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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 31.12.2019 ʛʦʜʘ ʚ ʀʥʩʪʠʪʫʪʝ ʨʘʙʦʪʘʣʦ 399 ʯʝʣʦʚʝʢ, ʠʟ ʥʠʭ 152 

ʠʩʩʣʝʜʦʚʘʪʝʣ,̫ 64 ʪʝʭʥʠʢʘ, 60 ʯʝʣʦʚʝʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʂʚʘʣʠʬʠʢʘʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʢʣʶʯʘʣ 1 ʯʣʝʥʘ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ 

ʈɸʅ, 35 ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʠ 102 ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ. ʏʠʩʣʝʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ 

ʚʦʟʨʘʩʪʝ ʜʦ 39 ʣʝʪ ʚʢʣʶʯʠʪʝʣʴʥʦ ʩʦʩʪʘʚʠʣʘ 96 ʯʝʣʦʚʝʢ. 

ʉʨʝʜʥʝʩʧʠʩʦʯʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʟʘ 2019 ʛʦʜ 157 ʯʝʣ. 

 

ɼʠʨʝʢʮʠʷ 

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

ɿʘʤʝʩʪʠʪʝʣʠ ʜʠʨʝʢʪʦʨʘ 

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

ʢ.ʭ.ʥ. ɽ.ɺ. ʉʫʩʣʦʚ 

ɿʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʢʝ  ɼ.ɸ. ɸʙʘʰʝʚ 

ɿʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ 

ʧʦ ʦʙʱʠʤ ʚʦʧʨʦʩʘʤ    ɽ.ʄ. ʗʜʨʳʰʥʠʢʦʚ 

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. ʇʨʦʬ., ʜ.ʬ.-ʤ.ʥ., ʜʠʨʝʢʪʦʨ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʋʉ 

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

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

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

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

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

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

ɿʠʙʘʨʝʚ ɸ. ɺ. ɼ.ʭ.ʥ., ʟʘʚ. ʣʘʙ.  

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

ʂʠʨʠʣʶʢ ʀ. ɸ. ʂ.ʭ.ʥ., ʚ.ʥ.ʩ., ʟʘʚ. ʣʘʙ.  

ʄʘʞʫʢʠʥ ɼ. ɻ. ɼʦʮ., ʢ.ʭ.ʥ., ʩ.ʥ.ʩ.  

ʄʘʣʳʭʠʥ ɽ. ɺ. ɼʦʮ., ʜ.ʭ.ʥ., ʛ.ʥ.ʩ.  

ʄʘʤʘʪʶʢ ɺ. ʀ. ʂ.ʭ.ʥ., ʚ.ʥ.ʩ. 

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

ʄʦʨʦʟʦʚ ʉ.ɺ. ʂ.ʭ.ʥ., ʟʘʚ. ʣʘʙ.  

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

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

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

ʊʠʭʦʚʘ ɺ. ɼ. ʂ.ʭ.ʥ., ʟʘʚ. ʣʘʙ. 

ʊʠʭʦʥʦʚ ɸ. ʗ. ɼʦʮ., ʜ.ʭ.ʥ., ʛ.ʥ.ʩ. 

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

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

ʐʝʣʢʦʚʥʠʢʦʚ ɺ. ɺ. ɼ.ʭ.ʥ., ʟʘʚ. ʣʘʙ.  

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

ʗʨʦʚʘʷ ʆ.ʀ. ɼ.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 
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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 

ʪʝʣ. (383) 330-91-71, ʚʥʫʪʨ. ʪʝʣ. 3-48 

e-mail: tretyakov@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 

ʀʛʦʨʴ ɸʥʘʪʦʣʴʝʚʠʯ ʂʠʨʠʣʶʢ 

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

e-mail: kirilyuk@nioch.nsc.ru 

1.8 

ɻʨʫʧʧʘ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʘʪʘʣʠʟʘ 

(ˉ11-ɻʄʂ)  

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 

ɻʨʫʧʧʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ 

ʠ ʩʪʨʦʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ 

(ˉ15-ɻʆʉʉʆɺ) 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʛʨʫʧʧʳ ï ʢ.ʭ.ʥ. 

ʄʠʭʘʠʣ ʄʠʭʘʡʣʦʚʠʯ ʄʠʪʘʩʦʚ 

ʪʝʣ. (383) 330-67-50, ʚʥʫʪʨ. ʪʝʣ. 3-98 

e-mail: mitasov@nioch.nsc.ru 

1.11 

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 

1.12 

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:tretyakov@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/gruppa-opredeleniya-sostava-i-stroeniya-organicheskikh-veshchestv-gossov1
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/gruppa-opredeleniya-sostava-i-stroeniya-organicheskikh-veshchestv-gossov1
http://web.nioch.nsc.ru/nioch/institut-naycnie-podr/institut-struktura/nauchnye-podrazdeleniya/gruppa-opredeleniya-sostava-i-stroeniya-organicheskikh-veshchestv-gossov1
mailto:mitasov@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
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1.13 

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 

1.14 

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 

1.15 

ʃʘʙʦʨʘʪʦʨʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘ 

(ˉ44-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 

 

ʆʧʳʪʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʆʍʇ) 

ʉʪʨʫʢʪʫʨʘ ʦʧʳʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʍʇ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʢʘʜʨʦʚʳʤ ʠ ʤʘʪʝʨʠʘʣʴʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʪ ʤʦʙʠʣʴʥʦ ʢʦʤʧʣʝʢʪʦʚʘʪʴ 

ʘʧʧʘʨʘʪʫʨʥʳʝ ʩʭʝʤʳ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʦʥʢʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʚʝʩʪʠ ʧʦʠʩʢ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʝʨʚʠʯʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʥʘ ʧʨʦʮʝʩʩʳ ʠ 

ʧʨʦʜʫʢʪʳ, ʦʩʚʘʠʚʘʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʤʤʝʨʯʝʩʢʠʡ ʚʳʧʫʩʢ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʠ 

ʨʝʘʢʪʠʚʦʚ ʧʦ ʟʘʢʘʟʘʤ. 

ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚ ʩʦʜʨʫʞʝʩʪʚʝ ʩ ʜʨʫʛʠʤʠ ʀʥʩʪʠʪʫʪʘʤʠ ʉʆ ʈɸʅ ʦʙʝʩʧʝʯʠʣʘ 

ʨʝʘʣʠʟʘʮʠʶ ʨʷʜʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʀʥʩʪʠʪʫʪʘ. 

ʆʍʇ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʰʠʨʷʝʪ ʘʩʩʦʨʪʠʤʝʥʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʥʘʫʢʦʝʤʢʦʡ 

ʧʨʦʜʫʢʮʠʠ - ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʵʢʩʧʦʨʪ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʆʍʇ ʫʜʝʣʝʥʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʥʩʪʠʪʫʪʘ. 

 

ʅʘʯʘʣʴʥʠʢ ʆʍʇ  ʃʦʧʫʭʦʚ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ 

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

e-mail: chempro@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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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. 
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ʅɸʋʏʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʀʅʉʊʋʊɸ ɺ 2018 ɻʆɼʋ 

ʆʪʜʝʣ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʦʪʜʝʣʘ 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 

ʇʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦ- ʠ ʜʠʪʝʨʧʝʥʦʠʜʦʚ. ʈʘʥʝʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʤʬʦʨʳ ʠ ʘʤʠʥʦʵʪʘʥʦʣʘ, ʥʘʟʚʘʥʥʳʡ 

ʢʘʤʬʝʮʠʥʦʤ, ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʥʠʟʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʠ. ʉ ʮʝʣʴʶ ʧʨʦʜʦʣʞʝʥʠʷ ʥʘʯʘʪʳʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʰʠʨʝʥʠʝʤ 

ʙʠʙʣʠʦʪʝʢʠ ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʤʳ 

ʦʩʫʱʝʩʪʚʠʣʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ (+)-

ʢʘʤʬʦʨʳ ʠ ʘʣʢʘʣʦʠʜʘ ʭʠʥʦʣʠʟʠʜʠʥʦʚʦʛʦ ʨʷʜʘ (-)-ʮʠʪʠʟʠʥʘ ʠ ʧʨʦʚʝʣʠ ʠʟʫʯʝʥʠʝ ʠʭ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʩʚʦʡʩʪʚ. ɼʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʲʶʛʠʨʦʚʘʥʠʷ ʮʠʪʠʟʠʥʘ ʩ 

ʢʘʤʬʦʨʦʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ çʢʣʠʢè ʭʠʤʠʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʧʨʦʚʝʜʝʥʠʝ 

ʤʝʜʴ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ [2+3]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʜʦʚ ʢ ʘʣʢʠʥʘʤ. ʉ 

ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʧʠʩʘʥʥʳʭ ʥʘʤʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʘʛʝʥʪʦʚ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʠʰʝʥʷʤʠ: ʛʝʤʘʛʛʣʶʪʠʥʠʥ (HA) ʠ ʥʝʡʨʘʤʠʥʠʜʘʟʘ (NA). ʉʦʛʣʘʩʥʦ 

ʧʨʦʚʝʜʸʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʣʠʜʝʨʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʚʣʠʷʥʠʝʤ ʝʛʦ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʥʝʡʨʘʤʠʥʠʜʘʟʳ ʚʠʨʫʩʘ ʛʨʠʧʧʘ H1N1. 

 
ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʦʛʦ ʙʠʮʠʢʣʠʯʝʩʢʦʛʦ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʘ L-ʬʝʥʭʦʥʘ ʠ ʘʥʪʨʘʥʠʣʘʤʠʜʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (1R, 2S, 4S)-1,3,3-ʪʨʠʤʝʪʠʣ-1ôʅ-

ʩʧʠʨʦ[ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪʘʥ-2,2ôʭʠʥʘʟʦʣʠʥ]-4ô(3ôʅ)-ʦʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʈʉɸ, 1H 
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ʠ 13C ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɹʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʦʨʤʘʮʠʡ (2R ʠ 2S) ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʜʠʘʩʪʝʨʝʦʤʝʨ (ʢʦʥʬʦʨʤʘʮʠʷ 2S) ʩʪʘʙʠʣʴʥʝʝ ʥʘ 3,51 ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

 
 

ɺ 2019 ʛʦʜʫ ʙʳʣʘ ʧʨʦʜʦʣʞʝʥʘ ʨʘʙʦʪʘ ʧʦ ʧʦʠʩʢʫ ʠʥʛʠʙʠʪʦʨʦʚ ʵʤʝʨʜʞʝʥʪʥʳʭ 

ʚʠʨʫʩʦʚ. ʊʘʢ, ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ɻʅʎ çɺʝʢʪʦʨè ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʠʩʢʫ ʠʥʛʠʙʠʪʦʨʦʚ ʚʠʨʫʩʦʚ ʦʩʧʳ ʠ 

ʚʠʨʫʩʘ ʕʙʦʣʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʳʝ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʦʚ ʦʩʧʦʚʘʢʮʠʥʳ ʠ ʦʩʧʳ ʤʳʰʝʡ 

(ʵʢʪʨʦʤʝʣʠʠ) ï ʪʠʧʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʨʪʦʧʦʢʩʚʠʨʫʩʦʚ. ɼʘʥʥʳʝ ʚʝʱʝʩʪʚʘ 

ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʦʨʥʠʣʘʤʠʥʘ, ʠʤʝʶʱʠʤʠ ʚ ʩʚʦʝʤ ʦʩʪʦʚʝ ʥʘʩʳʱʝʥʥʳʝ N-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʦʪʜʝʣʝʥʥʳʝ ʦʪ ʢʘʨʢʘʩʥʦʛʦ ʦʩʪʦʚʘ ʘʤʠʜʥʦʡ ʩʚʷʟʴʶ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʅʀʈ 2018-2019 ʛʛ. ʈʦʩʧʘʪʝʥʪʦʤ ʦʜʦʙʨʝʥʘ ʟʘʷʚʢʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ.  

ɺʠʨʫʩʥʘʷ ʛʝʤʦʨʨʘʛʠʯʝʩʢʘʷ ʣʠʭʦʨʘʜʢʘ ʕʙʦʣʘ - ʦʩʪʨʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʣʝʪʘʣʴʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʚʩʧʳʰʢʠ ʣʠʭʦʨʘʜʢʠ ʕʙʦʣʘ ʚ 20-ʦʤ ʚʝʢʝ ʫʜʘʚʘʣʦʩʴ ʦʧʝʨʘʪʠʚʥʦ 

ʣʠʢʚʠʜʠʨʦʚʘʪʴ, ʚʩʧʳʰʢʘ ʵʪʦʡ ʙʦʣʝʟʥʠ ʚ ɿʘʧʘʜʥʦʡ ɸʬʨʠʢʝ ʚ 2014-2015 ʛʦʜʘʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʜʦʦʮʝʥʢʝ ʝʝ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʫʩʠʣʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʠʩʢ ʘʥʪʠʚʠʨʫʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʣʦʞʥʦʵʬʠʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʦʨʥʝʦʣʘ, ʠʤʝʶʱʝʛʦ ʧʠʧʝʨʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ c 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʩʝʚʜʦʚʠʨʫʩʥʳʭ ʩʠʩʪʝʤ ʠ ʚʠʨʫʩʘ ʕʙʦʣʘ ʰʪʘʤʤ ɿʘʠʨ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʩʦʚʤʝʩʪʥʦ ʩ ɻʅʎ çɺʝʢʪʦʨè ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʛʝʥʪʘ ʢʘʢ ʠʥʛʠʙʠʪʦʨʘ ʨʝʧʨʦʜʫʢʮʠʠ ʚʠʨʫʩʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʅʀʈ 

2018-2019 ʛʛ. ʈʦʩʧʘʪʝʥʪʦʤ ʦʜʦʙʨʝʥʘ ʟʘʷʚʢʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʢʦʣʣʝʢʪʠʚʘ ʘʚʪʦʨʦʚ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʬʝʨʤʝʥʪʘ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʊʠʨʦʟʠʣ-ɼʅʂ 

ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ 1 (TDP1). ʅʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʦʛʦ ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ ʪʝʨʧʝʥʦʠʜʘ 

ʜʝʛʠʜʨʦʘʙʠʝʪʠʣʘʤʠʥʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʦʠʟʚʦʜʥʦʝ, ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʢ ʢʣʘʩʩʫ 

ʤʦʯʝʚʠʥ ʠ ʚʢʣʶʯʘʶʱʝʝ ʚ ʦʩʪʦʚ ʘʜʘʤʘʥʪʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʩʧʦʩʦʙʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʬʝʨʤʝʥʪ TDP1 ʚ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ɼʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʧʨʦʷʚʠʣʦ ʪʦʢʩʠʯʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʠ 

ʥʝʦʧʫʭʦʣʝʚʳʭ ʢʫʣʴʪʫʨʘʭ (MCF-7, MDA-MB-231, ɸ-549, U-87MG, SNB-19, WI-38). 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʠʟʚʝʩʪʥʳʤ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʧʨʝʧʘʨʘʪʦʤ ʪʝʤʦʟʦʣʦʤʠʜʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢ ʩʥʠʞʝʥʠʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ 
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ʛʠʦʙʣʘʩʪʦʤʳ U-87MG ʠ SNB-19 ʜʦ 40% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʪʝʨʘʧʠʝʡ ʊʄɿ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʅʀʈ 2018-2019 ʛʛ. ʈʦʩʧʘʪʝʥʪʦʤ ʦʜʦʙʨʝʥʘ ʟʘʷʚʢʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. 

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. 

 

ʀʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ. ɺ 2019 ʛ. 

ʧʨʦʜʦʣʞʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 

ʮʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɺ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ 

ɹʝʣʘʨʫʩʠ (ʄʠʥʩʢ) ʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ɸʙʦ (ʊʫʨʢʫ, ʌʠʥʣʷʥʜʠʷ) ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʛʘʣʣʫʘʟʠʪʦʚʳʭ 

ʥʘʥʦʪʨʫʙʦʢ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʇʨʠʥʩʘ ʤʦʥʦʪʝʨʧʝʥʦʠʜʘ (-)-ʠʟʦʧʫʣʝʛʦʣʘ ʩ 

ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʊʘʢ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʠʩʣʦʪʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʛʘʣʣʫʘʟʠʪʘ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ 

ʙʝʩʧʨʝʮʝʜʝʥʪʥʦ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʮʝʣʝʚʦʤʫ R-ʩʪʝʨʝʦʠʟʦʤʝʨʫ III, 

ʧʨʦʷʚʠʚʰʝʤʫ ʚʳʩʦʢʫʶ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʢʦʥʪʨʦʣʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʛʨʘʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʘʣʣʫʘʟʠʪʦʚʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʅʘʡʜʝʥʳ ʫʩʣʦʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦʣʫʯʘʪʴ ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʪʠʚ ʚʠʨʫʩʦʚ 

ʛʨʠʧʧʘ R-ʩʪʝʨʝʦʠʟʦʤʝʨ ʭʨʦʤʝʥʦʣʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʘʢʮʠʠ (-)-ʠʟʦʧʫʣʝʛʦʣʘ ʩ 

ʘʮʝʪʦʥʦʤ. 

 
ʉʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɹʝʣʘʨʫʩʠ 

(ʄʠʥʩʢ), ʋʥʠʚʝʨʩʠʪʝʪʘ ɸʙʦ (ʊʫʨʢʫ, ʌʠʥʣʷʥʜʠʷ) ʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ʇʦʨʪʦ (ʇʦʨʪʦ, 
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ʇʦʨʪʫʛʘʣʠʷ) ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʭ ʛʣʠʥ ʥʘ 

ʚʳʭʦʜ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʇʨʠʥʩʘ (-)-ʠʟʦʧʫʣʝʛʦʣʘ ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ. 

ʅʘʡʜʝʥʳ ʧʦʜʭʦʜʷʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʩ ʚʳʩʦʢʦʡ ʭʝʤʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ.  

ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʘʤʠʥʠʨʦʚʘʥʠʷ ʤʠʨʪʝʥʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ Au ʠ Pd, ʥʘʥʝʩʝʥʥʳʭ ʥʘ Al2O3, ʠ ʘʣʴʜʦʣʴʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ ʦʢʩʠʜʘʭ ʤʝʪʘʣʣʦʚ (ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠʟ ʀʥʩʪʠʪʫʪʘ 

ʢʘʪʘʣʠʟʘ ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ), ʋʥʠʚʝʨʩʠʪʝʪʘ ɸʙʦ (ʊʫʨʢʫ, ʌʠʥʣʷʥʜʠʷ) ʠ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʝʭʠʢʦ (ʄʝʭʠʢʦ, ʄʝʢʩʠʢʘ). 

ʇʨʦʜʦʣʞʝʥʦ ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʭʨʦʤʝʥʦʣʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʘʢʮʠʷʭ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʘ (-)-ʠʟʦʧʫʣʝʛʦʣʘ ʩ ʢʝʪʦʥʘʤʠ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ in vivo.  

 

ʉʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʟʘʤʝʱʝʥʥʳʭ ʧʝʥʪʘʪʠʝʧʠʥʦʚ. 

ʇʨʦʜʦʣʞʘʶʪʩʷ ʘʢʪʠʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʥʦʚʳʭ ʧʩʠʭʦʪʨʦʧʥʳʭ ʘʛʝʥʪʦʚ ʚ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʀʥʩʪʠʪʫʪʦʤ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʡʜʝʥʥʳʡ ʥʘʤʠ ʨʘʥʝʝ ʘʛʝʥʪ ʊʉ-2153 ʥʝ ʫʩʪʫʧʘʝʪ ʧʦ 

ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʥʦʤʫ ʵʬʬʝʢʪʫ ʣʝʢʘʨʩʪʚʝʥʥʦʤʫ ʧʨʝʧʘʨʘʪʫ ʬʣʫʦʢʩʝʪʠʥʫ ʚ ʤʦʜʝʣʠ 

ʥʘ ʨʳʙʢʘʭ Danio Rerio. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʘ ʘʥʪʠʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʘʤʠʥʦʙʝʥʟʦʧʝʥʪʘʪʠʝʧʠʥʦʚ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 1 ʠ 2 ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʪʠʚ ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʤʝʪʠʮʠʣʣʠʥʫ ʰʪʘʤʤʘ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ 

(MRSA) ʠ ʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʢʦʚ Candida albicans ʠ Cryptococcus neoformans. 

ʉʜʝʣʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʤ ʤʝʭʘʥʠʟʤʝ ʠʭ ʘʥʪʠʙʠʦʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. 

ɺʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʙʝʥʟʦʧʝʥʪʘʪʠʝʧʠʥ-ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʭ ʛʠʙʨʠʜʦʚ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʚʘ ʧʦʜʭʦʜʘ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʙʝʥʟʦʧʝʥʪʘʪʠʝʧʠʥʘʤʠʥʘ ʩ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʤʠ ʘʣʴʜʝʛʠʜʘʤʠ, (-)-ʤʠʨʪʝʥʘʣʝʤ ʠʣʠ 

(-)-ʧʝʨʠʣʣʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ NaBH4 

ʜʦ ʮʝʣʝʚʳʭ ʘʤʠʥʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʦʣʫʯʝʥʠʷ ʘʤʠʜʘ ʙʳʣ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥ ʭʣʦʨʘʥʛʠʜʨʠʜ (-)-ʤʠʨʪʝʥʦʚʦʡ ʢʠʩʣʦʪ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʩ ʘʤʠʥʦʤ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ ʛʠʙʨʠʜʘ. ɺʩʝ 

ʧʦʣʫʯʝʥʥʳʝ ʙʝʥʟʦʧʝʥʪʘʪʠʝʧʠʥ-ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʝ ʛʠʙʨʠʜʳ ʩʦʜʝʨʞʘʪ ʧʦʣʠʩʝʨʥʳʡ 

ʮʠʢʣ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʘ STEP. ʕʪʦ ʧʝʨʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʝʥʪʘʪʠʝʧʠʥʦʚ ʠ ʧʝʨʚʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʠʥʛʠʙʠʪʦʨʳ STEP, ʠʤʝʶʱʠʝ ʭʠʨʘʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ. 

 
 

ʉʠʥʪʝʟ ʥʦʚʳʭ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʩʨʝʜʩʪʚʦʤ 



14 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʜʠʧʝʧʪʠʜʠʣʧʝʧʪʠʜʘʟʳ-IV (DPP-IV), cʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ (ʮʠʘʥʦʧʠʨʨʦʣʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ) ʠ ʧʨʠʨʦʜʥʳʭ (ʨʝʟʚʝʨʘʪʨʦʣʘ ʠ 

ʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ) ʠʥʛʠʙʠʪʦʨʦʚ DPP-IV. ɼʣʷ ʵʪʦʛʦ ʦʩʫʱʝʩʪʚʣʸʥ ʩʠʥʪʝʟ ʘʤʠʜʦʚ ʥʘ 

ʦʩʥʦʚʝ (2S)-ʮʠʘʥʦʧʠʨʨʦʣʠʜʠʥʘ ʠ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʭ ʘʨʠʣ- ʠ ʛʝʪʘʨʠʣʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ. ɺ ʛʣʶʢʦʟʦʪʦʣʝʨʘʥʪʥʦʤ ʪʝʩʪʝ ʥʘ ʤʳʰʘʭ ʠʟʫʯʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ 

ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʩʪʨʫʢʪʫʨʳ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʬʨʘʛʤʝʥʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʤʠʜʳ ʥʘ ʦʩʥʦʚʝ (ɽ)-3-ʬʝʥʠʣʧʨʦʧ-2-ʝʥʦʚʦʡ ʠ (ɽ)-3-(4-

ʤʝʪʦʢʩʠʬʝʥʠʣ)ʧʨʦʧ-2-ʝʥʦʚʦʡ ʢʠʩʣʦʪ ʠ (2S)-ʮʠʘʥʦʧʠʨʨʦʣʠʜʠʥʘ, ʜʦʩʪʦʚʝʨʥʦ 

ʩʥʠʞʘʶʪ ʫʨʦʚʝʥʴ ʩʘʭʘʨʘ ʚ ʢʨʦʚʠ ʫ ʤʳʰʝʡ. ʆʙʥʘʨʫʞʝʥʥʳʡ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʚ ʜʦʟʝ 10 ʤʛ/ʢʛ ʩʦʧʦʩʪʘʚʠʤ ʩ ʵʬʬʝʢʪʦʤ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ɺʠʣʜʘʛʣʠʧʪʠʥÊ. 

 
 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʙʝʨʙʝʨʠʥʘ. 

ʅʘʧʨʘʚʣʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʝʥʳ ʝʸ ʥʦʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʬʫʨʘʥʦʥʦʚʳʡ ʮʠʢʣ, ʘʥʥʝʣʠʨʦʚʘʥʥʳʡ ʢʦʣʴʮʫ ɸ 

ʧʨʠʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʝʨʧʝʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

ʍʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʛʠʧʦʪʝʟʳ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʜʚʫʭ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʝʧʘʨʘʮʠʦʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ɼʅʂ ʯʝʣʦʚʝʢʘ Tdp1.  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʪʝʨʧʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʫ ʢʘʨʢʘʩʘ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʬʝʥʦʣʦʚ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʦʪʥʦʰʝʥʠʠ Tdp1 ʠ ʩʥʠʞʝʥʠʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. ʀʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʪʝʨʧʝʥʦʚʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. ʀʥʛʠʙʠʨʫʶʱʠʝ 

ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʝʣʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʧʝʥʦʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ 

ʚʢʣʶʯʘʣʠ ʣʠʥʝʡʥʳʝ ʠʣʠ ʧʣʦʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʅʝ ʥʘʙʣʶʜʘʣʦʩʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʛʠʙʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʦʚ. ʕʪʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʩʧʦʩʦʙʳ ʩʚʷʟʳʚʘʥʠʷ ʦʙʦʠʭ (+) - ʠ (-) - ʠʟʦʤʝʨʦʚ ʚ ʘʢʪʠʚʥʦʤ ʩʘʡʪʝ 

Tdp1. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʥʘʠʣʫʯʰʠʤ ʩʦʯʝʪʘʥʠʝʤ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʦʚ ʠ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʙʳʣʠ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʨʝʘʢʮʠʝʡ ʩ ʧʝʨʠʣʣʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ, 

ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʝʥʠʷ IC50 0,41 ʠ 0,33 ʤʢʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʪʦʢʩʠʯʥʦʩʪʴ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ> 60 ʤʢʄ.  

ʉʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʨʙʝʨʠʥʘ - 9-ʆ-ʩʫʣʴʬʦʥʘʪʳ 

ʪʝʪʨʘʛʠʜʨʦʙʝʨʙʝʨʫʙʠʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʬʪʦʨʬʝʥʠʣ- ʠ ʘʣʢʠʣ- ʩʫʣʴʬʦʥʘʪʥʳʝ 

ʛʨʫʧʧʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʥʘʣʦʛʠ 

ʪʝʪʨʘʛʠʜʨʦâʙʝʨʙʝʨʨʫʙʠʥʩʫʣʴʬʦʥʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʘʪʦʤ ʙʨʦʤʘ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-

12. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʨʙʝʨʨʫʙʠʥʘ ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ in vivo ʥʘ ʤʦʜʝʣʠ Triton-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 
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ʛʠʧʝʨʣʠʧʠʜʝʤʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ 

ʘʢʪʠʚʥʦʩʪʴ.  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʛʝʧʪʘʬʪʦʨʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ ʪʝʪʨʘʛʠʜʨʦʙʝʨʙʝʨʨʫʙʠʥʘ 

ʦʙʣʘʜʘʝʪ ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ï ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ 

ʥʘ 23.5%. ɽʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʨʘʚʥʠʤʘ ʩ ʜʝʡʩʪʚʠʝʤ ʧʨʝʧʘʨʘʪʘ ʉʠʤʚʘʩʪʘʪʠʥʘ 

(ʩʥʠʞʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ 26.9 %). ʅʘ ʫʨʦʚʝʥʴ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʠʟʫʯʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʦʢʘʟʳʚʘʣʠ ʚʣʠʷʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʘʪʦʤʘ ʙʨʦʤʘ ʚ 

ʧʦʣʦʞʝʥʠʝ ʉ-12 ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɺʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʢʘ Cryptococcus neoformans ʧʨʦʷʚʠʣ 

ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪ ʪʝʪʨʘʛʠʜʨʦʙʝʨʙʝʨʨʫʙʠʥʘ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʚʳʟʳʚʘʝʪ 81.3 Ñ 3.5 % ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʛʨʠʙʘ C. neoformans ʚ ʬʦʨʤʝ 

ʩʚʦʙʦʜʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ 93.7 Ñ 3.8 % ʚ ʬʦʨʤʝ ʛʠʜʨʦʙʨʦʤʠʜʘ, ʙʫʜʫʯʠ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 32 ʤʢʛ/ʤʣ (100 % - ʢʦʥʪʨʦʣʴ, ʌʣʫʢʦʥʘʟʦʣ). 

 
 

ɺ ʨʘʤʢʘʭ ʧʦʠʩʢʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʠʤʝʥʸʥ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʪʦʜʦʚ in silico. ʄʝʪʦʜʦʤ ʩʭʦʜʩʪʚʘ ʢ ʵʪʘʣʦʥʘʤ ʨʘʩʩʯʠʪʘʥ ʩʧʝʢʪʨ ʪʘʨʛʝʪʥʳʭ 

ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʢʣʘʩʩʘʤ ʪʝʨʧʝʥʦʠʜʦʚ ʠ ʧʦʣʠʬʝʥʦʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʩʪʨʫʢʪʫʨʦʡ 15-ʪʠ ʭʝʤʦʪʠʧʦʚ ʧʨʠʨʦʜʥʳʭ ʪʝʨʧʝʥʦʠʜʦʚ ʠ ʧʦʣʠʬʝʥʦʣʦʚ ʠ ʩʧʝʢʪʨʦʤ 

19-ʪʠ ʪʘʨʛʝʪʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʚʦʟʤʦʞʥʳʡ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʣʘʩʩʦʚ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʭʘʨʘʢʪʝʨʥʦ ʤʫʣʴʪʠʪʘʨʛʝʪʥʦʝ ʜʝʡʩʪʚʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʩʴʤʠ ʙʝʣʢʦʚ-ʤʠʰʝʥʝʡ. 

ɺʳʷʚʣʝʥʳ ʧʨʠʦʨʠʪʝʪʥʳʝ ʤʠʰʝʥʠ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʤʦʥʦ- ʠ ʤʫʣʴʪʠʪʘʨʛʝʪʥʳʭ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʛʥʦʟʘ çʩʘʤʳʤʠ 

ʤʫʣʴʪʠʪʘʨʛʝʪʥʳʤʠè ʦʢʘʟʘʣʠʩʴ ʛʝʨʘʥʠʦʣ (ʯʝʪʳʨʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʘ ʘʢʪʠʚʥʦʩʪʠ) 

ʠ ʫʨʩʦʣʦʚʘʷ ʢʠʩʣʦʪʘ (ʪʨʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʘ ʘʢʪʠʚʥʦʩʪʠ). ɼʣʷ ʤʝʥʪʦʣʘ, 18bH 

ʛʣʠʮʝʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ, (+)-ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʫʩʥʝʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʡʜʝʥʦ ʧʦ 

ʜʚʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʘ ʘʢʪʠʚʥʦʩʪʠ. (-)-ʄʠʨʪʝʥʘʣʴ, (+)-ʢʘʤʬʦʨʘ, ʙʝʨʙʝʨʠʥ, 

ʪʝʪʨʘʛʠʜʨʦʙʝʨʙʝʨʨʫʙʠʥ, ʜʝʟʦʢʩʠʭʦʣʝʚʘʷ ʢʠʩʣʦʪʘ, ʜʠʬʬʨʘʢʪʘʝʚʘʷ ʢʠʩʣʦʪʘ ʠ 

ʨʝʩʚʝʨʘʪʨʦʣ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʧʦʣʥʝʥʥʦʡ ʦʮʝʥʢʦʡ in silico, ʷʚʣʷʶʪʩʷ 

ʤʦʥʦʪʘʨʛʝʪʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ.  

ʀʟʫʯʝʥʳ ʧʨʦʪʦʥʦʬʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʫʩʥʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠʥʜʫʮʠʨʫʝʪ ʪʦʢ ʧʨʦʪʦʥʦʚ 

ʯʝʨʝʟ ʙʠʩʣʦʡʥʫʶ ʣʠʧʠʜʥʫʶ ʤʝʤʙʨʘʥʫ, ʪʦ ʝʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʥʦʬʦʨʦʤ. ʆʜʥʘʢʦ 
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ʪʨʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʦʜʥʦʡ ʠʟ ʪʨʝʭ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʧʦʩʦʙʥʳ 

ʠʥʜʫʮʠʨʦʚʘʪʴ ʪʦʢ ʥʘ ʙʠʩʣʦʡʥʦʡ ʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʝ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝʡ, ʧʝʨʝʩʝʢʘʶʱʝʡ 

ʤʝʤʙʨʘʥʫ ʚ ʩʣʫʯʘʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʷʚʣʷʝʪʩʷ ʘʥʠʦʥ. ʀʟʤʝʨʝʥʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʙʠʩʣʦʡʥʦʡ 

ʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʝ (ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ 1 ʤʄ ʠʦʥʦʚ ʢʘʣʴʮʠʷ), ʠʤʝʝʪ 

ʢʚʘʜʨʘʪʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʜʠʤʝʨʥʦʡ ʬʦʨʤʝ 

ʧʝʨʝʥʦʩʯʠʢʘ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʪʦʥʦʬʦʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʙʠʩʣʦʡʥʦʡ ʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʝ ʚ ʨʘʩʪʚʦʨʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʠʦʥʳ ʢʘʣʴʮʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ ʵʢʩʪʨʘʛʠʨʦʚʘʪʴ ʢʘʣʴʮʠʡ ʚ 

ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ. ʄʦʜʠʬʠʢʘʮʠʷ ʣʶʙʦʡ ʠʟ ʪʨʝʭ ʠʤʝʶʱʠʭʩʷ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʚ ʤʦʣʝʢʫʣʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʜʘʚʣʝʥʠʶ ʵʢʩʪʨʘʢʮʠʠ 

ʢʘʣʴʮʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ, ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʪʦʥʦʚ ʯʝʨʝʟ ʣʠʧʠʜʥʫʶ ʤʝʤʙʨʘʥʫ ʠ 

ʨʘʟʦʙʱʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ ʪʦʤ, 

ʯʪʦ ʠʦʥʳ ʢʘʣʴʮʠʷ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʤʝʨʘ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʮʠʢʣʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʩʢʚʦʟʴ ʤʝʤʙʨʘʥʫ ʚ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ (ʥʝʡʪʨʘʣʴʥʦʡ) ʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ (ʘʥʠʦʥʥʦʡ) ʬʦʨʤʝ. ɼʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʙʠʩʣʦʡʥʦʡ ʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʝ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʚʳʜʝʣʝʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʷʭ ʧʝʯʝʥʠ ʢʨʳʩʳ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʩʢʦʨʦʩʪʠ ʠʭ ʜʳʭʘʥʠʷ.  

 

ʉʠʥʪʝʟ 3-ʦʢʩʘʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʵʣʝʢʪʨʦʬʠʥʣʴʥʳʤʠ ʠ 

ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ. ʕʧʦʢʩʠʜʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʧʦʩʢʦʣʴʢʫ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʠ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʪʨʸʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ 

ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʪʠʚʥʦʛʦ ʦʩʪʦʚʘ ʥʦʚʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɸʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʥʜʦ-ʵʧʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ ʪʨʠʪʝʨʧʝʥʦʚʳʭ ʢʠʩʣʦʪʳ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʧʫʪʸʤ ʦʢʠʩʣʝʥʠʷ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ ʚ ʢʦʣʴʮʘʭ A ʠ C. ʉʠʥʪʝʟ ʵʢʟʦ-

ʵʧʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʠʣʠʜʘʤʠ ʩʝʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʥʘ ʧʨʠʤʝʨʝ ʙʝʪʫʣʠʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ɼʘʥʥʳʝ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʵʧʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʣʠʪʝʨʘʪʫʨʝ.  

ʆʙʲʝʢʪʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 2019 ʛ. ʩʪʘʣʘ ʛʣʠʮʠʨʨʝʪʦʚʘʷ ʢʠʩʣʦʪʘ ï 

ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʠʡ ʪʨʠʪʝʨʧʝʥʦʠʜ ʦʣʝʘʥʘʥʦʚʦʛʦ ʨʷʜʘ, ʠʤʝʶʱʠʡ ʥʘʜʝʞʥʫʶ 

ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ. ʅʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʠʣʦʚʳʭ 

ʵʬʠʨʦʚ 3-ʦʢʩʦʧʨʦʠʟʚʦʜʥʳʭ ʛʣʠʮʠʨʨʝʪʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʢʦʣʴʮʝ ʉ 

ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ [11-ʦʢʩʦ-12-ʝʥ, 12-ʝʥ, 12-ʦʢʩʦ-9(11)-ʝʥ] ʩ 

ʠʣʠʜʘʤʠ ʩʝʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ: 

ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ 3-ʤ ʧʦʣʦʞʝʥʠʠ ʨʝʘʛʠʨʫʝʪ ʩ ʠʣʠʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʵʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʘ, ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚ ʢʦʣʴʮʝ ʉ (ʧʨʠ ʠʭ ʥʘʣʠʯʠʠ) ʦʩʪʘʶʪʩʷ ʚ 

ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ. ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʝʪʠʣʠʜʦʤ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʦʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 3Ŭ-ʵʧʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʩ ʤʝʪʠʣʠʜʦʤ ʜʠʤʝʪʠʣʩʫʣʴʬʦʥʠʷ 3ɓ 

ʵʧʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ. 

ɼʘʣʝʝ ʥʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 3Ŭ- ʠ 3ɓ-

ʦʢʩʘʩʧʠʨʦ-11-ʦʢʩʦ-18ɓʅ-ʦʣʝʘʥ-12-ʝʥ-30-ʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʪʠʦʣʘʤʠ: ʧʠʨʠʜʠʥ-2-ʪʠʦʣ, ʧʠʨʠʤʠʜʠʥ-2-ʪʠʦʣ, N ʤʝʪʠʣʠʤʠʜʘʟʦʣ-2-ʪʠʦʣ. ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ 3-ʤ ʧʦʣʦʞʝʥʠʠ ʢʘʢ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʪʘʢ 

ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʡ ʯʝʨʝʟ ʣʠʥʢʝʨ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ, ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 3ɓ-ʵʧʦʢʩʠʧʨʦʠʟʚʦʜʥʦʝ ʦʙʣʘʜʘʝʪ 

ʙʦʣʴʰʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 3Ŭ-ʠʟʦʤʝʨʦʤ, ʢʘʢ ʚ ʨʝʘʢʮʠʠ ʩ 

ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ, ʪʘʢ ʠ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ. ʊʘʢ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʭʣʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ 3ɓ-ʠʟʦʤʝʨ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʦʤʝʨʠʟʘʮʠʶ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʨʘʛʤʝʥʪʘ ʘʣʣʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʘ 3Ŭ-ʠʟʦʤʝʨ ʦʩʪʘʝʪʩʷ ʚ 

ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʫʶ ʨʝʘʢʮʠʶ, ʢʘʢ 

ʤʝʪʦʜ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 3Ŭ-ʠʟʦʤʝʨʘ 

 

ɻʨʘʥʪ ʈʅʌ ˉ 15-13-00017 çʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʨʝʟʠʩʪʝʥʪʥʳʤʠ ʰʪʘʤʤʘʤʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ʧʫʪʝʤ ʥʘʧʨʘʚʣʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ 

ʧʨʠʨʦʜʥʳʭ ʪʝʨʧʝʥʦʠʜʦʚè 

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

ʋʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʥʳʭ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʦʚ ʛʨʠʧʧʘ, ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ ʧʨʝʧʘʨʘʪʘʤ, ʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʙʥʘʨʫʞʝʥʳ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠʭ ʜʘʣʴʥʝʡʰʫʶ 

ʨʘʟʨʘʙʦʪʢʫ. ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʘʥʪʠʚʠʨʫʩʥʳʭ ʘʛʝʥʪʦʚ, ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʦʥʠ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʟʘʨʘʞʝʥʠʷ, ʜʝʡʩʪʚʫʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ 

ʥʘ ʙʝʣʦʢ ʩʣʠʷʥʠʷ ʛʝʤʘʛʛʣʶʪʠʥʠʥ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ʚ 

ʢʣʝʪʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʣʠʜʝʨʘ ʢʘʤʬʝʮʠʥ ʚʳʧʦʣʥʝʥʳ 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʘʣʠʜʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʤʬʝʮʠʥʘ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʢʨʳʩʳ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ɺʕɾʍ-ʄʉ/ʄʉ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʤʬʝʮʠʥʘ ʤʝʞʜʫ ʬʦʨʤʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʧʣʘʟʤʦʡ ʢʨʦʚʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʤʬʝʮʠʥʘ ʚ ʧʣʘʟʤʝ ʩʦʩʪʘʚʣʷʝʪ 76-100% ʦʪ ʝʛʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʨʦʚʠ. ɹʳʣʦ ʨʘʩʩʯʠʪʘʥʦ, ʯʪʦ ʦʢʦʣʦ 40% ʚʝʱʝʩʪʚʘ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʬʦʨʤʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʨʦʚʠ, ʘ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʚʝʱʝʩʪʚʘ 

ʦʩʪʘʝʪʩʷ ʚ ʧʣʘʟʤʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʭʦʜʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʚʝʱʝʩʪʚʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʟʤʳ ʢʨʦʚʠ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʘʤʬʝʮʠʥʘ ʚ ʥʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʘʢʦʚʦʡ ʚ ʮʝʣʴʥʦʡ ʢʨʦʚʠ. 

 

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

ʬʝʨʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʜʣʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ïʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ ɺʦʣʯʦ ʂʦʥʩʪʘʥʪʠʥ ʇʝʪʨʦʚʠʯ 
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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 ʬʝʨʤʝʥʪ ʨʝʧʘʨʘʮʠʠ 

ɼʅʂ Tdp1 ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʡʜʝʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ Tdp1 ʫʩʠʣʠʚʘʪʴ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʧʨʝʧʘʨʘʪʘ ʪʦʧʦʪʝʢʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʢʦʚʳʭ ʣʠʥʠʡ ʢʣʝʪʦʢ. 

ʉʦʟʜʘʥʘ ʪʝʩʪ-ʩʠʩʪʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ Tdp2, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʡʪʠ ʢ ʧʦʠʩʢʫ ʠʥʛʠʙʠʪʦʨʦʚ ʠ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ. 

 
 

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

ʬʝʨʤʝʥʪʦʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʩʧʦʩʦʙʥʳʭ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʤʫʣʴʪʠʬʦʨʤʥʦʡ ʛʣʠʦʙʣʘʩʪʦʤʳè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʢ.ʭ.ʥ. ʇʦʥʦʤʘʨʝʚ ʂʦʥʩʪʘʥʪʠʥ ʖʨʴʝʚʠʯ 

ɺ ʭʦʜʝ ʧʨʦʝʢʪʘ ʙʳʣ ʧʦʣʫʯʝʥ ʥʘʙʦʨ ʢʦʥʲʶʛʘʪʦʚ 1- ʠ 2-ʘʜʘʤʘʥʪʘʥʘʤʠʥʦʚ ʠ 

ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ ʪʝʨʧʝʥʦʠʜʦʚ, ʩʦʝʜʠʥʝʥʥʳʝ ʣʠʥʢʝʨʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʫʨʝʠʜʥʳʤʠ ʠ ʪʠʦʫʨʝʠʜʥʳʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ 

ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ ʬʝʨʤʝʥʪ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʪʠʨʦʟʠʣ-ɼʅʂ 

ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʫ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʦʷʚʠʣʠ ʠʥʛʠʙʠʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʚ 

ʤʠʢʨʦʤʦʣʷʨʥʦʤ ʠ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

 

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

ʦʩʥʦʚʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʘʛʝʥʪʦʚ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷè 

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

ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʢʘʪʠʦʥʥʳʭ ʘʤʬʠʬʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (-)-

ʙʦʨʥʝʦʣʘ, ʚʢʣʶʯʘʶʱʠʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʨʫʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʨʪʦʧʦʢʩʚʠʨʫʩʳ, ʬʠʣʦʚʠʨʫʩʳ ʠ ʚʠʨʫʩ ʛʨʠʧʧʘ. 

 

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

ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʪʠʚʦʧʘʨʢʠʥʩʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶè 

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

ɹʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ ʷʚʣʷʝʪʩʷ ʭʨʦʥʠʯʝʩʢʠʤ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ ʪʨʝʤʦʨʦʤ, 
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ʙʨʘʜʠʢʠʥʝʟʠʝʡ, ʨʠʛʠʜʥʦʩʪʴʶ ʠ ʧʦʩʪʫʨʘʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʆʩʥʦʚʥʳʤ 

ʣʝʢʘʨʩʪʚʦʤ ʜʣʷ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ ʷʚʣʷʝʪʩʷ ʃʝʚʦʜʦʧʘ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʝʨʴʝʟʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʤʝʜʠʮʠʥʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ ʷʚʣʷʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ, ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ ʪʝʥʜʝʥʮʠʶ ʢ ʩʪʘʨʝʥʠʶ 

ʥʘʩʝʣʝʥʠʷ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʦʥʦʪʝʨʧʝʥʦʠʜ (1R,2R,6S)-3-ʤʝʪʠʣ-

6-(ʧʨʦʧ-1-ʝʥ-2-ʠʣ)ʮʠʢʣʦʛʝʢʩ-3-ʝʥe-1,2-ʜʠʦʣ (1) ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʧʨʦʪʠʚʦʧʘʨʢʠʥʩʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʥʘʩʪʦʷʱʝʛʦ ʇʨʦʝʢʪʘ 

ʥʘʤʠ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʪʦʜʠʢʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 

ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʦʣʘ 1, ʠʤʝʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʷ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʮʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʨʦʪʠʚʦʧʘʨʢʠʥʩʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʚʳʩʦʢʦʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺʳʷʚʣʝʥʳ ʧʝʨʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

çʩʪʨʫʢʪʫʨʘ ï ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦè. 

 

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

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ïʢ.ʭ.ʥ. ɸʨʜʘʰʦʚ ʆʣʝʛ ɺʘʩʠʣʴʝʚʠʯ  

ʆʩʫʱʝʩʪʚʣʝʥʘ 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 18-03-00271 çʂʘʨʢʘʩʥʳʝ ʪʝʨʧʝʥʦʠʜʳ ʚ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʚʠʨʫʩʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʛʝʤʦʨʨʘʛʠʯʝʩʢʫʶ ʣʠʭʦʨʘʜʢʫ ʩ ʧʦʯʝʯʥʳʤ ʩʠʥʜʨʦʤʦʤè 

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

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʭʠʤʠʯʝʩʢʠʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʤʦʥʦʪʝʨʧʝʥʦʚ. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ, ʢʘʢʦʡ ʠʤʝʥʥʦ 

ʬʨʘʛʤʝʥʪ ʚʘʞʝʥ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʘʤʠ ʚ ʦʪʯʝʪʥʳʡ 

ʧʝʨʠʦʜ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʢ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʥʘʤʠ 

ʨʘʥʝʝ ʛʠʜʨʘʟʦʥʘ ʢʘʤʬʦʨʳ, ʪʘʢ ʠ ʛʠʜʨʘʟʦʥʘ ʜʨʫʛʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï (+)-

ʬʝʥʭʦʥʘ, ʠʤʝʶʱʝʛʦ ʜʨʫʛʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʝʤ-ʜʠʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ. ʉ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʫ ʫʟʣʦʚʦʛʦ ʘʪʦʤʘ ʦʢʩʠʠʟʦʠʥʜʦʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʛʝʥʪʳ, ʢʘʢ ʠʤʝʶʱʠʝ ʤʝʪʠʣʴʥʳʝ ʠ ʵʪʠʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ, ʪʘʢ ʠ ʥʝ ʟʘʤʝʱʝʥʥʳʝ ʧʦ ʵʪʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʨʘʙʦʪʳ ʚʝʣʘʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʮʠʪʦʧʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʢʨʠʥʠʥʛ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʍʘʥʘʘʥ, ʚʳʟʳʚʘʶʱʝʛʦ ɻʃʇʉ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʧʩʝʚʜʦʚʠʨʫʩʥʘʷ ʩʠʩʪʝʤʘ, ʠʤʝʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʙʝʣʢʠ ʦʪ ʚʠʨʫʩʘ ʍʘʥʪʘʘʥ. ʉ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʘʛʝʥʪʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʍʘʥʪʘʘʥ ʚʠʨʫʩʦʚ. 

 

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

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚè 

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

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ, ʙʝʥʟʦʢʩʘʟʦʣʦʚ ʠ ʙʝʥʟʪʠʘʟʦʣʦʚ) ʠʟ ʙʠʮʠʢʣʠʯʝʩʢʠʭ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʦʣʥʳʤ 

ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʠʭ ʯʠʩʪʦʪʫ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ. ɼʣʷ ʢʣʶʯʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʧʦʣʥʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ. ʅʘ ʦʩʥʦʚʝ ʙʝʥʟʦʢʩʘʟʦʣʦʚ ʠ ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ 

Ag(I) ʠ Cu(I), ʠʭ ʫʩʪʨʫʢʪʫʨʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 18-33-00297 çʉʠʥʪʝʟ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʠʥʛʠʙʠʪʦʨʦʚ ʪʠʨʦʟʠʣ-ɼʅʂ-

ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ 1 ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʦʛʦ ʪʝʨʧʝʥʦʠʜʘ ʜʝʛʠʜʨʦʘʙʠʝʪʠʣʘʤʠʥʘè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ʢ.ʭ.ʥ. ʂʦʚʘʣʝʚʘ ʂʩʝʥʠʷ ʉʝʨʛʝʝʚʥʘ 

ɿʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥ ʨʷʜ ʧʨʦʠʟʚʦʜʥʳʭ ʜʝʛʠʜʨʦʘʙʠʝʪʠʣʘʤʠʥʘ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʢʣʘʩʩʫ ʙʠʩʤʦʯʝʚʠʥ. ʊʘʢʞʝ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ 

ʚ ʦʩʪʦʚ ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʛʫʘʥʠʜʠʥʦʚʫʶ ʠ 

ʤʝʪʠʣʛʫʘʥʠʜʠʥʦʚʫʶ ʛʨʫʧʧʠʨʦʚʢʠ. ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠʟʫʯʝʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʬʝʨʤʝʥʪʘ ʪʠʨʦʟʠʣ-ɼʅʂ ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ 1 ʠ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ. ʉʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʳ ʧʨʦʷʚʠʣʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʠʣʠʚʘʪʴ ʮʠʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʪʝʤʦʟʦʣʦʤʠʜʘ ʠ ʣʦʤʫʩʪʠʥʘ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʛʣʠʦʙʣʘʩʪʦʤʳ. 

 

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

ʘʣʴʬʘ ʠ ʛʘʤʤʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡè 

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

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʨʦʝʢʪʘ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʣʶʯʝʚʳʝ 

ʩʢʘʬʬʦʣʜʳ ʜʣʷ ʩʙʦʨʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʮʝʣʝʚʳʭ ʘʛʦʥʠʩʪʦʚ. ʆʪʨʘʙʦʪʘʥʳ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʳ ʩʠʥʪʝʟʳ ʜʝʟʘʤʠʥʦʪʠʨʦʟʠʥʦʚʦʛʦ ʠ ʣʠʥʢʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʦʚ. 

ʇʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʢʦʥʜʝʥʩʘʮʠʠ ʵʪʠʭ ʬʨʘʛʤʝʥʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ 

ʙʝʪʫʣʦʥʦʚʦʡ ʠ ʜʠʛʠʜʨʦʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʘʤʠ. ʋʩʧʝʰʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʚʘ 

ʮʝʣʝʚʳʭ ʘʛʦʥʠʩʪʘ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ ʪʨʠʪʝʨʧʝʥʦʚʳʭ ʢʠʩʣʦʪ. ʆʩʫʱʝʩʪʚʣʸʥ 

ʩʠʥʪʝʟ ʪʝʟʘʛʣʠʪʘʟʘʨʘ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʞʠʚʦʪʥʳʭ. ʇʨʦʚʝʜʝʥʳ ʩʠʥʪʝʟʳ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʦʚ ʣʠʥʢʝʨʥʳʭ 

ʩʢʘʬʬʦʣʜʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʜʣʠʥʦʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʘʤʠʥʦʩʧʠʨʪʦʚʦʡ ʯʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʦ in vivo ʜʝʡʩʪʚʠʝ ʧʝʨʚʦʛʦ ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʘʛʦʥʠʩʪʦʚ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ ʤʳʰʝʡ.  

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 18-43-543031 çʄʦʜʠʬʠʢʘʮʠʷ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ ï ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ 

ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʳʭ ʘʛʝʥʪʦʚ ʩ ʛʠʧʦʣʠʧʠʜʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʢ.ʭ.ʥ. ʇʦʧʘʜʶʢ ʀʨʠʥʘ ʀʛʦʨʝʚʥʘ  

ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʢʦʥʴʶʛʘʪʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ 

(ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ, ʫʨʩʦʜʝʟʦʢʩʠʭʦʣʝʚʦʡ, ʭʝʥʦʜʝʟʦʢʩʠʭʦʣʝʚʦʡ), ʩʦʜʝʨʞʘʱʠʭ 
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ʘʮʝʪʦʢʩʠ-ʛʨʫʧʧʳ ʚ ʦʩʪʦʚʝ, ʘ ʪʘʢʞʝ ʬʨʘʛʤʝʥʪ ʤ-ʧʠʨʠʜʠʥʘ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ, 

ʩʦʝʜʠʥʝʥʥʳʝ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʳʤ ʣʠʥʢʝʨʦʤ. ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʳʝ, ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʠʝ, ʘ 

ʪʘʢʞʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʠ ʘʥʪʠʤʠʪʦʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘ 

ʤʦʜʝʣʷʭ in vivo. ɺ ʤʦʜʝʣʷʭ ʦʩʪʨʦʛʦ ʛʝʧʘʪʠʪʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʠ ʚʝʜʝʥʠʠ ʚʥʫʪʨʴ ʚ ʜʦʟʝ 20 ʤʛ/ʢʛ ʦʢʘʟʳʚʘʶʪ ʚʳʨʘʞʝʥʥʦʝ ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʦʝ 

ʜʝʡʩʪʚʠʝ, ʧʨʠ ʵʪʦʤ ʫ ʥʠʭ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠʩʫʱʠʡ ʞʝʣʯʥʳʤ ʢʠʩʣʦʪʘʤ 

ʘʥʪʠʮʠʪʦʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʫʩʠʣʠʚʘʝʪʩʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʠ 

ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ 

ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʢʨʦʚʠ.  

 
ʆʙʥʘʨʫʞʝʥʥʳʝ ʵʬʬʝʢʪʳ ʠʤʝʶʪ ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ: ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʜʦʟʳ ʜʦ 50 ʤʛ/ʢʛ ʧʨʦʠʟʚʦʜʥʳʝ ʥʝ ʦʢʘʟʳʚʘʶʪ ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʦʛʦ, 

ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʦʛʦ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

 

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 ï ʜ.ʙ.ʥ. ʊʦʣʩʪʠʢʦʚʘ ʊʘʪʴʷʥʘ ɻʝʥʨʠʭʦʚʥʘ 

ʆʩʫʱʝʩʪʚʣʝʥ 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 "ʙʝʛʦʚʘʷ ʜʦʨʦʞʢʘ" ʠ "ʚʳʥʫʞʜʝʥʥʦʝ 

ʧʣʘʚʘʥʠʝ ʩ ʥʘʛʨʫʟʢʦʡ". ɺʳʷʚʣʝʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʪʠʭ ʪʝʩʪʘʭ. ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚʳʩʦʢʦʡ 

ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ in vivo ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʤʤʦʥʠʝʚʳʝ 

ʩʦʣʠ 5,7-ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʝ 

ʬʨʘʛʤʝʥʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʳʙʨʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 19-44-540008 çʇʦʠʩʢ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ɺʀʏ-1è 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʢ.ʙ.ʥ. ʑʝʨʙʘʢʦʚʘ ʅʘʜʝʞʜʘ ʉʝʨʛʝʝʚʥʘ (ɻʅʎ çɺʝʢʪʦʨè) 

ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʨʧʝʥʦʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʦʩʪʦʚʝ ʢʘʨʢʘʩʥʳʡ ʙʠʮʠʢʣʦ[2.2.1]- 

ʠʣʠ 2-ʦʢʩʘ-ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ; ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʘʛʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ 

ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ; ʩʪʨʫʢʪʫʨʥʦ ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʦʚ ʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʤʦʣʷʥʳʭ ʢʠʩʣʦʪ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʚʢʣʶʯʘʣʠ 
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ʩʢʨʠʥʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʥʝʝ ʢʦʣʣʝʢʪʠʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʘʥʝʣʠ env-

ʧʩʝʚʜʦʚʠʨʫʩʦʚ ɺʀʏ-1 (ʩʫʙʪʠʧʳ ɸ, ɺ, ʉ). ʇʘʥʝʣʴ env-ʧʩʝʚʜʦʚʠʨʫʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʚ ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ, ʧʦʪʦʤʫ ʯʪʦ ʩʦʟʜʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʨʠʘʥʪʦʚ 

ɺʀʏ-1, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʩʢʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ ʚ ʮʝʣʦʤ ʠ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʯʘʩʪʥʦʩʪʠ. 

 

ɼʦʛʦʚʦʨ ʅʀʈ ˉ 607/19/ʅ çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʩʠʥʪʝʟ 

ʢʦʤʧʦʥʝʥʪʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠè ʩ ʀʥʩʪʠʪʫʪʦʤ ʢʘʪʘʣʠʟʘ ʉʆ ʈɸʅ 

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

ʅʘ ʦʩʥʦʚʝ ʜʚʦʡʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʐʪʦʙʙʝ ʜʠʵʪʠʣʩʫʢʮʠʥʘʪʘ ʩ ʠʟʦʤʘʩʣʷʥʳʤ 

ʘʣʴʜʝʛʠʜʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʫʤʤʳ ʜʠʝʥʦʚ ʨʘʟʨʘʙʦʪʘʥʘ 

ʦʨʠʛʠʥʘʣʴʥʘʷ ʪʨʝʭʩʪʘʜʠʡʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ - ʜʠʵʪʠʣ 2,3-ʜʠ-ʠʟʦʙʫʪʠʣ-ʩʫʢʮʠʥʘʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʝʛʦ ʩ 

ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (32% ʥʘ ʪʨʠ ʩʪʘʜʠʠ) ʠ ʯʠʩʪʦʪʦʡ >95% ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʧʨʠʤʝʩʠ ʤʦʥʦʟʘʤʝʱʝʥʥʦʛʦ ʜʠʵʪʠʣ 2-ʠʟʦʙʫʪʠʣʩʫʢʮʠʥʘʪʘ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʜʠʵʪʠʣ 2,3-ʜʠ-ʠʟʦʙʫʪʠʣ-

ʩʫʢʮʠʥʘʪʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʞʝʣʘʝʤʦʤʫ ʧʨʦʜʫʢʪʫ ʩ ʟʘʤʝʪʥʳʤ ʚʳʭʦʜʦʤ. 

 

ɻʨʘʥʪ ʈʅʌ ˉ 17-75-20120 çʄʝʭʘʥʠʟʤʳ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʣʠʮʠʨʨʝʪʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʭ ʮʠʘʥʦ-ʝʥʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʢʦʣʴʮʝ ɸè  

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʢ.ʙ.ʥ. ʄʘʨʢʦʚ ɸʥʜʨʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ (ʀʍɹʌʄ ʉʆ ʈɸʅ) 

ʉʦʟʜʘʥʘ ʚʠʨʪʫʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʧʨʦʠʟʚʦʜʥʳʭ ʘʤʠʜʦʚ ʩʦʣʦʢʩʦʣʦʥʘ ʚʳʙʨʘʥʳ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʠʰʝʥʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʦʚʝʜʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʜʦʢʠʥʛ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʘʤʠʜʦʚ 

ʩʦʣʦʢʩʦʣʦʥʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʘʤʠʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʡ 

ʬʨʘʛʤʝʥʪ (ʪʨʠʤʪʘʤʠʥ, ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʬʝʥʦʣ, ʧ-ʙʨʦʤʘʥʠʣʠʥ ʠ ʜʨ).  
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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 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ 

ʜʠʪʝʨʧʝʥʦʠʜʦʚ ʠ ʩʪʝʨʦʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʝʪʝʨʦʟʘʤʝʱʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʪʘʢʞʝ ʘʥʘʣʦʛʦʚ ʜʠʪʝʨʧʝʥʦʚʳʭ ʘʣʢʘʣʦʠʜʦʚ. ʇʨʝʜʣʦʞʝʥʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ 1, 

ʩʦʜʝʨʞʘʱʠʭ 5-(ʙʨʦʤʤʝʪʠʣ)ʦʢʩʘʟʦʣʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-4. ɺ ʨʷʜʫ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ 

ʘʛʝʥʪʳ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ. ʅʘʠʙʦʣʴʰʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʧʨʦʷʚʣʷʣʦ ʩʦʝʜʠʥʝʥʠʝ 3d, ʩʦʜʝʨʞʘʱʝʝ ʧʨʦʧʘʨʛʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠ ʘʪʦʤʝ 

ʘʟʦʪʘ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ. ɼʣʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʳʷʚʣʝʥʘ ʠʟʙʠʨʘʪʝʣʴʥʘʷ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF-7 ʠ MDA-MB-231.  

 
 

ʈʝʘʢʮʠʝʡ 4-[5-(ʙʨʦʤʤʝʪʠʣ)ʦʢʩʘʟʦʣ-2-ʠʣ]-18-ʥʦʨʠʟʦʧʠʤʘʨʘʪʘ 2 ʩ ʘʟʠʜʦʤ 

ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʥʦʛʦ ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʠ ʘʩʢʦʨʙʘʪʘ ʥʘʪʨʠʷ ʚ ɼʄʌɸ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʠʡ ʘʟʠʜ 4, ʢʦʪʦʨʳʡ ʚʚʦʜʠʣʠ ʚ Cuɸɸʉ ʨʝʘʢʮʠʶ ʩ 

ʤʝʪʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ N-(ʘʣʢʠʥʠʣ)ʘʤʠʥʦʢʠʩʣʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ 5-((1H-

1,2,3-ʪʨʠʘʟʦʣ-1-ʠʣ)ʤʝʪʠʣ)ʦʢʩʘʟʦʣʳ 6a-e ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʜʠʪʝʨʧʝʥʦʠʜʘ ʠ 

ʨʘʟʣʠʯʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʚʳʭʦʜʘʤʠ 51-82%.  
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ʇʫʪʝʤ ʧʨʦʚʝʜʝʥʠ ̫ʨʝʘʢʮʠʠ ʘʟʠʜʘ 4 (0.3 ʄ ʨʘʩʪʚʦʨ) ʩ ʤʝʪʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ N-

ʙʠʩ(ʧʨʦʧʘʨʛʠʣ)ʘʤʠʥʦʢʠʩʣʦʪ 7ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

CuSO4Å5ʅ2ʆ ʠ ʘʩʢʦʨʙʘʪʘ ʥʘʪʨʠʷ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʧʦʣʫʯʝʥʳ 5-((1H-1,2,3-

ʪʨʠʘʟʦʣ-1-ʠʣ)ʤʝʪʠʣ)ʦʢʩʘʟʦʣ 8a (ʚʳʭʦʜ 30%) ʠ ʙʠʩ-ʪʨʠʘʟʦʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 9a 

(ʚʳʭʦʜ 53%). 

 
 

ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ (0.1 ʄ 

ʨʘʩʪʚʦʨ ʩʦʝʜʠʥʝʥʠʷ 4) ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 8a ʜʦ 50%, ʧʨʠ ʵʪʦʤ 

ʚʳʭʦʜ ʙʠʩ-1,2,3-ʪʨʠʘʟʦʣʘ 9a ʩʦʩʪʘʚʠʣ 48%. ɺʳʷʚʣʝʥʦ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʵʬʬʝʢʪʘ ʨʘʟʙʘʚʣʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʥʦ- ʠ ʜʠʤʝʨʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʨʝʘʢʮʠʠ ʘʟʠʜʘ 4 ʩ ʜʠʧʨʦʧʘʨʛʠʣʘʤʠʥʦʤ 7c, ʩʦʜʝʨʞʘʱʠʝʛʦ ʙʝʥʟʠʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ. 

ʅʘ ʦʩʥʦʚʝ ʘʣʢʠʥʠʣʟʘʤʝʱʝʥʥʦʛʦ ʜʠʪʝʨʧʝʥʦʠʜʘ 8ʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʨʦʠʟʚʦʜʥʳʝ 

ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʝ 3 ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʘ. ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 8ʘ ʩ ʠʟʦʤʝʨʘʤʠ ʘʟʠʜʦʚ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 10a,b,c ʧʦʣʫʯʘʣʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʜʠʪʝʨʧʝʥʦʠʜʦʚ ʩ ʦʪʥʝʩʝʥʥʦʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʬʫʥʢʮʠʝʡ ʠʟ ʧʦʣʦʞʝʥʠʷ ʉ-4 ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ 11a-c. 
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ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʜʠʪʝʨʧʝʥʦʠʜʳ 12a-c, ʚ ʢʦʪʦʨʳʭ ʬʨʘʛʤʝʥʪʳ 1-(1,2,3-

ʪʨʠʘʟʦʣʠʣ)-ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ ʜʠʪʝʨʧʝʥʦʠʜʥʳʡ ʦʩʪʦʚ ʩʦʝʜʠʥʝʥʳ ʤʝʪʠʣʘʤʠʜʥʳʤ 

ʣʠʥʢʝʨʦʤ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʧʘʨʛʠʣʘʤʠʜ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ 13 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ 

ʩ 2-, 3- ʠʣʠ 4-ʘʟʠʜʦʙʝʥʟʦʡʥʳʤʠ ʢʠʩʣʦʪʘʤʠ 10a-c. ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ 12ʘ-c ʩʦʩʪʘʚʠʣ 

55-70%. 

 
 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʨʧʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʥʘʣʦʛʠ ʩʦʝʜʠʥʝʥʠʡ 8b ʠ 9b ʩ ʮʠʢʣʦʛʝʢʩʘʥʦʚʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ.  
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ʀʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

ʯʝʣʦʚʝʢʘ ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. ʅʘʠʙʦʣʴʰʝʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ ʩʦʝʜʠʥʝʥʠʷ 11b,c, ʩʦʜʝʨʞʘʱʠʝ 3 ʘʟʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʩʝʣʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʶʪ ʨʦʩʪ ʣʠʤʬʦʠʜʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ CEM-13 ʠ U-937 ʠ 

ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ BT-474, MCF-7 ʠ MDA-MB-231. ʉʨʘʚʥʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʪʝʨʧʝʥʦʠʜʘ 1 ʩ ʠʭ ʘʥʘʣʦʛʘʤʠ ʩ ʮʠʢʣʦʛʝʢʩʘʥʦʚʳʤ ʮʠʢʣʦʤ 20,21 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-2 

ʠʟʦʢʩʘʟʦʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʧʠʤʘʨʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ ʙʠ-, ʪʨʠ- ʠ ʪʝʪʨʘ- ʘʟʦʣʦʚ ʚ ʪʝʨʧʝʥʦʠʜʥʦʡ 

ʩʪʨʫʢʪʫʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠʤʝʶʪ IC50 ʦʪ 4 ʜʦ 10 ʤʢʄ, ʚʳʷʚʣʝʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ 

ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ. ʇʦʢʘʟʘʥʘ ʚʘʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ 

ʧʝʨʛʠʜʨʦʬʝʥʘʥʪʨʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ. 

ʉʠʥʪʝʟ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʜʠʦʩʛʝʥʠʥʘ ʩ ʬʨʘʛʤʝʥʪʦʤ ʉ(3)-ʆ-1,5-ʜʠʘʨʠʣ-

1ʅ-ʧʠʨʘʟʦʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ. ʉʘʧʦʛʝʥʠʥ ʜʠʦʩʛʝʥʠʥ 22 ((25R)-ʩʧʠʨʦʩʪ-5-ʝʥ-

3ɓ-ʦʣ), ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʢ ʯʠʩʣʫ ʜʦʩʪʫʧʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʪʝʨʦʠʜʦʚ, ʧʨʠʚʣʝʢʘʝʪ 

ʚʥʠʤʘʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ. ʅʘʤʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʧʠʨʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʮʠʢʣʝ ɸ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʧʠʨʘʟʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʦʩʛʝʥʠʥʘ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʩʪʘʜʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ ʜʠʦʩʛʝʥʠʥʘ 22 

ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ, ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʉʪʝʬʝʥʩʘ-ʂʘʩʪʨʦ 2-ʭʣʦʨ-

2-ʦʢʩʦʘʮʝʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʜʠʦʩʛʝʥʠʥʘ 23 ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ 

ʘʨʠʣʘʮʝʪʠʣʝʥʘʤʠ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʫʶ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʶ ʩʪʝʨʦʠʜʥʳʭ ʘʣʢʠʥ-1,2-

ʜʠʦʥʦʚ 24 ʩ ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ.  
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ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʢʠʥʠʣʟʘʤʝʱʝʥʥʳʭ ʠ 2,3-

ʙʫʪʘʜʠʝʥʠʣʟʘʤʝʱʝʥʥʳʭ ʧʠʤʘʨʘʥʦʚʳʭ ʜʠʪʝʨʧʝʥʦʠʜʦʚ ʩ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘʤʠ. 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʠ- ʠ ʪʨʠʬʪʦʨʠʨʦʚʘʥʥʳʝ ʧʦ ʙʝʥʟʦʣʴʥʦʤʫ ʢʦʣʴʮʫ ʙʝʥʟʦʬʫʨʘʥʳ 

ʠ 2ʅ-1-ʙʝʥʟʦʧʠʨʘʥʳ ʨʝʘʢʮʠʝʡ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʠ ʮʠʢʣʠʟʘʮʠʠ 

N-(ʙʫʪʘ-2,3-ʜʠʝʥʠʣ)ʢʘʨʙʦʢʩʘʤʠʜʘ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ c ʬʪʦʨʩʦʜʝʨʞʘʱʠʤʠ 

ʠʦʜʬʝʥʦʣʘʤʠ. ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʫʙʩʪʨʘʪʘ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ. 2-ʀʦʜ-4,6-

ʜʠʬʪʦʨʬʝʥʦʣ ʠ 2-ʠʦʜ-4,5,6-ʪʨʠʬʪʦʨʬʝʥʦʣ ʨʝʘʛʠʨʫʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2ʅ-1-

ʙʝʥʟʦʧʠʨʘʥʘ ʠ ʙʝʥʟʦʬʫʨʘʥʘ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2,6-ʜʠʠʦʜ-3,4,5-ʪʨʠʬʪʦʨʬʝʥʦʣʘ 

ʩʝʣʝʢʪʠʚʥʦ ʦʙʨʘʟʫʝʪʩʷ 7-ʠʦʜ-4,5,6-ʪʨʠʬʪʦʨ-3-ʤʝʪʠʣʝʥ-2,3-ʜʠʛʠʜʨʦʬʫʨʘʥ ʩ 

ʚʳʭʦʜʦʤ 20%. 

 
 

ʀʟʫʯʝʥʠʝ ʪʘʥʜʝʤʥʦʡ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ-ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʚ ʨʷʜʫ 

ʘʣʢʠʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʪʝʨʧʝʥʦʚʳʭ ʘʣʢʘʣʦʠʜʦʚ. ʆʩʫʱʝʩʪʚʣʝʥʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʜʠʪʝʨʧʝʥʦʚʦʛʦ ʘʣʢʘʣʦʠʜʘ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʩ ʚʚʝʜʝʥʠʝʤ 

ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʠʣʠ 2-(ʧʠʨʠʜʠʥ-3-ʠʣ)ʧʠʨʠʤʠʜʠʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʝ ʉ-

5'. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 

ʦʜʥʦʨʝʘʢʪʦʨʥʳʤ ʤʝʪʦʜʦʤ.  
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ʈʘʟʨʘʙʦʪʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʘʣʢʠʥʦʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʚʠʥʦʥʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʘʮʝʪʠʣʝʥʘ 43 ʩ 

ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ 35,44,45 ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʉʦʥʦʛʘʰʠʨʳ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 1-ʘʣʢʠʥʠʣʢʝʪʦʥʘʤ 46-48 (ʚʳʭʦʜ 75-

81%). ʀʭ ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʩ ʘʤʠʜʠʥʘʤʠ ʧʦʟʚʦʣʠʣʘ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʩʦʝʜʠʥʝʥʠ ̫ʛʠʙʨʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ 49-57 (ʚʳʭʦʜ 39-65%). ʉʦʝʜʠʥʝʥʠʷ ʧʝʨʝʜʘʥʳ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʧʨʦʬʠʣʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ in vivo. 

 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʤʝʪʠʣʝʥʣʘʢʪʦʥʦʚ ʵʚʜʝʩʤʘʥʦʚʦʛʦ 

ʪʠʧʘ ʩ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʤʠ ʭʠʥʦʣʠʥʘʤʠ ʠ ʠʟʦʭʠʥʦʣʠʥʘʤʠ. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʧʨʠʨʦʜʳ ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʝʟʫʣʴʪʘʪ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʉ-ʉ ʩʚʷʟʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ 58 ʩ 3-

ʙʨʦʤʭʠʥʦʣʠʥʦʤ 59 ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʭʦʜʠʣʦ ʩ ʚʳʩʦʢʦʡ ʢʦʥʚʝʨʩʠʝʡ (85-

100%) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 60, 61 ʠ 62 (ʩʦʦʪʥʦʰʝʥʠʝ 10:1:1). ɺʳʭʦʜ 

ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʠʣ 62, 8 ʠ 7% ʧʦʩʣʝ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 
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ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 60 ʥʘʤʠ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʣʠʛʘʥʜʘ ʠ ʜʦʙʘʚʢʠ ʥʘ ʩʦʩʪʘʚ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʢʠ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜʘ 

(ʊɺɸɺ) ʦʙʝʩʧʝʯʠʣʦ ʧʦʣʥʫʶ ʢʦʥʚʝʨʩʠʶ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʦʜʫʢʪʦʚ 60:61:62 = 

10:0.6:0.4). ɼʘʥʥʳʝ ʫʩʣʦʚʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʨʝʦ- ʠ 

ʨʝʛʠʦʩʧʝʮʠʬʠʯʥʦʩʪʴʶ. ɺʳʭʦʜ 13(E)-(ʭʠʥʦʣʠʥ-3-ʠʣ)ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ 60 ʩʦʩʪʘʚʠʣ 

70%. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʤʝʪʠʣʝʥʣʘʢʪʦʥʘ 58 ʩ ʙʨʦʤʭʠʥʦʣʠʥʦʤ ʚ ʫʩʣʦʚʠʷʭ 

ʙʝʟʣʠʛʘʥʜʥʦʛʦ ʢʘʪʘʣʠʟʘ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ 60 ʠ 61 (10:1) ʩ 

ʢʦʥʚʝʨʩʠʝʡ 52% ʟʘ 5 ʯ; ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʳ  ʠ 

ʊɺɸɺ ʢʦʥʚʝʨʩʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 80%, ʩʦʦʪʥʦʰʝʥʠʝ 61 : 63 (5:1). ʇʨʦʚʝʜʝʥʠʝ 

ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʙʝʟʣʠʛʘʥʜʥʦʛʦ ʢʘʪʘʣʠʟʘ ʚ ʚʦʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʊɺɸɺ ʜʘʝʪ 

ʩʦʝʜʠʥʝʥʠʝ 60 ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ï 61 (ʟʘ 5 ʯ ʢʦʥʚʝʨʩʠʷ 55% - ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʝ 

60, ʟʘ 10 ʯ ï 86%, ʩʦʦʪʥʦʰʝʥʠʝ 5:1). ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʡ ʠʟʦʤʝʨ 61 

ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʚ ʚʦʜʝ ʥʝ ʦʙʨʘʟʫʝʪʩʷ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦ ʵʥʜʦ-ʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʮʠʢʣʝ ɸ.   

 
ʈʝʘʛʝʥʪʳ ʠ ʫʩʣʦʚʠʷ: (i) Pd(OAc)2, (o-Tol)3P, NEt3, ɼʄʌɸ, 120ÁC, 4-16ʯ; (ii) Pd(OAc)2, 

NEt3, ʊɹɸɹ, ɼʄʌɸ, 120ÁC, 5ʯ; (iii) Pd(OAc)2, NEt3, ɼʄʌɸ, 120ÁC, 5ʯ; (iv) Pd(OAc)2, 

NEt3, ʊɹɸɹ, H2O,120ÁC, 5ʯ; (v) Pd(OAc)2, (o-Tol)3P, NEt3, ʊɹɸɹ, H2O, 120ÁC, 5ʯ. 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʤʝʨʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʳʡ ʣʘʢʪʦʥ ï 

ʭʠʥʦʣʠʥ ʚ ʨʝʘʢʮʠʶ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʚʚʦʜʠʣʠ ʠʟʦʤʝʨʥʳʝ ʙʨʦʤʭʠʥʦʣʠʥʳ 63-66 ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʩʦʝʜʠʥʝʥʠʷ 67-71. 

   
 

ʀʟʦʘʣʘʥʪʦʣʘʢʪʦʥ 58 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩ 4-

ʙʨʦʤʠʟʦʭʠʥʦʣʠʥʦʤ 72. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʍʝʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ 73, 74, 75 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 9:2:1. ʈʝʘʢʮʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʙʝʟʣʠʛʘʥʜʥʦʛʦ ʢʘʪʘʣʠʟʘ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʝʜʠʥʝʥʠʷ 73 (ʚʳʭʦʜ 77%).  
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ʈʝʘʛʝʥʪʳ ʠ ʫʩʣʦʚʠʷ: (i) Pd(OAc)2, (o-Tol)3P, NEt3, ɼʄʌɸ, 120ÁC, 4-16ʯ; (ii) Pd(OAc)2, 

NEt3, ʊɹɸɹ, ɼʄʌɸ, 120ÁC, 5ʯ. 

 

ʉʝʣʝʢʪʠʚʥʦ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʠʟʦʘʣʘʥʪʦʣʘʢʪʦʥʘ ʩ 5-ʙʨʦʤʠʟʦʭʠʥʦʣʠʥʦʤ 76 ʠ 

7-ʙʨʦʤ-1-ʭʣʦʨʠʟʦʭʠʥʦʣʠʥʦʤ 77 ʚ ʫʩʣʦʚʠʷʭ ʙʝʟʣʠʛʘʥʜʥʦʛʦ ʢʘʪʘʣʠʟʘ. ʉʦʝʜʠʥʝʥʠʷ 

78, 79 ʚʳʜʝʣʝʥʳ ʩ ʚʳʭʦʜʦʤ 56 ʠ 60% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʝʘʛʝʥʪʳ ʠ ʫʩʣʦʚʠʷ: (ii) Pd(OAc)2, NEt3, ʊɹɸɹ, ɼʄʌɸ, 120ÁC, 5ʯ. 

 

ʉʠʥʪʝʟ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʧʦʣʠʮʠʢʣʘʥʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʝʚʨʘʱʝʥʠʡ 

ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʥʪʦʥʠʥʘ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ  

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʨʦʜʥʦʛʦ ʣʘʢʪʦʥʘ ʩʘʥʪʦʥʠʥʘ. Pd-

ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʮʠʢʣʠʟʘʮʠʠ 2-ʥʠʪʨʦ-3-(ʘʨʠʣʵʪʠʥʠʣ)ʜʝʟʤʦʪʨʦʧʦʩʘʥʪʦʥʠʥʦʚ 

ʧʨʦʪʝʢʘʶʪ ʩʝʣʝʢʪʠʚʥʦ; ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʟʘʚʠcʠʪ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʠ 

ʧʨʠʨʦʜʳ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. 

 
 



31 

ʅʘʧʨʘʚʣʝʥʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʫʤʘʨʠʥʦʚ. ʈʝʘʢʮʠʠ 3-

ʙʨʦʤʟʘʤʝʱʝʥʥʳʭ ʧʝʫʨʫʪʝʥʠʮʠʥʘ, ʧʝʫʮʝʥʦʣʘ ʠ 6-ʮʠʘʥʦ-7-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʘ. 

ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʫʨʫʪʝʥʠʮʠʥʘ, 

ʩʦʜʝʨʞʘʰʠʭ 1,2,3-ʪʨʠʘʟʦʣʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-3. ɹʨʦʤʠʨʦʚʘʥʠʝ 

ʧʝʫʨʫʪʝʥʠʮʠʥʘ 91 ʜʠʦʢʩʘʥʜʠʙʨʦʤʠʜʦʤ (2.2 ʵʢʚ.) ʚ CH2Cl2 ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 3-ʙʨʦʤʧʝʫʨʫʪʝʥʠʮʠʥʘ 92 ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʳ ʩ 

ʚʳʭʦʜʦʤ 88%. 3-ɸʟʠʣʦʢʫʤʘʨʠʥ 93 ʧʦʣʫʯʘʣʠ ʩ ʚʳʭʦʜʦʤ 68% ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʙʨʦʤʠʜʘ 92 ʩ ʘʟʠʜʦʤ ʥʘʪʨʠʷ. ɸʣʢʠʥʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ Cuɸɸʉ ʨʝʘʢʮʠʠ, ʧʦʣʫʯʘʣʠ 

ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʜʚʝ ʩʪʘʜʠʠ. ʅʘ ʧʝʨʚʦʡ 9-ʘʤʠʥʦʧʝʣʘʨʛʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ, D,L-2-ʘʤʠʥʦʤʘʩʣʷʥʘʷ ʢʠʩʣʦʪʘ ʠʣʠ ʛʠʜʨʦʭʣʦʨʠʜ L-ʬʝʥʠʣʘʣʘʥʠʥʘ 

ʧʨʝʚʨʘʱʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ, ʨʝʘʢʮʠʝʡ ʢʦʪʦʨʳʭ ʩ 

ʙʨʦʤʠʩʪʳʤ ʧʨʦʧʘʨʛʠʣʦʤ (ʚʪʦʨʘʷ ʩʪʘʜʠʷ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ K2CO3 ʚ ɼʄʌɸ ʜʘʧʚʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʣʢʠʥʳ (ʚʳʜʝʣʷʣʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʳʠʝʡ ʥʘ ʩʠʣʠʢʘʛʝʣʝ, 

ʵʣʶʝʥʪ - CHCl3-EtOH). ʈʝʘʢʮʠʷ ʥʦʚʦʛʦ ʘʟʠʜʘ 93 ʩ ʤʝʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 9-(N-

ʧʨʦʧʠʥʠʣ)ʘʤʠʥʦʥʦʥʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 94 ʧʨʦʪʝʢʘʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ 3-

ʪʨʠʘʟʦʣʠʣʟʘʤʝʱʝʥʥʦʛʦ ʢʫʤʘʨʠʥʘ 95 (CuSO4, ʘʩʢʦʨʙʘʪ ʥʘʪʨʠʷ, 20 ÁC, 4 ʯ) ʩ 

ʚʳʭʦʜʦʤ 67%. ʈʝʘʢʮʠʠ ʘʟʠʜʘ 93 ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ 96, 97 ʧʨʦʚʦʜʠʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ CuI ʠ ʪʨʠʵʠʣʘʤʠʥʘ. ɺʳʭʦʜ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 98,99 ʩʦʩʪʘʚʠʣ 56 ʠ 

62% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ Cu(I) ʩʠʩʪʝʤʳ CuSO4ï

AscNa ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʩʦʝʜʠʥʝʥʠʷ 99 (ʜo 34%). 

 

 
ʈʝʘʛʝʥʪʳ ʠ ʫʩʣʦʚʠʷ: (a): DD, CH2Cl2, 20 Áʉ, 16 ʯ; (b): NaN3, DMF, 40 ÁC, 14 ʯ; (c) 

CuSO4, AscNa, H2O-CH2Cl2 (1:1),  20 Áʉ, 3 ʯ, ʟʘʪʝʤ 40 Áʉ, 1 h; (d): CuI, Et3N, MeCN, 

20 Áʉ, 10 ʯ. 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ 3-ʘʣʢʠʥʠʣʟʘʤʝʱʝʥʥʳʭ ʢʫʤʘʨʠʥʦʚ ʥʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ 

ʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʥʦʚʦʛʦ ʙʨʦʤʢʫʤʘʨʠʥʘ 92 ʚ ʨʝʘʢʮʠʠ ʉʦʥʦʛʘʰʠʨʳ. ʄʳ 

ʥʘʰʣʠ, ʯʪʦ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʝ ʫʩʧʝʰʥʦ ʧʨʦʪʝʢʘʝʪ ʚ ʙʝʥʟʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩ-ʜʠʭʣʦʨʦʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʧʘʣʣʘʜʠʷ(II), 

ʠʦʜʠʜʘ ʤʝʜʠ ʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ. 3-(ʌʝʥʠʣʵʪʠʥʠʣ)ʢʫʤʘʨʠʥ 100 

ʚʳʜʝʣʠʣʠ ʩ ʚʳʭʦʜʦʤ 65%. ʀʩʧʦʣʴʟʦʚʘʥʠʝ K2CO3 ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʧʨʠʚʝʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʜʦ 42%, ʚ ʧʨʦʚʝʜʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʠʟʦʧʨʦʧʠʣʘʤʠʥʘ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʩʦʝʜʠʥʝʥʠʷ 100 ʜʦ 

20% ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʦʩʤʦʣʝʥʠʷ. ʈʝʘʢʮʠʷ ʙʨʦʤʢʫʤʘʨʠʥʘ 92 ʩ 

ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʘʮʝʪʠʣʝʥʘʤʠ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 3-

ʘʣʢʠʥʠʣʧʨʦʠʟʚʦʜʥʳʭ 25ï30, ʚʳʜʝʜʝʥʥʳʭ ʩ ʚʳʭʦʜʦʤ 52ï68% yields. 

 
 

ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʟ-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʝʫʨʫʪʝʥʠʮʠʥʘ. ɼʣʷ ʥʦʚʳʭ ʢʫʤʘʨʠʥʦʚ 92, 95, 98, 99, 104, 105, 106 ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʧʦ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʤ-ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʰʪʘʤʤʘ Staphylococcus aureus 209 ATCC 6538P. ʇʦʢʘʟʘʥʦ, ʯʪʦ 3-

ʘʨʠʣʵʪʠʥʠʣʧʝʫʨʫʪʝʥʠʮʠʥ 105 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

(ʄʀʂ = 0.41 ʤʢʛ/ʤʣ) ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʩʪʠʨʫʝʤʦʛʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ ʠ ʧʨʝʚʳʰʘʝʪ 

ʵʬʬʝʢʪ ʨʝʬʝʨʝʥʩʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʮʝʬʪʨʠʘʢʩʦʥʘ (0.97 ʤʢʛ/ʤʣ) ʠ 

ʩʪʨʝʧʪʦʤʠʮʠʥʘ (1.89 ʤʢʛ/ʤʣ). ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 105 ʚ ʦʪʥʦʰʝʥʠʠ ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ Staphylococcus 

aureus and Actinomyces viscosus U-18.  

ʉʦʝʜʠʥʝʥʠʝ 
S. aureus C-18 

Mʀʂ, ʤʢʛ/ʤʣ 

S. aureus çViotkoè 

Mʀʂ, ʤʢʛ/ʤʣ 

A. viscosus U-18 

ʄʀʂ, ʤʢʛ/ʤʣ 

105 1.78 Ñ 1.10 2.0 Ñ 1.01 75.2 Ñ 14.43 

ʎʝʬʣʘʪʨʠʦʢʩʦʥ 6.50 Ñ 1.29 1.03 Ñ 0.32 933.3 Ñ 33.33 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʢʫʤʘʨʠʥʦʚ, ʟʘʤʝʱʝʥʥʳʝ 

ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ-3. ɺʳʷʚʣʝʥʦ ʩʦʝʜʦʥʝʥʠʝ-ʣʠʜʝʨ, ʦʙʣʘʜʘʶʱʝʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʥʘ ʪʨʝʭ ʰʪʘʤʤʘʭ ʩʪʘʬʠʣʣʦʢʦʢʦʚ. 

 

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

ʘʣʢʘʣʦʠʜʦʚ, ʢʫʤʘʨʠʥʦʚ ʠ ʪʝʨʧʝʥʦʠʜʦʚ - ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʝ ʩʢʘʬʬʦʣʜʳ ʜʣʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʘʛʝʥʪʦʚ. ʉʧʦʩʦʙʳ 

ʛʠʙʨʠʜʠʟʘʮʠʠè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʜ.ʭ.ʥ. ʐʫʣʴʮ ʕʣʴʚʠʨʘ ʕʜʫʘʨʜʦʚʥʘ 
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ʇʨʝʜʣʦʞʝʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʘʣʢʝʥʠʣʢʝʪʦʥʦʚ (ʠʥʦʥʦʚ) 

ʜʠʪʝʨʝʧʝʥʦʚʦʛʦ ʘʣʢʘʣʦʠʜʘ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʧʦ ʘʥʪʨʘʥʠʣʘʪʥʦʤʫ ʬʨʘʛʤʝʥʪʫ ʠ 

ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ N-ʘʮʝʪʠʣʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʧʦʣʫʯʝʥʠʝ 5¡-ʵʪʠʥʠʣʣʘʧʧʘʢʦʥʠʪʠʥʘ ʠʟ 5¡-

ʠʦʜʣʘʧʧʘʢʦʥʠʪʠʥʘ ʠ ʝʛʦ ʨʝʘʢʮʠʶ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. ɼʨʫʛʦʡ 

ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʥʪʝʟ ʘʣʢʠʥʠʣʢʝʪʦʥʦʚ ʩ ʧʦʤʦʱʴʶ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ-ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ 5'-ʠʦʜʣʘʧʧʘʢʦʥʠʪʠʥʘ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ 

ʘʮʝʪʠʣʝʥʘʤʠ ʚ ʘʪʤʦʩʬʝʨʝ ʉʆ. ʈʝʘʢʮʠʝʡ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʘʣʢʠʥʠʣʢʝʪʦʥʦʚ ʩ 

ʘʤʠʜʠʥʘʤʠ ʩʝʣʝʢʪʠʚʥʦ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʪʨʫʢʪʫʨʳ, ʧʠʨʠʤʠʜʠʥʦʚʳʡ ʦʩʪʦʚ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʘʣ ʪʨʠ ʟʘʤʝʩʪʠʪʝʣʷ: ʦʩʪʘʪʦʢ ʘʣʢʘʣʦʠʜʘ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-4, 

ʘʨʠʣʴʥʳʡ ʠ ʛʝʪʘʨʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-6 ʠ ʘʤʠʥʦʛʨʫʧʧʫ, ʤʝʪʠʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ, ʘʨʠʣʴʥʳʡ (ʛʝʪʘʨʠʣʴʥʳʡ) ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-2 (ʚʳʭʦʜ 76-

98%). ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 

ʦʜʥʦʨʝʘʢʪʦʨʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʦʧʳʪʘʭ in vitro ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

CDK-9 ʜʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʬʨʘʛʤʝʥʪʳ ʧʠʨʠʤʠʜʠʥʘ ʠ ʣʘʧʧʘʢʦʥʠʪʠʥʘ, ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʫʪʝʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʮʠʢʣʠʥ-ʟʘʚʠʩʠʤʦʡ 

ʢʠʥʘʟʳ CDK9.  

ʇʨʝʜʣʦʞʝʥʘ ʦʜʥʦʨʝʘʢʪʦʨʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʘ 6,7-

ʧʠʨʠʜʠʥʦʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʢʫʤʘʨʠʥʦʚ ʠʟ 7-ʘʣʢʠʥʠʣ-6-ʮʠʘʥʦʢʫʤʘʨʠʥʦʚ. ɺʳʷʚʣʝʥʦ, 

ʯʪʦ ʮʠʢʣʠʟʘʮʠʷ 6-ʮʠʘʥʦ-7-ʘʨʠʣʵʪʠʥʠʣʟʘʤʝʱʝʥʥʳʭ ʢʫʤʘʨʠʥʦʚ ʩ ʧʝʨʚʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2H-ʧʠʨʘʥʦ[2,3-g]ʠʟʦʭʠʥʦʣʠʥʦʥʦʚ ʧʨʦʪʝʢʘʝʪ ʣʝʛʯʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʦʡ ʜʣʷ 2-(ʬʝʥʠʣʵʪʠʥʠʣ)ʙʝʥʟʦʥʠʪʨʠʣʘ.  

ʅʘ ʦʩʥʦʚʝ ʧʝʫʮʝʜʘʥʠʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ 3-ʟʘʤʝʱʝʥʥʳʭ 

ʢʫʤʘʨʠʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 3-ʙʨʦʤʧʝʫʨʫʪʝʥʠʮʠʥʘ ʩ N-

ʤʝʪʠʣʧʠʧʝʨʘʟʠʥʦʤ, 5-ʘʤʠʥʦʭʠʥʦʣʠʥʦʤ, ʠʣʠ ʘʥʠʣʠʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 3-

ʠʟʦʭʠʥʦʣʠʥʘʤʠʥʦ ʠʣʠ 3-(ʘʨʠʣʘʤʠʥʦ)ʢʫʤʘʨʠʥʘʤ. ʂʨʦʩʩ-ʩʦʯʝʪʘʥʠʝ 3-(3-ʙʨʦʤ-2,4,6-

ʪʨʠʤʝʪʠʣʬʝʥʠʣʘʤʠʥʦ)ʧʝʫʨʫʪʝʥʠʮʠʥʘ ʧʦ ʉʫʟʫʢʠ ʩ 3,4,5-ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣʙʦʨʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʬʫʨʘʥ-2-ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ 2-ʬʪʦʨʭʠʥʦʣʠʥ-3-ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʘʨʠʣʠʨʦʚʘʥʠʷ ʠʣʠ ʛʝʪʘʨʠʣʠʨʦʚʘʥʠʷ ʩ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ. ɼʣʷ ʥʦʚʳʭ 3-ʟʘʤʝʱʝʥʥʳʭ ʢʫʤʘʨʠʥʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʥʘ ʧʘʥʝʣʠ ʣʠʥʠʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ (MTT-ʪʝʩʪ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʜʚʫʭ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ MCF-7 

ʩʨʘʚʥʠʤʘ ʩ ʵʬʬʝʢʪʦʤ ɼʦʢʩʦʨʫʙʠʮʠʥʘ. ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ 

ʛʠʙʨʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʣʝʜʫʶʱʝʛʦ ʩʪʨʦʝʥʠʷ: 6-ʘʨʠʣ(ʪʨʠʘʟʦʣʦ)ʢʫʤʘʨʠʥʳ, 7-

ʘʨʠʣ(ʪʨʠʘʟʦʣʦ)ʢʫʤʘʨʠʥʳ ʠ ʢʫʤʘʨʠʥ-2,3-ʜʠʛʠʜʨʦʬʫʨʦʢʫʤʘʨʠʥʦʚʳʭ ʛʠʙʨʠʜʦʚ, 

ʩʦʝʜʠʥʝʥʥʳʭ 1H-1,2,3-ʪʨʠʘʟʦʣʴʥʳʤ ʣʠʥʢʝʨʦʤ ʧʦ ʘʪʦʤʘʤ C2-C3¡. ʀʟʫʯʝʥʠʘ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʫʤʘʨʠʥʦʪʨʠʘʟʦʣʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʦʚ 

Staphylococcus aureus (S. aureus ʉ-18 ʠ S. aureus ñViotkoò). ɿʥʘʯʝʥʠʝ ʄʀʂ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 0.16ï0.41 ʤʢʛ/ʤʣ. ʀʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʨʝʧʘʨʘʪʦʚ ʩʨʘʚʥʝʥʠʷ ʮʝʬʪʨʠʘʢʩʦʥʘ (ʄʀʂ = 0.97 ʤʢʛ/ʤʣ) ʠ ʩʪʨʝʧʪʦʤʠʮʠʥʘ (ʄʀʂ = 

1.89 ʤʢʛ/ʤʣ).  

 

ɻʨʘʥʪ ʈʅʌ ˉ 17-73- 10099. çʈʘʩʪʠʪʝʣʴʥʳʝ ʢʫʤʘʨʠʥʳ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ʣʝʯʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡè. 
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ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʢ.ʭ.ʥ. ʃʠʧʝʝʚʘ ɸʣʣʘ ɺʠʢʪʦʨʦʚʥʘ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʨʝʭ 

ʪʠʧʦʚ ʘʟʠʜʦʚ ʦʨʝʦʟʝʣʦʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʰʠʨʦʢʠʡ ʢʨʫʛ ʥʦʚʳʭ 2-(1,2,3-ʪʨʠʘʟʦʣʠʣ), 6-(1,2,3-ʪʨʠʘʟʦʣʠʣ) ʠ 2-

(1,2,3-ʪʨʠʘʟʦʣʠʣ)-9-ʘʤʠʥʦʤʝʪʠʣʧʨʦʠʟʚʦʜʥʳʭ. ɼʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʳ 

ʠʭ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʠ ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ. ʅʘʡʜʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʝʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʤʠʤʦ ʪʨʠʘʟʦʣʠʣʴʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-2 ʘʤʠʥʦʤʝʪʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ-9. 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʡ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤ ʬʨʘʛʤʝʥʪʝ 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʪʠʚ ʣʠʥʠʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

ʯʝʣʦʚʝʢʘ. ɸʥʪʠʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʫʯʘʣʠʩʴ ʥʘ 

ʢʫʣʴʪʫʨʘʭ Staphylococcus aureus 209 (ʟʦʣʦʪʠʩʪʳʡ ʩʪʘʬʠʣʦʢʦʢʢ), E. coli JM109 

(ʢʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ) ʠ B. subtilis (ʩʝʥʥʘʷ ʧʘʣʦʯʢʘ). ʉʨʝʜʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʣʠ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʩʚʦʙʦʜʥʫʶ 

ʘʮʝʪʠʣʝʥʦʚʫʶ ʬʫʥʢʮʠʶ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤ ʬʨʘʛʤʝʥʪʝ. ʅʘ ʦʩʥʦʚʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʪʨʠʘʟʦʣʠʣʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʦʢʫʤʘʨʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʥ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʘʮʝʪʠʣʝʥʦʚʦʡ ʬʫʥʢʮʠʠ ʠ 4-

ʘʟʠʜʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʘ 

ʪʨʠʘʟʦʣʠʣʴʥʳʭ ʮʠʢʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ. ɼʣʷ ʥʠʭ ʙʳʣʠ 

ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʠʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʉʦʥʦʛʘʰʠʨʳ 3-

ʙʨʦʤʦʧʝʫʨʫʪʝʥʠʮʠʥʘ ʠ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʮʝʪʠʣʝʥʦʚ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʰʠʨʦʢʠʡ ʢʨʫʛ 3-ʘʣʢʠʥʠʣʢʫʤʘʨʠʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 3-ʘʣʢʠʥʠʣʢʫʤʘʨʠʥʘ ʠ 2-

ʘʟʠʜʦʦʨʝʦʟʝʣʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʤʝʜ-ɹʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʘʟʠʜ-ʘʣʢʠʥ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʢʦʥʲʶʛʘʪʳ "ʢʫʤʘʨʠʥ-ʬʫʨʦʢʫʤʘʨʠʥ", 

ʩʦʝʜʠʥʝʥʥʳʝ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʴʶ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʠʭ ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʦʪʥʦʰʝʥʠʠ ʙʘʢʪʝʨʠʡ E. coli JM109 

(ʢʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ), B. subtilis (ʩʝʥʥʘʷ ʧʘʣʦʯʢʘ), ʘ ʪʘʢʞʝ ʧʘʪʦʛʝʥʥʳʭ ʩʪʘʬʠʣʦʢʦʢʢʦʚ 

ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ 

ʩʦʝʜʠʥʝʥʠʝ, ʛʜʝ ʢʫʤʘʨʠʥʦʚʳʡ ʠ ʬʫʨʦʢʫʤʘʨʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ ʩʦʝʜʠʥʝʥʳ 

ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʴʶ.  

ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʢʫʤʘʨʠʥ-ʙʝʪʫʣʠʥʦʚʳʝ ʢʦʥʲʶʛʘʪʳ ʜʚʫʭ ʪʠʧʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥ ʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʥʘ 

ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ U-937 ʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʤʝʭʘʥʠʟʤʝ ʜʝʡʩʪʚʠʷ ʢʦʥʲʶʛʘʪʦʚ 

ʥʦʚʦʛʦ ʪʠʧʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʥʠʞʘʶʪ ʵʢʩʧʨʝʩʩʠʶ 

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

ʢʣʝʪʦʢ U-937, ʘ ʩʦʝʜʠʥʝʥʠʝ ʩ ʘʤʠʥʦʤʝʪʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ-9 

ʬʫʨʦʢʫʤʘʨʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ IL-12 ʠ 

ʩʥʠʞʘʝʪ ʵʢʩʧʨʝʩʩʠʶ IL-10, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʤʦʜʝʣʠ ʚʦʩʧʘʣʝʥʠʷ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʛʠʩʪʘʤʠʥʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʢʫʤʘʨʠʥ-ʙʝʪʫʣʦʥʦʚʦʛʦ 

ʛʠʙʨʠʜʘ ʚ ʜʦʟʝ 50 ʤʛ/ʢʛ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʦʪʝʢ. 
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ɺ ʤʦʜʝʣʠ ʚʦʩʧʘʣʝʥʠʷ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʢʘʨʨʘʛʠʥʘʥʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʧʦʢʘʟʘʣʠ.  

 

ɻʨʘʥʪ ʈʅʌ ˉ 17-73-10274. çʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʝʜʠ 

(I) ʧʨʝʚʨʘʱʝʥʠʡ ʨʘʩʪʠʪʝʣʴʥʳʭ ʬʫʨʘʥʦʣʘʙʜʘʥʦʠʜʦʚ ʠ ʩʧʠʨʦʩʦʣʦʥʦʚʳʭ ʩʪʝʨʦʠʜʦʚ 

ʚ ʧʦʠʩʢʝ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʮʝʥʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʤʝʜʠʮʠʥʳè.  

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʢ.ʭ.ʥ. ʄʠʨʦʥʦʚ ʄʘʢʩʠʤ ɽʚʛʝʥʴʝʚʠʯ 

ʈʘʟʨʘʙʦʪʘʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʩʝʣʝʢʪʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʜʦʩʪʫʧʥʳʭ ʧʨʠʨʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʬʫʨʘʥʦʜʠʪʝʨʝʧʝʥʦʚʦʛʦ 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 ʟʘʣʶʯʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʙʠʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʮʝʣʝʚʳʝ ʘʣʢʠʥ-1,2-ʜʠʦʥʳ ʦʙʨʘʟʫʶʪʩʷ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʤʦʥʦʦʢʩʘʣʠʣʭʣʦʨʠʜʘ ʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʨʠʣʘʮʝʪʠʣʝʥʘʭ. ʇʨʠ ʧʦʤʦʱʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʜʠʦʩʛʝʥʠʥʘ ʠʣʠ 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-ʠʥʦʘʪʦʚ ʠʣʠ 

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

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

ʀʩʩʣʝʜʦʚʘʥʳ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ ʬʫʨʘʥʦʜʠʪʝʨʧʝʥʦʚʦʛʦ 

ʠ ʩʪʝʨʦʠʜʥʦʛʦ ʩʧʠʨʦʩʪʘʥʦʚʦʛʦ ʨʷʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʙʠʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ: 

ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ, ʛʠʜʨʘʟʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʟʠʜʘʤʠ. 

ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʨʠʨʦʜʳ ʥʫʢʣʝʦʬʠʣʘ ʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ, ʚʳʜʝʣʝʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, 

ʩʜʝʣʘʥʳ ʟʘʢʣʶʯʝʥʠʷ ʦ ʚʦʟʤʦʞʥʳʭ ʧʫʪʷʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʩʧʠʨʦʩʪʘʥʦʚʳʭ ʠ ʬʫʨʘʥʦʣʘʙʜʘʥʦʠʜʥʳʭ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ ʩ ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ ʚ 

ʙʝʥʟʦʣʝ ʧʨʦʪʝʢʘʝʪ 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 ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʶ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

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

ʧʨʦʪʝʢʘʝʪ ʧʦ ʧʫʪʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʘʟʘ-ʄʠʭʘʵʣʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʥʘʤʠʥʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 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 ʙʠʥʫʢʣʝʦʬʠʣʴʥʳʝ 

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-
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ʧʠʨʘʟʦʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʩʧʠʨʦʩʪʘʥʦʚʳʭ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʟʠʜʘʤʠ ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʧʦ ʧʫʪʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʘʟʠʜ-

ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʝʥʠʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʝʨʦʠʜʥʳʭ 1,4,5-

ʪʨʠʟʘʤʝʱʝʥʥʳʭ 1,2,3-ʪʨʠʘʟʦʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʢʠʥ-1,2-ʜʠʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʠʥʪʝʟʝ ʪʨʠ- ʠ ʪʝʪʨʘ-

ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʘʟʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, 1,4,5-ʪʨʠʟʘʤʝʱʝʥʥʳʭ 1,2,3-ʪʨʠʘʟʦʣʦʚ, 

ʪʨʠʟʘʤʝʱʝʥʥʳʭ-2,3-ʜʠʛʠʜʨʦʪʠʦʬʝʥ-3-ʦʥʦʚ, ʘ ʪʘʢʞʝ ʘʮʠʢʣʠʯʝʩʢʠʭ ʛʠʜʨʘʟʦʥʦʚ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʜʠʪʝʨʧʝʥʦʚʳʭ ʬʫʨʘʥʦʚ ʠʣʠ ʩʪʝʨʦʠʜʥʳʭ ʩʧʠʨʪʦʚ, ʩ ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ 

ʠʣʠ ʛʠʜʨʘʟʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʜʝʥʪʠʯʥʳʡ ʤʝʭʘʥʠʟʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. ɺʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʘʮʝʪʠʣʝʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ ʥʘ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʘʣʢʠʥ-1,2-ʜʠʦʥʦʚ ʥʝ 

ʚʳʷʚʣʝʥʦ. ʇʦʩʨʝʜʩʪʚʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ 

ʜʠʦʩʛʝʥʠʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʪʠʧʳ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ, ʚʢʣʶʯʘʶʱʠʝ ʦʩʪʘʪʦʢ 

ʩʧʠʨʦʩʪʘʥʦʚʦʛʦ ʩʪʝʨʦʠʜʘ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʧʠʨʘʟʦʣʴʥʳʡ, 1,4,5-

ʪʨʠʟʘʤʝʱʝʥʥʳʡ 1,2,3-ʪʨʠʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ - (22R,25R)-ʩʧʠʨʦʩʪ-5-ʝʥ-3ɓ-ʠʣ 5-

ʘʨʠʣ-1-ʬʝʥʠʣ-1H-ʧʠʨʘʟʦʣ-3-ʢʘʨʙʦʢʩʠʣʘʪʳ, (22R,25R)-ʩʧʠʨʦʩʪ-5-ʝʥ-3ɓ-ʠʣ 5-ʘʨʠʣ-

2-ʙʝʥʟʦʠʣ(4-ʙʨʦʤʙʝʥʟʦʠʣ)-3-ʛʠʜʨʦʢʩʠ-2,3-ʜʠʛʠʜʨʦ-1H-ʧʠʨʘʟʦʣ-3-ʢʘʨʙʦʢʩʠʣʘʪʳ, 

(22R,25R)-ʩʧʠʨʦʩʪ-5-ʝʥ-3ɓ-ʠʣ 2-(1-(4-ʛʠʜʨʦʢʩʠʬʝʥʝʪʠʣ)-5-ʬʝʥʠʣ-1H-1,2,3-

ʪʨʠʘʟʦʣ-4-ʠʣ)-2-oʢʩʦʘʮʝʪʘʪ ʠ ʘʮʠʢʣʠʯʝʩʢʠʡ ʛʠʜʨʘʟʦʥʥʳʡ ʬʨʘʛʤʝʥʪ - (E)-(22R,25R)-

ʩʧʠʨʦʩʪ-5-ʝʥ-3ɓ-ʠʣ-4-ʘʨʠʣ-2-(2-ʬʝʥʠʣʛʠʜʨʘʟʠʥʠʣʠʜʝʥ)ʙʫʪ-3-ʠʥʦʘʪʳ. ɺ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦʢʘʟʘʥʦ 

ʥʘʣʠʯʠʝ ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫ 16-(5-ʘʨʠʣ-1-ʬʝʥʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʢʘʨʙʦʥʠʣ)-

15,16-ʵʧʦʢʩʠ-8(9),13,14-ʣʘʙʜʘʪʨʠʝʥʦʘʪʦʚ. 

 

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

ʢ ʥʦʚʳʤ ʛʨʫʧʧʘʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘ ʦʩʥʦʚʝ 

ʭʝʤʦʩʝʣʝʢʪʠʚʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʜʦʩʪʫʧʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʜʠʪʝʨʧʝʥʦʠʜʦʚ, 

ʘʣʢʘʣʦʠʜʦʚ ʠ ʢʫʤʘʨʠʥʦʚè 

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

ʆʩʫʱʝʩʪʚʣʝʥʳ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʜʦʩʪʫʧʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ï ʬʫʨʘʥʩʦʜʝʨʞʘʱʠʭ ʜʠʪʝʨʧʝʥʦʠʜʦʚ, ʧʫʨʠʥʦʚʳʭ ʠ 

ʩʪʝʨʦʠʜʥʳʭ ʘʣʢʘʣʦʠʜʦʚ, ʤʝʪʠʣʝʥʣʘʢʪʦʥʦʚ ʵʫʜʝʩʤʘʥʦʚʦʛʦ ʪʠʧʘ ʠ ʢʫʤʘʨʠʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ. ʇʨʝʜʣʦʞʝʥʳ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʩʧʦʩʦʙʥʳ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʪʝʨʧʝʥʦʠʜʘ ʬʣʦʤʠʟʦʠʢʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʧʘʨʛʠʣʘʤʠʥʦʤʝʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 2 ʠ 5 

ʬʫʨʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʩ ʧʦʤʦʱʴʶ ʉu-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʦʪʦʨʳʭ ʩ ʜʠʘʟʠʜʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʘ 

ʥʝʙʦʣʴʰʘʷ ʙʠʙʣʠʦʪʝʢʘ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʦʣʠʘʟʘʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩ ʬʫʨʘʥʦʚʳʤ ʤʦʩʪʠʢʦʤ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʣʠʥʢʝʨʥʦʡ ʮʝʧʠ ʬʨʘʛʤʝʥʪʳ ʪʨʠʘʟʦʣʴʥʳʭ 

ʮʠʢʣʦʚ [(4-ʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ)-1,2,3-ʪʨʠʘʟʦʣʦʚ] ʠ ʤʝʪʠʣʝʥʦʚʳʭ, ʵʪʦʢʩʠʵʪʠʣʴʥʳʭ 

ʠʣʠ ʵʪʠʣʵʪʦʢʩʠʵʪʠʣʴʥʳʭ ʟʚʝʥʴʝʚ. ʋʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʜʠʘʮʝʪʠʣʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʦʚʦʛʦ ʪʠʧʘ ʚ CuAAC-ʨʝʘʢʮʠʠ ʩ ʜʠʘʟʠʜʘʤʠ. 

ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ 

ʥʦʚʳʭ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʚ 

ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ (ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF-7, MDA-MB-
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231) ʠ ʤʝʣʘʥʦʤʳ (MEL-8) ʦʙʣʘʜʘʶʪ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʣʠʥʢʝʨʥʘʷ 

ʮʝʧʴ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ 12 ʤʝʪʠʣʝʥʦʚʳʭ ʟʚʝʥʴeʚ. 

ʅʘ ʦʩʥʦʚʝ CuAAʉ-ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʜʘ ʛʣʶʢʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʢ ʘʣʢʠʥʠʣʟʘʤʝʱʝʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ 8(9),13,14-ʣʘʙʜʘʪʨʠʝʥʘ ʧʨʝʜʣʦʞʝʥʘ ʫʜʦʙʥʘʷ 

ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʘ N-ʛʣʶʢʫʨʦʥʠʜ-1,2,3-ʪʨʠʘʟʦʣʴʥʳʝ ʢʦʥʲʶʛʘʪʦʚ 

ʬʣʦʤʠʟʦʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʢʠʩʣʦʪʥʦʡ ʬʫʥʢʮʠʠ ʠ ʬʫʨʘʥʦʚʦʤʫ ʟʘʤʝʩʪʠʪʝʣʶ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʬʣʦʤʠʟʦʠʢʦʚʦʡ ʢʠʩʣʦʪʳ 1 ʧʦ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʠ ʬʫʨʘʥʦʚʦʤʫ ʮʠʢʣʫ, ʚʢʣʶʯʘʶʱʝʡ cʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ 

ʛʣʶʢʫʨʦʥʠʣʠʨʦʚʘʥʠʝ, ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ ʬʦʨʤʠʣʠʨʦʚʘʥʠʝ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ 

ʘʤʠʥʠʨʦʚʘʥʠʝ ʠ ʉuɸɸʉ ʨʝʘʢʮʠʶ ʧʦʣʫʯʝʥʥʦʛʦ ʪʝʨʧʝʥʦʠʜʥʦʛʦ ʘʣʢʠʥʘ 5 ʩ 1-ʜʝʟʦʢʩʠ-

2,3,4-ʪʨʠ-ʆ-ʘʮʝʪʠʣ-1-ʘʟʠʜʦ-Ŭ-D-ʛʣʶʢʦʧʠʨʘʥʫʨʦʥʘʪʦʤ 6 ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ 

ʩʠʥʪʝʟʘ ʣʘʙʜʘʥʦʠʜʥʦʛʦ ʜʠʛʣʶʢʫʨʦʥʠʜʘ ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 7% ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʠʩʭʦʜʥʫʶ ʬʣʦʤʠʟʦʠʢʦʚʫʶ ʢʠʩʣʦʪʫ. ʀʟʫʯʝʥʠʝ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʪʨʠʘʟʦʣʠʣ-ʛʣʶʢʫʨʦʥʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ 

ʩʦʭʨʘʥʠʪʴ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʤʦʜʝʣʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʟʜʨʘʞʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʣʠ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʥʘ ʤʦʜʝʣʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʜʨʘʞʝʥʠʷ.  

 

 

ʈʝʘʛʝʥʪʳ ʠ ʫʩʣʦʚʠʷ: (i) Cs2CO3, TBAB, CH2Cl2, 0.1 ʤʣ H2O; (ii) POCl3, ɼʄʌɸ, 20ʦʉ, 

48 ʯ, ʟʘʪʝʤ AcONa; (iii) ĀHCl, NEt3, CH2Cl2, MgSO4 , ʟʘʪʝʤ 5, 20ʦʉ, 24 ʯ, 
ʟʘʪʝʤ NaBH4, MeOH, 20ʦʉ, 10 ʯ; (iv) 6, CuI, (i-Pr)2NEt, CH3CN, 20ʦʉ, 10 ʯ; (v) 
NH2NH2ĬH2O, MeOH-CHCl3 , 20ʦʉ, 24 ʯ. 
 

ɺʳʧʦʣʥʝʥʳ ʥʘʧʨʘʚʣʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʠʤʘʨʘʥʦʚʳʭ 

ʜʠʪʝʨʧʝʥʦʠʜʦʚ ʚʚʝʜʝʥʠʝʤ ʘʨʠʣʪʨʠʘʟʦʣʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʫ 

ʧʨʦʧʘʨʛʠʣʘʤʠʜʘ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ. ʋʩʪʘʥʦʚʣʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʦʧʠʤʘʨʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ 8 ʝʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʛʠʙʠʨʦʚʘʪʴ ʨʦʩʪ ʟʦʣʦʪʠʩʪʦʛʦ 

ʩʪʘʬʠʣʦʢʦʢʢʘ.  

ʀʟʫʯʝʥʳ ʥʦʚʳʝ ʩʝʣʝʢʪʠʚʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʘʣʢʘʣʦʠʜʘ ʩʦʣʘʩʦʜʠʥʘ ʧʦ 

ʧʠʧʝʨʠʜʠʥʦʚʦʤʫ ʮʠʢʣʫ F ʩ ʚʚʝʜʝʥʠʝʤ ʧʨʦʧʘʨʛʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʣʘʩʦʜʠʥʘ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ, ʛʝʥʝʨʠʨʫʝʤʳʤ in situ ʠʟ 

ʧʘʨʘʬʦʨʤʘ, ʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʮʝʪʠʣʝʥʘʤʠ ʧʨʠ ʢʘʪʘʣʠʟʝ CuI ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 
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1,4-ʜʠʦʢʩʘʥʝ (ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ) ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʮʝʣʝʚʳʭ N-(3- ʘʨʠʣ)ʧʨʦʧ-2-ʠʥʦʚ ʚ ʚʠʜʝ ʩʤʝʩʠ ʜʚʫʭ ɻ ʧʠʤʝʨʦʚ ʧʦ ʭʠʨʘʣʴʥʦʤʫ ʮʝʥʪʨʫ 

ʉ(22). ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʠʣ 28%-81%, ʩʦʦʪʥʦʰʝʥʠʝ 

ʠʟʦʤʝʨʦʚ ï 1-1.4:1-1.7. ʇʨʝʜʣʦʞʝʥ ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʉ(22). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʦʝ ʩʦʣʘʩʦʜʠʥʘ, ʩʦʜʝʨʞʘʱʝʝ ʧʨʠ 

ʘʪʦʤʝ ʘʟʦʪʘ ʩʦʣʘʩʦʜʠʥʘ (4-ʤʝʪʦʢʩʠ-4-ʦʢʩʦʙʫʪ-2-ʠʥʠʣ)-ʟʘʤʝʩʪʠʪʝʣʴ ʦʙʣʘʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

ʛʣʠʦʤʳ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 8-ʙʨʦʤ- ʠʣʠ 8-ʭʣʦʨʢʦʬʝʠʥʘ ʩ ʣʠʥʝʡʥʳʤʠ ʠ ʮʠʢʣʠʯʝʩʢʠʤʠ 

ʜʠʘʤʠʥʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʘʢʪʠʚʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 8-

(ʘʤʠʥʦʘʣʢʠʣʘʤʠʥʦ)ʢʦʬʝʠʥʘ ʠʣʠ 8-(ʧʠʧʝʨʘʟʠʥʠʣ)ʢʦʬʝʠʥʘ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ. 

ʋʢʘʟʘʥʥʳʝ ʘʤʠʥʳ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ ʩ 

ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʳʤʠ ʣʘʢʪʦʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʢʪʠʚʥʫʶ ʤʝʪʠʣʝʥʦʚʫʶ ʛʨʫʧʧʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩ ʬʨʘʛʤʝʥʪʘʤʠ 

ʢʦʬʝʠʥʘ ʠ ʵʫʜʝʩʤʘʥʦʣʠʜʦʚ, ʩʦʝʜʠʥʝʥʥʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ ʣʠʥʢʝʨʦʤ. 

 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʠʥʠʮʠʘʪʠʚʥʳʡ ʧʨʦʝʢʪ ʈʌʌʀ ˉ 18-53-76001 ʕʈɸ_ʘ. 

çʉʦʟʜʘʥʠʝ ʢʦʥʲʶʛʘʪʦʚ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʠʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ʩ ʘʟʦʣʘʤʠ: ʦʪ 

ʧʨʝʚʝʥʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʠ ʘʜʲʶʚʘʥʪʦʚ ʚ ʭʠʤʠʦʪʝʨʘʧʠʠ ʨʘʢʘ ʢ ʥʦʚʳʤ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʘʛʝʥʪʘʤè 

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

ʇʨʝʜʣʦʞʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʙʝʪʫʣʦʥʦʠʣ-ɤ-ʘʤʠʥʦʢʠʩʣʦʪ ï 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʥʲʶʛʘʪʦʚ ʩ ʘʟʦʣʘʤʠ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʛʠʙʨʠʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʣʫʧʘʥʦʚʦʛʦ ʨʷʜʘ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʙʠʥʘʮʠʶ ʬʨʘʛʤʝʥʪʦʚ 

2- ʘʨʠʣ-1,3,4- ʠʣʠ 1,2,5 ʦʢʩʘʜʠʘʟʦʣʦʚ ʠ ɤ-ʘʤʠʥʦʢʠʩʣʦʪ. ʉʨʝʜʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʘʜʠʘʟʦʣʦʚ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ ʥʝʪʦʢʩʠʯʥʳʝ ʛʠʙʨʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ 

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

ʪʨʦʡʥʳʝ ʛʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʬʨʘʛʤʝʥʪʳ ʙʠʦʛʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, 

ʦʢʩʘʜʠʘʟʦʣʦʚ ʠ ʣʫʧʘʥʦʚʳʭ ʠʣʠ ʫʨʩʘʥʦʚʳʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ. 

ʇʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʫʯʝʥʘ in vivo ʥʘ ʤʦʜʝʣʷʭ 

ʚʦʩʧʘʣʝʥʠʷ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚ ʣʘʧʝ ʤʳʰʝʡ ʢʦʥʢʘʥʘʚʘʣʠʥʦʤ ɸ ʠ ʛʠʩʪʘʤʠʥʦʤ. ʀʟ 

18 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʴʰʫʶ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʣʠ 

ʥʝʪʦʢʩʠʯʥʳʝ ʛʠʙʨʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ ʘʤʠʥʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ 2-ʘʨʠʣ-

1,3,4-ʦʢʩʘʜʠʘʟʦʣʳ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʮʠʪʦʧʨʦʪʝʢʪʦʨʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

ʀʟʫʯʝʥʳ ʨʝʘʢʮʠʠ 1,3-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʜʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ 2-ʘʨʠʣ-1,3,4- 

ʦʢʩʘʜʠʘʟʦʣʦʚ ʠ ʬʫʨʦʢʩʘʥʘ ʢ ʧʨʦʧʘʨʛʠʣʦʚʳʤ ʵʬʠʨʘʤ - ʧʨʦʠʟʚʦʜʥʳʤ ʫʨʩʘʥʦʚʦʛʦ ʠ 

ʣʫʧʘʥʦʚʦʛʦ ʨʷʜʘ ʩ ʨʘʟʣʠʯʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʨʧʝʥʦʚʦʛʦ ʦʩʪʦʚʘ (ʩ ʘʣʢʠʥʠʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʫʨʩʦʣʦʚʦʡ ʠ 

ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪ). ɺ ʵʪʦʡ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʢʣʝʪʢʘʭ ʦʧʫʭʦʣʝʡ. ʅʘʠʙʦʣʴʰʝʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ 

ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ ʦʙʣʘʜʘʶʪ ʛʠʙʨʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 1,2,3-ʪʨʠʘʟʦʣʴʥʦʛʦ ʠ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʦʚ ʠ ʩʚʷʟʫʶʱʠʭ 

ʛʨʫʧʧ, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʢʠʩʣʦʪʥʦʡ ʬʫʥʢʮʠʝʡ ʪʨʠʪʝʨʧʝʥʦʚʦʛʦ ʦʩʪʦʚʘ. 
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ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʛʠʙʨʠʜʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʪʨʠʪʝʨʧʝʥʦʚ ʩ 2-

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

ʪʨʠʘʟʦʣʘʤʠ. ʇʦʣʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʨʘʟʣʠʯʥʦʡ ʫʜʘʣʝʥʥʦʩʪʴʶ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʦʪ ʪʨʠʪʝʨʧʝʥʦʚʦʛʦ ʦʩʪʦʚʘ. ʅʘʠʙʦʣʴʰʘʷ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ ʚ ʨʷʜʫ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʡ 

ʩʝʨʠʠ ʦʙʥʘʨʫʞʝʥʘ ʫ ʧʨʦʠʟʚʦʜʥʳʭ ʪʨʠʪʝʨʧʝʥʦʚ ʩ 2-ʘʣʢʠʣʘʤʠʥʦ- ʠ 2-ʤʝʨʢʘʧʪʦ- 

1,3,4-ʦʢʩʘʜʠʘʟʦʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʪʨʠʪʝʨʧʝʥʦʚʦʛʦ ʦʩʪʦʚʘ, 

ʧʨʠʯʝʤ ʫʜʘʣʝʥʠʝ ʟʘʱʠʪʥʦʡ 3-ʆ-ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

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

ʦʢʩʘʜʠʘʟʦʣʘʤʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ ʟʘʤʝʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʙʝʪʫʣʠʥʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. 

 
ʈʝʘʢʮʠʝʡ ʘʟʠʜʩʦʜʝʨʞʘʱʠʭ ʢʫʤʘʨʠʥʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʬʫʨʦʢʫʤʘʨʠʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʪʨʠʪʝʨʧʝʥʦʠʜʘ. ʀʟʫʯʝʥʘ ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʟʠʜʘ ʥʘʪʨʠʷ ʩ ʮʠʘʥʩʦʜʝʨʞʘʱʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʪʫʣʠʥʘ 

ʠ ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʪʝʪʨʘʟʦʣʴʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʪʨʠʪʝʨʧʝʥʦʚʦʛʦ ʩʢʝʣʝʪʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 3-

ʪʝʪʨʘʟʦʣʠʣʵʪʦʢʩʠʠʤʠʥʦʧʨʦʠʟʚʦʜʥʦʝ ʵʬʠʨʘ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʙʣʘʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ (ʤʠʢʨʦʤʦʣʷʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ) ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʘʢʘ ʧʨʦʩʪʘʪʳ.  

ʄʦʜʠʬʠʢʘʮʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʘʭ ʠ ʚʚʝʜʝʥʠʝ 

ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʠ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʳ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 
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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 

ʆʩʫʱʝʩʪʚʣʝʥ ʧʨʦʛʥʦʟ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʘʤʠ 

QSAR-ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ PASS ʠ PharmaExpert ʠ ʩʢʨʠʥʠʥʛ 

ʚʦʟʤʦʞʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ Autodock Vina ʠ Schrodinger 

Glide. ʇʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʤʬʦʨʳ ʩ ʙʝʣʢʘʤʠ ʨʝʛʫʣʷʮʠʠ ʤʝʪʘʙʦʣʠʟʤʘ ʛʣʶʢʦʟʳ. ʅʦʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʘʛʦʥʠʩʪʘ ʨʝʮʝʧʪʦʨʘ 

ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 1 (GPR40) ʬʘʩʠʛʣʠʬʘʤʘ, ʦʙʣʘʜʘʶʱʠʝ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʬʘʨʤʘʢʦʬʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʪʘʢʠʤʠ ʞʝ ʣʠʥʢʝʨʘʤʠ. 

 

 

 
 

ɺʳʧʨʣʥʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʥʦʚʳʭ ʪʨʠʪʝʨʧʝʥʦʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʩʘʡʪʳ 

ʩʚʷʟʳʚʘʥʠʷ ʨʷʜʘ ʬʝʨʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʣʠʬʝʨʘʮʠʝʡ ʠ ʢʘʥʮʝʨʦʛʝʥʝʟʦʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʘ III-13 ʩʧʦʩʦʙʥʘ ʬʦʨʤʠʨʦʚʘʪʴ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʠʤʠʜʘʟʦʣʴʥʦʡ ʧʠ-ʩʠʩʪʝʤʦʡ HIS96 ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʙʝʥʟʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, 
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ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʢʘʢ ʦʜʠʥ ʠʟ ʭʣʦʨʙʝʥʟʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʥʫʪʣʠʥʘ-3ɸ, ʢʦʪʦʨʳʡ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʘʞʝʥ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʠʜʨʦʬʦʙʥʳʡ 

ʮʠʢʣ ɽ ʠ ʝʛʦ ʤʝʪʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʩʦʝʜʠʥʝʥʠʷ III-13 ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʛʠʜʨʦʬʦʙʥʫʶ 

ʧʦʣʦʩʪʴ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʧʦ ʪʠʧʫ ʭʣʦʨʙʝʥʟʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʥʫʪʣʠʥʘ-3ɸ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʩʚʷʟʝʡ ʤʦʣʝʢʫʣʳ III-13 ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʡ ʦʮʝʥʦʯʥʫʶ ʵʥʝʨʛʠʶ ʩʚʷʟʳʚʘʥʠʷ ʥʘ ʫʨʦʚʥʝ 

ʠʟʚʝʩʪʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ. 

 

 
ʇʨʦʚʝʜʥʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʥʦʚʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʢʘʤʬʦʨʳ ʧʦʣʠʘʜʝʥʠʣʘʪ ʧʦʣʠʤʝʨʘʟʳ ʚʠʨʫʩʘ ʦʩʧʳ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚ ʙʘʟʝ ʜʘʥʥʳʭ PDB ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʥʪʛʝʥ-ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʣʠʛʘʥʜʘʭ, 

ʩʧʦʩʦʙʥʳʭ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʧʦʣʠʘʜʝʥʠʣʘʪ ʧʦʣʠʤʝʨʘʟʦʡ ʚʠʨʫʩʘ ʦʩʧʳ (VP55). ɺ ʩʚʷʟʠ 

ʩ ɻʪʠʤ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ ʩʚʦʙʦʜʥʦʡ ʬʦʨʤʳ ʬʝʨʤʝʥʪʘ ʩ PDB ID 3OWG6 

(ʨʘʟʨʝʰʝʥʠʝ 2,86 ¡) ʙʝʟ ʩʚʷʟʠ ʩ ʝʛʦ ʢʘʪʘʣʠʟʠʨʫʶʱʝʡ ʩʫʙʲʝʜʠʥʠʮʝʡ VP39. ʉ ʮʝʣʴʶ 

ʧʦʠʩʢʘ ʚʦʟʤʦʞʥʳʭ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ VP55 

ʧʨʠʤʝʥʷʣʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʨʘʩʯʝʪ ʥʘ ʩʝʨʚʝʨʝ CavityPlus. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ VP55 ʥʘ ʩʝʨʚʝʨʝ CavityPlus ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 18 ʩʘʡʪʦʚ, ʣʠʰʴ 

1 ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʝʨʠʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (SM-42, AS-342, 

AS-349, SM-37, AS-341) ʠ ʚʦʟʤʦʞʥʳʡ ʠʥʛʠʙʠʪʦʨ VP55 ʤʝʪʠʩʘʟʦʥ ʧʦʣʫʯʠʣʠ ʙʣʠʟʢʠʝ 

ʦʮʝʥʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʳʚʘʥʠʷ ʩ ʥʘʡʜʝʥʥʳʤ ʩʘʡʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʠʘʜʝʥʠʣʘʪ ʧʦʣʠʤʝʨʘʟʳ ʚʠʨʫʩʘ ʦʩʧʳ, ʯʪʦ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʠʚʦʷʟʚʝʥʥʦʡ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ, 

ʦʨʛʘʥʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʦʣʝʘʥʦʣʦʚʳʭ, ʫʨʩʦʣʦʚʳʭ ʠ ʜʨʫʛʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʀʩʩʣʝʜʦʚʘʣʠ ʧʨʦʪʠʚʦʷʟʚʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ 

ʪʠʘʟʦʣʠʜʠʥʜʠʦʣʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʃʌɸɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʢʨʠʥʠʥʛʘ ʧʨʠ ʦʮʝʥʢʝ ʧʦ 

ʤʝʪʦʜʫ ʇʘʫʣʩʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʨʠ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʨʘʞʝʥʥʦʡ 

ʧʨʦʪʠʚʦʷʟʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ: ɸɸ 159 (ʇɸ=2,1), ɸɸ162 (ʇɸ=19,6), ɸɸ163 (ʇɸ=5,9). 

ʉʦʝʜʠʥʝʥʠʝ ɸɸ159 ʥʝʩʝʪ ʜʚʘ ʙʝʥʟʠʣʦʚʳʭ ʬʨʘʛʤʝʥʪʘ ʚ ʧʦʣʦʞʝʥʠʷʭ 4 ʠ 8 - 1-ʪʠʘ-

4,8-ʜʠʘʟʘʩʧʠʨʦ[4.5]ʜʝʢʘʥ-3-ʦʥʦʚʦʛʦ ʦʩʪʦʚʘ. ʉʦʝʜʠʥʝʥʠʝ ɸɸ163 ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʛʦ 

ʥʘʣʠʯʠʝʤ 2-ʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʧʦʣʦʞʝʥʠʠ 4, ʘ ɸɸ162 ï 3-

ʜʠʙʫʪʠʣʘʤʠʥʦʧʨʦʧʠʣʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʵʪʦʤ ʞʝ ʧʦʣʦʞʝʥʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ 

ʤʦʜʝʣʠ ʠʥʜʦʤʝʪʘʮʠʥʦʚʦʡ ʷʟʚʳ ʚʳʨʘʞʝʥʥʦʡ ʧʨʦʪʠʚʦʷʟʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ: ʩʦʝʜʠʥʝʥʠʝ ɸɸ163, ʧʦʜʘʚʣʷʶʱʝʝ ʷʟʚʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ 58,9% ʠ 

ʩʦʝʜʠʥʝʥʠʝ ɸɸ162 ï ʥʘ 74,2% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ 

ʦʤʝʧʨʘʟʦʣʘ ï 41%. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʩʪʘʪʦʪʨʦʧʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ ʢʠʩʣʦʪʳ (ɼʍʂ) ʠ 

ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʈ-264 ʠ ʈ-265 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʩʪʘʪʦʪʨʦʧʥʳʤ ʧʨʝʧʘʨʘʪʦʤ 

ʬʠʥʘʩʪʝʨʠʜʦʤ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʩʪʦʩʪʝʨʦʥʦʚʦʡ ʤʦʜʝʣʠ ɼɻʇɾ.  
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ɼʝʟʦʢʩʠʭʦʣʝʚʘʷ ʢʠʩʣʦʪʘ 

 

(ʈ-364) 

24-ʥʦʨ-3Ŭ,12Ŭ-ʜʠʛʠʜʨʦʢʩʠ-5ɓ-ʭʦʣʘʥ-23-(3ô-ʤʝʪʠʣ-1ô,2ô,4ô-ʦʢʩʘʜʠʘʟʦʣ-5ô-ʠʣ)  

 

(ʈ-365) 

24-ʥʦʨ-3Ŭ,12Ŭ-ʜʠʛʠʜʨʦʢʩʠ-5ɓ-ʭʦʣʘʥ-23-(3ô-ʬʝʥʠʣ-1ô,2ô,4ô- ʦʢʩʘʜʠʘʟʦʣ-5ô-ʠʣ)  

 

ʋ ʩʦʝʜʠʥʝʥʠʡ ɼʍʂ, ʈ-364 ʠ ʈ-365 ʥʘ ʤʦʜʝʣʠ ɼɻʇɾ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʪʝʩʪʦʩʪʝʨʦʥʦʤ ʚʳʷʚʣʝʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʩʪʘʪʦʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʜʦʩʪʦʚʝʨʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʧʠʪʝʣʠʷ 

ʞʝʣʝʟʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝ ʣʝʯʝʥʳʤ ʢʦʥʪʨʦʣʝʤ. ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʞʝʣʝʟʠʩʪʦʛʦ ʵʧʠʪʝʣʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʩʚʝʪʘ 

ʢʘʥʘʣʴʮʝʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʦʪʪʦʢʘ ʩʝʢʨʝʪʘ ʠʟ ʪʢʘʥʠ ʧʨʦʩʪʘʪʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʵʬʬʝʢʪʳ ʠʟʫʯʘʝʤʳʭ ʘʛʝʥʪʦʚ ʥʝ ʫʩʪʫʧʘʶʪ ʨʝʬʝʨʝʥʩʥʦʤʫ 

ʧʨʝʧʘʨʘʪʫ ʬʠʥʘʩʪʝʨʠʜʫ. ʇʨʦʠʟʚʦʜʥʳʝ ʈ-364 ʠ ʈ-365 ʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ ʣʝʯʝʙʥʳʡ ʵʬʬʝʢʪ, ʯʝʤ ɼʍʂ, ʧʦʜʜʝʨʞʠʚʘʷ ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ (ʦʙʲʝʤʥʫʶ ʧʣʦʪʥʦʩʪʴ) ʵʧʠʪʝʣʠʷ ʠ ʩʪʨʦʤʳ ʥʘ ʫʨʦʚʥʝ ʠʥʪʘʢʪʥʳʭ 

ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʪʢʘʥʠ ʧʨʦʩʪʘʪʳ.  

 

ʉʢʨʠʥʠʥʛ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʎʅʉ-ʘʢʪʠʚʥʳʭ, ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʩʨʝʜʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʠʨʦʢʦʛʦ ʘʨʩʝʥʘʣʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʭʠʨʘʣʴʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʢʪʘʛʠʜʨʦ-2H-ʭʨʦʤʝʥʦʚʳʤ ʦʩʪʦʚʦʤ 1, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʩʭʦʜʷ ʠʟ ʜʦʩʪʫʧʥʦʛʦ ʤʦʥʦʪʝʨʧʝʥʦʠʜʘ (-)-ʠʟʦʧʫʣʝʛʦʣʘ 2 ʠ ʨʷʜʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʬʪʦʨ-ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 3. ʊʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʣʠ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʵʬʬʝʢʪ ʠ ʦʩʪʨʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ (4R,4aR,8R,8aR)-4,7-ʜʠʤʝʪʠʣ-3,4,4a,5,8,8a-ʛʝʢʩʘʛʠʜʨʦʩʧʠʨʦ[ʭʨʦʤʝʥ-

2,1'-ʮʠʢʣʦʛʝʢʩʘʥ]-4,8-ʜʠʦʣʘ 4, ʧʦʣʫʯʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʥʦʪʝʨʧʝʥʦʠʜʘ 

ʧʘʨʘ-ʤʝʥʪʘʥʦʚʦʛʦ ʨʷʜʘ ʜʠʦʣʘ 5 ʠ ʮʠʢʣʦʛʝʢʩʘʥʦʥʘ. 
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ʈʝʟʫʣʴʪʘʪʳ ʩʢʨʠʥʠʥʛʘ ʥʘ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʯ, ʚʳʟʚʘʥʥʳʭ ʚʚʝʜʝʥʠʝʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʩʦʝʜʠʥʝʥʠʷ I9-54-5, I9-57-4, I9-49-2, I9-49-4, ʚʚʦʜʠʤʳʝ ʚ ʜʦʟʝ 20 ʤʛ/ʢʛ. ʉʦʝʜʠʥʝʥʠʝ 

I9-22-11 ʧʨʦʷʚʠʣʦ ʚʳʨʘʞʝʥʥʫʶ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʩʪʝ "ʫʢʩʫʩʥʳʝ 

ʢʦʨʯʠ" ʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʦʟʳ ʜʦ 0,1 ʤʛ/ʢʛ. ɼʣʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʦʩʪʨʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 1000 ʤʛ/ʢʛ.  

 
I9-54-5,   I9-57-4,   I9-49-2,   I9-49-4 

 I9-22-11 

ʇʨʦʠʟʚʦʜʥʳʝ ʩ ʦʢʪʘʛʠʜʨʦʭʨʦʤʝʥʦʚʳʤ ʦʩʪʦʚʦʤ 1 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʥʦʪʝʨʧʝʥʦʠʜʘ (-)-ʠʟʦʧʫʣʝʛʦʣʘ ʩ ʥʘʙʦʨʦʤ ʘʣʴʜʝʛʠʜʦʚ ʠ 

ʢʝʪʦʥʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʘʣʠ ʧʨʦʠʟʚʦʜʥʳʝ ʩ 

ʛʝʢʩʘʛʠʜʨʦʭʨʦʤʝʥʦʚʳʤ ʦʩʪʦʚʦʤ 2 ʥʘ ʦʩʥʦʚʝ ʜʠʦʣʘ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʩʢʨʠʥʠʥʛ ʥʘ ʚʳʷʚʣʝʥʠʝ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. 

  
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟ ʨʷʜʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʪʝʩʪʝ "ʫʢʩʫʩʥʳʝ ʢʦʨʯʠ" ʦʙʣʘʜʘʶʪ ʩʦʝʜʠʥʝʥʠʷ Li-

314-1 ʠ Li-377 (10 ʤʛ/ʢʛ, ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʴʛʝʪʠʢʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʛʣʫʙʣʝʥʥʳʭ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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 Li-314-1     Li-377 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʪʙʦʨ ʘʛʝʥʪʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʠʟʚʦʜʥʳʭ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʣʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʦʡ ʠ ʛʠʧʝʨʪʝʥʟʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʪʠʘʟʠʥʦʚʦʛʦ 

ʨʷʜʘ, 8-ʪʝʪʨʘʛʠʜʨʦʬʫʨʬʫʨʠʣʘʤʠʥʦ- (1a), 8-ʤʝʪʠʣʘʤʠʥʦ- (1b) ʠ 8-

ʮʠʢʣʦʧʝʥʪʠʣʘʤʠʥʦ-4-ʬʫʨʬʫʨʠʣ-5,7-ʜʠʬʪʦʨ-3,4-ʜʠʛʠʜʨʦ-2H-ʙʝʥʟʦ[1,4]ʪʠʘʟʠʥ-1,1-

ʜʠʦʢʩʠʜʘ (1c) ʠ 4-ʙʝʥʟʠʣ-8-ʮʠʢʣʦʧʝʥʪʠʣʘʤʠʥʦ-5,7-ʜʠʬʪʦʨ-3,4-ʜʠʛʠʜʨʦ-2H-

ʙʝʥʟʦ[1,4]ʪʠʘʟʠʥ-1,1-ʜʠʦʢʩʠʜʘ (1d) ʧʨʦʚʦʜʠʣʠ ʥʘ ʥʘʨʢʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʮʘʭ ʢʨʳʩ ʣʠʥʠʠ ɺʠʩʪʘʨ. ɼʦʟʦʟʘʚʠʩʠʤʳʡ (ʚ ʜʦʟʘʭ ʦʪ 5 ʤʛ/ʢʛ ʜʦ 

0.05 ʤʛ/ʢʛ) ʵʬʬʝʢʪ ʙʳʣ ʧʦʢʘʟʘʥ ʜʣʷ 3 ʩʦʝʜʠʥʝʥʠʡ 1a, 1b ʠ 1c ʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʢʘʟʘʣʠ ʥʘ ʤʦʜʝʣʠ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʘʜʨʝʥʘʣʠʥʦʤ. ʇʨʠ ʵʪʦʤ ʘʛʝʥʪ 1a ʠ 1b ʧʦʢʘʟʘʣ 90% ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʞʠʚʦʪʥʳʭ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0.05 ʤʛ/ʢʛ, ʯʪʦ ʚ 60 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʝʧʘʨʘʪ ʩʨʘʚʥʝʥʠʷ 

ʤʝʪʦʧʨʦʣʦʣ. ɸʛʝʥʪ 1c ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʜʦʟʝ 0.5 ʤʛ/ʢʛ, ʯʪʦ ʚ 6 ʨʘʟ 

ʤʝʥʴʰʝ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ. ʅʘ ʤʦʜʝʣʠ ʭʣʦʨʠʜʢʘʣʴʮʠʝʚʦʡ ʚʳʩʦʢʫʶ 

ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʣ ʘʛʝʥʪ 1a ʚ ʜʦʟʝ 0.5 ʤʛ/ʢʛ. ʠ ʘʛʝʥʪ 1b ʚ ʜʦʟʝ 

5 ʤʛ/ʢʛ ʧʦʢʘʟʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫ 40% ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʳʩ. 

   
ʅʘʣʠʯʠʝ ʚʳʩʦʢʦʛʦ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʘʜʨʝʥʘʣʠʥʦʚʦʡ ʘʨʠʪʤʠʠ 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʤ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʛʫʪ 

ʚʣʠʷʪʴ ʥʘ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʨʳʩ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʠʧʝʨʪʝʥʟʠʚʥʳʭ ʩʚʦʡʩʪʚ 4-

ʬʫʨʬʫʨʠʣ-8-ʪʝʪʨʘʛʠʜʨʦʬʫʨʬʫʨʠʣʘʤʠʥʦ- (1a) ʠ 4-ʙʝʥʟʠʣ-8-ʮʠʢʣʦʧʝʥʪʠʣʘʤʠʥʦ-

5,7-ʜʠʬʪʦʨ-3,4-ʜʠʛʠʜʨʦ-2H-ʙʝʥʟʦ[1,4]ʪʠʘʟʠʥ-1,1-ʜʠʦʢʩʠʜʘ (1d) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʭ 

ʚʚʝʜʝʥʠʝ ʚʥʫʪʨʠʚʝʥʥʦ ʚʳʟʳʚʘʝʪ ʧʣʘʚʥʦʝ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦʩʣʝ 5 ʤʠʥʫʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʘʛʝʥʪʦʚ 1c ʠ 1d: ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʜʘʚʣʝʥʠʝ ʧʦʚʳʰʘʣʦʩʴ ʥʘ 34% ʠ 29% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʘʛʝʥʪʘ 1a 

ʠ 1b ʜʘʚʣʝʥʠʝ ʧʦʚʳʰʘʣʦʩʴ ʚʩʝʛʦ ʥʘ 7%. ʕʬʬʝʢʪ ʜʣʠʣʩʷ ʙʦʣʝʝ 30 ʤʠʥ. ɺʚʝʜʝʥʠʝ 

ʬʠʟʨʘʩʪʚʦʨʘ ʚ ʜʘʥʥʦʤ ʦʙʲʝʤʝ ʥʝ ʚʳʟʳʚʘʣ ʠʟʤʝʥʝʥʠʝ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʢʨʳʩ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʮʠʢʣʦʧʝʥʪʠʣʘʤʠʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʚ ʧʦʣʦʞʝʥʠʠ 8 ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʛʠʧʝʨʪʝʥʟʠʚʥʳʡ ʵʬʬʝʢʪ. LD50 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 1a-d ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 1000 ʤʛ/ʢʛ. 
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ɸʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʕʂɻ ʧʦʢʘʟʘʣ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʘʛʝʥʪʦʚ 1a ʠ 1b ʠ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʟʫʙʮʘ ʈ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʘʛʝʥʪʦʚ 1c ʠ 1d. ʇʨʠ ʵʪʦʤ ʜʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʝ ʥʦʩʠʣʦ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ ʠ ʫʢʣʘʜʳʚʘʣʦʩʴ ʚ ʜʦʧʫʩʪʠʤʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ.  

 

ʉʢʨʠʥʠʥʛ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʠʭ ʠ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ 

ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʨʙʝʨʠʥʘ, ʛʣʠʪʘʟʘʨʘ ʠ ʛʣʠʧʪʠʥʘ. ʀʟʫʯʝʥʠʝ 

ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʝʟʘʛʣʠʪʘʟʘʨʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ ʃʌɸɺ 

ʧʨʠ 6-ʪʠ ʥʝʜʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʤʳʰʘʤ ʥʘ ʬʦʥʝ ʚʳʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʦʡ ʜʠʝʪʳ ʩ 

ʮʝʣʴʶ ʦʪʨʘʙʦʪʢʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʪʝʟʘʛʣʠʪʘʟʘʨ ʚ ʜʦʟʝ 5 ʤʛ/ʢʛ ʧʨʠʚʦʜʠʪ ʢ ʜʦʩʪʦʚʝʨʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ, 

ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʑʌ (ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ) ʠ ʆʍ (ʦʙʱʝʛʦ ʭʦʣʝʩʪʝʨʠʥʘ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ, ʧʦʣʫʯʘʚʰʠʤʠ ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʴʥʫʶ ʜʠʝʪʫ. ɺʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʑʌ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʭʦʣʝʩʪʘʟʝ ʚ ʧʝʯʝʥʠ ʠʣʠ ʦ ʧʨʦʮʝʩʩʘʭ 

ʦʙʨʘʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʞʠʨʦʚʦʡ ʜʠʩʪʨʦʬʠʠ ʧʝʯʝʥʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʫʧʦʪʨʝʙʣʝʥʠʷ ʤʳʰʘʤʠ ʚʳʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʦʡ ʜʠʝʪʳ (ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ ʧʨʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ). ʇʦʚʳʰʝʥʠʝ ʆʍ 

ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʥʘʨʫʰʝʥʠʷ ʝʛʦ ʫʪʠʣʠʟʘʮʠʠ ʚ ʧʝʯʝʥʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʪʝʟʘʛʣʠʪʘʟʘʨʘ ʥʘ ʬʦʥʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʠʝʪʳ, ʩʦʜʝʨʞʘʱʝʡ ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ 

ʭʦʣʝʩʪʝʨʠʥʘ.  

ʀʟʫʯʝʥʠʝ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 7 ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʝʥʠʣʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʪʝʨʧʝʥʦʠʜʘʤʠ ʠ ʘʣʢʘʣʦʠʜʘʤʠ (ʘʛʦʥʠʩʪʳ ʨʝʮʝʧʪʦʨʘ 

FFA1 ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʃʌɸɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ 

ʜʦʩʪʦʚʝʨʥʳʤ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʚ ʜʦʟʘʭ 10 ʠ 30 ʤʛ/ʢʛ ï QS 619 ʠ QS 

528. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʠʝ ʜʦʟʳ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʙʣʦʢʠʨʫʶʱʠʭ ɼʇʇ-4.  

 

ʊʦʢʩʠʢʦ-ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʩʢʨʠʥʠʥʛ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɸʥʘʣʴʛʝʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʠʟʫʯʘʣʘʩʴ ʚ ʜʦʟʝ 5 ʤʛ/ʢʛ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʬʝʨʝʥʩʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʢʣʦʬʝʥʘʢ ʥʘʪʨʠʷ ʚ ʜʦʟʝ 10 ʤʛ/ʢʛ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ʣʠʜʝʨʘ ï chk-114, ʢʦʪʦʨʦʝ 

ʧʨʦʷʚʠʣʦ ʚʳʨʘʞʝʥʥʫʶ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʩʪʝ çʫʢʩʫʩʥʳʝ ʢʦʨʯʠè (ʋʂ) 

ʚ ʜʦʟʘʭ 1 ʠ 5 ʤʛ/ʢʛ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʠ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʤ ʚʚʝʜʝʥʠʠ ʠ chk-146, 

ʢʦʪʦʨʦʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʘʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʚ ʜʘʥʥʦʤ ʪʝʩʪʝ ʚ ʜʦʟʘʭ 1, 5 ʠ 

25 ʤʛ/ʢʛ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʠ ʚ ʜʦʟʝ 5 ʤʛ/ʢʛ ʧʨʠ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʤ 

ʚʚʝʜʝʥʠʠ.  

ʊʠʨʦʟʦʣ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ VVF79-7, VVF97-1 ʠ VVF97-2 ʚʚʦʜʠʣʠ ʚ ʜʦʟʘʭ 15 ʠ 

30 ʤʛ/ʢʛ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʢʣʦʬʝʥʘʢ ʥʘʪʨʠʷ ʚ 

ʜʦʟʝ 10 ʤʛ/ʢʛ. ʇʨʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ ʚʚʝʜʝʥʠʠ, ʩʦʝʜʠʥʝʥʠʝ VVF97-1 ʜʦʩʪʦʚʝʨʥʦ 

ʩʥʠʟʠʣʦ ʧʨʦʮʝʥʪ ʦʪʝʢʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʯʝʡ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʣʦ ʣʘʪʝʥʪʥʦʝ ʚʨʝʤʷ 

ʙʦʣʝʚʦʡ ʨʝʘʢʮʠʠ ʚ ʪʝʩʪʝ çʛʦʨʷʯʘʷ ʧʣʘʩʪʠʥʘè ʫ ʞʠʚʦʪʥʳʭ ʚ ʦʙʝʠʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 
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ʜʦʟʘʭ (15 ʠ 30 ʤʛ/ʢʛ), ʧʨʠʯʝʤ ʵʬʬʝʢʪ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʤʝʣ ʜʦʟʦʟʘʚʠʩʠʤʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʩʨʘʚʥʠʤ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʨʝʬʝʨʝʥʩ- ʧʨʝʧʘʨʘʪʘ ʜʠʢʣʦʬʝʥʘʢʦʤ ʥʘʪʨʠʷ, 

ʚʚʝʜʝʥʥʦʛʦ ʚ ʜʦʟʝ 10 ʤʛ/ʢʛ. 

 

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 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʚ ʪʝʩʪʝ çʙʝʛ ʥʘ ʪʨʝʜʙʘʥʝ 

(ʜʚʠʞʫʱʘʷʩʷ ʙʝʛʦʚʘʷ ʜʦʨʦʞʢʘ) ʜʦ ʦʪʢʘʟʘè ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ K1-458 

ï N,N-ʜʠʟʘʤʝʱʝʥʥʳʡ ʙʠʩʧʠʜʠʥ, ʩʦʜʝʨʞʘʱʠʡ ʧʠʥʘʥʦʚʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, - ʧʨʠʚʦʜʠʣʦ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʙʝʛʘ ʞʠʚʦʪʥʳʭ. 

 
ɼʣʷ ʥʝʛʦ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ, 1,5-ʜʠʤʝʪʠʣ-3,7-

ʜʠʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥ (K1-491_s) ʠ 1,5-ʜʠʵʪʠʣ-3,7-ʜʠʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥ-9-

ʦʥ (K1-497), ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ (-)-ʤʠʨʪʝʥʘʣʷ, ʩ ʚʳʭʦʜʘʤʠ ʚ 78 ʠ 43%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ɹr ʣʘ ʠʟʫʯʝʥʘ ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ N,N-ʜʠʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

1,5-ʜʠʤʝʪʠʣʙʠʩʧʠʜʠʥʦʥ-9-ʦʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʦʩʪʘʪʢʠ (-)-ʤʠʨʪʝʥʘʣʷ (ʂ1-458), 3,7-

ʜʠʤʝʪʠʣʦʢʪʘʥʦʣʘ (ʂ-406) ʠ ʧʝʨʠʣʣʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʂ-408), ʘ ʪʘʢʞʝ, ʜʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ, ʧʨʦʠʟʚʦʜʥʦʛʦ 1-ʘʤʠʥʦʘʜʘʤʘʥʪʘʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʩʪʘʪʦʢ (-)-

ʤʠʨʪʝʥʘʣʷ (ʂ-378). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʂ1-458 ʠ ʂ-378 ʧʨʠʚʦʜʠʣʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʚʨʝʤʝʥʠ ʙʝʛʘ ʞʠʚʦʪʥʳʭ ʥʘ ʪʨʝʜʙʘʥʝ (ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 
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ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʞʠʚʦʪʥʳʭ) ʯʝʨʝʟ 6 ʯ ʧʦʩʣʝ ʠʭ ʚʚʝʜʝʥʠʷ, ʠ ʠʭ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʛʝʥʪʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʚʳʙʨʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ ʩ 3,7-

ʜʠʘʟʘʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʥʦʚʳʤ (ʙʠʩʧʠʜʠʥʦʚʳʤ) ʦʩʪʦʚʦʤ (ʩʦʝʜʠʥʝʥʠʷ K1-456, K1-

458) ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʨʦʤʘʥʪʘʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ. 

 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʘ ʧʨʝʜʝʣʴʥʦʛʦ ʧʣʘʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʤʳʰʝʡ. ɼʦʩʪʦʚʝʨʥʦ ʥʘ 44% ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʣʘʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʝ K1-458 ʚ ʜʦʟʝ 100 ʤʛ/ʢʛ. ɺʚʝʜʝʥʠʝ K1-458 ʠ ʧʨʝʧʘʨʘʪʘ 

ʩʨʘʚʥʝʥʠʷ ʙʨʦʤʘʥʪʘʥʘ ʚ ʜʦʟʝ 50 ʤʛ/ʢʛ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠ ʁʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʧʣʘʚʘʥʠʷ ʞʠʚʦʪʥʳʭ ʥʘ ʫʨʦʚʥʝ ʪʝʥʜʝʥʮʠʠ (ʥʘ 20%). ʉʦʝʜʠʥʝʥʠʝ K1-456 ʚ ʜʦʟʝ 100 

ʤʛ/ʢʛ ʠ 50 ʤʛ/ʢʛ ʫʚʝʣʠʯʠʣʦ ʚʨʝʤʷ ʧʣʘʚʘʥʠʷ ʤʳʰʝʡ ʥʘ ʫʨʦʚʥʝ ʪʝʥʜʝʥʮʠʠ ʥʘ 7% ʠ 

6%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ K1-458 ʚ ʜʦʟʝ 100 ʤʛ/ʢʛ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʨʝʤʷ ʙʝʛʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʯʝʨʝʟ 1 ʯʘʩ ʠ ʯʝʨʝʟ 6 ʯʘʩʦʚ ʧʦʩʣʝ 

ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʛʦ ʚʚʝʜʝʥʠʷ (ʥʘ 35% ʠ 26% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʦʝʜʠʥʝʥʠʝ K1-458 

ʚ ʜʦʟʝ 50 ʤʛ/ʢʛ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʪʝʥʜʝʥʮʠʠ ʯʝʨʝʟ 1 ʯʘʩ ʠ 

6 ʯʘʩʦʚ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʘ 4% ʠ 7%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɼʘʣʝʝ ʙʳʣʦ ʨʝʰʝʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ K1-456, K1-

458 ʥʘ ʧʨʦʷʚʣʝʥʠʷ ʫʪʦʤʣʷʝʤʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʭʠʤʠʦʪʝʨʘʧʠʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚʚʝʜʝʥʠʝʤ 5-ʬʪʦʨʫʨʘʮʠʣʘ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʚʝʨʷʣʘʩʴ ʨʘʙʦʯʘʷ ʛʠʧʦʪʝʟʘ ʦ 

ʚʣʠʷʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʨʘʟʚʠʪʠʝ ʧʦʙʦʯʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

5-ʬʪʦʨʫʨʘʮʠʣʘ ʚ ʚʠʜʝ ʩʥʠʞʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʚʝʜʝʥʠʷ 5-ʬʪʦʨʫʨʘʮʠʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʫʤʝʥʴʰʘʣʘʩʴ 

ʜʠʩʪʘʥʮʠʷ ʙʝʛʘ ʞʠʚʦʪʥʳʭ. ʆʜʥʘʢʦ ʚʚʝʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʝʧʘʨʘʪʘ 

ʩʨʘʚʥʝʥʠʷ ʥʝ ʦʢʘʟʘʣʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʞʠʚʦʪʥʳʭ, ʩʥʠʞʝʥʥʫʶ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʚʝʜʝʥʠʷ 5-ʬʪʦʨʫʨʘʮʠʣʘ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ K1-423, K1-491_s ʠ K1-497 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪʦʚ ʩ ʙʝʛʦʚʦʡ ʜʦʨʦʞʢʦʡ ʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʧʣʘʚʘʥʠʷ ʩ ʥʘʛʨʫʟʢʦʡ 

ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʚʝʜʝʥʠʷ.  

 
ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ K1-423 ʚ ʜʦʟʝ 25 ʤʛ/ʢʛ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʨʝʤʷ ʙʝʛʘ ʚʥʫʪʨʠ ʛʨʫʧʧʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʯʝʨʝʟ 6 ʯʘʩʦʚ ʠ 

24 ʯʘʩʘ ʧʦʩʣʝ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʛʦ ʚʚʝʜʝʥʠʷ (ʥʘ 30% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʦʙʘ ʩʨʦʢʘ). 

ʉʦʝʜʠʥʝʥʠʝ K1-491_s ʚ ʜʦʟʝ 25 ʤʛ/ʢʛ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʯʝʨʝʟ 1 ʯʘʩ 

ʠ 24 ʯʘʩʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʘ 31% ʠ 27% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʚ ʜʦʟʝ 50 ʤʛ/ʢʛ ʯʝʨʝʟ 24 

ʯʘʩʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʘ 23,5%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʚʳʩʦʢʦʡ ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ in vivo ʦʙʣʘʜʘʶʪ ʯʝʪʚʝʨʪʠʯʥʳʝ 

ʘʤʤʦʥʠʝʚʳʝ ʩʦʣʠ 5,7-ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ. 
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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 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʝʢʪʨ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʪʠʚ ʦʨʪʦʧʦʢʩʚʠʨʫʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʩʧʳ, ʦʯʝʥʴ ʫʟʦʢ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʨʝʧʘʨʘʪʦʤ, ʨʘʟʨʝʰʝʥʥʳʤ ʜʣʷ ʣʝʯʝʥʠʷ 

ʥʘʪʫʨʘʣʴʥʦʡ ʦʩʧʳ ʠ ʦʩʧʳ ʦʙʝʟʴʷʥ, ʷʚʣʷʝʪʩʷ ST-246 (Tecovirimatá), ʦʜʦʙʨʝʥʥʳʡ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʉʐɸ ʚ 2018 ʛ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʩʧʘ ʩʯʠʪʘʝʪʩʷ ʧʦʙʝʞʜʝʥʥʦʡ 

ʩ 80-ʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʩʫʱʝʩʪʚʫʝʪ ʨʝʘʣʴʥʘʷ ʫʛʨʦʟʘ ʵʧʠʜʝʤʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʵʪʠʤ ʠʣʠ ʧʦʜʦʙʥʳʤ ʚʠʨʫʩʦʤ.  

ɼʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʦʨʪʦʧʦʢʩʚʠʨʫʩʘ ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʘʤʠʜʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʘʜʘʤʘʥʪʘʥʦʚʳʝ ʠ ʤʦʥʦʪʝʨʧʝʥʦʚʳʝ 

ʬʨʘʛʤʝʥʪʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1- ʠ 2-ʘʜʘʤʘʥʪʘʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ 

ʤʠʨʪʝʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʮʠʪʨʦʥʝʣʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʘʤʬʦʨ-10-ʩʫʣʴʬʦʢʠʩʣʦʪʳ.  
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ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʚʠʨʫʩʘ 

ʦʩʧʦʚʘʢʮʠʥʳ (ʦʙʦʣʦʯʝʯʥʳʡ ʚʠʨʫʩ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʢ ʩʝʤʝʡʩʪʚʫ ʧʦʢʩʚʠʨʫʩʦʚ), 

ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʣʩʷ ʩ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ. ʅʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʣʠ 

ʠʥʜʝʢʩ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚʳʰʝ, ʯʝʤ ʫ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ Cidofivir; ʩʘʤʦʝ ʚʳʩʦʢʦʝ 

ʟʥʘʯʝʥʠʝ SI = 1123 ʧʦʢʘʟʘʣ ʘʤʠʜ 1-ʘʜʘʤʘʥʪʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʤ (-

)-10-ʘʤʠʥʦ-2-ʧʠʥʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʠ ʜʨʫʛʠʭ ʦʨʪʦʧʦʢʩʚʠʨʫʩʦʚ: ʚʠʨʫʩʘ 

ʢʦʨʦʚʴʝʡ ʦʩʧʳ (SI = 30ï406) ʠ ʚʠʨʫʩʘ ʵʢʪʨʦʤʝʣʠʠ (ʚʠʨʫʩ ʦʩʧʳ ʤʳʰʠ, SI = 39ï707). 

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. 

 

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 ï ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ ʊʦʣʩʪʠʢʦʚʘ ʊʘʪʴʷʥʘ ɻʝʥʨʠʭʦʚʥʘ 

ʆʩʫʱʝʩʪʚʣʝʥ 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 "ʙʝʛʦʚʘʷ ʜʦʨʦʞʢʘ" ʠ "ʚʳʥʫʞʜʝʥʥʦʝ 

ʧʣʘʚʘʥʠʝ ʩ ʥʘʛʨʫʟʢʦʡ". ɺʳʷʚʣʝʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʪʠʭ ʪʝʩʪʘʭ. ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚʳʩʦʢʦʡ 

ʘʢʪʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ in vivo ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʤʤʦʥʠʝʚʳʝ 

ʩʦʣʠ 5,7-ʜʠʤʝʪʠʣʜʠʘʟʘʘʜʘʤʘʥʪʘʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʝ 

ʬʨʘʛʤʝʥʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʳʙʨʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

ʉʪʠʧʝʥʜʠʷ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʤʦʣʦʜʳʤ ʫʯʝʥʳʤ ʠ ʘʩʧʠʨʘʥʪʘʤ ʉʇ-2346.2019.4  

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

ɿʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʭ ʘʤʠʥʦʚ ʠʩʭʦʜʷ 

ʠʟ 3,7-ʜʠʤʝʪʠʣʦʢʪʘʥʦʣʘ, ʥʝʨʦʣʘ, ʛʝʨʘʥʠʦʣʘ, (-)-ʤʠʨʪʝʥʦʣʘ, (-)-ʥʝʨʦʣʘ, (-)-

ʧʝʨʠʣʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʢʘʤʬʦʣʝʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, (+)-ʢʘʤʬʦʨʳ, (-)-ʬʝʥʭʦʥʘ. 

ʇʦʣʫʯʝʥʠʝ ʘʤʠʥʦʚ ʠʟ ʩʧʠʨʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ, ʯʝʨʝʟ ʩʪʘʜʠʶ ʩʠʥʪʝʟʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʨʦʤʠʜʦʚ, ʠ ʜʘʣʝʝ ʧʦ ʤʝʪʦʜʫ ɻʘʙʨʠʵʣʷ ʬʪʘʣʠʤʠʜʦʚ ʩ ʠʭ 

ʨʘʩʢʨʳʪʠʝʤ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʠʥʦʚ ʠʟ ʢʘʤʬʦʨʳ ʠ ʬʝʥʭʦʥʘ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʩʠʤʳ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʩʠʩʪʝʤʦʡ NaBH4-NiCl2 ʜʦ ʘʤʠʥʦʚ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʚ ʩʣʫʯʘʝ. 
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ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʘʤʠʥʦʚ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʤʦʯʝʚʠʥ ʠ ʪʠʦʤʦʯʝʚʠʥ, 

ʩʦʜʝʨʞʘʱʠʭ ʘʜʘʤʘʥʪʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʳ ʧʦʣʫʯʠʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʦʮʠʘʥʘʪʳ ʠ ʠʟʦʪʠʘʮʠʘʥʘʪʳ. 1-ɸʜʘʤʘʥʪʘʥʟʘʤʝʱʝʥʥʳʡ 

ʠʟʦʮʠʘʥʘʪ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠʩʭʦʜʷ ʠʟ ʭʣʦʨʘʥʛʠʜʨʠʜʘ 1-ʘʜʘʤʘʥʪʘʥ ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ʂʫʨʮʠʫʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʟʦʪʠʦʮʠʘʥʘʪ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 1-ʘʤʠʥʦʘʜʘʤʘʥʪʘʥʘ ʩ ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʦʤ. ɺ 

ʩʣʫʯʘʝ ʠʟʦʤʝʨʥʳʭ 2-ʘʜʘʤʘʥʪʘʥʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʮʠʘʥʘʪʘ 2-ʘʤʠʥʦʘʜʘʤʘʥʪʘʥ ʚʚʦʜʠʣʠ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʪʨʠʬʦʩʛʝʥʦʤ, 

ʪʠʦʮʠʘʥʘʪʘ ï ʩ ʩʝʨʦʫʛʣʝʨʦʜʦʤ. ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʯʝʚʠʥʳ ʠ ʪʠʦʤʦʯʝʚʠʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ ʥʦʧʦʣʘ, 3,7-ʜʠʤʝʪʠʣʦʢʪʘʥʦʣʘ, ʤʝʥʪʦʣʘ ʠ ʢʘʤʬʦʨʳ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 18-33-20175 çʈʘʟʨʘʙʦʪʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ɼʝʤʠʜʦʚʘ ʖ.ʉ. (ʀʂ ʉʆ ʈɸʅ) 

ɺʳʧʦʣʥʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʩʪʝʨʝʦ- ʠ 
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ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ 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 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. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Au/Al2O3 ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʢʩʠʤʘ ʢʘʤʬʦʨʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʤʠʥ ʪʘʢʞʝ ʷʚʣʷʣʦʩʴ ʵʬʬʝʢʪʠʚʥʳʤ. ɺ ʩʣʫʯʘʝ ʧʨʷʤʦʛʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʦʢʩʠʤʘ ʢʘʨʚʦʥʘ ʚ ʜʠʛʠʜʨʦʢʘʨʚʦʥ ʧʫʪʝʤ 

ʜʝʦʢʩʠʤʠʟʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʩʦʧʨʷʞʝʥʥʦʡ ʩʚʷʟʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʘʨʚʦʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʦʣʦʪʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʩʚʷʟʠ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʚʢʣʘʜʘ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʛʠʜʨʠʨʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʥʘ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʭ 

ʤʦʥʦʪʝʨʧʝʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʟʦʣʦʪʘ. 
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ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʟʦʣʦʪʦ- ʠ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ 

ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʢʩʠʤʘ ʤʝʥʪʦʥʘ 

 

 

 
ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʝʥʠʷ ʦʢʩʠʤʘ ʤʝʥʪʦʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʟʦʣʦʪʦ- ʠ 

ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ 
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ɻʨʘʥʪ ʈʅʌ ˉ 19-73-20090 çɼʠʟʘʡʥ ʥʦʚʳʭ ʭʠʨʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʙʘʟʝ 

ʙʠʩʧʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ 

ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʫʨʦʚʥʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠè 

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

M.ɺ. ʃʦʤʦʥʦʩʦʚʘ) 

ʉʠʥʪʝʟʠʨʦʚʘʥ ʧʝʨʚʳʡ ʥʘʙʦʨ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʩʧʠʜʠʥʦʚ 

ʠ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʥʘʡʜʝʥʳ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʥʦʚʳʭ ʪʠʧʦʚ 

ʙʠʩʧʠʜʠʥ-ʤʦʥʦʪʝʨʧʝʥʦʚʳʭ ʛʠʙʨʠʜʦʚ. ʏʘʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʙʠʩʧʠʜʠʥʘ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʚ ʨʝʘʢʮʠʷʭ ɸʥʨʠ, 

ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʜʠʵʪʠʣʮʠʥʢʘ ʢ ʟʘʤʝʱʝʥʥʳʤ ʙʝʥʟʘʣʴʜʝʛʠʜʘʤ ʠʣʠ ʭʘʣʢʦʥʫ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʄʠʭʘʵʣʷ Et2Zn ʩ ʭʘʣʢʦʥʦʤ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʢʦʤʧʣʝʢʩʘʤʠ 

Ni(acac)2 ʩ ʙʠʩʧʠʜʠʥ-ʤʦʥʦʪʝʨʧʝʥʦʚʳʤʠ ʛʠʙʨʠʜʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʥʘʠʣʫʯʰʠʡ 

ʵʥʘʥʪʠʦʤʝʨʥʳʡ ʠʟʙʳʪʦʢ ʥʘʙʣʶʜʘʣʩʷ ʩ ʥʘʠʤʝʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʤ 

ʣʠʛʘʥʜʦʤ, ʠʟ ʠʩʧʳʪʘʥʥʳʭ ʥʘʤʠ. 

ɺʧʝʨʚʳʝ ʚ ʨʷʜʫ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʜʥʦʡ ʘʟʦʪʥʳʭ 

ʬʫʥʢʮʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʝʩʠʤʤʝʪʨʠʯʥʦ-ʟʘʤʝʱʝʥʥʳʭ ʙʠʩʧʠʜʠʥʦʚ. ʊʘʢʠʝ ʙʠʩʧʠʜʠʥʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʙʠʩʧʠʜʠʥ-

ʤʦʥʦʪʝʨʧʝʥʦʚʳʭ ʛʠʙʨʠʜʦʚ, ʠʤʝʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ 

ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʠʣʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʟʘʤʝʩʪʠʪʝʣʴ, ʠʣʠ ʦʩʪʘʪʦʢ ʘʤʠʥʦʢʠʩʣʦʪʳ. 

ʅʘʤʠ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʙʠʩʧʠʜʠʥ-ʤʦʥʦʪʝʨʧʝʥʦʚʳʝ ʛʠʙʨʠʜʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʚ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʤ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ. ʋʩʪʘʥʦʚʣʝʥʦ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ (ʨʘʩʪʚʦʨʠʪʝʣʴ, ʧʨʠʨʦʜʘ ʤʝʪʘʣʣʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ) ʥʘ ʚʳʭʦʜ ʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. 
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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 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʨʘʩʱʝʧʣʝʥʠʷ ʉʉ-

ʩʚʷʟʠ ʚ ʙʠʥʘʬʪʦʣʘʭ. ɹʠʥʦʣ (1,1'-ʙʠ-2-ʥʘʬʪʦʣ) 1 ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʳʤ 

ʭʠʨʘʣʴʥʳʤ ʨʝʘʛʝʥʪʦʤ. ʅʝʜʘʚʥʦ ʥʘʤʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ 

ʨʘʮʝʤʠʟʘʮʠʠ ʙʠʥʦʣʘ ʚ ʚʦʜʥʳʭ ʢʠʩʣʦʪʘʭ ʠ ʩʫʧʝʨʢʠʩʣʦʪʘʭ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʚ ʩʫʧʝʨʢʠʩʣʦʪʘʭ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ī100·ī20 Áʉ) ʦʙʨʘʟʫʝʪʩʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʥʝʞʝʩʪʢʘʷ C1,C1'-ʜʠʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ 2, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʡ ʙʘʨʴʝʨ ʨʘʮʝʤʠʟʘʮʠʠ ʙʠʥʦʣʘ ʢʘʨʜʠʥʘʣʴʥʦ ʧʦʥʠʞʘʝʪʩʷ. ʇʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʠʢʘʪʠʦʥ 2 ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʝʦʞʠʜʘʥʥʦ ʣʝʛʢʦʝ 

ʨʘʩʱʝʧʣʝʥʠʝ ʧʦ ʩʚʷʟʠ Ar-Ar. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʙʳʣ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ.  

 
ʄʝʪʦʜʘʤʠ ʗʄʈ ʠʟʤʝʨʝʥʘ ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʠ ʙʠʥʦʣʘ ʚ ʩʫʧʝʨʢʠʩʣʦʡ ʩʨʝʜʝ 

CF3SO3H-CD2Cl2, ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʘʪʠʦʥʦʚ. 

ʄʝʪʦʜʦʤ ʕʇʈ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʩ ʫʯʘʩʪʠʝʤ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ. ʄʝʪʦʜʦʤ CASSCF ʠʩʩʣʝʜʦʚʘʥʘ ʢʣʶʯʝʚʘʷ 

ʩʪʘʜʠʷ ʧʨʦʮʝʩʩʘ ï ʛʦʤʦʣʠʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʩʚʷʟʠ C1(sp3)ïC1'(sp3) ʜʠʢʘʪʠʦʥʘ 

2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʘʨʳ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ. ɼʠʩʩʦʮʠʘʮʠʷ ʵʪʦʡ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʘʨʳ, ʦʙʣʝʛʯʘʝʤʘʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʦʪʪʘʣʢʠʚʘʥʠʝʤ, ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʪʠʦʥʘ 3, ʘ ʨʝʢʦʤʙʠʥʘʮʠʷ ʧʦ ʧʦʣʦʞʝʥʠʷʤ 1 ʠ 6, ʥʘʠʙʦʣʝʝ 

ʙʦʛʘʪʳʤ ʥʝʩʧʘʨʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ, ï ʢʘʢ ʢ ʠʩʭʦʜʥʦʤʫ ʜʠʢʘʪʠʦʥʫ 
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2, ʪʘʢ ʠ ʢ ʠʟʦʤʝʨʥʳʤ ʜʠʢʘʪʠʦʥʘʤ 4 ʠ 5 ʩʦ ʩʚʷʟʷʤʠ C1ïC6' ʠ C6ïC6' 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉʫʧʝʨʵʣʝʢʪʨʦʬʠʣʴʥʘʷ ʘʢʪʠʚʘʮʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʥʦʣʘ. ʃʦʛʠʯʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʙʠʥʦʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʬʦʨʤ ʩ sp3-ʛʠʙʨʠʜʥʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʩʦʝʜʠʥʷʶʱʠʤʠ ʥʘʬʪʠʣʴʥʳʝ 

ʢʦʣʴʮʘ, ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʣʝʛʢʦʩʪʴ ʘʪʨʦʧʠʟʦʤʝʨʠʟʘʮʠʠ, ʥʦ ʠ ʥʘ 

ʥʝʢʦʪʦʨʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʙʦʢʦʚʳʭ ʯʘʩʪʷʭ ʢʦʣʝʮ. ʊʘʢ, 

ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʙʠʥʦʣ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʥʝ 

ʨʝʘʛʠʨʫʝʪ ʩ ʙʝʥʟʦʣʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʦʙʥʦʛʦ ɓ-ʥʘʬʪʦʣʘ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʙʠʥʦʣʘ ʩ ʭʣʦʨʠʜʦʤ 

ʘʣʶʤʠʥʠʷ: ʪʘʫʪʦʤʝʨʥʘʷ ʢʝʪʦ-ʬʦʨʤʘ ʩʦ ʩʚʷʟʴʶ C1(sp3)ïC1'(sp3), ʥʘʠʙʦʣʝʝ 

ʩʢʣʦʥʥʘʷ ʢ ʩʫʧʝʨʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʝʘʢʮʠʠ ʩ 

ʙʝʥʟʦʣʦʤ, ʦʢʘʟʳʚʘʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʦʡ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʥʦʣʘ ʵʪʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ, ʥʦ ʧʦ ʙʦʢʦʚʳʤ 

ʢʦʣʴʮʘʤ ï ʧʦ ʪʝʤ ʧʦʣʦʞʝʥʠʷʤ, ʢʫʜʘ ʥʘʧʨʘʚʣʝʥʦ ʘʢʪʠʚʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ.  

 
ʉʫʧʝʨʵʣʝʢʪʨʦʬʠʣʴʥʘʷ ʘʢʪʠʚʘʮʠʷ ʥʘʬʪʘʣʠʥʜʠʦʣʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

2,3-ʥʘʬʪʘʣʠʥʜʠʦʣ ʚ ʫʩʣʦʚʠʷʭ ʩʫʧʝʨʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʛʘʣʦʛʝʥʠʜʘʤʠ ʘʣʶʤʠʥʠʷ ʣʝʛʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʝʥʟʦʣʦʤ. ʕʪʘ ʨʝʘʢʮʠʷ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʮʝʧʦʯʢʦʡ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʠ ʩ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤ ʧʨʦʜʫʢʪʘʤ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ 

ʩʪʨʦʝʥʠʷ. ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʗʄʈ, 

ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʵʪʦʛʦ ʥʝʦʙʳʯʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. 

 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʢʣʘʩʪʝʨʥʳʭ 

ʧʦʣʠʙʨʦʤʠʜʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʙʨʦʤʠʨʦʚʘʥʠʷ 
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ʪʨʠ-ʪʨʝʪʙʫʪʠʣʙʝʥʟʦʣʘ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʜʪʚʝʨʜʠʪʴ ʚʳʩʢʘʟʘʥʥʫʶ 

ʥʘʤʠ ʨʘʥʝʝ ʛʠʧʦʪʝʟʫ (ʨʠʩ. 1) ʦʙ ʫʯʘʩʪʠʠ ʢʣʘʩʪʝʨʦʚ ʙʨʦʤʘ ʚ ʨʝʘʢʮʠʷʭ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʦʜʝʣʴʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, 1,3,5-ʪʨʠ-ʪʨʝʪʙʫʪʠʣʙʝʥʟʦʣ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʚʫʤ ʢʦʥʢʫʨʝʥʪʥʳʤ 

ʨʝʘʢʮʠʷʤ, ʙʨʦʤʦ-ʜʝ-ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʠ ʙʨʦʤʦ-ʜʝ-ʪʨʝʪʙʫʪʠʣʠʨʦʚʘʥʠʶ, ʫ 

ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʦʙʲʝʤ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ (HïCïBr ʠ 

t-BuïCïBr). ɽʩʣʠ ʚʳʩʢʘʟʘʥʥʘʷ ʚʳʰʝ ʛʠʧʦʪʝʟʘ ʚʝʨʥʘ, ʙʨʦʤʦ-ʜʝ-ʪʨʝʪ-

ʙʫʪʠʣʠʨʦʚʘʥʠʝ ʧʦʪʨʝʙʫʝʪ ʢʣʘʩʪʝʨʦʚ ʙʨʦʤʘ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ. 

ʂʠʥʝʪʠʯʝʩʢʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʵʪʦʛʦ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʷʜʢʘ ʨʝʘʢʮʠʠ ʧʦ 

ʙʨʦʤʫ, ʘ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ï ʫʯʘʩʪʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ 

ʙʨʦʤʘ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʝʘʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʜʚʠʥʫʪʫʶ ʛʠʧʦʪʝʟʫ.  

˥͙͔ͨͦͭ͊͘Υ Br2n-1 Br2m-1 m > n

˸͔ͦ͒͡ΈΥ

˴͙͔͙ͤͭ͊͟ 
όͨͦͪΎ͒ͦ͟ ͨͦ ͋ͪͦͣͯύΥ            пΦп                                        тΦл

˾͊ͫ;͔ͭDFT:

n = 3 m = 5
 

ʈʠʩ. 1. ʀʣʣʶʩʪʨʘʮʠʷ ʛʠʧʦʪʝʟ r ʦʙ ʫʯʘʩʪʠʠ ʢʣʘʩʪʝʨʦʚ ʙʨʦʤʘ ʚ ʨʝʘʢʮʠʷʭ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʣʠʙʨʦʤʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʪʠʧʘ ArH-Br2n ʠ ArHBr+-Br2n-1
ï ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʢʨʘʡʥʝ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʞʝʩʪʢʠʝ ʩʠʩʪʝʤʳ, ʠ ʠʭ ʇʇʕ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ. ɺʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʠʩʢʘ ʪʘʢʠʭ ʤʠʥʠʤʫʤʦʚ. 

ʆʙʳʯʥʳʝ ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʧʨʠʤʝʥʠʤʳ, ʪʘʢ 

ʢʘʢ ʦʪʩʫʪʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ, ʩʧʦʩʦʙʥʘʷ ʦʧʠʩʳʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ 

ʠʦʥʥʳʝ ʘʩʩʦʮʠʘʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʙʨʦʤ. ʂʚʘʥʪʦʚʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ DFT (ʘ ʪʝʤ ʙʦʣʝʝ ab initio) ʪʘʢʞʝ ʥʝʧʨʠʤʝʥʠʤʘ, 

ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʥʝʧʨʠʝʤʣʝʤʦ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʛʦʨʘʟʜʦ ʤʝʥʝʝ 

ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʨʝʩʫʨʩʘʤ, ʦʜʥʘʢʦ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ MNDO, 
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AM1, RM1, PM3-PM7 ʥʝ ʩʧʦʩʦʙʥʳ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʚʘʪʴ ʵʥʝʨʛʠʶ ʩʣʦʞʥʳʭ 

ʠʦʥʥʳʭ ʠ ʨʘʜʠʢʘʣʴʥʳʭ ʘʩʩʦʮʠʘʪʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʠʩʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ ʪʦʯʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʪʘʢʠʝ ʢʘʢ QM ɼ. ʃʘʡʢʦʚʘ ʠ GFN2-xTB ʉ. ɻʨʠʤʤʝ, ʧʨʠʯʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ (ʇʨʠʨʦʜʘ ʠ xtb ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠʤʝʝʪʩʷ ʠ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ. ʅʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʭ ʥʝʟʘʚʠʩʠʤʦʡ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʘ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʵʪʦʤʫ ʠ 

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʛʨʘʥʪʘ ʚʳʧʦʣʥʠʪʴ ʝʱʝ ʦʜʥʫ 

ʨʘʥʝʝ ʥʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʫʶ ʨʘʙʦʪʫ. ʎʝʣʴʶ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʠ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʙʳ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʵʥʝʨʛʠʠ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʥʬʦʨʤʝʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ. ɼʣʷ 

ʵʪʦʛʦ: 

- ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 37Conf8, ʚʢʣʶʯʘʶʱʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʢʦʥʬʦʨʤʝʨʳ ʜʣʷ 37 ʩʪʨʫʢʪʫʨʥʦ-ʥʝʞʝʩʪʢʠʭ ʤʦʣʝʢʫʣ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʨʘʟʥʳʝ ʢʣʘʩʩʳ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʠʟʚʝʩʪʥʳʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʜʨʫʛʠʝ ʚʘʞʥʳʝ 

ʭʠʤʠʢʘʪʳ) (ʨʠʩ. 2); 

- ʤʝʪʦʜʦʤ CCSD(T), ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè ʢʚʘʥʪʦʚʦʡ 

ʭʠʤʠʠ, ʨʘʩʩʯʠʪʘʥʳ ʪʦʯʥʳʝ ʵʥʝʨʛʠʠ ʢʦʥʬʦʨʤʝʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʫ 

37Conf8; 

- ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ ʩ ʩʠʣʦʚʳʤ ʧʦʣʝʤ 

MMFF94 ʧʨʦʚʝʨʝʥʳ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʵʥʝʨʛʠʠ. ʆʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘʜ ʢʣʘʩʩʠʯʝʩʢʠʤʠ. ɺʳʷʚʣʝʥʘ 

ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ MMFF94 ï ʟʘʤʝʪʥʘʷ ʦʰʠʙʢʘ ʚ ʨʘʩʯʝʪʘʭ 

ʦʪʜʝʣʴʥʳʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʵʥʝʨʛʠʡ, ʥʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʨʘʥʞʠʨʦʚʘʥʠʠ 

ʢʦʥʬʦʨʤʝʨʦʚ; 

- ʧʨʝʜʣʦʞʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʠʟʙʝʞʘʪʴ ʨʝʩʫʨʩʦʝʤʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ.  
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ʈʠʩ. 2. ɹʘʟʘ ʜʘʥʥʳʭ 37Conf8. 

 

ʀʟʫʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

ʤʦʥʦʟʘʤʝʱʝʥʥʦʛʦ ʬʦʬʦʨʠʣʛʫʘʥʠʜʠʥʪʨʠʥʫʢʣʝʦʪʠʜʘ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʜʠʘʩʪʝʨʝʦʤʝʨʳ 

ʬʦʩʬʦʨʠʣʛʫʘʥʠʜʠʥʪʨʠʥʫʢʣʝʦʪʠʜʦʚ ʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʨʠʥʫʢʣʝʦʪʠʜ 

(ʨʠʩ. 3). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ 

ʬʦʩʬʦʨʠʣʛʫʘʥʠʜʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʫʩʪʦʡʯʠʚʳ ʢ ʨʘʩʱʝʧʣʝʥʠʶ 

ʥʫʢʣʝʘʟʘʤʠ. ʊʘʢ, ʠʩʭʦʜʥʳʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ ʧʦʣʥʦʩʪʴʶ ʨʘʩʱʝʧʣʷʝʪʩʷ 

ʟʤʝʠʥʦʡ ʬʦʩʬʦʵʩʪʠʨʘʟʦʡ ʟʘ ʧʦʣʯʘʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʥʝ ʨʘʩʱʝʧʣʷʶʪʩʷ ʜʘʞʝ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 

ʥʝʜʝʣʠ. ʉ ʧʦʤʦʱʴʶ ʗʄʈ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʪʨʦʝʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʪʨʠʥʫʢʣʝʦʪʠʜʦʚ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ 

ʧʨʝʜʧʦʣʦʞʝʥʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʪʦʤʘ ʬʦʩʬʦʨʘ. 
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ʈʠʩ. 3. ɼʠʘʩʪʝʨʝʦʤʝʨʳ ʬʦʩʬʦʨʠʣʛʫʘʥʠʜʠʥʪʨʠʥʫʢʣʝʦʪʠʜʦʚ ʠ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʨʠʥʫʢʣʝʦʪʠʜ. 

 

ʇʝʨʝʢʣʶʯʘʝʤʳʝ ʘʣʢʦʩʠʘʤʠʥʳ- ʠʥʠʮʠʘʪʦʨʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʄʝʪʦʜ ʨʘʜʠʢʘʣʴʥʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ çʞʠʚʦʡè 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʈʂʇ) 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 ʛʦʤʦʣʠʟʘ ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʥʘʤʠ 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 
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ʘʣʢʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʢʘʢ ʣʦʚʫʰʢʫ ʨʝʘʢʮʠʦʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢʠʩʣʦʨʦʜʘ. (M. 

Edeleva et al. Materials, 2019, V.12, N5, Pp. 688-707 doi: 10.3390/ma12050688 

IF=2.467, Q2, Mariya Edeleva, et al. RSC Adv., 2019, 9, 25776 DOI: 

10.1039/c9ra05334d , IF=3.049, Q2).  

 
ʈʠʩ. 4. ɺʣʠʷʥʠʝ ʥʘ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʛʦʤʦʣʠʟʘ ʘʣʢʦʢʩʠʘʤʠʥʦʚ. 

 

ʀʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ çʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʩʧʠʥ-

ʤʝʯʝʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʈʅʂ- ʠ ɼʅʂ-ʦʣʠʛʦʤʝʨʦʚ ʩ 40S ʩʫʙʯʘʩʪʠʮʘʤʠ, 

ʩʚʦʙʦʜʥʳʤʠ ʠʣʠ ʩʚʷʟʘʥʥʳʤʠ ʩ ʤʈʅʂ ʠ ʪʈʅʂè ʋʯʘʩʪʥʠʢʠ ʧʨʦʝʢʪʘ ï ʅʀʆʍ 

ʉʆ ʈɸʅ, ʀʍɹʌʄ ʉʆ ʈɸʅ, ʄʊʎ ʉʆ ʈɸʅ.  

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

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 (ʨʠʩ. 5). 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 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 (ʨʠʩ. 6).  
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ʈʠʩ. 5. ʂʦʤʧʣʝʢʩ r40S ʩʫʙʯʘʩʪʠʮʳ ʨʠʙʦʩʦʤʳ ʯʝʣʦʚʝʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʈʅʂ. 

ɸ- ʈʘʩʧʦʣʦʞʝʥʠʝ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ ʢʦʨʦʪʢʠʭ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʈʅʂ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʯʘʩʪʢʘ ʚʭʦʜʘ ʚ ʤʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʡ ʢʘʥʘʣ (mRNA entry site) 

ʠ ʦʩʪʘʪʢʦʤ ʂ62 ʙʝʣʢʘ uS3 ʥʘ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ 40S ʩʫʙʯʘʩʪʠʮʳ ʨʠʙʦʩʦʤʳ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ɺ- ʦʙʱʠʡ ʚʠʜ 40S ʩʫʙʯʘʩʪʠʮʳ ʩʦ ʩʪʦʨʦʥʳ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʩ 60S ʩʫʙʯʘʩʪʠʮʝʡ, ʩʧʨʘʚʘ ï 

ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ 40S ʩʫʙʯʘʩʪʠʮʳ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʨʠʙʦʩʦʤʥʳʭ ʙʝʣʢʦʚ ʦʪʤʝʯʝʥʳ ʩʠʥʠʤ, 

ʘ ʧʨʝʜʧʦʣʦʛʘʝʤʦʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʯʘʩʪʢʘ ʩʚʷʟʳʚʘʥʠʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʈʅʂ ʧʦʢʘʟʘʥʦ ʢʨʘʩʥʳʤ ʧʫʥʢʪʠʨʦʤ. 

 
ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʳ ʠʤʧʫʣʴʩʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʕʇʈ ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʩʧʠʥʦʚʳʤʠ ʤʝʪʢʘʤʠ ʚ ʤʘʪʨʠʯʥʦʡ ʈʅʂ.  
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ɺʳʷʚʣʝʥ ʫʯʘʩʪʦʢ ʥʘ 40S ʩʫʙʯʘʩʪʠʮʝ ʚʙʣʠʟʠ ʤʝʩʪʘ ʚʭʦʜʘ ʚ ʤʈʅʂ-

ʩʚʷʟʳʚʘʶʱʠʡ ʢʘʥʘʣ, ʛʜʝ ʤʦʛʣʠ ʙʳ ʩʚʷʟʳʚʘʪʴʩʷ ʦʜʥʦʮʝʧʦʯʝʯʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʤʈʅʂ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ 

ʧʨʷʤʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʫʯʘʩʪʠʶ ʨʠʙʦʩʦʤ ʚ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʪʨʘʥʩʣʠʨʫʝʤʳʭ 

ʤʈʅʂ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʪʨʫʢʪʫʨʥʫʶ ʜʠʥʘʤʠʢʫ 

ʤʈʅʂ ʚ ʦʙʣʘʩʪʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʪʝʨʤʠʥʘʮʠʠ 

ʪʨʘʥʩʣʷʮʠʠ, ʚʢʣʶʯʘʷ ʫʟʥʘʚʘʥʠʝ ʩʪʦʧ-ʢʦʜʦʥʘ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʫʶ ʩʪʘʜʠʶ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʫʶ ʨʝʮʠʢʣʠʥʛʫ ʨʠʙʦʩʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʪʨʘʥʩʣʷʮʠʠ ʫ ʯʝʣʦʚʝʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʷʜʘ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʥʘʨʫʰʝʥʠʝʤ. ʅʘʫʯʥʳʡ ʫʨʦʚʝʥʴ ʚʳʧʦʣʥʝʥʥʦʡ 

ʅʀʈ, ʚ ʮʝʣʦʤ, ʩʦʧʦʩʪʘʚʠʤ ʩ ʣʫʯʰʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʨʠʙʦʩʦʤ (Nucleic Acids Res. 2019, 

IF=11.147, Q1). 

 

ɻʨʘʥʪ ʈʅʌ 17-73-10101 çʄʝʪʘʣʣ-ʧʦʣʠʤʝʨʥʳʝ ʤʠʮʝʣʣʳ ʢʘʢ ʢʦʥʪʝʡʥʝʨʳ 

ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚè 

ʜ.ʭ.ʥ. ɽʜʝʣʝʚʘ ʄʘʨʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ. 

ɿʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʪʨʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ 

ʩʦʩʪʘʚʘ ʧʦʣʠ-ʩʪʠʨʦʣ-ʨʘʥ-ʊɸʄ-ʨʘʥ-ʚʠʥʠʣʧʠʨʠʜʠʥ-ʙʣʦʢ-ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜ-

ʙʣʦʢ- ʧʦʣʠ-ʩʪʠʨʦʣ-ʨʘʥ-ʊɸʄ-ʨʘʥ-ʚʠʥʠʣʧʠʨʠʜʠʥ (ʨʠʩ. 7). ɿʘ ʩʯʝʪ ʩʚʦʝʛʦ 

ʘʤʬʠʬʠʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʜʘʥʥʳʡ ʧʦʣʠʤʝʨ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʤʠʮʝʣʣʳ ʚ ʚʦʜʝ. ɿʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʥʦʤʝʨʘ 

ʚʠʥʠʣʧʠʨʠʜʠʥʘ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʦʙʨʘʪʠʤʫʶ ʩʰʠʚʢʫ ʷʜʨʘ ʤʠʮʝʣʣʳ, 

ʧʦʚʳʰʘʷ ʝʝ ʩʪʘʙʠʣʴʥʦʩʪʴ. ɸ ʥʘʣʠʯʠʝ ʩʧʠʥʦʚʦʡ ʤʝʪʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʤʠʮʝʣʣ ʤʝʪʦʜʦʤ ʕʇʈ. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʦʚʳʰʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʠʮʝʣʣ, ʤʳ ʩʨʘʚʥʠʣʠ ʧʦʚʝʜʝʥʠʝ ʦʙʳʯʥʳʭ ʠ ʩʰʠʪʳʭ ʩʦʣʴʶ 

ʮʠʥʢʘ ʤʠʮʝʣʣ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʚ ʨʘʩʪʚʦʨʝ NaCl, ʠʤʠʪʠʨʫʶʱʝʤ ʧʣʘʟʤʫ 

ʢʨʦʚʠ, ʠ ʚ ʨʘʩʪʚʦʨʝ ʩ ʨʅ = 5.0, ʠʤʠʪʠʨʫʶʱʝʤ ʚʥʝʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ ʣʘʢʪʠʜ-

ʧʨʦʜʫʮʠʨʫʶʱʝʡ ʦʧʫʭʦʣʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʠʩʣʦʪʥʦʩʪʴ ʚʥʝʰʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ 

ʪʘʢʠʭ ʦʧʫʭʦʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʦʡ, ʜʦ ʨʅ = 2.  
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ʈʠʩ. 7. ʉʠʥʪʝʟ ʪʨʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ p-(Sty-ran-VP)-block-PEG-block-p-(Sty-
ran-VP) ABA, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʤʝʪʘʣʣ-ʧʦʣʠʤʝʨʥʳʭ ʤʠʮʝʣʣ. 

ʀʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʰʠʪʳʝ ʤʠʮʝʣʣʳ ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ, ʦʜʥʘʢʦ ʨʘʩʧʘʜʘʶʪʩʷ ʚ 

ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʥʠʞʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʜʣʷ 

ʪʘʢʠʭ ʢʦʥʪʝʡʥʝʨʦʚ ʚʥʝʰʥʠʤ ʪʨʠʛʛʝʨʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʦʪʢʨʳʪʠʝ 

ʢʦʥʪʝʡʥʝʨʘ ʠ ʚʳʭʦʜ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʟ ʥʝʛʦ. ɿʘ ʩʯʝʪ ʥʘʣʠʯʠʷ 

ʩʧʠʥʦʚʦʡ ʤʝʪʢʠ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʳ, ʦʙʨʘʟʫʶʱʝʡ ʤʠʮʝʣʣʫ, ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʤʠʮʝʣʣʳ ʤʝʪʦʜʦʤ ʕʇʈ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʘ ʩʧʝʢʪʨʘ 

ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʩʪʦʷʥʠʠ ʤʠʮʝʣʣ. ʋʰʠʨʝʥʥʳʡ ʩʧʝʢʪʨ ʕʇʈ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʤʠʮʝʣʣʘ ʩʪʘʙʠʣʴʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ 

ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʘʛʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʥʝʝ. ʋʰʠʨʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʝʪ 

ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʊɸʄ ʨʘʜʠʢʘʣʦʚ ʚʥʫʪʨʠ ʷʜʨʘ ʤʠʮʝʣʣ. 

ʉʫʞʝʥʠʝ ʩʧʝʢʪʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʠʟʦʰʣʦ ʨʘʟʨʫʰʝʥʠʝ 

ʤʠʮʝʣʣ, ʪʘʢ ʢʘʢ ʊɸʄ ʤʝʪʢʠ ʙʦʣʴʰʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝ ʩʙʣʠʞʝʥʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦ ʬʦʨʤʝ ʩʧʝʢʪʨʘ ʤʦʞʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʩʦʩʪʦʷʥʠʠ ʤʠʮʝʣʣʳ ʠ 

ʚʳʭʦʜʝ ʠʟ ʥʝʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ɻʨʘʥʪ ʈʌʌʀ 17-53-50043 çʗʌ_ʘè. çʉʠʥʪʝʟ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʧʠʥʦʚʳʭ ʩʠʩʪʝʤ 

ʠ ʧʨʠʤʝʥʝʥʠʝ ʗʄʈ ʧʘʨʘʜʠʛʤʳ ʜʣʷ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠè 

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

ʂʦʥʢʨʝʪʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʨʝʘʣʠʟʘʮʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ (ʢʚʘʥʪʦʚʳʭ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ) ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʥʘ ʩʧʠʥʘʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʘ ʠʤʝʥʥʦ 

ʧʦʣʠʨʘʜʠʢʘʣʦʚ (ʙʠ-, ʪʨʠ- ʠ ʪʝʪʨʘʨʘʜʠʢʘʣʦʚ) ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʠ 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʧʦʣʝʡ (ʪ.ʝ., ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʧʫʣʴʩʦʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ (ʀʇʌ)). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʯʝʡ ʧʨʦʝʢʪʘ ʨʦʩʩʠʡʩʢʦʡ 

ʢʦʤʘʥʜʦʡ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʤʝʰʘʥʥʳʭ ʪʨʠʨʘʜʠʢʘʣʘ ʩ ʤʘʣʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (J << AN) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʘʢʮʠʠ ʩʦʯʝʪʘʥʠʷ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʥʳʤ ʩʧʠʨʦʟʘʤʝʱʝʥʥʦʛʦ ʪʠʧʘ 2,5-
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ʜʠʛʠʜʨʦʠʤʠʜʘʟʦʣʘ ʤʦʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʠ ʜʚʫʭ ʤʦʣʷʨʥʳʭ ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʠʪʨʦʢʩʠʜʦʚ ʪʠʧʘ ʧʨʦʢʩʠʣ ʊɽʄʇʆ ʠʣʠ 

2,5-ʜʠʛʠʜʨʦ-1ʅ-ʧʠʨʨʦʣ. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʙʠʨʘʜʠʢʘʣʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʕʇʈ X, Q- ʠ W-

ʜʠʘʧʘʟʦʥʘ ʙʠʨʘʜʠʢʘʣʦʚ ʠ ʤʦʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʠʨʘʜʠʢʘʣʦʚ ʙʳʣʠ 

ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʠʠ 

UB3LYP / 6-31G (d). ɹʳʣʦ ʥʘʡʜʝʥʦ ʜʚʘ ʪʠʧʘ ʩʧʠʥʦʚʳʝ ʨʘʩʩʪʦʷʥʠʡ ʚ 

ʪʨʠʨʘʜʠʢʘʣʘʭ: ʢʦʨʦʪʢʠʝ - ʩ ʨʘʩʩʪʦʷʥʠʝʤ 13-17 ¡ (D å 11-24 ʄɻʮ) ʠ ʜʣʠʥʥʳʝ 

ï ʩ ʨʘʩʩʪʦʷʥʠʝʤ 21-23¡ (D å 4-6 ʄɻʮ). ʅʘʠʙʦʣʴʰʝʝ ʚʨʝʤʷ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʠ 

ʩʧʠʥ-ʨʝʰʝʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʧʨʠ 50 ʂ ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ 

ʪʨʠʨʘʜʠʢʘʣʘ, ʥʝʩʫʱʝʛʦ ʜʚʘ ʬʨʘʛʤʝʥʪʘ TEMPO, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭʩʧʠʥʦʚʦʛʦ ʢʫʙʠʪʘ ʤʦʜʝʣʠ ʜʣʷ ʦʧʝʨʘʮʠʡ 

ʩ ʢʚʘʥʪʦʚʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ.  

ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʙʠʨʘʜʠʢʘʣʳ ʥʘ ʦʩʥʦʚʝ ʪʨʠʪʠʣʴʥʳʭ ʠ 

ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢʦʚʘʣʝʥʪʥʦ-ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ p-

ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʘʨʠʣʴʥʳʭ ʣʠʥʢʝʨʦʚ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʜʝʣʴ ʙʠʨʘʜʠʢʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʙʤʝʥʥʳʝ (J) ʠ 

ʩʚʝʨʭʪʦʥʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʟʝʝʤʘʥʦʚʩʢʠʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʟʥʦʩʪʴʶ g-ʬʘʢʪʦʨʦʚ. ʄʝʪʦʜʳ ʕʇʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ X-, Q-, W ï ʜʠʘʧʘʟʦʥʘʭ ʠ 1H-ENDOR-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ 

ʙʠʨʘʜʠʢʘʣʦʚ, ʚʢʣʶʯʘʷ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʢʦʥʩʪʘʥʪʳ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦʢʘʟʘʣʠʩʴ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʪʘʢʦʚʳʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʙʠʨʘʜʠʢʘʣʳ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʜʣʷ ʤʝʪʦʜʦʚ ʩʧʠʥʦʚʳʭ ʤʘʥʠʧʫʣʷʮʠʡ 

ʥʘ ʦʩʥʦʚʝ AWG (ʛʝʥʝʨʘʪʦʨ ʧʨʦʠʟʚʦʣʴʥʳʭ ʚʦʣʥ) ʜʣʷ GRAPE (GRAdient Pulse 

Engineering) ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʧʠʥʘʤʠ ʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʛʥʠʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʧʠʥʦʚʳʭ 

ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʳʡ ʩʠʛʥʘʣ ʫʩʠʣʝʥʠʝ 

ʩʝʣʝʢʪʠʚʥʳʭ ʠ ʦʩʣʘʙʣʝʥʥʳʭ ʩʚʝʨʭʪʦʥʢʠʭ ʩʠʛʥʘʣʦʚ (ʈʠʩ.4).  

ʅʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʪʘʙʠʣʴʥʳʭ ʛʠʙʨʠʜʥʳʭ ʧʦʣʥʦʩʪʴʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʦʪʢʨʳʪʳʤʠ 

ʦʙʦʣʦʯʢʘʤʠ - ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʬʝʥʦʢʩʠʥʠʪʨʦʢʩʠʜʘ, ʜʣʷ ʦʮʝʥʢʠ 
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ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʷʪʴ 

ʨʘʜʠʢʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʘʣʠʬʘʪʠʯʝʩʢʠʡ, ʘʨʦʤʘʪʠʯʝʩʢʠʡ 

ʠʣʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʡ 

ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʙʦʢʦʚʦʡ ʯʘʩʪʠ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʤʦʣʝʢʫʣ. ʀʭ 

ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʈʘʩʯʝʪʳ ʕʇʈ ʠ DFT 

ʧʦʜʪʚʝʨʜʠʣʠ ʩʧʠʥʦʚʫʶ 

ʜʝʣʦʢʘʣʠʟʘʮʠʶ ʜʣʷ ʚʩʝʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʦ ʥʝʩʦʧʨʷʞʝʥʥʳʤ 

ʬʨʘʛʤʝʥʪʘʤ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʠʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʀʟʤʝʨʝʥʠʷ ʉʂɺʀɼʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʠʪʨʦʢʩʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʣʢʠʣʴʥʳʝ ʠʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʠ, 

ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʧʘʨʘʤʘʛʥʝʪʠʢʠ ʂʶʨʠ-ɺʝʡʩʩʘ ʩʦ ʩʣʘʙʳʤ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ (AFM) (Ū = -1 õ -2.6K) ʠʣʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ (FM) (Ū = 

+ 0.33K) ʩʧʠʥ-ʩʧʠʥʦʚʳʤ ʦʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʆʜʥʘʢʦ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠ ʟʘʤʝʱʝʥʥʳʡ ʬʝʥʦʢʩʠʣʥʠʪʨʦʢʩʠʜ ʧʦʢʘʟʘʣ 

ʟʥʘʯʠʪʝʣʴʥʦʝ AFM-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ J/kB = ï25,6 K. ɸʥʘʣʠʟ ʦʙʲʝʤʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʨʘʩʯʝʪʦʚ 

DFT ʚʳʷʚʠʣ ʢʦʥʢʫʨʝʥʮʠʶ ʤʝʞʜʫ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 

AFM ʠ FM, ʚʦʟʥʠʢʘʶʱʠʤʠ ʠʟ CO (ʬʝʥʦʢʩʠʣ) ... Me (ʥʠʪʨʦʢʩʠʜ) ʠʣʠ (N) OC 

(ʘʨʦʤ) ~ 1-D ʛʦʣʦʚʘ- ʭʚʦʩʪ ʠ ʜʠʤʝʨʳ C (ʘʨʦʤ) -C (ʘʨʦʤ) ʪʠʧʘ çʛʦʣʦʚʘ-ʭʚʦʩʪè, 

ʦʙʨʘʟʫʶʱʠʝ ʪʨʝʭʤʝʨʥʳʝ ʩʝʪʠ ʯʝʨʝʟ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ. 

 

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 ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ɹʘʛʨʷʥʩʢʘʷ ɽʣʝʥʘ ɻʨʠʛʦʨʴʝʚʥʘ 

ɺ ʧʨʦʝʢʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʤʦʙʠʣʴʥʦʩʪʠ ʙʝʣʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʨʦʣʠ ʚ ʧʘʪʦʛʝʥʝʟʝ, ʤʝʪʦʜʘʤʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 
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ʠʤʧʫʣʴʩʥʦʡ ʜʠʧʦʣʴʥʦʡ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

 

         
ʈʠʩ. 8. ʉʧʠʥʦʚʳʝ ʤʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ OXO63. 

 

1) ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʬʠʣʴʥʦʛʦ 

ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ OXO63 ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʦʩʪʠʢʘ ʜʣʷ 

ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʤʦʣʝʢʫʣʦʡ ʧʨʦʪʝʠʥʘ (ʨʠʩ. 8). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʤʝʪʢʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘʤʠ ʨʘʥʝʝ, ʵʪʠ ʤʝʪʢʠ ʥʝ ʧʨʠʚʦʜʷʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʝʘʢʮʠʷʤ ʩ ʘʣʴʙʫʤʠʥʦʤ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ 

ʩʧʠʥ-ʤʝʯʝʥʠʷ ʘʣʴʙʫʤʠʥʘ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ;  

2) ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʥʦʛʦ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʘʡʪʘʭ ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ. ɺ ʦʩʥʦʚʫ ʧʦʜʭʦʜʦʚ ʧʦʣʦʞʝʥʳ 

ʧʦʩʪʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʝʣʝʢʪʠʚʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʦʩʪʘʪʢʘ Cys-34 ʠ ʦʩʪʘʪʢʦʚ 

ʣʠʟʠʥʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 

ʥʠʤ ʨʝʧʦʨʪʝʨʥʳʭ ʛʨʫʧʧ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʤʝʪʦʜʘʤʠ ʕʇʈ;  

ʉʧʝʢʪʨʳ ʕʇʈ ʘʣʴʙʫʤʠʥʘ, ʩʧʠʤʝʯʝʥʥʦʛʦ ʬʠʥʩʢʠʤ ʪʨʠʪʠʣʦʤ ʠ ʥʦʚʦʡ 

ʩʧʠʥʦʚʦʡ ʤʝʪʦʡ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ 

OXO63 ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʦʩʪʠʢʘ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʤʦʣʝʢʫʣʦʡ ʧʨʦʪʝʠʥʘ (ʨʠʩ. 9). 
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ʈʠʩ. 9. ʉʧʝʢʪʨʳ ʕʇʈ ʘʣʴʙʫʤʠʥʘ, ʩʧʠʤʝʯʝʥʥʦʛʦ ʬʠʥʩʢʠʤ ʪʨʠʪʠʣʦʤ ʠ ʥʦʚʦʡ 

ʩʧʠʥʦʚʦʡ ʤʝʪʦʡ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ 

OXO63. 

 

3) ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʣʠʢʠʨʦʚʘʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʘʡʪʘʭ ʩʧʠʥʦʚʳʝ 

ʤʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʦʢʩʠʣʴʥʳʭ/ʪʨʠʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ;  

4) ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʠ ʧʦʣʫʯʝʥʳ ʙʠʤʦʜʘʣʴʥʳʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʬʦʨʤʳ ʘʣʴʙʫʤʠʥʘ ï ʛʣʠʢʠʨʦʚʘʥʥʦʡ ʠ ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʘʡʪʘʭ ʗʄʈ ʤʝʪʢʫ (ʷʜʨʘ 19F) ʠ 

ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʦʢʩʠʣʴʥʳʭ/ʪʨʠʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ;  

5) ɼʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ 

ʠʤʧʫʣʴʩʥʦʡ ʜʠʧʦʣʴʥʦʡ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 19F.  

 

ʇʦʣʫʯʝʥʳ ʢʦʥʲʶʛʘʪʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ʩʦ 

ʩʧʠʥ-ʤʝʯʝʥʳʤ ʛʦʤʦʮʠʩʪʝʠʥʦʤ (HSA-NIT). ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʚ ʦʪʯʝʪʥʳʡ 
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ʧʝʨʠʦʜ 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. ʈʝʘʢʮʠʶ HSA ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʪʠʦʣʘʢʪʦʥʘ ʛʦʤʦʮʠʩʪʝʠʥʘ ʠ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ (ʨʠʩ. 

10) ʚʝʣʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʙʣʠʞʝʥʥʳʤ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ (ʙʫʬʝʨ PBS, 37ÁC 

pH 7,4). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʥʳʡ 

ʘʣʴʙʫʤʠʥ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʲʶʛʘʪʳ ʙʳʣʠ ʦʯʠʱʝʥʳ ʦʪ ʠʟʙʳʪʢʘ ʨʝʘʛʝʥʪʘ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ Centricon. ɺʳʭʦʜ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 95 %.  

 
ʈʠʩ. 10. ʉʭʝʤʘ ʤʦʜʠʬʠʢʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ 

(HSA) ʧʨʦʠʟʚʦʜʥʳʤʠ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʪʠʦʣʘʢʪʦʥʘ ʛʦʤʦʮʠʩʪʝʠʥʘ 

(HTL). ʉʝʨʜʮʝʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʫ - HSA  

 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʕʇʈ ʩʧʝʢʪʨʳ ʢʦʥʲʶʛʘʪʦʚ HSA-NIT ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

11. ʇʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʢ ʙʝʣʢʫ ʧʨʦʠʩʭʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʢʦʨʨʝʣʷʮʠʠ 

ʨʘʜʠʢʘʣʘ ʠ ʚʩʣʝʜʩʪʚʠʝ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʤʝʪʢʘʤʠ. ɺ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʷ ʜʚʫʭ ʣʠʥʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʘʤ ʩ ʨʘʟʥʳʤ ʚʨʝʤʝʥʝʤ 

ʢʦʨʨʝʣʷʮʠʠ (ʤʝʜʣʝʥʥʘʷ Ű~10-14 ʥʩ ʠ ʙʳʩʪʨʘʷ Ű~1.9-2.7 ʥʩ).  

  
ʈʠʩ. 11. CW-ʕʇʈ ʩʧʝʢʪʨʳ ʢʦʥʲʶʛʘʪʦʚ HSA-NIT ʧʨʠ 300K. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʢʦʥʲʶʛʘʪʦʚ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ʩ N-ʟʘʤʝʱʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʪʠʦʣʘʢʪʦʥʘ ʛʦʤʦʮʠʩʪʝʠʥʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʧʦʜʭʦʜʘ ʜʣʷ ʚʚʝʜʝʥʠʷ ʕʇʈ-ʤʝʪʦʢ ʚ N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʥʳʡ ʘʣʴʙʫʤʠʥ. 

 

ɻʨʘʥʪ ʈʌʌʀ ʤʦʣ-18-33-00172 çʀʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʪʝʪʨʘʟʦʣʦ [1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʧʦ ʪʠʧʫ ɼʠʤʨʦʪʘè ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï 

ɸʣʝʢʩʘʥʜʨʦʚʘ ʅʘʜʝʞʜʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʎʝʣʴʶ ʛʨʘʥʪʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʟʠʜʦïʪʝʪʨʘʟʦʣʴʥʦʡ ʪʘʫʪʦʤʝʨʠʠ ʚ 

ʩʝʨʠʠ 2- ʠ 4-ʘʟʠʜʦʧʠʨʠʤʠʜʠʥʦʚ. ʆʙʥʘʨʫʞʝʥ ʨʷʜ ʥʦʚʳʭ ʠ ʥʝʦʞʠʜʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ 

2-ʘʟʠʜʦ-4-ʭʣʦʨ-6-ʬʝʥʠʣʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ 1 ʚ ɼʄʉʆ-d6 

ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 2-ʘʟʠʜʦ-4-ʭʣʦʨ-6-

ʬʝʥʠʣʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜ (1) ʧʦʜʚʝʨʛʘʝʪʩʷ ʣʝʛʢʦʤʫ 

ʥʫʢʣʝʦʬʠʣʴʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʭʣʦʨʘ ʛʠʜʨʦʢʩʠʣʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 7-ʦʢʩʦ-5-

ʬʝʥʠʣ-4,7-ʜʠʛʠʜʨʦʪʝʪʨʘʟʦʣʦ-[1,5-a]ʧʠʨʠʤʠʜʠʥ-6-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜ (2). 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʚ ʩʨʝʜʝ ɼʄʉʆ-ʅ2ʆ ʠ ʥʝ ʪʨʝʙʫʝʪ ʢʠʩʣʦʪʥʦʡ 

ʘʢʪʠʚʘʮʠʠ. ɺ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʝʘʢʮʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 7-ʦʢʩʦ-5-ʬʝʥʠʣ-4,7-ʜʠʛʠʜʨʦʪʝʪʨʘʟʦʣʦ-[1,5-

a]ʧʠʨʠʤʠʜʠʥ-6-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜ (2) ʧʦʜʚʝʨʞʝʥ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ ʧʦ ʪʠʧʫ 

ɼʠʤʨʦʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 6-ʙʝʥʟʦʠʣʪʝʪʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-7(4H)-ʦʥʘ 

(3). ʄʝʭʘʥʠʟʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʜʦʢʘʟʘʥ 13ʉ-ʤʝʪʢʦʡ. ʆʧʨʝʜʝʣʝʥʘ ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ɽʘ=54.0Ñ5.70 ʢɼʞ/ʤʦʣʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʩ ʧʦʤʦʱʴʶ 18ʆ-ʤʝʪʢʠ ʠ  13ʉ-

ʤʝʪʢʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 13ʉ ʤʝʪʢʠ, ʧʦʢʘʟʘʥʥʦʝ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʗʄʈ, 

ʜʦʢʘʟʳʚʘʝʪ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 7-ʦʢʩʦ-5-ʬʝʥʠʣ-4,7-

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

ʙʝʥʟʦʠʣʪʝʪʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-7(4H)-ʦʥ (3) ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʩʭʝʤʝ. 
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ʈʠʩ. 12. ʗʄʈ ʩʧʝʢʪʨ 1ʅ-13ʉ HMBC ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ 7-ʦʢʩʦ-5-ʬʝʥʠʣ-4,7-

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

ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʢʠʩʣʦʪʘʤʠ ʠ ʧʨʦʪʝʢʘʝʪ ʚ ʧʦʣʷʨʥʳʭ ʘʧʨʦʪʦʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʪʘʢʠʭ ʢʘʢ ɼʄʉʆ, ɼʄʌɸ ʠ ʉʅ3CN. ʋʚʝʣʠʯʝʥʠʝ ʨʅ ʩʨʝʜʳ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʠʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ɺʠʣʴʩʤʘʡʝʨʘ-ʍʘʘʢʘ 2-ʘʟʠʜʦ-6-R-

3,4-ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-4-ʦʥʳ (R=CH3, C2H5, CH2Cl, CH2OH) ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʬʦʨʤʠʣʠʨʦʚʘʥʠʶ. 

 

ʄʝʛʘ-ʛʨʘʥʪ çʄʥʦʛʦʯʘʩʪʦʪʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʕʇʈ) 

ʜʣʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè ʣʘʙʦʨʘʪʦʨʠʠ ʄʈ, ʣʘʙʦʨʘʪʦʨʠʷ 

ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʨʫʧʧʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʘʣʠʟʘ,  

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʧʨʦʬʝʩʩʦʨ ʄʘʡʢʣ ʂʝʡʪ ɹʦʫʤʘʥ 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʘʣʴʜʦʥʠʪʨʦʥʳ ʨʷʜʘ 1-ʧʠʨʨʦʣʠʥ-1-

ʦʢʩʠʜʘ ʩ ʜʚʫʤʷ ʵʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʩʧʠʨʦ-ʮʠʢʣʦʛʝʢʩʘʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ 

ʚ ʧʦʣʦʞʝʥʠʠ 5 ʧʠʨʨʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ. ʇʦ ʫʧʦʤʷʥʫʪʦʡ ʚʳʰʝ ʩʭʝʤʝ ʧʦʣʫʯʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʠʨʨʦʣʠʜʠʥʦʚ ʩʦ ʩʧʠʨʦ-(2-ʛʠʜʨʦʢʩʠʤʝʪʠʣ)-

ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʤʝʪʘ-ʭʣʦʨʥʘʜʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʛʠʜʨʦʢʩʠʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʘʣʴʜʝʛʠʜʥʫʶ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʦʛʦ ʦʩʣʦʞʥʷʶʱʝʛʦ ʭʦʜ ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʝʥʠʷ ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʮʠʣʴʥʘʷ ʟʘʱʠʪʥʘʷ ʛʨʫʧʧʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʩʥʷʪʘ 

ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ. ʇʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʧʦʣʫʯʝʥʳ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ. ʇʨʠ ʵʪʦʤ ʠʟʙʳʪʦʢ ʥʘʜʢʠʩʣʦʪʳ 

ʧʨʠʚʦʜʠʪ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʜʝʛʠʜʨʠʨʦʚʘʥʠʶ ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 9-ʘʮʝʪʦʢʩʠʤʝʪʠʣ-2,2-ʜʠʤʝʪʠʣ-1-ʘʟʘʩʧʠʨʦ[4.4]ʥʦʥʝʥʘ-6-1-

ʦʢʩʠʣʘ. ɺ ʩʧʝʢʪʨʘʭ ʕʇʈ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʥʝʪ ʙʦʣʴʰʠʭ ʢʦʥʩʪʘʥʪ 

ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʘʪʦʤʘʭ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʥʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʥʘʣʠʯʠʷ ʪʘʢʠʭ ʢʦʥʩʪʘʥʪ ʚ ʥʝʢʦʪʦʨʳʭ 

ʥʠʪʨʦʢʩʠʜʘʭ ʩ ʛʝʤʠʥʘʣʴʥʳʤʠ ʵʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʦʢʨʫʞʝʥʠʠ 

ʨʘʜʠʢʘʣʴʥʦʛʦ ʮʝʥʪʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʜʠʢʘʣʳ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳ ʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʯʝʤ 2,2,5,5-ʪʝʪʨʘʵʪʠʣʧʠʨʨʦʣʠʜʠʥ-1-ʦʢʩʠʣʳ ʠ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʡ ʉ2-ʩʠʤʤʝʪʨʠʯʥʳʡ ʥʠʪʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʩ ʜʚʫʤʷ ʩʧʠʨʦ-(2-

ʛʠʜʨʦʢʩʠʤʝʪʠʣ)-ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʦʧʨʦʙʦʚʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʪʨʸʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʪʢʘʥʷʭ ʧʦʜʦʧʳʪʥʳʭ 

ʞʠʚʦʪʥʳʭ ʤʝʪʦʜʦʤ ʕʇʈ-ʪʦʤʦʛʨʘʬʠʠ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʧʠʥʦʚʳʭ ʟʦʥʜʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ï 

ʧʝʨʜʝʡʪʝʨʠʨʦʚʘʥʥʳʝ ʪʨʘʥʩ-3,4-ʜʠʢʘʨʙʦʢʩʠ-2,2,5,5-ʪʝʪʨʘʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥ-

1-ʦʢʩʠʣʳ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʦʙʦʛʘʱʸʥ ʠʟʦʪʦʧʦʤ 15N. ʈʘʟʣʠʯʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʨʘʜʠʢʘʣʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʧʦʩʣʝʜʥʶʶ ʧʦ ʨʝʛʠʩʪʨʠʨʫʝʤʦʤʫ ʩʧʝʢʪʨʫ 

ʕʇʈ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʪʢʘʥʷʭ 

ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ - ʥʦʩʠʪʝʣʝʡ ʢʩʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʦʧʫʭʦʣʝʡ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʦʝʢʮʠʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʦʠʭ ʩʧʠʥʦʚʳʭ ʟʦʥʜʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʪʢʘʥʷʭ (ʨʠʩ. 13).  

ɹʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ (ɹɸ) - ʵʪʦ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, 

ʘʩʩʦʮʠʠʨʦʥʘʥʥʦʝ ʩ ʚʦʟʨʘʩʪʦʤ. ʈʘʟʚʠʪʠʝ ɹɸ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʧʨʦʪʝʦʩʪʘʟʘ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʦʪʣʦʞʝʥʠʝ ʘʤʠʣʦʠʜʘ ʙʝʪʘ (Aɓ) ʠ 

ʛʠʧʝʨʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʛʦ ʪʘʫ ʚ ʤʦʟʛʝ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʰʘʧʝʨʦʥʳ, ʪʘʢʠʝ ʢʘʢ 

ŬB-ʢʨʠʩʪʘʣʣʠʥ (CryaB), ʤʦʛʫʪ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʛʨʝʛʘʮʠʶ ʙʝʣʢʦʚ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʧʨʘʚʠʣʴʥʫʶ ʩʚʦʨʘʯʠʚʘʥʠʝ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ - 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. ʇʫʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ p38MAPK (ʤʠʪʦʛʝʥ-

ʘʢʪʠʚʠʨʫʝʤʳʡ ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ) ʨʝʛʫʣʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ CryaB ʧʦʩʨʝʜʩʪʚʦʤ 

ʝʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʦʧʨʝʜʝʣʠʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ CryaB ʠ ʝʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʬʦʩʬʦ- (p-) 

Ser59-CryaB ʚ ʧʨʝʬʨʦʥʪʘʣʴʥʦʡ ʢʦʨʝ ʫʩʢʦʨʝʥʥʦ ʩʪʘʨʝʶʱʠʭ ʢʨʳʩ OXYS ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ɹɸ-ʧʦʜʦʙʥʦʡ ʧʘʪʦʣʦʛʠʠ ʠ ʫ ʢʨʳʩ ɺʠʩʪʘʨ 

(ʢʦʥʪʨʦʣʴ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʳ ʩʨʘʚʥʠʣʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ p38 MAPK ʧʫʪʠ ʚ ʧʨʝʬʨʦʥʪʘʣʴʥʦʡ 

ʢʦʨʝ ʢʨʳʩ OXYS ʠ ɺʠʩʪʘʨ. ʄʘʥʠʬʝʩʪʘʮʠʷ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ ɹɸ 

ʫ ʢʨʳʩ OXYS ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ p-Ser59-CryaB ʚ 
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ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʙʝʣʢʦʚʦʡ ʬʨʘʢʮʠʠ ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ CryaB ʥʝ ʠʟʤʝʥʷʣʦʩʴ. p-Ser59-CryaB ʦʪʩʫʪʩʪʚʦʚʘʣ ʚ 

ʨʘʩʪʚʦʨʠʤʦʡ ʙʝʣʢʦʚʦʡ ʬʨʘʢʮʠʠ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʫ ʦʙʦʠʭ ʰʪʘʤʤʦʚ 

ʢʨʳʩ. ʀʤʤʫʥʦʦʢʨʘʰʠʚʘʥʠʝ ʩʨʝʟʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʚʳʷʚʠʣʦ ʟʘʤʝʪʥʫʶ 

ʩʦʚʤʝʩʪʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʙʝʣʢʦʚ p-Ser59-CryaB ʠ Aɓ ʫ 18-ʤʝʩʷʯʥʳʭ ʢʨʳʩ 

OXYS. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʅʂ-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʨʘʟʚʠʪʠʝ ʧʨʠʟʥʘʢʦʚ ɹɸ ʫ 

ʢʨʳʩ OXYS ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʝʛʫʣʷʮʠʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ p38 MAPK ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ. ɺ ʮʝʣʦʤ ʤʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʤʘʥʠʬʝʩʪʘʮʠʷ ɹɸ-ʧʦʜʦʙʥʦʡ ʧʘʪʦʣʦʛʠʠ ʫ ʢʨʳʩ 

OXYS ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʬʦʥʝ ʘʢʪʠʚʘʮʠʠ p38 MAPK-ʟʘʚʠʩʠʤʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ CryaB ʠ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ p38 MAPK 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ. 

ʇʦʜʘʚʣʝʥʠʝ AMD-ʧʦʜʦʙʥʦʡ ʧʘʪʦʣʦʛʠʠ ʩ ʧʦʤʦʱʴʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʥʘʮʝʣʝʥʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ SkQ1 ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʥʘʢʦʧʣʝʥʠʷ 

ʘʤʠʣʦʠʜʘ ɓ ʠ ʘʢʪʠʚʥʦʩʪʠ mTOR. ɺʦʟʨʘʩʪʥʘʷ ʤʘʢʫʣʷʨʥʘʷ ʜʝʛʝʥʝʨʘʮʠʷ 

(ɺʄɼ) - ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʥʝʦʙʨʘʪʠʤʦʛʦ ʥʘʨʫʰʝʥʠʷ ʟʨʝʥʠʷ ʠ ʩʣʝʧʦʪʳ ʚ 

ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʧʘʪʦʛʝʥʝʟ ɺʄɼ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʠʝ 

ʫʩʧʝʭʠ ʚ ʝʛʦ ʠʟʫʯʝʥʠʠ, ʦʩʪʘʝʪʩʷ ʧʣʦʭʦ ʠʟʫʯʝʥʥʳʤ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʘʤʠʣʦʠʜʘ ʙʝʪʘ (Aɓ), 

ʦʙʥʘʨʫʞʝʥʥʦʝ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʧʨʠ ʨʘʟʚʠʪʠʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʪʘʢʞʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʚ ʩʝʪʯʘʪʢʝ ʢʘʢ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʪʘʢ ʠ ʧʨʠ ɺʄɼ. 

ʇʨʠʯʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʚʳʩʦʢʦ ʥʝʡʨʦʪʦʢʩʠʯʥʳʝ ʙʝʣʢʠ ʧʦʩʪʦʷʥʥʦ ʘʛʨʝʛʠʨʫʶʪ ʚ 

ʩʪʘʨʝʶʱʝʡ ʩʝʪʯʘʪʢʝ ʠ ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ɺʄɼ, 

ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʚʳʷʩʥʠʪʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ Aɓ ʷʚʣʷʝʪʩʷ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʤʠʰʝʥʴʶ ʧʨʠ ɺʄɼ, ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ ʣʝʯʝʥʠʝ SkQ1 (250 ʥʤʦʣʴ / [ʢʛ 

ʤʘʩʩʳ ʪʝʣʘ] ʝʞʝʜʥʝʚʥʦ ʩ 1 ʛʦʜʘ, ʩ ʚʦʟʨʘʩʪʘ 5 ʤʝʩʷʮʝʚ ʜʦ 22 ʤʝʩʷʮʝʚ) 

ʧʦʜʘʚʣʷʣ ʨʘʟʚʠʪʠʝ ɺʄɼ -ʧʦʜʦʙʥʦʡ ʧʘʪʦʣʦʛʠʠ ʫ ʢʨʳʩ OXYS ʩ ʫʩʢʦʨʝʥʥʳʤ 

ʩʪʘʨʝʥʠʝʤ, ʩʥʠʞʘʷ ʫʨʦʚʝʥʴ Aɓ ʠ ʧʦʜʘʚʣʷʷ ʘʢʪʠʚʥʦʩʪʴ mTOR ʚ ʩʝʪʯʘʪʢʝ. 

ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ mTOR, ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʩʪʘʨʝʥʠʠ ʠ ʚʦʟʨʘʩʪʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʦʚʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ SkQ1. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʝʨʦʷʪʥʳʤ, ʯʪʦ ʜʠʝʪʠʯʝʩʢʦʝ ʜʦʙʘʚʣʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘ SkQ1 ʤʦʞʝʪ ʩʪʘʪʴ ʭʦʨʦʰʝʡ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʝʡ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʛʣʘʟ ʠ, ʚʦʟʤʦʞʥʦ, ʣʝʯʝʥʠʷ ɺʄɼ.  

ʇʦʣʫʯʝʥʳ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʠʛʥʘʣʘ ʄʈʊ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ pH, pO2 ʠ Pi ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʘʩʪʥʦʛʦ ʘʛʝʥʪʘ.  

 

 

 

Ar = 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʥʪʨʘʩʪʥʦʛʦ 

ʘʛʝʥʪʘ ʠ ʧʘʨʘʤʝʪʨʦʚ pH, pO2 ʠ Pi ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʬʘʥʪʦʤʥʳʤʠ 

ʦʙʨʘʟʮʘʤʠ. ɺʧʝʨʚʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʨʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ pH, pO2 ʠ Pi ʚ ʟʜʦʨʦʚʦʡ ʠ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

ʤʳʰʠ in vivo. ɸʥʘʣʠʟ ʛʠʩʪʦʛʨʘʤʤ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʷʚʠʣ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʠ 

ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ (ʨʠʩ. 13). 

 
ʈʠʩ. 13. ɺʠʟʫʘʣʠʟʘʮʠ ̫ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʥʪʨʘʩʪʥʦʛʦ ʘʛʝʥʪʘ ʠ ʧʘʨʘʤʝʪʨʦʚ pH, 
pO2 ʠ Pi. 
 
ʋʧʨʘʚʣʷʝʤʳʝ ʥʘʧʨʷʞʝʥʠʝʤ Na+ ʢʘʥʘʣʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ, ʤʳʰʝʯʥʦʡ ʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤ. ȷ-

ʩʫʙʲʝʜʠʥʠʮʘ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʛʦ Na+ ʢʘʥʘʣʘ ʩʦʩʪʦʠʪ ʠʟ ~ 2000 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʧʷʪʴ ʤʝʤʙʨʘʥʥʳʭ ʜʦʤʝʥʦʚ: 

ʯʝʪʳʨʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʥʘʧʨʷʞʝʥʠʶ (VSD) ʠ ʦʜʠʥ ʧʦʨʦʚʳʡ ʜʦʤʝʥ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʣʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ Na+ ʢʘʥʘʣʦʚ. ʀʟʦʣʠʨʦʚʘʥʥʳʡ VSD (~ 150 ʘ.ʝ., ʯʝʪʳʨʝ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʩʧʠʨʘʣʠ, S1-S4) ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʧʦʣʫʯʝʥ ʧʫʪʝʤ 

ʙʝʩʢʣʝʪʦʯʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʠ ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʄʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʗʄʈ ʚʪʦʨʦʛʦ VSD ʢʘʥʘʣʘ NaV1.4 ʯʝʣʦʚʝʢʘ (VSD-II) ʠ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʦʢʩʠʥʦʤ-ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʩʪʨʦʙʠʨʦʚʘʥʠʷ Hm-3 ʦʪ ʧʘʫʢʘ-

ʢʨʘʙʘ Heriaeus melloteei. ʈʘʥʝʝ ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ Hm-3 

ʧʦʜʘʚʣʷʝʪ ʩʪʨʦʙʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ, ʩʚʷʟʳʚʘʷʩʴ ʩ ʢʦʥʪʫʨʦʤ S3-S4 ʧʝʨʚʦʛʦ 

VSD (VSD-I), ʥʦ ʥʝ ʩ ʢʦʥʪʫʨʦʤ S3-S4 VSD-II (PNAS). ʉʤʝʰʘʥʥʳʝ ʤʠʮʝʣʣʳ 
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ʮʚʠʪʪʝʨʠʦʥʥʳʭ ʜʝʪʝʨʛʝʥʪʦʚ (DPC/LDAO 1:1) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʤʠʪʘʮʠʠ ʤʝʤʙʨʘʥʥʦʡ ʩʨʝʜʳ VSD-II. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʧʝʢʪʨʳ ʗʄʈ, ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʙʠʥʘʪʦʨʥʫʶ ʩʝʣʝʢʪʠʚʥʫʶ ʤʘʨʢʠʨʦʚʢʫ ʠ ʧʦʜʛʦʪʦʚʠʣʠ ʧʷʪʴ 

ʦʙʨʘʟʮʦʚ VSD-II, ʤʝʯʝʥʥʳʭ 13C, 15N, ʩ ʩʝʣʝʢʪʠʚʥʦʡ ʤʝʪʢʦʡ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʵʢʩʧʨʝʩʩʠʠ ʙʝʟ ʥʝʧʨʝʨʳʚʥʳʭ ʦʙʤʝʥʥʳʭ ʢʣʝʪʦʢ ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʪʨʘʢʪʘ E. coli S30. ʂʦʤʙʠʥʘʪʦʨʥʘʷ ʤʘʨʢʠʨʦʚʢʘ ʦʙʝʩʧʝʯʠʣʘ 

ʧʨʷʤʦʝ ʥʘʟʥʘʯʝʥʠʝ ʜʣʷ ~ 50% ʨʝʟʦʥʘʥʩʦʚ VSD-II. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʦʩʥʦʚʥʫʶ ʜʠʥʘʤʠʢʫ ʜʦʤʝʥʘ. 

ʊʨʝʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ VSD-II ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʤʝʪʦʜʦʤ ʕʇʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʠʥ-ʤʝʯʝʥʳʭ ʦʙʨʘʟʮʦʚ. ʗʄʈ-ʪʠʪʨʦʚʘʥʠʝ 

ʚʳʷʚʠʣʦ ʚʦʟʤʦʞʥʳʝ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ Hm-3. ʇʝʨʚʳʡ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʩʘʡʪ ʙʳʣ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥʝ ʜʦʤʝʥʘ ʠ, ʦʯʝʚʠʜʥʦ, 

ʷʚʣʷʣʩʷ ʘʨʪʝʬʘʢʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ VSD-II / ʤʠʮʝʣʣ, ʛʜʝ ʠ 

ʚʥʝʢʣʝʪʦʯʥʳʡ, ʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʩʘʡʪ ʜʦʤʝʥʘ ʙʳʣʠ ʜʦʩʪʫʧʥʳ ʣʠʛʘʥʜʫ. 

ɺʪʦʨʦʡ ʩʘʡʪ ʙʳʣ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʥʝʢʣʝʪʦʯʥʦʡ ʧʝʪʣʝ S1-S2 ʜʦʤʝʥʘ. ʄʦʜʝʣʴ 

ʢʦʤʧʣʝʢʩʘ Hm-3 / VSD-II ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʳʢʦʚʢʠ ʙʝʣʦʢ-

ʙʝʣʦʢ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʗʄʈ-ʦʛʨʘʥʠʯʝʥʠʡ. ʊʦʢʩʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ VSD-

II ʧʦ ʧʝʨʠʬʝʨʠʠ ʯʝʨʝʟ ʝʛʦ ɓ-ʰʧʠʣʴʢʫ. ʕʪʦʪ ʪʠʧ ʩʚʷʟʳʚʘʥʠʷ, ʚʝʨʦʷʪʥʦ, 

ʥʘʧʨʷʤʫʶ ʥʝ ʤʝʰʘʝʪ ʘʢʪʠʚʘʮʠʠ VSD ʠ ʩʪʨʦʙʠʨʦʚʘʥʠʶ ʢʘʥʘʣʦʚ, ʘ ʩʢʦʨʝʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʫʱʝʥʥʦʩʪʴ ʪʦʢʩʠʥʘ-ʤʦʜʠʬʠʢʘʪʦʨʘ ʩʪʨʦʙʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʝʣʷʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʤʦʛʣʠ ʠʤʝʪʴ ʤʝʩʪʦ ʥʝʢʦʪʦʨʳʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ VSD-II, 

ʧʦʩʢʦʣʴʢʫ ʤʳ ʥʘʙʣʶʜʘʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʦʜʥʦʤ ʠʟ ʩʪʨʦʙʠʨʫʶʱʠʭ ʦʩʪʘʪʢʦʚ 

ArgXX ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʪʦʢʩʠʥʘ.  

ʊʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʛʦ 

ʕʇʈ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʤʦʣʝʢʫʣ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʉʚʦʡʩʪʚʘ ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʠʤʧʫʣʴʩʥʦʡ 

ʜʠʧʦʣʴʥʦʡ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʝʜʝʣʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʜʦʩʪʠʞʠʤʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ 

ʙʣʠʟʦʩʪʴ ʢ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʄʳ ʧʨʝʜʣʦʞʠʣʠ ʠ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʬʫʣʣʝʨʝʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʪʦʜʦʤ ʕʇʈ (ʨʠʩ. 14). ʀʥʪʝʥʩʠʚʥʘʷ ʩʠʣʴʥʘʷ 

ʩʧʠʥʦʚʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʙʦʣʝʝ ʫʟʢʠʡ ʩʧʝʢʪʨ ʬʫʣʣʝʨʝʥʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʨʠʧʣʝʪʘʤʠ (ʥʘʧʨʠʤʝʨ, ʧʦʨʬʠʨʠʥʳ) ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʫʣʫʯʰʘʶʪ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʡ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʣʠʟʢʦʡ ʢ ʢʦʤʥʘʪʥʦʡ. ɺʦʟʤʦʞʥʦʩʪʠ 

ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʣʣʝʨʝʥ-

ʥʠʪʨʦʢʩʠʜʘ ʠ ʬʫʣʣʝʨʝʥ-ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʳʝ ʧʘʨʳ, ʘ ʪʘʢʞʝ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʫʣʣʝʨʝʥʘ ʩ ʥʠʪʨʦʢʩʠʜ-ʤʝʯʝʥʳʤ ʙʝʣʢʦʤ.  
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ʈʠʩ. 14. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʬʫʣʣʝʨʝʥʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʪʦʜʦʤ ʕʇʈ. 

 

ʉʠʥʪʝʟʠʨʦʚʘʥ ʩʠʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʡ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʡ ʘʤʠʥ ʠʟ 

ʮʠʢʣʦʧʝʥʪʘʥʦʥʘ, ʜʠʤʝʪʠʣʬʫʤʘʨʘʪʘ ʠ ʘʮʝʪʘʪʘ ʘʤʤʦʥʠʷ. ʕʪʘ 

ʤʥʦʛʦʩʪʘʜʠʡʥʘʷ ʨʝʘʢʮʠʷ ʚʢʣʶʯʘʝʪ 1,3-ʜʠʧʦʣʷʨʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʜʠʤʝʪʠʣʬʫʤʘʨʘʪʘ ʢ ʮʠʢʣʠʯʝʩʢʦʤʫ ʘʟʦʤʝʪʠʥʠʣʠʜʫ, ʦʙʨʘʟʫʶʱʠʡʩʷ in situ ʠʟ 

ʮʠʢʣʦʧʝʥʪʘʥʦʥʘ ʠ ʘʤʤʠʘʢʘ. ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʡ ʘʤʠʥ ʣʝʛʢʦ ʧʨʝʚʨʘʱʘʣʩʷ ʚ 

ʩʪʝʨʠʯʝʩʢʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʡ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʡ ʥʠʪʨʦʢʩʠʜ. ɼʣʷ ʧʦʣʫʯʝʥʥʦʛʦ 

ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʳ ʕʇʈ ʠ ʩʧʠʥʦʚʘʷ 

ʨʝʣʘʢʩʘʮʠʷ ʥʠʪʨʦʢʩʠʜʘ ʚ ʨʘʩʪʚʦʨʝ. ʇʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʩʧʠʥʦʚʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ʦʢʘʟʘʣʘʩʴ ʙʣʠʟʢʘ ʢ ʪʘʢʦʚʦʡ ʜʣʷ ʧʠʨʦʣʠʜʠʥʦʛʦ ʥʠʨʦʢʩʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ ʩ ʜʚʫʤʷ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 2 ʠ 5. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʝʥʥʳʡ ʨʘʜʠʢʘʣʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʧʠʥʦʚʦʡ ʤʝʪʢʠ ʚ ʙʠʦʧʦʣʠʤʝʨʘʭ ʠ ʠʭ ʢʦʤʧʣʝʢʩʘʭ. 

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. ʈʘʥʝʝ 

ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʥʝʩʢʦʣʴʢʦ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʘʥʘʣʦʛʦʚ ʣʘʢʪʘʧʪʠʥʘ ʠ 

ʩʨʘʚʥʠʣʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʉʨʝʜʠ ʵʪʠʭ ʘʥʘʣʦʛʦʚ RL2 ʦʙʣʘʜʘʝʪ 

ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʘ ʥʝ 

ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʚʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ ʘʢʪʠʚʥʦʩʪʴ RL2. ʉ ʮʝʣʴʶ ʧʦʥʠʤʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ RL2, ʤʳ ʠʟʫʯʠʣʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʘʛʨʝʛʘʮʠʦʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʛʦ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ə-

ʢʘʟʝʠʥʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʣʦʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
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ʤʝʪʦʜʦʚ: ʗʄʈ, ʤʝʪʦʜʘ ʫʩʠʣʝʥʠʝ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ (PRE), 

ʕʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, 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 (ʨʠʩ. 15). 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 ʝʛʦ ʉ-ʢʦʥʮʝʚʦʡ ʘʥʘʣʦʛ, ʠ ʩʦʜʝʨʞʠʪ 

ʩʘʡʪ ʩʦ ʩʢʣʦʥʥʦʩʪʴʶ ʢ Ŭ-ʩʧʠʨʘʣʴʥʦʡ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ.  

 

ʈʠʩ. 15. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʟʝʠʥʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʣʦʢʘ. 

ʈʘʟʣʠʯʥʳʝ ʢʦʥʲʶʛʘʪʳ ʘʣʴʙʫʤʠʥʘ ʜʘʶʪ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, 

ʧʨʠʯʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʦʜʦʙʨʝʥʳ FDA ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʣʝʯʝʥʠʷ. ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʠ ʪʠʦʣʘʢʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʤʦʱʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʠʥ-ʤʝʯʝʥʳʭ ʘʣʴʙʫʤʠʥʦʚʳʭ ʟʦʥʜʦʚ ʜʣʷ 
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ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. ʅʘʤʠ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ N-ʘʮʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʦʣʘʢʪʦʥʘ 

ʛʦʤʦʮʠʩʪʝʠʥʘ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʠʦʣʘʢʪʦʥʘ (ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʪʠʦʵʬʠʨʘ) ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʢʨʳʪʦʡ ʪʠʦʣʴʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ʭʠʤʠʠ ʪʠʦʣ-ʱʝʣʯʢʦʚ ʜʣʷ ʩʠʥʪʝʟʘ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʧʠʥ-ʤʝʯʝʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʩʳʚʦʨʦʪʢʠ ʩ ʘʣʴʙʫʤʠʥʦʤʶ 

ʇʨʦʮʝʜʫʨʘ ʩʧʠʥʦʚʦʛʦ ʤʝʯʝʥʠʷ ʚʢʣʶʯʘʣʘ ʤʦʜʠʬʠʢʘʮʠʶ ʚʳʩʚʦʙʦʞʜʝʥʥʦʡ 

ʩʫʣʴʬʛʠʜʨʠʣʴʥʦʡ ʛʨʫʧʧʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʫʯʢʠ ʛʦʤʦʮʠʩʪʝʠʥʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʘʣʴʙʫʤʠʥʘ ʩ ʧʦʤʦʱʴʶ ʥʠʪʨʦʢʩʠʜʥʦʛʦ ʨʝʘʛʝʥʪʘ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʘʷ ʪʝʨʘʥʦʩʪʠʢʘ ʪʘʤʦʢʩʠʬʝʥ-ʘʣʴʙʫʤʠʥ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ (ʜʦʟʦʟʘʚʠʩʠʤʦʝ) ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʦʢ.ʀʟ-ʟʘ ʜʣʠʪʝʣʴʥʦʛʦ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʧʝʨʠʦʜʘ 

ʧʦʣʫʞʠʟʥʠ HSA ʧʦʜʚʝʨʞʝʥ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʝʛʦ ʬʫʥʢʮʠʠ. ʇʦʪʝʨʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʠʙʢʦʩʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʘʣʴʙʫʤʠʥʘ 

ʛʦʤʦʮʠʩʪʝʠʥʪʠʦʣʘʢʪʦʥʦʤ, ʢʦʪʦʨʳʡ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʭʦʜʳ 

ʙʝʣʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʩʪʨʘʪʝʛʠʶ ʧʦʣʫʯʝʥʠʷ ʩʧʠʥ-

ʤʝʯʝʥʦʛʦ N-ʛʦʤʦʮʠʩʪʝʠʥʠʣʠʨʦʚʘʥʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ʜʣʷ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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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 

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), ʠʩʭʦʜʷ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʥʦʤʝʨʦʚ - 2-{ʙʠʩ (4-ʘʤʠʥʦʬʝʥʠʣ)ʘʤʠʥʦʤʝʪʠʣ}-9H-Th 

(O)S/Th(O)SO2. ʅʦʚʳʝ ʇʀ ʧʦʣʫʯʝʥʳ ʧʦ ʩʭʝʤʝ, ʚʢʣʶʯʘʶʱʝʡ ʩʠʥʪʝʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʘʤʠʜʦʢʠʩʣʦʪ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʤʠʜʠʟʘʮʠʝʡ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʇʀ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦ 400 oC ʙʝʟ 

ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʠ ʤʘʩʩʳ. ʄʝʪʦʜʦʤ ʪʦʥʢʦʩʣʦʡʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʳʝ ʇʀ ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʪʠʤʦʤʫ ʧʝʨʝʥʦʩʫ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʥʠʟʢʠʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʙʦʢʦʚʳʭ ʛʨʫʧʧ. 

ʕʣʝʢʪʨʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʇʀ ʧʦʢʘʟʘʣʦ ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 359, 

680 ʥʤ ʜʣʷ ʇʀ ʩ Th(O)S ʙʦʢʦʚʦʡ ʛʨʫʧʧʦʡ ʠ 357, 646 ʥʤ ʜʣʷ ʇʀ ʩ Th(O)SO2 ʙʦʢʦʚʦʡ 

ʛʨʫʧʧʦʡ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 0 >E >-2.1 ɺ. ʆʧʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʦʢʦʚʳʭ ʛʨʫʧʧ ʚʥʫʪʨʠ ʩʣʦʷ ʇʀ, ʘ 

ʪʘʢʞʝ ʩ ʦʙʨʘʪʠʤʳʤ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʩʥʦʚʥʫʶ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ (ʈʠʩ. 1).  

 
ʈʠʩ. 1. ʄʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʵʣʝʢʪʨʦʭʨʦʤʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʧʦʣʠʠʤʠʜʦʚ ʩ ʙʦʢʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ 9H-

ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ ʠ ʝʛʦ S,S-ʜʠʦʢʩʠʜʘ. 

 

ʄʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʭʨʦʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʇʀ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʩʨʘʚʥʝʥʠʝʤ ʩ 

ʪʨʝʭʤʝʨʥʳʤʠ UV-VIS-NIR ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

2-ʤʝʪʠʣ-9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʙʦʢʦʚʳʭ ʛʨʫʧʧ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʇʀ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ 
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ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ, ʦʙʣʘʜʘʶʱʠʭ ʥʠʟʢʠʤ ʚʦʣʴʪʘʞʦʤ 

ʧʝʨʝʢʣʶʯʝʥʠʡ. 

ʀʟʫʯʝʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ 

ʙʠʩ(ʜʠʪʠʘʟʦʣʦ)ʬʝʥʘʟʠʥʘ (1) ʠ ʜʠʙʝʥʟʦʪʠʘʜʠʘʟʝʧʠʥʘ (2), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʅʀʆʍ ʉʆ ʈɸʅ ʥʦʚʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʩʘʤʦʢʦʥʜʝʥʩʘʮʠʠ 1,2,3-ʙʝʥʟʦʜʠʪʠʘʟʦʣʠʣʜʠʨʘʜʠʢʘʣʦʚ (ʨʘʜʠʢʘʣʦʚ ʍʝʨʮʘ). 

ʉʦʝʜʠʥʝʥʠʷ 1, 2 ʧʨʝʜʩʪʘʚʣʷʶʪ 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 1 ʠ ʜʦʣʛʦʞʠʚʫʱʠʭ ʡʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 1, ʜʣʷ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʦʪʯʝʪʣʠʚʦ ʨʘʟʣʠʯʘʝʤʳʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʦʡ 1 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʧʨʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠ 

ʦʢʠʩʣʝʥʠʠ (ʈʠʩ. 2).  

 

   
ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʨʘʩʠʪʝʣʠ ʥʘʡʜʫʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʠʢʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ/ʜʦʥʦʨʥʳʭ ʛʨʫʧʧ ʧʨʠ 

ʜʠʟʘʡʥʝ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ çʜʠʘʜʥʳʭè ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʩʪʨʦʡʩʪʚ 

ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ. 

 

(ʘ) (ʙ) 

ʈʠʩ. 2. ʕʣʝʢʪʨʦʭʨʦʤʥʳʝ ʩʚʦʡ-ʩʪʚʘ 
ʙʠʩ(ʜʠʪʠʘʟʦʣʦ)ʬʝʥʘʟʠʥʘ 1: 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ UV-VIS-NIR 
ʩʧʝʢʪʨʳ (ʩʣʝʚʘ) ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ 
ʢʠʥʝʪʠʢʘ (ʩʧʨʘʚʘ) ʚ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ (ʚʚʝʨʭʫ) ʠ 
ʦʢʠʩʣʠʪʝʣʴʥʦʡ (ʚʥʠʟʫ) ʦʙʣʘʩʪʷʭ. 

ʈʠʩ. 3. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ  
ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 
ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ 1, 2: 
ʮʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ 
ʩʦʝʜʠʥʝʥʠʡ 1 (ʘ), 2 (ʙ), ʘ ʪʘʢʞʝ 
ʩʧʝʢʪʨʳ ʕʇʈ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʦʥ-
ʨʘʜʠʢʘʣʦʚ. 
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ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ çʄʝʭʘʥʠʟʤʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʧʦʣʠʤʝʨʦʚ ʠ ʙʠʦʧʦʣʠʤʝʨʦʚè 

ʈʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ð ʧʨʦʠʟʚʦʜʥʳʭ 9ʅ-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ (ʉʭʝʤʘ 1) ʠ ʪʠʦʢʩʘʥʪʝʥ-1,4,9-

ʪʨʠʦʥʘ 8 (ʉʭʝʤʘ 2) ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʢʦʥʮʝʚʫʶ 

ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʩʧʦʩʦʙʥʫʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʠʜʥʦʡ ʩʚʷʟʠ ʩ ʘʤʠʥʦʛʨʫʧʧʦʡ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʣʠʥʢʝʨʘ. ʇʦʣʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ S,S-ʜʠʦʢʩʠʜʘ 9ʅ-

ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ ʩ ʣʠʥʢʝʨʥʳʤʠ ʤʦʩʪʠʢʘʤʠ ʥʘ ʦʩʥʦʚʝ 2-/4-ʤʝʨʢʘʧʪʦʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ (3a, 3b) ʠ ʠʭ ʠʟʦʧʨʦʧʠʣʘʤʠʜʳ, (4a, 4b) ʤʦʜʝʣʠʨʫʶʱʠʝ ʘʤʠʜʥʦʝ ʩʚʷʟʳʚʘʥʠʝ 

ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʟʘʤʝʱʝʥʥʳʡ ʦʩʪʘʪʢʦʤ 

ʪʠʦʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 3-ʤʝʪʠʣ-ʪʠʦʢʩʘʥʪʝʥ-1,4,9-ʪʨʠʦʥ (8, ʩʭʝʤʘ 2). 

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʟ 2-ʟʘʤʝʱʝʥʥʳʭ ʪʠʦʢʩʘʥʪʝʥʦʥʦʚ 2a-c ʠ ʠʭ ʩʫʣʴʬʦʥʦʚ 3a,b, 4a,b. 

 

 
ʉʭʝʤʘ 2. ʉʠʥʪʝʟ ʨʝʜʦʢʩ-ʤʝʪʢʠ 8 ʥʘ ʦʩʥʦʚʝ 3-ʤʝʪʠʣʪʠʦʢʩʘʥʪʝʥ-1,4,9-ʪʨʠʦʥʘ 7. 

 

ʀʟʫʯʝʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (ʕʍɺ) ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ɼʄʌɸ ʠ ɼʄʌɸ-ʅ2ʆ. ʅʘʣʠʯʠʝ ʣʠʥʢʝʨʥʳʭ ʛʨʫʧʧ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨ ʕʍɺ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 9ʅ-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥ-S,S-

ʜʠʦʢʩʠʜʘ (ʈʠʩ. 4) ʠ ʪʠʦʢʩʘʥʪʝʥʦʥ-1,4,9-ʪʨʠʦʥʘ (ʈʠʩ. 5), ʘ ʪʘʢʞʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʤʝʪʦʢ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʕʍɺ ʩʦʝʜʠʥʝʥʠʷ 8 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʜʣʝʥʥʦʡ ʛʝʪʝʨʦʬʘʟʥʦʡ ʢʠʥʝʪʠʢʦʡ ʩ 

ʜʦʣʛʦʞʠʚʫʱʝʡ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦ-ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʦʡ (ʈʠʩ.5). 
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ʈʠʩ. 4. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʕʍɺ 4a (a, b) ʚ ɼʄʌɸ ʚ ʜʠʘʧʘʟʦʥʝ 

ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʦʚ 0 > E >-1.8 ɺ (ʧʫʥʢʪʠʨ) ʠ 0 > E >-1.3 ɺ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) 

(a), ʚ ɼʄʌɸ-H2O ʩ ʤʦʣʴʥʦʡ ʜʦʣʝʡ H2O ɢ=0.462 (b), ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥ 
1
1/2E  ʜʣʷ 

3a,b ʠ 4a,b ʦʪ ʤʦʣʴʥʦʡ ʜʦʣʠ ʚʦʜʳ (c). 

 

   
ʈʠʩ. 5. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʕʍɺ ʩʦʝʜʠʥʝʥʠʷ 8 (a, b) ʚ ɼʄʌɸ ʚ 

ʜʠʘʧʘʟʦʥʝ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʦʚ 0.6 ɺ > E >-1.7 ɺ (ʧʫʥʢʪʠʨ) ʠ 0.7 ɺ > E >-0.6 ɺ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) (a), ʚ ɼʄʌɸ-H2O ʩ ʤʦʣʴʥʦʡ ʜʦʣʝʡ H2O ɢ=0.462 (b), ʩʧʝʢʪʨ ʕʇʈ 

ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ 8 (c). 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘ-ʟʘʤʝʩʪʠʪʝʣʷ ʥʘ ʣʦʢʘʣʴʥʫʶ ʛʠʧʝʨʤʷʛʢʦʩʪʴ ʚ 

ʩʘʣʠʮʠʣʘʣʴʜʘʨʠʣʠʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʜʠʭʣʦʨʠʜʘ ʪʠʪʘʥʘ(IV) ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ. 

ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 83 ʩʪʨʫʢʪʫʨ ʜʚʫʭ ʩʝʨʠʡ ʩʘʣʠʮʠʣʘʣʴʜʘʨʠʣʠʤʠʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʪʠʪʘʥʘ(IV), ʚ ʧʝʨʚʦʡ ʠʟ ʢʦʪʦʨʳʭ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʣʠʛʘʥʜʘ 

ʨʘʩʧʦʣʦʞʝʥ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ, ʚʦ ʚʪʦʨʦʡ - Ŭ-ʢʫʤʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ, 

ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ (NMe2, OMe, t-Bu, Me, H, F, Cl, OCF3, CF3, NO2) 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʘʢʦʡ 

ʜʝʩʢʨʠʧʪʦʨ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʣʦʢʘʣʴʥʘʷ ʛʠʧʝʨʤʷʛʢʦʩʪʴ ʥʘ ʘʪʦʤʝ ʪʠʪʘʥʘ, ʭʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ɻʘʤʤʝʪʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʷʜʘ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʠʤʝʶʱʠʭ 
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ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʵʣʝʢʪʨʦʥʥʫʶ 

ʛʠʙʢʦʩʪʴ ʚ ʦʙʝʠʭ ʩʝʨʠʷʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʙʠʥʘʮʠʝʡ ʪʦʣʴʢʦ ʜʦʥʦʨʥʳʭ ʠʣʠ ʪʦʣʴʢʦ 

ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʦʣʫʯʝʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʛʠʧʝʨʢʦʥʲʶʛʘʮʠʷ ʤʝʞʜʫ ˊ-ʩʠʩʪʝʤʦʡ 

ʬʝʥʦʢʩʠʤʠʥʥʦʛʦ ʣʠʛʘʥʜʘ ʠ Ŭ-ʢʫʤʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʦʜʥʠʤʘʝʪ ʵʥʝʨʛʠʶ ɺɿʄʆ, 

ʦʩʪʘʚʣʷʷ ʵʥʝʨʛʠʶ ʅɺʄʆ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʕʪʦ ʜʝʣʘʝʪ ʢʦʤʧʣʝʢʩʳ Ŭ-ʢʫʤʠʣʴʥʦʡ ʩʝʨʠʠ 

ʭʠʤʠʯʝʩʢʠ ʤʷʛʯʝ, ʯʝʤ ʠʭ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ ʘʥʘʣʦʛʠ ʠ ʪʝʤ ʩʘʤʳʤ ʘʢʪʠʚʥʝʝ ʚ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ 

ʢʦʨʨʝʣʷʮʠʡ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʣʦʢʘʣʴʥʦʡ ʛʠʧʝʨʤʷʛʢʦʩʪʠ ʥʘ ʘʪʦʤʝ ʪʠʪʘʥʘ ʩ 

ʢʦʥʩʪʘʥʪʘʤʠ ɻʘʤʤʝʪʘ ʚʘʨʴʠʨʫʝʤʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʦʪʩʝʠʚʘʪʴ ʥʝʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ. 

 
ʈʠʩ. 6. ʉʝʨʠʠ ʩʘʣʠʮʠʣʘʣʴʜʘʨʠʣʠʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʪʠʪʘʥʘ(IV). ʩ 

ʥʘʠʚʳʩʰʠʤ ʟʥʘʯʝʥʠʝʤ ʣʦʢʘʣʴʥʦʡ ʩʚʝʨʭʤʷʛʢʦʩʪʠ ʥʘ ʘʪʦʤʝ ʪʠʪʘʥʘ. 

 

ʉʠʥʪʝʟ ʚʳʩʦʢʦʣʠʥʝʡʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ 

ʢʦʤʧʣʝʢʩʘʭ ʢʦʙʘʣʴʪʘ(II), ʩʦʜʝʨʞʘʱʠʭ ʮʠʢʣʦʘʣʢʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ. 

ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʙʠʩʘʨʠʣʠʤʠʥʦʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʠʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ ʧʦ ʩʭʝʤʝ, ʚʢʣʶʯʘʶʱʝʡ ʢʦʥʜʝʥʩʘʮʠʶ 2-ʘʮʝʪʠʣ-5,6,7,8-

ʪʝʪʨʘʛʠʜʨʦ-9ʅ-ʮʠʢʣʦʛʝʧʪʘ[b]ʧʠʨʠʜʠʥ-9-ʦʥʘ ʩ 2-R1-4-R2-6-ʮʠʢʣʦʘʣʢʠʣʘʥʠʣʠʥʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʚʘʨʴʠʨʫʝʤʳʡ ʨʘʟʤʝʨ ʮʠʢʣʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʦʙʨʘʟʫʶʱʠʭʩʷ 2-[1-(2-R1-4-R2-6-ʮʠʢʣʦʘʣʢʠʣʬʝʥʠʣʠʤʠʥʦ)ʵʪʠʣ]-9-(2-R1-4-R2-6-

ʮʠʢʣʦʘʣʢʠʣʬʝʥʠʣʠʤʠʥʦ)-5,6,7,8-ʪʝʪʨʘʛʠʜʨʦ-9ʅ-ʮʠʢʣʦʛʝʧʪʘ[b]ʧʠʨʠʜʠʥʦʚ ʩ 

ʛʝʢʩʘʛʠʜʨʘʪʦʤ ʜʠʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ (ʉʭʝʤʘ 3). 
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ʉʭʝʤʘ 3. ʉʧʦʩʦʙ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʙʠʩʘʨʠʣʠʤʠʥʦʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʠʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ. 

 

ʆʪʢʨʳʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʜʠʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ 

ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʣʠʥʝʡʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʵʪʠʣʝʥʘ ʧʨʠ ʘʢʪʠʚʠʨʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʪʠʣʘʣʶʤʦʢʩʘʥʦʤ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʙʣʘʜʘʝʪ ʘʢʪʠʚʥʦʩʪʴʶ 0.96é8.12 ʪʧ/ɻʤʦʣʴCoĬʯ ʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʦʥʦʤʦʜʘʣʴʥʳʡ ʚʳʩʦʢʦʣʠʥʝʡʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʩ ʄʄ 

6.41é25.96 ʢʛ/ʤʦʣʴ, ʫʟʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 2.00é4.50 ʠ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 128.1é133.7 oʉ.  

 

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʨʷʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʜʠʢʘʣʦʚ ʩ ʠʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ.  

ʄʝʪʦʜʦʤ DFT ʠʟʫʯʝʥʦ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʨʷʜʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʞʝʩʪʢʦʩʪʠ ʠ ʝʝ ʧʨʦʷʚʣʝʥʠʡ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʠʟʫʯʝʥʥʳʭ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ 

ʧʝʨʬʪʦʨʙʝʥʟʦʮʠʢʣʦʙʫʪʝʥʘ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʞʝʩʪʢʠʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʦʨʜʠʥʘʪʝ ʧʩʝʚʜʦʚʨʘʱʝʥʠʷ, ʫʯʝʪ ʵʪʦʛʦ ʬʘʢʪʘ ʧʦʟʚʦʣʠʣ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʉʪʨʦʝʥʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ, ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʧʦ ʙʝʥʟʦʣʴʥʦʤʫ ʢʦʣʴʮʫ ʧʨʦʠʟʚʦʜʥʳʭ 

ʙʝʥʟʦʬʫʨʘʥʘ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʯʠʩʣʘ ʘʪʦʤʦʚ ʬʪʦʨʘ, ʪʘʢ ʠ ʦʪ ʥʘʣʠʯʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʛʝʪʝʨʦʮʠʢʣʝ. ɿʘʤʝʩʪʠʪʝʣʴ, ʤʝʥʷʷ ʩʪʝʧʝʥʴ ʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʣʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʥʝʧʣʦʩʢʦʩʪʥʳʤ ʦʪʢʣʦʥʝʥʠʷʤ 

ʘʪʦʤʦʚ ʬʪʦʨʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʱʝʧʣʝʥʠʷ ʬʪʦʨʠʜ-ʠʦʥʘ. ɺ ʩʣʫʯʘʝ 

ʬʝʥʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʠʥʚʝʨʩʠʷ ʚʥʝʧʣʦʩʢʦʩʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʘ ʩ ʚʨʘʱʝʥʠʝʤ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʚʦʢʨʫʛ ʩʚʷʟʠ ʉ-ʉ. 
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ʅʘʣʠʯʠʝ ʥʠʟʢʦʣʝʞʘʱʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦʟʚʦʣʷʣʦ ʧʨʝʜʧʦʣʘʛʘʪʴ 

ʧʩʝʚʜʦ-ʷʥ-ʪʝʣʣʝʨʦʚʩʢʫʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ʜʠʭʠʥʦʢʩʘʣʠʥʦ[2,3-

a:2ô,3ô-c]ʬʝʥʘʟʠʥʘ. ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ B3LYP-6-31+G* ʨʘʩʯʝʪʘʤ, ʜʘʥʥʳʡ ʨʘʜʠʢʘʣ 

ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʫʶ D3h ʩʪʨʫʢʪʫʨʫ ʥʝʡʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ.  

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 17-03-00564 çʂʦʤʧʣʝʢʩʳ, ʘʩʩʦʮʠʘʪʳ ʠ ʢʣʘʩʪʝʨʳ ʩʪʨʫʢʪʫʨʥʦ 

ʥʝʞʝʩʪʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: ʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘè. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʜ.ʭ.ʥ. ʑʝʛʦʣʝʚʘ ʃʶʜʤʠʣʘ ʅʠʢʦʣʘʝʚʥʘ 

ʅʘ ʧʨʠʤʝʨʝ ʷʥ-ʪʝʣʣʝʨʦʚʩʢʠʭ ʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʙʝʥʟʦʣʘ ʠ ʛʝʢʩʘʬʪʦʨʙʝʥʟʦʣʘ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʘʷ ʵʪʠʤ ʯʘʩʪʠʮʘʤ (ʠ ʤʥʦʛʠʤ ʠʭ ʤʝʥʝʝ ʩʠʤʤʝʪʨʠʯʥʳʤ 

ʧʨʦʠʟʚʦʜʥʳʤ) ʩʪʨʫʢʪʫʨʥʘʷ ʥʝʞʝʩʪʢʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʩʝʚʜʦʚʨʘʱʝʥʠʶ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʠʤʠ ʘʩʩʦʮʠʘʪʦʚ ʩ ʤʦʣʝʢʫʣʦʡ ʩʨʝʜʳ ʠʣʠ 

ʥʝʡʪʨʘʣʴʥʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ 

ʜʠʤʝʨʳ ʜʚʫʭ ʪʠʧʦʚ: ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʣʦʢʘʣʠʟʘʮʠʠ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ (ʜʳʨʢʠ) 

ʥʘ ʦʜʥʦʡ ʯʘʩʪʠʮʝ (ʄÑĘéʄ) ʠʣʠ ʩ ʜʝʣʦʢʘʣʠʟʘʮʠʝʡ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʧʦ ʜʚʫʤ 

ʯʘʩʪʠʮʘʤ (ʄ2
ÑĘ). 

ʆʜʥʦʟʘʧʦʣʥʝʥʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ ʜʠʤʝʨʘ ʄ2
ÑĘʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ 

ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʦʨʙʠʪʘʣʝʡ ʬʨʘʛʤʝʥʪʦʚ, ʚʟʷʪʘʷ ʩʦ ʟʥʘʢʦʤ çʤʠʥʫʩè ʠʣʠ 

çʧʣʶʩè, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʠʤʝʨ ʩʫʱʝʩʪʚʫʝʪ ʚ ʬʦʨʤʝ ʜʚʫʭ ʦʨʙʠʪʘʣʴʥʳʭ ʠʟʦʤʝʨʦʚ 

ï ʵʣʝʢʪʨʦʤʝʨʦʚ. ʇʦʥʠʤʘʥʠʝ ʵʪʦʛʦ ʧʦʟʚʦʣʠʣʦ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʝʨʦʚ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʤʫ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʴʥʳʭ ʜʠʤʝʨʦʚ ʙʝʥʟʦʣʘ ʠ ʛʝʢʩʘʬʪʦʨʙʝʥʟʦʣʘ, (C6ʍ6)2
+Ę. ʅʘʡʜʝʥʳ ʧʫʪʠ 

ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʷ ʠʭ ʵʣʝʢʪʨʦʤʝʨʦʚ. ɼʘʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʉʊɺ ʜʣʷ 

(C6H6)2
+Ę. 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʨʙʠʪʘʣʴʥʦʡ ʠʟʦʤʝʨʠʠ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʥʝʞʝʩʪʢʦʩʪʠ ʚ ʢʦʤʧʣʝʢʩʘʭ [C6H6
+Ęéʄ] ʨʘʩʩʤʦʪʨʝʥʘ ʜʣʷ M = HCN, CH3CN ʠ H2O. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ C6H6
+Ę, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʤʦʣʝʢʫʣʦʡ, 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʄ, ʥʦ ʠ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ, ʥʝʞʝʩʪʢʦʩʪʴ 

C6H6
+Ę ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʩʝʚʜʦʚʨʘʱʝʥʠʶ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʩʢʘʞʝʥʠʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʯʘʩʪʠʮ ʠʣʠ ʧʨʦʠʩʭʦʜʠʪʴ ʙʝʟ ʪʘʢʦʚʦʛʦ. 

ɸʥʠʦʥ-ʨʘʜʠʢʘʣ ʛʝʢʩʘʬʪʦʨʙʝʥʟʦʣʘ ʦʙʨʘʟʫʝʪ ʜʠʤʝʨ C6F6ȤĘéC6F6, 

ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʇʇʕ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʩʝʚʜʦʚʨʘʱʝʥʠʷ, ʚʳʩʦʪʘ 

ʙʘʨʴʝʨʘ ʧʩʝʚʜʦʚʨʘʱʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʢʢʘʣ/ʤʦʣʴ. ʇʦ ʜʘʥʥʳʤ ʨʷʜʘ ʨʘʩʯʝʪʥʳʭ 

ʤʝʪʦʜʦʚ, ʚʳʨʦʞʜʝʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʦʙʤʝʥ ʚ ʜʘʥʥʦʤ ʜʠʤʝʨʝ ʪʘʢʞʝ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ. ʆʙʥʘʨʫʞʝʥʥʘʷ ʣʝʛʢʦʩʪʴ 

ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʚ ʜʠʤʝʨʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʨʝʜʧʦʩʳʣʢʦʡ ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʥʦʩʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʦʙʣʫʯʝʥʥʦʤ ʞʠʜʢʦʤ ʛʝʢʩʘʬʪʦʨʙʝʥʟʦʣʝ (ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ).  

ʈʘʩʯʝʪʳ ʘʩʩʦʮʠʘʪʦʚ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ C6F6ĖĘ ʩ n ʤʦʣʝʢʫʣʘʤʠ C6F6, n=3-6 

ʧʦʢʘʟʘʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʚʳʛʦʜʥʦʩʪʴ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʚʠʜʝ ʩʪʦʧʦʯʥʳʭ 

ʢʣʘʩʪʝʨʦʚ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʩʢʘʟʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʦʙʣʫʯʝʥʥʦʤ ʯʠʩʪʦʤ ʛʝʢʩʘʬʪʦʨʙʝʥʟʦʣʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ 
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ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʠʮ. ʇʦʩʣʝʜʥʝʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʣʝʛʢʦʛʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʚʳʭ ʚʨʝʤʷʨʘʟʨʝʰʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʦʙʣʫʯʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʧʝʨʬʪʦʨʠʥʜʝʥʘ ʚ ʠʟʦʦʢʪʘʥʝ ʣʫʯʰʝ ʦʧʠʩʳʚʘʶʪʩʷ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʩʩʦʮʠʘʪʘ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ʧʝʨʬʪʦʨʠʥʜʝʥʘ ʠ 

ʤʦʣʝʢʫʣʳ ʛʝʢʩʘʤʝʪʠʣʜʠʩʠʣʦʢʩʘʥʘ, ʜʦʙʘʚʣʷʝʤʦʛʦ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʩʪʚʦʨ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ. ʀʦʥ-ʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʦʡ ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ 

ʛʝʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʝ. 

 

ʈʠʩ. 7. ʉʪʨʫʢʪʫʨʘ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʜʠʤʝʨʘʭ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʦʚ ʜʝʢʘʬʪʦʨʙʠʬʝʥʠʣʘ ʠ ʦʢʪʘʬʪʦʨʘʤʠʥʦʜʠʬʝʥʠʣʘ. 

 

ɻʨʘʥʪ ʈʌʌʀ ˉ 17-03-00944 çʅʦʚʳʝ ʨʝʧʦʨʪʝʨʥʳʝ ʛʨʫʧʧʳ ʜʣʷ ɼʅʂ-ʪʝʭʥʦʣʦʛʠʡ ʩ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʝʡ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡè. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʭ.ʥ. ʀʨʪʝʛʦʚʘ ʀʨʠʥʘ ɻʝʥʥʘʜʴʝʚʥʘ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʪʠʦʢʩʘʥʪʝʥ-1,4,9-ʪʨʠʦʥʘ ʠ S,S-

ʜʠʦʢʩʠʜʘ 9ʅ-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ. 

ɺʳʧʦʣʥʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʜʝʣʴʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ 

ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʠʦʢʩʘʥʪʝʥ-1,4,9-ʪʨʠʦʥʘ, 9ʅ-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥ-S,S-

ʜʠʦʢʩʠʜʘ, ʘ ʪʘʢʞʝ ʧʨʷʤʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ 1,2,3,4-ʪʝʪʨʘ-ʬʪʦʨʘʥʪʨʘʭʠʥʦʥʦʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʨʝʧʦʨʪʝʨʥʳʝ ʛʨʫʧʧʳ ʚ ʩʦʩʪʘʚʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ 

ʜʘʶʪ ʯʝʪʢʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʧʦʪʝʥʮʠʘʣʘʤ ʪʦʢʦʚʳʝ ʩʠʛʥʘʣʳ, ʫʩʪʦʡʯʠʚʳʝ ʚ 

ʪʝʯʝʥʠʝ ʜʝʩʷʪʢʦʚ ʮʠʢʣʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʈʠʩ. 8). ɺʩʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʦʜʠʬʠʢʘʪʦʨʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʨʘʙʦʪʘʶʪ ʚ ʦʙʣʘʩʪʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʦʢʠʩʣʝʥʠʶ, ʤʦʜʠʬʠʢʘʮʠʷ ʠʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʙʠʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 
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ʈʠʩ. 8. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʤʦʜʝʣʴʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʥʦʚʳʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʤʝʪʢʘʤʠ, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʠʭ ʵʣʝʢʪʨʦʜʦʚ ʛʝʥʦʩʝʥʩʦʨʘ ʩʦʙʩʪʚʝʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʈʠʩ. 9). ɺʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʦʙʦʟʥʘʯʘʶʪ ʧʦʣʦʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ 

ʢʘʪʦʜʥʳʭ ʧʠʢʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘʭ. 

 

 

ʈʠʩ. 9. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʛʝʥʦʩʝʥʩʦʨ ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦ ʩʪʝʢʣʷʥʥʳʤ 

ITO-ʵʣʝʢʪʨʦʜʦʤ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. (1,2,3 ï ʨʘʙʦʯʠʝ 

ʜʠʩʢʦʚʳʝ ʵʣʝʢʪʨʦʜʳ, 4 ï ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ, 5 ï ʩʪʝʢʣʷʥʥʳʡ ITO-ʵʣʝʢʪʨʦʜ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʘ) (ʘ); ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʙʦʯʠʭ ʵʣʝʢʪʨʦʜʦʚ ʛʝʥʦʩʝʥʩʦʨʘ ʪʦʥʢʦʧʦʨʠʩʪʳʤ ʟʦʣʦʪʳʤ ʧʦʢʨʳʪʠʝʤ: (b) ï

ʵʣʝʢʪʨʦʜ ʜʦ ʤʦʜʠʬʠʢʘʮʠʠ, (ʩ) ï ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʯʝʪʳʨʝ ʥʦʚʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʢʦʥʮʝʚʳʭ 

ʤʦʜʠʬʠʢʘʪʦʨʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʧʦʪʝʥʮʠʘʣʘʤʠ ʜʣʷ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʝʥʦʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʜʝʪʝʢʮʠʝʡ. 

 

ɻʨʘʥʪ ʈʌʌʀ 18-03-00596 çʕʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʜʣʷ 

ʫʩʪʨʦʡʩʪʚ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ ʩ ʥʠʟʢʠʤ ʚʦʣʴʪʘʞʦʤ ʧʝʨʝʢʣʶʯʝʥʠʡè 

ʆʙʦʟʥʘʯʝʥʠʷ ʢʦʥʮʝʚʳʭ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ 

ʨʝʧʦʨʪʝʨʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʤʦʜʝʣʴʥʦʛʦ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ:  

ThxO2 ï9ʅ-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ-S,S-ʜʠʦʢʩʠʜ; 

Trione - ʊʠʦʢʩʘʥʪʝʥ-1,4,9-ʪʨʠʦʥ; 

F3AQ - ʪʨʠʬʪʦʨ-9,10-ʘʥʪʨʘʭʠʥʦʥ;  

NQ - 1,4-ʥʘʬʪʦʭʠʥʦʥ (ʜʘʥʥʳʝ ʧʨʝʜʳʜʫʱʠʭ 

ʨʘʟʨʘʙʦʪʦʢ 

Fc ï ʬʝʨʨʦʮʝʥ (ʢʦʥʪʨʦʣʴ ʧʦʪʝʥʮʠʘʣʘ) 

1 2 3 

4 

5 6 

6 
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ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ï ʜ.ʭ.ʥ. ʐʫʥʜʨʠʥ ʃʝʦʥʠʜ ɸʥʘʪʦʣʴʝʚʠʯ 

ʈʘʩʰʠʨʝʥ ʥʘʙʦʨ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚ ʧʘʤʷʪʠ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʝ. ʈʝʘʢʮʠʝʡ 

çʥʫʢʣʝʦʬʠʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠè ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʦʚʳʭ ʘʤʙʠʧʦʣʷʨʥʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʫʶ ʜʠʬʪʦʨʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʴʥʫʶ 

ʛʨʫʧʧʫ ʚ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʧʦʣʠʠʤʠʜʳ (ʇʀ) ʩ ʙʦʢʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ 

ʦʩʥʦʚʝ 9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ (Th(O)S) ʠ ʝʛʦ S,S-ʜʠʦʢʩʠʜʘ (Th(O)SO2), ʠʩʭʦʜʷ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʥʦʤʝʨʦʚ - 2-{ʙʠʩ (4-ʘʤʠʥʦʬʝʥʠʣ)ʘʤʠʥʦʤʝʪʠʣ}-9H-

Th(O)S/Th(O)SO2. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʇʀ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ 

ʜʦ 400 oC ʙʝʟ ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʠ ʤʘʩʩʳ. ʉ ʧʦʤʦʱʴʶ ʪʦʥʢʦʧʣʝʥʦʯʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʳʭ ʇʀ ʢ ʦʙʨʘʪʠʤʦʤʫ ʦʢʠʩʣʝʥʠʶ 

ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ (ʘʤʙʠʧʦʣʷʨʥʦʝ ʧʦʚʝʜʝʥʠʝ) ʧʨʠ ʥʠʟʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ, ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʙʦʢʦʚʳʭ ʛʨʫʧʧ. ʕʣʝʢʪʨʦʭʨʦʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʀ 

ʧʦʢʘʟʘʣʠ ʧʦʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʩ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 0 > E > -2.1 ɺ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʦʢʦʚʳʭ ʛʨʫʧʧ 

ʚʥʫʪʨʠ ʩʣʦʷ ʇʀ, ʘ ʪʘʢʞʝ ʩ ʦʙʨʘʪʠʤʳʤ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʥʫʶ 

ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ (ʈʠʩ.10). 

 
ʈʠʩ. 10. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʣʝʥʦʢ ʇʀ ʥʘ ʨʘʙʦʯʝʤ ʵʣʝʢʪʨʦʜʝ 

ITO, ʧʦʣʫʯʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʦʪʝʥʮʠʘʣʘʭ (ʦʙʦʟʥʘʯʝʥʳ ʮʚʝʪʦʤ): (a) ʇʀ ʩ ʧʝʥʜʘʥʪʥʦʡ ʛʨʫʧʧʦʡ ʥʘ ʦʩʥʦʚʝ 9H-

ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ, (b) ʇʀ ʩ ʧʝʥʜʘʥʪʥʦʡ ʛʨʫʧʧʦʡ ʥʘ ʦʩʥʦʚʝ 9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥ S,S-

ʜʠʦʢʩʠʜʘ. 

 

ʄʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʭʨʦʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʇʀ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʩʨʘʚʥʝʥʠʝʤ ʩ 

ʜʘʥʥʳʤʠ 3D UV-VIS-NIR ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 2-ʤʝʪʠʣ-9H-

ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʙʦʢʦʚʳʭ ʛʨʫʧʧ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ UV-VIS-NIR ʩʧʝʢʪʨʳ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʟʫʯʝʥʳ ʚʧʝʨʚʳʝ (ʈʠʩ. 11). 
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ʈʠʩ. 11. ʊʨʘʥʩʬʦʨʤʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ UV-VIS-NIR ʩʧʝʢʪʨʦʚ 2-ʤʝʪʠʣ-9H-

ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʘ (ʘ) ʠ 2-ʤʝʪʠʣ-9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥ S,S-ʜʠʦʢʩʠʜʘ (ʩ) ʧʨʠ ʠʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚ ʨʘʩʪʚʦʨʝ MeCN ʧʨʠ 298 ʂ; ʢʠʥʝʪʠʢʘ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʦʢʩʘʥʪʝʥʦʥʦʚ (b,d, 

ʣʝʚʘʷ ʦʩʴ), ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ (b, d). 

 

ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 3D UV-VIS ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʠ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʢʫʨʩʦʨʦʚ (ʈʠʩ. 11) ʩ ʵʣʝʢʪʨʦʭʨʦʤʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʧʦʣʠʠʤʠʜʥʳʭ 

ʧʣʝʥʦʢ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʝʥʜʘʥʪʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʈʠʩ. 10), ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʵʣʝʢʪʨʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʣʠʠʤʠʜʦʚ ʚʢʣʶʯʘʝʪ ʵʣʝʢʪʨʦʥʥʳʝ 

ʧʝʨʝʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʪʦʣʴʢʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʧʝʥʜʘʥʪʥʳʭ ʛʨʫʧʧ ʚ ʦʙʦʠʭ ʧʦʣʠʤʝʨʘʭ, ʘ ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʤʠʜʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ɼʣʷ ʧʦʣʠʠʤʠʜʘ ʩ 9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥ S,S- 

ʜʠʦʢʩʠʜʥʦʡ ʧʝʥʜʘʥʪʥʦʡ ʛʨʫʧʧʦʡ ʵʪʦʪ ʬʘʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʢʠʩʣʝʥʠʝʤ 

ʜʠʘʥʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʥʜʘʥʪʥʦʡ ʛʨʫʧʧʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʩʪʨʦʛʦ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʥʘ ʥʘ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʡ ʬʨʘʛʤʝʥʪ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʧʦʣʠʤʝʨʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʙʣʠʞʥʝʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ 

ʦʙʣʘʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ -1.5 > E> -1.85 (ʈʠʩ.10). 

  
































































































































































































































































































































