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ʍʍV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ-ʭʠʤʠʢʦʚ (ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ): ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 19ï21 ʘʧʨʝʣʷ 

2022 ʛ.). ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ: ʀʟʜ-ʚʦ ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 2022. -  355 ʩ. 

 

 
ISBN 978-5-91326-732-0 

 

 

 
 ɺ ʩʙʦʨʥʠʢ ʚʢʣʶʯʝʥʳ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʍʍV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ 

ʫʯʸʥʳʭ-ʭʠʤʠʢʦʚ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ). ɺ ʝʞʝʛʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʧʨʦʭʦʜʷʱʠʭ ʚ 

ʋʥʠʚʝʨʩʠʪʝʪʝ ʃʦʙʘʯʝʚʩʢʦʛʦ, ʫʯʘʩʪʚʫʶʪ ʤʦʣʦʜʳʝ ʫʯʝʥʳʝ, ʘʩʧʠʨʘʥʪʳ, ʩʪʫʜʝʥʪʳ ʠ 

ʰʢʦʣʴʥʠʢʠ. ʕʪʠ ʢʦʥʬʝʨʝʥʮʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʢʪʠʚʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʩʰʠʨʝʥʠʶ ʠʭ ʥʘʫʯʥʦʛʦ ʢʨʫʛʦʟʦʨʘ ʠ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʥʘʫʯʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ, ʦʙʤʝʥʫ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʚʳʷʚʣʝʥʠʶ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʦʣʦʜʝʞʠ, ʨʘʩʰʠʨʝʥʠʶ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʘʫʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ.  
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ʆʈɻʂʆʄʀʊɽʊ 
 

ʇʨʝʜʩʝʜʘʪʝʣ ɹ

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂʥʷʟʝʚ ɸ.ɺ. (ʧʨʦʨʝʢʪʦʨ ʧʦ ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ ʅʅɻʋ) 

 

ɿʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ 

ʢ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʄʘʨʢʠʥ ɸ.ɺ. (ʜʝʢʘʥ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅʅɻʋ) 

ʢ.ʭ.ʥ. ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʆ.ɺ. (ʅʅɻʋ) 

ʢ.ʭ.ʥ. ʐʠʧʠʣʦʚʘ ɸ.ʉ. (ʅʅɻʋ) 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʢ.ʭ.ʥ. ɹʫʣʘʥʦʚ ɽ.ʅ. (ʅʅɻʋ) 

ʢ.ʭ.ʥ. ʉʦʣʦʛʫʙʦʚ ʉ.ʉ. (ʅʅɻʋ) 

 

ʇʨʝʜʩʝʜʘʪʝʣʠ ʩʝʢʮʠʡ 

ʉʝʢʮʠʷ 1:  ʜ.ʭ.ʥ., ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ ʌʝʜʶʰʢʠʥ ʀ.ʃ. (ʀʄʍ ʈɸʅ) 

                   ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʌʝʜʦʨʦʚ ɸ.ʖ. (ʅʅɻʋ) 

ʉʝʢʮʠʷ 2:  ʜ.ʭ.ʥ. ʉʦʟʠʥ ɸ.ʖ. (ʀʍɺɺ ʈɸʅ) 

                   ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂʥʷʟʝʚ ɸ.ɺ. (ʅʅɻʋ) 

ʉʝʢʮʠʷ 3:  ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ɼʫʨʦʚ ɺ.ɸ. (ʄɻʋ) 

                   ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʅʠʧʨʫʢ ʆ.ɺ. (ʅʅɻʋ) 

ʉʝʢʮʠʷ 4:  ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʉʝʨʝʞʢʠʥ ɺ.ʅ. (ʉʘʤɻʋ) 

                   ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʀʛʥʘʪʦʚ ʉ.ʂ. (ʅʅɻʋ) 

ʉʝʢʮʠʷ 5:  ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ɻʘʚʨʠʯʝʚ ʂ.ʉ. (ʀʆʅʍ ʈɸʅ) 

                   ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʄʘʨʢʠʥ ɸ.ɺ. (ʅʅɻʋ) 

ʉʝʢʮʠʷ 6:  ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ɿʚʝʨʝʚʘ ʀ.ɸ. (ʉʇʙɻʋ) 

                   ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʇʝʨʤʠʥ ɼ.ɸ. (ʅʅɻʋ)  
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ʉɽʂʎʀʀ ʂʆʅʌɽʈɽʅʎʀʀ 
 

1. ʆʨʛʘʥʠʯʝʩʢʘʷ, ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ, ʵʣʝʤʝʥʪʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʠ 

ʭʠʤʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

2. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ, ʭʠʤʠʷ ʚʳʩʦʢʦʯʠʩʪʳʭ ʚʝʱʝʩʪʚ  

3. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ ʠ ʵʢʦʣʦʛʠʷ 

4. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʢʚʘʥʪʦʚʘʷ ʭʠʤʠʷ, ʬʦʪʦʭʠʤʠʷ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

5. ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

6. ʇʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʘʪʝʨʠʘʣʳ 
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ʇʃɽʅɸʈʅʓɽ ɼʆʂʃɸɼʓ  

ʅʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʠ ʧʨʦʙʣʝʤʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ  
 

ʄʝʣʴʥʠʢʦʚʘ ʅ.ɹ. 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ  
E-mail: melnikovanb@gmail.com 

 

ʉʦʚʨʝʤʝʥʥʦʡ ʧʘʨʘʜʠʛʤʦʡ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ (ʃɺ) 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʟʥʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʃɺ ʘʙʩʦʨʙʠʨʫʝʪʩʷ, ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ, ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ 

ʠ ʚʳʚʦʜʠʪʩʷ ʠʟ ʥʝʛʦ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʳʭ ʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʠ. ɼʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʪʦʡ ʧʘʨʘʜʠʛʤʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʃɺ ʥʝʦʙʭʦʜʠʤʦ 

ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʨʰʨʫʪʳ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʃɺ, ʥʦ ʠ 

ʚʢʣʶʯʘʪʴ ʠʭ ʚ ʥʦʚʫʶ ʣʝʢʘʨʩʪʚʝʥʥʫʶ ʬʦʨʤʫ (ʥʘʥʦʢʘʧʩʫʣʳ ʠ ʥʘʥʦʩʬʝʨʳ, ʢʦʤʧʣʝʢʩʳ 

ʚʢʣʶʯʝʥʠʷ, ʧʦʣʠʤʝʨʥʳʝ ʤʠʮʝʣʣʳ, ʟʘʱʠʱʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʜʨʫʛʠʝ), 

ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʃɺ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʃɺ (ʠʦʥʠʟʘʮʠʷ, 

ʟʘʨʷʜ, ʪʦʯʢʘ ʧʣʘʚʣʝʥʠʷ, ʚʦʜʦʨʦʜʥʦʝ ʩʚʷʟʳʚʘʥʠʝ, ʨʘʟʤʝʨ ʠ ʬʦʨʤʘ ʯʘʩʪʠʮ, 

ʣʠʧʦʬʠʣʴʥʦʩʪʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ) ʚʥʫʪʨʝʥʥʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʜʚʘ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚʘ ï ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʧʨʦʥʠʢʘʥʠʝ, ʦʪ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʃɺ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʩʪʝʨʝʦʭʠʤʠ ʁ ʠ ʩʪʨʫʢʪʫʨʫ ʃɺ (ʭʠʨʘʣʴʥʦʩʪʴ ʠ ʙʠʦʠʟʦʩʪʝʨʠʟʤ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʝʜʠʥʝʥʠʶ-ʣʠʜʝʨʫ), ʩʪʨʫʢʪʫʨʫ ʨʝʮʝʧʪʦʨʘ, ʬʝʨʤʝʥʪʘ ʠʣʠ ʜʨʫʛʦʡ 

ʙʠʦʤʠʰʝʥʠ, ʪʠʧ ʩʚʷʟʳʚʘʥʠʷ ʠ ʵʥʝʨʛʠ ʁʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʃɺ ʠ ʙʠʦʤʠʰʝʥʠ, ʘ 

ʪʘʢʞʝ ʥʝ ʩʦʜʝʨʞʘʪʴ ʪʦʢʩʦʬʦʨʥʳʝ ʛʨʫʧʧʳ ʠʣʠ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʘʚʘʪʴ 

ʪʦʢʩʠʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ. 

ʆʜʥʦʡ ʠʟ ʩʪʨʘʪʝʛʠʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʃɺ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʣʠʧʦʬʠʣʴʥʦʩʪʠ, ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʠʦʥʠʟʘʮʠʠ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʃɺ, ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʧʨʦʣʝʢʘʨʩʪʚ ï 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʠʥʝʨʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʣʝʢʫʣ ʃɺ, ʢʦʪʦʨʳʝ in vivo 
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çʙʠʦʦʙʨʘʪʠʤʦè ʦʙʨʘʟʫʶʪ ʘʢʪʠʚʥʳʝ ʃɺ ʧʦʩʣʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʠ/ʠʣʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʧʨʦʣʝʢʘʨʩʪʚʘ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʮʠʢʣʦʬʦʩʬʘʤʠʜʘ (CP, 1) ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ 

ʬʦʩʬʦʨʠʤʠʜʘ ʛʦʨʯʠʮʳ (PAM, 4) ʠ ʛʠʜʨʦʢʩʠʧʨʦʧʘʥʘʣʷ (HPA, 5), ʨʘʟʨʫʰʘʶʱʠʭ 

ɼʅʂ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʘʧʦʧʪʦʟʫ (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʧʨʦʣʝʢʘʨʩʪʚʘ ʮʠʢʣʦʬʦʩʬʘʤʠʜʘ ï CP 

ʅʘʠʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʦʢʩʠʯʥʦʩʪʠ ʠʤʝʶʪ ʥʘʥʦʯʘʩʪʠʮʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʃɺ, ʥʘʧʨʠʤʝʨ ʥʘʥʦʵʥʟʠʤʦʚ, ʘ ʪʘʢʞʝ ʨʘʜʠʦʥʫʢʣʠʜʥʳʝ 

(ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ) ʧʨʝʧʘʨʘʪʳ (ʈʌʇ).  

ʇʨʦʙʣʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʟʘʱʠʱʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʊʨʝʙʫʝʪʩʷ ʟʘʱʠʪʘ ʢʘʢ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ çʙʝʣʢʦʚʦʡ ʢʦʨʦʥʳè, ʥʝ 

ʪʦʣʴʢʦ ʫʤʝʥʴʰʘʶʱʝʡ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʪʦʢʩʠʯʥʦʡ, 

ʪʘʢ ʠ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʘʛʨʝʛʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʪʠʧʠʯʥʘʷ ʩʭʝʤʘ ʚʚʝʜʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʃɺ ʥʘ ʧʨʠʤʝʨʝ ʈʌʇ. ɼʦʩʪʘʚʢʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʢ ʦʯʘʛʫ ʚʦʩʧʘʣʝʥʠʷ ʚʦʟʤʦʞʥʘ ʚ 

ʚʠʜʝ ʠʦʥʥʭr ʬʦʨʤ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʟʘ ʩʯʝʪ ʠʭ ʩʨʦʜʩʪʚʘ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʢʘʥʠ ʠʣʠ 

ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʧʨʦʮʝʩʩʫ, ʥʝʙʦʣʴʰʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʤʝʯʝʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʝʧʪʠʜʥʳʭ ʤʦʣʝʢʫʣ (ʬʨʘʛʤʝʥʪʳ ʛʦʨʤʦʥʦʚ, ʘʛʦʥʠʩʪʦʚ ʠʣʠ 

ʘʥʪʘʛʦʥʠʩʪʦʚ ʨʝʮʝʧʪʦʨʦʚ), ʘʥʪʠʪʝʣ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʢʨʫʧʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʈʌʇ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʪʨʫʙʦʢ ʠ ʥʘʥʦʯʘʩʪʠʮ. 

 
ʈʠʩ. 3. ʆʙʱʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʈʌʇ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʝʤ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ 

ʚʳʩʦʢʦʡ ɻʬʬʝʢʪʠʚʥʦʩʪʴ ʁʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘ ̫ʪʦʢʩʠʯʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʢʘʢ 

ʧʨʠʝʤʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʪʘʢ ʠ ʢʦʣʣʦʠʜʥʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʦʜʭʦʜʘʤʠ 

(ʥʘʥʦʭʠʤʠʠ), ʧʦʟʚʦʣʷʶʱʠʤʠ ʜʦʩʪʠʛʥʫʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʝʧʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʣʷ ʦʨʛʘʥʠʟʤʘ. 
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MCVD  ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʬʦʨʤ ʘʢʪʠʚʥʳʭ ʢʦʥʫʩʥʳʭ ʩʚʝʪʦʚʦʜʦʚ 

 
ʃʠʧʘʪʦʚ ɼ.ʉ.,1 ɻʫʨʴʷʥʦʚ ɸ.ʅ.,1 ʃʠʭʘʯʝʚ ʄ.ɽ.,2 ɹʦʙʢʦʚ ʂ.ʂ.2 

1ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʚʳʩʦʢʦʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʠʤ. ɻ.ɻ. ɼʝʚʷʪʳʭ ʈɸʅ,  
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

2ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʅʘʫʯʥʳʡ ʮʝʥʪʨ 
ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʠʤ. ɽ.ʄ. ɼʠʘʥʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 E-mail: lidenis@yandex.ru 
 

ʀʤʧʫʣʴʩʥʳʝ ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ ʠ ʫʩʠʣʠʪʝʣʠ ʷʚʣʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ 

(ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ, ʤʝʜʠʮʠʥʘ, ʥʝʣʠʥʝʡʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʪ.ʧ.). ʄʘʣʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʚʳʩʦʢʘʷ 

ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʝʨʭ ʠʥʪʝʥʩʠʚʥʦʝ ʣʦʢʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʤʘʪʝʨʠʘʣ, ʥʦ ʠʩʢʣʶʯʘʝʪ ʝʛʦ ʥʘʛʨʝʚ ʠ ʨʘʟʨʫʰʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ 

ʩʘʤʳʤ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʦʙʲʝʢʪʦʚ. ʕʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ ʠ ʜʦʩʪʫʧʥʘʷ ʧʠʢʦʚʘʷ 

ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʦʨʦʛʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʩʝʨʜʮʝʚʠʥʝ ʘʢʪʠʚʥʦʛʦ ʩʚʝʪʦʚʦʜʘ. ʋʚʝʣʠʯʠʪʴ ʧʦʨʦʛ 

ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʩʝʨʜʮʝʚʠʥʳ 

ʩʚʝʪʦʚʦʜʘ ʠ ʩʦʢʨʘʱʝʥʠʷ ʝʛʦ ʨʘʙʦʯʝʡ ʜʣʠʥʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʤʘʣʘʷ 

ʯʠʩʣʦʚʘʷ ʘʧʝʨʪʫʨʘ (~0,08) ʠ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʈɿʕ. ʉʪʝʢʣʘ ʩʠʩʪʝʤʳ Al 2O3-

P2O5-SiO2 (APS) ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʧʦʩʢʦʣʴʢʫ 

ʠʤʝʶʪ ʙʣʠʟʢʠʡ ʩ ʢʚʘʨʮʝʚʳʤ ʩʪʝʢʣʦʤ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʥʘ 2 ʧʦʨʷʜʢʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʢʩʠʜʦʚ ʈɿʕ.  

ʋʚʝʣʠʯʠʪʴ ʜʠʘʤʝʪʨ ʧʦʣʷ ʤʦʜʳ ʤʦʞʥʦ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʝʪʦʚʦʜʘ 

ʚ ʬʦʨʤʝ ʢʦʥʫʩʘ, ʚ ʢʦʪʦʨʦʤ ʚʚʦʜ ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʦʥʢʠʡ 

ʦʜʥʦʤʦʜʦʚʳʡ ʢʦʥʝʮ, ʘ ʚʳʚʦʜ ʠʟʣʫʯʝʥʠʷ ʠ ʚʚʦʜ ʥʘʢʘʯʢʠ ʯʝʨʝʟ ʪʦʣʩʪʳʡ ʢʦʥʝʮ. ʇʨʠ 

ʧʣʘʚʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʤʝʪʨʘ ʩʝʨʜʮʝʚʠʥʳ ʚʳʩʰʠʝ ʤʦʜʳ ʥʝ ʚʦʟʙʫʞʜʘʶʪʩʷ, ʘ 

ʥʘʙʦʨ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦʨʘʟʤʝʨʥʦ ʫʚʝʣʠʯʝʥʠʶ ʜʠʘʤʝʪʨʘ ʧʦʣʷ 

ʤʦʜʳ. ɼʠʘʤʝʪʨ ʧʦʣʷ ʤʦʜʳ ʢʦʥʫʩʥʳʭ ʩʚʝʪʦʚʦʜʦʚ ʢʨʠʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ 

ʧʨʦʬʠʣʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (ʇʇʇ), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚʦʤ ʠ 

ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʪʝʢʣʘ ʩʝʨʜʮʝʚʠʥʳ. APS ʩʚʝʪʦʚʦʜʳ ʠʟʛʦʪʦʚʣʝʥʥʳʝ MCVD 

ʪʝʭʥʦʣʦʛʠʝʡ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʚ ʮʝʥʪʨʝ ʩʝʨʜʮʝʚʠʥʳ, 

ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ P2O5 ʥʘ ʩʪʘʜʠʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʪʨʫʙʳ.  ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ Al 2O3/P2O5 ʥʘ ʇʇʇ ʦʙʨʘʟʫʝʪʩʷ ʣʠʙʦ ñʧʠʢò, ʯʪʦ ʩʫʞʘʝʪ ʜʠʘʤʝʪʨ 

ʧʦʣʷ ʤʦʜʳ ʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʧʦʨʦʛ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ, ʣʠʙʦ ñʧʨʦʚʘʣò ï ʤʦʜʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʨʤʫ ñʙʫʙʣʠʢò. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʠʪʪʝʨʙʠʝʚʳʭ ʠ ʵʨʙʠʝʚʳʭ ʢʦʥʫʩʥʳʭ ʩʚʝʪʦʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ APS 

ʤʘʪʨʠʮʳ ʩ ʨʦʚʥʳʤ ʠ ʩʪʨʦʛʦ ʩʪʫʧʝʥʯʘʪʳʤ ʇʇʇ. ʇʨʝʬʦʨʤʳ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ 

ʧʦʣʥʦʩʪʴʶ ʛʘʟʦʬʘʟʥʳʤ MCVD ʤʝʪʦʜʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʝʣʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ ʦʢʩʠʜʦʚ ʈɿʕ. ʅʝʦʙʭʦʜʠʤʘʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʢʪʠʚʥʦʡ 

ʜʦʙʘʚʢʠ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʟʘ ʩʯʝʪ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʟʜʝʣʴʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ. ɺʥʘʯʘʣʝ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʩʘʞʜʘʣʩʷ ʩʣʦʡ APS ʤʘʪʨʠʮʳ. 

ɼʘʣʝʝ ʚ ʪʨʫʙʫ ʧʦʩʪʫʧʘʣʠ ʧʘʨʳ ʭʝʣʘʪʘ ʠ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʟʦʥʝ ʥʘʛʨʝʚʘ ʯʘʩʪʠʮʳ 
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ʦʢʩʠʜʘ ʈɿʕ ʦʩʘʞʜʘʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʤʘʪʨʠʮʳ. ɿʘʪʝʤ ʧʨʦʧʠʪʘʥʥʳʡ ʩʣʦʡ 

ʩʧʣʘʚʣʷʣʩʷ ʚ ʧʨʦʟʨʘʯʥʦʝ ʩʪʝʢʣʦ ʚ ʘʪʤʦʩʬʝʨʝ ʭʣʦʨ-ʘʛʝʥʪʘ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʝʨʜʮʝʚʠʥʳ ʜʠʘʤʝʪʨʦʤ ~2 ʤʤ 

ʧʨʦʠʩʭʦʜʠʣʦ ʟʘ ʩʯʝʪ ʦʩʘʞʜʝʥʠʷ 10 ʪʦʥʢʠʭ ʩʣʦʝʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʧʠʪʳʚʘʣʩʷ 

ʦʢʩʠʜʦʤ ʈɿʕ ʚ ʪʝʯʝʥʠʠ 2-4 ʧʨʦʭʦʜʦʚ ʛʦʨʝʣʢʠ.  

ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ RE2O3-Al2O3-P2O5-

SiO2 ʩʪʝʢʣʘ (RE-APS, ʛʜʝ RE ï Er ʠʣʠ Yb) ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ RE-APS ʩʪʝʢʣʘ ʦʪ ʩʦʩʪʘʚʘ 

ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʪʦʣʱʠʥʳ ʦʩʘʞʜʘʝʤʦʛʦ ʩʣʦʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʧʣʘʚʣʝʥʠʷ ʩʣʦʷ. ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʩʭʣʦʧʳʚʘʥʠʷ ʪʨʫʙʯʘʪʦʡ ʧʨʝʬʦʨʤʳ ʚ 

ʩʪʝʨʞʝʥʴ ʠ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʧʦʜʭʦʜʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʈ2ʆ5 ʚ ʮʝʥʪʨʝ 

ʩʝʨʜʮʝʚʠʥʳ. ʅʘʡʜʝʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʶʱʝʝ ʧʦʪʝʨʶ 

ʈ2ʆ5 ʚ ʮʝʥʪʨʝ ʩʝʨʜʮʝʚʠʥʳ. ʈʘʟʨʘʙʦʪʘʥ MCVD ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʬʦʨʤ 

ʩʚʝʪʦʚʦʜʦʚ ʩ ʛʦʤʦʛʝʥʥʳʤ ʠ ʦʜʥʦʨʦʜʥʳʤ RE-APS ʩʪʝʢʣʦʤ ʩʝʨʜʮʝʚʠʥʳ. ʄʝʪʦʜʠʢʘ 

ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʩʪʝʢʣʘ, ʩʦʜʝʨʞʘʱʠʝ ʩʫʤʤʘʨʥʦ ʜʦ 40 ʤʦʣ% Al2O3 ʠ P2O5, 

ʩʚʳʰʝ 1 ʤʦʣ.% RE2O3, ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʦʙʲʝʤʝ ʩʪʝʢʣʘ (ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʧʨʦʬʠʣʴ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ), ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʩʝʨʜʮʝʚʠʥʫ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ (2 ʤʤ ʠ ʙʦʣʝʝ) ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʯʠʩʪʦʪʳ ʩʪʝʢʣʘ. 

ʀʟʛʦʪʦʚʣʝʥʳ ʧʨʝʬʦʨʤʳ ʩ Er-APS ʠ Yb-APS ʩʝʨʜʮʝʚʠʥʦʡ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʠ (0,14 ʤʦʣ% Er2O3 ʠʣʠ 0,5 

ʤʦʣ% Yb2O3) ʠ ʙʣʠʟʢʠʤ ʢ ʢʚʘʨʮʝʚʦʤʫ ʩʪʝʢʣʫ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ (dn ~ 0,001-

0,0025), ʩ ʨʦʚʥʳʤ ʠ ʩʪʨʦʛʦ ʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʬʠʣʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʝ ʵʨʙʠʝʚʳʝ ʠ 

ʠʪʪʝʨʙʠʝʚʳʝ ʩʚʝʪʦʚʦʜʳ-ʢʦʥʫʩʳ ʩ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʤ ʧʦʨʦʛʦʤ ʥʝʣʠʥʝʡʥʳʭ 

ʵʬʬʝʢʪʦʚ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʨʙʠʝʚʦʛʦ ʩʚʝʪʦʚʦʜʘ-ʢʦʥʫʩʘ ʜʦʩʪʠʛʥʫʪ ʨʝʢʦʨʜʥʳʡ ʫʨʦʚʝʥʴ 

ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 20 ʢɺʪ (100 ʥʩ ʠʤʧʫʣʴʩʳ) ʠ 105 ʢɺʪ (2 ʥʩ ʠʤʧʫʣʴʩʳ), ʯʪʦ 

ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʳʜʫʱʠʡ ʫʨʦʚʝʥʴ ʚ 20 ʠ 2,5 ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʪʪʝʨʙʠʝʚʦʛʦ ʩʚʝʪʦʚʦʜʘ-ʢʦʥʫʩʘ ʜʦʩʪʠʛʥʫʪʘ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʘʷ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ 

150 ɺʪ ʠ ʙʣʠʟʢʘʷ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʨʝʢʦʨʜʫ  ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ 0,75 ʄɺʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʫʩʠʣʠʪʝʣʷ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʳʜʫʱʠʭ ʫʨʦʚʝʥʴ ʜʣʷ 

ʧʦʣʥʦʩʪʴʶ ʚʦʣʦʢʦʥʥʳʭ ʩʭʝʤ ʠ ʚʩʝʛʦ ʥʝʤʥʦʛʦ ʥʝ ʜʦʪʷʛʠʚʘʝʪ ʜʦ ʘʙʩʦʣʶʪʥʦʛʦ 

ʨʝʢʦʨʜʘ (1 ʄɺʪ), ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʩʚʝʪʦʚʦʜʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʣʥʦʩʪʴʶ 

ʚʦʣʦʢʦʥʥʘʷ ʩʭʝʤʘ ʫʩʠʣʠʪʝʣʷ, (ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʥʘʜʝʞʥʦʩʪʴ (ʥʝ ʪʨʝʙʫʝʪʩʷ ʶʩʪʠʨʦʚʢʘ), 

ʤʘʣʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʛʠʙʘʤ, ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʟʘʜʘʥʠʶ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ, 

ʧʨʦʝʢʪ ˉ 0095-2019-0006. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʧʦʣʦʛʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʌʫʢʠʥ ɻ.ʂ. 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: gera@iomc.ras.ru 
 

ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʧʨʝʮʠʟʠʦʥʥʳʭ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʣʝʟʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ [1, 2]. ʆʜʥʘʢʦ ʢ 

ʢʨʠʩʪʘʣʣʘʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʕʪʦ ʜʦʣʞʥʳ ʙʳʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩ ʚʳʩʦʢʦʡ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʟʘʯʘʩʪʫʶ ʧʨʦʩʪʦ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʡ ʠ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ, ʯʪʦ ʟʘʤʝʪʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʨʝʰʘʶʪ ʵʪʫ 

ʧʨʦʙʣʝʤʫ. ʆʜʥʘʢʦ ʦʥʠ ʪʨʝʙʫʶʪ ʚʳʙʦʨ ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʙʘʟʠʩʘ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʩ ʧʝʨʚʦʛʦ ʨʘʟʘ. ʂʨʦʤʝ 

ʪʦʛʦ ʜʣʷ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ 80-100 ʘʪʦʤʦʚ ʪʘʢʠʝ ʨʘʩʯʝʪʳ ʷʚʣʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʳʤʠ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʫʯʘʝ 

ʨʘʩʯʝʪʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦʤʝʪʨʠʠ. ʇʦʵʪʦʤʫ ʤʝʪʦʜʳ 

ʠʟʫʯʝʥʠʷ ʪʦʧʦʣʦʛʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʣʠʰʝʥʥʳʝ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʷʚʣʷʶʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ. 

ʅʝʜʘʚʥʦ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʠʥʚʘʨʠʦʤʦʚ (ʘʩʬʝʨʠʯʝʩʢʠʡ ʘʪʦʤʥʳʡ 

ʨʘʩʩʝʠʚʘʶʱʠʡ ʬʘʢʪʦʨ) [3]. ʌʘʢʪʠʯʝʩʢʠ, ʵʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦïʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʧʦʣʦʛʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʝ ʪʨʝʙʫʶʱʠʡ 

ʚʳʩʦʢʦʫʛʣʦʚʳʭ ʜʘʥʥʳʭ. ʕʪʦʪ ʧʦʜʭʦʜ ʦʪʣʠʯʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʧʨʠ 

ʚʳʷʚʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʦʝʥʠʷ ʩ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ, ʘ ʪʘʢʞʝ ʨʘʜʠʢʘʣʦʚ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ 

ʨʘʟʚʠʪʠʷ ʢʦʥʮʝʧʮʠʠ ʠʥʚʘʨʠʦʤʦʚ ʩʪʘʣ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠʥʚʘʨʠʦʤ (ʘʩʬʝʨʠʯʝʩʢʠʡ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʨʘʩʩʝʠʚʘʶʱʠʡ ʬʘʢʪʦʨ; ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ "whole-

molecule aspherical scattering factors"), ʢʦʪʦʨʳʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʘʥʘʣʠʟʝ 

ʘʛʦʩʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ [Cp2FeH](PF6) ʢʦʤʧʣʝʢʩʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʠʥʚʘʨʠʦʤ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʮʝʥʢʠ ʟʘʩʝʣʝʥʥʦʩʪʝʡ d-

ʦʨʙʠʪʘʣʝʡ ʠ ʘʥʘʣʠʟʝ ʪʦʧʦʣʦʛʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʘʪʦʤʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʚʘʨʠʦʤʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʩʦʜʝʨʞʘʪ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʬʬʝʢʪʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʤ 

ʨʘʟʚʠʪʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦïʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʦʧʦʣʦʛʠʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʪʘʣ ʘʩʬʝʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʨʘʩʩʝʷʥʠʷ ʥʝʟʘʚʠʩʠʤʦʡ 

ʦʙʣʘʩʪʠ ʷʯʝʡʢʠ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠʥʚʘʨʠʦʤ). 
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ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʦʧʦʣʦʛʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʡ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʠ 

ʥʝʢʦʪʦʨʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 21-13-00336). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Gatti C., Matta C.F. Modern Charge-Density Analysis. Heidelberg: Springer, 2012. 

[2] Dittrich B., Matta C. F. // IUCrJ. 2014. V. 1. P. 457. 

[3] Dittrich B., Koritsnszky T., Luger P. // Angew. Chem. Int. Ed. Engl. 2004. V. 43. 

P. 2718. 
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ʇʈʀɻʃɸʐɽʅʅʓɽ ʃɽʂʎʀʀ 
ʉʝʢʮʠʷ 1 

ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʤʠʜʘʟʦ[4,5-e]ʪʠʘʟʦʣʦ[2,3-ʩ]ʪʨʠʘʟʠʥʦʚ ʚ 
ʠʤʠʜʘʟʦ[4,5-e]ʪʠʘʟʦʣʦ[3,2-b]ʪʨʠʘʟʠʥʳ 

 
ʀʟʤʝʩʪʴʝʚ ɸ.ʅ., ɻʘʟʠʝʚʘ ɻ.ɸ. 

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

E-mail: nebeli@mail.ru 
 

ʗʨʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʤʠʜʘʟʦ[4,5-e]ʪʠʘʟʦʣʦ[3,2-b]ʪʨʠʘʟʠʥʦʚ 1 ʷʚʣʷʝʪʩʷ ʠʭ 
ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʥʦʚʘʥʠʡ ʧʨʝʪʝʨʧʝʚʘʪʴ ʩʢʝʣʝʪʥʫʶ ʠʟʦʤʝʨʠʟʘʮʠʶ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ï ʠʤʠʜʘʟʦ[4,5-e]ʪʠʘʟʦʣʦ[2,3-
c]ʪʨʠʘʟʠʥʘ 2. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ 
ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʢʘʢ ʠʩʭʦʜʥʳʭ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ ʠʭ 
ʧʨʦʠʟʚʦʜʥʳʭ, ʥʘʧʨʠʤʝʨ, ʧʨʦʜʫʢʪʘʭ ʠʭ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʠʟʘʪʠʥʘʤʠ [1] (ʩʭʝʤʘ 1): 

 

ʅʝʜʘʚʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ KOH ʥʘ 
ʦʢʩʠʥʜʦʣʠʣʠʜʝʥʧʨʦʠʟʚʦʜʥʳʝ 2 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʦʙʳʯʥʦʡ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ 
ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʢʨʳʪʠʷ ʪʠʘʟʦʣʠʜʠʥʦʚʦʛʦ ʠ ʠʥʜʦʣʴʥʦʛʦ ʮʠʢʣʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʘʤʠʜʥʦʡ ʩʚʷʟʠ ʚ ʩʦʩʪʘʚʝ ʭʠʥʦʣʠʥʦʚʦʡ ʩʠʩʪʝʤʳ (ʩʭʝʤʘ 2): 

 

ʇʦʜʢʠʩʣʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ 3 ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʦʙʨʘʪʥʦʡ 
ʧʝʨʝʩʪʨʦʡʢʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 
ʦʢʩʠʥʜʦʣʠʣʠʜʝʥʧʨʦʠʟʚʦʜʥʳʭ 1. ɼʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʡ 
2Ÿ3Ÿ1 ʷʚʠʣʘʩʴ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦ[4,5-
e]ʪʠʘʟʦʣʦ[2,3-c]ʪʨʠʘʟʠʥʘ ʚ ʠʤʠʜʘʟʦ[4,5-e]ʪʠʘʟʦʣʦ[3,2-b]ʪʨʠʘʟʠʥʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Gazieva G.A., Izmest'ev A.N., Nelyubina Yu.V., et al. // RSC Advances. 2015. V. 
5. P. 43990-44002. 
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ʉʝʢʮʠʷ 1 
ʂʦʤʧʣʝʢʩʳ ʩʢʘʥʜʠʷ ʩ ʜʠʘʥʠʦʥʥʳʤ NHC ʣʠʛʘʥʜʦʤ ʥʘ ʙʘʟʝ ʙʝʥʟʠʤʠʜʘʟʦʣʘ 

 

ɻʫʨʠʥʘ ɻ.ɸ.1,2, ʄʘʨʢʠʥ ɸ.ɺ.1, ʊʨʠʬʦʥʦʚ ɸ.ɸ.2 3 
1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
3ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: live_love_peace@mail.ru 
 

ʇʠʥʮʝʨʥʳʝ NHC ʣʠʛʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʥʠʦʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʩ ʧʨʦʯʥʳʤʠ ʩʚʷʟʷʤʠ çʤʝʪʘʣʣ-ʣʠʛʘʥʜè. ɺʚʠʜʫ 

ʚʳʩʦʢʦʛʦ ʩʨʦʜʩʪʚʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʣʦʚ ʢ ʘʪʦʤʘʤ ʢʠʩʣʦʨʦʜʘ, ʬʝʥʦʢʩʠʜʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʨʝʢʨʘʩʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʟʘʡʥʘ 

NHC-ʣʠʛʘʥʜʦʚ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʠʩ(ʬʝʥʦʣʳ) ʪʠʧʘ (OCO), ʩʦʜʝʨʞʘʱʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʣʠʥʢʝʨʘ ʘʣʠʬʘʪʠʯʝʩʢʠʡ NHC ʬʨʘʛʤʝʥʪ, ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ (72,3 ʧʤ ʜʣʷ Sc3+; 91,2 ʧʤ ʜʣʷ Dy3+ ʧʨʠ ʂʏ = 6). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʩʪʝʨʝʦʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ NHC ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. ʉ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ ʜʦʥʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ) ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ 

NHC ʣʠʥʢʝʨʘ ʢ ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ 

ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʣʠʥʢʝʨʦʤ, ʭʣʦʨʠʜ 1,3-ʙʠʩ(3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-2-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-1H-ʙʝʥʟʦʠʤʠʜʘʟʦʣʠʷ (LH 3Cl). ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʥʘʜʝʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʦʚʳʝ ʭʣʦʨʠʜʥʳʡ ʠ 

ʘʣʢʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩʳ ʩʢʘʥʜʠʷ. 

 
ʈʠʩ. 1. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦ-ʣʠʛʘʥʜʘ LH 3Cl ʩ ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʤ ʣʠʥʢʝʨʦʤ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 20-33-90191). 
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ʉʝʢʮʠʷ 1 

ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʇɸɺ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʣʘʢʪʠʜʘ 

 

ɻʦʤʟʷʢ ɺ.ʀ.1,2, ʂʦʚʪʫʥ ʀ.ɼ.1,2, ɹʳʯʢʦʚ ʅ.ɺ.2, ʏʫʚʘʰʢʠʥ ʉ.ʀ.2, ɻʨʠʮʢʦʚʘ ʀ.ɸ.2, 

ʏʚʘʣʫʥ ʉ.ʅ.1,2 

1ʈʊʋ ʄʀʈʕɸ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: vgomzyak@gmail.com 

 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ) ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʤʫʣʴʛʘʪʦʨʦʚ, ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʜʠʩʧʝʨʛʘʪʦʨʦʚ, 

ʬʣʦʪʦʨʝʘʛʝʥʪʦʚ ʠ ʪ.ʜ. - ʦʪ ʨʝʰʝʥʠʷ ʙʳʪʦʚʳʭ ʢʦʩʤʝʪʠʢʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, 

ʜʦ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʪʠʣʠʟʘʮʠʝʡ ʦʪʨʘʙʦʪʘʥʥʳʭ ʇɸɺ ʠ ʦʭʨʘʥʦʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʇɸɺ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʝ ʩʦʧʦʣʠʵʬʠʨʳ Ŭ-

ʛʠʜʨʦʢʩʠʢʠʩʣʦʪ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʣʘʢʪʠʜ, ʧʦʣʠʛʣʠʢʦʣʠʜ, ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥ), 

ʧʦʣʠʜʠʦʢʩʘʥʦʥ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʧʦʣʠʤʝʨʳ. ɹʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ Ŭ-ʛʠʜʨʦʢʩʠʢʠʩʣʦʪ, 

ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʷʨʥʳʝ ʙʣʦʢʠ (ʥʘʧʨʠʤʝʨ, ʧʦʣʠʦʢʩʠʵʪʠʣʝʥʦʚʳʝ), ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʥʦʚʳʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʇɸɺ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʵʤʫʣʴʩʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʧʦʣʠʤʝʨʥʳʭ ʩʫʩʧʝʥʟʠʡ ʩ 

ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʬʘʟʥʘʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʳʭ ʇɸɺ, 

ʦʙʨʘʟʫʶʱʠʭ ʧʨʷʤʳʝ ʵʤʫʣʴʩʠʠ ʪʠʧʘ çʤʘʩʣʦ-ʚ-ʚʦʜʝè. ɺ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʤʫʣʴʩʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʵʤʫʣʴʛʘʪʦʨʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʦʙʣʝʤʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ. ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʇɸɺ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʩʧʦʩʦʙʥʳ ʨʘʩʧʘʜʘʪʴʩʷ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʜʦ ʥʝʪʦʢʩʠʯʥʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʢʦʤʧʣʝʢʩʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʣʠʥʝʡʥʳʝ 

ʠ ʩʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʳʝ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ ʣʘʢʪʠʜʘ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʢʦʣʣʦʠʜʥʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʤʘʩʣʦ/ʚʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ 

ʧʦʣʠʤʝʨʳ ʩʥʠʞʘʶʪ ʤʝʞʬʘʟʥʦʝ ʥʘʪʷʞʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʇɸɺ/ʚʦʜʘ ʜʦ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ 

ʪʠʧʦʚ ʇɸɺ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʄʂ-70.2021.1.3. 
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ʉʝʢʮʠʷ 2 
ʎʠʥʥʘʤʘʪʦʫʨʘʥʠʣʘʪʳ ʢʘʣʠʷ ʠ ʮʝʟʠʷ ï ʩʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ 

 

ʌʦʤʠʥʘ ɺ.ɸ.1, ʇʫʰʢʠʥ ɼ.ɺ.1, ʂʘʨʘʩʝʚ ʄ.ʆ.1, ɺʦʣʦʛʞʘʥʠʥʘ ɸ.ɺ.2 

1ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ  

ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: vlad.slava.f@yandex.ru 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʜʚʫʭ ʥʦʚʳʭ 

ʮʠʥʥʘʤʘʪʦʫʨʘʥʠʣʘʪʦʚ K[UO2(Cin)3] (I ) ʠ Cs[UO2(Cin)3] (II ) (Cinï ï ʮʠʥʥʘʤʘʪ-

ʠʦʥ), ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ʈ21/ʩ. ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʩʬʝʨ [1], ʘʪʦʤʳ K ʠʤʝʶʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 5, ʦʙʨʘʟʫʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ KO5. ɺ ʪʦʞʝ 

ʚʨʝʤʷ ʘʪʦʤʳ Cs ʢʦʦʨʜʠʥʠʨʫʶʪ 6 ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʦʙʨʘʟʫʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ CsO6. ɺ ʩʪʨʫʢʪʫʨʘʭ I ʠ II  ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʧʦʣʠʵʜʨʳ ʘʪʦʤʦʚ ʫʨʘʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʙʠʧʠʨʘʤʠʜʳ 

ʩʦʩʪʘʚʘ UO8, ʚ ʘʢʩʠʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʘʪʦʤʳ ʆ ʢʘʪʠʦʥʘ 

ʫʨʘʥʠʣʘ, ʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ï h ʝʩʪʴ ʘʪʦʤʦʚ ʆ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʪʨʝʤ 

ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠʤ ʮʠʥʥʘʤʘʪ-ʠʦʥʘʤ (ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʠ ɺ01). ʆʙʦʟʥʘʯʝʥʠʝ 

ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʜʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [2]. ʇʦʣʠʵʜʨʳ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʩʢʘʞʝʥʥʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ ʩ ʦʙʲʝʤʘʤʠ 9.3 ¡3 ʠ 9.4 ¡3 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʨʘʥʩʦʜʝʨʞʘʱʠʝ ʦʜʥʦʷʜʝʨʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ [UO2(Cin)3]
ï ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ɸɺ01
3 (ɸ = UO2

2+, ɺ = Cinï,) ʠ ʦʙʨʘʟʫʶʪ 

ʙʝʩʢʦʥʝʯʥʳʝ ʩʣʦʠ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ 

ʚʥʝʰʥʝʩʬʝʨʥʳʤʠ ʢʘʪʠʦʥʘʤʠ.  

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʵʜʨʦʚ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ [3] 

ʦʩʫʱʝʩʪʚʣʝʥ ʘʥʘʣʠʟ ʥʝʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʢʨʠʩʪʘʣʣʦʚ 

K[UO2(Cin)3] ʠ Cs[UO2(Cin)3] 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 20-73-10250). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ʉʝʨʝʞʢʠʥ ɺ.ʅ., ʄʠʭʘʡʣʦʚ ʖ.ʅ., ɹʫʩʣʘʝʚ ʖ.ɸ. // ɾʫʨʥʘʣ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ. 1997. ʊ. 42. ʉ. 2036. 

[2] Serezhkin V.N., Vologzhanina A.V., Serezhkina L.B. // Acta Crystallorg. 2009. V. 

ɺ65. P. 45. 

[3] Serezhkin V.N., Serezhkina L.B., Pushkin D.V. // Russian Journal of Physical 

Chemistry. 2011. ʊ. 85. ˉ 5. ʉ. 826. 
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ʉʝʢʮʠʷ 4 
ʂʦʤʧʴʶʪʝʨʥʳʡ ʜʠʟʘʡʥ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ʉʘʚʠʥʮʝʚʘ ʃ.ɸ., ʀʛʥʘʪʦʚ ʉ.ʂ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: savintsevaliana@yandex.ru 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʨʚʥʦʡ ʪʢʘʥʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʥʘʫʢʠ ʦ 

ʤʘʪʝʨʠʘʣʘʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʥʝʡʨʦʤʦʨʬʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʠ ʪʨʘʥʩʧʦʨʪʘ. ʊʘʢʦʡ ʤʘʪʝʨʠʘʣ ʢʘʢ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

(ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʀʅʉ) ʧʦʟʚʦʣʠʣ ʙʳ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ ʪʨʝʭʤʝʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʳʩʦʢʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.   

ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʀʅʉ ʤʦʣʝʢʫʣʳ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʝʜʘʯʝ ʟʘʨʷʜʘ ʠ 

ʚʳʧʦʣʥʝʥʠʶ ʙʘʟʦʚʳʭ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʧʦʠʩʢ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʧʨʦʷʚʣʝʥʠʶ ʥʝʡʨʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ. ʇʦʩʢʦʣʴʢʫ 

ʚ ʧʨʠʨʦʜʝ ʠʟʚʝʩʪʥʳ ʤʦʣʝʢʫʣʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ, 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʠʟʚʝʩʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʣʘʩʩʫ ʜʠʮʠʘʥʦʚʠʥʠʣʦʣʠʛʦʪʠʦʬʝʥʦʚ, ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʥʦʨʤʘʣʴʥʳʝ ˊ-ʩʦʧʨʷʞʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʨʷʜ 

ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦʨʬʠʨʠʥʦʚ, ʭʠʥʦʥʦʚ, ʘ 

ʪʘʢʞʝ ʬʪʘʣʦʮʠʘʥʠʥ, ʬʠʪʦʣ ʠ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ɼʅʂ(ʈʅʂ) 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ.   

ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʣʝʢʫʣ ʤʝʪʦʜʘʤʠ DFT (B3LYP/6-311+G(d,p) ʠ M06-2X/cc-

pVTZ). ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʘ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʩʠʣʦʚʦʛʦ ʧʦʣʷ OPLS-AA ʜʣʷ 

ʠʭ ʦʣʠʛʦʤʝʨʦʚ, ʠ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʫʧʘʢʦʚʢʘ 

ʘʤʦʨʬʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʵʪʠʭ ʦʣʠʛʦʤʝʨʦʚ. ɺ ʧʦʣʫʯʝʥʥʦʤ ʬʨʘʛʤʝʥʪʝ ʤʘʪʝʨʠʘʣʘ 

ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ZINDO. 

ʋʩʪʘʥʦʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ɺ ʤʦʜʝʣʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʚʳʯʠʩʣʝʥʳ ʧʘʨʥʳʝ ʵʣʝʤʝʥʪʳ ʩʚʷʟʠ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ 

ʤʦʣʝʢʫʣ, ʦʮʝʥʝʥʳ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʧʨʦʝʢʪ ˉ 20-03-00282.   
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ʉʝʢʮʠʷ 6 
ɺʣʠʷʥʠʝ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʝʚʝʨʩʠʚʥʫʶ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʦʨʛʘʥʦ-
ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʪʝʨʧʦʣʠʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ 

ʧʦʣʠʪʠʪʘʥʦʢʩʠʜ 
 

ʈʷʙʢʦʚʘ ʆ.ɸ.1, ʉʘʣʦʤʘʪʠʥʘ ɽ.ɺ.1, ɹʘʪʝʥʴʢʠʥ ʄ.ɸ.2, ʉʤʠʨʥʦʚʘ ʃ.ɸ.1 
1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
E-mail: riabkova_oa@mail.ru 

 
ʈʦʩʪ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʦʧʘʜʘʥʠʝ ʚ ʥʝʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʪʠʤʫʣ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʘʤʦʦʯʠʱʘʶʱʠʭʩʷ 

ʧʦʢʨʳʪʠʡ, ʠʟʤʝʥʷʶʱʠʭ ʭʘʨʘʢʪʝʨ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ TiO2. ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʨʝʚʝʨʩʠʶ ʩʤʘʯʠʚʘʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʩʷ ʩʠʥʪʝʟ ʪʝʨʧʦʣʠʤʝʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʪʠʪʘʥʦʢʩʠʜʘ (ʇʊʆ) ʚ ʛʠʜʨʦʬʦʙʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮʘʭ 

ʛʠʜʨʦʢʩʠʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ɻʕʄɸ) ʠ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ (ʘʢʨʠʣʦʥʠʪʨʠʣʘ 

(ɸʅ), ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ɹʄɸ), ʚʠʥʠʣʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (ɺɹʕ), ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ) ʠ 

ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʝʸ ʦʙʨʘʪʠʤʫʶ ʛʠʜʨʦʬʠʣʠʟʘʮʠʶ 

ʧʨʠ ʋʌ-ʚʦʟʜʝʡʩʪʚʠʠ. ʇʦʣʠʢʦʥʜʝʩʘʮʠʦʥʥʦ-ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʝʨʧʦʣʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʇʊʆ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʤʘʪʝʨʠʘʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ Ti4+ + eȤ D Ti3+ ʩ 

ʦʙʨʘʪʠʤʳʤ ʨʘʟʨʳʚʦʤ ʩʚʷʟʠ Ti-O ʧʨʠ ʩʚʝʪʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʄʝʪʦʜʦʤ ɸʉʄ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʨʦʜʘ ʪʨʝʪʴʝʛʦ ʩʦʤʦʥʦʤʝʨʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʪʦʧʦʛʨʘʬʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʝʢʣʶʯʝʥʠʶ 

çʛʠʜʨʦʬʠʣʴʥʦʩʪ-ɹʛʠʜʨʦʬʦʙʥʦʩʪʴè ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʩʚʝʪʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʊʘʢ, 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ɸʅ ʢ ɺɹʕ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʨʠʩ.1). ʂʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʡ ʚ ʩʣʫʯʘʝ ɸʅ ʠ ɹʄɸ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 86ź11Á, ʘ ʚ ʩʣʫʯʘʝ ɺɹʕ ï ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠ 

ʦʩʪʘʸʪʩʷ ʥʘ ʫʨʦʚʥʝ 77Á.  

 
ʈʠʩ.1. ʊʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʨʧʦʣʠʤʝʨʦʚ: 1 - [(ſTiO)n]/[ɻʕʄɸ]/[ɸʅ]=1:5:1, 

 2-[(ſTiO)n]/[ɻʕʄɸ]/[ɹʄɸ]=1:5:1, 3-[(ſTiO)n]/[ɻʕʄɸ]/[ɺɹʕ]=1:5:1 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 20-33-90166) ʠ ɻʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ 

ʈʌ (ʄʂ-2195.2021.1.3). 
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ʉɽʂʎʀʗ 1  
ʆʨʛʘʥʠʯʝʩʢʘʷ, ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ, ʵʣʝʤʝʥʪʦʨʛʘʥʠʯʝʩʢʘʷ 
ʭʠʤʠʷ ʠ ʭʠʤʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

 

Bacteriochlorophyll a derivatives with maleimide as promising photosensitizers 
for cancer PDT 

 
Efimova V.I., Pogorilyy V.A., Ostroverkhov P.V., Grin M.A. 

MIREA ï Russian Technological University, Institute of Fine Chemical Technologies, 
Moscow, Russia 

E-mail: efivaleria@yandex.ru 
 

Maleimide-containing compounds are abundantly used in medical chemistry in 
the development of new pharmaceuticals. The balance between the generation and 
elimination of the reactive forms of oxygen (ROS) and nitrogen (RNS) reactive units 
is important for the normal functioning of the cells. The effect of ROS / RNS leads to 
oxidative stress leading to the death of tumor cells. In addition, oxidative stress forms 
the basis of some methods of antitumor therapy. One of such methods is photodynamic 
therapy (PDT), which consists in activation of intracellular oxygen under the action of 
a photosensitizer administered into the body and laser irradiation of the corresponding 
wavelength. The result of photochemical reactions is the generation of ROS acting on 
tumor cells and causing oxidative stress and death. The maleimide group can interact 
with the components of the antioxidant system of tumor cells, making the latter 
vulnerable to photodynamic effects. This work describes the synthesis of a conjugate 
of natural bacteriochlorins and maleimide derivatives (Figure 1). Presence in the 
conjugate composition a photoactive bacteriochlorin subunit that generates singlet 
oxygen upon irradiation and a cytotoxic agent that targets antioxidant system tumor 
cells causes an additive antitumor effect on cellular and organismal level. 

 
 

Fig. 1. Scheme of action of drugs for photodynamic therapy 

This work was financially supported by the Russian Foundation for Basic 

Research (Project No. 20-33-90289). 
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Study of antimicrobial properties of paint based on apis mellifera chitosan 

 

Khaydarovʘ Kh.A., Ikhtiyarova G.A., Jamilova N.Q., Khaydarov A.A. 

Bukhara Engineering Technological Institute, Bukhara, Uzbekistan 

E-mail: axtam-xaydarov@mail.ru 

 

The biodegradable aminopolysaccharide chitosan, which is a promising 

biomaterial in various branches of the textile, food industry, medicine, and is also 

widely used in the synthesis of new natural compounds, occupies an increasingly 

prominent place in the world among the important scientific directions of rapidly 

emerging in the field of natural polymers. The consumption of natural polymers in the 

textile industry today reaches more than half of their total production. Therefore, one 

of the urgent problems is a comprehensive study of biopolymers in order to create new 

properties that meet the requirements of the time. In this regard, we have developed a 

new composition of thickening compositions for printing cotton-lye fabric with 

antibacterial properties based on biodegradable polymers Chitosan synthesized from 

Apis Mellifera dead bees with CMC with the addition of CMC and hydrolyzed acrylic 

emulsion. Recently, the use of thickeners with biocidal properties has been considered 

as a promising method of tissue bioprotection from the effects of molds. We have 

studied the fungicidal properties of a developed mixed thickener for active dyes used 

in printing fabrics. We used Czapek-Dox's elective medium containing 6-ball wort, 

which is a rich substrate for filamentous fungi. The medium with the inoculated 

samples, the thickener, was incubated in a thermostat at 28 Á C for 5 days. 

Determination of the fungicidal activity was carried out in vitro. Freshly prepared 

thickeners were introduced into the medium under aseptic conditions in an amount of 

1: 2. Optical density was measured in a spectrophotometer at 550 nm. As a result of 

observations, it was revealed that new thickeners on the basis exhibit pronounced 

antimicrobial activity against the micellar fungus Aspergillus terreus. The absorbance 

of the samples shows that these thickeners are resistant to filamentous fungi. Based on 

the above, it can be concluded that the first developed thickening water-soluble 

polymer compositions with desired properties based on a synergistic polymer system 

consisting of carboxymethyl starch and chitosan, a hydrolyzed acrylic emulsion can be 

used instead of expensive imported ingredients. Revealed bactericidal properties of 

mixed thickeners based on carboxymethylated starch and water-soluble polyacrylates. 

They exhibit pronounced antimicrobial activity against various types of 

microorganisms that cause deterioration of the thickener. This mixed thickener is stable 

and can be used even on the second day for printing mixed fabrics with reactive dyes. 

Thus, chitosan has valuable properties that can improve the antimicrobial properties of 

finished textile materials and makes it a promising textile auxiliary substance in the 

textile industry. Due to its biological activity, chitosan imparts fungicidal and 

bacteriostatic properties to textile materials, and increases the durability of textiles. 
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Copolymerization of styrene and vinyl acetate in the presence of pH-switchable 

RAFT agent 

 

Lipushkina E.A., Vlasov A.M., Grigoreva A.O., Zaitsev S.D. 

Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia 

E-mail: lipyshkina.l@yandex.ru 

 

Radical polymerization with reversible addition-fragmentation chain transfer 

(RAFT polymerization) is one of the most versatile processes which assigns ñlivingò 

characteristics to radical polymerization. The polymerization of most vinyl monomers 

can be controlled by the RAFT process. However, the RAFT agent with [ZC(=S)S-R] 

structure must be selected according to the monomer(s) used. More-activated 

monomers (MAMs), such as styrene, inhibit or retard polymerizations of ñless 

activatedò monomers (LAMs), such as vinyl acetate. Similarly RAFT agents suitable 

for controlling polymerizations of LAMs tend to be ineffective with MAMs. Thus, the 

synthesis of narrow-polydispersity poly(MAM)-block-poly(LAM) is impossible using 

conventional RAFT agents. 

The main feature of pH-switchable RAFT-agents is that they can be used in 

polymerization of a wide range of both MAMs and LAMs by switching of condition 

(pH in particular), and help to synthesize poly(MAM)-block-poly(LAM) with narrow 

molecular weight distributions. 

In this work, we use 1-cyano-1-methylethylmethyl(4-pyridinyl)dithiocarbamate 

(CMPC) as a "switchable" RAFT agent. It provides good control over polymerization 

of LAMs, and after addition of one equivalent of a protic acid become effective in 

polymerization of some MAMs. 

The aim of this research is to study copolymerization of styrene and vinyl acetate 

in presence of pH-switchable RAFT agent. Copolymers of styrene and Vac with 

different microstructure were synthesized (such as statistical and block-copolymers).  

Molecular-weight characteristics of obtained copolymers were studied by GPC and 

MALDI -TOF MS. 
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Photochemical reactions of C60 with tertiary carbon  atoms 

 

Markin G.V., Ketkov S.Yu., Lukoianov A.N., Lopatin M.A., Kuropatov V.A., 

Belikov A.A., Cherkasov A.V. 

G.A. Razuvaev Institute of Organometallic Chemistry of RAS,  

Nizhny Novgorod, Russia 

E-mail: mag@iomc.ras.ru 

 

C60 reacts with diisobutyl phthalate (1a) and diisopentyl succinate (1b) at UV 

irradiation in the presents of Ph2CO in 1:37:76 molar ratio to form 1-(1-(2-

(isobutoxycarbonyl)benzoyloxy)-2-methylpropan-2-yl)-1,2-dihydro[60]fullerene (2a) 

and 1-(4-(4-(isopentyloxy)-4-oxobutanoyloxy)-2-methylbutan-2-yl) )-1,2-

dihydro[60]fullerene (2b), that shows the possibility of photochemical reactions of C60 

with organic compounds containing tertiary carbon atoms. Fullerenes 2a-b is insoluble 

in hexane and acetone but soluble in chloroform and is stabile below 373 K. UV/Vis 

spectra indicate the 1,2-addition pattern of fullerenes 2a-b.The protons attached on the 

fullerene core of fullerenes 2a-b have the characteristic signals at 6.83 and 6.67 ppm 

in the 1H NMR spectra (CDCl3). Bis(3,5-dimethyltertbutylbenzene)chromium (1c) 

reacts with fullerenes 2a-b to form salts bis(3,5-dimethyltertbutylbenzene)chromium 

1-(1-(2-(isobutoxycarbonyl)benzoyloxy)-2-methylpropan-2-yl)-1-hydro[60]fulleride 

(3a) and bis(3,5-dimethyltertbutylbenzene)chromium 1-(4-(4-(isopentyloxy)-4-

oxobutanoyloxy)-2-methylbutan-2-yl) )-1-hydro[60]fulleride (3b). 

  
The work was carried out use "Analytical Center of the IOMC RAS", "Ensuring 

the development of the material and technical infrastructure of the centers for collective 

use of scientific equipment "(Unique identifier RF----2296.61321X0017, Agree N 075-

15-2021-670) and in the framework of the Russian state assignment. 
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6-Bromocinnolin-4-amines as Favorable Building Blocks in the Synthesis 

of Fluorescent 6-Arylcinnolin -4-amines 

 

Odegova V.S., Mikhaylov V.N., Danilkina N.A., Balova I.A. 

Saint-Petersburg State University, Saint-Petersburg, Russia 

E-mail: odegova.vs@gmail.com 

 

Recently, the attractive fluorescence of 6-arylcinnolin-4-amines in aqueous 

medium has been developed[1]. 

In this work, the study of new convenient methods for the synthesis of target 

compounds was continued. As result, the alternative route was proposed (Fig. 1). 

 
Fig. 1. Synthesis of 6-arylcinnolin-4-amines 

 

In this approach, the reduction of azido group by NaBH4 was applied for 4-azido-

6-bromocinnolines to yield 6-bromocinnolin-4-amines. Then Pd-catalyzed Suzuki-

Miyaura coupling of synthesized 6-bromocinnolin-4-amines with various arylboronic 

acids was carried out as a constructive reaction for the preparation of 6-arylcinnolin-4-

amines. To our pleasant surprise, this synthetic approach turned out to be successful 

and resulted in the synthesis of the desired products in moderate yields (up to 64%). 

This method looks more rational than the previous one [1], because it allows 

changing the substituent at C6 position in a cinnoline core at the last synthetic step. 

This work was financially supported by the Russian Science Foundation (project 

No. 21-73-00170). The authors are grateful to the SPbU Research Park: RC CAMR, 

RC MRR, RC XRD. 
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New drugs for combined chemotherapy and photodynamic therapy in oncology 

based on bacteriochlorins 

 
Ostroverkhov P.V., Stepankova S.N., Rostiashvili M.G., Grin M.A. 
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Nowadays, there are many types of oncological diseases for which traditional 

methods of treatment are not very effective. An example of such neoplasms are tumors 

with multiple drug resistance (MDR). The use of combined methods is a solution to 

this problem, since it takes advantage of several types of effects on the tumor [1]. For 

example, the use of a combined photodynamic therapy with chemotherapy shows high 

efficacy against tumors with MDR or increased resistance to oxidative stress. In this 

work, multifunctional targeted complexes based on natural bacteriochlorins and 

chemotherapeutic agents, such as cisplatin and doxorubicin for implementation of 

combined chemotherapy and photodynamic therapy (Figure 1 ). Presence in the 

conjugate composition a photoactive bacteriochlorin subunit that generates singlet 

oxygen upon irradiation and a cytotoxic agent that targets DNA tumor cells, causes an 

additive antitumor effect on cellular and organismal level. The resulting systems can 

become promising antitumor drugs, the development of which will solve one of the 

main problems chemotherapy - reducing the toxic effect on the body by increasing the 

selectivity of accumulation in the tumor. 

 
Fig. 1. Scheme of action of drugs for combined chemotherapy and photodynamic therapy 

This work was supported by the Russian Foundation for Basic Research (Project 

No. 19-33-90262).  
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The first thio- and selenoanhydride and thioketone in the series of chlorophyll a 
derivatives 
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Photodynamic therapy (PDT) is an efficient method of cancer treatment where the 

optimal choice of the photosensitizer (PS) is the major factor in successful tumor 

elimination. One of the promising approaches in the development of new PS involves 

their chemical design based on molecules of known pigments, namely, by replacing 

oxygen, nitrogen, sulfur and selenium atoms [1]. The aim of this study was to 

synthesize previously unknown derivatives with sulfur and selenium atoms and study 

its photoinduced cytotoxicity toward a culture of tumor cells of mouse sarcoma S-37 

[2]. 

The synthetic part of the works includes the implementation of an optimal scheme 

for obtaining target compounds, which allows the latter to be produced with high yields 

for biological research. The structure and properties of the target compounds were 

reliably characterized using various methods of physicochemical analysis, including 

spectrophotometry, spectrofluorimetry, 1H and 13C NMR spectroscopy, mass 

spectrometry and elemental analysis. 

The target compound was characterized by spectral and physicochemical 

methods. Stability studies showed that derivatives with selenium was more stable under 

acid (pH = 4) and basic conditions (pH = 9) than the thio-derivatives and the starting 

purpurin-18. The photoinduced activity of compounds was studied with a culture of 

tumor cells of mouse sarcoma S-37. 

The synthesis of compounds and their characterization was financially supported 

by the Russian Foundation for Basic Research (Project No. 20-33-90289). The study 

of stability at different pH values and spectral properties was financially supported by 

the Russian Science Foundation (Project No. 21-13-00078). The study of photoinduced 

activity in vitro was financially supported by the Ministry of Science and Higher 

Education of the Russian Federation (Project No. 0706-2020-0019). 
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Tin carboxylate complexes for combined therapy of cancer 
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Drawbacks of individual therapy can be avoided by combining photodynamic 

therapy (PDT) with other treatment methods, such as radiation therapy, neutron capture 

therapy, chemotherapy, etc. In this work, potential drugs whose molecules contain both 

photodynamic and chemotherapeutic pharmacophores were obtained for the first time 

(Fig. 1). A derivative of natural bacteriochlorophyll a with a tin(IV) complex, which 

has chemotherapeutic activity, acts as an agent for PDT. 

 

Fig. 1. Scheme of obtained compounds and its potential targets 

 

Two amino acids were chosen as ligands for the synthesis of tin complexes: non-

proteinogenic p-aminobenzoic acid and L-lysine protected at the Ŭ- and Ů-amino 

groups. At the first stage of our work, synthesis of tin complexes was optimized by 

temperature and solvent changing. Attachment of both one and two amino acid ligands 

was found. At the second stage of this work, we obtained conjugates of 

dipropoxybacteriopupurinimide (dipropoxy-BPI) and prepared complexes. 

This work was financially supported by the Ministry of Science and Higher 

Education of the Russian Federation and performed using the equipment of the Center 

for Collective Use of RTU MIREA. 
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Synthesis of cationic porphyrins and their metal complexes for antimicrobial 

photodynamic therapy 
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Infectious diseases caused by various pathogens are one of the most significant 

problems worldwide. This is due to the development of their resistance to traditional 

treatment methods. Since, alternative approaches are necessary. Antimicrobial 

photodynamic therapy is new approach based on the reactive oxygen species cytotoxic 

effect generated by the light and photoactive substance, called photosensitizer (PS). 

This technology is effective against gram-positive and gram-negative bacteria, viruses, 

fungi and parasites. For several decades, porphyrin derivatives with positive charges 

have been used to increase the photosensitivity of gram-negative bacteria by improving 

the interaction between PS and the bacterial cell membrane through electrostatic 

interactions. As the number of charges and their distribution in the macrocycle of 

porphyrins strongly affect the photophysical, photochemical and antimicrobial 

properties, it is necessary to select the optimal structure to obtain an effective 

photosensitizing agent [1-3]. 

Therefore, in this work the number of cationic derivatives of free-base porphyrins 

and their metal complexes (Zn(II))  with different carbon chain lengths of substituents 

at the meso-positions of the porphyrin macrocycle and with different charge numbers 

in the molecule were obtained. Cationic pyridinium groups were selected as charge 

fragments. 

To receive the porphyrin structures the condensation technique of pyrrole with 

functionalized benzaldehydes according to the Lindsey method was chosen. The target 

compounds were obtained by modification of the terminal substituents of the bromine-

containing precursors. The structure and individuality of the compounds obtained were 

confirmed by 1H and 13C NMR spectroscopy, LCMS (ESI), and elemental analysis 

data. Currently, studies of the photophysical, photochemical and antimicrobial 

properties of the target compounds are being carried out. 

Acknowledgements. This work was supported by the Russian Science Foundation 

(project No. 20-73-00286). 
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Polymer science made a big step forward when living ionic polymerization and 

living free-radical polymerization were discovered. These methods allow to synthesize 

polymers with significantly narrow molar mass distribution, polymers with exact 

molecular structure as well as wide range of different copolymers [1]. Living free-

radical polymerization methods, such as Stable Free-Radical Polymerization (SFRP), 

Atom Transfer Radical Polymerization (ATRP) and Reversible Addition 

Fragmentation chain-Transfer (RAFT) show good result in molecular characteristics 

control. The last method, RAFT polymerization, stands out for high tolerance to 

functional monomers and opens great opportunities for macromolecular architecture 

[2]. 

In recent years, new direction of researches has emerged in the context of RAFT 

polymerization. Considering the fact that different monomers requires different 

structured agents to maintain RAFT polymerization mechanism, there were attempts 

to synthesize more versatile RAFT agents, which can be used in polymerization of 

wide range of monomers and their copolymerization. pH-switchable RAFT agents can 

exist in neutral and protonated forms and show different activity in MAMs and LAMs 

polymerization [3]. 

pH-switchable RAFT agent 1-cyano-1-methylethyl (phenyl)(pyridin-4-yl)-

carbamodithioate (CMPC) was synthesized and reversible addition-fragmentation 

chain-transfer (RAFT) polymerization of styrene, vinyl acetate and methyl 

methacrylate was carried out. It was shown that presence of CMPC affects molar mass 

distribution and kinetic features and realizes supposed mechanism of RAFT 

polymerization. Different effect of CMPC on polymerization in presence of protic 

acids was investigated. 

This work was supported by the Russian Foundation for Basic Research (Project 

ˉ 19-03-00843). 
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Aminophosphonates attract much attention as metal extractants from industrial 

wastewater due to their multiple coordination centers, ease of synthesis, low tendency 

to emulsify during extraction and high extraction capacity [1].  

Itôs well known that polydentate extractants have a cooperative effect in which 

the distribution coefficients of metals increase significantly in comparison with 

monodentate analogs [2].  

Organocyclophosphazenes are heterocyclic compounds with high functionality.  

The ease of modification of organic radicals in the structure of phosphazene cycle 

makes organocyclophosphazenes promising starting compounds for the synthesis of 

polydentate chelating extractants.  

Therefore, a polydentate extractant based on aryloxycyclotriphosphazene 

containing six aminophosphonate groups was synthesized in the present work (Fig. 1). 

In addition, the resulting compound contains allylic groups which, along with nitrogen 

and oxygen atoms, can act as coordination centers for platinum-group metals. At the 

same time, this compound is insoluble in water, which will allow extraction without 

loss of the extractant into the aqueous phase. 

 
Fig. 1. Aryloxycyclotriphosphazene containing aminophosphonate groups 

 

In the future, it is planned to study the extraction properties of the obtained 

compound in relation to platinum group metals as well as heavy metals.  
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ʇʨʝʜʣʘʛʘʝʤʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʜʦʡʪʠ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ, ʢʘʩʘʶʱʠʭʩʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʧʦʜʭʦʜʷʱʠʤ ʧʦʜʭʦʜʦʤ ʩʠʥʪʝʟʘ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ ʘʛʝʥʪʦʚ ʩʯʠʪʘʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʫ ʧʦʣʠʤʝʨʦʚ 

ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʫʙʩʪʘʥʮʠʡ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʜʥʠʤ ʠʟ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʦʩʪʘʝʪʩʷ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ (ʇɺʇ). ɼʘʥʥʳʡ 

ʛʠʜʨʦʬʠʣʴʥʳʡ ʧʦʣʠʤʝʨ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʠ ʥʝʦʙʳʯʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʮʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʝʥ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʰʠʨʦʢʠʤ ʢʣʘʩʩʦʤ ʧʨʝʧʘʨʘʪʦʚ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ 

ʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʨʦʣʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʇɺʇ ʩʦʜʝʨʞʠʪ ʚ ʤʘʢʨʦʮʝʧʠ ʨʝʘʢʮʠʦʥʥʦ ʘʢʪʠʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʢʘʨʙʦʢʩʠʣʩʦʜʝʨʞʘʱʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ, ʥʘʤ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʭʠʤʠʯʝʩʢʫʶ ʬʠʢʩʘʮʠʶ ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ ʚ 

ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʤʝʨʘ. ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʧʨʦʮʝʩʩʘ 

ʩʠʥʪʝʟʘ, ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇɺʇ ʘʤʦʨʬʥʘ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʯʘʩʪʠʯʥʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʣʝʚʦʬʣʦʢʩʘʮʠʥʦʤ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʝ (ʦʪ 12.3% ʜʦ 38.1%) 

ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʤʝʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʫʯʘʩʪʢʦʚ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ 

ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ ʩ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʴʶ ʇɺʇ ʧʦʩʨʝʜʩʪʚʦʤ ʣʘʙʠʣʴʥʳʭ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʠʩʭʦʜʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʧʦʣʠʤʝʨʘ. ɺ ʫʩʣʦʚʠʷʭ in vitro ʦʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ 

ʬʠʢʩʘʮʠʷ ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʇɺʇ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ 

ʧʦʩʪʝʧʝʥʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʧʨʝʧʘʨʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ (ʨʅ 

= 3 ʠ pH = 7.2). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʵʪʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʣʝʬʦʣʦʢʩʘʮʠʥ ʟʘ ʩʯʝʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʛʠʜʨʦʬʠʣʴʥʳʤ ʧʦʣʠʤʝʨʦʤ ʧʨʦʷʚʣʷʣ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʚʦʜʝ (> 1 ʛ ʥʘ 10 ʤʣ ʚʦʜʳ).ʄʝʪʦʜʦʤ ʛʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʭʦʜʥʦʛʦ ʇɺʇ. ʊʘʢ, ʧʦʩʣʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ ʩ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʦʤ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʧʦʣʠʤʝʨʘ ʚʦʟʨʘʩʪʘʣʘ ʦʪ 12000 ɼʘ ʜʦ 13400ï16200 ɼʘ. 
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ʂʦʤʧʣʝʢʩʳ ʢʘʜʤʠʷ(II) ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ  

ʦ-ʠʤʠʥʦʬʝʥʦʣʷʪʥʳʭ ʣʠʛʘʥʜʦʚ 

 

ɸʥʢʫʜʠʥʦʚʘ ʂ.ɸ.1, ɸʩʪʘʬʴʝʚʘ ʊ.ɺ.2, ɹʘʨʳʰʥʠʢʦʚʘ ʉ.ɺ.2, ʇʦʜʜʝʣʴʩʢʠʡ ɸ.ʀ.2 
1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: kseniaankudinova825@gmail.com 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʠʚʣʝʢʘʝʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʣʠʛʘʥʜʳ,  ʚ ʦʪʣʠʯʠʝ ʦʪ 

"ʢʣʘʩʩʠʯʝʩʢʠʭ", ʩʧʦʩʦʙʥʳ ʦʙʨʘʪʠʤʦ ʦʢʠʩʣʷʪʴʩʷ ʠʣʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ, ʥʘʭʦʜʷʩʴ 

ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠ  ʁʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʠ ʥʝʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦ-

ʘʤʠʥʦʬʝʥʦʣʦʚ ʠʣʠ ʠʭ ʦʢʠʩʣʝʥʥʳʭ ʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ï ʦ-

ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥʦʚ ʠ ʦ-ʠʤʠʥʦʙʝʥʟʦʩʝʤʠʭʠʥʦʥʦʚ. ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʚʠʪʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʘʟʦʡ ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʘʤʠ ʜʨʫʛʦʛʦ ʢʣʘʩʩʘ ï ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʳʤʠ ʦ-ʠʤʠʥʦʩʝʤʠʭʠʥʦʥʘʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ 

ʟʘʤʝʱʸʥʥʳʭ ʦ-ʠʤʠʥʦʬʝʥʦʣʦʚ ʩ ʘʮʝʪʘʪʦʤ ʢʘʜʤʠʷ(II)  ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ  

ʢʦʤʧʣʝʢʩʦʚ ʢʘʜʤʠʷ 1-3 (ʩʭʝʤʘ 1). ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʀʂ-, 1H, 13C ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʧʦʠʩʢʘ ʠ ʠʟʫʯʝʥʠʷ 

ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 
ʉʭʝʤʘ 1 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ 

ʫʯʝʥʳʭ ʠ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ (ʧʨʦʝʢʪ ˉ ʅʐ-403.2022.1.3), ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʄʍ ʈɸʅ. 



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 

 

 32 

ʉʠʥʪʝʟ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ ʥʘ ʦʩʥʦʚʝ 

ʤʦʨʩʢʦʛʦ ʢʦʣʣʘʛʝʥʘ ʠ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ 
 

ɸʨʪʝʤʝʥʢʦ ʂ.ʈ. 
ʅʘʫʯʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ çʐʢʦʣʘ ʶʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷè, ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ 

ʬʠʟʠʢʠ ʈɸʅ, ɸʅʆ ɼʆ çɸʢʘʜʝʤ ʢʣʫʙè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
E-mail: Cherri2010@inbox.ru 

 
ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʶ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʦʩʥʦʚʝ ʤʦʨʩʢʦʛʦ ʢʦʣʣʘʛʝʥʘ ʠ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ 

(ʩʢʘʬʬʦʣʜʦʚ). ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʥʠʟʢʦʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ, ʠʤʝʪʴ ʩʪʨʫʢʪʫʨʫ ʫʧʨʫʛʦ ʛʠʜʨʦʛʝʣʷ, ʥʝ ʨʘʩʪʝʢʘʪʴʩʷ ʠ ʜʘʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʠʤʧʣʘʥʪʳ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ. ʊʘʢʦʡ ʵʬʬʝʢʪ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʰʠʪʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʚʦʟʤʦʞʥʦ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʠʚʠʪʳʭ ʩʦʧʦʣʠʤʝʨʦʚ.  

ʉʠʥʪʝʟ ʩʦʧʦʣʠʤʝʨʦʚ ʤʦʨʩʢʦʛʦ ʢʦʣʣʘʛʝʥʘ ʠ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʘʥʝʝ ʧʦʜʭʦʜʦʚ ʚ ʜʚʝ ʩʪʘʜʠʠ: 1) 

ʙʦʨʠʨʦʚʘʥʠʝ ʢʦʣʣʘʛʝʥʘ ʘʣʢʠʣʙʦʨʘʥʦʤ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʨʠʚʠʪʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ñgrafting fromò [1,2]; 2) ʧʨʠʚʠʪʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʠʤʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʨʳʚ ʮʝʧʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʘʪʦʤʝ ʙʦʨʘ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʣʣʘʛʝʥʘ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʨʦʪʝʢʘʥʠʶ ʧʨʠʚʠʚʢʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ógrafting toò [3]. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʧʦʣʠʤʝʨʘ ʩʰʠʪʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʚʝʜʝʥʠʝ ʚ 

ʧʦʣʠʤʝʨʠʟʫʶʱʫʶʩʷ ʢʦʤʧʦʟʠʮʠʶ ʧ-ʭʠʥʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʶ ʩʰʠʪʦʛʦ 

ʩʦʧʦʣʠʤʝʨʘ. ʉʠʥʪʝʟ ʩʦʧʦʣʠʤʝʨʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʢʦʣʣʘʛʝʥʘ. ʆʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ 

ʤʦʥʦʤʝʨʘ, ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʩʦʧʦʣʠʤʝʨʘ, ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʦʚ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʨʩʢʦʡ ʢʦʣʣʘʛʝʥ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʧʠʱʝʚʳʭ ʦʪʭʦʜʦʚ - 

ʰʢʫʨʳ ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʩʦʟʜʘʪʴ ʙʝʟʦʪʭʦʜʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʝʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤ r

ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʫʘʥʠʜʠʥ ʷʚʣʷʝʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʬʨʘʛʤʝʥʪʦʤ 

ʤʥʦʛʠʭ ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʩʨʝʜʩʪʚ, ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʪʦʢʩʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʘ ʪʘʢʞʝ 

ʠʤʝʝʪ ʚ ʩʪʨʫʢʪʫʨʝ ʧʝʨʚʠʯʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ, ʣʝʛʢʦ ʚʩʪʫʧʘʶʱʠʝ ʚ ʨʝʘʢʮʠʶ 

ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʘʣʴʜʝʛʠʜʘʤʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʫʘʥʠʜʠʥʘ ʤʦʛʫʪ 

ʦʢʘʟʘʪʴʩʷ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʜʠʘʣʴʜʝʛʠʜʧʦʣʠʩʘʭʘʨʠʜʘʤʠ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ 

ʛʫʘʥʠʜʠʥʘ ʩ ʦʢʠʩʣʝʥʥʳʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʩʷ ʥʘʣʠʯʠʝʤ ʚ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʠ ʧʦʜʦʙʨʘʥʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ɺʳʷʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʛʫʘʥʠʜʠʥʘ ʩ 

ʘʣʴʜʝʛʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʤʦʤʝʥʪʦʤ, ʦʪ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʫʘʥʠʜʠʥʘ ʩ ʜʠʘʣʴʜʝʛʠʜʮʝʣʣʶʣʦʟʦʡ (ɼɸʎ) ʠ ʧʝʢʪʠʥʘ (ɼɸʇ). 

ʅʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʛʫʘʥʠʜʠʥʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʮʝʣʣʶʣʦʟʳ ʠ ʧʝʢʪʠʥʘ. ʍʠʤʠʯʝʩʢʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʛʫʘʥʠʜʠʥʘ ʢ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤ 

ɼɸʎ ʠ ɼɸʇ ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ, Ű=2 ʯ, ʚ 

ʠʥʪʝʨʚʘʣʘʭ ʨʅ 6-11 ʠ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ -ʉʅʆ:H2N-R=1:2-3,5. ɺ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʨʝʜʘ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʨʅ 9-9.2 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʣʴʜʝʛʠʜʥʳʭ 

ʛʨʫʧʧ ɼɸʎ ʠ ɼɸʇ ʤʦʣʝʢʫʣʘʤʠ ʛʫʘʥʠʜʠʥʘ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ, 

ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʚʝʣʠʯʠʥʝ ʨʅ ʤʝʥʝʝ ʠʣʠ ʙʦʣʝʝ 9-9.2, ʠʤʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ 

ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ɼɸʎ ʩ 

ʧʨʝʜʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʘʥʠʜʠʥʦʚʳʭ ʛʨʫʧʧ ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʨʝʘʛʝʥʪʘ ʩʦʩʪʘʚʠʣʦ 2 ʤʦʣʴ ʥʘ ʦʜʥʦ ʵʣʝʤʝʥʪʘʨʥʦʝ ʟʚʝʥʦ 

ʦʢʠʩʣʝʥʥʦʡ ʮʝʣʣʶʣʦʟʳ. ʇʨʠ ʵʪʦʤ ʧʦʣʥʦʝ ʥʘʩʳʱʝʥʠʝ ɼɸʇ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʝ ʛʫʘʥʠʜʠʥʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʠ ʨʘʚʥʷʣʦʩʴ -

ʉʅʆ:H2N-R=1:3-3,5. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ɼɸʎ ʚ 

ʧʨʦʠʟʚʦʜʥʳʭ ɼɸʇ ʥʘʨʷʜʫ ʩ ʘʟʦʤʝʪʠʥʦʚʳʤʠ ʩʚʷʟʘʤʠ ʦʙʨʘʟʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʦʣʝʚʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʛʫʘʥʠʜʠʥʘ ʠ ʢʠʩʣʦʪʥʳʤʠ 

-ʉʆʆʅ ʛʨʫʧʧʘʤʠ ʧʝʢʪʠʥʘ. ʊʘʢʞʝ, ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ, ʠʤʝʶʱʠʭʩʷ ʚ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʠ ʦʢʠʩʣʝʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ.  
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ʀʟʫʯʝʥʠʝ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʈʠʭʪʝʨʘ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʠʟʚʦʜʥʳʭ 

4-ʛʘʣʦʛʝʥ-2-ʵʪʠʥʠʣʘʥʠʣʠʥʦʚ 

ɹʘʙʫʰʢʠʥʘ ɸ.ɸ., ʄʠʭʘʡʣʦʚ ɺ.ʅ. 
ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
E-mail:babushkina.nastya@yandex.ru 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʝʘʢʮʠʠ ʈʠʭʪʝʨʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ 6-endo-dig ʠʣʠ 5-exo-dig ʮʠʢʣʠʟʘʮʠʠ ʚ ʝʝ ʫʩʣʦʚʠʷʭ (ʨʠʩ. 1). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʮʠʢʣʠʟʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʮʠʥʥʦʥʠʥʦʚ ʠ 

ʠʥʜʘʟʦʣʦʚ [1]. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ ʠ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʈʠʭʪʝʨʘ. 

 
ʈʠʩ. 1. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʢʮʠʠ ʈʠʭʪʝʨʘ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʈʠʭʪʝʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ R ʧʨʠ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʚ ʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʥʳʭ ʚʠʮ-

ʘʣʢʠʥʠʣʠʨʦʚʘʥʥʳʭ ʘʥʠʣʠʥʦʚ (ʨʠʩ. 2). ɺ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ R ʥʘʤʠ ʚʳʙʨʘʥʳ -CH2OH, 

-Ph, 4-OMePh; ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʫʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: ʘʮʝʪʦʥʠʪʨʠʣ (ʫʩʣʦʚʠʷ I) ʠ 

DMSO:H2O (ʫʩʣʦʚʠʷ II). 

 
ʈʠʩ. 2. ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʈʠʭʪʝʨʘ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʛʨʫʧʧʳ CH2OH (īI-ʵʬʬʝʢʪ) ʚ ʫʩʣʦʚʠʷʭ I ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʠʰʴ ʧʨʦʜʫʢʪʘ 6-endo-dig ʮʠʢʣʠʟʘʮʠʠ A ʩ 

ʚʳʭʦʜʘʤʠ 47-87%. ʅʘʣʠʯʠʝ ʞʝ ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʫʩʣʦʚʠʷʭ I ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ A:B:C ʚ ʩʦʦʪʥʦʰʝʥʠʠ 48:34:18 ʠ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 66-73%. 

ɺ ʫʩʣʦʚʠʷʭ II  ʧʨʦʜʫʢʪ C ʥʝ ʦʙʨʘʟʫʝʪʩʷ, ʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 

A ʠ B ʚ ʩʦʦʪʥʦʰʝʥʠʠ 80:20 ʩ ʚʳʭʦʜʘʤʠ 49-78%. ʅʘʣʠʯʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʡ ʛʨʫʧʧʳ 

OMe (+M-ʵʬʬʝʢʪ) ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʧʦʣʫʯʝʥʠʶ ʣʠʰʴ ʧʨʦʜʫʢʪʘ 5-exo-dig 

ʮʠʢʣʠʟʘʮʠʠ B ʩ ʚʳʭʦʜʘʤʠ 63-86%. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 21-73-00170). ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʎ ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ: ʄʈʄʀ, ʄɸʉɺ, ʈɼʄʀ, ɺʎ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Fedenok L.G. et al. // Tetrahedron Letters. 2010. ˉ51(1). P.67ï69. 
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ʉʚʷʟʳʚʘʥʠʝ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʣʶʤʠʥʠʷ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʟʘʪʨʫʜʥʝʥʥʳʡ ʘʮʝʥʘʬʪʝʥ-1,2-ʜʠʠʤʠʥ 
 

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

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: B.Andrey2010@yandex.ru 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʛʠʜʨʠʜʳ ʘʣʶʤʠʥʠʷ, ʭʝʣʘʪʠʨʦʚʘʥʥʳʝ ʦʙʲʝʤʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʠ ʠʩʪʦʯʥʠʢʠ 

ʛʠʜʨʠʜ-ʠʦʥʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, EïH ʢʠʩʣʦʪʘʤʠ (E = 

C, N, O, P, S ʠ ʪ.ʧ.), ʘ ʪʘʢʞʝ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʢʣʶʯʝʚʳʝ ʩʪʘʜʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ. ʅʘʧʨʠʤʝʨ, ʛʠʜʨʦʘʣʶʤʠʥʠʨʦʚʘʥʠʷ 

CO2 ʠʣʠ ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ C=O ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʛʠʜʨʠʜʦʚ ʘʣʶʤʠʥʠʷ ʜʣʷ ʨʝʘʢʮʠʡ 

ʜʝʛʠʜʨʦʩʦʯʝʪʘʥʠʷ [1], ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʷ [1] ʠ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʛʠʜʨʠʜʥʳʭ (ʈʠʩ. 1) ʠ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʣʶʤʠʥʠʷ ʥʘ ʦʩʥʦʚʝ 

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

ʂʨʦʤʝ ʪʦʛʦ ʠʟʫʯʝʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʣʳʤ ʤʦʣʝʢʫʣʘʤ (CO2, CS2, N2O, NH3).  

 

ʈʠʩ.1. ʉʠʥʪʝʟ ʛʠʜʨʠʜʦʚ ʘʣʶʤʠʥʠʷ ʩʦʜʝʨʞʘʱʠʭ ArBIG-bian 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 20-13-00052. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Yang Z., Zhong M., Roesky H.W. // Journal of the American Chemical Society. 

2016. V. 138. P. 2548ï2551. 

[2] Jakobsson K., Chu T., Nikonov G.I. // ACS Catalysis. 2016. V. 6. P. 7350ï7356. 
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ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 2,5-ʜʠʙʨʦʤʪʠʦʬʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʠʟʫʯʝʥʠʝ 

ʠʭ ʩʪʨʫʢʪʫʨʳ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

 

ʇʨʝʩʥʫʭʠʥʘ ʉ.ʀ.1, ɹʘʡʢʦʚ ʉ.ɺ.1, ʐʝʪʥʝʚ ɸ.ɸ.2, ɹʦʷʨʩʢʠʡ ɺ.ʇ.1 
1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʈʦʩʩʠʷ 
2ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʗʨʦʩʣʘʚʣʴ, 

ʈʦʩʩʠʷ 

E-mail: s.baykov@spbu.ru 

 

ʇʦʣʠʪʠʦʬʝʥʳ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʠʟ-ʟʘ ʩʚʦʠʭ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ [1]. ʆʜʠʥ ʠʟ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʨʷʜʘ ʧʦʣʠʪʠʦʬʝʥʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 2,5-

ʜʠʙʨʦʤʪʠʦʬʝʥʦʚ [2]. ʉʦʛʣʘʩʥʦ ʦʜʥʦʡ ʠʟ ʛʠʧʦʪʝʟ, ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʤʦʥʦʤʝʨʦʚ ʠʛʨʘʶʪ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʙʨʦʤʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʘʣʦʛʝʥʥʳʭ ʩʚʷʟʝʡ BrĿĿĿBr. ʉ ʮʝʣʴʶ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʚʢʣʘʜ ʫʢʘʟʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʧʨʦʮʝʩʩ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʸʥ ʩʠʥʪʝʟ ʩʝʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 2,5-

ʜʠʙʨʦʤʪʠʦʬʝʥ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʈʠʩ. 1). ɼʣʷ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʝʪʦʜʦʤ ʈʉɸ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʦʛʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʠʣʦʡ ʥʘʡʜʝʥʥʳʭ ʛʘʣʦʛʝʥʥʳʭ ʩʚʷʟʝʡ ʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ 2,5-ʜʠʙʨʦʤʪʠʦʬʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ 

ʌʦʥʜʘ (ʧʨʦʝʢʪ ˉ 20-73-00038).  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Kayser L.V., Lipomi D.J. // Advanced Materials. 2019, ʊ. 31, ʉ. 1806133. 

[2] Meng H., Perepichka D.F., Bendikov M., Wudl F., Pan G.Z., Yu W., Dong W., 

Brown S. // Journal of the American Chemical Society. 2003, ʊ. 125, ʉ. 15151ï15162. 
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ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʮʠʥʢʘ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ 
ʦʢʩʦʧʠʨʠʤʠʜʠʥʦʤ ï ʢʩʠʤʝʜʦʥʦʤ 

 
ʐʝʬʝʨʦʚ ʀ.ɸ. 1, ɹʘʣʘʢʠʨʝʚʘ ɸ.ɸ.2 

1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ  

2ʇʨʠʚʦʣʞʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

 

ʂʩʠʤʝʜʦʥ (1-(ɓ-ʦʢʩʠʵʪʠʣ)-4,6-ʜʠʤʝʪʠʣ-1,2-ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-2-ʦʥ) ï ʦʜʥʘ 

ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ ʩ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʜʝʡʩʪʚʠʷ: ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ, ʨʝʧʘʨʘʪʠʚʥʳʤ ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʦʚʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʢʩʠʤʝʜʦʥʘ (Xym) ʠ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ 

ʮʠʥʢʘ (ZnO NPs) ʩ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʤ ʠ ʘʥʪʠʤʠʢʨʦʙʥʳʤ 

ʜʝʡʩʪʚʠʝʤ. ZnO NPs-Xym (ʨʠʩ.1.) ʧʦʣʫʯʘʣʠ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʢʘʢ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʤʤʦʙʠʣʠʟʘʮʠʝʡ ʢʩʠʤʝʜʦʥʘ, ʪʘʢ ʠ ʩʠʥʪʝʟʦʤ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʇʕɻ ʠ ʢʩʠʤʝʜʦʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 53-550ʉ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ZnO NPs ʠ ʥʘʥʦʯʘʩʪʠʮ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʢʩʠʤʜʦʥʦʤ (ZnO NPs-

Xym) ʙʳʣʠ ʠʟʫʯʝʥʳ ʀʂ, ʋʌ, ʗʄʈ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ, PRXD, DLS, ɺʕɾʍ, ʉʕʄ, 

ɹʕʊ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. ɺʢʣʶʯʝʥʠʝ Xym ʚ ZnO NPs ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʘʥʥʳʝ ʀʂ (ʠʥʪ. ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʆʅ-ʛʨʫʧʧs ï 3400 ʠ 3269 

ʩʤ-1, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʉʅ3, ʉʅ2, ʠ ʉʅ ʛʨʫʧʧ ï 2883 ï 3100 

ʩʤ-1 ʠ ʥʘʙʦʨ ʧʦʣʦʩ ʢʦʣʝʙʘʥʠʡ ʉʆ-ʛʨʫʧʧʳ ï çʘʤʠʜ Iè, çʘʤʠʜ IIè c ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ - 1653, 1604, 1543 ʩʤ-1) ʠ PRXD (ʥʘʣʠʯʠʝ ʨʝʬʣʝʢʩʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ Xym ʠ ZnO NPs ï D 16,9 ʥʤ) (ʨʠʩ. 2). 

 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʘʷ 

ʠʣʣʶʩʪʨʘʮʠʷ  ZnO NPs ʩ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ Xym 

 
                ʈʠʩ.2. PRXD ʢʦʤʧʣʝʢʩʘ ZnO NPs-Xym 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ZnO NPs ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ Xym ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ZnO NPs ʢʘʢ ʚʝʢʪʦʨ ʜʦʩʪʘʚʢʠ ʦʢʩʦʧʠʨʠʤʠʜʠʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʚʝʱʝʩʪʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʦʚ 

ʧʦʣʠʘʤʠʥʦʚ ʠ ʧʦʣʠʘʤʠʜʘ-6  

 

ɹʘʨʘʥʥʠʢʦʚ ʄ.ɺ. 1, ʃʘʪʳʧʦʚʘ ɸ.ʈ.2 

1ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

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

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: newmichael2014@gmail.com 
 

ɼʚʫʭʩʪʘʜʠʡʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʞʠʜʢʦʬʘʟʥʦʡ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ 

ʥʠʪʨʦʙʝʥʟʦʣʘ, ʧ-ʥʠʪʨʦʪʦʣʫʦʣʘ ʠ ʧ-ʥʠʪʨʦʘʥʠʣʠʥʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʘʤʠʥʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʠʘʥʠʣʠʥ (ʇɸʅʀ), 

ʧʦʣʠʪʦʣʫʠʜʠʥ (ʇʇʊɼ), ʧʦʣʠʬʝʥʠʣʝʥʜʠʘʤʠʥ (ʇʇʌɼɸ). Cʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʧʦʣʠʤʝʨʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʢʩʪʠʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʢʩʪʠʣʴʥʳʭ ʚʦʣʦʢʦʥ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʭʣʦʧʢʦʚʦʝ ʚʦʣʦʢʥʦ ʙʳʣʦ ʧʦʢʨʳʪʦ ʧʣʝʥʢʦʡ ʧʦʣʠʘʤʠʜʘ-6. ʅʘ ʚʪʦʨʦʡ 

ʩʪʘʜʠʠ ʥʘ ʧʦʣʠʘʤʠʜʥʫʶ ʧʣʝʥʢʫ ʙʳʣ ʥʘʥʝʩʝʥ ʩʣʦʡ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʣʠʘʤʠʥʦʚ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

 
ʈʠʩ.1. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʬʦʪʦʛʨʘʬʠʠ ʭʣʦʧʢʦʚʳʭ ʚʦʣʦʢʦʥ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʣʠʘʤʠʜʦʤ  

(C = 0,5 ʤʤʦʣʴ / ʣ) ʠ ʧʦʣʠʘʤʠʥʘʤʠ: 1 - ʇɸʅʀ; 2 - ʇʇʌɼɸ; 3 ï ʇʇʊɼ 

 
ʈʠʩ.2. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʬʦʪʦʛʨʘʬʠʠ ʭʣʦʧʢʦʚʳʭ ʚʦʣʦʢʦʥ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʣʠʘʤʠʜʦʤ  

(C =2,4 ʤʤʦʣʴ / ʣ) ʠ ʧʦʣʠʘʤʠʥʘʤʠ: 1 - ʇɸʅʀ; 2 - ʇʇʌɼɸ; 3 - ʇʇʊɼ 

ʇʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʝ ʧʦʢʨʳʪʠʝ ʚʦʣʦʢʦʥ 

ʣʴʥʘ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʧʦʣʠʪʦʣʫʠʜʠʥʘ, ʧʦʣʠʬʝʥʠʣʝʥʜʠʘʤʠʥʘ. 

ɸʥʘʣʠʟ ʚʦʣʦʢʦʥ ʭʣʦʧʢʘ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʘʩʪʚʦʨʦʤ ʧʦʣʠʘʤʠʜʘ-6 ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʧʦʣʠʘʤʠʜʘ 

ʚʦʟʨʘʩʪʘʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʚʦʣʦʢʦʥ ʠ ʮʝʣʦʩʪʥʦʩʪʴ ʚʩʝʛʦ ʧʫʯʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʀʚʘʥʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-43-370008. 
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ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʤʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʧʠʨʠʜʠʥʠʷ 

 

ɹʘʨʳʢʠʥ ɸ.ɺ.1,2, ɸʪʣʘʩʢʠʥʘ ʄ.ɽ. 1,2, ʆʪʚʘʛʠʥʘ ʂ.ɺ. 1,2, ʂʘʟʘʨʠʥʘ ʆ.ɺ. 1,2,  

ɺʦʨʦʪʳʥʮʝʚ ʀ.ɺ.2 
1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
E-mail: manton97@gmail.com 

 

ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʦʪ ʧʨʠʤʝʩʠ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʥʠʞʘʶʱʠʭ ʢʘʯʝʩʪʚʦ ʛʘʟʦʚʦʛʦ ʩʳʨʴʷ, ʷʚʣʷʝʪʩʷ 

ʤʝʤʙʨʘʥʥʦʝ ʛʘʟʦʨʘʟʜʝʣʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʤʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʣʠʤʝʨʥʳʝ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʇʀɾ), ʢʦʪʦʨʳʝ, ʙʣʘʛʦʜʘʨʷ 

ʫʥʠʢʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ (ʀɾ) ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʛʘʟʦʨʘʟʜʝʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʘ ʩʚʦʡʩʪʚʘ 

ʇʀɾ: ʧʦʣʠʚʠʥʠʣ-4-ʙʝʥʟʠʣ-ʧʠʨʠʜʠʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ (pVBPyBF4) ʠ ʧʦʣʠʚʠʥʠʣ-

4-ʙʝʥʟʠʣ-ʧʠʨʠʥʠʥʠʡ ʭʣʦʨʠʜʘ (pVBPyCl). ʇʀɾ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ 

(ʈʠʩ. 1): a) ʧʫʪʝʤ ʧʦʣʠʤʝʨ-ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʣʠʚʠʥʠʣ-4-ʙʝʥʟʠʣ ʭʣʦʨʠʜʘ 

(pVBC) ʠ b) ʧʫʪʝʤ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʡ ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʦʥʦʤʝʨʥʦʡ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ (ʄʀɾ). 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʇʀɾ: a) ʩʠʥʪʝʟ ʧʫʪʝʤ ʧʦʣʠʤʝʨ-ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʣʠʚʠʥʠʣ-

4-ʙʝʥʟʠʣ ʭʣʦʨʠʜʘ; b) ʩʠʥʪʝʟ ʧʫʪʝʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʀɾ. 

ʇʦʣʫʯʝʥʥʳʝ ʇʀɾ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʗʄʈ- ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ; ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʅʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʇʀɾ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʝʤʙʨʘʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʝ pVBPyCl ʩʦʩʪʘʚʠʣʘ 1660 GPU ʧʦ N2 ʠ 

17750 GPU ʧʦ CO2.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʃʘʙʦʨʘʪʦʨʠʷ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʝʢʪ ˉ 

FSSM-2021-0014). 
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ʉʠʥʪʝʟ ʥʦʚʳʭ ʵʬʠʨʦʚ 4-(1ʅ-1,2,4-ʪʨʠʘʟʦʣ-1-ʠʣʤʝʪʠʣ)ʬʝʥʦʣʘ ʠ 

4-(1ʅ-ʙʝʥʟʦʪʨʠʘʟʦʣ-1-ʠʣʤʝʪʠʣ)ʬʝʥʦʣʘ 
 

ɹʘʩʘʥʮʝʚ ɸ.ɺ., ɼʘʥʠʣʠʥ ɸ.ɸ., ʇʫʨʳʛʠʥ ʇ.ʇ. 
ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ  

ʘʢʘʜʝʤʠʢʘ ʉ. ʇ. ʂʦʨʦʣʝʚʘ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 
E-mail: arsenal902009@rambler.ru 

 
ʇʦʣʫʯʝʥʠʝ ʵʬʠʨʦʚ 4-(1ʅ-ʘʟʦʣ-1-ʠʣʤʝʪʠʣ)ʬʝʥʦʣʘ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ 1ʅ-1,2,4-ʪʨʠʘʟʦʣʴʥʳʡ ʠʣʠ 1ʅ-ʙʝʥʟʦʪʨʠʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʩʪʘʜʠʡ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ ʚʳʩʦʢʫʶ  

ʘʥʪʠʘʛʨʝʛʘʮʠʦʥʥʫʶ, ʘʥʪʠʢʦʘʛʫʣʷʮʠʦʥʥʫʶ ʠ ʜʨʫʛʠʝ ʚʠʜʳ  ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ [1-3]. ʀʩʭʦʜʷ ʠʟ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʤʠ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʵʬʠʨʳ 4-(1ʅ-1,2,4-ʪʨʠʘʟʦʣ-1-ʠʣʤʝʪʠʣ)ʬʝʥʦʣʘ (1ʘ, 1ʩ) ʠ 4-

(1ʅ-ʙʝʥʟʦʪʨʠʘʟʦʣ-1-ʠʣʤʝʪʠʣ)ʬʝʥʦʣʘ (1b, 1d) ʤʝʪʦʜʘʤʠ (ɸ ʠ ɹ) (ʩʭʝʤʘ 1) ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʦʡ ʠʭ ʩʫʤʤʘʨʥʳʭ ʚʳʭʦʜʦʚ (ʪʘʙʣ. 1): 

OR

Cl

N

N

N

Az
OR

N

N

N

Az
OHRBr + + AzH

1a-d

2a-c 3a,b 4a-c 5a,b

Az = (1b,1d, 3b, 5b)(1a,1c, 3a, 5a),

R = ʥ-C8H17 (1a, 2a, 4a), ʥ-C16H33 (1b, 2b, 4b), 1-AdC(O)CH2 (1c,1d, 2c, 4c),

 
ʉʭʝʤʘ 1 

ʊʘʙʣʠʮʘ 1. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ (1ʘ-d) ʠ ʠʭ ʩʫʤʤʘʨʥʳʝ ʚʳʭʦʜʳ  

ʄʝʪʦʜ ɸ ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ɺʳʭʦʜ, % ʄʝʪʦʜ ɹ ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ɺʳʭʦʜ, % 

2ʘ + 3ʘ Cs2CO3, CH3CH2COCH3, 

5 ʯ, ʢʠʧʷʯʝʥʠʝ 

32 (1a) 4a + 5a 

K2CO3, CH3CN, 

5 ʯ, ʢʠʧʷʯʝʥʠʝ 

15 (1a) 

2b + 3b 44 (1b) 4b + 5b 30 (1b) 

2c + 3a K2CO3, (ʉH3)2CO, 

6 ʯ, ʢʠʧʷʯʝʥʠʝ 

64 (1c) 4c + 5a 25 (1c) 

2c + 3b 39 (1d) 4c + 5b 43 (1d) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʫʤʤʘʨʥʳʤʠ 

ʚʳʭʦʜʘʤʠ 1ʘ-ʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ɹ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 1d, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʩʠʥʪʝʟʘ ʵʬʠʨʦʚ 4-(1ʅ-1,2,4-

ʪʨʠʘʟʦʣ-1-ʠʣʤʝʪʠʣ)ʬʝʥʦʣʘ ʠ 4-(1ʅ-ʙʝʥʟʦʪʨʠʘʟʦʣ-1-ʠʣʤʝʪʠʣ)ʬʝʥʦʣʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ɻʫʨʝʚʠʯ ʂ.ɻ., ʋʨʘʢʦʚ ɸ.ʃ., ɹʘʩʘʥʮʝʚ ɸ.ɺ. ʠ ʜʨ. // ʍʠʤ. ʬʘʨʤ. ʞ. 2021. ʊ. 55. 

ˉ 8. ʉ. 15-20. 

[2] Pu J., Kreft A. F., Aschmies S. H. et al. // Bioorg. Med. Chem. 2009. Vol. 17. C. 

4708-4717. 

[3] Patent US298831 A1; SK Biopharmaceuticals Co., Ltd. 2009. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʘʛʦʥʠʩʪʦʚ ʛʠʩʪʠʜʠʥʜʝʢʘʨʙʦʢʩʠʣʘʟʳ ʥʘ 

ʦʩʥʦʚʝ ʢʦʥʲʶʛʘʪʦʚ NHC-ʛʠʩʪʠʜʠʥʘ ʠ ʢʦʬʘʢʪʦʨ-ʤʠʤʝʪʠʢʘ 

 

ɹʝʣʦʩʚʝʪ ɸ.ɸ., ʊʠʭʦʥʦʚ ʉ.ʀ. 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: abelosvet7@gmail.com 

 

ʇʨʦʪʦʥʠʨʦʚʘʥʥʳʡ L-ʛʠʩʪʠʜʠʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʝʣʢʦʤ 

ʛʠʩʪʠʜʠʥʜʝʢʘʨʙʦʢʩʠʣʘʟʘ (HDC) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʠʩʪʘʤʠʥ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʚʷʟʘʥʥʳʝ ʩ ʨʦʩʪʦʤ ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʬʝʨʤʝʥʪʘ HDC ʠʩʧʦʣʴʟʫʝʪ 

ʦʨʪʦ-N-ʘʮʝʪʘʪ-ʘʤʠʥʦʢʩʠʙʫʪʘʥʦʚʫʶ ʢʠʩʣʦʪʫ ï ʢʦʬʘʢʪʦʨ, ʩʭʦʜʥʳʡ ʩʦ ʤʥʦʛʠʤʠ 

ʜʝʢʘʨʙʦʢʩʠʣʘʟʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ. 

ʇʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʛʠʩʪʠʜʠʥʘ ʧʦ ʘʟʦʪʘʤ ʠʣʠ ʟʘʤʝʥʝ ʢʦʬʘʢʪʦʨʘ 

ʤʠʤʝʪʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʧʨʦʜʫʢʪ ʩʠʥʪʝʟʘ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʛʠʩʪʘʤʠʥʘ ʧʦ 

ʩʚʦʡʩʪʚʘʤ. ʉʦʟʜʘʥʠʝ ʘʛʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʠʤʝʪʠʢʠ ʢʦʬʘʢʪʦʨʘ, ʘʢʪʫʘʣʴʥʦ, ʪʘʢ 

ʢʘʢ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʜʩʪʚʘ ʣʠʛʘʥʜʘ ʢ ʨʝʮʝʧʪʦʨʫ ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʢʦʬʘʢʪʦʨʦʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʠʤʝʪʠʢʠ 

ʢʦʬʘʢʪʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ (ʨʠʩ. 1), ʙʳʣʦ ʠʟʫʯʝʥʦ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʠʰʝʥʴʶ 

(ʨʠʩ. 2) ʠ ʚʳʯʠʩʣʝʥ ʧʦʪʝʥʮʠʘʣ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʠʰʝʥʴʶ. 

  

ʈʠʩ. 1. ʇʨʠʤʝʨ ʘʛʝʥʪʘ ʩ ʢʦʬʘʢʪʦʨ-ʤʠʤʝʪʠʢʦʤ 
ʈʠʩ. 2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʠʛʘʥʜʘ ʩ 

ʤʠʰʝʥʴʶ 

ɹʳʣʦ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʩʚʷʟʳʚʘʥʠʝ HDC ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʣʠʛʘʥʜʘʤʠ: NHC-

ʛʠʩʪʠʜʠʥ ʢʘʨʙʦʢʩʠ-ʢʦʬʘʢʪʦʨ-ʤʠʤʝʪʠʢ, NHC-ʛʠʩʪʠʜʠʥ ʙʨʦʤʤʝʪʠʣ-ʢʦʬʘʢʪʦʨ-

ʤʠʤʝʪʠʢ, NHC-ʛʠʩʪʠʜʠʥ ʧʨʦʧʘʨʛʠʣ-ʢʦʬʘʢʪʦʨ-ʤʠʤʝʪʠʢ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣ ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʘʛʦʥʠʩʪ ʜʣʷ ʩʠʥʪʝʟʘ ï NHC-ʛʠʩʪʠʜʠʥ 

ʢʘʨʙʦʢʩʠ-ʢʦʬʘʢʪʦʨ-ʤʠʤʝʪʠʢ. 

mailto:abelosvet7@gmail.com


ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 

 

 42 

ʇʦʣʫʯʝʥʠʝ ʤʝʪʠʣʝʥʙʠʩʤʦʯʝʚʠʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʪʨʘʤʝʪʠʣʦʣʛʣʠʢʦʣʫʨʠʣʘ 

 

ɹʦʣʜʳʨʝʚ ʅ.ʇ., ʄʘʤʘʝʚʘ ɽ.ɸ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʊʦʤʩʢ, ʈʦʩʩʠʷ 

E-mail: nikolayboldyrev12@gmail.com 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʠʥʪʝʟʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʙʠʮʠʢʣʠʯʝʩʢʠʭ 

ʙʠʩʤʦʯʝʚʠʥ ʦʢʪʘʥʦʚʦʛʦ ʨʷʜʘ ï ʛʣʠʢʦʣʫʨʠʣʦʚ [1], ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ 2,4,6,8-ʪʝʪʨʘʤʝʪʠʣʦʣ-2,4,6,8-ʪʝʪʨʘʘʟʘʙʠʮʠʢʣʦ[3.3.0]ʦʢʪʘʥ-3,7-ʜʠʦʥ 

(ʪʝʪʨʘʤʝʪʠʣʦʣʛʣʠʢʦʣʫʨʠʣ, ʊʄɻʋ) ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʯʝʪʳʨʝʭ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʛʠʜʨʦʢʩʠʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʊʄɻʋ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʬʦʨʤʘʣʴʜʝʛʠʜ-ʵʣʠʤʠʥʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʨʝʘʢʮʠʠ ʩ 

ʘʤʠʥʘʤʠ [2] ʚ ʩʠʥʪʝʟʝ ʤʝʪʠʣʝʥʙʠʩʘʤʠʥʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʇʦʩʢʦʣʴʢʫ, ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʜʨʫʛʠʭ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʄɻʋ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʬʦʨʤʘʣʴʜʝʛʠʜʘ, ʨʘʩʰʠʨʝʥʠʝ ʢʨʫʛʘ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʡ N-ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʟʘʜʘʯʝʡ.ʊʘʢ, ʚ ʭʦʜʝ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ  

1-ʤʦʥʦʟʘʤʝʱʝʥʥʦʡ ʤʦʯʝʚʠʥʳ ï 1-[(3-ʭʣʦʨʬʝʥʠʣ)(ʬʝʥʠʣ)ʤʝʪʠʣ]ʤʦʯʝʚʠʥʳ 

(ʛʘʣʦʜʠʬʘ) ï ʩ ʊʄɻʋ ʚ ʵʪʘʥʦʣʝ ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ HCl (~ 50Áʉ) ʟʘʚʝʨʰʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʪʠʣʝʥʙʠʩʤʦʯʝʚʠʥʳ ʩ ʚʳʭʦʜʦʤ 40%. 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ: ʊʧʣ, ʗʄʈ 
1ʅ ʠ 13ʉ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʊʧʣ ʠ ʩʧʝʢʪʨʘ ʗʄʈ 
1ʅ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʤʠ ʚʝʱʝʩʪʚʘ 

ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʤʝʪʠʣʝʥʙʠʩʤʦʯʝʚʠʥʳ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [3], ʧʦʢʘʟʘʣʦ ʠʭ 

ʠʜʝʥʪʠʯʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʊʄɻʋ ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ HCl ʚ ʫʩʣʦʚʠʷʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ (ʜʦ ~ 50Áʉ) ʩʧʦʩʦʙʝʥ in 

situ ʛʝʥʝʨʠʨʦʚʘʪʴ ʬʦʨʤʘʣʴʜʝʛʠʜ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ N-ʤʝʪʠʣʠʨʫʶʱʠʤ 

ʘʛʝʥʪʦʤ ʜʣʷ 1-ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʤʦʯʝʚʠʥ: ʪʘʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʤʝʪʠʣʝʥʙʠʩʤʦʯʝʚʠʥʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʛʘʣʦʜʠʬʘ ʩ ʊʄɻʋ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Kravchenko A.N., Baranov V.V., Gazieva G.A. // Russian Chemical Reviews. 

2018. ̄  87. ʉ. 89-108. 

[2] Panshina S.Yu., Ponomarenko O.V., Bakibayev A.A. et al. // Chemistry of 

Heterocyclic Compounds. 2020. ˉ 56. ʉ. 112-115. 

[3] ʄʘʤʘʝʚʘ ɽ.ɸ., ɹʘʢʠʙʘʝʚ ɸ.ɸ. // ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ [ʀʟʚʝʩʪʠʷ ʊʇʋ] . 2004. ʊ. 307. ˉ 1. ʉ. 84-89. 
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ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ ʠ ʧʦʣʠʣʘʢʪʠʜʘ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ 

 

ɹʦʣʭʦʚʩʢʘʷ ʊ.ɼ., ʃʝʜʥʝʚ ʀ.ʈ., ʂʫʟʴʤʠʥʘ ɼ.ɸ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: bolkhovskyat@gmail.com 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ ʚ ʤʝʜʠʮʠʥʝ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3D-

ʧʝʯʘʪʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʠʤʧʣʘʥʪʘʪʦʚ ʠʟ ʧʦʣʠʣʘʢʪʠʜʘ. ɸʢʪʫʘʣʴʥʦʡ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʪʝʤʘ ʩʦʚʤʝʱʝʥʠʷ ʧʦʣʠʣʘʢʪʠʜʘ ʠ ʭʠʪʦʟʘʥʘ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʨʘʚʤʘʪʦʣʦʛʠʠ. ʉʦʚʤʝʩʪʠʤʦʩʪʴ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʩʥʠʞʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʭʠʪʦʟʘʥʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʝʛʦ ʘʣʢʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʭʠʪʦʟʘʥʘ, ʝʛʦ 

ʤʦʜʠʬʠʢʘʮʠʷ ʵʥʘʥʪʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ, ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. 

ʅʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʭʠʪʦʟʘʥ ʧʦʣʫʯʘʣʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʬʝʨʤʝʥʪʘʤʠ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʭʠʪʦʟʘʥʘ ʩʦʩʪʘʚʠʣʘ 

2Ŀ104. ʅʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʭʠʪʦʟʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʵʥʘʥʪʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʧʦ 

ʨʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ. ʀʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʩʪʨʫʢʪʫʨʥʳʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

ɺʚʝʜʝʥʠʝ ʘʣʢʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʟʚʝʥʴʷ ʭʠʪʦʟʘʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʜʦ 110-120 ʄʇʘ ʠ ʫʜʣʠʥʝʥʠʝ ʜʦ 8-10%) 

ʠ ʧʦʚʳʰʝʥʠʶ ʘʤʦʨʬʥʦʩʪʠ ʧʦʣʠʤʝʨʘ. ʆʙʨʘʟʮʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʭʠʪʦʟʘʥʘ 

ʦʙʣʘʜʘʶʪ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. ʅʘʙʣʶʜʘʝʪʩʷ ʘʜʛʝʟʠʷ ʠ ʘʢʪʠʚʥʳʡ ʨʦʩʪ 

ʬʠʙʨʦʙʣʘʩʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ. ʈʦʩʪ ʢʣʝʪʦʢ ʥʘ ʧʣʝʥʢʝ ʠʟ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʭʠʪʦʟʘʥʘ ʚ ~2 ʨʘʟʘ ʠʥʪʝʥʩʠʚʥʝʝ ʯʝʤ ʥʘ ʧʣʝʥʢʝ ʠʟ ʠʩʭʦʜʥʦʛʦ 

ʭʠʪʦʟʘʥʘ. 
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ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʯʥʳʭ 

ʤʠʢʨʦʨʝʘʢʪʦʨʦʚ 

 

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

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

E-mail: egor_boronin@mail.ru 

 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʡ N-

ʘʨʠʣʠʨʦʚʘʥʠʷ [1] (ʉʭʝʤʘ 1ʘ) ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʦ ɹʸʨʯʫ [2] (ʉʭʝʤʘ 

1ʙ) ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʦʯʥʦʛʦ ʤʠʢʨʦʨʝʘʢʪʦʨʘ.  

 
(a) ʌʦʪʦʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ N-ʘʨʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʪʦʯʥʦʤ ʤʠʢʨʦʨʝʘʢʪʦʨʝ. 

 
(ʙ) ʌʦʪʦʭʠʤʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʧʦ ɹʸʨʯʫ ʚ ʧʨʦʪʦʯʥʦʤ ʤʠʢʨʦʨʝʘʢʪʦʨʝ. 

ʉʭʝʤʘ 1. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʧʨʦʪʦʯʥʳʭ ʤʠʢʨʦʨʝʘʢʪʦʨʘʭ 

ʆʙʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ: ʧʨʦʪʝʢʘʶʪ 

ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ), ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʵʢʦʣʦʛʠʯʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʠʩʢʣʶʯʝʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʟʠʨʫʶʪʩʷ çʙʝʟʦʪʭʦʜʥʳʤ ʨʝʘʛʝʥʪʦʤè 

ð ʩʚʝʪʦʤ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ 

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

ʅʆʎ "ʊʝʭʥʦʧʣʘʪʬʦʨʤʘ 2035" (FSWR-2021-014). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Zhou C., Lei T.,  Wei X.-Z., et al. // J. Am. Chem. Soc. 2020, Vol. 142. P. 16805ï

16813 

[2] Cole J.P., Chen D.-F., Kudisch M., et al. // J. Am. Chem. Soc. 2020. V. 142. P. 

13573ī13581 

https://pubs.acs.org/action/showCitFormats?doi=10.1021%2Fjacs.0c07600&href=/doi/10.1021%2Fjacs.0c07600
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʟʦʠʦʥʥʦʛʦ 1,3-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-5-

ʠʤʠʥʦʪʝʪʨʘʟʦʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʪʘʣʝʚʦʤʫ ʠ ʤʘʣʝʠʥʦʚʦʤʫ ʘʥʛʠʜʨʠʜʘʤ 
 

ɹʫʜʝʚʠʯ ɺ.ɸ.1,2, ɺʦʡʪʝʭʦʚʠʯ ʉ.ɺ.2, ʀʚʘʰʢʝʚʠʯ ʆ.ɸ.2 
1ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

2ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ,  
ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

E-mail: vl.budevich@gmail.com 
 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʝʟʦʠʦʥʥʳʭ 5-ʠʤʠʥʦʪʝʪʨʘʟʦʣʦʚ 

ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʦʣʝʝ 70 ʣʝʪ ʥʘʟʘʜ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʧʨʠʚʣʝʢʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʊʘʢ, ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʵʥʝʨʛʦʝʤʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ [1], ʵʬʬʝʢʪʠʚʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ [2], ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʝ ʩʦʣʠ ʪʝʪʨʘʟʦʣʠʷ [3]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʜʦ ʩʠʭ ʧʦʨ ʤʘʣʦʠʟʫʯʝʥʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 1,3-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-5-ʠʤʠʥʦʪʝʪʨʘʟʦʣʘ (1) ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʬʪʘʣʝʚʦʤʫ ʠ ʤʘʣʝʠʥʦʚʦʤʫ ʘʥʛʠʜʨʠʜʘʤ. ʉʦʝʜʠʥʝʥʠʝ 1 ʧʦʣʫʯʘʣʠ ʧʦ 

ʠʟʚʝʩʪʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʝ [4]. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʩʦʝʜʠʥʝʥʠʷ 1 ʧʨʦʚʦʜʠʣʠ ʚ 

ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/NaOHʚʦʜʥ. ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʦʪʜʝʣʷʣʠ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ 2 ʠ 3 ʚʜrʝʣʷʣʠ 

ʠʟ ʚʦʜʥʦʡ ʬʘʟʳ ʧʦʩʣʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠʟʙʳʪʢʘ NaOH (ʨʠʩ. 1). ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ 2 ʠ 

3 ʩʦʩʪʘʚʠʣʠ 73 % ʠ 41 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʭ ʩʪʨʦʝʥʠʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ 1ʅ, 
13ʉ ʗʄʈ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʝʘʢʮʠʡ ʤʝʟʦʠʦʥʥʦʛʦ ʪʝʪʨʘʟʦʣʘ 1 ʩ ʬʪʘʣʝʚʳʤ ʠ ʤʘʣʝʠʥʦʚʳʤ ʘʥʛʠʜʨʠʜʘʤʠ 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʜʣʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] OôSullivan O.T., Zdilla M.J. // Chem. Eur. J. 2017. Vol. 23. P. 14138ï14142. 

[2] Matsukawa Y., Hirashita T., Araki S. // Tetrahedron. 2017. Vol. 73. P. 6052ï6056. 

[3] Voitekhovich S.V., Lyakhov A.S., Ivashkevich L.S., et al. // Inorganica Chim. 

Acta. 2014. Vol. 419. P. 124ï129. 

[4] Voitekhovich S.V., Gaponik P.N., Lyakhov A.S., Ivashkevich O.A. // Tetrahedron. 

2008. Vol. 64. P. 8721ï8725. 
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ɸʨʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʦʪʠʘʟʠʥʘ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʘʢʨʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

 

ɹʫʪʦʨʠʥ ɸ.ɺ., ʂʥʷʟʝʚʘ ʅ.ɸ., ɻʨʠʰʠʥ ʀ.ɼ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: alexei12052000@mail.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʧʦʣʠʤʝʨʥʦʡ ʭʠʤʠʠ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʪʦʧʦʣʦʛʠʝʡ, 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʪʤʝʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ ï Atom Transfer Radical Polymerization (ATRP), 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʝʜʦʩʪʘʪʢʦʤ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʦʩʪʘʪʢʘʤʠ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ  

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʤʝʜʠʮʠʥʝ ʠ ʵʣʝʢʪʨʦʥʠʢʝ. 

ʈʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï Metal-Free ATRP ʚ ʫʩʣʦʚʠʷʭ 

ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 4-(10ʅ-ʬʝʥʦʪʠʘʟʠʥ-10-ʠʣ)-N,N-

ʜʠʬʝʥʠʣʘʥʠʣʠʥʘ (PDPA). ɼʣʷ ʝʛʦ ʩʠʥʪʝʟʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʩʦʯʝʪʘʥʠʷ 

ʬʝʥʦʪʠʘʟʠʥʘ ʩ 4-ʙʨʦʤʪʨʠʬʝʥʠʣʘʤʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʉʠʥʪʝʟ PDPA 

 

ʇʦʣʠʤʝʨʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʜʝʛʘʟʠʨʦʚʘʥʥʳʭ ʘʤʧʫʣʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʩʪʦʯʥʠʢʘ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ~ 360 ʥʤ. ʇʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʩ ʨʦʩʪʦʤ 

ʢʦʥʚʝʨʩʠʠ. ʈʝʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʘ Metal-Free ATRP ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘʣʠʯʠʝʤ ʥʘ ʢʦʥʮʘʭ ʧʦʣʠʤʝʨʥʳʭ 

ʮʝʧʝʡ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʨʝʠʥʠʮʠʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 
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ʇʦʣʫʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʩʝʣʝʥʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʭʠʪʦʟʘʥʦʤ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʡ  

 

ɺʝʩʝʣʦʚ ɺ.ʉ., ɸʧʨʷʪʠʥʘ ʂ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: veselov.vadim2014@yandex.ru 

 
ʄʠʢʨʦʵʣʝʤʝʥʪ ʩʝʣʝʥ - ʤʦʱʥʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪ, ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʨʘʙʦʪʫ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ, ʫʣʫʯʰʘʶʱʠʡ ʠʤʤʫʥʠʪʝʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʬʫʥʢʮʠʠ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʥʳʤʠ ʬʦʨʤʘʤʠ ʩʝʣʝʥʘ, ʥʘʥʦʯʘʩʪʠʮʳ (ʅʏ) ʩʝʣʝʥʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʧʨʝʚʦʩʭʦʜʥʫʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ, 

ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʫʶ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʎʝʣʴ ʨʘʙʦʪʳ ī ʩʠʥʪʝʟ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʅʏ ʩʝʣʝʥʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʭʠʪʦʟʘʥʦʤ, ʠ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ 

ʥʘʥʦʢʦʤʧʦʟʠʮʠʡ ʧʨʠ ʠʭ ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʥʘ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. ʉʠʥʪʝʟ ʅʏ ʧʨʦʚʦʜʠʣʠ 

ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ ʩʝʣʝʥʠʪʘ ʥʘʪʨʠʷ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʨʘʩʪʚʦʨʝ 

ʧʦʣʠʤʝʨʘ-ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ʄʝʪʦʜʦʤ ʈʄʋ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʅʏ Se (ʨʠʩ. 1). ʅʘ ʨʠʩ. 1ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʅʏ ʩʝʣʝʥʘ ʧʦ ʦʙʲʝʤʘʤ 

DV, ʢʘʢ ʬʫʥʢʮʠʷ ʠʭ ʨʘʜʠʫʩʦʚ ï R, ʚʳʯʠʩʣʝʥʥʦʝ ʠʟ ʨʘʟʥʦʩʪʥʦʡ ʢʨʠʚʦʡ (3) ʥʘ ʨʠʩ. 

1ʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʅʏ ʩʝʣʝʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʠʤʦʜʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝʨʘʤ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʜʠʫʩʘʤʠ 2-3 ʥʤ ʠ ~37 ʥʤ.  

 
ʈʠʩ. 1. (ʘ) - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʈʄʋ: ʦʪ ʨʘʩʪʚʦʨʘ ʭʠʪʦʟʘʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʅʏ Se ï 

(1); ʙʝʟ ʅʏ ï (2); ʨʘʟʥʦʩʪʥʘʷ ʦʪ ʥʠʭ ï (3), ʢʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʅʏ Se ʧʦ ʨʘʟʤʝʨʘʤ ï (4).  

(ʙ) - ʚʳʯʠʩʣʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ ʅʏ Se ʚ ʨʘʩʪʚʦʨʝ ʭʠʪʦʟʘʥʘ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

(DV) ʅʏ Se - ʪʦʯʢʠ (1) - ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʚʦʡ (4) ʥʘ ʨʠʩ. 2ʘ; (2) - ʢʨʠʚʘʷ ʩʫʤʤʳ ʨʘʟʣʦʞʝʥʠʷ 

DV ʥʘ ʛʘʫʩʩʦʚʳ ʢʦʤʧʦʥʝʥʪʳ ï (3). 

 

ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪ ɹʧʣʝʥʦʢ ʥʘʥʦʢʦʤʧʦʟʠʮʠʡ in vitro ʧʦ 

ʘʜʛʝʟʠʠ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʬʠʙʨʦʙʣʘʩʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʥʦʢʦʤʧʣʝʢʩ ʦʢʘʟʳʚʘʝʪ ʢʦʨʨʠʛʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʦʨʛʘʥʠʟʤʘ, ʩʥʠʞʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚ ʢʨʦʚʠ 

ʞʠʚʦʪʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʳ ʭʠʪʦʟʘʥ-ʅʏ ʩʝʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʘʜʘʧʪʦʛʝʥʥʳʭ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 21-73-00188 (https://rscf.ru/project/21-73-00188/). 
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ʉʠʥʪʝʟ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʠʜʨʘʟʦʥʦʠʤʠʜʘʟʦ[4,5-d]ʪʠʘʟʦʣʦʥʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʦʛʣʠʢʦʣʴʫʨʠʣʦʚ 

 

ɺʠʥʦʛʨʘʜʦʚʘ ɽ.ɽ., ɻʘʟʠʝʚʘ ɻ.ɸ. 

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

E-mail: vinogradova.ekaterina@ioc.ac.ru 

 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʧʦʢʘʟʳʚʘʪʴ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚ, 

ʚʝʪʝʨʠʥʘʨʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠʣʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. 

ʈʘʥʝʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ˉ19 ʀʆʍ ʈɸʅ ʙʳʣ ʧʦʣʫʯʝʥ ʰʠʨʦʢʠʡ ʨʷʜ 

ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʦʛʣʠʢʦʣʴʫʨʠʣʦʚ 3 ʩ ʚʳʩʦʢʦʡ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʠ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʅʘʤʠ ʞʝ ʧʨʝʜʣʦʞʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ 

ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ 

ʪʠʦʛʣʠʢʦʣʴʫʨʠʣʦʚ 3 ʚ ʪʠʘʟʦʣʴʥʳʡ ʧʦ ʪʠʧʫ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ɼʠʤʨʦʪʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʨʷʜʘ 2-ʛʠʜʨʘʟʦʥʦʠʤʠʜʘʟʦ[4,5-d]ʪʠʘʟʦʣʦʥʦʚ 4 [1].  

 
ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʥʝʝ ʜʦʩʪʠʛʥʫʪʳʭ ʨʝʟʫʣʴʪʘʪʘʭ [2] ʥʦʚʳʡ ʨʷʜ 

ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʥʦʚ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʠʭ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 60 ʣʠʥʠʷʭ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ ʚ 

ʅʘʮʠʦʥʘʣʴʥʦʤ ʀʥʩʪʠʪʫʪʝ ʈʘʢʘ ʉʐɸ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢʞʝ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʩʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨ, ʧʦʢʘʟʳʚʘʶʱʝʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʨʷʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʷʜʘ ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʥʦʚ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ 

ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

[1] Vinogradova E.E., Gazieva G.A., Izmest'ev A.N. et al. // RSC Advances. 2021. V. 

11. P. 28395-28400. 

[2] Gazieva G.A., Anikina L.V., Nechaeva T.V. et al. // Eur. J. Med. Chem. 2017. V. 

140. P. 141-154. 
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ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʜʠʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 
ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥʦʚ 

 
ɺʠʥʦʛʨʘʜʦʚ ɼ.ɹ., ʀʟʤʝʩʪʴʝʚ ɸ.ʅ., ɻʘʟʠʝʚʘ ɻ.ɸ. 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  
E-mail: vinogradovdima14@ioc.ac.ru 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʧʦʣʫʯʝʥʠʝ 

ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʜʘʣʴʥʝʡʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ. ʆʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʮʝʣʦʤ, ʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ 

ʯʘʩʪʥʦʩʪʠ. ʊʘʢ, ʦʜʥʠʤ ʠʟ ʠʟʫʯʘʝʤʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʪʘʢʠʤ 

ʧʫʪʝʤ, ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʧʠʨʦʧʠʨʨʦʣʠʜʠʥʦʢʩʠʥʜʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʘʢ ʧʨʠʨʦʜʥʳʭ ʘʣʢʘʣʦʠʜʦʚ (ʭʦʨʩʬʠʣʠʥ ʠ ʤʠʪʨʘʬʠʣʣʠʥ), ʪʘʢ ʠ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʵʣʘʢʦʤʠʥ, ʩʧʠʨʦʙʨʘʩʩʥʠʥ) [1]. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʜʠʩʧʠʨʦʩʦʯʣʝʥʝʥʥʳʭ 

ʧʦʣʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ  ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʩʧʠʨʦʦʢʩʠʥʜʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, 

ʨʝʘʢʮʠʝʡ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥʦʚ ʩ 

ʘʟʦʤʝʪʠʥʠʣʠʜʘʤʠ, ʛʝʥʝʨʠʨʫʝʤʳʤʠ in situ ʠʟ ʠʟʘʪʠʥʦʚ ʠ ʘʣʴʬʘ-ʘʤʠʥʦʢʠʩʣʦʪ.  

 

  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʴʠʨʫʷ ʟʘʤʝʩʪʠʪʝʣʠ ʚʦ ʬʨʘʛʤʝʥʪʘʭ 

ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥʦʚ, ʠʟʘʪʠʥʦʚ ʠ ʘʤʠʥʦʢʠʩʣʦʪ ʙʳʣ ʧʦʣʫʯʝʥ ʰʠʨʦʢʠʡ ʨʷʜ 

ʥʦʚʳʭ ʜʠʩʧʠʨʦʩʦʯʣʝʥʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥʦʚ ʣʠʥʝʡʥʦʛʦ 

ʠ ʘʥʛʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʧʨʦʚʝʨʝʥʳ ʥʘ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʀʥʩʪʠʪʫʪʝ ʨʘʢʘ ʉʐɸ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Scheidt K.A., Galliford C.V. // Angew. Chem. Int. Ed. 2007. V. 46. P. 8748ï 8758. 
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(ʉʦ)ʧʦʣʠʤʝʨʠʟʘʮʠʷ 2,2,3,3,4,4,5,5-ʦʢʪʘʬʪʦʨʧʝʥʪʠʣʘʢʨʠʣʘʪʘ ʠ 

ʛʣʠʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʦʙʨʘʪʠʤʦʡ ʧʝʨʝʜʘʯʠ ʮʝʧʠ 

 

ɺʠʭʠʨʝʚʘ ɸ.ɼ., ɻʨʠʛʦʨʴʝʚʘ ɸ.ʆ., ɿʘʡʮʝʚ ʉ.ɼ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: vihireva2000@gmail.com 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ 

ʫʧʨʘʚʣʷʝʤʳʡ ʩʠʥʪʝʟ ʧʦʣʠʤʝʨʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʩʝʚʜʦʞʠʚʘʷ 

ʨʘʜʠʢʘʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʦʪʢʨʳʣʘ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʦʤʦ- ʠ ʩʦʧʦʣʠʤʝʨʦʚ ʩ ʟʘʜʘʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, ʩʠʥʪʝʟʘ ʧʨʠʚʠʪʳʭ ʠ ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʣʠʥʦʡ ʙʣʦʢʦʚ, ʜʠʟʘʡʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩʦ 

ʩʣʦʞʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩ ʦʙʨʘʪʠʤʦʡ ʧʝʨʝʜʘʯʝʡ ʮʝʧʠ (ʆʇʎ) 

ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʷ-ʬʨʘʛʤʝʥʪʘʮʠʠ. ɺʘʞʥʝʡʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʆʇʎ-

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ: ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ 20 ʜʦ 110Áʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʠʧʦʚ ʤʦʥʦʤʝʨʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʛʦʤʦ- ʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ 2,2,3,3,4,4,5,5-

ʦʢʪʘʬʪʦʨʧʝʥʪʠʣʘʢʨʠʣʘʪʘ (ʆʌʇɸ) ʠ ʛʣʠʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʘ (ɻʄɸ) ʚ ʫʩʣʦʚʠʷʭ 

ʦʙʨʘʪʠʤʦʡ ʧʝʨʝʜʘʯʠ ʮʝʧʠ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʆʌʇɸ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 2-ʮʠʘʥʦ-2-ʧʨʦʧʠʣʜʦʜʝʮʠʣ 

ʪʨʠʪʠʦʢʘʨʙʦʥʘʪʘ (ʎʇɼʊ). ʆʧʨʝʜʝʣʝʥʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʠʪʴ ʇʆʌʇɸ ʩ ʫʟʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 0.01 ʤʦʣʴ/ʣ. ɼʘʣʝʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʆʌʇɸ ʠ ɻʄɸ ʤʝʪʦʜʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʆʇʎ-ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʎʇɼʊ. ʇʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ʩʦʩʪʘʚʘ 

ʩʦʧʦʣʠʤʝʨʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘʤʠ ʌʘʡʥʤʘʥʘ-ʈʦʩʩʘ 

ʠ ʂʝʣʝʥʘ-ʊʶʜʝʰʘ. ʀʩʩʣʝʜʦʚʘʥʳ ʢʦʥʚʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ 

ʩʦʧʦʣʠʤʝʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʤʦʥʦʤʝʨʥʳʭ ʩʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʷʨʥʦ-

ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 
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ʆ ʚʣʠʷʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʵʢʩʪʨʫʟʠʦʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. 

 

ɺʣʘʩʦʚʘ ɽ.ɸ., ʈʷʙʦʚ ʉ.ɸ., ʐʫʢʣʠʥʘ ʅ.ʅ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: ryabov_sa@mail.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʘʞʥʝʡʰʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʩʫ ʧʦʣʠʤʝʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ, ʧʨʦʜʦʣʞʘʶʱʠʝʩʷ ʩ ʤʦʤʝʥʪʘ ʠʭ ʦʪʢʨʳʪʠʷ, ʥʝʩʫʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʣʘʩʩʦʚ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʪʘʝʪʩʷ ʝʱʝ ʤʥʦʛʦ ʚʦʧʨʦʩʦʚ ʠ ʦʙʣʘʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʤʝʨʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʵʪʦʤʫ 

ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʧʠʱʝʚʦʡ ʠ ʤʝʜʠʮʠʥʩʢʠʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ ʠʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʵʢʩʪʨʫʜʝʨʝ, ʩʦʜʝʨʞʘʱʝʡ ʢʦʤʧʣʝʢʩʥʳʡ 

ʥʘʧʦʣʥʠʪʝʣʴ ʩ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʜʦʙʘʚʢʦʡ ʮʠʥʢ ʧʠʨʠʪʠʦʥʘ. ʀʩʧʳʪʘʥʠʷ ʧʣʝʥʦʢ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ çZwick ZOO5è. ɼʘʥʥʘʷ 

ʅʀʈ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʅʀʆʂʈ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʘʢʪʠʚʥʦʡ ʙʠʦʨʘʟʣʘʛʘʝʤʦʡ 

ʫʧʘʢʦʚʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ  ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʦʢ 

ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ 

ʵʪʘʣʦʥʦʤ ï ʧʦʣʠʵʪʠʣʝʥʦʤ, ʣʫʯʰʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʣʠ 

ʦʙʨʘʟʮʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʙʘʚʦʢ ʮʠʥʢ ʧʠʨʠʪʠʦʥʘ (ZnP) ʠ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ 

(ʇʕɻ) ʧʦ 3 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 1). 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ ʢ ʙʠʦʨʘʟʣʦʞʝʥʠʶ. ʊʘʢ ʞʝ, ʠʟʫʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʙʠʦʨʘʟʣʦʞʝʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʊʘʙʣʠʮʘ 1. ʊʘʙʣʠʮʘ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ˉ ZnP, %, ʤʘʩʩ. ʇʕɻ, %, ʤʘʩʩ. 
ʇʨʦʯʥʦʩʪʴ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ (150), ʄʇʘ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʧʨʠ 

ʨʘʟʨʳʚʝ, % 

1 0 0 14,8 150 

2 1 0 14,9 80 

3 3 0 14,8 150 

4 0 3 12,1 150 

5 0 5 13,6 150 

6 1 3 14,4 80 

7 3 5 11,0 150 

8 3 3 15,0 150 
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ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

 

ɺʣʘʩʦʚ ʈ.ʈ., ʈʷʙʦʚ ʉ.ɸ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: vlasovruslan.hs@yandex.ru 

 

ɺʚʠʜʫ ʩʪʨʝʤʠʪʝʣʴʥʳʭ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢ ʩʚʦʡʩʪʚʘʤ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʦʥʦʤʝʨʥʦ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʩʝ 

ʙʦʣʴʰʠʝ ʪʨʝʙʦʚʘʥʠʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʩʣʫʯʘʝ 

ʦʙʰʠʨʥʦʛʦ ʯʠʩʣʘ ʧʨʠʤʝʥʝʥʠʡ, ʫʞʝ ʥʝ ʩʧʦʩʦʙʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʘʢʪʫʘʣʴʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ 

ʛʣʦʙʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʧʦʚʝʩʪʢʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʨʦʤʳʰʣʝʥʥʳʡ ʩʧʨʦʩ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʝʡʩʪʚʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʟʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʝʨʝʯʥʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʘʨʤʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʶʪ ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʄʋʅʊ), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦʜʦʙʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʩʚʦʡʩʪʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄʋʅʊ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʝʜʦʚʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʋʅʊ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʘʛʣʦʤʝʨʘʮʠʠ ʠ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʩʠʣʴʥʳʤʠ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʠ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ʉʣʠʰʢʦʤ 

ʩʠʣʴʥʘʷ ʘʛʨʝʛʘʮʠʷ ʄʋʅʊ ʚ ʢʦʤʧʦʥʝʥʪʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʝʞʬʘʟʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʋʅʊ. 

 ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʪʝʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʪʠʯʝʩʢʦʡ ʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ (ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ, ʨʘʟʨʳʚʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʠ ʤʦʜʫʣʷ ʖʥʛʘ) ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʮʠʡ. ʋʣʫʯʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ 

ʯʝʪʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʫʣʫʯʰʝʥʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʩʠʣʴʥʦʡ 

ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʄʋʅʊ ʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ. 
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ʉʪʨʫʢʪʫʨʘ, ʩʠʥʪʝʟ ʠ ʨʘʚʥʦʚʝʩʠʝ ʚ ʨʘʩʪʚʦʨʘʭ ʜʠʛʘʣʦʛʝʥʠʜʥʳʭ 
ʠʟʦʮʠʘʥʠʜʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ(II) 

ɻʘʚʨʠʣʦʚ ɻ.ɸ., ʂʠʥʞʘʣʦʚ ʄ.ɸ. 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: st092203@student.spbu.ru 
 

ʀʟʦʮʠʘʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ(ȽȽ), ʙʣʘʛʦʜʘʨʷ ʩʠʣʴʥʳʤ ů-ʜʦʥʦʨʥʳʤ ʠ 

ʫʤʝʨʝʥʥʳʤ ˊ-ʘʢʮʝʧʪʦʨʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠʟʦʮʠʘʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ, ʩʧʦʩʦʙʥʳ 

ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʘ ʪʘʢʞʝ ʚʳʩʪʫʧʘʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [1]. ɿʘʤʝʱʝʥʠʝ 

ʠʟʦʮʠʘʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘ ʙʣʠʟʢʠʡ ʧʦ ʩʚʦʠʤ ʜʦʥʦʨʥʳʤ ʩʚʦʡʩʪʚʘʤ ʬʦʩʬʠʥʦʚʳʡ 

ʣʠʛʘʥʜ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘʩʪʨʦʡʢʠ ʩʪʝʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʦʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [2]. ʆʜʥʘʢʦ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ 

ʠʟʦʮʠʘʥʠʜʬʦʩʬʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʠʢʣʝ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ 

ʥʦʚʳʝ ʠʟʦʮʠʘʥʠʜʬʦʩʬʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ(II) [PdX2(CNR)(PPh3)] (X = 

Cl, Br; R = Mes, Xyl, t-Bu) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʭʣʦʨʤʦʩʪʠʢʦʚʦʛʦ ʙʠʩʬʦʩʬʠʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʘʣʣʘʜʠʷ(II) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʦʮʠʘʥʠʜʦʤ (ʚʳʭʦʜ 70ï90%) (ʨʠʩ. 

1). 

 

ʈʠʩ. 1. ʉʠʥʪʝʟ ʠʟʦʮʠʘʥʠʜʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 1ï9 

ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 1ï9 ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (1H, 13C{1H}, 31P{1H} ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ). ʄʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣʴʥʦʛʦ ʈʉɸ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʩ ʮʠʩ-ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. ʇʦ ʜʘʥʥʳʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʣʧʝʢʩʳ 1ï3 ʚ ʨʘʩʪʚʦʨʝ CDCl3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʮʠʩ-ʠʟʦʤʝʨʦʚ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʙʨʦʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 4ï6 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʨʘʚʥʦʚʝʩʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ  ̄

21-73-10083). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʨʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʝʪʦʜʳ 

ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘè. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Boyarskiy V.P., Bokach N.A., Luzyanin K.V., Kukushkin V.Yu. // Chem. Rev. 

2015. V. 115. P. 2698-2779. 

[2] Buldakov A.V., Kinzhalov M.A., Kryukova M.A., et al. // Cryst. Growth Des. 2020. 

V. 20. P. 1975-1984. 
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ɸʢʨʠʣʦʚʳʝ ʤʦʥʦʤʝʨʳ ʜʣʷ 3D ʧʨʠʥʪʝʨʦʚ 

ɻʘʛʫʣʠʥʘ ʇ.ɸ. 

ʄɹʆʋ ʰʢʦʣʘ ˉ27, ɼʟʝʨʞʠʥʩʢ, ʈʦʩʩʠʷ 
E-mail: polinabog475@gmailcom 

 

ɺ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʚʦ ʚʩʝʤ ʤʠʨʝ 3D ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ 

ʠ  ʧʨʠʦʙʨʝʪʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʄʘʪʝʨʠʘʣʳ ʜʣʷ 3D ʧʨʠʥʪʝʨʦʚ ʧʦʣʴʟʫʶʪʩʷ 

ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ. ɺʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʤʘʪʝʨʠʘʣ, ʧʦʪʦʤʫ ʯʪʦ ʦʪ ʥʝʛʦ 

ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʠ çʩʣʫʞʙʘè ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʝʥʘ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚ ʘʢʨʠʣʦʚʦʛʦ 

ʤʦʥʦʤʝʨʘ ʜʣʷ 3D ʧʝʯʘʪʠ, ʧʦʣʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʪʘʢʠʤ 

ʨʷʜʦʤ ʩʚʦʡʩʪʚ, ʢʘʢ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʮʝʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘʯʠ: 1.ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.2. ʀʟʫʯʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʘʢʨʠʣʦʚʳʭ 

ʤʦʥʦʤʝʨʦʚ ʜʣʷ 3D ʧʝʯʘʪʠ 3.ʆʪʳʩʢʘʪʴ, ʦʪʦʙʨʘʪʴ ʠ ʧʨʝʜʣʦʞʠʪʴ ʧʦʜʭʦʜʷʱʫʶ 

ʤʝʪʦʜʠʢʫ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʤʝʨʘ,  ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ.4.ʆʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʤʦʥʦʤʝʨʘ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʆʆʆ 

çʍʠʤʪʨʘʥʟʠʪè. 4.ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʦʥʦʤʝʨʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ. 5.ʉʜʝʣʘʪʴ ʦʙʦʙʱʝʥʠʝ ʠ ʚʳʚʦʜʳ. ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʝʜʧʨʠʷʪʠʝʤ 

ʆʆʆ çʍʠʤʪʨʘʥʟʠʪè (ʛ.ɼʟʝʨʞʠʥʩʢ)  ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʦʜʙʦʨʫ, 

ʧʦʣʫʯʝʥʠʶ  ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʦʥʦʤʝʨʦʚ ʜʣʷ 3D ʧʝʯʘʪʠ. ʄʳ ʧʦʣʫʯʠʣʠ ʪʘʢʠʝ  

ʘʢʨʠʣʦʚʳʝ ʤʦʥʦʤʝʨʳ, ʢʘʢ ʊɻʄ-3, ɹʀʉ-ɻʄɸ, ʆʋʄɸ, ʢʦʪʦʨʳʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʧʦʣʠʤʝʨʠʟʠʮʠʦʥʥʦʛʦ, ʧʦʨʦʰʢʦʚʦʛʦ, ʵʢʩʪʨʫʟʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʧʝʯʘʪʠ. 

ʄʝʪʘʢʨʠʣʦʚʳʡ ʤʦʥʦʤʝʨ ɹʀʉ-ɻʄɸ ʦʙʣʘʜʘʝʪ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʥʘʩ ʩʚʦʡʩʪʚʘʤʠ. 

ɹʀʉ-ɻʄɸ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʚ 3D ʧʝʯʘʪʠ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʰʝʩʪʝʨʝʥʦʢ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ  

ɹʀʉ-ɻʄɸ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʫʩʘʜʢʦʡ, ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ,ʞʝʩʪʢʦʩʪʴʶ ʠ 

ʪʚʝʨʜʦʩʪʴʶ. ɹʀʉ-ɻʄɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 3 D ʧʝʯʘʪʠ, ʥʦ ʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʟʫʙʦʚ. ʉʠʥʪʝʟ 

ɹʀʉ-ɻʄɸ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʛʣʠʮʝʜʠʣʦʚʳʭ 

ʵʬʠʨʦʚ ʜʠʬʝʥʠʣʦʣʧʨʦʧʘʥʘ (ʩʤʝʩʠ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ ʪʠʧʘ ʇʕʆ-95ɸ ʠ ʇʕʆ-30ɸ) 

ʩ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʨʠʵʪʠʣʘʤʠʥʘ ʠ 

ʠʥʛʠʙʠʪʦʨʘ ʬʝʥʦʪʠʦʟʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʙʳʣ ʧʦʣʫʯʝʥ ʥʝ ʟʘʛʨʷʟʥʝʥʥʳʡ 

ʧʨʠʤʝʩʷʤʠ ɹʀʉ-ɻʄɸ ,ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʠʤ ʧʦʩʣʫʞʠʪ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ  ʧʦʣʠʤʝʨʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 3D ʧʝʯʘʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʥʦʚʠʟʥʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʤʦʥʦʤʝʨʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ɹʝʨʣʠʥ ɸ.ɸ., ʂʦʨʦʣʝʚ ɻ.ɺ., ʂʝʬʝʣʠ ʊ.ʗ., ʉʠʚʝʨʛʠʥ ʖ.ʄ. // ɸʢʨʠʣʦʚʳʝ 

ʦʣʠʛʦʤʝʨʳ ʠ ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ. 1983ʛ. 
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ʇʦʩʪ-(ʩʦ)ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʩʪʠʨʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
(ʩʦ)ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʠʩʪʝʤʝ  

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ ï ʧʝʨʦʢʩʠʜ ʙʝʥʟʦʠʣʘ 
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ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʮʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʜʠʢʘʣʴʥʳʤ ʠʥʠʮʠʘʪʦʨʦʤ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ 

(ʩʦ)ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʪʘʢ ʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʫʯʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ [1]. ʕʪʦ ʦʙʲʷʩʥʷʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʜʠʢʘʣʴʥʦ-ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʜʚʫʭ ʪʠʧʦʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ: 

ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʭ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ [2]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʫʯʘʩʪʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʪʠʧʦʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʚʝʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʥʝʨʘʜʠʢʘʣʴʥʦ-ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʄʄɸ) ʠ ʩʪʠʨʦʣʘ (ʉʪ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʦʤʦ- ʠ ʩʦʧʦʣʠʤʝʨʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʠʩʪʝʤʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ (ʄʂ) ï ʧʝʨʦʢʩʠʜ ʙʝʥʟʦʠʣʘ (ʇɹ) ʩ 

ʮʝʣʴʶ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʄʂ. ɹʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʦʩʪ-ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʉʪ ʥʘ 

ʩʦʧʦʣʠʤʝʨʘʭ ʉʪ-ʘʢʨʠʣʦʥʠʪʨʠʣ (ɸʅ) ʠ ʩʦʧʦʣʠʤʝʨʘʭ ʥ-ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ɹʄɸ)-ʉʪ 

ʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʷʤ ʩ ʧʦʩʪ-ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʉʪ ʥʘ 

ʛʦʤʦʧʦʣʠʤʝʨʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʧʦʣʠʤʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʠʩʪʝʤʝ ʄʂïʇɹ 

ʩʧʦʩʦʙʥʳ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʶ Cʪ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘ 

ʩʦʧʦʣʠʤʝʨʘʭ ʚʳʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘ ʛʦʤʦʧʦʣʠʤʝʨʘʭ. ɼʘʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʚ ʩʦʧʦʣʠʤʝʨʘʭ ʜʚʫʭ ʪʠʧʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ ʠ ʚʳʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʦʧʦʣʠʤʝʨʳ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ɹʄɸ-ʉʪ, ʉʪ-ɸʅ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʞʝʣʝʟʘ, ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʧʦʣʠʤʝʨʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʧʦʩʪ-(ʩʦ)ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ ʚ ʫʩʣʦʚʠʷʭ, ʠʩʢʣʶʯʘʶʱʠʭ ʧʨʦʪʝʢʘʥʠʝ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ  ʛʠʜʨʦʭʠʥʦʥʘ). 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʩʪʦʚʝʨʥʦ ʜʦʢʘʟʳʚʘʝʪ 

ʬʘʢʪ ʧʝʨʝʭʦʜʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʨʦʩʪʘ ʮʝʧʝʡ 

ʜʨʫʛ ʚ ʜʨʫʛʘ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʢʘʣʴʥʦ-ʠʥʠʮʠʠʨʫʝʤʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʠʥʠʣʦʚʳʭ 

ʤʦʥʦʤʝʨʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʯʠʩʪʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʧʦʩʪ-(ʩʦ)ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Yumagulova R.Kh., Kolesov S.V., Monakov Yu.B. // Russian Journal of Applied 

Chemistry. 2005. Vol. 78. ˉ 2. P. 291-294. 

[2] ʂʦʣʝʩʦʚ ʉ.ɺ. ʉʠʛʘʝʚʘ ʅ.ʅ., ɻʣʫʭʦʚ ɽ.ɸ. ʠ ʜʨ. // ʋʩʧʝʭʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. 2016. ˉ 3. ʉ. 33ï38.  
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ʊʠʦʫʨʦʥʠʝʚʳʝ ʩʦʣʠ ʪʠʦʛʣʠʢʦʣʴʫʨʠʣʦʚ ʚ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦ[4,5-d]ʠʤʠʜʘʟʦʣʘ 

 

ɻʘʣʦʯʢʠʥ ɸ.ɸ.1, ʂʦʩʦʣʘʧʦʚʘ ʂ.ɸ.2, ɹʘʨʘʥʦʚ ɺ.ɺ.1, ʂʨʘʚʯʝʥʢʦ ɸ.ʅ.1 

1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: 89163421033@mail.ru 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʛʣʠʢʦʣʴʫʨʠʣʦʚ, ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʘʥʘʣʦʛʦʚ. ɺʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʤʫ ʢʣʘʩʩʫ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ 

ʙʠʮʠʢʣʦʚ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦ[4,5-d]ʠʤʠʜʘʟʦʣʘ ʩ 

ʩʝʣʝʥʦʤʦʯʝʚʠʥʥʳʤʠ, ʛʫʘʥʠʜʠʥʦʚʳʤʠ ʠ ʦʢʩʠʥʜʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʪʠʦʛʣʠʢʦʣʴʫʨʠʣʦʚ ʠ ʠʭ ʪʠʦʫʨʦʥʠʝʚʳʭ ʩʦʣʝʡ (ʨʠʩ. 1) ʠ ʠʟʫʯʝʥʠʝ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 
ʈʠʩ. 1 ʇʨʠʤʝʥʝʥʠʝ ʪʠʦʫʨʦʥʠʝʚʳʭ ʩʦʣʝʡ ʚ ʩʠʥʪʝʟʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦ[4,5-d]ʠʤʠʜʘʟʦʣʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 81 ʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ,  

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʛʠʙʨʠʜʥʳʝ ʤʦʣʝʢʫʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʛʣʠʢʦʣʴʫʨʠʣʴʥʳʡ ʠ 

ʠʟʘʪʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ, ʠʤʠʥʦʛʣʠʢʦʣʴʫʨʠʣʳ, ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʟʠʥʦʚʳʡ 

ʬʨʘʛʤʝʥʪ, ʩʝʣʝʥʦ- ʠ ʪʠʦʩʝʣʝʥʦʛʣʠʢʦʣʴʫʨʠʣʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ, ʧʦʩʣʝʜʥʠʝ ʧʨʦʷʚʠʣʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ (ʠʥʛʠʙʠʨʫʶʪ ʨʦʩʪ ʙʘʢʪʝʨʠʡ 

Staphylococcus aureus) ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ (ʛʨʠʙʢʠ Candida albicans ʠ 

Cryptococcus neoformans var. Grubii) ʘʢʪʠʚʥʦʩʪʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-

23-00769,  https://rscf.ru/project/22-23-00769/ 
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ʌʦʪʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʘʤʠʥʦʬʝʥʦʢʩʘʟʠʥʦʥʦʚ 

 

ɻʠʨʠʯʝʚʘ ʄ.ɸ., ɹʫʜʨʫʝʚ ɸ.ɺ., ʇʦʢʨʦʚʩʢʘʷ ɸ.ɺ., ʅʘʫʤʦʚʘ ɸ.ʉ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʀ.ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: m.a.giricheva@gmail.com 

 

ʇʨʦʠʟʚʦʜʥʳʝ 2-ʘʤʠʥʦ-3ʅ-ʬʝʥʦʢʩʘʟʠʥ-3-ʦʥʘ ʦʙʥʘʨʫʞʝʥʳ ʚ ʥʝʢʦʪʦʨʳʭ 

ʤʝʪʘʙʦʣʠʪʘʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 2-ʘʤʠʥʦʬʝʥʦʣʘ. ʉʭʝʤʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʬʝʥʦʢʩʘʟʠʥʦʚ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʷʩʥʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ  

ɸʢʪʠʥʦʤʠʮʠʥʘ D [1], ʠʥʛʠʙʠʨʫʶʱʝʛʦ ɼʅʂ-ʟʘʚʠʩʠʤʫʶ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʫ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʠ ʂʚʝʩʪʠʦʤʠʮʠʥʘ ɸ [2], ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʛʠʙʝʣʴ ʢʣʝʪʦʢ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ, ʟʘ ʩʯʝʪ ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʘ GRP78. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʘʭ ʜʝʡʩʪʚʠʷ ʬʝʥʦʢʩʘʟʠʥʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʜʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠʭ ʩʠʥʪʝʟʘ. ʇʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʟʘʤʝʱʸʥʥʳʭ ʬʝʥʦʢʩʘʟʠʥʦʥʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʦʢʠʩʣʝʥʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 

2-ʘʤʠʥʦʬʝʥʦʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ʤʝʜʠ(II) ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 4,6- ʠʣʠ 1,9- 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʬʝʥʦʢʩʘʟʠʥʦʥʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ ʘʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ 2-ʘʤʠʥʦ-3ʅ-

ʬʝʥʦʢʩʘʟʠʥ-3-ʦʥʦʚ, ʪʝʤ ʩʘʤʳʤ ʨʘʩʰʠʨʷʷ ʢʨʫʛ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 2-ʘʤʠʥʦ-3ʅ-ʬʝʥʦʢʩʘʟʠʥ-3-ʦʥʘ ʠ 

2-ʘʤʠʥʦ-8-ʥʠʪʨʦ-3ʅ-ʬʝʥʦʢʩʘʟʠʥ-3-ʦʥʘ 3 ʬʦʪʦʠʥʠʮʠʠʨʫʝʤʦʡ ʨʝʘʢʮʠʝʡ 2-

ʘʟʠʜʦʬʝʥʦʣʘ 2 ʩ 2-ʘʤʠʥʦʬʝʥʦʣʦʤ 1ʘ ʠ 4-ʥʠʪʨʦ-2-ʘʤʠʥʦʬʝʥʦʣʦʤ 1b. ʂʨʘʩʥʦ-

ʯʸʨʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ 3 ʚʳʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Hollstein U. //Chemical Reviews. 1974. V. 74. ˉ. 6. P. 625-652. 

[2] Machihara K., Tanaka H., Hayashi Y., ey al. // Biochemical and biophysical 

research communications. 2017. ʊ. 492. ̄ . 1. ʉ. 33-40. 
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ʉʠʥʪʝʟ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚʠʩʤʫʪʘ ʩ ʧʦʣʠʚʠʥʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʩ 

ʄʄ = 10000 

 

ɻʦʨʢʫʰʘ ɻ.ɺ.1, ɹʦʨʦʚʠʢʦʚʘ ʃ.ʅ.2, ɻʘʨʢʫʰʠʥʘ ʀ.ʉ.2 

1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ  

(ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ, ʉʘʥʢʪ ïʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: irin -g16@yandex.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʷʭ. ʅʘʥʦʯʘʩʪʠʮʳ ʚʠʩʤʫʪʘ (ʅʏ-Bi) ʷʚʣʷʶʪʩʷ ʥʦʣʴ-

ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʣʦʠʜʘʤʠ ʠ ʦʙʣʘʜʘʶʪ ʩʦʙʩʪʚʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ - 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ, ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ. ʎʝʣʴ ʨʘʙʦʪʳ - ʩʠʥʪʝʟ 

ʥʘʥʦʯʘʩʪʠʮ ʚʠʩʤʫʪʘ (ʅʏ-Bi), ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʇɺʉ ʄʄ=10000, ʠ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ UV-vis ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʅʏ-Bi ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʭʦʜʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ: 

2Bi(NO3)3 + 6NaBH4 + 18H2O = 2Bi + 6NaNO3 + 6B(OH)3 + 21H2ŷ 

ʉʠʥʪʝʟ ʠ ʩʪʘʙʠʣʠʟʘʮʠʶ Bi-ʅʏ ʧʨʦʚʦʜʠʣʠ ʚ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ: ʢ ʪʨʝʤ 

ʨʘʩʪʚʦʨʘʤ ʇɺʉ ʉʇɺʉ=1.37Ŀ10
-4 ʤʦʣʴ/ʣ ʜʦʙʘʚʣʷʣʠ Bi(NO3)3 ʉBi=1; 0.1; 0.01 

ʤʤʦʣʴ/ʣ, ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʨʘʩʪʚʦʨʳ ʘʨʛʦʥ ʜʣʷ ʚʳʪʝʩʥʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʟʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ NaBH4. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘʥʦʯʘʩʪʠʮ ʚʠʩʤʫʪʘ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʤ (Bi-ʇɺʉ 10000), ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ UV-vis 

ʩʧʝʢʪʨʦʤʝʪʨʝ Shimadzu UV-1900i (ʈʠʩ. 1). 

 
ʈʠʩ 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤ Bi-ʇɺC ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʉʇɺʉ = 1.37Ŀ10
-4 ʤʦʣʴ/ʣ): 1- ʉBi = 0.01 ʤʤʦʣʴ/ʣ; 2 - ʉBi = 0.1 ʤʤʦʣʴ/ʣ; 3 - ʉBi =1 

ʤʤʦʣʴ/ʣ (ʩʧʝʢʪʨ ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ UV-vis-

ʩʧʝʢʪʨʦʤʝʪʨʝ ʥʘʥʦʯʘʩʪʠʮʳ ʚʠʩʤʫʪʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʣʠʚʠʥʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 270 ʠ 370 ʥʤ ʥʘ ʩʧʝʢʪʨʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʘʣʠʯʠʠ ʚ ʨʘʩʪʚʦʨʝ ʥʘʥʦʯʘʩʪʠʮ ʚʠʩʤʫʪʘ. 
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ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʪʝʟ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʯʥʦ 

ʛʠʜʨʠʨʦʚʘʥʥʳʭ ʥʠʢʦʪʠʥʦʥʠʪʨʠʣʦʚ 

 

ɼʷʯʝʥʢʦ ʀ.ɺ., ɹʦʨʦʜʠʥʘ ɽ.ɸ., ʅʝʯʠʧʦʨʝʥʢʦ ʖ.ɺ., ʗʩʠʥʩʢʘʷ ɸ.ɸ. 

ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʃʫʛʘʥʩʢ, ʋʢʨʘʠʥʘ 

E-mail: ivladya87@mail.ru 

 

ʀʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤ ʨʝʘʢʮʠʷʤ ʦʙʫʩʣʦʚʣʝʥ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʪʤʝʪʠʤ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʡ, ʜʦʩʪʫʧʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʧʨʦʩʪʦʪʫ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ 

ʠ ʧʨʠʝʤʣʝʤʳʝ ʚʳʭʦʜʳ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ [1, 2].  

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʤʫ ʥʘʫʯʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ [3] ʥʘʤʠ 

ʠʟʫʯʝʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʠʩʣʦʪʳ ʄʝʣʴʜʨʫʤʘ 1, 

ʮʠʘʥʦʪʠʦʘʮʝʪʘʤʠʜʘ 2, ʘʣʴʜʝʛʠʜʦʚ 3 ʠ N-ʤʝʪʠʣʤʦʨʬʦʣʠʥʘ. ʆʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʵʪʘʥʦʣʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʩʦʣʠ 4, ʘʣʢʠʣʠʨʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʪʠʦ(ʩʝʣʝʥʦ)ʵʬʠʨʘʤ 5. ʅʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʥʠʭ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʝ ʥʠʢʦʪʠʥʦʥʠʪʨʠʣʳ 6 ʠ 7. 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ 4-7 ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ-, ʗʄʈ1ʅ ʠ 
13ʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʘ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ʊʠʪʮʝ ʃ., ɹʨʘʰʝ ɻ., ɻʝʨʠʢʝ ʂ. // ɼʦʤʠʥʦ-ʨʝʘʢʮʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ʄ.: 

ɹʀʅʆʄ. ʃʘʙʦʨʘʪʦʨʠʷ ʟʥʘʥʠʡ. 2010. 671 ʩ. 

[2] ʅʝʥʘʡʜʝʥʢʦ ɺ.ɻ. // ʋʩʧʝʭʠ ʭʠʤʠʠ. 2020. ʊ. 89. ʉ. 1274-1336. 

[3] ɼʷʯʝʥʢʦ ʀ.ɺ. // ɾʫʨʥʘʣ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 2015. ʊ. 51. ʉ. 1614-1616. 
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ʉʠʥʪʝʟ ʠ ʦʧʨʝʜʝʣʝʥʠʝ pH-ʧʝʨʝʭʦʜʦʚ ʘʟʦʢʨʘʩʠʪʝʣʝʡ 

 

ɾʝʣʝʟʥʦʚʘ ɸ.ɻ.1, ʂʠʧʝʣʢʠʥ ɽ.ɺ.2 

1 ʅʘʫʯʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ çʐʢʦʣʘ ʶʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷè, ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ 

ʬʠʟʠʢʠ ʈɸʅ, ɸʅʆ ɼʆ çɸʢʘʜʝʤ ʢʣʫʙè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2 ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: anna.zheleznova.07@mail.ru 

 

ɸʟʦʩʦʝʜʠʥʝʥʠʷʤʠ ʥʘʟʳʚʘʶʪ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʘʟʦʛʨʫʧʧʫ -N=N-, 

ʩʚʷʟʘʥʥʫʶ ʩ ʜʚʫʤʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʜʠʢʘʣʘʤʠ. ʆʩʥʦʚʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʘʟʦʩʦʝʜʠʥʝʥʠʡ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʯʝʪʳʨʝʭ ʥʦʚʳʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʠʥʜʠʢʘʪʦʨʦʚ, ʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ pH-ʧʝʨʝʭʦʜʘʭ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʊʘʢʞʝ ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʟʘʤʝʩʪʠʪʝʣʠ, ʠʤʝʶʱʠʝ 

ʦʨʪʦ-ʭʠʥʦʠʜʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ, ʦʢʨʘʰʠʚʘʣʠʩʴ ʚ ʢʨʘʩʥʳʡ ʠʣʠ ʢʨʘʩʥʦ-

ʦʨʘʥʞʝʚʳʡ, ʩʘʤ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʣ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ; ʟʘʤʝʩʪʠʪʝʣʠ, ʠʤʝʶʱʠʝ 

ʧʘʨʘ-ʭʠʥʦʠʜʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ, ʦʢʨʘʰʠʚʘʣʠʩʴ ʚ ʞʝʣʪʳʡ ʠʣʠ ʞʝʣʪʦ-

ʦʨʘʥʞʝʚʳʡ, ʩʘʤ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʣ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ɼʣʷ ʩʠʥʪʝʟʘ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʝʱʝʩʪʚ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʘʢʮʠʠ ʘʟʦʩʦʯʝʪʘʥʠʷ - ʨʝʘʢʮʠʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʩʦʣʠ 

ʜʠʘʟʦʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʩʦʜʝʨʞʘʱʠʤʠ ʩʧʦʩʦʙʥʳʡ ʟʘʤʝʱʘʪʴʩʷ ʘʪʦʤ 

ʚʦʜʦʨʦʜʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ, ʚʝʱʝʩʪʚʘʤʠ. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʨʝʘʢʮʠʠ ʘʟʦʩʦʯʝʪʘʥʠʷ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʦʤ  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ pH ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʭʠʤʠʯʝʩʢʠʭ ʩʪʘʢʘʥʘ ʥʘ 100 

ʤʣ, ʚ ʢʦʪʦʨʳʝ ʟʘʨʘʥʝʝ ʧʦʤʝʩʪʠʣʠ ʘʤʤʠʘʯʥʳʡ ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ ʠ ʜʦʙʘʚʠʣʠ 

ʨʘʩʪʚʦʨ ʠʥʜʠʢʘʪʦʨʘ. ɺ ʦʜʠʥ ʨʘʩʪʚʦʨ ʜʦʙʘʚʠʣʠ ʠʟʙʳʪʦʢ ʢʠʩʣʦʪʳ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ 

ʨʘʩʪʚʦʨ ʩʨʘʚʥʝʥʠʷ. ɺ ʜʨʫʛʦʡ ʨʘʩʪʚʦʨ ʧʦʤʝʩʪʠʣʠ ʨʅ - ɻ ʣʝʢʪʨʦʜ ʠ ʷʢʦʨʴ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʠ (ʜʣʷ ʣʫʯʰʝʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ), ʤʘʣʳʤʠ ʧʦʨʮʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʙʶʨʝʪʢʠ 

ʧʨʠʢʘʧʳʚʘʣʠ ʨʘʩʪʚʦʨ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʚʠʟʫʘʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ 

ʦʢʨʘʩʢʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʥʪʝʨʚʘʣʘ pH-ʧʝʨʝʭʦʜʘ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʤʳ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

Å 4-(2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʠʣʘʟʦ)ʙʝʥʟʦʣ ï ʩ 11,3 ʜʦ 9,5;  

Å 4-ʛʠʜʨʦʢʩʠʘʟʦʙʝʥʟʦʣ ï ʩ 6,5 ʜʦ 3,4;  

Å 1-(1-ʭʣʦʨ-3-ʬʝʥʠʣʘʟʦ)-2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʣ ï ʩ 11,0 ʜʦ 7,6;  

Å 4-(2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʠʣʘʟʦ)ʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ ï ʩ 11,5 ʜʦ 8.  

ʊʘʢʞʝ ʤʳ ʧʦʜʪʚʝʨʜʠʣʠ ʛʠʧʦʪʝʟʫ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʮʚʝʪʘ ʠ ʪʦʛʦ, ʚ ʢʘʢʦʡ ʩʨʝʜʝ 

ʧʨʦʠʩʭʦʜʠʪ pH-ʧʝʨʝʭʦʜ ʦʪ ʩʪʨʦʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʨʘʩʰʠʨʠʪʴ ʘʨʩʝʥʘʣ ʘʟʦʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. 
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ʉʠʥʪʝʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʦ-ʭʠʥʦʥʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ 

ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ɾʝʨʝʙʮʦʚ ʄ.ɸ.1,2 , ɸʨʩʝʥʴʝʚ ʄ.ɺ.1,2, ʏʝʩʥʦʢʦʚ ʉ.ɸ.1, ʏʝʨʢʘʩʦʚ ɺ.ʂ.1,2 
1ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: maxzen3108@mail.ru 

 

ʇʠʨʦʢʘʪʝʭʠʥʳ ʠ ʦ-ʭʠʥʦʥʳ ʩʦʩʪʘʚʣʷʶʪ ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʢʣʘʩʩʦʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʤʝʪʘʙʦʣʠʟʤʝ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʂ ʢʣʘʩʩʫ ʧʠʨʦʢʘʪʝʭʠʥʦʚ ʦʪʥʦʩʷʪʩʷ 

ʢʘʪʝʭʦʣʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʇʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ 

ʩʫʙʩʪʨʘʪʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ [1], ʣʠʛʘʥʜʦʚ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ [2], ʘ ʪʘʢʞʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [3]. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʩʦʜʝʨʞʠʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʢʘʪʝʭʦʣʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʥʝ ʠʤʝʶʱʠʭ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʚ ʙʝʥʟʦʣʴʥʦʤ 

ʢʦʣʴʮʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʩʪʘʙʠʣʠʟʠʨʫʝʪ 

ʦʢʠʩʣʝʥʥʫʶ ʬʦʨʤʫ ʧʠʨʦʢʘʪʝʭʠʥʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʫʩʪʦʡʯʠʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʦ-

ʭʠʥʦʥʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʠ ʥʝʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ.  

 
ʉʪʘʨʪʦʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʢʠʩʣʦʪʳ ʷʚʣʷʣʩʷ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʡ 

3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-33-90062. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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[3] Reis B., Martins M., Barreto B., et al. // J. Agric. Food. Chem. 2010. V. 58. P. 6986-

6993. 
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ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʥʦʚʳʭ ʙʠʦʘʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 1,2,4-ʪʠʘʜʠʘʟʦʣʘ: 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ  
 

ɾʠʨʦʚʘ ɽ.ɼ.   

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

 ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: zhirowaekaterina@yandex.ru 
 

ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʧʘʪʦʣʦʛʠʡ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʚʠʪʩʷ 

ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʪʘʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 5 ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʤʠʥʦ-3-(2-ʘʤʠʥʦʧʨʦʧʠʣ)-1,2,4-ʪʠʘʜʠʘʟʦʣʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ (ʨʠʩ. 1), ʦʙʣʘʜʘʶʱʠʝ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʳʤ ʜʝʡʩʪʚʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʠʣ- (I) ʮʠʢʣʦʛʝʢʩʠʣ- (II) ʠ ʮʠʢʣʦʛʝʧʪʠʣ 

(III), ʤʝʪʦʢʩʠʬʝʥʠʣ- (IV), ʪʝʪʨʘʤʝʪʠʣ-4-ʧʠʧʝʨʠʜʠʥ (V). ʂʣʶʯʝʚʳʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʪʙʦʨʘ ʩʦʝʜʠʥʝʥʠʡ ʣʠʜʝʨʦʚ ʜʣʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ in 

vivo ʪʝʩʪʦʚ ʥʘ ʩʪʘʜʠʠ in vitro ʷʚʣʷʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʦʜʠʘʟʦʣʘ 

ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: ʙʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ (ʨʅ 2.0 ʠ 7.4), 

ʛʝʢʩʘʥ ʠ 1-ʦʢʪʘʥʦʣ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 1.2.4-ʪʠʘʜʠʘʟʦʣʘ 

ʄʝʪʦʜʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʩʳʱʝʥʠʷ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

293.15 ï 313.15 ʂ. ʀʩʩʣʝʜʫʝʤʳʝ ʙʠʦʘʢʪʠʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 1,2,4-ʪʠʘʜʠʘʟʦʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʘʭ (1.46-27.5)Ŀ10-4 ʠ ʛʝʢʩʘʥʝ 

(0.17-15.2)Ŀ10-4 ʠ ʩʣʘʙʦʨʘʩʪʚʦʨʠʤʳ ʚ ʦʢʪʘʥʦʣʝ (2.84-22.2)Ŀ10-2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚ ʨʷʜʫ ʠʟʫʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʘʜʠʘʟʦʣʦʚ ʣʫʯʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʦ ʚʩʝʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʦʙʣʘʜʘʝʪ ʩʦʝʜʠʥʝʥʠʝ I c ʤʝʪʠʣ-ʟʘʤʝʩʪʠʪʝʣʝʤ. ʇʨʦʠʟʚʦʜʥʳʝ II ï V 

c ʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚʳʟʳʚʘʶʪ ʩʪʝʨʠʯʝʩʢʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʟʘ ʩʯʝʪ ʦʙʲʝʤʥʦʡ 

ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ɺr ʷʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʨʅ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʟʥʘʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʙʠʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ 

ʤʦʣʝʢʫʣʳ ʚʝʱʝʩʪʚ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʦʜʝʣʴʥʳʭ 

ʙʫʬʝʨʘʭ. ʈʘʩʩʯʠʪʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʨʘʩʪʚʦʨʝʥʠʷ 

ʙʠʦʘʢʪʠʚʥʳʭ ʪʠʘʜʠʘʟʦʣʦʚ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʚʳʷʚʣʝʥʳ ʜʚʠʞʫʱʠʝ 

ʩʠʣʳ ʧʨʦʮʝʩʩʦʚ ʨʘʩʪʚʦʨʝʥʠʷ. 
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ɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʠʥʢʠʥʘʟ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ PI3K-AKT -mTOR 

 

ɿʘʧʝʚʘʣʦʚʘ ʄ.ɺ., ʌʦʥʘʨʸʚʘ ʀ.ʇ., ʑʝʛʨʘʚʠʥʘ ɽ.ʉ., ʌʝʜʦʨʦʚ ɸ.ʖ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

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

 

ʆʜʥʦʡ ʠʟ ʦʥʢʦʛʝʥʥʳʭ ʤʫʪʘʮʠʡ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ 

ʤʝʪʘʙʦʣʠʟʤʘ, ʯʪʦ ʜʘʝʪ ʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʥʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʦʤ ɺʘʨʙʫʨʛʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʛʣʫʙʦʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʵʬʬʝʢʪʦʤ ɺʘʨʙʫʨʛʘ ʠ ʩʠʛʥʘʣʴʥʳʤ ʢʘʩʢʘʜʦʤ PI3K-AKT-mTOR. ʇʦʵʪʦʤʫ ʙʝʣʢʠ-

ʢʠʥʘʟʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʵʪʦʪ ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ ʠ ʨʝʛʫʣʠʨʫʶʱʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʢʣʝʪʦʯʥʳʝ ʬʫʥʢʮʠʠ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʣʘʩʩʦʤ 

ʤʠʰʝʥʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʛʝʥʪʦʚ ʭʠʤʠʦʪʝʨʘʧʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʭʠʥʘʟʦʣʠʥʘ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʠʥʛʠʙʠʪʦʨ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ PI3K-AKT-mTOR. 

ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʠʟʘʡʥ ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʘ ʩʭʝʤʘ ʝʛʦ 

ʩʠʥʪʝʟʘ ʠʟ 4-ʙʨʦʤʦ-2-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʩʪʘʜʠʠ (ʈʠʩ. 1).  

ʈʠʩ 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ PI3K-AKT-mTOR 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʣʫʯʝʥ ʨʷʜ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʷʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠ ʩʧʝʢʪʨʘʤ MALDI. ʇʨʝʜʩʪʦʠʪ ʧʨʦʚʝʜʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʂʦʤʧʣʝʢʩʳ ʢʘʣʴʮʠʷ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤ ʠʤʠʥʦʢʝʪʦʥʦʚʳʤ ʣʠʛʘʥʜʦʤ 
dpp-MIAN ʠ ʠʭ ʨʝʘʢʮʠʠ ʩ ʘʮʝʪʠʣʝʥʦʤ ʠ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ  

 
ɿʚʝʨʝʚʘ ʖ.ɺ.1, ʃʫʢʦʷʥʦʚ ɸ.ʅ.2 

1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

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

E-mail: ivanefremov19112@gmail.com 
 

ʉʧʦʩʦʙʥʦʩʪʴ dpp-MIAN (2,6-(ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʦʥ) 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʤʝʪʘʣʣʘʤʠ ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʩ 

ʤʘʛʥʠʝʤ ʚ 2015 ʛʦʜʫ [1]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ dpp-MIAN 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʛʘʣʣʠʝʤ [2] ʠ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ [3]. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ dpp-MIAN ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ [(dpp-MIAN)Ca(thf)]4 

(1) ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʣʴʮʠʝʤ ʠʣʠ ʥʘʬʪʘʣʝʥʠʜʦʤ ʢʘʣʴʮʠʷ. ɺ 

ʩʦʝʜʠʥʝʥʠʠ 1 ʣʠʛʘʥʜ dpp-MIAN ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʘʥʠʦʥ. ʈʝʘʢʮʠʷ ʢʦʤʧʣʝʢʩʘ 

1 ʩ ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʦʤ dpp-MIAN ʜʘʝʪ ʩʦʝʜʠʥʝʥʠʝ [([(dpp-MIAN) 3Ca]2Ca (2), 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʰʝʩʪʴ dpp-MIAN -ʣʠʛʘʥʜʘ ʷʚʣʷʶʪʩʷ ʤʦʥʦʘʥʠʦʥʘʤʠ (ʉʭʝʤʘ 1). 

dpp-MIAN
ʊɻʌ

 +Ca/Ca(C10H8)
1/4 [(dpp-MIAN)Ca(THF)]4 1/3 [(dpp-MIAN)6Ca3]4

ʊɻʌ

+ dpp-MIAN

1 2  
ʉʭʝʤʘ 1. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ dpp-MIAN ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʣʴʮʠʝʤ ʠ ʦʢʠʩʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 1 dpp-

MIAN ʣʠʛʘʥʜʦʤ. 

ʂʦʤʧʣʝʢʩ 1 ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʩ ʘʮʝʪʠʣʝʥʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʠʩʭʦʜʠʪ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʮʝʪʠʣʝʥʦʚ ʢ ʤʝʪʘʣʣʦʮʠʢʣʫ ʢʦʤʧʣʝʢʩʘ 1. ʇʨʠ 

ʛʠʜʨʦʣʠʟʝ ʧʨʦʜʫʢʪʦʚ ʚʳʜʝʣʷʝʪʩʷ ʘʜʜʫʢʪ ʘʮʝʪʠʣʝʥʘ ʢ dpp-MIAN (ʉʭʝʤʘ 2). 
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Ar = 2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ, R = H, Ph

+ H2O

- Ca(OH)2

 
ʉʭʝʤʘ 2. ʈʝʘʢʮʠʷ ʢʦʤʧʣʝʢʩʘ 1 ʩ ʘʮʝʪʠʣʝʥʦʤ ʠ ʬʝʥʠʣʘʮʝʪʠʝʣʥʦʤ ʠ ʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʘ 

ʛʠʜʨʦʣʠʟʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ˉ 20-03-00659). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
[1] Razborov D. A., Lukoyanov A. N., Baranov E. V., Fedushkin I. L. // Dalton 
Trans. 2015. V. 44. Article 20532. 
[2] Razborov D.A., Lukoyanov A.N., Moskalev M.V., et al. // Russ. J. Coord. 
Chem. 2016. V. 44. ̄  6. P. 380-387. 
[3] Lukoyanov A.N., Ulivanova E.A., Razborov D.A., et al. // Chem. Eur. J. 2019. 
V. 25. P. 3858-3866. 
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ʈʝʘʢʮʠʠ ʘʮʝʥʘʬʪʝʥʜʠʠʤʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʪʪʝʨʙʠʷ ʩ ʘʟʠʜʘʤʠ, 
ʬʝʥʠʣʠʟʦʮʠʘʥʘʪʦʤ, 1,2-ʜʠʙʝʥʟʠʣʠʜʝʥʛʠʜʨʘʟʠʥʦʤ ʠ ʘʤʤʠʘʢʦʤ 

 
ɿʝʤʥʶʢʦʚʘ ʄ.ʅ., ɼʦʜʦʥʦʚ ɺ.ɸ., ʌʝʜʶʰʢʠʥ ʀ.ʃ. 

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

E-mail: dodonov@iomc.ras.ru 
 

ʈʝʜʦʢʩ-ʘʢʪʠʚʥʳʡ ʣʠʛʘʥʜ dpp-bian (1,2-ʙʠʩ[(2,6-

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʥʦ]ʘʮʝʥʘʬʪʝʥ ʦʙʨʘʟʫʝʪ ʫʥʠʢʘʣʴʥʳʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʩ 

ʣʘʥʪʘʥʦʠʜʘʤʠ. ʊʘʢ, ʢʦʤʧʣʝʢʩ [(dpp-bian)Yb(ɛ-Cl)(DME)2]2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʧʨʦʷʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʠʠ ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʢʦʤʧʣʝʢʩʝ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ [1]. ʇʦʵʪʦʤʫ ʙʳʣʦ 

ʨʝʰʝʥʦ ʠʟʫʯʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ [(dpp-bian)Yb(DME)2] (1) 

ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʢʦʤʧʣʝʢʩʘ 1 c ʪʨʠʤʝʪʠʣʩʠʣʠʣʘʟʠʜʦʤ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʦʛʦ 

ʛʝʢʩʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 2, ʢʦʪʦʨʳʡ ʙʳʣ ʚʦʩʧʨʦʠʟʚʝʜʝʥ ʧʦ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ 

ʡʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 1 ʩ ʘʟʠʜʦʤ ʥʘʪʨʠʷ. ʈʝʘʢʮʠʷ ʧʨʦʭʦʜʠʣʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 3, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʧʦʣʠʤʝʨ, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ ʠʪʪʝʨʙʠʷ ʠ ʥʘʪʨʠʷ ʩʦʝʜʠʥʝʥʳ ʘʟʠʜʥʳʤʠ 

ʛʨʫʧʧʠʨʦʚʢʘʤʠ. ʈʝʘʢʮʠʷ ʩ ʬʝʥʠʣʘʟʠʜʦʤ ʧʨʦʪʝʢʘʣʘ ʠʥʘʯʝ: ʧʨʦʠʩʭʦʜʠʣʦ 

ʚʳʜʝʣʝʥʠʝ ʘʟʦʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 4. ʈʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ 1 ʩ 

ʬʝʥʠʣʠʟʦʮʠʘʥʘʪʦʤ ʠ 1,2-ʜʠʙʝʥʟʠʣʠʜʝʥʛʠʜʨʘʟʠʥʦʤ ʧʨʠʚʦʜʠʣʠ ʢ ʜʠʤʝʨʠʟʘʮʠʠ 

ʩʫʙʩʪʨʘʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ CïC ʩʚʷʟʝʡ (ʢʦʤʧʣʝʢʩʳ 5 ʠ 6). ʂʦʤʧʣʝʢʩ 1 

ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 7. 

 
ʉʭʝʤʘ 1. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ [(dpp-bian)Yb(DME)2] 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ˉ ʄʂ-

643.2020.3. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Fedushkin I.L., Lukina D.A. // Chem. Commun. 2018. V. 54. P. 12950-12953. 
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ʅʦʚʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʢʦʤʧʣʝʢʩʘʤ ʨʫʪʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʠʜʦ-ʉ2ɺ9 

ʢʘʨʙʦʨʘʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. 

 

ɿʠʤʠʥʘ ɸ.ʄ., ɻʨʠʰʠʥ ʀ.ɼ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ.ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: asya669pn@gmail.com 

 

ʂʘʨʙʦʨʘʥʦʚʳʝ ʢʣʘʩʪʝʨʳ ʨʫʪʝʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʙʣʠʟʢʠʤʠ ʘʥʘʣʦʛʘʤʠ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʥʝʢʣʘʩʩʠʯʝʩʢʠʤ 

ʩʪʨʦʝʥʠʝʤ ʩ ʧʦʣʠʮʝʥʪʨʦʚʳʤʠ ʩʚʷʟʷʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʧʦʪʝʥʮʠʘʣ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, 

ʤʝʜʠʮʠʥʳ ʠ ʢʘʪʘʣʠʟʘ. ɺ ʭʦʜʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʢʣʦʟʦ-ʢʘʨʙʦʨʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ (II), ʩʦʜʝʨʞʘʱʠʝ ʣʘʙʠʣʴʥʳʝ 

ʥʠʪʨʠʣʴʥʳʝ ʣʠʛʘʥʜʳ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʪʠʤʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʭʣʦʨʦʚʦʜʦʨʦʜʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ (III) ʠ (IV). 

 

ʉʭʝʤʘ 1. ʂʣʦʟʦ-ʢʘʨʙʦʨʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ Ru 

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʢʣʦʟʦ-ʢʘʨʙʦʨʘʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ (II), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʨʦʩʪʦʪʦʡ ʠ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʣʫʯʝʥʳ ʨʫʪʝʥʘʢʘʨʙʦʨʘʥʳ, ʩʦʜʝʨʞʘʱʠʭ 

ʭʝʣʘʪʥʳʝ P-O-P-ʣʠʛʘʥʜʳ (XantPhos, NiXantPhos, dpePhos). ʉʠʥʪʝʟʠʨʦʚʘʥʳ  

ʢʦʤʧʣʝʢʩʳ Ru (III) ʠ (IV) ʩ ʘʣʢʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʥʠʞʥʝʤ ʧʦʷʩʝ  

ʢʘʨʙʦʨʘʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. ʇʨʦʚʝʜʸʥʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ Ru(II)-

Ru(III), ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʪʘʣʠʟʝ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ (ATRP).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (20-33-90074). 
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ʇʦʣʫʯʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮʘʭ 

 

ɿʫʝʚ ɼ.ʅ., ɸʧʨʷʪʠʥʘ ʂ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: z_u_e_v2020@mail.ru 

 

ɺʦʩʪʨʝʙʦʚʘʥʥʦʡ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʣʝʢʘʨʩʪʚ. ʇʨʝʧʘʨʘʪʳ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʧʣʘʪʠʥʳ ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʶʪʩʷ ʙʘʟʠʩʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʭʠʤʠʦʪʝʨʘʧʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʚʳʩʦʢʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʘʢʪʫʘʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʦʚ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʧʣʘʪʠʥʳ 

ʚ ʤʘʪʨʠʮʘʭ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʧʦʣʠʤʝʨʦʚ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʅʏ 

ʧʣʘʪʠʥʳ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʭʠʪʦʟʘʥʦʤ ʠ ʝʛʦ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘʤʠ ʩ 

ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʦʤ ʠ ʧʦʣʠʘʢʨʠʣʘʤʠʜʦʤ, ʫʩʪʦʡʯʠʚʳʭ ʧʨʠ pH ʩʨʝʜʳ 7-7,2, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʠ ʧʨʦʚʝʨʢʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʏ ʧʣʘʪʠʥʳ ʧʦʣʫʯʘʣʠ ʙʦʨʛʠʜʨʠʜʥʳʤ ʤʝʪʦʜʦʤ ʚ ʨʘʩʪʚʦʨʝ ʧʦʣʠʤʝʨʦʚ-

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. ʄʝʪʦʜʦʤ ʈʄʋ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʚ 

ʨʘʩʪʚʦʨʘʭ. ʅʘ ʨʠʩ. 1ʘ ʪʦʯʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ 

ʨʘʩʩʝʷʥʠʷ ʦʪ ʦʙʨʘʟʮʦʚ ʠ ʨʘʟʥʦʩʪʥʘʷ ʦʪ ʥʠʭ ʢʨʠʚʘʷ, ʠʟ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʣʦʩʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ DV(R) ʅʏ ʧʣʘʪʠʥʳ (ʨʠʩ. 1ʙ) ʧʦʦʙʲʝʤʘʤ, ʢʘʢ ʬʫʥʢʮʠʷ ʠʭ ʨʘʜʠʫʩʦʚ 

ï R. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʅʏ ʧʣʘʪʠʥʳ ʠʤʝʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʫʟʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʨʘʟʤʝʨʘʤ ʠ ʠʭ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ 1,4 ʥʤ. 

 
ʈʠʩ. 1. ʂʨʠʚʳʝ ʈʄʋ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ ʅʏ Pt ʚ ʨʘʩʪʚʦʨʝ ʭʠʪʦʟʘʥʘ, ʛʜʝ n1 ï ʅʏ Pt ʚ 

ʨʘʩʪʚʦʨʝ ʭʠʪʦʟʘʥʘ, n2- ʨʘʩʪʚʦʨ ʭʠʪʦʟʘʥʘ 

ʇʦʢʘʟʘʥʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʝ ʜʝʡʩʪʚʠʝ ʢʦʤʧʦʟʠʮʠʠ ʭʠʪʦʟʘʥ-ʅʏ ʧʣʘʪʠʥʳ ʚ 

ʦʧʳʪʘʭ in vivo ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. ʈʘʟʤʝʨ ʦʧʫʭʦʣʝʡ ʈʉ-1 ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʢʦʤʧʦʟʠʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʇʣʝʥʢʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮʳ ʧʣʘʪʠʥʳ, ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʠ ʠʩʭʦʜʥʳʤʠ 

ʧʦʣʠʤʝʨʘʤʠ. 
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ʌʣʦʢʫʣʷʥʪʳ-ʩʦʨʙʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʪʝʨʩʦʧʦʣʠʤʝʨʦʚ ʭʠʪʦʟʘʥʘ, ʘʢʨʠʣʘʤʠʜʘ ʠ 

ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʀʚʘʰʢʠʥʘ ʃ.ʅ., ʄʦʯʘʣʦʚʘ ɸ.ɽ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: kropotovalida@icloud.com 

 

ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʚʦʜʦʡ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʚ ʥʘʰʝ ʚʨʝʤʷ ʤʝʪʦʜʘʤʠ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ ʩʦʨʙʮʠʷ ʠ ʬʣʦʢʫʣʷʮʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʩʦʨʙʝʥʪʦʚ ʠ ʬʣʦʢʫʣʷʥʪʦʚ ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ 

ð ʭʠʪʦʟʘʥ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ: 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʦʪʩʫʪʩʪʚʠʝʤ ʪʦʢʩʠʯʥʦʩʪʠ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʙʮʠʦʥʥʦʡ ʠ ʬʣʦʢʫʣʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʪʨʦʡʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʭʠʪʦʟʘʥʘ-ʘʢʨʠʣʘʤʠʜʘ-ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ 

ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ʍʊɿ-ɸɸ-ɸʂNa).  

ʆʯʠʩʪʢʘ ʚʦʜʳ ʦʪ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ 

ʟʘʜʘʯʝʡ. ʉʦʨʙʮʠʶ ʢʘʪʠʦʥʦʚ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ ʧʨʦʚʦʜʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ, ʠʩʧʦʣʴʟʫʷ ʩʰʠʪʳʝ ʪʝʨʩʦʧʦʣʠʤʝʨ  r ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1 - ʈʝʟʫʣʴʪʘʪʳ ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʧʦʣʫʯʝʥʥʳʤʠ ʩʦʧʦʣʠʤʝʨʘʤʠ ʍʊɿ-ɸɸ-ɸʂNa 

% ʩʰʠʚʘʶʱʝʛʦ 

ʘʛʝʥʪʘ 

Fe2+, ʛ/(ʛ ʩʫʭʦʛʦ ʛʝʣʷ) Mn2+, ʛ/(ʛ ʩʫʭʦʛʦ ʛʝʣʷ) 

ʉʦʦʪʥʦʰʝʥʠʝ [ʍʊɿ]-[ɸɸ]-[ɸʂ]=1-3-0,5 ʦʩʥʦʚʦ-ʤʦʣʴ/ʤʦʣʴ/ʤʦʣʴ 

 1%  0,247 - 

ʉʦʦʪʥʦʰʝʥʠʝ [ʍʊɿ]-[ɸɸ]-[ɸʂ]=1-3-1 ʦʩʥʦʚʦ-ʤʦʣʴ/ʤʦʣʴ/ʤʦʣʴ 

1% 0,272 - 

ʉʦʦʪʥʦʰʝʥʠʝ [ʍʊɿ]-[ɸɸ]-[ɸʂ]=1-3-5 ʦʩʥʦʚʦ-ʤʦʣʴ/ʤʦʣʴ/ʤʦʣʴ 

1% 0,390 0,438 

 

ʌʣʦʢʫʣʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʦʧʦʣʠʤʝʨʘ ʩʦʩʪʘʚʘ [ʍʊɿ]-[ɸɸ]-[ɸʂ]=1:3:5 

ʦʩʥʦʚʦ-ʤʦʣʴ/ʤʦʣʴ/ʤʦʣʴ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ 1% ʜʠʩʧʝʨʩʠʠ ʢʘʦʣʠʥʘ ʚ ʚʦʜʝ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʝʨʩʦʧʦʣʠʤʝʨʘ 8Ĭ10-4 ʤʘʩʩ. 

%, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ (18,5Ĭ105) ʠ ʦʧʪʠʤʘʣʴʥʳʡ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ 26,8 ʤʘʩʩ. %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʬʣʦʢʫʣʷʥʪʦʚ ʠ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 
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ʈʦʣʴ ʉ-ʬʝʥʠʣ-N-ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʥʘ ʚ ʩʠʥʪʝʟʝ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʪʠʨʦʣʘ ʠ ʘʣʢʠʣʤʝʪʘʢʨʠʣʘʪʦʚ 

 

ʀʛʨʫʥʦʚʘ ʃ.ɸ., ʂʦʣʷʢʠʥʘ ɽ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: igrunova_lyubov27@mail.ru 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʫʥʠʢʘʣʴʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠʚʣʝʢʘʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʥʘʫʯʥʳʭ ʢʨʫʛʦʚ. ɿʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʚ ʠʭ ʩʪʨʫʢʪʫʨʫ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʩʦʟʜʘʥʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʦʣʦʩʪʝʡ, ʢʦʥʪʨʦʣʷ ʠʭ ʚʷʟʢʦʩʪʠ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʜʘʥʥʳʝ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʚ ʧʦʢʨʳʪʠʷʭ, ʚ ʜʦʩʪʘʚʢʝ ʣʝʢʘʨʩʪʚ 

ʠ ʛʝʥʦʚ, ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ, ʘ ʪʘʢʞʝ ʨʷʜʝ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ [1, 2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ 

ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʨʘʟʚʝʪʚʣʝʥʥʳʭ 

(ʩʦ)ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʢʨʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ ʠ ʩʪʠʨʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ ï ʉ-ʬʝʥʠʣ-N-ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʥʘ (ʌɹʅ) ʠ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʤʦʥʦʤʝʨʦʚ (ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ ʠ 

ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʠʤʝʪʘʢʨʠʣʘʪʘ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʥʠʪʨʦʥʘ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʪʘʢ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

(ʚʷʟʢʦʩʪʥʳʡ ʬʘʢʪʦʨ ɿʠʤʤʘ, ʢʘʞʫʱʘʷʩʷ ʧʣʦʪʥʦʩʪʴ, ʢʦʥʩʪʘʥʪʘ ʍʘʛʛʠʥʩʘ, 

ʚʷʟʢʦʩʪʥʳʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ) ʨʘʩʪʚʦʨʠʤʳʭ ʨʘʟʚʝʪʚʣʝʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʌɹʅ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʣʠʥʝʡʥʳʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʯʝʢ ʚʝʪʚʣʝʥʠʷ ʬʘʢʪʦʨ ɿʠʤʤʘ ʜʣʷ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʥʦʤʝʨʦʚ, 

ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʮʝʣʦʤ ʠʩʩʣʝʜʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʠʥʪʝʟʘ  ʨʘʩʪʚʦʨʠʤʳʭ ʚʳʩʦʢʦʨʘʟʚʝʪʚʣʝʥʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ20-03-

00150). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Wang X. Gao H. // Polymers. 2017. V.9. P. 188.  

[2] Bhat S.I., Ahmadi Y., Ahmad S. // Ind. Eng. Chem. Res. 2018. V.57. ̄  32. P. 

10754ï10785.  
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"ʋʤʥʳʝ" ʛʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʠ ʭʠʪʦʟʘʥʘ 
 

ɹʦʙʨʠʥʘ ɽ.ɺ., ʀʣʣʘʨʠʦʥʦʚʘ ʅ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: acatherinebobrina@gmail.com, bn_ivi@mail.ru 

 

ɻʠʜʨʦʛʝʣʠ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ - ʵʪʦ ʧʦʣʠʤʝʨʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʟʚʨʘʱʘʪʴʩʷ ʠʟ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʩʚʦʝʡ ʥʘʯʘʣʴʥʦʡ ʬʦʨʤʝ, ʚʳʟʚʘʥʥʦʡ ʚʥʝʰʥʠʤ 

ʬʠʟʠʯʝʩʢʠʤ, ʭʠʤʠʯʝʩʢʠʤ ʠʣʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʪʠʤʫʣʦʤ, ʪʘʢʠʤ ʢʘʢ ʠʟʤʝʥʝʥʠʝ 

pH, ʪʝʤʧʝʨʘʪʫʨʳ, ʚʚʝʜʝʥʠʝ ʘʥʪʠʛʝʥʦʚ [1]. ʆʥʠ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʦʣʠʤʝʨʳ ʚ ʮʝʣʦʤ, 

ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʩʚʦʡʩʪʚ - ʦʪ ʩʪʘʙʠʣʴʥʳʭ ʜʦ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ, ʦʪ 

ʤʷʛʢʠʭ ʜʦ ʪʚʝʨʜʳʭ, ʦʪ ʵʣʘʩʪʠʯʥʳʭ ʜʦ ʞʝʩʪʢʠʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʠʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ. ɻʠʜʨʦʛʝʣʠ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʚʢʣʶʯʘʶʪ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʝ 

ʠ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʝ (ʢʦʚʘʣʝʥʪʥʦ-ʩʰʠʪʳʝ) ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʦʪ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʠʭ ʩʚʦʡʩʪʚʘ. 

ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʛʠʜʨʦʛʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ, ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʨʅ ʩʪʘʜʠʠ, ʧʨʠʨʦʜʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʛʝʣʝʡ ʩ ʟʘʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʡ ʨʘʩʪʚʦʨʥʦʡ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʛʝʣʠ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʭʠʪʦʟʘʥʘ, ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʩ ʘʢʨʠʣʘʤʠʜʦʤ ʠ ʘʢʨʠʣʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ ʫʨʦʪʨʦʧʠʥʘ ʠ 

N,N-ʤʝʪʠʣʝʥʙʠʩʘʢʨʠʣʘʤʠʜʘ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ ʧʨʦʚʝʜʝʥʦ 

ʤʝʪʦʜʘʤʠ ʵʢʩʪʨʘʢʮʠʠ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʠʜʨʦʛʝʣʠ ʩʧʦʩʦʙʥʳ 

ʬʠʢʩʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʫʶ ʬʦʨʤʫ ʚ ʨʘʩʪʚʦʨʘʭ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʝʝ ʚ ʨʘʩʪʚʦʨʝ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʤʝʥʝʝ ʯʝʤ ʟʘ 2 ʯʘʩʘ. 

ɻʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʦʙʣʘʜʘʶʪ ʣʫʯʰʠʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ -  ʧʨʦʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 0,7 ʄʇʘ, ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ 1,02 ʄʇʘ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 65%, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʦʛʝʣʷʤʠ ʥʘ 

ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ, ʢʦʪʦʨʳʝ ʚʳʜʝʨʞʠʚʘʶʪ ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 0,11 ʄʇʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ 0,17 ʄʇʘ ʧʨʠ ʪʦʡ ʞʝ ʜʝʬʦʨʤʘʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ, ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ, ʪ.ʢ. ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʨʦʜʥʳʭ, ʛʠʧʦʘʣʣʝʨʛʝʥʥʳʭ, ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Shang J.,  Le X., Zhang J.,  et al. //  Polym. Chem. 2019. V. 10. P. 1036ï1055. 
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ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʠʤʠʜʘʟʦ[1,5-b]ʧʠʨʠʜʘʟʠʥʢʘʨʙʦʥʠʪʨʠʣʦʚ 
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ʀʤʠʜʘʟʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʶʪʩʷ ʬʨʘʛʤʝʥʪʦʤ ʤʥʦʛʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʙʠʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [1]. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʣʫʯʠʣʠ 1,2-ʜʠʘʤʠʥʦʠʤʠʜʘʟʦʣʳ, ʥʝ 

ʟʘʤʝʱʝʥʥʳʝ ʧʦ ʯʝʪʚʝʨʪʦʤʫ ʧʦʣʦʞʝʥʠʶ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʭʠʤʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʠʤʠʜʘʟʦ[1,5-

b]ʧʠʨʠʜʘʟʠʥʦʚʳʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʢʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʠʤʠʜʘʟʦʧʠʨʠʜʘʟʠʥʦʚ ʠʟ ʜʠʘʤʠʥʦʠʤʠʜʘʟʦʣʦʚ, ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ [2]. ʅʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1,2-

ʜʠʘʤʠʥʦ-4-ʬʝʥʠʣʠʤʠʜʘʟʦʣʘ ʚ ʜʚʫʭ- ʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʷʭ ʩ 

ʫʯʘʩʪʠʝʤ ɓ-ʦʢʩʦʧʨʦʧʘʥʦ(ʙʫʪʘʥʦ)ʥʠʪʨʠʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʛʣʘʜʢʦ 

ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʤʝʞʜʫ 1,2-ʜʠʘʤʠʥʦʠʤʠʜʘʟʦʣʦʤ 1 ʩ b-ʦʢʩʦʥʠʪʨʠʣʘʤʠ 2a-g, ʘ ʪʘʢʞʝ 

ʠʭ ʵʪʦʢʩʠʤʝʪʠʣʠʜʝʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʚ ʩʤʝʩʠ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ (3:1) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1-2 ʢʘʧʝʣʴ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ b-ʦʢʩʦʙʫʪʘʥʦʣʥʠʪʨʠʣʘ 2g ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ. 

 
ʉʭʝʤʘ 1 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʈʉɸ ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʠ ʙʳʣʘ 

ʧʨʠʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ 7-ʘʤʠʥʦ-2-ʘʨʠʣ(ʛʝʪʘʨʠʣ)-5-ʬʝʥʠʣʠʤʠʘʟʦ[1,5-b]ʧʠʨʠʜʘʟʠʥ-

3-ʢʘʨʙʦʥʠʪʨʠʣʦʚ 3a-g. ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʚ ʭʦʜʝ 

ʪʨʝʭʢʦʤʧʘʥʝʥʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʩʭʝʤʝ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʫʭ- 

ʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1,2-ʜʠʘʤʠʥʦ-4-ʬʝʥʠʣʠʤʠʜʘʟʦʣʘ ʩ b-

ʦʢʩʦʥʠʪʨʠʣʘʤʠ ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 7-ʘʤʠʥʦ-2-R-5-

ʬʝʥʠʣʠʤʠʜʘʟʦ[1,5-b]ʧʠʨʠʜʘʟʠʥ-3-ʢʘʨʙʦʥʠʪʨʠʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɺʋɿʘʤ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 2020-2022 ʛʦʜʳ, ʧʨʦʝʢʪ ˉ FZGU-2020-0044. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Hollis A., Ahmed Z. // The New England Journal of Medicine. 2013. V. 369. P. 

2474-2476. 

[2] Vandyshev D. Yu., et al. // Beilstein Journal of Organic Chemistry. 2017. V. 13. P. 

2561-2568. 
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ɻʠʜʨʦʬʠʣʴʥʦ-ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʛʦʤʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ 
ʤʝʪʦʢʩʠ(ʦʣʠʛʦʵʪʠʣʝʥʛʣʠʢʦʣʴ-ʙʣʦʢ-ʦʣʠʛʦʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ)ʤʝʪʘʢʨʠʣʘʪʦʚ 

 
ʂʘʚʪʨʦʚʘ ɺ. ɼ.1, ʃʘʧʪʝʚʘ ɽ. ɸ.1, ʊʠʤʯʝʥʢʦ ɽ. ɸ.1, ʉʠʤʘʛʠʥ ɸ. ʉ.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: lerakavtrova@yandex.ru  
 

ʈʘʟʨʘʙʦʪʢʘ ʧʦʣʠʤʝʨʥʳʭ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʪʘʢʠʭ ʥʦʩʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʤʠʮʝʣʣʳ ʘʤʬʠʬʠʣʴʥʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʚ ʛʠʜʨʦʬʦʙʥʦʤ ʷʜʨʝ ʢʦʪʦʨʳʭ ʫʜʝʨʞʠʚʘʶʪʩʷ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ 

ʚʦʜʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ [1]. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʣʠʤʝʨʳ 

ʤʝʪʦʢʩʠ(ʦʣʠʛʦʵʪʠʣʝʥʛʣʠʢʦʣʴ-ʙʣʦʢ-ʦʣʠʛʦʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ)ʤʝʪʘʢʨʠʣʘʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʮʝʣʣ ʘʤʬʠʬʠʣʴʥʦʩʪʴʶ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʣʠʛʦʦʢʩʠʘʣʢʠʣʝʥʦʚʳʭ 

ʙʣʦʢʦʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʤʘʢʨʦʤʦʥʦʤʝʨʦʚ ʥʘ ʛʠʜʨʦʬʠʣʴʥʦ-ʛʠʜʨʦʬʦʙʥʳʝ 

ʩʚʦʡʩʪʚʘ ʛʦʤʦʧʦʣʠʤʝʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʉʪʨʦʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʢʨʦʤʦʥʦʤʝʨʦʚ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʤʝʪʦʢʩʠʦʣʠʛʦ(ʦʢʩʠʘʣʢʠʣʝʥʛʣʠʢʦʣʴ)ʤʝʪʘʢʨʠʣʘʪʦʚ 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʵʪʠʣʘʮʝʪʘʪ, 85 ÁC, 1 % ʤʘʩ. ɸʀɹʅ, 6 ʯʘʩʦʚ) ʧʦ 

ʤʝʪʦʜʫ ɼʵʚʠʩʘ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʛʠʜʨʦʬʠʣʴʥʦ-ʣʠʧʦʬʠʣʴʥʳʡ ʙʘʣʘʥʩ (ɻʃɹ); ʧʦ ʤʝʨʝ 

ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ ʟʚʝʥʴʝʚ ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʟʚʝʥʴʝʚ 

ʵʪʠʣʝʥʛʣʠʢʦʣʷ ɻʃɹ ʚʦʟʨʘʩʪʘʝʪ ʩ 6,9 ʜʣʷ ʈʄ ʜʦ 10,2 ʜʣʷ ɽʈʄ. ɿʥʘʯʝʥʠʷ ɻʃɹ 

ʚʣʠʷʪʁ ʥʘ ʤʝʞʬʘʟʥʳʝ ʩʚʦʡʩʪʚʘ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʦʣʠʤʝʨʦʚ. ɻʦʤʦʧʦʣʠʤʝʨ PM ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʠʤʝʨʳ EPM 

ʠ PEM ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (1% ʤʘʩ. ʧʦʣʠʤʝʨʘ) 64,5 

ʠ 40,9 Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʧʦʣʠʤʝʨʦʚ ɽʈʄ ʠ ʈɽʄ ʪʘʢʞʝ ʜʦʢʘʟʘʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʮʝʣʣ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ: 2,9 ʤʛ/ʣ ʜʣʷ ʧʦʣʠɽʈʄ ʠ 2,0 ʤʛ/ʣ ʜʣʷ 

ʧʦʣʠʈɽʄ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʪʝʤʘ ˉ FSWE-2020-0008). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] El-Say K.M., El-Sawy H.S. // International Journal of Pharmaceutics. 2017. Vol. 

528, ˉ 1-2. PP. 675-691. 
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ʂʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʪʨʠʘʜʳ ʞʝʣʝʟʘ ʥʘ ʦʩʥʦʚʝ 9,10-ʬʝʥʘʥʪʨʝʥʠʤʠʥʭʠʥʦʥʘ 

 

ʂʘʟʘʢʦʚ ɻ.ɻ.1,2, ɼʨʫʞʢʦʚ ʅ.ʆ.2, ʇʠʩʢʫʥʦʚ ɸ.ɺ.2, ʏʝʨʢʘʩʦʚ ɺ.ʂ.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: gkazakov@iomc.ras.ru 

 

ʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʣʠʛʘʥʜʳ ʧʨʠʚʣʝʢʘʶʪ ʢ 

ʩʝʙʝ ʚʥʠʤʘʥʠʝ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʧʦʜʦʙʥʳʭ ʣʠʛʘʥʜʦʚ ʷʚʣʷʶʪʩʷ ʦ-ʭʠʥʦʥʳ, ʦ-

ʠʤʠʥʦʭʠʥʦʥʳ, Ŭ-ʜʠʪʠʦʣʝʥʳ ʠ Ŭ-ʜʠʠʤʠʥʳ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦ-ʠʤʠʥʦʙʝʥʟʦʭʠʥʦʥʦʚ ʠʟʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ, ʦʙ 

ʬʝʥʘʥʪʨʝʥʦʚʳʭ ʘʥʘʣʦʛʘʭ ʠʟʚʝʩʪʥʦ ʤʘʣʦ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʟʘʤʝʱʸʥʥʳʭ 9,10-ʬʝʥʘʥʪʨʝʥʠʤʠʥʭʠʥʦʥʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʤʠʥʦʭʠʥʦʥʦʚ ʢ 

ʢʘʨʙʦʥʠʣʘʤ ʥʠʢʝʣʷ, ʞʝʣʝʟʘ ʠ ʢʦʙʘʣʴʪʘ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ Ni(CO)4 ʠ Co2(CO)8 ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʩ-ʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʬʦʨʤʦʡ 

ʠʤʠʥʦʭʠʥʦʥʘ. 

 
ɺ ʨʝʘʢʮʠʠ Fe2(CO)9 ʩ ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʦʤ ʠʤʠʥʦʭʠʥʦʥʘ ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʪʨʠʢʘʨʙʦʥʠʣʘ ʞʝʣʝʟʘ ʩ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʤ ʣʠʛʘʥʜʦʤ, ʢʦʪʦʨʳʡ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʝʱʝ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʠʤʠʥʦʭʠʥʦʥʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʠʩ-

ʣʠʛʘʥʜʥʳʡ ʧʨʦʜʫʢʪ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ 

ʫʯʝʥʳʭ ʠ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. ʅʦʤʝʨ ʧʨʦʝʢʪʘ: ʅʐ-403.2022.1.3 
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ʇʨʝʚʨʘʱʝʥʠʷ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʛʝʨʤʠʣʝʥʦʚ ʠ ʩʪʘʥʥʠʣʝʥʦʚ ʥʘ 

ʦʩʥʦʚʝ 9,10-ʬʝʥʘʥʪʨʝʥʜʠʠʤʠʥʦʚ 

 

ʂʘʟʘʢʦʚ ɻ.ɻ.1,2, ɼʨʫʞʢʦʚ ʅ.ʆ.2, ʇʠʩʢʫʥʦʚ ɸ.ɺ.2, ʏʝʨʢʘʩʦʚ ɺ.ʂ.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: gkazakov@iomc.ras.ru 

 

ʍʠʤʠʷ ʘʥʘʣʦʛʦʚ ʢʘʨʙʝʥʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʧʦʣʝʟʥʳʝ ʚ ʧʨʠʢʣʘʜʥʳʭ 

ʘʩʧʝʢʪʘʭ. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʧʨʝʚʨʘʱʝʥʠʡ ʛʝʨʤʠʣʝʥʦʚ ʠ 

ʩʪʘʥʥʠʣʝʥʦʚ ʢʘʢ ʩ ʩʦʭʨʘʥʝʥʠʝʤ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝʤ ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʪʘʣʣʝʥʦʚ ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʨʘʜʠʢʘʣʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʘʪʦʤʫ ʵʣʝʤʝʥʪʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʝʛʦ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ɻ ʪʦʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ E(II ) 

ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʘʣʣʝʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʬʝʥʘʥʪʨʝʥʜʠʠʤʠʥʦʚ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʮʝʣʦʩʪʥʦʩʪʠ ʛʝʪʝʨʦʮʠʢʣʘ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʪʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩʝʨʳ ʠ Õ-ʜʠʪʠʦ ʛʝʢʩʘʢʘʨʙʦʥʠʣʘʜʠʞʝʣʝʟʘ ʢ ʘʪʦʤʫ 

ʵʣʝʤʝʥʪʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʛʝʨʤʠʣʝʥ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʦ ʩʚʷʟʠ S-S ʧʨʠʚʦʜʷ ʢ 

LGe(Õ3-S)2Fe2(CO)6 ʠʣʠ ʙʠʷʜʝʨʥʦʤʫ ʩʫʣʴʬʠʜʫ ʛʝʨʤʘʥʠʷ. 

 
ɺ ʩʣʫʯʘʝ ʩʪʘʥʥʠʣʝʥʘ ʵʪʠ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʳʚʫ ʩʚʷʟʝʡ Sn-N ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ 

ʫʯʝʥʳʭ ʠ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. ʅʦʤʝʨ ʧʨʦʝʢʪʘ: ʅʐ-403.2022.1.3 
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ʉʠʥʪʝʟ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ 

ʮʠʥʢʦʤ ʠ ʵʨʙʠʝʤ, ʩʦʜʝʨʞʘʱʠʭ ʥʘ ʧʝʨʠʬʝʨʠʠ ʮʠʢʣʦʛʝʢʩʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʂʘʟʘʨʷʥ ʂ.ʖ., ɹʦʪʥʘʨʴ ɸ.ɸ., ʊʠʭʦʤʠʨʦʚʘ ʊ.ɺ., ɺʘʰʫʨʠʥ ɸ.ʉ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: kristina@kazaryan.su 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʠʥʪʝʟʫ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʮʠʥʢʘ ʠ ʵʨʙʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʮʠʢʣʦʛʝʢʩʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ. 

ʆʩʥʦʚʥʳʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʥʠʪʨʠʣʴʥʳʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 4-(2-ʮʠʢʣʦʛʝʢʩʠʣʬʝʥʦʢʩʠ)-, 4-(4-ʮʠʢʣʦʛʝʢʩʠʣʬʝʥʦʢʩʠ)-,  

3-(4-ʮʠʢʣʦʛʝʢʩʠʣʬʝʥʦʢʩʠ) ʠ 3-( 2-ʮʠʢʣʦʛʝʢʩʠʣʬʝʥʦʢʩʠ)ʬʪʘʣʦʥʠʪʨʠʣʳ. ɿʘʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʪʘʣʦʥʠʪʨʠʣʦʚ ʩ ʘʮʝʪʘʪʦʤ ʮʠʥʢʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 185-190Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʯʝʚʠʥʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ. ʇʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʵʨʙʠʷ 

ʧʨʦʚʦʜʠʣʠ ʢʠʧʷʯʝʥʠʝʤ 4-(2/4)-ʮʠʢʣʦʛʝʢʩʠʣʬʝʥʦʢʩʠ) / 3-(2/4)-

ʮʠʢʣʦʛʝʢʩʠʣʬʝʥʦʢʩʠ)/ʬʪʘʣʦʥʠʪʨʠʣʘ ʩ ʘʮʝʪʘʪʦʤ ʵʨʙʠʷ ʚ i-ʘʤʠʣʦʚʦʤ ʩʧʠʨʪʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ɼɹʋ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, 

ʩʦʜʝʨʞʘʱʘʷ ʦʜʥʦʧʘʣʫʙʥʳʡ ʠ ʜʚʫʭʧʘʣʫʙʥʳʡ ʢʦʤʧʣʝʢʩʳ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʬʠʣʴʪʨʘʮʠʶ ʠ ʢʦʣʦʥʦʯʥʫ  ʁʭʨʦʤʘʪʦʛʨʘʬʠ ʁʩ ʢʦʥʪʨʦʣʝʤ ʧʦ ʊʉʍ. ʋʩʧʝʰʥʦʩʪʴ 

ʚʳʜʝʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʦʯʠʩʪʢʠ ʧʦʜʪʚʝʨʞʜʘʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ - MALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ, ʀʂ, ʗʄʈ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ ï ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʚʝʱʝʩʪʚʘ ʩʠʥʝ-ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʘ, ʦʙʣʘʜʘʶʱʠʝ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

(ʘʮʝʪʦʥ, ʭʣʦʨʦʬʦʨʤ, ɼʄʌɸ). 

ʀʟʫʯʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʠ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, 

ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʠ ʭʘʨʘʢʪʝʨ 

ʩʧʝʢʪʨʘ. ɼʣʷ ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦ-ʨʘʜʠʢʘʣʴʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤ, ʦʧʨʝʜʝʣʝʥʳ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢʦʤʧʣʝʢʩʘ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʬʦʨʤʫ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ17-73-20017) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ 

075-15-2021-671). 
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ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʥʘ ʠʥʠʮʠʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʘʢʨʠʜʠʥʦʚʳʡ 
ʢʨʘʩʠʪʝʣʴ / ʪʨʝʪ-ʙʫʪʠʣ ʙʨʦʤʠʩʪʳʡ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ ʩʚʝʪʦʤ 

 
ʂʘʣʠʥʠʥʘ ɸ.ɸ., ʃʠʟʷʢʠʥʘ ʆ.ʉ., ɺʘʛʘʥʦʚʘ ʃ.ɹ., ɻʨʠʰʠʥ ɼ.ʌ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
E-mail: kalialex@mail.ru 

 
ʇʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʦʙʣʫʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʫʩʧʝʰʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʩʚʝʪ ʋʌ- ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʝʟ ʫʯʘʩʪʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʩʠʥʪʝʟʝ ʧʦʣʠʤʝʨʦʚ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʄʄɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʨʠʜʠʥʦʚʦʛʦ ʞʸʣʪʦʛʦ (1) ʠ 

ʨʠʚʘʥʦʣʘ (2) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʨʝʪ-ʙʫʪʠʣʦʤ ʙʨʦʤʠʩʪʳʤ (ɹʊɹ). 

NNH2 NH2

CH3CH3

 2HCl  
N

NH2

OC2H5

NH2

  CH3CH(OH)COOH  

(1) (2) 

ʀʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʩ ɚmax ~ 450 Ñ 10 ʥʤ ʩʣʫʞʠʣʘ LED-ʣʝʥʪʘ RGB-ʪʠʧʘ. 

ɺʘʨʴʠʨʦʚʘʣʠʩʴ ʜʠʘʤʝʪʨ ʨʝʘʢʪʦʨʘ (9 ʠ 18 ʩʤ), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʢʠʩʣʦʨʦʜʘ ʠ 

ʘʢʪʠʚʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ (ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ ʩʚʝʪʦʤ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʘʢʪʦʨʘʭ ʢ ʘʚʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ 

ʥʝ ʩʢʣʦʥʝʥ, ʦʜʥʘʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʦʣ.% ɹʊɹ ʢʦʥʚʝʨʩʠʷ ʤʦʥʦʤʝʨʘ ʜʦʩʪʠʛʘʝʪ 

60%. ʇʦ ʭʦʜʫ ʧʨʦʮʝʩʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʯʠʩʣʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʘʩʩ (Mn) ʧʦʣʠʤʝʨʘ, ʘ ʢʨʠʚʳʝ ʄʄʈ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (ĥ ~ 2.2ï3.8). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʢʪʦʨʘ ʩ ʜʠʘʤʝʪʨʦʤ 9 ʩʤ 

ʜʦʙʘʚʣʝʥʠʝ 1 ʠʣʠ 2 ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʇʄʄɸ ʜʦ 90%. ʇʨʠʩʫʪʩʪʚʠʝ 

ʢʠʩʣʦʨʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʩʣʫʯʘʝ 1 / ɹʊɹ ʠ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʚ ʩʣʫʯʘʝ 2 / ɹʊɹ. ʂʨʠʚʳʝ ʄʄʈ ʦʙʨʘʟʮʦʚ ʇʄʄɸ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʥʘʣʠʯʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ 

ʧʨʠʦʙʨʝʪʘʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʙʠʤʦʜʘʣʴʥʦʩʪʴ. ʇʝʨʚʠʯʥʳʝ ʘʤʠʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʥʛʠʙʠʨʫʶʪ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʪʘʣʴʥʳʭ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʫʩʣʦʚʠʡ. ʊʨʝʪʠʯʥʳʝ ʘʤʠʥʳ ʫʚʝʣʠʯʠʚʘʶʪ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ 1 / ɹʊɹ ʠ 2 / ɹʊɹ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ 

ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʠ ʩʥʠʞʘʶʪ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ 

ʇʄʄɸ. ɺ ʨʝʘʢʪʦʨʝ ʩ ʜʠʘʤʝʪʨʦʤ 18 ʩʤ ʩʠʩʪʝʤʘ 1 / ɹʊɹ / ʪʨʠʵʪʠʣʘʤʠʥ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʇʄʄɸ ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ Mn ʠ ĥ ~ 1.7. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 20-03-00150). 
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ʉʠʥʪʝʟ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʫʪʝʥʘʢʘʨʙʦʨʘʥʦʚ ʩ ʭʝʣʘʪʥʳʤʠ PPP, 
NNN, PNP ï ʪʨʠʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜʳ 

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

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: a.a.kaltenberg@yandex.ru 
 

ʎʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʰʝʜʰʠʭ ʰʠʨʦʢʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʪʘʣʠʟʝ ʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʟʦʣʦʙʘʣʴʥʳʤ ʘʥʘʣʦʛʦʤ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʦʛʦ ʘʥʠʦʥʘ, ʩʧʦʩʦʙʥʳʤ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʭʦʞʠʝ ʧʦ ʩʪʨʦʝʥʠʶ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ, ʷʚʣʷʝʪʩʷ ʥʠʜʦ-ʉ2ɺ9-

ʢʘʨʙʦʨʘʥʦʚʳʡ ʣʠʛʘʥʜ. ʅʝʢʣʘʩʩʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʜʘʥʥʦʛʦ ʣʠʛʘʥʜʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʟʘ ʩʯʝʪ ʤʥʦʛʦʮʝʥʪʨʦʚʳʭ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʩʚʷʟʝʡ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʷʜ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʤʝʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʜʥʦʡ ʠʟ 

ʪʘʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʝʪʘʣʣʘʢʘʨʙʦʨʘʥʦʚ ʚ 

ʚʠʜʝ ʠʟʦʤʝʨʥʳʭ ʢʣʦʟʦ- ʠ ʧʩʝʚʜʦʢʣʦʟʦ-ʬʦʨʤ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʥʘʣʠʯʠʝʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʨʘʥʦʚʦʡ ʢʦʨʟʠʥʳ. ɺ ʭʦʜʝ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ  ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 1-9 

 
Cʭʝʤʘ 1. ʉʠʥʪʝʟ ʥʦʚʳʭ ʨʫʪʝʥʘʢʘʨʙʦʨʘʥʦʚ (II), ʩʦʜʝʨʞʘʱʠʭ ʪʨʠʘʟʦʪʥʳʝ ʣʠʛʘʥʜʳ 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʳʜʝʣʝʥʳ 1-9 ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ: ʗʄʈ, 

ʀʂ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʨʦʜʘ ʪʨʠʜʝʥʪʘʥʪʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʠ 

ʘʪʦʤʝ ʤʝʪʘʣʣʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʦʤʧʣʝʢʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ PPP- ʠ PNP-ʣʠʛʘʥʜʳ ʭʘʨʘʢʪʝʨʥʘ ʢʣʦʟʦ-ʩʪʨʫʢʪʫʨʘ. ɼʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʩ NNN ʣʠʛʘʥʜʘʤʠ ʭʘʨʘʢʪʝʨʥʘ ʢʘʢ ʧʩʝʚʜʦʢʣʦʟʦ-, ʪʘʢ ʠ ʢʣʦʟʦ-

ʢʦʥʬʠʛʫʨʘʮʠʷ. ʄʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʪʠʤʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʦʣʝʢʩʦʚ. ʄʝʪʦʜʘʤʠ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʦʮʝʥʝʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʟʦʤʝʨʥʳʭ ʬʦʨʤ 

ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʜʥʦʡ ʠʟ ʥʠʭ. 
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ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʮʠʢʣʦʛʝʢʩʝʥʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʦʢʩʦʚʦʣʴʬʨʘʤʘʪʘ 

 

ʂʘʥʘʢʦʚ ɽ.ɸ.1, ɽʩʠʧʦʚʠʯ ɸ.ʃ.1, ʏʘʨʳʢʦʚʘ ʊ. ɸ.1, ʆʪʦʧʢʦʚʘ ʂ.ɺ.1,2 
1ɼʟʝʨʞʠʥʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: kan-evg@mail.ru 

 

ɺ ʭʦʜʝ ʨʘʙʦʪ ʧʦʣʫʯʝʥ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʧʝʨʦʢʩʦʚʦʣʴʬʨʘʤʘʪʘ (PW4), 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʩʠʣʴʥʦʦʩʥʦʚʥʦʤ ʤʘʢʨʦʧʦʨʠʩʪʦʤ ʘʥʠʦʥʠʪʝ. ʊʝʢʩʪʫʨʥʳʝ ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, Raman ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʕɼʉ, ɹʕʊ ʠ ʜʨ. ʅʘ ʀʂ-ʩʧʝʢʪʨʝ 

ʈW4/ɸʥʠʦʥʠʪ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʠʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʠʩʭʦʜʥʦʡ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ, ʘ ʪʘʢ ʞʝ ʧʠʢʠ - 1081 ʩʤ-1 (P-O); 950 ʩʤ-1 (W=O); 888 ʩʤ-1ʠ  818 ʩʤ-1  (O-

O); 585 ʩʤ-1 ʠ 542 ʩʤ-1 (W-O-O), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʶ PW4. Raman 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʪʘʢ ʞʝ ʧʦʜʪʚʝʨʜʠʣʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʢʩʦʚʦʣʴʬʨʘʤʘʪʘ ʥʘ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ - 956 ʩʤ-1 (W=O); 876 ʩʤ-1 (OïO); 636 ʠ 565 ʩʤ-1 (WïOïO); 

323 ʩʤ-1 (WïOH2). ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʫʜʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʘʥʠʦʥʠʪʘ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʈW4/ɸʥʠʦʥʠʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʣɻʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʨʘʟʮʘ C, % 

(ʤʘʩʩ.) 

O, % 

(ʤʘʩʩ.) 

Cl, % 

(ʤʘʩʩ.) 

P, % 

(ʤʘʩʩ.) 

W, % 

(ʤʘʩʩ.) 

ʇʦʚʝʨʭʥʦʩʪʴ 

ɹʕʊ, ʤ2/ʛ 

ʀʩʭʦʜʥʳʡ ʘʥʠʦʥʠʪ 85,5 4,5 10,0 - - 23,5 

PW4/ʘʥʠʦʥʠʪ 42,75 22,51 0,96 2,33 31,44 21,2 

 

ʀʩʧʳʪʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʈW4/ɸʥʠʦʥʠʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ (ʎɻ) ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʧʨʦʚʦʜʠʣʠ 

ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʘʣʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ 60 Áʉ, 

ʥʘʯʘʣʴʥʦʝ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʎɻ:ʅ2ʆ2=1:8, ʢʦʥʮʝʥʪʨʘʮʠʷ ʎɻ ï 40 ʤʤʦʣʴ/ʣ, 

ʟʘʛʨʫʟʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ï 15 ʛ/ʣ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ PW4/ɸʥʠʦʥʠʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʇʦʢʘʟʘʪʝʣʴ 
ʎʠʢʣ 

1 2 3 4 5 

ʂʦʥʚʝʨʩʠʷ ʎɻ, % 71,4 76,2 75,4 76,3 77,9 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʧʦʢʩʠʮʠʢʣʦʛʝʢʩʘʥʫ, % 96,4 96,5 96,3 96,2 96,5 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ, ʢʘʪʘʣʠʟʘʪʦʨ PW4/ɸʥʠʦʥʠʪ ʩʦʭʨʘʥʷʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʤʝʥʝʝ 5 ʮʠʢʣʦʚ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʪʝʤʘ ˉ 0728-2020-0008). 
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ʉʠʥʪʝʟ ʩʦʣʝʡ 3-ʘʤʠʥʦ-4,6-ʘʨʠʣʪʠʝʥʦ[2,3-b]ʧʠʨʠʜʠʥʦʚ 

 

ʇʦʤʘʟʘʥ ʄ.ɸ., ʂʘʪʫʥʮʝʚʘ ʋ.ɸ., ʂʘʥʠʱʝʚʘ ɽ.ɸ. 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠ ̫

E-mail: evelika25@mail.ru  

 

ʇʨʦʠʟʚʦʜʥʳʝ ʪʠʝʥʦ[2,3-b]ʧʠʨʠʜʠʥʦʚ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʤʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʀʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ, ʥʦ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʇʨʦʜʦʣʞʘʷ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʜʦʙʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ [1-4], ʘ ʪʘʢʞʝ, ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʨʦʠʟʚʦʜʥʳʭ 3-ʘʤʠʥʦʪʠʝʥʦ[2,3-b]ʧʠʨʠʜʠʥʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʦʣʝʚʳʝ ʬʦʨʤʳ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ 

ʛʠʜʨʦʣʠʟʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ [5]. 

X+-

R = Me, OMe;

R' = Et, Am

X=Na, K.

X+OH-

EtOH

 
ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʚʦʜʦ- ʠ ʣʠʧʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʧʨʦʠʟʚʦʜʥʳʭ 

3-ʘʤʠʥʦʪʠʝʥʦ[2,3-b]ʧʠʨʠʜʠʥʘ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʢʨʠʥʠʥʛʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vitro ʠ in vivo. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʮʝʥʪʨʘ ʧʠʱʝʚʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʂʫʙɻʊʋ (ʎʂʇ_3111), ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʪʦʨʦʛʦ ʧʦʜʜʝʨʞʘʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ (ʉʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-679). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʉʠʥʪʝʟ ʥʦʚʳʭ ʙʠʩ(ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʭ) ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʳ(IV) ʨʝʘʢʮʠʝʡ 
ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ MeI 

 
ʂʘʨʯʝʚʩʢʠʡ ɸ.ɸ., ʂʘʪʢʦʚʘ ʉ.ɸ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
E-mail: st084093@student.spbu.ru 

 
ʂʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ (ADC) ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʚ 

ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʠ ʛʠʜʨʦʩʠʣʠʨʦʚʘʥʠʷ. C,N-ʍʝʣʘʪʥʳʝ ADC-ʢʦʤʧʣʝʢʩʳ 

ʧʣʘʪʠʥʳ(II), ʦʙʨʘʟʦʚʘʥʥʳʝ ʤʝʪʘʣʣʦʧʨʦʤʦʪʠʨʫʝʤʳʤ ʩʦʯʝʪʘʥʠʝʤ ʠʟʦʮʠʘʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ N,Nô-ʜʠʬʝʥʠʣʛʫʘʥʠʜʠʥʦʤ [1], ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳ ʠ ʠʤʝʶʪ 

ʧʣʦʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʧʣʦʭʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʚ ʨʝʘʢʮʠʷʭ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ [2]. ʂ ʪʦʤʫ ʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʠʟʢʦʩʧʠʥʦʚʘʷ d6-

ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ 

ʞʠʜʢʦʩʪʷʭ ʦʨʛʘʥʠʟʤʘ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʙʦʨʴʙʝ ʩ ʦʧʫʭʦʣʝʚʳʤʠ 

ʢʣʝʪʢʘʤʠ. ɺ ʵʪʦʤ ʢʣʶʯʝ ʘʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ(IV), ʧʦʣʫʯʝʥʥʳʝ 

ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ MeI ʢ ʙʠʩʭʝʣʘʪʥʳʤ ADC-ʢʦʤʧʣʝʢʩʘʤ, ʙʫʜʫʪ 

ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʘʣʢʠʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [PtI(Me){ C(N(H)R)(NC(N(H)Ph)N(Ph)} 2] ʨʝʘʢʮʠʝʡ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ MeI ʢ ADC-ʢʦʤʧʣʝʢʩʘʤ ʧʣʘʪʠʥʳ(II) 1ï4 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠʣʠ 

ʘʮʝʪʦʥʝ ʩ ʚʳʭʦʜʘʤʠ 73ï94% (ʨʠʩ. 1). ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (1H, 13C{1H}, 
195Pt{1H}  ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ); ʩʪʨʫʢʪʫʨʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʈʉɸ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ Pt(IV) 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ  ̄ 22-23-00621). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘè. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Katkova S.A., Kinzhalov M.A., Tolstoy P.M., et al. // Organometallics. 2017. V. 

36. P. 4145-4159. 

[2] Erfani F., Shafaatian B., Notash B. // Journal of Molecular Structure. 2021. V. 1224, 

P. 129042-129055. 
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ɹʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Pt(II ) ʠ Pd(II ) ʩ ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

 
ʂʘʰʠʥʘ ʄ.ɺ., ʂʠʥʞʘʣʦʚ ʄ.ɸ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
E-mail: st040562@student.spbu.ru 

 
ʈʘʟʨʘʙʦʪʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʚʝʪʦʚʫʶ ʵʥʝʨʛʠʶ ʚʠ-

ʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʟʘʜʘʯʘ ʭʠʤʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʘʣʣʦʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʠʥʪʝʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦ-

ʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ-

ʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʩ N-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʠ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʨʝ-

ʘʢʮʠʠ CïC ʠ CïN ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʦʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ ʦʛʨʘ-

ʥʠʯʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʤʝʨʘʤʠ [1-3]. ʉʝʨʠʷ ʙʠʷʜʝʨʥʳʭ 

ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 7ï12 ʧʦʣʫʯʝʥʘ ʚʟʘʠʤʦ-ʜʝʡʩʪʚʠʝʤ 

ʙʠʩ(ʠʟʦʮʠʘʥʠʜʥʳʭ) ʢʦʤʧʣʝʢʩʦʚ Pd(II) ʠ Pt(II) 1ï4 ʠ ʘʤʠʥʦʘʟʘʛʝʪʝʨʦ-ʮʠʢʣʦʚ 5, 6 

(ʨʠʩ. 1). ʉʦʝʜʠʥʝʥʠʷ 13ï18 ʩ N-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʪʠʦʮʠʘʥʘʪʘʤʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʣʠʛʘʥʜʥʳʤ ʤʝʪʘʪʝʟʠʩʦʤ 7ï12 ʩ ʪʠʦʮʠʘʥʘʪʦʤ ʘʤʤʦʥʠʷ.  

 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ 7ï18 

ɺʩʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʞʝʩʪʢʦʡ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʚʢʣʶʯʘ-

ʶʱʝʡ C,N-ʭʝʣʘʪʥʳʝ ʜʠʘʤʠʥʦʢʘʨʙʝʥʦʚʳʝ ʣʠʛʘʥʜʳ. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠʩʩʣʝʜʦʚʘʥʳ ʦʧʪʠʯʝʩʢʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ; ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦ-

ʜʳ ʦʪʥʝʩʝʥʳ ʩ ʧʦʤʦʱʴʶ TD-DFT ʨʘʩʯʝʪʦʚ ʠ FMO ʘʥʘʣʠʟʘ. ʉʦʝʜʠʥʝʥʠʷ 7ï18 

ʧʦʛʣʦʱʘʶʪ ʚ ʜʠʘʧʘʟʦʥʝ 320ï480 ʥʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʬʦʪʦʢʘʪʘ-

ʣʠʟʘʪʦʨʘʤʠ. ɺʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ 

ʘʟʘʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʧʩʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ ʧʦʣʦ-

ʩʳ ʧʦʛʣʦʱʝʥʠʷ; ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘʤʝʥʘ ʭʣʦʨʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘ ʙʦʣʝʝ ʜʦʥʦʨʥʳʡ 

ʪʠʦʮʠʘʥʘʪʥʳʡ ï ʙʘʪʦʭʨʦʤʥʳʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʫʝʪʩʷ ʬʦʪʦʢʘʪʘʣʠʪʠ-

ʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥ-

ʜʘ (ʧʨʦʝʢʪ ˉ 21-73-10083) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ 

ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʘ-

ʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʚʝʱʝ-

ʩʪʚʘè, çɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨè.  
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ʄʝʞʠʦʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʚ ʩʝʣʝʥʦʮʠʘʥʘʪʘʭ ʜʠʘʨʠʣʠʦʜʦʥʠʷ 
 

ʂʠʩʩʣʝʨ ʊ. ʖ.1, ʀʚʘʥʦʚ ɼ.ʄ.1,2, ʉʦʣʜʘʪʦʚʘ ʅ.ʉ.2 
1ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 

E-mail: st068571@student.spbu.ru 
 

ɻʘʣʦʛʝʥʥʳʝ ʩʚʷʟʠ (ɻʉ) ï ʵʪʦ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʱʠʡʩʷ ʪʠʧ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤ ʮʝʥʪʨʦʤ ʚʳʩʪʫʧʘʝʪ 

ʘʪʦʤ ʛʘʣʦʛʝʥʘ [1]. ʆʥʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, 

ʢʘʪʘʣʠʟʝ ʠ ʚ ʙʠʦʭʠʤʠʠ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ. ɸʢʮʝʧʪʦʨʘʤʠ ɻʉ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ ʥʫʢʣʝʦʬʠʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʩʝʚʜʦʛʘʣʦʛʝʥʠʜʳ. ʈʘʥʝʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠ ʦʧʠʩʘʥʳ ʩʪʨʫʢʪʫʨʳ ʪʠʦʮʠʘʥʘʪʦʚ ʜʠʘʨʠʣʠʦʜʦʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʦʙʠʨʘʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʣʘʩʪʝʨʳ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ɻʉ 

ʤʝʞʜʫ ʠʦʥʘʤʠ [2-3]. ɸʥʘʣʦʛʦʤ SCNï ʷʚʣʷʝʪʩʷ SʝCNï, ʦʜʥʘʢʦ ʠʟʚʝʩʪʥʦ ʣʠʰʴ ʜʚʝ 

ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ SʝCNï ʦʙʨʘʟʫʝʪ ʛʘʣʦʛʝʥʥʳʝ ʩʚʷʟʠ, ï ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ 

ʠʦʜʘ(I) [4]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʠʥʪʝʟ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʨʷʜʘ ʩʝʣʝʥʦʮʠʘʥʘʪʦʚ ʜʠʘʨʠʣʠʦʜʦʥʠʷ [Ar 2I]SeCN. ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʞʠʦʥʥʳʭ ɻʉ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʙʦʨʢʝ 

ʨʘʟʣʠʯʥʦʡ ʪʦʧʦʣʦʛʠʠ (ʨʠʩ. 1).  

 
 ʈʠʩ. 1. ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʣʘʩʪʝʨʳ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ [Ar2I]SeCN. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʅʘʫʢʠ ʠ 

ɺʳʩʰʝʛʦ ʆʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 220ʇʇ (ʧʨʦʝʢʪ 

ˉ 075-15-2021-585). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Desiraju G.R., Ho P.S., Kloo L., et al. // Pure Appl. Chem. 2013. V. 85. P. 1711ï

1713. 

[2] Soldatova N.S., Suslonov V.V., Kissler T.Y., et al. // Crystals. 2020. V. 10. P. 

230. 

[3] Soldatova N.S., Postnikov P.S., Suslonov V.V., et al. // Org. Chem. Front. 2020. 

V. 7. P. 2230ï2242. 

[4] Viger-Gravel J., Korobkov I., Bryce D.L. // Cryst. Growth Des. 2011. V. 11. P. 

4984ï4995. 
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ʈʝʜʦʢʩ-ʘʢʪʠʚʥʳʡ ʛʝʨʤʠʣʝʥ ʥʘ ʦʩʥʦʚʝ  2,4,6,8-ʪʝʪʨʘ-ʪʨʝʪ-ʙʫʪʠʣ-
ʬʝʥʦʢʩʘʟʠʥ-1-ʦʥʘ: ʩʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

 
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 
 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʥʠʟʢʦʚʘʣʝʥʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʥʝʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʩʷʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʥʦʛʦʦʙʝʱʘʶʱʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʘʢʪʠʚʘʮʠʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʪʢʨʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʥʝʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʠʟʢʠʭ 

ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʥʠʟʢʦʚʘʣʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʵʣʝʤʝʥʪʦʚ 12, 13 ʠ 14 ʛʨʫʧʧ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ Ŭïʜʠʠʤʠʥʦʚ ʠ ʦ-ʠʤʠʥʦʭʠʥʦʥʦʚ (imQ).  

 

 

 

 

 

 

 

 

 

 

 

 

 
 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʪʝʟ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʟʢʦʚʘʣʝʥʪʥʦʛʦ ʛʝʨʤʘʥʠʷ PhenoxAPGe I  ʥʘ ʦʩʥʦʚʝ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʦʛʦ ʣʠʛʘʥʜʘ 2,4,6,8-ʪʝʪʨʘ-ʪʨʝʪ-ʙʫʪʠʣ-ʬʝʥʦʢʩʘʟʠʥ-1-ʦʥʘ. ʅʘ ʧʨʠʤʝʨʝ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʝʛʦ ʨʘʟʥʦʩʪʦʨʦʥʥʷʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

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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ʂʦʥʪʨʦʣʠʨʫʝʤʘʷ ʨʘʜʠʢʘʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʘʢʨʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʨʙʦʨʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ (II) ʠ (III) ʩ ʭʝʣʘʪʥʳʤʠ 

ʜʠʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

 

ʂʥʷʟʝʚʘ ʅ.ɸ., ɻʨʠʰʠʥ ʀ.ɼ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: knyaseva2012@yandex.ru 
 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʧʦʣʠʤʝʨʳ ʩ ʟʘʜʘʥʥʳʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʪʦʧʦʣʦʛʠʝʡ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʷʚʣʷʝʪʩʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ, ʠʟʚʝʩʪʥʘʷ ʢʘʢ Atom 

Transfer Radical Polymerization (ATRP). ʂʘʪʘʣʠʟʘʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ 

ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʮʝʩʩʝ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʟʥʘʯʝʥʠʝʤ ʝʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʜʦʥʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʛʘʥʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ. ʉ ʫʯʝʪʦʤ 

ʵʪʦʛʦ, ʧʦʠʩʢ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ ATRP, ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʩʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʢʘʨʙʦʨʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ P-O-P ʣʠʛʘʥʜʳ ʪʠʧʘ XantPhos [1] ʠ N-XantPhos, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʳ ʥʘ 

ʦʩʥʦʚʝ 5-MeC2B9-ʢʘʨʙʦʨʘʥʦʚʦʛʦ ʣʠʛʘʥʜʘ [2]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʘʢʨʠʣʘʪʦʚ ʧʦ ʤʝʭʘʥʠʟʤʫ ATRP ʜʘʞʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,01 ʤʦʣ %. ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʮʳ 

ʧʦʣʠʤʝʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʟʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʘ 

ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʯʠʩʣʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ. ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ ʭʘʨʘʢʪʝʨ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʧʦʜʪʚʝʨʞʜʘʣʩʷ ʘʥʘʣʠʟʦʤ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʤʝʪʦʜʦʤ 

ʄɸʃɼʀ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʩʨʝʜʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʣʠ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʝʪʠʣʟʘʤʝʱʝʥʥʳʡ ʢʘʨʙʦʨʘʥʦʚʳʡ ʣʠʛʘʥʜ ʠ ʦʨʪʦ-ʬʝʥʠʣʝʥʮʠʢʣʦʙʦʨʠʨʦʚʘʥʥʳʝ 

ʬʨʘʛʤʝʥʪʳ, ʧʨʠʜʘʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷʤ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʮʝʩʩʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Grishin I.D., Knyazeva N.A., Penkalô A.M. // Russian Chemical Bulletin. V. 69. 

2020. P. 1520. 

[2] Grishin I.D., Zimina A.M., Anufriev S.A., et al. // Catalysts. V. 11. 2021. P. 1409. 
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ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʩʚʦʡʩʪʚ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ 

ʧʦʣʠ(2-ʦʢʩʘʟʦʣʠʥ)ʦʚ ʠ ʧʦʣʠ(2-ʦʢʩʘʟʠʥ)ʦʚ ʥʦʚʦʛʦ ʪʠʧʘ ʩ 

ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚʳʤ ʮʝʥʪʨʦʤ ʚʝʪʚʣʝʥʠʷ 

 

ʂʦʟʠʥʘ ʅ.ɼ., ɹʣʦʭʠʥ ɸ.ʅ., ʂʠʨʠʣʵ ʊ.ʖ., ʈʘʟʠʥʘ ɸ.ɹ., ʊʝʥʴʢʦʚʮʝʚ ɸ.ɺ. 

ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: ndkozina@gmail.com 

 

ʇʦʣʠ-2-ʘʣʢʠʣ-2-ʦʢʩʘʟʦʣʠʥʳ ʠ ʧʦʣʠ-2-ʘʣʢʠʣ-2-ʦʢʩʘʟʠʥʳ ï 

ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʦʣʠʤʝʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʢʣʘʩʩ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʦʣʠʘʤʠʜʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʦʤ ʞʠʚʦʡ ʢʘʪʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ 

ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʥʝʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʝʡʩʪʚʠʶ ʬʝʨʤʝʥʪʦʚ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚʳʟʳʚʘʝʪ 

ʠʥʪʝʨʝʩ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʝʜʠʮʠʥʳ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʛʠʜʨʦʬʦʙʥʳʤ ʢʘʣʠʢʩʘʨʝʥʦʚʳʤ ʷʜʨʦʤ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʯʝʪʳʨʝʭʣʫʯʝʚʳʭ 

ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʧʦʣʠ(2-ʘʣʢʠʣ-2-ʦʢʩʘʟʦʣʠʥ)ʦʚ ʠ ʧʦʣʠ(2-ʘʣʢʠʣ-2-ʦʢʩʘʟʠʥ)ʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʪʨʘ(ʭʣʦʨʩʫʣʴʬʦʥʠʣ)-

ʪʝʪʨʘ(ʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣʤʝʪʦʢʩʠ)-ʢʘʣʠʢʩ[4]ʘʨʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʨʘʥʝʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʫʣʴʬʦʥʠʣʭʣʦʨʠʜʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʠʥʠʮʠʘʪʦʨʘʤʠ ʢʘʪʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 2-ʦʢʩʘʟʦʣʠʥʦʚ [1]. 

ʀʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʛʠʜʨʦʬʦʙʥʳʤ ʢʨʘʩʠʪʝʣʝʤ ʢʫʨʢʫʤʠʥʦʤ. ʆʧʨʝʜʝʣʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ ʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʄʂ-

2699.2021.1.3). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ɹʣʦʭʠʥ ɸ.ʅ., ʈʘʟʠʥʘ ɸ.ɹ., ʂʫʨʣʳʢʠʥ ʄ.ʇ., ʊʝʥʴʢʦʚʮʝʚ ɸ.ɺ. // ɺʝʩʪʥʠʢ 

ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: ʍʠʤʠʷ. 2016.  ̄2. ʉ. 39ï46. 
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ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʥʘ ʦʩʥʦʚʝ 2,5-ʜʠʛʠʜʨʦʢʩʠ-

3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʧʘʨʘ-ʙʝʥʟʦʭʠʥʦʥʦʚʦʛʦ ʣʠʛʘʥʜʘ 

 

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

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 

 

ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʄʆʂʇ). 2,5-ʜʠʛʠʜʨʦʢʩʠ-3,6-ʜʠ-

ʪʨʝʪ-ʙʫʪʠʣ-ʧʘʨʘ-ʙʝʥʟʦʭʠʥʦʥ (H2pQ) ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʧʨʝʢʫʨʩʦʨʦʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʄʆʂʇ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʥʝʡʪʨʘʣʴʥʳʭ N-ʜʦʥʦʨʥʳʭ ʣʠʥʢʝʨʦʚ (ʧʠʨʘʟʠʥ (pi), 4,4ô-ʪʨʠʤʝʪʠʣ-ʜʠʧʠʨʠʜʠʥ 

(dipy-1), 4,4ô-ʜʠʧʠʨʠʜʠʥ (dipy-2)) ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʟʘ ʩʯʝʪ çʥʘʧʦʣʥʝʥʠʷè ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʤʝʪʘʣʣʘ. ʄʝʪʦʜʦʤ 

ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʧʦʣʠʤʝʨʳ ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ (ʈʠʩ. 1).  

 
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 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 

ʂʦʣʝʩʦʚʘ ɸ.ʉ., ɸʨʪʝʤʦʚ ɸ.ʅ., ʉʘʟʦʥʦʚʘ ɽ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: anyuta.colesova2016@yandex.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʥʝʩʢʦʣʴʢʦ 

ʛʝʪʝʨʦʘʪʦʤʦʚ. ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ 1,3-ʙʝʥʟʦʜʠʦʢʩʦʣʳ, 1,4-

ʙʝʥʟʦʜʠʦʢʩʘʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʷʤʘʷ ʨʝʘʢʮʠʷ ʢʦʦʨʜʠʥʘʮʠʠ 

ʧʠʨʦʢʘʪʝʭʠʥʘ ʩ ʛʝʢʩʘʢʘʨʙʦʥʠʣʭʨʦʤʦʤ ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ ʥʝʚʦʟʤʦʞʥʘ ʚʚʠʜʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʤʳ 

ʦʙʨʘʪʠʣʠ ʥʘ ʩʠʥʪʝʟ ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ I  ʠ II . 

 

ʈʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʜʚʝ ʩʪʘʜʠʠ. ʉʥʘʯʘʣʘ ʧʠʨʦʢʘʪʝʭʠʥ ʧʝʨʝʚʦʜʠʣʩʷ ʚ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ; ʜʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ  r ʜʚʘ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʘ: ʨʝʘʢʮʠʷ ʧʠʨʦʢʘʪʝʭʠʥʘ ʩ ʘʣʴʜʝʛʠʜʘʤʠ (ʘ) ʠ ʜʠʛʘʣʦʠʜʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (b). ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʩʪʫʧʘʣʠ ʚ 

ʨʝʘʢʮʠʶ ʩ Cr(CO)6 ʠʣʠ (NH3)3Cr(CO)3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ˊ-ʢʦʤʧʣʝʢʩʦʚ. ʈʝʘʢʮʠʠ 

ʧʨʦʭʦʜʷʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʧʨʦʝʢʪ ˉ 0729-2020-0039). 
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ʌʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʮʝʨʠʷ ʩ ʧʨʠʚʠʪʳʤʠ 

ʷʢʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʜʣʷ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

 

ʂʦʩʤʘʯʝʚʘ ʂ.ɼ., ʐʝʬʝʨʦʚ ʀ.ɸ. 

 ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ  
 

ʀʥʪʝʨʝʩ ʢ ʥʘʥʦʯʘʩʪʠʮʘʤ ʦʢʩʠʜʘ ʮʝʨʠʷ (CeO2NPs) ʦʙʫʩʣʦʚʣʝʥ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʜʦʢʩ ï ʧʨʦʮʝʩʩʘʭ, ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʤʠʤʝʪʠʢʦʚ 

ʨʘʟʣʠʯʥʳʭ ʬʝʨʤʝʥʪʦʚ (ʉʆɼ, ʢʘʪʘʣʘʟʳ, ʛʣʫʪʘʪʠʦʥʨʝʜʫʢʪʘʟʳ, NO ï ʨʝʜʫʢʪʘʟʳ, 

ʬʦʩʬʦʪʘʟʳ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʝʢʪʦʨʘ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʚʝʱʝʩʪʚ(ʃɺ). [1, 2].   

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʮʝʩʩʝ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʠʪʘʪ- ʠ ʮʠʪʨʘʪ- ʘʥʠʦʥʦʚ ʢʘʢ ʷʢʦʨʥʳʭ ʛʨʫʧʧ ʚ CeO2NPs ʜʣʷ 

ʜʦʩʪʘʚʢʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʦʢʩʦʧʠʨʠʤʠʜʠʥʦʚʳʭ ʃɺ.  

CeO2NPs ʧʦʣʫʯʘʣʠ ʢʘʢ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, ʪʘʢ ʠ ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʥʠʪʨʘʪʘ ʮʝʨʠʷ, ʘ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʦʪʦʚʳʡ ʨʝʘʛʝʥʪ CeO2NPs. ʇʨʠʚʠʚʢʫ ʷʢʦʨʥʳʭ ʛʨʫʧʧ 

ʧʨʦʚʦʜʠʣʠ ʦʙʨʘʙʦʪʢʦʡ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ CeO2NPs ʬʠʪʠʥʦʚʦʡ ʠʣʠ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʘʤʠ ʩ Na2CO3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʣʴʪʦʜʝʢʩʪʨʠʥʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʩʘʞʜʝʥʠʝʤ ʘʮʝʪʦʥʦʤ ʠ ʩʫʰʢʦʡ. ʆʢʩʦʧʠʨʠʤʠʜʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ (5-

ʬʪʦʨʫʨʘʮʠʣ, ʪʝʛʘʬʫʨ, ʢʘʧʝʮʠʪʘʙʠʥ) ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʣʠ ʧʦ ʨʝʘʢʮʠʠ ʩ ʧʨʠʚʠʪʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ CeO2NPs.  

ʇʨʠʚʠʚʢʘ ʷʢʦʨʥʳʭ ʛʨʫʧʧ CeO2NPs ʠ ʚʢʣʶʯʝʥʠʝ ʦʢʩʦʧʠʨʠʤʠʜʠʥʦʚ ʙʳʣʘ 

ʜʦʢʘʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ: ʀʂ, ʋʌ, ʗʄʈ, ɺʕɾʍ, ʬʣʫʦʨʝʩʮʝʥʮʠʠ, 

ʧʦʨʦʰʢʦʚʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʚʠʚʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʚʢʣʶʯʝʥʠʷ ʃɺ ʚ CeO2NPs 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ D (5-20 ʥʤ) ʠ ʪʠʧ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʢʫʙʠʯʝʩʢʘʷ 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ) ʠʟʤʝʥʷʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚʝʣʠʯʠʥʘ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ 

ʠʟʤʝʥʷʣʘʩʴ ʦʪ -10 ʜʦ ï30 mV, ʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ - ʦʪ 300 ʜʦ 1000 ʥʤ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Yang Z.-Y., Luo S.-L., et al. // RSC Adv. 2014. V. 4. P. 59965-59969. 

[2] Lord M.S., Berret J.F., et al. // Nano-micro small. 2021. 
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ʊʨʠʘʟʦʣʩʦʜʝʨʞʘʱʠʝ ʢʘʨʙʦʢʩʠʟʘʤʝʱʝʥʥʳʝ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʳ.  

çʉʠʥʪʝʟ-ʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦè 

 

ʂʦʯʝʪʢʦʚʘ ɸ.ʅ., ʂʫʩʪʦʚʘ ʊ.ɺ., ɿʥʦʡʢʦ ʉ.ɸ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: melenchuktv@mail.ru 

 

ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʮʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʤʘʢʨʦʩʠʩʪʝʤʳ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʬʨʘʛʤʝʥʪʘ-ʬʘʨʤʘʢʘʬʦʨʦʚ ʠʣʠ 

ʚʚʝʜʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ ʧʝʨʠʬʝʨʠʠ.  

3,5-ɼʠʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ï ɻ ʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, 

ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. ɺʚʝʜʝʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠʜʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, 

ʧʨʦʷʚʣʷʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪ,ɹ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʥʪʝʨʝʩʥʳʝ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʉʦʯʝʪʘʷ ʮʝʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʨʝʢʫʨʩʦʨʦʚ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʥʝʮʠʢʣʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʜʦʣʞʝʥ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʨʷʜ ʥʦʚʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 

ʪʨʠʘʟʦʣʩʦʜʝʨʞʘʱʠʭ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʦʚ ɸɺɸɺ- ʠ ɸɺɺɺ-ʪʠʧʦʚ, ʛʜʝ ɸ ï 1,2,4-

ʪʨʠʘʟʦʣʴʥʳʡ, ɺ - ʠʟʦʠʥʜʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ. 

ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

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-2020-0008. 
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ʇʦʣʫʯʝʥʠʝ ʧʦʣʠʤʝʨʦʚ (ʤʝʪ)ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʠʤʦʡ 

ʧʝʨʝʜʘʯʠ ʮʝʧʠ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʡ ʜʦʩʪʘʚʢʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ 

 

ʂʨʘʩʥʦʚ ʆ.ɺ., ɺʣʘʩʦʚ ʈ.ʈ., ʈʷʙʦʚ ʉ.ɸ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: oleg_krasnov_98@mail.ru 

 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʥʘʫʢʠ ʚ 

ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʣʫʯʘʝʚ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʘʢʪʫʘʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʢ 

ʦʧʫʭʦʣʝʚʳʭ, ʪʘʢ ʠ ʟʜʦʨʦʚʳʭ ʪʢʘʥʝʡ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʢ ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ 

ʧʨʝʧʘʨʘʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʩʦ)ʧʦʣʠʤʝʨʳ (ʤʝʪ)ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʨʠʮ ʜʣʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʬʝʨʝ 

ʙʠʦʤʝʜʠʮʠʥʳ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʆʇʎ-ʘʛʝʥʪʦʚ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʠʤʝʨʳ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʘʩʩʘʤʠ 10-

100 ʢɼʘ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʆʇʎ-ʘʛʝʥʪʦʚ ʜʦʜʝʮʠʣʤʝʨʢʘʧʪʘʥʘ ʠ 4-

ʮʠʘʥʦ4[(ʜʦʜʝʮʠʣʩʫʣʴʬʘʥʠʣʪʠʦʢʘʨʙʦʥʠʣ)ʩʫʣʴʬʘʥʠʣ]ʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(ʎɼʉʇɸ), ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ ï ʜʠʥʠʪʨʠʣʘ ʘʟʦʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ (ɼɸʂ), 

ʘ ʪʘʢʞʝ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʠ ʜʠʦʢʩʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʇʦʣʠʤʝʨʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʜʝʛʘʟʠʨʦʚʘʥʥʳʭ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70Áʉ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ. 

ʆʯʠʩʪʢʫ ʧʦʣʠʤʝʨʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʪʨʝʭʢʨʘʪʥʳʤ ʧʝʨʝʦʩʘʞʜʝʥʠʝʤ ʭʦʣʦʜʥʳʤ 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ ʵʪʘʥʦʣʝ. ɸʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ɻʇʍ ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʧʨʠ 40Áʉ ʥʘ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʤ ʞʠʜʢʦʩʪʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ LC-20 AD Prominence 

çShimadzuè. ɹʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʢʦʥʚʝʨʩʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʫʯʘʝʤʳʭ 

ʧʦʣʠʤʝʨʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆʇʎ-ʘʛʝʥʪʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʪʘʢʨʠʣʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʟʘʜʘʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʩ ʮʝʣʴʶ ʩʝʣʝʢʪʠʚʥʦʡ ʜʦʩʪʘʚʢʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. 
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ʂʨʠʚʝʥʢʦ ʂ.ɸ., ʇʦʣʷʢʦʚ ʀ.ɺ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: krivenko.ks.25@gmail.com 
 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʜʫʢʪʳ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʛʣʠʮʝʨʠʥʘ, ʢʘʧʨʦʣʘʢʪʘʤʘ, ʜʠʵʪʘʥʦʣʘʤʠʥʘ, 

ʦʢʪʘʜʝʮʠʣʘʤʠʥʘ ʩ ʟʘʜʘʥʥʳʤ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʧʫʪʸʤ ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʩʞʘʪʠʠ ʠ ʚʝʣʠʯʠʥʳ ʦʩʘʜʢʠ ʢʦʥʫʩʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʥʘ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ ʤʘʨʢʠ ɺ22,5 ʛʦʪʦʚʠʣʠ ʠʩʭʦʜʥʫʶ 

ʩʤʝʩʴ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: ʮʝʤʝʥʪ, ʧʝʩʦʢ, ʱʝʙʝʥʴ, ʚʦʜʘ. ɺʦʜʦʮʝʤʝʥʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ï 0,45. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʛʣʠʮʝʨʠʥ:ʢʘʧʨʦʣʘʢʪʘʤ:ʜʠʵʪʘʥʦʣʘʤʠʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʜʦʙʘʚʢʘ 1 - 

1,8:1,0:1,0; ʜʦʙʘʚʢʘ 2 - 2,0:1,2:1,2. ʇʨʠ ʩʠʥʪʝʟʝ ʜʦʙʘʚʢʠ 3 ʚ ʢʘʯʝʩʪʚʝ ʘʤʠʥʦʩʧʠʨʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʢʪʘʜʝʮʠʣʘʤʠʥ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ: 

ʛʣʠʮʝʨʠʥ:ʢʘʧʨʦʣʘʢʪʘʤ:ʦʢʪʘʜʝʮʠʣʘʤʠʥ ï 2,0:1,5:1,7. ɼʦʙʘʚʢʫ 1 ʧʨʠʤʝʥʷʣʠ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 0,2% ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ, ʜʦʙʘʚʢʫ 2 - 0,25% ʦʪ ʤʘʩʩʳ ʮʝ-ʤʝʥʪʘ, ʜʦʙʘʚʢʫ 

3 ï 0,3% ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ. 

 
ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ 

 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʩʦʩʪʘʚʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʢʅ/ʩʤ2 
ʆʩʘʜʢʘ 

ʢʦʥʫʩʘ, ʩʤ 
1  

ʩʫʪʢʠ 

3 

ʩʫʪʢʠ 

7 

ʩʫʪʢʠ 

14 

ʩʫʪʢʠ 

28 

ʩʫʪʢʠ 

1 ɹʝʟ ʜʦʙʘʚʢʠ 49,1 95,7 214,2 256,7 331,0 4,2 

2 ʉ ʜʦʙʘʚʢʦʡ 1 37,2 76,4 220,2 385,7 342,0 8,8 

3 ʉ ʜʦʙʘʚʢʦʡ 2 40,7 81,4 233,6 305,1 360,1 12,2 

4 ʉ ʜʦʙʘʚʢʦʡ 3 39,6 79,2 228,6 297,1 358,8 11,8 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ.1, ʥʘʠʙʦʣʴʰʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʤʝʩʠ 

ʩ ʜʦʙʘʚʢʘʤʠ 2 ʠ 3, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʢʠ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 0,25-0,3% ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ. 
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ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ N-ʤʝʪʠʣ-4-ʥʠʪʨʦʬʪʘʣʠʤʠʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

65 %-ʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ 

 

ʂʨʠʞʘʥʦʚʩʢʘʷ ɸ.ʀ., ɸʥʪʦʥʦʚʘ ʄ.ʄ., ʗʢʦʚʣʝʚʘ ɺ.ɸ.,  

ʂʦʩʪʠʢʦʚʘ ʅ.ɸ., ʄʦʨʦʟʦʚʘ ʆ.ʊ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: dir@gosniiokht.ru 

 

ʉʠʥʪʝʟ ʧʦʣʠʵʬʠʨʠʤʠʜʦʚ [1] ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ N-ʤʝʪʠʣ-4-ʥʠʪʨʦʬʪʘʣʠʤʠʜʘ 1, 

ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʶʪ ʥʠʪʨʦʚʘʥʠʝʤ N-ʤʝʪʠʣʬʪʘʣʠʤʠʜʘ 2 ʜʳʤʷʱʝʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ [2]. ɺ ʩʚʷʟʠ ʩ ʝʝ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ 

ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ 4-ʥʠʪʨʦ-N-ʤʝʪʠʣʬʪʘʣʠʤʠʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ 65 %-ʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 

1 ʧʦʣʫʯʘʝʪʩʷ ʥʠʪʨʦʚʘʥʠʝʤ N-ʤʝʪʠʣʬʪʘʣʠʤʠʜʘ 2 ʩʤʝʩʴʶ ʘʟʦʪʥʦʡ (65 %) ʠ ʩʝʨʥʦʡ 

(95 %) ʢʠʩʣʦʪ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (1,5 : 7,5) ʵʢʚ. ʥʘ 1 ʵʢʚ. 1 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʩ ʚʳʭʦʜʦʤ 93 %. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 4- ʠ 3-ʥʠʪʨʦʟʘʤʝʱʸʥʥʳʭ N-ʤʝʪʠʣʬʪʘʣʠʤʠʜʦʚ 1 ʠ 3 ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 97 : 3 (ʨʠʩ. 1).  

 

 
ʈʠʩ.1. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ N-ʤʝʪʠʣ-4-ʥʠʪʨʦʬʪʘʣʠʤʠʜʘ 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʵʢʩʪʨʘʢʮʠʝʡ ʭʣʦʨʠʩʪʳʤ 

ʤʝʪʠʣʝʥʦʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʪʦʯʥʳʭ ʚʦʜ, ʘ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʪʦʨʥʦ ʦʪʨʘʙʦʪʘʥʥʫʶ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʧʦʩʣʝ ʝʸ 

ʫʢʨʝʧʣʝʥʠʷ ʦʣʝʫʤʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ  

N-ʤʝʪʠʣ-4-ʥʠʪʨʦʬʪʘʣʠʤʠʜʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʘʤʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Patent ˉ 111303003 CN, IPC C07D209/48. / Chen H., Li  X., Liu B., et al: 

applicant WANHUA CHEMICAL GROUP CO LTD. ï 10 p. : il . ï 3. 

[2] Rajasekar S., Venkatesan D. // Polymers and Polymer Composites. 2015. V. 23. ˉ. 

8. P. 575-582. 
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ʉʠʥʪʝʟ ʩʦʧʦʣʠʤʝʨʦʚ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ ʩ ʛʣʠʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʦʤ ʠ 

ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ ʤʝʪʦʜʦʤ Atom Transfer Radical Polymerization ʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʝʧʨʝʩʩʦʨʥʳʭ ʧʨʠʩʘʜʦʢ 

  

ʂʨʠʫʣʠʯʝʚ ʀ.ʇ., ʊʚʦʨʦʛʦʚʘ ʅ.ɼ., ʇʘʚʣʦʚʩʢʘʷ ʄ.ɺ., ɻʨʠʰʠʥ ɼ.ʌ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ  

E-mail: ivann19.11.1998@gmail.com 
 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ ʩʠʥʪʝʟ ʧʦʣʠʤʝʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʢʘʣʴʥʦʛʦ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʘʣʠʟʘ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʢʨʦʤʦʣʝʢʫʣ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʪʨʦʝʥʠʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʤʘʩʩʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ (ʩʦ)ʧʦʣʠʤʝʨʦʚ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʩʚʦʡʩʪʚʘ ʠ 

ʧʫʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʚʳʩʰʠʭ 

ʵʬʠʨʦʚ (ʤʝʪ)ʘʢʨʠʣʦʚʳʭ ʢʠʩʣʦʪ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚ ʧʣʘʥʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʧʨʝʩʩʦʨʥʳʭ ʧʨʠʩʘʜʦʢ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ɼʊ). ʅʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩ ʧʝʨʝʥʦʩʦʤ 

ʘʪʦʤʘ (Atom Transfer Radical Polymerization, ATRP) ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʉʄɸ) ʩ 

ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ (ɸʅ) ʠ ʛʣʠʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʦʤ (ɻʄɸ). ɼʣʷ ʩʠʥʪʝʟʘ 

ʩʦʧʦʣʠʤʝʨʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ 

ʙʨʦʤʠʜʘ ʤʝʜʠ (I) ʩ ʪʨʠʩ[(2-ʧʠʨʠʜʠʣ)ʤʝʪʠʣ]ʘʤʠʥʦʤ.ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʧʦʣʷʨʥʳʭ ʩʦʤʦʥʦʤʝʨʦʚ (ɸʅ ʠ ɻʄɸ) ʚ ʩʦʩʪʘʚ ʤʦʣʝʢʫʣʳ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʥʦʛʦ 

ʧʦʣʠʤʝʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʜʝʧʨʝʩʩʦʨʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦʣʠʤʝʨʥʦʡ 

ʧʨʠʩʘʜʢʠ, ʧʨʠʚʦʜʷ ʢ ʫʣʫʯʰʝʥʠʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ɼʊ. ʀʩʩʣʝʜʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʧʦʣʠʤʝʨʦʚ (ʚ ʜʠʘʧʘʟʦʥʝ 

200-1600 ppm) ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʊ. ʆʮʝʥʝʥʦ ʚʣʠʷʥʠʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ɼʊ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʠʩʘʜʢʠ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʥʳʤ ʜʝʡʩʪʚʠʝʤ: ʫʣʫʯʰʘʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ɼʊ, ʦʥʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʶʪ ʝʛʦ 

ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ (ʩʦ)ʧʦʣʠʤʝʨʦʚ ʉʄɸ ʩ 

ɻʄɸ ʠ ɸʅ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʚ ʧʣʘʥʝ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʩʘʜʦʢ, ʫʣʫʯʰʘʶʱʠʭ ʨʷʜ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʦʯʠʱʝʥʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 20-03-00150). 
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ʉʠʥʪʝʟ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʛʦ ʩʠʣʠʣʝʥʘ 

 

ʂʨʶʯʝʥʢʦʚʘ ɸ.ɸ., ɼʦʜʦʥʦʚ ɺ.ɸ., ʌʝʜʶʰʢʠʥ ʀ.ʃ. 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ.  

E-mail: dodonov@iomc.ras.ru 
 

ʍʠʤʠʷ ʥʠʟʢʦʚʘʣʝʥʪʥʦʛʦ ʢʨʝʤʥʠʷ ʧʦʣʫʯʠʣʘ ʩʝʨʴʸʟʥʳʡ ʪʦʣʯʦʢ ʚ ʨʘʟʚʠʪʠʠ, 

ʢʦʛʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʩʪʘʙʠʣʴʥʳʝ ʩʠʣʠʣʝʥʳ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʂʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ ʩ Nïʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʩʠʣʠʣʝʥʘʤʠ ï ʘʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʝʘʢʮʠʡ ʍʝʢʘ ʠ ʉʫʟʫʢʠ. ɺ ʥʘʰʝʡ ʥʘʫʯʥʦʡ 

ʛʨʫʧʧʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʥʠʟʢʦʚʘʣʝʥʪʥʦʡ ʭʠʤʠʠ ʢʨʝʤʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʜʠʭʣʦʨ ʩʠʣʠʣʝʥʘ [(dpp-bian)SiCl2] ʠ ʩʠʣʠʣʝʥʘ [(dpp-bian)Si]. 

ʇʣʦʭʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʘʢʮʠʠ, ʥʠʟʢʠʡ ʚʳʭʦʜ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ (KCl, ʛʨʘʬʠʪ), ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʦʤ ʩʠʥʪʝʟʝ [(dpp-bian)SiCl2] 

[1], ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʝʛʦ ʧʦʙʫʜʠʣʠ ʥʘʩ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ [(dpp-bian)SiCl2].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʥʦʚʦʤ ʩʧʦʩʦʙʝ ʧʦʣʫʯʝʥʠʷ [(dpp-

bian)SiCl2] ʧʦ ʨʝʘʢʮʠʠ ʠʟʙʳʪʢʘ ʛʝʢʩʘʭʣʦʨʜʠʩʠʣʘʥʘ ʩ dpp-bian ʧʨʠ 160Áʉ. [(dpp-

bian)Si] ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ [(dpp-bian)SiCl2] ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʥʘʪʨʠʷ. 

ʉʦʝʜʠʥʝʥʠʷ ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʗʄʈ ʠ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ 

ʵʣʝʢʪʨʦʥʦʚ ʚ C2N2Si ʮʠʢʣʝ ʚ [(dpp-bian)Si].  

 
ʉʭʝʤʘ 1. ʇʦʣʫʯʝʥʠʝ [(dpp-bian)Si] 

 

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

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Fedushkin I.L., et al. // Russian Chemical Bulletin. 2013. V. 62. P. 2454-2461. 
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ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ 

 

ʂʫʜʘʡʙʝʨʛʝʥ ɻ.ʂ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʅʫʨ-ʉʫʣʪʘʥ, ʂʘʟʘʭʩʪʘʥ 

E-mail: kudaibergen@biocenter.kz  

 

ʄʝʞʧʦʟʚʦʥʦʯʥʳʡ ʜʠʩʢ (ʄʇɼ) ʷʚʣʷʝʪʩʷ ʦʧʦʨʥʳʤ ʦʨʛʘʥʦʤ, ʥʝʩʫʱʠʤ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʪʢʘʥʝʡ: ʧʫʣʴʧʦʟʥʦʝ ʷʜʨʦ, 

ʬʠʙʨʦʟʥʦʝ ʢʦʣʴʮʦ ʠ ʢʦʥʮʝʚʫʶ ʧʣʘʩʪʠʥʫ ʭʨʷʱʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʄʇɼ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʠʯʠʥ ʙʦʣʠ ʚ ʩʧʠʥʝ, ʥʘ ʣʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʪʨʘʪʠʪʩʷ 

ʝʞʝʛʦʜʥʦ 70 ʤʠʣʣʠʘʨʜʦʚ ʝʚʨʦ ʚʦ ʚʩʝʤ ʤʠʨʝ. ɹʦʣʝʟʥʴ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ-ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

ʣʶʜʝʡ ʚ ʤʠʨʝ ʮʝʣʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʩʦʚʤʝʩʪʠʤʦʛʦ ʧʦʣʠʤʝʨʘ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʠʨʦʜʥʳʝ ʧʦʣʠʤʝʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʝʛʤʝʥʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʣʝʯʝʙʥʦʤʫ ʵʬʬʝʢʪʫ ʧʨʠ ʨʝʛʝʥʝʨʘʮʠʠ ʪʢʘʥʝʡ [1]. ʂʨʠʦʛʝʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʢʨʠʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ ʞʝʣʘʪʠʥ, 

ʭʠʪʦʟʘʥʘ ʠ ʭʦʥʜʨʦʠʪʠʥ ʩʫʣʴʬʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʨʦʠʟʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʤʝʪʦʜʦʤ ʉʕʄ, 

ʢʦʪʦʨʳʡ ʜʦʢʘʟʘʣ ʧʦʨʠʩʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʨʠʦʛʝʣʝʡ. ɼʦʢʘʟʘʥʦ, 

ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʦʥʜʨʦʠʪʠʥ ʩʫʣʴʬʘʪʘ ʚ ʦʙʨʘʟʮʘʭ ʧʦʚʳʰʘʝʪʩʷ 

ʧʣʦʪʥʦʩʪʴ ʢʨʠʦʛʝʣʝʡ, ʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʛʝʣʝʚʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʧʦʣʠʤʝʨʦʚ. ʄʝʪʦʜʦʤ ɼʉʂ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʢʨʠʦʛʝʣʝʡ, 

ʢʦʪʦʨʳʡ ʙʳʣʠ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʦʛʝʣʝʤ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʰʠʚʘʶʱʝʛʦ 

ʘʛʝʥʪʘ. ʈʘʟʣʦʞʝʥʠʝ ʢʨʠʦʛʝʣʷ ʙʝʟ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʥʘʩʪʫʧʘʝʪ ʧʨʠ 110Áʉ 

ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 270Áʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʦʩʪʘʣʴʥʳʭ ʢʨʠʦʛʝʣʷʭ 

ʨʘʟʣʦʞʝʥʠʝ ʥʘʩʪʫʧʘʝʪ ʚ ʩʨʝʜʥʝʤ ʦʪ 200Áʉ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ 280-

311Áʉ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʘʢʨʦʧʦʨʠʩʪʳʝ ʢʨʠʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ ʢʨʠʦʛʝʣʝʡ. ʇʦʩʢʦʣʴʢʫ ʢʨʠʦʛʝʣʠ ʩʦʩʪʦʷʪ ʠʟ ʧʨʠʨʦʜʥʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʥʝ ʚʳʟʦʚʫʪ ʧʨʦʙʣʝʤ ʩ 

ʠʤʤʫʥʥʳʤ ʦʪʪʦʨʞʝʥʠʝʤ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʣʘʝʪ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʣʝʯʝʥʠʠ ʄʇɼ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʦʤʠʪʝʪʘ ʥʘʫʢʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʛʨʘʥʪ ˉ 

AP08052556). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Baumgartner L., Wuertz-Kozak K., Le Maitre C.L., et al. // International Journal of 

Molecular Sciences. 2021. V. 22. P. 703.  

[2] Harmon M.D., Ramos D.M., Nithyadevi D., et al. // Biomaterials Science. 2020. 

V. 8. P. 1216ï1239.  

 

https://www.zotero.org/google-docs/?ZCZ6zo
https://www.zotero.org/google-docs/?ZCZ6zo
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 1-ʥʠʪʨʦ-3,3,3-ʪʨʠʬʪʦʨʧʨʦʧʝʥʘ ʩ ʵʪʠʣʜʠʘʟʦʘʮʝʪʘʪʦʤ 

 

 ʂʫʜʝʣʠʥʘ ɺ.ɸ.1 , ɸʥʠʩʠʤʦʚʘ ʅ.ɸ.1,2 
1ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ. ʀ. 

ɻʝʨʮʝʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ɺʳʩhʘʷ ʰʢʦʣʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʵʥʝʨʛʝʪʠʢʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘ,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: lera_kudelina@mail.ru 

 

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1-ʥʠʪʨʦ-3,3,3-ʪʨʠʬʪʦʨʧʨʦʧʝʥʘ ʩ ʵʪʠʣ-

ʜʠʘʟʦʘʮʝʪʘʪʦʤ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʧʨʠ 20ʦʉ (3 ʯ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ)  ʧʦ 

ʜʚʫʤ ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ɸ, ɹ, ʠ ʧʨʠʚʦʜʠʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʨʝʛʠʦʠʟʦʤʝʨʥʳʭ  ȹ1-ʧʠʨʘʟʦʣʠʥʦʚ (1ʘ,ʙ). ʇʦʩʣʝʜʥʠʝ ʫʞʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʘʫʪʦʤʝʨʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʠ ʜʝʥʠʪʨʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ȹ2-ʧʠʨʘʟʦʣʠʥʦʚ (2ʘ/,ʙ/), (2ʘ//,ʙ//), ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ -ʉ=N ʩʚʷʟʠ ʮʠʢʣʘ.   

ɼʝʥʠʪʨʘʮʠʷ ȹ1- (1ʘ,ʙ) ʠ ȹ2-ʧʠʨʘʟʦʣʠʥʦʚ (2ʘ/,ʙ/), (2ʘ//,ʙ//) ʧʨʠʚʝʣʘ ʢ ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ȹ1- (3ʘ,ʙ) ʠ  ȹ2-ʧʠʨʘʟʦʣʘʤ (4ʘ/,ʙ/) ʠ (4ʘ//,ʙ//).  
 

 
 

ʉʦʝʜʠʥʝʥʠʷ  (2ʘ//, ʙ/, ʙ//, 3ʘ,ʙ, 4 ʘ/,ʙ//) ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʤʝʩʝʡ. ȹ2-ʇʠʨʘʟʦʣʠʥ (2ʘ/) ʠ ʧʠʨʘʟʦʣʳ (4ʘ//, 4ʙ/) ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ 

ʚʠʜʝ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʢʘʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʠ ʗʄʈ1ʅ, 13ʉ, 19F ʠ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʅMQC, HMBC, COSY, 

ʘ ʠʭ ʩʦʩʪʘʚ  ʧʦʜʪʚʝʨʞʜʝʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʥʦʚʦʡ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʘʣʴʜʝʛʠʜʦʚ ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ ʩʪʠʨʦʣʘ ʩ ʧʦʤʦʱʴʶ ʠʤʠʥʠʝʚʳʭ ʩʦʣʝʡ 

  

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 

 

 

 

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 40 4-OH - 

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

4-OMe 49 4-NH2 - 4-OTBDPS 38 

4-OBut 24 4-Me 68 4-NHBoc - 

3,4,5-OMe 65 4-But 86 4-NHFmoc 35 
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ʉʠʥʪʝʟ ʬʦʪʦʨʘʩʱʝʧʣʷʝʤʳʭ ʢʦʥʲʶʛʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ 

ʪʝʪʨʘ(ʤʝʟʦ-ʘʨʠʣ)ʧʦʨʬʠʨʠʥʘ ʠ ʪʨʘʥʩ-ʢʦʤʙʨʝʪʘʩʪʘʪʠʥʘ ɸ4 ʜʣʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ  

  

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

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: kuzmina.ns2014@gmail.com 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʢʦʥʲʶʛʘʪʦʚ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʨʬʠʨʠʥʘ 

(Ps), ʣʠʥʢʝʨʘ, ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ (ʪʨʘʥʩ-ʢʦʤʙʨʝʪʘʩʪʘʪʠʥʘ ɸ4), ʘ ʪʘʢʞʝ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʛʨʫʧʧ [1]. ʌʦʪʦʨʘʩʱʝʧʣʷʝʤʳʡ ʦ-ʥʠʪʨʦʙʝʥʟʠʣʴʥʳʡ ʣʠʥʢʝʨ 

ʩʚʷʟʳʚʘʝʪ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʚ ʥʝʘʢʪʠʚʥʦʡ ʬʦʨʤʝ ʠ ʚʳʩʚʦʙʦʞʜʘʝʪ ʝʛʦ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ (ʨʠʩ.1.). ʇʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʦʤʝʨʠʟʘʮʠʷ 

ʤʘʣʦʪʦʢʩʠʯʥʦʛʦ ʪʨʘʥʩ-ʢʦʤʙʨʝʪʘʩʪʘʪʠʥʘ ɸ4 ʚ ʢʣʠʥʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ ʮʠʩ-ʬʦʨʤʫ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʪʦʢʩʠʯʥʦʩʪʴ ʢʦʥʲʶʛʘʪʦʚ ʚ 1000 ʨʘʟ [2]. 

 
ʈʠʩ.1. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʧʦʣʫʯʝʥʥʳʝ ʢʦʥʲʶʛʘʪʳ ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʘʨʛʝʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ̄  21-73-10230). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Kuzmina N.S., Otvagin V.F., Krylova L.V., et al. // Mendeleev Communications. 

2020. V. 30(2). P. 159-161. 

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

2015. V. 20(5). P. 051004-1-051004-6.  
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ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʢʨʘʭʤʘʣʘ ʩ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʦʡ  

 

ʂʫʨʦʯʢʠʥʘ ɽ.ɺ., ɻʘʚʨʠʣʝʥʢʦ ɻ.ɸ., ʅʠʢʫʣʠʥ ʅ.ʀ., ʇʨʦʪʦʧʦʧʦʚ ɸ.ɺ.  

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, 

ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ  

E-mail: a_protopopov@mail.ru 

 

ɺ ʭʦʜʝ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʨʘʭʤʘʣʘ ʩ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʦʡ ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 0,5 ï 5  ʯʘʩʦʚ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 20 ʜʦ 60 0ʉ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʦʪʤʳʪʳʝ ʦʪ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ ʢʠʩʣʦʪʳ, ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʚʷʟʘʥʥʦʡ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩ.1. ʉʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʚ ʧʦʣʫʯʝʥʥʦʤ ʧʨʦʜʫʢʪʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʩʚʷʟʝʡ, ʧʨʠ ʵʪʦʤ ʚ ʧʨʦʜʫʢʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1740 ʩʤ-1, ʭʘʨʘʢʪʝʨʥʦʡ 

ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ. ʀʟ ʢʠʥʝʪʠʯʝʩʢʠʭ ʘʥʘʤʦʨʬʦʟ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ ʢʨʘʭʤʘʣʘ ʠ, ʚʧʦʩʣʝʜʩʪʚʠʠ, ʨʘʩʩʯʠʪʘʥʳ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʮʠʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʕʡʨʠʥʛʘ. 

ʕʥʪʨʦʧʠʷ ʘʢʪʠʚʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ -246,6 ɼʞ/ʤʦʣʴ*ʂ, ʵʥʪʘʣʴʧʠʷ ʘʢʪʠʚʘʮʠʠ 24,6 

ʢɼʞ/ʤʦʣʴ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʘʮʠʠ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʨʘʭʤʘʣʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ 

ʢʨʘʭʤʘʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʳʷʚʠʣʠ ʚʣʠʷʥʠʝ 

ʜʠʬʬʫʟʠʠ ʥʘ ʧʨʦʮʝʩʩ ʘʮʠʣʠʨʦʚʘʥʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʩʚʷʟʠ. 
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ʍʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 3,5-ʜʠʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

 

ʂʫʩʪʦʚʘ ʊ.ɺ., ɼʘʥʠʣʦʚʘ ɽ.ɸ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: melenchuktv@mail.ru 

 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 3,5-

ʜʠʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ: ʩʠʥʪʝʟ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ, ʤʝʟʦʤʦʨʬʥʳʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʫ ʪʨʠʘʟʦʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʷʚʣʝʥʠʶ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ.  

ʉʠʥʪʝʟʠʨʫʷ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʛʘʣʣʠʝʤ ʠ ʤʘʨʛʘʥʮʝʤ ʧʦʣʫʯʠʣʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʌɼʊ.   

ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʧʦʧʳʪʢʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʛʫʘʥʘʟʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, 

ʘʣʢʠʣʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ - "ʇʨʦʩʧʠʜʠʥ". ʕʪʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʧʨʝʧʘʨʘʪʘ çʜʚʦʡʥʦʛʦ ʜʝʡʩʪʚʠʷè, 

ʠʤʝʶʱʝʛʦ ʜʦʩʪʘʪʦʯʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʛʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʦʭʨʘʥʷʪʴ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʩʧʠʜʠʷ ʭʣʦʨʠʜʘ ʙʣʦʢʠʨʦʚʘʪʴ ʠʦʥʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ, ʘ ʩ ʜʨʫʛʦʡ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʮʠʪʦʩʪʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 3,5-

ʜʠʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ ʟʘ ʩʯʝʪ ʘʤʠʥʦʛʨʫʧ. 

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-2020-0008. 
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ʉʠʥʪʝʟʳ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ CO2 ʠ 

ʢʘʨʙʦʜʠʠʤʠʜʦʚ ʛʝʪʝʨʦʢʫʤʫʣʝʥʘʤʠ, ʧʨʦʤʦʪʠʨʦʚʘʥʥʦʝ ʛʘʣʣʠʣʝʥʦʤ 

 

ʂʫʰʥʝʨʦʚʘ ʆ.ɸ., ɼʦʜʦʥʦʚ ɺ.ɸ., ʌʝʜʶʰʢʠʥ ʀ.ʃ. 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: kushnerova@iomc.ras.ru 
 

ɺʧʝʨʚʳʝ ʜʣʷ ʘʢʪʠʚʘʮʠʠ CO2 ʙʳʣ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʦʤ 

ʠʤʝʝʪʩʷ ʢʦʦʧʝʨʘʮʠʷ ʜʚʫʭ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ï ʛʘʣʣʠʷ (II) ʠ ʥʘʪʨʠʷ ï ʠ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʦʛʦ ʣʠʛʘʥʜʘ ï dpp-bian (1,2-ʙʠʩ[(2,6-

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʥʦ]ʘʮʝʥʘʬʪʝʥ) ï ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ, ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ 

ʨʝʘʢʮʠʠ ʠ ʧʦʣʫʯʝʥʳ ʧʨʦʜʫʢʪʳ ʤʦʜʠʬʠʢʘʮʠʠ ʜʝʡʩʪʚʠʝʤ ʛʝʪʝʨʦʢʫʤʫʣʝʥʦʚ [1]. 

 
ʈʠʩ. 1. ʄʦʜʠʬʠʢʘʮʠʷ CO2 ʛʝʪʝʨʦʢʫʤʫʣʝʥʘʤʠ, ʧʨʦʤʦʪʠʨʫʝʤʘʷ ʢʦʤʧʣʝʢʩʦʤ ʛʘʣʣʠʷ 

ɺʧʝʨʚʳʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʨʝʚʨʘʱʝʥʠʝ ʢʘʨʙʦʜʠʠʤʠʜʦʚ ʚ ʛʫʘʥʠʜʠʥʘʪʳ ʠ 

ʠʤʠʥʦʛʫʘʥʠʜʠʥʘʪʳ ʚ ʦʜʥʫ ʩʪʘʜʠʶ, ʧʨʦʤʦʪʠʨʦʚʘʥʥʦʝ ʢʦʤʧʣʝʢʩʦʤ 

ʥʠʟʢʦʚʘʣʝʥʪʥʦʛʦ ʛʘʣʣʠʷ [2]. 

 
ʈʠʩ. 2. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʢʘʨʙʦʜʠʠʤʠʜʦʚ ʚ ʛʫʘʥʠʜʠʥʘʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

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

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Dodonov V.A., Kushnerova O.A., Baranov E.V., et al. // Dalton Trans. 2021. V 50. 

P. 8899-8906 

[2] Dodonov V.A., Xiao L., Kushnerova O.A., et al. // Chem. Commun. 2020. V. 56 

P. 7475-7478 
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ʉʠʥʪʝʟ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʟʘʛʨʫʞʝʥʥʳʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ CpG, ʜʣʷ ʨʝʧʦʣʷʨʠʟʘʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʤʘʢʨʦʬʘʛʦʚ 

 

ʃʘʟʘʨʝʚʘ ʇ.ɸ.1, ʉʝʤʢʠʥʘ ɸ.ʉ. 2,3, ɻʘʙʘʰʚʠʣʠ ɸ.ʅ. 4,5, ɸʙʘʢʫʤʦʚ ʄ.ɸ. 2,4 
1 ʇʝʨʚʳʡ ʄɻʄʋ ʠʤ. ʀ.ʄ. ʉʝʯʝʥʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2 ʈʅʀʄʋ ʠʤ. ʅ.ʀ. ʇʠʨʦʛʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ʅʄʀʎ ʇʅ ʠʤ. ɺ.ʇ. ʉʝʨʙʩʢʦʛʦ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

4ʄʀʉʠʉ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
5ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʛʝʤʘʪʦʣʦʛʠʠ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: polizara604@gmail.com 
 

ʄʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʞʝʣʝʟʘ (ʄʅʏ) ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʦʡ 

ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʢʨʳʪʠʝ ʄʅʏ ʯʝʣʦʚʝʯʝʩʢʠʤ ʩʳʚʦʨʦʪʦʯʥʳʤ ʘʣʴʙʫʤʠʥʦʤ (ʏʉɸ) 

ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ: ʪʘʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʠʤʝʶʪ ʥʠʟʢʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʄʅʏ-ʏʉɸ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʞʠʚʳʭ 

ʢʣʝʪʢʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʦʧʫʭʦʣʝʚʳʭ, ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʫʜʝʨʞʘʥʠʷ (EPR). ʊʘʢʞʝ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʣʝʢʘʨʩʪʚʘ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʯʝʥʳʝ ʚʳʜʝʣʷʶʪ 2 ʦʩʥʦʚʥʳʭ ʩʫʙʧʦʧʫʣʷʮʠʠ ʦʧʫʭʦʣʴ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʬʘʛʦʚ: ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ M1 ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʨʘʟʚʠʪʠʝ ʦʧʫʭʦʣʝʡ, ʄ2. ʆʜʥʠʤ ʠʟ 

ʧʦʜʭʦʜʦʚ ʠʤʤʫʥʦʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʡ ʷʚʣʷʝʪʩʷ ʨʝʧʦʣʷʨʠʟʘʮʠʷ ʄ2 ʤʘʢʨʦʬʘʛʦʚ ʚ 

ʄ1, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ CpG ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. ɼʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦʩʪʘʚʢʠ 

CpG ʚ ʤʘʢʨʦʬʘʛʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ Fe2O3, ʧʦʢʨʳʪʳʝ ʏʉɸ 

(ʄʅʏ-ʏʉɸ). ʇʦ ʜʘʥʥʳʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ 

ʥʘʥʦʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣ 31 ʥʤ, ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ -26 ʤɺ. ɿʘʪʝʤ ʥʘʥʦʯʘʩʪʠʮʳ ʙʳʣʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʛʫʘʥʠʜʠʥʦʤ (ʄʅʏ-ʏʉɸ-ɻʫʘ) ʤʝʪʦʜʦʤ ʢʘʨʙʦʜʠʠʤʠʜʥʦʡ 

ʘʢʪʠʚʘʮʠʠ. ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʥʘʥʦʯʘʩʪʠʮ ʫʚʝʣʠʯʠʣʩʷ ʜʦ 40 ʥʤ, ʘ ʜʟʝʪʘ-

ʧʦʪʝʥʮʠʘʣ ʜʦ -14 ʤɺ. CpG ʙʳʣ ʥʝʢʦʚʘʣʝʥʪʥʦ ʟʘʛʨʫʞʝʥ ʥʘ ʄʅʏ-ʏʉɸ-ɻʫʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʢʦʤʧʣʝʢʩʘ - 42 ʥʤ, ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ ʫʤʝʥʴʰʠʣʩʷ 

ʜʦ -24 ʤɺ. ɪʤʢʦʩʪʴ ʟʘʛʨʫʟʢʘ CpG ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 7% , ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʩʠʥʪʝʟʦʚ ʦʪ 20% ʜʦ 88%. ʈʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʄʅʏ-ʏʉɸ-ɻʫʘ-CpG ʚ ʤʳʰʠʥʳʭ ʤʘʢʨʦʬʘʛʘʭ, ʘ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʨʦʪʦʯʥʦʡ ʬʣʫʦʨʠʤʝʪʨʠʠ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʧʦʣʷʨʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ ʦʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ 

ʤʘʢʨʦʬʘʛʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʣʝʛʦʯʥʳʭ ʤʝʪʘʩʪʘʟʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʫ ʤʳʰʝʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʧʦʜʢʦʞʥʦʡ ʦʧʫʭʦʣʠ 4T1. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ18-29-

09061. 
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ʇʦʣʫʯʝʥʠʝ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʘʤʬʠʬʠʣʴʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ N-
ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ 

 
ʃʝʙʝʜʝʚ ʆ.ɸ., ɻʨʠʛʦʨʴʝʚʘ ɸ.ʆ., ɿʘʡʮʝʚ ʉ.ɼ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
E-mail: Belved2014@ya.ru 

 
ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʥʘʫʢʠ ʦ ʧʦʣʠʤʝʨʘʭ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚʘʤʠ 

ʧʫʪʝʤ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ. ɿʜʝʩʴ ʚʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʆʥʠ ʧʦʢʘʟʳʚʘʶʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʧʩʝʚʜʦʞʠʚʘʷ ʨʘʜʠʢʘʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʩ ʦʙʨʘʪʠʤʦʡ ʧʝʨʝʜʘʯʝʡ ʮʝʧʠ (ʆʇʎ ʧʦʣʠʤʝʨʠʟʘʮʠʷ). ɽʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ï 

ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʤʦʥʦʤʝʨʘʤ, 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʧʦʣʫʯʝʥʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩʣʦʞʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ ʠʭ ʩʠʥʪʝʟʘ. ʀʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʬʪʦʨʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʪʴ ʩʚʦʡʩʪʚʘ 

ʧʦʢʨʳʪʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʜʝʣʠʷʭ. ʌʪʦʨʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʥʠʟʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ, 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʠ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ. N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ (Nɺʇ) 

ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ, ʛʠʜʨʦʬʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʳʚʘʝʪ 

ʭʦʨʦʰʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ. ʆʧʠʨʘʷʩʴ ʥʘ ʵʪʠ ʩʚʦʡʩʪʚʘ, Nɺʇ 

ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʙʣʦʢʘ ʩʦʧʦʣʠʤʝʨʦʚ. 

ɼʘʥʥʳʡ ʪʠʧ ʩʦʧʦʣʠʤʝʨʦʚ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʦʪ 

ʬʪʦʨʧʦʣʠʤʝʨʦʚ (ʥʠʟʢʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ), ʪʘʢ ʠ ʦʪ ʧʦʣʠʤʝʨʦʚ N-

ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (ʥʝʪʦʢʩʠʯʥʦʩʪʴ). ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʪʘʢʠʭ 

ʩʦʧʦʣʠʤʝʨʦʚ ʤʦʞʝʪ ʩʪʘʪʴ ʩʦʟʜʘʥʠʝ ʧʦʢʨʳʪʠʡ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʝʡ (ʛʠʜʨʦʬʦʙʥʳʭ) ʩʦ ʩʢʦʣʴʟʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ 

ʦʙʨʘʩʪʘʥʠʶ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʙʫʜʫʪ ʧʨʦʷʚʣʷʪʴ 

ʘʤʬʠʬʠʣʴʥʦʩʪʴ ʠ ʫʣʫʯʰʝʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ 

ʛʠʜʨʦʬʦʙʥʳʭ ʠ ʛʠʜʨʦʬʠʣʴʥʳʭ ʟʚʝʥʴʝʚ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ RAFT-ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 1,1,1,3,3,3-

ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʪʘ (ɻʌʀʇɸ) ʠ Nɺʇ; 2,2,3,3,4,4,5,5-

ʦʢʪʘʬʪʦʨʧʝʥʪʠʣʘʢʨʠʣʘʪʘ (ʆʌʇɸ) ʠ Nɺʇ. ʇʦʤʠʤʦ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʛʝʥʪʘ ʦʙʨʘʪʠʤʦʡ ʧʝʨʝʜʘʯʠ ʮʝʧʠ 

(ʜʠʙʝʥʟʠʣʪʨʠʪʠʦʢʘʨʙʦʥʘʪʘ) ʠʩʩʣʝʜʦʚʘʥʘ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ RAFT-ʘʛʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇɻʌʀʇɸ ʠ ʇʆʌʇɸ. ɼʨʫʛʠʝ 

ʚʘʞʥʳʝ ʟʘʜʘʯʠ: ʧʦʣʫʯʝʥʠʝ ʢʨʠʚʳʭ ʩʦʩʪʘʚʘ ʩʦʧʦʣʠʤʝʨʦʚ, ʨʘʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʘʢʪʠʚʥʦʩʪʝʡ ʤʦʥʦʤʝʨʦʚ, ʠʟʫʯʝʥʠʝ ʠʟʦʪʝʨʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʩʤʘʯʠʚʘʥʠʷ ʤʦʥʦʩʣʦʝʚ ʩʦʧʦʣʠʤʝʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 19-03-

00843). 
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ʇʦʣʫʯʝʥʠʝ ʩʘʣʠʮʠʣʘʪʦʚ ʠ ʘʮʝʪʠʣʩʘʣʠʮʠʣʘʪʦʚ ʦʨʛʘʥʦʩʫʨʴʤʳ(V) 

 

ʃʝʚʠʥʘ ɺ.ɺ., ɻʫʱʠʥ ɸ.ɺ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: vikalevina@mail.ru 

 

ʉʘʣʠʮʠʣʘʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʨʛʘʥʦʩʫʨʴʤʳ(V) ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʪʝʨʘʧʠʠ ʣʝʡʰʤʘʥʠʦʟʘ ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʦʙʣʘʜʘʶʪ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ. ʆʥʠ ʤʝʥʝʝ 

ʪʦʢʩʠʯʥʳʝ ʠ ʠʭ ʜʝʡʩʪʚʠʝ ʩʨʘʚʥʠʤʦ ʩ ʜʝʡʩʪʚʠʝʤ ʪʘʢʠʭ ʣʝʢʘʨʩʪʚ, ʢʘʢ ʘʤʬʦʪʝʨʠʮʠʥ 

ɹ ʠ ʧʝʥʪʘʤʠʜʠʥ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʩʠʥʪʝʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʪʨʠʬʝʥʠʣʩʫʨʴʤʳ(V), ʩʦʜʝʨʞʘʱʠʭ ʦʜʠʥ ʠ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʘ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ. 

ʉʠʥʪʝʟ ʜʠʩʘʣʠʮʠʣʘʪʘ ʪʨʠʬʝʥʠʣʩʫʨʴʤʳ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1 ʤʦʣʴ 

ʪʨʠʬʝʥʠʣʩʫʨʴʤʳ, 1 ʤʦʣʴ ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠʜʘ ʠ 2 ʤʦʣʴ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺʳʧʘʚʰʠʝ ʢʨʠʩʪʘʣʣʳ ʜʠʩʘʣʠʮʠʣʘʪʘ ʪʨʠʬʝʥʠʣʩʫʨʴʤʳ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʭʣʦʨʦʬʦʨʤ : ʧʝʪʨʦʣʝʡʥʳʡ ʵʬʠʨ 

(1 : 4). ɹʳʣ ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ (tʧʣ = 175ÁC). ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 

81%. ʉʠʛʥʘʣʳ 1ʅ ʗʄʈ-ʩʧʝʢʪʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ʯʠʩʪʦʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʉʠʛʥʘʣ 11.2 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʆʅ-ʛʨʫʧʧʝ 

ʩʘʣʠʮʠʣʘʪʥʦʛʦ ʦʩʪʘʪʢʘ. ɺ ʦʙʣʘʩʪʠ 6.84ï8.09 ʤ.ʜ. ʦʙʥʘʨʫʞʝʥʳ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ 

ʉ6ʅ5-ʛʨʫʧʧʳ ʫ ʘʪʦʤʘ ʩʫʨʴʤʳ ʠ ʉ6ʅ4-ʛʨʫʧʧʳ ʩʘʣʠʮʠʣʘʪʥʦʛʦ ʦʩʪʘʪʢʘ (7.81ï7.88 

ʤ.ʜ.). ɼʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʘ Ph3Sb(ʦ-ʅʆC6H4COO)2: ɜ(SbC) = 689 ʩʤī1; ɜ(SbO) = 

461 ʩʤī1; ɜa(COO) = 1635ï1634 ʩʤī1; ɜs(COO) = 1353 ʩʤī1; ɜ(CH)Ar = 3058 ʩʤ
ī1. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʩʘʣʠʮʠʣʘʪʘ ʪʨʠʬʝʥʠʣʩʫʨʴʤʳ(V) ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʮʠʶ 

ʜʠʭʣʦʨʠʜʘ ʪʨʠʬʝʥʠʣʩʫʨʴʤʳ ʩ 2 ʤʦʣʴ ʜʠʵʪʠʣʘʤʠʥʘ ʠ 1 ʤʦʣʴ ʩʘʣʠʮʠʣʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ: 

ʩʫʙʩʘʣʠʮʠʣʘʪʘ ʪʨʠʬʝʥʠʣʩʫʨʴʤʳ Ph3Sb(O2CC6H4O) ʠ ʦʢʩʦʙʠʩʩʘʣʠʮʠʣʘʪʘ 

ʪʨʠʬʝʥʠʣʩʫʨʴʤʳ (Ph3SbX)2O (ʍ = ʦ-HOC6H4COO). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

Ph3SbCl2 + 2Et2NH + ʦ-ʅʆC6H4COOʅ Ÿ Ph3Sb(O2CC6H4O) + 2Et2NH2Cl + H2O. 

2Ph3SbCl2 + 4Et2NH + 2ʦ-ʅʆC6H4COOʅ + H2O Ÿ (Ph3SbO2CC6H4OH)2O + 

4Et2NH2Cl. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʙʘʟʦʚʦʡ ʯʘʩʪʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʧʨʦʝʢʪ ˉ 0729-2020-0039). 
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ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ 

 

ʃʝʧʠʣʢʠʥʘ ɽ.ʄ., ʌʨʦʣʦʚʘ ʊ.ʉ. 

ʃʠʮʝʡ ˉ8 çʆʣʠʤʧʠʷè, ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 

ɽ-mail: w_marika_w@mail.ru 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: ʮʠʪʨʘʪʥʳʤ ʠ ʙʦʨʛʠʜʨʠʜʥʳʤ 

[1].  

ʎʠʪʨʘʪʥʳʡ ʤʝʪʦʜ (ʤʝʪʦʜ ʊʫʨʢʝʚʠʯʘ ) ʦʩʥʦʚʘʥ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʦʣʠ 

ʩʝʨʝʙʨʘ ʮʠʪʨʘʪ- ʘʥʠʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʠ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ʇʦʵʪʦʤʫ ʠʤʝʥʥʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʠʪʨʘʪ-ʠʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢ 

ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʪʘʢ ʠ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʦ ʜʘʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʫʩʪʦʡʯʠʚʳ ʢ 

ʘʛʨʝʛʘʮʠʠ, ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʫʟʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ.  

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʳʯʠʩʣʠʣʠ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʪʫʨʙʦʜʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ. ʆʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʙʦʨʛʠʜʨʠʜʥʳʤ ʤʝʪʦʜʦʤ ʯʘʩʪʠʮʳ ʧʦʣʫʯʠʣʠʩʴ ʨʘʟʤʝʨʦʤ 60 ʥʤ, ʘ ʮʠʪʨʘʪʥʳʤ ï 

ʤʝʥʴʰʝ,  20 ʥʤ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʣʣʦʠʜ ʩʝʨʝʙʨʘ, 

ʧʦʣʫʯʝʥʥʳʡ ʮʠʪʨʘʪʥʳʤ ʤʝʪʦʜʦʤ. ʉʣʝʜʦʤ ʧʨʠʩʪʫʧʠʣʠ ʢ ʩʠʥʪʝʟʫ ʧʣʝʥʢʠ ʠʟ 

ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʥʘʥʦʩʝʨʝʙʨʘ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ ʠʟ 10% ʨʘʩʪʚʦʨʘ  

ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʊʦʣʱʠʥʘ ʛʦʪʦʚʦʡ ʧʣʝʥʢʠ ʩʦʩʪʘʚʠʣʘ 80 ʤʢʤ. 

ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʚʳʟʳʚʘʶʪ ʨʘʟʨʫʰʝʥʠʝ ʩʪʝʥʦʢ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʧʨʠʚʦʜʷ ʢ ʣʠʟʠʩʫ ʙʘʢʪʝʨʠʡ ʠ ʠʭ ʩʤʝʨʪʠ. 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

¶ ʎʠʪʨʠʪʥʳʤ ʠ ʙʦʨʛʠʜʨʠʙʥʳʤ ʤʝʪʦʜʘʤʠ  ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʪʘʙʠʣʴʥʳʝ 

ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʩʝʨʝʙʨʘ  ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 20 ʥʤ ʠ 60 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

¶ ʇʦʣʫʯʝʥʘ ʛʠʙʢʘʷ ʧʨʦʟʨʘʯʥʘʷ ʧʣʝʥʢʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ 

ʥʘʥʦʩʝʨʝʙʨʘ ʪʦʣʱʠʥʦʡ 80 ʤʢʤ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʚ ʤʝʜʠʮʠʥʝ, 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʣʝʢʪʨʦʥʠʢʝ, ʙʳʪʫ  ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ʉʠʛʦʚ ɸ.ʉ. ʇʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ: ʃʘʙʦʨʘʪʦʨʥʳʡ 

ʧʨʘʢʪʠʢʫʤ ʧʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ ï ʄʀʈʕɸ.-ʄ., 2008.- ʩ. 116 
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ʌʦʪʦʠʥʠʮʠʠʨʫʝʤʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʩ ʫʯʘʩʪʠʝʤ 
ʬʝʥʦʢʩʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ* 

 

ʃʠʟʷʢʠʥʘ ʆ.ʉ.1, ɺʘʛʘʥʦʚʘ ʃ.ɹ.1, ʇʠʩʢʫʥʦʚ ɸ.ɺ.2, ɻʨʠʰʠʥ ɼ.ʌ.1 
1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
E-mail: oksana.94.02@mail.ru     

 
ɸʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ çʟʝʣʸʥʦʡè ʭʠʤʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʚʝʣʦ 

ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʦʙʣʫʯʝʥʠʷ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ 

ʠʟʫʯʝʥʠʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʄʄɸ) ʩ ʫʯʘʩʪʠʝʤ ʬʝʥʦʢʩʘʟʠʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 1-3 ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʣ-2-

ʙʨʦʤʠʟʦʙʫʪʠʨʘʪʘ (ʕɹʀɹ) ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʦʚ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ (Atom Transfer 

Radical Polymerization). 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʦʙʣʫʯʝʥʠʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʧʦʟʠʮʠʠ [1 + 

ʕɹʀɹ] ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʄʄɸ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɹʦʣʝʝ ʪʦʛʦ, ʩʦʝʜʠʥʝʥʠʝ 1 

ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʜʘʞʝ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʩ 

ʫʯʘʩʪʠʝʤ ʜʠʥʠʪʨʠʣʘ ʘʟʦʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ (ɼɸʂ).ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ 

ʢʦʤʧʦʟʠʮʠʷ [2 + ʕɹʀɹ] ʠʥʠʮʠʠʨʫʝʪ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʄʄɸ, ʦʜʥʘʢʦ ʚʳʭʦʜ 

ʧʦʣʠʄʄɸ ʥʝ ʧʨʝʚʳʰʘʝʪ 20%. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ (ʄʄ) ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢɼʘ. ʇʨʠʤʝʥʝʥʠʝ 2 ʚ ʩʦʯʝʪʘʥʠʠ ʩ ɼɸʂ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʄʄɸ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʨʝʞʠʤʝ ʢʘʢ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʠʥʠʮʠʠʨʦʚʘʥʠʠ (70-90Áʉ), ʪʘʢ ʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ. ʉʨʝʜʥʝʯʠʩʣʝʥʥʘʷ ʄʄ ʦʙʨʘʟʮʦʚ 

ʧʦʣʠʄʄɸ ʣʠʥʝʡʥʦ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʚʝʨʩʠʠ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (ʂʇ) ʦʩʪʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ 1.6-2.0. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ 

ʩʚʝʪʦʤ ʢʦʤʧʦʟʠʮʠʷ [3 + ʕɹʀɹ] ʠʥʠʮʠʠʨʫʝʪ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʄʄɸ, ʧʨʠ ʵʪʦʤ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʯʠʩʣʝʥʥʦʡ ʄʄ ʦʙʨʘʟʮʦʚ 

ʧʦʣʠʄʄɸ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʘʤʠʥʦʚ ʢʘʢ ʘʢʪʠʚʘʪʦʨʦʚ ʢ 

ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʢʦʤʧʦʟʠʮʠʠ ʧʦʟʚʦʣʷʝʪ ʣʠʥʝʡʥʦ ʥʘʨʘʱʠʚʘʪʴ ʩʨʝʜʥʝʯʠʩʣʝʥʥʫʶ 

ʄʄ ʧʦʣʠʤʝʨʘ ʩ ʨʦʩʪʦʤ ʢʦʥʚʝʨʩʠʠ, ʧʨʠʯʝʤ ʂʇ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ 1.6 ʜʘʞʝ ʥʘ ʚʳʩʦʢʠʭ ʢʦʥʚʝʨʩʠʷʭ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ20-03-

00150). 
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ʂʠʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʠʨʦʣʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʙʫʪʠʣʙʦʨʘʥʘ ʠ ʥʝʢʦʪʦʨʳʭ ʧ-ʭʠʥʦʥʦʚ 

 

ʃʫʜʠʥ ɼ.ɺ., ʇʠʤʘʥʦʚʘ ʅ.ɸ., ʂʦʟʦʯʢʠʥʘ ʂ.ɸ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʄʠʥʠʥʘ,    ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: dymass@rambler.ru 
 

ʉʠʩʪʝʤʳ ʪʨʠʙʫʪʠʣʙʦʨʘʥ (ʊʅɹɹ)/ʧ-ʭʠʥʦʥ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʝʢʣʘʩʩʠʯʝʩʢʠʝ ʨʝʛʫʣʠʨʫʶʱʠʝ ʢʦʤʧʦʟʠʮʠʠ ʜʣʷ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ 

ʦʙʨʘʪʠʤʦʡ ʜʝʘʢʪʠʚʘʮʠʝʡ ʮʝʧʠ. ʄʝʭʘʥʠʟʤ ʠʭ ʜʝʡʩʪʚʠʷ ʩʚʦʜʠʪʩʷ ʢ ʨʝʘʣʠʟʘʮʠʠ 

ʨʝʘʢʮʠʠ ʦʙʨʘʪʠʤʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʩ ʪʝʨʤʠʥʘʣʴʥʦʡ 

ʘʨʠʣʦʢʩʠʙʦʨʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ATRP, NMP ʠ RAFT, ʤʝʭʘʥʠʟʤ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʊʅɹɹ ʠ ʧ-ʭʠʥʦʥʦʚ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ. 

ʆʩʣʦʞʥʷʝʪʩʷ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʘʨʠʘʥʪʦʚ 

ʦʙʨʳʚʘ ʮʝʧʠ. ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʠʨʦʣʘ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʜʠʥʠʪʨʠʣʦʤ 

ʘʟʦʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʊʅɹɹ ʩʦʚʤʝʩʪʥʦ ʩ 2,5-

ʜʠʪʨʝʪ.ʙʫʪʠʣʙʝʥʟʦʭʠʥʦʥʦʤ-1,4 ʠ ʜʫʨʦʭʠʥʦʥʦʤ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʘ 

ʨʝʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘʤʠ-ʤʘʢʨʦʠʥʠʮʠʘʪʦʨʘʤʠ. ɺ ʩʠʣʫ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʧ-ʭʠʥʦʥʦʚ ʢ ʧʦʣʠʩʪʠʨʦʣʴʥʳʤʠ ʤʘʢʨʦʨʘʜʠʢʘʣʘʤ, ʙʳʣʦ 

ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ [ɼɸʂ]:[ʊʅɹɹ]:[ʧ-ʭʠʥʦʥ] =  0.1:0.8:0.75 

ʤʦʣ.% ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʥʦʤʝʨʘ. ʇʨʦʮʝʩʩ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʜʚʫʤʷ ʫʯʘʩʪʢʘʤʠ. ʅʘ ʧʝʨʚʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʄʄ) ʧʦʣʠʤʝʨʦʚ, ʥʘ ʚʪʦʨʦʤ ï 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʪʝʯʝʥʠʝ 

ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʵʪʘʧʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʅʘʣʠʯʠʝ ʪʦʯʢʠ 

ʧʝʨʝʛʠʙʘ (~30%) ʥʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʨʘʩʭʦʜʫ ʊʅɹɹ. 

ɼʣʷ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʝʥ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ 

ʤʦʥʦʤʝʨʫ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ. 

ɸʥʘʣʠʟ MALDI -TOF MS ʩʧʝʢʪʨʦʚ ʧʦʣʠʩʪʠʨʦʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʢʦʥʚʝʨʩʠʷʭ ʜʦ 

30%, ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʳʚʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʢʨʦʠʥʠʮʠʘʪʦʨʳ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ ʧʦʩʪ-ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʠʨʦʣʘ. 

ʂʨʠʚʳʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪ-ʧʦʣʠʤʝʨʦʚ ʠʤʝʶʪ 

ʫʥʠʤʦʜʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨ ʠ ʨʘʚʥʦʤʝʨʥʦ ʩʤʝʱʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ. ʇʦʩʪ-ʧʦʣʠʤʝʨʳ ʧʨʝʜʝʣʴʥʦʡ ʢʦʥʚʝʨʩʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʠʩʧʝʨʩʠʠ ʧʦ ʄʄ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 1.16 ï 1.19.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʧʨʦʝʢʪ ̄  AAAA -A20-120092990108-5). 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʦʤʠʜʦʚ N-ʘʨʦʠʣʤʝʪʠʣʭʠʥʦʣʠʥʠʷ ʩ 

ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜʦʤ 

 

ʄʘʢʘʨʝʥʢʦ ɸ.ɸ., ʄʘʭʘʥʸʚʘ ɻ.ʉ., ɿʘʡʮʝʚʘ ʄ.ɺ., ʉʘʨʘʝʚʘ ʊ.ɸ., ɼʷʯʝʥʢʦ ɺ.ɼ. 

ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʃʫʛʘʥʩʢ, ʋʢʨʘʠʥʘ 

E-mail: sara-chem@mail.ru 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʭʠʥʦʣʠʥʘ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʩʦʣʝʡ ʭʠʥʦʣʠʥʠʷ ʢ ʥʝʧʨʝʜʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ [1, 2]. ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʭʠʤʠʠ ʢʚʘʪʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʘʟʠʥʦʚ [3, 4] ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʨʦʣʦ[1,2-ʘ]ʭʠʥʦʣʠʥʦʚ ʤʳ ʠʟʫʯʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʦʤʠʜʦʚ 

N-ʘʨʦʠʣʤʝʪʠʣʭʠʥʦʣʠʥʠʷ 1 a,b ʩ ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜʦʤ 2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʵʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 1,3ʘ-ʜʠʛʠʜʨʦʧʠʨʨʦʣʦ[1,2-ʘ]ʭʠʥʦʣʠʥʳ 3 a,b. 

 

 
 

1, 3: a R = H, b R = CH3 

 

ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ- ʠ 

ʗʄʈ 1ʅ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ  

[1] Tewarl R.S., Dixit P.D., Dubey A.K. // J. Chem. Eng. Data. 1983. V. 28. ̄  2. P. 283-285. 

[2] ʐʝʩʪʦʧʘʣʦʚ ɸ.ʄ., ʃʠʪʚʠʥʦʚ ɺ.ʇ., ʐʘʨʘʥʠʥ ʖ.ɸ., ʍʦʨʦʰʠʣʦʚ ɻ.ɽ. // ɼʦʢʣʘʜʳ 

ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʉʉʉʈ. 1990. ʊ. 312. ʉ. 1156-1160. 

[3] ʍʦʨʦʰʠʣʦʚ ɻ.ɽ., ʉʘʨʘʝʚʘ ʊ.ɸ., ʂʫʟʥʝʮʦʚ ʂ.ʖ. // ʍʠʤʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. 2008. ˉ 7. ʉ. 1109-1111. 

[4] Khoroshilov G.ɽ., Demchak I.V., Saraeva T.A. // Synthesis. 2008. ˉ 10. ʈ. 1541-1544. 
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ɸʨʦʠʣʘʮʝʪʦʥʳ ʚ ʩʠʥʪʝʟʝ ʠʤʠʜʘʟʦ[1,5-b]ʧʠʨʠʜʘʟʠʥʦʚ 
 

ʄʘʥʛʫʰʝʚʘ ɼ.ɸ., ʀʤʠʥʦʚʘ ʈ.ʈ., ʂʘʟʘʢʦʚʘ ɸ.ɺ., ɺʘʥʜʳʰʝʚ ɼ.ʖ. 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

E-mail: mangusheva.dasha@yandex.ru 
 

ʀʤʠʜʘʟʦ[1,5-b]ʧʠʨʠʜʘʟʠʥʳ ʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʚʳʟʳʚʘʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢʘʢ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 

ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [1]. ʊʘʢʞʝ ʜʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʤʠʜʘʟʦ[1,5-b]ʧʠʨʠʜʘʟʠʥ-7-ʘʤʠʥʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʣʠʛʘʥʜʦʦʙʨʘʟʫʶʱʠʤʠ 

ʘʛʝʥʪʘʤʠ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʝʘʢʮʠʡ, ʥʘʧʨʠʤʝʨ, ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʤʠʥʦʚ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ [2]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʠʤʠʜʘʟʦʧʠʨʠʜʘʟʠʥʦʚ ʥʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ 1,2-

ʜʠʘʤʠʥʦ-4-ʬʝʥʠʣʠʤʠʜʘʟʦʣʘ 1 ʩ ʜʠʤʝʪʠʣʘʤʠʥʦ(ʵʪʦʢʩʠ)ʤʝʪʠʣʠʜʝʥ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʙʫʪʘʥ-1,3-ʜʠʦʥʦʚ 2a-f (ʩʭʝʤʘ 1). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ, ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ, 

ʢʠʧʷʯʝʥʠʝ ʨʝʘʛʝʥʪʦʚ ʚ ʩʤʝʩʠ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ (3:1) ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 1-2 ʢʘʧʝʣʴ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. 

 
ʉʭʝʤʘ 1. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʈʉɸ ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʠ ʙʳʣʘ 

ʧʨʠʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ 1-[7-ʘʤʠʥʦ-4-ʘʨʠʣ-5-ʬʝʥʠʣʠʤʠʜʘʟʦ[1,5-b]ʧʠʨʠʜʘʟʠʥ-3-

ʠʣ]ʵʪʘʥʦʥʦʚ 3a-f (ʚʳʭʦʜ 91-95 %). ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʚ 

ʭʦʜʝ ʪʨʝʭʢʦʤʧʘʥʝʥʪʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʚʳʭʦʜ 84-93%)  ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʩʭʝʤʝ 1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʚ ʭʦʜʝ ʜʚʫʭ- ʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ 1,2-

ʜʠʘʤʠʥʦʠʤʠʜʘʟʦʣʘ ʩ ʘʨʦʠʣʘʮʝʪʦʥʘʤʠ ʠ ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ ʠʣʠ ɼʄɸ 

ɼʄʌɸ, ʘ ʪʘʢʞʝ ʠʭ ʜʠʤʝʪʠʣʘʤʠʥʦ(ʵʪʦʢʩʠ)ʤʝʪʠʣʠʜʝʥ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʙʨʘʟʫʶʪʩʷ 

1-[7-ʘʤʠʥʦ-4-ʘʨʠʣ-5-ʬʝʥʠʣʠʤʠʜʘʟʦ[1,5-b]ʧʠʨʠʜʘʟʠʥ-3-ʠʣ]ʵʪʘʥʦʥʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɺʋɿʘʤ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 2020-2022 ʛʦʜʳ, ʧʨʦʝʢʪ ˉ FZGU-2020-0044. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Chapman T.M., et al. // Bioorganic and Medicinal Chemistry Letters. 2013. V. 23. 

P. 3064-3069. 

[2] Ruch S., Irrgang T., Kempe R. // Chemistry ð A European Journal. 2014. V. 20. 

Issue 41. P. 13279-13285. 
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ʇʣʘʩʪʠʬʠʢʘʮʠʷ ʧʦʣʠʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʵʬʠʨʘʤʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

 

ʄʘʩʪʘʣʳʛʠʥʘ ɽ.ɽ.1,2, ʊʶʙʘʝʚʘ ʇ.ʄ.1,2, ʇʦʧʦʚ ɸ.ɸ.1,2 
1ʈʦʩʩʠʡʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ɺ. ʇʣʝʭʘʥʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: elena.mastalygina@gmail.com 

 

ʇʦʣʠʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ (ʇʃɸ) ʷʚʣʷʝʪʩʷ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤ 

ʧʦʣʠʵʬʠʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʢ ʙʠʦʨʘʟʣʦʞʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʩʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʇʃɸ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʨʝʩʫʨʩʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʦʪʭʦʜʳ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʇʃɸ ʦʪʥʦʩʠʪʩʷ ʝʛʦ 

ʧʦʚʳʰʝʥʥʘʷ ʭʨʫʧʢʦʩʪʴ ʠ ʤʘʣʘʷ ʵʣʘʩʪʠʯʥʦʩʪʴ [1]. ʏʪʦʙʳ ʫʣʫʯʰʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʇʃɸ, ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ: 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩ ʛʠʙʢʦʮʝʧʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ ʧʦʣʠʵʬʠʨʥʦʡ ʧʨʠʨʦʜʳ, 

ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʝ ʩ ʙʦʣʝʝ ʛʠʙʢʠʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ 

[2]. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʇʃɸ ʵʬʠʨʘʤʠ 

ʛʠʜʨʦʢʩʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ: ʜʠʠʟʦʜʝʮʠʣʘʜʠʧʘʪʦʤ, ʜʠʵʪʠʣʘʜʠʧʘʪʦʤ, 

ʪʨʠʵʪʠʣʮʠʪʨʘʪʦʤ, ʘʮʝʪʠʣʪʨʠʵʪʠʣʮʠʪʨʘʪʦʤ, ʘʮʝʪʠʣʪʨʠʙʫʪʠʣʮʠʪʨʘʪʦʤ ʠ 

ʪʨʠʙʫʪʠʣʮʠʪʨʘʪʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 5 ʜʦ 30 ʤʘʩ.%. ɼʣʷ 

ʧʨʦʮʝʩʩʘ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ ʠ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʩʤʝʩʠʪʝʣʴʥʳʭ ʚʘʣʴʮʝʚ, ʨʦʪʦʨʥʦʛʦ ʩʤʝʩʠʪʝʣʷ ʪʠʧʘ ɹʨʘʙʝʥʜʝʨ, ʜʚʫʭʰʥʝʢʦʚʦʛʦ 

ʵʢʩʪʨʫʜʝʨʘ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʢ ʇʃɸ ʧʨʦʠʩʭʦʜʠʪ ʫʣʫʯʰʝʥʠʝ ʝʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʨʘʩʰʠʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʨʘʙʦʪʢʠ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʜʝʬʝʢʪʦʚ ʧʨʠ ʵʢʩʪʨʫʟʠʠ ʧʣʸʥʦʢ ʠ ʣʠʩʪʦʚ. ʆʙʥʘʨʫʞʝʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʇʃɸ ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʇʣʘʩʪʠʬʠʢʘʪʦʨ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʧʦʜʚʠʞʥʦʩʪʠ ʮʝʧʝʡ ʧʦʣʠʤʝʨʘ, ʘ ʪʘʢʞʝ ʵʥʪʘʣʴʧʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʇʃɸ. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ ʚʦʟʨʘʩʪʘʝʪ ʚ 10-20 ʨʘʟ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʟʨʳʚʝ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʘʜʘʶʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʦʡʢʦʩʪʴ ʢ ʨʘʟʨʳʚʫ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʣʸʥʦʯʥʳʭ ʠʟʜʝʣʠʡ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 10-15 ʤʘʩ.%. ɼʠʵʪʠʣʘʜʠʧʘʪ, 

ʦʙʣʘʜʘʶʱʠʡ ʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʣʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʳʩʦʢʠʝ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʇʃɸ ʜʘʞʝ ʧʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ (ʄʂ-3573.2022.1.3). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Farah S., Anderson D.G., Langer R. // Advanced drug delivery reviews. 2016. V. 

107. P. 367-392. 

[2] Zhao X., Hu H., Wang X., et al. // RSC Advances. 2020. V. 10(22). P. 13316-

13368. 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʢʩʘʤʝʪʠʣ-1,4,8,11-ʪʝʪʨʘʘʟʘʮʠʢʣʦʪʝʪʨʘʜʝʢʘ-4,11-ʜʠʝʥʘ  

ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

 

ʄʝʣʴʢʦʚʘ ɼ.ɸ.1 , ɸʥʠʩʠʤʦʚʘ ʅ.ɸ.1,2 
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 

 

ʀʥʪʝʨʝʩ ʢ ʘʟʘʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʙʫʩʣʦʚʣʝʥ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʠʦʥʦʬʦʨʦʚ, ʭʝʣʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʥʦʚʳ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʩʝʥʩʦʨʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [1]. 

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʘʤʘʢʨʦʮʠʢʣʘ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ 

ʫʢʩʫʩʥʦʡ I, ʤʘʩʣʷʥʦʡ II, ʭʣʦʨʫʢʩʫʩʥʦʡ III  ʠ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʡʥʦʡ IV  ʢʠʩʣʦʪ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʣʦʨʘʥʛʠʜʨʠʜʳ I , II  ʘʪʘʢʫʶʪ ʪʦʣʴʢʦ ʘʤʠʥʦʛʨʫʧʧʫ, ʘ 

ʭʣʦʨʘʥʛʠʜʨʠʜʳ III , IV  ï ʘʤʠʥʦ- ʠ ʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ ʘʟʘʤʘʢʨʦʮʠʢʣʘ ʦʙʨʘʟʫʷ ʧʨʠ 

ʵʪʦʤ N-ʟʘʤʝʱʝʥʥʳʝ 1-3, 5 ʠ ʉ-ʟʘʤʝʱʝʥʥʳʝ 4,5 ʜʠʘʟʝʧʠʥʳ.  

 

 
 

ʈʠʩ. 1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʘʤʘʢʨʦʮʠʢʣʘ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (I -IV ) 

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. ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥ ʤʘʩʩ-ʩʧʝʢʪʨʦ-

ʤʝʪʨʠʝʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Amatori, S., Gianluca ɸ., Borgogelli E., Fanelli M. // Inorganic chemistry. 2014. 

ʊ. 53. C. 4560-4563. 

mailto:mall30@mail.ru
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʜʠʟʘʡʥ ʘʛʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʘʤʠʥʦʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʠʥʫʨʝʥʠʥ ʬʦʨʤʘʤʠʜʘʟʳ 

 

ʄʝʯʝʪʠʥʘ ɺ.ɸ., ʊʠʭʦʥʦʚ ʉ.ʀ. 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: mechetinav@inbox.ru 

 

ɸʤʠʥʦʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣʠ 

ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘ- ʠ ʦʨʪʦ-ʘʤʠʥʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪ ʠ 

ʠʩʩʣʝʜʦʚʘʥʦ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʬʝʨʤʝʥʪʦʤ, ʫʯʘʚʩʪʚʫʶʱʠʤ ʚ ʢʠʥʫʨʝʥʠʥʦʚʦʤ 

ʧʫʪʠ (ʢʠʥʫʨʝʥʠʥʬʦʨʤʘʤʠʜʘʟʦʡ). ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ. 2) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ N-ʬʦʨʤʠʣ-ʤʝʪʘʢʠʥʫʨʝʥʠʥ ʠʤʝʝʪ 

ʵʥʝʨʛʠʶ ʩʚʷʟʳʚʘʥʠʷ -226.5 ʢɼʞ, ʯʪʦ ʥʘ 3.3% ʙʦʣʴʰʝ, ʯʝʤ ʫ ʢʠʥʫʨʝʥʠʥʘ. ʊʘʢʞʝ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʩ ʘʢʪʠʚʥʳʤ 

ʩʘʡʪʦʤ ʬʝʨʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʫ ʞʝ ʧʨʠʨʦʜʫ, ʯʪʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʠʥʫʨʝʥʠʥʘ. ʉʨʝʜʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʘʛʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʦʝʜʠʥʝʥʠʷ 2 ʠ 4 (ʨʠʩ. 1) ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʥʪʝʟʘ. 

                  
 

ʈʠʩ. 1. ʄʦʜʝʣʠ ʧʨʦʠʟʚʦʜʥʳʭ ʘʤʠʥʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ 

 

 
ʈʠʩ. 2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʠ [ʤʝʪʘ-(ʬʪʦʨʤʝʪʠʣʘʤʠʥʦ)ʬʝʥʠʣ]-N-(2-

ʙʨʦʤʵʪʠʣ)ʤʝʪʘʥʘʤʠʜʘ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ ʈʊʋ ʄʀʈʕɸ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 
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ʇʦʣʫʯʝʥʠʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʟʘʤʝʱʝʥʥʦʛʦ 

ʢʦʙʘʣʴʪ(II )ʬʪʘʣʦʮʠʘʥʠʥʘ ʠ ʬʫʣʣʝʨʦ[60/70]ʧʠʨʨʦʣʠʜʠʥʦʚ 

 

ʄʦʟʛʦʚʘ ɺ.ɸ.1,2, ɹʠʯʘʥ ʅ.ɻ.1 
1ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʠʤ. ɻ.ɸ. ʂʨʝʩʪʦʚʘ ʈɸʅ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

2ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: mozgova.varvara@mail.ru 

 

ʉʘʤʦʩʙʦʨʢʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʜʦʥʦʨʥʳʝ ʠ 

ʘʢʮʝʧʪʦʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ, 

ʥʦ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʢʨʦʛʝʪʝʨʦʮʠʘʢʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ ʢʘʢ 

ʜʦʥʦʨʥʳʭ ʧʣʘʪʬʦʨʤ ʚ ʩʠʩʪʝʤʘʭ ʩʦ ʩʚʦʡʩʪʚʦʤ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʟʘʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ [1, 2]. ɺ ʜʦʢʣʘʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʨʝʘʢʮʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʦʩʥʦʚʝ (ʦʢʪʘʢʠʩ-3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʦʢʩʠʬʪʘʣʦʮʠʘʥʠʥʘʪʦ)ʢʦʙʘʣʴʪʘ(II) (CoPc) ʩ 

ʬʫʣʣʝʨʦ[60/70]ʧʠʨʨʦʣʠ-ʜʠʥʘʤʠ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʬʫʣʣʝʨʦ[60/70]ʧʠʨʨʦʣʠʜʠʥʦʚ 

ʈʝʘʢʮʠʠ ʠʟʫʯʝʥʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʤʦʣʷʨʥʳʭ ʦʪʥʦʰʝʥʠʡ 

ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ ʧʨʠ 298 K ʠ ʤʝʪʦʜʦʤ ʠʟʙʳʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʶʪʩʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʜʠʘʜʳ ʩʦʩʪʘʚʘ 1:1. 

ʅʘʠʙʦʣʴʰʝʡ ʢʦʥʩʪʘʥʪʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʣʘʜʘʝʪ ʜʠʘʜʘ CoPc:1; ʝʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 

(1.62 Ñ 0.32)Ā105 ʣ/ʤʦʣʴ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʨʦʜʦʡ ʘʟʦʪʘ, ʩ ʢʦʪʦʨʳʤ 

ʦʙʨʘʟʫʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʚʷʟʴ. ʇʦʣʫʯʝʥʥʳʝ ʜʠʘʜʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʜʘʥʥʳʤʠ ʋʌ-, ʚʠʜʠʤʦʡ, ʀʂ-, 1ʅ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʮʠʢʣʦ-

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 

21-73-20090). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ çɺʝʨʭʥʝʚʦʣʞʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Ovchenkova E.N., Bichan N.G., Tsaturyan A.A., et al. // The Journal of Physical 

Chemistry C. 2020. V. 124. P. 4010-4023. 

[2] Subedi D.R., Jang Y., Ganesan A., et al. // Journal of Porphyrins and 

Phthalocyanines. 2021. V. 25. P. 533-546. 
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ɸʥʘʣʠʟ ʠʟʦʪʝʨʤ ʨʘʚʥʦʚʝʩʥʦʡ ʩʦʨʙʮʠʠ ʛʣʶʢʦʟʳ ʛʨʘʥʫʣʴʥʳʤʠ 
ʧʦʚʝʨʭʥʦʩʪʥʦ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʤʠ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʨʙʝʥʪʘʤʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʝʣʠ ʌʨʝʡʥʜʣʠʭʘ 
 

ʄʦʨʦʟʦʚʘ ʇ.ʖ., ʆʩʠʧʝʥʢʦ ɸ.ɸ., ɻʘʨʢʫʰʠʥʘ ʀ.ʉ. 
ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail:irin -g16@yandex.ru 
 

ʀʟʫʯʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʩʦʨʙʮʠʠ ʮʝʣʝʚʦʡ ʤʦʣʝʢʫʣʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʦʪʝʨʤ ʩʦʨʙʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʚʥʦʚʝʩʥʦʡ 

ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʠʨʫʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩʦʨʙʝʥʪʦʚ ʧʨʠ 

ʩʚʷʟʳʚʘʥʠʠ ʩʦʨʙʪʠʚʘ, ʪʘʢʠʝ ʢʘʢ, ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʦʨʙʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɿʥʘʥʠʝ 

ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʦʨʙʮʠʠ ʮʝʣʝʚʦʡ ʤʦʣʝʢʫʣʳ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʫʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ 

ʩʦʨʙʝʥʪʦʚ ʩʦʨʙʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʝ 2-ʛʠʜʨʦʢʩʠʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ɻʕʄɸ) ʠ 

ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʜʠʤʝʪʘʢʨʠʣʘʪʘ (ʕɻɼʄɸ). ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʛʠʙʨʠʜʥʦʡ ʤʘʪʨʠʮʳ 

ɻʕʄɸ-ʕɻɼʄɸ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʢʦʤʧʣʝʢʩʦʚ Se/ʇɺʇ, ʙʳʣ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʤʧʨʠʥʪʠʥʛʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʪʝʤʧʣʘʪʥʳʭ 

ʤʦʣʝʢʫʣ ʛʣʶʢʦʟʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 2 ʤʦʣ%, 6 ʤʦʣ% ʠ 10 ʤʦʣ% (ʄʀʇ-2, ʄʀʇ-6 ʠ ʄʀʇ-

10, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʩʣʝ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʨʘʥʫʣ. ʉʠʥʪʝʟ ʂʇ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʝʟ ʚʚʝʜʝʥʠʷ ʪʝʤʧʣʘʪʘ. 

ʄʦʜʝʣʴʶ ʌʨʝʡʥʜʣʠʭʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟʦʪʝʨʤ ʩʦʨʙʮʠʠ ʛʣʶʢʦʟʳ ʧʨʠ 

293ʂ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʣʠʩʴ ʜʦ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ: ʜʣʷ ʂʇ ï 4.5 

ʤʤʦʣʴ/ʣ, ʄʀʇ-2 ï 1.8 ʤʤʦʣʴ/ʣ, ʄʀʇ-6 ʠ ʄʀʇ-10 ï 2.2 ʤʤʦʣʴ/ʣ; ʧʨʠ 310ʂ ʜʦ 

ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ: ʂʇ ʠ ʄʀʇ-2 ï 1.8 ʤʤʦʣʴ/ʣ, ʄʀʇ-6 ï 3.8 ʤʤʦʣʴ/ʣ ʠ 

ʄʀʇ-10 ï 1.9 ʤʤʦʣʴ/ʣ. ʇʨʠ ʩʦʨʙʮʠʠ ʛʣʶʢʦʟʳ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʩʦʨʙʝʥʪʘʭ ʧʨʠ 293ʂ ʟʥʘʯʝʥʠʷ KF (ʤʝʨʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ) 

ʩʥʠʞʘʣʠʩʴ ʩ ʨʦʩʪʦʤ ʚʚʝʜʝʥʥʦʛʦ ʪʝʤʧʣʘʪʘ. ʆʜʥʘʢʦ, ʜʣʷ ʩʦʨʙʮʠʠ ʧʨʠ 310ʂ 

ʥʘʙʣʶʜʘʣʘʩʴ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ KF ʦʪ ʢʦʣʠʯʝʩʪʚʘ, ʚʚʝʜʝʥʥʦʛʦ ʪʝʤʧʣʘʪʘ. ɿʥʘʯʝʥʠʷ 

ʬʘʢʪʦʨʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ 1/nf, ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʨʙʮʠʠ ʛʣʶʢʦʟʳ ʥʘ ʂʇ ʙʳʣʠ 

ʦʜʠʥʘʢʦʚʳʤʠ ʠ ʤʝʥʴʰʝ 1 ʧʨʠ ʦʙʝʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʙʦʣʝʝ 

ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʀʇʘʤʠ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ, ʚ ʨʷʜʫ ʄʀʇʦʚ ʥʘʠʙʦʣʝʝ ʛʦʤʦʛʝʥʥʳʤʠ ʩʦʨʙʮʠʦʥʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʙʣʘʜʘʣʠ ʄʀʇ-2 ʠ ʄʀʇ-6 ʧʨʠ ʩʦʨʙʮʠʠ ʛʣʶʢʦʟʳ ʧʨʠ ʦʙʝʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʵʪʦʤ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 310 ʂ 1/nf ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʝʥ 1. ɺ 

ʩʣʫʯʘʝ ʩʦʨʙʮʠʠ ʛʣʶʢʦʟʳ ʥʘ ʄʀʇ-10 ʟʥʘʯʝʥʠʷ 1/nf ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣʠ 1. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʚʷʟʳʚʘʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ ʬʠʟʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ʩʦʨʙʪʠʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʳʚʘʣʘʩʴ ʩʦʚʤʝʩʪʥʘʷ ʘʜʩʦʨʙʮʠʷ. 

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʌʨʝʡʥʜʣʠʭʘ ʄʀʇ-2 ʠ ʄʀʇ-6 ʠʤʝʣʠ ʛʦʤʦʛʝʥʥʫʶ ʩʦʨʙʮʠʦʥʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʄʀʇ-10 ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦ ʩʣʘʙʳʤ ʩʨʦʜʩʪʚʦʤ ʢ 

ʩʦʨʙʘʪʫ. 
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ʉʠʥʪʝʟ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚ 

ʮʠʥʢʘ, ʩʦʯʝʪʘʶʱʠʭ ʥʘ ʧʝʨʠʬʝʨʠʠ ʘʪʦʤʳ ʭʣʦʨʘ ʠ ʬʝʥʠʣʬʝʥʦʢʩʠʣʴʥʳʝ 

ʬʨʘʛʤʝʥʪʳ 

 

ʄʳʢʠʥʘ ɽ.ɸ., ɹʦʙʨʦʚʠʮʢʠʡ ɼ.ɸ., ɹʦʪʥʘʨʴ ɸ.ɸ., ʊʠʭʦʤʠʨʦʚʘ ʊ.ɺ., ɺʘʰʫʨʠʥ ɸ.ʉ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: tararjkina@mail.ru 

ʅʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʬʪʘʣʦʮʠʘʥʠʥʘʤ ʚʳʟʚʘʥ ʠʭ ʧʦʣʝʟʥʳʤʠ 

ʧʨʠʢʣʘʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʚʝʜʝʥʠʝ ʥʘ ʧʝʨʠʬʝʨʠʶ ʤʦʣʝʢʫʣʳ ʈʩ ʦʙʲʝʤʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠʜʘʝʪ ʠʤ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʧʨʠʤʝʥʠʪʴ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘʣʠʯʠʝ ʘʨʠʣʦʢʩʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʩʥʠʞʘʝʪ ʩʢʣʦʥʥʦʩʪʴ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʢ ʘʛʨʝʛʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚ ʨʘʩʪʚʦʨʘʭ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ 

ʘʜʩʦʨʙʮʠʦʥʥʦ-ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʘʪʯʠʢʦʚ ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʚ 

ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʬʪʘʣʦʮʠʥʠʥʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʥʘ ʧʝʨʠʬʝʨʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʪʦʤʳ ʭʣʦʨʘ ʠ 

ʬʝʥʠʣʬʝʥʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ.  

ʄʝʪʦʜʦʤ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʭʣʦʨʘ ʚ ʪʝʪʨʘʭʣʦʨʬʪʘʣʦʥʠʪʨʠʣʝ 

ʥʘ ʦʩʪʘʪʦʢ ʬʝʥʠʣʬʝʥʦʣʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 3,5,6-ʪʨʠʭʣʦʨ-4-

ʬʝʥʠʣʬʝʥʦʢʩʠʬʪʘʣʦʥʠʪʨʠʣ ʠ 3,6-ʜʠʭʣʦʨ-4,5-ʜʠʬʝʥʠʣʬʝʥʦʢʩʠʬʪʘʣʦʥʠʪʨʠʣ, 

ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʪʝʤʧʣʘʪʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʘʮʝʪʘʪʦʤ ʮʠʥʢʘ ʚ ʩʠʥʪʝʟʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʯʠʩʪʢʫ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ, ʘ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ - ʧʨʠ ʧʦʤʦʱʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʇʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʳ ʮʠʥʢʘ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪʴ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʠ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʠ ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ17-73-20017) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ 

075-15-2021-671). 
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ʉʠʥʪʝʟ ʧʨʦʟʨʘʯʥʳʭ ʘʜʘʤʘʥʪʘʥʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʠʤʠʜʦʚ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʩ ʥʠʟʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

 

ʅʘʭʦʜ ʄ.ɸ., ɸʥʪʦʥʦʚʘ ʇ.ɽ., ʂʨʫʧʥʦʚʘ ɸ.ʖ., ɼʫʙʠʥʠʥʘ ɸ.ɼ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 

ɽ-mail: w_marika_w@mail.ru 

 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʘʜʘʤʘʥʪʘʥʩʦʜʝʨʞʘʱʠʭ 

ʜʠʘʤʠʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʤʝʨʦʚ ʜʣʷ 

ʧʦʣʠʠʤʠʜʦʚ ʩ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 
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ʛʜʝ A:  
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PI-1: R= -CH2, m=100, n=0; PI-2: R= -C2H4, m=20, n=80;  

PI-3: R= -C2H4, m=50, n=50; PI-4: R= -C2H4, m=80, n=20;  

PI-5:    R=  -C2H4,       m=100,   n=0;      PI-6:    m=0,     n=100. 

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʠʤʠʜʦʚ. ʆʥʠ  

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʛʦʨʘʟʜʦ ʣʫʯʰʠʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (‗cut-oǟ 305-337 ʥʤ,  

Tʩʨ 89%, ʠʥʜʝʢʩ ʞʝʣʪʠʟʥʳ 1.76), ʯʝʤ ʧʨʦʤʳʰʣʝʥʥʘʷ ʧʣʝʥʢʘ Kolon  

(‗cut-oǟ 300-320 ʥʤ, Tʩʨ 84-88%, ʠʥʜʝʢʩ ʞʝʣʪʠʟʥʳ 1.82-9.7), ʧʨʠʯʝʤ  

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʬʨʘʛʤʝʥʪʦʚ ʘʣʠʮʠʢʣʠʯʝʩʢʦʛʦ ʜʠʘʤʠʥʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʤʦʥʦʤʝʨʘ  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʫʩʢʘʥʠʝ ʧʦʣʠʠʤʠʜʥʳʭ ʧʣʝʥʦʢ ʠ ʫʤʝʥʴʰʘʝʪʩʷ  

ʠʭ ʠʥʜʝʢʩ ʞʝʣʪʠʟʥʳ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ PI ʧʣʝʥʦʢ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʘʜʘʤʘʥʪʘʥʩʦʜʝʨʞʘʱʝʛʦ ʜʠʘʤʠʥʘ ʚ cʦʧʦʣʠʠʤʠʜʘʭ. ʅʠʟʢʘʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʩʚʦʙʦʜʥʳʤ ʦʙʲʝʤʦʤ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʦʣʷʨʥʦʩʪʴʶ, ʯʝʤ ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʣʠʠʤʠʜ 

ʬʠʨʤʳ Kapton. ʋʤʝʥʴʰʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʩ 3,5 ʜʦ 2,5) ʟʘ 

ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʜʠʘʤʠʥʘ ʠ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʜʠʘʥʛʠʜʨʠʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʩʚʦʙʦʜʥʳʤ ʦʙʲʝʤʦʤ ʚ ʧʦʣʠʤʝʨʝ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʩʚʦʙʦʜʳ ʚʨʘʱʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ʕʪʦʪ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʩʦʧʦʣʠʠʤʠʜʘ PI-4 ʨʘʚʥʦʡ 2,3 ʠ PI-5 ʨʘʚʥʦʡ 2. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 19-33-90119. 

https://kias.rfbr.ru/index.php
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ɼʠʟʘʡʥ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʥʘ ʦʩʥʦʚʝ ʪʨʠʧʪʦʬʘʥʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʠʤʤʫʥʥʳʭ ʧʨʦʮʝʩʩʘʭ 

 

ʅʝʨʩʠʩʷʥ ɸ.ɸ., ʊʠʭʦʥʦʚ ʉ.ʀ. 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: nersisyan.lina@yandex.ru 

 

ʊʨʠʧʪʦʬʘʥ ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ ʢʠʥʫʨʝʥʠʥʦʚʳʡ ʧʫʪʴ 

[1]. ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʘʙʦʣʠʪʦʚ ʷʚʣʷʶʪʩʷ ʥʝʡʨʦʘʢʪʠʚʥʳʤʠ: ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ, 

ʪʘʢʠʝ ʢʘʢ ʢʠʥʫʨʝʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʧʨʦʷʚʣʷʶʪ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʝ ʵʬʬʝʢʪʳ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʨʘʙʦʪʢʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʧʨʠʚʦʜʷ ʢ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʠʩʙʘʣʘʥʩ ʵʪʦʛʦ ʧʫʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʚʠʪʠʶ ʨʷʜʘ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʦʨʤʘʢʦʬʦʨʳ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ɼʠʧʨʦʧʦʢʩʠ-ɹʇʀ ï ʘʛʝʥʪ ʩ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʝʡʩʪʚʠʝʤ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʨʠʧʪʦʬʘʥ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʠʥʛʠʙʠʨʫʶʱʠʤ 

ʜʝʡʩʪʚʠʝʤ. ɹʳʣʦ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ ʪʨʠʧʪʦʬʘʥʘ ʩ ʫʯʝʪʦʤ 

ʪʦʛʦ, ʯʪʦʙʳ ʦʥ ʥʝ ʰʝʣ ʧʦ ʧʫʪʠ ʩʝʨʦʪʦʥʠʥʘ: ʢʦʥʲʶʛʘʪ ʜʠʧʨʦʧʦʢʩʠ-ɹʇʀ-5-

ʭʣʦʨʪʨʠʧʪʦʬʘʥʘ (1); ʢʦʥʲʶʛʘʪ ʛʘʤʤʘ-N-ʜʠʧʨʦʧʦʢʩʠ-ɹʇʀ-5-ʭʣʦʨʪʨʠʧʪʦʬʘʥʘ (2); 

ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʛʘʤʤʘ-N-ʵʪʠʣʘʤʠʥʦ-5-ʭʣʦʨʪʨʠʧʪʦʬʘʥʘ (3). ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʠʛʘʥʜʦʚ ʩ ʬʝʨʤʝʥʪʦʤ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ 

ʚʳʙʨʘʥ ʣʠʜʝʨʥʳʡ ʘʛʝʥʪ ʜʣʷ ʩʠʥʪʝʟʘ ï ʢʦʥʲʶʛʘʪ ʜʠʧʨʦʧʦʢʩʠ-ɹʇʀ-5-

ʭʣʦʨʪʨʠʧʪʦʬʘʥʘ (ʨʠʩ. 1). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʟ-ʟʘ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦ NH-ʛʨʫʧʧʝ 

ʪʨʠʧʪʦʬʘʥʘ ʣʠʛʘʥʜ ʥʝ ʙʫʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʦʬʘʢʪʦʨʦʤ. 

 

ʈʠʩ. 1. ʃʠʜʝʨʥʳʡ ʣʠʛʘʥʜ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ ʈʊʋ ʄʀʈʕɸ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Boros F.A., Boh§r Z., V®csei L. // Mutation Research / Reviews in Mutation 

Research. 2018. V. 776. P. 32-45. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʨʝʚʝʩʠʥʳ ʢʘʧʨʦʣʘʢʪʘʤʦʤ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

ʅʠʢʠʪʠʥʘ ʊ.ɺ., ʐʘʣʠʤʦʚʘ ɸ.ʀ., ʂʦʤʘʨʦʚ ʇ.ɺ.,  ʇʨʦʪʦʧʦʧʦʚ ɸ.ɺ.  

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ  ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ  

E-mail: a_protopopov@mail.ru 

 

ɺ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʩʠʥʪʝʟʫ 

ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʜʨʝʚʝʩʠʥʳ ʩ ʘʤʠʥʦʢʘʧʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʜʨʝʚʝʩʠʥʳ ʩ ʢʘʧʨʦʣʘʢʪʘʤʦʤ ʧʨʦʚʦʜʠʣʠ ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ ʩ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ. 

ʅʘʚʝʩʢʫ ʜʨʝʚʝʩʠʥʳ ʧʦʤʝʱʘʣʠ ʚ ʪʦʣʫʦʣ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʙʫʭʘʥʠʷ ʠ ʜʦʙʘʚʣʷʣʠ ʤʫʨʘʚʴʠʥʫʶ ʢʠʩʣʦʪʫ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʜʦʙʘʚʣʷʣʠ 

ʢʘʧʨʦʣʘʢʪʘʤ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʘʧʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. 
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ȄȅȃǹȃȀǻǽȇǺȀȑȂȃȆȇȑ ȆǽȂȇǺǼǵ, ȌǵȆ

 
ʈʠʩ. 1 ï ʂʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʜʨʝʚʝʩʠʥʝ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʛʣʫʙʦʢʘʷ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʝʘʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʝʣʣʶʣʦʟʦʡ. ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʣʫʯʝʥʥʳʡ ʀʂ-

ʩʧʝʢʪʨ, ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʤʠʥʦʢʘʧʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʛʠʜʨʦʢʩʠʣʘʤʠ 

ʜʨʝʚʝʩʠʥʳ, ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1730 ʩʤ-1 ʠ 1280 ʩʤ-1 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʢʦʣʝʙʘʥʠʷ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʩʚʷʟʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʤʠʥʦʢʘʧʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʜʨʝʚʝʩʠʥʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Jiang L., Li S., Li  X., et al. // Asian J. Chem. 2013. V. 25. Issue 3. P. 1279-1284. 
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ʉʠʥʪʝʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʩʘʥʪʘʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (ʤʝʪ)ʘʢʨʠʣʦʚʳʭ 

ʤʦʥʦʤʝʨʦʚ 

 
ʆʞʦʛʠʥ ʉ.ɸ.1,2, ʉʘʚʠʥʦʚʘ ʄ.ɺ.1, ʂʘʟʘʥʮʝʚ ʆ.ɸ.1, ʉʦʡʥʠ ʉ.ʉ.1 

1ɼʟʝʨʞʠʥʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: osa-dust@mail.ru 
 

ʂʩʘʥʪʘʥʦʚʘʷ ʢʘʤʝʜʴ  ʚʘʞʥʳʡ ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʤʝʨ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʚʳʟʚʘʣ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʄʦʜʠʬʠʢʘʮʠʷ ʵʪʦʛʦ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʣʠʤʝʨʘ ʧʨʝʜʣʦʞʝʥʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʘʪʴʷʭ ʢʘʢ 

ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʪʞ̫ʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ [1].  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʩʘʥʪʘʥʦʚ:  ʧʨʦʚʦʜʠʤʘʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʤʝʪʦʜʦʤ 

ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ 

ʧʨʠʚʠʚʢʘ ʢ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʤʫ ʢʩʘʥʪʘʥʫ ʧʦʣʠʤʝʨʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʭ ʨʝʜʢʘʷ ʩʰʠʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʳʝ ʛʝʣʝʦʙʨʘʟʥʳʝ ʩʦʨʙʝʥʪʳ, ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ 

ʫʜʘʣʷʝʤʳʭ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʚʝʱʝʩʪʚ. ʉʠʥʪʝʟ ʩʦʨʙʝʥʪʘ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ 

ʧʨʠʚʠʚʢʠ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʥʘ ʢʩʘʥʪʘʥ. ɼʣʷ ʵʪʦʛʦ 

ʢʩʘʥʪʘʥʦʚʫʶ ʢʘʤʝʜʴ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ, ʧʨʦʜʫʚʘʣʠ ʨʘʩʪʚʦʨ ʘʟʦʪʦʤ ʠ ʚʚʦʜʠʣʠ ʚ 

ʟʘʜʘʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʩʥʦʚʥʦʡ ʤʦʥʦʤʝʨ (ʘʢʨʠʣʘʤʠʜ), ʩʰʠʚʘʶʱʠʡ ʘʛʝʥʪ 

(ʤʝʪʠʣʝʥʙʠʩʘʢʨʠʣʘʤʠʜ) ʠ ʠʥʠʮʠʘʪʦʨ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʧʝʨʩʫʣʴʬʘʪʘ 

ʢʘʣʠʷ). ʇʦʣʠʤʝʨʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 Áʉ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʢʩʘʥʪʘʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʰʠʪʳʝ ʙʦʢʦʚʳʝ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʳʝ ʮʝʧʦʯʢʠ. ʊʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʧʦʩʦʙʥʳ ʢ ʤʥʦʛʦʢʨʘʪʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʠ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Ghorai S., Sinhamahpatra A., Sarkar A., et al. // Bioresource Technology. 2012. V. 

119. P. 181-190. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʘʢʨʠʣʘʪʘ ʙʝʪʫʣʠʥʘ ʩ 
ʤʝʪʦʢʩʠʦʣʠʛʦ(ʵʪʠʣʝʥʛʣʠʢʦʣʴ)ʤʝʪʘʢʨʠʣʘʪʘʤʠ ʤʝʪʦʜʘʤʠ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʠ RAFT-ʧʦʣʠʤʝʨʠʟʘʮʠʠ 
 

ʆʨʝʭʦʚ ɼ.ɺ., ɽʨʤʦʣʘʝʚ ʀ.ɼ. 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
E-mail: mitriy07@mail.ru 

 
ɹʝʪʫʣʠʥ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʨʠʨʦʜʥʳʡ ʪʨʠʪʝʨʧʝʥʦʠʜ 

ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʫʧʘʥʘ, ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʂ ʩʦʞʘʣʝʥʠʶ ʙʝʪʫʣʠʥ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʜʥʠʤ 

ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʙʝʪʫʣʠʥʘ ʚ 

ʧʦʣʠʤʝʨʥʳʡ ʥʦʩʠʪʝʣʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʠ ʫʣʫʯʰʠʪʴ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥʦ 

ʧʦʣʫʯʝʥʠʝ ʙʝʪʫʣʠʥʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʤʝʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʝʪʫʣʠʥʘ ʠ ʤʝʪʦʢʩʠʦʣʠʛʦ(ʵʪʠʣʝʥʛʣʠʢʦʣʴ)-ʤʝʪʘʢʨʠʣʘʪʦʚ 

(ʄʆʕɻʄ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʦʥʦʤʝʨʦʚ. 
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ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʤʝʪʘʢʨʠʣʘʪʘ ʙʝʪʫʣʠʥʘ (ʘ) ʠ ʄʆʕɻʄ (ʙ) 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʤʝʪʘʢʨʠʣʘʪʘ ʙʝʪʫʣʠʥʘ ʠ ʄʆʕɻʄ ʚ ʪʦʣʫʦʣʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʦʚ  

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʘʜʠʮʠʦʥʥʘʷ ʨʘʜʠʢʘʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʠʤʦʡ ʧʝʨʝʜʘʯʠ ʮʝʧʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ-ʬʨʘʛʤʝʥʪʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʛʝʥʪʘ ʦʙʨʘʪʠʤʦʡ ʧʝʨʝʜʘʯʠ ʮʝʧʠ ʠʩʧʦʣʴʟʦʚʘʥʘ 4-ʮʠʘʥʦ-4-

(ʜʦʜʝʮʠʣʩʫʣʴʬʘʥʠʣʪʠʦʢʘʨʙʦʥʠʣ)ʩʫʣʴʬʘʥʠʣʧʝʥʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ. ɹʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʘʢʨʠʣʘʪʘ 

ʙʝʪʫʣʠʥʘ ʠ ʄʆʕɻʄ  ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʩʠʵʪʠʣʠʨʦʚʘʥʠʷ (n = 8,5õ22). 

ʇʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ʩʦʩʪʘʚʘ ʩʦʧʦʣʠʤʝʨʦʚ, ʨʘʩʩʯʠʪʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʘʢʪʠʚʥʦʩʪʠ 

ʤʦʥʦʤʝʨʦʚ ʤʝʪʦʜʘʤʠ ʌʘʡʥʤʘʥʘ-ʈʦʩʩʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ 

(ʧʨʦʝʢʪ ʄʂ-4120.2021.1.3). 
 



XXV ɺʉɽʈʆʉʉʀʁʉʂɸʗ  ʂʆʅʌɽʈɽʅʎʀʗ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ-ʍʀʄʀʂʆɺ 

 

 121 

ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʜʠʤʝʪʘʢʨʠʣʘʪʘ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʤʫʣʴʩʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʵʤʫʣʴʩʠʷʭ ʇʠʢʝʨʠʥʛʘ 

 

ʆʩʠʧʝʥʢʦ ɸ.ɸ., ʇʘʥʶʪʘ ɸ.ʉ., ɻʘʨʢʫʰʠʥʘ ʀ.ʉ. 

ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: irin -g16@yandex.ru 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʩ ʟʘʜʘʥʥʳʤ ʩʦʩʪʘʚʦʤ, ʪʨʝʙʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʙʦʣʴʰʠʤʠ ʚʳʭʦʜʘʤʠ ʥʝʦʙʭʦʜʠʤʳ ʯʝʪʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʫʩʣʦʚʠʡ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ (ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʥʦʤʝʨʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʦʥʦʤʝʨʦʚ ʠ ʠʥʠʮʠʘʪʦʨʘ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪ.ʜ.) ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʜʠʤʝʪʘʢʨʠʣʘʪʘ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʤʫʣʴʩʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʵʤʫʣʴʩʠʷʭ ʇʠʢʝʨʠʥʛʘ. ʉʠʥʪʝʟ 

ʧʦʣʠʤʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʩʚʦʙʦʜʥʦ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 2-

ʛʠʜʨʦʢʩʠʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ɻʕʄɸ) ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʜʠʤʝʪʘʢʨʠʣʘʪʘ (ʕɻɼʄɸ), ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ Se0, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠ-N-

ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʣʠʤʝʨ-ʤʦʥʦʤʝʨʥʳʭ ʢʘʧʝʣʴ. 

ʇʦʣʠʤʝʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʦʥʦʤʝʨʦʚ 2-ɻʕʄɸ ʠ 

ʕɻɼʄɸ: 85 ʤʦʣ.% ʠ 15 ʤʦʣ.%; 80 ʤʦʣ.% ʠ 20 ʤʦʣ.%; 75 ʤʦʣ.% ʠ 25 ʤʦʣ.%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʠʤʝʨʳ ʠʤʝʥʫʶʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ɻʕʄɸ-ʕɻɼʄɸ-1, ɻʕʄɸ-

ʕɻɼʄɸ-2, ɻʕʄɸ-ʕɻɼʄɸ-3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʭʦʜʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ:  

ˏ̜̖̏̅
̓̆̏̑
Ϸȟ      (1) 

ʛʜʝ m ï ʤʘʩʩʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ (ʛ); mʪʝʦʨ ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʘʩʩʘ ʧʦʣʠʤʝʨʘ 

(ʛ).ʅʘʠʤʝʥʴʰʠʤ ʚʳʭʦʜʦʤ ʦʙʣʘʜʘʣ ɻʕʄɸ-ʕɻɼʄɸ-1 (ʪʘʙʣ. 1). ɺʚʝʜʝʥʠʝ ʕɻɼʄɸ 

ʚ ʢʦʣʠʯʝʩʪʚʝ 20 ʤʦʣ.% ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʚʳʭʦʜʘ ʧʦʣʠʤʝʨʘ 

ɻʕʄɸ-ʕɻɼʄɸ-2. ʇʨʠ ʩʠʥʪʝʟʝ ʧʦʣʠʤʝʨʘ ʩ 25 ʤʦʣ.% ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ 

ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ɻʕʄɸ-ʕɻɼʄɸ-3 ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 
ʊʘʙʣʠʮʘ 1. ɺʳʭʦʜʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʇʦʣʠʤʝʨʳ 

ʂʦʣʠʯʝʩʪʚʦ 

2-ɻʕʄɸ, 

ʤʦʣ.% 

ʂʦʣʠʯʝʩʪʚʦ 

ʕɻɼʄɸ, 

ʤʦʣ.% 

ɺʳʭʦʜ, 

% 

ɻʕʄɸ-ʕɻɼʄɸ-1 85 15 59 

ɻʕʄɸ-ʕɻɼʄɸ-2 80 20 81 

ɻʕʄɸ-ʕɻɼʄɸ-3 75 25 81 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʜʠʤʝʪʘʢʨʠʣʘʪʘ 

ʚ ʢʦʣʠʯʝʩʪʚʝ 20 ʤʦʣ.% ʠ 25 ʤʦʣ.% ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʨʦʪʝʢʘʥʠ ʁʵʤʫʣʴʩʠʦʥʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʵʤʫʣʴʩʠʷʭ ʇʠʢʝʨʠʥʛʘ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 
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ʉʠʥʪʝʟ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʥʲʶʛʘʪʦʚ ʮʠʥʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʭʣʦʨʠʥʦʚ-ʝ6 ʠ ʨʘʟʣʠʯʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʪʠʨʦʟʠʥʢʠʥʘʟ 

  

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. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʧʦʣʫʯʝʥʥʳʝ ʢʦʥʲʶʛʘʪʳ ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʘʨʛʝʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʠ/ʠʣʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

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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ʇʦʣʫʯʝʥʠʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

 

ʆʪʦʧʢʦʚʘ ʂ.ɺ.1,2, ɽʩʠʧʦʚʠʯ ɸ.ʃ.1, ɹʘʡʜʘʯʝʥʢʦ ɺ.ɽ. 1, ʂʫʣʠʢʦʚʘ ɸ.ʉ.1 
1ɼʟʝʨʞʠʥʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, 

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: k.otopkova@gmail.com 
 

ʄʝʪʠʣʦʚʳʝ ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʄʕɾʂ) ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʇɸɺ, ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʠ ʜʨʫʛʠʭ ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʕɾʂ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʬʠʥʠʨʦʚʘʥʥʳʝ ʤʘʩʣʘ 

ʨʘʧʩʘ, ʩʦʠ ʠ ʜʨʫʛʠʭ ʤʘʩʣʝʥʠʯʥʳʭ ʢʫʣʴʪʫʨ. ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʕɾʂ ʷʚʣʷʪʁʩʷ ʦʪʭʦʜʳ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʞʠʚʦʪʥʳʝ ʞʠʨʳ ʠ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʤʘʩʣʘ, ʠʣʠ ʤʘʩʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʞʘʨʢʠ. ʆʜʥʘʢʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʉɾʂ) ʚ ʪʘʢʠʭ ʤʘʩʣʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʱʝʣʦʯʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʳʣ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʨʘʙʦʪʢʘ ʤʘʩʝʣ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉɾʂ ʪʨʝʙʫʝʪ ʩʪʘʜʠʠ 

ʨʘʬʠʥʘʮʠʠ ʠʣʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʵʪʝʨʠʬʠʢʘʮʠʠ ʉɾʂ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʄʕɾʂ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʨʦʚʝʜʝʥʠʝ ʵʪʝʨʠʬʠʢʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʄʕɾʂ, 

ʦʜʥʘʢʦ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʢʦʨʨʦʟʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʜʨ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʢʘʪʠʦʥʠʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʮʠʢʣʦʚ ʙʝʟ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʨʘʚʥʠʚʘʣʠ ʘʢʪʠʚʥʦʩʪ ɹ ʨʘʟʣʠʯʥʳʭ ʩʠʣʴʥʦʢʠʩʣʦʪʥʳʭ 

ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ, ʚ ʧʨʦʮʝʩʩʝ ʵʪʝʨʠʬʠʢʘʮʠʠ ʉɾʂ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ. 

ʕʪʝʨʠʬʠʢʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 15 ʤʘʩ.% ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ ʉɾʂ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60 ʦʉ ʠ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʪʘʥʦʣʘ ʢ ʉɾʂ 10:1.  

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ɺʨʝʤ

ʷ ʯ 

ɺʳʭʦʜ ʄʕɾʂ,% 

Lewatit MonoPlus 

SP112 
ʂʋ 2-8 

Amberlyst 36 

DRY 

Tulsion  

T52-H 

PPC 

100H 

Amberlite  

IR-120 
H2SO4 

1 19.82 12.29 19.02 4.51 7.62 5.045 46.12 

12 61.54 57.11 54.80 38.93 56.23 50.30 74.36 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʪʠʦʥʠʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʪʝʨʠʬʠʢʘʮʠʠ ʉɾʂ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʠʩʣʦʪʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʤʘʢʨʦʧʦʨʠʩʪʳʝ ʢʘʪʠʦʥʠʪʳ ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʝʝ ʛʝʣʝʚʳʭ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʝʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ.  

 



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 

 

 124 

ɹʠʦʩʦʚʤʝʩʪʠʤʳʝ ʧʦʨʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʦʨʘʩʪʚʦʨʠʤʦʛʦ 

ʭʠʪʦʟʘʥʘ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʵʬʠʨʦʚ 

 

ʇʘʪʦʢʘ ɸ.ɼ., ʃʝʜʥʝʚ ʀ.ʈ., ʉʤʠʨʥʦʚʘ ʃ.ɸ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: patokaalena@gmail.com 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʢʩʦʚ ʜʣʷ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ 

ʤʝʜʠʮʠʥʳ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʦʩʥʦʚʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʵʬʠʨʦʚ 

(ʧʦʣʠʣʘʢʪʠʜ, ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥ) ʠ ʭʠʪʦʟʘʥʘ. ɼʘʥʥʳʝ ʧʦʣʠʤʝʨʳ ʧʨʠʟʥʘʥʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʫʜʘʯʥʦ ʩʦʯʝʪʘʶʱʠʭ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɹʘʟʦʚʘʷ 

ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʠʵʬʠʨʳ ʫʜʦʙʥ  rʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʘ ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʦ ʚʳʩʦʢʘʷ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʛʠʜʨʦʣʠʟʘ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʥʠʟʢʘʷ ʘʜʛʝʟʠʷ ʢ ʢʣʝʪʦʯʥʳʤ 

ʢʫʣʴʪʫʨʘʤ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʟʘʜʘʯ, ʯʪʦ ʤʦʞʝʪ ʚʦʟʤʝʩʪʠʪʴ ʭʠʪʦʟʘʥ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʵʪʠʭ 

ʧʦʣʠʤʝʨʦʚ ʚ ʦʜʥʦʤ ʠʟʜʝʣʠʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʩʦʟʜʘʥʠʝ ʦʨʛʘʥʦʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʳ ʭʠʪʦʟʘʥʘ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʩʦʧʦʣʠʤʝʨʦʚ, ʧʫʪʝʤ ʩʦʚʤʝʱʝʥʠʷ ʧʦʣʠʤʝʨʦʚ 

ʚ ʦʜʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʇʦʣʫʯʝʥʥʳʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʭʠʪʦʟʘʥ ʩʦʚʤʝʱʘʣʠ ʩ 

ʧʦʣʠʣʘʢʪʠʜʦʤ ʠ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʦʤ ʚ ʨʘʩʪʚʦʨʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʚʫʭʤʝʨʥʳʭ (ʧʣʝʥʢʠ) ʠ ʪʨʝʭʤʝʨʥʳʭ (ʧʦʨʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ) 

ʤʘʪʝʨʠʘʣʦʚ. ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʣʘʛʝʥʘ ʧʨʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ ʛʠʜʨʦʣʠʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʬʝʨʤʝʥʪʦʚ 

 

ʇʝʛʝʝʚ ʅ.ʃ., ʏʘʩʦʚʘ ɺ.ʆ., ɺʘʣʝʪʦʚʘ ʅ.ɹ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: nikita.pegeev@mail.ru 

 

ʉʝʡʯʘʩ ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʦʜʫʢʪʘʭ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ, 

ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʤʘʪʨʠʮ (ʩʢʘʬʬʦʣʜʦʚ) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʧʦʜʦʙʥʳʭ ʪʢʘʥʠ 

ʠʣʠ ʦʨʛʘʥʫ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʠʭ ʧʘʮʠʝʥʪʫ ʚʟʘʤʝʥ ʧʦʚʨʝʞʜʝʥʥʳʭ 

ʠʣʠ ʫʪʨʘʯʝʥʥʳʭ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʢʘʬʬʦʣʜʦʚ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʨʦʜʥʳʝ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʣʣʘʛʝʥ ʠ ʜʨ. ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ.  ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʳʙʥʦʛʦ ʢʦʣʣʘʛʝʥʘ (ʈʂ) ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʦʣʠʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʨʤʝʥʪʦʚ ʧʘʥʢʨʝʘʪʠʥʘ ʠ ʪʨʠʧʩʠʥʘ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʝʨʤʝʥʪʳ: ʧʘʥʢʨʝʘʪʠʥ ʠ ʪʨʠʧʩʠʥ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 1%-ʥʳʡ ʨʘʩʪʚʦʨ ʈʂ [1]. ʂ ʨʘʩʪʚʦʨʫ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʈʂ ʜʦʙʘʚʣʷʣʠ 1ʄ NaOH ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ 

ʩʨʝʜʳ ʠ ʜʦʚʦʜʠʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ. ɻʠʜʨʦʣʠʟ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʨʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʬʝʨʤʝʥʪ-ʩʫʙʩʪʨʘʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʢʦʣʣʘʛʝʥ : ʬʝʨʤʝʥʪ = 10:1, ʜʦʙʘʚʣʷʷ ʢ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʬʝʨʤʝʥʪ. ʀʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʙʨʘʣʠ ʧʨʦʙʳ (1 ʤʣ) ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʬʝʨʤʝʥʪʘ. ɼʣʷ ʧʨʝʨʳʚʘʥʠʷ ʛʠʜʨʦʣʠʟʘ ʚ ʧʨʦʙʳ 

ʧʨʠʣʠʚʘʣʠ 4%-ʥʳʡ ʨʘʩʪʚʦʨ AcOH. ʄʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʙ 

ʛʠʜʨʦʣʠʟʘʪʘ ʈʂ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɻʇʍ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ ʨʳʙʥʦʛʦ ʢʦʣʣʘʛʝʥʘ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʪʘʢʦʚʳʤ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʢʘʬʬʦʣʜʦʚ, ʨʘʟʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ï ʧʘʥʢʨʝʘʪʠʥʦʤ, 

ʪʨʠʧʩʠʥʦʤ. ɸʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʣʠʟʘʪʦʚ 

ʢʦʣʣʘʛʝʥʘ ʤʝʪʦʜʦʤ ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ 

ʧʨʦʮʝʩʩʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʙʝʣʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʢʮʠʡ, ʪ.ʝ. ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʥʢʨʝʘʪʠʥʘ ʠ 

ʪʨʠʧʩʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʩʨʘʟʫ ʧʦʩʣʝ ʧʝʨʚʦʡ ʤʠʥʫʪʳ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʘʷ ʬʨʘʢʮʠʷ. ʆʜʥʘʢʦ ʟʘʤʝʪʥʦ ʥʝʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ 

ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʠʨʦʜʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʬʝʨʤʝʥʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʨʠʮ ʥʘ ʦʩʥʦʚʝ ʢʦʣʣʘʛʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʬʝʨʤʝʥʪʦʚ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ʇʘʪ. 2567171 ʈʌ. / ʃ.ʃ. ʉʝʤʝʥʳʯʝʚʘ ʠ ʜʨ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ 

ʆʆʆ çʉʠʩʪʝʤʳ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠè. ï ˉ 2014140300/13; ʟʘʷʚʣ. 06.10.2014; ʦʧʫʙʣ. 

10.11.2015, ɹʶʣ. ˉ 31. ï 11 ʩ. 
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ʉʠʥʪʝʟ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʭʨʦʤʝʥʘ ʠ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʜʣʠʥʳ 

ʦʢʩʠʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘ ʠʭ ʬʦʪʦʭʨʦʤʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʝʨʝʚʦʟʯʠʢʦʚʘ ʇ.ʉ.1,2, ʏʝʨʥʠʢʦʚʘ ɽ.ʖ.1, ʐʝʧʝʣʴ ʅ.ʕ.1, 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: polina-krasnoperova@mail.ru 

ʂ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʦʪʦʭʨʦʤʦʚ ʦʪʥʦʩʷʪʩʷ ʙʝʥʟʦ- ʠ 

ʥʘʬʪʦʧʠʨʘʥʳ, ʠʣʠ ʭʨʦʤʝʥʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʪʠʤʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ. ɺʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʪʦ ʠʣʠ 

ʠʥʦʝ ʧʦʣʦʞʝʥʠʝ ʙʝʥʟʦʧʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʚʣʠʷʪʴ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʭʨʦʤʝʥʘ 1a-c, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʜʣʠʥʦʡ ʦʢʩʠʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. 

ʇʦʣʫʯʝʥʠʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʯʝʪʳʨʝʭʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ, ʠʩʭʦʜʥʳʤ ʚʝʱʝʩʪʚʦʤ ʚ ʢʦʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʚʘʥʠʣʠʥ (ʨʠʩ. 1). 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʠ ʬʦʪʦʭʨʦʤʥʳʡ ʧʝʨʝʭʦʜ ʧʨʦʠʟʚʦʜʥʳʭ ʭʨʦʤʝʥʘ 1a-c. 

ʌʦʪʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ ʭʨʦʤʝʥʦʚ 1a-c ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʠʘʧʘʟʦʥʝ 298 ï 

323 ʂ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 1ʅ ʠ 2D ʗʄʈ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʪʥʦʡ 

ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ19-73-20187). 
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ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʪʝʟ 4-ʘʣʢʠʣ-2,5-ʜʠʘʤʠʥ-7-(ʧʠʨʨʦʣʠʜʠʥ-1-ʠʣ)-1,6-

ʥʘʬʪʠʨʠʜʠʥ-3,8-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ 

 

ʇʝʨʝʧʝʯʘʡ ɸ.ɸ., ɼʷʯʝʥʢʦ ɺ.ɼ. 

ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʃʫʛʘʥʩʢ, ʃʫʛʘʥʩʢʘʷ ʅʘʨʦʜʥʘʷ ʈʝʩʧʫʙʣʠʢʘ 

E-mail: chem.post@yandex.com 

 

ʇʨʦʠʟʚʦʜʥʳʝ 1,6-ʥʘʬʪʠʨʠʜʠʥʦʚ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [1, 2]. ɺ ʧʨʦʚʝʜʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦ ʜʘʥʥʦʤʫ 

ʥʘʫʯʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʫʢʘʟʘʥʥʦʛʦ 

ʢʣʘʩʩʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ ï ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ [3]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʜʝʥʩʘʮʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ 1, ʤʘʣʦʥʠʥʠʪʨʠʣʘ 2, 

ʜʠʤʝʨʘ ʤʘʣʦʥʦʥʠʪʨʠʣʘ 3 ʠ ʧʠʨʨʦʣʠʜʠʥʘ 4, ʧʨʦʪʝʢʘʶʱʘʷ ʚ ʢʠʧʷʱʝʤ ʵʪʘʥʦʣʝ, 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 4-ʘʣʢʠʣ-2,5-ʜʠʘʤʠʥʦ-7-(ʧʠʨʨʦʣʠʜʠʥ-1-ʠʣ)-1,6-

ʥʘʬʪʠʨʠʜʠʥʦʚ 5. ɺʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʂʥʸʚʝʥʘʛʝʣʷ 6, ʢ ʢʦʪʦʨʳʤ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʦ ʄʠʭʘʵʣʶ CH-ʢʠʩʣʦʪʘ 3. 

ɺʦʟʥʠʢʰʠʝ ʪʘʢʠʤ ʧʫʪʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʜʜʫʢʪʳ 7 ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦ 

ʟʘʤʳʢʘʶʪ ʧʠʨʠʜʠʥʦʚʳʡ ʮʠʢʣ ʚ ʠʥʪʝʨʤʝʜʠʘʪ 8. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʠʨʨʦʣʠʜʠʥ 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʦʜʥʦʡ ʠʟ ʥʠʪʨʠʣʴʥʳʭ ʛʨʫʧʧ ʤʘʣʦʥʦʥʠʪʨʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʣʠʟʫʝʪʩʷ ʥʦʚʘʷ ʚʥʠʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʚ ʢʦʥʝʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ 5. ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 1ʅ ʠ 13ʉ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʙʠʩ(ʘʮʠʣʘʤʠʥʦ)-1,3,4-ʪʠʘʜʠʘʟʦʣ-2-ʠʣ)ʧʝʥʪʘʥʘ 

 

ʇʝʪʫʭʦʚʘ ɽ.ɸ., ʉʫʚʦʨʦʚʘ ʖ.ɺ., ɼʘʥʠʣʦʚʘ ɽ.ɸ.  

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

 ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ  

E-mail: ek.petukhova@mail.ru  

  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʦʚ ʭʝʤʦʠʥʬʦʨʤʘʪʠʢʠ ʥʘʤʠ ʚʳʧʦʣʥʝʥ ʧʨʦʛʥʦʟ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʝʡ ʙʠʩʘʤʠʥʦʪʠʘʜʠʘʟʦʣʘʣʢʘʥʦʚ ʩ 

ʧʦʤʦʱʴʶ ʜʦʩʪʫʧʥʳʭ ʚ ʩʝʪʠ Internet ʧʨʦʛʨʘʤʤ. 

ʉʢʨʠʥʠʥʛ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʥʘʠʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʠʥʛʠʙʠʪʦʨʘʤʠ ɸʊʌ-ʘʟʳ, ʧʪʝʨʠʥ 

ʜʠʘʤʠʥʘʟʳ ʠ ʢʘʨʙʦʢʩʠʧʝʧʪʠʜʘʟʳ ï ʬʝʨʤʝʥʪʦʚ ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʊʘʢ, ʙʠʩʪʠʘʜʠʘʟʦʣʧʨʦʧʘʥ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ 

ʘʥʪʠʜʠʘʙʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʙʠʩʪʠʘʜʠʘʟʦʣʙʫʪʘʥ ʠ -ʧʝʥʪʘʥ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ ʤʫʢʦʤʝʤʙʨʘʥʥʦʛʦ ʧʨʦʪʝʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ 

ʟʘʱʠʪʥʫʶ ʬʫʥʢʮʠʶ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʝʢ ʦʨʛʘʥʠʟʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʩʧʦʩʦʙʥʳ ʠʥʛʠʙʠʨʦʚʘʪʴ ʫʙʝʭʠʥʦʣ-ʮʠʪʦʭʨʦʤ-ʩ-ʨʝʜʫʢʪʘʟʫ, 

ʨʝʛʫʣʠʨʫʶʱʫʶ ʨʘʙʦʪʫ ʬʝʨʤʝʥʪʦʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ [1]. 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʚʩʝ ʙʠʩʘʤʠʥʦʪʠʘʜʠʘʟʦʣʘʣʢʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 52 - 63 % ʤʦʛʫʪ 

ʧʨʦʷʚʣʷʪʴ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʰʪʘʤʤʫ Shigella sp. 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ʉ ʮʝʣʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʙʠʩ(5-ʘʮʠʣʘʤʠʥʦʪʠʘʜʠʘʟʦʣ-2-

ʠʣ)ʧʝʥʪʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʙʠʩʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʛʦ ʩ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʥʦʛʠʜʨʘʪʘ. ʎʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʚʳʜʝʣʷʣʠ ʚʳʣʠʚʘʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ 

ʤʘʩʩʳ ʚ ʚʦʜʫ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ, 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʠ ʩʫʰʠʣʠ. ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʀʂ, ʵʣʝʢʪʨʦʥʥʦʡ, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ.  

ʉʢʨʠʥʠʥʛ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʘʮʠʣʠʨʦʚʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʩʚʦʡʩʪʚ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʛʠʙʠʪʦʨʘ ɸʊʌ-ʘʟʳ, ʥʦ ʫʤʝʥʴʰʘʝʪ ʧʨʦʷʚʣʝʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʰʪʘʤʤʫ Shigella sp., ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʱʠʪʦʡ 

ʘʤʠʥʦʛʨʫʧʧʳ, ʢʦʪʦʨʘʷ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʷʢʦʨʥʳʤ 

ʫʯʘʩʪʢʦʤ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ 

(ʧʨʦʝʢʪ ˉ ʄʂ-1396.2020.3). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Suvorova Yu.V., Petukhova E.A., Dmitriev M.V. // ChemChemTech. 2021. V. 64. 

N 12. P. 8-16. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʘʛʝʥʪʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʠʟʚʦʜʥʳʭ ʪʨʠʧʪʦʬʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʠʥʫʨʝʥʠʥʦʚʦʛʦ ʧʫʪʠ 

 

ʇʦʜʧʣʫʪʦʚʘ ɽ.ɸ., ʊʠʭʦʥʦʚ ʉ.ʀ. 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: katypodplutova@gmail.com 

 

ʊʨʠʧʪʦʬʘʥ, ʤʝʪʘʙʦʣʠʟʠʨʫʷʩʴ ʧʦ ʢʠʥʫʨʝʥʠʥʦʚʦʤʫ ʧʫʪʠ, ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʩʫʧʨʝʩʩʦʨ ʧʨʦʪʠʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʠʪʝʪʘ [1]. ʉʦʟʜʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ 

ʢʠʥʫʨʝʥʠʥʦʚʦʛʦ ʧʫʪʠ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʘʢʪʫʘʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʚ ʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ. 

ɹʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ ʪʨʠʧʪʦʬʘʥʘ ʩ ʫʯʝʪʦʤ 

ʠʟʙʝʛʘʥʠʷ ʩʝʨʦʪʦʥʠʥʦʚʦʛʦ ʧʫʪʠ. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʬʝʨʤʝʥʪʦʤ 

ʠʥʜʦʣʘʤʠʥ-2,3-ʜʠʦʢʩʠʛʝʥʘʟʦʡ. ɹʳʣʦ ʚʳʙʨʘʥʦ ʥʝʩʢʦʣʴʢʦ ʣʠʛʘʥʜʦʚ: ʢʦʥʲʶʛʘʪ 

ʜʠʧʨʦʧʦʢʩʠ-ɹʇʀ-5-ʭʣʦʨʪʨʠʧʪʦʬʘʥʘ; ʢʦʥʲʶʛʘʪ ʛʘʤʤʘ-N-ʜʠʧʨʦʧʦʢʩʠ-ɹʇʀ-5-

ʭʣʦʨʪʨʠʧʪʦʬʘʥʘ; ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʛʘʤʤʘ-N-ʵʪʠʣʘʤʠʥʦ-5-ʭʣʦʨʪʨʠʧʪʦʬʘʥʘ. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʚʳʙʨʘʥ ʣʠʜʝʨʥʳʡ ʘʛʝʥʪ ʜʣʷ ʩʠʥʪʝʟʘ ï ʢʦʥʲʶʛʘʪ 

ʜʠʧʨʦʧʦʢʩʠ-ɹʇʀ-5-ʭʣʦʨʪʨʠʧʪʦʬʘʥʘ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʠʜʝʨʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʤʠʰʝʥʠ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ ʈʊʋ ʄʀʈʕɸ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] van Baren N, van den Eynde B.J. // Frontiers in Immunology. 2016. V. 6. P. 34. 
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ʉʠʥʪʝʟ ʟʘʤʝʱʝʥʥʦʛʦ ʪʠʝʥʦ[2,3-d]ʧʠʨʠʤʠʜʦ[1,2-a]ʘʟʝʧʠʥʘ 

 

ʇʦʢʨʦʚʩʢʘʷ ɸ.ɺ., ɻʠʨʠʯʝʚʘ ʄ.ɸ., ʅʘʫʤʦʚʘ ɸ.ʉ., ɹʫʜʨʫʝʚ ɸ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʀ.ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: anya.pokrovskaya99@gmail.com 

 

ʊʠʝʥʦʧʠʨʠʤʠʜʠʥʦʚʳʡ ʢʘʨʢʘʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʫʶ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʫʶ ʢʦʣʴʮʝʚʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʫʶ ʩʪʨʫʢʪʫʨʥʦ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʥʘʣʦʛ ʘʜʝʥʠʥʘ ð ʧʫʨʠʥʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪʩʷ 

ʢʘʢ ʚ ɼʅʂ, ʪʘʢ ʠ ʚ ʈʅʂ-ʙʠʦʠʟʦʩʪʝʨʘʭ. ʇʨʦʠʟʚʦʜʥʳʝ ʪʠʝʥʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʥʪʝʟʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʠʤʝʶʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ, ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣ ʬʦʪʦʠʥʠʮʠʠʨʦʚʘʥʥʳʡ ʩʠʥʪʝʟ ʤʝʪʠʣ-3-ʤʝʪʠʣ-

13-ʦʢʩʦ-1,2,3,4,7,13-ʛʝʢʩʘʛʠʜʨʦʙʝʥʟʦ[4',5']ʪʠʝʥʦ[2',3':4,5]ʧʠʨʠʤʠʜʦ[1,2-a]ʘʟʝʧʠʥ 

-7-ʢʘʨʙʦʢʩʠʣʘʪʘ 3 ʨʝʘʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʣ 2-ʘʤʠʥʦ-6-ʤʝʪʠʣ-4,5,6,7-

ʪʝʪʨʘʛʠʜʨʦʙʝʥʟʦ[b]ʪʠʦʬʝʥ-3-ʢʘʨʙʦʢʩʠʣʘʪʘ 1 ʠ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 2-

ʘʟʠʜʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ 2.  

 

 
 

ʈʝʘʢʮʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʚʳʙʦʨʫ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʚ 

ʙʝʟʚʦʜʥʦʤ 1,4-ʜʠʦʢʩʘʥʝ. 

ʊʠʝʥʦ[2,3-d]ʧʠʨʠʤʠʜʦ[1,2-a]ʘʟʝʧʠʥ 3 ʚʳʜʝʣʝʥ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʩ ʩʦʨʙʠʨʦʚʘʥʥʳʤ ʥʘ ʥʸʤ ʘʮʝʪʘʪʦʤ ʤʝʜʠ(II). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʠʣʠʢʘʛʝʣʷ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʛʝʪʝʨʦʮʠʢʣ 

3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʜʝʣʝʥʠʝ ʚ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʦʯʠʩʪʢʝ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ 3 ʦʪ ʘʤʠʥʘ 1. 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʤʝʩʴ ʧʝʪʨʦʣʝʡʥʳʡ ʵʬʠʨ ð 

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 200:1 (v/v). ɻʝʪʝʨʦʮʠʢʣ 3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʣʝʜʥʦ-ʞʝʣʪʫʶ ʞʠʜʢʦʩʪʴ, ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʫʶ ʚ ʧʝʪʨʦʣʝʡʥʦʤ ʵʬʠʨʝ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Ali E. M.H., Abdel-Maksoud M.S., Oh C.H. // Bioorganic & medicinal chemistry. 

2019. V. 27. ˉ. 7. P. 1159-1194. 
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ʈʦʣʴ ʧʦʣʠʤʝʨʥʳʭ ʤʠʢʨʦʩʬʝʨ ʚ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʥʝʡʪʨʦʬʠʣʴʥʳʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʣʦʚʫʰʝʢ 

 

ʇʦʣʦʥʩʢʠʡ ɺ.ɸ.1, ɹʘʩʳʨʝʚʘ ʃ.ʖ.2, ʏʝʨʝʤʠʩʠʥʘ ɼ.ʉ.1, ʉʢʦʧʠʥʮʝʚ ʀ.ɺ.4,  

ʃʫʩʩ ɸ.ʃ.3, ʉʠʚʘʝʚ ɸ.ɸ.2, ɻʫʩʝʚ ʉ.ɸ.1, ʐʪʠʣʴʤʘʥ ʄ.ʀ.3, ɻʨʠʮʢʦʚʘ ʀ.ɸ.2 

1ʄʀʈʕɸ ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2 ʌʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʢʣʠʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʈʦʩʩʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3 ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
4 ʈʦʩʩʠʡʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʇʠʨʦʛʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: metrik.vlad@gmail.com 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʠʩʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʜʫʢʪʦʨʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʡʪʨʦʬʠʣʴʥʳʭ ʚʥʝʢʣʝʪʦʯʥʳʭ ʣʦʚʫʰʝʢ (ʅɺʃ). ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ (ʄʌ), ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʪ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʥʝʡʪʨʦʬʠʣʦʚ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ. ɼʣʷ ʘʜʝʢʚʘʪʥʦʛʦ 

ʚʳʙʦʨʘ ʪʝʨʘʧʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʯʨʝʟʤʝʨʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʅɺʃ, ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʡʪʨʦʬʠʣʦʚ ʧʘʮʠʝʥʪʦʚ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʅɺʃ ʚ ʦʪʚʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʠʥʜʫʢʪʦʨʳ [1].  

ʀʟʫʯʝʥʠʝ ʨʦʣʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʘʢʪʠʚʘʮʠʠ ʥʝʡʪʨʦʬʠʣʦʚ ʫ 

ʧʘʮʠʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʥʝʜʨʝʥʠʝʤ ʚ 

ʣʘʙʦʨʘʪʦʨʥʫʶ ʧʨʘʢʪʠʢʫ ʜʦʨʦʛʠʭ ʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ. ɺʦʟʤʦʞʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʘʢʪʠʚʘʮʠʠ ʥʝʡʪʨʦʬʠʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʤʝʩʪʥʦʡ ʠʥʢʫʙʘʮʠʠ ʮʝʣʴʥʦʡ 

ʢʨʦʚʠ ʩ ʛʝʤʦʩʦʚʤʝʩʪʠʤʳʤʠ ʧʦʣʠʤʝʨʥʳʤʠ ʤʠʢʨʦʩʬʝʨʘʤʠ (ʇʄʉ). ɼʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʣʫʯʝʥʳ ʧʦʣʠʩʪʠʨʦʣʴʥʳʝ ʤʠʢʨʦʩʬʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʤʤʦʥʠʝʚʳʝ ʛʨʫʧʧʳ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʟʘʢʨʝʧʣʝʥʳ 

ʛʝʤʦʩʦʚʤʝʩʪʠʤʳʝ ʘʛʨʝʛʘʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʠʦʦʢʪʘʜʝʮʠʣ ʧʦʣʠ-N-ʚʠʥʠʣ-2-

ʧʠʨʨʦʣʠʜʦʥʘ (ʇʄʉʥʘʥʦ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʠʥʢʫʙʘʮʠʠ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ ʩ ʇʄʉʥʘʥʦ ʚ ʫʩʣʦʚʠʷʭ ʤʷʛʢʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʅɺʃ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ, ʯʝʤ ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʠʥʢʫʙʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ 

ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʘʢʪʠʚʘʮʠʠ ʥʝʡʪʨʦʬʠʣʦʚ, ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʩʪʦʪʝ ʚʳʧʦʣʥʝʥʠʷ, ʤʦʞʝʪ ʥʘʡʪʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʚ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʧʨʘʢʪʠʢʝ ʢʣʠʥʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] ʂʦʨʦʪʠʥʘ ʆ.ʃ., ɻʝʥʝʨʘʣʦʚ ʀ.ʀ.// ʅʝʡʪʨʦʬʠʣʴʥʳʝ ʚʥʝʢʣʝʪʦʯʥʳʝ ʣʦʚʫʰʢʠ: 

ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʬʫʥʢʮʠʠ. 2012. ̄ 4. ʉ. 23-32. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʦʪʭʦʜʦʚ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʞʠʨʥʭr ʢʠʩʣʦʪʘ ʠ ʠʭ ʵʬʠʨʦʚ 

 

ʇʦʣʷʢʦʚ ʀ.ɺ. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: Polyakovigor009@gmail.com 

 

ʇʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʤʳʚʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ʧʦʣʠʤʝʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʚʳʩʦʢʦʢʠʧʷʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ (240-270Áʉ) ʧʨʦʤʳʚʢʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʭʦʜʳ ʩʞʠʛʘʶʪʩʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʫʪʠʣʠʟʘʮʠʠ. 

ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʦʪʭʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠʵʪʘʥʦʣʘʤʠʥ. ʆʯʠʱʘʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʧʦʣʠʤʝʨʠʟʘʪʦʨ ʜʣʷ 

ʩʠʥʪʝʟʘ ʧʦʣʠʘʤʠʜʘ-6. 

ɿʘʧʦʣʥʝʥʥʳʡ ʪʨʠʵʪʘʥʦʣʘʤʠʥʦʤ ʧʦʣʠʤʝʨʠʟʘʪʦʨ ʥʘʛʨʝʚʘʣʠ ʜʦ 270Áʉ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ 18 ʯ. ɿʘʪʝʤ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʦʩʪʴ ʩʣʠʚʘʣʠ ʠ ʦʭʣʘʞʜʘʣʠ. 

ʇʦʣʫʯʝʥʥʘʷ ʞʠʜʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʷʟʢʫʶ ʤʘʩʣʦʦʙʨʘʟʥʫʶ ʢʦʤʧʦʟʠʮʠʶ 

ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʩ ʟʘʧʘʭʦʤ ʢʘʧʨʦʣʘʢʪʘʤʘ. ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʞʠʜʢʦʩʪʠ 

ʨʘʟʜʝʣʷʣʠ ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘʩʪʠ.  

ʆʜʥʫ ʯʘʩʪʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʩ ʧʨʦʜʫʢʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ N-ʦʢʩʠʵʪʠʣʝʥʢʘʧʨʦʣʘʢʪʘʤʘ, ʚʪʦʨʫʶ - ʩ ʪʦʚʘʨʥʳʤ 

ʧʨʦʜʫʢʪʦʤ çʕʤʫʣʴʪʘʣè. ʇʦʣʫʯʝʥʥʳʝ ʵʤʫʣʴʩʠʠ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʬʦʙʥʳʤʠ 

ʞʠʜʢʦʩʪʷʤʠ. ʀʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 12 ʤʝʩʷʮʝʚ. ʂʦʨʨʦʟʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʘʥʥʳʭ ʵʤʫʣʴʩʠʡ ʥʘ ʯʸʨʥʳʝ ʤʝʪʘʣʣʳ (ʯʫʛʫʥ ʉʏ21 ʠ ʩʪʘʣʴ ʉʪ5), 

ʧʨʦʚʦʜʠʤʦʛʦ ʧʦ ɻʆʉʊ 6243, ʥʝ ʚʳʷʚʣʝʥʦ.  

ʆʙʨʘʟʮʳ ʧʦʣʫʯʝʥʥʳʭ ʵʤʫʣʴʩʠʡ ʭʦʨʦʰʦ ʩʦʚʤʝʱʘʶʪʩʷ ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ 

ʙʠʪʫʤʦʤ, ʠʥʜʫʩʪʨʠʘʣʴʥʳʤʠ ʤʘʩʣʦʤ, ʢʘʥʠʬʦʣʴʥʳʤ ʤʳʣʦʤ. ʇʦʣʥʦʩʪʴʶ 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʙʝʥʟʠʥʝ, ʫʘʡʪ-ʩʧʠʠʪʝ, ʥʝʬʨʘʩʝ. ɺ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 0,4 ʜʦ 2,0% ʦʪ 

ʤʘʩʩʳ ʙʠʪʫʤʘ ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦʜʥʦ-ʙʠʪʫʤʥʦʡ ʵʤʫʣʴʩʠʠ ʜʦ 120 ʜʥʝʡ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʭʨʘʥʝʥʠʷ ʥʝ ʥʠʞʝ + 15Áʉ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʘʤʠʜ-6 ʧʨʠ ʠʭ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʠ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʯʸʨʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʩʦʩʪʘʚʝ ʟʘʱʠʪʥʳʭ ʙʠʪʫʤʥʳʭ ʠ 

ʧʦʣʠʤʝʨʥʦ-ʙʠʪʫʤʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, 

ʟʘʛʣʫʙʣʝʥʥʳʭ ʸʤʢʦʩʪʝʡ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʨʠ ʩʦʦʨʫʞʝʥʠʠ ʠ ʨʝʤʦʥʪʝ ʛʘʟʦʚʳʭ ʠ 

ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ. 
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ʇʦʣʫʯʝʥʠʝ ʛʨʘʬʪ-ʩʦʧʦʣʠʤʝʨʦʚ ʧʝʢʪʠʥʘ ʩ ʚʠʥʠʣʦʚʳʤʠ ʤʦʥʦʤʝʨʘʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʠʮʠʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʪʨʠʵʪʠʣʙʦʨ-ʢʠʩʣʦʨʦʜ 

 

ʇʨʦʜʘʝʚʠʯ ɺ.ɺ., ʉʝʤʝʥʳʯʝʚʘ ʃ.ʃ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: prodaevitchnika@yandex.ru 

 

ɺ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʣʝʞʠʪ ʩʦʟʜʘʥʠʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʛʝʣʠʝʚʳʭ ʩʢʘʬʬʦʣʜʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʦʨʛʘʥʠʟʤʘ. ʀʭ ʪʨʝʭʤʝʨʥʘʷ ʩʰʠʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʙʣʘʜʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, 

ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ [1]. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ 

ʩʢʘʬʬʦʣʜʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʥʘʪʫʨʘʣʴʥʳʝ ʧʦʣʠʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʣʣʘʛʝʥ, 

ʭʠʪʦʟʘʥ, ʧʦʣʠʩʘʭʘʨʠʜʳ ʠ ʜʨ. ɻʠʜʨʦʛʝʣʠʝʚʳʝ ʩʢʘʬʬʦʣʜʳ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʣʦʚʠʷ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʪʨʝʭʤʝʨʥʳʡ ʨʦʩʪ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʞʠʨʦʚʦʡ ʪʢʘʥʠ, ʠʤʝʶʪ 

ʭʦʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʥʦʩʯʠʢʦʚ ʢʣʝʪʦʢ ʠ ʤʦʛʫʪ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ [2]. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʪʫʨʘʣʴʥʳʝ ʧʦʣʠʤʝʨʳ ʤʦʞʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʚʚʝʜʝʥʠʝʤ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʛʨʘʬʪ-ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʢʪʠʥʘ ʩ 

ʧʨʠʚʠʚʢʦʡ ʩʦʧʦʣʠʤʝʨʘ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʄʄɸ) ï ʚʠʥʠʣʙʫʪʠʣʦʚʳʡ ʵʬʠʨ (ɺɹʕ).  

ɺ ʢʠʧʷʱʫʶ ʩʤʝʩʴ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ ʚ ɺɹʕ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚʚʦʜʠʣʠ ʄʄɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʠʮʠʠʨʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʪʨʠʵʪʠʣʙʦʨ-ʢʠʩʣʦʨʦʜ. ɼʣʷ ʩʠʥʪʝʟʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʡ ʩʚʝʢʣʦʚʠʯʥʳʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠʡ ʷʙʣʦʯʥʳʡ ʧʝʢʪʠʥʳ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʟʘʨʘʥʝʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʪʝʧʝʥʴ ʵʪʝʨʠʬʠʢʘʮʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ɻʇʍ-

ʘʥʘʣʠʟʦʤ, ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ ʠ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʦʣʦʢʦʥ ʧʝʢʪʠʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʄʄɸ-ɺɹʕ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Goel H., Gupta N., Santhiya D., et al. // International J. of Biological 

Macromolecules. 2021. V. 174. P. 240-253. 

[2] ʀʚʘʥʦʚ ɸ.ɸ., ʇʦʧʦʚʘ ʆ.ʇ., ɼʘʥʠʣʦʚʘ ʊ.ʀ., ʂʫʟʥʝʮʦʚʘ ɸ.ɺ. // ʋʩʧʝʭʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʣʦʛʠʠ. 2019. ʊ. 139. ˉ 2. ʉ. 196ï205. 

 

 

 



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 

 

 134 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ ʩʠʥʪʝʟ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʠʭ 
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ɺʳʧʫʩʢ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ (ɼʊ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʟʘʩʪʳʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝʭʠʤʠʠ. ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ɼʊ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ 

- ʜʝʧʨʝʩʩʦʨʥʳʭ  ʧʨʠʩʘʜʦʢ (ɼʇ). ɺ ʢʘʯʝʩʪʚʝ ɼʇ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʦʧʦʣʠʤʝʨʳ ʚʳʩʰʠʭ (ʘʣʢʠʣ)ʤʝʪʘʢʨʠʣʘʪʦʚ, ʧʨʠ ʵʪʦʤ ʦʜʥʦʡ ʠʟ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʱʝʡ ʜʝʧʨʝʩʩʦʨʥʳʡ ʵʬʬʝʢʪ, ʷʚʣʷʝʪʩʷ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʅʘʤʠ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʠʤʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ-

ʬʨʘʛʤʝʥʪʘʮʠʠ (Reversible Addition Fragmentation Chain Transfer,RAFT) 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʦʧʦʣʠʤʝʨʳ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʉʄɸ) ʩ 

ʤʘʣʝʠʥʦʚʳʤ ʘʥʛʠʜʨʠʜʦʤ (ʄɸ), ʘʢʨʠʣʘʤʠʜʦʤ (ɸʄ) ʠ N-ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʦʤ, 

ʘ ʪʘʢʞʝ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ ʉʄɸ ʩʦ ʩʪʠʨʦʣʦʤ, ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ ʠ 

ʛʣʠʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʨʦʩʪ ʧʦʣʠʤʝʨʥʦʡ 

ʮʝʧʠ,  ʠʩʧʦʣʴʟʦʚʘʣʠ  2-ʮʠʘʥʦʠʟʦʧʨʦʧʠʣʜʦʜʝʮʠʣʪʨʠʪʠʦʢʘʨʙʦʥʘʪ, 

ʜʠʙʝʥʟʠʣʪʨʠʪʠʦʢʘʨ-ʙʦʥʘʪ ʠ S,Sô-ʙʠʩ(Ŭ,Ŭ-ʜʠʤʝʪʠʣ-Ŭô-ʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ)ʪʨʠʪʠʦʢʘʨʙʦʥʘʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʧʣʘʥʝ 

ʢʦʥʪʨʦʣʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ 2-

ʮʠʘʥʦʠʟʦʧʨʦʧʠʣʜʦʜʝʮʠʣʪʨʠʪʠʦʢʘʨʙʦʥʘʪ. ʆʮʝʥʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʝʧʨʝʩʩʦʨʥʳʭ 

ʧʨʠʩʘʜʦʢ ʢ ɼʊ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʩʦʧʦʣʠʤʝʨ ʉʄɸ-ʄɸ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ɼʊ. ʇʨʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʠ 

ʜʝʧʨʝʩʩʦʨʥʳʡ ʵʬʬʝʢʪ ʩʦʩʪʘʚʣʷʝʪ 7Áʉ ʚ ʩʣʫʯʘʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ ɼʊ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʤʫʪʥʝʥʠʷ ʠ ʧʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʣʴʪʨʫʝʤʦʩʪʠ ʩʥʠʞʘʶʪʩʷ 

ʥʘ 5Áʉ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʦʧʦʣʠʤʝʨʦʚ,ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ ʦʢʘʟʳʚʘʶʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʊ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʦʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ 

ʧʣʘʥʝ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʩʘʜʦʢ, ʫʣʫʯʰʘʶʱʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʦʦʯʠʱʝʥʥʦʛʦ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 20-03-00150). 
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ʉʠʥʪʝʟ N4,N4'-ʙʠʩ(3-(ʬʝʥʠʣʠʤʠʥʦ)-3H-1,2,4-ʜʠʪʠʘʟʦʣ-5-ʠʣ)-[1,1'-ʙʠʬʝʥʠʣ]-

4,4'-ʜʠʘʤʠʥʘ ʠ ʝʛʦ ʨʝʘʢʮʠʷ ʩ ʜʠʤʝʪʠʣ 2-ʙʫʪʠʥʜʠʦʘʪʦʤ 

 

ʇʫʛʘʯʝʚʘ ɽ.ʖ., ʄʘʩʪʝʨʦʚʘ ʖ.ʖ., ʂʦʩʪʨʶʢʦʚ ʉ.ɻ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʸʚʘ, ʉʘʨʘʥʩʢ, ʈʦʩʩʠʷ 

E-mail: kostryukov_sg@mail.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʘʣʢʠʥʳ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ [1]. ʕʪʠ ʨʝʘʢʮʠʠ 

ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ ʧʦʣʫʯʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʸʥʥʳʭ ʧʷʪʠʯʣʝʥʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʚʝʱʝʩʪʚ ʩ ʮʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [2].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʟ N4,N4'-ʙʠʩ(3-(ʬʝʥʠʣʠʤʠʥʦ)-3H-1,2,4-

ʜʠʪʠʘʟʦʣ-5-ʠʣ)-[1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʘʤʠʥʘ (1), ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ çʟʘʤʘʩʢʠʨʦʚʘʥʥʳʡè 1,3-ʜʠʧʦʣʷ. ʉʦʝʜʠʥʝʥʠʝ (1) ʧʦʣʫʯʝʥʦ ʚ 

ʪʨʸʭ ʩʪʘʜʠʡʥʦʤ ʩʠʥʪʝʟʝ ʠʩʭʦʜʷ ʠʟ ʙʝʥʟʠʜʠʥʘ: 

 
ʉʦʝʜʠʥʝʥʠʝ (1) ʣʝʛʢʦ ʨʝʘʛʠʨʫʝʪ ʩ ʜʠʤʝʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 

ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʦʣʫʦʣʝ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 1,3-ʪʠʘʟʦʣʘ (2):  

 
ʉʦʝʜʠʥʝʥʠʷ (1) ʠ (2) ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʧʝʢʪʨʘʤʠ ʀʂ, ʗʄʈ 1ʅ ʠ 13ʉ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Gao D., Zhai H., Parvez M., Back T.G. // J. Org. Chem. 2008. Vol. 73. P. 8057-

8068.  

[2] Baumann M., Baxendale I.R., Ley S.V., Nikbin N. // Beilstein J. Org. Chem. 2011. 

Vol. 7. P. 442-495.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʧʨʝʩʩʦʨʥʦ-ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʧʨʠʩʘʜʦʢ ʥʘ ʦʩʥʦʚʝ  

ʛʦʤʦ- ʠ ʩʦʧʦʣʠʤʝʨʦʚ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 

 

ʈʘʰʤʘʢʦʚʘ ɸ.ɽ., ʂʦʣʷʢʠʥʘ ɽ.ɺ., ɻʨʠʰʠʥ ɼ.ʌ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: anastasiarashmakova@yandex.ru 

 

ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ (ɼʊ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʛʦʨʶʯʠʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʦʜʥʘʢʦ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ. ʊʘʢ ʢʘʢ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚʳʧʘʜʝʥʠʝ ʧʘʨʘʬʠʥʦʚ, ʯʪʦ ʤʦʞʝʪ ʷʚʠʪɹʩʷ ʧʨʠʯʠʥʦʡ 

ʟʘʢʫʧʦʨʢʠ ʪʦʧʣʠʚʥʳʭ ʬʠʣʴʪʨʦʚ ʠ ʪʦʧʣʠʚʦʧʨʦʚʦʜʦʚ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʤʦʞʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʚʚʝʜʝʥʠʠ ʚ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʜʝʧʨʝʩʩʦʨʥʦ-

ʜʠʩʧʝʨʛʠʨʫʶʱʠʭ ʧʨʠʩʘʜʦʢ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʬʠʥʦʚ 

ʠ ʠʭ ʘʛʣʦʤʝʨʘʮʠʠ.  

ʅʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʜʭʦʜʘ ʦʙʨʘʪʠʤʦʡ ʧʝʨʝʜʘʯʠ ʮʝʧʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʛʦʤʦ- ʠ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ ʩ 

ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ ʠ ʚʠʥʠʣʘʮʝʪʘʪʦʤ. ɺ ʢʘʯʝʩʪʚʝ RAFT ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ  

2-ʧʨʦʧʠʣ-2-ʮʠʘʥʦʜʠʪʠʦʙʝʥʟʦʘʪ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʛʦʤʦ- ʠ ʩʦʧʦʣʠʤʝʨʳ ʚʚʦʜʠʣʠ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʩʘʜʦʢ ʢ ʣʝʪʥʝʤʫ ɼʊ, ʦʮʝʥʢʫ ʜʝʧʨʝʩʩʦʨʥʦ-ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ ʧʨʠʩʘʜʦʢ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨ rʟʘʩʪʳʚʘʥʠʷ 

(ʊ3) ʠ ʠʥʜʝʢʩʘ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʬʠʥʦʚ (wax dispersion index ï WDI ) ʚ ʪʝʯʝʥʠʝ 120 

ʩʫʪʦʢ ʧʨʠ -21Üʉ.  

ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʧʦ ʜʝʧʨʝʩʩʦʨʥʦ-ʜʠʩʧʝʨʛʠʨʫʶʱʝʤʫ ʜʝʡʩʪʚʠʶ ʛʦʤʦ- 

ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʇʉʄɸ) ʠ ʝʛʦ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʚʠʥʠʣʘʮʝʪʘʪʘ 

(ʇʉʄɸ-ʇɺɸ), ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʇʉʄɸ-ʇɹʄɸ), ʘ ʪʘʢʞʝ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ ʥʘ 

ʦʩʥʦʚʝ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʚʠʥʠʣʘʮʝʪʘʪʘ (ʇʉʄɸ-ʙ-ʇɺɸ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ.1.  
 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʝ ʊ3 ʠ WDI ʜʣʷ ɼʊ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʩʘʜʦʢ (400 ppm) 

ʉʠʩʪʝʤʘ ʊʟ Üʉ WDI 

ʏʠʩʪʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ -18 21 

ɼʊ+ʇʉʄɸ -22 42 

ɼʊ+(ʇʉʄɸ-ʇɺɸ) -20 58 

ɼʊ+(ʇʉʄɸ-ʙ-ʇɺɸ) -21 63 

ɼʊ+(ʇʉʄɸ-ʇɹʄɸ) -24 96 

 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʝʧʨʝʩʩʦʨʥʦ-ʜʠʩʧʝʨʛʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʩʘʜʦʢ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʣʠʤʝʨʦʚ. ʅʘʠʙʦʣʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʜʝʩʧʝʨʛʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʣʘʜʘʝʪ ʜʝʧʨʝʩʩʦʨʥʘ ̫ ʧʨʠʩʘʜʢʘ ʥʘ ʦʩʥʦʚʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʦʧʦʣʠʤʝʨʦʚ ʩʪʝʘʨʠʣʤʝʪʘʢʨʠʣʘʪʘ ʩ ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ, 

ʟʥʘʯʝʥʠʝ WDI  ʢʦʪʦʨʦʡ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ 100 ʝʜʠʥʠʮʘʤ. 
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ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʩʦʩʪʘʚʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ 

ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

 

ʈʦʜʠʦʥʦʚʘ ʅ.ʄ.1, ʂʘʯʘʣʦʚʘ ɽ.ɸ.2 

1ʅʘʫʯʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ çʐʢʦʣʘ ʶʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷè, ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ 

ʬʠʟʠʢʠ ʈɸʅ, ɸʅʆ ɼʆ çɸʢʘʜʝʤ ʢʣʫʙè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʥʘʢʦʧʣʝʥʠ ̫ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ. 

ʉʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠʭ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ [1], ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ. 

ʀʟʛʦʪʦʚʣʝʥʳ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ 1) ʯʠʩʪʦʛʦ ʭʠʪʦʟʘʥʘ; 2) ʭʠʪʦʟʘʥʘ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʵʥʘʥʪʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ (ʕɸ); 3) ʪʨʦʡʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʢʨʘʭʤʘʣʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʠʚʠʪʳʤ ʘʢʨʠʣʘʤʠʜʦʤ (ɸɸ), ʩ ʭʠʪʦʟʘʥʦʤ [2, 3]. 

ʀʟʫʯʝʥʳ ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʙʠʦʜʝʛʨʘʜʘʮʠʷ. 

ʊʘʙʣʠʮʘ 1. ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʦʩʪʘʚʘ 

ˉ 

ʩʦʩʪʘʚʘ 
ʉʦʩʪʘʚ ʧʣʝʥʢʠ 

ʄʘʢʩʠʤʘʣʴʥʦ 

ʚʳʜʝʨʞʠʚʘʝʤʦʝ 

ʜʘʚʣʝʥʠʝ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 

ʇʨʦʮʝʥʪ ʫʜʣʠʥʝʥʠʷ 

ʧʨʠ ʨʘʟʨʳʚʝ, % 

1 ʍʊɿ 15.0-20.0 5-7 

2 ʍʊɿ + 10% ʕɸ 99.7 14-17 

3 ʍʊɿ + (ʂʈ:ɸɸ) 1:2 (1:2) 65.0 12 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʝ ʧʨʠʚʠʪʦʛʦ ʩʦʧʦʣʠʤʝʨʘ ʂʈ:ɸɸ ʧʨʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʪʘʢ ʢʘʢ ʢʨʘʭʤʘʣ 

ʜʝʰʝʚʣʝ ʭʠʪʦʟʘʥʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʝʥʘ ʙʠʦʜʝʛʨʘʜʘʮʠʷ, ʩʧʫʩʪʷ 28 ʜʥʝʡ 

ʠʥʢʫʙʘʮʠʠ ʩ ʧʣʝʩʥʝʚʳʤ ʛʨʠʙʦʤ Aspergillus Niger. ʈʝʟʫʣʴʪʘʪ ʭʨʦʤʘʪʦʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʚʠʥʠʣʦʚʦʛʦ ʧʦʣʠʤʝʨʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Thomas M.S., Koshy R.R., Mary S.K., et al. // Springer Briefs in Molecular 

Science. 2019. P. 29-31. 

[2] ʄʦʯʘʣʦʚʘ A.ɽ., ɿʘʙʦʨʱʠʥʦʚʘ ʅ.ɺ., ʂʥʷʟʝʚ ɸ.ɸ., ʠ ʜʨ. // ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʩʝʨʠʷ ɸ, ʪ. 48, ˉ9, 2006, 1589-1590 ʩ. 

[3] ɹʘʡʙʫʨʜʦʚ ʊ.ɸ., ʐʤʘʢʦʚ ʉ.ʃ. // ʀʟʚ. ʉʘʨʘʪ. ʫʥ-ʪʘ. ʅʦʚ. ʩʝʨ. ʉʝʨ. ʍʠʤʠʷ. 

ɹʠʦʣʦʛʠʷ. ʕʢʦʣʦʛʠʷ. 2020. ʊ. 20. ɺr ʧ. 1. ʉ. 39-40. 
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ʇʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʥʘʥʦʢʦʤʧʦʟʠʮʠʡ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

 

ʈʷʙʦʚʘ ɼ.ʀ., ɺʣʘʩʦʚ ʈ.ʈ., ʈʷʙʦʚ ʉ.ɸ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: dasha.ryabova2017@yandex.ru 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʧʦʣʠʫʨʝʪʘʥ. ɺʚʠʜʫ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢ ʧʨʠʤʝʨʫ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʧʣʦ- ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʣʠʫʨʝʪʘʥ 

ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʥʝʦʪʲʝʤʣʝʤʫʶ ʯʘʩʪʴ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 

ɺʦʟʨʘʩʪʘʥʠʝ ʩʧʨʦʩʘ ʥʘ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʝʜʲʷʚʣʝʥʠʶ ʚʩʝ ʙʦʣʴʰʠʭ ʪʨʝʙʦʚʘʥʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

(ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʪ.ʜ.) ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ, 

ʢʦʪʦʨʳʤ ʧʦʩʣʝʜʥʠʝ, ʚ ʩʣʫʯʘʝ ʚʝʩʴʤʘ ʦʙʰʠʨʥʦʛʦ ʨʷʜʘ ʧʨʠʤʝʥʝʥʠʡ, 

ʫʞʝ ʥʝ ʦʪʚʝʯʘʶʪ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʢʪʫʘʣʴʥʳʭ ʧʫʪʝʡ ʨʘʟʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʚʠʜʫ 

ʜʦʢʘʟʘʥʥʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟʤʝʨʦʚ ʚʚʦʜʠʤʳʭ ʚ ʧʦʣʠʤʝʨ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʠʣʫʯʰʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣ.r 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʨʠʵʪʘʥʦʣʘʤʠʥʦʤ ʤʥʦʛʦʩʪʝʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʬʄʋʅʊ) ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʧʝʥ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʚ ʧʦʣʠʵʬʠʨʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʚʚʦʜʠʣʠʩʴ 

ʥʘʚʝʩʢʠ ʬʄʋʅʊ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʫʩʧʝʥʟʠʡ ʧʨʠ 

ʧʦʤʦʱʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʘʥʫʘʣʴʥʦʛʦ ʩʤʝʰʝʥʠʷ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʧʝʥ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʝʥ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Roell/Zwick Z005.  
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PROTACs ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʢʠʥʘʟʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʘʙʦʟʘʥʪʠʥʠʙʘ 
 

ʉʘʯʢʦʚʘ ɸ.ɸ.1, ʑʝʛʨʘʚʠʥʘ ɽ.ʉ.1, ʌʸʜʦʨʦʚ ɸ.ʖ.1, ɸʥʜʨʝʝʚʘ ɼ.ɺ.2, 
ʊʠʭʦʤʠʨʦʚ ɸ.ʉ.2, ʑʝʢʦʪʠʭʠʥ ɸ.ɽ.2 

1 ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

2ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦ ʠʟʳʩʢʘʥʠʶ  
ʥʦʚʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʠʤ. ɻ.ʌ. ɻʘʫʟʝ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɽ-mail: nastia.sachkova@yandex.ru 
 

ɹʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ PROTACs (PROteolysis TArgeting Chimeras) 

ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʚʘ ʣʠʛʘʥʜʘ. ʆʜʠʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʳʚʘʥʠʝ ʩ ʮʝʣʝʚʳʤ 

ʧʘʪʦʛʝʥʥʳʤ ʙʝʣʢʦʤ, ʘ ʜʨʫʛʦʡ ï ʩ ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ. ʋʙʠʢʚʠʪʠʥʣʠʛʘʟʘ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʦʤʦʪʠʨʫʝʪ ʩʚʷʟʳʚʘʥʠʝ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʩ ʫʙʠʢʚʠʪʠʥʦʤ ʠ ʝʛʦ 

ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʩʱʝʧʣʝʥʠʝ ʚ ʧʨʦʪʝʘʩʦʤʝ. ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʣʝʢʫʣʳ 

PROTACs, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ, ʩʚʷʟʳʚʘʶʱʝʛʦʩʷ ʩ ʮʝʣʝʚʳʤ ʧʘʪʦʛʝʥʥʳʤ 

ʙʝʣʢʦʤ, ʚʳʩʪʫʧʘʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʤʫʣʴʪʠʢʠʥʘʟʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʘʙʦʟʘʥʪʠʥʠʙʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʣʠʛʘʥʜʘ ʜʣʷ ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʠʥʛʠʙʠʪʦʨʳ ʙʝʣʢʦʚ ʬʦʥ ɻʠʧʧʝʣʷ-ʃʠʥʜʘʫ (VHL) ʠ ʮʝʨʝʙʣʦʥʘ (CRBN) [1, 2]. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

 

ʈʠʩ. 1. ʇʦʣʫʯʝʥʥʳʝ ʤʦʣʝʢʫʣʳ PROTACs 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 19-13-00158). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Steinebach C., Kehm H., Lindner S., et al. // Chemical Communications. 2019. V. 

55. P. 1821-1824. 

[2] Zhang F., Wu Z., Chen P., et al. // Bioorganic & Medicinal Chemistry. 2020. V. 

28. P. 115228. 
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ʉʠʥʪʝʟ ʘʤʬʠʬʠʣʴʥʳʭ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʠʨʦʣʘ, 4-
ʚʠʥʠʣʧʠʨʠʜʠʥʘ ʠ N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
ʩʠʣʘʥʦʚ ʠ ʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ 

 
ʉʝʤʝʥʦʚ ɼ.ɺ.1, ʉʘʣʦʤʘʪʠʥʘ ɽ.ɺ.1, ʇʠʢʫʣʠʥ ɸ.ɺ.2, ʉʤʠʨʥʦʚʘ ʃ.ɸ.1 

1 ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

2ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈɸʅ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
E-mail: d.semenov_52@mail.ru 

 
ɸʤʬʠʬʠʣʴʥʳʝ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ (ɸɹʉ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ 

ʩʝʣʝʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʠʮʝʣʣ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʪʚʦʨʠʤʳʝ ʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʝʛʤʝʥʪʳ ʦʙʨʘʟʫʶʪ ʷʜʨʦ ʠ ʦʙʦʣʦʯʢʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʩʚʦʡʩʪʚʦ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʟʦʨʘʤʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʣʘʟʝʨʥʦʡ ʦʧʪʠʢʝ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ɸɹʉ ʩ 

ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ (ʄʄ) ʷʚʣʷʝʪʩʷ ʠʭ ʧʦʣʫʯʝʥʠʝ ʧʦ ʨʝʘʢʮʠʠ ʧʝʨʝʜʘʯʠ 

ʮʝʧʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʛʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʩʠʣʘʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʛʨʫʧʧʳ SiïCl ʠ SiïH). ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ɸɹʉ ʧʦʣʠʩʪʠʨʦʣ-ʙʣʦʢ-ʧʦʣʠ(4-

ʚʠʥʠʣʧʠʨʠʜʠʥ) ʠ ʧʦʣʠʩʪʠʨʦʣ-ʙʣʦʢ-ʧʦʣʠ(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦ-ʵʪʠʣʤʝʪʘʢʨʠʣʘʪ), 

ʠʩʧʦʣʴʟʫʷ ʨʝʘʢʮʠʠ ʧʝʨʝʜʘʯʠ ʮʝʧʠ ʥʘ SiCl3H ʠ Si(CH3)2ClH; ʧʦʣʫʯʝʥʠʝ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ (ʅʏ) Au ʠ Ag ʥʘ ʠʭ ʦʩʥʦʚʝ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʘʢʨʦʧʝʨʝʜʘʪʯʠʢʠ ï ʧʦʣʠʩʪʠʨʦʣ, ʧʦʣʠ(4-ʚʠʥʠʣʧʠʨʠʜʠʥ) ʠ ʧʦʣʠ(N,N-

ʜʠʤʝʪʠʣʘʤʠʥʦ-ʵʪʠʣʤʝʪʘʢʨʠʣʘʪ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʘʥʦʚ. ʄʝʪʦʜʦʤ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʥʘ ʢʦʥʮʘʭ ʮʝʧʝʡ ʛʦʤʦʧʦʣʠʤʝʨʦʚ ʛʨʫʧʧ SiïCl. 

ʆʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʧʝʨʝʜʘʯʠ ʮʝʧʠ ʥʘ ʩʠʣʘʥʳ ʚ ʩʣʫʯʘʝ ʢʘʞʜʦʛʦ ʧʦʣʠʤʝʨʘ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʤʘʢʨʦʧʝʨʝʜʘʪʯʠʢʫ ʤʦʥʦʤʝʨʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ɸɹʉ. ʄʝʪʦʜʦʤ ʛʝʣʴʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʄʄ ʙʣʦʢʦʚ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ, ʤʝʥʷʷ ʧʨʠʨʦʜʫ ʩʠʣʘʥʘ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ ʙʣʦʢʦʚ. ʄʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ɸɹʉ ʬʦʨʤʠʨʫʶʪ ʧʣʝʥʢʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï 

ʤʠʮʝʣʣʷʨʥʫʶ ʠʣʠ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʘʥʘʣʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸɹʉ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ 

ʥʠʭ ʅʏ Au ʠ Ag ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʅʏ 

ʤʝʪʘʣʣʦʚ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ in situ ʚ ʧʣʝʥʢʘʭ ɸɹʉ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʋʌ- ʠ 

ʪʝʨʤʠʯʝʩʢʦʤ (100ÁC) ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʚʚʝʜʝʥʥʳʝ HAuCl4 ʠʣʠ AgNO3. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠʨʦʜʘ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʙʣʦʢʘ ʠ ʝʛʦ ʄʄ ʚʣʠʷʶʪ ʥʘ ʨʘʟʤʝʨ ʅʏ ʤʝʪʘʣʣʦʚ. ɺ 

ʩʣʫʯʘʝ ɼʄɸʕʄ ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʅʏ Au ʚ ʩʧʝʢʪʨʝ ʧʣʝʥʢʠ 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 548 ʥʤ, ʘ ʚ ʩʣʫʯʘʝ 4ɺʇ ï ʚ ʦʙʣʘʩʪʠ 400 ʥʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʘʤ ʅʏ 30ï40 ʥʤ ʠ 2 ʥʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 18-79-10262). 
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ʉʠʥʪʝʟ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʬʦʩʬʦʨʠʥʠʥʦʚ 

 

ʉʝʥʥʠʢʦʚʘ ɺ.ɺ.1, ʉʘʜʳʢʦʚʘ ʖ.ʄ.2, ɺʦʨʦʥʠʥʘ ʖ.ʂ.3, ɹʫʨʠʣʦʚ ɸ.ʈ.2 

1ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ, ʌʀʎ ʂʘʟʅʎ 

ʈɸʅ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
3ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
E-mail:sennikovalera@gmail.com  

 

ʈʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʩʣʦʞʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʚʩʝʛʦ ʟʘ ʦʜʥʫ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʩʪʘʜʠʶ. ʆʜʥʘʢʦ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʪʘʢ ʤʥʦʛʦ ʜʘʥʥʳʭ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʠʧʦʣʷʨʦʬʠʣʘ.[1] ʌʦʩʬʦʨʠʥʠʥʳ[2] 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʨʝʘʢʮʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʷʚʣʷʶʪ 

ʫʤʝʨʝʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʧʨʝʧʘʨʘʪʘ 5-ʬʪʦʨʫʨʘʮʠʣ. 
 

 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ 

20-03-00118 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Singh M.S., Chowdhury S., Koley S. // Tetrahedron. 2016. V. 72. P. 1603-1644. 

[2] Sadykova Yu.M., Zalaltdinova A.V., Trofimova L.M., et al. //  Chemistry of 

Heterocyclic Compounds. 2019. V. 55. Issue 11. 
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ʇʦʣʫʯʝʥʠʝ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʬʪʦʨʭʣʦʨʩʦʜʝʨʞʘʱʠʭ (ʩʦ)ʧʦʣʠʤʝʨʦʚ ʜʣʷ 
ʣʘʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ 

 

ʉʠʚʦʚʘ ʆ.ɸ.1, 2, ʃʘʜʠʣʦʚʘ ʅ.ʖ.2, ʉʘʬʦʥʦʚ ɸ.ʅ.1, 2, ʂʦʨʥʠʝʥʢʦ ʇ.ɺ.2, ʐʠʨʰʠʥ ʂ.ɺ.2, 3 
1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2ʅʘʫʯʥʦ ï ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ ʠʤʝʥʠ 

ʘʢʘʜʝʤʠʢʘ ɺ.ɸ. ʂʘʨʛʠʥʘ ʩ ʦʧʳʪʥʳʤ ʟʘʚʦʜʦʤ, ɼʟʝʨʞʠʥʩʢ, ʈʦʩʩʠʷ 
3ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ  
E-mail: sivova@nicp.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʝ (ʭʣʦʨʩʦʜʝʨʞʘʱʠʝ, ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʠ 

ʬʪʦʨʭʣʦʨʩʦʜʝʨʞʘʱʠʝ) (ʩʦ)ʧʦʣʠʤʝʨʳ, ʢʦʪʦʨʳʝ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʝ, ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʘʢʠʝ 

(ʩʦ)ʧʦʣʠʤʝʨʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ, ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ, 

ʥʠʟʢʦʡ ʛʦʨʶʯʝʩʪʴʶ, ʚʳʩʦʢʦʡ ʘʪʤʦʩʬʝʨʦ- ʠ ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ, ʛʘʟʦʙʘʨʴʝʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɺ ʥʘʰʠ ʜʥʠ ʚʳʧʫʩʢʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʘʩʩʦʨʪʠʤʝʥʪ 

ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʛʦʤʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʨʠʬʪʦʨʭʣʦʨʵʪʠʣʝʥʘ (ʊʌʍʕ), 

ʚʠʥʠʣʭʣʦʨʠʜʘ (ɺʍ), ʚʠʥʠʣʠʜʝʥʭʣʦʨʠʜʘ (ɺɼʍ), ʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ (ɺɼʌ) ʠ ʜʨ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʫʢʘʟʘʥʥʳʭ ʤʦʥʦʤʝʨʦʚ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ɺʍ, ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʩʦʧʦʣʠʤʝʨʦʚ ʬʪʦʨʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʤʦʥʦʤʝʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʧʨʠʨʦʜʳ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʩʦʯʝʪʘʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚ ʩʦʧʦʣʠʤʝʨʝ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʝʨʤʦ- ʠ 

ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʢʦʤʧʦʟʠʪʥʳʭ ʠʟʜʝʣʠʡ, ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ 

ʠ ʜʨ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʩʦʧʦʣʠʤʝʨʦʚ ʊʌʍʕ-ɺɼʍ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʦʧʦʣʠʤʝʨʦʚ ʊʌʍʕ-ɺɼʍ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

(ʤʝʥʝʝ 25%) ʠ ʠʟʙʳʪʦʯʥʦʝ (ʩʚʳʰʝ 45%) ʢʦʣʠʯʝʩʪʚʦ ʟʚʝʥʴʝʚ ɺɼʍ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʩʦʧʦʣʠʤʝʨʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʧʦʣʠʤʝʨʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʜʣʷ ʣʘʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʤʦʥʦʤʝʨʦʚ ʥʘ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʧʦʣʠʤʝʨʦʚ 

ʊʌʍʕ-ɺɼʍ ʠ ʧʣʝʥʦʢ ʥʘ ʠʭ ʦʩʥʦʚʝ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʩʦʧʦʣʠʤʝʨ ʊʌʍʕ-

ɺɼʍ ʜʦ 10 ʤʦʣ. % ʟʚʝʥʴʝʚ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ (ʚʠʥʠʣʭʣʦʨʠʜ, 

ʩʪʠʨʦʣ, ʘʢʨʠʣʦʥʠʪʨʠʣ ʠ ʜʨ.) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ (ʜʦ 200 000) 

ʪʝʨʧʦʣʠʤʝʨʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʣʘʢʦʚʳʝ ʩʠʩʪʝʤʳ ʩ 

ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. 
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ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʟʘʨʷʞʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʭʣʦʨʠʥʘ ʝ6 . ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ 

 

ʉʢʦʨʦʙʦʛʘʪʢʠʥʘ ʀ.ɸ., ʂʫʩʪʦʚʘ ʊ.ɺ. 
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ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 
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ʍʣʦʨʠʥ ʝ6 ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʨʷʜʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ 

ʟʘʙʦʣʝʚʘʥʠʡ ʤʝʪʦʜʦʤ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʌɼʊ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʢʣʝʪʦʢ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʙʠʦʬʠʟʠʯʝʩʢʠʭ, 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ (ʌʉ), ʯʪʦ 

ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʧʦʣʫʯʝʥʠʶ ʠ ʠʟʫʯʝʥʠʶ ʥʦʚʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʭʣʦʨʠʥʘ ʝ6 [1-3]. ʀʤʝʥʥʦ ʌʉ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ 

ʢʘʪʠʦʥʥʳʝ ʛʨʫʧʧʳ, ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʙʦʨʴʙʳ ʩ ʧʘʪʦʛʝʥʥʳʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ [4, 5].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ 

ʟʘʨʷʞʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʭʣʦʨʠʥʘ ʝ6 ʩ ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ  N-

ʤʝʪʠʣʧʠʧʝʨʘʟʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʦʯʠʩʪʢʫ ʧʦʩʣʝ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʝʩʢʝ ʠ ʩʘʭʘʨʥʦʡ ʧʫʜʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʫʚʝʣʠʯʠʣʩʷ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʚʩʝ 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-2020-0008. 
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ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʝʜʠʮʠʥʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʦʡ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʦʤ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ 

ʧʦʣʠʤʝʨʥʳʝ ʛʠʜʨʦʛʝʣʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʤʠ 

ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʝʜʠʮʠʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ.  

ʄʝʪʦʜʦʤ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʚ ʫʩʣʦʚʠʷʭ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʨʬʠʨʠʥʩʦʜʝʨʞʘʱʠʝ ʛʠʜʨʦʛʝʣʠ ʥʘ 

ʦʩʥʦʚʝ ʘʢʨʠʣʘʤʠʜʘ ʠ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

N, N-ʤʝʪʠʣʝʥ-ʙʠʩ-ʘʢʨʠʣʘʤʠʜʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʬʠʨʠʥʦʚʳʭ ʤʦʥʦʤʝʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 10,15,20-ʪʝʪʨʘʢʠʩ-(5-(4'-ʘʣʣʠʣʦʢʩʠ)-ʬʝʥʠʣ)-ʧʦʨʬʠʨʠʥ ʠʣʠ 5-(4'-

ʘʣʣʠʣʦʢʩʠ)-ʬʝʥʠʣ)-10,15,20-ʪʨʠʬʝʥʠʣʧʦʨʬʠʨʠʥ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʛʠʜʨʦʛʝʣʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ 

ʩʰʠʚʢʠ.  

ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʛʠʜʨʦʛʝʣʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʊʘʢ ʢʘʢ ʩʦʨʙʮʠʷ ʚʦʜʳ ʠ ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʦʤ 

ʛʠʜʨʦʛʝʣʝʡ, ʪʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ (WC, %) ʠ ʩʪʝʧʝʥʴ 

ʥʘʙʫʭʘʥʠʷ (SR, %). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʚ 

ʛʠʜʨʦʛʝʣʷʭ ʟʥʘʯʝʥʠʷ WC ʠ SR ʫʤʝʥʴʰʘʶʪʩʷ.  ɺʢʣʶʯʝʥʠʝ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ 

ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʛʠʜʨʦʛʝʣʠ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʦʨʙʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʧʦʨʬʠʨʠʥʘ ʚ ʛʠʜʨʦʛʝʣʷʭ ʠʭ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʚ ʚʦʜʝ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʠʜʨʦʛʝʣʝʡ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʚʝʜʝʥʥʦʛʦ ʧʦʨʬʠʨʠʥʘ, ʥʦ ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʛʠʜʨʦʛʝʣʝʡ, ʧʨʠʨʦʜʳ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ 

ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʦʚ, ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʤʝʥʷʪʴ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʛʠʜʨʦʛʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʧʨʦʝʢʪ ˉ FZZW-

2020-0008). 
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ʇʨʠʚʠʪʘʷ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʭʠʪʘʟʘʥʘ ʩ ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ ʠ ʚʠʥʠʣʘʮʝʪʘʪʦʤ 

ʉʤʠʨʥʦʚʘ ɼ.ɸ., ɸʧʨʷʪʠʥʘ ʂ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: daria.smirnova117@yandex.ru 

 

ʋʥʠʢʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʭʠʪʦʟʘʥʘ ï ʚʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʠ 

ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʠ, ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴ, ʛʠʧʦʘʣʣʝʨʛʝʥʥʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʴʶ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʝʛʦ ʢ ʧʦʣʠʤʝʨʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ ʙʫʜʫʱʝʛʦ. ɺ ʥʘʫʢʝ ʥʝ ʦʩʣʘʙʝʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʭʠʪʦʟʘʥʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ ʦʙʣʘʜʘʪʁ ʭʨʫʧʢʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʩʘʭʘʨʠʜ ʤʦʜʠʬʠʮʠʨʫʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʨʠʚʠʪʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ ʥʘ ʧʦʣʠʤʝʨ.  
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʭʠʪʦʟʘʥʘ ʥʘ ʧʨʠʚʠʪʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʩ ʥʠʤ ʘʢʨʠʣʦʥʠʪʨʠʣʘ (ɸʅ) 

ʠ ʚʠʥʠʣʘʮʝʪʘʪʘ (ɺɸ) ʠ ʩʚʦʡʩʪʚ ʠʭ ʩʦʧʦʣʠʤʝʨʦʚ. 

ʉʦʧʦʣʠʤʝʨʳ ʭʠʪʦʟʘʥʘ ʩ ɸʅ ʠ ɺɸ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʨʠʚʠʪʦʡ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʠʪʨʠʣʘ ʘʟʦʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ. ʄʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʛʣʫʙʠʥʘ 

ʧʨʝʚʨʘʱʝʥʠʷ ɸʅ ʧʨʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʭʠʪʦʟʘʥʦʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʦʨʤʘʮʠʷʭ ï ʩʧʠʨʘʣʴ ʠ ʢʣʫʙʦʢ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʥʪʝʟʘ ʊ=60Á ʉ ʠ 70Á ʉ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʠʚʠʪʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʧʦʜʪʚʝʨʜʠʣʠ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʛʜʝ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ, ʦʯʠʱʝʥʥʦʛʦ ʦʪ ʛʦʤʦʧʦʣʠʤʝʨʘ ʇɸʅ 

ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

īCſN ʛʨʫʧʧʳ ʘʢʨʠʣʦʥʠʪʨʠʣʘ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʀʂ-ʩʧʝʢʪʨʳ ʭʠʪʦʟʘʥʘ (1) ʠ ʧʨʠʚʠʪʦʛʦ ʩʦʧʦʣʠʤʝʨʘ ʭʠʪʦʟʘʥʘ ʩ ɸʅ  

ʧʨʠ pH ʩʨʝʜʳ 4.8 (2), 3.6 (3). 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʠʚʠʪʳʝ ʩʦʧʦʣʠʤʝʨʳ ʭʠʪʦʟʘʥʘ ʩ ɸʅ ʠ ɺɸ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʣʝʥʦʯʥʳʭ ʠ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ɼʠʟʘʡʥ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʘʟʦʣʦʧʠʨʠʜʠʥʘ ï ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ 

 

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 

 

ʉʨʝʜʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʤʝʪʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʘʟʦʣʦʧʠʨʠʜʠʥʘ, ʦʙʣʘʜʘʶʱʠʝ ʰʠʨʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʠʨʘʟʦʣʦʧʠʨʠʜʠʥʦʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʠʥʘʟ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʣʝʯʝʥʠʷ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ: ʭʨʦʥʠʯʝʩʢʦʛʦ ʤʠʝʣʦʣʝʡʢʦʟʘ, ʨʘʢʘ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ, ʦʧʫʭʦʣʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʨʘʢʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ 

ʪ.ʜ. ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʥʦʚʳʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʘʟʦʣʦʧʠʨʠʜʠʥʘ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ 

ʧʨʦʠʟʚʦʜʥʳʭ N-(4,4-ʜʠʵʪʦʢʩʠʙʫʪʠʣ)ʩʫʣʴʬʦʥʠʣʘʤʠʜʘ 1 ʩ 1-ʬʝʥʠʣ-4-

ʘʤʠʥʦʧʠʨʘʟʦʣ-5-ʦʥʦʤ 2. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʠʡ 

ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 3, ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʨʝʘʢʪʠʚʦʚ. 

 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 21-

73-00074, https://rscf.ru/project/21-73-00074/. 
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ʕʣʝʢʪʨʦʥʥʳʝ ʵʬʬʝʢʪʳ ʚ ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩ 
ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ 

 
ʉʫʨʦʚʮʝʚ ɼ.ʖ., ɻʨʠʰʠʥ ɸ.ɺ., ɸʨʪʝʤʦʚ ɸ.ʅ., ʉʘʟʦʥʦʚʘ ɽ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 
 ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

 
 ɺ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʦʚʳʭ ɖ6-

ʘʨʝʥʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ 

ʠʟʫʯʝʥʳ ʠʭ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʨʦʙʥʦʛʦ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ 

ʩʧʝʢʪʨʘʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʋʌ-ʩʧʝʢʪʨʘʭ ʦʙʥʘʨʫʞʝʥ ʩʜʚʠʛ ʧʦʣʦʩ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ ʣʠʛʘʥʜʝ. 

ʅʘʠʤʝʥʴʰʠʡ ʩʜʚʠʛ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

ʜʠʦʢʩʦ-, ʘ ʥʘʠʙʦʣʴʰʠʡ ʜʣʷ 

ʜʠʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ. ɼʘʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʩʚʷʟʘʥʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ -́

ʩʚʷʟʘʥʥʦʤ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ. 

ʇʦʜʦʙʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʚ ʗʄʈ-ʩʧʝʢʪʨʘʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʜʚʠʛʘʝʪ 

ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʴ ʩʠʣʴʥʦʛʦ ʧʦʣʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 2,0 ppm. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʟʘʤʝʩʪʠʪʝʣʴ 

ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʵʪʦʛʦ ʩʜʚʠʛʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʩʜʚʠʛ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ 

ʦʜʥʦʠʤʝʥʥʳʭ ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ. ʂʦʛʜʘ ʚ ʛʝʪʝʨʦʮʠʢʣʝ ʩʦʜʝʨʞʘʪʩʷ 

ʨʘʟʥʦʠʤʝʥʥʳʝ ʛʝʪʝʨʦʘʪʦʤʳ, ʚʦʟʥʠʢʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʤʝʥʴʰʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ. 

  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʦʝʢʪ ˉ 0729-2020-0039. 

ʊʘʙʣʠʮʘ 1. ɼʘʥʥʳʝ ʋʌ-ʩʧʝʢʪʨʦʚ 

ʉʦʝʜʠʥʝʥʠʝ 
ʇʦʣʦʩʳ ʚ ʋʌ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʥʤ 

 
217 313 

 
218 315 

 
218 315 

 

218 318 

 
220 319 

 

218 320 

 

215 321 

ʊʘʙʣʠʮʘ 2. ɼʘʥʥʳʝ ʗʄʈ-ʩʧʝʢʪʨʦʚ  

ɻʝʪʝʨʦ-ʘʪʦʤʳ ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʧʨʦʪʦʥʦʚ ʣʠʛʘʥʜʘ, ppm ʀʟʤ., ppm 

X Y 4H(arene) 4H(arene-Cr(CO)3) ȹŭ 

O O 6,82 5,51 1,31 

NH O 6,53 5,48 1,05 

NH NH 6,87 5,21 1,46 
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ʉʠʥʪʝʟ ʛʨʘʬʪ-ʩʦʧʦʣʠʤʝʨʦʚ ʢʦʣʣʘʛʝʥʘ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ: 
ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ ʠ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʙʫʪʠʣʙʦʨʘʥʘ 

 
ʉʫʩʪʘʝʚʘ ʂ.ʉ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɽ-mail: kariandrs2101@yandex.ru 
 
ʗʚʣʷʷʩʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʙʝʣʢʦʤ ʚ ʦʨʛʘʥʠʟʤʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, 

ʢʦʣʣʘʛʝʥ ʩʪʘʥʦʚʠʪʩʷ ʠʜʝʘʣʴʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ 

ʩʦʧʦʣʠʤʝʨʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʧʨʠʚʠʪʳʝ ʩʦʧʦʣʠʤʝʨʳ ʢʦʣʣʘʛʝʥʘ ʠ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ (ʇɸɸ) ʠ ʢʦʣʣʘʛʝʥʘ ʠ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʇʄʄɸ) ʩ 

ʪʨʠʙʫʪʠʣʙʦʨʘʥʦʤ (ʊɹɹ) ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʢʦʣʣʘʛʝʥʘ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ ʠʟ-ʟʘ ʝʛʦ ʚʦʟʤʦʞʥʦʡ ʜʝʥʘʪʫʨʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʜʦʙʨʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʨʦʮʝʩʩʘ. ʉʠʥʪʝʟ ʛʠʙʨʠʜʥʳʭ 

ʩʦʧʦʣʠʤʝʨʦʚ ʨʳʙʥʦʛʦ ʢʦʣʣʘʛʝʥʘ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʇɸɸ ʠ ʇʄʄɸ 

ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 25-60Áʉ ʚ ʜʚʝ ʩʪʘʜʠʠ [1, 2] (1 ï ʙʦʨʠʨʦʚʘʥʠʝ 

ʢʦʣʣʘʛʝʥʘ ʧʦ ʛʠʜʨʦʢʩʠʛʨʫʧʧʘʤ ʦʢʩʠʧʨʦʣʠʥʘ, 2 ï ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʨʘʜʠʢʘʣʴʥʘʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ) ʧʦ ʩʭʝʤʝ (1): 

 
 

(1) 

ʇʦ ʜʘʥʥʳʤ ʧʨʠʚʠʚʢʠ, ʜʦʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ ʙʣʠʟʢʘ ʢ 50 % ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʧʦʣʠʤʝʨʦʚ ʩʣʫʞʠʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʩʦʧʦʣʠʤʝʨʦʚ ʢʦʣʣʘʛʝʥʘ ʠ ʇɸɸ, ʢʦʣʣʘʛʝʥʘ ʠ ʇʄʄɸ ʤʝʪʦʜʦʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ. ʇʨʠʚʠʪʳʝ ʩʦʧʦʣʠʤʝʨʳ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʤʦʣʝʢʫʣʷʨʥʦ-

ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʠʤʝʝʪ ʩʜʚʠʛ ʚ ʦʙʣʘʩʪʴ 

ʙʦʣʴʰʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʄʈ ʠʩʭʦʜʥʦʛʦ ʢʦʣʣʘʛʝʥʘ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʜʦʣʶ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ ʚ ʩʦʧʦʣʠʤʝʨʝ, ʦʜʥʘʢʦ, ʩʪʨʫʢʪʫʨʘ ʩʦʧʦʣʠʤʝʨʦʚ, 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ 

ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Kuznetsova Yu.L., Morozova E.A., Vavilova A.S., et al. // Polym. Sci. D. 2020. V 

13. P 453. 

[2] Kuznetsova Yu.L., Sustaeva K.S., Vavilova A.S., et al. // Journal of Organometallic 

Chemistry. 2020. Article Number: 121431. 

 



XXV ɺʉɽʈʆʉʉʀʁʉʂɸʗ  ʂʆʅʌɽʈɽʅʎʀʗ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ-ʍʀʄʀʂʆɺ 

 

 149 

ʉʠʥʪʝʟ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʠʟʘʤʝʱʝʥʥʳʭ  ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ  

 

ʊʘʨʘʢʘʥʦʚʘ ɸ.ɽ.1,2, ʐʫʨʳʛʠʥʘ ʄ.ʇ.2, ɸʨʩʝʥʴʝʚ ʄ. ɺ.1,2, ʏʝʩʥʦʢʦʚ C. ɸ.2 

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

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

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: anasta5ia.tar@yandex.ru 

 

ʕʬʬʝʢʪʠʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʠʥʠʮʠʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʠʛʦʵʬʠʨʤʝʪʘʢʨʠʣʘʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ ʦ-ʭʠʥʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʘ 

ʪʨʝʪʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʠʮʠʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ  

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʠʥʠʮʠʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʧʘʨʳ ʦ-

ʭʠʥʦʥ/ʘʤʠʥ, ʪʘʢ ʠ ʠʥʛʠʙʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʦ-ʭʠʥʦʥʦʚ (ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʝʨʝʭʚʘʪʳʚʘʪʴ ʨʘʜʠʢʘʣʳ ʨʦʩʪʘ), ʧʨʠ ʵʪʦʤ ʯʝʤ ʙʦʣʴʰʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʪʝʤ ʤʝʥʴʰʝ ʠʥʛʠʙʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦ-ʭʠʥʦʥʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʪʨʝʭʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʚʝʨʭʟʘʪʨʫʜʥʝʥʥʳʭ 

ʪʨʠʟʘʤʝʱʝʥʥʳʭ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ (ʩʭʝʤʘ 1) ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʘʢʮʠʠ 

ʬʦʪʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʭ N,N-

ʜʠʤʝʪʠʣʘʥʠʣʠʥʦʚ. 

 

 

ʉʭʝʤʘ 1 

 

 

 

 

 

 



ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 

 

 150 

ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʥʘ ʨʘʩʧʘʜ ʩʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʉ-ʬʝʥʠʣ-N-ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʥʘ  

 

ʊʘʨʘʢʘʥʦʚʘ ɽ.ɻ.,  ʂʫʥʜʳʰʝʚʘ ɽ.ɸ., ʂʦʣʷʢʠʥʘ ɽ.ɺ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

 

ʉʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʉʈʇ) ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʟʜʘʥʠʠ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʜʫʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʦʧʪʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʢʨʳʪʠʡ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʷʶʪʩʷ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʭʠʤʠʷ ʠ ʙʠʦʤʝʜʠʮʠʥʘ. ʉʈʇ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʚ ʧʣʘʥʝ 

ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʫʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʳʤʠ ʧʫʪʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʥʜʨʠʤʝʨʘʤʠ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʦʩʪʝʡ ʚ ʠʭ ʪʨʝʭʤʝʨʥʦʡ ʛʣʦʙʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ  rʜʣʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʣʝʢʘʨʩʪʚ [1, 2]. ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʣʩʷ 

ʩʠʥʪʝʟ ʉʈʇ ʥʘ ʙʘʟʝ ʤʝʪʘʢʨʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ (ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ, ʚʳʩʰʠʭ 

ʘʣʢʠʣʤʝʪʘʢʨʠʣʘʪʦʚ) ʠ ʩʪʠʨʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ ï ʉ-ʬʝʥʠʣ-N-

ʪʨʝʪ-ʙʫʪʠʣʥʠʪʨʦʥʘ (ʌɹʅ) ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʤʦʥʦʤʝʨʦʚ 

(ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʠʤʝʪʘʢʨʠʣʘʪʘ). ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

ʧʦʣʠʤʝʨʦʚ ʜʦ ʪʦʯʢʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʨʘʩʪʚʦʨʠʤʳʝ ʨʘʟʚʝʪʚʣʝʥʥʳʝ 

ʧʦʣʠʤʝʨʳ, ʧʦʩʣʝ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ï ʩʰʠʪʳʝ ʩʪʨʫʢʪʫʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʥʠʪʨʦʥʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʤʝʩʪʠʪʴ ʪʦʯʢʫ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʩʪʝʧʝʥʝʡ ʧʨʝʚʨʘʱʝʥʠʷ ʤʦʥʦʤʝʨʦʚ, ʥʦ ʠ 

ʧʦʣʫʯʠʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʧʦʩʣʝʜʫʶʱʝʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʪʨʫʢʪʫʨʫ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʉʈʇ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʪʦʯʢʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʦʜʠʬʠʢʘʮʠʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ (90-130̄ ʉ) ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʝ ʋʌ-ʩʚʝʪʘ 

ʙʣʠʞʥʝʛʦ ʜʠʘʧʘʟʦʥʘ (ʋʌ-ɸ, lʤʘʭ = 365 ʥʤ) ʧʨʠ 25ʉ̄ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʩʢʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʨʘʟʣʦʞʝʥʠʷ ʩʰʠʪʳʭ ʧʦʣʠʤʝʨʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʌɹʅ, ʦʙʨʘʟʫʝʪʩʷ ʜʚʝ ʬʨʘʢʮʠʠ: ʨʘʩʪʚʦʨʠʤʘʷ ʠ 

ʥʝʨʘʩʪʚʦʨʠʤʘʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɼʦʣʷ ʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 60 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʰʠʪʦʛʦ ʧʦʣʠʤʝʨʘ ʠ 

ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʡ ʨʘʟʣʦʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʨʘʩʧʘʜ ʩʰʠʪʳʭ ʩʪʨʫʢʪʫʨ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ20-03-

00150). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1]   Kavand A., Anton N., Vandamme Th., et al. // Journal of Controlled Release. 

2020. V. 321. P. 285-311. 

[2] Nabae Y., Kakimoto M. // Polymers. 2018. V.10. ˉ12. P.1344.   
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ʅʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʧʦʣʠʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ  

ʤʝʪʦʜʦʤ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʦʙʨʘʪʠʤʦʡ ʧʝʨʝʜʘʯʝʡ ʮʝʧʠ 

 ʜʣʷ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 
 

ʊʘʨʘʥʢʦʚʘ ʂ.ɸ., ɻʨʠʛʦʨʴʝʚʘ ɸ.ʆ., ɿʘʡʮʝʚ ʉ.ɼ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: csenia7@gmail.com 

 

ʇʦʣʠʤʝʨʥʳʝ ʥʦʩʠʪʝʣʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚʩʸ ʯʘʱʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʦʙʣʘʩʪʠ ʬʘʨʤʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʄʄ), 

ʧʦʣʠʤʝʨʳ ʫʚʝʣʠʯʠʚʘʶʪ ʚʨʝʤʷ ʮʠʨʢʫʣʷʮʠʠ ʠ ʫʣʫʯʰʘʶʪ ʧʨʦʮʝʩʩ ʟʘʭʚʘʪʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ [1]. ʇʦʣʠʤʝʪʘʢʨʠʣʦʚʳʝ ʢʠʩʣʦʪʳ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʣʘʜʘʶʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ ʩʚʦʡʩʪʚʘʤʠ, 

ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʠʥʪʝʟʘ ʚ̫ʣʷʝʪʩʷ ʨʘʜʠʢʘʣʴʥʘʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʪʠʤʦʡ ʧʝʨʝʜʘʯʠ ʮʝʧʠ (ʆʇʎ). ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʧʦʣʠʤʝʨʳ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʄʄ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʄʄʈ), ʥʦ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ 

(ʩʦ)ʧʦʣʠʤʝʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ [2,3]. 

ʅʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʣʠʤʝʨʳ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʤʝʪʦʜʦʤ ʆʇʎ-

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʆʇʎ-ʘʛʝʥʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ  

2-ʬʝʥʠʣʧʨʦʧʘʥ-2-ʠʣʙʝʥʟʦʜʠʪʠʦʘʪ ʠ N-ʛʠʜʨʦʢʩʠʩʫʢʮʠʥʠʤʠʜ 2- 

(ʜʦʜʝʮʠʣʪʨʠʪʠʦʢʘʨʙʦʥʘʪ)-2-ʤʝʪʠʣʧʨʦʧʘʥʦʘʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʫʟʢʦʝ ʄʄʈ ʠ ʣʠʥʝʡʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʄʄ ʩ ʢʦʥʚʝʨʩʠʝʡ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ʧʦʣʠʤʝʪʘʢʨʠʣʦʚʳʭ ʢʠʩʣʦʪ: ʩʦʜʝʨʞʘʱʠʭ ʢʦʥʮʝʚʫʶ ʛʨʫʧʧʫ ʆʇʎ-ʘʛʝʥʪʘ 

ʠ ʙʝʟ ʥʝʸ. ʋʜʘʣʝʥʠʝ ʛʨʫʧʧʳ ʘʛʝʥʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ ʧʦʣʠʤʝʨʘ ʩ 10-

ʢʨʘʪʥʳʤ ʤʦʣʴʥʳʤ ʠʟʙʳʪʢʦʤ ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʥʠʮʠʘʪʦʨʘ ʧʝʨʦʢʩʠʜʘ ʙʝʥʟʦʠʣʘ (ʇɹ). 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʗʄʈ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Shayne Cox Gad. Pharmaceutical Manufacturing Handbook: Production and 

Processes // New Jersey: J.Wiley & Sons. 2008. P. 1370 . 

[2] Handbook of RAFT Polymerization // New York: Wiley Interscience. 2008. 

[3] Moad G., Rizzardo E., Thang S.H // Polymer. 2008. Vol. 49. No 5. P. 1079. 
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ʉʠʥʪʝʟ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ 2-(1,2,4-ʦʢʩʘʜʠʘʟʦʣ-5-ʠʣ)ʘʥʠʣʠʥʦʚ ʥʘ 

ʦʩʥʦʚʝ ʘʤʠʜʦʢʩʠʤʦʚ ʠ ʠʟʘʪʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ 
 

ʊʘʨʘʩʝʥʢʦ ʄ.ɺ.1, ʂʦʪʣʷʨʦʚʘ ɺ.ɼ.1, ɹʘʡʢʦʚ ʉ.ɺ.2, ʐʝʪʥʝʚ ɸ.ɸ.1 
1ʎʝʥʪʨ ʪʨʘʥʩʬʝʨʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ. ɼ. ʋʰʠʥʩʢʦʛʦ, ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ 
2ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

E-mail: mkarunnaya@mail.ru 
 

1,2,4-ʆʢʩʘʜʠʘʟʦʣʴʥʳʡ ʮʠʢʣ ï ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʛʝʪʝʨʦʮʠʢʣ. ʆʥ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʬʘʨʤʘʢʦʬʦʨʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, OLED- ʫʩʪʨʦʡʩʪʚ, 

ʩʝʥʩʦʨʦʚ ʠ ʠʥʩʝʢʪʠʮʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 1,2,4-ʦʢʩʘʜʠʘʟʦʣʳ ʤʦʛʫʪ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʜʨʫʛʠʝ ʛʝʪʝʨʦʮʠʢʣʳ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʘʨʦʤʘʪʠʯʥʦʩʪʠ ʠ 

ʥʘʣʠʯʠʷ ʩʣʘʙʦʡ ʩʚʷʟʠ OïN, ʯʪʦ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 1,2,4-

ʦʢʩʘʜʠʘʟʦʣʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ MOHï ɼʄʉʆ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʝʡ 

ʩʨʝʜʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʘʪʦʚʳʡ ʘʥʛʠʜʨʠʜ ʠ ʝʛʦ 

ʘʥʘʣʦʛʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩ ʘʤʠʜʦʢʩʠʤʘʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʟʘʱʠʱʝʥʥʫʶ ʘʤʠʥʦʛʨʫʧʧʫ ʚ 

ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤʫ ʬʨʘʛʤʝʥʪʫ. 

 
ʉʭʝʤʘ 1 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʚʦʙʦʜʥʫʶ ʘʤʠʥʦʛʨʫʧʧʫ, ʧʫʪʝʤ 

ʢʦʥʜʝʥʩʘʮʠʠ ʘʤʠʜʦʢʩʠʤʦʚ ʩ ʠʟʘʪʦʚʳʤʠ ʘʥʛʠʜʨʠʜʘʤʠ ʚ ʩʠʩʪʝʤʝ NaOHïɼʄʉʆ 

[1]. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ. ʇʨʦʩʪʦʪʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʘʤʠʜʦʢʩʠʤʦʚ ʠ ʠʟʘʪʦʚʳʭ 

ʘʥʛʠʜʨʠʜʦʚ ʜʝʣʘʶʪ ʵʪʦʪ ʤʝʪʦʜ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʭʠʤʠʠ ʠ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 20-73-00203/2020). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Tarasenko M.V., Kotlyarova V.D., Baykov S.V., Shetnev A.A. // Russian Journal 

of General Chemistry. 2021. Vol. 91. P. 768ï778. 



XXV ɺʉɽʈʆʉʉʀʁʉʂɸʗ  ʂʆʅʌɽʈɽʅʎʀʗ ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ-ʍʀʄʀʂʆɺ 

 

 153 

ʊʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʧʦʣʠʤʝʨʦʚ 
ʤʝʪʦʢʩʠʦʣʠʛʦ(ʘʣʢʠʣʝʥʛʣʠʢʦʣʴ)ʤʝʪʘʢʨʠʣʘʪʦʚ ʠ N,N-

ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣʤʝʪʘʢʨʠʣʘʤʠʜʘ 

 
ʊʠʤʯʝʥʢʦ ɽ.ɸ.1, ʂʘʚʪʨʦʚʘ ɺ.ɼ.1, ʃʘʧʪʝʚʘ ɽ.ɸ.1, ʉʠʤʘʛʠʥ ɸ.ʉ.1,2 

1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  
ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: katia.tim223.yandex.ru@gmail.com  
 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʜʚʫʭ ʥʦʚʳʭ ʪʠʧʦʚ 

ʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʱʝʪʦʢ ʥʘ ʦʩʥʦʚʝ N,N-

ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣʤʝʪʘʢʨʠʣʘʤʠʜʘ ʩ ʤʝʪʦʢʩʠ(ʦʣʠʛʦʵʪʠʣʝʥʛʣʠʢʦʣʴ7-ʙʣʦʢ-

ʦʣʠʛʦʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ5)ʤʝʪʘʢʨʠʣʘʪʦʤ (ʉʇʃ ɼʄɸʇʄɸ-ɽ7ʈ5) ʠ 

ʤʝʪʦʢʩʠ(ʦʣʠʛʦʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ8-ʙʣʦʢ-ʦʣʠʛʦʵʪʠʣʝʥʛʣʠʢʦʣʴ8)ʤʝʪʘʢʨʠʣʘʪʦʤ 

(ʉʇʃ ɼʄɸʇʄɸ-ʈ8ɽ8). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʣʠʤʝʨʳ ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʪʠʤʦʤʫ 

ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʧʦ ʪʠʧʫ ʅʂʊʈ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ (ʊʌʇ) ʚ 

ʦʙʣʘʩʪʠ ʦʪ 45 ʜʦ 65 ᴈ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʦʚ ʚ ʚʦʜʝ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʘʚʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. 

 
 

ʈʠʩ. 1 - ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʊʌʇ ʩʦʧʦʣʠʤʝʨʦʚ ʤʘʢʨʦʤʦʥʦʤʝʨ-ɼʄɸʇʄɸ (80:20), 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ [ʤʦʥʦʤʝʨʳ : RAFT-ʘʛʝʥʪ : ʠʥʠʮʠʘʪʦʨ]: 

ɽ7ʈ5-ɼʄɸʇʄɸ [200:4:1] (1), ɽ7ʈ5-ɼʄɸʇʄɸ [100:4:1] (2), 

ʈ8ɽ8-ɼʄɸʇʄɸ [200:4:1] (3), ʈ8ɽ8-ɼʄɸʇʄɸ [100:4:1] (4). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʩʦʧʦʣʠʤʝʨʦʚ ɼʄɸʇʄɸ ʩ ʤʘʢʨʦʤʦʥʦʤʝʨʦʤ ʩ 

ʚʥʝʰʥʠʤ (ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʤ ʦʪ ʚʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ) ʦʣʠʛʦʧʨʦʧʠʣʝʥʛʣʠʢʦʣʝʚʳʤ 

ʙʣʦʢʦʤ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʠʤʝʝʪ ʪʨʘʜʠʮʠʦʥʥʳʡ ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʩ ʅʂʊʈ ʚʠʜ  ʩ 

ʚʦʩʭʦʜʷʱʝʡ ʙʠʥʦʜʘʣʴʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʣʫʯʘʷ çʦʙʨʘʪʥʦʛʦè ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʝʚʳʭ ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʝʚʳʭ ʙʣʦʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʪʘʥʜʘʨʪʥʘʷ ʧʦ 

ʚʠʜʫ ʟʘʚʠʩʠʤʦʩʪʴ ʊʌʇ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʬʠʥʘʥʩʦʚʦ ʧʦʜʜʝʨʞʘʥʳ ʈʦʩʩʠʡʩʢʠʤ 

ʥʘʫʯʥʳʤ ʬʦʥʜʦʤ (ʧʨʦʝʢʪ ˉ 20-13-00161). 
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ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʪʨʠʪʠʣʟʘʤʝʱʝʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʣʶʤʠʥʠʝʤ, 

ʛʘʣʣʠʝʤ ʠ ʠʥʜʠʝʤ 
 

ʊʢʘʯʝʥʢʦ ʄ.ɸ., ɻʘʣʘʥʠʥ ʅ.ɽ., ʈʫʤʷʥʮʝʚʘ ʊ.ɸ. 
ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 
E-mail: butter-dog@mail.ru 

 
ʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʢʘʪʘʣʠʟʝ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʘʭ 

ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ɺ ʵʪʦʤ ʢʘʯʝʩʪʚʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩ ʧʝʨʝʭʦʜʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ, ʯʘʱʝ ʚʩʝʛʦ ʩ ʢʦʙʘʣʴʪʦʤ, ʞʝʣʝʟʦʤ, ʤʘʨʛʘʥʮʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʢʦʤʧʣʝʢʩʳ ʘʣʶʤʠʥʠʷ, ʛʘʣʣʠʷ, ʠʥʜʠʷ ʚ ʵʪʦʤ ʧʣʘʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʠ ɻʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʨʠʪʠʣʟʘʤʝʱʝʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ 1 ʠ ʝʛʦ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʣʶʤʠʥʠʝʤ 2, ʛʘʣʣʠʝʤ 3 ʠ ʠʥʜʠʝʤ 4. 

 

 
ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 1 ï 4 ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʠʪʨʠʣʴʥʳʤ ʩʧʦʩʦʙʦʤ, ʠʭ ʩʪʨʦʝʥʠʝ 

ʧʦʜʪʚʝʨʞʜʘʣʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ, 1ʅ ʗʄʈ, ʀʂ- ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ 1 ï 4 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 

ʥʘʠʙʦʣʴʰʫʶ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʧʨʦʷʚʣʷʶʪ ʢʦʤʧʣʝʢʩʳ ʘʣʶʤʠʥʠʷ (2) ʠ ʠʥʜʠʷ (4).  

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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ɺʣʠʷʥʠʝ ʛʝʤʠʥʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʥʝʪʢʘʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪʘ 

 

ʊʶʙʘʝʚʘ ʇ.ʄ.1,2, ʄʘʩʪʘʣʳʛʠʥʘ ɽ.ɽ.1,2, ʆʣʴʭʦʚ ɸ.ɸ.1,2, ʇʦʧʦʚ ɸ.ɸ.1,2 
1 ʈʦʩʩʠʡʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɻ.ɺ. ʇʣʝʭʘʥʦʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2 ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʈɸʅ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: polina-tyubaeva@yandex.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʘ ɻ ʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʧʦʣʠʤʝʨʦʚ ʜʣʷ 

ʤʝʜʠʮʠʥʳ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʣʴʪʨʘʪʦʥʢʠʭ ʚʦʣʦʢʦʥ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠ-3-ʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪʘ (ʇɻɹ) ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ ʩ ʚʚʝʜʝʥʠʝ 

ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ï ʪʝʪʨʘʧʠʨʨʦʣʘ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʛʝʤʠʥ 

[1]. ɻʝʤʠʥ ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʦʥ ʪʝʨʤʦʩʪʘʙʠʣʝʥ, ʦʙʣʘʜʘʝʪ 

ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʙʠʦʩʦʚʤʝʩʪʠʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ [2]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ ʫʣʴʪʨʘʪʦʥʢʠʭ ʚʦʣʦʢʦʥ ʥʘ ʦʩʥʦʚʝ ʇɻɹ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʛʝʤʠʥʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʤʦʨʬʦʣʦʛʠʠ ʤʘʪʝʨʠʘʣʦʚ ʜʦ 

ʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʛʝʤʠʥʘ. 

ʘ.  ʙ.  
ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʥʝʪʢʘʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ʥʘ ʦʩʥʦʚʝ ʇɻɹ (ʘ) ʠ ʇɻɹ ʩ 5% ʛʝʤʠʥʘ. 

ɺʚʝʜʝʥʠʝ ʜʦʙʘʚʢʠ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʨʘʚʥʦʤʝʨʥʳʝ, ʭʦʨʦʰʦ 

ʦʪʚʝʨʞʜʝʥʥʳʝ, ʙʝʟʜʝʬʝʢʪʥʳʝ ʚʦʣʦʢʥʘ. ɹʦʣʝʝ ʪʦʛʦ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʫʚʝʣʠʯʠʣʦʩʴ ʩ 3,6 ʜʦ 6,1%, ʘ ʨʘʟʨʳʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ 1,7 ʜʦ 5,5 ʄʇʘ. 

ɺʦʣʦʢʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʇɻɹ ʛʠʜʨʦʬʦʙʥʳ, ʦʜʥʘʢʦ, ʚʚʝʜʝʥʠʝ 1-3% 

ʛʝʤʠʥʘ ʧʦʟʚʦʣʠʣʦ ʛʠʜʨʦʬʠʣʠʟʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʪʢʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 3-5%. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʜʦʙʘʚʢʠ ʥʘ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʇɻɹ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʧʨʠʯʠʥʳ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʵʬʬʝʢʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɻʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʄʂ-1651.2022.1.3. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[1] Filatov U.N. 1997 Electrospinning of Fibrous Materials (Moscow: Neftô i Gaz) 

[2] DellôAcqua S., Massardi E., Monzani E., et al. // Int. J. Mol. Sci. 2020. V. 21(20). 

P. 7553. 
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ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʟʦʧʨʝʥʘ 

 

ʋʣʴʷʥʦʚʘ ɼ.ʄ., ʈʦʟʝʥʮʚʝʪ ɺ.ɸ. 

ʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʈɸʅ ï ʬʠʣʠʘʣ ʉʘʤʅʎ ʈɸʅ, 

ʊʦʣʴʷʪʪʠ, ʈʦʩʩʠʷ 

E-mail: frau-uljanova@mail.ru 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʟʦʧʨʝʥ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʤʝʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʣʘʩʪʦʤʝʨʦʚ, ʞʠʜʢʠʭ 

ʢʘʫʯʫʢʦʚ ʠ ʩʤʦʣ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʠʟʦʧʨʝʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ 

ʨʘʜʠʢʘʣʴʥʦʡ, ʘʥʠʦʥʥʦʡ ʠʣʠ ʠʦʥʥʦ-ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʇʨʦʮʝʩʩ 

ʢʘʪʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʟʦʧʨʝʥʘ ʠʟʫʯʝʥ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʨʦʪʝʢʘʥʠʝʤ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʰʠʪʦʛʦ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʣʠʤʝʨʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʤʦʛʦ çʢʘʪʠʦʥʥʦʛʦè ʧʦʣʠʠʟʦʧʨʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʪʨʠʵʪʠʣʘʣʶʤʠʥʠʷ (ʊʕɸ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʊʕɸ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʢʘʪʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʟʦʧʨʝʥʘ. 

ɺʚʝʜʝʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʪʘʢʠʭ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʦʚ, ʢʘʢ ʪʨʝʪ-ʙʫʪʠʣʭʣʦʨʠʜ 

(ʊɹʍ), ʪʨʝʪ-ʙʫʪʠʣʙʨʦʤʠʜ (ʊɹɹ), 2-ʭʣʦʨ-2-ʤʝʪʠʣʙʫʪʘʥ (2-ʍʄɹ) ʠ 

ʠʟʦʧʨʦʧʠʣʭʣʦʨʠʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʢʘʪʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʠʟʦʧʨʝʥʘ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ. 

ʉʪʨʦʝʥʠʝ ʦʩʥʦʚʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʤʝʪʦʜʦʤ 13ʉ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʥʘʩʳʱʝʥʥʘʷ ʯʘʩʪʴ ʮʝʧʠ ʧʦʣʠʠʟʦʧʨʝʥʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʊʕɸ-ʊɹʍ ʩʦʩʪʦʠʪ ʥʘ 93 ʤʦʣ.% ʠʟ 1,4-ʪʨʘʥʩ-

ʟʚʝʥʴʝʚ, ʥʘ 3 ʤʦʣ.% ʠʟ 1,2-ʟʚʝʥʴʝʚ ʠ ʥʘ 4 ʤʦʣ.% ʠʟ 3,4-ʟʚʝʥʴʝʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩʠʛʥʘʣʳ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʥʘʯʘʣʴʥʳʭ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ 

ʟʚʝʥʴʝʚ, ʘ ʪʘʢʞʝ ʜʚʫʭ ʪʠʧʦʚ ʢʦʥʮʝʚʳʭ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʟʚʝʥʴʝʚ. ʇʦʣʠʤʝʨʳ 

ʠʟʦʧʨʝʥʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʦʚ, ʠʤʝʶʪ 

ʧʦʭʦʞʝʝ ʩʪʨʦʝʥʠʝ ʦʩʥʦʚʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʠ ʦʪʣʠʯʘʶʪʩʷ ʩʪʨʦʝʥʠʝʤ 

ʥʘʯʘʣʴʥʳʭ ʠ ʢʦʥʮʝʚʳʭ ʟʚʝʥʴʝʚ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦʣʠʤʝʨʳ 

ʠʟʦʧʨʝʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʳʝ ʪʚʝʨʜʳʝ ʧʦʣʠʤʝʨʳ ʩ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨ ʨʘʟʤʷʛʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-

ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʧʦʥʠʞʝʥʥʦʡ ʥʝʥʘʩʳʱʝʥʥʦʩʪʴʶ. ʊʘʢʠʝ ʧʦʣʠʤʝʨʳ 

ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʣʘʢʦʢʨʘʩʦʯʥʳʭ, ʢʣʝʝʚʳʭ ʠ 

ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʢʦʤʧʦʟʠʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʪʠʦʥʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʪʨʠʵʪʠʣʘʣʶʤʠʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ 

ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʦʚ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ 

ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʦʚ ʠʟʦʧʨʝʥʘ. 
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ʌʪʘʣʦʮʠʘʥʠʥʳ ʤʝʜʠ, ʩʦʜʝʨʞʘʱʠʝ ʥʘ ʧʝʨʠʬʝʨʠʠ ʬʨʘʛʤʝʥʪʳ 

3-ʤʝʪʦʢʩʠʬʝʥʦʣʘ 

 

ʌʝʜʦʪʦʚʘ ɸ.ɽ., ʄʘʡʟʣʠʰ ɺ.ɽ., ʊʠʭʦʤʠʨʦʚʘ ʊ.ɺ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ  

E-mail: nastyna_25.05@mail.ru 

 

ʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʤʝʜʠʮʠʥʝ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʪʝʪʨʘ-4-(3-ʤʝʪʦʢʩʠ)- ʠ 

ʪʝʪʨʘ-3-(3-ʤʝʪʦʢʩʠ)ʬʝʥʦʢʩʠʬʪʘʣʦʮʠʘʥʠʥʦʚ ʤʝʜʠ. 
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ʉʭʝʤʘ 1 

ʉʠʥʪʝʟ ʪʝʪʨʘ-4-(3-ʤʝʪʦʢʩʠ)- ʠ ʪʝʪʨʘ-3-(3-ʤʝʪʦʢʩʠ)ʬʝʥʦʢʩʠʬʪʘʣʦʮʠʘʥʠʥʦʚ 

ʤʝʜʠ (3,4) ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʠʪʨʠʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3-(3-

ʤʝʪʦʢʩʠ)-(1) ʠ 4-(3-ʤʝʪʦʢʩʠ)ʬʝʥʦʢʩʠʬʪʘʣʦʥʠʪʨʠʣʘ (2) ʩ ʘʮʝʪʘʪʦʤ ʤʝʜʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 170-185Áʉ. ʆʯʠʩʪʢʫ ʮʝʣʝʚʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʧʨʦʚʦʜʠʣʠ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʄ60 ʭʣʦʨʦʬʦʨʤʦʤ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ 

ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (3,4) ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʀʂ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ ʦʙʣʘʜʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʭʣʦʨʦʬʦʨʤ, ʘʮʝʪʦʥ, ɼʄʌɸ, ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ, ʙʝʥʟʦʣ ʠ ʜʨ). 

ʅʘʣʠʯʠʝ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪɹ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɸʥʘʣʠʟʠʨʫʷ ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ (3,4), 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʥʠ ʚ ʨʘʩʪʚʦʨʝ ʥʘʭʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʤʦʥʦʤʝʨʥʦʡ ʬʦʨʤʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣɹʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-671). 
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ʆʧʪʠʤʠʟʘʮʠʷ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʠʥʛʠʙʠʪʦʨʘ PI3K/mTOR ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ, 

ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ ʵʬʬʝʢʪʦʤ ɺʘʨʙʫʨʛʘ 

 

ʌʦʥʘʨʸʚʘ ʀ.ʇ., ɿʘʧʝʚʘʣʦʚʘ ʄ.ɺ., ʋʰʘʥʦʚʘ ʄ.ɸ., ʑʝʛʨʘʚʠʥʘ ɽ.ʉ., ʌʝʜʦʨʦʚ ɸ.ʖ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: fonareva.ira@mail.ru 

 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʨʘʢʦʚʳʝ 

ʢʣʝʪʢʠ ʥʘʢʘʧʣʠʚʘʶʪ ʚ ʩʝʙʝ ʨʷʜ ʠʟʤʝʥʝʥʠʡ. ʆʜʥʦ ʠʟ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʢʘʩʘʝʪʩʷ 

ʢʣʝʪʦʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ, ʘ ʠʤʝʥʥʦ ʜʣʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʭʘʨʘʢʪʝʨʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʠʢʦʣʠʟʘ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʜʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ, 

ʘ ʥʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʘʵʨʦʙʥʳʤ ʛʣʠʢʦʣʠʟʦʤ ʠʣʠ ʵʬʬʝʢʪʦʤ ɺʘʨʙʫʨʛʘ. 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 ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʚʨʘʱʝʥʠʶ ʢ 

ʥʦʨʤʘʣʴʥʦʤʫ çʢʣʝʪʦʯʥʦʤʫ ʜʳʭʘʥʠʶè ï ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʶ. ɺ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ PI3K/mTOR ʧʫʪʠ ʙʳʣ ʚʳʙʨʘʥ 

PKI587, 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 ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʄʠʥʦʙʨʥʘʫʢʠ  ̄13.1902.21.0004. 
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ɼʠʦʢʩʦʣʝʥʦʚʳʝ ʣʠʛʘʥʜʳ ʩ ʜʠʘʟʦʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

 

ʎʳʙʫʰʢʠʥʘ ɸ.ɸ.1, ʄʘʨʪʴʷʥʦʚ ʂ.ɸ.2, ʂʫʨʦʧʘʪʦʚ ɺ.ɸ.2, ʏʝʨʢʘʩʦʚ ɺ.ʂ.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: arina.tsybushkina@mail.ru 

ʂʦʤʧʣʝʢʩʳ ʩ ʜʠʦʢʩʦʣʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ 

ʤʦʣʝʢʫʣʫ ʦ-ʭʠʥʦʥʦʚ ʬʦʪʦʘʢʪʠʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʅʘʣʠʯʠʝ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ 

ʣʠʛʘʥʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʧʝʨʝʢʣʶʯʘʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʩʧʠʥʦʚʳʝ ʧʝʨʝʭʦʜʳ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʜʠʦʢʩʦʣʝʥʦʚʳʝ ʣʠʛʘʥʜʳ ʩ ʜʠʘʟʦʘʨʠʣʴʥʳʤ 

ʟʘʤʝʩʪʠʪʝʣʝʤ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 2-ʛʠʜʨʦʢʩʠ-3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-1,4-

ʙʝʥʟʦʭʠʥʦʥʘ ʩ ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ ʧʦʣʫʯʝʥ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-(2-

ʬʝʥʠʣʛʠʜʨʘʟʦʥʦ)-2-ʛʠʜʨʦʢʩʠʮʠʢʣʦʛʝʢʩʘ-2,5-ʜʠʝʥ-1-ʦʥ (1). ʇʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ 

2-ʛʠʜʨʦʢʩʠ-3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-1,4-ʙʝʥʟʦʭʠʥʦʥʘ ʩ 2,4-ʜʠʥʠʪʨʦʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ 

ʷʚʣʷʝʪʩʷ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-(2-(2,4-ʜʠʥʠʪʨʦʬʝʥʠʣ)ʛʠʜʨʘʟʦʥʦ)-2-

ʛʠʜʨʦʢʩʠʮʠʢʣʦʛʝʢʩʘ-2,5-ʜʠʝʥ-1-ʦʥ (2).  

 

ʆʢʠʩʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 1-2 ʜʠʦʢʩʠʜʦʤ ʤʘʨʛʘʥʮʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦ-

ʭʠʥʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʦʪʦʘʢʪʠʚʥʫʶ ʘʟʦ-ʛʨʫʧʧʫ: 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-

(ʬʝʥʠʣʜʠʘʟʝʥʠʣ)ʮʠʢʣʦʛʝʢʩʘ-3,5-ʜʠʝʥ-1,2-ʜʠʦʥʘ (3) ʠ 3,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-((2,4-

ʜʠʥʠʪʨʦʬʝʥʠʣ)ʜʠʘʟʝʥʠʣ)-ʮʠʢʣʦʛʝʢʩʘ-3,5-ʜʠʝʥ-1,2-ʜʠʦʥʘ (4). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ˉ19-29-08039 ʤʢ. 
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ʇʨʦʜʫʢʪʳ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ʪʨʠʤʝʪʠʣʦʣʧʨʦʧʘʥʦʤ: ʩʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ 

 

ʏʘʨʳʢʦʚʘ ʊ. ɸ.1, ʂʘʥʘʢʦʚ ɽ.ɸ.1, ɽʩʠʧʦʚʠʯ ɸ.ʃ.1, ʆʪʦʧʢʦʚʘ ʂ.ɺ.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: charykova.98@mail.ru 

 

ʉʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʩ 

ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʪʨʝʥʠʷ ʚ ʜʚʠʞʫʱʠʭʩʷ ʤʝʭʘʥʠʟʤʘʭ (ʜʚʠʛʘʪʝʣʠ, ʧʦʜʰʠʧʥʠʢʠ, 

ʨʝʜʫʢʪʦʨʳ, ʠ ʜʨ.) ʠ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʜʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʪʦʯʝʥʠʝ, ʬʨʝʟʝʨʦʚʘʥʠʝ, ʰʣʠʬʦʚʘʥʠʝ ʠ ʜʨ.). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʴʰʠʥʩʪʚʘ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ 

ʤʘʩʣʘ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʫʩʪʘʥʦʚʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʧʝʨʝʭʦʜʫ ʦʪ 

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʦʩʥʦʚʝ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ. ʊʘʢʠʝ 

ʤʘʩʣʘ ʥʝ ʫʩʪʫʧʘʶʪ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, 

ʧʨʠ ʵʪʦʤ ʥʝ ʪʦʢʩʠʯʥʳ ʠ ʧʦʣʥʦʩʪʴʶ ʙʠʦʨʘʟʣʘʛʘʝʤʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʵʬʠʨʦʚ 

ʪʨʠʤʝʪʠʣʦʣʧʨʦʧʘʥʘ (ʊʄʇ) ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʝʡ 

ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʄʕɾʂ). ʇʨʦʮʝʩʩ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʄʕɾʂ 

ʪʨʠʤʝʪʠʣʦʣʧʨʦʧʘʥʦʤ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʤʝʱʝʥʥʦʛʦ ʨʝʘʢʮʠʦʥʥʦ-

ʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʤʝʪʘʥʦʣʘ ʩ ʮʝʣʴʶ 

ʩʤʝʱʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʪʦʨʦʥʫ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ: ʪʝʤʧʝʨʘʪʫʨʘ ï 130 Áʉ, ʥʘʯʘʣʴʥʦʝ ʤʦʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʄʕɾʂ:ʊʄʇ = 4:1, ʜʘʚʣʝʥʠʝ 30 ʤʤ ʨʪ.ʩʪ., ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ (ʢʘʨʙʦʥʘʪ ʢʘʣʠʷ) ï 1 % ʤʘʩʩ., ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 4 ʯ. 

ɺʳʭʦʜ ʪʨʠʭʵʬʠʨʦʚ ʊʄʇ ʠ ɾʂ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ 98,6%. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʠʭʵʬʠʨʦʚ ʊʄʇ ʠ ɾʂ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ  ɿʥʘʯʝʥʠʷ 

1. ʎʚʝʪʥʦʩʪʴ ʧʦ ʡʦʜʥʦʡ ʰʢʘʣʝ, ʝʜ  4,1 

2. ʇʣʦʪʥʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ, ʛ/ʩʤ3  0,962 

3. ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʤʛKOH/ʛ  0,20 

4. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ,%  0 

5. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ,  Áʉ ʤʠʥʫʩ 22 

6. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 Áʉ), ʩʉʪ  36,040 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʪʝʤʘ ˉ 0728-2020-0008). 
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ʂʦʤʧʣʝʢʩʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʢʪʠʥʘ ʩ ʠʙʫʧʨʦʬʝʥʦʤ: 

ʧʦʣʫʯʝʥʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
 

ʏʝʢʫʥʢʦʚ ɽ.ɺ., ʄʠʥʟʘʥʦʚʘ ʉ.ʊ., ʄʠʨʦʥʦʚʘ ʃ.ɻ., ʄʠʣʶʢʦʚ ɺ.ɸ. 
ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ 

ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
E-mail: evchekunkov@gmail.com 

 

ʅʘʤʠ ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʥʝʪʦʢʩʠʯʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʝ ʮʠʪʨʫʩʦʚʦʛʦ ʧʝʢʪʠʥʘ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʝʢʪʠʥʘ 

ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʠ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʥ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 35% ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ COONa ʛʨʫʧʧ 65% (PGNa(COOH)). ʅʘ ʝʛʦ ʦʩʥʦʚʝ 

ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʥʝʩʪʝʨʦʠʜʥʳʤ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ 

ʧʨʝʧʘʨʘʪʦʤ çʀʙʫʧʨʦʬʝʥè ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʤʘʩʩʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʝʢʪʠʥ / 

ʠʙʫʧʨʦʬʝʥ (ʪʘʙʣ. 1). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ. 
ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʝʢʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʆʙʨʘʟʝʮ ʄʘʩʩʦʚʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ 

PGNa(COOH), 

ʠʙʫʧʨʦʬʝʥʘ ʠ 

CaCl2 

ʨʅ (Ñ 0.005) [Ŭ]D
20 ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ, ʤʤ2/ʩ  

(Ñ 0.001) 

PGNa(COOH) ï 4.484 +185 1.425 

ʂʦʤʧʣʝʢʩ 1 8:1 4.456 +187 1.441 

ʂʦʤʧʣʝʢʩ 2 5.7:1 4.462 +190 1.458 

ʂʦʤʧʣʝʢʩ 3 4.4:1 4.458 +188 1.458 

ʂʦʤʧʣʝʢʩ 4 45.4:8.0:1 4.644 +186 1.502 

ʂʦʤʧʣʝʢʩ 5 22.7:4.0:1 4.482 +167 1.489 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ PGNa(COOH) ʩ ʠʙʫʧʨʦʬʝʥʦʤ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ PGNa(COOH), ʠʙʫʧʨʦʬʝʥʘ ʠ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

(ʨʠʩ. 1).  

 
ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ 

ʢʨʠʚʳʝ ʩʜʚʠʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 1-ʥʠʪʨʦ-3,3,3-ʭʣʦʨʧʨʦʧʝʥʘ ʩ ʘʟʠʜʦʤ ʥʘʪʨʠʷ 

 

ʏʝʨʥʠʢʦʚʘ ɸ. 1,  ʂʫʜʝʣʠʥʘ ɺ.ɸ.1, ɸʥʠʩʠʤʦʚʘ ʅ.ɸ.1,2 
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: lera_kudelina@mail.ru 

 

ʅʘʤʠ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1-ʥʠʪʨʦ-3,3,3-ʪʨʠʭʣʦʨʧʨʦʧʝʥʘ ʩ 

ʘʟʠʜʦʤ ʥʘʪʨʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ ʤʝʪʘʥʦʣʝ (2 ʯ) ʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (1 ʯ) ʧʦ 

ʜʚʫʤ ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ɸ, ɹ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʟʦʤʝʨʥʳʭ 

ʘʣʢʠʣ- (1ʘ,ʙ), ʚʠʥʠʣ- (2ʘ,ʙ) ʘʟʠʜʦʚ ʠ ʪʨʠʘʟʦʣʘ (3).   

 

 
 ʉʦʝʜʠʥʝʥʠʷ (1ʘ, 1ʙ, 2ʘ, 2ʙ) ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ, ʘ ʪʨʠʘʟʦʣ (3) 

ʚ ʚʠʜʝ ʩʤʝʩʠ ʪʘʫʪʦʤʝʨʦʚ. ʉʪʨʦʝʥʠʝ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ: ʀʂ, ʗʄʈ1ʅ, 
13ʉ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 1ʅ-13ʉ HMQC, 

HMBC ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʦʩʪʘʚ ʧʦʜʪʚʝʨʞʜʝʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ. 
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ʉʦʯʝʪʘʥʠʝ ʧʦʣʠʩʪʠʨʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʠʥʦʚʳʭ ʣʦʚʫʰʝʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ (II) ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ 
 

ʐʦʠʧʦʚʘ ʌ.ʍ., ʂʦʣʷʢʠʥʘ ɽ.ɺ., ɻʨʠʰʠʥ ɼ.ʌ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

E-mail: fatimahs@mail.ru 

 

ʄʝʪʦʜʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʂʈʇ), ʨʘʟʚʠʚʘʝʤʳʝ 

ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩʣʦʞʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʨʝʘʢʮʠʠ ʩʦʯʝʪʘʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʠʥʦʚʳʭ ʣʦʚʫʰʝʢ Radical Trap-Assisted 

Atom Transfer Radical Coupling (RTA-ATRC) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ 

ʚ ʩʝʨʝʜʠʥʝ ʮʝʧʠ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʜʘʣʴʥʝʡʰʫʶ ʤʦʜʠʬʠʢʘʮʠʶ 

ʧʦʣʠʤʝʨʦʚ. ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʩʦʯʝʪʘʥʠʷ ʧʦʣʠʩʪʠʨʦʣʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ RTA-ATRC ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʠʪʨʦʥʦʚ ʘʮʠʢʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʉ-

ʬʝʥʠʣ-N-ʪʨʝʪ.-ʙʫʪʠʣʥʠʪʨʦʥ ï ʌɹʅ ʠ 2-(ʙʝʥʟʠʣʠʜʝʥʘʤʠʥʦ)-2-ʤʝʪʠʣ-1-

ʬʝʥʠʣʧʨʦʧʘʥʦʣ-1-N-ʦʢʩʠʜ ï ɹʄʌʆ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ CuBr2 ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ (ʛʣʶʢʦʟʳ ʠ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ï 

ɸɸ). ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ Activator Generation by Electron Transfer (AGET )-

ʩʦʯʝʪʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʣʝʛʢʦ ʦʢʠʩʣʷʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ Cu (I) ʥʘ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʝ ʥʘ ʚʦʟʜʫʭʝ ʢʦʤʧʣʝʢʩʳ Cu (II). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʘʢʮʠʷʭ ʩʦʯʝʪʘʥʠʷ 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʧʨʦʷʚʠʣʘ ʩʝʙʷ ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. 

ʊʘʢ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɸɸ, ʚʦʟʨʘʩʪʘʶʪ, 

ʯʪʦ ʦʪʨʘʞʝʥʦ ʥʘ ʢʨʠʚʳʭ ʄʄʈ (ʨʠʩ. 1), ʧʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʩʦʯʝʪʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 0.81 -0.93 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʣʶʢʦʟʦʡ.  

 

ʈʠʩ.1. ʄʄʈ ʠʩʭʦʜʥʦʛʦ ʇʉ (1) ʠ 

ʧʨʦʜʫʢʪʦʚ ʩʦʯʝʪʘʥʠʷ (2 ï 5) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ CuBr2 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 80ÁC. ɺʨʝʤʷ 

ʩʦʯʝʪʘʥʠʷ ï 2 ʯ. 

ʉʠʩʪʝʤʳ: 

2 ï ʌɹʅ, ʛʣʶʢʦʟʘ; 

3 ï ɹʄʌʆ, ʛʣʶʢʦʟʘ; 

4 ï ʌɹʅ, ɸɸ; 

5 ï ɹʄʌʆ, ɸɸ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ20-03-00150). 
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