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ʆɹʑʀɽ ʉɺɽɼɽʅʀʗ 
ʇʨʠʢʘʟʦʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʦʪ 30.03.2018 ʛ. N 

157 çʆʙ ʦʪʥʝʩʝʥʠʠ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ ʌʝʜʝʨʘʣʴʥʦʤʫ 

ʘʛʝʥʪʩʪʚʫ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʚʳʧʦʣʥʷʶʱʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ, 

ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʘʪʝʛʦʨʠʠ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡè ʀʥʩʪʠʪʫʪ ʦʪʥʝʩʝʥ ʢ 

ʦʨʛʘʥʠʟʘʮʠʷʤ 1-ʦʡ ʢʘʪʝʛʦʨʠʠ. 

ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 27.06.2018 N 1293-

ʨ ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʅʀʆʍ ʉʆ ʈɸʅ) ʚʢʣʶʯʝʥ ʚ ʧʝʨʝʯʝʥʴ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ ʄʠʥʠʩʪʝʨʩʪʚʫ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʟʘ ˉ 238. 

ʋʩʪʘʚ ʅʀʆʍ ʉʆ ʈɸʅ ʫʪʚʝʨʞʜʝʥ ʇʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 25.07.2018 N385. ɺ 2021 ʛʦʜʫ ʚ ʋʩʪʘʚ 

ʀʥʩʪʠʪʫʪʘ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʇʨʠʢʘʟʘʤʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʦʪ 13.01.2021 N9 ʠ 

ʦʪ 29.12.2021 N1537. 

 

ʂʘʜʨʦʚʳʡ ʩʦʩʪʘʚ 

ʅʘ 31.12.2021 ʛʦʜʘ ʚ ʀʥʩʪʠʪʫʪʝ ʨʘʙʦʪʘʣʦ 377 ʩʦʪʨʫʜʥʠʢʦʚ, ʠʟ ʥʠʭ 174 

ʠʩʩʣʝʜʦʚʘʪʝʣ.̫ 

ʂʚʘʣʠʬʠʢʘʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ: 1 ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, 32 

ʜʦʢʪʦʨʘ ʥʘʫʢ ʠ 102 ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ. ʏʠʩʣʝʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 39 

ʣʝʪ ʚʢʣʶʯʠʪʝʣʴʥʦ ʩʦʩʪʘʚʠʣʘ 87 ʯʝʣʦʚʝʢ. 

ʉʨʝʜʥʝʩʧʠʩʦʯʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʟʘ 2021 ʛʦʜ 166 ʯʝʣ. 

 

ɼʠʨʝʢʮʠʷ 

ɼʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ     ʜ.ʬ.-ʤ.ʥ. ɽ.ɻ. ɹʘʛʨʷʥʩʢʘʷ 

 

ɿʘʤʝʩʪʠʪʝʣʠ ʜʠʨʝʢʪʦʨʘ  

ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ    ʢ.ʭ.ʥ. ɽ.ɺ. ʉʫʩʣʦʚ  

ʢ.ʭ.ʥ. ɼ.ɸ. ʄʦʨʦʟʦʚ 

 

ɿʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ 

ʤʘʨʢʝʪʠʥʛʫ ʠ ʚʥʝʰʥʝʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ     ɼ.ɸ. ɸʙʘʰʝʚ 

 

ɿʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ  

ʧʦ ʨʘʟʚʠʪʠʶ ʠ ʦʙʱʠʤ ʚʦʧʨʦʩʘʤ    ɺ.ʇ. ʄʠʭʝʝʚ 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ     ʢ.ʭ.ʥ. ʈ.ɸ. ɹʨʝʜʠʭʠʥ 

 

ɻʣʘʚʥʳʡ ʠʥʞʝʥʝʨ     ɸ.ɺ. ʂʦʣʯʫʥʦʚ 

 

ɻʣʘʚʥʳʡ ʙʫʭʛʘʣʪʝʨ-ʨʫʢʦʚʦʜʠʪʝʣʴ ʌʕʉ  ʅ.ɺ. ʄʘʢʩʠʤʝʥʢʦ  
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ʋʯʝʥʳʡ ʩʦʚʝʪ 

ʀʟʙʨʘʥ ʚ ʩʦʩʪʘʚʝ 26 ʯʝʣʦʚʝʢ ʆʙʱʠʤ ʩʦʙʨʘʥʠʝʤ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ 
ʀʥʩʪʠʪʫʪʘ 30.03.2021 

ɹʘʛʨʷʥʩʢʘʷ ɽ. ɻ. ʧʨʦʬ., ʜ.ʬ.-ʤ.ʥ., ʜʠʨʝʢʪʦʨ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʋʉ 

ɹʘʨʜʠʥ ɺ. ɺ. ʜ.ʭ.ʥ., ʚ.ʥ.ʩ. 

ɹʨʝʜʠʭʠʥ ʈ. ɸ. ʢ.ʭ.ʥ., ʫʯʸʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ɺʦʣʯʦ ʂ. ʇ. ʧʨʦʬ. ʈɸʅ, ʜ.ʭ.ʥ., ʛ.ʥ.ʩ.  

ɺʦʨʦʙʴʸʚ ɸ.ʖ. ʢ.ʭ.ʥ., ʩ.ʥ.ʩ., ʟʘʚ. ʣʘʙ.  

ɿʠʙʘʨʝʚ ɸ. ɺ. ʜ.ʭ.ʥ., ʟʘʚ. ʣʘʙ.  

ʂʘʟʘʥʮʝʚ ʄ. ʉ. ʢ.ʭ.ʥ., ʩ.ʥ.ʩ., ʟʘʚ.ʣʘʙ.  

ʂʠʨʠʣʶʢ ʀ. ɸ. ʜʦʮ., ʢ.ʭ.ʥ., ʚ.ʥ.ʩ., ʟʘʚ. ʣʘʙ.  

ʃʫʟʠʥʘ ʆ.ɸ. ʜ.ʭ.ʥ. 

ʄʝʞʝʥʢʦʚʘ ʊ. ɺ. ʜ.ʭ.ʥ., ʩ.ʥ.ʩ., ʟʘʚ. ʣʘʙ.  

ʄʦʨʦʟʦʚ ɼ.ɸ. ʢ.ʭ.ʥ., ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ 

ʄʦʨʦʟʦʚ ʉ.ɺ. ʢ.ʭ.ʥ., ʟʘʚ. ʣʘʙ.  

ʇʘʪʨʫʰʝʚ ʉ.ʉ. ʢ.ʭ.ʥ., ʥ.ʩ., ʧʨʝʜʩʝʜʘʪʝʣʴ ʉʦʚʝʪʘ ʥʘʫʯʥʦʡ ʤʦʣʦʜʝʞʠ  

ʇʦʣʦʚʷʥʝʥʢʦ ɼ.ʅ. ʢ.ʬ.-ʤ.ʥ., ʟʘʚ. ʎʉʀ 

ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ. ʌ. ʯʣ.-ʢʦʨʨ. ʈɸʅ, ʧʨʦʬ., ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ, ʟʘʚ. ʣʘʙ. 

ʉʫʩʣʦʚ ɽ. ɺ. ʢ.ʭ.ʥ., ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ, ʟʘʚ. ʣʘʙ. 

ʊʠʭʦʚʘ ɺ. ɼ. ʢ.ʭ.ʥ., ʟʘʚ. ʣʘʙ. 

ʊʢʘʯʝʚ ɸ. ɺ. ʧʨʦʬ., ʜ.ʭ.ʥ., ʟʘʚ. ʣʘʙ.  

ʊʦʣʩʪʠʢʦʚʘ ʊ. ɻ. ʧʨʦʬ., ʜ.ʙ.ʥ., ʟʘʚ. ʣʘʙ.  

ʊʦʨʤʳʰʝʚ ɺ. ʄ. ʜʦʮ., ʢ.ʭ.ʥ., ʨʫʢ. ʛʨʫʧʧʳ. 

ʍʘʨʠʪʦʥʦʚ ʖ.ɺ. ʜ.ʭ.ʥ. 

ʍʚʦʩʪʦʚ ʄ.ɺ. ʜ.ʭ.ʥ. 

ʐʝʣʢʦʚʥʠʢʦʚ ɺ. ɺ. ʜ.ʭ.ʥ., ʟʘʚ. ʣʘʙ.  

ʐʫʣʴʮ ʕ. ʕ. ʧʨʦʬ., ʜ.ʭ.ʥ., ʟʘʚ. ʣʘʙ.  

ʐʫʥʜʨʠʥ ʃ.ɸ. ʜ.ʭ.ʥ., ʟʘʚ. ʣʘʙ.  

ʗʨʦʚʘʷ ʆ.ʀ. ʜ.ʭ.ʥ., ʚ.ʥ.ʩ.  
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ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʠʥʩʪʠʪʫʪʘ 

ʇʦʜʨʘʟʜʝʣʝʥʠʝ ʈʫʢʦʚʦʜʠʪʝʣʴ 

1.1. 

ʆʪʜʝʣ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ  

(ʆʄʍ) 

ɿʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ, ʧʨʦʬʝʩʩʦʨ 

ʅʘʨʠʤʘʥ ʌʘʨʠʜʦʚʠʯ ʉʘʣʘʭʫʪʜʠʥʦʚ 

1.1.1 

ʃʘʙʦʨʘʪʦʨʠʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ  

(ˉ5-ʃʌɸɺ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ, ʧʨʦʬʝʩʩʦʨ 

ʅʘʨʠʤʘʥ ʌʘʨʠʜʦʚʠʯ ʉʘʣʘʭʫʪʜʠʥʦʚ 

ʪʝʣ. 8(383)330-97-33, ʚʥʫʪʨ. ʪʝʣ. 3-75 

e-mail: anvar@nioch.nsc.ru 

1.1.2. 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ  

(ˉ13-ʃʄʍ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʕʣʴʚʠʨʘ ʕʜʫʘʨʜʦʚʥʘ ʐʫʣʴʮ 

ʪʝʣ. (383)330-85-33, ʚʥʫʪʨ. ʪʝʣ. 2-09 

e-mail: schultz@nioch.nsc.ru 

1.1.3 

ʃʘʙʦʨʘʪʦʨʠʷ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ˉ14-ʃʌʀ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʊʘʪʴʷʥʘ ɻʝʥʨʠʭʦʚʥʘ ʊʦʣʩʪʠʢʦʚʘ 

ʪʝʣ. 8(383)330-07-31; ʚʥʫʪʨ. ʪʝʣ. 2-49  

e-mail: tolstiktg@nioch.nsc.ru 

1.1.4 

ʃʘʙʦʨʘʪʦʨʠʷ ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

(ˉ46-ʃʅʊʇʉ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʢ.ʭ.ʥ. 

ɽʚʛʝʥʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ʉʫʩʣʦʚ 

ʪʝʣ. 8(383)330-88-51, 330-88-70, 

ʚʥʫʪʨ. ʪʝʣ. 3-40, 4-46 

e-mail: suslov@nioch.nsc.ru 

1.2. 

ʆʪʜʝʣ ʬʠʟʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʆʌʆʍ) 

ɿʘʚ. ʦʪʜʝʣʦʤ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ɽʣʝʥʘ ɻʨʠʛʦʨʴʝʚʥʘ ɹʘʛʨʷʥʩʢʘʷ 

1.2.1 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʘʛʥʠʪʥʦʡ 

ʨʘʜʠʦʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(ˉ26-ʃʄʈ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ɽʣʝʥʘ ɻʨʠʛʦʨʴʝʚʥʘ ɹʘʛʨʷʥʩʢʘʷ 

ʪʝʣ. (383) 330-88-50, ʚʥʫʪʨ. ʪʝʣ. 3-81  

e-mail: egbagryanskaya@nioch.nsc.ru 

1.2.2 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ 

ʙʠʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

(ˉ26.1-ʃʄʈɹʉ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʄʘʡʢʣ ʂʝʡʪ ɹʦʫʤʘʥ 

1.2.3 

ʃʘʙʦʨʘʪʦʨʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ 

(ˉ29-ʃɸʕʉʄ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʭ.ʥ. 

ʃʝʦʥʠʜ ɸʥʘʪʦʣʴʝʚʠʯ ʐʫʥʜʨʠʥ 

ʪʝʣ. 8(383)330-94-32; 

ʚʥʫʪʨ. ʪʝʣ. 3-63, 4-36  

e-mail: shundrin@nioch.nsc.ru 

http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-meditsinskoj-khimii-omkh1
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-meditsinskoj-khimii-omkh1/laboratoriya-fiziologicheski-aktivnykh-veshchestv-lfav
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-meditsinskoj-khimii-omkh1/laboratoriya-fiziologicheski-aktivnykh-veshchestv-lfav
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-meditsinskoj-khimii-omkh1/laboratoriya-fiziologicheski-aktivnykh-veshchestv-lfav
mailto:anvar@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-meditsinskoj-khimii-omkh1/laboratoriya-meditsinskoj-khimii-lmkh
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-meditsinskoj-khimii-omkh1/laboratoriya-meditsinskoj-khimii-lmkh
mailto:schultz@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-meditsinskoj-khimii-omkh1/laboratoriya-farmakologicheskikh-issledovanij-lfi
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-meditsinskoj-khimii-omkh1/laboratoriya-farmakologicheskikh-issledovanij-lfi
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-meditsinskoj-khimii-omkh1/laboratoriya-farmakologicheskikh-issledovanij-lfi
mailto:tolstiktg@nioch.nsc.ru
mailto:suslov@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh/laboratoriya-magnitnoj-radiospektroskopii-lmr
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh/laboratoriya-magnitnoj-radiospektroskopii-lmr
mailto:egbagryanskaya@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh/laboratoriya-magnitnogo-rezonansa-biomolekulyarnykh-sistem-lmrbs
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh/laboratoriya-magnitnogo-rezonansa-biomolekulyarnykh-sistem-lmrbs
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh/laboratoriya-magnitnogo-rezonansa-biomolekulyarnykh-sistem-lmrbs
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh/laboratoriya-elektrokhimicheski-aktivnykh-soedinenij-i-materialov-leasm
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh/laboratoriya-elektrokhimicheski-aktivnykh-soedinenij-i-materialov-leasm
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh/laboratoriya-elektrokhimicheski-aktivnykh-soedinenij-i-materialov-leasm
mailto:shundrin@nioch.nsc.ru
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1.2.4 

ʃʘʙʦʨʘʪʦʨʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘ 

(ˉ47-ʃʌ) 

ʩ 01.03.2021  

ʃ͊ ͙͋ͦͪ͊ͭͦͪΎ 

ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ 

(ˉ47-ʃʌʇ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʢ.ʭ.ʥ. 

ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ ɺʦʨʦʙʴʝʚ 

ʪʝʣ. 8(383)330-93-86, ʚʥʫʪʨ. ʪʝʣ. 3-30 

e-mail: vor@nioch.nsc.ru 

1.2.5 

ʎʝʥʪʨ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ  

(ˉ30-ʎʉʀ) 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʮʝʥʪʨʘ ï ʢ.ʬ.-ʤ.ʥ. 

ɼʤʠʪʨʠʡ ʅʠʢʦʣʘʝʚʠʯ ʇʦʣʦʚʷʥʝʥʢʦ 

ʪʝʣ. 8(383) 330-96-61, ʚʥʫʪʨ. ʪʝʣ. 3-29 

e-mail: dpolo@nioch.nsc.ru 

1.3 

ʃʘʙʦʨʘʪʦʨʠʷ ʛʘʣʦʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

(ˉ3-ʃɻʉ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʭ.ʥ. 

ʊʘʪʴʷʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ʄʝʞʝʥʢʦʚʘ 

ʪʝʣ. (383) 330-69-43, ʚʥʫʪʨ. ʪʝʣ. 2-90 

e-mail: mtv@nioch.nsc.ru 

1.4 

ʃʘʙʦʨʘʪʦʨʠʷ ʠʟʫʯʝʥʠʷ 

ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʠ ʠʦʥ-

ʨʘʜʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʡ 

(ˉ6-ʃʀʅʀʈʈ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʢ.ʭ.ʥ. 

ʃʘʨʠʩʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ʇʦʣʠʪʘʥʩʢʘʷ  

ʪʝʣ. (383) 330-68-59, ʚʥʫʪʨ. ʪʝʣ. 4-09 

e-mail: plv@nioch.nsc.ru 

1.5 

ʃʘʙʦʨʘʪʦʨʠʷ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ 

(ˉ7-ʃɻʎʉ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï- ʜ.ʭ.ʥ. 

ɸʥʜʨʝʡ ɺʠʢʪʦʨʦʚʠʯ ɿʠʙʘʨʝʚ 

ʪʝʣ. (383) 330-96-64, ʚʥʫʪʨ. ʪʝʣ. 3-61, 3-95 

e-mail: zibarev@nioch.nsc.ru 

1.6 

ʃʘʙʦʨʘʪʦʨʠʷ ʘʟʦʪʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

(ˉ9-ʃɸʉ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʢ.ʭ.ʥ., ʜʦʮʝʥʪ 

ʀʛʦʨʴɸʥʘʪʦʣʴʝʚʠʯ ʂʠʨʠʣʶʢ 

ʪʝʣ. 8(383) 330-73-87, ʚʥʫʪʨ. ʪʝʣ. 2-74 

e-mail: kirilyuk@nioch.nsc.ru 

1.7 

ɻʨʫʧʧʘ ʠʟʫʯʝʥʠʷ 

ʪʨʠʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ 

(ˉ11-ɻʀʊʈ) 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʛʨʫʧʧʳ ï ʢ.ʭ.ʥ., ʜʦʮʝʥʪ 

ɺʠʢʪʦʨ ʄʠʭʘʡʣʦʚʠʯ ʊʦʨʤʳʰʝʚ 

ʪʝʣ.8 (383) 330-49-81, ʚʥʫʪʨ. ʪʝʣ. 3-00 

e-mail: torm@nioch.nsc.ru 

1.8 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʠʢʨʦʘʥʘʣʠʟʘ 

(ˉ9-ʃʄɸ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʢ.ʭ.ʥ. 

ɺʝʨʘ ɼʤʠʪʨʠʝʚʥʘ ʊʠʭʦʚʘ 

ʪʝʣ. 8(383) 330-65-54, ʚʥʫʪʨ. ʪʝʣ. 3-33, 2-39 

e-mail: tikhova@nioch.nsc.ru 

1.9 

ʃʘʙʦʨʘʪʦʨʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ 

(ˉ17-ʃʕʀʠʍɸ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʢ.ʭ.ʥ. 

ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ʄʦʨʦʟʦʚ 

ʪʝʣ.: (383) 330-66-62, ʚʥʫʪʨ. ʪʝʣ.: 3-26 

email: moroz@nioch.nsc.ru 

1.10 

ʃʘʙʦʨʘʪʦʨʠʷ 

ʪʝʨʧʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(ˉ31-ʃʊʉ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ - ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ɸʣʝʢʩʝʡ ɺʘʩʠʣʴʝʚʠʯ ʊʢʘʯʝʚ 

ʪʝʣ. (383) 330-88-52, ʚʥʫʪʨ. ʪʝʣ. 2-17 

e-mail: atkachev@nioch.nsc.ru  

mailto:vor@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh/tsentr-spektralnykh-issledovanij-tssi
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/otdel-fizicheskoj-organicheskoj-khimii-ofokh/tsentr-spektralnykh-issledovanij-tssi
mailto:dpolo@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-galoidnykh-soedinenij-lgs
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-galoidnykh-soedinenij-lgs
mailto:mtv@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-izucheniya-nukleofilnykh-i-ion-radikalnykh-reaktsij-linirr1
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-izucheniya-nukleofilnykh-i-ion-radikalnykh-reaktsij-linirr1
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-izucheniya-nukleofilnykh-i-ion-radikalnykh-reaktsij-linirr1
mailto:plv@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-geterotsiklicheskikh-soedinenij-lgets
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-geterotsiklicheskikh-soedinenij-lgets
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-geterotsiklicheskikh-soedinenij-lgets
mailto:zibarev@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-azotistykh-soedinenij-las
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-azotistykh-soedinenij-las
mailto:kirilyuk@nioch.nsc.ru
mailto:torm@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-mikroanaliza-lma1
mailto:tikhova@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-ekologicheskikh-issledovanij-i-khromatograficheskogo-analiza-leiikha1
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-ekologicheskikh-issledovanij-i-khromatograficheskogo-analiza-leiikha1
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-ekologicheskikh-issledovanij-i-khromatograficheskogo-analiza-leiikha1
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-ekologicheskikh-issledovanij-i-khromatograficheskogo-analiza-leiikha1
mailto:moroz@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-terpenovykh-soedinenij-lts1
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-terpenovykh-soedinenij-lts1
mailto:atkachev@nioch.nsc.ru


8 

1.11 

ʃʘʙʦʨʘʪʦʨʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

(ˉ35-ʃʆʉʄ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ - ʜ.ʭ.ʥ. 

ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ʐʝʣʢʦʚʥʠʢʦʚ 

ʪʝʣ. (383) 330-89-96, ʚʥʫʪʨ. ʪʝʣ. 2-93 

e-mail: vsh@nioch.nsc.ru 

1.12 

ʃʘʙʦʨʘʪʦʨʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ 

(ˉ45-ʃʆʕ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʢ.ʭ.ʥ. 

ʄʘʢʩʠʤ ʉʝʨʛʝʝʚʠʯ ʂʘʟʘʥʮʝʚ 

ʚʥʫʪʨ. ʪʝʣ. 4-11 

e-mail: kazancev@nioch.nsc.ru 

1.13 

ɻʨʫʧʧʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ 

ʠʥʞʠʥʠʨʠʥʛʦʚʦʛʦ ʮʝʥʪʨʘ 

(ˉ49-ɻ˽ ́)˸ 

ʈͯ ͍͙͔ͦͦ͒ͭ͟͡Έ ͎ͪͯͨͨ· 

ɿʘʠʢʠʥ ʇʘʚʝʣ ɸʥʘʪʦʣʴʝʚʠʯ 

ʪʝʣ. (383) 330-56-03, ʚʥʫʪʨ. ʪʝʣ. 2-69 

e-mail: zaikin@nioch.nsc.ru 

  

http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-organicheskikh-svetochuvstvitelnykh-materialov-losm
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-organicheskikh-svetochuvstvitelnykh-materialov-losm
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/laboratoriya-organicheskikh-svetochuvstvitelnykh-materialov-losm
mailto:vsh@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/gruppa-organicheskikh-materialov-dlya-elektroniki-grom
mailto:kazancev@nioch.nsc.ru
http://web.nioch.nsc.ru/nioch/institut-glavnaya-2/struktura-instituta/podrazdeleniya-okhp-i-op-inzhenerno-tekhnicheskoj-sluzhby
http://web.nioch.nsc.ru/nioch/institut-glavnaya-2/struktura-instituta/podrazdeleniya-okhp-i-op-inzhenerno-tekhnicheskoj-sluzhby
http://web.nioch.nsc.ru/nioch/institut-glavnaya-2/struktura-instituta/podrazdeleniya-okhp-i-op-inzhenerno-tekhnicheskoj-sluzhby
http://web.nioch.nsc.ru/nioch/institut-glavnaya-2/struktura-instituta/podrazdeleniya-okhp-i-op-inzhenerno-tekhnicheskoj-sluzhby
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ʀʥʞʠʥʠʨʠʥʛʦʚʳʡ ʮʝʥʪʨ (ʀʎ) ʅʀʆʍ ʉʆ ʈɸʅ 

ʈʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʣʦʪʦʥʥʘʞʥʦʡ ʭʠʤʠʠ ʥʘ ʙʘʟʝ ʀʥʞʠʥʠʨʠʥʛʦʚʦʛʦ 

ʮʝʥʪʨʘ ʅʀʆʍ ʉʆ ʈɸʅ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʚ ʨʫʩʣʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʥʜʝʥʮʠʡ ʚʳʧʫʩʢʘ ʰʠʨʦʢʦʡ ʣʠʥʝʡʢʠ ʚʳʩʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʘ ʨʝʦʨʛʘʥʠʟʘʮʠʷ 

ʆʧʳʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʀʥʞʠʥʠʨʠʥʛʦʚʳʡ ʮʝʥʪʨ ʅʀʆʍ ʉʆ ʈɸʅ.  

ɺ 2021 ʛʦʜʫ ʥʘ ʙʘʟʝ ʆʍʇ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚʳʧʫʩʢ ʠ ʫʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ: ʩʪʠʤʫʣʷʪʦʨ 

ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ çʅʦʚʦʩʠʣè, ʨʘʟʣʠʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʵʢʩʪʨʘʢʪʦʚ ʜʨʝʚʝʩʥʦʡ ʟʝʣʝʥʠ ʧʠʭʪʳ 

ʩʠʙʠʨʩʢʦʡ, ʩʪʘʙʠʣʠʟʘʪʦʨ r ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʉʆ-3, 4-ʦʢʩʦ-ʊɽʄʇʆ, ʢʦʥʩʝʨʚʘʥʪ ʜʣʷ ʙʠʦʧʨʦʪʝʟʦʚ 

ʜʠʛʣʠʮʠʜʠʣʦʚʳʡ ʵʬʠʨ ʵʪʠʣʝʥʛʣʠʢʦʣʷ, ʵʢʩʪʨʘʛʝʥʪ ʜʣʷ 

ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʜʠʦʢʪʠʣʩʫʣʴʬʠʜ, ʘ ʪʘʢʞʝ ʨʷʜ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʧʦ ʟʘʢʘʟʘʤ ʢʦʤʧʘʥʠʠ Acros.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʩʪʘʣʠ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ, ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʛʝʦʛʨʘʬʠʠ ʠʭ ʧʦʩʪʘʚʦʢ. 

ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʙʦʪʳ ʀʥʞʠʥʠʨʠʥʛʦʚʦʛʦ ʮʝʥʪʨʘ 

ʘʢʪʠʚʠʟʠʨʦʚʘʥʳ ʢʦʥʪʘʢʪʳ ʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ 

ʥʦʚʦʩʠʙʠʨʩʢʦʛʦ ɸʢʘʜʝʤʛʦʨʦʜʢʘ ʠ ʤʘʣʳʤʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ 

ʉʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʇʦʜʦʙʥʘʷ ʢʦʦʧʝʨʘʮʠʷ ʨʝʘʣʠʟʦʚʘʣʘʩʴ ʚ ʚʳʧʦʣʥʝʥʠʠ ʨʷʜʘ 

ʜʦʛʦʚʦʨʦʚ ʅʀʈ ʩ ʀʅʍ ʉʆ ʈɸʅ, ʀʂ ʉʆ ʈɸʅ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠ 

ʥʘʨʘʙʦʪʢʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʠ ʥʘʨʘʙʦʪʢʝ ʦʧʳʪʥʳʭ ʧʘʨʪʠʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ɼʨʫʛʠʤ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʀʥʞʠʥʠʨʠʥʛʦʚʦʛʦ ʮʝʥʪʨʘ ʚ 2021 

ʛʦʜʫ ʩʪʘʣʦ ʘʢʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ɹɸɼʘ 

çɹʝʪʦʢʩʦʚʠʪè, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨ, 

ʘʥʪʠʦʢʩʠʜʘʥʪ ʠ ʢʦʨʨʝʢʪʦʨ ʪʦʢʩʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʥʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʝʪʫʣʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʪʦʨʦʡ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʍʇ ʚ ʧʨʦʰʣʳʝ ʛʦʜʳ 

ɺ 2022 ʛʦʜʫ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʥʘʯʘʣʦ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʤʧʣʝʢʩʘ ʯʠʩʪʳʭ 

ʧʦʤʝʱʝʥʠʡ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʥʘʜʣʝʞʘʱʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʘʢʪʠʢʠ (GMP), ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʧʨʦʪʠʚʦʦʩʧʝʥʥʦʛʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ 

ʩʦʙʦʡ 7-[Nô-(4-ʪʨʠʬʪʦʨʤʝʪʠʣʙʝʥʟʦʠʣ)-

ʛʠʜʨʘʟʠʥʦʢʘʨʙʦʥʠʣ]-ʪʨʠʮʠʢʣʦ[3.2.2.02,4]ʥʦʥ-8-ʝʥ-

6-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (NIOCH-14) ʥʘ ʧʣʦʱʘʜʢʝ 

ʅʀʆʍ ʉʆ ʈɸʅ. 

 

ʅʘʯʘʣʴʥʠʢ ʀʎ: ɿʘʠʢʠʥ ʇʘʚʝʣ ɸʥʘʪʦʣʴʝʚʠʯ 

ʪʝʣ. (383) 30-73-93, ʚʥʫʪʨ. ʪʝʣ. 3-89, e-mail: chemprod@nioch.nsc.ru  
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ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʀʥʩʪʠʪʫʪʘ 
 

¶ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ, ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʠ ʘʢʪʠʚʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʯʘʩʪʠʮ, ʚʢʣʶʯʘʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʚʝʱʝʩʪʚ; 

¶ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ, ʬʪʦʨʦʨrʘʥʠʯʝʩʢʠʭ, ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠ 

ʛʝʪʝʨʦʘʪʦʤʥʳʭ (ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤʳ ʘʟʦʪʘ, ʩʝʨʳ ʠ ʜʨ.) ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʩʪʘʙʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ, ʧʦʣʠʤʝʨʳ, ʤʦʥʦʤʝʨʳ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʨʦʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʷ ʦʙʲʝʢʪʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ;  

¶ ʩʠʥʪʝʟ, ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʛʠʙʨʠʜʥʳʭ ʠ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʨʝʧʘʨʘʪʦʚ; 

¶ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʜʝʣʝʥʠʷ, ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ, ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ. 

ʅʘʧʨʘʚʣʝʥʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʠʟʫʯʝʥʠʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

 

ʇʨʠʢʘʟʦʤ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʦʪ 13 ʷʥʚʘʨʷ 2021 ʛ. N9 ʜʦʧʦʣʥʝʥʳ ʚʠʜʳ 

ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ ʀʥʩʪʠʪʫʪʦʤ: 

 ʧ. 21.14. ʆʙʝʩʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʢ 

ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ; 

ʧ. 21.15. ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʫʯʥʦʡ ʠ/ʠʣʠ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

  



11 

ɺɸɾʅɽʁʐʀɽ ʈɽɿʋʃʔʊɸʊʓ ʅɸʋʏʅʆʁ ʈɸɹʆʊʓ 

ʀʅʉʊʀʊʋʊɸ ɺ 2021 ɻʆɼʋ 
ʉʠʥʪʝʟ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʠʟʘʮʠʠ ʩ 

ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ  

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

Tsinghua University, Beijing, China 

 
ʌʠʢʩʘʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ c ʚʳʩʦʢʦʡ 

ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʨʝʥʜʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʭʠʤʠʠ, ʧʦʩʢʦʣʴʢʫ CO2 ï ʵʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ, ʜʝʰʝʚʳʡ ʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ. ʂʦʣʣʝʢʪʠʚʦʤ ʩʦʪʨʫʜʥʠʢʦʚ ʅʀʆʍ ʉʆ 

ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟ ʇʝʢʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 4-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥ-2(1ʅ)-ʦʥʦʚ ï ʧʨʦʜʫʢʪʦʚ ʚʢʣʶʯʝʥʠʷ 

ʤʦʣʝʢʫʣʳ ʉʆ2 ʚ ʛʝʪʝʨʦʮʠʢʣ. ɺʧʝʨʚʳʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʭʠʥʦʣʦʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʪʦ-ʘʣʢʠʥʠʣʘʥʠʣʠʥʦʚ ʩ ʜʠʦʢʩʠʜʦʤ 

ʫʛʣʝʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʝʙʨʷʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʦʩʥʦʚʘʥʠʷ.  

 

 
 

ʇʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʛʨʘʥʪ ˉ 19-53-53003 ɻʌɽʅ_ɸ) 

 

ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ ï ʢ.ʭ.ʥ. ʇʦʣʠʪʘʥʩʢʘʷ 

ʃ.ɺ., ʠʩʧʦʣʥʠʪʝʣ ɹʦʪ ʅʀʆʍ ʉʆ ʈɸʅ: ʢ.ʭ.ʥ. ʊʨʦʰʢʦʚʘ ʅ.ʄ. 

ʇʫʙʣʠʢʘʮʠʠ: L. Politanskaya, E. Tretyakov, C. Xi. Synthesis of 

polyfluorinated 4-hydroxyquinolin-2(1H)-ones based on the cyclization of 2-

alkynylanilines with carbon dioxide. J. Fluorine Chem. 242 (2021) 

doi:10.1016/j.jfluchem.2020.109720. 

 

ʉʠʥʪʝʟ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʪʠʘ- ʠ ʦʢʩʘʪʠʘʢʘʣʠʢʩʘʨʝʥʦʚ ʥʘ ʦʩʥʦʚʝ 

 ʧʝʨʬʪʦʨ-ʤʝʪʘ-ʢʩʠʣʦʣʘ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

 
ʊʠʘʢʘʣʠʢʩʘʨʝʥʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ 
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çʛʦʩʪʴ-ʭʦʟʷʠʥè, ʙʣʘʛʦʜʘʨʷ ʠʭ ʫʥʠʢʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʩ ʢʘʪʠʦʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʘ ʦʩʥʦʚʝ 

ʪʠʘʢʘʣʠʢʩʘʨʝʥʦʚ ʩʦʟʜʘʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʝʥʩʦʨʳ, ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʤʘʛʥʝʪʠʢʠ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪ.ʜ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʅʀʆʍ ʉʆ 

ʈɸʅ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʪʠʘ- ʠ 

ʦʢʩʘʪʠʘʢʘʣʠʢʩʘʨʝʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʬʪʦʨ-ʤʝʪʘ-ʢʩʠʣʦʣ ʠ 2,5-ʜʠʬʪʦʨ-

4,6-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ-1,3-ʜʠʪʠʦʣ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʪʝʪʨʘʪʠʘ-

ʢʘʣʠʢʩ[4]ʘʨʝʥʘ, ʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʬʪʦʨ-ʤʝʪʘ-

ʢʩʠʣʦʣʘ ʩ ʨʝʟʦʨʮʠʥʦʤ, ʘ ʟʘʪʝʤ ʩ 2,5-ʜʠʬʪʦʨ-4,6-

ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ-1,3-ʜʠʪʠʦʣʦʤ ʠʣʠ ʪʠʦʤʦʯʝʚʠʥʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʦʢʩʘʪʠʘʢʘʣʠʢʩʘʨʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 4-6 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʷʜʝʨ ʚ ʤʘʢʨʦʮʠʢʣʝ. 

 

 

 
ɸʚʪʦʨʳ: ʢ.ʭ.ʥ. ʂʦʚʪʦʥʶʢ ɺ.ʅ., ʜ.ʭ.ʥ. ɻʘʪʠʣʦʚ ʖ.ɺ., ʢ.ʭ.ʥ. ʅʠʢʫʣʴʰʠʥ 

ʇ.ɺ., ʢ.ʭ.ʥ. ɹʨʝʜʠʭʠʥ ʈ.ɸ. 

ʇʫʙʣʠʢʘʮʠʠ: V.N. Kovtonyuk, Yu.V. Gatilov, P.V. Nikulôshin, R.A. Bredikhin 

Synthesis of Polyfluorinated Thia- and Oxathiacalixarenes Based on Perfluoro-

m-xylene 

Molecules 2021, 26(3), 526 doi:10.3390/molecules26030526 
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ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʘʥʠʦʥʦʚ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʅʀʆʍ ʉʆ ʈɸʅ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ï ʊʦʤʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʋʥʠʚʝʨʩʠʪʝʪ ʛ. ʊʘʨʪʫ, ʕʩʪʦʥʠʷ 
 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʥʩʦʨʦʚ ʘʥʠʦʥʦʚ ʥʘ 

ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʩʚʷʟʳʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʚʦʜʦʨʦʜʥʦʡ ʠ 

ʭʘʣʴʢʦʛʝʥʦʚʦʡ ʩʚʷʟʝʡ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʬʪʦʨʠʨʦʚʘʥʠʷ ʢʘʨʙʦʮʠʢʣʘ ʥʘ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʨʦʜʩʪʚʝʥʥʳʭ 6-5 ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: 1,3-

ʙʝʥʟʦʜʠʘʟʦʣʘ 1, 1,2,3-ʙʝʥʟʦʪʨʠʘʟʦʣʘ 2 ʠ 2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʘ 3. 

 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʙʨʝʥʩʪʝʜʦʚʩʢʫʶ 

ʢʠʩʣʦʪʥʦʩʪʴ 1 ʠ 2 ʠ ʣʴʶʠʩʦʚʩʢʫʶ ʢʠʩʣʦʪʥʦʩʪʴ 3, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʫʶ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ VS,max ʚ ʠʭ ů-ʜʳʨʘʭ: 

  

           3            10 

 

 

27.1 30.4 

ʇʦʚʳʰʝʥʥʘʷ ʙʨʝʥʩʪʝʜʦʚʩʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 4 ʠ 9 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʳʚʘʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ-ʟʥʘʯʠʤʳʭ ʞʝʩʪʢʠʭ ʘʥʠʦʥʦʚ Clï ʠ 

Fï ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʇʦʚʳʰʝʥʥʘʷ ʣʴʶʠʩʦʚʩʢʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ 10, ʦʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ Clï ʠ Fï 

ʧʦʩʨʝʜʩʪʚʦʤ ʭʘʣʴʢʦʛʝʥʦʚʦʡ ʩʚʷʟʠ, ʥʦ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʩʣʫʯʘʝ ʤʷʛʢʠʭ 

ʘʥʠʦʥʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳ ʛʠʙʨʠʜʥʳʝ ʩʝʥʩʦʨʳ ʩʝʣʝʥʘʜʠʘʟʦʣï

ʜʠʘʟʦʣʴʥʦʛʦ ʠ ʩʝʣʝʥʘʜʠʘʟʦʣïʪʨʠʘʟʦʣʴʥʦʛʦ ʪʠʧʘ. 

ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ ï ʜ.ʭ.ʥ. ɸ. ɺ. ɿʠʙʘʨʝʚ. 

ʀʩʧʦʣʥʠʪʝʣʠ ʨʘʙʦʪ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ: ʢ.ʭ.ʥ. ʅ. ɸ. ʉʝʤʝʥʦʚ, ʢ.ʭ.ʥ. ɽ. ɸ. 

ʏʫʣʘʥʦʚʘ, ɻ. ɽ. ʉʘʣʴʥʠʢʦʚ, ʢ.ʭ.ʥ. ɼ. ʆ. ʇʨʠʤʘ. 

ʇʫʙʣʠʢʘʮʠʠ: E. Parman, M. L»kov, R. Jªrviste, S. Tshepelevitsh, N. A. 

Semenov, E. A. Chulanova, G. E. Salnikov, D. O. Prima, Yu. G. Slizhov, I. Leito, 

A. V. Zibarev, Acid-base and anion binding properties of tetrafluorinated 1,3-
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benzodiazole, 1,2,3-benzotriazole and 2,1,3-benzoselenadiazole, 

ChemPhysChem, 2021, 22, 2329ï2335. https//doi.org/10.1002/cphc.202100475 

 
 
 

ʉʧʠʥʦʚʳʝ ʤʝʪʢʠ ʠ ʟʦʥʜʳ ʜʣʷ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʥʫʪʨʠ 

ʢʣʝʪʢʠ ʠ in vivo  

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ. ɺ. ɺ. ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ 

ʀʥʩʪʠʪʫʪ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ 

 

ʈʘʟʨʘʙʦʪʘʥʳ ʫʜʦʙʥʳʝ ʩʧʦʩʦʙ r ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 2,2,5,5-ʪʝʪʨʘʵʪʠʣʧʠʨʨʦʣʠʜʠʥ-1-ʦʢʩʠʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʧʦ ʘʤʠʥʦ- ʠ ʪʠʦʣʴʥʳʤ 

ʛʨʫʧʧʘʤ, ʠ ʩʧʠʥʦʚʳʭ ʟʦʥʜʦʚ, ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʚʥʫʪʨʠ ʞʠʚʳʭ ʢʣʝʪʦʢ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʘʜʠʢʘʣʳ ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʜʝʡʩʪʚʠʶ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʦ ʤʦʛʫʪ ʛʠʙʥʫʪʴ ʚ 

ʛʦʤʦʛʝʥʘʪʘʭ ʦʨʛʘʥʦʚ, ʙʦʛʘʪʳʭ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʘʢʪʠʚʥʦ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʤʠ ʢʩʝʥʦʙʠʦʪʠʢʠ. ʈʘʜʠʢʘʣʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʥʫʪʨʠ ʞʠʚʳʭ ʢʣʝʪʦʢ 

ʤʝʪʦʜʘʤʠ ʠʤʧʫʣʴʩʥʦʛʦ ʕʇʈ ʠ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ in vivo.  
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ʂʠʥʝʪʠʢʘ ʛʠʙʝʣʠ ʨʘʜʠʢʘʣʘ ʚ ʢʨʦʚʠ (ƴ) ʠ 

ʛʦʤʦʛʝʥʘʪʘʭ ʩʝʨʜʮʘ (), ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

(§), ʧʝʯʝʥʠ (ƺ) ʠ ʧʦʯʝʢ (Ǐ). 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ 18-53-

76003 ʕʈɸ_ʘ (ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ ERA.Net RUS+ 

ST2017-382: 

NanoHyperRadicals) ʠ 

ʛʨʘʥʪʘ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 

14.W03.31.0034 

 

 

ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʢ.ʭ.ʥ. ʂʠʨʠʣʶʢ ʀ.ɸ. (ʅʀʆʍ ʉʆ ʈɸʅ), 

ʠʩʧʦʣʥʠʪʝʣʠ: ʢ.ʭ.ʥ. ɼʦʙʨʳʥʠʥ ʉ.ɸ. (ʅʀʆʍ ʉʆ ʈɸʅ), ʩʪʫʜ. ʋʩʘʪʦʚ ʄ.ʉ. 

(ʅɻʋ, ʅʀʆʍ ʉʆ ʈɸʅ), ʢ.ʭ.ʥ. ɾʫʨʢʦ ʀ.ʌ. (ʅʀʆʍ ʉʆ ʈɸʅ), ʢ.ʭ.ʥ. ʄʦʨʦʟʦʚ 

ɼ.ɸ. (ʅʀʆʍ ʉʆ ʈɸʅ), ʢ.ʭ.ʥ. ʇʦʣʠʝʥʢʦ ʖ.ʌ. (ʅʀʆʍ ʉʆ ʈɸʅ), ɻʣʘʟʘʯʝʚ ʖ.ʀ. 

(ʀʍʂʠɻ ʉʆ ʈɸʅ), ʢ.ʬ-ʤ.ʥ. ʇʘʨʭʦʤʝʥʢʦ ɼ.ɸ. (ʅʀʆʍ ʉʆ ʈɸʅ), ʢ.ʙ.ʥ. 

ʊʶʤʝʥʮʝʚ ʄ.ɸ. (ʀʎʀɻ ʉʆ ʈɸʅ), ʜ.ʭ.ʥ. ɻʘʪʠʣʦʚ ʖ.ɺ. (ʅʀʆʍ ʉʆ ʈɸʅ), ʢ.ʭ.ʥ. 

ʏʝʨʥʷʢ ɽ.ʀ. (ʅʀʆʍ ʉʆ ʈɸʅ), ʜ.ʬ.-ʤ.ʥ. ɹʘʛʨʷʥʩʢʘʷ ɽ.ɻ. (ʅʀʆʍ ʉʆ ʈɸʅ) 

ʇʫʙʣʠʢʘʮʠʠ: S.A. Dobrynin, M.S. Usatov, I.F. Zhurko, D.A. Morozov, Yu.F. 

Polienko, Yu.I. Glazachev, D.A. Parkhomenko, M.A. Tyumentsev, Yu.V. Gatilov, 

E.I. Chernyak, E.G. Bagryanskaya, I.A. Kirilyuk. A Simple Method of Synthesis 

of 3-Carboxy-2,2,5,5-Tetraethylpyrrolidine-1-oxyl and Preparation of Reduction-

Resistant Spin Labels and Probes of Pyrrolidine Series. Molecules 2021, 

26(19), 5761 doi:10.3390/molecules26195761 
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ʆʙʨʘʪʠʤʘʷ ʜʠʤʝʨʠʟʘʮʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ 

 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʉʆ ʈɸʅ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ ʉʆ ʈɸʅ 

ʆʪʜʝʣʝʥʠʝ ʭʠʤʠʠ ʠ ʙʠʦʭʠʤʠʠ, ʋʥʠʚʝʨʩʠʪʝʪ ɸʣʘʙʘʤʳ, ʊʫʩʢʘʣʫʩʘ 
 

ɺ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ HSA ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ DEER ʧʨʦʚʝʜʝʥʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʜʠʤʝʨʦʚ ʘʣʴʙʠʥʘ. ʄʦʥʦʤʝʨʥʘʷ ʬʦʨʤʘ HSA, 

ʚʳʜʝʣʝʥʥʘʷ ʤʝʪʦʜʦʤ SDS-PAGE, ʧʝʨʝʚʦʜʠʣʘʩʴ ʚ ʩʧʠʥʤʝʯʝʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʚ ʨʝʘʢʮʠʷʭ ʩ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʝ MTSL ʠ 

OX063. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ "ʨʘʟʙʘʚʣʝʥʠʠ" ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʠʥʤʝʯʝʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝʤʝʯʝʥʦʡ ʤʦʥʦʤʝʨʥʦʡ ʬʦʨʤʦʡ ʘʣʴʙʫʤʠʥʘ, 

ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ ʫʯʘʩʪʠʝʤ 

ʤʦʥʦʤʝʨʥʳʭ ʠ ʜʠʤʝʨʥʳʭ ʬʦʨʤ. ʆʙʨʘʪʠʤʘʷ ʧʨʠʨʦʜʘ ʧʨʦʮʝʩʩʘ 

ʜʠʤʝʨʠʟʘʮʠʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʪʘʢʞʝ ʨʷʜʦʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, 

ʚʢʣʶʯʘʷ CD, ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʩʝʠʚʘʥʠʝ ʩʚʝʪʘ ʠ ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʫʶ 

ʭʨʦʤʘʪʦʛʨʘʬʠʶ. ʄʝʪʦʜʦʤ CD ʧʦʢʘʟʘʥʦ ʩʦʭʨʘʥʝʥʠʝ ʜʠʤʝʨʘʤʠ Ŭ-

ʩʧʠʨʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ - ʢʣʶʯʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʪʨʦʝʥʠʠ 

ʘʣʴʙʫʤʠʥʘ. ɿʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʤʝʪʦʜʦʤ DEER ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʝʞʩʧʠʥʦʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʪʨʦʝʥʠʷ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʜʠʤʝʨʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ, 

ʠʟʤʝʨʝʥʥʦʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ MTSL-ʤʝʪʢʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʨʝʟʫʣʴʪʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʜʣʷ ʤʝʪʢʠ ʩ ʦʩʪʦʚʦʤ OX063: 1.9 ʥʤ ʠ 2.1 ʥʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʷʚʣʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʢ, ʘ ʠʤʝʥʥʦ, ʩ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ 

ʩʦʙʩʪʚʝʥʥʦ ʤʝʪʢʠ ʠ ʤʝʥʴʰʝʡ ʜʣʠʥʦʡ ʣʠʥʢʝʨʘ ʚ ʩʣʫʯʘʝ MTSL. 

ɸʚʪʦʨʳ: ʨʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. 

ɹʘʛʨʷʥʩʢʘʷ ɽ.ɻ., ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ï ʢ.ʭ.ʥ., ʜʦʮ. ʊʦʨʤʳʰʝʚ ɺ.ʄ 

ʇʫʙʣʠʢʘʮʠʷ: A. Chubarov, A. Spitsyna, O. Krumkacheva, D. Mitin, D. 

Suvorov, V.Tormyshev, M. Fedin, M.K. Bowman, E. Bagryanskaya // Molecules, 

2021, 26, 108. https://doi.org/10.3390/molecules26010108 
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ʈʠʩʫʥʦʢ: ʉʪʨʫʢʪʫʨʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (HSA) ʠ 

ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʭʦʜʘ ʩʘʤʦʘʛʨʝʛʘʮʠʠ ʤʦʣʝʢʫʣ ʘʣʴʙʫʤʠʥʘ, 

ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʜʠʤʝʨʦʚ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ HSA ʚ ʦʨʛʘʥʠʟʤʝ ʠ, ʚʝʨʦʷʪʥʦ, ʦʪʚʝʯʘʝʪ 

ʟʘ ʧʨʦʷʚʣʝʥʠʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

 

 

ɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʣʦʚʫʰʢʠ ʥʘ ʦʩʥʦʚʝ 

9-ʘʢʨʠʜʦʥʘ ʜʣʷ ʦʢʩʠʜʘ ʘʟʦʪʘ (II ). 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʃʌʇ ʅʀʆʍ ʉʆ ʈɸʅ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ, 

ʩʦʯʝʪʘʶʱʝʝ ʚ ʩʝʙʝ ʦʩʪʦʚ 9-ʘʢʨʠʜʦʥʘ ʠ 1,2-ʜʠʘʤʠʥʥʳʡ ʬʨʘʛʤʝʥʪ, ʢʦʪʦʨʦʝ 

ʩʧʦʩʦʙʥʦ ʢ ʫʣʘʚʣʠʚʘʥʠʶ ʦʢʩʠʜʘ ʘʟʦʪʘ (II). ʇʨʠ ʨʝʘʢʮʠʠ ʩ NO ʧʨʦʠʩʭʦʜʠʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʣʦʚʫʰʢʠ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʠʘʟʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ. ʅʘ ʧʨʠʤʝʨʝ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 

Jurkat ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʘʷ ʣʦʚʫʰʢʘ ʩʧʦʩʦʙʥʘ ʧʨʦʥʠʢʘʪʴ ʚ ʞʠʚʳʝ ʢʣʝʪʢʠ ʠ 

ʫʣʘʚʣʠʚʘʪʴ ʦʢʩʠʜ ʘʟʦʪʘ ʚ ʥʠʭ. 
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ʈʠʩ.1. ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʣʦʚʫʰʢʠ ʧʨʠ ʨʝʘʢʮʠʠ ʩ NO. 

ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʣʦʚʫʰʢʠ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ Jurkat (A); ʃʦʢʘʣʠʟʘʮʠʷ ʣʦʚʫʰʢʠ 

ʚ ʝʜʠʥʠʯʥʦʡ ʢʣʝʪʢʝ (B); ʋʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʣʝʪʢʠ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ NO. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 18-15-00049) ʠ ʧʨʦʛʨʘʤʤʳ ʥʦʚʳʭ ʣʘʙʦʨʘʪʦʨʠʡ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʧʨʦʝʢʪ FWUE-2019-0005) 

ɸʚʪʦʨʳ: ʨʫʢʦʚʦʜʠʪʝʣʠ - ʢ.ʭ.ʥ. ɺʦʨʦʙʴʝʚ ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ (ʅʀʆʍ ʉʆ 

ʈɸʅ); ʢ.ʬ.-ʤ.ʥ. ʄʦʩʢʘʣʝʥʩʢʠʡ ɸʣʝʢʩʘʥʜʨ ɽʬʠʤʦʚʠʯ (ʅɻʋ). ʀʩʧʦʣʥʠʪʝʣʠ: 

ʇʘʥʬʠʣʦʚ ʄʠʭʘʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ (ʅʀʆʍ ʉʆ ʈɸʅ), ʏʝʨʥʦʚʘ ɼʘʨʴʷ 

ʅʠʢʦʣʘʝʚʥʘ, ʢ.ʭ.ʥ. ʍʘʣʬʠʥʘ ʀʨʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ (ʅɻʋ). 

ʇʫʙʣʠʢʘʮʠʷ: M. Panfilov, D. Chernova, I. Khalfina, A. Moskalensky, A. 

Vorob'ev Design and Synthesis of New Acridone-Based Nitric Oxide 

Fluorescent Probe Molecules 2021, 26(14), 4340 

doi:10.3390/molecules26144340 

 

 

ʍʠʤʠʯʝʩʢʘʷ ʜʘʢʪʠʣʦʩʢʦʧʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʚʘʨʠʡ ʠ ʦʙʲʝʢʪʦʚ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʜʘ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ 

ʇʨʦʚʝʜʝʥʦ ʜʘʢʪʠʣʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʯʚ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʚʘʨʠʡ ʠ ʦʙʲʝʢʪʦʚ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʜʘ ʤʝʪʦʜʦʤ ɻʍ/ʄʉ ʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʛ. ʋʩʦʣʴʝ-ʉʠʙʠʨʩʢʦʝ), ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ (ɻʦʨʣʦʚʩʢʦʝ ʘʥʪʨʘʮʠʪʦʚʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʤʘʣʳʝ ʨʝʢʠ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ) ʠ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ (ʛ. 

ʅʦʨʠʣʴʩʢ). ɺ ʢʘʯʝʩʪʚʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʇɸʋ), ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʙʠʬʝʥʠʣʳ (ʇʍɹ) ʠ ʭʣʦʨʬʝʥʦʣʳ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʜʘʢʪʠʣʦʩʢʦʧʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ: ʤʥʦʛʦʚʝʢʪʦʨʥʦʝ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ (ʩʥʷʪʠʝ òʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚò), 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʘʨʢʝʨʳ 
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ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʨʝʣʠʢʪʦʚʳʝ ʙʠʦʤʘʨʢʝʨʳ ʠ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ.  

  
  

 

ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ (ʧʠʨʦʛʝʥʥʦʛʦ, ʧʝʪʨʦʛʝʥʥʦʛʦ), ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʝʱʝʩʪʚʘ, 

ʦʙʲʝʢʪʳ, ʧʨʦʮʝʩʩʳ, ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʤʘʨʢʝʨʳ ʦʙʲʝʢʪʦʚ, ʧʨʦʮʝʩʩʦʚ 

ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʦʜʚʝʨʛʰʠʭʩʷ 

ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʝʰʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʛʝʦʭʠʤʠʠ, 

ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ (ɻɿ AAAA-A21-121011490018-2), 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 18-19-00165) ʠ ʇʨʝʟʠʜʠʫʤʘ ʉʆ ʈɸʅ. 

 

ɸʚʪʦʨ:r ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ ʢ.ʭ.ʥ. ʄʦʨʦʟʦʚ ʉ.ɺ. 

ʀʩʧʦʣʥʠʪʝʣʠ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ: ʢ.ʭ.ʥ. ʏʝʨʥʷʢ ɽ.ʀ., ʢ.ʭ.ʥ. ʊʢʘʯʝʚʘ ʅ.ʀ., 

ʇʯʝʣʴʥʠʢʦʚʘ ʊ.ɻ., ʃʦʧʘʪʢʦʚ ɸ.ʖ. 

ʇʫʙʣʠʢʘʮʠʠ: Fedyaeva O.N., Morozov S.V., Vostrikov A.A. Supercritical 

water oxidation of chlorinated waste from pulp and paper mill. Chemosphere. 

2021. Vol. 283. 131239. https://doi.org/10.1016/j.chemosphere.2021.131239.  

Sokolov D.A., Morozov S.V., Abakumov E.V., Androkhanov V.A. Polycylic 

aromatic hydrocarbons in soils of anthracite deposit dumps in Siberia Eurasian 

Soil Science. 2021. Vol. 54. No. 6. P. 875-887. 

https://doi.org/10.1134/S1064229321060120. 

ʉʦʢʦʣʦʚ ɼ.ɸ., ʋʩʦʣʴʮʝʚ ʅ.ɺ., ɻʦʩʩʝʥ ʀ.ʅ., ʄʦʨʦʟʦʚ ʉ.ɺ. ʄʦʥʠʪʦʨʠʥʛ 

ʧʳʣʝʚʳʭ ʚʳʧʘʜʝʥʠʡ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʘʚʪʦʜʦʨʦʛʠ 

ɻʦʨʣʦʚʩʢʦʛʦ ʘʥʪʨʘʮʠʪʦʚʦʛʦ ʨʘʟʨʝʟʘ (ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ). ʇʦʯʚʳ ʠ 

ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2021. T. 39. ˉ. 1. e133. 
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ɺʣʠʷʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʠʪʨʦʢʩʠʜʦʚ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʧʦʣʷʨʠʟʘʮʠʶ ʷʜʨʘ ʆʚʝʨʭʘʫʟʝʨʘ: ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ 

ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ɻʸʪʝ, 

ʌʨʘʥʢʬʫʨʪ ʥʘ ʄʘʡʥʝ, ɻʝʨʤʘʥʠʷ 

 

ɼʣ ̫ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʷʜʝʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʞʠʜʢʦʩʪʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʣʷʨʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ 

ʥʠʪʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʊɽʄʇʆʃ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɼʇʗ ʚ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (9,4 ʊʣ) ʥʝʦʙʭʦʜʠʤʘ 

ʙʳʩʪʨʘʷ ʜʠʥʘʤʠʢʘ ʤʝʞʜʫ ʥʠʪʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ ʠ ʤʦʣʝʢʫʣʘʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʦ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʧʠʢʦʩʝʢʫʥʜ ʜʦ ʩʫʙʧʠʢʦʩʝʢʫʥʜ. 

ʊʘʢʠʝ ʜʚʠʞʝʥʠʷ ʙʳʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʦʙʲʷʩʥʝʥ rʙʳʩʪʨʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʜʚʠʞʝʥʠʷʤʠ 

ʩʬʝʨʳ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʜʠʢʘʣ-ʨʘʩʪʚʦʨʠʪʝʣʴ. ʅʘʤʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʫʯʝʥʘ ʩʝʨʠʷ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚʦʢʨʫʛ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʠʥʘ, ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʚʢʣʘʜʘ ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʨʘʜʠʢʘʣʘ ʚ ʵʪʫ ʚʥʫʪʨʠʩʬʝʨʥʫʶ ʜʠʥʘʤʠʢʫ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ɼʇʗ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 9,4 ʊʣ, ʕʇʈ ʩʧʝʢʪʨʳ 

ʚ ʢʦʪʦʨʦʤ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʚʢʣʘʜʫ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚ ʧʠʢʦʩʝʢʫʥʜʥʦʤ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʚʝʣʠʯʠʥʫ ɼʇʗ, ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ 

ʚʨʘʱʝʥʠʷ ʨʘʜʠʢʘʣʘ. 

A.A. Kuzhelev, D. Dai, V. Denysenkov, I.A. Kirilyuk, E.G. Bagryanskaya, T. F. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʠʙʦʩʦʤ ʩ ʤʈʅʂ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʪʨʘʥʩʣʷʮʠʠ (ʵʣʦʥʛʘʮʠʠ, ʪʝʨʤʠʥʘʮʠʠ), 

ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʡ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʩʦʪʨʫʜʥʠʢʦʚ ʀʍɹʌʄ ʠ ʄʊʎ ʉʆ ʈɸʅ. 

 
ʄʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʡ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʦʚ ʤʈʅʂ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʠʙʦʩʦʤʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ 

ʧʨʦʮʝʩʩʘʭ ʪʨʘʥʩʣʷʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʮʝʩʩʘʭ ʵʣʦʥʛʘʮʠʠ ʠ ʪʝʨʤʠʥʘʮʠʠ. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʠʥ-ʤʝʯʝʥʥʳʝ ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ 

ʨʘʜʠʢʘʣʘʤʠ ʢʦʚʘʣʝʥʪʥʦ-ʩʚʷʟʘʥʥʳʝ ʩ   ʢʦʥʮʝʚʳʤʠ ʥʫʢʣʝʦʪʠʜʥʳʤʠ 

ʦʩʥʦʚʘʥʠʷʤʠ 11-ʤʝʨʥʳʝ ʘʥʘʣʦʛʠ ʤʈʅʂ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʦʙʣʘʩʪʠ ʩʘʡʪʘ 

ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʨʠʙʦʩʦʤʳ 80S ʯʝʣʦʚʝʢʘ. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʩʧʠʥ-

ʩʧʠʥʦʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ DEER/PELDOR 

ʚ ʤʦʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʨʠʙʦʩʦʤʳ 

80S ʚʦ ʚʨʝʤʷ ʵʣʦʥʛʘʮʠʠ ʠ ʪʝʨʤʠʥʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʈʅʂ ʠʤʝʶʪ ʜʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʢʦʥʬʦʨʤʘʮʠʠ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʪʣʠʯʘʝʪʩʷ ʚ 

ʧʦʩʪʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʭ, ʧʨʝ-ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʭ ʠ ʪʝʨʤʠʥʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʣʝʢʫʣʳ ʪʈʅʂ ʚ ʩʘʡʪʝ 

ʨʠʙʦʩʦʤʳ A ʩʥʠʞʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʦʣʶ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ ʤʈʅʂ, ʪʦʛʜʘ ʢʘʢ ʩʚʷʟʳʚʘʥʠʝ eRF1 (ʦʪʜʝʣʴʥʦ ʠʣʠ ʚ ʢʦʤʧʣʝʢʩʝ 

ʩ eRF3) ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʵʬʬʝʢʪʫ. ɺ ʪʝʨʤʠʥʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʡ ʤʈʅʂ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʴ ʤʈʅʂ, ʩʚʷʟʘʥʥʘʷ ʚ ʢʘʥʘʣʝ ʨʠʙʦʩʦʤʳ, ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʟʘʚʝʨʰʝʥʠʷ ʪʨʘʥʩʣʷʮʠʠ. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʥʠʤʘʥʠʶ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʤʈʅʂ ʚ ʨʠʙʦʩʦʤʥʦʤ ʢʘʥʘʣʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʚʦ 

ʚʨʝʤʷ ʪʨʘʥʩʣʷʮʠʠ. 
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ʄʝʭʘʥʠʟʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʝʧʪʠʜʘ RL2 ʚ ʢʣʝʪʢʠ ʨʘʢʘ ʣʝʛʢʠʭ 

ʯʝʣʦʚʝʢʘ: ʤʦʥʠʪʦʨʠʥʛ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ 

 

RL2 ï ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʘʥʘʣʦʛ ʬʨʘʛʤʝʥʪʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢ-ʢʘʟʝʠʥʘ, 

ʩʧʦʩʦʙʥʳʡ ʧʨʦʥʠʢʘʪʴ ʚ ʯʝʣʦʚʝʯʝʩʢʠʝ ʢʣʝʪʢʠ, ʠʥʜʫʮʠʨʫʷ ʘʧʦʧʪʦʟ ʨʘʢʦʚʳʭ 
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ʢʣʝʪʦʢ, ʙʝʟ ʧʨʦʷʚʣʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ. 

ʅʘʤʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ RL2 ʚ ʢʣʝʪʢʠ ʨʘʢʘ ʣʝʛʢʠʭ 

ʯʝʣʦʚʝʢʘ A549 ʤʝʪʦʜʘʤʠ ʕʇʈ ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺ ʩʧʝʢʪʨʘʭ 

ʕʇʈ ʢʣʝʪʦʢ A549, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩʦ ʩʧʠʥ-ʤʝʯʝʥʥʳʤ RL2 

ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʦʡ ʩʧʠʥʦʚʦʡ ʤʝʪʢʦʡ ʥʘ ʦʩʥʦʚʝ 3-ʢʘʨʙʦʢʩʠ-2,2,5,5-

ʪʝʪʨʘʵʪʠʣʧʠʨʨʦʣʠʜʠʥ-1-ʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ (sRL2), ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʥʘʣʠʯʠʝ ʪʨʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʝʤ ʬʦʨʤʘʤ 

sRL2: ʣʦʢʘʣʠʟʦʚʘʥʥʦʤʫ  ʥʘ ʤʝʤʙʨʘʥʝ ʢʣʝʪʦʢ ʠʣʠ ʵʥʜʦʩʦʤ; 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʤʫ ʚ ʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ ʠ cʧʠʥ-ʤʝʯʝʥʥʳʤ ʢʦʨʦʪʢʠʤ ʧʝʧʪʠʜʘʤ, 

ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʝʣʢʦʚʦʡ ʜʝʛʨʘʜʘʮʠʠ sRL2. 
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ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʕʇʈ ʧʦʟʚʦʣʠʣʘ ʧʨʦʩʣʝʜʠʪʴ ʢʠʥʝʪʠʢʫ ʧʨʝʚʨʘʱʝʥʠʡ ʤʝʞʜʫ 

ʨʘʟʥʳʤʠ ʬʦʨʤʘʤʠ ʩʧʠʥ-ʤʝʯʝʥʥʦʛʦ ʙʝʣʢʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʧʠʥʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 3-16 ʤʢʄ ʚ ʢʣʝʪʢʘʭ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʠʥ-ʤʝʯʝʥʥʳʭ ʧʨʦʥʠʢʘʶʱʠʭ ʚ ʢʣʝʪʢʠ ʧʝʧʪʠʜʦʚ (CPP) ʚ ʕʇʈ 

ʪʦʤʦʛʨʘʬʠʠ, ʚ ʤʝʪʦʜʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʷʜʝʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʚ ʄʈʊ, ʘ ʪʘʢʞʝ 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚ ʚ ʢʣʝʪʢʘʭ ʩ ʧʦʤʦʱʴʶ 

ʠʤʧʫʣʴʩʥʦʡ ʜʠʧʦʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ. 

 

Ovcherenko S. S. et al. Uptake of Cell-Penetrating Peptide RL2 by Human 

Lung Cancer Cells: Monitoring by Electron Paramagnetic Resonance and 

Confocal Laser Scanning Microscopy //Molecules. ï 2021. ï ʊ. 26. ï ˉ. 18. ï 

ʉ. 5442. 

 

 

ʅʝʥʘʩʳʱʝʥʥʳʝ ʢʘʨʙʦʢʘʪʠʦʥʳ ʚʠʥʠʣʴʥʦʛʦ ʪʠʧʘ, ʘʣʣʠʣʴʥʳʝ ʉ3ʅ5
+
 ʠ 

ʠʟʦʙʫʪʠʣʝʥʦʚʳʡ ʉ4ʅ7
+
, ʚ ʠʭ ʪʚʝʨʜʳʭ ʩʦʣʷʭ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ 

 

 

 I  II  II I  

ɸʣʣʠʣʴʥʳʝ ʢʘʨʙʦʢʘʪʠʦʥʳ ʀʟʦʙʫʪʠʣʝʥʦʚʳʡ 

ʢʘʨʙʦʢʘʪʠʦʥ 

ɺʠʥʠʣʴʥʳʝ ʢʘʨʙʦʢʘʪʠʦʥʳ ʧʦʣʫʯʝʥʳ ʚ ʩʦʣʷʭ ʩ ʢʘʨʙʦʨʘʥʦʚʳʤʠ ʘʥʠʦʥʘʤʠ 

CHB11Cl11
ī.  

ʀʟʫʯʝʥʳ ʪʨʠ ʠʟʦʤʝʨʘ ʘʣʣʠʣʴʥʳʭ ʢʘʪʠʦʥʦʚ. ɼʚʘ ʠʟ ʥʠʭ: ʫʛʣʦʚʦʡ (I) ʠ 

ʣʠʥʝʡʥʳʡ (II) ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦ, ʘ ʪʨʝʪʠʡ (III), 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʪʦʣʴʢʦ ʚ ʘʤʦʨʬʥʦʡ ʬʘʟʝ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠ. ʏʘʩʪʦʪʘ 

ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʥʝʩʫʱʝʡ ç+è ʟʘʨʷʜ ʉ=ʉ+ ʩʚʷʟʠ ʧʦʥʠʞʝʥʘ ʥʘ 162 

cʤī1 ʚ I, ʠʣʠ 76 cʤī1 ʚ II, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʧʨʦʧʝʥʦʤ. ʕʪʦʪ 

ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʮʘʝʪ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʠʭ ʨʘʩʯʝʪʦʚ, ʯʪʦ 

ʧʦʷʚʣʝʥʠʝ ç+è ʟʘʨʷʜʘ ʥʘ ʉ=ʉ ʩʚʷʟʠ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʨʘʩʪʘʥʠʶ 

ʯʘʩʪʦʪʳ ʝʝ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʥʘ 200 cʤī1 ʚ I ʠʣʠ 210 cʤī1 ʚ II. ɺ 

ʠʟʦʤʝʨʝ III, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʀʂ ʩʧʝʢʪʨʦʚ, ʦʙʝ ʉʉ ʩʚʷʟʠ ʧʦʣʫʪʦʨʥʳʝ. 

ʀʟʦʤʝʨʳ I ʠ II ʠʤʝʶʪ ʨʘʚʥʦʤʝʨʥʦʝ ʯʠʩʪʦ ʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʘʥʠʦʥʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʧʝʨʝʜʘʚʘʷ ʠʤ ʯʘʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʟʘʨʷʜʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ. ʂʘʪʠʦʥ II ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʩʣʘʙʳʤ ʩʚʝʭʩʦʧʨʷʞʝʥʠʝʤ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʠʟʦʤʝʨʘ III ʚ 
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ʘʤʦʨʬʥʦʡ ʬʘʟʝ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʠʦʥʥʦʤʫ ʩʧʘʨʠʚʘʥʠʶ ʩ ʘʥʠʦʥʦʤ ʠ 

ʩʠʣʴʥʦʤʫ ʵʬʬʝʢʪʫ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʚʝʨʭʩʦʧʨʷʞʝʥʠʷ [1]. 

ʀʟʦʙʫʪʠʣʝʥʦʚʳʡ ʢʘʨʙʦʢʘʪʠʦʥ (CH3)2C=CH+ ʚ ʘʤʦʬʥʳʭ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟʘʭ ʠʤʝʝʪ ʨʘʟʣʠʯʥʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʬʘʟʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʪʠʦʥʘ ʩ ʘʥʠʦʥʘʤʠ ʦʢʨʫʞʝʥʠʷ ʯʠʩʪʦ ʠʦʥʦʝ ʠ ʪʦʣʴʢʦ 

ʦʜʥʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʦʤ ʉ ʛʨʫʧʧʳ =ʉʅ ʢʘʪʠʦʥʘ ʠ ʘʪʦʤʦʤ ʭʣʦʨʘ 

ʘʥʠʦʥʘ ʫʢʦʨʦʯʝʥʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʥʳʡ ç+è ʟʘʨʷʜ ʥʘ ʵʪʦʡ 

ʛʨʫʧʧʝ. ɺ ʘʤʦʨʬʥʦʡ ʬʘʟʝ ʘʩʩʠʤʝʪʨʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʪʠʦʥʘ ʩ ʘʥʠʦʥʦʤ 

ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠʚʦʜʷ ʢ ʠʦʥʥʦʤʫ ʩʧʘʨʠʚʘʥʠʶ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ 

ʩʚʝʨʭʩʦʧʨʷʞʝʥʠʶ ʤʝʞʜʫ ʜʚʫʤʷ CH3 ʛʨʫʧʧʘʤʠ ʠ 2pz ʦʨʙʠʪʘʣʴʶ 

ʮʝʥʪʨʘʣʴʥʦʛʦ sp2 ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ (nCH ʧʦʥʠʞʘʝʪʩʷ ʥʘ 150 cmī1). ʕʪʦʪ 

ʵʬʬʝʢʪ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʢʘʪʠʦʥ. ʉʦ ʚʨʝʤʝʥʝʤ ʘʤʦʨʬʥʘʷ ʬʘʟʘ 

ʩʪʨʫʢʪʫʨʠʨʫʝʪʩʷ, ʩʚʝʭʩʦʧʨʷʞʝʥʠʝ ʦʩʣʘʙʝʚʘʝʪ ʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʠʦʥʥʦʛʦ 

ʩʧʘʨʠʚʘʥʠʷ. ʂʘʪʠʦʥ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʯʘʩʪʠʯʥʳʤ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʥʘ ʘʥʠʦʥʳ ʦʢʨʫʞʝʥʠʷ, ʘ ʚʝʣʠʯʠʥʘ ç+è ʟʘʨʷʜʘ ʥʘ ʉ=ʉ 

ʩʚʷʟʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʯʘʩʪʦʪʘ ʚʘʣʝʥʪʥʦʛʦ ʉ=ʉ 

ʧʦʥʠʞʘʝʪʩʷ ʥʘ Ḑ160 cʤī1 ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʠʟʦʙʫʪʠʣʝʥʘ). 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʦ ʪʦʤ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ç+è 

ʟʘʨʷʜʘ ʥʘ ʉ=ʉ ʩʚʷʟʠ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʯʘʩʪʦʪʳ ʝʝ 

ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʪ ʵʢʩʧʝʨʠʤʝʥʪʫ [2]. 

 

[1] Stoyanov, E. S., Bagryanskaya I.Yu., Stoyanova I.V. Isomers of the Allyl 

Carbocation C3H5+ in Solid Salts: Infrared Spectra and Structures.  ACS 

Omega 2021 6, 23691-23699. DOI: 10.1021/acsomega.1c01316 

[2] Stoyanov, E. S., Bagryanskaya I.Yu., Stoyanova I.V. Unsaturated Vinyl-

Type Carbocation [(CH3)2C=CH]+ in Its Carborane Salts.  ACS 

Omega 2021 6 (24), 15834-15843.  DOI: 10.1021/acsomega.1c01297 
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ʉʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2-ʤʝʪʠʣ-9ʅ-

ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ ʠ ʝʛʦ S,S-ʜʠʦʢʩʠʜʘ. ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ. 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

 

2-ʄʝʪʠʣ-9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥ (1) ʠ ʝʛʦ S,S-ʜʠʦʢʩʠʜ (2) ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʧʝʥʜʘʥʪʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʪʝʥʮʠʘʣʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ 

ʧʦʣʠʠʤʠʜʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʵʣʝʢʪʨʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ 

ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 1 ʠ 2 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʪʦʡʯʠʚʳʭ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʠ 

ʜʠʘʥʠʦʥʘ (ʜʣʷ S,S-ʜʠʦʢʩʠʜʘ). ʉ ʧʦʤʦʱʴʶ ʪʨʝʭʤʝʨʥʦʡ 

ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʘʥʠʦʥʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʩʠʣʴʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ UV-VIS-NIR ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 1 ʠ 2 ʠ ʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʙʳʣʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʚʨʝʤʷ ʟʘʚʠʩʠʤʳʭ DFT-ʨʘʩʯʝʪʦʚ. ʉʦʛʣʘʩʥʦ 

ʨʘʩʯʝʪʘʤ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʜʠʘʥʠʦʥʦʚ 12- ʠ 

22- ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʧʨʦʷʚʣʷʶʪ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʝʭʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʠ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʩʠʣʳ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ 2. 

 

ʇʨʝʜʣʦʞʝʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʥʘʣʠʟʝ 

ʧʦʣʥʦʛʦ ʟʘʨʷʜʘ, ʧʨʦʰʝʜʰʝʛʦ 

ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ 

ʯʝʨʝʟ ʩʧʝʢʪʨʦʵʣʝʢʪʨʦ-

ʭʠʤʠʯʝʩʢʫʶ ʷʯʝʡʢʫ ʩ 

ʩʝʪʯʘʪʳʤ ʨʘʙʦʯʠʤ 

ʵʣʝʢʪʨʦʜʦʤ, ʠ ʚʢʣʶʯʘʶʱʘʷ 

ʢʠʥʝʪʠʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʤʝʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩ-

ʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʄʦʜʝʣʴ ʧʨʝʚʦʩʭʦʜʥʦ ʦʧʠʩʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʪʨʝʭʤʝʨʥʳʭ ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʣʷ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2. ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ 

ʨʘʩʪʚʦʨʥʦʡ ʢʠʥʝʪʠʢʠ ʩ ʵʣʝʢʪʨʦʭʨʦʤʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʘʤʙʠʧʦʣʷʨʥʳʭ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʧʦʣʠʠʤʠʜʦʚ ʩ ʧʝʥʜʘʥʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨ 1 ʠ 2 ʧʦʟʚʦʣʠʣʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʵʣʝʢʪʨʦʭʨʦʤʥʦʤ 

ʧʦʚʝʜʝʥʠʠ ʧʦʣʠʠʤʠʜʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ. 
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3D UV-VIS-NIR ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʣʝʚʘ) ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʪʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ (ʩʧʨʘʚʘ) 

 

 
ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʦʚ, ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʘʥʠʦʥʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ DFT ʠʥʪʝʨʧʨʝʪʘʮʠʷ  
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ɺʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʠʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʤʝʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

 

Danila S. Odintsov, Inna K. Shundrina, Dmitry E. Gorbunov, Nina P. Gritsan, 

Jens Beckmann and Leonid A. Shundrin. Spectroelectrochemical study of the 

reduction of 2-methyl-9H-thioxanthene-9-one and its S,S-dioxide and electronic 

absorption spectra of their molecular ions //  Physical Chemistry Chemical 

Physics.- 2021.- v.23, Advanced article, (IF=3.676, Q1) DOI: 

10.1039/D1CP04464H 

 

 

ɺʳʩʦʢʦʘʢʪʠʚʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʣʠʥʝʡʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʩ ʫʟʢʠʤ ʫʥʠʤʦʜʘʣʴʥʳʤ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

 

ʂʦʣʣʝʢʪʠʚʦʤ ʩʦʪʨʫʜʥʠʢʦʚ ʅʀʆʍ ʉʆ ʈɸʅ ʠ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ɸʅ ʂʅʈ 

ʨʘʟʨʘʙʦʪʘʥ ʜʠʟʘʡʥ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʙʠʩʠʤʠʥʦʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ, ʩʦʜʝʨʞʘʱʠʭ 

ʮʠʢʣʦʘʣʢʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ. ʈʘʟʨʘʙʦʪʘʥʘ ʚʳʩʦʢʦʘʢʪʠʚʥʘʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʧʨʦʜʫʮʠʨʫʶʱʘʷ ʚʳʩʦʢʦʣʠʥʝʡʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʩ ʫʟʢʠʤ ʫʥʠʤʦʜʘʣʴʥʳʤ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (ʧʨʠ 60ÁC ʘʢʪʠʚʥʦʩʪʴ ʜʦ 10.3Ĭ106 

ʛʇʕ/ʤʦʣʴCoĬʯ; ʄʄ = 22000-36000; Mw/Mn = 1.7-2.2). ɺʘʨʴʠʨʦʚʘʥʠʝ ʨʘʟʤʝʨʘ 

ʮʠʢʣʦʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʘʢʪʠʚʥʦʩʪʴʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ ʚʝʣʠʯʠʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦ-

ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

M. Han, I.I. Oleynik, M. Liu, Y. Ma, I.V. Oleynik, G.A. Solan, T. Liang, W.-H. 

Sun. Ring size enlargement in an ortho-cycloalkyl-substituted bis(imino)pyridine-

cobalt ethylene polymerization catalyst and its impact on performance and 

polymer properties. Applied Organometallic Chemistry 2021, e6529. 

https://doi.org/10.1002/aoc.6529 [Q1, IF=4,015]  
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ʅʦʚʳʡ ʚʟʛʣʷʜ ʥʘ ʧʝʨʚʠʯʥʫʶ ʠʦʥʠʟʘʮʠʶ ʚ ʧʦʣʷʨʥʳʭ ʞʠʜʢʦʩʪʷʭ 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

 

ʇʦ ʜʘʥʥʳʤ ʧʠʢʦʩʝʢʫʥʜʥʦʛʦ ʨʘʜʠʦʣʠʟʘ ʧʝʨʚʠʯʥʳʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʳ ʚ 

ʦʙʣʫʯʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʦʯʝʥʴ ʙʳʩʪʨʦ ʜʝʧʨʦʪʦʥʠʨʫʶʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʘʥʘʣʠʟ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʨʙʦʥʘʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ. ʄʝʪʦʜʘʤʠ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʤʳ ʧʦʩʪʨʦʠʣʠ ʤʦʜʝʣʴ ʠʦʥʠʟʘʮʠʠ ʢʘʨʙʦʥʘʪʦʚ, 

ʩʥʠʤʘʶʱʫʶ ʜʘʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ. ʀʩʧʦʣʴʟʫʷ ʵʪʠʣʝʥʢʘʨʙʦʥʘʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʠ ʧʦʣʘʛʘʷ, ʯʪʦ ʝʛʦ ʤʦʣʝʢʫʣʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʠʤʝʨʥʳʭ ʘʩʩʦʮʠʘʪʦʚ, ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʘ ʫʧʦʤʷʥʫʪʳʭ 

ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʥʘ ʪʘʢʠʤʠ ʜʠʤʝʨʘʤʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʝʧʨʠʥʷʪʘʷ ʢʦʥʮʝʧʮʠʷ ʧʝʨʚʠʯʥʳʭ ʠʦʥʠʟʘʮʠʦʥʥʳʭ 

ʩʦʙʳʪʠʡ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʠʜʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʦʪʜʝʣʴʥʦʡ 

ʤʦʣʝʢʫʣʳ ʦʙʣʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʚ ʩʣʫʯʘʝ ʧʦʣʷʨʥʳʭ 

ʘʧʨʦʪʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʘʩʩʦʮʠʘʮʠʠ. 

I.V. Beregovaya, I.S. Tretyakova, V.I. Borovkov. An Updated View of 

Primary Ionization Processes in Polar Liquids // The Journal of Physical 

Chemistry Letters. ï 2021.- V.12.- 11573-11577. (IF=6.475, Q1). 

DOI:10.1021/acs.jpclett.1c03388 
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ʌʪʦʨ-ʩʦʜʝʨʞʘʱʠʝ ʬʫʨʘʥ-ʬʝʥʠʣʝʥʳ - ʵʬʬʝʢʪʠʚʥʳʝ ʘʤʙʠʧʦʣʷʨʥʳʝ 

ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ ʉʆ ʈɸʅ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʈɸʅ 

ʠʤ. ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʘ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

ʃʠʥʝʡʥʳʝ ʩʦʧʨʷʞʝʥʥʳʝ ʩʦ-ʦʣʠʛʦʤʝʨʳ ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʚʥʠʤʘʥʠʝ ʢʘʢ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʟʘʨʷʜʘ ʠ 

ʷʨʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʌʫʨʘʥ-ʬʝʥʠʣʝʥʦʚʳʝ ʩʦ-ʦʣʠʛʦʤʝʨʳ ʚʳʜʝʣʷʶʪʩʷ 

ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʷʨʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠ ʭʦʨʦʰʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ ʜʳʨʦʢ; ʦʜʥʘʢʦ ʚ ʬʫʨʘʥ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʪʩʫʪʩʪʚʦʚʘʣ ʪʨʘʥʩʧʦʨʪ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʷʚʣʷʣʦʩʴ ʧʨʠʯʠʥʦʡ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʵʬʬʝʢʪʠʚʥʳʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʘʤʙʠʧʦʣʷʨʥʳʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 1,4-ʙʠʩ(5-

ʬʝʥʠʣʬʫʨʘʥ-2-ʠʣ)ʙʝʥʟʦʣʘ ʩ ʬʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʠ 

ʢʦʥʮʝʚʳʭ ʬʝʥʠʣʝʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʝ ʚʚʝʜʝʥʠʝ 

ʬʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʬʫʨʘʥ-ʬʝʥʠʣʝʥʳ ʧʦʥʠʞʘʝʪ ʵʥʝʨʛʠʠ ʛʨʘʥʠʯʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʷʨʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪʩʷ 

ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʚʘʨʴʠʨʫʝʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʚʧʝʨʚʳʝ ʜʣʷ ʬʫʨʘʥ-

ʬʝʥʠʣʝʥʦʚʳʭ ʩʦ-ʦʣʠʛʦʤʝʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, 2,2'-(2,3,5,6-ʪʝʪʨʘʬʪʦʨ-1,4-

ʬʝʥʠʣʝʥ)ʙʠʩ[5-(3,5-ʜʠʬʪʦʨʬʝʥʠʣ)ʬʫʨʘʥ] ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʦ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʘʤʙʠʧʦʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʠ ʵʬʬʝʢʪʠʚʥʫʶ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ 

(OLET) ʩ ʚʥʝʰʥʝʡ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 0,63%, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ OLET. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʬʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʣʠʥʝʡʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ. 
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ʈʠʩʫʥʦʢ 1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʬʪʦʨ-ʩʦʜʝʨʞʘʱʠʭ ʬʫʨʘʥ-ʬʝʥʠʣʝʥʦʚ ʠ 

ʘʤʙʠʧʦʣʷʨʥʳʡ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʡ ʪʨʘʥʟʠʩʪʦʨ ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʢʠ 2,2'-(2,3,5,6-

ʪʝʪʨʘʬʪʦʨ-1,4-ʬʝʥʠʣʝʥ)ʙʠʩ[5- (3,5-ʜʠʬʪʦʨʬʝʥʠʣ)ʬʫʨʘʥ]ʘ. 
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ʅʦʚʳʝ ʠʥʛʠʙʠʪʦʨʳ ʬʝʨʤʝʥʪʘ Tdp1, ʚʘʞʥʦʡ ʤʠʰʝʥʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ, ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʪʝʨʧʝʥ-ʘʜʘʤʘʥʪʘʥʦʚʳʭ 

ʢʦʥʲʶʛʘʪʦʚ 
 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

 

ʊʠʨʦʟʠʣ-ɼʅʂ-ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʘ 1 (Tdp1) ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʤʠʰʝʥʴʶ ʜʣʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ ʠʟ-ʟʘ ʝʸ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʧʨʝʧʘʨʘʪʘʤ, ʥʘʮʝʣʝʥʥʳʤ ʥʘ 

ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ, ʪʘʢʠʭ ʢʘʢ ʪʦʧʦʪʝʢʘʥ, ʫʤʝʥʴʰʘʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʅʘʤʠ, 

ʩʦʚʤʝʩʪʥʦ ʩ ʀʍɹʌʄ ʉʆ ʈɸʅ ʠ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʂʠʣʝ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʥʘʡʜʝʥ 

ʥʦʚʳʡ ʪʠʧ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʬʝʨʤʝʥʪʘ Tdp1, ʩʦʯʝʪʘʶʱʠʭ 

ʘʜʘʤʘʥʪʘʥʦʚʳʡ ʠ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʡ ʬʨʘʛʤʝʥʪʳ ʧʦʩʨʝʜʩʪʚʦʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʣʠʥʢʝʨʘ. ʋʜʘʣʝʥʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠʟ ʣʠʥʢʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʚ 

ʥʝʪʦʢʩʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʣʠʥʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʪʦʧʦʪʝʢʘʥʘ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʪʴ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʵʬʬʝʢʪ ʧʦʩʣʝʜʥʝʛʦ ʚ 

ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ ʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʪʦʣʩʪʦʡ 

ʢʠʰʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʡʜʝʥ ʥʦʚʳʡ ʪʠʧ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʦʧʫʭʦʣʝʡ ʢ ʜʝʡʩʪʚʠʶ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ ˉ 19-13-00040.  

 

ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʜ.ʭ.ʥ. ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ. 

ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ: ʧʨʦʬ. ʈɸʅ, ʜ.ʭ.ʥ. ɺʦʣʯʦ 

ʂ.ʇ., ʢ.ʭ.ʥ. ʉʫʩʣʦʚ ɽ.ɺ. 

ʇʫʙʣʠʢʘʮʠʠ: Molecules 2021, 26, 3128. doi.org/10.3390/molecules26113128. 
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ʆʪʢʨʳʪʠʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʠʥʛʠʙʠʪʦʨʦʚ ʚʠʨʫʩʘ ʍʘʥʪʘʘʥ, 

ʚr ʟʳʚʘʶʱʝʛʦ ʛʝʤʦʨʨʘʛʠʯʝʩʢʫʶ ʣʠʭʦʨʘʜʢʫ ʩ ʧʦʯʝʯʥʳʤ ʩʠʥʜʨʦʤʦʤ 
 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

 

ɻʝʤʦʨʨʘʛʠʯʝʩʢʘʷ ʣʠʭʦʨʘʜʢʘ ʩ ʧʦʯʝʯʥʳʤ ʩʠʥʜʨʦʤʦʤ (ɻʃʇʉ) - ʦʩʪʨʦʝ ʚʠʨʫʩʥʦʝ 

ʧʨʠʨʦʜʥʦ-ʦʯʘʛʦʚʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʩʠʩʪʝʤʥʳʤ ʧʦʨʘʞʝʥʠʝʤ 

ʤʝʣʢʠʭ ʩʦʩʫʜʦʚ, ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤ ʜʠʘʪʝʟʦʤ, ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ 

ʠ ʩʚʦʝʦʙʨʘʟʥʳʤ ʧʦʨʘʞʝʥʠʝʤ ʧʦʯʝʢ ʩ ʨʘʟʚʠʪʠʝʤ ʦʩʪʨʦʡ ʧʦʯʝʯʥʦʡ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʭʘʥʪʘʚʠʨʫʩʥʳʝ ʙʦʣʝʟʥʠ ʚʢʣʶʯʝʥʳ ʚ 

ʢʨʫʛ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʭ ʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʦʙʣʝʤ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

emerging (ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʭ) ʠʥʬʝʢʮʠʡ, ʛʨʦʟʷʱʠʭ ʩʣʦʞʥʳʤʠ ʵʧʠʜʝʤʠʯʝʩʢʠʤʠ 

ʩʠʪʫʘʮʠʷʤʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ ʘʛʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʢ ʚʠʨʫʩʘʤ, ʚʳʟʳʚʘʶʱʠʤ ɻʃʇʉ, ʘ ʠʤʝʶʱʠʝʩʷ ʚʝʱʝʩʪʚʘ ï 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʘʥʜʠʜʘʪʳ ï ʣʠʙʦ ʷʚʣʷʶʪʩʷ ʫʞʝ ʦʧʠʩʘʥʥʳʤʠ ʨʘʥʝʝ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʣʠʙʦ ʜʝʡʩʪʚʫʶʪ ʥʝ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʚʠʨʫʩʘ, ʘ ʥʘ 

ʦʙʣʝʛʯʝʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʙʦʣʝʟʥʠ. ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʲʶʛʘʪʳ ʛʠʜʨʘʟʦʥʦʚ 

ʢʘʤʬʦʨʳ ʠ ʬʝʥʭʦʥʘ ʩ ʵʧʦʢʩʠʠʟʦʠʥʜʦʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʨʦʷʚʣʷʶʪ 

ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʍʘʥʪʘʘʥ ʩ ʘʢʪʠʚʥʦʩʪʴ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʪʘʢʦʚʫʶ ʫ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʝʱʝʩʪʚʘ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʚʠʨʫʩʥʳʤ 

ʥʫʢʣʝʦʧʨʦʪʝʠʥʦʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʠʨʫʩʥʫʶ ʨʝʧʣʠʢʘʮʠʶ. 
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ʉʠʥʪʝʟ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʨʙʝʨʠʥʘ ʩ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤ 

ʩʫʣʴʪʦʥʦʚʳʤ ʮʠʢʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʠʥʛʠʙʠʪʦʨʦʚ Tdp1 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

 

ʉʠʥʪʝʟʠʨʦʚʘʥ ʥʦʚʳʡ ʪʠʧ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʨʙʝʨʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ 

ʩʫʣʴʪʦʥʦʚʦʝ ʢʦʣʴʮʦ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʝ ʩ ʢʦʣʴʮʘʤʠ C ʠ D 

ʧʨʦʪʦʙʝʨʙʝʨʠʥʦʚʦʛʦ ʷʜʨʘ. ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʫʣʴʪʦʥʦʚ ʠ ʠʭ 12-ʙʨʦʤʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʬʝʨʤʝʥʪʘ 

ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʪʠʨʦʟʠʣ-ɼʅʂ-ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ 1 (Tdp1), ʚʘʞʥʦʡ ʤʠʰʝʥʠ 

ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ, ʚʘʨʴʠʨʫʝʪ ʚ 

ʤʠʢʨʦʤʦʣʷʨʥʦʤ ʠ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɿʥʘʯʝʥʠʝ ʩʫʣʴʪʦʥʦʚʦʛʦ 

ʮʠʢʣʘ ʠ ʙʨʦʤʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʷ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʬʝʨʤʝʥʪʦʤ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʠʥʛʠʙʠʪʦʨʳ ʥʝʪʦʢʩʠʯʥʳ ʜʣʷ ʣʠʥʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ HeLa, ʧʨʠ ʵʪʦʤ ʩʝʨʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʷʚʣʷʝʪ ʩʠʥʝʨʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩ ʪʦʧʦʪʝʢʘʥʦʤ, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ 

ʧʨʝʧʘʨʘʪʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʨʙʝʨʠʥʘ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʢʘʥʜʠʜʘʪʳ ʜʣʷ ʘʜʲʶʚʘʥʪʥʦʡ ʪʝʨʘʧʠʠ ʧʨʦʪʠʚ ʨʘʢʘ. 
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ɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʨʩʦʣʦʚʘʷ ʢʠʩʣʦʪʘ-ʪʘʣʠʜʦʤʠʜ 

ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʩʚʦʡʩʪʚ ʮʝʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʙʝʣʦʢ-ʤʠʰʝʥʴ MDM2. 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʟʤʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʩʦʣʦʚʦʡ 

ʢʠʩʣʦʪʳ (ʋʂ) ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʰʝʩʪʠ ʛʠʙʨʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ - ʧʨʦʪʝʦʣʠʟ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʭʠʤʝʨ (PROTAC), ʚ ʢʦʪʦʨʳʭ ʋʂ ʩʚʷʟʘʥʘ ʩ 

ʣʠʛʘʥʜʦʤ ʪʘʣʠʜʦʤʠʜʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʣʠʥʢʝʨʦʚ. ʉʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨ 1b, 

ʩʦʜʝʨʞʘʱʝʝ ʚ ʢʘʯʝʩʪʚʝ ʣʠʥʢʝʨʥʦʡ ʛʨʫʧʧʳ 2,2'-(2,2'-ʦʢʩʠʙʠʩ(ʵʪʘʥ-2,1-

ʜʠʠʣ)ʙʠʩ(ʦʢʩʠ))ʜʠʵʪʘʥʘʤʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʦʙʣʘʜʘʣʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ IC50 

0,23 ~ 0,39 ʤʢʄ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ A549, Huh7, HepG2. ʈʝʟʫʣʴʪʘʪʳ 

ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ 1b  ʧʨʠʚʦʜʠʣʦ ʢ ʜʝʛʨʘʜʘʮʠʠ  ʙʝʣʢʘ-

ʤʠʰʝʥʠ MDM2, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚ P21 ʠ PUMA, ʠʥʛʠʙʠʨʦʚʘʣʦ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʚʳʟʳʚʘʣʦ ʘʧʦʧʪʦʟ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʦʢ. ɼʘʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʙʝʣʢʘ-ʤʠʰʝʥʠ MDM2 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʫʨʩʦʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʜʣʷ ʜʠʟʘʡʥʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. 
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ʅɸʋʏʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʀʅʉʊʀʊʋʊɸ ɺ 2021 ʛ. 

ʆʪʜʝʣ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 
ɿʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ, ʧʨʦʬ. ʉʘʣʘʭʫʪʜʠʥʦʚ ʅʘʨʠʤʘʥ 

ʌʘʨʠʜʦʚʠʯ 

 

ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ 
ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ, ʧʨʦʬ. ʉʘʣʘʭʫʪʜʠʥʦʚ ʅʘʨʠʤʘʥ 

ʌʘʨʠʜʦʚʠʯ  

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ-ʣʠʜʝʨʦʚ ʚ 

ʥʘʠʙʦʣʝʝ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ ʧʫʪʝʤ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʘʨʪʦʚʳʭ ʤʦʣʝʢʫʣ. ʆʨʛʘʥʠʟʘʮʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè 

1) ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʷʜʘ ʪʠʘʟʦʣʠʜʠʥʦʥʦʚ, 

ʪʠʘʟʠʥʘʥʦʥʦʚ ʠ ʪʠʘʟʦʣʠʜʠʥʜʠʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʦʛʦ (-) - 

ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʧʨʦʪʠʚʦʷʟʚʝʥʥʘʷ ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʠʘʟʦʣʠʜʠʥʦʥʳ ʠ 

ʪʠʘʟʠʥʘʥʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ (-) - ʢʘʤʬʦʣʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʦʙʣʘʜʘʶʪ 

ʘʥʪʠʫʣʴʮʝʨʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʪʝʩʪʝ ʥʘ ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ 

ʠʥʜʦʤʝʪʘʮʠʥʦʤ ʷʟʚʫ, ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʵʪʘʣʦʥʥʦʛʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʦʤʝʧʨʘʟʦʣʘ. ʆʜʥʦ ʠʟ ʪʠʘʟʦʣʠʜʠʥʦʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʚʳʩʦʢʫʶ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʤʦʜʝʣʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʛʠʩʪʘʤʠʥʦʤ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʦʪʝʢʘ, ʘʥʘʣʦʛʠʯʥʫʶ ʘʢʪʠʚʥʦʩʪʠ ʜʠʢʣʦʬʝʥʘʢʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʥʘ (-) - ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘ ʣʠʥʝʡʥʳʡ 

ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʠʣʠ ʪʝʨʧʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʩ ʧʠʥʘʥʦʚʳʤ ʢʘʨʢʘʩʦʤ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʭʦʪʷ (-) - ʢʘʤʬʦʣʝʥʦʚʳʡ 

ʬʨʘʛʤʝʥʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʚʥʦʩʠʪ ʢʣʶʯʝʚʦʡ ʚʢʣʘʜ ʚ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ 

ʜʝʡʩʪʚʠʝ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 1 ʧʨʦʷʚʣʷʝʪ ʧʨʦʪʠʚʦʷʟʚʝʥʥʦʝ ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʚ ʜʦʟʝ 100 ʤʛ / ʢʛ. [Synthesis, 

antiulcerative, and anti-inflammatory activities of 

new campholenic derivatives-1,3-thiazolidin-4-

ones, 1,3-thiazolidine-2,4-diones, and 1,3-

thiazinan-4-ones M.S. Borisova, D.I. Ivankin, D.N. 

Sokolov, O.A. Luzina, T.V. Rybalova, T.G. 

Tolstikova, N.F. Salakhutdinov Chemical Papers, 

2021, V. 75, Pp 5503ï5514, doi: 10.1007/s11696-

021-01741-5 IF=2.097] 

 

2) ʇʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʉʦʣʦʢʩʦʣʦʥ ʤʝʪʠʣʘ ï ʮʠʘʥʝʥʦʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 18ɓH-

ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʢʦʡ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (MCF-
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7, MDA-MBA-231). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʉʦʣʦʢʩʦʣʦʥ ʤʝʪʠʣ ʦʙʣʘʜʘʝʪ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ MCF-7, ʪʘʢ ʠ ʜʣʷ 

MDA-MBA-231 ʧʫʪʝʤ ʘʧʦʧʪʦʟʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʘʧʦʧʪʦʟ 

ʢʣʝʪʦʢ MDA-MB-231 ʟʘʧʫʩʢʘʝʪʩʷ ER (endoplasmic reticulum)-ʩʪʨʝʩʩʦʤ. 

ʄʝʪʦʜʘʤʠ ʇʎʈ ʠ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʉʦʣʦʢʩʦʣʦʥ-

ʤʝʪʠʣ ʩʥʠʞʘʝʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʠ ʚʨʝʤʝʥʠ 

ʠ ʠʥʜʫʮʠʨʫʝʪ ʤʘʨʢʝʨʳ ʘʧʦʧʪʦʟʘ (IRE1-Ŭ, Bip, CHOP). ɹʦʣʝʝ ʪʦʛʦ, 

ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʛʝʥʦʚ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚ ʦʙʝʠʭ 

ʣʠʥʠʷʭ ʢʣʝʪʦʢ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʉʦʣʦʢʩʦʣʦʥ ʤʝʪʠʣʦʤ. 

[Soloxolone methyl, as a 18ɓH-glycyrrhetinic acid 

derivate, may result in endoplasmic reticulum stress to 

induce apoptosis in breast cancer cells P. Alper, O.V. 

Salomatina, N.F. Salakhutdinov, E. Ulukaya, F. 

Ari Bioorganic & Medicinal Chemistry, 2021, V.30, 

115963 doi: 10.1016/j.bmc.2020.115963  IF=3.641] 

 

3) ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ 2,3-ʜʠʘʣʢʠʣ-

ʟʘʤʝʱʝʥʥʳʭ ʩʫʢʮʠʥʘʪʦʚ ʢʦʥʜʝʥʩʘʮʠʝʡ ʜʠʵʬʠʨʘ 

ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʠʟʦʤʘʩʣʷʥʦʛʦ ʘʣʴʜʝʛʠʜʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʵʪʝʨʠʬʠʢʘʮʠʝʡ ʠ ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʩʫʤʤʳ ʜʠʝʥʦʚ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʠʨʦʚʘʥ ʜʠʵʪʠʣ-2,3-

ʜʠʠʟʦʙʫʪʠʣʩʫʢʮʠʥʘʪ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʠ ʩʪʝʧʝʥʴʶ ʯʠʩʪʦʪʳ 75ï99%. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʜʠʵʪʠʣ-2,3-

ʜʠʠʟʦʙʫʪʠʣʩʫʢʮʠʥʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʨʝʦʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʠʪʘʥ-

ʤʘʛʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦʣʠʧʨʦʧʠʣʝʥ ʩ 

ʰʠʨʦʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʇʨʠ 

ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʦʣʫʯʘʪʴ ʧʦʣʠʧʨʦʧʠʣʝʥ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʠ ʠʥʜʝʢʩʦʤ 

ʠʟʦʪʘʢʪʠʯʥʦʩʪʠ, ʠʤʝʶʪ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʵʪʠʣ-2,3-ʜʠʠʟʦʙʫʪʠʣʩʫʢʮʠʥʘʪʘ ʩ ʯʠʩʪʦʪʦʡ >95%. 

[ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʜʠʵʪʠʣ-2,3-ʜʠʠʟʦʙʫʪʠʣʩʫʢʮʠʥʘʪʘ - ʢʦʤʧʦʥʝʥʪʘ 

ʪʠʪʘʥ-ʤʘʛʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʦʧʠʣʝʥʘ ʀ.ɺ. 

ʅʝʯʝʧʫʨʝʥʢʦ, ʀ.ʗ. ʄʘʡʥʘʛʘʰʝʚ, ɸ.ɸ. ɹʘʨʘʙʘʥʦʚ, ʉ.ɸ. ʉʝʨʛʝʝʚ, ɻ.ɼ. 

ɹʫʢʘʪʦʚ, ɺ.ɸ. ɿʘʭʘʨʦʚ, ʄ.ɸ. ʄʘʮʴʢʦ, ʂ.ʇ. ɺʦʣʯʦ, ʅ.ʌ. ʉʘʣʘʭʫʪʜʠʥʦʚ 

ɾʫʨʥʘʣ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ. 2021. ʊ. 94. ˉ 6. ʉ. 699-710. (DOI: 

10.31857/S0044461821060037); A New Approach to the 

Synthesis of Diethyl 2,3-Diisobutylsuccinate, a Component 

of TitaniumïMagnesium Catalysts for Propylene 

Polymerization I. V. Nechepurenko, I. Ya. Mainagashev, A. 

A. Barabanov, S. A. Sergeev, G. D. Bukatov, V. A. 

Zakharov, M. A. Matsôko, K. P. Volcho, N. F. 

Salakhutdinov, Russ. J. Appl. Chem., vol. 94, no. 6, pp. 

715ï725, 2021, doi: 10.1134/S1070427221060033 

IF=0.850.] 
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4) ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʪʠʦʵʬʠʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ TDP1. 

ʅʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

IC50 ʚ ʜʠʘʧʘʟʦʥʝ 1,4ï25,2 ʤʢʄ. ʉʪʨʫʢʪʫʨʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ, ʚʚʝʜʝʥʥʦʛʦ ʚ ʜʠʙʝʥʟʦʬʫʨʘʥʦʚʦʝ ʷʜʨʦ, ʚʣʠʷʝʪ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʠʥʛʠʙʠʨʦʚʘʥʠʶ TDP1. ʅʘʙʣʶʜʘʝʪʩʷ 

ʥʝʢʦʥʢʫʨʝʥʪʥʳʡ ʪʠʧ ʠʥʛʠʙʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʩʦʝʜʠʥʝʥʠʡ ʠʥʛʠʙʠʨʦʚʘʣʠ ʥʝ ʪʦʣʴʢʦ TDP1, ʥʦ ʪʘʢʞʝ TDP2 ʠ / ʠʣʠ PARP1. 

ʉʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨ 10a ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʤʥʦʛʦʦʙʝʱʘʶʱʝʝ 

ʩʠʥʝʨʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʠ HeLa ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʥʛʠʙʠʪʦʨʦʤ TOP1 

ʪʦʧʦʪʝʢʘʥʦʤ. 

[New Hybrid Compounds Combining Fragments of Usnic Acid and Thioether 

Are Inhibitors of Human Enzymes TDP1, TDP2 and PARP1 N.S. Dyrkheeva, 

A.S. Filimonov, O.A. Luzina, K.A. Orlova, I.A. Chernyshova, T.E. Kornienko, 

A.A. Malakhova, S.P. Medvedev, A.L. Zakharenko, E.S. Ilina, R.O. Anarbaev, 

K.N. Naumenko, K.V. Klabenkova, E.A. Burakova, D.A. Stetsenko, S.M. Zakian, 

N.F. Salakhutdinov, O.I. Lavrik Int. J. Mol. Sci. 2021, 22(21), 11336, 

doi: 10.3390/ijms222111336] 

 

5) ʀʟʫʯʝʥʦ ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʝʥʘʤʠʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʧʨʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ ʚʚʝʜʝʥʠʠ) ʥʘ ʢʘʨʮʠʥʦʤʫ 

ʣʝʛʢʦʛʦ ʃʴʶʠʩʘ ʫ ʤʳʰʝʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʦʧʦʪʝʢʘʥʦʤ (TPT, ʷʜ Top1, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʣʠʥʠʢʝ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʢʘʢ ʦʙʲʝʤ ʧʝʨʚʠʯʥʦʡ ʦʧʫʭʦʣʠ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʪʘʩʪʘʟʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʠʩʴ. ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʦʪʩʫʪʩʪʚʠʝ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʘʞʥʦʩʪʴ ʤʝʪʦʜʘ 

ʝʛʦ ʚʚʝʜʝʥʠʷ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ. 

[The influence of an enamine usnic acid derivative (a tyrosyl-DNA 

phosphodiesterase 1 inhibitor) on the therapeutic effect of topotecan against 

transplanted tumors in vivo V.P. Nikolin, N.A. Popova, V.I. Kaledin, O.A. Luzina, 

A.L. Zakharenko, N.F. Salakhutdinov, O.I. Lavrik Clinical & Experimental 

Metastasis, 2021, 38, Pp 431-440, doi: 10.1007/s10585-021-10113-y] 

6) ɼʝʩʷʪʴ ʥʦʚʳʭ ʝʥʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʚʘʨʠʘʮʠʷʤʠ 

ʪʝʨʧʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʟʘʤʝʩʪʠʪʝʣʷ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ TDP1. ʏʝʪʳʨʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ 

IC50 ʚ ʜʠʘʧʘʟʦʥʝ 0,23ï0,40 ʤʢʄ ʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʩ 

CC50 Ó 60 ʤʢʄ. ʄʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʭʦʜʷʪ ʜʣʷ ʚʘʞʥʳʭ ʩʚʷʟʳʚʘʶʱʠʭ ʜʦʤʝʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʳ ʫʩʠʣʠʚʘʶʪ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʪʦʧʦʪʝʢʘʥʘ ʥʘ ʨʘʢʦʚʳʭ 

ʢʣʝʪʢʘʭ HeLa, ʥʦ ʩʥʠʞʘʶʪ ʝʝ ʚ ʥʝʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʢʘʭ HEK293A. 

[New Hybrid Compounds Combining Fragments of Usnic Acid and 

Monoterpenoids for Effective Tyrosyl-DNA Phosphodiesterase 1 Inhibition N.S. 

Dyrkheeva, A.S. Filimonov, O.A. Luzina, A.L. Zakharenko, E.S. Ilina, A.A. 
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Malakhova, S.P. Medvedev, J. Reynisson, K.P. Volcho, S.M. Zakian, N.F. 

Salakhutdinov, O.I. Lavrik Biomolecules, 2021, 11(7), 973, 

doi: 10.3390/biom11070973] 

7) ʀʩʩʣʝʜʦʚʘʥʦ ʜʝʡʩʪʚʠʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʧʨʝʧʘʨʘʪʘ ʪʦʧʦʪʝʢʘʥʘ 

ʦʪʜʝʣʴʥʦ ʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʠʥʛʠʙʠʪʦʨʦʤ TDP1, ʧʨʦʠʟʚʦʜʥʳʤ 

ʛʠʜʨʘʟʠʥʦʪʠʘʟʦʣʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʘ ʘʩʮʠʪʥʳʝ ʦʧʫʭʦʣʠ ʤʳʰʝʡ ʣʠʥʠʠ 

Krebs-2. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʘʢ ʪʦʧʦʪʝʢʘʥ, ʪʘʢ ʠ ʠʥʛʠʙʠʪʦʨ TDP1 ʦʙʣʘʜʘʶʪ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʜʝʡʩʪʚʠʝʤ. ʂʦʤʙʠʥʘʮʠʷ ʪʦʧʦʪʝʢʘʥʘ ʠ ʠʥʛʠʙʠʪʦʨʘ 

TDP1 ʘʜʜʠʪʠʚʥʦ ʩʥʠʞʘʝʪ ʢʘʢ ʚʝʩ ʘʩʮʠʪʥʦʡ ʦʧʫʭʦʣʠ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʢʣʝʪʦʢ ʚ ʘʩʮʠʪʝ. ʋ ʤʳʰʝʡ ʠʥʛʠʙʠʪʦʨ TDP1 ʩʘʤ ʧʦ ʩʝʙʝ ʠʣʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʪʦʧʦʪʝʢʘʥʦʤ ʵʣʠʤʠʥʠʨʦʚʘʣ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ. ʇʦʩʣʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʵʪʠʭ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ ʤʳ ʥʘʙʣʶʜʘʣʠ ʢʣʝʪʢʠ, 

ʚ ʢʦʪʦʨʳʭ ʣʠʧʠʜʥʳʝ ʢʘʧʣʠ ʟʘʥʠʤʘʣʠ ʧʦʯʪʠ ʚʩʶ ʮʠʪʦʧʣʘʟʤʫ, ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʢʣʝʪʦʯʥʦʛʦ ʜʝʪʨʠʪʘ, ʢʦʪʦʨʦʝ ʦʪʩʫʪʩʪʚʦʚʘʣʦ ʚ ʦʙʨʘʟʮʘʭ, ʚʟʷʪʳʭ ʫ ʤʳʰʝʡ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʢʘʞʜʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʦʪʜʝʣʴʥʦ. 

[ʇʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʙʠʥʘʮʠʠ ʪʦʧʦʪʝʢʘʥʘ ʠ ʠʥʛʠʙʠʪʦʨʘ 

ʪʠʨʦʟʠʣ-ʜʥʢ-ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ 1 ʥʘ ʤʦʜʝʣʠ ʘʩʮʠʪʥʦʡ ʢʘʨʮʠʥʦʤʳ ʢʨʝʙʩ-2 

ʤʳʰʠ ɼʳʨʭʝʝʚʘ ʅ.ʉ., ɿʘʭʘʨʝʥʢʦ ɸ.ʃ., ʅʦʚʦʩʝʣʦʚʘ ɽ.ʉ., ʏʝʧʘʥʦʚʘ ɸ.ɸ., 

ʇʦʧʦʚʘ ʅ.ɸ., ʅʠʢʦʣʠʥ ɺ.ʇ., ʃʫʟʠʥʘ ʆ.ɸ., ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ., ʈʷʙʯʠʢʦʚʘ 

ɽ.ʀ., ʃʘʚʨʠʢ ʆ.ʀ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʙʠʦʣʦʛʠʷ. 2021. ʊ. 55. ˉ 2. ʉ. 312-317. doi: 

10.31857/S0026898421020051, doi: 10.1134/S0026893321020060] 

8) ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʚʘ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʜʠʙʝʥʟʦʬʫʨʘʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ H2 / Pd  

 
[Filimonov A., Luzina O., Salakhutdinov N. New Dibenzofuran Compounds 

Obtained by Dihydrousnic Acid Hydrogenation Chemistry Proceedings. 2021, 3, 

21. DOI: 10.3390/ecsoc-24-08460] 

9) ʅʦʚʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʝʘʢʮʠʝʡ ʙʨʦʤʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ ʥʘ ʦʩʥʦʚʝ 

CS2. ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʠʪʠʦʣʘʥʦʚʳʤ ʠ ʪʠʦʬʝʥʦʚʳʤ 

ʬʨʘʛʤʝʥʪʘʤʠ. 
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[Filimonov A., Luzina O., Salakhutdinov N. New Heterocyclic Derivatives of 

Usnic Acid Chemistry Proceedings. 2021, 3, 66. DOI: 10.3390/ecsoc-24-08459] 

10) ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢʘʤʬʝʮʠʥʘ ʚ ʩʫʭʠʭ ʧʷʪʥʘʭ 

ʢʨʦʚʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʥʘʙʣʶʜʘʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʤʬʝʮʠʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʜʝʩʦʨʙʮʠʠ 

ʚʝʱʝʩʪʚʘ. ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ 

ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʘ ʠʭ ʭʨʘʥʝʥʠʝ ʧʨʠ -70Áʉ ʚʦʟʤʦʞʥʦ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 

ʪʝʯʝʥʠʝ 4 ʥʝʜʝʣʴ. 

 
[Alina A. Okhina, Artem D. Rogachev, Olga I. Yarovaya, Andrey G. 

Pokrovsky, Nariman F. Salakhutdinov. Stability study of the antiviral agent 

camphecene in dried blood spots at different temperatures. Drug Testing and 

Analysis, 2021, v. 13, No. 10, p. 1797-1802. https://doi.org/10.1002/dta.3148] 

11) ʇʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʤʬʦʨʳ, ʚʢʣʶʯʘʶʱʠʭ ʠʤʠʥʦʛʨʫʧʧʫ 

ʠ ʯʝʪʚʝʨʪʠʯʥʳʡ ʘʪʦʤ ʘʟʦʪʘ. ʉʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʧʦʢʘʟʘʥʘ ʥʘ ʩʭʝʤʝ 1. 

ʂʣʶʯʝʚʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ N, N-ʜʠʟʘʤʝʱʝʥʥʳʝ ʢʘʤʬʦʨʠʤʠʥʳ 

1 ʠ 2 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʘʤʬʦʨʦʡ 

ʠ N, N-ʜʠʤʝʪʠʣʵʪʠʣʝʥʜʠʘʤʠʥʦʤ ʠʣʠ N, N-ʜʠʤʝʪʠʣʧʨʦʧʘʥ-1,3-ʜʠʘʤʠʥʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ZnCl2 ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʭʦʨʦʰʠʤ 

ʚʳʭʦʜʦʤ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʣʝʛʯʘʝʪ 

ʦʙʨʘʱʝʥʠʝ ʩ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʴʶ. ʆʯʠʩʪʢʫ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ 
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ʚʘʢʫʫʤʥʦʡ ʧʝʨʝʛʦʥʢʦʡ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ. 

ɿʘʪʝʤ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʪʨʝʪʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

1 ʠ 2 ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʙʳʪʢʘ CH3I, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʮʝʣʝʚʳʤ ʩʦʝʜʠʥʝʥʠʷʤ 3 ʠ 4 ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ. 

 
Quaternary ammonium salts based on (-)-borneol as effective inhibitors of 

influenza virus A.S. Sokolova, O.I. Yarovaya, D.V. Baranova, A.V. Galochkina, 

A.A. Shtro, M.V. Kireeva, S.S. Borisevich, Y.V. Gatilov, V.V. Zarubaev, N.F. 

Salakhutdinov Archives of Virology, 2021, V. 166, N. 7, Pp 1965-1976 doi: 

10.1007/s00705-021-05102-1 

 

12) ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ (ʉʂ) ʠ ʵʨʠʪʨʦʮʠʪʦʚ (ʕʨ) ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʪʷʞʝʩʪʠ ʥʝʘʣʢʦʛʦʣʴʥʦʡ ʞʠʨʦʚʦʡ ʙʦʣʝʟʥʠ 

ʧʝʯʝʥʠ (ʅɸɾɹʇ). ɼʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʵʢʩʪʨʘʢʮʠʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʝʤʙʨʘʥ ʵʨʠʪʨʦʮʠʪʦʚ ʠʟ ʮʝʣʴʥʦʡ 

ʢʨʦʚʠ ʠ ʩʳʚʦʨʦʪʢʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʘ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʮʝʣʴʥʦʡ ʢʨʦʚʠ ʠ ʩʳʚʦʨʦʪʢʠ ʦʪ 52 

ʧʘʮʠʝʥʪʘ ʩ ʅɸɾɹʇ (51,8Ñ3,9 ʛʦʜʘ), ʠ 20 ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʭ ʤʫʞʯʠʥ 

(49,2Ñ4,5 ʛʦʜʘ).  

 

P-15 Diagnostic potential of erythrocyte and serum fatty acids in spotting 

adenomatous polyps and identifying the early stages of colorectal cancer 
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2021. ˉ 5. ʉ. 161-184 

13) ʀʟʫʯʝʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʠʟʫʯʝʥʘ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ʥʦʚʦʛʦ ʘʥʪʠʬʠʣʦʚʠʨʫʩʥʦʛʦ 

ʘʛʝʥʪʘ AS-358 ʧʨʠ ʝʛʦ ʚʚʝʜʝʥʠʠ ʢʨʳʩʘʤ. 
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[Artem D. Rogachev, Valentina P. Putilova, Anna 

V. Zaykovskaya, Olga I. Yarovaya, Anastasiya S. 

Sokolova, Vladislav V. Fomenko, Oleg V. Pyankov, 

Rinat A. Maksyutov, Andrey G. Pokrovsky, Nariman F. 

Salakhutdinov. Biostability study, quantitation method 

and preliminary pharmacokinetics of a new antifilovirus agent based on borneol 

and 3-(piperidin-1-yl)propanoic acid. Journal of Pharmaceutical and Biomedical 

Analysis, 2021, v. 199, 114062. https://doi.org/10.1016/j.jpba.2021.114062] 

14) ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʘʙʦʣʦʤʥʦʛʦ ʧʨʦʬʠʣʷ 

ʧʣʘʟʤʳ ʠ ʩʧʠʥʥʦ-ʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ ʧʘʮʠʝʥʪʦʚ ʩ ʛʣʠʦʙʣʘʩʪʦʤʦʡ ʤʝʪʦʜʦʤ 

ɺʕɾʍ-ʄʉ/ʄʉ. ʇʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʠ ʧʨʦʬʠʣʝʡ ʤʝʞʜʫ ʜʚʫʤʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʘʪʨʠʮʘʤʠ. [Rogachev, A. D.; Alemasov, N. A.; Ivanisenko, 

V. A.; Ivanisenko, N. V.; Gaisler, E.V.; Oleshko, O. S.; Cheresiz, S. V.; Mishinov, 

S. V.; Stupak, V. V.; Pokrovsky, A. G. Correlation of Metabolic Profiles of 

Plasma and Cerebrospinal Fluid of High-Grade Glioma Patients. Metabolites, 

2021, v. 11, No. 3, 133. https://doi.org/10.3390/metabo11030133]  

 

ɻʨʘʥʪ ʈʅʌ ˉ 21-13-00026 çɼʠʟʘʡʥ ʥʦʚʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʨʝʩʧʠʨʘʪʦʨʥʦ-ʩʠʥʮʠʪʠʘʣʴʥʳʤ ʚʠʨʫʩʦʤ ʫ ʜʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʡ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉʘʣʘʭʫʪʜʠʥʦʚ ʅʘʨʠʤʘʥ ʌʘʨʠʜʦʚʠʯ  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʧʝʨʚʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʩʝʭ ʧʣʘʥʠʨʫʝʤʳʭ ʢ ʧʦʣʫʯʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ, 

ʚʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʢʫʤʘʨʠʥʦʚ, ʙʝʨʙʝʨʠʥʦʚ ʠ 

ʜʠʬʬʨʘʢʪʘʝʚʦʡ ʢʠʩʣʦʪʳ. ʆʧʨʝʜʝʣʝʥʳ ʜʘʥʥʳʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʩʧʠʨʘʪʦʨʥʦ-ʩʠʥʮʠʪʠʘʣʴʥʳʤ ʚʠʨʫʩʘ. ɺʧʝʨʚʳʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʥʦʪʝʨʧʝʥ-ʢʫʤʘʨʠʥʦʚʳʝ ʢʦʥʲʶʛʘʪʳ ʷʚʣʷʶʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʵʪʦʛʦ ʚʠʨʫʩʘ ʦʙʦʠʭ ʪʠʧʦʚ (ɸ ʠ ɺ), ʜʝʡʩʪʚʫʷ 

ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚʠʨʫʩʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʙʝʣʦʢ F, 

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʫ, ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʜʣʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ɻʨʘʥʪ ʈʅʌ ˉ 21-73-00246 çʉʠʥʪʝʟ ʬʝʥʠʣʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ ʪʝʨʧʝʥʦʠʜʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʘʛʦʥʠʩʪʦʚ FFA1r ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʧʨʦʪʠʚʦʜʠʘʙʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ʂʫʨʘʥʦʚ ʉʝʨʛʝʡ ʆʣʝʛʦʚʠʯ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 

ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʫʧʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ 

ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʠ ʦʩʫʱʝʩʪʚʣʸʥ ʩʠʥʪʝʟ ʥʝʩʢʦʣʴʢʠʭ ʩʢʘʬʬʦʣʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ ʬʝʥʠʣʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʨʘʟʣʠʯʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʠʭ ʜʝʨʠʚʘʪʠʟʘʮʠʠ 
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ɻʨʘʥʪ ʈʅʌ ˉ 20-13-00029 çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʫʣʴʪʠʪʘʨʛʝʪʥʳʭ 

ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʫʪʸʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ. ʃʫʟʠʥʘ ʆʣʴʛʘ ɸʥʘʪʦʣʴʝʚʥʘ 

ɺ 2021 ʛʦʜʫ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ ʧʨʠ ʧʦʤʦʱʠ 

ʥʝʡʨʦʩʝʪʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʦʥʩʝʥʩʫʩʥʘʷ ʘʥʩʘʤʙʣʝʚʘʷ ʤʫʣʴʪʠʪʘʨʛʝʪʥʘʷ 

ʤʦʜʝʣʴ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʪʨʫʢʪʫʨʥʦ 

ʨʝʣʝʚʘʥʪʥʳʭ 58 ʠʟʫʯʘʝʤʳʤ ʧʨʠʨʦʜʥʳʤ ʭʝʤʦʪʠʧʘʤ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ 3D-ʤʦʜʝʣʠ 1675 ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ çNIOCHè ʠ ʚʳʧʦʣʥʠʪʴ ʠʭ ʘʥʩʘʤʙʣʝʚʳʡ ʜʦʢʠʥʛ ʚ ʩʘʡʪʳ 20 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʤʠʰʝʥʝʡ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ. 

ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʩʧʝʢʪʨʦʚ ʪʘʨʛʝʪʥʦʡ ʘʬʬʠʥʥʦʩʪʠ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʨʦʛʥʦʟʥʘʷ ʚʳʙʦʨʢʘ? ʦʪʦʙʨʘʥʳ 61 

ʩʦʝʜʠʥʝʥʠʝ, ʧʨʦʷʚʣʷʶʱʠʝ ʥʘʠʙʦʣʴʰʠʡ ʧʦʪʝʥʮʠʘʣ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ ʞʠʚʦʪʥʳʭ ʚ ʦʨʘʣʴʥʦʤ ʛʣʶʢʦʟʦʪʦʣʝʨʘʥʪʦʤ ʪʝʩʪʝ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ: 9-N-ʛʝʢʩʠʣʙʝʨʙʝʨʠʥ ʠ 9-ʆ-

ʘʮʝʪʘʤʠʜʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʙʝʨʙʝʨʠʥʘ ʠ ʧʨʦʠʟʚʦʜʥʦʝ ʢʫʤʘʨʠʥʘ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ï ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʚʚʝʜʝʥʠʝʤ ʘʣʣʦʢʩʘʥʘ ʤʳʰʘʤ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʝʱʝʩʪʚʦ ʩ 

ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ: 1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 

ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ ʢʠʩʣʦʪʳ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʨʝʭʥʝʜʝʣʴʥʦʝ 

ʧʝʨʦʨʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ 9-N-ʛʝʢʩʠʣʙʝʨʙʝʨʠʥʘ ʚ ʜʦʟʝ 15 ʤʛ/ʢʛ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʩʦʩʪʦʷʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ: ʧʨʦʠʩʭʦʜʠʣʦ 

ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ, ʫʤʝʥʴʰʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʛʣʶʢʦʟʳ ʠ ʠʥʩʫʣʠʥʘ ʚ 

ʢʨʦʚʠ, ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʨʝʰʝʥʠʝ ʞʠʨʦʚʦʡ ʜʠʩʪʨʦʬʠʠ ʧʝʯʝʥʠ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʙʝʪʘ-ʢʣʝʪʦʢ ʧʦʜʞʝʣʫʜʦʯʥʦʡ 

ʞʝʣʝʟʳ, ʧʦʷʚʠʣʠʩʴ ʧʨʠʟʥʘʢʠ ʘʢʪʠʚʠʟʘʮʠʠ ʙʫʨʦʛʦ ʞʠʨʘ ʠ ʧʦʚʳʰʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʠʥʩʫʣʠʥʫ. 

 

ɻʨʘʥʪ ʈʅʌ ˉ 19-13-00040 çʅʦʚʳʝ ʠʥʛʠʙʠʪʦʨʳ ʪʠʨʦʟʠʣ-ɼʅʂ-

ʬʦʩʬʦʜʠʵʩʪʝʨʘʟ, ʬʝʨʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʜʣʷ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ ɺʦʣʯʦ ʂʦʥʩʪʘʥʪʠʥ ʇʝʪʨʦʚʠʯ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2021 ʛ. ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʫʱʝʩʪʚʣʝʥ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʯʝʪʳʨʝʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ: ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʙʝʨʙʝʨʠʥʘ, 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʨʢʘʩʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʠ ʭʦʣʝʚʳʭ ʢʠʩʣʦʪ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ ʬʝʨʤʝʥʪʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ Tdp1 ʠ Tdp2 

ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʜʫʘʣʴʥʳʝ 

ʠʥʛʠʙʠʪʦʨʳ ʦʙʦʠʭ ʬʝʨʤʝʥʪʦʚ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʥʘʡʜʝʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ Tdp1 ʫʩʠʣʠʚʘʪʴ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʧʨʝʧʘʨʘʪʘ ʪʦʧʦʪʝʢʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʢʦʚʳʭ ʣʠʥʠʡ 

ʢʣʝʪʦʢ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʡʜʝʥʳ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʬʝʨʤʝʥʪʘ 

TDP1, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʨʘʧʠʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʜʦʟʠʨʦʚʢʫ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʫʤʝʥʴʰʠʚ ʠʭ ʪʦʢʩʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ, ʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʢ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ. 

 

ɻʨʘʥʪ ʈʅʌ ˉ 19-73-00125 çʈʘʟʨʘʙʦʪʢʘ ʢʘʪʠʦʥʥʳʭ ʘʤʬʠʬʠʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ 

ʘʛʝʥʪʦʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ʉʦʢʦʣʦʚʘ ɸʥʘʩʪʘʩʠʷ ʉʝʨʛʝʝʚʥʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ 

ʙʦʣʴʰʘʷ ʩʝʨʠʷ ʢʘʪʠʦʥʥʳʭ ʘʤʬʠʬʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ. ɺʳʧʦʣʥʝʥʳ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʨʫʩʥʳʭ 

ʠʥʬʝʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ, ʚʠʨʫʩ ʦʩʧʦʚʘʢʮʠʥʳ, ʬʠʣʦʚʠʨʫʩʳ, ʬʣʘʚʠʚʠʨʫʩʳ, 

ʚʠʨʫʩ ʧʘʨʘʛʨʠʧʧʘ, ʨʝʩʧʠʨʘʪʦʨʥʦ-ʩʠʥʮʠʪʠʘʣʴʥʦʛʦ ʚʠʨʫʩ, ʘʜʝʥʦʚʠʨʫʩ, ʚʠʨʫʩ 

ʂʦʢʩʘʢʠ ʠ ʚʠʨʫʩ ʛʨʠʧʧʘ H1N1. ʆʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʄʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʡ ʤʠʰʝʥʴʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʘʛʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʙʝʣʦʢ ʚʠʨʫʩʘ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʵʪʘʧ 

ʩʣʠʷʥʠʷ ʚʠʨʫʩʥʦʡ ʠ ʵʥʜʦʩʦʤʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ ʭʦʜʝ in vitro ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʘʡʪ-

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 19-03-00071 çʈʘʮʠʦʥʘʣʴʥʳʡ ʜʠʟʘʡʥ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʪʠʚʦʧʘʨʢʠʥʩʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉʘʣʘʭʫʪʜʠʥʦʚ ʅʘʨʠʤʘʥ ʌʘʨʠʜʦʚʠʯ 

ɹʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ ʷʚʣʷʝʪʩʷ ʭʨʦʥʠʯʝʩʢʠʤ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ ʪʨʝʤʦʨʦʤ, 

ʙʨʘʜʠʢʠʥʝʟʠʝʡ, ʨʠʛʠʜʥʦʩʪʴʶ ʠ ʧʦʩʪʫʨʘʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʆʩʥʦʚʥʳʤ 

ʣʝʢʘʨʩʪʚʦʤ ʜʣʷ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ ʷʚʣʷʝʪʩʷ ʃʝʚʦʜʦʧʘ, ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʪʦʨʦʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʝʨʴʝʟʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ʇʦʵʪʦʤʫ 

ʧʦʠʩʢ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʤʝʜʠʮʠʥʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʙʦʣʝʟʥʠ 

ʇʘʨʢʠʥʩʦʥʘ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ, ʦʩʦʙʝʥʥʦ 

ʫʯʠʪʳʚʘʷ ʪʝʥʜʝʥʮʠʶ ʢ ʩʪʘʨʝʥʠʶ ʥʘʩʝʣʝʥʠʷ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʤʦʥʦʪʝʨʧʝʥʦʠʜ (1R,2R,6S)-3-ʤʝʪʠʣ-6-(ʧʨʦʧ-1-ʝʥ-2-ʠʣ)ʮʠʢʣʦʛʝʢʩ-3-ʝʥe-

1,2-ʜʠʦʣ (1) ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦʧʘʨʢʠʥʩʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺ 

ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ ʥʘʡʜʝʥʳ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʥʦʚʳʭ ʪʠʧʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʦʣʘ (1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʥʫʢʣʝʦʬʠʣʦʚ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʪʠʚʦʧʘʨʢʠʥʩʦʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʘʢʪʠʚʥʳʝ 
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ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɻʨʘʥʪ ʈʌʌʀ ˉ 19-03-00685 çʄʦʣʝʢʫʣʷʨʥʳʡ ʜʠʟʘʡʥ ʜʫʘʣʴʥʳʭ ʘʛʦʥʠʩʪʦʚ 

PPARïʘʣʴʬʘ ʠ ʛʘʤʤʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ. ʃʫʟʠʥʘ ʆʣʴʛʘ ɸʥʘʪʦʣʴʝʚʥʘ 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʥʦʚʘʷ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ, 

ʚʢʣʶʯʘʶʱʠʭ ʬʨʘʛʤʝʥʪ ʤʦʥʦ-, ʜʠ- ʪʨʠʪʝʨʧʝʥʦʠʜʘ ʠ ʬʨʘʛʤʝʥʪ 2-ʵʪʦʢʩʠ-3-

ʬʝʥʠʣʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʣʠʷʪʴ ʥʘ ʛʣʠʢʝʤʠʯʝʩʢʠʡ ʠ 

ʣʠʧʠʜʝʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʠ ʫ ʤʳʰʝʡ C57BL / 6, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʜʠʝʪʝ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʦʚ ʠ ʭʦʣʝʩʪʝʨʠʥʘ. ɺ ʨʷʜʫ ʘʤʠʜʦʚ 

ʜʠʛʠʜʨʦʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʜʣʠʥʦʡ ʣʠʥʢʝʨʘ, ʚʳʷʚʣʝʥʦ 

ʩʦʝʜʠʥʝʥʠʝ, ʠʤʝʶʱʝʝ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʵʬʬʝʢʪ ʥʘ ʫʨʦʚʥʠ ʛʣʶʢʦʟʳ ʚ 

ʢʨʦʚʠ, ʦʙʱʝʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ.  

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 20-53-00004 çʅʘʥʦʨʘʟʤʝʨʥʳʝ ʛʘʣʣʫʘʟʠʪʦʚʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʩʠʥʪʝʟʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ ɺʦʣʯʦ ʂʦʥʩʪʘʥʪʠʥ ʇʝʪʨʦʚʠʯ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʙʳʣ ʧʦʠʩʢ ʥʦʚʳʭ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʩʝʣʝʢʪʠʚʥʦ 

ʧʦʣʫʯʘʪʴ ʭʠʨʘʣʴʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʚʘʣʴʪʝʨʦʣʘ, 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʘ ʢʘʨʘʥʦʚʦʛʦ ʨʷʜʘ, ʜʦʩʪʫʧʥʦʛʦ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʠʟ 

ʤʦʥʦʪʝʨʧʝʥʘ (+)-3-ʢʘʨʝʥʘ, ʤʘʞʦʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʢʠʧʠʜʘʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʩʦʚʤʝʩʪʥʦ ʩ ʙʝʣʦʨʫʩʩʢʠʤʠ ʢʦʣʣʝʛʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ 

ʥʘʡʜʝʥʳ ʥʦʚʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ 

ʭʠʨʘʣʴʥʳʝ ʧʦʣʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʚʘʣʴʪʝʨʦʣʘ ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ, ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʢʦʨʦʩʪʴ 

ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʚʘʣʴʪʝʨʦʣʘ ʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʨʝʘʢʮʠʡ ʷʚʣʷʶʪʩʷ ʟʘʤʝʱʝʥʥʳʝ ʠʟʦʙʝʥʟʦʬʫʨʘʥʳ. ɺ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʩ 

ʪʠʦʬʝʥʢʘʨʙʘʣʴʜʝʛʠʜʦʤ ʥʘʤʠ ʙʳʣ ʚʳʜʝʣʝʥ ʥʝʦʙʳʯʥʳʡ ʧʨʦʜʫʢʪ ʩ ʥʦʚʳʤ 

ʪʠʧʦʤ ʦʩʪʦʚʘ, ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʝʛʦ 

ʚʳʭʦʜ. ʉʪʘʚʰʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʩʠʥʪʝʪʠʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ20-04-60038 çɼʠʟʘʡʥ ʠ ʧʦʠʩʢ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʙʝʣʢʘ S ʚʠʨʫʩʘ SARS-CoV-2è 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉʘʣʘʭʫʪʜʠʥʦʚ ʅʘʨʠʤʘʥ ʌʘʨʠʜʦʚʠʯ 

ɺ ʩʠʣʫ ʚʘʞʥʦʡ ʨʦʣʠ, ʢʦʪʦʨʫʶ ʠʛʨʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʙʝʣʢʠ ʚʠʨʫʩʦʚ, 

ʦʩʦʙʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ 

ʚʠʨʫʩʦʧʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ (ɺʇʏ) ʥʝʩʫʱʠʝ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʘʢʪʠʚʥʳʝ ʙʝʣʢʠ ʚʠʨʫʩʦʚ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʚʠʨʫʩʦʣʦʛʠʠ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʚʠʜʘ ʩʙʦʨʢʠ ʧʩʝʚʜʦʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ - ʥʘ ʦʩʥʦʚʝ 

ʜʝʬʝʢʪʥʦʛʦ ʚʠʨʫʩʘ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʩʪʦʤʘʪʠʪʘ ʠ ʣʝʥʪʠʚʠʨʫʩʥʦʡ ʩʠʩʪʝʤʳ. 

ʅʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʘ ʧʦʜʭʦʜʘ. ɼʣʷ ʩʙʦʨʢʠ ʯʘʩʪʠʮ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʩʠʩʪʝʤʘ ʧʩʝʚʜʦʪʠʧʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʚʠʨʫʩʘ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʩʪʦʤʘʪʠʪʘ ʠ 

ʣʝʥʪʠʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʩʝʚʜʦʚʠʨʫʩʳ ʥʘ 

ʦʩʥʦʚʝ ʚʠʨʫʩʘ ʚʝʟʠʚʠʢʫʣʷʨʥʦʛʦ ʩʪʦʤʘʪʠʪʘ ʠ ʥʘ ʣʝʥʪʠʚʠʨʫʩʥʦʡ ʩʠʩʪʝʤʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʣʘʟʤʠʜ ʠ ʨʘʟʳʤʠ ʤʝʪʦʜʘʤʠ ʪʨʘʥʩʬʝʢʮʠʠ. 

ɹʦʣʴʰʠʡ ʚʳʭʦʜ ʢʦʨʦʥʦʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʨʘʥʩʬʝʢʮʠʠ ʩ 

ʣʠʧʦʬʝʢʪʘʤʠʥʦʤ ʩ ʧʣʘʟʤʠʜʦʡ ph-Sȹ18 ʥʘ ʣʝʥʪʠʚʠʨʫʩʥʦʡ ʩʠʩʪʝʤʝ. 

ʇʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ ʥʘʤʠ 

ʚʳʙʨʘʥ ɸʨʙʠʜʦʣ. ʇʨʦʚʝʜʸʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʘʨʙʠʜʦʣ ʦʙʣʘʜʘʝʪ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ SARS-CoV-2, ʦʜʥʘʢʦ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʘʛʝʥʪʘ ʥʝ 

ʚʳʩʦʢʠʡ. ʇʨʦʚʝʜʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʧʦ ʧʦʠʩʢʫ ʤʝʩʪʘ ʩʚʷʟʳʚʘʥʠʷ 

ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ ï ɸʨʙʠʜʦʣʘ ʚ ʨʝʮʝʧʪʦʨ-ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʤʝʥ 

ʛʣʠʢʦʧʨʦʪʝʠʥʘ ʚʠʨʫʩʘ SARS-CoV-2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʤʫʣʷʮʠʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʘʥʥʳʤʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʤʳ ʤʦʞʝʤ ʚʘʞʥʳʡ ʚʳʚʦʜ: ʛʜʝ ʙʳ ʥʠ ʩʚʷʟʳʚʘʣʘʩʴ 

ʤʦʣʝʢʫʣʘ ʠʣʠ ʤʦʣʝʢʫʣʳ ʘʨʙʠʜʦʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʩʣʝʜʥʠʭ ʚʣʠʷʝʪ ʥʘ 

ʩʪʨʫʢʪʫʨʥʫʶ ʛʠʙʢʦʩʪʴ ʙʝʣʢʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʩʝʚʜʦʚʠʨʫʩʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʚʝʣʠ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʥʝʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʰʠʤ 

ʢʦʣʣʝʢʪʠʚʦʤ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ HEK293T. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʚʝʱʝʩʪʚ, ʧʦʢʘʟʘʚʰʠʭ 

ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʘʤʠ ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ HEK293T, ʦʙʦʛʘʱʝʥʥʦʡ 

ACE ʨʝʮʝʧʪʦʨʘʤʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪ ʩʚʷʟʳʚʘʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʚʭʦʜʘ ʚ ʩʪʝʙʣʝʚʦʡ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʙʝʣʢʦʚ ʚʠʨʫʩʘ ʛʨʠʧʧʘ, ʕʙʦʣʳ ʠ SARS-CoV-2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʜʫʨʳ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʩʭʦʞʠʝ ʤʝʩʪʘ ʩʚʷʟʳʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʚʭʦʜʘ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ʠ ʕʙʦʣʳ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʲʷʩʥʠʣʠ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʪʠʚ ʚʠʨʫʩʘSARS-CoV-2. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 20-13-50251. çɸʟʘʘʜʘʤʘʥʪʘʥʳ - ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʢʘʨʢʘʩʥʳʡ ʙʣʦʢ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ ɺʦʣʯʦ ʂʦʥʩʪʘʥʪʠʥ ʇʝʪʨʦʚʠʯ 

ɸʟʘʘʜʘʤʘʥʪʘʥʳ ï ʘʟʦʪʠʩʪʳʝ ʘʥʘʣʦʛʠ ʘʜʘʤʘʥʪʘʥʘ, ʫ ʢʦʪʦʨʳʭ ʦʜʠʥ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʟʘʤʝʱʝʥʳ ʥʘ ʘʟʦʪ. ʇʦʜʦʙʥʦʝ ʩʪʨʦʝʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʨʷʜʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʭʠʤʠʯʝʩʢʠʭ, ʪʘʢ ʠ 

ʬʠʟʠʯʝʩʢʠʭ, ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʣʝʟʥʳʭ ʢʘʯʝʩʪʚ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʨʦʠʟʚʦʜʥʳʝ ʘʟʘʘʜʘʤʘʥʪʘʥʦʚ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ 

ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʜʘʤʘʥʪʘʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʯʪʦ ʚʣʠʷʝʪ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʠʰʝʥʷʤʠ ʠ 
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ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʟʫʯʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʘʟʘʘʜʘʤʘʥʪʘʥʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʧʨʦʠʟʦʰʝʜʰʠʡ ʟʘ ʧʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ (2009ï2020 ʛʛ.), ʛʦʚʦʨʠʪ ʦ ʙʦʣʴʰʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʥʪʝʨʝʩʝ ʢ ʥʠʤ. ʉʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʘʘʜʘʤʘʥʪʘʥʦʚ ʫʞʝ 

ʦʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʨʘʞʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʚʢʣʶʯʘʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ, 

ʬʫʥʛʠʮʠʜʥʫʶ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ, ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ, ʠʥʛʠʙʠʪʦʨʥʫʶ (ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʘʟʥʳʭ ʬʝʨʤʝʥʪʦʚ) ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʤ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʜʠ- ʠ ʪʨʠʘʟʘʘʜʘʤʘʥʪʘʥʦʚ ʩ ʫʟʣʦʚʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʪʦʤʦʚ ʘʟʦʪʘ; ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʦʙʩʫʞʜʝʥʳ 

ʥʘʢʦʧʣʝʥʥʳʝ ʚ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʟʘʘʜʘʤʘʥʪʘʥʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʆʙʩʫʞʜʝʥʳ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʘʘʜʘʤʘʥʪʘʥʦʚ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 20-33-70067 çʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʦʨʪʦʧʦʢʩʚʠʨʫʩʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ʉʦʢʦʣʦʚʘ ɸʥʘʩʪʘʩʠʷ ʉʝʨʛʝʝʚʥʘ 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ (+)-ʢʘʤʬʦʨʳ ʠ (-)-ʬʝʥʭʦʥʘ 

ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ N-ʧʨʦʠʟʚʦʜʥʳʭ, ʚʢʣʶʯʘʶʱʠʭ N-

ʘʮʠʣʛʠʜʨʘʟʦʥʦʚʫʶ ʠ ʘʤʠʜʥʫʶ ʛʨʫʧʧʫ. ʆʪʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 

ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʧʨʠʨʦʜʥʳʡ ʦʩʪʦʚ: ʵʢʟʦ-ʙʦʨʥʠʣʘʤʠʥ, ʵʥʜʦ-

ʙʦʨʥʠʣʘʤʠʥ, ʵʢʟʦ-ʬʝʥʭʠʣʘʤʠʥ ʠ ʵʥʜʦ-ʬʝʥʭʠʣʘʤʠʥ. ʉʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʦʡ. ɺʩʝʛʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 

ʙʦʣʝʝ 100 ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ. ɺʧʝʨʚʳʝ 

ʧʨʦʚʝʜʝʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʩʢʨʠʥʠʥʛ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʝʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʦʩʧʦʚʘʢʮʠʥʳʠ ʠ ʜʨʫʛʠʭ ʦʨʪʦʧʦʢʩʚʠʨʫʩʦʚ. ʆʙʥʘʨʫʞʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʳ ʩ ʚʳʜʘʶʱʝʡʩʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ (SI) ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ >1000. ʇʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ in vitro ʠ in silico ʧʦ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʤʠʰʝʥʠ. ʇʨʦʚʝʜʝʥ ʩʢʨʠʥʠʥʛ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʥʘʪʫʨʘʣʴʥʦʡ ʦʩʧʳ (ɺʅʆ) ʚ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʙʠʦʟʘʱʠʪʳ (BSL-4). ʆʙʥʘʨʫʞʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʨʝʧʨʦʜʫʢʮʠʶ ɺʅʆ ʠ ʦʙʣʘʜʘʶʱʠʝ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ. 

ʀʟʫʯʝʥʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʤʳʰʘʭ. ʇʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ-ʣʠʜʝʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʝʢʪʘ ʫʜʘʣʦʩʴ ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʨʘʙʦʪʳ, ʢʘʢ ʚ ʦʙʣʘʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʳ ʚʘʞʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʜʝʡʩʪʚʠʷ ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʟʘʧʣʘʥʠʨʦʚʘʥʳ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ 
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ʚʳʩʦʢʠʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʙʦʨʴʙʳ ʩ ʦʨʪʦʧʦʢʩʚʠʨʫʩʥʳʤʠ 

ʠʥʬʝʢʮʠʷʤʠ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 19-33-90080 çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ N-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ. ʗʨʦʚʘʷ ʆʣʴʛʘ ʀʚʘʥʦʚʥʘ 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʦʣʫʯʝʥ ʨʷʜ ʆ-ʘʮʠʣʘʤʠʜʦʢʩʠʤʦʚ ʠ 

1,2,4-ʦʢʩʘʜʠʘʟʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪʘʥʦʥʘ-2 ʠʟ 

(+)-ʢʝʪʦʧʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʤʠʜʦʢʩʠʤʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʉʠʥʪʝʟ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʯʝʨʝʟ ʢʣʘʩʩʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʠʩʭʦʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʤʠʜʦʢʩʠʤʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʆ-ʘʮʠʣʘʤʠʜʦʢʩʠʤʳ ʜʘʣʝʝ ʮʠʢʣʠʟʦʚʘʣʠ ʚ ʮʝʣʝʚʳʝ 

1,2,4-ʦʢʩʘʜʠʘʟʦʣʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡ ʬʪʦʨʠʜʘ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʅʀʀ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʠ ʚʠʨʫʩʦʣʦʛʠʠ ʠʤ. ʇʘʩʪʝʨʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʦʪʥʦʰʝʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʪʠʧʦʚ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ɸ 

(ʰʪʘʤʤʳ A/Puerto Rico/8/34 (H1N1), A/Anhui/1/2013 (H7N9)). ʆʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʝʪ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʦʡ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʦʜʥʦʛʦ/ʜʚʫʭ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ 

ʛʨʠʧʧʘ ɸ. ʅʘʠʤʝʥʴʰʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʦʚ ʛʨʠʧʧʘ ɸ ʦʙʣʘʜʘʶʪ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʧʦʣʦʞʝʥʠʠ 3 ʛʝʪʝʨʦʮʠʢʣʘ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʡ 

ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʟʘʤʝʩʪʠʪʝʣʴ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʦʣʫʯʝʥʥʳʭ ʆ-ʘʮʠʣʘʤʠʜʦʢʩʠʤʦʚ ʠ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʦʚ, ʥʝ ʷʚʣʷʶʪʩʷ 

ʮʠʪʦʪʦʢʩʠʯʥʳʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 
 

 

 

 

 

 

 

ɻʨʘʥʪ ʈʅʌ ˉ 17-75-20120 çʄʝʭʘʥʠʟʤʳ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʭ ʮʠʘʥʦ-ʝʥʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʢʦʣʴʮʝ 

ɸè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʄʘʨʢʦʚ ɸ.B (ʀʍɹʌʄ ʉʆ ʈɸʅ) (ʉʘʣʦʤʘʪʠʥʘ ʆ.ɺ. (ʅʀʆʍ)) 

ʉʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʧʨʦʠʟʚʦʜʥʳʭ ʮʠʘʥʝʥʦʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 18ɓH-

ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ - ʉʦʣʦʢʩʦʣʦʥʘ, ʤʦʜʠʬʠʢʘʮʠʝʡ ʉ-30 

ʘʤʠʜʦʢʩʠʤʥʳʤʠ ʠ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

3-ʧ-ʬʪʦʨʬʝʥʠʣ-1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʦʝ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʢʣʝʪʦʢ ʥʝʡʨʦʙʣʘʩʪʦʤʘ 

U87, ʤʝʣʘʥʦʤʘ B16 ʠ ʥʝʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʣʠʥʠʷ ʢʣʝʪʦʢ hFF3, 

ʧʨʝʚʦʩʭʦʜʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʉʦʣʦʢʩʦʣʦʥ ʤʝʪʠʣʘ. 

 

ɻʨʘʥʪ ʈʅʌ ˉ 21-14-00105 çʀʥʛʠʙʠʪʦʨʳ ʪʠʨʦʟʠʣ-ɼʅʂ-ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ 1 

ʜʣʷ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʢ ʭʠʤʠʦʧʨʝʧʘʨʘʪʘʤ, 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʢʣʠʥʠʢʝè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ï ɿʘʭʘʨʝʥʢʦ ɸ. ʃ. (ʀʍɹʌʄ ʉʆ ʈɸʅ), ʠʩʧ. ʈʦʛʘʯʝʚ ɸ. ɼ., 

ʌʠʣʠʤʦʥʦʚ ɸ. ʉ. (ʅʀʆʍ) 
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ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʯʘʩʪʠʯʥʦ ʚʘʣʠʜʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʛʦ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʚ ʮʝʣʴʥʦʡ ʢʨʦʚʠ ʤʳʰʝʡ ʤʝʪʦʜʦʤ ɺʕɾʍ-

ʄʉ/ʄʉ. 

 

ʂʨʫʧʥʳʡ ʥʘʫʯʥʳʡ ʧʨʦʝʢʪ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʨʘʤʢʘʭ ʧʦʜʧʨʦʛʨʘʤʤʳ 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʠ 

ʛʦʩʫʜʘʨʩʪʚʘè ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

çʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 

çʄʝʜʠʮʠʥʩʢʘʷ ʭʠʤʠʷ ʚ ʩʦʟʜʘʥʠʠ ʣʝʢʘʨʩʪʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ 

ʣʝʯʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʫʯʘʩʪʥʠʢ ʅʀʆʍ ʉʆ ʈɸʅ)è 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉʘʣʘʭʫʪʜʠʥʦʚ ʅʘʨʠʤʘʥ ʌʘʨʠʜʦʚʠʯ. 

ʇʨʦʝʢʪ ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʢʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʨʘʧʠʠ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ ʠ ʧʦʠʩʢʫ ʥʦʚʳʭ 

ʧʨʦʪʠʚʦʧʘʨʢʠʥʩʦʥʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʩʨʝʜʠ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ.  

ʇʨʦʚʝʜʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʦʢʩʠʤʦʚ ʢʘʤʬʦʨʳ ʠ ʬʝʥʭʦʥʘ, 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠ ʘʮʠʣʠʨʦʚʘʥʠʝ ʦʢʩʠʤʦʚ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʵʬʠʨʳ ʦʢʩʠʤʦʚ ʠ ʨʘʟʣʠʯʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʛʠʜʨʘʟʦʥʘ ʢʘʤʬʦʨʳ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʘ ʥʦʚʘʷ 

ʙʠʙʣʠʦʪʝʢʘ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʘʷ ʢʘʢ ʪʝʨʧʝʥʦʚʳʡ ʙʠʮʠʢʣʠʯʝʩʢʠʡ 

ʬʨʘʛʤʝʥʪ, ʪʘʢ ʠ ʪʠʘʟʦʣʠʜʠʥ-4-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ.  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʈʠʪʪʝʨʘ ʧʨʝʚʨʘʱʝʥʠʝ 

ʠʟʦʢʘʨʠʦʬʠʣʣʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʢʘʩʥʳʭ ʘʤʠʜʦʚ, ʠʤʝʶʱʠʭ 

ʦʩʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʘ ʛʠʥʩʝʥʦʣʘ. ʀʟʫʯʝʥʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʘʤʠʜʦʚ, ʚʳʷʚʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨ, ʧʦʢʘʟʘʥʘ ʘʢʪʠʚʥʦʩʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʚʦʪʥʦʡ ʤʦʜʝʣʠ. ʀʟʫʯʝʥ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʠ 

ʧʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʘ (1R,2R,6S)-3-ʤʝʪʠʣ-6-(ʧʨʦʧ-1-ʝʥ-2-ʠʣ)ʮʠʢʣʦʛʝʢʩ-3-ʝʥ-1,2-

ʜʠʦʣʘ, ʧʨʦʷʚʣʷʶʱʝʛʦ ʚʳʩʦʢʫʶ ʘʥʪʠʧʘʨʢʠʥʩʦʥʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʦʣʦʞʝʥʠʷʤ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʬʨʘʛʤʝʥʪʳ ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (1R,2R,6S)-3-ʤʝʪʠʣ-6-

(ʧʨʦʧ-1-ʝʥ-2-ʠʣ)ʮʠʢʣʦʛʝʢʩ-3-ʝʥ-1,2-ʜʠʦʣʘ, ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʬʨʘʛʤʝʥʪʳ ʧʦ ʧʦʣʦʞʝʥʠʷʤ 1, 2 ʠ 9. ʀʟʫʯʝʥʠʝ ʧʨʦʪʠʚʦʧʘʨʢʠʥʩʦʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo ʧʦʟʚʦʣʠʣʦ 

ʚʳʷʚʠʪʴ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʟʨʘʙʦʪʢʠ 
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ʃʘʙʦʨʘʪʦʨʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 
ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʭ.ʥ, ʧʨʦʬʝʩʩʦʨ ʐʫʣʴʮ ʕʣʴʚʠʨʘ ʕʜʫʘʨʜʦʚʥʘ  

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʬʘʨʤʘʢʦʬʦʨʦʚ ʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʥʘ ʦʩʥʦʚʝ ʭʝʤʦʩʧʝʮʠʬʠʯʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠʨʦʜʥʳʭ 

ʘʣʢʘʣʦʠʜʦʚ, ʪʝʨʧʝʥʦʠʜʦʚ ʠ ʢʫʤʘʨʠʥʦʚè 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʪʨʠʪʝʨʧʝʥʦʠʜʳ ʙʝʪʫʣʦʥʦʚʘʷ ʠ 

ʫʨʩʦʣʦʚʘʷ ʢʠʩʣʦʪʳ, ʜʠʪʝʨʧʝʥʦʠʜʳ ʠʟʦʧʠʤʘʨʦʚʘʷ ʠ ʣʘʤʙʝʨʪʠʘʥʦʚʘʷ 

ʢʠʩʣʦʪʘ, ʜʠʪʝʨʧʝʥʦʚʳʡ ʘʣʢʘʣʦʠʜ ʣʘʧʧʘʢʦʥʠʪʠʥ, ʠʟʦʭʠʥʦʣʠʥʦʚʳʡ ʘʣʢʘʣʦʠʜ 

ʩʠʥʦʤʝʥʠʥ, ʧʫʨʠʥʦʚʳʡ ʘʣʢʘʣʦʠʜ ʢʦʬʝʠʥ, ʩʧʠʨʦʩʪʘʥʦʣ ʜʠʦʩʛʝʥʠʥ, 

ʤʝʪʠʣʝʥʣʘʢʪʦʥ ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥ ʠ ʬʫʨʦʢʫʤʘʨʠʥ ʧʝʫʮʝʜʘʥʠʥ. ʎʝʣʴ ʨʘʙʦʪʳ: 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʫʢʘʟʘʥʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʭʠʤʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ ʥʦʚʳʭ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʘʛʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ ʜʠʪʝʨʧʝʥʦʠʜʘ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʥʮʝʚʘʷ 

ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʢʦʪʦʨʳʭ ʫʜʘʣʝʥʘ ʥʘ ʜʚʘ ʠʣʠ ʪʨʠ ʤʝʪʠʣʝʥʦʚʳʭ 

ʟʚʝʥʘ ʦʪ ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ ʦʩʪʦʚʘ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ ʦʣʝʬʠʥʠʨʦʚʘʥʠʷ ʧʦ 

ɺʠʪʪʠʛʫ ʠ ʍʦʨʥʝʨʫ-ʋʦʜʩʚʦʨʪʫ-ʕʤʤʦʥʩʫ ʠʟʦʧʠʤʘʨʠʥʘʣʷ ʠ ʝʛʦ ʛʦʤʦʣʦʛʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʤʠʜʦʚ 

ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʢʠʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʛʠʙʨʠʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠʡ - ʧʨʦʪʝʦʣʠʟ-ʥʘʧʨʘʚʣʝʥʥʳʝ ʭʠʤʝʨʳ (PROTAC), ʚ ʢʦʪʦʨʳʭ 

ʫʨʩʦʣʦʚʘʷ ʢʠʩʣʦʪʘ ʩʚʷʟʘʥʘ ʩ ʣʠʛʘʥʜʦʤ ʪʘʣʠʜʦʤʠʜʦʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʘʟʣʠʯʥʳʭ ʣʠʥʢʝʨʦʚ. ʉʦʝʜʠʥʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʚ ʢʘʯʝʩʪʚʝ ʣʠʥʢʝʨʥʦʡ 

ʛʨʫʧʧʳ 2,2'-(2,2'-ʦʢʩʘʙʠʩ(ʵʪʘʥ-2,1-ʜʠʠʣ)ʙʠʩ(ʦʢʩʘ))ʜʠʵʪʘʥʘʤʠʥʦʚʳʡ 

ʬʨʘʛʤʝʥʪ, ʦʙʣʘʜʘʣʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (IC50 0,23 ~ 0,39 ʤʢʄ) ʧʨʦʪʠʚ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ A549, Huh7, HepG2. ʈʝʟʫʣʴʪʘʪʳ ʚʝʩʪʝʨʥ-ʙʣʦʪʪʠʥʛʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ  ʧʨʠʚʦʜʠʣʦ ʢ ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʘ-

ʤʠʰʝʥʠ MDM2, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚ P21 ʠ PUMA, 

ʠʥʛʠʙʠʨʦʚʘʣʦ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʘʧʦʧʪʦʟʫ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʢʣʝʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʩʦʣʦʚʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ʜʠʟʘʡʥʘ ʩʝʣʝʢʪʠʚʥʳʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ 

ʩʪʝʨʝʦʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʄʠʭʘʵʣʶ ʘʟʠʜ-ʠʦʥʘ ʢ 

ʤʝʪʠʣʝʥʣʘʢʪʦʥʘʤ ʵʫʜʝʩʤʘʥʦʚʦʛʦ ʪʠʧʘ, ʧʨʦʪʝʢʘʶʱʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʟʠʜʦʚ ʠʣʠ ʧʨʦʠʟʚʦʜʥʳʭ ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʛʨʫʧʧʫ ʠ 

ʘʟʠʨʠʜʠʥʦʚʳʡ ʮʠʢʣ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ   8-ʵʪʠʥʠʣʢʦʬʝʠʥʘ ʠ 

ʠʟʫʯʝʥʘ ʝʛʦ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʚʪʦʨʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ. ɺ ʨʷʜʫ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʷʚʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ 

ʛʨʫʧʧʘ ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʘʤʠʥʦʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 5-ʠʦʜʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʷʜʘ ʘʤʠʥʦʥʫʢʣʝʦʬʠʣʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 
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ʧʦʣʫʯʝʥʠʷ 5-ʢʘʨʙʦʢʩʘʤʠʜʦʚ ʠ 5-ʛʣʠʦʢʩʠʣʘʤʠʜʦʚ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʜʦʚ ʠʣʠ 

ʢʝʪʦʘʤʠʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʠ ʧʨʠʨʦʜʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʩʫʱʝʩʪʚʣʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʢʘʣʦʠʜʦʚ 

ʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʘ ʠ 4-ʤʝʪʠʣʩʠʥʦʤʝʥʠʥʘ, ʩ ʚʚʝʜʝʥʠʝʤ ʧʠʨʠʤʠʜʠʥʦʚʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʝ ʉ-1 ʦʩʪʦʚʘ. ɼʣʷ ʩʠʥʪʝʟʘ ʫʢʘʟʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ 

ʤʦʣʝʢʫʣ ʨʘʟʨʘʙʦʪʘʣʠ ʜʚʘ ʧʦʜʭʦʜʘ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʣ ʧʦʣʫʯʝʥʠʝ 1-

ʵʪʠʥʠʣ-ʧʨʦʠʟʚʦʜʥʳʭ ʘʣʢʘʣʦʠʜʦʚ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʶ ʩ 

ʘʤʠʜʠʥʘʤʠ.  ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʣ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 

ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ-ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʝ 1-ʠʦʜ-ʧʨʦʠʟʚʦʜʥʳʭ ʘʣʢʘʦʣʦʠʜʦʚ ʩ 

ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Mo(CO)6 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ CO ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʶ ʠʟʦʤʝʨʥʦʛʦ 

ʘʣʢʠʥʠʣʢʝʪʦʥʘ ʩ ʘʤʠʜʠʥʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ-

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʨʦʪʝʢʘʣʘ ʩʝʣʝʢʪʠʚʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ PdCl2 ī (1-Ad)2PBn. ʇʨʝʜʣʦʞʝʥʳ ʦʜʥʦʨʝʘʢʪʦʨʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʠʣʠ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ɻʨʘʥʪ ʈʅʌ ˉ 18-13-00361 çɻʠʙʨʠʜʥʳʝ ʤʦʣʝʢʫʣʳ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʣʢʘʣʦʠʜʦʚ, ʢʫʤʘʨʠʥʦʚ ʠ ʪʝʨʧʝʥʦʠʜʦʚ - ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʝ 

ʩʢʘʬʬʦʣʜʳ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ. 

ʉʧʦʩʦʙʳ ʛʠʙʨʠʜʠʟʘʮʠʠ.è 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʭ.ʥ. ʐʫʣʴʮ ʕʣʴʚʠʨʘ ʕʜʫʘʨʜʦʚʥʘ 

ʀʟʫʯʝʥʘ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʷ ʥʦʚʳʭ Ŭ,ɓ-ʘʮʝʪʠʣʝʥʦʚʳʭ ʢʝʪʦʥʦʚ ʘʣʢʘʣʦʠʜʘ 

ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʩ ʪʘʢʠʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ ʢʘʢ ʛʠʜʨʦʢʩʠʣʘʤʠʥ, ʘʟʠʜ ʥʘʪʨʠʷ ʠ 

ʪʨʠʤʝʪʠʣʩʠʣʣʠʣʘʟʠʜ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʠʟʘʤʝʱʝʥʥʳʭ ʠʟʦʢʩʘʟʦʣʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ. 

ʉʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ 3,5-ʜʠʟʘʤʝʱʝʥʥʳʭ ʠʟʦʢʩʘʟʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʬʨʘʛʤʝʥʪʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʘʣʢʘʣʦʠʜʘ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-3. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʝʘʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʷ ʦʢʘʟʳʚʘʶʪ 

ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʧʨʦʠʟʚʦʜʥʳʝ ʠʟʦʢʩʘʟʦʣʘ ʠʣʠ 5-ʛʠʜʨʦʢʩʠ-4,5-ʜʠʛʠʜʨʦʠʟʦʢʩʘʟʦʣʘ. ʅʘʡʜʝʥʳ 

ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʝ ʛʠʜʨʦʢʩʠʜʠʛʠʜʨʦ-ʠʟʦʢʩʘʟʦʣʦʚ ʤʦʛʫʪ 

ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʧʨʦʠʟʚʦʜʥʳʝ ʠʟʦʢʩʘʟʦʣʘ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. 

ɺʳʧʦʣʥʝʥ ʩʠʥʪʝʟ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ 1,5-

ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʠ ʣʘʧʧʘʢʦʥʠʪʠʥʘ. ɸʣʢʠʥʠʣʢʝʪʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 5-

ʵʪʠʥʠʣʣʘʧʧʘʢʦʥʠʪʠʥʘ, ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʦʨʪʦ-

ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʢʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʩʦ-ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɺʳʷʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʮʝʣʝʚʳʭ 1,5-ʜʠʘʟʝʧʠʥʦ-ʣʘʧʧʘʢʦʥʠʪʠʥʦʚ ʦʪ 

ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ. 

ʆʩʫʱʝʩʪʚʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʘʣʢʘʣʦʠʜʘ 

ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʧʦʟʚʦʣʠʣʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʦʣʝʢʫʣ ʜʣʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʜʘʝʪ ʥʦʚʳʝ ʟʥʘʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʣʦʞʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨ.  

ʀʟʫʯʝʥʘ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʘʷ ʠ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʣʘʧʧʘʢʦʥʠʪʠʥʘ. ɺʳʷʚʣʝʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ ʥʘ ʤʦʜʝʣʠ ʘʜʨʝʥʘʣʦʚʦʡ ʘʨʠʪʤʠʠ. ʅʘʡʜʝʥʦ ʩʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʠ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ 

ʣʘʧʧʘʢʦʥʠʪʠʥʘ.  

ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʥʦʚʘʷ ʛʨʫʧʧʘ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʣʘʙʜʘʥʦʚʦʛʦ ʜʠʪʝʨʧʝʥʦʠʜʘ ʬʣʦʤʠʟʠʦʢʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʮʝʥʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʚ ʩʠʥʪʝʟʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʛʝʪʝʨʦ- ʠ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʙʣʘʛʦʜʘʨʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ 

ʨʘʩʧʦʣʦʞʝʥʠʶ ʜʚʫʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʪʨʦʡʥʦʡ ʩʚʷʟʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 16-(2-

ʘʨʠʣʵʪʠʥʠʣ-2-ʦʢʩʦʘʮʝʪʠʣ)-15,16-ʵʧʦʢʩʠ-8(9),13,17-ʣʘʙʜʘʪʨʠʝʥ ʠ ʠʟʫʯʠʣʠ 

ʨʝʢʮʠʠ ʩ ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʝʨʧʝʥʦʠʜʥʦʛʦ (E)-Ŭ,ɓ-ʵʪʠʥʠʣ-ʛʠʜʨʘʟʦʥʘ, ʢʦʪʦʨʳʡ  ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʠʣʠ ʜʠʠʟʦʧʨʦʧʠʣʘʤʠʥʘ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠʣʠ ʙʝʥʟʦʣʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʮʠʢʣʠʟʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʨʠʟʘʤʝʱʝʥʥʳʡ ʧʠʨʘʟʦʣ.  

ʅʘʛʨʝʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʫʘʟʘʥʥʦʛʦ ʛʠʜʨʘʟʦʥʘ ʚ ʩʨʝʜʝ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ ʙʝʟ 

ʜʦʙʘʚʦʢ ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ CuI (10%) ʚ 

ʙʝʥʟʦʣʝ ʧʨʠʚʦʜʠʣʦ ʢ ʮʠʢʣʠʟʘʮʠʠ ʚ 3-ʜʠʘʟʝʥʠʣʬʫʨʘʥ. ɺʦʟʤʦʞʥʳʡ 

ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʚʢʣʶʯʘʝʪ ʩʪʘʜʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʪʘʫʪʦʤʝʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢʝʪʦʛʠʜʨʘʟʦʥ ï ʘʟʦʝʥʦʣ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʦʡ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʝʥʦʣʘ ʧʦ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʬʫʨʘʥʦʜʠʘʟʝʥʘ. ɺʝʨʦʷʪʥʦʝ ʫʯʘʩʪʠʝ ʤʝʜʠ (I) 

ʩʚʦʜʠʪʩʷ ʢ ʝʝ ʢʦʦʨʜʠʥʘʮʠʠ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʤʫ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʤʦʞʝʪ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʫʢʘʟʘʥʥʳʡ ʪʘʫʪʦʤʝʨʥʳʡ ʧʝʨʝʭʦʜ, ʠ ʦʙʨʘʟʦʚʘʥʠʝ ˊ-

ʢʦʤʧʣʝʢʩʘ ʩ ʘʮʝʪʠʣʝʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʯʪʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʦʩʣʝʜʫʶʱʫʶ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʮʠʢʣʠʟʘʮʠʶ.  

ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʩʠʥʪʝʟʘ ʢʦʥʲʶʛʘʪʦʚ ʩʧʠʨʦʩʪʝʥʦʣʘ ʜʠʦʩʛʝʥʠʥʘ ʩ 

ʧʠʨʘʟʦʣʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʪʝʟ ʚʢʣʶʯʘʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ 

ʜʠʦʩʛʝʥʠʥʘ ʩ ʭʣʦʨʠʩʪʳʠ ʦʢʩʘʣʠʣʦʤ, ʨʝʘʢʮʠʶ ʉʪʝʬʝʥʩʘ-ʂʘʩʪʨʦ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʭʣʦʨʘʥʛʠʜʨʠʜʘ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ, ʠ 

ʮʠʢʣʦʢʦʥʜʝʥʩʠʮʠʶ ʘʣʢʠʥʠʣʜʠʢʝʪʦʥʦʚ ʜʠʦʩʛʝʥʠʥʘ ʩ ʛʠʜʨʘʟʠʥʘʤʠ. ɺʳʭʦʜ 

1,3,5-ʪʨʠʟʘʤʝʱʝʥʥʳʭ ʧʠʨʘʟʦʣʦʚ ʜʦʩʪʠʛʘʝʪ 46-60%. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ 

ʩʧʠʨʦʩʪʝʥʦʚʳʭ ʘʣʢʠʥʠʣʜʠʢʝʪʦʥʦʚ ʩ ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ ʚ 2-ʤʝʪʦʢʩʠʵʪʘʥʦʣʝ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʘʣʢʠʥʠʣʟʘʤʝʱʝʥʥʳʝ (E)- 

ʠ (Z)- ʛʠʜʨʘʟʦʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʷʣʠ 

ʠʟʦʤʝʨʥʳʡ 2,3,5-ʪʨʠʟʘʤʝʱʝʥʥʳʡ ʧʠʨʘʟʦʣ (ʚʳʭʦʜ 7%) ï ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ 

ʄʠʭʘʵʣʷ-ʝʥʘʤʠʥʦʛʠʜʨʘʟʦʥʥʦʡ ʪʘʫʪʦʤʝʨʠʠ ʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ. 
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ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ (Z)-ʛʠʜʨʘʟʦʥ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ (ʥʘʛʨʝʚʘʥʠʝ ʜʦ 60ʦʉ) ʠ 

ʧʨʠ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ (E)-ʠʟʦʤʝʨ. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʚʘʞʥʦʩʪʴ Ŭ,ɓ-ʘʣʢʠʥʠʣʛʠʜʨʘʟʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʜʠʦʩʛʝʥʠʥʘ, 

ʦʢʩʘʣʠʣʭʣʦʨʠʜʘ, ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ ʠ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʘ ʧʦʟʚʦʣʠʣʘ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ 3,5-ʜʠʟʘʤʝʱʝʥʥʳʡ ʧʠʨʘʟʦʣ (ʚʳʭʦʜ 48% ʥʘ ʪʨʠ ʩʪʘʜʠʠ ʚ 

ʦʜʥʦʤ ʩʦʩʫʜʝ). ʌʠʥʘʣʴʥʘʷ ʩʪʘʜʠʷ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʨʝʘʢʮʠʷ 

ʄʠʭʘʵʣʷ-ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ-ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ) ʧʨʦʪʝʢʘʣʘ ʚ 2-

ʤʝʪʦʢʩʠʵʪʘʥʦʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʀʟʫʯʝʥʠʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʤʦʜʝʣʠ ʛʠʩʪʘʤʠʥʦʚʦʛʦ 

ʚʦʩʧʘʣʝʥʠʷ ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʜʣʷ ʘʣʢʠʥʠʣʟʘʤʝʱʝʥʥʳʭ (E)-ʛʠʜʨʘʭʦʥʦʚ ʠ 3,5-ʜʠʟʘʤʝʱʝʥʥʦʛʦ ʧʠʨʘʟʦʣʦ-

ʜʠʦʩʛʝʥʠʥʘ.  ʄʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ Kelch-ʜʦʤʝʥʘ ʙʝʣʢʘ Keap1 

ʟʘ ʩʯʝʪ ʩʚʦʝʛʦ ʘʣʢʠʥʠʣʛʠʜʨʘʟʦʥʦʚʦʛʦ ʠʣʠ ʧʠʨʘʟʦʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʠ ʠʤʝʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ, ʯʝʤ ʦʩʪʦʚ ʠʩʭʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʜʠʦʩʛʝʥʠʥʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʉ-6 (1,2,3-ʪʨʠʘʟʦʣʠʣ)ʩʧʠʨʦʩʪʘʥ-3,5-

ʜʠʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 4,5-ʪʨʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʝʨʝʦʠʟʦʤʝʨʥʳʝ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʉ-6 6ɓ-ʘʟʠʜʦʩʧʠʨʦʩʪʘʥ-3ɓ,5Ŭ-ʜʠʦʣ ʠ 6Ŭ-ʘʟʠʜʦʩʧʠʨʦʩʪʘʥ-3ɓ,5ɓ-

ʜʠʦʣ ï ʧʨʦʜʫʢʪʳ ʨʘʩʢʨʳʪʠʷ 5,6-ʵʧʦʢʩʠʜʦʚ ʜʠʦcʛʝʥʠʥʘ.  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʝʜʠ 

ʨʝʘʢʮʠʠ ʘʟʠʜʦʚ ʩ ʭʘʣʢʦʥʘʤʠ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ in situ ʠʟ ʘʮʝʪʦʬʝʥʦʥʦʚ ʠ 

ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ. ʆʢʠʩʣʠʪʝʣʴʥʦʝ 1,3-ʜʠʧʦʣʷʨʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ 

(25R)-6ɓ-ʘʟʦʜʦʩʧʠʨʦʩʪʘʥ-3ɓ,5Ŭ-ʜʠʦʣʘ ʢ ʭʘʣʢʦʥʘʤ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

CuBr ʠʣʠ CuSO4.*5H2O ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ɼʄʌɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʫʝʪʩʷ (25R)-7-(4ᾳ-ʙʝʥʟʦʠʣ-5ᾳ-ʬʝʥʠʣ-1ᾳ,2ᾳ,3ᾳ-ʪʨʠʘʟʦʣʠʣ)ʩʧʠʨʦʩʪʘʥ-

3ɓ,5Ŭ-ʜʠʦʣ. ʈʝʘʢʮʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʩʪʦʯʥʠʢʘ ʤʝʜʠ ʥʝ ʧʨʦʪʝʢʘʣʘ.  

ʅʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʠʥʪʝʟʘ ʧʦ 

ʨʝʘʢʮʠʠ ʘʟʠʜʘ, ʘʮʝʪʦʬʝʥʦʥʘ ʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘ (ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʭʘʣʢʦʥʘ in 

situ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ DBU ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ 

ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʠ CuSO4*5H2O ʥʘ ʩʪʘʜʠʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ  

 ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ (ʦʨʛʘʥʦʢʘʪʘʣʠʟ ʘʟʠʜ-ʮʚʠʪʝʨ-ʠʦʥʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ). ʇʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʤʝʪʦʜʫ ʧʦ ʨʝʘʢʮʠʠ 

ʘʮʝʪʦʬʝʥʦʥʦʚ ʠ ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʩ ʘʟʠʜʦʤ ʩʧʠʨʦʩʪʘʥʦʚʦʛʦ ʪʠʧʘ 

ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʩʧʠʨʦʩʪʘʥʦʚʳʭ ʪʨʠʟʘʤʝʱʝʥʥʳʭ 1,2,3-

ʪʨʠʘʟʦʣʦʚ (ʚʳʭʦʜ 19-63%).  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʠ 4,15-ʵʧʦʢʩʠ ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʩ 

ʛʠʜʨʘʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ, ʦʙʨʘʟʫʶʱʝʡʩʷ in situ ʠʟ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ ʠʣʠ ɼʄʌɸ, 

ʧʨʦʪʝʢʘʣʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦ ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, 
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ʧʨʠʚʦʜʠʣʦ ʢ (11R)-13-ʘʟʠʜʦ-11,13ʜʠʛʠʜʨʦʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘʤ (ʚʳʭʦʜ 80-

83%) (ʨʘʩʪʚʦʨʠʪʝʣʴ ʪʦʣʫʦʣ, 80ʦʉ) ʠʣʠ (11R)-11,13-ʘʟʠʨʠʜʠʥʦ-11,13-

ʜʠʛʠʜʨʦʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘʤ (ʚʳʭʦʜ 65-66%) (ʨʘʩʪʚʦʨʠʪʝʣʴ ɼʄʌɸ, 80ʦʉ) ʠ 

ʧʨʦʜʫʢʪʘʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʘʟʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʘʟʠʜ-ʘʥʠʦʥʦʤ 

(ʠʟʙʳʪʦʢ ʨʝʘʛʝʥʪʘ, ɼʄʌɸ, 120ʦʉ)  ï (11S)-11-ʘʤʠʥʦ-13-ʘʟʠʜʦ-11,13-

ʜʠʛʠʜʨʦʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘʤ (ʚʳʭʦʜ 73%). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʢʨʳʪʠʝ 

(11S)-ʩʧʠʨʦʘʟʠʨʠʜʠʥʘ ʧʨʦʪʝʢʘʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʧʦ ʤʝʥʝʝ ʩʪʝʨʠʯʝʩʢʠ 

ʟʘʪʨʫʜʥʝʥʥʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʉ-13.  

ɸʟʠʜʳ ʠ ʘʤʠʥʦʘʟʠʜʳ ʙʳʣʠ ʫʩʧʝʰʥʦ ʚʦʚʣʝʯʝʥʳ ʚ ʨʝʘʢʮʠʶ ʘʟʠʜ-

ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ (CuAAC) ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ, 4-

ʵʪʠʥʠʣʘʥʠʟʦʣʦʤ, 4-ʬʪʦʨ-1-ʵʪʠʥʠʣʙʝʥʟʦʣʦʤ, 7-ʧʨʦʧʘʨʛʠʣʪʝʦʬʠʣʣʠʥʦʤ ʠ 1-

(ʧʨʦʧʘʨʛʠʣ)-1H-1,2,3- ʙʝʥʟʦʪʨʠʘʟʦʣʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʦʚʫʶ 

ʛʨʫʧʧʫ (11R)-13-(1H-1,2,3-ʪʨʠʘʟʦʣʠʣ)ʵʫʜʝʩʤʘʥ-8b,12-ʦʣʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ 

ʧʦʣʦʞʝʥʠʠ ʉ-4 ʪʨʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʘʨʠʣʴʥʳʡ, 1H-ʧʫʨʠʥ-2,6-ʜʠʦʥʦʚʳʡ ʠʣʠ 

1H-ʙʝʥʟʦʪʨʠʘʟʦʣʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʠ. ʇʦʣʫʯʝʥʥʳʝ ʘʟʠʜʳ ʦʪʢʨʳʚʘʶʪ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 4-ʟʘʤʝʱʝʥʥʳʝ 13-(1,2,3-

ʪʨʠʘʟʦʣ-1-ʠʣ)ʵʫʜʝʩʤʘʥʦʣʠʜʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʤʝʪʠʣʝʥʣʘʢʪʦʥʦʚ 

ʵʫʜʝʩʤʘʥʦʚʦʛʦ ʪʠʧʘ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʩ 

ʨʝʘʛʝʥʪʦʤ ʈʫʧʧʝʨʪʘ-ʇʨʘʢʘʰʘ (TMSCF3). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʩ ʜʠʬʪʦʨʢʘʨʙʝʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʨʝʛʠʦ- ʠ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʧʨʠʚʦʜʠʪ 4,15-ʛʝʤ-(1,1-

ʜʠʬʪʦʨʮʠʢʣʦʧʨʦʧʘʥʦ)ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʫ (ʚʳʭʦʜ 60%) ʚ ʢʘʯʝʩʪʚʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʤʝʪʠʣʝʥʣʘʢʪʦʥʘ ʚ ʨʝʘʢʮʠʷʭ ʉʫʟʫʢʠ ʠ ʍʝʢʘ. 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʣʘʢʪʦʥʦʚ ʵʢʟʦʤʝʪʠʣʝʥʦʚʦʛʦ ʪʠʧʘ ʜʣʷ 

ʜʠʬʪʦʨʮʠʢʣʦʧʨʦʧʠʣʟʘʤʝʱʝʥʥʦʛʦ ʣʘʢʪʦʥʘ ʦʢʘʟʘʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ 

ʜʣʷ ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʠ 4,15-ʵʧʦʢʩʠʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʩʪʦʷʱʝʛʦ ʵʪʘʧʘ ʧʨʦʝʢʪʘ ʚʥʠʤʘʥʠʝ 

ʛʨʫʧʧʳ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʟʚʠʪʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʜʦʩʪʫʧʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ï ʜʠʪʝʨʧʝʥʦʚʳʭ ʘʣʢʘʣʦʠʜʦʚ, 

ʩʧʠʨʦʩʪʝʥʦʚ, ʣʫʧʘʥʦʚʳʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ, ʣʘʙʜʘʥʦʚʳʭ ʜʠʪʝʨʧʝʥʦʠʜʦʚ, 

ʢʫʤʘʨʠʥʦʚ ʠ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʳʭ ʣʘʢʪʦʥʦʚ) ʩ ʚʚʝʜʝʥʠʝʤ ʬʘʨʤʘʢʦʬʦʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʝʢʪʫ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ ʚʠʜʝ ʧʣʝʥʘʨʥʳʭ (ʧʨʠʛʣʘʰʝʥʥʳʭ) ʠ ʫʩʪʥʳʭ ʜʦʢʣʘʜʦʚ. ɺʩʝʛʦ 

ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 6 ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ.  ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʈʅʌ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʚ 

ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ Web of Science, ʧʨʠʥʷʪʦ ʚ ʧʝʯʘʪʴ ï ʜʚʝ ʩʪʘʪʴʠ, 

ʧʦʣʫʯʝʥ 1 ʧʘʪʝʥʪ ʈʌ. ɿʘʱʠʱʝʥʘ 1 ʢʘʥʜʠʜʘʪʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʠ ʫʯʘʩʪʥʠʢʦʤ 

ʧʨʦʝʢʪʘ.  
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ɻʨʘʥʪ ʈʌʌʀ ˉ 19-53-44003 ñɺʦʟʦʙʥʦʚʣʷʝʤʦʝ ʩʳʨʴʝ ʢʘʢ ʠʩʪʦʯʥʠʢ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʪʘʨʛʝʪʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʘʛʝʥʪʦʚ. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ ʬʣʦʨʳ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠò 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ. ʐʫʣʴʮ ʕʣʴʚʠʨʘ ʕʜʫʘʨʜʦʚʥʘ 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʨʷʜʘ 

ʣʘʥʜʰʘʬʪʥʳʭ ʨʘʩʪʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʝ ʂʠʪʘʷ, 

ʗʧʦʥʠʠ ʠ ʂʦʨʝʠ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ 

ʄʦʥʛʦʣʠʠ. ɺʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʘʣʢʘʣʦʠʜʦʚ ʘʢʦʥʠʪʘ Aconitum 

ʩoreanum, ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. 

ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʨʘʟʜʝʣʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʬʨʘʢʮʠʡ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʠʣʴʙʝʥʦʚ ʠ ʘʥʪʨʘʭʠʥʦʥʦʚ ʠʟ ʨʝʚʝʥʷ Rheum 

rhabarbarum, ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ ʚ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ. ʇʨʝʜʣʦʞʝʥʳ 

ʫʩʣʦʚʠʷ ʜʠʤʝʨʠʟʘʮʠʠ 4ᾳ-ʛʠʜʨʦʢʩʠʩʪʠʣʴʙʝʥʦʚ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ N-

ʠʦʜʩʫʢʮʠʥʠʤʠʜ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʨʘʜʠʢʘʣʴʥʳʤ ʠʥʠʮʠʘʪʦʨʦʤ ʜʘʥʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʦʣʠʛʦʩʪʠʣʴʙʝʥʘ (Ñ)-ὑ-

ʚʠʥʠʬʝʨʠʥʘ ʠ 2,3-ʪʨʘʥʩ-ʜʠʘʨʠʣ-2,3-ʜʠʛʠʜʨʦʙʝʥʟʦʬʫʨʘʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʜʦʩʪʫʧʥʳʭ 4ᾳ-ʛʠʜʨʦʢʩʠʩʪʠʣʴʙʝʥʦʚ. 

ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ 2-ʛʠʜʨʦʢʩʠ-1,7-

ʜʠʤʝʪʦʢʩʠʢʩʘʥʪʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʭʠʥʦʥʘ ʠ ʧʠʨʦʢʘʪʝʭʠʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʘʟʠʜʳ ʢʩʘʥʪʦʥʦʚ ʠ 

ʠʟʫʯʝʥʦ ʠʭ ʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʉu-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʘʟʠʜ-

ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʛʨʫʧʧʘ ʢʩʘʥʪʦʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ 1,2,3-ʪʨʠʘʟʦʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʩʪʨʫʢʪʫʨʝ. 

ʀʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ 

ʜʝʛʠʜʨʦʭʠʥʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʛʨʫʧʧʘ 3-

ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʈʝʘʢʮʠʷ ʉʦʥʦʛʘʰʠʨʳ 1-ʛʠʜʨʦʢʩʠ-4-ʠʦʜ-9,10-ʘʥʪʨʘʭʠʥʦʥʘ ʩ ʘʣʢʠʥʘʤʠ 

ʦʧʨʝʜʝʣʠʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʘʥʪʨʘʭʠʥʦʥʦʚʦʛʦ 

ʘʮʝʪʠʣʝʥʘ, ʉu(I)-ʢʘʪʘʣʠʟʠʨʦʚʘʥʥʦʡ ʨʝʘʢʮʠʝʡ ʢʦʪʦʨʦʛʦ ʩʦ ʚʪʦʨʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʛʨʫʧʧʘ ʟʘʤʝʱʝʥʥʳʭ ʧʦ ʘʪʦʤʫ 

ʘʟʦʪʘ 1-[3-(ʘʤʠʥʦ)ʧʨʦʧ-1-ʠʥʠʣ]-4-ʛʠʜʨʦʢʩʠʘʥʪʨʘʭʠʥʦʥʦʚ.  ʇʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʧʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ. ʅʘʡʜʝʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 1-ʛʠʜʨʦʢʩʠʘʥʪʨʘʭʠʥʦʥʦʥʘ, 

ʢʦʪʦʨʳʝ ʠʥʛʠʙʠʨʦʚʘʣʠ ʨʦʩʪ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ, ʥʘ ʫʨʦʚʥʝ 

ʧʨʝʧʘʨʘʪʘ ʜʦʢʩʦʨʫʙʠʮʠʥ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ in silico ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ 

ʥʦʚʳʭ 4-(ʘʤʠʥʦʧʨʦʧʘʨʛʠʣ)ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 1-

ʛʠʜʨʦʢʩʠʘʥʪʨʘʭʠʥʦʥʘ ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʬʝʨʤʝʥʪʘ ʪʝʣʦʤʝʨʘʟʳ 

ʧʫʪʝʤ ʚʦʟʤʦʞʥʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ G-4 ʢʚʘʜʨʫʧʣʝʢʩʘʤʠ ɼʅʂ. 

ʉʦʚʤʝʩʪʥʦ ʦʧʫʙʣʠʢʦʚʘʥʘ ʦʜʥʘ ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ ʠ ʪʝʟʠʩʳ ʪʨʝʭ ʫʩʪʥʳʭ 

ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. 
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ɻʨʘʥʪ ʈʌʌʀ ˉ 18-53-76001. çʉʦʟʜʘʥʠʝ ʢʦʥʲʶʛʘʪʦʚ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʠʭ 

ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ʩ ʘʟʦʣʘʤʠ: ʦʪ ʧʨʝʚʝʥʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʠ ʘʜʲʶʚʘʥʪʦʚ ʚ 

ʭʠʤʠʦʪʝʨʘʧʠʠ ʨʘʢʘ ʢ ʥʦʚʳʤ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʘʛʝʥʪʘʤè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ. ʐʫʣʴʮ ʕʣʴʚʠʨʘ ʕʜʫʘʨʜʦʚʥʘ 

ʉʦʟʜʘʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʵʢʩʪʨʘʢʮʠʠ ʠ ʦʯʠʩʪʢʠ 

ʙʝʪʫʣʠʥʘ (95-97%) ʚ ʤʦʥʦʪʝʨʧʝʥʘʭ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (75-82%) ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʮʠʨʢʫʣʷʮʠʝʡ çʟʝʣʝʥʳʭè ʨʘʩʪʚʦʨʠʪʝʣʝʡ (81-87%). 

ʇʨʝʜʣʦʞʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʙʝʪʫʣʦʥʦʠʣ-ɤ-ʘʤʠʥʦʢʠʩʣʦʪ ï 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʥʲʶʛʘʪʦʚ ʩ ʘʟʦʣʘʤʠ. ʇʦʣʫʯʝʥʳ 

ʥʦʚʳʝ ʛʠʙʨʠʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʣʫʧʘʥʦʚʦʛʦ ʨʷʜʘ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʙʠʥʘʮʠʶ 

ʬʨʘʛʤʝʥʪʦʚ 2-ʘʨʠʣ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ʠʣʠ 2-ʘʨʠʣ-1,2,5-ʦʢʩʘʜʠʘʟʦʣʦʚ ʘ 

ʪʘʢʞʝ ɤ-ʘʤʠʥʦʢʠʩʣʦʪ. ʇʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 18 ʣʫʧʘʥʦʚʳʭ 

ʛʠʙʨʠʜʦʚ in vivo ʠʟʫʯʝʥʘ ʥʘ ʤʦʜʝʣʷʭ ʚʦʩʧʘʣʝʥʠʷ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʢʦʥʢʘʥʘʚʘʣʠʥʦʤ ɸ ʠ ʛʠʩʪʘʤʠʥʦʤ. ʉʨʝʜʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʦʢʩʘʜʠʘʟʦʣʦʚ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ ʥʝʪʦʢʩʠʯʥʳʝ ʛʠʙʨʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʬʨʘʛʤʝʥʪʳ ʘʤʠʥʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ 2-ʘʨʠʣ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʳ. ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʢʠʥʛʘ, ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ 

ʜʝʡʩʪʚʠʷ - ʠʥʜʫʢʮʠʷ ʮʠʪʦʧʨʦʪʝʢʪʦʨʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ Keap1-Nrf2-ARE. 

ʀʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʜʦʚ ï 

ʧʨʦʠʟʚʦʜʥʳʭ 2-ʘʨʠʣ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ʠ ʬʫʨʦʢʩʘʥʘ ʢ ʧʨʦʧʘʨʛʠʣʦʚʳʤ 

ʵʬʠʨʘʤ - ʧʨʦʠʟʚʦʜʥʳʤ ʫʨʩʘʥʦʚʦʛʦ ʠ ʣʫʧʘʥʦʚʦʛʦ ʨʷʜʘ ʩ ʨʘʟʣʠʯʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʨʧʝʥʦʚʦʛʦ ʦʩʪʦʚʘ. 

ʀʟ 18 ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʥʘ ʬʠʙʨʦʙʣʘʩʪʘʭ (hTERT) ʠ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ MCF7, U-87, MG,A549, HepG2 (MTT- ʪʝʩʪ), ʥʘʠʙʦʣʴʰʘʷ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ ʦʙʥʘʨʫʞʝʥʘ 

ʜʣʷ ʛʠʙʨʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 1,2,3-ʪʨʠʘʟʦʣʴʥʦʛʦ ʠ 

ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʦʚ ʠ ʣʠʥʢʝʨʥʳʭ ʛʨʫʧʧ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-28 3-ʆ-

ʘʮʝʪʠʣʫʨʩʘʥʘ. ʇʦʣʫʯʝʥʘ ʩʝʨʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 2-ʘʨʠʣ-1,3,4- ʦʢʩʘʜʠʘʟʦʣʦʚ ʠ 

ʬʫʨʦʢʩʘʥʘ, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʫʨʩʘʥʦʚʳʤ ʦʩʪʦʚʦʤ ʯʝʨʝʟ ʪʠʦʫʨʝʠʜʥʳʡ ʣʠʥʢʝʨ 

ʠ 1,2,3-ʪʨʠʘʟʦʣ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʛʠʙʨʠʜʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʪʨʠʪʝʨʧʝʥʦʚ ʩ 2- 

ʘʤʠʥʦ(ʘʣʢʠʣ)- ʠ 2-ʤʝʨʢʘʧʪʦ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʘʤʠ ʘ ʪʘʢʞʝ 3-ʤʝʨʢʘʧʪʦ-1,2,4-

ʪʨʠʘʟʦʣʘʤʠ. ʉʝʣʝʢʪʠʚʥʳʡ ʛʠʜʨʘʟʠʥʦʣʠʟ ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʣʦʞʥʦʵʬʠʨʥʳʭ 

ʛʨʫʧʧ ʪʨʠʪʝʨʧʝʥʦʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʩ 

ʨʘʟʣʠʯʥʦʡ ʫʜʘʣʝʥʥʦʩʪʴʶ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʦʪ 

ʪʨʠʪʝʨʧʝʥʦʚʦʛʦ ʦʩʪʦʚʘ. ʆʙʥʘʨʫʞʝʥʳ ʩʪʝʨʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʨʝʘʢʮʠʡ 

ʮʠʢʣʠʟʘʮʠʠ-ʜʝʛʠʜʨʘʪʘʮʠʠ ʪʨʠʪʝʨʧʝʥʦʚʳʭ ʘʮʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʦʚ ʚ 1,2,4-

ʪʨʠʘʟʦʣ-ʪʠʦʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʥʫʶ ʛʨʫʧʧʫ 

ʫ ʉ-28 ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʦʛʦ ʪʨʠʪʝʨʧʝʥʦʚʦʛʦ ʦʩʪʦʚʘ (ʫʨʩʘʥ, ʣʫʧʘʥ). 

Cʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ 2-ʘʤʠʥʦ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ 

ʪʨʠʪʝʨʧʝʥʦʚ ʠʟ ʘʮʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʦʜʦʢʩʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. ʀʟʫʯʝʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 2-ʘʤʠʥʦ-, 

2-ʪʠʦʢʩʦ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ʠ 3-ʪʠʦʢʩʦ-1,2,4-ʪʨʠʘʟʦʣʦʚ ʫʨʩʘʥʦʚʦʛʦ ʨʷʜʘ 

(DPPH). ʅʘʠʙʦʣʴʰʠʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʵʬʬʝʢʪ ʦʙʥʘʨʫʞʝʥ ʜʣʷ (2-ʪʠʦ-
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1,3,4-ʦʢʩʘʜʠʘʟʦʣ-5-ʠʣ)-ʤʝʪʠʣ-3ɓ-ʛʠʜʨʦʢʩʠ-ʫʨʩ-12-ʝʥ-28-ʦʘʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʦʢʩʠʤʝʪʠʣʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʤʝʞʜʫ ʪʨʠʪʝʨʧʝʥʦʚʳʤ ʦʩʪʦʚʦʤ ʠ 

ʛʝʪʝʨʦʮʠʢʣʦʤ. 

ʇʨʦʠʟʚʦʜʥʳʝ ʫʨʩʘʥʦʚʦʛʦ ʨʷʜʘ ʩ 2-ʘʣʢʠʣʘʤʠʥʦ- ʠ 2-ʤʝʨʢʘʧʪʦ- 1,3,4-

ʦʢʩʘʜʠʘʟʦʣʘʤʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ ʟʘʤʝʪʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ 

ʧʨʦʷʚʣʝʥʠʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʫʧʘʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ.  ʅʘʠʙʦʣʴʰʝʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ 

ʩʨʝʜʠ 16 ʩʦʝʜʠʥʝʥʠʡ (MTT ʪʝʩʪ) ʵʪʦʡ ʩʝʨʠʠ ʚʳʷʚʣʝʥʳ ʫ 3-ʆ-ʘʮʝʪʠʣʫʨʩʘʥʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ 2-ʙʝʥʟʠʣʘʤʠʥʦ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠ 

ʘʪʦʤʝ ʉ-17. ʄʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ  2-ʘʤʠʥʦ-, 2-ʪʠʦʢʩʦ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʚ, 

3-ʪʠʦʢʩʦ-1,2,4-ʪʨʠʘʟʦʣʦʚ  ʚ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʜʥʠʤ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʥʦʚʳʤʠ ʪʨʠʪʝʨʧʝʥʦʚʳʤʠ ʘʟʦʣʘʤʠ E-3-ʧʨʦʪʝʠʥ-ʣʠʛʘʟʳ 

MDM2.  

ɺ ʨʷʜʫ ʛʠʙʨʠʜʦʚ ʫʨʩʦʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚʳʷʚʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ: 2-ʙʝʥʟʠʣʘʤʠʥʦ-

1,3,4ïʦʢʩʘʜʠʘʟʦʣʴʥʳʡ, 1-ʙʝʥʟʠʣ-2-ʘʣʢʠʣʪʠʦ-1,3,4-ʪʨʠʘʟʦʣʴʥʳʡ ʠ 1,2,3-

ʪʨʠʘʟʦʣʠʣʬʫʨʦʢʩʘʥʦʚʳʡ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʘʛʝʥʪʦʚ. ɼʣʷ ʪʨʝʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʞʠʚʦʪʥʳʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʝ ʜʝʡʩʪʚʠʝ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʟʘʜʝʨʞʢʝ ʨʦʩʪʘ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʦʧʫʭʦʣʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʥʳʝ ʫʨʩʦʣʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʬʫʨʦʢʩʘʥʦʚʳʤ ʠ 1,2,3-ʪʨʠʘʟʦʣʦʬʫʨʦʢʩʘʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʥʝ ʫʩʪʫʧʘʶʪ, ʘ 

ʧʨʦʠʟʚʦʜʥʦʝ ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʬʦʨʦʢʩʘʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ 

ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʮʠʪʦʩʪʘʪʠʯʝʩʢʫʶ ʇʍʊ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʩʭʝʤʝ. ʈʝʟʫʣʴʪʘʪʳ, ʜʦʩʪʠʛʥʫʪʳʝ ʥʘ ʧʝʨʝʚʠʚʘʝʤʦʡ ʣʠʤʬʦʤʝ, ʨʝʟʠʩʪʝʥʪʥʦʡ 

ʢ ʮʠʢʣʦʬʦʩʬʘʥʫ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʝʦʜʦʣʝʚʘʪʴ ʬʝʥʦʤʝʥ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʧʫʭʦʣʝʚʳʭ ʰʪʘʤʤʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʝʣʝʢʪʠʚʥʦʛʦ S-ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

ʪʠʦʢʩʦʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʘʜʠʘʟʦʣʦʚ ʠ ʪʨʠʘʟʦʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʘʣʢʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʜʣʷ ʚʚʝʜʝʥʠʷ ʧʦʣʷʨʥʳʭ ʠ 

ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʛʨʫʧʧ. ʀʟʫʯʝʥʳ ʩʧʦʩʦʙʳ ʦʢʠʩʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʩʫʣʴʬʘʥʠʣʘʟʦʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ʆʪʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ 

ʧʦʣʫʯʝʥʠʶ ʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʚ ʠ ʘʣʢʠʣʩʫʣʴʬʦʥʦʚ (ʘʣʢʠʣ ï ʨʘʟʣʠʯʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ). ʉʨʝʜʠ ʩʫʣʴʬʘʥʠʣ, ʩʫʣʴʬʠʥʠʣ ʠ ʩʫʣʴʬʦʥʠʣ ʧʨʦʠʟʚʦʜʥʳʭ 

ʛʠʙʨʠʜʥʳʝ ʩʫʣʴʬʘʥʠʣ-1,2,4-ʪʨʠʘʟʦʣʳ ʧʦʢʘʟʘʣʠ ʣʫʯʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʫʨʩʦʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʠʩʭʦʜʥʳʭ ʛʠʙʨʠʜʥʳʭ ʪʠʦʥʦʚ. ʉ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʩʫʣʴʬʫʨʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ 3-ʪʠʦʢʩʦ-

1,2,4-ʪʨʠʘʟʦʣʘ. ʅʫʢʣʝʦʬʠʣʴʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʤʝʪʠʣʩʫʣʴʬʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʚ 1,3,4-ʦʢʩʘʜʠʘʟʦʣʴʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʦʛʦ ʪʨʠʪʝʨʧʝʥʦʠʜʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʠʙʨʠʜʳ ʫʨʩʘʥʦʚʦʛʦ ʪʠʧʘ ʩ 2-ʛʠʜʨʦʢʩʠ-ʦʢʩʘʜʠʘʟʦʣʘʤʠ ʠ 2-

ʜʠʘʣʢʠʣʘʤʠʥʦ-ʦʢʩʘʜʠʘʟʦʣʘʤʠ.  
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ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʛʠʙʨʠʜʳ ʫʨʩʦʣʦʚʦʡ ʠ ʛʘʣʣʦʚʦʡ ʢʠʩʣʦʪ, ʩʚʷʟʘʥʥʳʝ 

ʯʝʨʝʟ ʵʪʠʣʝʥʦʚʳʡ ʣʠʥʢʝʨ ʠ ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʛʠʜʨʘʟʠʜʥʫʶ ʛʨʫʧʧʫ ʠʣʠ 1,3,4-ʦʢʩʘʜʠʘʟʦʣ-2-ʪʠʦʥ. 

ʀʥʪʝʨʤʝʜʠʘʪ ʤʝʪʠʣ 3-(3ɓ-ʘʮʝʪʦʢʩʠʫʨʩ-12-ʝʥ-28-ʦʠʣʦʢʩʠ)-4,5-

ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ ʦʢʘʟʘʣʩʷ ʥʝʦʞʠʜʘʥʥʦ ʣʘʙʠʣʝʥ ʢ ʜʝʡʩʪʚʠʶ 

ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʧʦ ʉ-28-ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʩʚʷʟʠ ʪʨʠʪʝʨʧʝʥʦʠʜʘ. ʇʨʠ 

ʜʝʡʩʪʚʠʠ ʛʠʜʨʘʟʠʥʘ ʥʘ ʤʝʪʠʣ 3-(3ɓ-ʘʮʝʪʦʢʩʠʫʨʩ-12-ʝʥ-28-ʦʠʣʦʢʩʠ)-4,5-

((R,S)-ʤʝʪʦʢʩʠʤʝʪʠʣʝʥʜʠʦʢʩʠ)ʙʝʥʟʦʘʪ ʜʠʦʢʩʦʣʘʥʦʚʘʷ ʟʘʱʠʪʥʘʷ ʛʨʫʧʧʘ ʥʘ 

ʧʦʣʠʬʝʥʦʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʣʝʛʢʦ ʫʜʘʣʷʝʪʩʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʣʦʞʥʦʛʦ 

ʵʬʠʨʘ ʧʨʠ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʬʨʘʛʤʝʥʪʝ. ʅʦʚʳʝ ʛʠʙʨʠʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʫʨʩʦʣʦʚʦʡ ʠ ʛʘʣʣʦʚʦʡ ʢʠʩʣʦʪ, ʩʦʜʝʨʞʘʱʠʝ ʛʠʜʨʘʟʠʜʥʫʶ ʠ 1,3,4-

ʦʢʩʘʜʠʘʟʦʣʴʥʫʶ ʛʨʫʧʧʳ ʠ ʛʠʙʨʠʜʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʨʠ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʷʜʨʝ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʅʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ 1,3-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʜʘ ʥʘʪʨʠʷ ʢ 

ʮʠʘʥʵʪʠʣʴʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʙʝʪʫʣʠʥʘ ʠ ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʣʫʧʘʥʦʚʳʭʝ ʪʨʠʪʝʨʧʝʥʦʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ 1,2,3,4-(ʪʝʪʨʘʟʦʣ-

5-ʠʣ)ʵʪʦʢʩʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-3 ʠ(ʠʣʠ) ʉ-28. ɺ ʨʷʜʫ 

ʪʝʪʨʘʟʦʣʴʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʙʝʪʫʣʠʥʘ ʠ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʧʦʣʦʞʝʥʠʷʤ 

ʉ-3 ʠ ʉ-28 ʚʳʷʚʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨ -  ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ (Z)-3-[2-(1H-

ʪʝʪʨʘʟʦʣ-5-ʠʣ)ʵʪʠʣʦʢʩʠʠʤʠʥʦ]-3-ʥʦʨʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʦʝ 

ʦʙʣʘʜʘʣʦ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ 

ʣʝʛʢʦʛʦ ɸ549  ʠ ʣʠʤʬʦʠʜʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ɺʳʷʚʣʝʥʘ ʨʝʛʫʣʷʮʠʷ 

ʬʘʟʳ G2/M ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ (Super-G2), ʯʪʦ ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ 

ʠʥʜʫʢʮʠʝʡ ʨʘʥʥʝʛʦ ʘʧʦʧʪʦʟʘ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʥʲʶʛʘʪʦʚ ʦʢʩʠʤʘ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʪʝʪʨʘʟʦʣʘʤʠ ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʤʝʪʠʦʥʠʥ ʘʤʠʥʦʧʝʧʪʠʜʘʟʳ ʧʝʨʚʦʛʦ 

ʪʠʧʘ (ʄʝʪɸʇ-1). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʠʜʦʦʨʝʦʟʝʣʦʥʘ ʩ ʵʪʠʥʠʣʴʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʬʫʨʦʢʫʤʘʨʠʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 3 ʠ 28 ʧʦʣʦʞʝʥʠʠ ʣʫʧʘʥʦʚʦʛʦ ʦʩʪʦʚʘ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʥʴʶʛʘʪʳ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ-28, 3 

ʩʦʝʜʠʥʝʥʠʷ) ʠ ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ-3, 10 ʩʦʝʜʠʥʝʥʠʡ) ʩ 

1,2,3 ʪʨʠʘʟʦʣʘʤʠ, 6-ʟʘʤʝʱʝʥʥʳʤʠ ʢʫʤʘʨʠʥʘʤʠ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ 

ʣʠʥʢʝʨʘʤʠ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʢʦʥʲʶʛʘʪʦʚ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʬʫʨʦʢʫʤʘʨʠʥʘʤʠ. ɼʣʷ ʢʦʥʲʶʛʘʪʘ 

ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʬʫʨʦʢʫʤʘʨʠʥʦʤ ʦʨʝʦʟʝʣʦʥʦʤ, ʫʩʪʘʥʦʚʣʝʥʘ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ in vivo, ʩʨʘʚʥʠʤʘʷ ʩ ʵʬʬʝʢʪʦʤ 

ʥʝʩʪʝʨʦʠʜʥʦʛʦ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠʥʜʦʤʝʪʘʮʠʥʘ ʥʘ 

ʤʦʜʝʣʠ ʛʠʩʪʘʤʠʥʦʚʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ in vitro. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʥʠʞʘʣʠ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʮʠʪʦʭʨʦʤʘ ʈ450 1ɸ1 ʠ 1ɸ2 ʚ ʢʫʣʴʪʫʨʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʚ ʤʘʢʨʦʬʘʛʠ ʢʣʝʪʦʢ U-937. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʚʫʭ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ 
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ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ (ʀʃ-12, TNF-Ŭ, ʀʃ-1ɓ) ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ (ʀʃ-

10) ʮʠʪʦʢʠʥʦʚ in vitro (ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ U-937).  ɺʳʷʚʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ-

ʣʠʜʝʨ, ʢʦʪʦʨʦʝ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʀʃ-12 ʠ ʩʥʠʞʘʝʪ 

ʵʢʩʧʨʝʩʩʠʶ ʀʃ-10, ʜʝʤʦʥʩʪʨʠʨʫʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʡ 

ʵʬʬʝʢʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʝʢʪʫ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʦʚʤʝʩʪʥʳʭ 

ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ (ʚʩʝʛʦ 8 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ). 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 19-43-540003 çʄʦʣʝʢʫʣʷʨʥʳʡ ʜʠʟʘʡʥ ʠ ʩʠʥʪʝʟ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ, ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʦʡ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʠ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʨʦʜʥʳʭ ʜʠʪʝʨʧʝʥʦʠʜʦʚ ʣʘʙʜʘʥʦʚʦʛʦ ʠ ʧʠʤʘʨʦʚʦʛʦ ʨʷʜʘè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ. ʍʘʨʠʪʦʥʦʚ ʖʨʠʡ ɺʠʢʪʦʨʦʚʠʯ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥ ʠ ʦʧʠʩʘʥ ʰʠʨʦʢʠʡ 

ʨʷʜ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʩʚʷʟʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʣʘʤʙʝʨʪʠʘʥʦʚʦʡ ʠ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪ. ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʪʠʧ ʤʦʜʠʬʠʢʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʜʠʪʝʨʧʝʥʦʠʜʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ 

ʣʘʤʙʝʨʪʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʬʫʨʘʥʦʚʦʤʫ ʮʠʢʣʫ ʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʘ 

ʪʘʢ ʞʝ 18-ʥʦʨ-15,16-ʵʧʦʢʩʠ-8(17),13(16),14-ʣʘʙʜʘʪʨʠʝʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʉ-4. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʡ 

ʚʢʣʶʯʘʝʪ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʘʣʴʜʝʛʠʜʥʦʡ, ʛʠʜʨʦʢʩʠʤʝʪʠʣʴʥʦʡ, ʘʮʝʪʠʣʴʥʦʡ, 

ʥʠʪʨʠʣʴʥʦʡ, ʢʘʨʙʦʢʩʠʣʴʥʦʡ, ʘʤʠʜʥʦʡ, N-ʘʣʢʠʣ(ʘʨʠʣ)ʘʤʠʜʥʦʡ, N,N-

ʜʠʘʣʢʠʣʘʤʠʜʥʦʡ, N-ʛʠʜʨʦʢʩʠʘʤʠʜʥʦʡ, ʛʠʜʨʘʟʠʜʥʦʡ, ʘʤʠʥʦʤʝʪʠʣʴʥʦʡ, N-

ʘʣʢʠʣ(ʘʨʠʣ)ʘʤʠʥʦʤʝʪʠʣʴʥʦʡ, N,N-ʜʠʘʣʢʠʣʘʤʠʥʦʤʝʪʠʣʴʥʦʡ, 

ʘʮʝʪʘʤʠʜʦʤʝʪʠʣʴʥʦʡ, ʪʨʠʬʪʦʨʘʮʝʪʘʤʠʜʦʤʝʪʠʣʴʥʦʡ, ʘʨʠʣʘʤʠʜʦ-

ʤʝʪʠʣʴʥʦʡ, ʩʫʣʴʬʘʤʠʜʦʤʝʪʠʣʴʥʦʡ, ʘʤʠʜʦʢʩʠʤʥʦʡ, ʠʤʠʜʦʵʬʠʨʥʦʡ 

ʛʨʫʧʧʘʤʠ ʠ ʩ ʬʨʘʛʤʝʥʪʦʤ ʪʝʪʨʘʟʦʣʘ ʚ ʬʫʨʘʥʦʚʦʤ ʮʠʢʣʝ (50 ʩʦʝʜʠʥʝʥʠʡ). 

ɺʪʦʨʘʷ, ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʉ-18 ʩ ʥʠʪʨʠʣʴʥʦʡ, 

ʘʤʠʥʦʤʝʪʠʣʴʥʦʡ, N-ʘʣʢʠʣ(ʘʨʠʣ)ʘʤʠʜʥʦʡ, N,N-ʜʠʘʣʢʠʣʘʤʠʜʥʦʡ, 

ʛʠʜʨʘʟʠʜʥʦʡ ʠ N-ʛʠʜʨʦʢʩʠʘʤʠʜʥʦʡ ʛʨʫʧʧʘʤʠ (23 ʩʦʝʜʠʥʝʥʠʷ). ʊʨʝʪʴʷ, 

ʚʢʣʶʯʘʣʘ ʩʠʥʪʝʟ 4-ʘʤʠʥʦ-18-ʥʦʨ-15,16-ʵʧʦʢʩʠ-8(17),13(16),14-ʣʘʙʜʘʪʨʠʝʥʘ 

ʠ ʝʛʦ N-ʘʣʢʠʣʴʥʳʭ, N,N-ʜʠʘʣʢʠʣʴʥʳʭ, N-ʘʨʠʣʴʥʳʭ, N-ʙʝʥʟʠʣʴʥʳʭ, N-

ʘʮʠʣʠʨʦʚʘʥʳʭ ʠ ʩʫʣʴʬʘʤʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (18 ʩʦʝʜʠʥʝʥʠʡ). ʏʝʪʚʝʨʪʘʷ - 

18-ʥʦʨʣʘʙʜʘʪʨʠʝʥʳ ʩ ʬʨʘʛʤʝʥʪʦʤ ʤʦʯʝʚʠʥʳ ʧʦʣʫʯʝʥʘ ʨʝʘʢʮʠʝʡ 4-

ʠʟʦʮʠʘʥʘʪ-18-ʥʦʨ-15,16-ʵʧʦʢʩʠ-8(17),13(16),14-ʣʘʙʜʘʪʨʠʝʥʘ ʩ ʘʤʤʠʘʢʦʤ, 

ʧʝʨʚʠʯʥʳʤʠ, ʚʪʦʨʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʠ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ (16 ʩʦʝʜʠʥʝʥʠʡ).  

ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ 17-ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʜʠʪʝʨʧʝʥʦʠʜʦʚ 

ʩʧʦʥʛʠʘʥʦʚʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʢʘʩʢʘʜʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 16-

ʙʨʦʤʣʘʤʙʝʨʪʠʘʥʘʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʨʝʘʢʮʠʶ ʍʝʢʘ ʠ 

ʘʨʠʣʠʨʦʚʘʥʠʝ ʩ ʫʯʘʩʪʠʝʤ ʘʨʠʣʙʦʨʥʦʡ ʢʠʩʣʦʪʳ. ʅʘʡʜʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ 

ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʧʦʣʫʯʝʥ ʰʠʨʦʢʠʡ ʨʷʜ 
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ʧʨʦʜʫʢʪʦʚ ʠ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʢʘʢ ʚ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪʘʭ ʪʘʢ 

ʠ ʚ ʬʫʨʘʥʦʚʦʤ ʮʠʢʣʝ 16-ʙʨʦʤʣʘʤʙʝʨʪʠʘʥʘʪʘ ʥʘ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʚʨʘʱʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʣʘʤʙʝʨʪʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʥʘ ʬʫʥʢʮʠʠ ʎʅʉ (ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ) ʚ ʪʝʩʪʘʭ ñʦʪʢʨʳʪʦʝ ʧʦʣʝò, 

ñʢʦʨʘʟʦʣʦʚʳʝ ʩʫʜʦʨʦʛʠò, ñʫʢʩʫʩʥʳʝ ʢʦʨʯʠò ʠ ñʛʦʨʷʯʘʷ ʧʣʘʩʪʠʥʘò. ɼʣʷ 

ʦʢʩʘʣʘʪʘ 4-ʘʤʠʥʦ-18-ʥʦʨ-15,16-ʵʧʦʢʩʠʣʘʙʜʘ-8(17),13,14-ʪʨʠʝʥʘ ʠ ʘʤʠʜʘ 

16-(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʣʘʤʙʝʨʪʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʳʷʚʣʝʥʘ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʤʦʜʝʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ. ʊʘʢ ʞʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʢʫʣʴʪʫʨʳ 

ʢʣʝʪʦʢ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (DU145, LNCaP). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʢ 

ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʬʫʨʘʥʦʚʳʡ ʮʠʢʣ ʪʘʢ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʣʘʤʙʝʨʪʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʯʝʤ ʠʩʭʦʜʥʘʷ ʢʠʩʣʦʪʘ ʠ 

ʩʦʧʦʩʪʘʚʠʤʳʤ ʠʣʠ ʧʨʝʚʦʩʭʦʜʷʱʠʤ ʧʦ ʩʚʦʝʤʫ ʜʝʡʩʪʚʠʶ ʧʨʝʧʘʨʘʪ 

ʩʨʘʚʥʝʥʠʷ ï ʘʙʠʨʘʪʝʨʦʥ.  

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʝ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʤʦʜʝʣʷʭ 

ʚʠʩʮʝʨʘʣʴʥʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʙʦʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʤʠʜʳ ʠʟʦʧʠʤʘʨʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʬʨʘʛʤʝʥʪʦʤ ʘʤʠʥʦʵʪʘʥʦʣʘ ʠ (2R)-(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʧʠʨʨʦʣʠʜʠʥʘ 

ʧʨʦʷʚʣʷʶʪ ʜʦʩʪʦʚʝʨʥʫʶ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʩʪʘʭ ñʫʢʩʫʩʥʳʝ 

ʢʦʨʯʠò (ʜʦʟʘ 5 ʠ 25 ʤʛ/ʢʛ) ʠ ñʛʦʨʷʯʘʷ ʧʣʘʩʪʠʥʘò (ʜʦʟʘ 25 ʤʛ/ʢʛ) ʩʨʘʚʥʠʤʫʶ ʩ 

ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʝʧʘʨʘʪʘ ɼʠʢʣʦʬʝʥʘʢ-ʥʘʪʨʠʡ (ʜʦʟʘ 10 ʤʛ/ʢʛ). ʅʦʚʳʝ 

ʘʛʝʥʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ (LD50 >1250 ʤʛ/ʢʛ) in vivo. 

ɺʳʧʦʣʥʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤ G-ʧʨʦʪʝʠʥʩʚʷʟʘʥʥʳʤ 

ʢʘʥʥʘʙʠʥʦʠʜʥʳʤ ʨʝʮʝʧʪʦʨʦʤ ʉɺ2. 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʵʬʠʨʘ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 2,3-

ʵʧʦʢʩʠ-1-ʧʨʦʧʘʥʦʣʦʤ ʠ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʧʨʦʠʟʚʦʜʥʳʭ ʜʘʥʥʦʛʦ ʜʠʪʝʨʧʝʥʦʠʜʘ ʧʦ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʉ-18 ʩ ʬʨʘʛʤʝʥʪʦʤ 

2-ʛʠʜʨʦʢʩʠʵʪʠʣʘʤʠʥʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ N-(ʭʠʥʦʣʠʥ-

8-ʠʣ)ʢʘʨʙʦʢʩʘʤʠʜʘ 15,16-ʜʠʛʠʜʨʦʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 4-ʠʦʜʘʥʠʟʦʣʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʦʩʝʜʥʝʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ɓ-ʣʘʢʪʘʤʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦ sp3-ʛʠʙʨʠʜʥʳʤ ʘʪʦʤʘʤ 

ʫʛʣʝʨʦʜʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʜʠʪʝʨʧʝʥʦʠʜʦʚ ʧʠʤʘʨʦʚʦʛʦ 

ʨʷʜʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʠʭ ʩʪʨʫʢʪʫʨʫ ʬʨʘʛʤʝʥʪʘ ɓ-ʣʘʢʪʘʤʘ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 19-43-543042 çʅʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʳʭ ʣʘʢʪʦʥʦʚ ʠʟ ʨʘʩʪʝʥʠʡ 

ʉʠʙʠʨʠ. ʉʦʟʜʘʥʠʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʤʝʪʠʣʝʥʣʘʢʪʦʥʦʚ 

ʠ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʳʭ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʘʛʝʥʪʦʚè 



61 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ʇʘʪʨʫʰʝʚ ʉʝʨʛʝʡ ʉʝʨʛʝʝʚʠʯ 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ Inula helenium ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʠ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ. ʈʝʘʢʮʠʝʡ 

ʘʟʘ-ʄʠʭʘʵʣʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʫʜʝʩʤʘʥʦ-ʢʩʘʥʪʠʥʦʚʳʝ ʛʠʙʨʠʜʳ, ʢʦʪʦʨʳʝ 

ʧʨʦʷʚʠʣʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ 

ʬʫʨʦʧʠʨʠʤʠʜʠʥʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ ʉʦʥʦʛʘʰʠʨʳ 13-(5-

ʠʦʜʫʨʘʮʠʣ)ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʮʝʪʠʣʝʥʘʤʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ Ag-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʝʡ ʮʠʢʣʠʟʘʮʠʠ. ʅʦʚʘʷ ʛʨʫʧʧʘ 

ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʷʚʠʣʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʢ ʨʝʩʧʠʨʘʪʦʨʥʦ- ʩʠʥʮʠʪʠʘʣʴʥʦʤʫ ʚʠʨʫʩʫ, ʘ ʪʘʢʞʝ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢ ʰʪʘʤʤʘʤ ʙʘʢʪʝʨʠʡ E. coli, S. 

aureus, A. viscosus, P. aeruginosa and E. faecalis. ʆʪʤʝʯʝʥʦ ʠʥʛʠʙʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʥʘ 

ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʞʠʜʢʠʭ ʢʫʣʴʪʫʨʘʭ P. ʘeruginosa, E. coli, S. aureus ʠ E. 

faecalis. ʈʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ 

ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ 3 ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʪʨʫʢʪʫʨʝ 

ʬʨʘʛʤʝʥʪ ʵʫʜʝʩʤʘʥʦʣʠʜʘ ʠ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 19-33-90084 çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʚ ʭʠʤʠʠ ʠʟʦʭʠʥʦʣʠʥʦʚʳʭ ʘʣʢʘʣʦʠʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʣʝʢʪʠʚʥʳʭ 

ʘʥʘʣʴʛʝʪʠʢʦʚ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʘʛʝʥʪʦʚè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ. ʐʫʣʴʮ ʕʣʴʚʠʨʘ ʕʜʫʘʨʜʦʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ ʚʢʣʶʯʘʶʪ ʨʘʟʨʘʙʦʪʢʫ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨ ʧʨʦʠʟʚʦʜʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʣʢʘʣʦʠʜʦʚ ʉ-ʤʦʩʪʠʢʦʚʳʭ ʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʦʚ ʠ 4-ʆ-

ʤʝʪʠʣʩʠʥʦʤʝʥʠʥʘ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʪʘʨʛʝʪʥʳʭ ʘʛʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1-ʵʪʠʥʠʣ-7Ŭ,8Ŭ-(2,5-ʜʠʦʢʩʦ-N-ʬʝʥʠʣʧʠʨʨʦʣʠʜʠʥʦ)-[6,14-

ʵʥʜʦ-ʵʪʝʥʦ-6,7,8,14-ʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʘ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Pd[(PPh3)2]Cl2 ï PPh3 ï CuI] ʠ 

ʦʩʥʦʚʘʥʠʷ ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ ʪʦʣʫʦʣʝ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ Ŭ,ɓ-ʘʮʝʪʠʣʝʥʦʚʳʭ ʢʝʪʦʥʦʚ ʩ ʚʳʭʦʜʦʤ 60-77%. 

ʋʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ Ŭ,ɓ-ʘʮʝʪʠʣʝʥʦʚʳʭ 

ʢʝʪʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʩ ʘʤʠʜʠʥʠʝʚʳʤʠ ʩʦʣʷʤʠ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ. ʇʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ï 1-ʧʠʨʠʤʠʜʠʥʠʣ-6,14-ʵʥʜʦ-

ʵʪʝʥʦʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʳ (ʚʳʭʦʜ 50-81%). ʇʨʝʜʣʦʞʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ 

ʧʠʨʠʤʠʜʠʥʠʣ-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 6,14-ʵʥʜʦ-ʵʪʝʥʦʪʝʪʨʘ-

ʛʠʜʨʦʪʝʙʘʠʥʘ ʦʜʥʦʨʝʘʢʪʦʨʥʳʤ ʤʝʪʦʜʦʤ. ʀʟʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʠʨʠʤʠʜʠʥʠʣʟʘʤʝʱʝʥʥʳʭ ʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʦʚ. 

ʆʙʨʘʙʦʪʢʘ C-7,8-ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ (2,5-ʜʠʦʢʩʦ-N-ʬʝʥʠʣ-

ʧʠʨʨʦʣʠʜʠʥʦ)ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʊɻʌ 

ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 
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ʜʠʦʢʩʦʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 2'-Ŭ-

(ʛʠʜʨʦʢʩʠ)ʣʘʢʪʘʤʦʚ 1-ʧʠʨʨʦʣʠʜʠʥʦ-6,14-ʵʥʜʦ-ʵʪʝʥʦʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʦʚ ʩ 

ʚʳʭʦʜʦʤ 60-80%. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ O-ʜʝʤʝʪʠʣʠʨʦʚʘʥʠʷ ʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-3 ʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʠʟʙʳʪʢʦʤ BBr3 ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ O-ʜʝʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ 

ʧʦʣʦʞʝʥʠʠ ʉ-6 ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʠʟʚʦʜʥʳʭ 6-

ʜʝʟʤʝʪʠʣʦʨʠʧʘʚʠʥʘ (ʚʳʭʦʜ 50%). ʆʩʫʱʝʩʪʚʣʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʢʘʣʦʠʜʘ 

4-O-ʤʝʪʠʣʩʠʥʦʤʝʥʠʥʘ, ʩ ʚʚʝʜʝʥʠʝʤ ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʧʦʣʦʞʝʥʠʝ ʉ-1 ʦʩʪʦʚʘ. ɼʣʷ ʩʠʥʪʝʟʘ ʫʢʘʟʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ 

ʨʘʟʨʘʙʦʪʘʣʠ ʜʚʘ ʧʦʜʭʦʜʘ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʣ ʧʦʣʫʯʝʥʠʝ 1-ʵʪʠʥʠʣ-4-

O-ʤʝʪʠʣʩʠʥʦʤʝʥʠʥʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩ 

ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʶ ʩ ʘʤʠʜʠʥʘʤʠ. 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʣ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ-

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʝ 1-ʠʦʜ-4-O-ʤʝʪʠʣʩʠʥʦʤʝʥʠʥʘ ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʢʩʘʢʘʨʙʦʥʠʣʘ ʤʦʣʠʙʜʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ CO ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʶ ʘʣʢʠʥʠʣʢʝʪʦʥʘ ʩ 

ʘʤʠʜʠʥʘʤʠ. ʈʝʘʢʮʠʷ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ-ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʨʦʪʝʢʘʣʘ 

ʩʝʣʝʢʪʠʚʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ PdCl2 ī (1-Ad)2PBn. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ in silico ʦʩʫʱʝʩʪʚʣʝʥ ʘʥʘʣʠʟ ʩʚʷʟʳʚʘʥʠʷ ʥʦʚʳʭ 

ʧʠʨʠʤʠʜʠʥʦ-ʤʦʨʬʠʥʘʥʦʚ ʠ ʤʶ-ʦʧʠʦʠʜʥʦʛʦ ʨʝʮʝʧʪʦʨʘ (ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʚ 

ʨʦʣʠ ʘʛʦʥʠʩʪʘ ʩʦʜʝʨʞʠʪ ʩʧʝʮʠʘʣʴʥʫʶ ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ DAMGO). ʆʮʝʥʦʯʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʳʚʘʥʠʷ ʧʠʨʠʤʠʜʠʥ-

ʤʦʨʬʠʥʘʥʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʘʬʬʠʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ MET151, TRP318 ʠ TYR-148. ʀʟʫʯʝʥʘ 

ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʠʙʨʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʦʚʦʛʦ ʪʠʧʘ 

(ʤʝʪʦʜʠʢʘ ʦʪʚʝʜʝʥʠʷ ʭʚʦʩʪʘ) ʥʘ ʢʨʳʩʘʭ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʠʨʠʤʠʜʠʥ-ʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʦʚʦʛʦ ʪʠʧʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʨʦʜʘ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-6 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʷʜʨʘ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʥʪʠʥʦʮʠʮʝʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʦʝʜʠʥʝʥʠʷ. 

ɺʳʷʚʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʣʦ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʜʦʟʝ 1 ʤʛ/ʢʛ (ʥʘ 41% ʫʚʝʣʠʯʠʚʘʣʦ ʚʨʝʤʷ ʦʪʚʝʜʝʥʠʷ ʭʚʦʩʪʘ) ʠ 

ʙʣʦʢʠʨʦʚʘʣʦ ʝʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʣʦʟʘʭ 5 (ʥʘ 28%) ʠ 10 ʤʛ/ʢʛ (ʥʘ 23%). 

ɸʥʘʣʦʛʠʯʥʳʤ ʵʬʬʝʢʪʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ Õ-ʦʧʠʦʜʥʦʛʦ ʘʛʦʥʠʪʘ ʦʙʣʘʜʘʝʪ ʘʛʝʥʪ 

18,19-ʜʝʛʠʜʨʦʙʫʧʨʝʥʦʨʬʠʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʝʢʪʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʩʧʠʨʘʥʪʦʤ ʚ ʚʠʜʝ 

ʫʩʪʥʳʭ ʜʦʢʣʘʜʦʚ ʥʘ ʜʚʫʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʨʘʙʦʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʜʚʝ ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ (Chemistry 

Select; Chemistry Heterocyclic Compʦunds) 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ ʚʢʣʶʯʘʶʪ ʨʘʟʚʠʪʠʝ 

ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʜʦʩʪʫʧʥʳʭ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ 

ʜʠʪʝʨʧʝʥʦʠʜʦʚ ʧʠʤʘʨʘʥʦʚʦʛʦ ʨʷʜʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʚʚʝʜʝʥʠʷ 

ʮʝʥʥʳʭ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʛʨʫʧʧ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʧʪʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʠ 

ʚʢʣʶʯʘʝʪ ʧʦʣʫʯʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ 

ʚ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʠ Cu-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ 

ʨʝʘʢʮʠʷʭ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ (ʉuAAC-ʨʝʘʢʮʠʠ). 

ʆʧʠʩʘʥ ʩʠʥʪʝʟ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ 

ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʩʪʦʚ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʯʣʝʥʝʥʥʦʡ ʧʦ 

ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʉ-4 ï ʉ-16 ʣʠʥʢʝʨʥʫʶ ʮʝʧʴ, ʚʢʣʶʯʘʶʱʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʠʧʝʧʪʠʜʥʳʡ ʬʨʘʛʤʝʥʪ, 1,4-ʩʚʷʟʘʥʥʳʡ ʪʨʠʘʟʦʣʴʥʳʡ ʠ 

1,2-ʜʠʟʘʤʝʱʝʥʥʳʡ ʙʝʥʟʦʣʴʥʳʡ ʮʠʢʣʳ. ʇʨʦʮʝʩʩ ʚʢʣʶʯʘeʪ ʩʠʥʪʝʟ 

ʘʟʠʜʦʜʠʪʝʨʧʝʥʦʠʜʘ ʧʦ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

1-ʘʟʠʜʦ-2-ʠʦʜʙʝʥʟʦʣʦʤ, ʧʦʣʫʯʝʥʠʝ ʥʝʙʦʣʴʰʦʡ ʙʠʙʣʠʦʪʝʢʠ 

ʘʣʢʠʥʠʣʟʘʤʝʱʝʥʥʳʭ ʜʠʧʝʧʪʠʜʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ (Gly-Gly, Gly-Val, Val-Gly ʠ Val-Val) ʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʨʝʘʢʮʠʶ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʨʠʚʝʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʭʦʨʦʰʠʤʠ 

ʚʳʭʦʜʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʨʦʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʜʠʧʝʧʪʠʜʥʦʤ ʬʨʘʛʤʝʥʪʝ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ 

ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʥʮʝʚʘʷ ʢʘʨʙʦʢʩʠʣʴʥʘʷ 

ʛʨʫʧʧʘ ʚ ʢʦʪʦʨʳʭ ʫʜʘʣʝʥʘ ʥʘ ʜʚʘ ʠʣʠ ʪʨʠ ʤʝʪʠʣʝʥʦʚʳʭ ʟʚʝʥʘ ʦʪ 

ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ ʦʩʪʦʚʘ. ʈʝʘʢʮʠʷ ɺʠʪʪʠʛʘ ʠʟʦʧʠʤʘʨʠʥʘʣʷ (ʧʦʣʫʯʝʥ ʠʟ 

ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ) ʩ ʠʣʠʜʦʤ ʬʦʩʬʦʨʘ, ʛʝʥʝʨʠʨʫʝʤʳʤ ʠʟ ʭʣʦʨʠʜʘ 

ʤʝʪʦʢʩʠʤʝʪʠʣ(ʪʨʠʬʝʥʠʣ)ʬʦʩʬʦʥʠʷ ʜʝʡʩʪʚʠʝʤ n-ʙʫʪʠʣʣʠʪʠʷ ʧʨʦʪʝʢʘʣʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ (Z)- ʠ (E)ʘʣʢʝʥʦʚ ʠ 4-((Z)-ʧʝʥʪʝʥʠʣ)-18-ʥʦʨ-

ʠʟʦʧʠʤʘʨʘ-7,15-ʜʠʝʥʘ (ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʠʟʦʧʠʤʘʨʠʥʘʣʷ ʩ n-ʙʫʪʠʣʣʠʪʠʝʤ). 

ɻʠʜʨʦʣʠʟʦʤ ʩʤʝʩʠ ʝʥʦʣʵʬʠʨʦʚ ʜʝʡʩʪʚʠʝʤ ʨ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ ʚ 

ʘʮʝʪʦʥʝ ʧʦʣʫʯʘʣʠ 4-(2-ʦʢʩʦʵʪʠʣ)-18-ʥʦʨʠʟʦʧʠʤʘʨʘ-7,15-ʜʠʝʥ. 

ʆʣʝʬʠʥʠʨʦʚʘʥʠʝ ʠʟʦʧʠʤʘʨʠʥʘʣʷ ʠ ʝʛʦ ʛʦʤʦʣʦʛʘ ʧʦ ʨʝʘʢʮʠʠ ʍʦʨʥʝʨʘ-

ʋʦʜʩʚʦʨʪʘ-ʕʤʤʦʥʩʘ ʛʣʘʜʢʦ ʧʨʠʚʦʜʠʣʦ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʬʠʨʘʤ (E)-

ʘʣʢʝʥʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʷ ʚ ʤʝʪʘʥʦʣʝ ʠ 

ʛʠʜʨʦʣʠʟʦʤ ʵʬʠʨʥʳʭ ʛʨʫʧʧ ʧʦʣʫʯʘʣʠ 4-(ʢʘʨʙʦʢʩʠʘʣʢʠʣ)-18-ʥʦʨ-ʠʟʦʧʠʤʘʨʘ-

7,15-ʜʠʝʥʳ. ʉʪʨʦʝʥʠʝ 4-(2-ʢʘʨʙʦʢʩʠʵʪʠʣ)-18-ʥʦʨ-ʠʟʦʧʠʤʘʨʘ-7,15-ʜʠʝʥʘ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ 

ʦʧʳʪʘʭ in vivo ʚʳʷʚʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʥʦʚʳʭ C4-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ. 
 

 

 

 

 

 

 

ʇʨʦʝʢʪ ˉ 20-33-90237ïɸʩʧʠʨʘʥʪʳ ñʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʘʮʝʪʠʣʝʥʦʚʳʭ ʢʝʪʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʣʫʧʘʥʦʚʳʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ʠ 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʩ ʚʚʝʜʝʥʠʝʤ ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʠ 

ʧʠʨʘʟʦʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡò 
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ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ. ʐʫʣʴʮ ʕʣʴʚʠʨʘ ʕʜʫʘʨʜʦʚʥʘ 

ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʘʤʠʜʦʚ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʨʠʣʘʣʢʠʥʦʚ. ʄʝʪʦʜʳ ʚʢʣʶʯʘʶʪ 

ʩʠʥʪʝʟ ʘʤʠʜʦʚ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 4-ʠʦʜʘʥʠʣʠʥʦʤ ʠʣʠ ʤʝʪʠʣʦʚʳʤ 

ʵʬʠʨʦʤ 4-ʠʦʜʬʝʥʠʣʘʣʘʥʠʥʘ, ʧʦʩʣʝʜʫʶʱʫʶ ʨʝʘʢʮʠʶ ʉʦʥʦʛʘʰʠʨʳ 

ʠʦʜʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ʩ ʪʨʠʤʝʪʠʣʩʠʣʠʣʠʘʮʝʪʠʣʝʥʦʤ ʠ 

ʜʝʩʠʣʠʣʠʨʦʚʘʥʠʝ. ɺʳʭʦʜʳ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʢʠʥʦʚ ʩ ʫʯʝʪʦʤ 

ʪʨʝʭʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʠʣʠ 55 ʠ 42% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʝʨʧʝʥʦʠʜʥʳʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʣʢʠʥʳ ʣʝʛʢʦ ʚʩʪʫʧʘʣʠ ʚ 

ʨʝʘʢʮʠʶ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, 

ʧʨʠʚʦʜʷʱʫʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʨʧʝʥʦʠʜʥʳʭ Ŭ,ɓ-

ʘʮʝʪʠʣʝʥʦʚʳʭ ʢʝʪʦʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʘʣʢʠʥʠʣʢʝʪʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʩ ʘʤʠʜʠʥʠʝʚʳʤʠ ʩʦʣʷʤʠ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʠʥʪʝʟʫ ʧʠʨʠʤʠʜʠʥʦʚ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʷ ʩ ʛʠʜʨʦʭʣʦʨʠʜʘʤʠ ʘʮʝʪʘʤʠʜʠʥʘ, ʛʫʘʥʠʜʠʥʘ ʠ 

ʙʝʥʟʘʤʠʜʠʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʢʠʥʠʣʢʝʪʦʥʳ ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʩ 

ʛʠʜʨʦʭʣʦʨʠʜʘʤʠ ʘʤʠʜʠʥʦʚ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ MeCN ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ 

K2CO3 c ʦʙʨʘʟʦʚʘʥʠʝʤ 6-ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʙʠʬʫʢʮʠʦʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʥʦʚʦʛʦ ʪʠʧʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʘʤʠʜʘ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ (4,6-

ʜʠʘʨʠʣ)ʧʠʨʠʤʠʜʠʥʘ. ɺ ʨʷʜʫ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʬʨʘʛʤʝʥʪʘʤʠ ʘʤʠʜʘ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʜʠʘʨʠʣʧʠʨʠʤʠʜʠʥʘ ʚʳʷʚʣʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ʅʘ ʤʦʜʝʣʠ ʦʩʪʨʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʵʩʩʫʜʘʪʠʚʥʦʛʦ ʪʠʧʘ (ʚʚʝʜʝʥʠʝ 

ʛʠʩʪʘʤʠʥʘ), ʢʦʪʦʨʦʝ ʠʥʠʮʠʠʨʫʝʪʩʷ ʚʘʟʦʘʢʪʠʚʥʳʤʠ ʤʝʜʠʘʪʦʨʘʤʠ ʠ ʜʨʫʛʠʤʠ 

ʛʫʤʦʨʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʢʨʦʚʠ ʠ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʠ, ʠʥʛʠʙʠʨʫʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʣʠ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 4-ʬʪʦʨʬʝʥʠʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-6 ʧʠʨʠʤʠʜʠʥʘ. ʕʬʬʝʢʪ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʘʤʠʥʦʛʨʫʧʧʫ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-2 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ 

ʘʥʘʣʦʛʠʯʝʥ ʵʬʬʝʢʪʫ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ ʠʥʜʦʤʝʪʘʮʠʥʘ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ 

ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʤʦʛʦ ʜʝʡʩʪʚʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʠʤʤʫʥʦʛʝʥʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ, ʧʦʜʦʙʥʦʛʦ ʘʣʣʝʨʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʢʪʠʚʘʮʠʝʡ ʪʫʯʥʳʭ ʢʣʝʪʦʢ ʠ ɺ-ʣʠʤʬʦʮʠʪʦʚ 

(ʢʦʥʢʘʥʘʚʘʣʠʥʦʚʘʷ ʤʦʜʝʣʴ). ʇʦ ʩʝʣʝʢʪʠʚʥʦʡ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʵʪʦʡ ʤʦʜʝʣʠ ʚʳʷʚʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʜʝʨʞʘʱʠʝ 4-

ʙʨʦʤʬʝʥʠʣʴʥʳʡ ʠ 2-ʘʤʠʥʦʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʠʨʠʤʠʜʠʥʦʤ ʢʦʣʴʮʝ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʣʠʥʢʝʨʥʦʡ ʛʨʫʧʧʳ ʤʝʞʜʫ 

ʬʘʨʤʘʢʦʬʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ - ʘʤʠʜʦʤ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ (4,6-

ʜʠʘʨʠʣ)ʧʠʨʠʤʠʜʠʥʦʤ ʦʙʣʘʜʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʘ ʦʙʦʠʭ 

ʤʦʜʝʣʷʭ ʚʦʩʧʘʣʝʥʠʷ in vivo. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ in silico. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʝʢʪʫ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʩʧʠʨʘʥʪʦʤ ʚ ʚʠʜʝ ʫʩʪʥʦʛʦ ʜʦʢʣʘʜʘ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʠ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʣʷ ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʚ ʞʫʨʥʘʣʝ Steroids.  
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ʃʘʙʦʨʘʪʦʨʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ ʊʦʣʩʪʠʢʦʚʘ ʊʘʪʴʷʥʘ 

ɻʝʥʨʠʭʦʚʥʘ  

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ çʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʟʫʯʝʥʠʶ ʪʦʢʩʠʢʦ-

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʜʠʮʠʥʳè 

ɹʣʦʢ 1. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢ 

ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʟʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʠʩʩʣʝʜʦʚʘʥʠʝ in silico). 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ: ʩ.ʥ.ʩ., ʢ.ʙ.ʥ. ɹʘʝʚ ɼ.ʉ. 

ɺ ʨʘʤʢʘʭ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʣʘʙʦʨʘʪʦʨʠʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʀʆʍ ʉʆ ʈɸʅ ʩ ʨʷʜʦʤ ʣʘʙʦʨʘʪʦʨʠʡ  ʅʀʆʍ ʉʆ ʈɸʅ - 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʟʘ 2021 ʛʦʜ 

ʦʩʫʱʝʩʪʚʣʝʥ ʧʨʦʛʥʦʟ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ  ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʪʦʜʘʤʠ QSAR-ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ PASS ʠ PharmaExpert 

ʠ ʩʢʨʠʥʠʥʛ ʚʦʟʤʦʞʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʜʝʡʩʪʚʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ 

Autodock Vina ʠ Schrodinger Glide ʜʣʷ 550 ʩʦʝʜʠʥʝʥʠʡ.  

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

ɺʳʧʦʣʥʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʜʦʢʠʥʛ ʥʦʚʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʛʠʙʨʠʜʦʚ 1,2,4-ʪʨʠʘʟʦʣʘ ʠ 

ʫʨʩʦʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʘʡʪ 

ʩʚʷʟʳʚʘʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ MDM2. ʆʮʝʥʦʯʥʳʝ 

ʵʥʝʨʛʠʠ ʩʚʷʟʳʚʘʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ 7g ʠ 7h ʥʘʭʦʜʠʣʠʩʴ 

ʥʘ ʫʨʦʚʥʝ ʤʦʜʝʣʴʥʦʛʦ 

ʠʥʛʠʙʠʪʦʨʘ ʥʫʪʣʠʥʘ-3ʘ. 

ɻʠʜʨʦʬʦʙʥʳʝ N-4-ʙʝʥʟʠʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʪʨʠʘʟʦʣʴʥʦʛʦ 

ʢʦʣʴʮʘ ʦʙʦʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʫʩʧʝʰʥʦ ʧʨʦʥʠʢʘʶʪ ʚ ʛʣʫʙʦʢʠʡ 

ʛʠʜʨʦʬʦʙʥʳʡ ʢʘʨʤʘʥ ʩʘʡʪʘ 

ʩʚʷʟʳʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʦ 

ʠʟʚʝʩʪʥʳʤ ʠʥʛʠʙʠʪʦʨʘʤ MDM2. 

ʕʪʦʢʩʠʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʷ 7g ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʠʜʨʦʬʠʣʴʥʦʡ 

ʦʙʣʘʩʪʴʶ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʩʘʡʪʫ ʩʚʷʟʳʚʘʥʠʷ. ʊʨʠʪʝʨʧʝʥʦʠʜʥʳʝ ʢʘʨʢʘʩʳ 

ʩʦʝʜʠʥʝʥʠʡ 7g ʠ 7h ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦ-ʨʘʟʥʦʤʫ. ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 7g 

ʢʘʨʢʘʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘʜ ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʘʩʪʚʫʷ 

ʪʦʣʴʢʦ ʚ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. ʊʨʠʪʝʨʧʝʥʦʠʜʥʳʡ ʢʘʨʢʘʩ 
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ʩʦʝʜʠʥʝʥʠʷ 7h ʨʘʩʧʦʣʦʞʝʥ ʙʣʠʞʝ ʢ ʚʭʦʜʫ ʚ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʚ ʧʦʣʦʞʝʥʠʠ 3 ʢʦʣʴʮʘ A ʩʦʝʜʠʥʝʥʠʷ 7h 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ 

ʦʩʪʘʪʢʘʤʠ Tyr67 ʠ Gln71. 

M.D. Semenova, S.A. Popov, T.S. Golubeva, D.S. Baev, E.E. Shults, M. 

Turks. Synthesis and Cytotoxicity of Sulfanyl, Sulfinyl and Sulfonyl Group 

Containing Ursane Conjugates with 1,3,4-Oxadiazoles and 1,2,4-Triazoles. 

Chemistry Select 2021, V. 6, N 7, Pp 6472-6477, doi:10.1002/slct.202101594 

ɺʳʧʦʣʥʷʣʦʩʴ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʚʦʟʤʦʞʥʳʭ 

ʤʠʰʝʥʝʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʝʧʘʥʙʝʪʫʣʠʥʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 4 

ʩʧʦʩʦʙʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʦʧʦʠʟʦʤʝʨʘʟʦʡ IV. ʕʪʦ 

ʩʦʝʜʠʥʝʥʠʝ ʚʝʨʦʷʪʥʦ ʩʧʦʩʦʙʥʦ ʧʨʦʥʠʢʘʪʴ ʚ ʛʣʫʙʦʢʠʡ ʢʘʨʤʘʥ ʩʘʡʪʘ 

ʩʚʷʟʳʚʘʥʠʷ ʩʚʦʝʡ ʘʤʠʥʦʮʠʢʣʦʛʝʢʩʘʥʦʚʦʡ ʛʨʫʧʧʦʡ, ʤʦʜʝʣʠʨʫʷ 

ʢʦʥʬʦʨʤʘʮʠʶ ʘʥʪʠʙʠʦʪʠʢʘ ʥʦʚʦʙʠʦʮʠʥʘ. ɸʟʝʧʘʥ-ʪʨʠʪʝʨʧʝʥʦʚʳʡ ʦʩʪʦʚ 

ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʟʘʥʠʤʘʝʪ ʟʝʨʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʦʣʝʢʫʣʳ ʥʦʚʦʙʠʦʮʠʥʘ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʝʛʦ ʢʦʥʬʦʨʤʘʮʠʶ ʟʘ ʩʯʝʪ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʘʟʝʧʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʦʤ Val120. 

  
ʋʯʠʪʳʚʘʷ ʚʳʨʘʞʝʥʥʫʶ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 1, 8 ʠ 

15 ʚ ʦʪʥʦʰʝʥʠʠ ʮʠʪʦʤʝʛʘʣʦʚʠʨʫʩʘ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺʩʝ ʚʠʨʫʩʳ ʛʝʨʧʝʩʘ 

ʯʝʣʦʚʝʢʘ ʦʙʣʘʜʘʶʪ ʩʪʨʫʢʪʫʨʥʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ 

ʩʝʨʠʥʦʚʦʡ ʧʨʦʪʝʘʟʦʡ. ʕʪʘ ʧʨʦʪʝʘʟʘ 

ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʨʫʩʥʦʛʦ ʥʫʢʣʝʦʢʘʧʩʠʜʘ 

ʠ ʘʢʪʠʚʠʨʫʝʪʩʷ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʜʠʤʝʨʠʟʘʮʠʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʝʧʘʥʙʝʪʫʣʠʥʘ ʩ 

ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʜʠʤʝʨʠʟʘʮʠʠ 

ʧʨʦʪʝʘʟʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʠʭ ʪʨʠʪʝʨʧʝʥʦʚʳʭ 

ʢʘʨʢʘʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 
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ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʛʣʫʙʠʥʝ 

ʩʚʷʟʳʚʘʶʱʝʡ ʧʦʣʦʩʪʠ. ɺʩʝ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

Trp109. ʉʦʝʜʠʥʝʥʠʷ 1 ʠ 8 ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ Pro192 ʪʦʣʴʢʦ ʚ ʘʢʪʠʚʥʦʤ 

ʮʝʥʪʨʝ ʤʦʥʦʤʝʨʘ B, ʘ ʩʦʝʜʠʥʝʥʠʝ 15 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʠʤ ʚ ʦʙʦʠʭ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ ʤʦʥʦʤʝʨʦʚ. ʇʦʣʷʨʥʳʝ ʛʨʫʧʧʳ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʥʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʦʤ Ser191 ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʤʦʥʦʤʝʨʘ B. ʇʨʦʪʦʥ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʷ 1 ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʩ 

ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ. Ala80 ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʤʦʥʦʤʝʨʘ B. ʅʘʣʠʯʠʝ 

ʧʷʪʠʯʣʝʥʥʦʛʦ ʢʦʣʴʮʘ E ʚ ʩʪʨʫʢʪʫʨʝ ʪʨʠʪʝʨʧʝʥʦʚʦʛʦ ʷʜʨʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʛʠʜʨʦʬʦʙʥʳʤ ʮʝʥʪʨʦʤ ʧʨʦʧʝʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʥʦʤʫ 1 

ʧʨʦʥʠʢʘʪʴ ʛʣʫʙʞʝ ʚ ʛʠʜʨʦʬʦʙʥʳʡ ʢʘʨʤʘʥ ʘʢʪʠʚʥʦʛʦ ʩʘʡʪʘ ʤʦʥʦʤʝʨʘ B, 

ʩʦʟʜʘʚʘʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʪʘʥʦʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʩ Ala80. ɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ 

ʦʩʪʘʪʢʦʤ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʨʘʩʯʝʪʥʫʶ ʵʥʝʨʛʠʶ 

ʩʚʷʟʠ.  

O. Kazakova, E. Tret'yakova, D. Baev. Evaluation of A-azepano-triterpenoids 

and related derivatives as antimicrobial and antiviral agents. The Journal of 

Antibiotics, 2021, Vol. 74, N 9, Pp 559ï573, doi: 10.1038/s41429-021-00448-9 

3. ɺʳʧʦʣʥʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʦʚʳʭ ʜʠʪʝʨʧʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʩʘʡʪʦʤ ʩʚʷʟʳʚʘʥʠʷ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʛʠʨʘʟʳ B. 

ʌʝʨʤʝʥʪ ʩʠʥʪʝʟʘ 

ɼʅʂ ʛʠʨʘʟʘ B 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʠʰʝʥʝʡ 

ʙʘʢʪʝʨʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ 

ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʘʥʪʠʙʠʦʪʠʢʘʤ 

ʰʪʘʤʤʦʚ S. aureus. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ, 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 9 ʠ 11 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʜʥʠ ʠʟ ʩʘʤʳʭ 

ʥʠʟʢʠʭ ʦʮʝʥʦʯʥʳʭ ʵʥʝʨʛʠʡ ʩʚʷʟʠ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ ʣʝʚʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʛʠʜʨʦʬʦʙʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʦ 

ʩʪʨʫʢʪʫʨʝ, ʠʤʠʪʠʨʫʶʱʝʡ ʤʦʣʝʢʫʣʫ ɸʊʌ (AMPPNP) ʥʘ ʛʨʘʥʠʮʝ ʚʝʨʭʥʝʛʦ ʠ 

ʥʠʞʥʝʛʦ ʢʘʨʤʘʥʦʚ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ. ʀʭ ʧʦʣʠʘʤʠʥʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ 

ʧʨʦʥʠʢʘʝʪ ʚ ʢʘʨʤʘʥ ʧʦʣʠʬʦʩʬʘʪʥʦʛʦ ʭʚʦʩʪʘ ɸʊʌ, ʠʤʠʪʠʨʫʷ ʧʦʣʷʨʥʳʝ 

ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ ɸʊʌ ʟʘ ʩʯʝʪ ʧʨʦʪʦʥʦʚ 

ʘʤʠʥʦʛʨʫʧʧ. ʉʦʝʜʠʥʝʥʠʝ 9 ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ 

ʘʥʘʣʦʛʠʯʥʦ ʤʦʣʝʢʫʣʝ AMPPNP ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ Glu50 ʠ 



68 

Asp57, ʘ ʩʦʝʜʠʥʝʥʠʝ 11 - ʩ Glu50, Asp57, Gly109. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʣʝʢʫʣʳ 9 ʠ 

11 ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʙʦʢʦʚʦʡ ʮʝʧʴʶ ʘʤʠʥʦʢʠʩʣʦʪʳ Asp53, ʘ ʩʦʝʜʠʥʝʥʠʝ 

11 ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ 

ʦʩʪʘʪʢʘʤʠ Gln91 ʠ Ala108. 

ʀʟʫʯʘʣʩʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʥʦʚʳʭ ʜʠʪʝʨʧʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʳʟʳʚʘʶʪ ʢʦʤʧʦʥʝʥʪʳ ʬʘʢʪʦʨʘ ʚʠʨʫʣʝʥʪʥʦʩʪʠ 

ʤʠʢʦʙʘʢʪʝʨʠʡ ʪʫʙʝʨʢʫʣʝʟʘ. ʌʘʢʪʦʨʳ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʥʝ ʠʛʨʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ ʚ ʨʦʩʪʝ ʤʠʢʦʙʘʢʪʝʨʠʡ ʚʥʝ ʢʣʝʪʦʢ-ʭʦʟʷʝʚ, ʥʦ ʫʯʘʩʪʚʫʝʪ ʚ 

ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʢʘʢ ʠʥʚʘʟʠʷ, ʧʝʨʩʠʩʪʠʨʦʚʘʥʠʝ, ʣʠʟʠʩ ʠ ʫʢʣʦʥʝʥʠʝ ʦʪ 

ʦʪʚʝʪʦʚ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʢʣʘʩʩʦʚ ʬʘʢʪʦʨʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ M. 

tuberculosis ʷʚʣʷʶʪʩʷ ʪʫʙʝʨʢʫʣʦʟʠʥʦʣʳ. ʌʝʨʤʝʥʪ Rv3378c ʧʨʝʚʨʘʱʘʝʪ 

ʜʠʬʦʩʬʘʪ ʪʫʙʝʨʢʫʣʦʟʠʥʦʣʘ ʚ ʪʫʙʝʨʢʫʣʦʟʠʥʦʣ ʠ ʠʟʦ-ʪʫʙʝʨʢʫʣʦʟʠʥʦʣʳ, 

ʜʝʡʩʪʚʫʷ ʢʘʢ ʬʦʩʬʘʪʘʟʘ/ʠʟʦʤʝʨʘʟʘ. ɹʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʙʠʩʬʦʩʬʦʥʘʪʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ Rv3378c, ʢʦʪʦʨʳʝ ʥʝʦʙʨʘʪʠʤʦ ʩʚʷʟʳʚʘʶʪ 

ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʬʝʨʤʝʥʪʘ, ʢʦʥʢʫʨʝʥʪʥʦ ʟʘʤʝʱʘʷ ʝʛʦ ʩʫʙʩʪʨʘʪ - 

ʪʫʙʝʨʢʫʣʦʟʠʥʦʣʜʠʬʦʩʬʘʪ. ʃʝʚʦʧʠʤʘʨʥʳʡ ʦʩʪʦʚ ʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 10 

ʫʩʧʝʰʥʦ ʚʭʦʜʠʪ ʚ ʛʣʫʙʦʢʠʡ ʢʘʨʤʘʥ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʧʝʰʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʩ ʠʦʥʦʤ ʤʘʛʥʠʷ ʦʙʝʠʭ 

ʝʛʦ ʢʝʪʦʛʨʫʧʧ. ʉʫʧʝʨʧʦʟʠʮʠʷ ʩʪʨʫʢʪʫʨ ʚ ʩʘʡʪʝ ʩʚʷʟʳʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʟʘʤʝʩʪʠʪʝʣʠ ʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 10 ʧʣʦʪʥʦ ʟʘʥʠʤʘʶʪ ʚʥʝʰʥʶʶ ʦʙʣʘʩʪʴ 

ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʚʦʢʨʫʛ ʠʦʥʘ ʤʘʛʥʠʷ, ʯʘʩʪʠʯʥʦ ʜʦʩʪʠʛʘʷ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʟʘʥʠʤʘʝʤʦʛʦ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʦʡ ʠʥʛʠʙʠʪʦʨʘ BPH-629. ɿʘʤʝʩʪʠʪʝʣʠ ʥʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ 10 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʚ ʩʘʡʪʝ ʩʚʷʟʳʚʘʥʠʷ ʟʘ 

ʩʯʝʪ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʠ-ʩʠʩʪʝʤʳ ʩʦʝʜʠʥʝʥʠʷ 10 ʦʙʨʘʟʫʶʪ 

ʚʦʟʤʦʞʥʦʝ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʦʢʦʚʦʡ ʮʝʧʴʶ ʘʤʠʥʦʢʠʩʣʦʪʳ Phe213 

ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ Arg37. 
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ɹʣʦʢ 2. ʇʨʦʚʝʜʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ in vitro.   

ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʤ.ʥ.ʩ. ʢ.ʙ.ʥ.  ʄʘʨʝʥʠʥʘ ʄ.ʂ., ʘʩʧʠʨʘʥʪʢʘ 3 

ʛʦʜʘ ʄʝʰʢʦʚʘ ʖ.ɺ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ ʥʘ 

ʦʨʛʘʥʠʟʤ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʪʦʥʢʠʝ ʤʝʭʘʥʠʟʤʳ ʠʭ 
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ʜʝʡʩʪʚʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʜʦʧʦʣʥʷʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʞʠʚʦʪʥʳʭ ʤʦʜʝʣʷʭ in vivo. ɺ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ 

ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʦʪʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ in 

vitro, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʘʩʝʧʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʜʣʷ ʯʝʛʦ ʙʳʣ ʥʘʣʘʞʝʥ 

ʢʦʥʪʨʦʣʴ ʩʪʝʨʠʣʴʥʦʩʪʠ ʙʦʢʩʦʚʦʛʦ ʧʦʤʝʱʝʥʠʷ. ʅʘ ʧʨʠʤʝʨʝ ʣʠʥʠʠ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ HepG2 ʦʩʚʦʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʤʝʪʦʜʠʢʠ: ʘʜʛʝʟʠʚʥʦʝ ʚʳʨʘʱʠʚʘʥʠʝ ʥʘ ʩʦʩʫʜʘʭ ʩ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ, 

ʧʘʩʩʠʨʦʚʘʥʠʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʜʦʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ, 

ʢʦʥʪʨʦʣʴ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʪʘʤʠʥʘʮʠʠ ʢʫʣʴʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʝʣʝʢʪʠʚʥʳʭ ʩʨʝʜ, ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʷ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ. ɺ 

ʧʨʦʮʝʩʩʝ ʦʪʨʘʙʦʪʢʠ ʥʘʭʦʜʠʪʩʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʚʝʱʝʩʪʚ. 

ʊʘʢʞʝ ʦʪʣʘʞʝʥ ʤʝʪʦʜ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʀʌɸ) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʢʨʦʚʠ ʠ ʛʦʤʦʛʝʥʘʪʘʭ ʪʢʘʥʝʡ ʨʘʟʣʠʯʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʩʫʣʠʥʘ, ʪʝʩʪʦʩʪʝʨʦʥʘ, ʠʥʪʝʨʣʝʡʢʠʥʘ-6, 

ʊʈʌʙʝʪʘ-1.  

 

ɹʣʦʢ 3. ʇʨʦʚʝʜʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʪʦʢʩʠʢʦ-ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʢʨʠʥʠʥʛʘ 

ʥʦʚʳʭ ʚʝʱʝʩʪʚ in vivo. 

3.1. ʀʟʫʯʝʥʠʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʪʨʘʢʪʦʚ ʣʝʚʟʝʠ ʠ ʰʨʦʪʘ ʢʣʶʢʚʳ 

ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʢ.ʙ.ʥ., ʥ.ʩ., ɸʥʴʢʦʚ ʉ.ɺ. ʠ ʘʩʧʠʨʘʥʪʢʘ 2 

ʛʦʜʘ, ʠʥʞʝʥʝʨ ʍʘʣʠʢʦʚʘ ɼ.ɸ. 

ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ɹɸɼ ʜʣʷ 

ʩʧʦʨʪʠʚʥʦʛʦ ʧʠʪʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʢʦʤʧʦʟʠʮʠʶ ʬʠʪʦʛʦʨʤʦʥʘ 

ʵʢʜʠʩʪʝʥʘ ʠ ʪʨʠʪʝʨʧʝʥʦʠʜʘ -ʫʨʩʦʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʵʢʩʪʨʘʢʪʘʭ ʣʝʚʟʝʠ ʠ ʰʨʦʪʘ ʢʣʶʢʚʳ.  ɺ ʧʝʨʝʯʥʝ ɹɸɼ ʜʣʷ ʩʧʦʨʪʠʚʥʦʛʦ 

ʧʠʪʘʥʠʷ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʂʠʪʘʝ ʠ ʉʐɸ, ʩʫʱʝʩʪʚʫʝʪ ʦʪʜʝʣʴʥʳʝ ɹɸɼʳ 

ʣʝʚʟʝʠ ʠ ʫʨʩʦʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʦ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʜʚʫʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʨʳʥʢʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

3.1.1. ɺʣʠʷʥʠʝ ʢʦʤʧʦʟʠʮʠʠ ʵʢʩʪʨʘʢʪʘ ʣʝʚʟʝʠ, ʩʦʜʝʨʞʘʱʝʛʦ ʵʢʜʠʩʪʝʥ ʠ 

ʵʢʩʪʨʘʢʪʘ ʰʨʦʪʘ ʢʣʶʢʚʳ, ʩʦʜʝʨʞʘʱʝʛʦ ʫʨʩʦʣʦʚʫʶ ʢʠʩʣʦʪʫ ʥʘ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʫ ʤʳʰʝʡ. 

ɺʩʝʭ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʚʠʚʘʨʠʷ ʌʀʎ ʀʥʩʪʠʪʫʪʘ ʮʠʪʦʣʦʛʠʠ ʠ 

ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ ʩʦʜʝʨʞʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦ ʩʚʦʙʦʜʥʳʤ 

ʜʦʩʪʫʧʦʤ ʢ ʚʦʜʝ ʠ ʩʪʘʥʜʘʨʪʥʦʤʫ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʤʫ ʢʦʨʤʫ, ʩ ʚʣʘʞʥʦʩʪʴʶ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʥʪʨʦʣʝʤ, ʩ 12-ʯʘʩʦʚʳʤ ʮʠʢʣʦʤ ʩʚʝʪʘ ʠ ʪʝʤʥʦʪʳ.  

ɺʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʞʠʚʦʪʥʳʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʪʨʦʛʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʌ, ʇʨʠʢʘʟʦʤ ʄʠʥʟʜʨʘʚʘ ʈʌ ˉ 199ʥ ʦʪ 01.04.2015 ʛ. ʠ 

ʧʦʣʦʞʝʥʠʷʤʠ ɼʠʨʝʢʪʠʚʳ 2010/63/EU ʇʘʨʣʘʤʝʥʪʘ ɽʉ ʠ ʉʦʚʝʪ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ ʦʪ 22.09.2010 ʛ. ʦ ʟʘʱʠʪʝ ʞʠʚʦʪʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʥʘʫʯʥʳʭ ʮʝʣʷʭ.  

ʀʩʩʣʝʜʫʝʤʳʝ ʚʝʱʝʩʪʚʘ: ʰʨʦʪ ʢʣʶʢʚʳ, ʩʦʜʝʨʞʘʱʠʡ 40% ʫʨʩʦʣʦʚʦʡ 

ʢʠʩʣʦʪʳ (ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʆʍʇ ʅʀʆʍ ʉʆ ʈɸʅ), ʵʢʩʪʨʘʢʪ ʣʝʚʟʝʠ 
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ʩʘʬʣʦʨʦʚʠʜʥʦʡ, ʩʦʜʝʨʞʘʱʠʡ 0.31% ʵʢʜʠʩʪʝʥʘ (ʧʨʦʠʟʚʦʜʩʪʚʦ çʆʆʆ 

ʕʢʩʪʨʘʢʪʳ ɸʣʪʘʷè, ʛ. ɹʘʨʥʘʫʣ), ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʢʦʤʧʦʟʠʮʠʷ ʚ 

ʨʘʟʥʳʭ ʜʦʟʘʭ ʠ ʠʟʫʯʝʥʦ ʝʸ ʚʣʠʷʥʠʝ ʥʘ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʫ ʤʳʰʝʡ 

ʠ ʘʥʘʙʦʣʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫ ʢʨʳʩ  

ʈʝʟʫʣʴʪʘʪʳ  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʢʦʤʧʦʟʠʮʠʡ ʵʢʩʪʨʘʢʪʦʚ ʣʝʚʟʝʠ ʠ 

ʰʨʦʪʘ ʢʣʶʢʚʳ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʷʭ 

ʦʮʝʥʢʠ ʬʠʟʠʯʝʩʢʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʫʩʪʘʥʦʚʣʝʥʦ: 

1. ɺʚʝʜʝʥʠʝ ʢʦʤʧʦʟʠʮʠʡ ʵʢʩʪʨʘʢʪʦʚ ʣʝʚʟʝʠ ʠ ʰʨʦʪʘ ʢʣʶʢʚʳ ʨʘʟʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʫ ʤʳʰʝʡ ʣʠʥʠʡ C57BL/6 ʠ CD -1 ʦʙʦʝʛʦ ʧʦʣʘ ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʷ ʥʘ ʤʘʩʩʫ ʪʝʣʘ, ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʥʘʪʦʱʘʢ ʙʝʟ ʥʘʛʨʫʟʢʠ. 

2. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ (28 ʜʥʝʡ) ʥʘ ʬʦʥʝ ʛʣʶʢʦʟʥʦʡ ʥʘʛʨʫʟʢʠ 

ʵʢʩʪʨʘʢʪ ʣʝʚʟʝʠ ʚ ʜʦʟʝ 170 ʤʛ/ʢʛ ʫ ʩʘʤʮʦʚ ʣʠʥʠʠ c57bl/6 ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣ 

ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʥʘ 14 % ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʥʦ-ʪʚʠʥʦʚʦʤʫ ʢʦʥʪʨʦʣʶ. 

3. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ (28 ʜʥʝʡ) ʥʘ ʬʦʥʝ ʛʣʶʢʦʟʥʦʡ ʥʘʛʨʫʟʢʠ 

ʢʦʤʧʦʟʠʮʠʷ ʵʢʩʪʨʘʢʪ ʣʝʚʟʝʠ + ʵʢʩʪʨʘʢʪ ʰʨʦʪʘ ʢʣʶʢʚʳ ʚ ʜʦʟʝ 35:250 ʤʛ/ʢʛ ʠ 

-ɻʢʪ ʰʨʦʪʘ ʢʣʶʢʚʳ ʚ ʜʦʟʝ 250 ʤʛ/ʢʛ ʫ ʩʘʤʦʢ ʣʠʥʠʡ C57BL/6 ʜʦʩʪʦʚʝʨʥʦ 

ʩʥʠʞʘʣʠ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʥʘ 13,5 ʠ 14 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  ʧʦ ʦʪʥʦʰʝʥʠʶ  ʢ 

ʚʦʜʥʦ-ʪʚʠʥʦʚʦʤʫ ʢʦʥʪʨʦʣʶ. 

4. ʇʨʠ 14-ʜʥʝʚʥʦʤ ʚʚʝʜʝʥʠʠ ʥʘ ʬʦʥʝ ʛʣʶʢʦʟʥʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʘʭ 

(ʪʨʝʜʤʠʣ) ʢʦʤʧʦʟʠʮʠʷ ʵʢʩʪʨʘʢʪʦʚ ʣʝʚʟʝʠ ʠ ʰʨʦʪʘ ʢʣʶʢʚʳ ʚ ʜʦʟʝ 35:250 

ʤʛ/ʢʛ, ʘ ʪʘʢʞʝ ʵʢʩʪʨʘʢʪ ʰʨʦʪʘ ʢʣʶʢʚʳ ʚ ʜʦʟʝ 250 ʤʛ/ʢʛ ʫ ʩʘʤʮʦʚ ʣʠʥʠʠ CD-1 

ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣʠ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʥʘ 18,1 ʠ 21,9% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʥʦ ïʪʚʠʥʦʚʦʤʫ ʢʦʥʪʨʦʣʶ ʩ ʥʘʛʨʫʟʢʦʡ (ʪʨʝʜʤʠʣ). 

5. ʇʨʠ 7-ʜʥʝʚʥʦʤ ʚʚʝʜʝʥʠʠ ʥʘ ʬʦʥʝ ʛʣʶʢʦʟʥʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ 

(ʧʣʘʚʘʥʠʝ) ʢʦʤʧʦʟʠʮʠʷ ʵʢʩʪʨʘʢʪʦʚ ʣʝʚʟʝʠ ʠ ʰʨʦʪʘ ʢʣʶʢʚʳ ʚ ʜʦʟʝ 70:500 

ʤʛ/ʢʛ, ʘ ʪʘʢʞʝ ʵʢʩʪʨʘʢʪ ʰʨʦʪʘ ʢʣʶʢʚʳ 500 ʤʛ/ʢʛ ʫ ʩʘʤʮʦʚ ʣʠʥʠʠ    CD-1 

ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣʠ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʥʘ 25,1 ʠ 31,8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʥʦ ïʪʚʠʥʦʚʦʤʫ ʢʦʥʪʨʦʣʶ ʩ ʥʘʛʨʫʟʢʦʡ (ʧʣʘʚʘʥʠʝ). 

6. ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ 

ʚʚʝʜʝʥʠʝ ʪʦʣʴʢʦ ʵʢʩʪʨʘʢʪʘ ʣʝʚʟʝʠ ʚ ʜʦʟʝ 170 ʤʛ/ʢʛ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫ ʩʘʤʦʢ 

ʣʠʥʠʠ C57BL/6 ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʢʨʝʘʪʠʥʠʥʘ ʠ ʃʇɺʇ, ʘ ʫ ʩʘʤʮʦʚ ʣʠʥʠʠ 

C57BL/6 - ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʊʨʠʛʣʠʮʝʨʠʜʦʚ.  

7. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʢʨʠʥʠʥʛʘ ʚʳʷʚʣʝʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʦʤʧʦʟʠʮʠʠ ʵʢʩʪʨʘʢʪʦʚ ʣʝʚʟʝʠ ʠ ʰʨʦʪʘ ʢʣʶʢʚʳ ï (35:250 ʤʛ/ʢʛ), 

ʩʦʜʝʨʞʘʱʠʭ 105 ʤʢʛ/ʢʛ ʵʢʜʠʩʪʝʥʘ ʠ 100 ʤʛ/ʢʛ ʫʨʩʦʣʦʚʦʡ ʢʠʩʣʦʪʳ. 

3.1.2. ʀʟʫʯʝʥʠʝ ʘʥʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʤʦʜʝʣʠ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮʳ ʛʦʣʝʥʠ ʢʨʳʩ. 

ʄʦʜʝʣʴ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮʳ ʛʦʣʝʥʠ ʢʨʳʩ ʩ 

ʦʧʝʨʘʮʠʝʡ ʪʝʥʦʪʦʤʠʠ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦʙ ʘʥʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦ ʩʪʝʧʝʥʠ ʛʠʧʝʨʪʨʦʬʠʠ m. soleus. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʪʝʥʦʪʦʤʠʝʡ ʧʨʦʚʦʜʠʣʠ ʥʘ 48 ʢʨʳʩʘʭ ʣʠʥʠʠ ʩʪʦʢ Wistar, 

ʦʙʦʠʭ ʧʦʣʦʚ (24 ʩʘʤʮʘʭ ʠ 24 ʩʘʤʢʘʭ) ʩ ʠʩʭʦʜʥʦʡ ʤʘʩʩʦʡ 220-250 ʛ.  

ʇʦʜ ʥʘʨʢʦʟʦʤ ʭʣʦʨʘʣʛʠʜʨʘʪʘ, ʚʚʝʜʝʥʥʦʛʦ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʚ ʜʦʟʝ 350 

ʤʛ/ʢʛ ʧʨʦʚʦʜʠʣʠ ʨʘʟʨʝʟ ʧʨʘʚʦʡ ʛʦʣʝʥʠ ʢʨʳʩʳ, ʜʣʠʥʦʡ 2-3 ʩʤ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʧʝʨʝʯʥʳʤ ʠʩʩʝʯʝʥʠʝʤ m.gastrocnemius ʠ m.soleus. ɼʘʣʝʝ 

ʛʦʣʝʥʴ ʟʘʰʠʚʘʣʠ. ʃʝʚʘʷ ʛʦʣʝʥʴ ʩʣʫʞʠʣʘ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʛʠʧʝʨʪʨʦʬʠʠ.  

ʅʘ ʤʦʜʝʣʠ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮʳ ʛʦʣʝʥʠ ʢʨʳʩ ʩ 

ʦʧʝʨʘʮʠʝʡ ʪʝʥʦʪʦʤʠʠ ʫʩʪʘʥʦʚʣʝʥ ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʘʥʘʙʦʣʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʜʣʷ ʢʦʤʧʦʟʠʮʠʠ ʵʢʩʪʨʘʢʪʘ ʣʝʚʟʝʠ ʠ ʰʨʦʪʘ ʢʣʶʢʚʳ, ʩʦʜʝʨʞʘʱʝʡ ʵʢʜʠʩʪʝʥ ʠ 

ʫʨʩʦʣʦʚʫʶ ʢʠʩʣʦʪʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 
ʈʠʩ.1. ɻʠʧʝʨʪʨʦʬʠʷ ʤʳʰʮʳ m.soleus ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʪʝʥʦʪʦʤʠʠ ʧʦ 

ʦʢʦʥʯʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʘʤʮʳ. (ɸ) ʂʦʤʧʦʟʠʮʠʷ ʵʢʩʪʨʘʢʪʘ ʣʝʚʟʝʠ + 

ʵʢʩʪʨʘʢʪʘ ʰʨʦʪʘ ʢʣʶʢʚʳ ʚ ʜʦʟʝ 35:250 ʤʛ/ʢʛ, 1 ï m.soleus ʥʝ ʦʧʝʨʠʨʦʚʘʥʥʦʡ 

ʣʘʧʳ, 2 ï m.soleus ʦʧʝʨʠʨʦʚʘʥʥʦʡ ʣʘʧʳ; (ɹ) ʂʦʤʧʦʟʠʮʠʷ ʵʢʩʪʨʘʢʪʘ ʣʝʚʟʝʠ 

+ ʵʢʩʪʨʘʢʪʘ h ʨʦʪʘ ʢʣʶʢʚʳ ʚ ʜʦʟʝ 70:500 ʤʛ/ʢʛ, 1 ï m.soleus ʥʝ 

ʦʧʝʨʠʨʦʚʘʥʥʦʡ ʣʘʧʳ, 2 ï m.soleus ʦʧʝʨʠʨʦʚʘʥʥʦʡ ʣʘʧʳ. 

ʆʙʥʘʨʫʞʝʥʦ ʛʝʥʜʝʨʥʦʝ ʨʘʟʣʠʯʠʝ: ʫ ʩʘʤʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ, ʯʝʤ ʫ ʩʘʤʦʢ ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʘʥʘʙʦʣʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʘ 

ʠʤʝʥʥʦ, ʯʝʤ ʚʳʰʝ ʜʦʟʘ, ʪʝʤ ʚʳʰʝ ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʣʝʚʦʡ m. soleus ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʩʩʦʡ ʧʨʘʚʦʡ m. soleus. ʇʨʦʮʝʥʪ ʧʨʠʨʦʩʪʘ ʤʘʩʩʳ ʣʝʚʦʡ 

m.soleus ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʘʚʦʡ ʫ ʩʘʤʮʦʚ 84,8% ʠ 111,8% ʥʘ ʬʦʥʝ ʧʨʠʸʤʘ 

ʢʦʤʧʦʟʠʮʠʠ ʵʢʩʪʨʘʢʪʘ ʣʝʚʟʝʠ + ʵʢʩʪʨʘʢʪʘ ʰʨʦʪʘ ʢʣʶʢʚʳ ʚ ʜʦʟʝ 35:250 ʤʛ/ʢʛ 

ʠ ʚ ʜʦʟʝ 70:500 ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʩʘʤʦʢ 10,7% ʠ 12,08% ʥʘ ʬʦʥʝ 

ʧʨʠʸʤʘ ʢʦʤʧʦʟʠʮʠʠ ʵʢʩʪʨʘʢʪʘ ʣʝʚʟʝʠ + ʵʢʩʪʨʘʢʪʘ ʰʨʦʪʘ ʢʣʶʢʚʳ ʚ ʜʦʟʝ 

35:250 ʤʛ/ʢʛ ʠ ʚ ʜʦʟʝ 70:500 ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʘʙʦʣʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʤʝʪʘʥʜʨʦʩʪʝʥʦʣʦʥʘ ʥʘ 

ʘʥʘʣʦʛʠʯʥʦʡ ʤʦʜʝʣʠ ʩʦʩʪʘʚʠʣ 85,6 % ʧʨʠʨʦʩʪʘ ʤʘʩʩʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʝʥʠʷ ʢ ʘʥʘʙʦʣʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʙʠʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ: ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ, ʣʘʢʪʘʪʘ ʠ ʢʨʝʘʪʠʥʠʥʬʦʩʬʦʢʠʥʘʟʳ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʢʨʝʘʪʠʥʠʥʬʦʩʬʦʢʠʥʘʟʳ ʫ ʩʘʤʦʢ ʥʝ ʧʨʝʚʳʰʘʣʦ 

ʫʨʦʚʝʥʴ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʘʤʮʦʚ ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʦʚʳʰʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 1,6 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ 
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ʛʨʫʧʧʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʘʥʘʙʦʣʠʯʝʩʢʦʤ ʵʬʬʝʢʪ ʫ 

ʩʘʤʮʦʚ. 

ɼʣʷ ʩʘʤʦʢ ʦʪʤʝʯʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʛʣʶʢʦʟʘ/ʣʘʢʪʘʪ ʚ 1,8. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʦʟʠʮʠʷ ʵʢʩʪʨʘʢʪʦʚ ʣʝʚʟʝʠ ʠ ʰʨʦʪʘ ʢʣʶʢʚʳ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 7:50, ʩʦʜʝʨʞʘʱʘʷ ʵʢʜʠʩʪʝʥ ʠ ʫʨʩʦʣʦʚʫʶ ʢʠʩʣʦʪʫ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʤʦʜʝʣʠ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮʳ 

ʛʦʣʝʥʠ ʢʨʳʩ ʩ ʦʧʝʨʘʮʠʝʡ ʪʝʥʦʪʦʤʠʠ ʧʨʦʷʚʣʷʝʪ ʜʦʟʦʟʘʚʠʩʠʤʳʡ 

ʘʥʘʙʦʣʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫ ʩʘʤʮʦʚ ʢʨʳʩ ʠ ʧʦʚʳʰʘʝʪ ʬʠʟʠʯʝʩʢʫʶ 

ʚʳʥʦʩʣʠʚʦʩʪʴ ʫ ʩʘʤʦʢ ʢʨʳʩ. 

ʍʘʣʠʢʦʚʘ ɼ.ɸ. ɸʥʴʢʦʚ ʉ.ɺ.  ʄʝʰʢʦʚʘ ʖ.ɺ.  ʊʦʣʩʪʠʢʦʚʘ ʊ.ɻ. 

ɸʥʘʙʦʣʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʵʢʩʪʨʘʢʪʦʚ ʣʝʚʟʝʠ ʠ 

ʰʨʦʪʘ ʢʣʶʢʚʳ ʉʠʙʠʨʩʢʠʡ ʥʘʫʯʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʞʫʨʥʘʣ, 2021. ʊ.41, N 6, ʉ. 

45-51. 

ɼ.ɸ. ʍʘʣʠʢʦʚʘ, ʉ.ɺ. ɸʥʴʢʦʚ, ʊ.ɻ. ʊʦʣʩʪʠʢʦʚʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʵʢʩʪʨʘʢʪʦʚ ʣʝʚʟʝʠ ʠ ʰʨʦʪʘ ʢʣʶʢʚʳ ʥʘ 

ʫʪʠʣʠʟʘʮʠʶ ʛʣʶʢʦʟʳ ʫ ʤʳʰʝʡ ʣʠʥʠʠ C57BL/6 ʇʝʨʚʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʐʢʦʣʘ ʧʦ ʄʝʜʠʮʠʥʩʢʦʡ ʍʠʤʠʠ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 4-9 

ʠʶʣʷ 2021 ʛ., ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ, ʉʪʨ.202  

ɼ.ɸ. ʍʘʣʠʢʦʚʘ, ʉ.ɺ. ɸʥʴʢʦʚ, ʊ.ɻ. ʊʦʣʩʪʠʢʦʚʘ 

ɺʣʠʷʥʠʝ ʢʦʤʧʦʟʠʮʠʠ ʵʢʩʪʨʘʢʪʦʚ ʣʝʚʟʝʠ ʠ ʰʨʦʪʘ ʢʣʶʢʚʳ ʥʘ ʫʨʦʚʝʥʴ 

ʛʣʶʢʦʟʳ. ɺ ʩʙʦʨʥʠʢʝ: ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʝʜʠʮʠʥʝ, ʙʠʦʣʦʛʠʠ, 

ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠ. ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ NT + 

M&Ec`2020. ɺʝʩʝʥʥʷʷ ʩʝʩʩʠʷ. ʄʦʩʢʚʘ, 2021. ʉ. 164-168. DOI: 10.47501/978-

5-6044060-1-4.26  

 

3,2. ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦ ʪʠʧʫ çʛʦʩʪʴ-ʭʦʟʷʠʥè ʛʠʧʦʪʝʥʟʠʚʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʠʬʝʜʠʧʠʥʘ (ʅʌ) ʩ 

ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʦʤ.  

ʀʩʧʦʣʥʠʪʝʣʠ ʦʪ ʃʌʀ ʚ.ʥ.ʩ., ʜ.ʙ.ʥ. ʍʚʦʩʪʦʚ ʄ.ɺ., ʥ.ʩ.. ʢ.ʙ.ʥ. ɹʦʨʠʩʦʚ ʉ.ɸ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʪʠʧʫ 

çʛʦʩʪʴ-ʭʦʟʷʠʥè ʛʠʧʦʪʝʥʟʠʚʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʠʬʝʜʠʧʠʥʘ (ʅʌ) ʩ 

ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʦʤ (ɸɻ), ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʣʠʩʪʚʝʥʥʠʮʳ 

ʩʠʙʠʨʩʢʦʡ. ʊʚʝʨʜʳʝ ʜʠʩʧʝʨʩʠʠ (ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ 

ʧʦ ʪʠʧʫ çʛʦʩʪʴ-ʭʦʟʷʠʥè) ʅʌ:ɸɻ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʀʍʊʊʄ 

ʉʆ ʈɸʅ. ʀʭ ʛʠʧʦʪʝʥʟʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ 

ʦʮʝʥʠʚʘʣʠ ʥʘ ʢʨʳʩʘʭ ʩ ʥʦʨʤʘʣʴʥʳʤ (ʣʠʥʠʷ ɺʠʩʪʘʨ) ʠ ʧʦʚʳʰʝʥʥʳʤ 

ʘʨʪʝʨʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ (ʣʠʥʠʷ ʅʀʉɸɻ). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫ 

ʞʠʚʦʪʥʳʭ ʦʙʝʠʭ ʣʠʥʠʡ ʢʦʤʧʣʝʢʩ ʅʌ:ɸɻ ʩʥʠʞʘʣ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʙʦʣʝʝ ʥʠʟʢʦʡ ʜʦʟʝ, ʯʝʤ ʩʚʦʙʦʜʥʳʡ ʅʌ (1,75 ʤʛ/ʢʛ ʅʌ ʚ ʢʦʤʧʣʝʢʩʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 3,5 ʤʛ / ʢʛ ʩʚʦʙʦʜʥʦʛʦ ʅʌ).  ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʣʝ ʚʚʝʜʝʥʠʠ ʞʠʚʦʪʥʳʤ ʦʙʝʠʭ ʣʠʥʠʡ 
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ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʦʚʳʰʝʥʠʝ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʅʌ (ʫʚʝʣʠʯʝʥʠʝ AUC), ʯʪʦ 

ʦʙʲʷʩʥʷʝʪ ʥʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʛʠʧʦʪʝʥʟʠʚʥʦʡ ʜʦʟʳ.  

M.V. Khvostov, A.A. Chernonosov, S.A. Borisov, M.S. Borisova, E.S. 

Meteleva, V.I. Evseenko, N.E. Polyakov, A.V. Dushkin, T.G. Tolstikova. Study of 

supramolecular complex of nifedipine with arabinogalactan on Wistar and ISIAH 

rats. Therapeutic Delivery. 2021. V.12. N2. P.119-131.   doi:10.4155/tde-2020-

0115. 

3.3. ʆʮʝʥʢʘ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɓ-ʢʘʨʙʦʣʠʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟ ʃʌɸɺ (ʯʣ.-ʢʦʨʨ. ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ.)  

ʀʩʧʦʣʥʠʪʝʣʴ ʦʪ ʃʌʀ: ʚ.ʥ.ʩ., ʜ.ʙ.ʥ. ʍʚʦʩʪʦʚ ʄ.ɺ. 

ʆʮʝʥʢʘ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʯʝʪʳʨʝʭ ʧʦʣʫʯʝʥʥʳʭ ɓ-ʢʘʨʙʦʣʠʥʦʚ ʠ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʪʠʣ 7-ʬʪʦʨ-1,3-ʜʠʤʝʪʠʣ-9H-ʧʠʨʠʜʦ[3,4-b]-ʠʥʜʦʣ-4-

ʢʘʨʙʦʢʩʠʣʘʪ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪʩʷ ʘʪʦʤ ʬʪʦʨʘ, ʦʙʣʘʜʘʝʪ 

ʩʘʤʳʤ ʩʠʣʴʥʳʤ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʩʘʤʮʘʭ ʤʳʰʝʡ ʣʠʥʠʠ CD-1 ʤʘʩʩʦʡ 20-25 ʛ. ɻʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ 

ʘʛʝʥʪʦʚ ʦʮʝʥʠʚʘʣʠ ʚ ʆɻʊʊ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ ʚʚʝʜʝʥʠʠ ʚ 

ʜʦʟʝ 10 ʤʛ/ʢʛ.  

V.ɸ. Proshchenkova, V.Yu. Shuvalov, L.V. Glyzdinskaya, A.S. Fisyuk, S.A. 

Chernenko, M.V. Khvostov, T.G. Tolstikova, M.ɸ. Vorontsova, G.P. Sagitullina. 

Synthesis of 4-Ethoxycarbonyl(cyano)-ɓ-Carbolines via Thermolysis of 4-Aryl-

3(5)-Azidopyridine Derivatives and the Study of their Optical and Hypoglycemic 

Properties. Chemistry of Heterocyclic Compoundsʙ 2021, V. 57, N. 2, Pp 187-

198 doi:10.1007/s10593-021-02892-9, IF=1.277. 

3.4. ʆʧʨʝʜʝʣʝʥʠʝ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʃʄʍ (ʨʫʢ.  ʧʨʦʬ.  ʐʫʣʴʮ ʕ.ʕ.) 

ʀʩʧʦʣʥʠʪʝʣʴ ʠʟ ʃʌʀ: ʢ.ʙ.ʥ., ʥ.ʩ. ɹʦʨʠʩʦʚ ʉ.ɸ., ʢ.ʙ.ʥ., ʩ.ʥ.ʩ. ɹʘʝʚ ɼ.ʉ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2020 ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʷʜʘ 

ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʘʤʠʥʦʵʪʘʥʦʣʴʥʦʡ ʠ (2R)-(ʛʠʜʨʦʢʩʠʤʝʪʠʣ) ʧʠʨʨʦʣʠʜʠʥʦʚʦʡ ʛʨʫʧʧʘʤʠ 

ʧʨʦʷʚʠʣʠ ʚʳʨʘʞʝʥʥʫʶ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʅʘ ʜʚʫʭ ʤʦʜʝʣʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʦʣʠ ï çʛʦʨʷʯʝʡ ʧʣʘʩʪʠʥʝè ʠ çʫʢʩʫʩʥʳʭ ʢʦʨʯʘʭè ï 

ʫʢʘʟʘʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʚʝʜʝʥʥʳʝ ʚ ʜʦʟʝ 5 ʠ 25 ʤʛ/ʢʛ, ʧʨʦʷʚʠʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ, ʩʭʦʜʥʳʡ ʩ ʧʨʝʧʘʨʘʪʦʤ ʩʨʘʚʥʝʥʠʷ ʜʠʢʣʦʬʝʥʘʢʦʤ ʥʘʪʨʠʷ ʚ ʜʦʟʝ 10 

ʤʛ/ʢʛ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ  

(LD50> 1250 ʤʛ/ʢʛ). 

M.A. Gromova, Yu.V. Kharitonov, S.A. Borisov, D.S. Baev, T.G. Tolstikova, 

E.E. Shulôts Synthetic Transformations of Higher Terpenoids. 39.* Synthesis 

and Analgesic Activity of Isopimaric Acid Derivatives // Chemistry of Natural 

Compounds (2021), 57, N 5, Pp 474-481 doi:10.1007/s10600-021-03391-1 

 

3.5. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2020 ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʧʨʦʪʠʚʦʷʟʚʝʥʥʦʡ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ, ʧʨʦʩʪʘʪʦʧʨʦʪʝʢʪʦʨʥʦʡ, 
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ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʪʘʪʴʠ ʠ ʧʦʣʫʯʝʥʦ 2 

ʧʘʪʝʥʪʘ:  

ʀʩʧʦʣʥʠʪʝʣʠ: ʚ.ʥ.ʩ., ʜ.ʙ.ʥ. ʉʦʨʦʢʠʥʘ ʀ.ɺ., ʥ.ʩ.. ʢ.ʙ.ʥ. ɹʦʨʠʩʦʚʘ ʄ.ʉ., 

ʩ.ʥ.ʩ., ʢ.ʙ.ʥ. ɹʘʝʚ ɼ.ʉ., ʥ.ʩ., ʢ.ʙ.ʥ. ɹʦʨʠʩʦʚ ʉ.ɸ., ʥ.ʩ., ʢ.ʙ.ʥ. ʂʦʪʣʷʨʦʚʘ ɸ.ɸ.. 

ʩ.ʥ.ʩ., ʢ.ʙ.ʥ. ʇʘʚʣʦʚʘ ɸ.ɺ. 

M.S. Borisova, D.I. Ivankin, D.N. Sokolov, O.A. Luzina, T.V. Rybalova, T.G. 

Tolstikova, N.F. Salakhutdinov Synthesis, antiulcerative, and anti-inflammatory 

activities of new campholenic derivatives-1,3-thiazolidin-4-ones, 1,3-thiazolidine-

2,4-diones, and 1,3-thiazinan-4-ones Chemical Papers, 2021, V. 75, Pp 5503ï

5514 doi:10.1007/s11696-021-01741-5, IF=2.097 

Yu.V. Kharitonov, E.E. Shul'ts, T.V. Rybalova, A.V. Pavlova, T.G. Tolstikova 

Synthetic Transformations of Higher Terpenoids. 40. Synthesis and Assessment 

of Analgesic Activity of N-Containing Derivatives of Lambertianic Acid Yu. V. 

Kharitonov, E. E. Shulôts, T. V. Rybalova, A. V. Pavlova & T. G. Tolstikova 

Chemistry of Natural Chemistry of Natural Compounds, 2021, V. 57, N 5, Pp 

879-886 doi:10.1007/s10600-021-03502-y, IF=0.809 

Viktoriya N. Davydova, Irina V. Sorokina, Aleksandra V. Volodôko, Ekaterina 

V. Sokolova, Marina S. Borisova and Irina M. Yermak The Comparative 

Immunotropic Activity of Carrageenan, Chitosan and Their Complexes / Chapter 

of the book ñMarine Carbohydrate-Based Compounds with Medicinal 

Propertiesò. Eds. I. M. Yermak and V. Davydova. Published: MDPI, November 

2021. Pages: 217-233. https://doi.org/10.3390/books978-3-0365-2092-6 

(registering DOI). 

ʉʦʨʦʢʠʥʘ ʀ.ɺ. ʇʦʧʘʜʶʢ ʀ.ʀ., ɾʫʢʦʚʘ ʅ.ɸ., ʅʠʟʦʤʦʚ ʉ.ɸ., ʄʝʰʢʦʚʘ ʖ.ɺ., 

ɹʘʝʚ ɼ.ʉ., ɹʦʨʠʩʦʚ ʉ.ɸ., ʉʘʣʦʤʘʪʠʥʘ ʆ.ɺ., ʊʦʣʩʪʠʢʦʚʘ ʊ.ɻ., ʉʘʣʘʭʫʪʜʠʥʦʚ 

ʅ.ʌ. 1,2,4-ʆʢʩʘʜʠʘʟʦʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ ʢʠʩʣʦʪʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʧʨʦʩʪʘʪʦʧʨʦʪʝʢʪʦʨʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʦʡ 

ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʷʤʠ. ʇʘʪʝʥʪ RU2750488 ʉ1. 

ʆʧʫʙʣʠʢʦʚʘʥʦ 28.06.2021. ɹʶʣ. ˉ19.  

ɽ.ɺ. ʉʫʩʣʦʚ, ʂ.ʇ. ɺʦʣʯʦ, ɸ.ɸ. ʂʦʪʣʷʨʦʚʘ, ɸ.ɺ. ʇʘʚʣʦʚʘ, ʂ.ʖ. ʇʦʥʦʤʘʨʝʚ, 

ʅ.ʌ. ʉʘʣʘʭʫʪʜʠʥʦʚ, ʊ.ɻ. ʊʦʣʩʪʠʢʦʚʘ ʏʝʪʚʝʨʪʠʯʥʳʝ ʘʤʤʦʥʠʡʥʳʝ ʩʦʣʠ 

ʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʇʘʪʝʥʪ RU, ʟʘʷʚʢʘ 2021111248 ʦʪ 21.04.2021, ʦʧʫʙʣʠʢʦʚʘʥʦ: 25.11.2021, 

ʙʶʣ. ˉ33. 

 

ɹʣʦʢ 4. ʀʟʫʯʝʥʠʝ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʬʘʨʤʘʢʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʜʦʩʪʘʚʢʠ 

ʚ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʦʛʦ. 

ʀʩʧʦʣʥʠʪʝʣʠ: ʚ.ʥ.ʩ., ʜ.ʙ.ʥ. ʍʚʦʩʪʦʚ ʄ.ɺ., ʥ.ʩ., ʢ.ʙ.ʥ. ɹʦʨʠʩʦʚ ʉ.ɸ. 

4.1. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʣʫʯʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʥʠʤʝʩʫʣʠʜʘ (ʅʀʄ, 

ʩʝʣʝʢʪʠʚʥʳʡ ʠʥʛʠʙʠʪʦʨ ʎʆɻ-2) ʧʫʪʝʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʦʤ (ɸɻ), ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ 

ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (Na2ɻʂ), ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ 
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(HP-ɓ-CD) ʠ MgCO3. ʊʚʝʨʜʳʝ ʜʠʩʧʝʨʩʠʠ (ʊɼ) ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʀʍʊʊʄ ʉʆ ʈɸʅ ʠ ʀʂɻ 

ʉʆ ʈɸʅ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʝʨʝʟ 

ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʤʝʤʙʨʘʥʫ (ʈɸʄʈɸ, ʚʳʧʦʣʥʝʥʦ ʚ ʀʍʊʊʄ ʉʆ ʈɸʅ) ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʥʘʠʣʫʯʰʠʝ ʊɼ: ʩ ɸɻ, Na2ɻʂ ʠ HP-ɓ-CD, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʣʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʅʀʄ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʣʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʊɼ ʥʘ ʤʦʜʝʣʠ 

ʛʠʩʪʘʤʠʥʦʚʦʛʦ ʦʪʝʢʘ ʫ ʤʳʰʝʡ. ɺʝʱʝʩʪʚʘ ʚʚʦʜʠʣʠ ʧʝʨʦʨʘʣʴʥʦ ʦʜʥʦʢʨʘʪʥʦ 

ʤʳʰʘʤ CD-1 (ʩʘʤʮʳ, ʤʘʩʩʘ 20-25 ʛ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʊɼ ʜʦʟʦʟʘʚʠʩʠʤʦ ʩʥʠʞʘʶʪ ʚʳʨʘʞʝʥʥʦʩʪʴ ʦʪʝʢʘ. 

ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʊɼ ʅʀʄ ʩ Na2ɻʂ ʠ HP-ɓ-CD. ɺ 

ʵʪʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʦʪʝʢʘ 

ʣʘʧʳ ʪʨʝʙʦʚʘʣʦʩʴ ʚʚʝʜʝʥʠʝ ʜʦʟ ʅʀʄ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʠʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʪʘʣʦʥʥʳʤ ʅʀʄ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʫʚʝʣʠʯʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʅʀʄ ʚ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʯʪʦ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ 

ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʤʳʰʘʤ CD-1.  
 ʅʀʄ:ɸɻ ʅʀʄ: Na2ɻʂ ʅʀʄ:HP-ɓ-CD ʅʀʄ 

AUC 0-inf_obs, 

mkg/mL*min 

4033.30 Ñ 597.85 7534.44 Ñ 576.98  3898.39 Ñ 201.28 3978.88 Ñ 242.62 

 

Wei. Wei, V. I. Evseenko, M. V. Khvostov, S. A. Borisov, T. G. Tolstikova, N. 

E. Polyakov, A.V. Dushkin, Wenhao. Xu, Lu. Min, Weike. Su. Solubility, 

Permeability, Anti-Inflammatory Action and In Vivo Pharmacokinetic Properties 

of Several Mechanochemically Obtained Pharmaceutical Solid Dispersions of 

Nimesulide. Molecules 2021, 26(6), 1513 doi:10.3390/molecules26061513, 

IF=4.411.  

 

4.2. ʎʝʣʴ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʝʨʚʦʛʦ ʨʷʜʘ ï ʧʠʨʘʟʠʥʘʤʠʜʘ.  

 ʀʩʧʦʣʥʠʪʝʣʴ ʦʪ ʃʌʀ ʢ.ʙ.ʥ., ʥ.ʩ. ɸʥʴʢʦʚ ʉ.ɺ. 

 ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚ ʚʠʜʝ ʘʵʨʦʟʦʣʷ ʙʳʣ 

ʚʳʙʨʘʥ ʧʨʝʧʘʨʘʪ ʧʝʨʚʦʛʦ ʨʷʜʘ - ʧʠʨʘʟʠʥʘʤʠʜ. ɸʵʨʦʟʦʣʴ ʠʟ ʩʫʙʩʪʘʥʮʠʠ 

ʧʦʣʫʯʘʣʠ ʪʝʨʤʦʢʦʥʜʝʥʩʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʙʘʟʝ ʀʍʂʠɻ ʉʆ ʈɸʅ, ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʥʦʯʘʩʪʠʮ ʧʨʦʬʝʩʩʦʨʘ ɸ.ɸ. ʆʥʠʱʫʢʘ. ɸʵʨʦʟʦʣʠ ʧʦʜʘʚʘʣʠ ʚ 

ʢʘʤʝʨʳ çNose Onlyè ʠ çWhole bodyè (ʪʦʣʴʢʦ ʜʣʷ ʧʠʨʘʟʠʥʘʤʠʜʘ) ʤʳʰʘʤ 

ʩʘʤʮʘʤ CD-1, ʤʘʩʩʦʡ 20-23 ʛ.   ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʥʛʘʣʷʮʠʠ ʞʠʚʦʪʥʳʤ ʚ 

ʢʘʤʝʨʝ ʩʦʩʪʘʚʣʷʣʘ 20 ʤʠʥʫʪ. ʉʨʘʚʥʠʚʘʣʠ ʩ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʦʡ 

ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʧʝʨʦʨʘʣʴʥʦʡ ʠ ʘʵʨʦʟʦʣʴʥʦʡ 

ʬʦʨʤʳ ʧʠʨʘʟʠʥʘʤʠʜʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʩʭʦʞʫʶ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ. 
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ʈʠʩ. 2. ʌʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʦʨʘʣʴʥʦʡ ʬʦʨʤʳ  

ʧʠʨʘʟʠʥʘʤʠʜʘ ʚ ʜʦʟʝ 30 ʤʛ/ʢʛ. 

 
ʈʠʩ. 3. ʌʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʵʨʦʟʦʣʴʥʦʡ ʬʦʨʤʳ 

 ʧʠʨʘʟʠʥʘʤʠʜʘ ʚ ʜʦʟʝ 2,7 ʤʛ/ʢʛ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʠʨʘʟʠʥʘʤʠʜʘ ʚ ʣʝʛʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 50% ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʡ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ ʪʫʙʝʨʢʫʣʝʟʘ ʣʝʛʢʠʭ ʘʵʨʦʟʦʣʴʥʳʤʠ ʬʦʨʤʘʤʠ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ɸʥʴʢʦʚ ʉ.ɺ., ʊʦʣʩʪʠʢʦʚʘ ʊ.ɻ., ɺʘʣʠʫʣʠʥ ʉ.ɺ., ʆʥʠʱʫʢ ɸ.ɸ., ɹʦʨʠʩʦʚʘ 

ʄ.ʉ.,  

ɼʫʙʮʦʚ ʉ.ʅ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ʘʵʨʦʟʦʣʴʥʦʡ ʠ 

ʧʝʨʦʨʘʣʴʥʦʡ ʬʦʨʤ ʧʠʨʘʟʠʥʘʤʠʜʘ // ʍʠʤʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ. -  2021. - ʊ. 29. - ˉ 2. - ʉ. 229-232. 

 

ɹʣʦʢ 5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

 

ʀʟʫʯʝʥʠʝ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʘʭ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ 

ʢʨʳʩʘʭ.   

ʀʩʧʦʣʥʠʪʝʣʴ: ʚ.ʥ.ʩ., ʜ.ʙ.ʥ. ʍʚʦʩʪʦʚ ʄ.ɺ., ʚ.ʥ.ʩ., ʜ.ʤ.ʥ. ɾʫʢʦʚʘ ʅ.ɸ. 

ɻʠʜʨʦʢʩʠʘʧʘʪʠʪ (ɻɸ), ʦʩʥʦʚʥʦʡ ʤʠʥʝʨʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʟʫʙʥʦʡ ʵʤʘʣʠ ʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʦʩʪʝʡ, ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ ʠʥʞʝʥʝʨʠʠ 
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ʢʦʩʪʥʦʡ ʪʢʘʥʠ. ʉʠʥʪʝʪʠʯʝʩʢʠʡ ɻɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʤʧʣʘʥʪʘʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ʇʦʢʨʳʪʠʝ ɻɸ ʜʝʣʘʝʪ ʠʤʧʣʘʥʪʘʪ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ ʠ 

ʦʩʪʝʦʠʥʜʫʢʪʠʚʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʫʣʫʯʰʘʝʪ ʬʠʢʩʘʮʠʶ ʠ ʦʙʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʨʳʪʠʷ ɻɸ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʠʤʧʣʘʥʪʘʪ ʠʟ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʩʝʪʯʘʪʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ. ʇʦʨʦʰʦʢ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ɻɸ, ʧʦʣʫʯʝʥʥʳʡ ʩʫʭʠʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʦʜʥʦʬʘʟʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ɻɸ. ʇʦʢʨʳʪʠʷ ʧʨʠ ʪʘʢʦʤ 

ʩʧʦʩʦʙʝ ʥʘʥʝʩʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ ʯʘʩʪʠʮ, ʥʦ ʠ ʥʘ ʩʪʦʨʦʥʘʭ ʩʝʪʯʘʪʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʧʦʨʦʰʢʘ, ʨʘʟʣʦʞʝʥʠʷ ɻʂ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣʦ. ʕʪʘ ʨʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ɻɸ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʘʭ 

ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

N.V. Bulina, D.K. Rybin, S.V. Makarova, D.V. Dudina, I.S. Batraev, A.V. 

Utkin, I.Yu. Prosanov, M.V. Khvostov, V.Yu. Ulianitsky. Detonation Spraying of 

Hydroxyapatite on a Titanium Alloy Implant. Materials. 2021, 14(17), 4852 

doi:10.3390/ma14174852, IF=3.622  

 

5.2. ɺ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ ʢ 

ʩʠʥʪʝʟʫ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʩ ʜʚʦʡʥʳʤ ʠ ʪʨʦʡʥʳʤ ʟʘʤʝʱʝʥʠʝʤ. ɺ ʩʣʫʯʘʝ 

ʜʚʦʡʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʟʘʤʝʥʘ ʬʦʩʬʘʪ-ʠʦʥʦʚ 

ʥʘ ʢʘʨʙʦʥʘʪ- ʠ ʩʠʣʠʢʘʪ-ʠʦʥʳ. ʊʨʦʡʥʘʷ ʟʘʤʝʥʘ ʚʢʣʶʯʘʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʟʘʤʝʥʫ ʠʦʥʘ ʢʘʣʴʮʠʷ ʥʘ ʠʦʥ ʮʠʥʢʘ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ. ʆʙʨʘʟʮʳ ʟʘʤʝʱʝʥʥʳʭ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʦʚ ʚ ʬʦʨʤʝ ʧʦʨʦʰʢʘ ʦʮʝʥʠʚʘʣʠ in vitro ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʠʥʠʠ ʢʣʝʪʦʢ ʦʩʪʝʦʙʣʘʩʪʦʚ ʯʝʣʦʚʝʢʘ MG-63 ʠ in vivo ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʤʧʣʘʥʪʘʮʠʠ ʚ ʜʝʬʝʢʪ ʢʦʩʪʠ ʚ ʩʚʦʜʝ ʯʝʨʝʧʘ ʢʨʳʩʳ. ʇʦʩʣʝ 4ʭ ʜʥʝʡ 

ʠʥʢʫʙʘʮʠʠ in vitro ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʠʦʥʳ ʮʠʥʢʘ, ʢʨʝʤʥʠʷ ʠ 

ʢʘʨʙʦʥʘʪʘ ʩʦʩʪʘʚʘ Ca9.9Zn0.1(PO4)5.6(SiO4)0.2(CO3)0.2(OH)2, ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʣ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ. 

ʏʝʨʝʟ ʯʝʪʳʨʝ ʤʝʩʷʮʘ ʧʦʩʣʝ ʠʤʧʣʘʥʪʘʮʠʠ in vivo ʵʪʦʪ ʦʙʨʘʟʝʮ ʧʦʢʘʟʘʣ 

ʥʘʠʙʦʣʴʰʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʥʪʝʛʨʘʮʠʠ ʚ ʢʦʩʪʠ ʯʝʨʝʧʘ ʢʨʳʩʳ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʨʝʟʦʚ ʢʦʩʪʝʡ. 

 M.V. Khvostov, M.S. Borisova, N.V. Bulina, S.V. Makarova, N.B. 

Dumchenko, T.G. Tolstikova, N.Z. Lyakhov. The influence of zinc and silicate 

ions on biological properties of hydroxyapatite synthesized by a 

mechanochemical method. Ceramics International, 2021, V. 47, N 7, Part A, Pp 

9495-9503 doi:10.1016/j.ceramint.2020.12.083, IF=4.527. 
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ɻʨʘʥʪ ʈʅʌ ˉ 19-73-10143 çʂʠʥʝʪʠʢʘ ʠ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʘʥʦoʘʵʨʦʟʦʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʫʙʩʪʘʥʮʠʡ ʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʞʠʚʦʪʥʳʤʠè (ʨʫʢ. ʢ.ʭ.ʥ. ɺʘʣʠʫʣʠʥ ʉ.ɺ. 

ʀʍʂʠɻ ʉʆ ʈɸʅ). 

ʀʩʧʦʣʥʠʪʝʣʴ ʦʪ ʃʌʀ ʢ.ʙ.ʥ. ʥ.ʩ. ɸʥʴʢʦʚ ʉ.ɺ., ʜ.ʙ.ʥ.., ʧʨʦʬ. ʊ.ɻ. ʊʦʣʩʪʠʢʦʚʘ  

ʅʘ ʙʘʟʝ ʀʍʂʠɻ ʉʆ ʈɸʅ, ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʥʦʯʘʩʪʠʮ ʧʨʦʬ. ʆʥʠʱʫʢʘ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʘʵʨʦʟʦʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʘʵʨʦʟʦʣʴ ʠʟ ʨʘʩʪʚʦʨʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʫʙʩʪʘʥʮʠʡ. 

ɻʝʥʝʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʩʫʰʝʥʠʝʤ ʜʦ ʩʫʭʠʭ ʯʘʩʪʠʮ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʘʵʨʦʟʦʣʴ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ, 

ʜʣʷ ʚʝʱʝʩʪʚ ʠʟ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʵʨʦʟʦʣʴ 

ʪʝʨʤʦʢʦʥʜʝʥʩʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ, ʚ ʚʠʜʫ ʠʭ ʪʝʨʤʦʣʘʙʠʣʴʥʦʩʪʠ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠ ʜʦʟʫ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʘʥʥʳʝ ʬʠʟʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ in vivo, ʥʘ ʞʠʚʦʪʥʳʭ.  ʆʙʱʘʷ ʩʭʝʤʘ 

ʘʵʨʦʟʦʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 4. ʆʙʱʘʷ ʩʭʝʤʘ ʘʵʨʦʟʦʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʘʵʨʦʟʦʣʠ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʫʙʩʪʘʥʮʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʵʨʦʟʦʣʴ 

ʪʝʨʤʦʢʦʥʜʝʥʩʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʤʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ 

ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʘʵʨʦʟʦʣʴʥʦʛʦ 

ʩʧʦʩʦʙʘ ʜʦʩʪʘʚʢʠ. 

Valiulin S.V., Onischuk A.A., Baklanov A.M., Dubtsov S.N., Dultseva G.G., 

An'kov S.V., Tolstikova T.G., Rusinov V.L., Charushin V.N. An integrated 

aerosol setup for therapeutics and toxicological testing: generation techniques 

and measurement instrumentation. // Measurement. ï 2021. - V. 181. Art 

Num.109659 doi:10.1016/j.measurement.2021.109659, IF=3.927 

2.3. ʅʘ ʘʵʨʦʟʦʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʛʝʥʝʨʠʨʫʶʱʝʡ ʘʵʨʦʟʦʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʤʝʪʦʜʦʤ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʫʰʝʥʠʝʤ ï ʙʳʣ ʧʦʣʫʯʝʥ 
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ʘʵʨʦʟʦʣʴ ʮʝʬʘʟʦʣʠʥʘ, ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʦʛʦ ʘʥʪʠʙʠʦʪʠʢʘ ʧʝʨʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʠ ʠʟʫʯʝʥʳ ʥʘ ʤʳʰʘʭ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʠ 

ʬʘʨʤʘʢʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʘʨʝʥʪʝʨʘʣʴʥʦʡ ʬʦʨʤʦʡ.  

 
ʈʠʩ. 5 ʂʦʥʮʝʥʪʨʘʮʠʷ ʮʝʬʘʟʦʣʠʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ (ɸ) ʠ ʣʝʛʢʠʭ (ɹ), 

ʧʦʩʣʝ 20-ʪʠ ʤʠʥʫʪʥʦʡ ʠʥʛʘʣʷʮʠʠ. ɼʦʟʘ ʮʝʬʘʟʦʣʠʥʘ 2,7 ʤʛ/ʢʛ. ʈʘʟʤʝʨ 

ʯʘʩʪʠʮ 1,5 ʤʢʤ. 

 
ʈʠʩ.6 ʂʦʥʮʝʥʪʨʘʮʠʷ ʮʝʬʘʟʦʣʠʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʦʩʣʝ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʛʦ ʚʚʝʜʝʥʠʷ. ɼʦʟʘ 5 ʤʛ/ʢʛ. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʯʪʦ ʘʵʨʦʟʦʣʴʥʳʡ ʠ ʧʘʨʝʥʪʝʨʘʣʴʥʳʡ ʩʧʦʩʦʙ ʜʦʩʪʘʚʢʠ ʠʤʝʶʪ ʩʭʦʞʫʶ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ, ʥʦ ʧʨʠ ʘʵʨʦʟʦʣʴʥʦʡ ʬʦʨʤʝ ʜʦʩʪʘʚʢʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʢʦʧʣʝʥʠʝ ʚ ʣʝʛʢʠʭ ʚ ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʠ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ.  

ɺʚʝʜʝʥʠʝ ʮʝʬʘʟʦʣʠʥʘ ʚ ʘɻʨʦʟʦʣʴʥʦʡ ʬʦʨʤʝ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʣʝʯʝʥʠʠ ʧʝʨʠʪʦʥʠʪʘ ʫ ʤʳʰʝʡ, ʚʳʟʚʘʥʥʦʛʦ ʚʚʝʜʝʥʠʝʤ ʚ 

ʙʨʶʰʥʫʶ ʧʦʣʦʩʪʴ ʩʫʩʧʝʥʟʠʠ ʘʨʭʠʚʥʦʛʦ ʰʪʘʤʤʘ K. Pneumoniae 82. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʯʝʥʠʝ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʘʵʨʦʟʦʣʝʤ 
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ʵʬʬʝʢʪʠʚʥʦ, ʠ ʧʦʟʚʦʣʷʝʪ ʞʠʚʦʪʥʳʤ ʚʳʞʠʚʘʪʴ ʚ ʪʝʯʝʥʠʠ   ʩʝʤʠ ʜʥʝʡ ʧʦʩʣʝ 

ʠʥʬʠʮʠʨʦʚʘʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʞʠʚʦʪʥʳʝ, ʢʦʪʦʨʳʤ ʚʚʦʜʠʣʠ ʚʥʫʪʨʠʙʨʶʰʠʥʦ 

ʮʝʬʘʟʦʣʠʥ ʚ ʜʦʟʝ 5 ʤʛ/ʢʛ  100% ʛʠʙʝʣʴ ʥʘʩʪʫʧʘʣʘ  ʥʘ ʪʨʝʪʴʠ ʩʫʪʢʠ ʧʦʩʣʝ 

ʠʥʬʠʮʠʨʦʚʘʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʵʨʦʟʦʣʴʥʦʡ ʪʝʨʘʧʠʠ ʧʦʜʪʚʝʨʞʜʘʣʠ 

ʪʘʢʞʝ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʧʦʩʝʚʦʤ ʠ ʘʥʘʣʠʟʦʤ ʢʨʦʚʠ. 

ɸʵʨʦʟʦʣʴʥʘʷ ʪʝʨʘʧʠʷ ʘʥʪʠʙʠʦʪʠʢʦʤ ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʦʛʦ ʨʷʜʘ ʧʦʢʘʟʘʣʘ 

ʩʚʦʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʣʝʯʝʥʠʷ ʪʷʞʝʣʳʭ ʠʥʬʝʢʮʠʡ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ 

ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʘʨʤʘʢʦʜʠʥʘʤʠʢʠ.  
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ʃʘʙʦʨʘʪʦʨʠʷ ʥʘʧʨʘʚʣʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʢ.ʭ.ʥ. ʉʫʩʣʦʚ ɽʚʛʝʥʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ çʅʘʧʨʘʚʣʝʥʥʳʡ ʧʦʠʩʢ, ʩʪʨʫʢʪʫʨʥʳʡ ʜʠʟʘʡʥ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚè 

 

ʘ) ɺ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʙʳʣ ʧʦʣʫʯʝʥ ʥʦʚʳʡ ʪʠʧ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʨʙʝʨʠʥʘ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤ 

ʯʝʪʳʨʸʭʯʣʝʥʥʳʤ ʩʫʣʴʬʦʥʦʚʳʤ ʮʠʢʣʦʤ. 

ʈʝʘʢʮʠʷ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʣʢʠʣʩʫʣʴʬʦʭʣʦʨʠʜʦʚ ʢ ʜʠʛʠʜʨʦʙʝʨʙʝʨʠʥʫ 

ʧʨʦʪʝʢʘʝʪ ʩ ʚʳʩʦʢʦʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʜʥʦʛʦ ʩʪʝʨʝʦʠʟʦʤʝʨʘ. 

ʙ) ɺ 2021 ʛʦʜʫ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʥʦʚʳʭ ʟʘʤʝʱʝʥʥʳʭ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ 5 ʛʝʪʝʨʦʮʠʢʣʘ, ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʥʘʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʆ-ʘʮʠʣʠʨʦʚʘʥʥʳʭ ʘʤʠʜʦʢʩʠʤʦʚ. ʅʦʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʩʭʦʜʷ ʠʟ (+)-ʢʝʪʦʧʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ in vitro ʥʘ 

ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ MDCK, ʘ ʠʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʟʫʯʘʣʘʩʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ, ʧʦʜʪʠʧʦʚ H1N1 ʠ H7N9. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʣʠ ʚʳʩʦʢʫʶ ʚʠʨʫʩʠʥʛʠʙʠʨʫʶʱʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩ ʛʨʠʧʧʘ H1N1. ʅʝʢʦʪʦʨʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʪʘʢʞʝ ʘʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ʜʨʫʛʦʛʦ 

ʘʥʪʠʛʝʥʥʦʛʦ ʧʦʜʪʠʧʘ: H7N9. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʠʨʫʩʥʳʤ 

ʛʝʤʘʛʛʣʶʪʠʥʠʥʦʤ. ʄʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʝʣʝʢʪʠʚʥʘʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʆ-ʘʮʠʣʠʨʦʚʘʥʥʳʭ ʘʤʠʜʦʢʩʠʤʦʚ 

ʠ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʘ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʩʪʨʦʝʥʠʷ. 

ʆ-ʘʮʠʣʠʨʦʚʘʥʥʳʝ ʘʤʠʜʦʢʩʠʤʳ ʚʝʨʦʷʪʥʦ, ʙʦʣʝʝ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳ ʩʘʡʪʫ 

ʩʚʷʟʳʚʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʚ ʤʝʩʪʝ ʩʣʠʪʦʛʦ ʧʝʧʪʠʜʘ, ʘ 1,2,4- 

ʦʢʩʘʜʠʘʟʦʣʳ ʙʦʣʝʝ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳ ʫʯʘʩʪʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʚ ʤʝʩʪʝ 

ʧʨʦʪʝʦʣʠʟʘ. 
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ʚ) ɿʘ 2021 ʛ ʥʘ ʦʩʥʦʚʝ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʠ 

ʧʝʨʠʣʣʦʚʦʛʦ ʩʧʠʨʪʦʚ, ʘ ʪʘʢʞʝ ʤʝʥʪʦʥʘ ʠ ʢʘʤʬʦʨʳ, ʠʭ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʢ 1-

ʘʜʘʤʘʥʪʘʥʠʟʦ- ʠ 1-ʘʜʘʤʘʥʪʘʥʠʟʦʪʠʦʮʠʘʥʘʪʘʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʯʝʚʠʥʳ ʠ ʪʠʦʤʦʯʝʚʠʥʳ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ ʧʨʝʚʨʘʱʘʣʠ ʚ N,N-ʟʘʤʝʱʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʘʨʘʙʘʥʦʚʦʡ ʠ ʪʠʦʧʘʨʘʙʘʥʦʚʦʡ ʢʠʩʣʦʪ. 

 
 

 

ɻʨʘʥʪ ʈʅʌ ˉ 19-13-00040 çʅʦʚʳʝ ʠʥʛʠʙʠʪʦʨʳ ʪʠʨʦʟʠʣ-ɼʅʂ-

ʬʦʩʬʦʜʠʵʩʪʝʨʘʟ, ʬʝʨʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʜʣʷ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠʡè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ ɺʦʣʯʦ ʂʦʥʩʪʘʥʪʠʥ ʇʝʪʨʦʚʠʯ 

 
ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʘʜʘʤʘʥʪʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

1,2,4-ʪʨʠʘʟʦʣʘ ʠ 1,3,4-ʪʠʘʜʠʘʟʦʣʘ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʠʤʝʶʱʠʭ ʘʮʠʢʣʠʯʝʩʢʠʡ, ʮʠʢʣʠʯʝʩʢʠʡ ʠ ʙʠʮʠʢʣʠʯʝʩʢʠʡ 

ʦʩʪʦʚʳ, ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ ʚ 
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ʢʠʩʣʦʪʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʝʡ 

ʧʦʣʫʯʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʭ ʦʩʪʘʪʢʦʚ. 

ʇʦʜʦʙʨʘʥ ʤʝʪʦʜ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ 

ʘʜʘʤʘʥʪʠʣʩʦʜʝʨʞʘʱʠʭ ʠʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 

ʘʮʠʣʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʘʤʠʥʘ ʪʨʠʬʪʦʨʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʪʨʠʬʪʦʨʧʨʦʠʟʚʦʜʥʦʛʦ ʩ ʘʣʢʠʣʙʨʦʤʠʜʘʤʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʩʥʷʪʠʝ ʪʨʠʬʪʦʨʘʮʠʣʴʥʦʡ ʟʘʱʠʪʳ: 

 
ʊʘʢʞʝ, ʠʩʭʦʜʷ ʠʟ ʛʠʜʨʘʟʠʜʘ 1-ʘʜʘʤʘʥʪʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʙʳʣ 

ʧʦʣʫʯʝʥ ʨʷʜ ʜʠʘʮʠʣʛʠʜʨʘʟʠʜʦʚ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʦʜʦʦʪʥʠʤʘʶʱʝʛʦ ʘʛʝʥʪʘ ʙʳʣʠ ʧʨʝʚʨʘʱʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 1,3,4-

ʦʢʩʘʜʠʘʟʦʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʥʦʪʝʨʧʝʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ. 

 
ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʠʥʪʝʟ ʠ ʥʘʨʘʙʦʪʢʘ ʠʩʭʦʜʥʦʛʦ ʩʝʤʠʢʘʨʙʘʟʠʜʘ, 

ʮʠʢʣʠʟʘʮʠʝʡ ʢʦʪʦʨʦʛʦ ʚ ʩʨʝʜʝ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʠʣʠ ʦʢʩʠʭʣʦʨʠʜʘ 

ʬʦʩʬʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʠʘʟʦʣʦʥ ʠ 1,3,4-ʦʢʩʘʜʠʘʟʦʣ. 

ʄʦʜʠʬʠʢʘʮʠʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʧʦʤʦʱʠ ʤʦʥʦʪʝʨʧʝʥʦʚʳʭ ʢʠʩʣʦʪ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʢʣʦʘʥʛʠʜʨʠʜʘ ʧʨʦʧʘʥʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʣʠʙʦ 

ʦʢʩʘʣʠʣʭʣʦʨʠʜʘ. 
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ʉʪʠʧʝʥʜʠʷ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʤʦʣʦʜʳʤ ʫʯʝʥʳʤ ʠ ʘʩʧʠʨʘʥʪʘʤ ʉʇ-

2346.2019.4  

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ʄʦʞʘʡʮʝʚ ɽʚʛʝʥʠʡ ʉʝʨʛʝʝʚʠʯ 

ɹʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ, ʩʦʯʝʪʘʶʱʠʝ 1- 

ʠʣʠ 2-ʘʜʘʤʘʥʪʘʥʟʘʤʝʱʝʥʥʳʝ ʠ ʤʦʥʦʪʝʨʧʝʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ. ʇʨʦʠʟʚʦʜʥʳʝ 

ʤʝʥʪʦʥʘ ʠ ʢʘʤʬʦʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʠʜʨʘʟʦʥʦʚ ʢ 1- ʠ 2-ʘʜʘʤʘʥʪʘʥʠʟʦ- ʠ 1- ʠ 2-ʘʜʘʤʘʥʪʘʥʠʟʦʪʠʦʮʠʘʥʘʪʘʤ. 

ʊʠʦʧʨʦʠʟʚʦʜʥʳʝ ʢʘʤʬʦʨʳ ʠ ʤʝʥʪʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ 1-

ʘʜʘʤʘʥʪʘʥʟʘʤʝʱʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʧʦʣʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ N-

ʘʜʘʤʘʥʪʘʥʟʘʤʝʱʝʥʥʦʛʦ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʝʪʦʥʦʚ, 

ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʝʤʠʢʘʨʙʘʟʦʥʳ ʠ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ, ʩʦʯʝʪʘʶʱʠʝ 1- ʠ 2-ʘʜʘʤʘʥʪʘʥʟʘʤʝʱʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʠ ʬʨʘʛʤʝʥʪʳ 3,7-ʜʠʤʝʪʠʣʦʢʪʘʥʘʣʷ ʠ ʥʦʧʘʣʷ.  
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ɻʨʘʥʪ ʈʅʌ ˉ 19-73-20090 çɼʠʟʘʡʥ ʥʦʚʳʭ ʭʠʨʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʙʘʟʝ ʙʠʩʧʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʫʨʦʚʥʝ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ ɺʘʮʘʜʟʝ ʉʝʨʛʝʡ ɿʫʨʘʙʦʚʠʯ (ʄɻʋ 

ʠʤʝʥʠ M.ɺ. ʃʦʤʦʥʦʩʦʚʘ) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʘʤʠ ʥʘ 2021 ʛ. ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʭʠʨʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʩʧʠʜʠʥʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʦʚʳʭ 

ʢʦʥʲʶʛʘʪʦʚ. ɹʘʟʦʚʳʡ ʥʘʙʦʨ ʤʦʥʦʪʝʨʧʝʥʦʠʜ ʤʦʥʦ- ʠ ʜʠʟʘʤʝʱʝʥʥʳʭ 

ʙʠʩʧʠʜʠʥʦʚ ʥʘʩʯʠʪʳʚʘʝʪ ʪʝʧʝʨʴ ʙʦʣʝʝ 30 ʩʦʝʜʠʥʝʥʠʡ, ʘ ʥʘʙʦʨ ʠʟ 

ʢʦʥʲʶʛʘʪʦʚ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʭʠʨʘʣʴʥʳʤʠ, 

ʚʢʣʶʯʘʝʪ 20 ʩʦʝʜʠʥʝʥʠʡ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʠ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʠʟʫʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ, ʥʘ ʧʨʠʤʝʨʝ ʯʝʪʳʨʝʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʥʠʢʝʣʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʵʪʠʣʠʨʦʚʘʥʠʷ ʭʘʣʢʦʥʦʚ (ʥʘʡʜʝʥʘ 

ʨʝʘʢʮʠʷ ʛʠʜʨʠʨʦʚʘʥʠʷ C=C ʜʚʦʡʥʦʡ ʩʚʷʟʠ) ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʦʨʛʘʥʦʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʵʪʠʣʤʘʣʦʥʘʪʘ ʢ ʥʠʪʨʦʩʪʠʨʦʣʫ 

(ʦʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʝʘʢʮʠʠ ʚ ʧʣʘʥʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʇʨʦʚʝʜʝʥʦ ʧʣʘʥʦʤʝʨʥʦʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʨʦʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʘʤʠ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʤʝʪʦʜʦʤ ʈʉɸ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʎʂʇ ʀʆʍ ʈɸʅ. 

 

 

ɻʨʘʥʪ ʈʅʌ ˉ 19-73-10195 çʉʠʥʪʝʟ ʠ ʤʠʰʝʥʴ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʠʩʢ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʦʙʣʘʜʘʶʱʠʭ ʠʟʙʠʨʘʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ ʥʘ 

ʦʩʥʦʚʥʳʝ ʟʚʝʥʴʷ ʧʘʪʦʛʝʥʝʟʘ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʅʝʛʘʥʦʚʘ ʄ.ɽ. (ʀʌɸɺ ʈɸʅ) 

 

ʉʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟ ʀʌɸɺ ʈɸʅ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ HDAC6, ʬʝʨʤʝʥʪʘ, ʠʛʨʘʶʱʝʛʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʘʪʦʛʝʥʝʟʝ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʢʩʘʤʦʚʳʝ ʢʠʩʣʦʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʛʝʢʩʘ/ʛʝʧʪʘʤʝʪʠʣʝʥʦʚʳʡ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʣʠʥʢʝʨʳ, ʘ ʪʘʢʞʝ 

ʢʘʨʢʘʩʥʳʡ ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʦʩʪʦʚ ʢʘʤʬʦʨʳ, ʬʝʥʭʦʥʘ, ʠ ʘʜʘʤʘʥʪʠʣʴʥʳʡ 

ʬʨʘʛʤʝʥʪ ʚ ʢʘʯʝʩʪʚʝ cap-ʛʨʫʧʧʳ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ in vitro ʪʝʩʪʠʨʦʚʘʥʠʷ (ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʀʌɸɺ ʈɸʅ), ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʜʘʤʘʥʪʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ, ʘ ʪʘʢʞʝ ʛʝʢʩʘʤʝʪʠʣʝʥʦʚʳʡ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʣʠʥʢʝʨ. ɼʘʥʥʳʝ ʛʠʜʨʦʢʩʘʤʦʚʳʝ ʢʠʩʣʦʪʳ ʵʬʬʝʢʪʠʚʥʦ 

ʠʥʛʠʙʠʨʫʶʪ HDAC6 ʠ ʧʨʦʷʚʣʷʶʪ ʘʥʪʠʘʛʨʝʛʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʪʠʚ ɓ-

ʘʤʠʣʦʠʜʥʳʭ ʧʝʧʪʠʜʦʚ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ in vivo ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ 5xFAD, ʠʤʠʪʠʨʫʶʱʠʭ ʙʦʣʝʟʥʴ 

ɸʣʴʮʛʝʡʤʝʨʘ. ʀʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʥʦʨʤʘʣʴʥʳʝ 

ʬʫʥʢʮʠʠ ʧʘʤʷʪʠ ʜʦ ʫʨʦʚʥʷ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʫ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ 

ʪʠʧʘ. 
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ʆʪʜʝʣ ʬʠʟʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʦʪʜʝʣʘ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ɹʘʛʨʷʥʩʢʘʷ ɽʣʝʥʘ ɻʨʠʛʦʨʴʝʚʥʘ  

 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʘʛʥʠʪʥʦʡ ʨʘʜʠʦʩʧʝʢʪʨʦʩʢʦʧʠʠ 
ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ɹʘʛʨʷʥʩʢʘʷ ɽʣʝʥʘ 

ɻʨʠʛʦʨʴʝʚʥʘ  

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ çʄʝʭʘʥʠʟʤʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʧʦʣʠʤʝʨʦʚ ʠ ʙʠʦʧʦʣʠʤʝʨʦʚè 

ɺʣʠʷʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʠʪʨʦʢʩʠʜʦʚ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʧʦʣʷʨʠʟʘʮʠʶ ʷʜʨʘ ʆʚʝʨʭʘʫʟʝʨʘ: ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ 

ʩʠʣʥɹʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʷʜʝʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʞʠʜʢʦʩʪʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʣʷʨʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ 

ʥʠʪʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʊɽʄʇʆʃ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɼʇʗ ʚ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (9,4 ʊʣ) ʥʝʦʙʭʦʜʠʤʘ 

ʙʳʩʪʨʘʷ ʜʠʥʘʤʠʢʘ ʤʝʞʜʫ ʥʠʪʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ ʠ ʤʦʣʝʢʫʣʘʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʦ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʧʠʢʦʩʝʢʫʥʜ ʜʦ ʩʫʙʧʠʢʦʩʝʢʫʥʜ. 

ʊʘʢʠʝ ʜʚʠʞʝʥʠʷ ʙʳʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʦʙʲʷʩʥʝʥʳ ʙʳʩʪʨʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʜʚʠʞʝʥʠʷʤʠ 

ʩʬʝʨʳ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʜʠʢʘʣ-ʨʘʩʪʚʦʨʠʪʝʣʴ.  ʅʘʤʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʫʯʝʥʘ ʩʝʨʠʷ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚʦʢʨʫʛ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʠʥʘ, ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʚʢʣʘʜʘ ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʨʘʜʠʢʘʣʘ ʚ ʵʪʫ ʚʥʫʪʨʠʩʬʝʨʥʫʶ ʜʠʥʘʤʠʢʫ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ɼʇʗ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 9,4 ʊʣ, ʕʇʈ ʩʧʝʢʪʨʳ 

ʚ ʢʦʪʦʨʦʤ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʚʢʣʘʜʫ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚ ʧʠʢʦʩʝʢʫʥʜʥʦʤ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʚʣʠʷʶʱʠʤ ʥʘ ʚʝʣʠʯʠʥʫ ɼʇʗ, ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ 

ʚʨʘʱʝʥʠʷ ʨʘʜʠʢʘʣʘ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ɻʸʪʝ, ʌʨʘʥʢʬʫʨʪ 

ʥʘ ʄʘʡʥʝ, ɻʝʨʤʘʥʠʷ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʠʙʦʩʦʤ ʩ 

ʤʈʅʂ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʪʨʘʥʩʣʷʮʠʠ (ʵʣʦʥʛʘʮʠʠ, 

ʪʝʨʤʠʥʘʮʠʠ), ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʡ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʄʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʡ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʦʚ ʤʈʅʂ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʠʙʦʩʦʤʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ 

ʧʨʦʮʝʩʩʘʭ ʪʨʘʥʩʣʷʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʮʝʩʩʘʭ ʵʣʦʥʛʘʮʠʠ ʠ ʪʝʨʤʠʥʘʮʠʠ. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʠʥ-ʤʝʯʝʥʥʳʝ ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ 

ʨʘʜʠʢʘʣʘʤʠ ʢʦʚʘʣʝʥʪʥʦ-ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʥʮʝʚʳʤʠ ʥʫʢʣʝʦʪʠʜʥʳʤʠ 

ʦʩʥʦʚʘʥʠʷʤʠ 11-ʤʝʨʥʳʝ ʘʥʘʣʦʛʠ ʤʈʅʂ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʦʙʣʘʩʪʠ ʩʘʡʪʘ 

ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʨʠʙʦʩʦʤʳ 80S ʯʝʣʦʚʝʢʘ. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʩʧʠʥ-

ʩʧʠʥʦʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ DEER/PELDOR 

ʚ ʤʦʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʨʠʙʦʩʦʤʳ 

80S ʚʦ ʚʨʝʤʷ ʵʣʦʥʛʘʮʠʠ ʠ ʪʝʨʤʠʥʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʈʅʂ ʠʤʝʶʪ ʜʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʢʦʥʬʦʨʤʘʮʠʠ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʪʣʠʯʘʝʪʩʷ ʚ 

ʧʦʩʪʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʭ, ʧʨʝ-ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʭ ʠ ʪʝʨʤʠʥʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʣʝʢʫʣʳ ʪʈʅʂ ʚ ʩʘʡʪʝ 

ʨʠʙʦʩʦʤʳ A ʩʥʠʞʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʦʣʶ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ ʤʈʅʂ, ʪʦʛʜʘ ʢʘʢ ʩʚʷʟʳʚʘʥʠʝ eRF1 (ʦʪʜʝʣʴʥʦ ʠʣʠ ʚ ʢʦʤʧʣʝʢʩʝ 

ʩ eRF3) ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʵʬʬʝʢʪʫ. ɺ ʪʝʨʤʠʥʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʡ ʤʈʅʂ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʴ ʤʈʅʂ, ʩʚʷʟʘʥʥʘʷ ʚ ʢʘʥʘʣʝ ʨʠʙʦʩʦʤʳ, ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʟʘʚʝʨʰʝʥʠʷ ʪʨʘʥʩʣʷʮʠʠ. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʥʠʤʘʥʠʶ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʤʈʅʂ ʚ ʨʠʙʦʩʦʤʥʦʤ ʢʘʥʘʣʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʚʦ 

ʚʨʝʤʷ ʪʨʘʥʩʣʷʮʠʠ. 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʪʝʩʪ ʠ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʤ DEER / 

PELDOR ʥʘ ʙʠʦʤʦʣʝʢʫʣʘʭ, ʤʝʯʝʥʥʳʭ ʥʠʪʨʦʢʩʠʜʦʤ 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 

ʠʤʧʫʣʴʩʥʦʡ ʜʠʧʦʣʷʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ, ʚʥʦʩʠʪ ʚʘʞʥʳʡ ʚʢʣʘʜ ʚʦ 

ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ. ʊʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʥʪʝʛʨʘʪʠʚʥʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʛʜʝ 

ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʢʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʰʠʨʠʥʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʘʥʩʘʤʙʣʝʡ. ʏʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʚʳʚʦʜʦʚ ʦ ʩʪʨʫʢʪʫʨʝ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ʤʝʪʦʜʘʤ ʠʤʧʫʣʴʩʥʦʡ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʨʘʙʦʪʝ 

ʦʧʨʝʜʝʣʝʥʳ ʩʪʘʥʜʘʨʪʳ ʢʘʯʝʩʪʚʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʦʙʨʘʟʮʦʚ ʠ ʤʝʪʦʜʠʢ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʤʝʪʢʘʤʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʩʧʠʥʦʚʳʭ 

ʨʘʩʩʪʦʷʥʠʡ. ʕʪʠ ʨʫʢʦʚʦʜʷʱʠʝ ʧʨʠʥʮʠʧʳ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʵʪʘʣʦʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʧʨʦʚʝʜʝʥʥʳʤ ʚ ʥʝʩʢʦʣʴʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʠ ʘʥʘʣʠʟʦʤ 

ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʩ ʠʟʚʝʩʪʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢʘʩʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚ, ʤʝʯʝʥʥʳʭ 

ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʤʝʪʦʜʘʤʠ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ (DEER ʠʣʠ PELDOR) ʠ ʩʦʜʝʨʞʘʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦ ʪʦʤ, 

ʧʨʦʚʝʜʝʥʠʝ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ. 
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ʄʝʭʘʥʠʟʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʝʧʪʠʜʘ RL2 ʚ ʢʣʝʪʢʠ ʨʘʢʘ ʣʝʛʢʠʭ 

ʯʝʣʦʚʝʢʘ: ʤʦʥʠʪʦʨʠʥʛ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ 

RL2 ï ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʘʥʘʣʦʛ ʬʨʘʛʤʝʥʪʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢ-ʢʘʟʝʠʥʘ, 

ʩʧʦʩʦʙʥʳʡ ʧʨʦʥʠʢʘʪʴ ʚ ʯʝʣʦʚʝʯʝʩʢʠʝ ʢʣʝʪʢʠ, ʠʥʜʫʮʠʨʫʷ ʘʧʦʧʪʦʟ ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ, ʙʝʟ ʧʨʦʷʚʣʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ. 

ʅʘʤʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ RL2 ʚ ʢʣʝʪʢʠ ʨʘʢʘ ʣʝʛʢʠʭ 

ʯʝʣʦʚʝʢʘ A549 ʤʝʪʦʜʘʤʠ ʕʇʈ ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺ ʩʧʝʢʪʨʘʭ 

ʕʇʈ ʢʣʝʪʦʢ A549, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩʦ ʩʧʠʥ-ʤʝʯʝʥʥʳʤ RL2 

ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʦʡ ʩʧʠʥʦʚʦʡ ʤʝʪʢʦʡ ʥʘ ʦʩʥʦʚʝ 3-ʢʘʨʙʦʢʩʠ-2,2,5,5-

ʪʝʪʨʘʵʪʠʣʧʠʨʨʦʣʠʜʠʥ-1-ʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ (sRL2), ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʥʘʣʠʯʠʝ ʪʨʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʝʤ ʬʦʨʤʘʤ 

sRL2: ʣʦʢʘʣʠʟʦʚʘʥʥʦʤʫ  ʥʘ ʤʝʤʙʨʘʥʝ ʢʣʝʪʦʢ ʠʣʠ ʵʥʜʦʩʦʤ; 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʤʫ ʚ ʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ ʠ cʧʠʥ-ʤʝʯʝʥʥʳʤ ʢʦʨʦʪʢʠʤ ʧʝʧʪʠʜʘʤ, 

ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʝʣʢʦʚʦʡ ʜʝʛʨʘʜʘʮʠʠ sRL2. ʉʧʝʢʪʨʦʩʢʦʧʠʷ 

ʕʇʈ ʧʦʟʚʦʣʠʣʘ ʧʨʦʩʣʝʜʠʪʴ ʢʠʥʝʪʠʢʫ ʧʨʝʚʨʘʱʝʥʠʡ ʤʝʞʜʫ ʨʘʟʥʳʤʠ 

ʬʦʨʤʘʤʠ ʩʧʠʥ-ʤʝʯʝʥʥʦʛʦ ʙʝʣʢʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʧʠʥʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

3-16 ʤʢʄ ʚ ʢʣʝʪʢʘʭ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʩʧʠʥ-

ʤʝʯʝʥʥʳʭ ʧʨʦʥʠʢʘʶʱʠʭ ʚ ʢʣʝʪʢʠ ʧʝʧʪʠʜʦʚ (CPP) ʚ ʕʇʈ ʪʦʤʦʛʨʘʬʠʠ, ʚ 

ʤʝʪʦʜʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʷʜʝʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʚ ʄʈʊ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚ ʚ ʢʣʝʪʢʘʭ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʡ 

ʜʠʧʦʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ. 

Ovcherenko S. S. et al. Uptake of Cell-Penetrating Peptide RL2 by Human 

Lung Cancer Cells: Monitoring by Electron Paramagnetic Resonance and 

Confocal Laser Scanning Microscopy //Molecules. ï 2021. ï ʊ. 26. ï ˉ. 18. ï 

ʉ. 5442. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘʥʦʯʘʩʪʠʮ 

ʤʘʛʥʝʪʠʪʘ ʩ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ ʧʦʢʨʳʪʠʝʤ ʜʣʷ ʣʝʯʝʥʠʷ 

ʞʝʣʝʟʦʜʝʬʠʮʠʪʥʦʡ ʘʥʝʤʠʠ 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ 

ʥʘʥʦʙʠʦʢʦʤʧʦʟʠʪʦʚ (ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʞʝʣʝʟʘ ʦʪ 0.5 ʜʦ 5%) ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ. ʉʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʪʦʚ 

ʤʝʪʘʣʣʦʦʢʩʠʜʥʦʡ ʬʘʟʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 4-10 ʥʤ (ʜʘʥʥʳʝ ʇʕʄ) ʩʦ 

ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 8Ñ1 ʥʤ (ʈʌɸ). ɺ ʪʦʤ ʯʠʩʣʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ Fe3O4, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʪʨʠʮʝʡ ʧʦʣʠʩʘʭʘʨʠʜʘ, 
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ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʄʈʊ ʠ ʣʝʯʝʥʠʠ ʞʝʣʝʟʦʜʝʬʠʮʠʪʥʦʡ 

ʘʥʝʤʠʠ. ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʕʇʈ, 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʦʪ 

ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʥʠʡ ʕʇʈ 

ʧʦʢʘʟʘʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʯʝʪʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʘʛʥʝʪʠʪʘ ʠ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ. ʆʩʥʦʚʥʦʡ ʩʠʛʥʘʣ ʕʇʈ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʣʠʥʠʶ (ȹH) 500-700 ɻʩ ʠ g = 2.0-2.1, ʰʠʨʠʥʘ ʢʦʪʦʨʦʛʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʠʣʴʥʳʤ ʦʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʦʥʦʚ Fe3+ ʤʝʞʜʫ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʚ 

ʤʘʪʨʠʮʝ. ʊʘʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʤʝʶʪ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʜʥʦʜʦʤʝʥʥʳʭ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʪʦʚ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 20 ʥʤ. ʅʘʥʦʯʘʩʪʠʮʳ Fe3O4 ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʰʧʠʥʝʣʠ ʩ ʠʦʥʘʤʠ 

ʞʝʣʝʟʘ ʚ ʜʚʫʭ ʚʘʣʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ (Fe2+ ʠ Fe3+) ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ. ʉ ʨʦʩʪʦʤ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʚ ʩʧʝʢʪʨʘʭ ʕʇʈ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʟʥʘʯʝʥʠʡ gʵʬ ʠ ʰʠʨʠʥʳ ʣʠʥʠʠ 

(ȹH), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʦʩʪʦʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ ʠʭ ʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ʉʦ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʦʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʠ ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ, ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ g-ʬʘʢʪʦʨʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʥʫʪʨʝʥʥʠʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʪʘʢʠʭ 

ʢʘʢ ʧʦʣʝ ʦʙʤʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʤʘʛʥʝʪʠʟʤ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʝʪʣʷʭ ʛʠʩʪʝʨʝʟʠʩʘ. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʕʇʈ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʝʪʢʦ ʨʘʟʣʠʯʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʪʝʣʴ 

ʛʠʩʪʝʨʝʟʠʩʘ ʦʪ ʨʘʟʤʝʨʘ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʨʘʟʤʝʨʫ ʥʘʥʦʢʨʠʩʪʘʣʣʠʪʦʚ 

ʤʘʛʥʝʪʠʪʘ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʥʘʥʦʙʠʦʢʦʤʧʦʟʠʪʘ ʥʘ ʵʨʠʪʨʦʮʠʪʘʨʥʫʶ 

ʩʠʩʪʝʤʫ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʘʥʝʤʠʠ, ʘ ʪʘʢʞʝ ʞʝʣʝʟʦʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ 

ʵʬʬʝʢʪ, ʢʦʨʨʝʢʮʠʷ ʞʝʣʝʟʦʜʝʬʠʮʠʪʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠ ʢʫʧʠʨʦʚʘʥʠʝ 

ʧʨʦʷʚʣʝʥʠʡ ʞʝʣʝʟʦʜʝʬʠʮʠʪʥʦʡ ʘʥʝʤʠʠ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʩʦʪʨʫʜʥʠʢʦʚ ʀʨʀʍ ʉʆ ʈɸʅ ʠ ʀʍʂɻ ʉʆ 

ʈɸʅ. 
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ʆʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠʤʧʫʣʴʩʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʕʇʈ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ ʦʙʨʘʟʮʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʠʦʜʘ 

ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʠʟ ʠʤʧʫʣʴʩʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʩʠʛʥʘʣ, ʥʝʩʫʱʠʡ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʮʝʥʪʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʠʥʪʝʨʝʩ (ʥʘʧʨʠʤʝʨ, ʦ ʩʪʨʫʢʪʫʨʝ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʮʝʥʪʨʘ, ʠʣʠ ʝʛʦ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ). ʕʪʦʪ ʩʠʛʥʘʣ ʷʚʣʷʝʪʩʷ 

ʩʠʛʥʘʣʦʤ ʩʚʦʙʦʜʥʦʡ ʠʥʜʫʢʮʠʠ ʠʣʠ ʩʧʠʥʦʚʳʤ ʵʭʦ, ʠ ʚʨʝʤʷ ʝʛʦ ʵʚʦʣʶʮʠʠ 

ʥʘʟʳʚʘʝʪʩʷ ʧʨʷʤʳʤ ʚʨʝʤʝʥʥʳʤ ʠʟʤʝʨʝʥʠʝʤ, ʪʦʛʜʘ ʢʘʢ ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ 

ʉɺʏ ʠʤʧʫʣʴʩʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʩʠʛʥʘʣ ʵʭʘ, ʜʘʶʪ ʢʦʩʚʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ. ʆʙʳʯʥʦ ʩʠʛʥʘʣ ʩʧʠʥʦʚʦʛʦ ʵʭʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʢʦʩʚʝʥʥʳʭ 

(ʥʝʧʨʷʤʳʭ) ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ 

ʉɺʏ ʠʤʧʫʣʴʩʘʤʠ. ʇʨʷʤʦʝ ʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʵʭʘ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. ʆʜʥʘʢʦ 

ʧʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʫʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʕʇʈ, ʪʘʢʠʭ ʢʘʢ ʘʥʠʟʦʪʨʦʧʠʷ g-ʪʝʥʟʦʨʘ, ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʝʦʜʥʦʨʦʜʥʳʤ 

ʫʰʠʨʝʥʠʝʤ ʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʢʦʩʚʝʥʥʳʭ (ʥʝʧʨʷʤʳʭ) ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʦ ʜʠʧʦʣʴ-

ʜʠʧʦʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʠʣʠ ʦ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʮʝʥʪʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʩʧʝʢʪʨʘ. ɺ ʨʘʙʦʪʝ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʧʦʣʝʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʧʠʥʦʚʳʭ ʟʦʥʜʦʚ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʩ ʃʄʈ ʠʤʧʫʣʴʩʥʦʤ 

ʩʧʝʢʪʨʦʤʝʪʨʝ ʕʇʈ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʩʠʛʥʘʣʘ ʧʨʷʤʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʥʘ ʞʸʩʪʢʠʡ ʜʠʩʢ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠ ʧʦʠʩʢʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʝʪ ʩʧʠʥ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʮʝʥʪʨʘ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʧʝʢʪʨʦʤʝʪʨʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʠʥʮʠʧʝ ʜʦʧʫʩʢʘʶʪ 

ʪʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ, ʥʦ ʥʝ ʦʩʥʘʱʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʨʫʪʠʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ.   

M.K. Bowman, A.G. Maryasov. The Direct Dimension in Pulse EPR. Applied 

Magnetic Resonance, 2021, V.52, Pp 1041-1062.  
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ʅʦʚʘʷ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʘʣʢʦʢʩʠʘʤʠʥʦʚ 

ɸʣʢʦʢʩʠʘʤʠʥʳ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʠʥʠʮʠʘʪʦʨʳ 

ʜʣʷ ʫʧʨʘʚʣʷʝʤʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʘʣʢʦʢʩʠʘʤʠʥʦʚ 

ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʪʠʤʦʤʫ ʛʦʤʦʣʠʟʫ ʥʘ ʘʣʢʠʣʴʥʳʡ ʠ 

ʩʪʘʙʠʣʴʥʳʡ ʥʠʪʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣʳ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʦʤʦʣʠʟʦʤ ʚ 

ʤʦʣʝʢʫʣʫ ʚʚʦʜʷʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ 

ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʛʦʤʦʣʠʟʘ ʘʣʢʦʢʩʠʘʤʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʠʨʠʜʠʥʦʚʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʥʝʦʙʨʘʪʠʤʳʝ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ. ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʵʪʠʭ ʨʝʘʢʮʠʡ.  ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ, ʷʚʣʷʶʱʘʷʩʷ ʧʨʠʯʠʥʦʡ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʛʨʘʜʘʮʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʷʛʢʦ, ʩʝʣʝʢʪʠʚʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. ʂʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʤʝʭʘʥʠʟʤʘ ʵʪʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ 

ʮʝʥʪʨʘ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ.   
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ: 

ʅʦʚʘʷ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʘʣʢʦʢʩʠʘʤʠʥʦʚ. ɻ.ɽ. 

ʉʘʣʴʥʠʢʦʚ, A.ʄ. ɻʝʥʘʝʚ, ʉ.ɸ. ʏʝʨʢʘʩʦʚ, ɼ.ɸ. ʄʦʨʦʟʦʚ, ʀ.ɸ. ʂʠʨʠʣʶʢ. 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

"ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆɹʃɽʄʓ ʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ", ʧʦʩʚʷʱʝʥʥʘʷ 

90-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢ. ɺ. ɸ. ʂʦʧʪʶʛʘ, 09.06.2021-11.09.2021, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ, ʩʪʨ. 49 

 

 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʣʦʞʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʜʠʘʛʨʘʤʤ 

 

ɺ ʢʦʤʧʴʶʪʝʨʥʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʯʘʩʪʦ ʠʟʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ 

ʜʠʘʛʨʘʤʤʳ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʨʦʚʝʥʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʝʨʝʭʦʜʥʦʤʫ ʩʦʩʪʦʷʥʠʶ (ʇʉ), ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʫʨʦʚʥʷʤʠ, 

ʦʪʚʝʯʘʶʱʠʤʠ ʤʠʥʠʤʫʤʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ɺ 

ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʇʉ ʩʦʩʪʘʚʣʝʥʠʝ ʥʘʛʣʷʜʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʜʠʘʛʨʘʤʤʳ ʚʨʫʯʥʫʶ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ, ʩʚʷʟʘʥʥʫʶ 

ʩ ʚʳʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʯʠʩʣʦ ʧʝʨʝʩʝʯʝʥʠʡ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ ʙʳʣʦ ʙʳ ʤʠʥʠʤʘʣʴʥʳʤ 

(ʠʣʠ ʭʦʪʷ ʙʳ ʧʨʠʝʤʣʝʤʳʤ). ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ ʚ ʚʠʜʝ ʛʨʘʬʘ 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʝʛʦ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʳ Graphviz. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʬʘʡʣʳ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ ʚ ʬʦʨʤʘʪʝ 

XMol xyz, ʘ ʨʝʟʫʣʴʪʘʪʦʤ ï svg-ʬʘʡʣ ʩ ʜʠʘʛʨʘʤʤʦʡ. ʇʦʩʣʝʜʥʠʡ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠ ʟʘʪʝʤ ʚʢʣʶʯʠʪʴ ʚ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, 

ʜʘʶʱʠʡ ʜʦʩʪʫʧ ʢ 3D-ʩʪʨʫʢʪʫʨʘʤ, ʘ ʪʘʢʞʝ (ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ) ʧʦʟʚʦʣʷʶʱʠʡ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ 

ʗʄʈ, ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʠ IRC-ʪʨʘʝʢʪʦʨʠʠ.  ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚʳʰʝ ʧʦʜʭʦʜ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ ʢʘʨʙʦʢʘʪʠʦʥʦʚ 

C8H13
+, ʧʦʣʫʯʘʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ 
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ʯʘʩʪʠʮʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ (COD), 

ʩʤ. http://limor1.nioch.nsc.ru/quant/cyclooctadiene/:  

 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ:  

Approach to automatic composition and visualization of complex energy 

diagrams. ɸ.ʄ. ɻʝʥʘʝʚ, ɸ.ɺ. ʐʝʨʥʶʢʦʚ, ɻ.ɽ. ʉʘʣʴʥʠʢʦʚ. ʆʥʣʘʡʥ-ʩʠʤʧʦʟʠʫʤ 

ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʭʠʤʠʠ ʧʘʤʷʪʠ ɸ.ɸ.ɻʨʘʥʦʚʩʢʦʛʦ, 26- 27 ʘʧʨʝʣʷ 2021, 

ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ, ʩʪʨ. 6 

 

ʇʦʣʠʛʘʣʦʛʝʥʠʨʦʚʘʘʥʥʳʝ ʘʤʠʥʦʙʝʥʟʦʥʠʪʨʠʣʳ ʠ ʠʭ ʩʦʢʨʠʩʪʘʣʣʳ 

ʩ 18-ʢʨʘʫʥ-6: ʧʦʣʦʞʝʥʠʝ ʘʤʠʥʦʛʨʫʧʧʳ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʢʦʥʪʨʦʣʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

 

ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ A ï E ʠ ʠʭ ʩʦʢʨʠʩʪʘʣʣʦʚ 

ʩ ʢʨʘʫʥ- ʬɻʠʨʦʤ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚʳʜʝʣʝʥʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʧʦʩʦʙ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʘʭ. 
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ʀʟʤʝʥʝʥʠʝ ˊ-ʵʣʝʢʪʨʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʘʤʠʥʦʙʝʥʟʦʥʠʪʨʠʣʘ ʧʦ ʪʠʧʫ ʢʦʥʪʘʢʪʦʚ (ʉ ï F ÅÅÅ ˊ, ʉ ï Cl ÅÅÅ ˊ, CſN ÅÅÅ ˊ, 

 ́ÅÅÅ ˊ), ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʣʦʞʝʥʥʳʭ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ ʤʦʣʝʢʫʣ (ʧʘʨʘʣʣʝʣʴʥʦʝ / ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʝ, ʩʤʝʱʝʥʥʦʝ / 

ʧʦʚʝʨʥʫʪʦʝ) ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʨʠʩʪʘʣʣʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʘʤʠʥʦʙʝʥʟʦʥʠʪʨʠʣʘ ʢ ʩʦʢʨʠʩʪʘʣʣʫ ʩ ʢʨʘʫʥ-ʵʬʠʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʩʣʫʯʘʝ ʧʘʨʘ-ʠʟʦʤʝʨʦʚ ʠ 

ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʚ ʩʣʫʯʘʝ ʦʨʪʦ-ʠʟʦʤʝʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ 

ʨʘʩʯʝʪʘʤʠ ʤʝʪʦʜʦʤ TD-DFT (E. Benassi, ʅɻʋ), ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʛʨʫʧʧʳ NH2 ʚʥʝʜʨʝʥʠʝ ʢʨʘʫʥ-ʵʬʠʨʘ ʚʳʟʳʚʘʝʪ 

ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ / 

ʵʤʠʩʩʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʦʢʩʦʚʳʭ ʩʜʚʠʛʦʚ (ʧʘʨʘ-

ʘʤʠʥʦʙʝʥʟʦʥʠʪʨʠʣʳ), ʣʠʙʦ ʧʦʥʠʞʝʥʠʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʦʨʪʦ-

ʘʤʠʥʦʙʝʥʟʦʥʠʪʨʠʣʳ). ʇʦʣʫʯʝʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʠʟʤʝʥʝʥʠʡ ʩʪʦʢʩʦʚʘ ʩʜʚʠʛʘ 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ (ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʝ, ʢʨʠʩʪʘʣʣʝ ʠ ʩʦʢʨʠʩʪʘʣʣʝ) ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ) ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʠ ʜʝʚʦʟʙʫʞʜʝʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʫʛʠʭ 

ʩʠʩʪʝʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʩʦʪʨʫʜʥʠʢʦʚ ʀʅʍ ʉʆ ʈɸʅ (ɼ.ʇ. ʇʠʱʫʨ, 

DSC ʠʩʩʣʝʜʦʚʘʥʠʷ) ʠ ʅɻʋ (E. Benassi, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ) 

 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʩʜʚʠʛʘʶʱʠʭ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʗʄʈ-

ʪʝʨʤʦʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʪʨʠʩ- (ʧʠʨʘʟʦʣ-1-ʠʣ) ʤʝʪʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʞʝʣʝʟʘ (II) ʟʘ ʩʯʝʪ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʘ 

ɺ ʨʘʙʦʪʝ, ʚʳʧʦʣʥʝʥʥʦʡ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʅʍ ʉʆ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ʅʀʆʍ 

ʉʆ ʈɸʅ, ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʥʦʛʦ (SCO) ʧʝʨʝʭʦʜʘ 

ʚ ʨʘʩʪʚʦʨʘʭ ʢʦʤʧʣʝʢʩʦʚ [Fe(HC(Pz)3)2](CF3SO3)2 ʠ [Fe(HC(Pz)3)2] SiF6 (ʛʜʝ 

Pz = ʪʨʠʩ-(ʧʠʨʘʟʦʣ-1-ʠʣ) ʤʝʪʘʥ ) ʤʝʪʦʜʦʤ ʗʄʈ ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʝʢʪʨʘʤʠ ʗʄʈ, ʟʘʧʠʩʘʥʥʳʤʠ ʚ ʃʄʈ ʅʀʆʍ ʉʆ ʈɸʅ, 

ʥʘʙʣʶʜʘʝʤʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʠ ʧʦʣʫʰʠʨʠʥʳ ʩʠʛʥʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʶʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʩʠʛʥʘʣʦʚ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 295 ʜʦ 360 ʂ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ 

(LS) ʩʦʩʪʦʷʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ (HS) ʩʦʩʪʦʷʥʠʷ, ʭʦʪʷ 

ʜʦʣʷ ʬʦʨʤʳ HS ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʪʘʢ ʨʝʟʢʦ, 

ʢʘʢ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. 

ʅʘʣʠʯʠʝ ʚ ʗʄʈ-ʩʧʝʢʪʨʘʭ ʜʚʫʭ ʥʘʙʦʨʦʚ ʩʠʛʥʘʣʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʯʘʩʪʠʯʥʫʶ ʜʠʩʩʦʮʠʘʮʠʶ Fe (II) ʢʦʤʧʣʝʢʩʘ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1) 

[Fe(HC(Pz)3)2]
2+ + 3H2Oᵾ [Fe(HC(Pz)3)(H2O)3]

2+ + HC(Pz)3      (1) 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʘ, ʠ çʯʠʩʪʦʝè 

ʩʦʦʪʥʦʰʝʥʠʝ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ (LS) ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ (HS) ʩʦʩʪʦʷʥʠʡ 



99 

ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʚʤʝʩʪʥʳʤ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʘʤʠ ʗʄʈ ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ (ʀʅʍ ʉʆ ʈɸʅ). 

 

 
ʈʠʩ. 1. 600 MHz 1H ʗʄʈ ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʘ [Fe(HC(Pz)3)2](CF3SO3)2 ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʚ D2O): ʩʠʛʥʘʣʳ ʢʦʤʧʣʝʢʩʘ 1(ǒ), 3(ƴ), 4(), 5( ); 

ʩʠʛʥʘʣ 5 ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ (*); ʥʝ ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʠʟʫʯʘʝʤʳʤ ʧʨʦʮʝʩʩʘʤ  

ʩʠʛʥʘʣ (&). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʀʅʍ ʉʆ ʈɸʅ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ 2-(8-ʁʦʜʦʥʘʬʪʘʣʠʥ-1-ʠʣ)-ʟʘʤʝʱʝʥʥʳʡ 

ʥʠʪʨʦʥʠʣʢʠʪʨʦʢʩʠʣ: ʧʦʜʘʚʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʪʦʤʘ 

ʡʦʜʘ ʠ ʥʝʦʙʳʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʘ ʕʇʈ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʛʨʘʬʝʥʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʤʝʞʜʫ 1,8-

ʜʠʡʦʜʦʥʘʬʪʘʣʠʥʦʤ ʠ ʟʦʣʦʪʦʦʨʛʘʥʠʯʝʩʢʠʤ ʧʨʦʠʟʚʦʜʥʳʤ ʥʠʪʨʦʢʩʠʜʘ 

ʥʠʪʨʦʥʠʣʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʦʜʠʥ ʘʪʦʤ ʡʦʜʘ ʧʨʦʨʘʛʠʨʦʚʘʣ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣ ʧʦʣʫʯʝʥ 8-ʡʦʜʥʘʬʪʘʣʠʥ-1-ʠʣ ʟʘʤʝʱʝʥʥʳʡ 

ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʜ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʚʠʜʝ ʜʚʫʭ ʧʦʣʠʤʦʨʬʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʩʠʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ 

ʧʘʨʘʤʝʛʥʝʪʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʡʦʜʠʨʦʚʘʥʥʳʤ ʦʙʨʘʟʮʦʤ. ʄʘʣʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʷʞʝʣʦʛʦ ʘʪʦʤʘ ʡʦʜʘ ʜʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʮʝʥʪʨʘ ʧʨʠʚʝʣʘ ʢ 

ʘʥʦʤʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʘ ʕʇʈ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ ʦʙʲʷʩʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

ʕʪʠ ʨʘʩʯʝʪʳ ʧʨʝʜʩʢʘʟʘʣʠ ʨʘʩʱʝʧʣʝʥʠʝ ʥʘ ʘʪʦʤʝ I127, ʢʦʪʦʨʦʝ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩʦ ʩʧʝʢʪʨʦʤ ʕʇʈ. ɿʘʤʝʱʝʥʠʝ ʚʪʦʨʦʛʦ ʘʪʦʤʘ ʡʦʜʘ ʧʨʠʚʝʣʦ ʙʳ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʨʘʜʠʢʘʣʘ ʩ 1,8-ʥʘʬʪʘʣʠʥʜʠʠʣʴʥʳʤ ʤʦʩʪʠʢʦʤ, ʩʪʨʫʢʪʫʨʘ ʠ 
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ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ DFT. ɺʳʜʝʣʝʥʳ ʜʚʝ 

ʫʩʪʦʡʯʠʚʳʝ ʢʦʥʬʦʨʤʘʮʠʠ ʙʠʨʘʜʠʢʘʣʘ ʩ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. ɺ 

ʦʙʝʠʭ ʢʦʥʬʦʨʤʘʮʠʷʭ ʨʘʩʯʝʪʳ ʧʨʝʜʩʢʘʟʘʣʠ ʬʝʨʦʤʘʛʥʠʪʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ʩ J=8 ʠ 14 ʩʤ-1 (ʈ=-2 JĿS1S2). 

 

2Ȥ(8ȤIodonaphthalenȤ1Ȥyl)Ȥ

substituted Nitronyl Nitroxide: 

Suppressed Reactivity of Iodine 

Atom and Unusual Temperature 

Dynamics of the EPR 

Spectrum E. Tretyakov, K. 

Lomanovich, E. Bagryanskaya, 

G. Romanenko, A. Bogomyakov, 

E. Zueva, M. Petrova, A. 

Dmitriev, N. Gritsan European 

Journal of Organic 

Chemistry,2021, V. 2021, N 17, 

Pp 2355-2361 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʩʦʪʨʫʜʥʠʢʦʚ ʀʆʍ, ʄʊʎ, ʂʅʀʊʋ, ʀʍʂʠɻ. 

 

ʉʪʘʙʠʣʴʥʳʝ ʙʠʮʠʢʣʠʯʝʩʢʠʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʠʪʨʦʢʩʠʜʳ: 

ʧʨʦʠʟʚʦʜʥʳʝ ʘʟʘ-ʥʦʨʪʨʦʧʠʥʦʥ-5-ʤʝʪʠʣ-3-ʦʢʩʦ-6,8-ʜʠʘʟʘʙʠʮʠʢʣʦ 

[3.2.1] ï 6-ʦʢʪʝʥ-8-ʦʢʩʠʣʦʚ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʠʮʠʢʣʠʯʝʩʢʠʝ ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʚʩʝ ʯʘʱʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʩʧʠʨʪʦʚ ʠ 

ʘʤʠʥʦʚ, ʘ ʪʘʢ ʞʝ ʢʘʢ ʜʦʙʘʚʢʠ ʠ ʤʝʜʠʘʪʦʨʳ ʚ ʥʘʧʨʘʚʣʝʥʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʷʭ C-H. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʘʟʚʠʪʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʥʦʚʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʙʠʮʠʢʣʠʯʝʩʢʠʤ ʥʠʪʨʦʢʩʠʜʘʤ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʤʠʜʘʟʦ [1,2-b] ʠʟʦʢʩʘʟʦʣʳ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘ ʩ 2-

ʛʠʜʨʦʢʩʠʘʤʠʥʦʦʢʩʠʤʘʤʠ, ʠʤʝʶʱʠʤʠ ʚʪʦʨʠʯʥʫʶ ʛʠʜʨʦʢʩʠʘʤʠʥʦʛʨʫʧʧʫ, 

ʨʝʮʠʢʣʠʨʫʶʪʩʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʦʩʥʦʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 8-ʛʠʜʨʦʢʩʠ-5-

ʤʝʪʠʣ-3-ʦʢʩʦ-6,8-ʜʠʘʟʘʙʠʮʠʢʣʦ ʠ -6-ʦʢʪʝʥʳ. ʇʦʩʣʝʜʥʠʝ, ʩʦʜʝʨʞʘʱʠʝ 

ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʥʫʶ ʮʠʢʣʠʯʝʩʢʫʶ N-ʛʠʜʨʦʢʩʠʛʨʫʧʧʫ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʜʠʦʢʩʠʜʦʤ ʩʚʠʥʮʘ ʚ ʘʮʝʪʦʥʝ ʦʙʨʘʟʫʶʪ ʩʪʘʙʠʣʴʥʳʝ ʥʠʪʨʦʢʩʠʣʴʥʳʝ 

ʙʠʮʠʢʣʠʯʝʩʢʠʝ ʨʘʜʠʢʘʣʳ ʥʦʚʦʛʦ ʢʣʘʩʩʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʢʘʢ 2,2,6.6-ʪʝʪʨʘʤʝʪʠʣ-4-ʦʢʩʦʧʠʧʝʨʠʜʠʥ-1-ʦʢʩʠʣ (ʊɽʄʇʆʅ) ʠ 3-

ʠʤʠʜʘʟʦʣʠʥʳ. 
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ɻʨʘʥʪ ʈʅʌ 21-14-00219 çʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʨʝʧʘʨʘʮʠʶ ɼʅʂ ʤʝʪʦʜʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ɹʘʛʨʷʥʩʢʘʷ ɽʣʝʥʘ ɻʨʠʛʦʨʴʝʚʥʘ 

ʈʘʙʦʪʘ ʧʦ ʧʨʦʝʢʪʫ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʷʚʣʝʥʥʳʤ 

ʧʣʘʥʦʤ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤʠ: 

1. ʄʦʣʝʢʫʣʷʨʥʳʡ ʜʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʳʭ ʠ 

ʜʠʘʤʘʛʥʠʪʥʳʭ ʬʪʦʨʥʳʭ ʤʝʪʦʢ: 

2. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ɼʅʂ-

ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ.  

3. ʀʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʨʘʩʢʨʳʪʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ ʧʘʨ ʚ ɼʅʂ ʠ ʝʝ ʨʦʣʠ ʚ 

ʫʟʥʘʚʘʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʬʝʨʤʝʥʪʘʤʠ ʨʝʧʘʨʘʮʠʠ.   

4. ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʥʝʧʨʷʤʦʛʦ ʫʟʥʘʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʡ ɼʅʂ 

ʙʝʣʢʘʤʠ. 

5. ʀʟʫʯʝʥʠʝ ʨʦʣʠ ʠʦʥʠʟʠʨʫʝʤʳʭ ʛʨʫʧʧ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʤʝʭʘʥʠʟʤʝ 

ʬʝʨʤʝʥʪʦʚ ʨʝʧʘʨʘʮʠʠ. 

1. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʊɸʄ 1,3,5, ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʥʝʩʧʘʨʝʥʥʳʤ ʵʣʝʢʪʨʦʥʦʤ ʠ ʘʪʦʤʦʤ (ʘʪʦʤʘʤʠ) ʬʪʦʨʘ. 

ʉʠʥʪʝʟ ʪʨʠʪʠʣʘ 1 ʧʨʝʜʧʦʣʘʛʘʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʘʢʪʠʚʘʮʠʶ 

ʤʦʥʦʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 6 ʩʠʩʪʝʤʦʡ ʦʢʩʘʣʠʣ ʭʣʦʨʠʜ/ɼʄʌɸ. ʇʦʩʣʝʜʫʶʱʘʷ 

ʨʝʘʢʮʠʷ ʩ ʘʤʠʥʦʤ 1.1 ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʮʝʣʝʚʦʛʦ ʊɸʄ 1 ʩ ʧʦʯʪʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. ɹʣʠʟʢʠʡ ʧʦʜʭʦʜ ʙʳʣ ʟʘʣʦʞʝʥ ʚ ʩʭʝʤʫ ʧʦʣʫʯʝʥʠʷ 

ʪʨʠʪʠʣʘ 5, ʦʜʥʘʢʦ ʵʪʘʧʫ ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʩʪʘʜʠʷ ʧʝʨʝʚʦʜʘ 

ʊɸʄ 6 ʚ ʬʦʨʤʫ ʭʣʦʨʘʥʛʠʜʨʠʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʭʣʦʨʠʩʪʳʡ 
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ʪʠʦʥʠʣ/ʪʨʠʵʪʠʣʘʤʠʥ. ʇʦʣʫʯʝʥʠʝ ʵʬʠʨʘ 3 ʜʦʩʪʠʛʥʫʪʦ ʥʫʢʣʝʦʬʠʣʴʥʳʤ 

ʟʘʤʝʱʝʥʠʝʤ ʘʪʦʤʘ ʙʨʦʤʘ ʚ ʙʝʥʟʠʣʙʨʦʤʠʜʝ 3.1 ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʬʦʨʤʦʡ 6. 

ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ENDOR ʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ 

ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʪʦʷʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʪʘʢʠʤ 

ʤʝʪʦʜʦʤ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ENDOR ʚ W-ʜʠʘʧʘʟʦʥʝ ʩ ʤʝʪʢʦʡ 

19F ʠ ʊɸʄ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 1ï5 ʠ ʯʝʣʦʚʝʯʝʩʢʦʤ ʩʳʚʦʨʦʪʦʯʥʦʤ ʘʣʴʙʫʤʠʥʝ (ʏʉɸ), 

ʤʝʯʝʥʥʦʤ ʊɸʄ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʘʟʨʝʰʠʪʴ ʨʝʟʦʥʘʥʩʥʳʝ 

ʣʠʥʠʠ ʦʪ ʷʜʝʨ 19F ʠ ʧʨʦʪʦʥʦʚ. ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʪʨʠʪʠʣʦʚ 

ʧʦʤʦʛʘʝʪ ʫʚʝʣʠʯʠʪʴ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ Mims 

ENDOR. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʪʨʦʢʩʠʜʦʚ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʩʧʝʢʪʨʦʚ ʪʦʣʴʢʦ ʚ 

ʦʜʥʦʤ ʨʝʟʦʥʘʥʩʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ g-ʬʘʢʪʦʨʘ ʊɸʄ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʢɻʩʧʝʨʠʤʝʥʪʦʚ. ɼʣʷ ʚʩʝʭ ʤʦʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʨʝʟʦʥʘʥʩʥʳʝ ʣʠʥʠʠ ʥʘ ʯʘʩʪʦʪʝ 19F ʚ ʩʧʝʢʪʨʘʭ ENDOR W-ʜʠʘʧʘʟʦʥʘ. 

ʊɸʄ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ, ʘ ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʠʥʦʚʘʷ 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ˊ-ʩʠʩʪʝʤʝ ʨʘʜʠʢʘʣʘ ʊɸʄ, ʧʦʵʪʦʤʫ, ʤʳ 

ʧʨʦʚʝʣʠ ʧʦʜʨʦʙʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ 

ʪʦʯʝʯʥʳʭ ʜʠʧʦʣʝʡ ʢ ʤʦʜʝʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʊɸʄ, ʤʝʯʝʥʥʳʤ ʬʪʦʨʦʤ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʪʨʠʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ   

ʢʘʢ ʩʬʝʨʠʯʝʩʢʫʶ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ ʙʦʣʝʝ 0,8 ʥʤ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʥʴʰʝ 0,8 ʥʤ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʘʢʩʠʘʣʴʥʦʩʪʠ ʜʠʧʦʣʴʥʦʛʦ ʪʝʥʟʦʨʘ, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ, ʠ ʜʦʣʞʥʦ ʙʳʪʴ ʫʯʪʝʥʦ 

ʷʚʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʄʳ ʧʨʦʚʝʣʠ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʘʤʠ ENDOR ʠ ʠʟʤʝʨʝʥʠʷ ʗʄʈ ʩ ʫʩʠʣʝʥʠʝʤ ʧʘʨʘʤʘʛʥʠʪʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ (PRE) ʜʣʷ ʜʚʫʭ ʨʘʜʠʢʘʣʦʚ: 1 ʠ 5. ɼʣʷ ʨʘʜʠʢʘʣʘ 1 ʙʳʣʦ 

ʥʝʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤ ʫʛʣʝʨʦʜʦʤ ʊɸʄ ʠ 

ʬʪʦʨʦʤ ʠʟ-ʟʘ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʠʟʦʪʨʦʧʥʦʛʦ 

ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʷʜʨʘʭ ʬʪʦʨʘ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʨʘʜʠʢʘʣʘ 5 

ʨʘʩʩʪʦʷʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʦʠʤʠ ʤʝʪʦʜʘʤʠ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʘʩʩʪʦʷʥʠʷʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʨʘʜʠʢʘʣʘ 5 ʚ ENDOR ʤʳ ʥʘʙʣʶʜʘʣʠ ʩʠʛʥʘʣ ʢʘʢ ʦʪ CF2, ʪʘʢ 

ʠ ʦʪ CF2H-ʛʨʫʧʧʳ ʠ ʧʦʣʫʯʠʣʠ ʫʩʨʝʜʥʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʢʘʢ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ PRE ʗʄʈ.  ʄʳ ʧʨʠʤʝʥʠʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʠʦʣʴʥʦʛʦ ʦʙʤʝʥʘ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʩʳʚʦʨʦʪʦʯʥʦʤ ʘʣʴʙʫʤʠʥʝ 

(ʏʉɸ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ENDOR ʚ W-ʜʠʘʧʘʟʦʥʝ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ 

N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʥʦʛʦ ʏʉɸ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʪʠʦʣʴʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʜʚʫʤʷ ʙʝʣʢʘʤʠ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ENDOR ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʜʠʣ ʥʘʣʠʯʠʝ ʦʙʤʝʥʘ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ʏʉɸ ʯʝʨʝʟ ʜʠʩʫʣʴʬʠʜʥʫʶ ʩʚʷʟʴ ʠ ʧʦʷʚʣʝʥʠʝ ʏʉɸ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʬʪʦʨʥʫʶ ʤʝʪʢʫ ʠ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʮʝʥʪʨ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 
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ʤʦʣʝʢʫʣʝ. ʂʨʦʤʝ ʪʦʛʦ, ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʪʨʝʭ ʦʩʪʘʪʢʦʚ ʛʦʤʦʮʠʩʪʝʠʥʘ ʚ 

ʤʝʯʝʥʥʦʤ ʬʪʦʨʦʤ HSA ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ENDOR ʚ 

W-ʧʦʣʦʩʝ ʠ HSA-OX063. 

ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʚʢʣʶʯʝʥʳ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʫʶ ʦʙʟʦʨʥʫʶ ʩʪʘʪʴʶ ɺ. ʄ. 

ʊʦʨʤʳʰʝʚ, ɽ. ɻ. ɹʘʛʨʷʥʩʢʘʷ, çʊʨʠʪʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ: ʩʠʥʪʝʟ, ʩʚʦʡʩʪʚʘ ʠ 

ʧʨʠʤʝʥʝʥʠʝè ʀʟʚʝʩʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʘʷ, 2021, N 12, ʩʪʨ. 

2278.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʟʤʝʨʝʥʠʶ ʨʘʩʩʪʦʷʥʠʡ ʚ 

ʙʠʦʤʦʣʝʢʫʣʘʭ ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʪʘʪʴʷ ʠ ʧʦʩʣʘʥʘ ʚ ʞʫʨʥʘʣ Physical Chemistry 

Chemical Physics (Q1). çApplication of W-band 19F electron nuclear double 

resonance (ENDOR) spectroscopy to distance measurement using a trityl spin 

probe and a fluorine label, N.B. Asanbaeva, A.A. Sukhanov, A.A. Diveikina, O. 

Yu. Rogozhnikova, D.V. Trukhin, V.M. Tormyshev, A.S. Chubarov, A.G. 

Maryasov, A.M. Genaev, A.V. Shernyukov, G.E. Salnikov, ɸ. A. Lomzov, D.V. 

Pyshnyi, E.G. Bagryanskayaè. 

2. ɹʳʣʠ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʳ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʝʢʦʪʦʨʳʭ ɼʅʂ-ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʨʝʧʘʨʘʮʠʠ 

ɼʅʂ. ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʩ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʚʳʤ ɸʇ-

ʩʘʡʪ ʠ ʤʝʪʦʢʩʠʘʤʠʥʦʚʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ɸʇ ʩʘʡʪʘ, ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ 

ʩʧʠʥ-ʤʝʯʝʥʥʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʩʦ ʩʧʠʥʦʚʳʤʠ ʤʝʪʢʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʠ ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ.  ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʵʥʜʦʥʫʢʣʝʘʟʳ V ʭʣʦʨʝʣʣʘʚʠʨʫʩʘ, ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʗʄʈ ʚ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʗʄʈ ʚ 

ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʭʦʞʝʛʦ ʙʝʣʢʘ ʵʥʜʦʥʫʢʣʝʘʟʳ V ʙʘʢʪʝʨʠʦʬʘʛʘ T4 

(BMRB Entry 5244). ɹʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʭʝʤʘ ʠʟʦʪʦʧʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ 

ʚʢʣʶʯʘʶʱʘʷ ʜʝʡʪʝʨʠʨʦʚʘʥʠʝ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʳʰʝ 20Áʉ ʨʘʩʪʚʦʨ ʙʝʣʢʘ 

ʧʨʝʚʨʘʱʘʣʩʷ ʚ ʛʝʣʴ. ɼʣʷ ʵʥʜʦʥʫʢʣʝʘʟʳ V ʭʣʦʨʝʣʣʘʚʠʨʫʩʘ ʙʳʣ ʧʦʣʫʯʝʥ 

ʦʜʥʦʨʦʜʥʦ ʠʟʦʪʦʧʥʦ-ʦʙʦʛʘʱʝʥʥʳʡ ʦʙʨʘʟʝʮ [U-15N,13C] ʠ ʧʦʣʫʯʝʥ ʩʧʝʢʪʨ 

15N-HSQC. ʀʟ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʢʦʣʠʯʝʩʪʚʝ ʧʠʢʦʚ >160 

(ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʩ ʫʯʝʪʦʤ ʩʠʛʥʘʣʦʚ ʦʪ ʙʦʢʦʚʳʭ ʮʝʧʝʡ 174), ʜʠʩʧʝʨʩʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʙʝʣʢʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʝʨʚʦʤ ʛʦʜʫ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʜʘʥʥʳʝ 

ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʤʦʱʴʶ 

ʗʄʈ ʚ ʞʠʜʢʦʩʪʠ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʚ 

ʦʙʨʘʟʮʝ ʜʣʷ ʟʘʧʠʩʠ ʥʝʦʙʭʦʜʠʤʳʭ ʩʧʝʢʪʨʦʚ. 

3. ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʨʦʣʠ ʢʠʥʝʪʠʢʠ ʨʘʩʢʨʳʪʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ ʧʘʨ ʚ ɼʅʂ 

ʚ ʫʟʥʘʚʘʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʬʝʨʤʝʥʪʘʤʠ ʨʝʧʘʨʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʗʄʈ ʚ ʞʠʜʢʦʩʪʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʦʜʝʣʴʥʳʭ ɼʅʂ 

ʜʫʧʣʝʢʩʘʭ. ɼʘʥʥʳʝ ʦ ʩʢʦʨʦʩʪʠ ʨʘʩʢʨʳʪʠʷ-ʟʘʢʨʳʪʠʷ ʧʘʨ ʦʩʥʦʚʘʥʠʡ ʚ ɼʅʂ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ, ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʠʤʠʥʦ ʧʨʦʪʦʥʦʚ T ʠ G ʩ 

ʧʨʦʪʦʥʘʤʠ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʤʝʥʘ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʠʤʠʥʦ ʧʨʦʪʦʥʦʚ ʩ ʚʦʜʦʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʤʝʪʦʜʠʢʘ CLEANEX, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʢʦʤʧʝʥʩʘʮʠʷ ʚʣʠʷʥʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʢʨʦʩʩ-ʨʝʣʘʢʩʘʮʠʠ ʠ ʩʧʠʥʦʚʦʡ ʜʠʬʬʫʟʠʠ, ʘ ʪʘʢʞʝ 



104 

ʧʦʜʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʜʘʤʧʠʥʛʘ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʠʛʥʘʣʘ ʚʦʜʳ. ɹʳʣʘ 

ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʨʘʩʢʨʳʪʠʷ-ʟʘʢʨʳʪʠʷ ʧʘʨ G:C ʠ G:A ʚ  ʢʦʥʪʝʢʩʪʘʭ ʩ 

ʨʘʟʥʳʤ ʩʪʵʢʠʥʛʦʤ  ʜʣʷ ʯʝʪʳʨʝʭ  ʩʘʤʦʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ɼʅʂ-ʜʫʧʣʝʢʩʦʚ, 

ʜʣʷ ʢʘʞʜʦʛʦ  ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ.  

ɼʠʥʘʤʠʢʘ ʦʪʢʨʳʪʠʷ - ʟʘʢʨʳʪʠʷ ʧʘʨ ʦʩʥʦʚʘʥʠʡ ɼʅʂ ʠʟʫʯʘʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʦʣʫʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʚʠʜʠʤʳʭ ʩʢʦʨʦʩʪʝʡ ʦʙʤʝʥʘ kex ʠʤʠʥʦʧʨʦʪʦʥʦʚ 

ʛʫʘʥʦʟʠʥʦʚ (G) ʠ ʪʠʤʠʜʠʥʦʚ (T) ʩ ʚʦʜʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʦʙʤʝʥʘ. ʀʟ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ I/I0 

ʦʪ Ű ʫʨʘʚʥʝʥʠʝʤ (1) ʙʳʣ ʧʦʣʫʯʝʥ ʥʘʙʦʨ ʚʝʣʠʯʠʥ kex ʧʨʠ ʨʘʟʥʳʭ 

ʜʦʙʘʚʣʝʥʠʷʭ DFEA. ʂʘʪʘʣʠʟʘʪʦʨʦʤ ʦʙʤʝʥʘ ̫ʚʣ̫ʝʪʩ̫ ʦʩʥʦӢʚʥʘ̫ ʬʦʨʤʘ 

DFEA. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ kopen, kclose, Keq ʜʣʷ ʠʤʠʥʦʧʨʦʪʦʥʦʚ ʯʝʪʳʨʝʭ 

ʩʘʤʦʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ɼʅʂ ʜʫʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʨʘʚʥʠʚʘʪʴʩʷ ʩ 

ʜʘʥʥʳʤʠ ʜʣʷ ʵʪʠʭ ʞʝ ʯʝʪʳʨʝʭ ʩʘʤʦʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ɼʅʂ ʜʫʧʣʝʢʩʦʚ ʩ 

ʧʦʚʨʝʞʜʝʥʠʝʤ oxoG. ʦʙʨʘʟʮʦʚ C*AGG ʠ A*AGG ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ɿʥʘʯʝʥʠʝ Keq ʜʣʷ ʠʤʠʥʦʧʨʦʪʦʥʘ G ʦʙʨʘʟʮʘ A*CGT ʩʦʩʪʘʚʠʣʦ (Keq= 

1.044Ñ0.011 x 10-6). 

4. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ DEER/PELDOR ʠ ʠʟʤʝʨʝʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʧʠʥʦʚʳʤʠ ʤʝʪʢʘʤʠ, ʚʚʝʜʸʥʥʳʤʠ ʥʘ 

ʢʦʥʮʘʭ ɼʅʂ ʜʣʷ ʩʧʝʮʠʬʠʯʥʦʡ ʠ ʥʝʩʧʝʮʠʬʠʯʥʦʡ ɼʅʂ ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʡ 

ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʠ ʪʨʠʪʠʣʴʥʳʭ 

ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʙʝʣʢʦʚ ʩ ʜʫʧʣʝʢʩʘʤʠ.  

ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʩʧʠʥ-ʤʝʯʝʥʥʳʭ ʤʝʪʢʘʤʠ ʊɸʄ ʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʩʧʠʥ-ʤʝʯʝʥʥʳʝ ʥʠʢʪʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʧʦ 3ô ʠ 5ô 

ʢʦʥʮʘʤ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʠʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʝ 

ʨʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʳ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʩʝʨʝʜʠʥʝ 

ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʄʝʪʦʜʘʤʠ ʠʤʧʫʣʴʩʥʦʡ ʕʇʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (PELDOR ʜʣʷ ʥʠʪʨʦʢʩʠʣ-ʤʝʯʝʥʥʳʭ ʜʫʧʣʝʢʩʦʚ ʠ DQC ʜʣʷ 

ʪʨʠʪʠʣʤʝʯʝʥʥʳʭ ʜʫʧʣʝʢʩʦʚ) ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʧʠʥʦʚʳʤʠ 

ʤʝʪʢʘʤʠ, ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʧʦʚʨʝʞʜʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʄɼ ʨʘʩʯʝʪʳ ʜʫʧʣʝʢʩʦʚ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʝʣʢʘʤʠ. ʀʟ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʨʘʩʯʝʪʦʚ ʚ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ ʙʫʜʫʪ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʩʪʨʫʢʪʫʨʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ 

ʧʦʚʨʝʞʜʝʥʠʷ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʦʣʠ ʠʦʥʠʟʠʨʫʝʤʳʭ ʛʨʫʧʧ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʤʝʭʘʥʠʟʤʝ 

ʬʝʨʤʝʥʪʦʚ ʨʝʧʘʨʘʮʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥʳ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʜʣʷ 

ʩʠʥʪʝʟʘ ɼʅʂ ʜʫʧʣʝʢʩʦʚ ʩʧʠʥ-ʤʝʯʝʥʥʳʭ ʥʘ 5'-ʢʦʥʝʮ ɼʅʂ ʩʧʠʥʦʚʳʤʠ 

ʤʝʪʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʣʠʥʦʚʳʭ ʠ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʳʭ ʥʠʪʨʦʢʩʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ pH/ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ ʠ ʢ ʙʣʠʟʦʩʪʠ ʤʦʣʝʢʫʣ 

ʚʦʜʳ. ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʢʠ: 3-ʘʤʠʥʦ-ʇʨʦʢʩʠʣ, 3-

ʠʦʜʘʮʝʪʘʤʠʜʦʤʝʪʠʣ-2,2,5,5-ʪʝʪʨʘʤʝʪʠʣ-2,5-ʜʠʛʠʜʨʦʧʠʨʨʦʣʠʥ-1-ʦʢʩʠʣ 

(IAM-TPO) (ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʬʦʩʬʘʪʥʳʤ ʦʩʪʘʪʢʘʤ), 3-

(ʤʝʪʘʥʩʫʣʴʬʦʥʠʣʪʠʦ)ʤʝʪʠʣ-2,2,5,5-ʪʝʪʨʘʤʝʪʠʣ-2,5-ʜʠʛʠʜʨʦʧʠʨʨʦʣʠʥ-1-
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ʦʢʩʠʣ MTSL, 2,2,5,5-ʪʝʪʨʘʤʝʪʠʣ-3,4-ʙʠʩ-((ʤʝʪʘʥʩʫʣʴʬʦʥʠʣʪʠʦ)ʤʝʪʠʣ)-2,5-

ʜʠʛʠʜʨʦʧʠʨʨʦʣ-1-ʦʢʩʠʣ (ʅʆ-1944) (ʜʣʷ ʤʝʯʝʥʠʷ çʜʠʢʦʛʦè ʬʝʨʤʝʥʪʘ), 3-

ʵʪʠʥʠʣ-2,2,5,5-ʪʝʪʨʘʤʝʪʠʣ-2,5-ʜʠʛʠʜʨʦʧʠʨʨʦʣʠʥ-1-ʦʢʩʠʣ (ʊʈɸ), 14-ʵʪʠʥʠʣ-

7-ʘʟʘʜʠʩʧʠʨʦ[5.1.5.2]ʧʝʥʪʘʜʝʮʝʥ-14-7-ʦʢʩʠʣ (UTPA) (ʜʣʷ ʞʸʩʪʢʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʫʢʣʝʦʪʠʜʘʤ). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʝʢʪʘ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʨʅ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ, ʧʨʠʥʠʤʘʷ 

ʚʦ ʚʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ.  

ʉ ʮʝʣʴʶ ʚʚʝʜʝʥʠʷ pH-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʕʇʈ-ʤʝʪʦʢ ʚ ɼʅʂ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʭ ʧʦʤʦʱʴʶ ʩʦʩʪʦʷʥʠʡ ʠʦʥʠʟʘʮʠʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ 

ʬʝʨʤʝʥʪʦʚ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʥʝʩʫʱʠʝ ʥʘ 5ǋ- ʠʣʠ 3ǋ-

ʢʦʥʮʝ ʦʩʪʘʪʢʠ ʛʝʢʩʠʣʘʤʠʥʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʲʶʛʘʮʠʠ ʩ ʕʇʈ-ʤʝʪʢʘʤʠ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʦʜʙʠʨʘʣʠʩʴ ʠʩʭʦʜʷ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ɼʅʂ-

ʛʣʠʢʦʟʠʣʘʟ ʙʘʢʪʝʨʠʡ (Fpg, Nei) ʠ ʯʝʣʦʚʝʢʘ (NEIL1, NEIL2) ʩ ʪʝʤ, ʯʪʦʙʳ 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʘʷ ʛʨʫʧʧʘ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʠʣʠ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʥʝʛʦ.  ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʝʧʘʨʘʪʳ 

ʬʝʨʤʝʥʪʦʚ Fpg, Nei, NEIL1 ʠ NEIL2 ʢʘʢ ʜʠʢʦʛʦ ʪʠʧʘ, ʪʘʢ ʠ ʥʝʩʫʱʠʝ 

ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʜʣʷ ʥʠʭ ʠʥʘʢʪʠʚʠʨʫʶʱʫʶ ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ ʟʘʤʝʥʫ 

Glu2ŸGln. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ Glu2 ʚʳʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʷʭ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ, ʢʘʢ ʜʦʥʦʨ ʧʨʦʪʦʥʘ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʪʦʛʦ ʦʩʪʘʪʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ 

ʜʘʥʥʦʡ ʯʘʩʪʠ ʧʨʦʝʢʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʚʷʟʳʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʙʝʣʢʦʚ ʩ ʩʦʙʨʘʥʥʳʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʤʠ 

ʜʫʧʣʝʢʩʘʤʠ ʤʝʪʦʜʦʤ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʪʝʨʤʦʬʦʨʝʟʘ. ɺ 2022 ʛʦʜʫ 

ʧʣʘʥʠʨʫʝʪʩʷ ʚʚʝʜʝʥʠʝ ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʠ ʠʟʤʝʨʝʥʠʷ ʤʝʪʦʜʦʤ ʕʇʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʥʘ ʦʩʥʦʚʘʥʠʝ ʯʝʛʦ ʙʫʜʫʪ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʨʦʣʠ 

ʠʦʥʠʟʠʨʫʝʤʳʭ ʛʨʫʧʧ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʤʝʭʘʥʠʟʤʝ ʬʝʨʤʝʥʪʦʚ ʨʝʧʘʨʘʮʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʠʥʪʝʟʘ ʧʨʠʥʷʪʘ ʚ ʞʫʨʥʘʣ Gels (Q1). ñ4-Dialkylamino-2,5-

dihydroimidazol-1-oxyls with Functional 2 Groups at the Position 2 and at the 

Exocyclic Nitrogen: The pH- 3 Sensitive Spin Labels., Dmitrii G. Trofimov, Yuri I. 

Glazachev, Artem A. Gorodetsky, Denis A. Komarov, Tatyana V. Rybalova, Igor 

A. Kirilyuk. 

 

ɻʨʘʥʪ ʈʅʌ 20-73-00350 çɸʣʢʦʢʩʠʘʤʠʥʳ ʩ ʠʟʤʝʥʷʝʤʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ: ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʦʚ ʤʝʪʦʜʦʤ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʦʙʨʘʪʠʤʳʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʨʦʩʪʘ ʮʝʧʠè 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʬ.-ʤ.ʥ. ʇʘʨʭʦʤʝʥʢʦ ɼʤʠʪʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 1,3-

ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 11 ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ ʢ 2,2,5,5-

ʪʝʪʨʘʤʝʪʠʣ-3-ʠʤʠʜʘʟʦʣʠʥ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣʫ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʥʦʤʝʨʳ 

ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʙʦʣʝʝ ʣʝʛʢʦ 

ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ 1,3 ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʥʦʤʝʨʘʤʠ ʩ ʵʣʝʢʪʨʦʥʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ: ʪʘʢ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʤʝʪʠʣ ʚʠʥʠʣʦʚʦʛʦ ʢʝʪʦʥʘ ʢ 



106 

ʠʩʩʣʝʜʦʚʘʥʥʦʤʫ ʥʠʪʨʦʥʫ ʚ 150 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʥ-ʙʫʪʠʣ ʚʠʥʠʣʦʚʦʛʦ 

ʵʬʠʨʘ. ɼʣʷ 4 ʤʦʥʦʤʝʨʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʥʘʠʙʦʣʴʰʫʶ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʠʪʨʦʢʩʠʣʴʥʦʤʫ ʨʘʜʠʢʘʣʫ, ʙʳʣʠ ʠʟʤʝʨʝʥʳ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʵʪʦʡ ʨʝʘʢʮʠʠ ʢ ʘʣʢʦʢʩʠʘʤʠʥʫ. ɿʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʘʣʢʦʢʩʠʘʤʠʥʘ ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʜʣʷ 

ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʵʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʥʦʤʝʨʘ ʢ ʥʠʪʨʦʢʩʠʣʴʥʦʤʫ ʨʘʜʠʢʘʣʫ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʘʷ ʦʮʝʥʢʘ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʥʦʤʝʨʘ ʢ ʘʣʢʦʢʩʠʘʤʠʥʫ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʨʝʥʠʝ 

ʢʠʥʝʪʠʢʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʥʦʤʝʨʦʚ ʢ ʥʠʪʨʦʢʩʠʣʴʥʦʤʫ ʨʘʜʠʢʘʣʫ 

ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ (ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʛʝʥʪʦʚ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ) ʠ ʥʝ ʦʩʣʦʞʥʷʝʪʩʷ ʧʨʦʪʝʢʘʥʠʝʤ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʦʤʦʣʠʟ ʘʣʢʦʢʩʠʘʤʠʥʘ. ʉʨʘʚʥʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʤʝʨʦʚ ʢ ʥʠʪʨʦʢʩʠʣʴʥʦʤʫ ʨʘʜʠʢʘʣʫ ʩ 

ʚʝʣʠʯʠʥʦʡ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT), 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʙʘʨʴʝʨʘ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʤʝʨʦʚ ʢ ʥʠʪʨʦʥʘʤ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʥʠʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘ 10 ʢɼʞ/ʤʦʣʴ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʘʨʴʝʨʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʠ ʛʦʤʦʣʠʟʘ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʘʣʢʦʢʩʠʘʤʠʥʘ (ʘʜʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʤʦʥʦʤʝʨʘ ʠ ʘʣʢʦʢʩʠʘʤʠʥʘ) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʤʦʥʦʤʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʨʝʘʢʮʠʠ ʛʦʤʦʣʠʟʘ (ʚ 15-20 

ʨʘʟ). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣʝ ChemPlusChem: 

S.A. Cherkasov, A.D. Semikina, P.M. Kaletina, Yu.F. Polienko, D.A. Morozov, 

A.M. Maksimov, I.A. Kirilyuk, E.G. Bagryanskaya, D. ñKinetics of 1,3-Dipolar 

Cycloaddition of Vinyl Monomers to 2,2,5,5-Tetramethyl-3-imidazoline-3-

oxidesò, ChemPlusChem 2021, V.86, N 8, Pp 1080-1086 

 

ɻʨʘʥʪ ʈʌʌʀ 20-03-00187 çʂʣʘʩʪʝʨʥʳʡ ʤʝʭʘʥʠʟʤ ʙʨʦʤʠʨʦʚʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ɻʝʥʘʝʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ 

ʈʘʥʝʝ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʨʦʤʠʨʦʚʘʥʠʝ ʙʝʥʟʦʣʘ ʠ ʜʨʫʛʠʭ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʘʨʙʦʨʘʥʦʚ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʨʦʤʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ. ʋʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ ʧʦʨʷʜʦʢ ʧʦ ʙʨʦʤʫ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ 

ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʟʢʦʤ ʫʩʢʦʨʝʥʠʠ ʨʝʘʢʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʨʦʤʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʣʘʩʪʝʨʘʤʠ 
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(ʘʩʩʦʮʠʘʪʘʤʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʦʣʝʢʫʣ) ʙʨʦʤʘ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪʩʷ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

ɺ ʧʨʝʧʘʨʘʪʠʚʥʦ ʟʥʘʯʠʤʦʡ ʨʝʘʢʮʠʠ ʙʨʦʤʠʨʦʚʘʥʠʷ ʘʜʘʤʘʥʪʘʥʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʨʦʤʘ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʢʣʘʩʪʝʨʥʳʡ ʤʝʭʘʥʠʟʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ.  

 
7-ʡ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ  

ʧʦ ʙʨʦʤʫ 

ʈʘʩʯʝʪʥʳʝ (DFT/PBE/ȿ01) ʧʝʨʝʭʦʜʥʳʝ 

ʩʦʩʪʦʷʥʠʷ 

 
ȹE#  42.3             22.5                          13.1 

ʢʢʘʣ/ʤʦʣʴ 

 

ɻʠʧʦʪʝʟʘ ʦ ʢʣʘʩʪʝʨʥʦʤ ʤʝʭʘʥʠʟʤʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ, ʧʦʢʘʟʘʚʰʠʤʠ ʦʯʝʥʴ ʚʳʩʦʢʠʡ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ ʙʨʦʤʫ, ʘ 

ʪʘʢʞʝ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʚʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʦʣʝʢʫʣ ʙʨʦʤʘ ʚ ʩʦʩʪʘʚ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʧʦʥʠʞʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʨʝʘʢʮʠʠ ʙʨʦʤʠʨʦʚʘʥʠʷ ʘʜʘʤʘʥʪʘʥʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

ʂʣʘʩʪʝʨʥʦʝ ʙʨʦʤʠʨʦʚʘʥʠʝ ʘʜʘʤʘʥʪʘʥʘ. A.ʄ. ɻʝʥʘʝʚ, ɻ.ɽ. ʉʘʣʴʥʠʢʦʚ, 

ʉ.ʉ. ʆʚʯʝʨʝʥʢʦ, ɸ.ɺ. ʐʝʨʥʶʢʦʚ. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ "ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆɹʃɽʄʓ 

ʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ", ʧʦʩʚʷʱʝʥʥʘʷ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢ. ɺ. 

ɸ. ʂʦʧʪʶʛʘ, 09.06.2021-11.09.2021, ʅʦʚʦʩʠʙʠʨʩʢ, ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ, ʩʪʨ. 32 

ʈʦʣʴ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʙʨʦʤʘ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ 

ʙʨʦʤʠʨʦʚʘʥʠʷ. ɸ.ɺ. ʐʝʨʥʶʢʦʚ, ɻ.ɽ. ʉʘʣʴʥʠʢʦʚ, ɸ.ʄ. ɻʝʥʘʝʚ. XXXIII 

ʉʠʤʧʦʟʠʫʤ çʉʦʚʨʝʤʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʬʠʟʠʢʘè, 24 ʩʝʥʪʷʙʨʷ -4 ʦʢʪʷʙʨʷ 

2021 ʛ., ʛ. ʊʫʘʧʩʝ, ʈʦʩʩʠʷ ʛ. ʊʫʘʧʩʝ, ʩʙʦʨʥʠʢ ʪʝʟʠʩʦʚ, ʩ.173 

 

ɹʨʦʤʠʨʦʚʘʥʠʝ t-Bu-X (X = Br, Cl) 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʦ ʙʨʦʤʠʨʦʚʘʥʠʶ 1,3,5-ʪʨʠʪʨʝʪʙʫʪʠʣʙʝʥʟʦʣʘ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʜʝ-

ʪʨʝʪʙʫʪʠʣʠʨʦʚʘʥʠʷ ʪʨʝʪ-ʙʫʪʠʣʙʨʦʤʠʜ ʥʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ, ʘ ʨʝʘʛʠʨʫʝʪ ʩ 

ʙʨʦʤʦʤ ʧʦ ʥʠʞʝʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ. ɸʥʘʣʦʛʠʯʥʦ ʨʝʘʛʠʨʫʶʪ ʠ ʜʨʫʛʠʝ ʪʨʝʪ-

ʙʫʪʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ.  

 



108 

ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ M, D ʠ T ʧʦʷʚʣʷʶʪʩʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ʇʨʠ 

ʵʪʦʤ ʧʦʩʪʘʜʠʡʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ MŸD ʠ DŸT ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʥʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ. ɽʱʝ ʦʜʥʠʤ ʥʝʦʞʠʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ ʙʳʣʦ ʪʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʨʦʤʘ ʜʦʣʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʙʨʦʤʠʨʦʚʘʥʠʷ (D ʠ T) ʥʝ ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʘ, ʥʘʦʙʦʨʦʪ, 

ʫʤʝʥɹh ʘʣʘʩʴ.  ʊʝʤʥʦʚʦʝ ʙʨʦʤʠʨʦʚʘʥʠʝ ʪʨʝʪ-ʙʫʪʠʣʙʨʦʤʠʜʘ ʠʟʫʯʘʣʦʩʴ ʝʱʝ 

ʚ 1955 ʛ. ɻʝʨʙʝʨʪʦʤ ɹʨʘʫʥʦʤ. ʀʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʙʨʦʤʠʜʘ M, ʚʢʣʶʯʘʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʪ-ʙʫʪʠʣʴʥʦʛʦ 

ʢʘʪʠʦʥʘ ʠ ʙʨʦʤʦʥʠʝʚʦʛʦ ʠʦʥʘ. ʆʜʥʘʢʦ, ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʦʙʲʷʩʥʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ D ʠ T. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʦʚʫʰʢʠ ʨʘʜʠʢʘʣʦʚ ʙʨʦʤʘ t-BuONO 

ʙʨʦʤʠʨʦʚʘʥʠʝ t-Bu-X (X = Br, Cl) ʨʝʟʢʦ ʟʘʤʝʜʣʷʝʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʨʘʜʠʢʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ, ʜʘʞʝ ʚ ʧʦʣʥʦʡ ʪʝʤʥʦʪʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʝʪ-ʙʫʪʠʣʛʘʣʦʛʝʥʠʜʦʚ, ʙʨʦʤʠʨʦʚʘʥʠʝ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʫʩʢʦʨʷʶʱʠʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʨʦʤʠʩʪʦʛʦ 

ʚʦʜʦʨʦʜʘ, ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ D ʠ T.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ: 

ʊʝʤʥʦʚʦʝ ʙʨʦʤʠʨʦʚʘʥʠʝ t-Bu-X (X = Br, Cl): ʨʘʜʠʢʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ? 

A.ʄ. ɻʝʥʘʝʚ, ɻ.ɽ. ʉʘʣʴʥʠʢʦʚ, ʅ.ɹ. ɸʩʘʥʙʘʝʚʘ, ɸ.ɺ. ʐʝʨʥʶʢʦʚ. 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

"ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆɹʃɽʄʓ ʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ", ʧʦʩʚʷʱʝʥʥʘʷ 

90-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢ. ɺ. ɸ. ʂʦʧʪʶʛʘ, 09.06.2021-11.09.2021, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ, ʩʪʨ. 33 

 

ɻʨʘʥʪ ʈʌʌʀ 20-33-90133-ʘʩʧʠʨʘʥʪʳ çɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ 

ʬʦʪʦʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʤʝʪʘʣʣʘʤʠ ʢʘʢ 

ʤʝʪʦʜʳ ʘʢʪʠʚʘʮʠʠ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ï ʠʥʠʮʠʘʪʦʨʦʚ ʨʘʜʠʢʘʣʴʥʦʡ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠè (ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʯʝʨʝʟ ʅɻʋ). 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ɹʘʛʨʷʥʩʢʘʷ ɽʣʝʥʘ ɻʨʠʛʦʨʴʝʚʥʘ 

ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʬʦʪʦʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ 

ʤʝʪʘʣʣʘʤʠ ʢʘʢ ʤʝʪʦʜʳ ʘʢʪʠʚʘʮʠʠ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ï ʠʥʠʮʠʘʪʦʨʦʚ 

ʨʘʜʠʢʘʣʴʥʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ.  

ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʘʢʪʠʚʘʮʠʠ ʘʣʢʦʢʩʠʘʤʠʥʦʚ - ʠʥʠʮʠʘʪʦʨʦʚ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ:  

ɺʣʠʷʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʘʣʢʦʢʩʠʤʠʥʦʚ ʩ ʤʝʪʘʣʣʘʤʠ ʥʘ ʩʢʦʨʦʩʪʴ 

ʛʦʤʦʣʠʟʘ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʠ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʩʣʫʯʘʷ 

ʩʘʤʦʟʘʞʠʚʣʷʶʱʠʭʩʷ ʧʦʣʠʤʝʨʦʚ;  

ɺʣʠʷʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʤʝʪʘʣʣʘʤʠ ʥʘ ʩʢʦʨʦʩʪʴ ʛʦʤʦʣʠʟʘ 

ʭʠʨʘʣʴʥʳʭ ʘʣʢʦʢʩʠʤʘʤʠʥʦʚ ʤʝʪʦʜʘʤʠ ʗʄʈ ʠ ʕʇʈ;  

ɺʣʠʷʥʠʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʥʘ ʦʩʥʦʚʝ 3-ʠʤʠʜʘʟʦʣʠʥ-3-

ʦʢʩʠʜ-1-ʦʢʩʠʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
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ʦʢʩʘʟʠʨʠʜʠʥʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʛʦʤʦʣʠʟʘ ʘʣʢʦʩʠʘʤʠʥʦʚ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʗʄʈ, ʕʇʈ ʠ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʤʠ 

ʬʣʝ-hʬʦʪʦʣʠʟʘ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʘʢʪʠʚʘʮʠʠ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ. ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʣʢʦʢʩʠʘʤʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʧʫʪʝʤ ʧʦ 

ʚʚʝʜʝʥʠʷ ʙʦʣʴʰʦʡ ʢʦʥʮʝʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ï ʪʝʨʧʠʨʠʜʠʣʘ, 

ʢʦʪʦʨʘʷ ʩʚʷʟʳʚʘʝʪ ʢʘʪʠʦʥʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʦʤʧʣʝʢʩʳ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣ/ʣʠʛʘʥʜ 1:2. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʘʤʦʟʘʞʠʚʣʷʶʱʠʭʩʷ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ: ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʘʣʢʦʢʩʠʘʤʠʥʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʈʂʇ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘ ʢʦʥʮʘʭ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, 

ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʈʂʇ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʚʳʨʘʩʪʘʶʪ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ, ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʰʠʪʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʤʝʪʘʣʣʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 10 ʵʢʚʠʚʘʣʝʥʪʦʚ ʩʦʣʠ ʤʘʛʥʠʷ(II) ʤʘʩʩʘ ʧʦʣʠʤʝʨʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʛʥʠʝʚʳʡ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʘʣʢʦʢʩʠʘʤʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʪʝʨʧʠʨʠʜʠʣʴʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʨʫʧʧʫ, 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʩʪʘʥʪʦʡ ʩʢʦʨʦʩʪʠ ʛʦʤʦʣʠʟʘ ʧʨʠ ʪʝʭ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʩʚʷʟʘʥʥʦʡ ʬʦʨʤʦʡ ʘʣʢʦʢʩʠʘʤʠʥʘ, ʠ ʝʛʦ 

ʙʦʣʝʝ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ ʈʂʇ. 

ɺʚʝʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʭ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ, 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʚ ʤʦʣʝʢʫʣʝ 

ʘʣʢʦʢʩʠʘʤʠʥʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʢ ʥʝʩʢʦʣʴʢʠʤ ʦʧʪʠʯʝʩʢʠʤ ʠʟʦʤʝʨʘʤ 

(ʜʠʘʩʪʝʨʝʦʤʝʨʘʤ). ɼʠʘʩʪʝʨʝʦʤʝʨʳ ʨʘʟʣʠʯʥʳ ʧʦ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ, ʧʦʵʪʦʤʫ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʝ ʘʣʢʦʢʩʠʘʤʠʥʳ ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʛʦʤʦʣʠʟʘ. ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ 

ʭʠʨʘʣʴʥʳʭ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʡ ʵʬʬʝʢʪ ʥʘ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ 

ʛʦʤʦʣʠʟʘ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 

ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʥʘ ʦʩʥʦʚʝ 2,2,5,5-ʪʝʪʨʘʤʝʪʠʣ-3ʦʢʩʠʜ-1-ʦʢʩʠʣʘ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʢʝʪʦ-ʥʠʪʨʦʥïʦʢʩʘʟʠʨʠʜʠʥ. ɹʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʶʪ, ʯʪʦ 

ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʙʫʜʝʪ ʤʝʥʴʰʝ ʚ ʩʣʫʯʘʝ ʬʦʪʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʘʣʢʦʢʩʠʘʤʠʥʦʚ, ʘ ʠʟʤʝʥʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʢʝʪʦ-ʥʠʪʨʦʥʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ R 

(ʧʨʠ R = NH2 ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʛʦʤʦʣʠʟʘ ʜʦʣʞʥʘ ʫʤʝʥʴʰʠʪʴʩʷ ʥʘ 10 

ʢɼʞ/ʤʦʣʴ). ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʙʳʣ ʚʳʙʨʘʥ ʤʦʜʝʣʴʥʳʡ ʦʙʲʝʢʪ ï 

DMPO (5,5-ʜʠʤʝʪʠʣ-1-ʧʠʨʨʦʣʠʜʠʥ-N-ʦʢʩʠʜ), ʢʦʪʦʨʳʡ ʧʨʠ ʬʦʪʦʣʠʟʝ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʢʩʘʟʠʨʠʜʠʥ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʦʢʩʘʟʠʨʠʜʠʥ 

ʩʪʘʙʠʣʝʥ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʦʥʦʤʝʨʦʤ (ʩʪʠʨʦʣʦʤ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʠʜʝʷ ʬʦʪʦʘʢʪʠʚʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 
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ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʧʨʘʢʪʠʢʝ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʘ, ʩʢʦʨʦʩʪʠ ʛʦʤʦʣʠʟʘ 

ʬʦʪʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ, ʠ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ 

ʧʦʣʠʤʝʨʳ ʤʝʪʦʜʦʤ ʈʂʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʘʣʢʦʢʩʠʘʤʠʥʦʚ. 

 

ɻʨʘʥʪ ʈʌʌʀ 20-16-00152 çʉʦʚʨʝʤʝʥʥʳʝ ʦʩʥʦʚʳ ʨʘʟʚʠʪʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʡ 

ʜʦʩʪʘʚʢʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʦʚʳʤʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ 

ʙʠʦʥʘʥʦʢʦʤʧʦʟʠʪʘʤʠè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ʍʫʮʠʰʚʠʣʠ ʉʧʘʨʪʘʢ ʉʧʠʨʠʜʦʥʦʚʠʯ 

ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʟʚʠʪʠʝ ʧʦʜʭʦʜʘ ʢ ʢʦʥʪʨʦʣʶ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʦʚ 

Mn, Fe ʠ Cu ʚ ʧʨʦʮʝʩʩʝ ʚʝʛʝʪʘʮʠʠ ʢʘʨʪʦʬʝʣʷ Solanum tuberosum L. ʠ 

ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʙʠʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʪʨʦʬʠʯʝʩʢʠʭ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʝʡ. 

ʅʘ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʘʨʪʦʬʝʣʴ in vitro ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʛʨʘʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ Mn, Fe ʠ Cu, ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʣʦʩʴ 

ʦʙʱʝʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʦʚ ʥʘ ʚʝʛʝʪʘʮʠʶ ʢʘʨʪʦʬʝʣʷ, 

ʵʬʬʝʢʪ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʣʠ ʠʭ ʠʟʙʳʪʢʘ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʘʢʦʧʣʝʥʠʶ 

ʤʝʪʘʣʣʘ ʚ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʨʪʦʬʝʣʴ ʜʦʚʦʣʴʥʦ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ Mn, Fe ʠ Cu, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪʴ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ 

ʢʘʨʪʦʬʝʣʷ Solanum tuberosum L., ʦʧʨʝʜʝʣʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʦʚ Mn, Fe ʠ Cu ʚ 

ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʚʳʞʠʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʠ ʚ ʣʠʯʥʳʭ 

ʧʦʜʩʦʙʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʥʘʢʘʧʣʠʚʘʪʴ 

ʤʝʪʘʣʣʳ. ʆʩʦʙʝʥʥʦ ʢʘʨʪʦʬʝʣʴ ʦʢʘʟʘʣʩʷ ʢʨʘʡʥʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʧʨʝʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ Fe ʦʪ ʥʦʨʤʳ. ʇʨʠ ʵʪʦʤ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ Mn 

ʠ Cu ʚ ʩʨʝʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʜʣʝʥʥʳʡ ʨʦʩʪ ʨʘʩʪʝʥʠʡ, ʥʝʢʨʦʟ ʩʪʝʙʣʝʡ, 

ʧʦʞʝʣʪʝʥʠʝ ʠ ʚʳʩʳʭʘʥʠʝ ʣʠʩʪʴʝʚ ʢʘʨʪʦʬʝʣʷ. ɺ ʩʧʝʢʪʨʘʭ ʕʇʈ ʚ ʪʢʘʥʷʭ 

ʢʘʨʪʦʬʝʣʷ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʩʠʛʥʘʣʳ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ Fe3+, Cu2+ ʠ Mn2+. ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʘʭ ʕʇʈ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʩʣʘʙʳʡ ʫʟʢʠʡ ʩʠʥʛʣʝʪ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʩʪʘʙʠʣʴʥʳʤ ʩʝʤʠʭʠʥʦʥʦʚʳʤ 

ʨʘʜʠʢʘʣʘʤ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʢʣʝʪʦʯʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʠ 

ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʨʝʩʩʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʨʘʩʪʝʥʠʷ. ʀʟʙʳʪʦʢ 

ʩʦʜʝʨʞʘʥʠʷ Cu ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʥʝ ʧʨʦʷʚʠʣʩʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʤʝʪʘʣʣʘ ʚ 

ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Mn ʠ Fe 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʢʢʫʤʫʣʷʮʠʝʡ ʚʦ ʚʩʝʭ ʦʨʛʘʥʘʭ ʠ ʩʠʣʴʥʳʤ 

ʪʦʢʩʠʯʥʳʤ ʜʝʡʩʪʚʠʝʤ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ (ʢʨʘʭʤʘʣʘ, ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ, ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʦʛʦ 
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ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ, ʢ-ʢʘʨʨʘʛʠʥʘʥʘ), ʠʟʫʯʝʥʳ ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʤʘʪʨʠʮ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ɺʳʷʚʣʝʥʳ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʪʨʦʬʠʯʝʩʢʠʭ 

ʥʠʟʢʦʜʦʟʥʳʭ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʨʘʟʚʠʪʠʝ Solanum tuberosum L., 

ʩʪʠʤʫʣʷʮʠʠ ʨʘʟʚʠʪʠʷ ʠ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ, ʨʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ, ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʩʨʝʜʝ ʩ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘʤʠ, ʧʦʢʘʟʘʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʵʣʝʤʝʥʪʥʦʤʫ 

ʘʥʘʣʠʟʫ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʕʇʈ, ʘ ʪʘʢʞʝ ʧʨʝʚʦʩʭʦʜʠʣʠ ʧʦ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥ ʩ ʩʠʥʝʨʛʠʝʡ 

ʜʝʡʩʪʚʠʷ ʙʠʦʘʢʪʠʚʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ 

ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʧʦʢʘʟʘʣʠ ʚʳʨʘʞʝʥʥʦʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʚ 

ʦʪʥʦʰʝʥʠʠ ʬʠʪʦʧʘʪʦʛʝʥʥʦʡ ʙʘʢʪʝʨʠʠ Clavibacter sepedonicus (Cms) ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʝʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʠʦʧʣʝʥʦʢ, ʧʨʠ ʵʪʦʤ ʢʦʤʧʦʟʠʪʳ ʙʝʟʦʧʘʩʥʳ 

ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʣʦʩʴ 

ʧʦʢʘʟʘʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʤʥʦʛʦʮʝʣʝʚʳʭ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʜʣʷ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ, ʙʝʟʦʧʘʩʥʳʭ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʦʙʝʩʧʝʯʘʪ ʠʭ ʜʣʠʪʝʣʴʥʦʝ 

ʜʝʡʩʪʚʠʝ ʠ ʙʫʜʫʪ ʫʩʪʦʡʯʠʚʳ ʢ ʚʳʤʳʚʘʥʠʶ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ 

ʧʦʯʚʳ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʩʦʪʨʫʜʥʠʢʦʚ ʉʀʌʀɹʈ ʉʆ ʈɸʅ ʠ ʀʨʀʍ 

ʉʆ ʈɸʅ. 
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ʃʘʙʦʨʘʪʦʨʠʷ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʙʠʦʤʦʣʝʢʫʣʷʨʥʳʭ 
ʩʠʩʪʝʤ 

ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʬ.-ʤ.ʥ., ʄʘʡʢʣ ʂʝʡʪ ɹʦʫʤʘʥ 

 

ɻʨʘʥʪ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʚʝʜʫʱʠʭ ʫʯʸʥʳʭ ʚ ʨʦʩʩʠʡʩʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ 

ʌɸʅʆ, ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʘʭ ʈʌ ˉ2017-220-06-

735576001 (ʄɽɻɸ-ɻʈɸʅʊ) çʄʥʦʛʦʯʘʩʪʦʪʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ 

ʨʝʟʦʥʘʥʩ (ʕʇʈ) ʜʣʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ʄʘʡʢʣ ʂʝʡʪ ɹʦʫʤʘʥ (ʉʐɸ). 

 

ɻʣʘʚʥʘʷ ʮʝʣʴ ʧʨʦʝʢʪʘ ʨʘʟʚʠʪʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʢ 

ʘʢʪʫʘʣʴʥʳʤ ʟʘʜʘʯʘʤ ʚ ʦʙʣʘʩʪʠ ʙʠʦʭʠʤʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʳ.  ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʠ ʧʨʦʝʢʪʘ ʙʳʣʠ ʨʝʰʝʥʳ ʟʘʜʘʯʠ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ, ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʧʠʥʦʚʳʭ ʟʦʥʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʠ ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʩʣʦʞʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʠʙʦʩʦʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʠʤʝʥʝʥʠʶ ʢ ʟʘʜʘʯʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʡ ʜʣʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ: 

 

1) ɺ 2021 ʛʦʜʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʙʣʦʢʠ 

ʠʤʧʫʣʴʩʥʦʛʦ ʕʇʈ ʩʧʝʢʪʨʦʤʝʪʨʘ ʚ Q-ʜʠʘʧʘʟʦʥʝ. ʇʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʠʤʧʫʣʴʩʥʦʛʦ ʕʇʈ ʩʧʝʢʪʨʦʤʝʪʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʦʙʣʫʯʝʥʠʝʤ.  

2) ʈʘʟʨʘʙʦʪʘʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

(ʛʠʜʨʦʬʠʣʴʥʳʭ) ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʜʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ 

ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʘ ʪʘʢʞʝ ʥʦʚʳʝ 

ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʪʨʠʪʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʆʍ063, ʦʙʣʘʜʘʶʱʠʝ 

ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʬʝʨʤʝʥʪʦʚ, ʠ ʩʦʜʝʨʞʘʱʠʝ 

ʨʝʘʢʮʠʦʥʥʫʶ ʛʨʫʧʧʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʩʝʣʝʢʪʠʚʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʝʪʢʠ 

ʧʦ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʤ ʫʯʘʩʪʢʘʤ ʧʝʧʪʠʜʥʦʡ ʮʝʧʠ.  

3) ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʤʦʣʝʢʫʣ: ʥʦʚʳʝ 

ʤʥʦʛʦʤʝʨʥʳʝ ʤʝʪʦʜʳ ʠʤʧʫʣʴʩʥʦʡ ʜʠʧʦʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʦʩʥʦʚʝ 

ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʦʥ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɼʣʷ ʘʧʧʨʦʙʘʮʠʠ ʤʝʪʦʜʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʜʝʣʴʥʳʝ ʙʠʨʘʜʠʢʘʣʳ ʠ ʜʫʧʣʝʢʩʳ ʩʧʠʥ-ʤʝʯʝʥʥʳʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. 

4) ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʠʙʦʩʦʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʤʠʪʠʨʫʶʱʠʭ 

ʨʘʟʥʳʝ ʩʪʘʜʠʠ ʪʨʘʥʩʣʷʮʠʠ. ʀʟʤʝʨʝʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ 

ʨʠʙʦʩʦʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. 
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5)  ʈʘʟʚʠʪ ʤʝʪʦʜ ʤʷʛʢʦʛʦ ʚʚʝʜʝʥʠʷ ʩʧʠʥ-ʤʝʯʝʥʥʳʭ ʙʝʣʢʦʚ ʚ ʢʣʝʪʢʠ. 

ʀʟʫʯʝʥʳ ʩʧʦʩʦʙʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚ ʚ ʢʣʝʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʩ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ  

ʅʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ʚʢʣʶʯʝʥʳ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʫʯʝʙʥʳʝ ʢʫʨʩʳ ʜʣʷ 

ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ, ʯʣʝʥʘʤʠ ʢʦʣʣʝʢʪʠʚʘ ʧʨʦʚʝʜʝʥʳ ʣʝʢʮʠʠ, 

ʩʝʤʠʥʘʨʩʢʠʭ ʟʘʥʷʪʠʷ ʚʦ ʚʥʦʚʴ ʩʦʟʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ.  

 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʘ:  

1) ʉʦʟʜʘʥ ʩʦʚʨʝʤʝʥʥʳʡ ʨʦʩʩʠʡʩʢʠʡ ʠʤʧʫʣʴʩʥʳʡ ʕʇʈ ʩʧʝʢʪʨʦʤʝʪʨ ʚ Q-

ʜʠʘʧʘʟʦʥʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʛʝʥʝʨʘʮʠʠ ʯʠʨʧ-ʉɺʏ ʠʤʧʫʣʴʩʦʚ ʟʘʜʘʥʥʦʡ 

ʬʦʨʤʳ. ɺ ʨʘʟʨʘʙʦʪʢʝ ʤʦʩʪʘ Q-ʜʠʘʧʘʟʦʥʘ ʙʳʣʠ ʩʦʝʜʠʥʝʥʳ ʭʦʨʦʰʦ 

ʧʦʢʘʟʘʚʰʠʝ ʩʝʙʷ ʚ ʨʘʙʦʪʝ ʵʣʝʤʝʥʪʳ ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʩʪʘ ʍ-ʜʠʘʧʘʟʦʥʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʛʨʘʥʪʘ, ʩʦ ʩʭʝʤʦʡ ʫʤʥʦʞʝʥʠʷ ʯʘʩʪʦʪʳ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ Q-ʜʠʘʧʘʟʦʥʘ, ʘ 

ʪʘʢʞʝ ʫʥʠʢʘʣʴʥʦʛʦ 250ɺʪ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʅʀʀʇʇ. 

ʅʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ ʧʨʠʰʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʜʘʥʥʦʡ 

ʩʭʝʤʳ ʤʦʩʪʘ. 

 

2) ʄʦʜʝʨʥʠʟʠʨʦʚʘʥ ʠʤʧʫʣʴʩʥʳʡ ʕʇʈ ʩʧʝʢʪʨʦʤʝʪʨ ʠ ʕʇʈ ʩ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ, ʦʩʥʘʱʝʥʥʳʝ ʵʢʩʠʤʝʨʥʳʤ ʣʘʟʝʨʦʤ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʭʠʤʠʯʝʩʢʠ-ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʝʪʦʢ ʠ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ 

ʙʳʣ ʨʘʟʚʠʪ ʚ 2020 ʛʦʜʫ ʚ ʨʘʙʦʪʝ ʥʘʜ ʧʨʦʝʢʪʦʤ.   ɹʳʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʳ 

ʨʝʟʦʥʘʪʦʨ, ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʧʝʢʪʨʦʤʝʪʨʘ.  ʏʪʦʙʳ ʣʘʟʝʨʥʳʡ ʧʫʯʦʢ ʧʦʧʘʣ ʚ ʨʝʟʦʥʘʪʦʨ, ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʠ 

ʠʟʛʦʪʦʚʣʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʟʦʥʘʪʦʨ ʩ ʦʪʚʝʨʩʪʠʝʤ ʚ ʣʘʪʫʥʥʦʤ ʵʢʨʘʥʝ, ʯʝʨʝʟ 

ʢʦʪʦʨʦʝ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʧʦʧʘʜʘʝʪ ʥʘ ʦʙʨʘʟʝʮ. ʊʘʢʞʝ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ 

ʥʦʚʳʡ ʢʦʨʧʫʩ ʨʝʟʦʥʘʪʦʨʘ ʩ ʦʪʚʝʨʩʪʠʝʤ ʜʣʷ ʣʘʟʝʨʘ. 

 

3) ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʥʘʤʠ ʨʘʥʝʝ ʥʠʪʨʦʢʩʠʣʴʥʳʡ ʩʧʠʥʦʚʳʡ ʟʦʥʜ, 4-

(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦ)-5,5-ʜʠʤʝʪʠʣ-2-(4-ʧʠʨʠʜʠʣ)-2-ʵʪʠʣ-2,5-ʜʠʛʠʜʨʦ-

ʠʤʠʜʘʟʦʣ-1-ʦʢʩʠʣ (1), ʦʪʣʠʯʘʶʱʠʡʩʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʨʅ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ʢʩʝʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ ʠ ʪʠʪʘʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʕʇʈ ʵʪʦʛʦ ʩʧʠʥʦʚʦʛʦ ʟʦʥʜʘ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ 

ʠʦʥʠʟʘʮʠʶ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʠʭ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʚʳʷʚʣʝʥ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ 

ʢʩʝʨʦʛʝʣʝʡ ʠ ʤʝʪʦʜʘ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘ ʨʂʘ ʠ ʢʦʣʠʯʝʩʪʚʦ 

(ʢʦʥʮʝʥʪʨʘʮʠʶ) ʠʦʥʠʟʫʝʤʳʭ ʮʝʥʪʨʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ. ʕʪʠ ʜʘʥʥʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ 

ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʤʘʪʝʨʠʘʣʦʚ (ʩʦʨʙʝʥʪʦʚ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ) ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʩ ʜʨʫʛʦʡ, ʷʚʣʷʶʪ ʩʦʙʦʡ ʷʨʢʫʶ ʜʝʤʦʥʩʪʨʘʮʠʶ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʦʜʘ ʩʧʠʥʦʚʳʭ ʟʦʥʜʦʚ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ.  
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4) ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʚ ʨʝʘʣʠʟʘʮʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʤʦʥʦʬʦʩʬʦʥʘʪʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʟʦʥʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʢʦʚʘʣʝʥʪʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʩʫʣʴʛʠʜʨʠʣʴʥʦʡ ʛʨʫʧʧʝ.  

 

5) ɺ 2021 ʛʦʜʫ ʥʘʤʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʷʤʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚ ʠʤʧʫʣʴʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠʟʤʝʨʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʷʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʍ-ʜʠʘʧʘʟʦʥʘ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʦʪʦʪʠʧʦʤ ʩʧʝʢʪʨʦʤʝʪʨʘ Q-ʜʠʘʧʘʟʦʥʘ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʨʫʪʠʥʥʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʥʝʧʨʷʤʳʤ ʚʨʝʤʝʥʥʳʤ 

ʠʟʤʝʨʝʥʠʷʤ. ʇʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 2D 

ʠʟʤʝʨʝʥʠʷ ʥʘ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʩʧʝʢʪʨʦʤʝʪʨ ʬʠʨʤʳ ɹʨʫʢʝʨ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʨʦʬ. ɹʦʫʤʘʥʘ ʚ ɸʣʘʙʘʤʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ). ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

ʠʤʧʫʣʴʩʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʍ-ʜʠʘʧʘʟʦʥʘ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʠʤʝʶʱʠʤʩʷ 

ʛʝʥʝʨʘʪʦʨʦʤ ʠʤʧʫʣʴʩʦʚ ʉɺʏ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʕʇʈ ʩʪʘʙʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʩʧʝʢʪʨʳ 

ʠʟʤʝʨʷʶʪʩʷ ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʢʦʛʜʘ ʩʠʛʥʘʣ ʩʧʠʥʦʚʦʛʦ ʵʭʘ, ʧʦʣʫʯʝʥʥʳʡ 

ʚ ʧʨʷʤʦʤ ʚʨʝʤʝʥʥʦʤ ʠʟʤʝʨʝʥʠʠ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʯʘʩʪʦʪʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʚ ʨʝʞʠʤʝ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʕʇʈ, 

ʧʦʜʪʚʝʨʜʠʚʰʝʝ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʧʝʢʪʨʦʚ ʩʪʘʙʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʇʨʦʚʝʜʸʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʠʤʧʫʣʴʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʫʣʫʯʰʠʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʧʦʚʳʩʠʪ ʢʘʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʠʤʧʫʣʴʩʥʦʛʦ ʜʚʦʡʥʦʛʦ 

ʵʣʝʢʪʨʦʥ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (PELDOR). ʇʨʦʜʝʣʘʥʳ ʠʟʤʝʨʝʥʠʷ 

ʤʦʜʝʣʴʥʦʛʦ ʪʨʠʪʠʣ-ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʙʠʨʘʜʠʢʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʘʧʨʦʙʘʮʠʠ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

 

6) ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ ʤʘʪʨʠʯʥʦʡ ʈʅʂ (ʤʈʅʂ) ʚ ʦʙʣʘʩʪʠ 

ʜʝʢʦʜʠʨʫʶʱʝʛʦ ʮʝʥʪʨʘ 80S ʨʠʙʦʩʦʤʳ ʯʝʣʦʚʝʢʘ ʠʩʧʦʣʴʟʦʚʘʥʳ 11-ʟʚʝʥʥʳʝ 

ʘʥʘʣʦʛʠ ʤʈʅʂ, ʥʝʩʫʱʠʝ ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ ʥʘ 5ô- ʠ 3ô-

ʢʦʥʮʝʚʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʪʘʪʢʘʭ. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʩʧʠʥ-ʩʧʠʥʦʚʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ DEER/PELDOR ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ 

ʚ ʤʦʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʨʠʙʦʩʦʤʳ ʚ 

ʧʨʦʮʝʩʩʝ ʵʣʦʥʛʘʮʠʠ ʠ ʪʝʨʤʠʥʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʤʈʅʂ ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʚʫʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʢʦʥʬʦʨʤʘʮʠʷʭ, 
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ʧʨʠʯʝʤ ʜʦʣʷ ʤʈʅʂ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ, ʨʘʟʣʠʯʥʘ ʚ 

ʧʦʩʪ-ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʭ, ʧʨʝ-ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʭ ʠ ʪʝʨʤʠʥʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʣʝʢʫʣʳ ʪʈʅʂ ʚ 

ʘʤʠʥʦʘʮʠʣʴʥʦʤ (ɸ) ʫʯʘʩʪʢʝ ʨʠʙʦʩʦʤʳ ʫʤʝʥʴʰʘʝʪ ʜʦʣʶ ʫʜʣʠʥʝʥʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ ʤʈʅʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʚʷʟʳʚʘʥʠʝ ʚ ʵʪʦʤ ʫʯʘʩʪʢʝ ʬʘʢʪʦʨʘ 

ʪʝʨʤʠʥʘʮʠʠ eRF1 (ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ ʩ eRF3, ʪʘʢ ʠ ʙʝʟ ʥʝʛʦ) ʚʳʟʳʚʘʣʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʵʬʬʝʢʪ. ɺʦ ʚʩʝʭ ʪʝʨʤʠʥʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʥʬʦʨʤʘʮʠʷʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʈʅʂ ʚ ʢʘʥʘʣʝ ʨʠʙʦʩʦʤʳ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ 

ʪʨʘʥʩʣʷʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʧʦʥʠʤʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʤʈʅʂ ʚ ʢʘʥʘʣʝ ʨʠʙʦʩʦʤʳ ʚ ʧʨʦʮʝʩʩʝ 

ʪʨʘʥʩʣʷʮʠʠ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ.  

 

7) ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʢʦʥʩʪʘʥʪ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 2,2,5,5-ʪʝʪʨʘʤʝʪʠʣ-3-ʠʤʠʜʘʟʦʣʠʥ-3-ʦʢʩʠʜʘʤ ʧʦ 

ʩʧʝʢʪʨʘʤ ʕʇʈ, ʠ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʷʜʘ  ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ 

ʥʘ ʩʢʦʨʦʩʪʴ ʠʭ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 2,2,5,5-ʪʝʪʨʘʤʝʪʠʣ-

3-ʠʤʠʜʘʟʦʣʠʥ-3-ʦʢʩʠʜʘʤ. ʈʝʘʢʮʠʷ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʢʨʠʣʦʥʠʪʨʠʣʘ, ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪʘ ʠ ʅʀʇɸʄʘ ʢ ʘʣʢʦʢʩʠʘʤʠʥʫ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʨʠ ʠʟʙʳʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʤʝʨʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʢʠʥʝʪʠʢʘ 

ʨʝʘʢʮʠʠ ʧʦʜʯʠʥʷʝʪʩʷ ʢʠʥʝʪʠʢʝ ʧʩʝʚʜʦ-ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʨʷʜʢʘ. 

ʇʦʢʘʟʘʥʘ ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʦʣʫʯʝʥʳ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʜʣʷ ʙʦʣʴʰʦʛʦ ʨʷʜʘ   ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ.  

 

8) ʄʝʪʦʜ ʕʇʈ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʨʘʟʚʠʪʠʝ Solanum tuberosum L., 

ʩʪʠʤʫʣʷʮʠʠ ʨʘʟʚʠʪʠʷ ʠ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ, ʨʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ, ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʩʨʝʜʝ ʩ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘʤʠ, ʧʦʢʘʟʘʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʵʣʝʤʝʥʪʥʦʤʫ 

ʘʥʘʣʠʟʫ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʕʇʈ, ʘ ʪʘʢʞʝ ʧʨʝʚʦʩʭʦʜʠʣʠ ʧʦ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥ ʩ ʩʠʥʝʨʛʠʝʡ 

ʜʝʡʩʪʚʠʷ ʙʠʦʘʢʪʠʚʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ 

ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʧʦʢʘʟʘʣʠ ʚʳʨʘʞʝʥʥʦʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʚ 

ʦʪʥʦʰʝʥʠʠ ʬʠʪʦʧʘʪʦʛʝʥʥʦʡ ʙʘʢʪʝʨʠʠ Clavibacter sepedonicus (Cms) ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʝʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʠʦʧʣʝʥʦʢ, ʧʨʠ ʵʪʦʤ ʢʦʤʧʦʟʠʪʳ ʙʝʟʦʧʘʩʥʳ 

ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʣʦʩʴ 

ʧʦʢʘʟʘʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʤʥʦʛʦʮʝʣʝʚʳʭ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʜʣʷ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ, ʙʝʟʦʧʘʩʥʳʭ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʦʙʝʩʧʝʯʘʪ ʠʭ ʜʣʠʪʝʣʴʥʦʝ 

ʜʝʡʩʪʚʠʝ ʠ ʙʫʜʫʪ ʫʩʪʦʡʯʠʚʳ ʢ ʚʳʤʳʚʘʥʠʶ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ 

ʧʦʯʚʳ. 
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ʃʘʙʦʨʘʪʦʨʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠ ʤʘʪʝʨʠʘʣʦʚ 
ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʭ.ʥ. ʐʫʥʜʨʠʥ ʃʝʦʥʠʜ ɸʥʘʪʦʣʴʝʚʠʯ  

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʩʦʟʜʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʬʦʪʦʥʠʢʠ, ʩʝʥʩʦʨʠʢʠ, 

ʵʣʝʢʪʨʦʥʠʢʠè 

2-ʄʝʪʠʣ-9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥ (1) ʠ ʝʛʦ S,S-ʜʠʦʢʩʠʜ (2) ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʧʝʥʜʘʥʪʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʪʝʥʮʠʘʣʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ 

ʧʦʣʠʠʤʠʜʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʵʣʝʢʪʨʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ 

ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 1 ʠ 2 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʪʦʡʯʠʚʳʭ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʠ 

ʜʠʘʥʠʦʥʘ (ʜʣʷ S, S-ʜʠʦʢʩʠʜʘ). ʉ ʧʦʤʦʱʴʶ ʪʨʝʭʤʝʨʥʦʡ 

ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʘʥʠʦʥʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʩʠʣʴʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ UV-VIS-NIR ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ. 

(ʈʠʩ.1) 

 
ʈʠʩʫʥʦʢ 1. 3D UV-VIS-NIR ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʩʣʝʚʘ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʪʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ (ʩʧʨʘʚʘ) 

 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 1 ʠ 2 ʠ ʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʙʳʣʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʚʨʝʤʷ ʟʘʚʠʩʠʤʳʭ DFT-ʨʘʩʯʝʪʦʚ. ʉʦʛʣʘʩʥʦ 

ʨʘʩʯʝʪʘʤ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʜʠʘʥʠʦʥʦʚ 12- ʠ 

22- ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʧʨʦʷʚʣʷʶʪ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʝʭʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʠ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʩʠʣʳ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ 2. 

(ʈʠʩ.2.) 
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ʈʠʩʫʥʦʢ 2. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʦʚ, ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʠʦʥʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ DFT ʠʥʪʝʨʧʨʝʪʘʮʠʷ  

 

ʇʨʝʜʣʦʞʝʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʘʥʘʣʠʟʝ ʧʦʣʥʦʛʦ ʟʘʨʷʜʘ, ʧʨʦʰʝʜʰʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʯʝʨʝʟ 

ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʷʯʝʡʢʫ ʩ ʩʝʪʯʘʪʳʤ ʨʘʙʦʯʠʤ ʵʣʝʢʪʨʦʜʦʤ, ʠ 

ʚʢʣʶʯʘʶʱʘʷ ʢʠʥʝʪʠʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʄʦʜʝʣʴ ʧʨʝʚʦʩʭʦʜʥʦ ʦʧʠʩʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʪʨʝʭʤʝʨʥʳʭ 

ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʣʷ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2. 

ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʨʘʩʪʚʦʨʥʦʡ ʢʠʥʝʪʠʢʠ ʩ ʵʣʝʢʪʨʦʭʨʦʤʥʳʤ 

ʧʦʚʝʜʝʥʠʝʤ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʘʤʙʠʧʦʣʷʨʥʳʭ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʧʦʣʠʠʤʠʜʦʚ ʩ 

ʧʝʥʜʘʥʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨ 1 ʠ 2 ʧʦʟʚʦʣʠʣʦ ʦʙʲʷʩʥʠʪʴ 

ʨʘʟʣʠʯʠʷ ʚ ʵʣʝʢʪʨʦʭʨʦʤʥʦʤ ʧʦʚʝʜʝʥʠʠ ʧʦʣʠʠʤʠʜʦʚ ʧʨʠ ʚʳʩʦʢʠʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ. 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3. ɺʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʤʝʭʘʥʠʟʤʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

D.S. Odintsov, I.K. Shundrina, D.E. Gorbunov, N.P. Gritsan, J. Beckmann, 

L.A. Shundrin. Spectroelectrochemical study of the reduction of 2-methyl-9H-

thioxanthene-9-one and its S,S-dioxide and electronic absorption spectra of 

their molecular ions //Phys. Chem. Chem. Phys., 2021, Advance Article, first 

published on 15 Nov 2021 doi:10.1039/D1CP04464H , IF=3.676 
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1.2. Ȳʝʪʦʜʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʣʣʠʧʩʦʤʝʪʨʠʠ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʠ 

ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʘʤʙʠʧʦʣʷʨʥʳʝ ʧʦʣʠʠʤʠʜʳ ʩ ʧʝʥʜʘʥʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ 

ʦʩʥʦʚʝ 9ʅ-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ ʠ ʝʛʦ S-ʜʠʦʢʩʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ (ʈʠʩ.4). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, n(E), ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ, a(E) (ʈʠʩ.5), ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʧʦʣʠʠʤʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠ ʦʢʠʩʣʝʥʠʷ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʧʝʥʜʘʥʪʥʦʡ ʛʨʫʧʧʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʦʮʝʥʦʢ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, Eg, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʤ 

ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʜʘʥʥʳʭ ʧʦʣʠʠʤʠʜʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʩʣʦʝʚ ʚ ʤʝʤʨʠʩʪʦʨʘʭ ʥʦʚʦʛʦ ʪʠʧʘ. 

 
 

ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʠʤʠʜʦʚ (ʇʀ 1-4) ʩ 

ʧʝʥʜʘʥʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʪʠʦʢʩʘʥʪʝʥʦʚʦʛʦ ʨʷʜʘ ʠ ʘʥʪʨʘʭʠʥʦʥʘ. 
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ʈʠʩʫʥʦʢ 5. ɺʚʝʨʭʫ: ʏʠʩʪʘʷ ʢʨʝʤʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ (ʩʣʝʚʘ) ʠ ʧʣʘʩʪʠʥʘ ʩ 

ʥʘʥʝʩʝʥʥʦʡ ʪʦʥʢʦʡ ʧʣʝʥʢʦʡ ʇʀ 4 (ʩʧʨʘʚʘ); ʚʥʠʟʫ: ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʝʥʦʢ ʇʀ 1-4: a ï ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, b ï 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ. 

ɺ.ʅ. ʂʨʫʯʠʥʠʥ, ɼ.ʉ. ʆʜʠʥʮʦʚ, ʃ.ɸ. ʐʫʥʜʨʠʥ, ʀ.ʂ. ʐʫʥʜʨʠʥʘ, ʉ.ɺ. 

ʈʳʭʣʠʮʢʠʡ, ɽ.ɺ. ʉʧʝʩʠʚʮʝʚ, ɺ.ɸ. ɻʨʠʮʝʥʢʦ. ʆʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʭʨʦʤʥʳʝ 

ʩʚʦʡʩʪʚʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʘʤʙʠʧʦʣʷʥʳʭ ʧʦʣʠʠʤʠʜʦʚ ʩ ʧʝʥʜʘʥʪʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʦʢʩʘʥʪʝʥʦʥʘ 

ʆʧʪʠʢʘ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 2021, N 11, ʩʪʨ. 

1393 doi:10.21883/OS.2021.11.51638.2473-21, IF=0.891 

 

2. ʂʦʣʣʝʢʪʠʚʦʤ ʩʦʪʨʫʜʥʠʢʦʚ ʅʀʆʍ ʉʆ ʈɸʅ ʠ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ɸʅ ʂʅʈ 

ʨʘʟʨʘʙʦʪʘʥ ʜʠʟʘʡʥ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʙʠʩʠʤʠʥʦʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ, ʩʦʜʝʨʞʘʱʠʭ 

ʮʠʢʣʦʘʣʢʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ. ʈʘʟʨʘʙʦʪʘʥʘ ʚʳʩʦʢʦʘʢʪʠʚʥʘʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʧʨʦʜʫʮʠʨʫʶʱʘʷ ʚʳʩʦʢʦʣʠʥʝʡʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʩ ʫʟʢʠʤ ʫʥʠʤʦʜʘʣʴʥʳʤ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (ʧʨʠ 60ÁC ʘʢʪʠʚʥʦʩʪʴ ʜʦ 10.3Ĭ106 

ʛʇʕ/ʤʦʣʴCoĬʯ; ʄʄ = 22000-36000; Mw/Mn = 1.7-2.2). ɺʘʨʴʠʨʦʚʘʥʠʝ ʨʘʟʤʝʨʘ 

ʮʠʢʣʦʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʘʢʪʠʚʥʦʩʪʴʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ ʚʝʣʠʯʠʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦ-

ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

 

http://dx.doi.org/10.21883/OS.2021.11.51638.2473-21
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ȴɗɓɔɈɓɡɋ ɎɗɕɔɑɓɎɘɋɑɎ: ɕ. 1.1, 1.2 ï Ɋ.ɛ.ɓ. ȾəɓɊɖɎɓ ȱ.Ȧ., 1.3. 

Ɋ.ɛ.ɓ. ȴɑɋɏɓɎɐ Ȯ.Ȯ. 

 

Han, I.I. Oleynik, M. Liu, Ya. Ma, I.V. Oleynik, G.A. Solan, T. Liang, Wen-Hua. 

Sun. Ring size enlargement in an ortho-cycloalkyl-substituted bis(imino)pyridine-

cobalt ethylene polymerization catalyst and its impact on performance and 

polymer properties// Applied Organometalic Chemistry, First published: 02 

December 2021, e6529 doi:10.1002/aoc.6529 , IF=4.105 

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ çʄʝʭʘʥʠʟʤʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʩʪʨʦʝʥʠʝ ʠ 

ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʧʦʣʠʤʝʨʦʚ ʠ 

ʙʠʦʧʦʣʠʤʝʨʦʚè 

ʇʦ ʜʘʥʥʳʤ ʧʠʢʦʩʝʢʫʥʜʥʦʛʦ ʨʘʜʠʦʣʠʟʘ ʧʝʨʚʠʯʥʳʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʳ ʚ 

ʦʙʣʫʯʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʦʯʝʥʴ ʙʳʩʪʨʦ ʜʝʧʨʦʪʦʥʠʨʫʶʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʘʥʘʣʠʟ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʨʙʦʥʘʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ. ʄʝʪʦʜʘʤʠ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʠʦʥʠʟʘʮʠʠ ʢʘʨʙʦʥʘʪʦʚ, 

ʩʥʠʤʘʶʱʫʶ ʜʘʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ. ʀʩʧʦʣʴʟʫʷ ʵʪʠʣʝʥʢʘʨʙʦʥʘʪ ʚ ʢʘʯʝʩʪʚʝ 

http://dx.doi.org/10.1002/aoc.6529
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ʧʨʠʤʝʨʘ ʠ ʧʦʣʘʛʘʷ, ʯʪʦ ʝʛʦ ʤʦʣʝʢʫʣʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʠʤʝʨʥʳʭ ʘʩʩʦʮʠʘʪʦʚ, ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʘ ʫʧʦʤʷʥʫʪʳʭ 

ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʥʘ ʪʘʢʠʤʠ ʜʠʤʝʨʘʤʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʝʧʨʠʥʷʪʘʷ ʢʦʥʮʝʧʮʠʷ ʧʝʨʚʠʯʥʳʭ ʠʦʥʠʟʘʮʠʦʥʥʳʭ 

ʩʦʙʳʪʠʡ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʠʜʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʦʪʜʝʣʴʥʦʡ 

ʤʦʣʝʢʫʣʳ ʦʙʣʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʚ ʩʣʫʯʘʝ ʧʦʣʷʨʥʳʭ 

ʘʧʨʦʪʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʘʩʩʦʮʠʘʮʠʠ 

(ʈʠʩ.5.) 

 
ʈʠʩʫʥʦʢ 5. ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʦʥʠʟʘʮʠʠ ʢʘʨʙʦʥʘʪʦʚ. 

 

ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʢ.ʬ-ʤ.ʥ. ɹʝʨʝʛʦʚʘʷ ʀ.ɺ. 
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ʎʝʥʪʨ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʮʝʥʪʨʘ ï ʢ.ʬ.-ʤ.ʥ. ʇʦʣʦʚʷʥʝʥʢʦ ɼʤʠʪʨʠʡ ʅʠʢʦʣʘʝʚʠʯ  

 

ɻʦʩʫʜʨʘʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ çɺʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʘʨʤʘʢʦʛʥʦʟʠʠ, ʬʠʪʦʭʠʤʠʠ, ʢʣʠʥʠʯʝʩʢʦʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ, ʭʠʤʠʯʝʩʢʦʡ ʵʢʦʣʦʛʠʠ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè 

 

ɻʨʫʧʧʘ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

 

1. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʘʩʠʪʝʣʝʡ ʩ 

ʧʘʤʷʪʥʠʢʦʚ ʥʘʩʢʘʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ɺʦʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ ʠ ʌʝʨʛʘʥʩʢʦʡ 

ʜʦʣʠʥʳ 

ɺ ʠʟʫʯʝʥʠʠ ʥʘʩʢʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʧʠʛʤʝʥʪʘʤʠ, ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʢʨʘʩʠʪʝʣʝʡ. ʀ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʩʚʷʟʫʶʱʠʭ ʚʝʱʝʩʪʚ ï 

ʵʪʦ ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʝʮʝʧʪʦʚ ʜʨʝʚʥʠʭ ʢʨʘʩʦʢ, 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʚ ʥʘʩʢʘʣʴʥʦʤ ʠʩʢʫʩʩʪʚʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʨʘʩʠʪʝʣʠ, ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩ ʫʯʸʪʦʤ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʥʘʭʦʜʠʣʠʩʴ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʉʕʄ-ʈʌɸ ʧʨʦʚʝʜʸʥ ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʧʠʛʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʘʤʷʪʥʠʢʦʚ ʥʘʩʢʘʣʴʥʦʛʦ 

ʠʩʢʫʩʩʪʚʘ ɺʦʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ ʠ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ (ɹʝʰʪʳʢ-ʋʥʛʫʨ, 

ʉʝʣʴʫʥʛʫʨ, ʂʫʨʪʝʢʝ ʠ ʐʘʭʪʳ).  

ɺʦ ʚʩʝʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʦʙʨʘʟʮʘʭ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʢʘʨʙʦʥʘʪ 

ʢʘʣʴʮʠʷ ʠ ʩʠʣʠʢʘʪʳ, ʯʴʸ ʧʨʠʩʫʪʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʧʨʦʙʘʭ 

ʬʨʘʛʤʝʥʪʦʚ ʧʦʨʦʜʳ ï ʠʟʚʝʩʪʥʷʢʘ. ʆʢʩʠʜ ʞʝʣʝʟʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ, ʪ.ʢ. ʚʩʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʤʝʥʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʚʠʟʫʘʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʠʛʤʝʥʪʦʚ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ. 

ʆʢʩʠʜʫ ʞʝʣʝʟʘ ʩʦʧʫʪʩʪʚʫʶʪ ʦʢʩʠʜʳ ʤʘʨʛʘʥʮʘ ʠ ʪʠʪʘʥʘ. ʅʘʣʠʯʠʝ ʩʫʣʴʬʘʪʘ 

ʢʘʣʴʮʠʷ (ʛʠʧʩʘ) ʠ ʭʣʦʨʠʜʦʚ ʚ ʦʙʨʘʟʮʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʚʠʞʝʥʠʝʤ 

ʚʦʜʳ. ʊʘʢ ʢʘʢ ʦʙʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʛʠʦʥʘ ʢʘʨʩʪʦʚʳʝ, ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʘ ʯʘʩʪʳʝ ʧʳʣʴʥʳʝ ʙʫʨʠ, ʦʩʦʙʝʥʥʦ ʥʘ 

ɺʦʩʪʦʯʥʦʤ ʇʘʤʠʨʝ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʢʦʧʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʘʣ ʩʦʣʝʡ 

ʠʟ ʘʪʤʦʩʬʝʨʳ.  
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ɺ ʦʜʥʦʤ ʦʙʨʘʟʮʝ ʩ ʥʘʩʢʘʣʴʥʳʤ 

ʠʟʦʙʨʘʞʝʥʠʝʤ (ʟʦʦʤʦʨʬʥʘʷ ʬʠʛʫʨʘ) 

(ʨʠʩ. 1) ʠʟ ʧʝʱʝʨʳ ʉʝʣʴʫʥʛʫʨ 

ʦʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʬʦʩʬʦʨʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʧʘʪʠʪʦʚ ʚ ʧʨʦʙʝ 

ʨʘʚʥʦʤʝʨʥʦʝ, ʯʪʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʩʣʫʯʘʡʥʦʛʦ ʧʦʧʘʜʘʥʠʷ ʞʠʚʦʪʥʳʭ 

ʪʢʘʥʝʡ ʚ ʢʨʘʩʠʪʝʣʴ. ʇʦʜʦʙʥʦʝ 

ʧʦʷʚʣʝʥʠʝ ʬʦʩʬʦʨʘ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʩʧʘʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʪʢʘʥʝʡ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʨʠʨʦʜʥʳʤ 

ʧʨʦʮʝʩʩʦʤ, ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʱʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ. 

ʈʠʩ. 1. ɿʦʦʤʦʨʬʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟ ʧʝʱʝʨʳ ʉʝʣʴʫʥʛʫʨ. 

 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʥʘʣʠʯʠʝ ʚ ʯʝʪʳʨʸʭ ʧʨʦʙʘʭ ʦʢʩʘʣʘʪʦʚ  

ʢʘʣʴʮʠʷ. ɽʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʪʘʢʞʝ ʥʝ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʧʨʠʨʦʜʥʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʦʙʨʘʟʮʳ. ʆʙʳʯʥʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʦʢʩʘʣʘʪʦʚ ʩʚʷʟʳʚʘʶʪ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʘʪʘʢʘʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʙʦʣʠʟʤʘ ʣʠʰʘʡʥʠʢʦʚ, ʛʨʠʙʦʚ, ʚʦʜʦʨʦʩʣʝʡ ʠʣʠ ʙʘʢʪʝʨʠʡ. ɺ 

ʜʨʫʛʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʘʣʘʪʘ ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟ-ʟʘ 

ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʦʙʘʚʣʝʥʥʳʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʱʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʨʘʟʣʘʛʘʶʱʠʭʩʷ ʟʘʱʠʪʥʳʭ ʘʛʝʥʪʦʚ (ʪʘʢʠʭ ʢʘʢ ʷʡʮʘ, ʤʦʣʦʢʦ, 

ʧʘʪʦʢʘ, ʤʘʩʣʘ, ʛʫʤʤʠʘʨʘʙʠʢ ʠ ʥʘʪʫʨʘʣʴʥʳʝ ʩʤʦʣʳ), ʥʘʥʦʩʠʤʳʭ ʥʘ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʜʦʙʘʚʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʩʦʩʪʘʚ ʢʨʘʩʠʪʝʣʝʡ ʩ ʧʘʤʷʪʥʠʢʦʚ ʉʝʣʴʫʥʛʫʨ, 

ʐʘʭʪʳ, ʂʫʨʪʝʢʝ. ɺ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʱʘʚʝʣʝʚʘʷ 

ʢʠʩʣʦʪʘ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʝʥʠʷ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʩʚʠʥʮʦʚʳʤʠ ʠ ʤʝʜʥʳʤʠ ʧʠʛʤʝʥʪʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʠʧʠʜʳ ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʥʘʠʙʦʣʝʝ 

ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʨʝʘʢʮʠʷʤ ʨʘʟʣʦʞʝʥʠʷ, ʘ ʦʢʩʘʣʘʪʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚ 

ʜʨʝʚʥʠʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ. ʅʝʤʘʣʦʚʘʞʝʥ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʦʢʩʘʣʘʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʝʭ ʦʙʨʘʟʮʘʭ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʚʟʷʪʳ ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʥʘʩʢʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʣʠʙʦ ʧʦʜ 

ʧʣʦʩʢʦʩʪʷʤʠ ʩ ʨʠʩʫʥʢʘʤʠ ʚ ʚʠʜʝ ʬʨʘʛʤʝʥʪʦʚ ʫʪʨʘʯʝʥʥʦʡ ʢʦʨʢʠ ʩ 

ʧʠʛʤʝʥʪʦʤ (ʐʘʭʪʳ, ʂʫʨʪʝʢʝ, ʉʝʣʴʫʥʛʫʨ).  

ʉʝʨʠʷ ʧʨʦʚʝʜʸʥʥʳʭ ʘʥʘʣʠʟʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʷʟʫʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʩʦʩʪʘʚʝ ʢʨʘʩʠʪʝʣʝʡ, 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʩʢʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙʥʘʨʫʞʝʥʥʳʝ ʬʦʩʬʘʪʳ ʠ ʦʢʩʘʣʘʪʳ. 
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2. ʄʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʮʝʥʦʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʩʝʨʚʘʮʠʠ 

ʧʝʨʠʢʘʨʜʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʩʚʠʥʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʥʪʘʵʧʦʢʩʠʜʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʙʠʦʧʨʦʪʝʟʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɹʠʦʧʨʦʪʝʟʳ ʩʝʨʜʝʯʥʳʭ ʢʣʘʧʘʥʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʧʝʨʠʢʘʨʜʘ ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʧʝʨʠʢʘʨʜʘ ʩʚʠʥʴʠ, ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʝ ʛʣʫʪʘʨʦʚʳʤ 

ʘʣʴʜʝʛʠʜʦʤ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚʘʭ ʥʘ 

ʢʣʘʧʘʥʘʭ, ʥʦ ʫ ʤʥʦʛʠʭ ʧʘʮʠʝʥʪʦʚ ʩʢʣʦʥʥʳ ʢ ʢʘʣʴʮʠʬʠʢʘʮʠʠ. ɺ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʩʨʘʚʥʠʣʠ ʧʝʨʠʢʘʨʜʳ, ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʝ ʛʣʫʪʘʨʦʚʳʤ 

ʘʣʴʜʝʛʠʜʦʤ, ʜʠʛʣʠʮʠʜʠʣʦʚʳʤ ʵʬʠʨʦʤ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʠ 1,2,3,4,6-ʧʝʥʪʘ-O-

{1-[2-(ʛʣʠʮʠʜʠʣʦʢʩʠ)ʵʪʦʢʩʠ]ʵʪʠʣ}-D-ʛʣʶʢʦʧʠʨʘʥʦʟʦʡ).  

ʆʙʘ ʵʧʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʥʦ-ʙʫʬʝʨʥʳʭ 

ʨʘʩʪʚʦʨʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʝʨʚʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʨʠ pH 7,4. 

ɼʠʛʣʠʮʠʜʠʣʦʚʳʡ ʵʬʠʨ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ 

ʩʚʷʟʠ ʚ ʦʙʦʠʭ ʪʠʧʘʭ ʧʝʨʠʢʘʨʜʘ ʟʘ ʩʯʸʪ ʨʝʘʢʮʠʡ ʩ ʘʤʠʥʦʛʨʫʧʧʘʤʠ 

ʛʠʜʨʦʢʩʠʣʠʟʠʥʘ, ʣʠʟʠʥʘ, ʛʠʩʪʠʜʠʥʘ ʠ ʘʨʛʠʥʠʥʘ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʩʝʨʠʥʘ ʠ ʪʠʨʦʟʠʥʘ. ʇʝʥʪʘʵʧʦʢʩʠʜ ʩʣʘʙʦ ʨʝʘʛʠʨʦʚʘʣ ʩ ʵʪʠʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʥʦ ʩʠʣʴʥʦ ʩ ʤʝʪʠʦʥʠʥʦʤ. 

ɺʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʰʠʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʠʭ 

ʵʧʦʢʩʠʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʷʞʝʥʠʷ 

/ ʜʝʬʦʨʤʘʮʠʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʣʣʘʛʝʥʘʟʝ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʙʠʦʤʘʪʝʨʠʘʣʦʚ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʧʦʢʩʠʜʥʦʡ ʩʚʷʟʢʠ 

ʦʙʫʩʣʦʚʠʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʘʣʴʮʠʬʠʢʘʮʠʠ ʠ ʮʠʪʦʩʦʚʤʝʩʪʠʤʦʩʪʴ. 

ʇʝʥʪʘʵʧʦʢʩʠʜ ʫʚʝʣʠʯʠʚʘʣ ʧʨʦʯʥʦʩʪʴ ʢʩʝʥʦʛʝʥʥʦʛʦ ʧʝʨʠʢʘʨʜʘ, ʚʦʟʤʦʞʥʦ, 

ʟʘ ʩʯʸʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʯʸʪʢʦ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʉʕʄ ʚ ʚʠʜʝ ʰʥʫʨʦʚʠʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʣʠ 

ʪʦʥʢʦʡ ʧʣʸʥʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʠʭ 

ʵʧʦʢʩʠʜʦʚ ʜʣʷ ʩʰʠʚʘʥʠʷ ʙʠʦʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʠʢʘʨʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʠʦʧʨʦʪʝʟʦʚ. 

 

3. ɺʣʠʷʥʠʝ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʳ CADim ʥʘ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʢʘʥʝʡ ʫ ʷʨʦʚʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ Triticum 

aestivum L. 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʣʠ ʥʘʩʣʝʜʦʚʘʥʠʝ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʳ CADim (CAD intermediate) ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʚʳʨʘʞʝʥʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚ ʨʘʩʪʝʥʠʡ ʷʨʦʚʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ: 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʩʨʝʟʦʚ ʧʨʦʨʦʩʪʢʦʚ, ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʶ ʠ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʪʢʘʥʝʡ. ʈʘʩʪʝʥʠʷ ʩ ʢʦʥʪʨʘʩʪʥʳʤʠ ʛʝʥʦʪʠʧʘʤʠ CADim (ʛʦʤʦʟʠʛʦʪʳ +/+ 

ʠ ï/ï) ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʚʪʦʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʢʘʥʝʡ, 

ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʊʦʣʱʠʥʘ ʩʪʝʥʦʢ ʩʦʣʦʤʠʥʳ ʫ 

ʛʝʥʦʪʠʧʘ CADimï ʚʳʰʝ, ʯʝʤ ʫ ʛʝʥʦʪʠʧʘ CADim+, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʢ ʧʦʣʝʛʘʥʠʶ. ʅʘʙʣʶʜʘʣʠ ʨʘʟʣʠʯʠʷ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʭʣʦʨʦʬʠʣʣʘ ʠ, ʦʩʦʙʝʥʥʦ, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʭʣʦʨʦʬʠʣʣʦʚ A ʠ 
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B, ʯʪʦ ʚʝʨʦʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʬʦʪʦʩʠʥʪʝʟ. ʆʙʥʘʨʫʞʝʥʦ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʫ ʛʝʥʦʪʠʧʘ CADim+, ʘ ʪʘʢ ʞʝ ʨʘʟʣʠʯʠʷ ʧʦ 

ʢʦʨʠʯʥʳʤ ʤʦʥʦʤʝʨʘʤ ʣʠʛʥʠʥʘ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ CADim+ ʠ CADimï ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʷʜ ʧʨʠʟʥʘʢʦʚ ʨʘʩʪʝʥʠʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʠʤʦʨʬʠʟʤ ʧʦ ʣʦʢʫʩʫ CADim 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʩʝʣʝʢʮʠʠ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ. 

 

4. ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʜʣʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʅʀʆʍ ʉʆ ʈɸʅ ʠ 

ʩʪʦʨʦʥʥʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ɼʣʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʅʀʆʍ ʉʆ ʈɸʅ ʠ ʩʪʦʨʦʥʥʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 2900 ʀʂ-ʩʧʝʢʪʨʦʚ, ʦʢʦʣʦ 700 ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ- ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʷʭ, 130 ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʜʣʷ 

450 ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʸʥ ʫʛʦʣ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ. ɼʣʷ 

ʙʦʣʝʝ 250 ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʦʧʨʝʜʝʣʸʥ ʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ. 

 

 

ɻʨʫʧʧʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ɺ 2021 ʛʦʜʫ ʛʨʫʧʧʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʎʝʥʪʨʘ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʀʆʍ ʉʆ ʈɸʅ ʧʨʦʚʦʜʠʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʚʝʨʞʜʝʥʥʳʤʠ ʧʣʘʥʘʤʠ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʝʢʪʫ çɺʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʵʢʦʣʦʛʠʠ, 

ʬʘʨʤʘʢʦʛʥʦʟʠʠ, ʬʠʪʦʭʠʤʠʠ, ʢʣʠʥʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ 

ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʥʘʧʨʘʚʣʝʥʠʝ 1.4.3.2)è ɹʣʦʢ 4. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʪʦʜʠʢ ʘʥʘʣʠʟ ʧʨʠʨʦʜʥʳʭ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʞʠʚʳʭ ʩʠʩʪʝʤ ʤʝʪʦʜʘʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ  ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ: (1) ʵʢʩʪʨʘʢʪʦʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʡ ʉʠʙʠʨʠ; (2) ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʤʝʩʝʡ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʥʘʟʥʘʯʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ; (3) 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠ ʫʞʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ï ʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʠ 

ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝè. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʨʷʜʦʤ ʣʘʙʦʨʘʪʦʨʠʡ 

ʅʀʆʍ ʉʆ ʈɸʅ, ʘ ʪʘʢʞʝ ʩ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ: ɸʣʪʘʡʩʢʠʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ʛ. ɹʘʨʥʘʫʣ), ʀʥʩʪʠʪʫʪʦʤ ʧʨʦʙʣʝʤ ʭʠʤʠʢʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʉʆ ʈɸʅ (ʛ. ɹʠʡʩʢ), ʅʦʚʦʩʠʙʠʨʩʢʠʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ, ʀʥʩʪʠʪʫʪʦʤ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʉʆ 

ʈɸʅ, ʀʥʩʪʠʪʫʪʦʤ ʢʘʪʘʣʠʟʘ ʉʆ ʈɸʅ. 
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ʇʦʤʠʤʦ ʫʢʘʟʘʥʥʦʛʦ, ʛʨʫʧʧʦʡ ʚʳʧʦʣʥʝʥʦ ʥʘ 23 ʥʦʷʙʨʷ 2021 ʛʦʜʘ 2460 (ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ 24 ʜʝʢʘʙʨʷ 2021 ʛʦʜʘ) ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʥʫʞʜ ʅʀʆʍ ʉʆ 

ʈɸʅ ʠ 126 ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʉʆ ʈɸʅ. ɿʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʠʟ ʪʘʢʠʭ ʨʘʙʦʪ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʨʘʤʢʘʭ ʙʶʜʞʝʪʥʳʭ ʧʨʦʝʢʪʦʚ ʠʟ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʜʣʷ ʅʀʆʍ ʉʆ ʈɸʅ, ʚʢʣʶʯʘʷ V.46. ɹʣʦʢ 4.  

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʚ 2021 ʛʦʜʫ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ 

ʧʦʩʪʘʥʦʚʢʝ ʤʝʪʦʜʠʢ ʠ ʧʨʦʚʝʜʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ (ʇʍɹ), ʧʝʩʪʠʮʠʜʦʚ ʛʨʫʧʧ ɻʍʎɻ ʠ ɼɼʊ, ʤʥʦʛʠʝ ʠʟ 

ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʚ ʧʨʦʛʨʘʤʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʉʆɿ) ʩʦʛʣʘʩʥʦ ʉʪʦʢʛʦʣʴʤʩʢʦʡ ʢʦʥʚʝʥʮʠʠ ʦ ʉʆɿ,  ʪʘʢʞʝ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ) (ʚ ʨʘʤʢʘʭ ʫʯʘʩʪʠʷ ʅʀʆʍ ʉʆ ʈɸʅ 

ʚ ʨʘʙʦʪʘʭ ɹʦʣʴʰʦʡ ʅʦʨʠʣʴʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʉʆ ʈɸʅ 2021 ʛʦʜʘ). ɺ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʢʦʣʦ 300 ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʘʣʠʟʦʚ ʧʨʦʙ ʛʨʫʥʪʦʚ, 

ʞʠʜʢʦʩʪʝʡ, ʚʦʜ, ʚʦʟʜʫʭʘ. 

ʇʦ ʜʦʛʦʚʦʨʘʤ ʩ ʚʥʝʰʥʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʙʦʣʝʝ 50 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭʩʷ ʚʳʜʘʯʘʤʠ ʦʪʯʝʪʦʚ, 

ʧʦʨʦʡ ʚʝʩʴʤʘ ʦʙʲʝʤʥʳʭ, ʟʘʢʘʟʯʠʢʘʤ. 

ɺ ʮʝʣʦʤ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʛʨʫʧʧʦʡ ʟʥʘʯʠʪʝʣʴʥʦ 

(ʧʨʠʤʝʨʥʦ ʥʘ 20%) ʚʳʨʦʩʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʛʦʜʘʤʠ. 

 

 

ɻʨʫʧʧʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʄʝʪʦʜʦʤ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ - ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʘʛʝʥʪʦʚ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʳ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʣʶʤʠʥʠʩʪʝʥʮʠʶ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʶ: ʢʦʤʧʣʝʢʩʦʚ ʤʘʨʛʘʥʮʘ(II), 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʢʩʘʥʪʝʥ-ʩʦʜʝʨʞʘʱʠʭ ʙʠʩʬʦʩʬʠʥʦʢʩʠʜʦʚ, ʘ 

ʪʘʢʞʝ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ(I). 

1. ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʝʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʝʣʝʜʦʥʠʝʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʠʦʠʟʚʦʜʥʳʭ ʤʝʪʦʜʦʤ ʈʉɸ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʭʝʣʝʜʦʥʘʪ 

ʢʘʣʴʮʠʷ, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʡ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʠ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʡ. 

ʇʦʢʘʟʘʥʘ ʧʦʣʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʠʤʝʶʱʝʛʦ ʩʪʨʦʝʥʠʝ ʚ ʚʠʜʝ ʮʝʧʦʯʝʯʥʳʭ 

ʧʦʣʠʤʝʨʦʚ. ʉʦʝʜʠʥʝʥʠʝ ʥʝʪʦʢʩʠʯʥʦ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʮʝʩʩ ʦʩʪʝʦʠʥʜʫʢʮʠʠ 

(Pharmaceuticals 2021, 14(6), 579 doi:10.3390/ph14060579) 

2. ʀʟʫʯʝʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʠʟ  ʜʝʚʷʩʠʣʘ ʚʳʩʦʢʦʛʦ Inula helenium L: 

(3S,3aR,4aS,8aR,9aR)-3-(Aʟʠʜʦʤʝʪʠʣ)-3-aʤʠʥʦ-8a-ʤʝʪʠʣ-5-

ʤʝʪʠʣʠʜʝʥʜʝʢʘʛʠʜʨʦʥʘʬʪʦ[2,3-b]ʬʫʨʘʥ-2(3H)-ʦʥʘ ʠ (3S,3aR,4aS,8aR,9aR)-

3-ɸʤʠʥʦ-8a-ʤʝʪʠʣ-5-ʤʝʪʠʣʠʜʝʥ-3-[(4-ʬʝʥʠʣ-1H-1,2,3-ʪʨʠʘʟʦʣ-1-

ʠʣ)ʤʝʪʠʣ]ʜʝʢʘʛʠʜʨʦ-ʥʘʬʪʦ[2,3-b]ʬʫʨʘʥ-2(3H)-ʦʥʘ, ʘ ʪʘʢʞʝ 

ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥ-ʬʫʨʦ[2,3-d]ʧʠʨʠʤʠʜʠʥ-2-ʦʥ ʛʠʙʨʠʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ 3-

http://dx.doi.org/10.3390/ph14060579
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ʧʠʨʠʜʠʥʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʤʦʪʠʚʝ ʬʫʨʦʧʠʨʠʤʠʜʠʥʘ, 

ʧʨʦʷʚʣʷʶʱʝʛʦ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʩʫʙʪʦʢʩʠʯʝʩʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ IC50 3,7 ʤʢʤ (SI>33) ʧʨʦʪʠʚ ʦʨʪʦʧʥʝʚʤʦʚʠʨʫʩʘ ʯʝʣʦʚʝʢʘ H-2 

(Chemistry of Heterocyclic Compounds, 2021, V.57, N 11, Pp 1116-1129 ʠ 

Letters in Drug Design & Discovery, 2021, V. 18 , N 7 , Pp 686 - 700 

doi:10.2174/1570180817999201211193151) 

3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ ʦʜʥʦʛʦ ʠʟ ʚʧʝʨʚʳʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʜʠʪʝʨʧʝʥʦʠʜʦʚ ʧʠʤʘʨʘʥʦʚʦʛʦ ʪʠʧʘ ʩ 

1,5-ʜʠʘʟʦʧʝʥʪʘʥʦʚʳʤ ʟʚʝʥʦʤ - (2¡S,4¡aS,4¡bR,8¡R,8¡aR)-2¡,4¡b,8¡-ʪʨʠʤʝʪʠʣ-

1¡,2¡,3¡,4¡,4¡a,4¡b,5¡,6¡,7¡,8¡,8¡a,9¡-ʜʦʜʝʢʘʛʠʜʨʦ-8H, 14H-6,16-ʜʠʘʟʘ-8-

(4,1),14(1,4)-ʜʠʪʨʠʘʟʦʣ-1-(2¡,8¡)-ʬʝʥʘʥʪʨʝʥʘ-2(1,2)-

ʙʝʥʟʦʣʮʠʢʣʦʛʝʧʪʘʜʝʢʘʬʘʥ-1-ʝʥ-5,17-ʜʠʦʥʘ - ʥʘ ʢʘʞʜʫʶ ʤʦʣʝʢʫʣʫ ʮʝʣʝʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ 3 ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʈʘʟʚʝʪʚʣʝʥʥʘʷ ʩʝʪʴ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʦʧʦʢ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ b, ʫʧʘʢʦʚʘʥʥʳʭ ʩʣʦʷʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʧʣʦʩʢʦʩʪʠ (a,b).( Macroheterocycles. 2021. ʊ. 14. ˉ 1. ʉ. 105-111. 

doi:10.6060/mhc200817s) 

4. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʤʬʦʣʝʥʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ, ʩʦʜʝʨʞʘʱʠʭ ʪʠʘʟʦʣʠʜʠʥ-4-ʦʥ, ʪʠʘʟʠʥʘʥ-4-ʦʥ ʠ ʪʠʘʟʦʣʠʜʠʥ-4-

ʜʠʦʥ, ʷʚʣʷʶʱʠʝʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʬʘʨʤʘʢʦʬʦʨʦʚ ʩ 

ʧʨʦʪʠʚʦʷʟʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ (Z)-3-ʬʝʥʠʣ-5-(ʬʫʨʘʥ-2-

ʠʣʤʝʪʠʣʝʥ)ʪʠʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ (5) (Chemical Papers, 2021, V. 75, Pp 5503ï

5514 doi:10.1007/s11696-021-01741-5) 

5. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 3ɓ-ʘʮʝʪʦʢʩʠ-12-ʜʝʦʢʩʠ-12-ʘʮʝʪʠʣ-ʘʟʘ-C-

ʛʦʤʦ-ʦʣʝʘʥ-28-ʦʣʘ, ʧʨʦʷʚʣʷʶʱʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ Chlamydia 

trachomatis, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɼʘʥʥʳʝ ʈʉɸ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʩʚʷʟʳʚʘʶʱʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʣʢʘʤʠ-ʤʠʰʝʥʷʤʠ ( Steroids,V. 175, November 2021, 

108912 doi:10.1016/j.steroids.2021.108912). 

ʈʉɸ ʛʠʜʨʦʙʨʦʤʠʜʘ ʧʝʨʛʠʜʨʦ-ʮʠʢʣʦʧʝʥʪʘ[2,3]ʘʟʝʪʦ[1,2-ʘ]ʧʠʨʨʦʣʘ 

ʧʦʜʪʚʝʨʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ ʉ5-N ʚ ʩʪʨʫʢʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʥʘʧʨʷʞʝʥʥʦʡ 

ʠ ʥʝʫʩʪʦʡʯʠʚʦʡ.( Molecules 2021, 26(19), 6000 

doi:10.3390/molecules26196000) 

6. ɺ ʨʘʙʦʪʝ Mendeleev Commun, 2021, V.31, P.810, 

doi:10.1016/j.mencom.2021.11.013 ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʜʚʫʭʲʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, [Re2(CO)6(L)Br2], ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦ ʨʝʘʢʮʠʠ 1,2,4,5-

ʪʝʪʨʘʢʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʠʨʠʜʠʥʘ (L) ʩ 2-ʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ Re(CO)5Br. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʷʚʣʷʝʪ ʟʝʣʝʥʫʶ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ (ɚʤʘʢʩ. å 535 ʥʤ) ʩ ʚʨʝʤʝʥʝʤ ʧʦʩʣʝʩʚʝʯʝʥʠʷ 90 ʤʢʩ ʠ 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 12%.  

7. ɺ ʨʘʙʦʪʝ Polyhedron, V.209, 2021, ʨ.115484, 

doi:10.1016/j.poly.2021.115484 ʤʝʪʦʜʦʤ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʪʨʝʭ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ: [Re(phen-Cl8)(CO)3Br], [Re(phen-Cl8)(CO)3OTf] ʠ 

http://dx.doi.org/10.2174/1570180817999201211193151
http://dx.doi.org/10.6060/mhc200817s
http://dx.doi.org/10.1007/s11696-021-01741-5
http://dx.doi.org/10.1016/j.steroids.2021.108912
http://dx.doi.org/10.3390/molecules26196000
http://dx.doi.org/10.1016/j.mencom.2021.11.013
http://dx.doi.org/10.1016/j.poly.2021.115484
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[Re(phen-Cl8)(CO)3(CH3CN)]OTf (phen-Cl8 ï ʧʝʨʭʣʦʨ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ 

ʨʘʩʪʚʦʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʜʚʠʥʫʪʳ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʥʘ 131ï186 ʥʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʬʠʣʷʤʠ ʵʤʠʩʩʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ. çʕʬʬʝʢʪ ʧʝʨʭʣʦʨʠʨʦʚʘʥʠʷè ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʜʣʷ [Re(phen-Cl8)(CO)3Br], ʤʘʢʩʠʤʫʤʳ ʠʟʣʫʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʶʪ 685 

ʠ 730 ʥʤ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʨʘʩʪʚʦʨʝ, ʪ.ʝ. ʩʤʝʱʝʥʳ ʚ ʢʨʘʩʥʫʶ 

ʦʙʣʘʩʪʴ ʥʘ 186 ʥʤ (0,539 ʵɺ) ʠ 158 ʥʤ. (0.543 ʵɺ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ [Re(phen)(CO)3Br].   

8. ɺ ʨʘʙʦʪʝ Inorganic Chemistry Frontiers, 2021, V.8, N15, P.3767, 

doi:10.1039/D1QI00556A ʠʩʩʣʝʜʦʚʘʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʩʪʨʫʢʪʫʨʘ 7 ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʘʨʛʘʥʮʘ(II), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʢʩʘʥʪʝʥ-ʩʦʜʝʨʞʘʱʠʭ ʙʠʩʬʦʩʬʠʥʦʢʩʠʜʦʚ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʵʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʞʝʣʪʫʶ ʠʣʠ ʟʝʣʝʥʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʩ 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʜʦ 90%. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ 

[Mn(XantphosO2)Br2] ʦʙʣʘʜʘʝʪ ʧʦʣʠʤʦʨʬʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʯʪ 

ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ ʷʚʣʝʥʠʝʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ Mn. ʊʘʢ, ʜʚʘ ʧʦʣʠʤʦʨʬʘ ʵʪʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʚ ʧʨ. ʛʨʫʧʧʘʭ P-1 ʠ P21/n, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʝʣʝʥʫʶ ʠ ʞʝʣʪʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 

33 ʠ 50%. ʂʨʦʤʝ ʪʦʛʦ, çʞʝʣʪʳʡè ʧʦʣʠʤʦʨʬ ʧʨʦʷʚʣʷʝʪ ʷʨʢʫʶ 

ʪʨʠʙʦʣʶʤʠʥʝʩʮʝʥʮʠʶ.   

9. ɺ ʨʘʙʦʪʝ Inorganica Chimica Acta, 2021, V.516, 

ʨ.120136, doi:10.1016/j.ica.2020.120136 ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʯʝʪʳʨʝʭ 

ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ(I), ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʪʨʠʩ(2-

ʧʠʨʠʜʠʣ)ʬʦʩʬʠʥʦʤ, ʝʛʦ ʦʢʩʠʜʦʤ ʠ ʩʫʣʴʬʠʜʦʤ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʪʠʧʘ 3(M + 

L')LCT (L = Py3P=X, L' = CO) ʩ ɚʤʘʢʩ. = 540ï590 ʥʤ ʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʦʪ 

22 ʜʦ 42 ʤʢʩ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠʤ ʢʦʤʧʣʝʢʩʘʤ ʩʚʦʡʩʪʚʝʥʥʘ ʪʝʨʤʦʭʨʦʤʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʦʙʨʘʪʠʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ 

ʵʤʠʩʩʠʠ ʦʪ ʟʝʣʝʥʦʛʦ ʢ ʩʠʥʝʤʫ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 300 ʜʦ 77 ʂ.  

10. ɺ ʨʘʙʦʪʝ Molecules 2021, 26(18), ʨ.5688, 

doi:10.3390/molecules26185688 ʚʳʧʦʣʥʝʥ ʩʠʥʪʝʟ ʠ ʘʥʘʣʠʟ ʥʦʚʳʭ ʘʥʘʣʦʛʦʚ 

ʦʢʩʠʤʘ 11ʅ-ʠʥʜʝʥʦ [1,2-b]ʭʠʥʦʢʩʘʣʠʥ-11-ʦʥʘ. ʄʝʪʦʜʦʤ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥʘ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 6-ʭʣʦʨ-11H-ʠʥʜʝʥʦ[1,2-b]ʭʠʥʦʢʩʘʣʠʥ-11-ʦʥʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʩʪʨʦʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʶʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ 

ʣʝʯʝʥʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʧʘʪʦʣʦʛʠʡ.  

11. ɺ ʨʘʙʦʪʘʭ ACS Omega, ACS Omega 2021, 6, 37, ʨ.23691, 

doi:10.1021/acsomega.1c01316 ʠ ACS Omega, 2021, 6, 24, 15834ï15843 

doi:10.1021/acsomega.1c01297 ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ  

ʠʟʦʙʫʪʠʣʝʥʦʚʳʡ (I) ʠ ʜʚʘ ʠʟʦʤʝʨʘ ʧʨʦʧʠʣʝʥʦʚʳʭ ʚʠʥʠʣʴʥʳʭ ʢʘʨʙʦʢʘʪʠʦʥʘ 

(II ʠ III ) ʚ ʩʦʣʷʭ ʩ ʢʘʨʙʦʨʘʥʦʚʳʤ ʘʥʠʦʥʦʤ CHB11Cl11-. 

http://dx.doi.org/10.1039/D1QI00556A
http://dx.doi.org/10.1016/j.ica.2020.120136
http://dx.doi.org/10.1021/acsomega.1c01316
http://dx.doi.org/10.1021/acsomega.1c01297
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ʀʟʦʙʫʪʠʣʝʥʦʚʳʡ ʢʘʪʠʦʥ (I), ʩʦʜʝʨʞʠʪ ʫʢʦʨʦʯʝʥʥʫʶ ʜʚʦʡʥʫʶ ʩʚʷʟʴ (1.27 

¡) ʩ =ʉ+-ʅ ʛʨʫʧʧʦʡ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʨʝʜʦʪʦʯʝʥ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʋʛʣʦʚʦʡ (II) ʠ ʣʠʥʝʡʥʳʡ (III) ʠʟʦʤʝʨʳ ʧʨʦʧʠʣʝʥʦʚʳʭ 

ʢʘʨʙʦʢʘʪʠʦʥʦʚ ʩʦʜʝʨʞʘʪ ʉ=ʉ ʩʚʷʟʴ ʩ ʢʦʥʮʝʚʦʡ =ʉ+-ʅ ʠ =ʉʅ2 ʛʨʫʧʧʦʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʪʦʷʥʠʷ CÖÖÖÖÖCl ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʢʘʪʠʦʥʦʚ ʠ 

ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʦʢʨʫʞʘʶʱʠʭ ʘʥʠʦʥʦʚ ʧʨʝʚʳʰʘʶʪ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʩʢʠʝ 

ʨʘʩʩʪʦʷʥʠʷ RC + RCl, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʠʩʪʦ ʠʦʥʥʳʝ ʠ ʦʜʥʦʨʦʜʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʦ ʝʩʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʟʘʨʷʜʘ ʧʦ ʚʩʝʤʫ ʢʘʪʠʦʥʫ.  

12. ɺ ʨʘʙʦʪʝ American Journal of Biomedical Science & Research, 

2021,13(4), ʨ.328, doi:10.34297/AJBSR.2021.13.001882, ʤʝʪʦʜʦʤ ʈʉɸ 

ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ 4 ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 3,4-ʜʠʛʠʜʨʦ-2H-1,4-

ʙʝʥʟʦʪʠʘʟʠʥʘ.ʆʥʠ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʥʘ ʢʘʨʜʠʦʪʨʦʧʥʫʶ ʘʢʪʠʚʥʦʩʪʴ in vivo ʥʘ 

ʟʨʝʣʳʭ ʩʘʤʮʘʭ ʢʨʳʩ ʣʠʥʠʠ Wistar. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʪʘ ʩʝʨʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʝʪ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʠ 

ʚʳʟʳʚʘʝʪ ʤʦʥʦʪʦʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 3-5 

ʤʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʘʛʝʥʪʘ ʙʳʣ ʚʳʙʨʘʥ 5,7ʜʠʬʪʦʨ-

3,4-ʜʠʛʠʜʨʦ-2ʅ-ʙʝʥʟʦ-1,4-ʪʠʘʟʠʥ-1,1-ʜʠʦʢʩʠʜ, ʩʦʜʝʨʞʘʱʠʡ ʬʨʘʛʤʝʥʪ 

ʮʠʢʣʦʧʝʥʪʠʣʘʤʠʥʘ ʚ ʧʦʣʦʞʝʥʠʠ 8. 

13. ɺ ʨʘʙʦʪʝ Journal of the American Chemical Society, 2021, 143, 21, 

ʨ.8164, doi:10.1021/jacs.1c02938 ʥʘʤ ʫʜʘʣʦʩʴ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠ ʧʦʣʫʯʠʪʴ 

ʧʝʨʚʳʡ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʡ ʪʨʠʨʘʜʠʢʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʬʨʘʛʤʝʥʪʦʚ 

ʨʘʜʠʢʘʣʦʚ ʦʢʩʦʚʝʨʜʘʟʠʣ ʠ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʜʘ. ʉʪʨʦʝʥʠʝ ʵʪʦʛʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʪʨʠʨʘʜʠʢʘʣʘ ʠ ʝʛʦ ʜʠʨʘʜʠʢʘʣʴʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. ʋʥʠʢʘʣʴʥʘʷ ʚʳʩʦʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʪʨʠʨʘʜʠʢʘʣʘ ʚʝʨʜʘʟʠʣ-

ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʜʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʩʠʩʪʝʤ ʩ ʯʝʪʳʨʴʤʷ 

ʠ ʙʦʣʝʝ ʩʧʠʥʘʤʠ. 

14. ɺ ʨʘʙʦʪʝ ɾʫʨʥʘʣ ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ. 2021, ʊ.62, ˉ3, ʉ.521, 

doi:10.1134/S0022476621030161 ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʧʨʦʠʟʚʦʜʥʦʝ 

ʛʠʜʨʘʟʦʥʘ ʛʘʨʤʠʥʘ, ʘ ʠʤʝʥʥʦ (Z) -8- (1-ʛʠʜʨʘʟʦʥʦʵʪʠʣ) -7-ʤʝʪʦʢʩʠ-1-ʤʝʪʠʣ-

9H-ʧʠʨʠʜʦ[3,4-b]ʠʥʜʦʣ ʥʘ ʦʩʥʦʚʝ ʠʥʜʦʣʴʥʦʛʦ ʘʣʢʘʣʦʠʜʘ ʛʘʨʤʠʥʘ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ, 

ʧʨʦʚʝʜʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. 

15. ɺ ʨʘʙʦʪʝ Journal of Organometallic Chemistry, 2021, V.933, ʨ.121651, 

doi:10.1016/j.jorganchem.2020.121651 ʦʙʥʘʨʫʞʝʥʘ ʥʦʚʘʷ ʥʝʦʞʠʜʘʥʥʘʷ 
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ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 3-(ʬʝʨʨʦʮʝʥʠʣʤʝʪʦʢʩʠ)-2-ʩʫʣʴʬʘʥʠʣ-

1H-ʧʠʨʦʣʣʦʚ ʚ 2-(ʬʝʨʨʦʮʝʥʠʣʤʝʪʠʣ)-2-ʩʫʣʴʬʘʥʠʣ-1,2-ʜʠʛʠʜʨʦ-3H-ʧʠʨʦʣʣ-

3-oʥʦʚ, ʧʨʦʪʝʢʘʶʱʘʷ ʚ CDCl3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʚ ʪʦʣʫʦʣʝ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʄʝʪʦʜʦʤ ʈʉɸ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʩʪʨʫʢʪʫʨʫʨʘ ʦʜʥʦʛʦ ʠʟ ʥʠʭ, ʘ ʠʤʝʥʥʦ, 3-(ʬʝʨʨʦʮʝʥʠʣʤʝʪʦʢʩʠ)-2-

(ʤʝʪʠʣʩʫʣʴʬʘʥʠʣ)-1-ʬʝʥʠʣ-1H-ʧʠʨʦʣʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ 

ʩʪʨʦʝʥʠʝ ʦʩʪʘʣʴʥʳʭ.  

16. ɺ ʨʘʙʦʪʝ ɾʫʨʥʘʣ ʦʙʱʝʡ ʭʠʤʠʠ, 2021, ʊ.91, ˉ7, ʉ.1100, 

doi:10.1134/S1070363221070148 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [(4-N,N-Me2C6H4)3MeSb]I 

ʩ HgI2 ʚ ɼʄʉʆ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ [(4-N,N-Me2C6H4)3MeSb]2[Hg2I6]Ŀ2DMSO, ʚ 

ʢʦʪʦʨʦʤ ʤʝʪʦʜʦʤ ʈʉɸ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʢʘʪʠʦʥʘ ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ɼʄʉʆ ʩ ʘʪʦʤʦʤ ʩʫʨʴʤʳ. 

17. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʨʘʙʦʪʝ Natural Product Research, 2021, doi:10.1080/14786419.2021.1922904 

ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʦʚʳʭ ʭʘʣʴʢʦʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 20-ʦʢʩʦ-ʣʫʧʘʥʦʚ ʠ 

ʧʨʦʚʝʜʝʥ ʩʢʨʠʥʠʥʛ ʥʘ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʄʝʪʦʜʦʤ ʈʉɸ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ 3b,28-ʜʠʘʮʝʪʦʢʩʠ-30-{3-ʧʠʨʠʜʠʣʠʜʝʥ}-20-ʦʢʩʦ-29-

ʥʦʨ-ʣʫʧʘʥʘ ʠ ʜʦʢʘʟʘʥʘ ɽ-ʢʦʥʬʠʛʫʨʘʮʠʷ ʬʨʘʛʤʝʥʪʘ 19-[3-(ʧʠʨʠʜʠʥ-3-ʠʣ)-

ʧʨʦʧ-2-ʝʥ-1-ʦʥ].  

18. ɺ ʨʘʙʦʪʝ ʍʠʤʠʷ ʇʨʠʨʦʜʥʳʭ ʉʦʝʜʠʥʝʥʠʡ. 2021, ʊ.57, ˉ4, p.585. DOI: 

10.1007/s10600-021-03450-7 ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʧʨʠʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʛʨʦʩʩʛʝʤʠʥʘ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʤʦʣʝʢʫʣʳ ʭʣʦʨ-, 

ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ 

ʧʣʘʥʝ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʤʝʜʠʮʠʥʝ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣ ʯʝʪʳʨʸʭ 

ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. 

19. ɼʘʤʤʘʨʘʥʦʚʳʡ ʪʨʠʪʝʨʧʝʥʦʠʜ ʜʠʧʪʝʨʦʢʘʨʧʦʣ ʩ ʘʮʠʢʣʠʯʝʩʢʦʡ 

ʙʦʢʦʚʦʡ ʮʝʧʴʶ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ 

ʨʘʙʦʪʝ ɾʫʨʥʘʣ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 2021. ʊ 57. ˉ4, p.592, DOI: 

10.1134/S1070428021040266 ʦʩʫʱʝʩʪʚʣʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ 

22,23,24,25,26,27-ʛʝʢʩʘʥʦʨʜʘʤʤʘʨ-3,20-ʜʠʦʥʘ (ʭʦʣʣʦʥʛʜʠʦʥʘ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ3,ʉ20-ʜʠʛʠʜʨʦʢʩʠ- ʠ ʜʠʦʢʩʠʤʠʥʦ-ʧʨʦʠʟʚʦʜʥʳʭ, ʩʪʨʦʝʥʠʝ 

ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

20. ɺ ʨʘʙʦʪʝ New J. Chem., 2021, V.45, N7, P.3559, 

doi:10.1039/D0NJ06117D ʨʝʘʢʮʠʝʡ ʢʦʥʜʝʥʩʘʮʠʠ 3,5-ʜʠʘʮʝʪʠʣ-2,6-

ʜʠʤʝʪʠʣʧʠʨʠʜʠʥʘ ʩ ʩʘʣʠʮʠʣʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ 

ʥʝʦʞʠʜʘʥʥʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ 1-((5S,11S)- 2,5-ʜʠʤʝʪʠʣ-11,12-

ʜʠʛʠʜʨʦ-5H-5,11-ʵʧʦʢʩʠʙʝʥʟʦ[7,8]ʦʢʩʦʮʠʥʦ[4,3-b]ʧʠʨʠʜʠʥ-3-ʠʣ)ʵʪʘʥ-1-ʦʥ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʦʛʦʤ ʥʘʪʫʨʘʣʴʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ HIV-1 ʠʥʪʝʛʨʘʟʳ. ʉʪʨʦʝʥʠʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ. 

21. ɺ ʨʘʙʦʪʝ The Journal of Organic Chemistry, 2021, 86, (17), p.11361, 

DOI: 10.1021/acs.joc.1c00852 ʨʘʟʨʘʙʦʪʘʥ ʢʨʘʪʢʠʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ 
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ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʠʥʪʝʟ 2-R-ʥʘʬʪʦ[2,3-b]ʪʠʦʬʝʥ-4,9-ʜʠʦʥʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʨʘʟʣʠʯʥʳʤʠ ʙʠʦʘʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʟ 2-ʙʨʦʤ-1,4-ʥʘʬʪʦʭʠʥʦʥʘ ʠ 

ʘʣʢʠʥʦʚ. ʉʪʨʦʝʥʠʝ 2-ʬʝʥʠʣʥʘʬʪʦ[2,3-b]ʪʠʦʬʝʥ-4,9-ʜʠʦʥʘ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ. 
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ʃʘʙʦʨʘʪʦʨʠʷ ʛʘʣʦʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʭ.ʥ. ʄʝʞʝʥʢʦʚʘ ʊʘʪʴʷʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ  

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ çɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʢʘʨʙʦ- ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠè 

Cʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʪʠʘ- ʠ 

ʦʢʩʘʪʠʘʢʘʣʠʢʩʘʨʝʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʬʪʦʨ-ʤʝʪʘ-ʢʩʠʣʦʣ ʠ 2,5-ʜʠʬʪʦʨ-

4,6-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ-1,3-ʜʠʪʠʦʣ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʛʦ 

ʪʝʪʨʘʪʠʘʢʘʣʠʢʩ[4]ʘʨʝʥʘ, ʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʬʪʦʨ-

ʤʝʪʘ-ʢʩʠʣʦʣʘ ʩ ʨʝʟʦʨʮʠʥʦʤ, ʘ ʟʘʪʝʤ ʩ 2,5-ʜʠʬʪʦʨ-4,6-

ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ-1,3-ʜʠʪʠʦʣʦʤ ʠʣʠ ʪʠʦʤʦʯʝʚʠʥʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʦʢʩʘʪʠʘʢʘʣʠʢʩʘʨʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 4-6 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʷʜʝʨ ʚ ʤʘʢʨʦʮʠʢʣʝ. 

 

 

ʀʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʘʢʮʠʠ ʧʝʨʬʪʦʨʙʝʥʟʦʮʠʢʣʦʙʫʪʝʥʘ ʩʦ ʚʩʝʤʠ 

ʠʟʦʤʝʨʥʳʤʠ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘʤʠ ʚ ʩʨʝʜʝ SbF5. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʝʨʬʪʦʨʙʝʥʟʦʮʠʢʣʦʙʫʪʝʥʘ ʩ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘʤʠ ʚ ʩʨʝʜʝ SbF5 

ʧʦʣʫʯʘʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʦʜʥʦʡ, ʜʚʫʤʷ ʠ ʪʨʝʤʷ ʪʝʪʨʘʬʪʦʨʬʝʥʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʚʦʜʦʡ ʧʨʦʠʩʭʦʜʷʪ 

ʩʢʝʣʝʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʙʠʩ- ʠ ʪʨʠʩ(ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ)ʧʝʨʬʪʦʨʙʝʥʟʦʮʠʢʣʦ-

ʙʫʪʝʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʬʪʦʨ-1,2-ʜʠʙʝʥʟʦʠʣʙʝʥʟʦʣʦʚ ʠ 

ʪʨʠʩ(ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ)ʧʦʣʠʬʪʦʨ-2-ʙʝʥʟʦʬʫʨʘʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʩʢʝʣʝʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ ʚ ʪʝʪʨʘʬʪʦʨʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʙʝʥʟʦʮʠʢʣʦʙʫʪʝʥʘ.  
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ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 2,3,4,5-ʪʝʪʨʘʬʪʦʨʬʝʥʦʣʘ ʠʟ 2-

[(ʧʝʥʪʘʬʪʦʨʬʝʥʠʣ)ʪʠʦ]ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʆʥ ʚʢʣʶʯʘʝʪ ʥʘʛʨʝʚʘʥʠʝ 

ʩʫʙʩʪʨʘʪʘ ʩ K2CO3 ʚ ɼʄʌɸ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʤʝʪʘʥʦʣʦʤ, ʧʨʠ 

ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ 2-((2,3,4,5-ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ-6-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʪʠʦ)ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʦʙʝʩʩʝʨʠʚʘʥʠʶ ʥʠʢʝʣʝʤ ʈʝʥʝʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2,3,4,5-ʪʝʪʨʘʬʪʦʨʬʝʥʦʣʘ. 

 

 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ, ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʬʝʥʠʣʴʥʳʭ ʠ 

ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʘʣʠʬʘʪʠʯʝʩʢʦʤ ʮʠʢʣʝ, ʘ ʪʘʢʞʝ ʝʛʦ ʨʘʟʤʝʨʘ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʚʨʘʱʝʥʠʡ ʤʦʥʦ- ʠ ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʝʨʬʪʦʨʙʝʥʟʦʮʠʢʣʦʘʣʢʝʥʦʚ ʚ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʝʘʢʮʠʠ ʩ ʚʦʜʥʳʤ 

K2CO3 ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʪʠʧʘ ʚʦʟʤʦʞʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ: ʨʘʩʱʝʧʣʝʥʠʝ 

ʩʚʷʟʠ COïC(Ar), ʠʣʠ COïC(2) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ 

ʬʪʦʨʘ ʥʘ ʆʅ-ʛʨʫʧʧʫ. ʆʪʤʝʯʝʥ ʨʷʜ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ. ʊʘʢ, ʨʘʩʱʝʧʣʝʥʠʝ 

ʩʚʷʟʠ COïC(Ar) ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʝʪʦʥʦʚ ʩʦʜʝʨʞʘʱʠʭ ʚ ʘʣʴʬʘ-ʧʦʣʦʞʝʥʠʠ ʢ 

ʢʘʨʙʦʥʠʣʫ CF2-ʛʨʫʧʧʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʤʝʱʝʥʠʝ ʚ ʥʝʡ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ 

ʘʪʦʤʦʚ ʬʪʦʨʘ ʥʘ ʧʝʨʬʪʦʨʘʣʢʠʣʴʥʫʶ ʠʣʠ ʧʝʥʪʘʬʪʦʨʬʝʥʠʣʴʥʫʶ ʛʨʫʧʧʫ 

ʜʝʣʘʝʪ ʨʘʟʨʳʚ ʩʚʷʟʠ COïC(2) ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. ɺʧʝʨʚʳʝ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ SNAr-ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʬʪʦʨʘ ʥʘ ʛʠʜʨʦʢʩʠʣʴʥʫʶ 

ʛʨʫʧʧʫ ʚ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʝʪʦʥʘʭ ʚ ʱʝʣʦʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʜʫʢʪʳ 

ʨʝʘʢʮʠʠ ʢʘʢ ʚ ʩʣʫʯʘʝ ʘʢʪʠʚʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ 
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ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘ ʢ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ. ɺ ʨʝʘʢʮʠʠ ʩ ʙʦʣʝʝ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʤʝʪʦʢʩʠʜ-ʠʦʥʦʤ 

(K2CO3 ʚ ʤʝʪʘʥʦʣʝ) ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʢʨʳʪʠʝ ʮʠʢʣʘ ʚʦʟʤʦʞʥʦ ʜʣʷ ʤʦʥʦ- ʠ 

ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʬʪʦʨʙʝʥʟʦʮʠʢʣʦʙʫʪʝʥʘ, ʪʦʛʜʘ ʢʘʢ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ SNAr-ʟʘʤʝʱʝʥʠʶ ʘʪʦʤʦʚ ʬʪʦʨʘ. 

 
ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʬʪʦʨʪʝʪʨʘʣʠʥʘ ʩ 1,2,3,4-

ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʦʤ ʚ ʩʨʝʜʝ ʧʷʪʠʬʪʦʨʠʩʪʦʡ ʩʫʨʴʤʳ. ɺ ʨʝʘʢʮʠʠ 

ʧʝʨʬʪʦʨʪʝʪʨʘʣʠʥʘ ʩ ʵʢʚʠʤʦʣʷʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 1,2,3,4-

ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʫʯʝʥ 1-(2,3,4,5-

ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ)ʧʝʨʬʪʦʨʪʝʪʨʘʣʠʥ, ʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ï ʧʝʨʬʪʦʨ-1,2,3,10b-

ʪʝʪʨʘʛʠʜʨʦʬʣʫʦʨʘʥʪʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʬʝʥʠʣʪʝʪʨʘʣʠʥʝ. ʅʘʛʨʝʚʘʥʠʝ ʧʝʨʬʪʦʨʪʝʪʨʘʣʠʥʘ ʩ ʜʚʫʢʨʘʪʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ 1,2,3,4-ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘ ʚ ʩʨʝʜʝ SbF5 ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʬʪʦʨ-5,6-ʜʠʛʠʜʨʦʬʣʫʦʨʘʥʪʝʥ-6ʘ(4ʅ)-ʦʣʘ ʥʘʨʷʜʫ ʩ 

ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʩʢʝʣʝʪʦʤ. ʉʪʨʦʝʥʠʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 
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ʀʟʫʯʝʥʳ ʪʝʨʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ 

ʜʠʬʝʥʠʣʜʠʩʫʣʴʬʘʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʦʚ. ʇʨʝʜʣʦʞʝʥ ʫʜʦʙʥʳʡ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʜʠʬʝʥʠʣʩʫʣʴʬʘʥʦʚ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʬʝʥʠʣʜʠʩʫʣʴʬʘʥʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʞʝʣʝʟʘ. ʕʪʠʤ ʩʧʦʩʦʙʦʤ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʧʝʨʬʪʦʨʜʠʬʝʥʠʣʜʠʩʫʣʴʬʘʥ, ʘ ʪʘʢʞʝ ʥʝʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ ʧʨʦʠʟʚʦʜʥʳʝ, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʷʭ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠʣʠ 

CF3-ʛʨʫʧʧʳ. 

 
ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʜʠʬʝʥʠʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤʳ ʭʣʦʨʘ ʠ ʙʨʦʤʘ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʷʭ ʦʜʥʦʡ ʠʣʠ ʦʙʝʠʭ 

ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʟʘʤʝʱʝʥʠʝ ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 

ʧʦʣʠʬʪʦʨʜʠʬʝʥʠʣ-4-ʪʠʦʣʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ PCl5 ʠʣʠ Br2 ʚ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʝ. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥ 4-ʙʨʦʤ-4'-ʭʣʦʨʦʢʪʘʬʪʦʨʜʠʬʝʥʠʣ ʠʟ 

ʦʢʪʘʬʪʦʨ-4'-ʭʣʦʨʜʠʬʝʥʠʣ-4-ʪʠʦʣʘ ʠ Br2. 
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ɻʨʘʥʪ ʈʌʌʀ 19-43-543040 çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ 

ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʦʨʪʦ- ʠ ʤʝʪʘ- ʙʝʥʟʦʣʜʠʪʠʦʣʦʚ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʥʜʠʜʘʪʦʚ 

ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ʅʠʢʫʣʴʰʠʥ ʇʘʚʝʣ ɺʠʢʪʦʨʦʚʠʯ 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ 

1. ɺʘʞʥʝʡʰʠʡ ʨʝʟʫʣʴʪʘʪ. ʀʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʣʜʠʪʠʦʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʚʟʘʠʤʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʠʦʣʴʥʳʭ ʛʨʫʧʧ, ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʮʝʣʝʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ. ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʡ ʧʝʨʬʪʦʨʠʥʜʘʥʘ ʩ ʪʠʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʠ 

1,3-ʜʠʙʨʦʤʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘ ʩ ʠʟʦʧʨʦʧʠʣʪʠʦʣʘʪʦʤ ʤʝʜʠ(I) ʥʘʡʜʝʥʳ 

ʥʦʚʳʝ, ʥʝʩʢʦʣʴʢʦ ʥʝʦʞʠʜʘʥʥʳʝ, ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʝʚʨʘʱʝʥʠʡ 

ʧʝʨʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʫʢʣʝʦʬʠʣʴʥʳʭ 

ʨʝʘʛʝʥʪʦʚ. 

2. ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʮʠʠ ʧʝʨʬʪʦʨʠʥʜʘʥʘ ʩ ʪʠʦʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʧʨʝʜʣʦʞʝʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʩʭʝʤʘ ʜʦʤʠʥʦ-ʧʨʦʮʝʩʩʘ, ʧʨʠʚʦʜʷʱʘʷ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʢʩʘʜʝʢʘʬʪʦʨ-2,12-ʜʠʪʠʘʧʝʥʪʘʮʠʢʣʦ-

[11.7.0.03,11.05,9.015,19]-ʠʢʦʟʘ-1(13),3,5(9),10,14,19-ʛʝʢʩʘʝʥʘ. 

3. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʘʫʯʥʫʶ 

ʟʘʜʘʯʫ ʧʦ ʠʟʫʯʝʥʠʶ ʤʥʦʛʦʦʙʨʘʟʠʷ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʣʠʬʪʦʨʘʨʝʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʣʠʬʪʦʨʘʨʝʥʪʠʦʣʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʛʨʫʧʧ ʧʦʣʫʯʝʥʳ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʚʝʜʝʥʠʠ 

ʪʨʝʪ-ʙʫʪʠʣʴʥʦʡ, ʙʝʥʟʠʣʴʥʦʡ ʠ ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʝʨʚʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʝʥʟʠʣʴʥʘʷ ʟʘʱʠʪʘ. 

4. ʇʦʣʫʯʠʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʛʠʧʦʪʝʟʘ ʦ 

ʧʝʨʩʧʝʢʪʠʚʘʭ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʤʝʪʘ-ʜʠʪʠʦʣʦʚ ʜʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ 

ʪʠʘʢʘʣʠʢʩʘʨʝʥʦʚ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣ ʧʦʣʫʯʝʥ ʚ ʨʝʘʢʮʠʠ 

4,6-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-ʜʠʬʪʦʨʙʝʥʟʦʣ-1,3-ʜʠʪʠʦʣʘ ʩ ʧʝʨʬʪʦʨ-ʤʝʪʘ-

ʢʩʠʣʦʣʦʤ. 
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5. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʣʜʠʪʠʦʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ20-43-543026 ʨ_ʤʦʣ_ʘ_ʅʦʚʦʩʠʙʠʨʩʢ çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ 4-ʘʣʢʠʣʪʠʦʪʝʪʨʘʬʪʦʨ-ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʦʣʫʯʝʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʬʪʦʨ- ʠ ʩʝʨʫ-

ʩʦʜʝʨʞʘʱʠʭ 1,4-ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʦʚ ï ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡè 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʭ.ʥ. ʂʦʱʝʝʚ ɹʦʨʠʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (ʘʣʢʠʣʪʠʦ)ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʚ 

ʢʘʯʝʩʪʚʝ ñʘʣʢʠʣʪʠʦò-ʬʫʥʢʮʠʠ, ʤʝʪʠʣ- ʠ (ʜʠʬʪʦʨʤʝʪʠʣ)ʩʫʣʴʬʘʥʠʣʴʥʫʶ, 

ʩʫʣʴʬʠʥʠʣʴʥʫʶ ʠ ʩʫʣʴʬʦʥʠʣʴʥʫʶ ʛʨʫʧʧʳ, ʩ ʥʠʪʨʦʤʝʪʘʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ɼɹʋ ʫʜʘʣʦʩʴ ʟʘʤʝʩʪʠʪʴ ʘʪʦʤ ʬʪʦʨʘ ʚ ʧʦʣʦʞʝʥʠʠ 4 ʥʘ ʥʠʪʨʦʤʝʪʠʣʴʥʫʶ 

ʛʨʫʧʧʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 4-

(ʘʣʢʠʣʪʠʦ)ʪʝʪʨʘʬʪʦʨʬʝʥʠʣʥʠʪʨʦʤʝʪʘʥʳ.  

ɼʝʡʩʪʚʠʝ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʥʘ 4-(ʘʣʢʠʣʩʫʣʴʬʘʥʠʣ- ʠ 

ʩʫʣʴʬʦʥʠʣ)ʪʝʪʨʘʬʪʦʨʬʝʥʠʣʥʠʪʨʦʤʝʪʘʥʳ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ C-N 

ʩʚʷʟʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ 4-(ʘʣʢʠʣʩʫʣʴʬʘʥʠʣ- ʠ 

ʩʫʣʴʬʦʥʠʣ)ʪʝʪʨʘʬʪʦʨʙʝʥʟʘʣʴʜʝʛʠʜʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ 4-(ʘʣʢʠʣ-

ʩʫʣʴʬʠʥʠʣ)ʪʝʪʨʘʬʪʦʨʬʝʥʠʣʥʠʪʨʦʤʝʪʘʥʦʚ ʩ KMnO4 ʧʨʦʪʝʢʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦ ʥʠʪʨʦʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʥʦ ʠ ʧʦ ʘʪʦʤʫ ʩʝʨʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʙʨʘʟʫʶʪʩʷ, ʧʦʤʠʤʦ 4-ʘʣʢʠʣʩʫʣʴʬʠʥʠʣʪʝʪʨʘʬʪʦʨʙʝʥʟʘʣʴʜʝʛʠʜʦʚ, 

ʧʨʦʠʟʚʦʜʥʳʝ ʩʫʣʴʬʦʥʦʚ.  

ɼʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 4-

(ʘʣʢʠʣʩʫʣʴʬʠʥʠʣ)ʪʝʪʨʘʬʪʦʨʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʮʝʧʴ 

ʧʨʝʚʨʘʱʝʥʠʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 4-(ʘʣʢʠʣʩʫʣʴʬʠʥʠʣ)ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣʦʚ ʩ 

ʤʝʪʠʣ-2-ʥʠʪʨʦʘʮʝʪʘʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ 2-ʥʠʪʨʦ-2-[4'-

(ʘʣʢʠʣʩʫʣʴʬʠʥʠʣ)ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ]ʫʢʩʫʩʥʳʭ ʢʠʩʣʦʪ. ʇʦʩʣʝʜʥʠʝ ʜʝʡʩʪʚʠʝʤ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʧʨʝʚʨʘʱʝʥʳ ʚ 2-ʦʢʩʦ-2-[4'-

(ʘʣʢʠʣʩʫʣʴʬʠʥʠʣ)ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ]ʫʢʩʫʩʥʳʝ ʢʠʩʣʦʪʳ. ʀʭ ʨʘʟʣʦʞʝʥʠʝ ʧʨʠ 

ʧʦʤʦʱʠ ʘʥʠʣʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʩʤʝʩʝʡ ʢ HCl 

ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʳʭ ʘʣʴʜʝʛʠʜʦʚ. 

ʂʦʥʜʝʥʩʘʮʠʝʡ 4-(ʘʣʢʠʣʪʠʦ)ʪʝʪʨʘʬʪʦʨʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʩ ʘʮʝʪʦʫʢʩʫʩʥʳʤ 

ʵʬʠʨʦʤ ʠ ʵʪʠʣ-3-ʘʤʠʥʦʢʨʦʪʦʥʘʪʦʤ ʧʦʣʫʯʝʥʳ 4-[4'-

(ʘʣʢʠʣʪʠʦ)ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ]-1,4-ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʳ, ʨʝʘʢʮʠʷ ʠʜʸʪ 

ʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʘʣʴʜʝʛʠʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʛʠʧʝʨʪʝʥʟʠʚʥʳʭ ʩʚʦʡʩʪʚ 4-[4'-

(ʘʣʢʠʣʪʠʦ)ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ]-1,4-ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʦʚ (ʢʨʳʩʳ, ʚʥʫʪʨʠʚʝʥʥʦ) 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ ʤʝʪʠʣʩʫʣʴʬʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʚ 

ʧʦʣʦʞʝʥʠʠ 4', ʩʥʠʞʘʣʦ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ 20%, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 








































































































































































































































































































































































