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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 N 385. 

 

ʂʘʜʨʦʚʳʡ ʩʦʩʪʘʚ 

ʅʘ 31.12.2020 ʛʦʜʘ ʚ ʀʥʩʪʠʪʫʪʝ ʨʘʙʦʪʘʣʦ 402 ʩʦʪʨʫʜʥʠʢʘ, ʠʟ ʥʠʭ 152 

ʠʩʩʣʝʜʦʚʘʪʝʣ,̫ 87 ʪʝʭʥʠʢʦʚ, 72 ʯʝʣʦʚʝʢʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʂʚʘʣʠʬʠʢʘʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ: 1 ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, 32 

ʜʦʢʪʦʨʘ ʥʘʫʢ ʠ 101 ʢʘʥʜʠʜʘʪ ʥʘʫʢ. ʏʠʩʣʝʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 39 

ʣʝʪ ʚʢʣʶʯʠʪʝʣʴʥʦ ʩʦʩʪʘʚʠʣʘ 82 ʯʝʣʦʚʝʢʘ. 

ʉʨʝʜʥʝʩʧʠʩʦʯʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʟʘ 2020 ʛʦʜ 166 ʯʝʣ. 

 

ɼʠʨʝʢʮʠʷ 

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

 

ɿʘʤʝʩʪʠʪʝʣʠ ʜʠʨʝʢʪʦʨʘ  

ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ   ʜ.ʭ.ʥ. ɽ.ɺ. ʊʨʝʪʴʷʢʦʚ 

(ʜʦ 30.12.2020) 

ʢ.ʭ.ʥ. ɽ.ɺ. ʉʫʩʣʦʚ, 

ɿʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠ ʵʢʦʥʦʤʠʢʝ    ɼ.ɸ. ɸʙʘʰʝʚ 

 

ɿʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ  

ʧʦ ʦʙʱʠʤ ʚʦʧʨʦʩʘʤ    ɽ.ʄ. ʗʜʨʳʰʥʠʢʦʚ 

(ʜʦ 08.05.2020) 

ɸ.ʄ. ɸʪʢʠʥ 

(ʩ 12.05.2020) 

 

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

 

ɻʣʘʚʥʳʡ ʠʥʞʝʥʝʨ    ɸ.ɺ. ʂʦʣʯʫʥʦʚ 

 

ɻʣʘʚʥʳʡ ʙʫʭʛʘʣʪʝʨ    ʅ.ɺ. ʄʘʢʩʠʤʝʥʢʦ  
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ʋʯʝʥʳʡ ʩʦʚʝʪ 

ʀʟʙʨʘʥ ʚ ʩʦʩʪʘʚʝ 25 ʯʝʣʦʚʝʢ ʆʙʱʠʤ ʩʦʙʨʘʥʠʝʤ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ 
ʀʥʩʪʠʪʫʪʘ 01.11.2019 

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

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

ɹʘʨʜʠʥ ɺ. ɺ. ʜ.ʭ.ʥ., ʚ.ʥ.ʩ., ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ ʋʉ 

ʊʨʝʪʴʷʢʦʚ ɽ. ɺ. ʜ.ʭ.ʥ., ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ, ʟʘʚ. ʣʘʙ., 
ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ ʋʉ 

ʊʦʨʤʳʰʝʚ ɺ. ʄ. ʜʦʮ., ʢ.ʭ.ʥ., ʨʫʢ. ʛʨʫʧʧʳ. ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ ʋʉ 

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.  

ʄʘʞʫʢʠʥ ɼ. ɻ. ʜʦʮ., ʢ.ʭ.ʥ., ʩ.ʥ.ʩ.  

ʄʘʣʳʭʠʥ ɽ. ɺ. ʜʦʮ., ʜ.ʭ.ʥ., ʛ.ʥ.ʩ.  

ʄʘʤʘʪʶʢ ɺ. ʀ. ʢ.ʭ.ʥ., ʚ.ʥ.ʩ. 

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

ʄʦʨʦʟʦʚ ʉ.ɺ. ʢ.ʭ.ʥ., ʟʘʚ. ʣʘʙ.  

ʇʘʪʨʫʰʝʚ ʉ.ʉ. ʢ.ʭ.ʥ., ʥ.ʩ., ʧʨʝʜʩʝʜʘʪʝʣʴ ʉʦʚʝʪʘ ʥʘʫʯʥʦʡ ʤʦʣʦʜʝʞʠ 
(ʩʦʚʝʱʘʪʝʣʴʥʳʡ ʛʦʣʦʩ)  

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. 

ʊʠʭʦʥʦʚ ɸ. ʗ. ʜʦʮ., ʜ.ʭ.ʥ., ʛ.ʥ.ʩ. 

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

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

ʐʝʣʢʦʚʥʠʢʦʚ ɺ. ɺ. ʜ.ʭ.ʥ., ʟʘʚ. ʣʘʙ.  

ʐʫʣʴʮ ʕ. ʕ. ʧʨʦʬ., 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 

1.2.4 

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 

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
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
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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 ʜ.ʭ.ʥ. 

ɽʚʛʝʥʠʡ ɺʠʢʪʦʨʦʚʠʯ ʊʨʝʪʴʷʢʦʚ (ʜʦ 30.12.2020) 

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 

1.8 

ɻʨʫʧʧʘ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʘʪʘʣʠʟʘ (ˉ11-ɻʄʂ) 

ʩ 01.07.2020 

ʩʪʘʣʘ ʥʘʟʳʚʘʪʴʩʷ 

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 

1.9 

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 

1.10 

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 

1.11 

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  

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
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/gruppa-metallo-kompleksnogo-kataliza-gmkk1
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/gruppa-metallo-kompleksnogo-kataliza-gmkk1
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/gruppa-metallo-kompleksnogo-kataliza-gmkk1
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 

1.12 

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 

1.13 

ʃʘʙʦʨʘʪʦʨʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ 

(ˉ45-ʃʆʕ) 

ɿʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʢ.ʭ.ʥ. 

ʄʘʢʩʠʤ ʉʝʨʛʝʝʚʠʯ ʂʘʟʘʥʮʝʚ 

ʪʝʣ. (383) 330-73-87, ʚʥʫʪʨ. ʪʝʣ. 4-11 

e-mail: kazancev@nioch.nsc.ru 

1.14 

ʃʘʙʦʨʘʪʦʨʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘ 

(ˉ47-ʃʌ) 

ʩ 01.03.2021 

ʩʪʘʣʘ ʥʘʟʳʚʘʪʴʩʷ 

ɻʨʫʧʧʘ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ 

(ˉ47-ʃʌ) 

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 

  

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
mailto:vor@nioch.nsc.ru
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ʆʧʳʪʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʆʍʇ) 

ʈʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʣʦʪʦʥʥʘʞʥʦʡ ʭʠʤʠʠ ʥʘ ʙʘʟʝ ʦʧʳʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʅʀʆʍ ʉʆ ʈɸʅ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʚ ʨʫʩʣʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʥʜʝʥʮʠʡ ʚʳʧʫʩʢʘ ʰʠʨʦʢʦʡ ʣʠʥʝʡʢʠ ʚʳʩʦʢʦʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺ 2020 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 ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʉʆ-3, ʢʦʥʩʝʨʚʘʥʪ ʜʣʷ ʙʠʦʧʨʦʪʝʟʦʚ ɼʠʛʣʠʮʠʜʠʣʦʚʳʡ 

ʵʬʠʨ ʵʪʠʣʝʥʛʣʠʢʦʣʷ, ʵʢʩʪʨʘʛʝʥʪ ʜʣʷ ʜʨʘʛʦʮʝʥʥʳʭ 

ʤʝʪʘʣʣʦʚ ɼʠʦʢʪʠʣʩʫʣʴʬʠʜ, ʠʥʠʮʠʘʪʦʨ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ 4-ʦʢʩʦ-ʊɽʄʇʆ, ʘ ʪʘʢʞʝ ʨʷʜ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʧʦ ʟʘʢʘʟʘʤ 

ʢʦʤʧʘʥʠʡ Acros ʠ TCI.  

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

ʪʨʘʜʠʮʠʦʥʥʳʤʠ, ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʠʭ ʛʝʦʛʨʘʬʠʠ ʧʦʩʪʘʚʦʢ. 

ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʥʦʤʝʥʢʣʘʪʫʨʳ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʚʝʜʝʪʩʷ 

ʘʢʪʠʚʥʘʷ ʧʦʠʩʢʦʚʘʷ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ, ʚʥʝʜʨʝʥʠʶ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʚʳʚʦʜʫ ʥʘ ʨʳʥʦʢ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʊʘʢ, ʚ 2020 ʛʦʜʫ ʥʘ ʙʘʟʝ ʦʧʳʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʅʀʆʍ ʉʆ ʈɸʅ 

ʥʘʯʘʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʦʧʳʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 4',4''(5'')-ɼʠʪʨʝʪʙʫʪʠʣʜʠʙʝʥʟʦ-

18-ʢʨʘʫʥ-6 ʩ ʯʠʩʪʦʪʦʡ 98-99+%, ʯʪʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʯʠʩʪʦʪʝ ʧʨʦʜʫʢʮʠʶ 

ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʷʤʦʡ 

ʢʦʤʤʝʨʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʪʠʚʘ ʜʣʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʮʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʝʛʦ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ - 4ǋ,4ǌ(5ǌ)-

ɼʠʪʨʝʪʙʫʪʠʣʜʠʮʠʢʣʦʛʝʢʩʘʥʦ-18-ʢʨʘʫʥ-6, ʷʚʣʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʤ 

ʵʢʩʪʨʘʛʝʥʪʦʤ ʠʟʦʪʦʧʦʚ Sr. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʧʳʪʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʘ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ 

ʧʨʦʜʫʢʮʠʠ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʯʠʩʪʦʪʦʡ (98-99+%), ʯʪʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʮʠʶ ʠʥʦʩʪʨʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ 

4ǋ,4ǌ(5ǌ)-ɼʠʪʨʝʪʙʫʪʠʣʜʠʮʠʢʣʦʛʝʢʩʘʥʦ-18-ʢʨʘʫʥ-6 ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʠʤʝʪʴ 128 

ʠʟʦʤʝʨʦʚ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʠʟ ʥʠʭ ʩʧʦʩʦʙʥʳ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʩ Sr. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʥʘʤʠ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʠʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ Sr ʩʤʝʩʴ ʠʟʦʤʝʨʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʨʫʙʝʞʥʳʝ ʧʦʩʪʘʚʱʠʢʠ ʧʨʝʜʣʘʛʘʶʪ ʪʝʭʥʠʯʝʩʢʫʶ 

ʩʤʝʩʴ ʠʟʦʤʝʨʦʚ, ʥʝ ʦʙʣʘʜʘʶʱʫʶ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʢ Sr. ɺ 2021 ʛʦʜʫ ʥʘʤʠ 

ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʚʝʨʰʠʪʴ ʧʝʨʚʠʯʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʝʨʝʡʪʠ ʢ ʝʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ. 

ɼʨʫʛʠʤ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʍʇ ʚ 2020 

ʛʦʜʫ ʩʪʘʣʘ ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ɹɸɼʘ çɹʝʪʦʢʩʦʚʠʪè, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨ, ʘʥʪʠʦʢʩʠʜʘʥʪ ʠ 

ʢʦʨʨʝʢʪʦʨ ʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ 

ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ 
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ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʝʪʫʣʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʦʡ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʍʇ ʚ ʧʨʦʰʣʳʝ ʛʦʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ 

ʘʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ çɹʝʪʦʢʩʦʚʠʪʘè 

ʠ ʝʛʦ ʢʦʤʤʝʨʯʝʩʢʦʝ ʧʨʦʜʚʠʞʝʥʠʝ. 

ɺ 2021 ʛʦʜʫ ʥʘ ʙʘʟʝ ʦʧʳʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʚʤʝʩʪʥʦ ʩ ɻʅʎ ɺɹ 

çɺʝʢʪʦʨè ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʥʘʯʘʣʦ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʦʪʠʚʦʦʩʧʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 7-[Nô-(4-

ʪʨʠʬʪʦʨʤʝʪʠʣʙʝʥʟʦʠʣ)-ʛʠʜʨʘʟʠʥʦʢʘʨʙʦʥʠʣ]-ʪʨʠʮʠʢʣʦ [3.2.2.02,4] ʥʦʥ-8-ʝʥ-6-

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (NIOCH-14): 

O
HO

H
N

O

NH

O F

F

F  
ʉ ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 2021-22 ʛʦʜʘʭ ʟʘʧʣʘʥʠʨʦʚʘʥʘ 

ʧʦʣʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʚʦʦʨʫʞʝʥʠʝ ʦʧʳʪʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʮʝʭʘ. 

 

 
 

ʅʘʯʘʣʴʥʠʢ ʆʍʇ: ʃʦʧʫʭʦʚ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ 

ʪʝʣ. (383) 30-73-93, ʚʥʫʪʨ. ʪʝʣ. 3-89 

e-mail: chempro@nioch.nsc.ru 
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ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 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 
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ɺɸɾʅɽʁʐʀɽ ʈɽɿʋʃʔʊɸʊʓ ʅɸʋʏʅʆʁ ʈɸɹʆʊʓ 

ʀʅʉʊʀʊʋʊɸ ɺ 2020 ɻʆɼʋ 

ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʇʨʦʠʟʚʦʜʥʳʝ 2-((9H-ʬʣʫʦʨʝʥ-9-ʠʣʠʜʝʥ)ʤʝʪʠʣ)ʧʠʨʠʜʠʥʘ 
ʢʘʢ ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʉʦʪʨʫʜʥʠʢʘʤʠ ʅʀʆʍ ʉʆ ʈɸʅ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʚʘ ʥʦʚʳʭ 
ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʘʛʛʨʝʛʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʫʝʤʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠ 
ʤʝʭʘʥʦʬʣʫʦʨʦʭʨʦʤʠʟʤʦʤ: 2-((9H-ʬʣʫʦʨʝʥ-9-ʠʣʠʜʝʥ)ʤʝʪʠʣ)-5-(5-ʬʝʥʠʣʪʠʦʬʝʥ-2-
ʠʣ)ʧʠʨʠʜʠʥ (FTP) ʠ 2-((9H-ʬʣʫʦʨʝʥ-9-ʠʣʠʜʝʥ)ʤʝʪʠʣ)-5-([2,2'-ʙʠʪʠʦʬʝʥ]-5-
ʠʣ)ʧʠʨʠʜʠʥ (FTT). ɺ ʨʘʩʪʚʦʨʝ ʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʥʠʟʢʫʶ ʠʟʣʫʯʘʶʱʫʶ 
ʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 
ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 33% (FTP) ʠ 13% (FTT). ʄʘʪʝʨʠʘʣ FTT ʜʝʤʦʥʩʪʨʠʨʫʝʪ 
ʨʝʜʢʠʡ ʵʬʬʝʢʪ - ʦʙʨʘʪʠʤʳʡ ʤʝʭʘʥʦʬʣʫʦʨʦʭʨʦʤʠʟʤ: ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʩʜʚʠʛʘʝʪʩʷ 
ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 
ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ɺ ʛʘʟʦʚʦʡ ʬʘʟʝ ʤʦʣʝʢʫʣʳ FTT ʠʤʝʶʪ ʧʣʦʩʢʫʶ 
ʛʝʦʤʝʪʨʠʶ, ʘ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʪʝʨʷʶʪ ʧʣʘʥʘʨʥʦʩʪʴ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ. ʇʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʠʩʭʦʜʠʪ 
ʦʙʨʘʪʠʤʘʷ ʧʣʘʥʘʨʠʟʘʮʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ ʠʟʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 
ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʯʘʪʠ, 
ʥʘʥʝʩʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʦʙʨʘʪʠʤʳʭ 
ʤʝʭʘʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 
ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 18-73-00081) ʠ ʧʨʦʛʨʘʤʤʳ ʥʦʚʳʭ 
ʣʘʙʦʨʘʪʦʨʠʡ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʧʨʦʝʢʪ 0238-2019-0004). 

 

ʀʟʤʝʥʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʝʭʘʥʠʯʝʩʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʠ 

ʩ  ʧʦʨʦʰʢʦʤ 

ʚʝʱʝʩʪʚʘ FTT, 

ʚʨʝʤʷ ʤʝʞʜʫ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ 

24ʯ 

ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʢ.ʭ.ʥ. ʂʘʟʘʥʮʝʚ ʄ.ʉ. (ʅʀʆʍ ʉʆ ʈɸʅ), ʢ.ʬ.-ʤ.ʥ. 
ʐʝʨʠʥ ʇ. ʉ. (ʄʊʎ ʉʆ ʈɸʅ), ʠʩʧʦʣʥʠʪʝʣʠ: ʘʩʧ. ʂʫʠʤʦʚ ɸ.ɼ., ʢ.ʭ.ʥ. ɹʝʢʢʝʨ ʂ.ʉ., ʘʩʧ. 
ʂʦʩʢʠʥ ʀ.ʇ., ʢ.ʭ.ʥ. ʉʦʥʠʥʘ ɸ.ɸ., ʢ.ʭ.ʥ. ʐʫʥʜʨʠʥʘ ʀ.ʂ. (ʅʀʆʍ ʉʆ ʈɸʅ), ʩʪʫʜ. 
ɾʘʛʫʧʘʨʦʚ ɼ.ɽ. (ʅɻʋ, ʄʊʎ ʉʆ ʈɸʅ) 
ʇʫʙʣʠʢʘʮʠʠ: Anatoly D. Kuimov, Christina S. Becker, Igor P. Koskin, Daniiar E. 
Zhaguparov, Alina A. Sonina, Inna K. Shundrina, Peter S. Sherin, Maxim S. Kazantsev. 
2-((9H-fluoren-9-ylidene)methyl)pyridine as a new functional block for aggregation 
induced emissive and stimuli-responsive materials // Dyes and Pigments, 2020, 181, 
108595. doi: 10.1016/j.dyepig.2020.108595. 
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ʊʝʨʤʦʩʪʘʙʠʣʴʥʳʝ ʧʦʣʠʠʤʠʜʳ ʩ ʧʝʥʜʘʥʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ 
ʧʨʦʠʟʚʦʜʥʳʭ 9ʅ-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ: ʩʠʥʪʝʟ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

ʋʥʠʚʝʨʩʠʪʝʪ ɹʨʝʤʝʥʘ, ʌʈɻ 
 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʧʦʣʠʠʤʠʜʳ (ʇʀ) ʩ ʙʦʢʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ 
ʦʩʥʦʚʝ 9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ (Th(O)S) ʠ ʝʛʦ S,S-ʜʠʦʢʩʠʜʘ (Th(O)SO2). ʇʦʣʫʯʝʥʥʳʝ 
ʇʀ ʩʪʘʙʠʣʴʥʳ ʜʦ 400

o
C ʙʝʟ ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʠ ʤʘʩʩʳ. ʄʝʪʦʜʦʤ ʪʦʥʢʦʩʣʦʡʥʦʡ ʎɺɸ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʇʀ ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʪʠʤʦʤʫ ʧʝʨʝʥʦʩʫ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʥʠʟʢʠʭ 
ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ. ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʥʦʚʳʭ ʇʀ 
2.22 < Eg < 2.46 ʵɺ. ʕʣʝʢʪʨʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʇʀ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 
ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ (ʇʀ-Th(O)S: 359, 680 ʥʤ; ʇʀ-Th(O)SO2: 357, 646 ʥʤ) 
ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʉʨʘʚʥʝʥʠʝʤ ʩ 3D UV-VIS-NIR 
ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʠʩʭʦʜʥʳʭ 2-ʤʝʪʠʣ-9H-ʪʠʦʢʩʘʥʪʝʥ-9-
ʦʥʦʚ ï ʧʨʝʢʫʨʩʦʨʦʚ ʧʝʥʜʘʥʪʥʳʭ ʛʨʫʧʧ ï ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 
ʵʣʝʢʪʨʦʭʨʦʤʠʟʤ ʥʦʚʳʭ ʇʀ ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 
ʙʦʢʦʚʳʭ ʛʨʫʧʧ ʚʥʫʪʨʠ ʩʣʦʷ ʇʀ, ʘ ʪʘʢʞʝ ʩ ʦʙʨʘʪʠʤʳʤ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚ 
ʦʩʥʦʚʥʫʶ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʇʀ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 
ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ 
ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʝ ʩ ʥʠʟʢʠʤ ʚʦʣʴʪʘʞʦʤ ʧʝʨʝʢʣʶʯʝʥʠʡ. 

 

ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ 

ï ʜ.ʭ.ʥ. ʐʫʥʜʨʠʥ ʃ.ɸ. 

ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: 

ʢ.ʭ.ʥ. ʐʫʥʜʨʠʥʘ ʀ.ʂ., ʘʩʧʠʨʘʥʪ 

ʆʜʠʥʮʦʚ ɼ.ʉ., ʢ.ʭ.ʥ. ʆʩʴʢʠʥʘ 

ʀ.ɸ., ʢ.ʭ.ʥ. ʆʣʝʡʥʠʢ ʀ.ɺ. 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ʧʨʦʬ. ʁ. 

ɹʝʢʤʘʥʫ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 3D UV-VIS-

NIR ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 18-03-

00596ɸ) 

ʇʫʙʣʠʢʘʮʠʠ:  D.S. Odintsov, I.K. Shundrina, I.A. Os'kina, I.V. Oleynik, J. Beckmann, 
L.A. Shundrin. Ambipolar polyimides with pendant groups based on 9H-thioxanthene-9-
one derivatives: synthesis, thermostability, electrochemical and electrochromic 
properties // Polymer Chemistry, 2020, 11(12), 2243-2251 doi:10.1039/C9PY01930H. 
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ʌʪʦʨʠʨʦʚʘʥʥʳʝ ʪʠʦʬʝʥ-ʬʝʥʠʣʝʥʦʚʳʝ ʩʦ-ʦʣʠʛʦʤʝʨʳ ʜʣʷ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ 
ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʘ ʈɸʅ 

ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

 
ɺʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 
ʤʘʪʝʨʠʘʣʳ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ. ʉʦ-ʦʣʠʛʦʤʝʨʳ ʪʠʦʬʝʥʘ ʠ 
ʬʝʥʠʣʝʥʘ ʠʤʝʶʪ ʥʠʟʢʫʶ ʠʥʞʝʢʮʠʶ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʩʚʷʟʘʥʘ ʩ 
ʚʳʩʦʢʠʤʠ ʵʥʝʨʛʠʷʤʠ ʅʉʄʆ. ʉ ʮʝʣʴʶ ʥʘʩʪʨʦʡʢʠ ʫʨʦʚʥʝʡ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ ʚ 
ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʵʬʬʝʢʪ ʚʚʝʜʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʧʨʦʠʟʚʦʜʥʳʝ 1,4-
ʙʠʩ(5-ʬʝʥʠʣʪʠʦʬʝʥ-2-ʠʣ)ʙʝʥʟʦʣʘ (PTPTP). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ 
ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ, ʘ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ï ʪʦʣʴʢʦ ʜʣʷ PFTPFTPF. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʬʪʦʨʘ 
ʧʨʦʠʩʭʦʜʠʪ ʧʦʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 
ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ, ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ɺɿʄʆ ʜʣʷ PFTPTPF ʚʳʰʝ, ʯʝʤ ɺɿʄʆ 
ʜʣʷ PTPFTP, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʝʮʠʬʠʯʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʥʦʚʳʭ 
ʣʘʙʦʨʘʪʦʨʠʡ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʧʨʦʝʢʪ 0238-2019-0004, ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʭ.ʥ. 
ʂʘʟʘʥʮʝʚ ʄ.ʉ.). 
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a) ʉʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ; b) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ʯʝʨʥʳʡ ʠ ʟʝʣʝʥʳʡ) 

ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ (ʩʠʥʠʡ ʠ ʢʨʘʩʥʳʡ) ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ; c) ʎɺɸ 

(CH2Cl2) 

ʇʫʙʣʠʢʘʮʠʠ: Andrey Yu. Sosorev, Vasiliy A. Trukhanov, Dmitry R. Maslennikov, Oleg 
V. Borshchev, Roman A. Polyakov, Maxim S. Skorotetcky, Nikolay M. Surin, Maxim S. 
Kazantsev, Dmitry I. Dominskiy, Viktor A. Tafeenko, Sergey A. Ponomarenko, and 
Dmitry Yu. Paraschuk, Fluorinated Thiophene-Phenylene Co-Oligomers for 
Optoelectronic Devices, ACS Applied Materials & Interfaces, 2020, 12, 8, 9507ï9519; 
doi: 10.1021/acsami.9b20295. 
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ɼʠʟʘʡʥ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʦʢʩʦʚʝʨʜʘʟʠʣ-ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʴʥʳʭ 
ʙʠʨʘʜʠʢʘʣʦʚ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 
ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ. ɺ. ɺ. ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ ʉʆ ʈɸʅ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʂʦʣʣʝʢʪʠʚʦʤ ʩʦʪʨʫʜʥʠʢʦʚ ʅʀʆʍ ʉʆ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟ ʊʦʤʩʢʦʛʦ 
ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʘʟʨʘʙʦʪʘʥ ʜʠʟʘʡʥ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 
ʩʪʘʙʠʣʴʥʳʭ ʙʠʨʘʜʠʢʘʣʦʚ ʩ ʦʢʩʦʚʝʨʜʘʟʠʣʴʥʳʤ ʠ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʴʥʳʤ 
ʥʦʩʠʪʝʣʷʤʠ ʩʧʠʥʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʚ ʙʠʨʘʜʠʢʘʣʘʭ ʨʝʘʣʠʟʫʶʪʩʷ 
ʩʠʣʴʥʳʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 
ʠʣʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɿʥʘʢ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʢʘʢ ʤʦʩʪʠʢʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ (ʧʘʨʘ- ʠʣʠ ʤʝʪʘ-ʬʝʥʠʣʝʥ), ʪʘʢ ʠ ʪʠʧʦʤ 
ʦʢʩʦʚʝʨʜʘʟʠʣʴʥʦʛʦ ʙʣʦʢʘ (ʉ-ʩʚʷʟʘʥʥʳʡ ʠʣʠ N-ʩʚʷʟʘʥʥʳʡ). ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʪʨʠʧʣʝʪʥʳʝ ʙʠʨʘʜʠʢʘʣʳ ʦʙʨʘʟʫʶʪ ʫʥʠʢʘʣʴʥʳʝ ʦʜʥʦʤʝʨʥʳʝ ʦʙʤʝʥʥʦ-ʩʚʷʟʘʥʥʳʝ 
ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʮʝʧʦʯʢʠ ʩʧʠʥʦʚ S = 1. ʄʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ 
ʩʦʪʨʫʜʥʠʢʘʤʠ ʄʊʎ ʉʆ ʈɸʅ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ï ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʍʂɻ 
ʉʆ ʈɸʅ, ʨʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʕʇʈ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʈʉɸ ï ʩʦʪʨʫʜʥʠʢʘʤʠ 
ʅʀʆʍ ʉʆ ʈɸʅ ʠ ʅɻʋ. 

 
ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ ï ʜ.ʭ.ʥ. ʊʨʝʪʴʷʢʦʚ ɽ.ɺ., ʜ.ʬ.-ʤ.ʥ. 
ɹʘʛʨʷʥʩʢʘʷ ɽ.ɻ. ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ: ʢ.ʭ.ʥ. ɾʠʚʝʪʴʝʚʘ 
ʉ.ʀ., ʜ.ʭ.ʥ. ɹʘʛʨʷʥʩʢʘʷ ʀ.ʖ., ʢ.ʭ.ʥ. ʐʫʥʜʨʠʥʘ ʀ.ʂ., ʢ.ʭ.ʥ. ɿʘʡʮʝʚʘ ɽ.ɺ., ʢ.ʭ.ʥ. 
ʇʘʨʭʦʤʝʥʢʦ ɼ.ɸ. 
ʇʫʙʣʠʢʘʮʠʠ: E. V. Tretyakov, S. I. Zhivetyeva, P. V. Petunin, D. E. Gorbunov, N. P. 
Gritsan, I. Yu. Bagryanskaya, A. S. Bogomyakov, P. S. Postnikov, M. S. Kazantsev, M. 
E. Trusova, I. K. Shundrina, E. V. Zaytseva, D. A. Parkhomenko, E. G. Bagryanskaya, 
V. I. Ovcharenko. Ferromagnetically Coupled S = 1 Chains in Crystals of Verdazyl-
Nitronyl Nitroxide Diradicals. Angew. Chem. Int. Ed. 2020, 59, 20704ï20710. 
https://doi.org/10.1002/anie.202010041. 
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ʀʟʤʝʨʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʚ ʤʝʤʙʨʘʥʳ E. coli ʤʝʪʦʜʘʤʠ ʕʇʈ 
ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʥʘ ʦʩʥʦʚʝ ʪʨʠʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 
ʌʨʘʥʢʬʫʨʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀʦʛʘʥʥʘ ɺʦʣʴʬʛʘʥʛʘ ɻʝʪʝ, ʌʈɻ 

 
ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ in situ 
ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ 
ʜʠʧʦʣʴʥʦʡ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝ ʚ ʩʪʨʫʢʪʫʨʫ ʤʝʤʙʨʘʥʥʦʛʦ ʙʝʣʢʘ E. coli, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʪʨʘʥʩʧʦʨʪ 
ʢʦʙʘʣʘʤʠʥʘ (ʙʝʣʦʢ ʚʳʜʝʣʝʥ ʮʚʝʪʦʤ ʥʘ ʨʠʩʫʥʢʝ), ʚʚʝʜʝʥʳ ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ ʥʘ 
ʦʩʥʦʚʝ ʪʨʠʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ Finland trityl (FTAM) ʠ OX063. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʪʨʠʪʠʣʴʥʳʝ ʤʝʪʢʠ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪ ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʠʟʢʘʷ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʥʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʤʝʨʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
ʩʧʠʥ-ʤʝʯʝʥʥʳʤ ʙʝʣʢʦʤ ʤʝʤʙʨʘʥʳ ʠ ʦʨʪʦʛʦʥʘʣʴʥʦ ʩʧʠʥ-ʤʝʯʝʥʥʳʤ ʩʫʙʩʪʨʘʪʦʤ 
(NO-ʨʘʜʠʢʘʣ) ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚʧʣʦʪʴ ʜʦ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʝʩʢʦʣʴʢʦ ʤʢʄ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ  
ʢʦʥʬʦʨʤʘʮʠʷʭ BtuB ʠ BamA ʚ ʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ E. coli, ʢʦʪʦʨʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 
ʠʟʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ. 

   
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., ʠʩʧʦʣʥʠʪʝʣʠ ï 
ʢ.ʭ.ʥ. ʈʦʛʦʞʥʠʢʦʚʘ ʆ.ʖ., ʢ.ʭ.ʥ. ʊʨʫʭʠʥ ɼ.ɺ. 
ʇʫʙʣʠʢʘʮʠʷ: B. Joseph, S. Ketter, Aathira Gopinath, Olga Rogozhnikova, Dmitrii 
Trukhin, Victor M. Tormyshev, Elena G. Bagryanskaya // Chemistry ï A European 
Journal, published online 16 November 2020, DOI: 10.1002/chem.202004606. 
 

ʀʤʧʫʣʴʩʥʳʡ ʕʇʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʢʚʘʥʪʦʚʦʛʦ ʬʠʣʴʪʨʘ ʚ 
ʦʧʨʝʜʝʣʝʥʠʠ  ʢʦʣʠʯʝʩʪʚʘ ʩʧʠʥʦʚ ʚ ʤʫʣʴʪʠʩʧʠʥʦʚʳʭ ʩʠʩʪʝʤʘʭ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 
ʌʨʘʥʢʬʫʨʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀʦʛʘʥʥʘ ɺʦʣʴʬʛʘʥʛʘ ɻʝʪʝ, ʌʈɻ 

 
ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʠʠ ʤʦʜʝʣʴʥʳʭ ʧʩʝʚʜʦʛʦʤʦʣʦʛʠʯʥʳʭ ʤʫʣʴʪʠʩʧʠʥʦʚʳʭ 
ʩʠʩʪʝʤ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʪʘʙʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʪʨʠʪʠʣʴʥʦʛʦ ʪʠʧʘ, ʠ 
ʠʤʧʫʣʴʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ (X-band, 9 GHz) ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 
ʨʝʛʠʩʪʨʘʮʠʠ ʘʛʨʝʛʘʪʦʚ ʩʚʷʟʘʥʥʳʭ ʩʧʠʥʦʚ ï ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ, 
ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ 
ʧʦʜʭʦʜʘ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʛʦ ʧʝʨʝʥʦʩʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʩʧʠʥ-ʤʝʯʝʥʳʭ ʧʝʧʪʠʜʥʳʭ ʤʦʣʝʢʫʣ ʚ 
ʠʭ ʥʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
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ʄʦʜʝʣʴʥʳʝ ʤʫʣʴʪʠʩʧʠʥʦʚʳʝ ʩʠʩʪʝʤʳ 
(ʙʠ-, ʪʨʠ- ʠ ʪʝʪʨʘʨʘʜʠʢʘʣ) 

ʆʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʩʧʠʥʦʚ ʚ 
ʤʫʣʴʪʠʩʧʠʥʦʚʳʭ ʩʠʩʪʝʤʘʭ 

ɸʚʪʦʨ:r ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ɹʘʛʨʷʥʩʢʘʷ ɽ.ɻ., ʢ.ʭ.ʥ., ʜʦʮ. 
ʊʦʨʤʳʰʝʚ ɺ.ʄ. (ʅʀʆʍ ʉʆ ʈɸʅ), ʧʨʦʬ. Prisner T.F. (ʌʈɻ). ʀʩʧʦʣʥʠʪʝʣʠ: ʢ.ʭ.ʥ. 
ʈʦʛʦʞʥʠʢʦʚʘ ʆ.ʖ., ʢ.ʭ.ʥ. ʊʨʫʭʠʥ ɼ.ɺ., ʢ.ʭ.ʥ. ʂʫʞʝʣʝʚ ɸ.ɸ. (ʅʀʆʍ ʉʆ ʈɸʅ), 
Bretchneider M., Spindler P.E., Endeward B. (ʌʈɻ). 
ʇʫʙʣʠʢʘʮʠʠ: M. Bretchneider, P. E. Spindler, O.Yu. Rogozhnikova, D.V. Trukhin, B. 
Endeward, A.A. Kuzhelev, E. Bagryanskaya, V.M. Tormyshev, T.F. Prisner. Multi-
Quantum Counting of Trityl Radicals // J. Phys. Chem. Lett. 2020, 11, 15, 6286ï6290. 
DOI 10.1021/acs.jpclett.0c01615. 
 
ʆʪ ʩʧʠʥ-ʤʝʯʝʥʳʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʢ ʤʘʛʥʠʪʥʦ-ʘʢʪʠʚʥʳʤ ʛʨʘʬʝʥʦʚʳʤ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤ 
 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʜʠʟʘʡʥ ʤʘʛʥʠʪʥʦ-ʘʢʪʠʚʥʳʭ ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ï
ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʩʣʫʞʠʪ ʧʦʣʫʯʝʥʠʝ 
ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʣʝʥʪ ʠ ʛʨʘʬʝʥʦʚʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩ ʟʘʜʘʥʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ, 
ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʅʀʆʍ ʉʆ ʈɸʅ 
ʧʦʜʛʦʪʦʚʣʝʥ ʠ ʦʧʫʙʣʠʢʦʚʘʥ ʦʙʟʦʨ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʧʠʥ-
ʤʝʯʝʥʳʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʜʦʩʪʠʞʝʥʠʷ ʠ 
ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʦʙʣʘʩʪʠ ʜʠʟʘʡʥʘ ʤʘʛʥʠʪʥʦ-ʘʢʪʠʚʥʳʭ ʛʨʘʬʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 
ʬʦʥʜʘ (ʛʨʘʥʪ 18-13-00173) 

 

ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ 
ʨʘʙʦʪ ï ʜ.ʭ.ʥ. ʊʨʝʪʴʷʢʦʚ ɽ.ɺ. 
ʅ.ʌ. ʆʪʚʝʪʩʪʚʝʥʥʳʝ 
ʠʩʧʦʣʥʠʪʝʣʠ: ʢ.ʭ.ʥ. ʊʨʦʰʢʦʚʘ 
ʅ.ʄ., ʤ.ʥ.ʩ. ʊʝʥ ʖ.ɸ. 
ʇʫʙʣʠʢʘʮʠʠ: ʖ. ɸ. ʊʝʥ, ʅ. 
ʄ. ʊʨʦʰʢʦʚʘ, ɽ. ɺ. 
ʊʨʝʪʴʷʢʦʚ. ʆʪ ʩʧʠʥ-ʤʝʯʝʥʳʭ 
ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 
ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ ʢ ʤʘʛʥʠʪʥʦ-
ʘʢʪʠʚʥʳʤ ʛʨʘʬʝʥʦʚʳʤ 
ʥʘʥʦʩʪʨʫʢʪʫʨʘʤ. ʋʩʧʝʭʠ 
ʭʠʤʠʠ, 2020, 89, 693ï712. 
Engl. Transl. 
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ʇʨʦʪʦʪʠʧ ʥʝʪʦʢʩʠʯʥʳʭ ʢʦʥʪʨʘʩʪ-ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʄʈʊ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 
ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʉO ʈɸʅ 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ ʉʆ ʈɸʅ 
ʀʥʩʪʠʪʫʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʠʙʝʨʥʝʪʠʢʠ ʠʤ. ʄʘʢʩʘ ʇʣʘʥʢʘ, ʌʈɻ 

ʋʥʠʚʝʨʩʠʪʝʪ ɸʣʘʙʘʤʳ, ʉʐɸ 
 

ɺ ʩʦʩʪʘʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʄʈʊ ʢʦʥʪʨʘʩʪʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚʭʦʜʷʪ ʪʦʢʩʠʯʥʳʝ 
ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʦʟʤʦʞʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 
ʨʝʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʨʘʜʠʢʘʣʦʚ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʅʀʆʍ ʉʆ ʈɸʅ 
ʘʮʠʣʠʨʦʚʘʥʠʝʤ ʪʠʦʣʘʢʪʦʥʘ ʛʦʤʦʮʠʩʪʝʠʥʘ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 
ʨʘʜʠʢʘʣʴʥʳʡ ʮʝʥʪʨ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 
ʚʚʦʜʠʣʠ ʚ ʩʪʨʫʢʪʫʨʫ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʨʦʚʠ ï ʯʝʣʦʚʝʯʝʩʢʦʛʦ 
ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (ʏʉɸ) ï ʧʦ ʘʤʠʥʦʛʨʫʧʧʘʤ ʣʠʟʠʥʘ. ʇʦʣʫʯʝʥʥʳʝ 
ʢʦʥʲʶʛʘʪʳ ʩʪʨʫʢʪʫʨʥʦ ʙʣʠʟʢʠ ʏʉɸ ʠ ʩʦʜʝʨʞʘʪ ʚ ʩʨʝʜʥʝʤ ʦʪ 2.4 ʜʦ 4.8 ʦʩʪʘʪʢʘ 
ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʥʘ 1 ʤʦʣʝʢʫʣʫ ʏʉɸ. ʇʦʣʠʨʘʜʠʢʘʣʴʥʳʝ ʢʦʥʲʶʛʘʪʳ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʠʟʢʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʨʝʣʘʢʩʠʚʥʦʩʪʠ, 
ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʠ ʥʝʪʦʢʩʠʯʥʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʄʈʊ. 
ʄʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ 
ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 19-13-00235), ʈʌʌʀ (ʛʨʘʥʪʳ 18-53-76003 ʕʈɸ_ʘ, 18-04-
00393ɸ), ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʛʨʘʥʪ 14.W03.31.0034, ʩʪʠʧʝʥʜʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 
ʄʠʭʘʠʣ ʃʦʤʦʥʦʩʦʚ), DAAD. 

 

HSA-NIT-R tÁC 
ʆʩʪʘʪʢʦʚ 
ʨʘʜʠʢʘʣʘ 
ʥʘ 1 HSA, n 

r1, mM
-1

s
-1

 
(ʧʨʦʜʦʣʴʥʘʷ) 

r2, mM
-1

s
-1 

(ʧʦʧʝʨʝʯʥʘʷ) 
r2/r1 

HSA-NIT-1 25 4.8 2.0 25.0 12.6 

HSA-NIT-2 25 3.9 2.05 21.4 10.5 

HSA-NIT-2 37 3.9 1.68 17.4 10.4 

HSA-NIT-3 25 3.9 2.08 29.0 13.9 

HSA-NIT-3 37 3.9 1.45 20.7 14.3 

HSA-NIT-4 25 2.4 0.86 11.8 13.7 

ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ï ʢ.ʭ.ʥ., ʜʦʮ. ʂʠʨʠʣʶʢ ʀ.ɸ., ʧʨʦʬ. Bowman M.K. (ʅʀʆʍ ʉʆ 
ʈɸʅ), ʢ.ʭ.ʥ. ʏʫʙʘʨʦʚ ɸ.ʉ. (ʀʍɹʌʄ ʉʆ ʈɸʅ), Priv.-Doz. Dr. G. Angelovski (ʌʈɻ). 
ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʢ.ʭ.ʥ. ɼʦʙʨʳʥʠʥ ʉ.ɸ., ʢ.ʭ.ʥ. ʄʦʨʦʟʦʚ ɼ.ɸ. ʜ.ʭ.ʥ. ɻʘʪʠʣʦʚ ʖ.ɺ. 
(ʅʀʆʍ ʉʆ ʈɸʅ), ʢ.ʬ.-ʤ.ʥ. ʂʨʫʤʢʘʯʝʚʘ ʆ.ɸ. (ʄʊʎ ʉʆ ʈɸʅ), ʠʩʧʦʣʥʠʪʝʣʠ: ʘʩʧ. ʉʧʠʮʳʥʘ ɸ.ʉ. 
(ʅʀʆʍ ʉʆ ʈɸʅ), ʘʩʧ. ʂʫʮʝʡʢʠʥ ʉ.ʉ. (ʀʍɹʌʄ ʉʆ ʈɸʅ). 
ʇʫʙʣʠʢʘʮʠʠ: S. Dobrynin, S. Kutseikin, D. Morozov, O. Krumkacheva, A. Spitsyna, Yu. Gatilov, 

V. Silnikov, G. Angelovski, M.K. Bowman, I. Kirilyuk, A. Chubarov, Human Serum Albumin 
Labelled with Sterically-Hindered Nitroxides as Potential MRI Contrast Agents // Molecules 2020, 
25(7), 1709. doi:10.3390/molecules25071709. 



19 

ɸʥʘʣʴʛʝʪʠʯʝʩʢʠʝ ʘʛʝʥʪʳ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʠ 
ʧʠʨʠʤʠʜʠʥʘ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʬʠʟʠʢʠ, 
ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ 

ʤʝʜʠʮʠʥʳ 
 
ʇʨʝʜʣʦʞʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʧʫʪʠ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ 
ʬʨʘʛʤʝʥʪʳ ʜʠʪʝʨʧʝʥʦʚʦʛʦ ʘʣʢʘʣʦʠʜʘ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʠ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ. 
ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʚʨʘʱʝʥʠʠ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʚ 5ᾳ-ʵʪʠʥʠʣʣʘʧʧʘʢʦʥʠʪʠʥ 
ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩ 
ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʩ ʘʤʠʜʠʥʘʤʠ. 
ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ʚʢʣʶʯʘʝʪ ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʘʣʣʘʜʠʷ ʨʝʘʢʮʠʶ 
ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ-ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ 5ᾳ-ʡʦʜʣʘʧʧʘʢʦʥʠʪʠʥʘ ʩ ʘʨʠʣʘʮʝʪʠʣʝʥʘʤʠ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʢʩʘʢʘʨʙʦʥʠʣʘ ʤʦʣʠʙʜʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ CO ʠ ʧʦʩʣʝʜʫʶʱʫʶ 
ʨʝʘʢʮʠʶ ʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʘʣʢʠʥʠʣʢʝʪʦʥʘ ʩ ʘʤʠʜʠʥʘʤʠ. ʇʨʝʜʣʦʞʝʥʳ 
ʵʬʬʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʪʦʛʦ ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ 
ʧʨʝʚʨʘʱʝʥʠʷ. ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʩʢʨʠʥʠʥʛ ʣʘʧʧʘʢʦʥʠʪʠʥ-ʧʠʨʠʤʠʜʠʥʦʚʳʭ 
ʛʠʙʨʠʜʦʚ in vivo ʚʳʷʚʠʣ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 
ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʩʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʦʣʠ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ 
ʧʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʘ ʚʳʷʚʣʝʥʘ 
ʫʤʝʨʝʥʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ (LD50 > 600 ʤʛ/ʢʛ in vivo) ʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʢ ʣʠʥʠʷʤ 
ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ in vitro. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 
ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 18-13-00361). 

 
ɸʚʪʦʨʳ: ʨʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ ʜ.ʭ.ʥ., ʧʨʦʬ. ʐʫʣʴʮ ʕ.ʕ., ʜ.ʙ.ʥ., 
ʧʨʦʬ. ʊʦʣʩʪʠʢʦʚʘ ʊ.ɻ. ʀʩʧʦʣʥʠʪʝʣʠ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ: ʤ.ʥ.ʩ. ʏʝʨʝʤʥʳʭ ʂ.ʇ., ʢ.ʭ.ʥ. 
ʉʘʚʝʣʴʝʚ ɺ.ɸ., ʢ.ʙ.ʥ. ɹʦʨʠʩʦʚ ʉ.ɸ., ʢ.ʙ.ʥ.. ɹʘʝʚ ɼ.ʉ. 
ʇʫʙʣʠʢʘʮʠʠ:K. P. Cheremnykh, V.A. Savelyev, S.A. Borisov, I.D. Ivanov, D.S. Baev, 
T.G. Tolstikova, V.A. Vavilin, E.E. Shults. Hybrides of Alkaloid Lappaconitine with 
Pyrimidine Motif on the Anthranilic Acid Moiety: Design, Synthesis, and Investigation of 
Antinociceptive Potency // Molecules. 2020. V. 25. N 23. article 5578, DOI: 
10.3390/molecules25235578. 
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ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚ ʨʷʜʫ ʪʝʨʧʝʥʦʚʳʭ a-ʘʤʠʥʦʬʦʩʬʦʥʘʪʦʚ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʘʣʴʜʝʛʠʜʦʚ ʠ ʜʠʤʝʪʠʣʬʦʩʬʠʪʘ ʩ 

Ŭ-ʘʤʠʥʦʦʢʩʠʤʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ (-)-a-ʧʠʥʝʥʘ ʠ (+)-3-ʢʘʨʝʥʘ (ʨʝʘʢʮʠʷ 
ʂʘʙʘʯʥʠʢʘ-ʌʠʣʜʩʘ), ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʨʧʝʥʦʚʳʭ ʘʤʠʥʦʬʦʩʬʦʥʘʪʦʚ ʚ 
ʚʠʜʝ ʧʘʨ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ. ʉʦʦʪʥʦʰʝʥʠʝ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (SnCl2Ĭ2H2O, SiO2, Al2O3-H
+
) ʠ ʪʠʧʘ ʥʘʛʨʝʚʘ 

(ʦʙʳʯʥʳʡ ʠʣʠ ʤʠʢʨʦʚʦʣʥʦʚʳʡ). ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʉɺʏ-ʦʙʣʫʯʝʥʠʝ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ 0 ʉ̄. ʉʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ 
(DFT PBE0/def2-TZVPP) ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʜʘʥʥʳʤ (ʗʄʈ, ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 
ʀʂ-ʩʧʝʢʪʨʦʚ) ʪʝʨʧʝʥʦʚʳʝ Ŭ-ʘʤʠʥʦʬʦʩʬʦʥʘʪʳ ʷʚʣʷʶʪʩʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ 
ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʧʨʦʷʚʣʷʷ ʪʝʥʜʝʥʮʠʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʦʚ ʟʘ ʩʯʸʪ 
ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʵʥʝʨʛʠʝʡ 4.7 ʜʦ 17.2 ʢʢʘʣ/ʤʦʣʴ ʚ 
ʨʘʩʪʚʦʨʘʭ ʤʘʣʦʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (DFT M06/def2-SVP). 

ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ (DFT PBE0/aug-cc-pVTZ-J), ʯʪʦ ʦʪʥʝʩʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʦʚʦʛʦ 
ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʭʦʜʝ ʢʦʥʜʝʥʩʘʮʠʠ, ʚʦʟʤʦʞʥʦ 
ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʥʩʪʘʥʪʳ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

1
JPïC ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ, 

ʢʦʪʦʨʘʷ ʥʠʢʦʛʜʘ ʨʘʥʴʰʝ ʥʝ ʦʙʩʫʞʜʘʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ 
ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʘʤʠʥʦʬʦʩʬʦʥʘʪʦʚ ʪʘʢʘʷ ʢʦʥʩʪʘʥʪʘ 
ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʛʨʘʥʥʦʛʦ ʫʛʣʘ ʤʝʞʜʫ ʩʚʷʟʴʶ CïP ʠ ʦʩʴʶ ʥʝʧʦʜʝʣʸʥʥʦʡ ʧʘʨʳ 
ʵʣʝʢʪʨʦʥʦʚ ʫ ʩʦʩʝʜʥʝʛʦ ʘʪʦʤʘ ʘʟʦʪʘ. 

ʇʨʘʚʠʣʴʥʦʩʪʴ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʛʦ ʦʪʥʝʩʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤ 
ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʨʷʜʦʚ. 

 

ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ ï ʜ.ʭ.ʥ., ʧʨʦʬ. ʊʢʘʯʝʚ ɸ.ɺ. 
ʀʩʧʦʣʥʠʪʝʣʠ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ - ʢ.ʭ.ʥ. ʄʘʨʝʥʠʥ ʂ.ʉ., ʢ.ʭ.ʥ. ɸʛʘʬʦʥʮʝʚ ɸ.ʄ., ʜ.ʭ.ʥ. 
ɻʘʪʠʣʦʚ ʖ.ɺ. 
ʇʫʙʣʠʢʘʮʠʠ: K.S. Marenin, ɸ.ʄ. Agafontsev, Yu.ɸ. Bryleva, Yu.V. Gatilov, L.A. 
Glinskaya, D.A. Piryazev, A.V. Tkachev. Stereochemistry of the Kabachnik-Fields 
Condensation of Terpenic Amino Oximes with Aldehydes and Dimethyl Phosphite. 
ChemistrySelect, 2020. V. 5, N. 25, P. 7596ï7604. DOI: 10.1002/slct.202002369. 
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ʂʦʤʧʣʝʢʩ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʦʪʦʧʦʣʠʤʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʢʘʢ ʚʥʫʪʨʝʥʥʠʡ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 
ʌʀʎ ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʠʤ. ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ ʉʆ ʈɸʅ 
ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʵʣʝʢʪʨʦʤʝʪʨʠʠ ʉʆ ʈɸʅ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʨʠʣʘʪʥʳʡ ʤʦʥʦʤʝʨ ʥʘ ʦʩʥʦʚʝ ʜʠʛʠʜʨʦʢʩʠʜʠʬʝʥʠʣʩʫʣʴʬʠʜʘ ʠ 

ʬʦʪʦʠʥʠʮʠʘʪʦʨ, ʢʘʪʠʦʥ ʩʫʣʴʬʦʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ, ʦʙʨʘʟʫʶʪ ʤʝʞʜʫ 

ʩʦʙʦʡ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ (ʂʇɿ) ʩʪʝʭʠʦʤʝʪʨʠʠ 1:1 

ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 450 ʥʤ. ʂʦʥʩʪʘʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʂʇɿ 17 ʤʦʣʴ
-1

 ʧʨʠ 

273 ʂ ʦʧʨʝʜʝʣʝʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ɹʝʥʝʰʠ-ɻʠʣʜɹʝʙʨʘʥʜʘ. ʇʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Kʫʩʪ ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʦʚʝʜʝʥ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ ʂʇɿ ʤʝʪʦʜʦʤ TDFT (B3LYP/6-31G). ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ɚ 473 

ʥʤ ʚ ʛʠʙʨʠʜʥʦʤ ʬʦʪʦʧʦʣʠʤʝʨʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʤ 

ʦʙʨʘʟʫʶʱʠʤʩʷ ʂʇɿ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 18Ȥ73Ȥ00226) ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʀʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ. 18Ȥ33Ȥ00932). 
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11939 

 

 
K273 = 17 mol

-1 

ȹH = -15,63 kJ/mol; 

ȹS = -32,6 J/mol*ʂ; 

ȹG = -6.63 kJ/mol 

 
DFT (B3LYP/6-31G) 

 
LUMO -2.9 

eV 

 
HOMO -

5.79 eV 

ɸʚʪʦʨ:r ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʜ.ʭ.ʥ. ʐʝʣʢʦʚʥʠʢʦʚ ɺ.ɺ., ʦʪʚʝʪʩʪʚʝʥʥʳʝ 

ʠʩʧʦʣʥʠʪʝʣʠ: ʢ.ʭ.ʥ. ɼʝʨʝʚʷʥʢʦ ɼ.ʀ., ʩ.ʥ.ʩ., ʢ.ʭ.ʥ. ʆʨʣʦʚʘ ʅ.ɸ. (ʅʀʆʍ ʉʆ ʈɸʅ), 

ʜ.ʭ.ʥ., ʜʦʮʝʥʪ ɿʠʣʴʙʝʨʙʝʨʛ ʀ.ʃ. (ʀʂ ʉʆ ʈɸʅ), ʋʛʦʞʘʝʚ ɺ.ɼ. (ʀɸʠʕ ʉʆ ʈɸʅ), 

ʠʩʧʦʣʥʠʪʝʣʠ: ɸʣʠʝʚ ʉ.ʀ. (ʅɻʊʋ, ʅʀʆʍ ʉʆ ʈɸʅ), ʂʦʚʘʣʴʩʢʠʡ ʖ.ɺ. (ʀʂ ʉʆ ʈɸʅ). 

ʇʫʙʣʠʢʘʮʠʠ: D.I. Derevyanko, V.V. Shelkovnikov, V.Y. Kovalskii, I.L. Zilberberg, S.I. 

Aliev, N.A. Orlova, V. D. Ugozhaev. The Charge Transfer Complex Formed between the 

Components of  Photopolymer Material as an Internal Sensitizer of Spectral Sensitivity // 

ChemistrySelect 2020, 5, 11939ï 11947. DOI: 10.1002/slct.202002163. 
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ʂʦʤʧʣʝʢʩʳ 1,2,5-ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʧʦʣʠʵʬʠʨʘʤʠ: 
çʭʘʣʴʢʦʛʝʥʦʚʳʝè ʩʚʷʟʠ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʃʴʶʠʩʘ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 
ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ. ɺ.ɺ. ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ 

ʋʥʠʚʝʨʩʠʪʝʪ ɹʨʝʤʝʥʘ, ʌʈɻ 
 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʢʨʳʪʘʷ ʥʘʤʠ ʨʘʥʝʝ ʩʧʦʩʦʙʥʦʩʪʴ 1,2,5-ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ 
(ʭʘʣʴʢʦʛʝʥ = S, Se, Te) ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʪ.ʥ. ʭʘʣʴʢʦʛʝʥʦʚʦʡ ʩʚʷʟʠ 
(chalcogen bonding ï ChB) ʢʦʤʧʣʝʢʩʳ ʩ ʟʘʨʷʞʝʥʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʃʴʶʠʩʘ 
(ʘʥʠʦʥʘʤʠ), ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʥʘ ʥʝʡʪʨʘʣʴʥʳʝ ʦʩʥʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʳ ʠ 
ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ 1-4 ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ 
ʧʦʣʠʵʬʠʨʘʤʠ 18-ʢʨʘʫʥ-6 (18-c-6) ʠ ʜʠʙʝʥʟʦ-18-ʢʨʘʫʥ-6 (db-18-c-6), 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʜʣʷ ʠʥʞʝʥʝʨʠʠ ʢʨʠʩʪʘʣʣʦʚ. ʉʧʦʩʦʙʥʦʩʪʴ 
ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ 1-4 ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʘʟʤʝʨʦʤ 
ʦʙʣʘʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 
ʧʦʪʝʥʮʠʘʣʘ, ʚʦʟʨʘʩʪʘʶʱʝʡ ʚʤʝʩʪʝ ʩ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʭʘʣʴʢʦʛʝʥʘ ʦʪ S ʢ ʊʝ 
(ʚʳʜʝʣʝʥʘ ʩʠʥʠʤ ʮʚʝʪʦʤ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 
ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ 18-73-00225) ʠ ʅʝʤʝʮʢʦʛʦ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (DFG). 

 

 
ɸʚʪʦʨ:r ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ:  ʜ.ʭ.ʥ. ɿʠʙʘʨʝʚ ɸ.ɺ., ʧʨʦʬ. J. Beckmann (ʌʈɻ), 
ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʜ.ʭ.ʥ. ɻʨʠʮʘʥ ʅ.ʇ. (ʀʍʂɻ ʉʆ ʈɸʅ), ʜ.ʭ.ʥ. ɹʘʛʨʷʥʩʢʘʷ 
ʀ.ʖ., ʢ.ʭ.ʥ. ʐʫʥʜʨʠʥʘ ʀ.ʂ., ʢ.ʭ.ʥ. ʉʝʤʝʥʦʚ ʅ.ɸ. (ʅʀʆʍ ʉʆ ʈɸʅ), ʠʩʧʦʣʥʠʪʝʣʠ: 
ʢ.ʭ.ʥ. ʏʫʣʘʥʦʚʘ ɽ.ɸ., ʘʩʧ. ʈʘʜʶʰ ɽ.ɸ. 
ʇʫʙʣʠʢʘʮʠʠ: E.A. Chulanova, E.A. Radiush, I.K. Shundrina, I.Yu. Bagryanskaya, 
N.A. Semenov, J. Beckmann, N.P. Gritsan, A.V. Zibarev. Lewis ambiphilicity of 1,2,5-
chalcogenadiazoles for crystal engineering: complexes with crown ethers, Crystal 
Growth & Design, 2020, 20, 5868ï5879. DOI: 10.1021/acs.cgd.0c00536.  

https://doi.org/10.1021/acs.cgd.0c00536
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ʄʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʜʠʪʝʨʧʝʥʦʠʜʳ ʧʠʤʘʨʘʥʦʚʦʛʦ ʪʠʧʘ ʠʟ ʠʟʦʧʠʤʘʨʦʚʦʡ 
ʢʠʩʣʦʪʳ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʆʩʫʱʝʩʪʚʣʝʥ ʭʝʤʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʨʷʜʘ 16-ʘʨʠʣʠʟʦʧʠʤʘʨʘʥʦʚ ʩ ʧʦʤʦʱʴʶ 
ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʧʘʣʣʘʜʠʝʤ ʨʝʘʢʮʠʠ ʘʨʠʣʠʨʦʚʘʥʠʷ ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ ʜʠʪʝʨʧʝʥʦʠʜʘ 
ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘʤʠ. ʀʟʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʝʥʠʷ 
ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʧʝʨʚʳʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʜʠʪʝʨʧʝʥʦʠʜʳ 
ʧʠʤʘʨʘʥʦʚʦʛʦ ʪʠʧʘ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ 1,2,3-ʪʨʠʘʟʦʣʘ ʠ ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ 
ʜʠʪʝʨʧʝʥʦʠʜʘ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ. ʂʣʶʯʝʚʘʷ ʩʪʘʜʠʷ ʩʠʥʪʝʟʘ ʚʢʣʶʯʘʣʘ Cu-
ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʨʝʘʢʮʠʶ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʜʠʘʟʠʜʦʚ ʢ ʜʠʧʨʦʧʘʨʛʠʣʘʤʠʥʦʟʘʤʝʱʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʥʦʤʫ 16-(2-
ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʅʀʆʍ ʉʆ ʈɸʅ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ 
(ʛʨʘʥʪ 19-33-60043 ɻʨʦʤʦʡ ʄ.ɸ.). 

 
ɸʚʪʦʨʳ: ʨʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʜ.ʭ.ʥ., ʧʨʦʬ. ʐʫʣʴʮ ʕ.ʕ., ʠʩʧʦʣʥʠʪʝʣʠ: ʢ.ʭ.ʥ. 
ɻʨʦʤʦʚʘ ʄ.ɸ., ʜ.ʭ.ʥ. ʍʘʨʠʪʦʥʦʚ ʖ.ɺ., ʥ.ʩ. ʈʳʙʘʣʦʚʘ ʊ.ɺ. 
ʇʫʙʣʠʢʘʮʠʠ: 1. MA. Gromova, Y V. Kharitonov, T V. Rybalova, EE. Shults,  Synthetic 
studies on tricyclic diterpenoids: Convenient  synthesis  of  16-arylisopimaranes // 
Monatzhefte f¿r Chemie ï Chemical Monthly, 2020, 151, 1817ï1827. DOI: 
10.1007/s00706-020-02713-3. 
2. MA. Gromova, Y.V. Kharitonov, T.V. Rybalova, E.E. Shults. Click synthesis of 
triazole-linked polyazamacrocycles through selective isopimaric acid transformations // 
Macroheterocycles, 2020, ʧʨʠʥʷʪʘ ʚ ʧʝʯʘʪʴ. 
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ʉʠʥʪʝʟ ʧʦʣʠʬʪʦʨ-9-ʤʝʪʠʣʬʣʫʦʨʝʥʦʚ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

 
ʇʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʝ ʬʣʫʦʨʝʥʳ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʚ ʥʘʫʯʥʦʤ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʤ ʘʩʧʝʢʪʘʭ. ʅʝʜʘʚʥʦ ʥʘʤʠ 
ʚʧʝʨʚʳʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʧʝʨʬʪʦʨ-9-ʘʣʢʠʣʬʣʫʦʨʝʥʦʚ ʠʟ ʧʝʨʬʪʦʨ-1,1-
ʜʠʬʝʥʠʣʘʣʢʘʥʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʦ SbF5. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʥʘ 
ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʘʪʦʤʘ ʬʪʦʨʘ ʥʘ ʚʦʜʦʨʦʜ ʚ ʧʝʥʪʘʬʪʦʨʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʝ 
ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʫʩʣʦʚʠʷ ʠ ʩʘʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʮʠʢʣʠʟʘʮʠʠ ʧʦʣʠʬʪʦʨ-1,1-
ʜʠʬʝʥʠʣʵʪʘʥʦʚ ʚ ʧʦʣʠʬʪʦʨ-9-ʤʝʪʠʣʬʣʫʦʨʝʥʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 
ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ DFT (B3LYP/6-31G*) ʨʘʩʯʝʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 
ʙʘʨʴʝʨʘ ʜʣʷ ʢʦʥʨʦʪʘʪʦʨʥʦʡ ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʠ ʧʦʣʠʬʪʦʨ-1,1-ʜʠʬʝʥʠʣ-
1-ʵʪʠʣʴʥʳʭ ʢʘʪʠʦʥʦʚ. 

 
ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ: ʜ.ʭ.ʥ. ʄʝʞʝʥʢʦʚʘ ʊ.ɺ., ʆʪʚʝʪʩʪʚʝʥʥʳʡ 

ʠʩʧʦʣʥʠʪʝʣʴ: ʜ.ʭ.ʥ. ʂʘʨʧʦʚ ɺ.ʄ., ʀʩʧʦʣʥʠʪʝʣʠ: ʢ.ʭ.ʥ. ɿʦʥʦʚ ʗ.ɺ., ʢ.ʭ.ʥ. ɹʝʨʝʛʦʚʘʷ 

ʀ.ɺ., ʠʥʞ. ʂʦʤʘʨʦʚ ɺ.ɺ. 

ʇʫʙʣʠʢʘʮʠʠ: T.V.Mezhenkova, V.V.Komarov, V.M.Karpov, I.V.Beregovaya, Ya.V. 
Zonov. Synthesis of 1-(tetrafluorophenyl)perfluoro-1-phenylethanes and their cyclization 
into polyfluoro-9-methylfluorenes under the action of antimony pentafluoride// J. Fluorine 
Chem. 2020. V. 237. 109615. 10.1016/j.jfluchem.2020.109615, 
10.1016/j.jfluchem.2020.109634 
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ɺʳʩʦʢʦʘʢʪʠʚʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ (ʉɺʄʇʕ), ʧʨʠʛʦʜʥʦʛʦ 
ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʩʚʝʨʭʧʨʦʯʥʳʝ ʚʦʣʦʢʥʘ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ 

 

ʂʦʣʣʝʢʪʠʚʦʤ ʩʦʪʨʫʜʥʠʢʦʚ ʅʀʆʍ ʉʆ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥ ʜʠʟʘʡʥ ʠ ʦʩʫʱʝʩʪʚʣʝʥ 

ʩʠʥʪʝʟ ʩʘʣʠʮʠʣʘʣʴʜʘʨʠʣʠʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʪʠʪʘʥʘ, ʩʦʜʝʨʞʘʱʠʭ 

ʜʠʘʣʣʠʣʘʤʠʥʦʛʨʫʧʧʫ. ʈʘʟʨʘʙʦʪʘʥʘ ʚʳʩʦʢʦʘʢʪʠʚʥʘʷ ʜʦʣʛʦʞʠʚʫʱʘʷ 

ʩʘʤʦʠʤʤʦʙʠʣʠʟʠʨʫʶʱʘʷʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ ʠʭ 

ʦʩʥʦʚʝ, ʧʨʦʜʫʮʠʨʫʶʱʘʷ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʵʪʠʣʝʥ (ʉɺʇʄʕ) ʩ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʮʝʧʣʝʥʠʡ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (80-97%). ɺʦʣʦʢʥʦ, ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʨʳʚʥʫʶ ʧʨʦʯʥʦʩʪʴ 2.7 ɻʇʘ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 125 ɻʇʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʘʢʘʜʝʤʠʡ ʥʘʫʢ (ʧʨʦʝʢʪ 0302-2019-0007). 

 

ɸʚʪʦʨʳ: 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ 

ʜ.ʭ.ʥ. ʆʣʝʡʥʠʢ ʀ.ʀ., 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: 

ʢ.ʭ.ʥ. ʆʣʝʡʥʠʢ ʀ.ɺ,  

ʢ.ʭ.ʥ. ʐʫʥʜʨʠʥʘ ʀ.ʂ. 

ʇʫʙʣʠʢʘʮʠʠ: I.V. Oleynik, I.K. 

Shundrina, I.I. Oleynik. Highly Active 

Titanium(IV) Dichloride FI Catalysts 

Bearing a Diallylamino group for the 
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ʄʝʜʠʮʠʥʩʢʘʷ ʭʠʤʠʷ 

ʀʥʛʠʙʠʪʦʨʳ ʬʠʣʦʚʠʨʫʩʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ 
 

ɹʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʘ 
ʠʤʝʥʥʦ, (+)-ʢʘʤʬʦʨʳ ʠ (-)-ʙʦʨʥʝʦʣʘ, ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ 
ʦʪʥʦʰʝʥʠʠ ʚʭʦʜʘ ʚʠʨʫʩʘ ʕʙʦʣʳ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʩʝʚʜʦʚʠʨʫʩʥʦʡ ʪʝʩʪ-ʩʠʩʪʝʤʳ 
(rVSVȹG-EboV-GP). ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʠʥʛʠʙʠʨʫʶʱʫʶ 
ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ rVSVȹG-EboV-GP ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʠʢʨʦʤʦʣʷʨʥʳʭ 
ʟʥʘʯʝʥʠʡ IC50 ʜʦ ʥʘʥʦʤʦʣʷʨʥʳʭ ʟʥʘʯʝʥʠʡ IC50. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʛʝʥʪʳ 
3b, 3bĿHCl, 4b ʠ 4bĿHCl ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʥʘʪʫʨʘʣʴʥʳʭ ʚʠʨʫʩʦʚ 
EBOV ʠ MARV. ɺʳʨʘʞʝʥʥʘʷ ʚʠʨʫʩʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ EBOV 
ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 3bĿHCl ʟʥʘʯʝʥʠʝ IC50 ʩʦʩʪʘʚʠʣʦ 9.1 Õʄ. 
ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʚ ʦʪʥʦʰʝʥʠʠ MARV ʦʢʘʟʘʣʦʩʴ ʧʨʦʠʟʚʦʜʥʦʝ 3b, 
ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʝ IC50 ʩʦʩʪʘʚʠʣʦ 3.7 Õʄ ʠ ʠʥʜʝʢʩ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 118. 
 

 
 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ 3b, 3bĿHCl, 4b ʠ 4bĿHCl. 

ʈʠʩ. 2. ʄʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ 

ʩʦʝʜʠʥʝʥʠʷ 3b ʚ ʘʢʪʠʚʥʳʡ ʩʘʡʪ 

ʩʚʷʟʳʚʘʥʠʷ EBOV GP. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠʟʙʠʨʘʪʝʣʴʥʦ ʠʥʛʠʙʠʨʫʶʪ rVSV-ȹG-
EboV-GP, ʥʦ ʥʝ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʪʠʚ VSV-G, ʪʦ ʚʝʨʦʷʪʥʦʡ ʤʠʰʝʥʴʶ ʵʪʠʭ 
ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʛʣʠʢʦʧʨʦʪʝʠʥ GP EBOV ʠʣʠ GP MARV. ɹʳʣ ʧʨʦʚʝʜʝʥ 
ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʘʢʪʠʚʥʳʡ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ 
GP EBOV ʠʟʚʝʩʪʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ (ʨʠʩʫʥʦʢ 2). In silico ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, 
ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʩ EBOV GP ʧʦʜʦʙʥʦ ʠʟʚʝʩʪʥʦʤʫ 
ʠʥʛʠʙʠʪʦʨʫ ʪʦʨʝʤʠʬʝʥʫ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ 
ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʳʡ ʤʫʪʘʛʝʥʝʟ; ʪʨʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ M548A, Y517A ʠ 
D522A ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʘʣʘʥʠʥ. ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ-ʣʠʜʝʨʦʚ 
ʚ ʦʪʥʦʰʝʥʠʠ ʤʫʪʘʥʪʥʳʭ ʧʩʝʚʜʦʚʠʨʫʩʦʚ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
IC50 ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʳ M548A, Y517A ʠ D522A ʥʘʭʦʜʷʪʩʷ ʚ 
ʘʢʪʠʚʥʦʤ ʩʘʡʪʝ ʩʚʷʟʳʚʘʥʠʷ GP EBOV ʦʧʠʩʘʥʥʳʭ ʥʘʤʠ ʣʠʛʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ in vitro ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ in silico ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʡ ʤʠʰʝʥʴʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ GP 
EBOV ʠʣʠ GP MARV. 
ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ. 
ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʜ.ʭ.ʥ. ʗʨʦʚʘʷ ʆ.ʀ., ʢ.ʭ.ʥ. ʉʦʢʦʣʦʚʘ ɸ.ʉ., ʜ.ʙ.ʥ. 
ʊʦʣʩʪʠʢʦʚʘ ʊ.ɻ., ʢ.ʙ.ʥ. ɹʘʝʚ ɼ.ʉ. 
ʇʫʙʣʠʢʘʮʠʠ: A.S. Sokolova, O.I. Yarovaya, A.V. Zybkina, E.D. Mordvinova, N.S. 
Shcherbakova, A.V. Zaykovskaya, D.S. Baev, T.G. Tolstikova, D.N. Shcherbakov, O.V. 
Pyankov, R.A. Maksyutov, N.F. Salakhutdinov. Monoterpenoid-based inhibitors of 
filoviruses targeting the glycoprotein-mediated entry process // European Journal of 
Medicinal Chemistry, 2020, 207, 112726. doi: 10.1016/j.ejmech.2020.112726 



27 

ɹʦʨʥʠʣ- ʠ ʮʠʪʠʟʠʥ-ʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʠʣʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 
ʚ ʢʘʯʝʩʪʚʝ ʘʛʦʥʠʩʪʦʚ ʨʝʮʝʧʪʦʨʘ FFA1 

 
ʇʨʦʠʟʚʦʜʥʳʝ 3-ʬʝʥʠʣʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʝʩʫʱʠʝ ʨʘʟʣʠʯʥʳʝ ʧʨʠʨʦʜʥʳʝ 
ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʤʦʪʠʚʳ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʮʝʥʝʥʳ in vitro ʥʘ ʧʨʝʜʤʝʪ 
ʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʘ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 1 (FFA1). ʅʘʠʣʫʯʰʫʶ 
ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ in vitro ʠ ʧʦʣʥʳʡ ʘʛʦʥʠʟʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʜʚʘ 
ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʘ, ʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ ʙʦʨʥʠʣʘ 1 ʠ ʮʠʪʠʟʠʥʘ 2. ɺ ʪʝʩʪʝ ʥʘ 
ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʛʣʶʢʦʟʝ ʫ ʤʳʰʝʡ ʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 
ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʨʦʚʥʠ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʛʣʶʢʦʟʳ. 
ɹʦʨʥʠʣʧʨʦʠʟʚʦʜʥʦʝ 1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʜʦʟʦʟʘʚʠʩʠʤʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ, 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʝʜʫʱʝʝ ʩʦʝʜʠʥʝʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 
ʨʘʟʨʘʙʦʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ ʧʨʠ ʩʘʭʘʨʥʦʤ ʜʠʘʙʝʪʝ 2 ʪʠʧʘ. 
ʄʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʧʦʜʪʚʝʨʜʠʣ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʢ ʨʝʮʝʧʪʦʨʫ 
FFA1. 

 
ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣ.-ʢ. ʈɸʅ ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ. ʆʪʚʝʪʩʪʚʝʥʥʳʝ 
ʠʩʧʦʣʥʠʪʝʣʠ: ʜ.ʭ.ʥ. ʃʫʟʠʥʘ ʆ.ɸ., ʢ.ʭ.ʥ. ʂʫʨʘʥʦʚ ʉ.ʆ. 
ʇʫʙʣʠʢʘʮʠʠ: S.O. Kuranov, O.A. Luzina, O. Onopchenko, I. Pishel, S. Zozulya, M. 
Gureev, N.F. Salakhutdinov, M. Krasavin. Exploring bulky natural and natural-like 
periphery in the design of p-(benzyloxy)phenylpropionic acid agonists of free fatty acid 
receptor I (GPR40) // Bioorganic Chemistry, 2020, V. 99, 103830, doi: 
10.1016/j.bioorg.2020.103830. 

 
ʀʤʠʥʦʪʠʘʟʦʣʠʜʠʥ-4-ʦʥʳ ʠ ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ r

ʥʘ ʦʩʥʦʚʝ ʜʝʛʠʜʨʦʘʙʠʝʪʠʣʘʤʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ Tdp1 
 
ʌʝʨʤʝʥʪ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʪʠʨʦʟʠʣ-ɼʅʂ-ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʘ1 (TDP1) ʷʚʣʷʝʪʩʷ 
ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. 
ʇʦʜʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ TDP1 ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʢ ʧʨʦʪʠʚʦʨʘʢʦʚʳʤ ʘʛʝʥʪʘʤ. ʅʘ ʦʩʥʦʚʝ 
ʜʠʪʝʨʧʝʥʦʠʜʘ ʜʝʛʠʜʨʦʘʙʠʝʪʠʣʘʤʠʥʘ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʘʙʦʨ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 
ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʠʤʝʥʥʦ 2-ʠʤʠʥʦʪʠʘʟʦʣʠʜʠʥ-4-ʦʥʦʚ ʠ 2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-
ʦʥʦʚ. ʉʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʡʜʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ TDP1, 
ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

 

ɸʚʪʦʨʳ: 
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3-ʇʠʨʠʜʠʥ ʟʘʤʝʱʝʥʥʳʝ-1,2,4-ʦʢʩʘʜʠʘʟʦʣʳ 18ɓʅ-ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ: 
ʩʠʥʪʝʟ ʠ ʦʮʝʥʢʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠ ʘʥʪʠʤʝʪʘʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

 
ʉʝʨʠʷ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 18ɓʅ-ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʭ o-, ʤ- ʠ ʧ-
ʧʠʨʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʪʨʠʪʝʨʧʝʥʦʚʳʤ ʦʩʪʦʚʦʤ ʯʝʨʝʟ 1,2,4-
ʦʢʩʘʜʠʘʟʦʣʴʥʳʡ ʣʠʥʢʝʨ, ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʥʘʪʠʚʥʦʡ 
ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʧʷʪʠʯʣʝʥʥʳʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ. ʀʩʩʣʝʜʦʚʘʥʠʝ 
ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ in vitro ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ 
ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ (ʟʥʘʯʝʥʠʷ IC50 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʣʠʥʠʡ 
ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 3-10ÕM, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʥʝʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʥʝʪʦʢʩʠʯʥʳʤʠ IC50>50ÕM). 
ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʦʩʴ ʩʦʝʜʠʥʝʥʠʝ 5f (ʨʠʩ. 1), ʩʦʜʝʨʞʘʱʝʝ 3-ʦ-
ʧʠʨʠʜʠʥʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʦʤ ʢʦʣʴʮʝ, ʢʦʪʦʨʦʝ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʚʳʩʰʠʤ ʠʥʜʝʢʩʦʤ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ 
ʢʘʨʮʠʥʦʤʳ ʰʝʡʢʠ ʤʘʪʢʠ (SI

HeLa
>13.9) ʠ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ (SI

HuTu-80
>13.2). 

 
ʈʠʩ. 1. ʄʦʜʠʬʠʢʘʮʠʷ 18ɓʅ-ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʪʨʫʢʪʫʨʘ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 5f ʠ ʝʛʦ ʘʥʪʠʤʝʪʘʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ in vitro (A, B) 
ʠ in vivo (ʉ) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʣʠʥʠʠ ʢʣʝʪʦʢ HeLa ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 
5f ʚʳʟʳʚʘʝʪ ʛʠʙʝʣʴ ʢʣʝʪʦʢ ʧʦ ʧʫʪʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʢʘʩʧʘʟʥʦ-ʟʘʚʠʩʠʤʦʛʦ 
ʘʧʦʧʪʦʟʘ. ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʝʪʦʢʩʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.5ÕM 
ʩʦʝʜʠʥʝʥʠʝ 5f ʧʨʝʧʷʪʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʣʦʥʠʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (ʨʠʩ. 1ɸ), 
ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʠʭ ʧʦʜʚʠʞʥʦʩʪʴ (ʨʠʩ. 1B). ɸʥʪʠʤʝʪʘʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 
ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ in vivo ʥʘ ʤʦʜʝʣʠ 
ʤʝʣʘʥʦʤʳ ɺ16. ʉʦʝʜʠʥʝʥʠʝ 5f ʩʥʠʞʘʣʦ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʩʪʘʟ ʚ ʜʦʟʝ 50 ʤʛ/ʢʛ (ʈʠʩ. 
1ʉ) ʥʘ ~77%, ʘ ʪʘʢʞʝ ʥʝ ʦʢʘʟʳʚʘʣʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ.  
ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣ.-ʢ. ʈɸʅ ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ. ʆʪʚʝʪʩʪʚʝʥʥʳʝ 
ʠʩʧʦʣʥʠʪʝʣʠ: ʢ.ʭ.ʥ. ʉʘʣʦʤʘʪʠʥʘ ʆ.ɺ., ʢ.ʭ.ʥ. ʇʦʧʘʜʶʢ ʀ.ʀ., ʚʝʜ. ʠʥʞ. ʂʦʤʘʨʦʚʘ ʅ.ʀ. 
ʇʫʙʣʠʢʘʮʠʠ: A.V. Markov, A.V. Senôkova, I.I. Popadyuk, O.V. Salomatina, E.B. 
Logashenko, N.I. Komarova, A.A. Ilyina, N.F Salakhutdinov, M.A. Zenkova. Novel 3ǋ-
Substituted-1ǋ,2ǋ,4ǋ-Oxadiazole Derivatives of 18ɓH-Glycyrrhetinic Acid and Their O-
Acylated Amidoximes: Synthesis and Evaluation of Antitumor and Anti-Inflammatory 
Potential In Vitro and In Vivo // Int. J. Mol. Sci. 2020, 21, 3511. 
https://doi.org/10.3390/ijms21103511. 
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ʅʦʚʳʡ ʠʥʛʠʙʠʪʦʨ ʬʝʨʤʝʥʪʘ Tdp1, ʚʘʞʥʦʡ ʤʠʰʝʥʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ 
ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ, ʫʩʠʣʠʚʘʝʪ in vivo ʘʢʪʠʚʥʦʩʪʴ ʘʥʪʠʨʘʢʦʚʦʛʦ 

ʣʝʢʘʨʩʪʚʘ ʊʦʧʦʪʝʢʘʥʘ 
 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ Tdp1, ʚʘʞʥʦʛʦ ʬʝʨʤʝʥʪʘ ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, 
ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʚ 
ʥʘʩʪʦʷʱʝʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ. 
ʅʘʤʠ, ʩʦʚʤʝʩʪʥʦ ʩ ʀʍɹʌʄ ʉʆ ʈɸʅ, ʀʎʀɻ ʉʆ ʈɸʅ ʠ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʂʠʣʝ, 
ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʥʘʡʜʝʥ ʥʦʚʳʡ ʪʠʧ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʬʝʨʤʝʥʪʘ Tdp1, 
ʩʦʯʝʪʘʶʱʠʭ ʬʝʥʠʣʢʫʤʘʨʠʥʦʚʳʡ ʠ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʡ ʬʨʘʛʤʝʥʪʳ. 
ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʥʛʠʙʠʪʦʨʘ 3ba ʠ ʢʣʠʥʠʯʝʩʢʠ 
ʚʘʞʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʊʦʧʦʪʝʢʘʥʘ (tpc) ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʪʴ 
ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʵʬʬʝʢʪ ʊʦʧʦʪʝʢʘʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo, ʧʨʘʢʪʠʯʝʩʢʠ 
ʦʩʪʘʥʦʚʠʚ ʨʦʩʪ ʦʧʫʭʦʣʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ 
ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ï ʠʥʛʠʙʠʪʦʨʦʚ Tdp1. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ ˉ 19-13-00040.  
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ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣ.-ʢ. ʈɸʅ ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ. ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ 
ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ: ʧʨʦʬ. ʈɸʅ, ʜ.ʭ.ʥ. ɺʦʣʯʦ ʂ.ʇ.,, ʢ.ʭ.ʥ. ʍʦʤʝʥʢʦ ʊ.ʄ. 
ʇʫʙʣʠʢʘʮʠʠ: T.M. Khomenko, A.L. Zakharenko, A.A. Chepanova, E.S. Ilina, O.D. Zakharova, 

V.I. Kaledin, V.P. Nikolin, N.A. Popova, D.V. Korchagina, J. Reynisson, R. Chand, D.I.M. Ayine-

Tora, J. Patel, I.K.H. Leung, K.P. Volcho, N.F. Salakhutdinov, O.I. Lavrik. Promising New 

Inhibitors of Tyrosyl-DNA Phosphodiesterase I (Tdp 1) Combining 4-Arylcoumarin and 

Monoterpenoid Moieties as Components of Complex Antitumor Therapy // Int. J. Mol. 

Sci. 2020, 21(1), 126; https://doi.org/10.3390/ijms21010126. 
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ʅʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʘʜʘʤʘʥʪʘʥʦʚʳʡ ʠ 
ʤʦʥʦʪʝʨʧʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ, ʘʢʪʠʚʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʨʪʦʧʦʢʩʚʠʨʫʩʘʤ 

 
ʈʷʜ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ ʘʜʘʤʘʥʪʘʥʦʚʳʡ ʠ ʤʦʥʦʪʝʨʧʝʥʦʚʳʡ 

ʬʨʘʛʤʝʥʪʳ, ʩʦʝʜʠʥʸʥʥʳʭ ʯʝʨʝʟ ʘʤʠʜʥʳʡ ʠ ʩʫʣʴʬʘʤʠʜʥʳʡ ʣʠʥʢʝʨʳ ʙʳʣʠ 
ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʮʠʢʣʠʯʝʩʢʠʭ, ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ ʠ 
ʙʠʮʝʢʣʠʯʝʩʢʠʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʤʠʜʳ 1- ʠ 2-
ʘʜʘʤʘʥʪʘʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʥʦʪʝʨʧʝʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ, ʘʤʠʜʳ 
ʤʠʨʪʝʥʦʚʦʡ ʠ ʮʠʪʨʦʥʝʣʣʦʚʦʡ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʩʫʣʴʬʘʤʠʜʳ ʢʘʤʬʦʨʥʦʡ 
ʩʫʣʴʬʦʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʝ 1- ʠ 2-ʘʜʘʤʘʥʪʘʥʟʘʤʝʱʝʥʥʳʡ ʬʨʘʛʤʝʥʪʳ. 
ʉʦʪʨʫʜʥʠʢʘʤʠ ʆʪʜʝʣʘ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʡ, ʌɹʋʅ 
ɻʅʎ ɺɹ çɺʝʢʪʦʨè ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʠʨʫʩʫ ʦʩʧʦʚʘʢʮʠʥʳ, ʥʘʠʙʦʣʴʰʘʷ 
ʘʢʪʠʚʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʜʣʷ 
ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʧʠʥʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʩʦʝʜʠʥʝʥʠʡ 1-5 ʩ ʠʥʜʝʢʩʦʤ 
ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʪ 85 ʜʣʷ ʘʤʠʜʘ 4 ʜʦ 1123 ʜʣʷ ʧʨʦʠʟʚʦʜʥʦʛʦ 1. 

 
ʉʦʝʜʠʥʝʥʠʷ 1-5 ʪʘʢʞʝ ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʠʨʫʩʘʤ ʦʩʧʳ ʢʦʨʦʚ ʠ 
ʤʳʰʝʡ, ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʜʣʷ ʘʤʠʜʘ 1 
ʠ ʩʦʩʪʘʚʠʣʠ 406 ʠ 707 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣ.-ʢ. ʈɸʅ ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ. ʆʪʚʝʪʩʪʚʝʥʥʳʝ 
ʠʩʧʦʣʥʠʪʝʣʠ ʦʪ ʅʀʆʍ ʉʆ ʈɸʅ: ʢ.ʭ.ʥ. ʉʫʩʣʦʚ ɽ.ɺ., ʘʩʧ. ʄʦʞʘʡʮʝʚ ɽ.ʉ., ʢ.ʭ.ʥ. 
ʂʦʨʯʘʛʠʥʘ ɼ.ɺ., ʜ.ʭ.ʥ. ʗʨʦʚʘʷ ʆ.ʀ., ʧʨʦʬ. ʈɸʅ, ʜ.ʭ.ʥ. ɺʦʣʯʦ ʂ.ʇ. 

ʇʫʙʣʠʢʘʮʠʠ: ɸʤʠʜʳ, ʩʦʯʝʪʘʶʱʠʝ ʘʜʘʤʘʥʪʘʥʦʚʳʡ ʠ ʤʦʥʦʪʝʨʧʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ, 
ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʦʨʪʦʧʦʢʩʚʠʨʫʩʦʚ. ɽ.ʉ. ʄʦʞʘʡʮʝʚ, ɽ.ɺ. 
ʉʫʩʣʦʚ, ʅ.ʀ. ɹʦʨʤʦʪʦʚ, ʃ.ʅ. ʐʠʰʢʠʥʘ, ʆ.ʀ. ʗʨʦʚʘʷ, ʂ.ʇ. ɺʦʣʯʦ, ʆ.ɸ. ʉʝʨʦʚʘ, ʅ.ʌ. 
ʉʘʣʘʭʫʪʜʠʥʦʚ, ɸ.ʇ. ɸʛʘʬʦʥʦʚ, ʈ.ɸ. ʄʘʢʩʶʪʦʚ. ɿʘʷʚʢʘ 2019125468, ʧʨʠʦʨʠʪʝʪ ʦʪ 
12.08.2019, ʇʘʪʝʥʪ 2 712 135, ɹʶʣ. ˉ 3, ʦʧʫʙʣʠʢʦʚʘʥʦ: 24.01.2020 

E. V. Suslov, E. S. Mozhaytsev, D. V. Korchagina, N. I. Bormotov, O. I. Yarovaya, K. P. 
Volcho, O. A. Serova, A. P. Agafonov, R. A. Maksyutov, L.N. Shishkina, N F. 
Salakhutdinov. New chemical agents based on adamantaneïmonoterpene conjugates 
against orthopoxvirus infections // RSC Medicinal Chemistry, 2020, V. 11, N. 10, Pp 
1185-1195. doi: 10.1039/D0MD00108B. 

  



31 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʘʣʠʜʘʮʠʷ 
ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʢʦʥʪʨʦʣʷ ʧʨʦʠʟʚʦʜʥʦʛʦ (-)-ʠʟʦʧʫʣʝʛʦʣʘ ï 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ 

 

 

ʉʦʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʢʨʦʘʥʘʣʠʟʘ ʅʀʆʍ ʉʆ ʈɸʅ 
ʃʘʩʪʦʚʢʦʡ ɸ.ɺ. ʚʳʧʦʣʥʝʥʘ ʠ ʟʘʱʠʱʝʥʘ ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ 
ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢ.ʭ.ʥ. ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.02 
ï ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ. ɿʘʱʠʪʘ ʩʦʩʪʦʷʣʘʩʴ 25.03.2020 ʚ 
ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ ɼ 003.051.01 (ʀʅʍ ʉʆ ʈɸʅ), 
ʧʨʠʢʘʟ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʦʪ 26.11.2020 N751/ʥʢ çʆ 
ʚʳʜʘʯʝ ʜʠʧʣʦʤʦʚ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢè. 
ɸʚʪʦʨʳ: ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ï ʜ.ʭ.ʥ., ʜʦʮʝʥʪ ʌʘʜʝʝʚʘ 
ɺ.ʇ., ʯʣ.-ʢ. ʈɸʅ, ʜ.ʭ.ʥ., ʧʨʦʬ. ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ. 
ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ï ʢ.ʭ.ʥ. ʃʘʩʪʦʚʢʘ ɸ.ɺ. 

1. ʄʝʪʦʜʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʋʌ-, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
1
ʅ 

ʠ 
13
ʉ, ʈʉɸ ʜʦʢʘʟʘʥʳ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʠʩʩʣʝʜʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ. 
2. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʚʘʣʠʜʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʠʤʝʩʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʤʝʪʦʜʦʤ ɺʕɾʍ
ʋʌ. 
3. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʚʘʣʠʜʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʥ-ʛʝʢʩʘʥ, ɼʍʄ, ʕɸ, ʄʊɹʕ) ʤʝʪʦʜʦʤ ɻʍ ʇʀɼ ʩ 
ʨʘʟʜʝʣʝʥʠʝʤ ʘʥʘʣʠʪʦʚ ʥʘ ʢʦʣʦʥʢʝ, ʟʘʧʦʣʥʝʥʥʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʦʣʠ(1-
ʪʨʠʤʝʪʠʣʩʠʣʠʣ-1-ʧʨʦʧʠʥ)ʦʤ. 
4. ʇʦʜʦʙʨʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʥʳʭ 
ʧʨʠʤʝʩʝʡ ʤʝʪʦʜʦʤ ʄʇ ɸʕʉ. 
5. ʈʘʟʨʘʙʦʪʘʥ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʦʣʫʯʝʥʳ ʝʛʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
6. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʚʘʣʠʜʠʨʦʚʘʥʳ ʯʝʪʳʨʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʤʝʪʦʜʦʤ ɺʕɾʍ ʄʉ/ʄʉ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ 
ʤʝʪʦʜʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʦʛʦ 
ʧʨʦʬʠʣʷ. 
ʇʫʙʣʠʢʘʮʠʠ:  

1. http://www.niic.nsc.ru/institute/dissertatsionnyj-sovet/ob-yavleniya-o-

zashchitakh/3102-zashchita-lastovka-anastasii-valerevny  

2. ɸ.ɺ. ʃʘʩʪʦʚʢʘ, ɺ.ʇ. ʌʘʜʝʝʚʘ, ʀ.ɺ. ʀʣʴʠʥʘ, ʅ.ʌ. ʉʘʣʘʭʫʪʜʠʥʦʚ. ʍʠʤʠʢʦ-

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2020. ʊ. 54. ˉ 2. ʉ. 43-48. doi: 10.1007/s11094-020-

02176-0. 

3. A.V. Lastovka, A.D.Rogachev, I.V.Il'ina, A.Kabir, K.P.Volcho, V.P.Fadeeva, 

A.G.Pokrovsky, N.F.Salakhutdinov, K.G.Furton // Journal of Chromatography B, 2019, 

V. 1132, Art. Number 121813 doi: 10.1016/j.jchromb.2019.121813. 

4. ɸ.ɺ. ʃʘʩʪʦʚʢʘ, ɽ.ʖ. ʗʢʦʚʣʝʚʘ, ɺ.ʌ. ʂʦʣʣʝʛʦʚ, ɺ.ʇ. ʌʘʜʝʝʚʘ, ʅ.ʌ. 

ʉʘʣʘʭʫʪʜʠʥʦʚ ɿʘʚʦʜʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ. ɼʠʘʛʥʦʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ. 2018. ʊ. 84. ˉ 9. 

ʉ. 13-20.doi: 10.26896/1028-6861-2018-84-9-13-20. 

5. ɸ. ɺ. ʃʘʩʪʦʚʢʘ, ɺ. ʇ. ʌʘʜʝʝʚʘ, ʀ. ɺ. ʀʣʴʠʥʘ, ʉ. ʖ. ʂʫʨʙʘʢʦʚʘ, ʂ. ʇ. ɺʦʣʯʦ, ʅ. ʌ. 

ʉʘʣʘʭʫʪʜʠʥʦʚ ɿʘʚʦʜʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, 2017, ʊ. 83, ˉ 10, ʉ. 11-17 

doi: 10.26896/1028-6861-2017-83-11-17 

6. A.V. Lastovka, V.P. Fadeeva, M.A. Bazhenov, V.D. Tikhova Orient J Chem 

2017;33(6), pp 2796-2802 // doi: 10.13005/ojc/330612. 
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ʅɸʋʏʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʀʅʉʊʀʊʋʊɸ ɺ 2020 

ɻʆɼʋ 

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 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʙʳʣʦ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ ʩ ʘʣʴʜʝʛʠʜʘʤʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʥʥʳʤʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ ʛʠʜʨʦ-2H-ʭʨʦʤʝʥʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (-)-ʠʟʦʧʫʣʝʛʦʣʘ ʠʣʠ ʧʘʨʘ-

ʤʝʥʪʘʥʜʠʦʣʘʩ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʤʠ ʘʣʴʜʝʛʠʜʘʤʠ, ʚʢʣʶʯʘʷ ʮʠʪʨʘʣʴ, 

ʛʠʜʨʦʢʩʠʮʠʪʨʦʥʝʣʣʘʣʴ, ʤʠʨʪʝʥʘʣʴ ʠ ʧʝʨʠʣʠʣʣʦʚʳʡ ʘʣʴʜʝʛʠʜ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦʨʝʘʢʮʠʠ ʧʘʨʘ-ʤʝʥʪʘʥʜʠʦʣʘ ʠ (-)-ʠʟʦʧʫʣʝʛʦʣʘ ʩ ʮʠʪʨʘʣʝʤ ʠʣʠ 

ʛʠʜʨʦʢʩʠʮʠʪʨʦʥʝʣʣʘʣʝʤ ʜʘʶʪ ʩʤʝʩʠ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ (-)-ʠʟʦʧʫʣʝʛʦʣʦʤ ʠ ʧʝʨʠʣʠʣʣʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʠʣʠ 

ʤʠʨʪʝʥʘʣʝʤ ʧʨʦʪʝʢʘʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʜʥʦʛʦ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʠʟʦʤʝʨʦʚ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʛʠʜʨʦʭʨʦʤʝʥʦʣʦʚ ʥʘ ʘʥʘʣʴʛʝʟʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ in vivoʚʳʷʚʠʣʠ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʨʘʞʝʥʥʳʡ ʵʬʬʝʢʪ. 

 

(I. Il'ina, E. Morozova, D. Korʩhagina, K. Volcho, T. Tolstikova, N. 

Salakhutdinov.Synthesis and Analgesic Activity of Monoterpenoid Aldehyde-derived 

Hydro-2H-chromeneols. Letters in Drug Design & Discovery, 2020, V. 17, N 1, Pp 68-

78) 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʦʛʦ (1R,2R,6S)-3-ʤʝʪʠʣ-6-(ʧʨʦʧ-1-ʝʥ-2-

ʠʣ)ʮʠʢʣʦʛʝʢʩ-3-ʝʥ-1,2-ʜʠʦʣʘ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʢʝʪʦʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʦʡ ʛʣʠʥʳ H
+
-K10 ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʛʝʢʩʘʛʠʜʨʦ-2H-ʭʨʦʤʝʥʳ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʝ.ʀʟʫʯʝʥʠʝ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ in vivo ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʚʳʩʦʢʦʘʢʪʠʚʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (4aR,8R,8aR)-

4,7-ʜʠʤʝʪʠʣ-3,4,4a,5,8,8a-ʛʝʢʩʘʛʠʜʨʦʩʧʠʨʦ[ʭʨʦʤʝʥ-2,1'-ʮʠʢʣʦʛʝʢʩʘʥ]-4,8-ʜʠʦʣ, 

ʢʦʪʦʨʦʝ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʨʝʚʦʩʭʦʜʠʪ ʘʢʪʠʚʥʦʩʪʴ ʜʠʢʣʦʬʝʥʘʢʘ ʥʘʪʨʠʷ ʚ ʪʝʩʪʝ ʥʘ 

ʩʧʘʟʤʳ, ʚʳʟʚʘʥʥʳʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʥʠʟʢʫʶ ʦʩʪʨʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʧʨʦʜʚʠʞʝʥʠʷ. 

 

(I. Il'ina, E. Morozova, A. Pavlova, D. Korchagina, T. Tolstikova, K. Volcho, N. 

Salakhutdinov.Synthesis and analgesic activity of aliphatic ketones-derived chiral 

hexahydro-2H-chromenes Medicinal Chemistry Research, 2020, V. 29, N 4, pp 738-

747) 

ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʦʢʪʘʛʠʜʨʦ-2ʅ-ʭʨʦʤʝʥʦʚ ʩ ʧʦʤʦʱʴʶ 

ʨʝʘʢʮʠʠ ʇʨʠʥʩʘ, ʠʩʭʦʜʷ ʠʟ ʤʦʥʦʪʝʨʧʝʥʦʠʜʘ (ï)-ʠʟʦʧʫʣʝʛʦʣʘ ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʳ BF3ĿEt2O/H2O, ʚʳʩʪʫʧʘʶʱʝʡ ʠ ʚ ʨʦʣʠ 

ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʠ ʠʩʪʦʯʥʠʢʘ ʬʪʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʠ 

ʫʜʦʙʥʦʛʦ ʚ ʦʙʨʘʱʝʥʠʠ ʨʝʘʛʝʥʪʘ BF3ĿOEt2 ʜʝʣʘʝʪ ʵʪʦʪ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʬʪʦʨʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʩʪʳʤ ʠ ʧʨʘʢʪʠʯʥʳʤ. 

 

(Synthesis of Fluorinated Octahydro-2H-Chromenes in the Presence of the 

BF3ĘEt2O-H2O Catalytic System I.V. Il'ina, O.S. Patrusheva, D.V. Korchagina, K.P. 

Volcho, N.F. Salakhutdinov Chemistry of Heterocyclic Compounds, 2020, V. 56, N 7, Pp 

867-874) 
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ʂʦʥʜʝʥʩʘʮʠʶ (-)-ʠʟʦʧʫʣʝʛʦʣʘ ʩ ʘʮʝʪʦʥʦʤ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠ 25-40
ʦ
ʉ ʥʘ ʛʣʠʥʘʭ 

ʠ ʥʘʥʦʪʨʫʙʢʘʭ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʫʣʴʬʦʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʣʠʙʦ ʦʙʨʘʙʦʪʢʦʡ 

ʭʣʦʨʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʣʠʙʦ ʦʨʛʘʥʦʩʠʣʠʣʠʨʦʚʘʥʠʝʤ. ʎʝʣʝʚʳʤ ʧʨʦʜʫʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ (R)-ʜʠʘʩʪʝʨʝʦʤʝʨ ʜʠʤʝʪʠʣʟʘʤʝʱʝʥʥʦʛʦ ʦʢʪʘʛʠʜʨʦ-2ʅ-ʭʨʦʤʝʥʘ-

4-ʦʣʘ, ʦʙʣʘʜʘʶʱʠʡ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʷʜʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʠʩʭʦʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʟʦʧʫʣʝʛʦʣʘ ʥʘ ʚʳʭʦʜ ʢʝʪʦʥʦʚʳʭ ʭʨʦʤʝʥʦʣʦʚ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ R/S ʠʟʦʤʝʨʦʚ. ʃʫʯʰʠʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʦʢʘʟʘʣʘʩʴʩʠʣʴʥʦʢʠʩʣʦʪʥʘʷ 

ʛʣʠʥʘ ʂ10, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʀʟʤʝʥʝʥʠʝ ʠʩʭʦʜʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʧʦʟʚʦʣʠʣʦ ʥʘʡʪʠ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, 

ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝʜʝʛʠʜʨʘʪʘʮʠʠ ʠʣʠ ʵʪʝʨʝʬʠʢʘʮʠʠ, ʠ ʮʝʣʝʚʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ. ɺʳʩʦʢʠʡ ʚʳʭʦʜ (73%) ʞʝʣʘʝʤʦʛʦ (R)-ʭʨʦʤʝʥʦʣʘ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,52 ʤʦʣʴ/ʣ ʠʩʭʦʜʥʦʛʦ (-)-ʠʟʦʧʫʣʝʛʦʣʘ ʯʝʨʝʟ 240 ʤʠʥ 

ʧʨʠ 87% ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʘʢʮʠʠ 25
o
C. ɺʳʭʦʜ ʧʨʝʚʳʩʠʣ 

ʚʳʭʦʜ ʜʨʫʛʠʭ, ʨʘʥʝʝ ʟʘʷʚʣʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

 

(Catalytic synthesis of bioactive 2H-chromenealcoholsfrom (-)-isopulegol and 

acetoneon sulfonated clays M. Laluc, P. Maki-Arvela, A.F. Peixoto, N. Li-Zhulanov, T. 

Sandberg, N.F. Salakhutdinov, K. Volcho, C. Freire, A.Yu. Sidorenko, D.Yu. 

MurzinReactionKinetics, Mechanisms and Catalysis, 2020, V. 129, N 2, Pp 627-644) 

ʀʟʫʯʝʥʘ ʮʠʢʣʠʟʘʮʠʷ (-)-ʠʟʦʧʫʣʝʛʦʣʘ ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʧʦ ʇʨʠʥʩʫ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʙʝʪʘ-ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʃʫʯʰʠʡ 

ʢʘʪʘʣʠʟʘʪʦʨ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʧʨʠ 150 Á ʉ ʧʨʠʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 17 ʯ ʠ 

ʦʙʣʘʜʘʶʱʠʡ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʢʦʥʚʝʨʩʠʶ (-)-

ʠʟʦʧʫʣʝʛʦʣʘ (93%), ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ 

(79%). 
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(Synthesis and physico-chemical characterization of Beta zeolite catalysts: 

Evaluation of catalytic properties in Prins cyclization of (ï)-isopulegol A.O. Zaykovskaya, 

N. Kumar, E.A. Kholkina, N.S. Li-Zhulanov, P. Maki-Arvela, A. Aho, J. Peltonen, M. 

Peurla, I. Heinma, B.T. Kusema, S. Streiff, D.Yu. Murzi Microporous and Mesoporous 

Materials, 2020, V. 302, 110236) 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʢʘʨʝʥ ʩʦʜʝʨʞʘʱʝʡ ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 

ʠʟʦʤʝʨʠʟʘʮʠʠ 3-ʢʘʨʝʥʘ, ʩ 4-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʙʨʘʙʦʪʘʥʥʳʭ 

5% HCl ʛʘʣʣʫʘʟʠʪʦʚʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ 

ʭʠʨʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠʟʦʙʝʥʟʦʬʫʨʘʥʘ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʪʠʤ ʩʦʝʜʠʥʝʥʠʷʤ 

(71,4%) ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʘʢʦʚʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʛʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 2-ʢʘʨʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʘʣʣʫʘʟʠʪʦʚʳʭ ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʙʝʥʟʦʬʫʨʘʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʪʦʚ ʠʟʦʤʝʨʠʟʘʮʠʠ 3-ʢʘʨʝʥʘ 

(ʢʦʤʧʦʥʝʥʪʘ ʞʠʚʠʯʥʦʛʦ ʩʢʠʧʠʜʘʨʘ) ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ. 

 

(ɸ.ʖ. ʉʠʜʦʨʝʥʢʦ, ɺ.ɽ. ɸʛʘʙʝʢʦʚ, ʂ.ʇ. ɺʦʣʯʦ, ʅ.ʌ. ʉʘʣʘʭʫʪʜʠʥʦʚ, ɼ.ʖ. 

ʄʫʨʟʠʥ// ʇʦʣʫʯʝʥʠʝ ʭʠʨʘʣʴʥʳʭ ʠʟʦʙʝʥʟʦʬʫʨʘʥʦʚ ʥʘ ʦʩʥʦʚʝ 3-ʢʘʨʝʥʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʣʣʫʘʟʠʪʦʚʳʭ ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɼʦʢʣʘʜʳ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ ɹʝʣʘʨʫʩʠ. 2020. ʊ. 64, ˉ 4. ʉ. 426-430 (A.Yu.Sidorenko, V. E. Agabekov, K. P. 

Volcho, N. F. Salakhutdinov, D. Yu.Murzin. Preparation of chiral izobenzofuranes based 

on 3-carene in the presence of halloysite nanocatalysts. Doklady of the National 

Academy of Sciences of Belarus, 2020, vol. 64, no. 4, ʨʨ. 426-430). 

ʅʘʨʫʰʝʥʠʝ ʤʝʤʙʨʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʤʝʪʘʙʦʣʠʟʤʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʦʛʦ ʬʘʢʪʦʨʘ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʡ. ɺ 

ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʟʫʯʝʥ ʧʨʦʬʠʣʴ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩʳʚʦʨʦʪʢʠ 

ʢʨʦʚʠ ʠ ʤʝʤʙʨʘʥ ʵʨʠʪʨʦʮʠʪʦʚ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʷʟʚʝʥʥʳʤ ʢʦʣʠʪʦʤ, ʙʦʣʝʟʥʴʶ ʂʨʦʥʘ ʠ 

ʢʦʣʦʨʝʢʪʘʣʴʥʳʤ ʨʘʢʦʤ. 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 250 

ʧʘʮʠʝʥʪʦʚ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʛʨʫʧʧ ʙʦʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ ʩʦ ʟʜʦʨʦʚʳʤʠ ʦʙʩʣʝʜʫʝʤʳʤʠ 

ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʇʦʣʫʯʝʥʥʳʝ 

ʧʠʣʦʪʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʫʨʦʚʥʝʡ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʫ ʙʦʣʴʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘʥʠʷ. (ʄ.ɺ. ʂʨʫʯʠʥʠʥʘ, 
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ʀ.ʆ. ʉʚʝʪʣʦʚʘ, ʉ.ɸ. ʂʫʨʠʣʦʚʠʯ, ʄ.ɺ. ʐʘʰʢʦʚ, ɸ.ʉ. ʉʦʢʦʣʦʚʘ, ɺ.ʅ. ʂʨʫʯʠʥʠʥ 

ʈʘʟʣʠʯʠʷ ʚ ʞʠʨʥʦʢʠʩʣʦʪʥʳʭ ʧʨʦʬʠʣʷʭ ʤʝʤʙʨʘʥ ʵʨʠʪʨʦʮʠʪʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʣʦʢʘʣʠʟʘʮʠʝʡ ʦʧʫʭʦʣʠ ʧʨʠ ʢʦʣʦʨʝʢʪʘʣʴʥʦʤ ʨʘʢʝ (ʧʠʣʦʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʢʣʠʥʠʯʝʩʢʘʷ ʛʘʩʪʨʦʵʥʪʝʨʦʣʦʛʠʷ. 2020. ˉ 10 (182). ʉ. 56-64; 

ʄ.ɺ. ʂʨʫʯʠʥʠʥʘ, ɸ.ɺ. ɸʟʛʘʣʜʷʥ, ʀ.ʆ. ʉʚʝʪʣʦʚʘ, ʄ.ʌ. ʆʩʠʧʝʥʢʦ, ʄ.ɺ. ʐʘʰʢʦʚ, ɸ.ʉ. 

ʉʦʢʦʣʦʚʘ, ɺ.ʅ. ʂʨʫʯʠʥʠʥ ɺʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʝʤʙʨʘʥ 

ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʙʦʣʝʟʥʠ ʢʨʦʥʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʢʣʠʥʠʯʝʩʢʘʷ ʛʘʩʪʨʦʵʥʪʝʨʦʣʦʛʠʷ. 2020. ˉ 10 (182). ʉ. 46-55.; 

M. Kruchinina, A. Gromov, V. Kruchinin, M. Shashkov, A. Sokolova, I. Yakovina, N. 

Bannova Features of metabolic profiles of blood serum and erythrocyte membranes 

associated with metastasis in colorectal cancer Annals of Oncology, 2020, V. 31, 

Suppl.3, Pp S89-S90; ʄ.ɺ. ʂʨʫʯʠʥʠʥʘ, ʄ.ɺ. ʇʘʨʫʣʠʢʦʚʘ, ʉ.ɸ. ʂʫʨʠʣʦʚʠʯ, ɸ.ɸ. 

ɻʨʦʤʦʚ, ʄ.ɺ. ʐʘʰʢʦʚ, ɸ.ʉ. ʉʦʢʦʣʦʚʘ, ɺ.ʅ. ʂʨʫʯʠʥʠʥ ʆʩʦʙʝʥʥʦʩʪʠ 

ʣʠʧʠʜʦʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʤʝʤʙʨʘʥ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʞʠʨʦʚʦʡ ʙʦʣʝʟʥʴʶ ʧʝʯʝʥʠ ɸʪʝʨʦʩʢʣʝʨʦʟ. 2020. ʊ. 16. ˉ 2. ʉ. 16-33). 

ʐʝʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʧʘʨʘ-ʬʝʥʠʣʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʝʩʫʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʧʨʠʨʦʜʥʳʝ ʠ ʧʦʜʦʙʥʳʝ ʧʨʠʨʦʜʥʳʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʤʦʪʠʚʳ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʮʝʥʝʥʳ in vitro ʥʘ ʧʨʝʜʤʝʪ 

ʘʢʪʠʚʘʮʠʠ ʨʝʮʝʧʪʦʨʘ 1 ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (FFA1). ɼʚʘ ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʘ 

(ʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ ʙʦʨʥʠʣʘ ʠ ʮʠʪʦʟʠʥʘ) ʦʮʝʥʠʚʘʣʠ ʚ ʪʝʩʪʝ ʥʘ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ 

ʛʣʶʢʦʟʝ ʫ ʤʳʰʝʡ, ʛʜʝ ʦʙʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʨʦʚʥʠ 

ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʛʣʶʢʦʟʳ. ɹʦʨʥʠʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʜʦʟʦʟʘʚʠʩʠʤʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʝʜʫʱʝʝ ʩʦʝʜʠʥʝʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʚ 

ʢʘʯʝʩʪʚʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ ʜʣʷ ʣʝʯʝʥʠʷ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ 2 ʪʠʧʘ. ɽʛʦ 

ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ FFA1 ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʢʠʥʛʘ. 

(S.O. Kuranov, O.A. Luzina, O. Onopchenko, I. Pishel, S. Zozulya, M. Gureev, N.F. 

Salakhutdinov, M. Krasavin. Exploring bulky natural and natural-like periphery in the 

design of p-(benzyloxy)phenylpropionic acid agonists of free fatty acid receptor 1 

(GPR40) Bioorganic Chemistry 2020,Volume 99, 103830) 

ʅʦʚʳʝ ʛʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ 

ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʟ 

ʛʠʜʨʘʟʦʥʦʪʠʘʟʦʣʴʥʳʡ ʣʠʥʢʝʨ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʪʝʨʧʝʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ. ɼʚʘ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ IC50 ʚ ʜʠʘʧʘʟʦʥʝ 10ï16 ʥʄ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʮʠʢʣʠʯʝʩʢʠʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ: ʮʠʪʨʘʣʷ ʠ 

ʮʠʪʨʦʥʝʣʣʘʣʷ. ʅʝʢʦʪʦʨʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʢʘʟʘʣʠ ʥʠʟʢʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ HeLa ʠ ʫʩʠʣʠʣʠ ʜʝʡʩʪʚʠʝ ʠʥʛʠʙʠʪʦʨʘ Top1 

ʪʦʧʦʪʝʢʘʥʘ in vitro ʚ ʪʨʠ-ʩʝʤʴ ʨʘʟ. ʕʪʠ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʘʛʝʥʪʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʠʥʛʠʙʠʪʦʨʘʤʠ Top1. 

(O. Luzina, A. Filimonov, A. Zakharenko, A. Chepanova, O. Zakharova, E. Ilina, N. 

Dyrkheeva, G. Likhatskaya, N. Salakhutdinov, O. Lavrik. Usnic Acid Conjugates with 

Monoterpenoids as Potent Tyrosyl-DNA Phosphodiesterase 1 Inhibitors Journal of 

Natural Products, 2020, 83, 8, 2320ï2329) 

ɹ ʣrʘ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 18ɓH-ʛʣʠʮʠʨʨʝʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ï ʩʦʣʦʢʩʦʣʦʥ 

ʤʝʪʠʣʘ (Soloxolone methyl), ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘʤʠ ʥʘʧʨʠʘʚʣʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ 
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ʤʦʜʠʬʠʢʘʮʠʝʡ ʜʦʩʪʫʧʥʦʛʦ ʪʨʠʪʝʨʧʝʥʦʠʜʘ, in vitro ʥʘ ʤʘʢʨʦʬʘʛʘʭ RAW264.7, 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʭ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʘʤʠ (LPS), ʠ in vivo ʥʘ ʤʦʜʝʣʷʭ ʦʩʪʨʦʛʦ 

ʚʦʩʧʘʣʝʥʠʷ. 

 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʰʝ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʥʦʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ 

ʥʝʪʦʢʩʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʦʩʣʘʙʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʝʜʠʘʪʦʨʦʚ 

ʚʦʩʧʘʣʝʥʠʷ - ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ (II) ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʣʫʪʘʪʠʦʥʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʪʠ ʵʬʬʝʢʪʳ ʩʚʷʟʘʥʳ ʩʦ 

ʩʪʠʤʫʣʷʮʠʝʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʤʦʢʩʠʛʝʥʘʟʳ-1 (HO-1), ʘ ʪʘʢʞʝ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ 

ʷʜʝʨʥʦʛʦ ʬʘʢʪʦʨʘ-əB (NF-əB) ʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ Akt. ʅʝʦʞʠʜʘʥʥʦ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ SM ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ LPS-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʠʥʪʝʨʣʝʡʢʠʥʘ-6 (IL-6), ʬʘʢʪʦʨʘ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ-Ŭ 

(TNF-Ŭ) ʠ ʠʥʪʝʨʣʝʡʢʠʥʘ-1ɓ (IL-1ɓ) ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ ʩʠʛʥʘʣʴʥʦʡ ʦʩʠ c-Jun / Toll-

ʧʦʜʦʙʥʦʛʦ ʨʝʮʝʧʪʦʨʘ 4 (TLR4). ʇʨʝʜʵʢʩʧʦʟʠʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ in vivo ʩ ʧʦʤʦʱʴʶ 

SM ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʦʚʘʣʘ ʨʘʟʚʠʪʠʝ ʚʳʟʚʘʥʥʦʛʦ ʢʘʨʨʘʛʝʥʘʥʦʤ ʦʩʪʨʦʛʦ 

ʚʦʩʧʘʣʝʥʠʷ ʚ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ, ʥʦ ʥʝ ʫʣʫʯʰʘʣʘ LPS-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʦʩʧʘʣʝʥʠʝ 

ʚ ʤʦʜʝʣʠ ʵʥʜʦʪʦʢʩʝʤʠʠ. 

(A.V. Markov, A.V. Sen'kova, V.O. Babich, K.V. Odarenko, V.A. Talyshev, O.V. 

Salomatina, N.F. Salakhutdinov, M.A. Zenkova, E.B. Logashenko  Dual Effect of 

Soloxolone Methyl on LPS-Induced Inflammation In Vitro and In Vivo  Int. J. Mol. Sci. 

2020, 21(21), 7876) 

ʌʦʨʤʠʨʦʚʘʥʠʝ Ŭ-ʮʠʘʥʦ-Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ 

ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (18ɓH-ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʠ ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ 

ʢʠʩʣʦʪ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ) ʟʘʤʝʪʥʦ ʫʣʫʯʰʘʝʪ ʠʭ ʙʠʦʘʢʪʠʚʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʥʛʠʙʠʨʫʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʦʪʠʚ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ. 

 

ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʮʠʘʥ-ʝʥʦʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʥʝʪʦʢʩʠʯʥʦʡ ʜʦʟʠʨʦʚʢʝ, ʥʘ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʘʩʪʘʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ (EMT). ʇʨʦʚʝʜʝʥʥʳʡ ʩʢʨʠʥʠʥʛ ʚʳʷʚʠʣ Soloxolone methyl ʢʘʢ 

ʭʠʪʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʥʛʠʙʠʨʫʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʢʣʝʪʦʢ ʤʳʰʠʥʦʡ ʤʝʣʘʥʦʤʳ 
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B16 ʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ A549 ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʘʚʣʷʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʣʦʥʠʡ ʢʣʝʪʦʢ A549 ʉʝʪʝʚʦʡ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʚʝʨʢʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʤʘʪʨʠʢʩʥʳʝ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ MMP-2 /-9 ʠ N-ʪʝʨʤʠʥʘʣʴʥʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ 1 c-

Jun (JNK1) ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʧʝʨʚʠʯʥʳʝ ʤʠʰʝʥʠ SM, 

ʦʧʦʩʨʝʜʫʶʱʠʝ ʝʛʦ ʚʳʨʘʞʝʥʥʫʶ ʘʥʪʠ-EMT ʘʢʪʠʚʥʦʩʪʴ. ʀʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ SM 

ʥʘ EMT, ʚʳʷʚʣʝʥʥʳʡ in vitro, ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥ ʥʘ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʤʳʰʠʥʦʡ ʤʝʣʘʥʦʤʳ B16: ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ SM ʵʬʬʝʢʪʠʚʥʦ 

ʙʣʦʢʠʨʫʝʪ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʣʝʪʦʢ ʤʝʣʘʥʦʤʳ B16 in vivo, 

ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ E-ʢʘʜʛʝʨʠʥʘ ʠ ʧʦʜʘʚʣʷʝʪ ʵʢʩʧʨʝʩʩʠʶ MMP-9. ʚ ʣʝʛʦʯʥʳʭ 

ʤʝʪʘʩʪʘʪʠʯʝʩʢʠʭ ʦʯʘʛʘʭ. ɺ ʮʝʣʦʤ, ʥʘʰʠ ʜʘʥʥʳʝ ʧʨʝʜʦʩʪʘʚʠʣʠ ʮʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝʩʫʱʠʭ ʮʠʘʥʦʝʥʦʥ, ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ SM ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʢʘʥʜʠʜʘʪʦʤ ʚ ʘʥʪʠʤʝʪʘʩʪʘʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ. 

(A.V. Markov, K.V. Odarenko, A.V. Senôkova, O.V. Salomatina, N.F. Salakhutdinov, 

M.A. Zenkova Cyano Enone-Bearing Triterpenoid Soloxolone Methyl Inhibits Epithelial-

Mesenchymal Transition of Human Lung Adenocarcinoma Cells in Vitro and Metastasis 

of Murine Melanoma in Vivo Molecules 2020, 25(24), 5925). 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʦʜʷʱʠʭʩʷ ʚ ʃʘʙʦʨʘʪʦʨʠʠ, 

ʧʦʣʫʯʠʣ ʤʝʪʦʜ ɺʕɾʍ-ʄʉ/ʄʉ. ʊʘʢ, ʚ ʧʨʦʜʦʣʞʝʥʠʝ ʮʠʢʣʘ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʠʟʫʯʝʥʠʶ ʥʦʚʦʛʦ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʘʛʝʥʪʘ ʢʘʤʬʝʮʠʥʘ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʛʝʥʪʘ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʨʦʚʠ ï 

ʬʦʨʤʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʵʨʠʪʨʦʮʠʪʘʤʠ) ʠ ʧʣʘʟʤʦʡ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʘʣʠʜʠʨʦʚʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʢʨʳʩʳ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʧʨʦʩʪʦʤ 

ʦʩʘʞʜʝʥʠ ʙʝʣʢʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʤʝʪʘʥʦʣʦʤ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʠ ʦʩʘʜʢʘ ʠ ʘʥʘʣʠʟʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʤ 

ʘʥʘʣʠʟʦʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ʢʘʤʬʝʮʠʥʘ ʚ ʮʝʣʴʥʫʶ ʢʨʦʚʴ ʢʨʳʩʳ 

ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʘ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʬʦʨʤʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʢʨʦʚʠ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʧʣʘʟʤʝ. ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʝʱʝʩʪʚʘ ʚ ʧʣʘʟʤʝ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʢʨʦʚʠ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʙʘʟʝ 

ʢʣʠʥʠʢ, ʥʝ ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ. ɸʜʩʦʨʙʮʠʷ ʢʘʤʬʝʮʠʥʘ 

ʥʘ ʬʦʨʤʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʢʨʦʚʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʣʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʝʱʝʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʛʝʤʘʪʦʢʨʠʪʘ 

(Alina A. Okhina, Artem D. Rogachev, Olga I. Yarovaya, Mikhail V. Khvostov, 

Tatyana G. Tolstikova, Andrey G. Pokrovsky, Veniamin A. Khazanov, Nariman F. 

Salakhutdinov. Development and validation of an LC-MS/MS method for the quantitative 

analysis of the anti-influenza agent camphecene in rat plasma and its application to 

study the blood-to-plasma distribution of the agent. Journal of Pharmaceutical and 

Biomedical Analysis, 2020, v. 180, 113039. https://doi.org/10.1016/j.jpba.2019.113039). 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʳʩʦʢʦʡ ʩʤʝʨʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʈʦʩʩʠʠ, ʥʦ ʠ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʷʚʣʷʶʪʩʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʘʪʝʨʦʩʢʣʝʨʦʟ. ʇʨʠʯʠʥʦʡ ʝʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʟʘʢʫʧʦʨʢʘ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ 

ʭʦʣʝʩʪʝʨʠʥʦʚʳʠ ʙʣʷʰʢʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʘʝʪʩʷ ʢʨʦʚʦʩʥʘʙʞʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʦʨʛʘʥʦʚ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʠʥʬʘʨʢʪʘʤ, ʠʥʩʫʣʴʪʘʤ, ʚʥʫʪʨʝʥʥʠʤ ʢʨʦʚʦʠʟʣʠʷʥʠʷʤ ʠ ʪ.ʜ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʭʠʨʫʨʛʠʯʝʩʢʦʡ 
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ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʦʩʫʜʠʩʪʳʭ ʩʪʝʥʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʩʚʝʪʘ ʢʨʦʚʝʥʦʩʥʦʛʦ ʨʫʩʣʘ. ʕʪʠ ʩʪʝʥʪʳ, ʙʫʜʫʯʠ ʯʫʞʝʨʦʜʥʳʤʠ 

ʪʝʣʘʤʠ, ʦʪʪʦʨʛʘʶʪʩʷ ʦʨʛʘʥʠʟʤʦʤ ʠʟ-ʟʘ ʠʤʤʫʥʥʦʛʦ ʦʪʢʣʠʢʘ, ʧʦʵʪʦʤʫ ʠʭ ʧʦʢʨʳʚʘʶʪ 

ʠʤʤʫʥʦʩʫʧʨʝʩʩʘʥʪʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʚʨʝʤʝʥʥʦ ʙʣʦʢʠʨʦʚʘʪʴ ʠʤʤʫʥʳʡ ʦʪʢʣʠʢ 

ʦʨʛʘʥʠʟʤʘ ʥʘ ʚʨʝʤʷ ʵʧʠʪʝʣʠʟʘʮʠʠ ʩʪʝʥʪʘ. ʈʘʟʨʘʙʦʪʯʠʢʘʤʠ ʩʪʝʥʪʦʚ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʦʝʜʠʥʝʥʠʝ ʩʠʨʦʣʠʤʫʩ (ʨʘʧʘʤʠʮʠʥ). ɺ 

ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʤʝʪʦʜʦʤ 

ɺʕɾʍ-ʄʉ/ʄʉ ʥʘ ʢʦʣʦʥʢʝ ʩ ʦʙʨʘʱʝʥʥʦ-ʬʘʟʥʳʤ ʩʦʨʙʝʥʪʦʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʣʷ ʧʨʦʮʝʜʫʨʳ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʝʢʣʷʥʥʦʡ ʧʦʩʫʜʳ, ʘ ʛʦʪʦʚʳʝ ʦʙʨʘʟʮʳ ʥʫʞʥʦ ʨʘʩʪʚʦʨʷʪʴ ʚ ʩʠʩʪʝʤʝ ʚʦʜʘ-ʤʝʪʘʥʦʣ 

ʠʣʠ ʚʦʜʘ-ʘʮʝʪʦʥʠʪʨʠʣ, ʩʦʜʝʨʞʘʱʝʡ ʥʝ ʤʝʥʝʝ 50% ʦʙ. ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  

(Artem D. Rogachev, Dmitry V. Trebushat, Andrey N. Kudryashov, Andrey G. 

Pokrovsky. Study of sirolimus adsorption and preparation of its samples in methanol, 

acetonitrile and their mixtures with water for HPLC-MS/MS analysis. Chromatographia, 

2020, v. 83, p. 299-304. https://doi.org/10.1007/s10337-019-03835-5). 

ʄʝʪʦʜ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʠ ʧʦʣʫʯʠʣ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ 

ʘʥʘʣʠʟʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠʣʠ ʢʩʝʥʦʙʠʦʣʪʠʢʦʚ, ʥʦ ʠ ʥʘʪʠʚʥʳʭ 

ʤʝʪʘʙʦʣʠʪʦʚ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʀʟʫʯʝʥʠʝ ʵʪʠʭ ʤʝʪʘʙʦʣʠʪʦʚ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʤʝʪʘʙʦʣʦʤʠʢʠ, ʘ ʦʩʥʦʚʥʦʝ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʝʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʦ ʩ ʧʦʠʩʢʦʤ ʙʠʦʤʘʨʢʝʨʦʚ 

ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʘʮʠʣʢʘʨʥʠʪʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ 

ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʩʩʝʷʥʥʳʤ ʩʢʣʝʨʦʟʦʤ. ʋʢʘʟʘʥʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʦʪʨʘʞʘʶʪ ʩʦʩʪʦʷʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʦʙʤʝʥʘ, ʢʦʪʦʨʳʡ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ ʨʘʟʚʠʪʠʠ 

ʟʘʙʦʣʝʚʘʥʠʷ. ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʩʫʭʠʭ ʧʷʪʥʘʭ ʧʣʘʟʤʳ ʢʨʦʚʠ ʤʝʪʦʜʦʤ ɺʕɾʍ-

ʄʉ/ʄʉ ʠ ʤʫʣʴʪʠʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʧʘʮʠʝʥʪʦʚ 

ʩ ʨʘʩʩʝʷʥʥʳʤ ʩʢʣʝʨʦʟʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʘʩʧʘʨʪʘʪʘ ʚ ʧʣʘʟʤʝ 

ʢʨʦʚʠ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʜʠʘʛʥʦʩʪʠʢʝ 

ʟʘʙʦʣʝʚʘʥʠʷ. 

(Marat F. Kasakin, Artem D. Rogachev, Elena V. Predtechenskaya, Vladimir J. 

Zaigraev, Vladimir V. Koval, Andrey G. Pokrovsky. Changes in Amino Acid and 

Acylcarnitine Plasma Profiles for Distinguishing Patients with Multiple Sclerosis from 

Healthy Controls. Multiple Sclerosis International, 2020, v. 2020, 9010937. 

https://doi.org/10.1155/2020/9010937). 

 

ɻʨʘʥʪ ʈʅʌ ˉ 20-13-00029 çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʫʣʴʪʠʪʘʨʛʝʪʥʳʭ 

ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʫʪʸʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡè 

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

ʉʦʟʜʘʥʳ ʜʚʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʙʘʟʳ ʜʘʥʥʳʭ: çNaturalCompound_Scaffoldsè 

ʧʦ ʩʪʨʫʢʪʫʨʝ 58 ʭʝʤʦʪʠʧʦʚ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ çNIOCHè ʧʦ ʩʪʨʫʢʪʫʨʝ 1676 

ʧʨʦʠʟʚʦʜʥʳʭ 58 ʫʢʘʟʘʥʥʳʭ ʭʝʤʦʪʠʧʦʚ. ʉʬʦʨʤʠʨʦʚʘʥʘ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʧʦ ʫʨʦʚʥʶ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʠ ʩʧʝʢʪʨʘʤ ʘʬʬʠʥʥʦʩʪʠ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʪʨʫʢʪʫʨʥʦ ʩʭʦʜʥʳʭ ʩ ʠʟʫʯʘʝʤʳʤʠ 

ʧʨʠʨʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʭʝʤʦʪʠʧʦʚ. ʉʢʨʠʥʠʥʛ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʫʶ 
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ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʝʨʦʨʘʣʴʥʦʤ ʛʣʶʢʦʟʦʪʦʣʝʨʘʥʪʥʦʤ ʪʝʩʪʝ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʛʨʫʧʧʳ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ.  ɹʦʨʥʠʣʧʨʦʠʟʚʦʜʥʳʝ ʧʘʨʘ-

(ʙʝʥʟʠʣʦʢʩʠ)ʬʝʥʠʣʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ 

ʤʳʰʘʭ ʩ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ: ʣʠʥʠʷ C57BL / 6
Ay
. ʇʦʤʠʤʦ 

ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʥʘʨʫʰʝʥʠʷ ʣʠʧʠʜʥʦʛʦ ʦʙʤʝʥʘ, ʥʦ ʨʘʟʥʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ. ʈʘʟʣʠʯʠʝ ʚ ʚʝʣʠʯʠʥʝ 

ʵʬʬʝʢʪʦʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʦʚʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ 

ʤʳʘhʭ C57BL / 6
Ay

 ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʯʝʪʥʳʤ ʧʨʦʛʥʦʟʦʤ ʧʨʠʦʨʠʪʝʪʥʦʛʦ 

ʨʘʥʞʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ ʜʣʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 

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 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 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 ʚ in vitro ʠ in vivo 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʇʨʦʚʝʜʝʥʘ ʥʘʨʘʙʦʪʢʘ ʦʯʠʱʝʥʥʦʛʦ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʬʝʨʤʝʥʪʘ 

ʊʦʨ1, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʧʦʠʩʢʫ ʠʥʛʠʙʠʪʦʨʦʚ ʠ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ 

 

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 ʧʨʦʝʢʪʘ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʙʦʣʴʰʘʷ ʩʝʨʠʷ 

ʢʘʪʠʦʥʥʳʭ ʘʤʬʠʬʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ (-)-ʙʦʨʥʝʦʣʘ ʠ ʝʛʦ ʠʟʦʤʝʨʦʚ. ɿʘ 

ʩʯʝʪ ʪʝʩʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʚʝʜʫʱʠʤʠ ʚʠʨʫʩʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʈʦʩʩʠʠ 

ʠ ɽʚʨʦʧʳ ʚʳʧʦʣʥʝʥʳ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʉʦʝʜʠʥʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʘʟʝʧʘʥʦʚʳʡ ʮʠʢʣ, ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʳ ʚ 

ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʦʩʧʦʚʘʢʮʠʥʳ ʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ. ʕʬʠʨʳ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫ ʘʪʦʤʘ ʘʟʦʪʘ ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʦʚʘʣʠ ʚʠʨʫʩ ʛʨʠʧʧʘ, ʠ ʚ ʪʦʞʝ 

ʚʨʝʤʷ ʦʜʥʦ ʠʟ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʘʟʘʣʦʩʴ ʘʢʪʠʚʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʝʩʧʠʨʘʪʦʨʥʦ-ʩʠʥʮʠʪʠʘʣʴʥʦʛʦ ʚʠʨʫʩʘ. ʆʙʥʘʨʫʞʝʥʘ ʩʝʨʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʳʩʦʢʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʧʩʝʚʜʦʚʠʨʫʩʦʚ ʥʝʩʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʙʝʣʦʢ ʚʠʨʫʩʘ ʕʙʦʣʳ. ʇʨʝʜʣʦʞʝʥ 

ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʜʘʥʥʳʭ ʘʛʝʥʪʦʚ. 

ɻʨʘʥʪ ʈʅʌ ˉ 17-75-20120 ʄʝʭʘʥʠʟʤʳ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʣʠʮʠʨʨʝʪʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʭ ʮʠʘʥʦ-ʝʥʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʢʦʣʴʮʝ ɸè. 
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ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʙ.ʥ. ʄʘʨʢʦʚ ɸ.B (ʀʍɹʌʄ ʉʆ ʈɸʅ) (ʉʘʣʦʤʘʪʠʥʘ ʆ.ɺ. 

(ʅʀʆʍ)) 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ 18ɓH-ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʉ-30 ʘʤʠʜʦʢʩʠʤʥʳʤʠ ʠ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 3-ʦ-ʧʠʨʠʜʠʥ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʦʢʘʟʳʚʘʝʪ 

ʚʳʨʘʞʝʥʥʦʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʝ ʠ ʘʥʪʠʤʝʪʘʩʪʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ (ʚ ʥʝʪʦʢʩʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʝʩʪʘʤʠ in vitro ʠ in vivo, ʘ t-ʙʫʪʠʣʘʤʠʜʦʢʩʠʤʥʘʷ 

ʛʨʫʧʧʘ ï ʦʢʘʟʳʚʘʝʪ ʷʨʢʦʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʠ ʢʘʨʨʘʛʝʥʘʥ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʢʦʣʠʪʝ. 

ʇʦʢʘʟʘʥ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ in vitro ʠ in 

vivo ʮʠʘʥ-ʝʥʦʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 18ɓH-ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʝʡ 

12,19-ʜʠʦʢʩʦ-9(11),13(18)-ʜʠʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʪʨʠʪʝʨʧʝʥʦʚʦʤ ʦʩʪʦʚʝ. 

ʇʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʠʩʢʫ ʙʝʣʢʦʚ-ʤʠʰʝʥʝʥʡ ʮʠʘʥ-ʝʥʦʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ in vitro. ʉʠʥʪʝʟʠʨʦʚʘʥʳ 1,2-ʵʧʦʢʩʠʜʳ 

ʧʨʦʧʘʨʛʠʣʘʤʠʜʘ ʩʦʣʦʢʩʦʣʦʥʘ. ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʪʨʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʦʩʥʦʚʘʥʠʡ. 

ʉʦʟʜʘʥʘ ʚʠʨʪʫʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʦʣʦʢʩʦʣʦʥʘ ʚʳʙʨʘʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʠʰʝʥʠ ʩʚʷʟʳʚʘʥʠʷ (Hsp90, HER2, mTOR, 

IKKbeta. JAK1, STAT3), ʧʨʦʚʝʜʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ 

ʩʘʡʪʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʠ. 

 

ɻʨʘʥʪ ʈʅʌ 19-73-00051 çɼʠʟʘʡʥ ʥʦʚʳʭ ʘʜʘʤʘʥʪʘʥ-ʩʦʜʝʨʞʘʱʠʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʬʝʨʤʝʥʪʦʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʩʧʦʩʦʙʥʳʭ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʦʪʥʦʰʝʥʠʠ ʤʫʣʴʪʠʬʦʨʤʥʦʡ ʛʣʠʦʙʣʘʩʪʦʤʳè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ʇʦʥʦʤʘʨʸʚ ʂʦʥʩʪʘʥʪʠʥ ʖʨʴʝʚʠʯ 

ʇʨʦʚʝʜʝʥʘ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ ʩʠʥʪʝʟʫ ʘʥʘʣʦʛʦʚ ʨʘʥʝʝ ʦʙʥʘʨʫʞʝʥʥʦʛʦ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ TDP1 ï ʧʨʦʠʟʚʦʜʥʦʛʦ ʜʝʛʠʜʨʦʘʙʠʝʪʠʣʘʤʠʥʘ, 

ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʘʜʘʤʘʥʪʘʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʫʨʝʠʜʥʦʛʦ ʣʠʥʢʝʨʘ. 

ʉʦʝʜʠʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʠʣʠʚʘʪʴ ʮʠʪʦʩʪʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʪʝʤʦʟʦʣʦʤʠʜʘ ʥʘ ʢʣʝʪʢʠ ʛʣʠʦʙʣʘʩʪʦʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʠ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʘʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʙʠʙʣʠʦʪʝʢʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ ʥʘʤʠ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʪʝʨʧʝʥʦʚʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ, ʢʘʨʢʘʩʥʘʷ ʘʜʘʤʘʥʪʘʥʦʚʘʷ ʠ 

ʩʦʝʜʠʥʷʶʱʠʡ ʠʭ ʣʠʥʢʝʨ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʝʨʧʝʥʦʚʳʭ ʙʣʦʢʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʨʜʝʛʠʜʨʦʘʙʠʝʪʠʥʦʚʳʡ ʠ ʥʦʨʘʙʠʝʪʠʥʦʚʳʡ. ʊʘʢʞʝ ʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 2 ʚʠʜʘ ʢʘʨʢʘʩʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ï 1-

ʘʜʘʤʘʥʪʘʥʦʚʳʡ ʠ 2-ʘʜʘʤʘʥʪʘʥʦʚʳʡ. ɺ ʢʘʯʝʩʪʚʝ ʣʠʥʢʝʨʦʚ ʙʳʣʠ ʠʩʧʨʦʙʦʚʘʥʳ 

ʛʨʫʧʧʠʨʦʚʢʠ ʤʦʯʝʚʠʥʳ, ʪʠʦʤʦʯʝʚʠʥʳ, ʘʤʠʜʥʳʡ ʠ ʪʠʦʘʤʠʜʥʳʡ. ʊʘʢʞʝ ʥʘʤʠ ʙʳʣ 

ʧʦʣʫʯʝʥ ʥʘʙʦʨ ʩʠʤʤʝʪʨʠʯʥʳʭ ʙʠʩʤʦʯʝʚʠʥ ʩ ʜʠʪʝʨʧʝʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʘʛʝʥʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʦʯʠʱʝʥʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʬʝʨʤʝʥʪʦʚ TDP1. ʅʘʡʜʝʥʳ ʥʦʚʳʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʬʝʨʤʝʥʪʘ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʠʣʫʯʰʠʤʠ ʠʥʛʠʙʠʪʦʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʧʨʝʧʘʨʘʪʦʤ ʣʦʤʫʩʪʠʥʦʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʘʛʝʥʪʳ ʧʨʦʷʚʣʷʶʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʦʩʦʙʥʳ ʫʚʝʣʠʯʠʚʘʪʴ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʦʤʫʩʪʠʥʘ ʜʦ 30%. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʚʦʪʥʦʡ ʤʦʜʝʣʠ, ʥʘʤʠ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʚ 2019 
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ʛʦʜʫ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʘ ʚʳʙʨʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʘ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʙʳʣʘ ʫʩʧʝʰʥʦ ʨʝʰʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʧʦʣʥʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠ ʘʛʝʥʪ ʙʳʣ ʥʘʨʘʙʦʪʘʥ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʙʦʣʝʝ 25ʛ. 

 

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 ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʥʝʝ ʟʘʷʚʣʝʥʥʳʤʠ 

ʧʣʘʥʘʤʠ ʠ ʧʦʣʫʯʝʥʥʳʤʠ ʚ 2019 ʛ. ʨʝʟʫʣʴʪʘʪʘʤʠ, ʤʳ ʧʨʦʚʝʣʠ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ ʚ 

2020 ʛ. ʅʘʡʜʝʥʳ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ 

ʵʧʦʢʩʠʜʘ ʜʠʦʣʘ (1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʫʢʣʝʦʬʠʣʦʚ. ʇʨʦʚʝʜʝʥ ʩʠʥʪʝʟ 

O- ʠ ʉ-ʧʨʦʠʟʚʦʜʥʳʭ ʵʧʦʢʩʠʜʘ 2 ʧʦ ʧʦʣʦʞʝʥʠʶ 9 ʠ ʜʠʦʣʘ 1 ʧʦ ʧʦʣʦʞʝʥʠʷʤ 2 ʠ 9. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʜʣʷ O-ʥʫʢʣʝʦʬʠʣʦʚ. ʇʨʦʜʦʣʞʝʥʦ ʠʟʫʯʝʥʠʝ 

ʧʨʦʪʠʚʦʧʘʨʢʠʥʩʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

 

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

ʘʣʴʬʘ ʠ ʛʘʤʤʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡè 

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

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʘʤʠʜʦʚ ʪʨʠʪʝʨʧʝʥʦʚʳʭ 

ʢʠʩʣʦʪ, ʚʢʣʶʯʘʶʱʠʭ 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. ɺʳʷʚʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ, 

ʠʤʝʶʱʝʝ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʵʬʬʝʢʪ ʥʘ ʫʨʦʚʥʠ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ, ʦʙʱʝʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ. ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʟʦʧʘʩʥʳʡ ʧʨʦʬʠʣʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ 

ʞʠʚʦʪʥʳʭ. ʇʨʦʚʝʜʝʥʳ ʩʠʥʪʝʟʳ ʘʥʘʣʦʛʦʚ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʚʘʨʠʘʮʠʝʡ ʜʣʠʥʳ ʣʠʥʢʝʨʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʜʫʘʣʴʥʳʭ ʘʛʦʥʠʩʪʦʚ PPAR ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʭʝʤʦʪʠʧʦʚ: ʘʮʠʢʣʠʯʝʩʢʠʝ, ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʝ, ʙʠʮʠʢʣʠʯʝʩʢʠʝ ʩ 

ʙʦʨʥʘʥʦʚʳʤ ʠ ʧʠʥʘʥʦʚʳʤ ʪʠʧʘʤʠ ʦʩʪʦʚʘ. 

 

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 

ʈʘʟʨʘʙʦʪʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʪʦʜʠʢʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʪʨʘʥʩ-4-

ʛʠʜʨʦʢʩʠʤʝʪʠʣ-2-ʢʘʨʝʥʘ (ʚʘʣʴʪʝʨʦʣʘ) ʠʟ ʜʦʩʪʫʧʥʦʛʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ, (+)-3-

ʢʘʨʝʥʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ 
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ʨʝʘʢʮʠʡ ʚʘʣʴʪʝʨʦʣʘ ʩ ʠʟʦʚʘʥʠʣʠʥʦʤ ʠ ʩʘʣʠʮʠʣʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʯʘʪʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʘʣʴʜʝʛʠʜʘ (ʘʣʠʬʘʪʠʯʝʩʢʠʡ, ʘʨʦʤʘʪʠʯʝʩʢʠʡ, 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʡ) ʥʘ ʚʳʭʦʜ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʡ ʩ ʚʘʣʴʪʝʨʦʣʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

 

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

ʚʠʨʫʩʘ SARS-CoV-2è 

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

ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʙʝʣʢʦʚ ʚʠʨʫʩʘ SARS-CoV-2 

ʩʦʟʜʘʥʘ ʧʩʝʚʜʦʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ, ʠʤʝʶʱʘʷ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʠʢʦʧʨʦʪʝʠʥ S 

ʢʦʨʦʥʘʚʠʨʫʩʘ SARS-CoV-2. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ 3 

ʚʘʨʠʘʥʪʘ ʧʣʘʟʤʠʜ, ʩʦʜʝʨʞʘʱʠʭ ʛʝʥ ʙʝʣʢʘ S. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʧʩʝʚʜʦʚʠʨʫʩʥʳʝ 

ʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʜʝʬʝʢʪʥʦʛʦ ʚʠʨʫʩʘ ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʩʪʦʤʘʪʠʪʘ ʠ ʣʝʥʪʠʚʠʨʫʩʥʦʡ 

ʩʠʩʪʝʤʝ, ʠʤʝʶʱʠʝ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʠʢʦʧʨʦʪʝʠʥ S ʚʠʨʫʩʘ SARS-CoV-2. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʠʮ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ ʨʘʟʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ (Caco-2, Huh7, HEK293, VeroE6), ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʢʣʝʪʢʘʭ HER293T. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʢʘʟʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʦʚʝʜʝʥ ʧʝʨʚʠʯʥʳʡ ʩʢʨʠʥʠʥʛ ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʚʳʷʚʣʝʥʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʘʥʜʠʜʘʪʳ. 

ɻʨʘʥʪ ʈʌʌʀ ˉ 19-53-04005 çʉʠʥʪʝʟ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʠʩʣʦʨʦʜ ʠ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ɸʨʜʘʰʦʚ ʆʣʝʛ ɺʘʩʠʣʴʝʚʠʯ  

ɺ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘʨʘʙʦʪʢʘ ʧ-ʤʝʥʪʘ-1,8-ʜʠʝʥ-5,6-ʜʠʦʣʘ 

ʚ ʛʨʘʤʤʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʣʦ ʧʨʝʧʘʨʘʪʠʚʥʦ 

ʥʘʨʘʙʦʪʘʪʴ ʮʝʣʝʚʳʝ ʠ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʧ-ʤʝʥʪʘ-1,8-ʜʠʝʥ-5,6-ʜʠʦʣʘ ʩ 

ʜʝʢʘʥʘʣʝʤ, ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʯʠʢʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʘʢʮʠʦʥʥʳʭ 

ʩʤʝʩʝʡ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɹʳʣʠ ʧʨʝʧʘʨʘʪʠʚʥʦ ʨʘʟʜʝʣʝʥʳ 

ʨʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʀʍʅʄ ʅɸʅ ɹʝʣʘʨʫʩʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʘʣʣʫʘʟʠʪʘ, ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ ʧ-ʤʝʥʪʘ-1,8-ʜʠʝʥ-5,6-ʜʠʦʣʘ ʩ 

ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʜʝʢʘʥʘʣʴ, 5-ʙʨʦʤʦʪʠʦʬʝʥ-2-ʢʘʨʙʘʣʴʜʝʛʠʜ, 

ʩʠʨʝʥʝʚʳʡ ʘʣʴʜʝʛʠʜ ʠ 2,4,5-ʪʨʠʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ). 

 

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. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʩʢʨʠʥʠʥʛ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʝʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʦʩʧʦʚʘʢʮʠʥʳ. 

ʆʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠ-̫ʣʠʜʝʨʳ ʩ ʚʳʜʘʶʱʝʡʩʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ (SI) ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 100-1000. 
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ʈʘʩʰʠʨʝʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ-ʣʠʜʝʨʦʚ ʚ 

ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʦʚ ʦʩʧʦʚʘʢʮʠʥʳ, ʦʩʧʳ ʢʦʨʦʚ ʠ ʵʢʪʨʦʤʝʣʠʠ ʚʳʷʚʠʣʦ, ʯʪʦ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʘʥʪʠ-ʦʨʪʦʧʦʢʩʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

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. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʝʢʪʘ ʚ ʧʝʨʚʳʡ ʛʦʜ ʫʜʘʣʦʩʴ ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʨʘʙʦʪʳ, ʢʘʢ ʚ 

ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ 

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 ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ, ʙʝʥʟʦʢʩʘʟʦʣʦʚ ʠ ʙʝʥʟʪʠʘʟʦʣʦʚ) ʠʟ ʙʠʮʠʢʣʠʯʝʩʢʠʭ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʦʨʪʦ-ʟʘʤʝʱʝʥʥʳʤʠ ʘʥʠʣʠʥʘʤʠ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʕʇʈ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ 

ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʤʬʦʨʳ, ʬʝʥʭʦʥʘ ʩ 1,3 

ʜʠʘʤʠʥʘʤʠ ʠ ʘʥʪʨʘʥʠʣʘʤʠʜʦʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʬʝʥʭʦʥʘ ʩʠʥʪʝʟ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʘʟʘʣʩʷ ʚʦʟʤʦʞʥʳʤ 

ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ ʘʥʪʨʘʥʠʣʘʤʠʜʘ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ19-13-50120 çʄʦʥʦ- ʠ ʩʝʩʢʚʠʪʝʨʧʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʡ 

ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʩʨʝʜʩʪʚè 

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

ʇʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʧʝʯʘʪʠ ʠ ʧʨʠʥʷʪ ʚ ʧʝʯʘʪʴ ʦʙʟʦʨ 

ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʘʪʠʢʝ. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʩʚʷʱʸʥ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ ʩʚʦʡʩʪʚʘʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ 

(ʤʦʥʦ- ʠ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚ) ʠ ʩʠʥʪʝʟʫ ʘʛʝʥʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʦʙʣʘʜʘʶʱʠʭ 

ʚʳʨʘʞʝʥʥʳʤ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ ʜʝʡʩʪʚʠʝʤ. ʇʦʩʢʦʣʴʢʫ ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʘʛʝʥʪʦʚ, 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʦʙʟʦʨʝ ʧʦʩʚʷʱʝʥʦ ʦʧʠʩʘʥʠʶ ʤʠʰʝʥʷʤ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʪʝʨʘʧʠʠ ʠ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʥʦʚʳʭ ʘʥʪʠʚʠʨʫʩʥʳʭ ʩʫʙʩʪʘʥʮʠʡ 

ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʚʝʱʝʩʪʚ. ʆʙʟʦʨ ʧʨʠʥʷʪ ʚ ʞʫʨʥʘʣ ʋʩʧʝʭʠ ʭʠʤʠʠ 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ20-13-50251 çɸʟʘʘʜʘʤʘʥʪʘʥʳ - ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʘʨʢʘʩʥʳʡ 

ʙʣʦʢ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠè 

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

ʅʘʯʘʪʦ ʥʘʧʠʩʘʥʠʝ ʦʙʟʦʨʘ çɸʟʘʘʜʘʤʘʥʪʘʥʳ - ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʘʨʢʘʩʥʳʡ 

ʙʣʦʢ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠè. ʎʝʣʴ ʜʘʥʥʦʡ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʳ ï 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʦʙʩʫʜʠʪʴ ʥʘʢʦʧʣʝʥʥʳʝ ʚ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʘʜʘʤʘʥʪʘʥʦʚ, ʘ ʪʘʢʞʝ 

ʧʦʟʥʘʢʦʤʠʪʴ ʯʠʪʘʪʝʣʷ ʩ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ ʜʠ- ʠ ʪʨʠʘʟʘʘʜʘʤʘʥʪʘʥʦʚ ʩ 
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ʫʟʣʦʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʪʦʤʦʚ ʘʟʦʪʘ. ɺ ʨʘʙʦʪʝ ʙʫʜʫʪ ʦʙʩʫʞʜʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʘʘʜʘʤʘʥʪʘʥʦʚ ʚ ʦʙʣʘʩʪʠ ʬʘʨʤʘʢʦʣʦʛʠʠ. 

ɻʨʘʥʪ ʈʌʌʀ 20-13-00009 çʋʩʥʠʥʦʚʘʷ ʢʠʩʣʦʪʘ: ʥʘʭʦʞʜʝʥʠʝ ʚ ʧʨʠʨʦʜʝ, 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠè 

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

ʂʥʠʛʘ ʧʦʩʚʷʱʝʥʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʝ, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʤʫ ʤʘʞʦʨʥʦʤʫ 

ʚʪʦʨʠʯʥʦʤʫ ʤʝʪʘʙʦʣʠʪʫ ʣʠʰʘʡʥʠʢʦʚ. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʦ ʧʦʣʫʯʠʣʦ ʠʟʚʝʩʪʥʦʩʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʠʤ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ. ʂʥʠʛʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʤʦʥʦʛʨʘʬʠʝʡ, 

ʩʫʤʤʠʨʫʶʱʝʡ ʜʘʥʥʳʝ ʦʙ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʝʜʝʥʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ 

ʝʸ ʚ ʚʠʜʘʭ ʣʠʰʘʡʥʠʢʦʚ, ʵʥʘʥʪʠʦʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʦ ʧʨʦʮʝʜʫʨʘʭ ʚʳʜʝʣʝʥʠʷ ʠʟ 

ʩʳʨʴʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘʩʧʝʢʪʳ ʝʸ 

ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʵʥʘʥʪʠʦʤʝʨʥʦʡ 

ʯʠʩʪʦʪʳ ʋʂ ʥʘ ʝʸ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʦʣʫʯʝʥʠʷ ʥʘ ʝʸ ʦʩʥʦʚʝ ʧʨʝʧʘʨʘʪʦʚ ʩ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ 

ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʦʧʠʩʘʥʳ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʝʸ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ.  ɺ ʢʥʠʛʝ ʪʘʢʞʝ ʩʫʤʤʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʧʨʠʚʝʜʝʥʳ 

ʩʧʦʩʦʙʳ ʝʸ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʚ 

ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʆʧʠʩʘʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ 

ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʪʠʚʥʳʤ ʧʨʠʨʦʜʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ. ɺʢʣʶʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʚ. 

ɸʜʨʝʩʦʚʘʥʘ ʩʧʝʮʠʘʣʠʩʪʘʤ ʚ ʦʙʣʘʩʪʠ ʬʠʪʦʭʠʤʠʠ, ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, 

ʬʘʨʤʘʢʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʯʠʪʘʪʝʣʝʡ, ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʧʨʠʨʦʜʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 18-03-00271 çʂʘʨʢʘʩʥʳʝ ʪʝʨʧʝʥʦʠʜʳ ʚ ʩʠʥʪʝʟʝ ʥʦʚʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʚʠʨʫʩʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʛʝʤʦʨʨʘʛʠʯʝʩʢʫʶ ʣʠʭʦʨʘʜʢʫ ʩ ʧʦʯʝʯʥʳʤ 

ʩʠʥʜʨʦʤʦʤè 

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

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʭʠʤʠʯʝʩʢʠʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʤʦʥʦʪʝʨʧʝʥʦʚ. ʇʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʙʠʙʣʠʦʪʝʢʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʨʢʘʩʥʳʡ ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʠ ʦʢʩʦʠʟʦʠʥʜʦʣʴʥʳʡ 

ʬʨʘʛʤʝʥʪ. ʀʟʫʯʝʥʘ ʩʚʷʟʴ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʦʷʚʣʷʝʤʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ʀʩʩʣʝʜʫʝʤʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʠʥʛʠʙʠʪʦʨʦʤ ʚʭʦʜʘ 

ʚʠʨʫʩʘ, ʘ ʠʥʛʠʙʠʪʦʨʦʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʨʝʧʣʠʢʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʥʫʢʣʝʦʧʨʦʪʝʠʥ (N) ʚʠʨʫʩʘ 

ʍʘʥʪʘʘʥ. ɼʘʥʥʳʡ ʙʝʣʦʢ N ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʨʝʧʣʠʢʘʮʠʠ 

ʚʠʨʫʩʘ ʠ ʧʦʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʫʶ ʤʠʰʝʥʴ ʜʣʷ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʦʮʝʥʠʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ 

ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʈʅʂ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʷʜʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 
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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 

ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʩʝʣʝʢʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ 

ʜʠʪʝʨʧʝʥʦʠʜʦʚ (ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʝʪʠʣʠʟʦʧʠʤʘʨʘʪʘ) ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʠʭ 

ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ (ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʩʦʣʦʚʦʡ ʠ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪ), ʘʣʢʘʣʦʠʜʦʚ ʠ 

ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʳʭ ʣʘʢʪʦʥʦʚ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʩʝʣʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʠ 

ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. ʆʩʫʱʝʩʪʚʣʝʥ ʭʝʤʦʩʝʣʝʢʪʠʚʥʳʡ  ʩʠʥʪʝʟ ʨʷʜʘ  16-

ʘʨʠʣʠʟʦʧʠʤʘʨʘʥʦʚ ʩ ʧʦʤʦʱʴʶ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʧʘʣʣʘʜʠʝʤ ʨʝʘʢʮʠʠ ʘʨʠʣʠʨʦʚʘʥʠʷ 

ʠʟʦʧʠʤʘʨʦʚʦʡ  ʢʠʩʣʦʪʳ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘʤʠ. ʀʟʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʧʝʨʚʳʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʜʠʪʝʨʧʝʥʦʠʜʳ 

ʧʠʤʘʨʘʥʦʚʦʛʦ ʪʠʧʘ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ 1,2,3-ʪʨʠʘʟʦʣʘ ʠ ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ 

ʜʠʪʝʨʧʝʥʦʠʜʘ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ. ʂʣʶʯʝʚʘʷ ʩʪʘʜʠʷ ʩʠʥʪʝʟʘ ʚʢʣʶʯʘʣʘ Cu-

ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʨʝʘʢʮʠʶ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʜʠʘʟʠʜʦʚ ʢ ʜʠʧʨʦʧʘʨʛʠʣʘʤʠʥʦʟʘʤʝʱʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʥʦʤʫ 16-(2-

ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ.  

ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʠʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ ʪʠʧʘ ʘʟʦʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʤʦʣʝʢʫʣʝ (1,3,4- ʦʢʩʘʜʠʘʟʦʣ ʠ 

1,2,3-ʪʨʠʘʟʦʣ ʠʣʠ 1,2,5- ʦʢʩʘʜʠʘʟʦʣ ʠ 1,2,3- ʪʨʠʘʟʦʣ). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʝʘʢʮʠʷ  1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 1,3,4- ʠʣʠ 1,2,5-ʦʢʩʘʜʠʘʟʦʣʦʚ ʢ 

ʧʨʦʧʘʨʛʠʣʦʚʳʤ ʵʬʠʨʘʤ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ʫʨʩʦʣʦʚʦʡ ʠ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪ.   

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1-ʵʪʠʥʠʣ-7Ŭ,8Ŭ-(2,5-ʜʠʦʢʩʦ-N-

ʬʝʥʠʣʧʠʨʨʦʣʠʜʠʥʦ)-[3,4-h]-6,14-ʵʥʜʦ-ʵʪʝʥʦʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʘ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ 

ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʉʦʥʦʛʘʰʠʨʳ ʧʨʦʪʝʢʘʝʪ ʛʣʘʜʢʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʴʬʘ,ʙʝʪʘ-ʘʮʝʪʠʣʝʥʦʚʳʭ ʢʝʪʦʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʘʣʢʠʥʠʣʢʝʪʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʩ 

ʘʤʠʜʠʥʠʝʚʳʤʠ ʩʦʣʷʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ 

ʛʠʙʨʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ ʧʠʨʠʤʠʜʠʥʘ ʠ ʉ-ʤʦʩʪʠʢʦʚʳʭ 

ʤʦʨʬʠʥʘʥʦʚ. ʀʟʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʀʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʤʝʪʠʣʝʥʣʘʢʪʦʥʦʚ ʵʫʜʝʩʤʘʥʦʚʦʛʦ 

ʪʠʧʘ (ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ, 4,15-ʵʧʦʢʩʠʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ, 3-

ʛʠʜʨʦʢʩʠʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʩ ʛʘʣʘʥʝʟʘʤʝʱʝʥʥʳʤʠ ʭʠʥʦʣʠʥʘʤʠ ʠ ʠʟʦʭʠʥʦʣʠʥʘʤʠ. 

ʇʨʝʜʣʦʞʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣʝʥʣʘʢʪʦʥ-ʭʠʥʦʣʠʥʦʚ 

ʵʫʜʝʩʤʘʥʩʢʦʛʦ ʪʠʧʘ ʠʣʠ ʤʝʪʠʣʝʥʣʘʢʪʦʥ-ʠʟʦʭʠʥʦʣʠʥʦʚ ʵʫʜʝʩʤʘʥʩʢʦʛʦ ʪʠʧʘ, 

ʠʤʝʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʦʜʘ, ʚʳʩʪʫʧʘʶʱʘʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʢʟʦ-ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ʆʪʩʫʪʩʪʚʠʝ ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʩʯʠʪʘʝʪʩʷ ʜʨʫʛʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʘʢʮʠʠ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʤʝʪʠʣʝʥʣʘʢʪʦʥʦʚ ʩ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʤʠ ʭʠʥʦʣʠʥʘʤʠ ʠʣʠ 

ʠʟʦʭʠʥʦʣʠʥʘʤʠ. 

 

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

ʘʣʢʘʣʦʠʜʦʚ, ʢʫʤʘʨʠʥʦʚ ʠ ʪʝʨʧʝʥʦʠʜʦʚ - ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʝ ʩʢʘʬʬʦʣʜʳ ʜʣʷ 
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ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ. ʉʧʦʩʦʙʳ 

ʛʠʙʨʠʜʠʟʘʮʠʠè 

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

ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʘʣʢʠʥʦʥʦʚ ʣʘʧʧʘʢʦʥʠʪʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ 

ʬʨʘʛʤʝʥʪʳ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʨʝʘʢʮʠʝʡ 5'-ʵʪʠʥʠʣʣʘʧʧʘʢʦʥʠʪʠʥʘ ʩ 

ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. ʂʦʥʜʝʥʩʘʮʠʝʡ ʩ ʘʤʠʜʠʥʘʤʠ ʠʣʠ ʛʫʘʥʠʜʠʥʦʤ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʦʝʜʠʥʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ 

ʜʠʪʝʨʧʝʥʦʚʦʛʦ ʘʣʢʘʣʦʠʜʘ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʠ ʧʠʨʠʤʠʜʠʥʘ, 2-(ʧʠʨʠʜʠʥ-3- 

ʠʣ)ʧʠʨʠʤʠʜʠʥʘ ʠʣʠ 2,2'-ʙʠʩʧʠʨʠʤʠʜʠʥʘ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ñone-potò ʤʝʪʦʜʦʤ. ʀʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ-ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʠʦʜʧʨʦʠʟʚʦʜʥʳʭ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʩ 

ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʩʪʦʯʥʠʢʘ ʉʆ. ʅʘʡʜʝʥʦ, ʯʪʦ ʫʜʦʙʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ Ŭ,ɓ-ʘʮʝʪʠʣʝʥʦʚʳʭ ʢʝʪʦʥʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʝʢʩʘʢʘʨʙʦʥʠʣʘ ʤʦʣʠʙʜʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʜʠ(1- 

ʘʜʘʤʘʥʪʠʣ)ʙʝʥʟʠʣʬʦʩʬʦʥʠʡ ʙʨʦʤʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʠ ʭʣʦʨʠʜʘ ʧʘʣʣʘʜʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʘʣʣʘʜʠʷ. 

ʇʨʝʜʣʦʞʝʥʳ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʝ ʧʫʪʠ ʩʠʥʪʝʟʘ 4-ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʭ 

ʨʝʛʠʦʠʟʦʤʝʨʥʳʭ ʠʟʦʢʩʘʟʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ N-

ʘʮʝʪʠʣʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʧʦʣʦʞʝʥʠʷʭ ʉ-3 ʠʣʠ ʉ-5 ʠʟʦʢʩʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ. 

ʎʠʢʣʦʢʦʥʜʝʥʩʘʮʠʷ/ʜʝʛʠʜʨʘʪʘʮʠʷ ʩʫʙʩʪʨʘʪʘ ʩ ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ 

ʙʨʦʤʠʨʦʚʘʥʠʝʤ ʧʨʠʚʦʜʠʪ ʢ 4-ʙʨʦʤ-3-ʘʥʪʨʘʥʠʣʟʘʤʝʱʝʥʥʦʤʫ ʠʟʦʢʩʘʟʦʣʫ. 

ʇʨʝʚʨʘʱʝʥʠʝ ʠʥʦʥʘ ʚ ʠʥʦʥ-O-ʤʝʪʠʣʦʢʩʠʤ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʨʝʘʢʮʠʷ ʩ 

ʤʦʥʦʭʣʦʨʠʜʦʤ ʠʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 4-ʠʦʜ-5-ʘʥʪʨʘʥʠʣʟʘʤʝʱʝʥʥʳʝ 

ʠʟʦʢʩʘʟʦʣʳ. ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʦʜʥʦʨʝʘʢʪʦʨʥʦʤʫ ʚʘʨʠʘʥʪʫ ʩʠʥʪʝʟʘ 

ʧʨʦʠʟʚʦʜʥʳʭ ʣʘʧʧʘʢʦʥʠʪʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ 3,5-ʜʠʟʘʤʝʱʝʥʥʳʡ ʬʨʘʛʤʝʥʪ 

ʠʟʦʢʩʘʟʦʣʘ ʠʟ 5'-ʵʪʠʥʠʣʣʘʧʧʘʢʦʥʠʪʠʥʘ.  ʆʩʫʱʝʩʪʚʣʝʥʦ ʧʝʨʚʠʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʧʳʪʘʭ in silico, in vitro ʠ in vivo. ɺʳʷʚʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʠʥʛʠʙʠʪʦʨʳ ʨʦʩʪʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ. ɺ ʨʷʜʫ ʧʠʨʠʤʠʜʠʥʠʣʧʨʦʠʟʚʦʜʥʳʭ 

ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʥʘʡʜʝʥʳ ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʳ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʫʯʝʥʠʷ. 

ɺʳʧʦʣʥʝʥʳ ʩʝʣʝʢʪʠʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʦʩʪʫʧʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʝʥʠʡ ʬʫʨʘʥʦʜʠʪʝʨʧʝʥʦʚʦʛʦ ʠ ʩʪʝʨʦʠʜʥʦʛʦ 

ʩʧʠʨʦʩʪʘʥʦʚʦʛʦ ʨʷʜʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʨʝʘʢʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʩʪʘʜʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ ʠʩʭʦʜʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ, ʧʦʩʣʝʜʫʶʱʝʝ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʝ ʉʪʝʬʝʥʩʘ-ʂʘʩʪʨʦ ʤʦʥʦʦʢʩʘʣʠʣʭʣʦʨʠʜʦʚ 

ʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʨʠʣʘʮʝʪʠʣʝʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ ʠ ʠʭ 

ʟʘʢʣʶʯʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʙʠʥʫʢʣʝʦʬʠʣʴʥʳʤʠ 

ʘʛʝʥʪʘʤʠ. ʇʦʵʪʘʧʥʦ ʦʪʨʘʙʦʪʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʩʝ ʩʪʘʜʠʠ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʠʥʪʝʟʘ. ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ 

ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʬʣʦʤʠʟʦʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʬʫʨʘʥʦʚʦʤʫ 

ʮʠʢʣʫ (ʉ(16)-ʘʪʦʤʫ ʣʘʙʜʘʥʦʚʦʛʦ ʦʩʪʦʚʘ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʠʣ 16-(2-ʭʣʦʨ-2-

ʦʢʩʦʘʮʝʪʠʣ)ʣʘʙʜʘʪʨʠʝʥʦʘʪʘ, ʨʝʘʢʮʠʷ ʜʠʦʩʛʝʥʠʥʘ ʩ ʦʢʩʣʘʣʠʣʭʣʦʨʠʜʦʤ ʧʨʦʪʝʢʘʝʪ 

ʧʦ ʉ(3)-ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʝ ʩʧʠʨʦʩʪʘʥʦʚʦʛʦ ʦʩʪʦʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ (22R,25R)-

ʩʧʠʨʦʩʪ-5-ʝʥ-3ɓ-ʠʣ 2-ʭʣʦʨ-2-ʦʢʩʦʘʮʝʪʘʪʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʉ(3)-ʆ-

ʘʮʝʪʠʣʩʦʣʘʩʦʜʠʥʘ ʩ ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ ʧʨʦʪʝʢʘʝʪ ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ ʩʧʠʨʦʩʦʣʘʥʦʚʦʛʦ 

ʦʩʪʦʚʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ (22R,25R)-3-O-ʘʮʝʪʠʣ-N-(2-ʭʣʦʨ-2-

ʦʢʩʦʘʮʝʪʠʣ)ʩʧʠʨʦʩʦʣʘʥʘ. ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ 

ʬʫʨʘʥʦʣʘʙʜʘʥʦʠʜʥʳʭ ʠ ʩʪʝʨʦʠʜʥʳʭ ʩʧʠʨʦʩʪʘʥʦʚʳʭ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʪʝʬʝʥʩʘ-ʂʘʩʪʨʦ ʤʦʥʦʦʢʩʘʣʠʣʭʣʦʨʠʜʦʚ ʠ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʘʨʠʣʘʮʝʪʠʣʝʥʦʚ. ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʦʩʪʫʧʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ - ʠʦʜʠʜʘ ʤʝʜʠ (I). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʮʝʣʝʚʳʝ ʘʣʢʠʥ-1,2-

ʜʠʦʥʳ ʦʙʨʘʟʫʶʪʩʷ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ 

ʤʦʥʦʦʢʩʘʣʠʣʭʣʦʨʠʜʘ ʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʨʠʣʘʮʝʪʠʣʝʥʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʤʦʱʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʜʠʦʩʛʝʥʠʥʘ ʠ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʬʣʦʤʠʟʦʠʢʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ ʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʨʠʣʘʮʝʪʠʣʝʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʨʷʜ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ - (22R,25R)-ʩʧʠʨʦʩʪ-5-ʝʥ-3ɓ-ʠʣ 2-ʦʢʩʦ-4-ʘʨʠʣ-3-ʠʥʦʘʪʳ ʠ 

ʤʝʪʠʣ 16-(1,2-ʜʠʦʢʩʦ-4-ʘʨʠʣ-3-ʠʥ-1-ʠʣ)-15,16-ʵʧʦʢʩʠʣʘʙʜʘ-8(9),13,14-ʪʨʠʝʥ-18-

ʦʘʪʳ ʩ ʩʫʤʤʘʨʥʳʤʠ ʚʳʭʦʜʘʤʠ ʧʦ ʜʚʫʤ ʩʪʘʜʠʷʤ 30-48% ʠ 41-69%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ 

ʬʫʨʘʥʦʜʠʪʝʨʧʝʥʦʚʦʛʦ ʠ ʩʪʝʨʦʠʜʥʦʛʦ ʩʧʠʨʦʩʪʘʥʦʚʦʛʦ ʨʷʜʦʚ ʙʠʥʫʢʣʝʦʬʠʣʴʥʳʤʠ 

ʘʛʝʥʪʘʤʠ ï ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ ʠ ʛʠʜʨʘʟʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʝʘʢʮʠʷ ʩʧʠʨʦʩʪʘʥʦʚʳʭ ʠ ʬʫʨʘʥʦʣʘʙʜʘʥʦʠʜʥʳʭ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ ʩ 

ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ ʚ ʙʝʥʟʦʣʝ ʧʨʦʪʝʘʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 5-ʘʨʠʣ-3-ʢʘʨʙʦʥʠʣ-1-

ʬʝʥʠʣ-1H-ʧʠʨʘʟʦʣʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ 

ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʪʨʦʡʥʦʡ ʩʚʷʟʴʶ, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʛʠʜʨʘʟʦʥʦʚ ʠʣʠ ʛʝʤʠʢʝʪʘʣʝʡ ʠ 

ʠʭ ʧʦʩʣʝʜʫʶʱʫʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʦ 

ʙʝʥʟʦʣʘ ʧʦʣʷʨʥʳʭ ʧʨʦʪʦʥʥʳʭ ʠʣʠ ʧʦʣʷʨʥʳʭ ʘʧʨʦʪʦʥʥʳʭ ʨʘʪʩʚʦʨʠʪʝʣʝʡ (ʵʪʘʥʦʣʘ, 

ʘʮʝʪʦʥʠʪʨʠʣʘ) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ ʠ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ ʛʠʜʨʘʟʦʥʦʚ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʩʪʫʧʘʶʪ ʚ ʜʘʣʴʥʝʡʰʫʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʮʠʢʣʠʟʘʮʠʶ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʪʝʨʦʠʜʥʳʭ ʠ ʜʠʪʝʨʧʝʥʦʠʜʥʳʭ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ ʩ ʛʠʜʨʘʟʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʧʫʪʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʘʟʘ-ʄʠʭʘʵʣʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʥʘʤʠʥʦʚ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʮʠʢʣʠʟʘʮʠʠ ʠ ʝʥʘʤʠʥ-ʠʤʠʥʠʝʚʦʤʫ ʪʘʫʪʦʤʝʨʥʦʤʫ ʧʝʨʝʭʦʜʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʢʦʥʝʯʥʳʤ 5-ʘʨʠʣ-2-ʙʝʥʟʦʠʣ-3-ʛʠʜʨʦʢʩʠ-2,3-ʜʠʛʠʜʨʦ-3-ʢʘʨʙʦʥʠʣ-1H-ʧʠʨʘʟʦʣʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʘʟʦʪʠʩʪʳʝ ʙʠʥʫʢʣʢʝʦʬʠʣʴʥʳʝ ʘʛʝʥʪʳ ï 

ʬʝʥʠʣʛʠʜʨʘʟʠʥ ʠ ʛʠʜʨʘʟʦʥʳ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ï ʧʨʦʷʚʣʷʶʪ ʨʘʟʣʠʯʥʫʶ 

ʨʝʛʠʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʩ ʘʣʢʠʥ-1,2-ʜʠʦʥʘʤʠ. ɼʣʷ ʬʫʨʘʥʦʣʘʙʜʘʥʦʠʜʥʳʭ 

5-ʘʨʠʣ-2-ʙʝʥʟʦʠʣ(4-ʙʨʦʤʙʝʥʟʦʠʣ)-3-ʛʠʜʨʦʢʩʠ-2,3-ʜʠʛʠʜʨʦ-3-ʢʘʨʙʦʥʠʣ-1H-

ʧʠʨʘʟʦʣʦʚ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʠʭ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʪʠʦʥʠʣʭʣʦʨʠʜʘ ʚ 

ʧʠʨʠʜʠʥʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 3-ʘʨʠʣ-1-ʙʝʥʟʦʠʣ-5-ʢʘʨʙʦʥʠʣ-1H-

ʧʠʨʘʟʦʣʦʚ. 

ʀʟʫʯʝʥʘ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʧʠʨʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʬʣʦʤʠʟʦʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʤʦʜʝʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ, 

ʩʨʘʚʥʠʤʫʶ ʩ ʵʬʬʝʢʪʦʤ ʥʝʩʪʝʨʦʠʜʥʦʛʦ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

çɼʠʢʣʦʬʝʥʘʢ ʥʘʪʨʠʡè ʥʘ ʤʦʜʝʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʜʘʣʴʥʝʡʰʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ 

ʤʝʭʘʥʠʟʤʘ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ. 

ʀʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ N-(ʙʫʪʘ-2,3-ʜʠʝʥʠʣ)ʘʤʠʜʘ ʠʟʦʧʠʤʘʨʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʬʪʦʨʟʘʤʝʱʝʥʥʳʤʠ 2-ʠʦʜʬʝʥʦʣʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʍʝʨʤʘʥʘ-ɹʝʣʣʝʨʘ ʚ ʨʝʘʢʮʠʠ ʘʣʣʝʥʘ ʩ 4,5,6-ʪʨʠʬʪʦʨ-2-ʠʦʜʬʝʥʦʣʦʤ, 

4,6-ʜʠʬʪʦʨ-2-ʠʦʜʬʝʥʦʣʦʤ ʠʣʠ 3,4,5-ʪʨʠʬʪʦʨ-2,6-ʜʠʠʦʜʬʝʥʦʣʦʤ. ʇʨʝʜʣʦʞʝʥʳ 

ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʬʫʨʘʥʦʚ 

ʠ ʭʨʦʤʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ. 
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ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʨʷʜʘ 1-ʛʠʜʨʦʢʩʠʟʘʤʝʱʝʥʥʳʭ ʘʥʪʨʘʭʠʥʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʘʨʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚʦ 2 ʠʣʠ 4 (ʠʣʠ 2 ʠ 4 ʦʜʥʦʚʨʝʤʝʥʥʦ) ʧʦʣʦʞʝʥʠʠ 

ʘʥʪʨʘʭʠʥʦʥʦʚʦʛʦ ʷʜʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 1-

ʛʠʜʨʦʢʩʠ-4-ʠʦʜʘʥʪʨʘʭʠʥʦʥ 1, 1-ʛʠʜʨʦʢʩʠ-2-ʙʨʦʤʘʥʪʨʘʭʠʥʦʥ 2 ʠʣʠ 1-ʛʠʜʨʦʢʩʠ-2,4-

ʜʠʙʨʦʤʘʥʪʨʘʭʠʥʦʥʳ 3. ʂʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʘʣʣʘʜʠʝʤ ʨʝʘʢʮʠʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ 

ʉʫʟʫʢʠïʄʠʷʫʨʳ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʨʠʣʙʦʨʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʙʳʣʘ 

ʦʩʥʦʚʥʳʤ ʧʫʪʝʤ ʩʠʥʪʝʟʘ. ʇʦʢʘʟʘʥʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʚ 

ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bu4NBr. ʀʟʫʯʝʥʘ ʠʥʛʠʙʠʨʫʶʱʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʥʦʚʳʭ ʘʥʪʨʘʭʠʥʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʝʩʪʴ ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʚʩʝʡ ʩʝʨʠʠ  ʠʥʛʠʙʠʨʦʚʘʣʠ ʨʦʩʪ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ 

(ʛʣʠʦʙʣʘʩʪʦʤʘ SNB-19, ʨʘʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ DU-145 ʠ ʨʘʢ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ MDA-MB-231) ʚ ʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʘ ʫʨʦʚʥʝ ʵʪʘʣʦʥʥʦʛʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʠ ʙʳʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʟʦʧʘʩʥʳʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʳʤ ʢʣʝʪʢʘʤ ʬʠʙʨʦʙʣʘʩʪʦʚ ʣʝʛʢʠʭ (h-TERT). 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ in vitro ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

2-ʘʨʠʣ, 4-ʘʨʠʣ- ʠ 2,4-ʜʠʘʨʠʣ-ʟʘʤʝʱʝʥʥʳʭ 1-ʛʠʜʨʦʢʩʠʘʥʪʨʘʭʠʥʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʮʠʢʣʠʯʝʩʢʦʡ ʦʩʥʦʚʥʦʡ ʮʝʧʠ. ʀʟʫʯʝʥʠʝ in silico 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2-, 4-ʟʘʤʝʱʝʥʥʳʭ ʠ 2,4-ʜʠʟʘʤʝʱʝʥʥʳʭ 1-ʛʠʜʨʦʢʩʠʘʥʪʨʘʭʠʥʦʥʦʚ ʩ 

ɼʅʂ-ʪʦʧʦʠʟʦʤʝʨʘʟʦʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʥʪʝʨʢʘʣʷʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʩʚʷʟʳʚʘʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ɼʅʂ 4-ʘʨʠʣ-1-ʛʠʜʨʦʢʩʠʘʥʪʨʘʭʠʥʦʥʦʚ ʙʳʣʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ. ɼʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 1-ʛʠʜʨʦʢʩʠ-4-ʬʝʥʠʣʘʥʪʨʘʭʠʥʦʥʦʤ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʠʥʜʫʮʠʨʫʝʪ ʦʩʪʘʥʦʚʢʫ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʚ 

ʬʘʟʝ ʩʫʙ-G1 ʚ ʢʣʝʪʢʘʭ DU-145 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1,1 ʤʢʄ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʠʥʜʫʢʮʠʠ ʘʧʦʧʪʦʟʘ. 4-ɸʨʠʣʟʘʤʝʱʝʥʥʳʝ 1-ʛʠʜʨʦʢʩʠʘʥʪʨʘʭʠʥʦʥʳ ʚʳʟʳʚʘʣʠ 

ʫʩʠʣʝʥʠʝ ʩʠʥʪʝʟʘ ɼʅʂ ʥʘ ʣʠʥʠʷʭ ʢʣʝʪʦʢ SNB19. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 18-03-01012. çCʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʥʦʚʳʤ ʛʨʫʧʧʘʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘ ʦʩʥʦʚʝ 

ʭʝʤʦʩʝʣʝʢʪʠʚʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʜʦʩʪʫʧʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʜʠʪʝʨʧʝʥʦʠʜʦʚ, 

ʘʣʢʘʣʦʠʜʦʚ ʠ ʢʫʤʘʨʠʥʦʚè 

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

ʆʩʫʱʝʩʪʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʘʷ ʨʘʟʨʘʙʦʪʢʫ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʥʘ ʦʩʥʦʚʝ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʣʘʙʜʘʥʦʠʜʦʚ (ʣʘʤʙʝʨʪʠʘʥʦʚʦʡ ʠ ʬʣʦʤʠʟʦʠʢʦʚʦʡ ʢʠʩʣʦʪ), 

ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ ʜʠʪʝʨʧʝʥʦʠʜʦʚ (ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ) ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʇʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʬʫʨʘʥʦʣʘʙʜʘʥʦʠʜʥʳʭ ʜʠʘʣʢʠʥʦʚ, ʠʟʫʯʝʥʦ ʠʭ 

ʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʭʣʦʨʠʜʦʤ ʟʦʣʦʪʘ(III) ʨʝʘʢʮʠʠ 

ʮʠʢʣʦʠʟʦʤʝʨʠʟʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʳ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʩʦʯʝʪʘʶʱʠʭ ʜʝʢʘʣʠʥʦʚʳʡ ʠ 7-ʛʠʜʨʦʢʩʠ-1,3-ʜʠʛʠʜʨʦʠʟʦʙʝʥʟʦʬʫʨʘʥʦʚʳʡ 

ʠʣʠ 7-ʛʠʜʨʦʢʩʠʠʟʦʠʥʜʦʣʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ. 

ʅʘ ʦʩʥʦʚʝ Cu-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʟʠʜʦʚ ʩʘʭʘʨʦʚ ʢ ʘʣʢʠʥʠʣʟʘʤʝʱʝʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ 8(9),13,14-ʣʘʙʜʘʪʨʠʝʥʘ 

ʧʨʝʜʣʦʞʝʥʘ ʫʜʦʙʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʘ N-ʛʣʶʢʫʨʦʥʦʟʠʣ-1,2,3-ʪʨʠʘʟʦʣʴʥʳʭ 

ʢʦʥʲʶʛʘʪʦʚ  ʬʣʦʤʠʟʦʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʢʠʩʣʦʪʥʦʡ ʬʫʥʢʮʠʠ ʠ ʬʫʨʘʥʦʚʦʤʫ 

ʟʘʤʝʩʪʠʪʝʣʶ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʬʣʦʤʠʟʦʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʠ ʬʫʨʘʥʦʚʦʤʫ ʮʠʢʣʫ, ʚʢʣʶʯʘʶʱʝʡ ʩʝʣʝʢʪʠʚʥʦʝ 

ʬʦʨʤʠʣʠʨʦʚʘʥʠʝ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ ʠ ʉuɸɸʉ ʨʝʘʢʮʠʶ 
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ʧʦʣʫʯʝʥʥʦʛʦ ʪʝʨʧʝʥʦʠʜʥʦʛʦ ʘʣʢʠʥʘ ʩ 1-ʜʝʟʦʢʩʠ-2,3,4-ʪʨʠ-ʆ-ʘʮʝʪʠʣ-1-ʘʟʠʜʦ-Ŭ-D-

ʛʣʶʢʦʧʠʨʘʥʫʨʦʥʘʪʦʤ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʣʘʙʜʘʥʦʠʜʥʦʛʦ ʜʠʛʣʶʢʫʨʦʥʠʜʘ ʩ 

ʦʙʱʠʤ ʚʳʭʦʜʦʤ 8% ʚ ʨʘʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʫʶ ʬʣʦʤʠʟʦʠʢʦʚʫʶ ʢʠʩʣʦʪʫ. 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣ-15,16-ʙʠʩ(N-(ʪʨʝʪ-ʙʫʪʦʢʩʠʢʘʨʙʦʥʠʣ)-N-

(ʧʨʦʧʘʨʛʠʣʘʤʠʥʦʤʝʪʠʣ)ʣʘʙʜʘ-8(9),13,15-ʪʨʠʝʥʘ ʠʟ ʣʘʤʙʝʨʪʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʭʠʤʠʯʝʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʦʣʠʘʟʘʤʘʢʨʦʮʠʢʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʫʨʘʥʦʚʳʡ ʤʦʩʪʠʢ, ʩʚʷʟʘʥʥʳʭ ʧʦ ʧʦʣʦʞʝʥʠʷʤ 2,5-ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ 

ʙʠʩ-[(4-(ʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-1,2,3-ʪʨʠʘʟʦʣʠʣʴʥʳʤʠ] ʟʚʝʥʴʷʤʠ ʩ ʧʝʥʪʘʤʝʪʠʣʝʥʦʚʦʡ, 

ʛʝʢʩʘʤʝʪʠʣʝʥʦʚʦʡ, ʫʥʜʝʢʘʤʝʪʠʣʝʥʦʚʦʡ, ʵʪʠʣʦʢʩʠʵʪʠʣʴʥʦʡ ʠʣʠ 

ʵʪʠʣʵʪʦʢʩʠʵʪʠʣʴʥʦʡ ʮʝʧʦʯʢʦʡ ʤʝʞʜʫ ʪʨʠʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʉʦʩʪʘʚ ʠ 

ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʣʠʥʢʝʨʘ ʚ 

ʜʠʘʟʠʜʝ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʥʘʨʫʞʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʠʦʥʘʤʠ ʮʠʥʢʘ (II). 

ʇʨʝʜʣʦʞʝʥʳ ʦʜʥʦʨʝʘʢʪʦʨʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ ʜʠʪʝʨʧʝʥʦʠʜʦʚ 

ʥʦʚʦʛʦ ʪʠʧʘ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ ʢʘʨʙʦʣʠʥʦʚʳʭ ʘʣʢʘʣʦʠʜʦʚ ʧʦ ʧʦʣʦʞʝʥʠʷʤ ʉ-

15,16 ʥʘ ʦʩʥʦʚʝ ʤʝʪʠʣ 15-ʦʢʩʦ-15,16-ʜʠʛʠʜʨʦʠʟʦʧʠʤʘʨʘʪʘ. ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ, ʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ in situ 15-ʦʢʩʦ-16-ʬʦʨʤʠʣʠʟʦʧʠʤʘʨʘʪʘ ʚ ʨʝʘʢʮʠʠ 

ʇʠʢʪʝ-ʐʧʝʥʛʣʝʨʘ.  

ʆʩʫʱʝʩʪʚʣʝʥʳ ʥʘʧʨʘʚʣʝʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʜʦʩʪʫʧʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʘʣʢʘʣʦʠʜʦʚ ʩʦʣʘʩʦʜʠʥʘ, ʢʦʬʝʠʥʘ ʠ ʛʘʨʤʠʥʘ. 

ɸʟʠʜʦʣʠʟ ʜʠʘʮʝʪʘʪʘ 5,6Ŭ-ʵʧʦʢʩʠʩʦʣʘʩʦʜʠʥʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʵʧʦʢʩʠʜʨʦʚʘʥʠʷ ʜʠʘʮʝʪʘʪʘ ʩʦʣʘʩʦʜʠʥʘ,  ʜʝʡʩʪʚʠʝʤ ʘʟʠʜʘ 

ʥʘʪʨʠʷ ʚ ɼʄʌɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʩʪʦʛʦ ʘʤʤʦʥʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʠʘʮʝʪʘʪʘ 6ɓ-ʘʟʠʜʦ-5Ŭ-ʛʠʜʨʦʢʩʠʩʦʣʘʩʦʜʠʥʘ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʦʚʦʛʦ ʘʟʠʜʘ ʩ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʨʦʤʠʜʘ ʤʝʜʠ (I) ʠ 

ʜʠʠʟʦʧʨʦʧʠʣʜʠʵʪʠʣʘʤʠʥʘ ʚ ɼʄʌɸ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ (22R,25R)-

N,O-ʜʠʘʮʝʪʠʣ-6ɓ-[4-ʘʨʠʣ(ʛʝʪʘʨʠʣ)-1,2,3-ʪʨʠʘʟʦʣ-1-ʠʣ)-5Ŭ-ʛʠʜʨʦʢʩʠʩʧʠʨʦʩʦʣʘʥʳ. 

ɺʳʧʦʣʥʝʥʘ ʥʘʧʨʘʚʣʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʢʘʣʦʠʜʘ ʩʦʣʘʩʦʜʠʥʘ ʧʦ 

ʧʠʧʝʨʠʜʠʥʦʚʦʤʫ ʮʠʢʣʫ F ʩ ʚʚʝʜʝʥʠʝʤ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʦʣʘʩʦʜʠʥʘ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ, ʛʝʥʝʨʠʨʫʝʤʳʤ in situ ʠʟ ʧʘʨʘʬʦʨʤʘ, ʠ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʮʝʪʠʣʝʥʘʤʠ ʧʨʠ ʢʘʪʘʣʠʟʝ CuI ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 1,4-ʜʠʦʢʩʘʥʝ 

ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʳʭ N-(3-ʘʨʠʣ)ʧʨʦʧ-2-ʠʥʦʚ ʩʦʣʘʩʦʜʠʥʘ ʚ ʚʠʜʝ ʩʤʝʩʠ 

ʜʚʫʭ ʵʧʠʤʝʨʦʚ ʧʦ  ʭʠʨʘʣʴʥʦʤʫ ʮʝʥʪʨʫ ʉ(22). ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʫʢʘʟʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʠʣ 28%-81%, ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ ï 1-1.4:1-1.7. ɺʳʷʚʣʝʥʦ 

ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʮʝʪʠʣʝʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ, ʥʘ ʚʳʭʦʜ ʠ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ 

ʣʘʢʪʦʥʘ ʵʫʜʝʩʤʘʥʦʚʦʛʦ ʪʠʧʘ ʠ ʢʦʬʝʠʥʘ, ʩʦʝʜʠʥʝʥʥʳʝ ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʤ ʠʣʠ 

ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʘʤʠʥʦʚʳʤ ʣʠʥʢʝʨʦʤ, ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʠ ʘʟʘ-ʄʠʭʘʵʣʷ 

ʤʝʪʠʣʝʥʣʘʢʪʦʥʦʚ ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ, 4,15-ʵʧʦʢʩʠʠʟʘʣʘʥʪʦʣʘʢʪʦʥʘ ʠʣʠ 3-

ʛʠʜʨʦʢʩʠʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʩ 8-(2-ʘʤʠʥʦʵʪʠʣʘʤʠʥʦ)ʢʦʬʝʠʥʦʤ ʠʣʠ 8-(6-

ʘʤʠʥʦʛʝʢʩʠʣʘʤʠʥʦ)ʢʦʬʝʠʥʦʤ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ 

ʵʪʘʥʦʣʝ ʧʨʠ 55ęʉ ʟʘ 3 ʯ ʩ ʚʳʭʦʜʦʤ 44-65%. ɺ ʨʷʜʫ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘʡʜʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʥʘʣʴʛʝʪʠʢʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ 

ʘʛʝʥʪʳ. 

 

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

ʪʘʨʛʝʪʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʘʛʝʥʪʦʚ. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ 
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ʭʠʤʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʬʣʦʨʳ ʉʠʙʠʨʠ ʠ 

ʄʦʥʛʦʣʠʠò 

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

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʪʝʥʠʝ ʩʘʧʦʞʥʠʢʦʚʘʷ ʨʘʩʪʦʧʳʨʝʥʥʘʷ Saposhnikovia divaricata 

(ʩʝʤʝʡʩʪʚʦ ʟʦʥʪʠʯʥʳʝ) ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʭʨʦʤʦʥʦʚ ʠ ʢʫʤʘʨʠʥʦʚ. 

ʍʘʤʘʫʜʦʣ, ʩʠʤʠʬʫʛʠʥ, 5-ʆ-ʤʝʪʠʣʚʠʩʘʤʤʠʥʦʣ ʠʭ ʛʣʠʢʦʟʠʜʳ: ʨrim-O-

ʛʣʶʢʦʟʠʣʩʠʤʠʬʫʛʠʥ, sec-O-ʛʣʶʢʦʣʠʣʭʘʤʘʫʜʦʣ, 4ǋ-O-ɓ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʣ-5-ʆ-

ʤʝʪʠʣʚʠʩʘʤʤʠʥʦʣ ʠ 4ǋ-O-ɓ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʣʚʠʩʘʤʤʠʥʦʣ ʚʳʜʝʣʝʥʳ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. ʉʣʝʜʫʶʱʠʝ ʢʫʤʘʨʠʥʳ: ʩʢʦʧʦʣʝʪʠʥ 2, ʙʝʨʛʘʧʪʝʥ 3, 

ʠʟʦʠʤʧʝʨʘʪʦʨʠʥ 4, ʤʘʨʤʝʟʠʥ 5, (+)-ʜʝʢʫʨʩʠʥʦʣ 9, (ī)-ʧʨʝʨʫʧʪʦʨʠʥ B 10, 

ʦʢʩʠʧʝʫʮʝʜʘʥʠʥ ʛʠʜʨʘʪ 11 ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. ʉʪʨʫʢʪʫʨʘ (-)-

ʧʨʝʨʫʧʪʦʨʠʥʘ ɺ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʈʉɸ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ (MTT-ʪʝʩʪ) ʥʘ ʤʦʜʝʣʷʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ: 

(MEL-8, U-937, DU-145, MDA-MB-231, ɺʊ-474). ʅʘʠʙʦʣʴʰʝʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ɺʊ-474 ʠ 

MDA-MB-231 ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʭʨʦʤʦʥʦʚ ʦʙʣʘʜʘʣ 5-ʆ-ʤʝʪʠʣʚʠʩʘʤʤʠʥʦʣ (GI50 = 

6.46-8.46 ʤʠʢʨʦʤʦʣʴ). ɽʛʦ ʘʢʪʠʚʥʦʩʪʴ ʩʨʘʚʥʠʤʘ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʜʦʢʩʦʨʫʙʠʮʠʠʥʘ ʥʘ 

ʢʣʝʪʢʘʭ MDA-MB-231. ʂʫʤʘʨʠʥʳ 9-11 [(+)-ʜʝʢʫʨʩʠʥʦʣ, (ī)-ʧʨʝʨʫʧʪʦʨʠʥ B, 

ʦʢʩʠʧʝʫʮʝʜʘʥʠʥ ʛʠʜʨʘʪ)] ʦʙʣʘʜʘʣʠ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʣʝʪʦʢ ʨʘʢʘ ʧʨʦʩʪʘʪʳ DU-145 (GI50 = 9.42-11.56 ʤʠʢʨʦʤʦʣʴ) ʠ ʧʨʝʚʳʰʘʣʠ ʪʘʢʦʚʫʶ 

ʜʣʷ ʮʠʩ-ʧʣʘʪʠʥʘ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚʳʷʚʣʝʥʘ ʜʣʷ ʣʠʥʝʡʥʳʭ 

ʬʫʨʦʢʫʤʘʨʠʥʦʚ ʙʝʨʛʘʧʪʝʥʘ, ʠʟʦʠʤʧʝʨʘʪʦʨʠʥʘ ʠ ʤʘʨʤʝʟʠʥʘ. ɺʩʝ ʠʟʫʯʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʥʝ ʪʦʢʩʠʯʥʳ ʚ ʪʝʩʪʝ ʛʝʤʦʣʠʟʘ. 

ʄʝʪʦʜʦʤ HPLC-UV ʦʧʨʝʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʢʦʟʠʜʦʚ ʩʠʤʠʬʫʛʠʥʘ, 5-ʆ-

ʤʝʪʠʣʚʠʩʘʤʤʠʥʦʣʘ, ʘ ʪʘʢʞʝ ʩʠʤʠʬʫʛʠʥʘ 7 ʚ ʜʚʫʭ ʧʦʧʫʣʷʮʠʷʭ ʨʘʩʪʝʥʠʷ S. 

divaricata, ʩʦʙʨʘʥʥʳʭ ʚ ʄʦʥʛʦʣʠʠ (0.55-0.74% ʠ 0.55% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʙʱʠʡ 

ʚʳʭʦʜ ʚʳʜʝʣʝʥʥʳʭ ʢʫʤʘʨʠʥʦʚ ʠ ʭʨʦʤʦʥʦʚ ʠʟ ʦʙʨʘʟʮʦʚ ʤʦʥʛʦʣʴʩʢʠʭ ʧʦʧʫʣʷʮʠʡ 

ʩʦʩʪʘʚʠʣ (0.09ï0.19%), ʘ ʠʟ ʦʙʨʘʟʮʦʚ ʙʫʨʷʪʩʢʠʭ ʧʦʧʫʣʷʮʠʡ - (0.02ï0.09%). 

ɼʦʩʪʫʧʥʳʝ ʢʫʤʘʨʠʥʳ ʠ ʭʨʦʤʦʥʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʥʦʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ-ʣʠʜʝʨʘʤʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʘʛʝʥʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥ ʩʦʩʪʘʚ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʢʦʨʥʝʡ ʠ ʢʦʨʥʝʚʠʱ ʨʝʚʝʥʷ Rheum 

rhabarbarum L., ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ ʚ ʄʦʥʛʦʣʠʠ. ɺʳʜʝʣʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʵʢʩʪʨʘʢʪʦʚ, ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʠ ʈʉɸ. ʆʩʥʦʚʥʳʤʠ ʵʢʩʪʨʘʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʪʨʘʥʩ-

ʩʪʠʣʴʙʝʥʳ (ʨʘʧʦʥʪʠʛʝʥʠʥ, ʜʝʟʦʢʩʠʨʘʧʦʥʪʠʛʝʥʠʥ, ʠʟʦʨʘʧʦʥʪʠʛʝʥʠʥ, 

ʜʝʟʦʢʩʠʨʘʧʦʥʪʠʮʠʥ, ʠʟʦʨʘʧʦʨʪʠʥ, ʧʠʮʝʠʜ), ʘʥʪʨʘʭʠʥʦʥʳ (ʭʨʠʟʦʬʘʥʦʣ, ʬʠʩʮʠʦʥ, 

ʨʝʠʥ) ʠ ʠʭ ʛʣʠʢʦʟʠʜʳ. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʩʪʠʣʴʙʝʥʦʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʘʛʝʥʪʘʤʠ, ʦʙʣʘʜʘʶʪ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʠʥʜʫʢʮʠʝʡ ʘʧʦʧʪʦʟʘ ʚ ʢʣʝʪʢʘʭ 

ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF-7. ɺ ʨʷʜʫ ʚʳʜʝʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʠʟʚʦʜʥʳʝ 

ʩʪʠʣʴʙʝʥʘ ὑ-ʚʠʥʠʬʝʨʠʥ ʠ ŭ-ʚʠʥʠʬʝʨʠʥ ʧʨʦʷʚʠʣʠ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʚ 

ʦʪʥʦʰʝʥʠʠ ʧʨʦʪʝʠʥʪʠʨʦʟʠʥʬʦʩʬʦʪʘʟʳ 1B (PTP1B) (IC50=4.13, 2.38 ɛM). 

ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʨʷʜʘ ʨʘʩʪʝʥʠʡ, 

ʩʦʙʨʘʥʥʳʭ ʚ ʄʦʥʛʦʣʠʠ ʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ. ʂ 

ʯʠʩʣʫ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʦʪʥʦʩʷʪʩʷ: Hyoscyamus niger L., Peganum harmala, Aconitum 

coreanum (Levl.) Raipaics, Rhamnus sp, Lomatogonium. sp. ʆʧʨʝʜʝʣʝʥʳ ʥʦʚʳʝ 

ʠʩʪʦʯʥʠʢʠ ʭʠʥʘʟʦʣʠʥʦʚʳʭ, ʢʘʨʙʦʣʠʥʦʚʳʭ, ʜʠʪʝʨʧʝʥʦʚʳʭ ʘʣʢʘʣʦʠʜʦʚ, ʢʩʘʥʪʦʥʦʚ ʠ 

ʛʠʜʨʦʢʩʠʟʘʤʝʱʝʥʥʳʭ ʘʥʪʨʘʭʠʥʦʥʦʚ. ʆʩʫʱʝʩʪʚʣʝʥʳ ʥʘʧʨʘʚʣʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʘʣʢʘʣʦʠʜʘ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʩ ʚʚʝʜʝʥʠʝʤ ʠʟʦʢʩʘʟʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ 
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1-ʛʠʜʨʦʢʩʠʘʥʪʨʘʭʠʥʦʥʘ ʩ ʚʚʝʜʝʥʠʝʤ ʘʤʠʥʦʧʨʦʧʘʨʛʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʷʜʘ ʧʨʠʨʦʜʥʳʭ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

 

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 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʝʣʝʢʪʠʚʥʦʛʦ S-ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʪʠʦʢʩʦʧʨʦʠʟʚʦʜʥʳʭ 

ʦʢʩʘʜʠʘʟʦʣʦʚ ʠ ʪʨʠʘʟʦʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʣʢʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ 

ʜʣʷ ʚʚʝʜʝʥʠʷ ʧʦʣʷʨʥʳʭ ʠ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʛʨʫʧʧ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ 

ʧʦʣʫʯʝʥʠʷ 2-ʤʝʨʢʘʧʪʦ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʴʥʳʭ ʠ 3-ʤʝʨʢʘʧʪʦ-1,2,4-ʪʨʠʘʟʦʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʩʦʣʦʚʦʡ ʢʠʩʣʦʪʳ Cʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ 2-ʘʤʠʥʦ-1,3,4-

ʦʢʩʘʜʠʘʟʦʣʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ ʪʨʠʪʝʨʧʝʥʦʚ ʠʟ ʘʮʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʜʦʢʩʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. ʄʝʪʦʜ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʜʝʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʶ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ ʨʪʫʪʠ. ʀʟʫʯʝʥʳ ʩʧʦʩʦʙʳ 

ʦʢʠʩʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʘʣʢʠʣʪʠʦʦʢʩʘʜʠʘʟʦʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʛʠʜʨʦʧʝʨʦʢʩʠʜ ʤʦʯʝʚʠʥʳ-ʪʨʠʬʪʦʨʫʢʩʫʩʥʳʡ ʘʥʛʠʜʨʠʜ 

ʠʣʠ ʤʝʪʘ-ʭʣʦʨʥʘʜʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʦʪʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ 

ʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʚ ʠ ʘʣʢʠʣʩʫʣʴʬʦʥʦʚ (ʘʣʢʠʣ ï ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ). ʉ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʦʩʫʱʝʩʪʚʣʝʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʩʫʣʴʬʫʨʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ 3-

ʪʠʦʢʩʦ-1,2,4-ʪʨʠʘʟʦʣʘ. ʅʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʤʝʪʠʣʩʫʣʴʬʦʥʦʚʦʡ ʛʨʫʧʧʳ ʥʘ 

ʨʷʜ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʨʘʥʝʝ ʥʝʜʦʩʪʫʧʥʳʝ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ 

1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʚ. 

ʄʝʪʠʣʩʫʣʴʬʦʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʛʠʜʙʠʜʥʳʭ ʦʢʩʘʜʠʘʟʦʣʦʚ ʘ ʪʘʢʞʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʪʨʝʪʠʯʥʳʭ ʘʤʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ (MTT ʪʝʩʪ). ʉ ʚʳʩʦʢʠʤʠ ʧʨʝʧʘʨʘʪʠʚʥʳʤʠ ʚʳʭʦʜʘʤʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʘʤʠʥʦʤʝʪʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ ʤʝʞʜʫ 2-

ʪʠʦʢʩʦ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʘʤʠ ʘ ʪʘʢʞʝ 3-ʪʠʦʢʩʦ-1,2,4-ʪʨʠʘʟʦʣʘʤʠ ʩ ʚʪʦʨʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ. 

ʄʝʪʦʜʦʤ DPPH ʠʟʫʯʝʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 2-ʘʤʠʥʦ-, 2-ʪʠʦʢʩʦ-1,3,4-

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

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʵʬʬʝʢʪ ʦʙʥʘʨʫʞʝʥ ʜʣʷ (2-ʪʠʦ-1,3,4-ʦʢʩʘʜʠʘʟʦʣ-5-ʠʣ)-ʤʝʪʠʣ-3ɓ-

ʛʠʜʨʦʢʩʠ-ʫʨʩ-12-ʝʥ-28-ʦʘʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʦʢʩʠʤʝʪʠʣʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʤʝʞʜʫ 

ʪʨʠʪʝʨʧʝʥʦʚʳʤ ʦʩʪʦʚʦʤ ʠ ʛʝʪʝʨʦʮʠʢʣʦʤ. 

ʇʨʦʜʦʣʞʝʥʦ ʠʟʫʯʝʥʠʝ ʛʠʙʨʠʜʦʚ 1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ʠ 1,2,5-ʦʢʩʘʜʘʟʦʣʦʚ, ʠ 

ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ʫʨʩʘʥʦʚʦʛʦ ʠ ʣʫʧʘʥʦʚʦʛʦ ʨʷʜʘ, ʩʦʝʜʠʥʝʥʥʳʭ ʯʝʨʝʟ 1,2,3-

ʪʨʠʘʟʦʣʴʥʳʡ ʣʠʥʢʝʨ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 1,2,3-ʪʨʠʘʟʦʣʘ ʠ 

ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʧʨʠʩʦʝʜʠʥʝʥʥʘʷ ʢ ʉ-28 ʫʨʩʘʥʦʚʦʛʦ ʦʩʪʦʚʘ ʠ ʥʘʣʠʯʠʝ 3-

O-ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʪʨʠʪʝʨʧʝʥʦʠʜʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚʳʰʝ, ʯʝʤ ʫ ʫʨʩʦʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʜʦʢʩʦʨʫʙʠʮʠʥʘ. 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʜʣʷ 2-ʘʤʠʥʦ-, 2-ʪʠʦʢʩʦ-1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʚ, 3-ʪʠʦʢʩʦ-

1,2,4-ʪʨʠʘʟʦʣʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʠʰʝʥʷʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʥʦʚʳʤʠ 

ʪʨʠʪʝʨʧʝʥʦʚʳʤʠ ʘʟʦʣʘʤʠ E-3-ʧʨʦʪʝʠʥ-ʣʠʛʘʟʳ MDM2. 

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

ʩʦʝʜʠʥʝʥʠʷ) ʠ ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ-3, 10 ʩʦʝʜʠʥʝʥʠʡ) ʩ 6-
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ʟʘʤʝʱʝʥʥʳʤʠ ʢʫʤʘʨʠʥʘʤʠ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʥʲʶʛʘʪʦʚ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʬʫʨʦʢʫʤʘʨʠʥʘʤʠ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ in vitro. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʥʠʞʘʶʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ 

ʮʠʪʦʭʨʦʤʘ ʈ450 1ɸ1 ʠ 1ɸ2 ʚ ʢʫʣʴʪʫʨʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʚ ʤʘʢʨʦʬʘʛʠ ʢʣʝʪʦʢ 

U-937. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʵʢʩʧʨʝʩʩʠʶ 

ʛʝʥʦʚ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ (ʀʃ-12, TNF-Ŭ, ʀʃ-1ɓ) ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ (ʀʃ-

10) ʮʠʪʦʢʠʥʦʚ in vitro (ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ U-937). ɺʳʷʚʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨ 2, 

ʢʦʪʦʨʦʝ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʀʃ-12 ʠ ʩʥʠʞʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʀʃ-10, 

ʜʝʤʦʥʩʪʨʠʨʫʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ. 

 ɼʣʷ ʢʦʥʲʶʛʘʪʘ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʬʫʨʦʢʫʤʘʨʠʥʦʤ ʦʨʝʦʟʝʣʦʥʦʤ, 

ʫʩʪʘʥʦʚʣʝʥʘ ʜʦʩʪʦʚʝʨʥʘʷ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ in vivo, ʩʨʘʚʥʠʤʘʷ ʩ 

ʵʬʬʝʢʪʦʤ ʥʝʩʪʝʨʦʠʜʥʦʛʦ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠʥʜʦʤʝʪʘʮʠʥʘ ʥʘ 

ʤʦʜʝʣʠ ʛʠʩʪʘʤʠʥʦʚʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. 

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 ʦʙʣʘʜʘʝʪ 

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) 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 19-43-0003 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(16),13(16),14-ʣʘʙʜʘʪʨʠʝʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʧʨʠ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʉ-4. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʘʝʪ ʧʨʦʠʟʚʦʜʥʳʝ ʩ 

ʘʣʴʜʝʛʠʜʥʦʡ, ʘʮʝʪʠʣʴʥʦʡ, ʥʠʪʨʠʣʴʥʦʡ, ʘʤʠʥʦʤʝʪʠʣʴʥʦʡ, N-

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

ʦʢʩʠʤʥʦʡ, ʢʘʨʙʦʢʩʠʣʴʥʦʡ, ʘʤʠʜʥʦʡ, N-ʛʠʜʨʦʢʩʠʘʤʠʜʥʦʡ, ʘʤʠʜʦʢʩʠʤʥʦʡ ʠ 

ʠʤʠʜʦʵʬʠʨʥʦʡ ʛʨʫʧʧʘʤʠ ʚ ʬʫʨʘʥʦʚʦʤ ʮʠʢʣʝ. ɺʪʦʨʘʷ, ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʘʪʦʤʫ 

ʫʛʣʝʨʦʜʘ ʉ-18 ʩ ʥʠʪʨʠʣʴʥʦʡ, ʘʤʠʥʦʤʝʪʠʣʴʥʦʡ, ʛʠʜʨʘʟʠʜʥʦʡ, ʘʤʠʜʥʦʡ ʠ N-

ʛʠʜʨʦʢʩʠʘʤʠʜʥʦʡ ʛʨʫʧʧʘʤʠ. ʊʨʝʪʴʷ, ʚʢʣʶʯʘʣʘ ʩʠʥʪʝʟ 4-ʘʤʠʥʦ-, 4-ʧʠʨʨʦʣʠʜʠʥ-, 4-

ʠʟʦʮʠʦʥʘʪ-18-ʥʦʨ-15,16-ʵʧʦʢʩʠ-8(16),13(16),14-ʣʘʙʜʘʪʨʠʝʥʦʚ; ʥʘ ʦʩʥʦʚʝ 

ʧʦʩʣʝʜʥʝʛʦ ʧʦʣʫʯʝʥ ʨʷʜ 18-ʥʦʨʣʘʙʜʘʪʨʠʝʥʦʚ ʩ ʬʨʘʛʤʝʥʪʦʤ ʤʦʯʝʚʠʥʳ ʧʨʠ ʘʪʦʤʝ 

ʫʛʣʝʨʦʜʘ ʉ-4. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʣʘʤʙʝʨʪʠʘʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʬʫʥʢʮʠʠ ʎʅʉ (ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ) ʚ ʪʝʩʪʘʭ ñʦʪʢʨʳʪʦʝ 

ʧʦʣʝò, ñʢʦʨʘʟʦʣʦʚʳʭ ʩʫʜʦʨʦʛò, ñʫʢʩʫʩʥʳʝ ʢʦʨʯʠò ʠ ñʛʦʨʷʯʝʡ ʧʣʘʩʪʠʥʝò. ɼʣʷ 4-ʘʤʠʥʦ-
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18-ʥʦʨ-15,16-ʵʧʦʢʩʠ-8(16),13(16),14-ʣʘʙʜʘʪʨʠʝʥʘ ʠ 16-ʛʠʜʨʦʢʩʠʤʝʪʠʣ-15,16-

ʵʧʦʢʩʠ-8(16),13(16),14-ʣʘʙʜʘʪʨʠʝʥ-18-ʢʘʨʙʦʢʩʘʤʠʜʘ ʚʳʷʚʣʝʥʘ ʚʳʨʘʞʝʥʥʘʷ 

ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʩʪʝ çʫʢʩʫʩʥʳʝ ʢʦʨʯʠè. ʊʘʢʞʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 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.  

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 19-43-543042 çʅʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ɕɖɔɎɍɈɔɊɓɡɛ ɗɋɗɐɈɎɘɋɖɕɋɓɔɈɡɛ ɑɆɐɘɔɓɔɈ Ɏɍ ɖɆɗɘɋɓɎɏ ȷɎɇɎɖɎ. ȷɔɍɊɆɓɎɋ 

ɒɆɐɖɔɜɎɐɑɎɝɋɗɐɎɛ ɗɘɖəɐɘəɖ ɓɆ ɔɗɓɔɈɋ ɒɋɘɎɑɋɓɑɆɐɘɔɓɔɈ Ɏ 

ɆɍɔɘɔɗɔɊɋɖɌɆɟɎɛ ɉɋɘɋɖɔɜɎɐɑɔɈ Ɉ ɐɆɝɋɗɘɈɋ ɗɋɑɋɐɘɎɈɓɡɛ 

ɕɖɔɘɎɈɔɒɎɐɖɔɇɓɡɛ Ɏ ɕɖɔɘɎɈɔɈɎɖəɗɓɡɛ ɆɉɋɓɘɔɈè 

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

ʅʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ  ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ, 

ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʜʝʩʷʩʠʣʘ ʚʳʩʦʢʦʛʦ Inula helenium, ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ 

ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ. 

ʈʝʘʢʮʠʝʡ ʘʟʘ-ʄʠʭʘʵʣʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʫʜʝʩʤʘʥʦ-ʢʩʘʥʪʠʥʦʚʳʝ ʛʠʙʨʠʜʳ, ʢʦʪʦʨʳʝ 

ʧʨʦʷʚʠʣʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʬʫʨʦʧʠʨʠʤʠʜʠʥʦʚʳʭ 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 ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ E. coli, S. aureus, A. viscosus, P. aeruginosa ʠ E. 

faecalis. ʆʪʤʝʯʝʥʦ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʥʘ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʞʠʜʢʠʭ ʢʫʣʴʪʫʨʘʭ P. ʘeruginosa, E. coli, 

S. aureus ʠ E. faecalis. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 18-43-543014 çʅʘʧʨʘʚʣʝʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʫʤʘʨʠʥʦʚ ʩ ʮʝʣʴʶ 

ʩʦʟʜʘʥʠʷ ʘʛʝʥʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɼʠʟʘʡʥ 

ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʢʫʤʘʨʠʥʦʚ, ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ʣʫʧʘʥʦʚʦʛʦ ʨʷʜʘ, ʘ 

ʪʘʢʞʝ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʜʠʘʟʦʣʦʚ ʠ ʭʠʥʦʢʩʘʣʠʥʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʮʝʥʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ʃʠʧʝʝʚʘ ɸʣʣʘ ɺʠʢʪʦʨʦʚʥʘ 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʦʩʪʫʧʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʢʫʤʘʨʠʥʘ ʧʝʫʨʫʪʝʥʠʮʠʥʘ, 6-

ʮʠʘʥʦʫʤʙʝʣʣʠʬʝʨʦʥʘ ʠ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

1. ʈʘʟʨʘʙʦʪʘʥ ʫʜʦʙʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʩʠʥʪʝʟʘ 6-ʢʘʨʙʦʢʩʘʤʠʜʦ 

ʢʫʤʘʨʠʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʧʦʣʠʧʝʧʪʠʜʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʜʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʝʡ. 

2. ʅʘ ʦʩʥʦʚʝ ʭʣʦʨʘʥʛʠʜʨʠʜʘ ʫʤʙʝʣʣʠʬʝʨʦʥ 6-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʧʝʨʚʳʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ 6-ʢʘʨʙʦʢʩʠ-ʘʣʢʠʥʠʣʟʘʤʝʱʝʥʥʳʝ ʢʫʤʘʨʠʥʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʦʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʣʴʪʨʘʟʚʫʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʦʚ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 
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ʚʣʠʷʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʠ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʴ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʷ, 

ʠʥʪʝʨʝʩʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ. 

3. ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 7-ʘʣʢʠʥʠʣʟʘʤʝʱʝʥʥʳʭ ʢʫʤʘʨʠʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʠʣʠʜʘʤʠ ʧʠʨʠʜʠʥʘ, ʩʦʜʝʨʞʘʱʠʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ 

ʢʦʣʴʮʝ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ 7-ʠʥʜʦʣʠʟʠʥʟʘʤʝʱʝʥʥʳʝ ʢʫʤʘʨʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʭ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʘʛʝʥʪʦʚ. 

4. ʄʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʝʡ ʘʟʠʜ-ʘʣʢʠʥ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʜʠʧʨʦʧʘʨʛʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʦʣʠʘʤʠʥʘ ʮʠʢʣʘʤʘ ʠ 7-(ɤ-ʘʟʠʜʦʘʣʢʠʣ)-

ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʫʨʫʪʝʥʠʮʠʥʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʯʝʨʝʟ ʩʪʘʜʠʶ 

ʙʨʦʤʠʨʦʚʘʥʠʷ ʢʫʤʘʨʠʥʘ ʧʝʫʨʫʪʝʥʠʮʠʥʘ ʨʘʟʣʠʯʥʳʤʠ ʜʠʙʨʦʤʘʣʢʘʥʘʤʠ, ʧʦʣʫʯʝʥʳ 

ʧʝʨʚʳʝ ʧʨʠʤʝʨʳ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʨʘʛʤʝʥʪʦʤ 

ʧʦʣʠʘʤʠʥʘ ʠ ʢʫʤʘʨʠʥʘ, ʩʦʝʜʠʥʝʥʥʳʭ ʪʨʠʘʟʦʣʴʥʳʤʠ ʣʠʥʢʝʨʘʤʠ. 

5. ʅʘ ʦʩʥʦʚʝ ʧʨʦʧʘʨʛʠʣʘʪʘ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 4-ʘʟʠʜʦʢʫʤʘʨʠʥʘ ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ ʢʫʤʘʨʠʥʦʚʳʡ ʠ 

ʪʨʠʪʝʨʧʝʥʦʚʳʡ ʦʩʪʦʚ, ʩʦʝʜʠʥʝʥʥʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʠʘʟʦʣʴʥʦʛʦ ʣʠʥʢʝʨʘ 

 

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 ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʘʣʢʘʣʦʠʜʘ ʪʝʙʘʠʥʘ 

ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʪʘʨʛʝʪʥʳʭ ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʭ 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]Cl2ïPPh3ïCuI] 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%). ʅʘʡʜʝʥʳ 

ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʧʠʨʠʤʠʜʠʥʠʣ-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 6,14-ʵʥʜʦ-

ʵʪʝʥʦʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʘ ʠʟ 1-ʠʦʜ-7Ŭ,8Ŭ-(2,5-ʜʠʦʢʩʦ-N-ʬʝʥʠʣʧʠʨʨʦʣʠʜʠʥʦ)-[6,14-

ʵʥʜʦ-ʵʪʝʥʦ-6,7,8,14-ʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʘ, ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ 

ʘʤʠʜʠʥʦʚ ʦʜʥʦʨʝʘʢʪʦʨʥʳʤ ʤʝʪʦʜʦʤ. 

ʀʟʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʠʨʠʤʠʜʠʥʠʣʟʘʤʝʱʝʥʥʳʭ 

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

ʬʝʥʠʣʧʠʨʨʦʣʠʜʠʥʦ)-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʊɻʌ 

ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʜʠʦʢʩʦʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 2'-Ŭ-(ʛʠʜʨʦʢʩʠ)ʣʘʢʪʘʤʦʚ 1-ʧʠʨʨʦʣʠʜʠʥʦ-

6,14-ʵʥʜʦ-ʵʪʝʥʦʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʦʚ ʩ ʚʳʭʦʜʦʤ 60ï80%. ʠʟʫʯʝʥʦ O-

ʜʝʤʝʪʠʣʠʨʦʚʘʥʠʝ 1-ʧʠʨʠʤʠʜʠʥʠʣ-7,8-[(N-ʬʝʥʠʣʜʠʦʢʩʦ)ʧʠʨʨʦʣʠʜʠʥʦ] 

ʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʦʚ ʜʝʡʩʪʚʠʝʤ BBr3 ʚ ʭʣʦʨʦʬʦʨʤʝ. 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 6-O-

ʜʝʟʤʝʪʠʣʦʨʠʧʘʚʠʥʘ (ʚʳʭʦʜ 50-90%). 
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in silico ʦʩʫʱʝʩʪʚʣʝʥ ʘʥʘʣʠʟ ʩʚʷʟʳʚʘʥʠʷ ʥʦʚʳʭ ʧʠʨʠʤʠʜʠʥʦ-

ʤʦʨʬʠʥʘʥʦʚ ʠ ʤʶ-ʦʧʠʦʠʜʥʦʛʦ ʨʝʮʝʧʪʦʨʘ (ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʚ ʨʦʣʠ ʘʛʦʥʠʩʪʘ 

ʩʦʜʝʨʞʠʪ ʩʧʝʮʠʘʣʴʥʫʶ ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ DAMGO). ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʮʝʥʦʯʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʳʚʘʶʪʩʷ ʥʝʤʥʦʛʦ ʣʫʯʰʝ, ʯʝʤ 

ʘʛʦʥʠʩʪ ʤʶ-ʦʧʠʦʜʥʦʛʦ ʨʝʮʝʧʪʦʨʘ BU72 (6,14-ʵʥʜʦʵʪʝʥʦʪʝʪʨʘʛʠʜʨʦʤʦʨʬʠʥʘʥ). 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʷʜʦʚ 1-ʧʠʨʠʤʠʜʠʥʠʣ-ʪʝʪʨʘʛʠʜʨʦʪʝʙʘʠʥʘ ʠ 1-

ʧʠʨʠʤʠʜʠʥʠʣ-ʪʝʪʨʘʛʠʜʨʦʦʨʠʧʘʚʠʥʘ ʧʝʨʝʜʘʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣ Chemistry Select. 
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ʃʘʙʦʨʘʪʦʨʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ï ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ ʊʦʣʩʪʠʢʦʚʘ ʊʘʪʴʷʥʘ 

ɻʝʥʨʠʭʦʚʥʘ  

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ çʀʟʫʯʝʥʠʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʤʝʭʘʥʠʟʤʘ 

ʜʝʡʩʪʚʠʷ, ʪʦʢʩʠʯʥʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚè 

ɿʘ ʪʝʢʫʱʠʡ ʦʪʯʸʪʥʳʡ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʦʣʝʝ 

600 ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʩʢʨʠʥʠʥʛ ʙʦʣʝʝ 100 ʩʦʝʜʠʥʝʥʠʡ ʧʦ 8 ʚʠʜʘʤ 

ʘʢʪʠʚʥʦʩʪʠ. ʆʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠʷ - ʣʠʜʝʨʳ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʧʘʨʢʠʥʩʦʥʠʯʝʩʢʠʭ, ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʭ, ʧʨʦʩʪʘʪʦʪʨʦʧʥʳʭ, ʥʝʡʨʦʪʨʦʧʥʳʭ 

ʘʛʝʥʪʦʚ. ɺʳʧʦʣʥʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʠʟ 422 ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʘʨʪʥʝʨʦʚ ʥʘ 

ʚʦʟʤʦʞʥʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʦʩʥʦʚʥʦʡ ʧʨʦʪʝʘʟʳ 

ʢʦʨʦʥʘʚʠʨʫʩʘ ʚʪʦʨʦʛʦ ʪʠʧʘ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʢʣʘʩʩʘʤ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ.  

 
 

ʄʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 5-ʘʣʴʬʘ ʨʝʜʫʢʪʘʟʳ 

ʘʜʜʫʢʪʘʤʠ ʅɸɼʌ ʠ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ ʢʠʩʣʦʪʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʤʦʣʝʢʫʣʘ ʅɸɼʌ ʘʜʜʫʢʪʦʚ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ ʢʠʩʣʦʪʳ ʟʘʥʠʤʘʝʪ ʚ 

ʛʠʜʨʦʬʠʣʴʥʦʤ ʢʘʨʤʘʥʝ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ 5-ʘʣʴʬʘ-ʨʝʜʫʢʪʘʟʳ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʦʙʲʝʤ, ʙʣʠʟʢʠʡ ʦʙʲʝʤʫ ʜʣʷ ʤʦʣʝʢʫʣʳ ʅɸɼʌ ʘʜʜʫʢʪʘ ʬʠʥʘʩʪʝʨʠʜʘ 

(ʧʨʦʩʪʘʪʦʪʨʦʧʥʳʡ ʧʨʝʧʘʨʘʪ). 

ɺ ʢʦʥʬʦʨʤʘʮʠʷʭ ʩʪʝʨʦʠʜʥʦʡ 

ʯʘʩʪʠ ʘʜʜʫʢʪʦʚ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʣʠʯʠʝʤ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ 

ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ ʢʠʩʣʦʪʳ.  

 

ɺʳʷʚʣʝʥ ʥʦʚʳʡ ʢʣʘʩʩ ʧʨʦʩʪʘʪʦʪʨʦʧʥʳʭ ʘʛʝʥʪʦʚ ʩʨʝʜʠ ʦʢʩʘʜʠʘʟʦʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʥʘ ʤʦʜʝʣʠ ʧʨʦʣʘʢʪʠʥ-ʟʘʚʠʩʠʤʦʡ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʛʠʧʝʨʧʣʘʟʠʠ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʚʳʟʚʘʥʥʦʡ ʩʫʣʴʧʠʨʠʜʦʤ 

ʫʤʝʥʴʰʘʶʪ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʧʠʪʝʣʠʷ ʧʨʦʩʪʘʪʳ, ʥʦʨʤʘʣʠʟʫʶʪ 

ʦʙʲʝʤʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʨʦʤʳ ʠ ʧʨʦʩʚʝʪʘ ʞʝʣʝʟ, ʫʣʫʯʰʘʷ ʦʪʪʦʢ ʩʝʢʨʝʪʘ ʠʟ 

ʘʮʠʥʫʩʦʚ, ʥʝ ʫʩʪʫʧʘʷ ʨʝʬʝʨʝʥʩʥʦʤʫ ʧʨʝʧʘʨʘʪʫ ï ʬʠʥʘʩʪʝʨʠʜʫ ʚ ʵʬʬʝʢʪʠʚʥʦʡ 



58 

ʜʦʟʝ. ɸʛʝʥʪ PIA-410 ʥʝ ʚʟʳʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʛʦ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʨʠʩ. 

1). ʇʦʢʘʟʘʪʝʣʴ ʧʨʦʩʚʝʪʘ ʞʝʣʝʟ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʧʨʦʠʟʚʦʜʥʳʭ PIA-403 (ʚ 1,3), PIA-410 (ʚ 1,3) ʠ PIA-418 (1,5 ʨʘʟ), ʜʦʩʪʦʚʝʨʥʦ 

ʦʪʣʠʯʘʷʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʬʠʥʘʩʪʝʨʠʜʘ ʧʨʦʩʚʝʪ ʞʝʣʝʟ 

ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʠʥʪʘʢʪʥʦʡ ʥʦʨʤʳ (ʚ 1,3 ʨʘʟʘ). 

 

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʦʢʩʘʜʠʘʟʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ɼʍʂ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʦʙʲʝʤʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʞʝʣʝʟʠʩʪʦʛʦ ʵʧʠʪʝʣʠʷ ʚ ʩʫʣʴʧʠʨʠʜʥʦʡ ʤʦʜʝʣʠ ɼɻʇɾ 

PIA-418 ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʞʝʣʝʟʠʩʪʦʛʦ ʵʧʠʪʝʣʠʷ - ʚ 1,6 ʨʘʟʘ, 

PIA-403 ʚʳʟʳʚʘʝʪ ʫʤʝʨʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʵʧʠʪʝʣʠʷ ʚ 1,2 ʨʘʟʘ,  

PIA-410 ʥʝ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʤʦʛʦ ʫʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ.  

ʇʦ ʚʝʣʠʯʠʥʝ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ PIA-403 ʥʝ ʫʩʪʫʧʘʝʪ, ʘ PIA-418  

ʧʨʝʚʦʩʭʦʜʠʪ ʵʬʬʝʢʪ ʨʝʬʝʨʝʥʩʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. 

 *ʨ<0,05 ï ʨʘʟʣʠʯʠʷ ʜʦʩʪʦʚʝʨʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ 

 

ʅʘ ʤʦʜʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʣʣʝʨʛʠʯʝʩʢʦʛʦ ʵʥʮʝʬʘʣʦʤʠʝʣʠʪʘ (ʕɸʕ) 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʘʨʪʦʚʦʛʦ ʧʨʝʧʘʨʘʪʘ ʘʤʘʥʪʘʜʠʥʘ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʜʝʤʠʝʣʠʥʠʟʘʮʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʠʤʤʫʥʠʟʘʮʠʝʡ 

ʤʳʰʝʡ ʛʝʪʝʨʦʣʦʛʠʯʥʳʤ ʙʝʣʢʦʤ MOG56, ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ 

ʚʚʝʜʝʥʠʷ ʠ ʜʦʟʘ ʧʨʝʧʘʨʘʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʨʝʞʠʤʝ ʚʚʝʜʝʥʠʷ 

(20 ʤʛ/ʢʛ ʚʥʫʪʨʴ, 3 ʨʘʟʘ ʚ ʥʝʜʝʣʶ) ʫ ʤʳʰʝʡ ʩ ʕɸʕ ʠʤʝʝʪʩʷ ʜʚʘ ʧʠʢʘ ʦʙʦʩʪʨʝʥʠʷ: ʥʘ 

15-17 (ʦʩʪʨʳʡ ʧʝʨʠʦʜ) ʠ 52-66 ʜʥʠ (ʭʨʦʥʠʯʝʩʢʠʡ ʧʝʨʠʦʜ). ɺʚʝʜʝʥʠʝ ʘʤʘʥʪʘʜʠʥʘ 

ʩʥʠʞʘʝʪ ʪʷʞʝʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʚʦʛʦ ʦʙʦʩʪʨʝʥʠʷ ʠ ʢʫʧʠʨʫʝʪ ʨʘʟʚʠʪʠʝ 

ʚʪʦʨʦʛʦ. ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʙʝʡ ʩ ʧʘʨʝʟʘʤʠ ʠ ʧʣʝʛʠʝʡ 

ʢʦʥʝʯʥʦʩʪʝʡ, ʫʣʫʯʰʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʦʨʥʦ-ʤʦʪʦʨʥʘʷ ʬʫʥʢʮʠʷ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ, ʢ 12 ʥʝʜʝʣʝ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ ʘʤʘʥʪʘʜʠʥʘ 

ʦʩʣʘʙʝʚʘʝʪ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʨʘʩʪʘʶʱʝʡ ʜʝʛʝʥʝʨʘʮʠʠ ʤʠʝʣʠʥʘ ʠ ʧʦʚʳʰʝʥʠʠ 

ʚʦʟʙʫʜʠʤʦʩʪʠ ʞʠʚʦʪʥʳʭ ʚ ʢʦʥʮʝ ʦʧʳʪʘ. 

ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʨʦʚʦʦʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʫʙʩʪʘʥʮʠʡ ʥʘ 

ʦʩʥʦʚʝ ʦʢʠʩʣʝʥʥʦʡ ʮʝʣʣʶʣʦʟʳ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʢʠʩʣʝʥʥʦʩʪʠ ʧʨʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʧʝʯʝʥʦʯʥʦʛʦ ʢʨʦʚʦʪʝʯʝʥʠʷ ʥʘ 

ʢʨʳʩʘʭ. ɼʣʷ ʩʫʙʩʪʘʥʮʠʡ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʦʟʛʦʚʦʛʦ ʢʨʦʚʦʪʝʯʝʥʠʷ ʥʘ ʤʠʥʠ-ʩʚʠʥʴʷʭ ʚ ʅʘʮʠʦʥʘʣʴʥʦʤ 

ʤʝʜʠʮʠʥʩʢʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ ʠʤ. ʘʢʘʜ. ɽ.ʅ. ʄʝʰʘʣʢʠʥʘ. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʜʦʢʘʟʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʛʦ 

ʧʨʦʩʪʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ-ʚʢʣʶʯʝʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ɸɻ ʠ Na2ɻʂ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ, ʫʣʫʯʰʘʶʱʠʭ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʃʉ ʠʟ ʨʘʟʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʇʦ ʨʘʟʣʠʯʠʶ ʚʣʠʷʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʥʘ ʢʣʝʪʢʠ ʢʠʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ (Caco-2) ʫʩʪʘʥʦʚʣʝʥ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤ ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʃʉ (ʧʦ 

ʩʪʝʧʝʥʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʙʝʣʢʘ-ʪʨʘʥʩʧʦʨʪʝʨʘ ʢʣʝʪʦʢ ʈ-ʛʣʠʢʦʧʨʦʪʝʠʥʘ).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʠʥʛʘʣʷʮʠʠ (ʚ ʪʝʯʝʥʠʝ 220 ʤʠʥʫʪ) ʩʫʭʦʛʦ 

ʥʘʥʦʘʵʨʦʟʦʣʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʪʨʠʘʟʘʚʠʨʠʥʘ ʤʳʰʘʤ ʚ ʢʘʤʝʨʝ çNose 

Onlyè ʥʘʢʦʧʣʝʥʠʝ ʝʛʦ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʨʦʠʩʭʦʜʠʪ ʣʠʥʝʡʥʦ ʩ ʚʳʭʦʜʦʤ ʥʘ 

ʩʪʘʮʠʦʥʘʨ, ʥʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʢʨʦʚʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʫʶ ʜʣʷ 20-ʪʠ 

ʤʠʥʫʪʥʦʡ ʵʢʩʧʦʟʠʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʮʠʦʥʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʦʟʠʮʠʠ 

ʥʘʥʦʘʵʨʦʟʦʣʷ ʪʨʠʘʟʘʚʠʨʠʥʘ ʚ ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʟʝ 2 ʤʛ/ʢʛ ʩʦʩʪʘʚʣʷʝʪ 20 ʤʠʥʫʪ. 

 

ʊʘʙʣʠʮʘ 3. ʌʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʨʠʘʟʘʚʠʨʠʥʘ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ 

ʩʧʦʩʦʙʝ ʜʦʩʪʘʚʢʠ ʚ ʜʦʟʝ 30 ʤʛ/ʢʛ 

ʇʘʨʘʤʝʪʨ ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ɿʥʘʯʝʥʠʝ 

T1/2 ʤʠʥ. 41,02Ñ6,78 

T max ʤʠʥ. 10,83Ñ2,01 

C max ʤʢʛ/ʤʣ 5,27Ñ0,93 

AUC ʤʢʛ/ʤʣ*ʤʠʥ. 244,97Ñ30,72 

MRT ʤʠʥ. 60,69Ñ7,66 

ʈʠʩʫʥʦʢ 3. ʌʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʪʨʠʘʟʦʚʠʨʠʥʘ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʩʧʦʩʦʙʝ 

ʜʦʩʪʘʚʢʠ ʚ ʜʦʟʝ 30 ʤʛ/ʢʛ 

 

ʊʘʙʣʠʮʘ 4. ʌʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʨʠʘʟʘʚʠʨʠʥʘ ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ 

ʩʧʦʩʦʙʝ ʜʦʩʪʘʚʢʠ ʚ ʜʦʟʝ 30 ʤʛ/ʢʛ 

ʇʘʨʘʤʝʪʨ ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ɿʥʘʯʝʥʠʝ 

T1/2 ʤʠʥ. 11,63Ñ3,91 

T max ʤʠʥ. 2,33Ñ0,84 

C max ʤʢʛ/ʤʣ 11,72Ñ4,50 

AUC ʤʢʛ/ʤʣ*ʤʠʥ. 81,65Ñ16,14 

MRT ʤʠʥ. 13,61Ñ4,34 
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ʈʠʩʫʥʦʢ 4. ʌʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʪʨʠʘʟʘʚʠʨʠʥʘ ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ 

ʩʧʦʩʦʙʝ ʜʦʩʪʘʚʢʠ ʚ ʜʦʟʝ 30 ʤʛ/ʢʛ 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʠʘʟʘʚʠʨʠʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ 

ʵʢʩʧʦʟʠʮʠʠ (5, 10, 20, 40, 80, 100,120, 200 ʠ 220 ʤʠʥʫʪ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʙʦʨʦʤ 

ʢʨʦʚʠ, ʩʨʘʟʫ ʧʦʩʣʝ ʠʥʛʘʣʷʮʠʠ ʚ ʢʘʤʝʨʝ Nose Only (NO). ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʤʳʰʘʭ ʩʘʤʮʘʭ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ 9 ʛʨʫʧʧ ʧʦ 6 ʦʩʦʙʝʡ ʚ ʢʘʞʜʦʡ. ʆʪʦʙʨʘʥʥʫʶ ʢʨʦʚʴ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʥʘ 3000 ʦʙ. ʚ ʪʝʯʝʥʠʝ 15-ʪʠ ʤʠʥʫʪ. ɺ ʧʦʣʫʯʝʥʥʦʡ ʩʳʚʦʨʦʪʢʝ 

ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʨʠʘʟʘʚʠʨʠʥʘ ʤʝʪʦʜʦʤ ɺʕɾʍ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʢʨʠʚʘʷ ʜʠʥʘʤʠʢʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʠʘʟʘʚʠʨʠʥʘ ʧʦʩʣʝ 

5-ʪʠ, 10-ʪʠ, 20-ʪʠ, 40-ʢʘ, 80-ʪʠ, 100, 120-ʪʠ, 200 ʠ 220-ʪʠ ʤʠʥʫʪʥʳʭ ʠʥʛʘʣʷʮʠʡ 

ʘʵʨʦʟʦʣʷ ʪʨʠʘʟʘʚʠʨʠʥʘ. 

ʈʠʩʫʥʦʢ 5. ʂʨʠʚʘʷ ʥʘʢʦʧʣʝʥʠʷ ʪʨʠʘʟʘʚʠʨʠʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʨʠ 

ʠʥʛʘʣʷʮʠʦʥʥʦʤ ʩʧʦʩʦʙʝ ʜʦʩʪʘʚʢʠ ʚ ʜʦʟʝ 2 ʤʛ/ʢʛ (ʧʨʠ 20-ʪʠ ʤʠʥʫʪʥʦʡ ʠʥʛʘʣʷʮʠʠ) 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʤʥʦʛʦʣʝʪʥʝʡ ʨʘʙʦʪʳ ʠʟʫʯʝʥʠʷ ʪʦʢʩʠʢʦ-ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʪʘʣʘ ʨʝʛʠʩʪʨʘʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ 

çɹʝʪʦʢʩʦʚʠʪè, ʩʘʡʪ. https://betoksovit.ru/ 
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ɻʨʘʥʪ ʈʌʌʀ 18-03-00437 çʉʠʥʪʝʟ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ N-ʤʦʥʦ ʠ N,N-ʜʠ-

ʟʘʤʝʱʝʥʥʳʭ ʙʠʩʧʠʜʠʥʦʚ ʠ ʜʠʩʧʠʜʠʥʦʥʦʚ ʩʦʜʝʨʞʘʱʠʭ ʦʩʪʘʪʢʠ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʜ.ʙ.ʥ., ʧʨʦʬ. ʊʦʣʩʪʠʢʦʚʘ ʊʘʪʴʷʥʘ ɻʝʥʨʠʭʦʚʥʘ 

ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 3,7-ʜʠʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥʦʚʳʤ ʠ 

ʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʚʳʤ ʦʩʪʦʚʦʤ, ʩʦʜʝʨʞʘʱʠʭ ʤʦʥʦʪʝʨʧʝʥʦʚʳʝ ʟʘʤʝʩʪʠʪʝʣʠ.  

ʀʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʇʨʦʠʟʚʦʜʥʳʝ 1,3-ʜʠʘʟʘʘʜʘʤʘʥʪʘʥʘ ʠ 3,7-ʜʠʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʝʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ 5,7- ʠ 1,5-ʧʦʣʦʞʝʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

K1-456 

 

K1-491_s 

 

K1-497 

 

ʇʨʦʠʟʚʦʜʥʳʝ 5,7-ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ (-)-

ʤʠʨʪʝʥʘʣʷ 

K1-423 

 

K1-543 

 

K1-550 

 

 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʦʮʝʥʢʠ ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʪʝʩʪʦʚ "ʙʝʛʦʚʘʷ ʜʦʨʦʞʢʘ" ʠ "ʚʳʥʫʞʜʝʥʥʦʝ 

ʧʣʘʚʘʥʠʝ ʩ ʥʘʛʨʫʟʢʦʡ". ɺʳʷʚʣʝʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʪʠʭ ʪʝʩʪʘʭ. ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚʳʩʦʢʦʡ 
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ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ in vivo ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʤʤʦʥʠʝʚʳʝ 

ʩʦʣʠ 5,7-ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʝ 

ʬʨʘʛʤʝʥʪʳ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ 5,7-

ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ (-)-ʤʠʨʪʝʥʦʣʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʟʤʦʞʥʦʤ ʥʘʣʠʯʠʠ ʛʝʥʜʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ 

ʜʝʡʩʪʚʠʠ ʘʛʝʥʪʦʚ ʚ ʪʝʩʪʝ çʧʣʘʚʘʥʠʝ ʩ ʛʨʫʟʦʤè, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʘʛʝʥʪʳ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʪʨʝʚʦʞʥʦʩʪʴ 

ʠ ʦʙʣʘʜʘʶʪ ʘʥʢʩʠʦʣʠʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʚ ʪʝʩʪʝ çʦʪʢʨʳʪʦʝ ʧʦʣʝè, ʥʝ 

ʜʝʤʦʥʩʪʨʠʨʫʷ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʠ ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ 5,7-ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ, 

ʥʘʯʘʪʦ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ, ʧʦʢʘʟʘʥ ʘʛʦʥʠʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʥʘ ɻɸʄʂ-ʝʨʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ (ʂ1-575) ʠ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʥʠʢʦʪʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʂ1-423). 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʯʝʪʚʝʨʪʠʯʥʳʝ 

ʘʤʤʦʥʠʝʚʳʝ ʩʦʣʠ 5,7-ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʧʠʥʝʥʦʚʳʝ 

ʬʨʘʛʤʝʥʪʳ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʳʭ 

ʩʨʝʜʩʪʚ. 

 

ɼʦʛʦʚʦʨ ʆʆʆ ʀʇʂ çɿʝʪɻʝʥè 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ 

ʧʨʝʧʘʨʘʪʘ çBASUè, ʣʠʦʬʠʣʠʟʘʪʘ B. subtilis ʠ ʦʢʩʦʢʩʘʥʪʠʥʘ 

 

ɸ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ çBASUè, ʣʠʦʬʠʣʠʟʘʪʘ B. subtilis ʠ 

ʦʢʩʦʢʩʘʥʪʠʥʘ 

ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 7 ʛʨʫʧʧ ʧʦ 8 ʦʩʦʙʝʡ ʚ ʢʘʞʜʦʡ. ɺʩʝ ʚʝʱʝʩʪʚʘ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʚʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʘ ʠ ʚʚʦʜʠʣʠ 

ʦʜʥʦʢʨʘʪʥʦ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ.  

ɻʨʫʧʧʘ 1 ï ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ (0,2ʤʣ /10ʛ ʚʝʩʘ) 

ɻʨʫʧʧʘ 2 ï ʤʘʣʴʪʦʜʝʢʩʪʨʠʥ ʚ ʜʦʟʝ 1000 ʤʛ/ʢʛ (0,2 ʤʣ /10 ʛ ʚʝʩʘ) 

ɻʨʫʧʧʘ 3 ï ʧʨʝʧʘʨʘʪ çBasuè ʚ ʜʦʟʝ 1500 ʤʛ/ʢʛ (0,2 ʤʣ /10ʛ ʚʝʩʘ) 

ɻʨʫʧʧʘ 4 ï ʣʠʦʬʠʣʠʟʘʪ B. subtilis ʚ ʜʦʟʝ 20 ʤʢʛ/ʤʳʰʴ (0,5ʤʣ/ ʤʳʰʴ) 

ɻʨʫʧʧʘ 5 ï ʣʠʦʬʠʣʠʟʘʪ B. subtilis ʚ ʜʦʟʝ 100 ʤʢʛ/ʤʳʰʴ (0,5ʤʣ/ ʤʳʰʴ) 

ɻʨʫʧʧʘ 6 ï ʦʢʩʦʢʩʘʥʪʠʥ ʚ ʜʦʟʝ 20 ʤʢʛ/ʤʳʰʴ (0,5ʤʣ/ ʤʳʰʴ) 

ɻʨʫʧʧʘ 7 ï ʦʢʩʦʢʩʘʥʪʠʥ ʚ ʜʦʟʝ 100 ʤʢʛ/ʤʳʰʴ (0,5ʤʣ/ ʤʳʰʴ) 

ɺ ʧʝʨʚʳʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʠ ʠʩʭʦʜʥʫʶ ʤʘʩʩʫ ʞʠʚʦʪʥʳʭ. ʇʦ 

ʦʢʦʥʯʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʣʠ ʤʘʩʩʫ ʞʠʚʦʪʥʳʭ ʠ ʧʨʦʚʦʜʠʣʠ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʠʭ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ. 

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʞʠʚʦʪʥʳʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʨʦʚʦʜʠʣʦʩʴ 

ʝʞʝʜʥʝʚʥʦ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʛʫʤʘʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʞʠʚʦʪʥʳʤʠ. ʆʩʤʦʪʨ 

ʧʨʦʚʦʜʠʣʩʷ ʚʠʟʫʘʣʴʥʦ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʱʘʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʧʦʢʘʟʘʪʝʣʠ: ʚʥʝʰʥʠʝ ʧʦʢʨʦʚʳ (ʯʠʩʪʦʪʘ, ʚʳʧʘʜʝʥʠʝ ʰʝʨʩʪʠ, ʩʩʘʜʠʥʳ, ʨʘʥʳ, 

ʥʘʛʥʦʝʥʠʷ, ʥʘʨʦʩʪʳ), ʤʦʨʜʘ (ʧʦʚʨʝʞʜʝʥʠʷ ʫʩʦʚ, ʚʦʩʧʘʣʝʥʠʝ ʛʣʘʟ), ʭʚʦʩʪ (ʯʠʩʪʦʪʘ 

ʧʦʢʨʦʚʘ ʭʚʦʩʪʘ, ʧʦʚʨʝʞʜʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ), ʧʦʚʝʜʝʥʠʝ (ʧʦʜʚʠʞʥʦʩʪʴ, 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ), ʬʝʢʘʣʴʥʳʝ ʤʘʩʩʳ (ʜʠʘʨʝʷ, ʦʪʩʫʪʩʪʚʠʝ ʬʝʢʘʣʠʡ), ʤʦʯʝʚʳʝ ʤʝʪʢʠ 

(ʮʚʝʪ), ʢʦʨʤ ʠ ʚʦʜʘ (ʧʨʠʟʥʘʢʠ ʫʙʳʚʘʥʠʷ). ʆʮʝʥʢʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʞʠʚʦʪʥʳʭ/ʩʤʝʨʪʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʜʚʘʞʜʳ ʚ ʧʝʨʚʳʡ ʜʝʥʴ (ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʘʭ ʜʥʷ) ʠ ʦʜʠʥ ʨʘʟ ʚ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ 9 ʜʥʝʡ ʥʘʙʣʶʜʝʥʠʡ. 



63 

ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ ʚʚʝʜʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʤʘʣʴʪʦʜʝʢʩʪʨʠʥʘ, 

ʧʨʝʧʘʨʘʪʘ çBasuè, ʣʠʦʬʠʣʠʟʘʪʘ B. subtilis ʠ ʦʢʩʦʢʩʘʥʪʠʥʘ ʥʘʙʣʶʜʘʣʠ ʧʦʣʥʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʛʠʙʝʣʠ ʠ ʠʥʪʦʢʩʠʢʘʮʠʠ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ.  

 ʇʨʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʧʘʚʰʠʭ ʞʠʚʦʪʥʳʭ 

ʢʘʢʠʭ-ʣʠʙʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʦʜʥʦʢʨʘʪʥʦʤ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ ʚʚʝʜʝʥʠʠ ʧʨʝʧʘʨʘʪ çBasuè ʚ ʜʦʟʝ 1500 ʤʛ/ʢʛ, 

ʣʠʦʬʠʣʠʟʘʪ B. subtilis ʚ ʜʦʟʘʭ 20 ʠ 100 ʤʢʛ/ʤʳʰʴ ʠ ʦʢʩʦʢʩʘʥʪʠʥ ʚ ʜʦʟʘʭ 20 ʠ 100 

ʤʢʛ/ʤʳʰʴ ʥʝ ʚʳʟʳʚʘʶʪ ʪʦʢʩʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʛʠʙʝʣʠ ʫ ʞʠʚʦʪʥʳʭ. 

ɹ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ çBasuè ʠ ʣʠʦʬʠʣʠʟʘʪʘ B. subtilis ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ ʚʚʝʜʝʥʠʠ 

ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 4 ʛʨʫʧʧʳ ʧʦ 8 ʦʩʦʙʝʡ ʚ ʢʘʞʜʦʡ. ɺʩʝ ʚʝʱʝʩʪʚʘ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʚʚʦʜʠʣʠ ʞʠʚʦʪʥʳʤ ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʘ 

ʝʞʝʜʥʝʚʥʦ ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ.  

ɻʨʫʧʧʘ 1 ï ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ (0,2ʤʣ /10ʛ ʚʝʩʘ) 

ɻʨʫʧʧʘ 2 ï ʧʨʝʧʘʨʘʪ çBasuè ʚ ʜʦʟʝ 1500 ʤʛ/ʢʛ (0,2 ʤʣ /10ʛ ʚʝʩʘ) 

ɻʨʫʧʧʘ 3 ï ʣʠʦʬʠʣʠʟʘʪ B. subtilis ʚ ʜʦʟʝ 20 ʤʢʛ/ʤʳʰʴ (0,5ʤʣ/ ʤʳʰʴ) 

ɻʨʫʧʧʘ 4 ï ʣʠʦʬʠʣʠʟʘʪ B. subtilis ʚ ʜʦʟʝ 100 ʤʢʛ/ʤʳʰʴ (0,5ʤʣ/ ʤʳʰʴ) 

ʀʩʭʦʜʥʫʶ ʤʘʩʩʫ ʞʠʚʦʪʥʳʭ ʦʧʨʝʜʝʣʷʣʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʘʢʞʝ ʬʠʢʩʠʨʦʚʘʣʠ ʤʘʩʩʫ ʞʠʚʦʪʥʳʭ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʟʘʙʦʨ 

ʢʨʦʚʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʘʥʘʣʠʟʘ. ʏʝʨʝʟ 15 ʤʠʥʫʪ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʢʨʦʚʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʛʝʤʦʘʥʘʣʠʟʘʪʦʨʝ çMindrayè BC-2800Vet, ʧʨʦʚʦʜʠʣʠ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʧʘʚʰʠʭ ʞʠʚʦʪʥʳʭ.  

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʞʠʚʦʪʥʳʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʨʦʚʦʜʠʣʦʩʴ 

ʝʞʝʜʥʝʚʥʦ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʛʫʤʘʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʞʠʚʦʪʥʳʤʠ. ʆʮʝʥʢʘ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʠʚʦʪʥʳʭ/ʩʤʝʨʪʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʜʚʘʞʜʳ ʚ ʧʝʨʚʳʡ 

ʜʝʥʴ (ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʘʭ ʜʥʷ) ʠ ʦʜʠʥ ʨʘʟ ʚ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ 

9 ʜʥʝʡ ʥʘʙʣʶʜʝʥʠʡ. 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ ʪʘʢʞʝ ʥʝ ʚʳʷʚʠʣʦ ʢʘʢʠʭ-ʣʠʙʦ ʟʥʘʯʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ.  

ɼʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʤʝʞʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝ ʙʳʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ 

ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʝʧʘʨʘʪ çBasuè ʚ ʜʦʟʝ 1500 ʤʛ/ʢʛ ʠ 

ʣʠʦʬʠʣʠʟʘʪ B. subtilis ʚ ʜʦʟʘʭ 20 ʠ 100 ʤʢʛ/ʤʳʰʴ ʙʝʟʦʧʘʩʥʳ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ (10 

ʜʥʝʡ) ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ ʚʚʝʜʝʥʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʢʨʘʪʥʦʝ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʝ ʚʚʝʜʝʥʠʝ ʧʨʝʧʘʨʘʪʘ 

çBasuè ʚ ʜʦʟʝ 1500 ʤʛ/ʢʛ, ʣʠʦʬʠʣʠʟʘʪʘ B. subtilis ʚ ʜʦʟʘʭ 20 ʠ 100 ʤʢʛ/ʤʳʰʴ ʠ 

ʦʢʩʦʢʩʘʥʪʠʥʘ ʚ ʜʦʟʘʭ 20 ʠ 100 ʤʢʛ/ʤʳʰʴ ʥʝ ʚʳʟʳʚʘʝʪ ʪʦʢʩʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ 

ʛʠʙʝʣʠ ʫ ʞʠʚʦʪʥʳʭ. 

ʇʨʝʧʘʨʘʪ çBasuè ʚ ʜʦʟʝ 1500 ʤʛ/ʢʛ ʠ ʣʠʦʬʠʣʠʟʘʪ B. subtilis ʚ ʜʦʟʘʭ 20 ʠ 100 

ʤʢʛ/ʤʳʰʴ ʙʝʟʦʧʘʩʥʳ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ ʚʚʝʜʝʥʠʠ, ʪʘʢ ʢʘʢ ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʦʩʥʦʚʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ.  

 

ɼʦʛʦʚʦʨ ɸʆ çɺʝʢʪʦʨ-ʄʝʜʠʢʘè ʦ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʧʝʨʝʤʝʥʥʦʩʪʠ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ï 10 ʘʥʘʣʠʟʦʚ. 

 



64 

ɼʦʛʦʚʦʨ ʩ ʆʆʆ çʉʠʙʠʨʩʢʠʤ ʮʝʥʪʨʦʤ ʜʝʢʣʘʨʘʮʠʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠè ʦ 

ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʦʚ ʩʦʛʣʘʩʥʦ ʦʙʣʘʩʪʠ ʘʢʢʨʝʜʠʪʘʮʠʠ ï ʘʥʦʤʘʣʴʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, 

ʪʦʢʩʠʯʥʦʩʪʴ, ʧʠʨʦʛʝʥʥʦʩʪʴ, ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʙʝʟʚʨʝʜʥʦʩʪʴ ï 593 ʘʥʘʣʠʟʦʚ. 

 

ɼʦʛʦʚʦʨ ʩ ɸʆ çʉʠʙʠʨʩʢʠʤ ʮʝʥʪʨʦʤ ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠè ï 30 

ʘʥʘʣʠʟʦʚ. 

 

ɼʦʛʦʚʦʨ ʩ ʋʂ çɹʠʦʪʝʭʥʦʧʘʨʢè ʦ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʦʚ ʚʥʝ ʦʙʣʘʩʪʠ ʘʢʢʨʝʜʠʪʘʮʠʠ 

ʘʥʦʤʘʣʴʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, ʪʦʢʩʠʯʥʦʩʪʴ, ʧʠʨʦʛʝʥʥʦʩʪʴ ï 1330 ʘʥʘʣʠʟʦʚ. 

 

ɼʦʛʦʚʦʨ ʩ çʌɸʈʄʉʊɸʅɼɸʈʊ-ʊʆʄʉʂʍʀʄʌɸ-ʈʄè - ʦ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʦʚ 

ʩʦʛʣʘʩʥʦ ʦʙʣʘʩʪʠ ʘʢʢʨʝʜʠʪʘʮʠʠ ï ʘʥʦʤʘʣʴʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ï 90 ʘʥʘʣʠʟʦʚ. 
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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 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʙʝʞʜʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʤʘʩʩʦʚʦʡ ʚʘʢʮʠʥʘʮʠʠ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ, ʩʪʘʣʘ ʥʘʪʫʨʘʣʴʥʘʷ ʠʣʠ ʯʝʨʥʘʷ ʦʩʧʘ 

(ɺʅʆ). ʉ 1980 ʛ ʧʨʝʢʨʘʱʝʥʘ ʚʘʢʮʠʥʘʮʠʷ ʧʨʦʪʠʚ ɺʅʆ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʦ 50% ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʥʝ ʠʤʝʶʪ ʠʤʤʫʥʠʪʝʪʘ ʧʨʦʪʠʚ ɺʅʆ. ʆʜʥʘʢʦ 

ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʩʯʠʪʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʜʦʣʞʝʥʠʝ 

ʨʘʙʦʪ ʧʦ ʧʦʠʩʢʫ ʥʦʚʳʭ ʥʠʟʢʦʤʦʢʫʣʷʨʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʘʢʪʠʚʥʳʭ ʚ 

ʦʪʥʦʰʝʥʠʠ ɺʅʆ [ʀʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ɺʆɿ: WHO/HSE/PED/2015.1 

(http://apps.who.int/iris/bitstream/10665/198357/1/WHO_HSE_PED_2015.1_eng.pdf?ua

=1)]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: 1) ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ɺʅʆ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʘʭʦʨʦʥʝʥʠʡ ʫʤʝʨʰʠʭ ʦʪ ʥʝʝ; 2) ʨʘʟʚʠʪʠʝ ʙʠʦʪʝʭʥʦʣʦʛʠʡ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ɺʅʆ ʠʣʠ ʝʤʫ ʧʦʜʦʙʥʦʛʦ ʚʠʨʫʩʘ ʚ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʮʝʣʷʭ [Noyce R.S., Lederman S. & Evans D.H. PLoS One (2018) 

13, 1ï16]; 3) ʚ ʧʨʠʨʦʜʝ ʮʠʨʢʫʣʠʨʫʶʪ ʠ ʜʨʫʛʠʝ ʦʨʪʦʧʦʢʩʚʠʨʫʩʳ, ʩʭʦʞʠʝ ʩ ɺʅʆ, 

ʥʘʧʨʠʤʝʨ, ʚʠʨʫʩʳ ʦʩʧʳ ʦʙʝʟʴʷʥ ʠ ʦʩʧʳ ʢʦʨʦʚ, ʤʫʪʘʮʠʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʭ ʧʘʪʦʛʝʥʥʦʩʪʠ, ʦʜʥʘ ʠʟ ʧʦʩʣʝʜʥʠʭ ʚʩʧʳʰʝʢ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʣʶʜʝʡ ʚʠʨʫʩʦʤ ʦʩʧʳ 

ʦʙʝʟʴʷʥ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚ ɸʬʨʠʢʝ ʚ 2016 ʛ [Giulio D.B. Di & Eckburg P.B. Lancet 

(2004) 4, 15ï25; Mfinanga S. et al. Int. J. Infect. Dis. (2018) 78, 78ï84]. 

ʀʟʚʝʩʪʝʥ ʧʨʝʧʘʨʘʪ ST-246 (Tecovirimat, TPOXXÈ, N-(6,8-ʜʠʦʢʩʦ-7-

ʘʟʘʪʨʠʮʠʢʣʦ[3.3.2.02,4]ʜʝʮ-9-ʝʥ-7-ʠʣ)-4-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʘʤʠʜʤʝʪʠʣ) [FDA 

approves the first drug with an indication for treatment of smallpox. FDA News Release. 

https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm613496.htm, 

13.07.2018] (ʈʠʩ. 1), ʨʘʟʨʝʰʝʥʥʳʡ ʜʣʷ ʣʝʯʝʥʠʷ ʥʘʪʫʨʘʣʴʥʦʡ ʦʩʧʳ ʠ ʦʩʧʳ ʦʙʝʟʴʷʥ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʐɸ-. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʥʝʪ ʦʬʠʮʠʘʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʭʠʤʠʦʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʟʘʱʠʪʳ ʣʶʜʝʡ ʦʪ ɺʅʆ 

ʠ ʜʨʫʛʠʭ ʧʘʪʦʛʝʥʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʦʨʪʦʧʦʢʩʚʠʨʫʩʦʚ. 

ɼʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʦʨʪʦʧʦʢʩʚʠʨʫʩʘ ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʘʤʠʜʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʘʜʘʤʘʥʪʘʥʦʚʳʝ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʬʨʘʛʤʝʥʪʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1- ʠ 2-ʘʤʠʥʦʘʜʘʤʘʥʪʘʥʦʚ, ʘ ʪʘʢʞʝ ʨʷʜʘ 

ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ ʨʷʜʘ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʚʠʨʫʩʘ ʦʩʧʦʚʘʢʮʠʥʳ (ʦʙʦʣʦʯʝʯʥʳʡ ʚʠʨʫʩ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʢ ʩʝʤʝʡʩʪʚʫ ʧʦʢʩʚʠʨʫʩʦʚ), ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʣʩʷ ʩ ʥʠʟʢʦʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʣʠ ʠʥʜʝʢʩ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

(ʦʪʥʦʰʝʥʠʝ ʤʝʜʠʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʡ ʜʦʟʳ ʢ ʤʝʜʠʘʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʟʝ 

ʚʝʱʝʩʪʚʘ, SI = CC50/IC50) ʚʳʰʝ, ʯʝʤ ʫ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ Cidofivir; ʩʘʤʦʝ 

ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ SI = 18166 ʧʦʢʘʟʘʣ ʘʤʠʜ 1-ʘʤʠʥʦʘʜʘʤʘʥʪʘʥʘ, ʩʦʜʝʨʞʘʱʠʡ 

ʦʩʪʘʪʦʢ ʧ-ʥʠʪʨʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʠ ʜʨʫʛʠʭ ʦʨʪʦʧʦʢʩʚʠʨʫʩʦʚ: ʚʠʨʫʩʘ 

ʢʦʨʦʚʴʝʡ ʦʩʧʳ (SI = 125ï3045) ʠ ʚʠʨʫʩʘ ʵʢʪʨʦʤʝʣʠʠ (ʚʠʨʫʩ ʦʩʧʳ ʤʳʰʠ, SI = 249ï

6056). 
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ʇʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘʰʠʤʠ ʢʦʣʣʝʛʘʤʠ 

ʠʟ ʌɹʋʅ ɻʅʎ ɺɹ çɺʝʢʪʦʨè, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʐʠʰʢʠʥʦʡ ʃʘʨʠʩʳ ʅʠʢʦʣʘʝʚʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʢʣʘʩʩ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʨʝʧʨʦʜʫʢʮʠʠ ʚʠʨʫʩʦʚ ʠʟ ʨʦʜʘ Orthopoxvirus., ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʘʥʪʠʚʠʨʫʩʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʩʦʢʠʤ 

ʠʥʜʝʢʩʦʤ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. 

(i) Et3N, ʪʦʣʫʦʣ; 0 ÁC (1 ʯ); 20 ÁC (12 ʯ). 

 

ɺ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʪʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʨʝʘʢʮʠʷ ʈʠʪʪʝʨʘ ʤʝʞʜʫ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʤ (ï)-ʠʟʦʧʫʣʝʛʦʣʦʤ ʠ ʥʠʪʨʠʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʩʝʨʠʶ ʭʠʨʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 1,3-ʦʢʩʘʟʠʥʘ. ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ in vivo ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

1,3-ʦʢʩʘʟʠʥ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (ï)-ʠʟʦʧʫʣʝʛʦʣʘ ʩ 

ʙʝʥʟʠʣʮʠʘʥʠʜʦʤ, ʫʚʝʣʠʯʠʚʘʝʪ ʣʘʪʝʥʪʥʦʝ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʞʠʚʦʪʥʦʛʦ ʥʘ ʤʦʜʝʣʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʦʣʝʚʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ "ʛʦʨʷʯʘʷ ʧʣʘʩʪʠʥʘ", ʥʝ ʫʩʪʫʧʘʷ ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʫ ʩʨʘʚʥʝʥʠʷ ʜʠʢʣʦʬʝʥʘʢʫ ʥʘʪʨʠʷ. 

 
ʅʘ ʦʩʥʦʚʝ ʢʘʤʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʠʟ 20 

ʮʠʢʣʠʯʝʩʢʠʭ ʠʤʠʜʦʚ ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʘʣʠʬʘʪʠʯʝʩʢʠʝ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ 

ʠʭ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʦʚ ɿʠʢʘ, ʞʝʣʪʦʡ ʣʠʭʦʨʘʜʢʠ ʠ 

ʏʠʢʫʥʛʫʥʴʷ. ʉʨʝʜʠ ʚʩʝʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʦʪʠʚ ʚʠʨʫʩʘ ɿʠʢʘ ʠ ʚʠʨʫʩʘ ʞʝʣʪʦʡ ʣʠʭʦʨʘʜʢʠ ʧʨʦʷʚʠʣʠ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ 2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ. 
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ɻʨʘʥʪ ʈʌʌʀ ˉ 18-03-00437 çʉʠʥʪʝʟ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ N-ʤʦʥʦ ʠ N,N-

ʜʠ- ʟʘʤʝʱʝʥʥʳʭ ʙʠʩʧʠʜʠʥʦʚ ʠ ʙʠʩʧʠʜʠʥʦʥʦʚ ʩʦʜʝʨʞʘʱʠʭ ʦʩʪʘʪʢʠ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ ʊʦʣʩʪʠʢʦʚʘ ʊʘʪʴʷʥʘ ɻʝʥʨʠʭʦʚʥʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ 3,7-ʜʠʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥʦʚʳʤ ʠ ʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʚʳʤ ʦʩʪʦʚʦʤ, 

ʩʦʜʝʨʞʘʱʠʭ ʤʦʥʦʪʝʨʧʝʥʦʚʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʦʮʝʥʢʠ ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ 

ʪʝʩʪʦʚ "ʙʝʛ ʥʘ ʪʨʝʜʤʠʣʝ" ʠ "ʚʳʥʫʞʜʝʥʥʦʝ ʧʣʘʚʘʥʠʝ ʩ ʥʘʛʨʫʟʢʦʡ". ɺʳʷʚʣʝʥʳ ʥʦʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʨʘʞʝʥʥʫʶ ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʪʠʭ 

ʪʝʩʪʘʭ. ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚʳʨʘʞʝʥʥʦʡ ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ in vivo ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʤʤʦʥʠʝʚʳʝ ʩʦʣʠ 5,7-

ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ 5,7-

ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ (-)-ʤʠʨʪʝʥʦʣʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʟʤʦʞʥʦʤ ʥʘʣʠʯʠʠ ʛʝʥʜʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ 

ʜʝʡʩʪʚʠʠ ʘʛʝʥʪʦʚ ʚ ʪʝʩʪʝ çʧʣʘʚʘʥʠʝ ʩ ʛʨʫʟʦʤè, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʘʛʝʥʪʳ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʪʨʝʚʦʞʥʦʩʪʴ 

ʠ, ʚʦʟʤʦʞʥʦ, ʦʙʣʘʜʘʶʪ ʘʥʢʩʠʦʣʠʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʚ ʪʝʩʪʝ çʦʪʢʨʳʪʦʝ ʧʦʣʝè, ʥʝ 

ʜʝʤʦʥʩʪʨʠʨʫʷ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʠ ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ 5,7-

ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ,ʥʘʯʘʪʦ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ, 

ʧʦʢʘʟʘʥ ʘʛʦʥʠʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘ ɻɸʄʂ-ʝʨʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ (ʂ1-575) ʠ 

ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʥʠʢʦʪʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ʭʦʣʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

(ʂ1-423).ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʯʝʪʚʝʨʪʠʯʥʳʝ 

ʘʤʤʦʥʠʝʚʳʝ ʩʦʣʠ 5,7-ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʧʠʥʝʥʦʚʳʝ 

ʬʨʘʛʤʝʥʪʳ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʳʭ 

ʩʨʝʜʩʪʚ. 
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ʉʪʠʧʝʥʜʠʷ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʤʦʣʦʜʳʤ ʫʯʝʥʳʤ ʠ ʘʩʧʠʨʘʥʪʘʤ ʉʇ-2346.2019.4  

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

ɿʘ ʧʦʜʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʤʝʪʦʜʠʢʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 

ʨʷʜʘ ʫʨʝʪʘʥʦʚ ʠ ʪʠʦʫʨʝʪʘʥʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʘʜʘʤʘʥʪʘʥʦʚʳʡ ʠ 

ʤʦʥʦʪʝʨʧʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ, ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʤʦʯʝʚʠʥ ʠ ʪʠʦʤʦʯʝʚʠʥ 

ʘʥʘʣʦʛʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʬʝʨʤʝʥʪʫ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʯʝʣʦʚʝʢʘ Tdp1 ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 1.9 ʜʦ 8.6 ʤʢʄ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

çʩʪʨʫʢʪʫʨʘ-ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴè. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʨʘʥʝʝ ʘʤʠʜʳ ʠ 

ʩʫʣʴʬʘʤʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʥʦʪʝʨʧʝʥʦʚʳʝ ʠ ʘʜʘʤʘʥʪʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢ ʦʨʪʦʧʦʢʩʚʠʨʫʩʘʤ. ɼʣʷ ʥʠʭ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢ ʚʠʨʫʩʫ ʦʩʧʦʚʘʢʮʠʥʳ ʩ ʠʥʜʝʢʩʦʤ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʦʩʪʠʛʘʶʱʝʛʦ 1123, ʜʣʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢ ʚʠʨʫʩʘʤ ʦʩʧʳ ʢʦʨʦʚ ʠ ʤʳʰʝʡ ʩ SI ʦʪ 82 ʜʦ 406 ʠ ʦʪ 

39 ʜʦ 707 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
 

ɻʨʘʥʪ ʈʌʌʀ ˉ 18-33-20175 çʈʘʟʨʘʙʦʪʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ɼʝʤʠʜʦʚʘ ʖʣʠʷ ʉʝʨʛʝʝʚʥʘ (ʀʂ ʉʆ ʈɸʅ) 

ɺʳʧʦʣʥʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʥʠʪʨʦ- ʠ ʦʢʩʠʤʥʦʡ ʛʨʫʧʧʳ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʪʝʨʧʝʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʟʦʣʦʪʦ- ʠ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʩʝʨʠʠ ʟʦʣʦʪʦ- ʠ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʥʳʭ ʥʦʩʠʪʝʣʷʭ (Al2O3, ZrO2, TiO2, MgO) ʠ ʧʨʦʚʝʜʝʥʘ 

ʦʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ, 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʦʢʩʠʤʦʚ ʠ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʭ 
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ʤʦʥʦʪʝʨʧʝʥʦʚʦʛʦ ʨʷʜʘ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʉʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ ʩʫʙʩʪʨʘʪʦʚ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ. ʀʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʢʩʠʤʘ 

ʤʝʥʪʦʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʝʥʪʠʣʘʤʠʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʨʦʜʘ ʦʢʩʠʜʥʦʛʦ 

ʥʦʩʠʪʝʣʷ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʘ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʘʢʮʠʠ. ɺʧʝʨʚʳʝ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʝʥʪʠʣʘʤʠʥʘ ʧʫʪʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʦʜʦʨʦʜʦʤ. ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʩʠʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʩ ʦʩʥʦʚʥʦʡ ʧʨʠʨʦʜʦʡ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʥʪʦʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʦʢʩʠʤʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʟʦʣʦʪʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʤʝʥʪʠʣʘʤʠʥʘ ʷʚʣʷʣʠʩʴ Au/Al2O3 ʠ Pt/Al2O3. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʷ ʦʢʩʠʤʘ ʤʝʥʪʦʥʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʟʦʣʦʪʳʭ ʠ ʧʣʘʪʠʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʟʦʣʦʪʦʩʦʜʝʞʘʱʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʘʤʠʥʘ. ʀʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ Au/Al2O3 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚʢʣʶʯʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʠʤʝʝʪ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʧʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʦʢʩʠʤʘ. ʇʨʦʚʝʜʝʥʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʭʦʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʘʤʠʥʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʘʤʠʥʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʘʤʠʥʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʤʝʥʪʦʥʘ, ʢʘʨʚʦʥʘ, ʢʘʤʬʦʨʳ, ʬʝʥʭʦʥʘ, 

ʥʦʧʠʥʦʥʘ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʟʦʣʦʪʦ- ʠ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʢʩʠʤʘ ʤʝʥʪʦʥʘ 
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ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ 
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ʉʠʥʪʝʟ ʘʤʠʥʦʚ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ ʧʫʪʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʢʩʠʤʦʚ ʠ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʭ 

ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʘʤʠʥʘ 

100Üʉ, 7.5 ʘʪʤ ʚʦʜʦʨʦʜʘ Au/Al2O3 Pt/Al2O3 

 

MeOH 

1 ʤʤʦʣʴ 

i-PrOH 

98% 

t-BuOH 

100% 

 

 
t-BuOH 

100% 

 

MeOH 

1 ʤʤʦʣʴ 

i-PrOH 

99% 

t-BuOH 

100% 

 

 

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 2020 ʛ. ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜ-ʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʩʧʠʜʠʥʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʭʠʨʘʣʴʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʚʢʣʶʯʘʷ: 

ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʘʤʬʦʨʳ ʠ ʬʝʥʭʦʥʘ; ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ 

ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʠʩʣʦʪʳ ʠ ʙʨʦʤʠʜʳ, ʠʩʭʦʜʷ ʠʟ (+)- ʠ (-)-ʘʣʴʬʘ-ʧʠʥʝʥʦʚ; ʙʨʦʤʠʜ ʠ ʢʘʨʙʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ʥʘ ʦʩʥʦʚʝ (+)-ʤʠʨʪʝʥʦʣʘ ʠ (+)-ʤʠʨʪʝʥʘʣʷ; ʨʷʜ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʩʪʘʪʢʠ ʢʘʤʬʦʨʳ ʠ (S)-ʧʝʨʠʣʠʣʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ; ʭʣʦʨʠʜ (+)-ʢʘʤʬʦʨ-

1-ʩʫʣʴʬʦʢʠʩʣʦʪʳ. ɺʩʝʛʦ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 32 ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, 

ʚʢʣʶʯʘʷ 11 ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʙʠʩʧʠʜʠʥʦʥʘʤ. 

ʀʩʭʦʜʷ ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʚ ʦʪʯʝʪʥʦʤ ʠ ʧʨʝʜʳʜʫʱʝʤ ʛʦʜʘʭ 

ʤʦʥʦʪʝʨʧʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜ-

ʟʘʤʝʱʝʥʥʳʭ ʭʠʨʘʣʴʥʳʭ ʙʠʩʧʠʜʠʥʦʚ, ʠʤʝʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʷʜʨʘ ʩʪʨʫʢʪʫʨʳ 1,5-

ʜʠʤʝʪʠʣ-3,7-ʜʠʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥ-9-ʦʥʘ, 3-ʙʝʥʟʠʣ-1,5-ʜʠʤʝʪʠʣ-3,7-
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ʜʠʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥ-9-ʦʥʘ ʠ 3-ʙʝʥʟʠʣ-1,5-ʜʠʤʝʪʠʣ-3,7-ʜʠʘʟʘʙʠʮʠʢʣʦ[3.3.1]-

ʥʦʥʘʥ-9-ʦʣʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʦʥʦʪʝʨʧʝʥʦʠʜ-ʟʘʤʝʱʝʥʥʳʝ ʣʠʛʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʙʝʥʟʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ, ʷʚʣʷʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʩʥʷʪʠʶ ʙʝʥʟʠʣʴʥʦʡ ʟʘʱʠʪʳ ʚ 

ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʜʘʞʝ ʚ ʚʝʩʴʤʘ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ. ɺʩʝʛʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʦ 16 ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʩʧʠʜʠʥʦʚ, ʠʤʝʶʱʠʭ ʤʦʥʦʪʝʨʧʝʥʦʚʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʚ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʀʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʪʠʦʘʤʠʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʝʘʛʝʥʪʘ 

ʃʘʚʝʩʩʦʥʘ ʩ ʙʠʩʧʠʜʠʥʦʥʦʚʳʤʠ ʘʤʠʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʩʪʘʪʢʠ ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʠ 

ʧʝʨʠʣʠʣʣʦʚʦʛʦ ʩʧʠʨʪʦʚ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘʤʠ ʚ ʦʪʯʝʪʥʦʤ ʠ ʧʨʝʜʳʜʫʱʝʤ ʛʦʜʘʭ ʣʠʛʘʥʜʳ ʠʟʫʯʝʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʜʫʢʪʦʨʦʚ ʭʠʨʘʣʴʥʦʩʪʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ: 

- ɿʘʚʝʨʰʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʣʠʛʘʥʜʦʚ, ʩʦʯʝʪʘʶʱʠʭ 

ʙʠʩʧʠʜʠʥʦʚʳʡ ʮʝʥʪʨʘʣʴʥʳʡ ʦʩʪʦʚ ʠ ʦʜʠʥ ʠʣʠ ʜʚʘ ʧʠʥʝʥʦʚʳʭ ʙʦʢʦʚʳʭ ʬʨʘʛʤʝʥʪʘ, 

ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʠ ɸʥʨʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʩ-ʪʨʝʪʠʯʥʦʛʦ ʘʤʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

ʜʠʤʝʪʠʣʙʠʩʧʠʜʠʥʦʥʘ ʠ ʤʠʨʪʝʥʦʣʘ, ʠ ʘʮʝʪʘʪʦʚ ʤʝʜʠ ʠ ʮʠʥʢʘ. ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʠ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝʦʜʥʦʟʥʘʯʥʦ 

ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ɓ-ʥʠʪʨʦʩʧʠʨʪʘ, ʘ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʡ ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʦʛʦ ʘʣʴʜʝʛʠʜʘ. ʆʜʥʦʡ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʥʘʙʣʶʜʘʶʱʝʡʩʷ ʥʠʟʢʦʡ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ 

ʷʚʣʷʝʪʩʷ ʧʨʦʪʝʢʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʪʘʣʠʟʦʤ 

ʥʝʩʚʷʟʘʥʥʳʤ ʩ ʣʠʛʘʥʜʦʤ ʠʦʥʦʤ ʤʝʪʘʣʣʘ, ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʠ 

ʦʨʛʘʥʦʢʘʪʘʣʠʟʦʤ ʠʟʙʳʪʢʦʤ ʣʠʛʘʥʜʘ. 

- ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʛʘʥʜʳ, ʩʦʯʝʪʘʶʱʠʝ ʙʠʩʧʠʜʠʥʦʚʳʡ ʦʩʪʦʚ ʠ ʦʜʠʥ ʠʣʠ ʜʚʘ 

ʤʦʥʦʪʝʨʧʝʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʵʪʠʣʮʠʥʢʘ ʢ ʮʠʢʣʦʛʝʢ-2-ʝʥʦʥʫ ʧʦ ʄʠʭʘʵʣʶ. ʐʠʨʦʢʦʝ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʣʠʛʘʥʜʦʚ, ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʙʦʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʘʭ 

ʭʘʣʢʦʥʦʚ ʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʠʣʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʛʘʥʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʩʪʘʪʢʠ ʢʘʤʬʦʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ, 

ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʵʪʠʣʮʠʥʢʘ ʢ ʬʪʦʨʩʦʜʝʨʞʘʱʠʤ ʭʘʣʢʦʥʘʤ. ʕʥʘʥʪʠʦʤʝʨʥʳʡ 

ʠʟʙʳʪʦʢ ʜʦʩʪʠʛʘʣ 70%, ʥʦ ʠʟʤʝʥʷʣʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʩʝʛʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʰʝʩʪʠ ʪʠʧʦʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

ʇʨʦʚʝʜʝʥʦ ʧʣʘʥʦʤʝʨʥʦʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʨʦʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ, 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʤʝʪʦʜʦʤ ʈʉɸ. 
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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. (ʌɻɹʋʅ ʀʌɸɺ ʈɸʅ) 

ʆʩʥʦʚʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʘʤʦʚʳʭ ʢʠʩʣʦʪ ʠ/ʠʣʠ ʢʦʥʲʶʛʘʪʦʚ ʧʨʠʨʦʜʥʳʭ ʣʘʢʪʦʥʦʚ ʩ 

ʪʨʠʧʪʘʤʠʥʘʤʠ, ʦʙʣʘʜʘʶʱʠʭ ʠʟʙʠʨʘʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʦʩʥʦʚʥʳʝ ʤʠʰʝʥʠ 

ʧʘʪʦʛʝʥʝʟʘ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʀʩʭʦʜʷ ʠʟ ʟʘʷʚʣʝʥʥʦʛʦ ʧʣʘʥʘ 

ʨʘʙʦʪʳ ʥʘ ʧʝʨʚʦʤ ʛʦʜʫ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ, ʥʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ.  

ɺ ʨʘʤʢʘʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʙʳʣʠ ʩʦʟʜʘʥʳ ʙʠʙʣʠʦʪʝʢʠ ʥʦʚʳʭ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ - ʛʠʜʨʦʢʩʘʤʦʚʳʭ ʢʠʩʣʦʪ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʚʫʤʝʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (COSY, HSQC, HMBC, NOESY).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʮʠʢʣʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 

ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʥʦʚʳʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʛʠʜʨʦʢʩʘʤʦʚʳʭ ʢʠʩʣʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʪʝʨʧʝʥʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ 

ʪʝʨʧʝʥʦʚ.  

ɺ ʨʘʤʢʘʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʢʨʠʥʠʥʛ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʧʨʦʚʝʜʸʥ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣ 

ʠʩʩʣʝʜʦʚʘʥ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʩʪʘʪʫʩ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʤʦʣʝʢʫʣ ʧʦ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʦʜʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʢʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʳ 

ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʘʥʘʣʠʟʫ ʥʘʣʠʯʠʷ ʫ ʥʠʭ 

ʘʥʪʠʨʘʜʠʢʘʣʴʥʳʭ ʠ ʞʝʣʝʟʦʩʚʷʟʳʚʘʶʱʠʭ ʩʚʦʡʩʪʚ ʠ ʚʣʠʷʥʠʶ ʥʘ ʛʣʫʪʘʪʠʦʥʦʚʫʶ 

ʩʠʩʪʝʤʫ ʩʦʙʩʪʚʝʥʥʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʢʣʝʪʢʠ. 
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ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʩʢʨʠʥʠʥʛʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʚʝʱʝʩʪʚ ʥʘʤʠ ʙʳʣʦ ʧʨʦʜʦʣʞʝʥʦ ʠʟʫʯʝʥʠʝ ʤʠʰʝʥʴ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʩʦʝʜʠʥʝʥʠʡ-ʭʠʪʦʚ, ʘ ʠʤʝʥʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʘʙʦʪʫ ʬʝʨʤʝʥʪʦʚ, 

ʠʛʨʘʶʱʠʭ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʥʝʡʨʦʧʘʪʦʣʦʛʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʣʠʧʦʢʩʠʛʝʥʘʟʫ, 

ʛʠʩʪʦʥʦʚʫʶ ʜʝʘʮʝʪʠʣʘʟʫ 6, ʘ ʪʘʢʞʝ ʬʝʨʤʝʥʪʦʚ I ʠ IV ʢʦʤʧʣʝʢʩʦʚ ʜʳʭʘʪʝʣʴʥʦʡ 

ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʟ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʨʦʠʟʚʦʜʥʦʝ (S)-

ʧʝʨʠʣʣʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʢʘʟʘʚʰʝʝ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʝʨʚʦʛʦ ʛʦʜʘ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʢʨʫʛʘ 

ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ. 
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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 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʨʙʦʢʘʪʠʦʥʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʫʧʝʨʢʠʩʣʦʪ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʨʝʘʢʮʠʡ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʘ (DMAP) ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ 

ʚ (ʩʫʧʝʨ)ʢʠʩʣʦʪʥʳʭ ʩʨʝʜʘʭ. ʅʘʰ ʠʥʪʝʨʝʩ ʢ DMAP ʚʳʟʚʘʥ ʪʝʤ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʄʦʣʝʢʫʣʘ 

DMAP ʠʤʝʝʪ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ, ʧʦ ʢʦʪʦʨʳʤ ʚʦʟʤʦʞʥʦ ʢʘʢ ʤʦʥʦ-, ʪʘʢ ʠ 

ʜʠʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʟʘʨʷʜʘ ʥʘ 

ʧʠʨʠʜʠʥʦʚʦʤ ʦʩʪʦʚʝ. ɹʣʘʛʦʜʘʨʷ ʧʦʜʭʦʜʷʱʠʤ ʟʥʘʯʝʥʠʷʤ pKa ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ (+9.70 ʠ ī9.28) ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʩʠʣʴʥʦʤʫ ʠʭ ʨʘʟʣʠʯʠʶ 

ʤʦʥʦʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ DMAP ʤʦʞʝʪ ʣʝʛʢʦ ʙʳʪʴ ʛʝʥʝʨʠʨʦʚʘʥʘ ʚ ʯʠʩʪʦʤ 

ʚʠʜʝ ʚ ʢʠʩʣʦʪʘʭ ʩʨʝʜʥʝʡ ʩʠʣʳ, ʘ ʜʠʧʨʦʪʦʥʠʨʦʚʘʥʘʷ ʬʦʨʤʘ ï ʚ ʩʫʧʝʨʢʠʩʣʦʪʘʭ. 

ʀʟʫʯʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʚ ʗʄʈ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

(ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ) ʠ ʢʨʘʪʥʦʩʪʴʶ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ DMAP ʠ ʥʝʢʦʪʦʨʳʭ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʢʠʩʣʦʪʘʭ ʨʘʟʣʠʯʥʦʡ ʩʠʣʳ (CF3COOH, CF3SO3H ʠ FSO3HïSbF5).  

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʪ ʟʥʘʯʝʥʠʷ ʚʥʝʩʝʥʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʥʘʣʦʛʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʠʩʣʦʪʥʳʭ ʘʛʝʥʪʦʚ.  
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ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʦʚ 

ʗʄʈ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ DMAP ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʧʨʠʤʝʨ ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʦʡ 

ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ: ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʣʠ ʮʝʣʠʢʦʤ ʜʠʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ï ʤʦʥʦʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ. çʋʤʥʳʝè ʤʘʪʝʨʠʘʣʳ, 

ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ 

ʦʙʣʘʩʪʷʭ. ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʘʷ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ ʢʘʪʠʦʥʘ 

1c, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ DMAP ʩ ʧʝʥʪʘʬʪʦʨʧʠʨʠʜʠʥʦʤ. ʊʘʢ, ʧʨʠ 

ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʢʠʩʣʦʪʥʦʡ ʩʠʩʪʝʤʝ TfOH-SO2ClF-CD2Cl2 ʧʨʠ 30 
o
C ʵʪʦʪ ʢʘʪʠʦʥ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ (<7%) ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʧʦ ʜʠʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʝ, ʘ 

ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ -70 
o
C ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʧʦʣʥʦʤʫ ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʪʘʢʦʡ ʤʘʩʰʪʘʙ ʷʚʣʝʥʠʷ ʥʠʢʦʛʜʘ ʨʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ 

ʜʨʫʛʠʭ ʩʣʘʙʳʭ ʥʫʢʣʝʦʬʠʣʦʚ, ʙʫʜʫʯʠ ʚʦ ʤʥʦʛʦ ʨʘʟ ʥʠʞʝ ʧʨʠ ʪʘʢʦʤ ʞʝ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ.  
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ʘ ʪʘʢʞʝ ʧʨʠʥʷʪʘ ʢ ʧʝʯʘʪʠ ʠ ʦʧʫʙʣʠʢʦʚʘʥʘ online ʩʪʘʪʴʷ  

çUnusual temperature-sensitive protonation behaviour of 4-(dimethylamino)pyridineè, A. 

Genaev, G. Salnikov and K.Y. Koltunov, Org. Biomol. Chem., DOI: 

10.1039/D0OB01893G, IF=3.412 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʠ ʢʠʥʝʪʠʢʠ ʙʨʦʤʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʠ, ʚʣʠʷʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʙʨʦʤʘ ʥʘ ʩʢʦʨʦʩʪʴ ʠ 

ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʨʝʘʢʮʠʡ ʢʘʨʙʦʨʘʥʦʚ.  

ʈʘʥʝʝ ʤʝʭʘʥʠʟʤ ʠ ʢʠʥʝʪʠʢʘ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ʙʝʥʟʦʣʘ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʛʢʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʣʘʩʪʝʨʳ (ʘʩʩʦʮʠʘʪʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʦʣʝʢʫʣ) 

ʙʨʦʤʘ, ʩʦʙʠʨʘʶʱʠʝʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʋʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʟʢʦʝ 

ʫʩʢʦʨʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʨʦʤʘ. ɺ ʵʪʦʤ ʛʦʜʫ 

ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ ʢʘʨʙʦʨʘʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʦʩʦʙʳʤ ʪʠʧʦʤ 

ʘʨʦʤʘʪʠʯʥʦʩʪʠ ï 3D-ʘʨʦʤʘʪʠʯʥʦʩʪʴʶ. ʂʘʢ ʠ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, 

ʧʨʦʭʦʜʷʱʠʝ ʚ ʩʣʫʯʘʝ ʢʘʨʙʦʨʘʥʦʚ ʧʦ ʘʪʦʤʘʤ ʙʦʨʘ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ ʜʦʩʪʫʧʳʝ ʥʝʡʪʨʘʣʴʥʳʝ 

ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʝ ʜʠʢʘʨʙʦʨʘʥʳ: ʦ-ʢʘʨʙʦʨʘʥ (1) ʠ ʤ-ʢʘʨʙʦʨʘʥ (2). ɼʣʷ ʝʱʝ ʦʜʥʦʛʦ ʠʟ 
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ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʠʜʨʦʢʩʠʢʘʨʙʦʨʘʥʘ 9-HO-1,2-C2B10H11 (3) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 3 ʫʩʪʘʥʦʚʣʝʥʘ 

ʤʝʪʦʜʦʤ ʈʉɸ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʘʤʠ ʗʄʈ, ʀʂ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠʠ. 

 
 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ çʉʠʥʪʝʟ ʠ ʩʪʨʫʢʪʫʨʘ 9-

ʛʠʜʨʦʢʩʠ-1,2-ʜʠʢʘʨʙʘ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʥʘ(11)è, ɼ.ɸ. ʈʫʜʘʢʦʚ, ɸ.ʄ. ɻʝʥʘʝʚ, ʖ.ɺ. 

ɻʘʪʠʣʦʚ, ɽ.ɸ. ɼʠʢʫʩʘʨ, ʊ.ɼ. ɿʚʝʨʝʚʘ, ɿ.ʇ. ɿʫʙʨʝʡʯʫʢ, ɺ.ʀ. ʇʦʪʢʠʥ ʀʟʚʝʩʪʠʷ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʘʷ. 2020. ˉ 2. ʉ. 320-324. 
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ʗʄʈ- ʠ ʕʇʈ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʦʤʦʣʠʟʘ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʘʣʢʦʢʩʠʘʤʠʥʦʚ 

ɸʣʢʦʢʩʠʘʤʠʥʳ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʣʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ 

ʠʩʪʦʯʥʠʢʠ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʜʣʷ ʫʧʨʘʚʣʷʝʤʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ɺʘʞʥʝʡʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʵʪʠʭ ʠʥʠʮʠʘʪʦʨʦʚ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠʭ ʛʦʤʦʣʠʟʘ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ɼʣʷ ʙʦʣʝʝ ʪʦʥʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ "ʧʝʨʝʢʣʶʯʘʝʤʳʝ" ʘʣʢʦʢʩʠʘʤʠʥʳ, ʩʧʦʩʦʙʥʳʝ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

ʦʩʦʙʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠʟʤʝʥʷʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʠ ʪ. ʧ. 

ɹr ʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʨʠ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʘʣʢʦʢʩʠʘʤʠʥʘ ʥʘ ʙʘʟʝ 

ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʨʘʜʠʢʘʣʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʣʢʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʠ 

ʧʠʨʠʜʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʕʇʈ ʛʦʤʦʣʠʟʘ ʵʪʠʭ 

ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʥʝʦʞʠʜʘʥʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʦʞʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʥʝ ʧʦʜʜʘʶʱʠʝʩʷ ʦʙʲʷʩʥʝʥʠʶ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʪʦʣʴʢʦ ʦʙʨʘʪʠʤʳʡ ʨʘʩʧʘʜ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʣʦʚʫʰʢʦʡ 

ʨʘʜʠʢʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʨʘʟʣʦʞʝʥʠʷ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʤʝʪʦʜʘʤʠ ʗʄʈ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʦʙʳʯʥʘʷ 

ʢʠʥʝʪʠʢʘ ʛʦʤʦʣʠʟʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʟʚʘʥʘ ʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʦʡ ʧʦʙʦʯʥʦʡ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʦʩʪʦʚʘ, ʥʝʦʙʨʘʪʠʤʦ ʚʳʚʦʜʷʱʝʡ ʘʣʢʦʢʩʠʘʤʠʥ 

ʠʟ ʨʝʘʢʮʠʠ. 
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ʄʝʪʦʜʘʤʠ ʗʄʈ ʫʜʘʣʦʩʴ ʨʘʟʜʝʣʠʪʴ ʚʢʣʘʜʳ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʛʦʤʦʣʠʟʘ, 

ʵʧʠʤʝʨʠʟʘʮʠʠ ʠ ʠʥʚʝʨʩʠʠ ʘʟʦʪʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʘʣʢʦʢʩʠʘʤʠʥʘʭ, ʠʟʤʝʨʠʪʴ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʘʞʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʣʦʚʫʰʢʠ ʨʘʜʠʢʘʣʦʚ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʳʭ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ. 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ  

çNMR and EPR Study of Homolysis of Diastereomeric Alkoxyaminesè, S. Cherkasov, 

D. Parkhomenko, A. Genaev, G. Salnikov, M. Edeleva, D. Morozov, T. Rybalova, I. 

Kirilyuk, S. R. A. Marque, E. Bagryanskaya, Molecules, 2020, V. 25, p. 5080. DOI: 

10.3390/molecules25215080 IF=3.266 

 

ʄʝʭʘʥʠʟʤ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʝʥʟʠʣ-ʢʘʨʙʦʢʘʪʠʦʥ C6H5CH2
+
 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʝʥʟʦʣʦʤ. 

ʇʨʠʚʝʜʝʥ ʧʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʥʳʡ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ 

ʥʝʧʨʝʜʝʣʴʥʳʡ ʢʘʨʙʦʢʘʪʠʦʥ ʚʠʥʠʣʴʥʦʛʦ ʠʣʠ ʘʣʣʠʣʴʥʦʛʦ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ 

ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʢʘʪʠʦʥ ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʩʠʣʴʥʳʡ ʧʨʦʪʦʥʠʨʫʶʱʠʡ ʘʛʝʥʪ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʤʦʣʝʢʫʣʫ ʢʘʨʙʝʥʘ. ʅʘ ʚʪʦʨʦʡ 

ʩʪʘʜʠʠ ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʡ ʢʘʨʙʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʦʩʪʫʧʥʳʤʠ  

ʤʦʣʝʢʫʣʘʤʠ. ʀʤʝʥʥʦ ʨʝʘʢʮʠʦʥʥʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʨʙʝʥʘ ʧʨʠʧʠʩʳʚʘʣʘʩʴ 

ʢʘʨʙʦʢʘʪʠʦʥʫ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʨʝʜʩʢʘʟʳʚʘʣʩʷ. 
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ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʝ: Stoyanov, E. S., Stoyanova I.V.  The Mechanism 

of High Reactivity of Benzyl Carbocation, C6H5CH2+, during Interaction with Benzene. 

ChemistrySelect 2020, 5, 9277ï9280. doi.org/10.1002/slct.202001852 

 

ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʙʝʣʢʘ CPP RL2 ʨʘʢʦʚʳʤʠ ʢʣʝʪʢʘʤʠ ʯʝʣʦʚʝʢʘ: ʤʦʥʠʪʦʨʠʥʛ 

ʤʝʪʦʜʦʤ ʕʇʈ ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʈʝʢʦʤʙʠʥʘʥʪʥʳʡ ʘʥʘʣʦʛ RL2 ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʙʝʣʢʘ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʧʘ ʢʘʟʝʠʥʘ ʩʧʦʩʦʙʝʥ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ ʯʝʣʦʚʝʢʘ ʠ 

ʠʥʜʫʮʠʨʦʚʘʪʴ ʘʧʦʧʪʦʟ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʥʝ ʧʨʦʷʚʣʷʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ 

ʥʦʨʤʘʣʴʥʳʝ ʢʣʝʪʢʠ. ʊʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ RL2 ʦʩʪʘʚʘʣʩʷ 

ʥʝʚʳʷʩʥʝʥʥʳʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʭʘʥʠʟʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ RL2 ʚ ʢʣʝʪʢʠ ʨʘʢʘ 

ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ A549 ʙʳʣ ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ ʕʇʈ ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ɼʣʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʕʇʈ ʧʨʠʤʝʥʷʣʘʩʴ ʩʧʠʥʦʚʘʷ ʤʝʪʢʘ 1, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʢʘʣʘ 2, ʢʦʪʦʨʘʷ ʤʝʪʠʣʘʩʴ ʧʦ ʧʦʣʦʞʝʥʠʷʤ 

ʦʩʪʘʪʢʦʚ ʣʠʟʠʥʘ ʜʠʤʝʨʘ RL2 (sRL2) (ʨʠʩ. 1). ʍʦʪʷ ʙʳʣʘ ʠʟʚʝʩʪʥʘ ʚʳʩʦʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʜʠʢʘʣʘ 2 ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʚ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʝ, ʩʧʠʥʦʚʘʷ 

ʤʝʪʢʘ 1 ʨʘʥʝʝ ʥʝ ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʕʇʈ ʥʘ ʩʧʠʥ-ʤʝʯʝʥʥʳʭ ʙʝʣʢʘʭ ʚ 

ʢʣʝʪʢʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʦʢʘʟʘʣʠ ʝʸ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʕʇʈ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 15 ʯʘʩʦʚ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʧʠʥ-ʤʝʯʝʥʦʛʦ ʙʝʣʢʘ ʚ ʢʣʝʪʢʘʭ (ʨʠʩ. 2). 

 

 
 

 
ʈʠʩ.1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʠʤʝʨʘ RL2. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʣʠʟʠʥʘ (K) ʠ ʮʠʩʪʝʠʥʘ (ʉ). ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ 

ʩʧʠʥʦʚʦʡ ʤʝʪʢʠ 1, ʨʘʜʠʢʘʣʘ 2 ʠ ʩʧʠʥʦʚʦʡ ʤʝʪʢʠ 1 ʧʦʩʣʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʘʡʪ-

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʤʝʯʝʥʠʷ RL2. 
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ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʕʇʈ ʢʣʝʪʦʢ A549 ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ sRL2, ʠʟʤʝʨʝʥʥʳʝ ʚ ʨʘʟʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ ʨʝʛʠʩʪʨʘʮʠʠ. ʅʘʯʘʣʴʥʳʝ ʩʧʠʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ 

ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʘ) 730 ɛM, (b) 60 ɛM. 

 

ɼʣʷ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʢʣʝʪʦʢ A549, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ 

sRL2, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʕʇʈ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ 

ʢʣʝʪʦʢ (ʨʠʩ. 2). ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ ʕʇʈ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʩʝ 

ʩʧʝʢʪʨʳ ʩʦʜʝʨʞʘʪ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ, ʚʢʣʘʜʳ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ 

(ʨʠʩ. 4). ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʝ ʕʇʈ ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣʠ ʥʘʤ 

ʦʪʥʝʩʪʠ ʪʨʠ ʬʦʨʤʳ sRL2, ʚʠʜʠʤʳʝ ʚ ʕʇʈ, ʢ ʩʧʠʥ-ʤʝʯʝʥʥʦʤʫ ʙʝʣʢʫ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʤʫ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʤʝʤʙʨʘʥʳ ʵʥʜʦʩʦʤ, ʢ ʩʧʠʥ-ʤʝʯʝʥʥʦʤʫ 

ʙʝʣʢʫ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʩʭʦʞʝʡ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ 

ʢ ʩʧʠʥ-ʤʝʯʝʥʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʝ (ʠʣʠ ʢʦʨʦʪʢʦʛʦ ʧʝʧʪʠʜʘ), ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʢʣʝʪʢʝ 

ʠʟ-ʟʘ ʨʘʩʱʝʧʣʝʥʠʷ RL2 ʬʝʨʤʝʥʪʘʤʠ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʕʇʈ ʧʦʟʚʦʣʠʣʘ ʧʨʦʩʣʝʜʠʪʴ 

ʢʠʥʝʪʠʢʫ ʧʨʝʚʨʘʱʝʥʠʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ sRL2 ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʩʧʠʥʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (15ï60 ʤʢʄ) ʚ ʢʣʝʪʢʝ (ʨʠʩ. 3). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʕʇʈ 

ʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʫʪʝʡ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ RL2: ʵʥʜʦʮʠʪʦʟ, ʧʨʷʤʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ, ʘʫʪʦʬʘʛʠʷ. 
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ʈʠʩ. 3. (ʩʣʝʚʘ) ʚʳʧʦʣʥʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʕʇʈ ʜʣʷ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (a, b) ʪʨʝʤʷ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʩ). (ʩʧʨʘʚʘ) (a-b) ʢʠʥʝʪʠʢʘ ʩʧʘʜʘ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʕʇʈ ʜʣʷ ʦʙʨʘʟʮʦʚ ʢʣʝʪʦʢ ɸ549 ʧʦʩʣʝ ʠʭ 

ʠʥʢʫʙʘʮʠʠ ʩ sRL2; (c-d) ʢʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʩʧʝʢʪʨʘʭ ʕʇʈ ʢʣʝʪʦʢ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ sRL2.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʦʡ ʨʘʙʦʪʳ ʧʦʩʣʘʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣ Biophysical journal ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʣʘʜʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ 2020 ʛʦʜʫ. 

 

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 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʧʝʨʚʦʛʦ ʛʦʜʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʙʳʣʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʤʦʥʦʤʝʨʦʚ ʢ 2,2,5,5-ʪʝʪʨʘʤʝʪʠʣ-3-ʠʤʠʜʘʟʦʣʠʥ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣʫ 1ʘ 

(ʩʤ. ʩʭʝʤʫ 1). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʕʇʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʥʘʙʣʶʜʘʷ ʠʟʤʝʥʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʉʊɺ ʨʝʘʛʠʨʫʶʱʝʛʦ ʨʘʜʠʢʘʣʘ ʩ 

ʢʦʥʢʨʝʪʥʳʤ ʤʦʥʦʤʝʨʦʤ ʚʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʤʦʥʦʤʝʨʘ ʧʦʣʫʯʘʣʠ ʰʝʩʪʴ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʉʊɺ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʩʣʝ 

ʯʝʛʦ ʨʘʩʩʯʠʪʳʚʘʣʠ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʚ ʘʨʨʝʥʠʫʩʦʚʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʩʝʭ ʤʦʥʦʤʝʨʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʊʠʧʠʯʥʳʡ ʚʠʜ ʢʨʠʚʳʭ ʠ 

ʛʨʘʬʠʢ ɸʨʨʝʥʠʫʩʘ ʜʣʷ 1-ʚʠʥʠʣ-ʠʤʠʜʘʟʦʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʂʘʢ ʚʠʜʥʦ 

ʠʟ ʪʘʙʣʠʮʳ 1, ʥʘʠʤʝʥʴʰʠʤ ʙʘʨʴʝʨʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʨʘʜʠʢʘʣʫ 

ʦʙʣʘʜʘʝʪ ʘʢʨʠʣʦʥʠʪʨʠʣ, ʦʜʥʘʢʦ ʚʚʠʜʫ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʤʥʦʞʠʪʝʣʷ ʩʢʦʨʦʩʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʠ 80Áʉ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪʘ ʠ N-

ʠʟʦʧʨʦʧʠʣ-ʘʢʨʠʣʘʤʠʜʘ. ʉʘʤʦʝ ʙʳʩʪʨʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʥʦʤʝʨʘ ʢ ʨʘʜʠʢʘʣʫ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪʘ, ʪʘʢ ʢʘʢ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫ N-
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ʠʟʦʧʨʦʧʠʣ-ʘʢʨʠʣʘʤʠʜʘ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ, 

ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʝʛʦ ʨʝʘʢʮʠʠ ʩ ʨʘʜʠʢʘʣʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. 

ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʩʩʠʤʝʪʨʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ 

ʮʝʥʪʨʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʧʨʦʜʫʢʪʘ. ɺ ʨʘʙʦʪʝ [Martin V. V. et al. 1, 3-Dipolar cycloaddition of 3-imidazoline-3-

oxide nitroxyl radical to dipolarophiles containing carbon-carbon double bonds //Bulletin 

of the Academy of Sciences of the USSR, Division of chemical science. ï 1988. ï ʊ. 37. 

ï ˉ. 8. ï ʉ. 1677-1683.] ʘʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʟʦʤʝʨʘ. ʕʪʦʪ 

ʚʳʚʦʜ ʪʘʢʞʝ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʥʘʤʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ. 

 
ʉʭʝʤʘ 1. ʀʩʩʣʝʜʫʝʤʘʷ ʨʝʘʢʮʠʷ. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʤʝʨʦʚ 

ʄʦʥʦʤʝʨ 

ʕʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ, 

ʢɼʞ/ʤʦʣʴ 

ʇʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʤʥʦʞʠʪʝʣʴ, ʩ
-1
ʄ

-1
 

ʂʦʥʩʪʘʥʪʘ 

ʩʢʦʨʦʩʪʠ ʧʨʠ 

80Áʉ, ʩ
-1
ʄ

-1
 

 
53,1 1,6Ĭ10

5
 23Ĭ10

-4
 

 
55,2 12Ĭ10

5
 80Ĭ10

-4
 

 65,2 12Ĭ10
5
 2,5Ĭ10

-4
 

 

59,2 3,1Ĭ10
5
 5,4Ĭ10

-4
 

 

62,4 47Ĭ10
5
 30Ĭ10

-4
 

 
68,0 32Ĭ10

5
 2,9Ĭ10

-4
 

 
62,0 17Ĭ10

5
 1,1Ĭ10

-4
 

 

69,2 29Ĭ10
5
 1,6Ĭ10

-4
 

 
62,7 12Ĭ10

5
 5,9Ĭ10

-4
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ʈʠʩ. 1. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʠ ʛʨʘʬʠʢ ɸʨʨʝʥʠʫʩʘ ʜʣʷ ʨʝʘʢʮʠʠ ʩ 1-ʚʠʥʠʣ-

ʠʤʠʜʘʟʦʣʦʤ 

 

ʇʨʠʚʝʜʝʥ ʧʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʥʳʡ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ 

ʥʝʧʨʝʜʝʣʴʥʳʡ ʢʘʨʙʦʢʘʪʠʦʥ ʚʠʥʠʣʴʥʦʛʦ ʠʣʠ ʘʣʣʠʣʴʥʦʛʦ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ 

ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʢʘʪʠʦʥ ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʩʠʣʴʥʳʡ ʧʨʦʪʦʥʠʨʫʶʱʠʡ ʘʛʝʥʪ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʤʦʣʝʢʫʣʫ ʢʘʨʙʝʥʘ. ʅʘ ʚʪʦʨʦʡ 

ʩʪʘʜʠʠ ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʡ ʢʘʨʙʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʦʩʪʫʧʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. ʀʤʝʥʥʦ ʨʝʘʢʮʠʦʥʥʦʩʦʩʦʙʥʦʩʪʴ ʢʘʨʙʝʥʘ ʧʨʠʧʠʩʳʚʘʣʘʩʴ 

ʢʘʨʙʦʢʘʪʠʦʥʫ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʨʝʜʩʢʘʟʳʚʘʣʩʷ. 

 

ɻʨʘʥʪ ʈʅʌ 17-13-01412 çʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʧʠʥʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʜʘʣʴʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʬ.-ʤ.ʥ. ʉʝʨʛʝʡ ʃʝʦʥʠʜʦʚʠʯ ɺʝʙʝʨ. ʄʊʎ ʉʆ ʈɸʅ 

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʪʠʧ ʜʚʦʡʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʦʩʪʦʷʥʠʡ 

ʧʨʦʪʦʪʠʧʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʛʥʠʪʘ (ʄʄʄ) ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ, ZeFIR 

(Zeemanïfar infrared, ʟʝʝʤʘʥʦʚʩʢʠʡ ï ʜʘʣʴʥʠʡ ʠʥʬʨʘʢʨʘʩʥʳʡ), ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʨʦʚʦʜʠʪʴ ʧʝʨʝʢʣʶʯʝʥʠʝ ʄʄʄ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʩ ʧʨʦʝʢʮʠʝʡ ʩʧʠʥʘ +S ʠ ïS, ʩ 

ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʚʝʨʪʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʚ ʜʘʣʴʥʝʤ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʠ ʉɺʏ ʜʠʘʧʘʟʦʥʘʭ. ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʨʢʫʣʷʨʥʦ-

ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʧʦʣʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ 

ʩʠʩʪʝʤʳ. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʦʨʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʚʘʜʨʫʧʦʣʴʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʨʘʙʦʪʘ ʥʝ ʟʘʢʦʥʯʝʥʘ 

 

ɻʨʘʥʪ ʈʌʌʀ 18-04-00393 çʇʦʠʩʢ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ ʧʦʩʪ-ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ʠ ʠʭ ʨʦʣʠ ʚ ʨʘʟʚʠʪʠʠ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʗʄʈ ʠ ʠʤʧʫʣʴʩʥʦʡ ʜʠʧʦʣʴʥʦʡ ʕʇʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠè 

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

ʄʝʪʦʜʳ ʠʤʧʫʣʴʩʥʦʡ ʜʠʧʦʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʪʠʤʳʭ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʜʠʤʝʨʦʚ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (HSA), ʙʝʣʢʘ, 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ. ʉʧʠʥʦʚʳʝ ʤʝʪʢʠ, MTSL ʠ 

OX063, ʙʳʣʠ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ Cys-34, ʠ ʵʪʠ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ Cys-34 

ʧʦʚʣʠʷʣʠ ʥʘ ʜʠʤʝʨʠʟʘʮʠʶ HSA, ʫʢʘʟʳʚʘʷ ʥʘ ʪʦ, ʯʪʦ ʜʨʫʛʠʝ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ 
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ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʤʦʜʫʣʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʤʝʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ HSA ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʨʘʟʫʝʪ ʩʣʘʙʳʝ 

ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʜʠʤʝʨʳ ʩ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʙʨʘʟʦʚʘʥʠʝ ʜʠʤʝʨʦʚ 

ʣʝʛʢʦ ʦʙʨʘʪʠʤʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʤʝʨʦʚ. ɼʠʤʝʨʠʟʘʮʠʷ ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ ʨʦʣʠ 

HSA ʚ ʪʨʘʥʩʧʦʨʪʝ, ʩʚʷʟʳʚʘʥʠʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ ʇʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʠ ʚʧʝʨʚʳʝ 
ʧʦʣʫʯʝʥʳ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʦʨʤʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 
ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ï N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʥʳʝ ʘʣʴʙʫʤʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ 
ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʘʡʪʘʭ ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ.  

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʤʦʜʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (HSA) 
ʧʨʦʠʟʚʦʜʥʳʤʠ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʪʠʦʣʘʢʪʦʥʘ ʛʦʤʦʮʠʩʪʝʠʥʘ (HTL). 
ʉʝʨʜʮʝʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ï HSA.  

ɺ ʨʘʤʢʘʭ ʦʪʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ, ʩʦʛʣʘʩʥʦ ʧʣʘʥʫ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʡ 

ʠʟʫʯʝʥʠʝ ʩʘʡʪʦʚ ʤʦʜʠʬʠʢʘʮʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʘʡʪʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʪʨʠʧʩʠʥʦʣʠʟ ʢʦʥʲʶʛʘʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʘʥʘʣʠʟʦʤ ʧʝʧʪʠʜʥʦʛʦ ʜʘʡʜʞʝʩʪʘ ʤʝʪʦʜʦʤ MALDI TOF MS. ʊʝʦʨʝʪʠʯʝʩʢʠʡ 

ʜʘʡʜʞʝʩʪ ʘʣʴʙʫʤʠʥʘ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ PEPTIDEMASS 

(http://web.expasy.org/peptide_mass/). ɺʩʝ ʧʝʧʪʠʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʜʘʡʜʞʝʩʪʫ ʘʣʴʙʫʤʠʥʘ ʫʙʠʨʘʣʠʩʴ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ʇʝʧʪʠʜʥʳʡ ʜʘʡʜʞʝʩʪ ʘʥʘʣʠʟʠʨʦʚʘʣ ʚʟʷʚ ʟʘ ʦʩʥʦʚʫ ʫʚʝʣʠʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ ʧʝʧʪʠʜʦʚ ʥʘ 283 ɼʘa (HSA-NIT-5), 285 ɼʘ (HSA-NIT-6), 341 ɼʘ (HSA-NIT-7) 

ʠʣʠ 385 ɼʘ (HSA-NIT-8) ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʠ N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʠʷ ʦʩʪʘʪʢʦʚ 

ʣʠʟʠʥʘ ʙʝʣʢʘ ʠ 57 ɼʘ ʟʘ ʩʯʝʪ ʢʘʨʙʘʤʠʜʦʤʝʪʠʣʠʨʦʚʘʥʠʷ (ʨʝʘʢʮʠʷ SH ʛʨʫʧʧʳ ʩ 

ʡʦʜʘʮʝʪʘʤʠʜʦʤ). ʆʩʥʦʚʥʳʝ ʩʘʡʪʳ N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʥʳʝ in vitro ʠ 

in vivo [1ï3] ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʲʶʛʘʪʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦ ʦʩʥʦʚʥʳʤ ʩʘʡʪʘʤ N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʩʘʡʪʦʤ ʤʦʜʠʬʠʢʘʮʠʠ, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʦʢʘʟʘʣʩʷ ʦʩʪʘʪʦʢ ʣʠʟʘʥʘ 525, 

ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʦʩʥʦʚʥʦʡ ʩʘʡʪ N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʠʷ in vivo. ʇʦʤʠʤʦ 

ʧʨʠʚʝʜʝʥʥʳʭ ʩʘʡʪʦʚ N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʠʷ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ, ʨʘʥʝʝ ʥʝ ʧʦʢʘʟʘʥʥʳʝ ʜʣʷ HSA: Lys-573/564, 564, 560, 519, 475, 

466, 444, 439/436, 436, 432, 413, 351, 323/317, 274, 225, 199, 195, 190, 181, 162, 93, 

73 ʠ 64. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʠʣʠ ʫʤʝʥʴʰʠʪʴ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʝʧʝʥʴ ʤʦʜʠʬʠʢʘʮʠʠ ʘʣʴʙʫʤʠʥʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʲʶʛʘʪʘ ʩ 

ʥʫʞʥʦʡ ʩʪʝʧʝʥʴʶ ʤʝʯʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 1. ʉʘʡʪʳ ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʢʦʥʲʶʛʘʪʘʭ HSA-NIT. 

ʂʦʥʲʶʛʘʪ HSA 
ʅʦʤʝʨ ʦʩʪʘʪʢʘ ʣʠʟʠʥʘ ʚ ʙʝʣʢʝ*

 

525 212 205 159 137 12 4 

HSA-NIT-5 ++ + ++ + + ++ + 
HSA-NIT-6 ++ + ++ + + + 0 
HSA-NIT-7 ++ + ++ + ++ + + 
HSA-NIT-8 ++ + ++ + + + ++ 

Hcy-HSA [1ï3] ++ ++ + + ++ + + 
PFT-Hcy-HSA [4] ++ 0 ++ 0 ++ 0 0 

*0: ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʧʝʧʪʠʜʦʚ; + ʤʠʥʦʨʥʳʡ ʩʘʡʪ: ʦʙʥʘʨʫʞʝʥʦ ʦʜʠʥ-ʜʚʘ ʧʝʧʪʠʜʘ; ++ 
ʦʩʥʦʚʥʦʡ ʩʘʡʪ: ʦʙʥʘʨʫʞʝʥʦ 3 ʠ ʙʦʣʝʝ ʧʝʧʪʠʜʦʚ. 

ʄʦʜʠʬʠʢʘʮʠʷ Lys-205 ʧʨʦʪʝʢʘʝʪ in vitro, ʦʜʥʘʢʦ in vivo ʜʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʧʦʢʘ ʥʝ ʠʟʚʝʩʪʥʘ. ɺʦʟʤʦʞʥʦ, ʤʦʜʠʬʠʢʘʮʠʷ ʠʤʝʥʥʦ ʵʪʦʛʦ ʦʩʪʘʪʢʘ ʩʚʷʟʘʥʘ ʩ ʝʛʦ 

ʚʳʩʦʢʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧʥʦʩʪʴʶ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʳʣʠ 

ʤʦʜʝʣʠʨʦʚʘʥʳ ʟʥʘʯʝʥʠʷ pKa ʠ ASA (accessible surface area) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʥʦʛʦ ʦʥʣʘʡʥ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʨʝʘʢʮʠʠ 

ʩʘʡʪʘʤʠ ʙʫʜʫʪ ʦʩʪʘʪʢʠ ʣʠʟʠʥʘ, ʠʤʝʶʱʠʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ pKa ʠ 

ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ASA. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʩʘʡʪʘʤ ʤʦʜʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʩʪʘʪʦʢ 

Lys-525 (pKa=9,98), ʧʦʩʣʝ ʯʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʦʩʪʘʪʢʠ Lys-205 

(pKa=10,50, ASA=0,58) ʠ Lys-137 (pKa=10,67, ASA=0,40). ʆʜʥʘʢʦ ʦʩʪʘʝʪʩʷ 

ʥʝʧʦʥʷʪʥʳʤ, ʧʦʯʝʤʫ ʦʩʪʘʪʦʢ Lys-205 ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʠʶ 

in vivo. ʀʟʚʝʩʪʥʦ [5], ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʘ ʟʘ ʩʯʝʪ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʦʩʪʘʪʢʘ Lys-205. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʵʪʦ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʨʘʟʥʳʭ ʦʩʪʘʪʢʦʚ ʣʠʟʠʥʘ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʘʮʠʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʦʣʘʢʪʦʥʘ ʛʦʤʦʮʠʩʪʝʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʞʙʝʣʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʘʣʴʙʫʤʠʥʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʢʦʥʲʶʛʘʪʳ ʘʣʴʙʫʤʠʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʥʠʪʨʦʢʩʠʣʴʥʳʭ/ʪʨʠʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ (ʈʠʩʫʥʦʢ 2). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʲʶʛʘʪʦʚ 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝ ʛʝʪʝʨʦʛʝʥʥʘʷ ʬʨʘʢʮʠʷ ʘʣʴʙʫʤʠʥʘ, ʧʦʩʪʘʚʣʷʝʤʘʷ 

ʢʦʤʧʘʥʠʝʡ Sigma, ʘ ʚʳʜʝʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʛʝʣʴ-ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʩʦʨʙʝʥʪʝ 

Sephadex-G150 superfine ʤʦʥʦʤʝʨʥʘʷ ʬʨʘʢʮʠʷ ʙʝʣʢʘ.  ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʡ ʬʦʨʤʳ ʘʣʴʙʫʤʠʥʘ ʩʦ ʩʚʦʙʦʜʥʦʡ ʩʫʣʴʬʛʠʜʨʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʧʦ ʦʩʪʘʪʢʫ ʮʠʩʪʝʠʥʘ-34 ʤʦʥʦʤʝʨ ʘʣʴʙʫʤʠʥʘ ʙʳʣ ʦʙʨʘʙʦʪʘʥ 

ʜʠʪʠʦʪʨʝʠʪʦʣʦʤ ʚ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʝ ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʟʨʫʰʝʥʠʶ 

S-S ʤʦʩʪʠʢʦʚ ʤʝʞʜʫ ʦʩʪʘʪʢʘʤʠ ʮʠʩʪʝʠʥʘ ʚ ʙʝʣʢʝ [6,7]. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʕʇʈ ʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʙʝʣʢʘ ʚʚʦʜʠʪʩʷ 0,97 

ʦʩʪʘʪʢʦʚ ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʜʣʷ HSA-NIT ʠ 0,78 ʦʩʪʘʪʢʦʚ ʪʨʠʪʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ ʜʣʷ HSA-OX063. ɺ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ʪʨʠʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʥʝ ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʙʝʣʢʘ [6]. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʤʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ. ʂʦʣʠʯʝʩʪʚʦ, Ŭ-ʩʧʠʨʘʣʝʡ ʠ ɓ-ʩʣʦʝʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʟʤʝʥʷʣʦʩʴ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ ʠʣʠ ʜʠʪʠʦʪʨʝʠʪʦʣʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʣʠʛʦʤʝʨʦʚ. ʅʘ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʧʦʣʦʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʦʥʦʤʝʨʫ ʙʝʣʢʘ. 
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ʈʠʩʫʥʦʢ 2. ʈʝʘʢʮʠʷ ʩʧʠʥ-ʤʝʯʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ 
ʘʣʴʙʫʤʠʥʘ (HSA).  

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PELDOR (ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ DEER) ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʜʠʤʝʨʦʚ ʠʣʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʙʝʣʢʦʚ (ʈʠʩʫʥʦʢ 3). ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʢʦʥʲʶʛʘʪʘ 

m-HSA-OX063 ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʘʜʠʢʘʣʘʤʠ ʩʦʩʪʘʚʠʣʦ 2.1 Ñ 0.3 ʥʤ. ʂʘʞʜʘʷ 

ʪʨʠʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʠʤʝʝʪ ʨʘʜʠʫʩ ʷʜʨʘ ʦʢʦʣʦ 0,5 ʥʤ, ʧʦʵʪʦʤʫ ʦʥʠ ʥʝ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʬʠʟʠʯʝʩʢʦʤ ʢʦʥʪʘʢʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʤʝʨ ʘʣʴʙʫʤʠʥʘ ʦʙʨʘʟʫʝʪʩʷ 

ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʘ. ʇʨʠʯʝʤ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʜʠʤʝʨ 

ʩʦʜʝʨʞʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʠʥ ʪʠʧ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʘʨ ʤʦʥʦʤʝʨʦʚ, ʚʚʠʜʫ ʦʯʝʥʴ 

ʫʟʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʩʩʪʦʷʥʠʷʤ. ɼʣʷ ʢʦʥʲʶʛʘʪʘ m-HSA-NIT ʚ ʩʧʝʢʪʨʝ DEER 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʰʠʨʦʢʠʡ ʧʠʢ ʩ ʤʘʢʩʠʤʫʤʦʤ ~ 1,9 ʥʤ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʢʦʥʲʶʛʘʪʘ ʩ ʪʨʠʪʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ. ʐʫʤ ʚʦ ʚʩʝʭ ʩʠʛʥʘʣʘʭ 

DEER ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ; ʟʘʰʪʨʠʭʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʙʦʣʝʝ 3 ʥʤ ʢʘʢ ʜʣʷ ʪʨʠʪʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ, ʪʘʢ ʠ ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʠʤʝʶʪ ʦʯʝʥʴ ʙʦʣʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʯʪʦʙʳ 

ʛʦʚʦʨʠʪʴ ʦ ʪʦʯʥʦʤ ʤʘʢʩʠʤʫʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʜʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 4. ʉʦʛʣʘʩʥʦ ʨʘʩʩʪʦʷʥʠʶ ~ 2 ʥʤ 

ʤʝʞʜʫ ʨʘʜʠʢʘʣʘʤʠ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʦʤʝʥʦʚ I ʘʣʴʙʫʤʠʥʘ. 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʧʨʠʨʦʜʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʜʠʤʝʨʦʚ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʟʙʘʚʣʝʥʠʶ ʙʫʬʝʨʦʤ, ʜʦʙʘʚʣʝʥʠʶ ʤʦʥʦʤʝʨʘ 

ʘʣʴʙʫʤʠʥʘ ʠ ʜʦʙʘʚʣʝʥʠʶ ʞʠʨʥʦʡ ʢʠʩʣʦʪʳ (ʤʠʨʠʩʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ) ʢ ʢʦʥʲʶʛʘʪʘʤ 

ʘʣʴʙʫʤʠʥʘ ʩʦ ʩʧʠʥʦʚʦʡ ʤʝʪʢʦʡ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʣʦ ʫʤʝʥʴʰʝʥʠʝ 

ʛʣʫʙʠʥʳ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʜʠʤʝʨʦʚ ʤʝʞʜʫ ʩʧʠʥ ʤʝʯʝʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʘʣʴʙʫʤʠʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʦʪʯʝʪʥʦʤ ʧʝʨʠʦʜʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʜʠʤʝʨʦʚ ʘʣʴʙʫʤʠʥʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʤʝʪʦʜʦʤ DEER ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʠʥ ʤʝʯʝʥʥʦʛʦ ʙʝʣʢʘ ʩ ʥʠʪʨʦʢʩʠʣʴʥʳʤ ʠ 

ʪʨʠʪʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʟʚʝʜʝʥʠʶ ʙʫʬʝʨʦʤ ʠ ʥʝʤʝʯʝʥʥʳʤ 

HSA ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʤʝʨʳ HSA ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʤʦʥʦʤʝʨʥʳʤ HSA. 

ɼʦʙʘʚʣʝʥʠʝ ʤʠʨʠʩʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʩʚʷʟʳʚʘʥʠʶ ʩ ʤʦʣʝʢʫʣʦʡ 

ʘʣʴʙʫʤʠʥʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʦʥʦʤʝʨʘ ʘʣʴʙʫʤʠʥʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʜʠʤʝʨʠʟʘʮʠʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʚ ʤʝʪʦʜʝ DEER ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʦʨʦʰʦ ʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʜʠʤʝʨʦʚ ʩʦ ʩʨʝʜʥʠʡ ʨʘʩʩʪʦʷʥʠʝʤ ~ 2 ʥʤ. ʆʙʨʘʟʦʚʘʥʠʝ ʜʠʤʝʨʦʚ ʤʦʞʝʪ 

ʚʣʠʷʪʴ ʥʘ ʤʥʦʞʝʩʪʚʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʫʥʢʮʠʝʡ HSA ʚ 

ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. 
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ʩʦʝʜʠʥʝʥʠʡè. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʢ.ʭ.ʥ. ɻʝʥʘʝʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ 

ʈʝʘʢʮʠʠ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ ʦ- ʠ ʤ-ʢʘʨʙʦʨʘʥʦʚ 1 ʠ 2 

ʵʣʝʤʝʥʪʘʨʥʳʤ ʙʨʦʤʦʤ ʠʤʝʶʪ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʧʦ ʩʫʙʩʪʨʘʪʫ ʠ ʦʯʝʥʴ ʚʳʩʦʢʠʡ 

(ʧʨʠʤʝʨʥʦ 5-ʡ) ʧʦʨʷʜʦʢ ʧʦ ʙʨʦʤʫ. ʈʘʩʯʝʪʥʳʝ ʙʘʨʴʝʨʳ ʵʪʠʭ ʨʝʘʢʮʠʡ ʨʝʟʢʦ 

ʧʦʥʠʞʘʶʪʩʷ ʧʦ ʤʝʨʝ ʜʦʙʘʚʣʝʥʠʷ ʤʦʣʝʢʫʣ ʙʨʦʤʘ ʚ ʩʦʩʪʘʚ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ʕʪʠ ʬʘʢʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʤʝʭʘʥʠʟʤ ʙʨʦʤʠʨʦʚʘʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʘʥʠʦʥʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ ʙʨʦʤʘ 

Br2n-1
ī
. ʂʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ ʜʝʡʪʝʨʠʷ, ʠʟʤʝʨʝʥʥʳʡ ʜʣʷ ʨʝʘʢʮʠʠ 

ʙʨʦʤʠʨʦʚʘʥʠʷ ʩʤʝʩʠ 2 ʠ 9,10-D2-2, ʨʘʚʥʳʡ 2.0, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ 

ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʟʨʳʚ ʩʚʷʟʠ B-H. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʘʩʯʝʪʘʤʠ DFT/PBE/ȿ01, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʧʨʦʭʦʜʠʪ ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʘ ʙʨʦʤʘ ʚ ů-

ʩʚʷʟʴ BïH. ɻʠʜʨʦʢʩʠ ʛʨʫʧʧʘ ʚ ʧʦʣʦʞʝʥʠʠ 9 ʢʘʨʙʦʨʘʥʘ 8 ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ 

ʜʝʟʘʢʪʠʚʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ 12, ʧʦ ʢʦʪʦʨʦʤʫ ʠʜʝʪ 

ʙʨʦʤʠʨʦʚʘʥʠʝ. ʄʝʭʘʥʠʟʤ ʵʪʦʡ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʢʘʢ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʫʶ, ʪʘʢ ʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʫʶ ʬʦʨʤʳ ʢʘʨʙʦʨʘʥʘ 8. 

 
ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ  

çʉʠʥʪʝʟ ʠ ʩʪʨʫʢʪʫʨʘ 9-ʛʠʜʨʦʢʩʠ-1,2-ʜʠʢʘʨʙʘ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʥʘ(11)è, ɼ.ɸ. 

ʈʫʜʘʢʦʚ, ɸ.ʄ. ɻʝʥʘʝʚ, ʖ.ɺ. ɻʘʪʠʣʦʚ, ɽ.ɸ. ɼʠʢʫʩʘʨ, ʊ.ɼ. ɿʚʝʨʝʚʘ, ɿ.ʇ. ɿʫʙʨʝʡʯʫʢ, 

ɺ.ʀ. ʇʦʪʢʠʥ ʀʟʚʝʩʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʘʷ. 2020. ˉ 2. ʉ. 320-324, 

doi: 10.1007/s11172-020-2763-1 IF=1.061 

ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʣʝʥʘ ʠ ʦʪʧʨʘʚʣʝʥʘ ʚ ʧʝʯʘʪʴ ʩʪʘʪʴʷ  

çNoncatalytic bromination of icosahedral dicarboranes. The key role of anionic bromine 

clusters facilitating Br atom insertion into the BïH ů-bondè. Andrey V. Shernyukov, 

George E. Salnikov, Dmitriy A. Rudakov and Alexander M. Genaev. Inorg. Chem., ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʠʪ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ. 

 

ɻʨʘʥʪ ʈʌʌʀ 18-33-00172 çʀʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʪʝʪʨʘʟʦʣʦ [1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ ʧʦ ʪʠʧʫ ɼʠʤʨʦʪʘè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ɸʣʝʢʩʘʥʜʨʦʚʘ ʅʘʜʝʞʜʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʧʦʢʘʟʘʥʦ, ʯʪʦ 2-ʘʟʠʜʦ-4-ʭʣʦʨ-6-

ʬʝʥʠʣʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ, ʩʦʜʝʨʞʘʱʝʤ ʚʦʜʫ, 

ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʩʝʨʠʶ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

2-ʘʟʠʜʦ-4-ʭʣʦʨ-6-ʬʝʥʠʣʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜ (1) ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʠʜʨʦʣʠʟʫ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 7-ʦʢʩʦ-5-ʬʝʥʠʣ-4,7-ʜʠʛʠʜʨʦʪʝʪʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-6-

ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ (2), ʜʘʣʝʝ ʩʦʝʜʠʥʝʥʠʝ 2 ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʪʠʧʘ 

ɼʠʤʨʦʪʘ ʠ ʧʝʨʝʭʦʜʠʪ ʚ 6-ʙʝʥʟʦʠʣʪʝʪʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-7(4H)-ʦʥ (3). 

ʉʪʨʫʢʪʫʨʳ 2-ʘʟʠʜʦ-4-ʭʣʦʨ-6-ʬʝʥʠʣʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ (1) ʠ 7-ʦʢʩʦ-5-

ʬʝʥʠʣ-4,7-ʜʠʛʠʜʨʦʪʝʪʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-6-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ (2) ʚ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʨʘʩʰʠʬʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʈʉɸ. ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʗʄʈ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 1 ʚ ʨʘʩʪʚʦʨʝ CDCl3 ʠ ɼʄʉʆïd6 ʥʝ ʧʨʦʷʚʣʷʝʪ 

ʘʟʠʜʦ-ʪʝʪʨʘʟʦʣʴʥʫʶ ʪʘʫʪʦʤʝʨʠʶ ʠ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʟʠʜʥʦʡ ʬʦʨʤʦʡ. ʉʪʨʦʝʥʠʝ 6-ʙʝʥʟʦʠʣʪʝʪʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-

7(4H)-ʦʥʘ (3) ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʚʫʤʝʨʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 
1
ʅ ʠ 

13
ʉ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦʣʥʳʝ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʪʘʫʪʦʤʝʨʦʚ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ. 

ʄʝʪʢʦʡ 
13
ʉ ʜʦʢʘʟʘʥ ʤʝʭʘʥʠʟʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʩʦʝʜʠʥʝʥʠʷ 2 ʚ 3 , ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʢʦʚʘʣʝʥʪʥʫʶ ʛʠʜʨʘʪʘʮʠʶ 7-ʦʢʩʦ-5-ʬʝʥʠʣ-4,7-

ʜʠʛʠʜʨʦʪʝʪʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-6-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ (2) ʠ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʩʱʝʧʣʝʥʠʝ ʮʠʢʣʘ ʧʦ ʩʚʷʟʠ C-N ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʮʠʢʣʠʟʘʮʠʝʡ ʩ ʜʨʫʛʦʡ ʦʢʩʠ-

ʛʨʫʧʧʦʡ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 
13
ʉ=ʆ ʤʝʯʝʥʳʡ ɼʄʌɸ ʠʟ 

13
ʉ-ʬʦʨʤʠʘʪʘ 

ʥʘʪʨʠʷ ʠ ʛʠʜʨʦʭʣʦʨʠʜʘ ʜʠʤʝʪʠʣʘʤʠʥʘ. ɿʘʪʝʤ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 
13
ʉ=ʆ 

ʤʝʯʝʥʦʛʦ 2-ʘʟʠʜʦ-4-ʭʣʦʨ-6-ʬʝʥʠʣʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ ʧʦ ʨʝʘʢʮʠʠ 

ɺʠʣʴʩʤʘʡʝʨʘ-ʍʘʘʢʘ ʚ ʤʝʯʝʥʦʤ ɼʄʌɸ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ 
1
ʅ ʠ 

13
ʉ ʗʄʈ ʩʧʝʢʪʨʦʚ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʝʪʢʘ 13ʉ ʧʝʨʝʭʦʜʠʪ ʚ ʫʛʣʝʨʦʜ ʉ-5 ʩʦʝʜʠʥʝʥʠʷ 3. ʊʘʢ, ʚ 
1
ʅ ʗʄʈ 

ʩʧʝʢʪʨʝ ʧʦʷʚʣʷʶʪʩʷ ʜʫʙʣʝʪʥʳʝ ʩʠʛʥʘʣʳ 8,55 ʤ.ʜ. ʩ 
1
JCH= 184 ɻʮ ʦʪ ʧʨʦʪʦʥʘ ʅ-5 

ʩʦʝʜʠʥʝʥʠʷ 3. ɸʥʘʣʦʛʠʯʥʳʡ ʚʳʚʦʜ ʜʝʣʘʝʪʩʷ ʠʟ 
13
ʉ ʗʄʈ ʩʧʝʢʪʨʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʠʛʥʘʣ ʫʛʣʝʨʦʜʘ ʉ-5 

ʩʦʝʜʠʥʝʥʠʷ 3. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʝʜʠʥʝʥʠʠ 3 ʩʠʛʥʘʣʳ ʫʛʣʝʨʦʜʘ ʉ-6 111,9 ʤ.ʜ. ʠ ʉ=ʆ 

191,0 ʤ.ʜ. ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʜʫʙʣʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ 
1
JCʉ= 68,2 ɻʮ ʠ 

2
JCʉ= 3,1 ɻʮ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʩʦʝʜʠʥʝʥʠʷ 2 ʩ ʤʝʯʝʥʦʡ ʅ2
18
ʆ. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʤʝʪʢʘ 
18
ʆ ʚʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʚ ʙʝʥʟʦʠʣʴʥʫʶ ʛʨʫʧʧʫ ʧʨʦʜʫʢʪʘ 3 ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚ 

ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 2. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʭʦʜʘ ʩʦʝʜʠʥʝʥʠʷ 2 

ʚ ʩʦʝʜʠʥʝʥʠʝ 3 ʠ ʧʦʣʫʯʝʥʘ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, ɽ
ʘ
=54.0Ñ5.7 ʢɼʞ/ʤʦʣʴ. 
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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). 

 

1. ʄʦʜʠʬʠʢʘʮʠʷ ʩʝʣʝʢʪʠʚʥʳʭ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʘʤ ʠʤʧʫʣʴʩʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ MUSIC ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ IDP 

ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʠʤʧʫʣʴʩʥʳʝ ʧʨʦʛʨʘʤʤʳ ʗʄʈ ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ IDP ʙʝʣʢʦʚ ʥʘ ʦʩʥʦʚʝ ʩʝʣʝʢʪʠʚʥʳʭ ʧʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ MUSIC. ʕʪʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ 

ʛʠʧʝʨʚʘʨʠʘʙʝʣʴʥʦʛʦ ʜʦʤʝʥʘ (HyperVariable Domain, HVD) ʥʝʩʪʨʫʢʪʫʨʥʦʛʦ 

ʙʝʣʢʘ nsP3, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ ʩʙʦʨʢʦʡ ʢʦʤʧʣʝʢʩʘ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ 

ʚʝʥʝʩʫʵʣʴʩʢʦʛʦ ʢʦʥʩʢʦʛʦ ʵʥʮʝʬʘʣʠʪʘ (Venezuelan Equine Encephalitis Virus, 

VEEV). ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʙʝʣʢʘ ʜʣʠʥʦʡ 189 ʘʤʠʥʦʢʠʩʣʦʪ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ IDP, ʠʟʫʯʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʘʜʝʞʥʳʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʡ ʧʨʦʪʦʢʦʣ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʦʥʘʥʩʦʚ ʦʩʥʦʚʥʦʡ ʠ ʙʦʢʦʚʦʡ ʮʝʧʠ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ IDP. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʘ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʠʩʯʝʨʧʳʚʘʶʱʝʝ 

ʦʪʥʝʩʝʥʠʝ 
15

N/
13

C/
1
H ʨʝʟʦʥʘʥʩʦʚ ʙʝʣʢʘ, ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʛʦ 

ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚʳʷʚʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʨʘʩʪʚʦʨʝ.  

 

20 ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʙʳʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʚ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ: 

ǒ semi-constant time nitrogen evolution 

ǒ & sensitivity improvement 

ǒ & TROSY  

ʅʦʚʳʝ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʪʥʝʩʝʥʠʷ  ʉʚʷʟʳʚʘʶʱʝʛʦ ʜʦʤʝʥʘ 

ʙʝʣʢʘ ʧʥʝʚʤʦʢʦʢʘ ʙʦʛʘʪʦʛʦ ʩʝʨʠʥʦʤ;  (Biomolecular NMR Assignments, 2020, V.14, N 

2, Pp 195-200) ʠ ʛʠʧʝʨʚʘʨʠʘʙʝʣʴʥʦʛʦ ʜʦʤʝʥʘ ʚʠʨʫʩʘ ɺʝʥʝʩʫʵʣʴʩʢʦʛʦ ʢʦʥʩʢʦʛʦ 

ʵʥʮʝʬʘʣʠʪʘ (HVD nsP3 of VEEV), ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ IDP ʠʟʫʯʝʥʥʳʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ (~190 aa) (in print) 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ  

Peter Agback, Andrey Shernyukov, Francisco Dominguez, Tatiana Agback, Elena 

Frolova, Novel NMR assignment strategy reveals structural heterogeneity in solution of 

the nsP3 HVD domain of Venezuelan equine encephalitis virus, Molecules 2020, 25, 

5824; doi:10.3390/molecules25245824  IF=3.266. 

 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʕʇʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʪʨʫʜʥʝʥʥʦʡ ʙʨʦʫʥʦʚʩʢʦʡ 

ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʃʠʫʚʠʣʣʷ 

ʄʥʦʛʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʩʦʜʝʨʞʘʪ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʠʦʥʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʥʟʦʨ ʨʘʩʱʝʧʣʝʥʠʷ ʚ ʥʫʣʝʚʦʤ 

ʧʦʣʝ ʠ g-ʪʝʥʟʦʨ, ʦʧʠʩʳʚʘʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʦʚ ʩ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ. ɺ ʩʪʘʪʴʝ [A.G. Maryasov, M.K. Bowman. Comment on "Modeling of 

motional EPR spectra using hindered Brownian rotational diffusion and the 

stochastic Liouville equation" [J. Chem. Phys. 152, 094103 (2020)] Journal of 

Chemical Physics, 2020, V. 153, N 2, Art.num. 027101 

doi:10.1063/5.0010661, IF=2.99] ʦʧʠʩʘʥʘ ʦʰʠʙʢʘ, ʦʙʥʘʨʫʞʝʥʥʘʷ ʚ 6-ʦʡ ʚʝʨʩʠʠ 

ʧʨʦʛʨʘʤʤʳ EasySpin, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʨʘʩʯʸʪʦʚ ʩʧʝʢʪʨʦʚ ʕʇʈ. 

ʆʰʠʙʢʘ ʩʚʷʟʘʥʘ ʩ ʥʝʧʨʘʚʠʣʴʥʳʤ ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ g-ʪʝʥʟʦʨʘ ʥʘ 

ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʠ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʝʩʣʠ 

ʘʥʠʟʦʪʨʦʧʠʷ g-ʪʝʥʟʦʨʘ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ. ʊʘʢ, ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʜʠʢʘʣʦʚ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʘʥʠʟʦʪʨʦʧʠʷ ʤʘʣʘ, ʜʣʷ ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʚ ʤʝʜʠ ʠ ʞʝʣʝʟʘ 

ʦʰʠʙʢʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥ 10% ʠ ʙʦʣʝʝ 100%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʘʚʪʦʨʘʤ ʧʨʦʛʨʘʤʤʳ EasySpin ʧʦ ʠʩʧʨʘʚʣʝʥʠʶ ʦʰʠʙʦʢ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʘʡʪʝ ʧʨʦʛʨʘʤʤʳ ʜʦʩʪʫʧʥʘ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʚʝʨʩʠʷ 5.2 

ʧʨʦʛʨʘʤʤʳ, ʝʸ ʘʚʪʦʨʳ ʫʯʣʠ ʢʨʠʪʠʢʫ. ʅʠʞʝ ʚʦʩʧʨʦʠʟʚʝʜʸʥ ʨʠʩ.2 ʠʟ ʩʪʘʪʴʠ. 
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3. ɸʥʠʟʦʪʨʦʧʥʳʝ S = 1/2 ʜʫʙʣʝʪʳ ʂʨʘʤʝʨʩʘ: g-ʤʘʪʨʠʮʘ, ʪʝʥʟʦʨ G ʠ ʜʠʥʘʤʠʢʘ 

ʩʧʠʥʘ ʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. 

ɺ ʨʘʙʦʪʝ [A. G. Maryasov, M. K. Bowman. Anisotropic S=1/2 Kramers Doublets: g-

Matrix, the Tensor G, and Dynamics of the Spin and Magnetic Moment. Applied 

Magnetic Resonance (2020), V. 51, N 9-10, Pp 1201-1210 doi:10.1007/s00723-020-

01257-3, IF=0.824] ʧʨʦʚʝʜʝʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʧʠʥʦʚʦʡ ʜʠʥʘʤʠʢʠ 

ʠ ʜʚʠʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʮʝʥʪʨʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʘʥʠʟʦʪʨʦʧʥʳʤ g-ʪʝʥʟʦʨʦʤ. ɺʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʳʭ 

ʫʜʦʙʥʦ ʦʧʠʩʳʚʘʪʴ ʜʚʠʞʝʥʠʝ ʩʧʠʥʘ ʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤ ʩ 

ʘʥʠʟʦʪʨʦʧʥʳʤ g-ʪʝʥʟʦʨʦʤ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʝʮʝʩʩʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦʢʨʫʛ ʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʦʩʥʦʚʥʦʝ 

ʨʘʟʣʠʯʠʝ ʥʘ ʨʠʩ.1 ʠʟ ʩʪʘʪʴʠ, ʛʜʝ ʧʦʢʘʟʘʥʦ ʜʚʠʞʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠʟ 

ʦʜʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʤʦʣʝʢʫʣʳ ʚʦʢʨʫʛ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʠʟʦʪʨʦʧʥʦʤ ʩʣʫʯʘʝ ʥʝ ʙʫʜʝʪ ʥʠʢʘʢʠʭ 

ʨʘʟʣʠʯʠʡ, ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʞʝ ʩʣʫʯʘʝ ʛʝʦʤʝʪʨʠʷ ʜʚʠʞʝʥʠʷ ʤʝʥʷʝʪʩʷ 

ʢʘʨʜʠʥʘʣʴʥʦ, ʠ ʪʦʣʴʢʦ ʯʘʩʪʦʪʘ ʧʨʝʮʝʩʩʠʠ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. 
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4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʠʙʦʩʦʤ ʩ ʤʘʪʨʠʯʥʳʤʠ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʈʅʂ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʪʝʨʤʠʥʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʤʝʪʦʜʦʤ 

ʠʤʧʫʣʴʩʥʦʡ ʜʠʧʦʣʴʥʦʡ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ 

ʥʝʠʟʤʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʠ ʤʈʅʂ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʪʝʨʤʠʥʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ 

ʠ ʚʳʷʩʥʝʥ ʨʷʜ ʘʩʧʝʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʈʅʂ ʩ 40S 

ʩʫʙʯʘʩʪʠʮʘʤʠ ʨʠʙʦʩʦʤ ʯʝʣʦʚʝʢʘ, ʧʨʦʠʩʭʦʜʷʱʝʤ ʚʥʝ ʤʈʅʂ-ʩʚʷʟʳʚʘʶʱʝʛʦ 

ʮʝʥʪʨʘ ʚʙʣʠʟʠ ʚʭʦʜʘ ʤʈʅʂ ʚ ʨʠʙʦʩʦʤʫ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ʫʯʘʩʪʦʢ ʩʚʷʟʳʚʘʥʠʷ ʪʘʢʠʭ ʈʅʂ ʥʘ ʩʫʙʯʘʩʪʠʮʝ ʠ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʚ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ 

ʤʈʅʂ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʤ 40S ʩʫʙʯʘʩʪʠʮʝʡ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ 

ʙʝʣʢʘ uS3. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʥʝʝ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʣʘʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 40S ʩʫʙʯʘʩʪʠʮʳ 

ʨʠʙʦʩʦʤʳ ʯʝʣʦʚʝʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʈʅʂ. ʆ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʞʥʦ ʙʳʣʦ ʩʫʜʠʪʴ ʠʟ ʩʰʠʚʘʥʠʷ ʘʣʴʜʝʛʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʈʅʂ ʩ ʬʨʘʛʤʝʥʪʦʤ 

55-64 ʨʠʙʦʩʦʤʥʦʛʦ ʙʝʣʢʘ uS3, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʥʝ ʤʈʅʂ-ʩʚʷʟʳʚʘʶʱʝʛʦ 

ʢʘʥʘʣʘ. ɸʥʘʣʠʟ ʘʪʦʤʘʨʥʳʭ ʤʦʜʝʣʝʡ 40S ʩʫʙʯʘʩʪʠʮ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʝʨʦʷʪʥʳʤ 

ʩʘʡʪʦʤ ʜʣʷ ʣʘʙʠʣʴʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʈʅʂ ʷʚʣʷʝʪʩʷ ʢʣʘʩʪʝʨ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʤʝʞʜʫ ʩʘʡʪʦʤ ʚʭʦʜʘ ʤʈʅʂ ʠ 

ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʙʝʣʢʘ uS3. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʰʠʤ ʦʪʢʨʳʪʠʝʤ 

ʪʦʛʦ, ʯʪʦ 3'-ʢʦʥʮʝʚʦʡ ʬʨʘʛʤʝʥʪ ʤʈʅʂ, ʧʨʦʩʪʠʨʘʶʱʠʡʩʷ ʚʥʝ 40S ʩʫʙʯʘʩʪʠʮʳ, 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʰʠʚʢʝ ʧʨʦʠʟʚʦʜʥʦʛʦ ʈʅʂ ʩ ʬʨʘʛʤʝʥʪʦʤ 55-64 ʙʝʣʢʘ uS3. ɼʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

DEER/PELDOR ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʦʠʟʚʦʜʥʦʝ ʫʥʜʝʢʘʨʠʙʦʥʫʢʣʝʦʪʠʜʘ ʩ 
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ʥʠʪʨʦʢʩʠʜʥʳʤʠ ʩʧʠʥʦʚʳʤʠ ʤʝʪʢʘʤʠ ʥʘ ʢʦʥʮʝʚʳʭ ʥʫʢʣʝʦʪʠʜʘʭ. ʄʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ʤʈʅʂ ʚ ʢʘʥʘʣʝ 40S ʩʫʙʯʘʩʪʠʮʳ ʥʝ ʚʣʠʷʝʪ ʥʘ ʝʸ ʘʩʩʦʮʠʘʮʠʶ 

ʩʦ ʩʧʠʥ-ʤʝʯʝʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʈʅʂ ʠ ʯʪʦ ʧʝʧʪʠʜ 55-64 ʙʝʣʢʘ uS3 ʥʝ ʫʯʘʩʪʚʫʝʪ 

ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. ɿʘʤʝʥʘ ʧʨʦʠʟʚʦʜʥʦʛʦ ʈʅʂ ʥʘ ɼʅʂ ʚʳʷʚʠʣʘ ʚʘʞʥʦʩʪʴ 2'-ʆʅ 

ʛʨʫʧʧ ʨʠʙʦʟʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ 

ʈʅʂ ʩ ʦʜʥʦʡ ʩʧʠʥʦʚʦʡ ʤʝʪʢʦʡ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʩʘʡʪʦʤ ʚʭʦʜʘ ʤʈʅʂ ʠ ʫʯʘʩʪʢʦʤ ʩʣʘʙʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʈʅʂ ʥʘ 40S ʩʫʙʯʘʩʪʠʮʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʫʶ 

ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʪʝʪʨʘʧʝʧʪʠʜʘ 60GEKG63 ʙʝʣʢʘ uS3 ʚ ʠʥʠʮʠʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʧʨʘʚʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 48S ʧʨʝʜʳʥʠʮʠʘʪʦʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʫʪʝʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʤʈʅʂ ʚ ʨʠʙʦʩʦʤʥʦʤ ʢʘʥʘʣʝ.  

5. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʨʦʣʠ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʘʤʠʣʦʠʜʥʦʛʦ ʪʠʧʘ ʤʝʪʦʜʘʤʠ ʕʇʈ ʠ 
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F ʗʄʈ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʚʝʜʝʥʠʷ ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʚ ʤʦʣʝʢʫʣʳ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʘʣʴʙʫʤʠʥʘ). ʇʨʝʜʣʦʞʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ N-

ʘʮʠʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʪʠʦʣʘʢʪʦʥʘ ʛʦʤʦʮʠʩʪʝʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʘʟʠʜʦʛʨʫʧʧʫ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ  ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʨʝʘʛʝʥʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ. ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ 

ʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʦʨʤʘ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ï N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʥʳʝ 

ʘʣʴʙʫʤʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʘʡʪʘʭ ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ. ɺ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʦʩʪʘʪʢʦʚ ʣʠʟʠʥʘ ʙʝʣʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʦʣʘʢʪʦʥʘ 

ʛʦʤʦʮʠʩʪʝʠʥʘ ʠʣʠ ʝʛʦ N-ʘʟʠʜʦʘʮʠʣʴʥʦʛʦ ʘʥʘʣʦʛʘ (N-(2-ʦʢʩʦ-

ʪʝʪʨʘʛʠʜʨʦʪʠʦʬʝʥ-3-ʠʣ)-ʘʤʠʜʘ 6-ʘʟʠʜʦʛʝʢʩʘʥʦʚʦʡ ʢʠʩʣʦʪʳ), ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʚʝʜʝʥʠʝʤ çʪʠʦʣ-ʢʣʠʢè ʨʝʘʢʮʠʠ ʩ ʤʝʪʠʣʪʠʦʩʫʣʴʬʦʥʘʪʥʳʝʤ ʨʝʘʛʝʥʪʦʤ ʥʘ 

ʦʩʥʦʚʝ ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ. ʇʦʣʫʯʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʘʣʴʙʫʤʠʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʘʡʪʘʭ ʗʄʈ ʤʝʪʢʫ (ʷʜʨʘ 
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F) ʠ ʘʣʴʙʫʤʠʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʕʇʈ-ʤʝʪʢʫ ʚ ʧʦʣʦʞʝʥʠʠ Cys-34. 

6. ʅʝʜʘʚʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ə-ʢʘʟʝʠʥʘ 

ʯʝʣʦʚʝʢʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʣʘʢʪʘʧʪʠʥ (8,6 ʢɼʘ) ʠʥʜʫʮʠʨʫʝʪ ʘʧʦʧʪʦʟ ʢʣʝʪʦʢ 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ MCF-7 ʠ MDA-MB-231 ʙʝʟ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʨʤʘʣʴʥʳʤ ʢʣʝʪʢʘʤ. 

ʈʝʢʦʤʙʠʥʘʥʪʥʳʡ ʘʥʘʣʦʛ ʣʘʢʪʘʧʪʠʥʘ RL2 ʦʙʣʘʜʘʝʪ ʩʘʤʦʡ ʚʳʩʦʢʦʡ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʘ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʚʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ 

ʘʢʪʠʚʥʦʩʪʴ RL2, ʘ  ʪʘʢʞʝ ʘʛʨʝʛʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʛʦ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ə-ʢʘʟʝʠʥʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʣʦʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʗʄʈ, ʤʝʪʦʜʘ ʫʩʠʣʝʥʠʝ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ (PRE), ʕʇʈ, ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʘʥʘʣʠʟʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ RL2 ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ 

ʦʪʜʝʣʴʥʳʭ ʤʦʥʦʤʝʨʥʳʭ ʯʘʩʪʠʮ ʠ ʢʨʫʧʥʳʭ ʘʛʨʝʛʘʪʦʚ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʦʤʦʜʠʤʝʨ 

ʩ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʴʶ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʩʢʣʦʥʥʳʤ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʠʭ 

ʘʛʨʝʛʘʪʦʚ, ʤʦʥʦʤʝʨ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠʮʳ. 

ʈʝʣʘʢʩʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʗʄʈ ʩʧʠʥ-ʤʝʯʝʥʦʛʦ RL2 ʧʦʢʘʟʘʣ, ʯʪʦ N-ʢʦʥʮʝʚʘʷ 

ʦʙʣʘʩʪʴ RL2, ʢʦʪʦʨʘʷ ʚʘʞʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʤʫʣʴʪʠʤʝʨʠʟʘʮʠʠ ʧʝʧʪʠʜʘ, ʥʦ ʠ ʜʣʷ 

ʝʛʦ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ, ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʘ, ʯʝʤ 
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ʝʛʦ ʉ-ʢʦʥʮʝʚʦʡ ʘʥʘʣʦʛ, ʠ ʩʦʜʝʨʞʠʪ ʩʘʡʪ ʩʦ ʩʢʣʦʥʥʦʩʪʴʶ ʢ Ŭ-ʩʧʠʨʘʣʴʥʦʡ 

ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ.  ʄʝʪʦʜʦʤ ʕʇʈ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

RL2 ʚ ʯʝʣʦʚʝʯʝʩʢʠʝ ʢʣʝʪʢʠ ʨʘʢʘ ʣʝʛʢʦʛʦ. 

7.  ʄʝʪʦʜʦʤ ʕʇʈ ʠ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʤʙʨʘʥʥʳʝ ʜʦʤʝʥʳ ʚʪʦʨʦʛʦ VSD Na+ 

ʢʘʥʘʣʘ NaV1.4 ʯʝʣʦʚʝʢʘ (VSD-II) ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʦʢʩʠʥʦʤ-

ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʩʪʨʦʙʠʨʦʚʘʥʠʷ Hm-3 ʦʪ ʧʘʫʢʘ-ʢʨʘʙʘ Heriaeus melloteei. 

ʉʤʝʰʘʥʥʳʝ ʤʠʮʝʣʣʳ ʮʚʠʪʪʝʨʠʦʥʥʳʭ ʜʝʪʝʨʛʝʥʪʦʚ (DPC/LDAO 1: 1) ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʤʠʪʘʮʠʠ ʤʝʤʙʨʘʥʥʦʡ ʩʨʝʜʳ VSD-II. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʩʧʝʢʪʨʳ ʗʄʈ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʤʙʠʥʘʪʦʨʥʘʷ ʩʝʣʝʢʪʠʚʥʘʷ ʤʘʨʢʠʨʦʚʢʘ ʠ 

ʧʷʪʴ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ VSD-II, ʤʝʯʝʥʥʳʭ 
13

C, 
15

N, ʩ ʩʝʣʝʢʪʠʚʥʦʡ 

ʤʝʪʢʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʦʩʥʦʚʥʘʷ 

ʜʠʥʘʤʠʢʘ ʜʦʤʝʥʘ. ʊʨʝʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ VSD-II ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ 

ʤʝʪʦʜʦʤ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʠʥ-ʤʝʯʝʥʳʭ ʦʙʨʘʟʮʦʚ.   

8.  ʅʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ ʤʝʛʘ-

ʛʨʘʥʪʦʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ  ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʤʝʪʦʜʝ 

ʨʘʜʠʢʘʣʴʥʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ çʞʠʚʦʡè ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʈʂʇ), ʢʦʪʦʨʘʷ  

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʚ ʤʷʛʢʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʦʙʳʯʥʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʆʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʈʂʇ, ʷʚʣʷʶʪʩʷ 

ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʢʦʢʩʠʘʤʠʥʳ. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ.  

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʪʨʠ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʤʝʥʷʪʴ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʘʣʢʦʢʩʠʘʤʠʥʦʚ: (1) ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ/ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, (2) ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʟʘʤʝʱʝʥʥʳʭ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʠ ʩʦʣʝʡ ʤʝʜʠ, ʮʠʥʢʘ, ʪʝʨʙʠʷ, (3) 

ʨʝʘʢʮʠʷ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʣʝʬʠʥʦʚ ʢ ʘʣʴʜʦʥʠʪʨʦʥ-

ʟʘʤʝʱʝʥʥʳʤ ʘʣʢʦʢʩʠʘʤʠʥʘʤ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʧʦʜʭʦʜʳ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʣʢʦʢʩʠʘʤʠʥʦʚ, ʪʘʢ ʢʘʢ ʚ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦʚʦʣʴʥʦ ʩʪʘʙʠʣʴʥʳ, ʘ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ  

ʩʪʘʥʦʚʷʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʠʮʠʘʪʦʨʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʧʦʜʭʦʜ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʝʨʨʘʥʦʩʪʠʢʠ ʠ ʫʧʨʘʚʣʷʪʴ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ, ʘ 

ʘʣʢʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʢʘʢ ʣʦʚʫʰʢʫ ʨʝʘʢʮʠʦʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢʠʩʣʦʨʦʜʘ. 

9. ʅʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʨʠ ʥʦʚʳʭ ʪʨʠʨʘʜʠʢʘʣʘ ʩ ʥʝʙʦʣʴʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (J Ḻ AN) ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ ʩʦʯʝʪʘʥʠʷ ʤʝʞʜʫ 

ʧʨʦʠʟʚʦʜʥʳʤ ʩʧʠʨʦʮʠʢʣʦ- ʤʦʥʦʨʘʜʠʢʘʣʘ 2,5-ʜʠʛʠʜʨʦʠʤʠʜʘʟʦʣʴʥʦʛʦ ʪʠʧʘ ʠ 

ʜʚʫʤʷ ʤʦʣʷʤʠ. ʵʢʚʠʚʘʣʝʥʪʳ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʠʪʨʦʢʩʠʜʦʚ 

ʪʠʧʘ ʧʨʦʢʩʠʣ, ʊɽʄʈʆ ʠʣʠ 2,5-ʜʠʛʠʜʨʦ-1ʅ-ʧʠʨʨʦʣʘ. ʀʭ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ  ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ 

ʩʧʝʢʪʨʦʚ ʕʇʈ ʚ X, Q- ʠ W-ʜʠʘʧʘʟʦʥʦʚ ʩʦ ʩʧʝʢʪʨʘʤʠ ʤʦʥʦʨʘʜʠʢʘʣʴʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʊʨʠʪʠʣʴʥʳʝ ʠ ʥʠʪʨʦʢʩʠʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ p-ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʘʨʠʣʴʥʳʭ ʣʠʥʢʝʨʦʚ ʩʣʫʞʘʪ 

ʤʦʜʝʣʴʶ ʜʣʷ ʙʠʨʘʜʠʢʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʙʤʝʥʥʳʝ (J) ʠ ʩʚʝʨʭʪʦʥʢʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʢʫʨʠʨʫʶʪ ʩ g-ʨʘʟʥʦʩʪʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʟʝʝʤʘʥʦʚʩʢʠʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʙʠʨʘʜʠʢʘʣʴʥʦʛʦ 

ʩʧʠʥʦʚʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ J, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʤʥʦʛʦʯʘʩʪʦʪʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʕʇʈ ʠ 
1
H-ENDOR-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 
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ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʙʠʨʘʜʠʢʘʣʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʜʣʷ ʤʝʪʦʜʦʚ 

ʩʧʠʥʦʚʳʭ ʤʘʥʠʧʫʣʷʮʠʡ ʥʘ ʦʩʥʦʚʝ AWG (ɻʝʥʝʨʘʪʦʨ ʧʨʦʠʟʚʦʣʴʥʳʭ ʚʦʣʥ), 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ GRAPE (GRAdient Pulse Engineering) ʫʧʨʘʚʣʷʪʴ 

ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩʧʠʥʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʩʧʠʥʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʦʩʣʘʙʣʝʥʥʳʭ ʩʚʝʨʭʪʦʥʢʠʭ ʩʠʛʥʘʣʦʚ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʵʬʬʝʢʪʳ ɼʇʗ 

ʙʠʨʘʜʠʢʘʣʦʚ ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʗʄʈ 400 ʄɻʮ, ʯʪʦ ʜʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 30 ʜʣʷ 
1
H ʠ 27,8 ʜʣʷ ʷʜʝʨ 

13
C. 

10.  ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 2,2,5,5-ʪʝʪʨʘʵʪʠʣʴʥʳʭ 

ʪʘʨʛʝʪʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʠ ʧʠʨʨʦʣʠʥʦʚʦʛʦ 

ʨʷʜʦʚ ʥʘ ʞʠʚʳʭ ʦʙʲʝʢʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʪʦʡʯʠʚʳʝ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʧʨʝʦʜʦʣʝʚʘʶʪ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. 
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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 

1. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʢʣʘʩʩʳ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ çʙʣʦʢʦʚè ʜʠʬʪʦʨʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʴʥʫʶ ʛʨʫʧʧʫ, 

ʘ ʪʘʢʞʝ ʘʢʨʠʣʦʠʜʥʳʡ ʩʦʧʦʣʠʤʝʨ (Co-MMA:Th(O)S), ʩ ʧʝʥʜʘʥʪʥʦʡ ʛʨʫʧʧʦʡ ʥʘ 

ʦʩʥʦʚʝ ʪʠʦʢʩʘʥʪʝʥʦʥʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 5,6-ʜʠʘʤʠʥʦ-4,7-ʜʠʬʪʦʨ-ʙʝʟʦ-1,2,3-

ʩʝʣʝʥʘʜʠʘʟʦʣʘ ʩ 6-FDA ʧʦʣʫʯʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʘʤʠʜʦʢʠʩʣʦʪʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʝʝ ʠʤʠʜʠʟʘʮʠʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʣʠʠʤʠʜ (PI 5) (ʈʠʩ. 1.1).  

ʉʠʥʪʝʟ ʩʦʧʦʣʠʤʝʨʘ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ ʨʘʜʠʢʘʣʴʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɼʣʷ 

ʩʠʥʪʝʟʘ ʵʣʝʢʪʨʦʘʢʪʠʚʥʦʡ ʧʝʥʜʘʥʪʥʦʡ ʛʨʫʧʧʳ ʠʩʭʦʜʥʳʡ 2-ʙʨʦʤʤʝʪʠʣ-9ʅ-

ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥ ʤʦʜʠʬʠʮʠʨʦʚʘʣʩʷ ʧʠʧʝʨʘʟʠʥʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʩ 

ʭʣʦʨʘʥʛʠʜʨʠʜʦʤ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʡ ʤʦʥʦʤʝʨ ʚʩʪʫʧʘʣ ʚ ʨʝʘʢʮʠʶ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʧʝʨʝʢʠʩʴʶ ʙʝʥʟʦʠʣʘ. 

 

 
ʈʠʩʫʥʦʢ 1.1. (a) ʉʭʝʤʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʚʠʜʦʚ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʜʠʘʤʠʥʦʜʠʬʪʦʨʬʪʦʨʙʝʥʟʦ-1,2,3-ʩʝʣʝʥʦʜʠʘʟʦʣʘ ʠ ʤʝʪʦʜʦʤ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ (Co-MMA:Th(O)S); (b) ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʧʦʣʠʠʤʠʜʘ; (c, d) ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ PI 5 (ʪʦʥʢʦʧʣʝʥʦʯʥʘʷ 

ʵʣʝʢʪʨʦʭʠʤʠʷ) ʠ Co-MMA:Th(O)S (ʨʘʩʪʚʦʨʥʘʷ ʵʣʝʢʪʨʦʭʠʤʠʷ) 
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ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ ʚʝʩʴʤʘ ʚʳʩʦʢʫʶ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ 

ʥʦʚʦʛʦ ʧʦʣʠʠʤʠʜʘ ʩ ʮʝʧʥʳʤʠ ʙʣʦʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʠʬʪʦʨʬʪʦʨʙʝʥʟʦ-1,2,3-

ʩʝʣʝʥʦʜʠʘʟʦʣʘ (ʜʦ 400 
o
C, ʈʠʩ. 1.1b). ʉʦʧʦʣʠʤʝʨ Co-MMA:Th(O)S ʠʤʝʝʪ ʙʦʣʝʝ 

ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ. 

ʅʘ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ ʧʦʣʠʠʤʠʜʘ PI 5 ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʘʷ ʥʝʦʙʨʘʪʠʤʘʷ ʚʦʣʥʘ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ -0.89 ɺ (ʦʪʥ. ʥ.ʢ.ʵ.) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʦʙʨʘʪʠʤʳʤʠ ʚʦʣʥʘʤʠ ʕʍɺ (-1.26, - 1.43 ɺ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʝʨʝʥʦʩʫ ʵʣʝʢʪʨʦʥʘ ʥʘ ʜʠʬʪʦʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʴʥʳʡ ʠ ʠʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪʳ 

ʧʦʣʠʠʤʠʜʥʦʡ ʮʝʧʠ (ʈʠʩ. 1.1ʩ).  

ɺ ʦʪʣʠʯʠʝ ʦʪ PI 5 ʩʦʧʦʣʠʤʝʨ Co-MMA:Th(O)S ʦʢʘʟʘʣʩʷ ʨʘʩʪʚʦʨʠʤʳʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʙʘʟʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ. 

ʈʘʩʪʚʦʨʥʘʷ ʵʣʝʢʪʨʦʭʠʤʠʷ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʜʘʝʪ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʫʶ ʦʙʨʘʪʠʤʫʶ ʦʜʥʦʵʣʝʢʪʨʦʥʥʫʶ ʚʦʣʥʫ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ ʙʣʠʟʢʦʤʫ ʢ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʠʩʭʦʜʥʦʛʦ ʪʠʦʢʩʘʥʪʝʥʦʥʘ (ʈʠʩ. 1.1d). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʎɺɸ, ʤʳ ʦʞʠʜʘʝʤ ʫʥʠʧʦʣʷʨʥʦʛʦ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʘʤʷʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ Co-

MMA:Th(O)S, ʠ, ʚʦʟʤʦʞʥʦ, ʩ ʫʯʝʪʦʤ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʠʠʤʠʜʦʚ ʢ ʦʢʠʩʣʝʥʠʶ, 

ʙʠʧʦʣʷʨʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʤʨʠʩʪʦʨʘ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ 

PI 5.  

2. ʉ ʮʝʣʴʶ ʦʙʦʩʥʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʭʨʦʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʧʦʣʠʠʤʠʜʦʚ ʩ ʧʝʥʜʘʥʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ 9H-ʪʠʦʢʩʘʥʪʝʥ-

9-ʦʥʘ ʠ ʝʛʦ S,S-ʜʠʦʢʩʠʜʥʦʛʦ (ʩʤ. ʨʘʙʦʪʫ [1],) ʚʳʧʦʣʥʝʥʳ 3D UV-VIS-NIR 

ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʢʫʨʩʦʨʦʚ 

ʧʝʥʜʘʥʪʥʳʭ ʛʨʫʧʧ: 2-ʤʝʪʠʣ-9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ (1) ʠ ʝʛʦ S,S- ʜʠʦʢʩʠʜʘ (2), 

ʦʪʨʘʞʘʶʱʠʝ ʵʣʝʢʪʨʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʈʠʩ.1.2). 

 
ʈʠʩʫʥʦʢ 1.2. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 3D UV-VIS-NIR ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ 1 (ʘ) ʠ 2 (ʩ) ʚ ʦʙʣʘʩʪʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ (ʣʝʚʘʷ ʦʩʴ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ (ʧʨʘʚʘʷ ʦʩʴ) (b, d). (UV-

VIS-NIR ʩʧʝʢʪʨ ʥʝʡʪʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 1,2 ʚʳʙʠʨʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʣʘʥʢʘ ʜʣʷ 

ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ) 
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ʉʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ UV-VIS-NIR, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʕʍɺ 

ʩʦʝʜʠʥʝʥʠʷ 1 (ʈʠʩ. 1.2a) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʝʪʳʨʴʤʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʧʦʣʦʩʘʤʠ 

ʧʦʛʣʦʱʝʥʠʷ (286, 339, 416, 671 ʥʤ), ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʦʛʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ 1. ʅʘʙʣʶʜʘʝʤʦʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʧʦʣʦʩʘ (385 ʥʤ) ʩʚʷʟʘʥʦ ʩ ʨʘʩʧʘʜʦʤ ʥʝʡʪʨʘʣʴʥʦʡ 

ʬʦʨʤʳ 1. ʂʠʥʝʪʠʢʘ ʵʪʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦ ʩʠʥʬʘʟʥʦʡ (ʈʠʩ. 1.2b), 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ E-ʧʨʦʮʝʩʩ (ʦʙʨʘʪʠʤʳʡ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ) ʧʨʠ ʕʍɺ 

ʩʦʝʜʠʥʝʥʠʷ 1. 

ʉʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ UV-VIS-NIR, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʕʍɺ 

ʩʦʝʜʠʥʝʥʠʷ 2 ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ (0,0>E>-1.52 ɺ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʯʝʪʳʨʴʤʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ (288, 321, 382, 631 ʥʤ), 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɸʈ 2, ʠ ʦʜʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ 

(288 ʥʤ), ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʩʧʘʜʦʤ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʳ 2 (ʈʠʩ. 1.2ʩ). ɺ ʦʙʣʘʩʪʠ 

ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ -1.52> E> -2.0 ʚ ʦʧʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ 2 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ (443, 524 ʥʤ), ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʘʥʠʦʥʘ 2 (ʈʠʩ 1.2ʩ). ʂʠʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʳʙʨʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ (ʈʠʩ. 1.2d) ʠʤʝʶʪ ʜʚʘ 

ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ɸʈ 2, ʧʨʠ t = 360ʩ (ʧʨʷʤʘʷ ʨʘʟʚʝʨʪʢʘ 

ʧʦʪʝʥʮʠʘʣʘ), 630 ʩ (ʦʙʨʘʪʥʘʷ ʨʘʟʚʝʨʪʢʘ ʧʦʪʝʥʮʠʘʣʘ), ʠ ʦʜʠʥ ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ (524 ʥʤ, ʝʝ ʤʘʢʩʠʤʫʤ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʯʘʣʝ ʦʙʨʘʪʥʦʡ ʨʘʟʚʝʨʪʢʠ 

ʧʦʪʝʥʮʠʘʣʘ), ʩʚʷʟʘʥʥʳʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʘʥʠʦʥʘ (ɼɸ) 2. 

ʇʦʩʢʦʣʴʢʫ ʕʍɺ ʩʦʝʜʠʥʝʥʠʷ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʨʘʪʠʤʳʡ EE- ʧʨʦʮʝʩʩ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠ ʨʘʟʜʝʣʝʥʥʳʤ ʧʦ ʰʢʘʣʝ ʧʦʪʝʥʮʠʘʣʦʚ ʧʝʨʝʥʦʩʦʤ ʜʚʫʭ 

ʵʣʝʢʪʨʦʥʦʚ, ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ɸʈ 2 ʠ 

ɼɸ 2 ʩʚʷʟʘʥʳ ʥʝ ʪʦʣʴʢʦ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʟʘʨʷʜʘ ʯʝʨʝʟ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʷʯʝʡʢʫ 

ʟʘ ʩʯʝʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʕʍɺ 2, ʥʦ ʠ ʩ ʨʘʚʥʦʚʝʩʠʝʤ ʭʘʨʘʢʪʝʨʥʳʤ 

ʜʣʷ EE-ʧʨʦʮʝʩʩʘ: 

                                           2 ɸʈ 2 ½½ ½«
½½­½

-1

1

k

k

ɼɸ 2 + 2,  (1) 

ʛʜʝ k-1 ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ɼɸ 2 ʚ ʨʘʩʪʚʦʨʝ. ʊʦʛʜʘ, ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʜʣʷ ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʈʠʩ. 1.2d), ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʢʘʢ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʩ ʫʯʝʪʦʤ ʨʘʚʥʦʚʝʩʠʷ (1), ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʥʘ 

ʧʦʣʫʧʝʨʠʦʜʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ 

ʤʦʣʷʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʩʪʠʥʢʮʠʠ ɸʈ 2 ʠ ɼɸ 2 ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 631 ʠ 524 ʥʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʘʝʪ ʦʯʝʥʴ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʧʨʦʬʠʣʷʤʠ (ʈʠʩ.1.3). 
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ʈʠʩʫʥʦʢ 1.3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʤʦʜʝʣʠʨʦʚʘʥʥʳʝ (ʢʨʫʞʢʠ) 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ɸʈ 2 ʠ ɼɸ 2 ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 631 ʠ 524 ʥʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ 3D UV-VIS-NIR  ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ 2. (ʧʦʢʘʟʘʥʳ ʧʦʣʫʧʝʨʠʦʜʳ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ) 

 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʦʢʠʩʣʝʥʠʷ ɼɸ 2 ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʚʳʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ɸʈ 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʢʘʟʘʥʘ ʧʨʠʨʦʜʘ ʵʣʝʢʪʨʦʭʨʦʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʣʠʠʤʠʜʥʦʡ 

ʧʣʝʥʢʠ PI 2 c ʧʝʥʜʘʥʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ 9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥ S,S-ʜʠʦʢʩʠʜʘ 

(ʩʤ. ʨʘʙʦʪʫ [1]): ʵʣʝʢʪʨʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ PI 2 ʚʢʣʶʯʘʝʪ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ, 

ʩʚʷʟʘʥʥʳʝ ʪʦʣʴʢʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ Th(ʆ)SO2-

ʧʝʥʜʘʥʪʥʳʭ ʛʨʫʧʧ, ʘ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʘʥʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟ-ʟʘ 

ʙʳʩʪʨʦʛʦ ʦʢʠʩʣʝʥʠʷ ʜʠʘʥʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʥʜʘʥʪʥʦʡ Th(O)SO2 ʛʨʫʧʧʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʥʘ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʡ ʬʨʘʛʤʝʥʪ ʦʩʥʦʚʥʦʡ 

ʮʝʧʠ ʧʦʣʠʠʤʠʜʘ. 

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ çʄʝʭʘʥʠʟʤʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʧʦʣʠʤʝʨʦʚ ʠ ʙʠʦʧʦʣʠʤʝʨʦʚè 

1. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʘʣʠʮʠʣʘʣʴʜʘʨʠʣʠʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʠʭʣʦʨʠʜʘ ʪʠʪʘʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʜʠʘʣʣʠʣʘʤʠʥʦʛʨʫʧʧʫ ʧʦ ʩʭʝʤʝ, ʚʢʣʶʯʘʶʱʝʡ 

ʢʦʥʜʝʥʩʘʮʠʶ 3,5-ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʳʭ ʘʣʴʜʝʛʠʜʦʚ ʩ ʤʝʪʘ- ʠ ʧʘʨʘ-

ʠʟʦʤʝʨʘʤʠ N,N-ʜʠʘʣʣʠʣʘʤʠʥʦʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʤʠʥʦʚ ʩ ʜʠʠʟʦʧʨʦʧʦʢʩʠʪʠʪʘʥʜʠʭʣʦʨʠʜʦʤ. 
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ʉʭʝʤʘ 2.1. ʉʠʥʪʝʟ ʩʘʣʠʮʠʣʘʣʴʜʘʨʠʣʠʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʪʠʪʘʥʘ. 

 

2. ʆʪʢʨʳʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʪʠʪʘʥʘ 

ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʉɺʄʇʕ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʧʨʠ 

ʘʢʪʠʚʠʨʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʪʠʣʘʣʶʤʦʢʩʘʥʦʤ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

Al/Ti, ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʵʪʠʣʝʥʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʧʦʣʫʯʘʶʱʝʛʦʩʷ 

ʧʦʣʠʵʪʠʣʝʥʘ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʡʩʷ ʉɺʄʇʕ ʦʙʣʘʜʘʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʥʠʟʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʮʝʧʣʝʥʠʡ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ. 

3. ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʙʠʩʘʨʠʣʠʤʠʥʦʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʠʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʧʦ ʩʭʝʤʝ, ʚʢʣʶʯʘʶʱʝʡ ʢʦʥʜʝʥʩʘʮʠʶ 2-ʘʮʝʪʠʣ-5,6,7,8-

ʪʝʪʨʘʛʠʜʨʦ-9ʅ-ʮʠʢʣʦʛʝʧʪʘ[b]ʧʠʨʠʜʠʥ-9-ʦʥʘ ʩ 2-R
1
-4-R

2
-6-ʮʠʢʣʦʘʣʢʠʣʘʥʠʣʠʥʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʚʘʨʴʠʨʫʝʤʳʡ ʨʘʟʤʝʨ ʮʠʢʣʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʦʙʨʘʟʫʶʱʠʭʩʷ 2-[1-(2-R
1
-4-R

2
-6-ʮʠʢʣʦʘʣʢʠʣʬʝʥʠʣʠʤʠʥʦ)ʵʪʠʣ]-9-(2-R

1
-4-R

2
-6-

ʮʠʢʣʦʘʣʢʠʣʬʝʥʠʣʠʤʠʥʦ)-5,6,7,8-ʪʝʪʨʘʛʠʜʨʦ-9ʅ-ʮʠʢʣʦʛʝʧʪʘ[b]ʧʠʨʠʜʠʥʦʚ ʩ 

ʪʝʪʨʘʛʠʜʨʘʪʦʤ ʜʠʭʣʦʨʠʜʘ ʞʝʣʝʟʘ. ʆʪʢʨʳʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʣʠʥʝʡʥʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʧʨʠ ʘʢʪʠʚʠʨʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʤʝʪʠʣʘʣʶʤʦʢʩʘʥʦʤ.  
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ʉʭʝʤʘ 2.2. ʉʠʥʪʝʟ ʙʠʩʘʨʠʣʠʤʠʥʦʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʞʝʣʝʟʘ. 

 

ʀʩʧʦʣʴʟʫʷ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

ʜʠʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ ʠ ʞʝʣʝʟʘ, ʩʦʜʝʨʞʘʱʠʝ ʮʠʢʣʦʘʣʢʠʣʴʥʳʡ ʠ ʜʠʬʝʥʠʣʤʝʪʠʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʠ. 

 

 
ʉʭʝʤʘ 2.3. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ ʠ ʞʝʣʝʟʘ, ʩʦʜʝʨʞʘʱʠʭ ʮʠʢʣʦ-

ʘʣʢʠʣʴʥʳʡ ʠ ʜʠʬʝʥʠʣʤʝʪʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʠ. 

 

4. ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʦʥʝʥʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʚ 

ʚʳʩʦʢʦʣʠʥʝʡʥʳʡ ʧʦʣʠʵʪʠʣʝʥ, ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʩʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ ʠ 

ʞʝʣʝʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦʩʢʦʣʴʢʫ 

ʢʦʤʧʦʥʝʥʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʩʧʦʩʦʙ ʦʙʣʘʜʘʶʪ ʥʦʚʠʟʥʦʡ, 

ʠʟʦʙʨʝʪʘʪʝʣʴʩʢʠʤ ʫʨʦʚʥʝʤ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʠʤʝʥʠʤʦʩʪʴʶ, ʙʳʣʠ ʦʬʦʨʤʣʝʥʳ 

ʟʘʷʚʢʠ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʠ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʈʌ. 
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ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ/ʠʣʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʦʚʳʭ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʯʘʩʪʠʮ. 

 

1. ɼʘʥʦ ʦʧʠʩʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ (ʂʈ) ʚ ʦʙʣʫʯʸʥʥʦʤ ʧʦʣʠʠʟʦʙʫʪʠʣʝʥʝ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʜʘʥʥʳʤʠ ɺʄʕ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʧʦʟʚʦʣʠʣʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʝʨʚʠʯʥʦʤ ʂʈ, ʚʦʟʥʠʢʰʝʤ ʩʨʘʟʫ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ʧʦʣʠʠʟʦʙʫʪʠʣʝʥʘ, ʩʧʠʥʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʜʝʣʦʢʘʣʠʟʦʚʘʥʘ ʧʦ ʨʝʛʫʣʷʨʥʦʤʫ ʫʯʘʩʪʢʫ 

ʮʝʧʠ ʜʣʠʥʦʶ ʙʦʣʝʝ ʜʝʩʷʪʠ ʤʦʥʦʤʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʕʪʦʪ ʫʯʘʩʪʦʢ ʠʤʝʝʪ trans-ï

gaucheï-transï-gauche ʢʦʥʬʠʛʫʨʘʮʠʶ (ʈʠʩ. 3.1b). ɺʨʝʤʷ ʞʠʟʥʠ ʪʘʢʦʛʦ ʂʈ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʨʷʜʢʘ 10 ʥʩ. ʈʘʩʯʸʪʳ ʧʨʝʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʘʷ 

ʨʝʣʘʢʩʘʮʠʷ ʂʈ ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʜʥʦʡ ʉ-ʉ ʩʚʷʟʠ (ʈʠʩ. 3.1ʩ). ɼʘʥʥʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ (ʩʦ ʚʨʝʤʝʥʝʤ) ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʕʇʈ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

 
ʈʠʩʫʥʦʢ 3.1. ʘ) ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʴʥʦʛʦ ʦʣʠʛʦʤʝʨʘ ʚ ʢʦʥʬʦʨʤʘʮʠʠ trans-ïgaucheï-transï-

gauche; ʚʠʜ ʥʠʞʥʝʡ ʩʚʦʙʦʜʥʦʡ ɓ-MO, ʦʪʨʘʞʘʶʱʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʳʨʢʠ, ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʂʈ: b) ʧʨʠ ʛʝʦʤʝʪʨʠʠ ʥʝʡʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ (ʥʝʨʝʣʘʢʩʠʨʦʚʘʥʥʳʡ ʂʈ) ʠ 

ʩ) ʧʨʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

 

2. ʇʨʝʜʣʦʞʝʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʦʪʦʣʠʟʫ 1,2,3,4-

ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘ (1), ʘ ʪʘʢʞʝ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʶ 3-ʭʣʦʨ-ʪʝʪʨʘʬʪʦʨʧʠʨʠʜʠʥʘ 

ʠ ʧʝʨʬʪʦʨ-ʤʝʪʘ-ʢʩʠʣʦʣʘ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ɸʈ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʦʝʥʠʝ ʇʇʕ 1ĖĘ ʧʨʦʪʠʚʦʨʝʯʠʪ ʣʠʪʝʨʘʪʫʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʚʫʭ ʧʨʦʜʫʢʪʘʭ ʬʦʪʦʣʠʟʘ 1, ʧʦʩʢʦʣʴʢʫ ʨʘʥʝʝ ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʣʠʬʪʦʨʙʝʥʟʦʘʪʦʚ ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʩʝʣʝʢʪʠʚʥʦʩʪʴ ʤʦʥʦʜʝʬʪʦʨʠʨʦʚʘʥʠʷ 

ʬʪʦʨʘʨʝʥʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʤʠʥʠʤʫʤʦʚ ʥʘ ʇʇʕ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ɸʈ. ʇʦʧʳʪʢʠ ʨʘʟʨʝʰʠʪʴ ʜʘʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʧʨʠʚʝʣʠ ʢ 

ʦʙʥʘʨʫʞʝʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʮʠʢʣʘ ʧʩʝʚʜʦʚʨʘʱʝʥʠʷ 1ĖĘ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʭʦʜʳ 

ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʘʤʠ B(Ñˊ/3)
Ñ
 ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʯʝʨʝʟ ʇʉ a(0)

Ñ
 ʠ b(0)

Ñ
 (ʈʠʩ. 3.2ʙ). 

ʉʪʨʫʢʪʫʨʳ a(0)
Ñ
 ʠ b(0)

Ñ 
ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʩʝʚʜʦ-ʷʥ-ʪʝʣʣʝʨʦʚʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʠʟʰʠʭ ˊ-ʩʦʩʪʦʷʥʠʡ ʩ ʥʝʧʦʣʥʦʩʠʤʤʝʪʨʠʯʥʳʤ ů*-ʩʦʩʪʦʷʥʠʝʤ. 

ʉʰʠʚʢʘ ʜʚʫʭ ʮʠʢʣʦʚ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ.3.2 ʚ. 
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ʈʠʩʫʥʦʢ 3.2. ʉʭʝʤʳ ʜʚʫʭ ʮʠʢʣʦʚ ʧʩʝʚʜʦʚʨʘʱʝʥʠʷ ɸʈ 1,2,3,4-ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘ: 

çʩʪʘʥʜʘʨʪʥʦʛʦè - ʘʥʘʣʦʛʘ ʮʠʢʣʘ ʧʩʝʚʜʦʚʨʘʱʝʥʠʷ ʷʥ-ʪʝʣʣʝʨʦʚʩʢʦʛʦ ɸʈ ʛʝʢʩʘʬʪʦʨʙʝʥʟʦʣʘ 

[1] (ʘ) ʠ çʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦè (ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʠʩʘʥʥʦʛʦ) ʮʠʢʣʘ (ʙ), ʘ ʪʘʢʞʝ ʩʭʝʤʘ ʠʭ 

çʩʰʠʚʢʠè (ʚ). 

 

3. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʬʨʘʛʤʝʥʪʘʮʠʠ ɸʈ 3-ʭʣʦʨ-ʪʝʪʨʘʬʪʦʨʧʠʨʠʜʠʥʘ 

ʧʦʩʪʨʦʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʯʸʪ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʥʘʣʦʚ ʨʘʩʧʘʜʘ ʵʪʦʛʦ ɸʈ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʠʷʤʠ ʚ ʤʝʭʘʥʠʟʤʘʭ 

ʨʘʟʨʳʚʘ ʩʚʷʟʝʡ C-F ʠ C-Cl.  

4. ʕʪʘ ʞʝ ʤʦʜʝʣʴ ʧʨʠʤʝʥʝʥʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʨʘʛʤʝʥʪʘʮʠʠ ɸʈ ʧʝʨʬʪʦʨ-

ʤʝʪʘ-ʢʩʠʣʦʣʘ ʚ ʫʩʣʦʚʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʘʷ ʚʳʩʦʪʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʜʣʷ ʦʪʨʳʚʘ F
-
 ʠʟ ʧʦʣʦʞʝʥʠʷ 4 ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ 

ʵʪʦʛʦ ɸʈ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʦʡ ʜʣʷ ʦʪʨʳʚʘ F
-
 ʦʪ ʦʜʥʦʡ ʠʟ ʛʨʫʧʧ CF3 ʦʙʲʷʩʥʷʝʪ 

ʥʘʙʣʶʜʘʝʤʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ 

(ʈʠʩ.3.3). 

 
ʈʠʩʫʥʦʢ 3.3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʤʦʜʝʣʠ PCM-SMD/wB97X-D/6-31+G(d) + 2ʅ2ʆ. 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʇʇʕ ɸʈ ʧʝʨʬʪʦʨʤʝʪʘʢʩʠʣʦʣʘ. 
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ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʘʙʦʨʘ ʥʦʚʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʨʝʧʦʨʪʝʨʥʳʭ ʛʨʫʧʧ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʨʝʜʦʢʩ 

ʧʦʪʝʥʮʠʘʣʘʤʠ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʠ 

ʥʦʚʳʤʠ ʨʝʧʦʨʪʝʨʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʛʝʥʦʩʝʥʩʦʨʘ ʜʣʷ ʜʝʪʝʢʮʠʠ ʛʠʙʨʠʜʠʟʘʮʠʠ ɼʅʂ. 

 

1. ʇʦʣʫʯʝʥ ʨʷʜ ʥʦʚʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ð ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʧʦʩʣʝʜʥʠʤ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʝʥʦʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʷʭ ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʝʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ɼʅʂ. ʈʝʜʦʢʩ-ʤʝʪʢʠ 1, 2, 

4 ʩʦʜʝʨʞʘʪ ʟʘʤʝʩʪʠʪʝʣʠ ʩ ʢʦʥʮʝʚʳʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʘʤʠʥʦʛʝʢʩʠʣʴʥʳʤ 

ʣʠʥʢʝʨʦʤ. ɺʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʦʤʦʚ ʬʪʦʨʘ ʩʦʝʜʠʥʝʥʠʷ 3 ʢ 

ʥʫʢʣʝʦʬʠʣʴʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʧʦʟʚʦʣʠʣʘ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʢʠ 3 

ʣʠʥʢʝʨʥʦʡ ʛʨʫʧʧʦʡ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʤʝʪʢʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʢʦʥʮʝʚʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʘʤʠʥʦʛʝʢʩʠʣʴʥʦʛʦ 

ʣʠʥʢʝʨʘ ʤʦʜʝʣʴʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ.  

 
ʈʠʩʫʥʦʢ 4.1. ʉʪʨʫʢʪʫʨʳ ʨʝʜʦʢʩ-ʤʝʪʦʢ ʥʘ ʦʩʥʦʚʝ S,S-ʜʠʦʢʩʠʜʘ 9ʅ-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ 

(1, 2) 1,2,3,4-ʪʝʪʨʘʬʪʦʨ-9,10-ʘʥʪʨʘʭʠʥʦʥʘ (3) ʠ 3-ʤʝʪʠʣ-ʪʠʦʢʩʘʥʪʝʥ-1,4,9-ʪʨʠʦʥʘ (4) 

 

ʕʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʥʫʢʣʝʦʬʠʣʴʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʘʪʦʤʘ ʬʪʦʨʘ 1,2,3,4-ʪʝʪʨʘʬʪʦʨʘʥʪʨʘʭʠʥʦʥʘ 3 ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʷʤʦʛʦ ʚʚʝʜʝʥʠʷ ʤʝʪʢʠ 3 ʧʦ ʢʦʥʮʝʚʦʡ ʘʤʠʥʦʛʨʫʧʧʝ 

ʘʤʠʥʦʛʝʢʩʠʣʴʥʦʛʦ ʣʠʥʢʝʨʘ ʤʦʜʝʣʴʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ. ʇʨʷʤʫʶ ʤʦʜʠʬʠʢʘʮʠʶ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʤʝʩʠ (1:1) ɼʄʉʆ ʠ 50 mM ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (pH=8.2), 

ʩʦʜʝʨʞʘʱʝʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʤʠʥʦʛʝʢʩʠʣʴʥʳʤ ʣʠʥʢʝʨʦʤ.  
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ʈʠʩʫʥʦʢ 4.2. ʇʨʷʤʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʪʝʪʨʘʬʪʦʨʘʥʪʨʘʭʠʥʦʥʦʤ 3 ʤʦʜʝʣʴʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ 

ʩ ʘʤʠʥʦʛʝʢʩʠʣʴʥʳʤ ʣʠʥʢʝʨʦʤ ʥʘ 5ô-ʢʦʥʮʝ. 
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2. ʇʨʦʚʝʜʝʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʝʣʴʥʦʛʦ 

ʩʦʚʝʨʰʝʥʥʦʛʦ ɼʅʂ-ʜʫʧʣʝʢʩʘ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʤʝʪʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ 

1,2, ʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ (ʧʦʩʨʝʜʩʪʚʦʤ çʷʢʦʨʥʳʭè ʪʠʦʣʴʥʳʭ ʛʨʫʧʧ) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ Au ʵʣʝʢʪʨʦʜʘ ʛʝʥʦʩʝʥʩʦʨʘ ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʜʝʪʝʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʨʘʟʨʘʙʦʪʦʢ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʝʢʪʘ, ʤʳ ʨʘʩʧʦʣʘʛʘʝʤ ʧʷʪʴʶ ʥʦʚʳʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ 

ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʯʝʪʢʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʨʝʜʦʢʩ-

ʧʦʪʝʥʮʠʘʣʘʤʠ: 

1) 10,10-ʜʠʦʢʩʠʜʳ 4- ʠ 2-((9-ʦʢʩʦ-9H-ʪʠʦʢʩʘʥʪʝʥ-2-ʠʣ)-

ʤʝʪʠʣʩʫʣʴʬʦʥʠʣ)ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʦ 20 ʮʠʢʣʦʚ); 

2) ʊʨʠʬʪʦʨʘʥʪʨʘʭʠʥʦʥ (ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʛʥʘʣʘ 25-30 ʮʠʢʣʦʚ);  

3) 3-[(1,4-ɼʠʦʢʩʦ-1,4-ʜʠʛʠʜʨʦʥʘʬʪʘʣʝʥ-2-ʠʣ)ʪʠʦ]ʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʛʥʘʣʘ ʜʦ 50 ʮʠʢʣʦʚ); 

4) 3-[(3,6-ɼʠʦʢʩʦʮʠʢʣʦʛʝʢʩʘ-1,4-ʜʠʝʥ-1-ʠʣ)ʪʠʦ]ʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʛʥʘʣʘ ʜʦ 50 ʮʠʢʣʦʚ); 

5) 3-[(3-ʤʝʪʠʣ-ʪʠʦʢʩʘʥʪʝʥ-1,4,9-ʪʨʠʦʥ-2-ʠʣ)ʪʠʦ]ʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʛʥʘʣʘ ʜʦ 15 ʮʠʢʣʦʚ) 

 

  
ʈʠʩʫʥʦʢ 4.3. ʉʭʝʤʘ ʛʠʙʨʠʜʠʟʘʮʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʠ ʥʘ Au-ʵʣʝʢʪʨʦʜʝ ʨʝʜʦʢʩ-

ʤʝʯʝʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ (ʘ) ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʠ ʤʦʜʝʣʴʥʳʭ ɼʅʂ-

ʜʫʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʨʝʧʦʨʪʝʨʥʳʝ ʛʨʫʧʧʳ 1, 2, ʠ Fc ʤʝʪʢʫ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ: 5, 6 ï 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʦʪ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʝʜʦʢʩ-ʤʝʪʢʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʙʝʥʟʦʭʠʥʦʥʘ ʠ ʥʘʬʪʦʭʠʥʦʥʘ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ). 

 

3. ʉʦʟʜʘʥ ʧʨʦʪʦʪʠʧ ʧʣʘʪʬʦʨʤʳ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʤʥʦʛʦʵʣʝʢʪʨʦʜʥʦʛʦ 

ʣɻʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʛʝʥʦʩʝʥʩʦʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ɼʅʂ-ʜʠʘʛʥʦʩʪʠʢʠ ʩ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʝʡ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ. (ʈʠʩ. 4.4). ʇʨʦʪʦʪʠʧ 

ʛʝʥʦʩʝʥʩʦʨʘ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʧʨʝʜʤʝʪʥʦʤ ʤʠʢʨʦʩʢʦʧʥʦʤ ʩʪʝʢʣʝ. 

ʅʘʣʠʯʠʝ ʜʝʩʷʪʠ ʵʣʝʢʪʨʦʜʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʚʦʩʝʤʴʶ 

ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʤʠ ʟʦʥʘʤʠ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʨʘʟʣʠʯʥʳʤ ʚʘʨʠʘʙʝʣʴʥʳʤ 

ʫʯʘʩʪʢʘʤ ɼʅʂ. ɼʚʘ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʤʝʨ ʧʣʘʪʬʦʨʤʳ ʠ ʪʝʭʥʦʣʦʛʠʷ ʥʘʥʝʩʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʜʦʧʫʩʢʘʶʪ ʨʘʩʰʠʨʝʥʠʝ ʯʠʩʣʘ ʵʣʝʢʪʨʦʜʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. 



106 

 
ʈʠʩʫʥʦʢ 4.4. 10-ʵʣʝʢʪʨʦʜʥʘʷ ʧʣʘʪʬʦʨʤʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʛʝʥʦʩʝʥʩʦʨʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ 

ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʤʠʢʨʦʩʢʦʧʥʦʤ ʩʪʝʢʣʝ. 

 

ɻʨʘʥʪ ʈʌʌʀ 18-03-00596 çʕʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʜʣʷ 

ʫʩʪʨʦʡʩʪʚ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ ʩ ʥʠʟʢʠʤ ʚʦʣʴʪʘʞʦʤ ʧʝʨʝʢʣʶʯʝʥʠʡè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʜ.ʭ.ʥ. ʐʫʥʜʨʠʥ ʃʝʦʥʠʜ ɸʥʘʪʦʣʴʝʚʠʯ 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʤʦʥʦʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʦʚ ʩ ʧʝʥʜʘʥʪʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ 9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʦʚ, ʠ ʮʝʧʥʳʤʠ ʙʣʦʢʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʜʠʬʪʦʨʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʘ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʪʝʨʤʦʩʪʦʡʢʠʝ 

ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʧʦʣʠʠʤʠʜʳ ʩ ʧʝʥʜʘʥʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ 9H-ʪʠʦʢʩʘʥʪʝʥ-9-

ʦʥʘ ʠ ʝʛʦ S, S-ʜʠʦʢʩʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ. ʄʝʪʦʜʦʤ ʪʦʥʢʦʩʣʦʡʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ ʧʦʣʠʠʤʠʜʳ ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʪʠʤʦʤʫ 

ʧʝʨʝʥʦʩʫ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʥʠʟʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ, ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʙʦʢʦʚʳʭ ʛʨʫʧʧ, ʠ ʦʙʣʘʜʘʶʪ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 2.46 - 

2.20 eV. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʦʩʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʠʠʤʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 0> E> -2.1 

ɺ ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʦʢʦʚʳʭ ʛʨʫʧʧ ʚʥʫʪʨʠ 

ʩʣʦʷ ʧʦʣʠʤʝʨʘ, ʘ ʪʘʢʞʝ ʩ ʦʙʨʘʪʠʤʳʤ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʫʶ ʯʘʩʪʴ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. 

ʄʦʜʝʣʴʥʳʝ ʤʝʤʨʠʩʪʦʨʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ITO-ʧʣʘʪʬʦʨʤʝ (ʈʠʩ. 2.1 b,c) ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʠʤʠʜʦʚ PI-1,2,4 (ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʣʠʠʤʠʜʦʚ ʩʤ. ʨʘʙʦʪʫ [1])) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʪʯʝʪʣʠʚʦʝ OFF/ON ʧʝʨʝʢʣʶʯʝʥʠʝ (ʈʠʩ. 2.2.b) ʚ ʦʙʣʘʩʪʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠ WORM (write once read many) ï ʧʦʚʝʜʝʥʠʝ 

ʨʝʟʠʩʪʠʚʥʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ c ʤʝʭʘʥʠʟʤʦʤ ʧʘʤʷʪʠ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ 

ʧʝʨʝʥʦʩʝ ʟʘʨʷʜʘ (ʩʤ. ʜʘʥʥʳʝ ʪʦʥʢʦʧʣʝʥʦʯʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʠ ʚ ʨʘʙʦʪʝ [1]). 

 
ʈʠʩʫʥʦʢ 2.1. (a) ʏʠʩʪʘʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʢʨʝʤʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ (ʩʣʝʚʘ) ʠ ʧʣʘʩʪʠʥʘ ʩ 

ʥʘʥʝʩʝʥʥʳʤ ʥʘʥʦʩʣʦʝʤ ʵʣʝʢʪʨʦʘʢʪʠʚʥʦʛʦ ʧʦʣʠʤʝʨʘ (ʩʧʨʘʚʘ); (b) ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʴʥʦʛʦ 

ʤʝʤʨʠʩʪʦʨʘ ʩ ~80 ʥʤ ʩʣʦʝʤ PI 2 [1] ʥʘ ITO-ʧʣʘʪʬʦʨʤʝ; (c) ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 
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ʤʦʜʝʣʴʥʳʭ ʷʯʝʝʢ ʧʘʤʷʪʠ ʤʝʤʨʠʩʪʦʨʘ ʥʘ ITO-ʧʣʘʪʬʦʨʤʝ; (d) ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʴʥʦʛʦ 

ʤʝʤʨʠʩʪʦʨʘ ʥʘ Si-ʧʣʘʪʬʦʨʤʝ. 

 
 

 

ʈʠʩʫʥʦʢ 2.2. (ʘ) ʄʦʨʬʦʣʦʛʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʧʦ ʜʘʥʥʳʤ ʩʢʘʥʠʨʫʶʱʝʡ 2D ï 

ʵʣʣʠʧʩʦʤʝʪʨʠʠ; (b) ʧʨʠʤʝʨ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʤʨʠʩʪʦʨʘ ʩ PI 2, 

ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ITO-ʧʣʘʪʬʦʨʤʝ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʛʦ ʧʦʚʝʜʝʥʠʝ ʧʘʤʷʪʠ WORM-ʪʠʧʘ. 

 

ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʤʝʪʦʜʦʣʦʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʩʘʤʦʢʦʥʜʝʥʩʘʮʠʠ 1,2,3-ʙʝʥʟʦʜʠʪʠʘʟʦʣʠʣʜʠʨʘʜʠʢʘʣʦʚ (ʨʘʜʠʢʘʣʦʚ ʍʝʨʮʘ). ʉ ʝʝ 

ʧʦʤʦʱʴʶ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʙʠʩ(ʜʠʪʠʘʟʦʣʦ)ʬʝʥʘʟʠʥ ʠ ʜʠʙʝʥʟʦʪʠʘʜʠʘʟʝʧʠʥ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʢʨʘʩʠʪʝʣʠ ʚ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ, ʠʤʝʶʱʠʝ, 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ, ʜʦ ʧʷʪʠ ʜʦʣʛʦʞʠʚʫʱʠʭ 

ʩʦʩʪʦʷʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʥʝʡʪʨʘʣʴʥʫʶ ʬʦʨʤʫ, ʘʥʠʦʥ-ʨʘʜʠʢʘʣ, ʜʠʘʥʠʦʥ, ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣ ʠ ʜʠʢʘʪʠʦʥ. ʉʪʨʦʝʥʠʝ ʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʘʤʠ ʕʇʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤʠ DFT ʨʘʩʯʝʪʘʤʠ. ʄʝʪʦʜʦʤ 3D-

UV-VIS-NIR ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʠ ʠʟʫʯʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʧʦʛʣʦʱʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ 

ʬʦʨʤʳ ʬʝʥʘʟʠʥʘ ʠ ʝʛʦ ʜʦʣʛʦʞʠʚʫʱʠʭ ʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɼʣʷ ʡʦʥ-

ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʬʝʥʘʟʠʥʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ ʫʩʪʘʥʦʚʣʝʥʳ ʦʪʯʝʪʣʠʚʦ 

ʨʘʟʣʠʯʘʝʤʳʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʟʥʳʭ 

ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʧʨʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠ ʦʢʠʩʣʝʥʠʠ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʙʠʩ(ʜʠʪʠʘʟʦʣʦ)ʬʝʥʘʟʠʥ ʥʘʡʜʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚ 

ʵʣʝʢʪʨʦʥʠʢʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ/ʜʦʥʦʨʥʳʭ ʛʨʫʧʧ ʧʨʠ ʜʠʟʘʡʥʝ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ 

ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ. 

 

  

(b) 
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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. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʥʠʢʘʣʴʥʦʡ ʪʢʘʥʠ ʩ ʛʦʨʦʜʠʱʘ ʜʞʝʪʳ-ʘʩʘʨʩʢʦʡ 

ʢʫʣʴʪʫʨʳ (ʢʦʥʝʮ IV ʚ. ʜʦ ʥ.ʵ. ï ʥʘʯʘʣʦ I ʚ. ʥ.ʵ.) (ɺʦʩʪʦʯʥʦʝ ʇʨʠʘʨʘʣʴʝ). 

ʆʧʨʝʜʝʣʝʥʳ ʢʨʘʩʠʪʝʣʠ ʥʠʪʝʡ ʪʢʘʥʠ, ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʣʦʢʦʥ.  

2. ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʠʩʬʦʩʬʦʥʘʪʦʚ ʩ ʵʣʘʩʪʠʥ-ʩʦʜʝʨʞʘʱʠʤʠ 

ʢʩʝʥʦʛʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʭ ʙʠʦʧʨʦʪʝʟʦʚ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʜʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʘʣʴʮʠʬʠʢʘʮʠʠ. 

3. ɼʣʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʅʀʆʍ ʉʆ ʈɸʅ ʠ ʩʪʦʨʦʥʥʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 2400 ʀʂ-ʩʧʝʢʪʨʦʚ, ʙʦʣʝʝ 1000 ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ- ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʷʭ, 240 ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʜʣʷ 

400 ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʸʥ ʫʛʦʣ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ. ɼʣʷ 

ʙʦʣʝʝ 160 ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʦʧʨʝʜʝʣʸʥ ʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ. 

ɻʨʫʧʧʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʛʨʫʧʧʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʎʝʥʪʨʘ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʀʆʍ ʉʆ ʈɸʅ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʝʪʦʜʘʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʦʙʨʘʟʮʦʚ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʜʨʫʛʠʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʅʀʆʍ ʉʆ ʈɸʅ ʠ ʩʪʦʨʦʥʥʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʉʆ ʈɸʅ. ʉʪʘʚʠʣʠʩʴ ʟʘʜʘʯʠ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʩʤʝʩʷʭ, 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʙʨʫʪʪʦ-ʬʦʨʤʫʣ ʩʦʝʜʠʥʝʥʠʡ ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʠʷ ʙʨʫʪʪʦ-ʬʦʨʤʫʣ ʜʣʷ 

ʚʥʦʚʴ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ. ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʚʳʰʝ ʜʚʫʭ ʪʳʩʷʯ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʄʥʦʛʠʝ ʨʘʙʦʪʳ ʙʳʣʠ ʙʳ ʥʝʚʦʟʤʦʞʥʳ ʠʣʠ ʩʝʨʴʝʟʥʦ ʟʘʪʨʫʜʥʝʥʳ ʙʝʟ 

ʥʘʜʣʝʞʘʱʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʘʩʪʨʦʡʢʠ ʠ ʨʝʤʦʥʪʘ ʧʨʠʙʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʛʨʫʧʧʳ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʩʠʣʘʤʠ ʩʘʤʦʡ ʛʨʫʧʧʳ ʠ ʎʝʥʪʨʘ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʳʯʥʦ ʪʘʢʠʝ ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʩʪʦʨʦʥʥʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʤʠʩʷ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʘʢʦʡ ʩʣʦʞʥʦʩʪʠ. ʕʪʠ ʨʘʙʦʪʳ ʟʘʥʠʤʘʶʪ ʝʞʝʛʦʜʥʦ ʜʦ 15-20% 

ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ. 

ʉ ʨʷʜʦʤ ʣʘʙʦʨʘʪʦʨʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʚʝʣʠʩʴ ʩʠʩʪʝʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʦʜʥʦʛʦ ʚʠʜʘ ʠ/ʠʣʠ ʚʝʱʝʩʪʚ ʦʜʥʦʛʦ ʢʣʘʩʩʘ, ʠʤʝʥʥʦ ʵʪʠ ʨʘʙʦʪʳ ʚʦʰʣʠ ʚ 

ʥʘʩʪʦʷʱʠʡ ʦʪʯʝʪ. 

1. ɺ 2020 ʛʦʜʫ ʛʨʫʧʧʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʅʀʆʍ ʉʆ ʈɸʅ, ɸʣʪʘʡʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʠ 

ʌɹʋʅ ɻʅʎ ɺɹ çɺʝʢʪʦʨè ʠʩʩʣʝʜʦʚʘʣʩʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʘ ʜʠʩʪʠʣʣʷʮʠʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ. ʀʥʪʝʨʝʩ ʢ 

ʜʘʥʥʦʤʫ ʧʨʦʜʫʢʪʫ ʚʳʟʚʘʥ ʪʝʤ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʚ ʩʚʷʟʠ ʩ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʚ ʈʌ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʫʙʦʚʦʡ ʦʩʪʘʪʦʢ ʦʪ ʜʠʩʪʠʣʣʷʮʠʠ 
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ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʚ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʩʧʦʣʴʟʫʶʪ ʥʝʤʥʦʛʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ 

ʪʝʨʤʠʥʳ, ʦʜʥʘʢʦ ʦʙʱʠʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʛʦʥʢʠ. ɼʠʩʪʠʣʣʷʮʠʷ ʤʘʩʣʘ ʧʨʦʭʦʜʠʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ 

ʚʘʢʫʫʤʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ɺ ʨʷʜʝ ʨʘʙʦʪ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʩʪʠʣʣʷʪ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʨʷʜʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʝʨʠʥʳ, ʪʦʢʦʬʝʨʦʣʳ, ʧʦʣʠʢʦʟʘʥʦʣʳ: 

 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ʜʠʩʪʠʣʣʷʮʠʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 18 ʢʠʩʣʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʙʦʣʝʝ 

40% ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʣʠʥʦʣʝʚʫʶ ʢʠʩʣʦʪʫ ʩ F-

ʚʠʪʘʤʠʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʆʙʥʘʨʫʞʝʥʦ ʙʦʣʝʝ 30 ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʡʪʨʘʣʴʥʦʡ 

ʧʨʠʨʦʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʟ ʥʠʭ 10 

ï ʬʠʪʦʩʪʝʨʦʣʳ, 14 ï ʪʨʠʪʝʨʧʝʥʦʚʳʝ ʩʧʠʨʪʳ, 5 ï ʪʦʢʦʬʝʨʦʣʳ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʚ 

ʩʦʩʪʘʚʝ ʜʠʪʝʨʧʝʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʧʠʨʪʳ ʠ ʢʠʩʣʦʪʳ ʢʘʫʨʘʥʦʚʦʛʦ ʩʪʨʦʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʠʩʭʦʜʥʦʝ ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ ʙʳʣʦ ʥʘʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʫʨʘʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ï ʭʝʤʦʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʤʘʨʢʝʨ ʤʥʦʛʠʭ 

ʨʘʩʪʝʥʠʡ ʩʝʤʝʡʩʪʚʘ ʩʣʦʞʥʦʮʚʝʪʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. ʇʦʤʠʤʦ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ ʦʙʥʘʨʫʞʝʥʳ 

ʫʛʣʝʚʦʜʦʨʦʜʳ (ʙʦʣʝʝ ʯʝʪʚʝʨʪʠ ʥʝʦʤʳʣʷʝʤʦʛʦ ʦʩʪʘʪʢʘ), ʢʘʢ ʘʣʠʬʘʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʜʠʪʝʨʧʝʥʦʚʳʝ. ɸʣʠʬʘʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʥʘʩʳʱʝʥʥʳʝ, ʯʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʠʭ ʘʨʪʝʬʘʢʪʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ, ʪ.ʝ. ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʜʫʢʪʘʤʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ. ʆʙʥʘʨʫʞʝʥʳ ʠʟʦʤʝʨʳ 

ʬʠʪʘʜʠʝʥʘ ï ʧʨʦʜʫʢʪʳ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʬʠʪʦʣʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ, ʠʥʛʨʝʜʠʝʥʪʦʚ ʢʦʩʤʝʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʬʘʨʤʧʨʝʧʘʨʘʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʦʜʥʦʡ ʩʪʘʪʴʝ ʚ ʞʫʨʥʘʣʝ 

çʍʠʤʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷè (ʧʨʠʚʝʜʝʥʘ ʚ ʩʧʠʩʢʝ ʧʫʙʣʠʢʘʮʠʡ ʥʠʞʝ). 

 

2. ɺ 2020 ʛʦʜʫ ʛʨʫʧʧʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʅʀʆʍ ʉʆ ʈɸʅ, ʀʥʩʪʠʪʫʪʦʤ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ, 

ʚʣʘʜʠʚʦʩʪʦʢʩʢʠʤ ɹʦʪʘʥʠʯʝʩʢʠʤ ʩʘʜʦʤ ɼɺʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ, ʤʘʛʘʜʘʥʩʢʠʤ ʀʥʩʪʠʪʫʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʝʚʝʨʘ ɼɺʆ 

ʈɸʅ ʠ ʢʠʪʘʡʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʭʠʤʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʣʝʩʥʳʭ ʧʨʦʜʫʢʪʦʚ (ICIFP) 

ʂʠʪʘʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʣʝʩʦʚ ʠʩʩʣʝʜʦʚʘʣʩʷ ʩʦʩʪʘʚ ʣʠʦʬʠʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʠʟ 

ʩʦʩʝʥ Pinus armandii ʠ Pinus kwangtungensis, ʧʨʦʷʚʣʷʶʱʠʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 

ʕʢʩʪʨʘʢʪʳ ʣʠʦʬʠʣʴʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʠʟ ʠʛʣ ʠ ʤʝʣʢʠʭ ʚʝʪʚʝʡ 

ʜʚʫʭ ʚʠʜʦʚ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʩʦʩʝʥ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦ-

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɻʍ-ʄʉ). ʅʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʦʩʪʴ ʚ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤ 
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ʦʪʥʦʰʝʥʠʠ ʠʟʫʯʘʝʤʳʭ ʚʠʜʦʚ ʩʦʩʝʥ ʤʝʞʜʫ ʩʦʙʦʡ, ʵʢʩʪʨʘʢʪʳ ʠʭ ʥʘʜʟʝʤʥʳʭ ʯʘʩʪʝʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

ʀʛʣʳ Pinus armandii ʩʦʜʝʨʞʘʣʠ 15-ʆ-ʣʘʙʜʘʥʦʚʳʝ ʢʠʩʣʦʪʳ (ʘʥʪʠʢʦʧʘʣʝʚʳʝ 

ʢʠʩʣʦʪʳ), ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, 10-ʥʦʥʘʢʦʟʘʥʦʣ, ʩʪʝʨʦʣʳ, ʦʤʳʣʷʝʤʳʝ ʵʬʠʨʳ 10 

ʥʦʥʘʢʦʟʘʥʦʣʘ ʠ ʩʪʝʨʦʣʘ, ʘ ʪʘʢʞʝ ʘʮʠʣʛʣʠʮʝʨʠʜʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʢʩʪʨʘʢʪ ʠʛʣ Pinus 

kwangtungensis ʥʝ ʩʦʜʝʨʞʘʣ ʘʥʪʠʢʦʧʘʣʝʚʳʭ ʢʠʩʣʦʪ, ʧʨʠ ʵʪʦʤ ʠʤʝʣ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʨʠ-ʥʦʨ-ʣʘʙʜʘʥʘ (14,15,16-ʪʨʠ-ʥʦʨ-8(17)ʣʘʙʜʝʥ-13,19-

ʜʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ) ʠ ʜʨʫʛʠʝ ʣʘʙʜʘʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʥʦʥʘʢʦʟʘʥʦʣ ʠ ʝʛʦ ʦʤʳʣʷʝʤʳʝ 

ʵʬʠʨʳ.  

ʆʩʥʦʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʵʢʩʪʨʘʢʪʝ ʚʝʪʦʢ Pinus armandii, ʣʠʰʝʥʥʳʭ ʠʛʣ, 

ʙʳʣʠ ʘʙʠʝʪʠʥʦʚʳʝ ʠ ʠʟʦʧʠʤʘʨʦʚʳʝ ʢʠʩʣʦʪʳ, ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʩʪʝʨʦʣʳ, 

ʣʘʙʜʘʥʦʠʜʳ (ʮʠʩ-ʘʙʠʝʥʦʣ), ʮʝʤʙʨʝʥʦʠʜʳ (ʠʟʦʮʝʤʙʨʦʣ ʠ 4-ʵʧʠ-ʠʟʦʮʝʤʙʨʦʣ), 

ʦʤʳʣʷʝʤʳʝ ʩʪʝʨʦʣʴʥʳʝ ʵʬʠʨʳ ʠ ʘʮʠʣʛʣʠʮʝʨʠʜʳ. ɸʥʘʣʦʛʠʯʥʳʡ ʵʢʩʪʨʘʢʪ Pinus 

kwangtungensis ʩʦʜʝʨʞʘʣ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʦʢʠʩʴ 

ʢʘʨʠʦʬʠʣʣʝʥʘ, ʩʝʨʨʘʪʘʥʦʠʜʳ, ʩʪʝʨʦʣʳ, ʦʤʳʣʷʝʤʳʝ ʩʪʝʨʦʣʴʥʳʝ ʵʬʠʨʳ ʠ 

ʘʮʠʣʛʣʠʮʝʨʠʜʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʙʠʝʪʘʥʦʚʳʭ ʠ 

ʠʟʦʧʠʤʘʨʦʚʳʭ ʢʠʩʣʦʪ, ʮʠʩ-ʘʙʠʝʥʦʣʘ ʠ ʩʦʚʩʝʤ ʤʘʣʦ ʮʝʤʙʨʝʥʦʠʜʦʚ. 

ʕʢʩʪʨʘʢʪʳ ʠ ʚʝʪʦʢ, ʠ ʠʛʣ ʦʙʦʠʭ ʚʠʜʦʚ ʩʦʩʝʥ, ʘ ʪʘʢʞʝ ʠʭ ʬʨʘʢʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʜʘʚʣʷʣʠ ʨʦʩʪ ʛʨʘʤʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ Serratia marcescens, ʥʦ ʧʨʠ ʵʪʦʤ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʨʦʩʪ ʛʨʘʤʤ-

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ Bacillus subtillis ʚ ʪʝʭ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʣʠʧʦʬʠʣʴʥʳʝ ʵʢʩʪʨʘʢʪʳ ʠʟ ʭʚʦʠ ʠ ʚʝʪʦʢ Pinus armandii ʠ Pinus kwangtungensis 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚ ʛʨʘʤʤ-

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʙʘʢʪʝʨʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʦʜʥʦʡ ʩʪʘʪʴʝ ʚ ʞʫʨʥʘʣʝ 

çChemistry & Biodiversityè (ʧʨʠʚʝʜʝʥʘ ʚ ʩʧʠʩʢʝ ʧʫʙʣʠʢʘʮʠʡ ʥʠʞʝ). 

 

3. ɺ 2020 ʛʦʜʫ ʛʨʫʧʧʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʅʀʆʍ ʉʆ ʈɸʅ, ʀʥʩʪʠʪʫʪʦʤ 

ʢʘʪʘʣʠʟʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ, ʬʠʥʩʢʠʤ 

ʘʢʘʜʝʤʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ɸʙʦ (ʛ. ɸʙʦ, ʌʠʥʣʷʥʜʠʷ) ʠ ʅʘʮʠʦʥʘʣʴʥʳʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʄʝʢʩʠʢʠ (ʛ. ʄʝʭʠʢʦ, ʄʝʢʩʠʢʘ) ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ 

ʤʝʥʪʠʣʘʤʠʥʘ ʠʟ ʦʢʩʠʤʘ ʤʝʥʪʦʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʚʦʜʦʨʦʜʦʤ ʥʘ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʤ ʢʘʪʘʣʠʟʘʪʦʨʝ. ɻʨʫʧʧʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩʦʧʨʦʚʦʞʜʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʨʝʜʩʪʘʚʣʷʚʰʠʝ ʩʦʙʦʡ ʥʘʥʦʯʘʩʪʠʮʳ 

ʟʦʣʦʪʘ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʦʢʩʠʜʳ ʤʘʛʥʠʷ MgO, ʘʣʶʤʠʥʠʷ Al2O3, ʮʠʨʢʦʥʠʷ ZrO2, 

ʪʠʪʘʥʘ TiO2. ʉʘʤʠ ʧʨʝʚʨʘʱʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ, ʩʭʝʤʘ 

ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ɹʳʣʦ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʥʪʠʣʘʤʠʥʘ. ʇʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʢʩʠʜ ʤʝʪʘʣʣʘ ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ, ʨʘʙʦʪʘʶʪ ʚ 

çʪʘʥʜʝʤʝè: ʦʢʩʠʤ ʤʝʥʪʦʥʘ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʦʢʩʠʜʝ ʤʝʪʘʣʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘ ʯʘʩʪʠʮʘʭ ʟʦʣʦʪʘ ʜʠʩʩʦʮʠʠʨʫʝʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʠʜ-ʠʦʥʘ, ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʦʢʩʠʤ. ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʤʝʥʪʠʣʘʤʠʥʘ ʙʳʣʠ 

ʜʦʩʪʠʛʥʫʪʳ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ Au/Al2O3. ɿʦʣʦʪʦ, ʥʘʥʝʩʝʥʥʦʝ ʥʘ ʙʦʣʝʝ ʢʠʩʣʳʝ ʦʢʩʠʜʳ 

ʤʝʪʘʣʣʦʚ, ʪʘʢʠʝ ʢʘʢ ZrO2 ʠ TiO2 ʧʦʢʘʟʳʚʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʫʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ ʙʳʣʘ ʩʭʦʞʝʡ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʟʦʣʦʪʦʤ ʧʨʝʚʨʘʱʝʥʠʡ ʦʢʩʠʤʘ ʤʝʥʪʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʦʜʦʨʦʜʘ 

 

ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʢʩʠʤʘ ʤʝʥʪʦʥʘ ʥʘ Au/Al2O3 

ʢʘʪʘʣʠʟʘʪʦʨʝ. ɹʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʪʘʢʞʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʜʦʩʪʠʛʥʫʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʈʝʘʢʮʠʷ ʠʤʝʣʘ ʥʫʣʝʚʦʡ ʧʦʨʷʜʦʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʤʘ 

ʤʝʥʪʦʥʘ. ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʚʦʟʤʦʞʥʳ ʜʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠʟʦʤʝʨʘ) 

ʧʦʣʫʯʝʥʠʷ ʤʝʥʪʠʣʘʤʠʥʘ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʠ 

ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ.  

ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʤʝʥʪʠʣʘʤʠʥʘ, ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʦʙʱʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʢʘʞʜʳʤ ʧʦʩʣʝʜʫʶʱʠʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ɺʦʟʤʦʞʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʷʚʣʷʶʪʩʷ ʘʜʩʦʨʙʮʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʣʠʛʦʤʝʨʥʳʝ ʠ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʢʘʪʘʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʜʘʚʘʣʦʩʴ ʜʦʩʪʠʯʴ, ʧʨʦʢʘʣʠʚʘʷ ʢʘʪʘʣʠʟʘʪʦʨ Au/Al2O3 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 450 ʉ̄ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʦʜʥʦʡ ʩʪʘʪʴʝ ʚ ʞʫʨʥʘʣʝ 

çApplied Catalysis Aè (ʧʨʠʚʝʜʝʥʘ ʚ ʩʧʠʩʢʝ ʧʫʙʣʠʢʘʮʠʡ ʥʠʞʝ). 

 

4. ʉʦʚʤʝʩʪʥʦ ʩ ʣʘʙʦʨʘʪʦʨʠʝʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʅʀʆʍ ʉʆ 

ʈɸʅ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ 

ʬʝʥʦʢʩʠʵʪʘʥʦʣʘ ʠ 1,2-ʦʢʪʘʥʜʠʦʣʘ ʚ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (1é10 ʤʠʣʣʠʦʥʥʳʭ 

ʜʦʣʝʡ, ppm) ʚ ʦʙʨʘʟʮʘʭ ʪʢʘʥʝʡ ʞʠʚʦʪʥʳʭ. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʢʦʥʩʝʨʚʘʮʠʠ ʪʢʘʥʝʡ ʞʠʚʦʪʥʳʭ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʭʨʘʥʝʥʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʧʝʨʝʩʘʜʢʠ ʠʣʠ ʠʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʙʘ 

ʢʦʤʧʦʥʝʥʪʘ ʫʜʘʣʠʪʴ ʧʫʪʝʤ ʧʨʦʤʳʚʢʠ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ 
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ʦʩʪʘʝʪʩʷ ʚ ʦʙʨʘʟʮʘʭ ʪʢʘʥʝʡ. ɸʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚ ʦʩʪʘʚʰʠʭʩʷ ʬʝʥʦʢʩʠʵʪʘʥʦʣʘ ʠ 1,2-

ʦʢʪʘʥʜʠʦʣʘ ʠ ʩʪʘʣ ʮʝʣʴʶ ʨʘʙʦʪʳ.  

ʅʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʦʜʝʨʞʘʥʠʝ 

ʬʝʥʦʢʩʠʵʪʘʥʦʣʘ ʜʦ 0,1 ppm, 1,2-ʦʢʪʘʥʜʠʦʣʘ ï ʜʦ 1,0 ppm, ʧʨʠ ʵʪʦʤ ʨʘʙʦʪʘ ʚʝʣʘʩʴ 

ʩ ʟʘʧʠʩʴʶ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘ ʦʙʨʘʟʮʘ (ʨʝʞʠʤ SCAN), ʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ ʜʘʥʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʝʥʦʢʩʠʵʪʘʥʦʣʘ ʠ 1,2-ʧʨʦʧʘʥʜʠʦʣʘ ʚ ʦʙʨʘʟʮʘʭ 

ʪʢʘʥʝʡ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʤʝʰʘʶʪ ʠʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʢʦʥʩʝʨʚʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ 

ʪʢʘʥʷʭ ʠʟʥʘʯʘʣʴʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʧʘʥʪʨʠʦʣ (ʛʣʠʮʝʨʠʥ) ï ʝʛʦ ʧʠʢ ʥʘʢʣʘʜʳʚʘʝʪʩʷ 

ʥʘ ʧʠʢʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʨʝʞʠʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦ 

ʚʳʙʨʘʥʥʳʤ ʠʦʥʘʤ (SIM, Selected Ions Monitoring) ʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʥʘʨʫʞʝʥʳ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʚʨʝʤʝʥʠ ʫʜʝʨʞʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʳʙʨʘʥʥʳʭ ʠʦʥʦʚ ʙʳʣʠ ʚʟʷʪʳ m/z=94 ʠ m/z=138 ʜʣʷ ʬʝʥʦʢʩʠʵʪʘʥʦʣʘ, m/z=97 ʠ 

m/z=115 ʜʣʷ 1,2-ʦʢʪʘʥʜʠʦʣʘ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʞʠʤʝ SCAN ʚʦʟʤʦʞʥʦ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʪʢʘʥʝʡ 

ʞʠʚʦʪʥʳʭ ʥʘ ʬʦʥʝ ʛʣʠʮʝʨʠʥʘ ʚ ʦʪʢʨʳʪʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ AMDIS 

(Automated Mass-Spectral Deconvolution and Identification System). 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʬʝʥʦʢʩʠʵʪʘʥʦʣʘ ʠ 1,2-ʦʢʪʘʥʜʠʦʣʘ ʧʦʩʣʝ 

ʧʨʦʤʳʚʢʠ ʪʢʘʥʝʡ ʞʠʚʦʪʥʳʭ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʩʝʨʚʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ 

ʧʦʢʘʟʘʣʠ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ: 1,2-ʦʢʪʘʥʜʠʦʣʘ - ʤʝʥʝʝ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ 

(ʤʝʥʝʝ 1 ppm); ʬʝʥʦʢʩʠʵʪʘʥʦʣʘ ï ʦʢʦʣʦ 1 ppm. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʜʘʪʴ ʟʘʷʚʢʫ ʥʘ ʧʘʪʝʥʪ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʠʤʝʥʦʚʘʥʠʝʤ çʉʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ 

ʬʝʥʦʢʩʠʵʪʘʥʦʣʘ ʠ ʦʢʪʘʥʜʠʦʣʘ ʚ ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʦʚè. 

 

5. ʉʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʧʨʦʙʣʝʤ ʭʠʤʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʉʆ 

ʈɸʅ (ʛ. ɹʠʡʩʢ) ʠ ʅʦʚʦʩʠʙʠʨʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʧʨʦʚʦʜʠʣʠʩʴ 

ʨʘʙʦʪʳ ʧʦ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚʥʦʚʴ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ï ʧʨʦʠʟʚʦʜʥʳʭ 2,4,6,8,9,11-ʛʝʢʩʘʘʟʘ-ʪʨʠʮʠʢʣʦ[3.3.3.0
1,5
]ʫʥʜʝʢʘʥ-3,7,10-

ʪʨʠʦʥʘ:  

HN NH

NHHN
HN NH

O

O O

 
ɺʥʦʚʴ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʧʨʷʤʦ ʦʪʥʦʩʷʪʩʷ ʢ ʵʥʝʨʛʦʝʤʢʠʤ ʚʝʱʝʩʪʚʘʤ 

- ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʥʘ NO2-

ʛʨʫʧʧʳ, ʪʘʢ ʠ ʢ ʚʦʟʤʦʞʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ 2,4,6,8,9,11-ʛʝʢʩʘʘʟʘ-

ʪʨʠʮʠʢʣʦ[3.3.3.0
1,5
]ʫʥʜʝʢʘʥ-3,7,10-ʪʨʠʦʥʘ, ʷʚʣʷʶʱʠʭʩʷ ʧʦʣʫʧʨʦʜʫʢʪʘʤʠ ʜʣʷ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʟʘʤʝʱʝʥʳ ʜʨʫʛʠʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ). ɸʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʡ ʤʘʣʦʚʦʟʤʦʞʝʥ ʤʝʪʦʜʘʤʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʚʷʟʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʦʙʨʘʟʮʦʚ, ʠ ʧʦʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʧʨʷʤʳʤ ʚʚʦʜʦʤ 
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ʦʙʨʘʟʮʘ ʚ ʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ. ɹʳʣʠ ʧʦʜʦʙʨʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʠ ʟʘʧʠʩʘʥʳ 

ʤʘʩʩ-ʩʧʝʢʪʨʳ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʜʪʚʝʨʞʜʝʥ ʠʭ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ (ʙʨʫʪʪʦ-

ʬʦʨʤʫʣʳ) ʠ ʯʘʩʪʠʯʥʦ ï ʩʪʨʦʝʥʠʝ ʧʦ ʬʨʘʛʤʝʥʪʥʳʤ ʠʦʥʘʤ. ʅʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʣʠ, ʛʜʝ 2,4,6,8,9,11-ʛʝʢʩʘʘʟʘ-ʪʨʠʮʠʢʣʦ[3.3.3.0
1,5
]ʫʥʜʝʢʘʥ-

3,7,10-ʪʨʠʦʥ ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʚʳʩʪʫʧʘʣʠ ʚ ʨʦʣʠ ʢʘʪʠʦʥʘ, ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

 

ɻʨʫʧʧʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

1. ʇʨʦʚʝʜʝʥʦ ʈʉɸ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʠʛʠʜʨʦʧʠʨʘʥʦʢʫʤʘʨʠʥ(ī)-

ʧʨʘʵʨʫʧʪʦʨʠʥʘ ɺ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ (40%) ʵʢʩʪʨʘʢʪʘ ʠʟʚʝʩʪʥʦʛʦ 

ʩʚʦʠʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʨʘʩʪʝʥʠʷ Saposhnikovia divaricata, ʩʦʙʨʘʥʥʦʛʦ 

ʚ ʄʦʥʛʦʣʠʠ ʠ ɹʫʨʷʪʠʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʩʳʨʴʝʤ ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (B.M. 

Urbagarova, E.E. Shults, V.V. Taraskin, L.D. Radnaeva, T.N. Petrova, T.V. Rybalova, 

T.S. Frolova, A.G. Pokrovskii, Ja. Ganbaatar, Journal of Ethnopharmacology, 2020, V. 

261, 1125170 doi:10.1016/j.jep.2019.112517) 

2. ʀʟʦʧʠʤʘʨʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʝʸ ʧʨʦʠʟʚʦʜʥʳʝ ʚʳʟʳʚʘʶʪ ʰʠʨʦʢʠʡ ʠʥʪʝʨʝʩ ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ. ʄʝʪʦʜʦʤ ʈʉɸ ʠʩʩʣʝʜʦʚʘʥ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ 16-ʘʨʠʣʜʠʪʝʨʧʝʥʦʠʜ - 

ʧʨʦʜʫʢʪ ʘʨʨʠʣʠʨʦʚʘʥʠʷ ʤʝʪʠʣʠʟʦʧʠʤʘʨʘʪʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʞʠʚʠʮʳ ʭʚʦʡʥʳʭ ʧʦʨʦʜ 

ʩʦʩʥʳ, ʢʝʜʨʘ, ʣʠʩʪʚʝʥʥʠʮʳ (M.A. Gromova, Yu.V. Kharitonov, T.V. Rybalova, E.E. 

Shults, Monatshefte fur Chemie - Chemical Monthly, , 2020, V. 151, N 12, Pp. 1817 - 

1827 doi:10.1007/s00706-020-02713-3,) 

3.ʀʩʩʣʝʜʦʚʘʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʳ 1,3,5-

ʪʨʠʟʘʤʝʱʝʥʥʦʛʦ ʧʠʨʘʟʦʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʠʪʝʨʧʝʥʦʠʜʥʳʡ ʬʨʘʛʤʝʥʪ, 

ʧʨʦʷʚʣʷʶʱʝʛʦ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. (ʄʠʨʦʥʦʚ ʄ.ɽ., ʇʦʣʪʘʥʦʚʠʯ ɸ.ʀ., 

ʈʳʙʘʣʦʚʘ ʊ.ɺ., ɼʦʣʛʠʭ ʄ.ʇ., ʊʦʣʩʪʠʢʦʚʘ ʊ.ɻ., ʐʫʣʴʮ ʕ.ʕ. ʀʟʚʝʩʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. 

ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʘʷ. 2020. ˉ 3. ʉ. 537-546.) 

4. ɺ-ʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, 3-ʤʝʪʦʢʩʠ-4,5-ʤʝʪʠʣʝʥʜʠʦʢʩʠʧʨʦʧʠʦʬʝʥʦʥʘ ʠ ʬʝʨʦʮʠʥʠʥʘ (ʥʘ 

ʨʠʩʫʥʢʝ), ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʢʦʨʥʝʡ ʌ. ʂʝʣʣʝʨʠ, ʩʦʙʨʘʥʥʳʭ ʚ ʩʪʝʧʷʭ ʂʘʟʘʭʩʪʘʥʘ. 

(Chemistry of Natural Compounds, 2020, V. 56, N 10, Pp 896-898 doi:10.1007/s10600-

020-03178-w) 

5. ʇʨʦʚʝʜʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʘ 

3-ʘʤʠʥʦ-2-ʤʝʨʢʘʧʪʦʙʝʥʟʦʪʠʘʟʦʣ-2(3ʅ)-ʪʠʦʥʦʚ ï ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ 

ʙʝʥʟʦʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤʳ ʘʟʦʪʘ ʠ ʩʝʨʳ ʚ 

ʧʷʪʠʯʣʝʥʥʦʤ ʬʨʘʛʤʝʥʪʝ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʨʷʜʫ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʷʚʣʷʶʱʠʭ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

(Journal of Fluorine Chemistry, 2020, V.239, 109628 

doi:10.1016/j.jfluchem.2020.109628) 

 

ʊʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

1. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʢʩʠʣʥʳʭ ʠ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʦʚ: N-ʪʨʝʪ-ʙʫʪʠʣ-N-ʦʢʩʠʘʤʠʥʦ-2,3,5,6-ʪʝʪʨʘʬʪʦʨ-4-ʠʦʜʙʝʥʟʦʣ ʠ N-ʪʨʝʪ-

ʙʫʪʠʣ-N-ʦʢʩʠʘʤʠʥʦ-2,3,5,6-ʪʝʨʘʬʪʦʨ-4-ʵʪʠʥʠʣʙʝʥʟʦʣ ʥʠʪʨʦʢʩʠʜʦʚ, 5,6,7,8-

ʪʝʪʨʘʬʪʦʨʭʠʥʦʣʠʥ-N-ʦʢʩʠʜʘ, 6-ʪʨʠʬʪʦʨʤʝʪʠʣ-5,7,8-ʪʨʠʬʪʦʨʭʠʥʦʣʠʥ-N-ʦʢʩʠʜʘ ʠ 
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ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ Cu(hfac)2, ʘ ʪʘʢʞʝ ʜʠʨʘʜʠʢʘʣʘ N,Nô-(ʧʝʨʬʪʦʨʙʠʬʝʥʠʣ-4,4ô-

ʜʠʠʣ)ʙʠʩ(Nʪʨʝʪ-ʙʫʪʠʣ(ʦʢʩʠʣ)ʘʤʠʥʘ. (V. Politanskaya, P.A. Fedyushin, T.V. 

Rybalova, A.S. Bogomyakov, N.B. Asanbaeva, E.V. Tretyakov, Molecules 2020, 25(22), 

5427 doi:10.3390/molecules25225427; L. Gurskaya, T. Rybalova, I. Beregovaya, E. 

Zaytseva, M. Kazantsev, E. Tretyakov,  Journal of Fluorine Chemistry, 2020, V. 237, 

109613 doi:10.1016/j.jfluchem.2020.109613; Pavel Fedyushin, Tatyana Rybalova, 

Nargiz Asanbaeva, Elena Bagryanskaya, Alexey Dmitriev, Nina Gritsan, Maxim 

Kazantsev, Evgeny Tretyakov, Molecules 2020, 25, 2701; 

doi:10.3390/molecules25112701) 

2. ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʨʷʜʘ 

5-(ʪʨʝʪ-ʙʫʪʠʣ)-5-ʙʫʪʠʣ-2,2-ʜʠʵʪʠʣ-3-ʛʠʜʨʦʢʩʠʧʠʨʨʦʣʠʜʠʥ-1-ʦʢʩʠʣʘ ʠ 2-( ʪʨʝʪ-

ʙʫʪʠʣ)-2-ʙʫʪʠʣ-5,5-ʜʠʵʪʠʣ-3,4-ʙʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʧʠʨʨʦʣʠʜʠʥ-1-ʦʢʩʠʣʘ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʪʨʫʜʥʝʥʥʦʩʪʠ, ʠʤʝʝʶʱʠʭ ʧʨʝʚʦʩʭʦʜʥʫʶ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʥʘʛʨʝʚʘʥʠʝ ʜʦ 100Ü ʚ ʪʝʯʝʥʠʝ 80 ʤʠʥ) ʠ ʚʳʩʦʢʫʶ 

ʣʠʧʦʬʠʣʴʥʦʩʪʴ, ʠ ʙʠʨʘʜʠʢʘʣʘ 3,3ô-ʙʠʩ(2-ʪʨʝʪ-ʙʫʪʠʣ-5,5-ʜʠʵʪʠʣl-4-ʦʢʩʦʧʠʨʨʦʣʠʜʝʥ) 

1,1ô-ʜʠʦʢʩʠʜʘ (I.F. Zhurko, S. Dobrynin, A.A. Gorodetskii, Yu.I. Glazachev, T.V. 

Rybalova, E.I. Chernyak, N. Asanbaeva, E.G. Bagryanskaya, I.A. Kirilyuk, Molecules 

2020, 25(4), 845 doi:10.3390/molecules25040845) 

3. ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʚʝʨʜʘʟʠʣʴʥʳʭ ʠ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʜʚʫʭ ʬʦʨʤ ʛʝʪʝʨʦ-ʜʠʨʘʜʠʢʘʣʘ 1-ʦʙʤʝʥʥʦ-ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʶʱʝʡ ʜʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ. 

 ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ VD ʠ NN ʬʨʘʛʤʝʥʪʦʚ 

ʦʙʝʠʭ ʬʦʨʤ ʩʦʚʧʘʜʘʶʪ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ 

ʤʦʥʦʨʘʜʠʢʘʣʦʚ. ʌʦʨʤʘ I ʙʦʣʝʝ ʧʣʦʩʢʘʷ: 

ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ ʫʛʣʳ ʤʝʞʜʫ ʬʝʥʠʣʴʥʳʤʠ ʮʠʢʣʘʤʠ 

ʚ ʮʝʧʦʯʢʝ ʨʘʚʥʳ 32.3 / 20.8, ʘ ʤʝʞʜʫ ʚʝʨʜʘʟʠʣʴʥʳʤ ʠ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʴʥʳʤ 

ʬʨʘʛʤʝʥʪʘʤʠ 23.3 / 20.7Ü ʜʣʷ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ 

ʌʦʨʤʳ II ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʨʘʚʥʳ 51.9 ʠ 78.4Ü. ʊ. ʝ. ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʨʘʟʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚʣʠʷʝʪ ʥʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʢʝʣʝʪʝ 

ʜʠʨʘʜʠʢʘʣʘ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ (P.V. 

Petunin, T.V. Rybalova, M.E. Trusova, M.N. Uvarov, M.S. Kazantsev, E.A. Mostovich, L. 

Postulka, P. Eibisch, B. Wolf, M. Lang, P.S. Postnikov, M. Baumgarten, 

ChemPlusChem, 2020, V. 85, N 1, Pp 159-162 doi:10.1002/cplu.201900709 

4. ɺʳʧʦʣʥʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 3-ʭ ʚʝʨʜʘʟʠʣ ʥʠʪʨʦʢʩʠʣʴʥʳʭ 

ʙʠʨʘʜʠʢʘʣʦʚ ʩ ʩʠʣʴʥʳʤʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʙʤʝʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 

ʬʝʨʨʦ- ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʚ ʪʚʝʨʜʳʭ ʬʘʟʘʭ 

ʪʨʠʧʣʝʪʥʳʭ ʙʠʨʘʜʠʢʘʣʦʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʤʝʥʥʦ-ʩʚʷʟʘʥʥʳʭ ʮʝʧʦʯʝʢ ʩ S=1. 

ɺʳʧʦʣʥʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʝʨʚʳʭ ʘʮʝʪʠʣʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʚʝʨʜʘʟʠʣ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʙʠʨʘʜʠʢʘʣʦʚ. ɺʳʷʚʣʝʥʳ ʧʨʠʩʫʱʠʝ ʠʤ ʤʘʛʥʠʪʥʦ-

ʩʪʨʫʢʪʫʨʥʳʝ ʢʦʨʨʝʣʷʮʠʠ. (Angewandte Chemie International Edition, 2020, V. 59, N 

46, Pp 20704-20710; European Journal of Organic Chemistry, 2020, V. 2020, N 13, Pp 

1996-2004 doi:10.1002/ejoc.202000044) 

5. ʇʨʦʚʝʜʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 2-ʭ ʟʦʣʦʪʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʘ 2-ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʨʷʜʘ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 

ʨʝʢʦʨʜʥʦʝ ʯʠʩʣʦ ʢʦʨʦʪʢʠʭ ʢʦʥʪʘʢʪʦʚ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ. (Crystals 2020, 10(9), 770 doi:10.3390/cryst10090770) 
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ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʜʣʷ ʧʦʢʨʳʪʠʡ ʩʣʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʢʘʪʘʣʠʟʘ 

1. ʅʘʤʠ ʧʨʦʚʝʜʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʳʭ ʣʝʪʫʯʠʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʭ ʙʝʪʘ-ʜʠʢʝʪʦʥʦʚ ʩʦʩʪʘʚʘ: [PbL2(M(hfaʩ)2)2], ʛʜʝ ʄ= 

Co(II),Ni(II), L= RôCOCHCOC(CH3)OCH3, L
1
: Rô=CF3, L

2
: Rô=ʉ(CH3)3, L

3
: Rô=CH3 (V.V. 

Krisyuk, S. Urkasymkyzy, T.V. Rybalova, I.V. Korolkov, S.V. Sysoev, T.P. Koretskaya, 

B.M. Kuchumov, A.E. Turgambaeva, Polyhedron, V. 191, 15 November 2020, 114806 

doi:10.1016/j.poly.2020.114806) 

2. ɺʳʧʦʣʥʝʥʦ ʈʉɸ ʧʘʣʣʘʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʠ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥʦʚ, 

ʠʤʝʶʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ 

ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (D.P. Lubov, O.Yu. Lyakin, D.G. Samsonenko, T.V. Rybalova, 

E.P. Talsi, K.P. Bryliakov, Dalton Trans., 2020, V.49, N 32, Pp 11150-11156 

doi:10.1039/D0DT02247K) 

3. ʋʩʪʘʥʦʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʜʠʬʝʥʠʣ(2-ʧʠʨʘʟʠʣ)ʬʦʩʬʠʥʘ ʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʩ ʭʣʦʨʠʜʘʤʠ Ag(I), Au(I) and Pt(II). ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʮʝʣʦʛʦ ʨʷʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʘ ʩʘʤ ʣʠʛʘʥʜ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʜʠʟʘʡʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

(Mendeleev Communications, 2020, V. 30, N 3, Pp 305-307 

doi:10.1016/j.mencom.2020.05.014) 

 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʣʶʤʠʥʠʩʪʝʥʮʠʶ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʶ 

1. ʋʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ ʮʝʧʦʯʝʯʥʳʭ ʠ ʩʣʦʠʩʪʳʭ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ CuI ʩ ʠʦʜʠʜʘʤʠ 

N-ʘʣʢʠʣʫʨʦʪʨʦʧʠʥʠʷ [R-HMTA]I (R = Me, Et, Pr).  ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʷʚʣʷʶʪ ʷʨʢʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʮʚʝʪ ʢʦʪʦʨʦʡ ʤʝʥʷʝʪʩʷ ʦʪ 

ʪʝʤʥʦ-ʩʠʥʝʛʦ ʜʦ ʢʨʘʩʥʦʛʦ (ɚʤʘʢʩ. = 430ï625 ʥʤ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʚʝʪ ʵʤʠʩʩʠʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ 

çʥʘʩʪʨʘʠʚʘʪʴè ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʆʯʝʥʴ ʠʥʪʝʨʝʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʭʦʨʦʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴʶ ʜʝʣʘʶʪ ʵʪʠ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. (Chemistry of Materials, Articles ASAP (Article), 

Publication Date (Web):December 1, 2020 doi:10.1021/acs.chemmater.0c03984) 

2. ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, [Re2(CO)6(L)Br2], 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦ ʨʝʘʢʮʠʠ 1,2,4,5-ʪʝʪʨʘʢʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʝʥʟʦʣʘ (L) ʩ 2-

ʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ Re(CO)5Br. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʦʷʚʣʷʝʪ ʞʝʣʪʦ-ʟʝʣʝʥʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ (ɚʤʘʢʩ. å 530 ʥʤ), ʢʦʪʦʨʘʷ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʜʦ 77 ʂ ʩʠʣʴʥʦ çʨʘʟʛʦʨʘʝʪʩʷè, ʘ ʝʝ ʤʘʢʩʠʤʫʤ ʩʤʝʱʘʝʪʩʷ ʥʘ 25 ʥʤ ʚ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ. (Inorganic Chemistry Communications, 2020, V.119, 

108058 doi:10.1016/j.inoche.2020.108058) 

3. ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʮʝʧʦʯʝʯʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ 

[Mn(dpppO2)I2]n (1) ʠ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mn2(dpppO2)4I2]l2 (2), 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 1,3-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʠʣ)ʧʨʦʧʘʥʘ (dpppO2) 

ʩ MnI2 ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʠʤʝʨ 1 ʧʨʦʷʚʣʷʝʪ 

ʟʝʣʝʥʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ (ɚʤʘʢʩ. = 530 nm) ʩ ʥʝʦʙʳʯʥʦ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʝʤ 

ʧʦʩʣʝʩʚʝʯʝʥʠʷ (50 ʤʢʩ), ʘ ʢʦʤʧʣʝʢʩ 2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʦʣʛʦʞʠʚʫʱʝʡ 
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ʢʨʘʩʥʦʡ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ (ɚʤʘʢʩ. = 660 ʥʤ) ʩ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ 1400 ʤʢʩ. 

(Polyhedron, 2020, V. 188, 114706 doi:10.1016/j.poly.2020.114706)  

4. ʀʩʩʣʝʜʦʚʘʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[C6H4(CH2PPy3)2][C6H4(CH2PPy3Cu3I5)2], ʩʦʜʝʨʞʘʱʝʛʦ ʩʪʨʫʢʪʫʨʥʦ-

ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʝ ʠʦʜʦʢʫʧʨʘʪʥʳʝ ʘʥʠʦʥʳ [Cu3I5]2ï. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʷʚʣʷʝʪ ʪʝʤʥʦ-ʢʨʘʩʥʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ɚʤʘʢʩ. = 680 ʥʤ ʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ 14 ʠ 17 ʤʢʩ ʧʨʠ 300 ʠ 77 K, 

ʩʦʦʪʚʝʩʪʚʝʥʥʦ. (Journal of Structural Chemistry, 2020, V. 61, N 7, Pp 1068-1071 

doi:10.1134/S0022476620070082). 

5. ʋʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ ʜʚʫʭ ʠʟʦʤʝʨʥʳʭ ʠʦʜʦʢʫʧʘʨʘʪʦʚ (Meï

PySMe)n[Cu2I3]n, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʩʪʨʦʝʥʠʝʤ çʜʚʫʞʠʣʴʥʳʭè ʣʝʥʪ [Cu2I3]n. ʆʜʠʥ ʠʟ 

ʵʪʠʭ ʠʦʜʦʢʫʧʨʘʪʦʚ ʧʨʦʷʚʣʷʝʪ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʫʶ ʜʚʦʡʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʵʤʠʩʩʠʦʥʥʳʤʠ ʧʦʣʦʩʘʤʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ɚʤʘʢʩ. = 680 ʠ 550 ʥʤ. 

ʇʦʩʢʦʣʴʢʫ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʵʪʠʭ ʧʦʣʦʩ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʙʣʶʜʘʝʤʳʡ ʮʚʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 300 ʜʦ 77 ʂ 

ʤʝʥʷʝʪʩʷ ʩ ʪʝʤʥʦ-ʢʨʘʩʥʦʛʦ ʜʦ ʞʝʣʪʦʛʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʪʦʨʦʡ ʠʟʦʤʝʨʥʳʡ 

ʠʦʜʦʢʫʧʨʘʪ ʪʘʢ ʞʝ ʧʨʦʷʚʣʷʝʪ ʜʚʦʡʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʢʦʪʦʨʘʷ, ʦʜʥʘʢʦ, ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʪʦʣʴ ʚʳʨʘʞʝʥʥʦʤʫ ʪʝʤʨʦʭʨʦʤʠʟʤʫ ʌʃ. (Inorg. Chem. Front., 2020, V. 7, 

N 11, Pp 2195-2203 doi:10.1039/D0QI00346H) 

6. ʆʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʦʜʥʦʤʝʨʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ 

[Cu2I2(PymPPh2)]n, ʩʦʜʝʨʞʘʱʝʛʦ çʜʚʫʞʠʣʴʥʳʝè ʣʝʥʪʳ (Cu2I2)n, ʘʪʦʤʳ ʤʝʜʠ 

ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ 2-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʠʨʠʤʠʜʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ (PymPPh2). ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʷʚʣʷʝʪ 

ʫʤʝʨʝʥʥʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ (ɚmax = 530 nm) ʩ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ 1.2 ʤʢʩ ʠ 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 15%. (Journal of Structural Chemistry, 2020, V. 61, N 6, Pp 894-

898 doi:10.1134/S0022476620060086) 

7. ʆʧʨʝʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʷʜʘ ʮʝʧʦʯʝʯʥʳʭ 

(1D), ʩʣʦʠʩʪʳʭ (2D) ʠ ʪʨʝʭʤʝʨʥʳʭ (3D) ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ ʩʝʨʝʙʨʘ (AgNO3, AgClO4, AgOTf) ʠ 2Ȥ

(ʘʣʢʠʣʩʫʣʴʬʘʥʠʣ)ʧʠʨʠʜʠʥʦʚ, -ʧʠʨʠʤʠʜʠʥʦʚ ʠ -ʭʠʥʦʣʠʥʦʚ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʷʚʣʷʶʪ ʜʚʦʡʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. (European Journal of Inorganic Chemistry, 2020, V. 

2020, N 17, Pp 1635-1644 doi:10.1002/ejic.202000109,) 

8. ʉʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩʝʨʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʦʜʘʥʠʜʘ Mn
II
 ʠ ʙʠʩ(ʬʦʩʬʦʥʠʦʢʩʠʜʥʳʭ) 

ʣʠʛʘʥʜʦʚ ʪʠʧʘ Ph2P(O)ïXï(O)PPh2, X = CH2, CH2CH2, CH2CH2CH2, CH2C(=CH2)CH2, 

C(=CH2)C(=CH2) ʠ CſC. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʤʠ ʧʨʠʤʝʨʘʤʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʘʥʠʜʘ ʤʘʨʛʘʥʮʘ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʥʠ 

ʧʨʦʷʚʣʷʶʪ ʣʠʙʦ ʩʣʘʙʫʶ Mn
II
Ȥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʠ/ʠʣʠ ʣʠʛʘʥʜ-

ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ. (European Journal of Inorganic Chemistry, 2020, V. 

2020, N 8, Pp 695-703 doi:10.1002/ejic.201901213) 

 

ɻʨʘʥʪ ʈʅʌ 18-73-10086. ç18-73-10086ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʳʭ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(I) ʠ ʩʝʨʝʙʨʘ(I) ʥʘ ʦʩʥʦʚʝ 1,3-

N,X-ʣʠʛʘʥʜʦʚ (X = P, As, S, Se)è 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ. ɸʨʪʝʤʴʝʚ ɸʣʝʢʩʘʥʜʨ ɺʠʢʪʦʨʦʚʠʯ (ʀʅʍ ʉʆ ʈɸʅ) 

ʋʩʪʘʥʦʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʜʠʬʝʥʠʣ(2-ʧʠʨʘʟʠʣ)ʬʦʩʬʠʥʘ ʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʩ ʭʣʦʨʠʜʘʤʠ Ag(I), Au(I) andPt(II). ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʮʝʣʦʛʦ ʨʷʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʘ ʩʘʤ 

http://www.rscf.ru/prjcard?rid=18-73-10086
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ʣʠʛʘʥʜʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʜʠʟʘʡʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

(MendeleevCommunications, 2020, V. 30, N 3, Pp 305-307 

doi:10.1016/j.mencom.2020.05.014 

ʆʧʨʝʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʷʜʘ ʮʝʧʦʯʝʯʥʳʭ 

(1D), ʩʣʦʠʩʪʳʭ (2D) ʠ ʪʨʝʭʤʝʨʥʳʭ (3D) ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ ʩʝʨʝʙʨʘ (AgNO3, AgClO4, AgOTf) ʠ 2Ȥ

(ʘʣʢʠʣʩʫʣʴʬʘʥʠʣ)ʧʠʨʠʜʠʥʦʚ, -ʧʠʨʠʤʠʜʠʥʦʚ ʠ -ʭʠʥʦʣʠʥʦʚ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʷʚʣʷʶʪ ʜʚʦʡʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. (European Journal of Inorganic Chemistry, 2020, V. 

2020, N 17, Pp 1635-1644 doi:10.1002/ejic.202000109) 

 

ɻʨʘʥʪ ʈʌʌʀ 18-03-00300 çʅʦʚʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʤʘʨʛʘʥʮʘ(II) ʩ ʙʠʩ- ʠ ʪʨʠʩʬʦʩʬʠʥʦʢʩʠʜʘʤʠè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ. ɸʨʪʝʤʴʝʚ ɸʣʝʢʩʘʥʜʨ ɺʠʢʪʦʨʦʚʠʯ (ʀʅʍ ʉʆ ʈɸʅ) 

ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʮʝʧʦʯʝʯʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ 

[Mn(dpppO2)I2]n (1) ʠ ʜʚʫʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mn2(dpppO2)4I2]l2 (2), 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 1,3-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʠʣ)ʧʨʦʧʘʥʘ (dpppO2) 

ʩ MnI2 ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʠʤʝʨ 1 ʧʨʦʷʚʣʷʝʪ 

ʟʝʣʝʥʫʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ (ɚʤʘʢʩ.=530nm) ʩ ʥʝʦʙʳʯʥʦ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʝʤ 

ʧʦʩʣʝʩʚʝʯʝʥʠʷ (50ʤʢʩ), ʘ ʢʦʤʧʣʝʢʩ 2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʦʣʛʦʞʠʚʫʱʝʡ 

ʢʨʘʩʥʦʡ ʬʦʩʬʦʨʝʩʮʝʥʮʠʝʡ (ɚʤʘʢʩ. = 660 ʥʤ) ʩ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ 1400 

ʤʢʩ.(Polyhedron, 2020, V. 188, 114706 doi:10.1016/j.poly.2020.114706) 
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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 

ʅʘʡʜʝʥʘ ʥʦʚʘʷ ʨʝʘʢʮʠʷ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ ʚ ɼʄʌɸ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ. ʊʘʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʧʝʥʪʘʬʪʦʨʭʣʦʨʙʝʥʟʦʣʘ, ʦʢʪʘʬʪʦʨʪʦʣʫʦʣʘ, 

ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʥʠʪʨʠʣʘ ʠ ʧʝʨʬʪʦʨʠʥʜʘʥʘ ʩ ʨʝʘʛʝʥʪʦʤ ɺʠʣʴʩʤʘʡʝʨʘ-ʍʘʘʢʘ, 

ʦʙʨʘʟʫʶʱʠʤʩʷ ʠʟ ʦʢʩʘʣʠʣʭʣʦʨʠʜʘ ʚ ɼʄʌɸ, ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʙʝʥʟʘʣʴʜʝʛʠʜʘʤ, ʠʟ ʢʦʪʦʨʳʭ 2,3,5,6-ʪʝʪʨʘʬʪʦʨ-4-ʬʦʨʤʠʣʙʝʥʟʦʥʠʪʨʠʣ ʠ 

ʧʝʨʬʪʦʨʠʥʜʘʥ-5-ʢʘʨʙʘʣʴʜʝʛʠʜ ʥʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʨʘʥʝʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ CuI 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

 
ʇʨʠʤʝʥʝʥ ʬʨʘʛʤʝʥʪʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘʦʢʩʘ-

ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ ʚ ʨʝʘʢʮʠʠ ʧʝʥʪʘʬʪʦʨʥʠʪʨʦʙʝʥʟʦʣʘ ʩ ʨʝʟʦʨʮʠʦʥʦʤ, ʦʨʮʠʥʦʣʦʤ ʠ 

ʪʝʪʨʘʬʪʦʨʨʝʟʦʨʮʠʥʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʝʥʪʘʬʪʦʨʥʠʪʨʦʙʝʥʟʦʣʘ ʩ ʨʝʟʦʨʮʠʥʦʤ ʠ ʦʨʮʠʥʦʣʦʤ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʭʦʨʦʰʠʤ 

ʚʳʭʦʜʦʤ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʠʬʝʥʠʣʦʚʳʝ ʵʬʠʨʳ ʚ ʚʠʜʝ ʜʚʫʭ 

ʠʟʦʤʝʨʦʚ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 4,4ô-ʠʟʦʤʝʨʘ. ʅʘʛʨʝʚʘʥʠʝ ʵʪʠʭ 

ʵʬʠʨʦʚ ʩ ʨʝʟʦʨʮʠʥʦʤ, ʪʝʪʨʘʬʪʦʨʨʝʟʦʨʮʠʥʦʤ ʠ ʦʨʮʠʥʦʣʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʝʪʨʘʦʢʩʘʢʘʣʠʢʩ[4]ʘʨʝʥʘʤ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. 
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ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʦʨʪʦ-, ʤʝʪʘ- ʠʣʠ 

ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʪʝʪʨʘʬʪʦʨʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ 1-ʧʝʥʪʘʬʪʦʨʬʝʥʠʣ-1-

(ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ)ʪʝʪʨʘʬʪʦʨʵʪʘʥʦʚ, ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʫʩʣʦʚʠʷ ʮʠʢʣʠʟʘʮʠʠ ʠʭ ʚ 

ʧʦʣʠʬʪʦʨ-9-ʤʝʪʠʣʬʣʫʦʨʝʥʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 1-ʧʝʥʪʘʬʪʦʨʬʝʥʠʣ-1-

(ʪʝʪʨʘʬʪʦʨʬʝʥʠʣ)ʪʝʪʨʘʬʪʦʨʵʪʘʥʳ ʩ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʚ ʦʨʪʦ- ʠʣʠ ʧʘʨʘ-

ʧʦʣʦʞʝʥʠʠ ʪʝʪʨʘʬʪʦʨʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʨʝʘʛʠʨʫʶʪ ʩ ʧʷʪʠʬʪʦʨʠʩʪʦʡ ʩʫʨʴʤʦʡ ʧʨʠ 

50-55Üʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʬʪʦʨ-9-ʤʝʪʠʣʬʣʫʦʨʝʥʦʚ,  ʘ ʚ 

ʩʣʫʯʘʝ ʠʟʦʤʝʨʥʦʛʦ ʜʠʬʝʥʠʣʵʪʘʥʘ ʩ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʚ ʤʝʪʘ-ʧʦʣʦʞʝʥʠʠ  

ʪʝʪʨʘʬʪʦʨʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʧʨʦʠʟʚʦʜʥʳʝ ʬʣʫʦʨʝʥʘ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʜʘʞʝ ʚ 

ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ (130Üʉ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʥʘʷ 

ʨʘʥʝʝ ʮʠʢʣʠʟʘʮʠʷ ʧʝʨʬʪʦʨ-1,1-ʜʠʬʝʥʠʣʵʪʘʥʘ ʚ ʧʝʨʬʪʦʨ-9-ʤʝʪʠʣʬʣʫʦʨʝʥ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 130Üʉ.  

 
ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʨʘʟʣʠʯʠʡ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʠʬʪʦʨ-1,1-

ʜʠʬʝʥʠʣʵʪʘʥʦʚ ʧʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ DFT (B3LYP/6-

31G*). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʘʪʠʦʥʦʠʜʥʳʭ ʩʢʝʣʝʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʦʜʫʢʪʦʚ ʘʨʠʣʠʨʦʚʘʥʠʷ 

ʧʝʨʬʪʦʨ-1,2-ʜʠʵʪʠʣʙʝʥʟʦʮʠʢʣʦʙʫʪʝʥʘ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘʤʠ ʦʙʥʘʨʫʞʝʥʳ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʠʟʦʤʝʨʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʨʬʪʦʨ-1,2-ʜʠʵʪʠʣʙʝʥʟʦʮʠʢʣʦʙʫʪʝʥʘ ʩʦ ʚʩʝʤʠ ʪʨʝʤʷ 

ʠʟʦʤʝʨʥʳʤʠ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘʤʠ ʚ ʩʨʝʜʝ ʧʷʪʠʬʪʦʨʠʩʪʦʡ ʩʫʨʴʤʳ ʦʙʨʘʟʫʶʪʩʷ 

ʜʠʵʪʠʣʬʝʥʠʣʙʝʥʟʦʮʠʢʣʦʙʫʪʝʥʠʣʴʥʳʝ ʢʘʪʠʦʥʳ, ʜʘʣʝʝ ʚ ʩʣʫʯʘʝ ʧʘʨʘ-ʠʟʦʤʝʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʙʳʯʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʰʝʩʪʠʯʣʝʥʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʚ 

ʩʝʤʠʯʣʝʥʥʦʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʯʝʪʳʨʸʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ ʚ 

ʧʷʪʠʯʣʝʥʥʳʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʧʝʨʬʪʦʨʵʪʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʙʝʥʟʦʘʟʫʣʝʥʠʣʴʥʳʡ ʢʘʪʠʦʥ, ʩʦʜʝʨʞʘʱʠʡ ʜʚʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʘ, ʘ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʝʥʟʦʘʟʫʣʝʥʦʥ. 

ɺ ʩʣʫʯʘʝ ʦʨʪʦ-ʠʟʦʤʝʨʘ ʧʦʣʫʯʘʶʪʩʷ ʧʨʦʜʫʢʪʳ, ʦʪʚʝʯʘʶʱʠʝ ʨʘʩʢʨʳʪʠʶ 

ʯʝʪʳʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʨʝʮʠʢʣʠʟʘʮʠʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʢʝʣʝʪʘ ʘʥʪʨʘʮʝʥʘ, ʘ ʠʟ 

ʤʝʪʘ-ʠʟʦʤʝʨʘ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʦʜʫʢʪ ʨʘʩʢʨʳʪʠʷ ʯʝʪʳʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʤʝʪʦʜʦʤ 

ʗʄʈ 
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ʀʩʩʣʝʜʦʚʘʥʳ ʨʝʘʢʮʠʠ 4-ʟʘʤʝʱʝʥʥʳʭ ʜʠʬʪʦʨʤʝʪʠʣ-

ʧʦʣʠʬʪʦʨʘʨʠʣʩʫʣʴʬʦʢʩʠʜʦʚ ʩ N- ʠ S-ʥʫʢʣʝʦʬʠʣʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʘʤʤʠʘʢʘ ʠʣʠ ʤʝʪʠʣʘʤʠʥʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʬʪʦʨʘ 

ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʢ ʜʠʬʪʦʨʤʝʪʠʣʩʫʣʴʬʠʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʟʘʤʝʩʪʠʪʝʣʷ ʍ (ʅ, CF3, OCH3) ʚ ʧʦʣʦʞʝʥʠʠ 4, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʤʠʥʦ- ʠ 

ʤʝʪʠʣʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

4-ʟʘʤʝʱʝʥʥʳʭ ʜʠʬʪʦʨʤʝʪʠʣʧʦʣʠʬʪʦʨʘʨʠʣʩʫʣʴʬʦʢʩʠʜʦʚ (ʍ = ʅ, CF3) ʩ 

ʛʠʜʨʦʩʫʣʴʬʠʜʦʤ ʢʘʣʠʷ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʬʪʦʨʘ ʚ ʦʨʪʦ-

ʧʦʣʦʞʝʥʠʠ ʢ ʜʠʬʪʦʨʤʝʪʠʣʩʫʣʴʬʠʥʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʘ ʩ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʦʤ ʚ 

ʩʣʫʯʘʝ ʍ = ʅ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʘʥʘʣʦʛʠʯʥʦ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʫʙʩʪʨʘʪʝ ʩ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ CF3-ʛʨʫʧʧʦʡ ʥʝʦʞʠʜʘʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠʧʩʦ-ʟʘʤʝʱʝʥʠʝ 

ʜʠʬʪʦʨʤʝʪʠʣʩʫʣʴʬʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. 

 
ʀʟʫʯʝʥ ʩʦʧʠʨʦʣʠʟ 2,5-ʜʠʬʪʦʨ-3,4,6-ʪʨʠʭʣʦʨʙʝʥʟʦʣʪʠʦʣʘ ʩ 

ʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 400 ʜʦ 620
ʦ
C. ʆʧʪʠʤʘʣʴʥʦʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ  ʨʝʘʢʮʠʠ ʦʢʘʟʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ 510-530
ʦ
C, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʝʪʩʷ 

ʛʝʢʩʘʬʪʦʨ-5,6-ʜʠʭʣʦʨ-2,3-ʜʠʛʠʜʨʦʙʝʥʟʦ[b]ʪʠʦʬʝʥ, ʚ ʢʘʯʝʩʪʚʝ  ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʥʘʨʷʜʫ ʩ ʠʟʦʤʝʨʥʳʤ ʛʝʢʩʘʬʪʦʨ-5,7-ʜʠʭʣʦʨ-2,3-ʜʠʛʠʜʨʦʙʝʥʟʦ[b]ʪʠʦʬʝʥʦʤ, ʘ ʪʘʢʞʝ 




























































































































































































































































































































