɧɹɸɬ ɦɢɧɟɪɚɥɶɧɵɟ ɦɚɥɨɜɹɡɤɢɟ ɦɚɫɥɚ, ɨɫɧɨɜɧɵɦ 

ɬɪɟɛɨɜɚɧɢɟɦ ɤ ɤɨɬɨɪɵɦ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɟɫɭɪɫɚ ɪɚɛɨɬɵ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɷɬɨɝɨ ɬɪɟɛɨɜɚɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɦɚɫɥɚ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɪɹɞɨɦ ɜɚɠɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, 

ɜ ɱɚɫɬɧɨɫɬɢ, ɜɵɫɨɤɨɣ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ. Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ ɦɚɫɥɨ 

ɩɨɥɭɱɚɸɬ ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɫɩɟɰɢɚɥɶɧɭɸ ɭɝɥɟɜɨɞɨɪɨɞɧɭɸ ɨɫɧɨɜɭ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɣ 

ɩɪɢɫɚɞɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɱɟɫɬɜɨ ɦɚɫɥɚ ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ 

ɷɬɨɣ ɨɫɧɨɜɵ, ɬɚɤ ɢ ɨɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɣɫɬɜɢɹ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɣ ɩɪɢɫɚɞɤɢ. 

ȼ [1-4] ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɨɤɢɫɥɟɧɢɹ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɨɫɧɨɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɚɫɟɥ ɢ ɦɟɯɚɧɢɡɦɚ ɢɧɝɢɛɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ 

ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɢɫɚɞɨɤ ɜ ɧɢɯ. 

ɂɡɭɱɟɧ ɦɟɯɚɧɢɡɦ ɨɤɢɫɥɟɧɢɹ ɧɨɜɨɣ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɨɫɧɨɜɵ ɦɚɫɥɚ ɆȽ-7-Ȼ. ɉɪɢ 

120, 130, 140ɋ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɤɥɸɱɟɜɵɟ ɪɟɚɤɰɢɢ ɜ ɦɟɯɚɧɢɡɦɟ ɨɤɢɫɥɟɧɢɹ, 

ɨɩɪɟɞɟɥɟɧɵ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɢ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɨɥɭɱɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨ 

ɨɩɢɫɵɜɚɟɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɪɢɜɵɟ ɩɨɝɥɨɳɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɧɚɤɨɩɥɟɧɢɹ 

ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ ɢ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɨɫɧɨɜɨɣ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢɡɭɱɟɧɢɹ ɦɟɯɚɧɢɡɦɚ 

ɞɟɣɫɬɜɢɹ ɢɧɝɢɛɢɬɨɪɨɜ ɜ ɦɚɫɥɟ ɆȽ-7-Ȼ. 

Ⱦɟɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧ ɦɟɯɚɧɢɡɦ ɬɨɪɦɨɡɹɳɟɝɨ ɞɟɣɫɬɜɢɹ ɞɜɭɯ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ – 

ɞɢɮɟɧɢɥɚɦɢɧɚ ɢ ɢɨɧɨɥɚ. ȼ ɦɟɯɚɧɢɡɦɟ ɨɛɨɢɯ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ 

ɤɥɸɱɟɜɵɟ ɪɟɚɤɰɢɢ ɢ ɨɩɪɟɞɟɥɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ. 

ɉɨɥɭɱɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɩɢɫɵɜɚɟɬ ɤɢɧɟɬɢɱɟɫɤɢɟ 

ɤɪɢɜɵɟ ɩɨɝɥɨɳɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɩɪɨɰɟɫɫɟ ɚɜɬɨ- ɢ ɢɧɢɰɢɢɪɨɜɚɧɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɚɫɥɚ ɆȽ-7-Ȼ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ 

(ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɧɬɢɨɤɫɢɞɚɧɬɚ, ɫɤɨɪɨɫɬɢ ɢɧɢɰɢɢɪɨɜɚɧɢɹ, ɫɨɞɟɪɠɚɧɢɹ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ ɜ 

ɨɛɪɚɡɰɟ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɡɚɥɨɠɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ 

ɨɫɧɨɜɵ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɚɫɟɥ. Ⱦɥɹ 
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ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɨɜ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɭɫɬɚɧɨɜɢɬɶ ɫɜɹɡɶ 

ɦɟɠɞɭ ɞɚɧɧɵɦɢ ɩɨ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɭɫɥɨɜɢɹɯ, ɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɫɬɚɧɞɚɪɬɧɵɯ ɢɫɩɵɬɚɧɢɣ ɤɚɱɟɫɬɜɚ ɦɚɫɟɥ, ɜ ɱɚɫɬɧɨɫɬɢ, – 

ɭɫɤɨɪɟɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ (ɍɄɂ), ɤɨɬɨɪɵɟ ɢɦɢɬɢɪɭɸɬ ɪɚɡɥɢɱɧɵɟ ɭɫɥɨɜɢɹ 

ɢ ɫɪɨɤɢ ɯɪɚɧɟɧɢɹ ɦɚɫɟɥ (15, 20, 25, 30, 35, 40 ɥɟɬ). ɋɭɳɧɨɫɬɶ ɍɄɂ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɜɵɞɟɪɠɢɜɚɧɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɤɢ ɜ ɢɫɩɵɬɭɟɦɨɦ ɩɪɨɞɭɤɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 70ɋ. 

ȼ ɤɚɱɟɫɬɜɟ ɦɟɬɚɥɥɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɬɚɥɶ, ɚɥɸɦɢɧɢɟɜɵɟ ɢ ɦɟɞɧɵɟ ɫɩɥɚɜɵ. ȼ ɯɨɞɟ ɍɄɂ 

ɮɢɤɫɢɪɭɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɩɥɚɫɬɢɧɤɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɤɨɪɪɨɡɢɨɧɧɨɟ 

ɜɨɡɞɟɣɫɬɜɢɟ ɦɚɫɥɚ ɧɚ ɦɟɬɚɥɥ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɱɟɫɬɜɚ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɚɫɟɥ. 

Ȼɵɥɢ ɜɵɪɚɛɨɬɚɧɵ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɨɤɢɫɥɢɬɟɥɶɧɭɸ 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɚɫɥɚ, ɩɪɨɲɟɞɲɢɯ ɭɫɤɨɪɟɧɧɵɟ ɤɥɢɦɚɬɢɱɟɫɤɢɟ 

ɢɫɩɵɬɚɧɢɹ. Ɍɚɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɹɜɥɹɸɬɫɹ [5]: 

1). Ʉɨɧɰɟɧɬɪɚɰɢɹ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ, ɧɚɤɨɩɢɜɲɢɯɫɹ ɜ ɨɛɪɚɡɰɟ ɜ ɩɪɨɰɟɫɫɟ ɍɄɂ. 

2). Ɉɫɬɚɬɨɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɧɝɢɛɢɬɨɪɚ – ɞɢɮɟɧɢɥɚɦɢɧɚ ɜ ɨɛɪɚɡɰɟ ɩɨɫɥɟ ɍɄɂ. 

3). Ʉɢɧɟɬɢɱɟɫɤɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɨɤɢɫɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɦɚɫɟɥ, ɩɪɨɲɟɞɲɢɯ ɭɫɤɨɪɟɧɧɵɟ 

ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɨɝɥɨɳɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɹɜɥɹɸɬɫɹ 

ɫɭɦɦɚɪɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ, ɤɨɬɨɪɵɣ ɜ ɰɟɥɨɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ 

ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɢ ɩɨɡɜɨɥɹɟɬ ɫɪɚɜɧɢɜɚɬɶ ɢɯ ɦɟɠɞɭ ɫɨɛɨɣ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɨɣ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɦɚɫɥɚ ɆȽ-7-Ȼ (ɨɛɪɚɡɟɰ 2015 ɝɨɞɚ) ɜ ɩɪɨɰɟɫɫɟ ɭɫɤɨɪɟɧɧɵɯ 

ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ. ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɥɟɞɭɸɳɢɯ ɦɟɬɚɥɥɨɜ: 

ɫɬɚɥɶ ɋɌ45, ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ Ⱦ16 ɢ ɦɟɞɧɵɣ ɫɩɥɚɜ Ʌɋ59. 

Ɇɟɬɨɞɨɦ ɣɨɞɨɦɟɬɪɢɱɟɫɤɨɝɨ ɬɢɬɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɟɧɵ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ, ɧɚɤɨɩɢɜɲɢɯɫɹ ɜ ɨɛɪɚɡɰɟ ɜ ɩɪɨɰɟɫɫɟ ɭɫɤɨɪɟɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 

ɢɫɩɵɬɚɧɢɣ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ 

ɨɛɪɚɡɰɚ ɦɚɫɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Ⱦ16. ȼ ɨɛɪɚɡɰɚɯ ɦɚɫɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɋɌ45 ɢ Ⱦ16 ɩɨɫɥɟ 

ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɫɨɞɟɪɠɚɧɢɟ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ [ROOH]~10-3 ɦɨɥɶ/ɥ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɧɟɤɨɬɨɪɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɢɯ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ. ȼ ɨɛɪɚɡɰɟ ɦɚɫɥɚ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ Ʌɋ59, ɜ ɨɬɥɢɱɢɟ ɨɬ ɨɛɪɚɡɰɨɜ ɦɚɫɥɚ ɫɨ ɋɌ45 ɢ ɫ Ⱦ16, ɩɨɫɥɟ ɜɫɟɯ 

ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚɥɢɱɢɹ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɮɟɧɢɥɚɦɢɧɚ ɜ 

ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɚɯ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ ɯɨɞɟ ɭɫɤɨɪɟɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 

ɫɨɞɟɪɠɚɧɢɟ ɞɢɮɟɧɢɥɚɦɢɧɚ ɜ ɨɛɪɚɡɰɚɯ ɩɨɫɬɟɩɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ (ɪɢɫ. 2). ɉɨɫɥɟ ɍɄɂ-40 
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ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɢɮɟɧɢɥɚɦɢɧɚ ɜ ɨɛɪɚɡɰɟ ɦɚɫɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɋɌ-45 ɫɧɢɡɢɥɚɫɶ ɧɚ 30%, ɚ 

ɜ ɨɛɪɚɡɰɚɯ ɦɚɫɥɚ ɫ Ⱦ16 ɢ ɫ Ʌɋ-59 – ɧɚ 20%. ɗɬɨ ɩɪɢɜɟɥɨ ɤ ɭɦɟɧɶɲɟɧɢɸ ɨɤɢɫɥɢɬɟɥɶɧɨɣ 

ɫɬɚɛɢɥɶɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɜ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ – ɞɥɹ ɨɛɪɚɡɰɚ ɦɚɫɥɚ ɫɨ ɋɌ45, ɢ ɜ 

ɧɚɢɦɟɧɶɲɟɣ – ɫ Ʌɋ-59. 
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Ɋɢɫ. 1. ɇɚɤɨɩɥɟɧɢɟ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ 

ROOH ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɦɚɫɥɟ ɆȽ-7-Ȼ ɜ 

ɯɨɞɟ ɭɫɤɨɪɟɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 

ɢɫɩɵɬɚɧɢɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɟɬɚɥɥɚ Ⱦ16. 

Ɋɢɫ. 2. Ɋɚɫɯɨɞɨɜɚɧɢɟ ɞɢɮɟɧɢɥɚɦɢɧɚ DPA ɜ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɦɚɫɥɟ ɆȽ-7-Ȼ ɜ ɯɨɞɟ 

ɭɫɤɨɪɟɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɦɟɬɚɥɥɚ ɋɌ45. 

 

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɨɪɨɞɚ, ɩɨɝɥɨɳɟɧɧɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɟɧɢɹ, ɨɬ 

ɜɪɟɦɟɧɢ ɢɡɦɟɪɹɥɢ ɧɚ ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɦɚɧɨɦɟɬɪɢɱɟɫɤɨɣ 

ɭɫɬɚɧɨɜɤɟ [6] ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ, ɫɬɪɨɝɨ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ: ɬɟɦɩɟɪɚɬɭɪɚ 140ɋ, 

ɢɧɢɰɢɢɪɨɜɚɧɧɨɟ ɨɤɢɫɥɟɧɢɟ (ɢɧɢɰɢɚɬɨɪ – ɞɢɤɭɦɢɥɩɟɪɨɤɫɢɞ) ɩɪɢ ɫɤɨɪɨɫɬɹɯ 

ɢɧɢɰɢɢɪɨɜɚɧɢɹ Wi = (2, 4, 6)·10-6 ɦɨɥɶ/ɥ·ɫ.  

ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɦɚɫɥɚ, ɩɪɨɲɟɞɲɢɯ 

ɭɫɤɨɪɟɧɧɵɟ ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ, ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɫ ɢɫɯɨɞɧɵɦ 

ɨɛɪɚɡɰɨɦ (ɪɢɫ 3). ȼɢɞɧɨ, ɱɬɨ ɨɤɢɫɥɢɬɟɥɶɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɭɛɵɜɚɟɬ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢɫɩɵɬɚɧɢɣ. ȼ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɷɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ 

ɨɛɪɚɡɰɚ ɦɚɫɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɋɌ45, ɚ ɜ ɧɚɢɦɟɧɶɲɟɣ – ɜ ɩɪɢɫɭɬɫɬɜɢɢ Ʌɋ-59, ɨɤɢɫɥɟɧɢɟ 

ɤɨɬɨɪɨɝɨ ɩɨɫɥɟ ɜɫɟɯ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɦɚɥɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɨɤɢɫɥɟɧɢɹ ɢɫɯɨɞɧɨɝɨ 

ɨɛɪɚɡɰɚ. ɉɪɢɱɢɧɨɣ ɷɬɨɝɨ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɫɩɨɫɨɛɧɨɫɬɶ ɥɚɬɭɧɢ ɪɚɡɥɚɝɚɬɶ ɝɢɞɪɨɩɟɪɨɤɫɢɞɵ, 

ɩɪɢɱɟɦ ɧɚ ɦɨɥɟɤɭɥɹɪɧɵɟ ɩɪɨɞɭɤɬɵ, ɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɢɮɟɧɢɥɚɦɢɧɚ ɜ ɦɚɫɥɟ ɨɫɬɚɟɬɫɹ ɟɳɟ 

ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ, ɨɤɢɫɥɢɬɟɥɶɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɨɛɪɚɡɰɚ ɦɚɫɥɚ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ Ʌɋ59 ɢɡɦɟɧɢɥɚɫɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 
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Ɋɢɫ. 3. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɨɝɥɨɳɟɧɢɹ 

ɤɢɫɥɨɪɨɞɚ ɩɪɢ 140ɋ ɜ ɢɧɢɰɢɢɪɨɜɚɧɧɨɦ 

ɨɤɢɫɥɟɧɢɢ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ (1) 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɚɫɥɚ ɆȽ-7-Ȼ ɢ ɩɨɫɥɟ 

ɍɄɂ 15, 20, 25, 30, 35, 40 (2 – 7) ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɦɟɬɚɥɥɚ ɋɌ45. ɋɤɨɪɨɫɬɶ 

ɢɧɢɰɢɢɪɨɜɚɧɢɹ Wi = 4∙10-6 ɦɨɥɶ/(ɥ∙ɫ). 

Ɋɢɫ. 4. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɨɝɥɨɳɟɧɢɹ 

ɤɢɫɥɨɪɨɞɚ ɩɪɢ 140ɋ ɜ ɢɧɢɰɢɢɪɨɜɚɧɧɨɦ 

ɨɤɢɫɥɟɧɢɢ ɨɛɪɚɡɰɨɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɚɫɟɥ 

ɩɨɫɥɟ ɍɄɂ-25 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɟɬɚɥɥɚ 

Ʌɋ59: 1 – ɆȽ-7-Ȼ (2015 ɝ.), 2 – ɦɚɫɥɨ ɊɆ 

(2005 ɝ.), 3 – ɆȽ-7-Ȼ (2005 ɝ.). ɋɤɨɪɨɫɬɶ 

ɢɧɢɰɢɢɪɨɜɚɧɢɹ Wi = 2∙10-6 ɦɨɥɶ/(ɥ∙ɫ). 

 

ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɦɚɫɥɚ ɆȽ-

7-Ȼ (2015 ɝ.) ɫ ɪɚɧɟɟ ɢɡɭɱɟɧɧɵɦ ɨɛɪɚɡɰɨɦ ɆȽ-7-Ȼ (2005 ɝ.) ɢ ɦɚɫɥɨɦ ɊɆ, ɤɨɬɨɪɨɟ 

ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɜ ɤɚɱɟɫɬɜɟ ɷɬɚɥɨɧɚ ɫɪɚɜɧɟɧɢɹ (ɪɟɡɭɥɶɬɚɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 2005 ɝ.). Ⱦɚɧɧɵɟ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4 ɢ ɜ ɬɚɛɥɢɰɚɯ 1 ɢ 2. 

Ɍɚɛɥɢɰɚ 1. ɋɨɞɟɪɠɚɧɢɟ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɚɫɥɚɯ ɩɨɫɥɟ ɭɫɤɨɪɟɧɧɵɯ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 

Ƚɢɞɪɚɜɥ. 
ɦɚɫɥɨ 

Ɉɛɪɚɡɟɰ 

ɂɫɯɨɞɧɵɣ ɍɄɂ ɋɌ45 Ⱦ16 Ʌɋ59 

 Ʉɨɧɰɟɧɬɪɚɰɢɹ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ [ROOH]0, (ɦɨɥɶ/ɥ) 

ɆȽ-7-Ȼ 

(2015) 
~10-5 

ɍɄɂ-15 

ɍɄɂ-25 

ɍɄɂ-35 

0.3710-3 

0.7310-3 

2.0510-3 

0.5510-3 

0.9010-3 

2.1610-3 

~10-5 

~10-5 

510-5 

ɊɆ 

(2005) 
< 510-5 

ɍɄɂ-15 

ɍɄɂ-25 

ɍɄɂ-35 

1.810-3 

2.210-3 

8.710-3 

1.910-3 

3.210-3 

3.210-3 

1.310-3 

0.6610-3 

0.3510-3 

ɆȽ-7-Ȼ 

(2005) 
< 510-5 

ɍɄɂ-15 

ɍɄɂ-25 

ɍɄɂ-35 

6.010-3 

18.110-3 

3.410-3 

25.010-3 

17.110-3 

4.610-3 

21.010-3 

4.410-3 

3.210-3 
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Ɍɚɛɥɢɰɚ 2. ɋɨɞɟɪɠɚɧɢɟ ɞɢɮɟɧɢɥɚɦɢɧɚ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɚɫɥɚɯ ɩɨɫɥɟ ɭɫɤɨɪɟɧɧɵɯ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 

Ƚɢɞɪɚɜɥ. 
Ɇɚɫɥɨ 

Ɉɛɪɚɡɟɰ 

ɂɫɯɨɞɧɵɣ ɍɄɂ ɋɌ45 Ⱦ16 Ʌɋ59 

 Ʉɨɧɰɟɧɬɪɚɰɢɹ ɞɢɮɟɧɢɥɚɦɢɧɚ [ȾɎȺ]0, (ɦɨɥɶ/ɥ) 

ɆȽ-7-Ȼ 

(2015) 
1.4910-2 

ɍɄɂ-15 

ɍɄɂ-25 

ɍɄɂ-35 

1.4810-2 

1.3610-2 

1.1410-2 

1.4610-2 

1.2410-2 

1.2110-2 

1.4210-2 

1.2510-2 

1.2110-2 

ɊɆ 

(2005) 
1.5010-2 

ɍɄɂ-15 

ɍɄɂ-25 

ɍɄɂ-35 

1.4010-2 

1.3510-2 

1.2510-2 

1.4310-2 

1.3510-2 

1.3210-2 

1.3310-2 

1.2910-2 

1.2610-2 

ɆȽ-7-Ȼ 

(2005) 
1.5110-2 

ɍɄɂ-15 

ɍɄɂ-25 

ɍɄɂ-35 

1.4410-2 

1.0810-2 

0.8110-2 

1.4010-2 

1.0410-2 

0.8110-2 

1.0510-2 

0.8210-2 

0.8510-2 

 

Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ 

ɢɫɫɥɟɞɨɜɚɧɧɨɟ ɦɚɫɥɨ ɆȽ-7-Ȼ (2015 ɝ.) ɩɪɟɜɨɫɯɨɞɢɬ ɨɛɪɚɡɟɰ ɆȽ-7-Ȼ (2005 ɝ.) ɢ 

ɫɨɩɨɫɬɚɜɢɦɨ ɫ ɷɬɚɥɨɧɧɵɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɦɚɫɥɨɦ ɊɆ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɨ ɬɟɦɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ (№ ɝɨɫ. ɪɟɝɢɫɬɪɚɰɢɢ 

01201361859) ɢ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɞɨɝɨɜɨɪɚ ɦɟɠɞɭ ɂɉɏɎ ɊȺɇ ɢ ɋɜɇɂɂɇɉ № 

621/16/17061 ɨɬ 30.11.2016. 
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IN THE ENVIRONMENT OF ɇYDROCARBON OIL 
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Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ Ⱦȼɋ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦ ɪɟɰɢɪɤɭɥɹɰɢɢ ɨɬɪɚɛɨɬɚɧɧɵɯ ɝɚɡɨɜ, ɫɚɠɟɜɵɯ 

ɮɢɥɶɬɪɨɜ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ (ɫɟɥɟɤɬɢɜɧɵɯ) ɧɟɣɬɪɚɥɢɡɚɬɨɪɨɜ, ɱɬɨ ɜ ɰɟɥɨɦ ɨɬɜɟɱɚɟɬ 

ɬɪɟɛɨɜɚɧɢɹɦ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɤɚɬɟɝɨɪɢɣ Euro-ɏ. ɍɤɚɡɚɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɤ ɩɨɜɵɲɟɧɧɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɚɬɨɦɨɜ ɦɟɬɚɥɥɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɨɣ ɡɨɥɵ, ɮɨɫɮɨɪɚ ɢ ɫɟɪɵ ɜ ɦɨɬɨɪɧɵɯ ɦɚɫɥɚɯ [1,2]. ɋɨɜɪɟɦɟɧɧɵɟ 

ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɦɚɫɥɚ ɥɢɲɶ ɱɚɫɬɢɱɧɨ ɨɬɜɟɱɚɸɬ ɭɤɚɡɚɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɜɫɥɟɞɫɬɜɢɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɢɯ ɫɨɫɬɚɜɚɯ ɩɪɢɫɚɞɨɤ, ɫɨɞɟɪɠɚɳɢɯ ɰɢɧɤɨɜɭɸ ɫɨɥɶ ɞɢɬɢɨɮɨɫɮɨɪɧɨɣ 

ɤɢɫɥɨɬɵ. ɉɨɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɢɡɭɱɟɧɢɟ ɬɪɢɛɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɨɫɬɚɜɟ ɩɚɤɟɬɨɜ ɩɪɢɫɚɞɨɤ, ɧɟ ɬɨɥɶɤɨ ɧɟ ɫɨɞɟɪɠɚɳɢɯ ɦɟɬɚɥɥ, ɧɨ ɢ ɮɨɫɮɨɪɚ, 

ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ [3]. ɉɪɢ ɷɬɨɦ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɚ ɬɪɢɛɨɥɨɝɢɱɟɫɤɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɦɩɨɡɢɰɢɣ, ɫɨɱɟɬɚɸɳɢɯ ɛɟɡɡɨɥɶɧɵɟ ɞɢɬɢɨɮɨɫɮɚɬɵ ɢ 

ɞɢɬɢɨɤɚɪɛɚɦɢɧɨɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɪɟɞɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɦɚɫɥɚ, ɚ ɢɦɟɧɧɨ ɞɢɧɚɦɢɤɚ 

ɢɡɦɟɧɟɧɢɹ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɢ ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɷɬɢɯ ɤɨɦɩɨɡɢɰɢɣ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɢɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ. 

ȼ ɬɚɛɥ. 1 ɢ 2 ɢ ɧɚ ɪɢɫ. 1 ɢ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɢ 

ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɢɫɯɨɞɧɵɯ ɢ ɨɤɢɫɥɟɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɫɦɚɡɨɱɧɨɝɨ ɦɚɫɥɚ, 

ɫɨɫɬɨɹɳɢɯ ɢɡ ɨɫɧɨɜɵ - ɩɨɥɢ--ɨɥɟɮɢɧɨɜɨɝɨ ɦɚɫɥɚ (ɊȺɈ-4), ɛɟɡɡɨɥɶɧɵɯ ɞɢɬɢɨɮɨɫɮɚɬɨɜ, 

ɜɤɥɸɱɚɸɳɢɯ ɜ ɜɚɪɢɚɧɬɚɯ ɫɨɫɬɚɜɚ ɤɨɦɩɨɡɢɰɢɣ ɚɦɢɧɧɵɟ ɫɨɥɢ ɞɢɚɥɤɢɥɞɢɬɢɨɮɨɫɮɨɪɧɨɣ 

(ȺȾɌɎ) ɢɥɢ ɞɢɚɥɤɢɥɮɟɧɢɥɞɢɬɢɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ (ȼɇɂɂ ɇɉ-715), ɦɟɬɢɥɟɧ-ɛɢɫ-

ɞɢɛɭɬɢɥɞɢɬɢɨɤɚɪɛɚɦɚɬ (DTC) ɢ ɞɟɬɟɪɝɟɧɬɵ - ɫɪɟɞɧɟɳɟɥɨɱɧɨɣ ɧɟɮɬɹɧɨɣ ɫɭɥɶɮɨɧɚɬ ɤɚɥɶɰɢɹ 

(ɋ-150) ɢ ɫɜɟɪɯɳɟɥɨɱɧɨɣ ɫɢɧɬɟɬɢɱɟɫɤɢɣ ɫɭɥɶɮɨɧɚɬ ɤɚɥɶɰɢɹ (ɋɋɄ-400). 

ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɨɤɢɫɥɟɧɢɟ ɢɫɩɵɬɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢɣ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ 

ɭɫɬɚɧɨɜɤɟ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɛɥɨɤɚ ɢ ɫɢɫɬɟɦɵ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɫɥɟɞɭɸɳɢɯ 

ɭɫɥɨɜɢɹɯ: ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɛɚɪɛɨɬɢɪɭɟɦɨɝɨ ɱɟɪɟɡ ɨɛɴёɦ ɢɫɩɵɬɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢɣ, 

ɫɨɫɬɚɜɢɥ 300 ɦɥ/ɦɢɧ, ɬɟɦɩɟɪɚɬɭɪɚ – 180 °ɋ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɤɢɫɥɟɧɢɹ - 20 ɱ. 

Ɉɤɢɫɥɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɢɫɩɵɬɭɟɦɵɟ ɨɛɪɚɡɰɵ ɩɪɨɦɨɬɨɪɚ ɨɤɢɫɥɟɧɢɹ - 

ɍ-V-4 
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ɧɚɮɬɟɧɚɬɚ ɦɟɞɢ (RCOO)2Cu ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,1 % ɨɛ. [4]. 

Ɍɚɛɥ. 1 Ɍɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɦɚɫɥɚ  

Ɍɪɢɛɨɥɨ-

ɝɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤɢ 

ɋɨɫɬɚɜ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢɣ ɧɚ ɨɫɧɨɜɟ ɊȺɈ-4 

ɂɫɯɨɞ-

ɧɨɟ 
ɦɚɫɥɨ 

0,5 % 

ȼɇɂɂ ɇɉ-

715 

+ 0,5 % DTC 

0,5 % 

ȺȾɌɎ 

+ 0,5 % 

DTC 

0,5 % 

ȼɇɂɂ ɇɉ-

715  

+ 2,4 %        

ɋɋɄ-400 

+ 0,5 % DTC  

0,5 % 

ȼɇɂɂ ɇɉ-715  

+ 7,4 % ɋ-150  

+ 0,5 % DTC  

0,5 % ȺȾɌɎ 
+ 2,4 %       

ɋɋɄ-400  

+ 0,5 %      

DTC  

 0,5 %ȺȾɌɎ 
+ 7,4 %     

ɋ-150      

+ 0,5 % 

DTC   

ɋɪɟɞɧɢɣ 
ɞɢɚɦɟɬɪ ɩɹɬɧɚ 
ɢɡɧɨɫɚ ɲɚɪɢɤɚ 

(dɲ), ɦɦ 

0,785 0,732 0,677 0,715 0,654 0,567 0,649 

Ɉɛɴɟɦ ɢɡɧɨɫɚ 
ɲɚɪɢɤɚ 

(WV,ɲɚɪ), 103 

ɦɤɦ3 

1781 1482 924 1451 856 318 754 

Ɉɛɴɟɦ ɢɡɧɨɫɚ 
ɩɥɚɫɬɢɧɤɢ  

(WV,ɩɥɚɫɬ), 103 

ɦɤɦ3 

3495 2750 2687 2550 2258 1956 2149 

 

Ɍɚɛɥ. 2 Ɍɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɤɢɫɥɟɧɧɵɯ (20 ɱ) ɤɨɦɩɨɡɢɰɢɣ ɦɚɫɥɚ  

Ɍɪɢɛɨ-

ɥɨɝɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤɢ 

ɋɨɫɬɚɜ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢɣ ɧɚ ɨɫɧɨɜɟ ɊȺɈ-4 

ɂɫɯɨɞ-

ɧɨɟ 
ɦɚɫɥɨ 

0,5 %       

ȼɇɂɂ ɇɉ-

715 + 0,5% 

DTC  

0,5% 

ȺȾɌɎ 
+  

0,5% 

DTC  

0,5 %         

ȼɇɂɂ ɇɉ-715 

+ 2,4 %        

ɋɋɄ-400 

+ 0,5 % DTC  

0,5%            

ȼɇɂɂ ɇɉ-715  

+ 7,4 % ɋ-150  

+ 0,5 % DTC  

0,5 % ȺȾɌɎ 
+2,4 % 

ɋɋɄ-400    

+ 0,5 % 

DTC  

0,5 % ȺȾɌɎ 
+ 7,4 %     

ɋ-150      

+ 0,5 % 

DTC  

ɋɪɟɞɧɢɣ 
ɞɢɚɦɟɬɪ ɩɹɬɧɚ 
ɢɡɧɨɫɚ ɲɚɪɢɤɚ 

(dɲ), ɦɦ 

0,922 0,717 0,706 0,698 0,575 0,498 0,559 

Ɉɛɴɟɦ ɢɡɧɨɫɚ 
ɲɚɪɢɤɚ 

(WV,ɲɚɪ), 103 

ɦɤɦ3 

4330 1338 1312 1236 473 114 258 

Ɉɛɴɟɦ ɢɡɧɨɫɚ 
ɩɥɚɫɬɢɧɤɢ 
(WV,ɩɥɚɫɬ), 

103ɦɤɦ3 

3594 2633 2262 2382 1799 1798 2096 

 

Ɍɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɦɚɡɨɱɧɨɝɨ ɦɚɫɥɚ ɨɰɟɧɢɜɚɥɢ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ 

ɬɪɢɛɨɦɟɬɪɟ UMT-3 («Bruker», ɋɒȺ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɢɡ ɫɬɚɥɢ ɒɏ-15 ɩɚɪɵ 

ɬɪɟɧɢɹ «ɩɥɨɫɤɨɫɬɶ ɩɥɚɫɬɢɧɵ - ɲɚɪɢɤ». ɍɫɥɨɜɢɹ ɢɫɩɵɬɚɧɢɣ ɛɵɥɢ ɫɥɟɞɭɸɳɢɦɢ: ɞɥɢɧɚ ɯɨɞɚ 

ɩɥɚɫɬɢɧɵ – 1 ɦɦ,  ɱɚɫɬɨɬɚ ɨɫɰɢɥɥɹɰɢɣ ɩɥɚɫɬɢɧɵ – 50 Ƚɰ, ɞɢɚɦɟɬɪ ɲɚɪɢɤɚ – 12,7 ɦɦ, 

ɧɨɪɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ – 175 ɇ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɦɚɫɥɚ – 80 °ɋ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɧɚɝɪɟɜɚ 

ɦɚɫɥɚ – 90 ɦɢɧ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɵɬɚɧɢɣ – 120 ɦɢɧ. ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɥɚɫɬɢɧɵ ɫɨɫɬɚɜɥɹɥɚ 0,14 ɦɤɦ, ɧɚɝɪɭɡɤɚ ɧɚ ɲɚɪɢɤ ɜ ɩɪɨɰɟɫɫɟ ɬɟɫɬɚ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ 

ɩɨɫɬɨɹɧɧɨɣ. Ⱦɪɟɣɮ ɧɭɥɟɜɨɣ ɥɢɧɢɢ ɞɚɬɱɢɤɚ ɧɚɝɪɭɡɤɢ ΔFz ɡɚ ɜɪɟɦɹ ɨɩɵɬɚ ɩɪɢɧɹɬ ɜɟɥɢɱɢɧɨɣ 

ɩɨɫɬɨɹɧɧɨɣ. Ʉɪɢɬɟɪɢɹɦɢ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɢ ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɢɫɫɥɟɞɭɟɦɵɯ 
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ɤɨɦɩɨɡɢɰɢɣ ɫɥɭɠɢɥɢ ɜɟɥɢɱɢɧɵ ɥɢɧɟɣɧɨɝɨ (dɲ) ɢ ɨɛɴёɦɧɨɝɨ (WV,ɲɚɪ, WV,ɩɥɚɫɬ) ɢɡɧɨɫɚ 

ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɚɪɵ ɬɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ (COF) [5].  

 

Ɋɢɫ. 1 Ⱥɧɬɢɮɪɢɤɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɫɦɚɡɨɱɧɨɝɨ ɦɚɫɥɚ 

1- ɊȺɈ-4; 2 - ɊȺɈ-4 + ȼɇɂɂ ɇɉ-715 + DTC; 3 - ɊȺɈ-4 + ȺȾɌɎ + DTC; 4 - ɊȺɈ-4 + 

ȼɇɂɂ ɇɉ-715 + ɋɋɄ-400 + DTC; 5 - ɊȺɈ-4 + ȼɇɂɂ ɇɉ-715 + ɋ-150 + DTC;  6 - ɊȺɈ-4 

+ ȺȾɌɎ + ɋɋɄ-400 + DTC; 7 - ɊȺɈ-4 + ȺȾɌɎ + ɋ-150 + DTC 

 

Ɋɢɫ. 2 Ⱥɧɬɢɮɪɢɤɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɨɤɢɫɥɟɧɧɵɯ (20 ɱ) ɤɨɦɩɨɡɢɰɢɣ ɫɦɚɡɨɱɧɨɝɨ ɦɚɫɥɚ 

1- ɊȺɈ-4; 2 - ɊȺɈ-4 + ȼɇɂɂ ɇɉ-715 + DTC; 3 - ɊȺɈ-4 + ȺȾɌɎ + DTC; 4 - ɊȺɈ-4 + 

ȼɇɂɂ ɇɉ-715 + ɋɋɄ-400 + DTC; 5 - ɊȺɈ-4 + ȼɇɂɂ ɇɉ-715 + ɋ-150 + DTC; 6 - ɊȺɈ-4 

+ ȺȾɌɎ + ɋɋɄ-400 + DTC; 7 - ɊȺɈ-4 + ȺȾɌɎ + ɋ-150 + DTC 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɬɪɢɛɨɥɨɝɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɫɦɟɫɢ ɩɨɥɢ--ɨɥɟɮɢɧɨɜɨɝɨ ɦɚɫɥɚ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɚɦɢɧɧɨɣ ɫɨɥɶɸ ɞɢɚɥɤɢɥɞɢɬɢɨɮɨɫɮɨɪɧɨɣ 

ɤɢɫɥɨɬɵ ɫ ɦɟɬɢɥɟɧ-ɛɢɫ-ɞɢɛɭɬɢɥɞɢɬɢɨɤɚɪɛɚɦɚɬɨɦ ɡɚɦɟɬɧɨ ɩɨɜɵɲɚɟɬɫɹ ɫ ɜɨɜɥɟɱɟɧɢɟɦ ɜ 

0,05

0,06

0,07

0,08

0,09

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ (COF)

1 2 3 4 5 6 7

0,05
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0,07
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0,09

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ (COF)
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ɫɨɫɬɚɜ ɤɨɦɩɨɡɢɰɢɢ ɫɜɟɪɯɳɟɥɨɱɧɨɝɨ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɫɭɥɶɮɨɧɚɬɚ ɤɚɥɶɰɢɹ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɬɨɣ ɠɟ ɤɨɦɩɨɡɢɰɢɢ, ɧɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɦɢɧɧɨɣ ɫɨɥɢ 

ɞɢɚɥɤɢɥɮɟɧɢɥɞɢɬɢɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ. Ɍɪɢɛɨɥɨɝɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɭɤɚɡɚɧɧɨɣ 

ɤɨɦɩɨɡɢɰɢɢ ɫɜɹɡɚɧɚ ɫ ɫɢɧɟɪɝɢɡɦɨɦ ɞɟɣɫɬɜɢɹ DTC ɢ ȺȾɌɎ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɤɨɦɩɨɡɢɰɢɹ 

ɊȺɈ-4 ɜ ɫɨɱɟɬɚɧɢɢ ȺȾɌɎ ɫ DTC, ɫɨɞɟɪɠɚɳɚɹ ɋɋɄ-400, ɩɨ ɫɜɨɟɣ ɬɪɢɛɨɥɨɝɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɜɨɫɯɨɞɢɬ ɤɨɦɩɨɡɢɰɢɸ, ɫɨɞɟɪɠɚɳɭɸ ɋ-150. ɗɬɨɬ ɷɮɮɟɤɬ ɜɟɪɨɹɬɧɨ 

ɫɜɹɡɚɧ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛόɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɥɤɢɥɫɭɥɶɮɨɧɚɬɧɵɯ ɝɪɭɩɩ ɜ ɫɭɥɶɮɨɧɚɬɟ 

ɤɚɥɶɰɢɹ ɋ-150 ɧɚ ɟɞɢɧɢɰɭ ɳɟɥɨɱɧɨɝɨ ɱɢɫɥɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɬɪɢɛɨɯɢɦɢɱɟɫɤɢɣ ɫɥɨɣ ɧɚ 

ɨɫɧɨɜɟ ɮɨɫɮɚɬɧɨɝɨ ɫɬɟɤɥɚ ɫɭɳɟɫɬɜɟɧɧɨ ɨɛɨɝɚɳɚɟɬɫɹ ɫɭɥɶɮɚɬɧɵɦɢ ɝɪɭɩɩɚɦɢ, 

ɭɯɭɞɲɚɸɳɢɦɢ ɟɝɨ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɟ ɫɜɨɣɫɬɜɚ.  
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Ⱥɧɚɥɢɡ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɢ ɡɚɪɭɛɟɠɧɨɝɨ ɨɩɵɬɚ ɩɪɢɦɟɧɟɧɢɹ ɩɥɚɫɬɢɱɧɵɯ ɫɦɚɡɨɤ 

(ɉɋ), ɜ ɬɨɦ ɱɢɫɥɟ, ɩɪɨɜɟɞɟɧɧɵɟ ɩɚɬɟɧɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɜɵɫɨɤɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ (ɗɋ)  ɫɨɜɪɟɦɟɧɧɵɯ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɉɋ 

ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɤɚɤ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɞɨɛɚɜɤɢ (MoS2, ɝɪɚɮɢɬ, ɉɌɎɗ, 

ɩɨɪɨɲɤɢ ɦɹɝɤɢɯ ɦɟɬɚɥɥɨɜ ɢ ɞɪ), ɬɚɤ ɢ ɢɯ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɞɜɭɯ – ɬɪɟɯ ɞɨɛɚɜɨɤ, ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ. 

ɉɨɷɬɨɦɭ, ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɩɪɨɬɢɜɨɡɚɞɢɪɧɵɯ ɢ 

ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɬɜɟɪɞɵɯ ɞɨɛɚɜɨɤ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɗɋ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ 

ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɉɋ. 

Ɍɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ, ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɫɥɟɞɭɸɳɟɦ: 

1) ɜɜɟɞɟɧɢɟ ɞɨɛɚɜɤɢ ɜ ɫɦɚɡɤɭ; 

2) ɦɟɯɚɧɢɱɟɫɤɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ; 

3) ɜɵɞɟɪɠɤɚ ɫɦɚɡɤɢ ɜ ɬɟɱɟɧɢɟ 24-30 ɱ. 

ɉɨɫɥɟ ɜɜɟɞɟɧɢɹ ɧɚɩɨɥɧɢɬɟɥɟɣ ɜ ɫɦɚɡɤɭ ɩɪɨɜɨɞɢɥɢ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 25±3°ɋ ɜ ɩɟɪɟɦɟɲɢɜɚɸɳɟɦ ɭɫɬɪɨɣɫɬɜɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɧɟɬɪɚɰɢɢ ɫɦɚɡɨɤ 

(500 ɞɜɨɣɧɵɯ ɯɨɞɨɜ ɩɨɪɲɧɹ). Ƚɨɬɨɜɭɸ ɫɦɚɡɤɭ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɱɟɪɟɡ 24-30 ɱ ɩɨɫɥɟ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ.  

Ɍɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɱɟɬɵɪɟɯɲɚɪɢɤɨɜɨɣ ɦɚɲɢɧɟ 

ɬɪɟɧɢɹ ɩɨ ȽɈɋɌ 9490. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɬɢɜɨɡɚɞɢɪɧɵɯ ɫɜɨɣɫɬɜ 

ɩɪɢɧɹɬɵ: ɢɧɞɟɤɫ ɡɚɞɢɪɚ (ɂɡ), ɤɪɢɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ (Ɋɤ), ɧɚɝɪɭɡɤɚ ɫɜɚɪɢɜɚɧɢɹ (Ɋɤ); 

ɩɨɤɚɡɚɬɟɥɶ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɫɜɨɣɫɬɜ – ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɩɹɬɧɚ ɢɡɧɨɫɚ (Ⱦɢ) ɩɪɢ ɱɚɫɨɜɵɯ 

ɢɫɩɵɬɚɧɢɹɯ ɢ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɟ 196 ɇ. ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɩɪɟɞɟɥɹɥɢ 

ɩɨ ASTMD 4693-03 «Ɇɟɬɨɞ ɨɰɟɧɤɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɩɥɚɫɬɢɱɧɵɯ 

ɫɦɚɡɨɤ ɜ ɪɨɥɢɤɨɜɵɯ ɩɨɞɲɢɩɧɢɤɚɯ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ» ɢ ASTMD 1478-07 «Ɇɟɬɨɞ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɚɝɢɜɚɸɳɟɝɨ ɢ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɤɪɭɬɹɳɢɯ ɦɨɦɟɧɬɨɜ ɩɥɚɫɬɢɱɧɵɯ ɫɦɚɡɨɤ 
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ɜ ɲɚɪɢɤɨɜɵɯ ɩɨɞɲɢɩɧɢɤɚɯ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ». Ɉɫɬɚɥɶɧɵɟ ɗɋ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ 

ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɢɤɚɦ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɨɰɟɧɤɢ ɉɋ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɬɜɟɪɞɵɟ ɞɨɛɚɜɤɢ, ɩɨɤɚɡɚɜɲɢɟ ɧɚɢɛɨɥɶɲɟɟ 

ɭɥɭɱɲɟɧɢɟ ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɥɢɬɢɟɜɵɯ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɉɋ. 

ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɪɚɞɢɰɢɨɧɧɵɯ (MoS2, ɝɪɚɮɢɬ ɢ ɞɪ.) ɢ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ (ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɣ ɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧ (ɍɉɌɎɗ), ɌiO2, 

ɢɧɬɟɪɤɚɥɢɪɨɜɚɧɧɵɣ ɝɪɚɮɢɬ, WS2 ɜ ɮɨɪɦɟ ɮɭɥɥɟɪɟɧɨɜ ɢ ɞɪ.) ɬɜɟɪɞɵɯ ɞɨɛɚɜɨɤ ɧɚ 

ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɧɨɜɵ ɫɦɚɡɤɢ Ⱥɪɤɬɨɥ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɜ ɫɨɫɬɚɜ ɩɥɚɫɬɢɱɧɵɯ 

ɫɦɚɡɨɤ TiO2, MoS2 ɢ WS2 ɜ ɮɨɪɦɟ ɮɭɥɥɟɪɟɧɨɜ (IF-WS2) ɭɥɭɱɲɚɟɬ ɩɪɨɬɢɜɨɡɚɞɢɪɧɵɟ 

ɫɜɨɣɫɬɜɚ ɫɦɚɡɨɤ ɜ 1,5-4 ɪɚɡɚ. ȼɜɟɞɟɧɢɟ ɜ  ɉɋ ɍɉɌɎɗ ɩɪɢɜɨɞɢɬ ɤ ɭɥɭɱɲɟɧɢɸ 

ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɢ ɨɫɨɛɟɧɧɨ ɩɭɫɤɨɜɵɯ ɫɜɨɣɫɬɜ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɜ 2 ɪɚɡɚ). 

ɉɨɥɭɱɟɧ ɫɢɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɭɥɭɱɲɟɧɢɹ ɫɦɚɡɵɜɚɸɳɢɯ ɫɜɨɣɫɬɜ ɨɬ 

ɫɨɜɦɟɫɬɧɨɝɨ ɜɜɟɞɟɧɢɹ ɜ ɫɦɚɡɤɭ ɍɉɌɎɗ, TiO2, MoS2, ɚ ɬɚɤɠɟ ɞɨɛɚɜɨɤ IF-WS2 ɢ ɍɉɌɎɗ. 

ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɭɫɬɚɧɨɜɥɟɧɨ 

ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɬɜɟɪɞɵɯ ɞɨɛɚɜɨɤ ɜ ɨɫɧɨɜɟ 

ɦɧɨɝɨɰɟɥɟɜɨɣ ɦɨɪɨɡɨɫɬɨɣɤɨɣ ɫɦɚɡɤɢ Ⱥɪɤɬɨɥ. 

ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɬɜɟɪɞɵɯ ɞɨɛɚɜɨɤ, ɜɜɟɞɟɧɧɵɯ ɜ ɉɋ, 

ɧɚ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɢ ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɫɥɟɞɧɢɯ. 

ȼɵɹɜɥɟɧɨ, ɱɬɨ ɫɦɚɡɤɚ Ⱥɪɤɬɨɥ ɫ ɤɨɦɩɥɟɤɫɚɦɢ ɞɨɛɚɜɨɤ (TiO2, ɍɉɌɎɗ, MoS2) ɢ (IF-

WS2, ɍɉɌɎɗ) ɩɨ ɗɋ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɹɬ ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ  ɥɢɬɢɟɜɵɟ ɉɋ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢɢ ɪɚɡɪɟɲɟɧ ɜɵɩɭɫɤ ɜ ɨɛɪɚɳɟɧɢɟ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 

ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɥɚɫɫɚ ɧɟ ɧɢɠɟ Ʉ5 (ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ɧɟ ɛɨɥɟɟ 10 ppm), ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɪɦɚɦ ȿɋ. Ɋɨɫɫɢɹ ɹɜɥɹɟɬɫɹ ɤɪɭɩɧɟɣɲɢɦ ɩɨɫɬɚɜɳɢɤɨɦ 

ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɫɬɪɚɧɵ ȿɜɪɨɩɟɣɫɤɨɝɨ ɫɨɸɡɚ. 

Ɉɫɧɨɜɧɭɸ ɱɚɫɬɶ ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɜ ɊɎ ɦɟɠɫɟɡɨɧɧɨɝɨ ɢ ɡɢɦɧɟɝɨ ɞɢɡɟɥɶɧɨɝɨ 

ɬɨɩɥɢɜɚ (ɞɨ 90%) ɩɨɥɭɱɚɸɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɟɩɪɟɫɫɨɪɧɨ-ɞɢɫɩɟɪɝɢɪɭɸɳɢɯ ɩɪɢɫɚɞɨɤ 

(ȾȾɉ). ɗɬɨɬ ɫɩɨɫɨɛ ɫɱɢɬɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɧɵɦ ɢ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɫɲɢɪɟɧɢɸ ɪɟɫɭɪɫɨɜ ȾɌ, ɩɨɜɵɲɚɟɬ ɝɢɛɤɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ [1]. Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɩɪɢɦɟɧɟɧɢɸ ȾȾɉ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɤɨɧɰɚ 

ɤɢɩɟɧɢɹ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɢ ɢ ɞɟɩɚɪɚɮɢɧɢɡɚɰɢɹ (ɤɚɪɛɚɦɢɞɧɚɹ, ɰɟɨɥɢɬɧɚɹ, 

ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɚɹ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ). Ɉɞɧɚɤɨ ɷɬɢ ɩɪɨɰɟɫɫɵ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ 

ɩɨɬɟɪɹɦɢ ȾɌ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ, ɱɬɨ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɭɞɨɪɨɠɚɧɢɟ ȾɌ. 

ȼɵɩɨɥɧɟɧɢɟ ɟɜɪɨɩɟɣɫɤɢɯ ɧɨɪɦ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɚɱɟɫɬɜɭ ɬɨɜɚɪɧɵɯ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ 

ɧɚɤɥɚɞɵɜɚɟɬ ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɢɫɚɞɤɚɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɬɨɜɚɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 

ɉɨ ɞɚɧɧɵɦ ɆɂɇɗɇȿɊȽɈ, ɜ Ɋɨɫɫɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɡɚɤɭɩɚɸɬ ɩɨ 

ɢɦɩɨɪɬɭ ɞɟɩɪɟɫɫɨɪɧɨ-ɞɢɫɩɟɪɝɢɪɭɸɳɢɟ ɩɪɢɫɚɞɤɢ ɞɥɹ ȾɌ, ɞɟɩɪɟɫɫɨɪɧɵɟ ɩɪɢɫɚɞɤɢ ɞɥɹ 

ɫɭɞɨɜɵɯ ɢ ɤɨɬɟɥɶɧɵɯ ɬɨɩɥɢɜ, ɚ ɬɚɤɠɟ ~ 70 % ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɩɪɢɫɚɞɨɤ ɞɥɹ ɞɢɡɟɥɶɧɵɯ 

ɬɨɩɥɢɜ [2]. 

Ɋɚɡɪɚɛɨɬɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɞɟɩɪɟɫɫɨɪɧɨ-ɞɢɫɩɟɪɝɢɪɭɸɳɢɯ ɩɪɢɫɚɞɨɤ ɤ ɬɨɩɥɢɜɚɦ 

ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɉȺɈ «ɇɄ «Ɋɨɫɧɟɮɬɶ», ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɢɦɩɨɪɬɨɧɟɡɚɜɢɫɢɦɨɫɬɶ ɩɪɢ ɜɵɩɭɫɤɟ ɧɢɡɤɨɡɚɫɬɵɜɚɸɳɢɯ ɫɨɪɬɨɜ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ. ȼ 

ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤɬɭɚɥɶɧɨ ɜɵɹɜɥɟɧɢɟ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɭɝɥɟɜɨɞɨɪɨɞɧɵɦ ɫɨɫɬɚɜɨɦ 

ɬɨɩɥɢɜɚ, ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɞɟɣɫɬɜɢɹ ɜ ɧɢɯ 

ɩɪɢɫɚɞɨɤ.  

ȼ ɈɈɈ «Ɋɇ-ɐɂɊ» ɪɚɡɪɚɛɨɬɚɧɵ ɫɨɛɫɬɜɟɧɧɵɟ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɪɢɫɚɞɤɢ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɤɚɤ ɞɟɩɪɟɫɫɨɪɧɨ-ɞɢɫɩɟɪɝɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ, ɬɚɤ ɢ ɧɟɨɛɯɨɞɢɦɵɣ 

ɭɪɨɜɟɧɶ ɫɦɚɡɵɜɚɸɳɢɯ ɫɜɨɣɫɬɜ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɪɢɫɚɞɨɤ 

ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɫɵɪɶɹ, ɨɬɥɢɱɚɟɬɫɹ ɦɹɝɤɢɦɢ ɭɫɥɨɜɢɹɦɢ 

ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɣ ɢ ɧɟ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɩɪɢɫɚɞɤɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɞɢɡɟɥɶɧɵɟ ɬɨɩɥɢɜɚ ɦɚɪɨɤ ȾɌ-ȿ-Ʉ5, 

ɋɨɪɬ ȿ ɢ ȾɌ-Ɂ-Ʉ5, ɤɥɚɫɫ 1 ɢ 2 ɩɨ ȽɈɋɌ 32511-2013 ɢɡ ɛɚɡɨɜɵɯ ɞɢɡɟɥɶɧɵɯ ɮɪɚɤɰɢɣ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɚɱɟɫɬɜɚ. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨ ɫɨɫɬɚɜɭ ɢ ɫɩɨɫɨɛɭ 

ɩɨɥɭɱɟɧɢɹ ɞɟɩɪɟɫɫɨɪɚ ɢ ɞɢɫɩɟɪɝɚɬɨɪɚ ɞɥɹ ɩɪɢɫɚɞɨɤ  ɡɚɳɢɳɟɧɵ ɩɚɬɟɧɬɚɦɢ ɧɚ 

ɢɡɨɛɪɟɬɟɧɢɹ ɊɎ. 

Ȼɢɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɩɪɢɫɚɞɨɤ ɩɨɡɜɨɥɹɟɬ ɩɨɥɧɨɫɬɶɸ ɨɬɤɚɡɚɬɶɫɹ 

ɨɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɬɢɜɨɢɡɧɨɫɧɨɣ ɩɪɢɫɚɞɤɢ, ɱɬɨ ɨɛɥɟɝɱɚɟɬ ɩɪɨɰɟɫɫ 

ɜɜɟɞɟɧɢɹ ȾȾɉ ɜ ɬɨɩɥɢɜɨ ɢ ɭɫɬɪɚɧɹɟɬ ɩɪɨɛɥɟɦɭ ɫɨɱɟɬɚɧɢɹ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢɫɚɞɨɤ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ɍɥɭɱɲɟɧɢɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɫɜɨɣɫɬɜ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ: ɦɨɧɨɝɪɚɮɢɹ/ɋ.Ƚ. 

Ⱥɝɚɟɜ, Ⱥ.Ɇ. Ƚɥɚɡɭɧɨɜ, ɋ.ȼ. Ƚɭɥɶɬɹɟɜ, ɇ.ɋ. əɤɨɜɥɟɜ – Ɍɸɦɟɧɶ: ɌɸɦȽɇȽɍ, 2009. 

2. Ɋɵɧɨɤ ɩɪɢɫɚɞɨɤ ɞɥɹ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɜ ɊɎ. – Ɇ.: ɈɈɈ «ȺɌ Ʉɨɧɫɚɥɬɢɧɝ», 2016. 
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ɄɈɇɋȿɊȼȺɐɂɈɇɇȺə ɀɂȾɄɈɋɌɖ ɇȺ ȻȺɁȿ ɋɈɅɂ ɆɈɇɈɗɎɂɊȺ 
ȽȿɄɋȿɇɂɅəɇɌȺɊɇɈɃ ɄɂɋɅɈɌɕ 

Ɇɚɦɟɞɴɹɪɨɜ Ɇ.Ⱥ., Ⱥɛɛɚɫɨɜ ȼ.Ɇ., Ⱥɥɢɟɜɚ Ɏ.ɏ., ɂɛɪɚɝɢɦɡɚɞɟ Ƚ.Ɏ., Ɇɚɦɟɞɨɜɚ Ɏ.Ⱥ. 
CONSERVATION LIQUIDS BASED ON SALT  

OF MONOESTER OF HEXENYL SUCCCINIC ACID 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦɟɧɢ ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, 

Ȼɚɤɭ 
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Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɬɟɯɧɢɤɢ ɨɬ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɨɡɢɢ 

ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɤɨɧɫɟɪɜɚɰɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ [1].  

Ⱥɬɦɨɫɮɟɪɧɨɟ ɤɨɪɪɨɡɢɨɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɧɟɮɬɟɩɪɨɦɵɫɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɢ ɜɨɟɧɧɨɣ ɬɟɯɧɢɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɜɨɞɧɨɝɨ ɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ, ɢɯ ɫɨɫɬɚɜɨɦ, 

ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ [2]. Ɉɩɵɬ ɛɨɪɶɛɵ ɫ ɤɨɪɪɨɡɢɟɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, 

ɱɬɨ ɧɚɞɟɠɧɚɹ ɪɚɛɨɬɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɩɭɬɟɦ 

ɩɪɢɦɟɧɟɧɢɹ ɢɧɝɢɛɢɬɨɪɨɜ.  

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ, ɪɟɡɤɨɦ ɩɟɪɟɩɚɞɟ ɬɟɦɩɟɪɚɬɭɪ, 

ɧɚɥɢɱɢɢ ɜ ɜɨɡɞɭɯɟ ɤɨɪɪɨɡɢɨɧɧɨ-ɚɝɪɟɫɫɢɜɧɵɯ ɩɪɢɦɟɫɟɣ ɯɥɨɪɚ, ɚɦɦɢɚɤɚ, ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ 

ɞɪɭɝɢɯ ɫɤɨɪɨɫɬɶ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɨɡɢɢ ɜɨɡɪɚɫɬɚɟɬ, ɢ ɤɨɪɪɨɡɢɨɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ 

ɦɟɬɚɥɥɨɢɡɞɟɥɢɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ [3]. 

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɨɡɢɢ, ɩɨɞɥɟɠɚɳɢɯ ɞɥɢɬɟɥɶɧɨɦɭ ɯɪɚɧɟɧɢɸ 

ɬɟɯɧɢɤɢ  ɩɨɥɶɡɭɸɬɫɹ ɦɢɧɟɪɚɥɶɧɵɦɢ ɦɚɫɥɚɦɢ, ɨɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ  ɬɨɥɶɤɨ ɦɚɫɟɥ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ. ɉɨɷɬɨɦɭ, ɞɥɹ ɩɨɜɵɲɟɧɢɹ  ɡɚɳɢɬɧɨɝɨ 

ɷɮɮɟɤɬɚ ɤɨɧɫɟɪɜɚɰɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɜ ɢɯ ɫɨɫɬɚɜ ɜɜɨɞɹɬ ɦɚɫɥɨɪɚɫɬɜɨɪɢɦɵɟ 

ɢɧɝɢɛɢɬɨɪɵ ɤɨɪɪɨɡɢɢ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɪɚɡɥɢɱɧɵɦ ɤɥɚɫɫɚɦ ɫɨɟɞɢɧɟɧɢɣ [4]. Ʉ ɨɞɧɨɦɭ ɢɡ 

ɷɬɢɯ ɤɥɚɫɫɨɜ ɨɬɧɨɫɹɬɫɹ ɦɨɧɨɷɮɢɪɵ ɚɥɤɟɧɢɥɹɧɬɚɪɧɵɯ ɤɢɫɥɨɬ, ɩɨɥɭɱɟɧɧɵɟ 

ɷɬɟɪɢɮɢɤɚɰɢɟɣ ɩɪɨɞɭɤɬɚ ɤɨɧɞɟɧɫɚɰɢɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɫ ɦɚɥɟɢɧɨɜɵɦ 

ɚɧɝɢɞɪɢɞɨɦ. 

Ɋɚɧɟɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɚɥɤɟɧɢɥɹɧɬɚɪɧɨɝɨ ɚɧɝɢɞɪɢɞɚ (ȺəɄ) ɫ ɚɥɢɮɚɬɢɱɟɫɤɢɦɢ ɢ 

ɰɢɤɥɢɱɟɫɤɢɦɢ ɫɩɢɪɬɚɦɢ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɦɨɧɨ- ɢ ɞɢɷɮɢɪɵ. Ⱦɢɷɮɢɪɵ ȺəɄ ɛɵɥɢ 

ɩɪɟɞɥɨɠɟɧɵ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɫɦɚɡɨɱɧɵɯ ɦɚɫɟɥ [5]. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɢɤɟɥɟɜɨɣ ɫɨɥɢ ɦɨɧɨɷɮɢɪɚ ȺəɄ ɜ ɤɚɱɟɫɬɜɟ 

ɢɧɝɢɛɢɬɨɪɚ ɤɨɪɪɨɡɢɢ ɜ ɤɨɧɫɟɪɜɚɰɢɨɧɧɵɯ ɠɢɞɤɨɫɬɹɯ. Ⱦɥɹ ɷɬɨɝɨ ɪɟɚɤɰɢɟɣ 

ɝɟɤɫɟɧɢɥɹɧɬɚɪɧɨɝɨ ɚɧɝɢɞɪɢɞɚ (ȽəȺ) ɫ ɧ-ɨɤɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ 

ɦɨɧɨɷɮɢɪ [6]. Ɋɟɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ȽəɄ:ɧ-ɨɤɬɢɥɨɜɵɣ ɫɩɢɪɬ.  
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ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɦɨɧɨɷɮɢɪ ɨɛɪɚɛɚɬɵɜɚɥɢ 40%-ɧɵɦ ɪɚɫɬɜɨɪɨɦ NaOH ɢ ɩɨɥɭɱɢɥɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɚɬɪɢɟɜɵɣ ɫɨɥɶ. Ⱦɚɥɟɟ ɧɚ ɨɫɧɨɜɟ ɩɨɫɥɟɞɧɟɝɨ ɛɵɥ ɩɨɥɭɱɟɧ ɧɢɤɟɥɟɜɵɣ 

ɫɨɥɶ ɦɨɧɨɨɤɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ȽəɄ. 

Ɉɛɥɚɞɚɸɳɢɟ ɭɧɢɤɚɥɶɧɵɦɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɷɬɢ ɷɮɢɪɵ ɛɵɥɢ ɞɨɛɚɜɥɟɧɵ ɤ ɦɢɧɟɪɚɥɶɧɨɦɭ ɬɭɪɛɢɧɧɨɦɭ ɦɚɫɥɭ Ɍ-30 ɜ 

ɤɚɱɟɫɬɜɟ ɢɧɝɢɛɢɬɨɪɚ. ɉɨɥɭɱɟɧɧɵɟ ɤɨɦɩɨɡɢɰɢɢ ɢɫɫɥɟɞɨɜɚɧɵ ɤɚɤ ɤɨɧɫɟɪɜɚɰɢɨɧɧɵɟ 

ɠɢɞɤɨɫɬɢ. 

ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɩɨ ȽɈɋɌ 9054-75.  Ɂɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɧɫɟɪɜɚɰɢɨɧɧɵɯ 

ɠɢɞɤɨɫɬɟɣ ɨɰɟɧɢɜɚɸɬ ɜ ɫɭɬɤɚɯ. ȼ ɤɚɱɟɫɬɜɟ ɚɝɪɟɫɫɢɜɧɨɣ ɫɪɟɞɵ ɛɵɥɢ ɜɵɛɪɚɧɵ   

ɝɢɞɪɨɤɚɦɟɪɚ «Ƚ-4», ɦɨɪɫɤɚɹ ɜɨɞɚ ɢ 0,001%-ɧɵɣ ɪɚɫɬɜɨɪ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. 

ɇɨɪɦɚ ɜɵɞɟɪɠɤɢ 600 ɱɚɫɨɜ (25 ɞɧɟɣ), ɟɫɥɢ ɦɟɬɚɥɥ, ɜɵɞɟɪɠɢɬ ɢɫɩɵɬɚɧɢɹ ɜ 

ɝɢɞɪɨɤɚɦɟɪɟ 1000 ɱɚɫɨɜ (42 ɞɧɟɣ), ɡɚɳɢɬɚ ɨɬ ɤɨɪɪɨɡɢɢ ɫɱɢɬɚɟɬɫɹ 100%-ɧɨɣ, ɚ ɷɮɮɟɤɬ 

ɤɨɧɫɟɪɜɚɰɢɨɧɧɨɣ ɠɢɞɤɨɫɬɢ «ɜɵɲɟ ɧɨɪɦɵ». ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɤɨɧɫɟɪɜɚɰɢɨɧɧɨɣ 

ɠɢɞɤɨɫɬɶɸ, ɫɨɞɟɪɠɚɳɟɣ 3, 5, 7 ɢ 10% ɢɧɝɢɛɢɬɨɪɚ.  Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɤɨɦɩɨɡɢɰɢɣ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɫɟɪɜɚɰɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ 

№ Ɉɛɪɚɡɰɵ % 
ȼ ɝɢɞɪɨɤɚɦɟɪɟ 

«Ƚ-4» 

ȼ ɦɨɪɫɤɨɣ 
ɜɨɞɟ 

0,001%-ɧɵɣ 
ɪɚɫɬɜɨɪ ɫɟɪɧɨɣ 

ɤɢɫɥɨɬɵ 

1 Ɍ-30 100 35 15 9 

2 
Ɇɨɧɨɨɤɬɢɥɨɜɵɣ ɷɮɢɪ 

ȽəɄ 
100 55 15 21 

3 
Ɍ-30+ ɦɨɧɨɨɤɬɢɥɨɜɵɣ 

ɷɮɢɪ ȽəɄ 
3 110 24 27 

4 
Ɍ-30+ ɦɨɧɨɨɤɬɢɥɨɜɵɣ 

ɷɮɢɪ ȽəɄ 
5 125 27 33 

5 
Ɍ-30+ ɦɨɧɨɨɤɬɢɥɨɜɵɣ 

ɷɮɢɪ ȽəɄ 
7 146 34 40 

6 
Ɍ-30+ ɦɨɧɨɨɤɬɢɥɨɜɵɣ 

ɷɮɢɪ ȽəɄ 
10 177 42 47 

7 

Ɍ-30+ Ni ɫɨɥɶ 
ɦɨɧɨɨɤɬɢɥɨɜɵɣ ɷɮɢɪ 

ȽəɄ  
3 198 57 54 

8 

Ɍ-30+ Ni ɫɨɥɶ 
ɦɨɧɨɨɤɬɢɥɨɜɵɣ ɷɮɢɪ 

ȽəɄ 

5 200 58 55 

9 

Ɍ-30+ Ni ɫɨɥɶ 
ɦɨɧɨɨɤɬɢɥɨɜɵɣ ɷɮɢɪ 

ȽəɄ 

7 203 62 60 

10 

Ɍ-30+ Ni ɫɨɥɶ 
ɦɨɧɨɨɤɬɢɥɨɜɵɣ ɷɮɢɪ 

ȽəɄ 

10 204 63 62 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ, ɧɢɤɟɥɟɜɵɣ ɫɨɥɶ ɦɨɧɨɨɤɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ȽəɄ 

ɩɪɨɹɜɥɹɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɡɚɳɢɬɵ ɫɬɚɥɢ ɨɬ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɨɡɢɢ ɜ ɫɪɚɜɧɟɧɢɢ 

ɫ ɫɚɦɢɦ ɦɨɧɨɷɮɢɪɨɦ. ɇɚɩɪɢɦɟɪ, 10%-ɧɚɹ ɤɨɦɩɨɡɢɰɢɹ ɧɢɤɟɥɟɜɨɣ ɫɨɥɢ ɜɵɞɟɪɠɢɜɚɟɬ 

ɤɨɪɪɨɡɢɸ 204 ɫɭɬɨɤ ɜ ɝɢɞɪɨɤɚɦɟɪɟ «Ƚ-4», 63 ɫɭɬɨɤ ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ ɢ 62 ɫɭɬɨɤ ɜ 0,001%-

ɧɨɦ ɪɚɫɬɜɨɪɟ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. Ɂɚɳɢɬɚ ɫɬɚɥɢ-3 ɨɬ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɨɡɢɢ ɫɚɦɨɝɨ 

ɦɨɧɨɷɮɢɪɚ ɫɨɫɬɚɜɥɹɟɬ 177, 42 ɢ 47 ɫɭɬɨɤ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɝɢɞɪɨɤɚɦɟɪɟ «Ƚ-4», ɦɨɪɫɤɨɣ 

ɜɨɞɟ ɢ 0,001%-ɧɨɦ ɪɚɫɬɜɨɪɟ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ.   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɞɨɤɚɡɚɧɨ ɱɬɨ, ɧɢɤɟɥɟɜɵɣ ɫɨɥɶ ɦɨɧɨɨɤɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ȽəɄ 

ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ ɢɧɝɢɛɢɬɨɪɚ ɤɨɪɪɨɡɢɢ ɜ ɤɨɧɫɟɪɜɚɰɢɨɧɧɵɯ ɠɢɞɤɨɫɬɹɯ.  

 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɏɨɧɞɚ Ɋɚɡɜɢɬɢɹ ɇɚɭɤɢ ɩɪɢ 

ɉɪɟɡɢɞɟɧɬɟ Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɨɣ Ɋɟɫɩɭɛɥɢɤɢ. Ƚɪɚɧɬ № EİF – 2014-9(24)-KETPL-14/05/4. 
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Ʌɚɝɟɪɟɜɚ Ɇ.ɋ., Ʌɟɞɟɧёɜ ɋ.Ɇ. 
SYNTHESIS OF THE SULFUR- AND CHLORINE-CONTAINING ADDITIVE FOR 

LUBRICATING MATERIALS 
ȼɨɥɝɨɝɪɚɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ȼɨɥɝɨɝɪɚɞ 

 E-mail: ledenev@vstu.ru 

  

Ɉɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɩɪɢɫɚɞɨɤ ɤ ɫɦɚɡɨɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɫɩɨɫɨɛɧɵɯ 

ɭɥɭɱɲɚɬɶ ɢɯ ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɹɜɥɹɸɬɫɹ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɫɟɪɭ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɩɪɢɫɚɞɨɤ: ɨɫɟɪɧɟɧɢɟɦ 

ɯɥɨɪɨɪɝɚɧɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɯɥɨɪɢɪɨɜɚɧɢɟɦ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɯɥɨɪɢɞɨɜ ɫɟɪɵ ɫ ɧɟɩɪɟɞɟɥɶɧɵɦɢ ɨɪɝɚɧɢɱɟɫɤɢɦɢ 

ɫɨɟɞɢɧɟɧɢɹɦɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɥɶɮɢɞɨɜ ɢ ɤɫɚɧɬɨɝɟɧɚɬɨɜ ɫ 

ɯɥɨɪɨɪɝɚɧɢɱɟɫɤɢɦɢ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ [1].  

Ɋɚɧɟɟ ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɥɟɮɢɧɨɜ ɫ 

ɦɨɧɨɯɥɨɪɢɫɬɨɣ ɫɟɪɨɣ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɟɪɨɫɨɞɟɪɠɚɳɢɟ ɚɞɞɭɤɬɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɫɚɞɨɤ, ɭɥɭɱɲɚɸɳɢɯ ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤ 

ɫɦɚɡɨɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ [2]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɚɦɢ ɛɵɥ ɢɡɭɱɟɧ ɩɪɨɰɟɫɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɮɪɚɤɰɢɢ ɞɢɦɟɪɨɜ ɢɡɨɛɭɬɢɥɟɧɚ ɫ ɦɨɧɨɯɥɨɪɢɫɬɨɣ ɫɟɪɨɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɮɪɚɤɰɢɹ ɞɢɦɟɪɨɜ ɫ Ɍɤɢɩ = 101-117 

ºɋ, ρ = 0,697 ɝ/ɫɦ3 ɢ ɫɨɞɟɪɠɚɧɢɟɦ α-ɨɥɟɮɢɧɚ – 66,4 %, ȕ-ɨɥɟɮɢɧɚ – 32,1 %. 

ɉɪɨɰɟɫɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɟ 1-4 ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20-80ºɋ ɢ 

ɪɚɡɥɢɱɧɨɦ ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɪɟɚɝɟɧɬɨɜ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɜɵɯɨɞ 

ɚɞɞɭɤɬɚ (78 %) ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ ɜ ɬɟɱɟɧɢɟ 4 ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80ºɋ 

ɢ 30 % (ɦɨɥ.) ɢɡɛɵɬɤɟ ɦɨɧɨɯɥɨɪɢɫɬɨɣ ɫɟɪɵ. 

ɉɨɥɭɱɟɧɧɵɣ ɚɞɞɭɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɚɫɥɹɧɢɫɬɭɸ ɠɢɞɤɨɫɬɶ ɠɟɥɬɨɝɨ ɰɜɟɬɚ ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ ɯɢɦɢɱɟɫɤɢ ɫɜɹɡɚɧɧɨɣ ɫɟɪɵ 31,0 % (ɦɚɫ.), ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ 

ɪɟɤɨɦɟɧɞɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɫɚɞɤɢ, ɭɥɭɱɲɚɸɳɟɣ ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɦɚɡɨɱɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ. 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɋɆȺɁɕȼȺɘɓɂɏ ɋȼɈɃɋɌȼ ɉɊɂɋȺȾɄɂ Ʉ 
ɋɆȺɁɈɑɇɕɆ ɆȺɋɅȺɆ ɇȺ ɈɋɇɈȼȿ ɐɂɄɅɈȺɅɄɈɄɋɂ-

ɎɈɋɎɈɊɋɈȾȿɊɀȺɓɂɏ ɗɎɂɊɈȼ  

Ȼɭɞɚɝɨɜɚ Ɋ.ɇ., Ɂɟɣɧɚɥɨɜ ɋ.Ȼ., Ɍɚɥɵɛɥɵ ɂ.Ⱥ., ɋɚɞɵɯɨɜɚ Ƚ.Ʉ., ɏɨɞɠɚɟɜ Ƚ.ɏ 

ADDITIVES TO LUBRICANTING OILS ON THE BASIS OF CYCLOALCOXY 

-PHOSPHORIC ETHERS 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ  ɢɦ. ɚɤɚɞ. Ɇ.Ɏ. ɇɚɝɢɟɜɚ ɇȺɇ 

Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ 

E-mail rahila.budaqova@mail.ru 

 

       Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɢɟɫɹ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶ-

ɡɭɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɯɨɡɹɣɫɬɜɚ, ɚ ɢɦɟɧɧɨ, ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɯ ɢ 

ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɯ ɩɪɢɫɚɞɨɤ, ɭɥɭɱɲɚɸɳɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɫɦɚɡɨɱɧɵɯ 

ɦɚɫɟɥ [1,2].  

        ɇɚɦɢ ɪɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɷɮɢɪɨɜ ɮɨɫɮɨɪɢɫɬɨɣ ɤɢɫɥɨɬɵ ɧɚ ɨɫɧɨɜɟ 

ɰɢɤɥɨɚɥɤɨɤɫɢɷɬɚɧɨɥɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɪɟɚɤɰɢɟɣ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɢɹ ɰɢɤɥɨɝɟɤɫɚɧɨɥɚ, 2-

3- ɢ 4-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɚɧɨɥɨɜ ɫ ɨɤɫɢɞɨɦ ɷɬɢɥɟɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɷɮɢɪɚɬɚ 

ɬɪɟɯɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ. 

        ɉɪɨɫɬɵɟ ɰɢɤɥɨɚɥɤɨɤɫɢɷɬɢɥɨɜɵɟ ɷɮɢɪɵ ɜɨ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɩɨɞɜɟɪɝɚɥɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɝɧɚɧɧɵɦ ɬɪɟɯɯɥɨɪɢɫɬɵɦ ɮɨɫɮɨɪɨɦ. Ɋɟɚɤɰɢɹ 

ɩɪɨɜɨɞɢɬɫɹ ɩɪɢ ɬɪɟɯɤɪɚɬɧɨɦ ɢɡɛɵɬɤɟ ɫɩɢɪɬɚ, ɩɨɞɚɜɚɹ ɩɨ ɤɚɩɥɹɦ ɬɪɟɯɯɥɨɪɢɫɬɵɣ 

ɮɨɫɮɨɪ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 70-80℃ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɟɚɤɰɢɢ  1,5-2  ɱɚɫɚ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ:  

 

                                                      1      (ROCH2CH2O) POH + ROCH2CH2CI 

                                                     -HCI 

         ROCH2CH2OH + PCI3 –        

                                                       2     (ROCH2CH2O)3 P + 3C6H5N * HCI 

                                                   3C6H5N 

       ɉɨɫɥɟ ɩɪɨɦɵɜɤɢ, ɫɭɲɤɢ ɢ ɮɢɥɶɬɪɨɜɚɧɢɹ, ɜɚɤɭɭɦɧɨɣ ɩɟɪɟɝɨɧɤɨɣ ɩɨɥɭɱɢɥɢ 

ɷɮɢɪɵ ɮɨɫɮɨɪɢɫɬɨɣ ɤɢɫɥɨɬɵ. ȼɵɯɨɞ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɫɨɫɬɚɜɢɥ 62-80 %. ɋɨɫɬɚɜ ɢ 

ɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɷɮɢɪɨɜ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ əɆɊ 1ɇ ɢ ɂɄ – 

ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ.  

       ȼ ɂɄ-ɫɩɟɤɬɪɚɯ ɨɛɧɚɪɭɠɟɧɵ  ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ ɨɛɥɚɫɬɢ 2560-2700 ɫɦ-1, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ Ɋ-Ɉɇ ɝɪɭɩɩɟ ɢ 990-1050 ɫɦ-1 ɞɥɹ Ɋ-(  OR )3 ɝɪɭɩɩɵ.  

       ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɨ ɷɬɨɣ ɦɟɬɨɞɢɤɟ ɞɢ- ɢ ɬɪɢɚɥɤɢɥɰɢɤɥɨɝɟɤɫɨɤɫɢɷɬɢɥɨɜɵɟ 

ɷɮɢɪɵ ɮɨɫɮɨɪɢɫɬɨɣ ɤɢɫɥɨɬɵ (ȾȺɐɗɎɄ ɢ ɌȺɐɗɎɄ) ɛɵɥɢ ɢɫɩɵɬɚɧɵ ɜ ɤɚɱɟɫɬɜɟ 

Ɂ-V-1 
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ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɯ ɢ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɯ ɩɪɢɫɚɞɨɤ ɤ ɫɦɚɡɨɱɧɵɦ ɦɚɫɥɚɦ. Ɋɟɡɭɥɶɬɚɬɵ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɨɩɵɬɧɵɯ ɩɪɢɫɚɞɨɤ I–ɌȺɐɗɎɄ,  II-

ȾȺɐɗɎɄ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2000ɋ  ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ 50 ɱ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 1, ɩɪɢɫɚɞɤɚ №1 ɨɛɥɚɞɚɟɬ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɦ 

ɞɟɣɫɬɜɢɟɦ, ɬ.ɤ. ɜɹɡɤɨɫɬɶ ɦɚɫɥɚ ɫ ɩɪɢɫɚɞɤɨɣ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 20%, ɧɟ ɭɜɟɥɢɱɢɜɚɹ 

ɤɨɥɢɱɟɫɬɜɚ ɨɫɚɞɤɚ.  

Ɍɚɛɥɢɰɚ 1 

ɇɚɢɦɟɧɨɜɚɧ
ɢɟ   ɨɛɪɚɡɰɚ 

ȼɹɡɤɨɫɬɶ 
ɦɚɫɥɚ ɦɦ2/ɋ 

ȼɹɡɤɨɫɬɶ ɦɚɫɥɚ 
ɩɨɫɥɟ ɨɤɢɫɥɟɧɢɹ, 

ɦɦ2/ɋ 

ɋɨɞɟɪɠɚɧɢɟ 
ɨɫɚɞɤɚ 

(ɦɚɫɫ.%) 
Ⱥɋ-6 ɛɟɡ 
ɩɪɢɫɚɞɤɢ 

6,13 16,7 9,56 

Ⱥɋ-6+1% (I) 5,8 14,6 11,48 

Ⱥɋ-6+2% (I) 5,76 14,14 10,43 

Ⱥɋ-6+3% (I) 5,73 13,7 9,37 

Ⱥɋ-6+2% (II) 5,77 15,39 9,32 

 

      ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɞɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɚɧɬɢ-

ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɌȺɐɗɎɄ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1400ɋ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨ-

ɰɟɫɫɚ  25  ɱ. 

 Ɍɚɛɥɢɰɚ 2 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɛɪɚɡɰɚ Ʉɨɪɪɨɡɢɹ ɝ/ɦ2 

Ⱥɋ-6+1% 4,2 

Ⱥɋ-6+2% 13,5 

Ⱥɋ-6+3% 24,5 

Ⱥɋ-6 ɛɟɡ ɩɪɢɫɚɞɤɢ 300.0 

          

        ȼ  ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɯ 

ɫɜɨɣɫɬɜ ɢɫɩɵɬɭɟɦɵɯ ɩɪɢɫɚɞɨɤ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢɫɚɞɤɢ ɨɤɚɡɵɜɚɸɬ ɫɢɥɶɧɨɟ 

ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɨɟ ɞɟɣɫɬɜɢɟ ɧɚ ɦɚɫɥɨ Ⱥɋ-6 ɢ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɩɪɢɫɚɞɤɢ – 1% ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɭɫɬɪɚɧɹɸɬ ɤɨɪɪɨɡɢɸ ɫɜɢɧɰɨɜɵɯ ɩɥɚɫɬɢɧɨɤ.  

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ʉɭɥɢɟɜ Ⱥ.Ɇ. ɏɢɦɢɹ ɢ ɬɟɯɧɨɥɨɝɢɹ ɩɪɢɫɚɞɨɤ ɤ ɦɚɫɥɚɦ ɢ ɬɨɩɥɢɜɚɦ. Ɇ.: ɏɢɦɢɹ, 

1982, 360 ɫ. 

2. Ɂɟɣɧɚɥɨɜ ɋ.Ȼ, Ȼɭɞɚɝɨɜɚ Ɋ.ɇ, ɇɚɫɢɪɢ Ɏ.Ɇ. ɋɢɧɬɟɡ ɢ ɢɫɩɵɬɚɧɢɟ 

ɰɢɤɥɨɚɥɤɨɤɫɢɮɨɫ-ɮɨɪɫɨɞɟɪɠɚɳɢɯ ɷɮɢɪɨɜ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɫɚɞɨɤ ɤ ɦɚɫɥɚɦ. Azərb.TU 

“Elmi əsərlər – fun-damental əsərlər” Bakı 2005, №3 cild  IV (15) s.116-118. 
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ɋɂɇɌȿɁ ɉɊɂɋȺȾɈɄ ɇȺ ɈɋɇɈȼȿ ɉɊɈȾɍɄɌȺ ɄɈɇȾȿɇɋȺɐɂɂ 
ȺɅɄɂɅɎȿɇɈɅȺ ɋ ɎɈɊɆȺɅɖȾȿȽɂȾɈɆ  

Ɇɟɞɠɢɛɨɜɫɤɢɣ Ⱥ.ɋ., Ʉɨɥɨɤɨɥɶɧɢɤɨɜ Ⱥ.ɋ., Ɂɢɛɪɨɜɚ ɋ.ɇ., Ʉɨɛɥɨɜ ȿ.Ⱥ. 
SYNTHESIS OF ADDITIVES BASED ON A CONDENSATION PRODUCT OF 

ALKYLPHENOL WITH FORMALDEHYDE  
ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ», ɝ. Ʌɸɛɟɪɰɵ  

E-mail: lab73.qualitet@yandex.ru 

 

ɒɢɪɨɤɨ ɢɡɜɟɫɬɧɵ ɦɨɸɳɢɟ ɩɪɢɫɚɞɤɢ ɧɚ ɨɫɧɨɜɟ ɚɥɤɢɥɮɟɧɨɥɹɬɨɜ - ɫɨɥɟɣ 

ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ ɢ «ɫɲɢɬɨɝɨ» ɫɟɪɧɵɦɢ ɦɨɫɬɢɤɚɦɢ ɚɥɤɢɥɮɟɧɨɥɚ: Oloa-219, 

ȼ-7130, Ʉ-33 ɢ Ʉ-36. Ɉɞɧɚɤɨ ɜ ɦɚɫɥɚɯ ɞɥɹ ɞɜɢɝɚɬɟɥɟɣ ȿɜɪɨ-5, ȿɜɪɨ-6 ɜɜɟɞɟɧɵ 

ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɷɥɟɦɟɧɬɨɜ, ɫɩɨɫɨɛɧɵɯ ɨɤɚɡɚɬɶ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɧɟɣɬɪɚɥɢɡɚɬɨɪɵ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ (ɫɟɪɚ, ɮɨɫɮɨɪ ɢ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ 

(ɫɭɥɶɮɚɬɧɚɹ ɡɨɥɚ). ɗɬɢ ɬɪɟɛɨɜɚɧɢɹ ɡɚɫɬɚɜɢɥɢ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɚɤɟɬɨɜ 

ɩɪɢɫɚɞɨɤ ɞɥɹ ɦɚɫɟɥ ɪɚɞɢɤɚɥɶɧɨ ɩɟɪɟɫɦɨɬɪɟɬɶ ɜɡɝɥɹɞɵ ɧɚ ɮɨɪɦɭɥɢɪɨɜɚɧɢɟ ɦɚɫɟɥ[1]. 

ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɩɢɫɵɜɚɟɬɫɹ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨ- ɢ ɫɜɟɪɯɳɟɥɨɱɧɨɣ 

ɚɥɤɢɥɮɟɧɨɥɶɧɨɣ ɞɟɬɟɪɝɟɧɬɧɨɣ ɛɟɫɫɟɪɧɨɣ ɩɪɢɫɚɞɤɢ ɧɚ ɨɫɧɨɜɟ ɤɚɥɶɰɢɟɜɨɣ ɫɨɥɢ 2,2’-

ɦɟɬɢɥɟɧ-ɛɢɫ ɚɥɤɢɥɮɟɧɨɥɚ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɩɪɢɫɚɞɨɤ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɫɬɚɞɢɸ ɤɨɧɞɟɧɫɚɰɢɢ ɚɥɤɢɥɮɟɧɨɥɚ (ȺɎ) ɫ ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ, ɫɬɚɞɢɸ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɫ 

ɩɨɥɭɱɟɧɢɟɦ ɫɦɟɲɚɧɧɨɣ ɫɨɥɢ, ɨɞɧɨ- ɢɥɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɭɸ ɤɚɪɛɨɧɚɬɚɰɢɸ ɢ ɨɱɢɫɬɤɭ 

ɝɨɬɨɜɨɣ ɩɪɢɫɚɞɤɢ.  

Ɋɟɚɤɰɢɸ ɤɨɧɞɟɧɫɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɜ ɭɫɥɨɜɢɹɯ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɢɯ 

ɨɛɪɚɡɨɜɚɧɢɟ ɪɟɡɨɥɶɧɨɣ ɫɦɨɥɵ (ɫɩɨɫɨɛɧɨɣ ɤ ɞɚɥɶɧɟɣɲɢɦ ɪɟɚɤɰɢɹɦ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɛɟɡ 

ɜɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɮɨɪɦɚɥɶɞɟɝɢɞɚ). ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɪɟɡɨɥɵ 

ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɦɨɥɹɪɧɨɦ ɢɡɛɵɬɤɟ ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɫɢɧɬɟɡ ɮɨɪɦɚɥɶɞɟɝɢɞɚ, ɩɨɷɬɨɦɭ ɩɨɢɫɤ 

ɨɩɬɢɦɚɥɶɧɵɯ ɦɨɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɪɟɚɝɟɧɬɨɜ (ɢ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɧɬɟɡɚ, ɜɤɥɸɱɚɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɨɣ ɪɟɠɢɦ, ɩɨɞɛɨɪ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɬ.ɞ.) ɹɜɥɹɥɫɹ ɨɞɧɨɣ ɢɡ ɡɚɞɚɱ 

ɢɫɫɥɟɞɨɜɚɧɢɹ. Ʉɨɧɬɪɨɥɶ ɩɨɥɧɨɬɵ ɩɪɨɯɨɠɞɟɧɢɹ ɪɟɚɤɰɢɢ ɤɨɧɞɟɧɫɚɰɢɢ ɩɪɨɜɨɞɢɥɢ ɩɨ 

ɨɩɪɟɞɟɥɟɧɢɸ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ nD
20 ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ: ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɣ 

ɩɪɨɞɭɤɬ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ, ɱɟɦ ɢɫɯɨɞɧɵɣ ɚɥɤɢɥɮɟɧɨɥ, 

ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɢɧɬɟɪɟɫɧɵɦ ɧɚɛɥɸɞɚɬɶ ɢɡɦɟɧɟɧɢɟ ɷɬɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɭɫɥɨɜɢɣ ɪɟɚɤɰɢɢ [2-4]. ɋɢɧɬɟɡɵ ɩɪɨɞɭɤɬɚ ɤɨɧɞɟɧɫɚɰɢɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɚɧɚɥɢɡɨɦ 

ɪɟɡɭɥɶɬɚɬɨɜ ɫɢɧɬɟɡɨɜ ɩɨɡɜɨɥɢɥɢ ɜɵɹɜɢɬɶ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ ɩɨ 

ɰɟɥɟɜɨɣ ɪɟɚɤɰɢɢ (I) ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɦ: 

2R-Ar-OH+CH2OĺRAr(OH)-CH2-Ar(OH)R (I) +H2O                                

Ɂ-V-2 
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 (I)Ƚɞɟ R- ɚɥɤɢɥɶɧɵɣ ɪɚɞɢɤɚɥ ɋ9, ɋ12 

 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɧɚ ɫɬɚɞɢɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɢ 

ɤɚɪɛɨɧɚɬɚɰɢɢ, ɟɝɨ ɨɛɪɚɛɚɬɵɜɚɸɬ ɨɤɫɢɞɨɦ/ɝɢɞɪɨɤɫɢɞɨɦ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ  ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɩɪɨɦɨɬɨɪɨɜ (ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɝɢɞɪɨɤɫɢɞ ɤɚɥɶɰɢɹ, ɚɧɟɣɬɪɚɥɢɡɚɰɢɸ ɢ ɤɚɪɛɨɧɚɬɚɰɢɸ ɩɪɨɜɨɞɢɥɢ ɜ ɫɪɟɞɟ ɦɢɧɟɪɚɥɶɧɨɝɨ 

ɦɚɫɥɚ-ɪɚɡɛɚɜɢɬɟɥɹ ɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɷɬɢɥɟɧɝɥɢɤɨɥɹ).ɉɪɢ ɷɬɨɦ ɪɟɚɥɢɡɭɸɬɫɹ ɪɟɚɤɰɢɢ 

ɨɛɪɚɡɨɜɚɧɢɹ ɤɚɥɶɰɢɟɜɵɯ ɫɨɥɟɣ ɫɦɟɫɢ ɩɪɨɞɭɤɬɚ ɤɨɧɞɟɧɫɚɰɢɢ ɚɥɤɢɥɮɟɧɨɥɚ ɫ 

ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ ɢ ɷɬɢɥɟɧɝɥɢɤɨɥɹ. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɨ, ɱɬɨ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

ɝɢɞɪɨɤɫɢɞɚ ɤɚɥɶɰɢɹ ɫ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɶɸ, ɫɨɞɟɪɠɚɳɟɣ ɩɪɨɞɭɤɬ ɤɨɧɞɟɧɫɚɰɢɢ 

ɚɥɤɢɥɮɟɧɨɥɚ ɫ ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ ɢ ɷɬɢɥɟɧɝɥɢɤɨɥɶ, ɨɛɪɚɡɭɸɬɫɹ ɞɜɚ ɧɟ ɡɚɜɢɫɢɦɵɯ ɞɪɭɝ ɨɬ 

ɞɪɭɝɚ ɩɪɨɞɭɤɬɚ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ - ɤɚɥɶɰɢɟɜɚɹ ɫɨɥɶ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɚɥɤɢɥɮɟɧɨɥɚ, ɚ 

ɜɬɨɪɨɣ -  ɤɚɥɶɰɢɟɜɵɟ ɫɨɥɢ ɷɬɢɥɟɧɝɥɢɤɨɥɹ. 

ɇɚɩɪɢɦɟɪ, ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɣ ɚɥɤɢɥɮɟɧɨɥ ɦɨɠɟɬ ɩɪɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ 

ɨɛɪɚɡɨɜɵɜɚɬɶ ɫɨɥɢ ɪɚɡɥɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ: 

  ɢɥɢ     

Ɋɢɫ. 1.  Ʉɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ ɚɥɤɢɥɮɟɧɨɥɹɬɵ ɤɚɥɶɰɢɹ 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɷɬɢɥɟɧɝɥɢɤɨɥɶ ɦɨɠɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɫɨɥɢ ɤɚɤ ɫ ɨɞɧɨɣ, ɬɚɤ ɢ ɫ 

ɞɜɭɦɹ ɦɨɥɟɤɭɥɚɦɢ ɝɢɞɪɨɨɤɢɫɢ ɤɚɥɶɰɢɹ: 

OHCH2CH2OH + Ca(OH)2 ĺ Ca(OH)OCH2CH2OH ɢɥɢ 

OHCH2CH2OH + 2Ca(OH)2 ĺ HOCaOC2H4OCaOH . 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ (ɩɨ ɡɚɝɪɭɡɤɚɦ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɧɬɟɡɚ) ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɫɦɟɫɶ ɫɨɟɞɢɧɟɧɢɣ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 1, ɫ ɝɥɢɤɨɥɹɬɚɦɢ ɤɚɥɶɰɢɹɜ 50% ɦɚɫɥɹɧɨɦ 

ɪɚɫɬɜɨɪɟ ɞɚɸɬ ɳɟɥɨɱɧɨɟ ɱɢɫɥɨ ɫɜɵɲɟ 270 ɦɝ ɄɈɇ/ɝ. 

Ɋɚɧɟɟ ɜ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɛɵɥɨ ɜɵɞɜɢɧɭɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɢɨɧɧɵɟ 

ɮɪɚɝɦɟɧɬɵ ɝɥɢɤɨɥɹɬɨɜ ɤɚɥɶɰɢɹ ɜɢɞɚ [Ca2+C2H4O2
2-] «ɜɫɬɪɚɢɜɚɸɬɫɹ» ɜ ɚɥɤɢɥɮɟɧɨɥɵ, 
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ɨɛɪɚɡɭɹ ɫɦɟɲɚɧɧɵɟ (ɤɨɦɩɥɟɤɫɧɵɟ) ɫɨɥɢ ɚɥɤɢɥɮɟɧɨɥɨɜ ɫ ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ ɢ ɝɢɞɪɨɤɫɢɞɨɦ 

ɤɚɥɶɰɢɹ. ɉɪɢ ɷɬɨɦ ɞɜɟ ɦɨɥɟɤɭɥɵ ɚɥɤɢɥɮɟɧɨɥɚ ɦɨɝɭɬ «ɫɲɢɜɚɬɶɫɹ» ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɨɞɧɢɦ 

ɢɥɢ ɞɜɭɦɹ ɬɚɤɢɦɢ ɮɪɚɝɦɟɧɬɚɦɢ.  

ɉɪɢ ɧɚɥɢɱɢɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ ɚɥɤɢɥɮɟɧɨɥɚ ɜɨɡɦɨɠɧɨ 

ɨɛɪɚɡɨɜɚɧɢɟ ɟɳɟ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɫɨɟɞɢɧɟɧɢɹ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ 

ɪɢɫɭɧɤɟ 2: 

 

Ɋɢɫ.2. ɉɪɟɞɩɨɥɚɝɚɟɦɨɟ ɫɬɪɨɟɧɢɟ ɩɪɨɞɭɤɬɚ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɫɦɟɫɢ ɚɥɤɢɥɮɟɧɨɥɚ ɢ 

ɷɬɢɥɟɧɝɥɢɤɨɥɹ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɳɟɥɨɱɧɨɝɨ ɱɢɫɥɚ ɞɥɹ 50% ɪɚɫɬɜɨɪɨɜ ɜ ɦɢɧɟɪɚɥɶɧɨɦ ɦɚɫɥɟ 

ɫɦɟɲɚɧɧɵɯ (ɤɨɦɩɥɟɤɫɧɵɯ) ɫɨɥɟɣ ɫɨɫɬɚɜɥɹɟɬ 90-95 ɦɝ ɄɈɇ/ɝ. Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɬɨɝɨ 

ɢɥɢ ɢɧɨɝɨ ɜɚɪɢɚɧɬɚ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫɢɧɬɟɡɵ ɩɪɨɞɭɤɬɚ 

ɧɟɣɬɪɚɥɢɡɚɰɢɢ, ɜ ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɞɭɤɬɚɯ ɪɟɚɤɰɢɢ ɨɩɪɟɞɟɥɹɥɢ ɳɟɥɨɱɧɨɟ ɱɢɫɥɨ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɨɩɪɟɞɟɥɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1. Ɉɩɪɟɞɟɥɟɧɢɟ ɳɟɥɨɱɧɨɝɨ ɱɢɫɥɚ ɫɨɥɟɣ ɚɥɤɢɥɮɟɧɨɥɚ 

№ ɨɩɵɬɚ ɓɑ, ɦɝ ɄɈɇ/ɝ. 

71 89,5 

77 92,7 

80 94,8 

5 (ɩɪɨɦɵɲɥ. ɭɫɬ.) 89,9 

 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 1 ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɧɚɢɛɨɥɟɟ 

ɜɟɪɨɹɬɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɢɦɟɧɧɨ ɫɦɟɲɚɧɧɵɯ (ɤɨɦɩɥɟɤɫɧɵɯ) ɤɚɥɶɰɢɟɜɵɯ ɫɨɥɟɣ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɮɨɪɦɚɥɢɧɨɦ ɚɥɤɢɥɮɟɧɨɥɚ ɫ ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ.  

ȼɵɜɨɞɵ ɨ ɯɢɦɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɬɜɟɪɠɞɚɸɬɫɹ 

ɞɚɧɧɵɦɢ ɂɄ-ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ (ɪɢɫ.3). 
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Ɋɢɫ.3. ɂɄ-ɫɩɟɤɬɪ ɫɦɟɲɚɧɧɨɣ(ɤɨɦɩɥɟɤɫɧɨɣ) ɫɨɥɢ 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɜ ɨɛɥɚɫɬɢ 400 – 4000ɫɦ-1 ɨɛɧɚɪɭɠɟɧɵ ɩɨɥɨɫɵ 

ɩɨɝɥɨɳɟɧɢɹ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɞɭɤɬɚ ɤɨɧɞɟɧɫɚɰɢɢ (ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ 

870, 910 ɫɦ-1 ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɤɨɥɟɛɚɧɢɣ 1,2,4 ɡɚɦɟɳɟɧɧɨɝɨ 

ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɶɰɚ; ɩɨɥɨɫɚ 830 ɫɦ-1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦ ɤɨɥɟɛɚɧɢɹɦ 1,4 

ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɶɰɚ) ɢ ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɩɪɢɫɭɬɫɬɜɢɟ ɮɪɚɝɦɟɧɬɚ ɝɥɢɤɨɥɹɬɚ ɤɚɥɶɰɢɹ 

(ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ 1070-1080ɫɦ-1) ɜ ɫɨɫɬɚɜɟ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ.   

ɇɚ ɫɬɚɞɢɢ ɤɚɪɛɨɧɚɬɚɰɢɢ ɤ ɫɦɟɲɚɧɧɵɦ ɫɨɥɹɦ ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ ɤɚɪɛɨɧɚɬ ɤɚɥɶɰɢɹ 

(ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɚɦɨɪɮɧɨɣ ɮɨɪɦɟ) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɦɩɥɟɤɫɚ ɫ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɵɦ 

ɤɚɪɛɨɧɚɬɨɦ ɤɚɥɶɰɢɹ. ɍɜɟɥɢɱɟɧɢɟ ɳɟɥɨɱɧɨɫɬɢ ɩɪɢɫɚɞɤɢ ɡɚ ɫɱɟɬ ɞɨɛɚɜɥɟɧɢɹ ɤɚɪɛɨɧɚɬɚ 

ɤɚɥɶɰɢɹ ɥɢɦɢɬɢɪɨɜɚɧɨ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɤɨɥɥɨɢɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢɫɚɞɤɢ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ 

ɩɪɢɫɚɞɤɢ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɳɟɥɨɱɧɵɦ ɱɢɫɥɨɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ ɞɜɟ ɫɬɭɩɟɧɢ 

ɤɚɪɛɨɧɚɬɚɰɢɢ. ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɤɚɪɛɨɧɚɬɚɰɢɢ ɜ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɞɨɛɚɜɥɹɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɦɨɬɨɪɨɜ ɢ ɪɟɚɝɟɧɬɨɜ, ɜ 

ɬɨɦ ɱɢɫɥɟ ɢ ɫɬɟɚɪɢɧɨɜɭɸ ɤɢɫɥɨɬɭ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɨɪɟɚɝɢɪɨɜɚɜɲɚɹ ɫ 

ɫɨɟɞɢɧɟɧɢɹɦɢ ɤɚɥɶɰɢɹ ɫɬɟɚɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɜɯɨɞɢɬ ɜ ɤɨɦɩɥɟɤɫɧɭɸ ɦɨɥɟɤɭɥɭ ɝɨɬɨɜɨɣ 

ɩɪɢɫɚɞɤɢ: 
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ɋɬɪɭɤɬɭɪɚ ɝɨɬɨɜɨɣ ɩɪɢɫɚɞɤɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

 

Ƚɞɟ R- ɚɥɤɢɥɶɧɵɣ ɪɚɞɢɤɚɥ ɋ9, ɋ12, ɚn - ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ, 

ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɚɥɤɢɥɮɟɧɨɥɶɧɨɣ ɩɪɢɫɚɞɤɢ ɜ ɜɢɞɟ ɤɨɥɥɨɢɞɧɨɣ ɞɢɫɩɟɪɫɢɢ, n = 1…10. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɦɨɸɳɢɯ ɜɵɫɨɤɨ- ɢ 

ɫɜɟɪɯɳɟɥɨɱɧɵɯ ɚɥɤɢɥɮɟɧɨɥɶɧɵɯ ɩɪɢɫɚɞɨɤ, ɨɛɥɚɞɚɸɳɢɯ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɟɪɟɞ 

ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɫɟɪɨɫɨɞɟɪɠɚɳɢɦɢ ɩɪɢɫɚɞɤɚɦɢ ɩɨ ɪɹɞɭ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɫɜɨɣɫɬɜ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɩɨ ɷɤɨɥɨɝɢɱɧɨɫɬɢ, ɡɚ ɫɱɟɬ ɢɫɤɥɸɱɟɧɢɹ ɢɡ ɢɯ ɫɨɫɬɚɜɚ ɫɟɪɵ 
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ɂɁɍɑȿɇɂȿ ȼɈɁɆɈɀɇɈɋɌɂ ɉɊɂɆȿɇȿɇɂə ȻȿɋɋȿɊɇɕɏ ɆɈɘɓɂɏ 
ɉɊɂɋȺȾɈɄ ȼ ɆɈɌɈɊɇɕɏ ɆȺɋɅȺɏ 

Ɇɟɞɠɢɛɨɜɫɤɢɣ Ⱥ.ɋ., Ʉɨɥɨɤɨɥɶɧɢɤɨɜ Ⱥ.ɋ., Ʉɨɛɥɨɜ ȿ.Ⱥ., Ɂɢɛɪɨɜɚ ɋ.ɇ. 
A STUDY OF POSSIBILITY TO USE NON-SULFUR DETERGENT ADDITIVES IN 

MOTOR OILS  
ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ», ɝ. Ʌɸɛɟɪɰɵ  

E-mail: lab73.qualitet@yandex.ru 

 

ȼ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ ɰɟɧɬɪɟ ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ» ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɢ 

ɭɫɩɟɲɧɨ ɜɧɟɞɪɟɧɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɦɨɸɳɢɟ ɩɪɢɫɚɞɤɢ ɧɚ ɨɫɧɨɜɟ ɩɪɨɞɭɤɬɚ 

ɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɚɥɤɢɥɮɟɧɨɥɚ – ɜɵɫɨɤɨɳɟɥɨɱɧɚɹ Ʉ-200 ɢ ɫɜɟɪɯɳɟɥɨɱɧɚɹ 

ɩɪɢɫɚɞɤɚ Ʉ-300. ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɫɟɪɨɫɨɞɟɪɠɚɳɟɝɨ ɚɧɚɥɨɝɚ – 

ɦɨɸɳɟɣ ɫɜɟɪɯɳɟɥɨɱɧɨɣ ɩɪɢɫɚɞɤɢ Ʉ-36 ɢ ɩɪɟɞɥɚɝɚɟɦɵɯ ɩɪɢɫɚɞɨɤ Ʉ-200 ɢ Ʉ-300 ɛɵɥɢ 

ɜɵɹɜɥɟɧɵ ɩɪɟɢɦɭɳɟɫɬɜɚ ɛɟɫɫɟɪɧɵɯ ɩɪɢɫɚɞɨɤ, ɤɨɬɨɪɵɟ ɨɬɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1. ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɨɸɳɢɯ ɩɪɢɫɚɞɨɤ 

ɉɚɪɚɦɟɬɪɵ Ʉ-200 Ʉ-300 Ʉ-36 
ɋɨɞɟɪɠɚɧɢɟ S ɜ 
ɩɪɢɫɚɞɤɟ, % ɦɚɫɫ.  

- - 2-3% 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɮɨɪɦɥɟɧɢɹ ɛɥɨɤɚ 
ɚɛɫɨɪɛɰɢɢ H

2
S , 

ɭɬɢɥɢɡɚɰɢɢ ɬɜɟɪɞɵɯ 
ɨɬɯɨɞɨɜ ɫɟɪɵ 

ɧɟɬ ɧɟɬ ɞɚ 

ɉɪɢɦɟɧɟɧɢɟ 
ɪɚɫɬɜɨɪɢɬɟɥɟɣ 
(ɢɡɨɨɤɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ) 
ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɩɪɢɫɚɞɤɢ 

ɧɟɬ ɧɟɬ ɞɚ 

Ɋɚɫɯɨɞ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ  ɋɧɢɠɟɧɧɵɣ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ 

ɩɪɢɫɚɞɤɟ Ʉ-300 

ɋɬɚɞɢɹ ɤɨɧɞɟɧɫɚɰɢɢ-

2ɱ, ɛɨɥɟɟ ɛɵɫɬɪɚɹ 
ɨɬɝɨɧɤɚ ɥɟɬɭɱɢɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ 
ɤɨɧɟɱɧɨɣ ɫɬɚɞɢɢ 

ɋɬɚɞɢɹ ɨɫɟɪɧɟɧɢɹ – 

9ɱ, ɧɚ ɤɨɧɟɱɧɨɣ 
ɫɬɚɞɢɢ ɧɟɨɛɯɨɞɢɦɨ 

ɨɬɝɨɧɹɬɶ 
ɢɡɨɨɤɬɢɥɨɜɵɣ ɫɩɢɪɬ  

ȼɉɒ*,%, ɬɢɩɢɱɧɵɟ 
ɡɧɚɱɟɧɢɹ (Ɉɉɉ) 

4-6 4-6 6-8 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ 
ɩɪɢɫɚɞɤɢ ɩɪɢ 100°ɋ, 
ɦɦ2/ɫ, ɬɢɩɢɱɧɵɟ ɡɧɚɱɟɧɢɹ 

50-90 50-90 100-200 

*ȼɉɒ (ɜɵɫɭɲɟɧɧɵɣ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɲɥɚɦ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ 

ɩɪɨɦɵɬɨɝɨ ɢ ɜɵɫɭɲɟɧɧɨɝɨ ɨɫɬɚɬɤɚ ɩɨɫɥɟ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ 50% ɪɚɫɬɜɨɪɚ ɪɟɚɤɰɢɨɧɧɨɣ 

ɦɚɫɫɵ ɜ ɧɟɮɪɚɫɟ ɋ-2 80/120 ɤ ɦɚɫɫɟ ɧɚɜɟɫɤɢ ɧɟɱɢɳɟɧɨɣ ɩɪɢɫɚɞɤɢ [1].  

 

ɉɨɦɢɦɨ ɧɟɤɨɬɨɪɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɟɢɦɭɳɟɫɬɜ (ɨɬɫɭɬɫɬɜɢɟ ɞɨɪɨɝɨɫɬɨɹɳɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɛɵɫɬɪɨɬɚ ɩɪɨɰɟɫɫɚ), ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ 

Ɂ-V-3 
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ɫɟɪɵ ɜ ɩɪɢɫɚɞɤɚɯ Ʉ-200 ɢ Ʉ-300, ɱɬɨ ɨɬɤɪɵɜɚɟɬ ɩɟɪɫɩɟɤɬɢɜɭ ɩɪɢɦɟɧɟɧɢɹ ɢɯ ɜ ɦɚɫɥɚɯ 

Mid- ɢ Low SAPS [2]. Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɫɚɞɨɤ ɜ ɬɟɯ ɦɚɫɥɹɧɵɯ 

ɤɨɦɩɨɡɢɰɢɹɯ, ɝɞɟ, ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɩɪɢɦɟɧɹɸɬɫɹ ɫɟɪɨɫɨɞɟɪɠɚɳɢɟ ɮɟɧɚɬɵ – 

ɧɚɩɪɢɦɟɪ, ɜ ɫɨɫɬɚɜɟ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɞɥɹ ɚɜɬɨɬɪɚɤɬɨɪɧɵɯ ɞɢɡɟɥɟɣ ɜɵɫɨɤɨɣ ɝɪɭɩɩɵ Ⱦ 

(Ɇ-10ȾɆ). ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ 

ɦɚɫɥɚ Ɇ-10ȾɆ ɫ ɜɨɜɥɟɱɟɧɢɟɦ ɩɪɢɫɚɞɨɤ Ʉ-200, Ʉ-300 ɢ ɫɟɪɨɫɨɞɟɪɠɚɳɟɝɨ ɚɧɚɥɨɝɚ – 

ɩɪɢɫɚɞɤɢ Ʉ-36. 

Ɍɚɛɥɢɰɚ 2. Ɋɟɡɭɥɶɬɚɬɵ ɨɤɢɫɥɟɧɢɹ ɩɨ ȽɈɋɌ 11063 ɦɚɫɥɚ Ɇ-10ȾɆ, ɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɳɟɥɨɱɧɨɣ ɫɭɥɶɮɨɧɚɬɧɨɣ ɩɪɢɫɚɞɤɢ ɢ ɮɟɧɚɬɧɵɯ ɩɪɢɫɚɞɨɤ 

№ɨɛɪɚɡɰɚ/ 
% ɜɜɨɞɚ ɩɪɢɫɚɞɤɢ 

№1 

Ʉ-200 

№2 

Ʉ-300 

№3 

Ʉ-36 

№4 

Ʉ-300 

ɮɟɧɚɬ 1,2 1,0 1,0 1,0 

ɳɟɥɨɱɧɨɣ ɫɭɥɶɮɨɧɚɬ 1 1,35 1,2 1,2 - 

ɳɟɥɨɱɧɨɣ ɫɭɥɶɮɨɧɚɬ 2 - - - 1,35 

Ɉɫɚɞɨɤ ɩɨɫɥɟ 
ɢɫɩɵɬɚɧɢɣ ɂɉɈ (%) 0,027 0,016 0,016 0,019 

ɧɨɪɦɚ ɂɉɈ, ȽɈɋɌ 
11063 

0,5 0,5 0,5 0,5 

 

Ⱦɚɧɧɵɟ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 2, ɬɚɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɜɫɟ ɨɛɪɚɡɰɵ 

Ɇ-10ȾɆ ɜɵɞɟɪɠɢɜɚɸɬ ɨɤɢɫɥɟɧɢɟ ɧɚ ɭɫɬɚɧɨɜɤɟ ȾɄ-ɇȺɆɂ (ɩɨ ȽɈɋɌ 11063), ɤɨɥɢɱɟɫɬɜɨ 

ɨɫɚɞɤɚ ɩɨɫɥɟ ɨɤɢɫɥɟɧɢɹ ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɥɟɠɢɬ ɜ ɞɨɫɬɚɬɨɱɧɨ ɭɡɤɨɦ ɢɧɬɟɪɜɚɥɟ. 

Ɉɰɟɧɤɚ ɦɨɬɨɪɧɵɯ ɫɜɨɣɫɬɜ ɢɫɩɵɬɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨ ȽɈɋɌ 23175-78 

ɧɚ ɭɫɬɚɧɨɜɤɟ ɉɚɩɨɤ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 

Ɍɚɛɥɢɰɚ 3. Ɉɰɟɧɤɚ ɦɨɬɨɪɧɵɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɦɚɫɥɚ Ɇ-10ȾɆ ɧɚ ɚɩɩɚɪɚɬɟ ɉɚɩɨɤ ɩɨ 

ȽɈɋɌ 23175-78 

№ ɨɛɪɚɡɰɚ 

(Ɍ=230°ɋ) 
Ɇɚɫɫɨɜɚɹ ɞɨɥɹ 

ɢɫɩɚɪɹɟɦɨɫɬɢ, % 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ 
ɪɚɛɨɱɟɣ ɮɪɚɤɰɢɢ, 

% 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ 
ɥɚɤɚ, % 

1 41,3 57,2 1,5 

2 49,7 49,5 0,8 

3 45,1 53,1 1,8 

4 42,1 56,3 1,6 

№ ɨɛɪɚɡɰɚ 

(Ɍ=240°ɋ) 
Ɇɚɫɫɨɜɚɹ ɞɨɥɹ 

ɢɫɩɚɪɹɟɦɨɫɬɢ, % 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ 
ɪɚɛɨɱɟɣ ɮɪɚɤɰɢɢ, 

% 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ 
ɥɚɤɚ, % 

1 58,0 39,3 2,7 

2 57,4 40,7 1,9 

3 55,2 41,7 3,1 

4 54,5 43,0 2,5 
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ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɵɬɚɧɢɹ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɦɚɫɫɨɜɚɹ ɞɨɥɹ 

ɢɫɩɚɪɹɟɦɨɫɬɢ ɢ ɤɨɥɢɱɟɫɬɜɨ ɥɚɤɚ ɧɚ ɢɫɩɵɬɭɟɦɵɯ ɱɚɲɟɱɤɚɯ ɞɥɹ ɢɫɩɵɬɭɟɦɵɯ ɨɛɪɚɡɰɨɜ. 

Ⱦɥɹ ɨɛɪɚɡɰɚ Ɇ-10ȾɆ, ɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɪɨɫɨɞɟɪɠɚɳɟɣ ɩɪɢɫɚɞɤɢ Ʉ-

36, ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɥɚɤɨɨɛɪɚɡɨɜɚɧɢɹ (ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɤɨɥɢɱɟɫɬɜɨ 

ɥɚɤɚ ɩɪɟɜɵɲɚɟɬ 3% ɜɟɫ.) ɹɜɥɹɟɬɫɹ 240°ɋ, ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ 

ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɥɚɤɨɨɛɪɚɡɨɜɚɧɢɹ ɜɵɲɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ Ɇ-10ȾɆ ɧɚ ɭɫɬɚɧɨɜɤɟ ɉɁȼ-Ɋ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. Ɇɟɬɨɞɢɤɚ ɹɜɥɹɟɬɫɹ ɞɨɩɨɥɧɟɧɢɟɦ ɤ ȽɈɋɌ 5726-53 «Ɇɟɬɨɞ 

ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɸɳɢɯ ɫɜɨɣɫɬɜ", ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɡɦɟɧɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɭɫɬɚɧɨɜɤɢ 

ɉɁȼ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɍɍ 38 401102-75. "Ɇɚɫɥɚ ɦɨɬɨɪɧɵɟ. Ɇɟɬɨɞ ɨɰɟɧɤɢ ɦɨɸɳɢɯ 

ɫɜɨɣɫɬɜ ɦɚɫɟɥ ɩɚ ɭɫɬɚɧɨɜɤɟ ɉɁȼ-Ɋ" ɢ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɭɤɚɡɚɧɧɵɯ ɦɟɬɨɞɨɜ ɭɠɟɫɬɨɱɟɧɧɵɦ 

ɪɟɠɢɦɨɦ ɢɫɩɵɬɚɧɢɹ ɦɚɫɟɥ ɝɪɭɩɩɵ Ⱦ. 

Ɍɚɛɥɢɰɚ 4. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɉɁȼ-Ɋ 

№ ɨɛɪɚɡɰɚ ɇɚɢɦɟɧ. ɩɨɤɚɡɚɬɟɥɹ ȿɞ. ɢɡɦ. Ɇɟɬɨɞ ɢɫɩ. Ɋɟɡɭɥɶɬɚɬ 

Ɇ-10ȾɆ ɨɛɪ.№1  

 

Ɇɨɸɳɢɟ ɫɜ-ɜɚ 

 

 

ɛɚɥɥ 

 

 

Ɇɟɬɨɞ 
ɝɪɭɩɩɵ «Ⱦ» 

 

3,5 

Ɇ-10ȾɆ ɨɛɪ.№2 3,5 

Ɇ-10ȾɆ ɨɛɪ.№3 3,5 

Ɇ-10ȾɆ ɨɛɪ.№4 3,5 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɍɍ 38 401102-75, ɦɨɸɳɢɟ ɫɜɨɣɫɬɜɚ ɦɚɫɥɚ Ɇ-10 ȾɆ 

ɨɰɟɧɢɜɚɸɬɫɹ ɜ  3  ±  0 ,5  ɛɚɥɥɚ, ɬ.ɟ. ɜɫɟ ɢɫɩɵɬɭɟɦɵɟ ɨɛɪɚɡɰɵ ɜɵɞɟɪɠɢɜɚɸɬ ɢɫɩɵɬɚɧɢɟ ɧɚ 

ɉɁȼ-Ɋ ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɚɫɥɚɦ ɝɪɭɩɩɵ «Ⱦ». 

Ɍɚɛɥɢɰɚ 5. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɦɚɫɟɥ Ɇ-10ȾɆ ɧɚ ɭɫɬɚɧɨɜɤɟ ɂɄɆ-40Ʉ ɩɨ Ɍɍ 

38.401.405 

№ 
ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɤɚɡɚɬɟɥɟɣ 

ɇɨɪɦɚ ɩɨ 
ɇɌȾ 

Ɉɛɪ.1 Ɉɛɪ.2 Ɉɛɪ.3 Ɉɛɪ.4 
Ɍɨɜɚɪɧɨɟ 

ɦɚɫɥɨ 

1 
ɂɡɦɟɧɟɧɢɟ 
ɜɹɡɤɨɫɬɢ, % 

ɧɟ ɛɨɥɟɟ 
50 

35,6 37,2 41,4 39,8 43,3 

2 
ɉɨɬɟɪɹ ɦɚɫɫɵ 
ɜɤɥɚɞɵɲɟɣ, ɦɝ 

ɧɟ ɛɨɥɟɟ 
25 

18,4 20,3 21,2 19,3 23 

3 
Ɂɚɝɪɹɡɧɟɧɢɹ 

ɩɨɪɲɧɹ, ɛɚɥɥ 
- 3,6 3,2 3,8 3,7 3,9 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 5, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ 

ɨɛɪɚɡɰɵ 1-4 ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɬɪɟɛɨɜɚɧɢɹɦ Ɍɍ 38.401.405 ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ «ɂɡɦɟɧɟɧɢɟ 

ɜɹɡɤɨɫɬɢ, %» ɢ «ɉɨɬɟɪɹ ɦɚɫɫɵ ɜɤɥɚɞɵɲɟɣ, ɦɝ». ɉɨ ɩɨɤɚɡɚɬɟɥɸ «ɡɚɝɪɹɡɧɟɧɢɟ ɩɨɪɲɧɹ, 

ɛɚɥɥ» ɢɫɩɵɬɭɟɦɵɟ ɨɛɪɚɡɰɵ ɩɪɟɜɨɫɯɨɞɹɬ ɨɛɪɚɡɟɰ ɫɪɚɜɧɟɧɢɹ – ɬɨɜɚɪɧɨɟ ɦɚɫɥɨ Ɇ-10ȾɆ.  

Ɍɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɨɜɚɪɧɨɝɨ ɦɚɫɥɚ Ɇ-10ȾɆ ɢ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɫ 

ɜɨɜɥɟɱɟɧɢɟɦ ɩɪɢɫɚɞɤɢ Ʉ-300 ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɩɨ ȽɈɋɌ 9490-75, ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 6. 

Ɍɚɛɥɢɰɚ 6. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɹ ɦɚɫɥɚ Ɇ-10ȾɆ ɩɨ ȽɈɋɌ 9490-75 

Ɉɩɪɟɞɟɥɹɟɦɵɟ 
ɩɨɤɚɡɚɬɟɥɢ 

Ɍɨɜɚɪɧɨɟ ɦɚɫɥɨ Ɇ-10ȾɆ ɧɚ Ʉ-300 

Dɂ, ɦɦ 0,34 0,33 

Ɋɤ, ɇ(ɤɝɫ) 150 162 

Ɋɫ, ɇ(ɤɝɫ) 168 181 

ɂɡ, ɤɝɫ(ɇ) 48 50,2 

 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɨɜɚɪɧɵɦ ɦɚɫɥɨɦ, ɨɩɵɬɧɵɣ ɨɛɪɚɡɟɰ Ɇ-10ȾɆ ɨɛɥɚɞɚɟɬ 

ɩɨɜɵɲɟɧɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɨɣ (162 ɇ, ɭ ɬɨɜɚɪɧɨɝɨ ɦɚɫɥɚ – 150ɇ), ɧɚɝɪɭɡɤɨɣ 

ɫɜɚɪɢɜɚɧɢɹ (181 ɇ ɭ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ, 168 ɇ ɭ ɬɨɜɚɪɧɨɝɨ ɦɚɫɥɚ), ɡɧɚɱɟɧɢɹ ɂɡ ɢ Dɂ 

ɛɥɢɡɤɢ ɭ ɬɨɜɚɪɧɨɝɨ ɢ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɦɚɫɥɚ Ɇ-10ȾɆ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɩɨɜɵɲɟɧɧɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɩɪɟɞɟɥɶɧɨɣ ɧɚɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɦɚɫɥɚ Ɇ-

10ȾɆ ɫ ɜɨɜɥɟɱɟɧɢɟɦ ɨɩɵɬɧɨɣ ɩɪɢɫɚɞɤɢ Ʉ-300 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɨɜɚɪɧɵɦ ɦɚɫɥɨɦ Ɇ-

10ȾɆ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɣ ɫɬɚɧɞɚɪɬɧɵɦɢ ɥɚɛɨɪɚɬɨɪɧɵɦɢ, ɫɬɟɧɞɨɜɵɦɢ ɢ                     

ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɦɚɫɥɚ Ɇ-10ȾɆ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɩɪɢɫɚɞɨɤ Ʉ-200, Ʉ-300, ɚ ɬɚɤɠɟ ɫ ɩɪɢɫɚɞɤɨɣ Ʉ-36 (ɨɛɪɚɡɟɰ ɫɪɚɜɧɟɧɢɹ), 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 

1. ɉɪɢ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɤɨɦɩɨɡɢɰɢɢ ɦɚɫɥɚ Ɇ-10ȾɆ ɫ ɩɪɢɫɚɞɤɚɦɢ Ʉ-200, Ʉ-300, ɢ 

Ʉ-36, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɣ ɜ ɤɚɱɟɫɬɜɟ ɫɭɥɶɮɨɧɚɬɧɨɣ ɩɪɢɫɚɞɤɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɢɧɬɟɬɢɱɟɫɤɢɟ 

ɜɵɫɨɤɨɳɟɥɨɱɧɵɟ ɫɭɥɶɮɨɧɚɬɵ, ɚ ɧɟ ɧɟɮɬɹɧɭɸ ɩɪɢɫɚɞɤɭ ɄɇȾ, ɬ.ɤ. ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɚ, 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɨ ȽɈɋɌ 11063-77, ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɫɭɥɶɮɨɧɚɬɨɜ 

ɭɦɟɧɶɲɚɟɬɫɹ; 

2. ȼɫɟ ɢɫɩɵɬɭɟɦɵɟ ɨɛɪɚɡɰɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 8581-78 ɞɥɹ ɦɚɫɟɥ 

ɝɪɭɩɩɵ «Ⱦ»; 
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3. ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ ɦɚɫɟɥ Ɇ-10ȾɆ ɨɛɪɚɡɰɵ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɫɚɞɨɤ Ʉ-200 ɢ Ʉ-300 (Ɉɛɪɚɡɰɵ 1,2,4) ɧɟ ɭɫɬɭɩɚɸɬ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ 

ɫɥɭɱɚɹɯ ɩɪɟɜɨɫɯɨɞɹɬ ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɡɰɚ ɫɪɚɜɧɟɧɢɹ – ɦɚɫɥɚ Ɇ-10ȾɆ ɫ ɜɨɜɥɟɱɟɧɢɟɦ 

ɫɟɪɨɫɨɞɟɪɠɚɳɟɣ ɩɪɢɫɚɞɤɢ Ʉ-36 (Ɉɛɪɚɡɟɰ №3). ɇɚɩɪɢɦɟɪ, ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɥɚɤɨɨɛɪɚɡɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ ȽɈɋɌ 23175-78, ɞɥɹ ɨɛɪɚɡɰɚ №3 ɫɨɫɬɚɜɥɹɟɬ 240°ɋ, 

ɞɥɹ ɨɛɪɚɡɰɨɜ 1,2,4 – ɩɪɟɜɵɲɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ 240°ɋ. ɉɪɢ ɢɫɩɵɬɚɧɢɢ ɨɛɪɚɡɰɨɜ ɧɚ 

ɭɫɬɚɧɨɜɤɟ ɂɄɆ-40Ʉ ɩɨ Ɍɍ 38.401.405, ɩɨ ɜɫɟɦ ɨɩɪɟɞɟɥɹɟɦɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɛɪɚɡɰɵ 1,2,4 

ɩɪɟɜɨɫɯɨɞɹɬ ɡɧɚɱɟɧɢɹ ɨɛɪɚɡɰɚ 3. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɨɜɚɪɧɵɦ ɦɚɫɥɨɦ Ɇ-10ȾɆ (ɢɦɟɸɳɢɦ 

ɩɪɢɫɚɞɤɭ Ʉ-36 ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ), ɨɩɵɬɧɵɣ ɨɛɪɚɡɟɰ Ɇ-10ȾɆ ɫ ɜɨɜɥɟɱɟɧɢɟɦ ɩɪɢɫɚɞɤɢ Ʉ-

300 ɩɨɤɚɡɚɥ ɭɥɭɱɲɟɧɧɵɟ ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ; 

4. Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢ ɫɬɟɧɞɨɜɵɟ ɦɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ ɦɚɫɟɥ ɩɨɤɚɡɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ 

ɡɚɦɟɧɵ ɮɟɧɚɬɧɨɣ ɫɟɪɨɫɨɞɟɪɠɚɳɟɣ ɩɪɢɫɚɞɤɢ ɧɚ ɷɤɨɥɨɝɢɱɧɵɟ ɛɟɫɫɟɪɧɵɟ ɩɪɢɫɚɞɤɢ ɧɚ 

ɨɫɧɨɜɟ ɚɥɤɢɥɮɟɧɨɥɨɜ ɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɚɫɥɚɯ ɝɪɭɩɩɵ Ⱦ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɟ 

ɩɪɢɫɚɞɤɢ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ɦɚɫɟɥ Mid- ɢ Low SAPS, ɜɨɡɦɨɠɧɨ ɢɯ 

ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɞɚɧɧɵɯ ɦɚɫɥɚɯ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Ɇɟɞɠɢɛɨɜɫɤɢɣ, Ⱥ.ɋ. Ɉɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɱɢɫɬɤɢ ɢ ɤɨɥɥɨɢɞɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ 
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ɇɟ ɩɨɞɥɟɠɢɬ ɫɨɦɧɟɧɢɸ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɟɪɟɯɨɞ ɧɚ ɫɨɜɪɟɦɟɧɧɵɣ ɭɪɨɜɟɧɶ ɪɚɡɜɢɬɢɹ 

ɬɟɩɥɨɬɟɯɧɢɤɢ, ɩɨɡɜɨɥɹɸɳɢɣ ɬɭɪɛɢɧɚɦ ɛɟɫɩɨɫɥɟɞɫɬɜɟɧɧɨ ɪɚɛɨɬɚɬɶ ɫ ɩɚɪɨɦ ɜɵɫɨɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ (ɜɩɥɨɬɶ ɞɨ 570ɨɋ ɢ 240 ɤɝɫ/ɫɦ2), ɛɵɥ ɛɵ ɧɟɜɨɡɦɨɠɟɧ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɨɝɧɟɫɬɨɣɤɢɯ ɦɚɫɟɥ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɝɥɚɜɟɧɫɬɜɭɸɳɟɟ ɩɨɥɨɠɟɧɢɟ ɡɚɧɢɦɚɸɬ 

ɫɦɟɲɚɧɧɵɟ ɷɮɢɪɵ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ. 

ɉɪɨɰɟɫɫ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɪɢɚɪɢɥɮɨɫɮɚɬɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɝɪɟɜɟ ɫɦɟɫɢ ɮɟɧɨɥɚ ɢ 

ɚɥɤɢɥɮɟɧɨɥɚ (ɱɚɳɟ ɜɫɟɝɨ 3,5-ɞɢɦɟɬɢɥɮɟɧɨɥɚ), ɜɡɹɬɵɯ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ, ɞɨ 

ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɨɥɨ 140-150ɨɋ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ (ɨɛɵɱɧɨ ɩɪɢɦɟɧɹɸɬɫɹ 

ɤɢɫɥɨɬɵ Ʌɶɸɢɫɚ, ɧɚɩɪɢɦɟɪ, ɯɥɨɪɢɞ ɦɚɝɧɢɹ) ɢ ɜɵɞɟɪɠɤɟ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɜ ɬɟɱɟɧɢɟ 

ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ ɫ ɧɟɩɪɟɪɵɜɧɨɣ ɨɬɞɭɜɤɨɣ ɯɥɨɪɨɜɨɞɨɪɨɞɚ, ɩɨɫɥɟ ɱɟɝɨ ɩɨɥɭɱɟɧɧɵɣ 

ɫɵɪɨɣ ɩɪɨɞɭɤɬ ɩɨɞɜɟɪɝɚɟɬɫɹ ɳɟɥɨɱɧɨɣ ɩɪɨɦɵɜɤɟ ɢ ɜɚɤɭɭɦɧɨɦɭ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɸ ɫ 

ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɢɯ ɮɟɧɨɥɨɜ ɢ ɧɟɩɨɥɧɵɯ ɷɮɢɪɨɜ [1].  

 

ɋɪɟɞɢ ɩɪɨɛɥɟɦ, ɩɪɢɫɭɳɢɯ ɩɪɨɢɡɜɨɞɫɬɜɭ ɨɝɧɟɫɬɨɣɤɢɯ ɠɢɞɤɨɫɬɟɣ ɩɨ ɞɚɧɧɨɣ 

ɬɟɯɧɨɥɨɝɢɢ, ɨɫɨɛɟɧɧɨ ɜɵɞɟɥɹɸɬɫɹ ɜɵɫɨɤɚɹ ɷɧɟɪɝɨɡɚɬɪɚɬɧɨɫɬɶ ɢ ɜɵɛɪɨɫɵ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɤɨɪɪɨɡɢɨɧɧɨ ɚɝɪɟɫɫɢɜɧɨɝɨ ɯɥɨɪɨɜɨɞɨɪɨɞɚ, ɭɦɟɧɶɲɚɸɳɟɝɨ ɫɪɨɤ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɟɛɭɸɳɟɝɨ ɩɪɨɜɟɞɟɧɢɹ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɟɝɨ ɩɨɝɥɨɳɟɧɢɸ 

ɢɥɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɪɨɦɵɲɥɟɧɧɵɣ ɫɢɧɬɟɡ ɨɝɧɟɫɬɨɣɤɨɝɨ ɦɚɫɥɚ (ɈɆɌɂ) ɛɵɥ 

ɨɪɝɚɧɢɡɨɜɚɧ ɟɳɟ ɜ 60ɯ ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ [2], ɬɟɯɧɨɥɨɝɢɹ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨ ɫɟɣ 

ɞɟɧɶ ɧɟ ɩɪɟɬɟɪɩɟɥɚ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ.  
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ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɨɫɫɢɣɫɤɢɦɢ ɭɱɟɧɵɦɢ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɭɫɬɪɚɧɟɧɢɸ 

ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ ɩɪɨɛɥɟɦ, ɬɚɤ, ɧɚɩɪɢɦɟɪ, ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɫɢɧɬɟɡɚ ɰɟɥɟɜɵɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɩɪɨɜɟɞɟɧɢɢ ɷɬɟɪɢɮɢɤɚɰɢɢ ɯɥɨɪɨɤɢɫɢ ɮɨɫɮɨɪɚ ɫɦɟɫɶɸ 

ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ 3,5-ɤɫɢɥɟɧɨɥɚ ɢ ɮɟɧɨɥɚ ɜ ɦɟɠɮɚɡɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɤɨɧɬɚɤɬɟ ɠɢɞɤɨɣ 

ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɜɨɞɧɨ-ɳɟɥɨɱɧɨɣ ɮɚɡ ɜ ɞɜɚ ɷɬɚɩɚ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɧɚɝɪɟɜɚɧɢɟɦ ɞɨ 50-

60oC ɢ ɨɯɥɚɠɞɟɧɢɟɦ ɞɨ 20-25oC ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ [3]. 

 

 Ɉɫɧɨɜɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɨɥɭɱɟɧɢɹ ɨɝɧɟɫɬɨɣɤɢɯ 

ɠɢɞɤɨɫɬɟɣ ɹɜɥɹɸɬɫɹ: 

– ɦɟɧɶɲɚɹ ɷɧɟɪɝɨɡɚɬɪɚɬɧɨɫɬɶ, ɩɨɫɤɨɥɶɤɭ ɡɚ ɫɱɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ Ɉ-

ɧɭɤɥɟɨɮɢɥɶɧɨɫɬɢ ɚɥɤɢɥɮɟɧɨɥɹɬɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɚɥɤɢɥɮɟɧɨɥɚɦɢ, 

ɰɟɥɟɜɚɹ ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɧɟɫɨɢɡɦɟɪɢɦɨ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɜ ɨɬɫɭɬɫɬɜɢɢ 

ɤɚɬɚɥɢɡɚɬɨɪɚ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ 

ɜɵɫɲɟɣ ɡɚɧɹɬɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɨɪɛɢɬɚɥɢ ɧɭɤɥɟɨɮɢɥɚ (HOMO) ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɫɧɢɠɟɧɢɟɦ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 
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– ɜɵɞɟɥɟɧɢɟ NaCl ɜ ɤɚɱɟɫɬɜɟ ɩɨɛɨɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ ɜɦɟɫɬɨ HCl, ɱɬɨ 

ɤɪɚɣɧɟ ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɷɤɨɥɨɝɢɱɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɢ ɫɪɨɤɟ ɫɥɭɠɛɵ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɢɣ ɜɵɯɨɞ ɰɟɥɟɜɨɝɨ 

ɩɪɨɞɭɤɬɚ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ, ɜɨ-ɩɟɪɜɵɯ, ɧɟɩɨɥɧɵɦ ɩɟɪɟɯɨɞɨɦ ɢɫɯɨɞɧɵɯ ɮɟɧɨɥɨɜ ɜ ɢɯ 

ɧɚɬɪɢɟɜɭɸ ɫɨɥɶ, ɜ ɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɨɫɬɚɟɬɫɹ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɚɹ ɳɟɥɨɱɶ, ɝɢɞɪɨɥɢɡɭɸɳɚɹ 

ɮɨɫɮɨɪɢɥɢɪɭɸɳɢɣ ɚɝɟɧɬ, ɚ ɜɨ-ɜɬɨɪɵɯ, ɩɪɢɫɭɬɫɬɜɭɸɳɚɹ ɜ ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɜ 

ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɟ ɜɨɞɚ ɯɨɬɶ ɢ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɧɨ ɜɫɟ-ɬɚɤɢ ɬɨɠɟ ɩɪɨɜɨɞɢɬ ɤ 

ɩɨɛɨɱɧɨɣ ɪɟɚɤɰɢɢ ɝɢɞɪɨɥɢɡɚ ɯɥɨɪɨɤɢɫɢ ɮɨɫɮɨɪɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɚɦ ɩɪɨɰɟɫɫ 

ɷɬɟɪɢɮɢɤɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɜɚ ɷɬɚɩɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɦɟɫɟɣ ɮɟɧɨɥ/3,5-ɤɫɢɥɟɧɨɥ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɱɬɨ ɨɫɥɨɠɧɹɟɬ 

ɬɟɯɧɨɥɨɝɢɸ ɩɨɥɭɱɟɧɢɹ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ. 

ɋ ɭɱɟɬɨɦ ɜɵɲɟɢɡɥɨɠɟɧɧɵɯ ɩɪɨɛɥɟɦ ɧɚɦɢ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ 

ɫɩɨɫɨɛ ɫɢɧɬɟɡɚ ɨɝɧɟɫɬɨɣɤɢɯ ɦɚɫɟɥ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɩɪɨɜɟɞɟɧɢɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɝɟɬɟɪɨɮɚɡɧɨɣ ɷɬɟɪɢɮɢɤɚɰɢɢ ɯɥɨɪɨɤɢɫɢ ɮɨɫɮɨɪɚ ɩɪɢ 20-25ɨɋ ɨɛɟɡɜɨɠɟɧɧɨɣ ɚɡɟɨɬɪɨɩɧɨɣ 

ɨɬɝɨɧɤɨɣ ɫɭɫɩɟɧɡɢɟɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɫɦɟɫɶ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɚɥɤɢɥɮɟɧɨɥɹɬɨɜ 

ɧɚɬɪɢɹ, ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɭɸ ɜ ɢɡɛɵɬɤɟ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɚ. ɉɪɨɜɟɞɟɧɢɟ 

ɩɪɨɰɟɫɫɚ ɜ ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɜɨɞɵ ɨɛɥɚɞɚɟɬ ɰɟɥɵɦ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ: 

– ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɫɦɟɳɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ (1) ɜ ɫɬɨɪɨɧɭ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜ ɫɢɫɬɟɦɟ ɨɫɬɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɧɭɤɥɟɨɮɢɥ – ɚɥɤɢɥɮɟɧɨɥɹɬ, ɱɬɨ 

ɢɫɤɥɸɱɚɟɬ ɩɪɨɬɟɤɚɧɢɟ ɩɨɛɨɱɧɵɯ ɪɟɚɤɰɢɣ, ɬɚɤɢɯ ɤɚɤ ɝɢɞɪɨɥɢɡ; 

– ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɫɬɚɞɢɢ ɩɪɨɦɵɜɤɢ ɫɵɪɨɝɨ ɩɪɨɞɭɤɬɚ ɜ ɩɨɥɶɡɭ 

ɮɢɥɶɬɪɚɰɢɢ NaCl, ɱɬɨ ɞɟɥɚɟɬ ɩɪɨɰɟɫɫ ɦɚɤɫɢɦɚɥɶɧɨ ɷɤɨɥɨɝɢɱɧɵɦ ɢ ɭɞɨɛɧɵɦ ɫ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ; 

– ɩɪɨɞɭɤɬ ɪɟɚɤɰɢɢ - ɬɪɢɚɪɢɥɮɨɫɮɚɬ ɫɨɥɶɜɚɬɢɪɨɜɚɧ (ɜ ɢɡɛɵɬɤɟ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɝɥɟɜɨɞɨɪɨɞɚ), ɚ ɢɫɯɨɞɧɵɟ ɚɥɤɢɥɮɟɧɨɥɹɬɵ ɧɚɬɪɢɹ ɧɟɬ (ɩɨɫɤɨɥɶɤɭ ɨɬɫɭɬɫɬɜɭɸɬ ɜɨɞɚ ɢ 

ɞɪɭɝɢɟ ɩɨɥɹɪɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ), ɱɬɨ ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɝɥɭɛɨɤɨɦɭ ɩɪɨɬɟɤɚɧɢɸ 

ɤɥɸɱɟɜɨɣ ɪɟɚɤɰɢɢ.  

ɉɪɨɜɟɞɟɧɢɟ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ 

ɩɨɛɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɨɫɦɨɥɟɧɢɹ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɩɪɨɞɭɤɬ ɩɪɢɟɦɥɟɦɨɝɨ 

ɜɧɟɲɧɟɝɨ ɜɢɞɚ, ɧɟ ɩɪɢɛɟɝɚɹ ɤ ɷɧɟɪɝɨɡɚɬɪɚɬɧɨɣ ɫɬɚɞɢɢ ɜɚɤɭɭɦɧɨɣ ɞɢɫɬɢɥɥɹɰɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ 

ɫɦɟɫɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɚɥɤɢɥɮɟɧɨɥɹɬɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɪɚɡɥɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ ɜ ɜɢɞɟ 

ɨɛɟɡɜɨɠɟɧɧɨɣ ɫɭɫɩɟɧɡɢɢ ɜ ɚɪɨɦɚɬɢɱɟɫɤɨɦ ɭɝɥɟɜɨɞɨɪɨɞɟ ɩɨɡɜɨɥɹɟɬ ɭɠɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
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ɬɟɦɩɟɪɚɬɭɪɟ ɫ ɩɨɱɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɜɵɯɨɞɨɦ (ɛɨɥɟɟ 95%) ɩɨɥɭɱɚɬɶ ɰɟɥɟɜɨɣ ɩɪɨɞɭɤɬ, 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ, 

ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɨɝɧɟɫɬɨɣɤɢɦ ɦɚɫɥɚɦ ɧɚ ɨɫɧɨɜɟ ɬɪɢɚɪɢɥɮɨɫɮɚɬɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ 

ɦɨɳɧɨɫɬɢ ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ». 

ȼ ɧɚɩɪɚɜɥɟɧɢɢ ɞɚɧɧɨɣ ɬɟɦɚɬɢɤɢ ɩɥɚɧɢɪɭɟɬɫɹ ɞɚɥɶɧɟɣɲɟɟ ɩɪɨɜɟɞɟɧɢɟ ɧɚɭɱɧɵɯ 

ɪɚɛɨɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫ ɰɟɥɶɸ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɚɥɤɢɥɮɟɧɨɥɶɧɨɝɨ ɫɨɫɬɚɜɚ, ɧɚɢɥɭɱɲɢɦ 

ɨɛɪɚɡɨɦ ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɝɨ ɤɨɧɤɪɟɬɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɬɨɦɭ ɢɥɢ ɢɧɨɦɭ ɩɚɪɚɦɟɬɪɭ, ɱɬɨ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɜɨɣɫɬɜ ɨɬ 

ɫɨɨɬɧɨɲɟɧɢɣ ɚɥɤɢɥɮɟɧɨɥɨɜ ɪɚɡɥɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ ɜ ɫɨɫɬɚɜɟ ɫɦɟɲɚɧɧɵɯ ɷɮɢɪɨɜ 

ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ɉɚɬɟɧɬ ɊɎ 2081877, C10 M 105/74, 1994. 

2. ɓɟɬɢɧɢɧ Ⱥ. Ⱥ., ɏɟɣɮɟɰ Ɇ. Ɂ. Ⱥɜɬ. ɫɜɢɞ. № 254524; ɂɡɨɛɪ., ɉɪɨɦ. ɨɛɪɚɡɰɵ. Ɍɨɜɚɪɧ. 

ɡɧɚɤɢ, 1969, № 32, ɫ. 27. 

3. ɉɚɬɟɧɬ ɊɎ 2165427, C10 M 105/74, 1999. 
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ɅȺȻɈɊȺɌɈɊɇɈ-ɋɌȿɇȾɈȼɕȿ ɂɋɉɕɌȺɇɂə ɌȿɉɅɈȼɈɁɇɕɏ 
ɆɈɌɈɊɇɕɏ ɆȺɋȿɅ ɋ ȼɈȼɅȿɑȿɇɂȿɆ ɇɈȼɈɃ ɉɊɂɋȺȾɄɂ Ʉ-300  

Ʌɟɛɟɞɟɜɚ ɇ.Ⱥ. 1, Ɍɤɚɱɟɜ ȼ.Ɍ.2, Ʉɨɥɨɤɨɥɶɧɢɤɨɜ Ⱥ.ɋ1., Ɇɟɳɟɪɢɧ ȿ.Ɇ1., Ɂɢɛɪɨɜɚ ɋ.ɇ.1 
LABORATORY AND ENGINE TESTS OF LOCOMOTIVE DIESEL OILS,  

CONTAINING A NEW DETERGENT ADDITIVE  
1 ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ», ɝ. Ʌɸɛɟɪɰɵ  

E-mail: lab73.qualitet@yandex.ru 
2 ɈȺɈ «Ʉɨɥɨɦɟɧɫɤɢɣ Ɂɚɜɨɞ» 

 

Ɇɨɸɳɟ-ɞɢɫɩɟɪɝɢɪɭɸɳɢɟ ɩɪɢɫɚɞɤɢ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ 

ɪɟɰɟɩɬɭɪɚɯ ɦɨɬɨɪɧɵɯ ɦɚɫɟɥ. Ɉɞɧɚɤɨ ɟɫɥɢ ɬɚɤɢɟ ɩɪɢɫɚɞɤɢ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɧɚ ɨɫɧɨɜɟ 

ɫɭɥɶɮɢɞɢɪɨɜɚɧɧɵɯ ɚɥɤɢɥɮɟɧɨɥɨɜ, ɬɨ ɨɧɢ ɹɜɥɹɸɬɫɹ ɢɫɬɨɱɧɢɤɚɦɢ ɫɟɪɧɢɫɬɵɯ ɝɚɡɨɜ 

(ɫɟɪɨɜɨɞɨɪɨɞ, ɨɤɫɢɞɵ ɫɟɪɵ, ɦɟɪɤɚɩɬɚɧɵ ɢ ɞɪ.) ɜ ɜɵɯɥɨɩɧɵɯ ɝɚɡɚɯ ɞɜɢɝɚɬɟɥɟɣ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɪɨɫɫɢɣɫɤɢɯ ɞɟɬɟɪɝɟɧɬɧɵɯ ɩɪɢɫɚɞɨɤ, ɫɩɨɫɨɛɧɵɯ ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ ɢɦɩɨɪɬɧɵɦɢ 

ɚɧɚɥɨɝɚɦɢ, ɧɟɦɧɨɝɨ: ɷɬɨ, ɤ ɩɪɢɦɟɪɭ, ɫɟɪɨɫɨɞɟɪɠɚɳɢɟ ɩɪɢɫɚɞɤɢ Ʉ-33 ɢ Ʉ-36 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ», ɹɜɥɹɸɳɢɟɫɹ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɢɡɜɟɫɬɧɨɣ ɩɪɢɫɚɞɤɢ 

OLOA-219. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɹ ɞɥɹ Ɋɨɫɫɢɢ ɹɜɥɹɟɬɫɹ 

ɜɟɫɶɦɚ ɨɫɬɪɨɣ, ɨɧɚ ɨɛɨɡɧɚɱɟɧɚ ɜ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɪɨɝɪɚɦɦɟ №328 «Ɋɚɡɜɢɬɢɟ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɟ ɟё ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ» ɨɬ 15.04.2014 ɝ.  

ȼɵɲɟɨɛɨɡɧɚɱɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɩɨɫɥɭɠɢɥɢ ɬɨɥɱɤɨɦ ɤ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ 

ɞɟɬɟɪɝɟɧɬɧɵɯ ɩɪɢɫɚɞɨɤ ɜ ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ», ɜ ɪɟɡɭɥɶɬɚɬɟ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɨɛɟɝɨɜ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ 

ɫɜɟɪɯɳɟɥɨɱɧɨɣ ɩɪɢɫɚɞɤɢ Ʉ-300, ɧɟ ɫɨɞɟɪɠɚɳɟɣ ɫɟɪɭ, ɨɬɥɢɱɚɸɳɚɹɫɹ ɩɨɜɵɲɟɧɧɨɣ 

ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɯɧɨɥɨɝɢɟɣ ɩɨɥɭɱɟɧɢɹ ɫɟɪɨɫɨɞɟɪɠɚɳɟɣ 

ɩɪɢɫɚɞɤɢ – ɚɧɚɥɨɝɚ (Ʉ-36). 

ɋ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɫɚɞɤɢ Ʉ-300 ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɫɟɪɨɫɨɞɟɪɠɚɳɢɦ ɚɧɚɥɨɝɨɦ – Ʉ-36 ɜ ɫɨɫɬɚɜɟ ɨɛɪɚɡɰɨɜ ɬɟɩɥɨɜɨɡɧɵɯ ɦɚɫɟɥ ɛɵɥɢ 

ɩɪɨɜɟɞɟɧɵ ɥɚɛɨɪɚɬɨɪɧɨ-ɫɬɟɧɞɨɜɵɟ ɢɫɩɵɬɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɩɵɬɚɧɢɹ ɛɵɥɢ 

ɩɪɢɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ ɦɚɫɟɥ Ɇ-14Ⱦ2 ɢ Ɇ-6ɡ/14Ⱦ2 ɫ ɜɨɜɥɟɱɟɧɢɟɦ Ʉ-300 (ɨɛɪɚɡɰɵ №2,4) 

ɢ ɫ ɜɨɜɥɟɱɟɧɢɟɦ Ʉ-36 (ɨɛɪɚɡɰɵ №1,3). Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ ɩɪɢɜɟɞɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɫɟɥ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɦɚɫɥɚ 

ȼɹɡɤɨɫɬɶ 
ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ 

ɩɪɢ 100°ɋ, 
ɦɦ2/ɫ 

ɂɧɞɟɤɫ  
ɜɹɡɤɨɫɬɢ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɡɚɫɬɵɜɚɧɢɹ, 

°ɋ 

ɓɟɥɨɱɧɨɟ 
ɱɢɫɥɨ, 

ɦɝ ɄɈɇ 
ɧɚ ɝ ɦɚɫɥɚ 

Ɂɨɥɶɧɨɫɬɶ 
ɫɭɥɶɮɚɬɧɚɹ, 

% 

Ɇ-14Ⱦ2 (№1) 13,70 90 ɦɢɧɭɫ 12 13,45 1,86 

Ɇ-6ɡ/14Ⱦ2 

(№2) 
15,00 140 ɦɢɧɭɫ 35 12,69 1,86 

Ɂ-V-5 
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Ɇ-6ɡ/14Ⱦ2 

(№3) 
14,90 141 ɦɢɧɭɫ 35 13,45 1,88 

Ɇ-14Ⱦ2 (№4) 13,70 90 ɦɢɧɭɫ 12 13,42 1,85 

 

ȼ ɨɛɴɟɦ ɥɚɛɨɪɚɬɨɪɧɨ-ɫɬɟɧɞɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢɫɩɵɬɚɧɢɣ ɛɵɥɨ ɜɤɥɸɱɟɧɨ 

ɫɥɟɞɭɸɳɟɟ:  

- ɩɪɨɜɟɪɤɚ ɨɬɞɟɥɶɧɵɯ ɢɫɯɨɞɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɦɚɫɥɚ; 

 - ɩɪɨɜɟɪɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ; 

 - ɨɰɟɧɤɚ ɦɨɸɳɢɯ ɢ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɫɜɨɣɫɬɜ;  

 - ɩɪɨɜɟɪɤɚ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɦɚɬɟɪɢɚɥɵ ɭɩɥɨɬɧɟɧɢɣ. 

Ɉɰɟɧɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɨɛɪɚɡɰɨɜ ɦɚɫɟɥ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ Q-ɞɟɪɢɜɚɬɨɝɪɚɮɟ 

ɫɢɫɬɟɦɵ Ɏ.ɉɚɭɥɢɤ, ɂ.ɉɚɭɥɢɤ, Ʌ.ɗɪɞɟɢ (ȼɟɧɝɪɢɹ) ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɧɚɝɪɟɜɚ ɨɬ 20 

ɞɨ 800°ɋ ɫɨ ɫɤɨɪɨɫɬɶɸ 5 ɝɪɚɞ/ɦɢɧ ɜ ɫɪɟɞɟ ɜɨɡɞɭɯɚ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɨɰɟɧɨɱɧɨɝɨ 

ɤɪɢɬɟɪɢɹ ɩɪɢɧɹɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɢ ɷɤɫɬɪɟɦɭɦɚ ɩɪɨɰɟɫɫɚ ɬɟɪɦɨɨɤɢɫɥɟɧɢɹ 

ɢɫɩɵɬɭɟɦɵɯ ɦɚɫɟɥ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨɫɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ (ȾɌȺ), ɚ ɬɚɤɠɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɬɟɪɢ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɜɫɥɟɞɫɬɜɢɟ ɧɚɝɪɟɜɚ. 

Ɉɰɟɧɤɚ ɦɨɸɳɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɦɚɫɟɥ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦ ɫɬɟɧɞɟ 

– ɢɦɢɬɚɬɨɪɟ ɨɞɧɨɰɢɥɢɧɞɪɨɜɨɝɨ ɦɚɥɨɪɚɡɦɟɪɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɞɢɚɦɟɬɪɨɦ ɰɢɥɢɧɞɪɚ 52 ɦɦ 

ɢ ɯɨɞɨɦ ɩɨɪɲɧɹ 52 ɦɦ (ɭɫɬɚɧɨɜɤɚ ɉɁȼ-Ɋ). ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɵɬɚɧɢɣ ɧɚ ɭɫɬɚɧɨɜɤɟ 

6 ɱɚɫɨɜ. Ɉɰɟɧɨɱɧɵɦ ɤɪɢɬɟɪɢɟɦ ɹɜɥɹɸɬɫɹ ɥɚɤɨɜɵɟ ɨɬɥɨɠɟɧɢɹ ɧɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɨɪɲɧɹ. Ɉɰɟɧɤɚ ɜɵɪɚɠɚɟɬɫɹ ɜ ɛɚɥɥɚɯ ɨɬ 0 (ɱɢɫɬɵɣ ɩɨɪɲɟɧɶ) ɞɨ 6 (ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɤɪɵɬɚ 

ɥɚɤɨɦ ɱɟɪɧɨɝɨ ɰɜɟɬɚ). 

ɉɪɨɜɟɪɤɚ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɫɜɨɣɫɬɜ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɬɟɱɟɧɢɟ 24ɱ ɧɚ ɦɚɲɢɧɟ ɬɪɟɧɢɹ 

ɩɨ ɫɯɟɦɟ ɪɨɥɢɤ-ɤɨɥɨɞɤɚ. Ɋɨɥɢɤ ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɲɟɣɤɢ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɞɢɡɟɥɹ (ɫɬɚɥɶ 

40ɏ2ɇ2ɆȺ ȽɈɋɌ 4533). Ʉɨɥɨɞɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɪɚɝɦɟɧɬ ɩɨɞɲɢɩɧɢɤɚ 

ɫɤɨɥɶɠɟɧɢɹ ɞɢɡɟɥɹ, ɟɟ ɪɚɛɨɱɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɢɡ ɛɪɨɧɡɵ ɦɚɪɤɢ Ȼɪ.ɋ30 ɫɨɝɥɚɫɨɜɚɧɚ ɫ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɪɨɥɢɤɚ. Ɋɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɤɨɥɨɞɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɪɨɥɢɤɚ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɦɭ ɞɥɹ ɩɨɞɨɛɧɵɯ  ɦɚɬɟɪɢɚɥɨɜ – 50 ɤɝ/ɫɦ2 ɩɪɢ 

ɤɨɧɬɚɤɬɧɨɣ ɩɥɨɳɚɞɢ 3 ɫɦ2. Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɫɤɨɥɶɠɟɧɢɹ ɫɨɫɬɚɜɥɹɥɚ 7,8 ɦ/ɫ, ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɪɚɛɨɬɵ ɜ ɞɜɢɝɚɬɟɥɟ. 

Ɉɰɟɧɨɱɧɵɦ ɤɪɢɬɟɪɢɟɦ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɚɲɢɜɚɧɢɹ 

ɦɚɬɟɪɢɚɥɨɜ ɩɚɪɵ ɬɪɟɧɢɹ. 

ɉɪɨɜɟɪɤɚ ɜɨɡɞɟɣɫɬɜɢɹ ɦɚɫɥɚ ɧɚ ɦɚɬɟɪɢɚɥɵ ɭɩɥɨɬɧɟɧɢɣ ɩɪɨɜɨɞɢɥɚɫɶ ɩɭɬɟɦ 

ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ ɭɩɥɨɬɧɟɧɢɣ ɜ ɦɚɫɥɟ ɜ ɫɜɨɛɨɞɧɨɦ ɢ ɫɠɚɬɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 100ɨɋ ɜ ɬɟɱɟɧɢɟ 240 ɱɚɫɨɜ. ɉɪɢ ɷɬɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ 
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ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧ ɦɚɫɫɵ ɢ ɬɜɟɪɞɨɫɬɢ  ɨɛɪɚɡɰɨɜ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɨɫɬɚɬɨɱɧɚɹ ɞɟɮɨɪɦɚɰɢɹ. 

ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɦɨɸɳɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɦɚɫɟɥ. 

 

Ɍɚɛɥɢɰɚ 2. Ɉɰɟɧɤɚ ɦɨɸɳɢɯ ɫɜɨɣɫɬɜ ɦɚɫɟɥ ɧɚ ɭɫɬɚɧɨɜɤɟ ɉɁȼ-Ɋ. 

Ɉɛɪɚɡɟɰ 

Ɇɨɸɳɢɟ ɫɜɨɣɫɬɜɚ, 
ɛɚɥɥ 

ɋɨɫɬɨɹɧɢɟ (ɩɨɞɜɢɠɧɨɫɬɶ) 
ɩɨɪɲɧɟɜɵɯ ɤɨɥɟɰ 

ɮɚɤɬ 
ɬɪɟɛɨɜɚɧɢɹ 

ɡɚɜɨɞɚ 
ɮɚɤɬ 

ɬɪɟɛɨɜɚɧɢɹ 

ɡɚɜɨɞɚ 

Ɇɚɫɥɨ Ɇ-14Ⱦ2, 

(№1) 0,5  0,5 
ȼɫɟ ɤɨɥɶɰɚ 
ɩɨɞɜɢɠɧɵ 

ɡɚɳɟɦɥɟɧɢɟ ɤɨɥɟɰ ɧɟ 
ɞɨɩɭɫɤɚɟɬɫɹ 

 

Ɇɚɫɥɨ Ɇ-6ɡ/14Ⱦ2 

(№2) 0,5  0,5 
ȼɫɟ ɤɨɥɶɰɚ 
ɩɨɞɜɢɠɧɵ 

Ɇɚɫɥɨ Ɇ-6ɡ/14Ⱦ2 

(№3) 0,5  0,5 
ȼɫɟ ɤɨɥɶɰɚ 
ɩɨɞɜɢɠɧɵ 

Ɇɚɫɥɨ Ɇ-14Ⱦ2 

(№4) 0,5  0,5 
ȼɫɟ ɤɨɥɶɰɚ 
ɩɨɞɜɢɠɧɵ 

 

Ɇɨɸɳɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ 1-4 ɨɞɢɧɚɤɨɜɵɟ ɢ ɧɟ ɩɪɟɜɵɲɚɸɬ ɭɫɬɚɧɨɜɥɟɧɧɵɯ 

ɧɨɪɦ. 

ɉɪɨɜɟɪɤɚ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɦɚɫɟɥ ɧɚ ɦɚɲɢɧɟ ɬɪɟɧɢɹ ɩɨɤɚɡɚɥɚ, 

ɱɬɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɧɨɫɚ ɤɨɥɨɞɤɢ ɢɡ ɛɪɨɧɡɵ Ȼɪ.ɋ30 ɩɪɢ ɪɚɛɨɬɟ ɜ ɭɫɥɨɜɢɹɯ ɫɦɚɡɤɢ 

ɢɫɫɥɟɞɭɟɦɵɦɢ ɨɛɪɚɡɰɚɦɢ ɢɦɟɸɬ ɜɩɨɥɧɟ ɩɪɢɟɦɥɟɦɵɣ ɜɢɞ. ɂɡ ɧɢɯ ɥɭɱɲɚɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɡɧɨɫɚ ɩɨɥɭɱɟɧɚ ɫ ɨɛɪɚɡɰɨɦ №2. Ɉɧɚ ɪɚɫɩɨɥɨɠɢɥɚɫɶ ɞɚɠɟ ɧɢɠɟ ɧɢɠɧɟɣ 

ɝɪɚɧɢɰɵ ɬɢɩɢɱɧɨɝɨ ɩɨɥɹ ɢɡɧɨɫɨɜ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɨ ɦɚɫɫɢɜɭ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ 

ɪɚɧɟɟ ɢɫɩɵɬɚɧɢɣ ɬɨɜɚɪɧɵɯ ɢ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ ɦɚɫɟɥ ɝɪɭɩɩ Ɇ-14Ƚ2, Ɇ-14Ⱦ2. 

ɂɡɧɚɲɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɶɧɨɝɨ ɪɨɥɢɤɚ ɩɪɢ ɷɬɨɦ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. ɒɟɪɨɯɨɜɚɬɨɫɬɶ 

ɟɝɨ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɨɫɬɚɥɚɫɶ ɬɚɤɨɣ ɠɟ, ɤɚɤ ɢ ɩɟɪɟɞ ɢɫɩɵɬɚɧɢɹɦɢ, 

ɜɟɥɢɱɢɧɚ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ Ra ɧɚɯɨɞɢɥɚɫɶ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0,3 ɞɨ 0,5 ɦɤɦ. ɂɡɦɟɧɟɧɢɟ 

ɦɚɫɫɵ ɤɨɥɨɞɤɢ (ɢɡɧɨɫ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢɫɩɵɬɚɧɢɣ ɜ ɢɫɫɥɟɞɭɟɦɵɯ 

ɫɪɟɞɚɯ ɩɨɤɚɡɚɧɨ ɜ ɬɚɛɥɢɰɟ 3. 

Ɍɚɛɥɢɰɚ 3. Ɉɰɟɧɤɚ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɫɜɨɣɫɬɜ ɢɫɩɵɬɭɟɦɵɯ ɦɚɫɟɥ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ  
ɪɚɛɨɬɵ, ɱ 

ɂɡɧɨɫ ɤɨɥɨɞɤɢ, ɝ 

Ɇ-14Ⱦ2 (№1) Ɇ-6ɡ/14Ⱦ2 (№2) Ɇ-6ɡ/14Ⱦ2 (№3) 
0 0 0 0 

3 0,0018 0,0011 0,0019 

6 0,0031 0,0016 0,0030 

9 0,0036 0,0019 0,0036 

12 0,0042 0,0021 0,0038 

15 0,0046 0,0023 0,0041 

18 0,0049 0,0026 0,0042 

21 0,0050 0,0026 0,0042 

24 0,0052 0,0027 0,0043 
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ȼ ɬɚɛɥɢɰɟ 4 ɩɪɢɜɟɞɟɧɚ ɨɰɟɧɤɚ ɜɨɡɞɟɣɫɬɜɢɣ ɦɚɫɥɚ Ɇ-6ɡ/14Ⱦ2 (ɨɛɪɚɡɟɰ №2 ɢ №3) ɧɚ 

ɦɚɬɟɪɢɚɥɵ ɭɩɥɨɬɧɟɧɢɣ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɜɫɟɯ ɦɚɪɨɤ ɪɟɡɢɧ ɜ ɢɫɩɵɬɚɧɧɵɯ 

ɦɚɫɥɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɜɫɥɟɞɫɬɜɢɟ ɧɚɛɭɯɚɧɢɹ ɢɥɢ ɜɵɦɵɜɚɧɢɹ 

ɢɧɝɪɟɞɢɟɧɬɨɜ, ɞɨɫɬɢɝɚɹ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɭɠɟ ɩɨɥɟ 24 ɱɚɫɨɜ ɜɵɞɟɪɠɤɢ. Ɍɜɟɪɞɨɫɬɶ ɪɟɡɢɧ 

ɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɨɫɬɚɬɨɱɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɢɡɦɟɧɹɥɢɫɶ ɜ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ, ɨɛɵɱɧɨ 

ɧɚɛɥɸɞɚɟɦɵɯ ɞɥɹ ɦɚɫɟɥ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɥɚɫɫɚ. 
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Ɍɚɛɥɢɰɚ 4 - Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɪɟɡɢɧɨɜɵɯ ɢ ɩɚɪɨɧɢɬɨɜɵɯ ɭɩɥɨɬɧɟɧɢɣ ɜ ɨɩɵɬɧɨɦ ɦɚɫɥɟ Ɇ-6ɡ/14Ⱦ2 (ɨɛɪɚɡɟɰ №2 ɢ №3) 

Ɇɚɪɤɚ 

ɪɟɡɢɧɵ 

Ɍɢɩ  
ɤɚɭɱɭɤɚ 

ɂɡɦɟɧɟɧɢɟ ɦɚɫɫɵ 
ɪɟɡɢɧ, %, ɡɚ 240 ɱ 

Ɍɜɟɪɞɨɫɬɶ 

ɜ ɟɞ. ɒɈɊɚ  Ɉɬɧɨɫɢɬɟɥɶɧɚɹ 
ɨɫɬɚɬɨɱɧɚɹ ɞɟɮɨɪɦɚɰɢɹ 
ɈȾ, % (ɫɠɚɬɢɟ 20%ɯ240 
ɱ) 

ɋɟɪɢɣɧɨɟ ɦɚɫɥɨ Ɇ-14Ƚ2ɐɋ 

ɨɛɪ. №2 ɨɛɪ.№3 

ɇɚɱɚɥɶɧɚɹ ɑɟɪɟɡ 240ɱ 
ɂɡɦɟɧɟɧɢɟ 
ɦɚɫɫɵ ɡɚ 
240ɱ, % 

Ɍɜɟɪɞɨɫɬɶ, ɜ 
ɟɞ. ɒɈɊɚ  
240ɱ 

ɈȾ, % 

(ɫɠɚɬ
ɢɟ 
20% ɯ 

240ɱ) 

ɨɛɪ
. 

№2 

ɨɛɪ.№3 ɨɛɪ. 
№2 

ɨɛɪ.№
3 

ɨɛɪ. №2 ɨɛɪ.№3 

ɂɊɉ-1287 ɋɄɎ-26 -0,039 -0,071 82 78 84 79 12,29 31,49 0,81 85 15,59 

ɂɊɉ-1314 ɋɄɎ-32 -0,256 -0,23 84 85 89 87 46,46 66,9 -0,26 88 42,02 

Ʉ-102 
ɮɬɨɪɤɚɭɱɭ
ɤ 

0,076 
0,068 

82 
84 

87 
87 

19,2 
19,28 

8,82 74 30,45 

7-9831ɲ ɋɄɇ-26 8,045 7,893 70 70 77 79 34,26 32,96 -4,18 74 39,7 

7-ȼ-14 ɋɄɇ-18 -1,466 -1,555 80 80 89 92 43,64 51,14 -4,99 94 80,4 

7-ɇɈ-68-1 
ɇɚɢɪɢɬ+ɋ
Ʉɇ 

-5,002 
-5,309 

68 
70 

70 
80 

68,61 
66,31 

-0,66 74 65,7 

Ɋɟɡɢɧɨɜɚɹ 
ɩɥɚɫɬɢɧɚ 
ɆȻɋ 
(ȽɈɋɌ 
7338-82) 

ɋɄɇ 7,309 

 

 

6,475 64 

 

 

64 70 

 

 

68 - 

- 

1,71 71 - 

ɉɚɪɨɧɢɬɵ 

 

ȼȺɌɂ-22 ɛɟɡɚɫɛɟɫɬɨ
ɜɵɣ  

3,483 3,22 - - - - - - 1,86 - - 

ɉɆȻ ɚɫɛɟɫɬɨɜɵ
ɣ 

23,41 19,93 - - - - - - 15,7 - - 
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Ɉɰɟɧɤɚ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɨɫɚɞɤɨɨɛɪɚɡɨɜɚɧɢɹ (ɂɉɈ) ɧɚ ɭɫɬɚɧɨɜɤɟ ȾɄ-ɇȺɆɂ 

ɩɨ ȽɈɋɌ 11063 ɩɨɤɚɡɚɥɚ, ɱɬɨ ɦɚɫɥɨ Ɇ-6ɡ/14Ⱦ2 ɫ ɩɪɢɫɚɞɤɨɣ Ʉ-300 ɢɦɟɟɬ ɥɭɱɲɢɟ ɩɨɤɚɡɚɬɟɥɢ, 

ɱɟɦ ɫ ɩɪɢɫɚɞɤɨɣ Ʉ-36 (0,026% ɢ 0,033% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɧɨ-ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚɧɢɣ ɦɚɫɟɥ ɫ ɜɨɜɥɟɱɟɧɢɟɦ 

ɧɨɜɨɣ ɛɟɫɫɟɪɧɨɣ ɮɟɧɚɬɧɨɣ ɩɪɢɫɚɞɤɢ Ʉ-300 ɢ ɟɟ ɫɟɪɨɫɨɞɟɪɠɚɳɟɝɨ ɚɧɚɥɨɝɚ – Ʉ-36 ɛɵɥɨ 

ɭɫɬɚɧɨɜɥɟɧɨ: 

1. ɉɪɢ ɨɰɟɧɤɟ ɦɨɸɳɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ 1-4 ɦɚɫɟɥ ɧɚ ɭɫɬɚɧɨɜɤɟ ɉɁȼ-Ɋ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɨɞɢɧɚɤɨɜɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɜɫɟ ɨɛɪɚɡɰɵ ɜɵɞɟɪɠɢɜɚɸɬ ɢɫɩɵɬɚɧɢɟ (ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɬɪɟɛɨɜɚɧɢɹɦ ɡɚɜɨɞɚ ɤ ɤɚɱɟɫɬɜɭ ɦɚɫɟɥ). 

2. ɉɪɢ ɨɰɟɧɤɟ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɫɜɨɣɫɬɜ ɦɚɫɟɥ ɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ ɭ ɨɛɪɚɡɰɚ №2 

(ɧɚɢɦɟɧɶɲɢɣ ɢɡɧɨɫ ɤɨɥɨɞɤɢ), ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɨɛɪɚɡɰɵ ɢɦɟɸɬ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɣ 

ɪɟɡɭɥɶɬɚɬ.  

3. ɉɪɢ ɨɰɟɧɤɟ ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɪɚɡɰɨɜ №2,3 ɦɚɫɟɥ ɧɚ ɭɩɥɨɬɧɢɬɟɥɶɧɵɟ ɪɟɡɢɧɵ 

ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ (ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɪɟɡɢɧ,%, ɡɚ 240ɱ), 

ɬɜɟɪɞɨɫɬɶ (ɜ ɟɞ. ɒɨɪɚ) ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɫɬɚɬɨɱɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɹ ɨɛɪɚɡɰɨɜ№ 2,3 

ɛɥɢɡɤɢ ɦɟɠɞɭ ɫɨɛɨɣ 

4. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɦɨɬɨɪɧɵɯ ɦɚɫɟɥ ɫ ɩɪɢɫɚɞɤɚɦɢ ɩɨ 

ɢɧɞɭɤɰɢɨɧɧɨɦɭ ɩɟɪɢɨɞɭ ɨɫɚɞɤɨɨɛɪɚɡɨɜɚɧɢɹ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɚ (ɜ %) ɦɟɧɶɲɟ ɜ ɨɛɪɚɡɰɟ 

№2. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɧɨ-ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚɧɢɣ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɛɟɫɫɟɪɧɚɹ ɩɪɢɫɚɞɤɚ Ʉ-300 ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɫɤɨɥɶɤɨ ɥɭɱɲɢɟ ɩɪɨɝɧɨɡɢɪɭɟɦɵɟ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɬɟɩɥɨɜɨɡɧɵɯ ɦɚɫɟɥ, ɱɟɦ ɫɟɪɨɫɨɞɟɪɠɚɳɢɣ ɚɧɚɥɨɝ – Ʉ-36. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

3. Ⱦɭɧɚɟɜ ɋ.ȼ., ɂɫɚɟɜ Ⱥ.ȼ., ɒɢɪɲɨɜ Ⱥ.Ƚ., Ʌɟɫɢɧ Ⱥ.ȼ., Ɇɢɯɚɣɥɨɜɚ ɇ.ɉ., Ɋɵɠɨɜ 

ȼ.Ⱥ., Ɍɤɚɱɟɜ ȼ.Ɍ. Ɇɨɬɨɪɧɨɟ ɦɚɫɥɨ ɝɪɭɩɩɵ Ⱦ2 ɫ ɭɥɭɱɲɟɧɧɵɦɢ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ// Ɇɢɪ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ. ȼɟɫɬɧɢɤ ɧɟɮɬɹɧɵɯ 

ɤɨɦɩɚɧɢɣ. – 2015. - №10. - ɋ.21-30. 

4. əɪɦɨɥɸɤ, Ȼ.Ɇ. ɋɨɜɪɟɦɟɧɧɵɟ ɦɨɬɨɪɧɵɟ ɦɚɫɥɚ – ɩɪɨɛɥɟɦɵ, ɬɟɧɞɟɧɰɢɢ, 

ɩɟɪɫɩɟɤɬɢɜɵ (ɨɛɡɨɪ)/Ȼ.Ɇ. əɪɦɨɥɸɤ, ȼ.ɇ. Ⱥɧɬɨɧɨɜ, ȼ.ȼ. ɘɞɢɧɚ, ɂ.Ⱥ. 

Ʌɸɛɢɧɢɧ, Ʌ.ɇ. ɒɤɚɪɚɩɭɬɚ//Ɇɢɪ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ. ȼɟɫɬɧɢɤ ɧɟɮɬɹɧɵɯ 

ɤɨɦɩɚɧɢɣ. – 2012. - №12. - ɋ.12-19. 
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ɄɈɆɉɅȿɄɋɇȺə ɈɑɂɋɌɄȺ ɈɌɊȺȻɈɌȺɇɇɈȽɈ ɆɈɌɈɊɇɈȽɈ ɆȺɋɅȺ 

ɋɵɪɦɚɧɨɜɚ Ʉ.Ʉ., Ʉɨɜɚɥɟɜɚ Ⱥ.ȿ., Ʉɚɥɞɵɛɟɤɨɜɚ ɀ.Ȼ., Ȼɟɥɨɛɨɪɨɞɨɜ Ȼ.ȿ.  
COMPLEX TREATMENT OF USED MOTOR OIL  

ɘɠɧɨ-Ʉɚɡɚɯɫɬɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.Ⱥɭɷɡɨɜɚ, ɒɵɦɤɟɧɬ 

E-mail: anastasiya2301@mail.ru 

 

Ɇɨɬɨɪɧɨɟ ɦɚɫɥɨ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɦɨɬɪɟɧɨ ɤɚɤ ɧɟɨɬɴɟɦɥɟɦɚɹ ɱɚɫɬɶ ɬɟɯɧɢɤɢ ɢ ɤɚɤ 

ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ. ɉɨ ɡɚɜɟɪɲɟɧɢɸ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɹɜɥɹɸɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɨɬɨɪɧɵɯ ɦɚɫɟɥ, ɤɨɬɨɪɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ ɬɟɯɧɨɝɟɧɧɵɯ ɨɬɯɨɞɨɜ, ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ 

ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ [1].  

Ⱦɨ 50 ɩɪɨɰɟɧɬɨɜ ɨɬ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɟɨɛɪɚɬɢɦɨ ɬɟɪɹɟɬɫɹ ɜ 

ɯɨɞɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɯɧɢɤɢ: ɢɫɩɚɪɹɟɬɫɹ, ɫɝɨɪɚɟɬ ɜ ɞɜɢɝɚɬɟɥɹɯ, ɩɪɨɥɢɜɚɟɬɫɹ, ɫɦɵɜɚɟɬɫɹ ɢ 

ɬ.ɞ. Ɉɫɬɚɥɶɧɵɟ 50 ɩɪɨɰɟɧɬɨɜ ɩɨɞɜɟɪɝɚɸɬɫɹ ɫɢɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɭɫɥɨɜɢɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɩɨɞɥɟɠɚɬ ɭɞɚɥɟɧɢɸ ɢɡ ɬɟɯɧɢɤɢ.  

ȼ ɦɨɬɨɪɧɵɯ ɦɚɫɥɚɯ ɩɪɢ ɪɚɛɨɬɟ ɞɜɢɝɚɬɟɥɹ ɚɤɬɢɜɧɨ ɩɪɨɢɫɯɨɞɹɬ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɟ 

ɩɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɩɨɧɢɠɟɧɢɸ ɤɚɱɟɫɬɜɚ ɦɚɫɥɚ ɩɨ ɩɪɢɱɢɧɟ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɩɪɢɫɚɞɨɤ ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɩɪɟɜɪɚɳɟɧɢɣ (ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɩɪɨɞɭɤɬɵ) [2].  

ɋɯɟɦɚ ɫɬɚɪɟɧɢɹ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɜɢɝɚɬɟɥɹ, ɚ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɚ ɩɪɨɰɟɫɫɚ ɟɝɨ ɪɚɛɨɬɵ. ɇɚɩɪɢɦɟɪ, 

ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɦɚɫɥɚɯ, ɜ ɫɥɭɱɚɟ ɞɢɡɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, 

ɨɛɭɫɥɨɜɥɟɧɵ ɧɚɥɢɱɢɟɦ ɩɪɨɞɭɤɬɨɜ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɫɚɠɢ, ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ 

ɜ ɬɨɩɥɢɜɟ, ɚ ɜ ɛɟɧɡɢɧɨɜɵɯ – ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɩɪɨɞɭɤɬɨɜ ɩɪɟɜɪɚɳɟɧɢɹ ɬɨɩɥɢɜ, ɫɨɞɟɪɠɚɳɢɯ 

ɚɧɬɢɞɟɬɨɧɚɬɨɪɵ ɢ ɬ.ɞ [3]. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜ ɨɬɪɚɛɨɬɚɧɧɵɯ 

ɦɨɬɨɪɧɵɯ ɦɚɫɥɚɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ ɩɨɥɢɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ ɩɨɦɨɳɶɸ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɢ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɣ 

ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɞɨɨɱɢɫɬɤɢ ɜɟɪɦɢɤɭɥɢɬɨɜɵɦ ɫɨɪɛɟɧɬɨɦ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɤɚɡɚɧɧɵɟ ɜɢɞɵ ɜɨɡɞɟɣɫɬɜɢɣ ɩɨɡɜɨɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ 

ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɥɥɨɜ ɢ ɩɨɥɢɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɫɨɫɬɚɜɟ ɫɦɚɡɨɱɧɵɯ ɫɪɟɞɫɬɜ. 

Ⱦɥɹ ɨɬɛɨɪɚ ɧɚɜɟɫɨɤ ɢɡ ɨɛɪɚɡɰɨɜ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ 

ɪɚɡɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɟɦɤɨɫɬɢ ɞɥɹ ɯɪɚɧɟɧɢɹ ɢ ɛɭɬɵɥɢ ɜɫɬɪɹɯɢɜɚɥɢɫɶ ɫ ɢɧɜɟɪɫɢɟɣ ɜ 

ɬɟɱɟɧɢɟ 30 ɫɟɤɭɧɞ, ɚ ɡɚɬɟɦ ɜɵɞɟɪɠɢɜɚɥɢɫɶ ɜ ɩɨɤɨɟ 15 ɫɟɤɭɧɞ. ɗɬɨ ɩɨɡɜɨɥɹɥɨ ɨɫɟɫɬɶ 

ɤɪɭɩɧɵɦ ɱɚɫɬɢɰɚɦ, ɧɨ ɫɨɯɪɚɧɹɥɨ ɨɛɪɚɡɰɵ ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɝɨɦɨɝɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ.  

Ɂɚɬɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɪɚɛɨɬɚɧɧɵɯ ɩɪɨɛ ɦɚɫɥɚ (75 ɦɥ) 

ɩɨɦɟɳɚɥɨɫɶ ɜ ɩɪɨɛɢɪɤɢ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɭɥɶɬɪɚɡɜɭɤɨɦ ɢɥɢ ɜ ɫɦɟɫɢɬɟɥɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
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ɨɛɪɚɡɰɨɜ ɷɦɭɥɶɫɢɢ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɵ). ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ 

ɜɨɡɞɟɣɫɬɜɢɹ ɭɥɶɬɪɚɡɜɭɤɚ ɧɚ ɨɛɪɚɡɰɵ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɚɫɥɚ.  

 
Ɋɢɫ. 1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ ɧɚ 

ɨɬɪɚɛɨɬɚɧɧɨɟ ɦɨɬɨɪɧɨɟ ɦɚɫɥɨ 

 
Ⱦɥɹ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɚɫɥɚ, ɱɬɨɛɵ ɭɡɧɚɬɶ, ɞɨɫɬɚɬɨɱɧɵ ɥɢ ɭɫɥɨɜɢɹ 

ɷɦɭɥɶɝɢɪɨɜɚɧɢɹ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɟɚɤɰɢɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɢ, ɢɡɭɱɚɥɨɫɶ 

ɷɦɭɥɶɫɢɨɧɧɨɟ ɫɨɫɬɨɹɧɢɟ «ɜɨɞɚ-ɦɚɫɥɨ» ɩɨɞ ɦɢɤɪɨɫɤɨɩɨɦ. Ɍɚɤɠɟ ɛɵɥɨ ɢɡɦɟɪɟɧɨ 

ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɜ ɢɫɯɨɞɧɨɦ ɨɬɪɚɛɨɬɚɧɧɨɦ ɦɚɫɥɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɫɨɫɬɨɹɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɩɭɡɵɪɶɤɨɜ ɢ ɦɢɰɟɥɥ ɜ ɷɦɭɥɶɫɢɢ ɜɨɞɚ-ɜ-ɦɚɫɥɟ, ɱɬɨɛɵ 

ɭɥɶɬɪɚɡɜɭɤɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɦɨɝɥɚ ɪɚɡɪɭɲɢɬɶ ɡɚɝɪɹɡɧɹɸɳɢɟ ɜɟɳɟɫɬɜɚ ɢɥɢ ɫɬɢɦɭɥɢɪɨɜɚɬɶ 

ɢɯ ɪɚɡɥɨɠɟɧɢɟ. Ɋɟɤɨɦɟɧɞɭɟɦɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɜ ɷɦɭɥɶɫɢɢ – 15-20%. ȼ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ 

ɜ ɢɫɯɨɞɧɨɦ ɨɛɪɚɡɰɟ ɦɟɧɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɵ, ɧɟɨɛɯɨɞɢɦɨ ɞɨɜɟɫɬɢ ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɞɨ 

ɪɟɤɨɦɟɧɞɭɟɦɨɝɨ ɩɭɬɟɦ ɪɚɡɛɚɜɥɟɧɢɹ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ 

ɨɤɚɡɵɜɚɟɬ ɜɜɟɞɟɧɢɟ ɜ ɫɢɫɬɟɦɭ ɷɦɭɥɶɝɚɬɨɪɚ. 

ɇɚɜɟɫɤɭ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɦɚɫɫɨɣ 75 ɝ ɩɟɪɟɧɨɫɢɥɢ ɜ 125-ɦɥ 

ɪɟɚɤɰɢɨɧɧɭɸ ɟɦɤɨɫɬɶ ɢ ɩɨɞɜɟɪɝɚɥɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɟ. ȼɨɞɹɧɚɹ ɛɚɧɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 25 ± 5ºC. ȼɨ ɜɪɟɦɹ ɩɪɨɰɟɫɫɚ 

ɨɛɪɚɛɨɬɤɢ ɭɥɶɬɪɚɡɜɭɤɨɦ ɜɜɨɞɢɥɢ ɫɠɚɬɵɣ ɚɪɝɨɧ ɫɨ ɫɤɨɪɨɫɬɶɸ 5 ɦ3/ɦɢɧ. ɉɟɪɟɞ ɧɚɱɚɥɨɫɶ 

ɨɛɪɚɛɨɬɤɢ, ɜ ɫɢɫɬɟɦɭ ɜɜɨɞɢɬɫɹ ɪɚɫɬɜɨɪ 1% ɜɟɫ. ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 

ɛɵɫɬɪɨɝɨ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢɡ ɨɛɪɚɡɰɚ ɢ ɩɨɥɭɱɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɪɚɞɢɤɚɥɨɜ ɜ ɫɢɫɬɟɦɟ.  
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ȼ ɩɪɨɰɟɫɫɟ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɢ, ɹɜɥɹɸɳɟɣɫɹ ɫɨɧɨɯɢɦɢɱɟɫɤɢɦ 

ɜɨɡɞɟɣɫɬɜɢɟɦ, ɤɨɚɝɭɥɢɪɨɜɚɧɧɵɟ ɚɫɮɚɥɶɬɨ-ɫɦɨɥɢɫɬɵɟ ɜɟɳɟɫɬɜɚ ɪɚɡɪɭɲɚɸɬɫɹ ɞɨ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ɉɬɞɟɥɹɸɬɫɹ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɫɦɨɥɢɫɬɵɟ 

ɫɨɫɬɚɜɥɹɸɳɢɟ. ȼɪɟɦɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɦɨɠɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɨɬ ɦɚɫɫɨɜɨɣ 

ɞɨɥɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɜ ɨɬɪɚɛɨɬɚɧɧɨɦ ɦɨɬɨɪɧɨɦ ɦɚɫɥɟ.  

Ⱦɚɥɟɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɟ ɦɚɫɥɨ ɩɥɚɧɢɪɭɟɬɫɹ ɧɚɩɪɚɜɥɹɬɶ ɧɚ ɮɢɥɶɬɪ ɚɞɫɨɪɛɰɢɨɧɧɨɣ 

ɨɱɢɫɬɤɢ. Ⱥɩɩɚɪɚɬɧɨɟ ɨɮɨɪɦɥɟɧɢɟ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɨɬɨɪɧɵɯ 

ɦɚɫɟɥ ɜɤɥɸɱɚɟɬ ɤɨɦɩɥɟɤɫ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɟɝɨ ɨɛɜɹɡɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɫɥɟɞɭɸɳɢɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ: ɩɨɞɚɱɭ ɫɬɨɱɧɵɯ ɜɨɞ ɜ ɚɞɫɨɪɛɟɪ, ɤɨɧɬɚɤɬ ɦɚɫɥɚ ɫ ɜɫɩɭɱɟɧɧɵɦ 

ɜɟɪɦɢɤɭɥɢɬɨɜɵɦ ɫɨɪɛɟɧɬɨɦ ɜ ɚɞɫɨɪɛɟɪɟ, ɨɬɞɟɥɟɧɢɟ ɨɱɢɳɟɧɧɨɝɨ ɦɚɫɥɚ ɨɬ ɚɞɫɨɪɛɟɧɬɚ ɢ 

ɟɝɨ ɜɵɜɨɞ ɢɡ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɜɵɜɨɞ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ ɢɡ ɚɞɫɨɪɛɟɪɚ 

ɫ ɭɬɢɥɢɡɚɰɢɟɣ  ɢɥɢ ɪɟɝɟɧɟɪɚɰɢɟɣ ɟɝɨ, ɡɚɝɪɭɡɤɭ ɜ ɚɞɫɨɪɛɟɪ ɱɢɫɬɨɝɨ ɚɞɫɨɪɛɟɧɬɚ. 

ȼɟɪɦɢɤɭɥɢɬɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɩɨɝɥɨɳɚɬɶ ɩɪɨɞɭɤɬɵ ɨɤɢɫɥɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ — ɫɦɨɥɵ, ɤɢɫɥɨɪɨɞɧɵɟ ɢ ɞɪɭɝɢɟ 

ɝɟɬɟɪɨɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ 

ɜɟɪɦɢɤɭɥɢɬ, ɬ.ɤ. ɩɪɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɬɜɨɪɟɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɨɤɫɢɞɨɜ 

ɦɚɝɧɢɹ, ɠɟɥɟɡɚ, ɚɥɸɦɢɧɢɹ, ɢ ɡɚ ɷɬɨɬ ɫɱɟɬ ɫɨɞɟɪɠɚɧɢɟ SiO2 ɜ ɨɛɪɚɡɰɚɯ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɱɬɨ 

ɜɥɟɱɟɬ ɩɨɜɵɲɟɧɢɟ ɩɨɝɥɨɬɢɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ [4]. 

ɂɫɯɨɞɹ ɢɡ ɞɢɫɩɟɪɫɧɨɝɨ ɫɨɫɬɚɜɚ ɚɞɫɨɪɛɟɧɬɚ (ɜɟɪɦɢɤɭɥɢɬɚ) ɢ ɮɢɥɶɬɪɭɸɳɟɣ 

ɡɚɝɪɭɡɤɢ, ɜɵɛɪɚɥɢ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɫ 

ɧɟɩɨɞɜɢɠɧɨɣ ɡɚɝɪɭɡɤɨɣ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɦɚɫɥɹɧɨɣ ɩɨɬɨɤ ɮɢɥɶɬɪɭɟɬɫɹ ɧɢɫɯɨɞɹɳɢɦ 

ɩɨɬɨɤɨɦ ɫɨ ɫɤɨɪɨɫɬɶɸ ɞɨ 10 ɦ/ɱ.  

ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɥɟɤɫɧɨɣ ɨɛɪɚɛɨɬɤɢ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɨɬɨɪɧɵɯ ɦɚɫɟɥ 

ɞɚɧɧɵɟ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɫɩɨɫɨɛ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɭɸ ɪɟɝɟɧɟɪɚɰɢɸ 

ɦɚɫɥɚ, ɬ.ɤ. ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɦɟɬɚɥɥɨɜ, ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ 

ɩɨɥɢɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɫɨɫɬɚɜɟ ɦɚɫɥɚ (ɬɚɛɥ. 1), ɬɚɤɠɟ ɚɞɫɨɪɛɰɢɨɧɧɚɹ 

ɞɨɨɱɢɫɬɤɚ ɜɟɪɦɢɤɭɥɢɬɨɜɵɦ ɫɨɪɛɟɧɬɨɦ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɢ ɜɨɞɵ.  

ɂɫɩɨɥɶɡɭɟɦɵɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɮɢɥɶɬɪ-ɚɞɫɨɪɛɟɪ ɥɟɝɤɨ ɪɟɝɟɧɟɪɢɪɭɟɬɫɹ ɜɨɞɨɣ, 

ɧɚɝɪɟɬɨɣ ɞɨ 60ɨɋ, ɚ ɜɟɪɦɢɤɭɥɢɬ ɧɟ ɬɟɪɹɟɬ ɫɜɨɢɯ ɫɜɨɣɫɬɜ ɩɨɫɥɟ ɦɧɨɝɨɤɪɚɬɧɵɯ ɰɢɤɥɨɜ 

«ɨɱɢɫɬɤɢ-ɪɟɝɟɧɟɪɚɰɢɢ». 
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Ɍɚɛɥɢɰɚ 1 - Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɨɬɨɪɧɵɯ ɦɚɫɟɥ 

 ɉɨɤɚɡɚɬɟɥɢ Ɉɬɪɚɛɨɬɚɧɧɵɟ 
ɦɨɬɨɪɧɵɟ ɦɚɫɥɚ 

Ɋɟɝɟɧɟɪɢɪɨɜɚɧɧɵɟ 
ɦɨɬɨɪɧɵɟ ɦɚɫɥɚ 

№1 №2 №1 №2 

ȼɹɡɤɨɫɬɶ, ɦɦ2/ɫ 

    - ɩɪɢ 40 ºɋ 

    - ɩɪɢ 100 ºɋ 

 

60,59 

9,52 

 

59,74 

9,57 

  

ɋɨɞɟɪɠɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɩɪɢɦɟɫɟɣ, %, ɧɟ ɛɨɥɟɟ 

0,087 0,072 0,016 0,023 

ɋɨɞɟɪɠɚɧɢɟ ɜɨɞɵ, %, ɧɟ ɛɨɥɟɟ 0,03 0,01 - - 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ, ºɋ, ɧɟ 
ɦɟɧɟɟ 

190 205 205 217 

Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɫɬɵɜɚɧɢɹ, ºɋ, ɧɟ 
ɛɨɥɟɟ 

-23 -22 -29 -30 

ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3, ɧɟ ɛɨɥɟɟ 880 882 875 877 

ɋɨɞɟɪɠɚɧɢɟ (ppm): 

    - ɫɟɪɵ; 
    - ɛɟɧɡɨɥɚ; 
    - ɬɨɥɭɨɥɚ; 
    - ɤɫɢɥɨɥɚ; 
    - ɩɨɥɢɚɪɨɦɚɬɢɱɟɫɤɢɟ 
ɭɝɥɟɜɨɞɨɪɨɞɵ. 

 

0,3139 

23,4 

406 

823 

11,8 

 

0,3443 

12,8 

307 

594 

7,8 

 

0,2432 

- 

- 

- 

- 

 

 

0,2156 

- 

- 

- 

- 

ɋɨɞɟɪɠɚɧɢɟ (ppm): 

    - ɫɜɢɧɟɰ (Pb); 

    - ɰɢɧɤ (Zn); 

    - ɚɥɸɦɢɧɢɣ (Al); 

    - ɤɚɥɶɰɢɣ (Ca); 

    - ɦɚɝɧɢɣ (Mg); 

    - ɦɟɞɶ (Cu); 
    - ɯɪɨɦ (Cr). 

 

21,16 

402,96 

57,94 

171,94 

436,12 

37,85 

18,26 

 

10,69 

387,56 

41,36 

203,12 

440,96 

32,48 

7,95 

 

0,98 

140,99 

12,65 

67,54 

124,36 

3,54 

5,89 

 

0,89 

138,25 

11,03 

63,41 

122,15 

3,03 

2,18 

 

 
ɋɩɨɫɨɛ ɪɟɝɟɧɟɪɚɰɢɢ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɨɬɨɪɧɵɯ ɦɚɫɟɥ ɩɭɬɟɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 

ɨɛɪɚɛɨɬɤɢ ɜ ɭɫɥɨɜɢɹɯ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɚɫɮɚɥɶɬɨɫɦɨɥɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɨɱɢɫɬɤɨɣ ɜɟɪɦɢɤɭɥɢɬɨɜɵɦ ɫɨɪɛɟɧɬɨɦ ɭɧɢɜɟɪɫɚɥɟɧ, ɬ.ɤ. ɩɪɢɦɟɧɢɦ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɨɪɬɨɜ 

ɦɚɫɟɥ, ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɭɸ ɪɟɝɟɧɟɪɚɰɢɸ ɦɚɫɥɚ ɩɨ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɣ, 

ɧɟ ɷɧɟɪɝɨɟɦɤɨɣ ɢ ɞɟɲɟɜɨɣ ɬɟɯɧɨɥɨɝɢɢ.  
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ɂɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɢɡɭɱɟɧɢɟ ɡɚɝɭɳɚɸɳɟɣ ɩɨɥɢ(ɦɟɬɚ)ɚɥɤɢɥɚɤɪɢɥɚɬɧɨɣ 

ɩɪɢɫɚɞɤɢ «Ɇɚɤɫɨɣɥ ȼ3-011» ɜ ɫɨɫɬɚɜɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɚɫɥɚ ȺɆȽ-10, ɜɤɥɸɱɚɸɳɢɟ 

ɪɚɡɪɚɛɨɬɤɭ ɦɟɬɨɞɨɜ ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɟɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɜ ɫɨɫɬɚɜɟ ɦɚɫɥɚ, 

ɭɫɬɚɧɨɜɥɟɧɢɟ ɟɟ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ, ɚ ɬɚɤɠɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ.  

ɉɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ ɪɟɲɚɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɜɧɨɜɶ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɨɞɨɜ: ɮɢɥɶɬɪɚɰɢɢ, ɨɩɬɢɱɟɫɤɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, 

ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɣ ɠɢɞɤɨɫɬɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɵ ɩɪɢɱɢɧɵ ɡɚɛɢɜɤɢ ɮɢɥɶɬɪɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɤɚɱɟɫɬɜɨɦ ɩɪɢɫɚɞɤɢ 

«Ɇɚɤɫɨɣɥ ȼ3-011», ɜɯɨɞɹɳɟɣ ɜ ɫɨɫɬɚɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɚɫɥɚ ȺɆȽ-10. 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɢɫɶ ɨɛɪɚɡɰɵ ɢɡ ɞɜɭɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɚɪɬɢɣ 

ɩɪɢɫɚɞɤɢ «Ɇɚɤɫɨɣɥ ȼ3-011»: ɩɚɪɬɢɹ №1 ɢ ɩɚɪɬɢɹ №2, ɨɛɟ ɩɚɪɬɢɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɇȾ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɪɢɫɚɞɨɤ ɜ ɫɨɫɬɚɜɟ ɦɚɫɥɚ ȺɆȽ-10, ɤɨɬɨɪɵɟ 

ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ ɫɨɞɟɪɠɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ» ɩɨ ȽɈɋɌ 10577 

ɭɫɬɚɧɨɜɢɥɢ ɧɟɤɨɬɨɪɵɟ ɪɚɡɥɢɱɢɹ ɞɥɹ ɭɤɚɡɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɹ 

ɩɨ ȽɈɋɌ 10577 ɩɪɨɛɚ ɦɚɫɥɚ ɫɨɞɟɪɠɚɳɟɝɨ ɩɪɢɫɚɞɤɭ ɩɚɪɬɢɢ №1 ɩɟɪɟɫɬɚɜɚɥɚ 

ɮɢɥɶɬɪɨɜɚɬɶɫɹ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɫɩɵɬɭɟɦɨɝɨ 

ɨɛɪɚɡɰɚ. ɉɪɨɛɚ ɦɚɫɥɚ, ɫɨɞɟɪɠɚɳɚɹ ɩɪɢɫɚɞɤɭ ɩɚɪɬɢɢ №2, ɭɫɩɟɲɧɨ ɮɢɥɶɬɪɨɜɚɥɚɫɶ 

ɱɟɪɟɡ ɧɢɬɪɨɰɟɥɥɸɥɨɡɧɵɣ ɮɢɥɶɬɪ (ɪɚɡɦɟɪ ɩɨɪ ≈1ɦɤɦ), ɩɪɢɱɟɦ ɫɨɞɟɪɠɚɧɢɟ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɧɟ ɩɪɟɜɵɲɚɥɨ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɧɨɪɦɭ.  

ɋ ɰɟɥɶɸ ɭɫɬɚɧɨɜɥɟɧɢɹ  ɧɚɥɢɱɢɹ, ɚ ɬɚɤɠɟ  ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɧɟɪɚɫɬɜɨɪɢɦɵɯ 

ɝɟɥɟɨɛɪɚɡɧɵɯ ɢ ɬɜɟɪɞɵɯ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɨɫɚɞɤɨɜ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɦɚɫɥɟ ɨɬɞɟɥɶɧɨ 

ɩɪɨɜɨɞɢɥɚɫɶ ɮɢɥɶɬɪɚɰɢɹ ɨɫɧɨɜ ɦɚɫɟɥ, ɚ ɡɚɬɟɦ ɩɪɢɫɚɞɨɤ ɞɜɭɯ ɩɚɪɬɢɣ, ɜɵɞɟɪɠɚɧɧɵɯ ɜ 

ɪɚɫɬɜɨɪɟ ɢɡɨɨɤɬɚɧɚ. Ʉɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɭɟɦɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɨɫɧɨɜ ɦɚɫɟɥ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟ ɢɦɟɥ ɨɬɥɢɱɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪɬɢɣ ɬɨɜɚɪɧɨɝɨ ɦɚɫɥɚ. Ɍɨɝɞɚ ɤɚɤ ɪɟɡɭɥɶɬɚɬɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɩɨɤɚɡɚɬɟɥɸ ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɭɟɦɨɫɬɢ ɞɥɹ ɪɚɫɬɜɨɪɨɜ ɞɜɭɯ ɩɚɪɬɢɣ 

ɩɪɢɫɚɞɤɢ ɜ ɢɡɨɨɤɬɚɧɟ,  ɩɨɜɬɨɪɹɥɢ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɪɚɫɬɜɨɪɨɜ ɩɪɢɫɚɞɨɤ ɜ ɨɫɧɨɜɟ ɦɚɫɥɚ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ. ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɩɪɨɰɟɫɫ ɮɢɥɶɬɪɚɰɢɢ, ɢ ɡɚɛɢɜɤɭ ɮɢɥɶɬɪɨɜ, ɜɧɨɫɢɥɫɹ 

ɛɥɚɝɨɞɚɪɹ ɨɫɨɛɟɧɧɨɫɬɹɦ ɫɚɦɢɯ ɩɪɢɫɚɞɨɤ, ɚ ɧɟ ɨɫɬɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ,  ɜɯɨɞɹɳɢɟ ɜ 

ɫɨɫɬɚɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɚɫɟɥ. ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɜ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 

ɛɵɥɢ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɬɨɥɶɤɨ ɫɚɦɢ ɩɪɢɫɚɞɤɢ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ «ɨɛɪɚɡɨɜɚɧɢɣ», ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɫɨɫɬɚɜɟ ɩɪɢɫɚɞɨɤ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɦɟɬɨɞɨɦ ɨɩɬɢɱɟɫɤɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɧɚ ɬɪɢɧɨɤɭɥɹɪɧɨɦ 

ɦɢɤɪɨɫɤɨɩɟ ɩɨɡɜɨɥɹɸɳɢɦ ɩɪɨɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɹ ɫ 40, 100, 400 ɢ 1000 ɤɪɚɬɧɵɦ 

ɭɜɟɥɢɱɟɧɢɟɦ. 

ɇɚ ɪɢɫɭɧɤɚɯ ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɫɚɞɨɤ 

Ɇɚɤɫɨɣɥ ȼ3-011 ɩɚɪɬɢɢ №1 ɢ ɩɚɪɬɢɢ №2. Ɋɢɫɭɧɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɰɢɮɪɨɜɵɟ 

ɮɨɬɨɝɪɚɮɢɢ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɴёɦɧɨɣ ɤɚɦɟɪɵ.  

   

  Ⱥ      Ȼ 

   

  ȼ      Ƚ

 Ɋɢɫ. 1 - ɉɪɢɫɚɞɤɚ Ɇɚɤɫɨɣɥ ȼ3-011: Ⱥ - ɩɚɪɬɢɹ № 1 ɤɪɚɬɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ 

ɭɜɟɥɢɱɟɧɢɹ 400, Ȼ - ɩɚɪɬɢɹ № 2 ɤɪɚɬɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ ɭɜɟɥɢɱɟɧɢɹ 400; ȼ - ɩɚɪɬɢɹ №1 

ɤɪɚɬɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ ɭɜɟɥɢɱɟɧɢɹ 1000, Ƚ - ɩɚɪɬɢɹ №2 ɤɪɚɬɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ 

ɭɜɟɥɢɱɟɧɢɹ 1000 
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ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɬɜɟɪɠɞɚɸɬ ɪɚɡɥɢɱɢɟ ɜ ɩɪɨɰɟɫɫɟ  ɮɢɥɶɬɪɨɜɚɧɢɹ 

ɩɪɢɫɚɞɨɤ ɞɜɭɯ ɩɚɪɬɢɣ, ɜ ɫɨɫɬɚɜɟ ɦɚɫɥɚ ȺɆȽ-10. Ɍɚɤ ɩɪɢɫɚɞɤɚ ɩɚɪɬɢɢ №1,  ɢɦɟɸɳɚɹ  

«ɨɛɪɚɡɨɜɚɧɢɹ»  ɪɚɡɦɟɪɨɦ ɩɨ ɧɚɢɛɨɥɶɲɟɦɭ ɝɚɛɚɪɢɬɭ ɨɬ 1,63 ɞɨ 2,29 ɦɤɦ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɮɢɥɶɬɪɨɜɚɥɚɫɶ, ɬ. ɤ. ɪɚɡɦɟɪɵ ɛɵɥɢ  ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɪɚɡɦɟɪɚɦɢ ɩɨɪ ɮɢɥɶɬɪɨɜ. ȼ ɩɪɢɫɚɞɤɟ 

ɩɚɪɬɢɢ №2 ɧɚɛɥɸɞɚɥɢɫɶ  «ɨɛɪɚɡɨɜɚɧɢɹ» ɫ ɪɚɡɦɟɪɚɦɢ ɩɨ ɧɚɢɛɨɥɶɲɟɦɭ ɝɚɛɚɪɢɬɭ ɨɬ 0,289 

ɞɨ 0,578 ɦɤɦ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɮɢɥɶɬɪɚɰɢɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɚɫɟɥ, 

ɫɨɞɟɪɠɚɳɢɯ ɩɪɢɫɚɞɤɭ ɷɬɨɣ ɩɚɪɬɢɢ, ɬɨɝɞɚ ɤɚɤ ɦɚɫɥɚ ɫɨɞɟɪɠɚɳɢɟ ɩɪɢɫɚɞɤɭ ɩɚɪɬɢɢ №1 ɧɟ 

ɮɢɥɶɬɪɨɜɚɥɢɫɶ, ɱɬɨ ɩɪɢɜɨɞɢɥɨ ɤ ɨɬɤɚɡɭ ɬɟɯɧɢɤɢ. 

Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɫɚɞɨɤ Ɇɚɤɫɨɣɥ ȼ3-011 ɩɪɨɜɨɞɢɥɢɫɶ ɦɟɬɨɞɨɦ ɂɄ-

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɧɚ ɞɜɭɯɥɭɱɟɜɨɦ ɂɄ-Ɏɭɪɶɟ ɫɩɟɤɬɪɨɦɟɬɪɟ. 

ɇɚ ɪɢɫɭɧɤɚɯ 2-4 ɩɪɢɜɟɞɟɧɵ ɫɨɜɦɟɳɟɧɧɵɟ  ɦɟɬɨɞɨɦ ɧɚɥɨɠɟɧɢɹ ɂɄ-ɫɩɟɤɬɪɵ 

ɩɪɢɫɚɞɨɤ ɢ ɢɯ ɮɪɚɝɦɟɧɬɨɜ ɞɥɹ ɩɚɪɬɢɣ ɩɪɢɫɚɞɨɤ №1 ɢ №2, ɩɨɥɭɱɟɧɧɵɟ, ɜ ɞɢɚɩɚɡɨɧɟ 

ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ 4000–400 ɫɦ-1. ɉɪɢ ɫɨɜɦɟɳɟɧɢɢ ɂɄ-ɫɩɟɤɬɪɨɜ ɩɪɢɫɚɞɨɤ ɧɚɛɥɸɞɚɟɬɫɹ 

ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɩɪɨɮɢɥɟ ɫɩɟɤɬɪɨɜ ɜ ɞɢɚɩɚɡɨɧɟ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ  1800–700 ɫɦ-1 (ɪɢɫ. 3, 4), 

ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɪɚɡɥɢɱɢɹɯ ɜ ɭɝɥɟɜɨɞɨɪɨɞɧɨɦ ɫɨɫɬɚɜɟ ɩɪɢɫɚɞɨɤ. ɇɚɢɛɨɥɟɟ 

ɢɧɬɟɧɫɢɜɧɚɹ ɢ ɯɚɪɚɤɬɟɪɧɚɹ ɨɛɥɚɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɩɨɥɢɦɟɬɚɤɪɢɥɚɬɧɨɣ ɩɪɢɫɚɞɤɢ ɧɚɯɨɞɢɬɫɹ 

ɜ ɞɢɚɩɚɡɨɧɟ ɜɨɥɧɨɜɵɯ ɱɢɫɟɥ 1750–1700 ɫɦ-1, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɧɟɩɪɟɞɟɥɶɧɵɯ 

ɫɥɨɠɧɵɯ ɷɮɢɪɨɜ. 

ɇɚ ɫɩɟɤɬɪɟ ɩɪɢɫɚɞɤɢ ɩɚɪɬɢɢ №2  ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ ɩɢɤɚ (ɩɪɢ ɪɚɜɧɵɯ 

ɭɫɥɨɜɢɹɯ ɫɤɚɧɢɪɨɜɚɧɢɹ ɫɩɟɤɬɪɨɜ) ɜɵɲɟ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɛɨɥɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɞɧɨɝɨ ɢɡ 

ɝɥɚɜɧɵɯ  ɫɨɫɬɚɜɥɹɸɳɢɯ ɮɪɚɝɦɟɧɬɨɜ ɮɨɪɦɭɥɵ ɩɪɢɫɚɞɤɢ  (ɋ=Ɉ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɩɪɢɫɚɞɤɨɣ ɩɚɪɬɢɢ №1. ɉɨɥɭɱɟɧɧɨɟ ɩɭɬɟɦ ɪɚɫɱɟɬɚ, ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɦɟɬɨɞɭ, 

ɤɨɥɢɱɟɫɬɜɨ ɞɟɣɫɬɜɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢɫɚɞɤɢ ɜ ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɚɯ ɪɚɜɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ  ɫɨɫɬɚɜɢɥɨ – ɞɥɹ ɩɚɪɬɢɢ №1-5,1%, ɞɥɹ ɩɚɪɬɢɢ № 2 – 10,2%  (ɪɢɫ.7). 

 

Ɋɢɫ. 2 - ɇɚɥɨɠɟɧɢɟ ɂɄ-ɫɩɟɤɬɪɨɜ ɩɪɢɫɚɞɤɢ Ɇɚɤɫɨɣɥ-ȼ3-01:  ɩɚɪɬɢɹ №1 (ɫɟɪɵɣ 

ɰɜɟɬ), ɩɚɪɬɢɹ №2 (ɱёɪɧɵɣ ɰɜɟɬ) 
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Ɋɢɫ. 3 - Ɏɪɚɝɦɟɧɬ ɧɚɥɨɠɟɧɢɹ ɂɄ-ɫɩɟɤɬɪɨɜ ɩɪɢɫɚɞɤɢ Ɇɚɤɫɨɣɥ-ȼ3-01: ɩɚɪɬɢɹ №1 

(ɫɟɪɵɣ ɰɜɟɬ), ɩɚɪɬɢɹ №2 (ɱёɪɧɵɣ ɰɜɟɬ) 

 

 

Ɋɢɫ. 4 - Ɏɪɚɝɦɟɧɬ ɧɚɥɨɠɟɧɢɹ ɂɄ-ɫɩɟɤɬɪɨɜ ɨɫɧɨɜɧɨɝɨ ɞɟɣɫɬɜɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ 

ɩɪɢɫɚɞɤɢ Ɇɚɤɫɨɣɥ-ȼ3-011: ɩɚɪɬɢɹ №1 (ɫɟɪɵɣ ɰɜɟɬ), ɩɚɪɬɢɹ №2 (ɱёɪɧɵɣ ɰɜɟɬ) 

 

ɉɪɢɫɚɞɤɢ Ɇɚɤɫɨɣɥ ȼ3-011 ɩɚɪɬɢɹ №1 ɢ ɩɚɪɬɢɹ №2 ɩɨɫɥɟ ɪɚɡɛɚɜɥɟɧɢɹ ɌȽɎ ɞɨ 

1% ɦɚɫɫ. ɛɵɥɢ ɬɚɤɠɟ ɩɨɞɜɟɪɝɧɭɬɵ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɦɭ ɪɚɡɞɟɥɟɧɢɸ ɧɚ ɷɤɫɤɥɸɡɢɨɧɧɵɯ 

ɤɨɥɨɧɤɚɯ MesoPore Agilent.  

ȼ ɷɤɫɤɥɸɡɢɨɧɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ  ɪɚɡɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥ ɩɪɨɛɵ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɨɛɴɟɦɚ. Ɋɚɡɞɟɥɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟ ɤɚɤɢɦɢ-ɬɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ ɫɨɪɛɚɬɚ ɫɨ ɫɬɚɰɢɨɧɚɪɧɨɣ ɢ ɩɨɞɜɢɠɧɨɣ ɮɚɡɚɦɢ, ɚ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 

ɩɪɨɫɬɨɝɨ ɩɪɨɰɟɫɫɚ ɫɨɪɬɢɪɨɜɤɢ ɦɨɥɟɤɭɥ ɩɨ ɪɚɡɦɟɪɚɦ. 

ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɩɪɨɮɢɥɟɣ ɯɪɨɦɚɬɨɝɪɚɦɦ ɩɪɢɫɚɞɨɤ Ɇɚɤɫɨɣɥ-ȼ3-011 (ɪɢɫ.5,6) 

ɩɚɪɬɢɢ №1 ɢ ɩɚɪɬɢɢ №2  ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɯɪɨɦɚɬɨɝɪɚɦɦɟ ɩɪɢɫɚɞɨɤ ɢɡ ɩɚɪɬɢɢ №1 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɨɞɢɧ ɩɢɤ ɫɨ ɜɪɟɦɟɧɟɦ ɭɞɟɪɠɢɜɚɧɢɹ 9,29 ɦɢɧ (ɪɢɫ.5Ⱥ,6), ɤɨɬɨɪɵɣ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɢɦɟɬɚɤɪɢɥɚɬɧɨɦɭ ɩɨɥɢɦɟɪɭ ɫ ɨɞɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ, ɧɚ 

ɯɪɨɦɚɬɨɝɪɚɦɦɟ ɩɪɢɫɚɞɤɢ ɩɚɪɬɢɹ №2 (ɪɢɫ. 5Ȼ,6) ɞɚɧɧɵɣ ɩɢɤ ɡɚɦɟɧɹɸɬ ɧɟɫɤɨɥɶɤɨ ɩɢɤɨɜ, 
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ɩɥɚɜɧɨ ɩɟɪɟɯɨɞɹɳɢɯ ɞɪɭɝ ɜ ɞɪɭɝɚ, ɫ ɜɪɟɦɟɧɚɦɢ ɭɞɟɪɠɢɜɚɧɢɹ 9,46; 10,22; 10,63 ɦɢɧ.. ɗɬɢ 

ɪɟɡɭɥɶɬɚɬɵ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ (ɪɢɫ. 2-4).  Ɍɚɤɢɟ ɪɚɡɥɢɱɢɹ ɜɨ 

ɜɪɟɦɟɧɚɯ ɭɞɟɪɠɢɜɚɧɢɹ ɩɢɤɨɜ ɩɪɢɫɚɞɨɤ ɞɜɭɯ ɩɚɪɬɢɣ ɦɨɝɭɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɬɨɦ, ɱɬɨ 

ɜ ɫɨɫɬɚɜɟ ɩɪɢɫɚɞɤɢ ɩɚɪɬɢɢ №2 ɫɨɞɟɪɠɚɬɫɹ ɛɨɥɟɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 

ɩɨɥɢɦɟɪɨɜ, ɱɟɦ ɜ ɩɚɪɬɢɢ №1. (ɨɬɥɢɱɢɹ ɜ ɫɨɫɬɚɜɟ ɩɪɢɫɚɞɨɤ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɪɚɡɥɢɱɢɹɦɢ ɜ ɂɄ-ɫɩɟɤɬɪɚɯ). 

Ⱦɥɹ ɫɨɨɬɧɟɫɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ ɩɪɢɫɚɞɨɤ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦɢ ɩɨɥɢɦɟɪɚɦɢ 

ɩɨɥɢɫɬɢɪɨɥɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɯɪɨɦɚɬɨɝɪɚɦɦɵ ɩɨɥɢɦɟɪɨɜ ɫ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɦɚɫɫɚɦɢ ɨɬ 

1860 ɞɨ 12000 ɟɞ. (ɪɢɫ.6). Ⱦɥɹ ɩɪɢɫɚɞɤɢ №1 ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɨɞɧɨɝɨ ɛɨɥɟɟ ɬɹɠɟɥɨɝɨ 

(ɦɨɥ.ɦ. ≈ 5000) ɩɨɥɢɦɟɪɚ, ɞɥɹ ɩɪɢɫɚɞɤɢ ɩɚɪɬɢɢ №2 ɧɟɫɤɨɥɶɤɢɯ, ɛɨɥɟɟ ɥɟɝɤɢɯ ɩɨɥɢɦɟɪɨɜ 

(ɩɨ ɦɚɫɫɟ ɢɡɦɟɧɹɸɳɢɯɫɹ ɨɬ >1860 ɞɨ ≈ 5000).  

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɦɩɥɟɤɫɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɤɚɱɟɫɬɜɨ, ɚ ɬɚɤɠɟ 

ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɅȺ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɦɚɫɟɥ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ ɩɪɢɫɚɞɤɢ ɩɨɥɢ(ɦɟɬɚ)ɚɥɤɢɥɚɤɪɢɥɚɬɧɨɝɨ ɬɢɩɚ. 

 

Ⱥ      Ȼ 

Ɋɢɫ. 5 - ɏɪɨɦɚɬɨɝɪɚɦɦɵ ɩɪɢɫɚɞɤɢ Ɇɚɤɫɨɣɥ-ȼ3-011: Ⱥ – ɩɚɪɬ. №1 , Ȼ – ɩɚɪɬ. №2 

 

Ɋɢɫ. 6 - ɋɨɜɦɟɳɟɧɧɵɟ ɯɪɨɦɚɬɨɝɪɚɦɦɵ ɩɪɢɫɚɞɤɢ Ɇɚɤɫɨɣɥ-ȼ3-011 ɩɚɪɬɢɹ №1  ɢ 

ɩɚɪɬɢɹ №2; ɯɪɨɦɚɬɨɝɪɚɦɦɵ ɫɬɚɧɞɚɪɬɨɜ ɩɨɥɢɫɬɢɪɨɥɚ: ɫɦɟɫɶ ɫɬɚɧɞɚɪɬɨɜ ɩɨɥɢɫɬɢɪɨɥɚ ɫ 

ɦɨɥ.ɦ 1860+2980(1);, 4900 (2), 7640 (3), ɫɬɚɧɞɚɪɬ ɫ ɦɨɥ.ɦ. 12000 (4). 
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Ʉɨɦɩɚɧɢɹ SocTradeTM ɫɩɟɰɢɚɥɢɡɢɪɭɟɬɫɹ ɧɚ 
ɩɨɫɬɚɜɤɚɯ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɤɨɧɬɪɨɥɹ 
ɤɚɱɟɫɬɜɚ ɩɪɨɞɭɤɰɢɢ c 1986 ɝɨɞɚ ɢ ɹɜɥɹɟɬɫɹ 
ɷɤɫɤɥɸɡɢɜɧɵɦ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɥɢɞɢɪɭɸɳɢɯ ɦɢɪɨɜɵɯ ɩɨɫɬɚɜɳɢɤɨɜ ɥɚɛɨɪɚɬɨɪɧɨɝɨ, 

ɧɚɭɱɧɨɝɨ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɋɪɟɞɢ ɧɚɲɢɯ ɤɥɢɟɧɬɨɜ – ɨɬɞɟɥɵ ɤɨɧɬɪɨɥɹ 
ɤɚɱɟɫɬɜ ɢ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɤɪɭɩɧɵɯ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɤɨɪɩɨɪɚɰɢɣ, ɢɧɫɬɢɬɭɬɵ ɊȺɇ ɢ ɩɪɨɮɢɥɶɧɵɟ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɢɧɫɬɢɬɭɬɵ, ɭɧɢɜɟɪɫɢɬɟɬɵ ɢ ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ. 
Ɇɵ ɫɬɚɪɚɟɦɫɹ ɩɨɞɞɟɪɠɢɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɩɨɥɧɭɸ ɥɢɧɟɣɤɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 

ɦɟɬɪɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɞɟɪɠɤɨɣ ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɧɚɱɢɧɚɹ ɨɬ 
ɩɪɨɛɨɨɬɛɨɪɧɢɤɨɜ ɞɥɹ ɪɟɡɟɪɜɭɚɪɨɜ ɯɪɚɧɟɧɢɹ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɢ ɡɚɤɚɧɱɢɜɚɹ 
ɦɭɥɶɬɢɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦɢ ɦɨɛɢɥɶɧɵɦɢ ɷɤɫɩɪɟɫɫ-ɦɟɬɨɞɚɦɢ ɚɧɚɥɢɡɚ ɨɫɧɨɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɤɨɧɟɱɧɨɣ ɫɬɚɞɢɢ ɩɨɬɪɟɛɥɟɧɢɹ. Ⱦɥɹ ɧɚɭɱɧɵɯ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ 
ɥɚɛɨɪɚɬɨɪɢɣ ɦɵ ɩɪɟɞɥɚɝɚɟɦ ɛɨɥɟɟ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɤɥɸɱɚɹ: 

 ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɟɫɵ, ɬɟɧɡɢɨɦɟɬɪɵ, ɚɧɚɥɢɡɚɬɨɪɵ ɤɪɚɟɜɨɝɨ ɭɝɥɚ 

 ɦɭɮɟɥɶɧɵɟ ɩɟɱɢ, ɬɟɪɦɨɲɤɚɮɵ, ɬɟɪɦɨɫɬɚɬɵ, ɢɧɤɭɛɚɬɨɪɵ,  
 ɫɭɲɢɥɶɧɵɟ ɲɤɚɮɵ, ɢɫɩɵɬɚɬɟɥɶɧɵɟ ɤɚɦɟɪɵ, ɰɟɧɬɪɢɮɭɝɢ, 
 ɫɬɟɤɥɹɧɧɵɟ ɪɟɚɤɬɨɪɵ ɢ ɪɟɚɤɬɨɪɧɵɟ ɭɫɬɚɧɨɜɤɢ, 
 ɩɪɨɬɨɱɧɵɟ ɢ ɫɬɚɰɢɨɧɚɪɧɵɟ ɪɟɚɤɬɨɪɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
 ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɪɟɚɤɬɨɪɧɵɟ ɫɢɫɬɟɦɵ, 
 ɚɧɚɥɢɡɚɬɨɪɵ ɫɨɞɟɪɠɚɧɢɹ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬ ɜ ɫɥɨɠɧɵɯ ɫɦɟɫɹɯ, 
 ɚɧɚɥɢɡɚɬɨɪɵ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ ɢ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɠɢɞɤɨɫɬɹɯ, 
 ɚɧɚɥɢɡɚɬɨɪɵ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɢ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ, 
 ɫɱɟɬɱɢɤɢ ɢ ɞɚɬɱɢɤɢ ɱɚɫɬɢɰ ɜ ɬɨɩɥɢɜɚɯ, ɜɨɡɞɭɯɟ, ɝɚɡɚɯ ɢ ɜɨɞɟ, 
 ɫɢɫɬɟɦɵ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ (FFF), ȼɗɀɏ ɢ ȼɗɀɀɏ, 
 ɫɟɥɟɤɬɢɜɧɵɟ ɞɟɬɟɤɬɨɪɵ ɢ ɫɢɫɬɟɦɵ ɩɪɟɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɞɥɹ Ƚɏ 

 ɚɧɚɥɢɡɚɬɨɪɵ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɨɜ ɢ ɞɪɭɝɢɯ ɦɚɤɪɨɦɨɥɟɤɭɥ 

 ɚɧɚɥɢɡɚɬɨɪɵ ɞɢɧɚɦɢɱɟɫɤɨɣ ɢ ɫɬɚɬɢɱɟɫɤɨɣ ɫɨɪɛɰɢɢ ɩɚɪɨɜ, 
 ɛɨɦɛɨɜɵɟ, ɪɟɚɤɰɢɨɧɧɵɟ ɢ ɚɞɢɚɛɚɬɢɱɟɫɤɢɟ ɤɚɥɨɪɢɦɟɬɪɵ, 
 ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɚɧɚɥɢɡɚɬɨɪɵ ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɦɚɫɟɥ, ɫɦɚɡɨɤ ɢ 

ɛɢɬɭɦɨɜ, 
 ɬɢɬɪɚɬɨɪɵ, ɩɥɨɬɧɨɦɟɪɵ, ɜɢɫɤɨɡɢɦɟɬɪɵ, ɪɟɮɪɚɤɬɨɦɟɬɪɵ, 
 ɬɪɢɛɨɦɚɲɢɧɵ ɢ ɜɫɬɪɚɢɜɚɟɦɵɟ ɞɚɬɱɢɤɢ ɭɞɚɥɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɫɦɚɡɤɢ, 
 ɢɧɞɢɤɚɬɨɪɧɵɟ ɬɪɭɛɤɢ ɢ ɞɪɭɝɢɟ ɚɧɚɥɢɡɚɬɨɪɵ ɦɢɤɪɨɩɪɢɦɟɫɟɣ ɜ ɝɚɡɚɯ, 
 ɩɨɬɟɧɰɢɨɫɬɚɬɵ, ɝɚɥɶɜɚɧɨɫɬɚɬɵ, ɹɱɟɣɤɢ ɢ ɞɪɭɝɨɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ, 
 ɨɛɳɟɥɚɛɨɪɚɬɨɪɧɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɟɛɟɥɶ. 

Ɂɚ ɞɨɥɝɢɟ ɝɨɞɵ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɜ ɤɨɦɩɚɧɢɢ SocTradeTM ɫɥɨɠɢɥɫɹ ɤɨɥɥɟɤɬɢɜ 
ɫɩɟɰɢɚɥɢɫɬɨɜ, ɤɨɬɨɪɵɣ ɫɩɨɫɨɛɟɧ ɪɟɲɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɭɸ ɡɚɞɚɱɭ, ɨɬɧɨɫɹɳɭɸɫɹ ɤ 
ɩɨɞɛɨɪɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɨɡɞɚɧɢɸ ɫɢɫɬɟɦ, ɨɪɝɚɧɢɡɚɰɢɢ ɤɨɧɬɪɨɥɹ ɢɥɢ ɤ ɪɚɡɪɚɛɨɬɤɟ 
ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢ ɤɨɧɬɪɨɥɶɧɵɯ ɦɟɬɨɞɢɤ. Ɇɵ ɧɟ ɬɨɥɶɤɨ ɩɨɫɬɚɜɥɹɟɦ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɧɨ ɢ 
ɨɤɚɡɵɜɚɟɦ ɬɟɯɧɢɱɟɫɤɭɸ ɢ ɦɟɬɨɞɢɱɟɫɤɭɸ ɩɨɞɞɟɪɠɤɭ, ɨɛɟɫɩɟɱɢɜɚɟɦ ɫɟɪɜɢɫ, ɩɪɨɢɡɜɨɞɢɦ 
ɝɚɪɚɧɬɢɣɧɨɟ ɢ ɩɨɫɥɟɝɚɪɚɧɬɢɣɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɚ ɬɚɤɠɟ ɩɨɦɨɝɚɟɦ ɜ ɩɨɫɬɚɧɨɜɤɟ ɦɟɬɨɞɢɤ 
ɚɧɚɥɢɡɚ ɢ ɪɟɲɟɧɢɢ ɩɪɨɛɥɟɦ ɚɬɬɟɫɬɚɰɢɢ ɢ ɩɨɜɟɪɤɢ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

 

ɈɈɈ ɋɨɤɬɪɟɣɞ Ʉɨ Ɇɨɫɤɜɚ   +7(495) 604-44-44 info@soctrade.com     

www.soctrade.com  
  

mailto:info@soctrade.com
http://www.soctrade.com/


772 

 

 
 

LECO Corporation ɛɨɥɟɟ 80 ɥɟɬ ɩɪɨɢɡɜɨɞɢɬ ɧɚɞɟɠɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɪɟɲɟɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɡɚɞɚɱ: ɨɬ ɪɭɬɢɧɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɷɥɟɦɟɧɬɧɵɯ ɚɧɚɥɢɡɚɬɨɪɨɜ 

ɞɨ ɫɥɨɠɧɟɣɲɢɯ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɯ 

ɤɨɦɩɥɟɤɫɨɜ ɫ ɜɪɟɦɹɩɪɨɥɟɬɧɵɦɢ ɦɚɫɫ-ɚɧɚɥɢɡɚɬɨɪɚɦɢ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ. 

ɉɪɟɞɫɬɚɜɢɬɟɥɶɫɬɜɚ ɤɨɦɩɚɧɢɢ ɜɨ ɜɫɟɦ ɦɢɪɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ Ɋɨɫɫɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɟ 

ɬɨɥɶɤɨ ɩɨɫɬɚɜɤɭ ɩɪɢɛɨɪɨɜ ɢ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɪɚɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɨ ɬɚɤɠɟ ɩɨɥɧɭɸ 

ɦɟɬɨɞɢɱɟɫɤɭɸ ɢ ɬɟɯɧɢɱɟɫɤɭɸ ɩɨɞɞɟɪɠɤɭ, ɝɚɪɚɧɬɢɣɧɨɟ ɢ ɫɟɪɜɢɫɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ. 

Ɉɛɨɪɭɞɨɜɚɧɢɟ LECO ɢɦɟɟɬ ɦɟɠɞɭɧɚɪɨɞɧɵɣ ɫɟɪɬɢɮɢɤɚɬ ɤɚɱɟɫɬɜɚ ISO-9001, ɚ ɬɚɤɠɟ 

ɜɧɟɫɟɧɨ ɜ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɪɟɟɫɬɪ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɣ ɊɎ. ȼ ɷɬɨɦ ɝɨɞɭ ɤɨɦɩɚɧɢɹ 

ɩɪɟɞɫɬɚɜɢɥɚ ɧɨɜɨɟ ɩɨɤɨɥɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɫɨɱɟɬɚɟɬɫɹ ɦɧɨɝɨɥɟɬɧɢɣ ɨɩɵɬ 

ɫɨɡɞɚɧɢɹ ɧɚɞɟɠɧɵɯ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɪɟɲɟɧɢɣ ɢ ɢɧɧɨɜɚɰɢɨɧɧɵɟ ɩɨɞɯɨɞɵ ɞɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɧɨɜɵɯ ɚɛɫɨɥɸɬɧɨ ɭɧɢɤɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɍɡɧɚɬɶ ɨɛ ɷɬɨɦ ɩɨɞɪɨɛɧɟɟ 

ɦɨɠɧɨ ɧɚ ɫɚɣɬɟ ru.leco-europe.com.  

LECO Corporation ɩɪɟɞɥɚɝɚɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɜɤɥɸɱɚɹ ɷɥɟɦɟɧɬɧɵɟ ɚɧɚɥɢɡɚɬɨɪɵ ɞɥɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɤɚɥɨɪɢɦɟɬɪɵ, ɫɩɟɤɬɪɨɦɟɬɪɵ ɬɥɟɸɳɟɝɨ ɪɚɡɪɹɞɚ, ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɟ ɚɧɚɥɢɡɚɬɨɪɵ, 

ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ ɢ ɢɫɩɵɬɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. Ȼɭɞɭɱɢ ɩɪɢɡɧɚɧɧɵɦ 

ɦɢɪɨɜɵɦ ɥɢɞɟɪɨɦ ɜ ɚɧɚɥɢɡɟ ɭɝɥɹ, ɤɨɤɫɚ ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ LECO ɩɪɟɞɥɚɝɚɟɬ 

ɚɧɚɥɨɝɢɱɧɵɟ ɝɨɬɨɜɵɟ ɪɟɲɟɧɢɹ ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɛɢɨɦɚɫɫɵ ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɢɞɨɜ 

ɬɨɩɥɢɜɚ. ȼ ɥɢɧɟɣɤɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɚɧɚɥɢɡɚɬɨɪɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ CHNOS 

ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ ɦɟɬɨɞɚɦɢ ɫɠɢɝɚɧɢɹ ɢ ɩɥɚɜɥɟɧɢɹ, ɩɪɢɛɨɪɵ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɨɥɵ/ɜɥɚɝɢ/ɥɟɬɭɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɬɟɩɥɨɬɜɨɪɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɦɧɨɝɢɟ 

ɞɪɭɝɢɟ. Ʉ ɩɪɢɦɟɪɭ, ɪɹɞ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɨɜ Ɋɨɫɫɢɢ ɢɫɩɨɥɶɡɭɸɬ ɜ ɫɜɨɢɯ 

ɥɚɛɨɪɚɬɨɪɢɹɯ ɩɪɢɛɨɪɵ LECO ɞɥɹ ɚɧɚɥɢɡɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɤɪɟɤɢɧɝɚ, ɩɨɫɤɨɥɶɤɭ 

ɫɬɚɧɞɚɪɬɧɵɣ ɦɟɬɨɞ UOP 703-09 "Ɉɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɜ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɫ 

ɩɨɦɨɳɶɸ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ ɢ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɞɟɬɟɤɬɨɪɚ" ɧɚɩɪɹɦɭɸ ɩɪɟɞɩɢɫɵɜɚɟɬ 

ɢɦɟɧɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɥɟɦɟɧɬɧɵɯ ɚɧɚɥɢɡɚɬɨɪɨɜ LECO.  

Ʉɨɦɩɚɧɢɹ LECO ɢɡɜɟɫɬɧɚ ɜ ɦɢɪɟ ɬɚɤɠɟ ɫɜɨɢɦɢ ɢɧɧɨɜɚɰɢɹɦɢ ɜ ɨɛɥɚɫɬɢ ɯɪɨɦɚɬɨ-

ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. ɋɬɪɚɬɟɝɢɹ ɜ ɪɚɡɜɢɬɢɢ Ƚɏ/Ɇɋ-ɩɪɢɛɨɪɨɜ ɩɨɡɜɨɥɢɥɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 
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ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɦɟɬɨɞ, ɱɬɨ ɷɬɨ ɨɬɤɪɵɥɨ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɚɛɫɨɥɸɬɧɨ ɧɨɜɵɟ 

ɜɨɡɦɨɠɧɨɫɬɢ. ɏɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɵ LECO ɫɟɪɢɢ Pegasus – ɷɬɨ ɩɪɢɦɟɪ ɫɨɱɟɬɚɧɢɹ 

ɭɧɢɤɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ: ɞɜɭɦɟɪɧɨɣ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɫ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦ 

ɜɪɟɦɹɩɪɨɥɟɬɧɵɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟɦ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ. 

Ɍɚɤɢɟ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɝɥɭɛɨɤɨɝɨ ɢɡɭɱɟɧɢɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɨɩɬɢɦɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɬɚɞɢɣ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ, 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɪɟɝɢɨɧɨɜ ɞɨɛɵɱɢ ɧɟɮɬɟɣ, ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɚɜɚɪɢɣɧɵɯ 

ɪɚɡɥɢɜɨɜ, ɩɨɢɫɤɚ ɰɟɥɟɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɬɨɩɥɢɜɚɯ ɢ ɦɚɪɤɟɪɨɜ ɜ ɫɵɪɨɣ ɧɟɮɬɢ, ɚ ɬɚɤɠɟ 

ɞɥɹ ɪɟɲɟɧɢɹ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɡɚɞɚɱ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɨɜ, ɜ ɤɨɬɨɪɵɯ ɭɫɬɚɧɨɜɥɟɧ ɩɥɚɧɚɪɧɵɣ 

ɦɧɨɝɨɨɬɪɚɠɚɬɟɥɶɧɵɣ ɜɪɟɦɹɩɪɨɥɟɬɧɵɣ ɦɚɫɫ-ɚɧɚɥɢɡɚɬɨɪ, ɩɨɡɜɨɥɹɸɳɢɣ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɫ 

ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ ɦɚɫɫ-ɫɩɟɤɬɪɵ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ, ɩɨɡɜɨɥɹɟɬ ɫ ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɶɸ 

ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɪɨɜɨɞɢɬɶ ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɜɟɳɟɫɬɜ, ɤɚɤ ɩɨ ɬɨɱɧɵɦ ɦɚɫɫɚɦ 

ɦɨɥɟɤɭɥɹɪɧɵɯ ɢ ɮɪɚɝɦɟɧɬɧɵɯ ɢɨɧɨɜ, ɬɚɤ ɢ ɩɨ ɧɟɢɫɤɚɠɟɧɧɵɦ ɢɧɬɟɧɫɢɜɧɨɫɬɹɦ ɩɢɤɨɜ 

ɢɡɨɬɨɩɧɵɯ ɤɥɚɫɬɟɪɨɜ. ȼɫɬɪɨɟɧɧɵɟ ɜ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɬɨɱɧɵɦ ɦɚɫɫɚɦ ɢɥɢ ɞɪɭɝɢɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɦɚɫɫ-

ɫɩɟɤɬɪɨɜ, ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɪɚɦɦ ɩɨ ɞɟɮɟɤɬɚɦ ɦɚɫɫ, ɷɤɜɢɜɚɥɟɧɬɚɦ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɢ 

ɫɨɨɬɧɨɲɟɧɢɸ ɷɥɟɦɟɧɬɨɜ ɞɚɸɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɜɚɠɧɭɸ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ. 

ȼɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɪɟɝɢɫɬɪɚɰɢɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɜ ɞɚɧɧɨɝɨ ɬɢɩɚ ɚɧɚɥɢɡɚɬɨɪɨɜ ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɱɟɬɚɬɶ ɟɝɨ ɫ ɩɨɥɧɨɣ ɞɜɭɦɟɪɧɨɣ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ. ɉɨɥɭɱɟɧɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ, ɱɬɨ ɛɥɚɝɨɞɚɪɹ ɩɪɢɧɰɢɩɭ ɞɜɭɦɟɪɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɢ 

ɩɨɥɭɱɟɧɢɸ ɢɫɱɟɪɩɵɜɚɸɳɟɣ ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɦɚɫɫ-ɫɩɟɤɬɪɨɜ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ, ɚ 

ɬɚɤɠɟ ɛɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ ɞɚɧɧɵɯ ɢ ɭɫɤɨɪɟɧɢɟ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

ɨɤɚɡɵɜɚɸɬɫɹ ɭɧɢɤɚɥɶɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɪɢ ɚɧɚɥɢɡɟ ɫɥɨɠɧɵɯ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ 

ɨɛɴɟɤɬɨɜ, ɤɚɤɢɦɢ ɹɜɥɹɸɬɫɹ ɧɟɮɬɶ ɢ ɩɪɨɞɭɤɬɵ ɟɟ ɩɟɪɟɪɚɛɨɬɤɢ.  
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ɋɉɂɋɈɄ ɍɑȺɋɌɇɂɄɈȼ ɄɈɇɎȿɊȿɇɐɂɂ 

Ⱥɛɢɥɨɜɚ Ƚɭɡɚɥɢɹ Ɋɚɲɢɞɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ⱥ.ȿ. Ⱥɪɛɭɡɨɜɚ Ʉɚɡɇɐ ɊȺɇ 

abiliti7@yandex.ru 

 

Ⱥɛɪɚɦɨɜɚ Ⱦɚɪɶɹ ɋɟɪɝɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

abramova.ds@mail.ru 

 

Ⱥɝɚɦɚɥɢɟɜ Ɂɚɭɪ Ɂɚɛɢɥ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, ɝ. Ȼɚɤɭ 

zaur_agamaliyev@hotmail.com 

 

Ⱥɝɥɢɭɥɥɢɧ Ɇɚɪɚɬ Ɋɚɞɢɤɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɍɎɂɐ ɊȺɇ 

maratradikovich@mail.ru 

 

Ⱥɥɟɧɬɶɟɜ Ⱦɦɢɬɪɢɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

d.alentiev@ips.ac.ru 

 

Ⱥɦɢɧɨɜ Ɋɢɲɚɬ ɂɲɛɢɪɞɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɍɎɂɐ ɊȺɇ 

rishaminov@gmail.com 

 

Ⱥɧɚɲɤɢɧ ɘɪɢɣ ȼɢɤɬɨɪɨɜɢɱ 
ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

yu.anashkin@gmail.com 

 

Ⱥɧɞɪɢɚɤɨ ȿɝɨɪ ɉɟɬɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

e.andriako@mail.ru 

 

Ⱥɧɨɯɢɧɚ Ɍɚɬɶɹɧɚ ɋɟɪɝɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

tsanokhina@ips.ac.ru 

 

Ⱥɪɬɟɦɨɜɚ Ɇɚɪɢɹ ɂɝɨɪɟɜɧɚ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

artemovamai@gmail.com 

 

Ⱥɪɭɬɸɧɨɜ Ⱥɪɬɟɦ ȼɥɚɞɢɦɢɪɨɜɢɱ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

aarutyunovv@gmail.com 

 

Ⱥɪɭɬɸɧɨɜ ȼɥɚɞɢɦɢɪ ɋɟɪɝɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ 

v_arutyunov@mail.ru 
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Ⱥɮɚɭɧɨɜ Ⱥɬɦɢɪ Ⱥɧɞɡɨɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ 

atmir.afaunov@mail.ru 

 

Ⱥɮɨɤɢɧ Ɇɢɯɚɢɥ ɂɜɚɧɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

m_afokin@ips.ac.ru 

 

Ⱥɯɦɟɞɨɜɚ ɇɚɪɝɢɡ Ɏɢɪɭɞɢɧ ɤɵɡɵ 
Ȼɚɤɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

n_akhmed@mail.ru 

 

Ȼɚɛɟɧɤɨ ɂɥɶɹ Ⱥɪɤɚɞɶɟɜɢɱ 
ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

legatt112@yandex.ru 

 

Ȼɚɛɤɢɧ ɘɪɢɣ Ⱥɥɟɤɫɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ, ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. 
Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

iurii.msk@ips.ac.ru 

 

Ȼɚɠɟɧɨɜ ɋɬɟɩɚɧ Ⱦɦɢɬɪɢɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

sbazhenov@ips.ac.ru 

 

Ȼɚɣɛɚɤɨɜɚ Ʉɪɢɫɬɢɧɚ Ɏɚɪɢɞɨɜɧɚ 
Ɍɨɥɶɹɬɬɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

kri8327@yandex.ru 

 

Ȼɚɣɠɭɦɚɧɨɜɚ Ɍɨɥɤɵɧ ɋɚɩɚɪɛɟɤɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɬɨɩɥɢɜɚ, ɤɚɬɚɥɢɡɚ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦ. Ⱦ.ȼ. ɋɨɤɨɥɶɫɤɨɝɨ 

baizhuma@mail.ru 

 

Ȼɚɤɚɧɟɜ ɂɜɚɧ Ⱥɥɟɤɫɟɟɜɢɱ 
ɈɈɈ «Ɋɇ-ɐɂɊ» 

BakanevIA@rn-rdc.ru 

 

Ȼɚɤɚɧɨɜɚ Ɉɥɶɝɚ ɋɟɪɝɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ ɧɟɮɬɢ ɋɈ ɊȺɇ 

avr@ipc.tsc.ru 

 

Ȼɚɭɥɢɧ ɋɟɪɝɟɣ ȼɹɱɟɫɥɚɜɨɜɢɱ 
Ɇɨɫɤɨɜɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɂɧɫɬɢɬɭɬ ɬɨɧɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ 
ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ) 
baulinsv@yandex.ru 

 

Ȼɚɯɬɢɧ Ⱦɚɧɢɥɚ ɋɬɚɧɢɫɥɚɜɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

db2@ips.ac.ru 

 



776 

 

Ȼɟɥɨɩɭɯɨɜ ȿɜɝɟɧɢɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ 

eugebel@yandex.ru 

 

Ȼɟɥɨɫɬɨɰɤɢɣ ɂɝɨɪɶ Ⱥɧɞɪɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

belostotsky@ips.ac.ru 

 

Ȼɟɪɟɫɧɟɜɚ ȿɤɚɬɟɪɢɧɚ ȼɢɤɬɨɪɨɜɧɚ 
ɎȺɍ "25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ" 

beresnevaev@mail.ru 

 

Ȼɟɪɦɟɲɟɜɚ ȿɜɝɟɧɢɹ ȼɥɚɞɢɦɢɪɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

Janebp@ips.ac.ru 

 

Ȼɨɛɤɨɜɚ Ɍɚɬɶɹɧɚ ȼɢɤɬɨɪɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ 

sprini@list.ru 

 

Ȼɨɥɶɲɚɤɨɜ Ⱥɥɟɤɫɚɧɞɪ ȼɥɚɞɢɦɢɪɨɜɢɱ 
ɈɈɈ "ɅɍɄɈɃɅ - ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ" 

Alexander.Bolshakov@lukoil.com 

 

Ȼɨɪɟɰɤɚɹ Ⱥɜɝɭɫɬɢɧɚ ȼɚɞɢɦɨɜɧɚ 
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ger-avg91@mail.ru 

 

Ȼɨɪɢɫɨɜɚ ɘɥɢɚɧɧɚ Ƚɟɧɧɚɞɶɟɜɧɚ 
ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

yulianna_borisova@mail.ru 

 

Ȼɪɵɠɢɧ Ⱥɥɟɤɫɚɧɞɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

alexandrbr93@gmail.com 
 

Ȼɭɞɚɝɨɜɚ Ɋɚɯɢɥɹ ɇɚɡɢɦ 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ɇ.Ɏ.ɇɚɝɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

rahila.budaqova@mail.ru 
 

Ȼɭɪɰɟɜ Ⱥɥɟɤɫɚɧɞɪ Ⱥɥɟɤɫɟɟɜɢɱ 
ɆȽɍ ɢɦ. Ɇ.ȼ.Ʌɨɦɨɧɨɫɨɜɚ 

sahkooooo@mail.ru 
 

Ȼɭɯɬɢɹɪɨɜ ȼɚɥɟɪɢɣ ɂɜɚɧɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ 

bic@catalysis.ru, vib@catalysis.ru 
 

Ȼɭɯɬɢɹɪɨɜɚ Ƚɚɥɢɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ 

gab@catalysis.ru 
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ȼɚɥɢɟɜ Ⱦɢɧɚɪ Ɂɢɧɧɭɪɨɜɢɱ 
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) Ɏɟɞɟɪɚɥɶɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ 

valievdz@bk.ru 

 

ȼɚɪɮɨɥɨɦɟɟɜ ɋɟɪɝɟɣ Ⱦɦɢɬɪɢɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.Ɇ. ɗɦɚɧɭɷɥɹ ɊȺɇ 

sdvarf@sky.chph.ras.ru 

 

ȼɟɪɟɳɚɝɢɧɚ ɇɚɞɟɠɞɚ ȼɥɚɞɢɦɢɪɨɜɧɚ 
ɈɈɈ «Ɋɇ-ɐɂɊ» 

VereshchaginaNV@rn-rdc.ru 

 

ȼɟɪɧɢɝɨɪɨɜ Ʉɨɧɫɬɚɧɬɢɧ Ȼɨɪɢɫɨɜɢɱ 
ɋɂȻɍɊ 

VernigorovKB@sibur.ru 

 

ȼɢɧɧɢɤɨɜɚ Ɇɚɪɢɹ Ⱥɧɞɪɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

vinnikova@ips.ac.ru 

 

ȼɢɫɚɥɢɟɜ Ɇɭɪɚɬ əɯɶɹɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

visaliev@ips.ac.ru 

 

ȼɥɚɫɨɜɚ ȿɜɝɟɧɢɹ ɇɢɤɨɥɚɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ 

lili9@mail.ru 

 

ȼɨɡɧɹɤ Ⱥɥɟɧɚ ɂɝɨɪɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

wozniak@ips.ac.ru 

 

ȼɨɫɦɟɪɢɤɨɜ Ⱥɧɬɨɧ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ ɧɟɮɬɢ ɋɈ ɊȺɇ 

antonvosmerikov@gmail.com 

 

ȼɭɬɨɥɤɢɧɚ Ⱥɧɧɚ ȼɢɤɬɨɪɨɜɧɚ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

annavutolkina@mail.ru 

 

Ƚɚɜɪɢɥɨɜ Ƚɟɪɚɫɢɦ Ⱥɥɶɛɟɪɬɨɜɢɱ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

nekhaev@ips.ac.ru 

 

Ƚɚɜɪɢɥɨɜ ɉɚɜɟɥ Ⱥɥɟɤɫɟɟɜɢɱ 
ɎȺɍ «25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ» 

gavrilov.p.a@mail.ru 

 

Ƚɚɞɠɢɟɜɚ Ʉɚɦɚɥɚ ɒɚɦɢɥɶ ɤɵɡɵ 
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ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɚɤɚɞɟɦɢɤɚ ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ ɇȺɇ 
Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

h.kama91@mail.ru 

 

Ƚɚɟɬɤɭɥɨɜɚ Ƚɭɥɶɲɚɬ Ʉɚɦɢɥɟɜɧɚ 
ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

gulshat.gaetkulova@gmail.com 

 

Ƚɚɧɟɟɜɚ ɘɥɢɹ Ɇɭɪɚɬɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ⱥ.ȿ. Ⱥɪɛɭɡɨɜɚ Ʉɚɡɇɐ ɊȺɇ 

ganeeva@iopc.ru 

 

Ƚɚɯɪɚɦɚɧɨɜ Ɍɚɥɟɯ Ɉɪɞɭɯɚɧ 
Ȼɚɤɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

taleh_bdu@mail.ru 

 

Ƚɟɪɡɟɥɢɟɜ ɂɥɶɹɫ Ɇɚɝɨɦɟɞɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

gerzeliev@ips.ac.ru 

 

Ƚɥɨɬɨɜ Ⱥɥɟɤɫɚɧɞɪ ɉɚɜɥɨɜɢɱ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

glotov.a@gubkin.ru 

 

Ƚɥɹɞɹɟɜ Ⱦɦɢɬɪɢɣ ɘɪɶɟɜɢɱ 
ɎȺɍ "25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ" 

glyadyaevd12@yandex.ru 
 

Ƚɨɥɢɧɫɤɢɣ Ⱦɦɢɬɪɢɣ ȼɥɚɞɢɦɢɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ 

goldim@ihcp.ru 
 

Ƚɨɥɨɜɤɨ Ⱥɧɚɬɨɥɢɣ Ʉɭɡɶɦɢɱ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ ɧɟɮɬɢ ɋɈ ɊȺɇ 

golovko@ipc.tsc.ru 
 

Ƚɨɥɭɛɟɜ Ƚɟɨɪɝɢɣ ɋɟɪɝɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

Golubevgs@ips.ac.ru 
 

Ƚɨɥɭɛɟɜ Ɉɥɟɝ ȼɥɚɞɢɦɢɪɨɜɢɱ 
ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

olegolub@mail.ru 
 

Ƚɨɧɱɚɪɨɜɚ Ⱥɪɢɧɚ ȼɥɚɞɢɦɢɪɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

goncharova@ips.ac.ru 
 

Ƚɨɪɛɭɧɨɜ Ⱦɦɢɬɪɢɣ ɇɢɤɨɥɚɟɜɢɱ 
ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

suskab_91@mail.ru 
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Ƚɨɪɟɥɵɲɟɜɚ ȼɚɥɟɪɢɹ ȿɜɝɟɧɶɟɜɧɚ 
Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

gorelyshevav@gmail.com 

 

Ƚɨɫɬɟɜ ɋɟɪɝɟɣ ɋɟɪɝɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ 

gostev1992@bk.ru 

 

Ƚɪɢɝɨɪɶɟɜɚ ȿɤɚɬɟɪɢɧɚ ȼɢɤɬɨɪɨɜɧɚ 
ȺɈ "ȼɇɂɂ ɇɉ" 

trifonovaev@vniinp.ru 

 

Ƚɪɭɲɟɜɟɧɤɨ ȿɜɝɟɧɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

evgrushevenko@ips.ac.ru 

 

Ƚɭɛɚɧɨɜ Ɇɢɯɚɢɥ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

gubanov@ips.ac.ru 

 

Ƚɭɫɟɜɚ Ɇɚɪɢɧɚ Ⱥɥɟɤɫɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

m.guseva@ips.ac.ru 

 

Ƚɭɫɟɣɧɨɜ ɗɥɶɱɢɧ Ɋɚɦɢɡ ɨɝɥɵ 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ Ɇ. ɇɚɝɢɟɜɚ ɇȺɇ 
Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

chem@science.az 

 

Ⱦɚɜɵɞɨɜ ɂɥɶɹ Ⱥɥɟɤɫɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

davidov.i.a@ips.ac.ru 

 

Ⱦɟɦɟɧɬɶɟɜ Ʉɨɧɫɬɚɧɬɢɧ ɂɝɨɪɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

kdementev@gmail.com 

 

Ⱦɟɦɟɧɬɶɟɜɚ Ɉɤɫɚɧɚ ɋɟɪɝɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

dementyeva@ips.ac.ru 

 

Ⱦɟɦɢɯɨɜɚ ɇɚɬɚɥɢɹ Ɋɭɫɥɚɧɨɜɧɚ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ. Ɇ. Ƚɭɛɤɢɧɚ 

natashademihova@icloud.com 

 

Ⱦɠɚɛɚɪɨɜ ɗɞɭɚɪɞ Ƚɟɧɧɚɞɶɟɜɢɱ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ. Ɇ. Ƚɭɛɤɢɧɚ 

dzhabarov.e@mail.ru 

 

Ⱦɠɭɦɚɛɚɟɜɚ Ʌɚɣɥɚ ɋɚɥɚɦɚɬɨɜɧɚ 
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ȺɈ «ɂɧɫɬɢɬɭɬ ɬɨɩɥɢɜɚ, ɤɚɬɚɥɢɡɚ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦ. Ⱦ.ȼ. ɋɨɤɨɥɶɫɤɨɝɨ», ɝ. Ⱥɥɦɚɬɵ; 
Ʉɚɡɚɯɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ʉ.ɂ. 
ɋɚɬɩɚɟɜɚ, ɝ. Ⱥɥɦɚɬɵ 

djumabaevals@mail.ru 

 

Ⱦɦɢɬɪɢɟɜ Ⱥɥɟɤɫɟɣ ȼɥɚɞɢɦɢɪɨɜɢɱ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

alexey-dmitriev-i@yandex.ru 

 

Ⱦɦɢɬɪɭɤ Ⱥɧɧɚ ɋɟɪɝɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ, ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

anitadmitruk@gmail.com 

 

ȿɥɢɡɚɪɨɜɚ ɇɚɞɟɠɞɚ ɂɝɨɪɟɜɧɚ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

topolyuk.y@gubkin.ru 

 

ȿɪɚɲɟɜɚ Ⱥɧɚɫɬɚɫɢɹ ɋɟɪɝɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

erasheva@ips.ac.ru 

 

ȿɪɟɦɟɟɜɚ Ⱥɧɠɟɥɢɤɚ Ɇɢɯɚɣɥɨɜɧɚ 
ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

eremeevaanzhelika@rambler.ru 

 

ȿɪɦɨɥɚɟɜ ɂɥɶɹ ɋɟɪɝɟɟɜɢɱ 
ɎȽȻɇɍ ɌɂɋɇɍɆ, ɈɈɈ «ɂɇɎɊȺ ɬɟɯɧɨɥɨɝɢɢ» 

ermolaevis@tisnum.ru 

 

ɀɚɪɧɢɤɨɜɚ ɗɥɶɜɢɪɚ Ʌɶɜɨɜɧɚ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

nekhaev@ips.ac.ru 

 

ɀɢɝɚɪɟɜ ȼɫɟɜɨɥɨɞ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

zhigarev@ips.ac.ru 

 

ɀɦɵɥɟɜ ȼɢɬɚɥɢɣ ɉɚɜɥɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

gmylev@ips.ac.ru 

 

Ɂɚɪɢɩɨɜ ɂɥɶɧɚɡ ɂɥɶɞɚɪɨɜɢɱ 
ɋɂȻɍɊ 

zaripovii@sibur.ru 

 

Ɂɚɫɵɩɚɥɨɜ Ƚɥɟɛ Ɉɥɟɝɨɜɢɱ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

topolyuk.y@gubkin.ru 

 

Ɂɚɯɚɪɨɜ ȼɥɚɞɢɦɢɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
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ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ 

zva@catalysis.ru 

 

Ɂɢɛɪɨɜɚ ɋɜɟɬɥɚɧɚ ɇɢɤɨɥɚɟɜɧɚ 
ɈɈɈ "ɇɉɉ Ʉɜɚɥɢɬɟɬ" 

zibrovalana@yandex.ru 

 

Ɂɢɦɢɧ əɪɨɫɥɚɜ ɋɟɪɝɟɟɜɢɱ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

iaroslaw.zimin@gmail.com 

 

Ɂɢɧɱɟɧɤɨ ȼɟɪɨɧɢɤɚ ȼɥɚɞɢɦɢɪɨɜɧɚ 
Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

maruna90@bk.ru 

 

ɂɜɚɧɨɜ ɋɟɪɝɟɣ ȼɢɤɬɨɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

ivanovsv@ips.ac.ru 

 

ɂɜɚɧɨɜɚ Ⱥɧɚɫɬɚɫɢɹ ɇɢɤɨɥɚɟɜɧɚ 
Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ- ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

Yiruma96@mail.ru 

 

ɂɜɚɧɨɜɚ ɂɪɢɧɚ ɂɝɨɪɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

iiivanova@phys.chem.msu.ru 

 

ɂɜɚɧɰɨɜ Ɇɢɯɚɢɥ ɂɜɚɧɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

ivantsov@ips.ac.ru 

 

ɂɫɥɚɦɨɜ ɂɥɶɝɢɡ ɂɥɲɚɬɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɊȺɇ 

iislamovi@gmail.com 

 

Ƀɨɥɱɭɟɜɚ ɍɥɶɜɢɹ Ⱦɠɟɣɯɭɧ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

ulviyya.yolcuyeva@gmail.com 

 

Ʉɚɞɢɟɜ ɏɭɫɚɢɧ Ɇɚɝɚɦɟɞɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

kadiev@ips.ac.ru 

 

Ʉɚɞɢɟɜɚ Ɇɚɥɤɚɧ ɏɭɫɚɢɧɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

mkadieva@ips.ac.ru 

 

Ʉɚɥɟɧɨɜɚ Ⱥɥɟɤɫɚɧɞɪɚ ɋɟɪɝɟɟɜɧɚ 
əɪɨɫɥɚɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

kurganovaea@ystu.ru 
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Ʉɚɪɚɜɚɟɜ Ⱥɥɟɤɫɚɧɞɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

aleksankarav@yandex.ru 

 

Ʉɚɪɩɨɜ ȼɚɫɢɥɢɣ Ɇɢɯɚɣɥɨɜɢɱ 
Ɇɨɫɤɨɜɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɢɧɫɬɢɬɭɬ ɬɨɧɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ 

mikki_992@mail.ru 

 

Ʉɚɪɩɨɜ Ƚɥɟɛ Ɉɥɟɝɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

karpov@ips.ac.ru 

 

Ʉɚɲɤɚɣ Ⱥɣɛɟɧɢɡ Ɇɢɪɚɥɢ 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ Ɇ. ɇɚɝɢɟɜɚ ɇȺɇ 
Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

kashkay@mail.ru 

 

Ʉɟɪɢɦɥɢ Ɏɭɚɞ ɒɚɦɫɚɞɞɢɧ 
Ȼɚɤɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

fuad_kerimli80@mail.ru 

 

Ʉɢɦ Ɉɥɶɝɚ Ʉɥɟɦɟɧɬɶɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɬɨɩɥɢɜɚ, ɤɚɬɚɥɢɡɚ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦ. Ⱦ.ȼ. ɋɨɤɨɥɶɫɤɨɝɨ 

kimolya82@mail.ru 

 

Ʉɢɪɝɢɡɨɜ Ⱥɥɟɤɫɟɣ ɘɪɶɟɜɢɱ 
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

lexa0512@gmail.com 

 

Ʉɥɢɦɨɜ ɇɢɤɢɬɚ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ȺɈ «ȼɇɂɂ ɇɉ» 

klimovna@vniinp.ru 

 

Ʉɧɹɡɟɜɚ Ɇɚɪɢɹ ɂɝɨɪɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

knyazeva@ips.ac.ru 

 

Ʉɨɛɥɨɜ ȿɜɝɟɧɢɣ Ⱥɥɟɤɫɟɟɜɢɱ 
ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ» 

qualitet.ek@yandex.ru 

 

Ʉɨɜɚɥɟɜɚ Ⱥɧɚɫɬɚɫɢɹ ȿɜɝɟɧɶɟɜɧɚ 
ɘɠɧɨ-Ʉɚɡɚɯɫɬɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ. Ⱥɭɷɡɨɜɚ 

anastasiya2301@mail.ru 

 

Ʉɨɡɥɨɜɚ Ⱥɥɢɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

a_a_kozlova@ips.ac.ru 

 

Ʉɨɦɚɪɨɜ ɂɥɶɹ Ʉɨɧɫɬɚɧɬɢɧɨɜɢɱ 
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ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

Bkmz.1994@yandex.ru 

 

Ʉɨɪɟɧɤɨɜ Ʉɨɧɫɬɚɧɬɢɧ Ɉɥɟɝɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ 

konstantinkorenkov@mail.ru 

 

Ʉɨɪɧɚɭɯɨɜɚ ɇɚɬɚɥɶɹ Ⱥɥɟɤɫɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɬɨɩɥɢɜɚ, ɤɚɬɚɥɢɡɚ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦ. Ⱦ.ȼ. ɋɨɤɨɥɶɫɤɨɝɨ. ɝ. Ⱥɥɦɚɬɵ 

n_korn77@mail.ru 

 

Ʉɨɫɚɪɟɜɚ Ɉɥɶɝɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɈɈɈ "Ɋɇ-ɐɂɊ" 

KosarevaOA@rn-rdc.ru 

 

Ʉɪɵɫɚɧɨɜɚ Ʉɪɢɫɬɢɧɚ Ɉɥɟɝɨɜɧɚ 
Ɉɛɴɟɞɢɧёɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ 

vermont.content@gmail.com 

 

Ʉɭɡɧɟɰɨɜ ɂɥɶɹ ɘɪɶɟɜɢɱ 
Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

maruna90@bk.ru 

 

Ʉɭɡɶɦɢɧ Ⱥɥɟɤɫɟɣ ȿɜɝɟɧɶɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

kuzmin@ips.ac.ru 

 

Ʉɭɥɢɤɨɜ Ⱥɥɶɛɟɪɬ Ȼɨɪɢɫɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

akulikov@ips.ac.ru 

 

Ʉɭɥɢɤɨɜɚ Ɇɚɣɹ ȼɚɥɟɪɶɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

m_krylova@ips.ac.ru 

 

Ʉɭɱɢɧɫɤɚɹ Ɍɚɬɶɹɧɚ ɋɟɪɝɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

k.tatjana15@gmail.com 

 

Ʌɚɜɪɟɧɨɜ Ⱥɥɟɤɫɚɧɞɪ ȼɚɥɟɧɬɢɧɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ 

direct@ihcp.ru 

 

Ʌɚɩɢɧɚ Ɇɚɪɢɹ ɋɟɪɝɟɟɜɧɚ 
ɈɈɈ "Ƚɚɡɩɪɨɦ ȼɇɂɂȽȺɁ" 

M_Lapina@vniigaz.gazprom.ru 

 

Ʌɚɫɤɢɧ Ⱥɪɬɟɦ ɂɝɨɪɟɜɢɱ 
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

artemka166@mail.ru 
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Ʌɟɛɟɞɟɜɚ ɇɚɞɟɠɞɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɈɈɈ "ɇɉɉ Ʉɜɚɥɢɬɟɬ" 

nadyaLeb@yandex.ru 

 

Ʌɟɜɲɚɤɨɜ ɇɢɤɨɥɚɣ ɋɟɪɝɟɟɜɢɱ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

levshakov_nikk@bk.ru 

 

Ʌɟɞɟɧɟɜ ɋɟɪɝɟɣ Ɇɢɯɚɣɥɨɜɢɱ 
ȼɨɥɝɨɝɪɚɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ledenev@vstu.ru 

 

Ʌɨɤɬɟɜɚ ȿɤɚɬɟɪɢɧɚ ɋɟɪɝɟɟɜɧɚ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

les@kge.msu.ru 

 

Ʌɭɝɜɢɳɭɤ Ⱦɦɢɬɪɢɣ ɋɟɪɝɟɟɜɢɱ 
ɎȽȻɇɍ ɌɂɋɇɍɆ 

lugvishchuk.d@tisnum.ru 

 

Ʌɹɞɨɜ Ⱥɧɬɨɧ ɋɟɪɝɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

lyadov@ips.ac.ru 

 

Ɇɚɤɟɟɜɚ Ⱦɚɪɶɹ Ⱥɧɞɪɟɟɜɧɚ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

d-makeeva95@yandex.ru 

 

Ɇɚɤɥɚɤɨɜɚ ɂɪɢɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ 

maklakosha@yandex.ru 
 

Ɇɚɤɫɢɦɨɜ Ⱥɧɬɨɧ Ʌɶɜɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

max@ips.ac.ru 
 

Ɇɚɥɵɲɟɜ ɋɟɪɝɟɣ Ⱥɧɞɪɟɟɜɢɱ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

malyshev.sergey.a@gmail.com 
 

Ɇɚɦɟɞɛɟɣɥɢ ɗɥɶɞɚɪ Ƚɭɫɟɣɧɝɭɥɭ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

gulsum.mete@mail.ru 
 

Ɇɚɦɦɚɞɨɜɚ Ɏɢɞɚɧ Ⱥɤɢɮ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦ. ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

fidan.mammadova.msu@gmail.com 
 

Ɇɚɫɫɨɥɶɞ Ⱥɧɚɫɬɚɫɢɹ ȼɥɚɞɢɦɢɪɨɜɧɚ 
ɎȺɍ "25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɨɪɨɧɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ" 

Suslik1990.90@bk.ru 

 



785 

 

Ɇɚɬɜɟɟɜ ɉɚɜɟɥ ȼɚɥɟɪɶɟɜɢɱ 
ɎȺɍ "25-ɣ Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɨɪɨɧɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ" 

pavelmatveev04@gmail.com 

 

Ɇɚɰɶɤɨ Ɇɢɯɚɢɥ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ 

matsko@catalysis.ru 

 

Ɇɟɥɶɧɢɤɨɜ Ⱦɦɢɬɪɢɣ ɉɟɬɪɨɜɢɱ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

melnickd@mail.ru 

 

Ɇɟɥɶɱɚɤɨɜ ɂɥɶɹ ɋɟɪɝɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

Melchakov.is@ips.ac.ru 

 

Ɇɟɪɤɭɥɨɜɚ Ɇɚɪɢɹ ȼɥɚɞɢɦɢɪɨɜɧɚ 
ɆɎɌɂ 

mariya.merkulova@phystech.edu 

 

Ɇɢɥɨɪɞɨɜ Ⱦɦɢɬɪɢɣ ȼɚɥɟɪɶɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ⱥ.ȿ. Ⱥɪɛɭɡɨɜɚ Ʉɚɡɇɐ ɊȺɇ 

milordoff@ya.ru 

 

Ɇɢɯɚɣɥɨɜɚ Ⱥɧɚɫɬɚɫɢɹ ɇɢɤɨɥɚɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. Ⱥ.ȿ. Ⱥɪɛɭɡɨɜɚ Ʉɚɡɇɐ ɊȺɇ 

stasu07@mail.ru 

 

Ɇɢɯɚɣɥɨɜɚ ɇɚɬɚɥɶɹ ɇɢɤɨɥɚɟɜɧɚ 
ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ximik2008@mail.ru 
 

Ɇɨɪɨɡɨɜ Ɇɚɤɫɢɦ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ ɧɟɮɬɢ ɋɈ ɊȺɇ 

fr0stm4n@yandex.ru 
 

Ɇɨɪɨɧɰɟɜ Ⱥɥɟɤɫɚɧɞɪ Ⱥɥɟɤɫɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

morontsev@ips.ac.ru 
 

Ɇɭɛɚɪɚɤɲɢɧ Ɋɢɧɚɬ Ɋɚɧɢɥɟɜɢɱ 
ɋɂȻɍɊ 

MubarakshinRR@niost.sibur.ru 
 

Ɇɭɪɚɲɤɢɧɚ Ⱥɥɟɜɬɢɧɚ ȼɥɚɞɢɦɢɪɨɜɧɚ 
ɎȺɍ "25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɨɪɨɧɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ" 

alyamurashkina@gmail.com 
 

Ɇɭɫɚɟɜɚ ɗɥɶɧɚɪɚ ɋɚɝɢɛ ɝɵɡɵ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦɟɧɢ ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

musayeva.e.s.88@gmail.com 

 

mailto:musayeva.e.s.88@gmail.com
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Ɇɭɫɬɚɮɢɧ ɏɚɪɢɫ ȼɚɝɢɡɨɜɢɱ 
ɈȺɈ «Ɍɚɬɧɟɮɬɟɯɢɦɢɧɜɟɫɬ-ɯɨɥɞɢɧɝ» 

jarullin@tnhi.mi.ru 

 

Ɇɭɯɚɦɟɞɶɹɪɨɜɚ Ⱥɥɢɹ ɇɚɢɥɶɟɜɧɚ 
Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

anm03@list.ru 

 

Ɇɵɥɬɵɤɛɚɟɜɚ Ʌɚɭɪɚ Ʉɚɞɟɧɨɜɧɚ 
ɊȽɉ ɧɚ ɉɏȼ "ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɝɨɪɟɧɢɹ" 

laura.kaden@mail.ru 

 

ɇɚɝɢɟɜɚ Ɇɟɯɪɢɛɚɧ ȼɢɞɚɞɢ ɝɵɡɵ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɦɟɧɢ ɘ.Ƚ. Ɇɚɦɟɞɚɥɢɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

mehri.nagieva@mail.ru 

 

ɇɚɪɚɧɨɜ ȿɜɝɟɧɢɣ Ɋɭɫɥɚɧɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

naranov@ips.ac.ru 

 

ɇɚɫɬɢɧ Ⱥɧɬɨɧ ɇɢɤɨɥɚɟɜɢɱ 
ɈɈɈ "Ɋɇ-ɐɂɊ" 

nastinAN@rn-rdc.ru 

 

ɇɝɭɟɧ ȼɚɧ ɏɭɢ 
Ɇɨɫɤɨɜɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

filimonov999@mail.ru 

 

ɇɟɧɚɲɟɜɚ Ɇɚɪɢɹ ȼɥɚɞɢɦɢɪɨɜɧɚ 
ɆȽɍ ɢɦ. Ɇ. ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

mn2206@yandex.ru 
 

ɇɟɩɨɦɧɹɳɢɣ Ⱥɥɟɤɫɚɧɞɪ Ⱥɧɞɪɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ 

himik@ihcp.ru 
 

ɇɢ Ⱦɟɧɢɫ ɋɟɪɝɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

nidenis@ips.ac.ru 
 

ɇɢɤɢɬɢɧ Ⱥɥɟɤɫɟɣ ȼɢɬɚɥɶɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ 

ni_kit_in@rambler.ru 
 

ɇɢɤɭɥɶɲɢɧ ɉɚɜɟɥ Ⱥɧɚɬɨɥɶɟɜɢɱ 
ȺɈ «ȼɇɂɂ ɇɉ» 

NikulshinPA@vniinp.ru 
 

ɇɨɜɢɤɨɜɚ Ⱥɧɚɫɬɚɫɢɹ ɋɟɪɝɟɟɜɧɚ 
ɉȺɈ "ɇɢɠɧɟɤɚɦɫɤɧɟɮɬɟɯɢɦ" 

SofronovaOV@nknh.ru 

 

mailto:jarullin@tnhi.mi.ru
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ɇɨɪɤɨ ɋɟɦɟɧ ɂɜɚɧɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

semen1210@mail.ru 

 

Ɉɛɭɯɨɜɚ Ɍɚɬɶɹɧɚ Ʉɨɧɫɬɚɧɬɢɧɨɜɧɚ 
ɂɇɏɋ ɊȺɇ 

obukhova@ips.ac.ru 

 

Ɉɡɟɪɫɤɢɣ Ⱥɥɟɤɫɟɣ ȼɚɥɟɪɢɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ 

alex.ozersky.1992@gmail.com 

 

Ɉɫɢɩɨɜ Ⱥɥɟɤɫɟɣ Ɋɨɦɚɧɨɜɢɱ 
Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Dysprozii@icloud.com 

 

ɉɚɥɚɧɤɨɟɜ Ɍɢɦɭɪ Ⱥɯɦɟɬɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

tpalankoev@ips.ac.ru 

 

ɉɚɧɸɤɨɜɚ Ⱦɚɪɶɹ ɂɝɨɪɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

panykova@ips.ac.ru 

 

ɉɚɪɯɨɦɟɧɤɨ Ⱥɧɚɫɬɚɫɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

anparkhomenko@mail.ru 

 

ɉɟɪɟɫɵɩɤɢɧɚ ȿɤɚɬɟɪɢɧɚ Ƚɟɧɧɚɞɶɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

peresypkina_eg@ips.ac.ru 
 

ɉɟɬɪɨɜ Ʌɟɜ ȼɚɫɢɥɶɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ 

plv@icp.ac.ru 
 

ɉɟɬɪɭɯɢɧɚ ɇɚɬɚɥɶɹ ɇɢɤɨɥɚɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

n.petrukhina@ips.ac.ru 
 

ɉɢɝɨɥɟɜɚ ɂɪɢɧɚ ȼɥɚɞɢɦɢɪɨɜɧɚ 
ɈɈɈ "Ɋɇ-ɐɂɊ" 

pigolevaiv@rn-rdc.ru 
 

ɉɢɫɤɭɧɨɜɚ ȿɤɚɬɟɪɢɧɚ ɋɟɪɝɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ, Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

kate.piscunova@gmail.com 
 

ɉɥɚɬɟ Ɏɟɥɢɤɫ Ⱥɥɶɮɪɟɞɨɜɢɱ 
bakajanai.ore@gmail.com 
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ɉɨɞɬɵɧɧɢɤɨɜ ɂɜɚɧ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

podtynnikov@ips.ac.ru 

 

ɉɨɥɟɜɚɹ ȼɢɤɬɨɪɢɹ Ƚɟɧɧɚɞɶɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

polevaya@ips.ac.ru 

 

ɉɨɥɢɤɚɪɩɨɜɚ ɉɨɥɢɧɚ Ⱦɢɦɢɬɪɨɜɧɚ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

polikarpova-polina@rambler.ru 

 

ɉɨɧɨɦɚɪɟɜɚ Ⱥɧɧɚ Ʉɨɧɫɬɚɧɬɢɧɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

ann00x@yandex.ru 

 

ɉɨɩɨɜɚ Ⱥɥɢɧɚ Ɂɚɝɢɬɨɜɧɚ 
ɆɎɌɂ 

popova.az@cet-mipt.ru 

 

ɉɫɢɯɚ Ȼɨɪɢɫ Ʌɶɜɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ 

psi@icp.ac.ru 

 

ɉɭɧɚɧɨɜɚ ɋɜɟɬɥɚɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɧɟɮɬɢ ɢ ɝɚɡɚ ɊȺɇ 

punanova@mail.ru 

 

Ɋɨɝɚɱɟɜɚ Ⱥɧɚɫɬɚɫɢɹ Ɉɥɟɝɨɜɧɚ 
Ɍɨɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Roga4eva1015@yandex.ru 
 

Ɋɨɥɞɭɝɢɧɚ ȿɤɚɬɟɪɢɧɚ Ⱥɥɟɤɫɟɟɜɧɚ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

rolduginakate@mail.ru 
 

Ɋɨɦɚɡɚɧɨɜɚ Ⱦɚɪɶɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

romazanova@ips.ac.ru 
 

Ɋɭɧɟɧɤɨɜ Ⱥɧɬɨɧ ȼɥɚɞɢɦɢɪɨɜɢɱ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

runanton@yandex.ru 
 

Ɋɹɛɢɧɫɤɚɹ Ʉɫɟɧɢɹ ɋɟɪɝɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

ryabinskaya@mail.ru 
 

ɋɚɜɟɥɶɟɜ ȿɜɝɟɧɢɣ Ⱥɥɟɤɫɟɟɜɢɱ 
Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

savevgenii@gmail.com 
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ɋɚɜɱɟɧɤɨ Ⱥɥɟɤɫɟɣ Ɉɥɟɝɨɜɢɱ 
ɈɈɈ «ɇɉɉ Ʉɜɚɥɢɬɟɬ» 

savchenko-ao@yandex.ru 

 

ɋɚɝɚɪɚɞɡɟ Ⱥɥɟɤɫɚɧɞɪ Ⱦɦɢɬɪɢɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

sagaradze96@gmail.com 

 

ɋɚɢɬɨɜ Ɂɚɭɪ Ⱥɥɚɭɞɢɧɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

saitov@ips.ac.ru 

 

ɋɚɦɨɣɥɨɜ ȼɚɞɢɦ Ɉɥɟɝɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

samoilov@ips.ac.ru 

 

ɋɟɞɨɜ ɂɝɨɪɶ ȼɥɚɞɢɦɢɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɊȺɇ 

isedov@icp.ac.ru 

 

ɋɟɥɟɡɧɟɜ Ɇɚɤɫɢɦ ȼɢɬɚɥɶɟɜɢɱ 
ɎȺɍ "25 Ƚɨɫɇɂɂ ɯɢɦɦɨɬɨɥɨɝɢɢ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɨɪɨɧɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ" 

mr.selmaks@mail.ru 

 

ɋɟɧɢɧ Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɈɈɈ «Ɋɇ-ɐɂɊ» 

SeninAA@rn-rdc.ru 

 

ɋɟɪɟɛɪɟɧɧɢɤɨɜ Ⱦɦɢɬɪɢɣ ȼɟɧɢɚɦɢɧɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɢ ɢ ɤɚɬɚɥɢɡɚ ɊȺɇ 

d25c25@yandex.ru 

 

ɋɢɪɚɡɢɟɜɚ Ʌɢɥɢɹ Ɏɢɥɢɤɫɨɜɧɚ 
ɉȺɈ «Ʉɚɡɚɧɶɨɪɝɫɢɧɬɟɡ» 

Sirlilia@rambler.ru 

 

ɋɥɨɛɨɞɨɜɚ Ⱦɚɪɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ, ɦɟɯɚɧɢɤɢ ɢ ɨɩɬɢɤɢ 

dar.slobodova@gmail.com 

 

ɋɦɢɪɧɨɜɚ ȿɤɚɬɟɪɢɧɚ Ɇɚɤɫɢɦɨɜɧɚ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦ. ɂ. Ɇ. Ƚɭɛɤɢɧɚ 

Smirnova.em94@gmail.com 

 

ɋɧɚɬɟɧɤɨɜɚ ɘɥɢɹ Ɇɢɯɚɣɥɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

snatenkova@ips.ac.ru 

 

ɋɨɪɨɤɢɧɚ Ⱥɥɟɤɫɚɧɞɪɚ Ɍɢɦɭɪɨɜɧɚ 
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Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) Ɏɟɞɟɪɚɥɶɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ 

alexandrasortim@gmail.com 

 

ɋɬɚɲɟɧɤɨ Ⱥɧɬɨɧ ɇɢɤɨɥɚɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

stashenko@ips.ac.ru 

 

ɋɬɟɩɚɧɨɜ Ⱥɧɞɪɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ ɧɟɮɬɢ ɋɈ ɊȺɇ 

stepanov153@yandex.ru 

 

ɋɬɨɰɤɚɹ Ɉɥɟɫɹ Ⱥɧɚɬɨɥɶɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɷɤɨɥɨɝɢɢ ȼɨɥɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ ɊȺɇ 

stockaya_olesya@mail.ru 

 

ɋɬɪɟɤɨɜɚ Ʌɸɞɦɢɥɚ ɇɢɤɨɥɚɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ 

strekova@bk.ru 

 

ɋɬɪɟɥɤɨɜɚ ȼɚɥɟɧɬɢɧɚ Ʉɨɧɫɬɚɧɬɢɧɨɜɧɚ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

strelkova-valentina@yandex.ru 

 

ɋɭɧɚɝɚɬɭɥɥɢɧɚ Ⱥɥɢɫɚ ɒɚɦɢɥɟɜɧɚ 
ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

meldisse@ya.ru 

 

Ɍɟɦɧɢɤɨɜɚ ȼɟɪɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

mikrukova@ips.ac.ru 

 

Ɍɟɪɟɧɬɶɟɜɚ ȼɟɪɚ Ȼɨɪɢɫɨɜɧɚ 
Ɇɨɫɤɨɜɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɂɧɫɬɢɬɭɬ ɬɨɧɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ 
ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

terenteva-vb@mail.ru 

 

Ɍɢɦɨɮɟɟɜ Ʉɢɪɢɥɥ Ⱥɧɞɪɟɟɜɢɱ 
ɂɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ 

kirill.timofeev1993@gmail.com 

 

Ɍɢɬɚɪɟɧɤɨ Ɇɚɪɢɧɚ Ⱥɧɞɪɟɟɜɧɚ 
ȺɈ "ȼɇɂɂ ɇɉ" 

titarenkoma@yandex.ru 

 

Ɍɸɥɸɤɨɜɚ ɂɪɢɧɚ Ⱥɥɟɤɫɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢɦ. Ƚ.Ʉ. Ȼɨɪɟɫɤɨɜɚ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ 

i.tiuliukova@gmail.com 

 

ɍɪɭɫɨɜɚ ȿɤɚɬɟɪɢɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 
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ȺɈ "Ⱥɧɝɚɪɫɤɧɟɮɬɟɯɢɦɩɪɨɟɤɬ" 

urusova.katia@yandex.ru 

 

Ɏɟɞɨɪɨɜ Ⱦɦɢɬɪɢɣ ɉɚɜɥɨɜɢɱ 
ɆȽɍ ɢɦ. Ɇ. ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

dmitryfedorov2014@yandex.ru 

 

Ɏɟɞɨɪɨɜ Ɋɨɦɚɧ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

romafedorof@yandex.ru 

 

ɏɚɣɪɭɥɥɢɧɚ Ɂɭɥɶɮɢɹ Ɋɭɫɬɚɦɨɜɧɚ 
ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

zul93@yandex.ru 

 

ɏɚɧ Ɉɤɫɚɧɚ ɂɝɨɪɟɜɧɚ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

oksa_0096@mail.ru 

 

ɏɚɯɢɧ Ʌɟɨɧɢɞ Ⱥɥɟɤɫɟɟɜɢɱ 
ɈɈɈ «Ɋɇ-ɐɂɊ» 

KhakhinLA@rn-rdc.ru 

 

ɐɚɩɥɢɧ Ⱦɦɢɬɪɢɣ ȿɜɝɟɧɶɟɜɢɱ 
ɏɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ ɆȽɍ 

dima-tsaplin-1994@mail.ru 

 

ɐɚɪɟɧɤɨ Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɆɎɌɂ 

aleksey.spitsin@phystech.edu 

 

ɐɜɟɬɤɨɜ Ɉɥɟɝ ɇɢɤɨɥɚɟɜɢɱ 
ɂɇɏɋ ɊȺɇ 

tsvetkov@ips.ac.ru 

 

ɑɭɞɚɤɨɜ əɪɨɫɥɚɜ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɊȽɍ ɧɟɮɬɢ ɢ ɝɚɡɚ (ɇɂɍ) ɢɦɟɧɢ ɂ.Ɇ. Ƚɭɛɤɢɧɚ 

chudakov.yaroslav@gmail.com 

 

ɑɭɞɚɤɨɜɚ Ɇɚɪɢɹ ȼɥɚɞɢɦɢɪɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ 

chudakova@ips.ac.ru 

 

ɒɚɣɞɭɥɥɢɧɚ Ƚɭɥɶɧɚɪɚ Ɇɚɪɚɬɨɜɧɚ 
LECO Corporation 

Gulnara_Shaidullina@leco.com 

 

ɒɚɤɢɪɨɜ ɂɫɤɚɧɞɟɪ ɂɥɶɝɢɡɨɜɢɱ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

sammy-power96@yandex.ru 
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ɒɚɤɭɧɨɜɚ ɇɢɧɟɥɶ ȼɥɚɞɢɫɥɚɜɨɜɧɚ 
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ Ɇ. ɇɚɝɢɟɜɚ ɇȺɇ 
Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

chem@science.az 

 

ɒɚɦɫɭɥɥɢɧ Ⱥɣɪɚɬ ɂɧɫɚɮɨɜɢɱ 
ɉȺɈ "Ɍɚɬɧɟɮɬɶ" ɢɦ. ȼ.Ⱦ. ɒɚɲɢɧɚ 

ShamsullinAI@tatneft.ru 

 

ɒɚɩɨɲɧɢɤ ɉɨɥɢɧɚ Ⱥɥɟɤɫɟɟɜɧɚ 
ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

polinashaposhnik@gmail.com 

 

ɒɟɤɚ ȿɥɟɧɚ Ɏɟɞɨɪɨɜɧɚ 
Ɋɨɫɫɢɣɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɞɪɭɠɛɵ ɧɚɪɨɞɨɜ  
sheka@icp.ac.ru 

 

ɒɤɭɪɟɧɨɤ ȼɢɨɥɟɬɬɚ Ⱥɧɞɪɟɟɜɧɚ 
ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɈ ɊȺɇ 

letter.89@mail.ru 

 

ɗɪɲɬɟɣɧ Ⱥɧɬɨɧ ɋɟɪɝɟɟɜɢɱ 
ɈɈɈ "ɋɚɥɚɜɚɬɧɟɮɬɟɯɢɦɩɪɨɟɤɬ" 

01eas@snhpro.ru 

 

ɘɫɨɜɫɤɢɣ Ⱥɥɟɤɫɟɣ ȼɹɱɟɫɥɚɜɨɜɢɱ 
ȺɈ "ȼɇɂɂ ɇɉ" 

iusovskiiav@vniinp.ru 

 

ɘɲɤɢɧ Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
Gulnara_Shaidullina@leco.com 

Halex@ips.ac.ru 

 

əɤɭɩɨɜ ɒɚɦɢɥɶ ɂɥɶɦɢɪɨɜɢɱ 
ɈɈɈ "ɅɍɄɈɃɅ-ɇɢɠɟɝɨɪɨɞɧɟɮɬɟɨɪɝɫɢɧɬɟɡ" 

shamil.yakupov@lukoil.com 
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