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ʫʥʠʚʝʨʩʠʪʝʪʘ, ʂʘʟʘʥʴ, 420008, ʫʣ.ʂʨʝʤʣʝʚʩʢʘʷ, 18, Gennady.Evtugyn@kpfu.ru 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ɼʅʂ-ʩʝʥʩʦʨʳ ï ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʥʫʢʣʝʦʪʠʜʦʚ, ʦʙʳʯʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʛʝʥʘʤʠ. ʊʝʤ ʩʘʤʳʤ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʚʠʨʫʩʦʚ, ʨʘʥʥʝʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʠ ʤʫʪʘʮʠʡ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʦʚ ʠ 

ʧʨʦʜʫʢʪʦʚ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʚʢʣʶʯʘʷ ʧʨʠʩʫʪʩʪʚʠʝ ʪʢʘʥʝʡ ʛʝʥʝʪʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʩʚʷʟʘʥʦ ʩʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (ʛʠʙʨʠʜʠʟʘʮʠʝʡ) ʬʨʘʛʤʝʥʪʘ ɼʅʂ ʩ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤ ʝʤʫ ʫʯʘʩʪʢʦʤ 

(ɼʅʂ-ʟʦʥʜʦʤ), ʚʢʣʶʯʝʥʥʳʤ ʚ ʩʦʩʪʘʚ ʙʠʦʩʝʥʩʦʨʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʢʦʥʪʨʦʣʷ ʨʝʜʦʢʩ-

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʩʝʥʩʦʨʘ ʧʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʠʰʝʥʠ, 

ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʢ ï ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʠʣʠ ʬʨʘʛʤʝʥʪʦʚ, 

ʚʢʣʶʯʘʝʤʳʭ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ɼʅʂ ʩ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʘʥʘʣʠʪʘʤʠ 

ï ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, ʤʝʪʘʙʦʣʠʪʘʤʠ, ʛʝʥʦʪʦʢʩʠʢʘʥʪʘʤʠ ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʫʶ, ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. ɺ ʥʝʡ ʮʝʣʝʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʅʂ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʩʧʦʩʦʙʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʜʣʷ ʙʠʦʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ɼʅʂ.  

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ɼʅʂ-ʩʝʥʩʦʨʦʚ ʥʘ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʘʥʘʣʠʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɼʅʂ ï ʧʦʣʠʘʥʠʣʠʥ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʭ ʨʝʜʦʢʩ-ʭʘʨʘʢʪʝʨʩʪʠʢ. ʅʘ ʧʨʠʤʝʨʝ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʚʝʜʝʥʠʝ ɼʅʂ-ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ɼʅʂ-

ʧʦʣʠʘʥʠʣʠʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʪʦʚ ʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ ɼʅʂ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʪʠʤʫʣʦʚ ï ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʨʅ ʠ 

ʩʪʝʨʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʮʝʥʪʨʦʚ ʩʚʷʟʳʚʘʥʠʷ ɼʅʂ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ɼʅʂ ʠ ʧʦʣʠʘʥʠʣʠʥʘ ʚ ʩʨʝʜʘʭ ʩ ʥʠʟʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʣʘʩʪʠ ʜʦʧʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘ ʦʪ ʩʦʩʪʘʚʘ ʠ ʩʧʦʩʦʙʘ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʝʥʩʦʨʳ ʥʘ ʘʥʪʨʘʮʠʢʣʠʥʦʚʳʝ ʧʨʝʧʘʨʘʪʳ 

(ʜʦʢʩʦʨʫʙʠʮʠʥ, ʜʘʫʥʦʨʫʙʠʮʠʥ, ʠʜʘʨʫʙʠʮʠʥ) ʩ ʠʤʧʝʜʠʤʝʪʨʠʯʝʩʢʦʡ, 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʩʠʛʥʘʣʘ ʩ 

ʩʫʙʥʘʥʦʤʦʣʷʨʥʳʤʠ ʧʨʝʜʝʣʘʤʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʘʣʠʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʤʝʩʝʡ ʩʪʨʫʢʪʫʨʥʦ ʨʦʜʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʢ ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʠ ʢʨʠʪʝʨʠʠ 

ʨʘʟʜʝʣʝʥʠʷ ʦʪʢʣʠʢʘ ʙʠʦʩʝʥʩʦʨʘ ʥʘ ʠʥʪʝʨʢʘʣʷʪʦʨʳ ʠ ɼʅʂ-ʧʦʚʨʝʞʜʘʶʱʠʝ ʬʘʢʪʦʨʳ. 

ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʝ ʤʝʰʘʶʱʠʝʝ ʚʣʠʷʥʠʝ ʤʘʪʨʠʮʳ ʧʨʠ ʢʦʥʪʨʦʣʝ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 14-03-00409).  
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ʈɽʎʀʂʃʀɿʋɽʄʓɽ ɻʀɹʈʀɼʅʓɽ ɸʄʀʅʆʂɸʊɸʃʀɿɸʊʆʈʓ  

ɼʃʗ ɸʉʀʄʄɽʊʈʀʏɽʉʂʆɻʆ ʉʀʅʊɽɿɸ ʍʀʈɸʃʔʅʓʍ 

ɹʀʆʃʆɻʀʏɽʉʂʀ ɸʂʊʀɺʅʓʍ ɺɽʑɽʉʊɺ 
 

ɿʣʦʪʠʥ ʉ. ɻ., ʂʫʯʝʨʝʥʢʦ ɸ. ʉ., ʂʫʯʫʨʦʚ ʀ. ɺ. 

 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʄʦʩʢʚʘ, e-mail: zlotin@ioc.ac.ru 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʦʨʛʘʥʦʢʘʪʘʣʠʟ ʚʩʝ ʰʠʨʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʠʭ ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʣʣʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʭʠʨʘʣʴʥʳʝ ʘʤʠʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ, 

ʜʦʩʪʫʧʥʳʝ ʧʨʦʭʠʨʘʣʴʥʳʝ ʨʝʘʛʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦ ʧʨʝʚʨʘʱʝʥʳ ʚ 

ʭʠʨʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʣʦʞʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ ʭʠʨʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʝ ʟʘʛʨʷʟʥʷʶʪ ʧʨʦʜʫʢʪʳ ʪʦʢʩʠʯʥʳʤʠ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ʆʜʥʘʢʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʦʥʠ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ 

ʦʪʜʝʣʠʪʴ ʦʪ ʧʨʦʜʫʢʪʦʚ ʯʪʦ, ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʦʡ ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʜʦ 30 ʤʦʣ. 

%) ʤʝʰʘʝʪ ʠʭ ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʯʠʩʪʢʠ ʧʨʦʜʫʢʪʦʚ ʠ ʨʝʮʠʢʣʠʟʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʤʳ 

ʨʘʟʨʘʙʦʪʘʣʠ ʛʠʙʨʠʜʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ 

(ʧʨʦʠʟʚʦʜʥʳʭ 4-ʛʠʜʨʦʢʩʠʧʨʦʣʠʥʘ, ʜʨʫʛʠʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʉ2-ʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʘʤʠʥʦʚ), 

ʩʦʜʝʨʞʘʱʠʝ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʥʳʝ ʠʦʥʥʳʝ ʛʨʫʧʧʳ (ʬʨʘʛʤʝʥʪʳ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ). 

ʇʦʩʣʝʜʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʠ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʚ ʚʦʜʝ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʶʪ ʠʭ ʨʝʮʠʢʣʠʟʘʮʠʶ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʠʣʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʡ. ɸʩʠʤʤʝʪʨʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʪʨʝʪʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʣʢʘʣʦʠʜʦʚ, ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʳ ʚ ʩʨʝʜʝ ʩʫʙ- ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ (ʩʢ) 

ʬʣʶʠʜʦʚ (ʉʆ2, CHF3), ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʩʪʠʣʦ ʧʨʦʮʝʜʫʨʫ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ.  

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʝ ʘʣʴʜʦʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ ʠ ʥʝʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʱʠʝ 

ʫʢʘʟʘʥʥʳʝ ʨʝʘʢʮʠʠ ʢʘʩʢʘʜʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʩ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʜʠʘʩʪʝʨʝʦ- (dr ʜʦ 99 : 1) ʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ee ʜʦ 99%). ʊʘʢʠʤ ʧʫʪʝʤ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʢʫʨʩʦʨʳ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʙʦʣʝʟʥʝʡ 

ʎʅʉ (ʧʘʨʦʢʩʝʪʠʥ, ʬʝʥʠʙʫʪ, ʙʘʢʣʦʬʝʥ, ʧʨʝʛʘʙʘʣʠʥ, ʨʦʣʠʧʨʘʤ), ʵʬʬʝʢʪʠʚʥʳʡ 

ʘʥʪʠʢʫʘʛʫʣʷʥʪ ʚʘʨʬʘʨʠʥ [1], ʚʘʞʥʝʡʰʠʝ ʭʠʨʘʣʴʥʳʝ b-ʘʤʠʥʦʢʠʩʣʦʪʳ, ʩʠʥ- ʠ ʘʥʪʠ-

ʧʦʣʠʦʣʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʙʠʦʘʢʪʠʚʥʳʭ ɓ-ʘʤʠʥʦʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ [2] ʠ ɔ-ʣʘʢʪʦʥʦʚ [3], 

ʠʤʝʶʱʠʝ ʚʳʩʦʢʫʶ ʦʧʪʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 14-50-

00126). 

 

[1] A.S. Kucherenko, V.G. Lisnyak, A.O. Chizhov, S.G. Zlotin. Eur. J. Org. Chem., 2014, 3808. 

[2] I.V. Kuchurov, A.G. Nigmatov, E.V. Kryuchkova, A.A. Kostenko, A.S. Kucherenko, S.G. 

Zlotin. Green Chem., 2014, 16, 1521. 

[3] S.V. Kochetkov, A.S.Kucherenko, S.G. Zlotin. Mendeleev Commun., 2015, 25, accepted. 
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ʀʅʊʆʂʉʀʂɸʎʀʁ 

 
ʈʳʙʘʣʴʯʝʥʢʦ ʀ. ɺ. 

 

   ʌɻɹʋ ç27 ʅʘʫʯʥʳʡ ʮʝʥʪʨ ʄʆ ʈʌè 

105005, ʛ. ʄʦʩʢʚʘ, ɹʨʠʛʘʜʠʨʩʢʠʡ ʧʝʨ., 13 
rivrus@mail.ru 
 

ɸʥʘʣʠʟ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʢʪʘ ʠʥʪʦʢʩʠʢʘʮʠʠ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʦʢʩʠʢʘʥʪʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ ʢʨʠʤʠʥʘʣʠʩʪʠʢʘ, 

ʩʫʜʝʙʥʘʷ ʤʝʜʠʮʠʥʘ, ʜʦʧʠʥʛ-ʢʦʥʪʨʦʣʴ, ʧʨʦʬʧʘʪʦʣʦʛʠʷ, ʥʘʨʢʦʢʦʥʪʦʨʦʣʴ ʠ ʜʨ.    

ʆʜʥʦʡ ʠʟ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ 

ʙʠʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʚ ʠʥʪʦʢʩʠʢʘʮʠʡ ʷʚʠʣʩʷ ʢʦʤʧʣʝʢʩ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ ʫʥʠʯʪʦʞʝʥʠʝʤ ʠ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʨʫʞʠʷ 

(ʍʆ), ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʂʦʥʚʝʥʮʠʠ ʦ ʟʘʧʨʝʱʝʥʠʠ ʍʆ, ʚʩʪʫʧʠʚʰʝʡ ʚ 

ʩʠʣʫ ʚ 1997 ʛʦʜʫ.  ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʟʜʦʨʦʚʴʷ ʧʝʨʩʦʥʘʣʘ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʚ ʤʘʩʰʪʘʙʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʫʥʠʯʪʦʞʝʥʠʶ ʟʘʧʘʩʦʚ 

ʦʪʨʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʆɺ), ʘ ʪʘʢʞʝ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʯʘʝʚ ʧʨʠʤʝʥʝʥʠʷ ʍʆ ʚ ʚʦʝʥʥʳʭ 

ʠʣʠ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʮʝʣʷʭ.  ɺ ʮʝʣʦʤ, ʙʠʦʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʦʙʣʘʩʪʠ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʘʢ: 

¶ ʪʦʢʩʠʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ; 

¶ ʘʥʘʣʠʟ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʙ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʩʣʫʯʘʝʚ ʧʨʠʤʝʥʝʥʠʷ ʍʆ; 

¶ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʜʝʢʚʘʪʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʤʝʨ; 

¶ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʟʘʥʷʪʦʛʦ ʚ ʫʥʠʯʪʦʞʝʥʠʠ ʍʆ. 

ʆʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʙʦʝʚʳʭ ʆɺ, ʫʥʠʯʪʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʧʣʘʥʦʚʦʤ ʧʦʨʷʜʢʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʈʦʩʩʠʠ ʠ ʚ ʉʐɸ, ʚʢʣʶʯʘʶʪ ʪʨʠ ʪʠʧʘ ʥʝʨʚʥʦ-ʧʘʨʘʣʠʪʠʯʝʩʢʠʭ ʆɺ (ʟʘʨʠʥ, 

ʟʦʤʘʥ, VX) ʠ ʜʚʘ ʪʠʧʘ ʢʦʞʥʦ-ʥʘʨʳʚʥʳʭ ʆɺ (ʠʧʨʠʪ, ʣʶʠʟʠʪ). ʄʝʭʘʥʠʟʤ ʠʭ ʜʝʡʩʪʚʠʷ ʥʘ 

ʦʨʛʘʥʠʟʤ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʙʠʦʤʘʨʢʝʨʳ, 

ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʆɺ, ʠʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʘʜʜʫʢʪʳ ʩ ʙʝʣʢʘʤʠ ʠ ɼʅʂ. ʇʦʩʣʝʜʥʠʝ   ʤʦʛʫʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʳ ʠʟ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʢʨʦʚʴ, ʤʦʯʘ) ʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʫʣʴʪʨʘʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩ 
ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʘʢʪʘ ʠ ʚʠʜʘ ʠʥʪʦʢʩʠʢʘʮʠʠ ʧʦ 

ʠʩʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʠ ʜʘʞʝ ʥʝʜʝʣʴ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ.    

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʷʜʝ ʩʪʨʘʥ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʯʘʪʳʭ ʚ 1980-ʭ ʛʦʜʘʭ, 

ʫʜʘʣʦʩʴ ʫʪʦʯʥʠʪʴ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʙʠʦʤʘʨʢʝʨʦʚ ʆɺ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʦʙʲʝʢʪʘʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʠʢ ʧʦʟʚʦʣʠʣʦ ʧʦʜʪʚʝʨʜʠʪʴ ʬʘʢʪʳ ʵʢʩʧʦʟʠʮʠʠ ʣʶʜʝʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʆɺ ʚ ʚʦʝʥʥʳʭ ʠ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʚ ʭʦʜʝ ʀʨʘʥʦ-ʀʨʘʢʩʢʦʛʦ 

ʢʦʥʬʣʠʢʪʘ (1981-1984), ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ ʚ ʗʧʦʥʠʠ (1994-1995) ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʉʠʨʠʠ (2013). 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʩʦʩʪʘʚʫ ʭʘʨʘʢʪʝʨʥʳʭ 

ʙʠʦʤʘʨʢʝʨʦʚ ʆɺ, ʤʝʪʦʜʠʢ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʙʘʭ ʤʝʪʦʜʘʤʠ ɺʕɾʍ-

ʄʉ/ʄʉ, ɻʍ-ʄʉ/ʄʉ ʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʤʦʜʝʣʴʥʳʭ ʧʨʦʙ.      

mailto:rivrus@mail.ru
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ʇʈʆʀɿɺʆɼʅʓɽ ɻʃʀʎʀʈʈʀɿʀʅʆɺʆʁ ʂʀʉʃʆʊʓ ʂɸʂ 

ʀʅɻʀɹʀʊʆʈʓ ɺʀʈʋʉɸ ɻʈʀʇʇɸ ɸ/H1N1 

 

ɹʘʣʪʠʥʘ ʃ. ɸ.1, ɿʘʨʫʙʘʝʚ ɺ. ɺ.2 

 
1ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʋʬʠʤʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 450054, ʛ. ʋʬʘ, ʧʨʦʩʧʝʢʪ ʆʢʪʷʙʨʷ, 71, baltina@anrb.ru 
2 ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʅʀʀ ʛʨʠʧʧʘ ʄʠʥʟʜʨʘʚʘ ʈʌ, 

197376, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʫʣ. ʇʨʦʬ. ʇʦʧʦʚʘ, 15/17 

 

ʇʦʠʩʢ ʥʦʚʳʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʘʛʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʝ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ɺʀʏ-ʠʥʬʝʢʮʠʠ, ʚʠʨʫʩʥʳʭ ʛʝʧʘʪʠʪʦʚ ɺ ʠ ʉ, ʠ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ 

ʩʦʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʛʨʠʧʧ ɸ/H1N1, ʣʠʭʦʨʘʜʢʘ ʕʙʦʣʘ ʠ ʜʨ. 

ʆʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʫʛʨʦʟ ʯʝʣʦʚʝʯʝʩʪʚʫ ʩʨʝʜʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʥʬʝʢʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʚʠʨʫʩ ʛʨʠʧʧʘ ɸ, ʧʦʵʪʦʤʫ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʠʩʢ ʩʨʝʜʩʪʚ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʠ ʣʝʯʝʥʠʷ ʵʪʦʡ ʠʥʬʝʢʮʠʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʤʠ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʤʥʦʛʠʭ 

ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʠ ʘʚʪʦʨʠʪʝʪʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʚʢʣʶʯʘʷ ɺʩʝʤʠʨʥʫʶ 

ʆʨʛʘʥʠʟʘʮʠʶ ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ). ʀʥʥʦʚʘʮʠʦʥʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʣʝʯʝʥʠʠ ʠ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʜʫʮʠʨʫʝʤʳʭ ʨʘʩʪʝʥʠʷʤʠ 

ʙʠʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʩʢʘʬʬʦʣʜʦʚ (ʦʩʥʦʚʳ) ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ, 

ʩʠʥʪʝʟʘ ʙʠʙʣʠʦʪʝʢ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʠʟʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ.  

ɻʣʠʮʠʨʨʠʟʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ɻʂ) (1) ï ʦʩʥʦʚʥʦʡ ʪʨʠʪʝʨʧʝʥʦʚʳʡ ʛʣʠʢʦʟʠʜ ʢʦʨʥʝʡ 

ʩʦʣʦʜʢʠ ʛʦʣʦʡ (Glycyrrhiza glabra L.) ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʣʠʜʠʨʫʶʱʠʭ ʧʨʠʨʦʜʥʳʭ 

ʛʣʠʢʦʟʠʜʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ 

ʘʛʝʥʪʦʚ. ʉʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ɻʂ ʥʘʡʜʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʚʠʨʫʩʘ 

ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ (ɺʀʏ), ʚʠʨʫʩʘ ʕʧʰʪʝʡʥʘ-ɹʘʨʨʘ, ʚʠʨʫʩʘ ʄʘʨʙʫʨʛʘ ʠ SARS-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʢʦʨʦʥʘʚʠʨʫʩʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʘʪʠʧʠʯʥʫʶ ʧʥʝʚʤʦʥʠʶ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʠ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ɻʂ in 

vitro ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ 

ɸ/H1N1/pdm09.  

ʇʨʝʜʣʦʞʝʥʳ ʫʣʫʯʰʝʥʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʢʦʥʴʶʛʘʪʦʚ ɻʂ ʩ ʤʝʪʠʣʦʚʳʤʠ, ʵʪʠʣʦʚʳʤʠ ʠ 

ʪʨʝʪ-ʙʫʪʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ L- ʠ D-ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ N-

ʛʠʜʨʦʢʩʠʙʝʥʟʦʪʨʠʘʟʦʣʘ (HOBt)/N-ʛʠʜʨʦʢʩʠʩʫʢʮʠʥʠʤʠʜʘ (HOSu) ʠ  N-ʵʪʠʣ-N-(3-

ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣ)ʢʘʨʙʦʜʠʠʤʠʜʘ (EDC) ʚ ʧʨʠʩʫʪʩʪʚʠʠ  4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʘ.       

ʉʠʥʪʝʟ ʛʣʠʢʦʧʝʧʪʠʜʦʚ ɻʂ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ ʪʨʝʪ-ʙʫʪʠʣʦʚʳʭ ʵʬʠʨʦʚ L-

ʘʤʠʥʦʢʠʩʣʦʪ, ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ N-ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʘ (HOPt)-

DCC. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʠʙʣʠʦʪʝʢʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʢʦʥʴʶʛʘʪʦʚ ɻʂ ʜʣʷ ʩʢʨʠʥʠʥʛʘ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʤ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʵʬʠʨʦʚ (HOSu-DCC) 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ  ʛʣʠʢʦʧʝʧʪʠʜʳ ɻʂ, ʩʦʜʝʨʞʘʱʠʝ ʧʦ ʜʚʘ ʦʩʪʘʪʢʘ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʠʭ ʵʬʠʨʦʚ ʚ 

ʫʛʣʝʚʦʜʥʦʡ  ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ ʛʣʠʢʦʟʠʜʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʫʧʨʦʱʝʥʥʳʝ ʩʧʦʩʦʙʳ 

ʢʦʥʜʝʥʩʘʮʠʠ ɻʂ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠ ʜʠʧʝʧʪʠʜʘʤʠ ʧʦ ʧʨʠʥʮʠʧʫ çʤʠʥʠʤʘʣʴʥʦʡ ʟʘʱʠʪʳè 

ʘʤʠʥʦʢʦʤʧʦʥʝʥʪʘ ʩ ʧʦʤʦʱʴʶ N-ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʘ (HOPt)-DCC ʠ N-

ʛʠʜʨʦʢʩʠʩʫʢʮʠʥʠʤʠʜʘ (HOSu)-DCC ʠ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ ʘʤʠʥʦʢʦʤʧʦʥʝʥʪʦʚ.  

ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʜʳ ɻʂ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʤʝʜʠʮʠʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠ-

ɺʀʏ-ʘʛʝʥʪʦʚ, ʦʜʥʘʢʦ, ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʧʨʦʠʟʚʦʜʥʳʭ ɻʂ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ 

ʛʨʠʧʧʘ ɸ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʘ ʠʟʫʯʝʥʘ. ʇʨʝʜʣʦʞʝʥ ʫʣʫʯʰʝʥʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʪʨʠʘʤʠʜʦʚ 
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ɻʂ ʩ ʘʤʠʥʦʫʨʘʮʠʣʘʤʠ (ɸʋ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ N,N -̈͂ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʠʠʤʠʜʘ (DCC) ʠ 

4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʘ (DAMP) ʚ ʩʨʝʜʝ DMF.  

ʇʨʦʚʝʜʝʥʘ ʧʝʨʚʠʯʥʘʷ ʦʮʝʥʢʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʚʠʨʫʩʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ 

ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ ɻʂ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ MDCK ʥʘ ʤʦʜʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʠʧʧʦʟʥʦʡ 

ʠʥʬʝʢʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʧʘʥʜʝʤʠʯʝʩʢʠʤ ʚʠʨʫʩʦʤ ʛʨʠʧʧʘ ʯʝʣʦʚʝʢʘ ɸ/H1N1/pdm09 

(ʂʘʣʠʬʦʨʥʠʷ/07/09) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ɻʂ ʠ ʠʟʚʝʩʪʥʳʤ ʧʨʦʪʠʚʦʛʨʠʧʧʦʟʥʳʤ ʧʨʝʧʘʨʘʪʦʤ 

ʨʠʤʘʥʪʠʜʠʥʦʤ. ʆ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩʫʜʠʣʠ ʧʦ ʩʥʠʞʝʥʠʶ 

ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʪʠʪʨʘ ʚʠʨʫʩʘ, ʟʘ ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʣʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʝʜʝʥʠʝ ʚʠʨʫʩʘ, 

ʚʳʟʚʘʚʰʝʝ ʧʦʣʥʫʶ ʘʛʛʣʶʪʠʥʘʮʠʶ ʵʨʠʪʨʦʮʠʪʦʚ. ɻʂ (96Ñ1%) ʥʝ ʧʨʦʷʚʠʣʘ ʠʥʛʠʙʠʨʫʶʱʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ɸ/H1N1/pdm09 ʠ ʙʳʣʘ ʥʝʪʦʢʩʠʯʥʦʡ ʜʣʷ ʢʣʝʪʦʢ 

(CTD50 >300 ʤʛʢ/ʤʣ). ʂʦʥʴʶʛʘʪʳ ɻʂ, ʩʦʜʝʨʞʘʱʠʝ ʧʦ ʪʨʠ ʦʩʪʘʪʢʘ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 
ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʦʙʥʘʨʫʞʠʣʠ ʚʳʨʘʞʝʥʥʫʶ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ.  
ʄʦʜʠʬʠʢʘʮʠʷ ʫʛʣʝʚʦʜʥʦʡ ʯʘʩʪʠ ɻʂ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʣʠ 

ʘʤʠʥʦʩʘʭʘʨʦʚ ʪʘʢʞʝ ʧʨʠʚʝʣʘ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  ʙʳʣʠ ʛʣʠʢʦʧʝʧʪʠʜʳ ɻʂ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʦ ʜʚʘ ʦʩʪʘʪʢʘ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ L-ʬʝʥʠʣʘʣʘʥʠʥʘ, -ʪʠʨʦʟʠʥʘ ʠ S-ʙʝʥʟʠʣ-ʮʠʩʪʝʠʥʘ (SI = 

60, 37 ʠ 71, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  
ɺʚʝʜʝʥʠʝ ʤʦʣʝʢʫʣ 5-ʘʤʠʥʦʫʨʘʮʠʣʘ ʚ ʤʦʣʝʢʫʣʫ ɻʂ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʦ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʥʦ ʨʝʟʢʦ ʧʦʚʳʩʠʣʦ ʝʛʦ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ɸ/H1N1/pdm09 (SI = 1500-2300) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʂ ʠ  

ʨʠʤʘʥʪʘʜʠʥʦʤ (SI = 5). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʧʳʪʘʭ in vitro ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʤʠʜ ɻʂ ʩ 5-

ʘʤʠʥʦʫʨʘʮʠʣʦʤ (2) ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʧʘʥʜʝʤʠʯʝʩʢʦʛʦ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ʯʝʣʦʚʝʢʘ ɸ/H1N1/pdm09 ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ 

ʨʘʩʰʠʨʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʘ.  
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1,3-ɼʀʇʆʃʗʈʅʆɽ ʎʀʂʃʆʇʈʀʉʆɽɼʀʅɽʅʀɽ 

ɸɿʆʄɽʊʀʅʆɺʓʍ ʀʃʀɼʆɺ ï ʕʌʌɽʂʊʀɺʅʓʁ ʄɽʊʆɼ 

ɻɽʅɽʈɸʎʀʀ ʅʆɺʓʍ ɹʀʆʃʆɻʀʏɽʉʂʀ ɸʂʊʀɺʅʓʍ ɺɽʑɽʉʊɺ 
 

ʂʫʜʨʷʚʮʝʚ ʂ. ɺ. 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ 1/3, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

kudr@med.chem.msu.ru 

 

1,3-ɼʠʧʦʣʷʨʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ (1,3-ɼʎ) ʘʟʦʤʝʪʠʥʦʚʳʭ ʠʣʠʜʦʚ (ɸʀ) ʠ 

ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʟʘʤʝʱʸʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʠʨʨʦʣʠʜʠʥʦʚ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʸʪʩʷ ʜʚʝ ʥʦʚʳʝ ʉīʉ ʩʚʷʟʠ ʠ ʜʦ ʯʝʪʳʨʸʭ ʩʪʝʨʝʦʛʝʥʥʳʭ 

ʮʝʥʪʨʦʚ ʚ ʤʦʣʝʢʫʣʝ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 1 ʟʘ ʦʜʥʫ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʩʪʘʜʠʶ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʡ 1,3-ɼʎ ʜʣʷ ɸʀ, ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʠʣʠ ɹʨʝʥʩʪʝʜʘ ʠʟ ʠʤʠʥʦʵʬʠʨʦʚ  

Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ, ʠ ʪʘʢʠʭ ʜʠʧʦʣʷʨʦʬʠʣʦʚ, ʢʘʢ ʘʢʨʠʣʘʪʳ, ʤʘʣʝʠʥʦʚʳʡ ʘʥʛʠʜʨʠʜ (ʄɸ), 

ʚʠʥʠʣʩʫʣʴʬʦʥʳ, ʘʢʨʠʣʘʤʠʜʳ (ʨʠʩ. 1) [1-14]. 

ʈʠʩʫʥʦʢ 1.  

 
ʇʦʣʫʯʘʝʤʳʝ ʧʠʨʨʦʣʠʜʠʥʳ 1 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 1,3-ɼʎ ʠ ʙʦʣʴʰʠʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʜʠʧʦʣʷʨʦʬʠʣʝ 

ʠ ɸʀ (ʨʠʩ. 2). 

ʈʠʩʫʥʦʢ 2.  
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ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 1,3-ɼʎ ɸʀ ʠ ʜʠʧʦʣʷʨʦʬʠʣʦʚ 

ʧʠʨʨʦʣʠʜʠʥʘʭ 1 ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʦʩʣʝʜʥʠʭ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʜʥʦʰʘʛʦʚʫʶ, ʚ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʥʘʩʳʱʝʥʥʳʝ ʘʟʘʛʝʪʝʨʦʮʠʢʣʳ (ʨʠʩ. 2) [7, 13]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʦʚʳʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʟʘʤʝʱʸʥʥʳʡ ʧʠʨʨʦʣʠʜʠʥʦʚʳʡ ʢʘʨʢʘʩ, 

ʧʨʠʚʝʣʦ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʩʦʨʪʘʟʳ ɸ S. aureus [3]; ʠʥʛʠʙʠʪʦʨʦʚ ʪʨʦʤʙʠʥʘ [5, 

13]; ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʥʪʠʘʛʨʝʛʘʥʪʦʚ [4]; ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʣʝʪʢʘʤ ʛʦʨʤʦʥʦ-ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʢʘ ʧʨʦʩʪʘʪʳ PC-3 [14]; ʧʨʦʪʠʚʦʷʟʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ in vivo [10, 12]. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʙʦʩʥʦʚʘʪʴ 

ʥʘʙʣʶʜʘʝʤʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʚʳʷʚʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟʫʯʝʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʜʦʢʣʘʜʝ 

ʙʫʜʫʪ ʦʙʩʫʞʜʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʨʫʢʪʫʨʘīʘʢʪʠʚʥʦʩʪʴ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ 08-04-01800-ʘ, 09-03-

92011-ʅʅʉ_ʘ, 11-03-00630-ʘ, 11-03-91375-ʉʊ_ʘ, 12-03-92005-ʅʅʉ_ʘ, 14-03-00963-ʘ). 
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ʅʆɺʓɽ ʄʆɼɽʃʀ ʀʆʅʅʓʍ ɾʀɼʂʆʉʊɽʁ ɼʃʗ 

ʂʆʅʉʊʈʋʀʈʆɺɸʅʀʗ ʇʈʆʊʀɺʆʈɸʂʆɺʓʍ ɺɽʑɽʉʊɺ 
 

ʉʪʳʥʛʘʯ E.1  ɺʘʣʠʢʘ ɺ.2
, ɹʦʣʜʝʩʢʫ ɺ.1, ʄʘʢʘʝʚ ʌ.1,2 

 
1 ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ɸʅ ʄʦʣʜʦʚʳ, ɸʢʘʜʝʤʠʯʝʩʢʘʷ 3, MD-2028 ʂʠʰʠʥʝʚ, ʄʦʣʜʦʚʘ 

2ɻʦʩʫʜʘʨʩʪʚʝʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʤʝʜʠʮʠʥʳ ʠ ʬʘʨʤʘʮʠʠ ʠʤ. ʅ. ʊʠʩʪʝʤʠʮʘʥʫ 

flmacaev@cc.acad.md 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʠʥʜʫʩʪʨʠʷ ʦʱʫʱʘʝʪ ʚʦʟʨʘʩʪʘʶʱʫʶ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʩ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʩʚʷʟʠ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʨʦʩʪʦʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. ʄʝʞʜʫʥʘʨʦʜʥʦʝ ɸʛʝʥʪʩʪʚʦ ʧʦ 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʚ ʦʙʣʘʩʪʠ ʈʘʢʘ ʦʞʠʜʘʝʪ, ʯʪʦ ʢ 2035 ʛʦʜʫ ʚ ʤʠʨʝ ʙʫʜʝʪ ʧʨʠʤʝʨʥʦ 24 ʤʣʥ 

ʥʦʚʳʭ ʩʣʫʯʘʝʚ. ʅʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʧʨʝʧʘʨʘʪʘʤ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʪʝʨʘʧʠʠ ʨʘʢʘ, ʠ ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʩʦʟʜʘʥʠʷ 

ʥʦʚʦʛʦ ʪʠʧʘ ʘʛʝʥʪʦʚ [1]. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʷʚʣʷʝʪʩʷ ʭʠʤʠʷ ʨʘʩʧʣʘʚʦʚ ʩʦʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ çʠʦʥʥʳʤʠ 

ʞʠʜʢʦʩʪʷʤʠè. ʀɾ ʷʚʣʷʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ [2-5]. 

ɺ ʢʨʫʛ ʦʙʩʫʞʜʘʝʤʳʭ ʚʦʧʨʦʩʦʚ ʙʫʜʝʪ ʚʢʣʶʯʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ 

ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʷʜʘ ʨʘʩʧʣʘʚʦʚ ʩʦʣʝʡ. ɹʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʚ ʩʠʥʪʝʟʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʘʥʪʠ-ʣʝʡʢʝʤʠʡʥʦʛʦ ʘʛʝʥʪʘ 

ï ʢʦʥʚʫʣʘʪʠʤʠʜʠʥʘ ɸ ʠ ʝʛʦ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ. ʇʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʜʦʩʪʠʞʝʥʠʷ ʚ ʩʠʥʪʝʟʝ ʀɾ, ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʩʣʝʜʥʠʭ ʚ ʪʝʨʘʧʠʠ ʨʘʢʘ. 

   

ʃʠʪʝʨʘʪʫʨʘ 
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ʅɸ ʆʉʅʆɺɽ ʇʆʃʀʄɽʈʆɺ ʉ ʄʆʃɽʂʋʃʗʈʅʓʄʀ ʆʊʇɽʏɸʊʂɸʄʀ 

ɼʃʗ ɹʀʆʄɽɼʀʎʀʅʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 
 

ɽʨʤʦʣʘʝʚʘ ʊ. ʅ., ʂʘʨʘʩʝʚʘ ʅ. ɸ. 

 

ʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, etn@stu.lipetsk.ru 

 
ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʜʠʟʘʡʥʝ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʦʩʝʥʩʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʩ ʧʨʠʨʦʜʥʳʤʠ  

ʨʝʮʝʧʪʦʨʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʘʥʪʠʪʝʣʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʩ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʨʘʩʧʦʟʥʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʙʠʦʤʦʣʝʢʫʣʳ ʚ ʩʣʦʞʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʩʨʝʜʘʭ. ʂ ʩʦʞʘʣʝʥʠʶ, ʘʥʪʠʪʝʣʘ  ʦʙʣʘʜʘʶʪ   

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ ʠ ʧʨʠ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʷʭ 

ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ, ʥʘʢʦʥʝʮ, ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ  ʘʥʪʠʪʝʣʘ ʢ ʪʘʢʠʤ  ʤʦʣʝʢʫʣʘʤ, ʢʘʢ  

ʠʤʤʫʥʦʜʝʧʨʝʩʩʘʥʪʳ ʠʣʠ ʪʦʢʩʠʥʳ ʠʟ-ʟʘ ʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʵʬʬʝʢʪʳ ʥʘ ʠʤʤʫʥʥʫʶ 

ʨʝʘʢʮʠʶ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʟʘʤʝʥʝ  ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʘʥʪʠʪʝʣ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ -  ʧʦʣʠʤʝʨʘʤʠ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʪʧʝʯʘʪʢʘʤʠ 

(ʇʄʆ), ʯʪʦ ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤʠ ʩʝʥʩʦʨʘʤʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘ ʦʩʥʦʚʝ ʇʄʆ ʧʦʣʫʯʘʶʪ ʨʘʩʧʦʟʥʘʶʱʠʡ 

ʩʣʦʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʪʦʨʦʛʦ ʩ ʦʧʨʝʜʝʣʷʝʤʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ.   

ʀʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ ɓ-ʘʛʦʥʠʩʪʘʤʠ  ʠʣʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤʠ 

ʧʨʝʧʘʨʘʪʘʤʠ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ 

ʧʝɹʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʤʝʪʦʜʘʤʠ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʵʣʝʢʪʨʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ 

ʤʝʪʦʜʝ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ ʩʝʥʩʦʨʘ ʜʦʟʠʨʦʚʘʣʠ ʨʘʩʪʚʦʨ, 

ʩʦʜʝʨʞʘʱʠʡ ʩʤʝʩʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʢʨʦʩʩ-ʤʦʥʦʤʝʨʦʚ, ʪʝʤʧʣʘʪʘ ʠ ʠʥʠʮʠʘʪʦʨʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʘ ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʪʝʤʧʣʘʪʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʄʄɸ) ʠ 

ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʠʤʝʪʘʢʨʠʣʘʪʘ (EGDMA), 2,2-ʘʟʦʙʠʩ(ʠʟʦʙʫʪʠʨʦʣʥʠʪʨʠʣʘ (AIBN), ʢʘʢ 

ʠʥʠʮʠʘʪʦʨʘ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʢʨʳʪʠʷ ʩ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ çʩʘʡʪʦʚè ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʢʦʤʧʣʠʤʝʥʪʘʨʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʤʦʥʦʤʝʨʘ ʚʦʢʨʫʛ ʪʝʤʧʣʘʪʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʠʢʠ ʵʣʝʢʪʨʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʠ 

ʩʪʘʙʠʣʴʥʳʭ ʩ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʫʣʴʪʨʘʪʦʥʢʠʭ ʤʦʣʝʢʫʣʷʨʥʦ 

ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ. ʕʣʝʢʪʨʦʩʠʥʪʝʟ ʧʣʝʥʦʢ ʇʄʆ ʧʨʦʚʦʜʠʣʩʷ  ʤʝʪʦʜʦʤ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʩ ʣʠʥʝʡʥʦʡ ʨʘʟʚʝʨʪʢʦʡ ʧʦʪʝʥʮʠʘʣʘ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ ɓ-ʣʘʢʪʘʤʥʳʤʠ ʘʥʪʠʙʠʦʪʠʢʘʤʠ ʠ 

ɓ-ʘʛʦʥʠʩʪʘʤʠ  ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʠʨʨʦʣʘ, ʧʦʣʠʘʥʠʣʠʥʘ ʠ ʧʦʣʠʘʤʠʥʦʬʝʥʦʣʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʟʨʳʭʣʷʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʜʚʫʭ- ʠʣʠ ʪʨʝʭʘʪʦʤʥʳʝ ʬʝʥʦʣʳ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʙʣʝʛʯʘʣʦ ʚʩʪʨʘʠʚʘʥʠʝ ʚ ʧʦʣʠʤʝʨʥʳʝ 

ʧʣʝʥʢʠ ʤʦʣʝʢʫʣ ʪʝʤʧʣʘʪʘ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʦʙʣʘʜʘʶʪ ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ ʇʄʆ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʠʨʨʦʣʘ. ʉʪʝʧʝʥʴ 

ʠʤʧʨʠʥʪʠʥʛʘ ʘʥʪʠʙʠʦʪʠʢʦʚ ʠ ɓ-ʘʛʦʥʠʩʪʦʚ ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ ʧʴʝʟʦʢʚʘʨʮʝʚʦʛʦ 

ʤʠʢʨʦʚʟʚʝʰʠʚʘʥʠʷ ʧʦ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʤʘʩʩʦʡ ʵʣʝʢʪʨʦʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʇʄʆ ʠ ʤʘʩʩʦʡ 

ʧʦʣʠʤʝʨʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʤʦʣʝʢʫʣʳ ʪʝʤʧʣʘʪʘ, ʘ ʪʘʢʞʝ ʧʦ ʫʜʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʪʧʝʯʘʪʢʦʚ (R, ʤʦʣʴ/ʩʤ2), ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʥʩʦʨʘ (S, 

ɻʮ.ʤʣ/ʥʛ).  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʇʄʆ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʙʣʦʯʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʨʦʩʝʠʚʘʥʠʷ. ʆʜʥʘʢʦ ʯʘʩʪʠʮʳ ʇʄʆ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʤʝʶʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ ʧʦʨʷʜʢʘ  5-50 ʤʢʤ, ʦʪʧʝʯʘʪʘʥʥʳʝ ʤʝʩʪʘ ʨʘʟʥʦʨʦʜʥʳ 

ʠ ʧʦʵʪʦʤʫ ʧʨʦʷʚʣʷʶʪ ʩʨʦʜʩʪʚʦ ʢ ʤʦʣʝʢʫʣʘʤ ʙʣʠʟʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʥʝʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʚʥʠʤʘʥʠʝ  ʙʳʣʦ ʘʢʮʝʥʪʠʨʦʚʘʥʦ ʥʘ ʧʦʣʫʯʝʥʠʠ 
ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ  ʯʘʩʪʠʮ ʨʝʛʫʣʷʨʥʦʡ ʬʦʨʤʳ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʦʙʣʘʩʪʠ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʪʧʝʯʘʪʢʠ ʙʦʣʝʝ ʣʝʛʢʦʜʦʩʪʫʧʥʳʝ ʜʣʷ ʤʦʣʝʢʫʣ ʰʘʙʣʦʥʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ  

ʫʣʫʯʰʝʥʠʶ  ʢʠʥʝʪʠʢʠ ʧʦʚʪʦʨʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ.  

  ʆʮʝʥʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʩʣʦʷ ʩʝʥʩʦʨʘ, 

ʥʘʥʦ- ʠ ʤʠʢʨʦʩʬʝʨ ʇʄʆ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʧʨʝʮʠʧʠʪʘʮʠʠ ʠ ʤʠʥʠʵʤʫʣʴʩʠʦʥʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʀʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʤʠʥʠ-ʵʤʫʣʴʩʠʦʥʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʠʢʨʦʯʘʩʪʠʮ ʤʦʣʝʢʫʣʷʨʥʦ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ ʪʨʠʧʩʠʥʦʤ. ʇʨʠ ʩʠʥʪʝʟʝ 

ʧʨʠʤʝʥʷʣʘʩʴ ʛʠʜʨʦʬʦʙʥʘʷ ʬʘʟʘ, ʩʦʜʝʨʞʘʱʘʷ ʤʝʪʘʢʨʠʣʦʚʫʶ ʢʠʩʣʦʪʫ, ʢʨʦʩʩ-ʣʠʥʢʝʨ, 

ʠʥʠʮʠʘʪʦʨ (2,2 - ʜʠʤʝʪʠʣ-2-ʬʝʥʠʣʘʮʝʪʦʬʝʥʦʥ) ʠ ʩʪʘʙʠʣʠʟʘʪʦʨ (ʥ-ʛʝʢʩʘʜʝʢʘʥ), ʘ 

ʛʠʜʨʦʬʠʣʴʥʘʷ, ʚʢʣʶʯʘʣʘ ʩʫʨʬʘʢʪʘʥʪ (Lutensol50)  ʠ ʪʨʠʧʩʠʥ. ʇʦʣʠʤʝʨʠʟʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʋʌ- 

ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʜʠʘʤʝʪʨʘ ʯʘʩʪʠʮ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ 

ʩʚʝʪʘ (DLS), ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮ ʨʘʩʩʯʠʪʳʚʘʣʠ ʤʝʪʦʜʦʤ   ʘʜʩʦʨʙʮʠʠ-

ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʨʦʩʩ-ʤʦʥʦʤʝʨʘ EGDMA 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ʇʄʆ ʜʠʘʤʝʪʨʦʤ 200Ñ20 ʥʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʚʷʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʧʩʠʥʘ ʠ 

ʪʝʨʤʦʣʠʟʠʥʘ.  

ʄʝʪʦʜʦʤ ʧʨʝʮʠʧʠʪʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʇʄʆ ʨʘʢʪʦʧʘʤʠʥʘ, 

ʢʣʝʥʙʫʪʝʨʦʣʘ ʠ ʧʝʥʠʮʠʣʣʠʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʥʘ ʜʠʘʤʝʪʨ ʠ ʜʠʩʧʝʨʩʥʦʩʪʴ ʯʘʩʪʠʮ 

ʩʦʩʪʘʚʘ ʧʨʝʜʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʠʥʪʝʟʘ ʠ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ  ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʶ ʜʠʘʤʝʪʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʠ ʧʦʚʳʰʘʝʪ ʠʭ ʦʜʥʦʨʦʜʥʦʩʪʴ. ʀʟʫʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʇʄʆ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʘʭ ʚ ʧʨʷʤʦʤ ʠ ʢʦʥʢʫʨʝʥʪʥʦʤ ʬʦʨʤʘʪʘʭ ʧʩʝʚʜʦʠʤʤʫʥʦʘʥʘʣʠʟʘ. ɺʳʩʦʢʘʷ 
ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʯʘʩʪʠʮ, ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʨʠʤʝʥʷʝʤʳʤ ʬʠʟʠʯʝʩʢʠʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʭʦʨʦʰʝʡ ʙʘʟʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʇʄʆ-ʩʝʥʩʦʨʦʚ. ʉʝʥʩʦʨʳ 
ʘʧʨʦʙʠʨʦʚʘʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʨʘʩʩʯʠʪʘʥʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ, ʜʠʘʧʘʟʦʥ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ), ʦʮʝʥʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʠ ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʩʣʦʷ ʩʝʥʩʦʨʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ (ˉ09-03-97566  ʠ ˉ 13-03-97505). 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɽʨʤʦʣʘʝʚʘ ʊ.ʅ., ʏʝʨʥʳʰʦʚʘ ɺ.ʅ., ʏʝʩʥʦʢʦʚʘ ɽ.ɺ., ɹʝʩʩʦʥʦʚ ʆ.ʀ. ʇʴʝʟʦʢʚʘʨʮʝʚʳʝ 
ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʪʧʝʯʘʪʢʘʤʠ - ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʩʝʥʩʦʨʘ// ʉʦʨʙʮʠʦʥʥʳʝ ʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 2015. ʊ.15. ɺʳʧ. 2. ʉ. 151 - 167. 

2. ɽʨʤʦʣʘʝʚʘ ʊ.ʅ., ʏʝʨʥʳʰʦʚʘ ɺ.ʅ., ɹʝʩʩʦʥʦʚ ʆ.ʀ. ʄʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʧʦʣʠʤʝʨʦʚ 

ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʪʧʝʯʘʪʢʘʤʠ ï ʩʠʥʪʝʟ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʴʝʟʦʢʚʘʨʮʝʚʳʭ 

ʩʝʥʩʦʨʘʭ// ʉʦʨʙʮʠʦʥʥʳʝ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 2015. ʊ.15. ɺʳʧ. 4 (ʚ ʧʝʯʘʪʠ). 
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ʋʉʊɸʅʆɺʃɽʅʀʀ ʄɽʍɸʅʀɿʄɸ ʇɽʈʆʂʉʀɼʅʆɻʆ ʆʂʀʉʃɽʅʀʗ 

ʃʀʇʀɼʆɺ 
 

ʇʣʠʩʩ ɽ. ʄ. 
 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ.ɻ. ɼʝʤʠʜʦʚʘ, pliss@uniyar.ac.ru 
 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʫʪʠ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʷʤʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʝʩʦʤʥʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʝ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʜʣʷ ʚʳʙʦʨʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʨʝʛʣʘʤʝʥʪʦʚ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʣʝʯʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʠ 

ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘ ʚʩʝʤ ʝʝ ʧʨʦʪʷʞʝʥʠʠ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʚʳʟʳʚʘʶʱʠʡ ʢʦʛʥʠʪʠʚʥʳʝ ʠ ʠʥʳʝ ʚʠʜʳ ʨʘʩʩʪʨʦʡʩʪʚ. ɺʘʞʥʫʶ 

ʨʦʣʴ ʟʜʝʩʴ ʠʛʨʘʶʪ ʧʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ʩʪʘʙʠʣʴʥʳʭ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ (>NO¶) ʠ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʧʨʝʚʨʘʱʝʥʠʷ: ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʚ, ʦʢʩʦʘʤʤʦʥʠʝʚʳʭ ʢʘʪʠʦʥʦʚ ʠ 

ʘʣʢʦʢʩʠʘʤʠʥʦʚ. ʕʪʠ ʨʘʜʠʢʘʣʳ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʟʘʱʠʪʫ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʜʘʚʣʝʥʠʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʧʘʪʦʣʦʛʠʠ. ʇʦʠʩʢ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ ʠʟʫʯʝʥʠʝʤ ʜʝʪʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ 

ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʵʬʠʨʦʚ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʙʱʝʥʠʝ ʦʙʰʠʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʘʚʪʦʨʦʤ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦ ʠʟʫʯʝʥʠʶ 

ʢʣʶʯʝʚʳʭ ʨʝʘʢʮʠʡ ʠʥʛʠʙʠʨʦʚʘʥʠʷ >NO¶ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, 

ʤʦʜʝʣʠʨʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ʣʠʧʠʜʥʳʭ ʤʝʤʙʨʘʥ [ʥʘʧʨʠʤʝʨ, 1 - 6]. ʉʫʙʩʪʨʘʪʦʤ 

ʦʢʠʩʣʝʥʠʷ ʩʣʫʞʠʣ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʤʝʪʠʣʣʠʥʦʣʝʘʪ, ʷʚʣʷʶʱʠʡʩʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ 

ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ (ʧʨʦʮʝʩʩ ʠʟʫʯʘʣʩʷ, ʢʘʢ ʚ ʨʘʩʪʚʦʨʘʭ, ʪʘʢ ʠ ʚ ʤʠʮʝʣʣʘʭ). 

ʂʨʦʤʝ ʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʠʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʦʚ ʘ) CH2=C(X1)X2, ʙ) X1CH=CHX2 

ʠ ʚ) 1,4- X1CH=CHïCH=CHX2, ʛʜʝ X1, X2 = ïH, ïR, ïCOOR, ïC6H5, ïCN ʠ ʪ. ʧ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʪʦʨʤʦʞʝʥʠʷ ʩʪʘʙʠʣʴʥʳʤʠ ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ 

ʨʘʜʠʢʘʣʘʤʠ ʦʢʠʩʣʝʥʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʠ ʚ ʤʠʮʝʣʣʘʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ >NO¶ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʠʥʝʪʠʯʝʩʢʦʤʫ 

ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʝʘʢʮʠʡ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩ 

ʫʛʣʝʨʦʜ- ʠ ʢʠʩʣʦʨʦʜʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ. ʅʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ   ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʦʜʠʥ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʥʘ ʧʨʦʮʝʩʩʳ ʤʝʪʘʙʦʣʠʟʤʘ. 

 1. Pliss E.M., Tikhonov I.V., Rusakov A.I. In book çNitroxides - Theory, Experiment and Applicationsè. 

InTech, 2012. P. 263; 2. Pliss E.M., Tikhonov I.V., Rusakov A.I. Rus. J. Phys. Chem. B. 2012. V. 6. P. 

376.; 3. ʇʣʠʩʩ ɽ.ʄ., ʉʝʥʴ ɺ.ɼ., ʊʠʭʦʥʦʚ ʀ.ɺ. ʅʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʚ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. Saarbr¿cken: LAP Lambert AP, 2013.  96 c.; 4. Tikhonov I. V., Senô V. D., 

Borodin L. I., Pliss E. M. , Golubev V. A., Rusakov A. I.  , J. Phys. Org. Chem. 2014. V.  27. P. 114.; 5. 

V.D. Senô, I. V. Tikhonov, L. Borodin, E. M. Pliss, V.A. Golubev, M.A. Syroeshkin, A.I. Rusakov. J. Phys. 

Org. Chem. 2015. V. 28. P. 17.; 6. Pliss E.M., Loshadkin D.V., Grobov A.M., Kuznetsova T.S., 

Rusakov A.I. Rus. J.Phys. Chem. B. 2015. V. 9. P. 127. 
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ɻʦʨʷʯʝʚʘ ʀ.ʖ. 

 

ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, 410012, ʉʘʨʘʪʦʚ, 

ɸʩʪʨʘʭʘʥʩʪʢʘʷ 83, goryachevaiy@mail.ru  

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʤʝʪʦʢ ʚ ʘʥʘʣʠʟʝ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʥʦʚʳʡ ʢʣʘʩʩ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʠʦ- ʠ 

ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ), ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʅʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ, ʷʨʢʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʘʨʴʠʨʫʝʤʳʝ  

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʫʩʢʘʥʠʷ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʘʥʘʣʠʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ.  

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʤʤʫʥʦʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʘʩʧʝʢʪʘ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ. ʇʝʨʚʳʡ ʢʣʶʯʝʚʦʡ ʤʦʤʝʥʪ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʢ. ɽʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʚʦʧʨʦʩ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʪʦʛʦ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʩʚʦʡʩʪʚʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʠʥʪʝʟʘ ʠ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʚʘʨʠʘʥʪʳ ʤʝʪʦʢ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʫʩʣʦʚʠʷ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʘ, ʘ 

ʪʘʢ ʞʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʀʟʥʘʯʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo, ʧʦʟʜʥʝʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʬʦʨʤʘʪʝ 

ʤʠʢʨʦʪʠʪʨʘʮʠʦʥʥʳʭ ʧʣʘʥʰʝʪʦʚ (ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʪʚʝʨʜʦʬʘʟʥʳʡ ʠʤʤʫʥʦʘʥʘʣʠʟ) ʠ ʚ 

ʵʢʩʧʨʝʩʩ-ʪʝʩʪʘʭ. ʀʥʪʝʨʝʩ ʢ ʪʘʢʦʛʦ ʨʦʜʘ ʤʝʪʢʘʤ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʜʘʞʝ ʰʠʨʝ, ʧʦʪʦʤʫ ʯʪʦ ʪʦʢʩʠʯʥʦʩʪʴ (ʛʣʘʚʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʝʢ ʚ ʦʧʳʪʘʭ in vivo) ʥʝ ʪʘʢ ʧʨʠʥʮʠʧʠʘʣʴʥʘ ʜʣʷ ʘʥʘʣʠʟʘ. 

ʋʟʢʠʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʧʠʢʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʢ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʘʥʘʣʠʪʦʚ. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʛʦ ʘʥʘʣʠʪʘ ʚ ʦʜʥʦʡ 

ʪʝʩʪ-ʟʦʥʝ. ʄʘʣʳʡ ʨʘʟʤʝʨ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʦʜʥʫ 

ʩʪʨʫʢʪʫʨʫ.  

ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʘʥʘʣʠʟʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ, ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʪʝʩʪʦʚ, ʜʘʪʯʠʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 14-13-00229). 
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʇʈʀʄɽʅɽʅʀɽ ʇʆʃʗʈʀɿɸʎʀʆʅʅʆɻʆ 

ʌʃʋʆʈʆʀʄʄʋʅʆɸʅɸʃʀɿɸ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ 

ʃɽʂɸʈʉʊɺɽʅʅʓʍ ʇʈɽʇɸʈɸʊʆɺ 
 

ʐʘʥʠʥ ʀ. ɸ.1, ʂʨʫʛʣʠʢ ɸ. ʉ.2, ɽʨʝʤʠʥ ʉ. ɸ.1 

 
1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʃʝʥʠʥʩʢʠʝ ɻʦʨʳ 1, 119991 ʄʦʩʢʚʘ, 

saeremin@gmail.com 
2 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʄʠʥʩʢ 

 

ʇʨʠʤʝʥʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʝʡ ʚʩʝ ʚʨʝʤʷ ʚʦʟʨʘʩʪʘʝʪ, 

ʧʨʠʯʝʤ ʦʙʳʯʥʦ ʥʘʟʥʘʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚ ʠ ʩʪʘʨʘʶʪʩʷ ʩʥʠʟʠʪʴ ʠʭ ʜʦʟʫ. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʣʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʧʨʦʚʦʜʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʚʝʱʝʩʪʚ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʘ ʫʨʦʚʥʝ ʥʛ/ʤʣ. ʇʦʵʪʦʤʫ ʢ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʩʪ-ʤʝʪʦʜʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: ʧʨʦʩʪʦʪʘ 

ʚʳʧʦʣʥʝʥʠʷ, ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦ ʚʨʝʤʝʥʠ ʧʦʩʪʘʥʦʚʢʠ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʘʥʘʣʠʟʘ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʝʢʘʨʩʪʚ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʪʝʩʪ-ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʪʠʪʝʣ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʘʩʧʦʟʥʘʶʱʠʭ ʙʠʦʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʨʷʜʫ ʩ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʤ ʠʤʤʫʥʦʘʥʘʣʠʟʦʤ ʩʨʝʜʠ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜ ʚʩʝ ʙʦʣʝʝ 

ʰʠʨʦʢʦ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʤʤʫʥʦʘʥʘʣʠʟʘ 

(ʇʌʀɸ). ʄʝʪʦʜ ʇʌʀɸ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʢʫʨʝʥʮʠʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʝʱʝʩʪʚʘ 

ʤʝʯʝʥʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʦʡ (ʪʨʝʡʩʝʨʘ) ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʘʥʪʠʪʝʣ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʨʝʡʩʝʨʘ. ʏʝʤ ʙʦʣʴʰʝ ʚ 

ʦʙʨʘʟʮʝ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʣʝʢʘʨʩʪʚʘ, ʪʝʤ ʥʠʞʝ ʙʫʜʝʪ ʧʦʣʷʨʠʟʘʮʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʄʝʪʦʜ ʇʌʀɸ ʧʨʦʩʪ ʚ ʧʦʩʪʘʥʦʚʢʝ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʢ 

ʦʙʨʘʟʮʫ (ʦʙʳʯʥʦ 10-50 ʤʢʣ) ʘʣʠʢʚʦʪʳ ʪʨʝʡʩʝʨʘ ʠ ʨʘʩʪʚʦʨʘ ʘʥʪʠʪʝʣ, ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʠ ʠʟʤʝʨʝʥʠʠ ʧʦʣʷʨʠʟʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʠʙʦʨʝ. 

ʆʙʱʝʝ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʩ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʦʡ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʪʦʜʠʢ 

ʇʌʀɸ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʬʪʦʨʭʠʥʦʣʦʥʳ, ʩʫʣʴʬʘʤʠʜʥʳʝ 

ʧʨʝʧʘʨʘʪʳ, ʭʣʦʨʘʤʬʝʥʠʢʦʣ, ʩʪʨʝʧʪʦʤʠʮʠʥ, ʘʤʧʠʮʠʣʣʠʥ, ʪʝʪʨʘʮʠʢʣʠʥ) ʠ ʤʠʢʦʪʦʢʩʠʥʦʚ 

(ʘʬʣʘʪʦʢʩʠʥʳ, ʦʭʨʘʪʦʢʩʠʥ ɸ, ʜʝʟʦʢʩʠʥʠʚʘʣʝʥʦʣ ʠ ʬʫʤʦʥʠʟʠʥ ɺ1). ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʦ 

ʤʝʪʦʜʝ ʇʌʀɸ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʥʘʰʠʭ ʦʙʟʦʨʘʭ [1-2] ʠ ʥʝʜʘʚʥʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʧʦ [3-11]. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʜʜʝʨʞʘʥʳ ʈʦʩʩʠʡʩʢʠʤ ʌʦʥʜʦʤ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʀʩʩʣʝʜʦʚʘʥʠʡ: ʛʨʘʥʪ ˉ 15-33-50021 ʠ ʛʨʘʥʪ ˉ 15-53-46015 ʉʊ_ʘ. 
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ʇʆʃʀʌʊʆʈʀʈʆɺɸʅʅʓɽ ʉɸʃʀʎʀʃɸʊʓ: ʉʀʅʊɽɿ ʀ 

ɹʀʆʃʆɻʀʏɽʉʂɸʗ ɸʂʊʀɺʅʆʉʊʔ 
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620990, ʈʦʩʩʠʷ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʫʣ. ʉ. ʂʦʚʘʣʝʚʩʢʦʡ, 22/ ɸʢʘʜʝʤʠʯʝʩʢʘʷ, 20 

saloutin@ios.uran.ru 
ʙ ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

 614990, ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨ., 29   
ʚ ʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅ,  

614081, ʛ. ʇʝʨʤʴ, ʫʣ. ɻʦʣʝʚʘ, 13 

 

ɸʮʝʪʠʣʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ (ʘʩʧʠʨʠʥ) ʠ ʝʸ ʘʥʘʣʦʛʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʧʦʣʝʟʥʳʭ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ, ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʝ ʠ 

ʞʘʨʦʧʦʥʠʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ, ʩʧʦʩʦʙʥʦʩʪʴ ʩʥʠʞʘʪʴ ʘʛʨʝʛʘʮʠʶ ʪʨʦʤʙʦʮʠʪʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚ ʧʨʦʬʠʣʘʢʪʠʢʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʜʠʘʙʝʪʘ ʠ ʨʘʢʘ [1].  

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʩʧʠʨʠʥʘ, ʫʣʫʯʰʝʥʠʷ ʠʭ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʠʩʢʘ ʘʥʘʣʦʛʦʚ ʩ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʩʪʠʛʘʪʴ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʵʬʬʝʢʪʘ ʚ ʙʦʣʝʝ ʥʠʟʢʠʭ ʜʦʟʘʭ, ʥʝʦʙʭʦʜʠʤ ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʬʨʘʛʤʝʥʪ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ. ɺʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʘʢʠʭ ʨʘʙʦʪ ï ʧʦʣʫʯʝʥʠʝ 

ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʳ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʠʬʣʶʥʠʟʘʣ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʤʠʨʦʚʦʡ ʢʣʠʥʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ [2, 3]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʦʣʠʬʪʦʨʩʘʣʠʮʠʣʦʚʳʭ ʢʠʩʣʦʪ 2 ʧʫʪʝʤ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʦʨʪʦ-ʘʪʦʤʘ ʬʪʦʨʘ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 1 ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʝʪʦʢʩʠʜʘ ʤʘʛʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʠʩʣʦʪʥʳʤ ʛʠʜʨʦʣʠʟʦʤ ʤʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ. 
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ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʨʷʜʘ ʥʘʤʠ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʬʪʦʨʩʘʣʠʮʠʣʦʚʳʭ ʢʠʩʣʦʪ 2 ʧʦ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ. ʈʝʘʢʮʠʝʡ ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʦʣʠʬʪʦʨʩʘʣʠʮʠʣʦʚʳʭ 
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ʢʠʩʣʦʪ 2 ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠ ʩʘʣʦʣʘ - ʘʣʢʠʣʩʘʣʠʮʠʣʘʪʳ 3. ʆʙʨʘʙʦʪʢʦʡ ʢʠʩʣʦʪ 2 ʛʠʜʨʦʢʩʠʜʦʤ 

ʥʘʪʨʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʥʘʪʨʠʝʚʳʝ ʩʘʣʠʮʠʣʘʪʳ 4, ʘ ʘʮʠʣʠʨʦʚʘʥʠʝʤ 

ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ - ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʘʥʘʣʦʛʠ ʘʩʧʠʨʠʥʘ 5. ʉʠʥʪʝʟ 

ʧʦʣʠʬʪʦʨʩʘʣʠʮʠʣʘʤʠʜʦʚ 6 (ʘʥʘʣʦʛʦʚ ʩʘʣʠʮʠʣʘʤʠʜʘ) ʦʩʫʱʝʩʪʚʣʝʥ ʜʚʫʤʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ: ʦʙʨʘʙʦʪʢʦʡ ʤʝʪʠʣʩʘʣʠʮʠʣʘʪʘ 3 25%-ʥʳʤ ʚʦʜʥʳʤ ʘʤʤʠʘʢʦʤ ʠ ʯʝʨʝʟ 

ʧʨʝʚʨʘʱʝʥʠʝ ʘʮʝʪʠʣʩʘʣʠʮʠʣʘʪʦʚ 4 ʚ ʙʝʥʟʦʠʣʭʣʦʨʠʜʳ 7, ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ 

ʘʮʝʪʠʣʩʘʣʠʮʠʣʘʤʠʜʳ 8. 

ɼʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʦʜʝʣʴʥʳʝ 

ʤʝʤʙʨʘʥʳ ʧʫʪʝʤ ʧʘʩʩʠʚʥʦʡ ʜʠʬʬʫʟʠʠ ʧʦ ʛʨʘʜʠʝʥʪʫ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʅ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʩʪ PAMPA (Parallel Arti ficial Membrane Permeability Assay). ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʪʨʠʬʪʦʨ- ʠ ʪʝʪʨʘʬʪʦʨʧʨʦʠʟʚʦʜʥʳʝ ʘʩʧʠʨʠʥʘ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʘʩʧʠʨʠʥ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʧʨʠ ʨʅ 7,4. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʅ1 ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʨʅ 7,4 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʥʝ ʥʘʙʣʶʜʘʣʠ, ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʩʪʝ ʈɸʄʈɸ. ʊʝʪʨʘʬʪʦʨʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʫ ʧʨʠ ʨʅ 5, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʭʦʜʠʪ ʧʨʠ ʨʅ 7.4, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʤʦʜʝʣʠ ʦʩʪʨʦʛʦ ʵʢʩʩʫʜʘʪʠʚʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ in vivo (ʢʨʳʩʳ Wistar ʦʙʦʝʛʦ ʧʦʣʘ), ʚʳʟʚʘʥʥʦʛʦ 

ʩʫʙʧʣʘʥʪʘʨʥʳʤ ʚʚʝʜʝʥʠʝʤ ʢʘʨʨʘʛʝʥʠʥʘ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʪʨʘʬʪʦʨʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ ʠ 

ʝʸ ʘʮʝʪʠʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ, 

ʩʦʧʦʩʪʘʚʠʤʳʤ ʩ ʜʝʡʩʪʚʠʝʤ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝʩʪʝʨʦʠʜʥʳʭ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ.  

ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʘʩʧʠʨʠʥʘ, 

ʷʚʣʷʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʠ ʪʨʦʤʙʦʢʩʘʥʘ ʠʟ ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʧʫʪʝʤ ʥʝʦʙʨʘʪʠʤʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʮʠʢʣʦʦʢʩʠʛʝʥʘʟʳ-1 (ʎʆɻ-1). ʉʧʦʩʦʙʥʦʩʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ ʠʥʛʠʙʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʬʝʨʤʝʥʪ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪ-ʩʠʩʪʝʤʳ COX Fluorescent Inhibitor Screening Assay Kit  (Cayman 

Chemical). ʆʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʠʥʛʠʙʠʨʫʶʱʠʝ ʎʆɻ-1 ʥʘ ʫʨʦʚʥʝ ʘʩʧʠʨʠʥʘ ʠʣʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,2 ʤʤʦʣʴ/ʣ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʠʩʢʘ 

ʥʦʚʳʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʥʘʣʦʛʦʚ ʘʩʧʠʨʠʥʘ ʩʨʝʜʠ ʝʛʦ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ.  

 

[1] Rao P. N. P. Knaus E. E. J. Pharm. Pharmaceut Sci. 2008, 11 (2) 81.  
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Garcia-Rafanell J., Forn J. Molecular Pharmacology, 1999, 55, 753. 
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ʄʥʦʛʦʩʪʘʜʠʡʥʳʝ ʩʠʥʪʝʟʳ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʴʰʠʥʩʪʚʘ 

ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦ, ʥʘ  ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʭʠʤʠʢʦʚ-ʩʠʥʪʝʪʠʢʦʚ. ʕʪʦ ʧʨʠʚʥʦʩʠʪ ʩʫʙʲʝʢʪʠʚʥʳʡ ʬʘʢʪʦʨ ʠ 

ʟʘʪʨʫʜʥʷʝʪ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʩʠʥʪʝʟʘ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʈʘʥʝʝ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʣʠʩʴ ʤʝʪʦʜʠʢʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʳʭʦʜʳ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘè [1,2]. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʝʚʨʘʱʝʥʠʷʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʷʚʣʷʶʱʠʭʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʭʠʤʠʢʦʚ-ʦʨʛʘʥʠʢʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʪʘʢʘʷ ʩʣʦʞʥʘʷ ʦʙʣʘʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ, ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦ ʦʜʥʦʤʫ ʢʨʠʪʝʨʠʶ ʠ ʜʦʣʞʥʘ ʥʦʩʠʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʦʢʘʟʘʪʝʣʷʭ, 

ʷʚʣʷʶʱʠʭʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʥʝ ʟʘʚʠʩʠʤʳʭ ʦʪ ʩʫʙʲʝʢʪʠʚʥʦʛʦ 

ʬʘʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʚ ʢʘʢʦʡ ʪʦ ʤʝʨʝ ʦʪʨʘʞʘʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ ʢʚʘʣʠʬʠʢʘʮʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. ɺ ʬʦʨʤʫʣʝ ʫʯʠʪʳʚʘʶʪʩʷ 

ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʝʚʨʘʱʝʥʠʷʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʠʜʝ ʠʟʤʝʥʝʥʠʷ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʫʙʩʪʨʘʪʘ ʠ ʨʝʘʛʝʥʪʦʚ ʢ ʢʦʥʝʯʥʦʤʫ ʧʨʦʜʫʢʪʫ.  

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (ʚʨʝʤʷ, ʚʳʭʦʜ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʨ.) ʠʤʝʶʪ 

ʨʘʟʥʳʝ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʯʝʩʪʴ ʵʪʫ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚʣʠʷʥʠʝ ʢʨʠʪʝʨʠʝʚ ʢʘʢ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ, ʘ ʥʝʢʦʪʦʨʳʝ 

ʚʝʣʠʯʠʥʳ ʥʦʨʤʠʨʦʚʘʣʠʩʴ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʬʦʨʤʫʣʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʭʝʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ: 

E= Y*ʆʈ*DT*DP*tp*STR, 

       ʛʜʝ Y ï ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʨʘʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ; 

OP ï ʵʥʘʥʪʠʦʤʝʨʥʘʷ ʯʠʩʪʦʪʘ; 

DT ï ʧʨʠʚʝʜʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʧʨʝʚʨʘʱʝʥʠʷ; 

DP ï ʧʨʠʚʝʜʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʠʥʪʝʨʚʘʣʘ ʜʘʚʣʝʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʧʨʝʚʨʘʱʝʥʠʷ; 

tp ï ʧʨʠʚʝʜʝʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʜʠʡ ʠ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ 

ʧʨʦʪʝʢʘʥʠʷ ʚʩʝʭ ʩʪʘʜʠʡ ʧʨʝʚʨʘʱʝʥʠʷ; 

STR ï ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʣʦʞʥʦʩʪʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʦ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʧʨʝʚʨʘʱʝʥʠʡ. 

 

ɿʥʘʯʝʥʠʝ ʤʥʦʞʠʪʝʣʷ Y, ʦʪʨʘʞʘʶʱʝʝ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ, ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ 0...1 ʠ 

ʬʘʢʪʠʯʝʩʢʠ ʥʦʨʤʠʨʦʚʘʥʦ ʥʘ 1. 

ʄʥʦʞʠʪʝʣʴ ʆʈ ʫʯʠʪʳʚʘʝʪ ʵʥʘʥʪʠʦʤʝʨʥʫʶ ʯʠʩʪʦʪʫ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 0.5 ʜʦ  1. ɺ ʩʚʷʟʠ ʩ ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʣʦʞʥʦʩʪʠ ʩʭʝʤ ʠ ʟʘʪʨʘʪ 
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ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʵʥʘʥʪʠʦʤʝʨʥʦʡ ʯʠʩʪʦʪʳ ʧʨʦʜʫʢʪʘ ʜʣʷ ʧʘʨʘʤʝʪʨʘ 

ʆʈ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʟʥʘʯʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʥʦʡ ʯʠʩʪʦʪʳ.  

ʆʈ= İ * En + İ*En*1,01/(1,01-En), 

ʛʜʝ  En - ʵʥʘʥʪʠʦʤʝʨʥʘʷ ʯʠʩʪʦʪʘ ʧʨʦʜʫʢʪʘ. 

ɼʣʷ ʫʯʝʪʘ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʚʘʣʘ ʠʭ 

ʠʟʤʝʥʝʥʠʡ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʥʦʨʤʠʨʫʶʪʩʷ ʧʫʪʝʤ ʚʝʜʝʥʠʷ ʙʝʟʨʘʟʤʝʨʥʳʭ ʤʥʦʞʠʪʝʣʝʡ T ʠ 

DP ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ:  

DT = |1-(Tmax-25 ʦʉ)/Tmax - (25 ʦʉ -Tmin)/ 25 ʦʉ)| 

DP = |1-(Pmax-298)/Pmax - (298-Pmin)/298)|, 

ʛʜʝ ʠʥʜʝʢʩʳ max ʠ min ʦʙʦʟʥʘʯʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʭʝʤʝ ʧʨʝʚʨʘʱʝʥʠʡ. 

ʄʥʦʞʠʪʝʣʴ tp ʪʘʢʞʝ ʥʦʨʤʠʨʦʚʘʥ ʠ ʫʯʠʪʳʚʘʝʪ ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʚʩʝʭ ʩʪʘʜʠʡ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʜʠʡ ʚ ʩʭʝʤʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʌʘʢʪʠʯʝʩʢʠʡ ʩʤʳʩʣ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ - 

ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʡ ʩʪʘʜʠʠ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ, ʧʨʠʥʷʪʦʛʦ ʟʘ 1ʯ. 

tp =  1- (tS /N  - 1) / (tS/N), 
ʛʜʝ t  - ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʚʩʝʭ ʩʪʘʜʠʡ; 

N - ʦʙʱʝʝ ʯʠʩʣʦ ʩʪʘʜʠʡ ʧʨʝʚʨʘʱʝʥʠʷ. 

ʇʦʢʘʟʘʪʝʣʴ STR ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʠʥʜʝʢʩʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʩʫʙʩʪʨʘʪʘ (ʩʫʙʩʪʨʘʪʦʚ) ʠ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ.  

STR =  |SCPr-SCR| / SCR 

ʀʥʜʝʢʩʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʣʦʞʥʦʩʪʠ SCPr ʠ SCR ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʛʨʘʬʦʚ 

ʧʦ ɹʝʨʮʫ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʧʨʦʜʫʢʪʘʤ ʧʨʝʚʨʘʱʝʥʠʡ. ʆʥ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʝʟʝʥ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ/ʠʣʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʩʠʥʪʝʟʦʚ. 

 

1. Sheldon R. A. // Chem. Ind. 1992, pp. - 903-906. 

2. Barry M. Trost // Science, New Series, Vol. 254.-ˉ 5037. - 1991.- pp. 1471-1477. 

3. Bertz S.H. / Amsterdam: Elsevier, 1983. - P. 206-221.  
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ʆʇʈɽɼɽʃɽʅʀɽ ɸʅʊʀɼɽʇʈɽʉʉɸʅʊʆɺ ɸʄʇɽʈʆʄɽʊʈʀʏɽʉʂʀʄʀ 

ɹʀʆʉɽʅʉʆʈɸʄʀ ʅɸ ʆʉʅʆɺɽ ʕʃɽʂʊʈʆɼʆɺ, 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ɻʈɸʌɽʅʆʄ ʀ ʅɸʅʆʏɸʉʊʀʎɸʄʀ 

ʄɽʊɸʃʃʆɺ  
 

ɹʨʫʩʥʠʮʳʥ ɼ. ɺ., ʄʝʜʷʥʮʝʚʘ ʕ. ʇ., ɺʘʨʣʘʤʦʚʘ ʈ. ʄ., ʄʘʢʩʠʤʦʚ ɸ. ɸ.,  

ʉʠʪʜʠʢʦʚʘ ʈ. ʈ., ɹʫʜʥʠʢʦʚ ɻ. ʂ. 

 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʘʟʘʥʴ; 420008 ʛ. ʂʘʟʘʥʴ, ʫʣ. ʂʨʝʤʣʝʚʩʢʘʷ ʜ. 18, e-mail: brussman@mail.ru 

 

ʂʦʥʪʨʦʣʴ ʟʘ ʧʨʠʤʝʥʝʥʠʝʤ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩʪʨʦʛʦ ʫʯʝʪʘ (ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʘʤʠ - 

ɸɼ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʢ ʩʘʤʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʪʘʢ ʩʦʜʝʨʞʘʥʠʷ ʠʭ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʷʭ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʙʠʦʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʜʦʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʤʥʦʛʦʩʪʝʥʥʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ -  ʄʋʅʊ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʦʢʩʠʜ ʛʨʘʬʝʥʘ - ɺɻʆ), ʥʘʥʦʯʘʩʪʠʮʳ 

ʤʝʪʘʣʣʦʚ (ʅʏ Au, Ag, Ni ʠ Cu) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʬʝʨʤʝʥʪʦʤ 

ʤʦʥʦʘʤʠʥʦʢʩʠʜʘʟʦʡ (ʄɸʆ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩ ʘʥʪʠʜʝʧʨʝʩʩʠʚʥʳʤ 

ʜʝʡʩʪʚʠʝʤ. ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʩʠʣʝʥʠʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, 

ʫʤʝʥʴʰʝʥʠʷ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʙʦʣʝʝ ʧʨʦʯʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʥʘʥʦʩʠʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʪʚʦʨʘ ʭʠʪʦʟʘʥʘ ʠʣʠ ʛʠʧʝʨʨʘʟʚʝʪʚʣʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ, 

ʥʘʧʨʠʤʝʨ ʧʦʣʠʵʬʠʨʦʧʦʣʠʦʣʘ Boltorn. ʅʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ (ʅʏ Au ʠ Ag) ʠ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʘʭ, ʪʘʢ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ ʚ ʨʝʞʠʤʝ ʠʥʚʝʨʩʠʦʥʥʦʡ ʠ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʅʏ 

Ni ʠ ʅʏ Cu. ʅʘʣʠʯʠʝ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʜʦʢʘʟʘʥʦ ʤʝʪʦʜʦʤ ʋʌ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ - ʜʦʢʘʟʘʥʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ (ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ). ʉʦʚʦʢʫʧʥʦʩʪʴ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʭʠʪʦʟʘʥ, ʧʦʣʠʦʣ) ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʬʝʨʤʝʥʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʙʠʦʩʝʥʩʦʨʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʄɸʆ ï ʙʠʦʩʝʥʩʦʨʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʩʦʯʝʪʘʥʠʠ 

ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʄɸʆ (ʙʠʦʛʝʥʥʳʭ ʘʤʠʥʦʚ - ʘʜʨʝʥʘʣʠʥ ʠ 

ʜʦʬʘʤʠʥ) ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. ʆʙʲʝʢʪʘʤʠ 

ʘʥʘʣʠʟʘ ʚʳʩʪʫʧʘʣʠ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʪʨʠʮʠʢʣʠʯʝʩʢʠʝ ɸɼ, ʪʘʢ ʠ ɸɼ ʧʦʩʣʝʜʥʝʛʦ ʧʦʢʦʣʝʥʠʷ 

ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʩ ʘʥʪʠʜʝʧʨʝʩʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ: ʠʤʠʧʨʘʤʠʥ, ʘʤʠʪʨʠʧʪʠʣʠʥ, 

ʤʦʢʣʦʙʝʤʠʜ, ʬʘʙʦʤʦʪʠʟʦʣ, ʬʝʥʘʟʝʧʘʤ, ʪʠʘʥʝʧʪʠʥ, ʛʚʘʡʬʝʥʝʟʠʥ.  

ʅʘʠʣʫʯʰʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʄʋʅʊ/ʅʏ Au ʠ ɺɻʆ/ʅʏ Ni. ʃʠʥʝʡʥʳʡ ʜʠʘʧʘʟʦʥ ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʙʱʝʤ ʧʣʘʥʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 10-4 ʜʦ 10-8 ʤʦʣʴ/ʣ. 

ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʦʜʝʨʞʘʥʠʡ ʥʘ ʫʨʦʚʥʝ nĬ10-9 ʤʦʣʴ/ʣ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ 

ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʠʦʩʝʥʩʦʨʳ ʦʙʣʘʜʘʶʪ ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʵʢʩʧʨʝʩʥʦʩʪʴʶ ʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʬʦʨʤʘʭ, ʪʘʢ ʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ (ʫʨʠʥʘ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ 13-03-01101-ʘ). 
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ʋʛʘʨʦʚʘ ʅ.ʅ., ʉʤʠʨʥʦʚʘ ɼ.ɺ., ʃʦʤʘʢʠʥʘ ɻ.ʖ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

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

ʆʆʆ çʃʶʤʪʝʢè. 119992, ʄʦʩʢʚʘ, ɺʦʨʦʙʴʝʚʳ ʛʦʨʳ, ʜ.1, ʩʪʨ.77 

E-mail: nugarova@gmail.com 

ʃʶʮʠʬʝʨʘʟʘ ʩʚʝʪʣʷʢʦʚ ï ʬʝʨʤʝʥʪ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʡ ʦʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʫʙʩʪʨʘʪʘ, ʣʶʮʠʬʝʨʠʥʘ ʩʚʝʪʣʷʢʦʚ, ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ATʌ ʠ Mg2+ [1], 

ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʣʫʯʝʥʠʝʤ ʩʚʝʪʘ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (540-600 ʥʤ) ʩ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʩʨʝʜʠ ʜʨʫʛʠʭ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʠʩʪʝʤ. 

ɺʳʩʦʢʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʢ ʝʛʦ ʩʫʙʩʪʨʘʪʘʤ (ʣʶʮʠʬʝʨʠʥʫ ʠ ATʌ), ʣʝʛʢʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʦʙʫʩʣʦʚʠʣʠ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʣʶʮʠʬʝʨʘʟʳ ʩʚʝʪʣʷʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ.  

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʣʶʮʠʬʝʨʘʟʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʜʝʪʝʢʮʠʠ ɸʊʌ, ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ 

ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʝʝ ʬʝʤʪʦ- ʜʦ ʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʉʦʜʝʨʞʘʥʠʝ ɸʊʌ ʚʦ ʚʩʝʭ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʢʘʭ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ, ʧʦʵʪʦʤʫ ɸʊʌ-ʤʝʪʨʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʙʳʩʪʨʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠè, ʢʦʪʦʨʘʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ çʤʝʪʦʜʘ ʧʦʩʝʚʦʚè ʧʦʟʚʦʣʷʝʪ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʩʦʢʨʘʪʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʙʥʳʭ ʠʣʠ ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ  ʜʣʷ  ʙʳʩʪʨʦʛʦ 

ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʙʥʳʭ ʠʥʬʝʢʮʠʡ ʚ ʤʝʜʠʮʠʥʝ, ʩʘʥʠʪʘʨʠʠ ʠ ʵʢʦʣʦʛʠʠ. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ 

ʧʨʠʤʝʨʳ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʠ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʚ  ʚʝʜʫʱʠʭ ʢʣʠʥʠʢʘʭ  ʛ. 

ʄʦʩʢʚʳ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʜʝʪʝʢʮʠʠ ɸʊʌ (ʢʦʥʪʨʦʣʴ 

ʩʪʝʨʠʣʴʥʦʩʪʠ/ʯʠʩʪʦʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʧʦʤʝʱʝʥʠʷʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ,  

ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʚʘʢʮʠʥ, ʜʝʪʝʢʮʠʷ ʠʥʬʠʮʠʨʦʚʘʥʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʙʳʩʪʨʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʘʥʪʠʙʠʦʪʠʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʙʠʦʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʢʦʣʠʯʝʩʪʚ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʆʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʨʝʘʛʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʥʦʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʣʠ ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʡ 

ʢʦʥʲʶʛʘʮʠʠ ʠ ʩʦʚʤʝʱʘʶʱʠʭ ʚ ʩʝʙʝ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʝʣʢʘ-ʜʝʪʝʢʪʦʨʘ ʩ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʠʟʫʯʘʝʤʦʡ ʤʠʰʝʥʴʶ. 

ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʠʷ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʥʘ ʦʩʥʦʚʝ 

ʣʶʮʠʬʝʨʘʟʳ ʩʚʝʪʣʷʢʦʚ ʷʚʣʷʝʪʩʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʥʦʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʛʠʙʨʠʜʳ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. ʉʨʝʜʠ ʛʠʙʨʠʜʥʳʭ ʙʝʣʢʦʚ ʥʘ ʦʩʥʦʚʝ ʣʶʮʠʬʝʨʘʟʳ 

ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʠʦʪʠʥ- ʠ ʩʪʨʝʧʪʘʚʠʜʠʥ-ʣʶʮʠʬʝʨʘʟʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʬʠʢʩʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʫ ʣʶʮʠʬʝʨʘʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʧʫʪʝʤ ʚʳʩʦʢʦʘʬʬʠʥʥʳʭ 

ʙʠʦʪʠʥ-ʩʪʨʝʧʪʘʚʠʜʠʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

ʅʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʘ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ ʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʛʦ ʤʫʪʘʥʪʘ 

ʣʶʮʠʬʝʨʘʟʳ ʩʚʝʪʣʷʢʦʚ Luciola mingrelica ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʧʣʘʟʤʠʜʳ, ʢʦʜʠʨʫʶʱʠʝ 

ʛʠʙʨʠʜʥʳʡ ʙʝʣʦʢ ʣʶʮʠʬʝʨʘʟʘ - ʙʠʦʪʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʤʝʥ (Luc-bccp), ʧʨʠ ʵʢʩʧʨʝʩʩʠʠ  

ʢʦʪʦʨʦʛʦ ʥʘʨʘʙʘʪʳʚʘʣʘʩʴ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʘʷ ʣʶʮʠʬʝʨʘʟʘ, ʘ ʪʘʢʞʝ ʧʣʘʟʤʠʜʳ, 

ʢʦʜʠʨʫʶʱʠʝ ʛʠʙʨʠʜʥʳʡ ʙʝʣʦʢ ʣʶʮʠʬʝʨʘʟʘ-ʩʪʨʝʧʪʘʚʠʜʠʥ (Luc-SA). ʇʦʣʫʯʝʥʥʳʝ 
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ʛʠʙʨʠʜʥʳʝ ʙʝʣʢʠ ʩʦʭʨʘʥʷʣʠ ʚʳʩʦʢʫʶ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʤ ʙʠʦʪʠʥ-ʩʪʨʝʧʪʘʚʠʜʠʥʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ. ɻʠʙʨʠʜʥʳʡ ʙʝʣʦʢ Luc-

SA ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʙʥʳʭ ʢʣʝʪʦʢ ʚ ʜʚʫʭ 

ʬʦʨʤʘʪʘʭ: 1) ʚ  ʠʤʤʫʥʦʘʥʘʣʠʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʳʭ ʘʥʪʠʪʝʣ; 2)  ʜʣʷ 

ʜʝʪʝʢʮʠʠ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʥʦʡ ɼʅʂ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʘʤʧʣʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ, 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʷʝʤʳʭ ʤʠʢʨʦʙʥʳʭ ʢʣʝʪʦʢ.  

ɼʨʫʛʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʣʶʮʠʬʝʨʘʟʳ ʩʚʝʪʣʷʢʦʚ ʷʚʣʷʶʪʩʷ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (BRET), 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ  ʩʦʙʦʡ   ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʦʪ ʜʦʥʦʨʘ, ʵʣʝʢʪʨʦʥʥʦ-

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʣʶʮʠʬʝʨʘʟʥʦʡ ʨʝʘʢʮʠʠ, ʢ ʘʢʮʝʧʪʦʨʫ, ʬʣʫʦʨʦʬʦʨʫ, ʢʦʪʦʨʳʡ 

ʧʦʛʣʦʱʘʷ ʵʥʝʨʛʠʶ ʜʦʥʦʨʘ, ʚʦʟʙʫʞʜʘʝʪʩʷ ʠ ʬʣʫʦʨʝʩʮʠʨʫʝʪ. BRET ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʩʙʣʠʞʝʥʠʠ ʤʦʣʝʢʫʣ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 10-20 ʥʤ ʠ ʧʨʠ ʧʝʨʝʢʨʳʚʘʥʠʠ 

ʩʧʝʢʪʨʘ ʵʤʠʩʩʠʠ ʜʦʥʦʨʘ ʩʦ ʩʧʝʢʪʨʦʤ ʧʦʛʣʦʱʝʥʠʷ ʘʢʮʝʧʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʦʨʠʝʥʪʘʮʠʷ 

ʜʠʧʦʣʝʡ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʥʝ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʫʛʦʣ 90Á. 

ɺ ʜʦʢʣʘʜʝ ʦʧʠʩʘʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʥʦʚʳʡ ʤʝʪʦʜ ʛʦʤʦʛʝʥʥʦʛʦ ʠʤʤʫʥʦʘʥʘʣʠʟʘ ʥʘ 

ʦʩʥʦʚʝ BRET ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʪʠʛʝʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ 

ʘʥʪʠʛʝʥʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʝʩʪʝʨʦʥ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ BRET ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʣʘ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʫʶ ʣʶʮʠʬʝʨʘʟʫ, ʭʠʤʠʯʝʩʢʠ ʢʦʥʲʶʛʠʨʦʚʘʥʥʫʶ ʩ ʧʨʦʛʝʩʪʝʨʦʥʦʤ (Luc-Pg - 

ʜʦʥʦʨ), ʠ ʘʥʪʠʪʝʣʘ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʢʨʘʩʠʪʝʣʝʤ (Ab-Fl - ʘʢʮʝʧʪʦʨ). ɺ ʦʪʩʫʪʩʪʚʠʝ 

ʘʥʪʠʪʝʣ ʥʘʙʣʶʜʘʣʩʷ ʩʧʝʢʪʨ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʶʮʠʬʝʨʘʟʳ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ Ab-Fl 

ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ Luc-PgĀĀĀĀAb-Fl, ʚ ʢʦʪʦʨʦʤ 

ʨʝʘʣʠʟʦʚʘʣʩʷ BRET. ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʣʶʮʠʬʝʨʘʟʳ 

ʫʤʝʥʴʰʘʣʘʩʴ, ʠ ʧʦʷʚʣʷʣʩʷ ʩʧʝʢʪʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʷ. ʈʝʛʠʩʪʨʠʨʫʝʤʳʡ BRET-

ʩʠʛʥʘʣ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʚ ʤʘʢʩʠʤʫʤʝ ʩʧʝʢʪʨʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʘʢʮʝʧʪʦʨʘ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʤʘʢʩʠʤʫʤʝ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʦʥʦʨʘ. 

ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʦʥʲʶʛʘʪʦʚ ʣʶʮʠʬʝʨʘʟʳ ʩ 

ʧʨʦʛʝʩʪʝʨʦʥʦʤ (Luc-Pg) ʠ ʘʥʪʠʪʝʣ ʢ ʧʨʦʛʝʩʪʝʨʦʥʫ ʩ ʢʨʘʩʠʪʝʣʝʤ Alexa-Fluor 610-x (Ab-Fl), 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʦʭʨʘʥʷʣʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ɹʳʣ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʩʦʩʪʘʚ ʧʘʨʳ 

ʢʦʥʲʶʛʘʪʦʚ Luc-Pg ʠ Ab-Fl  ʠ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (BRET). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʡ 

BRET ʩʠʩʪʝʤʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʛʦʤʦʛʝʥʥʦʛʦ ʠʤʤʫʥʦʘʥʘʣʠʟʘ 

ʧʨʦʛʝʩʪʝʨʦʥʘ, ʢʦʪʦʨʳʡ  ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʪʝʨʦʛʝʥʥʳʤ ʀʌɸ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭ ʞʝ ʢʦʥʲʶʛʘʪʦʚ Luc-Pg.  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʃʆʉ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʯʘʩʪʴ ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʞʠʚʳʭ ʩʠʩʪʝʤ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʧʨʦʬʠʣʠ ʃʆʉ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʮʝʣʷʭ ʨʘʥʥʝʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʨʘʞʝʥʥʦʩʪʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ ʧʘʪʦʛʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, 

ʩʧʦʩʦʙʥʳʤʠ ʚʳʟʳʚʘʪʴ ʫ ʯʝʣʦʚʝʢʘ ʪʷʞʝʣʳʝ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠ ʦʪʨʘʚʣʝʥʠʷ 

ʪʦʢʩʠʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʙʠʦʩʠʥʪʝʟʘ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʛʨʠʙʳ ʨʦʜʘ 

Fusarium, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʮʝʥʪʘʤʠ ʦʧʘʩʥʳʭ ʪʦʢʩʠʥʦʚ. ɿʘʨʘʞʝʥʥʦʩʪʴ 

ʬʫʟʘʨʠʝʚʳʤʠ ʛʨʠʙʘʤʠ ʩʳʨʴʷ, ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʟʜʘʥʠʡ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʯʝʣʦʚʝʢ, ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʤʦʞʝʪ ʥʦʩʠʪʴ ʩʢʨʳʪʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʣʫʧʨʦʜʫʢʪʘʤʠ ʙʠʦʩʠʥʪʝʟʘ ʪʦʢʩʠʥʦʚ ʷʚʣʷʶʪʩʷ ʃʆʉ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʦʛʦ ʨʷʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʃʆʉ ʪʦʢʩʠʥʦʧʨʦʜʫʮʠʨʫʶʱʠʭ 

ʤʠʢʨʦʤʠʮʝʪʦʚ, ʚʳʷʚʣʝʥʠʝ ʤʘʨʢʝʨʥʳʭ ʃʆʉ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʠʭ ʙʳʩʪʨʦʛʦ ʠ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʩ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʳʨʴʷ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʙʦʨʦʪʴʩʷ ʩ 

ʩʠʥʜʨʦʤʦʤ çʙʦʣʴʥʳʭ ʟʜʘʥʠʡè. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʃʆʉ, ʚʳʜʝʣʷʝʤʳʝ ʦʜʥʠʤʠ ʠ ʪʝʤʠ 

ʞʝ ʬʫʟʘʨʠʝʚʳʤʠ ʛʨʠʙʘʤʠ, ʧʦ-ʨʘʟʥʦʤʫ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ. ʕʪʠ 

ʨʘʟʥʦʯʪʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʨʘʟʣʠʯʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʠ ʩʨʦʢʘʤʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʥʦ ʪʘʢʞʝ ʠ ʨʘʟʣʠʯʥʳʤʠ ʩʮʝʥʘʨʠʷʤʠ ʦʪʙʦʨʘ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʃʆʉ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʩʮʝʥʘʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʃʆʉ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɻʍ-ʄʉ), ʚ 

ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʚʘʞʥʝʡʰʠʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʤʘʩʩ-

ʩʧʝʢʪʨʳ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʥʜʝʢʩʳ ʫʜʝʨʞʠʚʘʥʠʷ (ʀʋ) ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʣʦʥʦʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦ ʩʣʘʙʦʧʦʣʷʨʥʦʡ ʬʘʟʦʡ ʅʈ-5. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʚʝʨʜʦʬʘʟʥʦʡ 

ʤʠʢʨʦʵʢʩʪʨʘʢʮʠʝʡ (ʊʌʄʕ) ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ çʤʝʪʘʙʦʣʦʤʥʳʝ ʧʦʨʪʨʝʪʳè ʃʆʉ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʬʫʟʘʨʠʝʚʳʭ ʛʨʠʙʦʚ. ɺʳʜʝʣʷʝʤʳʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʛʨʠʙʘʤʠ ʃʆʉ ʤʦʞʥʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʚ ʧʨʝʜʝʣʘʭ ʜʚʫʭ ʛʨʫʧʧ: ʯʨʝʟʚʳʯʘʡʥʦ ʣʝʪʫʯʠʝ (ʀʋ 

400 ï 1000) ʠ ʫʤʝʨʝʥʥʦ ʣʝʪʫʯʠʝ (ʀʋ 1400 ï 1550). ʂ ʛʨʫʧʧʝ ʯʨʝʟʚʳʯʘʡʥʦ ʣʝʪʫʯʠʭ 

ʦʪʥʦʩʷʪʩʷ ʣʠʥʝʡʥʳʝ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʘʣʢʘʥʳ ʠ ʘʣʢʝʥʳ, ʩʧʠʨʪʳ, ʵʬʠʨʳ, ʬʫʨʘʥʳ, ʪʝʨʧʝʥʳ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʡ, 

ʦʙʨʘʟʮʳ ʩʨʘʚʥʝʥʠʷ ʜʦʩʪʫʧʥʳ, ʩʧʨʘʚʦʯʥʳʝ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠ ʀʋ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ʉʦʝʜʠʥʝʥʠʷ ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ 

ʙʠʦʩʠʥʪʝʟʘ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʤʥʦʛʠʭ ʞʠʚʳʭ ʩʠʩʪʝʤ. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʚʷʟʳʚʘʶʪ ʩ 

ʃʆʉ ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʝ ʧʨʠʟʥʘʢʠ ʛʨʠʙʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʬʫʟʘʨʠʝʚʳʭ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʃʆʉ, ʚʳʜʝʣʷʝʤʳʤ ʪʦʢʩʠʥʦʧʨʦʜʫʮʠʨʫʶʱʠʤʠ ʛʨʠʙʘʤʠ, 

ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʝʩʢʚʠʪʝʨʧʝʥʘʤ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʫʤʝʨʝʥʥʦ 

ʣʝʪʫʯʠʭ ʃʆʉ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʪʨʠʭʦʜʠʝʥʦʤ ï ʣʝʪʫʯʠʤ ʤʘʨʢʝʨʦʤ 

ʪʦʢʩʠʥʦʧʨʦʜʫʢʮʠʠ. ʈʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʪʦʢʩʠʥʦʧʨʦʜʫʮʠʨʫʶʱʠʭ ʛʨʠʙʦʚ. ʉʣʝʜʫʝʪ 
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ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚ ʉ15ʅ24 ʧʨʦʙʣʝʤʘʪʠʯʥʘ ʚʚʠʜʫ 

ʨʷʜʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚ: ʦʙʨʘʟʮʳ ʩʨʘʚʥʝʥʠʷ ʥʝʜʦʩʪʫʧʥʳ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʩʧʨʘʚʦʯʥʳʝ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠ ʀʋ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪʩʷ ʥʝ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʘ ʚ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʩʪʘʪʴʷʭ. ʂ ʪʦʤʫ ʞʝ ʵʪʠ ʜʘʥʥʳʝ ʟʘʯʘʩʪʫʶ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ. ʊʝʭʥʠʢʘ 

ʦʪʙʦʨʘ ʃʆʉ ʥʘ ʤʠʢʨʦʚʦʣʦʢʥʦ ʠʟ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʘʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʚʝʯʘʝʪ ʟʘʜʘʯʝ ʧʦʣʫʯʝʥʠʷ ʥʝʠʩʢʘʞʝʥʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʠʩʢʣʶʯʘʝʪ ʚʥʝʰʥʠʝ ʩʪʨʝʩʩʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʇʦ ʥʘʰʝʤʫ 

ʦʧʳʪʫ, ʫʛʦʣʴʥʳʝ ʩʦʨʙʠʨʫʶʱʠʝ ʤʠʢʨʦʚʦʣʦʢʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʃʆʉ ʠʟ ʨʘʚʥʦʚʝʩʥʦʡ ʧʘʨʦʚʦʡ ʬʘʟʳ, ʥʦ ʟʘʪʦ ʦʙʣʘʜʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʥ ʩʦʩʪʘʚ ʃʆʉ, ʚʳʜʝʣʷʝʤʳʭ ʰʪʘʤʤʘʤʠ ʛʨʠʙʦʚ 

ʨʦʜʘ Fusarium: F. Langsethiae, F. Poae, F. Sporotrichioides, F. Sibiricum, ʚʳʨʘʱʝʥʥʳʤʠ ʥʘ 

ʜʚʫʭ ʧʠʪʘʪʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʘʭ: ʢʘʨʪʦʬʝʣʴʥʦ-ʩʘʭʘʨʦʟʥʦʡ ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʩʨʝʜʝ ʠ 

ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʥʳʭ ʟʝʨʥʘʭ ʧʰʝʥʠʮʳ. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʛʨʠʙʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʃʆʉ 

ʧʨʦʚʦʜʠʣʠ ʚ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʚʠʘʣʘʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (23 - 24ʦʉ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʧʘʨʦʚʦʡ ʬʘʟʳ ʧʨʦʚʦʜʠʣʠ ʝʞʝʜʥʝʚʥʦ ʩ 9-ʛʦ ʧʦ 16-ʳʡ ʜʝʥʴ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʠʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʃʆʉ ʤʝʪʦʜʦʤ 

ʊʌʄʕ ʥʘ ʤʠʢʨʦʚʦʣʦʢʥʦ ʢʘʨʙʦʢʩʝʥ/ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ ʩ ʪʦʣʱʠʥʦʡ ʧʣʝʥʢʠ ʬʘʟʳ 85 

ʤʢʤ. ɻʍ-ʄʉ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʛʘʟʦʚʦʤ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ QP-2010 Plus 

ʬʠʨʤʳ ʐʠʤʘʜʟʫ (ʗʧʦʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʠ HP-5 MS ʩ ʛʝʦʤʝʪʨʠʝʡ 

60ʤ ʏ 0,25ʤʤ ʏ 0,25 ʤʢʤ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʃʆʉ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʜʘʨʘ ʠ ʀʋ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʣʠʯʠʥ ʀʋ 

ʩʝʩʢʚʠʪʝʨʧʝʥʦʚ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʤʝʩʴ ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʘʚʠʣʴʥʦʩʪʴ ʀʋ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʠʭ ʚʝʣʠʯʠʥ. 

ʄʘʨʢʝʨʥʳʝ ʩʝʩʢʚʠʪʝʨʧʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʙʝʟʵʪʘʣʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʯʠʪʘʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʚʧʘʜʝʥʠʠ ʠʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ (ʬʘʢʪʦʨ 

ʩʦʚʧʘʜʝʥʠʷ Ó 85 %) ʠ ʀʋ (Ñ10 ʝʜ.) ʩʦ ʩʧʨʘʚʦʯʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʀʟ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʢʫʣʴʪʫʨ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʧʨʦʜʫʮʝʥʪʦʤ ʃʆʉ ʷʚʣʷʝʪʩʷ F. Langsethiae. ʉʧʝʢʪʨ 

ʩʝʩʢʚʠʪʝʨʧʝʥʦʚ ʥʘ ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʨʝʜʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʛʘʯʝ, ʯʝʤ ʥʘ ʟʝʨʥʝ, ʦʩʦʙʝʥʥʦ 

ʚʳʜʝʣʷʝʪʩʷ ʪʨʠʭʦʜʠʝʥ, ʧʨʠ ʵʪʦʤ ʥʝʪ ʫʩʪʦʡʯʠʚʦʡ ʪʝʥʜʝʥʮʠʠ ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪ 

9-ʛʦ ʜʦ 16-ʛʦ ʜʥʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɼʣʷ F.poae ʫʩʪʘʥʦʚʣʝʥ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʡ 

ʩʝʩʢʚʠʪʝʨʧʝʥ ʩ ʀʋ 1471, ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʷʚʣʷʶʱʠʡʩʷ ʛ-ʢʘʜʠʥʝʥʦʤ. ʇʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʦʥ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 10 ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʠʝ 

ʩʝʩʢʚʠʪʝʨʧʝʥʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ F. Poae ʥʘ ʢʘʨʪʦʬʝʣʴʥʦ-ʩʘʭʘʨʦʟʥʦʡ ʩʨʝʜʝ. ʇʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʟʝʨʥʝ ʜʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʨʝʟʢʦ ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʩʨʝʜʠ ʜʨʫʛʠʭ 

ʩʝʩʢʚʠʪʝʨʧʝʥʦʚ (ʄ 204), ʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩ ʥʠʤʠ ʥʘʨʘʚʥʝ. ɺ ʩʦʩʪʘʚʝ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚ, 

ʚʳʜʝʣʷʝʤʳʭ F. Sporotrichioides, ʥʘ ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʨʝʜʝ ʦʙʥʘʨʫʞʝʥʦ 13 ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʥʘ 

ʟʝʨʥʝ 9, ʠʟ ʥʠʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʫʜʘʣʦʩʴ ʣʠʰʴ ʧʦʣʦʚʠʥʫ. F. Sibiricum ʥʘ ʦʙʦʠʭ ʪʠʧʘʭ 

ʩʫʙʩʪʨʘʪʦʚ ʚʳʜʝʣʷʝʪ ʠʟʦʣʝʜʝʥ, ʙ-ʰʘʤʠʛʨʝʥ, ʠʟʦʤʝʨʥʳʝ ʢʘʜʠʥʝʥʳ, ʘʢʦʨʘʜʠʝʥ. ɼʣʷ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʫʟʘʨʠʝʚʳʭ ʛʨʠʙʦʚ ʦʪʤʝʯʝʥʘ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʵʤʠʩʩʠʷ ʃʆʉ, ʚʢʣʶʯʘʷ 

ʩʝʩʢʚʠʪʝʨʧʝʥʳ ʠ ʪʨʠʭʦʜʠʝʥ, ʥʘ ʢʘʨʪʦʬʝʣʴʥʦ-ʩʘʭʘʨʦʟʥʦʡ ʩʨʝʜʝ. ʇʦʧʦʣʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ ʫʩʪʘʥʦʚʠʪʴ ʤʘʨʢʝʨʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʠ ʜʠʥʘʤʠʢʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʃʆʉ, ʚʳʜʝʣʷʝʤʳʭ 

ʪʦʢʩʠʥʦʧʨʦʜʫʮʠʨʫʶʱʠʤʠ ʛʨʠʙʘʤʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʘʭ ʚ ʮʝʣʷʭ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʭʥʦʣʦʛʠʡ ʨʘʥʥʝʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʟʘʨʘʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ʅʆɺʓɽ ʉɽʃɽʂʊʀɺʅʓɽ ʀʅɻʀɹʀʊʆʈʓ ʎʆɻ-2 ʅɸ ʆʉʅʆɺɽ (-)-

ʎʀʊʀɿʀʅɸ: IN SILICO ʉʂʈʀʅʀʅɻ ʉ IN VIVO ɺɽʈʀʌʀʂɸʎʀɽʁ 
 

ɹʦʨʠʩʝʚʠʯ ʉ. ʉ., ʎʳʧʳʰʝʚʘ ʀ. ʇ., ʄʘʢʘʨʘ ʅ.ʉ., ʍʫʨʩʘʥ ʉ. ʃ. 
 

ʋʬʠʤʩʢʠʡ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʈɸʅ, monrel@mail.ru 
 

ʇʨʦʮʝʩʩ ʚʦʩʧʘʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ (ʅɼɿ), ʷʚʣʷʷʩʴ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʤ ʦʪʚʝʪʦʤ ʢʣʝʪʦʢ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʘʪʦʣʦʛʠʠ, ʨʝʞʝ ʠʭ ʧʨʠʯʠʥʦʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʧʘʮʠʝʥʪʦʚ, ʧʦʩʪʦʷʥʥʦ 

ʧʨʠʥʠʤʘʶʱʠʭ ʥʝʩʪʝʨʦʠʜʥʳʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ (ʅʇɺʇ), ʧʦʜʦʙʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʥʘʤʥʦʛʦ ʨʝʞʝ [1]. ʆʜʥʘʢʦ ʥʘʧʨʘʚʣʝʥʥʘʷ ʪʝʨʘʧʠʷ ʅɼɿ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʝʨʴʝʟʥʳʤʠ 

ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʝʩʝʣʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʮʠʦʢʣʦʦʢʩʝʛʝʥʘʟ 

ʎʆɻ-1 ʠ ʎʆɻ-2, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʣʠʯʥʳʝ ʬʘʟʳ ʚʦʩʧʘʣʝʥʠʷ [2]. ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʅʇɺʇ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʪʝʨʘʧʠʠ ʅɼɿ, ʪʦ ʟʘʜʘʯʘ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʣʠʰʝʥʥʳʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʦʩʪʘʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʭʠʥʦʣʠʟʠʜʠʥʦʚʦʛʦ ʘʣʢʘʣʦʠʜʘ (-)-ʮʠʪʠʟʠʥʘ, 

ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʥʦʦʪʨʦʧʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʷʚʣʷʶʪ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

[3]. ʕʪʠ ʜʘʥʥʳʝ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʠʩʢʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʘʛʝʥʪʦʚ ʩʨʝʜʠ ʥʦʚʳʭ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ. ʊʘʢ, ʥʘʤʠ ʧʨʦʚʝʜʝʥ in 

silico ʩʢʨʠʥʠʥʛ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʎʆɻ-1 ʠ ʎʆɻ-2 ʧʨʦʠʟʚʦʜʥʳʤʠ 12-N-

ʤʝʪʠʣʮʠʪʠʟʠʥʘ (ɸ2), ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 1. ɼʣʷ ʩʦʟʜʘʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʮʠʢʣʦʦʢʠʩʛʝʥʘʟ ʎʆɻ-1 ʠ ʎʆɻ-2 (PDB 

ʢʦʜʳ 1DIY ʠ 1CVU); ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʞʜʦʡ ʩʪʨʫʢʪʫʨʳ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ HF/6-311G(d,p) ʚ ʧʨʦʛʨʘʤʤʝ GAUSSIAN C01. ʇʨʠʛʦʪʦʚʣʝʥʠʝ 

ʨʝʮʝʧʪʦʨʦʚ ʠ ʚʩʝ ʧʨʦʮʝʜʫʨʳ ʜʦʢʠʥʛʘ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Schrºdinger Suite Maestro Version 10.0.013 

 
ʈʠʩʫʥʦʢ 1 ï ɹʠʙʣʠʦʪʝʢʘ 3-ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ 12-N-ʤʝʪʠʣʮʠʪʠʟʠʥʘ (ɸ2). 

 

ʉʥʘʯʘʣʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʦʢʠʥʛ çʨʦʜʥʦʛʦè ʣʠʛʘʥʜʘ ʮʠʢʣʦʦʢʩʠʛʝʥʘʟ ï ʘʨʘʭʠʜʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (ACD) ʩ ʮʝʣʴʶ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ 

ʠʭ ʩʚʷʟʳʚʘʥʠʷ; ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ACD ʠʟʚʣʝʯʝʥʳ ʠʟ PBD. ɼʦʢʠʥʛ ʚ ʘʢʪʠʚʥʳʡ 

ʮʝʥʪʨ ʎʆɻ-1 ʠ ʎʆɻ-2 ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʣ ʩʧʦʩʦʙ ʩʚʷʟʳʚʘʥʠʷ ACD - 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʥʝ ʙʦʣʝʝ 0.027 ¡.  

ɼʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʦʢʠʥʛ ʪʝʩʪʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʘʢʪʠʚʥʳʡ ʩʘʡʪ 

ʮʠʢʣʦʦʢʩʠʛʝʥʘʟ, ʨʘʩʩʯʠʪʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ çʙʘʣʣ ʩʪʳʢʦʚʢʠè ʠ ʦʮʝʥʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʚʷʟʳʚʘʥʠʷ ʢʘʞʜʦʛʦ ʣʠʛʘʥʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʢʠʥʛʘ (ʥʝʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ |æDS| ʠ ʟʥʘʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʘ (LE) ʙʣʠʟʢʦʝ ʢ ʟʥʘʯʝʥʠʶ LE ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʜʠʢʣʦʬʝʥʘʢʘ) ʚʳʙʨʘʥʳ ʧʷʪʴ ʩʪʨʫʢʪʫʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʩʢʨʠʥʠʥʛʘ in vivo. 

In vivo ʩʢʨʠʥʠʥʛ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

[4], ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʦʪʦʙʨʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ - ɸ2, ɸ168, ɸ169, ɸ179 ʠ ɸ182, ʵʬʬʝʢʪʠʚʥʳ 

ʧʨʠ ʣʝʯʝʙʥʦʤ ʩʧʦʩʦʙʝ ʚʚʝʜʝʥʠʷ (ʚʦ ʚʪʦʨʦʡ ʬʘʟʝ ʚʦʩʧʘʣʝʥʠʷ, ʠʥʜʫʮʠʨʫʝʤʦʡ ʎʆɻ-2) ʥʘ 
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ʤʦʜʝʣʠ ʦʩʪʨʦʛʦ ʦʪʝʢʘ, ʚʳʟʚʘʥʥʦʛʦ ʢʘʨʨʘʛʝʥʠʥʦʤ; ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʩʨʘʚʥʠʤʘ ʠʣʠ 

ʧʨʝʚʦʩʭʦʜʠʪ ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ ʚʦʣʴʪʘʨʝʥ (ʪʘʙʣʠʮʘ 2). 
 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʩʦʝʜʠʥʝʥʠʡ ɸ166-ɸ169, ɸ176, ɸ177, ɸ179, 

ɸ182-ɸ184 ʚ ʘʢʪʠʚʥʳʡ ʩʘʡʪ ʎʆɻ-1 ʠ ʎʆɻ-2 

ʎʆɻ-1 ʎʆɻ-2 

ʃʠʛʘʥʜ 
ɹʘʣʣ 

ʩʪʳʢʦʚʢʠ 
|æDS|1 LE2 RMSD ʃʠʛʘʥʜ 

ɹʘʣʣ 

ʩʪʳʢʦʚʢʠ 
|æDS| LE RMSD 

ACD3 -9.159 0 0.416 0.027 ACD -9.619 0 0.437 0.002 

DIF4 -9.498 0.339 0.500 0.018 DIF -9.498 0.121 0.500 0.018 

A2 -8.721 0.438 0.531 0.007 A2 -7.137 2.482 0.488 0.002 

A166 -10.016 0.857 0.435 0.047 A166 -9.081 0.538 0.395 0.045 

A167 -11.266 2.107 0.451 0.006 A167 -9.145 0.474 0.366 0.007 

A168 -9.572 0.413 0.435 0.048 A168 -8.493 1.126 0.386 0.002 

A169 -10.428 1.269 0.435 0.039 A169 -8.987 0.632 0.374 0.039 

A176 -10.926 1.767 0.429 0.028 A176 -8.870 0.749 0.370 0.016 

A177 -12.403 3.244 0.477 0.006 A177 -9.524 0.095 0.366 0.006 

A179 -10.948 1.789 0.421 0.070 A179 -10.286 0.667 0.396 0.021 

A182 -10.055 0.896 0.457 0.050 A182 -8.590 1.029 0.390 0.012 

A183 -9.844 0.685 0.477 0.048 A183 -8.699 0.920 0.395 0.006 

A184 -10.344 1.185 0.450 0.044 A184 -8.788 0.831 0.382 0.044 
1 ï ʈʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ʙʘʣʣʘ ʩʪʳʢʦʚʢʠ ʣʠʛʘʥʜʘ ʠ ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ; 2 ï ɿʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʣʠʛʘʥʜʘ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʙʘʣʣʘ ʩʪʳʢʦʚʢʠ ʢ ʢʦʣʠʯʝʩʪʚʫ ʪʷʞʝʣʳʭ (ʥʝ ʚʦʜʦʨʦʜʥʳʭ) ʘʪʦʤʦʚ;            
3 ï ʘʨʘʭʠʜʦʥʦʚʘʷ ʢʠʩʣʦʪʘ; 4 ï ʜʠʢʣʦʬʝʥʘʢ. 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 12-N-ʤʝʪʠʣʮʠʪʠʟʠʥ ʠ ʧʨʦʠʟʚʦʜʥʦʝ ɸ168 ʘʢʪʠʚʥʳ ʠ ʧʨʠ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʤ ʚʚʝʜʝʥʠʠ (ʚ ʧʝʨʚʦʡ ʬʘʟʝ ʚʦʩʧʘʣʝʥʠʷ, ʠʥʜʫʮʠʨʫʤʦʡ ʎʆɻ-1), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʭ ʜʝʡʩʪʚʠʷ. 
 

ʊʘʙʣʠʮʘ 2 - ʇʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ (-)-ʮʠʪʠʟʠʥʘ (ʜʦʟʘ 8 

ʤʛ/ʢʛ) ʥʘ ʤʦʜʝʣʠ ʢʘʨʨʘʛʝʥʠʥʦʚʦʛʦ ʦʩʪʨʦʛʦ ʦʪʝʢʘ 

ʫ ʤʳʰʝʡ 

 ̄ ʆʙʨʘʟʝʮ 

ʋʛʥʝʪʝʥʠʝ ʚʦʩʧʘʣʝʥʠʷ, % 

ʇʨʦʬʠʣʘʢʪ. 

ʚʚʝʜʝʥʠʝ 

ʃʝʯʝʙʥʦʝ 

ʚʚʝʜʝʥʠʝ 

1 ɺʦʣʴʪʘʨʝʥ 24.2 22.6 

2 ɸ2 7.7 30.1 

3 ɸ-179 -12.5 27.9 

4 ɸ-169 2.8 27.9 

5 ɸ-182 -6.7 16.4 

6 ɸ-168 5.4 12.2 
 

 
ʈʠʩ. 2 ï ʃʠʜʝʨ A179 ʚ ʘʢʪʠʚʥʦʤ ʩʘʡʪʝ ʎʆɻ-2 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ in silico ʩʢʨʠʥʠʥʛʘ ʠ in vivo ʚʝʨʠʬʠʢʘʮʠʠ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʦʝʜʠʥʝʥʠʝ ʣʠʜʝʨ ɸ179 - ʢʘʢ ʩʝʣʝʢʪʠʚʥʳʡ ʠʥʛʠʙʠʪʦʨ ʎʆɻ-2, 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʘʢʪʠʚʥʦʤ ʩʘʡʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.  
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ14-04-97035-ʧʦʚʦʣʞʴʝ-a. 
 

1. Peterson P.K., Toborek M. Neuroinflammation and Neurodegeneration, Springer, 2014, 600 p. 

2. Hoozemans Y. Y., Rozemuller J. M., van Haastert E. S., Veerhuis R., Eikelenboom P. Curr. 

Pharm. Des. 2008, 14, 1419. 

3. E. G. P®rez, C. M®ndez-G§lvez, B. K. Cassels, Nat. Prod. Rep., 2012, 29, 555. 

4. Vinegar R., Schreiber W., Hugo R., J. Pharm. Exper. Ther., 1969, 168, 96. 

http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%A9ndez-G%C3%A1lvez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22367109
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ɸʃʂʀʃ-2-ɸʈʀʃɻʀɼʈɸɿʀʅʀʃʀɼɽʅ-3-ʆʂʉʆ-3-

ʇʆʃʀʌʊʆʈɸʃʂʀʃʇʈʆʇʀʆʅɸʊʓ ï ʅʆɺʓɽ ʕʌʌɽʂʊʀɺʅʓɽ ʀ 

ʉɽʃɽʂʊʀɺʅʓɽ ʀʅɻʀɹʀʊʆʈʓ ʂɸʈɹʆʂʉʀʃʕʉʊɽʈɸɿʓ 
 

ɹʫʨʛʘʨʪ ʗ. ɺ.ʘ, ʄʘʭʘʝʚʘ ɻ. ʌ.ʙ, ɹʦʣʪʥʝʚʘ ʅ. ʇ.ʙ, ʂʦʚʘʣʸʚʘ ʅ. ɺ.ʙ, ʃʫʱʝʢʠʥʘ ʉ. ɺ.ʙ,ʚ, 

ʑʝʛʦʣʴʢʦʚ ɽ. ɺ.ʘ, ʉʘʣʦʫʪʠʥ ɺ. ʀ.ʘ, ʏʫʧʘʭʠʥ ʆ. ʅ.ʘ 

 
ʘ ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ 

620990 ʈʦʩʩʠʷ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʫʣ. ʉ. ʂʦʚʘʣʝʚʩʢʦʡ, 22/ ɸʢʘʜʝʤʠʯʝʩʢʘʷ, 20 

burgart@ios.uran.ru 
ʙ ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʈɸʅ, 

142432 ʈʦʩʩʠʷ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʉʝʚʝʨʥʳʡ ʧʨʦʝʟʜ ʜ. 1 
ʚ ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʈɸʅ 

119334, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʫʣ. ʂʦʩʳʛʠʥʘ, ʜ. 4  

 

ʂʘʨʙʦʢʩʠʣʵʩʪʝʨʘʟʳ (ʂʕ, ʂʌ 3.1.1.1) ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʬʝʨʤʝʥʪʦʤ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʣʦʞʥʦʵʬʠʨʥʫʶ, ʢʘʨʙʘʤʘʪʥʫʶ ʠʣʠ ʘʤʠʜʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ. ʕʪʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʧʨʝʧʘʨʘʪʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʨʘʟʣʠʯʥʳʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤ 

ʛʨʫʧʧʘʤ: ʘʥʪʠʘʛʨʝʛʘʥʪʳ, ʠʥʛʠʙʠʪʦʨʳ ʘʥʛʠʦʪʝʥʟʠʥ-ʧʨʝʚʨʘʱʘʶʱʝʛʦ ʬʝʨʤʝʥʪʘ, ʩʪʘʪʠʥʳ, 

ʧʨʝʧʘʨʘʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʎʅʉ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʨʦʪʠʚʦʨʘʢʦʚʳʝ ʧʨʝʧʘʨʘʪʳ 

[1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʥʛʠʙʠʪʦʨʳ ʂʕ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʪʘʢʠʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʢʦʨʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʷ 

ʧʨʦʣʝʢʘʨʩʪʚʘ ʚ ʜʝʡʩʪʚʫʶʱʝʝ ʣʝʢʘʨʩʪʚʦ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʧʦʣʫʧʝʨʠʦʜ ʞʠʟʥʠ 

ʘʢʪʠʚʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʛʠʜʨʦʣʠʟʫʶʱʝʛʦʩʷ ʂʕ, ʠʤʝʶʪ ʚʘʞʥʦʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

[2,3]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʂʕ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 

(co-drugs) ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ, ʧʦʚʳʩʠʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʩʥʠʟʠʪʴ ʠʭ 

ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ [3]. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʂʕ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʂʕ ʚ 

ʨʷʜʫ 2-ʘʨʠʣʛʠʜʨʘʟʠʥʠʣʠʜʝʥ-3-ʦʢʩʦ-3-ʧʦʣʠʬʪʦʨʘʣʢʠʣʧʨʦʧʠʦʥʘʪʦʚ.  

ʉʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ (1-6) ʠ ʠʭ ʥʝʬʪʦʨʠʨʦʚʘʥʥʳʡ ʘʥʘʣʦʛ (7) ʦʙʱʝʡ 

ʬʦʨʤʫʣʳ: 

O

R
1

O

O

N

N
HR

2

R
3

 

1 (R1 = CF3, R
2 = Et, R3 = ʅ),  

2 (R1 = CF3, R
2 = Et, R3 = 4-OMe),  

3 (R1 = CF3, R
2 = Et, R3 = 4-Me),  

4 (R1 = CF3, R
2 = Et, R3 = 2-NO2),  

5 (R1 = CF2H, R2 = Me, R3 = 4-Me),  

6 (R1 = C3F7, R
2 = Me, R3 = 4- OMe),  

7 (R1 = Me, R2 = Et, R3 = Me). 

ʀʟʫʯʝʥʘ ʠʥʛʠʙʠʪʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʂʕ ʧʝʯʝʥʠ ʩʚʠʥʴʠ ʠ 

ʩʪʨʫʢʪʫʨʥʦ ʙʣʠʟʢʠʭ ʬʝʨʤʝʥʪʦʚ - ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ ʵʨʠʪʨʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ (ɸʍʕ, ʂʌ 

3.1.1.7) ʠ ʙʫʪʠʨʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ ʩʳʚʦʨʦʪʢʠ ʣʦʰʘʜʠ (ɹʍʕ, ʂʌ 3.1.1.8). ɸʥʘʣʠʟ 

ʵʩʪʝʨʘʟʥʦʛʦ ʧʨʦʬʠʣʷ ʩʦʝʜʠʥʝʥʠʡ 1-6 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʠʥʛʠʙʠʪʦʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʂʕ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸʍʕ ʠ ɹʍʕ. 

ʄʘʢʩʠʤʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʂʕ ʧʨʦʷʚʣʷʶʪ ʵʪʠʣʦʚʳʝ ʵʬʠʨʳ 1-4, ʩʦʜʝʨʞʘʱʠʝ 

ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ ʫ ʢʘʨʙʦʥʠʣʘ ʚ ʪʨʝʪʴʝʤ ʧʦʣʦʞʝʥʠʠ, ʢʦʪʦʨʳʝ ʠʥʛʠʙʠʨʫʶʪ ʂʕ ʚ 

ʥʘʥʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ (IC50 = 5ï13 ʥʄ). ʇʨʠ ʵʪʦʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 1-4 ʢ ʂʕ 
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ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɹʍʕ ʩʦʩʪʘʚʣʷʝʪ ʪʨʠ ʧʦʨʷʜʢʘ; ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʢ ʂʕ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ɸʍʕ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 150 ʜʦ 1000. ʅʝʚʳʩʦʢʘʷ ʠʥʛʠʙʠʪʦʨʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ɸʍʕ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʡ ʦʩʪʨʦʡ 

ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʮʝʧʠ ʧʦʣʠʬʪʦʨʘʣʢʠʣʴʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ (ʩʦʝʜʠʥʝʥʠʝ 6) ʠ, ʦʩʦʙʝʥʥʦ, ʟʘʤʝʥʘ ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʦʛʦ ʥʘ ʜʠʬʪʦʨʤʝʪʠʣʴʥʳʡ 

ʨʘʜʠʢʘʣ (ʩʦʝʜʠʥʝʥʠʝ 5) ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʘʥʪʠ-ʂʕ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʝʬʪʦʨʠʨʦʚʘʥʥʳʡ ʘʥʘʣʦʛ ʩʦʝʜʠʥʝʥʠʡ 1-6 - ʵʪʠʣ-2-ʬʝʥʠʣʛʠʜʨʘʟʠʥʠʣʠʜʝʥ-3-ʦʢʩʦʙʫʪʘʥʦʘʪ 

7 ʥʝ ʦʙʣʘʜʘʝʪ ʠʥʛʠʙʠʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʵʩʪʝʨʘʟ. 

ʄʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ AutoDock 4.2.6 

ʠʩʩʣʝʜʦʚʘʥʦ ʩʚʷʟʳʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ-ʣʠʜʝʨʦʚ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʂʕ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ 

ʭʦʨʦʰʝʝ ʩʚʷʟʳʚʘʥʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʢʪʠʚʥʳʤ ʩʘʡʪʦʤ ʬʝʨʤʝʥʪʘ. ʂʘʨʙʦʥʠʣʴʥʳʡ 

ʢʠʩʣʦʨʦʜ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʵʬʠʨʘ 1, ʟʘʥʠʤʘʝʪ ʦʢʩʠʘʥʠʦʥʥʳʡ ʮʝʥʪʨ ʩʫʙʩʪʨʘʪʘ ʂʕ, 

ʦʙʨʘʟʫʷ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ NH-ʛʨʫʧʧʘʤʠ Gly142, Gly143 ʠ Ala222 ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʠ 

ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʫʷ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ. 

 
 s

 

 x
ʈʠʩ.1 ɼʦʢʠʥʛ ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʘ 1 ʚ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʂʕ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʣʢʠʣ-2-

ʘʨʠʣʛʠʜʨʘʟʠʥʠʣʠʜʝʥ-3-ʦʢʩʦ-3-ʧʦʣʠʬʪʦʨʘʣʢʠʣʧʨʦʧʠʦʥʘʪʦʚ 1-6 ʠ ʠʭ ʥʝʬʪʦʨʠʨʦʚʘʥʥʦʛʦ 

ʘʥʘʣʦʛʘ 7 ʚ ʦʪʥʦʰʝʥʠʠ ʂʕ ʠ ʩʪʨʫʢʪʫʨʥʦ ʙʣʠʟʢʠʭ ʵʩʪʝʨʘʟ ɸʍʕ ʠ ɹʍʕ ʥʘʡʜʝʥʳ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʠ ʩʝʣʝʢʪʠʚʥʳʝ ʦʙʨʘʪʠʤʳʝ ʠʥʛʠʙʠʪʦʨʳ ʢʘʨʙʦʢʩʠʣʵʩʪʝʨʘʟʳ 1-4, 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪ ʚ ʥʘʥʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ [4]. ʇʦʢʘʟʘʥʥʦʝ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ 

ʠʥʛʠʙʠʪʦʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʣʢʠʣ-2-ʘʨʠʣʛʠʜʨʘʟʠʥʠʣʠʜʝʥ-3-ʦʢʩʦ-3-

ʧʦʣʠʬʪʦʨʘʣʢʠʣʧʨʦʧʠʦʥʘʪʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʩʰʠʨʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʠʩʢʫ ʘʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʂʕ ʚ ʜʘʥʥʦʤ 

ʨʷʜʫ. 
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ʇʆʀʉʂ ʅʆɺʓʍ ʇʈʆʊʀɺʆʄʀʂʈʆɹʅʓʍ ʉʈɽɼʉʊɺ 

ɺ ʈʗɼʋ ɼʀʆʂʉʆʊʀɽʊɸʅʉʆɼɽʈɾɸʑʀʍ ʇʀʈʀʄʀɼʀʅʆɺ  

 
ʂʘʪʘʝʚ ɺ. ɸ., ʄʝʱʝʨʷʢʦʚʘ ʉ. ɸ., ʄʫʥʘʩʠʧʦʚʘ ɼ. ɸ., ʐʫʤʘʜʘʣʦʚʘ ɸ. ɺ., ɹʫʣʛʘʢʦʚ ɸ.ʂ. 

  
ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

 450000, ʛ.ʋʬʘ, ʫʣ. ʃʝʥʠʥʘ, 3, centreles@mail.ru  

 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʠʥʬʝʢʮʠʦʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʚʳʟʚʘʥʥʳʝ ʙʘʢʪʝʨʠʷʤʠ ʠ ʛʨʠʙʘʤʠ, ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʫʛʨʦʟʦʡ ʦʙʱʝʩʪʚʝʥʥʦʤʫ 

ʟʜʦʨʦʚʴʶ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʣʝʢʘʨʩʪʚ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʫ 

ʨʷʜʘ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ, 

ʨʘʟʚʠʪʠʝ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ 

ʵʬʬʝʢʪʦʚ ʫ ʥʝʢʦʪʦʨʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʧʨʠʚʝʣʦ ʢ ʧʦʠʩʢʫ ʥʦʚʳʭ ʤʘʣʦʪʦʢʩʠʯʥʳʭ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʳʩʢʘʥʠʝ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ 

ʨʷʜʫ ʜʠʦʢʩʦʪʠʝʪʘʥʠʣʧʠʨʠʤʠʜʠʥ-2,4(1ʅ,3ʅ)-ʜʠʦʥʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 6-ʤʝʪʠʣ-3-(ʪʠʪʝʘʥ-3-ʠʣ)ʫʨʘʮʠʣ 

(1) ʠ 3-(1,1-ʜʠʦʢʩʦʪʠʝʪʘʥ-3-ʠʣ)-6-ʤʝʪʠʣʫʨʘʮʠʣ (2) ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦ ʤʝʪʦʜʠʢʘʤ, 

ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [1] ʠ [2], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɻʠʜʨʘʟʠʜ 2-[3-(1,1-ʜʠʦʢʩʦʪʠʝʪʘʥ-3-ʠʣ)-6-

ʤʝʪʠʣʫʨʘʮʠʣ-1-ʠʣ]ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (4) ʧʦʣʫʯʝʥ ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ (3) 

ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʤʦʥʦʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʠʷ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʵʬʠʨʘ ʩ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ (ʩʭʝʤʘ 

1). 

ʉʭʝʤʘ 1 

 

 
 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʠʜʨʘʟʠʜʘ 4 ʩ ʜʚʫʢʨʘʪʥʳʤ ʤʦʣʴʥʳʤ ʠʟʙʳʪʢʦʤ 

ʘʥʛʠʜʨʠʜʘ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʘʥʛʠʜʨʠʜʳ ʫʢʩʫʩʥʦʡ, ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪ) ʠʣʠ ʩ 

ʵʢʚʠʤʦʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʥʛʠʜʨʠʜʘ ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʘʥʛʠʜʨʠʜʳ ʷʥʪʘʨʥʦʡ, 

ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪ) ʚ 1,4-ʜʠʦʢʩʘʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʘʮʠʣʧʨʦʠʟʚʦʜʥʳʝ ʩ ʚʳʭʦʜʘʤʠ 52-92%. 

ɸʮʠʣʠʨʦʚʘʥʠʝ ʙʝʥʟʦʠʣʭʣʦʨʠʜʦʤ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʢʚʠʤʦʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ 1,4-ʜʠʦʢʩʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʩʭʝʤʘ 2). 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʘ ʩʪʨʦʝʥʠʝ ʜʦʢʘʟʘʥʦ ʤʝʪʦʜʘʤʠ 

ʗʄʈ 1ʅ, 13ʉ ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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ʉʭʝʤʘ 2 

 

 
 

ʉʢʨʠʥʠʥʛ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 5-9 ʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʠ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ çʜʠʬʬʫʟʠʠ ʚ ʘʛʘʨè ʠ ʜʚʫʢʨʘʪʥʳʭ 

ʩʝʨʠʡʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʚ ʤʷʩʦʧʝʧʪʦʥʥʦʤ ʙʫʣʴʦʥʝ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ ʩʨʝʜʳ. 

ʄʠʢʨʦʙʥʘʷ ʥʘʛʨʫʟʢʘ ʩʦʩʪʘʚʣʷʣʘ 2,0Ŀ106 ʤʠʢʨʦʙʥʳʭ ʪʝʣ ʚ 1 ʤʣ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʪʝʩʪ-ʢʫʣʴʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʝʧʦʥʠʨʦʚʘʥʥʳʝ ʰʪʘʤʤʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ɻʀʉʂ 

ʠʤ. ʃ.ɸ. ʊʘʨʘʩʝʚʠʯʘ ʢʘʬʝʜʨʳ ʤʠʢʨʦʙʠʦʣʦʛʠʠ, ʚʠʨʫʩʦʣʦʛʠʠ ʠ ʠʤʤʫʥʦʣʦʛʠʠ ɹʘʰʢʠʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ: St. aureus, E. coli, P. vulgaris, K. pneumoniae, C. 

diversus, Ent. aerogenes, Ps. aeruginosa, Ser. abosit ʠ ʥʠʟʰʠʭ ʛʨʠʙʦʚ C. albicans.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ N-ʘʮʠʣʧʨʦʠʟʚʦʜʥʳʝ 

ʛʠʜʨʘʟʠʜʘ 2-[3-(1,1-ʜʠʦʢʩʦʪʠʝʪʘʥ-3-ʠʣ)-6-ʤʝʪʠʣʫʨʘʮʠʣ-1-ʠʣ]ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 5, 7-9 

ʧʨʦʷʚʣʷʶʪ ʚʳʨʘʞʝʥʥʫʶ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ 

ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʩʪ-ʢʫʣʴʪʫʨ, ʪʘʢ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʥʠʟʰʠʭ ʛʨʠʙʦʚ ʚ ʤʠʥʠʤʘʣʴʥʦ ʧʦʜʘʚʣʷʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1-0,1 

ʤʢʛ/ʤʣ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ N-ʘʮʠʣʧʨʦʠʟʚʦʜʥʳʝ ʛʠʜʨʘʟʠʜʘ 2-[3-(1,1-

ʜʠʦʢʩʦʪʠʝʪʘʥ-3-ʠʣ)-6-ʤʝʪʠʣʫʨʘʮʠʣ-1-ʠʣ]ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʠʟʫʯʝʥʳ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ  ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʠ. 
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ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ɼ. ʍʵʨʤʘʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʤʦʣʝʢʫʣʳ ʙʝʣʢʦʚ, ʣʠʧʠʜʦʚ, ɼʅʂ, ʯʪʦ ʧʨʠʚʦʜʠʪ  ʢ ʢʣʝʪʦʯʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ. ʆʥ ʞʝ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʚʝʱʝʩʪʚʘ-ʘʥʪʠʦʢʩʠʜʘʥʪʳ (ɸʆ) ʤʦʛʫʪ ʙʣʦʢʠʨʦʚʘʪʴ 

ʜʝʡʩʪʚʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʟʘʤʝʜʣʷʪʴ ʧʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ. ʕʪʘ ʪʝʦʨʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʤʥʦʛʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʚ ʦʧʳʪʘʭ ʥʘ ʞʠʚʦʪʥʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʘ ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ɸʆ ʩʧʦʩʦʙʥʳ ʢ ʠʥʚʝʨʩʠʠ ʩʚʦʠʭ ʠʥʛʠʙʠʨʫʶʱʠʭ 

ʩʚʦʡʩʪʚ [1,2]. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʚʝʨʩʠʠ 

ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʤʦʛʦ ɸʆ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ 

ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʫʙʩʪʨʘʪʘ ʦʢʠʩʣʝʥʠʷ ʠ ʥʘʣʠʯʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʢʘʪʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ʠ ʜʨ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʠʥʚʝʨʩʠʶ ʩʚʦʡʩʪʚ ɸʆ, ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ. ɼʘʥʥʳʡ ʬʘʢʪ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʤʥʦʛʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʘʮʠʣʘ, ʷʚʣʷʶʱʠʭʩʷ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʠ ʦʙʣʘʜʘʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ɸʆ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʠʟʫʯʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ 1,4-ʜʠʦʢʩʘʥʘ [3,4]. 

ʀʥʠʮʠʠʨʦʚʘʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʪʝʢʘʝʪ ʚ 

ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦ ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ ʢʚʘʜʨʘʪʠʯʥʳʤ ʦʙʨʳʚʦʤ ʮʝʧʠ 

ʠ ʚʢʣʶʯʘʝʪ ʨʷʜ ʦʙʱʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʪʘʜʠʡ: 
¶­ 2rI ,          (i)1 

¶¶ +­+ RrHRHr ,        (i)2 
¶¶ +­+ RROOHRHRO2 ,       (II)  

¶¶+­ HOROROOH ,        (III)  

PrRORO 22 ­+ ¶¶

,        (VI)  

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʘ ʦʙʨʳʚ ʮʝʧʠ ʥʘ ʨʘʜʠʢʘʣʘʭ RO2
¶ ʧʨʦʪʝʢʘʝʪ ʧʦ ʨʝʘʢʮʠʷʤ: 

¶¶ +­+ InROOHInHRO2 ,       (VII)  

ROOInInRO2 ­+ ¶¶

,        (VIII ) 
¶¶ +­+ RInHRHIn ,        (X) 

ʆʜʥʘʢʦ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ɸʆ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʚ ʩʠʩʪʝʤʝ 

ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʵʪʦ 5Ā10-5 ʄ, ʚ ʩʠʩʪʝʤʝ 1,4-ʜʠʦʢʩʘʥʘ ï 2Ā10-4 ʄ ʨʘʩʪʚʦʨʘ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʫʨʘʮʠʣʘ) ʥʘʙʣʶʜʘʶʪʩʷ ʵʢʩʪʨʝʤʫʤʳ ʥʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʨʘʮʠʣʘ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʠʟʚʝʩʪʥʳʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʮʝʧʠ ʥʘ ʠʥʛʠʙʠʪʦʨ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʧʦʤʷʥʫʪʦʡ 

ʠʥʚʝʨʩʠʠ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠʥʛʠʙʠʪʦʨʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʦʥ ʧʨʦʷʚʣʷʝʪ 

ʠʥʠʮʠʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ ʧʦʷʚʣʝʥʠʝʤ ʩʪʘʜʠʡ (X)ï(XII ): 
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¶¶ ­+ 22 InOOIn ,        (XI) 
¶¶ +­+ HInOORRHInO2        (XII ) 

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʬʘʢʪʘ ʠʥʚʝʨʩʠʠ ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʘʮʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ɸʆ ʩʣʫʞʠʪ 

ʩʦʚʧʘʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʨʘʩʯʝʪʥʳʤʠ. ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʝʘʢʮʠʠ ʠʥʛʠʙʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 1,4-ʜʠʦʢʩʘʥʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʍʠʤʂʠʥʆʧʪʠʤʘè [5]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʶʪ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʪʘʢ ʠ 

ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 5-ʘʤʠʥʦ-6-ʤʝʪʠʣʫʨʘʮʠʣʘ (ʨʠʩ. 1), ʢʦʪʦʨʘʷ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʥʚʝʨʩʠʠ 

ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠʥʛʠʙʠʪʦʨʘ.  

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʯʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ 1,4-ʜʠʦʢʩʘʥʘ 

ʦʪ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 5-

ʘʤʠʥʦ-6-ʤʝʪʠʣʫʨʘʮʠʣʘ: 1 ï ʨʘʩʯʝʪ, 

2 ï ʵʢʩʧʝʨʠʤʝʥʪ. Vi = 1Ā10
-7 ʤʦʣʴ ʣ-1 

ʩ-1, 348 ʂ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʘʞʝ ʝʩʣʠ ʚʝʱʝʩʪʚʦ ʭʦʨʦʰʠʡ 

ʠʥʛʠʙʠʪʦʨ, ʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʘʞʥʦ ʟʥʘʪʴ, 

ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ, 

ʪ.ʢ. ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʥʚʝʨʪʠʨʦʚʘʥʠʝ 

ʩʚʦʡʩʪʚ ʠʥʛʠʙʠʪʦʨʘ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1) ɿʘʡʮʝʚ ɺ.ɻ. ʄʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʦʮʝʥʢʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ. - ɺʦʣʛʦʛʨʘʜ, 2001. - 23 ʩ. 

2)  ɻʘʨʠʬʫʣʣʠʥʘ ɻ.ɻ., ɻʝʨʯʠʢʦʚ ɸ .ʗ., ɹʘʰʠʨʦʚʘ P.M., ɿʠʛʘʥʰʠʥʘ ʉ.ʍ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʠʧʝʨʠʮʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʘ ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ // ɺʝʩʪʥʠʢ ɹʘʰʢʠʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2002. -ˉ 2. - ʉ. 40-42. 

3) ɻʝʨʯʠʢʦʚ ɸ.ʗ., ɻʘʨʠʬʫʣʣʠʥʘ ɻ.ɻ., ʉʘʬʘʨʦʚʘ ʀ.ɺ., ʂʨʠʚʦʥʦʛʦʚ ɺ.ʇ. ɸʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʘʮʠʣʘ // ɺʝʩʪʥʠʢ ɹʘʰʢʠʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2004. - ˉ3. - 

ʉ. 73 ï 76.     

4) ɸʭʘʪʦʚʘ ɻ.ʈ., ʉʘʬʘʨʦʚʘ ʀ.ɺ., ɻʝʨʯʠʢʦʚ ɸ.ʗ. ɸʥʪʠʦʢʠʩʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʘʮʠʣʘ // ʂʠʥʝʪʠʢʘ ʠ ʢʘʪʘʣʠʟ. ï 2011. ï ʊ.52. ï ˉ1. ï ʉ. 3-7. 

5) ʊʠʭʦʥʦʚʘ ʄ.ɺ., ʄʘʩʢʦʚ ɼ.ʌ., ʉʧʠʚʘʢ ʉ.ʀ., ɻʫʙʘʡʜʫʣʣʠʥ ʀ.ʄ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ñʍʠʤʂʠʥʆʧʪʠʤʘò ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʙʘʟʳ ʜʘʥʥʳʭ: 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʩʫʨʩʘ // ʀʅʀʇʀ ʈɸʆ ʆʌʕʈʅʠʆ. ˉ 19247; 

ʜʘʪʘ ʨʝʛ. 30.05.2013. 
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ɸʅʊʀʆʂʉʀɼɸʅʊ/ʆʂʉʀɼɸʅʊʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 
 

ɿʘʭʘʨʦʚ ɸ.ʉ., ʊʘʨʘʩʦʚ ɸ.ɺ., ɹʨʘʡʥʠʥʘ ʍ.ɿ. 

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʋʨɻʕʋ-ʉʀʅʍ) 

620144 ɽʢʘʪʝʨʠʥʙʫʨʛ, ʫʣ. 8 ʄʘʨʪʘ, 62 

anaksimandr@e1.ru 

 

ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʢʟʦʛʝʥʥʳʭ ʠ ʵʥʜʦʛʝʥʥʳʭ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʦʛʦ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʟʚʝʥʘ ʧʨʠ ʨʘʟʚʠʪʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʙʦʣʝʟʥʝʡ, ʚ ʪ.ʯ. ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ, ʵʥʜʦʢʨʠʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʧʦʨʘʞʝʥʠʡ ʩʫʩʪʘʚʦʚ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ, ʢʦʞʠ, ʘ ʪʘʢʞʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ. 

ʇʨʠʯʠʥʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʷʚʣʷʶʪʩʷ ʥʘʨʫʰʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʙʘʣʘʥʩʘ ʩʢʦʨʦʩʪʠ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʘʢʪʠʚʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʠ ʦʩʣʘʙʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ.  

ʉʦʟʜʘʥʠʝ ʩʨʝʜʩʪʚ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʩʠʜʘʥʪʦʚ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʚ ʮʝʧʠ ʨʘʩʪʝʥʠʷ, 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʦʜʘ, ʯʝʣʦʚʝʢ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʢʩʠʜʘʥʪʥʦʛʦ ʩʪʨʝʩʩʘ 

ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪ, ʧʨʠ ʵʪʦʤ ʨʘʟʚʠʪʠʶ 

ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʩʠʜʘʥʪʦʚ ʫʜʝʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ, ʯʝʤ ʤʝʪʦʜʘʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥʘ ʨʝʘʢʮʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʨʨʦʮʠʘʥʠʜ-ʠʦʥʦʚ ʩ ʦʢʩʠʜʘʥʪʘʤʠ ʠʣʠ ʬʝʨʨʠʮʠʘʥʠʜ-ʠʦʥʦʚ ʩ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ ʩ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ 

(ʭʨʦʥʦʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʤ) ʠʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ. ʀʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʠʥ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

1. ʪʦʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʝʨʨʠʮʠʘʥʠʜ-ʠʦʥʦʚ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ 0 ɺ (ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ), ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʢʩʠʜʘʥʪʦʚ ʩ 

ʬʝʨʨʦʮʠʘʥʠʜ-ʠʦʥʘʤʠ;  

2. ʪʦʢ ʦʢʠʩʣʝʥʠʷ ʬʝʨʨʦʮʠʘʥʠʜ-ʠʦʥʦʚ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ +0,35 ɺ (ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ), ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʩ 

ʬʝʨʨʠʮʠʘʥʠʜ-ʠʦʥʘʤʠ;  

3. ʫʚʝʣʠʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ  ʦʢʩʠʜʘʥʪʦʚ ʩ 

ʬʝʨʨʦʮʠʘʥʠʜ-ʠʦʥʘʤʠ;  

4. ʫʤʝʥʴʰʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ  ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʩ 
ʬʝʨʨʠʮʠʘʥʠʜ-ʠʦʥʘʤʠ. 

ʇʦʣʫʯʝʥʳ ʧʨʷʤʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʛʥʘʣ - ʢʦʥʮʝʥʪʨʘʮʠʷ [Fe(CN)6]
3- 

(ʉ[Fe(CN)6]
3-)  ʚ ʧʝʨʚʦʤ ʠ ʪʨʝʪʴʝʤ ʩʣʫʯʘʷʭ ʠ ʩʠʛʥʘʣ ï ȹʉ[Fe(CN)6]

3- ʚʦ ʚʪʦʨʦʤ ʠ ʯʝʪʚʸʨʪʦʤ 

ʩʣʫʯʘʷʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʠ ʘʩʢʦʨʙʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʦʢʩʠʜʘʥʪ/ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʷʢʫʣʷʪʘ 

ʯʝʣʦʚʝʢʘ. 
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ʉɺʗɿʀ C=C ʄʆʃɽʂʋʃʗʈʅʓʄ ɺʆɼʆʈʆɼʆʄ ʅɸ Pd/C-SiO2 
 

ɸʢʯʫʨʠʥ ʊ.ʀ., ɻʘʨʠʬʫʣʣʠʥʘ ʈ.ʈ., ʊʘʣʠʧʦʚʘ ʈ.ʈ., ɹʘʡʙʫʣʘʪʦʚʘ ʅ.ɿ., ɼʦʢʠʯʝʚ ɺ.ɸ. 

 

ʋʬʠʤʩʢʠʡ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, 450054, ʛ. ʋʬʘ, ʧʨ. ʆʢʪʷʙʨʷ, 71 

E-mail: timurstr@gmail.com 

 

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʦʜʦʨʦʜʦʤ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Pd-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʤʝʝʪ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʢʘʪʘʣʠʟʘ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɼʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʦʩʠʪʝʣʷ, 

ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʘʣʣʘʜʠʝʚʳʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ, ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʘʣʣʘʜʠʝʚʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʥʘ ʫʛʣʝʨʦʜ-ʢʨʝʤʝʟʝʤʥʳʭ ʥʦʩʠʪʝʣʷʭ, ʩʦʯʝʪʘʶʱʠʭ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʬʦʙʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʠʣʠʢʘʛʝʣʝʡ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʚʷʟʠ ʉ=ʉ  

ʦʣʝʬʠʥʦʚ ʣʠʥʝʡʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ 5%Pd/C-SiO2, ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʨʘʚʥʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 5%Pd/SiO2 ʠ 5%Pd/ʉ. 

ʋʛʣʝʨʦʜ-ʢʨʝʤʥʝʟʝʤʥʳʡ ʥʦʩʠʪʝʣʴ (C-SiO2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʜʨʦʬʠʣʴʥʳʡ 

ʤʘʣʦʧʦʨʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 0.1ï0.63 ʤʤ, ʩ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 1.25 

ʛ/ʩʤ3, ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (Sʫʜ) 7.0 ʤ
2/ʛ, ʦʙʲʸʤʦʤ ʧʦʨ (Vʧʦʨ) ʧʦ ʪʘʢʠʤ ʘʜʩʦʨʙʝʥʪʘʤ, ʢʘʢ 

ʙʝʥʟʦʣ (0,025 ʩʤ3/ʛ ï 200ʦC, 0,039 ʩʤ3/ʛ ï 350ʦC), ʛʝʧʪʘʥ (0,022 ʩʤ3/ʛ ï 200ʦC, 0,062ʩʤ3/ʛ ï 

350ʦC), ʚʦʜʘ (0,010ʩʤ3/ʛ ï 200ʦC, 0,007 ʩʤ3/ʛ ï 350ʦC), ʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝʤ 10%. ɺ ʢʘʯʝʩʪʚʝ 

ʢʨʝʤʥʝʟʸʤʥʦʛʦ ʥʦʩʠʪʝʣʷ (SiO2) ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʵʪʠʣʩʠʣʠʢʘʪʘ-40 ʤʠʢʨʦ-

ʤʝʟʦʧʦʨʠʩʪʳʡ ʩʠʣʠʢʘʛʝʣʴ, ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ <100 ʤʢʤ, ʩ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0.5 

ʛ/ʩʤ3, ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (Sʫʜ) 485 ʤ
2/ʛ, ʦʙʲʸʤʦʤ ʧʦʨ (Vʧʦʨ) ʧʦ ʧʘʨʘʤ ʪʘʢʠʭ 

ʘʜʩʦʨʙʝʥʪʦʚ, ʢʘʢ ʙʝʥʟʦʣ (0,82 ʩʤ3/ʛ), ʛʝʧʪʘʥ (0,83 ʩʤ3/ʛ), ʚʦʜʘ (0,01ʩʤ3/ʛ) ʠ 

ʚʦʜʦʧʦʛʣʦʱʝʥʠʝʤ 160%. 

ʅʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʘ 5%Pd/C-SiO2 ʚ ʨʷʜʫ Ŭ-ʦʣʝʬʠʥʦʚ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʘʣʢʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʬʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ (ʚʠʥʠʣʙʝʥʟʦʣ, 

ʘʣʣʠʣʙʝʥʟʦʣ ʠ 1,1-ʜʠʬʝʥʠʣʵʪʠʣʝʥ) ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʘʣʢʝʥ : Pd = 100 : 1 ʧʨʠ 

24 ʦʉ). ɺ ʚʳʙʨʘʥʥʳʭ ʥʘʤʠ ʫʩʣʦʚʠʷʭ ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʛʝʧʪʝʥʘ-1, ʦʢʪʝʥʘ-1, ʥʦʥʝʥʘ-1, 

ʜʝʮʝʥʘ-1 ʠ ʛʝʢʩʘʜʝʮʝʥʘ-1 ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʥʠʣʩʦʜʝʨʞʘʱʠʤʠ ʘʣʢʝʥʘʤʠ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʘʣʢʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʚ ʨʷʜʫ. 

ʉʨʘʚʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 5%Pd/C-SiO2 ʩ ʝʛʦ ʘʥʘʣʦʛʘʤʠ ʥʘ 5%Pd/SiO2 ʠ 

5%Pd/C ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 1,1-ʜʠʬʝʥʠʣʵʪʠʣʝʥʘ ʧʨʦʪʝʢʘʝʪ ʥʘ 5%Pd/C-SiO2 ʚ 2.7 

ʨʘʟʘ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 5%Pd/C ʠ ʚ ʪʨʠ ʨʘʟʘ ʙʳʩʪʨʝʝ, ʯʝʤ ʥʘ 5%Pd/SiO2, ʪ.ʝ. 

ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ 5%Pd/C-SiO2 > 5%Pd/C > 5%Pd/SiO2. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʛʠʜʨʠʨʦʚʘʥʠʷ ʛʝʢʩʘʜʝʮʝʥʘ-1 ʷʚʣʷʝʪʩʷ 5%Pd/SiO2 

(ʧʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 40 ʤʠʥ). ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʢʩʘʜʝʮʝʥʘ-1 ʥʘ 

5%Pd/C-SiO2 ʠ 5%Pd/C ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ 

ʢʦʥʚʝʨʩʠʠ 98% ʩʦʩʪʘʚʣʷʝʪ ~57 ʤʠʥ. 
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ʉʀʅʊɽɿ ʀ ɸʅʊʀʈɸʂʆɺɸʗ ɸʂʊʀɺʅʆʉʊʔ ʌʊʆʈʉʆɼɽʈɾɸʑʀʍ 

ʇʈʆʀɿɺʆɼʅʓʍ 1,3-ɻɽʂʉɸɻʀɼʈʆʇʀʈʀʄʀɼʀʅɸ 
 

ɻʠʙʘʜʫʣʣʠʥʘ ʅ.ʅ.1, ɹʘʜʘʤʰʠʥ ɸ.ɻ.1, ʃʘʪʳʧʦʚʘ ɼ.ʈ.1, ɺʘʭʠʪʦʚʘ ʖ.ɺ.2, ɼʦʢʠʯʝʚ ɺ.ɸ.1 

 
1ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʋʬʠʤʩʢʠʡ ʀʥʩʪʠʪʫʪ 

ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 450054 ʋʬʘ, ʧʨʦʩʧ. ʆʢʪʷʙʨʷ, 71 

E-mail: hetcom@anrb.ru 
2ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʠ ʠ 

ʛʝʥʝʪʠʢʠ ʋʬʠʤʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ,  

450054 ʋʬʘ, ʧʨʦʩʧ. ʆʢʪʷʙʨʷ, 71 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʛʝʢʩʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥʘ ʷʚʣʷʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ, ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ, 

ʘʥʪʠʤʠʢʨʦʙʥʦʡ, ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʦʡ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ (ʛʝʧʘʪʠʪ ʉ) ʘʢʪʠʚʥʦʩʪʷʤʠ. 

ʀʟʦʢʫʤʘʨʠʥ PJS, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʛʝʢʩʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚʦʝ ʢʦʣʴʮʦ, 

(ʚʳʜʝʣʝʥ ʠʟ Bacillus subtilis PJS) ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʤʠʢʨʦʙʥʫʶ, ʬʫʥʛʠʮʠʜʥʫʶ ʠ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʠ. ɻʝʢʩʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʘʣʢʘʣʦʠʜʘʭ: tetraponerines, verbamethine ʠ verbametrine. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 1,3-ʛʝʢʩʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ L- ʠ D-ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ 

ʬʨʘʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 1,3-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʵʪʠʣ 

4,4,4-ʪʨʠʬʪʦʨ-3-ʦʢʩʦʙʫʪʘʥʦʘʪ, 1,1,1,5,5,5ʛʝʢʩʘʬʪʦʨʧʝʥʪʘʥ-2,4-ʜʠʦʥ, 1,1,1-ʪʨʠʬʪʦʨʧʝʥʪʘʥ-

2,4-ʜʠʦʥ) ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʛʠʜʨʦʭʣʦʨʠʜʘʤʠ ʵʬʠʨʦʚ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ ʧʨʠ pH 4 ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ ʩ ʚʳʭʦʜʘʤʠ 50-89%. 

 

ʎʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 1,3-ʛʝʢʩʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ ʦʮʝʥʠʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʥʦ-ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ (HEK 293) ʠ ʣʠʥʠʡ ʦʧʫʭʦʣʝʚʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ (Jurkat and SH-SY5Y) ʩ ʧʦʤʦʱʴʶ ʄʊʊ-ʪʝʩʪʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 

ˉ 14-33-00022 (VAD)). 
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ʄʘʣʳʰʝʚʘ ʅ. ʅ., ɻʣʘʟʳʨʠʥʘ ʖ. ɸ., ʋʪʝʧʦʚʘ ʀ. ɸ., ʂʦʟʠʮʠʥʘ ɸ. ʅ.,  

ɹʨʘʡʥʠʥʘ ʍ. ɿ., ʄʘʪʝʨʥ ɸ. ʀ., ʏʫʧʘʭʠʥ ʆ. ʅ. 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʠʘʛʥʦʩʪʠʢʘ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʫʞʝ ʥʘʡʜʝʥʥʳʭ ʧʨʠʝʤʦʚ ʠ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʙʦʣʝʟʥʝʡ ʠ ʧʦʠʩʢʘʤʠ ʥʦʚʳʭ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʢʩʧʨʝʩʩʥʳʭ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ ʚʦ 

ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʪʦʤʦʨʬʦʟʘ ʠ ʢʣʠʥʠʯʝʩʢʦʡ 

ʢʘʨʪʠʥʳ ʠʥʬʝʢʮʠʡ. ʆʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʩʪʝʨʪʳʭ ʠ, 

ʥʘʧʨʦʪʠʚ, ʪʷʞʝʣʳʭ, ʘ ʪʘʢʞʝ ʘʪʠʧʠʯʥʳʭ, ʟʘʪʷʞʥʳʭ ʬʦʨʤ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ, 

ʥʘʨʘʩʪʘʥʠʝ ʯʘʩʪʦʪʳ ʩʤʝʰʘʥʥʳʭ (ʤʠʢʩʪ) ʠʥʬʝʢʮʠʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦ-ʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ. ʇʨʠʯʠʥʘʤʠ ʵʪʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʦʙʱʝʡ ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʤʘʩʩʦʚʘʷ 

ʚʘʢʮʠʥʘʮʠʷ ʠ ʨʝʚʘʢʮʠʥʘʮʠʷ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʠ ʣʝʯʝʙʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʛʘʤʤʘ-ʛʣʦʙʫʣʠʥʦʚ, ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʘʥʪʠʙʠʦʪʠʢʦʚ ʠ ʜʨʫʛʠʭ 

ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʥʝʩʧʝʮʠʬʠʯʝʩʢʫʶ ʘʣʣʝʨʛʠʟʘʮʠʶ 

ʦʨʛʘʥʠʟʤʘ, ʠ ʜʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʥʥʠʡ, ʪʦʯʥʳʡ, ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʥʢʨʝʪʥʳʡ ʜʠʘʛʥʦʟ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʨʘʧʠʠ, ʧʦʟʚʦʣʷʝʪ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʜʩʢʘʟʘʪʴ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʜʘʣʴʥʝʡʰʝʛʦ ʪʝʯʝʥʠʷ ʠ ʠʩʭʦʜʦʚ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʘ ʚ ʠʥʬʝʢʮʠʦʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʩʣʫʞʠʪ ʝʱʝ ʠ ʠʩʭʦʜʥʳʤ ʤʦʤʝʥʪʦʤ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʩʚʦʝʚʨʝʤʝʥʥʳʭ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʦʪʠʚʦʵʧʠʜʝʤʠʯʝʩʢʠʭ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʠʤʤʫʥʦʩʝʥʩʦʨʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ Fe3O4 ʩ ʦʢʩʠʜʢʨʝʤʥʠʝʚʳʤ 

ʧʦʢʨʳʪʠʝʤ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 2 ʩʧʦʩʦʙʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʯʘʩʪʠʮ ʥʘ 

ʦʩʥʦʚʝ ʤʘʛʥʝʪʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʦʦʙʨʘʟʫʶʱʝʡ ʤʝʪʢʠ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ 

ʠʤʤʫʥʦʘʥʘʣʠʟʝ: 

1.ʉʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ Fe3O4 ï SiO2 ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʧʦ ʩʭʝʤʝ [1]: 
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 2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʤʝʪʢʠ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʦʥʲʶʛʘʪ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ ʩ 

ʤʘʛʥʠʪʥʳʤʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘʤʠ Fe3O4 ï SiO2 [2]: 
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ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʢʪʝʨʠʠ Escherichia coli ATCC 25922 ʠ 

ʘʥʪʠʛʝʥ ʚʠʨʫʩʘ ʢʦʨʠ NovO/96. 

ʇʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʜʫʨʳ ʠʤʤʫʥʦʘʥʘʣʠʟʘ: 

¶ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʣʩʪʦʧʣʝʥʦʯʥʦʛʦ ʛʨʘʬʠʪʩʦʜʝʨʞʘʱʝʛʦ ʵʣʝʢʪʨʦʜʘ 

(ʊɻʕ) ʥʘʥʦʩʠʣʠ ʘʥʪʠʪʝʣʘ ʢ ʙʘʢʪʝʨʠʘʣʴʥʦʤʫ ʣʠʙʦ ʚʠʨʫʩʥʦʤʫ ʘʥʪʠʛʝʥʫ ʠ ʚʳʩʫʰʠʚʘʣʠ; 

¶ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʢ ʨʘʩʪʚʦʨʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʙʘʢʪʝʨʠʠ E.ʩoli, ʜʦʙʘʚʣʷʣʠ ʚʦʜʥʫʶ 

ʩʫʩʧʝʥʟʠʶ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʊ=370ʉ. ɿʘʪʝʤ, ʧʦʤʝʩʪʠʚ ʧʨʦʙʠʨʢʫ ʚ 

ʤʘʛʥʠʪʥʳʡ ʰʪʘʪʠʚ, ʦʪʜʝʣʷʣʠ ʩʚʦʙʦʜʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ; 

¶ ʥʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʊɻʕ ʩ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ (ʥʘ 1 ʩʪʘʜʠʠ) ʘʥʪʠʪʝʣʘʤʠ ʧʦʤʝʱʘʣʠ 

ʚ ʧʨʦʙʠʨʢʫ, ʩʦʜʝʨʞʘʱʫʶ ʢʦʥʴʶʛʘʪ ʥʘʥʦʯʘʩʪʠʮ ʩ E.ʩoli ʣʠʙʦ ʘʥʪʠʛʝʥ ʚʠʨʫʩʘ ʢʦʨʠ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʊ=370ʉ. ɺ ʩʣʫʯʘʝ ʚʠʨʫʩʥʦʛʦ ʘʥʪʠʛʝʥʘ ʜʦʙʘʚʣʷʣʠ ʢʦʥʲʶʛʘʪ ʚʪʦʨʠʯʥʳʭ 

ʘʥʪʠʪʝʣ ʩ ʤʘʛʥʠʪʥʳʤʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘʤʠ. ʅʝ ʩʚʷʟʘʚʰʠʝʩʷ ʢʦʥʲʶʛʘʪʳ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ 

ʦʪʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʘ;  

¶ ʊɻʕ ʩ ʠʤʤʫʥʦʢʦʤʧʣʝʢʩʦʤ ʧʦʤʝʱʘʣʠ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʷʯʝʡʢʫ, ʠ ʚʳʧʦʣʥʷʣʠ 

ʘʥʘʣʠʟ. ʂʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʡ  E.coli ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʚʝʣʠʯʠʥʝ ʪʦʢʘ ʦʢʠʩʣʝʥʠʷ 

ʬʝʨʨʦʮʝʥʦʚʦʡ ʛʨʫʧʧʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʯʘʩʪʠʮ. ʂʦʣʠʯʝʩʪʚʦ ʘʥʪʠʛʝʥʘ 

ʚʠʨʫʩʘ ʢʦʨʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Fe(III), ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʦʩʣʝ 

ʨʘʩʪʚʦʨʝʥʠʷ ʠʤʤʫʥʦʢʦʤʧʣʝʢʩʘ ʩ ʥʘʥʦʢʦʤʧʦʟʠʪʘʤʠ ʚ ʩʤʝʩʠ ʢʠʩʣʦʪ ʤʝʪʦʜʦʤ ʠʥʚʝʨʩʠʦʥʥʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʢʦʣʠʯʝʩʪʚʘ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʦʪ ʣʦʛʘʨʠʬʤʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʢ E.coli ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: Q = 2Ĭ10-8
 *log CE.coli - 4Ĭ10-8. 

ʇʦʣʫʯʝʥʘ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪ 

ʣʦʛʘʨʠʬʤʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʪʠʛʝʥʘ ʚʠʨʫʩʘ ʢʦʨʠ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ        (2.33Ĭ10-4 ï 

2.33) ʤʛ/ʤʣ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: dI/dE [ʤʢɸ/ɺ] = 2.44Ĭlog Cʘʥʪʠʛʝʥʘ 

[ʤʛ/ʤʣ] - 11.6 (R = 0.995).  

[1] ʂʦʟʠʮʠʥʘ ɸ.ʅ., ʄʘʣʳʰʝʚʘ ʅ.ʅ., ɺʝʨʙʠʮʢʠʡ ɽ.ɺ., ʋʪʝʧʦʚʘ ʀ.ɸ., ɻʣʘʟʳʨʠʥʘ ʖ.ɸ., 

ʄʠʪʨʦʬʘʥʦʚʘ ʊ.ʉ., ʈʫʩʠʥʦʚ ɻ.ʃ., ʄʘʪʝʨʥ ɸ.ʀ., ʏʫʧʘʭʠʥ ʆ.ʅ., ɹʨʘʡʥʠʥʘ ʍ.ɿ. ʉʠʥʪʝʟ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

Fe3O4. ʀʟʚʝʩʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʘʷ, 2013, ˉ 11, ʩ.2327-2336. 

[2] Liu Z.-M., Yang H.-F., Li Y.-F., Liu Y.-L., Shen G.-L., Yu R.-Q. Coreïshell magnetic 

nanoparticles applied for immobilization of antibody on carbon paste electrode and 

amperometric immunosensing// Sensors and Actuators B: Chemical. 2006. V.113.P. 956ï962. 
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ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ, ʂʘʬʝʜʨʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, 198504, ʈʦʩʩʠʷ, ʉʇʙ, ʇʝʪʝʨʛʦʬ, 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʧʨ., 26, s.sergei.s@mail.ru 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʘʢʪʠʚʠʟʠʨʦʚʘʣʦʩʴ ʚʥʠʤʘʥʠʝ ʢ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ 

ʩʦʜʝʨʞʘʥʠʡ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʫʙʩʪʨʘʪʘʭ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʯʝʣʦʚʝʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʞʠʚʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʟʤʘ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠ ʦʙʷʟʘʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʝʛʦ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦʜʚʝʨʞʝʥʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʳʟʚʘʥʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ (ʚʦʜʘ, ʚʦʟʜʫʭ), ʧʠʱʝʚʳʤʠ, ʘ ʪʘʢʞʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʠ 

ʢʣʠʤʘʪʦʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʧʨʠʚʦʜʷʪ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʥʘʨʫʰʝʥʠʡ ʚ 

ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ [1,2]. ʇʨʠ ʵʪʦʤ ʢʘʢ ʜʝʬʠʮʠʪ, ʪʘʢ ʠ ʠʟʙʳʪʦʯʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

(ʦʩʦʙʝʥʥʦ ʪʦʢʩʠʯʥʳʭ) ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʤʦʛʫʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʩʝʨʴʝʟʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [3]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʙʲʝʢʪʳ, ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʮʝʣʴʥʘʷ ʢʨʦʚʴ, ʩʳʚʦʨʦʪʢʘ ʢʨʦʚʠ, 

ʤʦʯʘ, ʩʣʶʥʘ, ʞʝʣʫʜʦʯʥʳʡ ʩʦʢ, ʛʨʫʜʥʦʝ ʤʦʣʦʢʦ, ʢʦʩʪʥʘʷ ʪʢʘʥʴ, ʪʢʘʥʠ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʚ, 

ʚʦʣʦʩʳ ʠ ʥʦʛʪʠ [4, 5]. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʦʙʲʝʢʪʦʚ ʦʪʥʦʩʷʪʩʷ ʥʝʠʥʚʘʟʠʚʥʦʩʪʴ 

ʠ ʧʨʦʩʪʦʪʘ ʧʨʦʙʦʦʪʙʦʨʘ, ʣʝʛʢʦʩʪʴ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʙʨʘʟʮʦʚ. ɺʦʣʦʩʳ ʠ ʥʦʛʪʠ 

ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠʟ-ʟʘ ʦʩʦʙʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʥʠʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ: ʚ ʧʝʨʠʦʜ ʨʦʩʪʘ ʠ ʚʦʣʦʩʳ, ʠ ʥʦʛʪʠ ʧʦʜʧʠʪʳʚʘʶʪʩʷ ʮʠʨʢʫʣʠʨʫʶʱʝʡ 

ʢʨʦʚʴʶ, ʣʠʤʬʦʡ, ʚʥʝʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʘ ʢ ʤʦʤʝʥʪʫ ʚʳʭʦʜʘ ʠʟ ʨʦʩʪʢʦʚʦʡ ʟʦʥʳ 

ʟʘʪʚʝʨʜʝʚʘʶʪ ʠ ʞʝʩʪʢʦ ʬʠʢʩʠʨʫʶʪ ʩʦʩʪʘʚ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ ʬʘʟʫ ʨʦʩʪʘ 

ʚʝʱʝʩʪʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ [6]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʦʣʦʩ ʥʦʛʪʠ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʧʨʠʚʥʝʩʝʥʠʷ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʡ 

ʦʙʲʝʢʪ ʚʥʝʰʥʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʢʦʤʧʦʥʝʥʪʳ ʢʨʘʩʦʢ ʜʣʷ ʚʦʣʦʩ [7]. ʇʦ ʵʪʠʤ 

ʧʨʠʯʠʥʘʤ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʙʨʘʟʮʳ 

ʥʦʛʪʝʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʙ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ 

ʮʠʬʨʦʚʦʡ ʩʧʝʢʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʩʧʝʢʪʨʘ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʞʠʜʢʦʡ 

ʧʨʦʙʳ ʩ ʪʦʨʮʘ ʫʛʦʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʧʨʷʤʦʛʦ ʘʥʘʣʠʟʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ [8]. ʎʝʣʷʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʧʦʩʦʙʘ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʥʦʛʪʝʡ; ʦʧʨʝʜʝʣʝʥʠʝ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʨʠʠ ʧʨʦʙ (n=73); 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ; ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʧʫʣʷʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʥʘʭʦʞʜʝʥʠʝ ʤʝʞʵʣʝʤʝʥʪʥʳʭ ʢʦʨʨʝʣʷʮʠʡ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʢʨʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ɼʘʥʦ ʦʧʠʩʘʥʠʝ ʚʳʙʨʘʥʥʦʡ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʩ ʫʢʘʟʘʥʠʝʤ ʚʩʝʭ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʧʨʦʮʝʜʫʨ. ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʭʨʘʥʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʪʦʚ ʥʦʛʪʝʡ. ʆʙʱʝʝ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 3 ʯʘʩʦʚ, 

ʥʘʯʠʥʘʷ ʩ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʦ ʩʦʜʝʨʞʘʥʠʠ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ, ʦʧʨʝʜʝʣʝʥʳ 

ʟʘʢʦʥʳ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʙʦʨʢʝ, ʧʨʠʚʝʜʝʥʳ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʠʥʪʝʨʚʘʣʳ ʩʦʜʝʨʞʘʥʠʡ ʜʣʷ Ag, Al , Ca, Cd, Cr, 

Cu, Fe, Mg, Mn, Ni, Pb ʠ Zn. ʇʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʣʷ ʮʝʣʝʡ ʤʦʥʠʪʦʨʠʥʛʘ. ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʫʙʧʦʧʫʣʷʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ (ʧʦʣ, ʚʨʝʜʥʳʝ ʧʨʠʚʳʯʢʠ) ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʚ ʥʦʛʪʷʭ. ʇʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʤʝʞʵʣʝʤʝʥʪʥʳʭ ʢʦʨʨʝʣʷʮʠʡ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʝʩʫʨʩʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʮʝʥʪʨʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʭʠʤʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

 

1. ʂʫʨʝʮ ʅ.ʀ. ʈʦʣʴ ʜʠʩʙʘʣʘʥʩʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʨʦʥʠʯʝʩʢʦʡ 

ʧʘʪʦʣʦʛʠʠ ʫ ʜʝʪʝʡ // ʄʝʜʠʮʠʥʩʢʠʝ ʥʦʚʦʩʪʠ. 2006, ˉ2, ʩ. 7-17. 

2. ʉʢʘʣʴʥʳʡ ɸ.ɺ. ʄʠʢʨʦʵʣʝʤʝʥʪʦʟʳ ʯʝʣʦʚʝʢʘ: ʛʠʛʠʝʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʢʦʨʨʝʢʮʠʷ // 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʤʝʜʠʮʠʥʝ. 2000, ˉ1, ʩ.2-8. 

3. ʅʦʪʦʚʘ ʉ. ɺ., ɹʳʢʦʚ ɸ. ʊ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʳʨʘʞʝʥʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʡ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚʦʣʦʩ ʯʝʣʦʚʝʢʘ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʘʜʘʧʪʘʮʠʠ // 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʯʝʣʦʚʝʢʘ, 2005. ï ˉ6 (ʄʝʜʠʮʠʥʩʢʘʷ ʵʢʦʣʦʛʠʷ), ʩ.15ï17. 18. 4. ɸʛʘʜʞʘʥʷʥ 

ʅ.ɸ. ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʨʪʨʝʪ ʯʝʣʦʚʝʢʘ / 

ɸʛʘʜʞʘʥʷʥ ʅ.ɸ., ʉʢʘʣʴʥʳʡ ɸ.ɺ. ï ʄ.: ʂʄʂ, 2001. ï 83 ʩ.  

5. ʅʘʛʦʨʥʘʷ ʅ.ɺ. ʅʘʨʫʰʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʫ ʯʝʣʦʚʝʢʘ (ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʜʣʷ 

ʚʨʘʯʝʡ) / ʅʘʛʦʨʥʘʷ ʅ.ɺ., ɼʫʙʦʚʘʷ ɸ.ɺ. ï ɼʦʥʝʮʢ, 2006. ï 82 ʩ. 

6. ʊʝʭʥʠʢʘ ʩʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʙʠʦʤʘʪʝʨʠʘʣʦʚ ʚ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʣʘʙʦʨʘʪʦʨʠʠ. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ. ʄʋ 4.2.2039-05 (ʫʪʚ. ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʦʤ 

23.12.2005) ï 66 ʩ. 

7. Chojnacka K., Gorecka H., Gorecki H. The effect of age, sex, smoking habit and hair color on 

the composition of hair // 2006, v.22, p.52-57. 

8. ʉʘʚʠʥʦʚ ʉ.ʉ., ɼʨʦʙʳʰʝʚ ɸ.ʀ. ɺʦʟʤʦʞʥʦʩʪʠ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʩʧʝʢʪʨʦʛʨʘʬʠʠ ʩ ʜʫʛʦʚʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʩʧʝʢʪʨʘ ʚ ʘʥʘʣʠʟʝ ʞʠʜʢʠʭ ʦʙʲʝʢʪʦʚ // ɺʝʩʪʥʠʢ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 4: ʬʠʟʠʢʘ, ʭʠʤʠʷ. 2013, ˉ 3, ʩ. 98-102. 



 
 
 

44 

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆʏɽʏʅʓʍ ʂɸʄʅɽʁ 

ʀɿ ʈɸɿʃʀʏʅʓʍ ʈɽɻʀʆʅʆɺ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

 

ʂʦʨʦʣʴʢʦʚ ʀ. ɺ.1,2, ɸʚʜʝʝʚ ʅ. ɸ.1,2, ʇʘʥʯʝʥʢʦ ɸ. ɺ.1,2, ʐʘʚʝʨʠʥʘ ɸ. ɺ.1, 

ʎʳʛʘʥʢʦʚʘ ɸ. ʈ.1,2, ʌʠʣʘʪʦʚ ɽ. ʖ.1,2, ɻʫʙʘʥʦʚ ɸ. ʀ.1,2 
 

1 ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ, ʧʨ. ʘʢʘʜʝʤʠʢʘ 

ʃʘʚʨʝʥʪʴʝʚʘ, 3, ʅʦʚʦʩʠʙʠʨʩʢ, 630090 

2 ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʫʣ. ʇʠʨʦʛʦʚʘ, 2, ʅʦʚʦʩʠʙʠʨʩʢ, 630090 

korolkov@niic.nsc.ru 

 

ʆʙʱʝʤʠʨʦʚʘʷ ʩʪʘʪʠʩʪʠʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ 5 % ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ ʩʪʨʘʜʘʝʪ ʦʪ 

ʤʦʯʝʢʘʤʝʥʥʦʡ ʙʦʣʝʟʥʠ. ʍʦʪʷ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʦʯʝʢʘʤʝʥʥʦʡ ʙʦʣʝʟʥʠ ʜʦ ʢʦʥʮʘ ʥʝ 

ʠʟʫʯʝʥʳ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʠʟʠʦʣʦʛʠʠ (ʠ 

ʤʝʪʘʙʦʣʠʟʤʘ) ʯʝʣʦʚʝʢʘ ʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʘʢʞʝ ʬʘʢʪʦʨʳ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ 

(ʵʢʦʣʦʛʠʷ, ʧʠʱʘ ʠ ʪ.ʜ.), ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʛʦʨʦʜʦʚ. ɼʣʷ 

ʣʝʯʝʥʠʷ ʤʦʯʝʢʘʤʝʥʥʦʡ ʙʦʣʝʟʥʠ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

ʭʠʨʫʨʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʢʘʤʥʷ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʫʜʘʣʝʥʠʝ 

ʧʦʯʝʯʥʦʛʦ ʢʦʥʢʨʝʤʝʥʪʘ ʙʝʟ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʝʢʮʠʠ ʨʘʮʠʦʥʘ ʧʠʪʘʥʠʷ (ʜʠʝʪʳ) ʙʦʣʴʥʦʛʦ 

ʙʦʣʝʝ ʯʝʤ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ ʨʝʮʠʜʠʚʫ ʤʦʯʝʢʘʤʝʥʥʦʡ ʙʦʣʝʟʥʠ. ɼʣʷ 

ʥʘʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʠʝʪʳ ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ 

ʢʘʤʥʝʡ ʢʘʢ ʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʘʪʦʣʦʛʠʠ 

ʤʦʯʝʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʨʦʣʦʛʠʯʝʩʢʠʭ ʢʘʤʥʝʡ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʦʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʢ ʧʝʨʚʠʯʥʦʛʦ, ʪʘʢ ʠ ʧʦʚʪʦʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʦʯʝʢʘʤʝʥʥʦʡ ʙʦʣʝʟʥʠ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʯʝʯʥʳʭ ʢʘʤʥʝʡ 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ, ʩʦʪʝʥ ʦʙʲʝʢʪʦʚ, 

ʧʨʠʚʦʜʷʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʦʜʥʦʛʦ ʨʝʛʠʦʥʘ. ɿʘ ʧʦʩʣʝʜʥʠʝ 4 ʛʦʜʘ, ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ), ʥʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ 

ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʙʦʣʝʝ 5500 ʦʙʨʘʟʮʦʚ ʧʦʯʝʯʥʳʭ ʢʘʤʥʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʨʦʰʢʦʚʳʭ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Shimadzu XRD-7000 ʠ ɼʈʆʅ-3ʄ (CuKŬ ʠʟʣʫʯʝʥʠʝ). 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʈʌɸ ʢʦʥʢʨʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʟ. ʈʘʥʝʝ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʙʦʣʴʰʦʡ ʚʳʙʦʨʢʠ 

ʧʦʯʝʯʥʳʭ ʢʘʤʥʝʡ ʦʪ ʧʘʮʠʝʥʪʦʚ ʠʟ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ [1], ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʷʝʤʳʡ ʙʦʣʴʰʠʥʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʤʝʪʦʜ ʢʦʨʫʥʜʦʚʳʭ ʯʠʩʝʣ ʜʘʝʪ ʥʝ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ. ɹʦʣʝʝ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ. ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʟʘʪʨʘʪʝʥ ʠ ʥʝ ʤʦʞʝʪ 

ʧʦʜʭʦʜʠʪʴ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ. ʅʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ 50 ʦʙʨʘʟʮʦʚ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 

ʙʦʣʝʝ 10% ʚʝʩ. 

ʀʥʦʛʜʘ ʨʘʟʤʝʨ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʢʨʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 1-2 ʤʤ ʚ ʜʠʘʤʝʪʨʝ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʈʌɸ ʥʘ ʧʦʨʦʰʢʦʚʳʭ 

ʜʠʬʨʘʪʢʦʤʝʪʨʘʭ. ɺ ʥʘʰʝʤ ʠʥʩʪʠʪʫʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʣʳʭ 

ʦʙʲʝʢʪʦʚ ʤʝʪʦʜʦʤ ɼʝʙʘʷ-ʐʝʨʨʝʨʘ ʧʨʠ ʧʦʤʦʱʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ Bruker 

X8 APEX (MoKŬ ʠʟʣʫʯʝʥʠʝ) ʠ Bruker Apex DUO (Cu/MoKŬ ʠʟʣʫʯʝʥʠʝ) [2]. ɼʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʟʦʚʘʪʴ ʢʦʥʢʨʝʤʝʥʪʳ ʦʪ 0,1 ʤʤ ʚ ʜʠʘʤʝʪʨʝ ð ʚ ʥʘʯʘʣʝ ʠʭ 

ʨʦʩʪʘ, ʪ.ʝ. ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʟʥʘʪʴ ʩʦʩʪʘʚ ʧʦʯʝʯʥʦʛʦ ʢʘʤʥʷ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʟʘʙʦʣʝʚʘʥʠʷ. 
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ʂʨʦʤʝ ʵʪʦʛʦ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʦʩʣʦʡʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʯʝʯʥʳʭ 

ʢʘʤʥʝʡ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʤʥʷ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʝʝʪʩʷ ʧʦʠʩʢ ʩʚʷʟʠ ʤʝʞʜʫ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ 

ʧʦʯʝʯʥʳʭ ʢʘʤʥʝʡ ʠ ʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 56 ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ɸʕʉ) ʥʘ ʧʨʠʙʦʨʝ 

iCAP 6500 Thermo Scientific. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʟʮʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʪʠʨʘʣʠ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʝ, ʨʘʩʪʚʦʨʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪʘʭ ʤʘʨʢʠ ʦʩ.ʯ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʚʳʧʦʣʥʷʣʠ ʧʨʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʫʩʣʦʚʠʷʭ [3] ʧʦ ʚʦʜʥʳʤ ʦʙʨʘʟʮʘʤ 

ʩʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʤʠʤʦ 

ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʉʘ, K, Mg, Na, P, ʚ ʦʙʨʘʟʮʘʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ Ba, Fe, Li , 

Mn, Mo, Sr, Ti, Zn; ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ - B, Al, Cd, Co, Cr, Cu, Te, W. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʤʘʩʩʠʚ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʫʧʧʘʭ ʦʪ 26 ʜʦ 60 ʣʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʦʙʨʘʟʮʦʚ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʝ. 

ɻʝʥʜʝʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ: 62% ʧʘʮʠʝʥʪʦʚ ð  ʤʫʞʯʠʥʳ, 38% ð  ʞʝʥʱʠʥʳ. ɺ ʛʨʫʧʧʝ ʦʪ 16 

ʜʦ 25 ʣʝʪ ʙʦʣʴʰʝ ʧʘʮʠʝʥʪʦʚ ʞʝʥʩʢʦʛʦ ʧʦʣʘ (54%). ɺ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʩʪʘʨʰʝ 60 ʣʝʪ ð  

ʤʫʞʯʠʥ 55-71%. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʬʘʟʳ: ʦʢʩʘʣʘʪʳ (ʚʝʚʝʣʣʠʪ ʉʘʉ2O4*H2O, 

ʚʝʜʜʝʣʣʠʪ CʘC2O4*2H2O), ʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪ Ca5(PO4)3(OH), ʫʨʘʪʳ (ʫʨʠʢʠʪ C5H4N4O3 ʠ 

ʜʠʛʠʜʨʘʪ ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ C5H4N4O3Ŀ2H2O). ʋ ʧʘʮʠʝʥʪʦʚ ʚ ʛʨʫʧʧʘʭ ʜʦ 65 ʣʝʪ 

ʧʨʝʦʙʣʘʜʘʶʪ ʦʢʩʘʣʘʪʳ (56-82% ʦʙʨʘʟʮʦʚ). ɺ ʩʪʘʨʰʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʫʨʘʪʦʚ ð ʜʦ 70% ʚ ʚʦʟʨʘʩʪʝ ʦʪ 86 ʜʦ 90 ʣʝʪ. 
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ʍʀʈɸʃʔʅʓʍ ʉʆɽɼʀʅɽʅʀʁ 

 
ʃʦʛʠʥʘ ʃ.ʇ. 

 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ɸʅ ʄʦʣʜʦʚʳ, ɸʢʘʜʝʤʠʯʝʩʢʘʷ 3, MD-2028 ʂʠʰʠʥʝʚ, ʄʦʣʜʦʚʘ 

major_md@mail.ru 

 

ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʭʠʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʇʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ 

ʚ ʥʘʩʪʫʧʠʚʰʝʤ ʩʪʦʣʝʪʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʨʘʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʧʘʨʬʶʤʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʝʩʪʠʮʠʜʦʚ ʠ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ ʚ ʚʠʜʝ ʠʭ ʨʘʮʝʤʠʯʝʩʢʠʭ ʬʦʨʤ ʙʫʜʝʪ ʠʩʢʣʶʯʝʥʦ ʠʣʠ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʩʚʝʜʝʥʦ ʜʦ ʤʠʥʠʤʫʤʘ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʩʠʥʪʝʟʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ ʜʦʩʪʫʧʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʤʦʥʦʪʝʨʧʝʥʘ (+)-3-ʢʘʨʝʥʘ 1. ɺ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʠʥʪʝʟ ʚʝʱʝʩʪʚ ʜʣʷ ʤʝʜʠʮʠʥʳ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝ ʦʙʭʦʜʠʪʩʷ ʙʝʟ ʩʪʘʜʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʘʪʘʣʠʟʘ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʭʠʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʝʱʝʩʪʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʜʘʞʝ 

ʩʣʝʜʦʚ ʤʝʪʘʣʣʦʚ, ʧʨʠʚʝʣʘ ʢ ʩʦʟʜʘʥʠʶ ʜʨʫʛʦʛʦ ʪʠʧʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ï ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʥʘʯʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ 

ʜʦʩʪʠʞʝʥʠʠ ʭʦʨʦʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʢʘʪʘʣʠʟʠʨʫʝʤʦʤ ʦʙʨʘʟʦʚʘʥʠʠ sp3-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʛʦ 

ʘʪʦʤʘ  ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʥʜʫʢʪʦʨʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (+)-3-ʢʘʨʝʥʘ 1 ʚ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʪʝʨʝʦʠʥʜʫʢʪʦʨʦʚ ʠ ʨʝʘʣʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʭʝʤ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʙʠʦʤʦʣʝʢʫʣ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ.  

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʚʘʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʭʠʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʥʘ 

ʦʩʥʦʚʝ ʤʦʥʦʪʝʨʧʝʥʘ (+)-3-ʢʘʨʝʥʘ.  
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ʉʀʅʊɽɿʓ ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ ʅɸ ʆʉʅʆɺɽ 

 N-ɸʎʀʃ-N-(2-ɸʃʂɽʅʀʃʌɽʅʀʃ)ɻʃʀʎʀʅʆɺ 

 

ɻʘʪʘʫʣʣʠʥ ʈ. ʈ. 

 

ʋʬʠʤʩʢʠʡ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ. ʋʬʘ 

 

ɹʝʥʟʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʜʝʡʩʪʚʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ ʣʝʢʘʨʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʝʜʠʮʠʥʝ, ʚʝʪʝʨʠʥʘʨʠʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʛʘʥʜʦʚ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʝʜʣʦʞʝʥʳ ʢʘʢ ʵʢʩʪʨʘʛʝʥʪʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʠʤʝʥʷʶʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʜʦʙʘʚʦʢ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʝʜʣʦʞʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʫʜʦʙʥʳʝ ʤʝʪʦʜʠʢʠ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʟɹʫʶʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʵʪʦʛʦ ʨʷʜʘ 

ʛʝʪʝʨʦʮʠʢʣʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʤ ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ 

ʙʝʥʟʦʢʩʘʟʦʥʠʥʦʚʳʭ, ʙʝʥʟʦʢʩʘʟʦʮʠʥʦʚʳʭ, ʤʝʪʘʥʦʦʢʩʘʟʦʣʦʭʠʥʦʣʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʠʩʭʦʜʷ ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ N-ʘʮʠʣ-N-(2-ʘʣʢʝʥʠʣʬʝʥʠʣ)ʛʣʠʮʠʥʦʚ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʪʘʢʠʝ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʘʤʠ ʧʦ ʩʝʙʝ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʩʪʝʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩʢʣʦʥʥʳ ʢ ʧʨʦʷʚʣʝʥʠʶ ʘʪʨʦʧʦʠʟʦʤʝʨʥʳʭ ʩʚʦʡʩʪʚ. ʇʨʠ 

ʧʦʜʙʦʨʝ ʧʦʜʭʦʜʷʱʠʭ ʤʝʪʦʜʠʢ ʠʣʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʪʦʨʧʦʠʟʦʤʝʨʠʷ ʚ 

ʵʪʦʤ ʨʷʜʫ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʠʟʦʤʝʨʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʮʝʥʪʨʘʤʠ ʭʠʨʘʣʴʥʦʩʪʠ. 

ʉ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ N-ʘʮʠʣ-N-(2-ʘʣʢʝʥʠʣʬʝʥʠʣ)ʛʣʠʮʠʥʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʮʠʢʣʦʚ ʤʝʪʘʥʦʦʢʩʘʟʦʣʦʭʠʥʦʣʠʥʦʚʦʡ, ʙʝʥʟʦʢʩʘʟʦʥʠʥʦʚʦʡ, 

ʙʝʥʟʦʢʩʘʟʦʮʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʤʠ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ 

ʘʪʨʦʧʦʠʟʦʤʝʨʠʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʛʣʠʮʠʥʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʠʥʜʠʚʠʜʘʫʣʴʥʳʝ syn- ʠ anti-ʘʪʦʨʧʦʠʟʦʤʝʨʳ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʣʠʮʠʥʘ, 

ʩʪʨʫʢʪʫʨʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʈʉɸ. ʇʨʦʚʝʜʝʥʥʳʝ ʜʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʥʠʤʠ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʘʪʦʨʦʧʦʠʟʦʤʝʨʥʦʡ ʠʥʜʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʤʝʪʘʥʦʦʢʩʘʟʦʣʦʭʠʥʦʣʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ. ʆʙʥʘʨʫʞʠʣʦʩʴ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʘʪʨʦʧʦʠʟʦʤʝʨʠʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʙʝʥʟʦʢʩʘʟʦʮʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʧʨʠ 

ʛʘʣʦʛʝʥʮʠʢʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʛʣʠʮʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʡʦʜʘ.    
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Cʀʅʊɽɿ N- ʀ S-ʉʆɼɽʈɾɸʑʀʍ ɻɽʊɽʈʆʎʀʂʃʆɺ ʈɽɸʂʎʀɽʁ 

ʎʀʂʃʆʊʀʆʄɽʊʀʃʀʈʆɺɸʅʀʗ ʇɽʈɺʀʏʅʓʍ ɸʄʀʅʆɺ 
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ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ  

ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

450075, ʛ. ʋʬʘ, ʧʨʦʩʧʝʢʪ ʆʢʪʷʙʨʷ, 141 E-mail: khabibguzel@gmail.com 

 

ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʮʠʢʣʦʪʠʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ ʩ 

ʧʦʤʦʱʴʶ CH2O ʠ ʅ2S ʧʨʠʚʦʜʠʪ ʢ N,S-ʩʦʜʝʨʞʘʱʠʤ ʛʝʪʝʨʦʮʠʢʣʘʤ ʠ ʤʘʢʨʦʮʠʢʣʘʤ 

ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʘʤʠʥʦʩʫʙʩʪʨʘʪʦʚ ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʨʅ-ʩʨʝʜʳ, ʧʦʨʷʜʦʢ ʩʤʝʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʩʪʝʧʝʥʴ 

ʨʘʟʙʘʚʣʝʥʠʷ) [1,2]. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

N,S-ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʠʣʠ ʤʘʢʨʦʮʠʢʣʦʚ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʘ 

ʘʤʠʥʦʩʫʙʩʪʨʘʪʦʚ ʠ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ, ʥʦ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ Ŭ,ɤ-ʜʠʪʠʦʣʦʚ [3,4]. 
ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʘʢʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ (1+2+1)-, (2+4+2)- ʠ 

(3+6+3)-ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ ʩ CH2O ʠ SH-ʢʠʩʣʦʪʘʤʠ, ʩʝʣʝʢʪʠʚʥʦ 

ʧʨʠʚʦʜʷʱʠʝ ʢ 7-42-ʯʣʝʥʥʳʤ S,N-ʩʦʜʝʨʞʘʱʠʤ ʛʝʪʝʨʦʮʠʢʣʘʤ ʠ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʘʤ. 

ʅʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʘʤʠʥʦʚ ʩ CH2O ʠ SH-ʢʠʩʣʦʪʘʤʠ 

ʩ ʚʳʩʦʢʦʡ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʚʳʭʦʜʘʤʠ. 
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ɼʣʷ ʨʷʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ S,N-ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʦʙʥʘʨʫʞʝʥʘ ʬʫʥʛʠʮʠʜʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʦʚ Rhizoctonia solani, Bipolaris sorokiniana 

ʠ Fusarium oxysporum ī ʦʧʘʩʥʳʭ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʝʡ ʤʥʦʛʠʭ ʚʠʜʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. 
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ʉʀʅʊɽɿ 1,5-ɼʀɸʃʂʀʃ-3-ʊʀɸ-7-ɸɿɸɹʀʎʀʂʃʆ[3.3.1]ʅʆʅɸʅ- 

-9-ʆʅʆɺ ʅɸ ʆʉʅʆɺɽ 3,5-ɼʀɸʃʂʀʃʊɽʊʈɸɻʀɼʈʆ-4H-ʊʀʆʇʀʈɸʅ-  

4-ʆʅʆɺ 
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ʇʦʜʦʙʥʦ ʧʨʦʠʟʚʦʜʥʳʤ 3,7-ʜʠʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥʘ, ʩʪʨʫʢʪʫʨʥʳʡ ʬʨʘʛʤʝʥʪ ʢʦʪʦʨʦʛʦ 

ʚʭʦʜʠʪ ʚ ʤʦʣʝʢʫʣʫ ʧʨʠʨʦʜʥʳʭ ʘʣʢʘʣʦʠʜʦʚ ʭʠʥʦʣʠʟʠʜʠʥʦʚʦʛʦ ʨʷʜʘ, 3-ʪʠʘ-7-

ʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʜʣʷ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʨʝʜʠ ʥʠʭ ʥʘʡʜʝʥʳ 

ʚʝʱʝʩʪʚʘ, ʧʨʦʷʚʣʷʶʱʠʝ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʠʝ, ʘʥʝʩʪʝʟʠʨʫʶʱʠʝ, ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʝ, 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ, ʩʧʘʟʤʦʣʠʪʠʯʝʩʢʠʝ, ʘʥʪʠʭʦʣʠʥʝʨʛʠʯʝʩʢʠʝ ʠ ʘʥʪʠʧʘʨʢʠʥʩʦʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʫʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ 3-ʪʠʘ-7-ʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥ-9-ʦʥʦʚ 

ʷʚʣʷʝʪʩʷ ʢʦʥʜʝʥʩʘʮʠʷ ʄʘʥʥʠʭʘ ʘʣʢʠʣ(ʘʨʠʣ)ʟʘʤʝʱʝʥʥʳʭ ʪʝʪʨʘʛʠʜʨʦ-4ʅ-ʪʠʦʧʠʨʘʥ-4-ʦʥʦʚ ʩ 

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ. ʆʜʥʘʢʦ ʚ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʪʝʪʨʘʛʠʜʨʦ-4ʅ-ʪʠʦʧʠʨʘʥ-4-ʦʥ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ 3,5-ʜʠʘʣʢʠʣʪʝʪʨʘʛʠʜʨʦ-4ʅ-ʪʠʦʧʠʨʘʥ-

4-ʦʥʦʚ ʪʠʦʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʢʝʪʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʝ ʤʝʪʠʣʝʥʦʚʳʝ ʛʨʫʧʧʳ ʧʨʠ ʢʘʨʙʦʥʠʣʝ, 

ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʩʫʣʴʬʠʜʘ ʥʘʪʨʠʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ 

1,5-ʜʠʘʣʢʠʣ-3-ʪʠʘ-7-ʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥ-9-ʦʥʦʚ ʠʟ 3,5-ʜʠʘʣʢʠʣʪʝʪʨʘʛʠʜʨʦ-4ʅ-

ʪʠʦʧʠʨʘʥ-4-ʦʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ. 
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        CH2O, R3NH2,

MeOH ʠʣʠ ʄʝOH-H2O

CH2O, MeNH2,
       MeOH

40 oC,  21÷

2

rt, 78÷

                                     R1 = R2 = Me (a), Et (c), R1 = Me, R2 = 2-Pr (b);

R3 = Me (d), Hex (e), CH2CH2OH (f), CH2CO2Me (g), CH2CO2Et (h), CH2CO2(2-Pr) (i), Bz (j);

                                                             R4 = CH2OH (a), H (b).

9g-i

+

CH2O, Na2S,

R3NH2 (d,e, j )

7a, b

+ 7a

 
ʉ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 1H ʠ 13C ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ 1,5-

ʜʠʤʝʪʠʣ-3-ʪʠʘ-7-ʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥ-9-ʦʥʦʚ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 7-ʤʝʪʠʣ-3-ʪʠʘ-7-

ʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥ-9-ʦʥ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʜʚʦʡʥʦʛʦ 

ʢʨʝʩʣʘ, ʘ ʝʛʦ ʧʝʨʭʣʦʨʘʪ - ʚ ʬʦʨʤʘʭ ʜʚʦʡʥʦʛʦ ʢʨʝʩʣʘ ʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ (ʪʠʘʧʠʨʘʥʦʥʦʚʳʡ 

ʮʠʢʣ) ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʥʬʦʨʤʝʨʦʚ 1 : 1. ɼʣʷ 7-(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)-1,5-ʜʠʤʝʪʠʣ-3-ʪʠʘ-7-

ʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥ-9-ʦʥʘ ʥʘʡʜʝʥʦ ʨʘʚʥʦʚʝʩʠʝ ʬʦʨʤ ʜʚʦʡʥʦʛʦ ʢʨʝʩʣʘ ʠ ʢʨʝʩʣʦ-ʚʘʥʥʘ 

(ʪʠʘʧʠʨʘʥʦʥʦʚʳʡ ʮʠʢʣ) ʚ ʨʘʩʪʚʦʨʝ ʉDCl3 ʧʨʠ 50 ʉ̄. 
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ʉʀʅʊɽɿ ʀ ʉɺʆʁʉʊɺɸ ʅʆɺʓʍ ʉʇʀʈɸʅʆɺ  

ʅɸ ʆʉʅʆɺɽ ʀɿɸʊʀʅʆɺ 
 

ʉʫʢʤʘʥ ʅ. ʉ. 

 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ɸʅ ʄʦʣʜʦʚʳ, ɸʢʘʜʝʤʠʯʝʩʢʘʷ 3, MD-2028 ʂʠʰʠʥʵʫ, ʄʦʣʜʦʚʘ 

nicheli@yandex.com 

 

ʋʩʧʝʰʥʦʝ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ ʩʧʠʨʦʦʢʩʠʥʜʦʣʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʝ ʪʦʣʴʢʦ ʧʦ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʡ ʛʨʫʧʧʳ 

ʚʝʱʝʩʪʚ, ʥʦ ʠ ʩ ʧʦʠʩʢʘʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʨʝʜʠ ʥʠʭ. ɺ ʧʦʣʫʯʝʥʠʠ 

ʩʧʠʨʦʦʢʩʠʥʜʦʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʠʩʭʦʜʷ ʠʟ 

ʜʦʩʪʫʧʥʳʭ ʠʟʘʪʠʥʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʭʠʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʝʛʦ ʩʠʥʪʝʟʝ 

ʞʝʣʘʪʝʣʴʥʦ ʧʦʣʫʯʠʪʴ ʠʤʝʥʥʦ ʘʢʪʠʚʥʳʡ ʘʥʪʠʧʦʜ ʚ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʦʤ ʚʠʜʝ, ʯʪʦ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʥʝ ʦʙʭʦʜʠʪʩʷ ʙʝʟ ʩʪʘʜʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ, 

ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʭʠʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʝʱʝʩʪʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʜʘʞʝ ʩʣʝʜʦʚ ʤʝʪʘʣʣʦʚ, 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʦʨʛʘʥʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʧʠʨʦʦʢʩʠʥʜʦʣʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ çʩʪʨʫʢʪʫʨʘ-

ʘʢʪʠʚʥʦʩʪʴè ʚ ʨʷʜʫ ʩʧʠʨʦʦʢʩʠʥʜʦʣʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʠʥʪʝʟʫ ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʧʠʨʦʦʢʩʠʥʜʦʣʮʠʢʣʦʧʨʦʧʘʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠʟ ʜʠʘʟʦʠʟʘʪʠʥʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʫʯʘʩʪʠʠ ʥʦʚʦʛʦ ʧʠʥʘʥ-ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ. ʊʘʢʞʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʮʠʥʭʦʥʠʥʘ ʠ ʮʠʥʭʦʥʠʜʠʥʘ ʚ ʨʝʘʢʮʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3-ʠʥʜʦʣʠʥ-2-ʦʥʦʚ ʩ 2-

ʭʣʦʨʘʮʝʪʦʫʢʩʫʩʥʳʤ ʵʬʠʨʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʵʥʘʥʪʠʦʤʝʨʳ ʦʙʦʠʭ ʨʷʜʦʚ ʨʘʥʝʝ 

ʥʝ ʠʟʚʝʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ cʧʠʨʦ[ʦʢʩʠʥʜʦʣ-ʮʠʢʣʦʧʨʦʧʘʥʦʚ] ʩ ʪʨʝʤʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʤʠ 

ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʩ ʯʠʩʪʦʪʦʡ ʜʦ 97% ʝʝ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ 

ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʟʘʤʝʱʝʥʥʳʭ cʧʠʨʦ[ʦʢʩʠʥʜʦʣ-ʧʠʨʘʥʦʚ] ʩ ʵʥʘʥʪʠʦʯʠʩʪʦʪʦʡ ʜʦ 94% ee.  
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ʇʆʃʋʏɽʅʀɽ ʀ ʉɺʆʁʉʊɺɸ ɻʀɼʈʆɻɽʃɽʁ ʅɸ ʆʉʅʆɺɽ 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ɻʀɸʃʋʈʆʅʆɺʆʁ ʂʀʉʃʆʊʓ ʀ 

ʍʀʊʆɿɸʅɸ  
 

ɺʠʣʴʜʘʥʦʚʘ ʈ. ʈ.1, ʉʠʛʘʝʚʘ ʅ. ʅ.1, ʂʫʢʦʚʠʥʝʮ ʆ. ʉ.2, ʂʦʣʝʩʦʚ ʉ. ɺ.1 

 
1ʋʬʠʤʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

450054, ʛ. ʋʬʘ, ʇʨ. ʆʢʪʷʙʨʷ, 71, e-mail: gip@anrb.ru 
2ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

450076, ʛ. ʋʬʘ, ʫʣ. ɿ. ɺʘʣʠʜʠ, 32 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʥʦʛʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ  ʧʨʦʣʦʥʛʠʨʦʚʘʥʠʝ ʠʭ 

ʜʝʡʩʪʚʠʷ, ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ ʢ ʩʠʩʪʝʤʘʤ ʠ ʦʨʛʘʥʘʤ. ʂ ʪʘʢʠʤ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʬʦʨʤʘʤ 

ʦʪʥʦʩʷʪ ʧʣʝʥʢʠ, ʚʷʟʢʠʝ ʨʘʩʪʚʦʨʳ, ʠ ʛʝʣʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʙʠʦʧʦʣʠʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (ɻʂ) ʠ ʭʠʪʦʟʘʥ (ʍʊɿ), ʦʙʣʘʜʘʶʱʠʝ ʩʘʤʠ ʧʦ 

ʩʝʙʝ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ 

ʷʚʣʷʶʱʠʝʩʷ ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʳʤʠ ʧʦʣʠʤʝʨʘʤʠ. 

ʆʜʥʘʢʦ ʥʘʪʠʚʥʘʷ ɻʂ ʚ ʦʨʛʘʥʠʟʤʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʣʫʯʘʷʭ, ʪʨʝʙʫʶʱʠʭ ʜʣʠʪʝʣʴʥʦʛʦ ʣʝʯʝʙʥʦʛʦ ʵʬʬʝʢʪʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʞʝ 

ʚʳʧʫʩʢʘʝʤʳʭ ʤʘʨʦʢ ʍʊɿ ʥʝ ʨʘʩʪʚʦʨʠʤʦ ʚ ʚʦʜʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʪʘʢʞʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʢʨʝʧʠʪʴ ʥʘ ʥʦʩʠʪʝʣʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʧʦʩʪʝʧʝʥʥʦʝ ʚʳʜʝʣʝʥʠʝ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʣʝʯʝʙʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɻʂ ʠ ʍʊɿ, ʪ.ʝ. ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʠ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ɻʂ ʦʢʠʩʣʝʥʠʝʤ ʧʝʨʠʦʜʘʪʦʤ ʥʘʪʨʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʫ ɻʂ ʚʚʦʜʠʣʠʩʴ ʘʣʴʜʝʛʠʜʥʳʝ ʛʨʫʧʧʳ.  

 

 

 

 

ʍʊɿ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʷʥʪʘʨʥʳʤ ʘʥʛʠʜʨʠʜʦʤ.   
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʩʪʝʧʝʥʠ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʷ  ʠʩʭʦʜʥʦʛʦ 

ʭʠʪʦʟʘʥʘ, ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʭʠʪʦʟʘʥʘ (ʄʍʊɿ) ʩʦ ʩʪʝʧʝʥʴʶ 

ʤʦʜʠʬʠʢʘʮʠʠ ʦʪ 55 ʜʦ 73%.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʛʝʣʝʡ ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʠʘʣʫʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (ɼɻʂ) ʠ ʄʍʊɿ ʚ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (ʨʅ=7.4), ʢʦʪʦʨʳʝ ʩʣʠʚʘʣʠ ʚ ʦʜʠʥʘʢʦʚʳʭ 

ʦʙʲʝʤʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʄʍʊɿ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʦʛʝʣʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʄʍʊɿ. ɺʝʨʦʷʪʥʦ, ʚʥʘʯʘʣʝ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʞʜʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ 

ʄʍʊɿ ʠ ɼɻʂ, ʘ ʟʘʪʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʠʥʥʳʭ ʩʚʷʟʝʡ -ʉ=N ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʤʠʥʦʛʨʫʧʧ ʄʍʊɿ ʠ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ɻʂ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʤʝʪʦʜʘʤʠ ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʦʧʨʝʜʝʣʝʥʘ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ï ʤʠʪʦʤʠʮʠʥʘ ʉ 

ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʄʍʊɿ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʛʦ ʨʘʩʪʚʦʨʦʚ 

ʦʢʘʟʳʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ ʵʪʠ ʩʚʦʡʩʪʚʘ. 

ʄʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 364 ʥʤ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʦ ʜʠʬʬʫʟʠʷ ʤʠʪʦʤʠʮʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʄʍʊɿ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ (ʄʄ = 250 000). ʅʘ ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʤʠʪʦʤʠʮʠʥʘ ʠʟ ʛʝʣʷ ʦʢʘʟʳʚʘʝʪ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʧʦʨʷʜʦʢ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ɻʂ ʦʙʨʘʟʫʝʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʤʠʪʦʤʠʮʠʥʦʤ ʉ, ʯʝʤ 

ʄʍʊɿ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. 

 

ʈʠʩʫʥʦʢ 1. ɼʠʬʬʫʟʠʷ ʄʄʉ  ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ ʠʟ ʛʠʜʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ:1 ï ʚ ʨʘʩʪʚʦʨ ʄʍʊɿ ʜʦʙʘʚʣʷʣʠ ʤʠʪʦʤʠʮʠʥ ʉ, ʟʘʪʝʤ ʧʨʠʣʠʚʘʣʠ 

ʨʘʩʪʚʦʨ ɼɻʂ; 2 ï ʨʘʩʪʚʦʨ ɼɻʂ ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ ʄʍʊɿ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 

ʤʠʪʦʤʠʮʠʥ ʉ; 3 ï ʚ ʨʘʩʪʚʦʨ ɼɻʂ ʜʦʙʘʚʣʷʣʠ ʤʠʪʦʤʠʮʠʥ ʉ, ʟʘʪʝʤ ʧʨʠʣʠʚʘʣʠ ʄʍʊɿ. [ɼɻʂ] 

= 1%, [ʄʍʊɿ] = 4%, ʄʄʍʊɿ = 90 000. 
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ʉɽʄʀʏʃɽʅʅʓɽ ʊɽʈʇɽʅʆɺʓɽ ʃɸʂʊʆʅʓ: ʉʀʅʊɽɿ ʀ 

ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʆɽ ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ 

ɼʀʀɿʆɹʋʊʀʃɸʃʖʄʀʅʀʁɻʀɼʈʀɼʆʄ 
 

ɺʳʜʨʠʥʘ ɺ. ɸ., ʗʢʦʚʣʝʚʘ ʄ. ʇ., ʄʫʩʣʫʭʦʚ ʈ. ʈ., ʀʰʤʫʨʘʪʦʚ ɻ. ʖ. 

 

ʋʬʠʤʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

450054, ʋʬʘ, ʧʨ. ʆʢʪʷʙʨʷ, 71; e-mail: insect@anrb.ru 

 

ɼʣʷ ʦʢʠʩʣʝʥʠʷ ʢʝʪʦʥʦʚ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ, ʜʝʰʝʚʳʤ ʠ 

ʜʦʩʪʫʧʥʳʤ ʨʝʘʛʝʥʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʜʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ, ʤʘʣʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʭʠʤʠʠ 

ʪʝʨʧʝʥʦʚʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʢʝʪʦʥʦʚ - ʪʦʣʴʢʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʠʟʦʢʘʨʘʥʦʥʘ [1] ʠ 

ʘʣʣʦʙʝʪʫʣʦʥʘ [2].  

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ɹʘʡʝʨʘ-ɺʠʣʣʠʛʝʨʘ 28-ʦʢʩʦʘʣʣʦʙʝʪʫʣʦʥʘ (1), 

ʢʘʨʚʦʤʝʥʪʦʥʘ (2) ʠ ʤʝʥʪʦʥʘ (3) ʥʘʜʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦ- ʠ 

ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʘʢʪʦʥʦʚ (5-7), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʢʠʩʣʝʥʠʝ ʠʟʦʤʝʥʪʦʥʘ (4) ʩʠʩʪʝʤʦʡ ʅ2ʆ2-ʅʉʆʆʅ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʮʝʤʠʟʘʮʠʝʡ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʩ ʠʟʦʧʨʦʧʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ (ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʝʪ ʢʝʪʦ-

ʝʥʦʣʴʥʦʡ ʪʘʫʪʦʤʝʨʠʠ ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ (1:1) ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ 

ʣʘʢʪʦʥʦʚ (7) ʠ (8), ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʦʛʦ ʜʠʘʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦʛʦ ʨʝʘʛʝʥʪʘ ʤʝʪʘ-

ʭʣʦʨʥʘʜʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʚ ʵʪʦʤ ʞʝ ʧʨʝʚʨʘʱʝʥʠʠ  [3] (ʉʭʝʤʘ 1). 

ʉʭʝʤʘ 1 
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 ʘ) HCOOH, H2O2 (30%), CH2Cl2. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʦʚʘʷ ʨʝʘʢʮʠʷ ʚ ʭʠʤʠʠ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ï ʦʙʨʘʟʦʚʘʥʠʝ ʆ-ʠʟʦʙʫʪʠʣʦʚʳʭ ʘʮʝʪʘʣʝʡ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ  

(-70Áʉ) ʦʙʨʘʙʦʪʢʝ ʩʝʤʠʯʣʝʥʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʚʳʭ ʣʘʢʪʦʥʦʚ ʜʚʫʢʨʘʪʥʳʤ (ʠ ʙʦʣʝʝ) ʤʦʣʥɹʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʡʛʠʜʨʠʜʘ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ [4]. 

ʅʘʡʜʝʥʳ ʰʝʩʪʴ ʧʨʠʤʝʨʦʚ ʥʦʚʦʡ ʨʝʘʢʮʠʠ ʚ ʭʠʤʠʠ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ï ʦʙʨʘʟʦʚʘʥʠʝ ʆ-ʠʟʦʙʫʪʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʣʘʢʪʦʣʦʚ (9-14)  ʚ ʧʨʦʮʝʩʩʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠʟʙʳʪʢʦʤ 

ʜʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʡʛʠʜʨʠʜʘ ʩʝʤʠʯʣʝʥʥʳʭ ʣʘʢʪʦʥʦʚ: ʠʟʦʤʝʥʪʦʣʘʢʪʦʥʘ (8), 

ʘʜʘʤʘʥʪʘʥʦʣʘʢʪʦʥʘ (15), ɓ-ʢʘʤʬʦʣʠʜʘ (16), (1R,5R,7S)-5,8,8-ʪʨʠʤʝʪʠʣ-3-

ʦʢʩʘʙʠʮʠʢʣʦ[5.1.0]ʦʢʪʘʥ-4-ʦʥʘ (17) ʠ ʣʘʢʪʦʥʦʚ 19ɓ,28-ʵʧʦʢʩʠ-4-ʛʠʜʨʦʢʩʠ-3,4-ʩʝʢʦ-18Ŭ-

ʦʣʝʘʥ-3-ʦʚʦʡ, (4S)-19ɓ,28-ʵʧʦʢʩʠ-4-ʛʠʜʨʦʢʩʠ-3,4-ʩʝʢʦ-24-ʥʦʨʦʣʝʘʥ-3-ʦʚʦʡ ʢʠʩʣʦʪ (18, 19) 

(ʩʭʝʤʘ 2). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʦʚʘʷ ʨʝʘʢʮʠʷ ʚ ʭʠʤʠʠ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʘʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ (-)-ʤʝʥʪʦʣʘʢʪʦʥʘ, ʧʨʠʯʝʤ ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ 6-

ʛʠʜʨʦʢʩʠ-3,7-ʜʠʤʝʪʠʣʦʢʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ (20) ʚʝʜʝʪ ʩʝʙʷ ʚ ʨʝʘʢʮʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʢ (-)-ʤʝʥʪʦʣʘʢʪʦʥ (7), ʘ ʝʛʦ 6-ʦʢʩʦ-ʘʥʘʣʦʛ (21) ʜʚʦʷʢʦ: ʢʘʢ (-)-

ʤʝʥʪʦʣʘʢʪʦʥ (7) ʠ ʠʟʦʤʝʥʪʦʣʘʢʪʦʥ (8) (ʩʭʝʤʘ 3). 
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ʘ. 2 ɻ ʢʚ. ɼʀɹɸɻ, CH2Cl2, -70oC; b. H2O; ʩ. 6 ɻ ʢʚ. ɼʀɹɸɻ, CH2Cl2, -70oC; d. 4 ɻ ʢʚ. ɼʀɹɸɻ, CH2Cl2, -70oC. 
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3.2 : 1.3 : 1.0  
a. MeOH, TsOH; b. PCC, CH2Cl2; c. 2 ʵʢʚ. ɼʀɹɸɻ, CH2Cl2, -70oC; d. H2O; e. 4 ɻ ʢʚ. ɼʀɹɸɻ, CH2Cl2, -

70oC. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʅʐ 2625.2014.3 

çʉʠʥʪʝʪʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʝʱʝʩʪʚ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʢʘʢ ʙʘʟʦʚʳʡ ʧʨʠʥʮʠʧ ʨʘʟʨʘʙʦʪʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʚʳʩʦʢʦʡ ʩʦʮʠʘʣʥɹʦʡ ʟʥʘʯʠʤʦʩʪʠè. 

1. S.R. Dhillon, K.V. Gautam, S. Singh, J. Singh, Ind. J. Chem., 30B, 574 (1991) 

2. J. Sejbal, J. Klinot, D. Hrncirova, A. Vystrcil, Collection Czechoslovak Chem. Commun., 

50, 2753 (1985) 

3. D.J. Marell, S.J. Emond, A. Kulsherstha, R. Thomas, J. Org. Chem., 79, 752, (2014) 

4. ʀʰʤʫʨʘʪʦʚ ɻ.ʖ., ɺʳʜʨʠʥʘ ɺ.ɸ., ʗʢʦʚʣʝʚʘ ʄ.ʇ. ʠ ʜʨ. ɾ. ʦʨʛʘʥ. ʭʠʤʠʠ., 47, 471 

(2011) 
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ʅʆɺʓʁ ʄɽʊʆɼ ʉʀʅʊɽɿɸ ɼʀʕʊʀʃ-2-ʄɽʊʀʃ-1,2,3,4-

ʊɽʊʈɸɻʀɼʈʆʇʀʈʀɼʀʅ-3,5-ɼʀʂɸʈɹʆʂʉʀʃɸʊʆɺ, 

ʇɽʈʉʇɽʂʊʀɺʅʓʍ ɺ ʂɸʏɽʉʊɺɽ 

ɺɸɿʆʉɽʃɽʂʊʀɺʅʓʍ ɻʀʇʆʊɽʅɿʀɺʅʓʍ ʉʈɽɼʉʊɺ 
 

ʀʰʤʠʷʨʦʚ ʕ.ʈ.1, ʈʘʭʠʤʦʚʘ ʅ.ʊ.2, ʃʘʪʳʧʦʚʘ ɼ.ʈ.1, ʉʧʠʨʠʭʠʥ ʃ.ɺ.1, ɸʙʜʫʣʣʠʥ ʄ.ʀ.2, 

ɼʦʢʠʯʝʚ ɺ. ɸ.1 

 
1ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

 ʋʬʠʤʩʢʠʡ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 450054 ʋʬʘ, ʧʨʦʩʧ. ʆʢʪʷʙʨʷ, 71 

E-mail: emilish@mail.ru 
2ʌɻɹʆʋ ɺʇʆ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʈʝʛʫʣʠʨʫʝʤʳʡ ʢʦʥʪʨʦʣʴ ʢʨʦʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʦʧʝʨʘʮʠʠ ʥʘ ʩʝʨʜʮʝ, ʮʝʨʝʙʨʘʣʴʥʦʡ 

ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʦʨʪʦʧʝʜʠʠ ʠʣʠ ʤʠʢʨʦʭʠʨʫʨʛʠʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʭ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʘʞʥʦ ʙʳʩʪʨʦ ʠ ʙʝʟʦʧʘʩʥʦ ʩʥʠʟʠʪʴ 

ʢʨʦʚʷʥʦʝ ʜʘʚʣʝʥʠʝ ʜʦ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʠ ʧʦʪʦʤ ʙʳʩʪʨʦ ʝʛʦ ʥʦʨʤʘʣʠʟʦʚʘʪʴ. ʅʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʛʠʧʦʪʝʥʟʠʚʥʳʝ ʘʥʪʘʛʦʥʠʩʪʳ ʢʘʣʴʮʠʷ ʜʠ- ʠ 

ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʠʥʦʚʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [Opic L.H. Clinical 

use of Calcium channel antagonist Drugs. Kluwer Academic Publ. 1990]. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʜʠʵʪʠʣ 2-ʤʝʪʠʣ-1,2,3,4-

ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʠʥ-3,5-ʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʚʘʟʦʩʝʣʝʢʪʠʚʥʳʭ ʛʠʧʦʪʝʥʟʠʚʥʳʭ ʩʨʝʜʩʪʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ. ɺ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦʣʦʞʝʥʘ 

ʨʝʘʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʘʮʝʪʦʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ 

(ʘʣʢʠʣ- ʠ ʘʨʠʣʘʤʠʥʳ, ʜʠʘʤʠʥʳ). ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʧʦʣʫʘʮʝʪʘʣʝʡ ʥʘ ʚʳʭʦʜ ʠ 

ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʠʭ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʘʮʝʪʦʫʢʩʫʩʥʳʤ ʵʬʠʨʦʤ ʠ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ. 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʦʧʨʦʧʠʣʘʤʠʥ, ʙʝʥʟʠʣʘʤʠʥ ʠ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ ʨʝʛʠʨʫʶʪ ʩ 

ʘʮʝʪʦʫʢʩʫʩʥʳʤ ʵʬʠʨʦʤ ʠ ʤʝʪʦʢʩʠʵʪʘʥʦʣʦʤ ʚ ʨʘʩʪʚʦʨʝ ʤʝʪʘʥʦʣʘ ʧʨʠ 65oʉ ʚ ʪʝʯʝʥʠʝ 5 ʯ, 

ʜʘʚʘʷ ʜʠʵʪʠʣ-3-ʘʮʝʪʠʣ-6-ʤʝʪʠʣ-1,2,3,4-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʠʥ-3,5-ʜʠʢʘʨʙʦʢʩʠʣʘʪʳ 3ʘ-ʩ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʤʠʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ 1,2-ʵʪʠʣʝʥʜʠʘʤʠʥʘ ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʵʪʠʣ 5,8ʘ-ʜʠʤʝʪʠʣ-

1,2,3,7,8,8a-ʛʝʢʩʘʛʠʜʨʦʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥ-6,8-ʜʠʢʘʨʙʦʢʩʠʣʘʪʘ 4 ʩ ʚʳʭʦʜʦʤ 98% ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʘʤʠʥʦʛʨʫʧʧʳ ʩ ʘʮʝʪʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ. 
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ʆʈɻɸʅʀʏɽʉʂʆ-ʅɽʆʈɻɸʅʀʏɽʉʂʀɽ ʂʆʄʇʃɽʂʉʅʓɽ 

ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʄɽɼʀʎʀʅʓ ʀ ɺɽʊɽʈʀʅɸʈʀʀ 
 

1ʇʣʝʭʘʥʦʚʘ ɼ. ʌ., 1ʉʘʛʠʪʦʚʘ ɸ. ʌ., 1ʂʫʢʦʚʠʥʝʮ ʆ. ʉ., 2ʄʫʜʘʨʠʩʦʚʘ ʈ. ʍ., 

 1ɸʙʜʫʣʣʠʥ ʄ. ʀ. 

 

1.ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè, ʛ.ʋʬʘ, ʈʦʩʩʠʷ 
2.ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ.ʋʬʘ, ʈʦʩʩʠʷ, e-mail: salihovadf@yandex.ru 
 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʙʠʦʤʦʣʝʢʫʣ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. ɺʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʘ-

ʥʦʩʠʪʝʣʷ ʜʣʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʝʢʪʠʥʦʚʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʠʨʝ ʠ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ. ʅʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʤʦʣʝʢʫʣʝ ʧʝʢʪʠʥʦʚ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʦʯʝʥʴ ʚʘʞʥʦʝ ʠʭ ʩʚʦʡʩʪʚʦ ï ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʦʥʘʤʠ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʥʠʞʘʝʪʩʷ 

ʪʦʢʩʠʯʥʦʩʪʴ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʤʝʞʫʪʦʢ ʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʠʣʠ 

ʦʙʱʝʫʢʨʝʧʣʷʶʱʝʛʦ ʩʨʝʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʠʭ ʜʦʩʪʘʚʢʘ ʢ 

ʨʘʟʣʠʯʥʳʤ ʦʨʛʘʥʘʤ ʯʝʣʦʚʝʢʘ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʠʟʫʯʝʥʠʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʬʘʨʤʘʢʦʬʦʨʦʚ ʥʘ ʧʦʣʠʩʘʭʘʨʠʜʥʦʡ ʤʘʪʨʠʮʝ ʠ 

ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʪʠʚʥʦʛʦ (ʇ) ʠ 

ʜʝʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʷʙʣʦʯʥʦʛʦ ʧʝʢʪʠʥʘ (ɼʇ) ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʬʘʨʤʘʢʦʬʦʨʘʤʠ, ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʬʘʨʤʘʢʦʬʦʨʘ  ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʳʭ ʙʠʦʤʘʪʝʨʠʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʘʟʦʪ - 

ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ: ʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʅʂ), 5-ʘʤʠʥʦʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ 

(5ɸʉʂ), ʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ (ʉʂ), ʘʥʪʨʘʥʠʣʦʚʘʷ ʢʠʩʣʦʪʘ (ɸʂ), ʤʝʪʠʣʫʨʘʮʠʣ (ʄʋ), 

ʪʨʠʧʪʦʬʘʥ (ʊʌ) ʠ ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ɸʩʂ). ɺʚʝʜʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʣʝʢʘʨʩʪʚ. ʊʘʢ ʚʚʝʜʝʥʠʝ ʡʦʜʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʘʥʪʠʩʝʧʪʠʢʦʤ, ʢ ʢʦʪʦʨʦʤʫ ʥʝ ʚʳʷʚʣʝʥʦ ʧʨʠʚʳʢʘʥʠʷ ʥʠ ʜʣʷ ʦʜʥʦʛʦ ʚʠʜʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʤʦʞʝʪ,  ʩʦʭʨʘʥʠʚ ʧʨʠʩʫʱʫʶ ʝʤʫ ʙʠʦʘʢʪʠʚʥʦʩʪʴ, ʫʤʝʥʴʰʠʪʴ 

ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʧʨʠʜʘʪʴ ʧʨʦʣʦʥʛʠʨʫʶʱʠʡ ʵʬʬʝʢʪ. ɸ ʠʥʪʝʨʝʩ ʢ ʢʦʤʧʣʝʢʩʘʤ ʧʨʠʨʦʜʥʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ  ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʫʯʘʩʪʚʫʶʪ ʚ ʞʠʟʥʝʥʥʦ 

ʚʘʞʥʳʭ ʧʨʦʮʝʩʩʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʛʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʚʳʙʨʘʥʘ ʤʝʜʴ, ʧʨʦʷʚʣʷʶʱʘʷ 

ʢʘʨʜʠʦʪʦʥʠʯʝʩʢʠʝ ʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʝʢʪʠʥ-ʬʘʨʤʘʢʦʬʦʨ (ʂʇʌ) ʧʦʜʪʚʝʨʞʜʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ 

ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 1:1 ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ. ʆʮʝʥʝʥʳ 

ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʪʠʚʥʦʛʦ ʧʝʢʪʠʥʘ, ʢʦʪʦʨʳʝ ʚʦʟʨʘʩʪʘʶʪ ʚ 

ʨʷʜʫ: ʉʂ<5ɸʉʂ<ʅʂ<ɸʩʂ<ɸʂ<ʊʌ<ʄʋ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʪʨʫʢʪʫʨʦʡ ʚʚʝʜʝʥʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʄʋ ʠ ʊʌ, ʩʦʜʝʨʞʘʱʠʭ  

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ, ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʬʘʨʤʘʢʦʥʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʩʦʙʦʡ ʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʣʘ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʦ 

ʜʦʥʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʘʪʦʤʘ ʘʟʦʪʘ ʚ ʛʝʪʝʨʦʮʠʢʣʝ ʧʦʥʠʞʝʥʳ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʫ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  
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ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʤʫ ʤʝʭʘʥʠʟʤʫ: ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʤʦʣʝʢʫʣʳ ʬʘʨʤʘʢʦʬʦʨʘ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ. ʇʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʉʆʆʅ ʛʨʫʧʧ ʥʘ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʠ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ ʬʘʨʤʘʢʦʬʦʨʘ. ʋʚʝʣʠʯʝʥʠʝ ʫʟʣʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʦʣʠʩʘʭʘʨʠʜʝ (ʟʘʤʝʥʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ɼʇ) ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʨʷʜʘ ʫʩʪʦʡʯʠʚʦʩʪʠ: ɸʂ<ʉʂ<ɸʩʂ<5ɸʉʂ<ʅʂ<ʄʋ<ʊʌ. ɺʝʨʦʷʪʥʦ, ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʙʠʦʧʦʣʠʤʝʨʝ ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ NH3
+ï ʛʨʫʧʧʦʡ ʪʨʠʧʪʦʬʘʥʘ, ʧʦʚʳʰʘʶʱʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʘ (~ 106). ʉ ʧʦʤʦʱʴʶ ʀʂ- ʩʧʝʢʪʨʦʩʢʦʧʠʠ  ʜʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʩ ʫʯʘʩʪʠʝʤ ʉʆʆʅ ʛʨʫʧʧ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ NH2- ʠ OH- ʛʨʫʧʧ ʬʘʨʤʘʢʦʬʦʨʘ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʧʝʢʪʠʥʦʚ ʩ ʬʘʨʤʘʢʦʬʦʨʦʤ ʠʟʤʝʥʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʫʜʝʣʴʥʳʭ ʫʛʣʦʚ ʚʨʘʱʝʥʠʷ ʠ ʢʨʠʚʳʝ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʂʇʌ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʚʣʠʷʝʪ 

ʩʪʨʫʢʪʫʨʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʩʪʝʧʝʥʴ ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʝʢʪʠʥʘ ʠ 

ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʪʨʦʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʦʤʧʣʝʢʩʳ ʥʘʪʠʚʥʦʛʦ ʠ ʜʝʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʝʢʪʠʥʘ ʩ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʨʝʘʛʠʨʫʶʪ ʩ ʡʦʜʦʤ ʜʘʚʘʷ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ 

ʩʦʩʪʘʚʘ 1:1, ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʡ ʡʦʜ, ʪʘʢ ʠ ʧʦʣʠʠʦʜʠʜʳ, ʢʦʥʩʪʘʥʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʶʪʩʷ ʚ ʨʷʜʫ ʇ<ɼʇ < ɼʇï5-ɸʉʂ <ʇïɸʂÒʇï5-ɸʉʂ< ɼʇïɸʂ 

<ɼʇīʉʂ<ʇīʉʂ<ɼʇīʅʂ<ʇīʅʂ. ɼʣʷ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʚʩʪʫʧʘʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʦʪʥʦʰʝʥʠʠ 2:1, ʪ.ʝ. ʥʘ ʦʜʥʫ 

ʤʦʣʝʢʫʣʫ ʤʝʜʠ ʧʨʠʭʦʜʠʪʩʷ ʜʚʝ ʤʦʣʝʢʫʣʳ ʬʘʨʤʘʢʦʬʦʨʩʦʜʝʨʞʘʱʝʛʦ ʧʝʢʪʠʥʘ. ʂʦʥʩʪʘʥʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ  ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʤʝʥʷʶʪʩʷ ʚ ʨʷʜʫ: ʇ<ʇ-ʉʂ<ʇ-5ɸʉʂ<ʇ-

ɸʂ<ʇ-ʅʂ. ɺʠʜʥʦ, ʯʪʦ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʩ ʅʂ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ, ʪ.ʢ. ʘʟʦʪ ʚ 

ʧʠʨʠʜʠʥʦʚʦʤ ʢʦʣʴʮʝ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ NH2- ʠ 

ʆʅ- ʬʫʥʢʮʠʷʤʠ ʜʨʫʛʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʫʙʩʪʘʥʮʠʡ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʦʡʥʳʭ ʠʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʞʠʜʢʦʬʘʟʥʳʤ ʩʧʦʩʦʙʦʤ, ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʚʩʪʫʧʘʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʦʣʝʢʫʣʘ ʬʘʨʤʘʢʦʬʦʨʘ, ʪʦʛʜʘ ʢʘʢ ʚʣʠʷʥʠʝ ʧʦʣʠʩʘʭʘʨʠʜʥʦʡ 

ʤʘʪʨʠʮʳ ʚʪʦʨʦʩʪʝʧʝʥʥʦ. ʆʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʠʛʨʘʝʪ ʧʨʠ 

ʪʚʝʨʜʦʬʘʟʥʦʤ ʩʧʦʩʦʙʝ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʡʦʜʦʤ. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʂʇʌ ʩ 

ʡʦʜʦʤ ʧʨʦʠʩʭʦʜʷʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʠʨʘʥʦʟʥʦʛʦ ʮʠʢʣʘ ʧʦʣʠʩʘʭʘʨʠʜʘ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʢʦʤʧʣʝʢʩʦʚ ([ʧʦʣʠʤʝʨ ï I]+ I-), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʠʠʦʜʠʜʥʳʭ ʮʝʧʝʡ, ʚʥʫʪʨʠ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ɺʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʨʠ 

ʠʟʫʯʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʝʚʦʚ ʦʙʨʘʟʮʦʚ ʥʘ ʪʝʩʪ-ʢʫʣʴʪʫʨʫ ʛʦʩʧʠʪʘʣʴʥʦʡ ʨʘʥʝʚʦʡ ʠʥʬʝʢʮʠʠ 

ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʦʥʘ ʟʘʜʝʨʞʢʠ ʨʦʩʪʘ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʳʝ ʚʦʢʨʫʛ ʩʪʘʥʜʘʨʪʥʳʭ ʜʠʩʢʦʚ ʩ ʘʥʪʠʙʠʦʪʠʢʘʤʠ. 

ʅʘʠʙʦʣʴʰʘʷ ʟʦʥʘ ʟʘʜʝʨʞʢʠ ʨʦʩʪʘ ʦʪʤʝʯʝʥʘ ʫ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʘʣʠʮʠʣʦʚʫʶ 

ʢʠʩʣʦʪʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʇ ʠ ɼʇ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʟʚʦʣʠʣʦ ʫʩʠʣʠʪʴ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʧʨʠʜʘʪʴ ʥʦʚʳʝ 

ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʫʢʣʦʥʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʠʥʬʝʢʮʠʦʥʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʜʳ 

ʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʧʘʪʦʛʝʥʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʳ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʀʌɸ), ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ (ʇʎʈ), ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʝʚʘ ʠ ʜʨ., 

ʥʘʨʷʜʫ ʩ ʥʝʦʩʧʦʨʠʤʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʤʝʶʪ ʠ ʮʝʣʳʡ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ: 

ʚʳʩʦʢʠʝ ʚʨʝʤʝʥʥʳʝ, ʤʘʪʝʨʠʘʣʦ- ʠ ʪʨʫʜʦʟʘʪʨʘʪʳ, ʪʨʝʙʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʵʢʩʧʨʝʩʩʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʙʝʩʬʝʨʤʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʠʤʤʫʥʦʘʥʘʣʠʟʘ ʠ ʩʝʥʩʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʜʫʨʫ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʪʦʛʝʥʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙʘʭ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʩʪʦʠʤʦʩʪʴ ʘʥʘʣʠʟʘ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʥʦʯʘʩʪʠʮʳ ʤʘʛʥʝʪʠʪʘ Fe3O4 ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʠʤʤʫʥʦʘʥʘʣʠʟʝ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʦʦʙʨʘʟʫʶʱʝʡ 

ʤʝʪʢʠ. ʀʟʚʝʩʪʝʥ ʤʝʪʦʜ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʤʫʥʦʘʥʘʣʠʟʘ [1], ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʢʠ ʚ 

ʢʦʪʦʨʦʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʤʘʛʥʝʪʠʪʘ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʦʪ 

ʤʝʯʝʥʥʦʛʦ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠʤʤʫʥʦʢʦʤʧʣʝʢʩʘ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʝʛʦ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ ʧʨʦʙʝ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʥʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʠ 

ʪʨʫʜʦʟʘʪʨʘʪ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʤʫʥʦʩʝʥʩʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʙʘʢʪʝʨʠʡ ʚ ʚʦʜʥʳʭ ʧʨʦʙʘʭ. ɺ 

ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʦʣʫʯʘʪʴ ʦʪ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ ʥʘʧʨʷʤʫʶ, ʤʠʥʫʷ ʩʪʘʜʠʶ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʜʣʦʞʢʠ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʤʫʥʦʘʥʘʣʠʟʘ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʤʫʥʦʘʥʘʣʠʟʘ. 

 

mailto:tanyamitrofanova1990@mail.ru


 
 
 

59 

ʅʘʥʦʯʘʩʪʠʮʳ Fe3O4 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ [2]. ʈʘʟʤʝʨʳ 

ʥʘʥʦʯʘʩʪʠʮ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺ 10 ʥʤ ʤʘʪʝʨʠʘʣʝ 

ʦʙʥʘʨʫʞʝʥʦ 8,9 % ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 50 ʥʤ ʠ ʚʳʰʝ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ 

ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʌʘʨʘʜʝʷ. ʇʨʷʤʦʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʪ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʘʧʨʦʪʦʥʥʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ (LiClO4 ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ). ʊʘʢʞʝ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ 

ʵʣʝʢʪʨʦʧʨʝʚʨʘʱʝʥʠʡ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ, ʧʨʝʜʣʦʞʝʥʳ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʧʨʦʪʝʢʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. C ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ, ʫʩʢʦʨʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ ʠ ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʝʝ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʣʝʪʢʠ, 

ʥʘʥʦʯʘʩʪʠʮʳ ʤʘʛʥʝʪʠʪʘ ʙʳʣʠ ʧʦʢʨʳʪʳ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʭʠʪʦʟʘʥʦʤ [3]. ʇʨʦʮʝʩʩʳ ʢʣʝʪʦʯʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʢʪʝʨʠʠ Escherichia coli ATCC 25922. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʚ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʥʘʨʥʳʡ ʧʣʘʪʠʥʦʚʳʡ ʵʣʝʢʪʨʦʜ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʝʭʘʥʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʘʥʪʠʪʝʣʘʤʠ ʧʨʦʪʠʚ E. coli. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʦʜʭʦʜ ʧʦ ʩʦʟʜʘʥʠʶ ʠʤʤʫʥʦʩʝʥʩʦʨʘ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʝʪʦʜʘ ʠʤʤʫʥʦʘʥʘʣʠʟʘ 

(ʨʠʩʫʥʦʢ 1) ʉʠʛʥʘʣʦʦʙʨʘʟʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʩʣʫʞʠʣ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʩʦʜʝʨʞʘʥʠʶ ʙʘʢʪʝʨʠʡ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ. 

ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʙʘʢʪʝʨʠʡ E. coli ʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ: Q = 1Ā10-4 LgC + 4Ā10-5. ʇʨʦʚʝʜʝʥʥʳʝ 

ʚ ʮʝʥʪʨʝ ʚʠʨʫʩʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ çɺʝʢʪʦʨè (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʩʨʘʚʥʠʪʝʣʴʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠʤʤʫʥʦʩʝʥʩʦʨ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʤ ʠ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ E. coli ATCC 25922 ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 10 ï 105 ʂʆɽ/ʤʣ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʥʝʝ 10 % ʢʘʢ ʚ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʷʭ, ʪʘʢ ʠ ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʙʘʭ.  
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ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʆʨʛʘʥʠʟʘʮʠʠ ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʪʫʙʝʨʢʫʣʝʟ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ, ʫʥʦʩʷʱʠʭ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʞʠʟʥʝʡ. ʉʦʛʣʘʩʥʦ 

ʦʮʝʥʢʘʤ, ʯʠʩʣʦ ʟʘʙʦʣʝʚʰʠʭ ʊɹ ʚ 2013 ʛ. ʩʦʩʪʘʚʠʣʦ 9,0 ʤʣʥ. ʯʝʣʦʚʝʢ, ʘ 1,5 ʤʣʥ. ʯʝʣʦʚʝʢ 

ʫʤʝʨʣʠ ʦʪ ʵʪʦʡ ʙʦʣʝʟʥʠ, ʚ ʪʦʤ ʯʠʩʣʝ 360 000 ʯʝʣʦʚʝʢ, ʪʘʢʞʝ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ɺʀʏ. 

ʇʦʢʘʟʘʪʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʊɹ ʝʞʝʛʦʜʥʦ ʤʝʜʣʝʥʥʦ ʩʥʠʞʘʶʪʩʷ, ʠ, ʧʦ ʠʤʝʶʱʠʤʩʷ 

ʦʮʝʥʢʘʤ, ʚ ʧʝʨʠʦʜ ʩ 2000 ʧʦ 2013 ʛʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʣʝʯʝʥʠʷ 

ʙʳʣʦ ʩʧʘʩʝʥʦ 37 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟʥʝʡ. ʆʜʥʘʢʦ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʣʫʯʘʝʚ ʩʤʝʨʪʠ ʦʪ ʪʫʙʝʨʢʫʣʝʟʘ ʤʦʞʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ, ʧʦʢʘʟʘʪʝʣʠ 

ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʵʪʦʡ ʙʦʣʝʟʥʠ ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʥʝʜʦʧʫʩʪʠʤʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʝ ʣʝʢʘʨʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʮʝʣʦʛʦ ʨʷʜʘ 

ʜʝʩʷʪʠʣʝʪʠʡ, ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʣʝʢʘʨʩʪʚʘʤ ʨʘʩʪʝʪ. ʊʫʙʝʨʢʫʣʝʟ ʩ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ - ʵʪʦ ʬʦʨʤʘ ʪʫʙʝʨʢʫʣʝʟʘ, ʚʳʟʳʚʘʝʤʘʷ ʙʘʢʪʝʨʠʝʡ, ʥʝ 

ʨʝʘʛʠʨʫʶʱʝʡ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʥʘ ʠʟʦʥʠʘʟʠʜ ʠ ʨʠʬʘʤʧʠʮʠʥ, ʜʚʘ ʩʘʤʳʭ ʤʦʱʥʳʭ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʧʨʝʧʘʨʘʪʘ ʧʝʨʚʦʡ ʣʠʥʠʠ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʫʩʠʣʠʷ 

ʫʯʝʥʳʭ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ ʚʝʱʝʩʪʚ ʩ ʘʥʪʠ-ʊɺ ʘʢʪʠʚʥʦʩʪʴʶ. 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʢʝʪʦʥʳ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ, ʘ ʠʤʝʥʥʦ, ʥʘʣʠʯʠʶ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ ʮʝʥʪʨʦʤ, ʘ ʘʪʦʤ 

ʢʠʩʣʦʨʦʜʘ ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʳʤ) ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʷʚʣʷʝʪʩʷ ʉʅ-

ʢʠʩʣʦʪʥʳʤ ʮʝʥʪʨʦʤ), ʘ ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʷʜʨʝ,  ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ.  

ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ  ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʥʪʠ-ʊɺ ʘʢʪʠʚʥʦʩʪʴʶ 

ʥʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣ-2-ʪʠʦ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ʩ ʟʘʤʝʱʝʥʥʳʤʠ 

ʘʮʝʪʦʬʝʥʦʥʘʤʠ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ,  (ʚʳʭʦʜ ʥʝ ʤʝʥʝʝ 90%) ʠ ʚʳʩʦʢʦʡ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʦʪ 87 ʜʦ 99% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʦʤ).  ʀʩʭʦʜʷ 

ʠʟ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 2-ʤʝʨʢʘʧʪʦ-[1,3,4]-

ʪʠʦʜʠʘʟʦʣʦ-(2,3)ʭʠʥʘʟʦʣʠʥ-5-ʦʥʘ ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʬʝʥʘʮʠʣʛʘʣʦʛʝʥʠʜʘʤʠ.  

ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʦʙʩʫʞʜʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʠ ʘʥʪʠ-ʊɺ ʘʢʪʠʚʥʦʩʪʴʶ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʄʦʣʜʘʚʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 14.518.04.08ɸ. 
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ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 5-ʘʤʠʥʦ-6-ʤʝʪʠʣʫʨʘʮʠʣʘ 

ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʘʤ 1,4-ʜʠʦʢʩʘʥʘ, ʵʪʠʣʙʝʥʟʦʣʘ ʠ 

ʤʝʪʠʣʦʣʝʘʪʘ [1, 2, 3]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʫʯʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʥʠʟʢʦʪʦʢʩʠʯʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ. ʉʨʝʜʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʘʮʠʣʘ, ʥʘʰʝʜʰʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʨʦʠʟʚʦʜʥʳʝ 2-ʪʠʦʫʨʘʮʠʣʘ [4], ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʤʘʣʦ ʠʟʫʯʝʥʳ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʘʪʦʤʘ ʩʝʨʳ ʥʘ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2-ʪʠʦ-6-ʘʤʠʥʦʫʨʘʮʠʣʘ ʩ ʧʝʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ. ɼʣʷ ʵʪʦʛʦ ʠʟʫʯʝʥʘ 

ʘʥʪʠʨʘʜʠʢʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 6-ʘʤʠʥʦʫʨʘʮʠʣʘ, 2-ʪʠʦ-6-ʘʤʠʥʦʫʨʘʮʠʣʘ, 2-ʪʠʦ-6-

ʤʝʪʠʣʫʨʘʮʠʣʘ ʠ 2-ʵʪʠʣʪʠʦ-6-ʤʝʪʠʣʫʨʘʮʠʣʘ ʚ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ 

ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 1,4-ʜʠʦʢʩʘʥʘ. 

ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʧʝʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʭʦʜʝ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ 2,2ô-ʘʟʦ-ʙʠʩ-ʠʟʦʙʫʪʠʨʦʥʠʪʨʠʣʦʤ ʦʢʠʩʣʝʥʠʷ 1,4-ʜʠʦʢʩʘʥʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 333 K [5]. ʆʢʠʩʣʠʪʝʣʝʤ ʩʣʫʞʠʣ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ. ɺʳʙʦʨ ʦʢʠʩʣʷʝʤʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʠʤʳʭ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʝ, 1,4-ʜʠʦʢʩʘʥ ʷʚʣʷʝʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʝʛʦ ʦʢʠʩʣʝʥʠʝ 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʧʨʠ ʵʪʦʤ ʮʝʧʠ ʦʢʠʩʣʝʥʠʷ ʚʝʜʫʪ ʪʦʣʴʢʦ 

ʚʪʦʨʠʯʥʳʝ ʘʣʢʠʣʧʝʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʦʙʣʘʜʘʝʪ 2-ʪʠʦ-6-ʘʤʠʥʦʫʨʘʮʠʣ. ʇʨʠ ʵʪʦʤ ʠʥʛʠʙʠʨʦʚʘʥʥʦʝ ʠʤ ʦʢʠʩʣʝʥʠʝ 1,4-ʜʠʦʢʩʘʥʘ 

ʧʨʦʪʝʢʘʝʪ ʩ ʚʳʨʘʞʝʥʥʳʤ ʠʥʜʫʢʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤ (Ű) (ʨʠʩʫʥʦʢ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ 

ʩʫʙʩʪʨʘʪʘ ʩ ʫʨʘʮʠʣʦʤ (k7) ʫʨʘʚʥʝʥʠʝ:  

ȹ[O2] = -k2Ā(k7)
-1Ŀ[RH]Ŀln(1-t/t),       (1) 

ʛʜʝ ȹ[O2] ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, k2 ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʧʨʦʜʦʣʞʝʥʠʷ ʮʝʧʠ, k7 ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʦʙʨʳʚʘ ʮʝʧʠ ʦʢʠʩʣʝʥʠʷ ʥʘ ʤʦʣʝʢʫʣʘʭ 

ʠʥʛʠʙʠʪʦʨʘ, t - ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ k7 ʧʨʠʥʠʤʘʣʠ k2 = 

9.5 ʣĿ(ʤʦʣʴĿʩ)-1 [6].  

ʀʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʨʘʩʩʯʠʪʳʚʘʣʠ, ʦʙʨʘʙʘʪʳʚʘʷ ʢʠʥʝʪʠʯʝʩʢʫʶ ʢʨʠʚʫʶ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʬʦʨʤʫʣʝ (2) [7]: 

t =

 

2

ind
00

1
W

dt
W

¤ õå õå
öæ= - öæ

æ öç ÷ç ÷
ñt

 

(1-(w/w0)
2)dt,

 

(2) 

ʛʜʝ w ï ʩʢʦʨʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, w0 - ʩʢʦʨʦʩʪʠ ʥʝʠʥʛʠʙʠʨʦʚʘʥʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ. 

ʇʦʩʣʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʫʨʘʚʥʝʥʠʡ 1 ʠ 

2 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʜʣʷ 2-ʪʠʦ-6-ʘʤʠʥʦʫʨʘʮʠʣʘ, 

ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ k7 = (3.0Ñ0.5)Ŀ10
5 ʣĿʤʦʣʴ-1Ŀʩ-1.  

ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (f) ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʟ ʚʝʣʠʯʠʥʳ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ: 

Ű = fĀ[InH]/wi. 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨ f = (1.1Ñ0.2). 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 2-ʪʠʦ-6-

ʘʤʠʥʦʫʨʘʮʠʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʘʤ 1,4-ʜʠʦʢʩʘʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʘʷ 

ʞʝ, ʢʘʢ ʠ ʫ 5-ʘʤʠʥʦ-6-ʤʝʪʠʣʫʨʘʮʠʣʘ (k7 = 5.6Ŀ10
5 ʣĿʤʦʣʴ-1Ŀʩ-1). ʇʨʠ ʵʪʦʤ ʥʘ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʝ 2-ʪʠʦ-6-ʘʤʠʥʦʫʨʘʮʠʣʘ ʛʠʙʥʝʪ ʦʜʠʥ ʧʝʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ. ɺ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʪʥʳʝ ʘʥʪʠʨʘʜʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʫ 6-ʘʤʠʥʦʫʨʘʮʠʣʘ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʘʤʠʥʦʛʨʫʧʧʘ ʥʝ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ 

ʘʪʘʢʠ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ 5-ʘʤʠʥʦ-6-ʤʝʪʠʣʫʨʘʮʠʣʘ [1]. ʆʪʩʫʪʩʪʚʠʝ 

ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʫ 2-ʪʠʦ-6-ʤʝʪʠʣʫʨʘʮʠʣʘ ʠ 2-ʵʪʠʣʪʠʦ-6-ʤʝʪʠʣʫʨʘʮʠʣʘ, ʩʪʘʚʠʪ ʧʦʜ 

ʚʦʧʨʦʩ ʫʯʘʩʪʠʝ ʪʠʦʥʥʦʡ ʛʨʫʧʧʳ ʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʨʝʘʢʮʠʠ ʩ ʧʝʨʦʢʩʠʨʘʜʠʢʘʣʦʤ. ɼʣʷ 

ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2-ʪʠʦ-6-ʘʤʠʥʦʫʨʘʮʠʣʘ ʩ ʧʝʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ 

ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʈʠʩʫʥʦʢ. ʊʠʧʠʯʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 1,4-

ʜʠʦʢʩʘʥʘ ʚ ʦʪʩʫʪʩʪʚʠʝ (1) ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2-ʪʠʦ-6-ʘʤʠʥʦʫʨʘʮʠʣʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

2.0Ŀ10-4 (2) ʠ 3.3Ŀ10-4 ʤʦʣʴ/ʣ (3). ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 333 ʂ, [RH] = 9.8 ʤʦʣʴ/ʣ, wi = 1Ŀ10
-7 

ʤʦʣʴĿʣ-1Ŀʩ-1. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 14-03-31377). 
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