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ʆʈɻʂʆʄʀʊɽʊ 
 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

 

ʂʥʷʟʝʚ ɸ.ɺ., ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʠ.ʦ. ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʜʠʨʝʢʪʦʨ ʎʝʥʪʨ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʅʅɻʋ. 

 

ɿʘʤʝʩʪʠʪʝʣʠ ʧʨʝʜʩʝʜʘʪʝʣʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

 

ʄʘʨʢʠʥ ɸ.ɺ., ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʠ.ʦ. ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʜʝʢʘʥ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʆ.ɺ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

 

ɹʫʣʘʥʦʚ ɽ.ʅ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ.  

 

ʏʣʝʥʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ: 

 

ɸʨʩʝʥʴʝʚ ʄ.ɺ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ɸʩʘʙʠʥʘ ɽ.ɸ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ɹʝʣʦʫʩʦʚ ɸ.ʉ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ɻʨʠʰʠʥ ʀ.ɼ., ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʥʝʬʪʠ (ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ) ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ɻʫʱʠʥ ɸ.ɺ., ʜ.ʭ.ʥ. ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ɿʘʡʮʝʚ ʉ.ɼ., ʜ.ʭ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ɿʘʤʳʰʣʷʝʚʘ ʆ.ɻ., ʜ.ʭ.ʥ., ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ɿʘʤʷʪʠʥ ʆ.ɸ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ɿʝʣʝʥʮʦʚ ʉ.ɺ., ʜ.ʭ.ʥ., ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ 

ʀʛʥʘʪʦʚ ʉ.ʂ., ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 
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ʂʣʠʤʦʚʘ ʄ.ʅ., ʢ.ʭ.ʥ. ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʂʦʣʝʩʥʠʢʦʚʘ ʃ.ɺ., ʢ.ʭ.ʥ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʄʘʣʳʰʝʚʘ ʖ.ɹ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʄʦʩʷʛʠʥ ʇ.ɺ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʅʠʧʨʫʢ ʆ.ɺ., ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʅʶʯʝʚ ɸ.ɺ., ʢ.ʭ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʆʪʚʘʛʠʥ ɺ.ʌ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʇʝʨʤʠʥ ɼ.ɺ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ, ʠ.ʦ. ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʇʣʝʭʦʚʠʯ ʉ.ɼ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʉʘʣʦʤʘʪʠʥʘ ɽ.ɺ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʉʦʣʦʛʫʙʦʚ ʉ.ʉ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʊʝʣʝʛʠʥ ʉ.ɺ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 

ʊʨʦʰʠʥ ʆ.ʖ., ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ. 
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ɸʮʝʪʠʣʝʥ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʰʠʨʦʯʘʡʰʝʛʦ ʢʨʫʛʘ 

ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʘʮʝʪʠʣʝʥ ʙʳʣ ʤʦʣʝʢʫʣʦʡ ʥʦʤʝʨ ʦʜʠʥ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʦ 

ʝʩʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚ ʤʠʨʝ ʘʮʝʪʠʣʝʥʘ ʙʳʣʦ ʙʦʣʴʰʝ ʯʝʤ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʜʨʫʛʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ɺʘʢʝʨ-ʧʨʦʮʝʩʩʘ ʘʮʝʪʠʣʝʥ ʫʩʪʫʧʠʣ ʧʝʨʚʦʝ 

ʤʝʩʪʦ, ʥʦ ʜʦ ʩʠʭ ʧʦʨ ʚʭʦʜʠʪ ʚ ʪʨʦʡʢʫ ʣʠʜʝʨʦʚ. ʅʝʥʘʩʳʱʝʥʥʘʷ ʧʨʠʨʦʜʘ ʪʨʦʡʥʦʡ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʘ ʘʮʝʪʠʣʝʥʦʚʦʝ ʷʜʨʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʦ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʠʤʝʥʴʰʝʛʦ ʠ ʩʘʤʦʛʦ ʫʜʦʙʥʦʛʦ ʉ2 ʬʨʘʛʤʝʥʪʘ, ʚʚʦʜʠʤʦʛʦ ʚ ʤʦʣʝʢʫʣʳ.  

ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʘʮʝʪʠʣʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʘʟ, ʢʦʪʦʨʳʡ 

ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʩʞʠʞʘʝʪʩʷ. ɾʠʜʢʠʡ ʘʮʝʪʠʣʝʥ ʣʝʛʢʦ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʠ ʩ 

ʧʨʠʤʝʩʷʤʠ ʩʦ ʚʟʨʳʚʦʤ ʠ ʩʧʦʥʪʘʥʥʦ ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ. ʉ ʪʚʝʨʜʳʤ ʘʮʝʪʠʣʝʥʦʤ 

ʨʘʙʦʪʘ ʥʝ ʤʝʥʝʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ, ʧʦʵʪʦʤʫ ʚʦ ʚʩʝʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʮʝʪʠʣʝʥ. ɻʘʟʦʦʙʨʘʟʥʘʷ ʬʦʨʤʘ ï ʩʘʤʘʷ ʥʝʫʜʦʙʥʘʷ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʪ.ʢ. ʥʝʦʙʭʦʜʠʤʦ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʩʧʝʮʠʘʣʴʥʦʝ ʛʘʟʦʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ʆʪʯʘʩʪʠ ʧʦʵʪʦʤʫ ʣʘʙʦʨʘʪʦʨʥʘʷ ʭʠʤʠʷ ʘʮʝʪʠʣʝʥʘ ʨʘʟʚʠʪʘ ʛʦʨʘʟʜʦ 

ʩʣʘʙʝʝ, ʯʝʤ ʭʠʤʠʷ ʜʨʫʛʠʭ ʘʮʝʪʠʣʝʥʦʚ [1], ʥʘʧʨʠʤʝʨ, ʦʢʪʠʥʘ-1, ʷʚʣʷʶʱʝʛʦʩʷ 

ʩʪʘʥʜʘʨʪʥʳʤ ʪʝʩʪʠʨʫʝʤʳʤ ʩʫʙʩʪʨʘʪʦʤ ʚʦ ʤʥʦʞʝʩʪʚʝ ʧʨʝʚʨʘʱʝʥʠʡ.  

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʣʠʪʝʨʘʪʫʨʥʳʝ, ʪʘʢ ʠ 

ʘʚʪʦʨʩʢʠʝ ʨʘʙʦʪʳ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʘ ʢʘʣʴʮʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʘʮʝʪʠʣʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʭʠʤʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʘ ʢʘʣʴʮʠʷ ʚʤʝʩʪʦ 

ʘʮʝʪʠʣʝʥʘ ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʘʟʘʤʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʧʨʦʱʘʝʪ ʫʩʪʘʥʦʚʢʠ, ʩʥʠʞʘʝʪ ʨʠʩʢ ʚʟʨʳʚʘ, ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ 

ʜʦʟʠʨʦʚʘʪʴ ʨʝʘʛʝʥʪʳ [2-4]. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʨʘʥʝʥʠʝ ʙʘʣʣʦʥʦʚ ʩ 

ʘʮʝʪʠʣʝʥʦʤ ʟʘʧʨʝʱʝʥʦ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ ʩʚʦʜʦʤ ʧʨʘʚʠʣ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʜʝʣʘʝʪ 

ʥʝʢʦʪʦʨʳʝ ʩʠʥʪʝʟʳ ʥʝʚʦʟʤʦʞʥʳʤʠ ʢ ʧʨʦʚʝʜʝʥʠʶ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʦʮʝʜʫʨ ʩ ʫʯʘʩʪʠʝʤ ʢʘʨʙʠʜʘ ʚʤʝʩʪʦ ʘʮʝʪʠʣʝʥʘ ʙʳʣʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʦʩʧʨʠʥʷʪʘ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʩʦʦʙʱʝʩʪʚʦʤ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ, ʥʘ 

ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʜʫʙʣʠʨʫʝʪ ʭʠʤʠʶ ʘʮʝʪʠʣʝʥʘ, ʦʜʥʘʢʦ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʤʥʦʞʝʩʪʚʦ ʭʘʨʘʢʪʝʨʥʳʭ ʠʤʝʥʥʦ ʜʣʷ ʢʘʨʙʠʜʘ ʦʩʦʙʝʥʥʦʩʪʝʡ.  

ʂʘʨʙʠʜ ʢʘʣʴʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʘʚʱʠʢʦʤ ʉʉ ʬʨʘʛʤʝʥʪʘ ʚ ʭʦʜʝ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʥʝʦʩʫʱʝʩʪʚʠʤʳʤ ʜʣʷ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʮʝʪʠʣʝʥʘ. ʅʘ ʩʝʛʦʜʥʷ ʤʝʭʘʥʦʭʠʤʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 
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ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʪ.ʢ. ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʷʪʩʷ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʉʉ ʬʨʘʛʤʝʥʪ ʧʝʨʝʭʦʜʠʪ ʠʟ ʢʘʨʙʠʜʘ 

ʢʘʣʴʮʠʷ ʚ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ. ʇʨʦʭʦʜʠʪ ʣʠ ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ 

ʯʝʨʝʟ ʩʪʘʜʠʶ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʮʝʪʠʣʝʥʘ ï ʦʪʢʨʳʪʳʡ ʚʦʧʨʦʩ. ɺʚʝʜʝʥʠʝ ʚ ʪʚʝʨʜʳʝ 

ʨʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʵʪʦʤʫ, ʙʝʟʫʩʣʦʚʥʦ, 

ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʪʘʚʱʠʢʘ ʤʦʣʝʢʫʣ, ʥʝ 

ʜʦʩʪʫʧʥʳʭ ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʦʮʝʜʫʨʘʤ çʤʦʢʨʦʡ ʭʠʤʠʠè.  

ʇʦʣʫʯʝʥʠʝ ʠʟʦʪʦʧʥʦ ʤʝʯʝʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʫʶ 

ʦʙʣʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʠʥʪʝʟ ʤʝʯʝʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ð ʵʪʦ 

ʤʥʦʛʦʩʪʘʜʠʡʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʮʝʥʥʦʛʦ ʤʝʯʝʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʇʨʝʜʣʦʞʝʥʠʝ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʝʪʦʢ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ï 

ʟʘʩʣʫʞʠʚʘʶʱʠʡ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʧʦʜʭʦʜ. ʋʜʠʚʠʪʝʣʴʥʦ, ʥʦ ʢʘʨʙʠʜ ʢʘʣʴʮʠʷ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʩʪʘʚʱʠʢʦʤ ʩʨʘʟʫ ʜʚʫʭ ʠʟʦʪʦʧʥʳʭ ʤʝʪʦʢ: 13ʉ ʠ D, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʚʦʜʠʪʴʩʷ ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʩʨʘʟʫ ʚʤʝʩʪʝ [5]. ʄʝʯʝʥʳʡ ʢʘʨʙʠʜ 

ʢʘʣʴʮʠʷ ʉʘʉ2
13 ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʧʦʣʫʯʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʣʘʚʣʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʷ ʩ ʤʝʯʝʥʳʤ ʫʛʣʝʨʦʜʦʤ 13ʉ ʚ ʦʙʳʯʥʦʡ ʧʨʦʙʠʨʢʝ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ [6]. ɻʠʜʨʦʣʠʟ ʤʝʯʝʥʦʛʦ ʢʘʨʙʠʜʘ ʢʘʣʴʮʠʷ ʪʷʞʝʣʦʡ 

ʚʦʜʦʡ ʧʨʠʚʦʜʠʪ ʢ ʜʚʘʞʜʳ ʤʝʯʝʥʦʤʫ ʘʮʝʪʠʣʝʥʫ 13ʉ2D2, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʚʦʚʣʝʯʝʥ ʚ ʪʨʝʙʫʝʤʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʤʝʯʝʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʘʮʝʪʠʣʝʥʘ.  

ɺʦʚʣʝʯʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʳʟʦʚ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʭʠʤʠʢʘ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʧʨʦʤʦʪʠʨʫʝʤʦʝ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʝ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʟʠʜʦʚ ʢ ʘʮʝʪʠʣʝʥʫ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʚʝʨʜʦʛʦ ʢʘʨʙʠʜʘ ʢʘʣʴʮʠʷ [7]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʠʘʟʦʣʳ ʩ ʭʦʨʦʰʠʤʠ ʠ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ.  

ɽʱʝ ʦʜʥʠʤ ʫʥʠʢʘʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʚ ʨʘʙʦʪʝ ʩ ʢʘʨʙʠʜʦʤ ʢʘʣʴʮʠʷ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʦʩʦʙʦ ʯʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʘʨʙʠʜʘ ʚ ʪʦʢʝ ʭʣʦʨʘ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʱʠʡʩʷ 

ʫʛʣʝʨʦʜ ʩʦʜʝʨʞʠʪ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʯʘʩʪʠ ʧʦʛʨʫʞʝʥʥʳʝ ʢʣʘʩʪʝʨʳ 

ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʧʦʩʦʙʥʳʝ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʩʝʣʝʢʪʠʚʥʦʝ 

ʧʦʣʫʛʠʜʨʠʨʦʚʘʥʠʝ ʘʣʢʠʥʦʚ [8].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʙʠʜʘ ʢʘʣʴʮʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʣʘʚʳ ʚ 

ʭʠʤʠʠ ʘʮʝʪʠʣʝʥʘ. ɼʘʥʥʳʝ ʨʝʘʢʮʠʠ ʩ ʛʘʟʦʦʙʨʘʟʥʳʤ ʘʮʝʪʠʣʝʥʦʤ ʧʦʢʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʤʠ.  

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʈʦʩʩʠʡʩʢʠʡ ʬʦʥʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘ 

ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ (ʧʨʦʝʢʪ ˉ19-29-08020). 
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Computational Prediction, Crystal Structure, Properties, Synthesis, and 

Applications of WB5-x  
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1 Skolkovo Institute of Science and Technology, Moscow, Russia 
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Here we predict new tungsten and molybdenum borides, some of which are 

promising hard materials that are expected to be thermodynamically stable in a wide 

range of conditions. New boron-rich compound WB5 is predicted to be superhard with 

Vickers hardness of 45 GPa [2]. The ab initio calculations of the structural energies 

corresponding to different local structures make it possible to formulate the rules 

determining the likely local motifs in the disordered versions of the WB5 structure, all 

of which involve boron deficit [3].  

Further we proposed and developed the experimental setup to perform more 

efficient synthesis of powders of WB5-x [4]. New technique for synthesis (enabling a 

scalable synthesis) and excellent mechanical properties makes WB5-x a very promising 

material for the drilling technology and catalysis.  
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ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʤʦʣʝʢʫʣ, ʦʙʣʘʜʘʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʥʘ 

ʧʫʪʠ ʨʝʰʝʥʠʷ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʰʠʨʦʢʠʡ ʥʘʙʦʨ 

ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ, ʦʜʥʘʢʦ ʪʘʢʦʡ ʧʫʪʴ ʩʢʦʨʝʝ 

ʷʚʣʷʝʪʩʷ ʥʝʠʟʙʝʞʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ, ʥʝʞʝʣʠ ʞʝʣʘʥʠʝʤ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. 

ɹʝʟʫʩʣʦʚʥʦ, ʭʦʪʝʣʦʩʴ ʙʳ ʠʤʝʪʴ ʧʦʜ ʨʫʢʦʡ çʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪè, 

ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʫʢʪʫʨʳ ʠʟʚʝʩʪʥʦʛʦ ʠʣʠ ʥʦʚʦʛʦ ʚʝʱʝʩʪʚʘ. ɺʚʠʜʫ ʘʢʪʠʚʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʠʤʝʥʥʦ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʤʦʞʝʪ ʟʘʥʷʪʴ ʩʪʦʣʴ ʚʦʩʪʨʝʙʦʚʘʥʥʫʶ ʥʠʰʫ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʜʝʨʞʘʪ ʤʘʣʳʝ ʤʦʣʝʢʫʣʳ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʨʘʤʢʘʭ 

ʧʨʝʜʩʪʦʷʱʝʛʦ ʜʦʢʣʘʜʘ ʙʫʜʫʪ ʦʩʚʝʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʘʢ ʠ ʥʦʚʳʭ ʫʥʠʢʘʣʴʥʳʭ ʤʝʪʦʜʠʢ. 

ʇʨʠ ʧʦʤʦʱʠ ʦʜʥʦ- (1H, 13C, 2H, 31P ʠ ʜʨ.) ʠ ʜʚʫʤʝʨʥʳʭ (1H-13C HSQC, 1H-13C 

HMBC, 1H-1H TOCSY, 1H-1H NOESY ʠ ʜʨ.) ʪʝʭʥʠʢ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʣʫʯʝʥʘ 

ʠʩʯʝʨʧʳʚʘʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʭʠʤʠʯʝʩʢʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʳ ʜʦʣʠ ʛʨʫʧʧ 

ʢʦʥʬʦʨʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʧʫʪʝʤ ʤʠʢʨʦʥʠʟʘʮʠʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʮʝʣʴʶ ʠʭ 

ʧʝʨʝʧʨʦʬʠʣʠʨʦʚʘʥʠʷ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ, ʘʣʛʦʨʠʪʤʦʚ, 

ʧʨʦʛʨʘʤʤ ʠ ʫʥʠʢʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʩʦʨʙʮʠʠ ʚʳʩʦʢʦʧʦʨʠʩʪʳʤʠ ʧʦʣʠʤʝʨʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʯʪʦ, ʚ ʧʝʨʩʧʝʢʪʠʚʝ, ʧʦʟʚʦʣʠʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʠ ʤʘʪʝʨʠʘʣʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ ʙʫʜʫʪ ʦʙʩʫʞʜʝʥʳ ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʚ ʙʠʩʣʦʝ 

ʣʠʧʠʜʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʤʝʤʙʨʘʥʫ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ 

ʥʦʩʷʪ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʈʅʌ ˉ 22-13-00257, 2022-2024). 
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ʉɽʂʎʀʆʅʅʓɽ ɼʆʂʃɸɼʓ  

ʉɽʂʎʀʗ 1  
ʆʨʛʘʥʠʯʝʩʢʘʷ ʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

Gold-Catalysed Oxygen Transfer to Alkynylsulfones: A New Route to 4-

Sulfonyl-1,3-Oxazoles 

 

Chikunova E.I., Dubovtsev A.Yu. 

Saint-Petersburg State University, Saint Petersburg, Russia 

E-mail: helenchik0709@gmail.com 

 

Gold-catalysed oxygen transfers have gained popularity in the past decade due to 

their considerable potential in different synthetic applications[1]. Ŭ-Oxo gold carbenes 

formed during these processes are highly reactive species to serve for constructing of 

compounds with high molecular complexity using relatively simple building blocks[2].  

1,3-Oxazoles are recognised as highly important heteroaromatic compounds. 

They possess useful properties to use in organic, medicinal/pharmaceutical chemistry 

[3] and material science[4]. 1,3-Oxazoles, bearing sulfonyl functionalities in the 4th 

position are of particular interest due to their high pharmacological potential[5]. 

However, the synthetic routes to these species are severely limited[6]. 

Herein we report on a new route to valuable 4-sulfonyl-1,3-oxazoles that includes 

gold-catalysed annulation of alkynylsulfones with pyridine N-oxides (as O-atom 

transfer reagents) and nitriles (as C=N synthons)[7]. 

 
This work was supported by the Russian Science Foundation (project No. 20-73-

10022). 
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Conjugates of bacteriochlorin and naphthalimide derivatives for combined 

fluorescent diagnosis and photodynamic therapy 

 

Pavlova M.A., Panchenko P.A., Fedorova O.A. 

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

119990, Moscow, Vavilova, 28 

 E-mail: pavlova_m@ineos.ac.ru 

  

Theranostics is a new approach to cancer treatment based on the use of drugs that 

can provide both diagnosis and therapy. This study is aimed at developing theranostics, 

which are two covalently linked functional fragments: a photosensitizer (a 

bacteriochlorin derivative) and a fluorophore (a naphthalimide derivative), whose 

photoexcitation with light of different wavelengths will allow switching between 

diagnostic and therapy modes. 

 

Fig.1. ʉongates scheme and components structures 

The molecular design of the conjugate should be aimed at minimizing the process 

of photoinduced energy transfer from the naphthalimide fragment to the 

photosensitizer, since this leads to quenching of the fluorophore emission. BChl-NI1-

3 conjugates (Fig.1) with three types of spacers were synthesized and studied: with a 

short linker of two methylene groups and a triazole fragment, with a peptide linker, and 

with a spacer containing a disulfide bond that cleaves inside the cell. The fluorescent 

properties of the conjugates were studied in solution and in cell culture; the 

photodynamic activity of the conjugates was evaluated in vitro and in vivo and 

compared with the characteristics of the original photosensitizer. 

This work was supported by the RSF project No.21-73-20158 
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ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʉ- ʠ N-ʘʮʠʣʟʘʤʝʱʝʥʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʝʤʠ-, ʜʝʚʷʪʠ-ʠ 

ʦʜʠʥʥʘʜʮʘʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 

ɸʥʠʩʠʤʦʚʘ ʅ.ɸ.1,2, ɿʦʨʢʠʥʘ ʇ.ɼ.1,2
, ʄʝʣʴʢʦʚʘ ɼ.ɸ.1 

1ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ. ʀ. 

ɻʝʨʮʝʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘ: ɺʳʩʰʘʷ ʰʢʦʣʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʵʥʝʨʛʝʪʠʢʠ  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: mall30@mail.ru 

 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʉ- ʠ N-ʘʮʠʣʟʘʤʝʱʝʥʥʳʭ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʝʤʠ-, ʜʝʚʷʪʠ-ʠ ʦʜʠʥʥʘʜʮʘʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ 1-10, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 14-, 18- ʠ 22-ʯʣʝʥʥʳʭ 

ʘʟʘʤʘʢʨʦʮʠʢʣʦʚ I -III  ʩ ʛʘʣʦʛʝʥʘʥʛʠʜʨʠʜʘʤʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʀʥʪʝʨʝʩ ʢ 

ʘʮʠʣʧʨʦʠʟʚʦʜʥʳʤ ʩʝʤʠ-, ʜʝʚʷʪʠ-ʠ ʦʜʠʥʥʘʜʮʘʪʠʯʣʝʥʥʳʤ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʧʨʠʨʦʜʝ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʥʦʚʳ ʥʦʚʳʭ ɹɸɺ ʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʊʘʢ, ʜʠʘʟʦʥʠʥʦʚʦʝ ʢʦʣʴʮʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʘʣʢʘʣʦʠʜʦʚ 

(ʪʝʣʝʦʮʠʜʠʥ, ʣʠʥʛʙʠʘʪʦʢʩʠʥ) [1], ʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʠʘʟʝʧʠʥʳ ʠ 

ʜʠʘʟʦʥʠʥʳ ʧʨʦʷʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ 

ʙʝʥʟʦʜʠʘʟʝʧʠʥʦʚ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʪʘʢʠʭ ʢʘʢ ʜʠʘʟʝʧʘʤ, 

ʵʣʝʥʠʫʤ, ʬʣʫʥʠʪʨʦʟʝʧʘʤ, ʤʝʜʘʟʝʧʘʤ [2].  

 
ʈʠʩ.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʘʤʘʢʨʦʮʠʢʣʘ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

 

ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʀʂ, ʗʄʈ 1ʅ, 
13ʉ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʜʚʫʤʝʨʥʳʭ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʗʄʈ 1ʅ-13ʉ 

HMQC, HMBC, 1ʅ-1ʅ COSY.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Wasserman H.H. et al. // Tetrahedron. 2002. T. 58. C. 7177-7190. 

[2] Youneda T. et al. // Journal of Organic Chemistry. 2014. ʊ. 79. C. 5717-5727. 
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ʇʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʭʣʦʨʠʥʘ ʝ6. ʉʚʦʡʩʪʚʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ 

 

ɸʧʝʥʢʠʥʘ ʄ.ɸ., ʂʫʩʪʦʚʘ ʊ.ɺ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: melenchuktv@mail.ru 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʌɼʊ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʦʩʥʦʚʥʳʤ ʧʨʝʜʲʷʚʣʷʝʤʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ (ʵʬʬʝʢʪʠʚʥʘʷ ʛʝʥʝʨʘʮʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʛʠʜʨʦʬʠʣʴʥʳʭ ʠ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ, ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ 

ʥʠʟʢʘʷ ʪʝʤʥʦʚʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʧʘʪʦʛʝʥʥʳʭ ʢʣʝʪʦʢ ʠ ʜʨ.). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʥʪʝʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʦʯʠʩʪʢʠ ʟʘʨʷʞʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʭʣʦʨʠʥʘ ʝ6 ʩ ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ N-

ʤʝʪʠʣʧʠʧʝʨʘʟʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ.  

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʢʦʥʴʶʛʘʪʘ ʭʣʦʨʠʥʘ ʝ6 ʩ ʘʢʪʠʚʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ çʇʨʦʩʧʠʜʠʥè ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʠʥʠʮʠʘʣʠʟʘʮʠʝʡ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ 

ʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ çDiscoverè. ʇʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ 

ʩʠʥʪʝʟʘ ʠ ʦʯʠʩʪʢʠ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʘʥʪʠʤʠʢʨʦʙʥʦʡ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-671). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʪʝʤʘ ˉ FZZW-2023-0009 
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ʉʠʥʪʝʟ ʠʟʦʢʫʤʘʨʠʥ-ʟʘʤʝʱʝʥʥʳʭ ʠʟʦʭʠʥʦʣʠʥʠʝʚʳʭ ʢʘʪʠʦʥʦʚ ʩ ʧʦʤʦʱʴʶ 

ʢʘʩʢʘʜʥʦʡ ʨʦʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʉʅ ʘʢʪʠʚʘʮʠʠ/ʘʥʥʝʣʠʨʦʚʘʥʠʷ 

 

ɸʨʩʝʥʦʚ ʄ.ɸ., ʃʦʛʠʥʦʚ ɼ.ɸ. 

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

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: arsmikhail33@gmail.com 

 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʦʢʫʤʘʨʠʥʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʙʣʦʢʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ OLED ʫʩʪʨʦʡʩʪʚ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʥʘʣʠʯʠʷ ʵʬʬʝʢʪʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʘʛʨʝʛʘʮʠʝʡ ʠʟʣʫʯʝʥʠʷ (AIE) [1]. ʆʙʳʯʥʦ 

ʠʟʦʢʫʤʘʨʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʘʢʮʝʧʪʦʨʥʳʡ ʙʣʦʢ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ. ʅʘʧʨʦʪʠʚ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʦʢʫʤʘʨʠʥʳ ʢʘʢ ʜʦʥʦʨʥʫʶ ʛʨʫʧʧʫ, ʘ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʠʟʦʭʠʥʦʣʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʢʘʢ ʘʢʮʝʧʪʦʨ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ʉʠʥʪʝʟ ʠʟʦʢʫʤʘʨʠʥ-ʟʘʤʝʱʝʥʥʳʭ ʠʟʦʭʠʥʦʣʠʥʠʝʚʳʭ ʢʘʪʠʦʥʦʚ 

ʀʟʦʢʫʤʘʨʠʥ-ʟʘʤʝʱʝʥʥʳʝ ʠʟʦʭʠʥʦʣʠʥʠʝʚʳʝ ʢʘʪʠʦʥʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʧʨʠ ʧʦʤʦʱʠ ʢʘʩʢʘʜʥʦʡ ʨʦʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʉ-ʅ ʘʢʪʠʚʘʮʠʠ (ʨʠʩ. 1). 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ one-

pot ʠ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ, ʧʘʨʘ-ʘʤʠʥʦʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ ʘʮʝʪʠʣʝʥʦʚ.  

ʇʣʦʩʢʦʩʪʠ ʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ ʚ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ 

ʦʨʪʦʛʦʥʘʣʴʥʳ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʦʚʫʝʪ ʧʨʷʤʦʤʫ ʩʦʧʨʷʞʝʥʠʶ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ 

ʘʢʮʝʧʪʦʨʦʤ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʝʨʚʳʤʠ 

ʪʨʠʧʣʝʪʥʳʤ ʠ ʩʠʥʛʣʝʪʥʳʤ ʚʦʟʙʫʞʜʝʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ȹEST. ɼʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʣʘʶʪ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ OLED ʩ 

TADF-ʵʬʬʝʢʪʦʤ. ɺʚʝʜʝʥʠʝ ʬʝʥʠʣʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʩʦʧʨʷʞʝʥʠʶ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʫʞʝ 

ʜʣʷ ʩʦʟʜʘʥʠʷ OLED ʧʦ ʧʨʠʥʮʠʧʫ ñhot excitonò, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ 

ʩʙʣʠʞʝʥʠʝ S1 ʠ T2 ʫʨʦʚʥʝʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ17-73-30036-ʇ). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Arsenov M.A., Loginov D.A. et al. // Dyes and Pigments. 2022. V. 206. P. 110653. 
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ʉʠʥʪʝʟ ʧʠʨʨʦʣʦ[3,4-c]ʧʠʨʠʜʠʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʠʦʘʮʝʪʘʤʠʜʘ ʠ N-

ʘʨʠʣʤʘʣʝʠʤʠʜʦʚ 

 

ɸʩʝʝʚʘ ʖ.ɺ., ʉʪʦʣʧʦʚʩʢʘʷ ʅ.ɺ., ʐʠʭʘʣʠʝʚ ʍ.ʉ. 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

E-mail: tdyva3@gmail.com 

 

N-ʘʨʠʣʤʘʣʝʠʤʠʜʳ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʨʘʟʣʠʯʥʳʭ ʣʠʥʝʘʨʥʦ-ʩʚʷʟʘʥʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ [1]. ʆʜʥʘʢʦ ʠʭ ʨʝʘʢʮʠʠ ʩ ʪʠʦʘʮʝʪʘʤʠʜʦʤ ʚʩʝʩʪʦʨʦʥʥʝ ʥʝ ʠʟʫʯʝʥʳ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʠʦʘʮʝʪʘʤʠʜʘ ʩ N-ʘʨʠʣʤʘʣʝʠʤʠʜʘʤʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ï 

ʵʧʠʪʠʦʧʠʨʨʦʣʦ[3,4-ʩ]ʧʠʨʠʜʠʥʳ 1 ʷʚʣʷʶʪʩʷ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʨʝʘʢʮʠʠ, ʢʘʢ ʩʦʦʙʱʘʣʦʩʴ ʨʘʥʝʝ [2]. ʇʦʨʮʠʦʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ N-ʘʨʠʣʤʘʣʝʠʤʠʜʘ ʢ 

ʢʠʧʷʱʝʤʫ ʨʘʩʪʚʦʨʫ ʪʠʦʘʮʝʪʘʤʠʜʘ ʚ ʜʠʦʢʩʘʥʝ ʧʨʠʚʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʠʨʨʦʣʦ[3,4-c]ʧʠʨʠʜʠʥʦʚ 2, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ 

ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʧʠʪʠʦʧʠʨʨʦʣʦ[3,4-c]ʧʠʨʠʜʠʥʦʚ 1 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʧʦʩʣʝʜʥʠʭ ʚ ʜʠʦʢʩʘʥʝ, ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʠʣʠ ʚ ʤʝʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʤʝʪʦʢʩʠʜʘ ʥʘʪʨʠʷ [3]. ʉʪʨʫʢʪʫʨʘ ʵʧʠʪʠʦʧʠʨʨʦʣʦ[3,4-

ʩ]ʧʠʨʠʜʠʥʦʚ 1a-e ʠ ʧʠʨʨʦʣʦ[3,4-c]ʧʠʨʠʜʠʥʦʚ 2a-f ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 2a-f ʦʙʣʘʜʘʶʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ E.coli ʠ S.Aureus, ʩʨʘʚʥʠʤʦʡ ʩ ʩʫʣʴʬʘʪʠʘʟʦʣʦʤ ʠ 

ʤʝʪʨʦʥʠʜʘʟʦʣʦʤ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɺʋɿʘʤ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 2023-2025 ʛʦʜʳ, ʧʨʦʝʢʪ ˉ FZGU-2023-0009. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Vandyshev D.Y., Shikhaliev K.S. // Molecules. 2022. V. 27. p.n. 5268.  

[2] Takido T., et al. // Journal Heterocyclic Chemistry. 1998. V. 35. P. 437-443. 

[3] Aseeva Yu., et al. // Molecules. 2022. V. 27. p.n. 8800. 
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ʉʠʥʪʝʟ ʣʠʥʝʡʥʳʭ ʧʦʣʠʮʠʢʣʦʚ ʥʘ ʦʩʥʦʚʝ 1,3,4- ʠ 1,2,4-ʦʢʩʦʪʠʦʬʝʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʦ 5-ʉ ʠ 5ô-ʉ ʘʪʦʤʘʤ 1- ʠ 2-ʘʜʘʤʘʥʪʘʥʦʚʳʭ ʮʠʢʣʘ 

 

ɹʘʞʝʥʦʚʘ ʉ.ɺ., ʖʜʘʰʢʠʥ ɸ.ɺ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

E-mail: ayudashkin@mail.ru 

 

ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʛʝʪʘʨʝʥʳ ʮʝʧʦʯʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʵʥʜʦ- ʠ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʝ ʘʪʦʤʳ ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʶʤʠʥʦʬʦʨʳ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʠ 

ʩʠʥʪʦʥʳ ʚ ʩʠʥʪʝʟʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʟʦʣʠʣʧʨʦʠʟʚʦʜʥʳʭ [1]. ʆʜʥʘʢʦ, ʚʚʝʜʝʥʠʝ 1-

ʘʜʘʤʘʥʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʚ ʧʦʣʠʘʨʠʣʴʥʫʶ ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʠʪ ʢ ʪʫʰʝʥʠʶ 

ʬʣʫʦʨʝʥʩʮʝʥʮʠʠ [2]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ ʨʘʟʥʠʮʫ ʚ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʠʟʦʤʝʨʥʳʭ 1,3,4- ʠ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʘʭ ʠ ʤʘʨʰʨʫʪʝ ʧʦʩʪʨʦʝʥʠʷ ʢʦʣʴʮʘ [3]. 

ʊʨʘʜʠʮʠʦʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʈʦʙʠʥʩʦʥʘ-ɻʘʙʨʠʝʣʷ 

ʮʠʢʣʠʟʘʮʠʝʡ ʜʠʘʨʠʣʛʘʜʨʘʟʠʥʦʚ ʧʦʜ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʣʦʨʦʢʠʩʠ 

ʬʦʩʬʦʨʘ. 
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ʇʦʩʪʨʦʝʥʳ 1,3,4-ʦʢʩʘʜʠʘʟʦʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʥʝʢʦʪʦʨʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʩʚʷʟʠ ʘʜʘʤʘʥʪʘʥʦʚʳʭ ʮʠʢʣʦʚ. 

ʀʟʦʤʝʨʥʳʡ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʳʡ ʮʠʢʣ ʙʳʣ ʧʦʩʪʨʦʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ one 

pot ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʘʤʠʜʦʢʩʠʤʘ ʧʫʪʸʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ 1- 

ʠʣʠ 2-ʘʜʘʤʘʥʪʦʣʭʣʦʨʠʜʦʤ. 

N
O

N

S
N

O

N

S

ODA-2-11 ODA-2-21  
ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 1,2,4-ʠʟʦʤʝʨʘ ʚ 1,5 ʨʘʟʘ ʥʠʞʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,37, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʟʘ ʩʯʸʪ ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ʂʨʘʩʫʮʢʠʡ ɹ.ʄ., ɹʦʣʦʪʠʥ ɹ.ʄ. // ʆʨʛʘʥʠʯʝʩʢʠʝ ʣʶʤʠʥʦʬʦʨʳ. 1984. ʄ.: 

ʍʠʤʠʷ. 336 ʩ. 

[2] ɹʦʣʦʪʥʠʢʦʚʘ ʊ.ʅ., ʈʦʤʘʥʦʚ ɸ.ɺ., ʉʭʠʨʪʣʘʜʟʝ ʅ.ʅ. // ʀʟʚ. ɸʅ ɻʨʫʟ. ʉʉʈ. 

ʉʝʨ. ʍʠʤ. 1980. ʊ. 6, ʩ. 250-256. 
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ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʟʘʪʨʫʜʥʝʥʥʳʡ ʘʮʝʥʘʬʪʝʥ-1,2-ʜʠʠʤʠʥ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʳ ʩ 

s- ʠ p- ʵʣʝʤʝʥʪʘʤʠ 
 

ɹʘʟʘʥʦʚ ɸ.ɸ., ʄʦʩʢʘʣʝʚ ʄ.ɺ., ʉʢʘʪʦʚʘ ɸ.ɸ., ʌʝʜʶʰʢʠʥ ʀ.ʃ. 

ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ. ɸ. ʈʘʟʫʚʘʝʚʘ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: B.Andrey2010@yandex.ru 

 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʠʦʥʘʤʠ 

ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʛʨʦʤʥʦʝ ʯʠʩʣʦ ʠʟʚʝʩʪʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʝʣʘʝʪ ʭʠʤʠʶ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʠʩʯʝʨʧʘʝʤʦʡ. ɼʚʘ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ - ʩʪʝʨʠʯʝʩʢʠʡ ʠ ʵʣʝʢʪʨʦʥʥʳʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʮʝʥʪʨʘ, ʧʦʟʚʦʣʷʶʪ ʫʯʝʥʳʤ ʩʦʟʜʘʚʘʪʴ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘʧʨʠʤʝʨ, ʧʦʜʦʙʥʳʝ 

ʣʠʛʘʥʜʥʳʝ ʩʠʩʪʝʤʳ ʘʮʝʥʘʬʪʝʥ-1,2-ʜʠʠʤʠʥʦʚʦʛʦ ʨʷʜʘ, ʦʙʣʘʜʘʶʱʠʝ ʦʙʲʝʤʥʳʤʠ 

ʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʭʠʤʠʠ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ d-ʵʣʝʤʝʥʪʳ, ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʣʠʛʦ- ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʜʝʤʦʥʩʪʨʠʨʫʝʤ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʪʠʧʳ ʢʦʦʨʜʠʥʘʮʠʠ  

ʣʠʛʘʥʜïʤʝʪʘʣʣ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʙʲʝʤʥʦʛʦ ʘʮʝʥʘʬʪʝʥ-1,2-

ʜʠʠʤʠʥʘ, ArBIG-bian (ʈʠʩ. 1). ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ II ʠ XIII  ʛʨʫʧʧ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʣʳʤ ʤʦʣʝʢʫʣʘʤ (CO2, 

CS2, N2O, NH3) 

 

ʈʠʩ.1 ArBIG-bian (1,2-ʙʠʩ([2,6-ʜʠʙʝʥʟʛʠʜʨʠʣ-4-ʤʝʪʠʣʬʝʥʠʣ]ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥ) 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 20-13-00052. 
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ɺʣʠʷʥʠʝ ʭʠʨʘʣʴʥʦʛʦ ʙʠʩ(ʢʘʤʬʦʨʦʣʠʜʝʥ)ʵʪʠʣʝʥʜʠʘʤʠʥʘ ʥʘ ʤʝʟʦʤʦʨʬʥʳʝ 

ʩʚʦʡʩʪʚʘ ʥʝʤʘʪʠʯʝʩʢʦʡ ʬʘʟʳ ʩʤʝʩʠ ʮʠʘʥʦʙʠʬʝʥʠʣʦʚ 

 

ɹʘʪʨʘʢʦʚʘ ɸ.ɸ., ʄʘʪʨʦʭʠʥʘ ɸ.ʅ., ʅʦʚʠʢʦʚ ʀ.ɺ., ɸʣʝʢʩʘʥʜʨʠʡʩʢʠʡ ɺ.ɺ., 

ɹʫʨʤʠʩʪʨʦʚ ɺ.ɸ.  

ʀʚʘʥʦʚʩʢʠʡ ʛʣʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: a.ukhova@yandex.ru 

 

ʍʠʨʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʣʘʩʩʦʚ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʦʠʟʚʦʜʥʳʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʜʠʘʤʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʤʬʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʫʢʪʦʨʦʚ 

ʭʠʨʘʣʴʥʳʭ ʬʘʟ ʚ ʞʠʜʢʦʢʠʭ ʢʨʠʩʪʘʣʣʘʭ (ɾʂ). ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʢʦʚʘʥʦ ʢ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʭʠʨʘʣʴʥʳʭ ʜʦʧʘʥʪʦʚ ʥʘ 

ʤʝʟʦʤʦʨʬʥʳʝ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʭʠʨʘʣʴʥʦʡ ʥʝʤʘʪʠʢʠ 

ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ 4-ʧʝʥʪʠʣʦʢʩʠ-4ô-ʮʠʘʥʦʙʠʬʝʥʠʣʘ ʠ 4-ʛʝʧʪʠʣʦʢʩʠ-4ô-

ʮʠʘʥʦʙʠʬʝʥʠʣʘ (ɾʂ-2 55,3% n=5; 44,7% n=7).  

ʄʝʪʦʜʦʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʪʝʨʤʦʤʠʢʨʦʩʢʦʧʠʠ ʧʦʣʫʯʝʥʳ ʪʝʢʩʪʫʨʳ ɾʂ 

(ʨʠʩ.1) ʠʟʤʝʨʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʦʧʨʝʜʝʣʝʥ ʠʥʪʝʨʚʘʣ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʝʟʦʬʘʟʳ. ʅʝʤʘʪʠʯʝʩʢʘʷ ʬʘʟʘ ʧʨʦʷʚʣʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 22- 

74,5Üʉ. ʀʟʤʝʨʝʥʳ ʟʥʘʯʝʥʠʷ ʰʘʛʘ ʩʧʠʨʘʣʠ, ʨʘʩʩʯʠʪʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʠʨʘʣʴʥʦʡ 

ʠʥʜʫʢʮʠʠ (chemical twisting power (HTP)).  

 
ʘ                               ʙ                                       ʚ 

ʈʠʩ.1. ʊʝʢʩʪʫʨʳ çʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚè ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʩʤʝʩʷʭ ʉɺ-2 ʩ ʭʠʨʘʣʴʥʳʤ ʜʦʧʘʥʪʦʤ: 

ʘ) 3,875% ; ʙ) 4,810%; ʚ) 5,270% 

 

ɼʠʵʣʴʢʦʤʝʪʨʠʯʝʩʢʠ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʭʠʨʘʣʴʥʦʡ ʥʝʤʘʪʠʯʝʩʢʦʡ ʠ ʠʟʦʪʨʦʧʥʦʞʠʜʢʦʡ 

ʬʘʟʘʭ, ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʜʠʧʦʣʴʥʳʭ 

ʤʦʤʝʥʪʦʚ ʤʝʟʦʛʝʥʥʳʭ ʤʦʣʝʢʫʣ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʠʨʢʚʫʜʘ ʠ ʩʪʝʧʝʥʠ ʘʩʩʦʮʠʘʮʠʠ ʚ ʠʟʦʪʨʦʧʥʦ-ʞʠʜʢʦʡ ʬʘʟʝ, 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ, ʯʪʦ ʭʠʨʘʣʴʥʳʡ 

ʙʠʩ(ʢʘʤʬʦʨʦʣʠʜʝʥ)ʵʪʠʣʝʥʜʠʘʤʠʥ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʜʫʢʮʠʠ ʩʧʠʨʘʣʴʥʳʭ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. 
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ʉʠʥʪʝʟ ʢʘʨʙʦʨʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ (II ) ʩ ʭʝʣʘʪʥʳʤʠ 

ʧʦʣʠʜʝʥʪʘʥʪʥʳʤʠ PP- ʠ PNP-ʣʠʛʘʥʜʘʤʠ 

 

ɹʘʰʠʣʦʚʘ ɸ.ɼ., ʂʘʣʴʪʝʥʙʝʨʛ ɸ.ɸ., ɻʨʠʰʠʥ ʀ.ɼ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: a.d.bashilova@mail.ru 

 

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʩ ʢʣʝʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʪʳʢʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʩʨʝʜʠ ʦʪʤʝʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʨʘʥʳ - ʧʦʣʠʵʜʨʠʯʝʩʢʠʝ ʛʠʜʨʠʜʳ ʙʦʨʘ, ʚ ʩʪʨʫʢʪʫʨʫ ʙʦʨʘʥʦʚʦʛʦ 

ʩʢʝʣʝʪʘ ʢʦʪʦʨʳʭ ʚʩʪʨʦʝʥʳ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ. ʎʝʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʦʜʦʙʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ, ʦʙʨʘʟʫʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ï ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʳ, ʠʥʪʝʨʝʩ ʢ ʢʦʪʦʨʳʤ 

ʦʙʫʩʣʦʚʣʝʥ ʢʘʢ ʠʭ ʥʝʢʣʘʩʩʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʩʪʫʧʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ ʢʘʨʙʦʨʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ (II) 2-5, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ: 

 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʩʭʦʜʥʦʛʦ ʵʢʟʦ-ʥʠʜʦ-5,6,10-[RuCl(PPh3)2]-5,6,10-

(ɛ-H)3-10-H-7,8-C2B9H8 ʩ ʙʠʩ-(2-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʠʣ)ʙʝʥʟʠʣʘʤʠʥʦʤ ʠʣʠ ʙʠʩ-

(2-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʠʣ)ʵʪʠʣʘʤʠʥʦʤ ʚ ʩʨʝʜʝ ʙʝʟʥʦʣʘ ʧʨʠ 60 ʉ̄ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʨʫʪʝʥʘʢʘʨʙʦʨʘʥʘ 2 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ 

ʩ ʙʠʩ-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʤʝʪʘʥʦʤ (dppm) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩ 4, 

ʜʘʣʴʥʝʡʰʝʝ ʥʘʛʨʝʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 5. ʅʦʚʳʝ 

ʨʫʪʝʥʘʢʘʨʙʦʨʘʥʳ 2-5 ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʧʨʦʝʢʪ ʄɼ-1474.2022.1.3). 
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ʅʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʮʠʘʥʦʟʘʤʝʱʝʥʥʳʭ ʧʠʨʨʦʣ-2-ʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʬʝʥʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ 

 

ɹʝʣʠʢʦʚ ʄ.ʖ., ʄʠʣʦʚʠʜʦʚʘ ɸ.ɻ., ʐʠʰʣʠʢʦʚʘ ʄ.ɸ. 

ʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ,  

ʏʝʙʦʢʩʘʨʳ, ʈʦʩʩʠʷ 

E-mail: belikovmil@mail.ru 
 

ʇʦʠʩʢ ʥʦʚʳʭ ʛʨʫʧʧ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʦʙʨʘʪʠʤʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʚʝʜʝʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʦʙʨʘʪʠʤʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʘʨʦʚ ʣʝʪʫʯʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʤʠʥʦʚ. 

ʅʝʜʘʚʥʦ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʠʨʨʦʣʳ ʪʠʧʘ 1 ʩʧʦʩʦʙʥʳ ʢ ʜʚʫʤ 

ʚʘʨʠʘʥʪʘʤ ʦʙʨʘʪʠʤʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʤʠʥʦʚ: 

ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʧʦ ʉ5-ʘʪʦʤʫ [1] ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʧʦ NH-ʬʨʘʛʤʝʥʪʫ [2]. ʉ 

ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʦʙʨʘʪʠʤʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʩʫʱʝʩʪʚʣʝʥ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʧʠʨʨʦʣʘ 2, ʩʦʜʝʨʞʘʱʝʛʦ ʬʝʥʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ. ʇʦʣʫʯʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʷ 2 ʦʩʥʦʚʘʥʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʩʠʥʪʝʟʝ ʤʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʦʛʦ 1 ʠʩʭʦʜʷ ʠʟ 

ʪʝʪʨʘʥʠʪʨʠʣʘ 3 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʧʠʨʨʦʣ 1 ʪʨʠʙʨʦʤʠʜʦʤ ʙʦʨʘ. 

 
ʈʠʩ. 1. ʅʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʬʝʥʦʣʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ 2 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʝʥʦʣʴʥʫʶ ʆʅ-ʛʨʫʧʧʫ ʪʘʢʞʝ ʤʦʞʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚ 

ʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʷʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʘʢ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʠʨʨʦʣʘ 2 

ʪʨʠʵʪʠʣʘʤʠʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʦʢʨʘʰʝʥʥʦʡ ʭʠʥʦʠʜʥʦʡ ʬʦʨʤʳ 2Q. ʆʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʥʘ 2Q ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʵʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʠʩʘʥʥʳʤ 

ʨʘʥʝʝ [1] ʘʥʘʣʦʛʦʤ ʩʦʝʜʠʥʝʥʠʷ 2, ʥʝ ʩʦʜʝʨʞʘʱʠʤ ʛʠʜʨʦʢʩʠʛʨʫʧʧʫ, ʩʢʣʦʥʥʦʩʪʴ 

ʧʠʨʨʦʣʘ 2 ʢ ʦʙʨʘʪʠʤʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʤʦʨʬʦʣʠʥʘ ʧʦ ʉ5-ʘʪʦʤʫ ʥʠʞʝ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʝʟʘʢʪʠʚʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʣʠʯʠʝʤ ʆʅ-ʛʨʫʧʧʳ. ʀʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʠʨʨʦʣ 2 ʧʨʦʷʚʣʷʝʪ ʨʘʥʝʝ ʥʝʦʧʠʩʘʥʥʦʝ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʙʨʘʪʠʤʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʤʠʥʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 21-

73-10303, https://rscf.ru/project/21-73-10303/. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Belikov M.Yu., Milovidova A.G., Ievlev M.Yu. // New Journal of Chemistry. 2022. 

lss. 17. P. 7845-7849.  

[2] Belikov M.Yu., Milovidova A.G., Ievlev M.Yu. // New Journal of Chemistry. 2022. 

lss. 23. P. 11030-11034. 



XXVI ɺʉɽʈʆʉʉʀʁʉʂɸʗ  ʂʆʅʌɽʈɽʅʎʀʗ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ-ʍʀʄʀʂʆɺ 

 

 

 

 

23 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ 1,2-ʜʠʙʨʦʤʵʪʠʣʙʝʥʟʦʣʘ 

 

ɹʦʚʘ ʇ.ɸ., ʇʨʠʭʦʜʴʢʦ ɺ.ɺ., ʂʦʩʪʠʢʦʚʘ ʅ.ɸ., ɸʥʪʦʥʦʚʘ ʄ.ʄ., ʄʦʨʦʟʦʚʘ ʆ.ʊ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: dir@gosniiokht.ru 

 

ʌʝʥʠʣʘʮʝʪʠʣʝʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʥʪʝʟʝ ʣʝʢʘʨʩʪʚ, ʧʝʩʪʠʮʠʜʦʚ, ʚ 

ʩʦʟʜʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ ʥʘʠʙʦʣʝʝ ʫʜʦʙʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʠ 1,2-ʜʠʙʨʦʤʵʪʠʣʙʝʥʟʦʣʘ 2, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʠʥʪʝʟʠʨʫʶʪ ʠʟ ʩʪʠʨʦʣʘ [2]. ʇʦʪʝʨʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʙʨʦʤʘ ʚ ʚʠʜʝ ʢʦʨʨʦʟʠʦʥʥʦ 

ʘʢʪʠʚʥʳʭ ʪʦʢʩʠʯʥʳʭ ʘʙʛʘʟʦʚ ʧʨʠ ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʠ ʩʪʠʨʦʣʘ ʪʨʝʙʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʙʨʦʤʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ. ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ  

1,2-ʜʠʙʨʦʤʵʪʠʣʙʝʥʟʦʣʘ 2 ʨʝʘʢʮʠʝʡ ʩʪʠʨʦʣʘ 1 ʠ N-ʙʨʦʤʩʫʢʮʠʥʠʤʠʜʘ 4 (ʜʘʣʝʝ - 

NBS) (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʩʠʥʪʝʟʘ 1,2-ʜʠʙʨʦʤʵʪʠʣʙʝʥʟʦʣʘ ʨʝʘʢʮʠʝʡ ʩʪʠʨʦʣʘ ʠ N-ʙʨʦʤʩʫʢʮʠʥʠʤʠʜʘ  

 

1,2-ɼʠʙʨʦʤʵʪʠʣʙʝʥʟʦʣ 2 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 88 % ʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 99 % ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʪʠʨʦʣʘ ʠ ʜʚʫʢʨʘʪʥʦʛʦ ʤʦʣʴʥʦʛʦ 

ʠʟʙʳʪʢʘ NBS ʚ ʩʨʝʜʝ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ. NBS ʨʝʛʝʥʝʨʠʨʦʚʘʣʠ ʠʟ ʚʳʜʝʣʝʥʥʦʛʦ 

ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ N-ʩʫʢʮʠʥʠʤʠʜʘ 3 ʠ ʚʦʟʚʨʘʱʘʣʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ 1,2-ʜʠʙʨʦʤʵʪʠʣʙʝʥʟʦʣʘ 2 

ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʩʥʠʞʝʥʠʝʤ ʦʪʭʦʜʥʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ 

ʨʝʛʝʥʝʨʘʮʠʠ ʨʝʘʛʝʥʪʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʨʝʜʳ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʧʦʪʝʨʴ ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ɹʦʚʘ ʇ.ɸ., ʂʦʩʪʠʢʦʚʘ ʅ.ɸ., ɸʥʪʦʥʦʚʘ ʄ.ʄ., ʇʨʠʭʦʜʴʢʦ ɺ.ɺ. // ʍʠʤʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 2022. ˉ 2(22). ʉ.24-43. 

[2] ɹʦʚʘ ʇ.ɸ., ʂʦʩʪʠʢʦʚʘ ʅ.ɸ., ɸʥʪʦʥʦʚʘ ʄ.ʄ., ʇʨʠʭʦʜʴʢʦ ɺ.ɺ. // ʍʠʤʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 2021. ˉ 4(20). ʉ.12-31. 
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ʇʦʣʫʯʝʥʠʝ ʤʝʪʠʣʝʥʙʠʩ(ʘʨʠʣʘʤʠʥʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʪʨʘʤʝʪʠʣʦʣʛʣʠʢʦʣʫʨʠʣʘ 

 

ɹʦʣʜʳʨʝʚ ʅ.ʇ., ʄʘʤʘʝʚʘ ɽ.ɸ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʊʦʤʩʢ, ʈʦʩʩʠʷ 

E-mail: nikolayboldyrev12@gmail.com 

 

ʆʜʥʠʤ ʠʟ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʭʠʤʠʠ ʘʟʘʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʙʠʮʠʢʣʠʯʝʩʢʠʭ  

ʙʠʩʤʦʯʝʚʠʥ ï ʛʣʠʢʦʣʫʨʠʣʦʚ [1], ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ 2,4,6,8-

ʪʝʪʨʘʤʝʪʠʣʦʣ-2,4,6,8-ʪʝʪʨʘʘʟʘʙʠʮʠʢʣʦ[3.3.0.]ʦʢʪʘʥ-3,7-ʜʠʦʥ (ʊʄɻʋ) ʚ ʩʚʷʟʠ ʩ 

ʰʠʨʦʢʦʡ ʩʬʝʨʦʡ ʧʨʠʤʝʥʝʥʠʷ [2-3]. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʭʠʤʠʠ ʛʣʠʢʦʣʫʨʠʣʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʊʄɻʋ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʦʧʠʩʘʥʘ ʫʯʝʥʳʤʠ ʪʦʣʴʢʦ ʜʣʷ ʨʝʘʢʮʠʡ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ [4]. ʇʦʩʢʦʣʴʢʫ ʩʚʝʜʝʥʠʷ ʦ ʧʦʜʦʙʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʷʭ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʜʭʦʜʷʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ) ʦʪʩʫʪʩʪʚʫʶʪ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʦʤʦʛʝʥʥʳʭ ʨʝʘʢʮʠʡ 

ʊʄɻʋ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʩ ʮʝʣʴʶ ʠʭ N-ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʨʷʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʵʪʠʣʦʚʳʡ ʵʬʠʨ 4-ʘʤʠʥʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ï ʘʥʝʩʪʝʟʠʥ 

ï ʠʟʚʝʩʪʥʳʡ ʦʙʝʟʙʦʣʠʚʘʶʱʠʡ ʧʨʝʧʘʨʘʪ, ʚʭʦʜʷʱʠʡ ʚ ʧʝʨʝʯʝʥʴ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ɺ ʭʦʜʝ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʊʄɻʋ ʩ ʘʥʝʩʪʝʟʠʥʦʤ ʚ ʩʨʝʜʝ 

ʜʠʦʢʩʘʥʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʝʯʝʥʠʠ 3 ʯ ʟʘʚʝʨʰʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʠʤʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʝʪʠʣʝʥʦʚʳʤ ʤʦʩʪʠʢʦʤ ï 

N,Nô-ʤʝʪʠʣʝʥ-ʙʠʩ((4-ʵʪʠʣʙʝʥʟʦʘʪ)-ʠʣ)ʘʤʠʥʘ ʩ ʚʳʭʦʜʦʤ 52%. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʜʦʢʘʟʘʥʘ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ: ʗʄʈ 1ʅ ʠ 13ʉ, 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʊʧʣ, ʘ ʪʘʢʞʝ ʚʩʪʨʝʯʥʳʤ ʩʠʥʪʝʟʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʊʄɻʋ ʚ ʢʠʧʷʱʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ in situ ʬʦʨʤʘʣʴʜʝʛʠʜ-

ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʨʝʘʢʮʠʷʭ N-ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Kravchenko A.N., Baranov V.V., Gazieva G.A. // Russian Chemical Reviews. 
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N-ʘʨʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʪʦʯʥʦʛʦ ʤʠʢʨʦʨʝʘʢʪʦʨʘ 

 

ɹʦʨʦʥʠʥ ɽ.ʅ., ʉʚʝʪʣʘʢʦʚʘ ʄ.ʄ., ʌʝʜʦʨʦʚ ɸ.ʖ., ʅʶʯʝʚ ɸ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

E-mail: milena_svetlakova@mail.ru 

 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʡ N-

ʘʨʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ (ʉʭʝʤʘ 1) ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʦʯʥʦʛʦ ʤʠʢʨʦʨʝʘʢʪʦʨʘ.  

 
ʉʭʝʤʘ 1. ʌʦʪʦʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ N-ʘʨʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʪʦʯʥʦʤ ʤʠʢʨʦʨʝʘʢʪʦʨʝ. 

 

ʊʘʢʘʷ ʬʦʪʦʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ [1] ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ: 

ʧʨʦʪʝʢʘʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ), ʠʩʧʦʣʴʟʫʶʪʩʷ çʟʝʣʸʥʳʝè 

ʨʘʩʪʚʦʨʠʪʝʣʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʦʯʠʩʪʢʠ ʧʨʦʜʫʢʪʦʚ ʦʪ ʦʩʪʘʪʢʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʚ ʨʝʘʢʮʠʠ 

ʫʯʘʩʪʚʫʝʪ çʙʝʟʦʪʭʦʜʥʳʡ ʨʝʘʛʝʥʪè ð ʩʚʝʪ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʪʦʯʥʳʭ ʨʝʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, ʫʤʝʥʴʰʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʨʝʘʢʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʩʠʥʪʝʟʳ (ʧʦʣʫ)ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ, ʩʦʟʜʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ɻɿ ʧʨʠ 

ʅʆʎ çʊʝʭʥʦʧʣʘʪʬʦʨʤʘ 2035è (FSWR-2021-014). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʈʝʘʢʮʠʠ ʩʦʣʝʡ ʜʠʘʨʠʣʠʦʜʦʥʠʷ ʩ ʘʣʢʠʣʢʩʘʥʪʦʛʝʥʘʪʘʤʠ ʢʘʣʠʷ ï ʩʠʥʪʝʟ 

ʘʨʠʣʩʝʨʫʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʝʟ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

 

ɹʫʛʘʝʥʢʦ ɼ.ʀ., ɺʦʣʢʦʚ ɸ.ɸ., ɸʥʜʨʝʡʯʝʚ ɺ.ɺ., ʂʘʨʯʘʚʘ ɸ.ɺ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʄʦʩʢʚʘ,ʈʦʩʩʠʷ 

E-mail: bugaenko@org.chem.msu.ru 

 

ɸʨʠʣʩʝʨʫʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʤʝʪʦʜʳ ʠʭ ʩʠʥʪʝʟʘ ʯʘʩʪʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳ ʠ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʨʠʣʪʠʦʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳ; 

ʠʣʠ ʞʝ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ ʩ S-ʥʫʢʣʝʦʬʠʣʘʤʠ. ʆʩʪʘʪʢʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʜʘʞʝ ʥʘ ʥʝ 

ʜʝʪʝʢʪʠʨʫʝʤʦʤ ʫʨʦʚʥʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʦʯʠʩʪʢʘ ʦʪ ʥʠʭ ʩʦʧʨʷʞʝʥʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʠʟʜʝʨʞʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʮʠʠ ʪʘʢʦʛʦ ʪʠʧʘ ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʝʮʠʬʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʠ ʞʝʩʪʢʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ. 

ʄʳ ʨʘʟʨʘʙʦʪʘʣʠ ʥʦʚʳʡ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʘʨʠʣʩʝʨʫʦʨʛʘʥʠʯʝʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʢʠʣʢʩʘʥʪʦʛʝʥʘʪʦʚ ʢʘʣʠʷ ʠ ʩʦʣʝʡ 

ʜʠʘʨʠʣʠʦʜʦʥʠʷ.1 ʈʝʘʢʮʠʠ ʧʨʦʭʦʜʷʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʪʣʠʯʘʶʪʩʷ 

ʚʳʩʦʢʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʠʟʙʝʛʘʶʪ ʚʩʝʭ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɸʨʠʣʢʩʘʥʪʦʛʝʥʘʪʳ ʷʚʣʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʘʨʠʣʪʠʦʣʦʚ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʩʝʨʫʦʨʛʘʥʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 21-73-

00104). 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Bugaenko D.I., Volkov A.A., Andreychev V.V., Karchava A.V.  // Org. Lett. 2023. 

V. 25. P. 272ī276. 
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ʉʝʣʝʢʪʠʚʥʦʝ ʜʝ-ʪʨʝʪ-ʙʫʪʠʣʠʨʦʚʘʥʠʝ ʤʝʟʦʠʦʥʥʳʭ 

5-ʠʤʠʥʦʪʝʪʨʘʟʦʣʦʚ ɸ-ʪʠʧʘ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

ɹʫʜʝʚʠʯ ɺ.ɸ.1, ʏʝʨʥʘʚʯʠʮ ʅ.ɸ.1, ɿʫʨʘʝʚ ɸ.ɺ.1,2, ɺʝʨʙʠʣʦ ʂ.ʄ.1 
1ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

2ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, 

ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

E-mail: vl.budevich@gmail.com 

 

ʅʘʯʠʥʘʷ ʩ 1960-ʭ ʛʦʜʦʚ ʤʝʟʦʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʚʷʟʠ ʩʦ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʘʤʳʤ ʨʘʟʣʠʯʥʳʤ ʨʝʘʛʝʥʪʘʤ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ [1]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ ʤʝʟʦʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʪʨʘʟʦʣʘ [2]. 

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʜʝ-ʪʨʝʪ-ʙʫʪʠʣʠʨʦʚʘʥʠʷ 

ʜʠʟʘʤʝʱʝʥʥʳʭ ʤʝʟʦʠʦʥʥʳʭ ʪʝʪʨʘʟʦʣʦʚ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 1ï5 ʧʦʣʫʯʘʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [3]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʠʧʷʯʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ 10% HCl ʚ ʪʝʯʝʥʠʝ 3ï5 ʯ 1,3-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʧʨʦʠʟʚʦʜʥʳʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 2-ʪʨʝʪ-

ʙʫʪʠʣʠʟʦʤʝʨʦʚ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 1-ʤʝʪʠʣ-3-ʪʨʝʪ-ʙʫʪʠʣ- ʠ 3-ʤʝʪʠʣ-1-ʪʨʝʪ-

ʙʫʪʠʣʧʨʦʠʟʚʦʜʥʳʭ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʩʦʜʝʨʞʘʱʠʝ ʤʝʪʠʣʴʥʫʶ 

ʛʨʫʧʧʫ ʚ 1-ʦʤ ʠ 2-ʦʤ ʧʦʣʦʞʝʥʠʷʭ ʩʦʝʜʠʥʝʥʠʷ. ʅʘʙʣʶʜʘʝʤʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʤʝʪʠʣʴʥʦʛʦ ʢʘʨʙʢʘʪʠʦʥʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʝʪ-ʙʫʪʠʣʢʘʪʠʦʥʦʤ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʬʘʢʪʦʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ 

2,5-ʜʠʟʘʤʝʱʝʥʥʳʭ ʪʝʪʨʘʟʦʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ 1,5-ʠʟʦʤʝʨʘʤʠ. 

 

 
ʈʠʩ. 1. ɼʝ-ʪʨʝʪ-ʙʫʪʠʣʠʨʦʚʘʥʠʝ ʤʝʟʦʠʦʥʥʳʭ ʪʝʪʨʘʟʦʣʦʚ 1ï5 ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ 1ʅ, 
13ʉ ʗʄʈ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʦʜʫʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Ramsden C.A., Dumitrascu F. // Advances in Heterocyclic Chemistry. 2022. V. 

137. P. 71ï189. 

[2] Moderhack D. // Heterocycles. 2016. V. 92. P. 185ï233. 

[3] ɹʫʜʝʚʠʯ ɺ. ɸ., ʀʚʘʰʢʝʚʠʯ ʆ. ɸ. // ʉʚʠʨʠʜʦʚʩʢʠʝ ʯʪʝʥʠʷ. 2020. ɺʳʧ. 16. ʉ. 67ï76. 
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ʅʠʪʨʦʚʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʨʝʪʠʯʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʮʝʥʪʨʳ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʢʩʠʜʘ ʘʟʦʪʘ (IV) ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ CO2 

ɹʫʜʢʦʚʘ ɸ.ɺ.1,2, ʄʝʨʢʫʣʦʚ ɺ.ɻ.1,2, ɾʘʨʢʦʚ ʄ.ʅ.1, ʀʚʘʥʦʚ ʈ.ɽ.1, ɿʣʦʪʠʥ ʉ.ɻ.1 
1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: alexa.budkova@mail.ru 

ʇʨʦʚʝʜʝʥʳ ʨʝʘʢʮʠʠ ʥʠʪʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʘʣʢʘʥʦʚ [1], 

ʠʤʝʶʱʠʭ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʪʨʝʪʠʯʥʳʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜʦʤ ʘʟʦʪʘ (IV) ʚ ʩʨʝʜʝ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʉʆ2 (ʩʢ-ʉʆ2) ʠ ʠʟʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʠʪʨʦʚʘʥʠʝ ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʥʘ (1) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3ʭ ʵʢʚʠʚʘʣʝʥʪʦʚ NO2, ʧʨʠ 16 ʯʘʩʘʭ ʠ 70ÁC ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ 1-ʤʝʪʠʣ-1-ʥʠʪʨʦʮʠʢʣʦʧʝʥʪʘʥʘ (2) ʩ ʚʳʭʦʜʦʤ ʦʢʦʣʦ 30%. 

ʅʠʪʨʦʚʘʥʠʝ ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ (3) ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ, ʜʦʣʷ 1-ʤʝʪʠʣ-1-ʥʠʪʨʦʮʠʢʣʦʛʝʢʩʘʥʘ (4) ʚ ʢʦʪʦʨʦʡ 

ʩʦʩʪʘʚʣʷʣʘ 30%. 

 
ʈʠʩ. 1 ʅʠʪʨʦʚʘʥʠʝ ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʥʘ ʠ ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ ʦʢʩʠʜʦʤ ʘʟʦʪʘ (IV) ʚ ʩʨʝʜʝ ʩʢ-

CO2 

ʅʠʪʨʦʚʘʥʠʝ ʘʜʘʤʘʥʪʘʥʘ (5) [2] ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʞʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʝʛʦ ʤʦʥʦʥʠʪʨʦʧʨʦʠʟʚʦʜʥʦʛʦ (6a). ʅʘʠʣʫʯʰʠʡ ʚʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ 

ʥʠʪʨʦʘʜʘʤʘʥʪʘʥʘ (6a) (74%) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 6 ʵʢʚʠʚʘʣʝʥʪʦʚ 

NO2.  

ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʡ ʥʠʪʨʦʚʘʥʠʷ ʘʜʘʤʘʥʪʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʠ 

ʋʌ-ʠʟʣʫʯʝʥʠʷ (375-380 ʥʤ) [1-2] ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʠʪʨʦʢʩʠʘʜʘʤʘʥʪʘʥʘ 

(6b). ʅʘʠʙʦʣʴʰʝʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʘ ʥʠʪʨʦʢʩʧʨʦʠʟʦʜʥʦʛʦ 

(6b) ʩʦʩʪʘʚʠʣʦ 65% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2.2 ʵʢʚʠʚʘʣʝʥʪʦʚ ʥʠʪʨʫʶʱʝʛʦ ʘʛʝʥʪʘ.  

 
ʈʠʩ.2 ʅʠʪʨʦʚʘʥʠʝ ʘʜʘʤʘʥʪʘʥʘ ʦʢʩʠʜʦʤ ʘʟʦʪʘ (IV) ʚ ʩʨʝʜʝ ʩʢ-CO2 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Ivanov R.E., Zharkov M.N., Zlotin S.G. // ChemPhotoChem. 2022, e202200084. 

[2] Tabushi I., Aoyama Y., Kojo S. // Am. Chem. Soc. 1972. V. 94. P. 1177ï1183. 
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ʉʠʥʪʝʟ ʙʠʩ(ʦ-ʩʝʤʠʭʠʥʦʥʦʚʳʭ) ʰʝʩʪʠʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ (II) 
 

ɹʫʪʦʚ ɸ.ɸ.1,2, ʅʦʨʢʦʚ ʉ.ɺ.2, ʂʫʨʦʧʘʪʦʚ ɺ.ɸ.2, ʏʝʨʢʘʩʦʚ ɺ.ʂ.1,2 
1 ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2 ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: an.bytov2070@mail.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʘʢʪʠʚʥʦ-ʨʘʟʚʠʚʘʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʩʨʝʜʠ ʙʦʣʴʰʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʦ-ʙʝʥʟʦʭʠʥʦʥʳ ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʅʘ ʠʭ 

ʦʩʥʦʚʝ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʩʧʦʩʦʙʥʳʭ ʠʟʤʝʥʷʪʴ ʩʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʉʚʦʡʩʪʚʘ ʦ-ʙʝʥʟʦʭʠʥʦʥʘ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʟʘʤʝʩʪʠʪʝʣʝʡ. ʊʘʢ, ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣʫ 1,3-ʜʠʪʠʦʣ-2-ʠʣʠʜʝʥʦʚʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʜʠʦʢʩʦʣʝʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ[1], ʘ ʪʘʢʞʝ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ 

ʩʠʣʴʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥ ʨʷʜ ʙʠʩ(ʦ-ʩʝʤʠʭʠʥʦʥʦʚʳʭ) 

ʰʝʩʪʠʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ (II) ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʨʘʟʣʠʯʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʉʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʠʣʘ ʥʠʢʝʣʷ ʢ ʦ-ʙʝʥʟʦʭʠʥʦʥʫ 1. 

  
 

ʈʠʩ. 1. ʄʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ. 

[1] Norkov S.V., Cherkasov A.V., Shavyrin A.S., et al. // Beilstein journal of organic 

chemistry. 2021. V. 17. ˉ. 1. P. 273-282. 
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ʌʦʩʬʠʥ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ  

Ŭ-ʟʘʤʝʱʝʥʥʳʭ ʮʠʥʥʘʤʘʪʦʚ  

  

ɺʘʨʘʥʢʠʥʘ ɺ.ɸ., ɿʘʨʞʠʮʢʘʷ ɽ.ɺ., ʀʣʴʠʥ ɸ.ɺ.  

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ  

E-mail: Viktoriyavarankina2309@mail.ru 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ʆʜʥʠʤʠ ʠʟ 

ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʮʠʥʥʘʤʘʪʳ ï  ɻ ʪʦ ʵʬʠʨʳ ʢʦʨʠʯʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. [1,2] ɽʱʝ ʦʜʥʠʤ ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʝʤʳʤ ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʭ 

ʩʚʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ. [3,4] ɺ ʩʚʷʟʠ ʩ ʯʝʤ, 

ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ Ŭ-ʠʤʠʜʦʮʠʥʥʘʤʘʪʦʚ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʠʥʪʝʨʝʩʥʦʡ ʟʘʜʘʯʝʡ. 

ʅʘʤʠ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ Ŭ-ʟʘʤʝʱʝʥʥʳʭ ʮʠʥʥʘʤʘʪʦʚ 

ʧʦ ʨʝʘʢʮʠʠ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʬʝʥʠʣʧʨʦʧʠʦʣʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʟʘʤʝʱʝʥʥʳʤʠ 

ʛʠʜʘʥʪʦʠʥʘʤʠ ʠ ʥʝʢʦʪʦʨʳʤʠ ʠʤʠʜʘʤʠ (ʨʠʩ. 1) ʈʝʘʢʮʠʠ ʧʨʦʪʝʢʘʣʠ ʧʨʠ 40 

ʤʦʣʴʥʳʭ % ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʟʘ 48 ʯʘʩʦʚ. ɼʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʫʜʘʣʦʩʴ 

ʚʳʨʘʩʪʠʪʴ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦ ʜʘʥʥʳʤ 

ʈʉɸ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ 

ʧʨʦʜʫʢʪ Ŭ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʛʜʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʮʠʩ 

ʧʦʣʦʞʝʥʠʠ ʢ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʝ. 

 

 

 

 

 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ Ŭ-ʟʘʤʝʱʝʥʥʳʭ ʮʠʥʥʘʤʘʪʦʚ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ  

[1] Puelles J. S, Ghorbani M., Crawford S., et al. // Journal of Colloid and Interface 

Science. 2022, ˉ 610. P. 785-795.  

[2] Saritas T., Puelles V.G., Su X.T., et al. // Journal of Visualized Experiments. 2019. 

P. 1-9. 

[3] Bunbamrung N.,  et al. // Phytochemistry Letters. 2015, ˉ 12. P. 142-147. 

[4] Nakajima M., et al. //The Journal of antibiotics. 1991, ˉ. 3. P. 293-300.  
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ʄʝʪʦʜ ʘʮʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʩ ʧʦʤʦʱʴʶ  

ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʜʠʢʘʨʙʦʥʘʪʘ 

 

ɺʘʩʠʣʴʝʚʘ ɽ.ʅ.1,2, ɿʘʡʮʝʚ ɸ.ʂ.1,3, ʉʘʣʠʢʦʚ ʈ.ʌ.1 

1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ɺʳʩʰʠʡ ʭʠʤʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ ʈɸʅ, ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: elizaveta.vasileva@chemistry.msu.ru 
 

ɼʠ-ʪʨʝʪ-ʙʫʪʠʣʜʠʢʘʨʙʦʥʘʪ, ʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ Boc-ʘʥʛʠʜʨʠʜ, ʷʚʣʷʝʪʩʷ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʨʝʘʛʝʥʪʦʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʱʠʪʥʳʭ Boc-ʛʨʫʧʧ ʥʘ ʘʤʠʥʳ, ʩʧʠʨʪʳ ʠ ʪʠʦʣʳ 

[1]. ɼʨʫʛʠʤ ʘʩʧʝʢʪʦʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ Boc-ʘʥʛʠʜʨʠʜʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʠʚʘʮʠʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʘʥʛʠʜʨʠʜʘ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ[2] ʠ 

ʘʤʠʜʦʚ [3]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʠʨʪʳ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʩ Boc-ʘʥʛʠʜʨʠʜʦʤ 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ 

ʧʨʦʜʫʢʪ ʵʪʝʨʠʬʠʢʘʮʠʠ. ʉ ʘʤʠʥʘʤʠ ʞʝ ʩʠʪʫʘʮʠʷ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ, 

ʪʘʢ, ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ Boc2O ʩ ʘʤʠʥʘʤʠ, ʯʝʤ ʩ ʢʘʨʙʦʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ, ʦʙʨʘʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Boc-ʟʘʱʠʱʝʥʥʦʛʦ ʘʤʠʥʘ. 

Umehara ʠ ʜʨ. ʨʝʰʠʣʠ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʙʳʪʢʘ ʘʤʠʥʘ 

(2,5 ʵʢʚ.), ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʘʤʠʥʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʜʦʨʦʛʠʭ ʘʤʠʥʦʚ ʠ ʜʦʩʪʫʧʥʳʭ ʢʠʩʣʦʪ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ one-pot 

ʧʦʣʫʯʝʥʠʠ ʘʥʛʠʜʨʠʜʘ ʠʟ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

Boc-ʘʥʛʠʜʨʠʜʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ 

ʘʮʠʣʠʨʦʚʘʥʠʷ, ʥʝ ʟʘʛʨʷʟʥʸʥʥʳʡ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʘʤʠʥʦʚ ʩ Boc-ʘʥʛʠʜʨʠʜʦʤ. 

ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʪʨʝʪ-ʙʫʪʘʥʦʣ ʠ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ɺ ʨʘʤʢʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʦʩʥʦʚʘʥʠʷ 

ʠ ʚʨʝʤʝʥʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ. ɹʳʣʘ ʠʟʤʝʨʝʥʘ ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʠ Boc-ʘʥʛʠʜʨʠʜʘ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ ʧʦʣʥʦʡ 

ʢʦʥʚʝʨʩʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Greene T.W. & Wuts P.G.M. Protective Group in Organic Synthesis. 1999. 

[2] GooÇen L.J. & Dºhring A.A. // Synlett. 2004. P. 263ï266. 

[3] Umehara A., Ueda H. & Tokuyama H. // J. Org. Chem. 2016. V. 81. P. 11444ï

11453.  
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ʇʨʦʠʟʚʦʜʥʳʝ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʘ ʢʘʢ ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ: ʩʠʥʪʝʟ ʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

 

ɺʠʥʦʛʨʘʜʦʚʘ ʃ.ɺ., ʂʦʤʘʨʦʚʘ ʂ.ʖ., ʃʫʢʠʥ ɸ.ʖ. 

ʀʥʩʪʠʪʫʪ ʊʦʥʢʠʭ ʍʠʤʠʯʝʩʢʠʭ ʊʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʈʊʋ ʄʀʈʕɸ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: vlv010599@yandex.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʜʦʩʪʫʧʥʳʤ ʘʥʪʠʙʠʦʪʠʢʘʤ ʫ 

ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʦʙʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ, ʧʦʵʪʦʤʫ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʢʘʢ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʬɻʬʝʢʪʠʚʥʦʩʪʴʶ, ʪʘʢ ʠ ʩ ʥʦʚʳʤʠ ʠʣʠ ʠʟʤʝʥʝʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʜʝʡʩʪʚʠʷ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. 

ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [1], ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ʷʚʣʷʶʪʩʷ 

ʥʦʚʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʣʘʩʩʦʤ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʩʭʝʤʘ 1, 

ʩʦʝʜʠʥʝʥʠʝ 1). ʅʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʠʟʘʡʥ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʨʷʜʘ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʬʨʘʛʤʝʥʪ ʠʥʜʦʣʘ ʚ ʠʩʭʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ 

ʬʨʘʛʤʝʥʪʳ ʘʤʠʥʦʚ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 2.  
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1

2

2a     R=

2b     R=

2c     R=

2d     R=

NH

NH

NH

NH2

ʉʭʝʤʘ 1

 

ʉʦʝʜʠʥʝʥʠʷ 2a, 2b, 2c, 2d ʙʳʣʠ ʦʪʯʝʪʣʠʚʦ ʘʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʙʘʢʪʝʨʠʡ 

ESKAPE (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, Enterobacter spp.). 
 

ʊʘʙʣʠʮʘ 1. ʄʠʥʠʤʘʣʴʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (MIC, åʤʢʛ/ʤʣ), ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʣʷ 

ʯʝʪʳʨʝʭ ʩʦʝʜʠʥʝʥʠʡ-ʣʠʜʝʨʦʚ. 

ʉʦʝʜʠʥʝʥʠʝ K. pneum., 

ʤʢʛ/ʤʣ 

 A. baum., 

ʤʢʛ/ʤʣ 

P. aerug., 

ʤʢʛ/ʤʣ 

S.  

aureus., 

ʤʢʛ/ʤʣ 

E. cl., 

ʤʢʛ/ʤʣ 

E.f., 

ʤʢʛ/ʤʣ 

2a 25 100 >750 50 50 1,5 

2b 190 190 >750 50 100 50 

2c 50 100 750 380 50 15 

2d 50  100 750  50 25 1,5 
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[1] Marc A., et al. // ACS Med Chem Lett. 2020. V. 11.ˉ3. P. 322ï326.  
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ʄʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʪʝʟ ʧʠʨʠʜʠʥʠʝʚʳʭ ʩʦʣʝʡ ʧʠʧʝʨʠʜʠʥ-2-ʦʥʦʚ ʠʟ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʦʣʝʬʠʥʘ, ʘʣʴʜʝʛʠʜʘ, ʧʠʨʠʜʠʥʠʝʚʦʡ ʩʦʣʠ  

ʤʝʪʠʣʙʨʦʤʘʮʝʪʘʪʘ ʠ ʘʮʝʪʘʪʘ ʘʤʤʦʥʠʷ  

 

ɺʠʥʦʢʫʨʦʚ ɸ.ɼ., ɺʝʨʝʱʘʛʠʥ ɸ.ʅ. 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: adv1997@inbox.ru 

 

ʉʦʣʠ ʧʠʨʠʜʠʥʠʷ ʩʯʠʪʘʶʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʩʢʘʬʬʦʣʜʘʤʠ, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪʩʷ ʚʦ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʣʠ ʧʠʨʠʜʠʥʠʷ ʧʦʜʘʚʣʷʶʪ ʨʦʩʪ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʙʘʢʪʝʨʠʠ ʠ ʛʨʠʙʳ. ʆʥʠ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʢʘʢ ʤʦʱʥʳʝ, ʥʝʦʙʨʘʪʠʤʳʝ 

ʠʥʛʠʙʠʪʦʨʳ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ (ʣʝʯʝʥʠʝ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ), ʦʙʣʘʜʘʶʪ 

ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [1].  

ɼʨʫʛʠʤʠ ʚʘʞʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʧʝʨʠʜʠʥʘ. 

ʇʨʦʠʟʚʦʜʥʳʝ ʧʠʧʝʨʠʜʠʥʘ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ ʰʠʨʦʢʦʛʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ: ʘʥʘʣʴʛʝʪʠʢʦʚ, ʘʥʝʩʪʝʪʠʢʦʚ, 

ʥʝʡʨʦʣʝʧʪʠʢʦʚ, ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʦʚ, ʘʛʦʥʠʩʪʦʚ ʦʧʠʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʩʨʝʜʩʪʚ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ [2].  

ʃʠʥʝʡʥʳʡ ʩʠʥʪʝʟ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʩʦʝʜʠʥʝʥʠʡ ʪʨʝʙʫʝʪ ʦʛʨʦʤʥʳʭ ʪʨʫʜʦʚʳʭ 

ʫʩʠʣʠʡ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʠʧʝʨʠʜʠʥʘ ʦʩʣʦʞʥʷʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʠʟ-ʟʘ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʥʘʩʳʱʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ.  

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʠʥʪʝʟʘ 

ʧʠʨʠʜʠʥʠʝʚʳʭ ʩʦʣʝʡ ʧʠʧʝʨʠʜʠʥ-2-ʦʥʦʚ ʩ ʪʨʝʤʷ ʩʪʝʨʝʦʛʝʥʥʳʤʠ ʮʝʥʪʨʘʤʠ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ: 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʩ 

ʠʟʦʮʠʘʥʜʠʘʤʠ 

 

ɺʣʘʩʦʚʘ ɺ.ɺ., ʊʦʡʢʢʘ ʖ.ʅ., ɹʦʢʘʯ ʅ.ɸ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ  

E-mail: n.bokach@spbu.ru 

 

ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʧʨʠʚʣʝʢʘʶʪ ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ï ʚ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʤ 

ʢʘʪʘʣʠʟʝ, ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʤ ʜʠʟʘʡʥʝ, ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʩ ʠʟʦʮʠʘʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʜʦʚ ʠ ʘʣʢʠʥʦʚ [1, 2] ʨʝʘʢʮʠʠ 

ʜʠʤʝʨʠʟʘʮʠʠ ‌,‍-ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʘʣʢʝʥʦʚ [2], 

ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʳ 

ʠʟʦʮʠʘʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I), ʧʨʦʷʚʣʷʶʱʠʝ ʬʦʩʬʦʨʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [3]. 

ʅʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ CuX(CNR)3 (X=Cl, Br, I; R=(2,6-Cl2C6H3) 

ʠ [Cu(CNR)4](BF4) (R=(2,6-Cl2C6H3)). ʉʪʨʫʢʪʫʨ r ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥ r ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʈʉɸ (ʈʠʩʫʥʦʢ 1). ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʣʘʙʳʭ ʛʘʣʦʛʝʥʥʳʭ ʩʚʷʟʝʡ ClĿĿĿCl. 

 
ʈʠʩ. 1. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Cu(CNR)4](BF4) 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʢʦʤʧʣʝʢʩʳ ʣʶʤʠʥʝʩʮʠʨʫʶʪ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʛʦʣʫʙʳʤ/ʟʝʣʸʥʳʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʨʦʜʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Ferraro V. et al. //Applied Organometallic Chemistry. 2021. V. 35.  ˉ. 11. ʉ. 

e6401. 

[2] Knorn M., Lutsker E., Reiser O. //Chemical Society Reviews. 2020. V. 49. ˉ. 21. 

P. 7730-7752. 

[3] Smith C.S., Mann K.R. // Journal of the American Chemical Society. 2012. V. 134. 

ˉ. 21. P. 8786-8789. 
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ʆʨʛʘʥʦʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ ʩʪʠʣʴʙʝʥʦʚ ʚ ʧʨʦʪʦʯʥʦʤ 

ʤʠʢʨʦʨʝʘʢʪʦʨʝ 

 

ɺʦʨʦʙʴʝʚ ʀ.ʀ., ɹʦʨʦʥʠʥ ɽ.ʅ., ʌʝʜʦʨʦʚ ɸ.ʖ., ʅʶʯʝʚ ɸ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

E-mail: vorobey152@yandex.ru 

 

ʉʪʨʫʢʪʫʨʥʳʡ ʬʨʘʛʤʝʥʪ Z-ʩʪʠʣʴʙʝʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʮʝʣʦʤ ʨʷʜʝ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ (ʥʘʧʨʠʤʝʨ, ʢʦʤʙʨʝʪʘʩʪʘʪʠʥ A-4) ʧʨʦʷʚʣʷʶʪ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ [1]. ʆʜʥʘʢʦ ʤʷʛʢʦʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʦʣʫʯʝʥʠʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʦʛʦ Z-ʠʟʦʤʝʨʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʸʪʩʷ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʤʝʪʦʜʠʢʫ ʦʨʛʘʥʦʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

E Ÿ Z ʠʟʦʤʝʨʠʟʘʮʠʠ ʚ ʧʨʦʪʦʯʥʦʤ ʤʠʢʨʦʨʝʘʢʪʦʨʝ (ʩʭʝʤʘ 1).  

 
 

ʉʭʝʤʘ 1. ʆʨʛʘʥʦʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ ʩʪʠʣʴʙʝʥʦʚ ʚ ʧʨʦʪʦʯʥʦʤ 

ʤʠʢʨʦʨʝʘʢʪʦʨʝ. 

 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʠʟʦʤʝʨʠʟʘʮʠʶ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ð çʙʝʟʦʪʭʦʜʥʦʛʦè ʨʝʘʛʝʥʪʘ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʪʦʯʥʦʛʦ ʤʠʢʨʦʨʝʘʢʪʦʨʘ ʚʝʜʸʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ: ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ Z/E ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʯʘʩʘʤʠ ʜʣʷ çʨʝʘʢʮʠʠ ʚ ʢʦʣʙʝè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʷʛʢʠʡ ʠ ʵʢʦʣʦʛʠʯʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ Z-

ʩʪʠʣʴʙʝʥʦʚ, ʠʩʢʣʶʯʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ, ʩʦʟʜʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ɻɿ ʧʨʠ 

ʅʆʎ çʊʝʭʥʦʧʣʘʪʬʦʨʤʘ 2035è (FSWR-2021-014). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Shen T., Wang X., Lou H. // Natural Products Reports. 2009. V. 26. ̄  7. P. 916-

935. 

 



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 

 

 

 

 

36 

ʉʠʥʪʝʟ ʠ ʤʝʤʙʨʘʥʦʪʨʦʧʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʝʨʧʝʥ-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʬʠʬʠʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʠʣʣʘʨ[5]ʘʨʝʥʦʚ 

 

ɻʘʤʠʨʦʚ ʈ.ʈ.1, ɸʭʤʝʜʦʚ ɸ.ɸ.1, ʐʫʨʧʠʢ ɼ.ʅ.1, ʉʪʦʡʢʦʚ ʀ.ʀ.1,2 
1 ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

2ʌʝʜʝʨʘʣʴʥʳʡ ʮʝʥʪʨ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

E-mail: gamirov_21@mail.ru 

 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʦʜʭʦʜʳ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ʊʘʢ, ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʤʬʠʬʠʣʳ, 

ʩʧʦʩʦʙʥʳʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ ʛʦʩʪʴ-ʭʦʟʷʠʥ ʩ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ 

ʘʛʝʥʪʘʤʠ, ʷʚʣʷʶʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ.  

ʇʠʣʣʘʨ[n]ʘʨʝʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ 

ʜʣʷ ʩʠʥʪʝʟʘ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʬʠʬʠʣʦʚ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ 

ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʣʘʪʬʦʨʤʳ ʧʠʣʣʘʨ[5]ʘʨʝʥʘ 

ʧʨʠʨʦʜʥʳʤʠ ʥʝʪʦʢʩʠʯʥʳʤʠ ʣʠʧʦʬʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʪʝʨʧʝʥʦʠʜʦʚ. ʀʭ 

ʚʚʝʜʝʥʠʝ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴ 

ʢʦʥʝʯʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʢʦʤʧʣʝʢʩʦʤ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʄʝʪʦʜʦʤ ɼʈʉ ʠ ʇʕʄ ʙʳʣʘ ʦʮʝʥʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʘʤʦʘʩʩʦʮʠʘʪʳ ʧʫʪʸʤ ʩʘʤʦʩʙʦʨʢʠ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 22-73-00187) 

ʠ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ 

ʂʘʟʘʥʩʢʦʛʦ (ʇʨʠʚʦʣʞʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (çʇʨʠʦʨʠʪʝʪ-2030è).  
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ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʘʜʩʦʨʙʮʠʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ 

ʘʣʠʟʘʨʠʥʦʚʦʛʦ ʞʝʣʪʦʛʦ ɾɾ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

[ZnS:Cu,O]-ʩʪʨʫʢʪʫʨ 

 

ɻʘʨʘʥʠʥʘ ɺ.ɸ. 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʌɻɹʋ çʈʕɸè ʄʠʥʵʥʝʨʛʦ ʈʦʩʩʠʠ,  

ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ 

E-mail: 26Garanina@rosenergo.gov.ru 

 

ʇʨʠ ʛʠʜʨʘʪʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ZnS:Cu,O ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʧʦʣʫʨʝʘʢʮʠʡ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ (1)ï(2). 

:Î (/(ᵶ:Î/( (ȟ+
Ͻ

  (1) 

:Î/ (/ ᵶ:Î/( (/ȟ+
Ͻ

  (2) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʝʪʦʜʦʤ ʈʌʕʉ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʠʦʥʦʚ Cu2+, 

ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ ʩʢʣʦʥʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʩʩʦʮʠʘʪʘ (CuZnOs)' ʚ 

[ZnS:Cu,O]-ʩʪʨʫʢʪʫʨʝ ʧʦ ʫʨʘʚʥʝʥʠʶ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (3). 

#Õ / ᵶ #Õ/ ȟ+
Ͻ

  (3) 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʣʠʟʘʨʠʥʦʚʳʡ ʞʝʣʪʳʡ ɾɾ ʷʚʣʷʝʪʩʷ ʨʝʘʛʝʥʪʦʤ ʥʘ 

ʘʧʨʦʪʦʥʥʳʝ ʮʝʥʪʨʳ Cu2+ ʚ [ZnS:Cu,O]-ʩʪʨʫʢʪʫʨʘʭ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʭʘʥʠʟʤʳ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʥʜʠʢʘʪʦʨʘ 

ʘʣʠʟʘʨʠʥʦʚʦʛʦ ʞʝʣʪʦʛʦ ɾɾ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʧʦ ʧʨʦʪʦʥʥʦʤʫ ʪʠʧʫ 

(ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 4), ʧʦ ʘʧʨʦʪʦʥʥʦʤʫ ʪʠʧʫ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 5). 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʦʤʦ- ʠ 

ʛʝʪʝʨʦʭʠʨʘʣʴʥʦʛʦ ʪʠʧʦʚ ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 3-ʧʠʨʨʦʣʠʥ-2-ʦʥʘ 

 

ɻʝʨʘʩʠʤʦʚʘ ɼ.ʇ., ʃʦʜʦʯʥʠʢʦʚʘ ʆ.ɸ. 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ 

ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʂʘʟʘʥʴ, ʈʦʩʩʠ ̫

ɽ-mail: darya.p_gerasimova@mail.ru 

 

ʉʧʦʥʪʘʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ ʢʦʥʪʝʢʩʪʝ ʛʦʤʦʭʠʨʘʣʴʥʦʩʪʠ ʚ ʞʠʟʥʠ ʠ ʘʙʩʦʣʶʪʥʦʛʦ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʜʥʠʤ ʠʟ ʧʨʘʢʪʠʢʫʝʤʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ ʢʦʥʛʣʦʤʝʨʘʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʝʨʠʠ ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʨʠʨʦʜʦʡ ʦʜʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ, ʠ ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʥʘ ʪʠʧ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʅʘʤʠ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ, ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʬʝʥʦʤʝʥ çʜʚʦʡʥʦʡ 

ʵʥʘʥʪʠʦʬʦʙʥʦʩʪʠè ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʮʝʤʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʭʠʨʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʜʚʘʞʜʳ ʩʧʦʥʪʘʥʥʦ ʨʘʩʱʝʧʣʷʪʴʩʷ ʥʘ 

ʵʥʘʥʪʠʦʤʝʨʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ɼʣʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʫʥʠʢʘʣʴʥʳʭ ʩʠʩʪʝʤ çʢʦʥʛʣʦʤʝʨʘʪ 1 ï 

ʢʦʥʛʣʦʤʝʨʘʪ 2è ʠ çʢʦʥʛʣʦʤʝʨʘʪ 1 ï ʢʦʥʛʣʦʤʝʨʘʪ 2 ï ʨʘʮʝʤʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣè 

ʧʦʩʪʨʦʝʥʳ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ, ʥʝ ʠʤʝʶʱʠʝ ʘʥʘʣʦʛʦʚ ʚ ʩʪʝʨʝʦ- ʠ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʉ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ 

ʨʘʟʣʠʯʠʝ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʭʠʨʘʣʴʥʦʛʦ ʪʠʧʦʚ ʩʚʷʟʳʚʘʥʠʷ ʚ ʢʣʶʯʝʚʦʡ ʩʝʨʠʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʜʚʠʞʫʱʠʭ ʩʠʣ ʩʧʦʥʪʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ. 

 
ʈʠʩ. 1. ʋʥʠʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʥʘʨʫʞʝʥʥʘʷ ʚ ʩʝʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 3-ʧʠʨʨʦʣʠʥ-2-ʦʥʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ʈʅʌ 22-13-00284. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Gerasimova D.P., Saifina A.F., Zakharychev D.V., et al. // CrystEngComm. 2021. 

V. 23. P. 3907-3918. 

[2] Gerasimova D.P., Zakharychev D.V., Saifina A.F., et al. // Crystal Growth & 

Design. 2022. V. 22. P. 7273-7284. 
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ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʘʨʙʘʤʦʠʣʛʠʜʨʘʟʠʥʠʣʠʜʝʥ-4,5,6,7-ʪʝʪʨʘʛʠʜʨʦ- 

1-ʙʝʥʟʦʬʫʨʘʥ-3-ʢʘʨʙʦʢʩʠʣʘʪʦʚ 

 

ɻʦʤʦʥʦʚ ʂ.ɸ., ʇʝʣʠʧʢʦ ɺ.ɺ., ʀʩʫʧʦʚʘ ɺ.ʉ., ʄʘʢʘʨʝʥʢʦ ʉ.ɺ. 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ. ʀ. ɻʝʨʮʝʥʘ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: kohrgpu@yandex.ru 

 

ɹʝʥʟʦ[b]ʬʫʨʘʥ-3-ʢʘʨʙʦʢʩʠʣʘʪʳ [1] ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ 

ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ [2]. 

ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʝʥʟʦ[b]ʬʫʨʘʥ-3-ʢʘʨʙʦʢʩʠʣʘʪʳ 1-4 ʨʝʘʛʠʨʫʶʪ ʩ 

ʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʛʠʜʨʦʭʣʦʨʠʜʦʤ (ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1ʄ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ NaOH) ʠʣʠ 

ʝʛʦ N-ʬʝʥʠʣʟʘʤʝʱʝʥʥʳʤ ʘʥʘʣʦʛʦʤ ʚ ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʠ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ï ʢʘʨʙʘʤʦʠʣʛʠʜʨʘʟʠʥʠʣʠʜʝʥ-4,5,6,7-ʪʝʪʨʘʛʠʜʨʦ-1-ʙʝʥʟʦʬʫʨʘʥ-

3-ʢʘʨʙʦʢʩʠʣʘʪʦʚ 5-12 ʩ ʚʳʭʦʜʘʤʠ ʜʦ 92%. 

 
ʉʧʝʢʪʨʳ ʗʄʈ 1ʅ ʠ 13ʉ ʧʦʣʫʯʝʥʥʳʭ ʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 5-12 ʩʦʜʝʨʞʘʪ ʦʜʠʥ 

ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ, ʫʢʘʟʳʚʘʷ ʥʘ ʠʭ ʩʪʝʨʝʦʦʜʥʦʨʦʜʥʦʩʪʴ. ɺ ʩʧʝʢʪʨʘʭ 1H-1H NOESY 

ʩʦʝʜʠʥʝʥʠʡ 5-12 ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʦʩʩ-ʧʠʢ ʧʨʦʪʦʥʘ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ N1H ʠ 

ʤʝʪʠʣʝʥʦʚʳʤʠ ʧʨʦʪʦʥʘʤʠ (ʉ5ʅ2) 4,5,6,7-ʪʝʪʨʘʛʠʜʨʦʙʝʥʟʦʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ E-ʠʟʦʤʝʨ r ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʚʷʟʠ C=N. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʢʘʨʙʘʤʦʠʣʛʠʜʨʘʟʠʥʠʣʠʜʝʥ-4,5,6,7-ʪʝʪʨʘʛʠʜʨʦ-1-ʙʝʥʟʦʬʫʨʘʥ-3-ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʠ 

ʫʩʪʘʥʦʚʣʝʥʘ ʠʭ E-ʢʦʥʬʠʛʫʨʘʮʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ʇʝʣʠʧʢʦ ɺ. ɺ., ɹʘʡʯʫʨʠʥ ʈ. ʀ., ʂʦʥʜʨʘʰʦʚ ɽ. ɺ., ʄʘʢʘʨʝʥʢʦ ʉ. ɺ. // ɾʫʨʥʘʣ 

ʦʙɦʝʡ ʭʠʤʠʠ. 2021. ʊ. 91. ʉ. 205-211. 

[2] Shekarchi M., Ellahiyan F., Akbarzadeh T., Shafiee A. // Journal of Heterocyclic 

Chemistry. 2003. Vol. 40. P. 427-433. 
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ʉʠʥʪʝʟ ʥʦʚʳʭ (ɖ6-ʘʨʝʥ)ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

 2-ʬʝʥʠʣʙʝʥʟʠʤʠʜʘʟʦʣʦʚ 

 

ɻʨʠʰʠʥ ɸ.ɺ., ɸʨʪʝʤʦʚ ɸ.ʅ., ʉʘʟʦʥʦʚʘ ɽ.ɺ., ɻʨʠʰʠʥʘ ʅ.ʖ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ  

E-mail: sasha2498n@gmail.com 

 

ʗʚʣʷʷʩʴ ʥʦʩʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʙʝʥʟʠʤʠʜʘʟʦʣʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣʳ 

ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ, ʩʪʝʨʝʦʥʘʧʨʘʚʣʷʶʱʝʡ ʭʨʦʤʪʨʠʢʘʨʙʦ-

ʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ (ɖ6-ʘʨʝʥ)ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 2-ʬʝʥʠʣ-

ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ (1,2) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ (ɸ ʠ ɺ). ʄʝʪʦʜ ɸ 

ʟʘʢʣʶʯʘʣʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʨʠʘʤʤʠʥʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʘ ʚ ʩʨʝʜʝ ʢʠʧʷʱʝʛʦ 

ʜʠʦʢʩʘʥʘ ʩ ʙʝʥʟʠʤʠʜʘʟʦʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʢʦʥʜʝʥʩʘʮʠʝʡ ʧʨʦʠʟʚʦʜʥʳʭ ʦ-

ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ. ɺʪʦʨʦʡ ʤʝʪʦʜ (ʤʝʪʦʜ ɺ) ʩʦʩʪʦʷʣ ʚ ʨʝʘʢʮʠʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʩ (ɖ6-ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥ)ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʦʤ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʠʟ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʠ ʪʨʠʘʤʤʠʥʭʨʦʤʪʨʠ-

ʢʘʨʙʦʥʠʣʘ. 

ʄʝʪʦʜ ɸ 

 
ʄʝʪʦʜ ɺ 

 
ʊʘʙʣʠʮʘ 1. ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ 1,2. 

ʉʦʝʜʠʥʝʥʠʝ 
ɺʳʭʦʜ,

 % 
Tʧʣ, 

ʦʉ 
ʋʌ-

ʩʧʝʢʪʨ, ʥʤ 

ʀʂ-ʩʧʝʢʪʨ 

ɡ(ʉʆ), ʩʤ-1 

ʄʘʩʩ-ʩʧʝʢʪʨ 

m/z (Iʦʪʥ. (%)) 

1 32,5 138-140 215, 312 1963,1838 330 [M] + (12) 

2 34,0 195-198 266, 308 1950,1876 344 [M] + (18) 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (1,2) ʚʳʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ. ʀʭ ʯʠʩʪʦʪʘ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

(ʪʘʙʣ.1), ʪʘʢʠʭ ʢʘʢ ʋʌ-, ʀʂ-, ʗʄʈ 1ʅ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠ 

ɺʕɾʍ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ22-73-

00128). 
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ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ N-O ʩʦʯʝʪʘʥʠʝ N-ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʘ ʩ 

ʙʝʥʟʠʣʘʟʠʜʘʤʠ  

 

ɼʚʦʨʝʮʢʠʡ ɸ.1,2, ʇʘʚʝʣʴʝʚ ʉ.ɸ.1, ʊʝʨʝʥʪʴʝʚ ɸ.ʆ.1,2 
1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: 19dv.and.99@gmail.com 

 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʘʟʠʜʳ ï ʵʪʦ ʜʦʩʪʫʧʥʳʝ ʠ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʩʫʙʩʪʨʘʪʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʤʥʦʛʠʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɸʟʠʜʥʘʷ ʛʨʫʧʧʘ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʥʫʢʣʝʦʬʠʣʴʥʳʝ, ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ, 

ʧʝʨʠʮʠʢʣʠʯʝʩʢʠʝ, ʘ ʪʘʢʞʝ ʚ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʝ ʨʘʜʠʢʘʣʴʥʳʝ ʨʝʘʢʮʠʠ.  

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟʚʝʩʪʥʳʭ ʨʘʜʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʘʟʠʜʦʚ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʠʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʧʘʨʘʪʠʚʥʘʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʭʠʤʠʷ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ [2]. ʉʨʝʜʠ ʚʩʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʤʘʣʦʠʟʫʯʝʥʥʫʶ ʛʨʫʧʧʫ ʨʝʘʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ O-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ N-ʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ [3]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʤʠʜ-N-ʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ, 

ʛʝʥʝʨʠʨʫʝʤʳʝ ʥʘ ʘʥʦʜʝ ʠʟ N-ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʘ, ʩʝʣʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʩ ʙʝʥʟʠʣʘʟʠʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʆ-ʟʘʤʝʱʸʥʥʳʭ ʦʢʩʠʤʦʚ ʩ ʬʨʘʛʤʝʥʪʦʤ N-O-N 

(ʩʭʝʤʘ 1). ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ N-

O ʩʚʷʟʠ ʚ ʭʦʜʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠʤʠʥʠʣʴʥʦʛʦ ʠ ʠʤʠʜ-N-ʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ. 

 
ʉʭʝʤʘ 1. ʈʝʘʢʮʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ N-O ʩʦʯʝʪʘʥʠʷ ʘʟʠʜʦʚ ʩ N-ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʦʤ. 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ21-13-

00205. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

[1] Minozzi M., Nanni D., Spagnolo P. // Chemistry ï A European Journal. 2009. V. 

15, ˉ32, P. 7830ï7840. 

[2] Frontana-Uribe B. A., Little R. D., Ibanez J. G., et al. // Green Chemistry. 2010. 

ˉ12. ʉ. 2099-2119. 

[3] Nutting J. E., Rafiee M., Stahl S.S. // Chemical reviews. 2018. V. 118, ˉ9, P. 4834ï

4885. 
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ʉʠʥʪʝʟ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 3-

(1H-ʪʝʪʨʘʟʦʣ-5-ʠʣ)ʬʝʥʠʣʦʢʩʠ ʛʨʫʧʧʳ 

 

ɼʝʨʢʘʯʝʚʘ ɸ.ʉ., ɿʠʤʠʥʦʚ ɸ.ɺ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: derkalexandra@yandex.ru 

 

ʄʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ ʌɼʊ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʝʨʘʧʠʠ, ʧʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʳ ʩ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʩʨʝʜʠ 

ʠʟʚʝʩʪʥʳʭ ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ N-ʛʝʪʝʨʦʮʠʢʣʘʤʠ 

ʥʝʠʟʚʝʩʪʥʳ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʝʪʨʘʟʦʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʩʠʥʪʝʟ ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ ʪʝʪʨʘʟʦʣʩʦʜʝʨʞʘʱʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ. 

ʈʠʩ. 1. ʉʠʥʪʝʟ ʪʝʪʨʘʟʦʣʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʦʚ 

 

ʄʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʳ ʧʦʣʫʯʘʣʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʨʝʘʢʪʦʨʝ ʚ ʧʝʥʪʘʥʦʣʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɼɹʋ. ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʘʢʪʠʚʘʮʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ (ʜʦ 2 ʯʘʩʦʚ), ʘ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ (4) ʚʳʭʦʜ 

ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʘʢʪʠʚʘʮʠʠ ʩʦʩʪʘʚʠʣ 80%, ʘ ʢʦʥʚʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ï 37%. 

ʅʘʣʠʯʠʝ ʪʝʪʨʘʟʦʣʴʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʧʨʠʜʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʱʝʣʦʯʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʪʨʘʘʥʠʦʥʥʦʡ ʬʦʨʤʳ 

ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʦʚ. ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ ʩ ʜʦʙʘʚʢʦʡ ʊʨʠʪʦʥ ʍ-100 ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ (6) ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʩʦʩʪʘʚʠʣ 0.27, ʜʣʷ (7) ï 0.45, ʘ (8) ï 0,56. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʳ ʩ ʪʝʪʨʘʟʦʣʩʦʜʝʨʞʘʱʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, 

ʠʟʫʯʝʥʳ ʠʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʢʦʤʧʣʝʢʩ ʩ ʭʣʦʨʠʜʦʤ ʠʥʜʠʷ. 



XXVI ɺʉɽʈʆʉʉʀʁʉʂɸʗ  ʂʆʅʌɽʈɽʅʎʀʗ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ-ʍʀʄʀʂʆɺ 

 

 

 

 

43 

S-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʜʠʢʘʣʳ ʠ ʠʭ ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʝʥʠʷ 

 

ɼʦʨʦʥʠʥ ʄ.ʄ., ʄʫʣʠʥʘ ʆ.ʄ., ʊʝʨʝʥʪʴʝʚ ɸ.ʆ. 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

E-mail: doroninmm97@gmail.com 

 

ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ ʩʝʨʘ-ʫʛʣʝʨʦʜ ʠ ʩʝʨʘ-

ʛʝʪʝʨʦʘʪʦʤ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ S-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ 

ʧʨʦʩʪʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ, ʯʘʱʝ ʚʩʝʛʦ, ʥʝ ʪʨʝʙʫʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʬʫʥʮʠʦʥʘʣʠʟʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʉʨʝʜʠ S-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʫʣʴʬʦʥʠʣʴʥʳʝ ʠ ʪʠʠʣʴʥʳʝ, ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʪʦʨʳʭ ʩʣʫʞʘʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʣʠ, ʢʠʩʣʦʪʳ ʠ ʜʠʩʫʣʴʬʠʜʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ ʠʟ ʵʪʠʭ 

ʧʨʝʢʫʨʩʦʨʦʚ ʧʨʦʪʝʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʠʮʠʘʮʠʠ ʠʣʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝ ʪʦʣʴʢʦ 

ʭʠʤʠʯʝʩʢʠʝ, ʥʦ ʠ ʵʢʦʣʦʛʠʯʥʳʝ çʥʝʤʘʪʝʨʠʘʣʴʥʳʝè ʦʢʠʩʣʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʠ ʚʠʜʠʤʳʡ ʩʚʝʪ.  

 
ʈʠʩ. 1. ʆʙʱʘʷ ʩʭʝʤʘ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ S-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʝʥʠʷ 

 

ʅʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ 

ʫʛʣʝʨʦʜ-ʩʝʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʢ ʭʠʤʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ [1], ʪʘʢ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ [2-4] ʠ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ [5]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ19-29-

08027). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Mulina O.M., Doronin M.M., Terent'ev A.O. // ChemistrySelect. 2021. V.6. P.1025 

[2] Mulina O.M., Doronin M.M., Terent'ev A.O. // Tetrahedron Lett. 2021. V.84. 

P.153436. 

[3] Mulina O.M, Zhironkina N.V., Paveliev S.A., et al. // Org. Lett. 2020. V.22. P.1818. 

[4] Mulina O.M., Doronin M.M., Kostyagina V.A. et al. // Russ. J. Org. Chem. 2021. 

V.57. P.1302. 

[5] Mulina O.M., Ilovaisky A.I., Opatz T., Terent'ev A.O. // Tetrahedron Lett. 2021. 

V.64. P.152737. 
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ʉʠʥʪʝʟ ʘʥʪʠʢʦʘʛʫʣʷʥʪʦʚ ʚ ʨʷʜʫ ʧʨʦʠʟʚʦʜʥʳʭ L-ʘʨʛʠʥʠʥʘ 

 

 ɼʫʙʦʚʠʢ ʅ.ɼ.  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: ninadubovik2001@gmail.com 

ʊʨʦʤʙʦʟʳ ʘʨʪʝʨʠʡ ʠ ʚʝʥ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʩʤʝʨʪʥʦʩʪʠ ʠ 

ʠʥʚʘʣʠʜʠʟʘʮʠʠ ʣʶʜʝʡ ʚʦ ʚʩʝʤ ʤʠʨʝ. ɼʣʷ ʪʝʨʘʧʠʠ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʦʤʙʦʟʘʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʝ ʠʩʧʦʣʴʟʫʶʪ ʘʥʪʠʢʦʘʛʫʣʷʥʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʥʪʠʢʦʘʛʫʣʷʥʪʦʚ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ, ʪ.ʝ. ʠʥʘʢʪʠʚʠʨʫʶʱʠʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʪʨʦʤʙʠʥ, ʧʨʠʤʝʥʷʶʪ  ʧʨʠʨʦʜʥʳʡ ʠʥʛʠʙʠʪʦʨ ʛʝʧʘʨʠʥ ʠ ʝʛʦ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʛʤʝʥʪʳ. ʆʜʥʘʢʦ  ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʩʣʦʞʥʝʥʠʡ 

ʧʨʠ ʪʝʨʘʧʠʠ ʛʝʧʘʨʠʥʦʤ ʧʦʙʫʞʜʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦʟʜʘʚʘʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʪʨʦʤʙʠʥʘ. 

ʆʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʪʠʢʦʘʛʫʣʷʥʪʦʚ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ 

ʷʚʣʷʝʪʩʷ ʘʨʛʘʪʨʦʙʘʥ.  ɸʥʘʣʠʟ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʠʣ ʥʘʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʣʷ 

ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʚ ʤʦʣʝʢʫʣʝ ʛʫʘʥʠʜʠʥʦʚʦʡ 

ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʛʠʜʨʦʬʦʙʥʦʡ ʯʘʩʪʠ. ʊʘʢʠʤ ʘʥʘʣʦʛʦʤ, ʧʦ ʥʘʰʝʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ, 

ʤʦʞʝʪ ʩʪʘʪʴ Boc-PhBut-L-Arg-OR, ʛʜʝ R ï OCH3, OC2H5, NHCH3, N(CH3)2, 

NHC2H5 ʠ ʜʨ. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥ ʯʝʪʳʨʸʭʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ Boc-PhBut-L-Arg-OCH3 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʝʧʪʠʜʥʦʡ ʭʠʤʠʠ.  
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ Boc-PhBut-L-Arg-OCH3. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ, ʯʪʦ Boc-PhBut-L-Arg-OCH3 ʦʙʣʘʜʘʝʪ 

ʘʥʪʨʠʪʨʦʤʙʠʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʘʨʛʘʪʨʦʙʘʥʘ, ʠ 

ʤʦʞʝʪ ʣʝʯʴ ʚ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʘʥʪʠʢʦʘʛʫʣʷʥʪʘ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ. 
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ʉʠʥʪʝʟ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʠʨʨʦʣʦʚ ʥʘ ʦʩʥʦʚʝ ʟʦʣʦʪʦ-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ [3+2] ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʥʘʤʠʜʦʚ ʠ 2ʅ-ʘʟʠʨʠʥʦʚ 

 

ɼʫʙʦʚʮʝʚ ɸ.ʖ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: a.dubovtsev@spbu.ru 

 

ʉʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʧʠʨʨʦʣʴʥʳʝ ʢʘʨʢʘʩʳ ʥʝ ʪʦʣʴʢʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ, ʥʦ ʠ ʥʘʭʦʜʷʪ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʭʠʤʠʷ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʭ 2ʅ- ʠ 3ʅ-ʧʠʨʨʦʣʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʠʟʫʯʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʠʤʠʝʡ ʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʭʨʝʩʪʦʤʘʪʠʡʥʳʭ ʠʟʦʤʝʨʦʚ ï 1ʅ-ʧʠʨʨʦʣʦʚ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʠʟʚʝʩʪʥʦ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʧʠʨʨʦʣʦʚ.[1] 

ʉ ʥʘʯʘʣʘ ʩʪʦʣʝʪʠʷ ʢʘʪʘʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʟʦʣʦʪʘ ʩʪʘʣ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʤʥʦʛʠʭ ʮʝʥʥʳʭ 

ʤʦʣʝʢʫʣ.[2] ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʠʨʨʦʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʟʦʣʦʪʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʠʥʘʤʠʜʦʚ ʠ 2ʅ-ʘʟʠʨʠʥʦʚ (ʈʠʩ. 1). ɺʦ-ʧʝʨʚʳʭ, ʟʦʣʦʪʦ-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ [3+2] ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʠʥʘʤʠʜʦʚ ʠ 2,2-ʜʠʟʘʤʝʱʸʥʥʳʭ-2ʅ-

ʘʟʠʨʠʥʦʚ ʚʝʜʸʪ ʢ 5-ʘʤʠʥʦ-3ʅ-ʧʠʨʨʦʣʘʤ. ɺʦ-ʚʪʦʨʳʭ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ 

ʧʨʦʜʫʢʪʳ ʤʦʛʫʪ ʣʝʛʢʦ ʧʝʨʝʛʨʫʧʧʠʨʦʚʳʚʘʪʴʩʷ ʚ 5-ʘʤʠʥʦ-2ʅ-ʧʠʨʨʦʣʳ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʠ ɹʨʸʥʩʪʝʜʘ. ɺ-ʪʨʝʪʴʠʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2-

ʟʘʤʝʱʸʥʥʳʭ-2H-ʘʟʠʨʠʥ-2-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

2-ʘʤʠʥʦ-1ʅ-ʧʠʨʨʦʣʳ. 

 
ʈʠʩ. 1. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 20-73-

10022). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Li  D., Wang L., Yang Y., et al. // Adv. Synth. Catal. 2019. V. 361. P. 3744-3750. 

[2] Tian X., Song L., Hashmi A.S.K. // Chem. Eur. J. 2020. V. 26. P. 3197-3204. 
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ʉʠʥʪʝʟ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʘʥʦ[2,3-c]ʧʠʨʘʟʦʣʦʚ ʤʝʪʦʜʦʤ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ 

 

ɼʷʯʝʥʢʦ ʀ.ɺ., ɺʝʨʝʱʘʢ ɸ.ɺ., ɻʘʣʠʯʝʚʘ ɸ.ɺ., ɻʦʨʷʥʠʢ ɽ.ɺ., ʇʨʫʜʥʠʢʦʚ ɺ.ɸ. 

ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʃʫʛʘʥʩʢ, ʃʅʈ 

E-mail: ivladya87@mail.ru 

 

ʉʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʘʟʦʣʦʥʘ ʦʙʥʘʨʫʞʝʥʳ ʚʝʱʝʩʪʚʘ ʩ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʨʦʪʠʚ Staphylococcus aureus [1]. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ ʦʪʢʨʳʪʠʝ ʚ ʵʪʦʤ ʨʷʜʫ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʪʠʚ SARS-Cov-

2 [2]. ʋʯʠʪʳʚʘʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʦʠʩʢʘ ʩʨʝʜʠ ʫʢʘʟʘʥʥʦʛʦ ʢʣʘʩʩʘ ʛʝʪʝʨʦʮʠʢʣʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʚʝʱʝʩʪʚ, ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʘ ʤʥʦʛʦʢʦʧʤʦʥʝʥʪʥʘʷ 

ʢʦʥʜʝʥʩʘʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʠʨʘʟʦʣ-3(ʅ)-3-ʦʥʦʚ 1, ʘʣʴʜʝʛʠʜʦʚ 2, ʉʅ-ʢʠʩʣʦʪ 3, 

ʘʣʢʠʣʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ 4 ʠ ʤʦʨʬʦʣʠʥʘ. ʆʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʵʪʘʥʦʣʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʝʦʙʨʘʟʥʳʭ ʘʜʜʫʢʪʦʚ 

ʄʠʭʘʵʣʷ 5, ʩʧʦʩʦʙʥʳʭ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ DMF c ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘʤʠ 4 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦ ʮʠʢʣʠʟʦʚʘʪʴʩʷ ʚ 6-ʠʤʠʥʦʧʠʨʘʥʳ 6 ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴʩʷ ʚ 

ʚʠʜʝ 6-ʘʤʠʥʦʧʠʨʘʥʦ[2,3-ʩ]ʧʠʨʘʟʦʣʦʚ 7. ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 5 ʠ 7 ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ-, ʗʄʈ 1ʅ-, 13ʉ- ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Pham E.C., Thi T.V.L., Phan L.T., et al. // Arabian Journal of Chemistry. 2022. 

V. 15. P. 103682. 

[2] Motiwale M., Yadav N.S., Kumar S., et al. // Journal of Biomolecular Structure and 

Dynamics. 2022. V. 40. P. 1534-1545. 
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ʉʠʥʪʝʟ ʆ-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʩʬʦʥʘʪʦʚ 

 

ɽʛʦʨʦʚʘ ɸ.ɺ.1,2, ʉʦʥʠʥ ʅ.ʆ.1  , ʇʘʥʴʢʠʥ ɼ.ɺ.3,  

ʂʦʣʝʩʥʠʢʦʚ ʀ.ɽ.3, ʄʘʥʴʰʠʥʘ ɸ.ɸ.3 

 

 1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. 
2ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ (ʌʀʎ ʈɸʅ), 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
3 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: diekerze54@gmail.com 
 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʩʬʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʬʘʨʤʘʢʦʣʦʛʠʠ, ʟʘ ʩʯʝʪ ʙʦʣʴʰʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʫ ʘʪʦʤʘ ʬʦʩʬʦʨʘ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʜʦʢʘʟʘʥʥʳʭ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ ʵʪʦʛʦ 

ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʪʨʫʢʪʫʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʥʦ ʦʙʣʘʜʘʶʱʠʝ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʝʥʷʪʴ ʩʚʦʶ ʢʦʥʬʦʨʤʘʮʠʶ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʉʪʨʫʢʪʫʨʳ, ʧʦʜʦʙʥʳʝ ʚ ʪʦʤ ʯʠʩʣʝ ʬʦʩʬʦʨʥʦʤʫ ʘʥʛʠʜʨʠʜʫ, ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʩ-ʧʨʦʜʫʢʪʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʨʝʘʣʠʟʦʚʘʥ ʩʠʥʪʝʟ ʜʠʭʣʦʨʘʥʛʠʜʨʠʜʘ 2-ʬʝʥʠʣ-2-

ʭʣʦʨʵʪʝʥʠʣʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʠʥʪʝʟʦʤ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʬʦʩʬʦʥʘʪʦʚ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʩʭʝʤʝ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʬʦʩʬʦʨʘ ʜʣʷ ʢʦʥʝʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (2-7) +10 õ13 ʤ.ʜ.  

 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʅʌ 22-13-00082. 
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ʉʠʥʪʝʟ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʬʪʠʣʘʟʦʬʝʥʦʢʩʠʟʘʤʝʱʝʥʥʳʭ 

ʬʪʘʣʦʥʠʪʨʠʣʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʤʘʛʥʠʷ ʠ ʮʠʥʢʘ ʥʘ ʠʭ ʦʩʥʦʚʝ 

 

ɽʨʝʤʝʝʚ ʀ.ɽ., ɹʳʯʢʦʚʘ ɸ.ʅ., ʄʳʢʠʥʘ ɽ.ɸ., ʊʠʭʦʤʠʨʦʚʘ ʊ.ɺ., ɺʘʰʫʨʠʥ ɸ.ʉ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: eremeev19999@gmail.com 

 

ʌʪʘʣʦʮʠʘʥʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʥʠʢʘʣʴʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʪʘʢʠʭ 

ʤʦʣʝʢʫʣ. ʇʫʪʝʤ ʚʚʝʜʝʥʠʷ ʥʘ ʧʝʨʠʬʝʨʠʶ ʢʦʣʴʮʘ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʤʦʞʥʦ 

ʫʣʫʯʰʠʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʝʱʝʩʪʚʘ, ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʩʢʣʦʥʥʦʩʪʴ ʢ ʘʛʨʝʛʘʮʠʠ. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʬʦʪʦʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ. 

ɼʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʧʦʩʚʷʱʝʥʦ ʩʠʥʪʝʟʫ ʬʪʘʣʦʥʠʪʨʠʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʥʘʬʪʠʣʘʟʦʬʝʥʦʢʩʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʘʟʦʢʨʘʩʠʪʝʣʠ, ʚ ʢʘʯʝʩʪʚʝ ʘʟʦʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 1-ʥʘʬʪʦʣ. ʈʝʘʢʮʠʶ 

ʘʟʦʩʦʯʝʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚ ʧʘʨʘ-

ʧʦʣʦʞʝʥʠʝ 1-ʥʘʬʪʦʣʘ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʟʘʤʝʱʝʥʠʝʤ 

ʥʠʪʨʦʛʨʫʧʧʳ ʚ ʥʠʪʨʦʬʪʘʣʦʥʠʪʨʠʣʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʘʤʝʱʝʥʥʳʝ ʬʪʘʣʦʥʠʪʨʠʣʳ. 

ʊʝʤʧʣʘʪʥʦʡ ʢʦʥʜʝʥʩʘʮʠʝʡ ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʥʠʪʨʠʣʦʚ ʩ ʘʮʝʪʘʪʘʤʠ ʮʠʥʢʘ ʠ 

ʤʘʛʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ MALDI -TOF ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʗʄʈ-, ʀʂ- ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ. 

ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʠʟʫʯʝʥʳ ʩʧʝʢʪʨʘʣʴʥʦ-

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘ 

ʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ, ʩʦʛʣʘʰʝʥʠʝ 22-23-00831 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ075-15-2021-671). 
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ʇʠʨʠʜʠʥ-ʩʦʜʝʨʞʘʱʠʝ ʩʪʠʣʴʙʝʥʳ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʛʦ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ 

ʤʝʯʝʥʠʷ ʙʠʦʤʦʣʝʢʫʣ 

 

ɽʬʠʤʦʚʘ ɸ.ʉ.1,2, ʋʩʪʠʤʦʚʘ ʄ.ɸ.2, ʌʝʜʦʨʦʚʘ ʆ.ɸ.1,2 
1ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʝʪ ʠʤʝʥʠ ɼ. ʀ. ʄʝʥʜʝʣʝʝʝʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: annkramskaya@gmail.com 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʪʠʣʴʙʝʥʳ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʛʦ ʠ 

ʥʝʢʦʚʘʣʝʥʪʦʛʦ ʤʝʯʝʥʠʷ ʙʠʦʤʦʣʝʢʫʣ. ʌʣʫʦʨʦʬʦʨʳ ʩʦʜʝʨʞʘʣʠ ʧʠʨʠʜʠʥʠʝʚʳʡ 

ʢʘʪʠʦʥ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ, ʬʨʘʛʤʝʥʪʳ ʢʘʨʙʘʟʦʣʘ ʠ ʦʢʩʘʟʠʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʮʝʧʪʦʨʦʚ. ʅʝʢʦʚʘʣʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ ʚʦʟʤʦʞʥʦ 

ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʣʴʥʳʭ ʛʠʜʨʦʬʦʙʥʳʭ ʠ/ʠʣʠ ʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʘʨʢʝʨʦʤ ʠ ʙʠʦʧʦʣʠʤʝʨʦʤ. ɼʣʷ ʢʦʚʘʣʝʥʪʥʦʛʦ ʤʝʯʝʥʠʷ 

ʚ ʩʦʩʪʘʚ ʬʣʫʦʨʦʬʦʨʘ ʚʚʦʜʠʣʠ ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʣʠʥʢʝʨ, ʩʦʜʝʨʞʘʱʠʡ 

ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ.  

 
ʈʠʩ.1 ʂʦʚʘʣʝʥʪʥʦʝ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʝ ʤʝʯʝʥʠʝ ʙʠʦʤʦʣʝʢʫʣ 

ʀʟʫʯʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʥʝʚʷʟʢʠʭ 

ʩʨʝʜʘʭ ʦʥʠ ʩʢʣʦʥʥʳ ʢ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʨʘʱʝʥʠʶ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʤʠʥʠʤʠʟʠʨʦʚʘʣʘʩʴ, ʟʘ ʩʯʝʪ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ. ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʷʟʢʦʩʪʠ ʜʣʷ ʢʨʘʩʠʪʝʣʝʡ 

ʥʘʙʣʶʜʘʣʩʷ ʩʠʣʴʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʦʪʢʣʠʢ, ʚʩʣʝʜʩʪʚʠʝ ʧʦʜʘʚʣʝʥʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʨʘʱʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʟʚʦʜʥʳʝ ʦʙʣʘʜʘʣʠ ʙʦʣʴʰʠʤ 

ʉʪʦʢʩʦʚʳʤ ʩʜʚʠʛʦʤ ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʠʦʤʦʣʝʢʫʣ. 

ʉ ʧʦʤʦʱʴʶ ʚʳʙʨʘʥʥʳʭ ʩʪʠʣʴʙʝʥʦʚ ʤʝʪʠʣʠ ʘʥʪʠʪʝʣʦ ʩʧʝʮʠʬʠʯʥʦʝ ʢ 

ʦʥʢʦʤʘʨʢʝʨʫ Her2/neo. ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʢʨʘʩʠʪʝʣʴ-ʘʥʪʠʪʝʣʦ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ. 

ʅʝʢʦʚʘʣʝʥʪʥʦʝ ʤʝʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ ʩ ʜʮ-ɼʅʂ ʪʠʤʫʩʘ ʪʝʣʝʥʢʘ. ʇʦʣʫʯʝʥʳ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ɼʅʂ-ʢʨʘʩʠʪʝʣʴ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ 

ʣʦʢʘʣʠʟʘʮʠʷ ʢʨʘʩʠʪʝʣʝʡ ʚ ʢʣʝʪʢʘʭ ʣʠʥʠʡ ʄʉF7 ʠ ɸ549. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʛʨʘʥʪ ˉ21-73-20158). 



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 
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ʉʠʥʪʝʟ ʧʦʨʬʠʨʠʥʦʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 5,10,15,20-ʪʝʪʨʘ(4-

ʧʠʨʠʜʠʣ)ʧʦʨʬʠʨʠʥʘ 

 

ɽʬʠʤʦʚʘ ɽ.ɸ., ʇʝʯʥʠʢʦʚʘ ʅ.ʃ., ʃʶʙʠʤʮʝʚ ɸ.ɺ., ɸʛʝʝʚʘ ʊ.ɸ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. 

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ  

E-mail: efimovaeugenie@mail.ru 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʪʘʢʠʤ ʢʘʢ 

ʭʠʤʠʯʝʩʢʘʷ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʣʝʪʫʯʝʩʪʴ, ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ 

(ʀɾ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʚ ʩʠʥʪʝʟʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʧʦʨʬʠʨʠʥʦʚʳʝ ʀɾ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʚ ʩʝʙʝ 

ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ. ʇʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʰʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʚ ʌɼʊ ʨʷʜʘ 

ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʡ ʠ ʚ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʌɼʊ, ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʤʥʳʭ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ [1, 2].   

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʨʬʠʨʠʥʦʚʳʝ ʀɾ ʥʘ ʦʩʥʦʚʝ 5,10,15,20-ʪʝʪʨʘ(4-

ʧʠʨʠʜʠʣ)ʧʦʨʬʠʨʠʥʘ (T4PyP) ʠ ʙʨʦʤʘʣʢʘʥʦʚ ʩ ʜʣʠʥʦʡ ʮʝʧʠ ʉ6-ʉ9. ʈʝʘʢʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʚ ɼʄʌɸ ʚ ʩʨʝʜʝ ʘʟʦʪʘ ʚ ʪʝʯʝʥʠʝ 8-12 ʯʘʩʦʚ, ʚʳʭʦʜ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 23-49%. ʂʦʥʪʨʦʣʴ ʟʘ ʧʨʦʪʝʢʘʥʠʝʤ ʨʝʘʢʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʨʝʛʠʩʪʨʘʮʠʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʦ-ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠ 

ʧʦʨʬʠʨʠʥʦʚʳʭ ʀɾ.  

  
ʈʠʩ 1. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʧʦʨʬʠʨʠʥʦʚʦʡ ʀɾ ʥʘ ʦʩʥʦʚʝ T4PyP ʠ 1-ʙʨʦʤʛʝʢʩʘʥʘ 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʯʠʩʪʦʪʘ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʠ 1ʅ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ.   

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ʧʨʦʝʢʪ ˉ 22-

23-01076). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Xua H., Grosa C.P. // J. Porphyrins Phthalocyanines. 2011. V.15. N.7. P. 560-574. 

[2] Li K., Titi H.M. // Chemistry Europe. 2020. V. 7. N 8. P. 659-663. 
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ɽʬʨʝʤʦʚʘ ʀ.ɽ., ʆʟʝʨʦʚʘ ʆ.ʖ., ɻʝʨʘʩʠʤʦʚ ɼ.ʈ., ʎʘʧʣʠʥʩʢʘʷ ʄ.ɺ. 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ. ʀ. ɻʝʨʮʝʥʘ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: kohrgpu@yandex.ru 

 

ʇʠʨʘʟʦʣ ʠ ʝʛʦ ʛʠʜʨʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʘʣʢʘʣʦʠʜʦʚ, ʚʠʪʘʤʠʥʦʚ ʠ ʜʨʫʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɿʘʢʦʥʦʤʝʨʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʠʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʩ ʢʦʣʴʮʘʤʠ ʧʠʨʘʟʦʣʠʥʘ ʠ ʩʫʣʴʬʦʣʘʥʘ, ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʦʩʥʦʚʝ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʘʟʦʤʝʪʘʥʘ ʢ 2-ʩʫʣʴʬʦʣʝʥʘʤ ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (24ʯ, 18 ) ʩʫʣʴʬʦʣʘʥʦʧʠʨʘʟʦʣʠʜʠʥʳ 

ʧʦʣʫʯʘʶʪʩʷ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2-ʙʝʥʟʠʣʠʜʝʥ-3-ʤʝʪʠʣ-4-ʥʠʪʨʦ-3-ʪʠʦʣʝʥ-1,1-

ʜʠʦʢʩʠʜʦʚ ʩ ʛʠʜʨʘʟʠʥʦʤ ʠ ʝʛʦ ʘʥʘʣʦʛʘʤʠ [1, 2]. 

ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʨʷʜʘ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʫʣʴʬʦʣʘʥʘ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʠʜʨʘʟʠʥ ʛʠʜʨʘʪʘ ʩ 

ʥʠʪʨʦʩʫʣʴʬʦʜʠʝʥʘʤʠ 1-4, ʩʦʜʝʨʞʘʱʠʤʠ ʘʨʠʣʴʥʳʝ ʠ ʬʫʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. 

ʈʝʘʢʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʵʪʘʥʦʣʝ ʠ ʟʘʚʝʨʰʘʣʘʩʴ 

ʩʠʥʪʝʟʦʤ ʛʝʢʩʘʛʠʜʨʦ-3ʅ-ʪʠʝʥʦ[2,3-d]ʧʠʨʘʟʦʣ-4,4-ʜʠʦʢʩʠʜʦʚ 5-8 ʩ ʚʳʭʦʜʦʤ ʜʦ 

78% ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʜʠʘʩʪʝʨʝʦʤʝʨʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʠʮʠʢʣʦʚ 5-8 ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʩʭʝʤʝ ʪʘʥʜʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʜʚʘ ʘʢʪʘ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ [2]. 

 
ʉʪʨʦʝʥʠʝ ʙʠʮʠʢʣʦʚ 5-8 ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʀʂ, ʋʌ, ʗʄʈ 1ʅ, 13ʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

(HMQC, HMBC, NOESY). ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʧʨʦʜʫʢʪʦʚ 5-8 ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʜʠʥ 

ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʤ ʘʥʘʣʦʛʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʦʨʠʝʥʪʘʮʠʶ ʟʘʤʝʩʪʠʪʝʣʷ ʫ 

ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʦʚ [2]. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ɽʬʨʝʤʦʚʘ ʀ.ɽ., ʃʘʧʰʠʥʘ ʃ.ɺ., ɹʘʡʯʫʨʠʥ ʈ.ʀ. ʠ ʜʨ. // ɾʫʨʥʘʣ ʦʙʱʝʡ ʭʠʤʠʠ. 

2020. ʊ. 90. ˉ 8. ʉ. 1153-1172. 

[2] ɽʬʨʝʤʦʚʘ ʀ.ɽ., ʉʝʨʝʙʨʷʥʥʠʢʦʚʘ ɸ.ɺ., ɹʝʣʷʢʦʚ ɸ.ɺ., ʃʘʧʰʠʥʘ ʃ.ɺ. // ɾʫʨʥʘʣ 

ʦʙʱʝʡ ʭʠʤʠʠ. 2019. ʊ. 89. ˉ 3. ʉ. 468-471. 
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ɿʘʠʢʠʥʘ ʃ.ɸ.1,2, ʄʫʣʠʥʘ ʆ.ʄ.2, ʊʝʨʝʥʪʴʝʚ ɸ.ʆ.2 

1ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

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

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: zaikinalaal@gmail.com 
 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʩʚʷʟʝʡ CïC ʠ CïHet.  ʆʜʠʥ ʠʟ ʥʠʭ: ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʠʨʘʝʪ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʤʝʪʦʜ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʡ ʙʝʟ ʚʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʨʝʘʛʝʥʪʳ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ 

ʩʪʘʜʠʷʭ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ ʤʝʪʦʜ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ɻʢʦʣʦʛʠʯʥʳʤ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʭʠʤʠʷ S-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʨʘʜʠʢʘʣʦʚ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪ ɹ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʪʢʨʳʚʘʷ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʜʦʩʪʫʧ ʢ ʤʥʦʞʝʩʪʚʫ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʝʜʦʩʪʫʧʥʳʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʳʭ ʤʝʪʦʜʦʚ [2].  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʧʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʡ ʤʝʞʜʫ ʩʦʝʜʠʥʝʥʠʷʤʠ 1 ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʝʨʘ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ 2 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʠʪʝʣʷ. 

 

ɹr ʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʢʦʣʠʯʝʩʪʚʘ 

ʦʢʠʩʣʠʪʝʣʷ, ʪʠʧʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʥʘ ʚʳʭʦʜ ʧʦʣʫʯʝʥʥʦʛʦ 

ʛʝʪʝʨʦʮʠʢʣʘ. ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʦ ʨʘʩʰʠʨʝʥʠʝ ʩʫʙʩʪʨʘʪʥʦʛʦ 

ʨʷʜʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ22-23-00476. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Krylov I.B., Vil V.A., Terent'ev A.O. // The Journal of Organic Chemistry. 2015. 

V. 11. P. 92-146. 

[2] Zard S.Z. // Helvetica Chimica Acta. 2019. V. 102. e1900134. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʠʢʣʦʧʨʦʧʝʥʦʥʦʚ ʙʦʨʦʛʠʜʨʠʜʦʤ 

ʥʘʪʨʠʷ 

 

ɿʘʡʮʝʚ ɸ.ʂ.1,2, ʉʘʣʠʢʦʚ ʈ.ʌ.1 

1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ɺʳʩʰʠʡ ʭʠʤʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ ʈɸʅ, ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: andrey.k.zaytsev@gmail.com 
 

ʎʠʢʣʦʧʨʦʧʝʥʦʥʳ ʩ ʜʘʚʥʠʭ ʧʦʨ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʭ ʭʠʤʠʢʦʚ ʠʟ-ʟʘ 

ʥʝʦʙʳʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚʥʫʪʨʠ 

ʪʨʸʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ, ʘ ʩ ʜʨʫʛʦʡ ð ʧʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ -́ʩʠʩʪʝʤʳ ʢʘʢ 

ʠʤʝʶʱʝʡ 4n+2 (2) ʵʣʝʢʪʨʦʥʘ, ʧʦʚʳʰʘʶʱʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʥʦ ʦʩʪʘʚʣʷʶʱʝʛʦ ʚʦʟʤʦʞʥʳʤ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʝʘʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [1]. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ 

ʨʝʘʢʮʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʠʢʣʦʧʨʦʧʝʥʦʥʦʚ, ʥʘʧʨʠʤʝʨ, ʜʦ ʮʠʢʣʦʧʨʦʧʘʥʦʣʦʚ 

ʘʣʶʤʦʛʠʜʨʠʜʦʤ ʣʠʪʠʷ [2], ʜʦ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʤʘʣʴʛʘʤʳ ʮʠʥʢʘ 

[3], ʜʦ ʮʠʢʣʦʧʨʦʧʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʦʚ ʙʦʨʘʥʘ [4].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʜʠʘʨʠʣʮʠʢʣʦʧʨʦʧʝʥʦʥʦʚ ʜʦ ʚʪʦʨʠʯʥʳʭ ʩʧʠʨʪʦʚ ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ, 

ʧʨʦʪʝʢʘʶʱʘʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʨʦʛʠʜʨʠʜʘ ʥʘʪʨʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʘʨʠʣʮʠʢʣʦʧʨʦʧʘʥʦʥʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʧʨʝʪʝʨʧʝʚʘʪʴ ʵʣʝʢʪʨʦʮʠʢʣʠʯʝʩʢʦʝ ʨʘʩʢʨʳʪʠʝ, ʜʘʚʘʷ ʮʚʠʪʪʝʨ-ʠʦʥ, ʜʘʣʝʝ 

ʨʝʘʛʠʨʫʶʱʠʡ ʩ ʙʦʨʦʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʮʠʢʣʠʯʝʩʢʦʛʦ ʢʝʪʦʥʘ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʚʪʦʨʠʯʥʦʤʫ ʩʧʠʨʪʫ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʮʚʠʪʪʝʨ-ʠʦʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ ʘʨʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʠʢʣʠʯʝʩʢʦʛʦ 

ʧʨʦʜʫʢʪʘ. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʠʩʩʣʝʜʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʸʪʦʚ, ʪʘʢʞʝ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʚʘʪʘ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. 

 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Potts K.T. & Baum J.S. // Chem. Rev. 1974. V. 74. P. 189ï213. 

[2] ʂʫʨʩʘʥʦʚ ɼ.ʅ., ɺʦʣʴʧʠʥ ʄ.ɽ. & ʂʦʨʝʰʢʦʚ ʖ.ɼ. // ɾ. ʆʙʱ. ʍʠʤ. 1960. C. 

2877ï84. 

[3] Di Vona M.L. & Rosnati V. // Tetrahedron. 1993. V. 49. P. 10925ï10930. 

[4] Rubina M. & Rubin M. // Chem. Heterocycl. Compd. 2012. V. 48. P. 807ï821. 
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ʉʠʥʪʝʟ (ɖ6-ʘʨʝʥ)ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 1,4-ʜʠʛʠʜʨʦ-3,1-

ʙʝʥʟʣʝʩʘʟʠʥʦʚ 

 

ɿʘʡʮʝʚʘ ʖ.ɸ., ɸʨʪʸʤʦʚ ɸ.ʅ., ʉʘʟʦʥʦʚʘ ɽ.ɺ., ʂʦʣʝʩʦʚʘ ɸ.ʉ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: ivanovayuliya16@gmail.com 

 

ɻʝʪʝʨʦʮʠʢʣʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʤʦʣʝʢʫʣʘʭ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʀʟʚʝʩʪʥʳ ʧʨʦʠʟʚʦʜʥʳʝ (ɖ6-ʙʝʥʟʦʣ)ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʘ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʢʦʣʴʮʘʤʠ ʚ ʩʦʩʪʘʚʝ, ʦʙʣʘʜʘʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʨʷʜ (ɖ6-

ʘʨʝʥ)ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 1,4-ʜʠʛʠʜʨʦ-3,1-ʙʝʥʟʦʢʩʘʟʠʥʦʚ (5 a-e) 

[1]. ʉʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʤʝʪʦʜʘʤʠ: ʨʝʘʢʮʠʝʡ 

ʪʨʠʘʤʤʠʥʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʘ ʩ 1,4-ʜʠʛʠʜʨʦ-3,1-ʙʝʥʟʦʢʩʘʟʠʥʘʤʠ (ʤʝʪʦʜ ɸ) ʠ 

ʢʦʥʜʝʥʩʘʮʠʝʡ (ɖ6-2-ʘʤʠʥʦʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ)ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʘ ʩ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʢʝʪʦʥʘʤʠ (ʤʝʪʦʜ ɺ) (ʨʠʩ.1.). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʫʪʴ 

ɺ ʧʨʠʚʦʜʠʪ ʢ ʥʘʠʙʦʣʴʰʠʤ ʚʳʭʦʜʘʤ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

 
ʈʠʩ.1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ (ɖ6-ʘʨʝʥ)ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 1,4-ʜʠʛʠʜʨʦ-3,1-

ʙʝʥʟʦʢʩʘʟʠʥʦʚ. 

 

ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʪʘʢʠʭ ʢʘʢ ɺʕɾʍ, ʋʌ-, ʀʂ-, ʗʄʈ 1ʅ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʧʨʦʝʢʪ ʄɼ-1474.2022.1.3). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ʉʘʟʦʥʦʚʘ ɽ.ɺ., ɸʨʪʝʤʦʚ ɸ.ʅ., ʌʘʝʨʤʘʥ ɺ.ʀ. ʠ ʜʨ. // ʀʟʚʝʩʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. 

ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʘʷ. 2021. ˉ1. ʉ.171-178. 
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ɼʠʟʘʡʥ, ʩʠʥʪʝʟ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʧʨʦʪʝʠʥʢʠʥʘʟ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ PI3K-AKT -mTOR  

ʥʘ ʦʩʥʦʚʝ 2,4-ʜʠʤʦʨʬʦʣʠʥʦʭʠʥʘʟʦʣʠʥʘ 

 

ɿʘʧʝʚʘʣʦʚʘ ʄ.ɺ.1, ʌʦʥʘʨʸʚʘ ʀ.ʇ.1, ʑʝʛʨʘʚʠʥʘ ɽ.ʉ.1, ʑʝʨʙʘʢʦʚ ɸ.ʄ.2, 

ʉʚʠʨʱʝʚʩʢʘʷ ɽ.ɺ.3, ʌʝʜʦʨʦʚ ɸ.ʖ.1 
1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʦʥʢʦʣʦʛʠʠ  

ʠʤ. ʅ.ʅ. ɹʣʦʭʠʥʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ʀʥʩʪʠʪʫʪ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʘʢʘʜʝʤʠʢʦʚ ʄ.ʄ. ʐʝʤʷʢʠʥʘ ʠ  

ʖ.ɸ. ʆʚʯʠʥʥʠʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: maria.1999.zapevalova@gmail.com 

 

ʇʨʠ ʦʥʢʦʛʝʥʝʟʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʯʨʝʟʤʝʨʥʘʷ ʘʢʪʠʚʘʮʠʷ ʩʠʛʥʘʣʴʥʦʛʦ 

ʢʘʩʢʘʜʘ PI3K-AKT-mTOR, ʯʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʵʬʬʝʢʪʘ ɺʘʨʙʫʨʛʘ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʞʠʚʘʥʠʶ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ʇʦʵʪʦʤʫ 

ʧʨʦʪʝʠʥʢʠʥʘʟʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʜʘʥʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ, ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʣʘʩʩʦʤ ʤʠʰʝʥʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʛʝʥʪʦʚ ʭʠʤʠʦʪʝʨʘʧʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥ ʨʷʜ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ  

2,4-ʜʠʤʦʨʬʦʣʠʥʦʭʠʥʘʟʦʣʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ PI3K-AKT-mTOR. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʤʠʢʨʦʤʦʣʷʨʥʦʤ ʠ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ MCF7 ʠ  

MDA-MB-231 (ʈʠʩ. 1). ɼʣʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʮʝʥʝʥʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʢʣʶʯʝʚʳʭ ʢʠʥʘʟ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʠ ʚʣʠʷʥʠʝ ʥʘ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ.  

 
ʈʠʩ. 1. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ PI3K-AKT-mTOR  

ʠ ʠʭ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʄʠʥʦʙʨʥʘʫʢʠ ˉ 13.1902.21.0004. 
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ʘʢʮʝʧʪʦʨʥʳʭ ʩʫʣʴʬʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʢʘʪʘʣʠʟʘ 

  

ɿʫʙʢʦʚ ʄ.ʆ., ʂʦʩʦʙʦʢʦʚ ʄ.ɼ., ʇʘʥʬʝʨʦʚʘ ʃ.ʀ., ɼʠʣʴʤʘʥ ɸ.ɼ. 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: zubkowmisha@gmail.com 

 

ɻʝʥʝʨʘʮʠʷ ʘʣʢʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʢʘʪʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʅʝʜʘʚʥʦ ʥʘʤʠ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʠʩʪʦʯʥʠʢ ʨʘʜʠʢʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʡ ʬʦʪʦʨʝʜʦʢʩ-ʘʢʪʠʚʥʫʶ 

ʬʪʦʨʠʨʦʚʘʥʥʫʶ ʪʠʦ-ʛʨʫʧʧʫ [1]. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ 

ʫʜʦʙʩʪʚʦ ʩʠʥʪʝʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʫʣʴʬʠʜʦʚ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ. ʊʘʢ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʠʟ ʘʣʢʝʥʦʚ, ʘʣʢʘʥʦʚ ʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [1-3]. 

 
ʈʘʜʠʢʘʣʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʠʟ ʜʘʥʥʳʭ ʩʫʣʴʬʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʢʘʪʘʣʠʟʘ, 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʘʣʢʝʥʘʤ (ʢʘʢ ʜʦʥʦʨʳʤ, ʪʘʢ ʠ ʘʢʮʝʧʪʦʨʥʳʤ) [1,4], ʘ ʪʘʢʞʝ 

ʚʩʪʫʧʘʶʪ ʨʝʘʢʮʠʠ C-H ʘʢʪʠʚʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ [2]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ NHC-ʙʦʨʘʥʘ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʝʧʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟ ʜʘʥʥʳʭ ʩʫʣʴʬʠʜʦʚ ʦʙʨʘʟʫʶʪʩʷ ʩʚʦʙʦʜʥʳʝ 

ʪʠʦʣʳ [5]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 21-73-10129). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ, ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʩ 

ʦʢʪʠʣʦʢʩʠʪʨʠʪʠʣʟʘʤʝʱʝʥʥʳʤ ʬʪʘʣʦʮʠʘʥʠʥʦʤ 

 

ʀʚʘʢʠʥ ɺ.ɸ., ʈʫʤʷʥʮʝʚʘ ʊ.ɸ., ɻʘʣʘʥʠʥ ʅ.ɽ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: vlad.ivakin.00@mail.ru 

 

ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʶʪ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʦʙʲʝʤʥʳʝ ʛʠʜʨʦʬʦʙʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ï ʪʨʠʪʠʣʴʥʳʝ ʛʨʫʧʧʳ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʛʨʫʧʧ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʫ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʝʟʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʠ ʚʝʱʝʩʪʚʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʫʩʪʨʦʡʩʪʚʘʭ 

ʪʦʥʢʦʧʣʝʥʦʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʤʝʟʦʤʦʨʬʥʳʝ ʩʚʦʡʩʪʚʘ 

ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʧʨʠʜʘʶʪ ʠ ʧʨʦʪʷʞʝʥʥʳʝ ʘʣʢʦʢʩʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʦʩʫʱʝʩʪʚʠʣʠ ʩʠʥʪʝʟ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ ʧ-ʦʢʪʠʣʦʢʩʠʪʨʠʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (1 ï 3). ʉʠʥʪʝʟ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 1 ï 3 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʥʝ ʦʙʣʘʜʘʶʪ ʪʝʨʤʦʪʨʦʧʥʳʤ 

ʠ ʣʠʦʪʨʦʧʥʳʤ ʤʝʟʦʤʦʨʬʠʟʤʦʤ, ʥʦ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʠ ʥʠʢʝʣʷ ʩʧʦʩʦʙʥʳ 

ʩʪʝʢʣʦʚʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 170 ʦʉ. ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʜʝʣʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʚʦʡʩʪʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʘʩʩʦʮʠʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʦʬʦʨʤʘ ʚʧʣʦʪʴ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʡ 2Ĭ10-5 ʤʦʣʴ/ʣ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʜʨʫʛʠʭ, ʥʝʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Zn, Mg, Al, Ga, In ʠ 

ʜʨ) ʩ ʪʝʤ ʞʝ ʣʠʛʘʥʜʦʤ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

(ʪʝʤʘ ˉ FZZW-2020-0010). ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʣʝʢʘʣʦʩʴ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʎʂʇ ʀɻʍʊʋ. 
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ʘʥʠʦʥʳ ï ʩʠʥʪʝʟ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
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ɺʥʝʜʨʝʥʠʝ ʘʥʪʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʳ ʧʦʯʪʠ 

ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʢʦʣʦʩʩʘʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʝʸ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʙʠʣʴʥʳʝ ʘʥʪʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʙʣʦʢʠ ʥʘʯʠʥʘʶʪ ʚʩʝ ʯʘʱʝ 

ʥʘʭʦʜʠʪʴ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(OLED, OSSC ʠ ʪ. ʜ.). ʇʨʠ ʵʪʦʤ ʘʥʪʠʘʨʦʤʘʪʠʯʥʦʩʪʴ ʩʘʤʘ ʧʦ ʩʝʙʝ ʚʳʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʤʦʣʝʢʫʣʳ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʠʟʫʯʝʥʠʝ ʬʘʢʪʦʨʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʥʪʠʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʩʦʩʪʘʚʣʷʝʪ ʚʘʞʥʫʶ ʟʘʜʘʯʫ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ.  

ʈʘʥʝʝ ʚ ʥʘʰʝʡ ʛʨʫʧʧʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʘʥʠʦʥ 1 (ʉʭʝʤʘ 1ɸ), ʦʪʣʠʯʘʶʱʠʡʩʷ 

ʦʪ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʠʣʴʥʳʭ ʘʥʠʦʥʦʚ ʩʚʦʝʡ ʘʥʦʤʘʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʦʛʦ 

ʚʨʝʤʝʥʠ ʚʩʣʝʜʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ ʤʝʪʦʜʝ ʩʠʥʪʝʟʘ ʘʥʠʦʥ 1 

ʦʩʪʘʚʘʣʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ. ɺ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣ ʨʘʟʚʠʪ ʙʦʣʝʝ ʛʠʙʢʠʡ ʧʦʜʭʦʜ ʢ ʩʙʦʨʢʝ ʧʦʜʦʙʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʮʝʣʳʡ ʨʷʜ ʫʩʪʦʡʯʠʚʳʭ 

ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʠʣʴʥʳʭ ʘʥʠʦʥʦʚ ʠʟ ʢʠʩʣʳʭ ʧʨʦʧʝʥʦʚ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ 

(ʉʭʝʤʘ 1B). ʅʘʡʜʝʥʥʳʡ ʧʫʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʦʚʦʣʴʥʦ ʫʥʠʢʘʣʴʥʫʶ ʩʪʘʜʠʶ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʩʦʣʷʤʠ ʤʝʜʠ, ʧʨʦʪʝʢʘʶʱʫʶ ʩʝʣʝʢʪʠʚʥʦ, ʚ ʯʨʝʟʚʳʯʘʡʥʦ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ ʠ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʡ ʩʪʘʜʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʨʘʩʰʠʨʠʪʴ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʘʡʜʝʥʥʦʛʦ ʤʝʪʦʜʘ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʧʦʣʠʝʥʦʚʳʭ ʩʠʩʪʝʤ.  

 
ʉʭʝʤʘ 1. ʇʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʫʩʪʦʡʯʠʚʳʭ ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʠʣʴʥʳʭ ʘʥʠʦʥʦʚ. 
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1-(ʇʠʨʠʜʠʥ-2-ʠʣ)ʩʪʠʨʠʣʧʠʨʘʟʦʣʳ ï ʣʠʛʘʥʜʳ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 

 

ʀʪʘʭʫʥʦʚ ʈ.ʅ., ʆʜʠʥ ʀ.ʉ., ɻʦʣʦʚʘʥʦʚ ɸ.ɸ. 

ʊʦʣʴʷʪʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʣʴʷʪʪʠ, ʈʦʩʩʠʷ 

E-mail: aleksandgolovanov@yandex.ru 

 

1-(ʇʠʨʠʜʠʥ-2-ʠʣ)ʩʪʠʨʠʣʧʠʨʘʟʦʣʳ 3 ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʛʘʥʜʦʚ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ1. 

ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʮʠʢʣʠʟʘʮʠʠ ʛʠʜʨʘʟʦʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʦʩʩ-ʩʦʧʨʷʞʝʥʥʳʭ ʝʥʠʥʦʥʦʚ 1 ʩ 2-

ʛʠʜʨʘʟʠʥʠʣʧʠʨʠʜʠʥʦʤ 2 (ʨʠʩ. 1): 

 
1.EtOH, HCl, reflux, 20 min 

2. EtOH, reflux, 3h 

R: a ï H; b ï Me; c ï MeO; d ï Cl. 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʝʘʢʮʠʠ 

ʀʟʫʯʘʣʦʩʴ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 3 ʩ ʠʦʥʘʤʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

Hg2+, Cd2+, ʠ Pb2+. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 3 + [M2+] ʢʘʢ ʠ 1-(ʧʠʨʠʜʠʥ-2-

ʠʣ)ʩʪʠʨʠʣʧʠʨʘʟʦʣʳ ʦʙʣʘʜʘʶʪ ʩʦʙʩʪʚʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ. ʉʧʝʢʪʨʘʣʴʥʦ-

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 3 + [M2+] 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʳʭ ʟʦʥʜʦʚ 3. ʆʜʥʘʢʦ ʤʘʢʩʠʤʫʤʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʜʚʠʥʫʪʳ 

ʙʘʪʦʭʨʦʤʥʦ. ʇʨʠ ʵʪʦʤ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʘʩʪʚʦʨʝ ʠʦʥʘ ʄ2+ ʦʢʘʟʳʚʘʝʪ ʩʣʘʙʦʝ ʠ 

ʥʝʨʝʛʫʣʷʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ 3. ʇʨʠʨʦʜʘ 

ʟʘʤʝʩʪʠʪʝʣʷ R ʚ ʩʦʝʜʠʥʝʥʠʷʭ 3 ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 3 + [ʄ2+]. ʅʘʧʨʠʤʝʨ, ʩʪʠʨʠʣʧʠʨʘʟʦʣʳ 3a, b ʦʙʨʘʟʫʶʪ 

ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ Hg2+, Cd2+, ʘ ʢʦʤʧʣʝʢʩ 3a + 

[Pb2+] ʚʦʦʙʱʝ ʥʝ ʦʙʣʘʜʘʝʪ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ. ʊʦʯʥʦ ʪʘʢ ʞʝ ʟʦʥʜ 

3c ʦʙʨʘʟʫʝʪ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ Cd2+ ʠ Pb2+, ʘ ʟʦʥʜ 3d ï ʩ ʠʦʥʘʤʠ Hg2+ 

ʠ Pb2+. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʤʧʣʝʢʩʳ 3c + [Hg2+] ʠ 3d + [Cd2+] ʚʦʦʙʱʝ ʥʝ 

ʬʣʫʦʨʝʩʮʠʨʫʶʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠʦʥʦʚ Hg2+, Cd2+ ʠ Pb2+ ʧʨʠ ʠʭ ʚʟʘʠʤʥʦʤ 

ʧʨʠʩʫʪʩʪʚʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʛʨʘʥʪ ˉ 22-13-00185). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Orrego-Hern§ndez J., Cobo J. and Portilla J. // ACS Omega. 2019. V.4. P. 16689ï16700. 
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ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ 4-(2-ʬʝʥʠʣʘʟʦ-4-ʬʝʥʠʣʧʨʦʧʘʥ-2-

ʠʣ)ʬʝʥʦʢʩʠʬʪʘʣʦʥʠʪʨʠʣʘ ʠ ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

 

ʂʘʟʘʨʷʥ ʂ.ʖ., ɹʳʯʢʦʚʘ ɸ.ʅ., ʄʳʢʠʥʘ ɽ.ɸ., ʊʠʭʦʤʠʨʦʚʘ ʊ.ɺ., ɺʘʰʫʨʠʥ ɸ.ʉ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: kristina@kazaryan.su 

 

ʅʘʩʪʦʷʱʝʝ ʩʦʦʙʱʝʥʠʝ ʧʦʩʚʷʱʝʥʦ ʩʠʥʪʝʟʫ 4-(2-ʬʝʥʠʣʘʟʦ-4-ʬʝʥʠʣʧʨʦʧʘʥ-2-

ʠʣ)ʬʝʥʦʢʩʠʬʪʘʣʦʥʠʪʨʠʣʘ ʠ ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 

ɼʠʘʟʦʪʠʨʦʚʘʥʠʝʤ ʘʥʠʣʠʥʘ ʧʦʣʫʯʝʥʘ ʩʦʣʴ ʜʠʘʟʦʥʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʚ ʨʝʘʢʮʠʠ ʘʟʦʩʦʯʝʪʘʥʠʷ ʩ 4-(2-ʬʝʥʠʣʧʨʦʧʘʥ-2-ʠʣ)ʬʝʥʦʣʦʤ. ʇʦʣʫʯʝʥʥʳʡ 

ʢʨʘʩʠʪʝʣʴ ʧʨʠʤʝʥʷʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʫʢʣʝʦʬʠʣʘ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 4-

ʥʠʪʨʦʬʪʘʣʦʥʠʪʨʠʣʘ (ʩʭʝʤʘ).  

 
ʉʭʝʤʘ ʩʠʥʪʝʟʘ 

ʊʝʤʧʣʘʪʥʦʡ ʢʦʥʜʝʥʩʘʮʠʝʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʬʪʘʣʦʥʠʪʨʠʣʘ ʩ ʘʮʝʪʘʪʘʤʠ 

ʮʠʥʢʘ ʠ ʵʨʙʠʷ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠ 

ʦʯʠʩʪʢʠ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʠʣʴʪʨʘʮʠʶ, ʢʦʣʦʥʦʯʥʫʶ ʠ ʛʝʣʴ-

ʧʨʦʥʠʢʘʶʱʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʧʦ ʊʉʍ. ʋʩʧʝʰʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʦʯʠʩʪʢʠ ʧʦʜʪʚʝʨʞʜʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʨʷʜʘ MALDI-TOF ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ, ʀʂ, ʗʄʈ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʀʟʫʯʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ 

ʤʝʪʘʣʣʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʠ ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ, ʩʦʛʣʘʰʝʥʠʝ 22-23-00831 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ075-15-2021-671). 
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ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʧ-ʪʦʣʫʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʧ-ʪʦʣʫʠʣʘʮʝʪʘʪʘ 

 

ʂʘʣʠʥʠʯʝʚʘ ɸ.ʄ., ʄʘʣʝʥʢʦʚ ʄ.ʖ., ʊʫʨʳʛʠʥ ɺ.ɺ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: dir@gosniiokht.ru 

 

ɸʥʘʣʠʟ ʥʘʫʯʥʦʡ ʠ ʧʘʪʝʥʪʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʜʫʢʪʘʤʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧ-ʢʩʠʣʦʣʘ ʷʚʣʷʶʪʩʷ ʧ-ʪʦʣʫʠʣʦʚʘʷ ʢʠʩʣʦʪʘ,  

ʧ-ʪʦʣʫʠʣʦʚʳʡ ʘʣʴʜʝʛʠʜ, ʧ-ʪʦʣʫʠʣʦʚʳʡ ʩʧʠʨʪ, ʘ ʧʨʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤ ʧʨʦʪʝʢʘʥʠʠ 

ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʝ ʤʦʞʝʪ ʠʜʪʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʨʝʬʪʘʣʝʚʳʭ ʘʣʴʜʝʛʠʜʘ ʠ 

ʢʠʩʣʦʪʳ [1].  

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ ʩʫʩʧʝʥʟʠʠ  

ʧ-ʢʩʠʣʦʣʘ ʚ 70 % ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ 

ʤʘʨʛʘʥʮʘ/ʮʝʨʠʷ/ʢʦʙʘʣʴʪʘ/ʭʨʦʤʘ ʚ ʢʘʯʝʩʪʚʝ ʤʝʜʠʘʪʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʦʪ ʧ-ʪʦʣʫʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʠʣʠ ʝʛʦ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ) ʜʦ 

ʪʦʣʫʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ. ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʭʠʤʠʯʝʩʢʦʝ 

ʦʢʠʩʣʝʥʠʝ ʧ-ʢʩʠʣʦʣʘ ʩʫʣʴʬʘʪʦʤ ʮʝʨʠʷ (IV) ʜʦ ʧ-ʪʦʣʫʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ ʧʨʠ ʵʪʦʤ ʥʝ ʦʙʨʘʟʫʝʪʩʷ [2]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʧ-ʢʩʠʣʦʣʘ ʠʦʥʦʤ Ce4+ ʦʙʨʘʟʫʝʪʩʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ, ʢʦʪʦʨʳʡ ʧʝʨʝʭʦʜʠʪ 

ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʚʦʜʥʫʶ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʢʠʩʣʝʥʠʠ ʥʘ ʘʥʦʜʝ ʜʘʝʪ 

ʢʘʨʙʢʘʪʠʦʥ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʬʠʨʘ: 

 

 
ʇʨʠʚʝʜʝʥʥʘʷ ʩʭʝʤʘ ʨʝʘʢʮʠʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʯʘʣʴʥʳʤʠ ʩʪʘʜʠʷʤʠ ʤʝʭʘʥʠʟʤʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʘʚʪʦʨʘʤʠ [3].  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧ-ʪʦʣʫʠʣʦʚʳʭ ʘʣʴʜʝʛʠʜʘ ʠ ʘʮʝʪʘʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʣʦʪʦʥʥʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʧ-ʢʩʠʣʦʣʘ ʚ ʩʨʝʜʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʜʦ  

ʧ-ʪʦʣʫʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʧ-ʪʦʣʫʠʣʘʮʝʪʘʪʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Kreh R.P., Spotnitz R.M., Lundquist J.T. // J. Org. Chem. 1989. V.54. P.1526 

[2] ʄʘʣʝʥʢʦʚ ʄ.ʖ., ʂʘʣʠʥʠʯʝʚʘ ɸ.ʄ., ʊʫʨʳʛʠʥ ɺ.ɺ. // ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 2022. ˉ3. ʉ. 42. 

[3] ʆʛʠʙʠʥ ʖ. ʅ., ʕʣʠʥʩʦʥ ʄ.ʅ., ʅʠʢʠʰʠʥ ɻ.ʀ. // ʋʩʧʝʭʠ ʭʠʤʠʠ. 2009. ʊ.78. ˉ2. 

ʉ. 99 ï 150. 
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ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ 3-ʘʟʠʜʦʪʠʝʥʦ[2,3-b]ʧʠʨʠʜʠʥʦʚ 

 

ʂʘʥʠʱʝʚʘ ɽ.ɸ., ɺʘʩʠʣʠʥ ɺ.ʂ., ʂʦʙʟʘʨʝʚʘ ɸ.ɸ., ʂʨʘʧʠʚʠʥ ɻ.ɼ. 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

E-mail: evelika25@mail.ru 

 

ʊʝʨʤʦʣʠʟ 3-ʘʟʠʜʦʪʠʝʥʦ[2,3-b]ʧʠʨʠʜʠʥʦʚ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʤʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʠʝʥʦʧʠʨʠʜʠʥʦʚ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩ ʧʷʪʠ-, ʰʝʩʪʠ- ʠ ʩʝʤʠʯʣʝʥʥʳʤʠ 

ʘʟʘʛʝʪʝʨʦʮʠʢʣʘʤʠ.  

ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʠʟʚʦʜʥʳʝ 2,7-

ʥʘʬʪʠʨʠʜʠʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʩʣʦʞʥʦʵʬʠʨʥʫʶ ʛʨʫʧʧʫ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʢʨʠʥʠʥʛʘ, 

ʧʦʵʪʦʤʫ ʩʠʥʪʝʟ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʟʘʤʝʱʝʥʥʳʭ ʧʦ ʧʦʣʦʞʝʥʠʶ 2 2,7-ʥʘʬʪʠʨʠʜʠʥʦʚ ʥʘʤʠ 

ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʧʦʜʭʦʜʘ: 1) ʫʜʘʣʝʥʠʝ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʠʟ ʛʦʪʦʚʳʭ 

ʥʘʬʪʠʨʠʜʠʥʦʚ; 2) ʩʠʥʪʝʟ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʟʘʤʝʱʝʥʥʳʭ 3-ʘʤʠʥʦʪʠʝʥʦ[2,3-

b]ʧʠʨʠʜʠʥʦʚ (ʉʭʝʤʘ 1). 

ʉʭʝʤʘ 1 

 
ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʝʨʚʳʡ ʧʦʜʭʦʜ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʝʟʘʤʝʱʝʥʥʳʝ ʥʘʬʪʠʨʠʜʠʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʱʝʣʦʯʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʦʣʠ, ʥʦ ʩ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ, ʘ ʚ ʜʨʫʛʦʤ 

ʩʣʫʯʘʝ ʫʞʝ ʥʘ ʩʪʘʜʠʠ ʘʟʠʜʠʨʦʚʘʥʠʷ ʚʤʝʩʪʦ ʦʞʠʜʘʝʤʳʭ ʘʟʠʜʦʚ ʚʳʜʝʣʝʥʳ 

ʧʨʦʠʟʚʦʜʥʳʝ 1,2,3-ʪʨʠʘʟʦʣʘ ï ʧʨʦʜʫʢʪʳ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʧʦ 

ʧʦʣʦʞʝʥʠʶ 2 ʪʠʝʥʦʧʠʨʠʜʠʥʦʚʦʛʦ ʢʘʨʢʘʩʘ (ʉʭʝʤʘ 2).  

ʉʭʝʤʘ 2 

 
ʉʪʨʫʢʪʫʨʳ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʢʘʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʳʭ 1ʅ ʠ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ HRMS. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʥʘʫʢʠ (ʧʨʦʝʢʪ FZEZ-2020-0004). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʧʠʱʝʚʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʂʫʙɻʊʋ 

(ʎʂʇ_3111), ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʜʦʛʦʚʦʨ ˉ 075-15-2021-679). 

mailto:evelika25@mail.ru
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ɻʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ Sn(IV) ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʟʘʪʨʫʜʥʝʥʥʳʤʠ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ 

ʨʘʟʣʠʯʥʳʤʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

 

ʂʣʠʤʘʰʝʚʩʢʘʷ ɸ.ɺ., ʇʠʩʢʫʥʦʚ ɸ.ɺ., ɸʨʩʝʥʴʝʚʘ ʂ.ɺ. 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: klimash1998@mail.ru 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʣʠʛʘʥʜʳ ʥʘʭʦʜʷʪʩʷ 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ (ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʜʠʘʥʠʦʥʥʦʡ) ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʘ ʦʜʠʥ ʤʝʪʘʣʣʦʮʝʥʪʨ, ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʦʪ ʜʦʥʦʨʘ (ʢʘʪʝʭʦʣʘʪ, ʘʤʠʜʦʬʝʥʦʣʷʪ ʠ 

ʪ.ʜ.) ʢ ʘʢʮʝʧʪʦʨʫ (ʜʠʠʤʠʥ, ʦ-ʠʤʠʥʦʭʠʥʦʥ). ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʪʦʥʢʦ ʥʘʩʪʨʦʝʥʳ ʧʦʜʙʦʨʦʤ ʜʦʥʦʨʦʚ ʠ 

ʘʢʮʝʧʪʦʨʦʚ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʦʠʩʢ ʠ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʭʨʦʤʦʬʦʨʥʳʭ ʩʠʩʪʝʤ ï ʦʜʥʘ 

ʠʟ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʭʠʤʠʠ, ʢʦʪʦʨʘʷ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʢʨʫʛ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʡ 

ʠʭ ʧʦʣʫʯʝʥʠʷ ʠ ʜʠʟʘʡʥʘ.  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ 

ʢʘʪʝʭʦʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʣʦʚʘ (IV) ʥʘ ʦʩʥʦʚʝ ʟʘʤʝʱʝʥʥʳʭ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ 

(ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ), ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʮʝʧʪʦʨʘ (Ŭ,Ŭ-dipy ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʝʥʘʥʪʨʦʣʠʥʳ).   

 
ʈʠʩ. 1. ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʘʪʝʭʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʣʦʚʘ (IV) ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ  

ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ ʠ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ 

ʧʨʝʟʠʜʝʥʪʘ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʠ ʧʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ. ʇʨʦʝʢʪ ˉ ʅʐ-

403.2022.1.3 



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 
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ʉʠʥʪʝʟ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ 4-

ʛʠʜʨʦʢʩʠ-3-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ-ʟʘʤʝʱʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ BODIPY 

 

ʂʦʢʫʨʠʥʘ T.ɺ., ʄʝʨʢʫʰʝʚ ɼ.ɸ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ. 

E-mail: kokurina-t@mail.ru  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʨʬʪʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʠʧʠʨʨʦʣʠʣʤʝʪʝʥʘ (BODIPY) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, BODIPY ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʤʘʨʢʠʨʦʚʢʠ ʙʝʣʢʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ pH ʩʨʝʜʳ, ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʘ ʥʘ ʠʦʥʳ ʪʷʞʸʣʳʭ 

ʤʝʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʪʫʪʠ Hg2+, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʦʪʦʨʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ BODIPY ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʩʪʦʪʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʝʥʩʦʨʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ BODIPY ʩ ʟʘʤʝʩʪʠʪʝʣʝʤ 

(4-ʛʠʜʨʦʢʩʠ-3-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ ï ʚʘʥʠʣʠʥ) ʚ ʤʝʟʦ-ʧʦʣʦʞʝʥʠʠ. ʉʠʥʪʝʟ 

ʧʦʵʪʘʧʥʦ ʧʨʦʚʦʜʠʣʩʷ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ, ʚʝʱʝʩʪʚʦ ʦʯʠʱʘʣʦʩʴ ʧʦʩʣʝ 

ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʤʝʪʦʜʘʤʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʉʪʨʫʢʪʫʨʘ ʙʦʨʬʪʦʨʠʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʘʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʧʝʢʪʨʳ ʗʄʈ 1ʅ, 13ʉ, ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ BODIPY ʥʘ ʦʩʥʦʚʝ ʚʘʥʠʣʠʥʘ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʦʣʴʚʘʪʦʭʨʦʤʥʦʛʦ ʵʬʬʝʢʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʥʦʩʪʠ ʂʘʤʣʝʪʘ-ʊʘʬʪʘ ʠ ʂʘʪʘʣʘʥʘ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʟʦ-ʟʘʤʝʱʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ BODIPY 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʙʦʨʬʪʦʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʝʛʦ ʩʚʦʡʩʪʚ ʚ ʢʘʯʝʩʪʚʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ pH-ʩʝʥʩʦʨʘ. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʪʠʪʨʦʚʘʥʠʠ 

ʨʘʩʪʚʦʨʘ, ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʦʪ pH, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʦʙʨʘʪʠʤʳʡ ʦʪʢʣʠʢ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ pH-ʩʨʝʜʳ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʦʤʧʣʝʢʩ BODIPY ʩ ʫʧʦʤʷʥʫʪʳʤ ʨʘʥʝʝ 

ʟʘʤʝʩʪʠʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ 1H-ʧʠʨʨʦʣʘ, ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ 

ʩʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
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ʉʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ 

ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ 

 

ʂʦʣʝʚʘʪʦʚ ɼ.ʉ.1,2, ʊʨʦʬʠʤʦʚʘ ʆ.ʖ.2, ʇʠʩʢʫʥʦʚ ɸ.ɺ.1,2 

1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: kolevatikus.ex@gmail.com 

 

ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʄʆʂʇ) ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʄʆʂʇ ʦʙʣʘʜʘʶʪ ʦʙʰʠʨʥʳʤ 

ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʬʝʨʘʭ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ. 

ʆʩʥʦʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʄʆʂʇ, ʷʚʣʷʶʪʩʷ ʜʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ (ʪʝʨʝʬʪʘʣʝʚʘʷ, ʙʠʬʝʥʠʣ-

4,4'-ʜʠʢʘʨʙʦʥʦʚʘʷ, ʬʫʨʘʥʜʠʢʘʨʙʦʥʦʚʘʷ ʠ ʜʨʫʛʠʝ ʢʠʩʣʦʪʳ) (ʉʭʝʤʘ 1).  

ʉʭʝʤʘ 1. 

 
ɺʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʪʝʪʨʘʟʠʥʦʚʦʛʦ ʪʠʧʘ 

(ʉʭʝʤʘ 2) ʚ ʄʆʂʇ ʨʘʩʰʠʨʷʝʪ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʩʠʩʪʝʤ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʉʭʝʤʘ 2. 

 
ʄʝʪʦʜʦʤ ʜʚʫʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʤʝʰʘʥʥʦ-

ʣʠʛʘʥʜʥʳʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ. 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ 

ʪʝʪʨʘʟʠʥʦʚʦʛʦ ʪʠʧʘ ʥʘ ʘʪʦʤ ʤʝʪʘʣʣʘ, ʘ ʥʘ ʚʪʦʨʦʡ - ʜʦʙʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ 

ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʤʝʜʣʝʥʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʄʆʂʇ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. ʉʚʦʡʩʪʚʘ 

ʄʆʂʇ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ 

ʧʨʝʟʠʜʝʥʪʘ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʠ ʧʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ. ʇʨʦʝʢʪ ˉ ʅʐ-

403.2022.1.3 
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ʉʠʥʪʝʟ ʥʦʚʳʭ ɖ6-(ʘʨʝʥ)ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʢʣʠʯʝʩʢʠʭ 

ʵʬʠʨʦʚ ʧʠʨʦʢʘʪʝʭʠʥʘ 

 

ʂʦʣʝʩʦʚʘ ɸ.ʉ., ɸʨʪʸʤʦʚ ɸ.ʅ., ʉʘʟʦʥʦʚʘ ɽ.ɺ., ɿʘʡʮʝʚʘ ʖ.ɸ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

 E-mail: anyuta.colesova2016@yandex.ru 

 

ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʦʢʘʪʝʭʠʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚʚʠʜʫ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʭ ʚ ʧʨʠʨʦʜʝ, ʘ ʪʘʢʞʝ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʵʪʠ 

ʩʦʝʜʠʥʝʥʠʷ Cr(CO)3-ʛʨʫʧʧ ʩʧʦʩʦʙʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʀʂ-ʩʧʝʢʪʨʘʭ ʠʥʪʝʥʩʠʚʥʳʭ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʉſʆ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʜʘʞʝ ʚ ʩʣʦʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʨʠʮʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ 

ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɖ6-(ʘʨʝʥ)ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʮʠʢʣʠʯʝʩʢʠʭ ʵʬʠʨʦʚ ʧʠʨʦʢʘʪʝʭʠʥʘ ʢʣʘʩʩʘ 1,3-ʙʝʥʟʦʜʠʦʢʩʦʣʘ (5ʘ-ʝ) 

[1]. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2 ʩʪʘʜʠʠ: ʚ ʥʘʯʘʣʝ, ʧʠʨʦʢʘʪʝʭʠʥ ʧʝʨʝʚʦʜʠʣʩʷ ʚ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʨʠʩ.1). ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʚʘ ʤʝʪʦʜʘ: 

ʨʝʘʢʮʠʷ ʧʠʨʦʢʘʪʝʭʠʥʘ ʩ ʜʠʛʘʣʦʠʜʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (2) ʠ 

ʘʣʴʜʝʛʠʜʘʤʠ (2'). ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʩʪʫʧʘʣʠ ʚ ʨʝʘʢʮʠʶ 

ʢʦʦʨʜʠʥʘʮʠʠ ʩ (NH3)3Cr(CO)3 (4) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ˊ-ʢʦʤʧʣʝʢʩʦʚ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʮʠʢʣʠʯʝʩʢʠʭ ʵʬʠʨʦʚ ʧʠʨʦʢʘʪʝʭʠʥʘ ʠ ʠʭ ˊ ï ʢʦʤʧʣʝʢʩʦʚ. 

ʈʝʘʢʮʠʠ ʧʨʦʭʦʜʷʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 22-73-

00128). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ɸʨʪʸʤʦʚ ɸ.ʅ., ʂʦʣʝʩʦʚʘ ɸ.ʉ., ʉʘʟʦʥʦʚʘ ɽ.ɺ.// ɺʝʩʪʥʠʢ ʖʋʨɻʋ. ʉʝʨʠʷ 

çʍʠʤʠʷè. 2022. ʊ. 14. ˉ 2. ʉ. 98ï107. 
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ʇʠʨʨʦʣʠʜʠʥ- ʠ ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 2,2ô-ʙʠʪʠʦʬʝʥʘ ʚ 

ʨʝʘʢʮʠʠ ɺʠʣʴʩʤʝʡʝʨʘ-ʍʘʘʢʘ 

 

ʂʦʣʦʢʦʣʦʚ ʉ.ɻ., ʖʜʘʰʢʠʥ ɸ.ɺ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

E-mail: ayudashkin@mail.ru 

 

ʅʘʩʳʱʝʥʥʳʝ ʧʷʪʠ ʠ ʰʝʩʪʠʯʣʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʠʧʝʨʠʜʠʥʘ ʠʣʠ ʧʠʨʨʦʣʠʜʠʥʘ ʚʭʦʜʷʪ ʚ ʩʪʨʫʢʪʫʨʫ ʨʘʟʣʠʯʥʳʭ ʘʣʢʘʣʦʠʜʦʚ. 

ʉʦʯʝʪʘʥʠʝ ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʠʥʦʚʳʭ ʠʣʠ ʧʠʨʨʦʣʠʜʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʢʦʡ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʷʚʣʝʥʠʶ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ. ɺʘʞʥʳʤ ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ 

PASS ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʙʠʦʘʢʪʠʚʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʙʠʛʝʪʘʨʠʣ-

ʘʟʘʘʣʠʮʠʢʣ [1]. ʆʪʤʝʯʝʥ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʜʝʡʩʪʚʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʪʠʚ ʙʦʢʦʚʦʛʦ ʘʤʠʦʪʨʦʬʠʯʝʩʢʦʛʦ ʩʢʣʝʨʦʟʘ (ɹɸʉ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ɻʨʠʥʴʷʨʘ ʧʦʟʚʦʣʠʣʦ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʠʨʨʦʣʠʜʠʥʳ ʈ-3, ʊ-3, F-3 ʠ ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʠʥʳ ɹʊ-1 ʠ ɹʊ-2: 
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R=CH3;  -CH2-Ph 

ʌʦʨʤʠʣʠʨʦʚʘʥʠʝ ʪʨʝʪʠʯʥʦʛʦ ʩʧʠʨʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ɺʠʣʴʩʤʝʡʝʨʘ-

ʍʘʘʢʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʝʛʠʜʨʘʪʘʮʠʝʡ ʧʠʧʠʨʠʜʠʥʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʝʣʝʢʪʠʚʥʦ 5ô-(1-ʙʝʥʟʠʣ-1,2,3,6-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʠʣ-4)-2,2ô-ʙʠʪʠʦʬʝʥ-5-

ʢʘʨʙʘʣʴʜʝʛʠʜ. 
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ʊʝʪʨʘʛʠʜʨʦʧʨʠʜʠʥ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʢʘʨʙʘʣʴʜʝʛʠʜ ʚʳʩʚʝʯʠʚʘʶʪʩʷ ʚ 

ʛʦʣʫʙʦʡ ʠ ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʷʭ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ ʩ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʜʦ 0,5. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Sonya I., Palmer S., Mabie S., Cascaneli N. // J. Med. Chem. 1997. V.40, P.1932-

1939.  

[2] Herbiva C. et all // Tetrahedron. 2009. V.65, P.2079-2086. 
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ʉʠʥʪʝʟ ʥʦʚʳʭ ʢʣʦʟʦ-ʢʘʨʙʦʨʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʟʘʤʝʱʝʥʥʦʛʦ ʥʠʜʦ-ʉ2B9-ʢʘʨʙʦʨʘʥʘ 

ʂʦʣʧʘʢʦʚʘ ʊ.ɺ., ɿʠʤʠʥʘ ɸ.ʄ., ɻʨʠʰʠʥ ʀ.ɼ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: colpakova.tatyana2016@yandex.ru 

 

ʇʨʝʜʣʦʞʝʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʥʦʚʳʤ ʢʘʨʙʦʨʘʥʦʚʳʤ ʢʣʘʩʪʝʨʘʤ 

ʨʫʪʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ 5-ʙʫʪʠʣ-, 5-ʬʝʥʠʣ, ʠ 5,6-ʜʠʬʝʥʠʣ-ʥʠʜʦ-ʢʘʨʙʦʨʘʥʦʚ. ʆʙʱʘʷ 

ʤʝʪʦʜʠʢʘ ʧʨʦʮʝʩʩʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʣʠʝʚʦʡ ʩʦʣʠ ʥʠʜʦ-

ʢʘʨʙʦʨʘʥʘ ʩ ʜʠʬʦʩʬʠʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʠʷ ʚ ʙʝʥʟʦʣʝ. ʈʝʘʢʮʠʷ ʧʨʦʭʦʜʠʣʘ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʦʢʝ ʘʨʛʦʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40ʉ̄.  

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʢʣʦʟʦ-ʢʘʨʙʦʨʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ (IV) 

 

ʏʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ɺʕɾʍ. ʉʪʨʦʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʤʝʪʦʜʘʤʠ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʨʘʟʥʳʭ ʷʜʨʘʭ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɼʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, 

ʧʦʜʪʚʝʨʜʠʚʰʠʡ ʠʭ ʢʣʦʟʦ-ʩʪʨʦʝʥʠʝ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʤ 

ʫʛʣʝʨʦʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʴʥʳʤ 17-ʵʣʝʢʪʨʦʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ (III ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʩ ʜʣʠʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʴʶ ʧʦʚʳʰʘʝʪ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʥʝʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʥʠʞʥʠʡ ʧʦʷʩ ʢʘʨʙʦʨʘʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʝʭʦʜʘ Ru(II )/Ru(III ), ʯʪʦ ʥʘʨʷʜʫ ʩ ʦʪʤʝʯʝʥʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʥʝʧʦʣʷʨʥʳʭ ʩʨʝʜʘʭ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩ 

ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʩʦʚʝʪʘ ʧʦ ɻʨʘʥʪʘʤ 

ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʧʨʦʝʢʪ ˉ ʄɼ-1474.2022.1.3.). 
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ʉʠʝʥʪʟʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʘʨʙʦʘʥʛʠʜʨʘʟ (CAs), ʦʙʣʘʜʘʶʱʠʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ  

 

ʂʦʤʘʨʦʚʘ ʂ.ʖ., ɺʠʥʦʛʨʘʜʦʚʘ ʃ.ɺ., ʃʫʢʠʥ ɸ.ʖ. 

ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʈʊʋ ʄʀʈʕɸ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: kristinka-komarova.1999@mail.ru 

 

ʂʘʨʙʦʘʥʛʠʜʨʘʟʳ (CAs) ð ʙʦʣʴʰʘʷ ʩʝʤʴʷ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ ʮʠʥʢʘ, ʢʦʪʦʨʳʝ 

ʢʘʪʘʣʠʟʠʨʫʶʪ ʦʙʨʘʪʠʤʫʶ ʛʠʜʨʘʪʘʮʠʶ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ɻʠʧʝʨʢʪʠʚʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʠʟʦʬʦʨʤ ʢʘʨʙʦʘʥʛʠʜʨʘʟʳ ʩʚʷʟʘʥʘ ʩ ʨʘʟʚʠʪʠʝʤ ʦʧʫʭʦʣʝʚʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʠ. 

ʀʟʦʤʦʨʬʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʠʥʛʠʙʠʪʦʨʦʚ CAs. ʅʘʤʠ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʚʝʱʝʩʪʚ 

(ʩʭʝʤʘ 1), ʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʦʥʘʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪ, ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʠʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʢʣʝʪʢʘʭ ʣʠʥʠʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʸʛʢʦʛʦ. 
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ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 3a-3ʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʘʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. 

ʉʢʨʠʥʠʥʛ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ in vitro 12 ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ CA IX 

ʚʳʷʚʠʣ ʩʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨ 3n, ʦʙʣʘʜʘʶʱʠʡ ʥʘʠʙʦʣʴʰʝʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʛʝʬʠʪʠʥʠʙʦʤ ʠ ʚʳʩʦʢʦʡ ʠʥʛʠʙʠʪʦʨʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʁ ʚ 

ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʠʟʦʬʦʨʤ ʉɸ IX ʠ XII. 

 
ʊʘʙʣʠʮʘ 1. ɼʘʥʥʳʝ ʧʦ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʠʟʦʬʦʨʤ I, II, IX ʠ XII CA ʯʝʣʦʚʝʢʘ ʩʦʝʜʠʥʝʥʠʝʤ-

ʣʠʜʝʨʦʤ 3n, ʚ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ 

ʘʮʝʪʘʟʦʣʘʤʠʜ (AAZ). 

 K i (ʥʄ)
ʘ 

hCA  hCA hCA hCA  

3n 79.7 138.4 3.8 0.95 

AAZ 250.0 12.5 25.0 5.7 
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ʈʝʘʢʮʠʠ ʥʠʪʨʦʟʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ ʩ 3,4-ʜʠʭʣʦʨʪʠʦʬʝʥʦʣʠʣʦʤ ʩ 

ʙʳʯʴʠʤ ʩʳʚʦʨʦʪʦʯʥʳʤ ʘʣʴʙʫʤʠʥʦʤ 

 

ʂʦʨʤʫʭʠʥʘ ɸ.ʖ.1,2, ʇʦʢʠʜʦʚʘ ʆ.ɺ.2, ʉʘʥʠʥʘ ʅ.ɸ.1,2,3 
1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
3ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʙʣʘʩʪʥʦʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʳʪʠʱʠ, ʈʦʩʩʠʷ 

E-mail: alex.kormukhina2015@yandex.ru 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʠʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʵʥʜʦʛʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ (NO), 

ʢʦʪʦʨʦʡ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʧʨʠʩʫʜʠʣʠ ʟʚʘʥʠʝ çʄʦʣʝʢʫʣʳ ʛʦʜʘè. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ NO ʷʚʣʷʝʪʩʷ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʘʛʝʥʪʦʤ ʙʠʦʨʝʛʫʣʷʮʠʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʘʭ ʭʨʘʥʝʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʘ NO ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʘʢ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ, ʪʘʢ ʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʝʣʢʦʤ, ʥʠʪʨʦʟʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ 

(ʅʂɾ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʘʥʘʣʦʛʦʚ, ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʅʂɾ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʡ 

ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʭʠʤʠʠ [1].  

ɺ ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ [Fe2(SC6H3Cl2)2(NO)4] (ʜʘʣʝʝ ʢʦʤʧʣʝʢʩ 1), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʙʠʷʜʝʨʥʳʡ ʥʠʪʨʦʟʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ ʩ 3,4ʜʠʭʣʦʨʪʠʦʬʝʥʠʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [2], ʅʂɾ ʚ ʫʩʣʦʚʠʷʭ in vivo ʙʫʜʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʤʠʰʝʥʝʡ: ʩ ʪʠʦʣ- ʠ ʛʝʤ-ʩʦʜʝʨʞʘʱʠʤʠ 

ʙʝʣʢʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʪʠʦʣʘʤʠ. ɺ ʨʘʙʦʪʝ [3] ʫʩʪʘʥʦʚʣʝʥʦ, 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʅʂɾ in vivo ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʘʣʴʙʫʤʠʥʦʤ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʘʣʴʙʫʤʠʥʘ ʥʘ ʨʘʩʧʘʜ ʢʦʤʧʣʝʢʩʘ 1. 

ʄʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ 1 ʩ ʙʝʣʢʦʤ, ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʘ ʐʪʝʨʥʘ-ʌʦʣʴʤʝʨʘ 

ʠ ʨʘʜʠʫʩ ʌʸʨʩʪʝʨʘ. ʇʦ ʢʠʥʝʪʠʢʝ ʥʘʢʦʧʣʝʥʠʷ ʥʠʪʨʠʪ-ʠʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ 

ɻʨʠʩʩʘ ʙʳʣʘ ʦʮʝʥʝʥʘ NO-ʜʦʥʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʟʫʯʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʴʙʫʤʠʥ ʤʦʞʝʪ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʢʦʤʧʣʝʢʩʘ 1, ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʨʘʩʧʘʜʘ ʠ ʪʝʤ ʩʘʤʳʤ ʤʦʜʫʣʠʨʦʚʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ 

ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-73-10049, https://rscf.ru/project/22-73-10049/. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Pecto D.C., et.al. // Molecular Pharmaceutics. 2019. V. 16. P. 3178 3187. 

[2] Lewandowska H., et.al. // Dalton Transaction. 2011. V. 40. P. 8273 8289. 

[3] Shumaev K.B., et.al. // Methods in Enzymology. 2008. V. 436. p. 445ï461. 
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ɹʠʩɸʤʠʜʳ ʠʤʠʜʘʟʦʣ-4,5-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

 

ʂʨʦʧʘʯʝʚʘ ʇ.ʇ.1, ɹʨʫʩʠʥʘ ʄ.ɸ.1,2 

1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: p.kropacheva99@mail.ru 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩ ʤʝʜʠʮʠʥʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʜʪʠʧʦʚ ʨʝʮʝʧʪʦʨʦʚ 

ʩʠʩʪʝʤʳ ʚʦʟʙʫʞʜʘʶʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʷʚʣʷʶʪʩʷ NMDA-ʨʝʮʝʧʪʦʨʳ. ʇʦʠʩʢ ʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ NMDA-ʨʝʮʝʧʪʦʨʦʚ ʥʝ ʫʪʨʘʯʠʚʘʝʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʦʙʣʝʤʘ ʤʷʛʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʨʝʮʝʧʪʦʨʦʚ ʥʝ 

ʨʝʰʝʥʘ. ɸ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʨʝʧʘʨʘʪʳ ʦʙʣʘʜʘʶʪ 

ʩʫɦʝʩʪʚʝʥʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ.   

 ɸʣʢʠʣʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠʤʠʜʘʟʦʣ-4,5-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (4,5-

ʀɼʂ) ̫ʚʣʷʶʪʩʷ ʣʠʛʘʥʜʘʤʠ ʫʟʥʘʶʱʝʛʦ ʩʘʡʪʘ NMDA-ʨʝʮʝʧʪʦʨʦʚ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ in vitro ʠ in vivo ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [1]. ʆʜʥʘʢʦ, ʢʘʢ ʚʩʝ ʧʦʣʷʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, 4,5-ʀɼʂ ʧʨʝʦʜʦʣʝʚʘʝʪ ɻʕɹ ʪʦʣʴʢʦ ʚ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʧʨʦʣʝʢʘʨʩʪʚ ʜʣʷ ʜʦʩʪʘʚʢʠ 4,5-ʀɼʂ ʚ ʎʅʉ. ʆʜʥʠʤ 

ʠʟ ʩʧʦʩʦʙʦʚ ʜʦʩʪʘʚʢʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʣʝʢʘʨʩʪʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʠʜʦʚ. ɺ ʎʅʉ ʘʤʠʜʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤʫ 

ʛʠʜʨʦʣʠʟʫ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪ ʛʠʜʨʦʣʘʟʦʡ ʘʤʠʜʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

(FAAH) [2].    

ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ, ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ 

4,5-ʀɼʂ ʧʨʝʜʩʪʘʚʣʷʶʪ 1,2-ʜʠʘʣʢʠʣʟʘʤʝʱʝʥʥʳʝ 4,5-ʀɼʂ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʙʠʩʘʤʠʜʦʚ-1,2-

ʜʠʘʣʢʠʣ-4,5-ʀɼʂ. ʇʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʜʚʫʤʷ ʧʫʪʷʤʠ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦ-

ʘʤʠʜʦʚ 4,5-ʀɼʂ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʠ 

ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʙʠʩʘʤʠʜʦʚ 4,5-ʀɼʂ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʨʘʜʠʢʘʣʦʚ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʟʘʜʘʥʠʶ ˉ 075-01135-22-00 ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ɽʬʨʝʤʦʚ ʆ.ʄ., ɸʣʝʢʩʘʥʜʨʦʚʘ ʀ.ʗ. ʠ ʜʨ. //ʕʢʩʧʝʨʠʤ.ʢʣʠʥ.ʬʘʨʤʘʢʦʣ. 2005. 

ʊ.68. ʉ.7-9.    

[2] Ferrara S. // J. Med. Chem. 2020. Vol. 63. P. 9742-9751. 
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N-ʆʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʚ ʩʝʣʝʢʪʠʚʥʳʭ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʡ CH-

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

 

ʂʨʳʣʦʚ ʀ.ɹ., ɹʫʜʥʠʢʦʚ ɸ.ʉ., ʃʦʧʘʪʴʝʚʘ ɽ.ʈ., ʐʝʚʯʝʥʢʦ ʄ.ʀ., ʃʘʩʪʦʚʢʦ ɸ.ɺ., 

ʃʘʧʰʠʥ ɼ.ɸ., ʊʝʨʝʥʪʴʝʚ ɸ.ʆ. 

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

E-mail: krylovigor@yandex.ru 

 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʉʅ-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʪ.ʝ. ʚʚʝʜʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʫʙʩʪʨʘʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʨʘʟʨʳʚʘ ʩʚʷʟʝʡ ʉïʅ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʦʟʚʦʣʷʶʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʜʠʡ ʩʠʥʪʝʟʘ ʠ ʦʪʭʦʜʦʚ ʟʘ ʩʯʝʪ ʧʨʷʤʦʛʦ ʚʚʝʜʝʥʠʷ 

ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʜʦʩʪʫʧʥʳʝ ʠʩʭʦʜʥʳʝ ʤʦʣʝʢʫʣʳ. N-ʦʢʩʠʣʴʥʳʝ 

ʨʘʜʠʢʘʣʳ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʙʣʘʛʦʜʘʨʷ ʚʳʜʘʶʱʝʡʩʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʜʠʢʘʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ NO ʠ ʙʦʣʴʰʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʩʪʨʫʢʪʫʨ 

ʠ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʨʘʜʠʢʘʣʦʚ [1]. ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ N-

ʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʘʤ, ʦʙʣʘʜʘʶʱʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢ ʩʘʤʦʨʘʩʧʘʜʫ ʩ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ CH-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ N-ʦʢʩʠʣʴʥʳʝ 

ʨʘʜʠʢʘʣʳ ʩʣʫʞʘʪ ʨʝʜʦʢʩ-ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ [2,3] ʠʣʠ ʩʦʚʤʝʱʘʶʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʩ ʨʦʣʴʶ ʨʝʘʛʝʥʪʘ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ [4ï8]. 

ʈʘʙʦʪʘ ʚʝʜʝʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 21-13-00205). 
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ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ.  

E-mail: dodonov@iomc.ras.ru 
 

ʉʠʣʠʣʝʥʳ ï ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʟʘ ʩʯʝʪ 

ʥʘʣʠʯʠʷ ʘʪʦʤʘ ʢʨʝʤʥʠʷ ʚ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 2+. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʦʜʭʦʜʦʚ. ʆʩʥʦʚʥʦʡ ʧʦʜʭʦʜ ʥʘʰʝʡ ʛʨʫʧʧʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʛʦ ʣʠʛʘʥʜʘ dpp-bian (dpp-bian = 1,2-

ʙʠʩ[(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʥʦ]ʘʮʝʥʘʬʪʝʥ) [1], ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʚ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʟʘ ʩʯʝʪ ʦʙʲʸʤʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʠʭ ʚ ʩʦʧʨʷʞʸʥʥʫʶ 

ʜʠʘʟʘʜʠʝʥʦʚʫʶ ʩʠʩʪʝʤʫ. 

ʈʝʘʢʮʠʷ [(dpp-bian)Si] ʩ ʛʘʣʦʛʝʥʘʢʘʥʘʤʠ ʧʨʦʪʝʢʘʝʪ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʜʫʢʪʦʚ 2-ʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʧʦʜʦʙʥʦ 

ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʘʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ ʘʣʢʠʥʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ [2+2] ʠ 

[4+2] ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ.  

 
 

ʈʠʩ. 1. ʈʝʘʢʮʠʷ [(dpp-bian)Si] ʩ PhCſCH ʠ CHCl3 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ˉ 21-73-20153. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Fedushkin I.L., Lukoyanov A.N., Khvoinova N.M., Cherkasov A.V. // Russian 

Chemical Bulletin. 2013. ʊ. 62. ʉ. 2454-2461. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʠʤʠʥʠʝʚʳʭ ʩʦʣʝʡ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʩʪʠʨʦʣʘ ʢʘʢ ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʭ ʘʣʴʜʝʛʠʜʦʚ 

 

ʂʫʜʨʷʰʦʚʘ ɽ.ʉ., ʆʪʚʘʛʠʥ ɺ.ʌ., ʌʝʜʦʨʦʚ ɸ.ʖ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: katyachurkina@mail.ru 

 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 2-ʙʝʥʟʠʣʘʢʨʠʣʘʣʴʜʝʛʠʜʘ ʠʟ ʩʪʠʨʦʣʘ ʩ ʧʦʤʦʱʴʶ 

ʘʤʠʥʦʤʝʪʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ. ʇʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ (ʨʠʩ.1.): 

 
       ʈʠʩ.1. 

ʄʝʪʦʜʠʢʘ ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʘʭ ï ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʪʠʨʦʣʘ, ʘ ʪʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʢ ʨʘʟʣʠʯʥʳʤ 

ʟʘʱʠʪʥʳʤ ʛʨʫʧʧʘʤ (ʪʘʙʣ. 1): 

 
ʊʘʙʣʠʮʘ 1. ʈʝʘʢʮʠʷ ʥʘ ʟʘʤʝʱʝʥʥʳʭ ʩʪʠʨʦʣʘʭ.  

 

 

 

ɺ ʮʝʣʷʭ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʨʝʘʢʮʠʠ ʩ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʳʤ ʜʝʡʪʝʨʠʷʤʠ N,N,N`,N`-

ʪʝʪʨʘʤʝʪʠʣʤʝʪʠʣʝʥʜʠʘʤʠʥʦʤ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ DFT. 

ʉʪʨʫʢʪʫʨʘ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʘʣʴʜʝʛʠʜʘ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʧʦʵʪʦʤʫ ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ, ʩʦʟʜʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ɻɿ ʧʨʠ 

ʅʆʎ çʊʝʭʥʦʧʣʘʪʬʦʨʤʘ 2035è (FSWR-2021-014). 

 

 

 

R Yield, % R Yield, % R Yield, % 

4-Cl 76 3-NO2 - 2-Me 71 

4-Br 70 4-OAc 70 4-OH - 

4-F 71 4-NMe2 - 4-OBn 60 

4-OMe 61 4-NH2 - 4-OTBDPS 54 

4-OBut 33 4-Me 68 4-NHBoc - 

3,4,5-OMe 65 4-But 86 4-NHFmoc 35 
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ʉʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʘʨʠʣʛʠʜʨʘʟʦʥʦʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʟʘʤʝʱʝʥʥʦʩʪʠ 

 

ʂʫʟʥʝʮʦʚʘ ɸ.ʅ.1,2, ʊʨʘʡʥʦʚ ʂ.ʇ.1, ɹʝʣʳʡ ɸ.ʖ.1 

1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

E-mail: kuznetsovaan@my.msu.ru 

 

ɼʦʥʦʨ- -́ʘʢʮʝʧʪʦʨʥʳʝ (D- -́A) ʤʦʣʝʢʫʣʳ ʜʘʚʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʜʥʠʤʠ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʷʚʣʷʶʪʩʷ 

ʘʨʠʣʛʠʜʨʘʟʦʥʦʮʠʢʣʦʧʝʥʪʘʜʠʝʥʳ, ʪʘʢ ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʘʡʥʝ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʧʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʆʜʥʘʢʦ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʜʦʙʥʳʭ ʭʨʦʤʦʬʦʨʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʠʭ ʩʚʦʡʩʪʚ 

ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʯʪʠ ʥʝ ʠʟʫʯʝʥʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʝʜʢʠʭ ʧʨʠʤʝʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʘʨʠʣʛʠʜʨʘʟʦʥʦʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ 1a-

d, 2a-d ʠ 3a-d ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʢʘʢ ʚ ʧʷʪʠʯʣʝʥʥʦʤ, ʪʘʢ ʠ ʚ 

ʰʝʩʪʠʯʣʝʥʥʦʤ ʢʦʣʴʮʝ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʉʠʥʪʝʟ ʘʨʠʣʛʠʜʨʘʟʦʥʦʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ ʨʘʟʣʠʯʥʦʡ ʟʘʤʝʱʝʥʥʦʩʪʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʠʭ ʨʘʩʪʚʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ pH. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʶʪ pH-ʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ, ʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʝʣʠʯʠʥʘ ʩʜʚʠʛʘ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ pH 

ʦʙʫʩʣʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. 

ʊʘʢʞʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʜʚʠʛʦʤ ʩʧʝʢʪʨʘ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʪʠʧʦʤ ʩʦʯʣʝʥʝʥʠʷ ʭʨʦʤʦʬʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʧʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʘʢʮʝʧʪʦʨʘʤʠ ʠ ʤʦʜʝʣʴʥʳʤ ʜʦʥʦʨʦʤ. ʂʨʘʩʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʷʜʫ ʘʣʢʠʣʠʜʝʥ-ʛʠʜʨʘʟʠʥʠʣʠʜʝʥ-ʛʝʪʝʨʦʘʣʢʠʣʠʜʝʥ (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʅʘʧʨʘʚʣʝʥʠʝ ʩʜʚʠʛʘ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʪʠʧ ʩʦʯʣʝʥʝʥʠʷ. 
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ʉʠʥʪʝʟ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʦʪʦʨʘʩʱʝʧʣʷʝʤʳʭ ʢʦʥʲʶʛʘʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʨʬʠʨʠʥʘ ʠ ʪʨʘʥʩ-ʢʦʤʙʨʝʪʘʩʪʘʪʠʥʘ ɸ4 ʜʣʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ  

  

ʂʫʟʴʤʠʥʘ ʅ.ʉ., ʅʶʯʝʚ ɸ.ɺ., ʆʪʚʘʛʠʥ ɺ.ʌ., ʂʨʳʣʦʚʘ ʃ.ɺ., ʌʝʜʦʨʦʚ ɸ.ʖ.  

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

E-mail: kuzmina.ns2014@gmail.com 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʛʠʙʨʠʜʥʳʝ ʬʦʪʦʘʢʪʠʚʥʳʝ ʢʦʥʲʶʛʘʪ,r ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʨʬʠʨʠʥʘ (Ps), ʣʠʥʢʝʨ, 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪ (ʪʨʘʥʩ-ʢʦʤʙʨʝʪʘʩʪʘʪʠʥʘ (ɽ-ʉɸ-4), ʘ ʪʘʢʞʝ ʫʛʣʝʚʦʜʥʳʝ 

ʬʨʘʛʤʝʥʪʳ [1]. ʌʦʪʦʨʘʩʱʝʧʣʷʝʤʳʡ ʦ-ʥʠʪʨʦʙʝʥʟʠʣʴʥʳʡ ʣʠʥʢʝʨ ʩʚʷʟʳʚʘʝʪ 

ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʚ ʥʝʘʢʪʠʚʥʦʡ ʬʦʨʤʝ ʠ ʚʳʩʚʦʙʦʞʜʘʝʪ ʝʛʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʩʚʝʪʦʤ (ʨʠʩ.1.). ʄʘʣʦʪʦʢʩʠʯʥʳʡ ʪʨʘʥʩ-ʢʦʤʙʨʝʪʘʩʪʘʪʠʥ ɸ4 ʩʧʦʩʦʙʝʥ 

ʬʦʪʦʠʟʦʤʝʨʠʟʦʚʘʪʴʩʷ ʚ ʢʣʠʥʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ ʮʠʩ-ʬʦʨʤʫ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʫʚʝʣʠʯʠʪʴ ʪʦʢʩʠʯʥʦʩʪʴ ʢʦʥʲʶʛʘʪʦʚ ʚ 1000 ʨʘʟ [2]. 

 
ʈʠʩ.1. 

ɼʣʷ ʠʪʦʛʦʚʳʭ ʢʦʥʲʶʛʘʪʦʚ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʧʦʣʫʯʝʥʥʳʝ ʢʦʥʲʶʛʘʪʳ ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʘʨʛʝʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 21-73-

10230). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Kuzmina N.S., Otvagin V.F., Maleev A.A., et al. // Journal of Photochemistry & 

Photobiology, A: Chemistry. 2022. V. 433. P. 114138. 

[2] Scherer K. M., Bisby R. H., Botchway S. W., et al. // Journal of Biomedical Optics. 

2015. V. 20(5). P. 051004-1 ï 051004-6.  
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ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ 2-(ʜʠʮʠʘʥʦʤʝʪʠʣʝʥ)-3,7-ʜʠʘʟʘʩʧʠʨʦ[ʙʠʮʠʢʣʦ[3.3.1]ʥʦʥ-3-

ʝʥ-9,1'-ʮʠʢʣʦʛʝʢʩʘʥ]-1,5-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ 

 

ʂʫʨʩʢʦʚʘ ɸ.ʆ.1, ʌʨʦʣʦʚ ʂ.ɸ.1,2, ɼʦʮʝʥʢʦ ɺ.ɺ.3, ʂʨʠʚʦʢʦʣʳʩʢʦ ʉ.ɻ.1,2 

1ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ, ʃʫʛʘʥʩʢ 
2ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉʚʷʪʠʪʝʣʷ ʃʫʢʠ, 

ʃʫʛʘʥʩʢ 
3ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

E-mail: kursanna120293@gmail.com 

 

ɼʠʤʝʨ ʤʘʣʦʥʦʥʠʪʨʠʣʘ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ 

ʚ ʭʦʜʝ ʧʦʣʫʯʝʥʠʷ ʟʘʤʝʱʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [1].  

ʊʘʢ, ʥʘʤʠ ʠʟʫʯʝʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠ ̫1, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ 

ʦʩʥʦʚʝ ʜʠʤʝʨʘ ʤʘʣʦʥʦʥʠʪʨʠʣʘ [2], ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ. ɺ ʝʛʦ ʩʪʨʫʢʪʫʨʝ 

ʝʩʪʴ ʥʝʩʢʦʣʴʢʠʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, C3 ʠ ʉ5 ʧʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʵʥʜʦ- ʠ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʝ ʘʪʦʤʳ ʘʟʦʪʘ, ʜʝʣʘʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦ-ʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ 

ʪʘʢʠʭ ʨʝʘʢʮʠʡ [2-4].  

ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʘʤʠʥʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 1, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʠʟʙʳʪʢʦʤ ʅʉʅʆ, 2 ʵʢʚ. ʧʝʨʚʠʯʥʦʛʦ ʘʤʠʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʠʨʪʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʨʦʠʟʚʦʜʥʳʝ 2-(ʜʠʮʠʘʥʦʤʝʪʠʣʝʥ)-3,7-ʜʠʘʟʘʩʧʠʨʦ[ʙʠʮʠʢʣʦ[3.3.1]ʥʦʥ-3-ʝʥ-9,1'-

ʮʠʢʣʦʛʝʢʩʘʥ]-1,5-ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ 2 ʠ 3 (ʈʠʩ. 1). 

 
ʈʠʩ. 1. ʇʦʣʫʯʝʥʠʝ 2-(ʜʠʮʠʘʥʦʤʝʪʠʣʝʥ)-3,7-ʜʠʘʟʘʩʧʠʨʦ[ʙʠʮʠʢʣʦ[3.3.1]ʥʦʥ-3-ʝʥ-9,1'-

ʮʠʢʣʦʛʝʢʩʘʥ]-1,5-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ. 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦʢʘʟʘʥʦ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʤʝʪʦʜʦʚ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1ʅ ʠ 13ʉ, ʀʂ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʈʉɸ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Dotsenko V.V., Krivokolysko S.G., Semenova A.M. // Chemistry of Heterocyclic 

Compounds. 2018. Vol. 54. ̄ 11. P. 989-1019. 

[2] Kurskova A.O., Dotsenko V.V., Frolov K.A., et al. // Russian Journal of General 

Chemistry. 2021. Vol. 91. ̄ 6. P. 971-984. 

[3] Dotsenko V.V., Chigorina E.A., Krivokolysko S.G. // Chemistry of Heterocyclic 

Compounds. 2017. Vol. 53. ̄ 5. P. 626-628. 

[4] Dotsenko V.V., Krivokolysko S.G., Chernega A.N., Litvinov V.P. // Russian 

Chemical Bulletin, International Edition. 2003. Vol. 52. ̄  4. P. 969-977. 
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ʉʠʥʪʝʟ ʜʠ- ʠ ʪʝʪʨʘʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ 1,5- ʠ 2,5-ʜʠʚʠʥʠʣʪʝʪʨʘʟʦʣʦʚ 
 

ʃʝʦʥʢʦʚ ɼ.ɸ.1, ʂʦʧʘʯʝʚ ɼ.ɻ.1, ɿʫʨʘʝʚ ɸ.ɺ.1,2, ɺʝʨʙʠʣʦ ʂ.ʄ.1 
1 ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

2 ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ɹɻʋ, 

ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

E-mail: leonkov.danila@yandex.ru 

 

ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 

ʨʷʜʘ ʪʝʪʨʘʟʦʣʘ ʠ ʪʨʠʘʟʦʣʘ, ʧʨʦʷʚʣʷʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʦʜʥʠʤ ʠʟ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ [3+2] 

ʍʴʶʟʛʝʥʦʚʩʢʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʜʠ- ʠ ʪʝʪʨʘʙʨʦʤʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 5-ʵʪʠʥʠʣ-1ʅ-ʪʝʪʨʘʟʦʣʘ (ʈʠʩ. 1). ʊʘʢ, 1,5- ʠ 2,5-ʜʠʚʠʥʠʣʪʝʪʨʘʟʦʣʳ 

(II  ʠ III ) ʧʦʣʫʯʘʣʠ ʠʟ 5-ʚʠʥʠʣʪʝʪʨʘʟʦʣʘ (I) ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [1]. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʛʠʜʨʦʭʠʥʦʥ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʠʦʥʦʣ ʧʦ ʧʨʠʯʠʥʝ ʩʣʦʞʥʦʩʪʝʡ 

ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʠʟʦʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʷ 

ʠʟʦʤʝʨʦʚ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

 

 

ɼʘʣʝʝ ʢ ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ II ʠ III ʚ CHCl3 ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Br2 

ʚ CHCl3. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ, ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ ʨʘʟʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (IV -IX ) ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ ʀʂ- ʠ 1H, 13C 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Aleshunin P.A., Dmitrieva U.N., Ostrovskii V.A. // Russian Journal of Organic 

Chemistry. 2011. V. 47, No. 12. P. 1882ï1888. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʜʠ- ʠ ʪʝʪʨʘʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ 1,5- ʠ 2,5-ʜʠʚʠʥʠʣʪʝʪʨʘʟʦʣʦʚ 
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ʉʠʥʪʝʟ ʙʠʩ-ɓ-ʜʠʢʝʪʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʙʫʪʠʣʩʝʙʘʮʠʥʘʪʘ ʠ ʜʠʙʫʪʠʣʤʘʣʝʠʥʘʪʘ  

 

ʃʠʩʠʮʳʥʘ ɽ.ɸ., ʊʫʧʠʢʦʚ ɸ.ʉ. 

ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: trfr1405@yandex.ru 

 

ʇʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ɓ-ʜʠʢʝʪʦʥʘʤ ʦʙʲʷʩʥʷʝʪʩʷ 

ʜʦʩʪʫʧʥʦʩʪʴʶ, ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʟʘʯʘʩʪʫʶ ʫʥʠʢʘʣʴʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʀʭ ʧʦʚʳʰʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʞʝʩʪʚʝ ʦʙʣʘʩʪʝʡ. ʉʧʦʩʦʙʥʦʩʪʴ ɓ-ʜʠʢʝʪʦʥʦʚ ʢ 

ʭʝʣʘʪʦʦʙʨʘʟʦʚʘʥʠʶ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʭʦʨʦʰʠʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [1]. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʫʩʪʨʦʡʩʪʚ OLED, ʣʘʟʝʨʦʚ, ʘ ʪʘʢʞʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʫʩʠʣʠʪʝʣʝʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʛʘʥʜʦʚ ʠʩʧʦʣʴʟʫʶʪ ʜʠ- ʠ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ɓ-ʜʠʢʝʪʦʥʳ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʵʤʠʩʩʠʦʥʥʳʭ ʮʝʥʪʨʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʜʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ɓ-

ʜʠʢʝʪʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʙʫʪʠʣʩʝʙʘʮʠʥʘʪʘ ʠ ʜʠʙʫʪʠʣʤʘʣʝʠʥʘʪʘ. ɺ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ 

ʣʝʞʠʪ ʩʣʦʞʥʦʵʬʠʨʥʘʷ ʢʦʥʜʝʥʩʮʠʷ ʂʣʷʡʟʝʥʘ, ʦʙʱʠʡ ʚʠʜ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ (ʨʠʩ. 1). ʉʫʪʴ ʨʝʘʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ 

ʩ ʢʝʪʦʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʥʜʝʥʩʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ [2].  

 
ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʂʣʷʡʟʝʥʘ 

 

ʊʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʨʷʜ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Nehra K., et al. // Journal of Molecular Structure. 2022. V. 1249. P. 1-24 

[2] ʐʦʢʦʚʘ ʕ.ɸ., ʂʠʤ ɼʞ.ʂ., ʂʦʚʘʣʝʚ ɺ.ɺ. // ɾʫʨʥʘʣ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 2015. 

ʊ. 51. ˉ 6. 773-847 ʩ. 
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ʉʠʥʪʝʟ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ  

N-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʩʬʦʥʘʪʦʚ 

 

ʃʦʙʦʚʘ ɸ.ʄ.1 , ɽʛʦʨʦʚʘ ɸ.ɺ.1,2, ʄʘʥʴʰʠʥʘ ɸ.ɸ.3 

 

 1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. 
2ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ (ʌʀʎ ʈɸʅ), 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
3ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: anlbv9500@mail.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʩ 

ʣʝʯʝʙʥʦʡ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʫʛʥʝʪʘʥʠʝʤ ʥʝʨʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ). ʇʦʵʪʦʤʫ ʩʧʨʦʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ ʠ 

ʤʝʜʠʮʠʥʳ ʢ ʧʦʠʩʢʫ ʥʦʚʳʭ ʬʦʩʬʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʤʝʪʴ 

ʚʳʩʦʢʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʣʝʯʝʥʠʷ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ ʚʳʩʦʢʠʡ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʝʥ ʥʦʚʳʡ 

ʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ N-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʩʬʦʥʘʪʦʚ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʚʳʭʦʜʦʤ. ʇʦʣʫʯʝʥ ʨʷʜ ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʭ {[( Z)-2-ʭʣʦʨʦ-2-

ʬʝʥʠʣʵʪʠʥʠʣ]ʬʦʩʬʦʨʠʣ}ʜʠ ʘʤʠʥʦʚ. ʇʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ 

ʜʘʥʥʳʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 31ʈ, ʘ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʷʜʨʘʭ 1ʅ, 13ʉ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʠʞʝ ʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʳ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʠʟ-ʟʘ ʩʚʦʝʛʦ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʢʘʢ ʚ ʧʨʠʨʦʜʝ, ʪʘʢ ʠ ʚ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ.  
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ʇʨʦʚʝʜʝʥʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʢʣʘʩʩʘ ʬʝʨʤʝʥʪʦʚ ʭʦʣʠʥʵʩʪʝʨʘʟ ï ʙʫʪʠʨʠʣʭʦʜʠʥʵʩʪʝʨʘʟʳ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ 

ʠʥʛʠʙʠʪʦʨʘʤʠ ʭʦʣʠʥʵʩʪʝʨʘʟʳ. ʀ ʟʥʘʯʝʥʠʝ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦ 

ʧʨʦʰʝʩʪʚʠʠ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʅʌ 22-13-00082. 
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ɻʝʪʝʨʦʛʝʥʥʳʡ ʬʦʪʦʢʘʪʘʣʠʟ ʚ ʥʦʚʦʤ ʩʚʝʪʝ: ʧʨʠʤʝʥʝʥʠʝ TiO2 ʜʣʷ 

ʩʝʣʝʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ ʩʚʝʪʦʤ 

 

ʃʦʧʘʪʴʝʚʘ ɽ.ʈ., ʂʨʳʣʦʚ ʀ.ɹ., ʊʝʨʝʥʪʴʝʚ ɸ.ʆ. 

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

E-mail: elena.lopatyeva@gmail.com 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʬʦʪʦʭʠʤʠʷ ï ʵʪʦ ʥʘʜʝʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʛʝʥʝʨʠʨʦʚʘʪʴ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ 

ʠʥʪʝʨʤʝʜʠʘʪʳ ʩ ʫʥʠʢʘʣʴʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʥʝ ʜʦʩʪʠʞʠʤʦʡ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʘʟʚʠʪʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘ ʦʪʢʨʳʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʚʣʝʢʘʪʴ ʚ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʪʝ ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʳʝ ʩʘʤʠ ʥʝ ʧʦʛʣʦʱʘʶʪ 

ʚʠʜʠʤʳʡ ʩʚʝʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ: 

ʛʦʤʦʛʝʥʥʳʝ ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ. ɻʦʤʦʛʝʥʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʥʪʝʟʝ, ʦʜʥʘʢʦ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʯʘʩʪʦ 

ʦʩʪʘʶʪʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʛʝʪʝʨʦʛʝʥʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ 

ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʟʝʣʝʥʦʡ ʭʠʤʠʠ: ʦʥʠ 

ʜʦʩʪʫʧʥʳ, ʥʝʪʦʢʩʠʯʥʳ, ʠʭ ʣʝʛʢʦ ʦʪʜʝʣʠʪʴ ʦʪ ʧʨʦʜʫʢʪʦʚ ʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ. 

ʆʜʥʘʢʦ ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ ʧʫʪʠ ʠʭ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ, ʠʟ-ʟʘ ʯʝʛʦ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʨʝʙʫʶʪʩʷ ʜʦʨʦʛʠʝ ʋʌ-ʣʘʤʧʳ ʠ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ.ʅʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ 

ʢ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʋʌ-ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, TiO2, ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ. ʇʨʠ ʩʤʝʰʝʥʠʠ TiO2 ʠ N-

ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʘ (NHPI), ʜʚʫʭ ʙʝʩʮʚʝʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʷʚʣʷʝʪʩʷ 

ʧʦʛʣʦʱʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ.  

 
ʈʠʩ.1. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ NHPI/TiO2 

ʅʘʤʠ ʙʳʣʘ ʧʦʢʘʟʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ NHPI/TiO2 ʜʣʷ ʩʝʣʝʢʪʠʚʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʠʥʪʝʟ ʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ ʠ ʉʅ-

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ˊ-ʜʝʬʠʮʠʪʥʳʭ ʘʨʝʥʦʚ ʩ ʩʦʟʜʘʥʠʝʤ ʩʚʷʟʠ ʉïʉ. ʂʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪ ɹ ʚ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʷʚʣʷʝʪʩʷ 

ʦʨʛʘʥʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʨʘʩʪʚʦʨʝ. ʊʘʢ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ TiO2 ʛʝʥʝʨʠʨʫʶʪʩʷ ʬʪʘʣʠʤʠʜ-N-ʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ, ʢʦʪʦʨʳʝ 

ʜʠʬʬʫʥʜʠʨʫʶʪ ʚ ʨʘʩʪʚʦʨ ʠ ʨʘʩʱʝʧʣʷʶʪ ʩʣʘʙʳʝ ʩʚʷʟʠ ʉïʅ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʶʪ ʚ ʮʝʣʝʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 21-13-00205). 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʛʘʟʦʬʘʟʥʦʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʛʣʠʮʝʨʠʥʘ ʚ ʘʮʝʪʦʣ ʥʘ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ 

 

ʃʫʥʠʥʘ ɼ.ʄ.1, ɿʣʦʙʠʥ ʉ.ʖ.1, ɽʩʠʧʦʚʠʯ ɸ.ʃ.1 2 
1ɼʟʝʨʞʠʥʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʅɻʊʋ ʠʤ. ʈ. ɽ. ɸʣʝʢʩʝʝʚʘ, 

ɼʟʝʨʞʠʥʩʢ, ʈʦʩʩʠʷ 
2ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: dariami.lun@mail.ru 

 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʫʢʨʝʧʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ çʟʝʣʸʥʦʡè 

ʭʠʤʠʠ, ʘ ʠʤʝʥʥʦ ʧʝʨʝʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ. ʊʘʢʠʤ 

ʧʨʠʤʝʨʦʤ ʚʳʩʪʫʧʘʝʪ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ð 

ʛʣʠʮʝʨʠʥ ð ʜʦʩʪʫʧʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʟʛʨʘʥʠʯʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʝʱʝʩʪʚ 

ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʘʣʦʚʦʡ ʩʪʦʠʤʦʩʪʴʶ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ 

ʛʣʠʮʝʨʠʥʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʮʝʪʦʣʘ. ɸʮʝʪʦʣ (ʛʠʜʨʦʢʩʠʘʮʝʪʦʥ) ʥʝ 

ʧʨʦʷʚʣʷʝʪ ʪʦʢʩʠʯʥʳʭ ʩʚʦʡʩʪʚ ʠ ʷʚʣʷʝʪʩʷ ʩʳʨʴʸʤ ʜʣʷ ʪʝʢʩʪʠʣʴʥʦʡ, ʢʦʩʤʝʪʠʯʝʩʢʦʡ, 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʛʘʟʦʬʘʟʥʦʡ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʛʣʠʮʝʨʠʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʘʮʝʪʦʣʘ. 

ʉʠʥʪʝʟ ʛʠʜʨʦʢʩʠʘʮʝʪʦʥʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ-ʪʝʨʤʦʩʪʘʪʝ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ 

ʠʩʧʘʨʠʪʝʣʴ ʠ ʨʝʘʢʪʦʨ. 20 % ʤʘʩʩ. ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ ʧʦʜʘʚʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

12 ʤʣ/ʯ ʥʘʩʦʩʦʤ ʚ ʠʩʧʘʨʠʪʝʣʴ, ʦʪʢʫʜʘ ʧʘʨʦʚʘʷ ʬʘʟʘ ʧʦʩʪʫʧʘʣʘ ʚ ʨʝʘʢʪʦʨ, ʟʘʧʦʣʥʝʥʥʳʡ 

1,5 ʛ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʟʦʥʫ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʧʦʩʪʫʧʘʣ N2 ʩʦ ʩʢʦʨʦʩʪʴʶ 120 ʤʣ/ʤʠʥ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʮʝʪʦʣ, ʢʦʥʜʝʥʩʠʨʦʚʘʣʠʩʴ ʠ 

ʩʪʝʢʘʣʠ ʚ ʢʦʣʙʫ-ʧʨʠʸʤʥʠʢ. ʆʪʙʦʨ ʧʨʦʙʳ ʧʨʦʚʦʜʠʣʠ ʢʘʞʜʳʡ ʯʘʩ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ɺʕɾʍ, ɻʍ ʠ ɻʍ-ʄʉ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʤʝʜʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ ʆɺʈ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ 

ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. 

ɺ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʠ 280  ʟʘ 6 ʯʘʩʦʚ ʩʨʝʜʥʷʷ ʢʦʥʚʝʨʩʠʷ ʛʣʠʮʝʨʠʥʘ ʩʦʩʪʘʚʠʣʘ 

54,7 %, ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʣʘ ʚ 23,3 %. ʉ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 53,1 % 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʠʨʫʚʘʣʴʜʝʛʠʜ ð ʧʨʝʢʫʨʩʦʨ ʘʮʝʪʦʣʘ. 

ɺ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠʤʝʥʥʦ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʤʝʜʴ ʚʝʜʸʪ ʢ ʥʘʠʣʫʯʰʝʤʫ ʚʳʭʦʜʫ ʘʮʝʪʦʣʘ, 

ʧʦʩʢʦʣʴʢʫ ʝʸ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʚ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʷʚʣʝʥʠʝʤ ʥʝ 

ʪʦʣʴʢʦ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʦ ʠ ʝʛʦ ʧʨʝʢʫʨʩʦʨʘ, ʛʠʜʨʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ 

ʢ ʘʮʝʪʦʣʫ. ʇʦʙʦʯʥʦ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ: ʘʢʨʦʣʝʠʥ, 1,2-ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ ʠ 

ʜʠʛʠʜʨʦʢʩʠʘʮʝʪʦʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʭʦʜ ʘʮʝʪʦʣʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʪʝʢʘʥʠʷ ʜʚʫʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ: ʜʝʛʠʜʨʘʪʘʮʠʠ ʛʣʠʮʝʨʠʥʘ ʧʦ ʢʦʥʮʝʚʦʡ OH-ʛʨʫʧʧʝ ʠ ʝʛʦ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʮʝʥʪʨʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʫʢʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʦʛʣʘʰʝʥʠʝ ˉ316-06-16-35ʘ/22 ʦʪ 20.05.2022). 
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ʉʠʥʪʝʟ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ  

5-(2-ʧʠʨʠʜʠʣ)ʪʝʪʨʘʙʝʥʟʦʧʦʨʬʠʨʠʥʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʠʥʢʦʤ, ʢʦʙʘʣʴʪʦʤ, 

ʤʝʜʴʶ ʠ ʞʝʣʝʟʦʤ 

  

ʄʘʡʦʨʦʚʘ ɽ.ʀ., ʈʫʤʷʥʮʝʚʘ ʊ.ɸ., ɻʘʣʘʥʠʥ ʅ.ɽ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: lena.majorova.99@mail.ru  

 

ʊʝʪʨʘʙʝʥʟʦʧʦʨʬʠʨʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ ʧʣʘʥʝ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʈʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ 5-(2-

ʧʠʨʠʜʠʣ)ʪʝʪʨʘʙʝʥʟʦʧʦʨʬʠʨʠʥʘ 1 ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ d-ʤʝʪʘʣʣʘʤʠ (2 ï 5), ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ.  

 
ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘʛʨʝʚʘʥʠʝʤ ʩʤʝʩʠ 3-(2-

ʧʠʨʠʜʠʣ)ʠʜʝʥʬʪʘʣʠʤʠʜʠʥʘ ʩ ʬʪʘʣʠʤʠʜʦʤ ʠ ʘʮʝʪʘʪʦʤ ʮʠʥʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʚʳʜʝʣʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 2. ɼʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ 

ʧʦʣʫʯʝʥ ʧʦʨʬʠʨʠʥ 1, ʜʘʣʝʝ ʨʝʘʢʮʠʝʡ ʩ ʩʦʣʷʤʠ ʤʝʪʘʣʣʦʚ ʚ ɼʄʌɸ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʩʦʝʜʠʥʝʥʠʷ 3 ï 5. ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 1 ï 5 ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ, 1ʅ ʗʄʈ, ʀʂ- ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʪʝʪʨʘʙʝʥʟʦʧʦʨʬʠʨʠʥʦʚ 1 ï 5 ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʪʝʥʮʠʘʣʦʚ 0.5 õ ï1.5 ɺ ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ 

ʷʯʝʡʢʝ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 0.1 ʅ ʨʘʩʪʚʦʨ ʂʆʅ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʠ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʢʠʩʣʦʨʦʜʦʤ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ ʠ ʤʝʜʠ, 

ʥʘʠʤʝʥʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ ʮʠʥʢʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

(ʊʝʤʘ ˉ FZZW-2020-0010). ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʣʝʢʘʣʦʩʴ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʎʂʇ ʀɻʍʊʋ. 
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ʉʠʥʪʝʟ ʥʦʚʳʭ ʘʟʠʜʦʚ ʠ ʘʣʢʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʘʣʠʢʩ[4]ʘʨʝʥʘ ʩʦ 

ʩʚʦʙʦʜʥʳʤʠ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʘʤʠ ʠ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʠʘʟʦʣʧʨʦʠʟʚʦʜʥʳʭ ʤʘʢʨʦʮʠʢʣʦʚ 
 

ʄʘʢʘʨʦʚ ɽ.ɻ.1, ɸʢʡʦʣ ʂ.ʀ.1, ʀʩʭʘʢʦʚʘ ɿ.ʕ.1, ʄʠʨʦʥʦʚʘ ɼ.ɸ.1, ɹʫʨʠʣʦʚ ɺ.ɸ.1, 

ʀʩʣʘʤʦʚ ɼ.ʈ.1,2, ʉʦʣʦʚʴʝʚʘ ʉ.ɽ.1,2, ɸʥʪʠʧʠʥ ʀ.ʉ.1,2 

1ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʈɸʅ,  

ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

Email: EgGMakarov@kpfu.ru 

 

ʂʘʣʠʢʩ[4]ʘʨʝʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʠʢʣʠʯʝʩʢʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʯʝʪʳʨʝʭ ʬʝʥʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʤʝʪʠʣʝʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ. ʄʘʢʨʦʮʠʢʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʟʠʜʥʳʝ ʠʣʠ ʘʣʢʠʥʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʥʘ ʚʝʨʭʥʝʤ ʠ ʛʠʜʨʢʦʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʥʘ ʥʠʞʥʝʤ ʦʙʦʜʝ, ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʣʝʛʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʣʶʙʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ 

ʪʝʪʨʘʘʟʠʜ-ʧʨʦʠʟʚʦʜʥʦʛʦ ʢʘʣʠʢʩ[4]ʘʨʝʥʘ 2, ʩʦʜʝʨʞʘʱʝʛʦ ʩʚʦʙʦʜʥʳʝ 

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ. ʊʘʢʞʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʜʠ- ʠ 

ʪʝʪʨʘʘʢʣʠʥʠʣʩʦʜʝʨʞʘʱʠʝ ʤʘʢʨʦʮʠʢʣʳ ʩ ʦʢʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʥʘ ʥʠʞʥʝʤ 

ʦʙʦʜʝ 1 ʠ 3. ʅʘ ʠʭ ʦʩʥʦʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʘʣʠʢʩʘʨʝʥ-ʘʨʠʣʪʨʠʘʟʦʣʳ. 

ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʢʨʦʮʠʢʣʘ 4 (ʨʠʩ.1) ʩ ʤʦʣʝʢʫʣʘʤʠ ʨʘʟʣʠʯʥʦʛʦ 

ʩʪʨʦʝʥʠʷ; ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩ ʕʦʟʠʥʦʤ ʅ, ɼʅʂ 

ʪʠʤʫʩʘ ʪʝʣʝʥʢʘ, ʘ ʪʘʢ ʞʝ ʠʦʥʘʤʠ ʨʪʫʪʠ (II).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ  ʈʅʌ 21-73-10062. 

 
ʈʠʩ. 1. ʅʦʚʳʝ ʢʘʣʠʢʩʘʨʝʥʳ 1-3 ʠ ʩʚʷʟʳʚʘʥʠʝ ʤʘʢʨʦʮʠʢʣʦʤ 4 ʤʦʣʝʢʫʣ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ 
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ɼʠʤʝʪʠʣʘʜʠʧʠʥʠʣʬʫʣʣʝʨʝʥʳ ʠ ʠʤʠʥʦʬʝʥʠʣʛʠʜʨʘʟʦʥʳ ʘʮʝʥʘʬʪʝʥʭʠʥʦʥʘ 

 

ʄʘʨʢʠʥ ɻ.ɺ., ʃʫʢʦʷʥʦʚ ɸ.ʅ., ʂʝʪʢʦʚ ʉ.ʖ., ʌʫʢʠʥ ɻ.ʂ., ʂʫʨʦʧʘʪʦʚ ɺ.ɸ., 

ʈʫʤʷʥʮʝʚ ʈ.ɺ., ʃʦʧʘʪʠʥ ʄ.ɸ., ɹʝʣʠʢʦʚ ɸ.ɸ. 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: mag@iomc.ras.ru 

 

ʆʙʣʫʯʝʥʠʝ C60, ʜʠʤʝʪʠʣʘʜʠʧʘʪʘ (1a) ʠ Ph2C=O (ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

1:320:79) ʚ PhH ʜʘʝʪ 1-(1,6-ʜʠʤʝʪʦʢʩʠ-1,6-ʜʠʦʢʩʦʛʝʢʩʘʥ-2-ʠʣ)-1,2-

ʜʠʛʠʜʨʦʬʫʣʣʝʨʝʥ (1b), 1-(1,6-ʜʠʤʝʪʦʢʩʠ-1,6-ʜʠʦʢʩʦʛʝʢʩʘʥ-2-ʠʣ)-1,2-

ʜʠʛʠʜʨʦʬʫʣʣʝʨʝʥ (1c) ʠ 1-((6-ʤʝʪʦʢʩʠ-6-ʦʢʩʦʛʝʢʩʘʥʦʠʣʦʢʩʠ)ʤʝʪʠʣ)-1,2-

ʜʠʛʠʜʨʦʬʫʣʣʝʨʝʥ (1d). ʅʘʠʙʦʣʝʝ ʧʦʣʷʨʥʳʡ 1b ʦʪʜʝʣʝʥ ʦʪ 1c ʠ 1d ʥʘ ʩʠʣʠʢʘʛʝʣʝ 

PhH. 1c ʠ 1d ʨʘʟʜʝʣʝʥʳ ʥʘ ʩʠʣʠʢʘʛʝʣʝ (PhH:ʛʝʢʩʘʥ, 1:1), 1d ʤʝʥʝʝ ʧʦʣʷʨʥʳʡ. 

ʍʠʤʩʜʚʠʛ ʧʨʦʪʦʥʘ C60H ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʫ 1b (7.08 ʤʜ), ʟʘʪʝʤ 1d 

(6.60) ʠ 1c (6.57) ʠʟ-ʟʘ ʘʢʮʝʧʪʦʨʥʦʡ C=O ʛʨʫʧʧʳ. ʍʠʨʘʣʴʥʦʩʪʴ ʠ ʥʠʟʢʘʷ 

ʩʠʤʤʝʪʨʠʷ ʚʝʜʫʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʩʠʛʥʘʣʦʚ ʤʝʪʠʣʝʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʚ ʧʦʣʦʞʝʥʠʷʭ 

3 ʠ 4 ʘʜʠʧʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʨʠʩ. 1). ʄʀɸʅ (2a) ʨʝʘʛʠʨʫʝʪ ʩ ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ 

ʦʙʨʘʟʫʷ ʧʦ ʜʘʥʥʳʤ ʈʉɸ (E)-2,6-ʜʠʠʟʦʧʨʦʧʠʣ-N-((Z)-2-(2-

ʬʝʥʠʣʛʠʜʨʘʟʦʥʦ)ʘʮʝʥʘʬʪʠʣʝʥ-1(2H)-ʠʣʠʜʝʥ)ʘʥʠʣʠʥ (2b). ʉʠʛʥʘʣ ʛʠʜʨʘʟʦʥʦʚʦʛʦ 

ʧʨʦʪʦʥʘ ʫ 2b ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʩʣʘʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (14.27 ʤʜ, CDCl3), 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

 
ʈʠʩ. 1. ʉʠʛʥʘʣʳ CH2 ʧʨʦʪʦʥʦʚ ʚ ʧʦʣʦʞʝʥʠʷʭ 3 ʠ 4 ʘʜʠʧʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʬʫʣʣʝʨʝʥʘ 1b 

(ʩʣʝʚʘ), d (ʩʧʨʘʚʘ) ʠ CH2 ʧʨʦʪʦʥʦʚ ʚ ʧʦʣʦʞʝʥʠʠ 4 ʘʜʠʧʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʬʫʣʣʝʨʝʥʘ 1c 

(ʩʝʨʝʜʠʥʘ) ʚ CDCl3, ʧʦʣʫʯʝʥʠʝ ʛʠʜʨʘʟʦʥʘ 2b. 

 

ʈʅʌ (ˉ 23-23-00474), ʛʦʩʟʘʜʘʥʠʝ, çɸʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʀʄʍ ʈɸʅè 

ʛʨʘʥʪ çʆʙʝʩʧʝʯʝʥʠʝ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʮʝʥʪʨʦʚ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤè (RF----

2296.61321X0017, ʅʦʤʝʨ ʉʦʛʣ. 075-15-2021-670). 
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ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 2,4-ʜʠʥʠʪʨʦʥʘʬʪʘʣʠʥ-1-ʦʣʘ 

 

ʄʘʪʚʝʝʚʘ ʊ.ʉ.1, ɺʣʘʩʦʚʘ ʖ.ʅ.1, ʋʩʪʠʥʦʚ ʀ.ʀ.1, ʍʣʳʪʠʥ ʅ.ɺ.2 

1ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ. ʊʦʣʩʪʦʛʦ, 

ʊʫʣʘ, ʈʦʩʩʠʷ 
2ʆʆʆ çʊʫʣʴʩʢʘʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʬʘʙʨʠʢʘè, ʊʫʣʘ, ʈʦʩʩʠʷ 

E-mail: yu290385@gmail.com 

 

ʅʘʣʠʯʠʝ ʥʠʪʨʦʛʨʫʧʧʳ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʝʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ ɿʠʥʠʥʘ, ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʠʤʝʨʦʚ, 

ʢʨʘʩʠʪʝʣʝʡ, ʧʠʛʤʝʥʪʦʚ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ ʠ ʜʨʫʛʠʭ ʚʘʞʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʩʫʪʩʪʚʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʦʨʪʦ-

ʧʦʣʦʞʝʥʠʠ ʢ ʘʤʠʥʦʛʨʫʧʧʝ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ N, O-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2,4-ʜʠʥʠʪʨʦʥʘʬʪʘʣʠʥ-1-ʦʣʘ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 

ï Na2S ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʞʝʣʘʝʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ʈʦʚʥʦ, ʢʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʣʦʨʠʜʘ 

ʦʣʦʚʘ, ʦʧʠʩʘʥʥʦʝ ʚ ʣʠʪʝʨʘʪʫʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʥʘʤʠ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 30% ʠ ʙʦʣʝʝ 

ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ ʥʝʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ 

ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʩʫʱʝʩʪʚʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʦʜʦʨʦʜʦʤ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ 

ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʝʘʢʪʦʨʘ, 

ʩʥʘʙʞʝʥʥʦʛʦ ʨʫʙʘʰʢʦʡ, ʘ ʪʘʢʞʝ ʢʨʘʥʘʤʠ ʜʣʷ ʧʦʜʘʯʠ ʛʘʟʘ, ʰʝʡʢʝʨʘ ʠ ʛʘʟʦʚʦʡ 

ʙʶʨʝʪʢʠ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 2,4-ʜʠʥʠʪʨʦʥʘʬʪʘʣʠʥ-1-ʦʣʘ (1) ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ, ʩʦʩʪʦʷʱʝʤ 

ʠʟ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʠ ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʥʝʛʦ ʧʦʣʠʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ 

ʧʘʣʣʘʜʠʷ (ʇɻʂ) ʚ ʩʨʝʜʝ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 

ʚʦʜʦʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 40  ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 2-ʘʤʠʥʦ-4-ʥʠʪʨʦʥʘʬʪʘʣʠʥ-

1-ʦʣʘ (2): 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2,4-ʜʠʥʠʪʨʦʥʘʬʪʘʣʠʥ-1-ʦʣʘ (1) ʥʘ ʥʠʢʝʣʝʚʦʤ 

ʢʘʪʘʣʠʟʘʪʦʨʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 40  ʙʳʣ 

ʧʦʣʫʯʝʥ ʧʨʦʜʫʢʪ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2,4-ʜʠʘʤʠʥʦʥʘʬʪʘʣʠʥ-1-ʦʣ (3). 

ʂʦʥʪʨʦʣʴ ʟʘ ʭʦʜʦʤ ʨʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʟʘʪʨʘʯʝʥʥʦʛʦ 

ʚʦʜʦʨʦʜʘ. ɺʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ (2) ʩʦʩʪʘʚʠʣ 58%. 

 



XXVI ɺʉɽʈʆʉʉʀʁʉʂɸʗ  ʂʆʅʌɽʈɽʅʎʀʗ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ-ʍʀʄʀʂʆɺ 

 

 

 

 

87 

ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʧʘʨʘʮʠʢʣʦʬʘʥʦʚ ʠ ʪʝʪʨʘʟʦʣʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤ 

ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ 

 

ʄʘʭʤʫʪʦʚʘ ʃ.ʀ.1, ʐʫʨʧʠʢ ɼ.ʅ.1, ʉʪʦʡʢʦʚ ʀ.ʀ.1,2 

1ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
2ʌʝʜʝʨʘʣʴʥʳʡ ʮʝʥʪʨ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 E-mail: lays_9393@mail.ru 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ ʚʩʝ 

ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʘʥʦʩʠʩʪʝʤ ʧʨʠʤʝʥʠʤʳʭ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʦʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʝʛʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʚ ʦʯʘʛ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʥʘʥʦʩʠʩʪʝʤ ʦʩʥʦʚʘʥ ʥʘ 

ʠʥʢʘʧʩʫʣʷʮʠʠ ʣʝʢʘʨʩʪʚ ʚ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʤʘʪʨʠʮʳ. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʧʦʣʠʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʩʪʠʤʫʣ-ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʥʘʥʦʩʠʩʪʝʤʘ ʥʘ 

ʦʩʥʦʚʝ ʜʝʢʘʟʘʤʝʱʝʥʥʳʭ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ð ʧʠʣʣʘʨ[5]ʘʨʝʥʦʚ ʠ 

ʪʝʪʨʘʟʦʣʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ. ʇʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʠʣʣʘʨ[5]ʘʨʝʥʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʪʨʝʪʠʯʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ, ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʝʥʠʷ ʩ 

ʢʨʘʩʠʪʝʣʝʤ ʬʣʫʦʨʝʩʮʝʠʥʦʤ ʠ ʪʝʪʨʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʧʦʣʠʤʝʨʘ. ʄʝʪʦʜʘʤʠ 

ɼʈʉ ʠ ʉʕʄ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʦʡʥʘʷ ʩʠʩʪʝʤʘ 

ʧʠʣʣʘʨ[5]ʘʨʝʥ/ʬʣʫʦʨʝʩʮʝʠʥ/ʧʦʣʠʤʝʨ ʦʙʨʘʟʫʝʪ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʬʝʨʠʯʝʩʢʠʝ 

ʘʩʩʦʮʠʘʪʳ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 69 ʥʤ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʝʡʪʨʘʣʴʥʦʛʦ pH 7 ʢ ʢʠʩʣʦʤʫ (pH = 5) 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʨʘʟʛʦʨʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʩʠʩʪʝʤʝ 

ʧʠʣʣʘʨ[5]ʘʨʝʥ/ʬʣʫʦʨʝʩʮʝʠʥ/ʧʦʣʠʤʝʨ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʚʳʩʚʦʙʦʞʜʝʥʠʠ 

ʢʨʘʩʠʪʝʣʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʘʩʩʦʮʠʘʪʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-

73-10166. 

ʈʝʛʠʩʪʨʘʮʠʷ ʗʄʈ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ 

ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ ʂʘʟʘʥʩʢʦʛʦ 

(ʇʨʠʚʦʣʞʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (çʇʨʠʦʨʠʪʝʪ-2030è). 
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ʇʦʣʫʯʝʥʠʝ ʘʣʢʠʣ-ʙʠʩ-ʠʤʠʜʘʟʦʣ-4,5-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

 

ʄʝʥʴʰʠʢʦʚ ʄ.ɸ.1, ɹʨʫʩʠʥʘ ʄ.ɸ.1,2 

1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: Max.menshikov@outlook.com 

 

ʀʥʪʝʨʝʩ ʢ ʧʦʣʫʯʝʥʠʶ ʘʣʢʠʣ-ʙʠʩ-ʠʤʠʜʘʟʦʣ-4,5-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʙʠʩ-

4,5-ʀɼʂ) ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʚʳʨʘʞʝʥʥʳʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʩʧʦʩʦʙʥʳʭ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʬʦʪʦʢʘʪʘʣʠʟ, 

ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʷ, ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ ʠ ʜʨ. [1]    

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʠʩʘʥʳ ʪʦʣʴʢʦ ʝʜʠʥʠʯʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʷʜʘ ʙʠʩ-4,5-ʀɼʂ 

[1]. ʕʪʦ ʩʚʷʟʘʥʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʩʪʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ ʧʦʣʫʯʘʪʴ ʙʠʩ-4,5-ʀɼʂ ʩ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʧʦʣʦʞʝʥʠʷʭ 1,1ô- ʠ 2,2ô-. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʠʩ-4,5-ʀɼʂ ʧʦʣʫʯʘʶʪ 

ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʠʤʠʜʘʟʦʣ-4,5-ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ ʘʣʢʠʣʜʠʛʘʣʦʛʝʥʠʜʘʤʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʱʝʣʦʯʥʳʤ ʛʠʜʨʦʣʠʟʦʤ. ʀ, ʝʩʣʠ ʧʦʩʣʝʜʥʠʝ ʩʪʘʜʠʠ ʧʨʦʪʝʢʘʶʪ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ, ʪʦ ʧʦʣʫʯʝʥʠʝ 2-ʟʘʤʝʱʝʥʥʳʭ ʠʤʠʜʘʟʦʣ-4,5-

ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʝ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʙʠʩ-4,5-ʀɼʂ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʦʨʦʜʘ ʚ ʩʨʝʜʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 1-, 2-

ʤʦʥʦ ʠ 1,2-ʜʠʟʘʤʝʱʝʥʥʳʭ 4,5-ʀɼʂ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ ʥʘʙʦʨʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʢʠʩʣʝʥʠʝ 1,1ô-(ʘʣʢʠʣʜʠʠʣ)ʙʠʩ(2-

ʤʝʪʠʣʙʝʥʟʠʤʠʜʘʟʦʣʦʚ) ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʳʭ 1,1ô-(ʘʣʢʠʣʜʠʠʣ)ʙʠʩ(2-ʤʝʪʠʣʠʤʠʜʘʟʦʣ-4,5-

ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ) ʩʦ ʩʨʝʜʥʠʤʠ ʠ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʙʠʩ-ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʘʣʢʠʣ-ʙʠʩ-4,5-ʀɼʂ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʟʘʜʘʥʠʶ ˉ 075-01135-22-00 ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʦʚ ʨʷʜʘ 1,2,4-ʪʠʘʜʠʘʟʦʣʘ ʚ ʤʦʜʝʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ 

 

ʄʦʩʢʦʚʮʝʚʘ ɽ.ɼ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: zhirowaekaterina@yandex.ru 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʠʟʚʦʜʥʳʝ 1,2,4- ʪʠʘʜʠʘʟʦʣʳ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʫʯʝʥʳʭ, ʙʣʘʛʦʜʘʨʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʠʭ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʜʣʷ ʣʝʯʝʥʠʷ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚʘ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʜʝʤʝʥʮʠʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʬʦʨʤʦʡ ʜʝʤʝʥʮʠʠ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ (ɹɸ). ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 5 ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʤʠʥʦ-3-(2-ʘʤʠʥʦʧʨʦʧʠʣ)-

1,2,4-ʪʠʘʜʠʘʟʦʣʘ, ʦʙʣʘʜʘʶʱʠʝ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʳʤ ʜʝʡʩʪʚʠʝʤ (ʈʠʩ. 1).  

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʤʠʥʦ-3-(2-ʘʤʠʥʦʧʨʦʧʠʣ)-

1,2,4-ʪʠʘʜʠʘʟʦʣʦʚ I ï II  (R: ʮʠʢʣʦʧʨʦʧʘʥ - (I); ʤʝʪʠʣʬʝʥʠʣ - (II)  

ʂʣʶʯʝʚʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʪʙʦʨʘ ʩʦʝʜʠʥʝʥʠʡ-ʣʠʜʝʨʦʚ ʜʣʷ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ in vivo ʪʝʩʪʦʚ ʥʘ ʩʪʘʜʠʠ in vitro ʷʚʣʷʝʪʩʷ ʣʠʧʦʬʠʣʴʥʦʩʪʴ. ɼʘʥʥʘʷ 

ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʚʫʭʬʘʟʥʳʭ 

ʩʠʩʪʝʤʘʭ ʦʢʪʘʥʦʣ/ʙʫʬʝʨ ʨʅ 7.4 ʠ ʛʝʢʩʘʥ/ʙʫʬʝʨ ʨʅ 7.4, ʤʦʜʝʣʠʨʫʶʱʠʭ ʣʠʧʠʜʥʳʝ 

ʤʝʤʙʨʘʥʳ ʠ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. 

 ʂʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʩʳʱʝʥʠʷ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʠʩʪʝʤʘʭ 

ʦʢʪʘʥʦʣ/ʙʫʬʝʨ ʨʅ 7.4 ʠ ʛʝʢʩʘʥ/ʙʫʬʝʨ ʨʅ 7.4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ 5-

ʘʤʠʥʦ-3-(2-ʘʤʠʥʦʧʨʦʧʠʣ)-1,2,4-ʪʠʘʜʠʘʟʦʣʘ ʚ ʩʠʩʪʝʤʝ ʦʢʪʘʥʦʣ/ʙʫʬʝʨ ʨʅ 7.4 ʚʝʣʠʯʠʥʳ 

logKo/b ʚʝʱʝʩʪʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 ʂ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0.45 ʜʦ 3.39. ʉʦʛʣʘʩʥʦ 

ʬʘʨʤʘʢʦʧʝʡʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʘʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʭʦʨʦʰʠʡ ʙʘʣʘʥʩ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʤʝʤʙʨʘʥʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɿʘʤʝʥʘ ʦʢʪʘʥʦʣʘ ʥʘ ʛʝʢʩʘʥ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ -2.25 ʜʦ -

0.05. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʢʪʘʥʦʣʘ ʛʝʢʩʘʥ 

ʩʧʦʩʦʙʝʥ ʪʦʣʴʢʦ ʢ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, ʯʪʦ 

ʧʦʥʠʞʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʝʱʝʩʪʚ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʧʘʨʘʤʝʪʨ ȹlogKʦ/h 

. ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ, ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʙʘʨʴʝʨʘ ʢʨʦʚʴ/ʤʦʟʛ ȹlogKʦ/h 

ʜʦʣʞʥʳ ʙʳʪʴ ʤʝʥʴʰʝ ʜʚʫʭ ʝʜʠʥʠʮ. ʊʘʢʦʤʫ ʢʨʠʪʝʨʠʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʝʜʠʥʝʥʠʝ I. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʳʡ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʛʦ ʢʘʢ çʩʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨè 

ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 
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ʉʠʥʪʝʟ 2,2-ʜʠʘʣʢʠʣ-4-ʤʝʪʠʣʝʥ-1,3-ʜʠʦʢʩʦʣʘʥʦʚ 

 

ʄʫʩʠʥ ɸ.ʀ., ɼʞʫʤʘʝʚ ʐ.ʐ., ɺʦʠʥʦʚ ɺ.ɸ., ʉʘʣʠʤʛʘʨʝʝʚʘ ʃ.ɸ., ɹʦʨʠʩʦʚʘ ʖ.ɻ., 

ʈʘʩʢʠʣʴʜʠʥʘ ɻ.ɿ. 

ʋʬʠʤʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʅʝʬʪʷʥʦʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

 ʋʬʘ, ʈʦʩʩʠʷ 

E-mail: yulianna_borisova@mail.ru 

 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʨʘʙʦʪ [1-3] ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʜʝʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʝ 2,2-ʜʠʘʣʢʠʣ-4-ʭʣʦʨʤʝʪʠʣ-1,3-ʜʠʦʢʩʦʣʘʥʦʚ 1ʘ-ʩ. 

ʀʩʭʦʜʥʳʝ 2,2-ʜʠʘʣʢʠʣ-4-ʭʣʦʨʤʝʪʠʣ-1,3-ʜʠʦʢʩʦʣʘʥʳ 1ʘ-ʩ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʫʩʣʦʚʠʷʭ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘ, ʢʦʥʜʝʥʩʘʮʠʝʡ 3-ʭʣʦʨ-ʧʨʦʧʘʥʜʠʦʣʘ-1,2 ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʝʪʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [4]. 

ʉʭʝʤʘ 1 

1a-c 2a-c

OO

R1
R2

CH2Cl

OO

R1
R2

R1= R2 = CH3 (1a, 2a)

R1 = i-Bu, R2 = CH3 (1b, 2b)

R1 = R2 =         

CH2

CH2

(1c, 2c)

KOH

 
ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʪʠʣʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 2ʘ-ʩ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 200 Áʉ ʩ 

ʚʳʭʦʜʦʤ 2ʘ-ʩ ʙʦʣʝʝ 80%.  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʘʤʠ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, 1ʅ ʠ 13ʉ-ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʦʩʩʠʠ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦʤʝʨ ʜʣʷ ʧʫʙʣʠʢʘʮʠʡ FEUR ð 2022-0007 

çʅʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʤʘʩʣʘ ʠ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠè.  
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ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʥʘ ʧʝʨʠʬʝʨʠʠ ʛʘʣʦʛʝʥʳ ʠ 

ʤʝʪʠʣʬʝʥʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ 

 

ʄʳʢʠʥʘ ɽ.ɸ., ʊʠʭʦʤʠʨʦʚʘ ʊ.ɺ., ɺʘʰʫʨʠʥ ɸ.ʉ. 

ʀʚʘʥʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʍʠʤʠʢʦ-ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: mykina.katerina@yandex.ru 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʩʸ ʯʘʱʝ ʧʨʠʚʣʝʢʘʝʪ ʠʟʫʯʝʥʠʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʨʫʧʧʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚ. ɺʚʝʜʝʥʠʝ ʥʘ ʧʝʨʠʬʝʨʠʶ ʬʪʘʣʦʮʠʘʥʠʥʘ 

ʬʝʥʦʢʩʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʧʨʠʜʘʝʪ ʵʪʠʤ ʫʥʠʢʘʣʴʥʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ ʭʦʨʦʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʦʚʳʰʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʬʪʘʣʦʮʠʘʥʠʥʘ. 

ʅʘʩʪʦʷʱʝʝ ʩʦʦʙʱʝʥʠʝ ʧʦʩʚʷʱʝʥʦ ʩʠʥʪʝʟʫ 

ʪʨʠʤʝʪʠʣʬʝʥʦʢʩʠʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʥʠʪʨʠʣʦʚ ʠ ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʘ 

ʠʭ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʫʪʝʤ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ 3,4,5,6-

ʪʝʪʨʘʭʣʦʨʬʪʘʣʦʥʠʪʨʠʣʝ ʥʘ ʪʨʠʤʝʪʠʣʬʝʥʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚ ʨʘʟʣʠʯʥʦʤ 

ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 4-ʪʨʠʤʝʪʠʣʬʝʥʦʢʩʠ-3,5,6-

ʪʨʠʭʣʦʨʬʪʘʣʦʥʠʪʨʠʣ (1) ʠ 4,5-ʪʨʠʤʝʪʠʣʬʝʥʦʢʩʠ-3,6-ʜʠʭʣʦʨʬʪʘʣʦʥʠʨʠʣ (2). 

ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ, ʚʘʨʴʠʨʫʷ ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʩʠʥʪʝʟʘ ʠ ʱʝʣʦʯʥʳʝ ʘʛʝʥʪʳ (ʩʭʝʤʘ 1).  

 
ʉʭʝʤʘ 1 

ʅʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʪʘʣʦʥʠʪʨʠʣʦʚ (1, 2) ʧʦʣʫʯʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ ʮʠʥʢʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. ʀʟʫʯʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ, ʩʦʛʣʘʰʝʥʠʝ 22-73-10158 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʌɻɹʆʋ ɺʆ çʀɻʍʊʋè (ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ075-15-2021-671). 



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 

 

 

 

 

92 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʙʦʨʘ ʩ ʬʝʥʦʢʩʠʟʘʤʝʱʝʥʥʳʤʠ 3-(ʭʠʥʦʣʠʥ-2-

ʠʣʤʝʪʠʣʝʥ)ʠʟʦʠʥʜʦʣʠʥ-1-ʦʥʘʤʠ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʭ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ 

 

ʅʘʙʘʩʦʚ ɸ.ɸ., ʈʫʤʷʥʮʝʚʘ ʊ.ɸ., ɻʘʣʘʥʠʥ ʅ.ɽ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: kolosaner@mail.ru 

 

ʆʜʥʦʡ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʛʨʫʧʧ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ 

ʙʦʨʘ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʜʠʧʠʨʨʦʤʝʪʝʥʘ (BODIPY). ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʘʥʘʣʦʛʠ BODIPY ʠʟ-ʟʘ ʧʦʥʠʞʝʥʠʷ ʩʠʤʤʝʪʨʠʠ 

ʷʜʨʘ ʬʣʫʦʨʦʬʦʨʘ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʛʦ ʥʘʣʠʯʠʝ ʠʥʪʝʥʩʠʚʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ, ʧʦʨʦʰʢʘʭ ʠ ʧʣʝʥʢʘʭ ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʉʪʦʢʩʦʚʳʭ ʩʜʚʠʛʦʚ. ʇʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʙʦʨʘ ʩ ʬʝʥʦʢʩʠ- (1) ʠ ʜʠʬʝʥʦʢʩʠ- (2) ʟʘʤʝʱʝʥʥʳʤʠ 3-

(ʭʠʥʦʣʠʥ-2-ʠʣʤʝʪʠʣʝʥ)ʠʟʦʠʥʜʦʣʠʥ-1-ʦʥʘʤʠ. 

 
ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 1, 2 ʦʩʫʱʝʩʪʚʣʷʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʝʥʦʢʩʠʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʠʤʠʜʦʚ ʩ ʭʠʥʘʣʴʜʠʥʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ 

ʵʬʠʨʘʪʦʤ ʪʨʝʭʬʪʦʨʠʩʪʦʛʦ ʙʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ. ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʗʄʈ 1H ʠ 
13C. 

ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʢʦʤʧʣʝʢʩʦʚ 1 ʠ 2 ʧʦʣʫʯʝʥʳ ʪʝʨʤʦʚʘʢʫʫʤʥʳʤ ʥʘʧʳʣʝʥʠʝʤ ʥʘ 

ʧʦʜʣʦʞʢʠ ʠʟ ʩʪʝʢʣʘ ʩ ʥʠʢʝʣʝʚʳʤʠ ʚʩʪʨʝʯʥʦ-ʰʪʳʨʝʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʊʦʣʱʠʥʘ 

ʧʣʝʥʦʢ ʩʦʩʪʘʚʣʷʣʘ 80 ï 100 ʥʤ. ʀʩʩʣʝʜʦʚʘʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʣʝʥʦʢ ʚ 

ʪʝʤʥʦʪʝ ʠ ʧʨʠ ʦʩʚʝʱʝʥʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʦʪʥʦʰʝʥʠʝ ʪʝʤʥʦʚʦʡ ʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʦʢʦʣʦ 10. 

ʆʙʩʫʞʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 

1 ʠ 2. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

(ʪʝʤʘ ˉ FZZW-2020-0010). ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʣʝʢʘʣʦʩʴ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʎʂʇ ʀɻʍʊʋ. 
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ʄʥʦʛʦʙʨʘʟʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

3d-ʤʝʪʘʣʣʦʚ ʩ ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ ʤʦʥʦ- ʠ ʙʠʨʘʜʠʢʘʣʘʤʠ 

 

ʅʘʩʳʨʦʚʘ ɼ.ʀ.1,2, ʄʠʥʷʝʚ ʄ.ɽ.2, ʂʫʜʨʷʚʮʝʚʘ ɽ.ʅ.2, ʊʨʝʪʴʷʢʦʚ ɽ.ɺ.2 

1ɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  
2ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: dinasyrova@ioc.ac.ru 

 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩ ʩʦʧʨʷʞʝʥʥʳʤʠ ʥʠʪʨʦʢʩʠʣʘʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʩʠʩʪʝʤ ʦʪʢʨʳʣʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʟʘʡʥʘ ʤʘʛʥʝʪʠʢʦʚ [1, 2], ʢʦʪʦʨʦʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ [3]. ʇʦʩʢʦʣʴʢʫ ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʫʝʪ ʢʨʠʩʪʘʣʣʳ, ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ. 

ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 3d-ʤʝʪʘʣʣʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ Cu(II ), Mn(II ), 

Co(II ), Ni(II)) ʩ ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ: 

ʦʧʠʩʘʥ ʭʘʨʘʢʪʝʨ ʫʧʘʢʦʚʢʠ, ʩʚʷʟʳʚʘʥʠʝ ʠʦʥʘ ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥ 

ʩʚʷʟʝʡ ʚ ʨʘʜʠʢʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʜʠʢʘʣʳ ʦʙʨʘʟʫʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʣʠʛʘʥʜʝ, ʦʜʥʘʢʦ ʜʣʷ ʤʝʜʠ ʭʘʨʘʢʪʝʨʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʞʝ ʩʦʧʨʷʞʝʥʥʳʡ 

ʥʠʪʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʙʠʜʝʥʪʘʥʪʥʦʛʦ ʣʠʛʘʥʜʘ. 

 

 
ʈʠʩ.1 ʄʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʜʠ (II)          ʈʠʩ.2 ɹʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʘʨʛʘʥʮʘ (II) 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Miller  J.S., Gatteschi D. // Chem. Soc. Rev. 2011. V. 40. P. 3065. 

[2] Caneschi A., Gatteschi D., Sessoli R., Rey P. // Acc. Chem. Res. 1989. V. 22. P. 

392. 

[3] Tretyakov E.V., Ovcharenko V.I., Terent'ev A.O., et al. // Russ. Chem. Rev. 

2022. V. 91,  ̄2. 
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ɺʣʠʷʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ, ʛʣʫʪʘʪʠʦʥʘ ʠ ʤʫʮʠʥʘ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʥʠʪʨʦʟʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ ʩ 3,4-ʜʠʭʣʦʨʪʠʦʬʝʥʦʣʠʣʦʤ 

 

ʅʦʚʠʢʦʚʘ ɺ.ʆ.1, ʇʦʢʠʜʦʚʘ ʆ.ɺ.1, ʉʘʥʠʥʘ ʅ.ɸ.1,2,3 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʙʣʘʩʪʥʦʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʳʪʠʱʠ, ʈʦʩʩʠʷ 

E-mail:veronika@icp.ac.ru 

 

ʅʠʪʨʦʟʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ (ʅʂɾ) [Fe2(SC6H3Cl2)2(NO)4] ʩ 3,4-

ʜʠʭʣʦʨʪʠʦʬʝʥʦʣʠʣʦʤ (ʢʦʤʧʣʝʢʩ 1) ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʵʢʟʦʛʝʥʥʳʭ ʜʦʥʦʨʦʚ NO, 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʣʝʯʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʎʝʣʴʶ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʛʝʤ-/ʪʠʦʣʩʦʜʝʨʞʘʱʠʭ ʙʝʣʢʦʚ 

ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʪʠʦʣʦʚ (ʜʝʧʦ NO in vivo) ʥʘ ʧʨʦʮʝʩʩ ʝʛʦ ʨʘʩʧʘʜʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ NO. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʘ ʩ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʦʤ (HbO2), 

ʜʝʟʦʢʩʠʛʝʤʦʛʣʦʙʠʥʦʤ (Hb), ʛʣʫʪʘʪʠʦʥʦʤ (GSH) ʠ ʤʫʮʠʥʦʤ (MUC2).  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʘ 1 ʚ ʨʘʩʪʚʦʨ 

GSH ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩ r ʚ ʨʘʡʦʥʝ 310 ʥʤ ʠ ʥʘ 360 ʥʤ, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ 

ʠʩʭʦʜʥʦʤ ʩʧʝʢʪʨʝ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʙʠʷʜʝʨʥʳʭ ʅʂɾ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ [1]. ʀʩʭʦʜʥʳʡ ʩʧʝʢʪʨ ʩʠʩʪʝʤʳ MUC2-ʢʦʤʧʣʝʢʩ 1 ʠʤʝʝʪ ʧʦʣʦʩʫ ʥʘ 409 

ʥʤ, ʦʪʣʠʯʥʫʶ ʦʪ ʤʘʢʩʠʤʫʤʘ ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ, ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʤʝʱʝʥʠʷ ʧʦʣʦʩ, ʢʘʢ ʜʣʷ ʩʧʝʢʪʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʙʫʬʝʨʝ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ HbO2 

NO, ʚʳʜʝʣʠʚʰʠʡʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 1, ʨʝʘʛʠʨʫʝʪ ʩ ʙʝʣʢʦʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʪʨʘʪ-ʠʦʥʘ ʠ ʤʝʪʛʝʤʦʛʣʦʙʠʥʘ (metHb): HbO2 + NO Ÿ metHb + 

NO3
-. Hb ʩ NO ʚ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩʘ 1 ʥʝ ʦʙʨʘʟʫʝʪ ʥʠʪʨʦʟʠʣʛʝʤʦʛʣʦʙʠʥ ʚ ʪʝʯʝʥʠʝ 

10 ʯʘʩʦʚ: Hb + NO ź HbNO. 

ʀʩʧʦʣʴʟʫʷ ʨʝʘʢʮʠʶ ɻʨʠʩʩʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʠʪʦʚ, ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʢʦʤʧʣʝʢʩʘ 1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ GSH ʠ ʙʝʟ ʥʝʛʦ 

ʫʨʦʚʝʥʴ ʥʠʪʨʠʪʦʚ ʥʝ ʦʪʣʠʯʘʝʪʩʷ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ MUC2 ʥʠʪʨʠʪʦʚ ʥʘʢʘʧʣʠʚʘʣʦʩʴ 

ʚ 7 ʨʘʟ ʙʦʣʴʰʝ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ NO-ʜʦʥʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ 1 ʚ 

ʩʠʩʪʝʤʝ ʩ HbO2 ʚʳʰʝ, ʯʝʤ ʙʝʟ ʥʝʛʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʢʣʶʯʝʥʠʠ HbO2, Hb, GSH ʠ MUC2 ʚ 

ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʶ ʢʦʤʧʣʝʢʩʘ 1 ʦʥʠ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʝʛʦ ʧʨʦʮʝʩʩ ʨʘʩʧʘʜʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ NO-ʜʦʥʦʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-73-10049, https://rscf.ru/project/22-73-10049/. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Pokidova ʆ.V., et al. // J Inorg Biochem. 2022. V. 235. P. 11926. 
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ʉʠʥʪʝʟ ʪʝʪʨʘ-3-(4-ʙʨʦʤʬʝʥʦʢʩʠʟʘʤʝʱʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ 

ʮʠʥʢʦʤ, ʤʘʛʥʠʝʤ ʠ ʘʣʶʤʠʥʠʝʤ 

 

ʅʦʩʢʦʚʘ ɺ.ʉ., ʊʠʭʦʤʠʨʦʚʘ ʊ.ɺ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: vera.noskova.2016@mail.ru 

 

ʊʝʤʧʣʘʪʥʦʡ ʢʦʥʜʝʥʩʘʮʠʝʡ ʤʝʪʦʜʦʤ ʩʧʣʘʚʣʝʥʠʷ 3-[4-

ʙʨʦʤʬʝʥʦʢʩʠ]ʬʪʘʣʦʥʠʪʨʠʣʘ ʩ ʙʝʟʚʦʜʥʳʤ ʘʮʝʪʘʪʦʤ ʤʝʪʘʣʣʘ (ʮʠʥʢʘ, ʤʘʛʥʠʷ, 

ʘʣʶʤʠʥʠʷ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180ÁC ʧʦʣʫʯʠʣʠ ʬʪʘʣʦʮʠʘʥʠʥʳ. ʄʝʪʦʜʦʤ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʯʠʱʝʥʥʳʝ ʟʘʤʝʪʘʣʣʠʨʦʚʘʥʥʳʝ 

ʬʪʘʣʦʮʠʘʥʠʥʳ ʟʘʤʝʱʝʥʥʳʝ ʚ ʪʨʝʪʴʝʤ ʧʦʣʦʞʝʥʠʠ. 

 

 
ʉʭʝʤʘ 1 

 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ MALDI-TOF ï ʩʧʝʢʪʨʦʤʝʪʨʠʠ.  



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 
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ʉʠʥʪʝʟ 6-ʘʨʠʣ-2-ʤʝʨʢʘʧʪʦ-4-ʤʝʪʠʣʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʘ ʠ ʝʛʦ  ʨʝʘʢʮʠʠ ʩ 

ʜʠʤʝʪʠʣʭʣʦʨʘʮʝʪʠʣʝʥʬʦʩʬʦʥʘʪʦʤ 
 

 ʅʦʩʦʚʘ ʅ.ɸ., ɽʛʦʨʦʚ ɼ.ʄ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ                                                                                                                           

E-mail: nataliaauer2017@gmail.com  
 

ʇʨʦʠʟʚʦʜʥʳʝ ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʪʘʢ ʢʘʢ  ʧʨʦʷʚʣʷʶʪ  

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ  ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʙʰʠʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ, 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  

ʊʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʝʡ ʪʠʦʤʦʯʝʚʠʥʳ (1), ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʣʴʜʝʛʠʜʘ 

(2) ʠ ʘʮʝʪʦʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ (3) ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʙʳʣ ʧʦʣʫʯʝʥʳ ʨʷʜ 

ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʘ (4(a-d)).  ʉʠʥʪʝʟ ʧʨʦʭʦʜʠʣ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʣʣʠʟʘʮʠʠ ʩʦʩʪʘʚʠʣ 90%.  

 
ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʝʜʠʥʝʥʠʡ (4(a-d)) ʩ ʜʠʤʝʪʠʣʭʣʦʨʘʮʝʪʠʣʝʥʬʦʩʬʦʥʘʪʦʤ 

(5) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʵʪʠʣ 3-ʜʠʤʝʪʦʢʩʠʬʦʩʬʦʨʠʣ-

7-ʤʝʪʠʣ-5-ʘʨʠʣ-ʜʠʛʠʜʨʦʪʠʘʟʦʣʦʧʠʨʠʤʠʜʠʥʢʘʨʙʦʢʩʠʣʘʪʘ (6(a-d)). ʈʝʘʢʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 8-16 ʯʘʩʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʵʢʚʠʚʘʣʝʥʪʘ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʚ ʙʝʟʚʦʜʥʦʤ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʜʦ 

80%. 

 
ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʜʘʥʥʳʤ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1ʅ, 13ʉ, 31ʈ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʙʘʟʦʚʦʡ ʯʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ (ˉ 785.00.ʍ6019) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʀʎ ʉʇʙɻʊʀ (ʊʋ). 
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ʎʠʢʣʠʟʘʮʠʷ ʈʠʭʪʝʨʘ ʚ ʨʷʜʫ 3-ʘʤʠʥʦʧʠʨʠʜʠʥʦʚ 

 

ʆʛʫʨʮʦʚʘ ɸ.ɼ., ʄʠʭʘʡʣʦʚ ɺ.ʅ., ʉʦʨʦʢʦʫʤʦʚ ɺ.ʅ., ɹʘʣʦʚʘ ʀ.ɸ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: st075714@ student.spbu.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʛʝʪʝʨʦʘʥʥʝʣʠʨʦʚʘʥʠʶ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʟʘʮʠʷ ʈʠʭʪʝʨʘ, 

ʦʪʢʨʳʪʘʷ ʚ 1883 ʛʦʜʫ: ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʚʠʮ-ʘʣʢʠʥʠʣʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʠ ʮʠʢʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʦʡ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʩʫʙʩʪʨʘʪʘ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʜʚʫʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʫʪʝʡ ʮʠʢʣʠʟʘʮʠʠ: 6-endo-dig ʠ 5-exo-dig ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʰʝʩʪʠʯʣʝʥʥʦʛʦ ʠ ʧʷʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʟʫʯʝʥʠʝ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʦʛʨʘʥʠʯʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ ʘʨʝʥʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʮʠʢʣʠʟʘʮʠʠ ʈʠʭʪʝʨʘ ʜʣʷ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʥʘʣʦʛʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʩʦʣʠ ʜʠʘʟʦʥʠʷ ʵʪʠʥʠʣʟʘʤʝʱʝʥʳʭ ʧʠʨʠʜʠʥʦʚ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʮʠʢʣʠʟʘʮʠʠ ʈʠʭʪʝʨʘ 

(ʈʠʩ.1) ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ 3-ʘʤʠʥʦʧʠʨʠʜʠʥʘ, ʘ ʪʘʢʞʝ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʮʠʢʣʠʟʘʮʠʠ ʠ ʝʝ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ. 

 

 
ʈʠʩ. 1. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 21-73-00170). 
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ʌʫʨʠʣʟʘʤʝʱʝʥʥʳʝ ʥʠʪʨʦʩʫʣʴʬʦʜʠʝʥʳ ʨ̫ ʜʘ ʪʠʦʣʝʥ-1,1-ʜʠʦʢʩʠʜʘ 

 

ʆʟʝʨʦʚʘ ʆ.ʖ., ʕʣʝʥʙʝʨʛ ɽ.ɺ., ʃʝʙʝʜʝʚʘ ɼ.ɺ., ɹʠʢʝʝʚʘ ʂ.ɸ. 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ. ʀ. ɻʝʨʮʝʥʘ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: kohrgpu@yandex.ru 

 

ʅʠʪʨʦʜʠʝʥʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʠʥʪʦʥʘʤʠ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʢʘʨʙʦ- ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ [1]. ʊʘʢ, ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʤʠ 

ʥʠʪʨʦʩʫʣʴʬʦʜʠʝʥʦʚ ï 2-ʙʝʥʟʠʣʠʜʝʥ-4-ʥʠʪʨʦ-2,5-ʜʠʛʠʜʨʦʪʠʦʬʝʥ 1,1-ʜʠʦʢʩʠʜʦʚ 

(ɹʅʊɼ) ʧʦʣʫʯʝʥʳ ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʥʠʪʨʦʩʫʣʴʬʦʣʘʥʘ ʩ ʢʦʣʴʮʘʤʠ ʧʠʨʘʟʦʣʠʜʠʥʘ, ʠʟʦʢʩʘʟʦʣʠʜʠʥʘ ʠ ʭʨʦʤʘʥʘ [2]. ʉ 

ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʩʫʣʴʬʦʣʘʥʩʦʜʝʨʞʘʱʠʭ 

ʧʦʣʠʮʠʢʣʦʚ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ɹʅʊɼ 2-5, ʩʦʜʝʨʞʘʱʠʝ 

ʩʣʦʞʥʦʟʘʤʝʱʝʥʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ ʢʦʣʴʮʘʤʠ ʬʫʨʘʥʘ ʠ ʙʝʥʟʦʣʘ. 

ʉʠʥʪʝʟ ʜʠʝʥʦʚ 2-5 ʩ ʚʳʭʦʜʘʤʠ 55-86% ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ 

ʥʠʪʨʦʩʫʣʴʬʦʣʝʥʘ 1 ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʚ ʤʝʪʘʥʦʣʝ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ b-ʘʣʘʥʠʥʘ (3ʯ, 18 ) [3].  

 

 
ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ɹʅʊɼ 2-5, ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʀʂ, ʋʌ, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺ ʩʧʝʢʪʨʘʭ 

ʗʄʈ1H ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʜʠʝʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʠʟʦʤʝʨʘ. ɺ ʩʧʝʢʪʨʘʭ 1ʅ-1ʅ 

NOESY ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝ ʷʜʝʨʥʦʛʦ ʵʬʬʝʢʪʘ ʆʚʝʨʭʘʫʟʝʨʘ 

ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ Z,E-s-ʪʨʘʥʩ-ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʜʠʝʥʦʚ 2-5. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Halimehjani A.Z., Namboothiri I.N. N., Hooshmand S.E. // RSC Advances. 2014. 

ʊ. 4. P. 31261-31299.  

[2] ɽʬʨʝʤʦʚʘ ʀ.ɽ., ʃʘʧʰʠʥʘ ʃ.ɺ., ɹʘʡʯʫʨʠʥ ʈ.ʀ., ʉʝʨʝʙʨʷʥʥʠʢʦʚʘ ɸ.ɺ., ʉʘʚʝʣʴʝʚ 

ʀ.ʀ. // ɾʫʨʥʘʣ ʦʙʱʝʡ ʭʠʤʠʠ. 2020. ʊ. 90. ˉ 8. ʉ. 1153-1172.  

[3] ʉʘʚʝʣʴʝʚ ʀ.ʀ., ɽʬʨʝʤʦʚʘ ʀ.ɽ., ʃʘʧʰʠʥʘ ʃ.ɺ., ɻʫʨʞʠʡ ɺ.ɺ., ɹʘʡʯʫʨʠʥ ʈ.ʀ. // 

ʍʠʤʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 2022. ʊ. 58. ˉ 1. ʉ. 58-63.  
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ʆʨʝʭʦʚ ɼ.ɺ., ɹʝʜʥʷʢʦʚ ɺ.ɸ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: mitriy07@mail.ru 

 

ɹʝʪʫʣʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʦʷʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ: ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʠʡ, ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʳʡ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ. 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ  ʙʝʪʫʣʠʥʘ ï ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, 

ʦʜʥʘʢʦ, ʝʛʦ ʤʦʞʥʦ ʧʨʝʦʜʦʣʝʪʴ, ʚʚʦʜʷ ʙʝʪʫʣʠʥ ʚ ʩʪʨʫʢʪʫʨʫ ʘʤʬʠʬʠʣʴʥʳʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. ʉʪʨʫʢʪʫʨʘ ʙʝʪʫʣʠʥʘ ʩʦʜʝʨʞʠʪ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-20, 

ʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘ ʥʝʪ ʜʘʥʥʳʭ ʦʙ ʫʯʘʩʪʠʠ ʵʪʦʡ ʩʚʷʟʠ ʚ ʮʝʧʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʧʦʣʦʞʝʥʠʷʭ ʉ-3 ʠ ʉ-28 ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣʳ ʙʝʪʫʣʠʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʤʝʨʦʚ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʝʪʫʣʠʥʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʤʝʪʘʢʨʠʣʦʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʦʣʠʛʦʵʪʠʣʝʥʛʣʠʢʦʣʴʚʫʶ ʮʝʧʦʯʢʫ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʘʤʬʠʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʤʝʨʘ ʠ ʧʦʣʠʤʝʨʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʟ ʥʦʚʳʭ ʤʦʥʦʤʝʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʙʝʪʫʣʠʥʘ ï ʦʣʠʛʦ(ʵʪʠʣʝʥʛʣʠʢʦʣʴ)ʙʝʪʫʣʠʥʤʝʪʘʢʨʠʣʘʪʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʥʪʝʟʘ ʠ ʩʚʦʡʩʪʚ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ (ʩʦ)ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʤʦʥʦʤʝʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 22-73-00232). 
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ʆʪʚʘʛʠʥ ɺ.ʌ.1, ʅʶʯʝʚ ɸ.ɺ.1, ʂʫʟʴʤʠʥʘ ʅ.ʉ.1, ʂʦʡʬʤʘʥ ʆ.ʀ.2, ʌʝʜʦʨʦʚ ɸ.ʖ.1  
1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 
2ʅʀʀ ʭʠʤʠʠ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: votvagin@yandex.ru 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʢʦʥʲʶʛʘʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʬʨʘʛʤʝʥʪʳ ʜʠʤʝʪʠʣʭʣʦʨʠʥʘ-ʝ6 ʠ 4-

ʘʨʠʣʘʤʠʥʦʭʠʥʘʟʦʣʠʥʘ [1]. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʦʥʲʶʛʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʬʠʨʠʥʦʚʳʭ ʠ 

ʭʠʥʘʟʦʣʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʨʠʩ.1.).  

 
       ʈʠʩ.1. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʧʦʣʫʯʝʥʥʳʝ ʢʦʥʲʶʛʘʪʳ ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʘʨʛʝʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʠ/ʠʣʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 21-73-

10230). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Otvagin V.F., Nyuchev A.V., Kuzmina N.S.,  et al. // Eur. J. Med. Chem. 2018. V. 

144. P. 740. 

[2] Otvagin V.F., Kuzmina N.S., Krylova L.V., et al. // J. Med. Chem. 2019. V. 62. P. 

11182. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ ʚ ʧʨʦʮʝʩʩʝ ʵʪʝʨʠʬʠʢʘʮʠʠ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

 

ʆʪʦʧʢʦʚʘ ʂ.ɺ.1,2, ɽʩʠʧʦʚʠʯ ɸ.ʃ.1,2, ɹʘʡʜʘʯʝʥʢʦ ɺ.ɽ.1, ʂʦʥʜʨʘʪʴʝʚ ɽ.ɸ.1,  

ʀʚʘʥʢʦʚ ɼ.ʄ.1 

1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʈ.ɽ ɸʣʝʢʩʝʝʚʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: k.otopkova@gmail.com 

 

ʄʝʪʠʣʦʚʳʝ ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʄʕɾʂ) ʧʦʣʫʯʘʶʪ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʞʠʨʦʚ ʤʝʪʘʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʕɾʂ ʷʚʣʷʝʪʩʷ 

ʥʝʧʠʱʝʚʳʝ ʤʘʩʣʘ ʠ ʦʪʭʦʜʳ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʞʠʚʦʪʥʳʝ ʞʠʨʳ ʠ 

ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ, ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʤʘʩʣʘ ʜʣʷ ʞʘʨʢʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʩʳʨʴʷ ʩʣʫʞʠʪ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʘ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʉɾʂ), ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʱʝʣʦʯʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʳʣ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʉʨʝʜʠ ʪʚʝʨʜʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʳ (ɻʇʂ). ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ɻʇʂ ʦʪʥʦʩʷʪʩʷ: ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ; ʚʳʩʦʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ, ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʄʕɾʂ, ʥʠʟʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ɻʇʂ, ʚ ʧʨʦʮʝʩʩʝ 

ʵʪʝʨʠʬʠʢʘʮʠʠ ʉɾʂ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʦʙʨʘʟʮʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʪʝʨʠʬʠʢʘʮʠʠ ʉɾʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʢʘʪʘʣʠʟʘʪʦʨʦʚ* 

ɺʨʝʤʷ, ʯ 
ɺʳʭʦʜ ʄʕɾʂ, % 

H3PW12ʆ40 H4SiW12ʆ40 H3PMo12ʆ40 H4SiMo12ʆ40 

1 33,7382 34,7885 21,70228 16,4153 

2 54,0731 54,357 42,04787 26,0609 

4 68,213 67,3944 49,46014 40,0875 

6 72,8623 78,1048 58,39101 47,6723 

* - ʟʘʛʨʫʟʢʘ ɻʇʂ 0,5 õ 1,0 ʤʘʩʩ. % ʦʪ ʉɾʂ; ʪʝʤʧʝʨʘʪʫʨʘ 60 ʦʉ; ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʥʦʣ 

ʢ ʉɾʂ 10:1 (ʤʦʣ.). 

 

ʉʨʝʜʠ ʠʩʧʳʪʘʥʥʳʭ ɻʇʂ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʪʝʨʠʬʠʢʘʮʠʠ 

ʉɾʂ ʤʝʪʘʥʦʣʦʤ ʧʨʦʷʚʠʣʘ ʢʨʝʤʥʝʚʦʣʴʬʨʘʤʦʚʘʷ ʢʠʩʣʦʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ FSWR-

2022-0003. 
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ʅʦʚʳʝ ʗʥʫʩ-ʧʦʜʦʙʥʳʝ ʘʤʬʠʬʠʣʴʥʳʝ ʜʝʥʜʨʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʘʣʢʠʥʠʣ-

ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ ʠ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ 

 

ʆʯʝʨʝʜʥʶʢ ɽ.ɸ.1, ʄʘʢʘʨʦʚ ɽ.ɻ.1, ɹʫʨʠʣʦʚ ɺ.ɸ.1, ɸʥʪʠʧʠʥ ʀ.ʉ.1,2 

1ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ  
2ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ. ɽ. ɸʨʙʫʟʦʚʘ ʈɸʅ, 

ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

Email: ocherednuk@gmail.com 

 

ʆʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʠ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʜʝʥʜʨʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ, ʥʘʰʝʜʰʠʭ 

ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʩʤʝʞʥʳʭ ʩ ʭʠʤʠʝʡ ʥʘʫʢ. ɹʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʛʠʜʨʦʬʦʙʥʦʡ ʠ ʛʠʜʨʦʬʠʣʴʥʦʡ ʯʘʩʪʝʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʘʤʬʠʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʗʥʫʩ-ʧʦʜʦʙʥʳʝ ʜʝʥʜʨʠʤʝʨʳ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʠʢ-ʭʠʤʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʝʘʢʮʠʝʡ ʘʟʠʜ-

ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʗʥʫʩ-ʧʦʜʦʙʥʳʭ ʜʝʥʜʨʠʤʝʨʦʚ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ 

ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʪʨʘʪʝʛʠʷ (ʩʭʝʤʘ 1) ʩʠʥʪʝʟʘ ʜʝʥʜʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ 

ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʟʘʢʨʝʧʣʝʥʠʝ ʥʘ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʤ ʷʜʨʝ ʢʘʣʠʢʩ[4]ʘʨʝʥʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʗʥʫʩ-ʜʝʥʜʨʠʤʝʨʦʚ. 

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʩʪʨʘʪʝʛʠʷ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 4-10. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 22-13-00304).  
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ʇʘʚʝʣʴʝʚ ʉ.ɸ.1, ʉʝʛʠʜʘ ʆ.ʆ.1, ɼʚʦʨʝʮʢʠʡ  ɸ.1, 2, 

ʌʸʜʦʨʦʚʘ ʋ.ɺ.1, 2, ʊʝʨʝʥʪʴʝʚ ɸ.ʆ.1, 2 

1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 E-mail: spavelyev@yandex.ru 

 

ʉʝʣʝʢʪʠʚʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʘʣʢʝʥʦʚ ð ʦʜʥʦ ʠʟ ʩʘʤʳʭ 

ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʭʩʷ ʠ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʇʦʜʭʦʜʳ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʣʢʝʥʦʚ ʧʦ 

ʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʠ ʧʨʝʜʩʢʘʟʫʝʤʳ. ʉʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʠʟʫʯʝʥʳ ʚ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ 

ʦʪʢʨʳʚʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ɺʠʥʠʣʘʟʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʦʡʥʫʶ C=C 

ʩʚʷʟʴ ʠ ʘʟʠʜʦʛʨʫʧʧʫ ʚ ʛʝʤʠʥʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʕʪʠ ʩʫʙʩʪʨʘʪʳ ʦʙʣʘʜʘʶʪ 

ʠʥʪʝʨʝʩʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʨʘʜʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʷʭ: ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʨʘʜʠʢʘʣʦʚ ʢ ʩʚʷʟʠ ʉ=ʉ ʚʠʥʠʣʘʟʠʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʪʱʝʧʣʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʘʟʦʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʩʪʘʙʠʣʴʥʳʭ N-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʠʤʠʥʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʜʘʣʴʥʝʡʰʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʠʤʠʥʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ï ʝʥʘʤʠʥʦʚ, ʢʝʪʦʥʦʚ, ʘʟʠʥʦʚ, N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.32 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʬʦʪʦ- ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʨʘʜʠʢʘʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʚʠʥʠʣʘʟʠʜʦʚ (ʨʠʩ. 1). 

ʌʦʪʦʭʠʤʠʯʝʩʢʦʝ ʛʠʜʨʦʘʮʠʣʠʨʦʚʘʥʠʝ ʚʠʥʠʣʘʟʠʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʮʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʝʥʘʤʠʥʦʥʦʚ. [1] ʇʨʦʜʫʢʪʘʤʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʩʠʘʤʠʥʠʨʦʚʘʥʠʷ ʚʠʥʠʣʘʟʠʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ N-

ʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʷʚʣʷʶʪʩʷ ʆ-ʟʘʤʝʱʝʥʥʳʝ ʦʢʩʠʤʳ ʩ ʨʝʜʢʠʤ ʜʣʷ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʬʨʘʛʤʝʥʪʦʤ N-O-N. [2] 

 
ʈʠʩ. 1. ʌʦʪʦ- ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʨʘʜʠʢʘʣʴʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʚʠʥʠʣʘʟʠʜʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ʧʨʦʝʢʪ ˉ 22-

23-00476). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Paveliev S.A., Segida O.O. // Organic Letters. DOI: 10.1021/acs.orglett.2c03364. 

[2] Paveliev S.A., Churakov A.I., et. al. // Advanced Synthesis & Catalysis. 2020. Iss. 

18. P. 982-987. 
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ʇʘʥʠʥʘ ʖ.ɺ.1, ɸʭʤʝʜʦʚ ɸ.ɸ.1, ʐʫʨʧʠʢ ɼ.ʅ.1, ʉʪʦʡʢʦʚ ʀ.ʀ.1,2 
1ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
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ʙʝʟʦʧʘʩʥʦʩʪʠ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
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ʆʙʰʠʨʥʳʡ ʢʣʘʩʩ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʪʝʨʧʝʥʦʠʜʳ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʝʨʧʝʥʦʠʜʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʊʝʨʧʝʥʦʠʜʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʥʜʠʜʘʪʦʚ ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʝ 

ʩʨʝʜʩʪʚʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʘʢʨʦʮʠʢʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʦʩʪʠ, ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʚʘʣʝʥʪʥʦʝ 

ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʝʨʧʝʥʦʠʜʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʪʝʨʧʝʥʦʠʜʦʚ ʠ ʧʦʣʫʯʝʥʳ ʠʭ 

ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʝʥʠʷ ʧʦ ʧʨʠʥʮʠʧʫ çʛʦʩʪʴ-ʭʦʟʷʠʥè ʩ ʧʠʣʣʘʨ[5]ʘʨʝʥʦʤ. ɹʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʘʩʩʦʮʠʘʪʦʚ ʦʪ pH ʩʨʝʜʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ pH-ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʘʤʦʩʙʦʨʢʠ, ʢʦʥʩʪʘʥʪʳ ʘʩʩʦʮʠʘʮʠʠ ʠ ʩʪʝʭʠʦʤʝʪʨʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʠʣʣʘʨ[5]ʘʨʝʥ / 

ʤʝʨʦʪʝʨʧʝʥʦʠʜ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʪʦʜʘʤʠ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ɼʉʈ. 

ɺʢʣʶʯʝʥʠʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʧʨʝʧʘʨʘʪʘ ʬʣʦʢʩʫʨʠʜʠʥʘ ʚ ʩʪʨʫʢʪʫʨʫ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʩʩʦʮʠʘʪʘ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʢʩʢʦʧʠʠ ʗʄʈ 
19F ʠ 2D DOSY.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 22-73-00187) 

ʠ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ 

ʂʘʟʘʥʩʢʦʛʦ (ʇʨʠʚʦʣʞʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (çʇʨʠʦʨʠʪʝʪ-2030è).   
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ʇʘʩʴʢʦ ɸ.ɺ., ʊʫʧʠʢʦʚ ɸ.ʉ.  

ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: nastya.pasko@list.ru 

 

ɸʮʝʪʘʪʳ ʮʝʣʣʶʣʦʟʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʮʝʣʣʶʣʦʟʳ, ʠʭ ʧʨʠʤʝʥʷʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʧʦʣʫʯʝʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʣʦʢʥʘ, ʢʠʥʦʧʣʝʥʢʠ, ʣʘʢʦʚ, ʩʠʛʘʨʝʪʥʳʭ ʬʠʣʴʪʨʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʤʝʤʙʨʘʥ ʜʣʷ ʧʠʱʝʚʳʭ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʫʢʩʫʩʥʦʢʠʩʣʳʭ 

ʵʬʠʨʦʚ ʮʝʣʣʶʣʦʟʳ ʷʚʣʷʶʪʩʷ ʠʭ ʥʝʛʦʨʶʯʝʩʪʴ ʠ ʩʚʝʪʦʩʪʦʡʢʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʩʩʦʚʦ ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʚʘ ʚʠʜʘ ʧʨʦʜʫʢʪʦʚ 

ʘʮʠʣʠʨʦʚʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ï ʜʠʘʮʝʪʘʪ ʮʝʣʣʶʣʦʟʳ ʠ ʪʨʠʘʮʝʪʘʪ ʮʝʣʣʶʣʦʟʳ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʪʨʠʘʮʝʪʘʪʘ ʮʝʣʣʶʣʦʟʳ 

ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʩʝʨʥʦʡ ʠʣʠ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʯʘʱʝ ʚʩʝʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʤʝʪʠʣʝʥʭʣʦʨʠʜ. ʅʘ ʧʨʦʮʝʩʩ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʙʫʭʘʥʠʝ ʮʝʣʣʶʣʦʟʳ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ, ʤʦʜʫʣʴ ʚʘʥʥʳ. [1].  

ʇʨʠ ʧʦʧʳʪʢʝ ʜʦʩʪʠʯʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʚ 

ʥʝʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʣʠʰʴ 

ʩʤʝʩʴ ʪʨʠʘʮʝʪʘʪʘ ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ ʮʝʣʣʶʣʦʟʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʠʘʮʝʪʘʪ ʮʝʣʣʶʣʦʟʳ ʧʦʣʫʯʘʶʪ ʨʝʘʢʮʠʝʡ 

ʦʤʳʣʝʥʠʷ ʪʨʠʘʮʝʪʘʪʘ ʮʝʣʣʶʣʦʟʳ, ʧʨʠ ʵʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʝʛʦ ʥʝ 

ʪʨʝʙʫʝʪʩʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʤʝʥʷʶʪ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ. ʇʨʠ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʘ. ʆʜʥʘʢʦ ʯʨʝʟʤʝʨʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʩʪʨʫʢʮʠʠ ʘʮʝʪʘʪʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʦʤʳʣʝʥʠʶ. 

ʂ ʙʦʣʴʰʦʤʫ ʩʦʞʘʣʝʥʠʶ, ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʦʤʳʣʝʥʠʷ ʫʪʝʨʷʥʳ, ʧʦʵʪʦʤʫ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʧʦʚʪʦʨʥʦʤʫ ʧʨʦʚʝʜʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʥʝʯʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʘ ʛʠʜʨʦʣʠʟʘ ʪʨʠʘʮʝʪʘʪʘ ʮʝʣʣʶʣʦʟʳ. ʉʠʥʪʝʟʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʘ ʦʩʥʦʚʝ ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʢʦʥʝʯʥʦʡ ʤʘʩʩʝ, ʧʦʣʫʯʘʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ 

ʮʝʣʣʶʣʦʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʦʤʳʣʝʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ 

ʠ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ʈʦʛʦʚʠʥ ɿ.ɸ., ʐʦʨʳʛʠʥʘ ʅ.ʅ. // ʍʠʤʠʷ ʮʝʣʣʶʣʦʟʳ ʠ ʝʝ ʩʧʫʪʥʠʢʦʚ. 1953. 

679 ʩ. 
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ʊʠʦʩʫʣʴʬʘʪʥʳʡ ʥʠʪʨʦʟʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ: NO-ʜʦʥʦʨʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʜʝʡʩʪʚʠʝ ʥʘ ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʫ 

 

ʇʦʢʠʜʦʚʘ ʆ.ɺ.1, ʊʘʪʴʷʥʝʥʢʦ ʃ.ɺ.1, ʉʘʥʠʥʘ ʅ.ɸ.1,2,3  
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʙʣʘʩʪʥʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʄʳʪʠʱʠ, ʈʦʩʩʠʷ 

E-mail: pov@icp.ac.ru 

 

ʅʠʪʨʦʟʠʣʴʥʳʝ ʥʝʛʝʤʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ (ʅʂɾ) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʜʝʧʦ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʦʙʦʜʥʦʛʦ ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ (NO) ʚ 

ʦʨʛʘʥʠʟʤʝ. ʉʠʥʪʝʟ ʠʭ ʘʥʘʣʦʛʦʚ, ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʅʂɾ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʧʨʝʧʘʨʘʪʳ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʂ ʪʘʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʪʥʦʩʠʪʩʷ ʅʂɾ ʩ ʪʠʦʩʫʣʴʬʘʪʥʳʤʠ ʣʠʘʛʥʜʘʤʠ ʩʦʩʪʘʚʘ 

Na2[Fe2(S2O3)2(NO)4]Ö4H2O (ʢʦʤʧʣʝʢʩ 1) [1], ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʚʘʟʦʜʠʣʘʪʘʪʦʨʥʦʡ 

ʠ ʘʥʪʠʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [2]. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʫ ʮʠʢʣʠʯʝʩʢʦʛʦ ʛʫʘʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪʘ (ʌɼʕ). ʊʦʨʤʦʞʝʥʠʝ ʝʝ 

ʘʢʪʠʚʥʦʩʪʠ, ʥʘʨʷʜʫ ʩ ʘʢʪʠʚʘʮʠʝʡ ʛʘʫʥʠʣʘʪʮʠʢʣʘʟʳ NO, ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ 

ʮʠʢʣʠʯʝʩʢʠʭ ʥʫʢʣʝʦʪʠʜʦʚ (ʚ ʩʣʫʯʘʝ ʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ ʪʦʣʴʢʦ ʮɻʄʌ), 

ʷʚʣʷʶʱʠʭʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ 1 ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (0.1-0.001 

ʤʄ) ʠʥʛʠʙʠʨʫʝʪ ʬʫʥʢʮʠʠ ʬʝʨʤʝʥʪʘ ʥʝ ʭʫʞʝ, ʯʝʤ ʧʨʝʧʘʨʘʪ ʪʝʦʬʠʣʣʠʥ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʊʘʢʞʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ NO-ʜʦʥʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪ ɹ ʢʦʤʧʣʝʢʩʘ 1, ʨʘʩʩʯʠʪʘʥʳ 

ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʠ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʩʫʪʩʪʚʠʷ 

ʢʠʩʣʦʨʦʜʘ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʘʜʘ ʢʦʤʧʣʝʢʩʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʩʩʣʝʜʫʝʤʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʘʥʪʠʛʠʧʝʨʪʝʥʟʠʚʥʦʡ ʠ ʚʘʟʦʜʠʣʘʪʘʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʟʘʜʘʥʠʝʤ ɸɸɸɸ-

ɸ19-119071890015-6. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ʉʘʥʠʥʘ ʅ.ɸ., ɸʣʜʦʰʠʥ ʉ.ʄ., ʈʫʜʥʝʚʘ ʊ.ʅ. ʠ ʜʨ. // ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʍʠʤʠʷ. 

2005. ʊ. 31. ˉ5, ʉ. 323-328. 

[2] ʉʘʥʠʥʘ ʅ.ɸ., ʈʫʜʥʝʚʘ ʊ.ʅ., ʉʫʣʠʤʝʥʢʦʚ ʀ.ɺ., ʠ ʜʨ. // ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʯʝʩʢʠʡ 

ʞʫʨʥʘʣ. 2009. ʊ. 53. ʉ. 164-171. 

 



XXVI ɺʉɽʈʆʉʉʀʁʉʂɸʗ  ʂʆʅʌɽʈɽʅʎʀʗ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ-ʍʀʄʀʂʆɺ 

 

 

 

 

107 

ʌʣʫʦʨʝʩʮʝʥʪʥʳʡ RET-ʭʝʤʦʩʝʥʩʦʨ ʥʘ ʦʩʥʦʚʝ 1,8-ʥʘʬʪʘʣʠʤʠʜʘ ʠ 

ʩʪʠʨʠʣʧʠʨʠʜʠʥʘ ʜʣʷ ʣʦʛʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ Hg2+ 

 

ʇʦʣʷʢʦʚʘ ɸ.ʉ.1,2, ʇʘʥʯʝʥʢʦ ʇ.ɸ.1,2, ʌʝʜʦʨʦʚ ʖ.ɺ.1, ʌʝʜʦʨʦʚʘ ʆ.ɸ.1,2 
1ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: ania.poliakova@mail.ru 

 

ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʷʞʝʣʳʤʠ ʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʚʳʟʳʚʘʝʪ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦ ʟʜʦʨʦʚʴʝʤ ʯʝʣʦʚʝʢʘ. ɺ ʦʨʛʘʥʠʟʤʝ ʨʪʫʪʴ ʤʦʞʝʪ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʠ ʚʳʟʳʚʘʪʴ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʦʯʝʯʥʫʶ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠ ʧʦʨʘʞʝʥʠʝ ʦʨʛʘʥʦʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ [1]. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʥʘʨʫʞʠʚʘʪʴ ʢʘʪʠʦʥ Hg2+ ʚ 

ʚʦʜʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʩʴʤʘ ʚʦʩʪʨʝʙʦʚʘʥʘ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʭʝʤʦʩʝʥʩʦʨ NI-SP ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʦʚ ʨʪʫʪʠ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ. 

 
ʈʠʩ. 1. ɿʦʥʜ NI-SP 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘʬʪʘʣʠʤʠʜʥʦʛʦ ʠ ʩʪʠʨʠʣʦʚʦʛʦ 

ʢʨʘʩʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ NI-SP ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ 

ʢʘʣʠʙʨʦʚʢʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩʝʥʩʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʨʘʪʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 20-73-

10186). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] S. Hodgson S., Nieuwenhuijsen M. J., Elliott P., Jarup L. // American Journal of 

Epidemiology. 2006. V. 165. ˉ2. P. 72 ï 77. 
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çʊʚʝʨʜʳʡ ʘʮʝʪʠʣʝʥè ʚ ʩʠʥʪʝʟʝ ʚʠʥʠʣʦʢʩʠʪʝʨʧʝʥʦʠʜʦʚ 

 

ʇʦʪʦʨʦʯʝʥʢʦ ɸ.ʅ., ɻʳʨʜʳʤʦʚʘ ʖ.ɺ., ʈʦʜʳʛʠʥ ʂ.ʉ., ɹʦʛʘʯʝʥʢʦʚ ɸ.ʉ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: st096921@student.spbu.ru 

 

ʊʝʨʧʝʥʦʠʜʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʤʥʦʛʦʦʙʨʘʟʠʶ ʩʪʨʫʢʪʫʨ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʚ ʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʚʷʱʝʥʳ ʩʠʥʪʝʟʫ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʭʦʪʷ ʪʝʨʧʝʥʦʠʜʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ ʧʦʣʠʤʝʨʥʦʡ ʭʠʤʠʠ.  

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʚʠʥʠʣʦʚʳʝ ʵʬʠʨʳ ʪʝʨʧʝʥʦʚʳʭ ʩʧʠʨʪʦʚ 

(ʩʭʝʤʘ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʦʥʦʤʝʨʳ ʜʣʷ 

ʩʠʥʪʝʟʘ ʙʠʦʧʦʣʠʤʝʨʦʚ.  

 
ʉʭʝʤʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʮʝʪʠʣʝʥʦʚʦʡ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʜʦʙʥʳʡ ʠ 

ʙʝʟʦʧʘʩʥʳʡ ʢʘʨʙʠʜ ʢʘʣʴʮʠʷ ʚʤʝʩʪʦ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʟʨʳʚʦʦʧʘʩʥʦʛʦ ʘʮʝʪʠʣʝʥʘ. 

ɺʠʥʠʣʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʥʘʩʳʱʝʥʥʳʭ ʩʧʠʨʪʦʚ 1-4 ʩ ʉʘʉ2 ʧʨʦʪʝʢʘʝʪ ʛʣʘʜʢʦ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʚʠʥʠʣʦʢʩʠʪʝʨʧʝʥʦʠʜʦʚ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ɺ ʩʣʫʯʘʝ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʧʠʨʪʦʚ 5-7 ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩʥʠʞʘʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ.  

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʛʨʘʥʪ ˉ 21-73-

20003. 
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ʉʠʥʪʝʟ ʘʤʬʠʬʠʣʴʥʳʭ PEPPSI-ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʣ-

4,5-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʘʛʨʝʛʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ 

ʈʘʜʘʝʚ ɼ.ɼ.1, ɼʫʛʣʘʚ ɼ.ʇ.1, ʉʫʣʪʘʥʦʚʘ ʕ.ɼ.1, ʄʠʨʦʥʦʚʘ ɼ.ɸ.1, ɹʫʨʠʣʦʚ ɺ.ɸ.1, 

ʉʦʣʦʚʴʸʚʘ ʉ.ɽ.2, ɸʥʪʠʧʠʥ ʀ.ʉ.1,2 
1ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 2ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ɸ.ɽ. ɸʨʙʫʟʦʚʘ, ʂʘʟʘʥʴ, 

ʈʦʩʩʠʷ 

E-mail: dr787898@bk.ru 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʨʝʩ ʢ 

ʘʤʬʠʬʠʣʴʥʳʤ NHC-ʢʦʤʧʣʝʢʩʘʤ ʧʘʣʣʘʜʠʷ: ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʚ ʚʦʜʝ ʤʝʞʜʫ ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʟʘ ʩʯʸʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʵʤʫʣʴʩʠʡ. ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ PEPPSI-ʢʦʤʧʣʝʢʩʳ: ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ NHC-ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʥʠ ʙʦʣʝʝ ʣʘʙʠʣʴʥʳ ʟʘ ʩʯʸʪ 

ʣʸʛʢʦʛʦ ʦʪʱʝʧʣʝʥʠʷ ʧʠʨʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʦʥʦʣʠʛʘʥʜʠʨʦʚʘʥʥʦʡ ʧʘʣʣʘʜʠʝʚʦʡ ʯʘʩʪʠʮʳ, ʷʚʣʷʶʱʝʡʩʷ 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ ʧʨʝʢʘʪʘʣʠʟʘʪʦʨʦʤ. ʉʪʨʫʢʪʫʨʘ ʠʤʠʜʘʟʦʣ-4,5-

ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ ʪʘʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ʘʤʬʠʬʠʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ: ʤʦʜʠʬʠʢʘʮʠʷ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠʤʠʜʘʟʦʣʴʥʦʛʦ 

ʢʦʣʴʮʘ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʛʠʜʨʦʬʦʙʥʦʡ ʠ ʛʠʜʨʦʬʠʣʴʥʦʡ ʦʙʣʘʩʪʝʡ ʤʦʣʝʢʫʣʳ.  

 

ʈʠʩ 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ PEPPSI-ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʠʤʠʜʘʟʦʣ-4,5-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʝ (ʈʠʩ 1) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʜʚʘ ʥʦʚʳʭ PEPPSI-ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʣ-4,5-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ 

ʪʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʘʛʨʝʛʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-13-00304. 
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ʇʦʣʫʯʝʥʠʝ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʠʟʦʮʠʘʥʘʪʘ 

 

ʈʘʩʩʢʘʟʦʚʘ ɺ.ɺ., ɻʦʣʫʙʝʚʘ ʖ.ʖ., ʉʦʭʘʜʟʝ ʃ.ɸ., ʄʘʣʝʥʢʦʚ ʄ.ʖ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: dir@gosniiokht.ru 

 

ɻʝʢʩʘʤʝʪʠʣʝʥʜʠʠʟʦʮʠʘʥʘʪ (ɻʄɼʀ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʝʪʦʩʪʦʡʢʠʭ (ʥʝ ʞʝʣʪʝʶʱʠʭ) 

ʧʦʣʠʫʨʝʪʘʥʦʚ. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʤʠʨʝ ʠʟʦʮʠʘʥʘʪʦʚ, ʢʘʢ ʘʨʦʤʘʪʠʯʝʩʢʠʭ, ʪʘʢ 

ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ, ʧʦʣʫʯʘʶʪ ʧʦ ʤʥʦʛʦʩʪʘʜʠʡʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʨʙʦʥʠʣʭʣʦʨʠʜʘ. 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ɻʄɼʀ ʠʟ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʠʥʘ 

(ɻʄɼɸ) ʚ ʚʦʜʥʦ-ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (ʨʠʩ. 1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʢʘʨʙʦʥʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʪʚʝʨʜʦʛʦ 

ʙʠʩ(ʪʨʠʭʣʦʨʤʝʪʠʣ)ʢʘʨʙʦʥʘʪʘ (ɹʊʂ), ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʭʨʘʥʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʶʪʩʷ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤʠ, ʯʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʢʘʨʙʦʥʠʣʭʣʦʨʠʜʘ. 

 
ʈʠʩ. 1. ʇʦʣʫʯʝʥʠʝ ɻʄɼʀ ʚ ʚʦʜʥʦ-ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʊʂ. 

 

ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʚʦʜʥʦ-ʱʝʣʦʯʥʦʛʦ ʩʣʦʷ ʠ ʥʝʩʤʝʰʠʚʘʶʱʝʛʦʩʷ ʩ ʥʠʤ ʠʥʝʨʪʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺʳʜʝʣʷʶʱʠʝʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʭʣʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ ʠ 

ʢʘʨʙʦʥʠʣʭʣʦʨʠʜ ʥʝʡʪʨʘʣʠʟʫʶʪʩʷ ʱʝʣʦʯʴʶ ʚ ʚʦʜʥʦʡ ʬʘʟʝ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ. ɻʄɼʀ ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʨʝʜʝ ʠʥʝʨʪʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘ ʧʨʦʚʝʜʝʥʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ, ʢʘʢ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ ʠ ʪʠʧ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ: ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ɹʊʂ : NaOH = 1 : 0,6; ɻʄɼɸ : ɹʊʂ = 1 : 0,4; 

ʨʘʩʪʚʦʨʠʪʝʣʴ ï ʜʠʭʣʦʨʤʝʪʘʥ, ʧʦʜʘʯʘ ʘʤʠʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ ï15  ʜʦ ï12ÁC. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʚ ʦʜʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʘʪʢʦʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʪʦ 

ʝʩʪʴ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʮʝʣʝʡ ʚ ʨʘʤʢʘʭ 

ʣʘʙʦʨʘʪʦʨʠʠ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʘʢʦʡ ʤʝʪʦʜ 

ʥʝʞʝʣʘʪʝʣʝʥ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʠʟʦʮʠʘʥʘʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʛʦ 

ʦʪʭʦʜʘ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʚʠʜʝ ʧʦʣʠʤʦʯʝʚʠʥ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʪʦʯʥʳʭ ʚʦʜ. 
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ʉʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʪʝʪʨʘ-4-(ʤʝʪʦʢʩʠ-

ʬʝʥʦʢʩʠ)ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʮʠʥʢʦʚ 

 

ʈʘʩʩʦʣʦʚʘ ɸ.ɽ. , ʈʦʤʘʥʝʥʢʦ ʖ.ɺ., ʄʘʡʟʣʠʰ ɺ.ɽ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,          

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: nastyna_25.05@mail.ru 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʪʝʪʨʘ-4-(4-ʤʝ-

ʪʦʢʩʠʬʝʥʦʢʩʠ)ʬʪʘʣʦʮʠʘʥʠʥʦʚ. 

(1-3)

X1 = OCH3; X2 = X3 = H (1)

X2 = OCH3; X1 = X3 = H (2)

X3 = OCH3; X1 = X2 = H (3)
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ʉʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʥʠʪʨʠʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʫʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʤʝʪʦʢʩʠʬʝʥʦʢʩʠʬʪʘʣʦʥʠʪʨʠʣʘ ʩ 

ʘʮʝʪʘʪʦʤ ʮʠʥʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180-

185 Áʉ.  

ʀʟʫʯʝʥʳ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʪʨʘ-4-(4-ʤʝʪʦʢʩʠ-

ʬʝʥʦʢʩʠ)ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʮʠʥʢʘ (1-3) 

ʚ ʩʨʝʜʝ ʜʠʭʣʦʨʤʝʪʘʥ-

ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ. 

ʆʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʠʩʣʦʪʥʳʭ ʬʦʨʤ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʘ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. 

 

  

ʀʟʤʝʥʝʥʠʝ ʕʉʇ ʢʦʤʧʣʝʢʩʘ 2 ʚ ʩʨʝʜʝ 

CH2Cl2 ï CF3COOH 

ɿʘʚʠʩʠʤʦʩʪʴ lgI ʦʪ lg CCF3COOH ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 2 ʚ 

ʩʨʝʜʝ    CH2Cl2 ï CF3COOH  

ʆʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʚʳʭ ʢʠʩʣʦʪʥʳʭ ʬʦʨʤ ʠʟʫʯʝʥʥʳʭ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ: pK= 1.78Ñ0.22 (1); pK= 2.17Ñ0.06 (2); pK= 2.49Ñ0.09 (3). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʨʝʜʝ ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʦʜʠʥ ʤʝʟʦ-ʘʪʦʤ ʘʟʦʪʘ ʠ 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʢʠʩʣʦʪʥʘʷ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʚʧʣʦʪʴ ʜʦ 100%-ʥʦʡ 

ʪʨʠʬʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 3 ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʦʩʥʦʚʥʳʤ 

ʚ ʨʷʜʫ ʠʟʫʯʝʥʥʳʭ ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ. 



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 
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ɼʠʘʜʳ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ ʉ60 ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʜʣʷ ʬʦʪʦʪʝʨʘʥʦʩʪʠʢʠ 

 

ʈʝʚʠʥʘ ɼ.ɺ.1,2, ʉʠʟʦʚ ʃ.ʈ.1, ʂʦʟʣʦʚ ɸ.ɺ.1, ʈʳʙʢʠʥ ɸ.ʖ.1, ɻʦʨʷʯʝʚ ʅ.ʉ.1,2 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: revina.darya1999@gmail.com 

 

ʄʝʪʦʜ ʬʦʪʦʪʝʨʘʥʦʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ), ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʤʝʪʦʜʘ 

ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʠ ʤʝʪʦʜʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ, ʚʚʝʜʝʥʥʳʡ ʚ ʦʨʛʘʥʠʟʤ ʧʨʝʧʘʨʘʪ-

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ (ʌʉ) ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ ʛʝʥʝʨʠʨʫʝʪ 

ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʝ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ). ɹʣʘʛʦʜʘʨʷ ʣʦʢʘʣʴʥʦʤʫ 

ʦʙʣʫʯʝʥʠʶ ʦʧʫʭʦʣʠ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʌʉ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʌɼʊ, ʘ ʥʘʣʠʯʠʝ ʚʳʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʯʝʪʢʦ ʦʧʨʝʜʝʣʷʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʠ ʛʨʘʥʠʮʳ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʝʡʯʘʩ 

ʚʝʜʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ-ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ, ʠ ʩ ʵʪʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʪʨʫʢʪʫʨʳ ʬʫʣʣʝʨʝʥ-ʢʨʘʩʠʪʝʣʴ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʜʠʘʜʳ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ C60 ʠ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʬʪʘʣʦʮʠʘʥʠʥʘ ʘʣʶʤʠʥʠʷ ʠ ʠʥʜʠʷ, ʦʙʣʘʜʘʶʱʠʭ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ. ɺʧʝʨʚʳʝ 

ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʦʮʝʥʝʥʳ ʢʘʢ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ I ʪʠʧʘ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʦʪʦʪʝʨʘʥʦʩʪʠʢʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʢʨʘʩʠʪʝʣʝʤ ʦʙʝ 

ʜʠʘʜʳ ʠʤʝʶʪ ʩʣʘʙʳʡ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ, ʜʣʷ ʜʠʘʜʳ ʉ60-Pc(Al) ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʣʘʙʦʝ (ʚ 1.2 ʨʘʟʘ) ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʜʠʘʜʳ ʉ60-Pc(In) 

ʦʥʘ ʧʦʪʫʰʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ. 

ʅʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʜʠʘʜ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʩ 

ʘʤʬʠʬʠʣʴʥʳʤ ʧʦʣʠʤʝʨʦʤ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (ʇɺʇ), ʜʣʷ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʧʩʦʭʨʦʤʥʦʝ ʩʤʝʱʝʥʠʝ ʧʠʢʘ ʧʦʛʣʦʱʝʥʠʷ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʫʧʝʨʦʢʩʠʜ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʥʘ 670 ʥʤ ʘʢʪʠʚʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʘʜʳ ʉ60-Pc(Al) ʚʳʰʝ 

ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ, ʯʝʤ ʫ ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʘʜʳ ʉ60-Pc(In). ʅʘʠʣʫʯʰʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ ɸʌʂ ʧʦ ʤʝʭʘʥʠʟʤʫ I ʪʠʧʘ ʧʨʦʷʚʠʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʘʜʳ PcAl c 

ʧʨʦʠʟʚʦʜʥʳʤ ʬʫʣʣʝʨʝʥʘ PC[60]BM, ʚ 3 ʨʘʟʘ ʧʨʝʚʟʦʡʜʷ ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ 

ʢʨʘʩʠʪʝʣʷ PcAl. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʜʠʘʜ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʪʠʧʘ I ʜʣʷ ʌɼʊ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ (ʥʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ɸɸɸ-ɸ19-

119112590105-7) ʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ (ʄʂ-4079.2021.1.4). 
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ʉʠʥʪʝʟ N-ʟʘʤʝʱʝʥʥʳʭ ʬʫʨʬʫʨʠʣʘʤʠʥʦʚ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʝʤ 5-

ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣʘ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʤʠ ʚ ʨʝʞʠʤʝ ñone-potò ʥʘ 

ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʦʤ ʤʝʜʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ 

 

ʈʝʜʠʥʘ ɽ.ɸ.1, ɸʨʭʠʧʦʚʘ ʅ.ʖ.2 
1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: redinalena@yandex.ru 

 

N-ʟʘʤʝʱʝʥʥʳʝ ʬʫʨʬʫʨʠʣʘʤʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʢʣʘʩʩ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʷʚʣʷʶʪʩʷ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʤʥʦʛʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʜʠʫʨʝʪʠʢʘ ʌʫʨʦʩʝʤʠʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ 

ʣʝʢʘʨʩʪʚʘ ʜʣʷ ʣʝʯʝʥʠʷ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ, ʛʝʧʘʪʠʪʘ B, ʘ ʪʘʢʞʝ ʠʥʬʝʢʮʠʡ 

[1]. N-ʟʘʤʝʱʝʥʥʳʝ ʬʫʨʬʫʨʠʣʘʤʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʙʠʦʜʦʩʪʫʧʥʳʭ ʬʫʨʬʫʨʘʣʷ ʠʣʠ 5-

ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣʘ (5-HMF). ʂʣʘʩʩʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʘʤʠʥʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʘʤʠʥʘ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʤʠʥʘ, ʧʦʩʣʝʜʫʶʱʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʘʝʪ ʚʪʦʨʠʯʥʳʡ ʘʤʠʥ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʢʘʞʫʱʫʶʩʷ ʧʨʦʩʪʦʪʫ, ʩʠʥʪʝʟ ʦʩʣʦʞʥʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʣʦʜʦʩʪʫʧʥʳʭ ʘʤʠʥʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʚʝ ʩʪʘʜʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʠʣʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʛʠʜʨʠʨʦʚʘʥʠʷ Pd/C.  

ʅʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ñone-potò ʩʠʥʪʝʟ ʥʝʢʦʪʦʨʳʭ N-ʟʘʤʝʱʝʥʥʳʝ 

ʬʫʨʬʫʨʠʣʘʤʠʥʦʚ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʝʤ 5-HMF ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷʤʠ ʥʘ ʜʦʩʪʫʧʥʦʤ ʤʝʜʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʠʥʝʨʘʣʘ [2], ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤ 

ʧʫʪʝʤ ʠʟ ʩʠʣʠʢʘʛʝʣʷ ʠ ʥʠʪʨʘʪʘ ʤʝʜʠ ʠ ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʦʤ ʮʝʨʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʝ 5-HMF, ʚʚʦʜʷ ʨʝʘʢʮʠʶ ʥʝ ʘʤʠʥʳ, ʘ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʝ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʘʚʪʦʢʣʘʚʝ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ʚʳʜʝʣʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (H2 10 ʘʪʤ. 150-170ʦʉ). ʇʨʠ ʵʪʦʤ ʢʘʪʘʣʠʟʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʚʪʦʨʥʦ ʚ ʪʝʯʝʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ 4 ʮʠʢʣʦʚ ʙʝʟ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 22-73-

00183) 
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[1] Cukalovic A., Stevens C. V. // Green Chem. 2010. V. 12 (7), P. 1201-1206. 

[2] Kirichenko O., Kapustin G., Mishin I., et.al. // Molecules. 2022. V. 27. 5147. 
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ʈʝʰʝʪʦʚʘ ɽ.ʄ., ʂʦʤʠʩʩʘʨʦʚʘ ɻ.ʄ., ʉʤʠʨʥʦʚ ʄ.ʂ.,  ɹʝʣʷʝʚ ʕ.ʃ., ɽʣʠʟʘʨʦʚ ɺ.ɺ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail:dir@gosniiokht.ru 

 

ʊʨʠʵʪʠʣʘʤʠʥ ʪʨʠʛʠʜʨʦʬʪʦʨʠʜ ((ʉ2H5)3NĀ3HF, ʊʕɸʊɻʌ,) ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʛʝʥʪʦʤ ʚ ʨʝʘʢʮʠʷʭ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʭʣʦʨʘ 

ʠʣʠ ʙʨʦʤʘ ʬʪʦʨʦʤ, ʠʜʫʱʠʭ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ [1. 

ɺ ʨʘʙʦʪʝ [2] ʫʧʦʤʠʥʘʝʪʩʷ, ʯʪʦ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʊʕɸʊɻʌ ʩʧʦʩʦʙʝʥ 

ʨʘʩʢʨʳʚʘʪʴ ʢʦʣʴʮʦ ʵʧʦʢʩʠʩʪʠʨʦʣʘ. ʆʥ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, 

ʦʙʣʘʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʥʝ ʚʳʟʳʚʘʝʪ ʢʦʨʨʦʟʠʠ 

ʙʦʨʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ.  

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ (ʉ2H5)3NĀ3HF, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʝʛʦ ʩʠʥʪʝʟʝ ʚʤʝʩʪʦ ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʛʦ ʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʞʠʜʢʦʛʦ HF 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʥʝʝ ʦʧʘʩʥʘʷ ʧʣʘʚʠʢʦʚʘʷ ʢʠʩʣʦʪʘ, ʢʦʪʦʨʘʷ ʩʤʝʰʠʚʘʝʪʩʷ ʩ 

ʙʝʥʟʦʣʦʤ, ʪʨʠʵʪʠʣʘʤʠʥʦʤ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʪʛʦʥʷʝʪʩʷ 

ʘʟʝʦʪʨʦʧ ʙʝʥʟʦʣʘ ʩ ʚʦʜʦʡ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʘʧʧʘʨʘʪ ɼʠʥʘ-ʉʪʘʨʢʘ ʠ ʜʘʣʝʝ 

ʚ ʬʘʟʦʨʘʟʜʝʣʠʪʝʣʴ. ɺ ʨʝʘʢʪʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʣʫʯʝʥʥʦʤ ʧʨʦʜʫʢʪʝ 

ʠʩʧʦʣʴʟʫʶʪ ʪʠʪʨʦʚʘʥʠʝ 0,1 ʅ ʨʘʩʪʚʦʨʦʤ  ʱʝʣʦʯʠ (ʜʦ pH 7), ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ HF ʧʦ ʬʦʨʤʫʣʝ: 

 

:
% πȢρ-6

% ς6
 

ʛʜʝ ɽ ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʤʛ; ʄ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʪʨʝʪʠʯʥʦʛʦ ʘʤʠʥʘ; V ï ʦʙʲʝʤ 

0,1 ʅ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ, ʤʣ; Z ï ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ HF. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʬʪʦʨʠʨʫʶʱʠʡ ʘʛʝʥʪ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʤʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʤʦʥʦʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ.  
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[1] Franz R. // Journal of fluorine chemistry. 1980. Vol. 15. P. 423-434. 

[2] Aranda G., Jullien J., Martin J.A. // Bull. Soc. Chim. France. 1965. ˉ 6.  P. 1890. 
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ʢʘʨʙʦ- ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ  

 

ʈʦʟʝʥʢʦʚʘ ɸ.ɼ., ɹʝʨʝʟʠʥʘ ɻ.ʈ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: berezina@isuct.ru 

 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʜʘʥʜʠʦʥʘ-1,3 ʩ ʤ-ʜʠʘʤʠʥʘʤʠ ʠ n-ʜʠʘʤʠʥʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ ʤ-ʬʝʥʠʣʝʥʦʚʦʛʦ ʥʘ 

n-ʬʝʥʠʣʝʥʦʚʳʡ ʠ ʜʠʬʝʥʠʣʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʩʠʣʴʥʳʡ ʙʘʪʦʭʨʦʤʥʳʡ 

ʩʜʚʠʛ (470Ÿ 585 ʥʤ) ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʮʝʧʠ ʩʦʧʨʷʞʝʥʠʷ ʚ ʤʦʣʝʢʫʣʝ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʜʠʬʝʥʠʣʝʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ ʪʠʦ-, 

ʩʫʣʴʬʦʥʠʣʦʚʦʡ ʠ ʦʢʩʠʜʥʦʡ ʛʨʫʧʧʠʨʦʚʦʢ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʦʢʨʘʩʢʠ 

ʩʦʝʜʠʥʝʥʠʡ. 
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                               I               II             III           IV                     V 

 

          ɚ, ʥʤ          470           480          527         600                   610 

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʗʄʈ ʅ1 ʢʘʨʙʦ- ʠ ʛʝʪʝʨʦʮʠʢʣʦʚ (I ʠ IV) ʚ 

ʛʝʢʩʘʤʝʪʠʣʬʦʩʬʦʨʪʨʠʘʤʠʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʠʡ ʩʠʛʥʘʣ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 1 ʧʨʦʪʦʥ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʨʷʜʘ 

ʙʝʥʟʠʜʠʥʘ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʜʦ ʥʫʣʷ. ɹʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʜʚʠʛʘ, ʦʪʩʫʪʩʪʚʠʝ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʠʢʘ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʵʪʦʪ 

ʩʠʛʥʘʣ ʢ ʧʨʦʪʦʥʫ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʢʝʪʦʝʥʦʣʴʥʦʡ ʬʦʨʤʝ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ ʚ ʠʟʫʯʝʥʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ.  

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʙʘʢʪʝʨʠʦʩʪʘʪʠʢʦʚ).   
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ʉʠʥʪʝʟ IAP-ʣʠʛʘʥʜʦʚ ʜʣʷ ʤʦʣʝʢʫʣ SNIPER 

ʈʳʩʠʥʘ ʖ.ɼ., ʉʘʯʢʦʚʘ ɸ.ɸ., ʑʝʛʨʘʚʠʥʘ ɽ.ʉ., ʌʝʜʦʨʦʚ ɸ.ʖ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɽ-mail: rysina_yul@mail.ru 

SNIPER (Specific and Nongenetic IAP-dependent Protein ERasers) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʣʠʛʘʥʜʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʣʠʥʢʝʨʦʤ. ʆʜʠʥ ʠʟ ʥʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʮʝʣʝʚʳʤ ʧʘʪʦʛʝʥʥʳʤ 

ʙʝʣʢʦʤ, ʜʨʫʛʦʡ ï ʩ ʙʝʣʢʘʤʠ-ʠʥʛʠʙʠʪʦʨʘʤʠ ʘʧʦʧʪʦʟʘ (IAP). ʈʘʢʦʚʳʝ ʢʣʝʪʢʠ 

ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʶʪ IAPs, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ ʚʳʞʠʚʘʥʠʶ ʦʧʫʭʦʣʠ. 

ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ SNIPER ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʛʨʘʜʘʮʠʷ ʧʘʪʦʛʝʥʥʦʛʦ ʙʝʣʢʘ ʠ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ IAP, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʘʩʪʠ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ IAP, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʩʦʙʦʡ ʧʝʧʪʠʜʦʤʠʤʝʪʠʢʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʜʣʷ 

ʩʠʥʪʝʟʘ ʤʦʣʝʢʫʣ SNIPER. 

 
ʈʠʩ. 1. ʇʦʣʫʯʝʥʥʳʝ IAP-ʣʠʛʘʥʜʳ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 22-23-00736). 
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5-ʤʝʪʠʣ-4-ʮʠʘʥʦ-1,2-ʜʠʪʠʦʣ-3-ʪʠʦʥ, ʢʘʢ ʘʢʮʝʧʪʦʨʥʳʡ ʬʨʘʛʤʝʥʪ ʜʣʷ ʅʃʆ-

ʢʨʘʩʠʪʝʣʝʡ 

 

ʈʷʟʘʥʦʚ ʅ.ɼ.1,2, ɹʝʨʝʞʥʘʷ ɺ.ʅ.1,2, ʐʝʣʢʦʚʥʠʢʦʚ ɺ.ɺ.2,3 
1 ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
2ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. H.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
3 ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

E-mail: n.riazanov@g.nsu.ru 

  

ɺ ʚʠʜʫ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʅʃʆ). ɺ 

ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʳʭ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʅʃʆ-ʭʨʦʤʦʬʦʨ 

- ʧʦʣʠʤʝʨ. ʅʃʆ-ʭʨʦʤʦʬʦʨʳ ï ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʧʦʣʷʨʥʳʝ ʢʨʘʩʠʪʝʣʠ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʜʦʥʦʨʥʳʭ ʠ ʘʢʮʝʧʪʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʩʦʝʜʠʥʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ˊ-

ʵʣʝʢʪʨʦʥʥʳʤ ʤʦʩʪʠʢʦʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʩʠʥʪʝʟ ʥʦʚʦʛʦ ʘʢʮʝʧʪʦʨʥʦʛʦ 

ʙʣʦʢʘ ï 5-ʤʝʪʠʣ-4-ʮʠʘʥʦ-1,2-ʜʠʪʠʦʣ-3-ʪʠʦʥʘ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ, ʘ ʪʘʢ 

ʞʝ ʩʠʥʪʝʟ ʢʨʘʩʠʪʝʣʝʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʜʠʪʠʦʣʪʠʦʥʘ 3 ʠ 

ʜʘʣʴʥʝʡʰʠʡ ʩʠʥʪʝʟ ʢʨʘʩʠʪʝʣʝʡ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʥʘ ʩʭʝʤʝ. 

 
ʈʠʩ. 1. ʉʠʥʪʝʟ ʜʠʪʠʦʣʪʠʦʥʘ 4 ʠ ʝʛʦ ʢʦʥʜʝʥʩʘʮʠʷ ʩ ʘʣʴʜʝʛʠʜʘʤʠ. 

 

 

ʉʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ES-MS ʠ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1H ʠ 13C. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʨʠʜʘ ʢʦʙʘʣʴʪʘ ʚ ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʠʣʦʚ 

 

ʉʘʚʠʥʘ ɸ.ʀ., ʂʦʤʠʩʩʘʨʦʚʘ ɻ.ʄ., ʇʠʩʴʤʝʥʩʢʠʡ ɸ.ɺ., ɹʝʣʷʝʚ ʕ.ʃ., ʉʤʠʨʥʦʚ ʄ.ʂ., 

ʂʨʝʩʪʠʥʝʥʢʦ ɺ.ɸ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ  

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail:dir@gosniiokht.ru 

 

ʈʝʘʢʮʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʠʣʦʚ ʜʦ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʩʚʷʟʘʥʦ ʩ ʧʨʠʨʦʜʦʡ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʢʝʣʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ 

ʧʨʦʮʝʩʩʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʢʝʣʷ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʘʜʩʦʨʙʝʥʪ, ʪʨʝʙʫʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨr, ʘ ʥʝʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢ ʧʝʨʚʠʯʥʳʤ ʘʤʠʥʘʤ ʪʨʝʙʫʝʪ ʝʛʦ ʧʨʦʤʦʪʠʨʦʚʘʥʠʷ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʢʝʣʷ ʈʝʥʝʷ ʧʨʦʙʣʝʤʘʤʠ ʷʚʣʷʪʁʩʷ ʧʠʨʦʬʦʨʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʙʱʝʡ ʩʢʦʨʦʩʪʠ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʥʠʪʨʠʣʘ ʠ ʧʦʥʠʞʝʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʥʝʯʥʦʤʫ ʧʨʦʜʫʢʪʫ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʥ ʜʦʣʞʝʥ ʥʝʧʨʝʨʳʚʥʦ ʦʙʥʦʚʣʷʪʴʩʷ ʠ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʨʝʛʝʥʝʨʠʨʦʚʘʥʠʶ [1]. 

ɺ ʨʘʙʦʪʝ [2], ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʥʠʪʨʠʣʦʚ, ʧʦʢʘʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʦʨʠʜʘ ʢʦʙʘʣʴʪʘ, ʢʦʪʦʨʳʡ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚ, ʯʝʤ ʩʢʝʣʝʪʥʳʡ ʥʠʢʝʣʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʧʨʦʷʚʣʷʝʪ ʙʦʣʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʨʠʜʘ ʢʦʙʘʣʴʪʘ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ɹʣʘʛʦʜʘʨʷ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʨʝʘʢʮʠʶ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

100 Áʉ ʠ ʜʘʚʣʝʥʠʠ ʤʝʥʝʝ 40 ʘʪʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʠʣʦʚ ʜʦ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʘʪʴ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʯʠʩʪʦʪʳ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʝʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Patent ˉ 6518449 US, IPC C07C253/30. / Boschat V., Leconte Ph.; applicant 

Rhodia Fiber and Resin Intermediates SAS. 2003. 5 p. 

[2] ʇʦʣʢʦʚʥʠʢʦʚ ɹ. ɼ., ʌʨʝʡʜʣʠʥ ʃ. ʍ, ɹʘʣʘʥʜʠʥ ɸ. ɸ. // ʀʟʚ. ɸʅ ʉʉʉʈ ʆʍʅ. 

1959.  ˉ 8. ʉ.1488-1490. 

 

 



XXVI ɺʉɽʈʆʉʉʀʁʉʂɸʗ  ʂʆʅʌɽʈɽʅʎʀʗ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ-ʍʀʄʀʂʆɺ 

 

 

 

 

119 

ʇʦʣʠʟʘʤʝʱʝʥʥʳʝ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʳ ï ʤʦʣʝʢʫʣʳ ʩ 

ʙʦʛʘʪʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʥʝʦʨʜʠʥʘʨʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ  

 

ʉʘʣʠʢʦʚ ʈ.ʌ.1, ɹʝʣʳʡ ɸ.ʖ.1, ʀʣʴʶʱʝʥʢʦ ʄ.ʂ.1,2, ʉʦʢʦʣʦʚʘ ɸ.ɼ.1,  

ʃʠʪʚʠʥʝʥʢʦ ɺ.ɺ.1, ʇʣʘʪʦʥʦʚ ɼ.ʅ.1 
1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

E-mail: rinosal@gmail.com  

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʧʨʦʷʚʣʷʷʩʴ ʚ ʚʠʜʝ ʧʦʚʳʰʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ. ɺʢʣʶʯʝʥʠʝ ʜʘʥʥʳʭ ʛʨʫʧʧ ʚ 

ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʠʣʴʥʦʝ ʢʦʣʴʮʦ ʚʳʟʳʚʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ, ʦʜʥʘʢʦ 

ʩʦʯʝʪʘʥʠʝ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʩ ʘʥʪʠʘʨʦʤʘʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ 

ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʠʣʴʥʳʭ ʘʥʠʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢʘʢ ʢ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʘʢ 

ʠ ʢ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʭʠʤʠʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʠʣʴʥʳʭ ʘʥʠʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ 

ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʴʶ ʠʟʫʯʠʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʠʭ ʛʝʦʤʝʪʨʠʶ. ʉʦʯʝʪʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʧʦʟʚʦʣʷʝʪ ʧʦʜʪʚʝʨʜʠʪʴ 

ʨʘʥʝʝ ʚʳʜʚʠʥʫʪʦʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʣʦʞʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʳʭ ʘʥʠʦʥʦʚ. 

ʂʘʢ ʠ ʚ ʣʶʙʦʡ ʜʨʫʛʦʡ ʩʠʩʪʝʤʝ ʩ ʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʜʘʥʥʳʝ 

ʤʦʣʝʢʫʣʳ ʙʠʚʘʣʝʥʪʳ ʠ ʩʧʦʩʦʙʥʳ ʨʝʘʛʠʨʦʚʘʪʴ ʢʘʢ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ, ʪʘʢ ʠ ʩ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʢ ʩʦʯʝʪʘʥʠʶ ʜʚʫʭ ʯʘʩʪʠʮ, ʥʦ ʠ ʢ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘʤ, 

ʚʢʣʶʯʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʩʝʤʠʯʣʝʥʥʦʛʦ ʮʠʢʣʘ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʧʨʦʜʫʢʪʳ ʧʨʝʚʨʘʱʝʥʠʡ ʜʘʥʥʳʭ ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʦʚ ʦʙʣʘʜʘʶʪ 

ʧʦʣʝʟʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʚʥʦʚʴ ʚ ʩʠʣʫ ʧʨʠʩʫʪʩʪʚʠʷ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ), ʢʘʢ ʥʘʧʨʠʤʝʨ pH-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠʟʦʭʠʥʦʣʦʥʳ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʉʪʦʢʩʦʚʳʭ ʩʜʚʠʛʦʚ.  
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ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʜʥʦʛʦ ʢʘʪʦʜʘ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ 

ʢ ʛʝʥʝʨʠʨʦʚʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

 

ʉʘʤʦʡʣʝʥʢʦ ɼ.ɽ., ʈʦʜʳʛʠʥ ʂ.ʉ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: k.rodygin@spbu.ru 

 

ʂʘʪʘʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʜʘʚʥʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʥʦʞʝʩʪʚʫ ʩʣʦʞʥʳʭ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝʦʙʭʦʜʠʤʘ ʛʝʥʝʨʘʮʠʷ ʩʣʦʞʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʂ 

ʪʘʢʠʤ ʧʨʦʮʝʜʫʨʘʤ ʤʦʛʫʪ ʧʨʝʜʲʷʚʣʷʪʴʩʷ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʠʥʝʨʪʥʘʷ ʘʪʤʦʩʬʝʨʘ, ʙʝʟʚʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʥʘʣʠʯʠʝ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. ʆʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦ ʩʠʥʪʝʟ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʩ ʣʠʛʘʥʜʘʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ in situ 

ʛʝʥʝʨʘʮʠʠ ʩʣʦʞʥʦʛʦ ʧʦ ʩʪʨʦʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʜʴ-ʩʦʜʝʨʞʘʱʝʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɼʣʷ ʵʪʦʛʦ 

ʤʝʜʥʳʡ ʵʣʝʢʪʨʦʜ ʙʳʣ ʧʦʤʝʱʝʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, 

ʨʘʩʪʚʦʨʝʥʥʫʶ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʣʠ ʨʦʣʴ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʩʣʝ ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʨʦʜʫʢʪʳ ʘʟʠʜ-

ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʭʦʨʦʰʠʤʠ ʠ ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 1). 

ʏʝʨʝʟ ʦʩʪʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʚʥʦʚʴ ʙʳʣ ʧʨʦʧʫʱʝʥ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʨʠ ʫʩʣʦʚʠʠ 

ʩʤʝʥʳ ʧʦʣʷʨʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʷ ʨʘʩʪʚʦʨʝʥʥʘʷ ʚ ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʤʝʜʴ ʙʳʣʘ ʜʝʧʦʥʠʨʦʚʘʥʘ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʝ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʥʦʚʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʵʪʦʡ ʞʝ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ.  

 
ʉʭʝʤʘ 1. ɸʟʠʜ-ʘʣʢʠʥʦʚʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʛʝʥʝʨʠʨʦʚʘʥʥʳʤ ʤʝʜʥʳʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ. 

ʊʘʢʦʝ ʮʠʢʣʠʯʝʩʢʦʝ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʳʜʝʣʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪʢʨʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʧʝʨʝʭʦʜʘ 

ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨ, ʦʙʥʘʨʫʞʝʥʳ ʠʥʪʝʨʤʝʜʠʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ.  

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (19-29-08020) 
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ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʘʛʥʠʷ ʠ ʮʠʥʢʘ, ʩʦʜʝʨʞʘʱʠʭ 

ʥʠʪʨʦʛʨʫʧʧʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

 

ʉʘʨʚʠʥ ʀ.ɸ., ɽʨʟʫʥʦʚ ɼ.ɸ., ɺʘʰʫʨʠʥ ɸ.ʉ. 

 ʀʚʘʥʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʍʠʤʠʢʦ-ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: sarvin2002@mail.ru 

 

ʌʪʘʣʦʮʠʘʥʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʦʜʩʪʚʝʥʥʠʢʦʚ ʧʦʨʬʠʨʠʥʦʚ, ʦʙʣʘʜʘʷ ʦʙʰʠʨʥʦʡ 18-ˊ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʦʩʦʙʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʀʥʪʝʥʩʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʜʘʝʪ ʠʤ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʩʠʪʝʣʝʡ ʠ ʧʠʛʤʝʥʪʦʚ. ɸʛʨʝʛʘʮʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʚʦʡʩʪʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʢʣʦʥʥʳ 

ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʚ ʨʘʩʪʚʦʨʝ, ʦʙʨʘʟʫʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ (ʉʭʝʤʘ 1), ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʣɻʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʝʣʠʯʠʥʳ ʢʚʘʥʪʦʚʳʭ 

ʚʳʭʦʜʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʩʪʦʢʩʦʚʳʭ ʩʜʚʠʛʦʚ ʠ ʚʨʝʤʝʥ ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʣʷ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦ ʠ ʥʠʪʨʦʬʝʥʦʢʩʠʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ. 

  
 

ʉʭʝʤʘ 2. ʉʠʥʪʝʟ ʪʝʪʨʘ-4-(4-ʥʠʪʨʦʬʝʥʦʢʩʠ)ʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʮʠʥʢʘ, ʤʘʛʥʠʷ ʠ ʘʣʶʤʠʥʠʷ 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʪʝʤʧʣʘʪʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʬʪʘʣʦʥʠʪʨʠʣʘ ʩ 

ʘʮʝʪʘʪʘʤʠ ʤʝʪʘʣʣʦʚ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 4 : 1, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʯʝʚʠʥʳ. 

ʉʧʣʘʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 150 Áʉ ʠ ʜʣʠʣʦʩʴ 20 ʤʠʥʫʪ. ʇʦʩʣʝ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʤʝʩʴ ʙʳʣʘ ʦʯʠʱʝʥʘ ʵʢʩʪʨʘʢʮʠʝʡ ʥʘ ʘʧʧʘʨʘʪʝ ʉʦʢʩʣʝʪʪʘ ʩ ʭʣʦʨʦʬʦʨʤʦʤ, ʘ ʪʘʢ 

ʞʝ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʩ ʭʣʦʨʦʬʦʨʤʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 1H ʗʄʈ ʠ 

ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, MALDI-TOF ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʛʨʘʥʪ 17-

73-20017.  
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ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʠʥʪʝʟʘ ʧʨʦʧʘʨʛʠʣʘʤʠʥʦʚ 

 

ʉʚʠʱʝʚ ɺ.ʅ., ɹʦʥʜʘʨʝʥʢʦ ɻ.ʅ., ɻʘʥʠʥʘ ʆ.ɻ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: sviviknik@mail.ru 

 

ʇʨʦʧʘʨʛʠʣʘʤʠʥʳ ï ʦʙʰʠʨʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʪʦʨʦʛʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʬʘʨʤʘʮʝʚʪʠʢʝ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [1]. 

ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʧʨʦʧʘʨʛʠʣʘʤʠʥʦʚ ʷʚʣʷʝʪʩʷ 

ʨʝʘʢʮʠʷ ɸ3 ï ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʘʤʠʥʦʤ, ʘʣʴʜʝʛʠʜʦʤ ʠ ʘʣʢʠʥʦʤ 

[2]. ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ ʩ ʫʯʘʩʪʠʝʤ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʠʟ 

ʢʦʪʦʨʳʭ ï ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ ʠ ʩʝʨʝʙʨʘ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʨʝʮʠʢʣʠʟʫʝʤʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʯʝʪʘʶʱʠʝ  ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʟʘʛʨʷʟʥʝʥʠʠ ʧʨʦʜʫʢʪʦʚ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʘʢʮʠʠ ɸ3 ʩ ʛʝʪʝʨʦʛʝʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʥʘʤʠ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ (MOF ï metal organic framework) [3] ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ; ʧʦʜʦʙʥʳʝ 

ʤʝʜʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʥʝʝ. ʇʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ï Cu-MOF (3 ʤʦʣ.%), ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʨʠ 100oC, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʟʘ 2-6 ʯʘʩʦʚ ʧʦʣʫʯʠʪʴ ʩʝʨʠʶ ʧʨʦʧʘʨʛʠʣʘʤʠʥʦʚ ʩ 

ʚʳʭʦʜʘʤʠ ʦʪ ʚʳʩʦʢʠʭ ʜʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ  (83-100%), ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʠʪʴ 

ʨʝʮʠʢʣʠʟʘʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʨʝʘʢʮʠʠ ʬʝʥʠʣʘʮʝʥʪʠʣʝʥʘ ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʠ 

ʤʦʨʬʦʣʠʥʦʤ (ʚʳʭʦʜ ʜʦ 90 % ʥʘ 5 ʮʠʢʣʝ) . 

 
ʉʭʝʤʘ 2. ʉʠʥʪʝʟ ʧʨʦʧʘʨʛʠʣʘʤʠʥʦʚ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Olanow C.W. // Neurology. 2006. V. 66. P. 69-79. 

[2] Lauder K. et al. // Chem. Rev. 2017. V. 117. P. 14091-14200. 
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ʌʪʘʣʠʤʠʜ-N-ʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʷʭ C-O ʩʦʯʝʪʘʥʠʷ 

 

ʉʝʛʠʜʘ ʆ.ʆ.1, ʇʘʚʝʣʴʝʚ ʉ.ɸ.1, ɼʚʦʨʝʮʢʠʡ  ɸ.1, 2, ʌʸʜʦʨʦʚʘ ʋ.ɺ.1, 2,  

ʊʝʨʝʥʪʴʝʚ ɸ.ʆ. 1,2 

1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: segoleg@gmail.com 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʣʝʢʪʨʦʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, 

ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʠ ʜʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʣʢʝʥʦʚ. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ 

ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ ʉ-, ʆ-, N- ʠ S-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʨʘʜʠʢʘʣʦʚ. 

ʇʨʝʧʘʨʘʪʠʚʥʘʷ ʵʣʝʢʪʨʦʭʠʤʠʷ ʆ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ N-ʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʦʡ ʠ ʩʣʦʞʥʦʡ ʪʝʤʦʡ. ʀʤʠʜ-N-ʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʰʠʨʦʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʘʭ ʉ-ʆ ʩʦʯʝʪʘʥʠʷ ʠ ʜʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʘʣʢʝʥʦʚ, ʥʦ ʚ ʵʣʝʢʪʨʦʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦ ʚ 

ʢʘʯʝʩʪʚʝ ʤʝʜʠʘʪʦʨʦʚ ʉ-ʅ-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʦʢʠʩʣʝʥʠʷ ʩʧʠʨʪʦʚ (ʉʭʝʤʘ 1, ʘ). 

 
ʉʭʝʤʘ 1. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʚ ʢʦʥʪʝʢʩʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʪʘʣʠʤʠʜ-N-ʦʢʩʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʬʪʘʣʠʤʠʜ-N-ʦʢʩʠʣʴʥʳʝ (PINO) ʨʘʜʠʢʘʣʳ, ʛʝʥʝʨʠʨʠʨʫʝʤʳʝ 

ʥʘ ʘʥʦʜʝ ʠʟ N-ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʜʠʢʘʣʴʥʦʛʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʚ ʥʦʚʳʭ ʨʝʘʢʮʠʷʭ ʉ-ʅ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ 

ʜʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʣʢʝʥʦʚ (ʉʭʝʤʘ 1, ʙ). [1, 2] 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ʧʨʦʝʢʪ ˉ 21-

13-00205). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Paveliev S.A., Segida O.O., et. al. // Org. Chem. 2021. V. 84. P. 18107. 

[2] Paveliev S.A., Churakov A.I., et. al. // Adv. Synth. Catal. 2020. V. 18. P. 3864. 
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ʉʠʥʪʝʟ ʣʠʧʠʜʥʦʡ ʬʦʨʤʳ ʨʅ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢʦʥʲʶʛʘʪʘ ʥʘ ʦʩʥʦʚʝ 

ʜʠʛʠʜʨʦʬʫʨʘʥʦʘʣʣʦʢʦʣʭʠʮʠʥʘ 

 

ʉʠʪʜʠʢʦʚʘ ɸ.ʈ., ʑʝʛʨʘʚʠʥʘ ɽ.ʉ., ʌʸʜʦʨʦʚ ɸ.ʖ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail:abdulkader@yandex.ru 

 

 ʈʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʛʠʜʨʦʬʫʨʘʥʦʘʣʣʦʢʦʣʭʠʮʠʥʦʠʜ 1 ʧʨʦʷʚʣʷʝʪ 

ʚʳʩʦʢʫʶ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʫʙ-ʥʘʥʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʷʜʫ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʥʠʞʝʥʥʦʡ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ (LD50) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʨʦʜʥʳʤ ʢʦʣʭʠʮʠʥʦʤ 

[1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʢʘʟʘʥʥʘ ̫ʤʦʣʝʢʫʣʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʘʢʪʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʧʨʦʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤr. 

 ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʢʦʣʭʠʮʠʥʦʠʜʦʤ 1 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ 2, ʩʦʜʝʨʞʘʱʝʝ 

ʢʝʪʦʛʨʫʧʧʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʥʲʶʛʠʨʦʚʘʥʠʷ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʣʠʧʠʜʦʤ 

3. ʆʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʅ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʨʦʣʝʢʘʨʩʪʚʘ 4, 

ʩʦʜʝʨʞʘʱʝʛʦ ʢʠʩʣʦʪʥʦ-ʣʘʙʠʣʴʥʳʡ ʦʢʩʠʤʥʳʡ ʬʨʘʛʤʝʥʪ. 

 
ʈʠʩ.1 ʃʠʧʠʜʥʘʷ ʬʦʨʤʘ ʨʅ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢʦʥʲʶʛʘʪʘ ʥʘ ʦʩʥʦʚʝ 

ʜʠʛʠʜʨʦʬʫʨʘʥʦʘʣʣʦʢʦʣʭʠʮʠʥʘ 

 

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 19-13-00158). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Shchegravina E.S. et al. // Eur. J. Med. Chem. 2020. V. 207. P. 112724.  
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ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʘʢʮʠʠ ʛʠʜʨʘʟʠʥʠʣʠʨʦʚʘʥʠʷ S-ʤʝʪʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 2-

ʪʠʦʫʨʘʮʠʣʘ 

 

ʉʢʨʳʣʴʢʦʚʘ ɸ.ʉ., ɽʛʦʨʦʚ ɼ.ʄ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ                                                                                                                           

E-mail: askrylkova@gmail .com 

 

ʇʠʨʠʤʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʘʝʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ 

ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ 2-ʪʠʦʫʨʘʮʠʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʫʧʥʳ. ʇʦʵʪʦʤʫ ʤʦʜʠʬʠʢʘʮʠʠ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʠʥʪʝʨʝʩʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ S-ʤʝʪʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 2-ʪʠʦʫʨʘʮʠʣʘ (1 (a-e)) ʩ 

ʠʟʙʳʪʢʦʤ ʛʠʜʨʘʟʠʥ ʛʠʜʨʘʪʘ (2) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʠʜʨʘʟʠʥʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (3 (a-e), 5). ʉʪʘʥʜʘʨʪʥʦ ʠʩʧʦʣʴʟʫʶʪ 2-ʢʨʘʪʥʳʡ 

ʠʟʙʳʪʦʢ ʛʠʜʨʘʟʠʥ ʛʠʜʨʘʪ, ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʵʪʘʥʦʣʘ ʠʣʠ ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺʳʜʝʨʞʢʘ ʩʦʩʪʘʚʣʷʝʪ 2ï3 ʯʘʩʘ, ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 60ï70%. ɼʦʙʘʚʣʝʥʠʝ 8-ʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʛʠʜʨʘʟʠʥ ʛʠʜʨʘʪʘ ʠ 

ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʚ ʀʇʉʝ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʟʘ 6-8 ʯʘʩʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ 

ʧʨʦʜʫʢʪʘ ʜʦ 80ï92%. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʠʟʙʳʪʢʘ ʛʠʜʨʘʟʠʥ ʛʠʜʨʘʪʘ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ.  

 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʜʘʥʥʳʤ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1ʅ, 13ʉ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʙʘʟʦʚʦʡ ʯʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ (ˉ 785.00.ʍ6019) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʀʎ ʉʇʙɻʊʀ (ʊʋ). 
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ʉʠʥʪʝʟ ʥʦʚʳʭ ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-2-ʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ 1-(3,3-

ʜʠʵʪʦʢʩʧʨʦʧʠʣ)ʫʨʝʠʜʦ)ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʦʚ ʥʘʪʨʠʷ ʩ ʉ-ʥʫʢʣʝʦʬʠʣʘʤʠ 

 

ʉʤʦʣʦʙʦʯʢʠʥ ɸ.ɺ., ʈʠʟʙʘʝʚʘ ʊ.ʉ., ɻʘʟʠʟʦʚ ɸ.ʉ.,  

ɹʫʨʠʣʦʚ ɸ.ʈ., ʇʫʜʦʚʠʢ ʄ.ɸ.  

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ 

ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

E-mail: smolobochkinav@mail.ru 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʮʠʢʣʠʯʝʩʢʦʡ ʤʦʯʝʚʠʥʳ ï ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-2(1H)-ʦʥʳ, 

ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʊʝʪʨʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ  ʦʢʘʟʳʚʘʶʪ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʬʝʨʤʝʥʪʳ, 

ʪʘʢʠʝ ʢʘʢ ɺʀʏ-ʧʨʦʪʝʘʟʘ,  ʜʠʛʠʜʨʦʦʨʦʪʘʟʘ, ʪʦʧʦʠʟʦʤʝʨʘʟʘ I, TNF-Ŭ-

ʧʨʝʚʨʘʱʘʶʱʠʡ ʬʝʨʤʝʥʪ. ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʥʦʚʳʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʠʨʘʟʦʣʦʧʠʨʠʜʠʥʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʈʝʘʢʮʠʝʡ (1-(3,3-ʜʠʵʪʦʢʩʠʧʨʦʧʠʣ)ʫʨʝʠʜʦ)ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʦʚ ʥʘʪʨʠʷ ʩ ʉ-

ʥʫʢʣʝʦʬʠʣʘʤʠ (4-ʭʣʦʨʨʝʟʦʨʮʠʥ, ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣ-5-ʦʣ, 2,4-

ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, 4-ʛʠʜʨʦʢʩʠ-6-ʤʝʪʠʣ-2H-ʧʠʨʘʥ-2-ʦʥ) ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ 

ʟʘʤʝʱʸʥʥʳʝ ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʘʪʴ 

ʥʦʚʳʝ ʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-2(1H)-ʦʥʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʄʂ-

1944.2022.1.3. 
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ʅʝʦʙʳʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʨʝʘʢʮʠʠ ʩ ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ 

 

ʉʦʢʦʚ ʉ.ɸ.1,2, ɻʦʣʦʚʘʥʦʚ ɸ.ɸ.1, ɺʦʣʦʛʞʘʥʠʥʘ ɸ.ɺ.3 
1ʊʦʣʴʷʪʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʣʴʷʪʪʠ, ʈʦʩʩʠʷ 
2ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʋʬʘ, ʈʦʩʩʠʷ 
3ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʥʠ ɸ. ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: s.sokov@tltsu.ru 

 

ʉʚʝʜʝʥʠʷ ʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ Ŭ-ʘʮʝʪʠʣʝʥʦʚʳʭ ʘʣʴʜʝʛʠʜʦʚ ʩ ʉʅ-

ʢʠʩʣʦʪʘʤʠ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʧʠʩʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʨʠʣʘʮʝʪʠʣʝʥʦʚʳʭ ʘʣʴʜʝʛʠʜʦʚ ʩ ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʧʝʨʠʜʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʝʥʠʥʦʚ [1]. 

ɸʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ, ʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ZnCl2 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʫʨʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ [2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʣʠʷʥʠʷ ʜʨʫʛʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʬʝʥʠʣʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ 1 ʩ 

ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ 2 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ DBU ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʦʚʦʤʫ ʧʨʦʠʟʚʦʜʥʦʤʫ 3 ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ. 

 
 

ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʪʘʢʘʷ ʥʝʦʙʳʯʥʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʦʙʨʘʟʫʶʱʠʡʩʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʝʥʠʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʘʪʘʢʝ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ-ʘʥʠʦʥʘ ʠ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ ʘʣʴʜʝʛʠʜʘ. ʉʪʨʦʝʥʠʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 3 ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 22-13-00185), https://rscf.ru/en/project/22-13-00185/. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Asokarajan R., Pazhani R., Paulpandiyan R. // Journal of Advanced Scientific 

Research. 2019. ʊ. 10. ˉ. 04. ʉ. 235-239. 

[2] Yu Y., Chen Y., Wu W., Jiang H.  // Chemical Communications. 2017. ʊ. 53. ˉ. 

3. ʉ. 640-643. 
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ʈʝʘʢʮʠʠ (2-(3,4-ʜʠʛʠʜʨʦ-2H-ʧʠʨʨʦʣ-1-ʠʫʤ-1-ʠʣ)-1,3-ʜʠʦʢʩʦ-2,3-ʜʠʛʠʜʨʦ-1H-

ʠʥʜʝʥ-2-ʠʜʘ) ʩ ʪʝʪʨʘʘʣʢʠʣʘʮʝʪʠʣʝʥʜʠʬʦʩʬʦʥʘʪʦʤ 

 

ʉʦʢʦʣʦʚ ɸ.ɸ., ɽʛʦʨʦʚ ɼ.ʄ. 

ʉʘʥʢʪ-ʧʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: sklv.alexey@gmail.com 

 

ʈʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʛʝʪʝʨʦʘʪʦʤʦʚ. ʈʝʘʢʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ï ʚʘʞʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʫʜʘʝʪʩʷ ʧʦʣʫʯʘʪʴ ʤʥʦʛʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɼʘʥʥʳʝ 

ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʙʳʩʪʨʦʡ ʠ ʣʝʛʢʦʡ ʩʰʠʚʢʠ ʣʶʙʳʭ ʚʝʱʝʩʪʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʘʢʮʠʠ ʢʦʥʮʝʚʳʝ ʛʨʫʧʧʳ (ʜʠʧʦʣʴ ʠ 

ʜʠʧʦʣʷʨʦʬʠʣ), ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʠʦʭʠʤʠʠ ʠ 

ʠʤʤʫʥʦʘʥʘʣʠʟʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʤʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ 

ʨʝʘʢʮʠʷʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʨʝʘʢʮʠʝʡ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʪʨʦʡʥʦʡ 

ʩʚʷʟʠ ʘʮʝʪʠʣʝʥʜʠʬʦʩʬʦʥʘʪʘ ʜʠʧʦʣʷ (2-(3,4-ʜʠʛʠʜʨʦ-2H-ʧʠʨʨʦʣ-1-ʠʫʤ-1-ʠʣ)-1,3-

ʜʠʦʢʩʦ-2,3-ʜʠʛʠʜʨʦ-1H-ʠʥʜʝʥ-2-ʠʜʘ). 

ʉʠʥʪʝʟ ʜʠʧʦʣʷ ð ʨʝʘʢʮʠʷ ʥʠʥʛʠʜʨʠʥʘ ʩ L-ʧʨʦʣʠʥʦʤ, ʧʦʢʘʟʘʥʘ ʥʘ ʩʭʝʤʝ. 
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ʇʦʣʫʯʝʥʥʳʡ ʜʠʧʦʣʴ ʣʝʛʢʦ ʚʩʪʫʧʘʣ ʚ ʨʝʘʢʮʠʶ ʩ ʘʮʝʪʠʣʝʥʜʠʬʦʩʬʦʥʘʪʘʤʠ, 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʟʘ 3 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʥʪʨʦʣʴ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʜʘʥʥʳʤ ʗʄʈ 31ʈ: 
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R= CH3, C2H5  
ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ï ʤʘʩʣʘ. ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʜʘʥʥʳʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1H, 13ʉ, 31ʈ. 
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ʉʠʥʪʝʟ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 1,2,3,4,5,6-

ʛʝʢʩʘ(ʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣ)ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʘ 

 

ʉʦʢʦʣʦʚʘ ɸ.ɼ.1, ʀʣʴʶʱʝʥʢʦ ʄ.ʂ.2, ʃʠʪʚʠʥʝʥʢʦ ɺ.ɺ.1, ʉʘʣʠʢʦʚ ʈ.ʌ.1,  

ɹʝʣʳʡ ɸ.ʖ.1 
1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: alenasklva@gmail.com 

 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ 1,2,3,4,5,6-

ʛʝʢʩʘ(ʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣ)ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʘ (E6), ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʧʦʣʫʯʠʪʴ ʩ ʚʳʭʦʜʦʤ 66% ʚ ʚʠʜʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʟʦʤʝʨʘ.  

 

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʛʝʢʩʘ(ʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣ)ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʘ. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ E6 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ CH-ʢʠʩʣʦʪʥʦʩʪʴʶ, 

pKa = 8,9 (DMSO), ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʩʠʣʝ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʫʜʠʚʠʪʝʣʴʥʦ, ʫʯʠʪʳʚʘʷ ʬʦʨʤʘʣʴʥʦ ʘʥʪʠʘʨʦʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʘʥʠʦʥʘ E6. 

E6 ʠ ʝʛʦ ʘʥʠʦʥ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʢʘʢ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ, ʪʘʢ ʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʝʜʴ 

ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ CH ʘʢʪʠʚʘʮʠʷ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʷ ʩ ʘʤʠʥʘʤʠ, ʧʨʠʚʦʜʷʱʘʷ ʢ 5-

ʛʠʜʨʦʢʩʠʠʟʦʭʠʥʦʣʦʥʘʤ, ʷʚʣʷʶʱʠʤʠʩʷ ʥʦʚʳʤ ʪʠʧʦʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʢʨʘʩʠʪʝʣʝʡ. 

 
ʉʭʝʤʘ 2. ʉʚʦʡʩʪʚʘ ʛʝʢʩʘ(ʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣ)ʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʘ. 
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ɻʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʘʪʝʭʦʣʘʪʳ ʛʘʣʣʠʷ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʟʘʪʨʫʜʥʝʥʥʳʭ ʦ-ʭʠʥʦʥʦʚ ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

 

ʉʦʣʦʚʴʝʚʘ ɽ.ɸ., ʄʘʣʝʝʚʘ ɸ.ɺ. 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: arina@iomc.ras.ru 
 

ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʚʦʟʥʠʢ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ LL'CT-

ʩʦʝʜʠʥʝʥʠʷʤ (LL'CT - ligand-to-ligand charge transfer ï ʧʨʦʮʝʩʩ ʤʝʞʣʠʛʘʥʜʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ), ʢʘʢ ʢ ʬʦʪʦ/ʵʣʝʢʪʨʦʭʨʦʤʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʩʧʦʩʦʙʥʳʤ ʢ 

ʧʝʨʝʢʣʶʯʝʥʠʶ ʩʚʦʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʧʨʠʚʣʝʢʘʝʪ ʪʘʢʦʡ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ 

ʬʫʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʴ ʪʦʥʢʫʶ 

ʥʘʩʪʨʦʡʢʫ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʘʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. 

ʇʦʣʫʯʝʥʠʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʣʫʯʰʝ ʧʦʥʷʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʭʦʜʷʱʠʝ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʥʝ ʦʩʣʦʞʥʝʥʥʳʝ ʫʯʘʩʪʠʝʤ d-ʦʨʙʠʪʘʣʝʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʟʘʪʨʫʜʥʝʥʥʳʭ ʦ-ʭʠʥʦʥʦʚ ʙʳʣʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʢʘʪʝʭʦʣʘʪʦʚ ʡʦʜʠʜʘ ʛʘʣʣʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ N-ʜʦʥʦʨʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ (ʩʭʝʤʘ 1).  

 
ʉʭʝʤʘ 1. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ ʢʘʪʝʭʦʣʘʪʳ ʛʘʣʣʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʀʂ-, ʗʄʈ, ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚʳʧʦʣʥʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ.   

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ 

ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʧʦ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ (ʛʨʘʥʪ ˉ ʅʐ-

403.2022.1.3).  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʦʤʝʨʠʟʘʮʠʠ Ŭ-ʦʣʝʬʠʥʦʚ ʬʨʘʢʮʠʠ ʉ16-18 

 

ʉʪʨʘʭʦʚʘ ɺ.ʀ.1, ʐʠʨʰʠʥ ʂ.ʂ.1,2, ʉʘʢ ʖ.ɺ.1, ʂʘʥʘʢʦʚ ɽ.ɸ.1,2, ɽʩʠʧʦʚʠʯ ɸ.ʃ.1,2 

1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. 

ɸʣʝʢʩʝʝʚʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: v.strahova-maks@yandex.ru 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʦʧʫʙʣʠʢʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʸʥʥʳʭ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʦʟʠʮʠʦʥʥʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ Ŭ-

ʦʣʝʬʠʥʦʚ ʬʨʘʢʮʠʠ ʉ16-18. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʠ ʦʙʫʩʣʦʚʣʝʥʘ 

ʦʪʩʫʪʩʪʚʠʝʤ ʠʟʦʤʝʨʝʟʦʚʘʥʥʳʭ ʦʣʝʬʠʥʦʚ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʳʥʢʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʳʨʴʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʦʤʝʨʠʟʘʮʠʠ Ŭ-ʦʣʝʬʠʥʦʚ ʬʨʘʢʮʠʠ ʉ16-18 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʢʠʩʣʦʪʥʦʛʦ ʪʠʧʘ. 

ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʢʨʫʛʣʦʜʦʥʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʚʝʨʭʥʝʧʨʠʚʦʜʥʦʡ ʤʝʰʘʣʢʠ, ʛʠʜʨʦʟʘʪʚʦʨʘ, 

ʢʦʣʙʦʥʘʛʨʝʚʘʪʝʣʷ, ʜʝʬʣʝʛʤʘʪʦʨʘ, ʪʝʨʤʦʤʝʪʨʘ ʠ ʢʘʧʠʣʣʷʨʘ ʜʣʷ ʧʨʦʜʫʚʢʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʘʟʦʪʦʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʠʩʧʳʪʘʥʳ 

ʤʠʥʝʨʘʣʴʥʳʝ ʢʠʩʣʦʪʳ (ʩʝʨʥʘʷ ʠ ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ), ʘ ʪʘʢʞʝ ʧʘʨʘ-

ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʵʪʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

(ʚʧʣʦʪʴ ʜʦ 10% ʤʘʩʩ.) ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ. 

ɺʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ ʠ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ ʚ ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʯʠʥ ʪʘʢʞʝ ʥʝ ʧʨʠʚʝʣʦ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ.  

ʎʝʦʣʠʪ ʪʠʧʘ H-ZSM-5 ʪʘʢʞʝ ʥʝ ʧʨʦʷʚʠʣ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʦʤʝʨʠʟʘʮʠʠ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ 

ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʠʣʴʥʦʢʠʩʣʦʪʥʳʝ ʮʝʦʣʠʪʳ ʪʠʧʘ HY. ʇʨʠ 

ʩʨʘʚʥʝʥʠʠ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ 

ʢʘʪʘʣʠʟʘʪʦʨʳ CVB760 (Zeolyst Products) ʠ KNT-860 (KNT Group). 

ɹʦʣʝʝ ʪʦʛʦ, ʚ ʭʦʜʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʠʨʦʜʳ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʘ ʪʘʢʞʝ ʙʘʨʙʦʪʘʞʘ ʘʟʦʪʘ ʥʘ ʚʳʭʦʜ, ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʳʚʘʥʠʷ (ʊɿ) ʧʨʦʜʫʢʪʦʚ (ʠʟʦ-ʦʣʝʬʠʥʦʚ). ʇʨʝʜʣʦʞʝʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʠʟʦʤʝʨʠʟʘʮʠʠ Ŭ-ʦʣʝʬʠʥʦʚ 

ʬʨʘʢʮʠʠ ʉ16-18. 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 3-ʘʤʠʥʦʬʫʨʦ[2,3-b]ʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʤʠʜʦʚ ʩ 

ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʠ N-ʭʣʦʨʩʫʢʮʠʥʠʤʠʜʦʤ 

 

ʐʠʪʠʢʦʚ ʅ.ɺ., ʉʪʨʦʛʘʥʦʚʘ ʊ.ɸ., ʂʨʘʧʠʚʠʥ ɻ.ɼ. 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

E-mail: tatka_s@mail.ru 

 

ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 3-ʘʤʠʥʦʪʠʝʥʦ- ʠ ʬʫʨʦ[2,3-

b]ʧʠʨʠʜʠʥʦʚ ʢʘʢ ʫʜʦʙʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʩʠʥʪʝʟʝ ʧʦʣʠʷʜʝʨʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʤʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʤʠʜʦʚ ʨʷʜʘ 3-ʘʤʠʥʦʬʫʨʦʧʠʨʠʜʠʥʘ ʩ NaOCl ʠ 

ʭʣʦʨʩʫʢʮʠʥʠʤʠʜʦʤ (NCS). 

ʈʘʥʝʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 3-ʘʤʠʥʦʪʠʝʥʦ[2,3-b]ʧʠʨʠʜʠʥʳ 1 ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʨʘʩʪʚʦʨʦʤ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʮʝʣʦʤʫ ʢʘʩʢʘʜʫ ʧʨʝʚʨʘʱʝʥʠʡ, 

ʧʨʠʚʦʜʷʱʝʤʫ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʦʚ 2 (ʉʭʝʤʘ 1): 

ʉʭʝʤʘ 1 

1 23

 
ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʘʢʮʠʷ ʪʠʝʥʦʧʠʨʠʜʠʥʦʚ 1 ʩ NCS ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʢʝʪʦʥʦʚ 2. ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʝʨʚʦʡ 

ʩʪʘʜʠʝʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʘʪʘʢʘ ʵʣʝʢʪʨʦʬʠʣʘ Cl+ ʧʦ ʧʦʣʦʞʝʥʠʶ 2, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʢʘʨʙʦʢʘʪʠʦʥʘ, ʜʘʣʴʥʝʡʰʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʧʨʝʚʨʘʱʝʥʠʡ ʛʝʪʝʨʦʘʥʘʣʦʛʘ 3-ʘʤʠʥʦʪʠʝʥʦʧʠʨʠʜʠʥʘ ï ʘʤʠʜʦʚ ʨʷʜʘ 3-

ʘʤʠʥʦʬʫʨʦʧʠʨʠʜʠʥʘ 4 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʠ NCS. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʚʳʜʝʣʝʥʳ ʠʤʠʥʳ 5 ʩ ʚʳʭʦʜʦʤ 64-83% (ʉʭʝʤʘ 2).  

ʉʭʝʤʘ 2 

4 5

or

 
ʉʪʨʫʢʪʫʨʳ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʢʘʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʳʭ 1ʅ ʠ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ HRMS. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʥʘʫʢʠ (ʧʨʦʝʢʪ FZEZ-2020-0004). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʧʠʱʝʚʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʂʫʙɻʊʋ 

(ʎʂʇ_3111), ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʜʦʛʦʚʦʨ ˉ 075-15-2021-679). 
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ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʠʩʪʠʘʜʠʘʟʦʣʘʤʠʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʝʡʩʝʨʘʤʠ 

 

ʉʫʚʦʨʦʚʘ ʖ.ɺ., ʇʝʪʫʭʦʚʘ ɽ.ɸ., ɼʘʥʠʣʦʚʘ ɽ.ɸ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: butina@isuct.ru 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, ʥʘʤʠ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʠʘʤʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʘ 1,3,4-ʪʠʘʜʠʘʟʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘ, 

ʩʚʷʟʘʥʥʳʭ ʘʣʢʠʣʴʥʳʤʠ ʩʧʝʡʩʝʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣ ʚʳʧʦʣʥʝʥ 

in silico ʧʨʦʛʥʦʟ, ʧʦʢʘʟʘʚʰʠʡ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʩʚʦʡʩʪʚ, ʘ ʟʥʘʯʠʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʩʠʥʪʝʟʘ ʚʳʙʨʘʥʥʳʭ ʤʦʣʝʢʫʣ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʉʪʨʦʝʥʠʝ ʚʩʝʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʵʣʝʢʪʨʦʥʥʦʡ, ʀʂ ʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʤʦʣʝʢʫʣ ʚ ʭʦʜʝ in vitro ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʷʚʠʣʠ ʫʤʝʨʝʥʥʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʠ ʬʫʥʛʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʠ [1,2]. 

ʇʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʠʩʪʠʘʜʠʘʟʦʣʘʤʠʥʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʛʦ 

ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʅʘ ʨʠʩ. 1 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʙʠʩ(5-ʘʤʠʥʦ-1,3,4-ʪʠʘʜʠʘʟʦʣ-2-ʠʣ)ʙʫʪʘʥʘ. 

 
ʈʠʩ. 1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʠʩ(5-ʘʤʠʥʦ-1,3,4-ʪʠʘʜʠʘʟʦʣ-2-ʠʣ) ʙʫʪʘʥʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ 

(ʇʨʦʝʢʪ ʄʂ-1396.2020.3). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Suvorova Yu.V., Petukhova E.A., Dmitriev M.V., et al. // ChemChemTech. 2021. 

V. 64. N 12. P. 8-16. 

[2] ʉʫʚʦʨʦʚʘ ʖ.ɺ., ʇʝʪʫʭʦʚʘ ɽ.ɸ., ɼʘʥʠʣʦʚʘ ɽ.ɸ., ʊʶʨʠʥ ɼ.ɺ. // ɾʠʜʢ. ʢʨʠʩʪ. ʠ 

ʠʭ ʧʨʘʢʪʠʯ. ʠʩʧʦʣʴʟ. 2022. ʊ. 22, ˉ 1. ʉ. 6ï15. 
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ɺʣʠʷʥʠʝ ʬʨʘʛʤʝʥʪʦʚ Lⱷʪʨʠʧʪʦʬʘʥʘ ʠ Lⱷʬʝʥʠʣʘʣʘʥʠʥʘ ʚ 

ʧʠʣʣʘʨ[5]ʘʨʝʥʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʠʥ 

ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮ 

 

ʉʫʣʪʘʥʘʝʚ ɺ.ʈ., ʗʢʠʤʦʚʘ ʃ.ʉ., ʅʘʟʘʨʦʚʘ ɸ.ɸ., ʉʪʦʡʢʦʚ ʀ.ʀ. 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

E-mail: vildan_sultanaev@mail.ru 

 

ʇʠʣʣʘʨ[5]ʘʨʝʥʳ  ʤʦʣʦʜʦʡ ʢʣʘʩʩ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʩ ʫʜʦʙʥʦʡ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʩʦʟʜʘʥʠʷ 

ʧʝʧʪʠʜʦʤʠʤʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ [1]. ʌʣʫʦʨʝʩʮʝʠʥ ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ 

ʢʩʘʥʪʝʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʠ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʘʨʢʝʨʘ. ʄʦʣʝʢʫʣʘ ʢʨʘʩʠʪʝʣʷ ʚ 

ʩʦʩʪʘʚʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʘ ʩ 

ʧʦʜʣʦʞʢʦʡ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʬʣʫʦʨʝʩʮʝʠʥ ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ 

ʦʩʥʦʚʝ ʤʘʢʨʦʮʠʢʣʦʚ ʩ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʫʪʝʤ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʝʢʘʟʘʤʝʱʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʣʣʘʨ[5]ʘʨʝʥʘ ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ L ʪʨʠʧʪʦʬʘʥʘ ʠ L

ʬʝʥʠʣʘʣʘʥʠʥʘ; ʧʦʣʫʯʝʥʳ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʤʘʢʨʦʮʠʢʣ ʬʣʫʦʨʝʩʮʝʠʥ ʠ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʠʣʣʘʨ[5]ʘʨʝʥʘ ʥʘ 

ʩʚʦʡʩʪʚʘ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ ʩʠʩʪʝʤ. 

ʂʦʤʧʣʝʢʩʦʤ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 92Ñ1 (ɕ=13Ñ2 ʤɺ) ʠ 79Ñ1 (ɕ=32Ñ2 ʤɺ) ʥʤ ʜʣʷ 

ʤʘʢʨʦʮʠʢʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ L ʪʨʠʧʪʦʬʘʥʘ ʠ L ʬʝʥʠʣʘʣʘʥʠʥʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʠʣʣʘʨ[5]ʘʨʝʥ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʬʝʥʠʣʘʣʘʥʠʥʘ 

ʧʨʦʯʥʝʝ ʩʚʷʟʳʚʘʝʪ ʬʣʫʦʨʝʩʮʝʠʥ (lgKa=5.08) ʠ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʧʦʥʪʘʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʵʤʠʩʩʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʦʣʴʢʦ ʧʨʠ ʵʢʚʠʤʦʣʷʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʤʘʢʨʦʮʠʢʣʘ ʩ 

ʪʨʠʧʪʦʬʘʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʠ ʬʣʫʦʨʝʩʮʝʠʥʦʤ ʧʨʝʪʝʨʧʝʚʘʶʪ ʧʦʩʪʝʧʝʥʥʦʝ 

ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʠʟʫʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʦʪʥʦʰʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʤʘʨʢʝʨʦʚ, ʘ ʣʘʙʠʣʴʥʘʷ ʟʘʨʷʞʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʢʨʦʮʠʢʣʦʚ ʧʦʟʚʦʣʠʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʨʅ ʟʘʚʠʩʠʤʳʝ ʧʨʦʮʝʩʩʳ ʩʚʷʟʳʚʘʥʠʷ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʩʫʙʩʪʨʘʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 18-73-10094) https://rscf.ru/project/18-73-10094/. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Nazarova A.A., Yakimova L.S., Padnya P.L., et al. // New J.Chem. 2019. V. 43. P. 

14450ï14458.  
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ʂʘʨʙʦʢʩʠʟʘʤʝʱʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʛʫʘʥʘʟʦʣʘ, ʦʙʣʘʜʘʶʱʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

 

ʊʘʥʘʩʝʚʠʯ ɺ.ɸ., ʂʫʩʪʦʚʘ ʊ.ɺ., ʂʫʟʴʤʠʥʘ ʄ.ɸ., ɿʥʦʡʢʦ ʉ.ɸ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mʘil : melenchuktv@mʘil .ru 

 

ʊeʪʨʘʧʠʨʨʦʣʴʥʳe ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʤʘʢʨʦʛeʪeʨʦʮʠʢʣʳ - ʧʦʨʬʠʨʠʥʳ ʠ ʠʭ 

ʘʥʘʣʦʛʠ ʭʘʨʘʢʪeʨʠʟyʶʪc  ̫ʰʠʨʦʢʠʤ cʧeʢʪʨʦʤ ʬyʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʦʣeʢyʣ, ʯʪʦ 

ʦʪʢʨr ʚʘeʪ ʚʦʟʤʦʞʥʦcʪ ɹʧʨʠʤeʥeʥʠʷ ʠʭ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤeʜʠʮʠʥe, ʧʦʟʚʦʣʷʷ ʥe 

ʪʦʣʴʢʦ ʨeʛyʣʠʨʦʚʘʪ ɹ cʦcʪʦ̫ ʥʠe ʠʭ ʛʠʜʨʦʬʠʣʴʥʦ-ʣʠʧʦʬʠʣʴʥʦʛʦ ʙʘʣʘʥcʘ ʠʣʠ 

ʦʧʪʠʯecʢʠe cʚʦʡcʪʚʘ, ʥʦ ʠ cʦʟʜʘʚʘʪ ɹ ʮeʥʪʨr  cʚʷʟʳʚʘʥʠʷ c ʨʘʟʣʠʯʥʳʤʠ 

ʥʦcʠʪeʣʷʤʠ, ʘ ʪʘʢʞe ʧʨeʜʣʘʛʘʪ ɹʧʨeʧʘʨʘʪ rʤʥʦʛʦʮeʣeʚʦʛʦ ʜeʡcʪʚʠʷ. ʏʘɦ ʝ ʚʩʝʛʦ 

ʭʠʤʠʯʝʩʢʘ̫  ʤʦʜʠʬʠʢʘʮʠʷ ʤʘʢʨʦʩʠʩʪʝʤʳ ʧʨʦʭʦʜʠʪ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʬʨʘʛʤʝʥʪʘ-

ʬʘʨʤʘʢʘʬʦʨʦʚ ʠʣʠ ʚʚʝʜʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ ʧʝʨʠʬʝʨʠʠ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʙʠʦʛʝʥʥʳʭ ʤʝʪʘʣʣʦʚ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʥʘʤʠ ʧʨʦʜʦʣʞʝʥ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʨ̫ ʜ ʢʘʨʙʦʢʩʠʟʘʤʝʱʝʥʥʳʭ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩ ʜʚʫʭʚʘʣʝʥʪʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʇʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʥʝʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʦʩʥʦʚʝ 

ʛʫʘʥʘʟʦʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦɦ ʴʶ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺʠʨʪʫʘʣʴʥrʡ ʩʢʨʠʥʠʥʛ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

in vitrʦ. ʅʘʤʠ ʙʳʣ ʚʳʧʦʣʥʝʥ in silicʦ ʧʨʦʛʥʦʟ, ʧʦʢʘʟʘʚʰʠʡ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʦʷʚʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʩʚʦʡʩʪʚ, ʘ 

ʟʥʘʯʠʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʠʥʪʝʟʘ ʚʳʙʨʘʥʥʳʭ ʤʦʣʝʢʫʣ. ʇʨʦʛʥʦʟ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʭr ʢʦʤʧʣʝʢʩʦʚ ʈɸSS, ɸntiBʘc-ʈred ʠ CLC-ʈred. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʭʦʜʝ in vitrʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʷʚʠʣʠ ʫʤʝʨʝʥʥʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʠ ʬʫʥʛʠʮʠʜʥʫʶ 

ʘʢʪʠʚʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʰʠʨʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʥʘ ʦʩʥʦʚʝ ʛʫʘʥʘʟʦʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-671). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʪʝʤʘ ˉ FZZW-2023-0009 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Filimʦnʦv D.ɸ., Druzhilʦvskiy D.S., Lʘgunin ɸ.ɸ., et al. // Biʦmed. Chem. Res. 

Meth. 2018. V. 1(1). P. 1ï21.  

[2] ʂʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ɸnti-Bʘc-ʈred. httʨ://wʘy2drug.cʦm/ʘntibʘc/ 
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ɸʮʠʣʠʨʦʚʘʥʠʝ 1-ʤʝʪʠʣʭʠʥʘʟʦʣʠʥ-2,4-ʜʠʦʥʘ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʣʳʭ  ʢʦʣʠʯʝʩʪʚ ʰʝʩʪʠʚʦʜʥʦʛʦ 

ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ  

 

ʈʘʜʞʘʙʦʚʘ ʉ.ʖ., ʊʘʭʠʨʦʚ ʖ.ʈ.,  ʐʦʥʘʟʘʨʦʚ ɸ.ʈ., ɼʫhʘʤʦʚ ɼ.ɸ. 

ʋʨʛʝʥʯʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʨʛʝʥʯ, ʋʟʙʝʢʠʩʪʘʥ 

ɽ-mail: yuldash_78@mail.ru 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʭʠʥʘʟʦʣʠʥʘ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ. ʉʨʝʜʠ ʥʠʭ ʥʘʡʜʝʥʳ ʬʫʥʛʠʮʠʜʳ, ʠʥʩʝʢʪʠʮʠʜʳ, ʙʘʢʪʝʨʠʮʠʜʳ, 

ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ.    

ʈʘʥʝʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʘʮʠʣʠʨʦʚʘʥʠʝ ʙʝʥʟʦʢʩʘʟʦʣʠʥ-2-ʦʥʦʚ [2] ʙʝʥʟʦʪʠʘʟʦʣʠʥ-

2-ʦʥʦʚ [3] ʠ ʙʝʥʟʠʤʠʜʘʟʦʣʠʥ-2-ʦʥʦʚ [4] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ 

ʢʘʪʘʣʠ-ʟʘʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 6-

ʘʮʠʣʙʝʥʟʘʟʦʣʠʥ-2-ʦʥʦʚ. 

ʇʨʦʜʦʣʞʘʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʚ ʨʷʜʫ 

ʧʨʦʠʟʚʦʜʥʳʭ ʭʠʥʘʟʦʣʠʥʘ ʠ ʩ ʮʝʣʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ ʥʘ ʰʝʩʪʠʯʣʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ 

ʘʮʠʣʠʨʦʚʘʥʠʝ 1-ʤʝʪʠʣʭʠʥʘʟʦʣʠʥ-2,4-ʜʠʦʥʘ (1) ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ (2-6) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʰʝʩʪʠʚʦʜʥʦʛʦ ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ. 
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COCl

R

N

N

O

O

HC

O

RFeCl3 H2O6

1 2-6 7-11

                     2,7 R=H; 3,8 R=CH3; 4,9 R=OCH3; 5,10 R=Br; 6,11 R1=NO2        

CH3

 
ɺʳʷʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʘ 

ʛʨʘʥʠʮʘ ʧʨʠʤʝʥʝʥʠʷ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʅʘʠʣʫʯʰʠʝ ʚʳʭʦʜʳ 

ʩʦʝʜʠʥʝʥʠʡ 7-11 ʧʦʣʫʯʝʥʳ ʚ ʨʝʘʢʮʠʷʭ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʨʝʘʛʝʥʪʦʚ            1:2-6:FeCl3Å6H2O =1:1,5:1.10-2.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 6-ʘʨʦʠʣ-1-ʤʝʪʠʣ-

ʭʠʥʘʟʦʣʠʥ-2,4-ʜʠʦʥʳ 7-11 ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ.  

ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʀʂ, ʗʄʈ 1H 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 
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ʉʝʣʝʢʪʠʚʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʢʮʝʧʪʦʨʥʳʭ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ ʙʦʨʦʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ 

 

ʊʦʭʪʦʙʠʥ ɽ.ɼ.1,2
, ɿʘʡʮʝʚ ɸ.ʂ.1,2, ʉʘʣʠʢʦʚ ʈ.ʌ.1 

1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ɺʳʩʰʠʡ ʭʠʤʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ ʈɸʅ, ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: egortohtobin@mail.ru 

 

ɹʦʨʦʛʠʜʨʠʜ ʥʘʪʨʠʷ ʩ ʜʘʚʥʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʛʠʜʨʠʜʥʳʤ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʩʧʦʩʦʙʥʳʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʤʥʦʛʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ [1]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʜʣʷ 

ʵʪʠʭ ʨʝʘʢʮʠʡ ʷʚʣʷʶʪʩʷ ʩʧʠʨʪʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʘʥʦʣ, ʚ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʳʤʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʮʳ ʪʠʧʘ BH3OMeī, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ 

ʩʦʣʴʚʦʣʠʟʝ ʙʦʨʦʛʠʜʨʠʜʘ [2], ʯʪʦ, ʦʜʥʘʢʦ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʵʪʦʛʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʪʦʣʴʢʦ ʪʝʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʥʠʤ 

ʙʳʩʪʨʝʝ ʤʝʪʘʥʦʣʘ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷʤ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʝʣʝʢʪʠʥʦʩʪʴ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʘʣʣʘ. ʅʘʧʨʠʤʝʨ, 

ʩʠʩʪʝʤʘ NaBH4/Ni(II) ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʣʶʙʳʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ C=C [3], ʘ ʩʠʩʪʝʤʘ 

NaBH4/Cu(I) ï ʪʦʣʴʢʦ ʜʚʦʡʥʳʝ ʩʚʷʟʠ ʧʨʠ ʘʢʮʝʧʪʦʨʘʭ [4].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʥʝ ʪʨʝʙʫʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʝʣʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʢʨʘʪʥʳʝ ʩʚʷʟʠ: ʧʨʠ 

ʜʚʫʭ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʠʣʠ ʥʠʪʨʠʣʴʥʳʭ ʛʨʫʧʧʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ 

ʧʨʠ ʦʜʥʦʡ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʝ; ʠ ʩʚʷʟʝʡ ʧʨʠ ʦʜʥʦʡ ʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ. ʇʨʠ ʵʪʦʤ ʢʣʶʯʝʚʳʤ ʫʩʣʦʚʠʝʤ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʧʦʜʘʚʣʷʶʱʝʡ 

ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʅʦʚʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʛʝʤ-ʜʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʩʬʦʨʦʩʦʜʝʨʞʘʱʠʭ ʨʝʘʛʝʥʪʦʚ 

 

ʊʨʠʬʦʥʦʚ ɸ.ʃ., ɼʠʣʴʤʘʥ ɸ.ɼ. 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: a.trifonov1997@gmail.com 

 

ɺʚʝʜʝʥʠʝ ʛʝʤ-ʜʠʬʪʦʨʤʝʪʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʤʦʣʝʢʫʣʫ ʩʧʦʩʦʙʥʦ 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʳʩʠʪʴ ʝʝ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ, ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ ʠ ʘʛʨʦʭʠʤʠʠ 

ʣʠʤʠʪʠʨʦʚʘʥʦ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ, ʯʘʩʪʦ 

ʪʨʝʙʫʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ.  

ʅʝʜʘʚʥʦ ʥʘʤʠ ʙʳʣʠ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʛʝʤ-ʜʠʬʪʦʨʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʩʬʦʨʦʩʦʜʝʨʞʘʱʠʭ ʨʝʘʛʝʥʪʦʚ [1-6]. ʂʣʶʯʝʚʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʬʦʩʬʦʨʘʥ 1, ʛʝʥʝʨʠʨʫʝʤʳʡ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ ʵʣʝʢʪʨʦʬʠʣʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʩʬʦʥʠʝʚʳʭ 

ʩʦʣʝʡ 2. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʜʘʣʝʝ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ, ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʛʝʤ-

ʜʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ 3, ʣʠʙʦ ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ 

ʢʘʨʙʘʥʠʦʥʦʚ 4. ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʧʨʦʜʫʢʪʦʚ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ  ʨʠʩ. 1. ʀʪʦʛʦʚʫʶ ʢʦʥʮʝʧʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʬʦʨʤʘʣʴʥʦ 3-ʭ ʢʦʤʧʦʥʝʥʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʩʙʦʨʢʫ: ʵʣʝʢʪʨʦʬʠʣ, 

ʜʠʬʪʦʨʢʘʨʙʝʥ ʠ ʨʘʜʠʢʘʣʴʥʘʷ ʣʠʙʦ ʵʣʝʢʪʨʦʬʠʣʴʥʘʷ ʣʦʚʫʰʢʘ. 

 
ʈʠʩ. 1 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 23-43-00026. 
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ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʟʦʥʜʳ ʥʘ ʦʩʥʦʚʝ ʙʠʩ(ʩʪʠʨʠʣʦʚʳʭ) ʢʨʘʩʠʪʝʣʝʡ ʜʣʷ 
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ʌʝʜʦʨʦʚʘ ʆ.ɸ.1 
1ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʈʦʩʩʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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E-mail: ustimova.maria@yandex.ru 

 

ɹʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʙʠʦʣʦʛʘʤ 

ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʠʭ ʫʩʧʝʭʦʚ ʚ ʠʟʫʯʝʥʠʠ ʤʥʦʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʫʯʝʥʳʤʠ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʟʦʥʜʳ ʜʣʷ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʤʝʯʝʥʠʷ ʙʠʦʤʦʣʝʢʫʣ.1 ʆʜʥʘʢʦ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʦʩʪʘʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʩʝʣʝʢʪʠʚʥʳʭ ʟʦʥʜʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʦʢʨʘʰʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʠʧ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʙʠʩ(ʩʪʠʨʠʣʦʚʳʭ) ʢʨʘʩʠʪʝʣʷ 1, 2, 

ʠʤʝʶʱʠʝ ʦʪʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʥʢʝʨʘ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʜʚʘ ʤʦʥʦ(ʩʪʠʨʠʣʦʚʳʭ) 

ʬʨʘʛʤʝʥʪʘ (ʨʠʩ.1), ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ɼʅʂ ʪʠʤʫʩʘ ʪʝʣʝʥʢʘ ʠ 

ʈʅʂ ʧʝʯʝʥʠ ʪʝʣʝʥʢʘ. ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʩʠʣʴʥʦʝ ʩʨʦʜʩʪʚʦ ʢ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʤ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʛʦʨʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʢʦʤʧʣʝʢʩʝ. ʆʜʥʘʢʦ 

ʢʨʘʪʥʦʩʪʴ ʨʘʟʛʦʨʘʥʠʷ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ɼʅʂ ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ, ʯʝʤ ʧʨʠ 

ʩʚʷʟʳʚʘʥʠʠ ʩ ʈʅʂ (ʨʠʩ.1). ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʦʚ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʝ ʪʫʰʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʨʘʩʠʪʝʣʷ 1 ʧʨʠ ʦʙʨʘʙʦʪʢʝ ɼʅʂʘʟʦʡ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ɼʅʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣʳ ʈʅʂ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʳ ʢʨʘʩʠʪʝʣʝʡ 1, 2; ʨʘʟʛʦʨʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʝʡ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʙʠʦʤʦʣʝʢʫʣʦʡ; ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ɸ549, ʦʢʨʘʰʝʥʥʳʝ ʢʨʘʩʠʪʝʣʝʤ 1. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 21-73-20158. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Abeywickrama C. S. // Chem. Commun. 2022. V. 58, P. 9855ï9869. 
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ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

 

ʋʩʪʶʞʘʥʠʥ ɸ.ʆ., ɺʠʣʴ ɺ.ɸ., ɹʠʪʶʢʦʚ ʆ.ɺ., ʊʝʨʝʥʪʴʝʚ ɸ.ʆ. 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɸʅ ʠʤ.ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: al.ust7@yandex.ru 

 

ɺʦʚʣʝʯʝʥʠʝ CO2 ʚ ʦʨʛʘʥʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʩʠʥʪʝʟ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʚʚʦʜʠʪʴ ʚ ʤʦʣʝʢʫʣʳ 

ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʜʥʫ ʩʪʘʜʠʶ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʫʞʝ ʠʤʝʶʱʠʝʩʷ ʚ 

ʤʦʣʝʢʫʣʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʪʘʢʠʝ ʢʘʢ -OR, -NH2, -CN, -NO2, -OAc. 

 

 
ʈʠʩ. 1. ʅʘʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ CO2 ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʙʲʝʜʠʥʝʥʠʶ ʭʠʤʠʠ CO ʩ ʥʦʚʳʤʠ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʕʣʝʢʪʨʦʠʥʠʮʠʠʨʦʚʘʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʶ ʩ ʧʦʤʦʱʴʶ 

CO2. ɹʣʘʛʦʜʘʨʷ ʨʘʟʥʦʦʙʨʘʟʠʶ ʠ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥʦ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʠ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʤʘʣʦʘʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻɿ ʊʝʤʘ FFZZ-2022-0013. 
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ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʤʦʥʦ- ʠ ʜʠʘʣʢʠʣʬʦʩʬʘʪʦʚ 
 

ʌʘʪʫʝʚ ɽ.ɼ., ɽʛʦʨʦʚ ɼ.ʄ., ɻʝʨʘʩʠʤʦʚʘ ɽ.ɸ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ  

E-mail: fatuevevgeni@yandex.ru  

 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʘ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʦʝ 

ʟʘʚʦʜʥʝʥʠʝ ʩʦʩʪʘʚʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʱʝʣʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ) ʠ ʧʦʣʠʤʝʨʳ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʇɸɺ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʷʚʣʷʶʪʩʷ ʘʣʢʠʣʬʦʩʬʘʪʳ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʉʠʥʪʝʟ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʠʟ ʩʧʠʨʪʦʚ ʨʝʘʢʮʠʝʡ ʩ ʧʷʪʠʦʢʠʩʴʶ ʬʦʩʬʦʨʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʤʦʥʦ- ʠʣʠ 

ʜʠʟʘʤʝʱʝʥʥʳʭ ʵʬʠʨ rʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ.  

 

i: benzene/hexane, ЎȟυÈ, Ὄὕ 

R=ὅ Ὄ Ƞὅ Ὄ ȠὖὬὅὌȠὖὶȠὕὧȠὔὲȠὖὩȠὭ ὖὩ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʙʝʥʟʦʣ ʠ ʛʝʢʩʘʥ. ʍʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ 

ʭʫʞʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʨʝʘʢʮʠʠ ʚ ʚʠʜʫ ʧʣʦʭʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʦʢʩʠʜʘ 

ʬʦʩʬʦʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʩʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ: 

ʨʘʩʪʚʦʨʝʥʠʝ ὖὕ  ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʧʦʨʮʠʦʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ 

ʩʧʠʨʪʘ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 ʢ 5 ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʤʝʜʣʝʥʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʳ. ɺʚʝʜʝʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʚʦʜʳ ʦʜʥʠʤ 

ʦʙʲʸʤʦʤ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʚʩʢʠʧʘʥʠʶ ʨʘʩʪʚʦʨʘ, ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʙʝʛʘʪʴ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʦʣʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, 

ʥʝʦʙʭʦʜʠʤ ʜʝʩʷʪʠʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʚʦʜʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ὖὕ . 

ʂʘʢ ʧʨʘʚʠʣʦ ʧʦʣʫʯʝʥʥʳʝ ʘʣʢʠʣʬʦʩʬʘʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʪʸʤʥʦ-

ʢʦʨʠʯʥʝʚʫʶ ʚʷʟʢʫʶ ʤʘʩʩʫ, ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1ʅ,31P. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʦʙʨʘʟʦʚʘʥʠʷ (ˉ 785.00.ʍ6019) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʀʎ ʉʇʙɻʊʀ (ʊʋ). 
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ʉʝʣʝʢʪʠʚʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʚʠʥʠʣ ʘʟʠʜʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ N-ʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ 

 

ʌʝʜʦʨʦʚʘ ʋ.ɺ.1,2, ʉʝʛʠʜʘ ʆ.ʆ.2, ʇʘʚʝʣʴʝʚ ʉ.ɸ.2, ʊʝʨʝʥʪʴʝʚ ɸ.ʆ.1,2 

1ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

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

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

Eïmail: uliana.fedorova.2000@mail.ru 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʩʝʣʝʢʪʠʚʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʢʨʘʪʥʳʝ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ, ʩʪʘʣʘ ʚʘʞʥʦʡ 

ʦʙʣʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺ ʨʝʘʢʮʠʷʭ ʨʘʜʠʢʘʣʴʥʦʡ 

ʜʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʣʢʝʥʦʚ ʩ ʫʯʘʩʪʠʝʤ N-ʛʠʜʨʦʢʩʠʩʦʝʜʠʥʝʥʠʡ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ N-ʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʩʦ ʩʚʷʟʷʤʠ ʉ-ʆ, ʉ-ʉ, C-N ʠ C-I. 

ɺʠʥʠʣ ʘʟʠʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʦʙʣʘʜʘʶʪ ʙʦʛʘʪʳʤ 

ʩʧʝʢʪʨʦʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʥʫʢʣʝʦʬʠʣʦʚ, ʵʣʝʢʪʨʦʬʠʣʦʚ, 1,3-ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʠ ʘʢʮʝʧʪʦʨʦʚ ʨʘʜʠʢʘʣʦʚ. 

ʈʘʥʥʝʝ ʩʦʦʙʱʘʣʦʩʴ ʦ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʢ ʚʠʥʠʣ ʘʟʠʜʘʤ ArSO2Å, NO2Å, SCNÅ, 

ArC(O)Å ʠ ʨʘʟʣʠʯʥʳʭ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ (ʨʠʩ.1) [1-2]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʝʪʦʥʦʚ, ʠʤʠʥʦʚ, ʘ ʪʘʢʞʝ 

ʥʝʟʘʤʝʱʝʥʥʳʭ ʝʥʘʤʠʥʦʚ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʦʙʥʘʨʫʞʝʥʦ ʠ ʧʨʦʚʝʜʝʥʦ ʩʝʣʝʢʪʠʚʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ N-ʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢ ʚʠʥʠʣ ʘʟʠʜʘʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʆ-

ʟʘʤʝʱʝʥʥʳʭ ʦʢʩʠʤʦʚ ʩ ʥʝʦʙʳʯʥʳʤ ʬʨʘʛʤʝʥʪʦʤ N-O-N. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʝʡ ʉ-ʆ ʠ N-O ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʛʝʥʝʨʘʮʠʠ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʠʤʠʜ-N-ʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʠʭ ʩ 

ʠʤʠʥʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ (ʨʠʩ.1).

 
ʈʠʩ.1 ʇʨʝʚʨʘʱʝʥʠʷ ʚʠʥʠʣ ʘʟʠʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʠʤʠʥʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ʧʨʦʝʢʪ ˉ21-43-04417. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ r

[1] Mulina O.M., Zhironkina N.V., Paveliev S.A., Demchuk D.V. // Organic Letters. 

2020. T. 22. C. 1818-1824. 

[2] Ning Y., Zhao X.-F., Wu Y.-B., Bi X. // Organic Letters. 2017. T. 19. C. 6240-

6243. 
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ʉʠʥʪʝʟ ʪʚʸʨʜʳʭ ʣʠʧʠʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʟʘʤʝʱʸʥʥʳʭ 

ʧʠʣʣʘʨ[5]ʘʨʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʫ ʠ ʜʚʝ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ 

 

ʌʠʣʠʤʦʥʦʚʘ ɼ.ɸ., ʅʘʟʘʨʦʚʘ ɸ.ɸ., ʗʢʠʤʦʚʘ ʃ.ʉ., ʉʪʦʡʢʦʚ ʀ.ʀ. 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

E-mail: filimon.darya@gmail.com 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʝ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʣʝʯʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʘʜʨʝʩʥʘʷ ʜʦʩʪʘʚʢʘ ʣʝʢʘʨʩʪʚ. ɼʘʥʥʳʡ 

ʩʧʦʩʦʙ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʥʢʘʧʩʫʣʷʮʠʶ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʣʣʦʠʜʥʳʝ 

ʯʘʩʪʠʮʳ ʠ ʠʭ ʪʘʨʛʝʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʳ-ʤʠʰʝʥʠ. ʇʨʠʤʝʨʘʤʠ ʩʠʩʪʝʤ-

çʜʦʩʪʘʚʱʠʢʦʚè ʷʚʣʷʶʪʩʷ ʣʠʧʦʩʦʤʳ, ʧʦʣʠʤʝʨʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʪʚʸʨʜʳʝ 

ʣʠʧʠʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʊʃʅ), ʢʦʪʦʨʳʝ ʚʩʸ ʙʦʣʴʰʝ ʚʳʟʳʚʘʶʪ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʪʴ ʘʙʩʦʨʙʮʠʶ ʠ 

ʧʦʚʳʰʘʪʴ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ. ʅʠʟʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʢʘʧʩʫʣʷʮʠʠ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʠ ʛʠʜʨʦʬʦʙʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ (ʢʘʣʠʢʩ[n]ʘʨʝʥʳ, 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ) ʚ ʢʘʯʝʩʪʚʝ ʣʠʧʠʜʥʦʡ ʤʘʪʨʠʮʳ ʊʃʅ. ʅʘʰʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʛʨʫʧʧʦʡ ʙʳʣ ʚʳʙʨʘʥ ʥʦʚʳʡ ʢʣʘʩʩ ʤʘʢʨʦʮʠʢʣʦʚ, ʧʠʣʣʘʨ[5]ʘʨʝʥʳ, ʦʪʢʨʳʪʳʝ ʚ 

2008 ʛʦʜʫ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʯʠʩʣʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʦʣʝʢʫʣ-çʛʦʩʪʝʡè ʜʣʷ 

ʩʚʷʟʳʚʘʥʠʷ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨ (ʨʦʪʘʢʩʘʥʳ, ʧʩʝʚʜʦʨʦʪʘʢʩʘʥʳ, ʫʟʣʳ ʠ ʧʨʦʯʝʝ). 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʛʦ 

ʩʠʥʪʝʟʘ ʤʦʥʦʟʘʤʝʱʸʥʥʳʭ ʧʠʣʣʘʨ[5]ʘʨʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʫ ʠ ʜʚʝ 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʷʜʦʤ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʟʘʤʝʱʸʥʥʦʛʦ ʧʠʣʣʘʨ[5]ʘʨʝʥʘ 

ʦʙʨʘʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʘʩʩʦʮʠʘʪʦʚ (ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʤʝʨʳ ʠ 

ʤʠʮʝʣʣʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ) ʚ ʭʣʦʨʦʬʦʨʤʝ, ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ ʠ ʩʠʩʪʝʤʝ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ-ʚʦʜʘ. ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʚʸʨʜʳʝ ʣʠʧʠʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʦʜʥʦʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʩʦʩʪʘʚʝ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʩʪʨʝʞʥʝʚʠʜʥʳʭ ʯʘʩʪʠʮ ʩ ʜʠʘʤʝʪʨʦʤ 50-80 ʥʤ ʠ ʜʣʠʥʦʡ 700-1000 ʥʤ, ʪʦʛʜʘ ʢʘʢ 

ʤʘʢʨʦʮʠʢʣ ʩ ʜʚʫʤʷ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʦʙʨʘʟʫʝʪ ʩʬʝʨʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ 

ʨʘʟʤʝʨʦʤ 364-454 ʥʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ20-03-00816). 
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ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʥʪʝʟʘ ʠʥʛʠʙʠʪʦʨʘ PI3K-ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ 

 

ʌʦʥʘʨʸʚʘ ʀ.ʇ., ɿʘʧʝʚʘʣʦʚʘ ʄ.ɺ., ʑʝʛʨʘʚʠʥʘ ɽ.ʉ., ʌʝʜʦʨʦʚ ɸ.ʖ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: fonareva.ira@mail.ru 

 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ ʠʩʧʦʣʴʟʫʶʪ ʵʬʬʝʢʪ 

ɺʘʨʙʫʨʛʘ (ʘʵʨʦʙʥʳʡ ʛʣʠʢʦʣʠʟ). ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʘʢʪʠʚʘʮʠʠ ʠ ʨʝʛʫʣʷʮʠʠ 

ʘʵʨʦʙʥʦʛʦ ʛʣʠʢʦʣʠʟʘ ʠʛʨʘʝʪ PI3K/AKT/mTOR ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʛʣʠʢʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʧʝʨʝʥʦʩʯʠʢʦʚ 

ʛʣʶʢʦʟʳ ʠ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʜʝʣʝʥʠʷ ʠ ʨʦʩʪʘ ʢʣʝʪʢʠ, ʘʧʦʧʪʦʟʘ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ 

ʵʪʦʛʦ ʧʫʪʠ ʧʨʠʚʦʜʠʪ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʢʣʝʪʦʯʥʦʤʫ ʤʝʪʘʙʦʣʠʟʤʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ PI3K/mTOR ʧʫʪʠ ʙʳʣ 

ʚʳʙʨʘʥ PKI587 [1], ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʠ ʢ ʪʘʨʛʝʪʥʳʤ ʢʠʥʘʟʘʤ, 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʠ ʭʦʨʦʰʝʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠʥʛʠʙʠʪʦʨʘ PI3K/mTOR, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʢʣʶʯʝʚʳʭ ʩʪʘʜʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʮʠʘʥʦʜʠʘʤʠʜʘ 1 ʠ ʧ-

ʥʠʪʨʦʙʝʥʟʦʥʠʪʨʠʣʘ 2 ʠ ʩʦʯʝʪʘʥʠʝ ʜʚʫʭ NH2-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʘ 6 ʠ 7 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʬʦʩʛʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʟʘʤʝʱʝʥʥʦʡ ʤʦʯʝʚʠʥʳ 8. 

 

 
 

ʈʠʩ.1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʮʝʣʝʚʦʛʦ ʠʥʛʠʙʠʪʦʨʘ PI3K/mTOR. 

 

ʅʘ ʙʘʟʝ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʨʅ-

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 19-13-00158). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Venkatesan A.M., et al. // J. Med. Chem. 2010. ˉ 53. P. 2636ï2645. 
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ɺʣʠʷʥʠʝ ʪʠʧʘ, ʦʙʲʸʤʘ ʠ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʧʨʦʠʟʚʦʜʥʳʭ BODIPY 

 

ʌʨʘʥʮʫʟʦʚʘ ʃ.ɺ., ɻʝʨʘʩʠʤʦʚʘ ɼ.ʇ., ʃʦʜʦʯʥʠʢʦʚʘ ʆ.ɸ. 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ 

ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ɽ-mail: lubovfrancuzova48@mail.ru 

 

ʃʶʤʠʥʦʬʦʨʳ ʩʝʤʝʡʩʪʚʘ ʙʦʨʬʪʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʧʠʨʨʦʤʝʪʝʥʦʚ 

(BODIPY) ʦʙʣʘʜʘʶʪ ʮʝʣʳʤ ʥʘʙʦʨʦʤ ʚʘʞʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: 

ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʛʣʦʱʝʥʠʝ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʥʝʪʦʢʩʠʯʥʦʩʪʴ, ʚʳʩʦʢʠʝ ʬʦʪʦ- ʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʶʤʠʥʦʬʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʬʦʨʤʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʩʧʦʩʦʙ ʘʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʜʣʷ 

ʧʨʦʷʚʣʝʥʠʷ ʠʤʠ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ. ʇʨʦʪʷʞʝʥʥʘʷ ˊ- ʩʠʩʪʝʤʘ ʠʥʜʘʮʝʥʦʚʦʛʦ ʦʩʪʦʚʘ 

ʧʨʠʜʘʝʪ ʤʦʣʝʢʫʣʘʤ BODIPY ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ˊḯ-ʩʪʵʢʠʥʛʫ, 

ʷʚʣʷʶʱʝʤʫʩʷ ʦʩʥʦʚʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʩʘʤʦʘʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ BODIPY. 

ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʨʘʟʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠʥʜʘʮʝʥʦʚʦʛʦ ʦʩʪʦʚʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʠʧ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʩʩʦʮʠʘʪʘ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʘʢ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ, ʪʘʢ ʠ ʪʠʧʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʘʩʩʦʮʠʘʪʘ, ʷʚʣʷʝʪʩʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʧʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 12 ʢʨʠʩʪʘʣʣʦʚ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ 

BODIPY ʥʘ ʧʨʝʜʤʝʪ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʪʠʧʦʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʘʩʩʦʮʠʘʪʦʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʘʟʥʦʛʦ ʪʠʧʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ 

ʠʥʜʘʮʝʥʦʚʦʛʦ ʦʩʪʦʚʘ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ BODIPY 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʨʝʘʣʠʟʫʶʪʩʷ ḯ́  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʧʝʨʝʢʨʳʚʘʥʠʷ -́ʩʠʩʪʝʤ 

ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʩʩʦʮʠʘʪʦʚ ʪʨʸʭ ʪʠʧʦʚ: ʙʝʩʢʦʥʝʯʥʳʝ ʢʦʣʦʥʥʳ, ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʜʠʤʝʨʳ, ʧʩʝʚʜʦʩʠʤʤʝʪʨʠʯʥʳʝ ʜʠʤʝʨʳ [1]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ʈʅʌ 22-13-00284. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ʌʨʘʥʮʫʟʦʚʘ ʃ.ɺ., ɻʝʨʘʩʠʤʦʚʘ ɼ.ʇ., ʃʦʜʦʯʥʠʢʦʚʘ ʆ.ɸ. // ɾʫʨʥʘʣ ʩʪʨʫʢʪʫʨʥʦʡ 

ʭʠʤʠʠ. 2022. ʊ. 63. ˉ102362. 
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Ŭ-ʎʠʘʥʦʩʝʣʝʥʦʘʮʝʪʘʤʠʜ ʚ ʩʠʥʪʝʟʝ ʟʘʤʝʱʝʥʥʳʭ ʩʝʣʝʥʘʟʦʣʦʚ 

 

ʌʨʦʣʦʚ ʂ.ɸ.1,2, ɼʦʮʝʥʢʦ ɺ.ɺ.3,4, ʂʨʠʚʦʢʦʣʳʩʢʦ ʉ.ɻ.1,2 
1ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ,  

ʃʫʛʘʥʩʢ, ʈʦʩʩʠʷ 
2ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉʚʷʪʠʪʝʣʷ ʃʫʢʠ, 

ʃʫʛʘʥʩʢ, ʈʦʩʩʠʷ 
3ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

4ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ 

E-mail: ka.frolov@inbox.ru 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʝ ʩʝʣʝʥʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ, 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ.  

ʇʨʦʜʦʣʞʘʷ ʠʩcʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʝʪʠʣʝʥʘʢʪʠʚʥʳʭ 

ʭʘʣʴʢʦʛʝʥʟʘʤʝʱʝʥʥʳʭ ʥʠʪʨʠʣʦʚ, ʤʳ ʠʟʫʯʠʣʠ ʧʦʚʝʜʝʥʠʝ ʟʘʤʝʱʝʥʥʳʭ Ŭ-

ʮʠʘʥʦʩʝʣʝʥʦʘʮʝʪʘʤʠʜʘ ʩ Ŭ-ʙʨʦʤʢʝʪʦʥʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ Ŭ-ʮʠʘʥʦʩʝʣʝʥʦʘʮʝʪʘʤʠʜ 1 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʦʨʠʯʥʳʤ 

ʘʣʴʜʝʛʠʜʦʤ 2 ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʂʥʸʚʝʥʘʛʝʣʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʠʝʥʩʝʣʝʥʦʘʤʠʜʘ 3 ʩ ʚʳʭʦʜʦʤ 77%. ʉʝʣʝʥʦʘʤʠʜʳ 3 ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ ʘʢʪʠʚʥʳʤʠ  

Se,N-ʙʠʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ï ʦʥʠ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ɻʘʥʯʘ ʩ Ŭ-

ʙʨʦʤʢʝʪʦʥʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʩʝʣʝʥʘʟʦʣʘ 4a-ʛ. ʇʦʩʣʝʜʥʠʝ, 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 1ʅ ʗʄʈ, ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ (2E,4E)-ʠʟʦʤʝʨʳ. 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ 3 ʠ 4 ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ-, ʗʄʈ1ʅ ʠ 
13ʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʘ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɸ 

ʪʘʢʞʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʝʪʦʜʘ ʈʉɸ. 

 
4 Ar = 4-MeC6H4 (ʘ), Ph (ʙ), 4-MeʆC6H4 (ʚ), 2-ʥʘʬʪʠʣ (ʛ). 

 
ʈʠʩ. 1. ɼʘʥʥʳʝ ʈʉɸ ʩʦʝʜʠʥʝʥʠʷ 4ʛ.  
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ʉʠʥʪʝʟ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʦʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʘʛʠʜʨʦʬʣʫʦʨʝʥʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ  

 

ʍʘʨʠʪʦʥʦʚ ɺ.ɹ., ʃʦʛʠʥʦʚ ɼ.ɸ. 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: kharitonov55@yandex.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʛʦʤʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ-ʘʥʠʦʥ ʠʣʠ ʠʟʦʣʦʙʘʣʴʥʳʡ ʝʤʫ ʠʥʜʝʥʠʣʴʥʳʡ 

ʣʠʛʘʥʜ, ʚʳʧʦʣʥʷʶʱʠʡ ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ. ɺʚʝʜʝʥʠʝ ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʣʠʛʘʥʜ ʧʦʟʚʦʣʷʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ.  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʠʟʘʤʝʱʝʥʥʳʭ ʠʥʜʝʥʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 1,2,3,4-ʪʝʪʨʘʛʠʜʨʦʬʣʫʦʨʝʥʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ 

ʣʠʛʘʥʜʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ (I) ʠ (III), ʜʣʷ ʢʦʪʦʨʦʡ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʚ ʨʝʘʢʮʠʷʭ ʉ-ʅ ʘʢʪʠʚʘʮʠʠ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ. 

 

 
ʉʭʝʤʘ 1. ʈʝʘʢʮʠʠ ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʪʝʪʨʘʛʠʜʨʦʬʣʫʦʨʝʥʠʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʨʦʜʠʷ 

 

ɺ ʜʦʢʣʘʜʝ ʪʘʢʞʝ ʙʫʜʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʘ ʙʘʟʝ 

ʪʝʪʨʘʛʠʜʨʦʬʣʫʦʨʝʥʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʭʠʨʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 19-73-

20212). 
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ʇʠʨʨʦʣʦʠʟʦʭʠʥʦʣʠʥʪʨʠʦʥʳ ï 

ʫʥʠʢʘʣʴʥʳʡ ʢʣʘʩʩ ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

 

ʍʠʪʨʦʚ ʄ.ɼ.1,2, ɹʝʣʳʡ ɸ.ʖ.1 

1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: mikhail.d.khitrov@gmail.com 

 

ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʢʨʘʩʠʪʝʣʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʥʘʣʠʟʝ 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʢʠ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʢʘʢ in vitro, ʪʘʢ ʠ in vivo, ʘ ʩʘʤʠ ʤʝʪʦʜʳ ï ʦʜʥʠ ʠʟ ʩʘʤʳʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ. ʉʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʧʦʜʭʦʜʳ ʢ ʜʠʟʘʡʥʫ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʬʣʫʦʨʦʬʦʨʦʚ [1], ʦʜʥʘʢʦ ʦʥʠ ʥʦʩʷʪ ʚʝʩʴʤʘ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʜʝʣʘʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʬʣʫʦʨʦʬʦʨʘʭ ʠ ʧʨʠʥʮʠʧʘʭ ʠʭ 

ʨʘʙʦʪʳ. 

ʅʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʥʦʚʳʡ ʢʣʘʩʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ [2] ʥʘ ʦʩʥʦʚʝ 

9-ʤʝʪʦʢʩʠ-ʧʠʨʨʦʣʦʠʟʦʭʠʥʦʣʠʥʪʨʠʦʥʦʚʦʛʦ 2 (ʩʭʝʤʘ 1) ʷʜʨʘ ʩ ʙʦʣʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʉʪʦʢʩʦʚʳʭ ʩʜʚʠʛʦʚ (ʜʦ 6519ʩʤ-1; ȹɚ 129 ʥʤ) ʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ 

ʜʦ 46%. ʈʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʉʪʦʢʩʦʚʘ ʩʜʚʠʛʘ ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʩʯʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ ʩ ʠʩʢʘʞʝʥʠʝʤ ʩʚʷʟʝʡ. 

 

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʟ 9-ʛʠʜʨʦʢʩʠ- ʠ 9-ʤʝʪʦʢʩʠʧʠʨʨʦʣʦʠʟʦʭʠʥʦʣʠʥʪʨʠʦʥʦʚ. 

 

9-ɻʠʜʨʦʢʩʠʧʠʨʨʦʣʦʠʟʦʭʠʥʦʣʠʥʪʨʠʦʥʳ 1 ï ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ 

9-ʤʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ 2, ʥʘʧʨʦʪʠʚ, ʥʝ ʧʨʦʷʚʣʷʶʪ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʠʛʤʝʥʪʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʪʘʫʪʦʤʝʨʠʟʘʮʠʝʡ ʚ 

ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʝʡ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʬʝʥʦʤʝʥ ʠʟʚʝʩʪʝʥ ʜʣʷ 1-ʛʠʜʨʦʢʩʠʧʠʨʝʥ-2-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ [3]. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Jun J.V., Chenoweth D.M., Petersson E.J. // Org.Biomol.Chem. 2020. V.18. P. 

5747ï5763. 

[2] Khitrov M.D., Platonov D.N., Belyy A.Y., et al. // Dyes and Pigments. 2022. 

110344. 

[3] Yin H., Li H., Xia G., et al. // Sci Rep. 2016. V. 6. P. 1ï9. 
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ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ  

ʩ ʬʨʘʛʤʝʥʪʘʤʠ 2-ʬʝʥʠʣʠʥʜʘʥʜʠʦʥʘ 

  

ʏʝʨʥʦʚʘ ʂ.ɸ., ɹʝʨʝʟʠʥʘ ɻ.ʈ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: berezina@isuct.ru  

  

ʉʠʥʪʝʟ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ. 

 ʀʤʠʥʳ ʠʥʜʘʥʜʠʦʥʦʚ ʤʦʛʫʪ ʩʫʱʝʩʪʚʫʶʪ ʚ ʪʨʝʭ ʪʘʫʪʦʤʝʨʥʳʭ ʬʦʨʤʘʭ. 

ʀʥʪʝʥʩʠʚʥʘʷ ʦʢʨʘʩʢʘ ʠʤʠʥʦʠʥʜʦʥʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ʤʦʣʝʢʫʣʝ ʮʝʧʠ 

ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ. ʀʤʠʥʠʨʦʚʘʥʠʝ ʠʤʠʥʘ 2-ʬʝʥʠʣʠʥʜʘʥʜʠʦʥʘ ʧʨʦʪʝʢʘʝʪ ʚ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩ ʘʮʝʪʘʪʦʤ ʘʤʤʦʥʠʷ. 
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ʈʝʘʢʮʠʝʡ ʘʤʠʥʦʠʤʠʥʘ 2-ʬʝʥʠʣʠʥʜʘʥʜʠʦʥʘ-1,3 ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʙʝʥʟʠʜʠʥʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʨʠʣʝʥʜʠʘʤʠʥʳ  ʠ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʳ ʧʦ ʩʭʝʤʝ. 
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R ï 2,2/-ʜʠʩʫʣʴʬʦʢʠʩʣʦʪʘ ʜʠʬʝʥʠʣʘ, 3,3/-ʜʠʭʣʦʨʜʠʬʝʥʠʣ,  

2,2/-ʜʠʥʠʪʨʦʜʠʬʝʥʠʣ. 

ʄʘʢʨʦʮʠʢʣʳ - ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʚʝʱʝʩʪʚʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʪʪʝʥʢʘʤʠ 

ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʨʘʩʪʚʦʨʠʤʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ 

ʧʦʛʣʦʱʝʥʠʷ, ʀʂ ʠ ʗʄʈ ʅ1 ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʯʠʩʪʦʪʳ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʫʬʦʣʝ ʠ ʤʝʪʦʜ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ.  ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʭʣʦʨʦʬʦʨʤʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ. 
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ʇʦʣʫʯʝʥʠʝ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʝʚʦʛʦ ʵʬʠʨʘ ʧʠʨʦʬʝʦʬʦʨʙʠʜʘ ʘ 

 

ʏʝʨʥʳʰʝʚʘ ɽ.ɸ.1, ʉʪʘʨʮʝʚʘ ʆ.ʄ.2, ɹʝʣʳʭ ɼ.ɺ.1 
1ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʂʦʤʠ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, 

ʉʳʢʪʳʚʢʘʨ, ʈʦʩʩʠʷ 
2ʉʳʢʪʳʚʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, 

ʉʳʢʪʳʚʢʘʨ, ʈʦʩʩʠʷ 

E-mail: echer93@mail.ru 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʭʣʦʨʦʬʠʣʣʘ ʘ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʦʣʠʛʦʵʪʠʣʝʥʛʣʠʢʦʣʝʡ ʨʘʥʝʝ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ (ʌʉ); ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʝʚʳʡ ʵʬʠʨ 

ʧʠʨʦʬʝʦʬʦʨʙʠʜʘ ʘ 1 ʙʳʣ ʚʳʙʨʘʥ ʢʘʢ ʚʝʱʝʩʪʚʦ ʩ ʥʘʠʣʫʯʰʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʪʝʤʥʦʚʦʡ ʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ. ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ 1 ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʥʘʨʘʙʦʪʦʢ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ 1 ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʨʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʤʝʪʠʣʧʠʨʦʬʝʦʬʦʨʙʠʜʘ ʘ 2 

ʜʝʡʩʪʚʠʝʤ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʷ (ɼʕɻ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ H2SO4 (ʩʭʝʤʘ). ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦʣʫʯʝʥʠʝ 1 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʬʝʦʬʠʪʠʥʘ ʘ 3 ʤʠʥʫʷ 

ʩʪʘʜʠʶ ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣʬʝʦʬʦʨʙʠʜʘ ʘ 4 (ʩʭʝʤʘ). 
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i: CH3OH ï H2SO4 (5 % ʧʦ ʦʙʲʝʤʫ), ʢʠʧʷʯʝʥʠʝ 1 ʯ, ʚʳʭʦʜ 60 %; ii: ʢʦʣʣʠʜʠʥ, 

ʢʠʧʷʯʝʥʠʝ 40 ʤʠʥ, ʚʳʭʦʜ 80 % (ʜʣʷ 2), ʚʳʭʦʜ 70 % (ʜʣʷ 5);  iii: ɼʕɻ-ï H2SO4 (5 

% ʧʦ ʦʙʲʝʤʫ), ʢʦʤʥ. ʪʝʤʧ., 12 ʯ, ʚʳʭʦʜ 60 %; iv: ɼʕɻ-ï H2SO4 (5 % ʧʦ ʦʙʲʝʤʫ) 

80 ʦʉ, 2 ʯ, ʚʳʭʦʜ 40 %. 

ʉʭʝʤʘ 1 
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ʉʠʥʪʝʟ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʭʨʦʤʦʬʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 3-ʟʘʤʝʱʝʥʥʳʭ 2,2'-

ʙʠʩʪʠʦʬʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨ 

 

ʏʠʯʝʚʘ ʇ.ɸ.1,2, ʃʝʚʯʝʥʢʦ ʂ.ʉ.1, ɼʝʤʠʥ ɼ.ʖ.1 

1ʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

çʊʝʭʥʦʤʘʰè, ʈʦʩʩʠʷ 
2ʄʀʈʕɸ ð ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

E-mail: pchicheva@mail.ru 

 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʝʪʝʡ 5G. ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʚʝʪʘ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʙʳʩʪʨʦʡ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʫʣʷʪʦʨʦʚ ʨʘʙʦʪʘʶʪ ʥʘ ʦʩʥʦʚʝ 

ʥʠʦʙʘʪʘ ʣʠʪʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʤʦʜʫʣʠʨʦʚʘʪʴ ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʦʡ ʜʦ ~20ɻɻʮ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ. ʅʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ - 80-

100 ɻɻʮ ʠ ʚʳʰʝ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʦʜʭʦʜʷʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʭʨʦʤʦʬʦʨʦʚ. [1] 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʭʨʦʤʦʬʦʨʳ ʩ ʥʦʚʦʡ ʤʦʩʪʠʢʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ 3-ʙʫʪʠʣ-2,2ô-ʙʠʩʪʠʦʬʝʥ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʘ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʩʥʷʪʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʭʣʦʨʙʝʥʟʦʣʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʝʱʝʩʪʚʘ 3 ʤʛ/ʤʣ: ɚ max ï 652 ʥʤ (6a), 542 ʥʤ (6b). 

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ (ɓ) ʚ 

ʧʨʦʛʨʘʤʤʝ Gaussian 09. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ɓ ʩʦʩʪʘʚʠʣʠ 1052*10-30 esu (6ʘ), 

747.5*10-30 esu (6b) ʧʨʠ ʨʘʩʯʝʪʝ ʤʝʪʦʜʦʤ B3LYP ʩ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ 6-31G(d,p). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1]  Levchenko K.S. // KnE Energy & Physics. 2018. P. 138-146. 
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ʅʦʚʳʝ ʢʘʪʝʭʦʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʮʠʥʢʘ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʦ-ʭʠʥʦʥʦʚ ʩ Ŭ,Ŭ'-ʜʠʧʠʨʠʜʠʣʦʤ 

 

ʐʘʚʝʨʜʠʥʘ ɸ.ɸ., ʄʘʣʝʝʚʘ ɸ.ɺ. 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: arina@iomc.ras.ru 
 

ʉʧʦʩʦʙʥʦʩʪʴ ʦ-ʭʠʥʦʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʥʘʭʦʜʠʪʴʩʷ ʚ ʪʨʝʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʦʧʨʝʜʝʣʠʣʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʥʠʤ ʚ 

ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʦ-ʭʠʥʦʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ, ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʦʙʥʘʨʫʞʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʥʘ ʦʩʥʦʚʝ 3,5- ʠ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʦ-

ʭʠʥʦʥʦʚ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʙʠʙʣʠʦʪʝʢʠ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʦʣʝʝ ʪʦʥʢʫʶ ʥʘʩʪʨʦʡʢʫ ʠʟʫʯʘʝʤʳʭ ʩʚʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦ-ʭʠʥʦʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʲʝʢʪʳ Q1-

Q3 (ʩʭʝʤʘ 1):  

 
ʉʭʝʤʘ 1. 

ʅʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʟʘʪʨʫʜʥʝʥʥʳʭ ʦ-ʭʠʥʦʥʦʚ Q1-Q3 ʙʳʣʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʢʘʪʝʭʦʣʘʪʦʚ ʮʠʥʢʘ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʣʠʛʘʥʜʦʤ Ŭ,Ŭ'-

ʜʠʧʠʨʠʜʠʣʦʤ (ʩʭʝʤʘ 2): 

 
ʉʭʝʤʘ 2. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ ʦ-ʭʠʥʦʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʮʠʥʢʘ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠ 

ʧʦʤʦʱʠ ʀʂ-, ʗʄʈ-, ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʦʚ.   

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ 

ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʧʦ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ (ʛʨʘʥʪ ˉ ʅʐ-

403.2022.1.3).  
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ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ 

ʘʨʠʣʧʦʨʬʠʨʠʥʦʚ ʩ ʠʤʠʜʘʟʦʣʠʝʚʳʤʠ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ ʚ ʚʦʜʥʦ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

 

ʐʠʣʦʚʩʢʘʷ ʄ.ɺ.1, ʄʘʪʠʩ ʄ.ɽ.1, ɺʝʥʝʜʠʢʪʦʚ ɽ.ɸ.2, ɸʛʝʝʚʘ ʊ.ɸ.1 
1ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʠʤ. ɻ.ɸ. ʂʨʝʩʪʦʚʘ ʈɸʅ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: shilovskaya.maria@mail.ru 

 

ʇʦʨʬʠʨʠʥʳ ï ʫʥʠʢʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʦʙʲʝʢʪʘʤʠ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʦ, ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʩʚʦʝʡ ʦʩʦʙʦʡ ʩʪʨʫʢʪʫʨʳ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʵʪʦ ʚʳʟʳʚʘʝʪ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʠʤʠ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ çʧʦʨʬʠʨʠʥ ï ʠʦʥʥʘʷ ʞʠʜʢʦʩʪʴè. 

ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʫʩʣʦʚʠʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʪʝʪʨʘʧʠʨʦʣʴʥʳʭ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʦʚ ʚ 

ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ ʘʨʠʣʧʦʨʬʠʨʠʥʦʚ ʠ ʠʤʠʜʘʟʦʣʠʝʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʙʠʥʘʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʵʪʘʥʦʣ ï ʭʣʦʨʦʬʦʨʤ ʠ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ: ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʋʌ, ʚʠʜʠʤʦʡ ʠ 

ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʷʭ; ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʦʚ çʧʦʨʬʠʨʠʥ ï ʠʦʥʥʘʷ ʞʠʜʢʦʩʪʴè ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩʳ 

ʉʦʨʝ ʠ Q ʧʦʣʦʩ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷʭ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚʣʠʷʝʪ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʧʦʨʬʠʨʠʥʦʚ. ʀʟʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ  

ʬʝʥʠʣʴʥʦʤ ʢʦʣʴʮʝ ʪʝʪʨʘʬʝʥʠʣʧʦʨʬʠʨʠʥʘ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʠʤʠʜʘʟʦʣʠʝʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. 

ʄʝʪʦʜʦʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʠʟ ʩʨʝʜʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʚʦʜʥʫʶ, ʠʟ-ʟʘ ʯʘʩʪʠʯʥʦʡ ʘʛʨʝʛʘʮʠʠ 

ʧʦʨʬʠʨʠʥʘ, ʧʨʦʠʩʭʦʜʠʪ ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʨʠʩ. 1). ʆʜʥʘʢʦ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʨʬʠʨʠʥʦʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʩʦʭʨʘʥʷʶʪʩʷ. 

 
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʝʪʨʘ(ʧ-ʘʤʠʥʦʬʝʥʠʣ)-ʧʦʨʬʠʨʠʥʘ: 1ï ʚ ʩʨʝʜʝ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ; 2 ï ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 22-23-

01076). 
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ʆʢʠʩʣʝʥʠʝ ʪʦʣʫʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Mn3+, ʧʦʣʫʯʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

 

ʐʠʧʦʚʘ ʊ.ɽ., ʂʦʤʠʩʩʘʨʦʚʘ ɻ.ʄ., ɹʝʣʷʝʚ ʕ.ʃ., ʉʤʠʨʥʦʚ ʄ.ʂ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail:dir@gosniiokht.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʣʫʦʣʘ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

HNO3, KMnO4, HClO4, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ [1]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʨʝʭʚʘʣʝʥʪʥʳʡ ʤʘʨʛʘʥʝʮ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʴʜʝʛʠʜʦʚ ʠ ʭʠʥʦʥʦʚ ʧʫʪʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʉʦʛʣʘʩʥʦ ʧʘʪʝʥʪʫ [1], ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʩʦʣʠ 

ʜʚʦʡʥʦʛʦ ʩʫʣʴʬʘʪʘ ʤʘʨʛʘʥʮʘ/ʘʤʤʦʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

Mn2(SO4)3*(NH 4)2SO4, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʚʝʜʝʥʘ ʠʟ ʨʘʩʪʚʦʨʘ 

ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʤ ʚʠʜʝ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʘʨʛʘʥʮʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʚ ʦʜʥʦʢʘʤʝʨʥʦʤ 

ʵʣʝʢʪʨʦʣʠʟʝʨʝ, ʫʧʨʦʱʘʝʪ ʘʧʧʘʨʘʪʫʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʠ ʦʙʣʝʛʯʘʝʪ ʝʛʦ 

ʪʝʭʥʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ. 

ʉʦʣʠ ʤʘʨʛʘʥʮʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʜʠʘʪʦʨʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʣʷʤʠ ʭʨʦʤʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʝ 

ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʦʢʠʩʣʝʥʠʶ ʪʦʣʫʦʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʳʭʦʜ 

ʘʣʴʜʝʛʠʜʘ ʥʠʟʦʢ ʠʣʠ ʦʥ ʦʙʨʘʟʫʝʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ [2]. 

ʇʦʣʫʯʝʥʥʘʷ ʚ ʵʣʝʢʪʨʦʣʠʟʝʨʝ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘʤʠ 

ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʪʦʣʫʦʣʘ, ʚʳʭʦʜ ʘʣʴʜʝʛʠʜʘ ʩʦʩʪʘʚʠʣ 76 %. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ Mn2+ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʥʘʧʨʘʚʣʷʣʠ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʚ 

ʵʣʝʢʪʨʦʣʠʟʝʨ, ʘ ʟʘʪʝʤ ʩʥʦʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʪʦʣʫʦʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʘʣʴʜʝʛʠʜʘ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ.  

  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ɻʣʫʭʘʥ ɽ.ʅ., ɹʝʣʠʢʦʚ ɺ.ɸ., ʂʘʘʙʘʢ ʃ.ɺ. ʠ ʜʨ. // ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ.  2018.  ˉ 4 (8). ʉ. 413. 

[2] Patent ˉ 189178 DE,  IPC C25B3/23.  / Lang W. ï 2 c. 
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ʈʝʘʢʮʠʷ ʍʝʢʘ ʚʠʥʠʣʘʥʠʣʠʥʦʚ ʩ ʙʨʦʤʙʝʥʟʦʘʟʠʥʘʤʠ ʚ ʩʠʥʪʝʟʝ push-pull 

ʭʨʦʤʦʬʦʨʦʚ: ʚʣʠʷʥʠʝ ʨʝʘʛʝʥʪʦʚ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ 1,2-ʪʨʘʥʩ- ʠ 1,1 ʦʣʝʬʠʥʦʚ 

 

ʐʫʩʪʠʢʦʚ ɸ.ɸ., ʀʩʣʘʤʦʚʘ ʃ.ʅ., ʌʘʟʣʝʝʚʘ ɻ.ʄ., ʐʘʨʠʧʦʚʘ ʉ.ʄ., ʂʘʣʠʥʠʥ ɸ.ɸ. 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ 

ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ,  

E-mail: shuustikov@gmail.com 

 

ʈʝʘʢʮʠʷ ʍʝʢʘ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʦʜʠʥʘʨʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ sp2-ʛʠʙʨʠʜʥʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ. ʅʘʤʠ ʦʙʥʘʨʫʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʍʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʧʦ ʵʣʝʢ-

ʪʨʦʥʥʦʤʫ ʩʪʨʦʝʥʠʶ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ɼ-p-ɸ ʭʨʦʤʦʬʦʨʦʚ (ʉʭʝʤʘ 1).  

ʉʭʝʤʘ 1. ʈʝʘʢʮʠʷ ʍʝʢʘ ʤʝʞʜʫ An-CH=CH2 ʠ Br-Het 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ï ʥʘʣʠʯʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʤ-

ʧʦʣʦʞʝʥʠʠ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʤʠʥʦʛʨʫʧʧʝ) ʚ ʚʠʥʠʣʘʥʠʣʠʥʝ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʙʦʣʴʰʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚ 

ʙʝʥʟʦʬʨʘʛʤʝʥʪʝ (ʙʝʥʟʦʪʠʘʟʦʣ ʠ ʭʠʥʦʢʩʘʣʠʥʦʥ) ʚʣʠʷʶʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ 1,1-ʦʣʝʬʠʥʘ ɸ1. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 1,2-ʪʨʘʥʩ-ʘʣʢʝʥʳ B ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ɼ-p-ɸ ʭʨʦʤʦʬʦʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 

21-13-00206) 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Islamova L.N. et al. // Synth. Commun. 2022. V. 52. P. 554ï563. 
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ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ C,N-ʭʝʣʘʪʥʳʭ ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ(II ) ʚ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ 

 

ʗʢʠʤʘʥʩʢʠʡ ɸ.ɸ.1, ʂʨʫʪʠʥ ɼ.ɺ.2, ʉʠʤʜʷʥʦʚ ʀ.ɺ.2, ʏʫʣʢʦʚʘ ʊ.ɻ.1, 

ʗʢʠʤʘʥʩʢʠʡ ɸ.ɺ.1 

1ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: yakimanskii@gmail.com 

 

ʇʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʘʮʠʢʣʠʯʝʩʢʠʝ ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

ʧʘʣʣʘʜʠʷ(II) ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʜʚʫʭ ʪʠʧʦʚ C,N-ʭʝʣʘʪʥʳʭ ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʦʩʪʘʚʫ ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ (ʨʠʩ. 1). 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʪʝʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʢʘʪʘʣʠʟʘʪʦʨʝ ʥʘ ʚʳʭʦʜ ʨʝʘʢʮʠʠ, ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʝʝ ʧʨʦʚʝʜʝʥʠʷ 

ʜʣʷ ʬʝʥʠʣʙʦʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʧʠʥʘʢʦʣʦʚʦʛʦ ʵʬʠʨʘ, ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʤʦʥʦʤʝʨʘ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʧʦ ʉʫʟʫʢʠ [2]. 

 
ʈʠʩ. 1. ʈʝʘʢʮʠʷ ʉʫʟʫʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ  

(ʧʨʦʝʢʪ ˉ 23-43-00060). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Boyarskiy V.P., Luzyanin K.V., Kukushkin V.Yu. // Advances in Organometallic 

Chemistry and Catalysis. 2014. Edited by A.J.L. Pombeiro. Ch.11. P.145-155. 

[2] Krishna A., Lunchev A.V., Grimsdale A.C. // Synthetic Methods for Conjugated 

Polymers and Carbon Materials. 2017. Edited by M. Leclerc and J.-F. Morin. Ch.2.  

P. 59-95. 
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ɹʠʦʦʨʪʦʛʦʥʘʣʴʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʦʙʨʘʱʝʥʥʘʷ ʨʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʢʘʢ 

ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʪʘʨʛʝʪʥʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ 

ʭʣʦʨʠʥʘ-ʝ6 ʚ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ 

  

ʗʥʢʦʚʠʯ ʇ., ʅʶʯʝʚ ɸ.ɺ., ʆʪʚʘʛʠʥ ɺ.ʌ., ʌʝʜʦʨʦʚ ɸ.ʖ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: petar.jankovic96@mail.ru 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʝʢʪʦʨʦʚ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʘʨʛʝʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʙʠʦʪʠʥʘ, ʣʠʥʢʝʨʘ ʠ ʤʦʣʝʢʫʣʳ ʪʝʪʨʘʟʠʥʘ. 

ʊʘʢʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʚʝʢʪʦʨ ʫʩʚʘʠʚʘʝʪʩʷ ʦʧʫʭʦʣʝʚʳʤʠ 

ʢʣʝʪʢʘʤʠ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʌʦʪʦʘʢʪʠʚʥʳʡ (ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ) ʘʛʝʥʪ ʥʘ 

ʦʩʥʦʚʝ ʭʣʦʨʠʥʘ-ʝ6 [1] ʩʝʣʝʢʪʠʚʥʦ in vivo ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʪʝʪʨʘʟʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ 

ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʠ ʦʙʨʘʟʫʝʪ ʬʦʪʦʘʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʛʝʥʝʨʠʨʫʝʪ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ, ʪʝʤ ʩʘʤʳʤ ʚʳʟʳʚʘʝʪ ʛʠʙʝʣʴ 

ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ (ʨʠʩ.1.).  

 
ʈʠʩ.1. 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠ ʧʦʣʫʯʝʥʥʳʡ ʢʦʥʲʶʛʘʪ ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʘʨʛʝʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʠ/ʠʣʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 21-73-

10230). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Otvagin V.F., Nyuchev A.V., Kuzmina N.S., et al. // European Journal of Medicinal 

Chemistry. 2018. V. 144. P. 740 ï 750. 



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 

 

 

 

 

158 

ʉɽʂʎʀʗ 2  
ʍʠʤʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

 

Environmental aspects of the synthesis Polypropylene, Polycarbonate, and 

Polyphenylene Sulfide Polymers  

 

Aliyeva S.B. 

 

Azerbaijan State Oil and Industry University, Scientific-Research Institute 

ñGeotechnological Problems of Oil, Gas and Chemistryò, Baku, Azerbaijan 

E-mail: solmaz.aliyeva@yahoo.com 

 

Dielectric polymers are widely used in electrical and radio engineering as 

materials for various electrical products, protective coatings for cables, wires, 

insulating enamels, and varnishes. The global plastic dielectric film market is estimated 

at $ 1.10 billion in 2018, and this price is expected to increase further [1]. The growing 

demand for dielectric polymers and polymers, in general, is drawing the attention of 

scientists, producers, company managers, and owners to the environmental impacts 

caused by the polymer industry. Life Cycle Assessment (LCA) is one of the tools 

currently available on the market and can be used for this purpose [2]. Here is reported 

the comparison of the environmental impact during the production of polymers, such 

as polypropylene, polycarbonate, and polyphenylene sulfide. These polymers have a 

wide range of applications and are mostly used as dielectric polymers for electronic 

applications. Taking this into account, the environmental impacts during the 

production of the aforementioned polymers have been studied and compared by Eco-

indicator 99 (H) and CML-IA baseline methods, using the LCA technical software 

package, SimaPro, which contains the Ecoinvent 3 life cycle inventory database. Based 

on the results of the analysis of all three methods, it was determined that PP production 

has less impact on the environment than PC and PPS production. 

This work was supported by the Science Development Foundation under the 

President of the Republic of Azerbaijan ï Grant ˉ EĶF-GAT-6-2021-2(39)-13/08/4-

M-08.  
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The release of cefazolin from liquid dosage forms based on pectin 

 

Shurshina ɸ.S., Afanasieva ʄ.ɸ., Lazdina ʄ.Yu. 

Ufa University of Science and Technology, Ufa, Russia 

E-mail: anzhela_murzagil@mail.ru 

 

On the one hand, the modern system of drug search and development relies on the 

achievements of genomics, proteomics and bioengineering, and on the other hand, it 

follows the path of modifying the dosage forms of already existing medicinal 

compounds. New modified dosage forms are created to maximize the effectiveness of 

the active substance, reduce side effects, inconveniences and negative sensations when 

taking the drug. Polymers are often one of the dosage forms components [1]. A 

promising polymer for these purposes is pectin [2, 3]. Pectins attract attention due to 

hypocholesterolemic, atherogenic, anticarcinogenic and antiallergic effects. 

The aim of this work was to study the release of the antibiotic cefazolin (CFZ) 

from liquid dosage forms based on pectin. 

The release of the drug from the liquid dosage form was studied by dialysis 

through a semipermeable membrane. The concentration of CFZ was 10-4 mol/l. The 

polymer concentration varied from 0.005 to 0.5 mol/l. Dialysis was carried out under 

thermostatically controlled conditions at a temperature of (37 Ñ 1) oC. Dialysate 

samples of 10.0 ml were taken after a certain time from the start of the experiment, 

replenishing the amounts taken with new portions of the dialysis medium. The 

concentration of the released medicinal substance in dialysate was determined at 

specified time intervals by spectrophotometry at a wavelength corresponding to the 

maximum absorption of cefazolin. A polymer solution of the appropriate concentration 

was used as a comparison solution. 

The determination of CFZ release rate through a semipermeable membrane 

showed that at the initial stage, the rate of release decreases with an increase in the 

concentration of pectin in the solution. The prolonging effect of the polymer in this 

case, on the one hand, can be explained by diffusion difficulties caused by the increased 

viscosity of the polymer solution. On the other hand, with an increase in the 

concentration of the polymer in the solution, the amount of CFZ firmly held by the 

polymer chain increases, due to interaction between CFZ and pectin. 

Thus, the release of CFZ from liquid dosage forms based on pectin is affected by 

both the viscosity of pectin solutions and the ability to complex formation in the pectin-

CFZ system. 
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Radical polymerization as a method of polymer synthesis has many positive 

features such as high speed and relative simplicity of polymerization; wide range of 

available monomers. The worst part of radical polymerization is its molar mass 

distribution and big dispersion value, what means impossibility to control the polymer 

molar mass. It strongly affects the mechanical properties of polymer and decreases the 

usability of method. Polymerization using reversible addition-fragmentation chain-

transfer (RAFT) agents has shown great results in solving these problems [1].  

However, there are some synthetic limitations of RAFT-polymerization. The main 

limitation is the fact, that more activated monomers (MAM) and less activated monomers 

(LAM) require agents with different structures to support chain transfer mechanism of 

reaction. pH-switchable RAFT agents can exist in neutral and protonated forms and show 

different activity in MAMs and LAMs polymerization [2]. It makes possible the synthesis 

of block copolymers of MAMs and LAMs and significantly widens possibilities of 

macromolecular architecture. 

The aim of this research is the synthesis of pH-switchable RAFT-agents with 

different structures (Fig. 1.) and their investigation in polymerization of styrene, vinyl 

acetate and methacrylic monomers. Used compounds have shown different activities 

in protonated and neutral forms and realized the controlled mechanism of 

polymerization in proper conditions. It is evidenced by the linear increase in number-

average molar mass with the rise of conversion and decrease of dispersity.   

 
Fig. 1. pH- switchable dithiocarbamate RAFT agents used:  

(a) 1-cyano-1-methylethyl (phenyl)(pyridin-4-yl)-carbamodithioate. 

(b) 1-cyano-1-methylethyl (methoxyphenyl)(pyridin-4-yl)-carbamodithioate. 

(c) 1-cyano-1-methylethyl (dipyridin-4,4-yl)-carbamodithioate. 
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ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ ʩʠʥʪʝʟ  (ʩʦ)ʧʦʣʠʤʝʨʦʚ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ 

ʩʪʝʘʨʠʣʘʢʨʠʣʘʪʘ ʩ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʤʦʥʦʤʝʨʘʤʠ ʤʝʪʦʜʦʤ ʦʙʨʘʪʠʤʦʡ 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ɼʊ) 

ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʦʨʠʪʝʪʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼʊ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʧʨʝʩʩʦʨʥʳʭ ʠ ʜʝʧʨʝʩʩʦʨʥʦ-

ʜʠʩʧʝʨʛʠʨʫʶʱʠʭ ʧʨʠʩʘʜʦʢ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥ ʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʪʦʨʥʳʭ 

ʪʦʧʣʠʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʩʘʜʦʢ ʜʣʷ ɼʊ ʧʨʠʤʝʥʷʶʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʘʣʢʠʣʤʝʪʘʢʨʠʣʘʪʦʚ ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʤʦʥʦʤʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ  ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʩʘʜʦʢ ʷʚʣʷʶʪʩʷ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɹʣʘʛʦʜʘʨʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʂʈʇ), ʚ ʯʘʩʪʥʦʩʪʠ (ʩʦ)ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʠʤʦʡ 

ʧʝʨʝʜʘʯʠ ʮʝʧʠ (ʆʇʎ), ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʦʣʠʤʝʨʳ ʩ ʟʘʜʘʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʤʘʩʩʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ʅʝʩʦʤʥʝʥʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʂʈʇ ʷʚʣʷʝʪʩʷ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʫʩʣʦʚʠʷ 

ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʄʝʪʦʜʦʤ ʆʇʎ-ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʧʦʣʠʤʝʨʳ  

ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʉʄɸ) ʠ ʩʪʝʘʨʠʣʘʢʨʠʣʘʪʘ (ʉɸ) ʩ  N-ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʦʤ, N-

ʪʨʝʪ.ʙʫʪʠʣʘʢʨʠʣʘʤʠʜʦʤ, N,N-ʜʠʤʝʪʠʣʘʢʨʠʣʘʤʠʜʦʤ ʠ N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʦʤ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʤʦʥʦʤʝʨʥʳʭ ʩʤʝʩʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʆʇʎ-ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʠʙʝʥʟʠʣʪʨʠʪʠʦʢʘʨʙʦʥʘʪ ʠ 2-ʮʠʘʥʦ-2-ʧʨʦʧʠʣʜʦʜʝʮʠʣʪʨʠʪʠʦʢʘʨʙʦʥʘʪ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʉʄɸ ʠ ʉɸ ʩ ʨʷʜʦʤ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʤʦʥʦʤʝʨʘʤʠ ʧʨʦʪʝʢʘʝʪ ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʨʝʞʠʤʝ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʢʠʥʝʪʠʢʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, 

ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ. 

ʊʘʢ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʜʣʷ ʩʦʧʦʣʠʤʝʨʦʚ ʉʄɸ ʠ ʉɸ ʩ N-

ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʦʤ, N-ʪʨʝʪ.ʙʫʪʠʣʘʢʨʠʣʘʤʠʜʦʤ ʠ, N,N-ʜʠʤʝʪʠʣʘʢʨʠʣʘʤʠʜʦʤ 

ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ 1.2-1.5. ʆʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʠʭ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 200 ʜʦ 

1600 ppm. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʳʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʝʜʝʣʴʥʦʡ ʬʠʣʴʪʨʫʝʤʦʩʪʠ 

ʛʠʜʨʦʦʯʠʱʝʥʥʦʛʦ ɼʊ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʩʘʜʦʢ. 
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ʀʦʥʦʦʙʤʝʥʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠʦʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. 

ʇʦʣʫʯʝʥʠʝ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʦʨʙʝʥʪʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʘ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʧʨʠ 

ʨʘʟʜʝʣʝʥʠʠ ʠʦʥʥʳʭ ʠʣʠ ʠʦʥʠʟʠʨʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʨʦʧʫʩʢʘʝʤʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʨʙʝʥʪʘ ʧʨʠ ʧʦʤʦʱʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʦʨʙʝʥʪʦʚ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʧʨʠʚʠʚʢʘ ʦʪʜʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʦʣʠʤʝʨʘ ʢ ʤʘʪʨʠʮʝ 

ʩʦʨʙʝʥʪʘ.  

ʇʨʠʚʠʚʢʘ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʤʝʪʦʜʦʤ 

ʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʦʦʪʥʠʤʘʶʱʝʛʦ ʘʛʝʥʪʘ - 1,3-

ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʠʠʤʠʜʘ (ɼʎɻʂ) ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʠ - 4-

ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʘ (ɼʄɸʇ).   

ʇʨʠʚʠʚʢʫ ʧʦʣʠʤʝʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʨʝʜʝ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ (ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʜʝʨʞʘʥʠʷʭ ʧʦʣʠʤʝʨʦʚ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ɼʎɻʂ, ɼʄɸʇ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ ʦʪ 45 ʜʦ 60 Áʉ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʩʭʦʜʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ-

ʤʝʪʘʢʨʠʣʘʪʵʪʠʣʝʥʛʣʠʢʦʣʷ (ʄʄɸ-ʄʕɻ) ʠ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ-

ʜʠʵʪʠʣʘʤʠʥʦʧʨʦʧʠʣʤʝʪʘʢʨʠʣʘʪ (ʄʄɸ-ɼʕɸʇʄɸ), ʘ ʪʘʢʞʝ ʧʦ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʤʘʩʩʘʤ ʧʨʦʜʫʢʪʦʚ ʢʘʨʙʦʜʠʠʤʠʜʥʦʛʦ ʩʠʥʪʝʟʘ (ʇʕʂ). 

 
ʊʘʙʣʠʮʘ 1 -  ʄʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʤʝʨʦʚ. 

ʆʙʨʘʟʝʮ 
ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

Mn Mw P 

ʉʦʧʦʣʠʤʝʨ ʄʄɸɼʕɸʇʄɸ 3,900 6,500 1,68 

ʉʦʧʦʣʠʤʝʨ ʄʄɸ-ʄʕɻ 4,800 10,500 2,20 

ʇʕʂ1 4,500 8,800 1,97 

ʇʕʂ2 5,300 13,200 2,50 

ʇʕʂ3 488,700 3,441,400 7,04 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ 

ʧʦʣʠʤʝʨʘ ʩ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ (ʇʕʂ3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʩʰʠʚʢʠ ʧʦʣʠʤʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ çʧʨʠʚʠʚʢʠè 

ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʢ ʤʘʪʨʠʮʝ ʩʦʨʙʝʥʪʘ. 
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ɺʣʠʷʥʠʝ ʚʢʣʶʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ) ʚ ʩʦʩʪʘʚ ʛʠʜʨʦʛʝʣʷ 

ʥʘ ʦʩʥʦʚʝ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʢʠʥʝʪʠʢʫ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʘʨʙʦʘʥʛʠʜʨʘʟʳ ʜʣʷ ʣʝʯʝʥʠʷ ʛʣʘʫʢʦʤʳ 

 

ɸʣʠʢʧʘʨʦʚʘ ʕ.ʈ., ʂʦʨʞʠʢʦʚ-ɺʣʘʭ ɺ.ɸ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: e.alikparova@gmail.com 

 

ɻʣʘʫʢʦʤʘ ï ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʥʝʦʙʨʘʪʠʤʦʡ ʩʣʝʧʦʪʳ ʠ ʩʣʘʙʦʚʠʜʝʥʠʷ. 

ʏʠʩʣʦ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʪʨʘʜʘʶʪ ʛʣʘʫʢʦʤʦʡ, ʚʦ ʚʩʝʤ ʤʠʨʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

105 ʤʣʥ ʯʝʣʦʚʝʢ [1]. ɹʦʣʴʰʠʥʩʪʚʦ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʷ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʚʥʫʪʨʠʛʣʘʟʥʳʤ ʜʘʚʣʝʥʠʝʤ (ɺɻɼ), ʧʦʵʪʦʤʫ ʛʣʘʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʣʝʯʝʥʠʶ 

ʛʣʘʫʢʦʤʳ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ɺɻɼ. 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʠʥʛʠʙʠʪʦʨʳ ʢʘʨʙʦʘʥʛʠʜʨʘʟʳ (ʀʂɸ), 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʝʩʪʥʦʛʦ ʠ ʩʠʩʪʝʤʥʦʛʦ ʣʝʯʝʥʠʷ ʛʣʘʫʢʦʤʳ, ʦʜʥʘʢʦ 

ʜʦʩʪʫʧʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʧʘʨʘʪʳ ʦʙʣʘʜʘʶʪ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʜʝʡʩʪʚʠʷ. ɺ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ 

ʧʨʦʬʝʩʩʦʨʘ ʄ.ʖ. ʂʨʘʩʘʚʠʥʘ ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʉʇʙɻʋ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʩʨʦʜʩʪʚʦʤ ʢ ʬʝʨʤʝʥʪʫ-ʤʠʰʝʥʠ 

ʂɸ-II [ 2-3]. ʇʦʣʫʯʝʥʥʳʝ ʛʠʜʨʦʬʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʩʥʠʞʝʥʠʠ ʚʥʫʪʨʠʛʣʘʟʥʦʛʦ ʜʘʚʣʝʥʠʷ ʫ ʢʨʦʣʠʢʦʚ ʧʦʩʣʝ ʤʝʩʪʥʦʛʦ 

ʛʣʘʟʥʦʛʦ ʚʚʝʜʝʥʠʷ [2], ʦʜʥʘʢʦ ʙʳʩʪʨʳʡ ʢʣʠʨʝʥʩ ʧʦʣʫʯʝʥʥʳʭ ʀʂɸ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʣʘʟʘ ʦʩʪʘʸʪʩʷ ʧʨʦʙʣʝʤʦʡ ʠʭ ʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʠʜʝ ʛʣʘʟʥʳʭ ʢʘʧʝʣʴ. 

ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʀʂɸ. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ) 

(ʇʂʃ). ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʫʜʝʨʞʠʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠʟ ʇʂʃ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥʦ ʚʢʣʶʯʝʥʠʝ ʠʭ ʚ ʩʦʩʪʘʚ ʛʠʜʨʦʛʝʣʷ ʥʘ ʦʩʥʦʚʝ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ɼʣʷ ʵʪʦʛʦ ʥʘʥʦʯʘʩʪʠʮʳ ʠʟ ʇʂʃ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʧʦʣʠ(L-

ʣʠʟʠʥʦʤ). ʇʦʣʫʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ.  

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʀʂɸ ʧʨʦʚʦʜʠʣʠ ʚ ʙʠʦʨʝʣʝʚʘʥʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʧʦʢʘʟʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʠʩʪʝʤ ʚʳʩʚʦʙʦʞʜʘʪʴ 

ʣʝʢʘʨʩʪʚʦ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʤʝʩʷʮʘ. ʀʟʫʯʝʥʳ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʜʘʥʥʳʭ ʯʘʩʪʠʮ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʥʠʞʘʪʴ ʚʥʫʪʨʠʛʣʘʟʥʦʝ 

ʜʘʚʣʝʥʠʝ (ɺɻɼ) ʫ ʢʨʳʩ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʝʛʘʛʨʘʥʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʩʦʛʣʘʰʝʥʠʝ 075-15-2021-637).  
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