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ʀʅʕʆʉ ʈɸʅ ï 60 ʣʝʪ! 
 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

(ʀʅʕʆʉ ʈɸʅ) ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʚ 1954 ʛʦʜʫ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʘʢʘʜʝʤʠʢʘ 

ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ. ɺ ʥʸʤ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʪʝʩʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ï ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʦʡ, 

ʬʠʟʠʯʝʩʢʦʡ ʠ ʧʦʣʠʤʝʨʥʦʡ ʭʠʤʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ, ʧʦ ʦʙʨʘʟʥʦʤʫ 

ʚʳʨʘʞʝʥʠʶ ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ, ʩʦʟʜʘʚʘʣ ñʪʦʯʢʠ ʨʦʩʪʘò ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ʊʘʢ, ʥʘ ʩʪʳʢʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ ʧʦʷʚʠʣʦʩʴ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʭʠʤʠʷ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʋʯʝʥʳʝ ʀʅʕʆʉ ʈɸʅ ʚʥʝʩʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʨʘʟʨʘʙʦʪʘʣʠ ʝʸ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʘʩʧʝʢʪʳ. ʈʘʙʦʪʳ ʥʘ ʩʪʳʢʝ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʭʠʤʠʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ ʥʝʠʟʚʝʩʪʥʳʭ 

ʨʘʥʝʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ, ʘ ʪʘʢʞʝ ʢ ʥʦʚʳʤ ʢʣʘʩʩʘʤ ʢʘʨʜʦʚʳʭ ʠ 

ʩʝʪʯʘʪʳʭ ʧʦʣʠʤʝʨʦʚ. ʉʦʯʝʪʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʨʘʙʦʪʘʤ ʀʅʕʆʉ ʈɸʅ ʧʨʠʦʙʨʝʣ ʤʠʨʦʚʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʠ 

ʟʘʩʣʫʞʝʥʥʳʡ ʘʚʪʦʨʠʪʝʪ. ɿʜʝʩʴ ʨʘʙʦʪʘʣʠ ʪʘʢʠʝ ʚʳʜʘʶʱʠʝʩʷ ʫʯʝʥʳʝ ʢʘʢ 

ʂ.ɸ. ɸʥʜʨʠʘʥʦʚ, ʄ.ɽ. ɺʦʣʴʧʠʥ, ʄ.ʀ. ʂʘʙʘʯʥʠʢ, ɸ.ʀ. ʂʠʪʘʡʛʦʨʦʜʩʢʠʡ 

ʀ.ʃ. ʂʥʫʥʷʥʮ, ɺ.ɺ. ʂʦʨʰʘʢ, ɼ.ʅ. ʂʫʨʩʘʥʦʚ, ʀ.ɺ. ʆʙʨʝʠʤʦʚ, ʆ.ɸ. ʈʝʫʪʦʚ, 

ʖ.ʊ. ʉʪʨʫʯʢʦʚ, ʈ.ʍ. ʌʨʝʡʜʣʠʥʘ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʀʥʩʪʠʪʫʪʝ ʨʘʙʦʪʘʝʪ ʧʦʯʪʠ 500 ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ. ʀʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʙʦʣʝʝ ʯʝʤ 1800 ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ ʚ 

ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ. 

ʂʦʥʬʝʨʝʥʮʠʷ çʍʠʤʠʷ ʕʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʉʦʝʜʠʥʝʥʠʡ ʠ ʇʦʣʠʤʝʨʦʚ 

2014è ʧʨʠʟʚʘʥʘ ʦʙʦʙʱʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʫʯʝʥʳʤʠ ʠʥʩʪʠʪʫʪʘ, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʠʙʦʣʝʝ ʷʨʢʠʤʠ ʨʘʙʦʪʘʤʠ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʢʦʣʣʝʛ. 
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ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʁ ʂʆʄʀʊɽʊ 
 

ʘʢʘʜʝʤʠʢ ɸ. ʄ. ʄʫʟʘʬʘʨʦʚ ï ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ 

ʘʢʘʜʝʤʠʢ ʖ. ʅ. ɹʫʙʥʦʚ ï ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ 

ɼ. ɺ. ɸʣʝʢʩʘʥʷʥ ï ʩʝʢʨʝʪʘʨʴ 

 

ɸ. ɸ. ɸʩʢʘʜʩʢʠʡ 

ʀ. ʉ. ɸʭʨʝʤ 

ʖ. ʅ. ɹʝʣʦʢʦʥʴ 

ɺ. ʀ. ɹʨʝʛʘʜʟʝ 

ʇ. ʄ. ɺʘʣʝʮʢʠʡ 

ɺ. F. ɺʘʩʥʝʚ 

ʗ. ɿ. ɺʦʣʦʰʠʥ 

 

ʗ. ʉ. ɺʳʛʦʜʩʢʠʡ 

ɺ. ɺ. ʂʠʨʝʝʚ 

ɺ. ʀ. ʃʦʟʠʥʩʢʠʡ 

ɺ. ʀ. ʄʘʣʝʝʚ 

ɺ. ʉ. ʇʘʧʢʦʚ 

ɸ. ʉ. ʇʝʨʝʛʫʜʦʚ 

ɺ. ʀ. ʉʦʢʦʣʦʚ 

 

ɸ. ɸ. ʊʨʠʬʦʥʦʚ 

ʆ. ɸ. ʌʝʜʦʨʦʚʘ 

ɸ. ʈ. ʍʦʭʣʦʚ 

ʀ. ʊ. ʏʠʞʝʚʩʢʠʡ 

ɿ. ɹ. ʐʠʬʨʠʥʘ 

ɽ. ʉ. ʐʫʙʠʥʘ 

ɺ. ɹ. ʐʫʨ 

ʇʆʏɽʊʅʓɽ ʏʃɽʅʓ ʆʈɻɸʅʀɿɸʎʀʆʅʅʆɻʆ ʂʆʄʀʊɽʊɸ 
 

ʘʢʘʜʝʤʠʢ ɻ. ɸ. ɸʙʘʢʫʤʦʚ  

ʘʢʘʜʝʤʠʢ ʉ. ʄ. ɸʣʜʦʰʠʥ  

ʯʣ.Ȥʢʦʨʨ. ɺ. ʇ. ɸʥʘʥʠʢʦʚ  

ʘʢʘʜʝʤʠʢ ʅ. ʌ. ɹʘʢʝʝʚ  

ʘʢʘʜʝʤʠʢ ʀ. ʇ. ɹʝʣʝʮʢʘʷ  

ʘʢʘʜʝʤʠʢ ɸ. ɸ. ɹʝʨʣʠʥ  

ʘʢʘʜʝʤʠʢ ɺ. ʄ. ɹʫʟʥʠʢ  

ʘʢʘʜʝʤʠʢ ɸ. ʃ. ɹʫʯʘʯʝʥʢʦ  

ʘʢʘʜʝʤʠʢ ʄ. ʇ. ɽʛʦʨʦʚ  

ʘʢʘʜʝʤʠʢ ʀ. ʃ. ɽʨʝʤʝʥʢʦ  

ʘʢʘʜʝʤʠʢ ʅ. ʉ. ɿʝʬʠʨʦʚ  

ʯʣ.Ȥʢʦʨʨ. ɸ. ɹ. ɿʝʟʠʥ  

ʘʢʘʜʝʤʠʢ ɽ. ʅ. ʂʘʙʣʦʚ  

ʘʢʘʜʝʤʠʢ ɸ. ʀ. ʂʦʥʦʚʘʣʦʚ  

ʘʢʘʜʝʤʠʢ ʅ. ʊ. ʂʫʟʥʝʮʦʚ  

ʯʣ.Ȥʢʦʨʨ. ɺ. ɻ. ʂʫʣʠʯʠʭʠʥ  

ʯʣ.Ȥʢʦʨʨ. ɺ. ʖ. ʂʫʢʫʰʢʠʥ  

ʯʣ.Ȥʢʦʨʨ. ɸ. ɺ. ʂʫʯʠʥ  

ʘʢʘʜʝʤʠʢ ɺ. ɺ. ʃʫʥʠʥ  

 

ʘʢʘʜʝʤʠʢ ɺ. ʀ. ʄʠʥʢʠʥ  

ʘʢʘʜʝʤʠʢ ʀ. ʀ. ʄʦʠʩʝʝʚ  

ʘʢʘʜʝʤʠʢ ʆ. ʄ. ʅʝʬʝʜʦʚ  

ʘʢʘʜʝʤʠʢ ʀ. ɸ. ʅʦʚʘʢʦʚ  

ʘʢʘʜʝʤʠʢ ɺ. ʄ. ʅʦʚʦʪʦʨʮʝʚ  

ʯʣ.Ȥʢʦʨʨ. ɸ. ʅ. ʆʟʝʨʠʥ  

ʯʣ.Ȥʢʦʨʨ. ɽ. ʌ. ʇʘʥʘʨʠʥ  

ʘʢʘʜʝʤʠʢ ʆ. ɻ. ʉʠʥʷʰʠʥ  

ʘʢʘʜʝʤʠʢ ʂ. ɸ. ʉʦʣʥʮʝʚ  

ʯʣ.Ȥʢʦʨʨ. ʇ. ɸ. ʉʪʦʨʦʞʝʥʢʦ  

ʘʢʘʜʝʤʠʢ ɺ. ɸ. ʊʘʨʪʘʢʦʚʩʢʠʡ  

ʘʢʘʜʝʤʠʢ ɹ. ɸ. ʊʨʦʬʠʤʦʚ  

ʯʣ.Ȥʢʦʨʨ. ʀ. ʃ. ʌʝʜʶʰʢʠʥ  

ʘʢʘʜʝʤʠʢ ʉ. ʅ. ʍʘʜʞʠʝʚ  

ʘʢʘʜʝʤʠʢ ɸ. ʖ. ʎʠʚʘʜʟʝ  

ʘʢʘʜʝʤʠʢ ɺ. ʅ. ʏʘʨʫʰʠʥ  

ʘʢʘʜʝʤʠʢ ʆ. ʅ. ʏʫʧʘʭʠʥ  

ʯʣ.Ȥʢʦʨʨ. ɺ. ʇ. ʐʠʙʘʝʚ  

ʘʢʘʜʝʤʠʢ ɸ. ɽ. ʐʠʣʦʚ

 

ʇʈʆɻʈɸʄʅʓʁ ʂʆʄʀʊɽʊ 
ɺ. ʀ. ʄʘʣʝʝʚ ï ʧʨʝʜʩʝʜʘʪʝʣʴ 

ʖ. ʅ. ɹʝʣʦʢʦʥʴ 

ɺ. ʀ. ɹʨʝʛʘʜʟʝ 

ɺ. ɺ. ɺʘʩʠʣʝʚʩʢʘʷ 

ʗ. ʉ. ɺʳʛʦʜʩʢʠʡ 

ɺ. ɸ. ɼʘʚʘʥʢʦʚ 

ɺ. ʀ. ʃʦʟʠʥʩʢʠʡ 

ɸ. ɸ. ʊʨʠʬʦʥʦʚ 

ʆ. ɸ. ʌʝʜʦʨʦʚʘ 

ʅ. ɸ. ʋʩʪʳʥʶʢ 

ʀ. ʊ. ʏʠʞʝʚʩʢʠʡ 

ɿ. ɹ. ʐʠʬʨʠʥʘ 

ɽ. ʉ. ʐʫʙʠʥʘ 

 

ʈɸɹʆʏɸʗ ɻʈʋʇʇɸ 

ʅ. ɺ. ɹʝʣʢʦʚʘ 

ʄ. ɺ. ɻʝʨʘʩʠʤʦʚ 

ɺ. ʀ. ʄʘʣʝʝʚ 

ɼ. ʉ. ʇʝʨʝʢʘʣʠʥ 

ɼ. ɸ. ʉʘʧʦʞʥʠʢʦʚ 

ɿ. ɹ. ʐʠʬʨʠʥʘ
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ʈɸʉʇʀʉɸʅʀɽ ʂʆʅʌɽʈɽʅʎʀʀ 

 

 ʇʦʥʝʜʝʣʴʥʠʢ 

8 ʩʝʥʪʷʙʨʷ 

ɺʪʦʨʥʠʢ 

9 ʩʝʥʪʷʙʨʷ 

ʉʨʝʜʘ 

10 ʩʝʥʪʷʙʨʷ 

09:30 ʆʪʢʨʳʪʠʝ 

ʢʦʥʬʝʨʝʥʮʠʠ 

E. Meggers 

IL8 

ɸ. ʈ. ʍʦʭʣʦʚ 

IL16 

10:00 ɺ. ɸ. ɼʘʚʘʥʢʦʚ 

IL1 

ʆ. ɻ. ʉʠʥʷʰʠʥ 

IL9 

A. J. Welch 

IL17 

10:30 R. Poli 

IL2 

F. Winnik 

IL10 

K. Caulton 

IL18 

11:00 
ʂʦʬʝ-ʙʨʝʡʢ ʠ ʩʪʝʥʜʦʚʘʷ ʩʝʩʩʠʷ 

11:50 F. Svec 

IL3 

ɽ. ʉ. ʐʫʙʠʥʘ 

IL11 

ʃ. ʄ. ɹʨʦʥʰʪʝʡʥ 

IL19 

12:20 ʀ. ʀ. ʇʦʥʦʤʘʨʝʚ 

IL4 

ʀ. ʊ. ʏʠʞʝʚʩʢʠʡ 

IL12  

ɸ. ɹ. ʂʦʣʜʦʙʩʢʠʡ 

IL20 

12:50 ɼ. ʌ. ɻʨʠʰʠʥ 

IL5 

ʉ. ʅ. ʉʘʣʘʟʢʠʥ 

IL13 

ɸ. ʈ. ʂʫʜʠʥʦʚ 

IL21 

13:20 
ʆʙʝʜ 

14:20 
ɺ. ʖ. ʂʫʢʫʰʢʠʥ 

IL6 

ʉ. ʅ. ʏʚʘʣʫʥ 

IL14 

ʖ. ɻ. ɻʦʣʦʣʦʙʦʚ 

OL13 

ɸ. ɸ. ʅʘʟʘʨʦʚ 

OL14 14:50 
ɸ. ʉ. ʐʘʧʣʦʚ 

IL7 

ɸ. ʇ. ʂʨʘʩʥʦʚ 

IL15 
ɺ. ɸ. ʂʨʘʡʢʠʥ 

OL15 

15:20 ɸ. ɸ. ʊʨʠʬʦʥʦʚ 

OL1 

ʇ. ʂ. ʉʘʟʦʥʦʚ 

OL6 

ʀ. ɸ. ʏʝʨʝʧʘʥʦʚ 

OL16 

15:40 ɹ. ɸ. ʀʟʤʘʡʣʦʚ 

OL2 

ɺ. ʀ. ʃʦʟʠʥʩʢʠʡ 

OL7 

ʄ. ɸ. ʉʠʤʦʥʦʚʘ 

OL17 

16:00 ɸ. ɸ. ʇʘʩʳʥʩʢʠʡ 

OL3 

ɺ. ɽ. ʊʠʭʦʥʦʚ 

OL8 

ɸ. ɸ. ʉʝʤʠʦʰʢʠʥ 

OL18 

16:20 ʄ. ʇ. ʐʫʨʳʛʠʥʘ 

OL4 
ʂʦʬʝ-ʙʨʝʡʢ 

16:40 ʉ. ʀ. ʂʫʯʘʥʦʚ 

OL5 

ɼ. ɸ. ʏʫʩʦʚ 

OL9 

ɸ. ʅ. ʃʘʯʠʥʦʚ 

OL19 

17:00 

ʌʫʨʰʝʪ 

ʉ. ɺ. ʇʦʣʴʱʠʢʦʚ 

OL10 
ʖ. ʅ. ɹʫʙʥʦʚ 

IL22 
17:20 ʇ. ɸ. ʇʘʥʯʝʥʢʦ 

OL11 
ɿʘʢʨʳʪʠʝ 

ʢʦʥʬʝʨʝʥʮʠʠ 17:40 ʈ. ʈ. ɸʡʩʠʥ 

OL12 
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ʇʈʀɻʃɸʐɽʅʅʓɽ ɼʆʂʃɸɼʓ 

 
IL 1 

PAST, PRESENT, AND FUTURE 

OF HYPERCROSSLINKED NETWORKS  
 

V. A. Davankov, M. P. Tsyurupa, L . A. Pavlova, Z. K. Blinnikova, 

 A. V. Pastukhov, M. M. Ilôin, S. E. Lyubimov, Yu. A. Davidovich 

 

A.N. Nesmeyanov Institute of Organoelement Compounds, RAS, 

Russia, 119991, GSP-1, Moscow V-334, Vavilov str. 28, INEOS  

ɽ-mail: davank@ineos.ac.ru 

 

As early as 1969 Davankov and Tsyurupa came up with an idea of preparing open-network-

type rigid polymeric structures where numerous bridges-struts should maintain polymeric 

chains at a certain distance from each other in both swollen and dry states. In order to meet 

the latter condition, the network construction must be prepared in highly swollen state and 

acquire high rigidity. The first material of such type was hypercrosslinked polystyrene (HP). 

The general basic principle of preparation of HP network thus consists of intensive 

crosslinking of sufficiently long polystyrene chains in solution (or in a strongly swollen gel of 

a styrene-DVB copolymer) with numerous rigid bridges.  

3 CH3OCH2Cl

CH3OH

3

-3

CH2Cl

CH2Cl ClH2C
CH2

CH2

CH2
-3  HCl

 
Figure 1.  Principal scheme of hypercrosslinked polystyrene synthesis. 

This approach results in obtaining uniformly crosslinked single-phase open-network polymers 

with developed intrinsic nanoporosity and unique ability to swell in any liquid and gaseous 

media. Noteworthy, HP is characterized by a non-typical physical state, it belongs neither to 

glassy, nor rubber-like polymers. Owing to particular structure and properties HP represents 

an excellent adsorbing material for large-scale purification and separation of organic or 

inorganic compounds, solid-phase extraction of trace components in analytical chemistry, as 

matrix for catalytically active nanocomposites, etc. Very impressive are the results of using 

hypercrosslinked polydivinylbenzene and polystyrene-type hemosorbents for efficient 

detoxification of blood. Quite unusual are newly prepared HP materials with ultimate 

crosslinking densities of up to 500% where each phenyl ring is involved into formation of five 

methylene bridges. These sorbents are black in color and strongly retain small polar 

molecules as urea and even mineral electrolytes. Monodispersed microbeads of HP can also 

be obtained for packing HPLC columns, but this technique still remains to be optimized. 

Hypercrosslinked non-styrenic networks, i.e. polyvinylpyridine, polysilsesquioxane etc. can 

also be prepared but their properties are barely examined thus far. 
 

V.A. Davankov, M.P. Tsuyrupa. Hypercrosslinked Polymeric Networks and Adsorbing Materials. Synthesis, 

Properties, Structure, and Application. Elsevier, 2010, 672ʨ. 

mailto:davank@ineos.ac.ru
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IL2  

PRECISION POLYMER SYNTHESIS  

IN SUPPORT OF INNOVATIVE CATALYSIS  
 

E. Manoury,
a
 S. Chen,

a
 F. Gayet,

a
 R. Poli

a
*, X. Zang,

b
 W. Zhang,

b
 M. Lansalot,

b 

F. DôAgosto,
b
* B. Charleux,

b
 A. Cardozo,

a,c
  C. Julcour,

c
 J.-F. Blanco,

c
 H. Delmas

c
*

 

 
a
LCC, 205, route de Narbonne, F-31077 Toulouse, France. 

b
Universit® de Lyon, LCPP Bat 

308F, 43 Bd du 11 Novembre 1918, 69616 Villeurbanne, France. 
c
 LGC, 4 All®e Emile 

Monso, BP 84234, 31030 Toulouse Cedex 4, France. 

ɽ-mail: rinaldo.poli@lcc-toulouse.fr 

 

Aqueous biphasic catalysis is a most convenient protocol for industry but is limited to the 

conversion of organic substrates with non zero water solubility when the catalyst is water 

soluble. The most famous example is the Ruhrchemie hydroformylation of propene catalyzed 

by Rh/TPPTS, which is not applicable to the less soluble higher olefins.
1
 Actively 

investigated stratagems include the use of additives (e.g. cyclodextrines), thermomorphic 

systems and micelles. The latter hold promise but are negatively affected by the formation of 

stable emulsions due to swelling, and catalyst loss at the water/organic interface. We propose 

an innovative solution consisting of core-cross-linked micelles to yield unimolecular 

amphiphilic core-shell catalytic nanoreactors. The presentation will highlight the synthesis 

and characterization of these nano-objects and their first catalytic application to the 

hydroformylation of 1-octene. Small organic molecules and the Rh precatalyst easily cross the 

hydrophilic polymer corona and interesting information was obtained on the intra- and inter-

particle Rh exchange dynamics. The 1-octene hydroformylation occurs efficiently in the core 

of the particles under aqueous biphasic conditions and the catalyst could be recycled several 

times by simple decantation with low Rh leaching. 

 

 

 
1
 (a) R. Tudor and M. Ashley, Platinum Met. Rev., 2007, 51, 164-171. (b) R. Tudor and M. Ashley, Platinum 

Met. Rev., 2007, 51, 116-126. 

 

This work was supported by the Agence National de la Recherche (project no. ANR-11-BS07-

025-01). 
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IL3  

HYPERCROSSLINKING: A NEW ROUTE TO POROUS POLYMER 

MONOLITHS WITH VE RY LARGE SURFACE AREA  
 

F. Svec 

 

The Molecular Foundry, E.O. Lawrence Berkeley National Laboratory, 

Berkeley, CA 94720-8139, USA 

E-mail: fsvec@lbl.gov 

 

The first generation of porous polymer monoliths emerged in the early 1990s. Their well 

known advantages included ease of the preparation, robustness, high permeability to flow, 

and mass transfer via convection. These features made them useful for the chromatographic 

separation of large molecules such as proteins, nucleic acids and synthetic polymers, and as 

supports for immobilized enzymes. However, these monoliths lacked mesopores. Therefore, 

they exhibited only a small extent of surface area. This problem then prohibited the polymer-

based monolith from use for the highly efficient separations of small molecules.  To avoid this 

weakness, we have developed and demonstrated the second generation monoliths prepared 

using method called hypercrosslinking developed by V.A. Davankov at INEOS in the late 

1960s (1). First, we hypercrosslinked poly(chloromethylstyrene-co-styrene-co-

divinylbenzene) monolithic polymers and obtained materials with a surface area as large as 

600 m
2
/g that enabled the desired separation of small molecules. We also used two 

approaches to modulate the chemistry of these porous monolithic polymers: (i) chemical 

reactions of the hypercrosslinked polymers (2,3) and (ii) hypercrosslinking of copolymers 

containing functional styrene derivatives such as 4-acetoxystyrene and 4-methylstyrene (4). 

Recently, we used ñplainò poly(styrene-co-divinylbenzene) monoliths and hypercrosslinked 

them with external crosslinkers including 4,4ǋ-bis(chloromethyl)-1,1ǋ-biphenyl, 1,4-

bis(chloromethyl)benzene, and dimethoxy-methane (5). Polymers with extremely large 

surface areas reaching up to 900 m
2
/g were obtained via hypercrosslinking precursor monolith 

polymerized for only 2.5 h. The chromatographic performance of monoliths modified using 

this new procedure was comparable with the performance obtained with monolithic polymers 

containing chloromethylstyrene. However, the optimization of the binary copolymer 

poly(styrene-co-divinylbenzene) precursor is simpler than that of ternary  copolymer 

containing chloromethylstyrene. All our experiments were carried out with monoliths in 

capillary format (6) and thin layers (7). 
 

1. V.A. Davankov, M.P. Tsurupa, Hypercrosslinked Polymeric Networks and Adsorbing Materials: Synthesis,  

    Properties, Structure, and Applications. Elsevier, Amsterdam, 2011. 

2. J. Urban et al. Anal. Chem. 2010, 82, 1621-1623.  

3. J. Urban et al. J. Chromatogr. A 2010, 1217, 8212-8221. 

4. F. Maya, et al. J. Chromatogr. A 2013, 1317, 32-38. 

5. F. Maya, et al. Polymer 2014, 55, 340-346. 

6. Y. Lv et al. Anal. Chem. 2012, 84, 8457-8460. 

7. Y. Lv et al. J. Chromatogr. A 2013, 1316, 154-159. 
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IL 4 

ʇʆʃʀɻɽʊɽʈʆɸʈʀʃɽʅʓ ʀʅʕʆʉ - ʠʟ ʍʍ ʚ ʍʍI ʚʝʢ 
 

ʀ. ʀ. ʇʦʥʦʤʘʨʝʚ 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: gagapon@ineos.ac.ru 

 

ʇʦʣʠʛʝʪʝʨʦʘʨʠʣʝʥʳ (ʇɻɸ) ï ʦʙʰʠʨʥʦʝ ʩʝʤʝʡʩʪʚʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʯʝʨʝʜʫʶʱʠʝʩʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʟʚʝʥʴʷ, ʢʘʢ ʚ 

ʦʩʥʦʚʥʦʡ, ʪʘʢ ʠ ʙʦʢʦʚʦʡ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʷʭ. ʐʢʦʣʘ ʘʢʘʜʝʤʠʢʘ ɺ.ɺ.ʂʦʨʰʘʢʘ ʩʪʦʠʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʠʩʪʦʢʦʚ ʵʪʦʛʦ ʚʘʞʥʝʡʰʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʯʠʥʘʷ ʩ 60-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ, ʢʦʛʜʘ ʚ ʉʐɸ, ʉʉʉʈ, ɸʥʛʣʠʠ 

ʠ ʌʨʘʥʮʠʠ ʥʘʯʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʧʦʣʠʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʦʥʦʤʝʨʦʚ. ʀʅʕʆʉ ʈɸʅ ʟʘʥʠʤʘʣ ʠ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʠʝ ʧʦʟʠʮʠʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, 

ʩʦʟʜʘʚ ʚ ʍʍ ʚʝʢʝ ʚʳʜʘʶʱʠʡʩʷ ʥʘʫʯʥʳʡ ʟʘʜʝʣ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʚʦʩʪʨʝʙʦʚʘʥ ʚ ʍʍI ʚʝʢʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʠ ʥʘʫʢʦʝʤʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇɻɸ ʜʦʣʞʥʳ ʩʪʘʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʵʣʝʢʪʨʦʥʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ, 

ʘʚʠʘʮʠʦʥʥʘʷ ʠ ʢʦʩʤʠʯʝʩʢʘʷ ʦʪʨʘʩʣʠ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʪʠʧʳ ʇɻɸ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʀʅʕʆʉ 

ʈɸʅ, ʧʦʩʢʦʣʴʢʫ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʥʝʩʢʦʣʴʢʠʭ ʤʦʥʦʛʨʘʬʠʡ [1-3]. ɺ ʦʩʥʦʚʫ 

ʩʦʦʙʱʝʥʠʷ ʧʦʣʦʞʝʥ ʮʠʢʣ ʨʘʙʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʪʝʨʦʮʝʧʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʣʠʞʘʡʰʝʡ ʩʦʨʘʪʥʠʮʳ ɺ.ɺ.ʂʦʨʰʘʢʘ ï ʧʨʦʬʝʩʩʦʨʘ 

ʉ.ɺ.ɺʠʥʦʛʨʘʜʦʚʦʡ, ʥʘʯʠʥʘʷ ʩ 70-ʭ ʛʦʜʦʚ ʍʍ ʩʪʦʣʝʪʠʷ ʠ, ʣʘʙʦʨʘʪʦʨʠʷʭ-ʧʨʦʜʦʣʞʘʪʝʣʷʭ, 

ʨʫʢʦʚʦʜʠʤʳʭ ʧʨʦʬʝʩʩʦʨʘʤʠ ɺ.ɸ.ɺʘʩʥʝʚʳʤ, ɸ.ʃ.ʈʫʩʘʥʦʚʳʤ  ʠ ʀ.ʀ.ʇʦʥʦʤʘʨʝʚʳʤ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʩʚʝʪʠʪʴ ʧʨʦʙʣʝʤʳ ʩʠʥʪʝʟʘ, ʩʚʦʡʩʪʚ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʣʝʟʥʦʩʪʠ ʇɻɸ 

ʩʣʝʜʫʶʱʠʭ ʢʣʘʩʩʦʚ: ʧʦʣʠʛʝʢʩʘʟʦʮʠʢʣʘʥʦʚ, ʧʦʣʠʭʠʥʘʟʦʣʦʥʦʚ, ʧʦʣʠʥʘʬʪʦʠʣʝʥʠʤʠʜʦʚ, 

ʧʦʣʠʥʘʬʪʦʠʣʝʥʙʝʥʟʠʤʠʜʘʟʦʣʦʚ, ʧʦʣʠʙʝʥʟʠʤʠʜʘʟʦʣʦʚ, ʥʝʢʦʪʦʨʳʭ ʥʦʚʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʣʝʩʪʥʠʯʥʳʭ ʠ ʯʘʩʪʠʯʥʦ-ʣʝʩʪʥʠʯʥʳʭ ʇɻɸ.   

 
1. ɺ.ɺ. ʂʦʨʰʘʢ ʊʝʨʤʦʩʪʦʡʢʠʝ ʧʦʣʠʤʝʨʳ. ʄ., 1969. ʉ. 411. 

2. ɺ.ɺ. ʂʦʨʰʘʢ, ʈʘʟʥʦʟʚʝʥʥʦʩʪʴ ʧʦʣʠʤʝʨʦʚ, ʄ.:ʅʘʫʢʘ, 1977, 301ʩ. 

2. ʉ.ɺ. ɺʠʥʦʛʨʘʜʦʚʘ, ɺ.ɸ. ɺʘʩʥʝʚ. ʇʦʣʠʢʦʥʜʝʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʦʣʠʤʝʨʳ. ʄ.: ʅʘʫʢʘ, 2000 -373 ʩ. 
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IL 5 

CATALYTIC SYSTEMS BASED ON METALLOCOMPLEXES  

FOR PRECISION SYNTHESIS OF FUNCTIONAL POLYMERS  
 

D. F. Grishin 

 

Lobachevsky State University of Nizhny Novgorod,  

Gagarina Prospect, 23, 603950 Nizhny Novgorod, Russia, 

e-mail: grishin@ichem.unn.ru 

 

More than 100 million tons of different homo- and copolymers or more than 20 kg per capita 

(!) are produced world-wide every year by means of conventional radical polymerization as 

the main methods of polymer synthesis. However, itôs very difficult to achieve good control 

over macromolecular structure, molecular weight and molecular weight distribution during 

free radical polymerization because of free radicals are very active intermediates with 

dramatically short lifetime. 

Providing a Controlled/Living Radical Polymerization (CLRP) is a possible solution of this 

problem. It is the most remarkable method for applying radical polymerization technique for 

precise polymer synthesis. The main direction of CLRP is Atom Transfer Radical 

Polymerization (ATRP) which is based on the use of organometallic species as catalysts. 

ATRP opens up new opportunities for obtaining well-defined polymeric architectures, 

inaccessible by other methods. In this report the complexes of ruthenium, iron, cobalt and 

some other metals were proposed as catalyst for obtaining precise polymers based on 

(meth)acrylic monomers. 

The ruthenium compounds with carborane ligands were tested as catalysts for controlled 

radical polymerization of (meth)acrylic monomers. The polymerization preceded up to high 

monomer conversions (more than 80%) giving well-defined polymers with predicted 

molecular weights. The living nature of polymerization was proved by end-group analysis by 

MALDI -TOF mass spectrometry and by the results of post- and block-polymerization.  

The influence of bis-[4,6-di-tert-butyl-N-(2,6-dimethylphenyl)-ʦ-iminobenzosemi-

quinonato]cobalt(II) (Co(ISQ-Me)2) on the radical polymerization of methyl methacrylate 

initiated by azobis(isobutyronitrile) or halogenated hydrocarbons (ethyl-2-bromoisobutyrate, 

CCl4) in the presence of amines at 50-90Áʉ was investigated. It was found that Co(ISQ-Me)2 

may as catalyst in ATRP process and trapping agent in Organometallic Mediated Radical 

Polymerization. The CLRP mechanism was confirmed by first-order of semilogarithmic plots 

of ln([M] 0/[M]) versus time, linear growth of molecular weight with conversion of monomer 

and synthesis of block copolymers. 

Iron carbonyl complexes: [CpFe(CO)2]2, CpFe(CO)2Cl, CpFe(CO)2Br and Fe(0), in 

combination with various organohalide compounds were tested as the initiating systems in 

vinyl chloride (VC) and acrylonitrile (AN) polymerization provided at different temperatures 

(50-70ęʉ). It was shown that such initiating systems allow conducting polymerization without 

self-acceleration up to high conversions. The molecular weight (Mn) of synthesized polyVC 

and polyAN increased in direct proportion to monomer conversion. The use of the 

synthesized polyVC as the macroinitiator led to the formation of post-polymer. Synthesis the 

block-copolymers with monomers of various activity (vinyl acetate, methyl methacrylate, 

acrylonitrile, styrene) of the basis of the synthesized polyVC was investigated. The systems 

based on iron complexes allowed to synthesize polyVC and polyAN in soft temperature 

conditions and to modify its properties. 

The work was supported by Russian Foundation of Basic Researches (project ˉ 14-03-

00064a). 

mailto:grishin@ichem.unn.ru
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IL6  

EVERYTHING NEW IS THE WELL -FORGOTTEN OLD.  

THE 1,3,5-TRIAZAPENTADIENE CASE
 

 

V. Yu. Kukushkin  

 

Institute of Chemistry, Saint Petersburg State University, Universitetsky Pr. 26,  

198504 Stary Petergof, Russian Federation 

kukushkin@VK2100.spb.edu  

 

Despite their discovery more than a hundred years ago, the chemistry of 1,3,5-

triazapentadienes (TAP), which comprise the class of nitrogen analogues of b-diketones, is 

much less developed as compared to the related oxygen-containing species. Unlike the other 

N-derivatives of b-diketones, such as b-iminoketones and b-diimines, TAPs bear one 

additional donor site at the central N atom, and recent DFT calculations indicated that these 

species possess an even greater potential for sequestering various metal centers (e.g., Cu
II
, 

Zn
II
, and Pd

II
) than the related b-diketones. Until now, the experimental approaches to TAP 

metal complexes were poorly developed, in spite of the fact that some members of this family 

are known to exhibit useful properties. 
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1,3,5-tr iazapentadienes  
 In the framework of our ongoing project on reactions of metal-activated nitriles and 

based on our interest in the chemistry of TAP transition metal complexes (see references 

below), we have elaborated novel general protocols for metal-mediated generation of TAP 

species. Neutral bis-chelated platinum(II)-TAP complexes were found to exhibit intensive 

phosphorescent properties. In addition, TAP-based metal complexes support weak 

interactions of small molecules (e.g., solvents) and allow the identification of unusual 

hydrogen- and halogen bondings. All these issues will be presented, along with a brief 

overview of the literature on excising TAP systems and their properties. 

 

Publications from Kukushkinôs group on (i) metal-mediated generation of TAP complexes: 

Inorg. Chem., 52 (2013) 6378; 48 (2009) 8678; 48 (2009) 2583; 47 (2008) 3088; 44 (2005) 

5152; 42 (2003) 7239; Dalton Trans., 2008, 5220; Chem. Eur. J., 13 (2007) 786; JACS, 126 

(2004) 15040; (ii ) phosphorescent properties of (TAP)Pt
II
 systems: Inorg. Chem., 47 (2008) 

11487; Dalton Trans., 2006, 3798; (iii ) weak molecular interactions supported by TAP 

species: J. Phys. Chem., A, 117 (2013) 2827; Dalton Trans., 41 (2012) 6922; Crystal Growth 

& Design, 10 (2010) 4839; Eur. J. Inorg. Chem., 2007, 4621. 

 

The speaker is deeply indebted to his coworkers, first of all to Dr. P.V. Gushchin and Dr.Sc. 

N.A. Bokach, for their enthusiasm in developing the triazapentadiene project as well as for all 
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IL 7 

ʀʆʅʅʓɽ ɾʀɼʂʆʉʊʀ ɺ ʉʀʅʊɽɿɽ ʇʆʃʀʄɽʈʆɺ ʀ 

ʄʅʆɻʆʂʆʄʇʆʅɽʅʊʅʓʍ ʇʆʃʀʄɽʈʅʓʍ ʉʀʉʊɽʄ ɼʃʗ 

ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀʍ ʋʉʊʈʆʁʉʊɺ  
 

ɸ. ʉ. ʐʘʧʣʦʚ
a
, ʗ. ʉ. ɺʳʛʦʜʩʢʠʡ

a
, ɽ. ʀ. ʃʦʟʠʥʩʢʘʷ

a
, 

ɼ. ʆ. ʇʦʥʢʨʘʪʦʚ
a
, Frederic Vidal

ʙ 

 
a
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 
ʙ
Laboratoire de Physico-chimie des Polym¯res 

et des Interfaces (LPPI), UniversiteË de Cergy-Pontoise, 5 mail Gay-Lussac, 95031 Cergy-

Pontoise Cedex, France. ɽ-mail: shaplov@ineos.ac.ru 

 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʫʥʠʢʘʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʀɾ), ʚʚʝʜʝʥʠʝ ʠʭ 

ʬʨʘʛʤʝʥʪʦʚ ʚ ʧʦʣʠʤʝʨʳ ʦʪʢʨʳʚʘʝʪ ʧʫʪʠ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ  ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʩʦʯʝʪʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʢʘʢ ʀɾ, ʪʘʢ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʦʚʝʜʝʥ ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʤʦʥʦʤʝʨʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʄʀɾ) c ʨʘʟʣʠʯʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʢʘʪʠʦʥʘ ʠ ʘʥʠʦʥʘ, ʧʨʠʨʦʜʦʡ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʩʪʨʦʝʥʠʝʤ ʤʦʩʪʠʢʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʝʛʦ ʊʩ ʠ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

ʧʦʟʚʦʣʠʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠʨʦʜʫ ʠʦʥʥʦʛʦ ʤʦʥʦʤʝʨʘ ʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨ ʩ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʜʦ 3Ĭ10
-5

 ʉʤ/ʩʤ (25
ʦ
ʉ).  

ʀʟʫʯʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʸʥʦʢ ʧʦʣʠʤʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʥʘʧʦʣʥʝʥʥʳʝ 

ʧʦʣʫʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ (ʧʦʣʫ-ɺʇʉ) ʧʦʣʠʤʝʨʥʳʝ ʩʝʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʠʦʥʦʛʝʥʥʳʝ 

ʛʨʫʧʧʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ, ʘ ʠʤʝʥʥʦ, ʚʳʩʦʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʧʨʦʯʥʦʩʪʴ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ (s = 1.3Ĭ10
-4 

Cʤ/cʤ 

(25ÁC), ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʟʨʳʚʝ - 80 ʢʇʘ, ʨʘʟʨʳʚʥʦʝ ʫʜʣʠʥʝʥʠʝ - 60%), ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʦʣʫ-ɺʇʉ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʠʦʥʥʦʛʦ ʤʦʥʦʤʝʨʘ - N-[2-(2-(2-(ʤʝʪʘʢʨʠ-

ʣʦʠʣʦʢʩʠ)ʵʪʦʢʩʠ)-ʵʪʦʢʩʠ)ʵʪʠʣ]-N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥʠʡ ʙʠʩ-(ʪʨʠʬʪʦʨʤʝʪʘʥ-ʩʫʣʴʬʦʥʠʣ)-

ʠʤʠʜʘ ʩ (ʜʠ)ʤʝʪʘʢʨʠʣʘʪʘʤʠ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ (ɼʄʇʕɻ ʠ ʄʇʕɻ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʙʫʪʘʜʠʝʥ-ʘʢʨʠʣʦʥʠʪʨʠʣʴʥʦʛʦ ʢʘʫʯʫʢʘ, ʀɾ ʠ ʣʠʪʠʝʚʳʭ ʩʦʣʝʡ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʀɾ ʠ ʥʘʧʦʣʥʝʥʥʳʭ ʠʦʥʥʳʭ ʧʦʣʫ-ɺʇʉ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ:  

1. ʅʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʇʀɾ) ʠ ʧʦʣʠ(3,4-ʵʪʠʣʝʥ-ʜʠʦʢʩʠʪʠʦʬʝʥʘ) 

(ʇʕɼʆʊ) ʚʧʝʨʚʳʝ ʩʦʟʜʘʥʳ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʵʣʝʢʪʨʦʭʨʦʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʀɾ ʚʳʧʦʣʥʷʣʠ ʬʫʥʢʮʠʶ ʧʦʣʠʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʇʦʣʠʤʝʨʥʳʝ ʵʣʝʢʪʨʦʜʳ ʧʦʣʫʯʘʣʠ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʤʦʥʦʤʝʨʘ ʕɼʆʊ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʦʥʥʦʛʦ ʩʰʠʪʦʛʦ ʩʦʧʦʣʠʤʝʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʥʝʡʥʦʛʦ ʇʕɼʆʊ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʦʙʨʘʥʥʳʭ ʵʣʝʢʪʨʦʭʨʦʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʙʳʩʪʨʦʝ ʚʨʝʤʷ 

ʧʝʨʝʢʣʶʯʝʥʠʷ (3,0 õ 4,5 ʩ), ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʨʘʰʠʚʘʥʠʷ (390 õ 

430 ʩʤ
2
/ʂʣ), ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʢʦʥʪʨʘʩʪ ȹT (ʜʦ 28,5%), ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʙʦʪʘʪʴ ʚ ʚʘʢʫʫʤʝ ʠ ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ (ʥʝ ʤʝʥʝʝ 1000 ʮʠʢʣʦʚ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ). 

2. ʅʘʧʦʣʥʝʥʥʘʷ ʠʦʥʥʘʷ ʧʦʣʫ-ɺʇʉ ʚ ʚʠʜʝ ʪʦʥʢʦʡ ʧʣʸʥʢʠ ʙʳʣʘ ʠʩʧʳʪʘʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʧʘʨʘʪʦʨʘ ʚ ʣʠʪʠʝʚʳʭ ʠʩʪʦʯʥʠʢʘʭ ʪʦʢʘ. ʉʦʙʨʘʥʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

75 ʟʘʨʷʜ-ʨʘʟʨʷʜʥʳʭ ʮʠʢʣʦʚ ʧʨʠ 40
ʦ
ʉ ʩʦ ʩʨʝʜʥʝʡ ʫʜʝʣʴʥʦʡ ʸʤʢʦʩʪʴʶ ʤɸÖʯ/ʛ (ʩʢʦʨʦʩʪʴ 

ʟʘʨʷʜʘ 7,8 mɸÖʯ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ 13-03-00343-a, 14-

03-31953_ʤʦʣ_a ʠ 14-03-00523_ʦʬʠ) ʠ ʧʨʦʛʨʘʤʤʳ ɽʚʨʦʧʝʡʩʢʦʡ ʂʦʤʠʩʩʠʠ (EC) ʧʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʦʙʤʝʥʫ ʫʯʝʥʳʭ FP7- PEOPLE-2012-IRSES (ʢʦʜ ʧʨʦʝʢʪʘ 318873 

çIONRUNè). 

mailto:shaplov@ineos.ac.ru
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STEERING ASYMMETRIC CATALYSIS  

WITH METAL CENTROCHIRALITY  
 

E. Meggers
a,b

, H. Hao
a
, L.-A. Chen

b
, L. Gong

b 

 
a
Department of Chemistry, Philipps-University Marburg, Hans-Meerwein-StraÇe, 35043 

Marburg, Germany, 
b
College of Chemistry and Chemical Engineering, Xiamen University, 

Xiamen 361005, P. R. China 

ɽ-mail: meggers@chemie.uni-marburg.de 

 

This presentation will give an overview of recent contributions from the laboratories of the 

authors to exploit octahedral stereochemistry for the design of novel asymmetric catalysts. 

1.) Metal-templated asymmetric ñorganocatalystsò:
1,2

 While the central transition metal serves 

as a structural ankerpoint and provides metal centrochirality, catalysis is mediated through the 

organic ligand sphere. Applications to asymmetric hydrogen-bond-mediated catalysis and 

chiral Brßnsted base catalysis are provided. 

 
Fig. 1. Asymmetric hydrogen bonding catalysis with inert Ir

III
 complexes. 

 

2.) Octahedral chiral-at-metal Lewis acid catalysts:
3
 In this design, the metal fulfills a dual 

function by coordinatively activating a substrate and at the same time serving as the sole 

source of chirality. Applications to asymmetric Michael additions and enolate chemistry are 

provided. 

 
Fig. 2. Substitutionally labile yet configurationally stable chiral-only-at-metal Ir

III
 complex as 

asymmetric Lewis acid catalyst. 
 

1. L.-A. Chen et al. J. Am. Chem. Soc. 2013, 135, 10598ï10601. 

2. L.-A. Chen et al. Angew. Chem. Int. Ed. 2013, 52, 14021ï14025. 

3. H. Huo et al. J. Am. Chem. Soc. 2014, 136, 2990ï2993. 
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ʍʀʄʀʗ ʕʃɽʄɽʅʊʅʆɻʆ ʌʆʉʌʆʈɸ: ʆʊ ʄʆʃɽʂʋʃʓ ʂ ʅʆɺʓʄ 

ʄɸʊɽʈʀɸʃɸʄ ʀ ʊɽʍʅʆʃʆɻʀʗʄ 
 

ʆ. ɻ. ʉʠʥʷʰʠʥ 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ɸ. ɽ. ɸʨʙʫʟʦʚʘ ʂʘʟʘʥʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʫʣ. ɸʨʙʫʟʦʚʘ, ʜʦʤ 8, 420088, ʛ. ʂʘʟʘʥʴ, 

ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʈʦʩʩʠʷ 
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THE SELF-ASSEMBLY OF AMPHIPHILIC POLYMERS IN WATER:  

WHAT HAVE WE LEARNED OVER THE LAST 30 YEARS ?  
 

F. M. Winnik *  

 

Faculty of Pharmacy and Department of Chemistry, University of Montreal, CP 6128 

Succursale Centre Ville, Montreal QC H3Z 3J7 Canada 

WPI Center for Materials Nanoarchitectonics, National Institute for Materials Science, 

1-1 Namiki, 1-1,Tsukuba, Ibaraki, 305-0044 Japan 

Department of Chemistry and Faculty of Pharmacy University of Helsinki, A. I. Virtasen 

Aukio 1, 00560 Helsinki Finland 

ɽ-mail: francoise.winnik@umontreal.ca 

 

In the early 1990's, water-soluble polymers carrying a small number of long alkyl or 

perfluoroalkyl groups, known as associating polymers or hydrophobically-modified polymers, 

were intensely studied in industrial laboratories. This interest was driven by the growing 

emphasis on replacing oil-based industrial fluids by environmentally benign water-borne 

paints, coating fluids, or enhanced oil recovery fluids. It turned out that associating polymers 

added in minute amounts to water act as excellent thickeners, gelating, and viscosifying 

agents in industrial fluids as well as in foodstuff, cosmetics, and pharmaceutical formulations. 

The useful macroscopic functions of amphiphilic polymer are a consequence of the intra- and 

interpolymeric association of their hydrophobic substituents into small clusters. These 

hydrophobic domains are fragile and can be disrupted reversibly by external stimuli, such as 

heat, changes in solution pH or ionic strength.  These phenomena led the way to the thriving 

field of responsive polymers, an important topic in contemporary fundamental and applied 

polymer science.  

I will discuss current work in my group on the solution properties of amphiphilic derivatives 

of polysaccharides, poly(N-isopropylacrylamide), and poly(2-isopropyl-2-oxazoline) studied 

by scattering techniques, photophysics, microcalorimetry, and NMR spectroscopy (1, 2, 3). 
 

1. X.P. Qiu et al. Polymer Chem. 2014, 5(11), 3656ï3665. 

2. E. Korchagina et al. Macromolecules 2013, 46(6), 2341ï2351. 

3. N. Morimoto et al. Chem. Commun. 2014, DOI , 10.1039/C4CC03199G  

 

I am greatly indebted to my students and coworkers for their dedicated research efforts, 

especially Dr. X. P. Qiu who prepared several precisely designed polymers necessary for the 

studies I will discuss, and Dr. P. Kujawa and E. Korchagina for their thorough physico-

chemical studies of complex solutions. 

This work was supported by the Natural Sciences and Engineering Research Council of 

Canada (Discovery Programme), the Canadian Foundation for Innovation, and the World 

Premier International Research Centre initiative (WPI) MEXT, Japan. 
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WEAK INTERACTIONS AND M -H BOND ACTIVATION  
 

Elena Shubina, Natalia Belkova, Oleg Filippov, Lina Epstein 

 

A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, 

Moscow, RUSSIA 

ɽ-mail: shu@ineos.ac.ru 

 

Proton transfer involving transition metal hydrides and/or heterolytic splitting of dihydrogen 

are important steps in many catalytic processes, including ionic hydrogenation and reduction 

of H
+
 to H2. Being a weak interaction, hydrogen bonding is a good tool to probe the electron 

density distribution in the molecule ground state. At that its formation is a first, incipient step 

of proton transfer reaction. In this contribution we will discuss an important role, which 

hydrogen bonds play in the chemistry of transition metal hydrides. Transition metal hydrides 

can act as proton donors or proton acceptors in hydrogen bonding.[1- 4] Formation 

of M-H
ŭ-
ĿĿĿ
ŭ+

HA or M-H
ŭ+
ĿĿĿB hydrogen bonds entails an additional polarization 

(repolarization) of an M-H bond and, thus, activates it (tunes its reactivity). At that M-H 

bonds are easier polarized and more reactive than C-H
ŭ+

 bonds of similar proton donating 

strength [3] or X-Y bonds of organic bases: proton transfer to or from transition metal 

hydrides takes place at substantially lower hydrogen bond formation energy.[3, 4] The 

reaction mechanisms and the possible types of potential energy profiles will be discussed on 

the basis of experimental and computational results[4,5]. The peculiarities of proton transfer 

between the two transition-metal hydrides with opposite polarities will be also considered. 

Formation of M-H
ŭ-
ĿĿĿ
ŭ+

H-Mô dihydrogen bond, detected only recently [6], precedes the 

proton transfer and formation of very unusual ɛ,ɖ
1:1

-H2 species featuring an end-on 

coordination mode between the two transition metals. Such complexes could be regarded as 

models for the heterolytic H2 splitting by transition metal based frustrated Lewis pairs. Finally 

the examples of the crucial role of weak solute-solvent interactions will be given to discuss 

the specific and non-specific solvent effects in proton transfer involving transition metal 

hydrides. Overall, the knowledge acquired opens the possibility for tuning the reactivity of 

hydride and dihydrogen complexes and for governing the reaction pathway. 
 

1. E. Shubina, The Silver/Gold Jubilee International Conference on Organometallic Chemistry Celebratory 

Book, First Edition. Ed.: A. J. L. Pombeiro. John Willey & Sons, Inc. 2014 chapt.8, 97  

2.V. A. Levina, J. Am. Chem Soc., 2006, 128, 3486 

3. V. A. Levina, J. Am. Chem Soc., 2010, 132, 11234 

4. G.A. Silantyev,. Inorg. Chem. 2013, 52, 1787 

5. O.A. Filippov, ChemPhysChem 2012, 13, 2677 

6. 7. V. A. Levina, Angew. Chem. Int. Ed., 2011, 50, 6, 1367 

 

This work was supported by the RFBR (ˉ 14-03-00594) and by Division of Chemistry and 
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ʉʊɽʈɽʆʍʀʄʀʏɽʉʂʀ ʅɽɾɽʉʊʂʀɽ ʄɽʊɸʃʃɸʂɸʈɹʆʈɸʅʆɺʓɽ 

ʂʃɸʉʊɽʈʓ ï ʆʉʅʆɺɸ ɼʃʗ ʄɽʊɸʃʃɸʂɸʈɹʆʈɸʅʆɺʆɻʆ 

ʂɸʊɸʃʀɿɸ 
 

ʀ. ʊ. ʏʠʞʝʚʩʢʠʡ 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʅʘʧʨʘʚʣʝʥʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʠ- ʠ ʤʦʥʦʫʛʣʝʨʦʜʥʳʝ ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʦʚʳʝ ʢʣʘʩʪʝʨʳ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʤʝʪʘʣʣʦʚ (Rh, Ir, Ru, Os) ʩ ʣʠʛʘʥʜʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ 

(ʮʠʢʣʠʯʝʩʢʠʝ ʠ ʘʮʠʢʣʠʯʝʩʢʠʝ p-ʜʠʝʥ/ʜʠʝʥʠʣʴʥʳʝ ʠ p-ʘʣʣʠʣʴʥʳʝ ʣʠʛʘʥʜʳ
1
, 

ʪʝʨʤʠʥʘʣʴʥʳʝ ʠ ʤʦʩʪʠʢʦʚʳʝ ʛʠʜʨʠʜʳ, ʬʦʩʬʠʥʳ/ʜʠʬʦʩʬʠʥʳ ʠ ʜʨ.), ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʘʩʪʚʦʨʘʭ ʠ/ʠʣʠ ʦʙʣʘʜʘʶʪ ʩʢʣʦʥʥʦʩʪʴʶ ʢ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘʤ. ʉʪʨʦʝʥʠʝ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠ ʥʝʞʝʩʪʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʨʘʩʪʚʦʨʘʭ ʠʟʫʯʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʈʉɸ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʗʄʈ ʥʘ ʨʘʟʥʳʭ ʷʜʨʘʭ, 

ʤʝʪʦʜʳ ʜʚʫʤʝʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ). ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʦʡ ʢʣʘʩʪʝʨʦʚ. ʆʙʩʫʞʜʘʶʪʩʷ: (ʘ) ʵʢʟʦ-ʥʠʜʦ­ʢʣʦʟʦ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʠ H/H ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʦʙʤʝʥ ʪʝʨʤʠʥʘʣʴʥʳʭ ʄʅ2 ʠ ʤʦʩʪʠʢʦʚʳʭ 

{ɺ-ʅ}2
...
ʄ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʵʢʟʦ-ʥʠʜʦ-ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʘʭ

2
; (ʙ) ʧʨʦʮʝʩʩʳ ʤʠʛʨʘʮʠʠ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧʠʨʦʚʦʢ ʧʦ ʢʘʨʙʦʨʘʥʦʚʦʤʫ ʦʩʪʦʚʫ ʠ ʪʨʝʫʛʦʣʴʥʳʤ ʛʨʘʥʷʤ ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʩ 2-ʭ ʵʣʝʢʪʨʦʥʥʳʤʠ, 3-ʭ ʮʝʥʪʨʦʚʳʤʠ ʩʚʷʟʷʤʠ ɺ-ʅ...ʄ
3
; (ʚ) ʧʨʦʮʝʩʩʳ 

ʤʠʛʨʘʮʠʠ ʘʛʦʩʪʠʯʝʩʢʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʘʭ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʠ 

ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ
4,5
; (ʛ) ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʘʛʦʩʪʠʯʝʩʢʦʡ ʉ-ʅ...ʄ ʩʚʷʟʴʶ
6
 ʠ (ʜ) 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʠʵʜʨʠʯʝʩʢʠʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʘʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʦʩʪʦʚʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʠ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʘʨʙʦʨʘʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ
7
. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʩʦʚʤʝʩʪʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʦʚʳʝ ʢʣʘʩʪʝʨʳ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʣʠ ʠʭ 

ʧʨʝʢʫʨʩʦʨʦʚ
8-10

. 

 
1. I. T. Chizhevsky Coord. Chem. Rev. 2007, 251, 1590-1619. 

2. E. V. Balagurova et al. J. Am. Chem. Soc., 2007, 129, 3745-3753. 

3. I. V. Pisareva et al. Inorg. Chem., 2004, 43, 6228-6237. 

4. A. V. Safronov et al. J. Organomet. Chem., 2003, 680, 111-123. 

5. A. V. Safronov et al. Organometallics, 2004, 23, 4970-4979. 

6. A. ɺ. ʉʘʬʨʦʥʦʚ ʠ ʜʨ. ʀʟʚ. ɸʅ, ʉʝʨ. ʭʠʤ., 2004, 1875-1879. 

7. A. V. Safronov et al. Organometallics, 2005, 24, 2964-2970. 

8. L. S. Alekseev et al. Organometallics, 2011, 30, 1942-1950. 
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ʉʊɸʅʆɺʃɽʅʀɽ ʀʉʉʃɽɼʆɺɸʅʀʁ ʇʆʃʀʂʆʅɼɽʅʉɸʎʀʀ  

ɺ ʀʅʕʆʉ ʀ ʉʆɿɼɸʅʀɽ ʅʆɺʆɻʆ ʅɸʇʈɸɺʃɽʅʀʗ - ʉʀʅʊɽɿ  

ʂɸʈɼʆɺʓʍ ʇʆʃʀʄɽʈʆɺ 
 

ʉ. ʅ. ʉʘʣʘʟʢʠʥ
a,b
, ɺ. ɺ. ʐʘʧʦʰʥʠʢʦʚʘ

a
 

 
ʘ
 ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ, 

 ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
 ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʬʠʤʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, 

ʧʨʦʩʧʝʢʪ ʆʢʪʷʙʨʷ, ʜ. 71, 450054, ʋʬʘ, ʈʦʩʩʠʷ 

E-mail: snsal@ineos.ac.ru 

 

ʇʠʦʥʝʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʂʘʨʦʟʝʨʩʘ ʧʨʦʙʫʜʠʣʠ ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʠ ʦʥʠ ʙʳʣʠ ʠʥʠʮʠʠʨʦʚʘʥʳ ʇ.ʇ. ʐʦʨʳʛʠʥʳʤ ʚ ʀʆʍʝ, ʚ ʢʦʪʦʨʦʤ ʚ 

1938 ʛʦʜʫ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʣʘʙʦʨʘʪʦʨʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʩ 1954 

ʛʦʜʘ ʣʘʙʦʨʘʪʦʨʠʷ ʚ ʩʦʩʪʘʚʝ ʀʅʕʆʉ). ʆʩʦʙʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʠʥʪʝʟʘ ʧʦʣʠʘʤʠʜʦʚ, ʚʳʧʦʣʥʝʥʥʦʝ ʚ 1938-1941 ʛʛ.. ʉ.ʈ. ʈʘʬʠʢʦʚʳʤ. ʐʠʨʦʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ, ʚʳʧʦʣʥʷʚʰʠʝʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ɺ. ʂʦʨʰʘʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʚʦʝʥʥʳʭ 

ʠ ʧʦʩʣʝʚʦʝʥʥʳʭ ʣʝʪ ʧʨʠʚʝʣʠ ʢ ʥʦʚʳʤ ʮʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʧʦʣʠʵʬʠʨʦʚ ʠ ʧʦʣʠʘʤʠʜʦʚ. ɺ 

ʩʝʨʝʜʠʥʝ 50-ʭ ʛʦʜʦʚ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʣʠʘʨʠʣʘʪʳ (ɺ.ɺ. ʂʦʨʰʘʢ ʠ ʉ.ɺ. 

ɺʠʥʦʛʨʘʜʦʚʘ), ʘ ʚ 1960-1961 ʛʛ.. - ʢʘʨʜʦʚʳʝ ʧʦʣʠʘʨʠʣʘʪʳ (ɺ.ɺ. ʂʦʨʰʘʢ, ʉ.ɺ. 

ɺʠʥʦʛʨʘʜʦʚʘ ʠ ʉ.ʅ. ʉʘʣʘʟʢʠʥ) ʠ ʨʘʟʚʠʪʠʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ 

ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʭʠʤʠʠ ʢʘʨʜʦʚʳʭ ʧʦʣʠʤʝʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʰʢʦʣʳ 

ɺ.ɺ. ʂʦʨʰʘʢʘ ʚ 60-70-ʳʝ ʛʦʜʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʧʝʨʚʳʝ ʢʘʨʜʦʚʳʝ ʧʦʣʠʤʝʨʳ 

ʤʥʦʛʠʭ ʢʣʘʩʩʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʪʝʨʦʮʝʧʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʚʦʟʛʣʘʚʣʷʝʤʦʡ 

ʉ.ɺ. ɺʠʥʦʛʨʘʜʦʚʦʡ: ʧʦʣʠʘʨʠʣʘʪʳ (ʉ.ʅ. ʉʘʣʘʟʢʠʥ, ʃ.ɸ. ɹʝʨʠʜʟʝ, ɺ.ɸ. ʇʘʥʢʨʘʪʦʚ), 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʩʪʳʝ ʧʦʣʠʵʬʠʨʳ (ʉ.ʅ. ʉʘʣʘʟʢʠʥ, ɸ.ɸ. ʂʫʣʴʢʦʚ) ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʣʠʤʝʪʠʣʠʜʝʥʬʪʘʣʠʜ; ʉ.ʅ. ʉʘʣʘʟʢʠʥ, 

ɻ.ʐ. ʏʝʣʠʜʟʝ), ʧʦʣʠʘʤʠʜʳ ʠ ʧʦʣʠʠʤʠʜʳ (ʗ.ʉ. ɺʳʛʦʜʩʢʠʡ), ʧʦʣʠʦʢʩʘʜʠʘʟʦʣʳ ʠ 

ʧʦʣʠʘʨʠʣʝʥʵʬʠʨʢʝʪʦʥʳ (ɼ.ʈ. ʊʫʨ), ʧʦʣʠʘʥʛʠʜʨʠʜʳ (ɺ.ɸ. ɺʘʩʥʝʚ); ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʫʯʝʥʠʢʘʤʠ ɺ.ɺ. ʂʦʨʰʘʢʘ: ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʧʦʣʠʤʝʨʳ (ɺ.ɸ. 

ʉʝʨʛʝʝʚ, ɺ.ʂ. ʐʠʪʠʢʦʚ), ʧʦʣʠʙʝʥʟʦʢʩʘʟʦʣʳ (ɻ.ʄ. ʎʝʡʪʣʠʥ, ɸ.ʀ. ʇʘʚʣʦʚ, ʉ.ʅ. 

ɿʘʙʝʣʴʥʠʢʦʚ), ʧʦʣʠʙʝʥʟʠʤʠʜʘʟʦʣʳ (ɸ.ɸ. ʀʟʳʥʝʝʚ). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʢʘʨʜʦʚʳʭ 

ʬʪʘʣʠʜʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ 

ʧʩʝʚʜʦʭʣʦʨʘʥʛʠʜʨʠʜʦʚ, ʧʨʠʚʝʜʰʠʡ ʢ ʧʦʣʫʯʝʥʠʶ ʢʘʨʜʦʚʳʭ ʧʦʣʠʤʝʨʦʚ ʥʦʚʦʛʦ ʪʠʧʘ. 

ʅʘʠʙʦʣʝʝ ʮʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʧʦʣʫʯʝʥʳ ʩʝʣʝʢʪʠʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ, 

ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ (ʀʍ ɹʌ ɸʅ ʉʉʉʈ, 

ʉ.ʈ. ʈʘʬʠʢʦʚ, ʉ.ʅ. ʉʘʣʘʟʢʠʥ, ʄ.ɻ. ɿʦʣʦʪʫʭʠʥ, ɺ.ɸ. ʂʦʚʘʨʜʘʢʦʚ ʠ ʜʨ.). 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʧʦʣʠʘʨʠʣʝʥʵʬʠʨʢʝʪʦʥʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʨʜʦʚʳʭ) 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

(ʉ.ʅ. ʉʘʣʘʟʢʠʥ, ɺ.ɺ. ʐʘʧʦʰʥʠʢʦʚʘ), ʧʨʠʚʝʣʦ ʢ ʩʠʥʪʝʟʫ ʢʘʨʜʦʚʳʭ ʧʦʣʠʤʝʨʦʚ ʩ 

ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

(ʦʩʦʙʝʥʥʦ ʫʜʝʣʴʥʦʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʋʅʎ ʈɸʅ (ɸ.ʅ. ʃʘʯʠʥʦʚ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʪʘʣʠʜʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ, 

ʦʩʦʙʝʥʥʦ ʧʦʣʠʜʠʬʝʥʠʣʝʥʬʪʘʣʠʜ ʠ ʛʦʤʦ- ʠ ʩʦʧʦʣʠʘʨʠʣʝʥʵʬʠʨʢʝʪʦʥʳ, ʦʙʣʘʜʘʶʪ 

ʤʥʦʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʮʝʥʥʳʤʠ ʜʣʷ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʨʘʜʠʦʪʝʭʥʠʢʠ. 
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ɹʀʆʉʆɺʄɽʉʊʀʄʓɽ ɹʀʆʈɸɿʃɸɻɸɽʄʓɽ ʇʆʃʀʄɽʈʓ: 

ʆʊ ɹʀʆʄɽɼʀʎʀʅʉʂʀʍ ʇʈʀʄɽʅɽʅʀʁ ʂ 

ʂʈʋʇʅʆʊʆʅʅɸɾʅʆʄʋ ʇʈʆʀɿɺʆɼʉʊɺʋ 
 

ʉ. ʅ. ʏʚʘʣʫʥ 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʘ ʈɸʅ 

 

ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʧʦʣʠʤʝʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʤʝʜʠʮʠʥʝ 

(ʩʨʝʜʩʪʚʘ ʜʦʩʪʘʚʢʠ, ʭʠʨʫʨʛʠʯʝʩʢʠʝ ʥʠʪʠ ʠ ʰʪʠʬʪʳ), ʪʘʢ ʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʫʧʘʢʦʚʢʠ, ʦʜʥʦʨʘʟʦʚʳʭ ʠʟʜʝʣʠʡ ʠ ʪ.ʧ. ʇʦʣʠʣʘʢʪʠʜ ʦʜʠʥ ʠʟ 

ʥʝʤʥʦʛʠʭ ʧʦʣʠʤʝʨʦʚ, ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʟʘ ʩʯʝʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ L- ʠ D- ʠʟʦʤʝʨʦʚ, ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʘʤʦʨʬʥʦʛʦ ʠʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʤʝʨʘ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʣʘʢʪʠʜʘ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʵʪʦʛʦ ʧʦʣʠʤʝʨʘ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʝʛʦ ʤʘʩʩʦʚʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʨʴʠʨʫʷ ʦʧʪʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ ʤʦʥʦʤʝʨʘ 

ʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʝʞʠʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦ 

ʩʚʦʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʙʨʘʟʮʳ ʧʦʣʠʣʘʢʪʠʜʘ: ʦʪ ʚʳʩʦʢʦʵʣʘʩʪʠʯʥʳʭ 

ʚʦʣʦʢʦʥ ʜʦ ʪʚʝʨʜʳʭ ʧʣʝʥʦʢ.  ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʨʠʢʩʦʚ ʩ 

ʟʘʜʘʥʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʠʤʝʥʝʥ r

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ: ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ, ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʩʫʰʢʠ, ʩʦʚʤʝʱʝʥʥʳʝ ʩ 

ʠʤʤʦʙʠʣʠʟʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʠ 

ʥʘʥʦʯʘʩʪʠʮ.  ɺʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ ʧʦʣʫʯʘʝʤʳʤ ʤʘʪʝʨʠʘʣʘʤ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

(ʘʥʪʠʤʠʢʨʦʙʥʳʝ, ʛʝʤʦʩʪʘʪʠʯʝʩʢʠʝ, ʨʦʩʪʦʩʪʠʤʫʣʠʨʫʶʰʠʝ). ʇʨʠʤʝʥʝʥʥʳʝ ʧʦʜʭʦʜʳ ʠ 

ʤʝʪʦʜʳ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʰʠʨʦʢʦʛʦ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʦʢʨʳʪʠʡ ʥʘ ʨʘʥʳ ʠ ʦʞʦʛʠ, ʠʩʢʣʶʯʘʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʨʫʙʮʦʚ ʠ 

ʰʨʘʤʦʚ, ʛʝʤʦʩʪʘʪʠʨʫʶʱʠʭ ʛʫʙʦʢ ʠ ʪʘʤʧʦʥʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʨʠʮ ʜʣʷ  

ʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʧʨʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʠ ʪʨʘʚʤʘʭ. 
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ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʩʤʘʟʳʚʘʥʠʶ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʦʣʠʤʝʨʥʳʭ ʪʚʝʨʜʳʭ 

ʪʝʣ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʪʨʠʙʦʣʦʛʠʠ-ʤʝʭʘʥʠʢʠ ʩ ʩʝʨʝʜʠʥʳ ʍʍ ʚʝʢʘ ʩʚʷʟʳʚʘʶʪ ʩʦ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ çʧʝʨʝʥʦʩʠʪʴʩʷè ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʢʦʥʪʨʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʨʘʟʫʷ ʧʘʨʫ ʩ ʥʠʟʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. ɺ ʜʦʢʣʘʜʝ 

ʥʘ ʦʩʥʦʚʝ ʦʙʰʠʨʥʳʭ ʪʨʠʙʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʦ ʷʚʣʝʥʠʝ ʨʘʩʩʤʦʪʨʝʥʦ ʢʘʢ 

ʩʚʦʡʩʪʚʦ, ʧʨʠʩʫʱʝʝ ʙʦʣʴʰʦʤʫ ʦʪʨʷʜʫ ʧʦʣʠʤʝʨʦʚ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʝʪʦʜʘʤʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ) ʪʨʝʥʠʷ 

ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ (ʉɺʄʇʕ), ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʧʦʣʠʠʤʠʜʦʚ, ʧʦʣʠʬʝʥʠʣʭʠʥʦʢʩʘʣʠʥʦʚ, ʧʦʣʠʘʨʠʣʝʥʵʬʠʨʢʝʪʦʥʦʚ ʠ ʜʨ. ʧʦ 

ʩʪʘʣʴʥʦʤʫ ʢʦʥʪʨʪʝʣʫ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʚʠʯʥʳʤʠ ʘʢʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʷʚʣʷʣʠʩʴ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʦʣʠʤʝʨʘʭ, ʧʨʠʯʝʤ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʦʜʫʢʪʳ ʠʛʨʘʶʪ ʨʦʣʴ çʪʨʠʙʦʭʠʤʠʯʝʩʢʦʡ ʩʤʘʟʢʠè. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʦʩʪʘʚʣʷʶʪ ʩʦʤʥʝʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʪʨʝʥʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

çʤʝʭʘʥʠʯʝʩʢʠʡè ʧʝʨʝʥʦʩ ʧʦʣʠʤʝʨʘ ʥʘ ʢʦʥʪʨʧʦʚʝʨʭʥʦʩʪʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʈʌʕʉ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʷʜʘ ʧʦʣʠʤʝʨʦʚ ʠ ʤʝʪʘʣʣʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʵʪʘʧʘʭ ʪʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʚʠʯʥʳʤʠ ʘʢʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʞʝʣʝʟʦ-ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʧʝʨʠʦʜ çʤʦʜʠʬʠʢʘʮʠʠè ʠʤʝʝʪ ʨʘʟʣʠʯʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʩʦʩʪʘʚʣʷʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʉɺʄʇʕ ï 20 ʤʠʥ, ʘ ʜʣʷ 

ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ï ʦʢʦʣʦ 3 ʤʠʥ. ʀʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʚʝʩʝ ʦʙʨʘʟʮʦʚ, ʥʦ ʨʝʟʢʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ 

ʩʚʦʡʩʪʚʘʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʚʦʜʷ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʨʘʝʚʦʛʦ ʫʛʣʘ 

ʩʤʘʯʠʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʠʩʢʫ ʥʦʚʳʭ 

ʪʨʠʙʦʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʤʝʜʠʮʠʥʩʢʦʡ 

ʪʨʠʙʦʣʦʛʠʠ. ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʈʌʕʉ  ʪʨʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ ï ʬʬ-ʧʦʣʠʤʝʨʘ  ʧʦʢʘʟʘʣ  

ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʤʝʨʘ ʩʦ ʩʪʘʣʴʶ, ʪʘʢ, 

ʯʪʦ ʟʘ ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʪʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʥʘ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʚʝʣʠʯʠʣʦʩʴ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʦʢʠʩʣʝʥʠʶ ʧʦʣʠʤʝʨʘ ʠ ʝʛʦ ʙʳʩʪʨʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʪʨʠʙʦʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʘʤʦʩʤʘʟʳʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʩʣʦʞʥʳʭ 

ʪʨʠʙʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʫʢʪʦʤ çʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʥʦʩʘè ʧʦʣʠʤʝʨʘ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʠʙʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʣʠʤʝʨʘʭ. 

mailto:krasnov@ineos.ac.ru
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ʋʉʇɽʍʀ ɺ ʂʆʄʇʔʖʊɽʈʅʆʄ ʄʆɼɽʃʀʈʆɺɸʅʀʀ 

ʇʆʃʀʄɽʈʅʓʍ ʉʀʉʊɽʄ 
 

ɸ. ʈ. ʍʦʭʣʦʚ 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʥʠ ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: khokhlov@polly.phys.msu.ru 

 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʜʠʥʘʤʠʢʠ ʧʦʣʠʤʝʨʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʜʠʟʘʡʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʦʧʦʣʠʤʝʨʘʭ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ (ʚʢʣʶʯʘʷ 

ʫʣʴʪʨʘʪʦʥʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ ʠ ʙʠʦʠʥʩʧʠʨʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʛʠʙʨʠʜʳ), ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚʢʣʶʯʘʷ ʪʝʨʤʦ- ʠ 

ʨʝʘʢʪʦʧʣʘʩʪʳ), ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʤʙʨʘʥ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ, 

ʨʝʘʢʮʠʦʥʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ, ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʜʠʥʘʤʠʢʘ ʯʘʩʪʠʮ, ʤʝʪʦʜʳ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʩʨʝʜʥʝʛʦ ʧʦʣʷ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʬʫʥʢʮʠʦʥʘʣ ʧʣʦʪʥʦʩʪʠ, ʢʚʘʥʪʦʚʘʷ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ, ʄʦʥʪʝ-ʂʘʨʣʦ, RISM, ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
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TWO CLUSTERS ARE BETTER THAN ONE: DEVELOPING  

THE CHEMISTRY OF BIS(CARBORANES)  
 

A. J. Welch
a
, G. Sivasubramaniam, W. Y. Man, A. P. Y. Chan, D. Ellis

 

 

Institute of Chemical Sciences, Heriot-Watt University, Edinburgh EH14 4AS, UK 

ɽ-mail: a.j.welch@hw.ac.uk 

 

At 52 years old the chemistry of carboranes
1
 is only slightly younger than the 

A. N. Nesmeyanov Institute of Organoelement Compounds and consequently it is often 

regarded as a mature field.
2
 Bis(carboranes), e.g. Fig. 1, in which two carborane clusters are 

connected by a single CïC, CïB or BïB bond, also have a long history
3
 but, somewhat 

surprisingly, their chemistry is in comparison very poorly developed. 

This talk will summarise some of our recent results in 

developing the chemistry of bis(carboranes), particularly 

bis(ortho-carborane).  In two areas, reduction 

/metallation and decapitation/metallation, the talk will 

focus on the sometimes surprising differences in the 

chemistries of bis(carboranes) and carboranes, including 

in the former area the formation of a compound in which 

an aromatic CïC bond has been cleaved under ambient 

conditions (Fig. 2),
4
 and in the latter area some examples of unusual isomers and 

isomerisations (e.g. Fig. 3).  Finally, some very recent research being developed in 

collaboration with Igor Sivaev will be described that uses bis(ortho-carborane) to capture both 

transition-metal and main group fragments, the latter building upon initial studies done in the 

A. N. Nesmeyanov Institute in the late 1970s.
5
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1. First reference: T. P. Onak, R. E. Williams and H. G. Weiss, J. Am. Chem. Soc. 1962, 84, 2830. 

2. R. N. Grimes Carboranes 2
nd

 Ed. Academic Press, Oxford, UK, 2011. 

3. J. A. Dupont and M. F. Hawthorne, J. Am. Chem. Soc., 1964, 86, 1643; 

4. D. Ellis, D. McKay, S. A. Macgregor, G. M. Rosair and A. J. Welch, Angew. Chem. Int. Ed., 2010, 49, 4943. 

5. A. I. Yanovsky, N. G. Furmanova, Yu. T. Struchkov, N. F. Shemyakin and L. I. Zakharkin, Izv. Akad. Nauk 

SSSR, Ser. Khim., 1979, 1523. 

 

This work was supported in part by the Engineering and Physical Sciences Research Council 

(EPSRC), UK, under project EP/I031545/1. 

Fig. 1  Bis(ortho-carborane) 

Fig. 2 Fig. 3 
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PUTTING TO WORK REDOX ACTIVE LIGANDS  

FOR TRANSITION METAL ORGANOMETALLIC CHEMISTRY  
 

K. G. Caulton 

 

Indiana University 

 

This talk will explore the idea that ligands have until now been lazy, passive spectators and 

that we should expect more from them: storage of redox equivalents. The electronic 

characteristics of a number of nitrogen heterocycles, chosen to be robust in the anticipated 

catalytic chemical reaction environment, are analyzed for their potential to support reduction 

or, in other cases, oxidation. This leads to the provocative idea that a ligand, typically thought 

of as simply a Lewis base donor, can be an oxidizing agent or a reducing agent when it 

encounters a metal of appropriate complementary character. Once the metal ligand assembly 

is charged with, for example, reducing equivalents, then the question of "where are those 

electrons?" must be explored, both experimentally and computationally. Finally some 

examples testing whether these "electron shuttles" can accomplish challenging 

transformations with normally refractory substrates will be discussed, together with the 

possibility of accompanying proton transfer for proton responsive ligands. Examples will be 

chosen from among the metals iron, copper, vanadium and ruthenium. The use of x-ray 

photoelectron spectroscopy will be discussed for its potential to serve as the elusive, but 

highly desirable, "oxidation state-ometer."   
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MAGNETICALLY RECOVERABLE NANOCATALYSTS: SYNTHESIS, 

STRUCTURE, AND PROPERTIES 
 

L . M. Bronstein
a,b,c 

 
a
A.N. Nesmeyanov Institute of Organoelement Compounds RAS, 28 Vavilova St., Moscow 

 

119991, Russia. 
b
Indiana University, Department of Chemistry, 800 E. Kirkwood Av., 

Bloomington, IN 47405, USA. 
c
King Abdulaziz University, Department of Physics, 

 Jeddah, Saudi Arabia. 

ɽ-mail: lybronst@indiana.edu 

 

Magnetically recoverable catalysts attracted considerable attention due to combination of 

catalytic properties with easy catalyst recovery from reaction mixtures and their repeated use. 

Magnetically recoverable catalysts allow conservation of energy, more environmentally 

friendly processes and cheaper target products. Normally, these catalysts consist of 

functionalized magnetic nanoparticles (NPs). Among various magnetic materials, magnetite 

and maghemite are often preferred due to their strong magnetic response and stability in 

ambient conditions. Functionalization of these NPs can be carried out in several ways 

involving surfactants, polymers, or other functional capping molecules. One of the approaches 

is the post-syntheses functionalization, i.e., iron oxide NPs are first synthesized and then 

functionalized either by ligand exchange reaction or by placement of polymer chains on the 

nanoparticle surface. The other method is direct formation of magnetic NPs in the presence of 

functional ligands followed by incorporation of catalytic species in the ligand shells. 

In this talk I will discuss both methods of magnetic NP functionalization as well as their 

advantages and disadvantages. Formation of magnetically recoverable catalysts and their 

catalytic properties will be also discussed. The post-synthesis functionalization allows one to 

employ monodisperse magnetic NPs synthesized in optimal conditions and in general, it is a 

robust procedure, however, it is difficult to control the distribution of functional ligands on 

the NP surface.  The direct NP synthesis in the presence of functional ligands allows uniform 

distribution of functional capping molecules on the NP surface. Figure 1 shows an example of 

such magnetically recoverable catalyst based on the third generation polyphenylenepyridyl 

dendrimer and containing Pd NPs. These capping molecules lead to the formation of 

ferrimagnetic multicore mesocrystals with an ambient blocking temperature, allowing easy 

magnetic switching. 

 
Figure 1. High resolution transmission electron microscopy images of multicore magnetite 

mesocrystal (a) and the magnetically recoverable catalyst (b). Inset in (a) shows a Fast Fourier 

Transform image. In (b) smaller particles represent Pd NPs (red arrows), while larger particles 

are the iron oxide NPs (yellow arrows). 
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1-ɻɸʃʆɻɽʅ-2-ʊʈʀʌʊʆʈɸʎɽʊʀʃɸʎɽʊʀʃɽʅʓ - 

ʅʆɺʓɽ ʋʅʀɺɽʈʉɸʃʔʅʓɽ ʈɽɸɻɽʅʊʓ 

ɺ ʆʈɻɸʅʀʏɽʉʂʆʄ ʉʀʅʊɽɿɽ 
 

ɸ. ɹ. ʂʦʣʜʦʙʩʢʠʡ, ɺ. ʅ. ʂʘʣʠʥʠʥ, ʆ.ʉ.ʐʠʣʦʚʘ, ʀ. ɸ. ɻʦʜʦʚʠʢʦʚ 

 

ʀʥʩʪʠʪʫʪ ʕʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʉʦʝʜʠʥʝʥʠʡ ʈɸʅ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ, 

119991, ʄʦʩʢʚʘ, ʫʣ. ɺʘʚʠʣʦʚʘ 28, ʈʦʩʩʠʷ 

E-mail: andikineos@rambler.ru 

 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʦʙʱʠʡ ʧʨʝʧʘʨʘʪʠʚʥʳʡ  ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ  

1-ʛʘʣʦʛʝʥ-2-ʪʨʠʬʪʦʨʘʮʝʪʠʣʘʮʝʪʠʣʝʥʦʚ (3), ʧʦʟʚʦʣʷʶʱʠʡ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʛʨʘʤʤʦʚ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʧʨʦʚʦʜʠʪʩʷ ʪʨʠʬʪʦʨʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʙʠʩ(ʪʨʠʤʝʪʠʣʩʪʘʥʥʠʣ)ʘʮʝʪʠʣʝʥʘ (1), ʧʦʩʣʝ ʯʝʛʦ 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʢʝʪʦʥ (2) ʛʘʣʦʛʝʥʠʨʫʝʪʩʷ (ʩʭʝʤʘ 1). 

 

 
 

ʉʦʝʜʠʥʝʥʠʷ (3) ʷʚʣʷʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʠʚʥʳʤʠ ʜʠʝʥʦʬʠʣʘʤʠ ʚ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-

ɸʣʴʜʝʨʘ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʥʝʦʙʳʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʩʚʝʱʝʥʠʷ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʩʪʫʧʘʪʴ ʚ ʦʨʙʠʪʘʣʴʥʦ ʟʘʧʨʝʱʝʥʥʫʶ ʨʝʘʢʮʠʶ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʩ ʧʨʦʩʪʳʤʠ ʘʣʢʝʥʘʤʠ (ʩʭʝʤʘ 2).  

 
 

ʎʠʢʣʦʙʫʪʝʥʳ (4) ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʠʟʫʶʱʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʠ 

ʦʪʢʨʳʚʘʶʪ ʜʦʩʪʫʧ ʢ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʤ ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʤ 

ʮʠʢʣʦʛʝʪʝʨʦʙʫʪʘʨʝʥʘʤ (5,6) (ʩʭʝʤʘ 3). 
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IL 21 

ʊʈɽʍʇɸʃʋɹʅʓɽ ʂʆʄʇʃɽʂʉʓ ʉ ʄʆʉʊʀʂʆɺʓʄ 

ʎʀʂʃʆʇɽʅʊɸɼʀɽʅʀʃʔʅʓʄ ʃʀɻɸʅɼʆʄ: 

ʕʂʉʇɽʈʀʄɽʅʊ ʀ ʊɽʆʈʀʗ 
 

ɸ. ʈ. ʂʫʜʠʥʦʚ 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: arkudinov@ineos.ac.ru 

 

ɺ 1987 ʛ. ʤʳ ʩʦʦʙʱʠʣʠ ʦ ʩʠʥʪʝʟʝ ʧʝʨʚʳʭ Õ-ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ 

ʪʨʝʭʧʘʣʫʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʞʝʣʝʟʘ [Cp*M(Õ-Cp*)M'(C5R5)]
+
 (M, M' 

= Fe, Ru, Os) [1]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʵʢʠʥʛʘ 

ʜʝʢʘʤʝʪʠʣʤʝʪʘʣʣʦʮʝʥʦʚ ʩ ʢʘʪʠʦʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ [M(C5R5)]
+
. ʀʩʧʦʣʴʟʫʷ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʩʪʵʢʠʥʛʘ ʥʘʤ ʫʜʘʣʦʩʴ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʷʜ ʪʨʝʭʧʘʣʫʙʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʚʫʩʪʦʨʦʥʥʝ ʩʚʷʟʘʥʥʳʤ ʥʝʟʘʤʝʱʝʥʥʳʤ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʤ ʣʠʛʘʥʜʦʤ 

[(ring)M(Õ-Cp)M'(ring)]
+
: 

 
 

ʅʘʧʨʠʤʝʨ, ʬʦʪʦʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʬʝʨʨʦʮʝʥʘ ʩ [CpFe(C6H6)]
+
 ʧʨʠʚʝʣʘ ʢ 

ʨʦʜʦʥʘʯʘʣʴʥʦʤʫ ʪʨʝʭʧʘʣʫʙʥʦʤʫ ʢʘʪʠʦʥʫ [CpFe(Õ-ɖ
5
:ɖ

5
-Cp)FeCp]

+
 (1), ʘ ʨʝʘʢʮʠʷ 

ʥʠʢʝʣʦʮʝʥʘ ʩ [Co(C6Me6)2]
+
 ï ʢ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤʫ ʢʦʙʘʣʴʪʦ-ʥʠʢʝʣʝʚʦʤʫ ʢʘʪʠʦʥʫ 

[CpNi(Õ-ɖ
3
:ɖ

3
-Cp)Co(C6Me6)]

+
 (2) [2]. ʉʣʝʜʫʝʪ ʦʜʥʘʢʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʩ 

ʥʝʟʘʤʝʱʝʥʥʳʤ ʤʦʩʪʠʢʦʚʳʤ Cp-ʣʠʛʘʥʜʦʤ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʉɸ. ʂ ʩʯʘʩʪʴʶ, DFT-ʨʘʩʯʝʪʳ ʧʦʣʝʟʥʳ 

ʢʘʢ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʧʨʠʨʦʜʳ 

ʩʚʷʟʠ. ʅʘʧʨʠʤʝʨ, ʢʘʪʠʦʥ 1 ʠʤʝʝʪ ʣʠʰʴ ʦʜʠʥ ʩʠʥʛʣʝʪ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 
1
H, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʦʯʝʥʴ ʙʣʠʟʢʠʤʠ GIAO ʠ CSGT ʪʝʥʟʦʨʘʤʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʨʦʪʦʥʦʚ ʤʦʩʪʠʢʦʚʦʛʦ ʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʢʦʣʝʮ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʘ ʫʨʦʚʥʝ BP86/def2-

TZVPP. ɼʣʷ ʢʘʪʠʦʥʘ 2 ʭʘʨʘʢʪʝʨʝʥ ʙʳʩʪʨʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʘʪʦʤʦʚ Co ʠ Ni ʧʦ ʤʦʩʪʠʢʦʚʦʤʫ Cp-ʢʦʣʴʮʫ (Ea = 0.2 ʢʢʘʣ ʤʦʣʴ
ï1

). 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʝʪʦʜʘ ʨʘʟʣʦʞʝʥʠʷ ʵʥʝʨʛʠʠ ʥʘ ʫʨʦʚʥʝ BP86/TZ2P, ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʪʨʝʭʧʘʣʫʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʞʝʣʝʟʘ [CpM(Õ-Cp)MCp]
+
 ʚʦʟʨʘʩʪʘʝʪ ʚ 

ʨʷʜʫ: Ru < Fe < Os < Hs. ʇʨʠʪʷʛʠʚʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤʠ MCp2 ʠ 

[MCp]
+
 ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʚʘʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ (55%). ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ 

ʢʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʚʥʦʩʠʪ ˊ-ʜʦʥʠʨʦʚʘʥʠʝ (49ï59%), ʘ ʚʢʣʘʜʳ ů-ʜʦʥʠʨʦʚʘʥʠʷ ʠ 

ʦʙʨʘʪʥʦʛʦ ʜʦʥʠʨʦʚʘʥʠʷ ŭ-ʪʠʧʘ ʩʦʩʪʘʚʣʷʶʪ 15ï25% ʠ 25ï28%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʪʵʢʠʥʛ ʧʝʥʪʘʤʝʪʠʣʤʝʪʘʣʣʦʮʝʥʦʚ CpMCp* (M = Fe, Ru) ʩ ʯʘʩʪʠʮʘʤʠ 

[M(ring)]
+
 ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʝʟʘʤʝʱʝʥʥʦʤʫ ʢʦʣʴʮʫ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʦʩʪʦʤ ʩʪʝʨʠʯʝʩʢʦʛʦ 

ʦʪʪʘʣʢʠʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʩʪʵʢʠʥʛʘ ʧʦ Cp*-ʢʦʣʴʮʫ (4 ʢʢʘʣ ʤʦʣʴ
ï1

 ʚ ʩʣʫʯʘʝ ʞʝʣʝʟʘ). 
1. A. R. Kudinov et al. J. Organomet. Chem. 1987, 336(1ï2), 187ï197. 

2. A. R. Kudinov et al. ʀʟʚ. ɸʅ. ʉʝʨ. ʭʠʤ. 1999, (4), 798ï799; 1999, (7), 1364ï1367. 
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ʋʉʊʅʓɽ ɼʆʂʃɸɼʓ 

 
OL1 

ɸʃʂʀʃʔʅʓɽ, ɻʀɼʈʀɼʅʓɽ ʀ ɸʃʂʀʃ-ɻʀɼʈʀɼʅʓɽ 

ʂʆʄʇʃɽʂʉʓ ʃɸʅʊɸʅʆʀɼʆɺ, ʉʊɸɹʀʃʀɿʀʈʆɺɸʅʅʓɽ  

N,N-, N,N,N,N-, N,N,O- ʀ N,N,S-ʃʀɻɸʅɼɸʄʀ. ʉʀʅʊɽɿ, ʉʊʈʆɽʅʀɽ, 

ʉɽʃɽʂʊʀɺʅɸʗ ɺʅʋʊʈʀʄʆʃɽʂʋʃʗʈʅɸʗ 

ʉ-ʅ ɸʂʊʀɺɸʎʀʗ ʀ ʂɸʊɸʃʀʊʀʏɽʉʂɸʗ ɸʂʊʀɺʅʆʉʊʔ ɺ 

ʈɽɸʂʎʀʗʍ ʄɽɾʄʆʃɽʂʋʃʗʈʅʆɻʆ ɻʀɼʈʆɸʄʀʅʀʈʆɺɸʅʀʗ, 

ɻʀɼʈʆʌʆʉʌʀʅʀʈʆɺɸʅʀʗ ʀ ʇʆʃʀʄɽʈʀɿɸʎʀʀ ɼʀɽʅʆɺ  
 

ɸ. ɸ. ʊʨʠʬʦʥʦʚ, ɼ. ʄ. ʃʶʙʦʚ, ɸ. ɸ. ʂʠʩʝʣʴ, ɸ. ʆ. ʊʦʣʧʳʛʠʥ, 

ɺ. ʖ. ʈʘʜʴʢʦʚ, ʊ. ɺ. ʄʘʭʨʦʚʘ
 

 

ʀʥʩʪʠʪʫʪ
 
ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ. ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ, 

ʫʣ. ʊʨʦʧʠʥʠʥʘ, ʜ. 49, 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɽ-mail: trif@iomc.ras.ru 

 

ʉʠʥʪʝʟʠʨʦʚʘʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʨʷʜ ʙʠʩ(ʘʣʢʠʣʴʥʳʭ), ʩʤʝʰʘʥʥʦʘʣʢʠʣʴʥʳʭ, ʢʘʪʠʦʥʥʳʭ 

ʘʣʢʠʣʴʥʳʭ, ʘʣʢʠʣ-ʘʨʠʣʴʥʳʭ, ʘʣʢʠʣ-ʙʝʥʟʠʣʴʥʳʭ ʠ ʘʣʢʠʣ-ʛʝʪʝʨʦʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʜʝʥʪʘʪʥʳʝ n,n-, n,n,n,n-, n,n,o- ʠ 

n,n,s-ʣʠʛʘʥʜʳ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʩʚʷʟʝʡ ʄ-ʉ ʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʨʝʘʛʝʥʪʘ ʚʩʝ 

ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʝʣʝʢʪʠʚʥʦ ʧʦ ʄ-ʉ(sp
3
) ʠʣʠ ʄ-ʉ(sp

2
) ʩʚʷʟʠ. ʅʘ 

ʧʨʠʤʝʨʝ ʙʠʩʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʨʠʷ ʠ ʣʶʪʝʮʠʷ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʘʤʠʜʦʧʠʨʠʜʠʥʘʪʥʳʤ ʣʠʛʘʥʜʦʤ ʩ ʙʝʥʟʪʠʦʬʝʥʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʧʦʣʦʞʝʥʠʠ 6 

ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʦʙʥʘʨʫʞʝʥʘ ʨʝʘʢʮʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʢʨʳʪʠʷ 

ʙʝʥʟʪʠʦʬʝʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʘʣʢʠʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʜʦʪʠʦʣʷʪʥʳʡ ʬʨʘʛʤʝʥʪ.  ʉʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʦʚʳʭ 

ʛʠʜʨʠʜʥʳʭ ʠ ʘʣʢʠʣ-ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʠʩʩʣʝʜʦʚʘʥʦ ʠʭ 

ʩʪʨʦʝʥʠʝ, ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʙʨʦʩʪʴ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʙʠʩʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʜʝʥʪʘʪʥʳʝ ʘʤʠʜʠʥʘʪʥʳʝ ʠ ʘʤʠʜʦʧʠʨʠʜʠʥʘʪʥʳʝ ʣʠʛʘʥʜʳ, ʨʘʟʨʘʙʦʪʘʥʳ 

ʚʳʩʦʢʦʵʬʬʝʪʠʚʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʟʦʧʨʝʥʘ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʩ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʦʙʠʚʘʪʴʩʷ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʝʛʦ ʨʝʛʠʦ-, ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʷ ʥʘʜ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʣʠʤʝʨʦʚ.  

ʄʝʪʘʣʣʘʮʠʢʣʠʯʝʩʢʠʝ ʘʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʪʪʨʠʷ ʠ ʣʶʪʝʮʠʷ ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʘʪʘʣʠʟʝ ʨʝʘʢʮʠʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʷ ʠ 

ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʢʝʥʦʚ, ʧʦʟʚʦʣʷʷ ʧʨʦʚʦʜʠʪʴ ʠʭ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ ʩʦ ʩʪʦʧʨʦʮʝʥʪʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 14-13-00742). 
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ʅʆɺʓɽ ʂɸʈɹʆʈɸʅʉʆɼɽʈɾɸʑʀɽ ʂʈɽʄʅʀʁʆʈɻɸʅʀʏɽʉʂʀɽ 

ʕʃɸʉʊʆʄɽʈʓ. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ 
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 ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 119991, ʫʣ. 
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ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ  ʥʦʚʳʭ ʧʦʣʠʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚʳʭ ʵʣʘʩʪʦʤʝʨʦʚ ʩ 1,7-

ʙʠʩ(ʜʠʤʝʪʠʣʩʠʣʠʣʤʝʪʠʣ)-ʤ-ʢʘʨʙʦʨʘʥʦʚʳʤʠ ʟʚʝʥʴʷʤʠ ʢʦʥʜʝʥʩʘʮʠʝʡ 1,7-

ʙʠʩ(ʛʠʜʨʦʢʩʠʜʠʤʝʪʠʣʩʠʣʠʣʤʝʪʠʣ)-ʤ-ʢʘʨʙʦʨʘʥʘ ʩ ʙʠʩ(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʜʠʦʨʛʘʥʦʩʠʣʘʥʘʤʠ 

ʠ -ʩʠʣʦʢʩʘʥʘʤʠ:  

x

C

C CH2 Si

CH3

CH3

O Si

R

CH3

O

CH2Si

CH3

CH3

y  
ʛʜʝ R = CH3, C6H5, CH2=CH, H, CF3CH2CH2;  x = 1-80 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʜʣʠʥʳ ʜʠʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚʦʛʦ ʙʣʦʢʘ ʤʝʞʜʫ 1,7-

ʙʠʩ(ʜʠʤʝʪʠʣʩʠʣʠʣʤʝʪʠʣ)-ʤ-ʢʘʨʙʦʨʘʥʦʚʳʤʠ ʟʚʝʥʴʷʤʠ ʠ ʧʨʠʨʦʜʳ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʜʠʢʘʣʦʚ ʫ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ ʦʪ -40 ʜʦ -122
0
ʉ. 

ʅʦʚʳʝ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ. ʊʘʢ, ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ 

ʨʘʟʣʦʞʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ, ʣʝʞʘʪ 

ʚ ʫʟʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ: ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 340-380 ʠ 430-570
0
ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʚʫʣʢʘʥʠʟʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘ 100 ʚʝʩ. ʯʘʩʪʝʡ ʧʦʣʠʤʝʨʘ 30 ʚʝʩ. ʯʘʩʪʝʡ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʣʠ ʩʠʣʠʢʘʪʘ ʤʘʛʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʚʳʝ ʠʤʝʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʥʘʯʘʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʯʝʤ ʚʪʦʨʳʝ. 

ʆʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʫʣʢʘʥʠʟʘʪʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʣʠʟʢʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʝʢʣʦʚʘʥʠʷ 

ʧʦʣʠʤʝʨʘ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʴ ʚʫʣʢʘʥʠʟʘʪʘ ʠ ʝʛʦ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʚʦʟʨʘʩʪʘʶʪ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʘʜʘʝʪ.  
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A.A. Pasynskii, Yu.V. Torubaev, I.V. Skabitsky, S.S. Shapovalov, A.V. Pavlova 

 

N.S. Kurnakov Institute of General and Inorganic Chemistry, Moscow, Russia 

aapas@rambler.ru 

 

The chalcogen-containing organometallic complexes were used as ligands to complexes of 

different transition metals (M). X-Ray analyses data showed the common features: a) sharp 

shortening (from 0.15 to 0.3 A) of formally ordinary M-E bonds (E = S, Se, Te) and M-P 

bonds[1] compared to the covalent radii sum (CRS) [2]; b) electron-compensating 

rearragment of clusters. 

 

1. The coordination of CpFe(CO)2TePh as ligand: 

 

2. The cyclization of CpFe(CO)2TeFc: 

 
3. The coordination and transmetallation of [CpMn(CO)2]2E2 (E = S, Se, Te) 
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[1]. A.A. Pasynskii , Russ. J. Coord. Chem., 2011, Vol. 37, No. 11, p. 801  

[2]. Cordero, B., Gomez, V., Platero-Prats, A.E., et al., Dalton Trans., 2008, p. 2832 
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ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʩʠʥʪʝʟʘ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʛʨʘʜʠʝʥʪʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ. ɺʘʨʠʘʥʪʦʤ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʟʘʜʘʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ ʣʠʛʘʥʜʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʭʝʣʘʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɼʣʷ ʜʘʥʥʳʭ ʮʝʣʝʡ ʧʦʜʭʦʜʷʱʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʙʣʦʢʦʤ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʳʝ ʦ-ʙʝʥʟʦʭʠʥʦʥʳ. 

ʌʦʪʦʣʠʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʣʠʛʘʥʜʘ, ʘ ʠʤʝʥʥʦ, 

ʬʦʪʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ ʜʦ ʧʠʨʦʢʘʪʝʭʠʥʦʚ, ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʩʧʦʩʦʙ 

ʚʚʝʜʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʨʠʨʦʜʫ ʤʝʪʘʣʣʘ ʚ ʧʦʣʠʤʝʨʝ. ɹʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʦ-ʙʝʥʟʦʭʠʥʦʥ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʘʢʨʠʣʘʪʥʦʡ ʛʨʫʧʧʦʡ, 2,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-3,4-

ʜʠʦʢʩʠʮʠʢʣʦʛʝʢʩʘ-1,5-ʜʠʝʥʠʣ ʤʝʪʘʢʨʠʣʘʪ (QMEG) ʘʢʪʠʚʥʳʡ ʚ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʅʘʡʜʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʄʕɻ: ɼʄʇʕɻ-550 (1:1) ʠ 1,6 ʤʘʩʩ.% QMEG. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦ-

ʭʠʥʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʤʦʣʝʢʫʣʘʭ QMEG ʠ ʧʦʣʠ-QMEG ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʧʠʨʦʢʘʪʝʭʠʥʘ, ʢʘʢ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʪʘʢ ʠ ʚ ʧʦʣʠʤʝʨʥʦʤ ʩʣʦʝ. ʇʨʠ 

ʵʪʦʤ ʜʦʥʦʨʦʤ ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʤʦʣʝʢʫʣʘ QMEG, ʠʣʠ ʚʚʝʜʸʥʥʦʛʦ ʘʤʠʥʘ (ʧ-

ʟʘʤʝʱʝʥʥʳʝ N,N-ʜʠʤʝʪʠʣʘʥʠʣʠʥʳ). ʇʨʠ ʥʝʦʜʥʦʨʦʜʥʦʤ ʦʙʣʫʯʝʥʠʠ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ 

ʥʘ ʦʩʥʦʚʝ QMEG ʚ ʧʦʣʠʤʝʨʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢʞʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʠʨʦʢʘʪʝʭʠʥʦʚʳʭ ʠ ʭʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʀʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ 

ʚʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʪʘʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʩʣʦʠ. ʇʝʨʚʳʡ - ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʙʣʫʯʸʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩʣʦʷ ʧʦ ʨʝʘʢʮʠʠ ʬʦʪʦʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʧʠʨʦʢʘʪʝʭʠʥʦʚ ʩ ʩʦʣʷʤʠ ʤʝʪʘʣʣʦʚ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ 

Mo, V ʠ Fe. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʚʚʝʜʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ 

ʦʙʣʫʯʸʥʥʳʝ ʫʯʘʩʪʢʠ ʪʘʢʦʛʦ ʧʦʣʠʤʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʦʙʲʸʤʝ ʩʣʦʷ ʧʦʣʠʤʝʨʥʳʭ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʦʢʦʧʣʝʢʩʦʚ ʚ ʩʣʦʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʵʢʩʧʦʟʠʮʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʠʤʝʝʪ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʠ ʥʘʩʳʱʝʥʠʷ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ - ʩʠʥʪʝʟ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʥʝʦʙʣʫʯʸʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩʣʦʷ ʭʠʥʦʥʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨʘ ʧʦ ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʭʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ - 

ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʬʝʥʠʣʩʫʨʴʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʥʝʦʙʣʫʯʸʥʥʦʤ 

ʫʯʘʩʪʢʝ ʪʘʢʦʛʦ ʩʣʦʷ, ʧʦʤʝʱʸʥʥʦʛʦ ʚ ʨʘʩʪʚʦʨ SbPh3 ʚ ʊɻʌ ʠʜʸʪ ʨʝʘʢʮʠʷ ʦ-ʭʠʥʦʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʧʦʣʠʤʝʨʘ ʩ SbPh3. ʇʨʠ ʵʪʦʤ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʣʠʤʝʨʥʳʝ 

ʩʫʨʴʤʫʩʦʜʝʨʞʘʱʠʝ ʢʘʪʝʭʦʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʦʙʨʘʪʠʤʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʦʜʥʦʤ ʫʯʘʩʪʢʝ ʧʣʸʥʢʠ 

ʩʦʧʦʣʠʤʝʨʘ ʚʚʝʜʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʤʝʨʘ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʩʦʧʦʣʠʤʝʨʘ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʬʦʪʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ - ʧʠʨʦʢʘʪʝʭʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʩʦʧʦʣʠʤʝʨʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-97064-

ʨ_ʧʦʚʦʣʞʴʝ_ʘ, 13-03-12225-ʦʬʠ_ʤ, 14-03-31256-ʤʦʣ_ʘ, 14-03-31361 ʤʦʣ_ʘ). 
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ʃʶʙʦʡ ʦʙʨʘʟʝʮ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʦʛʨʦʤʥʦʛʦ ʥʘʙʦʨʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʯʠʩʣʘʤʠ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ ʩʧʦʩʦʙʦʤ 

ʠʭ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢ, ʯʠʩʣʦ ʠʟʦʤʝʨʦʚ ʚʦ ʤʥʦʛʠʭ ʨʝʘʣʴʥʳʭ ʩʦʧʦʣʠʤʝʨʘʭ ʤʦʞʝʪ 

ʧʨʝʚʳʰʘʪʴ ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʪʨʦʛʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʪʘʢʦʛʦ 

ʨʦʜʘ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ 

ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ. ɽʛʦ ʠʜʝʠ, ʥʘʨʷʜʫ ʩ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʨʘʩʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ 

ʧʦʣʠʤʝʨʦʚ, ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʜʤʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʧʦʣʠʤʝʨʦʚ. ɽʸ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʢ ʦʧʠʩʘʥʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʭ 

ʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʟʣʦʞʝʥʳ ʚ ʦʙʟʦʨʥʳʭ ʩʪʘʪʴʷʭ ñPrinciples of the 

quantitative description of the chemical structure of synthetic polymersò [1] ʠ ñPrinciples of 

statistical chemistry as applied to kinetic modeling of polymer-obtaining processesò [2]. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʧʦʣʠʤʝʨʦʚ ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʚ ʩʚʦʸ ʚʨʝʤʷ ɺ.ɺ. ʂʦʨʰʘʢʦʤ, ʢʦʪʦʨʳʡ ʝʱʸ ʚ ʩʝʤʠʜʝʩʷʪʳʝ ʛʦʜʳ ʦʙʨʘʪʠʣ 

ʚʥʠʤʘʥʠʝ ʥʘ ʚʘʞʥʦʩʪʴ ʬʘʢʪʦʨʘ ʨʘʟʥʦʟʚʝʥʥʦʩʪʠ, ʧʨʠʩʫʱʝʡ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʚʩʝʤ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʦʣʠʤʝʨʘʤ [3]. ʀʤ ʚ ʵʪʠ ʛʦʜʳ ʙʳʣʦ ʠʥʠʮʠʠʨʦʚʘʥ ʮʠʢʣ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʦʪ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʜʭʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʧʦʟʚʦʣʠʣʦ ʤʥʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʲʷʩʥʠʪʴ  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʪʜʝʣʘ ɺ.ɺ. ʂʦʨʰʘʢʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʩʦʚʤʝʩʪʥʳʭ ʩʪʘʪʝʡ ʠ ʦʙʟʦʨʦʚ ʧʦ ʵʪʦʡ 

ʪʝʤʘʪʠʢʝ (ʥʘʧʨʠʤʝʨ, ʦʙʟʦʨ [4]). ʇʨʠʚʝʜʸʥʥʳʝ ʚ ʥʠʭ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʜʥʠʤ 

ʠʟ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʇʦʤʠʤʦ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʵʪʠ ʤʝʪʦʜʳ ʥʘʰʣʠ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʧʠʩʘʥʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʜʠʢʘʣʴʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ [5] ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʦʚ [6]. ʕʪʠ ʤʝʪʦʜʳ, ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʩʝʚʦʟʤʦʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʥʝʡʥʳʭ ʠ ʨʘʟʚʝʪʚʣʸʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʦʪ ʫʩʣʦʚʠʡ ʠʭ ʩʠʥʪʝʟʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, ñTheoretical approaches to prediction of polymer 

propertiesò [7]). 

ɺ ʩʚʦʸʤ ʦʙʟʦʨʥʦʤ ʜʦʢʣʘʜʝ ʷ ʧʨʝʜʧʦʣʘʛʘʶ ʚ ʧʦʧʫʣʷʨʥʦʡ ʬʦʨʤʝ ʧʦʟʥʘʢʦʤʠʪʴ ʫʯʘʩʪʥʠʢʦʚ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʦʙʱʠʤʠ ʠʜʝʷʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʧʦʣʠʤʝʨʦʚ ʠ ʧʨʠʚʝʩʪʠ 

ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʢʦʥʢʨʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʝʸ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʦʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʥʫʢʣʝʦʬʠʣʘ [óMô]
ï
 ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʛʘʣʦʛʝʥʠʜʦʤ (RX) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʙʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʩʚʷʟʠ 

ʫʛʣʝʨʦʜ-ʤʝʪʘʣʣ. ʍʦʪʷ ʬʦʨʤʘʣʴʥʦ ʪʘʢʫʶ ʨʝʘʢʮʠʶ ʤʦʞʥʦ ʚʩʝʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ (ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʨʦʜʫʢʪʝ RôMô 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʜʚʝ ʝʜʠʥʠʮʳ), ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʩʤʳʩʣʝ 

ʪʝʨʤʠʥʘ (ʦʙʨʘʟʦʚʘʥʠʝ RôMôX) ʪʠʧʠʯʥʦ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʝʥʘʩʳʱʝʥʥʳʭ 16e 

ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ 18e ʘʥʠʦʥʦʚ ʢʘʨʙʦʥʠʣʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʪʘʢʠʝ ʨʝʘʢʮʠʠ 

ʠʟʚʝʩʪʥʳ ʥʝ ʙʳʣʠ. 

ʅʝʜʘʚʥʦ ʥʘʤʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʨʝʘʢʮʠʷ ʢʘʨʙʦʥʠʣʘʪʘ ʨʝʥʠʷ ʩ E-a-ʙʨʦʤʩʪʠʣʴʙʝʥʦʤ, 

ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʫ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʠʥʠʣʛʘʣʦʛʝʥʠʜʘ, 

Na[VinReBr(CO)4], c ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʠʩʩʦʮʠʘʮʠʝʡ CO-ʣʠʛʘʥʜʘ.
1
 ʊʘʢʠʝ ʧʨʠʟʥʘʢʠ ʢʘʢ 

ʩʪʝʨʝʦʢʦʥʚʝʨʛʝʥʮʠʷ, ʬʦʪʦʩʪʠʤʫʣʠʨʦʚʘʥʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʨʪʦ-ʟʘʤʝʱʸʥʥʦʛʦ ʭʠʥʦʤʝʪʘʥʘ ʠ ʝʸ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʩʧʣʘʚʦʤ Na/K 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʦʡ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ: 

 
ʉʭʝʤʘ 1. ʈʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʦʡ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʚʠʥʠʣʛʘʣʦʛʝʥʠʜʘ ʢ [re(CO)5]
-
 

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʘʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠ ʩ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ 

ʚʠʥʠʣʛʘʣʦʛʝʥʠʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʮʠʢʣʠʯʝʩʢʠʤ ʙʨʦʤʚʠʥʠʣʢʝʪʦʥʦʤ (ʩʭʝʤʘ), ʘ ʪʘʢʞʝ ʩ ʧ-

ʙʨʦʤʙʝʥʟʦʥʠʪʨʠʣʦʤ. 
 

1. P.K. Sazonov, D.S. Ptushkin, V.N. Khrustalev, I.P. Beletskaya, Dalton Trans. 2013, 42, 4223-4231. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʆʍʅʄ ʈɸʅ (ˉ 1-ʆʍ). 
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Physical poly(vinyl alcohol) cryogels (PVACG) are formed as a result of consecutive 

freezing, storing frozen and thawing of concentrated solutions of the polymer. The resultant 

cryogels are of practical interest in various applied fields, e.g. in biotechnology (carriers of 

immobilized molecules and cells, etc.) and in medicine (artificial cartilages, covers on 

wounds and burns, gel standards (so-called phantoms) for the verification of MRI and 

ultrasound apparatus). Principal characteristic feature of PVACGs is their macroporosity, i.e. 

the presence of interconnected large (1-5 Õm) pores in the gel bulk. Such pores are generated 

by the crystals of frozen solvent (ice in case of aqueous PVA solutions freezing); therefore the 

size and morphology (architecture) of macropores in such cryogels depend on many factors 

capable of influencing the solvent crystallization behaviour. These factors can be subdivided 

in to three groups: (i) properties of the gel-forming polymer (molecular weight characteristics 

of the PVA itself, tacticity of its chains, the amount of residual O-acyl groups) and its 

concentration in the initial feed solution; (ii) conditions of the cryogenic processing (freezing 

rate, temperature and duration of frozen storage, thawing rate, the number of freeze-thaw 

cycles); (iii) the presence of low- or/and high-molecular additives that possess the pore-

modifying abilities. 

All these factors were considered throughout the studies performed in the authorôs laboratory. 

It was shown that the gelôs strength and heat endurance increase with the initial polymer 

concentration growth. The same is also true for the influence of PVA molecular weight, 

whereas the increased amount of residual O-acyl groups is the unfavourable factor. The 

freezing rate within rather wide diapason (~0.1 ï ~17 
o
C/min) affects weakly on the 

rheological properties and porous morphology of PVACGs, while frozen storage temperature 

biases a bell-like influence. The most principal significance has the regime of defrosting: the 

slower the thawing rate, the stronger the resultant cryogels and the more uniform and perfect 

is their macroporous structure. At last, the increase in the number of freeze-thaw cycles 

results in the growth of gelôs rigidity and heat endurance with simultaneous certain widening 

of macropores. The additives of various low- and high-molecular weight solutes in the initial 

PVA solutions was found to exert more sophisticated influence on the properties of the 

PVACGs. Thus, the effects of simple anions and cations correlate well with their order in the 

Hoffmeisterôs series. The solutes with chaotropic abilities cause weakening of PVACGs and 

decrease in their fusion temperature, whereas kosmotropic agents strengthen PVA cryogels. 

Low-molecular solutes capable of dehydrating PVA chains (e.g., low-molecular alcohols) 

induce the microcoagulation of the polymer thus resulting in the decrease in the gel strength 

and in the formation of very heterogeneous macroporosity. Rather specific effects were 

observed in the case of surfactant additives whose presence caused ñroundingò of the 

macropores due to a decrease in the surface tension at the solid-liquid interface upon the ice 

crystals growth. In turn, the presence of certain macromolecular additives in the initial PVA 

solution was able to induce the liquid-liquid phase segregation, and this, after freeze-thaw 

processing of similar feeds, resulted in the formation of spongy cryogels possessing the 

system of interconnected gross (100-250 Õm) pores in addition to smaller those usual for 

PVACGs. 
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ʍʠʪʦʟʘʥ, ʧʦʣʠ-[ɓï2-ʘʤʠʥʦ-2-ʜʝʟʦʢʩʠ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʘ], ʦʩʥʦʚʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʭʠʪʠʥʘ, 

ʧʦʣʫʯʘʶʪ ʱʝʣʦʯʥʳʤ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʝʤ ʭʠʪʠʥʘ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ 

ʧʦʣʫʯʘʶʪʩʷ  ʭʠʪʦʟʘʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ ʠ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʷ.  

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʣʠʛʦʭʠʪʦʟʘʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʠʪʦʟʘʥʦʤ 

ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʘ) ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʙ) ʧʦʚʳʰʝʥʥʘʷ 

ʙʠʦʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʚ) ʣʫʯʰʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʇɸɺ, ʘʤʬʦʪʝʨʥʳʤʠ ʠ ʥʝʡʪʨʘʣʴʥʳʤʠ 

ʧʦʣʠʤʝʨʘʤʠ, ʩʘʭʘʨʘʤʠ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ, ʩʧʠʨʪʘʤʠ, ʩʦʣʷʤʠ, ʛʣʠʮʝʨʠʥʦʤ, ʨʷʜʦʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʢʨʘʩʠʪʝʣʷʤʠ ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʷʜ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʦʣʠʛʦʭʠʪʦʟʘʥʘ ʧʫʪʝʤ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʭʠʪʦʟʘʥʘ: ʘ)ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʠʪʨʠʪʘ, ʧʝʨʠʦʜʥʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʙ) ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʤʝʪʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʣʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠ ʚ) ʢʠʩʣʦʪʥʳʡ 

ʛʠʜʨʦʣʠʟ. ʇʨʠ ʵʪʦʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʜʝʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʛʦ ʭʠʪʦʟʘʥʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ 

ʫʨʦʚʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʨʘʟʣʠʯʠʷ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʎʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʣʠʛʦʭʠʪʦʟʘʥʘ ʜʣʷ ʯʘʩʪʠʯʥʦʡ 

ʟʘʤʝʥʳ ʠ/ʠʣʠ ʩʥʠʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʪ.ʝ. ʧʨʠʤʝʥʝʥʠʷ 

ʦʣʠʛʦʭʠʪʦʟʘʥʘ ʚ ʤʝʜʠʮʠʥʩʢʠʭ, ʧʠʱʝʚʳʭ ʠ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ, ʘ ʪʘʢʞʝ ʚ 

ʢʦʤʧʦʟʠʮʠʷʭ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʘʥʪʠʙʠʦʪʠʢʘʤʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʭ ʜʦʟʠʨʦʚʦʢ ʟʘ ʩʯʝʪ 

ʘʜʜʠʪʠʚʥʦʛʦ/ʩʠʥʝʨʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʊʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʦʣʠʛʦʭʠʪʦʟʘʥʘ (ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ) ʚ ʢʘʯʝʩʪʚʝ ʘʜʴʶʚʘʥʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠ ʞʠʚʳʭ ʚʘʢʮʠʥ ʧʨʦʪʠʚ ʨʷʜʘ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ (ʧʦʣʠʦʤʠʝʣʠʪ, ʛʨʠʧʧ).  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʫʣʫʯʰʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʢʠʩʣʦʪʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʭʠʪʦʟʘʥʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʦʣʠʛʦʭʠʪʦʟʘʥ ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (70-90%), ʠʟʙʝʞʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʠʭ ʬʝʨʤʝʥʪʦʚ ʠ 

ʬʝʨʤʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʦʣʠʛʦʭʠʪʦʟʘʥʘ, ʧʦʣʫʯʘʪʴ ʫʟʢʦʜʠʩʧʝʨʩʥʳʝ ʦʙʨʘʟʮʳ ʦʣʠʛʦʭʠʪʦʟʘʥʘ ʨʘʟʣʠʯʥʦʛʦ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ. ʕʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʧʦ ʙʠʦʮʠʜʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʠʛʦʭʠʪʦʟʘʥʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥ 

ʮʠʢʣ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ ʦʣʠʛʦʭʠʪʦʟʘʥʘ ʠ ʨʷʜʘ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ 

ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʨʘʟʨʫʰʝʥʠʶ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʨʘʩʪʚʦʨʘʭ 

ʦʣʠʛʦʭʠʪʦʟʘʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʡ ʥʘʤʠ ʦʣʠʛʦʭʠʪʦʟʘʥ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ 

ʙʠʦʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʷʜʫ ʥʠʟʰʠʭ ʛʨʠʙʦʚ (Fusarium oxysporum, 

Verticillium dahlia, Rhizoctonia solani ʠ ʜʨ.), ʙʘʢʪʝʨʠʡ (Mycobacterium tuberculosis, 

Staphylococcus aureus, S. epidermis, E.coli, Klebsiella pneumoneae ʠ ʜʨ.), ʜʨʦʞʞʝʡ 

(Saccharomyces cerevisiae), ʘ ʪʘʢʞʝ ʧʘʪʦʛʝʥʥʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʘʥʪʠʙʠʦʪʠʢʘʤ ʰʪʘʤʤʦʚ C.albicans, C.kruisei, C. parapsilosis, C. scotti, C. toropsis. ʊʘʢʞʝ 

ʚʳʷʚʣʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʣʠʛʦʭʠʪʦʟʘʥʘ ʚ ʧʦʜʘʚʣʝʥʠʠ ʛʠʬʦʦʙʨʘʟʦʚʘʥʠʷ 

ʜʨʦʞʞʝʧʦʜʦʙʥʳʭ ʛʨʠʙʦʚ C. albicans (ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʘ ʧʘʪʦʛʝʥʥʦʩʪʠ), ʧʨʠʯʝʤ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʄʀʂ. 
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a
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: chusov@ineos.ac.ru 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ 

ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʘʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ-ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʙʝʟ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʚʦʜʦʨʦʜʘ
1
. ʕʪʘ ʠʜʝʷ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ 

ʦʜʥʦʛʦ ʠʟ ʨʝʘʛʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʝʛʦ N-H ʠ C-H (ʈʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʈʘʟʣʠʯʥʳʝ ʨʝʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʘʪʝʛʠʠ ʘʪʦʤ-ʵʢʦʥʦʤʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

 

 
1. D. Chusov et al. Angew. Chem. Int. Ed., 2014, 53, 20, 5199-5201, DOI: 10.1002/anie.201400059. 
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ʧʨ. ʘʢʘʜʝʤʠʢʘ ʉʝʤʝʥʦʚʘ, ʜ. 1, 142432, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʅʦʛʠʥʩʢʠʡ ʨʘʡʦʥ, 

ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ 

E-mail: sid_06@bk.ru 

 

ʇʦʣʠʤʝʨʠʟʘʮʠʶ ʧʨʦʧʠʣʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʫʛʣʝʨʦʜʥʳʭ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ 

ʧʨʦʚʦʜʠʣʠ ʚ ʩʨʝʜʝ ʞʠʜʢʦʛʦ ʧʨʦʧʠʣʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʘʥʩʘ-ʮʠʨʢʦʥʦʮʝʥʦʚ ʨʘʮ-Me2Si(2-Me-4-

PhInd)2ZrCl2 ʠ Ph2C(CpFlu)ZrCl2, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʝʪʠʣʘʣʶʤʦʢʩʘʥʦʤ (ʄɸʆ). ʕʪʠ 

ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʠʟʦ- ʠʣʠ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʇʇ) ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʝʨʝʦʨʝʛʫʣʷʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʨʘʬʝʥʦʚʳʝ ʥʘʥʦʧʣʘʩʪʠʥʳ, ʩʤʝʩʴ ʬʫʣʣʝʨʝʥʦʚ ʉ60/ʉ70 ʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʛʨʘʬʠʪ. ʄʝʪʦʜʠʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʄɸʆ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʯʘʩʪʠʮ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʄɸʆ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʛʨʫʧʧʘʤʠ ʠʣʠ 

ʜʝʬʝʢʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʚʝʜʝʥʠʝ ʥʘʥʦʫʛʣʝʨʦʜʥʳʭ ʯʘʩʪʠʮ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʦʙʝʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʠ ʵʪʦʤ 

ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʝʝ ʩʪʘʮʠʦʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʪ 

ʚʨʝʤʝʥʠ. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʩʪʝʨʝʦʨʝʛʫʣʷʨʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʠ ʥʘʧʦʣʥʝʥʥʦʛʦ 

ʇʇ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ ʀʂ ʩʧʝʢʪʨʦʚ, ʙʣʠʟʢʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʚʳʩʦʢʦʡ 

ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʚʚʝʜʝʥʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʮʠʨʢʦʥʦʮʝʥʦʚ 

ʧʦʟʚʦʣʠʣʦ ʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʠ ʧʦʣʫʯʠʪʴ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ ʦʪ 0.1 %ʤʘʩ ʜʦ 17 %ʤʘʩ.  

ʀʩʩʣʝʜʦʚʘʥ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʨʠʮʘʭ ʠ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʪʘʣʴʧʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʢʘʢ ʠʟʦ-, ʪʘʢ ʠ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʦʛʦ 

ʇʇ ʚ ʢʦʤʧʦʟʠʪʘʭ ʤʝʥʷʝʪʩʷ ʤʘʣʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ. ɺʚʝʜʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʇʇ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʭ ʥʫʢʣʝʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʮʝʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʥʦʚʳʭ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʘ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ 14-03-31099 ʠ ˉ 

13-03-00948). 
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1,8-Naphthalimide derivatives with EDG at the 4-th position of naphthalene ring are well 

known organic chromophores and fluorophores showing good photostability and strong 

emission and absorption bands in the visible region. Due to versatile photophysical 

characteristics, compounds of this type have been successfully used as signaling units for the 

design of ion-active optical molecular systems [1]. 

 
Fig. 1. Structure of compounds 1a-c 

In our previous work we have demonstrated that the presence of benzo-15-crown-5 and N-

phenylaza-15-crown-5 groups as an N-aryl substituent in 4-amino- and 4-amido-N-

arylnaphthalimides results in fluorescent PET (Photoinduced Electron Transfer) sensors in 

CH3CN solutions [2ï3]. The present paper reports synthesis and inverstigation of cation-

dependent spectral properties of bis(chromophore) naphthalimide derivatives 1aïc (Fig. 1). 

The compounds under study exhibited resonance energy transfer between donor (D) 4-

amidonaphthalimide and acceptor (A) 4-aminonaphthalimide fragment. The efficiency of 

FRET was calculated using both time-resolved and steady-state experiments. It was shown 

that the introduction of crown ether substituents decreases FRET efficiency in ligands 1b,c 

and thereby emission output at 520 nm, which is a result of competition between FRET and 

PET processes occurring in the initially excited 4-amidonaphthalimide fragment. 

The addition of Ca
2+

, Mg
2+

 and H
+
 to acetonitrile solutions of 1b,c resulted in pronounced 

enhancement of emission intensity of acceptor 4-aminonaphthalimide chromophore due to 

inhibition of PET quenching process. The study performed has shown compounds 1b,c to be 

advantageous to development of probes for monitoring cations with ratiometric fluorescent 

methods. 
 

1. P. A. Panchenko et al. Russ. Chem. Rev. 2014, 83(2), 155ï182. 

2. P. A. Panchenko et al. J. Phys. Chem. A 2010, 114, 4118ï4122. 

3. P. A. Panchenko et al. Dyes Pigm. 2013, 98, 347ï357. 

 

The work was supported by RFBR program ˉ 14-03-31935 

mailto:pavel@ineos.ac.ru


38 

 

OL12 

ORGANOMETALLIC NONBENZENOID AROMATIC SYSTEMS. 

VIBRATIONAL SPECTRA AND QUANTUM CHEMISTRY STUDY  
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A.N. Nesmeyanov Institute of Organoelement Compounds, Scientific and Technical Center on 

Raman spectroscopy, the Russian Academy of Sciences, 

Vavilova 28, 119991, Moscow, Russia,  

E-mail: buklei@ineos.ac.ru 

  

The idea on metal-containing nonbenzenoid aromatic systems was born in INEOS RAS by 

Mark Volôpin. Namely, a complex Cp2Ti(PhC2Ph) not containing additional ligands was 

synthesized by his group in 1982.
1
 The three-membered metallacycle of this complex was 

considered as aromatic, its p-electron delocalizes system involving two p-electrons of carbon 

atoms and the vacant orbital of the Cp2Ti species . 

In this study, vibrational spectra of three types (I-III) of aromatic compounds, in which a 

metal atom participates in cyclic p-electron delocalization, will be presented and discussed. 

These are two-electron metallacyclopropenes (I) as well as six-electron 

metallacyclocumelenes (II)
2
 and Arduengo type N-heterocyclic unsaturated compounds (III): 

silylene 
3
 and germylene

4
 and stannylenes

5
 

 
Aromaticity of compounds of these types will be estimated using different modern criteria, 

both experimental and theoretical (calculations of NICS and ISE).  

 
1. (a) V.B. Shur et. al., II

nd
 All -Union Conf. Organomet. Chem., Abs., Gorôky 1982, p.178; 

    (b) V.B. Shur  et. al., J. Organomet. Chem. 1988, 347, 77. 

2.  R.R. Aysin e.t al., Eur. J. Inorg. Chem. 2012, 922. 

3.  L.A. Leites et. al., J. Mol. Structure 2000, 550-551, 329. 

4.  L.A. Leites et. al., J. Am. Chem. Soc. 2004, 126, 4114. 

5. T. Gans-Eichler, et. a.l.,  Angew. Chem. Int. Ed., 2002, 41(11), 1888-1891. 

 

The authors acknowledge partial financial support from the Russian Academy of Sciences in 

the framework of the program ñTheoretical and experimental study of chemical bonding and 

mechanisms of chemical reactions and processesò. 
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ʇʈɽɺʈɸʑɽʅʀʗ ʌʆʉʌʆʈʀʃʀʈʆɺɸʅʅʓʍ 

1,4-ɹɽʅɿɼʀɸɿɽʇʀʅʆɺ ɺ ʉʀʅʊɽɿɽ ɸʂʊʀɺʅʓʍ 

ɸʅɸʃʔɻɽʊʀʂʆɺ 
 

ʖ.ɻ. ɻʦʣʦʣʦʙʦʚ, ʀ.ʖ.ʂʨʘʩʥʦʚʘ, ʉ.ɺ. ɹʘʨʘʙʘʥʦʚ, ʄ.ɺ. ʄʘʢʘʨʦʚ, ɺ.ʅ. ʍʨʫʩʪʘʣʝʚ. 

 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

ɽ-mail: Yugol@ineos.ac.ru 

 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʩʚʷʟʠ ñʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʦò, ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ 1,4-

ʙʝʥʟʦʜʠʘʟʝʧʠʥʦʚ ʩ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 3-ʤ ʠ 5-ʤ ʧʦʣʦʞʝʥʠʷʭ 

ʛʝʪʝʨʦʮʠʢʣʘ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠʟʫʯʘʝʤʦʛʦ 1,4-ʙʝʥʟʜʠʘʟʝʧʠʥʘ ʧʦʟʚʦʣʠʣʠ ʦʙʥʘʨʫʞʠʪʴ 

ñʘʥʦʤʘʣʴʥʳʡò ʧʨʠʤʝʨ ʨʝʘʢʮʠʡ ʘʟʠʜʦʚ ʩ ʪʨʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥʦʤ 
1
, ʥʦʚʫʶ ʩʭʝʤʫ 

ʘʣʢʦʛʦʣʠʟʘ  ʠʣʠʜʦʚ ʬʦʩʬʦʨʘ 
2
, ʧʨʠʚʦʜʷʱʫʶ ʢ ʭʠʥʘʟʦʣʠʥʘʤ, 1,5- ñʩʦʧʨʷʞʝʥʥʳʡò 

ʚʘʨʠʘʥʪ ʪʠʦʥ-ʪʠʦʣʴʥʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ 
3
.  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ 3-5 ʤʠʛʨʘʮʠʠ -O-PPh2 ʛʨʫʧʧʳ ʚ ʘʟʘʘʣʣʠʣʴʥʦʡ ʪʨʠʘʜʝ ʉ
3
-

N=C
5
 1,4-ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ 

4
, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʦʤʝʨʠʟʘʮʠʝʡ ʬʦʩʬʠʥʠʪʦʚ 1 ʚ 

ʦʢʠʩʠ ʬʦʩʬʠʥʦʚ 2, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦ ʤʝʭʘʥʠʟʤʫ ʩʠʛʤʘʪʨʦʧʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ.  

 

 

 

 

 

 

 

 

 

 

 
ʇʝʨʝʛʨʫʧʧʠʨʦʚʢʘ 3-ʜʠʬʠʥʠʣʦʢʩʠ-1,4-ʙʝʥʟʦʜʠʘʟʝʧʠʥʦʚ 1 ʚ 5-ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʢʠʩʴ-1,4-ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ 2 

 

ɺʦ ʌʍʀ ʠʤ ɸ. ɺ. ɹʦʛʘʪʩʢʦʛʦ (ʆʜʝʩʩʘ) ʠʟʫʯʝʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ  (ʤʳʰʠ) 

ʦʢʠʩʝʡ 2. ʆʙʥʘʨʫʞʝʥʘ ʠʭ ʚʳʩʦʢʘʷ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʪʘʥʜʘʨʪʘ (ʜʠʢʣʦʬʝʥʘʢ ʥʘʪʨʠʷ), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʤʝʜʠʮʠʥʝ 
5
. 

 

1. ʖ.ɻ.ɻʦʣʦʣʦʙʦʚ ʠ ʜʨ., ʀʟʚ.ɸʅ, ʩʝʨ.ʭʠʤ., ʚ ʧʝʯʘʪʠ  

2. Yu.G.Gololobov et al. Phosphorus, Sulfur and Silicon, in press. 

3. ʖ.ɻ.ɻʦʣʦʣʦʙʦʚ ʠ ʜʨ. ɾʆʍ, ʚ ʧʝʯʘʪʠ 

4. Yu.G.Gololobov et al. Tetrahedron Letters, 2014 in press. 

5. ɺ.ʀ.ʇʘʚʣʦʚʩʢʠʡ ʠ ʜʨ. ʍʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ, ʚ ʧʝʯʘʪʠ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-90406) 
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ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺʓɽ ʀ ɸʅʊʀɸʅɻʀʆɻɽʅɽɿʅʓɽ 

ʉʆɽɼʀʅɽʅʀʗ ʈʋʊɽʅʀʗ 
 

ɸ.ɸ. ʅʘʟʘʨʦʚ 
a
, ʖ. ʅ. ʅʦʩʦʚʘ

a
, ɽ.ʈ. ʄʠʣʘʝʚʘ

a 

 
a
ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄɻʋ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, ʩʪʨ. 3, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: alexey.nazarov@me.com 

 

ʂʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ (ʮʠʩʧʣʘʪʠʥ, ʢʘʨʙʦʧʣʘʪʠʥ ʠ ʦʢʩʘʣʠʧʣʘʪʠʥ) ʷʚʣʷʶʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʣʝʯʝʥʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʧʣʘʪʠʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʠ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʦʧʫʭʦʣʝʡ. ʉʦʝʜʠʥʝʥʠʷ ʨʫʪʝʥʠʷ, ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʨʫʪʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʪ ʩʝʙʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʢʘʥʜʠʜʘʪʳ 

ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʠ, ʣʠʰʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʦʚ ʠʭ ʧʣʘʪʠʥʦʚʳʭ ʘʥʘʣʦʛʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʩʠʩʪʝʤʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʢʣʝʪʦʯʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʨʘʢʦʚʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʛʣʠʢʦʣʠʟ ʠ ʘʥʛʠʦʛʝʥʝʟ, 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʢʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʨʘʢʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vitro ʠ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʘʥʛʠʦʛʝʥʝʟʘ, ʯʪʦ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo. 

 

 
 

1. A. A. Nazarov et al. Dalton Trans. 2013, 42, 2347-2350. 

2. A. A.Nazarov et al. Nat. Sci. Rep. 2013, 3, Article Number 1485. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (13-03-00513-ʘ, 14-03-

01101-ʘ, 13-03-12460 ʦʬʠ-ʤ2). 
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ɼʀ(ʊʈʀ)ɹʃʆʏʅʓɽ ʀ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆ-ʋʇʆʈʗɼʆʏɽʅʅʓɽ 

ʉʆʇʆʃʀɸʈʀʃɽʅʌʊɸʃʀɼʓ ʉ ʊɽʈʌɽʅʀʃɽʅʆɺʓʄʀ ʀ 

ɼʀʌɽʅʀʃɽʅʆʂʉʀɼʅʓʄʀ ʌʈɸɻʄɽʅʊɸʄʀ 

ɺ ʆʉʅʆɺʅʆʁ ʎɽʇʀ 
 

ɺ.ɸ. ʂʨʘʡʢʠʥ, ʀ.ʀ. ʅʦʩʦʚʩʢʘʷ, ɸ.ɸ. ʌʘʪʳʭʦʚ, ʕ.ɸ. ʉʝʜʦʚʘ, ɸ.ɽ. ɽʛʦʨʦʚ  

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʬʠʤʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, 

ʧʨʦʩʧʝʢʪ ʆʢʪʷʙʨʷ, ʜ. 71, 450054, ʋʬʘ, ʈʦʩʩʠʷ 

E-mail: kraikin@anrb.ru 

 

ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʜʠ(ʪʨʠ)ʙʣʦʯʥʳʭ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʩʦʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʚ ʩ ʪʝʨʬʝʥʠʣʝʥʦʚʳʤʠ (ʊ) ʠ ʜʠʬʝʥʠʣʝʥʦʢʩʠʜʥʳʤʠ (ʆ) 

ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ. ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʪʨʦʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ n-

ʪʝʨʬʝʥʠʣʘ ʩ ʧʩʝʚʜʦʜʠʭʣʦʨʘʥʛʠʜʨʠʜʦʤ 4ǋ,4ǌ-ʙʠʩ-(2-ʢʘʨʙʦʢʩʠʙʝʥʟʦʠʣ)ʪʝʨʬʝʥʠʣʘ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʦʣʝʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʧʦʜʦʡʪʠ ʢ ʩʠʥʪʝʟʫ ʪʝʨʬʝʥʠʣʝʥʬʪʘʣʠʜʥʳʭ 

ʙʣʦʢʦʚ ʩ ʟʘʜʘʥʥʳʤ ʪʠʧʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ ʠ ʢ ʧʦʣʫʯʝʥʠʶ ʜʠ- ʠ 

ʪʨʠʙʣʦʯʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɺʧʝʨʚʳʝ ʧʦ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʜʠ- ʠ ʪʨʠʙʣʦʯʥʳʝ 

ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʳ, ʧʨʠ ʤʠʢʨʦʬʘʟʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚʝʟʠʢʫʣʷʨʥʳʡ ʪʠʧ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʦʜʥʦʨʦʜʥʳʭ ʠ 

ʩʤʝʰʘʥʥʳʭ ʘʨʠʣʝʥʜʠʬʪʘʣʠʜʦʚ ï ʥʦʚʳʭ ʤʘʢʨʦʤʦʥʦʤʝʨʦʚ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʳ ʪʝʧʣʦ- 

ʠ ʪʝʨʤʦʩʪʦʡʢʠʝ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʳ ʦʙʱʝʡ ʬʦʨʤʫʣʳ (ʊʆʆʆ)n. ʈʘʟʨʘʙʦʪʘʥ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʛʦʤʦ- ʠ ʙʣʦʢ-

ʩʦʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʣʠʯʥʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʵʪʠʭ ʧʦʣʠʤʝʨʦʚ. ʈʘʟʨʘʙʦʪʘʥ ʧʨʝʧʘʨʘʪʠʚʥʳʡ ʤʝʪʦʜ  ʨʘʟʜʝʣʝʥʠʷ 

ʛʦʤʦ- ʠ ʙʣʦʢ-ʩʦʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʧʦʣʠʜʠʬʝʥʠʣʝʥʬʪʘʣʠʜʘ (ʇɼʌʆʌ) ʠ ʧʦʣʠʪʝʨʬʝʥʠʣʝʥʬʪʘʣʠʜʘ (ʇʊʌʌ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʠ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʠ ʘʜʩʦʨʙʮʠʠ ʙʣʦʯʥʦʛʦ ʩʦʧʦʣʠʤʝʨʘ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ 
13
ʉ ʗʄʈ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʤʦʜʝʣʠʨʫʶʱʠʭ ʢʦʥʮʝʚʳʝ ʛʨʫʧʧʳ, ʠ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ 

ʪʝʨʬʝʥʠʣʝʥʬʪʘʣʠʜʥʳʭ ʠ ʜʠʬʝʥʠʣʝʥʦʢʩʠʜʬʪʘʣʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʚʝʜʝʥʦ 

ʧʦʣʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʦʪʥʝʩʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʢʦʥʮʝʚʳʭ (ʆʆ- ʠ ʆʊ-) ʠ ʚʥʫʪʨʝʥʥʠʭ (-ʆʆ- ʠ -ʊʊ-) ʜʠʘʜʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʩʪʳʢʝ ʜʚʫʭ 

ʙʣʦʢʦʚ (-ʆʊ-) ʇʨʝʜʣʦʞʝʥʘ ʘʜʜʠʪʠʚʥʘʷ ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʶʱʘʷ ʘʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʜʠ(ʪʨʠ)ʙʣʦʯʥʳʭ 

ʩʦʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʚ. ʄʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʙʣʦʢʩʦʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʚ, ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʪʨʦʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʳ ʠ ʜʦʤʝʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʤʠʢʨʦʬʘʟʥʦ 

ʨʘʟʜʝʣʝʥʥʦʛʦ  ʜʠʙʣʦʢ-ʩʦʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʘ ʇʊʌʌ120-ʙʣʦʢ-ʇɼʌʆʌ15, ʦʙʣʘʜʘʶʪ 

ʵʬʬʝʢʪʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ, ʚ  ʦʪʣʠʯʠʝ ʦʪ ʛʦʤʦ-, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ 

ʧʦʣʠʙʣʦʯʥʳʭ (ʩʦ)ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʚ (ʜʠʵʣʝʢʪʨʠʢʠ), ʧʨʦʷʚʣʷʶʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʩʚʦʡʩʪʚʘ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʦʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʚ (ʊʆ)n, (ʊʆʆ)n ʠ (ʊʆʆʆ)n ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʪʝʨʬʝʥʠʣʝʥʬʪʘʣʠʜʥʳʭ ʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ 

ʜʠʬʝʥʠʣʝʥʦʢʩʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (1:1, 1:2 ʠ 1:3) ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʪʠʧʘ çʵʣʝʢʪʨʦʥʥʳʡ ʷʟʳʢè, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʧʦʟʥʘʥʠʷ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. 
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ʄʝʟʦʠʦʥʥʳʝ ʛʝʪʦʨʦʮʠʢʣʳ ʧʨʠʚʣʝʢʘʶʪ ʢ ʩʝʙʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʩʚʦʠʤ ʩʪʨʦʝʥʠʝʤ ʠ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʜʦʢʣʘʜʝ ʦʙʦʙʱʝʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʦʛʨʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʤʝʟʦʠʦʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ï ʩʠʜʥʦʥʦʚ
1
, ʤʶʥʭʥʦʥʦʚ

2
 ʠ ʩʠʜʥʦʥʠʤʠʥʦʚ

3
. ʇʦʢʘʟʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʩʠʥʪʝʟʝ  ʨʘʥʝʝ ʥʝʜʦʩʪʫʧʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʠʭ 

ʠʥʪʝʨʝʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ
4,5
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ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ
6
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ɸʢʪʫʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʦ ʧʦʣʠʤʝʨʘʭ ï ʧʦʣʫʯʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ 

ʩʦʧʦʣʠʤʝʨʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʙʣʦʢʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ, ʠ ʧʦ 

ʘʨʭʠʪʝʢʪʫʨʝ. ʉʦʯʝʪʘʥʠʝ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʧʦʷʚʣʝʥʠʝ 

ʥʦʚʳʭ ʩʚʦʡʩʪʚ. ʅʘʧʨʠʤʝʨ, ʜʠʬʠʣʴʥʦʩʪʴ ʙʣʦʢʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʪʚʦʨʠʪʝʣʶ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ. 

ʆʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʢ ʠʟʫʯʝʥʠʶ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʣʠʥʝʡʥʦ-ʜʝʥʜʨʠʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʧʨʦʩ ʦ ʢʦʥʬʦʨʤʘʮʠʠ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ ʦʩʪʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪʢʨʳʪʳʤ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʪʴ ʣʠʥʝʡʥʦ-ʜʝʥʜʨʠʪʥʳʭ ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ ʚ ʠʩʪʠʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʘʭ.  

ʄʝʪʦʜʘʤʠ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʠ ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʇʌɻ-ʇʉ ʠ ʇʌɻ-ʇʄʄɸ 

ʩʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʦʛʦ ʧʦʣʠʬʝʥʠʣʝʥʛʝʨʤʘʥʘ (ʇʌɻ) ʩ ʣʠʥʝʡʥʳʤʠ ʧʦʣʠʩʪʠʨʦʣʦʤ (ʇʉ) ʠ 

ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ (ʇʄʄɸ), ʘ ʪʘʢʞʝ ʤʦʜʝʣʴʥʳʝ ʣʠʥʝʡʥʳʝ ʇʉ ʠ ʇʄʄɸ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦ ʢʦʥʮʘʤ ʮʝʧʠ ʬʝʥʠʣʛʝʨʤʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʣʦʨʦʬʦʨʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʭʦʨʦʰʠʤ 

ʜʣʷ ʣʠʥʝʡʥʳʭ ʙʣʦʢʦʚ ʠ Q-ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʜʣʷ ʇʌɻ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʝ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʇʉ ʠ ʇʄʄɸ ʨʘʟʣʠʯʘʝʪʩʷ. ɼʣʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʦʥʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʝʜʝʥʠʶ 

ʣʠʥʝʡʥʳʭ ʇʉ ʠ ʇʄʄɸ ʚ ʭʦʨʦʰʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺ ʩʣʫʯʘʝ ʛʠʙʨʠʜʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʪʦʡ ʞʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ. ʕʪʠ 

ʠʟʤʝʥʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʦʤʧʘʢʪʥʫʶ ʠ ʩʠʤʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ ʤʘʢʨʦʤʦʣʝʢʫʣ ʇʌɻ-ʇʉ, 

ʇʌɻ-ʇʄʄɸ. ʋʩʪʘʥʦʚʣʝʥʘ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩʣʦʞʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʘʷ ʧʦʚʝʜʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʚ 

ʩʝʣʝʢʪʠʚʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʄʂ-

222.2014.3). 
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ʉʀʅʊɽɿ ʅʆɺʓʍ ʂʆʅʒʖɻɸʊʆɺ ɹʀʉ-(1,2-

ɼʀʂɸʈɹʆʃʃʀɼ)ʂʆɹɸʃʔʊɸ ʉ 5-ʕʊʀʅʀʃɼɽɿʆʂʉʀʋʈʀɼʀʅʆʄ 

ʀ ɽɻʆ ʎʀʂʃʀʏɽʉʂʀʄʀ ʇʈʆʀɿɺʆɼʅʓʄʀ. 
 

ɸ. ʉʝʤʠʦʰʢʠʥ, ɺ. ʀ. ɹʨʝʛʘʜʟʝ. ɸ. A. ʀʣʴʠʥʦʚʘ, ʀ. ɸ. ʃʦʙʘʥʦʚʘ
 

 
a
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: semi@ineos.ac.ru.ru 

 

5-ʕʪʠʥʠʣ-2ô-ʜʝʟʦʢʩʠʫʨʠʜʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ï ʥʝʧʨʠʨʦʜʥʳʝ ʥʫʢʣʝʦʟʠʜʳ, ʢʦʪʦʨʳʝ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚʝʜʫʱʠʤʠ ʭʠʤʠʢʘʤʠ ʠ ʙʠʦʣʦʛʘʤʠ.
1
 ʉʨʝʜʠ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ ʧʷʪʦʤʫ ʧʦʣʦʞʝʥʠʶ 2ô-ʜʝʟʦʢʩʠʫʨʠʜʠʥʦʚ ʠʤʝʥʥʦ 

ʘʣʢʠʥʠʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ, ʪʘʢ ʢʘʢ ʧʣʘʥʘʨʥʦʩʪʴ ʪʨʦʡʥʦʡ ʩʚʷʟʠ 

ʥʝ ʩʦʟʜʘʸʪ ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʢ ʚʢʣʶʯʝʥʠʶ ʧʦʜʦʙʥʳʭ ʤʦʣʝʢʫʣ ʚ ɼʅʂ ʧʨʠ 

ʨʝʧʣʠʢʘʮʠʠ.
2
 

ɹʦʨʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 5-ʵʪʠʥʠʣ-2ô-ʜʝʟʦʢʩʠʫʨʠʜʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʜʦ 

ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʧʝʨʚʳʝ ʢʦʥʲʶʛʘʪʳ 5-ʵʪʠʥʠʣ-2ô-ʜʝʟʦʢʩʠʫʨʠʜʠʥʘ ʩ ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʦʤ ʠ ʙʠʩ-(1,2-

ʜʠʢʘʨʙʦʣʣʠʜ)ʢʦʙʘʣʴʪʦʤ ʠʩʭʦʜʷ ʠʟ ʦʢʩʦʥʠʝʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʵʪʠʭ ʙʦʨʥʳʭ ʢʣʘʩʪʝʨʦʚ.
3
 ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʩʠʥʪʝʟ ʥʦʚʳʭ ʢʦʥʲʶʛʘʪʦʚ ʙʠʩ-(1,2-

ʜʠʢʘʨʙʦʣʣʠʜ)ʢʦʙʘʣʴʪʘ ʩ 5-ʵʪʠʥʠʣ-2ô-ʜʝʟʦʢʩʠʫʨʠʜʠʥʦʤ ʧʫʪʸʤ ʨʝʘʢʮʠʠ ʉʦʥʦʛʘʰʠʨʳ 5-

ʡʦʜ-2ô-ʜʝʟʦʢʩʠʫʨʠʜʠʥʘ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʙʠʩ-(1,2-

ʜʠʢʘʨʙʦʣʣʠʜ)ʢʦʙʘʣʴʪʘʙ ʘ ʪʘʢʞʝ ʠʭ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. 
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1. E. De Clercq, Nat. Rev. Drug Discov., 2002, 1, 13-25. 

2. I. Luyten et. al., Eur. J. Med. Chem., 1998, 33,. 515-576. 

3. A. Semioshkin et. al., Tetrahedron, 2013, 69, 8034-8041. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-03-00042). 
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ʇʆʃʀɸʈʀʃɽʅʌʊɸʃʀɼʓ ï ʇʆʃʀʄɽʈʓ ɼʃʗ ʀʅʊɽʈʌɽʁʉʅʆɻʆ 

ɼʀɿɸʁʅɸ ɻʀɹʈʀɼʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 
 

ɸ.ʅ. ʃʘʯʠʥʦʚ 

 

ʋʬʠʤʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʇʨʦʩʧʝʢʪ ʆʢʪʷʙʨʷ, 71 ʋʬʘ, 450054, ʈʦʩʩʠʷ 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʢʤʫʣʣʳ 

ʫʣ. ʆʢʪʷʙʨʴʩʢʦʡ ʨʝʚʦʣʶʮʠʠ 3, ʋʬʘ, 450000, ʈʦʩʩʠʷ 

lachinov@anrb.ru 

 

ʇʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʳ (ʇɸʌ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʧʦ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʢ ʠʟʦʣʷʪʦʨʘʤ ʩ ʙʦʣʴʰʦʡ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʳʩʦʢʫʶ ʫʧʨʘʚʣʷʝʤʫʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ [1]. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ ʤʝʪʘʣʣ/ʧʦʣʠʤʝʨ/ʤʝʪʘʣʣ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʯʪʦ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʇɸʌ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʙʦʢʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʬʪʘʣʠʜʥʳʭ ʛʨʫʧʧ. ʉʢʣʦʥʥʦʩʪʴ ʪʘʢʠʭ ʛʨʫʧʧ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʚʘʪʴ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʨʝʘʣʠʟʦʚʘʪʴ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʢʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʘʱʝʡ 

ʢʚʘʟʠʜʚʫʤʝʨʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ. ɼʣʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ 

ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʢʣʘʩʩʘ ʧʝʨʦʚʩʢʠʪʦʚ -  

LaAlO3/SrTiO3 [2].  

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʦʣʠʤʝʨ/ʧʦʣʠʤʝʨ ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʣʠʜʠʬʝʥʠʣʝʥʬʪʘʣʠʜʘ. ʇʦʢʘʟʘʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ [3], ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚʜʦʣʴ ʪʘʢʦʡ ʛʨʘʥʠʮʳ ʠ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʠʨʦʜʘ ʘʥʦʤʘʣʴʥʦ 

ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʜʦ 10
2
 ʩʤ

2
Ț(ɺȚʩ)

-1
. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʣʠʤʝʨ/../ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʝ 

ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʧʦʣʠʤʝʨʥʳʤʠ ʧʣʝʥʢʘʤʠ. ʆʙʩʫʞʜʘʝʪʩʷ ʫʜʠʚʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ 

ʥʘʨʫʰʝʥʠʷ ʧʨʠʥʮʠʧʘ çʘʜʜʠʪʠʚʥʦʩʪʠè ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ 

ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ. ʉʦʟʜʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ 

ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʝʚʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʭʠʤʠʯʝʩʢʠʭ 

ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʠ ʜʨʫʛʠʝ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
 

1. ɸ.ʅ.ʃʘʯʠʥʦʚ,ʠ ʜʨ ʋʌʅ 2006, ʪ. 176, ˉ12., ʩ.1249. 

2. A. Ohtomo, and others. Nature 427 (2004) 423. 

3. R.M.Gadiev, and others Appl. Phys. Lett. 98, 173305 (2011). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-02-97009). 
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Cʊɽʅɼʆɺʓɽ ɼʆʂʃɸɼʓ 

 
P1 

ʌʆʉʌʆʈʅʆʂʀʉʃʓɽ ʂɸʊʀʆʅʀʊʓ ʅɸ ʆʉʅʆɺɽ ʅɽʂʆʊʆʈʓʍ 

ʉʆʇʆʃʀʄɽʈʆɺ ɻʃʀʎʀɼʀʃʄɽʊɸʂʈʀʃɸʊɸ 

 
ʅ.ɸ. ɹʝʢʪʝʥʦʚ

a
, ʂ.ʄ. ʂʘʣʤʫʨʘʪʦʚʘ

a
, ɻ.ɽ. ɸʙʜʨʘʣʠʝʚʘ

b 

 

a
ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʠʤ. ɸ.ɹ.ɹʝʢʪʫʨʦʚʘ 

ʫʣ.ʐ.ʋʘʣʠʭʘʥʦʚʘ, 106, 050010, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
b
ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʫʣ. ʊʦʣʝ ɹʠ, 59, 050000, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʠʦʥʠʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ [1]. ʉʨʝʜʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʠʦʥʠʪʦʚ ʬʦʩʬʦʨʥʦʢʠʩʣʳʝ ʢʘʪʠʦʥʠʪʳ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʪʘʢʠʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʦʙʤʝʥʥʘʷ ʝʤʢʦʩʪʴ, 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʘʷ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ, ʧʦʚʳʰʝʥʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʦ ʤʥʦʛʠʤ ʤʝʪʘʣʣʘʤ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ [2]. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʩʚʦʡʩʪʚʘʤ ʪʘʢʠʝ ʠʦʥʠʪʳ ʥʘʯʘʣʠ ʥʘʭʦʜʠʪʴ ʧʨʠ-

ʤʝʥʝʥʠʝ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠʦʥʦʚ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ, ʷʜʝʨʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʆʥʠ, ʦʯʝʚʠʜʥʦ, ʧʨʠʦʙʨʝʪʫʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʢʘʪʠʦʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʣʠʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʪʨʠʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴʜʠʘʢʨʠʣʘʪʘ ʧʫʪʝʤ ʝʝ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ ʢʘʪʠʦʥʠʪʘ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ.  
 

 ̄
 

ʄʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ɻʄɸ-ʊʇɻɼɸ: H3ʈO4 

tÁʉ Ű, ʤʠʥʫʪ ɺʳʭʦʜ 

ɖ, % 

ʉʆɽ ʧʦ 0,1 ʥ ʨʘʩʪʚʦʨʫ 

Nʘʆʅ, ʤʛ-ʵʢʚ/ʛ 

1 

2 

3 

4 

5 

1:1 

1:2 

1:3 

1:4 

1:5 

80 120 86,3                                                                           

86,2 

87,0 

87,1 

87,0 

3,51 

4,23 

4,90 

4,64 

4,12 

 

ʊʘʙʣʠʮʘ 1. ɺʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʉʆɽ ʤʘʢʨʦʩʝʪʯʘʪʳʭ ʢʘʪʠʦʥʠʪʦʚ (ʚʨʝʤʷ 

ʦʪʚʝʨʞʜʝʥʠʷ 15 ʯ., ʊ=80
0
ʉ) 

 

ʅʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʬʦʩʬʦʨʥʦʢʠʩʣʳʡ ʢʘʪʠʦʥʠʪ  ʚ ʤʘʩʩʦʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝ 

1:3. ʉʪʝʧʝʥʴ ʧʦʪʝʨʠ ʝʤʢʦʩʪʠ ʠʦʥʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 8 % ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʘʤʠ ʢʠʩʣʦʪ, ʱʝʣʦʯʝʡ, ʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʦʢʠʩʣʠʪʝʣʝʡ ʉʆɽ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 
1. ɽ.ɽ. ɽʨʛʦʞʠʥ ʠ ʜʨ. ɸ: ʕɺɽʈʆ, 2004. 271ʩ. 

2. ɽ.ɽ. ɽʨʛʦʞʠʥ ʠ ʜʨ, ʅʘʫʢʘ, 1986. 304ʩ. 
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P2 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʃʋʏɽʅʀʗ ʋʇʆʈʗɼʆʏɽʅʅʓʍ ʇʆʈʀʉʊʓʍ 

ʇʆʂʈʓʊʀʁ ʅɸ ʆʉʅʆɺɽ ʕʇʆʂʉʀɼʅʆɻʆ ʆʃʀɻʆʄɽʈɸ 

ʄɽʊʆɼʆʄ BREATH FIGURES  
 

ʄ. ɸ. ʉʦʣʜʘʪʦʚ
a
, ʅ. ɸ. ʐʝʨʝʤʝʪʴʝʚʘ

a
, ʆ. ɸ. ʉʝʨʝʥʢʦ

b
, ɸ. ʄ. ʄʫʟʘʬʘʨʦʚ

b 

 
a
 ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ. ʉ. ɽʥʠʢʦʣʦʧʦʚʘ ʈɸʅ, 

ʫʣ. ʇʨʦʬʩʦʶʟʥʘʷ, ʜ. 70, 117393, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
 ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: SoldatovMA@ispm.ru 

 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʧʦʨʠʩʪʳʭ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ Breath Figures [1], ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʢʦʥʜʝʥʩʘʮʠʠ ʢʘʧʝʣʴ ʚʣʘʛʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʸʥʢʠ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʠʟ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ, ʠʟ-ʟʘ  ʝʸ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʠʩʧʘʨʝʥʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʘʣʝʝ ʵʪʠ ʢʘʧʣʠ ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʛʨʫʞʘʶʪʩʷ ʚ 

ʦʙʲʝʤ ʧʣʸʥʢʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʣʸʥʢʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʦʨʳ ʙʫʜʫʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʲʸʤʝ ʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʧʝʣʴ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʭ ʢʦʘʣʝʩʮʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ 

ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʦʚ [2]. ʊʘʢʞʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʨ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʸʥʢʠ ʚʣʠʷʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʧʦʣʠʤʝʨʘ, ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ, 

ʪʠʧ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʪ. ʜ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ 

ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʣʸʥʢʘʭ ʠʟ ʧʦʣʠʩʪʠʨʦʣʘ, 

ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʉʚʝʜʝʥʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʧʦʨʠʩʪʳʭ ʧʣʸʥʦʢ ʥʘ 

ʦʩʥʦʚʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʦʚ ʵʪʠʤ ʤʝʪʦʜʦʤ ʢʨʘʡʥʝ ʤʘʣʦʯʠʩʣʝʥʥʳ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʠʩʪʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʛʦ ʦʣʠʛʦʤʝʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʝʦʪʚʝʨʞʜʝʥʥʦʛʦ ʵʧʦʢʩʠʜʥʦʛʦ ʦʣʠʛʦʤʝʨʘ ʧʦʣʫʯʝʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦʨʠʩʪʦʡ ʧʣʝʥʢʠ 

ʥʦʩʠʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚʚʝʜʝʥʠʝ 

ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʘ ʠ ʚʘʨʴʠʨʦʚʘʥʠʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʢʨʳʪʠʝ ʩ 

ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʧʦʨʘʤʠ (ʨʠʩ. 1ʘ, ʙ). ɺʚʝʜʝʥʠʝ ʦʪʚʝʨʜʠʪʝʣʷ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʘʤʦʫʧʦʨʷʜʦʯʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʨ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʧʣʸʥʢʠ (ʚ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʧʦʨ (ʛ).  

 
ʘ)   ʙ)   ʚ)   ʛ) 

ʈʠʩ. 1. ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʸʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʘ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʚ 

ʭʣʦʨʦʬʦʨʤʝ: ʥʝʦʪʚʝʨʞʜʸʥʥʘʷ ʩʤʦʣʘ ʙʝʟ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʘ (ʘ) ʠ ʩ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʦʤ (ʙ); 

ʦʪʚʝʨʞʜʸʥʥʘʷ ʩʤʦʣʘ ʙʝʟ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʘ (ʚ) ʠ ʩ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʦʤ (ʛ). 
1. M. Srinivasarao, D. Collings, A. Philips, S. Patel, Science, 2001, 292, 79. 

2. M. Haupt, S. Miller, R. Sauer, K. Thonke, A. Mourran, M. Moeller, J. Appl. Phys., 2004, 96, 3065. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-12230). 
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P3 

ʉʀʅʊɽɿ ʅʆɺʓʍ ʌʊʆʈʉʆɼɽʈɾɸʑʀʍ ʀʄʀɼɸɿʆ[1,2-ʘ]-

ʇʀʈʀ(ʄʀ)ɼʀʃ ʌʆʉʌʆʅɸʊʆɺ 
 

ɸ.ʖ. ɸʢʩʠʥʝʥʢʦ, ʊ.ɸ. ɽʧʠʰʠʥʘ, ʊ.ɺ. ɻʦʨʝʚʘ, ɺ.ɹ. ʉʦʢʦʣʦʚ 

 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʈɸʅ,  

ʉʝʚʝʨʥʳʡ ʧʨ-ʜ. 1, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ, 142432  

E-mail: alaks@ipac.ac.ru 

 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʧʦʣʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ 

ʠʤʠʜʘʟʦ[1,2-ʘ]ʧʠʨʠ(ʤʠ)ʜʠʥ ʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦ ʨʝʘʢʮʠʠ ʜʝʬʪʦʨʮʠʢʣʠʟʘʮʠʠ.  

ʀʤʠʜʦʠʣʭʣʦʨʠʜʳ 2, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʠʨʠ(ʤʠ)ʜʠʥ ʘʤʠʜʦʚ ʧʦʣʠʬʪʦʨʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ʦʙʨʘʙʦʪʢʦʡ PCl5, ʨʝʘʛʠʨʫʶʪ ʩ ʦʜʥʠʤ, ʚ ʩʣʫʯʘʝ Z = Cʅ ʠ X = CF3, ʠ/ʠʣʠ ʜʚʫʤʷ 

ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʪʨʠʵʪʠʣʬʦʩʬʠʪʘ ʦʙʨʘʟʫʷ 1-ʧʠʨʠ(ʤʠ)ʜʠʣʠʤʠʥʦ ʧʦʣʠʬʪʦʨʘʣʢʠʣ-

ʬʦʩʬʦʥʘʪʳ 3 ʠ ʵʬʠʨʳ ʠʤʠʜʘʟʦ[1,2-ʘ]ʧʠʨʠ(ʤʠ)ʜʠʥ ʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ 4, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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3
, C
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 3-ʟʘʤʝʱʝʥʥʳʭ 

ʠʤʠʜʘʟʦʣʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

 
1. A.Yu. Aksinenko et al. J. Fluorine Chem. 2012, 137, 105-107. 

2. A.Yu. Aksinenko et al. Phosphorus Sulfur Silicon Relat. Elem. 2013, 188(11), 1475-1477.  

3. ɸ. ʖ. ɸʢʩʠʥʝʥʢʦ et al. ʍɻʉ. 2013, (3) 450-453. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ 

çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚè 
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P4 

ʅʆɺʓɽ Pd(II ) ʂʆʄʇʃɽʂʉʓ ɹʀɼɽʅʊɸʊʅʓʍ ʈ
III

-N-P
III

 

ʃʀɻɸʅɼʆɺ ʀ ʀʍ ʂɸʊɸʃʀʊʀʏɽʉʂɸʗ ɸʂʊʀɺʅʆʉʊʔ ɺ 

ʈɽɸʂʎʀʀ ʉʋɿʋʂʀ 
 

ʀ.ʄ. ɸʣʘʜʞʝʚʘ
1
, ʆ.ɺ. ɹʳʭʦʚʩʢʘʷ

1
, ɸ.ɸ. ɺʘʩʠʣʴʝʚ

2
, ʖ.ɺ. ʅʝʣʶʙʠʥʘ

1
, ɿ.ʉ. 

ʂʣʝʤʝʥʢʦʚʘ
1 

1 ï ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ, shipov@ineos.ac.ru 

2. ï ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʂʦʤʧʣʝʢʩʳ ʙʠʜʝʥʪʘʪʥʳʭ ʈ
III

-N-P
III

 ʣʠʛʘʥʜʦʚ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ï ʧʨʝʜʤʝʪ 

ʠʥʪʝʥʩʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʷʜʝ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ Pd(II) ʢʦʤʧʣʝʢʩʳ ʈ
III

-N-P
III

 ʣʠʛʘʥʜʦʚ 

ʧʨʦʷʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʍʝʢʘ, ʉʫʟʫʢʠ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ. 

ʅʘʩʪʦʷʱʝʝ ʩʦʦʙʱʝʥʠʝ ʧʦʩʚʷʱʝʥʦ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [Pd{( Ph2P)2NR}Cl2] (1a-c), 

ʥʘ ʦʩʥʦʚʝ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʠʩʭʦʜʥʳʭ ʈ
III

-N-P
III

 ʣʠʛʘʥʜʦʚ (2a-c). ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ 1a-c ʧʦʜʪʚʝʨʞʜʝʥʳ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ ʠ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

(Ph2P)2NR  + (PhCN)2PdCl2                                [Pd{(Ph2P)2NR}Cl2]
CH2Cl2, 20OC

2 a-c 1 a-c
 

R = Pr
i
 (a); ʮʠʢʣʦ-ʉ6H11 (b); Ph (c) 

 

ʂʦʤʧʣʝʢʩʳ 1ʘ-ʩ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ ʚ 

ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʘʨʠʣʙʨʦʤʠʜʦʚ 3a,b c ʬʝʥʠʣʙʦʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ.  

 

  +  PhB(OH)2                        BrX PhX

3a,b 4a,b

X = C(O)Me (3a,4a), OMe (3b,4b)

DMF, 100-120 °C, 5 h

1a-c, K3PO4

 
 

1 (0.1 ʤʦʣʴ.%) ʘʨʠʣʙʨʦʤʠʜ 3 ʚʳʭʦʜ 4, % (T, ÁC) 

1a 3a 98 (110),   96 (100)       - 

1a 3b 96 (110),   81 (100)       - 

1b 3a 100 (110), 99 (100),   98 (90) 

1b 3b 93 (110),   88 (100),     6 (90) 

1c 3a 100 (110), 96 (100),   96 (90) 

1c 3b 92 (110),   80 (100),     6 (90) 

 

ɼʣʷ ʘʢʪʠʚʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 3ʘ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 90-110 Áʉ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʣʫʯʘʝ ʤʝʥʝʝ ʘʢʪʠʚʥʦʛʦ ʘʨʠʣʙʨʦʤʠʜʘ 3b ʧʨʠ 90 

Áʉ ʨʝʘʢʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʜʝʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʳ 1ʘ-ʩ 

ʨʘʟʨʫʰʘʶʪʩʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʠʷ ʚ ʨʝʘʢʮʠʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ 

Pd(0), ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʦʝʜʠʥʝʥʠʷ 1ʘ-ʩ. 
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P5 

DFT ʈɸʉʏɽʊʓ ʂʆʄʇʃɽʂʉʆɺ CuCl2 ʉ ɼɽʅɼʈʀʄɽʈʆʄ ʅʀɿʂʆʁ 

ɻɽʅɽʈɸʎʀʀ G1-4S-Bu. 
 

ɸ.ʀ. ɸʣʝʢʩʘʥʜʨʦʚ
ʘ
, ɽ.ɺ. ɻʝʪʤʘʥʦʚʘ

ʘ
, ʀ.ʖ. ʄʝʪʣʝʥʢʦʚʘ

ʘ
, ɸ.ʅ. ʊʘʨʘʩʝʥʢʦʚ

ʘ
, 

ʖ.ɸ. ɹʦʨʠʩʦʚ
ʙ
, ɸ.ʄ. ʄʫʟʘʬʘʨʦʚ

ʙ
 

 

ʘ
ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ. ʉ. ɽʥʠʢʦʣʦʧʦʚʘ ʈɸʅ 117393 ʄʦʩʢʚʘ, ʫʣ. ʇʨʦʬʩʦʶʟʥʘʷ, 70. 
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ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʤʝʜʠ, ʢʦʪʦʨʳʝ ʠʥʢʘʧʩʫʣʠʨʫʶʪʩʷ ʚ ʤʦʣʝʢʫʣʫ ʜʝʥʜʨʠʤʝʨʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʜʝʥʜʨʠʤʝʨʘ (ʚʥʫʪʨʠ ʦʜʥʦʡ - ʧʝʨʚʦʡ - ʛʝʥʝʨʘʮʠʠ) 

ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʤʝʜʠ ʠ ʯʠʩʣʘ ʘʪʦʤʦʚ ʩʝʨʳ ʚ ʤʦʣʝʢʫʣʝ 

ʜʝʥʜʨʠʤʝʨʘ [Cu
2+

]/[S] ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1:1 ʜʦ 1:2 [1]. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʝʥʜʨʠʤʝʨ ʧʝʨʚʦʡ 

ʛʝʥʝʨʘʮʠʠ G1-4S-Bu, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʯʝʪʳʨʝ ʘʪʦʤʘ ʩʝʨʳ ʠ ʙʫʪʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʥʘ ʧʝʨʠʬʝʨʠʠ, ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʭʣʦʨʠʜʘ ʤʝʜʠ, ʪ.ʝ. 

[Cu
2+

]/[S] ʩʦʩʪʘʚʣʷʝʪ 1:2. ʇʦ ʭʘʨʘʢʪʝʨʫ ʢʨʠʚʦʡ ʪʠʪʨʦʚʘʥʠʷ ʤʦʞʥʦ ʙʳʣʦ ʩʫʜʠʪʴ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʩʣʘʙʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ ʧʨʦʯʥʦʩʪʴ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ, ʪʝʤ ʠʟʣʦʤ ʥʘ ʢʨʠʚʦʡ ʥʘʩʳʱʝʥʠʷ ʤʝʥʝʝ ʯʝʪʢʠʡ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʤʦʞʝʪ ʜʘʪʴ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʧʝʨʚʳʝ 

ʧʨʦʚʝʜʝʥʳ DFT ʨʘʩʯʝʪʳ ʜʝʥʜʨʠʤʝʨʘ G1-4S-Bu (Si5C20H132S4) ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʜʥʦʡ, 

ʜʚʫʤʷ, ʪʨʝʤʷ ʠ ʯʝʪʳʨʴʤʷ ʤʦʣʝʢʫʣʘʤʠ CuCl2. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʦʤ ɹʝkʢʝ-ʃʠ-

ʗʥʛ-ʇʘʨʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʦʤʥʳʭ ʙʘʟʠʩʦʚ LanL2DZ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʧʦʣʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ [2-4]. ʆʧʨʝʜʝʣʝʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚʦʡ ʠ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ. ɼʣʷ ʠʟʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʠʙʦʣʝʝ 

ʚʳʛʦʜʥʳ ʩʦʩʪʦʷʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴʶ. ɺʳʯʠʩʣʝʥʳ ʵʥʝʨʛʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʥʜʨʠʤʝʨʘ G1-4S-Bu ʩ ʤʦʣʝʢʫʣʘʤʠ CuCl2 ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʜʥʦʡ ʠʣʠ ʜʚʫʤʷ 

ʤʦʣʝʢʫʣʘʤʠ CuCl2, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ɺʦ ʚʩʝʭ ʯʝʪʳʨʝʭ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʮʝʥʪʨʳ, ʚ ʢʦʪʦʨʳʭ 

ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ çʣʦʢʘʣʠʟʦʚʘʥè ʥʘ ʯʝʪʚʝʨʢʝ ʘʪʦʤʦʚ: Cu, S, Cl, Cl.  
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ʂʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʠʥ (ʂʄʍ) ï ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʝ  ʧʨʦʠʟʚʦʜʥʦʝ ʭʠʪʠʥʘ, ʷʚʣʷʝʪʩʷ 

ʥʝʪʦʢʩʠʯʥʳʤ, ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʤ ʠ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʤ ʧʦʣʠʤʝʨʦʤ, ʯʪʦ ʩʣʫʞʠʪ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʙʦʨʘ ʵʪʦʛʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʨʝʙʨʘ. 

ʅʘʣʠʯʠʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ ʂʄʍ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʦʛʦ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ pH-ʟʘʚʠʩʠʤʳʝ 

ʩʠʩʪʝʤʳ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʂʄʍ ʥʘ ʨʘʟʤʝʨ ʠ ʬʦʨʤʫ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʂʄʍ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ: 

ʩʦʣʝʚʦʡ (ʂʄʍ-Na), ʢʠʩʣʦʡ (ʂʄʍ-ʅ) ʠ ʩʤʝʰʘʥʥʦʡ (ʂʄʍ-50ʅ), ʩʦʜʝʨʞʘʱʝʡ ʟʚʝʥʴʷ ʩ 

ʛʨʫʧʧʘʤʠ ïʉʆʆNa ʠ ïʉʆʆʅ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʂʄʍ ʚ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ʀʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ ʨʅ-ʩʨʝʜʳ ʜʣʷ ʪʨʝʭ ʬʦʨʤ ʂʄʍ, ʠʤʝʶʱʠʭ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʥʘ ʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʂʄʍ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ 

ʩʝʨʝʙʨʘ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʟʘʧʦʣʥʝʥʠʝ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʠʦʥʘʤʠ ʩʝʨʝʙʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʘʪʨʠʮʝ ʂʄʍ-Na ʠ 

ʂʄʍ-50ʅ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ Ag
+
 ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʚ ʨʘʙʦʪʝ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʪʨʠ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʂʄʍ ʚ ʪʨʝʭ ʬʦʨʤʘʭ ï 0.2, 0.4 ʠ 0.6 

ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ, ʩʦʛʣʘʩʥʦ ʢʨʠʚʳʤ ʩʦʨʙʮʠʠ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʥʘʥʦʩʠʩʪʝʤ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ 

ʤʘʪʨʠʮʳ ʂʄʍ ʚ ʪʨʝʭ ʬʦʨʤʘʭ, ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʦʥʦʚ Ag
+
 ʚ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʦ, ʧʨʠ ʵʪʦʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 2.3, 2.4 (ʧʨʠ ɚ=420 ʥʤ) ʜʣʷ ʚʩʝʭ ʬʦʨʤ ʂʄʍ. 

ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʇʕʄ ʵʪʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʤʘʪʨʠʮʳ ʂʄʍ-Na (ʨʅ 8.5) ʧʨʠ ʩʪʝʧʝʥʷʭ ʟʘʧʦʣʥʝʥʠʷ ï 0.2 ʠ 0.4 ʦʙʨʘʟʫʶʪʩʷ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʨʘʟʤʝʨʦʤ 1ï5 ʥʤ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ 

ʟʘʧʦʣʥʝʥʠʷ ʜʦ 0.6 ʬʦʨʤʠʨʫʶʪʩʷ ʫʞʝ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ, ʜʦʩʪʠʛʘʶʱʠʝ 10ï15 ʥʤ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʯʘʩʪʠʮ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ. ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʦʪʤʝʯʝʥʦ ʜʣʷ ʜʨʫʛʠʭ ʬʦʨʤ ʂʄʍ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ Ag
+
 ʚ ʤʘʪʨʠʮʝ ʂʄʍ-Na ʧʨʠ ʜʦʟʝ ɔ-ʦʙʣʫʯʝʥʠʷ 10 

ʢɻʨ ʧʦʣʫʯʘʣʠ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʧʨʦʷʚʣʷʶʱʠʡ ʙʘʢʪʝʨʠʮʠʜʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʰʪʘʤʤʘʤ ʢʘʢ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ Staphilococcus aureus, 

ʪʘʢ ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ Salmonella tythimurium ʙʘʢʪʝʨʠʡ [1]. 
 

1. ɺ.ɸ. ɸʣʝʢʩʘʥʜʨʦʚʘ, ʃ.ʅ. ʐʠʨʦʢʦʚʘ ʂʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʤʝʪʘʣʣ-ʧʦʣʠʤʝʨʥʳʡ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʡ ʧʣʝʥʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʧʦʩʦʙʳ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʙʘʢʪʝʨʠʮʠʜʥʳʡ ʩʦʩʪʘʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʙʘʢʪʝʨʠʮʠʜʥʘʷ ʧʣʝʥʢʘ ʠʟ ʤʝʪʘʣʣ-ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ / ʇʘʪʝʥʪ ʈʦʩʩʠʠ ˉ 

2474471. 2013. ɹʶʣ. ˉ 4. 
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ɼɺʆʁʅʓɽ ʀ ʊʈʆʁʅʓɽ ɹʀʆʈɸɿʃɸɻɸɽʄʓɽ 

ʂʆʄʇʆɿʀʎʀʀ ʇʆʃʀʕʊʀʃɽʅɸ ʉ ʇʆʃʀʉɸʍɸʈʀɼɸʄʀ 
 

ʂ. ɺ. ɸʣʝʢʩʥʷʥ, ʉ. ɿ. ʈʦʛʦʚʠʥʘ, ʕ. ɺ. ʇʨʫʪ 

 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, 

ʫʣ. ʂʦʩʳʛʠʥʘ, ʜ. 4, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: aleksanyan.kristine@gmail.com 

 

ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʝʡ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ 

ʧʦʣʠʤʝʨʦʚ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʧʦʜʦʙʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʤʝʩʠ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʧʦʣʠʦʣʝʬʠʥʦʚ ʠ ʣʝʛʢʦ ʨʘʟʣʘʛʘʶʱʠʭʩʷ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʩʪʦʷʥʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭʩʷ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʩʦʯʝʪʘʪʴ ʚ ʩʝʙʝ, c ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʭʦʨʦʰʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ, ʘ ʩ ʜʨʫʛʦʡ ï ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʚʝʜʝʥʠʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʜʦʙʘʚʦʢ ʦʙʣʝʛʯʘʝʪ 

ʨʘʟʣʦʞʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʜʚʦʡʥʳʭ ʩʤʝʩʝʡ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʇʕʅʇ), 

ʩʦʜʝʨʞʘʱʠʭ ʜʦ 50 ʤʘʩ.% ʧʦʣʠʩʘʭʘʨʠʜʦʚ (ʮʝʣʣʶʣʦʟʫ, ʢʨʘʭʤʘʣ, ʭʠʪʠʥ, ʵʪʠʣʮʝʣʣʶʣʦʟʫ, 

ʭʠʪʦʟʘʥ), ʠ ʠʟʫʯʝʥʳ ʠʭ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ. ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʦʤʧʦʟʠʮʠʡ ʧʦʣʠʩʘʭʘʨʠʜïʇʕʅʇ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʛʨʠʙʦʩʪʦʡʢʦʩʪʴ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ ʩʤʝʩʝʡ ʢʨʘʭʤʘʣïʇʕʅʇ ʠ ʭʠʪʠʥïʇʕʅʇ. ʉ ʮʝʣʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʵʪʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʜʚʦʡʥʫʶ ʩʠʩʪʝʤʫ ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʙʳʣ ʚʚʝʜʝʥ ʝʱʝ ʦʜʠʥ ʧʦʣʠʩʘʭʘʨʠʜ. ɺʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʠ ʢʨʘʭʤʘʣï

ʇʕʅʇïʭʠʪʠʥ/ʭʠʪʦʟʘʥ ʠ ʮʝʣʣʶʣʦʟʘïʇʕʅʇïʭʠʪʠʥ/ʭʠʪʦʟʘʥ (30:40:30 ʤʘʩ.%). ʉʨʘʚʥʝʥʠʝ 

ʛʠʩʪʦʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʜʣʷ ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʡ ʙʦʣʝʝ 

ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʦʙʱʝʡ ʜʦʣʠ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ 

ʪʨʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ ʩʫʤʤʘʨʥʘʷ ʜʦʣʷ ʥʝʧʣʘʚʢʠʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚʳʰʝ, ʯʝʤ ʚ ʜʚʦʡʥʳʭ 

ʩʠʩʪʝʤʘʭ ʠ ʩʦʩʪʘʚʣʷʝʪ 60%, ʪʘʢʠʝ ʧʦʨʦʰʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳ ʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳ. ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʨʦʪʝʢʘʶʱʠʤ 

ʧʘʨʘʣʣʝʣʴʥʦ ʩʦ ʩʤʝʰʝʥʠʝʤ ʧʨʦʮʝʩʩʦʤ ʩʦʠʟʤʝʣʴʯʝʥʠʷ ʯʘʩʪʠʮ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʡ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʦʙʨʘʟʮʳ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʧʦʯʚʝ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʚ ʜʚʦʡʥʫʶ 

ʢʦʤʧʦʟʠʮʠʶ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʙʠʦʜʝʩʪʨʫʢʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʉʕʄ 

ʤʦʨʬʦʣʦʛʠʠ ʧʣʝʥʦʢ ʜʦ ʠ ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʧʦʯʚʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʟʘʪʨʘʛʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʥʦ ʠ ʇʕʅʇ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʚʚʝʜʝʥʠʝʤ ʚʪʦʨʦʛʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 

ʪʨʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚʦʟʨʘʩʪʘʶʪ, ʘ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʫʜʣʠʥʝʥʠʷ ʧʨʠ 

ʨʘʟʨʳʚʝ ʥʝʩʢʦʣʴʢʦ ʧʘʜʘʶʪ, ʦʜʥʘʢʦ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʝʥʦʢ, 

ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 14-13-00803). 
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ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʆʂʉʆɸʃʂʀʃɼʀɸʈʀʃʌʆʉʌʀʅʆʂʉʀɼʆɺ ʀ 

ʀʍ ʅɽʅɸʉʓʑɽʅʅʓʍ ɸʅɸʃʆɻʆɺ ʉ ɸɿʆʊʉʆɼɽʈɾɸʑʀʄʀ 

ʉʆɽɼʀʅɽʅʀʗʄʀ 
 

ɸ.ɸ. ɸʤʙʘʨʮʫʤʷʥ, ɸ.ʕ. ɹʘʡʢʦʚʘ, ʊ.ʊ.ɺʘʩʠʣʴʝʚʘ, ʄ.ɸ.ɻʘʣʢʠʥʘ, 

ɸ.ʉ. ʂʫʟʥʝʮʦʚ, ɸ.ʉ. ʐʝʨʩʪʥʝʚʘ, ɸ.ɹ.ʋʨʶʧʠʥ, ʂ.ɸ. ʂʦʯʝʪʢʦʚ 
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ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʝ-mail: asmik@ineos.ac.ru 

 

ɸʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ - ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʵʣʝʤʝʥʪ r

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʠʭ ʧʦʣʫʯʝʥʠʶ, ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʠʟʫʯʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ ʫʜʝʣʷʝʪʩʷ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʛʨʫʧʧʳ, 

ʪʘʢʠʝ ʢʘʢ ʬʦʩʬʠʥʦʢʩʠʜʥʳʝ, ʦʜʥʘʢʦ ʩʦʯʝʪʘʥʠʝ ʠʭ ʩ ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʣʠʰʴ 

ʥʘ ʝʜʠʥʠʯʥʳʭ ʧʨʠʤʝʨʘʭ [1]. ɺ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʦʢʩʦʘʣʢʠʣʜʠʘʨʠʣʬʦʩʬʠʥʦʢʩʠʜʦʚ [1,2], ʘ ʪʘʢʞʝ ʠʭ ʥʝʥʘʩʳʱʝʥʥʳʭ ʘʥʘʣʦʛʦʚ 1ʘ,b ʩ 

ʘʢʪʠʚʥʳʤʠ ʘʤʠʥʦʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ - ʘʤʠʥʘʤʠ, ʛʠʜʨʘʟʠʥʘʤʠ 2, ʘʟʦʪʠʩʪʳʤʠ 

ʛʝʪʝʨʦʮʠʢʣʘʤʠ 3, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʷʜʫ ʥʦʚʳʭ ʘʟʦʪʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ, 

ʥʘʧʨʠʤʝʨ:  

+ R1NHNH2

R1  =    H (2ʘ)

            Ph (2ʙ)

         CH2Ph (2ʚ)

30-43 %
PPh2

O

Ph

N

N

Ph
R1

R1  =       H (3Ń)

             i-Pr  (3ʙ)

        CH2Ph (3ʚ)

(1a)

PPh2

O

O

Ph

Ph
PPh2

O

N

Ph

Ph

NHR1

MeOH

 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʄʠʭʘʵʣʶ ʨʷʜʘ ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ: 

ʠʤʠʜʘʟʦʣʘ, ʙʝʥʟʠʤʠʜʘʟʦʣʘ, 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʘ ʢ ʥʝʥʘʩʳʱʝʥʥʦʤʫ 4-

(ʜʠʬʝʥʠʣʬʦʩʬʦʨʠʣ)ʙʫʪ-3-ʝʥ-2-ʦʥʫ(1b) ʠʜʝʪ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʚʳʭʦʜʘʤʠ 

ʜʦ 80%.  

PPh2

O

O

+ AzolNH

PPh2

O

O

NHAzol

(1b)
(6)

(5)

 
ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʠʜʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʧʦ ɓ-ʫʛʣʝʨʦʜʥʦʤʫ ʘʪʦʤʫ, ʙʣʠʞʘʡʰʝʤʫ ʢ 

ʜʠʬʝʥʠʣʬʦʩʬʦʨʠʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʝ, ʧʨʠʯʝʤ ʥʘʣʠʯʠʝ ʚʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦʛʦ 

ʨʝʛʠʦʠʟʦʤʝʨʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʉʦʩʪʘʚ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʩʪʨʦʝʥʠʝ ï ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʗʄʈ- ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʨʷʜʘ ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ ʜʠʦʨʛʘʥʠʣʬʦʩʬʦʨʠʣʴʥʫʶ ʛʨʫʧʧʫ. 
 

1. ɸʤʙʘʨʮʫʤʷʥ ɸ. ɸ. ʠ ʜʨ.  ɼɸʅ. 2013, 448(4), 413-416. 

2. ɻʦʨʶʥʦʚ ɽ.ʀ. ʠ ʜʨ.  ɼɸʅ. 2012, 447(4),401-406. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-00944) ʠ ʈɸʅ 

(ʆʍ-9) 
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ʄʆʃɽʂʋʃʗʈʅʓʁ ɼʀɿɸʁʅ ʇʆʃʀʄɽʈʆɺ 
 

ɸ.ɸ. ɸʤʝʣʠʯʝʚ
a
, ɽ.ʅ. ʈʦʜʣʦʚʩʢʘʷ

a
, ʀ.ɸ. ɻʨʠʮʢʦʚʘ

b
, ɺ.ɸ. ɺʘʩʥʝʚ

a
, ɹ.ɸ. ʀʟʤʘʡʣʦʚ

a
 

 
a
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ. ɺ. 

ʃʦʤʦʥʦʩʦʚʘ, ʧʨʦʩʧʝʢʪ ɺʝʨʥʘʜʩʢʦʛʦ, ʜ. 86, 119571, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  
ɽ-mail: amelichev.88@mail.ru 

 

ʂʦʥʢʨʝʪʥʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʟʘʜʘʯʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʥʘʜʩʪʨʦʡʢʠ ʩʠʣʦʢʩʘʥʦʚʳʤ 

ʧʦʢʨʳʪʠʝʤ ʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʮʝʣʴʶ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠʜʘʥʠʷ ʧʦʣʠʤʝʨʥʳʤ ʩʣʦʷʤ 

ʛʠʜʨʦʬʠʣʴʥʳʭ, ʛʠʜʨʦʬʦʙʥʳʭ, ʦʣʝʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ ʠ ʪ.ʧ. 

 

Si O

CH
2

O R

//////////////////  
 

ʛʜʝ R = CF3(CF2)7CH2-; CF3CF2CFCF3CH2CH2CH2-; CF3(CF2)5CH2-; -CH2(CF2)4CH2-; CF3CH2- 

 

ɻʠʜʨʦʬʦʙʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʶʙʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʠʣʠ ʧʨʠʨʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʘʜʩʦʨʙʮʠʶ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʥʦ- ʠʣʠ ʧʦʣʠʩʣʦʝʚ 

ʤʦʜʠʬʠʢʘʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʛʠʜʨʦʬʦʙʥʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣ ï ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʨʘʜʠʢʘʣʳ ï 

ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʧʦʣʷʨʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʘ ʥʘʧʨʘʚʣʝʥʳ  ʢ 

ʤʦʜʠʬʠʮʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʩʠʣʘʤʠ, ʘ  ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʱʠʪʥʦʛʦ 

ʛʠʜʨʦʬʦʙʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʚʠʚʢʘ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʟʘʱʠʪʥʦʛʦ ʩʠʣʦʢʩʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʩʥʦʚʘʥʦ ʥʘ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ  ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ, 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ, ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʩ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʪʘʤ ʚʦʜʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-03-00204). 
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ʇʆɺɽɼɽʅʀɽ ɺ ʈɸʉʊɺʆʈɸʍ ʊɽʈʄʆʏʋɺʉʊɺʀʊɽʃʔʅʓʍ 

4-  ʀ 8-ʃʋʏɽɺʓʍ ɿɺɽɿɼʆʆɹʈɸɿʅʓʍ 

ʇʆʃʀ(2-ʀɿʆʇʈʆʇʀʃ-2-ʆʂʉɸɿʆʃʀʅʆɺ) 
 

A.ʀ. ɸʤʠʨʦʚʘ, M.M. ɼʫʜʢʠʥʘ, A.ɺ. ʊʝʥʴʢʦʚʮʝʚ, A.ʇ. ʌʠʣʠʧʧʦʚ 

 

ʀʥʩʪʠʪʫʪ
 
ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ, 

ɹʦʣʴʰʦʡ ʧʨ., ʜ. 31, 199004, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ɽ-mail: aliram.new@gmail.com 

 

ʇʦʣʠ(2-ʠʟʦʧʨʦʧʠʣ-2-ʦʢʩʘʟʦʣʠʥ) (ʇʀʇʆɿ) ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʦʛʦʤ ʧʦʣʠ-N-

ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʘ ʠ ʧʦʣʠʧʝʧʪʠʜʦʚ; ʦʥ ʙʠʦʩʦʚʤʝʩʪʠʤ ʠ ʩʪʘʙʠʣʝʥ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʨʝʜʘʭ. ʇʨʠ ʵʪʦʤ ʥʠʞʥʷʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʚʦʨʝʥʠʷ (ʅʂʊʈ) ʧʦʣʠʤʝʨʘ 

ʙʣʠʟʢʘ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʩʠʥʪʝʟʠʨʫʶʪʩʷ 

ʧʦʣʠʤʝʨʳ ʩʣʦʞʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʩ 4 (ʇʀʇʆɿ4) ʠ 8 ʣʫʯʘʤʠ (ʇʀʇʆɿ8) ʠ ʦʢʪʘ-ʪʨʝʪ-ʙʫʪʠʣʢʘʣʠʢʩ[n]ʘʨʝʥʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʷʜʨʘ: 

*

O

C O

CH2

N CH2 CH2

O

CH3
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O C

O

CH

CH3

CH3

n

CH3H3C

CH3
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ʈʠʩ. 1. ɿʚʝʟʜʦʦʙʨʘʟʥʳʡ ʇʀʇʆɿ ʩ ʢʘʣʠʢʩ[n]ʘʨʝʥʦʚʳʤ ʷʜʨʦʤ 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʇʀʇʆɿ4 ʠ ʇʀʇʆɿ8  ʦʧʨʝʜʝʣʝʥʳ 

ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʦʧʪʠʢʠ ʚ ʨʘʩʪʚʦʨʘʭ ʚ ʭʣʦʨʦʬʦʨʤʝ. ʅʂʊʈ 

ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʤʫʪʥʝʥʠʷ ʨʘʩʪʚʦʨʘ. 

ʇʦʚʝʜʝʥʠʝ ʇʀʇʆɿ4 ʠ ʇʀʇʆɿ8  ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠʟʫʯʝʥʦ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0.2 ʜʦ 3.2 ʛ/ʜʣ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʊ ʦʪ 22 ʜʦ 52Áʉ. ʆʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ I, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ Rh 

ʨʘʩʩʝʠʚʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʜʦʣʷ Sr ʚ ʨʘʩʪʚʦʨʝ. ʀʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ I, Rh ʠ Sr ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʝʥʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʨʘʚʥʦʚʝʩʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ 20000 ʩʝʢʫʥʜ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʇʀʇʆɿn ʧʨʠ 

ʚʘʨʠʘʮʠʠ ʯʠʩʣʘ ʣʫʯʝʡ ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʤʫʪʥʝʥʠʷ ʜʣʷ 

ʇʀʇʆɿ4 ʥʠʞʝ, ʯʝʤ ʜʣʷ ʇʀʇʆɿ8. ʊʘʢʞʝ ʠʟʤʝʥʷʶʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

ʘʛʨʝʛʘʪʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʣʘʩʪʠ ʠʟ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʅʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʷ ʩʚʷʟʘʥʳ 

ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʬʠʣʴʥʦ-ʛʠʜʨʦʬʦʙʥʦʛʦ ʙʘʣʘʥʩʘ ʧʨʠ ʚʘʨʠʘʮʠʠ ʩʪʨʫʢʪʫʨʳ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 14-13-00231). 
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ʇʆʃʋʏɽʅʀɽ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈʆɺ ʌʋʃʃɽʈɽʅɸ ʇʈʆʉʊʓʄ 

ɼʀɸʃʀɿʆʄ ɺʆɼʅʆ-ʆʈɻɸʅʀʏɽʉʂʆʁ ʉʄɽʉʀ ʀ ʀɿʋʏɽʅʀɽ ʀʍ 

ʉɺʆʁʉʊɺ 
 

ʉ.ʄ. ɸʥʜʨʝʝʚ, ɼ.ɼ. ʇʫʨʛʠʥʘ, ɽ.ʅ. ɹʘʰʢʘʪʦʚʘ 

 

ɻʅʎ ʀʥʩʪʠʪʫʪ ʠʤʤʫʥʦʣʦʛʠʠ, ʂʘʰʠʨʩʢʦʝ ʰʦʩʩʝ, ʜ. 24-2, 115478, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʬʫʣʣʝʨʝʥʘ 

(ʥʘʥʦʜʠʩʧʝʨʩʠʠ, nC60) ʦʙʣʘʜʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ, ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʦʡ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʠ ʜʨ.) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʤʝʜʠʮʠʥʳ, ʫʯʠʪʳʚʘʷ ʝʛʦ ʥʠʟʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ 

ʬʫʣʣʝʨʝʥ ʧʦʣʥʦʩʪʴʶ ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, ʪʦ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʦʩʥʦʚʘʥʳ ʥʘ ʝʛʦ ʧʝʨʝʥʦʩʝ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ (ʙʝʥʟʦʣ, ʪʦʣʫʦʣ) ʚ ʚʦʜʥʫʶ ʬʘʟʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʥʘʛʨʝʚʘʥʠʷ ʠʣʠ ʦʯʝʥʴ ʜʣʠʪʝʣʴʥʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʚʦʜʝ. 

ʅʘʤʠ ʥʝʦʞʠʜʘʥʥʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʪʘʙʠʣʴʥʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʬʫʣʣʝʨʝʥʘ ʤʦʛʫʪ 

ʙʳʪʴ ʣʝʛʢʦ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʨʦʩʪʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʬʫʣʣʝʨʝʥʘ ʚ N-

ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʝ ʩ ʚʦʜʦʡ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʯʝʨʧʳʚʘʶʱʠʤ ʜʠʘʣʠʟʦʤ ʪʘʢʦʡ ʩʤʝʩʠ 

ʧʨʦʪʠʚ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ. ʇʦʩʣʝʜʥʷʷ ʧʨʦʮʝʜʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʘʣʝʥʠʝ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʯʝʨʝʟ ʧʦʨʳ ʜʠʘʣʠʟʥʦʡ ʤʝʤʙʨʘʥʳ, ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʣʘʩʪʝʨʳ ʬʫʣʣʝʨʝʥʘ ʦʩʪʘʶʪʩʷ ʚ ʜʠʘʣʠʟʘʪʝ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ nC60, ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ (ʉɸ) ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʚʝʱʝʩʪʚʘ , ʪʘʢʠʝ ʢʘʢ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʩʘʭʘʨʠʜʳ, 

ʧʝʧʪʠʜʳ, ʛʣʠʮʝʨʠʥ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ 

ʢʘʯʝʩʪʚʝ ʉɸ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʣʴʥʦ ʦʩʥʦʚʥʳʝ ʠ ʢʠʩʣʦʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʋʌ-ɺʀɼ ʩʧʝʢʪʨʳ ʪʘʢʠʭ ʜʠʩʧʝʨʩʠʡ ʩʦʜʝʨʞʘʪ ʧʠʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ 

ʉ60, ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʳʭ ʧʨʦʮʝʜʫʨ (ʧʠʢʠ ʧʨʠ 220 , 265, 340 ʠ 450 

ʥʤ). ʀʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʘ ʠ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʯʘʩʪʠʮ C60, ʚʳʧʦʣʥʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ, ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ 

ʨʘʟʤʝʨʘʤ, ~ 100 ʥʤ, ʠ ʥʘʣʠʯʠʝ ʥʘ ʥʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ï30 mV. ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʳʩʫʰʝʥʥʳʝ ʦʙʨʘʟʮʳ ʜʠʩʧʝʨʩʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʘʛʨʝʛʘʪʳ  ʢʘʢ ʠʟ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʱʠʭ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ (ʦʢʦʣʦ 20 ʥʤ), 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʠ ʘʤʦʨʬʥʳʝ ʬʘʟʳ. ʈʝʟʫʣʴʪʘʪʳ ʌʫʨʴʝ-ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ  ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (MALDI) ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ nC60 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʯʘʩʪʠʯʥʳʤ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʳ ʬʫʣʣʝʨʝʥʘ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʛʦʜʝʥ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʵʥʜʦʬʫʣʣʝʨʝʥʦʚ 

(Gd@C82), ʠ ʤʳ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʩʦʣʶʙʠʣʠʟʘʮʠʷ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʬʫʣʣʝʨʝʥʦʚ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʘ ʵʪʠʤ ʩʧʦʩʦʙʦʤ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ [1]. 

 
[1] ɹʘʰʢʘʪʦʚʘ ɽ.ʅ., ɸʥʜʨʝʝʚ ʉ.ʄ., ʐʝʨʰʘʢʦʚʘ ʅ.ʅ., ɹʘʙʘʭʠʥ ɸ.ɸ.,  ʐʠʣʦʚʩʢʠʡ ʀ.ʇ., ʍʘʠʪʦʚ ʄ.ʈ. 

ʀʟʫʯʝʥʠʝ ʤʦʜʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ C60 ʥʘ ʨʝʘʢʮʠʶ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʟʘʤʝʜʣʝʥʥʦʛʦ ʪʠʧʘ. ʌʠʟʠʦʣʦʛʠʷ ʠ ʧʘʪʦʣʦʛʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, 2012, ˉ2, 17-27. 
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ʂɸʊʀʆʅʅʓɽ ʈɽɸʂʎʀʀ 2-ɸʈʀʃʀɼɽʅʀʅɼʆʂʉʀʃʆɺ ɺ 

ʉʀʅʊɽɿɽ 9-ʆʂʉʆʇʀʈʈʆʃʆ[1,2-ɸ]ʀʅɼʆʃʆɺ ʀ 

ʇʉɽɺɼʆʀʅɼʆʂʉʀʃʆɺ 
 

ɸ.ɸ. ɸʥʠʩʠʤʦʚ, ɸ.ɸ. ʍʦʜʘʢ, ʄ.ɸ. ɻʨʠʥ, ɸ.ʉ. ʇʝʨʝʛʫʜʦʚ, ɺ.ʉ. ɺʝʣʝʞʝʚʘ 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: alex_anisimov_86@mail.ru 

 

ɺ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ ʘʣʢʘʣʦʠʜʦʚ ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [1], ʚʭʦʜʠʪ ʠʥʜʦʢʩʠʣʴʥʳʡ 

(3-ʠʥʜʦʣʠʥʦʥʦʚʳʡ) ʬʨʘʛʤʝʥʪ. ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [2], ʯʪʦ ʢʝʪʦʥʳ ʠʥʜʦʣʴʥʦʛʦ ʨʷʜʘ 

ʷʚʣʷʶʪʩʷ ʠʥʛʠʙʠʪʦʨʘʤʠ ʬʝʨʤʝʥʪʘ ʠʥʜʦʣʘʤʠʥ-2,3-ʜʠʦʢʩʠʛʝʥʘʟʳ (ʀɼʆ) ʠ ʧʦʵʪʦʤʫ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʢʘʬʬʦʣʜʦʚ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʠ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥ 

ʩʠʥʪʝʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʙʠ-, ʪʨʠ-, ʠ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ 

ʢʝʪʦʠʥʜʦʣʦʚ 2-6 ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NH-2-ʘʨʠʣʠʜʝʥʠʥʜʦʢʩʠʣʦʚ 1 ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʘʤʙʠʜʝʥʪʥʳʤʠ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ 

ʥʫʢʣʝʦʬʠʣʘ ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʜʘʥʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 9-ʦʢʩʦʧʠʨʨʦʣʦ[1,2-ʘ]ʠʥʜʦʣʦʚ 2-4 ï ʘʥʘʣʦʛʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʧʠʨʨʦʣʦʠʥʜʦʣʦʚ ʬʣʫʦʨʘʟʦʥʦʚʦʛʦ ʪʠʧʘ ʠʣʠ ʧʩʝʚʜʦʠʥʜʦʢʩʠʣʦʚ 5-6. ʉʪʨʫʢʪʫʨʘ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʘʤʠ 1D ʠ 2D ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

 
ʈʠʩ. 1. ʇʦʣʫʯʝʥʠʝ ʢʝʪʦʥʦʚ ʬʣʫʦʨʘʟʦʥʦʚʦʛʦ 2-4 ʠ ʧʩʝʚʜʦʠʥʜʦʢʩʠʣʴʥʦʛʦ 5-6 ʪʠʧʦʚ 

ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ ʠʟ 2-ʘʨʠʣʠʜʝʥʠʥʜʦʢʩʠʣʦʚ 1 ï ʢʘʨʙʝʥʠʝʚʳʭ ʠʦʥʦʚ ɸ ʠʣʠ ʠʤʠʥʠʝʚʳʭ 

ʠʦʥʦʚ ɺ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʥʫʢʣʝʦʬʠʣ ʚʚʦʜʠʪʩʷ ʚ ʪʝʨʤʠʥʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʵʢʟʦʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʳ 2-ʘʨʠʣʠʜʝʥʠʥʜʦʢʩʠʣʦʚ 1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʠʨʨʦʣʦʠʥʜʦʣʦʚ 2-4, ʚʦ ʚʪʦʨʦʤ ï ʚ ʝʝ ʠʥʪʝʨʥʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʩʝʚʜʦʠʥʜʦʢʩʠʣʦʚ 5-6. 

ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʥʦʚʳ ʜʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʝʪʦʥʦʚ ʠʥʜʦʣʴʥʦʛʦ ʨʷʜʘ ʠ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠʥʛʠʙʠʪʦʨʦʚ ʀɼʆ. 
[1]. a) N. Kishore et al. Fitoterapia 2004, 80, 149ï163; b) J. Kim et al. Chem. Sci. 2012, 3, 2849ï2852. 

[2]. a) E. Doluġiĺ et al. Eur. J. Med. Chem. 2011, 46, 3058ï3065; b) S. Yang et al. J. Med. Chem. 2013, 56, 

8321-8331. 
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 ɹʀʄɽʊɸʃʃʀʏɽʉʂʀɽ ʅɸʅʆʂʆʄʇʆɿʀʊʓ:  

ʄɽʊɸʃʃʆ-ʇɸʈʆɺʆʁ ʉʀʅʊɽɿ, ʉʊʈʋʂʊʋʈɸ ʀ 

ʂɸʊɸʃʀʊʀʏɽʉʂɸʗ ɸɺʊʀɺʅʆʉʊʔ 
 

ɼ.ɸ. ɸʧʘʨʰʦʚ
ʘ
, ɸ.ʖ. ɺʘʩʠʣʴʢʦʚ

a
, ɸ.ɺ. ʅʘʫʤʢʠʥ

a
,  

ʖ.ɺ. ʄʘʢʩʠʤʦʚ
b
, ɺ.ʌ. ʊʨʝʪʴʷʢʦʚ

b
 

 
a
ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

 ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ.ʅ.ʅ. ʉʝʤʸʥʦʚʘ ʈɸʅ, 

 ʫʣ. ʂʦʩʳʛʠʥʘ ʜ.4, 119991, ʄʦʩʢʚʘ,ʈʦʩʩʠʷ 

ɽ-mail: Aparshov_Dima@mail.ru 

 

ɾʝʣʝʟʦ-ʧʘʣʣʘʜʠʝʚʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʵʬʬʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʞʸʩʪʢʠʭ ʜʠʩʢʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ. ʄʝʪʘʣʣʦ-ʧʘʨʦʚʦʡ ʩʠʥʪʝʟ (ʄʇʉ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʘʨʦʚ ʤʝʪʘʣʣʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʤʦʜʠʬʠʢʘʮʠʝʡ ʠʤʠ ʤʘʪʨʠʮ (ʩʤ. ʨʠʩ. 1), ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʦʥʦ- ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʛʥʠʪʥʳʤʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʈʠʩ.1. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦ- ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ  ʥʘʥʝʩʸʥʥʳʭ ʩʠʩʪʝʤ. 

  

ɺ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʥʪʝʟ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ (Pd/SiO2, Fe/SiO2, 

Au/SiO2)  ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ (Pd-Fe/SiO2, Au-Fe/SiO2) ʥʘʥʝʩʸʥʥʳʭ ʩʠʩʪʝʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʥʘʥʦʩʠʩʪʝʤʳ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʩʝʭ 

ʥʘʥʝʩʸʥʥʳʭ ʩʠʩʪʝʤ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ CO. 

ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ Pd 3d5/2 ʩ 336.3 ʵɺ ʜʣʷ ʠʩʭʦʜʥʦʡ Pd-Fe/SiO2 ʩʠʩʪʝʤʳ ʜʦ 335.6 

ʵɺ ʜʣʷ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʢʘʪʘʣʠʟʘ, ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʦʢʠʩʣʝʥʠʷ ʉʆ, ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Pd. 

ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Au-Fe/SiO2 ʧʦʟʚʦʣʠʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʥʘʣʠʯʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ  AuFe ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ 

ɔFe2O3 c ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 8-10 ʥʤ. 

ɼʣʷ Pd-Fe/SiO2 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʫʩʣʦʚʠʷʭ ʤʝʪʘʣʣʦ-ʧʘʨʦʚʦʛʦ ʩʠʥʪʝʟʘ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ 14-03-01074). 
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ɸʃʖʄʆʀʊʊʈʀɽɺʓɽ ɺʆʃʆʂʅɸ ʅɸ ʆʉʅʆɺɽ 

ʆʈɻɸʅʆʀʊʊʈʀʁʆʂʉɸʅɸʃʖʄʆʂʉɸʅʆɺ 
 

ʊ.ʃ. ɸʧʫʭʪʠʥʘ, ɻ.ʀ. ʑʝʨʙʘʢʦʚʘ, ɼ.ɺ. ʉʠʜʦʨʦʚ, ʅ.ʉ. ʂʨʠʚʮʦʚʘ, ʄ.ʉ. ɺʘʨʬʦʣʦʤʝʝʚ
 

 

ɻʅʎ ʈʌ ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʵʣʝʤʝʥʪʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè 

(ɻʅʎ ʈʌ ʌɻʋʇ çɻʅʀʀʍʊʕʆʉè), ʰ. ʕʥʪʫʟʠʘʩʪʦʚ, ʜ. 38, 105118, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: tatiana.apukhtina@yandex.ru 

 

ʅʝʧʨʝʨʳʚʥʳʝ ʦʢʩʠʜʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʥʘ ʦʩʥʦʚʝ Al2O3 ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʥʠʟʢʠʤ 

ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ, ʧʦʵʪʦʤʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʳʭ ʠ ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʪʝʧʣʦʟʘʱʠʪʥʳʭ, ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ. ʆʜʥʘʢʦ ʚʦʣʦʢʥʘ 

ʥʘ ʦʩʥʦʚʝ Al2O3 ʩʢʣʦʥʥʳ ʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʣʟʫʯʝʩʪʠ (ʢʨʠʧʫ), ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ 

ʥʠʭ Y2O3 ʜʘʞʝ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʢʦʣʦ 1 ʤʘʩʩ % ʧʦʩʣʝʜʥʠʡ ʧʨʝʧʷʪʩʪʚʫʝʪ ʟʝʨʥʦʛʨʘʥʠʯʥʦʤʫ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʶ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʨʠʧ [1 - 3]. 

ʆʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʪʫʛʦʧʣʘʚʢʠʭ ʚʦʣʦʢʦʥ (Y2O3-Al 2O3) ʦʩʥʦʚʘʥʳ ʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʤ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʝ, ʪʘʢ ʢʘʢ 

ʧʦʣʫʯʝʥʠʝ ʚʦʣʦʢʦʥ ʧʫʪʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʧʣʘʚʦʚ Al2O3 ʠ Y2O3 ʟʘʪʨʫʜʥʝʥʦ ʚʩʣʝʜʩʪʚʠʝ 

ʠʭ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʊʧʣ=2044 Áʉ ʠ ʊʧʣ=2410 Áʉ. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʪʫʛʦʧʣʘʚʢʠʭ ʘʣʶʤʦʠʪʪʨʠʝʚʳʭ ʚʦʣʦʢʦʥ ʤʝʪʦʜʦʤ 

ʬʦʨʤʦʚʘʥʠʷ ʠʟ ʨʘʩʧʣʘʚʘ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ɻʅʀʀʍʊʕʆʉ 

ʚʦʣʦʢʥʦʦʙʨʘʟʫʶʱʠʭ ʦʨʛʘʥʦʠʪʪʨʠʡʦʢʩʘʥʘʣʶʤʦʢʩʘʥʦʚ [4] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 60 ï 150 Üʉ 

ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʪʚʝʨʞʜʝʥʠʝʤ ʠ ʧʠʨʦʣʠʟʦʤ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʢʩʠʜʥʳʝ ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʘ kY2O3 m̷Al 2O3. 

ʇʨʦʚʝʜʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʘʣʶʤʦʠʪʪʨʠʝʚʳʭ ʚʦʣʦʢʦʥ 

ʤʝʪʦʜʘʤʠ ʉʕʄ, ʈʌɸ ʠ ʜʨ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʦʣʦʢʦʥ ʚʭʦʜʷʪ ʢʦʨʫʥʜ ï 

Ŭ-Al 2O3 ʠ ʘʣʶʤʦʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ ï Y3Al 5O12. ʆʢʩʠʜʥʘʷ ʩʠʩʪʝʤʘ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ 

ʘʣʶʤʦʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ ʦʙʣʘʜʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ ʠ 

ʧʨʦʯʥʦʩʪʴʶ, ʥʦ ʠ ʩʣʦʞʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʦʡ ʘʥʠʦʥʦʚ 

ʢʠʩʣʦʨʦʜʘ, ʠʤʝʶʱʝʡ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʧʦʣʟʫʯʝʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (>1000 

ÜC). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʦʙʥʳʝ ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʚʳʩʦʢʦʪʝʨʤʦʩʪʦʡʢʠʭ, ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʭ ʘʣʶʤʦʠʪʪʨʠʝʚʳʭ 

ʢʝʨʘʤʦʢʦʤʧʦʟʠʪʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-12014 ʦʬʠ_ʤ). 

 
1. ʖ.ɸ. ɹʘʣʠʥʦʚʘ ʠ ʜʨ. ɺʩʝ ʤʘʪʝʨʠʘʣʳ. ʕʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʡ ʩʧʨʘʚʦʯʥʠʢ. 2012, 4, 24-29.  

2. E.A. Aguilar et al. J. Europ. Ceram. Soc. 2000, 20, 1091ï1098. 

3. Y. Liu et al. J. Am. Ceram. Soc. 1998, 81(3), 629ï645. 

4. ɻ.ʀ. ʑʝʨʙʘʢʦʚʘ ʠ ʜʨ. ɿʘʷʚʢʘ ˉ 2013107667 ʦʪ 21.02.2013 ʥʘ ʚʳʜʘʯʫ ʧʘʪʝʥʪʘ ʈʌ. 
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THE PECULIARITIES OF TRI( O-TOLYL)ANTIMONY AND  TRI( M-

TOLYL)ANTIMONY REACTION S WITH 2 -

HYDROXYBENZALDOXIM E. THE MOLECULAR STRUCTURES OF 

TRI( O-TOLYL)ANTIMONY BIS(2-HYDROXYBENZALDOXIMATE)  

AND BIS(Õ3-2-HYDROXYBENZALDOXIMATO -ʆ,ʆ',N)-(Õ2-OXO)-

BIS[DI( M-TOLYL)ANTIMONY]  
 

E.V. Artemyeva, ʄ.S. Makerova, V.V. Sharutin, ʆ.ʂ. Sharutina  

 

Chemistry faculty, South Ural State University, Lenin prospect, 76, building 1ʘ, 454080, 

Chelyabinsk, Russian Federation  

E-mail: katriona-art@yandex.ru, marina.mms74@mail.ru  

 

To study the possible ways of 2-hydroxybenzaldoxime coordination we investigated its 

interaction with tri(o-tolyl) and tri(m-tolyl) antimony in the presence of an oxidizing agent.  

The reactions of tri(o-tolyl)antimony with 2-hydroxybenzaldoxime, going at room 

temperature in diethyl ether in the presence of 30% aqueous hydrogen peroxide solution or in 

heptane in the presence of tert-butil hydroperoxide, resulted in the formation of tri(o-

tolyl)antimony dioximates. 

 
(2-ʉH3C6H4)3Sb + 2 HON=CHC6H4OH-2 + H2O2 Ÿ (2-ʉH3C6H4)3Sb(ON=CHC6H4OH-2)2 + 2 H2O 

                                                                                                1 

 

As it has been found out, the interaction of tri(m-tolyl)antimony with hydroxybenzaldoxime 

in the presence of an oxidizing agent (hydrogen peroxide or tert-butil hydroperoxide), 

irrespective of the mole ratio of the reactants (1:2:1 or 1:1:1), proceeds by another scheme ï 

with the formation of a binuclear organoantimony compound 2 with the bridging oxygen 

atom: 

2 Ar3Sb  +   2 HON=CHC6H4(OH-2) + 2 H2O2 +  3 H2OO

Ar

Ar

Ar
Ar +  2

Ar = C6H4CH3-3

CH=N

N=CH

O

Sb

O

Sb

O

O

C6H5CH3

I I

  

According to the X-ray analysis data, the antimony atom is bound to oxygen atoms of axial 

oximate ligands in the trigonal bipyramidal coordination in the molecule 1. In the binuclear 

complex 2 antimony atoms are connected by two tridentate bridging ligands and the oxygen 

atom; they have the deformed octahedral coordination with ʉ2ʆ3N surroundings.  

Thus, it has been found that the direction of the oxidative addition reaction of 2-

tritolylantimony with 2-hydroxybenzaldoxime in the presence of an oxidizing agent is 

determined by the position of the methyl groups in phenyl radicals at antimony atom. 

  

2 
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ʉʀʅʊɽɿ ʀ ʉʇɽʂʊʈɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʈɸɿɺɽʊɺʃɽʅʅʓʍ ʇʆʃʀʌɽʅʀʃɽʅʆɺ 
 

ʄ.ɸ. ɹʘʙʫʰʢʠʥʘ, ʅ.ʉ. ʂʫʰʘʢʦʚʘ, ɸ.ʀ. ʂʦʚʘʣʝʚ, ɸ.ʉ. ɻʦʨʩʢʘʷ, ʀ.ɸ. ʍʦʪʠʥʘ
 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: marina.babushkina@gmail.com 

 

ɹʳʩʪʨʳʝ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʦʙʫʩʣʦʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [1-3]. 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʚʚʝʜʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦʣʠʤʝʨʥʦʛʦ ʩʠʥʪʝʟʘ [4], ʪʘʢ ʢʘʢ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʝʱʝʩʪʚʘ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʠʥʪʝʟ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʟʚʝʪʚʣʝʥʥʳʭ 

ʧʦʣʠʬʝʥʠʣʝʥʦʚ (ʇʌ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʨʦʤʦʬʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʨʠʩ. 1) ʚ ʨʘʩʪʚʦʨʝ ʠ ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʜʣʠʥʳ ʤʝʞʫʟʣʦʚʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʧʨʠʨʦʜʳ ʛʨʫʧʧ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. 
   

   
ʈʠʩ. 1. ʇʨʠʙʣʠʞʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʬʝʥʠʣʝʥʦʚ 

ʅʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʦʪʦʪʠʧʳ ʩʚʝʪʦʜʠʦʜʦʚ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 2-3), ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ ʥʘ ʚʠʜ 

ʩʧʝʢʪʨʦʚ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʕʃ) ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ.  
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ɼʣʠʥʘ ʚʦʣʥʳ, ʥʤ 
ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʷ (ʘ) ʠ ʩʧʝʢʪʨ ʕʃ ʩʚʝʪʦʜʠʦʜʘ 

(ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 5ɺ) (ʙ) ʥʘ ʦʩʥʦʚʝ 

ʘʟʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʇʌ 

ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʕʃ ʩʚʝʪʦʜʠʦʜʦʚ ʩ 

ʜʦʧʠʨʦʚʘʥʥʳʤ ʘʢʪʠʚʥʳʤ ʩʣʦʝʤ (ʤʘʪʨʠʮʘ: 1-

ʇʌ, 2,3-ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʝ ʇʌ, 4 ï ʇɺʂ) 
 

1. ɸ. ɺ. ɺʘʥʥʠʢʦʚ, ʈʦʩʩʠʡʩʢʠʡ ʍʠʤʠʯʝʩʢʠʡ ɾʫʨʥʘʣ. 2001, XLV (5-6), 1-50. 

2. X. Guo et al. Progress in Polymer Science, 2013. 38(12), 1832ï1908. 

3. I.A. Khotina et al. Key Engineering Materials. 2013.. 559, 63-68.  

4. J. A. Mikroyannidis. Journal of Luminescence. 2008, 128, 1137ï1142. 
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ʂʆʄʇʃɽʂʉʓ ʄɸʂʈʆʄʆʃɽʂʋʃ ɺʆɼʆʈɸʉʊɺʆʈʀʄʓʍ 

ʇʆʃʀʉɸʍɸʈʀɼʆɺ ʉ ʅɸʅʆʈɸɿʄɽʈʅʓʄʀ ʏɸʉʊʀʎɸʄʀ ɿʆʃɽʁ 

ʁʆɼʀɼɸ ʉɽʈɽɹʈɸ 
 

ʄ.ɺ. ɹʘʟʫʥʦʚʘ, ɸ.ɿ. ɸʩʢʘʨʦʚʘ, ɼ.ʈ. ɺʘʣʠʝʚ
 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʫʣ. ɿʘʢʠ ɺʘʣʠʜʠ, ʜ. 32, 450076, ʋʬʘ, ʈʦʩʩʠʷ 

ɽ-mail: mbazunova@mail.ru 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ ʙʦʣʴʰʝ ʧʦʷʚʣʷʝʪʩʷ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʪʝʟʦʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʩʚʦʡʩʪʚ ʧʦʣʠʢʦʤʧʣʝʢʩʦʚ ʩʤʝʰʘʥʥʦʡ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʡ ʧʨʠʨʦʜʳ, ʥʘʧʨʠʤʝʨ, ʤʝʪʘʣʣ-

ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ 

ʬʣʦʢʫʣʷʥʪʦʚ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʩh ʠʪʳʭ ʛʝʣʝʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ [1]. 

ʇʦʣʫʯʝʥʠʝ ʧʦʣʠʢʦʤʧʣʝʢʩʦʚ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʡ ʧʨʠʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ 

ʠ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʢʩʦʚ ʜʣʷ 

ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʟʘʤʝʩʪʠʪʝʣʴʥʦʡ ʭʠʨʫʨʛʠʠ. ʂ ʧʦʜʦʙʥʳʤ ʤʘʪʨʠʢʩʘʤ 

ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ï ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, 

ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʦʩʪʴ ʠ  ʧʦʜʦʙʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ 

ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ,  ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦʣʠʤʝʨ-ʢʦʣʣʦʠʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ (ʇʂʂ). ɺ ʢʘʯʝʩʪʚʝ ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ 

ʤʠʮʝʣʣ AgI, ʢʦʪʦʨʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʦʪʨʠʮʘʪʝʣʴʥʦ, ʪʘʢ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʳ. ɺʘʞʥʦ ʪʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪ-ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʢʦʣʣʦʠʜʥʘʷ 

ʯʘʩʪʠʮʘ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘʥʦʨʘʟʤʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʘ ʥʘ ʠʭ ʦʩʥʦʚʝ - ʤʘʪʨʠʢʩʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʦʚ (ʩʫʢʮʠʥʘʪʘ ʭʠʪʦʟʘʥʘ (ʉʍʊɿ), ʧʝʢʪʠʥʘ) ʩ 

ʟʦʣʷʤʠ ʛʘʣʦʛʝʥʠʜʦʚ ʩʝʨʝʙʨʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʦʙʣʘʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʇʂʂ. 

ʈʘʟʤʝʨ rʯʘʩʪʠʮ ʠʩʭʦʜʥʳʭ ʤʠʮʝʣʣ AgI, ʦʧʨʝʜʝʣʸʥʥʳʝ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠ ʠ ʩ ʧʦʤʦʱʴʶ 

ʘʥʘʣʠʟʘʪʦʨʘ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ çShimadzu Salid ï 7101è, ʩʦʩʪʘʚʣʷʶʪ, ʚ ʩʨʝʜʥʝʤ, 95-120 

ʥʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʟʦʣʝʡ AgI ʩ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʧʦʣʠʤʝʨʘʤʠ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ, ʙʣʠʟʢʠʤʠ ʢ ʥʘʥʦʤʝʪʨʦʚʳʤ. ʏʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʫʙʢʦʚ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʦʚ ʧʨʠʥʷʣʠ ʚ 2-5 ʨʘʟ ʤʝʥʴʰʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ "ʢʨʦʩʩʦʚʝʨʘ". ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʟʦʣʷ AgI ʩ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʉʍʊɿ, ʥʝʩʫʱʠʤʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ  [Ag
+
]:ʟʚʝʥʦ ʧʦʣʠʤʝʨʘ, 

ʩʦʩʪʘʚʣʷʶʱʝʤ ʦʪ 0,25:1 ʜʦ 0,75:1, ʦʙʨʘʟʫʶʪʩʷ ʨʘʩʪʚʦʨʠʤʳʝ ʇʂʂ. ʆʙ ʵʪʦʤ ʛʦʚʦʨʠʪ 

ʩʦʚʧʘʜʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʟʦʣʷ AgI ʠ ʩʤʝʩʝʡ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ ʠ ʟʦʣʷ AgI. 

ʇʨʠ ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʘʥʥʳʝ ʇʂʂ ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ. ʈʘʟʤʝʨ 

ʯʘʩʪʠʮ ʧʦʣʫʯʝʥʥʳʭ ʇʂʂ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 110 ʜʦ 375 ʅʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʇʂʂ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʝʡ 

ʨʘʩʪʚʦʨʦʚ ʉʍʊɿ ʩ ʟʦʣʷʤʠ AgI. ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʇʂʂ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʢʩʦʚ ʚ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʟʘʤʝʩʪʠʪʝʣʴʥʦʡ ʭʠʨʫʨʛʠʠ. 
1. I.A. Novakov et al. Colloid & Polymer Science. 2011, 289(11), 1197ï1203. 
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ɸʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʌʠʣʠʧʩ ʤʦʛʫʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʪʦʤʳ ʭʨʦʤʘ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +6 ʚ ʚʠʜʝ ʛʝʪʝʨʦʩʠʣʦʢʩʘʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ [1]. ʂʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ  ʩʦʝʜʠʥʝʥʠʝ ʙʣʠʟʢʦʝ ʧʦ ʩʚʦʝʤʫ 

ʭʘʨʘʢʪʝʨʫ ʢ ʧʦʣʠʤʝʪʘʣʣʦʦʨʛʘʥʠʣʦʢʩʘʥʘʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʝ Feher F.J. ʠ Blanski R.L [2]. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʣʠʭʨʦʤʬʝʥʠʣʩʠʣʦʢʩʘʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʪʦʤʳ ʭʨʦʤʘ 

ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +6, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʭʨʦʤʘʪʘ ʢʘʣʠʷ  ʠ ʬʝʥʠʣʪʨʠʭʣʦʨʩʠʣʘʥʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ [3]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʦʪʥʦʰʝʥʠʝ 

Si/Cr ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦ ʠʩʭʦʜʥʦʤʫ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʭʣʦʨʠʜ-ʠʦʥʦʚ 

ʤʦʞʝʪ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ Cr
+6 
ʚ Cr

+3
. ʇʦʵʪʦʤʫ ʜʣʷ 

ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʠʟʤʝʥʥʝʥʫʶ ʩʭʝʤʫ 

ʩʦʛʠʜʨʦʣʠʟʘ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʛʜʘ ʥʘʨʷʜʫ ʩ ʭʨʦʤʘʪʦʤ ʢʘʣʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʦʥʦ- ʠ ʪʨʠʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʬʝʥʠʣʩʠʣʘʥʪʨʠʦʣʘ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʩʭʝʤʘʤ: 

xK2CrO4 + yPhSi(O)ONa + H2SO4 Ÿ (PhSiO1.5)y(CrO3)x + K2SO4 + Na2SO4 

xK2CrO4 + yPhSi(ONa)3 + H2SO4 Ÿ (PhSiO1.5)y(CrO3)x + K2SO4 + Na2SO4 

 ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʦʪʥʦʰʝʥʠʝ Si/Cr ʪʘʢʞʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʠʩʭʦʜʥʦʛʦ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʣʠʤʝʨʦʚ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʠʤʝʥʥʦ ʭʨʦʤ ʚ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +6. ʊʘʢ ʚ ʋʌ-ɺʀɼ ʩʧʝʢʪʨʝ ʛʝʪʝʨʦʬʝʥʠʣʩʠʣʦʢʩʘʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʘʪʦʤʳ ʭʨʦʤʘ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +3 (ʢʦʪʦʨʳʡ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ), ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʦʢʦʣʦ 630, 450 ʥʤ. ɺ ʩʧʝʢʪʨʘʭ ʞʝ ʚʩʝʭ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤʳ ʭʨʦʤʘ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +6, ʵʪʠ 

ʧʦʣʦʩʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʟʘʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʧʨʠ 350 ʥʤ (ʦʪʚʝʯʘʶʱʘʷ Cr
+6

) [4]. 
1. K. Cann et al. Macromol. Simp. 2004, 213, 1305-1308. 

2. F.J. Feher et al. J. Chem. Soc., Chem. Commun. 1990, 22, 1614-1616. 

3. ʉ.ɻ. ʂʨʘʩʠʮʢʘʷ. ɹʫʪʣʝʨʦʚʩʢʠʝ ʩʦʦʙʱʝʥʠʷ. 2013, 36(12), 82-84. 

4. ʄ.ɻ. ɺʦʨʦʥʢʦʚ. ɻʝʪʝʨʦʩʠʣʦʢʩʘʥʳ. ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ, 1984. ʉ. 495. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ɼɺʌʋ (ʧʨʦʝʢʪ ˉ 12-

03-1302-ʤ-17) 
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P19 

ʉɺɽʈʍʈɸɿɺɽʊɺʃɪʅʅʓɽ ʇʆʃʀɻʃʀʎɽʈʀʅʓ ï ʅʆɺʓɽ 

ɻʈɸɼʀɽʅʊʅʓɽ ɸʄʌʀʌʀʃʔʅʓɽ ʇʆʃʀʄɽʈʓ 
 

ʆ.ɺ. ɹʘʨʘʥʦʚ, ɺ. ɺ. ʀʩʪʨʘʪʦʚ, ɺ.ɸ. ɺʘʩʥʝʚ
 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: kafedraafkx@mail.ru 

 

ʉʚʝʨʭʨʘʟʚʝʪʚʣʸʥʥʳʝ ʧʦʣʠʛʣʠʮʝʨʠʥʳ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʭʦʜʝ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ, 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʦʤʫ ʢʣʘʩʩʫ ʩʦʧʦʣʠʤʝʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʠʝ 

ʮʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ, ʚʳʩʦʢʘʷ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʚʳʩʦʢʘʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ [1]. 

ʉʚʝʨʭʨʘʟʚʝʪʚʣʸʥʥʳʝ ʧʦʣʠʛʣʠʮʝʨʠʥʳ ʙʳʣʠ ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, 

ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʶ ʘʤʬʠʬʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʦʣʠʛʣʠʮʝʨʠʥʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʚʝʜʸʥʥʳʝ ʨʘʙʦʪʳ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ, ʧʨʠʜʘʶʱʠʭ ʧʦʣʠʛʣʠʮʝʨʠʥʘʤ ʛʠʜʨʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ[2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʨʘʟʣʠʯʠʝ ʚ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʤʝʞʜʫ 

ʷʜʨʦʤ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʱʠʤ  ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʠ 

ʧʝʨʠʬʝʨʠʝʡ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʟʘʤʝʱʸʥʥʳʝ ʧʦʣʠʛʣʠʮʝʨʠʥʳ ʷʚʣʷʶʪʩʷ ʛʨʘʜʠʝʥʪʥʳʤʠ ʘʤʬʠʬʠʣʴʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʨʘʟʚʝʪʚʣʸʥʥʳʭ ʧʦʣʠʛʣʠʮʝʨʠʥʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ  ʧʦʣʠʛʣʠʮʝʨʠʥʦʚ ʦʪ ʠʭ ʩʪʨʦʝʥʠʷ. 

ʈʝʰʝʥʠʶ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠ ʧʦʩʚʷʱʝʥʦ ʜʘʥʥʘʷ ʨʘʙʦʪʘ.   
 

1. Rajesh K. Kainthan et al, Biomaterials 2007, 28, 4779ï4787  

2. Daniel Wilms et al Accounts of chemical research l.v., 2010, 43(1), 129-141. 

 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ. 14-03-00521). 
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ʂʆʄʇʃɽʂʉʓ YB(II ), SM(II) ʠ CA(II)  ɺ ʂɸʊɸʃʀɿɽ 

ʄɽɾʄʆʃɽʂʋʃʗʈʅʆɻʆ ɻʀɼʈʆɸʄʀʅʀʈʆɺɸʅʀʗ ʀ 

ɻʀɼʈʆʌʆʉʌʀʅʀʈʆɺɸʅʀʗ ʆʃɽʌʀʅʆɺ ʀ ɸʎɽʊʀʃɽʅʆɺ 
 

ʀ.ɺ. ɹʘʩʘʣʦʚ, ɼ.ʄ. ʃʶʙʦʚ, ɸ.ɸ. ʊʨʠʬʦʥʦʚ  

 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ 

ʫʣ. ʊʨʦʧʠʥʠʥʘ ʜ. 49, 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɽ-mail: basalov.vania@yandex.ru 

 

ʈʝʘʢʮʠʠ ʛʠʜʨʦʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ï ʵʪʦ ʬʦʨʤʘʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩʚʷʟʠ ʍ-H ʢ 

ʥʝʥʘʩʳʱʝʥʥʳʤ ʉ-ʉ ʩʚʷʟʷʤ, ʢʦʪʦʨʦʝ  ʷʚʣʷʶʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʧʫʪʝʤ 

ʧʦʣʫʯʝʥʠʷ ʘʟʦʪ- ʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʤʦʣʝʢʫʣ. ɺʚʠʜʫ ʘʪʦʤ-ʵʢʦʥʦʤʥʦʩʪʠ ʨʝʘʢʮʠʡ ʠ 

ʦʪʩʫʪʩʪʚʠʶ ʚ ʨʝʘʢʪʦʨʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʵʪʠ ʧʨʦʮʝʩʩʳ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʢʦʥʮʝʧʮʠʷʤʠ "ɿʝʣʝʥʦʡ ʭʠʤʠʠ" ʠ "ʋʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ", ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʩʢʘʞʝʪʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʉʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʷ ʘʤʠʥʦʦʣʝʬʠʥʦʚ ʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ ʢʘʨʙʦʜʠʠʤʠʜʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ 

ʢʦʤʧʣʝʢʩʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ, ʦʙʳʯʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ, 

ʠʤʝʶʱʠʭ ʙʦʣʴʰʠʝ ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ 

ʭʠʤʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʷ ʠ 

ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ.  

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʷ ʠ 

ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʘʤʠʜʥʳʭ ʠ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Yb(II), 

Sm(II) ʠ Ca(II) ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʷ ʠ ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ, ʘʮʝʪʠʣʝʥʦʚ 

ʠ ʜʠʝʥʦʚ.  

 
 

ʈʠʩ.1. ʘ) ʈʝʘʢʮʠʷ ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ ʩʪʠʨʦʣʘ ʬʝʥʠʣʬʦʩʬʠʥʦʤ; ʙ) ʈʝʘʢʮʠʷ ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ 

ʪʦʣʘʥʘ ʬʝʥʠʣʬʦʩʬʠʥʦʤ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (12-03-93109-ʅʎʅʀʃ_ʘ). 

  



66 

 

P21 

ʆʇʈɽɼɽʃɽʅʀɽ ɺʈɽʄɽʅʅʓʍ ɻʈɸʅʀʎ ɻɽʊɽʈʆʌɸɿʅʆɻʆ 

ʉʆʉʊʆʗʅʀʗ ɼʃʗ ʌʇʂ ʅɸ ʆʉʅʆɺɽ ʆʃʀɻʆʄɽʈɸ ʆʂʄ-2 
 

ʄ.ɸ. ɹʘʪʝʥʢʠʥ
a
, ʉ.ʅ. ʄʝʥʩʦʚ

a,b
, ʖ.ɺ. ʇʦʣʫʰʪʘʡʮʝʚ

a 

 
a
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʫʣ. ʊʨʦʧʠʥʠʥʘ, ʜ. 49, 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
b
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ

 

ʧʨ. ɻʘʛʘʨʠʥʘ, ʜ. 23, 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɽ-mail: mensov@iomc.ras.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʥʦʤʝʨʳ, ʦʙʨʘʟʫʶʱʠʝ ʩʝʪʯʘʪʳʡ ʧʦʣʠʤʝʨ, 

ʦʛʨʘʥʠʯʝʥʥʦ ʩʦʚʤʝʩʪʠʤʳ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʣʠʤʝʨʦʤ. ɽʩʣʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʠʩʪʝʤʫ ʤʦʥʦʤʝʨïʧʦʣʠʤʝʨ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʛʦʤʦʬʘʟʥʦʡ, ʪʦ ʩ ʨʦʩʪʦʤ 

ʢʦʥʚʝʨʩʠʠ ʧʦʣʠʤʝʨʠʟʫʶʱʘʷʩʷ ʩʨʝʜʘ ʧʝʨʝʭʦʜʠʪ ʚ ʛʝʪʝʨʦʬʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɼʠʬʬʫʟʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʬʦʪʦʧʦʣʠʤʝʨʠʟʫʶʱʝʡʩʷ ʢʦʤʧʦʟʠʮʠʠ 

(ʌʇʂ), ʫʯʠʪʳʚʘʶʱʘʷ ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʠ ʩ ʛʝʪʝʨʦʬʘʟʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʧʨʦʮʝʩʩʳ ʤʠʢʨʦʬʘʟʦʚʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʤʧʣʠʪʫʜʫ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʩʘʤʠʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʦʙʲʝʤʝ ʌʇʂ [1]. ʆʜʥʘʢʦ 

ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʤʧʣʠʪʫʜʦʡ ʵʪʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʜʠʥʘʤʢʫ ʨʘʟʚʠʪʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ ʫʯʘʩʪʢʘʭ ʛʦʤʦʬʘʟʥʦʛʦ ʠ ʛʝʪʝʨʦʬʘʟʥʦʛʦ 

ʩʦʩʪʦʷʥʠʡ, ʥʦ ʠ ʚʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʵʪʠʭ ʦʙʣʘʩʪʝʡ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʛʨʘʥʠʮ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʧʦʣʠʤʝʨʠʟʫʶʱʘʷʩʷ ʩʨʝʜʘ ʧʝʨʝʭʦʜʠʪ ʠʟ ʛʦʤʦʬʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʛʝʪʝʨʦʬʘʟʥʦʝ 

ʠ ʦʙʨʘʪʥʦ, ʜʣʷ ʌʇʂ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʥʦʤʝʨʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʫʛʣʦʚʳʭ ʩʧʝʢʪʨʦʚ ʨʘʩʩʝʷʥʠʷ ʠʟʣʫʯʝʥʠʷ, 

ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʩʣʦʡ ʧʦʣʠʤʝʨʠʟʘʪʘ, ʠ ʪʝʤ ʩʘʤʳʤ ʦʪʩʣʝʞʠʚʘʪʴ ʢʠʥʝʪʠʢʫ ʨʘʟʚʠʪʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʌʇʂ ʚ ʭʦʜʝ ʝʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʠʟʫʶʱʘʷʩʷ ʩʨʝʜʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʛʦʤʦʬʘʟʥʦʤ ʠʣʠ 

ʛʝʪʝʨʦʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɽʩʣʠ ʩʠʩʪʝʤʘ ʤʦʥʦʤʝʨïʧʦʣʠʤʝʨ ʥʘʭʦʜʠʪʩʷ ʚ ʛʦʤʦʬʘʟʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʪʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʝʣʘʢʩʠʨʫʶʪ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʨʘʩʩʝʷʥʠʝ ʥʘ ʥʠʭ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. ɸ ʝʩʣʠ ʧʦʣʠʤʝʨʟʘʪ ʥʘʭʦʜʠʪʩʷ ʚ ʛʝʪʝʨʦʬʘʟʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʪʦ ʤʠʢʨʦʬʘʟʦʚʦʝ ʨʘʩʩʣʦʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʪ.ʝ. ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʝʠʚʘʶʱʠʭ ʩʚʦʡʩʪʚ ʩʣʦʷ ʌʇʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʛʨʘʥʠʮʳ ʛʝʪʝʨʦʬʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʠʤʝʨʠʟʫʶʱʝʡʩʷ ʩʨʝʜʳ. ʅʘʧʨʠʤʝʨ ʜʣʷ ʌʇʂ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʦʣʠʛʦʤʝʨʘ ʆʂʄ-2 ʩ ʠʥʠʮʠʠʨʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʟʘʤʝʱʝʥʥʳʡ ʦʨʪʦ-ʙʝʥʟʦʭʠʥʦʥ 

(0.05 ʤʘʩ.%) ʠ N,N-ʜʠʤʝʪʠʣʵʪʘʥʦʣʘʤʠʥ (1 ʤʘʩ.%) ʧʨʠ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʠʟʣʫʯʝʥʠʝʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʩ ɚ = 0.635 ʤʢʤ ʠ I = 6 ʤɺʪ/ʩʤ
2
 ʤʠʢʨʦʬʘʟʦʚʦʝ ʨʘʩʩʣʦʝʥʠʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 60 ï 240 ʩ. 
1. ʄ.ɸ. ɹʘʪʝʥʴʢʠʥ, ʉ.ʅ. ʄʝʥʩʦʚ ɺʳʩʦʢʦʤʦʣʝʢ. ʩʦʝʜ. ɹ, 2012, 54(10), 1576 ï 1584. 
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For the purpose of giving to polymers of resistance to thermooxidizing influences, and also 

sacred and weather-proof are widely used special additives ï low-molecular stabilizers. They 

are entered into polymer directly in the course of processing. 

In work PE with a molecular weight ~ 200000, received in the Shurtan gas-chemical complex 

was used. Therefore as model not heat-resistant polymer we used PE of low density of the F-

Y-720 and R-Y-342 brand. 

We developed oligomer antioxidants on the basis of gossypol and were called as: GAG (an 

oligomer of gossypol with allele halogen).  

When using an oligomer antioxidant of GAG in number of 0,05ï0,2% size Ű polymer changes 

practically in proportion to its contents and makes at 448 K in the presence of 0,05, 0,1 and 

0,2% of an oligomer antioxidant of 50, 65 and 118,5 min. according to. Dependence of the 

induction period Ű from temperature in coordinates of the equation of Arrhenius has linear 

character. With increase in temperature size Ű decreases. The identical tilt angle of straight 

lines of this dependence at the different maintenance of an antioxidant testifies to identity of 

the mechanism of inhibition of oxidation of PE at change of quantity of an antioxidant. At the 

same time character of kinetic curves of absorption of oxygen and accumulation of carbonyl 

groups (in IR spectrum an absorption strip at 1720 cm
-1

) in samples at their high-temperature 

processing significantly depends on quantity of the entered antioxidant. At its contents <1% is 

observed usual nature of oxidation of PE with the induction period, during which absorption 

of oxygen insignificantly. At higher maintenance of an antioxidant intensive absorption of 

oxygen by polymer begins at more high temperature in spite of the fact that its physic-

mechanical properties thus significantly don't change. The amount of absorbed oxygen and 

C=O which were formed in a film of groups quickly reaches a maximum, and then is slowed 

down, usual intensive destruction of PE is thus observed. 

Features of kinetics of oxidation of PE and absence thus essential changes of physic-

mechanical properties of films (durability and relative lengthening at a gap) testify to process 

braking oxidation by the entered antioxidant.  With increase in quantity of an antioxidant, 

obviously, the role of structural transformations of PE with formation of the intermediate 

active products which are easily oxidized by oxygen increases.  

The analysis of results of the conducted research showed that oligomer antioxidants on the 

basis of derivatives of gossypol are effective inhibitors of oxidation of PE. 
1. Serenkova I.A. High-temperature oxidation of some aromatic and heterocyclic polymers. PhD. IHF of 

Academy of Sciences of the USSR. M.: 1979 . ï152 pages. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʦʥʠʪʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʤʝʨʦʚ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ, ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʧʠʱʝʚʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʝʪʘʣʣʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʟʫʶʪʩʷ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʟʘʛʨʷʟʥʝʥʥʳʝ ʩʦʣʷʤʠ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʝʩʴʤʘ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʩʠʩʪʝʤʫ [1].  

ʀʦʥʳ ʩʚʠʥʮʘ ʚʭʦʜʷʪ ʚ ʛʨʫʧʧʫ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ, ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠʟ-ʟʘ ʚʳʙʨʦʩʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʫʛʣʝʡ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, ʩʪʦʢʦʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ, ʰʘʭʪ), ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʪʨʘʵʪʠʣʩʚʠʥʮʘ ʢʘʢ ʘʥʪʠʜʝʪʦʥʘʪʦʨʘ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ[2]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʥʦʚʳʭ ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ʅʘʤʠ ʠʟʫʯʝʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʘ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʘ 

ʛʣʠʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʘ  (ɻʄɸ). ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʪʠʦʥʠʪʘ. ɺ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷ ʠʟʫʯʝʥʦ ʩʦʨʙʮʠʷ ʠʦʥʦʚ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʉo
2+

 , ʈb
2+ 
ʥʦʚʳʤ ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʦʤ ʠʟ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʤ ʚ 

ʩʨʘʚʥʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʦʤ ʂʋ-2x8. 

ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʠʦʥʦʦʙʤʝʥʥʠʢʦʤ ʂʋ -2x8 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ,r ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʩʫʣʴʬʘʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 1,9-2,3 ʛ-ʣ
-1

 ʤʝʪʘʣʣʦʚ (ʨʅ 3,39-6,05), ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ (ʉɽ) 

ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʘ ʧʦ ʠʦʥʘʤ ʉo
2
+ (383 ʤʛ/ʛ) ʠ ʈb

2
+(518 ʤʛ/ʛ)  ʚʳʰʝ, ʯʝʤ ʫ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʂʋ-2ʭ8 (ʉɽ, 236 ʤʛ/ʛ) . 

 

ʉʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ 

ʂʘʪʠʦʥʠʪ ʉʆɽ ʧʦ 0,1ʥ 

ʨʘʩʪ-ʫ NaOH ʤʛ-

ʵʢʚ/ʛ 

ʉɽ, ʤʛ/ʛ 

ʈb
2
+  ʉʦ

2+
 Zn

2+
 

ʂʋ-2ʭ8 4,60 372,8 236,0 195,6 

ɻʄɸ-ʊʇɻɼɸ-SO3H 5,83 518,0 383,0 137,0 

 
1. ʅʠʢʠʬʦʨʦʚʘ ʊ.ɽ., ɹʘʛʨʦʚʩʢʘʷ ʅ.ɸ., ʂʦʟʣʦʚ ɺ.ɸ., ʃʠʣʠʥ ʉ.ɸ. ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʨʦʜʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ // ʍʠʤʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

2009, ˉ1. ʉ. 5-14. 

2. V.V. Simonov, Y.V. Tamarkin , V.A. Kucherenko, T.G. Shendrik. Adsorption of lead ions nanoporous 

materials obtained by alkaline activation of brown coal// Journal of Siberian Federal University. Chemistry 1 

2012, (5) 113-122. 
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Infections by pathogenic microorganisms are of great concern in many fields, particularly in 

medical applications. In general there are two strategies to prevent infecting humans or 

deteriorating materialsðdisinfection and antimicrobial surfaces. The polymeric antimicrobial 

agents have certain advantages such as long-termed service and hindered development of 

microbial resistance. 

In the present work the series of quaternized polyethylenimine based polymers were 

synthesized using conventional and microwave assistant techniques using polyethylenimine 

as starting material. We used ethylene glycol derivatives and alkyl halides as alkylating 

agents. Quaternization was carried out using dimethyl sulfate or methyl iodide. All 

synthesized compounds were characterized by IR, UV-Vis, NMR spectroscopy and 

thermogravimetry. These polymeric compounds showed significant bactericidal activity 

against E.coli and S.aureus (log 3-6 colony forming unit reduction). Zone of inhibition growth 

was found to be absent and UV spectrum of water extract had no peaks, which confirms the 

contact-active mechanism of bactericidal activity. These antimicrobial compounds were found 

to be stable up to 220ÁC. Thus the antimicrobial polymeric agent based on synthesized 

polyethylenimine derivative could be very useful in many applications such as preparation of 

packing material, implants and filters. 

It was shown that quaternized polyethylenimines could be used as effective additive to 

common commercially available materials such as polystyrene and poly(methyl methacrylate) 

to produce antimicrobial properties of films, so the addition of 5-8% polyethylenimine based 

polymer to polystyrene matrix ensured total kill of pathogenic microorganisms at the surface. 

T Also it was determined that there was no release of antimicrobial agent from surface he 

films were also analyzed by UV-Vis, IR spectroscopy, optical and electronic microscopy. It 

was discovered that the character of antimicrobial polymer distribution is largely depends on 

polymeric matrix. We expect that antimicrobial coatings on implants for osteosynthesis would 

be very useful for preventing secondary infections associated with biofilm formation in 

orthopedic surgery. 
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Self-healing materials have the capability of repairing or recovering themselves when 

suffering mechanically or thermally induced damage, which can occur autonomously or be 

activated by external stimuli once or multiple times. The DielsïAlder (DA) cycloaddition and 

the retro DielsïAlder (rDA) cycloreversion reaction are simple and powerful tool for design 

self-healing materials. In the present work we used furan-maleimide DA reaction for self-

healing.  

ʊo provide material with crack healing capability, an epoxy containing both furan and 

epoxide groups (FuEp) was synthesized and fully characterized by IR and NMR-spectroscopy 

(Fig. 1)  Diels-Alder reaction between FuEp and BIM was investigated by NMR and DSC 

(Fig. 2) 

1) Maleic anhydride,
 acetone, 30 min

2) Ac2O, reflux

FuEp

BMI

NaOHneat, 5 h

40-60 ʦʉ

        

DAEp
neat, 70 oC

     5 min

FuEpBMI

neat, 70 oC

     5 min

 
Fig. 1. The synthesis of basic components: epoxy 

(FuEp) and bismaleimide (BMI). 
Fig.2 Diels-Alder reaction between FuEp and BMI. 

 
The series of multicomponent epoxy compositions were developed. All compositions contains 

FuEp, BMI and hexahydro-4-methylphthalic anhydride (MHHPA) polymerized at 70
o
C for 8-

48 h. We also used triethylene glycol (3G) as catalyst for the reaction between MHHPA and 

FuEp and demonstrated that 15% w/w of 3G in compositions results in faster self healing 48 h 

instead 72h. We used DSC to tune self-healing properties of epoxy composition. 
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ʅʘʥʦʛʘʬʥʠʡʦʣʠʛʦʢʘʨʙʦʩʠʣʘʥʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʩʦʢʦʥʜʝʥʩʘʮʠʠ 

ʦʣʠʛʦʢʘʨʙʦʩʠʣʘʥʘ (ʧʨʦʜʫʢʪ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʘʥʘ) ʠ 

ʘʤʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʘʬʥʠʷ [1]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ 

ʥʘʥʦʛʘʬʥʠʡʦʣʠʛʦʢʘʨʙʦʩʠʣʘʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʩʪʚʦʨʠʤʳʝ ʧʣʘʚʢʠʝ 

ʚʦʣʦʢʥʦʦʙʨʘʟʫʶʱʠʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʦʣʠʛʦʤʝʨʳ ʩ ʛʦʤʦʛʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ (10-20 ʥʤ) ʛʘʬʥʠʡʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʚ ʤʘʪʨʠʮʝ ʦʣʠʛʦʤʝʨʘ. 

ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʛʘʬʥʠʡʦʣʠʛʦʢʘʨʙʦʩʠʣʘʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʩʭʝʤʝ ʠ ʦʪʨʘʞʘʝʪ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʟʚʝʥʴʷ ʧʦʣʠʤʝʨʥʦʡ 

ʤʦʣʝʢʫʣʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʤʠ ʛʘʬʥʠʷ ʢʨʝʤʥʠʡʢʘʨʙʠʜʥʳʭ ʚʦʣʦʢʦʥ 

ʥʘʥʦʛʘʬʥʠʡʦʣʠʛʦʢʘʨʙʦʩʠʣʘʥ rʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʦʣʦʢʥʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʠʭ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʦʜʝʨʞʘʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʢʠʩʣʦʨʦʜʘ ʠ ʙʣʠʟʢʦʝ ʢ ʩʪʝʭʠʦʤʝʪʨʠʠ ʩ ʢʨʝʤʥʠʝʤ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ. ʇʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʦʥ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʢʝʨʘʤʠʢʠ. 

ʅʘʥʦʨʘʟʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʠʩʭʦʜʥʦʛʦ 

ʥʘʥʦʛʘʬʥʠʡʦʣʠʛʦʢʘʨʙʦʩʠʣʘʥʘ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʦʚ ʝʛʦ ʩʰʠʚʢʠ ʠ 

ʧʠʨʦʣʠʟʘ. 

ɼʣʷ ʬʦʨʤʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʥʘʥʦʛʘʬʥʠʡʦʣʠʛʦʢʘʨʙʦʩʠʣʘʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʘʧʠʣʣʷʨʥʳʡ ʚʠʩʢʦʟʠʤʝʪʨ SR20, ʧʦʜ ʥʠʤ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʘʰʠʥʘ ʜʣʷ ʥʘʤʦʪʢʠ 

ʩʬʦʨʤʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʥʘ ʧʨʠʸʤʥʫʶ ʰʧʫʣʶ. ʇʦʩʣʝ ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʧʠʨʦʣʠʟʘ 

ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʥʘʥʦʛʘʬʥʠʡʦʣʠʛʦʢʘʨʙʦʩʠʣʘʥʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʝʤʥʠʡʢʘʨʙʠʜʥʳʝ ʚʦʣʦʢʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷʤʠ ʛʘʬʥʠʷ. ʆʙʨʘʟʮʳ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʉʕʄ. 
1. G.I. Shcherbakova et al. Inorganic Materials 2014, 50(4), 423ï630. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-12014 ʦʬʠ_ʤ). 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʠʪʘʥʘʜʠʛʠʜʨʦʬʫʨʘʥʦʚʦʛʦ ʤʝʪʘʣʣʘʮʠʢʣʘ (1) ʩ ʵʢʚʠʤʦʣʷʨʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ 
i
Bu2AlH ʚ ʛʝʢʩʘʥʝ ʧʨʠ 20Üʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʚʠʪʪʝʨʠʦʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (2). ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʤʦʣʝʢʫʣʘ 
i
Bu2AlH ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ 

ʩʚʦʠʤ ʣʴʶʠʩʦʚʦʢʠʩʣʦʪʥʳʤ ʘʣʶʤʠʥʠʝʚʳʤ ʮʝʥʪʨʦʤ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʤʝʪʘʣʣʘʮʠʢʣʘ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʠʜʨʠʜʥʳʡ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʦʙʨʘʟʫʝʪ ʤʦʩʪʠʢ ʩ ʘʪʦʤʦʤ ʪʠʪʘʥʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 1 ʩ 
i
Bu2AlH ʩʚʷʟʠ TiïC(SiMe3) ʠ TiïO ʚ 2 ʩʠʣʴʥʦ 

ʫʜʣʠʥʷʶʪʩʷ. 

 
ʎʠʨʢʦʥʘʬʫʨʘʥʦʥʦʚʳʡ ʤʝʪʘʣʣʘʮʠʢʣ (3) ʨʝʘʛʠʨʫʝʪ ʩ ʜʚʫʭʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ 

ʜʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʡʛʠʜʨʠʜʘ ʚ ʮʠʢʣʦʛʝʢʩʘʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩ ʪʨʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʝʤ, ʢʦʪʦʨʳʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʣʫʯʘʝʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ 
i
Bu2AlH ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ʄʦʣʝʢʫʣʘ 

i
Bu3Al  ʚ ʚʳʜʝʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ (4) ʩʚʷʟʘʥʘ ʯʝʨʝʟ ʘʪʦʤ ʘʣʶʤʠʥʠʷ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤ 

ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ 
i
Bu3Al  ʩ 3 ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʤʝʪʘʣʣʘʮʠʢʣʝ, ʥʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʥʝ ʪʘʢʠʝ ʩʠʣʴʥʳʝ ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ 2. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 12-03-00036). 
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ʇʆʃʋʏɽʅʀɽ ʌʊʆʈʉʆɼɽʈɾɸʑʀʍ ʎʀɸʅɻʀɼʈʀʅʆɺ ʀɿ 

ɻɽʂʉɸʍʃʆʈɸʎɽʊʆʅɸ. 
 

ɺ. ʕ. ɹʦʡʢʦ, ɸ. ɸ.ʊʶʪʶʥʦʚ, ɸ.ɺ. ʉʠʥʴʢʦ, ʉ. ʄ. ʀʛʫʤʥʦʚ
 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʝ-mail: boykii@mail.ru 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʬʪʦʨ- ʠ 

ʭʣʦʨʩʦʜʝʨʞʘʱʠʝ) ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʬʪʦʨ- ʠ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʤʦʥʦʤʝʨʳ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ (ʚʳʩʦʢʠʤ ʠ ʥʠʟʢʠʤ) ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʡ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʜʣʦʞʢʘʤ.  

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʩʭʝʤʝ 1 ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʮʠʘʥʛʠʜʨʠʥʦʚ ʠʟ ʛʝʢʩʘʭʣʦʨʘʮʝʪʦʥʘ. 

 

 
 

ʉʭʝʤʘ 1. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ14-19-01659) 
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ʄɽɾʌɸɿʅʓʁ ʉʀʅʊɽɿ ʌʆʉʌʆʈʉʆɼɽʈɾɸʑʀʍ ʇʆɼɸʅɼʆɺ ʅɸ 

ʆʉʅʆɺɽ ɼʀʌɽʅʀʃ- ʀ ɼʀɹʋʊʀʃʌʆʉʌʀʅʀʃʄɽʊʀʃʆɺʆɻʆ 

ʉʇʀʈʊʆɺ 
 

ɸ. ɺ. ʍʘʨʣʘʤʦʚ
ʘ
, ʆ. ʀ. ɸʨʪʶʰʠʥ

b
, ʅ. ɸ. ɹʦʥʜʘʨʝʥʢʦ

ʘ
 

 
ʘ
 ʌɻʋʇ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʪʠʚʦʚ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚè (ʀʈɽɸ), 

ʫʣ. ɹʦʛʦʨʦʜʩʢʠʡ ʚʘʣ, 3, 107076, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: bond039@mail.ru  
b 
ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʥʦ- (1) ʠ 

ʙʠʩʬʦʩʬʠʥʠʣʟʘʤʝʱʸʥʥʳʝ  ʘʥʘʣʦʛʠ (2,3) ʜʠʘʤʠʜʦʚ ʜʠʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʳ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʚʳʩʦʢʫʶ ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ [1]. 

ʂʘʨʙʘʤʦʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 1a,b ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ:  

ʤʝʞʬʘʟʥʦʛʦ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʦʩʬʠʥʠʣʟʘʤʝʱʸʥʥʳʭ ʩʧʠʨʪʦʚ 4a,b ʤʝʪʠʣʭʣʦʨʘʮʝʪʘʪʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʟʚʦʜʥʦʛʦ Cs2CO3 (ʜʠʦʢʩʘʥ, 60-65Áʉ, 10 ʯ), ʛʠʜʨʦʣʠʟʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʬʠʨʦʚ (90-95%) ʠ ʘʤʠʜʠʨʦʚʘʥʠʷ [2] ʚʳʜʝʣʝʥʥʳʭ  

ʢʠʩʣʦʪ 5a,b ʪʨʠʩ(ʜʠʙʫʪʠʣʘʤʠʜʦ)ʬʦʩʬʠʪʦʤ ʚ ʫʩʣʦʚʠʷʭ one-pot ʩʠʥʪʝʟʘ. ɺʳʭʦʜʳ 

ʧʨʦʠʟʚʦʜʥʳʭ 1a,b ʩʦʩʪʘʚʣʷʶʪ 60-73%. 

1,2,4,5: R = Ph (a), Bu (b); 6: R1 = Ph (a), Bu (b)

R2P OH

O

R2P O COH

O

aq NaOH;  iii. aq HCl

(Bu2N)3P
R2P O CNBu2

OO

TsCl / Cs2CO3

R2P O PR2

OO

R1
2P OTs  (6a,b) / Cs2CO3

O

Ph2P O PBu2

OO

+ +

1a,b

2a,b

2a

3

2b

4a,b

5a,b

ʈʝʘʛʝʥʪr : i.Cl COOMe / Cs2CO3; ii.

i
R2P O COMe

O O
ii, iii

O

 
ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʵʬʠʨʦʚ 2a,b ʨʘʟʨʘʙʦʪʘʥ one-pot ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʚ ʤʝʞʬʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 4a,b ʠ ʪʦʟʠʣʭʣʦʨʠʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʙʝʟʚʦʜʥʦʛʦ Cs2CO3 (ʜʠʦʢʩʘʥ, 100-105Áʉ, 1-5 ʯ). ɺʳʭʦʜʳ ʵʬʠʨʦʚ 2a,b ʩʦʩʪʘʚʣʷʶʪ 60-70%. 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʪʦʟʠʣʘʪʦʚ 6a,b ï ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʥʪʝʟʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʵʬʠʨʘ 3 ʧʫʪʸʤ ʤʝʞʬʘʟʥʦʛʦ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

ʤʝʪʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 4a,b ʪʦʟʠʣʭʣʦʨʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʟʚʦʜʥʦʛʦ K2CO3 (ʘʮʝʪʦʥ, 56-

60Áʉ, 1 ʯ, ʚʳʭʦʜ 70-80%). ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʢ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 4ʘ ʩ ʪʦʟʠʣʘʪʦʤ 

6b, ʪʘʢ ʠ ʩʧʠʨʪʘ 4b ʩ ʪʦʟʠʣʘʪʦʤ 6a ʚ ʧʨʠʩʫʪʩʪʚʠʠ Cs2CO3 (ʜʠʦʢʩʘʥ, 100-105Áʉ, 5 ʯ) ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʝ ʧʦʤʠʤʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʵʬʠʨʘ 3 (94 ʠ 68%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʦʙʥʘʨʫʞʝʥʳ ʩʠʤʤʝʪʨʠʯʥʳʝ ʵʬʠʨʳ 2a,b ʧʦ 3 ʠ 16%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʱʝʣʦʯʥʦʛʦ ʘʛʝʥʪʘ NaH. 
1. Sasaki, Y. et al. Anal. Chim. Acta. 2005, 543, 31-37. 

2. ʐʚʝʮʦʚ, ʀ.ʂ. ʠ ʜʨ. ʈʘʜʠʦʭʠʤʠʷ. 1989, 31, 63-66. 
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ɼʀʂɸʈɹɽʅɸ ʉ2 (X
1
SG

+
) ʉ ʄʆʃɽʂʋʃʗʈʅʓʄ ɸɿʆʊʆʄ  

 

ʖ.ɸ. ɹʦʨʠʩʦʚ
a
, ʖ.ɸ. ʂʦʣʙʘʥʦʚʩʢʠʡ

b 

 
a
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
 ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ɸ. ɺ. ʊʦʧʯʠʝʚʘ  

ʈɸʅ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, 29, ʄʦʩʢʚʘ, 119991 ʈʦʩʩʠʷ 

ɽ-mail: yuaborisov@mail.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʢʩʠʜ ʘʟʦʪʘ Nʆ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʟʦʪʘ ʧʦ 

ʨʝʘʢʮʠʠ ʆ2 + N2 = 2NO, ʥʦ ʠ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚ [1], ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ (1), ʥʘʧʨʠʤʝʨ, ʧʦ ʨʝʘʢʮʠʠ (2): 

C2 + N2 = 2CN   (1) 

CN +ʆ2 = CO + NO   (2)   

ɿʘʤʝʪʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ CN ʠ HCN ʚ ʤʝʞʟʚʝʟʜʥʳʭ ʤʦʣʝʢʫʣʘʭ ʜʘʚʥʦ 

ʠʟʚʝʩʪʥʦ ʠ ʯʪʦ ʧʨʠʥʮʠʧ "ʦʪ ʧʨʦʩʪʦʛʦ ʢ ʩʣʦʞʥʦʤʫ" ʯʘʩʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ, 

ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʘʩʪʨʦʬʠʟʠʢʝ ʠ ʘʩʪʨʦʭʠʤʠʠ. ʊʘʢ ʠ ʚ ʨʝʘʢʮʠʠ (1) ʠʟ ʜʚʫʭ ʛʦʤʦʷʜʝʨʥʳʭ 
ʜʚʫʭʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʪʝʟ ʜʚʫʭ ʜʚʫʭʘʪʦʤʥʳʭ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘʢʮʠʷ (1) ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ [2]. ʉʦʛʣʘʩʥʦ [2] ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʉ2 + N2 ­ 2ʉN ʠʤʝʝʪ ʚʠʜ  

2.49Ĭ10
-11

 e
-41.8 [kcal/mole]/RT

[cm
3
/molecule s] 

ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʷ ʄʝʣʣʝʨʘïʇʣʝʩʩʝ MP2/aug-cc-pVDZ ʚʳʧʦʣʥʝʥʦ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʜʠʢʘʨʙʝʥʘ C2 (X
1
ɆG

+
) ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʘʟʦʪʦʤ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʝʘʢʮʠʠ ʚʝʩʴʤʘ 

ʩʣʦʞʥʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʫʯʘʩʪʚʫʶʪ ʚʩʝʛʦ ʯʝʪʳʨʝ ʘʪʦʤʘ. ʇʦʵʪʦʤʫ ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʩʙʣʠʞʝʥʠʝ ʤʦʣʝʢʫʣ ʉ2 (X
1
SG

+
) ʠ N2 ʧʨʠ ʠʭ ʨʘʟʣʠʯʥʦʡ ʚʟʘʠʤʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ: ʣʠʥʝʡʥʦʡ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ. ʇʨʠ ʣʠʥʝʡʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʩʚʷʟʠ ʉïʉ ʠ NïN ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ. ʇʨʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʙʣʠʞʝʥʠʠ ʤʦʣʝʢʫʣ 

N2 ʠ C2, ʢʦʛʜʘ ʩʚʷʟʴ ʉïʉ ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʚʷʟʠ NïN ʚ ʝʝ ʮʝʥʪʨ, 

ʦʙʨʘʟʫʝʪʩʷ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ C2N2 , ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʳʤ ʤʠʥʠʤʫʤʦʤ, 

ʣʝʞʘʱʠʤ ʚʳʰʝ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ C2 ʠ N2 ʥʘ 13.62 ʢʢʘʣ/ʤʦʣʴ. ʇʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣʳ ʉ2 ʠ N2 ʨʘʟʤʝʱʘʣʠ ʥʘ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʘʨʴʠʨʦʚʘʣʠ. ʇʦʩʣʝʜʥʷʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʧʦʨʦʛʦʚʦʡ 

ʵʥʝʨʛʠʝʡ 37.2 ʢʢʘʣ/ʤʦʣʴ, ʠʤʝʶʱʝʝ ʬʦʨʤʫ ʠʩʢʘʞʝʥʥʦʛʦ ʪʝʪʨʘʵʜʨʘ, ʢʦʪʦʨʦʝ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʠʣʴʥʦ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʳʡ ʜʠʮʠʘʥ ʟʘ ʚʨʝʤʝʥʘ ʧʦʨʷʜʢʘ 10
-13

 ï 

10
-14 
ʩ,  ʨʘʩʧʘʜʘʶʱʠʡʩʷ ʥʘ ʜʚʘ ʨʘʜʠʢʘʣʘ CN. 
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ʇʦʣʠʬʝʥʠʣʭʠʥʦʢʩʘʣʠʥʳ (ʇʌʍ) ï ʦʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʣʘʩʩʦʚ ʧʦʣʠʛʝʪʝʨʦʘʨʠʣʝʥʦʚ, 

ʩʦʯʝʪʘʶʱʠʭ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʠ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʨʝʢʨʘʩʥʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʭʦʨʦʰʠʝ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. ʉʫʣʴʬʠʨʦʚʘʥʥʳʝ 

ʧʦʣʠʬʝʥʠʣʭʠʥʦʢʩʘʣʠʥʳ (ʉʇʌʍ), ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʠʤʝʨʘʥʘʣʦʛʠʯʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʇʌʍ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʪʝʨʤʦʩʪʦʡʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʳ ʠ ʢʘʢ ʦʩʥʦʚʫ ʪʝʨʤʦʩʪʦʡʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʠʦʥʦʤʝʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ.  

ʄʦʥʦʤʝʨʘʤʠ ʜʣʷ ʇʌʍ ʙʳʣʠ ʚʳʙʨʘʥʳ 1,4-ʙʠʩ(ʬʝʥʠʣʛʣʠʦʢʩʘʣʠʣ)ʜʠʬʝʥʠʣʦʢʩʠʜ ʠ 

3,3ˇ,4,4ˇ-ʪʝʪʨʘʘʤʠʥʦʜʠʬʝʥʠʣʦʢʩʠʜ, ʢʦʪʦʨʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ 3,3ˇ- 

ʜʠʘʤʠʥʦʙʝʥʟʠʜʠʥʦʤ ʦʙʣʘʜʘʝʪ ʤʝʥɹ ʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʢ ʦʢʠʩʣʝʥʠ .ʁ ʇʨʦʮʝʩʩ ʧʨʠ 25
ʦ
ʉ ʚ ʩʨʝʜʝ ʭʣʦʨʦʬʦʨʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʥʦʣʘ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʧʨʦʪʦʥʦʚ ʧʨʠʚʦʜʠʣ ʢ ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʝʛʦ ʧʦʣʠʤʝʨʘ, ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʭʣʦʨʦʬʦʨʤʝ, ʙʝʥʟʠʣʦʚʦʤ 

ʩʧʠʨʪʝ, N-ʄʇ, ʤ-ʢʨʝʟʦʣʝ ʠ H2SO4. ʉʫʣʴʬʠʨʦʚʘʥʠʝ ʇʌʍ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ   120
ʦ
ʉ 

ʩʤʝʩʴʶ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʦʣʝʫʤʦʤ.  

ʇʨʝʚʨʘʱʝʥʠʝ ʇʌʍ ʚ ʉʇʌʍ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ  ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ  ʨʘʩʪʚʦʨʠʤʦʩʪʠ -  ʪʘʢ ʉʇʌʍ, ʩʦʜʝʨʞʘʱʠʝ  ʙʦʣʝʝ 1.7% 

S, ʪʝʨʷʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʭʣʦʨʦʬʦʨʤʝ,  ʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʙʦʣʝʝ 8 % S ʥʘʯʠʥʘʶʪ  

ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʵʪʘʥʦʣʝ ʠ  ʥʘʙʫʭʘʪʴ ʚ ʚʦʜʝ. ʅʝʡʪʨʘʣʠʟʘʮʠʷ ʩʫʣʴʬʦʛʨʫʧʧ ʚ ʉʇʌʍ 

ʠʦʥʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʦʥʦʤʝʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʦʡ:  

n
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Me = Na, K.  
ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʥʳʭ ʧʘʨ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʫʣʴʪʠʧʣʝʪʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʫʟʣʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʝʪʢʠ. çɹʣʦʢʠʨʦʚʘʥʠʝè ʩʫʣʴʬʦʛʨʫʧʧ ʚ ʪʘʢʠʭ ʫʟʣʘʭ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ  

ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʜʝʩʫʣʴʬʠʨʦʚʘʥʠʝʤ, 

ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʦʥʦʤʝʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʉʇʌʍ. ʀʦʥʦʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʉʇʌʍ ʭʦʨʦʰʦ ʥʘʙʫʭʘʶʪ ʚ ʚʦʜʝ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʝʪʦʜʦʤ ɼʉʂ  ʪʘʢʠʭ ʨʘʚʥʦʚʝʩʥʦ ʥʘʙʫʭʰʠʭ ʚʦʜʥʳʭ ʛʝʣʝʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʥʘʨʫʞʝʥ 

ʥʝʦʙʳʯʥʳʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʦʙʣʘʩʪʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ, ʧʦ-ʚʠʜʠʤʦʤʫ,  ʥʘʣʠʯʠʝʤ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ ʩʚʦʙʦʜʥʦʡ 

(ʦʙʲʝʤʥʦʡ) ʚʦʜʦʡ ʠ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʡ ʩʝʪʢʦʡ ʛʝʣʷ, ʠʤʝʶʱʠʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-03-00701). 
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ʇʆʃʋʏɽʅʀɽ ʅʆɺʓʍ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʇʈʆʀɿɺʆɼʅʓʍ 

ʀʄʀɼɸɿʆ[2,1-b]ʊʀɸɿʆʃɸ ʅɸ ʆʉʅʆɺɽ ʈɽɸʂʎʀʀ 

ʉʆʅʆɻɸʐʀʈʓ ʀ ʉʋɿʋʂʀ-ʄʀʗʋʈɸ 

 
ɸ. ʉ. ɹʫʥʝʚ

a
, ɽ. ɺ. ʉʫʭʦʥʦʩʦʚʘ

b
, ɻ. ʀ. ʆʩʪʘʧʝʥʢʦ

a 

 
a
ʊʦʣʴʷʪʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

445667 ʫʣ. ɹʝʣʦʨʫʩʩʢʘʷ, 14, ʛ. ʊʦʣʴʷʪʪʠ, ʈʦʩʩʠʷ 
b
ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

443011 ʫʣ. ɸʢʘʜʝʤʠʢʘ ʇʘʚʣʦʚʘ, 1, ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

E-mail: a.s.bunev@gmail.com 

 

ʉʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʠʤʠʜʘʟʦ[2,1-b]ʪʠʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ. ʉʨʝʜʠ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪ ʜʘʥʥʳʡ ʢʣʘʩʩ ʚʝʱʝʩʪʚ, ʩʣʝʜʫʝʪ 

ʚʳʜʝʣʠʪʴ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʫʶ, ʠʥʦʪʨʦʧʥʫʶ ʠ ʘʥʪʠʘʣʣʝʨʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦ[2,1-b]ʪʠʘʟʦʣʘ (1a-l) ʚ ʨʝʘʢʮʠʶ 

ʉʦʥʦʛʘʰʠʨʳ ʠ ʉʫʟʫʢʠ-ʄʠʷʫʨʘ. 

 
 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʰʠʨʦʢʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ ʠʤʠʜʘʟʦ[2,1-b]ʪʠʘʟʦʣʘ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʩʝʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 

3a-l, 4a-l  ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʭ ʧʦʣʝʟʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ.  

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ (ʛʦʩ. ʟʘʜʘʥʠʝ ˉ426). 
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ʕʃɽʄɽʅʊʅʓʁ, ʌʋʅʂʎʀʆʅɸʃʔʅʓʁ ʀ  

ʕʂʆʃʆɻʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɺ ʀʅʕʆʉ ʈɸʅ 
 

ɹʫʷʥʦʚʩʢʘʷ ɸ.ɻ., ʂʘʨʘʥʜʠ ʀ.ɺ., ʂʠʪʘʝʚʘ ɼ.ʍ., ɼʟʚʦʥʢʦʚʩʢʠʡ ʉ.ʃ., ɻʫʤʠʣʝʚʘ ʃ.ɺ., 

ʊʘʢʘʟʦʚʘ ʈ.ʋ., ɹʘʨʘʢʦʚʩʢʘʷ ʀ.ɻ., ʂʘʙʘʝʚʘ ʅ.ʄ.,ɹʫʣʘʪʥʠʢʦʚʘ ʃ.ʅ., 

ʃʝʚʠʥʩʢʘʷ ʆ.ɸ., ʇʦʧʦʚʘ ʀ.ɺ., ʏʫʨʘʥʦʚʘ ʅ.ʉ. 

 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ 

ʈʦʩʩʠʷ, 119991, ʛ.ʄʦʩʢʚʘ, ʫʣ.ɺʘʚʠʣʦʚʘ, ʜ.28 

ɽ-mail: analyst@ineos.ac.ru 

 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʅʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʯʠʩʪʦʪʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʠʤʝʨʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʀʅʕʆʉ ʈɸʅ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ  CHN- ʠ CHNS-ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʠʩʭʦʜʷ ʠʟ 

ʤʠʥʠʤʘʣʴʥʳʭ ʥʘʚʝʩʦʢ (1-2 ʤʛ) ʧʨʦʚʦʜʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ  C, H, N, ʠ S ʚ ʚʝʱʝʩʪʚʘʭ 

ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʦʢʘʟʳʚʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʝʨʝʜ 

ʘʥʘʣʠʪʠʢʦʤ (ʥʝʧʨʠʤʝʥʠʤʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʡ 

C, H, N, ʠ S, ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʛʝʪʝʨʦʵʣʝʤʝʥʪʦʚ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʝʱʝʩʪʚʘ ʠ ʪ.ʜ.). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ 5-6 ʵʣʝʤʝʥʪʦʚ, 

ʠʩʭʦʜʷ ʠʟ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʙʳ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʚʝʱʝʩʪʚʘ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

(ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʵʢʩʧʨʝʩʩ-ʛʨʘʚʠʤʝʪʨʠʷ, ʪʠʪʨʠʤʝʪʨʠʷ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ ʠ ʜʨ.). ʅʘ 

ʦʪʜʝʣʴʥʳʭ ʧʨʠʤʝʨʘʭ ʧʦʢʘʟʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʢʪʦʚ (ʤʝʪʘʣʣʦ- ʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʠʤʝʨʳ, ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʠ 

ʜʨ.) ʇʨʠʚʝʜʝʥʳ ʫʥʠʢʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʵʢʩʧʨʝʩʩ-

ʛʨʘʚʠʤʝʪʨʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦ ʧʨʦʙʣʝʤʘʤ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʀʅʕʆʉ ï 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ Co, ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ S, 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʡ Ag. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʤʝʪʦʜʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʀʅʕʆʉ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʣʠʤʝʨʦʚ. ʉʨʝʜʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ -  ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, 

ʘʤʠʥʳ, ʩʧʠʨʪʳ, ʬʝʥʦʣʳ, ʪʠʦʣʳ, ʘʥʛʠʜʨʠʜʳ, ʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʝʨʦʢʩʠʜʳ ʠ ʜʨ. 

ʇʨʦʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʚʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ, ʘʤʠʥʦ- ʠ ʵʧʦʢʩʠ- ʛʨʫʧʧ ʚ ʧʦʣʠʤʝʨʘʭ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʦʩʪʦʷʥʥʦ 

ʚʳʧʦʣʥʷʶʪʩʷ ʘʥʘʣʠʟʳ ʧʦ ʢʫʣʦʥʦʤʝʪʨʠʯʝʩʢʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʧʦ ʌʠʰʝʨʫ 

ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ï 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʦʢʩʠʜʦʚ ʚ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʢʘʭ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʡ 

ʧʦʣʠʤʝʪʠʣʝʥʥʘʬʪʘʣʠʥʩʫʣʴʬʦʢʠʩʣʦʪ ʚ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘʭ, ʩʦʣʝʡ ʧʦʣʠʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʠʜʠʥʘ 

ʚ ʙʘʢʪʝʨʠʮʠʜʥʦʤ ʧʨʝʧʘʨʘʪʝ çʀʥʪʝʨʮʠʜè ʠ ʜʨ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɽʞʝʥʝʜʝʣʴʥʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʦʙʳ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʉʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʙʝʩʧʣʘʤʝʥʥʳʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. ʄʝʜʴ, ʩʚʠʥʝʮ, ʢʘʜʤʠʡ ʠ ʮʠʥʢ ʦʧʨʝʜʝʣʷʶʪ 

ʤʝʪʦʜʦʤ ʧʝʨʝʤʝʥʥʦʪʦʢʦʚʦʡ ʠʥʚʝʨʩʠʦʥʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʷʪʴ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ - ʦʪ 10-4 ʤʛ/ʣ. ʆʧʨʝʜʝʣʝʥʠʝ ʚ ʩʪʦʯʥʳʭ ʠ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʭʣʦʨʠʜʦʚ, ʬʪʦʨʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ, ʥʠʪʨʠʪʦʚ, ʬʦʩʬʘʪʦʚ, ʘʤʤʦʥʠʡʥʦʛʦ ʘʟʦʪʘ, 

Fe, Cr, ʘ ʪʘʢʞʝ ʍʇʂ ʠ pH ʧʨʦʚʦʜʠʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
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ʄ. ʉ. ɺʘʨʬʦʣʦʤʝʝʚ
a
, ɻ. ʀ. ʑʝʨʙʘʢʦʚʘ

b
, ɼ.ɺ. ʉʠʜʦʨʦʚ

b
, ʅ. ʉ. ʂʨʠʚʮʦʚʘ

b
 

 

a
ʌɻɹʆʋ ɺʇʆ çʄɸʊʀ ï ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦè, ʫʣ. ʆʨʰʘʥʩʢʘʷ, ʜ. 3, 121552, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
ɻʅʎ ʈʌ ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

 çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè, ʐʦʩʩʝ ʕʥʪʫʟʠʘʩʪʦʚ, 38, 105118, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: varfolom2a@rambler.ru 

 

ɺ ɻʅʎ ʈʌ çɻʅʀʀʍʊʕʆʉè ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʝʨʘʤʦʢʦʤʧʦʟʠʪʦʚ ʦʢʩʠʜʥʦʛʦ ʩʦʩʪʘʚʘ (Al 2O3, Al 2O3ïSiO2, Al 2O3ïY2O3): ʩʚʷʟʫʶʱʠʝ, 

ʧʨʦʧʠʪʦʯʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʢʝʨʘʤʠʯʝʩʢʠʝ ʥʘʥʦʧʦʨʦʰʢʠ ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʤʦʦʙʨʘʟʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʦʣʠʛʦʤʝʨʦʚ (ʦʨʛʘʥʦʘʣʶʤʦʢʩʘʥʦʚ, ʦʨʛʘʥʦʘʣʶʤʦʢʩʘʥʩʠʣʦʢʩʘʥʦʚ, 

ʦʨʛʘʥʦʠʪʪʨʠʡʦʢʩʘʥʘʣʶʤʦʢʩʘʥʦʚ) [1-6].  

ʄʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ, ʦʬʦʨʤʣʝʥʥʳʭ ʭʦʣʦʜʥʳʤ 

ʧʨʝʩʩʦʚʘʥʠʝʤ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ, ʠʟ ʤʠʢʨʦʧʦʨʦʰʢʘ SiC ʩ ʜʦʙʘʚʢʘʤʠ 

ʧʨʦʤʳʰʣʝʥʥʦ-ʚʳʧʫʩʢʘʝʤʳʭ ʤʠʢʨʦʧʦʨʦʰʢʦʚ (Al 2O3, Y2O3, MgO) ʠ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʚʷʟʫʶʱʠʤʠ ʧʦʣʫʯʝʥʘ ʢʝʨʘʤʠʢʘ ʩ ʧʣʦʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

ʀʟʛʦʪʦʚʣʝʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʢʣʶʯʘʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ 

ʰʠʭʪʳ ʠʟ ʤʠʢʨʦʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ 10% ʩʤʝʩʠ ʠʟ ʦʢʩʠʜʦʚ ʤʘʛʥʠʷ, ʠʪʪʨʠʷ ʠ 

ʘʣʶʤʠʥʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʷʟʫʶʱʠʭ, ʬʦʨʤʦʚʘʥʠʝ ʟʘʛʦʪʦʚʢʠ ʥʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ, ʩʫʰʢʫ ʚ ʢʘʤʝʨʝ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʠ ʩʧʝʢʘʥʠʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1400-1450Áʉ, ʩ ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 60Ñ5 

ʤʠʥ.  

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʦʯʥʦʩʪʴ, 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʢʝʨʘʤʠʢʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʘʷ ʢʝʨʘʤʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʠ ʘʙʨʘʟʠʚʥʳʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʨʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  
1. ɻ.ʀ. ʑʝʨʙʘʢʦʚʘ ʠ ʜʨ. ʇʘʪ. ʈʌ 2276155. ʆʧʫʙʣ. 10.05.2006. ɹʶʣ. ̄  13. 

2. P.A. Storozhenko et al. Inorganic Materials, 2007, 43(3), 320ï328. 

3. ɻ.ʀ. ʑʝʨʙʘʢʦʚʘ ʠ ʜʨ. ʇʘʪ. ʈʌ 2451687. ʆʧʫʙʣ. 27.05.2012 ɹʶʣ. ̄  15. 

4. G.I. Shcherbakova et al. Inorganic Materials, 2012, 48(10), 1058ï1063. 

5. ɻ.ʀ. ʑʝʨʙʘʢʦʚʘ ʠ ʜʨ. ʇʘʪ. ʈʌ 2453550. ʆʧʫʙʣ. 20.06.2012 ɹʶʣ. ̄  17. 

6. G.I. Shcherbakova et al. Inorganic Materials, 2014, 50(3), 306ï313. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ 

ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʙʘʟʦʚʦʡ ʯʘʩʪʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ (ʢʦʜ ʧʨʦʝʢʪʘ 3087) ʠ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ13-03-12014 ʦʬʠ_ʤ). 
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ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, ʩʪʨ. 2, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: vvvas@ineos.ac.ru 

 

ʀʥʪʝʨʧʦʣʠʤʝʨʥʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʀʇʕʂ) ʩʧʦʥʪʘʥʥʦ ʚʦʟʥʠʢʘʶʪ ʚ 

ʩʤʝʩʷʭ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʀʇʕʂ ʯʨʝʟʚʳʯʘʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʙʠʦʤʝʜʠʮʠʥʝ, ʚʢʣʶʯʘʷ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʝʨʝʥʦʩ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʛʝʥʥʫʶ 

ʪʨʘʥʩʬʝʢʮʠʶ ʠ ʛʝʥʥʫʶ ʪʝʨʘʧʠʶ. ʀʇʕʂ, ʚʥʝʜʨʝʥʥʳʝ ʚ ʞʠʜʢʦʩʪʠ ʠ ʪʢʘʥʠ ʦʨʛʘʥʠʟʤʘ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʟʘʨʷʞʝʥʥʳʝ, 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʚʝʱʝʩʪʚʘ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʣʠʷʥʠʶ ʩʨʝʜʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʦʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʩʨʝʜʳ ʠ ʠʥʪʝʨʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʥʦʤʝʜʠʮʠʥʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʟʚʠʪ ʦʨʠʛʠʥʘʣʴʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʀʇʕʂ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩ ʤʘʢʨʦʬʘʟʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʚ ʩʤʝʩʷʭ 

ʤʘʢʨʦʠʦʥʦʚ (ʩʤ. ʈʠʩ. 1)  

             ʘ    ʙ 

     
ʈʠʩ 1. ʄʘʢʨʦʬʘʟʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʚ ʩʤʝʩʷʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʟʘʨʷʞʝʥʥʳʭ ʤʘʢʨʦʠʦʥʦʚ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʤʝʩʠ (ʘ) ʠ ʩʧʠʥʦʜʘʣʴ ʨʘʩʪʚʦʨʘ (ʙ). 

 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʩʤʝʩʠ ʤʘʢʨʦʠʦʥʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʪʝʧʝʥʷʤʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʩʪʝʧʝʥʷʤʠ ʠʦʥʠʟʘʮʠʠ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʩʦʣʠ, 

ʦʧʠʩʘʥʳ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʤʝʩʠ, ʧʨʝʜʣʦʞʝʥʦ ʦʙʦʙʱʝʥʠʝ ʥʘ ʩʣʫʯʘʡ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʤʝʩʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ [1].  
 

1. M. Boustta et al. Macromolecules 2014, 47  doi 10.1021/ma500447k 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʆʍʅʄ ʈɸʅ ʠ ʈʅʌ (ʧʨʦʝʢʪ 

ˉ 14-13-00745). 
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ʈɽɸʂʎʀʀ ʊɸʅɼɽʄʅʆɻʆ ʎʀʂʃʆʇʈʀʉʆɽɼʀʅɽʅʀʗ 

ʌʊʆʈʀʈʆɺɸʅʅʓʍ 1,3,4-ʆʂʉɸɼʀɸɿʆʃʆɺ ʉ ɼʀɽʅɸʄʀ 
 

ʅ.ɺ. ɺʘʩʠʣʴʝʚ 
ʘ,ʙ)
, ɼ.ɺ. ʈʦʤʘʥʦʚ 

ʙ)
, ɻ.ɺ. ɿʘʪʦʥʩʢʠʡ

ʙ)
, ʊ.ʉ.ʂʦʩʪʨʶʢʦʚʘ

 ʘ,ʙ)
 

 
a)

 ɻʆʋ ɺʇʆ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʙʣʘʩʪʥʦʡ ʫʥʠʚʝʨʩʠʪʝʪ, 105005, ʄʦʩʢʚʘ, ʫʣ. 

ʈʘʜʠʦ, 10ʘ. 
ʙ) 
ʌɻʋʇ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, 125424, ʄʦʩʢʚʘ, ɺʦʣʦʢʦʣʘʤʩʢʦʝ ʰ., 75, ʢ.1. 

E-mail: nikolai-vasilev@mail.ru 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩ ʢ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʶ 1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʳʨʦʩ ʚ ʩʚʷʟʠ ʩ  ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʢʮʠʡ ʪʠʧʘ ʚ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʤ ʩʠʥʪʝʟʝ ʘʣʢʘʣʦʠʜʦʚ: 

ɺʠʥʜʦʨʦʟʠʥʘ, ɺʠʥʙʣʘʩʪʠʥʘ ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ.  ʂʨʦʤʝ ʪʦʛʦ, ʪʘʥʜʝʤʥʦʝ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʦʢʩʘʜʠʘʟʦʣʦʚ ʷʚʣʷʝʪʩʷ ʧʣʦʜʦʪʚʦʨʥʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ ʧʦʣʫʯʝʥʠʷ 

ʢʣʝʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʎʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ 1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ʩ ʘʣʢʝʥʘʤʠ ʠʟʫʯʘʣʦʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ. ʈʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʘʢ [2+4]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ, ʨʝʪʨʦ-[2+3]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ, 

[2+3]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ [1].  
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʦʢʩʘʜʠʘʟʦʣʦʚ ʩ ʘʮʠʢʣʠʯʝʩʢʠʤʠ, ʮʠʢʣʠʯʝʩʢʠʤʠ 

ʜʠʝʥʘʤʠ ʠ ʛʝʪʝʨʦʜʠʝʥʘʤʠ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʠ- ʠ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʂʣʝʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʘʨʙʦʥʠʣʠʣʠʣʠʜʘ. 
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ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʢʩʘʜʠʘʟʦʣʦʚ ʠ ʜʠʝʥʦʚ. 

ɸʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ ʧʦʣʫʯʝʥʥʳʭ ʢʘʨʢʘʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʫʯʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 
1. N.V. Vasilôev ʝt al. J.Fluor.Chem, 2007, 128, 740-747. 
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ɽʅɸʄʀʅʓ 1,2- ʀ 1,3-ɼʀʂɸʈɹʆʅʀʃʔʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ɺ 

ʉʀʅʊɽɿɽ ɻɽʊɽʈʆʎʀʂʃʆɺ 
 

ʆ. ʃ. ɹʘʙʠʡ, ʀ. ʅ. ʌʝʜʦʨʦʚʘ, ɸ. ʉ. ʇʝʨʝʛʫʜʦʚ, ɺ. ʉ. ɺʝʣʝʞʝʚʘ
 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: vel@ineos.ac.ru 

 

ɽʥʘʤʠʥʳ 1,3-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʝʥʘʤʠʥʦʥʳ 1) ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ 

ʚʩʝʭ ʩʬʝʨʘʭ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʠʥʪʝʟʝ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 

ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʩʦʙʝʥʥʦ ʚʧʝʯʘʪʣʷʝʪ ʨʦʣʴ ʝʥʘʤʠʥʦʥʦʚ 1 ʚ ʩʣʦʞʥʳʭ 

ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʩʠʥʪʝʟʘʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʙʠʩ-ʠʥʜʦʣʴʥʳʭ ʠ ʙʠʩ-

ʠʥʜʦʢʩʠʣʴʥʳʭ ʘʣʢʘʣʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ. ʄʝʞʜʫ 

ʪʝʤ, ʝʥʘʤʠʥʳ 1,2-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʝʥʘʤʠʥʦʥʳ 2) ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʠʟʫʯʝʥʳ ʠ 

ʝʱʝ ʥʝ ʥʘʰʣʠ ʪʘʢʦʛʦ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʢʘʢ ʝʥʘʤʠʥʦʥʳ 1. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʝʥʘʤʠʥʦʥʳ 1 ʠ 2 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʙʠʩ-ʠʥʜʦʣʴʥʦʛʦ ʠ ʙʠʩ-

ʠʥʜʦʢʩʠʣʴʥʦʛʦ ʪʠʧʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ ʨʝʘʢʮʠʠ 

ʅʝʥʠʮʝʩʢʫ ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʠʟ ʙʠʩ-ʝʥʘʤʠʥʦʥʦʚ 1 ʨʘʥʝʝ ʥʝʜʦʩʪʫʧʥʳʝ 

ʧʦʣʠʟʘʤʝʱʝʥʥʳʝ 5,5'-ʙʠʩ-ʦʢʩʠʠʥʜʦʣʳ 3 ʠ, ʪʝʤ ʩʘʤʳʤ, ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ.  

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʙʠʩ-ʠʥʜʦʣʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʥʦʚʳʭ ʢʘʪʠʦʥʥʳʭ ʠ ʘʥʠʦʥʥʳʭ ʜʦʤʠʥʦ ʨʝʘʢʮʠʡ ʮʠʢʣʠʯʝʩʢʠʭ ʝʥʘʤʠʥʦʥʦʚ - 

2 ʥʘʤʠ ʧʦʣʫʯʝʥ ʮʝʣʳʡ ʨʷʜ ʧʦʣʠʮʠʢʣʦʚ 4-7, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʨʦʩʪʦʡ ʧʫʪʴ ʢ ʩʠʥʪʝʟʫ 

ʘʥʘʣʦʛʦʚ ʧʨʠʨʦʜʥʳʭ ʘʣʢʘʣʦʠʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʠʟʘʡʥʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

 
ʉʭʝʤʘ 2. ʉʠʥʪʝʟ ʜʠʩʧʠʨʦʧʩʝʚʜʦʠʥʜʦʢʩʠʣʦʚ 4, ʩʧʠʨʦʧʩʝʚʜʦʠʥʜʦʢʩʠʣʧʠʨʘʥʦʠʥʜʦʣʦʚ 5, g-ʢʘʨʙʦʣʠʥʦʚ 6 ʠ 

ʛʠʜʨʦʢʩʠʠʥʜʦʣʝʥʠʥʦʚ 7. 

ʄʝʪʦʜʘʤʠ ʗʄʈ 1D ʠ 2D ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʡ ʝʥʘʤʠʥʦʥʦʚ 2 ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʫʩʣʦʚʠʡ ʠʭ 

ʧʨʦʚʝʜʝʥʠʷ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʥʦ ʠ ʛʝʦʤʝʪʨʠʠ ʠʩʭʦʜʥʳʭ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʂʆʅʌʆʈʄɸʎʀʆʅʅʓʁ ɸʅɸʃʀɿ ʅɽʂʆʊʆʈʓʍ 

ʌʆʉʌʆʈʀʃʀʈʆɺɸʅʅʓʍ ɸʎɽʊɸʄʀɼʆɺ 
 

ʗ. ɸ. ɺʝʨʝʱʘʛʠʥʘ
a
, ɸ. ɿ. ɸʣʠʤʦʚʘ

a
, ʆ. ʀ. ɸʨʪʶʰʠʥ

b
, ʈ.ʈ. ʍʘʥʘʬʠʝʚʘ

a
, 

ɽ.ɺ. ʐʘʨʦʚʘ
b
,ʕ.ɸ. ʀʰʤʘʝʚʘ

a
 

a
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʫʣ. ʂʨʝʤʣʝʚʩʢʘʷ, 18, 420008, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 e-mail: yavereshchagina@yahoo.com 
b
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʝ ʘʮʝʪʘʤʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʧʨʝʢʫʨʩʦʨʳ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. ʅʘʤʠ ʚʧʝʨʚʳʝ 

ʦʧʨʝʜʝʣʝʥʘ ʧʦʣʷʨʥʦʩʪʴ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʡ 1-3 

ʤʝʪʦʜʘʤʠ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ (ɼʄ), ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ [DFT 

B3PW91/6-311++G(df,p)]. ʕʥʝʨʛʝʪʠʯʝʩʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʢʦʥʬʦʨʤʝʨʳ 1-3 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

      

1ɸ 1ɹ 2ɸ 2ɹ 3ɸ 3ɹ 

ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʧʦʣʷʨʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʘʤʠʜʦʚ 1 ʠ 3 ʚʦʟʤʦʞʥʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʬʦʨʤ 1ɸ ʠ 1ɹ, 3ɸ ʠ 

3ɹ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 40:60 ʠ 80:20 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʝʜʠʥʝʥʠʝ 2 ʚ ʨʘʩʪʚʦʨʝ 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʢʦʥʬʦʨʤʝʨʘ 2ɸ. ɺ ʢʦʥʬʦʨʤʝʨʘʭ 1 ʛʨʫʧʧʘ ʈ=ʆ ʠ ʬʝʥʠʣʴʥʳʝ 

ʢʦʣʴʮʘ ʠʤʝʶʪ ʚʟʘʠʤʥʫʶ ʮʠʩ-ʦʨʠʝʥʪʘʮʠʶ, ʪʦʛʜʘ ʢʘʢ ʚ 2 ʠ 3 ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʛʦʰ- ʠ ʮʠʩ-ʦʨʠʝʥʪʘʮʠʷ. ɺʦ ʚʩʝʭ ʢʦʥʬʦʨʤʝʨʘʭ, ʢʨʦʤʝ 3ɹ, ʛʨʫʧʧʘ ʈ=ʍ (ʍ = ʆ, S) ʠ ʩʚʷʟʴ 

Csp3ƄCsp2 ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʛʦʰ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʧʨʠ ʵʪʦʤ ʚ ʧʦʩʣʝʜʥʝʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʘʠʤʥʘʷ ʪʨʘʥʩ-ʦʨʠʝʥʪʘʮʠʷ. ɺ ʢʦʥʬʦʨʤʝʨʘʭ 1 ʠ 2 ʚʦʟʤʦʞʥʘ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ P=X
é

HƄN (ʍ = ʆ, S). ʊʝʦʨʝʪʠʯʝʩʢʠʝ, 

ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʚʝʢʪʦʨʥʦ-ʘʜʜʠʪʠʚʥʦʡ ʩʭʝʤʝ (ʚ.-ʘ.ʩ.) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ɼʄ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ.  

 

ʊʘʙʣ. 1. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʵʥʝʨʛʠʠ (DE, ʢɼʞĀʤʦʣʴ
-1

), ʪʝʦʨʝʪʠʯʝʩʢʠʝ (ɛʪʝʦʨ), ʚʳʯʠʩʣʝʥʥʳʝ 

ʧʦ ʚ.-ʘ. ʩ. (ɛʚʳʯ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ɛɻ ʢʩʧ) ɼʄ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʢʦʥʬʦʨʤʝʨʦʚ 1-3 

 

ʂʦʥʬʦʨʤʝʨ 
B3PW91/6-311++G(df,p) 

ɛʚʳʯ, ɼ ɛɻ ʢʩʧ, ɼ 
DE ɛʪʝʦʨ, ɼ 

1ɸ 0.0 6.63 6.60 
7.40 

1ɹ 4.9 8.59 7.89 

2ɸ 0.0 6.83 7.00 
6.23 

2ɹ 5.2 8.63 8.93 

3ɸ 0.0 3.24 2.61 
3.37 

3ɹ 2.9 4.07 5.36 

 
1. V. Yu. Aleksenko et al. Polyhedron. 2013, 51(4), 168ï179. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-00067-ʘ). 
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ʉʀʅʊɽɿ ʊʈɪʍʒʗɼɽʈʅʓʍ ɺʀʅʀʃʀɼɽʅʆɺʓʍ ʂʃɸʉʊɽʈʆɺ, 

ʉʆɼɽʈɾɸʑʀʍ ʈɽʅʀʁ, ʇʃɸʊʀʅʋ ʀ ɾɽʃɽɿʆ, ʀɿ ɹʀʗɼɽʈʅʓʍ 

ʇʈɽɼʐɽʉʊɺɽʅʅʀʂʆɺ 
 

ɺ. ɺ. ɺʝʨʧʝʢʠʥ
a
, ʆ. ʉ. ʏʫʜʠʥ

a
, ɸ. ɸ. ʂʦʥʜʨʘʩʝʥʢʦ

a
,
 
ʅ. ʀ. ʇʘʚʣʝʥʢʦ

a
, 

ɻ. ɺ. ɹʫʨʤʘʢʠʥʘ
a
, ɸ. ʀ. ʈʫʙʘʡʣʦ

a, b
, ɼ. ɺ. ɿʠʤʦʥʠʥ

a
, ʈ. ʉ. ɽʨʛʘʝʚ

b
 

 
a
 ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ, 

ʫʣ. ɸʢʘʜʝʤʛʦʨʦʜʦʢ 50, ʩʪʨ. 24, 660036, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ.  

E-mail: vvv@icct.ru 
b
ʉʠʙʠʨʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʉʚʦʙʦʜʥʳʡ ʧʨʦʩʧʝʢʪ, ʜ. 79, 660041, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʚʠʥʠʣʠʜʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ  

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ [1] [1]. 

ʈʘʥʝʝ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʪʦʚʘ 

ʧʫʪʝʤ ʧʨʝʚʨʘʱʝʥʠʡ ʩʦʝʜʠʥʝʥʠʷ Cp(CO)2Re=C=CHPh (1) ʚ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

Cp(CO)2RePt(Õ-C=CHPh)(PPh3)2 (2), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ, ʟʘʪʝʤ, ʙʳʣ ʧʦʣʫʯʝʥ 

ʪʨʝʭʲʷʜʝʨʥʳʡ Õ3-ʚʠʥʠʣʠʜʝʥʦʚʳʡ ʢʣʘʩʪʝʨ CpReFePt(m3-C=CHPh)(CO)6(PPh3) [2] [2]. ɺ 

ʧʨʦʜʦʣʞʝʥʠʝ ʵʪʠʭ ʨʘʙʦʪ ʥʘʤʠ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ 2 ʩ P(OPr
i
) ʠ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʩ ʥʦʥʘʢʘʨʙʦʥʠʣʦʤ ʞʝʣʝʟʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Cp(CO)2RePt(Õ-C=CHPh)(PPh3)2 (2) ʩ P(OPr-i)3 ʧʦʣʫʯʝʥʳ ʜʚʘ 

ʧʨʦʜʫʢʪʘ: ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ Cp(CO)2RePt(m-C=CHPh)[P(OPr-i)3](PPh3) (3) 

ʠ ʙʠʩ-ʬʠʩʬʠʪʥʦʝ ʩʦʝʜʠʥʝʥʠʝ Cp(CO)2RePt(m-C=CHPh)[P(OPr-i)3]2 (4). 

ʈʝʘʢʮʠʷ ʢʦʤʧʣʝʢʩʘ 4 ʩ Fe2(CO)9 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɛ3-ʚʠʥʠʣʠʜʝʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ 

CpReFePt(m3-C=CHPh)(CO)6[P(OPr
i
)3] (5) ʠ CpReFePt(m3-C=CHPh)(CO)5[P(OPr

i
)3]2 (6) 

(ʉʭʝʤʘ 1). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 3 ʩ Fe2(CO)9 ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʣʴʢʦ ʢʣʘʩʪʝʨʘ 5. 
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ʉʭʝʤʘ 1 

ɺ ʩʦʦʙʱʝʥʠʠ ʦʙʩʫʞʜʘʝʪʩʷ ʩʠʥʪʝʟ, ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ. 
 

[1] R.D. Adams, B. Captain, Angew. Chem. Int. Ed. Engl. 2008, 47, 252ï257. 

[2] A.B. Antonova, O.S. Chudin, A.D. Vasiliev, N.I. Pavlenko, W. a. Sokolenko, A.I. Rubaylo, et al., J. 

Organomet. Chem. 2009, 694, 127ï130. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ (ʇʨʦʝʢʪ ˉ 8.15). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʬʦʥʜʘ 

ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʦʡ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ʅɽʆɹʓʏʅʓɽ 16-ʕʃɽʂʊʈʆʅʅʓɽ ɻɸʃʆɻɽʅʀɼʅʓɽ 

ʂʆʄʇʃɽʂʉʓ ʈʆɼʀʗ ʀ ʀʈʀɼʀʗ (9-SMe2-7,8-Me2-7,8-C2B9H8)MX 2 

(M = Rh, Ir; X = Cl, Br, I)  
 

ʄ. ʄ. ɺʠʥʦʛʨʘʜʦʚ, ɼ. ɸ. ʃʦʛʠʥʦʚ, ɸ. ʈ. ʂʫʜʠʥʦʚ 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: mmvngrdv@gmail.com 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʨʦʜʘ- ʠ ʠʨʠʜʘʢʘʨʙʦʨʘʥʦʚ ʠʤʝʶʪ 18-ʵʣʝʢʪʨʦʥʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ. ʆʜʥʘʢʦ, ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ 16-ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ɖ
3
- ʠ ů,ɖ

2
-ʮʠʢʣʦʘʣʢʝʥʠʣʴʥʳʝ ʣʠʛʘʥʜʳ.

1
 ʕʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʦʩʪʴ ʘʪʦʤʘ 

ʤʝʪʘʣʣʘ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʦʙʳʯʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʘʛʦʩʪʠʯʝʩʢʠʤ CïHĿĿĿʄ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ
2
, ʣʠʙʦ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʦʨʘʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʠʟ ʢʣʦʟʦ ʚ 

ʧʩʝʚʜʦʢʣʦʟʦ.
ʆʰʠʙʢʘ! ɿʘʢʣʘʜʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ. 

ʎʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ [Cp*MX2]2 (M = Rh, Ir; X = Cl, Br, I) ʠʟʚʝʩʪʥʳ 

ʜʘʚʥʦ.
3
 ʕʪʠ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʜʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 18-ʵʣʝʢʪʨʦʥʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʘʪʦʤʘ ʤʝʪʘʣʣʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʩʦʦʙʱʘʝʤ ʦ ʩʠʥʪʝʟʝ ʧʝʨʚʳʭ 16 

ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʥʦʤʝʨʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʨʦʜʠʷ ʠ ʠʨʠʜʠʷ, ʠʤʝʶʱʠʭ 

ʧʩʝʚʜʦʢʣʦʟʦ-ʩʪʨʦʝʥʠʝ. 

ʈʝʘʢʮʠʠ (ʮʠʢʣʦʦʢʪʘʜʠʝʥ)ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʦʚ (ɖ-9-SMe2-7,8-Me2-7,8-C2B9H8)M(cod) (M 

= Rh, Ir) ʩ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʚ ʫʢʩʫʩʥʦʤ ʘʥʛʠʜʨʠʜʝ ʧʦʟʚʦʣʠʣʠ ʥʘʤ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ (ɖ-9-SMe2-7,8-Me2-7,8-C2B9H8)MX2 (M = Rh (1), Ir (2); X: Cl 

(a), Br (b), I (c)) ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʧʦʣʫʯʝʥʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʠʵʜʨʠʯʝʩʢʦʡ CïC ʩʚʷʟʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʯʠʩʣʠʪʴ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʢ ʧʩʝʚʜʦʢʣʦʟʦ-ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʘʤ. ʈʝʘʢʮʠʝʡ 

ʜʠʤʝʪʠʣʩʫʣʴʬʠʜʘ ʩ ʙʨʦʤʠʜʦʤ (9-SMe2-7,8-Me2-7,8-C2B9H8)RhBr2 ʚ CH2Cl2 ʙʳʣ ʧʦʣʫʯʝʥ 

ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ 18-ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʦʟʦ-ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥ (9-

SMe2-7,8-Me2-7,8-C2B9H8)Rh(SMe2)Br2: 

 
ʊʘʢʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʘʣʦʛʝʥʠʜʦʚ 1aīc ʠ 2aīc ʚ ʢʘʯʝʩʪʚʝ 

ʩʠʥʪʦʥʦʚ ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ [(9-SMe2-7,8-Me2-7,8-C2B9H8)Rh]
2+

. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʘʢʮʠʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ CpTl ʠ [7,8-C2B9H11]Tl2, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʠ ʙʠʩʢʘʨʙʦʨʘʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. 
 

1. a) F. Teixidor et al. J. Am. Chem. Soc. 2000, 122, 1963ï1973; b) I. T. Chizhevsky, Coord. Chem. Rev. 2007, 

251, 1590ï1619. 

2. a) D. M. Speckman et al. Organometallics 1985, 4, 1692ï1694; b) A. V. Safronov et al. Organometallics 

2004, 23, 4970ï4979. 

3. a) D. S. Gill et al. J. Organomet. Chem. 1975, 87, 359ï364; b) P. M. Maitlis, Chem. Soc. Rev. 1981, 10, 1ï48. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ (ʇ-8). 
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ʉʆʉʊɸɺ ʀ ʉʊʈʋʂʊʋʈɸ ʇʆɺɽʈʍʅʆʉʊʀ ʉʀʃʆʂʉɸʅ-

ʋʈɽʊɸʅʆɺʓʍ ɹʃʆʂ-ʉʆʇʆʃʀʄɽʈʆɺ 
 

ʀ. ʆ. ɺʦʣʢʦʚ, ʃ. ɺ. ʌʠʣʠʤʦʥʦʚʘ, ɽ. ʄ. ɹʝʣʘʚʮʝʚʘ, ʃ. ʀ. ʄʘʢʘʨʦʚʘ,  

ʆ. ɺ. ʉʠʥʠʮʳʥʘ, ɸ. ɸ. ɹʫʨʤʠʩʪʨʦʚ, ɸ. ɸ. ɸʥʠʩʠʤʦʚ, ɹ. ɻ. ɿʘʚʠʥ 
 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: io_volkov@inbox.ru 

 

ʉʠʣʦʢʩʘʥ-ʫʨʝʪʘʥʦʚʳʝ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʜʠʬʠʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ; ʦʥʠ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴ ʚ ʩʝʙʝ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚ 

(ʛʠʜʨʦʬʦʙʥʦʩʪʴ, ʥʠʟʢʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ, ʚʳʩʦʢʘʷ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ) ʩ 

ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ʆʪʩʫʪʩʪʚʠʝ ʚ ʠʭ ʮʝʧʠ ʩʚʷʟʝʡ Si-O-C 

ʧʦʚʳʰʘʝʪ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ ʥʘʣʠʯʠʝ ʫʨʝʪʘʥʦʚʦʛʦ ʙʣʦʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʶ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʩʠʣʦʢʩʘʥʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʫʨʝʪʘʥʳ (ʇʋ), ʧʦʣʫʯʝʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦʣʠʛʦʩʠʣʦʢʩʘʥʜʠʦʣʦʚ ʦʙʱʝʡ ʬʦʨʤʫʣʳ: 

ʩ 4,4'-ʜʠʬʝʥʠʣʤʝʪʘʥʜʠʠʟʦʮʠʘʥʘʪʦʤ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʣʠʛʦʜʠʦʣʘʤʠ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʣʠʛʦʵʪʠʣʝʥʦʢʩʠʜʳ (ʆʕʆ), 

ʦʣʠʛʦʙʫʪʠʣʝʥʦʢʩʠʜʳ (ʆɹʆ) ʠ ʦʣʠʛʦʢʘʨʙʦʥʘʪʳ (ʆʂ) ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. 

ʀʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʧʣʝʥʢʠ, ʦʪʣʠʪʳʝ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʭʣʦʨʦʬʦʨʤʝ ʥʘ 

ʮʝʣʣʦʬʘʥʦʚʫʶ ʧʦʜʣʦʞʢʫ. ʇʦʚʝʨʭʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʣʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ (ʈʌʕʉ), ʘ ʪʘʢʞʝ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ (ɸʉʄ) ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʝʡ (ʉʕʄ). 

ʉ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʇʋ ʥʘ ʦʩʥʦʚʝ ʆɹʆ ʠ ʆʂ 

ʷʚʣʷʶʪʩʷ ʘʤʦʨʬʥʳʤʠ. ɸʉʄ ʠ ʉʕʄ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʇʋ ʚʳʷʚʠʣʠ ʛʣʦʙʫʣʷʨʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʜʚʫʭ ʪʠʧʦʚ: ʤʝʣʢʠʝ ʛʣʦʙʫʣʷʨʥʳʝ ʯʘʩʪʠʮʳ ʠ ʢʨʫʧʥʳʝ ʘʛʣʦʤʝʨʘʪʳ, ʢʦʪʦʨʳʝ, 

ʚʝʨʦʷʪʥʦ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʣʠʯʠʷ ʘʩʩʦʮʠʘʪʦʚ ʚ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʇʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʨʘʟʤʝʨʘʤ. 

ʇʋ ʥʘ ʦʩʥʦʚʝ ʆʕʆ ʩʧʦʩʦʙʥʳ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʧʨʠ ʜʣʠʥʝ ʙʣʦʢʘ ʆʕʆ m Ó 30. ɸʉʄ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʇʋ ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʬʠʙʨʠʣʣ ʚʳʩʦʪʦʡ 1-5 

ʥʤ ʠ ʜʠʘʤʝʪʨʦʤ 40-100 ʥʤ. ʉ ʧʦʤʦʱʴʶ ʉʕʄ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ 

ʙʣʦʢʘ ʆʕʆ ʠ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʢʨʝʤʥʠʷ (Me ʠʣʠ Et), ʬʠʙʨʠʣʣʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ 

ʩʥʦʧʳ, ʘʛʣʦʤʝʨʘʪʳ ʩʥʦʧʦʚ ʠ ʩʬʝʨʦʣʠʪʳ.  

ʈʌʕʉ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʙʦʛʘʱʘʝʪʩʷ 

ʩʠʣʦʢʩʘʥʦʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʥʠʟʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ. ʅʘ 

ʧʨʠʤʝʨʝ ʆʕʆ-ʩʦʜʝʨʞʘʱʠʭ ʇʋ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ Si ʥʘ ʩʦʩʪʘʚ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʳʭ ʇʋ ʩʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʣʦʢʩʘʥʦʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʳʰʝ, ʯʝʤ ʚ ʜʠʵʪʠʣʩʠʣʦʢʩʘʥʦʚʳʭ.  

ʀʤʝʝʪ ʤʝʩʪʦ ʢʦʨʨʝʣʷʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʙʲʝʤʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 10-03-01202). 
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ʉʀʅʊɽɿ ʀ ʈɽɸʂʎʀʆʅʅɸʗ ʉʇʆʉʆɹʅʆʉʊʔ 

ʄɽʊɸʃʃʆʄʆʅʆʄɽʈʆɺ ï ʇʈʆʀɿɺʆɼʅʓʍ 

ɸʎɽʊʀʃɽʅʂɸʈɹʆʅʆɺʓʍ ʂʀʉʃʆʊ 
 

ʅ.ʅ. ɺʦʣʢʦʚʘ, ɺ.ɸ. ʐʝʨʰʥʝʚ, ɻ.ʀ. ɼʞʘʨʜʠʤʘʣʠʝʚʘ, ɸ.ɼ. ʇʦʤʦʛʘʡʣʦ
 

ʀʥʩʪʠʪʫʪ
 
ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, 

ʧʨʦʩʧ. ɸʢʘʜ. ʉʝʤʝʥʦʚʘ, ʜ. 1, 142432, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

ɽ-mail: nvolkova@icp.ac.ru 

 

ʇʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʘʣʣʦʤʦʥʦʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʘʮʝʪʠʣʝʥʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ï ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʳ ʮʠʥʢʘ (ZnADC), ʢʦʙʘʣʴʪʘ (CoADC) ʠ ʞʝʣʝʟʘ 

(FeADC), ʧʨʦʧʠʦʣʘʪ ʠ ʧʝʥʪʠʥʦʘʪ ʮʠʥʢʘ. 

ʉ ʧʦʤʦʱʴʶ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʜʝʛʨʘʜʘʮʠʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʤʦʥʦʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

80 ï 370ÁC ʧʨʠ ʦʩʪʘʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ 1.3 ʇʘ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʪʝʨʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʤʝʪʘʣʣʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʭ 140Áʉ, ʷʚʣʷʶʪʩʷ ʚʦʜʘ ʠ ʉʆ2. 

 
ʈʠʩ. 1. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ 

ZnADC ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 140 (1); 122 (2); 102 (3) ʠ 93Áʉ (4). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʘʞʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʜʝʛʠʜʨʘʪʘʮʠʠ ʘʮʝʪʠʣʝʥʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 90 ï 140ÁC: ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ (ȹm/m0)ʢʨ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ 

ʚʳʙʨʦʩ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʘ (ʨʠʩ. 1). ʅʘʣʠʯʠʝ ʢʨʠʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: ʇʨʠ ʤʘʣʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʥʝʙʦʣʴʰʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʤʦʣʝʢʫʣ ʚʦʜʳ 

ʚ ʦʙʨʘʟʮʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʝʟʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʢʦʤʧʣʝʢʩʘ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʳ ʩʦʜʝʨʞʘʪ ʥʘʧʨʷʞʝʥʥʳʝ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʨʚʫʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʦʣʠ ʅ2ʆ ʚ ʢʦʤʧʣʝʢʩʝ ʜʦ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʝʩʪʨʫʢʮʠʷ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʨʘʟʨʳʚʦʤ ʉ ï ʉ 

ï ʩʚʷʟʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʴʥʳʭ ʧʘʨ ʠʣʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʚʦʙʦʜʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ. 

ʇʦʩʣʝʜʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʥʳ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦʪ ʚʳʚʦʜ ï ʢʨʠʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ 

ʤʘʩʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʠʢʠ ɼʊɸ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʪʝʢʘʶʱʘʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʥʠʮʠʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠ ʥʝ ʩʪʦʣʴʢʦ 

ʪʝʧʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʩʢʦʣʴʢʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʘʣʝʥʪʥʦ 

ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, ʩʧʦʩʦʙʥʳʭ ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-92693-ʀʥʜ_ʘ). 
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EXPERIMENTAL QTAIM, VORONOI TESSELLATION AND 

HIRSHFELD SURFACE ANALYSIS OF [C u2(HPzOx)2Cl2Py2] 
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Interaction of (1H-pyrazol-5-yl)ethanone oxime (H2PzOx) with copper(II) chloride in the 

presence of pyridine afforded the binuclear complex [Cu2(HPzOx)2Cl2Py2]. It was 

characterized by FTIR and EPR spectra, magnetochemical data and precise X-ray experiment. 

The experimental electron distribution function was derived and analyzed within the R. 

Bader's 'Atom in Molecules' theory (QTAIM, [1]). The similarity of atomic copper domains 

obtained within the QTAIM theory, as well as the Voronoi tessellation [2] and the Hirshfeld 

surface [3] approaches was demonstrated (Figure 1). The absence of direct intramolecular 

Cu....Cu bonding was confirmed. The volumes of copper atom, pyridine molecule and 

HPzOx
ï
 anion estimated within the Voronoi (11.8, 113.3 and 151.2 ¡

3
) and the Hirshfeld 

surface (12.4, 101.3 and 151.3 ¡
3
) approaches represent well corresponding values obtained 

within the QTAIM methodology (12.4, 104.4 and 143.4 ¡
3
). The energies of intermolecular 

interactions do not exceed 1.5 kcal/mol; and the molecular packing can be described by 

distribution of molecular electrostatic potential. The main types of intermolecular interactions 

coincide within all three methodologies. These are the C-H...́ , C-H....H-C, C-H...Cl and C-

H...O contacts, which cover from 37 to 20 % of full intermolecular energy calculated within 

the QTAIM approach, and more then 5 % of molecular surface estimated within both 

tessellations.  

 
Fig. 1. The atomic domain of copper atom bounded by (a) the zero-flux surface, (b) the Voronoi polyhedron, and 

(c) the atomic Hirshfeld surface. 

 
1. R. F. W. Bader, Atoms in Molecules -  A Quantum Theory, Oxford University Press, Oxford, 1990.  

2. V. A. Blatov et al., Acta Cryst. 1995, A51, 909-916. 

3. F. L. Hirshfeld, Theor. Chim. Acta, 1977, 44, 129-138. 
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ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʠʩʪʝʤ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʨʷʜʘ ʧʨʦʙʣʝʤ ʜʣʷ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʦʩʪʦʚʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ (ʚ ʯʘʩʪʥʦʩʪʠ MOCVD), ʘ ʪʘʢʞʝ  

ʚʚʠʜʫ ʚʘʞʥʦʩʪʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʩʦʟʜʘʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ. 

ʂʨʠʩʪʘʣʣʳ GaN ʤʦʛʣʠ ʙʳ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʣʘʟʝʨʥʦʡ ʪʝʭʥʠʢʠ. 

ʆʜʥʘʢʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ GaN ʭʘʨʘʢʪʝʨʝʥ ʤʘʣʳʡ ʚʳʭʦʜ ʬʦʪʦʣʶʤʠʥʠʩʮʝʥʮʠʠ. ʈʝʰʝʥʠʝʤ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʛʣʦ ʙʳ ʩʪʘʪʴ ʜʦʧʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʘ (ʧʣʝʥʢʠ) GaN ʚ ʧʨʦʮʝʩʩʝ 

ʨʦʩʪʘ. ɼʣʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʥʝʝ [1]  ʩʠʩʪʝʤʳ Ga-HCN (C(ʛʨʘʬʠʪ)/NH3) ʥʝʜʘʚʥʦ [2] 

ʙʳʣʠ ʧʨʝʜʩʢʘʟʘʥʳ ʤʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʡ, ʦʙʲʷʩʥʷʶʱʠʝ ʧʦʷʚʣʝʥʠʝ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʨʦʩʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʝʥʳ ʚʢʣʶʯʝʥʠʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʧʨʠʤʝʩʝʡ. ʊ.ʦ., ʧʩʝʚʜʦʛʘʣʠʜʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʜʣʷ 

ʣʝʛʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ GaN. ʈʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʪʘʢʦʛʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ DFT-B3LYP ʠ MRCI ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʛʣʝʚʦʜʦʨʦʜʳ (C2H2, C2H4, 

CH4, C2H6, C3H8) ʥʝ ʫʩʢʦʨʷʶʪ ʨʦʩʪ ʧʣʝʥʢʠ GaN. ʆʜʥʘʢʦ C2H2 ʠ C2H4 ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ˊ-ʢʦʤʧʣʝʢʩʳ (ʈʠʩ. 1). ʀʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʧʩʝʚʜʦʛʘʣʠʜʥʦʡ 

ʩʠʩʪʝʤʳ ʩ C2H2 ʠ C2H4. ʋʩʪʘʥʦʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ (ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1). ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

HGaCNéC2H2 ʠ HGaCNéC2H4 ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʚʝʨʦʷʪʥʳʤ. ʊ.ʦ., 

ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ GaN ʫʛʣʝʨʦʜʦʤ.  

 
ʈʠʩ. 1. ʀʥʪʝʨʤʝʜʠʘʪʳ ʚʪʦʨʠʯʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʝ ʩ ʧʨʠʤʝʩʴʶ C2H2 ʠ C2H4 

 

1. K. Jacobs et al. J. Cryst. Growth 2010, 312, 750-755. 

2. O.B. Gadzhiev et al. Cryst. Growth Des., 2013, 13(4), 1445ï1457. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʦ ʥʘʫʢʝ ʠ 

ʠʥʥʦʚʘʮʠʷʤ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʧʨʦʝʢʪ ˉ 13-03-97088). 
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ʇʆʃʋʏɽʅʀɽ ʅʆɺʓʍ ʅɸʅʆʂʆʄʇʆɿʀʎʀʆʅʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ʕʊʀʃɽʅ - ʇʈʆʇʀʃɽʅʆɺʓʍ 

ʉʆʇʆʃʀʄɽʈʆɺ ʀ ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆɻʆ ʅɸʌɽʅɸ 
 

ɸ.ʅ. ɻʘʣʠʫʣʣʠʥ, ʅ.ʄ. ɹʨʘʚʘʷ, ɽ.ɽ. ʌʘʡʥʛʦʣʴʜ, ɸ.ʅ ʇʘʥʠʥ, ʉ.ʃ. ʉʘʨʘʪʦʚʩʢʠʭ, ʉ.ɻ. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʩʦʟʜʘʥʠʶ ʧʦʣʠʦʣʝʬʠʥʦʚʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʥʘʥʦʨʘʟʤʝʨʥʳʝ 

ʥʘʧʦʣʥʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʥʘʥʦʚʦʣʦʢʥʘ (ʮʝʣʣʶʣʦʟʘ), ʩʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ 

(ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ), ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʠ ʪ.ʜ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʦʣʝʬʠʥʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʙʝʟ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʨʠ ʤʘʣʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ [1]. 

ʅʘʬʝʥ (NafenÊ, g-ʬʦʨʤʘ Al 2O3) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʳʡ ʥʘʥʦʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʜʦʩʪʫʧʥʳʝ ʤʝʪʦʜʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ, ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ [2], ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʙʳʣʦ ʚʚʝʜʝʥʠʝ ʥʘʬʝʥʦʚʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʧʦʣʠʦʣʝʬʠʥʦʚʳʝ ʵʣʘʩʪʦʤʝʨʳ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦʣʷʨʥʦʛʦ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʩ ʥʝʧʦʣʷʨʥʦʡ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʠʥʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʗʄʈ. ʇʦʣʠʦʣʝʬʠʥʦʚʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʵʪʠʣʝʥʘ ʩ ʧʨʦʧʠʣʝʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʥʘʬʝʥʘ ʥʘ ʩʠʩʪʝʤʘʭ Et(2-MeInd)2ZrMe2/ʠʟʦʙʫʪʠʣʘʣʶʤʦʢʩʘʥ ʩ ʨʘʟʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 

Zr/Al/ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʝʡ. ʇʦʢʘʟʘʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ 

ʚ ʧʦʣʠʤʝʨʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʤ ʠ ʙʝʟ ʥʝʛʦ. 

 
1) D. Panaitescu, F. Ciuprina,M. Iorga, A. Frone, C. Radovici, M. Ghiurea,S. Sever, I. Plesa Effects of SiO2 and 

Al2O3  Nanofillers on Polyethylene Properties J. Appl. Polym. Sci. 2011.122, 1921ï1935  

2) http://nafen.eu/ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ 12-03-00974-ʘ, 13-

03-01011-ʘ) ʠ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ˉ 14.122.13.5228-ʄʂ). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ʂɺʀʅʂʀʊʀʆʌɽʅʆɺ (5ʊ) 

ʀ ʀʍ ʂʈɽʄʅʀʁʆʈɻɸʅʀʏɽʉʂʀʍ ʄʋʃʔʊʀʇʆɼʆɺ ɼʃʗ 

ʇʈʀʄɽʅɽʅʀʁ ɺ ʆʈɻɸʅʀʏɽʉʂʆʁ ʕʃɽʂʊʈʆʅʀʂɽ 
 

ʂ. ʃ. ɻʝʨʘʩʠʤʦʚ
a
, ɼ. ɺ. ɸʥʦʭʠʥ

a,b
, ʉ. ɸ. ʇʦʥʦʤʘʨʝʥʢʦ,

c
 ɼ. ɸ. ʀʚʘʥʦʚ

a,d 

 

a
ʌʘʢʫʣʴʪʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ, 

ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, ʩʪʨ. 51, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
 ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

142432, ʧʨʦʩʧʝʢʪ ʘʢʘʜʝʤʠʢʘ ʉʝʤʝʥʦʚʘ, ʜ.1, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ.ʏʝʨʥʦʛʦʣʦʚʢʘ, 
c
 ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʘ ʈɸʅ  

ʫʣ. ʇʨʦʬʩʦʶʟʥʘʷ, 70, 117393, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
d
 Institut de Sciences des Mat®riaux de Mulhouse, CNRS UMR 7361, 15 rue Jean Starcky, BP 

2488, 68057 Mulhouse CEDEX, France. 

email: gerasimov.k.l@gmail.com 
 

ʆʣʠʛʦʪʠʦʬʝʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʜʚʠʞʥʦʩʪʠ 

ʟʘʨʷʜʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ (ʆʊʇʊ). ʆʧʪʠʤʠʟʘʮʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʝʱʝʩʪʚʘ, ʫʜʘʯʥʦ ʩʦʯʝʪʘʶʱʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ ʦʣʠʛʦʪʠʦʬʝʥʦʚ ʩ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʭʦʨʦʰʠʤʠ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʧʦʣʠʤʝʨʦʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʦʪʦʥʠʢʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʇʦʥʦʤʘʨʝʥʢʦ 

ʚ ʀʉʇʄ ʈɸʅ ʥʦʚʳʝ ʣʠʥʝʡʥʳʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʧʨʷʞʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʢʚʘʪʨʦ- ʠ ʢʚʠʥʢʠʪʠʦʬʝʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʠʟʫʯʘʣʘʩʴ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʙʦʣʴʰʠʭ ʠ 

ʤʘʣʳʭ ʫʛʣʘʭ ʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

  

 

ʈʠʩ. 1. ɼʚʫʤʝʨʥʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʣʠʛʦʪʠʦʬʝʥʦʚ ʥʘ ʦʩʥʦʚʝ ʢʚʠʥʢʠʪʠʦʬʝʥʦʚ: ʚ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ï ʩʣʝʚʘ, 

ʚ ʤʘʣʳʭ ʫʛʣʘʭ ï ʚ ʮʝʥʪʨʝ; ʧʨʠʤʝʨ ʤʦʜʝʣʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʚʘʜʨʘʪʠʦʬʝʥʦʚ (ʩʧʨʘʚʘ) 

ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʥʠ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘʥʦʜʦʤʝʥʳ ʪʨʝʭ ʪʠʧʦʚ: ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʦʤʝʥʳ ʠʟ 

ʪʠʦʬʝʥʦʚʳʭ ʙʣʦʢʦʚ, ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʜʦʤʝʥʳ ʠʟ ʣʠʥʝʡʥʳʭ ʘʣʢʠʣʴʥʳʭ ʮʝʧʝʡ, ʠ 

ʘʤʦʨʬʥʳʝ ʜʦʤʝʥʳ ʠʟ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʘʣʢʠʣʴʥʳʭ ʠ ʩʠʣʦʢʩʘʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ [1]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʜʦʙʥʦʡ ʩʣʦʞʥʦʡ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʠʪ ʫʧʨʘʚʣʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʜʘʥʥʳʭ ʩʠʩʪʝʤ.  
1. Denis V. Anokhin et al. J. Phys. Chem. C 2012, 116, 22727-22736. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʄʠʥʦʙʨʥʘʫʢʠ ʧʦ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ 

(ʛʦʩʢʦʥʪʨʘʢʪ ˉ11.31.0055G34 ʦʪ 19 ʦʢʪʷʙʨʷ 2011ʛ). 
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Hypercrosslinked polystyrene networks were first reported in the early 1970s. Now the 

hypercrosslinked polymer gels are used in routine practice in many industrial applications and 

are prepared from variety of polymers of different chemical structure and composition. 

Hypercrosslinked polystyrene networks are well-known for large specific surface and ability 

to absorb various solvents. However, the phenomenological explanation of these properties 

was not until recently supported by theoretical or computational description. A multiscale 

approach to simulation of polystyrene hypercrosslinking was developed in our group [1]. The 

cross-linking reaction is simulated using the coarse-grained model, with the force field of 

coarse-grained interactions refined using the phase trajectories of the atomistic simulations. 

This works covers effects of polystyrene concentration, linker/polystyrene ratio, and reaction 

rate on the microscopic structure and bulk properties of hypercrosslinked polystyrene. 

Mechanical properties of the networks and specific surface were calculated in the framework 

of the coarse-grained model and were found to be in reasonable agreement with experimental 

data. 

 
A B 

 

 

Fig. 1. a) Coarse-grained model of polystyrene chain b) hypercrosslinked network in coarse-grained 

representation 

1. A.A. Lazutin et al. J. Chem. Phys. 2014, 140, 134903. 

2. V. Sadovnichy, A. Tikhonravov, Vl. Voevodin, and V. Opanasenko "Lomonosov": Supercomputing at 

Moscow State University. In Contemporary High Performance Computing: From Petascale toward Exascale 

(Chapman & Hall/CRC Computational Science), pp.283-307, Boca Raton, USA, CRC Press, 2013. 

 

This work was supported by the Russian Foundation for Basic research (project no. 14-03-

31616). The computations were performed using the resources of Supercomputing Center of 

Lomonosov Moscow State University. 
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In nature biopolymers are often confined within small cavities such as cell membranes and 

intracellular organelles. In general, biomacromolecules contain hydrophilic and hydrophobic 

moieties. In our work by means of computer simulations we have studied self-organization of 

comb-like macromolecules having groups with different affinities to solvents under spherical 

nano-scale confinement. Fig. 1 depicts the diagram of state for a single amphiphilic 

macromolecule in poor solvent: ŮAB is parameter of incompatibility between units A of main 

chain and side groups B; R is the radius of spherical confinement, where the macromolecule is 

placed. 

 
Fig. 1. Diagram of state of a single amphiphilic macromolecule in poor solvent. 

 

The diagram contains such areas as hollow nanospheres, cylinders, ordered (open rhombi) and 

disordered (filled rhombi) necklace conformations. The most interesting structures from the 

perspective of possible applications are hollow nanospheres ï spherical globules with a 

hollow interior. They could serve as nanosized containers for transport of substances through 

an outer matrix, in which they are otherwise soluble. The hollow nanospheres are stable and 

should be simple in preparation and varying of their size and the size of their hollow interior. 
 

1. A. A. Glagoleva et al. J. Chem. Phys. 2013, 139, 244901. 

2. V. Sadovnichy et al. In ñContemporary High Performance Computing: From Petascale toward Exascaleò 

(Chapman & Hall/CRC Computational Science), pp. 283-307, Boca Raton, USA, CRC Press, 2013. 

 

The work was supported by Russian Science Foundation (project 14-13-00745). The 

computations were performed using the resources of Supercomputing Center of Lomonosov 

Moscow State University. 
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ʄʆʃɽʂʋʃʗʈʅʓɽ ʀ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʉɺɽʈʍʈɸɿɺɽʊɺʃɽʅʅʓʍ ʇʆʃʀʉʀʃʉɽʉʂɺʀʆʂʉɸʅʆɺ 
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ʀʥʩʪʠʪʫʪ

 
ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ, 

ɹʦʣʴʰʦʡ ʧʨ., ʜ. 31, 199004, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
b
ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ. ʉ. ɽʥʠʢʦʣʦʧʦʚʘ ʈɸʅ, 

ʇʨʦʬʩʦʶʟʥʘʷ ʫʣ., ʜ. 70, 117093, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: cuci-qween@rambler.ru 

 

ʂʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ 

ʣʝʪ, ʦʜʥʘʢʦ ʧʦʜʭʦʜʳ ʢ ʠʭ ʧʦʣʫʯʝʥʠʶ ʠ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪ 

ʨʘʟʚʠʚʘʪʴʩʷ. ɺʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ ʚ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ, ʢʘʢ ʚ ʦʩʥʦʚʥʫʶ, ʪʘʢ ʠ ʚ 

ʙʦʢʦʚʳʝ, ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʫ ʧʦʣʠʤʝʨʘ ʨʷʜʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ,  ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʛʠʙʢʦʩʪʴ ʮʝʧʝʡ, ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʠ ʪ.ʜ. 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʦʙʨʘʟʮʳ ʩʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʦʛʦ ʧʦʣʠʤʝʪʠʣʩʠʣʩʝʩʢʚʠʦʢʩʘʥʘ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʟʚʝʥʴʝʚ [MeSiO1.5] : [Me3SiO0.5]  ʦʪ  1:1.8 ʜʦ 1:3.4 [1]. ʄʝʪʦʜʘʤʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʚ ʪʦʣʫʦʣʝ ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ 

[ɖ], ʫʜʝʣʴʥʳʡ ʧʘʨʮʠʘʣʴʥʳʡ ʦʙʲʝʤ  , ʠʥʢʨʝʤʝʥʪ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ dn/dc, 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʤʘʢʨʦʤʦʣʝʢʫʣ Rh ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ (MM). 

 
ʈʠʩ. 1. ʉʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʳʡ ʧʦʣʠʤʝʪʠʣʩʠʣʩʝʩʢʚʠʦʢʩʘʥ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʟʚʝʥʴʝʚ [MeSiO1.5] ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʦʩʪ 

ʜʦʣʠ ʵʪʠʭ ʟʚʝʥʴʝʚ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʘʨʮʠʘʣʴʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ, ʪʦ ʝʩʪʴ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠ              , ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 1.05 ʜʦ 

1.14 ʛ/ʩʤ
3
. ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʢʨʝʤʝʥʪʘ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ dn/dc ʦʪ ʩʦʩʪʘʚʘ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʣʠʤʝʪʠʣʩʠʣʩʝʩʢʚʠʦʢʩʘʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ  ʚ ʜʘʣʴʥʝʡʰʝʤ  ʦʧʨʝʜʝʣʷʪʴ 

ʩʦʩʪʘʚ ʥʦʚʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʚʝʣʠʯʠʥʝ dn/dc. 
 

1. I.B. Meshkov. Synthesis of hyperbranched polymethylsilsesquioxanes. 9
th
 International Workshop on Silicon-

based Polymers. Moscow, September 22-25, 2013. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʄʂ-222.2014.3. 
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ʉʀʅʊɽɿ ʀ ʉɺʆʁʉʊɺɸ 3-ʌʊʆʈʄɽʊʀʃ-2,1-ɹɽʅɿʀɿʆʂʉɸɿʆʃʆɺ 
 

ɸ.ʉ. ɻʦʣʫʙʝʚ, ɸ. ʌ. ʐʠʜʣʦʚʩʢʠʡ, ɸ.ʉ. ʇʝʨʝʛʫʜʦʚ,  

ʅ.ɼ. ʂʘʛʨʘʤʘʥʦʚ, ʀ.ɻ. ɹʘʨʘʢʦʚʩʢʘʷ
 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: golubev@ineos.ac.ru 

 

2,1-ɹʝʥʟʠʟʦʢʩʘʟʦʣʳ (ʘʥʪʨʘʥʠʣʳ) - ʚʘʞʥʳʡ ʢʣʘʩʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʥʠ 

ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʪʦʥʦʚ ʚ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʘʥʪʨʘʥʠʣʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦ-ʘʤʠʥʦʙʝʥʟʦʬʝʥʦʥʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚ 

ʩʠʥʪʝʟʝ ʪʨʘʥʢʚʠʣʠʟʘʪʦʨʦʚ 1,4-ʙʝʥʟʦʜʠʘʟʝʧʠʥʦʚʦʛʦ ʨʷʜʘ
1
. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ 3-(ʪʨʠʬʪʦʨʤʝʪʠʣ)- ʠ 3-

(ʜʠʬʪʦʨʤʝʪʠʣ)-2,1-ʙʝʥʟʠʟʦʢʩʘʟʦʣʦʚ ʠʩʭʦʜʷ ʠʟ ʜʦʩʪʫʧʥʳʭ  1-(2-ʛʘʣʦʛʝʥʬʝʥʠʣ)-2,2,2-

ʪʨʠʬʪʦʨ- ʠ 1-(2-ʛʘʣʦʛʝʥʬʝʥʠʣ)-2,2-ʜʠʬʪʦʨʵʪʘʥʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 1). 

 

O

CF
2
X

Hal

R

N

O

CF
2
X

RNaN3

DMF, 90-105 oC

R = H, Cl, Br  

X = F, H

Hal = F, Cl  
ʈʠʩ.1 ʉʠʥʪʝʟ 3-ʬʪʦʨʘʣʢʠʣ-2,1-ʙʝʥʟʠʟʦʢʩʘʟʦʣʦʚ 

1-(2-ɻʘʣʦʛʝʥʬʝʥʠʣ)-2,2,2-ʪʨʠʬʪʦʨ- ʠ 1-(2-ʛʘʣʦʛʝʥʬʝʥʠʣ)-2,2-ʜʠʬʪʦʨʵʪʘʥʦʥʳ ʨʝʘʛʠʨʫʶʪ 

ʩ ʘʟʠʜʦʤ ʥʘʪʨʠʷ ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʧʨʠ 90-105 
ʦ
ʉ, ʦʙʨʘʟʫʷ 3-(ʪʨʠʬʪʦʨʤʝʪʠʣ)- ʠ 3-

(ʜʠʬʪʦʨʤʝʪʠʣ)-2,1-ʙʝʥʟʠʟʦʢʩʘʟʦʣʳ ʩ ʚʳʭʦʜʘʤʠ 50-85%. ʇʨʝʚʨʘʱʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʘʥʜʝʤʥʳʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʬʪʦʨʘ 

ʘʟʠʜʦʤ ʥʘʪʨʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 1-(2-

ʘʟʠʜʦʬʝʥʠʣ)-2,2,2-ʪʨʠʬʪʦʨ- ʠ 1-(2-ʘʟʠʜʦʬʝʥʠʣ)-2,2-ʜʠʬʪʦʨ- ʵʪʘʥʦʥʦʚ.  

ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 3-ʬʪʦʨʤʝʪʠʣ-2,1-ʙʝʥʟʠʟʦʢʩʘʟʦʣʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ ʨʝʘʢʮʠʷʭ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʭ 

ʥʝʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɼʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʘʩʩ-

ʩʧʝʢʪʨʳ, ʀʂ-ʩʧʝʢʪʨʳ) 3-ʬʪʦʨʤʝʪʠʣ-2,1-ʙʝʥʟʠʟʦʢʩʘʟʦʣʦʚ ʠ 3-ʤʝʪʠʣ-2,1-ʙʝʥʟʠʟʦʢʩʘʟʦʣʘ. 

ʀʟʫʯʝʥʘ ʨʝʘʢʮʠʷ ʛʠʜʨʠʨʦʚʘʥʠʷ 3-ʬʪʦʨʤʝʪʠʣ-2,1-ʙʝʥʟʠʟʦʢʩʘʟʦʣʦʚ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʦ-

ʪʨʠʬʪʦʨʘʮʝʪʠʣ- ʠʣʠ ʦ-ʜʠʬʪʦʨʘʮʝʪʠʣʘʥʠʣʠʥʘʤ (ʨʠʩ. 2) ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. 
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ʈʠʩ.2 ʉʠʥʪʝʟ ʦ-ʬʪʦʨʘʮʝʪʠʣʘʥʠʣʠʥʦʚ 

ʆʙʩʫʞʜʘʶʪʩʷ  ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʦ-ʬʪʦʨʘʮʝʪʠʣʘʥʠʣʠʥʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤ ʩʠʥʪʝʟʦʤ ʯʝʨʝʟ ʪʨʠʬʪʦʨʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʜʠʣʠʪʠʝʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ N-ʘʮʠʣʠʨʦʚʘʥʥʳʭ ʘʥʠʣʠʥʦʚ
2
. 

1. ɺ.ɻ. ɻʨʘʥʠʢ et al. ʍʠʤ.-ʬʘʨʤ. ʞʫʨʥ. 1991, 25, 57-66. 

2. L. Zhu et al.  J. Fluorine Chem. 2010, 131, 800. 
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ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʄʌʀʌʀʃʔʅʓʍ 

ʉʆʇʆʃʀʃɸʂʊʀɼʆɺ 
 

ɺ. ʀ. ɻʦʤʟʷʢ
a
, ɺ. ɺ. ʀʩʪʨʘʪʦʚ

b
, ɸ. ʀ. ʂʫʣʝʙʷʢʠʥʘ

a
, ɽ. ɺ. ʂʦʟʣʦʚʘ

a
, ɺ. ɸ. ɺʘʩʥʝʚ

b
, 

ʉ. ʅ. ʏʚʘʣʫʥ
a 

 
a
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, 

ʧʣ. ɸʢʘʜʝʤʠʢʘ ʂʫʨʯʘʪʦʚʘ, ʜ. 1, 123098, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: vkhz88@mail.ru 

 

ɸʣʠʬʘʪʠʯʝʩʢʠʝ ʧʦʣʠʵʬʠʨʳ ʥʘ ʦʩʥʦʚʝ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʤʝʜʠʮʠʥʝ ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʨʘʟʣʦʞʝʥʠʶ ʜʦ 

ʥʝʪʦʢʩʠʯʥʳʭ ʠ ʣʝʛʢʦ ʚʳʚʦʜʠʤʳʭ ʠʟ ʦʨʛʘʥʠʟʤʘ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ 

ʜʝʩʷʪʠʣʝʪʠʷ ʚʥʠʤʘʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʣʣʝʢʪʠʚʦʚ ʙʳʣʦ 

ʧʦʩʚʷʱʝʥʦ ʘʤʬʠʬʠʣʴʥʳʤ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʧʦʣʠʵʬʠʨʘʤ ʚʩʣʝʜʩʪʚʠʝ ʠʭ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʭʦʨʦʰʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʝ 

ʧʦʣʠʤʝʨʳ, ʠʤʝʶʱʠʝ ʛʠʜʨʦʬʦʙʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʙʣʦʢʠ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʢʠʩʣʦʪ ʠ 

ʛʠʜʨʦʬʠʣʴʥʳʝ ʙʣʦʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜʘ ʠ ʧʦʣʠʛʣʠʮʝʨʠʥʘ, ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʥʦʚʝr ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʙʳʩʪʨʦ ʠ ʧʦʣʥʦʩʪʴ ʁʚʳʚʦʜʠʪʩɹʷ ʠʟ ʦʨʛʘʥʠʟʤʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʨʷʜ ʩʦʧʦʣʠʤʝʨʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʩʦʩʪʘʚʦʤ, ʧʨʠʨʦʜʦʡ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʛʠʜʨʦʬʠʣʴʥʳʭ ʛʨʫʧʧ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʨʷʜʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ L- ʠ D, L- ʣʘʢʪʠʜʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʦʬʠʣʴʥʳʭ ʙʣʦʢʦʚ, ʘ 

ʪʘʢʞʝ ʠʭ ʧʨʠʨʦʜʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩ ʛʠʜʨʦʬʠʣʴʥʳʭ ʠ ʛʠʜʨʦʬʦʙʥʳʭ ʙʣʦʢʦʚ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ. 14-03-00521). 
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ʋʅʀɺɽʈʉɸʃʔʅʓʁ ʍʀʈɸʃʔʅʓʁ ʈɽɸɻɽʅʊ ɼʃʗ CN-ʇɸʃʃɸ-

ɼɸʎʀʂʃʆɺ: (1R,2S,5R)-ʄɽʅʊʀʃʆʂʉʀɼʀʌɽʅʀʃʌʆʉʌʀʅ  
 

ʆ.ʅ. ɻʦʨʫʥʦʚʘ,
a
 ʀ.M. ʅʦʚʠʮʢʠʡ,

ʙ 
ʄ.ɺ. ʃʠʚʘʥʮʦʚ,

ʙ
 ʖ.ʂ. ɻʨʠʰʠʥ,

ʙ
 

ʀ.ʇ. ɻʣʦʨʠʦʟʦʚ,
ʙ
 ɺ.ʅ. ʍʨʫʩʪʘʣʝʚ,

a
 K.A. ʂʦʯʝʪʢʦʚ,

a
  ɺ.ɺ. ɼʫʥʠʥʘ.

ʙ
 

 
a
ʀʥʩʪʠʪʫʪ ʕʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʉʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ 28, ʄʦʩʢʚʘ, 119991, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
ʙ
ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ 1, ɻʉʇ-2, ʄʦʩʢʚʘ, 119991, ʈʦʩʩʠʡʩʢʘʷ ʬʝʜʝʨʘʮʠʷ 

ɽ-mail: olg111@yandex.ru 

 

ʇʨʠʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ CN-ʧʘʣʣʘʜʘʮʠʢʣʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʭʠʨʘʣʴʥʦʛʦ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʵʥʘʥʪʠʦʤʝʨʥʦʡ ʯʠʩʪʦʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
1
ʅ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʚ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨ ʩ 

ʫʩʣʦʞʥʝʥʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʩʢʝʣʝʪʦʤ, ʘ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝʥʘʜʝʞʥʳ ʠ ʥʝʧʨʠʝʤʣʝʤʳ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʵʥʘʥʪʠʦʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ in situ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʠʜʝʠ 

ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʗʄʈ 
31
ʈ. ɼʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʤʳ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʚ ʨʦʣʠ ʭʠʨʘʣʴʥʦʛʦ ʜʝʨʠʚʘʪʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʬʦʩʬʠʥʠʪ (1R,2S,5R)-ʤʝʥʪʠʣ-

ʦʢʩʠʜʠʬʝʥʠʣʬʦʩʬʠʥ (L* ), ʜʦʩʪʫʧʥʳʡ ʠʟ l-ʤʝʥʪʦʣʘ. 

ʉʤʝʩʴ ʵʥʘʥʪʠʦʤʝʨʦʚ CN-ʧʘʣʣʘʜʘʮʠʢʣʘ ʧʝʨʝʚʦʜʠʣʠ ʚ ʩʤʝʩʴ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʧʨʦʠʟ-

ʚʦʜʥʳʭ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʘʢʮʠʝʡ ʨʘʩʢʨʳʪʠʷ ʭʣʦʨʠʜʥʳʭ ʤʦʩʪʠʢʦʚ: 

 

rac-1             L*  = (1R)-MenOPPh2                                           (SC,1R)-2a    (DdP 4.96 ppm)     (RC,1R)-2b
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ʅʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʥʘʤʠ ʧʦʜʭʦʜʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ: (i) ʜʠʘʩʪʝ-

ʨʝʦʤʝʨʥʳʝ ʬʦʩʬʠʥʠʪʥʳʝ ʘʜʜʫʢʪ r(ʥʘʧʨʠʤʝʨ, 2ʘ ʠ 2b) ʦʙʨʘʟʫʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ in situ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; (ii) ʢʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʘ (1R)-L*  ʩ CN-ʧʘʣʣʘʜʘʮʠʢʣʘʤʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʠʦʩʧʝʮʠʬʠʯʥʦ ʚ ʪʨʘʥʩ(P,N)-ʛʝʦʤʝʪʨʠʠ; (iii) ʧʨʦʯʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ 

ʬʦʩʬʠʥʠʪʘ (1R)-L*  ʠʩʢʣʶʯʘʝʪ ʦʩʣʦʞʥʝʥʠʷ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; (iv) ʜʠʩʧʝʨʩʠʷ 

ʩʠʛʥʘʣʦʚ (SC,1R)/(RC,1RC)-ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʘʜʜʫʢʪʦʚ (Dd 0.5-5.0 ʤ.ʜ.) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʨʨʝʢʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʘʥʪʠʦʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ CN-ʧʘʣʣʘʜʘʮʠʢʣʘ; (v) CN-ʧʘʣʣʘʜʘ-

ʮʠʢʣ ʤʦʞʝʪ ʙʳʪʴ ʨʝʛʝʥʝʨʠʨʦʚʘʥ ʠʟ ʝʛʦ ʬʦʩʬʠʥʠʪʥʦʛʦ ʘʜʜʫʢʪʘ; (vi) ʵʥʘʥʪʠʦʤʝʨʥʘ ̫

ʯʠʩʪʦʪʘ ʪʝʩʪʠʨʫʝʤʦʛʦ ʧʘʣʣʘʜʘʮʠʢʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʤʠʥʦʨʥʦʛʦ 

ʜʠʘʩʪʝʨʝʦʤʝʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ; (vii ) ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ 

ʤʝʪʦʜ ʫʥʠʚʝʨʩʘʣʝʥ ʠ ʧʨʠʤʝʥʠʤ ʢ ʣʶʙʳʤ ʧʘʣʣʘʜʘʮʠʢʣʘʤ CN-ʪʠʧʘ.  

ʅʝʦʞʠʜʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʰʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ ʯʝʪʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ (dʈ) ʬʦʩʬʠʥʠʪʥʳʭ ʘʜʜʫʢʪʦʚ ʦʪ 

ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ CN-ʧʘʣʣʘʜʘʮʠʢʣʘ. ɸ ʠʤʝʥʥʦ, ʚ ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʧʨʦʠʟʚʦʜʥʳʭ 

(SC)-ʧʘʣʣʘʜʘʮʠʢʣʦʚ ʩʠʛʥʘʣ ʩʤʝʱʝʥ ʚ ʥʠʟʢʦʧʦʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ (RC)-ʜʠʤʝʨʘ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ 

ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ Ŭ-ʉ*-ʩʪʝʨʝʦʮʝʥʪʨʘ ʚ ʧʘʣʣʘʜʘʮʠʢʣʝ ʤʝʪʦʜʦʤ ʗʄʈ 
31
ʈ.   

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 13-03-01169). 
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ʉʀʅʊɽɿ ɻʀɹʈʀɼʅʓʍ ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ 

ʇʆʃʀ-(ʇ-ʌɽʅʀʃɽʅɺʀʅʀʃɽʅ) ï ʄɽɼʔ: 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ʀ ʆʇʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 
 

ɻʦʨʴʢʦʚ ʂ.ɺ.
a
, ʄʦʨʦʟʦʚ ʇ.ɺ.

b
, ʇʦʧʦʚ ɺ.ɻ.

b 

 
a
ʌʘʢʫʣʴʪʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ, 

ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, ʩʪʨ. 52, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ɸ.ɺ. ʊʦʧʯʠʝʚʘ ʈɸʅ, 

ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 29, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

Eïmail: gorkovk@yandex.ru 

 

ʇʦʣʠ-(ʧ-ʬʝʥʠʣʝʥʚʠʥʠʣʝʥ) (ʇʌɺ) ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʰʠʨʦʢʦ ʠʟʫʯʘʶʪ ʙʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ, ʧʦʩʢʦʣʴʢʫ ʠʥʞʝʢʮʠʷ ʜʳʨʦʢ ʥʘʤʥʦʛʦ ʙʦʣʝʝ 

ʚʳʛʦʜʥʘ ʯʝʤ ʠʥʞʝʢʮʠʷ ʵʣʝʢʪʨʦʥʦʚ.
1
 ʇʦʜʚʠʞʥʦʩʪʴ ʜʳʨʦʢ ʚ ʇʌɺ ʚ 200 ʨʘʟ ʚʳʰʝ 

ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ.
2
 ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʠʥʞʝʢʮʠʷ ʟʘʨʷʜʘ, ʘ ʪʘʢʞʝ 

ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚʥʫʪʨʠ ʠʟʣʫʯʘʶʱʝʛʦ ʩʣʦʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ, ʵʪʦʛʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʚʚʝʜʝʥʠʝʤ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ 

ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ. 

ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʧʘʨʦʬʘʟʥʦʛʦ ʩʦʦʩʘʞʜʝʥʠʷ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʛʠʙʨʠʜʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ-(ʧ-ʬʝʥʠʣʝʥʚʠʥʠʣʝʥʘ) ʠ ʤʝʜʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʥʦʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ Ŭ,Ŭô-ʜʠʭʣʦʨ-ʧ-ʢʩʠʣʦʣ. 

ʉ ʧʦʤʦʱʴʶ ʇʕʄ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʦʙʨʘʟʮʘʤ ʠ ʠʭ 

ʨʘʟʤʝʨ ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 3 ʜʦ 6 ʥʤ. ɼʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʜʠ. 

ʇʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʘʷ ʥʘʥʦʯʘʩʪʠʮʳ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʢʨʠʩʪʘʣʣʠʯʥʦʡ, 

ʩ ʨʘʟʤʝʨʘʤʠ ʢʨʠʩʪʘʣʣʠʪʦʚ ʦʪ 10 ʜʦ 24 ʥʤ. ʇʨʠ ʵʪʦʤ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʣʠʤʝʨ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʤ ʧ-ʬʝʥʠʣʝʥʚʠʥʠʣʝʥʘ ʠ ʧ-ʢʩʠʣʠʣʝʥʘ. 

 
 

ʈʠʩ. 1. ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ. ʈʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʤʝʜʠ ï 3-6 

ʥʤ. 

ʈʠʩ. 2. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʧʣʝʥʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ. 

1. Cho-Young Lee, Yong-June Choi, Hyung-Ho Park Journal of Applied Polymer Science, 2011, 119, 811. 

2. Kim, K.; Park, Y.; Lee, C. E.; Jang, J. W.; Jin, J. I. Macromol Symp, 2003, 192, 183. 
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ʂɸʊɸʃʀʊʀʏɽʉʂɸʗ ɸʂʊʀɺʅʆʉʊʔ ʄɽʊɸʃʃʆʇʆʈʌʀʈʀʅʆɺ ɺ 

ɻʆʄʆɻɽʅʅʓʍ ɸɺʊʆʂʆʃɽɹɸʊɽʃʔʅʓʍ ʈɽɸʂʎʀʗʍ 
 

ʄ. ɸ. ɻʨʘʜʦʚʘ
a
, ʆ.ɺ. ɻʨʘʜʦʚ

b
 

 
a
ʀʥʩʪʠʪʫʪ

 
ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, 

ʫʣ. ʂʦʩʳʛʠʥʘ, ʜ. 4, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
ʀʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ɺ.ʃ. ʊʘʣʴʨʦʟʝ ʈɸʅ, 

ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 38, ʢ. 2, 119334, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: m.a.gradova@gmail.com 

 

ʎʝʣʳʡ ʨʷʜ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʩʥʦʚʘʥ ʥʘ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʠ ʛʠʙʢʫʶ ʨʝʛʫʣʷʮʠʶ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʟʘ ʩʯʝʪ ʧʨʠʩʫʪʩʪʚʠʷ ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʠ ʥʘʣʠʯʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ 

ʤʝʭʘʥʠʟʤʝ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ʟʘʯʘʩʪʫʶ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʦʙʨʘʪʠʤʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠʣʠ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣʳ ʬʝʨʤʝʥʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʨʝʛʫʣʷʮʠʶ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʧʨʷʤʦʡ ʠʣʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ.  

ʊʘʢʞʝ ʠʟʚʝʩʪʝʥ ʨʷʜ ʤʦʜʝʣʴʥʳʭ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ in vitro ʩ ʫʯʘʩʪʠʝʤ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʣʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ. 

ʆʜʥʦʡ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʝʪʩʷ ʨʅ-

ʦʩʮʠʣʣʷʪʦʨ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʥʘ ʦʩʥʦʚʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʩʫʣʴʬʠʪ-

ʘʥʠʦʥʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʢʩʘʮʠʘʥʦʬʝʨʨʘʪʘ(II) ʢʘʣʠʷ [1,2]. ɺ ʙʦʣʝʝ 

ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʚʘʨʠʘʮʠʠ ʜʘʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ [3,4] ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʠʩʭʦʜʥʦʡ  ʨʝʜʦʢʩ-ʧʘʨʳ ʥʝʦʨʘʛʥʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʟʘʤʝʥʝʥ ʙʦʣʝʝ ʩʣʦʞʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʞʝʣʝʟʘ - ʛʝʤʠʥʦʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨʫ 

ʩʦʚʨʝʤʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʢʣʘʩʩʘ ʧʝʨʦʢʩʠʜʘʟ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ 

ʦʢʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʧʠʩʘʥʳ 

ʘʥʘʣʦʛʠʯʥʳʝ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʝ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩ ʫʯʘʩʪʠʝʤ ʙʠʦʛʝʥʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ ʠ ʩʘʤʠʭ ʬʝʨʤʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʝ ʢʘʢ in vitro, ʪʘʢ ʠ in vivo [5,6]. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ  ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʦʙʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʵʚʦʣʶʮʠʦʥʥʦʡ 

ʙʠʦʤʠʤʝʪʠʢʝ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʚʝʨʦʷʪʥʳʭ ʧʫʪʝʡ ʭʠʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʢʣʘʩʩʦʚ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʦʩʪʝʡʰʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʦʢʠʩʣʷʝʤʦʛʦ ʩʫʙʩʪʨʘʪʘ ʠ 

ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ ʚ ʧʨʝʜʝʣʘʭ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʢʠʥʝʪʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʚ ʤʦʜʝʣʴʥʳʭ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʪʠʧʘ ʨʅ-ʦʩʮʠʣʣʷʪʦʨʦʚ ʩ ʫʯʘʩʪʠʝʤ ʛʝʤʠʥʘ 

(Fe(III )-ʧʨʦʪʦʧʦʨʬʠʨʠʥʘ IX) ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʙʠʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʪʝʪʨʘʩʫʣʴʬʦʬʝʥʠʣʧʦʨʬʠʨʠʥʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʦʢʘʟʘʥʘ ʚʝʜʫʱʘʷ ʨʦʣʴ ʧʨʦʮʝʩʩʦʚ ʘʛʨʝʛʘʮʠʠ 

ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʘ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʝ. 

 
1. G. Rabai et al. J. Am. Chem. Soc., 1989, 111, 3870-3874. 

2. G. Rabai et al. J. Phys. Chem., 1994, 98, 2592-2594. 

3. M. J. B. Hauser et al. Faraday Discuss., 2001, 120, 229ï236. 

4. R. Straube et al. Phys. Rev. E, 2005, 72(4), 066205. 

5. U. Kummer et al. Biochim. Biophys. Acta, 1996, 1289(3), 397-403. 

6. V. K. Vanag et al. J. Chem. Phys., 2003, 125, 194515. 

7. A. Goldbeter. FEBS Letters, 2013, 587(17), 2778-2784. 
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4-ɻɸʃʆɻɽʅ-2-ʄɽʊʀʃ-ʌɽʅʆʂʉʀɸʎɽʊɸʊʓ ʊʈʀʉ-(2-

ɻʀɼʈʆʂʉʀʕʊʀʃ)ɸʄʄʆʅʀʗ (ɻɸʃʆɻɽʅʂʈɽɿɸʎʀʅʓ) 
 

ʆ.ʖ. ɻʨʠʛʦʨʴʝʚʘ, ʃ.ʀ. ɹʝʣʦʫʩʦʚʘ, ʅ.ʅ. ɺʣʘʩʦʚʘ, ʄ.ɻ. ɺʦʨʦʥʢʦʚ 

 

ʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ 

ʫʣ. ʌʘʚʦʨʩʢʦʛʦ, 1, 664033, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
E-mail: grigoreva_o@irioch.irk.ru 

 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʥʝʝ 2-ʤʝʪʠʣ-ʬʝʥʦʢʩʠʘʮʝʪʘʪ ʪʨʠʩ-(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)ʘʤʤʦʥʠʷ ī ʢʨʝʟʘʮʠʥ 

ʠʣʠ ʪʨʝʢʨʝʟʘʥ, ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʘʜʘʧʪʦʛʝʥ ʠ ʠʤʤʫʥʦʩʪʠʤʫʣʷʪʦʨ 

[1]. ɽʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʢʘʟʘʣʩʷ 4-ʭʣʦʨ-2-ʤʝʪʠʣ-

ʬʝʥʦʢʩʠʘʮʝʪʘʪ ʪʨʠʩ-(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)ʘʤʤʦʥʠʷ ī ʭʣʦʨʢʨʝʟʘʮʠʥ [2]. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʦʙʣʘʜʘʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢ 

ʠʥʪʝʨʝʩ ʚ ʧʦʣʫʯʝʥʠʠ ʜʨʫʛʠʭ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʭ ʢʨʝʟʘʮʠʥʘ ʠ ʚ ʩʦʟʜʘʥʠʠ ʫʜʦʙʥʦʛʦ, 

ʙʝʟʭʣʦʨʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʭʣʦʨʢʨʝʟʘʮʠʥʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʫʜʦʙʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 4-ʛʘʣʦʛʝʥ-2-ʤʝʪʠʣ-ʬʝʥʦʢʩʠʘʮʝʪʘʪʦʚ ʪʨʠʩ-(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)ʘʤʤʦʥʠʷ 

(ʛʘʣʦʛʝʥʢʨʝʟʘʮʠʥʳ), ʛʜʝ ʛʘʣʦʛʝʥ ʭʣʦʨ, ʙʨʦʤ, ʠʦʜ ʠʣʠ ʬʪʦʨ. 4-ʍʣʦʨ-2-ʤʝʪʠʣ-

ʬʝʥʦʢʩʠʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʭʣʦʨʢʨʝʟʘʮʠʥʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʘʤʠ ʩʧʦʩʦʙʦʤ, ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ ʭʣʦʨʠʨʦʚʘʥʠʠ 2-

ʤʝʪʠʣ-ʬʝʥʦʢʩʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʭʣʦʨʠʩʪʳʤ ʩʫʣʴʬʫʨʠʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʘʣʶʤʠʥʠʷ [3]. ɹʨʦʤʢʨʝʟʘʮʠʥ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʪʨʠʵʪʘʥʦʣʘʤʠʥʘ ʩ 4-ʙʨʦʤ-2-ʤʝʪʠʣ-ʬʝʥʦʢʩʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʙʨʦʤʠʨʦʚʘʥʠʝʤ 2-ʤʝʪʠʣ-ʬʝʥʦʢʩʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʵʣʝʤʝʥʪʥʳʤ ʙʨʦʤʦʤ [3]. ʀʦʜ- ʠ 

ʬʪʦʨʢʨʝʟʘʮʠʥ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʭʣʦʨʢʨʝʟʘʮʠʥʘ ʩ ʠʦʜʠʩʪʳʤ ʥʘʪʨʠʝʤ ʠ 

ʬʪʦʨʠʩʪʳʤ ʢʘʣʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
1. ɹʫʨʦʚ ʖ.ɺ. ʠ ʜʨ. ʇʘʪ. ʈʌ 2063749 (1993). ɹ.ʀ. 1996, ˉ 19. 

2. ɺʦʨʦʥʢʦʚ ʄ.ɻ. ʠ ʜʨ. ɸ.ʩ. 515742 (1973). ɹ.ʀ. 1976, ˉ 20. 

3. ɺʦʨʦʥʢʦʚ ʄ.ɻ. ʠ ʜʨ. ʇʘʪ. ʈʌ 2427568 (2009). ɹ.ʀ. 2011, ˉ 24. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʌ ʉʦʚʝʪʘ ʧʦ 

ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʅʐ-3649.2014.3). 
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ʂʈʀʆɻɽʃʀ ʇʆʃʀɺʀʅʀʃʆɺʆɻʆ ʉʇʀʈʊɸ, ʉʌʆʈʄʀʈʆɺɸʅʅʓɽ 

ʀɿ ʈɸʉʊɺʆʈʆɺ ʇʆʃʀʄɽʈɸ ɺ ɼʀʄɽʊʀʃʉʋʃʔʌʆʂʉʀɼɽ  

ʉ ɼʆɹɸɺʂɸʄʀ ʆɼʅʆ- ʀʃʀ ɼɺʋʍɸʊʆʄʅʓʍ ʉʇʀʈʊʆɺ 
 

ʀ.ʄ.ɻʨʷʟʥʦʚʘ
 a,b

, ʄ.ɸ.ʉʘʚʝʣʦʚʘ b
, ʀ.ɺ.ɹʘʢʝʝʚʘ b

, ɺ.ʀ.ʃʦʟʠʥʩʢʠʡ
 a
 

 
a 
ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ.ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

119991 ʄʦʩʢʚʘ, ʫʣ. ɺʘʚʠʣʦʚʘ 28; E-mail: loz@ineos.ac.ru 
b 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠʤ.ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 119571 ʄʦʩʢʚʘ, ʧʨ. ɺʝʨʥʘʜʩʢʦʛʦ 86; E-mail: ir_bak@mitht.ru 

 

ʂʨʠʦʛʝʣʠ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʂɻʇɺʉ) ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʘ, ʠʭ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʦʪʪʘʠʚʘʥʠʷ [1]. ɽʩʣʠ ʚ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʝʱʝ ʢʘʢʠʝ-ʣʠʙʦ ʜʦʙʘʚʢʠ, ʪʦ 

ʠʭ ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʨʘʩʪʚʦʨʦʤ ʧʦʣʠʤʝʨʘ 

ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʛʝʣʝʚʦʡ ʬʘʟʳ, ʘ ʪʘʢʞʝ ʥʘ ʤʘʢʨʦʧʦʨʠʩʪʫʶ ʤʦʨʬʦʣʦʛʠʶ ʂɻʇɺʉ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʩʝʨʠʠ ʦʜʥʦʘʪʦʤʥʳʭ (ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʥ-

ʧʨʦʧʘʥʦʣ ʠ ʥ-ʙʫʪʘʥʦʣ) ʠ ʜʚʫʭʘʪʦʤʥʳʭ (ʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʜʠʵʪʠʣʝʥʛʣʠʢʦʣ)ɹ ʩʧʠʨʪʦʚ, 

ʚʚʦʜʠʤʳʭ ʚ ʨʘʩʪʚʦʨ ʇɺʉ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ (ɼʄʉʆ), ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʂɻʇɺʉ. 

ʀʩʭʦʜʥʫ  ʁ ʢʦʥʮʝʥʪʨʘʮʠ ʁ ʇɺʉ ʚ ʨʘʩʪʚʦʨʝ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 80 ʜʦ 140 ʛ/ʣ, ʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʧʠʨʪʦʚʳʭ ʜʦʙʘʚʦʢ ʦʪ 0 ʜʦ ~2.5 ʤʦʣʴ/ʣ. ʈʘʩʪʚʦʨʳ ʟʘʤʦʨʘʞʠʚʘʣʠ ʧʨʠ 

ʨʘʟʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: -11.6, -21.6 ʠ -31.6
ʦ
ʉ (ʪ.ʝ. ʥʘ 30; 40 ʠ 50 ʛʨʘʜʫʩʦʚ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʯʠʩʪʦʛʦ ɼʄʉʆ), ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ 12 ʯ ʠ ʦʪʪʘʠʚʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 0.03
ʦ
C/ʤʠʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʦʣʠ ʣʶʙʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʦʜʥʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ, ʢʘʢ ʠ ʩ ʨʦʩʪʦʤ ʜʣʠʥʳ ʠʭ ʘʣʢʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʷʭ ʚʚʝʜʝʥʠʷ ʤʥʦʛʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ, ʚʦʟʨʘʩʪʘʪʁ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ 

ʠ ʞʝʩʪʢʦʩʪʴ ʂɻʇɺʉ, ʯʪʦ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʜʝʡʩʪʚʠʶ ʪʝʭ ʞʝ ʜʦʙʘʚʦʢ ʧʨʠ 

ʢʨʠʦʪʨʦʧʥʦʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʇɺʉ [2,3]. ʅʘʡʜʝʥʦ, ʯʪʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʢʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʧʠʨʪʘ ʩʝʯʝʥʠʝ ʤʘʢʨʦʧʦʨ ʚ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʨʠʦʛʝʣʷʭ ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʩʤ. ʧʨʠʤʝʨʳ ʨʠʩ.1), ʧʨʠ ʵʪʦʤ 

ʧʦʣʠʤʝʨ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʪʦʥʢʠʭ ʩʪʝʥʢʘʭ ʵʪʠʭ ʧʦʨ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ 

ʧʨʦʮʝʩʩʦʚ ʩʝʛʨʝʛʘʮʠʠ ʬʘʟ ʥʝ ʪʦʣʴʢʦ ʞʠʜʢʦʝ-ʪʚʝʨʜʦʝ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʠʩʭʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʥʦ ʠ ʞʠʜʢʦʝ-ʞʠʜʢʦʝ ʚ ʦʙʲʝʤʝ ʥʝʟʘʤʝʨʟʰʝʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ.  
 

ʘ)  ʙ)  ʚ)  ʛ)  ʜ) 

 

 

 

 

 

 

 

 

 
ʈʠʩ.1.  ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ (ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧ) ʦʢʨʘʰʝʥʥʳʭ ʂʦʥʛʦ ʢʨʘʩʥʳʤ ʪʦʥʢʠʭ 

ʩʨʝʟʦʚ ʢʨʠʦʛʝʣʝʡ ʇɺʉ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʘ ʇɺʉ (100 ʛ/ʣ) ʚ ɼʄʉʆ ʙʝʟ (ʘ) ʠ ʩ 

ʜʦʙʘʚʢʘʤʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʧʠʨʪʦʚ: ʤʝʪʘʥʦʣʘ (ʙ), ʵʪʘʥʦʣʘ (ʚ), ʥ-ʧʨʦʧʘʥʦʣʘ (ʛ) ʠ ʥ-

ʙʫʪʘʥʦʣʘ (ʜ). 
 

[1] ɺ.ʀ.ʃʦʟʠʥʩʢʠʡ // ʋʩʧʝʭʠ ʭʠʤʠʠ 67 (7) 641-655 (1998). 

[2] V.I.Lozinsky, E.V.Solodova, A.L.Zubov, I.A.Simenel. // J.Appl.Polym.Sci. 58 (2) 171-178 (1995). 

[3] V.I.Lozinsky, L.G.Damshkaln, I.N.Kurochkin, I.I.Kurochkin // Eur.Polym.J. 53 (4) 189-205 (2014). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊɸɹʀʃʔʅʆʉʊʀ ʀ ʈɽɸʂʎʀʆʅʅʆʁ 

ʉʇʆʉʆɹʅʆʉʊʀ ɼʀʊʆʇʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʉʀʃɽʅʆɺ 
 

ʉ. ʃ. ɻʫʩʝʣʴʥʠʢʦʚ 

 

ʀʥʩʪʠʪʫʪ
 
ʅʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ɸ. ɺ. ʊʦʧʯʠʝʚʘ ʈɸʅ, 

ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 29, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: guselnikovsl@gmail.com 

 

ʉ ʪʝʭ ʧʦʨ, ʢʘʢ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʠʪʦʧʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩʠʣʝʥʦʚ R2Si=CH2 (R = CH3, H) ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ Me2N(CH2)BF2 ʠ 

Me2N(CH2)SiF3 /1/, ʧʦʩʣʝʜʥʠʝ ʩʪʘʣʠ ʦʙʲʝʢʪʘʤʠ ʧʨʠʩʪʘʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʚ ʩʚʷʟʠ ʩ 

ʚʦʟʤʦʞʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʩʪʝʨʠʯʝʩʢʠ ʥʝʟʘʪʨʫʜʥʸʥʥʳʭ ʨʦʜʠʪʝʣʴʩʢʠʭ ʩʠʣʝʥʦʚ, 

ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʝ ʯʘʩʪʠʮʳ ʚ ʨʝʘʢʮʠʷʭ 2+2-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. /2/ ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ 

ʵʥʝʨʛʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʜʦʩʪʠʛʘʶʱʠʝ 64,4 ʢʢʘʣ/ʤʦʣʴ, ʧʨʠ ʜʠʪʦʧʥʦʤ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩʠʣʝʥʦʚ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʜʨʫʛʦʡ ʧʫʪʴ ʨʝʘʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʩʠʣʝʥʘ 

(ʘʜʜʫʢʪʳ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʣʝʜʥʝʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʪʦʧʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʠʤʝʪʠʣʩʠʣʝʥʘ ʠ ʜʠʤʝʪʠʣʩʠʣʘʬʦʩʬʝʥʘ ʩ Me2N(CH2)SiF3 ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʷʜʘ ʛʝʪʝʨʦʩʠʣʝʥʦʚ R2Si= X (X = E
14

H2, E
15

H, E
16

).  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷ ʭʦʪʝʣ ʙʳ ʩʦʦʙʱʠʪʴ ʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ (MP4(SDQ(T))/6-

311G(d,p)//MP2/6-31G(d,p)+ZPE) ʜʠʪʦʧʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʛʝʪʝʨʦʩʠʣʝʥʦʚ R2Si=X (X = 

E
14

H2, E
15

H, E
16

) ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʪʦʧʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʪʠʧʘ Me2N(CH2)SiX3 (ʛʜʝ X - 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʘʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ), ʯʪʦʙʳ ʧʨʦʷʩʥʠʪʴ ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ.  

 
1. V.G. Avakyan, S.L. Guselnikov, V.F. Sidorkin, E.P. Doronina, L.E. Guselônikov, Organometallics, 2009, 28, 

978. 

2. L.E. Gusel'nikov, V.G. Avakyan, S.L. Guselnikov, J. Am. Chem. Soc., 2002, 124, 662. 

  



103 

 

P58 

ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʅɽʂʆʊʆʈʓʍ ʆʈɻɸʅʀʏɽʉʂʀʍ 

ʇʈʆʀɿɺʆɼʅʓʍ ʉʋʈʔʄʓ Ph3Sb(III,V) C ɹʈʆʄʆʄ 
 

ɸ. ɺ. ɻʫʱʠʥ
a
, ʆ. ʉ. ʂʘʣʠʩʪʨʘʪʦʚʘ

ʘ
, ɸ. ʀ. ʄʘʣʝʝʚʘ

ʘ
, ʀ. ʖ. ʉʪʝʧʘʰʠʥʘ

ʘ
, ɺ. ʀ. 

ʈʳʢʘʣʠʥ
b
  

 
a
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʧʨ. ɻʘʛʘʨʠʥʘ, 

ʜ. 23, 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ
 

b
ɻʅʎ ʈʌ çʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡè, ʧʣʦʱʘʜʴ ʅʘʫʢʠ, ʜ. 1, 142281, ʛ. 

ʇʨʦʪʚʠʥʦ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

ɽ-mail: gushchin4@yandex.ru 

 

ʄʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʝ ʧʨʦʟʨʘʯʥʳʝ ʧʣʘʩʪʠʢʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʝʥʪʛʝʥʦʟʘʱʠʪʥʳʭ ʩʪʝʢʦʣ, ʧʦʢʨʳʪʠʡ, ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʯʘʩʪʠʮ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʚʚʝʜʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʦʣʠʤʝʨ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʥʝʧʨʝʜʝʣʴʥʦʝ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʚʚʦʜʠʪʩʷ ʚ ʤʦʥʦʤʝʨ ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʝʛʦ ʧʣʘʩʪʠʢʘ.  

Cʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʤʦʥʦʤʝʨʘ, ʩʪʨʦʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʩʪʠʨʦʣʘ ʚ ʪʚʝʨʜʦʤ 

ʧʦʣʠʩʪʠʨʦʣʝ ʧʨʠʛʦʪʘʚʣʠʚʘʶʪ ʨʘʩʪʚʦʨ ʧʦʣʠʤʝʨʘ ʠ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʠʝ ʙʨʦʤʥʦʛʦ ʯʠʩʣʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʙʨʦʤʘ ʥʘ ʨʘʩʪʚʦʨ ʧʦʣʠʩʪʠʨʦʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʩʫʨʴʤʳ, ʚʳʟʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʙʨʦʤʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʩʪʠʨʦʣʘ, ʥʦ ʪʘʢʞʝ 

ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

ʇʨʦʠʟʚʦʜʥʳʝ Sb(III ) ʦʯʝʥʴ ʙʳʩʪʨʦ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʙʨʦʤʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʙʨʦʤʠʜʘ Sb(V). ɺ ʩʣʫʯʘʝ ʪʨʠʬʝʥʠʣʩʫʨʴʤʳ: 
 

Ph3Sb + Br2 Ÿ Ph3SbBr2 

 

ɽʩʣʠ ʚ ʧʣʘʩʪʠʢʝ ʩʦʜʝʨʞʘʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ Sb(V), ʩʦʜʝʨʞʘʱʠʝ ʦʩʪʘʪʢʠ ʥʝʧʨʝʜʝʣʴʥʳʭ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʪʦ ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʙʨʦʤʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 ʧʦ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʨʦʤʘ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʪʨʘʙʨʦʤʠʜʘ Sb(V). ɺ ʩʣʫʯʘʝ ʜʠʘʢʨʠʣʘʪʘ ʪʨʠʬʝʥʠʣʩʫʨʴʤʳ: 

 

Ph3Sb(O2CCH=CH2)2 + 2 Br2 Ÿ Ph3Sb(O2CCHBr-CH2Br)2 

 

ʇʨʦʠʟʚʦʜʥʳʝ Sb(V), ʩʦʜʝʨʞʘʱʠʝ ʦʩʪʘʪʢʠ ʧʨʝʜʝʣʴʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʥʝ 

ʨʝʘʛʠʨʫʶʪ ʩ ʙʨʦʤʦʤ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ENANTIOMERIC  ENRICHED  

FERROCENE-CONTAINING NUCLEIC BASES 
 

N.R. Davletbaeva, M.M. Ilyin Jr., Z.A.  Starikova, L.V.  Snegur 

 

A.N. Nesmeyanov Institute of OrganoElement Compounds, Russian Academy of Sciences, 28 

Vavilov St., 119991 Moscow, Russian Federation 

E-mail:snegur@ineos.ac.ru 

 

Well known that ferrocene compounds with N-heterocycle moieties connected through alkyl 

bridges, ferrocenylalkyl heterocycles, FcAlkHet, demonstrate significant antitumor activities 

compared with anticancer drug cisplatin [1]. Unlike cisplatin, ferrocene compounds take 

undeniable competitive advantage, they are not-toxic.  

In development of our biological and synthetic research [1-4] enantiomeric enriched 

ferrocene-modified cytosine 3 (ee 97%) and adenine 4 (ee 97%) were synthesized via the 

reactions of the ferrocenyl amine (S)-FcCH(CH3)N(CH3) 2 (Fc = ferrocenyl) with nucleic 

bases in DMSO (Scheme) accordingly to the approach developed for racemic ferrocene 

heterocycles [3]. 

 
Just only (S)-N,N-dimethylaminoethyl ferrocene 2 was used instead of 1-(S)-ferrocenyl 

ethanol. This allows shortening two stages in preparing of initial ferrocene amine 2. 1-(S)-

Ferrocenylethyl cytosine 3 (80%) and 9-(S)-ferrocenylethyl adenine 4 (72%) were prepared in 

good yields with enantiomeric excesses 97% that was evaluated by HPLC method. Columns 

Chiralpak AS-H with modified cellulose for (S)-Fc-adenine and Kromasil AmyCoat for (S)-

Fc-cytosin were used as chiral selectors. Previously (S)-ferrocenyl amine 2 (ee 98%, so called 

Ugi`s amine) was synthesized by Ugi and Gokel protocols. X-ray structural research for 

complex of amine 2 with L-tartaric acid was carried out.  
 

1. L.V. Snegur, V.N. Babin, A.A. Simenel, Yu.S. Nekrasov, L.A. Ostrovskaya, N.S. Sergeeva, Antitumor 

activities of ferrocene compounds, Russ. Chem. Bull., Int. Ed. 2010, 59, No 12, 2167. 

2. L.V. Snegur, A.A. Simenel, A.N. Rodionov, V.I. Boev, Ferrocene-modification of organic compounds for 

medicinal applications, Russ. Chem. Bull., Int. Ed. 2014, 63, No 1, 26. 

3. A.A. Simenel, E.A. Morozova, L.V. Snegur et al., Simple route to ferrocenylalkyl nucleobases. Antitumor 

activity in vivo, Appl. Organomet. Chem., 2009, 23, 219. 

4. L.V. Snegur, S.I. Zykova, A.A. Simenel et al., Russ. Chem. Bull., Int. Ed. 2013, 62, No 9, 2056. 

 

This work was financially supported by the Russian Foundation for Basic Research (RFBR 

No 14-03-00980). 
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ʇʆʃʋʏɽʅʀɽ ʅʆɺʓʍ N-ɿɸʄɽʑɽʅʅʓʍ ʇʆʃʀɸʂʈʀʃɸʄʀɼʆɺ 

ɼʃʗ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɺ ɻɽʅʅʆʁ ʊɽʈɸʇʀʀ 
 

ʅ. ʂ. ɼʘʚʳʜʦʚʘ
a
, ʕ. ʍʘʣʘʜʞʦʚʘ

b
, ʉ. ʈʘʥʛʝʣʦʚ

b 

 
a 
ʌʝʜʝʨʘʣʴʥʦʝ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ   

(ʀʅʕʆʉ ʈɸʅ), ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
 ʀʥʩʪʠʪʫʪ ʇʦʣʠʤʝʨʦʚ ɹʦʣʛʘʨʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʉʦʬʠʷ 1113, ɹʦʣʛʘʨʠʷ 

E-mail: davydova@ineos.ac.ru 

 

ɻʝʥʥʘʷ ʪʝʨʘʧʠʷ - ʵʪʦ ʥʦʚʘʷ ʠ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʦʙʣʘʩʪʴ ʙʠʦʤʝʜʠʮʠʥʳ, ʠʤʝʶʱʘʷ 

ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʣʝʯʝʥʠʷ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʘʢʦ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ  ʚʥʝʜʨʝʥʠʷ  ʤʝʪʦʜʘ ʛʝʥʥʦʡ ʪʝʨʘʧʠʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʛʝʥʘ ʚ ʢʣʝʪʢʠ. ɺʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʪʘʚʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʣʝʪʢʠ 

ʷʚʣʷʶʪʩʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʤʝʨʳ, ʩʧʦʩʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʫʢʣʝʠʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʦʙʨʘʟʫʶʱʠʭ 

ʢʦʤʧʣʝʢʩʳ ʩ ɼʅʂ (ʧʦʣʠʧʣʝʢʩʳ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʡʪʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ  ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ  ʪʨʘʥʩʬʝʢʮʠʠ ʵʢʟʦʛʝʥʥʦʡ ɼʅʂ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʠʧʳ 

ʢʣʝʪʦʢ [1-3]. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʠʦʥʥʳʭ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʭ ʧʦʣʠʤʝʨʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʠʘʢʨʠʣʘʤʠʜʳ, ʢʦʪʦʨʳʝ ʫʞʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ.   

ʅʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʤʦʥʦʤʝʨʳ - ʧʨʦʠʟʚʦʜʥʳʝ ʘʢʨʠʣʘʤʠʜʘ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʳ N-ʟʘʤʝʱʝʥʥʳʝ ʧʦʣʠʘʢʨʠʣʘʤʠʜʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʦʝʥʠʝʤ ʮʝʧʠ 

ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɼʅʂ [4-6]. ɻʦʤʦʧʦʣʠʤʝʨʳ  N-(3-

ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣ) ʘʢʨʠʣʘʤʠʜʘ, N-ʬʝʥʵʪʠʣʘʢʨʠʣʘʤʠʜʘ ʠ N-ʧʠʨʠʜʠʥ-4-ʠʣ-ʤʝʪʠʣ-

ʘʢʨʠʣʘʤʠʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ ʧʝʨʝʥʦʩʘ ʮʝʧʠ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʛʦʤʦʧʦʣʠʤʝʨʳ ʠʤʝʶʪ ʥʠʟʢʠʡ ʠʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ, ʠʭ ʩʪʨʦʝʥʠʝ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʤʝʪʦʜʘʤʠ ʗʄʈ- ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʧʦʣʠʤʝʨʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʦʣʠʧʣʝʢʩʳ ʩ 

ʥʫʢʣʝʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʟʘ ʩʯʸʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  
 

1. Sh. Y. Wong et al. Prog. Polym. Sci. 2007, 32(8-9),799ï837. 

2. P. D. Petrov et al. RSC Advances 2013, 3(11), 3508-3511. 

3. E. Haladjova et al.  Soft Matter 2012, 8(10), 2884-2889.  

4. N. K. Davydova et al.  Abstract Book APME 2011, 5
th 

- 8
th
 September, Cappadocia ï TURKEY,   p.147.  

5. N. K. Davydova et al. Macromolecular Symposia 2012, 321-322(1), 84 -89. 

6. N. K. Davydova et al. AIP Conf. Proc. 2012, 1459, 220-222. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ6/29 ʤʝʞʜʫ ɹʦʣʛʘʨʩʢʦʡ ʠ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʷʤʠ ʥʘʫʢ. 
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ʅʆɺʓɽ ʄɸɻʅʀʊʅʓɽ ʅɸʅʆʂʆʄʇʆɿʀʊʓ ʅɸ ʆʉʅʆɺɽ 

ʌɽʈʈʆʎɽʅʉʆɼɽʈɾɸʑʀʍ ʇʆʃʀʄɽʈʆɺ, ʉʀʅʊɽɿʀʈʆɺɸʅʅʓʍ 

ɺ ʋʃʔʊʈɸɿɺʋʂɽ 
 

ɼʚʦʨʠʢʦʚʘ ʈ.ɸ.
a
, ʍʨʫʩʪʘʣʝʚ ɺ.ʅ.

ʘ
, ʐʘʥʜʠʮʝʚ ɺ.ɸ.

a
, ʇʘʰʫʥʠʥ ʖ.ʄ.

b
, ʅʘʛʦʨʥʦʚʘ 

ʀ.ɺ.
b
, ʈʦʜʣʦʚʩʢʘʷ ɽ.ʅ.

ʘ
 

 
a
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 b
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʝʯʘʪʠ ʠʤ. ʀʚʘʥʘ ʌʝʜʦʨʦʚʘ, ʄʦʩʢʚʘ, 

ʇʨʷʥʠʰʥʠʢʦʚʘ, 2ʘ 

ɽ-mail: rad@ineos.ac.ru 

 

ʋʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ 

ʩʠʥʪʝʟʘ ʠ ʩʚʦʡʩʪʚʘ ʬʝʨʨʦʮʝʥʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʬʝʥʠʣʝʥʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʨʝʘʢʮʠʠ 

ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʜʠ- ʠ ʤʦʥʦʘʮʝʪʠʣʬʝʨʨʦʮʝʥʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʣʦ ʦʙʨʘʟʦʚʘʥʠʝ 1,3-ʜʠʬʝʨʨʦʮʝʥʠʣʙʝʥʟʦʣʘ 

ʥʘʨʷʜʫ ʩ 1,3,5-ʪʨʠʬʝʨʨʦʮʝʥʠʣʙʝʥʟʦʣʦʤ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʬʝʨʨʦʮʝʥʦʚʳʭ ʷʜʝʨ ʚ 

ʤʦʣʝʢʫʣʘʭ ʧʦʣʠʬʝʥʠʣʝʥʦʚ ʠ ʟʘʤʝʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʝʬʝʢʪʥʳʭ ʜʠʧʥʦʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ. 
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ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ [1-4] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʜʦ 23 ɻʩȚʩʤ
3
/ʛ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 2,5 ʢʠʣʦʵʨʩʪʝʜ.  

ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʘʣʘ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʜʥʦʨʦʜʥʦʡ ʛʦʤʦʛʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʧʦ ʜʘʥʥʳʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʢʦʣʝʙʘʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 12-19 ʥʤ.  
 

1. ʈ. ɸ. ɼʚʦʨʠʢʦʚʘ ʠ ʜʨ. ɼʦʢʣʘʜʳ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, 2008, 422(3), 334ï338. 

2. ʈ. ɸ. ɼʚʦʨʠʢʦʚʘ ʠ ʜʨ. ʈʦʩʩʠʡʩʢʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, 2010, 5(9-10), 52ï58. 

3. R.A. Dvorikova et al.Journal of Characteriz. And Develop.of Novel Materials 2011 2,(2),191-206. 

4. ʈ. ɸ. ɼʚʦʨʠʢʦʚʘ ʠ ʜʨ. ʅʦʚʦʝ ʚ ʧʦʣʠʤʝʨʘʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʘʭ 2012, 2, 79ï85. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-03-00204). 
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ʀʄʄʆɹʀʃʀɿʆɺɸʅʅʓʁ ɹʀʉʆʂʉʆɿɸʃʀɼʀʅʆɺʓʁ ʃʀɻɸʅɼ ɺ 

ɸʉʀʄʄɽʊʈʀʏɽʉʂʆʁ ʈɽɸʂʎʀʀ ʌʈʀɼɽʃʗ-ʂʈɸʌʊʉɸ 
 

ɺ.ɻ. ɼʝʩʷʪʢʠʥ, ʄ.ɺ. ɸʥʦʭʠʥ, ʀ.ʇ. ɹʝʣʝʮʢʘʷ 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, ʩʪʨ. 3, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: desyatkinv@gmail.com 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʦʩʫʱʝʩʪʚʠʣʠ ʩʠʥʪʝʟ ʙʠʩʦʢʩʦʟʘʣʠʜʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ 1, ʝʛʦ 

ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʥʘ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʠ ʠʩʧʳʪʘʣʠ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

 
ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʤʳ ʚʳʙʨʘʣʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ 

ʄʝʨʨʠʬʠʣʜʦʚʩʢʠʡ ʧʦʣʠʤʝʨ. ʀʤʤʦʙʠʣʠʟʘʮʠʷ BOX-ʣʠʛʘʥʜʘ 1 ʥʘ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ çclickè-ʨʝʘʢʮʠʠ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʥʦʛʦ BOX-

ʣʠʛʘʥʜʘ 2 ʪʨʠʬʣʘʪʦʤ ʤʝʜʠ ʙʳʣ ʧʦʣʫʯʝʥ ʢʘʪʘʣʠʟʘʪʦʨ 3. 

 
ʇʦʣʠʤʝʨʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 3 ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-

ʂʨʘʬʪʩʘ ʠʥʜʦʣʦʚ ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ ʄʠʭʘʵʣʷ (ʘʨʠʣʠʜʝʥʤʘʣʦʥʘʪʘʤʠ, 

ʘʨʠʣʠʜʝʥʧʠʨʫʚʘʪʘʤʠ, ʪʨʠʬʪʦʨʧʠʨʫʚʘʪʘʤʠ). ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ (ʜʦ 99%) ʠ ʵʥʘʥʪʠʦʤʝʨʥʳʤʠ ʠʟʙʳʪʢʘʤʠ (ʚʧʣʦʪʴ ʜʦ 99%). ʂʨʦʤʝ ʪʦʛʦ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʮʠʢʣʠʟʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 3. 

  



108 

 

P63 

ʊʈʆʁʅʆʁ ʉʆʇʆʃʀʄɽʈ ʄɸʃɽʅʆɺʆɻʆ ɸʅɻʀɼʈʀɼɸ ʂɸʂ 

ʆʊɺɽʈɼʀʊɽʃʔ ʕɼ-20 ɺ ʇʆʃʀʕʊʀʃɽʅʆɺʓʍ ʂʆʄʇʆɿʀʎʀʗʍ 
 

ɼʞʘʬʘʨʦʚ ɺ.ɼ., ɹʘʙʘʝʚʘ ɻ.ʈ., ɹʝʢʪʘʰʠ ʉ.ɸ. 

 

ʀʥʩʪʠʪʫʪ ʇʦʣʠʤʝʨʥʳʭ ʄʘʪʝʨʠʘʣʦʚ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ 

ɸz. 5004. ʉʫʤʛʘʡʳʪ, ʫʣ. ʉ.ɺʫʨʛʫʥʘ, 124 

valeh_ani@mail.ru 

 

       ʉʠʥʪʝʟʠʨʦʚʘʥ ʪʨʦʡʥʦʡ ʩʦʧʦʣʠʤʝʨ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʩ ʛʝʧʪʝʥʦʤ-1 ʠ 

ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʄɸ - ɻʧ-1 - ɸʂ) ʩʦ ʩʣʝʜʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ: 
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ʅʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʦʡʥʦʛʦ ʩʦʧʦʣʠʤʝʨʘ (ʄɸ - ɻʧ-1 - ɸʂ) 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ, ʢʘʨʙʦʢʩʠʣʴʥʳʭ, ʘʥʛʠʜʨʠʜʥʳʭ ʛʨʫʧʧ ʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ 

ʜʘʣʦ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʘʧʧʨʝʪʘ, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʘʜʛʝʟʠʦʥʥʳʤʠ ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [1-3]. 

ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʦʟʠʮʠʠ ʩ ʜʚʫʤʷ ʩʦʩʪʘʚʘʤʠ, ʚ ʧʝʨʚʫʶ ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʦʪʨʘʙʦʪʘʥʥʳʡ 

ʇʕɺɼ, ʤʠʥʝʨʘʣʴʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʮʝʦʣʠʪʘ (ɸʡʜʘʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʊʘʫʟʩʢʦʛʦ ʨʘʡʦʥʘ ɸʟʝʨʙʘʡʜʞʘʥʘ), ʘ ʪʘʢʞʝ ʪʨʦʡʥʦʡ ʩʦʧʦʣʠʤʝʨ (ʄɸ ï ɻʧ-1 ï ɸʂ) 

ʠʩʧʦʣʴʟʫʝʤʦʡ  ʚ ʢʘʯʝʩʪʚʝ ʘʧʧʨʝʪʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ, ʘ ʚʦ ʚʪʦʨʫʶ ʚ ʠʜʝʥʪʠʯʥʳʡ ʩʦʩʪʘʚ 

ʢʦʤʧʦʟʠʮʠʠ ʜʦʙʘʚʣʝʥ 5 % ʕɼ-20. ʇʘʨʘʣʣʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʤʧʦʟʠʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ ʢʦʤʧʦʟʠʮʠʷ ʙʝʟ ʚʚʦʜʘ ʘʧʧʨʝʪʘ. 

ʊʘʢ ʚʚʦʜ ʘʧʧʨʝʪʘ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʟʨʳʚʝ ʦʪ 12,7 ʄʇʘ ʢ 13,8 ʠ 15,3 ʄʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʦʨʘʟʜʦ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʚ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʮʠʠ ʩ ʜʦʙʘʚʢʦʡ ʕɼ-20 

ʦʙʲʷʩʥʷʝʪʩʷ  ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʪʚʝʨʞʜʝʥʠʶ ʧʨʠʤʝʥʷʝʤʦʛʦ ʘʧʧʨʝʪʘ  ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ  

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ. ʊʘʢ, ʫʢʘʟʘʥʥʦʝ ʢʘʯʝʩʪʚʘ ʪʨʦʡʥʦʛʦ ʩʦʧʦʣʠʤʝʨʘ (ʄɸ ï ɻʧ-1 ï 

ɸʂ) ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʨʜʠʪʝʣʷ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ 

ʕɼ-20. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦ ʵʪʦʤʫ ʢʘʯʝʩʪʚʫ ʦʥ ʙʣʠʞʝ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʥʛʠʜʨʠʜʘʤ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ. 
 

1. ɺ.ɼ.ɼʞʘʬʘʨʦʚ ʍʠʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ ɻʨʫʟʠʠ 2005, 5(1), 32-35. 

2. ɺ.ɼ.ɼʞʘʬʘʨʦʚ ʠ ʜʨ. ɼʦʢʣʘʜʳ ʅɸʅɸ 2005, (1), 50-58. 

3. ɺ.ɼ.ɼʞʘʬʘʨʦʚ ʠ ʜʨ. ʇʣʘʩʩʪʠʯʝʩʢʠʝ ʤʘʩʩʳ,2013, (11), 61-63. 
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ʌɽʅʆʃʌʆʈʄɸʃʔɼɽɻʀɼʅʓɽ ʅʆɺʆʃɸʂʀ, ʉʆɼɽʈɾɸʑʀɽ 

ʆɼʅʆɺʈɽʄɽʅʅʆ ʌʊɸʃʀɼʅʓɽ ʀ ʌʊɸʃʀʄʀɼʀʅʆɺʓɽ 

ɻʈʋʇʇʓ, ʀ ʉʐʀʊʓɽ ʉʆʇʆʃʀʄɽʈʓ ʉ ʋʃʋʏʐɽʅʅʓʄʀ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄʀ ʅɸ ʀʍ ʆʉʅʆɺɽ 
 

ʉ.ɸ. ɼʦʥʝʮʢʘʷ, ʃ.ʅ. ʄʘʯʫʣʝʥʢʦ,ʉ.ʅ. ʉʘʣʘʟʢʠʥ,ɿ.ʉ. ʂʣʝʤʝʥʢʦʚʘ, ʄ.ʀ. ɹʫʟʠʥ 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: machul@ineos.acl.ru 

 

ʌʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʪʝʨʤʦʩʪʦʡʢʠʭ, ʪʝʧʣʦʟʘʱʠʪʥʳʭ, ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʭ, ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʘʚʠʮʠʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʀʅʕʆʉ ʈɸʅ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ 

ʬʪʘʣʠʜʩʦʜʝʨʞʘʱʠʭ ʠ ʬʪʘʣʠʤʠʜʠʥʩʦʜʝʨʞʘʱʠʭ ʨʝʟʦʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʝ ʜʣʷ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝʨʤʦ- ʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, ʘ ʪʘʢ ʞʝ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʷʚʣʷʪʴ ʵʬʬʝʢʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ [1,2,3]. 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʩʦʦʣʠʛʦʬʝʥʦʣ-

ʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʥʦʚʦʣʘʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʪʘʣʠʜʥʳʝ ʠ 

ʬʪʘʣʠʤʠʜʠʥʦʚʳʝ ʛʨʫʧʧʳ ʠ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʵʪʠʭ ʛʨʫʧʧ. ɺ ʢʘʯʝʩʪʚʝ 

ʬʪʘʣʠʜʩʦʜʝʨʞʘʱʠʭ ʙʠʩʬʝʥʦʣʦʚ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 3-ʬʝʥʠʣ-3(4'-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-ʬʪʘʣʠʜ 

(ʄʌ), ʘ ʚ ʢʘʯʝʩʪʚʝ ʬʪʘʣʠʤʠʜʠʥʩʦʜʝʨʞʘʱʠʭ ʙʠʩʬʝʥʦʣʦʚ: 3,3-ʙʠʩ(4'-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-

ʬʪʘʣʠʤʠʜʠʥ (ʀʌʌ), 2-ʬʝʥʠʣ-3,3-ʙʠʩ(4'-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-ʬʪʘʣʠʤʠʜʠʥ (ɸʌʌ) ʠ 2-(ɓ-

ʛʠʜʨʦʢʩʠʵʪʠʣ)-3,3-ʙʠʩ(4'-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʬʪʘʣʠʤʠʜʠʥ (ɻʀʌʌ). ʆʙʨʘʟʦʚʘʥʠʝ ʬʝʥʦʣ-

ʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʩʦʦʣʠʛʦʤʝʨʦʚ ʥʦʚʦʣʘʯʥʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʪʨʦʡʥʳʭ ʩʤʝʩʝʡ ʬʝʥʦʣʘ ʩ 

ʄʌ ʠ ʬʪʘʣʠʤʠʜʠʥʩʦʜʝʨʞʘʱʠʤʠ ʙʠʩʬʝʥʦʣʘʤʠ, ʚʟʷʪʳʭ ʚ ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʩ 

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩʭʝʤʝ1: 
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ʛʜʝ   R1=-ʅ(ʀʌʌ), -C6H5(ɸʌʌ) ʠʣʠ ïʉʅ2-ʉʅ2ʆʅ(ɻʀʌʌ) 

ʉʭʝʤʘ1. ʆʙʨʘʟʦʚʘʥʠʝ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʩʦʦʣʠʛʦʤʝʨʦʚ ʥʦʚʦʣʘʯʥʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʪʨʦʡʥʳʭ 

ʩʤʝʩʝʡ ʬʝʥʦʣʘ ʩ ʄʌ ʠ ʬʪʘʣʠʤʠʜʠʥʩʦʜʝʨʞʘʱʠʤʠ ʙʠʩʬʝʥʦʣʘʤʠ 

ʅʘ ʦʩʥʦʚʝ ʩʦʦʣʠʛʦʤʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʪʚʝʨʜʠʪʝʣʝʡ ʧʦʣʫʯʝʥʳ ʩʰʠʪʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʪʘʣʠʜʥʳʝ ʠ ʬʪʘʣʠʤʠʜʠʥʦʚʳʝ ʛʨʫʧʧʳ. ʀʟʫʯʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʠ ʪʝʨʤʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʰʠʪʳʭ ʩʦʧʦʣʠʤʝʨʦʚ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʄʌ ʠ ʬʪʘʣʠʤʠʜʠʥʩʦʜʝʨʞʘʱʠʭ ʙʠʩʬʝʥʦʣʦʚ.   
 

1. ʉ.ʅ.ʉʘʣʘʟʢʠʥ ʠ ʜʨ.ɺʳʩʦʢʦʤʦʣʝʢ.ʩʦʝʜ. ɸ.2008.50.ˉ3.399 

2. ʃ.ʅ.ʄʘʯʫʣʝʥʢʦ ʠ ʜʨ.ʇʣʘʩʪʠʯʝʩʢʠʝ ʤʘʩʩʳ. 2011.ˉ6.24  

3. ʃ.ʅ.ʄʘʯʫʣʝʥʢʦ ʠ ʜʨ.ʇʘʪʝʥʪ ʈʌ 2̄44279. 20.02.2012 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-00331) ʠ 

ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ8ʇ. 
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ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʄɽʍɸʅʆʍʀʄʀʀ ɼʃʗ 

ʈɸɿʈɸɹʆʊʂʀ ʉʋʇʈɸʄʆʃɽʂʋʃʗʈʅʓʍ ʉʀʉʊɽʄ ɼʆʉʊɸɺʂʀ 

ʃɽʂɸʈʉʊɺ ʅɸ ʆʉʅʆɺɽ ɻʀɼʈʆʌʀʃʔʅʓʍ ʇʆʃʀʄɽʈʆɺ 
 

ɸ.ɺ. ɼʫʰʢʠʥ
a 
, ʊ.ɻ.ʊʦʣʩʪʠʢʦʚʘ

b 
, ʍʘʣʠʢʦʚ ʉ.ʉ.

c 
, ʇʦʣʷʢʦʚ ʅ.ʕ.

d
 , ʄʦʨʜʚʠʥʦʚ ɺ.ɸ.

e
,  

ɻʘʡʜʫʣʴ ʂ.ɺ.
f
, ɸʨʭʠʧʦʚ ʀ.ɸ.

g
 

 
a
ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ,  ʫʣ. ʂʫʪʘʪʝʣʘʜʟʝ, ʜ.18, 

630128, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 
b
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ 

ʅ.ʀ.ɺʦʨʦʞʮʦʚʘ  ʉʆ ʈɸʅ, ʧʨ. ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, ʜ. 9, 630090, ʅʦʚʦʩʠʙʠʨʩʢ,  

ʈʦʩʩʠʷ, 
c
ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈAH, ʫʣ. 

ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 
d
ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ 

ʉʆ ʈɸʅ, ʫʣ. ʀʥʩʪʠʪʫʪʩʢʘʷ, ʜ.3, 630090,  ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 
e
ʀʥʩʪʠʪʫʪ ʮʠʪʦʣʦʛʠʠ 

ʠ ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ, ʧʨ. ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, ʜ. 10, 630090, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 
f
ʅʀʀ ʢʣʠʥʠʯʝʩʢʦʡ ʠʤʤʫʥʦʣʦʛʠʠ ʉʆ ʈɸʄʅ, ʫʣ. ʗʜʨʠʥʮʝʚʩʢʘʷ, ʜ.14, 630099, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 
g
 ɻʅʋ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʛʝʣʴʤʠʥʪʦʣʦʛʠʠ ʠʤ. ʂ.ʀ. ʉʢʨʷʙʠʥʘ ʈɸʉʍʅ, ʫʣ.ɹ. ʏʝʨʝʤʫʰʢʠʥʩʢʘʷ, ʜ.28, 117218, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

dushkin@solid.nsc.ru 

 

ɺ ʨʘʙʦʪʘʭ [1-4] ʠʥʩʪʠʪʫʪʦʚ ʈɸʅ, ʈɸʄʅ ʠ ʈɸʉʍʅ ʠʩʩʣʝʜʦʚʘʥʳ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʠʩʪʝʤ/ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ çʛʦʩʪʴ-ʭʦʟʷʠʥè, ʛʜʝ çʛʦʩʪʴè - ʤʦʣʝʢʫʣʳ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʚʝʱʝʩʪʚ, ʘ çʭʦʟʷʠʥè - ʵʪʦ ʯʘʩʪʠʮʘ ʥʦʩʠʪʝʣʴ ï ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʧʦʣʠʩʘʭʘʨʠʜʘ, ʤʠʮʝʣʣʘ 

ʛʣʠʢʦʟʠʜʘ,  ʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʧʨ. ʋʩʠʣʝʥʥʳʡ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʚʝʨʦʷʪʥʦ, ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ çʘʜʨʝʩʥʦʡè ʜʦʩʪʘʚʢʠ ʤʦʣʝʢʫʣ ʣʝʢʘʨʩʪʚ ʢ 

ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  ʨʝʮʝʧʪʦʨʦʚ ʦʨʛʘʥʠʟʤʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

çʭʦʟʷʝʚʘʤʠè ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ï 

ʛʣʠʮʠʨʨʠʟʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥ, ʘ ʪʘʢʞʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʥʘʥʦ- ʠ ʤʠʢʨʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʢʦʣʣʦʠʜʥʦʛʦ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ 

ʪʚʝʨʜʦʬʘʟʥʘʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʳʭ ʜʠʩʧʝʨʩʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ, ʣʠʙʦ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʠʩʧʝʨʩʠʡ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʢʣʶʯʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʤʦʣʝʢʫʣ ʚ ʫʢʘʟʘʥʥʳʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʭ ʜʝʡʩʪʚʠʷ - ʩʫʱʝʩʪʚʝʥʥʦ (ʚ 2-

150 ʨʘʟ) ʩʥʠʟʠʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ ʜʦʟʫ ʣʝʢʘʨʩʪʚʘ, ʫʤʝʥʴʰʠʪʴ (ʚʧʣʦʪʴ ʜʦ 

ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ) ʚʨʝʜʥʳʝ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʫʩʠʣʠʪʴ ʥʝʪʠʧʠʯʥʳʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʧʣʝʡʦʪʨʦʧʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʝʧʘʨʘʪʦʚ. 
 

1. A.V. Dushkin et al. The Complex World of Polysaccharides, ed.by Dr. D.N.Karunaratn, Publisher: InTech., 

2012, 573-602. 

2. ɸ.ɺ.ɼʫʰʢʠʥ ʠ ʜʨ. ɼɸʅ, 2013, 451(1), 107-109. 

3. Yu.S. Chistyachenko et al. Drug Delivery, Early Online: 1ï8, 2014 Informa Healthcare USA, Inc. DOI: 

10.3109/10717544.2014.884655. 

4. Yu.S. Chistyachenko et al.  Doklady Akademii Nauk, 2014, 456 (6), 617ï619. 
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ʅʆɺɸʗ ʄɽʊʆɼʆʃʆɻʀʗ ʇʆʃʋʏɽʅʀʗ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ 

ʇʀʈʆʋɻʃɽʈʆɼʅʓʍ ʄɸʊɽʈʀɸʃʆɺ, ʉʆɼɽʈɾɸʑʀʍ 

ʅɸʅʆʏɸʉʊʀʎʓ ɾɽʃɽɿɸ  
 

ɺ. ʀ. ɼʷʯʝʥʢʦ, ʆ. ɸ. ʄʝʣʴʥʠʢ, ʃ. ʅ. ʅʠʢʠʪʠʥ,  ʉ. ʄ. ʀʛʫʤʥʦʚ,  

ʗ. ʉ. ɺʳʛʦʜʩʢʠʡ, ʘʢʘʜʝʤʠʢ ɸ. ʈ. ʍʦʭʣʦʚ
 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail:vic-d.60@mail.ru 

 

        ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʨʘʟʚʠʪʠʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʆʥʠ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ  ʨʘʜʠʦʪʝʭʥʠʢʝ, ʵʣʝʢʪʨʦʥʠʢʝ, 

ʵʣʝʢʪʨʦʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʤʝʜʠʮʠʥʝ. ɺʘʞʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʥʠʭ ʟʘʥʠʤʘʶʪ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

        ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʧʠʨʦʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ,  ʜʦʧʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʞʝʣʝʟʘ (Fe
0
). ʆʥʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʥʪʝʟʝ ʬʝʨʨʦʮʝʥʩʦʜʝʨʞʘʱʠʭ ʤʦʥʦʤʝʨʦʚ - 1-ʪʨʠʬʪʦʨʤʝʪʠʣ-1-

ʬʝʨʨʦʮʝʥʠʣ-2,2,2-ʪʨʠʬʪʦʨʵʪʠʣʦʚʦʛʦ ʵʬʠʨʦʚ (ʤʝʪ)ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 1ʘ,b [1], 

ʧʦʣʫʯʝʥʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʛʦʤʦ- ʠ ʩʦʧʦʣʠʤʝʨʦʚ [2],  ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʜʘʥʥʳʝ (ʩʦ)ʧʦʣʠʤʝʨʳ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (500-1000 
ʦ
ʉ). 

H

Fe

CF
3

CF
3

O

O
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3

Fe

CF
3

CF
3

O

O

(1a) (1b)  
ʇʠʨʦʫʛʣʝʨʦʜʥʘʷ ʤʘʪʨʠʮʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ    

ʥʘʥʦʯʘʩʪʠʮʳ ʞʝʣʝʟʘ (Fe
0
) ʩʦ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʨʘʟʤʝʨʦʤ 50 ʥʤ  (ʈʠʩ.1).  

                   
ʈʠʩ.1.                                                                  ʈʠʩ.2. 

ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʫʛʣʝʨʦʜʘ ʚ ʩʦʩʪʦʷʥʠʠ sp
2
-ʛʠʙʨʠʜʠʟʘʮʠʠ, 80% ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʛʨʘʬʠʪ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʈʠʩ.2). ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 59 ɻʩ 

ʭ ʩʤ
3
/ʛ. ʆʙʩʫʞʜʘʶʪʩʷ ʘʩʧʝʢʪʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʞʝʣʝʟʘ (Fe

0
). 

1. V. I. Dyachenko et al. Fluorine Notes. 2011, 79(6). 

2. ʆ. ɸ. ʄʝʣʴʥʠʢ ʠ ʜʨ. ɺʳʩʦʢʦʤʦʣʝʢ. ʩʦʝʜ., ɸ, 2013, 55(11), 1315-1320. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ (ʧʨʦʛʨʘʤʤʘ ʇ8). 
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ʀ. ɺ. ɽʛʦʨʦʚʘ
ʘ
, ɺ. ɺ. ɾʠʜʢʦʚ

ʘ
, ʀ. ʇ. ɻʨʠʥʠʰʘʢ

ʘ 
 

a
ɹʣʘʛʦʚʝʱʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʫʣ. ʃʝʥʠʥʘ, ʜ. 104, 675000, ɹʣʘʛʦʚʝʱʝʥʩʢ, ʈʦʩʩʠʷ 

ɽ-mail: bgpu.chim.egorova@mail.ru 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʧʷʪʠʚʘʣʝʥʪʥʦʡ ʩʫʨʴʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʜʦʙʘʚʦʢ 

ʢ ʤʘʩʣʘʤ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʙʠʦʮʠʜʦʚ ʠ ʬʫʥʛʠʮʠʜʦʚ, ʠʥʠʮʠʘʪʦʨʦʚ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʠʟʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ, ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ [1]. 

ʎʠʘʥʘʤʠʜʳ ʧʷʪʠʚʘʣʝʥʪʥʦʡ ʩʫʨʴʤʳ ʦʙʱʝʡ ʬʦʨʤʫʣʳ ɸr4SbNʉNʅ, ʛʜʝ Ar = C6H5, 4-

ʉʅ3īC6H4 ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʝʥʪʘʘʨʠʣʩʫʨʴʤʳ ɸr5Sb, ʛʜʝ Ar = C6H5, 

4-ʉʅ3īC6H4 ʩ ʤʦʯʝʚʠʥʦʡ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 180-190Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 10 

ʤʠʥʫʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 3-ʭ ʢʨʘʪʥʦʡ ʦʪʤʳʚʢʦʡ ʩʥʘʯʘʣʘ 30 ʤʣ ʚʦʜʳ, ʘ 

ʟʘʪʝʤ 30 ʤʣ ʘʮʝʪʦʥʘ ʠ ʚʳʜʝʣʝʥʠʝʤ ʮʠʘʥʘʤʠʜʦʚ ʪʝʪʨʘʘʨʠʣʩʫʨʴʤʳ ʠʟ ʘʮʝʪʦʥʘ. ɺʳʭʦʜ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 41-62 %. 

ʎʠʘʥʘʤʠʜʳ ʪʝʪʨʘʘʨʠʣʩʫʨʴʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʦʢʨʘʰʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ.  

ʎʠʘʥʘʤʠʜʳ ʪʝʪʨʘʘʨʠʣʩʫʨʴʤʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʘʢʞʝ ʠʟ ʛʘʣʦʛʝʥʠʜʦʚ ʪʝʪʨʘʘʨʠʣʩʫʨʴʤʳ, 

ʘʨʝʥʩʫʣʴʬʦʥʘʪʦʚ ʪʝʪʨʘʘʨʠʣʩʫʨʴʤʳ ʦʙʱʝʡ ʬʦʨʤʫʣʳ ɸr4Sbʍ, ʛʜʝ Ar = C6H5, 4-

ʉʅ3īC6H4, ʍ = Cl, Br, ʆSO2C6H4CH3-4, ʆSO2C6H3(CH3)2-2,5 ʠ ʤʦʯʝʚʠʥʳ. 

ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʀʂ-ʩʧʝʢʪʨʳ ʮʠʘʥʘʤʠʜʦʚ ʪʝʪʨʘʘʨʠʣʩʫʨʴʤʳ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʧʝʥʪʘʘʨʠʣʩʫʨʴʤʳ ʠʣʠ ʛʘʣʦʛʝʥʠʜʦʚ ʪʝʪʨʘʘʨʠʣʩʫʨʴʤʳ, ʘʨʝʥʩʫʣʴʬʦʥʘʪʦʚ 

ʪʝʪʨʘʘʨʠʣʩʫʨʴʤʳ ʠ ʤʦʯʝʚʠʥʳ, ʠʜʝʥʪʠʯʥʳ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʮʠʘʥʘʤʠʜʳ ʵʣʝʤʝʥʪʦʚ 15 ʛʨʫʧʧʳ ʚ 

ʂʝʤʙʨʠʜʞʩʢʦʤ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [2] ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʥʘ ʧʨʠʤʝʨʝ ʙʝʥʟʦʠʣʮʠʘʥʘʤʠʜʘ ʪʝʪʨʘʬʝʥʠʣʩʫʨʴʤʳ Ph4Sb{ BCA}, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ 

ʠʤʝʣʦ ʤʝʩʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʨʦʤʠʜʘ ʪʝʪʨʘʬʝʥʠʣʩʫʨʴʤʳ ʠ ʙʝʥʟʦʠʣʮʠʘʥʘʤʠʜʘ 

ʩʝʨʝʙʨʘ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ [3].  

ʉʪʨʦʝʥʠʝ ʮʠʘʥʘʤʠʜʘ ʪʝʪʨʘʬʝʥʠʣʩʫʨʴʤʳ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʘʪʦʤ ʩʫʨʴʤʳ ʠʤʝʝʪ ʠʩʢʘʞʝʥʥʫʶ 

ʪʨʠʛʦʥʘʣʴʥʦ-ʙʠʧʠʨʘʤʠʜʘʣʴʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʝʤʷ 

ʬʝʥʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʎʠʘʥʘʤʠʜʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʘʢʩʠʘʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ. ɸʢʩʠʘʣʴʥʳʡ ʫʛʦʣ ʉSbN ʨʘʚʝʥ 177.76Á. ʕʢʚʘʪʦʨʠʘʣʴʥʳʝ ʫʛʣʳ ʩʦʩʪʘʚʣʷʶʪ 

115.02-122.22Á. ʕʢʚʘʪʦʨʠʘʣʴʥʳʝ ʩʚʷʟʠ ʉƄSb (2.107-2.118 ¡) ʥʝ ʣʝʞʘʪ ʚ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ɸʢʩʠʘʣʴʥʘʷ ʩʚʷʟʴ ʉƄSb (2.167 ¡) ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ. ʉʚʷʟʠ CƄN ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʣʠʥʝʘʨʥʳ, ʫʛʦʣ NCN ʨʘʚʝʥ 178.3Á.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 180-190Áʉ ʧʝʥʪʘʘʨʠʣʩʫʨʴʤʘ 

ʠʣʠ ʛʘʣʦʛʝʥʠʜʳ ʪʝʪʨʘʘʨʠʣʩʫʨʴʤʳ, ʘʨʝʥʩʫʣʴʬʦʥʘʪʳ ʪʝʪʨʘʘʨʠʣʩʫʨʴʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʩ ʤʦʯʝʚʠʥʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʮʠʘʥʘʤʠʜʦʚ ʪʝʪʨʘʘʨʠʣʩʫʨʴʤʳ. 
 

1. ʍʠʤʠʯʝʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ: ɺ 5 ʪ.: ʊ. 4 / ʇʦʜ ʨʝʜ.: ɿʝʬʠʨʦʚʘ ʅ.ʉ. ï ʄ.: ɹʦʣʴʰʘʷ ʈʦʩʩʠʡʩʢʘʷ ʵʥʮʠʢʣ., 

1995, 477. 

2. Cambridge Crystallografic Database. Release 2013. Cambridge.  

3. ʇʦʥʦʤʘʨʝʚʘ ɺ.ɺ. ʠ ʜʨ. ɾʅʍ. 1995. 5, 1863ï1868. 
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ɸ. ʅ. ɽʛʦʨʦʯʢʠʥ, ʆ. ɺ. ʂʫʟʥʝʮʦʚʘ, ʅ. ʄ. ʍʘʤʘʣʝʪʜʠʥʦʚʘ,  ʄ. ɻ. ɺʦʨʦʥʢʦʚ 

 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ,  

ʫʣ. ʊʨʦʧʠʥʠʥʘ, ʜ. 49, 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: egor@iomc.ras.ru 

 

1. ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ; 

ʥʝʜʦʩʪʘʪʢʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

2. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʈ ʩʠʩʪʝʤ Rc
d
X ʠ Rc

d
BX (ʦʢʦʣʦ 400 ʩʝʨʠʡ), 

ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʠʟʙʳʪʦʯʥʳʡ ʟʘʨʷʜ d ʥʘ ʨʝʘʢʮʠʦʥʥʦʤ ʮʝʥʪʨʝ Rc, ʤʦʛʫʪ ʠʤʝʪʴ 

ʤʦʩʪʠʢ ɺ (            , -ʉ=ʉ-, -ʉ¹ʉ-, é) ʤʝʞʜʫ Rc ʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʍ, ʩʦʜʝʨʞʘʪ 

ʘʪʦʤ ʥʝʧʝʨʝʭʦʜʥʦʛʦ ʠʣʠ ʧʝʨʝʭʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ Rc ʠʣʠ ʍ. ɿʘʨʷʜ d ʚʦʟʥʠʢʘʝʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʠʦʥʠʟʘʮʠʠ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ ʨʘʟʨʳʚʘ ʩʚʷʟʝʡ ʚ Rc. 

3. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʍ ʥʘ ʬʠʟʠʯʝʩʢʠʝ (ʧʘʨʘʤʝʪʨʳ ʀʂ-, ʋʌ-, ʗʄʈ-, ʕʇʈ-, ʌʕʉ-, 

ʈʕʉ-, ʗʂʈ-, ʗɻʈ-ʩʧʝʢʪʨʦʚ) ʠ ʭʠʤʠʯʝʩʢʠʝ (ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ, ʘʢʪʠʚʘʮʠʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʡ) ʩʚʦʡʩʪʚʘ ʈ, ʥʘ ʜʣʠʥʳ ʠ ʵʥʪʘʣʴʧʠʠ ʨʘʟʨʳʚʘ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʥʘ 

ʪʦʢʩʠʯʥʦʩʪʴ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

4. ɺʳʷʚʣʝʥʠʝ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʚʣʠʷʥʠʝ ʍ ʥʘ ʈ ʩʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʢ ʠʥʜʫʢʪʠʚʥʦʤʫ 

ʵʬʬʝʢʪʫ ʠ ʩʦʧʨʷʞʝʥʠʶ. ʕʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ 1,4-Rc
d
C6H4X: 

P = P0 + asI + bsR(sR
+
,sR
-
), 

ʛʜʝ sI ʠ  sR(sR
+
,sR
-
) ï ʠʥʜʫʢʪʠʚʥʘʷ ʠ ʨʝʟʦʥʘʥʩʥʳʝ ʢʦʥʩʪʘʥʪʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʍ. 

5. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʚʘʞʥʦʡ ʨʦʣʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʪʝʨʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʦʚ ʚ ʩʠʩʪʝʤʘʭ Rc
d
X ʠ Rc

d
BX (ʤʦʩʪʠʢ ɺ ʢʦʨʦʯʝ, ʯʝʤ ʬʨʘʛʤʝʥʪ                 ): 

P = P0 + asI + bsR(sR
+
,sR
-
) + ʩsa + dEsô, 

ʛʜʝ sa ʠ Esô ï ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʠ ʩʪʝʨʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʳ ʍ. 

6. ʋʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʢʘʢ ʢʦʨʦʪʢʦʜʝʡʩʪʚʫʶʱʝʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʠʪʷʞʝʥʠʝ ʤʝʞʜʫ d ʠ ʜʠʧʦʣʝʤ, 

ʠʥʜʫʮʠʨʫʝʤʳʤ ʟʘʨʷʜʦʤ d ʚ ʍ, ʨʝʟʢʦ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ Rc
d
 ʠ ʍ, ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ d ʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤ ʪʠʧʘ Rc

d
X 

ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʠʥʜʫʢʪʠʚʥʳʤ, ʨʝʟʦʥʘʥʩʥʳʤ (ʩʦʧʨʷʞʝʥʠʝ) ʠ ʩʪʝʨʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʘʤʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʍ. 
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ʂɸʈʂɸʉʅʓɽ ʌɽʅʀʃʉʀʃʉɽʉʂɺʀʆʂʉɸʅʓ, ʉʆɼɽʈɾɸʑʀɽ 

ʇʗʊʔ ɸʊʆʄʆɺ ʅʀʂɽʃʗ ʀ ʄɸʈɻɸʅʎɸ. 
 

ʄ.ɸ. ɽʩʴʢʦʚʘ, ɸ.ɸ. ʂʦʨʣʶʢʦʚ, ɸ.ʅ. ɹʠʣʷʯʝʥʢʦ, ɸ.ʀ. ʗʣʳʤʦʚ. 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: marinaeskovskaya@gmail.com 

 

ʂʘʨʢʘʩʥʳʝ ʤʝʪʘʣʣʦʩʠʣʩʝʩʢʚʠʦʢʩʘʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ 

ʧʦʣʠʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ(ʦʚ), ʧʦʯʪʠ ʥʝ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ʅʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ Mn-ʬʝʥʠʣʩʠʣʩʝʩʢʚʠʦʢʩʘʥ (1) ʠ Ni-ʬʝʥʠʣʩʠʣʩʝʩʢʚʠʦʢʩʘʥ (2) (ʨʠʩ. 

1), ʠ ʠʟʫʯʝʥʘ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʩʵʥʜʚʠʯʝʚʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ  ʩʦʜʝʨʞʘʪ ʧʦ ʧʷʪʴ ʘʪʦʤʦʚ Ni ʠ Mn, ʩʚʷʟʘʥʥʳʭ ʩ ʜʚʫʤʷ 

ʧʝʥʪʘʬʝʥʠʣʮʠʢʣʦʩʠʣʦʢʩʘʥʦʣʷʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ ʤʘʨʛʘʥʮʘ 

ʠ ʥʠʢʝʣʷ ʦʪʚʝʯʘʶʪ ʠʩʢʘʞʝʥʥʳʤ ʦʢʪʘʵʜʨʘʤ. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʄn-ʄn ʚ 

ʩʦʝʜʠʥʝʥʠʠ 1 ʙʦʣʴʰʝ, ʯʝʤ Ni-Ni ʚ ʩʦʝʜʠʥʝʥʠʠ 2 ʥʘ ~0,1 ¡, ʯʪʦ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʚʝʣʠʯʠʥʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ (ʠʦʥʥʳʡ ʨʘʜʠʫʩ Ni ʙʦʣʴʰʝ, ʯʝʤ Mn 

(0.69 ʠ 0.67 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ)). ʇʦ-ʚʠʜʠʤʦʤʫ,  ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ (ʚ 1 ï ɼʄʌɸ ʠ ʚʦʜʘ, ʚ 2 ï ʚʦʜʘ) ʠ ʧʨʠʨʦʜʦʡ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ 

ʯʘʩʪʠʮ (ʚ 1 ï ʚʦʜʘ, ʚ 2 ï ʆʅ
-
). ɺʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʧʨʠʨʦʜʳ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ 

ʯʘʩʪʠʮ ʜʣʷ 1 ʠ 2 ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ 14-03-31772 ʠ 14-03-

00713) ʠ ʉʦʚʝʪʘ ʧʨʝʟʠʜʝʥʪʘ ʈʌ ʧʦ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʛʨʘʥʪ ʄɼ-

3589.2014.3). 

 

 

ʈʠʩ. 1 ʆʙʱʠʡ ʚʠʜ ʤʝʪʘʣʣʦʩʠʣʩʝʩʢʚʠʦʢʩʘʥʦʚʦʛʦ ʢʘʨʢʘʩʘ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2 
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ɼʀʀɿʆɹʋʊʀʃɸʃʖʄʀʅʀʗ 
 

ʀ.ɺ. ɾʘʨʢʦʚ, ɽ.ɽ. ʌʘʡʥʛʦʣʴʜ, ʅ.ʄ. ɹʨʘʚʘʷ 

 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, 142432. 

 ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʧʨʦʩʧʝʢʪ ʘʢʘʜʝʤʠʢʘ ʉʝʤʝʥʦʚʘ 1 

e-mail: igor.zharkov@phystech.edu 

 

ʇʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ. ʇʦʩʪʦʷʥʥʦ ʠʜʫʪ ʧʦʠʩʢʠ 

ʥʦʚʳʭ ʘʢʪʠʚʘʪʦʨʦʚ ʤʝʪʘʣʣʦʮʝʥʦʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʧʦʣʠʤʝʪʠʣʘʣʶʤʦʢʩʘʥʫ, ʘ ʪʘʢ ʞʝ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʦʩʪʘʚʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʦʚ ʧʦ ʛʠʜʨʦʣʠʟʫ ʘʨʠʣʦʢʩʠʜʦʚ ʜʠʠʟʦʙʫʪʠʣ-ʘʣʶʤʠʥʠʷ ʩʦ ʩʪʝʨʠʯʝʩʢʠ 

ʦʙʲʝʤʥʳʤʠ ʘʨʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʙʳʣʦ ʥʘʯʘʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʣʠʟʘ. ʉ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʚʦʜʘ ʟʘʥʠʤʘʝʪ ʯʝʪʚʝʨʪʫʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʚʘʢʘʥʩʠʶ ʘʣʶʤʠʥʠʷ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʜʦʨʦʜʘ ʣʠʙʦ ʥʘ ʫʛʣʝʨʦʜ, 

ʣʠʙʦ ʥʘ ʢʠʩʣʦʨʦʜ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʠʜʨʦʣʠʟʫ ʧʦ Al-C ʠ Al-O ʩʚʷʟʷʤ ʩʦʦʪʚʝʪʩʚʝʥʥʦ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʠʜʨʦʣʠʟ ʠʜʝʪ ʧʦ Al-O 

ʩʚʷʟʠ, ʘ ʥʝ ʧʦ Al-ʉ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʇʨʦʭʦʞʜʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦ ʪʘʢʦʤʫ ʧʫʪʠ ʥʝʦʙʳʯʥʦ, ʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʙʲʷʩʥʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʥʘʣʠʯʠʠ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʝʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ 

ʘʣʶʤʠʥʠʠ.  

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʜʘʣʴʥʝʡʰʠʝ ʧʨʦʮʝʩʩʳ: 1) ʚʪʦʨʠʯʥʳʡ ʛʠʜʨʦʣʠʟ 2) ʘʩʩʦʮʠʘʮʠʷ 

ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʣʠʛʦʤʝʨʦʚ 3)ʘʩʩʦʮʠʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʩ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤ ʚʝʱʝʩʪʚʦʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝʦʙʭʦʜʠʤ ʠʟ-ʟʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ (ʗʄʈ) ʜʘʥʥʳʭ ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ.  

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʧʝʨʚʳʭ 

ʩʪʘʜʠʡ ʛʠʜʨʦʣʠʟʘ ʪʨʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʪʦʨʠʯʥʦʛʦ 

ʛʠʜʦʣʠʟʘ ʠ ʘʩʩʦʮʠʘʮʠʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʬʦʨʤ ʵʢʩʪʨʘʧʦʣʠʨʫʶʪʩʷ ʠ ʥʘ ʩʣʫʯʘʡ 

ʪʨʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʷ ʠ ʜʨʫʛʠʭ ʪʨʠʘʣʢʠʣʘʣʶʤʠʥʠʝʚ, ʯʪʦ ʧʦʣʝʟʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʶʤʦʢʩʘʥʦʚ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ 12-03-00974-ʘ, 13-

03-01011-ʘ) ʠ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ˉ 14.122.13.5228-ʄʂ). 
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ɼʀʀɿʆɹʋʊʀʃɸʃʖʄʀʅʀʗ: ʂɺɸʅʊʆɺʆ-ʍʀʄʀʏɽʉʂʆɽ 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ 
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ʇʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʦʚ 

ʤʝʪʘʣʣʦʮʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʘʢʪʠʚʘʪʦʨʦʤ ʪʘʢʦʛʦ ʪʠʧʘ 

ʷʚʣʷʝʪʩʷ ʧʦʣʠʤʝʪʠʣʘʣʶʤʦʢʩʘʥ (ʄɸʆ), ʧʦʣʫʯʘʝʤʳʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʛʠʜʨʦʣʠʟʦʤ 

ʪʨʠʤʝʪʠʣʘʣʶʤʠʥʠʷ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʷʜʘ ʩʚʦʡʩʪʚ ʄɸʆ ʠʩʧʦʣʴʟʫʶʪ ʟʘʤʝʱʝʥʥʳʝ 

ʬʝʥʦʣʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʧʦʣʫʯʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ 

ʘʨʠʣʦʢʩʠʘʣʶʤʦʢʩʘʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʣʠʟʦʤ ʘʨʠʣʦʢʩʠʘʣʢʠʣʦʚ 

ʘʣʶʤʠʥʠʷ. ʆʜʥʘʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʠʜʨʦʣʠʟ 

ʘʨʠʣʦʢʩʠʜʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝ ʨʘʟʨʳʚʦʤ ʩʚʷʟʠ Al-C, ʢʘʢ 

ʦʞʠʜʘʣʦʩʴ, ʘ ʧʦ ʩʚʷʟʠ AlïO ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʝʥʦʣʘ ʠ ʘʣʢʠʣʘʣʶʤʦʢʩʘʥʦʚ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʣʠʟʘ ʘʨʠʣʦʢʩʠʜʦʚ ʜʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʷ ʩ ʦʙʲʝʤʥʳʤʠ ʘʨʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʳ ʜʚʫʭ ʪʠʧʦʚ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʭʦʞʜʝʥʠʶ ʛʠʜʨʦʣʠʟʘ ʧʦ ʩʚʷʟʠ AlïC ʠ AlïO. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʛʠʜʨʦʣʠʟʘ ʧʦ AlïC ʩʚʷʟʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʦ AlïO (14.7 ʠ 

26.1 ʢʢʘʣ/ʤʦʣʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʝʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʦʙʳʯʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʛʠʜʨʦʣʠʟʘ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʄʝʥʴʰʠʡ ʙʘʨʴʝʨ ʨʝʘʢʮʠʠ ʧʦ ʩʚʷʟʠ AlïO ʦʙʫʩʣʦʚʣʝʥ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʴʶ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ ʚʦʜʳ ʠ ʢʠʩʣʦʨʦʜʦʤ ʘʨʠʣʦʢʩʠ ʬʨʘʛʤʝʥʪʘ. ɺ ʩʣʫʯʘʝ Al
i
Bu3 

ʙʘʨʴʝʨ ʩʦʩʪʘʚʣʷʝʪ 24.0 ʢʢʘʣ/ʤʦʣʴ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ (20°2.5 

ʢʢʘʣ/ʤʦʣʴ) [1]. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʜʘʣʴʥʝʡʰʠʭ ʧʨʦʮʝʩʩʦʚ: 
ʚʪʦʨʠʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ, ʘʩʩʦʮʠʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʣʠʛʦʤʝʨʦʚ ʠ 

ʘʩʩʦʮʠʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʩ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤ ʚʝʱʝʩʪʚʦʤ. ɼʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʧʝʨʚʳʭ ʩʪʘʜʠʡ 

ʛʠʜʨʦʣʠʟʘ ʪʨʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʪʦʨʠʯʥʦʛʦ 

ʛʠʜʦʣʠʟʘ ʠ ʘʩʩʦʮʠʘʮʠʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʬʦʨʤ ʵʢʩʪʨʘʧʦʣʠʨʫʶʪʩʷ ʠ ʥʘ ʩʣʫʯʘʡ 

ʪʨʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʷ ʠ ʜʨʫʛʠʭ ʪʨʠʘʣʢʠʣʘʣʶʤʠʥʠʝʚ, ʯʪʦ ʧʦʣʝʟʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʶʤʦʢʩʘʥʦʚ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ DFT, ʬʫʥʢʮʠʦʥʘʣ ɤB97XD, ʙʘʟʠʩ 6-311+G(d,p). 
 

1. ɻ.ɸ. ʈʘʟʫʚʘʝʚ ʩ ʩʦʘʚʪ., ʀʟʚ. ɸʅ ʉʉʉʈ ʉʝʨ. ʍʠʤ., 1975, 2547. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ 12-03-00974-ʘ, 13-

03-01011-ʘ). 
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ʫʣ. ɻʘʛʘʨʠʥʘ, ʜ. 59/1, 390005, ʈʷʟʘʥʴ, ʈʦʩʩʠʷ 

ɽ-mail: s.zheglov@rsu.edu.ru 

 

ʅʘ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʦʣʦʚ ʧʦʣʫʯʝʥʳ ʥʝʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ ʩʝʨʠʠ ʭʠʨʘʣʴʥʳʭ ʈ,ʈ-

ʙʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʬʦʩʬʠʪʥʦʡ ʧʨʠʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ (S)-BINOL ʠ 1,3,2-

ʜʠʘʟʘʬʦʩʬʦʣʠʜʠʥʦʚʳʝ ʮʠʢʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʧʦʣʘʛʘʶʱʠʝ P*- ʩʪʝʨʝʦʮʝʥʪʨʘʤʠ.  

 
ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʷʭ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʘʣʣʠʣʠʨʦʚʘʥʠʷ (E)-1,3-ʜʠʬʝʥʠʣʘʣʣʠʣʘʮʝʪʘʪʦʤ ʜʠʤʝʪʠʣʤʘʣʦʥʘʪʘ (1), 

ʧʠʨʨʦʣʠʜʠʥʘ (2), ʧ-ʪʦʣʫʦʣʩʫʣʴʬʠʥʘʪʘ ʥʘʪʨʠʷ (3) ʠ ʮʠʢʣʦʛʝʢʩʝʥʠʣʧʠʨʨʦʣʠʜʠʥʘ (4), 

ʜʝʩʠʤʤʝʪʨʠʟʘʮʠʠ N,N'-ʜʠʪʦʟʠʣ-ʙʠʩʢʘʨʙʘʤʘʪʘ ʮʠʢʣʦʧʝʥʪʝʥʜʠʦʣʘ (5), ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ 

ʘʣʢʠʣʠʨʦʚʘʥʠʤ ʮʠʥʥʘʤʠʣʘʮʝʪʘʪʘ ʵʪʠʣ-2-ʦʢʩʦʮʠʢʣʦʛʝʢʩʘʥʦʢʘʨʙʦʢʩʠʣʘʪʦʤ (6), 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʘʤʠʥʠʨʦʚʘʥʠʠ ʮʠʢʣʦʛʝʢʩʝʥʠʣʵʪʠʣʢʘʨʙʦʥʘʪʘ ʜʠʙʝʥʟʠʣʘʤʠʥʦʤ (7). 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʈʠʩʫʥʢʝ 1.  

 
ʈʠʩʫʥʦʢ 1. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 

14-03-00396-ʘ ʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʅʀʈ ʧʦ ʛʦʩʟʘʜʘʥʠʶ ˉ 2014/378. 
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ɻʀɼʈɸʊɸʎʀʆʅʅɸʗ ʆɹʆʃʆʏʂɸ ʄʆʃɽʂʋʃʓ ʇʕɻ ʀ ɽɪ ʈʆʃʔ ɺ 

ʋʃʋʏʐɽʅʀʀ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ɺʆɼʅʆʁ 

ʉʊʈʋʀ ʀ ɺ ʉʊɸɹʀʃʀɿɸʎʀʀ ɹʀʆʂʈʀʉʊɸʃʃʆɺ 
 

ɽ. ɸ. ɾʝʣʠʛʦʚʩʢʘʷ, ʅ. ɸ. ɹʫʣʴʝʥʢʦʚ 

 

ʀʥʩʪʠʪʫʪ
 
ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤ. ɸ.ʅ. ʌʨʫʤʢʠʥʘ ʈɸʅ, 

ʈʦʩʩʠʷ, 119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧ., ʜ. 31, ʢ. 4 

ɽ-mail: lmm@phyche.ac.ru 

 

ʈʘʥʝʝ [1, 2] ʠʟ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʘʪʦʤʦʚ ʙʳʣ ʧʦʩʪʨʦʝʥ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʢ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ (ʪʦʯʝʯʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ T-23, 27 

ʘʪʦʤʦʚ). ʆʜʥʦʡ ʠʟ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʵʪʦʛʦ T-ʢʣʘʩʪʝʨʘ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʪʨʠʧʣʝʪ 

(ʛʨʫʧʧʘ D3, 20 ʘʪʦʤʦʚ), ʘ ʪʘʢʞʝ ʚ ʥʸʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 12 ʦʜʠʥʘʢʦʚʳʭ ʩʧʠʨʘʣʝʡ 30/11, 

ʢʦʪʦʨʳʝ ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ 30 ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ, ʩʦʚʝʨʰʘʶʪ 11 

ʦʙʦʨʦʪʦʚ. ʆʢʘʟʘʣʦʩʴ [2], ʯʪʦ ʢʨʫʧʥʳʝ ʩʧʠʨʘʣʠ, ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʷʪ ʠʟ ʪʨʠʧʣʝʪʦʚ ʠ ʩʧʠʨʘʣʝʡ 30/11, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʤʦʜʝʣʷʤʠ ʩʪʨʫʢʪʫʨ 

ʛʠʜʨʘʪʘʮʠʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʨʘʟʣʠʯʥʳʭ ʙʠʦʤʦʣʝʢʫʣ, ʪʘʢ ʢʘʢ ʧʦ ʩʚʦʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʠ ʧʦʣʦʞʝʥʠʶ ʩʚʦʙʦʜʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʸʥʥʳʤ ʢʦʥʬʦʨʤʘʮʠʷʤ ʙʠʦʤʦʣʝʢʫʣ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ.  

ɺ ʤʦʣʝʢʫʣʝ ʇʕɻ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ O ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ OCCO ʚ ʛʦʰ-

ʢʦʥʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 2.8ï2.9 ¡, ʘ ʜʣʠʥʘ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ 

ʚ ʞʠʜʢʦʩʪʠ 2.75ï2.85 ¡. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʠʨʘʣʴ ʤʦʣʝʢʫʣʳ ʇʕɻ, ʨʘʩʢʨʫʯʝʥʥʘʷ ʧʨʠʤʝʨʥʦ 

ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʪʦʷʥʠʝʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʇʕɻ, ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʥʠʪʴ ʦʜʥʫ ʠʟ ʜʚʫʭ ʩʧʠʨʘʣʝʡ 15/4, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʠʨʘʣʴ 30/11 ʚʦʜʳ, ʪʘʢ ʯʪʦ ʘʪʦʤ 

O ʢʘʞʜʦʛʦ ʤʦʥʦʤʝʨʘ (ˈCH2ˈCH2ˈOˈ) ʟʘʡʤʸʪ ʧʦʟʠʮʠʶ ʘʪʦʤʘ O ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ 

ʩʧʠʨʘʣʠ 15/4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʚʦʜʥʦʡ 

ʩʪʨʫʠ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʇʕɻ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʥʘʣʠʯʠʝʤ ʚ ʦʙʲʸʤʝ ʚʦʜʳ ʪʘʢʠʭ çʩʪʝʨʞʥʝʡè, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʣʘʤʠʥʘʨʥʦʩʪʴ ʧʦʪʦʢʘ, ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʦʯʥʝʥʠʷ ʠʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʥʦʡ ʩʪʨʫʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ 

ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳ.  

ʇʕɻ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʪʘʙʠʣʠʟʘʪʦʨ ʙʠʦʢʨʠʩʪʘʣʣʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚ ʥʠʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 75 ʦʙ.% [3], ʘ ʨʘʟʤʝʨʳ ʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʫʤʤʳ ʧʩʝʚʜʦʧʝʨʠʦʜʦʚ ʩʧʠʨʘʣʠ 30/11. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʙʠʦʢʨʠʩʪʘʣʣʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʰʸʪʢʠ ʠʟ ʩʧʠʨʘʣʝʡ 30/11 

ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʨʸʙʨʘʤʠ, ʨʘʚʥʳʤʠ ʵʪʠʤ ʧʩʝʚʜʦʧʝʨʠʦʜʘʤ. ʅʘ 

ʵʪʦʡ ʦʩʥʦʚʝ ʣʦʛʠʯʥʦ ʦʙʲʷʩʥʷʶʪʩʷ ʧʦʣʠʤʦʨʬʠʟʤ ʙʠʦʢʨʠʩʪʘʣʣʦʚ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʪʘʢʠʭ ʨʝʰʸʪʦʢ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʚ ʥʠʭ ʙʦʣʴʰʠʭ ʧʦʣʦʩʪʝʡ ʠ 

ʰʠʨʦʢʠʭ ʢʘʥʘʣʦʚ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʨʸʙʝʨ (ʩʧʠʨʘʣʝʡ 30/11) ʷʯʝʝʢ, ʟʘʥʷʪʳʭ ʙʠʦʤʦʣʝʢʫʣʘʤʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʩʘʤʠʭ ʙʠʦʤʦʣʝʢʫʣ ʠ ʤʝʣʢʠʭ ʠʦʥʦʚ-ʦʩʘʜʠʪʝʣʝʡ; ʥʘʣʠʯʠʝ ʜʣʷ ʵʪʦʛʦ 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣ, ʧʦʜʦʙʥʳʭ ʇʕɻ, ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʩʧʠʨʘʣʝʡ 30/11 

ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʚ ʙʦʣʴʰʠʭ ʧʦʣʦʩʪʷʭ ʠʣʠ ʰʠʨʦʢʠʭ ʢʘʥʘʣʘʭ ʪʨʝʙʫʝʪ ʧʨʠʩʫʪʩʪʚʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʭ ʤʦʣʝʢʫʣ ʇʕɻ ʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʠʭ ʚʩʪʨʘʠʚʘʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ 

ʩʧʠʨʘʣʠ 30/11 ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʸ ʩʧʠʨʘʣʝʡ 15/4. ʊʝʤ ʩʘʤʳʤ 

ʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣʳ ʇʕɻ ʚʥʫʪʨʠ ʙʦʣʴʰʦʡ ʧʦʣʦʩʪʠ ʠʣʠ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ʬʠʢʩʠʨʫʝʪʩʷ, 

ʠ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʚʠʜʠʤʘ ʥʘ ʢʘʨʪʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ [3].  
1. N.A. Bulienkov. Fields Inst. Monographs. V. 10. Quasicrystals and Discrete Geometry. Ed. J. Patera. 

Providence, Rhode Island: Am. Math.Soc., 1998. PP. 67ï134. 

2. ʅ.ɸ. ɹʫʣʴʝʥʢʦʚ. ɹʠʦʬʠʟʠʢʘ 1991. 36(2), 181ï243. 

3. D.ʉ. Carter et al. Science 1989. 244, 1195ï1198. 
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a
ɹʣʘʛʦʚʝʱʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʫʣ. ʃʝʥʠʥʘ, ʜ. 104, 675000, ɹʣʘʛʦʚʝʱʝʥʩʢ, ʈʦʩʩʠʷ 

ɽ-mail: bgpu.chim.egorova@mail.ru 

 

ɿʘʤʝʱʝʥʥʳʝ ʮʠʘʥʘʤʠʜʘ ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʜʝʬʦʣʠʘʥʪ ʜʣʷ 

ʭʣʦʧʯʘʪʥʠʢʘ, ʛʝʨʙʠʮʠʜ ʜʣʷ ʟʝʨʥʦʚʳʭ ʠ ʥʝʢʦʪʦʨʳʭ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʝʣʘʤʠʥʘ, ʜʠʮʠʘʥʜʠʘʤʠʜʘ ʠ ʜʨʫʛʠʭ ʚʘʞʥʳʭ ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ [1]. 

ɼʠʮʠʘʥʘʤʠʜʳ ʪʨʠʘʨʠʣʩʫʨʴʤʳ ʦʙʱʝʡ ʬʦʨʤʫʣʳ ɸr3Sb(NʉNʅ)2, ʛʜʝ Ar = C6H5, 4-

ʉʅ3īC6H4 ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʪʨʠʘʨʠʣʩʫʨʴʤʳ 

ɸr3SbHlg2, ʛʜʝ Ar = C6H5, 4-ʉʅ3īC6H4, Hlg = Cl, Br ʩ ʢʘʨʙʘʤʠʜʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

186Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 10 ʤʠʥʫʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ɺʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 71%.  

ɼʠʮʠʘʥʘʤʠʜʳ ʪʨʠʘʨʠʣʩʫʨʴʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʦʢʨʘʰʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ.  

 

ɸr3SbHlg2 + (Nʅ2)2CO   Ÿ   ɸr3Sb(NʉNʅ)2 

Hlg = Cl, Br 

 

ɿʘʤʝʥʘ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʪʨʠʘʨʠʣʩʫʨʴʤʳ ʥʘ ʦʢʩʠʜ ʪʨʠʘʨʠʣʩʫʨʴʤʳ ʥʝ ʤʝʥʷʝʪ ʩʭʝʤʳ 

ʨʝʘʢʮʠʠ. ɺʳʭʦʜ ʜʠʮʠʘʥʘʤʠʜʘ ʪʨʠʘʨʠʣʩʫʨʴʤʳ ʩʦʩʪʘʚʣʷʝʪ 78%. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150-190
ʦ
ʉ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ 

ʤʦʯʝʚʠʥʳ ʷʚʣʷʶʪʩʷ: ʘʤʤʠʘʢ, ʙʠʫʨʝʪ, ʠʟʦʮʠʘʥʦʚʘʷ ʠ ʮʠʘʥʫʨʦʚʘʷ ʢʠʩʣʦʪʳ [1, 2].  

ɺ ʨʘʙʦʪʝ [3] ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 600-947
ʦ
ʉ ʠʟʦʮʠʘʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ʦʙʨʘʟʫʝʪ ʜʠʤʝʨ, ʢʦʪʦʨʳʡ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʘʥʘʤʠʜʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ.  

ɺ ʨʘʙʦʪʝ [4] ʠ ʧʘʪʝʥʪʝ [5] ʩʦʦʙʱʘʝʪʩʷ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʤʦʯʝʚʠʥʳ ʜʦ 

ʮʠʘʥʘʤʠʜʘ ʠ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 450-550
ʦ
ʉ.  

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʮʠʘʥʘʤʠʜʘ ʠʟ ʤʦʯʝʚʠʥʳ ʠ 

ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʠʣʠ ʦʢʩʠʜʘ ʪʨʠʘʨʠʣʩʫʨʴʤʳ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
 

1. ʍʠʤʠʯʝʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ: ɺ 5 ʪ.: ʊ. 5 / ʈʝʜʢʦʣ.: ɿʝʬʠʨʦʚ ʅ.ʉ. ʠ ʜʨ. ï ʄ.: ɹʦʣʴʰʘʷ ʈʦʩʩʠʡʩʢʘʷ ʵʥʮʠʢʣ., 

1995, 355. 

J. Chen et al. Korean J. Chem. Eng. 2012, 29(3), 288ï290. 

2. Y. He et al. J. Mass Spectrom. Soc. Ipn. 1998. 46(4). 299ï303.  

3. Y. He et al. Int. J. Chem. Kinetics. 1991, 23, 1129ï1149. 

4. Liu Yan et al. iCBBE. 2011, 1ï4. 

5. J. Weitkamp et al. US005166432A. 
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ɼʆʅʆʈɸ (BETS)4CoBr 4(DCB) ï ʅʆɺʓʁ ɼɺʋʄɽʈʅʓʁ 

ʆʈɻɸʅʀʏɽʉʂʀʁ ʄɽʊɸʃʃ 
 

ɽ. ʀ. ɾʠʣʷʝʚʘ, ɻ. ɺ. ʐʠʣʦʚ, ɸ. ʄ. ʌʣʘʢʠʥʘ, ʈ. ɹ. ʃʶʙʦʚʩʢʠʡ, ʉ. ʀ. ʇʝʩʦʮʢʠʡ, ʈ. 

ʅ. ʃʶʙʦʚʩʢʘʷ 

 

ʀʥʩʪʠʪʫʪ
 
ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, 
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ʈʘʥʝʝ ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ Se-ʩʦʜʝʨʞʘʱʝʛʦ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

BETS ʢʚʘʟʠʜʚʫʤʝʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʝʪʘʣʣʳ (BETS)4HgBr4(C6H5X) [1,2] ʠ 

(BETS)4HgBr4(DCB) (DCB = 1,2-C6H4Cl2) [3] ʩ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ 

ʢʨʠʩʪʘʣʣʝ: ʤʝʪʘʣʣʠʯʝʩʢʠʤ ï ʚʜʦʣʴ ʧʨʦʚʦʜʷʱʠʭ ʩʣʦʝʚ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ï 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʣʦʷʤ. ʉʪʦʣʴ ʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʥʝʢʦʛʝʨʝʥʪʥʦʤ ɻʣʝʢʪʨʦʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ [4].  
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BETS = ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʩʝʣʝʥʘʬʫʣʴʚʘʣʝʥ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʥʦʚʳʡ ʜʚʫʤʝʨʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʝʪʘʣʣ 

(BETS)4CoBr4(DCB) ʩ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ 

ʧʨʦʚʦʜʷʱʠʭ ʩʣʦʝʚ.  

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʧʦʣʫʯʝʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʦʢʠʩʣʝʥʠʝʤ BETS ʚ 1,2-C6H4Cl2, 

ʩʦʜʝʨʞʘʱʝʤ 10 % EtOH, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʣʠʪʘ [Bu4N]2CoBr4. ʀʟʫʯʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ 

ʧʨʦʚʦʜʷʱʠʤ ʩʣʦʷʤ, ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʣʦʷʤ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʜʦʣʴ ʩʣʦʝʚ ʥʦʩʠʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʚʦʟʨʘʩʪʘʷ ʚ 4-5 ʨʘʟ ʢ 

ʛʝʣʠʝʚʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʪʦʛʜʘ ʢʘʢ ʧʦʧʝʨʝʢ ʩʣʦʝʚ ʦʥʘ ʠʤʝʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ 

ʭʘʨʘʢʪʝʨ ʚʧʣʦʪʴ ʜʦ 28K, ʥʠʞʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʧʝʨʝʯʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʝʪ. ʇʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʢʨʠʩʪʘʣʣʘ ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ (T~320-321K), ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʢʘʯʢʦʤ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 

10%.  

ʄʝʪʦʜʦʤ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 300 K ʢʨʠʩʪʘʣʣ (BETS)4CoBr4(DCB) ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʚʳʰʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ï ʢ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʪʨʠʢʣʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠʤʝʶʪʩʷ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ 

ʩʣʦʷ, I ʠ II , ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ - ʪʦʣʴʢʦ ʦʜʠʥ. ʂʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʝ ʩʣʦʠ ʪʨʠʢʣʠʥʥʦʡ 

ʬʘʟʳ ʨʘʟʣʠʯʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʚʦʜʷʱʠʭ ʩʪʦʧʦʢ, ʧʝʨʠʦʜʦʤ ʚʜʦʣʴ ʩʪʦʧʢʠ ʠ 

ʚʝʣʠʯʠʥʦʡ ʜʚʫʛʨʘʥʥʦʛʦ ʫʛʣʘ ɗ ʤʝʞʜʫ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘʤʠ ʠʟ ʩʦʩʝʜʥʠʭ ʩʪʦʧʦʢ. ʌʘʟʘ 

ʠʟʦʩʪʨʫʢʪʫʨʥʘ ʩʝʨʘ-ʩʦʜʝʨʞʘʱʝʤʫ ʘʥʘʣʦʛʫ, (BEDT-TTF)4CoBr4(DCB) { BEDT-TTF = 

ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ}, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʩʯʝʪʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʟʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʥ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʩʣʦʝʚ II  ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʡ ï ʩʣʦʝʚ I [5]. 
1. D. Vignolles et al. Solid State Sci., 2007, 9(12), 1140ï1148.  

2. E. I. Zhilyaeva et al. Synth. Met. 2011, 161, 799ï805.  

3. ɽ. ʀ. ɾʠʣʷʝʚʘ ʠ ʜʨ. ʀʟʚ. ʈɸʅ ʉʝʨ. ʍʠʤ. 2011, (7), 1334ï1339.  

4. R. N. Lyubovskaya et al. Eur. J. Inorg. Chem. 2014, DOI: 10.1002/ejic.201402041.  

5. A. Audouard et al. Europhysics Letters (EPL) 2012, 97, 57003. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ8. 
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ʄɽʍɸʅʀɿʄ ʂɸʊɸʃʀʊʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ʌʀʂʉɸʎʀʀ CO2 

ʕʇʆʂʉʀɼɸʄʀ ʉ ʆɹʈɸɿʆɺɸʅʀɽʄ ʎʀʂʃʆʂɸʈɹʆʅɸʊʆɺ 
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ɺʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʛʣʘʚʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ CO2, ʷʚʣʷʶʪʩʷ 

ʚʝʩʴʤʘ ʦʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʘʤ 

ʫʪʠʣʠʟʘʮʠʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ CO2 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʨʝʜʠ ʪʘʢʠʭ ʤʝʪʦʜʦʚ, ʩʠʥʪʝʟ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʮʠʢʣʦʢʘʨʙʦʥʘʪʦʚ ʠʟ CO2 ʚʳʛʣʷʜʠʪ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. ʎʠʢʣʦʢʘʨʙʦʥʘʪʳ 

ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ ʧʦʣʠʫʨʝʪʘʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʷʜʦʚʠʪʳʭ ʨʝʘʛʝʥʪʦʚ (ʬʦʩʛʝʥ, ʠʟʦʮʠʘʥʘʪʳ). ʕʪʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ Green Chemistry 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. 
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ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʵʪʠʣʝʥʦʢʩʠʜʘ ʩ CO2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ DFT 

(PBE/TZ2P) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (BF3, SbCl3, SbCl5, H2O, Py, 

Py/H2O, Py/PhOH, Py/ZnBr2, Py/Py2ZnBr2, PMe4Br, PMe4Br/H2O, MmimBr, 

MmimBr/H2O). ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʘ (ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ) ʦʢʘʟʘʣʘʩʴ ʢʦʤʙʠʥʘʮʠʷ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʚʦʜʦʡ (MmimBr/H2O). 
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ʈʘʩʩʯʠʪʘʥʥʳʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚʳʚʝʜʝʥʥʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʩʣʦʚʠʡ 

ʨʝʘʢʮʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʚʨʝʤʷ, ʚʳʭʦʜ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʮʝʩʩʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-03-00026-ʘ). 
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ʄɽʍɸʅʀɿʄ ʆɹʈɸɿʆɺɸʅʀʗ ʍʀʄʀʏɽʉʂʀ-ʉʐʀʊʓʍ  

ʂʈʀʆɻɽʃɽʁ ʇʈʀ ɻʆʄʆʇʆʃʀʄɽʈʀɿɸʎʀʀ N,N-ɼʀʄɽʊʀʃ-

ɸʂʈʀʃɸʄʀɼɸ ɺ ɿɸʄʆʈʆɾɽʅʅʆʁ ɺʆɼʅʆʁ ʉʈɽɼɽ 
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E-mail: sterfff@mail.ru 

 

ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʠ N,N-

ʜʠʤʝʪʠʣʘʢʨʠʣʘʤʠʜʘ (ɼʄɸ), ʠʥʠʮʠʠʨʫʝʤʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʘʨʦʡ 

ʧʝʨʩʫʣʴʬʘʪ/ʪʨʝʪʠʯʥʳʡ ʘʤʠʥ ʠ ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʚ ʥʝʛʣʫʙʦʢʦ ʟʘʤʦʨʦʞʝʥʥʦʡ ʚʦʜʥʦʡ 

ʩʨʝʜʝ, ʧʦʩʣʝ ʦʪʪʘʠʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʝʪʩʷ ʥʝ ʨʘʩʪʚʦʨ ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʘ 

ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʩʰʠʪʳʡ ʢʨʠʦʛʝʣʴ, ʭʦʪʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʨʦʩʩ-ʘʛʝʥʪ r ʚ ʠʩʭʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʥʝ ʚʚʦʜʠʣʠʩʴ [1]. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʦʛʝʣʷ ʩʚʦʡʩʪʚʝʥʥʦ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ɼʄɸ ʚ ʟʘʤʦʨʦʞʝʥʥʦʡ ʪʦʣʴʢʦ ʚʦʜʥʦʡ ʩʨʝʜʝ (ʧʨʠ ʢʨʠʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʵʪʦʛʦ ʤʦʥʦʤʝʨʘ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʬʦʨʤʘʤʠʜʝ ʧʦʣʫʯʘʝʪʩʷ ʥʝʩʰʠʪʳʡ ʧʦʣʠʤʝʨ), ʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʙʣʠʟʢʠʭ ʘʢʨʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ (ʘʢʨʠʣʘʤʠʜ, N-

ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜ, N,N-ʜʠʵʪʠʣʘʢʨʠʣʘʤʠʜ) ʚ ʟʘʤʦʨʦʞʝʥʥʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʪʚʦʨʠʤʳʤ ʧʦʣʠʤʝʨʥʳʤ ʧʨʦʜʫʢʪʘʤ [2]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʣʦʩʴ ʚʳʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʢʨʠʦʛʝʥʥʦʡ ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ɼʄɸ.  

ɸʥʘʣʠʟ ʯʠʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ ʤʦʥʦʤʝʨʘ ʤʝʪʦʜʘʤʠ 
1
ʅ ʠ 

13
ʉ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʢʘʧʠʣʣʷʨʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʚ 

ɼʄɸ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʤʝʩʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ  ʦʙʨʘʟʦʚʘʥʠʷ ʩʰʠʪʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʢʘʢʠʭ-ʪʦ ʧʨʠʤʝʩʝʡ ʚ 

ʠʩʧʦʣʴʟʫʝʤʦʤ ʥʘʤʠ ʤʦʥʦʤʝʨʝ.  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʢʨʠʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-, ʠ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺ ʩʧʝʢʪ-ʨʘʭ  

ʗʄʈ ʥʘʙʣʶʜʘʣʠʩʴ ʩʠʛʥʘʣʳ ʷʜʝʨ ʫʛʣʝʨʦʜʘ 
13
ʉ ʧʦʣʠ(N,N-ʜʠʤʝʪʠʣʘʢʨʠʣʘʤʠʜʘ) 

(ŭ=35õ37,2 ʤ.ʜ. (ʉʅ ʠ ʉʅ3), ŭ=34,7 ʤ.ʜ. (ʉʅ2) ʠ ŭ=175,8 ʤ.ʜ. (ʉ=O)), ʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʩʠʛʥʘʣʳ (ʜʝʪʝʢʪʠʨʫʝʤʳʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʙʦʨʘ), ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʠʥʳʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ, ʯʝʤ ʪʝ, ʩʠʛʥʘʣʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʚ ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʠʤʦʛʦ 

ʧʦʣʠʤʝʨʘ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʯʝʥʴ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʭʠʤʠʯʝʩʢʦʡ 

ʩʰʠʚʢʠ ʚ ʢʨʠʦʛʝʣʝ. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʩʧʠʥʦʚʳʭ ʣʦʚʫʰʝʢ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʕʇʈ ʩʧʝʢʪʨʦʚ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʠʩʭʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 

ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʜʠʢʘʣʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ 

ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʤʦʥʦʤʝʨʘ, ʯʪʦ ʨʘʟʚʝʪʚʣʷʝʪ 

ʨʘʩʪʫʱʫʶ ʮʝʧʴ ʠ ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʦʩʝʜʥʠʤʠ ʮʝʧʷʤʠ ʚ ʦʙʲʝʤʝ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʥʝʟʘʤʝʨʟʰʝʡ ʞʠʜʢʦʡ ʤʠʢʨʦʬʘʟʳ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʩʰʠʪʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʢʨʠʦʛʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʬʘʢʪʦʨʘʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʰʠʪʳʭ ʩʪʨʫʢʪʫʨ, ʦʪʥʦʩʷʪʩʷ: ʢʨʠʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʨʝʘʛʝʥʪʦʚ, 

ʧʦʥʠʞʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʙ·ʣʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʟʚʝʪʚʣʷʶʱʠʭ ʨʘʜʠʢʘʣʦʚ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʦʜʳ, ʤʦʣʝʢʫʣʳ 

ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʧʦ-ʚʠʜʠʤʦʤʫ ʫʯʘʩʪʚʫʶʪ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʘʢʠʭ çʧʦʙʦʯʥʳʭè ʨʘʜʠʢʘʣʦʚ. 
1. ʃʦʟʠʥʩʢʠʡ ɺ.ʀ., ɿʘʙʦʨʠʥʘ ʆ.ɽ. // ʇʘʪʝʥʪ ʈʌ 2011. ˉ 2467017.  

2. ɿʘʙʦʨʠʥʘ ʆ.ɽ. // ɼʠʩ. ... ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ. ʄ: ʀʅʕʆʉ ʈɸʅ. 2013. 
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ʈʝʜʦʢʩ-ʠʥʠʮʠʠʨʫʝʤʘʷ ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʷ N,N-ʜʠʤʝʪʠʣʘʢʨʠʘʤʠʜʘ (ɼʄɸ) ʚ ʥʝʛʣʫʙʦʢʦ 

ʟʘʤʦʨʦʞʝʥʥʳʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʘʙʦʩʰʠʪʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʢʨʠʦʛʝʣʝʡ, ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 60-100 ʛ ʚʦʜʳ ʥʘ 1 ʛ ʩʫʭʦʛʦ ʧʦʣʠʤʝʨʘ 

[1]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʠ ʠʤʝʝʪ ʤʝʩʪʦ ʠʟ-ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʙʦʯʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʚ ʙʦʢʦʚʦʡ ʛʨʫʧʧʝ ʤʦʥʦʤʝʨʘ. ʇʦʩʢʦʣʴʢʫ ʩʠʣʴʥʦʥʘʙʫʭʘʶʱʠʝ ʩʝʪʯʘʪʳʝ 

ʧʦʣʠʤʝʨʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʫʧʝʨʘʙʩʦʨʙʝʥʪʦʚ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ 

ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʦ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ 

ʩʫʧʝʨʘʙʩʦʨʙʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʫʢʘʟʘʥʥʳʡ ʬʝʥʦʤʝʥ ʢʨʠʦʪʨʦʧʥʦʛʦ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ɼʄɸ 

ʩ ʜʦʙʘʚʢʘʤʠ ʩʦʤʦʥʦʤʝʨʦʚ, ʚʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʩʦʩʪʘʚ ʩʦʧʦʣʠʤʝʨʥʦʛʦ ʢʨʠʦʛʝʣʷ 

ʧʨʠʚʦʜʠʣʦ ʙʳ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʠʮʠʠʨʫʝʤʘʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʘʨʦʡ 

ñʧʝʨʩʫʣʴʬʘʪ ï ʪʨʝʪʠʯʥʳʡ ʘʤʠʥò ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ɼʄɸ ʩ ʘʢʨʠʣʘʪʦʤ ʥʘʪʨʠʷ, (3-

ʩʫʣʴʬʦʧʨʦʧʠʣ)-ʤʝʪʘʢʨʠʣʘʪʦʤ ʢʘʣʠʷ ʠʣʠ ʚʠʥʠʣʩʫʣʴʬʦʥʘʪʦʤ ʥʘʪʨʠʷ ʚ ʥʝʛʣʫʙʦʢʦ 

ʟʘʤʦʨʦʞʝʥʥʦʡ (-15é-25
ʦ
ʉ) ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ (ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʠʦʥʥʦʛʦ 

ʩʦʤʦʥʦʤʝʨʘ ʜʦ 20 ʤʦʣʴʥ.%) ʢ ʧʦʣʫʯʝʥʠʶ ʩʰʠʪʳʭ ʩʦʧʦʣʠʤʝʨʥʳʭ ʢʨʠʦʛʝʣʝʡ, ʩʪʝʧʝʥʴ 

ʥʘʙʫʭʘʥʠʷ ʢʦʪʦʨʳʭ ʚ ʚʦʜʝ (600-1850 ʛ/ʛ) ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʩʪʝʧʝʥʴ 

ʥʘʙʫʭʘʥʠʷ ʧʦʣʠɼʄɸ-ʢʨʠʦʛʝʣʝʡ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ.  

ʊʘʢʞʝ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʠʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʨʠʦʛʝʣʠ, ʢʦʛʜʘ ʚ ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ɼʄɸ ʚʚʦʜʠʣʠʩʴ ʜʦʙʘʚʢʠ 

N,N-ʜʠʵʪʠʣʘʢʨʠʣʘʤʠʜʘ (ɼʕɸ) ʠʣʠ N-ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʘ (ʀʇɸ) (ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʧʦʩʣʝʜʥʠʭ ʜʦ 75 ʤʦʣʴʥ. %). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʪʝʨʤʦʠʥʜʫʮʠʨʫʝʤʦʛʦ ʢʦʣʣʘʧʩʘ ʩʪʝʧʝʥʴ 

ʥʘʙʫʭʘʥʠʷ ʜʣʷ ʢʨʠʦʛʝʣʝʡ ɼʄɸ-ʀʇɸ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 29-40 ʨʘʟ, ʘ ʜʣʷ ʢʨʠʦʛʝʣʝʡ ɼʄɸ-

ɼʕɸ ï ʚ 44-55 ʨʘʟ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʩʰʠʪʳʭ ʢʨʠʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʩʦʧʦʣʠʤʝʨʦʚ ɼʄɸ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʢʨʠʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ɼʄɸ ʚ ʟʘʤʦʨʦʞʝʥʥʦʡ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʰʠʪʦʡ ʩʝʪʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʨʦʩʩ-

ʘʛʝʥʪʳ (ʥʘʧʨʠʤʝʨ, ʜʠʚʠʥʠʣʴʥʳʡ ʩʦʤʦʥʦʤʝʨ); ʦʩʥʦʚʥʳʝ ʤʦʥʦʤʝʨʳ, ʪ.ʝ. ɼʄɸ ʠ ʠʦʥʥʳʝ 

ʜʦʙʘʚʢʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩʭʦʜʫʪʁʩʷ ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʙʝʟʦʧʘʩʥʳʤ ʚ ʧʨʠʤʝʥʝʥʠʠ; ʘ ʧʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ, ʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ [2] ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʨʠʦʛʝʣʝʡ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ 

ʩʚʦʡʩʪʚʘ ʩʫʧʝʨʘʙʩʦʨʙʝʥʪʦʚ, ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʳʤ. 
 

1. ɿʘʙʦʨʠʥʘ ʆ.ɽ. // ɼʠʩ. ... ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ. ʄ: ʀʅʕʆʉ ʈɸʅ. 2013. 

2. ʃʦʟʠʥʩʢʠʡ ɺ.ʀ., ɿʘʙʦʨʠʥʘ ʆ.ɽ. // ʇʘʪʝʥʪ ʈʌ 2011. ˉ 2467017. 
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ɺʃʀʗʅʀɽ ʊɽʈʄʀʏɽʉʂʆʁ ʇʈɽɼʓʉʊʆʈʀʀ ʈɽɸɻʀʈʋʖʑɽʁ 

ʉʀʉʊɽʄʓ ʅɸ ʈɽɿʋʃʔʊɸʊʓ ʂʈʀʆʇʆʃʀʄɽʈʀɿɸʎʀʀ 

N,N-ɼʀʄɽʊʀʃɸʂʈʀʃɸʄʀɼɸ ɺ ʉʈɽɼɽ ʋʄɽʈɽʅʅʆ  

ɿɸʄʆʈʆɾɽʅʅʆɻʆ ʌʆʈʄɸʄʀɼɸ 
 

ʆ. ɽ. ɿʘʙʦʨʠʥʘ
 a
, ʂ. ɺ. ɿʣʫʥʠʮʳʥʘ

 b
, ɸ. ʄ. ʂʫʨʘʤʰʠʥʘ

 ʩ
, ɺ. ʀ. ʃʦʟʠʥʩʢʠʡ

 a
 

 
a 
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ; ɽ-mail: sterfff@mail.ru 
b
 ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚ ʠ 

ʩ 
ɺʳʩʰʠʡ

 
ʍʠʤʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ ʈɸʅ 

ʄʠʫʩʩʢʘʷ ʧʣ. 9, 125047, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

ʇʨʦʮʝʩʩʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʤʝʨʦʚ ʚ ʩʨʝʜʝ ʥʝʛʣʫʙʦʢʦ ʟʘʤʦʨʦʞʝʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʥʘʨʷʜʫ ʩ ʪʚʝʨʜʦʬʘʟʥʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠʣʠ ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ ʤʦʥʦʤʝʨʦʚ, ʦʪʥʦʩʷʪʩʷ ʢ ʢʨʠʦʧʦʣʠʤʝʨʠʟʘʮʠʠ [1]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʫʤʝʨʝʥʥʦ ʟʘʤʦʨʦʞʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʚ ʦʙʲʝʤʝ çʥʝʟʘʤʝʨʟʰʝʡ ʞʠʜʢʦʡ 

ʤʠʢʨʦʬʘʟʳè [2], ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʴ ʩʠʩʪʝʤʳ, ʦʩʪʘʶʱʫʶʩʷ ʞʠʜʢʦʡ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʡ 

ʤʘʩʩʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʨʘʩʪʚʦʨʝʥʥʳʝ ʚʝʱʝʩʪʚʘ. ʇʦʵʪʦʤʫ ʪʝʨʤʠʯʝʩʢʘʷ 

ʧʨʝʜʳʩʪʦʨʠʷ ʨʝʘʛʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʧʫʪ,ɹ ʧʦ ʢʦʪʦʨʦʤʫ ʦʙʨʘʟʝʮ çʧʨʠʚʦʜʠʪʩʷè ʢ 

ʟʘʜʘʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʪʘʢʦʡ ʢʨʠʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʦʝ ʚʣʠʷʥʠʝ ʠʟʫʯʝʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ N,N-ʜʠʤʝʪʠʣʘʢʨʠʣʘʤʠʜʘ ʚ ʩʨʝʜʝ ʫʤʝʨʝʥʥʦ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʬʦʨʤʘʤʠʜʘ. 

ʉʠʥʪʝʟ ʧʦʣʠʤʝʨʘ ʧʨʦʚʦʜʠʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ -2,1é-27,1Áʉ (ʪ.ʝ. ʥʘ 5é30
ʦ
 ʥʠʞʝ 

ʪʦʯʢʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʦʨʤʘʤʠʜʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢ: çʦʙʳʯʥʦʝ 

ʟʘʤʦʨʘʞʠʚʘʥʠʝè (ʨʝʘʢʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʟʘʤʦʨʘʞʠʚʘʣʘʩʴ ʧʨʠ ʟʘʜʘʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʘʤʝʨʝ ʢʨʠʦʩʪʘʪʘ), çʙʳʩʪʨʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝè (ʦʙʨʘʟʝʮ ʧʦʛʨʫʞʘʣʠ ʥʘ 30 

ʩ ʚ ʞʠʜʢʠʡ ʘʟʦʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʠʟʦʰʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠ ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʢʨʠʦʩʪʘʪʝ ʧʨʠ ʟʘʜʘʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ) ʠ çʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʢʘʣʢʘè (ʦʙʨʘʟʝʮ ʧʦʛʨʫʞʘʣʠ ʥʘ 30 ʤʠʥ ʚ ʞʠʜʢʠʡ 

ʘʟʦʪ ʠ ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʢʨʠʦʩʪʘʪʝ ʧʨʠ ʟʘʜʘʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ).  

ʅʘʡʜʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ (ʨʠʩ. 1ʘ) ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʨʠʩ. 1ʙ) 

ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʤʝʶʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʧʨʝʜʳʩʪʦʨʠʝʡ ʨʝʘʛʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʠʤʝʨ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ çʦʙʳʯʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷè. 
 

ʘ) 

 

ʙ) 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠ(N,N-ʜʠʤʝʪʠʣʘʢʨʠʣʘʤʠʜʘ) ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʠʢ: 1 ï çʦʙʳʯʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝè, 2 ï  

çʙʳʩʪʨʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝè, 3 ï çʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʢʘʣʢʘè. 
1. ʃʦʟʠʥʩʢʠʡ ɺ.ʀ., ʀʚʘʥʦʚ ʈ.ɺ. // ɺ ʢʥ. çʉʠʥʪʝʟ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʣʠʤʝʨʦʚè ʇʦʜ ʨʝʜ. ʄʦʥʘʢʦʚʘ ʖ.ɹ. ʄ.: 

ʍʠʤʠʷ, 2003. ʉ. 68. 

2. ʉʝʨʛʝʝʚ ɻ.ɹ., ɹʘʪʶʢ ɺ.ɸ. // ʋʩʧʝʭʠ ʭʠʤʠʠ. 1976. ʊ. 45. ˉ 5. ʉ. 793. 
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NANOSTRUCTURED VANADIUM OXIDES DECORATED WITH 

METAL PHTHALOCYANINES  
 

G.S. Zabrodina, S.Yu. Ketkov, S.G. Makarov, L.V. Kalakutskaya 

 

G. A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of Sciences, 

Tropinina st., 49, 603950, Nizhnii Novgorod, Russia 

ɽ-mail: kudgs@mail.ru 

 

New hybrid nanostructured materials based on metal phthalocyanines and vanadium oxide 

have attracted extensive attention because of interest in electrochemical devices (solar cells, 

modified electrodes, optical sensors) and heterogeneous catalysts. Vanadium pentoxide 

exhibits remarkable electronic, electrochemical and catalytic properties associated with 

intervalence electron transfer and ion transport. Vanadium oxide nanostructures were 

synthesized in this work via a hydrothermal treatment of (AAC)0.2V2O5ĿH2O intercalates, 

where AAC ï alkylammomium cations, as templates (fig.1, 2). 

 
Fig. 1. Schematic presentation of a synthesis of the nanostructured vanadium oxides. 

 
Fig. 2. X-ray diffraction of the V(V) precursors and nanostructured VOx. 

Hydrothermal treatment of (AAC)0.2V2O5ĿH2O intercalates lead to a great increase of the 

interlayer distance (d) and a decrease of interaction between vanadium oxide layers, resulting 

in the rolling of the V-O layers to tubular morphology. Phthalocyanine decoration of the 

nanostructured vanadium oxides is possible by electrostatic interaction between negatively 

charged phthalocyanines and the alkylammonium cations, intercalated into vanadium oxide 

layers (fig. 3). 

 
Fig. 3. Schematic presentation of the vanadium oxides, modified with metal phthalocyanines. 

The new materials were characterized by X-ray diffraction, TGA, IR-spectroscopy, SEM- and 

TEM-microscopy. These organic-inorganic nanostructured systems (MPc)0.01VOx attract great 

interest because the new hybrid materials possess highly developed surfaces, thermal stability 

and catalytic activity towards toxic aromatic compounds and mercaptans. 

This work was carried out under financial support of RFBR (project ˉ 14-03-31101ʤʦʣ_ʘ). 
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ʆʉʆɹɽʅʅʆʉʊʀ ʆʂʈɸʐɽʅʅʓʍ ʌʆʊʆʇʆʃʀʄɽʈʀɿʋʖʑʀʍʉʗ 

ʆʃʀɻʆʄɽʈ/ʄʆʅʆʄɽʈʅʓʍ ʂʆʄʇʆɿʀʎʀʁ ʀ ʇʆʂʈʓʊʀʁ ʅɸ 

ʀʍ ʆʉʅʆɺɽ  
 

ɸ. ɸ. ɿʘʚʦʜʯʠʢʦʚʘ 
1
, ɺ. ɹ. ʀʚʘʥʦʚ 

1
, ɺ. ɺ. ʉʘʬʦʥʦʚ

2
 

1
ʀʍʌ ʈɸʅ, ʫʣ. ʂʦʩʳʛʠʥʘ, ʜ.4, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
 ʌɻɹʆʋ ɺʇʆ çʄɻʋɼʊè, ʫʣ. ʉʘʜʦʚʥʠʯʝʩʢʘʷ, ʜ. 33, ʩʪʨ. 1, 117997, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: zavodchikova.anna@gmail.com 

 

ʆʢʨʘʰʝʥʥʳʝ ʬʦʪʦʧʦʣʠʤʝʨʠʟʫʶʱʠʝʩʷ ʦʣʠʛʦʤʝʨ/ʤʦʥʦʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ (ʌʇʂ) 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩ ̫ ʚ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʠ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺʳʷʚʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʜʝʣʘʶʪ ʘʢʪʫʘʣʴʥʳʤ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʧʦʠʩʢ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʦʣʠʛʦʫʨʝʪʘʥʤʝʪʘʢʨʠʣʘʪʦʚ, ʦʢʨʘʰʝʥʥʳʭ ʜʠʩʧʝʨʩʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʧʠʛʤʝʥʪʘʤʠ ʠʣʠ ʥʘʥʦʧʠʛʤʝʥʪʘʤʠ. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʌʇʂ (ʦʣʠʛʦʤʝʨʦʚ, 

ʤʦʥʦʤʝʨʦʚ, ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ, ʢʨʘʩʠʪʝʣʝʡ ʠ ʧʠʛʤʝʥʪʦʚ, ʬʦʪʦʠʥʠʮʠʘʪʦʨʦʚ), ʘ ʪʘʢʞʝ 

ʨʷʜʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʥʘʧʦʣʥʠʪʝʣʷ, ʇɸɺ, ʟʘʛʫʩʪʠʪʝʣʷ ʠ ʜʨ.) ʥʘ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʌʇʂ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʢʨʘʩʦʢ. 

ʇʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʌʇʂ, ʦʢʨʘʰʝʥʥʳʭ ʥʘʥʦʧʠʛʤʝʥʪʘʤʠ (ʅʇ), ʧʦʣʫʯʝʥʥʳʤʠ 

ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʢʨʘʩʠʪʝʣʝʡ ʦʜʥʦʛʦ ʠʣʠ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʢʘʪʠʦʥʥʳʤ ʇɸɺ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ (ʄʂʇʄ).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʄʂʇʄ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʅʇ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʢʨʘʰʠʚʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʚʧʣʦʪʴ ʜʦ 40 ʤʘʩ.%), ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʭʦʨʦʰʝʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʦʣʠʛʦʤʝʨʘʤʠ ʠ ʧʦʣʠʤʝʨʘʤʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ 

ʇɸɺ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʳ ʢʨʘʩʠʪʝʣʝʡ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʥʘʥʦʩʠʤʦʛʦ ʢʨʘʩʠʪʝʣʷ ʚ ʅʇ ʠ ʠʭ 

ʮʚʝʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʨʘʰʠʚʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʅʇ 

ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʝʡ ʢʨʘʩʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʬʠʢʩʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʢʨʘʰʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʪʘʙʣ.). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʩʤʝʩʝʡ ʢʨʘʩʠʪʝʣʝʡ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʮʚʝʪ ʅʇ, ʥʦ ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʫʚʝʣʠʯʠʚʘʪʴ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʨʘʰʠʚʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʄʘʩʰʪʘʙ ʩʠʥʝʨʛʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʢʨʘʩʠʪʝʣʝʡ ʠ ʧʨʠʨʦʜʳ ʇɸɺ-ʤʦʜʠʬʠʢʘʪʦʨʘ. ʆʮʝʥʝʥ 

ʚʢʣʘʜ ʵʬʬʝʢʪʘ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʚ ʦʙʱʝʝ ʧʦʚʳʰʝʥʠʝ ʩʚʝʪʦʩʪʦʡʢʦʩʪʠ ʅʇ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʅʇ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʝʡ ʢʨʘʩʠʪʝʣʝʡ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʝʥʝʝ ʩʚʝʪʦʩʪʦʡʢʦʛʦ ʢʨʘʩʠʪʝʣʷ ʥʘ ʙʦʣʝʝ ʩʚʝʪʦʩʪʦʡʢʠʡ. 

ʂʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʶ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʫʶ ʤʠʢʨʦʩʢʦʧʠʶ, ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʥʘʥʦʨʘʟʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʅʇ ʠ ʦʢʨʘʰʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ.  

ʊʘʙʣʠʮʘ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ, ʦʢʨʘʰʝʥʥʦʛʦ ʌʇʂ 

ʆʙʨʘʟʝʮ 
ʈʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ, ʅ  ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, % 

ʆʩʥʦʚʘ ʋʪʦʢ  ʆʩʥʦʚʘ ʋʪʦʢ 

ʅʝʦʢʨʘʰʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 387 277  7 15 

ʆʢʨʘʰʝʥʥʳʡ ʌʇʂ ʩ ʥʘʥʦʧʠʛʤʝʥʪʦʤ 
a
 647 314  6 15 

ʆʢʨʘʰʝʥʥʳʡ ʌʇʂ ʩ ʧʠʛʤʝʥʪʦʤ 
ʙ
 551 301  5 15 

a  
ʅʇ- ʜʠʩʧʝʨʩʥʳʡ ʩʠʥʝ-ʟʝʣʝʥʳʡ/ Cloisite 10A 
ʙ  
ʇʠʛʤʝʥʪ - Irgalite Blue NGA 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ [2+3]ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʜʦʚ ʢ ʘʣʢʠʥʘʤ. 

ʈʝʘʢʮʠʷ ʤʝʜʴ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ [2+3]ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʚ 

ʦʯʝʥʴ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʧʦʜʭʦʜ, ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʜʚʫʭ ʪʠʧʦʚ 

ʢʘʪʠʦʥʥʳʭ ʢʘʨʙʦʨʘʥʠʣʧʦʨʬʠʨʠʥʦʚ 1 ʠ 2.  
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ʈʝʘʢʮʠʠ ʧʨʦʧʘʨʛʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 5,10,15,20-ʪʝʪʨʘʬʝʥʠʣʧʦʨʬʠʨʠʥʘ ʠʣʠ 5,10,15,20-

ʪʝʪʨʘʢʠʩ(ʧʝʥʪʘʬʪʦʨʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʘ ʩ 1-ʘʟʠʜʦʤʝʪʠʣ-ʦ-ʢʘʨʙʦʨʘʥʦʤ ʧʨʠ ʢʘʪʘʣʠʟʝ 

ʩʠʩʪʝʤʦʡ ʘʮʝʪʘʪ ʤʝʜʠ(II) ï ʘʩʢʦʨʙʘʪ ʥʘʪʨʠʷ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ CH2Cl2-ʅ2ʆ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ ʧʨʠʚʦʜʠʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʪʨʘʢʘʨʙʦʨʘʥʟʘʤʝʱʝʥʥʳʭ 

ʧʦʨʬʠʨʠʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʘʨʙʦʨʘʥ ʩʚʷʟʘʥ ʩ ʧʦʨʬʠʨʠʥʦʚʳʤ ʤʘʢʨʦʮʠʢʣʦʤ ʯʝʨʝʟ ʪʨʠʘʟʦʣʴʥʳʡ 

ʩʧʝʡʩʝʨ. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʘʪʦʤʦʚ ʘʟʦʪʘ ʪʨʠʘʟʦʣʴʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʪʨʠʤʝʪʠʣʦʢʩʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʤ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʜʘʝʪ 

ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʪʝʪʨʘʢʘʪʠʦʥʥʳʝ ʧʦʨʬʠʨʠʥʳ 1 ʠ 2. ʅʘʣʠʯʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʦʨʬʠʨʠʥʦʚ 2 ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʠʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʦʚʳʰʘʝʪ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʝʪʘʙʦʣʠʟʤʫ, ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ, ʩʥʠʞʘʝʪ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʪ.ʜ.) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʪʝʤʥʦʚʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ; ʤʝʭʘʥʠʟʤ ʠʭ 

ʜʝʡʩʪʚʠʷ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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10
ɺ-ʉʆɼɽʈɾɸʑʀʁ ʌʊʆʈɿɸʄɽʑɽʅʅʓʁ ʍʃʆʈʀʅ -

ʕʌʌɽʂʊʀɺʅʓʁ ʉɽʅʉʀɹʀʃʀɿɸʊʆʈ ɼʃʗ 

ʌʆʊʆɼʀʅɸʄʀʏɽʉʂʆʁ ʀ ɹʆʈʅɽʁʊʈʆʅʆɿɸʍɺɸʊʅʆʁ 

ʊɽʈɸʇʀʀ ʈɸʂɸ 
 

ɸ.ɺ. ɿʘʡʮʝʚ
a
, ɺ.ɸ. ʆʣʴʰʝʚʩʢʘʷ

a
, ɺ.ʅ. ʂʘʣʠʥʠʥ

a
, ʅ. ʄʠʡʦʰʠ

b
, ɸ.ɸ. ʐʪʠʣʴ

c 

 
a
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ,  

ʫʣ. ɺʘʚʠʣʦʚʘ, 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʌʫʢʫʠ, 910-1193, ʌʫʢʫʠ, ʗʧʦʥʠʷ 

c
ʈʦʩʩʠʡʩʢʠʡ ʦʥʢʦʣʦʛʠʯʝʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʠʤ. ʅ. ʅ. ɹʣʦʭʠʥʘ, ʈɸʄʅ, 

ʂʘʰʠʨʩʢʦʝ ʰʦʩʩʝ, 24, 115478, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

ɽ-mail: porphyrin@yandex.ru 

 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʤʦʜʝʣʷʭ ʞʠʚʦʪʥʳʭ in vivo
1,2
, ʯʪʦ ʚʚʝʜʝʥʠʝ ʙʦʨʥʳʭ 

ʧʦʣʠʵʜʨʦʚ ʥʘ ʧʝʨʠʬʝʨʠʶ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʤʘʢʨʦʮʠʢʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʌɼʊ [1]. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʦʨʠʨʦʚʘʥʥʳʭ ʧʦʨʬʠʨʠʥʦʚ ʜʣʷ  ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʣʝʯʝʥʠʷ ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʧʨʦʩʪʦʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʙʦʨʠʨʦʚʘʥʥʳʭ ʧʦʨʬʠʨʠʥʦʚ ʠ ʭʣʦʨʠʥʦʚ, ʠʩʭʦʜʷ ʠʟ 5,10,15,20-

ʪʝʪʨʘʢʠʩ(ʧʝʥʪʘʬʪʦʨʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʘ ʠ ʣʠʪʠʡʢʘʨʙʦʨʘʥʦʚ [2]. ɺʚʝʜʝʥʠʝ ʬʪʦʨʘ  ʚ 

ʢʘʨʙʦʨʘʥʠʣʧʦʨʬʠʨʠʥʳ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʣʫʯʰʝʥʠʶ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʙʳʩʪʨʦʝ ʠ 

ʩʝʣʝʢʪʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚ ʦʧʫʭʦʣʠ. 

ʆʙʱʝʨʝʟʦʨʙʪʠʚʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ.   

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 

ʢʘʨʙʦʨʘʥʠʣʭʣʦʨʠʥʘ, 5,10,15,20-ʪʝʪʨʘʢʠʩ[4-(1-ʢʘʨʙʘ-

ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʥ-1-ʠʣ)ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ]17,18-

ʜʠʛʠʜʨʦʧʦʨʬʠʨʠʥ)ʥʘʪʨʠʷ (1), ʙʦʨʥʳʝ ʧʦʣʠʵʜʨʳ 

ʢʦʪʦʨʦʛʦ ʧʦʣʥʦʩʪʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʠʟʦʪʦʧʦʤ 
10
ɺ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʙʦʨʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ (ɹʅɿʊ). ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʭʣʦʨʠʥ 1 ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʤʝʤʙʨʘʥʘʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʠ ʘʢʪʠʚʘʮʠʷ ʪʝʧʣʦʚʳʤʠ 

ʥʝʡʪʨʦʥʘʤʠ ʛʝʥʝʨʠʨʫʝʪ ʪʦʢʩʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʚ ʵʪʠʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ. ɺʚʝʜʝʥʠʝ 

ʬʪʦʨʙʦʨʭʣʦʨʠʥʘ ʤʳʰʘʤ ʩ ʪʨʘʥʩʧʣʘʥʪʠʨʦʚʘʥʥʳʤʠ ʦʧʫʭʦʣʷʤʠ (1-5 ʤʛ/ʢʛ ʚʝʩʘ) ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʦʙʣʫʯʝʥʠʝ ʦʧʫʭʦʣʝʡ ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʦʧʫʭʦʣʝʚʳʭ ʦʯʘʛʦʚ. ɺ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʭʣʦʨʠʥ 

(1) ʥʝ ʚʳʟʳʚʘʝʪ ʧʨʠʟʥʘʢʦʚ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʫ ʤʳʰʝʡ ʩ ʦʧʫʭʦʣʷʤʠ. ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ 

ʌɼʊ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ɹʅɿʊ ʠʣʠ ʧʨʦʪʦʥʥʦʡ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʝʡ ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʦʧʫʭʦʣʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʢ ʧʦʣʥʦʤʫ ʝʝ 

ʠʩʯʝʟʥʦʚʝʥʠʶ. ʋʚʝʣʠʯʠʣʘʩʴ ʪʘʢʞʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʤʳʰʝʡ-

ʦʧʫʭʦʣʝʥʦʩʠʪʝʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ ʥʦʚʳʡ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʭʣʦʨʠʥ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʜʦʢʣʠʥʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 
 

1. V.A. Ol'shevskaya et al. Org. Biomol. Chem., 2006, 4, 3815 ï 3821.  

2. ɺ.ɸ. ʆʣʴʰʝʚʩʢʘʷ ʠ ʜʨ. ɼɸʅ, 2010, 435(6), 755 ï 759. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɼɺʆʁʉʊɺɽʅʅʆʁ ʇʈʀʈʆɼʓ 2-(4ô-

ʌʊʆʈɹɽʅɿʆʀʃ)ɹɽʅɿʆʁʅʆʁ ʂʀʉʃʆʊʓ ɺ ʉʀʅʊɽɿɽ ʅʆɺʓʍ 

ʄʆʅʆʄɽʈʆɺ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʂɸʈɼʆɺʓʍ ʇʆʃʀʄɽʈʆɺ 
 

ʅ.ɼ. ɿʚʫʢʦʚʘ, ɺ.ɺ. ʐʘʧʦʰʥʠʢʦʚʘ, ʉ.ʅ ʉʘʣʘʟʢʠʥ  

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: natalya_zvukova@mail.ru 

 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʩʦʭʨʘʥʷʪʴ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ 

ʷʚʣʷʝʪʩʷ ʭʠʤʠʷ  ʢʘʨʜʦʚʳʭ ʧʦʣʠʤʝʨʦʚ [1-3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ ʤʦʥʦʤʝʨʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʚʦʡʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ 2-(4ô-ʬʪʦʨʙʝʥʟʦʠʣ)ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (I) ʠ ʝʝ ʭʣʦʨʘʥʛʠʜʨʠʜʘ, ʩ 

ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʧʦʣʠʘʨʠʣʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʘʨʜʦʚʳʝ ʬʨʘʛʤʝʥʪʳ. ʉʠʥʪʝʟ ʤʦʥʦʤʝʨʦʚ ʩʦʩʪʦʷʣ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ: 

ʂʦʥʜʝʥʩʘʮʠʷ 2-(4ô-ʬʪʦʨʙʝʥʟʦʠʣ)ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʩ ʙʠʩ- ʠʣʠ ʤʦʥʦʬʝʥʦʣʘʤʠ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. 

ʉʠʥʪʝʟ ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ ʧʨʦʠʟʚʦʜʥʳʭ 2-(4ô-ʬʪʦʨʙʝʥʟʦʠʣ)ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ ʩ 2,6-ʢʩʠʣʝʥʦʣʦʤ ʚ ʥʠʪʨʦʙʝʥʟʦʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (II - VI). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʤʦʥʦʤʝʨʘ II. 
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ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʠʩʬʝʥʦʣʳ (III , IV) ʠ ʜʨʫʛʠʝ ʤʦʥʦʬʝʥʦʣʳ (V, 

VI): 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʨʷʜʘ ʥʦʚʳʭ 

ʤʦʥʦʤʝʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʨʜʦʚʳʭ ʧʦʣʠʤʝʨʦʚ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ. 
1. ʉ.ɺ. ɺʠʥʦʛʨʘʜʦʚʘ ʠ ʜʨ. ʋʩʧʝʭʠ ʭʠʤʠʠ 1973, 42(7), 1225ï1264. 

2. ʉ.ɺ. ɺʠʥʦʛʨʘʜʦʚʘ ʠ ʜʨ. ʋʩʧʝʭʠ ʭʠʤʠʠ  1996, 65(3), 263ï295. 

3. ʉ.ʅ. ʉʘʣʘʟʢʠʥ.  ɺʳʩʦʢʦʤʦʣʝʢ.  ʩʦʝʜ. ɹ. 2004, 46(7), 1244-1269. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ 8ʇ. 
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ʅɸ ʆʉʅʆɺɽ ʇʀʈʀɼʀʃʌɽʅʀʃɽʅʆɺʓʍ ɼɽʅɼʈʀʄɽʈʆɺ 

ʊʈɽʊʔɽʁ ɻɽʅɽʈɸʎʀʀ 
 

ʄ. ʉ. ɿʠʥʘʪʫʣʣʠʥʘ, ɿ. ɹ. ʐʠʬʨʠʥʘ, ɺ. ʀ. ʃʦʟʠʥʩʢʠʡ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ  

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ 28 ,119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: masha_vyatkina@mail.ru 

 

ɼʝʥʜʨʠʤʝʨʳ ï ʨʝʛʫʣʷʨʥʳʝ ʠ ʚʳʩʦʢʦʨʘʟʚʝʪʚʣʝʥʥʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʩ ʯʝʪʢʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʪʘʣʠʟʝ, 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ, ʨʘʟʣʠʯʥʳʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ.  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ʢʨʠʦʪʨʦʧʥʦʛʦ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ [1] ʧʦʣʫʯʝʥʳ ʥʦʚrʝ 

ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʩʪʦʡʯʠʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʦʡ ʥʘ ʦʩʥʦʚʝ ʞʝʩʪʢʠʭ 

ʧʠʨʠʜʠʣʬʝʥʠʣʝʥʦʚʳʭ ʜʝʥʜʨʠʤʝʨʦʚ. ʐʠʨʦʢʦʧʦʨʠʩʪʳʝ ʢʨʠʦʛʝʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ 

ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʮʘ ʧʠʨʠʜʠʣʬʝʥʠʣʝʥʦʚʦʛʦ ʜʝʥʜʨʠʤʝʨʘ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ ʩ ʧ,ʧô-

ʜʠʭʣʦʨʤʝʪʠʣʜʠʬʝʥʠʣʦʤ ʚ ʩʨʝʜʝ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʥʠʪʨʦʙʝʥʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ SnCl4. 

ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʢʘʟʘʣʩʷ ʧʨʦʪʝʢʘʝʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

(ʨʠʩ.1), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʚ ʥʝʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʘʢʨʦʧʦʨ. 

ʄʦʨʬʦʣʦʛʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʜʝʥʜʨʠʤʝʨʥʳʭ ʢʨʠʦʛʝʣʝʡ ʠʟʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʜʪʚʝʨʜʠʪʴ ʰʠʨʦʢʦʧʦʨʠʩʪʳʡ ʭʘʨʘʢʪʝʨ ʤʘʪʝʨʠʘʣʘ (ʈʠʩ. 2 

ʠ 3). 
 

 

 

 

 

 
ʈʠʩ.1  ʇʨʦʪʦʯʥʘʷ ʢʦʣʦʥʢʘ 

ʩ ʜʝʥʜʨʠʤʝʨʥʳʤ 

ʢʨʠʦʛʝʣʝʤ (ʩʪʨʝʣʢʘ) 

 ʈʠʩ.2  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʜʝʥʜʨʠʤʝʨʥʦʛʦ ʢʨʠʦʛʝʣʷ  

ʚ ʭʣʦʨʦʬʦʨʤʝ  

 ʈʠʩ.3  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʜʝʥʜʨʠʤʝʨʥʦʛʦ ʢʨʠʦʛʝʣʷ ʚ 

ʪʦʣʫʦʣʝ  

 

[1] ɺ.ʀ.ʃʦʟʠʥʩʢʠʡ // ʋʩʧʝʭʠ ʭʠʤʠʠ 71 (6) 559-585 (2002). 
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ʇʆʃʀɺʀʅʀʃɹʋʊʀʈɸʃʗ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ 

ʋʃʔʊʈɸʋʉʂʆʈɽʅʅʓʍ ʀʉʇʓʊɸʅʀʁ 
 

ɺ. ɹ. ʀʚʘʥʦʚ 
1
, ɸ. ɸ. ɿʘʚʦʜʯʠʢʦʚʘ 

1
, ʆ. ɸ. ɹʝʣʦʚʘ 

2
, ʀ. ɸ. ʂʨʶʯʢʦʚ 

2
,
  

ʆ. ʃ. ʃʘʟʘʨʝʚʘ 
2
, ɽ. ʀ. ʇʦʧʦʚʘ 

2 

 
1
ʀʍʌ ʈɸʅ, ʫʣ. ʂʦʩʳʛʠʥʘ, ʜ.4, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
 ʌɻʋʇ ɺʅʀʀɸ, ʫʣ. ʉʫʱʝʚʩʢʘʷ, ʜ. 22, 127055, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: ivb@chph.ras.ru 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʨʤʦ- ʠ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ɼʉʂ ʠ ʊɻɸ, ʚʦʧʨʦʩ ʦʙ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. ʉʚʷʟʘʥʦ ʵʪʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʨʘʟʣʠʯʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ, ʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʪʝʢʘʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʣʴʥʦ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʥʝ ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʳʙʨʘʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʴ (ʇɺɹ) ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ. ɺ ʨʷʜʝ ʢʨʘʩʠʚʳʭ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʦʙʩʫʞʜʘʶʪʩʷ ʣʠʰʴ ʚʝʨʦʷʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ʊɻɸ ʚʳʷʚʣʝʥʘ ʠ ʠʟʫʯʝʥʘ 1-ʘʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ 

ʩʪʘʜʠʷ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇɺɹ ʤʘʨʢʠ ʇʇ, ʥʘʙʣʶʜʘʶʱʘʷʩʷ ʚ ʦʙʣʘʩʪʠ 

170-360 Üʉ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ (ɽʘ) 60-70 ʢɼʞ/ʤʦʣʴ (ʪʘʙʣ.). 

ʄʝʪʦʜʘʤʠ ɻʍ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʚ ʋʌ- ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (70-120 Üʉ) ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʘʷ 

ʜʝʩʪʨʫʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʪʘʢʞʝ ʩ ʟʘʤʝʪʥʦʡ, ʭʦʪʷ ʠ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ. 

ɺʝʣʠʯʠʥʳ ɽʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʙʫʪʘʥʘʣʷ) ʠ ʥʘʢʦʧʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ (ʪʘʙʣ.), ʯʪʦ ʦʪʨʘʞʘʝʪ ʨʘʟʣʠʯʠʷ ʚ 

ʤʝʭʘʥʠʟʤʘʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ɹʣʠʟʢʠʤʠ ʢ ʟʥʘʯʝʥʠʶ ɽʘ 1-ʦʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʪʘʜʠʠ,  

ʷʚʣʷʶʪʩʷ ɽʘ ʦʙʨʘʟʦʚʘʥʠʷ ʙʫʪʘʥʘʣʷ (60 ʢɼʞ/ʤʦʣʴ), ʘ ʪʘʢʞʝ ʜʠʝʥʦʚ ʠ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʢʘʨʙʦʥʠʣʦʚ (78 ʢɼʞ/ʤʦʣʴ). ɺʘʞʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʝʥʥʦ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʨʝʚʨʘʱʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʇɺɹ. 
ʊʘʙʣʠʮʘ. ʕʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇɺɹ. 

ʇʨʦʮʝʩʩ ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʠʥʪʝʨʚʘʣ (Üʉ) 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ɽʘ 

(ʢɼʞ/ʤʦʣʴ) 

ʇʦʪʝʨʷ ʤʘʩʩʳ 264-346 ʊɻɸ 68 

ʇʦʪʝʨʷ ʤʘʩʩʳ 184-300 ʊɻɸ 70 

ʇʦʪʝʨʷ ʤʘʩʩʳ 172-361 ʊɻɸ 61 

ʆʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ 

(ʙʫʪʘʥʘʣʴ) 

80-120 ɻʍ 60 

ʅʘʢʦʧʣʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ  80-100 ʀʂ-ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 11 

ʆʙʨʘʟʦʚʘʥʠʝ ʜʠʝʥʦʚ ʠ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʢʘʨʙʦʥʠʣʦʚ 

70-90 ʋʌ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 78 

ʅʘʢʦʧʣʝʥʠʝ ʪʨʠʝʥʦʚ ʠ ʜʠʝʥʦʚ ʢʘʨʙʦʥʠʣʦʚ 70-90 ʋʌ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 137 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʝʥʦʚ 80-100 ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 201 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʊɻɸ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ɽʘ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇɺɹ. ɿʥʘʷ ɽʘ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (10-40 Üʉ) ʧʦ ʜʘʥʥʳʤ ʦ ʩʢʦʨʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʧʨʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (70-120 Üʉ). 
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ʉʀʅʊɽɿ ʇʆʃʀʀʄʀɼʅʓʍ ʑɽʊʆʂ ʄɽʊʆɼɸʄʀ çNORMAL è 

ATRP ʀ AGET ATRP 
 

ʀʚʘʥʦʚ ʀ.ɺ., ʂʘʰʠʥʘ ɸ.ɺ., ʗʢʠʤʘʥʩʢʠʡ ɸ.ɺ. 

 

ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ 

ɹʦʣʴʰʦʡ ʧʨ., ʜ. 31, 199004, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ɽ-mail: gangspil@gmail.com 

 

B ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʧʦʣʠʤʝʨʥʦʡ ʭʠʤʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʫʨʥʳʡ ʨʦʩʪ ʯʠʩʣʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʂʈʇ), 

ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʘʪʴ ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʣʠʤʝʨʳ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʘʧʨʠʤʝʨ, 

ʧʦʣʠʤʝʨʥʳʝ ʱʝʪʢʠ. ɼʣʷ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʨʝʛʫʣʷʨʥʳʭ ʧʨʠʚʠʪʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʢʦʥʪʨʦʣʠʨʫʝʤʫ  ʁʨʘʜʠʢʘʣʴʥʫ  ʁʧʦʣʠʤʝʨʠʟʘʮʠ ʁʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ (ATRP) 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʦʤ ʧʨʠʚʠʚʢʠ ʙʦʢʦʚʳʭ ʮʝʧʝʡ çgrafting fromè. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ 

ATRP ʥʘ ʤʫʣʴʪʠʮʝʥʪʨʦʚʳʭ ʤʘʢʨʦʠʥʠʮʠʘʪʦʨʘʭ ʨʘʟʣʠʯʥʳʭ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ ʚ 

ʦʩʥʦʚʥʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʪʘʣʠʪʠʯʝʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʩʦʣʝʡ 

ʦʜʥʦʚʘʣʝʥʪʥʦʡ ʤʝʜʠ (çnormalè ATRP). ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʥʦʚʳʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʚʝʜʝʥʠʶ ATRP, ʧʦʟʚʦʣʷʶʱʠʝ ʩʥʠʟʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢ ʢʠʩʣʦʨʦʜʫ, ʪʝʤ ʩʘʤʳʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʤʝʥʠʪʴ ʩʦʣʠ ʤʝʜʠ ʥʘ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʝ ʠ ʙʦʣʝʝ ʜʝʰʝʚʳʝ ʩʦʣʠ 

ʞʝʣʝʟʘ. ʉʨʝʜʠ ʵʪʠʭ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ATRP ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʱʝʪʦʢ ʷʚʣʷʝʪʩʷ AGET ATRP, ʦʩʥʦʚʘʥʥʘ ̫ʥʘ ʢʦʥʮʝʧʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʢʪʠʚʘʪʦʨʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʥʦʩʦʤ (Activators Generated by 

Electron Transfer).  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʥʘ 

ʧʦʣʠʠʤʠʜʥʦʤ ʤʘʢʨʦʠʥʠʮʠʘʪʦʨʝ AGET ATRP ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʄʄɸ) ʠ ʪʨʝʪ-

ʙʫʪʠʤʝʪʘʢʨʠʣʘʪʘ (ʊɹʄɸ), ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩ çnormalè ATRP 

ʵʪʠʭ ʤʝʪʘʢʨʠʣʘʪʦʚ. ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠʚʠʪʳʝ ʩʦʧʦʣʠʤʝʨʳ ʇʀ-ʧʨʠʚ-ʇʄʄɸ ʠ ʇʀ-

ʧʨʠʚ-ʇʊɹʄɸ ʥʘ ʧʦʣʠʠʤʠʜʥʦʤ ʤʫʣʴʪʠʮʝʥʪʨʦʚʦʤ ʤʘʢʨʦʠʥʠʮʠʘʪʦʨʝ, ʘ ʪʘʢʞʝ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʂʈʇ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: çnormalè ATRP ʠ AGET 

ATRP.  

 
R=-CH3, -C(CH3)3 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʟʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʜʝʣʝʥʥʳʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʫʩʪʘʥʦʚʣʝʥ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʡ ʧʦ 

ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʘʤ ʠ ʣʠʥʝʡʥʦʩʪʴ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʨʝʜʥʝʯʠʩʣʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 

ʚʳʜʝʣʝʥʥʳʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʦʪ ʢʦʥʚʝʨʩʠʠ ʤʦʥʦʤʝʨʘ. ʕʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʫʟʢʦʜʠʩʧʝʨʩʥʦʩʪʴʶ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʭʘʨʘʢʪʝʨʝ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ɻʇʍ 

ʦʧʨʝʜʝʣʝʥʘ ʧʣʦʪʥʦʩʪʴ ʧʨʠʚʠʚʢʠ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʧʦʣʠʤʝʨʥʳʭ ʱʝʪʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʜʚʫʤʷ 

ʤʝʪʦʜʘʤʠ. 
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ɻʀɹʈʀɼʓ ʌɽʈʈʆʎɽʅʆɺ ʀʃʀ ʀʅɼʆʃʆɺ ʀ ɻʀɼʈɸɿʀɼʆɺ 

ʂɸʈɹʆʅʆɺʓʍ ʂʀʉʃʆʊ: ʂʆʅʉʊʈʋʀʈʆɺɸʅʀɽ ʀ 

ʇʈʆʊʀɺʆʊʋɹɽʈʂʋʃɪɿʅɸʗ ɸʂʊʀɺʅʆʉʊʔ 
 

ʇ.ʖ. ʀʚʘʥʦʚ
a
, ɸ.ɻ. ʂʦʨʥʠʝʥʢʦ

a
, ʉ.ɽ. ʃʶʙʠʤʦʚ

a
, ʂ.ɹ. ʄʘʡʦʨʦʚ

b
,  

ɹ.ɺ. ʅʠʢʦʥʝʥʢʦ
b
, ɸ.ʉ. ɸʧʪ

b
, ɺ.ʉ. ɺʝʣʝʞʝʚʘ

a 

 
a
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ,  

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ.  
b
ʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʪʫʙʝʨʢʫʣʸʟʘ ʈɸʄʅ,  

ʗʫʟʩʢʘʷ ʘʣʣʝʷ, ʜ. 2, 107564, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ.  

ɽ-mail: velivanov@mail.ru 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 

ʦʜʥʦʛʦ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ  ʧʨʝʧʘʨʘʪʦʚ ʧʝʨʚʦʛʦ ʨʷʜʘ ʠʟʦʥʠʘʟʠʜʘ (INH) 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʝʛʦ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ  ʬʝʨʤʝʥʪ ʝʥʦʠʣʨʝʜʫʢʪʘʟʫ 

(InhA) Mycobacterium tuberculosis - ʢʦʤʧʦʥʝʥʪʘ FAS-II  ʩʠʩʪʝʤʳ ʵʣʦʥʛʘʮʠʠ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ (type II  fatty acid synthase) ʜʦ ʤʠʢʦʣʝʚʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʠʨʫʣʝʥʪʥʦʩʪʴ ʠ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ  M. tuberculosis. ʕʪʦʪ ʵʥʟʠʤ - 

ʛʣʘʚʥʘʷ ʤʠʰʝʥʴ ʜʣʷ INH. ʀʥʛʠʙʠʪʦʨʳ InhA ʩ ʦʪʣʠʯʥʳʤ ʦʪ INH  ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ 

ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʳʤʠ ʧʨʦʪʠʚ ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ ʠʟʦʥʠʘʟʠʜʫ ʰʪʘʤʤʦʚ M. tuberculosis. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʝʥʦʠʣʨʝʜʫʢʪʘʟ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʜʝʡʩʪʚʠʷ ʥʝ ʪʦʣʴʢʦ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ, ʥʦ ʠ ʘʥʪʠʤʘʣʷʨʠʡʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʋʯʠʪʳʚʘʷ  ʜʘʥʥʳʝ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ in vivo ʫ 

ʥʝʜʘʚʥʦ  ʧʦʷʚʠʚʰʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʠʥʜʦʣʴʥʦʛʦ ʨʷʜʘ, ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʛʠʙʨʠʜʥʦʛʦ ʬʝʨʨʦʮʝʥʩʦʜʝʨʞʘʱʝʛʦ ʘʥʪʠʤʘʣʷʨʠʡʥʦʛʦ ʢʘʥʜʠʜʘʪʘ-ʧʨʝʧʘʨʘʪʘ 

ʬʝʨʨʦʢʚʠʥʘ ʠ ʢʦʤʧʣʝʢʩʘ IQG607, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ INH, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ  ʤʠʰʝʥʝʡ (ʥʝ ʪʦʣʴʢʦ ʝʥʦʠʣʨʝʜʫʢʪʘʟ FAS-II  

ʩʠʩʪʝʤʳ, ʥʦ ʠ ʜʨʫʛʠʭ ʵʥʟʠʤʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʤʝʪʘʙʦʣʠʟʤʝ)  ʚ ʢʣʝʪʢʘʭ 

M. tuberculosis ʠ Plasmodium Falciparum, ʤʳ ʧʦʰʣʠ ʧʦ ʧʫʪʠ ʤʦʜʠʬʠʢʘʮʠʠ INH ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʪʘʢʠʭ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʢ ʬʨʘʛʤʝʥʪʳ ʠʥʜʦʣʘ 

ʠʣʠ ʬʝʨʨʦʮʝʥʘ. ʅʘʤʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ ʠʥʜʦʣʦʚ, ʬʝʨʨʦʮʝʥʦʚ ʠ ʠʟʦʥʠʘʟʠʜʘ (ʛʠʜʨʘʟʠʜ 

ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ), ʘ ʪʘʢʞʝ ʨʷʜʘ ʛʠʜʨʘʟʠʜʦʚ ʜʨʫʛʠʭ ʢʠʩʣʦʪ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʎʅʀʀʊ ʈɸʄʅ in vitro, ʘ ʪʘʢʞʝ ʚ ʣʝʛʦʯʥʳʭ 

ʤʘʢʨʦʬʘʛʘʭ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ ʠʟʦʥʠʘʟʠʜʫ 

ʰʪʘʤʤʦʚ ʤʠʢʦʙʘʢʪʝʨʠʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ  ~7% ʠʟ ʯʠʩʣʘ ʠʩʧʳʪʘʥʥʳʭ ʚʝʱʝʩʪʚ (5 ʠʟ 

70) ʧʨʦʷʚʠʣʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ in vitro ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʜʘʚʣʷʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʞʜʫ 0,2 ʠ 0,4 ʤʢʛ/ʤʣ ʚ ʦʪʥʦʰʝʥʠʠ 

ʠʟʦʥʠʘʟʠʜ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʰʪʘʤʤʘ ʠ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ  (ʜʦ 1,25 ʤʢʛ/ʤʣ) ʧʨʦʪʠʚ 

ʠʟʦʥʠʘʟʠʜïʨʝʟʠʩʪʝʥʪʥʦʛʦ ʰʪʘʤʤʘ M. tuberculosis. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ  ʚʳʩʦʢʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʥʘʤʠ ʧʦʜʭʦʜʘ ʢ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʤʦʣʝʢʫʣ-ʢʘʥʜʠʜʘʪʦʚ ʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ 

ʜʦʢʣʠʥʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ in vivo ʨʷʜʘ ʦʪʦʙʨʘʥʥʳʭ (ʥʘʠʤʝʥʝʝ ʪʦʢʩʠʯʥʳʭ ʠ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʭ) ʛʠʙʨʠʜʥʳʭ ʚʝʱʝʩʪʚ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 14-04-01688. 
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ʉʀʅʊɽɿ ʀ ʀɿʋʏɽʅʀɽ ʉɺʆʁʉʊɺ ʉɽʈʀʀ ʇʆʃʀʄɽʈʅʓʍ  

ʂʈʀʆɻɽʃɽʁ, ʇʈɽɼʅɸɿʅɸʏɽʅʅʓʍ ɼʃʗ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɺ 

ʂɸʏɽʉʊɺɽ ʐʀʈʆʂʆʇʆʈʀʉʊʓʍ ʅʆʉʀʊɽʃɽʁ ʇʈʀ 3D-

ʂʋʃʔʊʀɺʀʈʆɺɸʅʀʀ ʂʃɽʊʆʂ ɾʀɺʆʊʅʓʍ ʀ ʏɽʃʆɺɽʂɸ. 
 

ʈ.ɺ.ʀʚʘʥʦʚ
 ʘ
, ɺ.ʂ.ʂʫʣʘʢʦʚʘ

 ʘ
, ʄ.ʀ.ʄʠʭʘʡʣʦʚʩʢʘʷ

 b
, ɺ.ʀ.ʃʦʟʠʥʩʢʠʡ

 ʘ 

 
a 
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɽ-mail: rom_ivanov@yahoo.com 
b 
ʆʆʆ çʂʣʝʪʦʯʥʳʝ ʩʠʩʪʝʤʳè, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

ʇʦʣʠʤʝʨʥʳʝ ʢʨʠʦʛʝʣʠ ï ʛʝʪʝʨʦʬʘʟʥʳʝ ʛʝʣʝʚʳʝ ʩʠʩʪʝʤʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʛʣʫʙʦʢʦ ʟʘʤʦʨʦʞʝʥʥʦʡ ʩʨʝʜʝ. ʍʘʨʘʢʪʝʨʥʦʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʨʠʦʛʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʤʘʢʨʦʧʦʨʠʩʪʦʩʪʴ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ, 

ʤʝʥʷʷ ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʧʦʣʠʤʝʨʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ, 

ʨʝʞʠʤ rʢʨʠʦʪʨʦʧʥʦʛʦ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ; ʧʨʠ ʵʪʦʤ ʧʦʨʳ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ 

ʧʦʨʠʩʪʦʩʪʠ ʜʝʣʘʝʪ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʜʣʷ ʦʙʲʝʤʥʦʛʦ (3D) 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʝʨʠʷ ʥʦʩʠʪʝʣʝʡ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ 

ʤʦʥʦʤʝʨʥʳʝ, ʪʘʢ ʠ ʧʦʣʠʤʝʨʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ 

ʦʪʥʦʩʷʪʩʷ ʧʦʣʠ(N,N-ʜʠʤʝʪʠʣʘʢʨʠʣʘʤʠʜ-ʩʦ-ʘʣʣʠʣʛʣʠʮʠʜʠʣʴʥʳʝ) ʢʨʠʦʛʝʣʠ (ʨʠʩ.1), ʧʦ 

ʵʧʦʢʩʠʜʥʳʤ ʛʨʫʧʧʘʤ ʢʦʪʦʨʳʤ ʚʚʦʜʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʙʠʦʘʬʬʠʥʥʳʝ ʣʠʛʘʥʜʳ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʘʜʛʝʟʠʠ ʢʣʝʪʦʢ. ʇʨʠʤʝʨʘʤʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦʧʦʨʠʩʪʳʝ 

ʘʣʴʛʠʥʘʪʥʳʝ ʢʨʠʦʛʝʣʠ (ʨʠʩ.2), ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʦʙʥʳʭ ʣʠʛʘʥʜʦʚ ʩʦʜʝʨʞʘʚʰʠʝ ʢʦʚʘʣʝʥʪʥʦ 

ʧʨʠʰʠʪʦʡ ʢ ʩʪʝʥʢʘʤ ʤʘʢʨʦʧʦʨ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʞʝʣʘʪʠʥʳ, ʠ ʛʫʙʯʘʪʳʝ ʢʨʠʦʛʝʣʠ ʥʘ 

ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʞʝʣʘʪʠʥʳ (ʨʠʩ.3).  
 

 

 

 

 

 
ʈʠʩ.1  ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ 

ʧʦʣʠ(N,N-ʜʠʤʝʪʠʣʘʢʨʠʣʘʤʠʜ-

ʩʦ-ʘʣʣʠʣʛʣʠʮʠʜʠʣʴʥʦʛʦ) 

ʢʨʠʦʛʝʣʷ  

 ʈʠʩ.2  ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʉʘ-

ʘʣʴʛʠʥʘʪʥʦʛʦ ʢʨʠʦʛʝʣʷ 

 ʈʠʩ. 3 ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ 

ʞʝʣʘʪʠʥʦʚʦʛʦ ʢʨʠʦʛʝʣʷ 

ʐʠʨʦʢʦʧʦʨʠʩʪʳʝ ʢʨʠʦʛʝʣʠ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʠʟ ʤʦʥʦʤʝʨʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

(ʨʠʩ.1), ʦʢʘʟʘʣʠʩʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ-

ʧʨʦʜʫʮʝʥʪʦʚ ʨʝʢʦʤʙʠʥʘʪʥʳʭ ʚʠʨʫʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ 

ʚʠʨʫʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ ʙʠʦʨʝʘʢʪʦʨʘ. ɻʫʙʯʘʪʳʝ ʧʦʜʣʦʞʢʠ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (ʨʠʩ. 2 ʠ 3), ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʈɸʅ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡè. 
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ʅɸʅʆʂʆʄʇʆɿʀʊʓ ɼʃʗ ʆʈɻɸʅʀʏɽʉʂʆʁ ʌʆʊʆɺʆʃʔʊɸʀʂʀ 
 

ʆ.ʅ. ɸʙʨʘʤʦʚʘ
ʘ
, ʀ. ɸ.ʀʟʜʝʣʠʝʚʘ

ʙ 

 
ʘ
ʍʌʌ ʌɻɹʆʋ ɺʇʆ çʏɻʋ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ, ʧʨ-ʪ ʄʦʩʢʦʚʩʢʠʡ, ʜ. 15, 

428015ʛ. ʏʝʙʦʢʩʘʨʳ, ʏʫʚʘʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 

 
ʙ
ʌʘʢʫʣʴʪʝʪ ʙʠʦʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ, ʄɻʋ ʠʤ.ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʃʝʥʠʥʩʢʠʝ 

ʛʦʨʳ, ʜ. 1, ʩʪʨ. 3, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: inessaizd@gmail.com 

 

ʈʘʩʪʫʱʘʷ ʛʣʦʙʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʆʩʦʙʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʧʨʦʚʝʨʝʥʥʳʡ ʧʫʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ɿʝʤʣʝ ʠ ʚ ʢʦʩʤʦʩʝ - 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ  ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʬʦʪʦʵʣʝʤʝʥʪʘʭ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʧʦʷʚʠʣʦʩʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ: ʂʇɼ ʣʫʯʰʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10-17%. ʅʘʩʪʦʷʱʘʷ 

ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʦʠʩʢʘ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʩ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʥʦʚʳʤ ʢʣʘʩʩʦʤ ʤʝʪʘʣʣʦ-

ʢʦʤʧʣʝʢʩʦʚ ʬʫʣʣʝʨʝʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʢʮʝʧʪʦʨʘ: ʬʫʣʣʝʨʝʥʩʦʜʝʨʞʘʱʠʝ 

ʪʝʪʨʘʮʠʘʥʦʧʨʦʧʝʥʠʜʳ ʂ, Co, Zn, La ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʌʕ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩʦʧʨʷʞʝʥʥʳʡ 

ʧʦʣʠʤʝʨ/ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩ ʬʫʣʣʝʨʝʥʘ  ʦʪ ʣʠʛʘʥʜʦʦʙʨʘʟʫʶʱʝʛʦ ʤʝʪʘʣʣʘ.  

ɼʣʷ ʟʘʜʘʯ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʦʪʦʚʦʣʴʪʘʠʢʠ ʥʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʘʥʦʬʫʣʣʝʨʝʥʳ. 

ʆʜʥʘʢʦ ʚʩʝ ʧʨʝʜʧʨʠʥʷʪʳʝ ʧʦʧʳʪʢʠ ʥʘʡʪʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʬʫʣʣʝʨʝʥʦʚʳʡ ʘʢʮʝʧʪʦʨ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʵʣʝʤʝʥʪʘʭ, ʯʝʤ (1-(3-ʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣʧʨʦʧʠʣ)-

1-ʬʝʥʠʣ[6,6]ʤʝʪʘʥʦ[ʉ60]ʬʫʣʣʝʨʝʥ (PCBM), ʧʦʢʘ ʥʝ ʙʳʣʠ ʫʩʧʝʰʥʳʤʠ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʫʜʫʪ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ  ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 

ʬʫʣʣʝʨʝʥʩʦʜʝʨʞʘʱʠʭ ʪʝʪʨʘʮʠʘʥʧʨʦʧʝʥʠʜʦʚ (ʄʌʊʇ). ʀʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʦ ʤʝʪʘʣʣʦ-

ʢʦʤʧʣʝʢʩʘʭ ʨʘʟʣʠʯʥʳʭ ʧʨʦʧʝʥʠʜʦʚ (ʩ ʬʝʥʠʣʴʥʳʤ ʠ ʪʠʦʬʝʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ)  ʂ, 

Co, Zn, ʠ ʜʨ. ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ  ʬʫʣʣʝʨʝʥʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʚ ʬʦʪʦʵʣʝʤʝʥʪʘʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʂʇɼ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨ-

ʬʫʣʣʝʨʝʥʦʚʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩʦʧʨʷʞʝʥʥʳʡ ʧʦʣʠʤʝʨ/ʬʫʣʣʝʨʝʥ, ʤʝʪʦʜʳ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠʟ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʠʟʤʝʨʝʥʠʝ ʠ ʘʥʘʣʠʟ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʤʦʨʬʦʣʦʛʠʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʠ ʜʨ.  ʉʠʥʪʝʟʠʨʦʚʘʥʳ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʪʝʪʨʘʮʠʘʥʧʨʦʧʝʥʠʜʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʄʌʊʇ) ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʵʣʝʤʝʥʪʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʠʦʥ ʤʝʪʘʣʣʘ, ʵʢʨʘʥʠʨʦʚʘʥʥʳʡ ʧʨʦʧʝʥʠʜ-

ʘʥʠʦʥʦʤ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʜʘʩʪ ʥʝʦʙʭʦʜʠʤʫʶ ʧʣʝʥʦʯʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ  ʟʘʨʷʜʦʚ. ʇʨʦʧʝʥʠʜ-ʘʥʠʦʥ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʘʣʣʘ, ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʣʦʪʥʦʩʪʝʡ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʨʦʜʩʪʚʘ ʬʫʣʣʝʨʝʥʘ , ʯʪʦ ʜʦʣʞʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʥʘʧʨʷʞʝʥʠʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. ɺʦ-ʚʪʦʨʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʧʦʜʙʦʨʦʤ ʣʠʛʘʥʜʦʚ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʭʦʨʦʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʥʘʥʦʤʦʨʬʦʣʦʛʠʠ ʧʦʣʠʤʝʨ-

ʬʫʣʣʝʨʝʥʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ. 
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ʅʆɺʓɽ ʂɸʈɹʆʈɸʅʉʆɼɽʈɾɸʑʀɽ ʂʈɽʄʅʀʁʆʈɻɸʅʀʏɽʉʂʀɽ 

ʕʃɸʉʊʆʄɽʈʓ. ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʀ ʇʈʀʂʃɸɼʅʓɽ 
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ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ  ʥʦʚʳʭ ʧʦʣʠʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚʳʭ ʵʣʘʩʪʦʤʝʨʦʚ ʩ 1,7-

ʙʠʩ(ʜʠʤʝʪʠʣʩʠʣʠʣʤʝʪʠʣ)-ʤ-ʢʘʨʙʦʨʘʥʦʚʳʤʠ ʟʚʝʥʴʷʤʠ ʢʦʥʜʝʥʩʘʮʠʝʡ 1,7-

ʙʠʩ(ʛʠʜʨʦʢʩʠʜʠʤʝʪʠʣʩʠʣʠʣʤʝʪʠʣ)-ʤ-ʢʘʨʙʦʨʘʥʘ ʩ ʙʠʩ(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʜʠʦʨʛʘʥʦʩʠʣʘʥʘʤʠ 

ʠ -ʩʠʣʦʢʩʘʥʘʤʠ:  

x

C

C CH2 Si

CH3

CH3

O Si

R

CH3

O

CH2Si

CH3

CH3

y  
ʛʜʝ R = CH3, C6H5, CH2=CH, H, CF3CH2CH2;  x = 1-80 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʜʣʠʥʳ ʜʠʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚʦʛʦ ʙʣʦʢʘ ʤʝʞʜʫ 1,7-

ʙʠʩ(ʜʠʤʝʪʠʣʩʠʣʠʣʤʝʪʠʣ)-ʤ-ʢʘʨʙʦʨʘʥʦʚʳʤʠ ʟʚʝʥʴʷʤʠ ʠ ʧʨʠʨʦʜʳ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʜʠʢʘʣʦʚ ʫ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ ʦʪ -40 ʜʦ -122
0
ʉ. 

ʅʦʚʳʝ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ. ʊʘʢ, ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ 

ʨʘʟʣʦʞʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ, ʣʝʞʘʪ 

ʚ ʫʟʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ: ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 340-380 ʠ 430-570
0
ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʚʫʣʢʘʥʠʟʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘ 100 ʚʝʩ. ʯʘʩʪʝʡ ʧʦʣʠʤʝʨʘ 30 ʚʝʩ. ʯʘʩʪʝʡ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʣʠ ʩʠʣʠʢʘʪʘ ʤʘʛʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʚʳʝ ʠʤʝʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʥʘʯʘʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʯʝʤ ʚʪʦʨʳʝ. 

ʆʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʫʣʢʘʥʠʟʘʪʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʣʠʟʢʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʝʢʣʦʚʘʥʠʷ 

ʧʦʣʠʤʝʨʘ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʴ ʚʫʣʢʘʥʠʟʘʪʘ ʠ ʝʛʦ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʚʦʟʨʘʩʪʘʶʪ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʘʜʘʝʪ. 
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Cɺʆʁʉʊɺɸ ʇʈʀɺʀʊʓʍ ɹʃʆʂ-ʉʆʇʆʃʀʄɽʈʆɺ ʉ 

ʇʆʃʀʀʄʀɼʅʆʁ ʆʉʅʆɺʅʆʁ ʀ 

ʇʆʃʀʊʈɽʊɹʋʊʀʃʄɽʊɸʂʈʀʃɸʊʅʓʄʀ  

ɹʆʂʆɺʓʄʀ ʎɽʇʗʄʀ ɺ ʈɸʉʊɺʆʈɸʍ 
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ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʘè ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʩʣʦʞʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʩʢʦʨʦʩʪʥʦʡ 

ʩʝʜʠʤʝʥʪʘʮʠʠ, ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʠ ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʣʠʤʝʨʥʳʝ ʱʝʪʢʠ ʩ ʧʦʣʠʠʤʠʜʥʦʡ (ʇʀ) ʦʩʥʦʚʥʦʡ ʮʝʧʴʶ ʠ 

ʧʦʣʠʪʨʝʪʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʥʳʤʠ (ʇɹʄɸ) ʙʦʢʦʚʳʤʠ ʮʝʧʷʤʠ. 
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ʇʦʣʠʤʝʨʳ ʨʘʟʣʠʯʘʣʠʩʴ ʧʣʦʪʥʦʩʪʴʶ ʧʨʠʚʠʚʢʠ ʙʦʢʦʚʳʭ ʮʝʧʝʡ z = n1/(n1 + n2) ʢ ʦʩʥʦʚʥʦʡ 

ʮʝʧʠ (z = 0.5 · 1.0) ʠ ʩʪʝʧʝʥʴʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ P ʙʦʢʦʚʳʭ ʮʝʧʝʡ (P = 50 · 150). ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʭʣʦʨʦʬʦʨʤ ʠ ʪʦʣʫʦʣ. 

ʊʦʣʫʦʣ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʢʘʯʝʩʪʚʫ ʜʣʷ ʩʦʧʦʣʠʤʝʨʦʚ ʠ 

ʙʦʢʦʚʳʭ ʮʝʧʝʡ. ʆʩʥʦʚʥʘʷ ʇʀ ʮʝʧʴ ʚ ʪʦʣʫʦʣʝ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ. ʍʣʦʨʦʬʦʨʤ, ʧʣʦʭʦʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʣʷ ʦʩʥʦʚʥʦʡ ʇʀ ʮʝʧʠ. 

ʆʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ, ʚʪʦʨʦʛʦ ʚʠʨʠʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʜʠʫʩʦʚ 

ʤʘʢʨʦʤʦʣʝʢʫʣ.  

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʇʀ ʦʩʥʦʚʥʘʷ ʮʝʧʴ ʩʪʨʝʤʠʪʴʩʷ çʫʡʪʠè ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʥʫʪʨʴ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʣʫʙʢʘ ʙʦʢʦʚʳʭ ʇɹʄɸ ʮʝʧʝʡ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ 

ʯʝʨʚʝʦʙʨʘʟʥʦʛʦ ʩʬʝʨʦʮʠʣʠʥʜʨʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʜʠʫʩʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ ʂʫʥʘ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʩʬʝʨʦʮʠʣʠʥʜʨʘ 

ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʙʦʢʦʚʳʭ ʮʝʧʝʡ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 14-03-31809 ʤʦʣ_ʘ  
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ʄɽʍɸʅʀɿʄ ʆɹʈɸɿʆɺɸʅʀʗ ɹʀʎʀʈʂʆʅʀɽɺʆɻʆ 

ʀʅʊɽʈʄɽɼʀɸʊɸ ɺ ʈɽɸʂʎʀʀ ʎʀʂʃʆɸʃʖʄʀʅʀʈʆɺɸʅʀʗ 

ʆʃɽʌʀʅʆɺ, ʂɸʊɸʃʀɿʀʈʋɽʄʆʁ ʎʀʈʂʆʅʆʎɽʅɼʀʍʃʆʈʀɼʆʄ 
 

ɼ. ʅ. ʀʩʣʘʤʦʚ, ʊ. ɺ. ʊʶʤʢʠʥʘ, ʃ.ɺ. ʇʘʨʬʸʥʦʚʘ, ʃ.ʄ. ʍʘʣʠʣʦʚ, ʋ. ʄ. ɼʞʝʤʠʣʝʚ 

 

ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʈɸʅ, 

ʇʨ. ʆʢʪʷʙʨʷ, ʜ. 141, 450075, ʋʬʘ, ʈʦʩʩʠʷ 

ɽ-mail: islamov19@gmail.com 

 

ʀʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʮʠʢʣʦʘʣʶʤʠʥʠʨʦʚʘʥʠʷ Ŭ-ʦʣʝʬʠʥʦʚ ʘʣʶʤʠʥʠʡ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ Cp2ZrCl2, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʩʚʷʱʝʥʦ ʨʷʜ 

ʨʘʙʦʪ [1-3]. ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʙʠʮʠʨʢʦʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʵʪʠʣʠʜʝʥʦʚʳʤ ʤʦʩʪʠʢʦʤ 1 [4]. ʅʘʤʠ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ (PBE/3z, 

ʇʨʠʨʦʜʘ 6.0; MP2/3-21G + 6-31G(d,p), Gaussian 09). ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʤʘʨʰʨʫʪʦʚ 

ʨʝʘʢʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ. ʇʝʨʚʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ 

ʤʦʣʝʢʫʣ ʮʠʨʢʦʥʦʮʝʥ ʵʪʠʣʭʣʦʨʠʜʘ 2 ʩʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ ʂʘʤʠʥʩʢʦʛʦ [4]. ɺ ʦʩʥʦʚʫ 

ʚʪʦʨʦʛʦ ʤʘʨʰʨʫʪʘ ʧʦʣʦʞʝʥʘ ʨʝʘʢʮʠʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʮʠʨʢʦʥʦʮʝʥʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ 3 [3] ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ Cp2ZrCl2. 

 
ʉʭʝʤʘ. ʄʘʨʰʨʫʪʳ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʮʠʨʢʦʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʠʢʣʦʘʣʶʤʠʥʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʡ ʛʠʜʨʠʜʥʳʡ ʧʝʨʝʥʦʩ ʧʦ ʨʝʘʢʮʠʠ (1) ʧʨʦʪʝʢʘʝʪ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ, ʨʘʚʥʳʤ 65.2  ʢʢʘʣ/ʤʦʣʴ (ʛʘʟʦʚʘʷ ʬʘʟʘ). ɹʘʨʴʝʨ, 

ʥʘʡʜʝʥʥʳʡ ʜʣʷ ʨʝʘʢʮʠʠ (2) ʩʦʩʪʘʚʣʷʝʪ ȹG
Í
r = 18.3 ʢʢʘʣ/ʤʦʣʴ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ 

ʠʟʤʝʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʨʠ 298 Üʂ ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ -

4.4 ʢʢʘʣ/ʤʦʣʴ.  ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ (2), ʢʦʪʦʨʳʡ ʧʨʝʜʣʦʞʝʥ ʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦʛʦ ʤʘʨʰʨʫʪʘ. 
 

1. ʍʘʣʠʣʦʚ ʃ. ʄ. ʠ ʜʨ. ʀʟʚ. ɸʅ. ʉʝʨ. ʭʠʤ. 2000, 12, 2086ï2093. 

2. ʈʫʩʘʢʦʚ ʉ. ɺ. ʠ ʜʨ. ʀʟʚ. ɸʅ. ʉʝʨ. ʭʠʤ. 2001, 12. 2229ï2238. 

3. L. V. Parfenova J. Organomet. Chem. 2009, 694 (23), 1, 3725ï3731. 

4. W. Kaminsky et al. Liebigs Annalen der Chemie 1975, 424ï437. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 12-03-33089 

ʤʦʣ_ʘ_ʚʝʜ). 
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a
ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
b
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119571 ʄʦʩʢʚʘ, ʧʨ. ɺʝʨʥʘʜʩʢʦʛʦ, 86. 

ɽ-mail: slav@ineos.ac.ru 

 

ɸʣʠʬʘʪʠʯʝʩʢʠʝ ʧʦʣʠʵʬʠʨʳ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʢʠʩʣʦʪ - ʤʦʣʦʯʥʦʡ, ʛʣʠʢʦʣʝʚʦʡ ʠ ʪ.ʜ., 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʨʘʟʣʦʞʝʥʠʶ ʜʦ ʥʝʪʦʢʩʠʯʥʳʭ ʠ ʣʝʛʢʦ ʚʚrʦʜʠʤʳʭ ʠʟ ʦʨʛʘʥʠʟʤʘ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʪʝʯʝʥʠʝ 

ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʚʥʠʤʘʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʣʣʝʢʪʠʚʦʚ 

ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʘʤʬʠʬʠʣʴʥʳʤ  ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʧʦʣʠʵʬʠʨʘʤ ʚʩʣʝʜʩʪʚʠʝ  ʠʭ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʭʦʨʦʰʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʭʦʜʝ ʛʠʜʨʦʣʠʟʘ ʪʘʢʠʭ 

ʧʦʣʠʤʝʨʦʚ ʦʙʨʘʟʫʶʪʩʷ ʛʠʜʨʦʢʩʠʢʠʩʣʦʪʳ, ʷʚʣʷʶʱʠʝʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʜʣʷ ʦʨʛʘʥʠʟʤʘ 

ʤʝʪʘʙʦʣʠʪʘʤʠ, ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʧʨʦʩʪʳʝ ʵʬʠʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ; ʵʪʦ ʜʝʣʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʦʧʦʣʠʤʝʨʦʚ ʚ ʤʝʜʠʮʠʥʝ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʝ  ʧʦʣʠʤʝʨʳ, ʠʤʝʶʱʠʝ 

ʛʠʜʨʦʬʦʙʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʙʣʦʢʠ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʢʠʩʣʦʪ ʠ ʛʠʜʨʦʬʠʣʴʥʳʝ ʙʣʦʢʠ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜʘ ʠ ʧʦʣʠʛʣʠʮʝʨʠʥʘ, ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʥʦʚʝr 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʝr ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ 

ʙʳʩʪʨʦ ʠ ʧʦʣʥʦʩʪʴʶ ʚʳʚʦʜʠʪʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠ ʠʟʫʯʝʥ ʨʷʜ ʥʦʚʳʭ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʠʜʨʦʢʩʠʢʠʩʣʦʪ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʘʤʬʠʬʠʣʴʥʳʝ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ 

ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʛʠʜʨʦʬʠʣʴʥʳʭ ʠ ʣʠʧʦʬʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʘ ʪʘʢʞʝ ʦʪ 

ʩʪʨʦʝʥʠʷ ʩʦʧʦʣʠʤʝʨʘ. ʇʦʢʘʟʘʥʦ ʫʩʧʝʰʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʩʦʧʦʣʠʵʬʠʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʭʦʜʝ ʧʦʣʫʯʝʥʠʷ ʤʠʢʨʦʵʤʫʣʴʩʠʡ, ʤʠʢʨʦʢʘʧʩʫʣ ʠ ʤʠʢʨʦʯʘʩʪʠʮ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʢʘʧʝʣʴ ʵʤʫʣʴʩʠʡ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ 

ʩʦʧʦʣʠʤʝʨʘʤʠ, ʫʚʝʣʠʯʠʚʘʣʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʫ ɻ ʤʫʣʴʩʠʡ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʣʠʥʝʡʥʳʤ ʩʦʧʦʣʠʤʝʨʘʤʠ. ʄʠʢʨʦʢʘʧʩʫʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʢʘʟʳʚʘʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʢʘʧʩʫʣʷʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ. 14-03-00521). 
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ʂ.ʉ. ʂʘʣʠʥʠʥʘ, ʅ.ɼ. ɻʦʣʫʙʝʚʘ, ɻ.ʀ. ɼʞʘʨʜʠʤʘʣʠʝʚʘ, ɸ.ɼ. ʇʦʤʦʛʘʡʣʦ 

 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, 

ʧʨʦʩʧ. ɸʢʘʜʝʤʠʢʘ ʉʝʤʝʥʦʚʘ, ʜ. 1, 142432, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʫʯʝʥʠʶ 

ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʢʨʠʣʘʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʘʪʦʚ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʩʚʦʡʩʪʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ.  

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ [1], ʘʢʨʠʣʘʤʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ ʩʧʦʩʦʙʥʳ 

ʧʦʣʠʤʝʨʠʟʦʚʘʪʴʩʷ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʚʦ ʬʨʦʥʪʘʣʴʥʦʤ ʨʝʞʠʤʝ, ʪʦ ʝʩʪʴ ʚ 

ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʤʦʥʦʤʝʨʘ ʚ ʧʦʣʠʤʝʨ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ ʠ ʧʦʩʣʦʡʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ. 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʥʘʠʙʦʣʝʝ ʤʷʛʢʠʭ  ʫʩʣʦʚʠʷʭ, ʠʟʚʝʩʪʥʳʭ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ï 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʨʤʠʯʝʩʢʦʤ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʠʥʠʮʠʘʪʦʨʦʚ ʠ ʘʢʪʠʚʘʪʦʨʦʚ. 

ʅʘʤʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʘʢʨʠʣʘʤʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ  ʥʠʪʨʘʪʦʚ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ Pd(II), Rh(III ), Pt(IV). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ 

ʘʢʨʠʣʘʤʠʜʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʢʠʩʣʦʨʦʜʥʦʤʫ ʘʪʦʤʫ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, 

ʜʚʦʡʥʘʷ ʩʚʷʟʴ ʧʨʠ ʵʪʦʤ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪʩʷ (ʨʠʩ.1). ʆʩʫʱʝʩʪʚʣʝʥʘ ʪʝʨʤʠʯʝʩʢʠ 

ʠʥʠʮʠʠʨʦʚʘʥʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʘʢʨʠʣʘʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
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NH2CH

CH CH2
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʘʢʨʠʣʘʤʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʪʨʘʪʘ Pd(II ) 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚ ʭʦʜʝ ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʦʚʤʝʱʝʥʠʠ ʩʠʥʪʝʟʘ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʤʝʪʘʣʣʘ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʠʭ ʧʦʣʠʤʝʨʥʦʡ ʦʙʦʣʦʯʢʠ in situ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨ-ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʤʝʰʘʥʥʦʛʦ (ʛʠʙʨʠʜʥʦʛʦ) ʪʠʧʘ çʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʘ-ʧʦʣʠʤʝʨ-

ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʥʦʩʠʪʝʣʴè, ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ Pd/ʧʦʣʠʘʢʨʠʣʘʤʠʜ/SiO2 (Al2O3, SnO2, C) ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʨʝʘʢʮʠʷʭ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
 

ɸ.ɼ. ʇʦʤʦʛʘʡʣʦ, ɻ.ʀ. ɼʞʘʨʜʠʤʘʣʠʝʚʘ. ɺʳʩʦʢʦʤʦʣʝʢ. ʩʦʝʜ. 2004,  46, 437-453. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-03-00542). 
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ʂɸʊʀʆʅʀʊ ʅɸ ʆʉʅʆɺɽ ɻʃʀʎʀɼʀʃʄɽʊɸʂʈʀʃɸʊɸ ʀ 

ʄɽʊɸʂʈʀʃʆɺʆʁ ʂʀʉʃʆʊʓ 
 

ʅ.ɸ.ɹʝʢʪʝʥʦʚ
a
, ʂ.ʄ.ʂʘʣʤʫʨʘʪʦʚʘ

a
, ɻ.ɽ.ɸʙʜʨʘʣʠʝʚʘ

b 

 
a
ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʠʤ. ɸ.ɹ.ɹʝʢʪʫʨʦʚʘ 

ʫʣ. ʐ.ʋʘʣʠʭʘʥʦʚʘ, 106, 050010, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
b
ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʫʣ. ʊʦʣʝ ɹʠ, 59, 050000, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʠʜʳ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʥʘ ʦʩʥʦʚʝ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʤʝʪʘʢʨʠʣʦʚʳʭ ʢʠʩʣʦʪ. ʀʩʩʣʝʜʦʚʘʥʘ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʄɸʂ ʩ ʙʫʪʠʣʘʢʨʠʣʘʪʦʤ, ɹʄɸ ʠ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʙʠʥʘʨʥʳʭ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʦʨʦʚ. ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʳ ʫʯʘʩʪʠʝʤ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʪʘʜʠʠ 

ʨʦʩʪʘ [1].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʩʣʘʙʦʢʠʩʣʦʪʥʳʭ ʢʘʪʠʦʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ɻʄɸ-ʄɸʂ ʩ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʦʡ. 

 ̄

 

ʄʘʩ.ʩʦʦʪʥ. 
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ʊʘʙʣʠʮʘ ˉ1. ɺʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʉʆɽ ʢʘʪʠʦʥʠʪʦʚ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʤʘʩʩʳ ʢʠʩʣʦʪʳ, ʦʙʤʝʥʥʘʷ ʝʤʢʦʩʪʴ 

ʢʘʪʠʦʥʠʪʘ ʧʦʚʳʰʘʝʪʩʷ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʪʨʫʢʪʫʨʦ- 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨʦʚ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʫʧʣʦʪʥʝʥʠʶ ʤʘʪʨʠʮʳ ʠʦʥʠʪʘ ʧʨʠ ʠʦʥʥʦʤ 

ʦʙʤʝʥʝ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʦʢʘʟʘʣʩ̫ ʢʘʪʠʦʥʠʪ  ʚ ʤʘʩʩʦʚʳʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:4.  

ʆʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʦʥʠʪʦʚ ï ʵʪʦ ʭʠʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʪʚʦʨʘʤ ʢʠʩʣʦʪ, ʱʝʣʦʯʝʡ ʠ ʦʢʠʩʣʠʪʝʣʝʡ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

(ʪʘʙʣ.2) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʢʘʪʠʦʥʠʪ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚ ʚ ʘʛʨʝʩʩʠʚʥʳʭ 

ʩʨʝʜʘʭ.  

ʄʘʩ. ʩʦʦʪʥ.           

ʉʦʧʦʣʠʤʝʨ: 

ʃʠʤ.ʢʠʩʣʦʪʘ 

ʀʩʭʦʜʥʘʷ ʉʆɽ, 

ʤʛ-ʵʢʚ/ʛ 

ʉʆɽ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʘʤʠ, ʤʛ-ʵʢʚ/ ʛ. 

5ʥ Nʘʆʅ 5ʥ H2S04 1H HN03 10% ʅ202 

1,0:4,0 4,55 4,30  4,20  4,15 4,18 
ʊʘʙʣʠʮʘ ˉ2. ʍʠʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʪʠʦʥʠʪʦʚ 

 

ʇʦʣʫʯʝʥʥʳʝ ʠʦʥʠʪʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʩʦʨʙʮʠʠ ʪʷʞʝʣʳʭ,  ʨʝʜʢʠʭ ʠ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ  ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ.   
 

1. ɸ.ɸ. ʄʦʡʢʠʥ ʠ ʜʨ. ʄʝʞʜʫʥ. ʢʦʥʬ. "ʌʫʥʜʘʤ.ʧʨʦʙ. ʥʘʫʢʠ ʦ ʧʦʣʠʤʝʨʘʭ" ʄʦʩʢʚʘ, 21-23 ʷʥʚ, 1997. ʊʝʟ. 

ʜʦʢʣ. ʉ.1-48. 
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TRANSFER HYDROGENATION OF KETONES IN WATER 

CATALYZED BY RUTHENIUM AND RHODIUM SURFACE ACTIVE 

COMPLEXES 
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Catalytic transfer hydrogenation (TH) of ketones catalyzed by various ruthenium, rhodium 

and iridium complexes has been recognized as a powerful tool for synthesis of secondary 

alcohols. Particularly their complexes with chiral 1,2-disubstituted ethylenediamines are 

efficient catalysts for asymmetric reduction (ATH) of ketones.
1
 Recently we developed highly 

efficient surface active catalysts [(p-Cymene)MCl(H2NCH2CH2NTs
*
)] (ML p

n
, M = Ru, Rh; 

Ts
*
 = p-SO2C6H4CH2NMe2CnH2n+1

+
Cl

-
; n = 8, 16) for reduction of hydrophobic ketones in 

aqueous HCOONa,
2
 which are up to 100 times faster compared to non-micellar analogues.  

Here we investigated the influence of the added surfactant (cationic, anionic, non-ionic) on 

the performance of ML p
n
 catalytic system. The sign and the extent of the effect depends on 

the type of mixed micelles formed, hence both the nature of the catalyst and the added 

surfactant as well as their mutual ratio contribute the overall effect. Anionic and non-ionic 

surfactants greatly affects the activity of micellar system. Interestingly, small amount (<1 

equiv.) of the anionic surfactant improves the activity of RuL p
16

 complexes, while 

significantly deactivates RhL p
16

 catalyst. Also the hydrophobicity of ketones affects the 

activity of RuL p
n
 and RhL p

n
 differently. We studied the reasons that lie behind the diverse 

behavior of ruthenium and rhodium micellar systems by employing NMR Diffusion Oriented 

spectroscopy (DOSY) and Paramagnetic Relaxation Enhancement (NMR PRE) techniques. 

According to both NMR PRE and DOSY, the ruthenium and rhodium catalysts are distributed 

in different ways in the micelles: the organometallic moiety of RuL p
16

 is located near the 

surface of the micelle, while in RhL p
16

 micelles the metal centre is immersed in the 

hydrophobic phase. This results in hindered access of the formate ions to the hydrophobic 

phase and inhibits the fast regeneration of the active rhodium hydride species. 

  

1. R. Noyori et al. Acc. Chem. Res. 1997, 30, 97. 

2. Kalsin, A.M. et al. Chem. Eur. J. 2014, 20, 846. 
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THE FIRST Eu
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(OOCCH3) [15-MCCu(II) Glyha-5](NO3)2 

METALLACROWN  WITH  ACETATE BINDED TO THE CENTRAL 

METAL ION  
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3d-4f metallacrowns have received considerable attention as preorganized molecules that can 

be prepared in a variety of structural types.  The Ln
3+

[15-MCCu(II)-5] complexes contain a 

planar metallamacrocycle with a central lanthanide ion surrounded by five Cu
2+ 

 ions forming 

a ring. Despite a large amount of systematic structural studies of the affinity of Ln complexes 

derived from Ŭ-aminohydroxamic acids for various organic carboxylates, there are no 

examples of metallacrowns based on the simple glycine hydroximate and acetate ligands. 

Such complexes represent a simple model for these systems. Note, that acetate ions have not 

been previously seen to bind to the 15-metallacrown-5. Herein, we present the first Eu
3+

(OOC 

CH3)[15-MCCu(II)Glyha-5](NO3)2 metallacrown with acetate binding to the central lanthanide 

ion. X-ray crystallography revealed that this metallacrown is pseudo-fivefold symmetric as a 

consequence of the -Cu(II)Gglyha- repeat unit that rotates around the central Eu(III) ion. The 

Eu(III) ion is eight-coordinate and contains the bidentate acetate and inner-sphere coordinated 

water. All five copper(II) ions also have weakly bound H2O molecules. This system possesses 

the network of hydrogen bonds surrounding the metallacrown, which may be a reason of the 

distorted planar geometry observed.  The acetate ion bound to Eu(III) has hydrogen bonds to 

the H2O species connected with the copper(II) ions. There are also hydrogen bonds between 

the water molecules coordinated to Eu(III) and Cu(II). Also a weak bond is formed between 

the acetate oxygen and an amine group of another molecule. Additional nitrate ions required 

for the charge balance are found in the lattice. Remarkably, they do not coordinate to the 

copper ions.  

 
Fig.1 Molecular structure of {Eu

3+
(OOCCH3)[15-MCCu(II)Glyha-5]}

2+
 (30% thermal ellipsoids probability). 

Hydrogen atoms and solvating water molecules are omitted for clarity. 

 

This work was supported by RSF (Project 14-13-00832). 
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ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʤʠʮʝʣʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ) ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʝʥʳʭ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʣʝʪ. ɼʣʠʥʘ ʤʠʮʝʣʣ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ, ʧʦʵʪʦʤʫ ʚ ʧʦʣʫʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʥʠ ʧʝʨʝʧʣʝʪʘʶʪʩʷ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʪʢʠ ʟʘʮʝʧʣʝʥʠʡ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʩʦʟʜʘʶʪ ʚʷʟʢʦʫʧʨʫʛʠʝ ʨʘʩʪʚʦʨʳ ʩ 

ʚʦʩʧʨʠʠʤʯʠʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʤʦʣʝʢʫʣʳ ʚ ʤʠʮʝʣʣʘʭ ʩʚʷʟʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʣʘʙʳʤʠ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. ʊʘʢ ʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʇɸɺ 

ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ, ʙʦʣʝʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʤʠʮʝʣʣʳ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʤʠʮʝʣʣ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ. 

  ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʣʘʩʴ ʘʜʩʦʨʙʮʠʷ ʘʥʠʦʥʥʦʛʦ ʇɸɺ ʠ ʢʘʪʠʦʥʥʦʛʦ ʛʠʜʨʦʪʨʦʧʘ (ʩʦ-

ʇɸɺ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʢʨʝʤʥʠʷ ʠ ʚʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʘ 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʤʠʮʝʣʣ ʇɸɺ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ 

ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ Ludox TM-40, ʘʥʠʦʥʥʦʝ ʇɸɺ ʦʣʝʘʪ ʢʘʣʠʷ ʠ ʢʘʪʠʦʥʥʳʡ ʛʠʜʨʦʪʨʦʧ 1-

ʛʝʢʩʠʣʧʠʨʠʜʠʥʠʡ ʙʨʦʤʠʜ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʥʘʥʦʯʘʩʪʠʮ ʙʝʟ ʇɸɺ ʠ ʩ 

ʦʙʦʣʦʯʢʦʡ ʠʟ ʇɸɺ ʠ ʩʦ-ʇɸɺ. ʇʦ ʬʦʪʦʛʨʘʬʠʷʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʨʘʟʤʝʨʘʤ. ʄʘʢʩʠʤʫʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʣʫʯʘʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʇɸɺ 

ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʬʘʢʪ ʘʜʩʦʨʙʮʠʠ ʇɸɺ ʥʘ 

ʥʘʥʦʯʘʩʪʠʮʳ. 

ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʇɸɺ ʠ ʩʦ-ʇɸɺ ʩʠʩʪʝʤʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʷʟʢʦʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʪʢʠ 

ʧʝʨʝʧʣʝʪʝʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʤʠʮʝʣʣ.  

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʘʩʪʚʦʨ ʥʘʥʦʯʘʩʪʠʮ, ʤʦʣʝʢʫʣʳ ʇɸɺ ʠ ʩʦ-ʇɸɺ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʠʩʪʝʤ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠ ʙʝʟ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩ. 

ʅʘʥʦʯʘʩʪʠʮʳ ʩ ʦʙʦʣʦʯʢʦʡ ʙʳʣʠ ʦʪʜʝʣʝʥʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʦʪ ʠʟʙʳʪʦʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʇɸɺ ʠ ʛʠʜʨʦʪʨʦʧʘ. ʇʦʩʣʝ ʯʝʛʦ ʩʫʧʝʨʥʘʪʘʥʪ ʠ ʦʩʘʜʦʢ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʢʦʣʠʯʝʩʪʚʦʤ ʯʘʩʪʠʮ ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʥʠ ʥʠʭ ʇɸɺ ʠ ʩʦ-ʇɸɺ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʢʨʝʤʥʠʷ ʚ ʨʘʩʪʚʦʨ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʤʠʮʝʣʣ 

ʇɸɺ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʷʟʢʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʚʩʪʨʘʠʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʠʮʝʣʣʷʨʥʫʶ ʩʝʪʢʫ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-12207). 
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ʕʃɽʂʊʈʆʅʅʆɽ ʉʊʈʆɽʅʀɽ ʂʆʄʇʃɽʂʉʆɺ ɸʃʖʄʀʅʀʗ ʀ 

ɻɸʃʃʀʗ ʅɸ ʆʉʅʆɺɽ ʂʃɸʉʊɽʈɸ Fe2S2(CO)6 
 

ʉ.ʖ. ʂʝʪʢʦʚ
a
, ʅ.ɸ. ʇʫʰʢʘʨʝʚʩʢʠʡ

b
, ʄ.ɸ. ʆʛʠʝʥʢʦ

b
, ɸ.ʀ. ʉʤʦʣʝʥʮʝʚ

b
, 

ɺ.ɸ. ʅʘʜʦʣʠʥʥʳʡ
b
,  ʃ.ɺ. ʂʘʣʘʢʫʪʩʢʘʷ

ʘ
, ʉ.ʅ. ʂʦʥʯʝʥʢʦ

b 

 
a
ʀʥʩʪʠʪʫʪ

 
ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ. ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ, 

ʫʣ. ʊʨʦʧʠʥʠʥʘ, ʜ. 49, 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
b
ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ 

ɽ-mail: sketkov@iomc.ras.ru 

 

ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ [(Cp*M)Fe2(Õ3-S)2(CO)6] (M = Al , Ga) ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ h
2
-ʢʦʦʨʜʠʥʘʮʠʷ Cp*-ʣʠʛʘʥʜʘ ʚ 

ʢʦʤʧʣʝʢʩʝ ʛʘʣʣʠʷ ʥʘ 3 ʢʢʘʣ/ʤʦʣʴ ʙʦʣʝʝ ʚʳʛʦʜʥʘ, ʯʝʤ ʢʦʦʨʜʠʥʘʮʠʷ ʧʦ h
5
-ʪʠʧʫ. 

ʇʨʠʯʠʥʦʡ ʩʣʫʞʠʪ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʡ ʩʚʷʟʳʚʘʶʱʠʭ ʄʆ ʧʨʠ ʛʘʧʪʦʪʨʦʧʥʦʡ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ h
5
- h

2
. ɻʝʦʤʝʪʨʠʷ ʩ h

5
-ʩʚʷʟʘʥʥʳʤ ʣʠʛʘʥʜʦʤ ʦʪʚʝʯʘʝʪ ʧʝʨʝʭʦʜʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ (ʦʜʥʘ ʤʥʠʤʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ), ʧʦʵʪʦʤʫ ʚʝʣʠʯʠʥʫ 3 ʢʢʘʣ/ʤʦʣʴ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʙʘʨʴʝʨ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʡ h
2
-ʢʦʥʬʠʛʫʨʘʮʠʠ ʢ 

ʜʨʫʛʦʡ. ɺ ʢʦʤʧʣʝʢʩʝ ʘʣʶʤʠʥʠʷ ʤʠʥʠʤʫʤ ʵʥʝʨʛʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ h
5
-ʢʦʦʨʜʠʥʘʮʠʠ Cp*-

ʣʠʛʘʥʜʘ. ɻʝʦʤʝʪʨʠ ̫ʤʦʣʝʢʫʣ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʠʟ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ [1], 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʜʝʣʘʥʥʳʝ ʚʳʚʦʜʳ. ʍʘʨʘʢʪʝʨ ʩʚʷʟʳʚʘʥʠʷ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʩ 

ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʠʟʫʯʝʥ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʡ ʣʦʢʘʪʦʨʘ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʦʨʙʠʪʘʣʝʡ (LOL) ʠ ʧʦʥʠʞʝʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (RDG). ʇʨʠ ʵʪʦʤ 

ʚʳʷʚʣʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʢʦʤʧʣʝʢʩʦʚ Al ʠ Ga. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʠʜ ʬʫʥʢʮʠʡ 

ʦʪʚʝʯʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, ʚʦ ʚʪʦʨʦʤ ï ʢʦʚʘʣʝʥʪʥʦʤʫ 

(ʨʠʩ.1). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʟʘʨʷʜ ʥʘ ʘʪʦʤʝ Al, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ 

ʘʪʦʤʥʦʤʫ ʙʘʩʩʝʡʥʫ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ QT AIM ((+2.24 e), ʦʢʘʟʘʣʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ 

ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʝ Ga (+1.13 e). 

 
 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʂʘʨʪʘ LOL ʢʦʤʧʣʝʢʩʦʚ [(Cp*M)Fe2(Õ3-S)2(CO)6] (ʩʣʝʚʘ) ʠ [(Cp*M)Fe2(Õ3-

S)2(CO)6] (ʩʧʨʘʚʘ) ʚ ʧʣʦʩʢʦʩʪʠ ʉʉʄ (ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ 0.52-0.58, ʰʘʛ 0.01). 
 

1. M. A. Ogienko et al.Organometallics. 2014, doi 10.1021/om401237x. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-00542). 
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ʀɿʄɽʅɽʅʀɽ ʈɽɸʂʎʀʆʅʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ʀ ʅɽʂʆʊʆʈʓʍ 

ʇɸʈɸʄɽʊʈʆɺ ɸʂʊʀɺɸʎʀʀ ɺ ʄɽʊɸʊɽɿʀʉʅʆʁ 

ʇʆʃʀʄɽʈʀɿɸʎʀʀ ʉ ʈɸʉʂʈʓʊʀɽʄ ʎʀʂʃɸ ʕʌʀʈʆɺ 

ʕʂɿʆ,ʕʂɿʆ-ʅʆʈɹʆʈʅɽʅ-2,3-ɼʀʂɸʈɹʆʅʆɺʆʁ ʂʀʉʃʆʊʓ 
 

ʉ. ɸ. ʂʠʩʝʣʝʚ
a
, ʉ. ɺ. ʉʝʤʘʢʠʥ

a
, ʈ. ɺ. ɸʰʠʨʦʚ

b
, ɸ. ɸ. ʃʷʧʢʦʚ

b 

 
a
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʉʠʙʫʨ-ʊʦʤʩʢʥʝʬʪʝʭʠʤ, 

ʂʫʟʦʚʣʝʚʩʢʠʡ ʪʨʘʢʪ, ʜ 2, ʢʦʨʧ 270, 634067, ʛ ʊʦʤʩʢ, ʈʦʩʩʠʷ 
b
ʂʘʬʝʜʨʘ ʪʝʭʥʦʣʦʛʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʊʇʋ  

ʧʨʦʩʧʝʢʪ ʃʝʥʠʥʘ, ʜ 30, 634034, ʛ.ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɽ-mail: ksa@niost.ru  

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʝʪʘʪʝʟʠʩ ʦʣʝʬʠʥʦʚ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʢʘʢ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʥʘʰʝʣ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʠ ʧʦʣʠʤʝʨʥʦʡ ʭʠʤʠʠ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʝʪʘʪʝʟʠʩʘ 

ʷʚʣʷʝʪʩʷ ʤʝʪʘʪʝʟʠʩʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʦ ʧʨʦʮʝʩʩʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʘʶʪ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʫʥʠʢʘʣʴʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʧʨʦʠʟʚʦʜʥʳʤ 2,3-

ʜʠʢʘʨʙʦʢʩʠ-5-ʥʦʨʙʦʨʥʝʥʘ ʢʘʢ ʢ ʚʦʟʤʦʞʥʦʤʫ ʩʳʨʴʶ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʤʝʨʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʘʪʝʟʠʩʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [1]. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ, ʩ ʜʨʫʛʦʡ - ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʗʄʈ in situ ʠʩʩʣʝʜʦʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʯʝʪʳʨʝʭ ʜʠʵʬʠʨʦʚ 

ʵʢʟʦ,ʵʢʟʦ-ʥʦʨʙʦʨʥʝʥ-2,3-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʨʫʪʝʥʠʝʚʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʪʠʧʘ 

ʍʦʚʝʡʜʳ ɻʨʘʙʙʩʘ II ʩ N-ʭʝʣʘʪʠʨʫʶʱʠʤ ʣʠʛʘʥʜʦʤ [2]. 

 

ʊʘʙʣʠʮʘ ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʮʝʧʠ ʠ ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʘʮʠʠ 

ʄʦʥʦʤʝʨ ὑ̑ Ͻρπ  

ʃϽʩ-1Ͻʤʦʣʴ-1 
(ʧʨʠ 50 Áʉ) 

ЎὌ , 

ʢɼʞĀʤʦʣʴ
-1
 

ЎὛ  
ɼʞĀʤʦʣʴ

-1
ĀK

-1
 

ЎὋ  
ʢɼʞ ʤʦʣʴ

-1
 

ʇʨʦʧʠʣ 52,0Ñ5,5 77,9 -62,0 96,3 

ɹʫʪʠʣ 75,3Ñ11,4 88,4 -36,8 99,3 

ʇʝʥʪʠʣ 132,4Ñ18,8 90,1 -12,3 96,5 

ʆʢʪʠʣ 110,5Ñ13,1 108,3 29,9 99,5 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʜʣʠʥʝʥʠʝ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʨʘʜʠʢʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʳʡ ʨʦʩʪ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʘʢʪʠʚʘʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ. ʀʟʤʝʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʘʢʪʠʚʘʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʭʚʦʩʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʝʘʣʠʟʘʮʠʠ ʩʨʘʟʫ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʫʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʦʛʦ ʨʫʪʝʥʠʷ ʩ 

ʤʦʥʦʤʝʨʦʤ. ʆʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʙʤʝʥʥʳʤ, ʜʨʫʛʦʡ ʜʠʩʩʦʮʠʘʪʠʚʥʳʤ [3]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʨʷʜʫ ʤʳ ʥʘʙʣʶʜʘʝʤ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʧʝʨʚʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦ ʚʪʦʨʦʤʫ. ʊʘʢʘʷ ʩʤʝʥʘ ʤʝʭʘʥʠʟʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ 

ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 
1. R.V. Ashirov et al. Kinetics and Catalysis. 2013, 54 (4), 469-474 

2. ʇʘʪ. 2374269 ʈʌ. ɹʀ. 2009 

3. V. Thiel et al. J. Am. Chem. Soc. 2012, 134 (2), 1104ï1114 
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ɸʃʂʀʃʔʅʓʁ ʀ ɻʀɼʈʀɼʅʓʁ ʂʆʄʇʃɽʂʉʓ ʀʊʊʈʀʗ, 

ʉʆɼɽʈɾɸʑʀɽ ɽʅ-ɼʀɸʄʀɼʅʓʁ ʃʀɻɸʅɼ. ʉʀʅʊɽɿ, 

ʉʊʈʋʂʊʋʈɸ ʀ ʂɸʊɸʃʀʊʀʏɽʉʂɸʗ ɸʂʊʀɺʅʆʉʊʔ ɺ ʈɽɸʂʎʀʗʍ 

ʄɽɾʄʆʃɽʂʋʃʗʈʅʆɻʆ ɻʀɼʈʆɸʄʀʅʀʈʆɺɸʅʀʗ ʀ 

ɻʀɼʈʆʌʆʉʌʀʅʀʈʆɺɸʅʀʗ ʆʃɽʌʀʅʆɺ. 
 

ɸ. ɸ. ʂʠʩʝʣʴ, ɼ.ʄ. ʃʶʙʦʚ, ɸ. ɸ. ʊʨʠʬʦʥʦʚ 

 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ 

ʫʣ. ʊʨʦʧʠʥʠʥʘ ʜ. 49, 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɽ-mail: okishvegan@mail.ru 

 

ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʚʘʞʥʦʩʪʴʶ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʠ 

ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʤʦʣʝʢʫʣ, ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʫʯʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʠʣʘ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʝ ʠ ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʝ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʧʨʦʮʝʩʩʳ ʧʨʝʜʣʘʛʘʶʪ ʦʜʥʦʩʪʘʜʠʡʥʦʝ ʠ 

ʘʪʦʤ-ʵʢʦʥʦʤʥʦʝ ʧʦʣʫʯʝʥʠʝ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ ʉ - N 

ʠ C - P.   

ʈʝʘʢʮʠʷ ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʪʪʨʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʠʘʥʠʦʥʥʳʡ ʝʥ-ʜʠʘʤʠʜʥʳʡ 

ʣʠʛʘʥʜ, ʩ ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʥʦʤ LiCH2SiMe3 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʘʣʢʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ [(2,6-iPr2C6H3)NC(Me)]2 Y(CH2SiMe3)(THF)2 (1). 

  
ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʨʝʘʢʮʠʠ ʘʣʢʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʪʪʨʠʷ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʦʜʦʨʦʜʦʤ ʠ ʬʝʥʠʣʩʠʣʘʥʦʤ. 

ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʠʛʠʜʨʠʜʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ {[(2,6-

iPr2C6H3)NC(Me)]2YH(THF)} 2(THF) (2).  

  
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʣʢʠʣʴʥʳʡ ʠ ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩʳ ʠʪʪʨʠʷ ʧʨʦʷʚʣʷʶʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʷ ʠ 

ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʦʜʫʢʪ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʠʚ ʧʨʘʚʠʣʘ ʄʘʨʢʦʚʥʠʢʦʚʘ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʨʦʭʦʜʷʪ ʧʨʠ 

70
ʦ
ʉ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʢʦʥʚʝʨʩʠʷʤʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (12-03-93109-ʅʎʅʀʃ_ʘ). 
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ʅʆɺʓɽ ʂɸʃʀʂʉ[4]ʈɽɿʆʈʎʀʅʓ ʅɸ ʆʉʅʆɺɽ 

ʊʀʆʌʆʉʌʆʈʀʃʀʈʆɺɸʅʅʓʍ ʇʈʆʀɿɺʆɼʅʓʍ 

2- ʀ 3-ɻʀɼʈʆʂʉʀɹɽʅɿɸʃʔɼɽɻʀɼʆɺ 
 

ʀ. ʈ. ʂʥʷʟʝʚʘ, ɺ. ʀ. ʄʘʪʚʝʝʚʘ, ɺ. ɺ. ʉʷʢʘʝʚ, ɹ. ʄ. ɻʘʙʠʜʫʣʣʠʥ, ɸ. ʊ. ɻʫʙʘʡʜʫʣʣʠʥ, 

ɸ. ʈ. ɹʫʨʠʣʦʚ, ʄ. ɸ. ʇʫʜʦʚʠʢ
 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ. ɽ. ɸʨʙʫʟʦʚʘ 

ʂʘʟʘʥʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ʫʣ. ɸʢʘʜ. ɸʨʙʫʟʦʚʘ, ʜ.8, 420088, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ɽ-mail: ihazieva@mail.ru 

 

ʂʦʥʜʝʥʩʘʮʠʝʡ ʨʝʟʦʨʮʠʥʘ, 2-ʤʝʪʠʣʨʝʟʦʨʮʠʥʘ ʠ ʧʠʨʦʛʘʣʣʦʣʘ ʩ ʪʠʦʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʤʠ 

ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ 1ʘ,ʙ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʢʘʣʠʢʩ[4]ʨʝʟʦʨʮʠʥʳ 2ï6, ʩʦʜʝʨʞʘʱʠʝ P=S-

ʛʨʫʧʧʫ ʚ ʩʦʩʪʘʚʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʠʜʝ rccc- 

(ʢʦʥʬʦʨʤʘʮʠʷ ʢʦʥʫʩ ʠʣʠ ʣʦʜʢʘ) ʠ/ʠʣʠ rctt- (ʢʦʥʬʦʨʤʘʮʠʷ ʢʨʝʩʣʦ) ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ. 

ʉʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʘʤʠ ʗʄʈ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʈʉɸ (ʨʠʩ.1). 
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3: R = CH3, 77% (3a : 3b = 3 : 1)
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1ʙ: ʦʨʪʦ-ʟʘʤʝɦ ʝʥʠʝ
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5 

ʈʠʩ. ɻʝʦʤʝʪʨʠʷ ʢʘʣʠʢʩʘʨʝʥʘ 5 ʚ ʢʨʠʩʪʘʣʣʝ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-03-00191-ʘ). 
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RHODIUM THIOFERROCENYLPHOSPHINES CATALYZED 

REACTIONS OF ALLYLIC ALCOHOLS: ISOMERIZATION AND 

HYDROGENATION  
 

E. M. Kozinets
a,b

, E. Manoury
b
, R. Poli

b
, N. V. Belkova

a
, E. S. Shubina

a 

 
a 
Nesmeyanov Institute of Organoelement Compounds RAS, 

Vavilov str., 28, 119991, Moscow, Russia 
b
CNRS, LCC, Universit® de Toulouse, UPS, INP, 

 205, route de Narbonne, F-31077, Toulouse, France 

ɽ-mail: kat-uxa-@mail.ru 

 

According to the literature data rhodium complexes with diene ligands are efficient catalysts 

for the isomerisation of allylic alcohols [1]. For example, the isomerisation of different 

primary allylic alcohols to the corresponding aldehydes in THF at 70
o
C, catalyzed by a 

[Rh(P,P)(COD)]
+
 (P,P = chiral phosphaferrocene) system, was found not only highly 

effective, but also enantioselective
 
[2]. We have studied the activity of diene rhodium 

complexes with thioferrocenylphosphine ligand in allylic isomerisation of 1-phenyl-2-

propene-1-ol as a model substrate (Scheme 1). The catalytic activity of the rhodium 

complexes was compared with the activity of their iridium analogues, which were previously 

found to be efficient catalysts for ketone hydrogenation [3]. 

 

 
Scheme 1 

 

This reaction occurs via isomerization to the ketone, as the latter could be detected as an 

intermediate when varying the reaction conditions. Regardless of the catalyst amount, the 

solvent and the addition of base, the presence of a hydrogen source (dihydrogen or 
i
PrOH) is 

necessary to observe catalytic activities. Under these conditions, the isomerization reaction 

was generally followed by partial hydrogenation yielding mixtures of ketone and alcohol in 

various ratios. 
 

1. N. Ahlsten, et al. Dalton Trans. 2012, 41, 1660-1670. 

2. K. Tanaka et al. J. Am. Chem. Soc., 2000, 122, 9870-9871. 

3. E. Le Roux et al. Adv. Synth. Catal., 2007, 349, 309-313. 

 

The work was supported by the RFBR grants (project ˉ 12-03-93112, ˉ 14-03-31828). 
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ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ʂʈʀʆɻɽʃɽʁ ʇʆʃʀɺʀʅʀʃʆɺʆɻʆ 

ʉʇʀʈʊɸ, ʉʌʆʈʄʀʈʆɺɸʅʅʓʍ ɺ ʇʈʀʉʋʊʉʊɺʀʀ ʍɸʆʊʈʆʇʅʓʍ 

ʀ ʂʆʉʄʆʊʈʆʇʅʓʍ ɸɻɽʅʊʆɺ ʇʈʀ ʈɸɿʃʀʏʅʓʍ 

ʊɽʄʇɽʈɸʊʋʈɸʍ ɿɸʄʆʈɸɾʀɺɸʅʀʗ 
 

ʂʦʣʦʩʦʚʘ ʆ.ʖ
1
., ɽ.ɸ. ʂʦʥʜʨʘʪʴʝʚʘ

2
, ʃʦʟʠʥʩʢʠʡ ɺ.ʀ.

1
 

 
1
ʀʥʩʪʠʪʫʪ

 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2
ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʠʫʩʩʢʘʷ 

ʧʣʦʱʘʜʴ 9, 125047, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: kolosova@ineos.ac.ru 

 

ʂʨʠʦʛʝʣʠ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʇɺʉ) ï ʥʝʢʦʚʘʣʝʥʪʥʳʝ (ʬʠʟʠʯʝʩʢʠʝ) ʤʘʢʨʦʧʦʨʠʩʪʳʝ 

ʛʝʣʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʇɺʉ. ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʫʧʨʫʛʦʚʷʟʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʜʝʣʘʶʪ ʵʪʠ ʢʨʠʦʛʝʣʠ ʩʭʦʞʠʤʠ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʩ 

ʤʷʛʢʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʪʢʘʥʷʤʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ h ʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʦʛʝʣʝʡ ʇɺʉ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ, ʢʦʩʤʝʪʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʢʨʠʦʛʝʣʠ ʇɺʉ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʭʘʦʪʨʦʧʥʳʭ (ʤʦʯʝʚʠʥʘ, ʛʫʘʥʠʜʠʥ ʛʠʜʨʦʭʣʦʨʠʜ) ʠ ʢʦʩʤʦʪʨʦʧʥʳʭ (ʪʨʝʛʘʣʦʟʘ, 

ʛʠʜʨʦʢʩʠʧʨʦʣʠʥ) ʘʛʝʥʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠʩʭʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʘ ʠ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʛʝʥʪʦʚ. ʆʮʝʥʝʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʤʘʢʨʦʧʦʨʠʩʪʘʷ ʤʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʢʨʠʦʛʝʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʮʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʭʘʦʪʨʦʧʥʳʭ ʘʛʝʥʪʦʚ, ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʘʢʠʭ ʛʝʣʝʚʳʭ ʩʠʩʪʝʤ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʝʝʪ ʢʫʧʦʣʦʦʙʨʘʟʥʳʡ 

ʭʘʨʘʢʪʝʨ ʩ ʵʢʩʪʨʝʤʫʤʦʤ ʚ ʦʙʣʘʩʪʠ -20Áʉ (ʨʠʩ.1ʘ,ʙ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʨʝʜʠ ʢʨʠʦʛʝʣʝʡ 

ʇɺʉ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʩʤʦʪʨʦʧʥʳʭ ʘʛʝʥʪʦʚ, ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʤʠ ʠ 

ʪʝʧʣʦʩʪʦʡʢʠʤʠ ʙʳʣʠ ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ ʧʨʠ -30Áʉ (ʨʠʩ.1 ʚ,ʛ). 
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʠ ʤʛʥʦʚʝʥʥʦʛʦ ʤʦʜʫʣʷ ʩʜʚʠʛʘ (G0), ʩʜʚʠʛʦʚʦʛʦ ʤʦʜʫʣʷ (ɽ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ (Tʧʣ) ʢʨʠʦʛʝʣʝʡ ʇɺʉ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʦʢ ʤʦʯʝʚʠʥʳ (ʘ, ʙ) ʠ 

ʛʠʜʨʦʢʩʠʧʨʦʣʠʥʘ (ʚ, ʛ), ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ. 
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ʈʆʃʔ ʂʆʄʇʃɽʂʉʆɺ ʄɽɼʀ ʀ ʂʆɹɸʃʔʊɸ ʉ ʈɽɼʆʂʉ-

ɸʂʊʀɺʅʓʄʀ ʃʀɻɸʅɼɸʄʀ ɺ  ʈɸɼʀʂɸʃʔʅʆʁ 

ʇʆʃʀʄɽʈʀɿɸʎʀʀ ɸʂʈʀʃʆʅʀʊʈʀʃɸ 
 

ɽ.ɺ. ʂʦʣʷʢʠʥʘ, ɸ.ɸ. ʗʛʥʸʥʢʦʚʘ, ʃ.ʅ. ɻʨʫʟʜʝʚʘ, ɼ.ʌ. ɻʨʠʰʠʥ  

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

 ʧʨ. ɻʘʛʘʨʠʥʘ 23, ʢʦʨʧ. 5 , 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: kelena@ichem.unn.ru 
 

ʉʠʥʪʝʟ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ (ʇɸʅ) ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʪʦʧʦʣʦʛʠʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʭʠʤʠʠ ʧʦʣʠʤʝʨʦʚ. ʂʘʯʝʩʪʚʦ ʧʦʣʠʤʝʨʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʦʨʠʛʠʥʘʣʴʥʳʝ 

ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʣʠʤʝʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣ (ʇɸʅ) 

ʩ ʯʝʪʢʦ ʟʘʜʘʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ (ʄʄ) ʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʇɸʅ ʩʚʷʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʢʦʤʧʣʝʢʩʳ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ, ʚ ʩʣʫʯʘʝ ʢʦʪʦʨʳʭ ʢʠʥʝʪʠʢʘ 

ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʨʠʨʦʜʳ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʪʘʣʣʘ, ʥʦ ʠ ʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ.   

ʅʘʤʠ ʠʟʫʯʝʥʳ ʥʦʚrʝ ʩʠʩʪʝʤ r ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʢʨʠʣʦʥʠʪʨʠʣʘ (ɸʅ) ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʣʠʛʘʥʜʳ: (dpp-BIANCuCl )2, 

ʛʜʝ dpp-BIAN  - 1,2-ʙʠʩ[(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʥʦ]-ʘʮʝʥʘʬʪʝʥ ʠ Co(ISQ-Me)2 (ʙʠʩ-

[4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-N-(2,6-ʜʠʤʝʪʠʣʬʝʥʠʣ)-ʦ-ʠʤʠʥʦʙʝʥʟʦʩʝʤʠʭʠʥʦʥʦ] ʢʦʙʘʣʴʪʘ(II)). 

ʇʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90ÁC ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ 

(ʙʝʥʟʦʣ, ɼʄʌɸ ʠ ɼʄʉʆ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ CCl4 ʢʘʢ ʠʥʠʮʠʘʪʦʨʘ ʠ ʨʘʟʣʠʯʥʳʭ ʘʤʠʥʦʚ 

(ʪʨʝʪ-ʙʫʪʠʣʘʤʠʥ, ʜʠʵʪʠʣʘʤʠʥ ʠ ʪʨʠʵʪʠʣʘʤʠʥ), ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʦʚ 

ʠʥʠʮʠʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʥʘʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ [ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩ + CCl4] ʧʦʣʠʤʝʨʠʟʘʮʠʷ ɸʅ ʧʨʦʪʝʢʘʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ. ɺʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʘʢʪʠʚʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʇɸʅ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ɸʅ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʄʄ ʇɸʅ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ 

ʠ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ  8-14 ʪʳʩ.ʫ.ʝ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʧʦʣʫʯʘʶʪʩʷ ʧʦʣʠʤʝʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʫʥʠʤʦʜʘʣʴʥʳʤ ʄʄʈ ʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴʶ  

1.7-1.8. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʢʦʙʘʣʴʪʘ ʦʩʦʙʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʢʘʟʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ 

ʘʢʪʠʚʘʪʦʨʘ, ʥʦ ʠ ʧʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʘʢʨʠʣʦʥʠʪʨʠʣʘ ʥʘ ʩʠʩʪʝʤʘʭ [ʢʦʤʧʣʝʢʩ ʢʦʙʘʣʴʪʘ + CCl4 + ʘʤʠʥ] ʚ ʙʝʥʟʦʣʝ ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʘʷ. ɿʘʤʝʥʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ɼʄʌɸ ʠ ɼʄʉʆ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʠʩʪʝʤʝ 

ʪʨʝʪ.ʙʫʪʠʣʘʤʠʥʘ ʧʦʟʚʦʣʠʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʇɸʅ, ʥʦ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ  

ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Co(ISQ-Me)2 ʩʦʩʪʘʚʣʷʪʁ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

(Ó 1.8).  ɺ ʮʝʣʦʤ ʩʨʘʚʥʝʥʠʝ ʠʥʠʮʠʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ ʠ 

ʤʝʜʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ Co(ISQ-Me)2 ʫʜʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʇɸʅ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ, ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʘʢʪʠʚʥʦʩʪʷʤʠ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ  ʠ ʢʦʙʘʣʴʪʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ14-03-00064ʘ). 

  

mailto:kelena@ichem.unn.ru
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ʅʀʊʈʆɿʀʈʆɺɸʅʀɽ 1-ɹʈʆʄ-1-ʌʊʆʈʎʀʂʃʆʇʈʆʇɸʅʆɺ: 

ʉʀʅʊɽɿ 5-ʌʊʆʈʀɿʆʂʉɸɿʆʃʆɺ 
 

ʆ. ɹ. ɹʦʥʜʘʨʝʥʢʦ,
ʘ 
 ɸ. ʀ. ʂʦʤʘʨʦʚ,

ʘ
 ʅ. ɺ. ɿʳʢ

ʘ,ʙ 

 
ʘ
ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄɻʋ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, ʩʪʨ. 3, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail:k527-5@mail.ru 
ʙ
ʀʌɸɺ ʈɸʅ, 142432, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʅʦʛʠʥʩʢʠʡ ʨʘʡʦʥ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 

ʉʝʚʝʨʥʳʡ ʧʨʦʝʟʜ, 1. 

 

ʌʪʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʫʢʝ ʠ 

ʪʝʭʥʠʢʝ, ʬʘʨʤʘʮʝʚʪʠʢʝ ʠ ʘʛʨʦʭʠʤʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ. ʅʘʣʠʯʠʝ ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʦʛʦ ʘʪʦʤʘ 

ʬʪʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʞʝʪ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʪʴ ʭʠʤʠʯʝʩʢʫʶ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʚʝʱʝʩʪʚʘ ð ʩʪʘʙʠʣʴʥʦʩʪʴ, ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʷ.  

ʅʘʤʠ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 1-ʙʨʦʤ-1-ʬʪʦʨʮʠʢʣʦʧʨʦʧʘʥʦʚ ʚ 

ʟʘʤʝʱʝʥʥʳʝ 5-ʬʪʦʨʠʟʦʢʩʘʟʦʣ.r ʈʝʘʢʮʠʷ ʥʠʪʨʦʟʠʨʦʚʘʥʠʷ-ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 

ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʰʠʨʦʢʦʤ ʢʨʫʛʝ ʩʫʙʩʪʨʘʪʦʚ ʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. 

ɺ ʩʣʫʯʘʝ ʘʨʠʣʠʨʦʚʘʥʥʳʭ 1-ʙʨʦʤ-1-ʬʪʦʨʮʠʢʣʦʧʨʦʧʘʥʦʚ  ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʚʳʩʦʢʦ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ.   

 
ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʚʳʤ ʦʙʱʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ 

5-ʬʪʦʨʠʟʦʢʩʘʟʦʣʦʚ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʬʦʥʜʘ ʈʌʌʀ, ʛʨʘʥʪ ˉ 11-03-00707-ʘ ʠ 

ʇʨʝʟʠʜʠʫʤʘ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ (ʧʨʦʛʨʘʤʤʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚè). 
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ʉʆɿɼɸʅʀɽ ʆɻʅɽʉʊʆʁʂʆɻʆ ʇʆʂʈʓʊʀʗ 

 ʅɸ ʍʃʆʇʂʆɺʆʁ ʊʂɸʅʀ 
 

ʃ.ɻ. ʂʦʤʘʨʦʚʘ, ɹ.ɸ. ʀʟʤʘʡʣʦʚ, ɺ.ɸ. ɺʘʩʥʸʚ, ɽ.ʅ. ʈʦʜʣʦʚʩʢʘʷ,  

 

ʀʥʩʪʠʪʫʪ ʕʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ ɸ.ʅ.ʥʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʚʫʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ: 2-(ʜʠʵʪʠʣʬʦʩʬʠʥʠʣ)ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, 2-

(ʜʠʬʝʥʠʣʬʦʩʬʠʥʠʣ)ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ  ʠ N-ʪʨʠʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ 

ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʭʣʦʧʢʦʚʦʡ ʪʢʘʥʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʛʥʝʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʢʘʥʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʙʦʨʢʠ ʤʠʢʨʦʥʘʥʦʨʘʟʤʝʨʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʠʚʠʚʢʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʢʘʥʠ 

ʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚʦʛʦ ʦʣʠʛʦʤʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʘʤʠʥʦʤʝʪʠʣʝʥʦʚʳʝ ʠ ʘʣʢʦʢʩʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʪ. ʆʣʠʛʦʤʝʨ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʢʘʥʠ ʟʘ 

ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʣʢʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʦʣʠʛʦʤʝʨʘ  ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʮʝʣʣʶʣʦʟʳ. 
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ɿʘʪʝʤ ʘʤʠʥʦʤʝʪʠʣʝʥʦʚʘʷ ʛʨʫʧʧʘ ʧʨʠʚʠʪʦʛʦ ʦʣʠʛʦʤʝʨʘ ʨʝʘʛʠʨʫʝʪ ʩ ʢʠʩʣʦʪʥʦʡ ʛʨʫʧʧʦʡ 

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʯʥʦʝ  ʩʣʦʠʩʪʦʝ ʥʘʥʦʨʘʟʤʝʨʥʦʝ 

ʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚʦʝ ʧʦʢʨʳʪʠʝ, ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʝ ʩ ʪʢʘʥʝʚʦʡ ʦʩʥʦʚʦʡ, ʩʦʜʝʨʞʘʱʝʝ 

ʬʦʩʬʦʨ. 
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ʆʮʝʥʠʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʭʣʦʧʢʦʚʦʡ ʪʢʘʥʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʦʣʱʠʥʳ 

ʩʣʦʝʚ. ʆʧʨʝʜʝʣʝʥʦ ʬʘʢʪʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʣʠʛʦʤʝʨʘ ʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʪ ʚ 

ʢʘʞʜʦʤ ʩʣʦʝ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1:0.5 ʚ ʩʣʫʯʘʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʜʦ 1:1 ʜʣʷ N-ʪʨʠʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ.  

ʌʘʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʩʠʣʦʢʩʘʥʦʚʦʛʦ ʦʣʠʛʦʤʝʨʘ ʠ ʢʠʩʣʦʪʥʦʡ 

ʛʨʫʧʧʳ ʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʜʪʚʝʨʞʜʸʥ ʜʘʥʥʳʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʂʠʩʣʦʨʦʜʥʳʝ ʠʥʜʝʢʩʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ ʪʢʘʥʠ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʪʦʣʱʠʥʦʡ 

ʩʣʦʝʚ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 35 ʜʦ 47, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ 

ʭʣʦʧʢʦʚʦʡ ʪʢʘʥʠ (20-22). 
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ʈʆʃʔ ʂɸʊɸʃʀɿɸ ʂʀʉʃʆʊɸʄʀ ʃʔʖʀʉɸ 

 ɺ ʈɽɸʂʎʀʀ ʅɽʅʀʎɽʉʂʋ 
 

A.H. ʂʦʥʦʚʘʣʦʚ, ɸ.ɻ. ʂʦʨʥʠʝʥʢʦ, ʇ.ʖ. ʎʳʛʘʥʢʦʚ, ɺ.ʉ. ɺʝʣʝʞʝʚʘ
 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: solstorm@mail.ru 

 

ʈʝʘʢʮʠʷ ʅʝʥʠʮʝʩʢʫ - ʧʨʦʩʪʝʡʰʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʛʠʜʨʦʢʩʠʠʥʜʦʣʦʚ 

ʠʟ ɓ-ʝʥʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʘʨʘ-ʭʠʥʦʥʦʚ. 5-ɻʠʜʨʦʢʩʠʠʥʜʦʣʳ ʧʨʦʷʚʣʷʶʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʥʦʚʦʡ ʤʥʦʛʠʭ 

ʚʝʱʝʩʪʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʥʦʛʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [1]. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʠ ʅʝʥʠʮʝʩʢʫ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʢʘʪʘʣʠʟ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ ZnCl2 ʠ ZnI2 ʚ ʤʘʣʦʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

[2,3]. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʣʠʰʴ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʪʘʢʠʭ ɓ-ʝʥʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʤʘʣʦʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʚʟʷʪʳ ʥʝʢʦʪʦʨʳʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʪʝʧʝʥʴʶ  

ʦʢʩʦʬʠʣʴʥʦʩʪʠ/ʘʟʘʬʠʣʴʥʦʩʪʠ. ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʨʝʘʢʮʠʶ ʅʝʥʠʮʝʩʢʫ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ N-ʙʝʥʟʠʣʘʤʠʥʦʢʨʦʪʦʥʦʚʦʛʦ ʵʬʠʨʘ ʠ 

ʙʝʥʟʦʭʠʥʦʥʘ (ʨʠʩ. 1) ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠ ʵʪʘʥʦʣʝ. 

 
ʈʠʩ. 1. ʇʦʣʫʯʝʥʠʝ ʵʪʠʣ 1-ʙʝʥʟʠʣ-5-ʛʠʜʨʦʢʩʠ-2-ʤʝʪʠʣ-ʠʥʜʦʣ-3 ʢʘʨʙʦʢʩʠʣʘʪʘ 1 ʧʦ ʨʝʘʢʮʠʠ ʅʝʥʠʮʝʩʢʫ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʢ ʞʝʩʪʢʠʝ ʦʢʩʦʬʠʣʴʥʳʝ (AlCl3, CAN), ʪʘʢ ʠ ʤʷʛʢʠʝ 

ʘʟʘʬʠʣʴʥʳʝ (Cu(OTf)2, CuI, CuCl) ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʥʝ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʢʘʪʘʣʠʟʘ 

ʨʝʘʢʮʠʠ ʅʝʥʠʮʝʩʢʫ (ʚʳʭʦʜʳ ʠʥʜʦʣʘ 1 ʥʝ ʧʨʝʚʳʰʘʶʪ 35%). ʅʠʟʢʠʝ ʚʳʭʦʜʳ ʠʥʜʦʣʘ 1 

ʧʨʠ ʵʪʦʤ ʦʙʲʷʩʥʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʩʦʣʠ CAN, Cu(OTf)2, CuI ʠ  CuCl ʧʨʦʷʚʣʷʶʪ 

ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʪʝʤ ʩʘʤʳʤ, ʠʥʠʮʠʠʨʫʷ ʧʨʦʪʝʢʘʥʠʝ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ. 

ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʤʠʤʦ ʢʘʪʘʣʠʟʘ ʩʦʣʷʤʠ ʮʠʥʢʘ,  ʜʦʩʪʠʛʥʫʪʳ ʚ ʩʣʫʯʘʝ ʫʤʝʨʝʥʥʦ 

ʦʢʩʦʬʠʣʴʥʦʛʦ InCl3 [4]. ʕʪʦʪ ʢʘʪʘʣʠʟʘʪʦʨ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʣʝʡ ʮʠʥʢʘ, ʧʨʦʷʚʣʷʝʪ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʩʨʝʜʝ ʤʘʣʦʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʥʦ ʠ ʚ ʵʪʘʥʦʣʝ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʨʝʘʢʮʠʠ 

ʅʝʥʠʮʝʩʢʫ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʪʘʢʠʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʫʤʝʨʝʥʥʦʡ 

ʦʢʩʦʬʠʣʴʥʦʩʪʴʶ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʦʢʠʩʣʠʪʝʣʷʤʠ. 
 

1. Yong-Jin Wu, Heterocyclic Scaffolds II: Reactions and Applications of Indoles in Top. Heterocycl. Chem., 

2010, 26, 1-29. 

2. V. S. Velezheva et al, J. Heterocycl. Chem., 2006, 43(4), 873-879. 

3. V.S. Velezheva et al, Tetrahedron Lett., 2008, 49, 7106ï7109. 

4. Padmakar A. Suryavanshi, Org. Biomol. Chem., 2010, 8, 3426ï3436. 
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ʇʦʣʠʤʝʨʥʳʝ ʩʝʪʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ 

ʧʦʣʠʤʝʨʦʚ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʤʦʥʦʤʝʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʣʠʤʝʨʥʦʡ 

ʩʝʪʢʠ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʩʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʡ ʪʠʧ ʧʦʣʠʤʝʨʦʚ ʥʘʭʦʜʠʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʝʪʯʘʪʳʭ ʩʪʨʫʢʪʫʨ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʠʦʥʥʦ-

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʝʪʢʠ. ʆʩʦʙʝʥʥʦʩʪʴ ʪʘʢʠʭ ʩʝʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʰʠʨʦʢʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʨʠʨʦʜʳ 

ʠʦʥʦʚ ʤʝʪʘʣʣʘ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʩʰʠʚʢʠ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ. 

ɺʘʨʴʠʨʫʷ ʫʩʣʦʚʠʷʤʠ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʢʘʢ ʩʰʠʪʳʡ, ʪʘʢ ʠ ʨʘʩʪʚʦʨʠʤʳʡ ʧʨʦʜʫʢʪ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʙʝʥʟʦʠʣʤʝʪʘʥ (DBM) ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʭʝʣʘʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. 

ʉʦʯʝʪʘʥʠʝ ʧʦʣʠʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚ ʩ ʭʝʣʘʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʘ ʤʦʞʝʪ ʜʘʪʴ 

ʥʦʚʳʝ ʠʦʥʥʳʝ ʩʝʪʯʘʪʳʝ ʧʦʣʠʤʝʨʳ ʩ ʢʦʤʧʣʝʢʩʦʤ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʟʫʯʝʥʳ ʥʦʚʳʝ ʠʦʥʥʳʝ ʩʝʪʯʘʪʳʝ 

ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ ʠ ʙʠʩ-ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʘʪʘ ʤʝʜʠ (II). 
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Heterometallic 3d-4f-carboxylates containing transition metal as a part of an organometallic 

moiety remain the poorly studied class of compounds. Mostly the derivatives of ferrocene 

were known until recently [1]. Lately we have obtained and studied several series of 3d-4f-

carboxylates containing the cymantrenyl (Cym = (ɖ
5
-C5H4)Mn(CO)3) moiety; most of those 

complexes are binuclear [2, 3]. By means of exchange reactions between Ln acetates and 

CymCO2H in H2O-THF-MeOH media the following isostructural complexes having 

polymeric structure based on tetradental acetate groups connecting three Ln
3+

 ions were 

obtained: [Ln(CymCO2)2(OAc)(MeOH)]n (Ln = Nd(1), Gd(2), Dy(3)). The using of Ho, Er 

and Tm acetates under the same conditions gives isostructural binuclear complexes [Ln2(ɛ2-

O2CCym)2(ɖ
2
-OOCCym)2(ɖ

2
-OAc)2(H2O)4]Ā5H2O (Ln = Ho(4), Er(5), Tm(6)). 

Crystallization of 5 from methanol results in polymeric complex 7 isostructural with 1-3 (Ln 

= Er). Thermolysis of the complexes under air atmosphere affords LnMn2O5 phases, some of 

which are multiferroics. 

Recently we have shown a possibility of obtaining Ln-Mn carboxylates using 

cymantrenecarboxylate fragment both as a building block and a source of Mn
2+

 ions under 

oxidative photolysis conditions [4]: 

2(CO)3Mn(C5H4CO2)
  + 3H2O + 0.5O2           6CO   + 2Mn2+ + 4OH  + [C5H5CO2 ]2

hɜ
 

The resulting Mn
2+

 and OH
ï
 ions take part in the formation of the complexes. Tetranuclear 

complexes with ñdefective dicubaneò structure, [Ln2Mn2(ɛ3-OH)2(ɛ-O,ɖ
2
-O2CCym)2(ɛ2-

O2CCym)6(THF)4] (Ln = Dy, Ho), were prepared by such method [4]. Similarly, new 

polynuclear complexes were obtained, [Tb4(ɛ3-OH)4(ɛ2-ʆ,ʆǋ-

O2CCym)6(H2O)3(THF)4][MnCl4]Ŀ4CH2Cl2Ŀ6THF (8) having cubane-like core, and linear 

heterometallic [Er2Mn(ɛ2-O2CCym)6(ɖ
2
-ʆ2ʉʉym)2((MeO)3PO)4]

.
2MePh (9) (Fig. 1, 2). 

 
Fig 1. The molecular structure of 9. Fig 2. The structure of CymCO2 (A in Fig.1). 

 

1. P.S. Koroteev et al. Russ. J. Coord. Chem., 2014, 40(7), 496ï505. 

2. P.S. Koroteev et al. Polyhedron, 2013, 65, 110ï121. 

3. P.S. Koroteev et al. Russ. Chem. Bull, 2012, 61(6), 1069ï1078. 

4. P.S. Koroteev et al. Inorg. Chim. Acta, 2014, 418, 157ï162. 
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ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʍʀʄʀʀ ʌʊʆʈʀʈʆɺɸʅʅʓʍ 1,3 - 

ɼʀʂɽʊʆʅʆɺ ɼʃʗ ʀʄʄʋʅʆʌʃʋʆʈɽʉʎɽʅʊʅʆɻʆ ɸʅɸʃʀɿɸ 
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ʌʪʦʨʠʨʦʚʘʥʥʳʝ ɓ-ʜʠʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ  ʠʤʤʫʥʦʘʥʘʣʠʟʝ ʚ 

ʢʘʯʝʩʪʚʝ ʭʝʣʘʪʦʚ - ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ (ʯʘʱʝ ʚʩʝʛʦ 

ʠʦʥʦʚ ʝʚʨʦʧʠʷ), ʠ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤʠ 

ʠʟ ʥʘʠʙʦʣʝʝ ʵʢʩʧʨʝʩʩʥʳʭ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʘʪʦʣʦʛʠʡ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ ʜʣʷ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. ʌʪʦʨʩʦʜʝʨʞʘʱʠʝ ʙʝʥʟʦ- ʠ ʜʠʙʝʥʟʦʮʠʢʣʠʯʝʩʢʠʝ 1,3-ʜʠʢʝʪʦʥʳ 

1,2, ʦʙʨʘʟʫʶʪʩʷ ʚ ʢʦʥʜʝʥʩʘʮʠʠ ʧʦ ʂʣʷʡʟʝʥʫ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ 

ʜʣʷ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ [1-3]. ʉʦʝʜʠʥʝʥʠʷ 1,2 ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʘʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʝʥʦʣʴʥʦʡ ʬʦʨʤʝ ʠ ʦʙʨʘʟʫʶʪ ʘʢʪʠʚʥʦ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ ʝʚʨʦʧʠʷ. 
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2  
X: O, S, NH, NR

Rf: (CF 2)nY, ʛʜʝ Y: H, F, Cl, COOAlk, OR; n:1-6  

ʃʶʤʠʥʝʩʮʝʥʪʥʦ-ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ʩ Eu
3+

 ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʛʝʥʪʘʤʠ: ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ ʠ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, ʜʣʠʥʳ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ ~360 ʠ ~390 ʥʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʪʠʧʘ. 

ʉʦʨʙʮʠʦʥʥʳʤ ʜʦʧʠʨʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʝʚʨʦʧʠʷ ʥʘʥʦʯʘʩʪʠʮ (ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʩʪʠʨʦʣʘ ʠ ʧʦʣʠʚʠʥʠʣʢʘʨʙʘʟʦʣʘ) ʧʦʣʫʯʝʥʳ ʜʠʩʧʝʨʩʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʘ 40Ñ5 ʥʤ ʠ 25Ñ4 ʥʤ. ʅʘʥʦʜʠʩʧʝʨʠʠ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʨʠ ʭʨʘʥʝʥʠʠ ʠ  

ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʠʦʯʠʧ-ʪʝʭʥʦʣʦʛʠʡ 

ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 
 

1. ɼ.ɺ. ʈʦʤʘʥʦʚ ʠ ʜʨ. ʇʘʪʝʥʪ ʈʌ  ˉ2296756,  ɹʶʣʣ.  ̄  10, 10.04.2007ʛ. 

2. ʈʦʤʘʥʦʚ ɼ.ɺ.  ʠ ʜʨ. ʇʘʪʝʥʪ  ʈʌ ˉ 2373200. ɹʶʣʣ. ˉ 32, 20.11.2009ʛ. 

3. ʂʦʩʪʨʶʢʦʚʘ ʊ.ʉ.ʠ ʜʨ. // ɾʆʍ  2012, 82 (3), 462-467. 
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ʍʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʤ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʫʟʢʦʜʠʩʧʝʨʩʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ (ʅʏ), ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʝʙʫʶʱʝʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʝʥʠʷ 

ʚʳʩʦʢʦʢʠʧʷʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʘʛʨʝʛʘʮʠʠ ʅʏ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʥʠʭ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʠʥʥʦʮʝʧʥʳʝ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʪʘʢʠʝ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʦʣʝʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʬʦʙʥʳʭ ʛʨʫʧʧ, ʧʦʣʫʯʘʝʤʳʝ 

ʵʪʠʤ ʤʝʪʦʜʦʤ ʅʏ ʥʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʚʦʜʝ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʩʬʝʨʫ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ɼʣʷ ʧʨʠʜʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʳ ʧʦʢʨʳʚʘʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʅʏ ʫʟʢʦʜʠʩʧʝʨʩʥʳʤ 

ʘʤʬʠʬʠʣʴʥʳʤ ʢʘʪʠʦʥʥʳʤ ʩʦʧʦʣʠʤʝʨʦʤ ʤʝʪʠʣʩʫʣʴʬʘʪʘ 2-

(ʤʝʪʘʢʨʠʣʦʠʣʦʢʩʠ)ʵʪʠʣʪʨʠʤʝʪʠʘʤʤʦʥʠʷ ʠ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɽʛʦ ʛʨʝʙʥʝʦʙʨʘʟʥʦʝ ʩʪʨʦʝʥʠʝ 

ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʅʏ ʟʘ ʩʯʝʪ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʪʝʘʨʠʣʴʥʳʭ ʛʨʫʧʧ ʧʦʣʠʤʝʨʘ ʩ ʦʣʝʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʧʦʢʨʳʚʘʶʱʠʤʠ ʅʏ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʩʪʦʡʯʠʚʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʅʏ ʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʩʫʣʴʬʠʜʘ 

ʢʘʜʤʠʷ ʠ ʩʫʣʴʬʠʜʘ ʮʠʥʢʘ ʨʘʟʤʝʨʦʤ ʦʪ 5 ʜʦ 12 ʥʤ. 
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ʅʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʅʏ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʙʨʠʜʥʳʝ ʦʨʛʘʥʦ-

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʩ ʥʝʩʫʱʠʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʅʏ ʤʦʥʦʩʣʦʝʚʦʡ 

ʜʠʩʧʝʨʩʠʠ MoS2. 

ʀʩʩʣʝʜʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʅʏ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʠ ʝʛʦ ʢʦʤʧʦʟʠʪʘ ʚ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜ ʠʦʥʦʚ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʅʏ 

ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʥʘʥʦʢʦʤʧʦʟʠʪ ʧʦʢʘʟʘʣ ʚ 1.4 ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʝ ʚʭʦʜʷʱʠʝ ʚ ʥʝʛʦ ʢʦʤʧʦʥʝʥʪʳ. 

ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʦʧʦʣʠʤʝʨʦʤ ʅʏ CdS ʠ ʢʦʤʧʦʟʠʪ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʝʘʢʮʠʠ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ CdS ʘʢʪʠʚʝʥ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ Pt, ʢʘʢ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʠ ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ H2 ʚ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʟʷʪʦʡ Pt. ʂʦʤʧʦʟʠʪ CdS c 

ʤʦʥʦʩʣʦʝʚʳʤ MoS2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ CdS ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʥʘ ʩʚʝʪʫ 

ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʪʦʛʜʘ ʢʘʢ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʝ CdS ʠ MoS2 ʥʝ ʘʢʪʠʚʥʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-03-01039ʘ) 
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ɽ-mail: nkuznff@ineos.ac.ru 

 

ʉʨʝʜʠ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʠʧʝʨʠʜʠʥʳ ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠʟ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʭ ʤʝʩʪ. ʇʦʜʢʣʘʩʩʳ ʧʠʧʝʨʠʜʠʥ-2-ʦʥʦʚ 

ʠ ʧʠʧʝʨʠʜʠʥ-2,4-ʜʠʦʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʥʦʛʠʭ 

ʘʣʢʘʣʦʠʜʦʚ, ʤʘʣʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʠ ʧʝʧʪʠʜʦʤʠʤʝʪʠʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʙʣʘʛʦʜʘʨʷ ʣʝʛʢʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʛʝʪʝʨʦʮʠʢʣʘ 2,4-ʜʠʦʥʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʥʪʝʟʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʠʥʪʝʨʝʩʥʳʭ ʚʝʱʝʩʪʚ. 

ʅʘʤʠ ʙʳʣʠ ʦʪʢʨʳʪʳ ʜʚʝ ʥʦʚʳʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʘʥʠʦʥʥʦʛʦ ʪʠʧʘ
1,2
, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ (ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ) ʟʘʤʝʱʝʥʥʳʭ  ʧʠʧʝʨʠʜʠʥ-2,4-

ʜʠʦʥʦʚ ʠ 6-ʘʤʠʥʦ-2,3-ʜʠʛʠʜʨʦʧʠʧʝʨʠʜʠʥ-4-ʦʥʦʚ, ʠʩʭʦʜʷ ʠʟ ʛʦʤʦʘʣʣʠʣʘʤʠʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʨʷʜ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʶʪ ʘʣʣʠʣʠʨʦʚʘʥʠʝʤ  ʩʦʝʜʠʥʝʥʠʷʤʠ ʙʦʨʘ, ʮʠʥʢʘ ʠʣʠ 

ʠʥʜʠʷ. ɺʳʭʦʜʳ ʚʝʱʝʩʪʚ ʥʘ ʩʪʘʜʠʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʚʳʰʘʶʪ 90%.    

 
ʈʠʩ. 1.  ʅʦʚʳʝ ʝʥʦʣʷʪʥʳʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʇʨʦʪʝʢʘʶʪ ʵʪʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʝʥʦʣʷʪ-ʠʟʦʮʠʘʥʘʪʦʚ ʠʣʠ ʝʥʦʣʷʪ-ʢʘʨʙʦʜʠʠʤʠʜʦʚ. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʨʷʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʘʢʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. 
 

1. N. Yu. Kuznetsov et al. Eur. J. Org. Chem. 2012, 334ï344. 

2. N. Yu. Kuznetsov et al. Tetrahedron: Asymmetry, 2014, 25, 667ï676. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ (ʧʨʦʛ. ˉ 18, 

ʢʦʦʨʜʠʥʘʪʦʨ ï ʘʢʘʜʝʤʠʢ ɺ.ɸ. ʊʘʨʪʘʢʦʚʩʢʠʡ). 
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ʇʆʃʗʈʀɿɸʎʀʆʅʅʓʁ ʕʌʌɽʂʊ ʀ ʈɽɸʂʎʀʆʅʅɸʗ 

ʉʇʆʉʆɹʅʆʉʊʔ ʕʃɽʄɽʅʊʆʆʈɻɸʅʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ 
 

ʆ. ɺ. ʂʫʟʥʝʮʦʚʘ, ɸ. ʅ. ɽʛʦʨʦʯʢʠʥ, ʅ. ʄ. ʍʘʤʘʣʝʪʜʠʥʦʚʘ 

 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ,  

ʫʣ. ʊʨʦʧʠʥʠʥʘ, ʜ. 49, 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: olga@iomc.ras.ru 

 

ʇʨʦʙʣʝʤʘ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ  

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʭʠʤʠʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʚʳʷʚʣʝʥʠʶ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʪʘʢʠʭ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʵʬʬʝʢʪʳ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʚ ʫʟʢʠʭ ʩʝʨʠʷʭ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʝʘʢʮʠʦʥʥʳʤ ʮʝʥʪʨʦʤ ʠ ʚʘʨʴʠʨʫʝʤʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʷʚʣʷʝʪʩʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ log k ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʦʨʘ, ʢʨʝʤʥʠ,̫ ʛʝʨʤʘʥʠ,̫ ʦʣʦʚʘ ʠ ʩʝʣʝʥʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

log k =  log k0 + asI + bsR (sR
+
, sR

-
) 

ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʧʘʨʘʤʝʪʨʦʚʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

log k = log k0 + asI + bsR(sR
+
, sR

-
) + csa, 

log k = log k0 + asI + bsR(sR
+
, sR

-
) + csa+ dEs

¡
, 

ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘ logk 

ʚʣʠʷʶʪ 4 ʵʬʬʝʢʪʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʍ: ʠʥʜʫʢʪʠʚʥʳʡ, ʨʝʟʦʥʘʥʩʥʳʡ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʠ 

ʩʪʝʨʠʯʝʩʢʠʡ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʥʩʪʘʥʪʘʤʠ sI, sR(sR
+
, 

sR
-
), sa ʠ Esô. 

ʅʘ ʨʝʘʢʮʠʦʥʥʦʤ ʮʝʥʪʨʝ Rʩ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʦʟʥʠʢʘʝʪ ʟʘʨʷʜ q. 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʦʥ-ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʟʘʨʷʜʦʤ q ʠ ʜʠʧʦʣʝʤ, ʠʥʜʫʮʠʨʫʝʤʳʤ ʵʪʠʤ ʟʘʨʷʜʦʤ ʚ ʟʘʤʝʩʪʠʪʝʣʷʭ ʍ. ɺʝʣʠʯʠʥʘ ʚʢʣʘʜʘ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ  log k  ʧʦʜ ʚʣʠʷʥʠʝʤ ʍ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʩʝʨʠʠ ʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʝʚʳʰʘʝʪ 50%. ʋʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ. 
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ʌɽʈʈʆʎɽʅʉʆɼɽʈɾɸʑʀɽ ɸʅɸʃʆɻʀ ʀɿʆʅʀɸɿʀɼɸ 
 

ɺ. ʅ. ʂʫʣʠʢʦʚ, ɸ. ʅ. ʈʦʜʠʦʥʦʚ, ʖ. ɸ. ɹʝʣʦʫʩʦʚ 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: kulikov_v_n@mail.ru 

 

ʊʫʙʝʨʢʫʣʸʟ ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʧʨʠʯʸʤ 

ʚʩʸ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʝʛʦ ʬʦʨʤʳ ʩʦ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ (ʄʃʋ)
1
. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʳʤ  ʧʨʝʧʘʨʘʪʦʤ 

ʷʚʣʷʝʪʩʷ ʠʟʦʥʠʘʟʠʜ (1) ï ʥʝʦʪʲʝʤʣʝʤʳʡ ʵʣʝʤʝʥʪ ʩʭʝʤ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʨʘʧʠʠ 

ʪʫʙʝʨʢʫʣʸʟʘ
2
. ʅʦ ʤʠʢʦʙʘʢʪʝʨʠʠ ï ʚʦʟʙʫʜʠʪʝʣʠ ʟʘʙʦʣʝʚʘʥʠʷ ï ʧʨʠʦʙʨʝʪʘʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʝʤʫ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʢ ʜʨʫʛʠʤ ʧʨʝʧʘʨʘʪʘʤ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʧʦʠʩʢ 

ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʛʝʥʪʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʷʜʫ ʙʣʠʟʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʠʟʦʥʠʘʟʠʜʘ ʚʩʪʨʝʯʘʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʝʛʦ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʳʯʥʳʭ, ʪʘʢ ʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʄʃʋ-ʰʪʘʤʤʦʚ ʤʠʢʦʙʘʢʪʝʨʠʡ
3-4
. ɺʦʟʤʦʞʥʳʝ ʧʫʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʠʟʦʥʠʘʟʠʜʘ 

ï ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʝʪʝʨʦʮʠʢʣʘ (2,3) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʘʟʠʜʥʦʡ ʛʨʫʧʧʳ (4) 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 1. 

 
ʈʠʩ. 1. ʀʟʦʥʠʘʟʠʜ ʠ ʝʛʦ ʚʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʬʝʨʨʦʮʝʥʘ ʢ ʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ, ʘ ʪʘʢʞʝ ʥʠʟʢʘʷ 

ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʩʣʫʞʠʣʠ ʧʨʠʯʠʥʦʡ 

ʚʳʙʦʨʘ ʬʝʨʨʦʮʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʘ. ɽʛʦ ʣʠʧʦʬʠʣʴʥʘʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʦʨʤʘ ʫʣʫʯʰʠʪ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ ʤʠʢʦʣʦʚʳʝ ʦʙʦʣʦʯʢʠ 

ʤʠʢʦʙʘʢʪʝʨʠʡ, ʘ ʛʠʜʨʦʬʠʣʴʥʘʷ ʦʢʠʩʣʝʥʥʘʷ ï ʦʙʣʝʛʯʠʪ ʪʨʘʥʩʧʦʨʪ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ 

ʦʨʛʘʥʠʟʤʘ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʨʷʜʫ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʨʨʦʮʝʥʘ ʫʞʝ ʥʘʡʜʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʚʳʨʘʞʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʄʃʋ-ʰʪʘʤʤʦʚ ʤʠʢʦʙʘʢʪʝʨʠʡ
4
. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʤʦʜʠʬʠʢʘʮʠʡ ʪʠʧʘ 2+3 ʠ 4, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩ. 2: 

 
ʈʠʩ. 2. ʌʝʨʨʦʮʝʥʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʠʟʦʥʠʘʟʠʜʘ. 

ʇʨʦʜʫʢʪʳ ʧʦʣʫʯʝʥʳ ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ (10) ʜʦ ʭʦʨʦʰʠʭ (6, 7) ʠ 

ʚʳʩʦʢʠʭ (8, 9). 
1. World Health Organization, Global tuberculosis report 2013. 

2. Co-Eds. W.  Britton, B. D.  Robertson  Tuberculosis 2008, 88(2), 112ï116. 

3. M. Shaharyar et al. Bioorg. & Med. Chem. Lett. 2006, 16, 3947ï3949. 

4. G. M. Maguene et al. Eur. J. Med. Chem. 2011, 46, 31ï38. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʬʦʥʜʘ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ14-03-00980 

ʠ ˉ14-03-31469). 
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ʈɽɼʆʂʉ ʉɺʆʁʉʊɺɸ ʕʌʀʈʆɺ 5-ʌɽʈʈʆʎɽʅʀʃ-1H-

ʇʀʈɸɿʆʃʂɸʈɹʆʅʆɺʓʍ ʂʀʉʃʆʊ 
 

ɺ. ʅ. ʂʫʣʠʢʦʚ, ʆ. ʄ. ʅʠʢʠʪʠʥ, ʖ. ɸ. ɹʦʨʠʩʦʚ, ɸ. ʉ. ʄʘʢʘʨʦʚ, ɸ. ʅ. ʈʦʜʠʦʥʦʚ, 

ʖ. ɸ. ɹʝʣʦʫʩʦʚ 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: kulikov_v_n@mail.ru 

 

ʄʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʥʘ ʩʝʨʠʷ ʬʝʨʨʦʮʝʥʠʣʧʠʨʘʟʦʣʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʠ ʧʦʣʦʞʝʥʠʝʤ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ (ʈʠʩ. 1, ɸ). ʅʘ ʚʩʝʭ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʦʙʨʘʪʠʤʳʡ ʧʠʢ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ (ʈʠʩ. 1, ɹ). 
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ʈʠʩ. 1. (ɸ) ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2; (ɹ) ʎɺɸ-ʢʨʠʚʳʝ ʩʦʝʜʠʥʝʥʠʡ 1e (ʧʫʥʢʪʠʨ) ʠ 2e (ʩʧʣʦʰʥʘʷ). 
 

ʇʦʪʝʥʮʠʘʣʳ ʦʢʠʩʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2 ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʢʠʩʣʦʪʳ 

(2 ʵʢʚ. HBF4) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ. 1. ʇʦʪʝʥʮʠʘʣʳ ʦʢʠʩʣʝʥʠʷ ʬʝʨʨʦʮʝʥʠʣʧʠʨʘʟʦʣʦʚ 1 ʠ 2 ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʢʠʩʣʦʡ ʩʨʝʜʘʭ. 

Cʨʝʜʘ ʥʝʡʪʨʘʣʴʥʘʷ 2 ʵʢʚ. HBF4 

Cʦʝʜ. 1ʘ 1ʙ 1ʚ 1ʛ 1ʜ 2ʘ 2ʙ 2ʚ 2ʛ 2ʜ 2ʝ 1ʛ 1ʜ 2ʛ 2ʜ 

ɽ, ʤɺ 645 630 670 560 625 595 595 625 530 590 595 640 625 595 605 

DE 60 60 60 60 60 70 70 60 60 60 70 60 60 60 60 
 

ɺ ʧʨʠʩʫʪʩʪʚʠʝ ʢʠʩʣʦʪʳ ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʝʥʠʷ ʧʠʨʘʟʦʣʦʚ 1ʛ ʠ 2ʛ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 60-75 ʤɺ. 

ɺ ʧʨʠʩʫʪʩʪʚʠʝ ʦʩʥʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʝʥʠʷ ʬʝʨʨʦʮʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. ɺʚʝʜʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʝʨʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʠʨʘʟʦʣʴʥʦʛʦ 

ʢʦʣʴʮʘ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʝʥʠʷ ʬʝʨʨʦʮʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ 60-110 ʤɺ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʟʘʤʝʱʸʥʥʳʤʠ ʧʠʨʘʟʦʣʘʤʠ 1ʛ ʠ 2ʛ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ 

ʘʟʦʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʝʥʠʷ ʤʦʣʝʢʫʣʳ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 1 ʢ 2 ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 30-50 ʤɺ. ʕʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʩ ʘʪʦʤʘ ʞʝʣʝʟʘ ʬʝʨʨʠʮʠʥʠʝʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʥʘ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʠʟʦʤʝʨʘʭ 2. ʅʘʣʠʯʠʝ ʢʦʨʦʪʢʦʛʦ 

ʢʦʥʪʘʢʪʘ Fe---O=C ʚ ʧʠʨʘʟʦʣʘʭ 2 ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ DFT-ʨʘʩʯʸʪʘʤʠ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ 

ʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʠ ʜʘʥʥʳʤʠ ʈʉɸ ʜʣʷ ʧʠʨʘʟʦʣʦʚ 1a ʠ 2a (ʊʘʙʣʠʮʘ 2). 
 

ʊʘʙʣʠʮʘ. 2. ʈʘʩʩʪʦʷʥʠʝ Fe---O=C (¡) ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣʘʭ ʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘʭ. 

ʉʦʝʜʠʥʝʥʠʝ 1ʘ 1ʛ 1ʜ 2ʘ 2ʛ 2ʜ 2ʝ 

ʥʝʡʪʨʘʣʴʥʘʷ ʤʦʣʝʢʫʣʘ 6,263 6,588 6,331 3,639 3,773 3,692 3,716 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ 6,169 6,599 6,319 3,462 3,537 3,498 3,550 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) 6,686     3,586       

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ14-03-00980 ʠ ˉ14-

03-31469). 
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ʀɿʋʏɽʅʀɽ ɸɼɻɽɿʀʆʅʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ 

ʊɽʈʄʆʉʊʆʁʂʆɻʆ ʉɺʗɿʋʖʑɽɻʆ ʀʇ-5 
 

ɻʦʨʙʘʪʢʠʥʘ ʖ.ɸ., ʀʚʘʥʦʚʘ-ʄʫʤʞʠʝʚʘ ɺ.ɻ., ʂʫʧʝʨʤʘʥ ɸ.ʄ.  

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, 119991, ʛ. ʄʦʩʢʚʘ, ʫʣ. ʂʦʩʳʛʠʥʘ, ʜ. 4 

E-mail: viva@chph.ras/ru 

 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʪʝʨʤʦʩʪʦʡʢʠʭ ʇʂʄ, ʩʧʦʩʦʙʥʳʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʧʣʦʪʴ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ 400é500ʉ̄, - ʟʘʜʘʯʘ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ.̫ ɺ ʀʅʕʆʉ ʈɸʅ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ʥʘ ʦʩʥʦʚʝ ʙʠʩ-ʮʠʘʥʘʤʠʥʦʚ ʠ ʪʝʪʨʘʥʠʪʨʠʣʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʪʝʪʨʘʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʯʘʣʘ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʥʝ 

ʥʠʞʝ 450ʉ̄ ʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʚʧʣʦʪʴ ʜʦ 600ʉ̄. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʣʝʩʪʥʠʯʥʳʡ ʧʦʣʠʤʝʨ ʠʟʚʝʩʪʝʥ ʧʦʜ ʤʘʨʢʦʡ ʀʇ-5. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ - ʠʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ 

ʪʝʨʤʦʩʪʦʡʢʦʝ ʩʚʷʟʫʶʱʝʝ ʀʇ-5 ï ʚʦʣʦʢʥʦ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʧʳʪʘʥʠʡ 

ʩʦʩʪʘʚʣʷʣ 20é450ʉ̄. ʀʟʤʝʨʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ pull-out 

ʥʘ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

(50%) ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 450ʉ̄, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʣʶʙʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʜʣʷ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʠʩʪʝʤ ʧʦʣʠʤʝʨ ï ʚʦʣʦʢʥʦ. 

ʇʦʣʠʤʝʨʳ: 1 ï ʵʧʦʢʩʠʜʠʘʥʦʚʦʝ ʩʚʷʟʫʶʱʝʝ ʕɼʊ-10, 2 ï ʧʦʣʠʩʫʣʴʬʦʥ ʇʉʂ-1, 3 ï ʀʇ-5 

 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʩʦʪʨʫʜʥʠʢʦʚ ʀʅʕʆʉ ʈɸʅ ʀ ʌɻʋʇ çɺʀɸʄè ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ 

ʦʙʨʘʟʮʳ ʤʘʪʝʨʠʘʣʦʚ. 
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ʉʀʅʊɽɿ ʅʆɺʓʍ ʉɺɽʈʍʈɸɿɺɽʊɺʃɽʅʅʓʍ 

ʇʀʈʀɼʀʅʉʆɼɽʈɾɸʑʀʍ ʇʆʃʀʌɽʅʀʃɽʅʆɺ 
 

ʅ. ɺ. ʂʫʯʢʠʥʘ, ɿ. ɹ. ʐʠʬʨʠʥʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ
 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: kuchkina@ineos.ac.ru 

 

ʉʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʉʈʇ) ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ 

ʜʝʥʜʨʠʤʝʨʦʚ ʠ ʠʤʝʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʠ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʠ. ʆʙʳʯʥʦ ʉʈʇ ʧʦʣʫʯʘʶʪ ʦʜʥʦʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʚʝʜʝʪ ʢ çʛʝʪʝʨʦʛʝʥʥʳʤè 

ʧʨʦʜʫʢʪʘʤ ʩ ʰʠʨʦʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʕʪʦ ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ 

ʪʘʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʦʪ ʩʦʚʝʨʰʝʥʥʳʭ çʥʘʥʦʦʙʲʝʢʪʦʚè - ʜʝʥʜʨʠʤʝʨʦʚ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ 

ʤʝʪʦʜʦʤ çstep by stepè ʠ ʷʚʣʷʶʱʠʭʩʷ ʤʦʥʦʜʠʩʧʝʨʩʥʳʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ. ʊʘʢ ʞʝ ʢʘʢ 

ʠ ʜʣʷ ʜʝʥʜʨʠʤʝʨʦʚ, ʜʣʷ ʩʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʠ ʨʘʩʧʣʘʚʦʚ. ɺ ʩʣʫʯʘʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʢ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʜʦʙʘʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʧʝʨʝʜ ʜʝʥʜʨʠʤʝʨʘʤʠ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʧʦʣʫʯʝʥʠʷ ʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʵʪʠʤ, ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʬʝʥʠʣʝʥʦʚ ʩ 

ʧʠʨʠʜʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʝʛʠʡ ʩʠʥʪʝʟʘ ʉʈʇ. 

ʇʝʨʚʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʤʦʥʦʤʝʨʘ ʪʠʧʘ ɸɺn (single-monomer 

methodology (SMM)), ʘ ʚʪʦʨʘʷ - ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʳ ʤʦʥʦʤʝʨʦʚ ʪʠʧʘ ɸn ʠ ɺm 

(double-monomer methodology (DMM)). ɼʣʷ ʩʠʥʪʝʟʘ ʉʈʇ ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʝʘʢʮʠʷ 

ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ, ʢʦʪʦʨʘʷ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʧʠʨʠʜʠʣʬʝʥʠʣʝʥʦʚʳʭ ʜʝʥʜʨʠʤʝʨʦʚ [1]. ʅʦʚʳʝ ʩʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʳʝ 

ʧʠʨʠʜʠʥʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʬʝʥʠʣʝʥʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʩʦʧʦʩʪʘʚʠʤʦʡ 

ʩ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳʭ ʜʝʥʜʨʠʤʝʨʦʚ. ʇʦʣʠʤʝʨʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʢʨʦʤʦʣʝʢʫʣ. 
 

Z.B. Shifrina et al. Macromolecules 2005, 38, 9920-9932. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-03-00876). 
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ɸ.ɸ. ʃʘʟʫʪʠʥ, ʄ.ʂ.ɻʣʘʛʦʣʝʚ, ɺ.ɺ. ɺʘʩʠʣʝʚʩʢʘʷ
 

 

ʀʥʩʪʠʪʫʪ
 
ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: lazutin@polly.phys.msu.ru 

 

ʉʚʝʨʭʩʰʠʪʳʝ ʧʦʣʠʤʝʨʥʳʝ ʩʝʪʢʠ ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʚ 70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. 

ʆʥʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʦʙʳʯʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʦʣʠʤʝʨʥʳʤʠ ʩʝʪʢʘʤʠ 

ʩʚʦʡʩʪʚ: ʥʘʙʫʭʘʶʪ ʚ ʣʶʙʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʢʘʢ ʭʦʨʦʰʠʭ, ʪʘʢ ʠ ʧʣʦʭʠʭ ʜʣʷ ʠʩʭʦʜʥʳʭ 

ʣʠʥʝʡʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʩʧʦʩʦʙʥʳ ʘʙʩʦʨʙʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʚʝʱʝʩʪʚʘ ʠ ʛʘʟʳ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʚʝʨʭʩʰʠʪʳʝ ʧʦʣʠʤʝʨʥʳʝ ʩʝʪʢʠ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘʯʘʣʠ ʧʨʦʚʦʜʠʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʠ ʠʟʫʯʝʥʳ ʣʠʰʴ ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʩʰʠʚʢʘ 

ʦʜʠʥʦʯʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʚ ʚʘʢʫʫʤʝ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʦʤʫ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ  

ʩʠʥʪʝʟʘ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ. ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʨʦʮʝʩʩʘ ʩʰʠʚʢʠ ʣʠʥʝʡʥʳʭ 

ʤʦʣʝʢʫʣ ʧʦʣʠʩʪʠʨʦʣʘ ʚ 1,2-ʜʠʭʣʦʨʵʪʘʥʝ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʜʣʷ ʥʝʛʦ ʭʦʨʦʰʠʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʚʳʩʪʫʧʘʝʪ ʤʦʥʦʭʣʦʨʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʳʤ ʧʦʜʭʦʜʦʤ, ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʣʦʩʴ ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʧʦʣʠʩʪʠʨʦʣʘ ʚ 1,2-ʜʠʭʣʦʨʵʪʘʥʝ. ʇʦʣʫʯʝʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʘʩʴ ʨʝʘʢʮʠʷ ʩʰʠʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʩʚʝʨʭʩʰʠʪʳʝ ʩʝʪʢʠ ʙʳʣʠ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ "ʦʙʨʘʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ" ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʢ ʘʪʦʤʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʠʟʤʝʨʝʥʠʷʭ. 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʩʚʝʨʭʩʰʠʪʳʭ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʩʝʪʦʢ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʠʝʤʣʝʤʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʝʪʦʢ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʰʠʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʦʝ ʤʠʢʨʦʬʘʟʥʦʝ ʨʘʩʩʣʦʝʥʠʝ, ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʦʙʣʘʩʪʠ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ, ʪʘʢ ʠ 

ʧʫʩʪʦʪʳ, ʟʘʧʦʣʥʝʥʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʝʛʦ ʚʳʩʦʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 
 

1. A.A. Lazutin et al. J. Chem. Phys. 2014, 140, 134903. 

2. ɺʦʝʚʦʜʠʥ ɺʣ.ɺ., ɾʫʤʘʪʠʡ ʉ.ɸ., ʉʦʙʦʣʝʚ ʉ.ʀ., ɸʥʪʦʥʦʚ ɸ.ʉ., ɹʨʳʟʛʘʣʦʚ ʇ.ɸ., ʅʠʢʠʪʝʥʢʦ ɼ.ɸ., 

ʉʪʝʬʘʥʦʚ ʂ.ʉ., ɺʦʝʚʦʜʠʥ ɺʘʜ.ɺ. ʇʨʘʢʪʠʢʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ "ʃʦʤʦʥʦʩʦʚ" // ʆʪʢʨʳʪʳʝ ʩʠʩʪʝʤʳ. - 

ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ "ʆʪʢʨʳʪʳʝ ʩʠʩʪʝʤʳ", N 7, 2012. ʉ. 36-39. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-03-00073). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʄɻʋ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. 
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ʈɽʅʊɻɽʅʆʉʇɽʂʊʈɸʃʔʅʓʁ ʌʃʋʆʈɽʉʎɽʅʊʅʓʁ  

ɸʅɸʃʀɿ (ʈʌɸ) ɺ ʀʅʕʆʉ ʈɸʅ. 

ʆʇʈɽɼɽʃɽʅʀɽ ʕʃɽʄɽʅʊʆɺ ʆʊ ʄɸɻʅʀʗ ɼʆ ʋʈɸʅɸ. 
 

ʃʝʧʝʥʜʠʥʘ ʆ.ʃ. , ʊʘʣʘʥʦʚʘ ɺ.ʅ., ɹʫʷʥʦʚʩʢʘʷ ɸ.ɻ. 

 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ 

ʈʦʩʩʠʷ, 119991, ʛ.ʄʦʩʢʚʘ, ʫʣ.ɺʘʚʠʣʦʚʘ, ʜ.28 

ɽ-mail: analyst@ineos.ac.ru 

 

ʅʝʜʝʩʪʨʫʢʪʠʚʥʳʡ ʤʝʪʦʜ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ, ʢʨʦʤʝ C, H, N, O, 

ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʘ ʦʜʥʦʪʠʧʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʛʝʦʣʦʛʠʠ ʠ ʤʝʪʘʣʣʫʨʛʠʠ ʚʧʝʨʚʳʝ (ʚ 1975 

ʛʦʜʫ) ʧʨʠʩʧʦʩʦʙʣʝʥ ʢ ʵʣʝʤʝʥʪʥʦʤʫ ʘʥʘʣʠʟʫ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʕʆʉ), ʧʦʣʠʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʪʦʚ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ ð ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ. ʄʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ 

ʩʧʦʩʦʙ ʙʳʩʪʨʦʛʦ ʫʪʦʯʥʝʥʠʷ ʩʦʩʪʘʚʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɺ 

ʠʩʭʦʜʥʳʭ ʨʝʘʢʪʠʚʘʭ ʙʳʩʪʨʦ ʚʳʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʜʦ 10
-3 
%). ɺ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʘʭ -  ʫʩʧʝʰʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ 

ʤʝʪʘʣʣʦʚ ʠ ʛʘʣʦʠʜʦʚ. ɺ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʘʭ - ʦʩʪʘʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʪ. ʧ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʥʝʩʢʦʣʴʢʠʭ 

ʢʨʫʧʠʥʦʢ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʚʝʱʝʩʪʚʘ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʙʨʘʪʴ ʥʘʚʝʩʢʫ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʫʩʪʘʥʦʚʠʪʴ ʘʪʦʤʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣ ð 

ʤʝʪʘʣʣ, ʤʝʪʘʣʣ ð ʛʘʣʦʠʜ, ʠʩʧʦʣʴʟʫʷ ʨʘʩʪʚʦʨ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʜʣʷ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʋʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʈʌɸ ʤʘʣʳʭ (3-5 ʤʛ) ʧʨʦʙ ʕʆʉ ʠ ʧʦʣʠʤʝʨʦʚ ʩ ʨʘʟʙʘʚʣʝʥʠʝʤ 

ʵʤʫʣʴʩʠʦʥʥʳʤ ʧʦʣʠʩʪʠʨʦʣʦʤ ʠʣʠ ʮʝʣʣʶʣʦʟʦʡ. ʉʧʝʢʪʨʦʤʝʪʨ ʦʪʢʘʣʠʙʨʦʚʘʥ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʨʥʦ 40 ʵʣʝʤʝʥʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ Pd, Pt, Ag, Au, Mo, Ba, Cd, W, Ru, 

Sn, Fe, Mn, Co, Ni, Zn, Cu, Hg, Pb, V, Ti, Si, Al, ʘ ʪʘʢʞʝ Br ʠ I ʚ ʧʨʠʩʫʪʩʪʚʠʠ Cl. 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʨʘʟʣʠʯʥʦʡ 

ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʰʠʙʢʘ (ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ), ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 1,5% ʦʪʥ. 
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ʀɿʋʏɽʅʀɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɸʎɽʊʀʃɸʎɽʊʆʅɸʊɸ 

ɼʀʌʊʆʈʀɼɸ ɹʆʈɸ ʉ ʂʈɽʄʅʀʁʆʈɻɸʅʀʏɽʉʂʀʄʀ 

ʉʆɽɼʀʅɽʅʀʗʄʀ ʈɸɿʃʀʏʅʆʁ ʌʋʅʂʎʀʆʅɸʃʔʅʆʉʊʀ ɺ 

ʋʉʃʆɺʀʗʍ ʄɽʍɸʅʆʍʀʄʀʏɽʉʂʆʁ ɸʂʊʀɺɸʎʀʀ 
 

ɺ.ɺ. ʃʠʙʘʥʦʚ, ɸ.ɸ. ʂʘʧʫʩʪʠʥʘ, ʅ.ɺ. ɼʦʤʙʘʡ, ʅ.ʇ. ʐʘʧʢʠʥ 

 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

690090, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʫʣ. ʉʫʭʘʥʦʚʘ, 8 

E-mail: libanov.vv@dvfu.ru 

 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʜʠʬʪʦʨʠʜʘ ʙʦʨʘ ʩ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʨʦʠʟʚʦʜʥʦʝ ʪʨʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʬʝʥʠʣʩʠʣʘʥʪʨʠʦʣʘ ʧʦʣʠʬʝʥʠʣʩʠʣʩʝʩʢʚʠʦʢʩʘʥ (C6H5SiO1.5)n, ʜʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʜʠʬʝʥʠʣʩʠʣʘʥʜʠʦʣ (C6H5)2Si(OH)2, ʤʦʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʪʨʠʬʝʥʠʣʩʠʣʘʥʦʣ 

(ʉ6H5)3SiOH ʠ ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʦʢʪʘʬʝʥʠʣʧʝʥʪʘʮʠʢʣʦ[9,51,1
3,9

,1
5,15

,1
7,13
]ʦʢʪʘʩʠʣʦʢʩʘʥ (ʂʫʙʘʥ Ph8T8).  

ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʦʥʦʤʝʣʴʥʠʮʝ çPulverisette 

6è ʧʨʠ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ 10 ɻʮ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ ʥʘʩʘʜʢʠ ʢ ʤʘʩʩʝ ʧʦʣʝʟʥʦʡ 

ʟʘʛʨʫʟʢʝ 1,8. ʀʩʭʦʜʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Si/B ʚʦ ʚʩʝʭ ʩʠʥʪʝʟʘʭ ʨʘʚʥʷʣʦʩʴ 1:1. ɺʨʝʤʷ 

ʘʢʪʠʚʘʮʠʠ ï 3 ʤʠʥʫʪʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʗʄʈ 
19

F, 
11

B, 
29

Si ï ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʦʚ, ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʛʝʣʴ-

ʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʜʠʬʪʦʨʠʜʘ ʙʦʨʘ ʩ ʇʌʉ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʧʦʣʠʤʝʨʥʦʝ ʚʷʟʢʦ-ʪʝʢʫʱʝʝ ʚʝʱʝʩʪʚʦ ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʵʣʝʤʝʥʪʘʨʥʦʝ ʟʚʝʥʦ ʢʦʪʦʨʦʛʦ 

ʦʪʚʝʯʘʣʦ ʬʦʨʤʫʣʝ [(PhSiFO)OBAcAc]n. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ 

ʜʠʬʪʦʨʠʜʘ ʙʦʨʘ ʩ ʜʠʬʝʥʠʣʩʠʣʘʥʜʠʦʣʦʤ ʧʦʣʫʯʝʥ ʜʠʤʝʨ, ʦʪʚʝʯʘʶʱʠʡ ʬʦʨʤʫʣʝ 

[(Ph2SiOF)OBFAcAc]2. ʈʷʜ ʤʦʥʦʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʜʠʬʪʦʨʠʜʘ ʙʦʨʘ ʩ ʪʨʠʬʝʥʠʣʩʠʣʘʥʦʣʦʤ. ʄʝʪʦʜʦʤ ɻɾʍ 

ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʰʝʩʪʠ ʩʦʝʜʠʥʝʥʠʡ: 1,3-ʜʠʬʪʦʨ-1,1,3,3-

ʪʝʪʨʘʬʝʥʠʣ)-ʜʠʩʠʣʦʢʩʘʥʘ, ʪʝʪʨʘʬʝʥʠʣʩʠʣʘʥʘ, ʪʨʠʬʝʥʠʣʬʪʦʨʩʠʣʘʥʘ, 

ʪʨʠʬʝʥʠʣʬʦʨʤʠʣʩʠʣʘʥʘ, ʪʨʠʬʝʥʠʣʦʚʦʛʦ ʵʬʠʨʘ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ, ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. 

ʈʘʩʱʝʧʣʝʥʠʝ ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ ʚ ʢʫʙʘʥʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʜʠʬʪʦʨʠʜʘ 

ʙʦʨʘ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ. ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʚʦʜʳ ʣʠʙʦ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʝʘʢʮʠʶ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʦʜʳ, ʨʝʘʢʮʠʷ ʧʨʦʰʣʘ ʫʩʧʝʰʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʵʣʝʤʝʥʪʘʨʥʦʝ 

ʟʚʝʥʦ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʬʦʨʤʫʣʫ [(PhSiFO)BOAcAc]n.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ ʦʢʘʟʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʜʠʢʘʣ 

ʬʪʦʨʘ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ 

ʜʠʬʪʦʨʠʜʘ ʙʦʨʘ, ʥʦ ʠ ʛʠʜʨʦʢʩʦ-ʨʘʜʠʢʘʣ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʢʘʢ ʧʨʠ ʘʢʪʠʚʘʮʠʠ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢ ʠ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʇʦʩʣʝʜʥʠʡ 

ʬʘʢʪ ʦʙʲʷʩʥʷʝʪ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʘʶʱʠʭʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 
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ELECTROCHEMICAL POLYMERIZATION OF MAGNESIUM 

PORPHINE. DIFFERENT POLYPORPHINE STRUCT URES WITH 

VARIOUS CENTRAL IONS  
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1
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2
, M. A. Vorotyntsev

1,2
 

 
1 
Lomonosov Moscow State University, Faculty of Fundamental Physical Chemical 

Engineering, 
2 
IPCP RAS, Russia 

e-mail: ks09@inbox.ru 

 

Due to unique chemical and physicochemical properties porphyrin systems have been 

attracting much attention during the last decades [1]. A special area of this research activity is 

represented by polymers on the basis of porphyrin monomer units which are immobilized in 

the form of electroactive films on the surface of solid electrodes for their subsequent use as 

electrocatalysts and sensors.  

During the last years first representatives of a new family of such electroactive materials were 

obtained. They consist of monomeric metalloporphine units, MP, M = Mg(II), connected by 

single meso-meso bonds ("poly(metallo)porphines of magnesium of type I", pMP-I) [2] or 

three (meso-meso and two ɓ- ɓ) bonds ("poly(metallo)porphines of magnesium of type II", 

pMP-II) [3].  

In the actual study new members of popy(metallo)porphine family have been synthesized, in 

which the central ion, Mg(II), in the starting polymer of type I, pMgP-I, was replaced by other 

cations [4]. During the first stage the Mg(II) cation of each monomer unit was exchanged by 

two protons so that the "free-base polyporphine" has been obtained for the first time. Then, 

the remetallation stage was carried out, via the substitution of these protons by Zn(II) or 

Co(II) cations. At the last stage all novel polymers were subjected to the electrochemical 

oxidation, with their transformation from those of type I, pMP-I, into the corresponding 

poly(metallo)porphines of type II, pMP-II.  

Properties of these new polymers were studied by means of various spectroscopic and 

electrochemical methods. Cobalt-containing polymeric films on the surface of the electrodes 

were tested in the reaction of oxygen electroreduction in neutral and alkaline solutions.  

 
1. Kadish K.M. et al (ed.). The Porphyrin Handbook. Academic Press, vols. 1ï20 (2000). 

2. M.A. Vorotyntsev, D.V. Konev, D.V. Devillers, C.H. Bezverkhyy et al. Electrochim. Acta. 55 (2010) 6703-

6714. 

3. M.A. Vorotyntsev, D.V. Konev, D.V. Devillers, C.H. Bezverkhyy et al. Electrochim. Acta. 56 (2011) 3436-

3442. 

4. D. V. Konev, C. H. Devillers, K. V. Lizgina et al. Electrochim. Acta, 122 (2014) 3-10. 
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ʉʀʅʊɽɿ ʇʆʃʀʄɽʊʀʃʄɽʊɸʂʈʀʃɸʊɸ ʉ ʋʏɸʉʊʀɽʄ  

ʆ-ʀʄʀʅʆʉɽʄʀʍʀʅʆʅʆɺʓʍ ʂʆʄʇʃɽʂʉʆɺ ʆʃʆɺɸ(IV ), 

ʉʆɼɽʈɾɸʑʀʍ ʊʈɽʊ-ɹʋʊʀʃʔʅʓɽ ɿɸʄɽʉʊʀʊɽʃʀ 
 

ʃ. ɹ.
 
ɺʘʛʘʥʦʚʘ

a 
, ʆ. ʉ. ʃʠʟʷʢʠʥʘ

a
, ɽ. ɸ.

 
ʉʤʠʨʥʦʚʘ

a
, ʄ. ɻ.

 
ʏʝʛʝʨʝʚ

b
,  

ɸ. ɺ. ʇʠʩʢʫʥʦʚ
b
, ɼ. ʌ. ɻʨʠʰʠʥ

a
 

a
 ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʧʨ. ɻʘʛʘʨʠʥʘ, 23, ʢʦʨʧ. 5, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ; 
b 
ʀʥʩʪʠʪʫʪ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʫʣ. 

ʊʨʦʧʠʥʠʥʘ, 49, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ. E-mail: oksana.94.02@mail.ru 

 

ʉʠʥʪʝʟ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʟʘʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʠʥʘʜʣʝʞʠʪ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠʥʠʮʠʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʠ 

ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ ʨʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʦʤʧʣʝʢʩ ʦʣʦʚʘ(IV) ʥʘ ʦʩʥʦʚʝ 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-N-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʦ-

ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥʘ ʩʧʦʩʦʙʝʥ ʠʥʠʮʠʠʨʦʚʘʪʴ ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʄʄɸ), ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʩʪʠʨʦʣʘ [1, 2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʪʨʦʝʥʠʶ ʦ-

ʠʤʠʥʦʩʝʤʠʭʠʥʦʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʣʦʚʘ(IV), ʩʦʜʝʨʞʘʱʠʭ 

ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʥʘ ʧʨʦʮʝʩʩʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʄʄɸ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ 70-90Áʉ ʢʦʤʧʣʝʢʩ r 1-3 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʥʠʮʠʠʨʫʶʪ ʧʨʦʮʝʩʩ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ. ʊʘʢ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ 

ʧʦʣʠʤʝʨʠʟʫʶʱʫʶʩʷ ʩʠʩʪʝʤʫ 0.1 ʤʦʣ.% ʢʦʤʧʣʝʢʩʦʚ 1-3 

ʚʳʭʦʜ ʧʦʣʠʤʝʨʘ ʜʦʩʪʠʛʘʝʪ ~ 80%. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʣʠʥʝʡʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʩʨʝʜʥʝʯʠʩʣʝʥʥʳʭ ʄʄ ʧʦʣʠʤʝʨʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʄʄɸ. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (ʂʇ) ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʄʄɸ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1.3 ʜʦ 4.0. ɺ ʩʣʫʯʘʝ 4 ʧʨʝʜʝʣʴʥʘʷ 

ʢʦʥʚʝʨʩʠʷ ʤʦʥʦʤʝʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ~ 10%. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ, ʠʥʠʮʠʠʨʫʝʤʦʡ 

ɼɸʂ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 70-90Áʉ, ʚʚʝʜʝʥʠʝ ʣʶʙʦʛʦ ʠʟ ʢʦʤʧʣʝʢʩʦʚ 1-4 ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ 

ʧʨʝʚʨʘʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʩʨʝʜʥʝʯʠʩʣʝʥʥʳʭ 

ʄʄ ʧʦʣʠʄʄɸ ʩ ʨʦʩʪʦʤ ʢʦʥʚʝʨʩʠʠ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʝ ʂʇ ʦʙʨʘʟʮʦʚ ʧʦʣʠʄʄɸ 

(ʥʘʧʨʠʤʝʨ, 1.40-1.66 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ 3). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʄʄɸ, 

ʧʦʣʫʯʝʥʥʳʡ ʩ ʫʯʘʩʪʠʝʤ ʦ-ʠʤʠʥʦʩʝʤʠʭʠʥʦʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʣʦʚʘ(IV) 1-4, ʩʧʦʩʦʙʝʥ ʢ 

ʨʝʠʥʠʮʠʠʨʦʚʘʥʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ ʠ ʩʪʠʨʦʣʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶ ʦ ʧʨʦʪʝʢʘʥʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ ʩ 

ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʦʚ 1-4 ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʠʤʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʠʥʠʮʠʠʨʫʶʱʘʷ ʠ ʨʝʛʫʣʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦ-ʠʤʠʥʦʩʝʤʠʭʠʥʦʥʦʚ ʦʣʦʚʘ(IV) ʩ ʪʨʝʪ-

ʙʫʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʦʝʥʠʝʤ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʛʦ ʣʠʛʘʥʜʘ. 
[1] ɺʘʛʘʥʦʚʘ ʃ.ɹ. ʠ ʜʨ. // ɼʦʢʣʘʜʳ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. 2012. ʊ.447. ˉ6. ʉ.634.  

[2] ɺʘʛʘʥʦʚʘ ʃ.ɹ. ʠ ʜʨ. // ʀʟʚʝʩʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠ ̫ʭʠʤʠʯʝʩʢʘʷ. 2014. ˉ3. ʉ.740. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ14-03-00064 ʠ ˉ14-

03-31032). 
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ʈɽɸʂʎʀʗ ɹʀʉ(ʊʈʀʄɽʊʀʃʉʀʃʀʃ)ɸʄʀɼɸ ʅɸʊʈʀʗ 

ʉ ɻɸʃʆɻɽʅɹɽʅɿʆʃɸʄʀ 
 

ɸ. ɺ. ʃʠʩ, ʀ. ʇ. ʎʳʨʝʥʜʦʨʞʠʝʚʘ, ɺ. ʀ. ʈʘʭʣʠʥ, ʄ.ɻ. ɺʦʨʦʥʢʦʚ
 

 

ʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ. ɸ.ɽ.ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ,  

ʫʣ. ʌʘʚʦʨʩʢʦʛʦ, ʜ.1, 664033, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

ɽ-mail: aleksius89@yandex.ru 

 

ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʨʦʤʙʝʥʟʦʣ ʨʝʘʛʠʨʫʝʪ ʩ ʙʠʩ(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʘʤʠʜʦʤ ʥʘʪʨʠʷ 

ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʥʟ-ʠʥʘ, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ N,N-

ʙʠʩ(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʘʥʠʣʠʥʘ (1) ʠ ʧʨʦʜʫʢʪʘ  ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʩ 1,3-ʤʠʛʨʘʮʠʝʡ 

ʪʨʠʤʝʪʠʣʩʠʣʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʪ ʘʪʦʤʘ ʘʟʦʪʘ ʢ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʝ 

ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ī N,2-ʙʠʩ(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʘʥʠʣʠʥʘ (2) [1]. 

(Me3Si)2NNa +

Br N(SiMe3)2 N(H)SiMe3

SiMe3

+

1 2

- NaBr

 
ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʤʠʛʨʘʮʠʠ ʪʨʠʤʝʪʠʣʩʠʣʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ 

ʙʠʩ(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʘʤʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (Me3Si)2NM ʩ ʛʘʣʦʛʝʥʙʝʥʟʦʣʘʤʠ PhX: 

ʧʨʠʨʦʜʳ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ (X = F, Cl, Br) ʠ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʘʤʠʜʘ (M = Li , Na), 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 

(ʪʦʣʫʦʣ, ʊɻʌ), ʜʦʙʘʚʦʢ ʛʝʢʩʘʤʝʪʠʣʜʠʩʠʣʘʟʘʥʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʦʞʝʥ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. 

ʅʝʦʞʠʜʘʥʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʦʜʙʝʥʟʦʣ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʛʘʣʦʛʝʥʙʝʥʟʦʣʦʚ, 

ʨʝʘʛʠʨʫʝʪ ʩ ʙʠʩ(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʘʤʠʜʦʤ ʥʘʪʨʠʷ ʠʥʘʯʝ. ɺ ʊɻʌ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ - (1) ʠ 2-ʠʦʜ-N,N-ʙʠʩ(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʘʥʠʣʠʥʘ (3): 

(Me3Si)2NNa +

3

ʊɻʌ, 100oC

N(SiMe3)2 N(SiMe3)2

I

+

I

 
ɸʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ ʥʝʦʞʠʜʘʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʪʨʝʭ 

ʧʨʦʜʫʢʪʦʚ ī 1, 3 ʠ N,N-ʙʠʩ(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʙʝʥʟʠʣʘʤʠʥʘ (4): 

+

4

+(Me3Si)2NNa + 

I N(SiMe3)2 N(SiMe3)2

I
N(SiMe3)2

ʪʦʣʫʦʣ, 100oC

 
ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʥʟ-ʠʥʘ ʠ 

ʨʘʩʧʘʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʤʝʞʫʪʦʯʥʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʦʜʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
 

1. ɸ.ɺ. ʃʠʩ et al. ɾʆʨʍ. 2013, 49(10), 1473-1475. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʅʐ-3649.2014.3. 
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THIN -LAYER CHROMATOGRAPHY OF STRUCTURAL ELEMENTS 

OF MACROMOLECULAR POLYIMIDE BRUSHES WITH 

POLYMETHACRYLATE SIDE CHAINS 
 

L.S. Litvinova, I.P. Lezin, T.K. Meleshko, A. V. Kashina,  

L. V. Vinogradova, A.V. Yakimansky 

 

Institute of Macromolecular Compounds, Russian Academy of Sciences, Bolshoi pr. 31, 

199004, Saint-Petersburg, Russia 

E-mail: Larissa_Litvinova@hotmail.com 

 

The critical mode of chromatography of macromolecules is a specific separation regime on 

the boundary between exclusion and adsorption regimes that is based on the system properties 

in the vicinity of the critical adsorption point. Under this mode, macromolecules are no more 

separated according to their sizes, and this makes it possible to study various types of their 

structural and topological heterogeneities as well as to determine the distribution of different 

types of functional groups in macromolecules.  

We used adsorption chromatography at the critical conditions (ACCC) for the analysis of 

polymethylmethacrylate (PMMA) and poly(tert-butylmethacrylate) (PTBMA) side chains 

cleaved from polyimide (PI) regular PI-graft-PMMA and PI-graft-PTBMA molecular brushes 

synthesized via atom transfer radical polymerization (ATRP) of methacrylates by polyimide 

multicenter macroinitiators. PMMA and PTBMA side chains were cleaved by means of 

alkaline hydrolysis of the PI backbone, and, therefore, they had to contain one terminal 

COOH group, and might also have one OH group at the opposite chain end. It could not be 

excluded beforehand that cleaved chains also contain a certain amount of non-terminal 

methacrylic acid units if the alkaline hydrolysis of the PI backbone would be accompanied by 

a partial hydrolysis of ester groups of PMMA and PTBMA side chains. Therefore, a careful 

analysis of molecular-weight characteristics of side chains and distributions of functional 

groups in side chains was necessary in order to verify a controlled character of the ATRP 

process of the synthesis of polyimide brushes and to prove that middle units of cleaved side 

chains remain intact under the alkaline hydrolysis of the PI backbone.  

To this aim, mobile phases were composed in which either adsorption or exclusion regimes or 

ACCC are realized for 1) commercial PMMA and PTBMA homopolymers, containing neither 

COOH nor OH terminal functional groups, and 2) PMMA and PTBMA cleaved side chains 

with one or more polar terminal groups and possibly some middle COOH groups. It was 

shown that both PMMA and PTBMA cleaved side chains are functionally polydisperse 

(contain different sets of end functional groups), however, there are no carboxylic groups in 

their middle units. Temperature dependences of retention factors at the critical conditions are 

determined for the studied PMMA and PTBMA polymers and their thermodynamic sorption 

characteristics are determined. 

 

The work is supported by the Russian Foundation for Basic Research (grant 14-03-31809-
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ʉʀʅʊɽɿ ʅʆɺʓʍ ʇʈʆʀɿɺʆɼʅʓʍ ɹʀʉ(1,2-

ɼʀʂɸʈɹʆʃʃʀɼ)ɾɽʃɽɿɸ) 
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ʈʘʥʝʝ ʙʳʣ ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 3,3ô-Fe (8-O(CH2CH2)2O-1,2-

C2B9H10)(1ô,2ô-C2B9H11).
1 
ʄʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʦʚʳʝ ʦʢʩʦʥʠʝʚʳʝ ʧʘʨʘʤʘʛʥʠʪʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʙʠʩ(1,2-ʜʠʢʘʨʙʦʣʣʠʜ)ʞʝʣʝʟʘ (1, 2). ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʘʢ ʘʥʠʦʥʥʳʭ, ʪʘʢ ʠ 

ʟʘʨʷʜʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʩ(1,2-ʜʠʢʘʨʙʦʣʣʠʜ)ʞʝʣʝʟʘ. 

 

 
ʄʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʤ ʩʠʥʪʝʟ ʥʦʚʳʭ ʢʦʥʲʶʛʘʪʦʚ ʙʠʩ(1,2-ʜʠʢʘʨʙʦʣʣʠʜ)ʞʝʣʝʟʘ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʜʝʟʦʢʩʠʘʜʝʥʦʟʠʥʘ. 
 

1. J. Pleġek, B. Gr¿ner, J. Mach§ļek, I. C²saŚov§, J. Ļ§slavskĨ, J. Organomet. Chem., 2007, 692, 4801. 
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