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1. ɺɺɽɼɽʅʀɽ 

 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ, 

ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʚʣʝʯʝʥʠʝ ʚ ʩʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ 

ʥʘʪʠʚʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʠʤʝʶʱʠʭ ʜʦʩʪʫʧʥʫ  ʁ ʩʳʨʴʝʚʫ  ʁ ʙʘʟʫ. ʐʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʪʦʥʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʦʣʫʯʠʣʠ 

ʩʦʝʜʠʥʝʥʠʷ ʢʣʘʩʩʘ ʪʝʨʧʝʥʦʠʜʦʚ ʠ ʘʣʢʘʣʦʠʜʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʝʜʠʥʝʥʠʷ ʜʠʙʝʥʟʦʬʫʨʘʥʦʚʦʛʦ 

ʨʷʜʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʢʣʘʩʩʫ ʧʦʣʠʬʝʥʦʣʦʚ, ʥʝʟʘʩʣʫʞʝʥʥʦ ʤʘʣʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʦʩʥʦʚʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʜʘʣʠ 

ʦʩʥʦʚʘʥʠʷ ʚʦʟʣʘʛʘʪʴ ʥʘʜʝʞʜʳ ʥʘ ʚʚʝʜʝʥʠʝ ʚ ʪʝʨʘʧʠʶ ʨʷʜʘ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʙʦʣʝʟʥʝʡ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʣʠʰʘʡʥʠʢʦʚʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ʢʣʘʩʩʘ ʜʠʙʝʥʟʦʬʫʨʘʥʦʚ 

ï ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʝʸ ʚ ʨʘʟʥʳʭ ʚʠʜʘʭ ʣʠʰʘʡʥʠʢʦʚ, ʧʨʦʩʪʦʪʘ 

ʧʨʦʮʝʜʫʨʳ ʚʳʜʝʣʝʥʠʷ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʚʳʩʦʢʘʷ ʦʧʪʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ ʠʟʚʣʝʢʘʝʤʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʜʘʸʪ ʦʩʦʙʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʵʪʦʤʫ ʩʦʝʜʠʥʝʥʠʶ. ʕʢʦʥʦʤʠʯʝʩʢʫʶ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʝʸ ʠʟ 

ʩʤʝʩʠ ʣʠʰʘʡʥʠʢʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʦʪʭʦʜʘʭ ʣʝʩʦʧʝʨʝʨʘʙʦʪʢʠ. ɼʠʘʧʘʟʦʥ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ, 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʠ ʪ.ʜ.) ʪʘʢʞʝ ʧʨʠʢʦʚʳʚʘʝʪ ʢ ʥʝʡ ʧʨʠʩʪʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʦʜʥʘʢʦ, ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʳʡ ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʛʝʧʘʪʦʪʦʢʩʠʯʥʦʩʪʴʶ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʠʭ ʧʨʝʜʧʦʩʳʣʦʢ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʧʨʦʚʝʩʪʠ ʭʠʤʠʯʝʩʢʠʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʝʸ ʦʩʥʦʚʝ ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʠʪʴ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʘʛʝʥʪʳ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʤʦʜʠʬʠʢʘʮʠʷʤ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠʚʝʜʝʥʘ ʚ ʦʙʟʦʨʝ ʩ ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ, ʧʦ ʜʘʥʥʳʤ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʩʧʝʢʪʨ ʠʟʚʝʩʪʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʦʩʪʘʪʦʯʥʦ ʫʟʦʢ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʚʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʤʘʣʦʧʨʝʜʩʢʘʟʫʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠ ʩʣʦʞʥʳʤ 

ʨʝʘʢʮʠʦʥʥʳʤ ʩʤʝʩʷʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʘʥʥʳʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ, ʦʩʚʝʱʸʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, 

ʛʦʚʦʨʷʪ ʦ ʙʦʣʴʰʦʤ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʠʩʯʝʨʧʘʥʥʦʤ, ʧʦʪʝʥʮʠʘʣʝ ʵʪʦʡ ʤʦʣʝʢʫʣʳ ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʘ ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʧʨʝʧʘʨʘʪʳ ʩ ʚʳʩʦʢʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 
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ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʝʸ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʦʙʣʘʜʘʶʱʠʭ ʮʝʥʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ, 

ʩʚʦʡʩʪʚʘʤʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʩʠʥʪʝʟ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʤʝʪʦʜʠʢ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

2) ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ. 

3) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʝʣʝʢʪʠʚʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

4) ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

5) ʩʠʥʪʝʟ ʙʠʙʣʠʦʪʝʢ ʩʪʨʫʢʪʫʨʥʦʨʦʜʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʪʙʦʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʧʣʘʥʦʤʝʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʷʭ, ʦʙʥʘʨʫʞʝʥʳ ʥʝʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ ʨʝʘʢʮʠʠ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʧʨʘʚʣʝʥʥʦ ʚʚʦʜʠʪʴ ʬʘʨʤʘʢʦʬʦʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʚ ʨʘʟʥʳʝ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʵʬʠʨʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʤʝʪʠʣʦʚʳʡ ʠʣʠ ʧʦʣʠʬʪʦʨʩʦʜʝʨʞʘʱʠʝ 

ʵʬʠʨʳ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʝʣʝʢʪʠʚʥʦ ʧʦ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʫ 7-ʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʧʦ 9-ʦʤʫ ʬʝʥʦʣʴʥʦʤʫ ʛʠʜʨʦʢʩʠʣʫ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʩʚʷʟʳʚʘʶʱʝʡ ʝʛʦ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʜʠʘʟʦʤʝʪʘʥʘ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʥʝʢʦʪʦʨʳʭ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʩ 

ʜʠʘʟʦʤʝʪʘʥʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʨʘʩʰʠʨʝʥʠʝ ʮʠʢʣʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʄʦʜʠʬʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʨʝʘʢʮʠʶ ʧʷʪʠ ʤʦʣʝʢʫʣ ʜʠʘʟʦʤʝʪʘʥʘ ʠ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ ʢʦʣʴʮʫ ɸ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʠʨʘʥʦʚʳʤ ʠ 

ʬʫʨʘʥʦʚʳʤ ʮʠʢʣʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʝ ʧʨʦʪʝʢʘʝʪ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʛʠʜʨʠʜʘʤʠ ʙʦʨʘ ʧʨʦʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʅʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʘ ʵʥʜʦʮʠʢʣʠʯʝʩʢʘʷ 

ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʝʸ ʧʨʦʪʝʢʘʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ. ʂʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ 

C
13
=ʆ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ. 

ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʠʨʘʟʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʉ
13
=ʆ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘ-

ʭʠʥʦʥʤʝʪʠʜʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʦʢʠʩʣʝʥʠ ̫ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʥʘʜʢʠʩʣʦʪʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʢʦʣʴʮʫ ɸ 

ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʵʧʦʢʩʠʜʥʳʝ ʮʠʢʣʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ ʧʨʦʪʝʢʘʝʪ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦ. 

ʈʘʟʨʘʙʦʪʘʥ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʢ ʜʘʣʴʥʝʡʰʝʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ - ʙʨʦʤʠʨʦʚʘʥʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ ʚ ʢʦʣʴʮʝ ɸ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʙʨʦʤʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʦʡ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʨʘʟʨʫʰʝʥʠʝ ʦʜʥʦʡ ʠʟ ʥʠʭ ʯʝʨʝʟ ʩʠʥʪʝʟ ʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʨʝʘʢʮʠʶ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ 

ʧʦ ʩʦʩʝʜʥʝʡ ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ.  

ʈʝʘʢʮʠʝʡ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʩ ʪʠʦʣʘʤʠ, 

ʪʠʦʘʤʠʜʘʤʠ, ʪʠʦʤʦʯʝʚʠʥʘʤʠ ʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʙʠʙʣʠʦʪʝʢʠ ʥʦʚʳʭ 

ʩʝʨʫʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʧʫʪʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʙʨʦʤʘ ʩʝʨʫʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. ʈʝʘʢʮʠʝʡ ʩ 

ʪʠʦʣʘʤʠ ʧʦʣʫʯʝʥʳ ʪʠʦʵʬʠʨʳ, ʜʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚʝʜʸʪ ʢ ʩʫʣʴʬʦʥʘʤ ʠ 

ʩʫʣʴʬʦʢʩʠʜʘʤ. ʀʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʪʠʦʵʬʠʨʦʚ ʚ 

ʩʫʣʴʬʦʢʩʠʜʳ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʠʦʵʬʠʨʘ ʥʘ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʡ ʠʟʙʳʪʦʢ 

ʩʫʣʴʬʦʢʩʠʜʘ. ʈʝʘʢʮʠʝʡ ʩ ʪʠʦʘʤʠʜʘʤʠ, ʟʘʤʝʱʸʥʥʳʤʠ ʪʠʦʤʦʯʝʚʠʥʘʤʠ ʠ ʟʘʤʝʱʸʥʥʳʤʠ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʪʠʘʟʦʣʴʥʳʡ ʮʠʢʣ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʥʸʤ.  

ʀʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʩ ʆ-, N-

, ʠ C- ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʠʩʣʦʨʦʜʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ ʧʨʦʪʝʢʘʝʪ ʣʠʙʦ ʧʦ ʧʫʪʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ, ʣʠʙʦ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʘʪʦʤʘ ʙʨʦʤʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʬʠʨʦʚ, ʣʠʙʦ ʚ ʩʣʫʯʘʝ ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʜʚʫʤ ʵʪʠʤ 
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ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ N- ʠ C-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʧʨʦʜʫʢʪʫ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʉ-N ʠ ʉ-ʉ ʩʚʷʟʝʡ 

ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʙʨʦʤʘ ʚ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʤ ʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ.  

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʠʜʸʪ 

ʩʝʣʝʢʪʠʚʥʦ ʧʦ ʧʫʪʠ ʉ-ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʚ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʘʮʠʣʴʥʳʭ ʛʨʫʧʧ. ʅʘ ʦʩʥʦʚʝ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʧʦ ʜʚʘ 

ʮʠʘʥʵʪʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʣʘʚʦʥʦʠʜʥʳʤʠ ʦʩʪʦʚʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʆʩʫʱʝʩʪʚʣʝʥ ʯʝʪʳʨʸʭʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʥʘ ʙʘʟʝ ʦʩʪʦʚʘ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʪʨʫʢʪʫʨʥʳʡ ʬʨʘʛʤʝʥʪ ʭʘʣʢʦʥʦʚ. ɼʘʣʴʥʝʡʰʝʡ 

ʤʦʜʠʬʠʢʘʮʠʝʡ ʭʘʣʢʦʥʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʬʣʘʚʦʥʦʣʳ, ʜʠʛʠʜʨʦʬʣʘʚʦʥʦʣʳ ʠ ʬʣʘʚʦʥʦʥʳ. 

ʀʩʭʦʜʷ ʠʟ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦ ʨʝʘʢʮʠʠ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʥʳʡ 

ʬʨʘʛʤʝʥʪ ʘʫʨʦʥʦʚ ʠ ʧʦʜʦʙʥʳʝ ʠʤ ʩʦʝʜʠʥʝʥʠʷ.  

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʚʳʷʚʣʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʘ 

ʦʩʥʦʚʝ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʦʡ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʩ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʦʧʫʭʦʣʝʚʳʭ ʣʠʥʠʡ ʢʣʝʪʦʢ ʢʨʦʚʠ, ʩ ʚʳʜʘʶʱʝʡʩʷ ʠʥʛʠʙʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʬʝʨʤʝʥʪʘʤ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʩ ʚʠʨʫʩʠʥʛʠʙʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʚʠʨʫʩʘ ʛʨʠʧʧʘ ɸ, ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʦʷʚʣʷʶʱʠʝ ʠʥʩʝʢʪʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʙʠʦʘʛʝʥʪʦʤ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴè ʧʦʣʫʯʝʥʳ ʥʘʙʦʨʳ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʜʣʠʥʦʡ, ʦʙʲʸʤʦʤ, ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ ʠ ʟʘʨʷʜʦʤ ʟʘʤʝʩʪʠʪʝʣʷ. ɼʣʷ ʤʥʦʛʠʭ ʪʝʩʪʠʨʦʚʘʥʥʳʭ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʥʘ ʦʩʥʦʚʝ (+)- ʠ (-)-ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʭʠʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʯʘʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʳ ʧʘʪʝʥʪʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ (8 ʧʘʪʝʥʪʦʚ). 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ: 31 ʧʫʙʣʠʢʘʮʠʷ (23 ʩʪʘʪʴʠ, ʚʢʣʶʯʘʷ 1 ʦʙʟʦʨ, ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ 8 ʧʘʪʝʥʪʦʚ), ʪʝʟʠʩʳ 20 
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ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʦʟʜʘʥʳ 2 ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʝʛʣʘʤʝʥʪʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

2nd Annual Russian-Korean Conference çCurrent issues of natural products chemistry and 

biotechnologyè (ʅʦʚʦʩʠʙʠʨʩʢ, 2010), XIII  ʄʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè (ʅʦʚʦʩʠʙʠʨʩʢ, 2010), ʂʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʊʘʰʢʝʥʪ, 2010), XIV  

ʄʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè 

(ɽʢʘʪʝʨʠʥʙʫʨʛ, 2011), çCurrent topics in organic chemistryè (Novosibirsk, 2011), VII  

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚè 

(ʉʳʢʪʳʚʢʘʨ, 2011), V ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʅʦʚʳʝ 

ʜʦʩʪʠʞʝʥʠʷ ʚ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷè (ɹʘʨʥʘʫʣ, 2012), 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɹʠʦʣʦʛʠʷ ï ʥʘʫʢʘ XXI  ʚʝʢʘè (ʄʦʩʢʚʘ, 2012), 3rd International 

Influenza Meeting (M¿nster, Germany, 2012), ʂʣʘʩʪʝʨ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

çʆʨʛʭʠʤ-2013è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2013), X-th International Symposium on the Chemistry of 

Natural Compounds (Tashkent-Bukhara, Rebublic Uzbekistan, 2013), ʇʝʨʚʘʷ ʈʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ (MedChem Russia-2013) (ʄʦʩʢʚʘ, 2013), 26th 

International Conference on Antiviral Research (ICAR) (San Francisco, CA, 2013), ʅʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɼʠʘʛʥʦʩʪʠʢʘ ʠ ʧʨʦʬʠʣʘʢʪʠʢʘ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2013), Sibirian winter conference ñCurrent topic in organic chemistryò (ʐʝʨʝʛʝʰ, 

ʈʦʩʩʠʷ, 2015), ɺʪʦʨʘʷ ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ (MedChem Russia-

2015) (ʅʦʚʦʩʠʙʠʨʩʢ, 2015), IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚè (ʄʦʩʢʚʘ, 2015), ɺʪʦʨʦʡ ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʉʠʤʧʦʟʠʫʤ ʧʦ 

ʄʝʜʠʮʠʥʩʢʦʡ, ʆʨʛʘʥʠʯʝʩʢʦʡ ʠ ɹʠʦʣʦʛʠʯʝʩʢʦʡ ʍʠʤʠʠ ï ʄʝʜʆʨʛɹʠʦʍʠʤ2015 (ʄʆɹʀ - 

ʍʠʤ2015) (ʂʨʳʤ, ʅʦʚʳʡ ʩʚʝʪ, 2015). 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʦʙʩʫʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʛʣʘʚʳ ʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʚʦʜʦʚ, 

ʧʝʨʝʯʥʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʦʙʦʟʥʘʯʝʥʠʡ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤ, ʩ ʢʝʤ ʙʳʣʦ ʩʚʷʟʘʥʦ ʧʦʷʚʣʝʥʠʝ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʘʚʪʦʨ ʛʣʫʙʦʢʦ ʙʣʘʛʦʜʘʨʝʥ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ ʧʨʦʬʝʩʩʦʨʫ 

ʅʘʨʠʤʘʥʫ ʌʘʨʠʜʦʚʠʯʫ ʉʘʣʘʭʫʪʜʠʥʦʚʫ ï ʤʫʜʨʦʤʫ ʋʯʠʪʝʣʶ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʢʦʪʦʨʦʛʦ ʥʝ ʪʦʣʴʢʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʦ ʠ ʩʬʦʨʤʠʨʦʚʘʥʦ 

ʥʘʫʯʥʦʝ ʤʠʨʦʚʦʟʟʨʝʥʠʝ ʘʚʪʦʨʘ. ʀʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʢ.ʭ.ʥ. ʉʦʢʦʣʦʚʫ 

ɼ.ʅ. ʟʘ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ ʠ ʧʣʦʜʦʪʚʦʨʥʳʝ ʥʘʫʯʥʳʝ ʜʠʩʢʫʩʩʠʠ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʥʘ ʘʢʘʜ. ʊʦʣʩʪʠʢʦʚʫ ɻ.ɸ., ʜ.ʭ.ʥ. ʌʫʨʠʥʫ ɻ.ɻ., ʢ.ʭ.ʥ. ʇʦʣʦʚʠʥʢʝ ʄ.ʇ. ʟʘ 
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ʥʘʫʯʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʢ.ʭ.ʥ. ʅʝʯʝʧʫʨʝʥʢʦ ʀ.ɺ. ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʧʦʣʝʚʳʭ ʵʢʩʧʝʜʠʮʠʡ ʧʦ ʟʘʛʦʪʦʚʢʝ ʣʠʰʘʡʥʠʢʦʚ, ʢ.ʭ.ʥ. ʂʦʨʯʘʛʠʥʦʡ ɼ.ɺ. ʟʘ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʢ.ʭ.ʥ. ʐʝʨʥʶʢʦʚʫ ɸ.ɺ. ʟʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʨʷʜʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ DFT-

ʤʝʪʦʜʦʤ, ʜ.ʭ.ʥ. ɻʘʪʠʣʦʚʫ ʖ.ɺ., ʜ.ʭ.ʥ. ɹʘʛʨʷʥʩʢʦʡ ʀ.ʖ., ʈʳʙʘʣʦʚʦʡ ʊ.ɺ. ʟʘ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʂʦʤʘʨʦʚʦʡ ʅ.ʀ. ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʦʚ ʤʝʪʦʜʦʤ ɺʕɾʍ, 

ʠʥʞʝʥʝʨʫ-ʪʝʭʥʦʣʦʛʫ ɺʘʨʣʘʤʝʥʢʦ ɺ.ʉ. ʟʘ ʚʢʣʘʜ ʚ ʨʘʙʦʪʫ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʜʝʣʝʥʠʷ 

ʫʩʥʠʥʦʚʳʭ ʢʠʩʣʦʪ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʥʘ ʢʦʣʣʝʛʘʤ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ: ʧʨʦʬ. ɼʘʥʠʣʝʥʢʦ ɺ.ʅ ʠ ʢ.ʙ.ʥ. ɹʝʢʢʝʨ ʆ.ɹ. ʠʟ 

ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʛʝʥʝʪʠʢʠ ʈɸʅ, ʢ.ʙ.ʥ. ɿʘʨʫʙʘʝʚʫ ɺ.ɺ. ʠ ʢ.ʙ.ʥ. ʐʪʨʦ ɸ.ɸ. ʠʟ ʀʥʩʪʠʪʫʪʘ 

ʛʨʠʧʧʘ, ʯʣ.-ʢʦʨʨ. ʃʘʚʨʠʢ ʆ.ʀ. ʠ ʢ.ʙ.ʥ. ɿʘʭʘʨʝʥʢʦ ɸ.ʃ. ʠʟ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ, ʢ.ʙ.ʥ ʌʠʣʠʧʝʥʢʦ ʄ.ʃ. ʠ ʢ.ʙ.ʥ. ɹʦʷʨʩʢʠʭ ʋ.ɸ., ʧʨʦʬ. ɻʣʫʧʦʚʫ 

ɺ.ɺ. ʠ ʜ.ʙ.ʥ. ʂʨʶʢʦʚʫ ɺ.ʖ. ʠʟ ʀʥʩʪʠʪʫʪʘ ʩʠʩʪʝʤʘʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʞʠʚʦʪʥʳʭ, ʧʨʦʬ. 

ʇʦʢʨʦʚʩʢʦʤʫ ɸ.ɻ. ʠ ʇʦʢʨʦʚʩʢʦʤʫ ʄ.ɸ. ʠʟ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʚʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʟʘ ʪʚʦʨʯʝʩʢʫʶ ʘʪʤʦʩʬʝʨʫ ʚ ʢʦʣʣʝʢʪʠʚʝ ʠ ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ. 

ʈʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʩʣʝʜʫʶʱʠʤʠ ʛʨʘʥʪʘʤʠ ʠ ʧʨʦʛʨʘʤʤʘʤʠ: ʛʨʘʥʪ ʈʦʩʩʠʡʩʢʦʛʦ 

ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ˉ 13-03-00810 çʀʟʫʯʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʬʝʥʦʣʦʚ ʥʘ ʧʨʠʤʝʨʝ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʭʠʨʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭè, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ˉ 

12411.1008799.13.002 ʦʪ 25 ʘʧʨʝʣʷ 2012 ʛ. çɼʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳè, ʐʠʬʨ ç2.1 ʂʠʩʣʦʪʘ 2012è; ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ˉ 

14.604.21.0018 ʦʪ 17 ʠʶʣʷ 2014 ʛ. ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʨʘʙʦʪʳ çʈʘʟʨʘʙʦʪʢʘ ʠʥʛʠʙʠʪʦʨʦʚ ʬʝʨʤʝʥʪʦʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʦʪʠʧʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡè, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ˉ 16.512.11.2241 çɸʥʘʣʠʟ ʨʦʣʠ ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʦ)ʧʦʣʠʤʝʨʘʟʳ 2 

ʚ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʠ ʧʦʠʩʢ ʠʥʛʠʙʠʪʦʨʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʧʦʣʠ(ɸɼʌ-

ʨʠʙʦʟʦ)ʧʦʣʠʤʝʨʘʟʘʤ 1 ʠʣʠ 2è ʦʪ 12 ʠʶʣʷ 2011 ʛʦʜʘ. 

ɺ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ ʧʫʙʣʠʢʘʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, 

ʚʳʜʝʣʝʥ rʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. 
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2. ɹʀʆʃʆɻʀʏɽʉʂɸʗ ɸʂʊʀɺʅʆʉʊʔ ʋʉʅʀʅʆɺʆʁ ʂʀʉʃʆʊʓ ʀ ɽɪ 

ʇʈʆʀɿɺʆɼʅʓʍ (ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ). 

 

ʋʩʥʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʋʂ), ʤʘʞʦʨʥʳʡ ʚʪʦʨʠʯʥʳʡ ʤʝʪʘʙʦʣʠʪ ʨʷʜʘ ʣʠʰʘʡʥʠʢʦʚ, 

ʧʨʠʚʣʝʢʘʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʞʝ ʧʦʯʪʠ ʜʚʘ ʩʪʦʣʝʪʠʷ, ʩʦ ʚʨʝʤʝʥʠ ʝʸ ʚʳʜʝʣʝʥʠʷ ʠʟ 

ʣʠʰʘʡʥʠʢʦʚ ʚ 1843 ʛ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʪʝʨʧʝʚʘʣʠ ʚʩʧʣʝʩʢ ʠʥʪʝʨʝʩʘ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ. 

ɼʦ ʦʪʢʨʳʪʠʷ ʧʝʥʠʮʠʣʣʠʥʘ, ʋʂ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʢʘʢ ʘʥʪʠʙʠʦʪʠʢ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʜʝʡʩʪʚʠʷ. ʉ ʦʢʦʥʯʘʥʠʷ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʜʦ ʢʦʥʮʘ 1950-ʭ ʛʦʜʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʋʂ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʝʸ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʦʩʣʝ 1980-ʭ 

ʛʦʜʦʚ ʠʥʪʝʨʝʩ ʢ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʋʂ ʙʳʣ ʚʦʟʦʙʥʦʚʣʝʥ ʠʟ-ʟʘ ʤʥʦʞʝʩʪʚʘ 

ʩʣʫʯʘʝʚ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʯʨʝʟʤʝʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʪʠʙʠʦʪʠʢʦʚ. ʉʫʤʤʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʧʫʙʣʠʢʘʮʠʡ, ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʜʚʘ ʦʙʟʦʨʘ ʧʨʠʤʝʨʥʦ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ (2002 ʛ), ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦ, ʥʦ ʢʨʘʪʢʦ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʧʝʢʪʨ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʋʂ
1,2

. ʐʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʋʂ ʚ ʙʠʦʜʦʙʘʚʢʘʭ ʧʨʠʚʝʣʦ ʢ ʨʷʜʫ ʩʣʫʯʘʝʚ ʢ ʠʥʪʦʢʩʠʢʘʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʠʟʫʯʝʥʠʠ ʘʩʧʝʢʪʦʚ ʝʸ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʚ 2008 ʛ 

ʦʧʫʙʣʠʢʦʚʘʥ ʦʙʟʦʨ
3
, ʘʢʮʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʵʪʦʡ ʧʨʦʙʣʝʤʝ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʪʦʢʩʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʋʂ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜr ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʦʡ ʤʦʣʝʢʫʣʳ ʥʝ ʫʧʘʣ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʨʘʩʰʠʨʠʪʴ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ ʝʸ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦ ʠ ʧʦʣʥʦ ʨʘʩʢʨʳʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʝʸ ʜʝʡʩʪʚʠʷ. ʉʠʥʪʝʟ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘ ʦʩʥʦʚʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʦʩʚʝʱʸʥʥʳʡ ʚ ʥʝʜʘʚʥʝʤ ʦʙʟʦʨʝ
4
, ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚʥʦʩʪ̫ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʦʪʢʨʳʚʘʪʁ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʟʘʤʝʯʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʬʘʨʤʘʢʦʣʦʛʠʠ. 

ɺ ʦʙʟʦʨʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʋʂ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʤʤʠʨʦʚʘʥʠʝ 

ʜʘʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ, ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʧʨʠʚʣʝʯʝʥʠʝ ʥʝʦʭʚʘʯʝʥʥʳʭ ʨʘʥʝʝ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ 

ʦʙʟʦʨ ʚʦʚʣʝʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʤʝʭʘʥʠʟʤʘʭ ʜʝʡʩʪʚʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʞʠʚʳʝ 

ʦʨʛʘʥʠʟʤʳ, ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʝʸ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʫʪʸʤ 

ʠʟʤʝʥʝʥʠʷ ʝʸ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʸ 

ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʵʥʘʥʪʠʦʤʝʨʥʦʡ ʯʠʩʪʦʪʳ ʋʂ ʥʘ ʝʸ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʦʙʟʦʨʝ ʜʘʥʥʳʝ ʙʳʣʠ ʥʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʤʠ ʚ ʚʠʜʝ 

ʜʚʫʭ ʦʙʟʦʨʥʳʭ ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʝ çɹʠʦʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷè (ʃʫʟʠʥʘ ʆ.ɸ., ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ. 
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ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ. ʏʘʩʪʴ 1. ɸʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ // ɹʠʦʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. ï 2016. ï ʊ. 42. - ˉ 2. ï ʉ. 

129-149; ʃʫʟʠʥʘ ʆ.ɸ., ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʏʘʩʪʴ 2. ɼʝʡʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʚʳʩʰʠʝ 

ʦʨʛʘʥʠʟʤʳ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ // 

ɹʠʦʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. ï 2016. ï ʊ. 42. - ˉ 3. ï DOI: 10.7868/S0132342316030106). 

 

2.1 ɸʙʩʦʣʶʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʇʨʝʞʜʝ ʯʝʤ ʦʙʩʫʞʜʘʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʚʫʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ, 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʚʝʪʠʪʴ ʚʦʧʨʦʩ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ. ɺ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʦʯʪʝʥʠʷ ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʟʥʳʭ ʣʝʪ ʧʨʠʧʠʩʳʚʘʣʠ ʠʣʠ S-ʢʦʥʬʠʛʫʨʘʮʠʶ (+)-ʋʂ (ʩʝʨʠʷ ʨʘʙʦʪ 1976-1984 

ʛʛ ʂʫʪʥʝʡ ʠ ʩʦʘʚʪ.
5
; ʦʥ-ʣʘʡʥ ʢʘʪʘʣʦʛ Sigma-Aldrich

6
) ʠʣʠ ʞʝ ʚʦʦʙʱʝ ʝʝ ʥʝ ʫʢʘʟʳʚʘʣʠ (ʩʝʨʠʷ 

ʨʘʙʦʪ ʊʘʢʘʭʘʰʠ ʠ ʩʦʘʚʪ.
7
). ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ

8
 ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʋʂ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (+)-ʋʂ ((+)-

1) ʩ S-1-ʬʝʥʠʣʵʪʠʣʘʤʠʥʦʤ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤʫ 

ʮʝʥʪʨʫ ʧʨʠʧʠʩʘʥʘ R-ʢʦʥʬʠʛʫʨʘʮʠʷ (ʩʦʝʜʠʥʝʥʠʝ (+)-2, ʨʠʩ. 1). ʆʜʥʘʢʦ, ʚ ʧʫʙʣʠʢʘʮʠʠ ʥʝ ʙʳʣʠ 

ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʈʠʩʫʥʦʢ 1. ɸʙʩʦʣʶʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʩʦʝʜʠʥʝʥʠʷ 

(+)-2. 

ɺ ʨʘʙʦʪʘʭ
9
 ʦʧʫʙʣʠʢʦʚʘʥʳ ʫʞʝ ʧʦʜʪʚʝʨʞʜʸʥʥʳʝ ʤʝʪʦʜʦʤ ʈʉɸ ʜʘʥʥʳʝ. ɸʚʪʦʨʳ 

ʠʟʦʙʨʘʞʘʶʪ (+)-ʋʂ ʩ R-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠ ʧʫʙʣʠʢʫʶʪ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ (+)-ʋʂ ʩ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʮʠʢʣʦʛʝʢʩʘʥʜʠʘʤʠʥʦʤ 

(ʩʦʝʜʠʥʝʥʠʝ (+)-3, ʨʠʩ. 2). 
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ʈʠʩʫʥʦʢ 2. ɸʙʩʦʣʶʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ (+)-3. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʵʪʠʭ ʜʘʥʥʳʭ, ʜʦ ʩʠʭ ʧʦʨ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʠʟʦʙʨʘʞʘʶʪ (+)-ʋʂ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʝ ʩ S-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʦʧʠʨʘʷʩʴ ʥʘ ʦʰʠʙʦʯʥʦʝ ʝʸ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʢʘʪʘʣʦʛʝ Sigma-Aldrich. ɺ ʜʘʥʥʦʤ 

ʦʙʟʦʨʝ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʝʥʳ ʢʦʨʨʝʢʪʠʚʳ ʚ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨ, ʩʦʦʪʥʝʩʷ ʩʪʨʫʢʪʫʨʫ 

(+)-ʋʂ ʩ R-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ (ʨʠʩ. 1).  

 

2.2 ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘ, ʦʙʘ ʝʸ ʵʥʘʥʪʠʦʤʝʨʘ ʧʨʦʷʚʣʷʶʪ ʚ 

ʨʘʟʥʦʡ, ʥʦ ʩʨʘʚʥʠʤʦʡ ʩʪʝʧʝʥʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʤʥʦʛʠʭ ʙʘʢʪʝʨʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʭʦʜʷʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʋʂ ʟʘʤʝʪʥʦ ʙʦʣʝʝ ʘʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ 

ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʦʜʨʘʟʜʝʣʝʥʠʝ ʙʘʢʪʝʨʠʡ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʨʦʝʥʠʷ 

ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʝʸ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦʡ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʠʭ ʦʢʨʘʩʢʠ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ ʮʚʝʪ ʧʦ ʤʝʪʦʜʫ ɻʨʘʤʘ. ʂʣʝʪʦʯʥʘʷ ʩʪʝʥʢʘ 

ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʝʪ ʢ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, ʤʘʩʩʠʚʥʘ, 

ʝ y ʪʦʣʱʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20ð100 ʥʤ. ɼʣʷ ʥʝʝ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʪʝʡʭʦʝʚʳʭ 

ʢʠʩʣʦʪ, ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʧʝʧʪʠʜʦʛʣʠʢʘʥʦʤ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨʳ ʪʨʝʭʘʪʦʤʥʦʛʦ 

ʩʧʠʨʪʘ ð ʛʣʠʮʝʨʠʥʘ ʠʣʠ ʧʷʪʠʘʪʦʤʥʦʛʦ ʩʧʠʨʪʘ ð ʨʠʙʠʪʘ, ʦʩʪʘʪʢʠ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʳ 

ʬʦʩʬʦʜʠʵʬʠʨʥʳʤʠ ʩʚʷʟʷʤʠ. ʊʝʡʭʦʝʚʳʝ ʢʠʩʣʦʪʳ ʩʚʷʟʳʚʘʶʪ ʠʦʥʳ ʤʘʛʥʠʷ ʠ ʫʯʘʩʪʚʫʶʪ ʚ 

ʪʨʘʥʩʧʦʨʪʝ ʠʭ ʚ ʢʣʝʪʢʫ. ʂʣʝʪʦʯʥʘʷ ʩʪʝʥʢʘ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʤʥʦʛʦʩʣʦʡʥʘ, 

ʪʦʣʱʠʥʘ ʝʝ 14ð17 ʥʤ. ɺʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ð ʧʝʧʪʠʜʦʛʣʠʢʘʥ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʪʦʥʢʫʶ (2 ʥʤ) 

ʥʝʧʨʝʨʳʚʥʫʶ ʩʝʪʢʫ, ʦʢʨʫʞʘʶʱʫʶ ʢʣʝʪʢʫ. ɺʥʝʰʥʠʡ ʩʣʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ð ʥʘʨʫʞʥʘʷ 

ʤʝʤʙʨʘʥʘ ð ʩʦʩʪʦʠʪ ʠʟ ʬʦʩʬʦʣʠʧʠʜʦʚ, ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʘ, ʣʠʧʦʧʨʦʪʝʠʥʘ ʠ ʙʝʣʢʦʚ. ɺ 

ʥʘʨʫʞʥʦʡ ʤʝʤʙʨʘʥʝ ʩʦʜʝʨʞʘʪʩʷ ʙʝʣʢʠ ʦʩʥʦʚʳ (ʤʘʪʨʠʯʥʳʝ), ʦʥʠ ʧʨʦʯʥʦ ʩʚʷʟʘʥʳ ʩ 

ʧʝʧʪʠʜʦʛʣʠʢʘʥʦʚʳʤ ʩʣʦʝʤ. ʆʜʥʦʡ ʠʟ ʠʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʤʝʤʙʨʘʥʝ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʧʦʨ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʠʬʬʫʟʠʷ ʤʦʣʝʢʫʣ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜ r ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ï 

ʜʠʩʢʦʜʠʬʬʫʟʠʦʥʥʳʡ ʤʝʪʦʜ ʠ ʤʝʪʦʜ ʩʝʨʠʡʥʳʭ ʨʘʟʚʝʜʝʥʠʡ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʘʨʠʘʮʠʷ ʜʠʩʢʦʜʠʬʬʫʟʠʦʥʥʦʛʦ ʤʝʪʦʜʘ - ʤʝʪʦʜ ʙʫʤʘʞʥʳʭ ʜʠʩʢʦʚ (ʙʫʤʘʞʥʳʡ ʜʠʩʢ 



 

 

14 

ʧʨʦʧʠʪʳʚʘʝʪʩʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʘʛʝʥʪʦʤ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʦʤʝʱʘʝʪʩʷ ʥʘ 

ʟʘʨʘʞʸʥʥʫʶ ʩʨʝʜʫ), ʵʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ - ʠʥʛʠʙʠʨʫʝʪ ʣʠ 

ʨʦʩʪ ʙʘʢʪʝʨʠʡ ʚʝʱʝʩʪʚʦ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʜʠʘʤʝʪʨʫ ʟʦʥʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʚʦʢʨʫʛ ʙʫʤʘʞʥʦʛʦ ʜʠʩʢʘ, ʣʠʙʦ ʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʙʦʨʘ ʜʠʩʢʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʛʝʥʪʘ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ (ʄʀʂ). 

ɹʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ ʩʝʨʠʡʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʄʀʂ ʜʣʷ ʣʶʙʦʡ ʩʪʝʧʝʥʠ 

ʧʦʜʘʚʣʝʥʠʷ ʨʦʩʪʘ ʙʘʢʪʝʨʠʡ. ʈʘʟʥʠʮʘ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʋʂ ʟʘʯʘʩʪʫʶ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʜʘʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʝʜʝʥʳ ʣʠʙʦ ʚ ʚʝʣʠʯʠʥʝ ʜʠʘʤʝʪʨʘ ʠʥʛʠʙʠʨʫʝʤʦʡ ʟʦʥʳ, ʣʠʙʦ ʚ ʄʀʂ ʩ 

ʫʢʘʟʘʥʠʝʤ ʩʪʝʧʝʥʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʦʩʪʘ, ʣʠʙʦ ʞʝ ʧʨʠʚʝʜʝʥʳ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʚʠʜʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʘʤʠ.  

ʉʝʨʠʷ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʋʂ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʝʨʝʜʠʥʝ 

20 ʚʝʢʘ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʫʙʣʠʢʘʮʠʠ ʐʠʙʘʪʘ ʠ ʩʦʘʚʪ.
10

, ʄʘʨʰʘʢ ʠ ʩʦʘʚʪ.
11

, ʄʸʟʝ ʠ ʩʦʘʚʪ.
12

, 

ʂʣʦʟʘ ʠ ʩʦʘʚʪ.
13,14

. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʙʫʤʘʞʥʳʭ ʜʠʩʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʂ (ʢʘʢ ʧʨʘʚʠʣʦ, ʪʝʩʪʠʨʦʚʘʣʠ ʥʝʠʟʚʝʩʪʥʳʡ ʵʥʘʥʪʠʦʤʝʨ) 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʢʦʨʝʝ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. ɼʘʥʥʳʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫʤʤʠʨʦʚʘʥʳ ʚ 

ʦʙʟʦʨʘʭ
1,2
. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʙʘʢʪʝʨʠʠ ï Staphylococcus spp, Streptococcus spp, E. coli, 

ʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ ʧʝʨʚʳʭ ʜʚʫʭ ʚʠʜʦʚ 

ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʉʣʝʜʫʶʱʫʶ ʚʦʣʥʫ ʠʥʪʝʨʝʩʘ ʢ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪʢʨʳʣʠ ʧʫʙʣʠʢʘʮʠʠ 

ɻʭʠʦʥʝ ʠ ʩʦʘʚʪ.
15

, ɻʨʘʩʩʦ ʠ ʩʦʘʚʪ.
16

 ʠ ʃʘʫʪʝʨʚʝʡʥ ʠ ʩʦʘʚʪ.
17

. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʦʧʨʝʜʝʣʷʣʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʄʀʂ ʋʂ, ʘʚʪʦʨʳ ʨʘʙʦʪ 
15 
ʠ 

17
 ʠʟʫʯʘʣʠ ʘʢʪʠʚʥʦʩʪʴ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʜʝʡʩʪʚʠʝ (+)- ʠ (-)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʦʚ 

Staphylococcus aureus, ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ ʤʝʪʠʮʠʣʣʠʥʫ ʠ ʤʫʧʠʨʦʮʠʥʫ, ʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ ʋʂ. ʇʦʩʣʝʜʦʚʘʚʰʠʝ ʟʘ ʵʪʠʤ ʧʫʙʣʠʢʘʮʠʠ ʧʦʩʚʷʱʝʥʳ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ, ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʛʦ ʠ ʟʘʯʘʩʪʫʶ ʙʦʣʝʝ 

ʘʢʪʠʚʥʦʛʦ, ʵʥʘʥʪʠʦʤʝʨʘ (+)-ʋʂ: ʊʘʳ ʠ ʩʦʘʚʪ.
18

, ʖʘʥ ʠ ʩʦʘʚʪ.
19

, ʇʘʫʜʝʣ ʠ ʩʦʘʚʪ.
20

, ʈʘʥʢʦʚʠʯ ʠ 

ʩʦʘʚʪ.
21

, ʂʦʢʫʙʫʥ ʠ ʩʦʘʚʪ.
22

, ʄʘʥʦʡʣʦʚʠʯ ʠ ʩʦʘʚʪ.
23

, ʉʝʛʘʪʦʨʝ ʠ ʩʦʘʚʪ.
24

, ɺʝʢʝʩʩʝʨ ʠ ʩʦʘʚʪ.
25

, 

ɽʣʦ ʠ ʩʦʘʚʪ.
26

, ɿʠʟʦʚʠʯ ʠ ʩʦʘʚʪ.
27

, ʀʚʘʥʦʚʘ ʠ ʩʦʘʚʪ.
28

, ʉʫʣʪʘʥʘ ʠ ʩʦʘʚʪ.
29

, ʄʘʮʠʘʛ-ɼʦʨʩʟʳʥʩʢʘ 

ʠ ʩʦʘʚʪ.
30

. ʎʝʣʴʶ ʵʪʠʭ ʨʘʙʦʪ ʙʳʣʦ ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʡʩʪʚʠʷ (+)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʘʥʪʠʙʠʦʪʠʢʦ-ʫʩʪʦʡʯʠʚʳʭ ʰʪʘʤʤʦʚ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʙʘʢʪʝʨʠʡ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 2 ʜʦ 16 ʤʢʛ/ʤʣ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʘʥʪʠʙʠʦʪʠʢʦʫʩʪʦʡʯʠʚʳʝ ʰʪʘʤʤʳ 
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Staphylococcus spp ʠ Streptococcus spp ʦʢʘʟʘʣʠʩʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʜʝʡʩʪʚʠʶ (+)-ʋʂ. ʆʜʥʘʢʦ, 

ʚ ʨʘʙʦʪʝ
31

 ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ (+)-ʋʂ ʤʝʪʠʮʠʣʣʠʥ-ʨʝʟʠʩʪʝʥʪʥʦʛʦ 

ʰʪʘʤʤʘ ʩʪʘʬʠʣʦʢʦʢʢʘ.  

ʉʨʝʜʠ ʯʫʩʪʚʠʪʝʣʴʥʳʭ ʢ ʜʝʡʩʪʚʠʶ ʋʂ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʙʘʢʪʝʨʠʠ 

ʨʦʜʘ Staphylococcus: S. aureus, S. epidermidis, S. lugdunensis, S. pseudintermedius, ʨʦʜʘ 

Streptococcus: S. faecalis, S. pyogenes, S. agalactiae, S. uberis, S. macedonicus, ʨʦʜʘ 

Enterococcus: E. faecium, E. faecalis, E. galenarum, ʨʦʜʘ Bacillus: B. subtilis, B. cereus, B. 

mycoides, ʨʦʜʘ Corynebacterium: C. amycolatum, C. pseudodiphtericum, ʬʠʪʦʧʘʪʦʛʝʥʥʘʷ C. 

michiganense
32

, ʘ ʪʘʢʞʝ Propionibacterium acnes, Listeria monocytogenes, Micrococcus luteus, 

Peptococcus magnus, Clostridium perfringens. ʄʀʂ (+)-ʋʂ ʜʣʷ ʵʪʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʪ 1 ʜʦ 

16 ʤʢʛ/ʤʣ. 

ɺ ʨʷʜʫ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʯʘʱʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʯʫʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʜʝʡʩʪʚʠʶ ʋʂ. ʕʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʫʩʣʦʚʥʦ ʧʘʪʦʛʝʥʥʘʷ Esherichia coli, ʘ ʪʘʢʞʝ ʨʷʜ ʜʨʫʛʠʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: ʩʠʥʝʛʥʦʡʥʘʷ ʧʘʣʦʯʢʘ Pseudomonas aeruginosa, ʬʠʪʦʧʘʪʦʛʝʥʥʘʷ 

Pseudomonas syringae
32

, Pseudomonas maltophilia, Salmonella typhimurium, Salmonella 

enteridis, Veillonella parvula, Morganella morganii, Serratia marcescens, Vibrio harveyi, 

Klebsiella pneumonia, Yersinia pseudotuberculosis, Aeromonas hydrophila, Eubacterium 

rangiferina.
33

. ʆʜʥʘʢʦ, ʦʙʥʘʨʫʞʝʥʳ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ 

ʙʘʢʪʝʨʠʮʠʜʥʦʤʫ ʜʝʡʩʪʚʠʶ ʋʂ, ʩʨʝʜʠ ʥʠʭ ʤʠʢʨʦʨʛʘʥʠʟʤʳ ʨʦʜʘ Bacteroides (B. 

thetaiotaomicron, B. fragilis, B. vulgatus, B. ruminicola, B. loeschii) (ʄʀʂ 1-8 ʤʢʛ/ʤʣ), Proteus 

vulgaris (ʄʀʂ 36 ʤʢʄ), Yersinia enterocolitica (ʄʀʂ 18 ʤʢʄ), ʧʘʣʦʯʢʘ ʇʣʘʫʪʘ Fusobacterium 

nucleatum, Prevotella intermedia, Porphyromonas gingivalis (ʄʀʂ (+)-ʋʂ ʜʣʷ ʧʦʩʣʝʜʥʠʭ ʪʨʸʭ 

1-2 ʤʢʛ/ʤʣ
25
). ʆʯʝʥʴ ʣʶʙʦʧʳʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʋʂ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʫ  ʁʙʘʢʪʝʨʠ ʁHelicobacter pylori
34

. ʉʘʬʘʢ ʠ ʩʦʘʚʪ.
35

 ʫʩʪʘʥʦʚʠʣʠ, 

ʯʪʦ ʋʂ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʜʝʡʩʪʚʠʝ ʥʘ Helicobacter pylori ʩ ʄʀʂ50 0.064 

ʤʢʛ/ʤʣ, ʄʀʂ90 4 ʤʢʛ/ʤʣ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʋʂ ʥʘʙʣʶʜʘʣʩʷ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʨʤʦ- ʠ 

ʢʠʩʣʦʪʦʫʩʪʦʡʯʠʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʦʜʘ Sulfolobus
36

 - S. acidocaldanius ʠ S. solfataricus. 

ʕʪʠ ʦʨʛʘʥʠʟʤ rʦʪʥʦʩʷʪʩʷ ʢ ʜʦʤʝʥʫ ɸʨʭʝʠ, ʩʪʨʦʝʥʠʝ ʠʭ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʩʪʝʥʦʢ ʧʨʦʢʘʨʠʦʪ ʠ ʵʫʢʘʨʠʦʪ ʥʘʣʠʯʠʝʤ ʛʣʠʮʝʨʠʥ-ʵʬʠʨʥʳʭ ʣʠʧʠʜʦʚ, ʩ ʫʩʪʦʡʯʠʚʦʡ ʢ 

ʜʝʡʩʪʚʠʶ ʢʠʩʣʦʪ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʬʠʨʥʦʡ ʩʚʷʟʴʶ. ʀ (+)- ʠ (-)-ʋʂ ʠʥʛʠʙʠʨʫʶʪ ʨʦʩʪ ʵʪʠʭ 

ʘʨʭʝʘʙʘʢʪʝʨʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.7 ʤʢʛ/ʤʣ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ ʠʥʛʠʙʠʨʫʶʱʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʠʧʠʯʥʦʡ ʜʣʷ ʧʨʦʢʘʨʠʦʪ. 

ʈʘʙʦʪʳ ʧʦ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (-)-ʋʂ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʯʪʦ ʩʚʷʟʘʥʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩ ʝʸ ʤʝʥʴʰʝʡ ʧʨʠʨʦʜʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʴʰʝʡ 
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ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ
17
, ʛʜʝ ʚʧʝʨʚʳʝ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʝʡʩʪʚʠʷ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʘʥʘʵʨʦʙʥʳʭ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ. ɸʢʪʠʚʥʦʩʪʴ ʦʙʦʠʭ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʙʳʣʘ ʣʠʙʦ ʨʘʚʥʦʡ, ʣʠʙʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʘʢʪʠʚʥʝʝ ʙʳʣʘ (+)-ʋʂ. ɻʨʘʩʩʦ ʠ 

ʩʦʘʚʪ.
16

 ʠʩʧʳʪʳʚʘʣʠ ʥʘ ʜʦʙʨʦʚʦʣʴʮʘʭ ʟʫʙʥʫʶ ʧʘʩʪʫ, ʩʦʜʝʨʞʘʱʫʶ ʦʪʜʝʣʴʥʦ ʢʘʞʜʳʡ ʠʟ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ (+)-ʋʂ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʣʝʚʦʚʨʘʱʘʶʱʠʡ 

ʵʥʘʥʪʠʦʤʝʨ, ʚ ʦʪʥʦʰʝʥʠʠ Streptococcus mutans. ʈʘʙʦʪʳ
37,38,39

 ʪʘʢʞʝ ʚʳʷʚʠʣʠ ʥʝʧʣʦʭʫʶ 

ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ (-)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʠ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʆʩʦʙʥʷʢʦʤ ʩʪʦʠʪ ʨʘʙʦʪʘ 
37

, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʳ ʦʯʝʥʴ ʥʠʟʢʠʝ 

ʤʠʥʠʤʘʣʴʥʳʝ ʠʥʛʠʙʠʨʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (-)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ Streptococcus, 

Staphylococcus, Bacillus, ʠ ʜʘʞʝ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ Proteus vulgaris ʠ Aeromonas hydrophila, 

ʥʦ ʚ ʧʫʙʣʠʢʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦʙ ʘʢʪʠʚʥʦʩʪʠ ʧʨʘʚʦʚʨʘʱʘʶʱʝʛʦ ʵʥʘʥʪʠʦʤʝʨʘ.  

ʂʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʋʂ ʢʘʢ ʘʥʪʠʙʠʦʪʠʢʘ - ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʦʧʣʸʥʦʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ S. aureus
40

, 

Cobetia marina ʠ Marinobacter hydrocarbonoclasticus
41

. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʋʂ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 30-40 ʤʢʛ/ʤʣ ʧʨʝʧʷʪʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʠʦʧʣʸʥʦʢ S. aureus ʠ 

Marinobacter hydrocarbonoclasticus, ʥʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ Cobetia marina.  

ʌʨʘʥʢʦʣʠʥʠ ʠ ʩʦʘʚʪ.
42

 ʪʝʩʪʠʨʦʚʘʣʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ 

ʙʠʦʧʣʸʥʦʢ ʨʷʜʘ ʙʘʢʪʝʨʠʡ ʥʘ ʤʝʜʠʮʠʥʩʢʦʤ ʧʦʣʠʫʨʝʪʘʥʝ, ʂʠʤ ʠ ʩʦʘʚʪ.
43

 - ʙʠʦʧʣʸʥʦʢ 

ʤʝʪʠʮʠʣʣʠʥ ʫʩʪʦʡʯʠʚʦʛʦ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ ʥʘ ʢʦʩʪʥʦʤ ʮʝʤʝʥʪʝ, ɻʨʫʤʝʟʝʩʮʫ ʠ 

ʩʦʘʚʪ.
44

 - ʥʘ ʪʠʪʘʥʦʚʳʭ ʠʤʧʣʘʥʪʘʥʪʘʭ, ʃʘʙʠʙ ʠ ʩʦʘʚʪ.
45

 ï ʥʘ ʧʦʣʠʤʝʨʥʳʭ ʠʤʧʣʘʥʪʘʥʪʘʭ ʜʣʷ 

ʙʘʨʘʙʘʥʥʳʭ ʧʝʨʝʧʦʥʦʢ. ɺʦ ʚʩʝʭ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʩʦʦʙʱʝʥʦ, ʯʪʦ (+)-ʋʂ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʙʠʦʧʣʸʥʦʢ S. aureus, ʦʜʥʘʢʦ, ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʦʩʪʫ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ Pseudomonas aeruginosa
42

.  

ʈʷʜ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʸʥ ʠʟʫʯʝʥʠʶ ʩʦʚʤʝʩʪʥʦʛʦ ʩ ʘʥʪʠʙʠʦʪʠʢʘʤʠ ʜʝʡʩʪʚʠʷ ʋʂ. ʃʘʟʘʨ 

ʠ ʩʦʘʚʪ.
46

 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʋʂ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ S. aureus ʠ 

Pseudomonas aeruginosa ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ. ʀ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ, ʠ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ 

ʋʂ ʥʘʙʣʶʜʘʣʠ in vitro ʉʝʛʘʪʦʨʝ ʠ ʩʦʘʚʪ.
24

 ʜʣʷ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʪʠʚ 

ʤʝʪʠʮʠʣʣʠʥ-ʫʩʪʦʡʯʠʚʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʘ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʘʮʠʠ ʋʂ ʩ ʧʷʪʴ  ʁʪʝʨʘʧʝʚʪʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ ʘʥʪʠʙʠʦʪʠʢʘʤʠ. ʃʘʙʠʙ 

ʠ ʩʦʘʚʪ.
45

 ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʙʠʥʘʮʠʶ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ ʠ (+)-ʋʂ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʦʩʪʘ ʙʠʦʧʣʸʥʦʢ ʥʘ ʫʰʥʳʭ ʠʤʧʣʘʥʪʘʥʪʘʭ. ʉʠʥʝʨʛʠʟʤ ʤʝʞʜʫ ʋʂ ʠ 

ʢʣʘʨʠʪʨʦʤʠʮʠʥʦʤ ʧʨʦʪʠʚ ʰʪʘʤʤʦʚ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ H.pylori ʥʘʙʣʶʜʘʣʠ 

ʉʘʬʘʢ ʠ ʩʦʘʚʪ.
35

. ʆʪʩʫʪʩʪʚʠʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ (+)-ʋʂ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʧʝʥʠʮʠʣʣʠʥʦʤ ʠ ʪʝʪʨʘʮʠʢʣʠʥʦʤ ʥʘ S. aureus, S. epidermidis ʠ Enterococcus faecalis ʦʪʤʝʪʠʣʠ ʚ 
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ʨʘʙʦʪʝ
47
, ʧʨʠ ʵʪʦʤ ʚ ʦʪʥʦʰʝʥʠʠ S. haemolyticus ʥʘʙʣʶʜʘʣʦʩʴ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ (+)-

ʋʂ ʠ ʧʝʥʠʮʠʣʣʠʥʘ. 

ʇʦʧʳʪʢʠ ʫʣʫʯʰʠʪʴ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʫʪʸʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ ʘʛʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
48

 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʝʪʠʪʘ (Fe3O4) ʠ ʋʂ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ 

ʚ ʦʪʥʦʰʝʥʠʠ ʨʦʩʪʘ ʨʷʜʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠ ʨʘʟʚʠʪʠʷ ʙʠʦʧʣʝʥʦʢ S. aureus, Enterococcus 

fecalis, E.coli ʠ Pseudomonas aeruginosa, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʋʂ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ 

Enterococcus fecalis ʠ E.coli. ʅʘʥʦʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʧʣʝʥʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʦʣʦʪʠʩʪʳʤ ʩʪʘʬʠʣʦʢʦʢʢʦʤ S. aureus ʠ Enterococcus 

fecalis ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʪʦʛʜʘ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʤʠʢʨʦʙʥʳʭ ʰʪʘʤʤʦʚ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʣʠʙʦ ʚʦʦʙʱʝ ʥʝ 

ʧʨʦʷʚʣʷʶʪ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ (ʜʣʷ ʙʠʦʧʣʝʥʢʠ ʩʠʥʝʛʥʦʡʥʦʡ ʧʘʣʦʯʢʠ Pseudomonas 

aeruginosa).  

ʂʦʤʧʣʝʢʩʳ ʚʢʣʶʯʝʥʠʷ ʋʂ ʚ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ
49

, ʭʦʪʷ ʧʦʚʳʩʠʣʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴ 

(ʘʚʪʦʨʳ ʧʦʜʨʘʟʫʤʝʚʘʣʠ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ), ʥʝ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ S. aureus. ʍʦʪʷ ʠʥʢʘʧʩʫʣʷʮʠʷ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʣʠʧʦʩʦʤʳ ʜʘʸʪ ʵʬʬʝʢʪ ʧʨʦʣʦʥʛʘʮʠʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʇʦʜʪʚʝʨʜʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʚʳʰʝʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʎɼ ʚ ʨʘʙʦʪʝ
50

. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʘʩʴ, 

ʦʜʥʘʢʦ, ʄʀʂ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ S. aureus, Staphylococcus epidermidis, Micrococcus luteus ʠ E. 

faecalis ʚʳʨʦʩ ʚ 2-4 ʨʘʟʘ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Bacillus subtilis, Echerichia coli, Klebsiella 

pneumoniae ʠ Pseudomonas aeruginosa (ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʥʝ ʯʫʩʪʚʠʪʝʣʴʥʳ ʢ ʜʝʡʩʪʚʠʶ ʋʂ) ï 

ʚʝʣʠʯʠʥʘ ʄʀʂ ʥʝ ʠʟʤʝʥʠʣʘʩʴ. ʂʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʙʝʥʟʠʣʭʣʦʨʠʜʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ (+)-ʋʂ ʪʝʩʪʠʨʦʚʘʣʠ ʚ ʦʪʥʦʰʝʥʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ Listeria monocytogenes, 

Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, 

Salmonella typhimurium ʠ Klebsiella pneumonia ʘʚʪʦʨʳ ʨʘʙʦʪʳ
51

. ɺʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʄʀʂ ʜʦʩʪʠʛʘʝʪ 0.12 ʤʛ ʢʦʣʣʦʠʜʘ/ʤʣ. ʇʦʣʠʤʝʨʥʳʝ ʯʘʩʪʠʮʳ 

ʘʢʪʠʚʥʳ ʜʘʞʝ ʚ ʦʪʥʦʰʝʥʠʠ P. aeruginosa ʠ E. coli, ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʜʝʡʩʪʚʠʶ ʩʘʤʦʡ (+)-

ʋʂ, ʤʠʥʠʤʘʣʴʥʘʷ ʙʘʢʪʝʨʠʮʠʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (ʄɹʂ) ʘʛʝʥʪʘ ʩʦʩʪʘʚʠʣʘ 0.94 ʠ 3.75 ʤʛ 

ʢʦʣʣʦʠʜʘ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʢʦʣʣʦʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʣʫʯʰʘʝʪ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʩʪʝʥʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ.  

ɹʝʟʫʩʣʦʚʥʦ, ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ɻ ʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʷʩʥʝʥʠʶ ʤʝʭʘʥʠʟʤʘ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʋʂ. ɽʱ y ʚ 1950 ʛ. ɼʞʦʥʩʦʥ ʠ ʩʦʘʚʪ.l
52

 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ c ʮʝʣʴʶ ʚʳʷʚʠʪʴ ʤʝʭʘʥʠʟʤ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 
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ʥʘ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʋʂ ʜʝʡʩʪʚʫʝʪ ʘʥʘʣʦʛʠʯʥʦ ʜʨʫʛʠʤ 

ʨʘʟʦʙʱʠʪʝʣʷʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʪʘʢʠʤ ʢʘʢ ʜʠʥʠʪʨʦʬʝʥʦʣ ʠ ʛʨʘʤʠʮʠʜʠʥ, 

ʚʳʟʳʚʘʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 8 Ĭ 10
-6

 M. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ 

ʩʪʘʪʴʝ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʋʂ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠ 

ʢʣʝʪʦʢ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʋʂ. 

ɺ ʨʘʙʦʪʝ
53

 ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʩʠʥʪʝʟ ʄ ʧʨʦʪʝʠʥʘ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʙʘʢʪʝʨʠʡ Streptococcus spp ʚ ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (10 ʤʢʛ/ʤʣ), ʚ ʢʦʪʦʨʦʡ ʠʥʛʠʙʠʨʫʝʪ ʠʭ ʨʦʩʪ. 

ʄ ʧʨʦʪʝʠʥ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʡ ʙʘʢʪʝʨʠʝʡ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʝʸ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʠ 

ʧʦʤʦʛʘʝʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʫ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʫ ʭʦʟʷʠʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʵʪʦʛʦ ʙʝʣʢʘ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʚʢʣʘʜ ʚ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʋʂ. ʅʘʙʣʶʜʘʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʦʝ ʚʣʠʷʥʠʝ ʋʂ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʙʘʢʪʝʨʠʷʭ. ʄʠʫʨʘ ʠ ʩʦʘʚʪ.
54

 ʩʦʦʙʱʘʶʪ ʦ ʥʘʢʦʧʣʝʥʠʠ ʈʅʂ 

ʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ S. pyogenes (ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʋʂ) ʠ E. 

coli (ʥʝʪ ʵʬʬʝʢʪʘ). ɺ ʨʘʙʦʪʝ
30

 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʋʂ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʝʪ ʩʠʥʪʝʟ ʈʅʂ 

ʠ ɼʅʂ ʚ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʭ Bacillus subtilis ʠ Staphylococcus aureus, 

ʩʣʘʙʦ ʠʥʛʠʙʠʨʫʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʣʠʙʦ ʞʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʘ ʥʝʛʦ ʚʣʠʷʥʠʷ ʚ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ 

Vibrio harveyi ʠ E. coli ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɻʫʧʪʘ ʠ ʩʦʘʚʪ.
39

 ʩʦʦʙʱʘʶʪ ʦ ʨʘʟʨʫʰʘʶʱʝʤ ʜʝʡʩʪʚʠʠ 

ʋʂ ʥʘ ʙʘʢʪʝʨʠʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ Staphylococcus aureus. 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʦʙʱʘʶʱʠʝ ʦ ʝʱʸ ʦʜʥʦʤ 

ʘʩʧʝʢʪʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ. ʃʘʟʘʨ ʠ ʩʦʘʚʪ.
46

 ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʨʠʯʠʥʦʡ 

ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʥʘʨʷʜʫ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ, ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ 

ʯʫʚʩʪʚʘ ʢʚʦʨʫʤʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʌʨʘʥʢʦʣʠʥʠ ʠ ʩʦʘʚʪ.
42

 ʪʘʢʞʝ ʚʳʜʚʠʛʘʶʪ ʪʝʦʨʠʶ ʦ 

ʚʣʠʷʥʠʠ ʋʂ ʥʘ ʯʫʚʩʪʚʦ ʢʚʦʨʫʤʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɸ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
55

 ʠʩʧʦʣʴʟʦʚʘʣʠ ʋʂ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʨʘʥʦʟʘʞʠʚʣʷʶʱʝʡ ʧʦʚʷʟʢʠ, ʧʨʝʜʧʦʣʘʛʘʷ ʠʤʝʥʥʦ ʪʘʢʦʡ (ʠʥʛʠʙʠʪʦʨ 

ʯʫʩʪʚʘ ʢʚʦʨʫʤʘ) ʵʬʬʝʢʪ ʝʸ ʜʝʡʩʪʚʠʷ.  

ʉʫʤʤʠʨʫʷ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʘ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʄʝʥʴʰʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʤ ʙʘʢʪʝʨʠʷʤ ʩʚʷʟʘʥʘ, ʚʠʜʠʤʦ, ʩ 

ʤʝʥʴʰʝʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠʭ ʤʝʤʙʨʘʥ ʩ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ ʜʣʷ ʣʠʧʦʬʠʣʴʥʦʡ ʋʂ. 

ɼʝʡʩʪʚʠʝ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʦʪʤʝʯʝʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʘʷ 

ʘʢʪʠʚʥʦʩʪʴ (+)-ʋʂ. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʘʟʳʚʘʶʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʩʨʝʜʠ 

ʬʘʢʫʣʴʪʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʚʣʠʷʥʠʷ - ʧʦʚʨʝʞʜʝʥʠʝ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʠ ʥʘʨʫʰʝʥʠʝ ʯʫʚʩʪʚʘ 

ʢʚʦʨʫʤʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 
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ʇʦʠʩʢ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ, ʦʙʣʘʜʘʶʱʠʭ ʫʣʫʯʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʘʤʦʡ 

ʋʂ, ʥʘʯʘʣʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʩʘʤʦʡ ʋʂ, ʚ 50-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. 

ʀʟʫʯʝʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ 

ʤʝʭʘʥʠʟʤʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʋʂ.  

 

 

ʈʠʩʫʥʦʢ 3. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʝʩʪʠʨʦʚʘʥʥʳʝ ʥʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 

ʐʠʙʘʪʘ ʠ ʩʦʘʚʪ.
10

 ʠʟʫʯʘʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ S. aureus ʥʘʨʷʜʫ ʩ ʦʙʦʠʤʠ 

ʵʥʘʥʪʠʦʤʝʨʘʤʠ ʋʂ ʨʷʜʘ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ: ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ, ʜʠʘʮʝʪʠʣ- (4), ʜʠʛʠʜʨʦ- (5) ʠ 

ʜʠʘʮʝʪʠʣʜʠʛʠʜʨʦʫʩʥʠʥʦʚʳʭ ʢʠʩʣʦʪ (6), ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʜʝʩʪʨʫʢʮʠʝʡ ʋʂ (8 ʠ 9, ʨʠʩ. 3). ɸʢʪʠʚʥʦʩʪʴ, ʩʨʘʚʥʠʤʫʶ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʋʂ, ʧʦʢʘʟʘʣʠ ʪʦʣʴʢʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ, ʚʩʝ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʳ, ʠʭ ʙʘʢʪʝʨʠʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ, ʠ ʜʘʞʝ ʥʘ ʜʚʘ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʢʦʣʴʮʦʤ ʉ. 
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ɸʚʪʦʨʳ ʨʘʙʦʪʳ
56

 ʤʝʪʦʜʦʤ ʙʫʤʘʞʥʳʭ ʜʠʩʢʦʚ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʠ ʜʠʛʠʜʨʦʫʩʥʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ (5), ʠ ʝʸ ʜʠʘʮʝʪʘʪ (6) (ʨʠʩ. 3) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʘʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ S. aureus. 

ʊʘʢʞʝ ʤʝʥʝʝ ʘʢʪʠʚʥʘ, ʯʝʤ ʋʂ, ʝʸ ʜʠʙʝʥʟʦʘʪ (9)
57

. ɼʨʫʛʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʚʘʨʠʘʥʪ ʩ ʥʘʨʫʰʝʥʠʝʤ 

ʩʦʧʨʷʞʝʥʠʷ ʚ ʪʨʠʢʝʪʦʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʣʴʮʘ ʉ ʧʨʦʷʚʠʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ: ʧʨʠʨʦʜʥʦʝ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʦʝ ʋʂ ʩʦʝʜʠʥʝʥʠʝ ʫʩʥʦʥ ɸ (10)
58

 ʧʦʢʘʟʘʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚ ʦʪʥʦʰʝʥʠʠ Salmonella typhi (ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʪʦʨʦʡ 

ʋʂ ʥʝ ʘʢʪʠʚʥʘ) ʠ Pseudomonas aeruginosa.  

ʉʘʩʩʘ ʠ ʩʦʘʚʪ.
59

 ʚʳʜʝʣʠʣʠ ʨʦʜʩʪʚʝʥʥʳʝ ʋʂ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʬʠʪʦʧʘʪʦʛʝʥʥʦʛʦ ʛʨʠʙʘ 

Mycosphaerella nawae. ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 11 ʠ 12 ʚ ʦʪʥʦʰʝʥʠʠ 

ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ S. aureus, B. subtilis ʦʜʠʥʘʢʦʚʘ (ʄʀʂ 6.2 ʤʢʛ/ʤʣ) ʠ ʩʨʘʚʥʠʤʘ ʩ 

ʘʢʪʠʚʥʦʩʪʴʶ ʋʂ. ʂʘʢ ʠ ʋʂ, ʦʥʠ ʥʝʘʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ E. coli. ʉʦʝʜʠʥʝʥʠʝ 13, ʩʦʧʨʷʞʝʥʠʝ 

ʪʨʠʢʝʪʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʦʪʦʨʦʤ ʨʘʟʨʫʰʝʥʦ, ʦʢʘʟʘʣʦʩʴ ʥʝʘʢʪʠʚʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ. ɼʠʙʝʥʟʦʬʫʨʘʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 14 ʠ 15 (ʬʦʤʦʜʠʦʥ)
 

60
 (ʨʠʩ. 3) ʪʘʢʞʝ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʄʀʂ ʦʪ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ E. coli (> 500 ʤʢʛ) ʠ S. aureus 

(1.6-2.0 ʤʢʛ/ʤʣ). 

ɺ ʩʝʨʠʠ ʩʪʘʪʝʡ 1954-1956 ʛʛ ɺʠʨʪʘʥʝʥ ʠ ʩʦʘʚʪ.
61

 ʧʳʪʘʣʠʩʴ ʧʦʜʪʚʝʨʜʠʪʴ ʠʜʝʶ ʦ ʪʦʤ, ʯʪʦ 

ʢʦʤʙʠʥʘʮʠʷ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʜʚʫʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪ 

ʮʝʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɸʚʪʦʨʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʧʨʦʠʟʚʦʜʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʢʦʣʴʮʝ ʉ ʋʂ ʩ ʘʤʠʥʦʛʨʫʧʧʦʡ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʠʟʚʝʩʪʥʦʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʀ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʚ ʚ ʦʪʥʦʰʝʥʠʠ S. aureus, Bacteroides spp, E. coli ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʘʣʠ 

ʩʥʠʞʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʛʝʥʪʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʋʂ. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʨʳ ʥʝ ʧʨʠʚʦʜʷʪ ʜʘʥʥʳʭ 

ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʯʠʩʪʦʪʝ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʪʦʤʫ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʫʶʱʠʤ ʥʘʯʘʣʦʤ - ʢʦʤʧʦʟʠʮʠʷ ʣʠ ʚʝʱʝʩʪʚ, ʣʠʙʦ ʞʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ. 

ʈʘʙʦʪʘ ʊʦʤʘʩʠ ʠ ʩʦʘʚʪ.
62

 ʢʘʩʘʝʪʩʷ ʩʠʥʪʝʟʘ ʢʦʥʲʶʛʘʪʦʚ (+)-ʋʂ ʩ ʧʦʣʠʘʤʠʥʘʤʠ, ʪʘʢʞʝ 

ʧʨʦʭʦʜʷʱʝʡ ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ ʢʦʣʴʮʘ ʉ. ʄʥʦʛʠʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 16-17 (ʨʠʩ. 4) 

ʦʢʘʟʘʣʠʩʴ ʟʘʤʝʪʥʦ ʘʢʪʠʚʥʝʝ (+)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ S. aureus ʠ Listeria monocytogenes. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʚʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʫʜʣʠʥʝʥʠʝʤ ʮʝʧʠ ʟʘʤʝʩʪʠʪʝʣʷ ï ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ ʝʥʘʤʠʥʳ ʩ ʢʦʨʦʪʢʠʤ ʣʠʥʢʝʨʦʤ. 
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ʈʠʩʫʥʦʢ 4. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʝʩʪʠʨʦʚʘʥʥʳʝ ʥʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʥʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʩ ʛʠʜʨʘʟʠʜʘʤʠ (18) (ʨʠʩ. 4) ʦʢʘʟʘʣʠʩʴ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʝʝ ʘʢʪʠʚʥʳ, ʯʝʤ ʋʂ
63
. ʆʜʥʘʢʦ, ɹʝʣʷʥʩʢʠ ʠ ʩʦʘʚʪ.

64
 ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝʤ ʩ 

ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ɺʩʝ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʩ ʛʠʜʨʘʟʠʜʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʨʠʜʝʥʪʘʪʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ. ʂʦʤʧʣʝʢʩʳ ʛʠʜʨʘʟʠʜʦʚ (+)-ʋʂ ʩ ʤʝʜʴʶ (19ʘ) ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫ  ʁʘʢʪʠʚʥʦʩʪʴ 

ʚ ʦʪʥʦʰʝʥʠʠ S. aureus (ʄʀʂ 6.5-7.3 ʤʢʄ/ʤʣ), ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ, ʯʝʤ ʩʚʦʙʦʜʥʳʝ 

ʛʠʜʨʘʟʠʜʳ 18, ʠ ʦʢʘʟʘʣʠʩʴ ʚ 2 ʨʘʟʘ ʘʢʪʠʚʥʝʝ, ʯʝʤ ʩʘʤʘ (+)-ʋʂ. ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʦʡ E. coli ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɸʚʪʦʨʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʫ ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʦʤʧʣʝʢʩʘ ʚʘʢʘʥʪʥʦʡ ʦʨʙʠʪʘʣʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʩʚʷʟʳʚʘʥʠʶ ʩ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ ʣʠʛʘʥʜʦʤ, 

ʥʘʧʨʠʤʝʨ, ɼʅʂ ʠʣʠ ʙʝʣʢʦʤ.  

ʇʦʜʦʙʥʳʝ ʞʝ ʤʦʥʦʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʠʦʥʦʤ ʤʝʪʘʣʣʘ ʥʘʨʷʜʫ ʩ ʤʝʜʴʶ 

ʚʳʩʪʫʧʘʣ Pd (II ) (19b), ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʅʘʪʠʯ ʠ ʩʦʘʚʪ.
65

 ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ in vitro ʥʘ 

ʠʥʛʠʙʠʨʫʶʱʫ  ʁ ʨʦʩʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʢʫʣʴʪʫʨʘʭ E. coli, Pseudomonas 

aeruginosa ʠ Bacillus subtilis, ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʪʦʨʳʭ (+)-ʋʂ ʥʝʘʢʪʠʚʥʘ. ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, 
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ʯʪʦ ʚʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʥʦ ʢʦʤʧʣʝʢʩʳ ʩ ʧʘʣʣʘʜʠʝʤ ʙʦʣʝʝ ʘʢʪʠʚʥʳ, ʯʝʤ ʩ ʤʝʜʴʶ.  

ɽʱʸ ʦʜʠʥ ʧʨʠʤʝʨ ʧʦʚʳʰʝʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʧʫʪʸʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʸʥ ʚ ʨʘʙʦʪʝ
66

. ɸʚʪʦʨʘʤʠ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʠʜʨʦʢʩʠʬʝʥʠʣʠʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ ʋʂ (ʦʨʪʦ-, ʤʝʪʘ- ʠ ʧʘʨʘ-) ʠ ʧʦʣʫʯʝʥʳ ʠʭ 

ʢʦʤʧʣʝʢʩʳ ʩ Cu, Co, Ni ʠ Mn. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʜʠʩʢʦ-ʜʠʬʬʫʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʦʪʥʦʰʝʥʠʠ 8 ʧʘʪʦʛʝʥʦʚ (Enterobacter aerogenes, Bacillus 

brevis, Micrococcus luteus, Staphylococcus aureus, Bacillus megaterium, Pseudomonas 

aeruginosa, Enterobacter cloacae, E. coli) ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʠ ʢʦʤʧʣʝʢʩʳ ʧʘʨʘ-

ʛʠʜʨʦʢʩʠʬʝʥʠʣʠʤʠʥʦʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ ʩ Cu ʠ Mn (20). ʇʦʚʳʰʝʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʢ ʢʦʤʧʣʝʢʩʘʤ ʚ ʨʷʜʫ 

ʦʨʪʦ- ʠ ʤʝʪʘ-ʟʘʤʝʱʸʥʥʳʭ ʛʠʜʨʦʢʩʠʬʝʥʠʣʠʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ ʋʂ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʦʜʩʪʚʝʥʥʳʭ ʋʂ 

ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʘʞʥʦʡ ʨʦʣʠ ʪʨʠʢʝʪʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʤʝʭʘʥʠʟʤʝ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ; ʝʝ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʜʠʬʠʢʘʮʠʷ ʵʪʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʜʠʢʝʪʦʥʝʥʘʤʠʥʦʚʳʡ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʠʦʥʘʤʠ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ.  

 

2.3 ɸʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ʄʠʢʦʙʘʢʪʝʨʠʠ ʥʝ ʷʚʣʷʶʪʩʷ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʩ ʵʤʧʠʨʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ (ʪʦ ʝʩʪʴ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʠʜʦʚ ʥʝ ʧʨʦʢʨʘʰʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ), ʥʦ ʦʥʠ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʢʠʩʣʦʪʦʫʩʪʦʡʯʠʚʳʝ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ ʚ ʩʚʷʟʠ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʫ ʥʠʭ ʚʥʝʰʥʝʡ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ. ɺʩʝ ʚʠʜʳ ʨʦʜʘ Mycobacterium 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʩʦʙʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʦʡ, ʙʦʣʝʝ ʪʦʥʢʦʡ, ʛʠʜʨʦʬʦʙʥʦʡ, ʩ ʥʘʣʠʯʠʝʤ ʚ ʝʝ 

ʩʦʩʪʘʚʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʩʢʦʚ ʠ ʣʠʧʠʜʦʚ (ʜʦ 60%), ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʤ ʚʝʱʝʩʪʚʘʤ, ʩʦʣʥʝʯʥʳʤ ʣʫʯʘʤ ʠʣʠ ʢ ʚʳʩʫʰʠʚʘʥʠʶ. ʇʦ 

ʩʚʦʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʩʣʝ ʩʧʦʨʦʦʙʨʘʟʫʶʱʠʭ ʙʘʢʪʝʨʠʡ, ʦʥʠ ʟʘʥʠʤʘʶʪ ʣʠʜʠʨʫʶʱʝʝ ʤʝʩʪʦ ʚ 

ʮʘʨʩʪʚʝ ʧʨʦʢʘʨʠʦʪ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʨʦʜʘ Mycobacterium ʷʚʣʷʝʪʩʷ M. 

tuberculosis, ʚʳʟʳʚʘʶʱʘʷ ʪʫʙʝʨʢʫʣʸʟ. ʄʠʢʦʙʘʢʪʝʨʠʠ ʪʫʙʝʨʢʫʣʸʟʘ ʫʩʪʦʡʯʠʚʳ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʢʠʩʣʦʪʘʤ, ʱʸʣʦʯʘʤ, ʤʥʦʛʠʤ ʦʢʠʩʣʠʪʝʣʷʤ, ʘ ʪʘʢʞʝ ʢ ʨʷʜʫ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʭ 

ʠ ʜʝʛʠʜʨʘʪʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʛʫʙʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʜʨʫʛʠʝ ʧʘʪʦʛʝʥʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʜʘʞʝ ʩʨʝʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʘʤʤʦʥʠʷ ʥʝ 
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ʧʨʦʷʚʣʷʶʪ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ
67

. ɺʩʸ ʵʪʦ ʚ ʢʦʤʧʣʝʢʩʝ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ 

ʧʦʠʩʢ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʩʦʙʦ ʘʢʪʫʘʣʴʥʳʤ. 

ʇʝʨʚʳʝ ʜʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʢʘʯʝʩʪʚʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ M. 

tuberculosis, ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʙʦʣʝʝ 60 ʣʝʪ ʥʘʟʘʜ (ʄʘʨʰʘʢ ʠ ʩʦʘʚʪ.
68,

.
69

, ʐʠʙʘʪʘ ʠ ʩʦʘʚʪ.
10

, 

ʉʪʦʣʣ ʠ ʩʦʘʚʪ.
70

, ʂʣʦʟʘ ʠ ʩʦʘʚʪ.
71

, ɺʘʨʪʠʘ ʠ ʩʦʘʚʪ..
72

, ʉʪʦʣʣ ʠ ʩʦʘʚʪ.
73

). ɸʚʪʦʨʳ ʨʘʙʦʪʳ
72

 

ʩʦʦʙʱʠʣʠ ʦʙ ʠʥʛʠʙʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ (-)-ʋʂ ʧʨʦʪʠʚ ʰʪʘʤʤʦʚ ʪʫʙʝʨʢʫʣʝʟʥʳʭ ʙʘʮʠʣʣ ʠ 

ʦʧʨʝʜʝʣʠʣʠ ʝʸ ʜʝʡʩʪʚʫʶʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʨʦʷʚʣʷʣʦʩʴ ʚ 

ʨʘʟʚʝʜʝʥʠʠ 1:60 000, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 16.6 ʤʢʛ/ʤʣ. ʐʠʙʘʪʘ ʠ ʩʦʘʚʪ.
10

 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʦʪʥʦʰʝʥʠʠ M. tuberculosis ʘʢʪʠʚʥʳ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ, ʧʨʠʯʸʤ ʚ 

ʙʦʣʴʰʝʤ ʨʘʟʚʝʜʝʥʠʠ - 1/160000 (6.25 ʤʢʛ/ʤʣ), ʪʘʢʞʝ ʜʝʡʩʪʚʫʶʪ ʠ ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʦʙʦʠʭ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ. ʉʪʦʣʣ ʠ ʩʦʘʚʪ.
73

 ʨʘʩʰʠʨʠʣʠ ʩʧʝʢʪʨ ʚʠʜʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʠʢʦʙʘʢʪʝʨʠʡ 

(M. tuberculosis, M. avium, M. smegmatis, M. spec., M. phlei) ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠ (+)-, ʠ (-)-ʋʂ 

ʘʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʚʩʝʭ ʤʠʢʦʙʘʢʪʝʨʠʡ ʚ ʝʱʸ ʙʦʣʴʰʝʤ ʨʘʟʚʝʜʝʥʠʠ 1:400 000-1:200 000 

(2.5-5 ʤʢʛ/ʤʣ). ʇʨʠʯʸʤ ʜʣʷ ʨʘʟʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʦʙʘʢʪʝʨʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (+)- ʠ (-)-ʋʂ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʄʘʨʰʘʢ ʠ ʩʦʘʚʪ.
69

 ʧʨʦʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ in vivo ʥʘ ʤʦʨʩʢʠʭ 

ʩʚʠʥʢʘʭ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʜʦʟʘ ʋʂ ʩʦʩʪʘʚʠʣʘ 20 ʤʛ ʥʘ ʞʠʚʦʪʥʦʝ (400 ʛ). ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʋʂ ʠ ʩʪʨʝʧʪʦʤʠʮʠʥʘ (1-3 ʤʛ) ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʳʡ ʵʬʬʝʢʪ ʠ ʚʳʩʢʘʟʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʠʥʛʠʙʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ 

ʋʂ ʥʘ ɼʅʂʘʟʫ ʤʠʢʦʙʘʢʪʝʨʠʡ.  

ʇʝʨʝʩʤʦʪʨ ʵʪʠʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʝʣʠ ʚ 1998 ʛ. ʀʥʛʦʣʴʬʩʜʦʪʪʠʨ ʠ ʩʦʘʚʪ.
74

. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ (+)- ʋʂ ʧʨʦʷʚʣʷʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ M. aurum, ʥʝʧʘʪʦʛʝʥʥʦʛʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ ʩʦ ʩʭʦʜʥʳʤ M. 

tuberculosis ʧʨʦʬʠʣʝʤ ʯʫʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʄʀʂ ʩʦʩʪʘʚʠʣʦ 32 ʤʢʛ/ʤʣ, ʯʪʦ ʥʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩʝʨʝʜʠʥʳ 20 ʚʝʢʘ (2.5-5 ʤʢʛ/ʤʣ) ʠ ʛʦʚʦʨʠʪ ʦ ʝʸ ʚʝʩʴʤʘ 

ʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʟʜʥʝʝ, ʙʦʣʝʝ ʦʧʪʠʤʠʩʪʠʯʥʳʝ ʜʘʥʥʳʝ 

ʧʦʣʫʯʠʣʠ ʂʸʥʠʛ ʠ ʩʦʘʚʪ.
75

 (ʩʦʦʙʱʘʝʪʩʷ ʦ MIC (+)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ M. tuberculosis H37Rv 16 

ʤʢʛ/ʤʣ), ʊʦʩʫʥ ʠ ʩʦʘʚʪ.
76

 (12.5 ʤʢʛ/ʤʣ) ʠ ʊʘʩʜʝʤʠʨ ʠ ʩʦʘʚʪ.
77

 (5.2 ʤʢʛ/ʤʣ). ʅʝʚʳʩʦʢʦʝ 

ʟʥʘʯʝʥʠʝ ʄʀʂ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ M. tuberculosis H37Rv (62.5 ʤʢʛ/ʤʣ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘʙʣʶʜʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
78

. ʀʚʘʥʦʚʘ ʠ ʩʦʘʚʪ.
28 
ʩʦʦʙʱʘʶʪ, 

ʯʪʦ ʚ ʦʪʥʦʰʝʥʠʠ M. smegmatis, ʥʝʧʘʪʦʛʝʥʥʦʛʦ ʨʦʜʩʪʚʝʥʥʠʢʘ M. tuberculosis, ʋʂ ʚʦʦʙʱʝ 

ʥʝʘʢʪʠʚʥʘ. ɹʦʣʴʰʠʩʪʚʦ ʘʚʪʦʨʦʚ ʦʙʲʷʩʥʷʶʪ ʥʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʟʤʝʨʝʥʠʷʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʧʦʚʩʝʤʝʩʪʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʰʪʘʤʤʦʚ M. tuberculosis, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʠʟʚʝʩʪʥʳʭ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʧʫʙʣʠʢʘʮʠʠ ʦ ʩʦʝʜʠʥʝʥʠʷʭ, ʦʙʣʘʜʘʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ 
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ʪʘʢʠʭ ʰʪʘʤʤʦʚ. ʈʘʤʦʩ ʠ ʩʦʘʚʪ.
79

 ʪʝʩʪʠʨʦʚʘʣʠ ʘʥʪʠʤʠʢʨʦʙʥʫ  ʁʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʚ M. tuberculosis, ʫʩʪʦʡʯʠʚʳʭ ʢ ʠʟʚʝʩʪʥʳʤ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʳʤ 

ʧʨʝʧʘʨʘʪʘʤ - ʠʟʦʥʠʘʟʠʜʫ (INH), ʩʪʨʝʧʪʦʤʠʮʠʥʫ (SMR) ʠ ʨʠʬʘʤʧʠʮʠʥʫ (RMP). ʄʀʂ ʋʂ ʚ 

ʦʪʥʦʰʝʥʠʠ ʵʪʠʭ ʰʪʘʤʤʦʚ ʩʦʩʪʘʚʠʣ H37Rv 12.25 ʤʢʛ/ʤʣ, INHr 1.56 ʤʢʛ/ʤʣ, SMRr 6.25 ʤʢʛ/ʤʣ, 

RMPr 12.5 ʤʢʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʦʙʝʥʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʋʂ, 

ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʶʫɦ  ʁʘʢʪʠʚʥʦʩʪʴ ʢ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʰʪʘʤʤʫ, ʧʨʦʷʚʣʷʝʤʫʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʦʥʠʘʟʠʜʫʩʪʦʡʯʠʚʦʡ M. tuberculosis. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʯʝʪʳʨʸʭ ʜʨʫʛʠʭ ʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʘʭ, ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʣʠ ʰʠʨʦʢʫʶ 

ʠʟʚʝʩʪʥʦʩʪʴ ʢʘʢ ʠʥʬʝʢʮʠʦʥʥʳʝ ʘʛʝʥʪʳ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʉʨʝʜʠ ʥʠʭ ʤʝʜʣʝʥʥʦ 

ʨʘʩʪʫʱʠʝ ʚʠʜʳ ʄ. avium ʠ ʄ. kansasii, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥʳ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʣʝʛʦʯʥʦʡ ʠʥʬʝʢʮʠʠ ʩʨʝʜʠ ʠʤʤʫʥʦʦʩʣʘʙʣʝʥʥʳʭ ʠ ʧʦʞʠʣʳʭ ʧʘʮʠʝʥʪʦʚ, ʠ ʙʳʩʪʨʦʨʘʩʪʫʱʠʝ ʄ. 

fortuitum ʠ ʄ. chelonae (ʩʚʷʟʘʥʳ ʩ ʠʥʬʝʢʮʠʝʡ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʠ ʩʢʝʣʝʪʘ). ʄʀʂ ʋʂ ʩʦʩʪʘʚʠʣ ʦʪ 

12.5 ʜʦ 100 ʤʢʛ/ʤʣ, ʯʪʦ, ʭʦʪ̫ ʠ ʚʳʰʝ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʦʡ ʜʝʡʩʪʚʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʦ 

ʪʘʢʞʝ ʠʤʝʝʪ ʮʝʥʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʝ ʦʪʩʫʪʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʠ 

ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʠʤʳʝ ʘʥʪʠʙʠʦʪʠʢʠ ʜʣʷ ʣʝʯʝʥʠʷ ʵʪʠʭ ʠʥʬʝʢʮʠʡ. ɺ ʧʦʧʳʪʢʘʭ ʦʧʨʝʜʝʣʠʪʴ 

ʤʝʭʘʥʠʟʤ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ ʪʦʣʴʢʦ ʬʘʢʪ, ʯʪʦ ʋʂ ʥʝ 

ʚʳʚʦʜʠʪʩʷ ʠʟ ʢʣʝʪʦʢ ʵʬʬʣʶʢʩ-ʩʠʩʪʝʤʘʤʠ. ɺʳʩʦʢʫʶ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (+)-

ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʨʷʜʘ ʤʠʢʦʙʘʢʪʝʨʠʡ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʠ ʃʫʢʘʨʠʥʠ ʠ ʩʦʘʚʪ.
80

. ʄʀʂ (+)-ʋʂ 

ʧʨʦʪʠʚ M. tuberculosis ʠ M. kansasii ʩʦʩʪʘʚʠʣʠ 8 ʤʢʛ/ʤʣ, ʚ ʦʪʥʦʰʝʥʠʠ M. avium - 16 ʤʢʛ/ʤʣ. 

ʃʠʨʘ ʠ ʩʦʘʚʪ.
49

, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʫʣʫʯʰʠʪʴ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʧʦʩʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ. ɼʦʩʪʠʛʥʫʪʳʡ 

ʵʬʬʝʢʪ ʙʳʣ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʄʀʂ ʚ ʦʪʥʦʰʝʥʠʠ M. tuberculosis H37Rv ʋʂ ʠ ʋʂ-LIPO (ʋʂ, 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʘʷ ʚ ʣʠʧʦʩʦʤʳ) ʩʦʩʪʘʚʠʣʠ 6,5 ʠ 5,8 ʤʢʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ, ʘʚʪʦʨʘʤ 

ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʙʘʢʪʝʨʠʮʠʜʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ (ʄɹʂ) ʚ ʜʚʘ ʨʘʟʘ ʩ 32 ʜʦ 16 

ʤʢʛ/ʤʣ.  

ɽʜʠʥʩʪʚʝʥʥʘʷ ʧʦʧʳʪʢʘ ʧʦ ʪʝʩʪʠʨʦʚʘʥʠʶ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʥʳʭ 

ʋʂ ʥʝ ʫʚʝʥʯʘʣʘʩʴ ʫʩʧʝʭʦʤ. ʐʠʙʘʪʘ ʠ ʩʦʘʚʪ.
10

 ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʜʠʘʮʝʪʠʣ- (4), ʜʠʛʠʜʨʦ- (5) ʠ 

ʜʠʘʮʝʪʠʣʜʠʛʠʜʨʦ- (6) ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ (ʨʠʩ. 3) ʪʝʨʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ M. avium 

ʚ 2-16 ʨʘʟ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʋʂ.  

ʉʫʤʤʠʨʫʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʋʂ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʷʚʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ 

ʜʝʡʩʪʚʠʠ ʝʸ ʵʥʘʥʪʠʦʤʝʨʦʚ ʥʝ ʦʪʤʝʯʝʥʦ. ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʤʠʢʦʙʘʢʪʝʨʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʝʸ ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʨʳʚʦʯʥʳʤʠ 

ʜʘʥʥʳʤʠ ʦʙ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ.  
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2.4 ʌʫʥʛʠʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ʇʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʋʂ ʧʨʦʜʫʮʠʨʫʝʪʩʷ ʤʠʢʦʙʠʦʥʪʦʤ ʚʦʜʦʨʦʩʣʝʡ
81
, ʪʦ 

ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʬʫʥʛʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʥʝʚʝʣʠʢʘ. ʆʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʨʘʙʦʪ 

ʦʪʤʝʯʘʶʪ ʟʘʤʝʪʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʜʨʦʞʞʝʧʦʜʦʙʥʳʭ ʛʨʠʙʦʚ 

ʨʦʜʘ Candida.  

ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ 1967 ʛ. 
82

 ʩʦʦʙʱʘʝʪ, ʯʪʦ ʋʂ ʚ ʜʦʟʘʭ 60-200 ʤʢʛ/ʤʣ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ 

ʛʨʠʙʦʚ Absidia blakesleeana, Basidiobolus ranarum, Ascoidea rubescens, Chaetomium globosum, 

Sordaria fimicola, Aspergillus terreus, Aspergillus clavatus, Botrytis cinerea ʠ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʷ ʥʘ Actinomucor repens, Circinella muscae, Conidiobolus villosus, Cunninghamella 

echinulata, Geopyxis cupularis, Morchella angusticeps, Taleromyces verniculatis, Corticium 

fuciforme ʠ Lentinus lepideus. ʀʟ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʟʥʳʭ ʨʘʙʦʪ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʛʨʠʙʢʘ, ʚʳʟʳʚʘʶʱʝʛʦ ʤʦʣʦʯʥʠʮʫ - 

Candida albicans, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʷʪʩʷ. ʈʘʙʦʪʳ 
37

 ʠ 
18

 ʚʳʷʚʠʣʠ ʭʦʨʦʰʫʶ ʬʫʥʛʠʮʠʜʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ (+)- ʠ (-)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ Candida albicans ʠ Candida glabrata. ɺʝʢʝʩʩʝʨ ʠ 

ʩʦʘʚʪ.
25

, ʥʘʦʙʦʨʦʪ, ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʜʝʡʩʪʚʠʷ ʋʂ ʥʘ ʛʨʠʙʳ ʨʦʜʘ Candida, ʦʪʤʝʪʠʚ ʣʠʰʴ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ (+)-ʋʂ ʥʘ ʜʨʫʛʦʡ ʜʨʦʞʞʝʧʦʜʦʙʥʳʡ ʛʨʠʙʦʢ Malassezia furfur. ɺ 

ʨʘʙʦʪʝ
21

 ʪʘʢʞʝ ʚʳʷʚʣʝʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʢ ʜʨʦʞʞʝʧʦʜʦʙʥʳʭ 

ʛʨʠʙʦʚ Candida, ʪʘʢ ʠ ʮʝʣʦʛʦ ʨʷʜʘ ʧʣʝʩʥʝʚʳʭ Aspergillus, Botrytis, Fusarium, Mucor, 

Paecilomyces, Penicillium, Trichoderma. ʋʤʝʨʝʥʥʦʝ ʬʫʥʛʠʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ ʚ ʦʪʥʦʰʝʥʠʠ 

ʧʣʝʩʥʝʚʦʛʦ ʛʨʠʙʘ Fusarium (100 ʤʢʛ/ʤʣ ʋʂ ï 51% ʠʥʛʠʙʠʨʦʚʘʥʠʷ) ʦʪʤʝʯʘʣʠ ʂʘʨʜʘʨʝʣʣʠ ʠ 

ʩʦʘʚʪ.
83

, ʚ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʥʠʢʘʢʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʋʂ ʥʘ ʧʝʢʘʨʩʢʠʝ ʜʨʦʞʞʠ 

Saccharomyces cerevisiae ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 300 ʤʢʛ/ʤʣ ʥʝ ʦʪʤʝʯʘʣʦʩʴ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ
31

 

ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʄʀʂ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ Candida albicans, Candida tropicalis, Saccharomyces 

cerevisiae, Cryptococcus neoformans, Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger, 

Microsporum gypseum ʧʨʝʚʳʰʘʝʪ 250 ʤʢʛ/ʤʣ. ʀ ʣʠʰʴ ʚ ʦʪʥʦʰʝʥʠʠ Trichophyton rubrum ʠ 

Trichophyton mentagrophytes ʤʠʥʠʤʘʣʴʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʞʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 

100 ʠ 200 ʤʢʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʋʂ ʠʟ Lecanora muralis ʧʨʦʷʚʣʷʝʪ ʫʤʝʨʝʥʥʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚ ʜʦʟʝ 50 

ʤʢʛ/ʦʙʨʘʟʝʮ ʥʘ ʨʦʩʪ ʛʨʠʙʦʚ Ustilago violacea (ʛʦʣʦʚʥʝʚʳʝ ʛʨʠʙʳ), Mycotypha microspora, 

Eurotium repens, ʥʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ Fusarium oxysporum
75

. ʂʦʚʘʣʩɹʢʠ ʠ ʩʦʘʚʪ.
84

 

ʩʦʦʙʱʠʣʠ, ʯʪʦ ʋʂ ʪʘʢʞʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʢʦʚ Ophiostoma novo-ulmi 

ssp. americana ʠ Sclerotinia sclerotiorum. ʉʦʦʙʱʘʝʪʩʷ
85
, ʯʪʦ ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʨʦʩʪ ʜʝʨʝʚʦ-

ʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ Fomes pinicola, ʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʜʨʫʛʦʛʦ ʚʠʜʘ Allescheria terrestris, 



 

 

26 

ʥʘʦʙʦʨʦʪ, ʩʪʠʤʫʣʠʨʫʝʪ ʜʝʩʪʨʫʢʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʛʨʠʙʦʚ ʚ ʠʩʧʳʪʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʆʜʥʘ 

ʠʟ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ
86

 ʧʨʠʚʦʜʠʪ ʤʠʥʠʤʘʣʴʥʳʝ ʬʫʥʛʠʮʠʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (+)-ʋʂ ʚ 

ʦʪʥʦʰʝʥʠʠ ʥʝʜʘʚʥʦ ʦʪʢʨʳʪʳʭ ʛʨʠʙʦʚ ʨʦʜʘ Candida ï ʉ. orthopsilosis ʠ C. parapsilosis - 125 

ʤʢʛ/ʤʣ ʠ 250 ʤʢʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʨʝʥʥʳʝ ʠʥʛʠʙʠʨʫʶʱʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʋʂ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʄʀʂ50 ʩʦʩʪʘʚʠʣʘ 2 ʤʢʛ/ʤʣ ʜʣʷ ʦʙʦʠʭ ʚʠʜʦʚ ʛʨʠʙʦʚ 

Candida. ʀʥʪʝʨʝʩʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
87

. (+)-ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10-50 

ʤʛ/ʣ ʠʥʛʠʙʠʨʫʝʪ ʨʦʩʪ Pisolithus tinctorius, ʦʜʥʘʢʦ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʛ/ʣ ʫʞʝ 

ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʨʦʩʪ ʵʪʦʛʦ ʛʨʠʙʘ.  

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʪʦʜʦʚ ʜʦʩʪʘʚʢʠ 

ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ Candida. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʋʂ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʚʫʭ ʰʪʘʤʤʦʚ ʛʨʠʙʘ 

Candida albicans ʥʘʙʣʶʜʘʝʤʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ, ʤʠʥʠʤʘʣʴʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚʳʨʦʩʣʘ ʚ 2-4 ʨʘʟʘ
50
. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʛʠʙʠʨʫʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
51

 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ Candida 

albicans ʠ Candida glabrata ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʙʝʥʟʠʣʭʣʦʨʠʜʘ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ 10% (+)-ʋʂ. ʄʀʂ (+)-ʋʂ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʦʠʭ ʚʠʜʦʚ ʛʨʠʙʦʚ ʩʦʩʪʘʚʠʣ 0.8 ʤʛ/ʣ. 

ʂʦʣʣʦʠʜ ʩ ʩʦʜʝʨʞʘʥʠʝʤ (+)-ʋʂ 25% ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʄʀʂ 0.12 ʠ 0.47 ʤʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʟ ʜʚʫʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʙʦʣʝʝ ʘʢʪʠʚʥʘ (-)-ʋʂ. ʊʘʢ, ʚ 

ʨʘʙʦʪʝ
88

 ʦʪʤʝʯʝʥʦ, ʯʪʦ (+)-ʋʂ ʥʝʘʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ Penicillium frequentans ʠ Verticillium 

albo-atrum, ʘ (-)-ʋʂ ï ʠʥʛʠʙʠʨʫʝʪ ʠʭ ʨʦʩʪ, ʭʦʪʷ ʠ ʚ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ - 100 ʤʢʛ/ʜʠʩʢ. ʊʫ 

ʞʝ ʪʝʥʜʝʥʮʠʶ ʥʘʙʣʶʜʘʣʠ ʍʘʣʘʤʘ ʠ ʩʦʘʚʪ.
89

. ʆʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ (ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 0.5Ā10
-5 
ʄ) ʪʝʩʪʠʨʦʚʘʣʠ ʚ ʦʪʥʦʰʝʥʠʠ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ Pythium ultimum, 

Phytophthora infestans ʠ Ustilago maydis. (-)-ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʨʦʩʪ Phytophthora infestans ʠ 

Ustilago maydis, (+)-ʋʂ ʥʝ ʦʢʘʟʳʚʘʝʪ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʦʪʥʦʰʝʥʠʠ Pythium ultimum 

ʥʝʘʢʪʠʚʥʳ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ.  

ɼʝ ɹʘʪʪʠʩʪʠ ʠ ʩʦʘʚʪ.90 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʫʥʛʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʧʦʣʝʟʥʦʡ ʠ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʘʮʠʝʥʪʦʚ ʩ ʛʨʠʙʢʦʚʳʤ 

ʧʦʨʘʞʝʥʠʝʤ Tinea pedis, 65 ʯʝʣʦʚʝʢ ʦʪʤʝʪʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʦʨʘʞʸʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʋʂ-ʩʦʜʝʨʞʘʱʠʤ ʧʨʝʧʘʨʘʪʦʤ. 

ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʋʂ ʤʦʛʫʪ ʟʘʤʝʪʥʦ ʫʩʠʣʠʪʴ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʝ ʜʝʡʩʪʚʠʝ. ʊʘʢ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ
88

 ʟʘʤʝʪʠʣʠ, ʯʪʦ ʜʠʛʠʜʨʦʫʩʥʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(5, ʨʠʩ. 3) (ʜʠʘʩʪʝʨʝʦʤʝʨʥʘʷ ʩʤʝʩʴ) ʧʦʢʘʟʳʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ 

Penicillium cyclopium, Penicillium frequentans, Talaromyces flavus ʠ Trichosporon cutaneum, 

ʪʦʛʜʘ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʵʪʠʭ ʛʨʠʙʢʦʚ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ ʠʥʜʠʬʬʝʨʝʥʪʥʳ. 
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ʉʦʝʜʠʥʝʥʠʷ 9 ʠ 10, ʪʘʢʞʝ ʩ ʛʠʜʨʠʨʦʚʘʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ ʚ ʢʦʣʴʮʝ ʉ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʛʨʠʙʘ 

Mycosphaerella nawae
59

, ʧʨʦʷʚʣʷʶʪ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ Trichophyton asteroids ʠ ʊ. 

rubrus (ʄʀʂ 25 ʤʢʛ/ʤʣ). ɸ ʚʦʪ ʨʦʜʩʪʚʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 11 ʩ ʥʘʨʫʰʝʥʥʳʤ ʪʨʠʢʝʪʦʥʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ʫʞʝ ʘʙʩʦʣʶʪʥʦ ʥʝ ʘʢʪʠʚʥʦ ʚ ʦʪʥʦʰʝʥʠʠ Trichophyton. ʊʘʢʞʝ ʥʝ ʦʙʣʘʜʘʶʪ 

ʬʫʥʛʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (Penicillium cyclopium, Penicillium frequentans, Talaromyces flavus 

ʠ Trichosporon cutaneum) 1-ʬʝʥʠʣ ʠ 1-ʠʟʦʥʠʢʦʪʠʥʦʠʣ ʛʠʜʨʘʟʦʥʳ ʋʂ (21, ʨʠʩ 5)
88

. 

 

ʈʠʩʫʥʦʢ 5. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʝʩʪʠʨʦʚʘʥʥʳʝ ʥʘ ʬʫʥʛʠʮʠʜʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 

ɹʦʣʝʝ ʘʢʪʠʚʥʦ, ʯʝʤ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ, ʚ ʦʪʥʦʰʝʥʠʠ ʨʷʜʘ ʛʨʠʙʦʚ ʩʦʝʜʠʥʝʥʠʝ 22 (ʨʠʩ. 

5), ʚʳʜʝʣʝʥʥʦʝ ʠʟ ʛʨʠʙʦʚ DSM 4431
91
. ɸʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʧʦʠʩʢ ʘʛʝʥʪʦʚ ʜʣʷ ʟʘʱʠʪʳ ʣʠʩʪʴʝʚ 

ʨʘʩʪʝʥʠʡ ʦʪ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʢʦʚ. (+)- ʠ (-)-ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0.05% (ʚʦʜʥʘʷ 

ʩʫʩʧʝʥʟʠʷ) ʚ ʦʪʥʦʰʝʥʠʠ Botrytis cinerea (ʩʝʨʘʷ ʧʣʝʩʝʥʴ) ʠ Pyrenophora teres ʜʝʡʩʪʚʫʶʪ 

ʦʜʠʥʘʢʦʚʦ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʨʘʞʝʥʠʷ ʣʠʩʪʴʝʚ ʩʦʩʪʘʚʠʣʠ ʧʦ 40 ʠ 20% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʝʜʠʥʝʥʠʝ 22, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʘʤʠʜ (+)-ʋʂ, ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʦʚʨʝʞʜʝʥʠʝ ʣʠʩʪʴʝʚ ʛʨʠʙʢʘʤʠ ʧʨʦʠʩʭʦʜʠʣʦ ʣʠʰʴ ʥʘ 3 ʠ 10% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʠʨʳ ʵʪʦʛʦ ʘʤʠʜʘ ʧʦ ʬʝʥʦʣʴʥʳʤ ʛʠʜʨʦʢʩʠʣʴʥʳʤ 

ʛʨʫʧʧʘʤ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʬʫʥʛʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʈʦʜʩʪʚʝʥʥʦʝ ʋʂ ʩʦʝʜʠʥʝʥʠʝ ʮʝʨʢʦʩʧʦʨʘʤʠʜ (23, ʨʠʩ. 5) ʧʨʦʷʚʣʷʝʪ ʭʦʨʦʰʫʶ 

ʬʫʥʛʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ
92

. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʟʘʤʝʪʥʦ ʘʢʪʠʚʥʝʝ ʠ (+)-, ʠ (-)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʛʨʠʙʦʚ ʨʦʜʘ Candida (C. albicans, C. tropicalis, C. stellatoidea, C. 

parapsilosis, C. krusei), Aspergillus sp ʠ Saccharomyces cerevisiae ï ʄʀʂ ʦʪ 16 ʜʦ 128 ʤʢʛ/ʤʣ. 

ʂʨʦʤʝ ʪʦʛʦ, ʮʝʨʢʦʩʧʦʨʘʤʠʜ ʧʨʦʷʚʣʷʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʠʙʘʤ 

Trichophyton (T. rubrum, T. mentagrophytes, T. tonsurans) ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʠʥʛʠʙʠʨʫʶʱʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 1 ʜʦ 6 ʤʢʛ/ʤʣ. ɸʤʠʜ ʋʂ (22), ʚʳʜʝʣʝʥʥʳʡ ʠʟ Cercosporidium henningsii, 

ʘʢʪʠʚʝʥ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ ʢ ʛʨʠʙʘʤ Trichophyton ʩ ʄʀʂ ʦʪ 1 ʜʦ 4 ʤʢʛ/ʤʣ. ʕʬʬʝʢʪʠʚʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʤʠʜʘ ʚ ʦʪʥʦʰʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʨʠʙʦʚ ʜʘʞʝ ʚʳʰʝ (ʙʦʣʴʰʝ 512 

ʤʢʛ/ʤʣ), ʯʝʤ ʜʣʷ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ (ʙʦʣʝʝ 128 ʤʢʛ/ʤʣ). ʍʦʬʬʤʘʥ ʠ ʩʦʘʚʪ.
60

 

ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʮʝʨʢʦʩʧʦʨʘʤʠʜ (23) ʦʢʘʟʳʚʘʝʪ ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʪʘʢʞʝ ʥʘ ʨʦʩʪ 

ʛʨʠʙʦʚ Pythium ultimum, Sclerotinia sclerotiorum ʠ Rhizoctonium solani. ʂʨʦʤʝ ʪʦʛʦ ʘʚʪʦʨʳ 

ʚʳʜʝʣʠʣʠ ʜʠʙʝʥʟʦʬʫʨʘʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʬʦʤʦʜʠʦʥ (15, ʨʠʩ. 3) ʩ ʚʳʨʘʞʝʥʥʳʤ ʬʫʥʛʠʮʠʜʥʳʤ 
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ʜʝʡʩʪʚʠʝʤ. ʄʀʂ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʨʠʙʦʚ ʩʦʚʧʘʜʘʝʪ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 3, 8 ʠ 8 ʤʢʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʝʢʦʪʦʨʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʩ ʤʝʪʘʣʣʘʤʠ. ʊʘʢ, ʩʨʝʜʠ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʛʠʜʨʘʟʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʩ 

ʤʝʪʘʣʣʘʤʠ, ʘʢʪʠʚʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʢʘ Aspergillus niger ʦʢʘʟʘʣʦʩʴ ʣʠʰʴ ʢʦʤʧʣʝʢʩʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ 24 (ʨʠʩ. 6)
65

. ʂʦʤʧʣʝʢʩʳ ʩ Cu, Co, Ni ʠ Mn ʧʘʨʘ-

ʛʠʜʨʦʢʩʠʬʝʥʠʣʠʤʠʥʦʧʨʦʠʟʚʦʜʥʦʛʦ (+)-ʋʂ (20)
66 
ʧʨʦʷʚʠʣʠ ʬʫʥʛʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ Candida albicans ʠ Saccharomyces cerevisiae, ʝʩʣʠ ʞʝ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʩ ʠʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʦʨʪʦ- ʠ ʤʝʪʘ-

), ʥʘʙʣʶʜʘʣʘʩʴ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

 

ʈʠʩʫʥʦʢ 6. ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʦʷʚʠʚʰʝʝ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ ʚ ʮʝʣʦʤ ʥʝʚʳʩʦʢʘʷ (ʄʀʂ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʝ 250 ʤʢʛ/ʤʣ), ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ, ʬʫʥʛʠʮʠʜʥʘʷ ʚʩʸ ʨʘʚʥʦ 

ʦʯʝʥʴ ʚʳʩʦʢʘʷ. ɺ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ ʦʪʤʝʯʝʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (-)-ʋʂ. ʍʠʤʠʯʝʩʢʠʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʋʂ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʬʫʥʛʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ.  

 

2.5 ɸʥʪʠʧʨʦʪʦʟʦʡʥʦʝ ʜʝʡʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ʆʯʝʥʴ ʮʝʥʥʳʤ ʢʘʯʝʩʪʚʦʤ ʋʂ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʘʥʪʠʧʨʦʪʦʟʦʡʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʡ ʨʳʥʦʢ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʦʯʝʥʴ 

ʦʛʨʘʥʠʯʝʥ, ʘ ʨʘʟʨʝʰʸʥʥʳʝ ʚ ʤʝʜʠʮʠʥʝ ʩʨʝʜʩʪʚʘ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳ.  

ɺ ʨʘʙʦʪʝ ɺʫ ʠ ʩʦʘʚʪ.
93

 ʦʧʠʩʘʥ ʩʠʣʴʥʳʡ ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʵʬʬʝʢʪ (-)-ʋʂ in vitro ʥʘ 

ʩʤʝʨʪʥʦʩʪʴ Trichomonas vaginalis. ʄʠʥʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʋʂ ʩʦʩʪʘʚʠʣʘ 

0.4 ʤʛ/ʤʣ, ʯʪʦ ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʦʟʳ ʧʨʦʪʠʚʦʧʨʦʪʦʟʦʡʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʤʝʪʨʦʥʠʜʘʟʦʣʘ (0.6 ʤʛ/ʤʣ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʠʧʨʦʪʦʟʦʡʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (+)-ʋʂ in vivo 

ʧʨʦʚʦʜʠʣʠ ʌʦʫʨʥʝʪ ʠ ʩʦʘʚʪ.
94

 ʥʘ ʤʳʰʘʭ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʪʨʝʤʷ ʰʪʘʤʤʘʤʠ Leishmania ssp. 

ɸʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʋʂ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʦʟʳ 25 ʤʛ/ʢʛ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʯʘʛ ʧʦʨʘʞʝʥʠʷ, ʧʝʨʦʨʘʣʴʥʦʝ ʠ ʧʦʜʢʦʞʥʦʝ ʚʚʝʜʝʥʠʝ ʪʝʭ ʞʝ ʜʦʟ ʥʝ ʜʘʸʪ 
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ʢʘʢʦʛʦ ʣʠʙʦ ʵʬʬʝʢʪʘ. ʇʦʟʜʥʝʝ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
31

 ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 100%-ʥʳʡ ʣʠʟʠʩ 

ʧʨʦʤʘʩʪʠʛʦʪʥʦʡ ʬʦʨʤʳ Leishmania amazonensis, L. brasiliensis ʠ L. Infantum ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʢʛ/ʤʣ.  

 ɼʝ ʂʘʨʚʘʣʴʦ ʠ ʩʦʘʚʪ.
95

 ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʟ (+)-ʋʂ ʥʘ ʨʦʩʪ ʪʨʠʧʘʥʦʩʦʤ, 

ʧʘʨʘʟʠʪʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʦʥʥʦʡ ʙʦʣʝʟʥʠ ʠ ʙʦʣʝʟʥʠ ʐʘʛʘʩʘ. ɼʝʡʩʪʚʠʝ (+)-

ʋʂ ʥʘ Trypanosoma cruzi ʚ ʵʧʠʤʘʩʪʠʛʦʪʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʤʝʩʪʦ ʩ ʜʦʟʳ 5-30 ʤʢʛ/ʤʣ. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʨʝʞʜʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʩ ʟʘʤʝʪʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʢʠʥʝʪʦʧʣʘʩʪʦʚ ʠ 

ʚʘʢʫʦʣʠʟʘʮʠʷ ʤʠʪʦʭʦʥʜʨʠʡ. ʆʙʨʘʙʦʪʢʘ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʬʘʛʦʚ ʙʦʣʝʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ (+)-ʋʂ (40 ʠʣʠ 80 ʤʢʛ/ʤʣ) ʠʥʜʫʮʠʨʦʚʘʣʘ ʨʘʟʨʫʰʝʥʠʝ 

ʢʠʥʝʪʦʧʣʘʩʪʦʚ ʠ ʤʠʪʦʭʦʥʜʨʠʡ ʧʘʨʘʟʠʪʘ, ʥʦ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʢʣʝʪʦʢ ʭʦʟʷʠʥʘ. 

ʊʘʢʞʝ ʚʦʩʧʨʠʠʤʯʠʚʘ ʢ ʣʝʯʝʥʠʶ ʋʂ ʦʢʘʟʘʣʘʩʴ ʪʨʠʧʦʤʘʩʪʠʛʦʪʥʘʷ ʬʦʨʤʘ ʧʘʨʘʟʠʪʘ, ʜʣʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʤʘʩʪʠʛʦʪʥʫʶ ʬʦʨʤʫ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʜʦʟʳ. 

 ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʫʜʝʣʝʥʦ ʜʝʡʩʪʚʠʶ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʟʙʫʜʠʪʝʣʷ 

ʤʘʣʷʨʠʠ Plasmodium falciparum. ɺ 1999 ʛ. ʂʸʥʠʛ ʠ ʩʦʘʚʪ.
75

 ʩʦʦʙʱʠʣʠ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʘʥʪʠʤʘʣʷʨʠʡʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʋʂ. ʆʜʥʘʢʦ, ʧʦʟʜʥʝʝ ʚ ʨʘʙʦʪʝ
96

 ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠ ̫

(+)-ʋʂ, ʠʥʛʠʙʠʨʫʶʱʘ ̫ ʨʦʩʪ ʧʣʘʟʤʦʜʠʷ ʥʘ 50%, ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʠ 

ʩʦʩʪʘʚʠʣʘ 26.1 ʤʢʛ/ʤʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 75 ʤʢM. ʀʩʩʣʝʜʦʚʘʥʠʷ
97

 ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ 

ʚʳʷʚʠʣʠ ʠʭ ʟʘʤʝʪʥʫʶ ʘʥʪʠʤʘʣʷʨʠʡʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʠʣʠ ʤʠʥʠʤʘʣʴʥʳʝ 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (+)-ʋʂ ʠ (-)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ Plasmodium falciparum, ʢʦʪʦʨʳʝ 

ʩʦʩʪʘʚʠʣʠ 15 ʤʢM ʠ 16 ʤʢM ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʫʩʩʤʘʥʥ ʠ ʩʦʘʚʪ.
98

 ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʣʠ ʄʀʂ50 

(+)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ Plasmodium falciparum - 24 ʤʢM. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʚʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʝ ʧʨʦʪʠʚʦʧʘʨʘʟʠʪʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʦʛʦ, ʯʪʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ Plasmodium, ʚʳʟʚʘʥʥʦʝ ʋʂ, ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʦ 

ʜʦʙʘʚʣʝʥʠʝʤ Ŭ-ʪʦʢʦʬʝʨʦʣʘ, ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʘʨʘʟʠʪʦʚ ʋʂ 

ʠʥʛʠʙʠʨʫʝʪ ʛʠʜʨʦʢʩʠʬʝʥʠʣʧʠʨʫʚʘʪʜʠʦʢʩʠʛʝʥʘʟʫ (HPPD), ʯʪʦ ʠʥʜʫʮʠʨʫʝʪ ʧʝʨʝʢʠʩʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ. ɸ ʚʠʪʘʤʠʥ ɽ (Ŭ-ʪʦʢʦʬʝʨʦʣ) ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʦʢʩʠʜʘʥʪʘ, 

ʧʨʝʨʳʚʘʷ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʙʠʦʩʠʥʪʝʟʘ ʚʠʪʘʤʠʥʘ E, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʨʘʟʠʪʘ, ʪʘʢʞʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʤʠʰʝʥʴʶ ʜʣʷ ʜʝʡʩʪʚʠʷ ʋʂ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʨʦʣʠ ʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ ʋʂ ʚ ʤʝʭʘʥʠʟʤʝ ʝʸ 

ʧʨʦʪʠʚʦʧʘʨʘʟʠʪʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ɹʨʫʥʦ ʠ ʩʦʘʚʪ.
99

 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ (+)-ʋʂ 

ʩ ʠʟʤʝʥʸʥʥʳʤ ʪʨʠʢʝʪʦʥʥʳʤ ʬʨʘʛʤʝʥʪʦʤ (ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʭʘʥʠʟʤʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ) ʠ 

ʩʦʭʨʘʥʸʥʥʦʡ ʬʝʥʦʣʴʥʦʡ ʯʘʩʪʴʶ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ. 

 



 

 

30 

ʈʠʩʫʥʦʢ 7. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʝʩʪʠʨʦʚʘʥʥʳʝ ʥʘ ʘʥʪʠʤʘʣʷʨʠʡʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 

ʉʨʝʜʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ - ʢʦʥʲʶʛʘʪʳ (+)-ʋʂ ʩ ʘʤʠʥʦʩʦʝʜʠʥʝʥʠʷʤʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʦʜʝʨʞʘʱʠʤʠ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩ ʘʥʪʠʤʘʣʷʨʠʡʥʳʤ ʜʝʡʩʪʚʠʝʤ: ʝʥʘʤʠʥʳ ʩ 

ʙʝʥʟʠʣʴʥʳʤ (25), ʧʠʨʠʜʠʣʴʥʳʤ (26), ʠʥʜʦʣʴʥʳʤ (27) ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ (28 ʠ 

29), ʩ ʭʠʥʦʣʠʥʦʚʳʤ (31) ʠ ʘʢʨʠʜʠʥʦʚʳʤ (32) ʬʨʘʛʤʝʥʪʘʤʠ, ʛʠʜʨʘʟʦʥʳ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ (30). ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʥʲʶʛʘʪʳ ʩ 

ʜʠʛʠʜʨʦʘʨʪʝʤʠʟʠʥʠʥʦʤ, ʧʨʠʩʦʝʜʠʥʸʥʥʳʤ ʣʠʙʦ ʯʝʨʝʟ ʘʤʠʥʦʙʫʪʘʥʦʣʴʥʳʡ ʤʦʩʪʠʢ (33b), ʣʠʙʦ 

ʯʝʨʝʟ ɔ-ʘʤʠʥʦʤʘʩʣʷʥʫʶ ʢʠʩʣʦʪʫ (33a) (ʨʠʩ. 7). ʄʠʥʠʤʘʣʴʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

(+)-ʋʂ, ʦʧʨʝʜʝʣʸʥʥʘʷ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, 15 ʤʢM. ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʥʲʶʛʘʪʳ ʦʢʘʟʘʣʠʩʴ 

ʘʢʪʠʚʥʝʝ ʋʂ, ʄʀʂ50 ʩʦʝʜʠʥʝʥʠʡ 25-32 ʩʦʩʪʘʚʠʣ ʦʪ 0.05 ʜʦ 12 ʤʢM. ʅʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʘʥʪʠʤʘʣʷʨʠʡʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʠ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʜʠʛʠʜʨʦʘʨʪʝʤʠʟʠʥʠʥʦʚʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ 33a ʠ 33b, ʄʀʂ;50 0.001 ʠ 0.01 ʤʢM ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʧʝʨʚʦʤ ʩʦʝʜʠʥʝʥʠʠ 

ʜʠʛʠʜʨʦʘʨʪʝʤʠʟʠʥʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʩʚʷʟʘʥ ʩ ʋʂ ʩʣʦʞʥʦʵʬʠʨʥʳʤ ʤʦʩʪʠʢʦʤ, ʚʦ ʚʪʦʨʦʤ ï 

ʧʨʦʩʪʦʡ ʵʬʠʨʥʦʡ ʩʚʷʟʴʶ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ 33ʘ ʚʳʰʝ ʟʘ ʩʯʸʪ 
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ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʠ ʦʩʚʦʙʦʞʜʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʥʘʯʘʣʘ ï ʜʠʛʠʜʨʦʘʨʪʝʤʠʟʠʥʠʥʘ. ʕʪʫ 

ʛʠʧʦʪʝʟʫ ʧʨʦʚʝʨʠʣʠ ʪʘʢʞʝ ʥʘ ʤʳʰʘʭ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ P. berdhei. ɺ ʜʦʟʘʭ 3 ʤʛ/ʢʛ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʧʝʨʦʨʘʣʴʥʦ ʧʝʨʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʥʛʠʙʠʨʫʝʪ ʨʦʩʪ ʧʘʨʘʟʠʪʦʚ ʥʘ 82%, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʝ 

ʘʙʩʦʣʶʪʥʦ ʥʝ ʧʨʦʷʚʣʷʝʪ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ï 

ʨʘʟʥʠʮʳ ʚ ʜʝʡʩʪʚʠʠ ʩʦʝʜʠʥʝʥʠʡ 33a ʠ 33b ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋʂ ʦʙʣʘʜʘʝʪ ʟʘʤʝʪʥʦʡ ʘʥʪʠʧʨʦʪʦʟʦʡʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʩʚʷʟʘʥʥʦʡ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩ ʝʸ ʩʚʦʡʩʪʚʘʤʠ ʠʥʜʫʢʪʦʨʘ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʠʪʝʣʝʥʠʷ ʣʠʧʠʜʦʚ. ʅʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʥʠʮʳ ʚ ʜʝʡʩʪʚʠʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ, ʧʨʠ ʵʪʦʤ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʚʝʜʝʥʠʠ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʢʦʣʴʮʦ ʉ ʋʂ ʧʨʠʚʝʣʠ ʢ ʦʯʝʥʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʥʪʠʧʨʦʪʦʟʦʡʥʳʤ ʘʛʝʥʪʘʤ. 

 

2.6 ɸʥʪʠʚʠʨʫʩʥʦʝ ʜʝʡʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʋʂ ʥʘʯʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. ɺ 1995 

ʛ ʗʤʘʤʦʪʦ ʠ ʩʦʘʚʪ.
100

 ʪʝʩʪʠʨʦʚʘʣʠ ʘʢʪʠʚʥʦʩʪʴ (+)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʧʣʠʢʘʮʠʠ 

ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʚʠʨʫʩʘ ʕʧʰʪʝʡʥʘ-ɹʘʨʨʘ. ɹʳʣ ʚʳʷʚʣʝʥ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ (+)-ʋʂ ʥʘ 

ʚʠʨʫʩ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 1.0 ʤʢʛ/ʤʣ, ʧʨʠ ʵʪʦʤ (-)-ʋʂ ʦʢʘʟʘʣʘʩʴ ʤʝʥʝʝ ʘʢʪʠʚʥʦʡ, ʝ y

ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʠʣʘ 5.0 ʤʢʛ/ʤʣ. ɺ ʨʘʙʦʪʝ
101

 ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʘʷ (+)-ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʮʠʪʦʧʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʠʨʫʩʘ ʛʝʨʧʝʩʘ 1 ʪʠʧʘ ʠ ʧʦʣʠʦʤʠʝʣʠʪʘ 

1 ʪʠʧʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ in vitro ʥʘ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʯʝʯʥʳʭ ʢʣʝʪʢʘʭ ʘʬʨʠʢʘʥʩʢʠʭ 

ʟʝʣʸʥʳʭ ʤʘʨʪʳʰʝʢ. ɺ ʪʦʤ ʞʝ 1999 ʛʦʜʫ ʉʢʨʠʧʘ ʠ ʩʦʘʚʪ.102 ʧʨʦʚʦʜʠʣʠ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘ 100 ʧʘʮʠʝʥʪʢʘʭ ʥʘ ʧʨʝʜʤʝʪ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʩʫʣʴʬʘʪ ʮʠʥʢʘ-ʋʂ ʥʘ 

ʨʘʟʤʥʦʞʝʥʠʝ ʧʘʧʠʣʣʦʤʘʚʠʨʫʩʘ. ʆʙʨʘʙʦʪʢʘ ʋʂ-ʩʦʜʝʨʞʘʱʠʤ ʧʨʝʧʘʨʘʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʠʣʘ ʨʝʵʧʠʪʝʣʠʟʘʮʠʶ ʧʦʩʣʝ ʨʘʜʠʦʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ (65% ʩʣʫʯʘʝʚ ʧʦʣʥʦʡ 

ʨʝʵʧʠʪʝʣʠʟʘʮʠʠ ʯʝʨʝʟ 1 ʤʝʩʷʮ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 28% ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ), ʚ ʪʦʤ ʯʠʩʣʝ, 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʘʚʪʦʨʳ, ʠ ʟʘ ʩʯʸʪ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʥʘ ʨʦʩʪ ʧʘʧʠʣʣʦʤʘʚʠʨʫʩʘ. 

ɺ ʨʘʙʦʪʝ
103

 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʋʂ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʧʨʦʣʠʬʝʨʘʮʠʠ ʧʦʣʠʦʤʳ 

ʤʳʰʠ. ʈʷʜ ʢʦʩʚʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʥʦʩʪʠ ʩʚʷʟʘʥ ʩʦ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʫʛʥʝʪʘʪʴ ʧʨʦʮʝʩʩ ʚʠʨʫʩʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ 

ʚʠʨʫʩʘ ʧʦʣʠʦʤʳ ʤʳʰʝʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʠʨʫʩʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʥʝ ʙʳʣʘ 

ʩʚʷʟʘʥʘ ʥʠ ʩ ʘʜʩʦʨʙʮʠʝʡ ʚʠʨʠʦʥʦʚ ʥʘ ʢʣʝʪʢʝ, ʥʠ ʩ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʠʭ ʚ ʮʠʪʦʧʣʘʟʤʫ. ʇʨʠ 

ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʚʠʨʫʩʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʚ ʙʳʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʋʂ ̫ʚʣʷʶʪʩʷ ʚʠʨʫʩʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʬʝʨʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʝʧʣʠʢʘʮʠʶ ʚʠʨʫʩʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʂʦʩʚʝʥʥʦ ʪʘʢʦʡ 
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ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʧʫʙʣʠʢʘʮʠʠ
104

, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩʫʧʨʝʩʩʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʋʂ ʥʘ ʙʠʦʩʠʥʪʝʟ ʈʅʂ. 

ʌʘʟʠʦ ʠ ʩʦʘʚʪ.
105

 ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ 

ʘʨʝʥʘʚʠʨʫʩʦʚ JUNV (Junin, ʚʳʟʳʚʘʝʪ ʘʨʛʝʥʪʠʥʩʢʫʶ ʛʝʤʦʨʨʘʛʠʯʝʩʢʫʶ ʣʠʭʦʨʘʜʢʫ) ʠ TCRV 

(Tacaribe, ʥʝʧʘʪʦʛʝʥʥʳʡ ʘʨʝʥʘʚʠʨʫʩ, ʘʥʪʠʛʝʥʥʦ ʙʣʠʟʢʠʡ JUNV). ʇʷʪʠʜʝʩʷʪʠʧʨʦʮʝʥʪʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ JUNV ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 9.9 ʤʢʄ ʋʂ, 

ʪʦʛʜʘ ʢʘʢ ʄʀʂ50 ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʧʘʪʦʛʝʥʥʦʛʦ ʚʠʨʫʩʘ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ ï 20.6 ʤʢʄ. ɸʚʪʦʨʳ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʣʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʠʥʜʝʢʩʳ (ʦʪʥʦʰʝʥʠʝ ʪʦʢʩʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢ 

ʜʝʡʩʪʚʫʶʱʝʡ) ʋʂ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 6.8 ʠ 3.2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʨʘʙʦʪʝ ɺʫ ʠ ʩʦʘʚʪ.
106

 ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʋʂ ʦʙʣʘʜʘʝʪ ʘʥʪʠʚʠʨʫʩʥʳʤ ʜʝʡʩʪʚʠʝʤ in vivo 

ʥʘ ʢʫʣʴʪʫʨʳ MDCK ʢʣʝʪʦʢ ʠ A549 ʢʣʝʪʦʢ, ʟʘʨʘʞʝʥʥʳʭ ʚʠʨʫʩʦʤ ʛʨʠʧʧʘ (H5N1, H3N2). 

ɼʝʡʩʪʚʠʝ ʋʂ ʥʘ ʚʠʨʫʩ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʜʝʡʩʪʚʠʶ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʘ ʠʤʝʥʥʦ 

ʘʤʘʥʪʘʜʠʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʪʦʨʤʦʟʷʱʝʝ ʚʣʠʷʥʠʝ ʋʂ ʥʘ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 

ʨʝʘʢʮʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʚʠʨʫʩʘʤʠ ʛʨʠʧʧʘ. ʄʘʣʦʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʦʩʴ ʜʝʡʩʪʚʠʝ ʋʂ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʝʩʧʠʨʘʪʦʨʥʦ-ʩʠʥʮʠʪʠʘʣʴʥʦʛʦ ʚʠʨʫʩʘ
107

, ʄʀʂ50 24.7 ʤʢʛ/ʤʣ (71.7 ʤʢM), 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʋʂ ʩʦʩʪʘʚʠʣ 0.6. 

ʈʦʜʩʪʚʝʥʥʳʝ ʋʂ ʩʦʝʜʠʥʝʥʠʷ 11 ʠ 12 (ʨʠʩ. 3), ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʬʠʪʦʧʘʪʦʛʝʥʥʦʛʦ ʛʨʠʙʢʘ 

Mycosphaerella nawae
59

, ʥʝ ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ B. ɿʘʪʦ 

ʩʦʝʜʠʥʝʥʠʝ 13 ʩ ʚʳʚʝʜʝʥʥʦʡ ʠʟ ʩʦʧʨʷʞʝʥʠʷ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʢʝʪʦʥʥʦʡ ʛʨʫʧʧʦʡ ʚ ʢʦʣʴʮʝ ʉ 

ʧʦʢʘʟʘʣʦ ʘʥʪʠʚʠʨʫʩʥʦʝ ʜʝʡʩʪʚʠʝ, ʕɼ70 ʩʦʩʪʘʚʠʣʘ 30 ʤʢʛ/ʤʣ, ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʜʦʟʘ ʚ 

ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ MDCK (ʢʣʝʪʢʠ ʧʦʯʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ) ʩʦʩʪʘʚʠʣʘ ʎʊɼ50 190 ʤʢʛ/ʤʣ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʦʣʝʝ 6.  

ʉʫʤʤʠʨʫʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʋʂ ʧʨʦʷʚʣʷʝʪ 

ʫʤʝʨʝʥʥʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʚʠʨʫʩʦʚ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʧʨʠ 

ʵʪʦʤ ʘʢʪʠʚʥʝʝ (+)-ʵʥʘʥʪʠʦʤʝʨ ʋʂ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʘʥʪʠʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʘʥ ʩʦ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʛʥʝʪʘʪʴ ʧʨʦʮʝʩʩ ʚʠʨʫʩʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ. 

ɼʘʥʥʳʭ ʧʦ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʥʠʞʝʥʠʷ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʪʨʠʢʝʪʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʣʴʮʘ ʉ, ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ.  

 

2.7 ɸʣʴʛʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 
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ʄʥʦʛʠʝ ʣʠʰʘʡʥʠʢʦʚʳʝ ʚʝʱʝʩʪʚʘ ʧʨʦʷʚʣʷʶʪ ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʨʘʩʪʝʥʠʷʤ. ɸʣʣʝʣʦʧʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ ʠʥʛʠʙʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ ʥʘ 

ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʠ/ʠʣʠ ʥʘ ʨʦʩʪ ʨʘʩʪʝʥʠʡ. ʇʦʜʦʙʥʦʝ ʜʝʡʩʪʚʠʝ ʋʂ ʥʘʙʣʶʜʘʣʠ ʜʘʞʝ ʜʣʷ 

ʚʦʜʦʨʦʩʣʝʡ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʬʠʢʦʙʠʦʥʪʦʤ, ʩʠʤʙʠʦʪʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʣʠʰʘʡʥʠʢʘ, ʪʦʛʜʘ ʢʘʢ ʋʂ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚʪʦʨʳʤ ʢʦʤʧʦʥʝʥʪʦʤ - ʤʠʢʦʙʠʦʥʪʦʤ.  

ʊʦʢʩʠʯʥʦʩʪʴ ʋʂ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʩʠʤʙʠʦʪʠʯʝʩʢʠʤ ʚʦʜʦʨʦʩʣʷʤ ʠʟʫʯʘʣʠ ʚ ʨʘʙʦʪʝ
108

. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʛ/ʤʣ ʋʂ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ Chlamydomonas reinhardii ʥʘ 10-20 %. ʆʙʨʘʙʦʪʢʘ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 20 ʤʢʛ/ʤʣ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʦʩʪʘ ʠʣʠ ʜʘʞʝ ʣʝʪʘʣʴʥʦʩʪʠ. ʅʘʙʣʶʜʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚ ʩʢʦʨʦʩʪʠ ʧʨʦʨʘʩʪʘʥʠʷ ʟʠʛʦʪ (ʜʦ 11 - 44%) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʠʟʢʠʭ ʜʦʟ ʋʂ. ɸʚʪʦʨʳ, ʦʜʥʘʢʦ, ʦʪʤʝʯʘʶʪ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʋʂ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ 

ʛʘʤʝʪʦʛʝʥʝʟʘ. ɺ ʨʘʙʦʪʝ
75 
ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʢʛ/ʤʣ ʥʝ ʠʥʛʠʙʠʨʫʝʪ ʨʦʩʪ 

ʜʨʫʛʦʡ ʟʝʣʸʥʦʡ ʚʦʜʦʨʦʩʣʠ - Chlorella fusca. ʌʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʋʂ ʥʘʙʣʶʜʘʣʩʷ ʚ 

ʦʪʥʦʰʝʥʠʠ ʢʫʣʴʪʫʨʳ ʩʚʦʙʦʜʥʦʞʠʚʫʱʝʡ ʚʦʜʦʨʦʩʣʠ Scenedesmus quadricauda ʢʣʘʩʩʘ ʟʝʣʸʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ
109

. ʈʦʩʪʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʢʣʝʪʦʢ, 

ʠʟʤʝʥʝʥʠʝʤ ʧʠʛʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʠʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘ ɸ ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʚ ʢʣʝʪʢʘʭ. ʌʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʋʂ ʥʘ ʢʫʣʴʪʫʨʘʭ ʚʦʜʦʨʦʩʣʠ-

ʬʠʪʦʙʠʦʥʪʘ Trebouxia erici ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ Scenedesmus quadricauda
109

. 

ɸʚʪʦʨʳ ʚʳʩʢʘʟʳʚʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʋʂ ʚ ʣʠʰʘʡʥʠʢʘʭ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ 

ʘʣʣʝʣʦʭʝʤʠʢ, ʢʦʪʦʨʳʡ ʢʦʥʪʨʦʣʠʨʫʝʪ ʜʝʣʝʥʠʝ ʢʣʝʪʦʢ ʬʠʪʦʙʠʦʥʪʘ, ʪʝʤ ʩʘʤʳʤ ʨʝʛʫʣʠʨʫʷ 

ʙʘʣʘʥʩ ʤʝʞʜʫ ʬʠʪʦʙʠʦʥʪʦʤ ʠ ʤʠʢʦʙʠʦʥʪʦʤ, ʦʙʨʘʟʫʶʱʠʤʠ ʩʣʦʝʚʠʱʘ.  

ʆʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʋʂ ʥʘ ʨʦʩʪ ʩʠʤʙʠʦʪʠʯʝʩʢʦʛʦ ʬʦʪʦʙʠʦʥʪʘ Trebouxia jamesii ʪʘʢʞʝ 

ʧʦʢʘʟʘʣʠ ʍʘʛʝʨ ʠ ʩʦʘʚʪ.
110

. ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ
111

 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʋʂ ʬʠʪʦʪʦʢʩʠʯʥʘ ʚ 

ʦʪʥʦʰʝʥʠʠ ʚʦʜʦʨʦʩʣʝʡ Trebouxia erici, ʠʥʛʠʙʠʨʫʝʪ ʨʦʩʪ, ʩʥʠʞʘʝʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʬʣʶʦʨʝʩʮʝʥʮʠʶ ʭʣʦʨʦʬʠʣʣʘ ɸ ʵʪʦʛʦ ʬʠʢʦʙʠʦʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʋʂ ʠ ʤʝʜʠ ʥʘ Trebouxia erici, ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʘ ʚʝʱʝʩʪʚʘ 

ʷʚʣʷʶʪʩʷ ʬʠʪʦʪʦʢʩʠʯʥʳʤʠ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ, ʥʠ ʟʘʱʠʪʥʦʛʦ 

(ʭʝʣʘʪʠʨʫʶʱʝʛʦ) ʵʬʬʝʢʪʘ ʋʂ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʭʝʣʘʪʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʋʂ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʘʤ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʦʤ ʜʝʪʦʢʩʠʢʘʮʠʠ ʣʠʰʘʡʥʠʢʦʚ ʦʪ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ
112

 ʫʩʪʘʥʦʚʠʣʠ, 

ʯʪʦ ʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ʋʂ ʚʣʠʷʝʪ ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʬʠʪʦʙʠʦʥʪʘ Trebouxia puym. ʀʟʤʝʥʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥ ʚʦʜʦʨʦʩʣʝʡ 

Trebouxia erici ʜʣʷ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʦʙʦʜʥʦʡ ʋʂ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʠ ɺʘʡʥʰʪʝʡʥ ʠ ʩʦʘʚʪ.
113

.  
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ɼʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʋʂ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʠ ʨʦʩʪ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ, ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ɸʣʣʝʣʦʧʘʪʠʯʝʩʢʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ (-)-ʋʂ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0.005-0.2 % ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ, ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʦʩʪʢʦʚ ʢʨʝʩʩ-ʩʘʣʘʪʘ 

(Lepidium sativum L) ʥʘʙʣʶʜʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
114

. ɼʘʣʚʠ ʠ ʩʦʘʚʪ.
115

 ʩʦʦʙʱʠʣʠ ʦ 

ʠʥʛʠʙʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ ʋʂ (ʥʝʠʟʚʝʩʪʥʳʡ ʵʥʘʥʪʠʦʤʝʨ) ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʙʦʙʦʚ ʤʘ hʠ 

ʧʰʝʥʠʮʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʅʠʰʠʪʦʙʘ ʠ ʩʦʘʚʪ.
116

 ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʋʂ (ʥʝʠʟʚʝʩʪʥʳʡ 

ʵʥʘʥʪʠʦʤʝʨ) ʜʘʞʝ ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝ ʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʘ ʥʘ ʧʨʦʨʘʱʠʚʘʥʠʝ ʩʝʤʷʥ 

ʩʘʣʘʪʘ-ʣʘʪʫʢʘ. ʆʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʷʥʮʝʚ ʩʦʩʥʳ 

ʥʘʙʣʶʜʘʣʠ ʚ ʨʘʙʦʪʝ
117

, ʋʂ ʪʘʢʞʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʘʟʦʪʘ ʧʨʦʨʦʩʪʢʘʤʠ. 

ʈʦʤʘʛʥʠ ʠ ʩʦʘʚʪ.
118

 ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʩʝʤʝʥʘʤʠ ʩʘʣʘʪʘ (Lactuca sativa) ʠ ʣʫʢʘ (Allium 

cepa) ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʟʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʬʠʪʦʪʦʢʩʠʯʝʩʢʦʤ ʜʝʡʩʪʚʠʠ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ. (-)-ʋʂ ʚʳʟʚʘʝʪ ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʦʪʙʝʣʠʚʘʥʠʝ ʩʝʤʷʜʦʣʴʥʳʭ ʪʢʘʥʝʡ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʨʘʩʪʝʥʠʷʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, (+)-ʵʥʘʥʪʠʦʤʝʨ ʥʝ ʦʢʘʟʳʚʘʣ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʧʠʛʤʝʥʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʣʠʙʦ ʞʝ ʠʭ ʩʤʝʩʠ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʠ 

ʨʘʟʥʠʮʫ ʚ ʥʘʙʣʶʜʝʥʠʷʭ ʧʨʝʜʳʜʫʱʠʭ ʘʚʪʦʨʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʧʨʘʚʣʝʥʠʝ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. ɺ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʜʦ 1 ʛ/ʣ) ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʨʘʩʪʘʥʠʝ ʠ ʨʦʩʪ 

ʧʰʝʥʠʮʳ ʠ ʯʝʩʥʦʢʘ, ʪʦʛʜʘ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʋʂ ʚ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (0.5 ʤʛ/ʣ) ʤʦʞʝʪ 

ʜʘʞʝ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʵʪʠʭ ʨʘʩʪʝʥʠʡ
119

. ɼʦʟʦʟʘʚʠʩʠʤʳʡ ʬʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʋʂ ʥʘʙʣʶʜʘʣʠ ʪʘʢʞʝ ʂʘʨʜʘʨʝʣʣʠ ʠ ʩʦʘʚʪ.
83

. ɼʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʋʂ ʦʪ 0.05 ʜʦ 0.1 

ʤʢʛ/ʤʣ ʦʢʘʟʳʚʘʣ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʜʝʣʝʥʠʝ ʤʝʟʦʬʠʣʣʴʥʳʭ ʧʨʦʪʦʧʣʘʩʪʦʚ ʪʘʙʘʢʘ 

Nicotiana tabacum. ʂʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 2,5 ʤʢʛ/ʤʣ ʋʂ ʤʘʣʦ ʚʣʠʷʶʪ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ 

(> 80%), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 5 ʜʦ 20 ʤʢʛ/ʤʣ ʫʤʝʥʴʰʘʶʪ ʢʦʣʠʯʝʩʪʚʦ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʧʨʦʪʦʧʣʘʩʪʦʚ ʜʦ 40%. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʜʦʟʳ (100-200 ʤʢʛ/ʤʣ) ʦʢʘʟʘʣʠʩʴ 

ʪʦʢʩʠʯʥʳʤʠ ʜʣʷ ʙʦʣʝʝ ʯʝʤ 90% ʢʣʝʪʦʢ. ɼʦʟʳ ʋʂ 50 ʤʢʛ/ʤʣ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ɻʘʨʜʥʝʨ ʠ ʩʦʘʚʪ.
120

 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʋʂ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʩʧʦʨ ʤʭʘ ʬʫʥʘʨʠʠ 

ʛʠʛʨʦʤʝʪʨʠʯʝʩʢʦʡ Funaria hygrometrica ʠʤʝʝʪ pH-ʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ. ɼʝʡʩʪʚʠʝ ʋʂ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 2.7 10
-3

 ʄ
 
ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʩʧʦʨʳ ʧʨʠ pH 5 ʠ 6, ʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ pH 7 ʠ 

8 ï ʪʦʣʴʢʦ 25 ʠ 1% ʩʧʦʨ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳ. ɺʦʟʤʦʞʥʦ, ʩʯʠʪʘʶʪ ʘʚʪʦʨʳ, 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʩʧʦʨʳ ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʩʦʣʠ ʫʩʥʠʥʘʪʘ. 

ʆʙʨʘʙʦʪʢʘ ʚʟʨʦʩʣʳʭ ʨʘʩʪʝʥʠʡ ʋʂ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʳʤ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ
121

. ʋ ʪʦʤʘʪʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʩʨʝʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 40 ʤʢʄ (+)-ʋʂ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʶʪʩʷ ʜʣʠʥʘ ʧʦʙʝʛʦʚ, ʢʦʨʥʝʡ ʠ ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʠ; ʩʦʜʝʨʞʘʥʠʝ 



 

 

35 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʩʥʠʞʘʝʪʩʷ ʥʘ 25-35%, 48-55%, 65-69% ʠ 60-70% ʜʣʷ ʢʘʣʴʮʠʷ, ʘʟʦʪʘ, ʬʦʩʬʦʨʘ 

ʠ ʢʘʣʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʆʪʤʝʯʝʥ ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʵʬʬʝʢʪ - 

ʚr ʯʠʩʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʦʩʪʘ (ʰʪʦʢ ʚ ʢʦʨʥʷʭ, ʫʜʝʣʴʥʳʡ ʚʝʩ ʣʠʩʪʴʝʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘ ̫

ʩʢʦʨʦʩʪ ɹ ʨʦʩʪʘ) ʙʳʣʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ (+)-ʋʂ ʚ ʩʨʝʜʝ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ (ʢʘʨʣʠʢʦʚʦʩʪʴ ʠ ʜʝʬʦʨʤʘʮʠʠ) ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʧʨʦʨʦʩʪʢʦʚ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʢʫʢʫʨʫʟʳ, ʠʥʜʫʮʠʨʫʝʤʳʝ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʢʄ, ʥʘʙʣʶʜʘʣʠ ʃʘʩʮʝʚʝ 

ʠ ʩʦʘʚʪ.
122

. ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʋʂ ʚʳʟʳʚʘʝʪ ʟʘʢʨʳʪʠʝ ʫʩʪʴʠʮ ʚ ʧʨʦʨʦʩʪʢʘʭ ʩʦʠ ʠ ʣʠʩʪʴʷʭ 

ʷʯʤʝʥʷ, ʧʨʦʨʦʩʪʢʘʭ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʢʫʢʫʨʫʟʳ
122

. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʚʝʜʸʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʧʦʪʝʨʠ ʚʦʜʳ ʥʘ 40%, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʘʥʪʠʪʨʘʥʩʧʠʨʘʥʪʥʦʤ ʜʝʡʩʪʚʠʠ ʋʂ. ʃʘʪʢʦʚʩʢʘ ʠ 

ʩʦʘʚʪ.
123

 ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ (-)-ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 20-30 ʤʄ ʫʛʥʝʪʘʝʪ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ 

(40%) ʠ ʨʝʩʧʠʨʘʪʦʨʥʫʶ (ʜʦ 80%) ʬʫʥʢʮʠʠ ʪʦʤʘʪʦʚ (Lycopersicum esculentum), ʧʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʭʣʦʨʦʬʠʣʣʘ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʨʦʩʪ ʨʘʩʪʝʥʠʡ 

ʵʬʬʝʢʪʘ ʥʘʟʳʚʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥ (ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʣʝʪʢʘʭ ʣʫʢʘ) ʜʣʷ 

ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ
124

. ʕʪʠ ʞʝ ʘʚʪʦʨʳ
125

 ʚ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʦʙ ʠʥʛʠʙʠʨʫʶʱʝʤ 

ʜʝʡʩʪʚʠʠ ʋʂ ʥʘ ʫʢʦʨʝʥʝʥʠʝ ʯʝʨʝʥʢʦʚ Salix blanda, Abutilon striatum (ʢʘʥʘʪʥʠʢ) ʠ Hedera helix 

(ʧʣʶʱ ʦʙʳʢʥʦʚʝʥʥʳʡ), ʧʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥ, ʫʢʘʟʳʚʘʣʠ ʚʦʟʤʦʞʥʳʡ 

ʘʥʪʠʤʠʪʦʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʋʂ. ʆʜʥʘʢʦ, ʧʦʟʜʥʝʝ ʊʦʣʝʜʦ ʄʘʨʘʥʪʝ ʠ ʩʦʘʚʪ.
126

 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʋʂ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʥʠʢʘʝʪ ʚ ʩʝʤʝʥʘ ʧʝʨʮʘ, ʢʘʧʫʩʪʳ, ʪʦʤʘʪʦʚ ʠ ʩʘʣʘʪʘ, ʦʮʝʥʠʚ ʥʘʙʣʶʜʘʝʤʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʘʢ ʥʠʯʪʦʞʥʫʶ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ
127

 ʪʘʢʞʝ ʩʦʦʙʱʠʣʠ, ʯʪʦ ʋʂ ʧʣʦʭʦ ʧʨʦʥʠʢʘʝʪ 

ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʭʣʦʨʦʧʣʘʩʪʳ ʣʠʩʪʴʝʚ ʜʫʙʘ (Quercus rotundifolia).  

ʉʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʢʩʠʯʝʩʢʦʤ ʜʝʡʩʪʚʠʠ ʋʂ ʥʘ ʭʣʦʨʦʧʣʘʩʪʳ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʋʂ ʥʘ ʣʠʩʪʴʷ Quercus rotundifolia (ʜʫʙ ʢʨʫʛʣʦʣʠʩʪʥʳʡ) ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʣʥʦʝ 

ʧʦʜʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʍʠʣʣʘ ʭʣʦʨʦʧʣʘʩʪʦʚ
128

. ʕʪʦ ʜʝʡʩʪʚʠʝ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʱʘʣʦʩʴ 

ʜʦʙʘʚʣʝʥʠʝʤ MnCl2 ʢ ʩʫʩʧʝʥʟʠʠ ʭʣʦʨʦʧʣʘʩʪʦʚ. ʇʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʦʥʳ ʤʘʨʛʘʥʮʘ 

ʧʝʨʝʥʦʩʷʪ ʵʣʝʢʪʨʦʥʳ, ʚʳʩʚʦʞʜʘʶʱʠʝʩʷ ʧʨʠ ʬʦʪʦʣʠʟʝ ʚʦʜʳ, ʥʘ ʭʣʦʨʦʬʠʣʣ ʬʦʪʦʩʠʩʪʝʤʳ II P-

680, ʪʦ ʧʨʝʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʋʂ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʭʝʣʘʪʠʨʦʚʘʥʠʝʤ ʤʘʨʛʘʥʮʘ, ʯʪʦ 

ʚʝʜʸʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʨʝʜʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʪʨʘʥʩʧʦʨʪʘ 

ʵʣʝʢʪʨʦʥʦʚ. ʊʦʪ ʞʝ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʋʂ ʧʨʝʜʧʦʣʘʛʘʶʪ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
129

. ʆ 

ʬʠʪʦʪʦʢʩʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ ʥʘ ʭʣʦʨʦʧʣʘʩʪʳ ʰʧʠʥʘʪʘ ʩʦʦʙʱʘʝʪʩʷ ʚ ʨʘʙʦʪʝ
130

. ʇʦʟʜʥʝʝ ʪʝ ʞʝ 

ʘʚʪʦʨʳ
131

 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʋʂ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʭʣʦʨʦʧʣʘʩʪʳ 

ʰʧʠʥʘʪʘ ʦʛʦʨʦʜʥʦʛʦ Spinacia oleracea ʩʚʷʟʘʥ ʩ ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʋʂ ʥʘ 

ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʬʦʪʦʩʠʩʪʝʤʳ II, ʚʦʟʤʦʞʥʦ, ʯʝʨʝʟ ʩʚʷʟʳʚʘʥʠʝ ʋʂ ʩ ʚʪʦʨʠʯʥʳʤʠ 

ʜʦʥʦʨʘʤʠ ʵʣʝʢʪʨʦʥʦʚ. ɸʚʪʦʨʳ ʪʘʢʞʝ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʋʂ ʥʝ 

ʦʙʨʘʱʘʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʤʘʨʛʘʥʮʘ ʚ ʩʠʩʪʝʤʫ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʜʘʥʥʳʤ ʆʨʫʩ ʠ ʩʦʘʚʪ.
128

.  
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ɸʚʪʦʨʳ ʨʘʙʦʪʳ
132

 ʧʦʜʪʚʝʨʜʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʤʘʨʛʘʥʮʘ ʥʘ ʜʝʡʩʪʚʠʝ ʋʂ ʚ 

ʦʪʥʦʰʝʥʠʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʢʦʤʤʝʣʠʥ rʦʙʳʢʥʦʚʝʥʥʦʡ Commelina communis. ʇʨʠ ʵʪʦʤ, ʋʂ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 4 ʤʢM ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʫʝʪ ʚ ʤʝʟʦʬʠʣʣʴʥʳʭ ʧʨʦʪʦʧʣʘʩʪʘʭ ʦʙʤʝʥʥʳʝ 

ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʋʂ ʜʦ 10 ʤʢM 

ʪʘʢʞʝ ʧʦʜʘʚʣʷʝʪʩʷ ʪʝʤʥʦʚʦʝ ʜʳʭʘʥʠʝ ʥʘ 59%. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʋʂ ʫʛʥʝʪʘʝʪ 

ʢʣʝʪʦʯʥʦʝ ʜʳʭʘʥʠʝ ʜʚʫʤʷ ʧʫʪʷʤʠ: ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʥʛʠʙʠʨʫʷ ʦʢʠʩʣʠʪʝʣʴʥʦʝ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ, ʠ ʧʦʟʜʥʝʝ, ʠʥʛʠʙʠʨʫʷ ʦʢʩʠʜʘʟʫ. 

ɼʝʡʩʪʚʠʝ ʋʂ ʥʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʣʠʩʪʴʷʭ ʰʧʠʥʘʪʘ ʥʘʙʣʶʜʘʣʠ ʕʥʜʦ ʠ 

ʩʦʘʚʪ.
133

. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʬʣʶʦʨʝʩʮʝʥʮʠʶ ʭʣʦʨʦʬʠʣʣʘ ɸ, ʧʨʠ ʵʪʦʤ 

ʪʦʨʤʦʟʠʪʩʷ ʬʦʪʦʩʠʥʪʝʟ ʚ ʪʠʣʘʢʦʠʜʘʭ (ʢʣʝʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʩʪʝʥʠʷʭ, ʧʦʜʦʙʥʳʝ ʧʦ 

ʬʫʥʢʮʠʷʤ ʤʠʪʦʭʦʥʜʨʠʷʤ). ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʪʠʣʘʢʦʠʜʥʦʡ ʤʝʤʙʨʘʥʳ ʠ ʝʝ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʬʦʪʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʝʨʝʥʦʩʯʠʢʠ ʵʣʝʢʪʨʦʥʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʠʩʧʦʣʴʟʫʶʪ ʥʝʢʦʪʦʨʫʶ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ 

ʜʣʷ ʧʝʨʝʢʘʯʢʠ ʧʨʦʪʦʥʦʚ ʠʟ ʩʪʨʦʤʳ ʚ ʧʨʦʩʚʝʪ ʪʠʣʘʢʦʠʜʘ. ʇʨʦʪʦʥʥʳʡ ʛʨʘʜʠʝʥʪ ʚ ʪʠʣʘʢʦʠʜʘʭ 

ʚʳʰʝ, ʯʝʤ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʚ 10 ʨʘʟ, ʩʦʟʜʘʸʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʬʦʪʦʩʠʩʪʝʤʦʡ II. ɺ ʤʝʤʙʨʘʥʝ 

ʪʠʣʘʢʦʠʜʘ ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʠʤʝʥʥʦ ʬʦʪʦʩʠʩʪʝʤʫ II, ʦʪʚʝʯʘʶʱʫʶ ʟʘ ʩʠʥʪʝʟ ʢʠʩʣʦʨʦʜʘ. ɸʚʪʦʨʳ 

ʫʩʪʘʥʦʚʠʣʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ - ʚʝʨʦʷʪʥʦ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʬʨʘʛʤʝʥʪ 

ʧʝʨʚʠʯʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʭʠʥʦʥʥʳʭ ʘʢʮʝʧʪʦʨʦʚ ʵʣʝʢʪʨʦʥʦʚ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʘʡʪ ï 

ʦʢʠʩʣʷʶʱʠʡ ʬʨʘʛʤʝʥʪ ʭʣʦʨʦʬʠʣʣʘ P680. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʙʨʘʪʠʤʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʩʘʡʪʘʤʠ, ʧʨʠ ʵʪʦʤ ʩʚʷʟʳʚʘʥʠʷ ʩ ʢʠʩʣʦʨʦʜʚʳʜʝʣʷʶʱʠʤ ʬʨʘʛʤʝʥʪʦʤ 

ʬʦʪʦʩʠʩʪʝʤʳ II ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  

ʈʘʟʦʙʱʝʥʠʝ ʪʠʣʘʢʦʠʜʥʦʡ ʤʝʤʙʨʘʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪʤʝʯʝʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʩʝʤʝʥʘʤʠ ʩʘʣʘʪʘ (Lactuca sativa) ʠ ʣʫʢʘ (Allium cepa)
134
. ʆʜʥʘʢʦ, 

ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ, ʚʳʟʚʘʥʥʳʝ ʨʘʟʥʳʤʠ ʵʥʘʥʪʠʦʤʝʨʘʤʠ ʋʂ, ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʘʶʪʩʷ. (-)-

ʋʂ ʚʳʟʚʘʝʪ ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʦʪʙʝʣʠʚʘʥʠʝ ʩʝʤʷʜʦʣʴʥʳʭ ʪʢʘʥʝʡ, ʩʚʷʟʘʥʥʦʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʘʩʪʝʥʠʷʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, (+)-

ʵʥʘʥʪʠʦʤʝʨ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ. ɸʚʪʦʨʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʜʝʡʩʪʚʠʠ ʩʚʷʟʘʥʘ ʩ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ 

(-)-ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʪʦʬʦʨʬʠʨʠʥʦʛʝʥ ʦʢʩʠʜʘʟʳ (ʄʀʂ50 3 ʤʢM), ʄʀʂ50 (+)-ʋʂ ʚ 20 ʨʘʟ 

ʚʳʰʝ ï 60 ʤʢM. ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʋʂ ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʞʝ ʩ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʬʝʨʤʝʥʪʘ ʧʨʦʪʦʧʦʨʬʠʨʠʥʦʛʝʥʦʢʩʠʜʘʟʳ (HPPD), ʄʀʂ50 (-)-ʋʂ ʩʦʩʪʘʚʠʣʘ 70 

ʥM, (+)-ʋʂ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʝʝ ʘʢʪʠʚʥʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ HPPD ʢʘʪʘʣʠʟʠʨʫʝʪ ʩʠʥʪʝʟ 

ʧʣʘʩʪʦʭʠʥʦʥʦʚ, ʙʣʦʢʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʜʝʡʩʪʚʠʝʤ ʋʂ ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʛʘʩʷʪ ʠʟʙʳʪʦʢ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ 
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(ɸʌʂ). ʊʦ ʝʩʪʴ, ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʋʂ ʧʨʠʚʦʜʠʪ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʨʝʩʩʫ ʠ ʜʝʛʝʥʝʨʘʪʠʚʥʳʤ 

ʧʨʦʮʝʩʩʘʤ. 

ɽʱʸ ʦʜʠʥ ʠʟ ʧʫʪʝʡ ʚʣʠʷʥʠʷ ʋʂ ʥʘ ʨʦʩʪ ʨʘʩʪʝʥʠʡ ʦʧʠʩʘʣʠ ʃʝʛʘʟ ʠ ʩʦʘʚʪ.
135

. ɸʚʪʦʨʳ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʋʂ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʘʫʢʩʠʥʘʤʠ ʯʝʨʝʟ ʩʣʦʞʥʦʵʬʠʨʥʫʶ ʩʚʷʟʴ, ʯʪʦ ʥʘʨʫʰʘʝʪ 

ʬʠʪʦʛʦʨʤʦʥʘʣʴʥʫʶ ʨʝʛʫʣʷʮʠʶ ʨʦʩʪʘ ʣʠʩʪʴʝʚ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋʂ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʬʠʪʦʪʦʢʩʠʯʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʜʦʨʦʩʣʝʡ-

ʩʠʤʙʠʦʥʪʦʚ. ʅʘʙʣʶʜʘʝʪʩʷ ʫʤʝʨʝʥʥʦʝ ʬʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʚʳʩʰʠʭ 

ʨʘʩʪʝʥʠʡ. ʕʬʬʝʢʪʳ, ʚʳʟʚʘʥʥʳʝ ʜʝʡʩʪʚʠʝʤ ʋʂ, ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʠʟʤʝʥʝʥʠʝʤ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥ, ʥʘʨʫʰʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠ 

ʭʝʣʘʪʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʋʂ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʳʤ ʢʘʪʠʦʥʘʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʋʂ 

ʙʦʣʝʝ ʬʠʪʦʪʦʢʩʠʯʥʘ ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʢʣʝʪʦʢ, ʧʦʩʢʦʣʴʢʫ ʠʥʛʠʙʠʨʫʝʪ ʬʣʶʦʨʝʩʮʝʥʮʠʶ 

ʭʣʦʨʦʬʠʣʣʘ ɸ. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ 

ʬʦʪʦʩʠʩʪʝʤʳ II ʧʫʪʸʤ ʨʘʟʦʙʱʝʥʠʷ ʤʝʤʙʨʘʥʳ ʪʠʣʘʢʦʠʜʦʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʫʱʝʩʪʚʫʶʪ 

ʟʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʘʢʪʠʚʥʦʩʪʠ ʜʚʫʭ ʵʥʘʥʪʠʦʤʝʨʦʚ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʪʦʢʩʠʯʥʦʩʪʴ (-)-ʋʂ. ʅʘʙʣʶʜʘʝʤʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʦʙ̡ʷʩʥʷʝʪʩʷ, ʚʦʟʤʦʞʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʋʂ 

ʥʝʧʦʥʷʪʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʨʘʙʦʪʢʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʜʘʥʥʳʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ.  

 

2.8 ʀʥʩʝʢʪʠʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ʇʫʙʣʠʢʘʮʠʠ ʦ ʜʝʡʩʪʚʠʠ ʋʂ ʥʘ ʥʘʩʝʢʦʤʳʭ ʠ ʠʭ ʣʠʯʠʥʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʚʩʝʤ ʥʝʜʘʚʥʝʤʫ 

ʚʨʝʤʝʥʠ. ʕʤʤʝʨʠʭ ʠ ʩʦʘʚʪ.
136

 ʚ 1993 ʛ. ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ ʪʦʢʩʠʯʥʳ ʜʣʷ 

ʣʠʯʠʥʦʢ ʝʛʠʧʝʪʩʢʦʡ ʭʣʦʧʢʦʚʦʡ ʩʦʚʢʠ Spodoptera littoralis. ʂʘʢ (+)-, ʪʘʢ ʠ (-)-ʋʂ ʚʳʟʚʘʣʠ 

ʩʠʣʴʥʫ  ʁʩʤʝʨʪʥʦʩʪ,ɹ ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʫ  ʁʟʘʜʝʨʞʢʫ ʨʦʩʪʘ ʠ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ ʟʘʪʷʛʠʚʘʥʠʝ 

ʣʠʯʠʥʦʯʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʠʪʝʣʴʥʦʛʦ ʢʦʨʤʣʝʥʠʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʣʠʯʠʥʦʢ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʠʣʠ ʜʘʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʣʠʰʘʡʥʠʢʘʭ, ʧʨʠ ʵʪʦʤ (-)-ʋʂ ʦʢʘʟʘʣʘʩʴ ʥʘ ʧʦʨʷʜʦʢ ʪʦʢʩʠʯʥʝʝ. ʌʘʢʪʦʨʳ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʘʥʪʠʬʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ, - ʜʦʟʘ ʚʝʱʝʩʪʚʘ, ʚʳʟʳʚʘʶʱʘʷ ʟʘʜʝʨʞʢʫ 

ʨʦʩʪʘ ʥʘʩʝʢʦʤʳʭ ʥʘ 50% (ʕɼ50) ʠ ʩʤʝʨʪʥʦʩʪʴ ʣʠʯʠʥʦʢ (ʃɼ50), ʪʘʢʞʝ ʨʘʟʣʠʯʘʣʠʩʴ ʜʣʷ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ. ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʥʪʠʬʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʙʥʘʨʫʞʠʣʘ (-)-

ʋʂ. ʕɼ50 ʩʦʩʪʘʚʠʣʘ 1.2 ʤʢʤʦʣʴ ʜʣʷ (-)-ʋʂ ʠ 4.5 ʜʣʷ (+)-ʋʂ, ʃɼ50 8.6 ʠ 90.8 ʤʢʤʦʣʴ ʥʘ ʛʨʘʤʤ 

ʩʫʭʦʛʦ ʚʝʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʚʪʦʨʳ ʦʧʨʝʜʝʣʷʣʠ ʦʩʪʨʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʧʫʪʝʤ ʠʥʲʝʢʮʠʠ ʚ 

ʛʝʤʦʣʠʤʬʫ ʣʠʯʠʥʦʢ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʜʘʥʥʳʝ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʘʥʪʠʬʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

(ʃɼ50 (-)-ʋʂ 27.5 ʤʛ/ʢʛ, (+)-ʋʂ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʪʦʢʩʠʯʥʘ - 71.0 ʤʛ/ʢʛ). ɸʚʪʦʨʳ 
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ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʙʘ ʬʘʢʪʦʨʘ ï ʘʥʪʠʬʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʦʩʪʨʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, ʚʣʠʷʶʪ 

ʥʝʟʘʚʠʩʠʤʦ, ʩʫʤʤʠʨʫʷ ʦʢʘʟʘʥʥʦʝ ʜʝʡʩʪʚʠʝ.  

ɺ ʨʘʙʦʪʝ
137

 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʦʙʘ ɻʥʘʥʪʠʦʤʝʨʘ ʋʂ ʪʦʢʩʠʯʥʳ ʜʣʷ ʣʠʯʠʥʦʢ 

ʢʦʤʘʨʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ Culex pipiens ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ. ʀ (-)-, ʠ (+)-ʋʂ ʦʢʘʟʘʣʠ ʩʠʣʴʥʦʝ 

ʣʘʨʚʠʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʸʨʪʳʭ ʩʪʘʜʠʷʭ ʨʦʩʪʘ ʣʠʯʠʥʦʢ, ʃʂ100 ʩʦʩʪʘʚʠʣʠ 5 ʠ 10 

ʤʢʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʃʂ50 0.8 ʠ 0.9 ʤʢʛ/ʤʣ. ʇʦʜʦʙʥʦʝ ʜʝʡʩʪʚʠʝ (+)-ʋʂ ʥʘʙʣʶʜʘʣʦʩʴ 

ʪʘʢʞʝ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʯʠʥʦʢ ʤʦʩʢʠʪʦʚ Culiseta longiareolata
138

. ʃʘʨʚʠʮʠʜʥʘ ̫ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʦʪʠʚ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʚʦʟʨʘʩʪʥʦʡ ʩʪʘʜʠʠ ʣʠʯʠʥʦʢ ʤʦʩʢʠʪʦʚ ʩʦʩʪʘʚʠʣʘ ʃʂ50 0.48 ʤʢʛ/ʤʣ 

(ʃʂ90 1.54 ʤʢʛ/ʤʣ).  

ʀʩʩʣʝʜʦʚʘʥʠʷ in vitro ʘʢʘʨʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʋʂ ʠ ʝ yʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʚ ʦʪʥʦʰʝʥʠʠ 

Psoroptes cuniculi ʧʨʦʚʦʜʠʣʠʩ ɹʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ
139

. ɺ ʧʫʙʣʠʢʘʮʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʝʙʫʶʪʩʷ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʝ ʜʦʟʳ ʋʂ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʛʠʙʝʣʴ ʢʣʝʱʝʡ. ʉʤʝʨʪʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 

91, 85 ʠ 55% ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ of 250, 125 ʠ 62.5 ʤʢʛ/ʤʣ. ʊʝ ʞʝ ʜʦʟʳ 

ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʋʂ ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʝʝ, ʚʳʟʳʚʘʷ 100, 100 ʠ 60 %-ʥʫʶ ʩʤʝʨʪʥʦʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ (+)-ʋʂ ʚʳʟʳʚʘʝʪ 100%-ʥʫʶ ʩʤʝʨʪʥʦʩʪʴ ʚʟʨʦʩʣʳʭ ʯʝʨʚʝʡ Schistosoma 

mansoni, ʦʙʣʠʛʘʪʥʳʭ ʧʘʨʘʟʠʪʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʰʠʩʪʦʤʘʪʦʟ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʝʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

200 ʤʢʄ
140

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʋʂ, ʦʢʘʟʳʚʘʝʤʦʝ ʥʘ ʥʘʩʝʢʦʤʳʭ, ʥʘʙʣʶʜʘʝʪʩʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʣʠʯʠʥʦʯʥʳʭ ʩʪʘʜʠʷʭ, ʘ ʥʝ ʥʘ ʩʪʘʜʠʠ ʠʤʘʛʦ. ɸʥʪʠʬʠʜʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ ʠ 

ʦʩʪʨʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʧʦʢʘʟʘʣʠ, ʯʪʦ (-)-ʋʂ ʟʥʘʯʠʪʝʣʴʥʦ ʪʦʢʩʠʯʥʝʝ (+)-

ʠʟʦʤʝʨʘ. ʅʝʪ ʜʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦ ʜʝʡʩʪʚʠʠ ʥʘ ʥʘʩʝʢʦʤʳʭ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ. 

 

2.9 ʊʦʢʩʠʯʥʦʩʪʴ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʞʠʚʦʪʥʳʤ 

 

ʉʦʦʙʱʝʥʠʷ ʦ ʪʦʢʩʠʯʝʩʢʦʤ ʚʣʠʷʥʠʠ ʋʂ ʥʘ ʞʠʚʦʪʥʳʭ ʧʦʷʚʠʣʠʩʴ ʚʩʢʦʨʝ ʧʦʩʣʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʝʸ ʩʪʨʫʢʪʫʨʳ. ɽʱʸ ʚ 1936 ʛ ʄʠʢʦʰʠʙʘ ʠ ʩʦʘʚʪ.
141

 ʦʧʨʝʜʝʣʠʣʠ (+)-ʋʂ ʢʘʢ 

ʤʘʣʦʪʦʢʩʠʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʠʟʤʝʨʠʣʠ ʃɼ50 ʜʣʷ ʤʣʝʢʦʧʠʪʘʶʱʠʭ - 25-30 ʤʛ/ʢʛ. ɺ ʨʘʙʦʪʝ
142

 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʞʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʦʟʳ 10 ʤʛ/ʢʛ ʢʦʰʢʘʤ ʚʥʫʪʨʠʚʝʥʥʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʩʢʦʨʝʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ, ʘ ʠʤʝʥʥʦ ʛʠʧʝʨʚʝʥʪʠʣʷʮʠʷ, ʫʚʝʣʠʯʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ. ʇʫʙʣʠʢʘʮʠʷ
143

 ʧʨʠʚʦʜʠʪ ʜʘʥʥʳʝ ʧʦ ʃɼ50 ʜʣʷ ʤʳʰʝʡ, ʢʨʳʩ, 

ʢʨʦʣʠʢʦʚ ʠ ʩʦʙʘʢ. ɼʦʟʳ ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʩʦʩʪʘʚʠʣʠ 25, 30, 30 ʠ 40 ʤʛ/ʢʛ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ ʚʝʱʝʩʪʚ Registry of Toxic Effects of Chemical 
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Substances (RTECS) ʫʢʘʟʘʥʳ ʜʘʥʥʳʝ ʧʦ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʜʣʷ ʤʳʰʝʡ ʠ ʢʨʦʣʠʢʦʚ, ʃɼ50 

838 ʠ ʙʦʣʝʝ 500 ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʚʝʜʝʥʠʷ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʜʣʷ ʦʣʝʥʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ
144

. 

ʉʨʘʚʥʠʪʝʣʴʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʧʦʝʜʘʥʠʶ ʣʠʰʘʡʥʠʢʘ Parmelia molliuscula, 

ʩʦʜʝʨʞʘʱʝʛʦ 1.6% ʋʂ, ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʦʪʨʘʚʣʝʥʠʷ ʦʣʝʥʝʡ ʙʳʣʘ ʋʂ. 

ɻʨʫʧʧʘ ʦʣʝʥʝʡ, ʧʦʝʜʘʚʰʘʷ ʣʠʰʘʡʥʠʢ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʛʦ ʋʂ, ʥʝ ʧʨʦʷʚʠʣʘ ʧʨʠʟʥʘʢʠ 

ʠʥʪʦʢʩʠʢʘʮʠʠ. ɸ ʚʦʪ ʫʣʠʪʢʠ Balea perversa, Chondrina clienta ʠ Helicigona lapicida ʥʝ 

ʧʦʜʚʝʨʞʝʥʳ ʪʦʢʩʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ ʋʂ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʚʳʷʩʥʠʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
145

, ʦʥʠ ʝʸ 

ʘʙʩʦʣʶʪʥʦ ʥʝ ʫʩʚʘʠʚʘʶʪ, ʥʠ ʚ ʢʘʢʠʭ ʪʢʘʥʷʭ ʫʣʠʪʦʢ ʋʂ ʥʝ ʦʙʥʘʨʫʞʝʥʘ, ʪʦʣʴʢʦ ʚ 

ʵʢʩʢʨʝʤʝʥʪʘʭ. ʉʫʥʜʩʝʪ ʠ ʩʦʘʚʪ.
146

 ʩʦʦʙʱʘʶʪ, ʯʪʦ ʋʂ ʚ ʦʙʳʯʥʳʭ ʧʠʱʝʚʳʭ ʜʦʟʘʭ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʩʝʚʝʨʥʳʭ ʦʣʝʥʝʡ. ʆʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʘʚʪʦʨʳ 

ʦʙʲʷʩʥʷʶʪ ʦʩʦʙʦʡ ʤʠʢʨʦʬʣʦʨʦʡ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʩʝʚʝʨʥʦʛʦ ʦʣʝʥʷ, ʩʧʦʩʦʙʥʦʡ 

ʧʦʣʥʦʩʪʴʶ ʤʝʪʘʙʦʣʠʟʠʨʦʚʘʪʴ ʋʂ. ʋʂ ʥʝ ʦʙʥʘʨʫʞʝʥʘ ʥʠ ʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ, ʥʠ ʚ 

ʧʝʯʝʥʠ ʠʣʠ ʧʦʯʢʘʭ, ʥʠ ʚ ʵʢʩʢʨʝʤʝʥʪʘʭ ʩʝʚʝʨʥʳʭ ʦʣʝʥʝʡ ʧʦʩʣʝ ʢʦʨʤʣʝʥʠʷ, ʭʦʪʷ ʞʠʚʦʪʥʳʝ ʝʣʠ 

ʣʠʰʘʡʥʠʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʮʝʣʳʭ 9 ʤʛ ʋʂ ʥʘ ʛʨʘʤʤ ʧʠʱʠ ʚ ʪʝʯʝʥʠʝ 4 ʥʝʜʝʣʴ.  

ɺ 90-ʝ ʛʦʜʳ 20 ʚʝʢʘ ʋʂ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʧʠʱʝʚʳʭ 

ʜʦʙʘʚʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʭʫʜʝʥʠʷ. ʇʦʩʣʝ ʯʝʛʦ ʧʦʷʚʠʣʠʩʴ ʩʦʦʙʱʝʥʠʷ ʦʙ ʦʪʨʘʚʣʝʥʠʠ 

ʵʪʠʤʠ ʙʠʦʜʦʙʘʚʢʘʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʛʝʧʘʪʦʪʦʢʩʠʯʥʦʩʪʴʶ
147,148,149,150.

 

ʅʘʙʣʶʜʘʝʤʳʝ ʩʠʤʧʪʦʤʳ ʦʪʨʘʚʣʝʥʠʷ ï ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʝʡ ʘʣʘʥʠʥʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʳ (ɸʃʊ), 

ʘʩʧʘʨʪʘʪʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʳ (ɸʉʊ), ʙʠʣʠʨʫʙʠʥʘ, ʪʸʤʥʘʷ ʤʦʯʘ, ʤʠʘʣʛʠʷ, ʘʨʪʨʘʣʛʠʷ ʠ ʜʘʞʝ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʳʡ ʥʝʢʨʦʟ. ʀʩʩʣʝʜʦʚʘʥʠʝ
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 2005 ʛʦʜʘ ʩʫʤʤʠʨʦʚʘʣʦ ʜʘʥʥʳʝ ʧʦ ʠʥʮʠʜʝʥʪʘʤ 

ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɺ ʧʫʙʣʠʢʘʮʠʠ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʛʝʧʘʪʦʪʦʢʩʠʯʥʦʩʪʴ ʋʂ ʧʨʠʚʝʣʘ ʢ ʪʦʤʫ, 

ʯʪʦ ʦʜʠʥ ʯʝʣʦʚʝʢ ʧʦʛʠʙ, ʩʝʤʴ ʯʝʣʦʚʝʢ ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʦ ʩ ʧʝʯʝʥʦʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ, 

ʚʳʷʚʣʝʥʦ ʜʝʩʷʪʴ ʩʣʫʯʘʝʚ ʭʠʤʠʯʝʩʢʦʛʦ ʛʝʧʘʪʠʪʘ ʠ ʯʝʪʳʨʝ ʤʷʛʢʦʡ ʧʝʯʝʥʦʯʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ. 

ʕʪʠ ʜʘʥʥʳʝ ʠʥʠʮʠʠʨʦʚʘʣʠ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʧʘʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʥʘ 

ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ.  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʷ, ʚʳʟʳʚʘʝʤʳʝ ʋʂ, ʚ 

ʧʨʦʮʝʩʩʝ ʢʣʝʪʦʯʥʦʛʦ ʜʳʭʘʥʠʷ. ɺʳʜʝʣʷʝʤʘʷ ʚ ʵʪʦʤ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʵʥʝʨʛʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ɸʊʌ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʠ ɸɼʌ. ʍʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʷʪʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ, ʚ 

ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʜʳʭʘʪʝʣʴʥʫʶ ʮʝʧʴ ʣʠʤʠʪʠʨʫʝʪʩʷ ʨʘʟʥʳʤʠ 

ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʣʠʙʦ ʩʥʘʙʞʝʥʠʝʤ ʩʫʙʩʪʨʘʪʦʚ ʦʢʠʩʣʝʥʠʷ (ʩʦʩʪʦʷʥʠʝ 1), ʣʠʙʦ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɸɼʌ ʠ ʬʦʩʬʘʪʘ, ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ 

(ʩʦʩʪʦʷʥʠʝ 2), ʣʠʙʦ ʩʥʘʙʞʝʥʠʝʤ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʢʠʩʣʦʨʦʜʦʤ ʚ ʩʣʫʯʘʝ ʝʛʦ ʜʝʬʠʮʠʪʘ 

(ʩʦʩʪʦʷʥʠʝ 5). ʇʨʠ ʥʘʣʠʯʠʠ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʢʠʥʝʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ 



 

 

40 

ʜʳʭʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʙʳʪʢʦʤ ʚʥʝʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ɸɼʌ (ʩʦʩʪʦʷʥʠʝ 3 ð 

çʘʢʪʠʚʥʦʝè), ʧʦʩʣʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʦʚʦʝ, ʙʦʣʝʝ 

ʵʥʝʨʛʠʟʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 4. ʆʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʝʬʠʮʠʪʦʤ ʩʚʦʙʦʜʥʦʛʦ ɸɼʌ, 

ʣʠʤʠʪʠʨʫʶʱʝʛʦ ʜʳʭʘʥʠʝ. ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʜʳʭʘʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʩʢʦʨʦʩʪʝʡ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʬʠʢʩʠʨʫʶʪʩʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʦʢʠʩʣʝʥʥʦ-ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ ʜʳʭʘʪʝʣʴʥʳʭ ʧʝʨʝʥʦʩʯʠʢʦʚ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ
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 ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʛʝʧʘʪʦʮʠʪʘʭ ʧʝʯʝʥʠ ʤʳʰʝʡ 

ʚʳʷʩʥʠʣʠ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʩʚʷʟʘʥ ʩ ʨʘʟʦʙʱʝʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.75 ʤʢʄ ʠʥʛʠʙʠʨʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ɸɼʌ/O ʥʘ 50%, 

ʚʳʟʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ 4 ʜʳʭʘʥʠʷ (100%) ʠ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ 

ɸʊʌʘʟʳ ʥʘ 300%. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʋʂ ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴ ʧʨʦʪʦʥʳ, ʤʠʥʫʷ ʧʨʦʪʦʥʥʳʝ 

ʢʘʥʘʣʳ ʤʝʤʙʨʘʥʳ, ʪ.ʝ. ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʥʦʬʦʨʘ. ʇʦ ʩʫʪʠ, ʝʸ ʜʝʡʩʪʚʠʝ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʦʥʘ ʜʝʣʘʝʪ ʤʝʤʙʨʘʥʫ ʧʨʦʥʠʮʘʝʤʦʡ ʜʣʷ ʧʨʦʪʦʥʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʣʠʢʚʠʜʠʨʫʝʪ 

ʧʨʦʪʦʥʥʳʡ ʛʨʘʜʠʝʥʪ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʜʘʞʝ ʫʩʠʣʠʚʘʝʪʩʷ, ʦʜʥʘʢʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋʂ ʧʨʦʷʚʣʷʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʘʟʦʙʱʘʶʱʝʛʦ ʘʛʝʥʪʘ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ʄʠʥʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʛʦ ʨʘʟʦʙʱʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ 1 ʤʢʄ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʩʯʝʟʘʝʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʩʠʥʪʝʟ ɸʊʌ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʶʪ ʨʘʟʦʙʱʝʥʠʝʤ ʜʳʭʘʥʠʷ ʠ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ɸʊʌ ʩʥʠʞʘʝʪʩʷ, ɸɼʌ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʵʥʝʨʛʠʷ ʚʳʜʝʣʷʝʪʩʷ 

ʚ ʚʠʜʝ ʪʝʧʣʦʪʳ. ʅʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ɸʊʌ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʦʪʩʶʜʘ ʥʘʙʣʶʜʘʝʤʳʡ 

ʵʬʬʝʢʪ ʋʂ ʢʘʢ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʦʭʫʜʝʥʠʷ. ʊʝ ʞʝ ʩʘʤʳʝ ʵʬʬʝʢʪʳ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʧʝʯʝʥʠ ʢʨʳʩ ʥʘʙʣʶʜʘʣʠ ʇʨʘʤʠʦʪʠʥ ʠ ʩʦʘʚʪ.
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. ʈʘʟʦʙʱʘʶʱʠʡ ʵʬʬʝʢʪ ʥʘ 

ʤʠʪʦʭʦʜʨʠʠ ʚʳʟʚʘʣʦ ʜʝʡʩʪʚʠʝ (+)-ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0.15-6 ʤʢʄ. ʇʦʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (+)-ʋʂ (> 6 ʤʢʄ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʘʜʝʥʠʶ 

ʩʠʥʪʝʟʘ ɸʊʌ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʩʦʩʪʦʷʥʠ ̫4 ʜʳʭʘʥʠʷ (ʦʪ ʪʨʝʭ ʜʦ 

ʩʝʤʠ ʨʘʟ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʙʩʪʨʘʪʦʚ) ʠ ʚ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ɸʊʌʘʟʳ (ʚ 7 ʨʘʟ). ʍʘʥ ʠ 

ʩʦʘʚʪ.
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 ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʥʘ ʛʝʧʘʪʦʮʠʪʘʭ, ʠ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʧʝʯʝʥʠ ʢʨʳʩ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ 

ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʜʦʟʳ 2 ʤʢʄ (ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʝʪʩʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ 

ʛʝʧʘʪʦʮʠʪʦʚ) ʢ ʜʦʟʝ 5 ʤʢʄ (ʧʨʘʢʪʠʯʝʩʢʠ ʣʝʪʘʣʴʥʘʷ ʜʦʟʘ ʜʣʷ ʛʝʧʘʪʦʮʠʪʦʚ). ɺʳʩʢʘʟʳʚʘʶʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʋʂ ʚ ʜʦʟʝ 2 ʤʢʄ ʠʥʛʠʙʠʨʫʝʪ ʩʦʩʪʦʷʥʠʝ 3 ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʜʳʭʘʥʠʷ ʚ 

ʛʝʧʘʪʦʮʠʪʘʭ, ʘ 5 ʤʢʄ ʦʙʘ ʩʦʩʪʦʷʥʠʷ ʜʳʭʘʥʠʷ ï 3 ʠ 4, ʪʝʤ ʩʘʤʳʤ ʨʘʟʨʳʚʘʝʪʩʷ ʮʝʧʴ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ɸʊʌ. 

ɼʦʟʦʟʘʚʠʩʠʤʳʡ ʵʬʬʝʢʪ ʛʝʧʘʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʪʝʩʪʠʨʦʚʘʣʠ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 
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ʛʝʧʘʪʦʮʠʪʘʭ ʢʨʳʩ
155

. ʂʦʥʮʝʥʪʨʘʮʠʷ 1 ʤʢM ʥʝ ʚʳʟʚʘʣʘ ʠʟʤʝʥʝʥʠʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ 

ʛʝʧʘʪʦʮʠʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʘʟʘʣʠʩʴ ʪʦʢʩʠʯʥʳʤʠ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ. ʋʞʝ ʧʨʠ 1 ʠ 5 ʤʢM ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ 10 ʤʢM, ʥʘʦʙʦʨʦʪ, ʩʠʣʴʥʦ ʠʥʛʠʙʠʨʫʝʪ ʠ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʠ ʛʣʶʢʦʥʝʦʛʝʥʝʟ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʘʢʪʠʚʠʟʘʮʠʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʵʪʦ ʘʜʘʧʪʠʚʥʳʡ ʦʪʚʝʪ ʥʘ ʫʛʥʝʪʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʘʮʠʠ ʘʧʦʧʪʦʟʘ ʥʘ ʛʝʧʘʪʦʮʠʪʘʭ ʢʨʳʩ ʦʮʝʥʠʚʘʣʠ ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ
156

. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʥʘʙʣʶʜʘʣʠ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʘʢʪʘʪ 

ʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʘʢʪʠʚʘʮʠʠ ʢʘʩʧʘʟʳ 3 ʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ɼʅʂ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʘʧʦʧʪʦʟ ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʢʨʦʟʥʳʡ ʧʫʪʴ ʛʠʙʝʣʠ ʢʣʝʪʢʠ. ʊʘʢʞʝ ʥʝʢʨʦʟʥʳʡ ʪʠʧ ʩʤʝʨʪʠ ʛʝʧʘʪʦʮʠʪʦʚ 

ʤʳʰʝʡ ʙʳʣ ʧʦʜʪʚʝʨʞʜʸʥ ʚ ʨʘʙʦʪʝ
154
. ʅʘʙʣʶʜʘʣʦʩʴ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʝ ʷʜʝʨ, ʘ ʥʝ ʷʜʝʨʥʘʷ 

ʬʨʘʛʤʝʥʪʘʮʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʘʧʦʧʪʦʟʘ. ɿʥʘʯʠʪʝʣʴʥʘ ̫ ʛʠʙʝʣʴ ʢʣʝʪʦʢ ʥʘʙʣʶʜʘʣʘʩʴ ʫʞʝ 

ʯʝʨʝʟ 8 ʯ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 5 ʤʢʄ (3 ʤʢʛ/ʤʣ) ʠ ʜʦʩʪʠʛʘʣʘ 98% ʯʝʨʝʟ 16 

ʯʘʩʦʚ (ʪʦʣʴʢʦ ʥʝʢʨʦʟ). 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʘʞʝ ʚ ʥʠʟʢʠʭ ʜʦʟʘʭ ʋʂ ʛʝʧʘʪʦʪʦʢʩʠʯʥʘ, ʝʩʣʠ ʦʮʝʥʠʚʘʪʴ ʩʦʚʤʝʩʪʥʦʝ 

ʜʝʡʩʪʚʠʝ ʝʸ ʩ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʘʤʠ
157
. ʆʙʘ ʘʛʝʥʪʘ ʜʝʡʩʪʚʫʶʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠ, ʚʳʟʳʚʘʷ 

ʫʭʫʜʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʝʪʦʢ HepG2 (ʛʝʧʘʪʦʙʣʘʩʪʦʤʘ ʯʝʣʦʚʝʢʘ). 

ʂʣʝʪʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 100 ʤʢʄ, ʃʂ50 ʩʦʩʪʘʚʠʣʘ 30 

ʤʢʄ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʥʠʟʢʠʭ (ʥʝʪʦʢʩʠʯʥʳʭ) ʢʦʥʮʝʥʪʨʘʮʠʡ ʋʂ ʠ 

ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʦʚ ʥʘʙʣʶʜʘʣʠʩʴ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ (ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʧʦʚʨʝʞʜʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ). ɹʠʥʘʨʥʘʷ ʩʤʝʩʴ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʦʪʣʠʯʥʳʭ ʦʪ ʪʝʭ, ʢʦʪʦʨʳʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʧʨʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʜʝʡʩʪʚʠʠ 

ʋʂ ʠ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʋʂ 

ʫʚʝʣʠʯʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʮʠʪʦʭʨʦʤʘ P450 ʠ ʚʳʟʳʚʘʝʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʜʠʩʬʫʥʢʮʠʶ.  

ʇʨʠʙʣʠʟʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʢ ʫʩʣʦʚʠʷʤ in vivo ʄʦʨʝʡʨʘ ʠ ʩʦʘʚʪ.
158

. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ, ʥʦ ʧʝʨʬʫʟʠʨʦʚʘʥʥʦʡ ʧʝʯʝʥʠ ʢʨʳʩ, ʪʘʢʞʝ 

ʘʚʪʦʨʘʤʠ ʩʜʝʣʘʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʋʂ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʋʂ ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (2.5 ʤʢʄ), ʫʤʝʥʴʰʘʝʪ 

ʫʨʦʚʝʥʴ ʢʣʝʪʦʯʥʦʛʦ ɸʊʌ, ʫʚʝʣʠʯʠʚʘʝʪ ʮʠʪʦʟʦʣʴʥʦʝ, ʥʦ ʫʤʝʥʴʰʘʝʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ NADH/NAD+. ʋʂ ʩʠʣʴʥʦ ʠʥʛʠʙʠʨʫʝʪ ʛʣʶʢʦʥʝʦʛʝʥʝʟ ʥʘ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ 

ʩʫʙʩʪʨʘʪʘʭ (ʄʀʂ50 ʤʝʞʜʫ 1,33 ʠ 3,61 ʤʢʄ), ʩʪʠʤʫʣʠʨʫʝʪ ʛʣʠʢʦʣʠʟ, ʬʨʫʢʪʦʣʠʟ, ʛʣʠʢʦʛʝʥʦʣʠʟ 

ʠ ʘʤʤʦʥʠʘʛʝʥʝʟ ʠ ʠʥʛʠʙʠʨʫʝʪ ʫʨʝʘʛʝʥʝʟ (ʄʀʂ50 = 2.69 ʤʢʄ). ʇʦʩʣʝʜʥʠʡ ʵʬʬʝʢʪ ʚʦʦʙʱʝ ʥʝ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʟʦʙʱʠʪʝʣʝʡ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʵʬʬʝʢʪ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 2,5 ʤʢʄ ʦʪʨʘʞʘʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʝʸ ʘʢʪʠʚʥʦʩʪʴ 
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ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʦʙʱʠʪʝʣʷ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʦʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ 

ʵʬʬʝʢʪ r ʩʪʘʥʦʚʷʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʦʢʠʩʣʝʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩʦ ʩʨʝʜʥʝʡ ʜʣʠʥʦʡ ʮʝʧʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋʂ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʦʙʱʠʪʝʣʷ ʩʪʠʤʫʣʠʨʫʝʪ ʢʘʪʘʙʦʣʠʯʝʩʢʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʧʫʪʠ ʠ ʠʥʛʠʙʠʨʫʝʪ ʘʥʘʙʦʣʠʯʝʩʢʠʝ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʦʢʩʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ in vivo ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʁʩʷ ʦʪ 

ʪʘʢʦʚʳʭ in vitro. ɸʚʪʦʨʳ ʨʘʙʦʪʳ
159

 ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʩʠʤʧʪʦʤʦʚ ʦʪʨʘʚʣʝʥʠʷ 

ʤʳʰʝʡ ʥʝʦʙʭʦʜʠʤʳ ʚʳʩʦʢʠʝ ʜʦʟr (+)-ʋʂ. ʃɼ50 (+)-ʋʂ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʩʦʩʪʘʚʠʣʘ 

388 ʤʛ/ʢʛ. ʇʨʠ ʧʦʪʨʝʙʣʝʥʠʠ ʩʫʙʣʝʪʘʣʴʥʳʭ ʜʦʟ ʋʂ ʫ ʤʳʰʝʡ ʥʘʙʣʶʜʘʣʠʩʴ ʪʠʧʠʯʥʳʝ 

ʧʨʦʷʚʣʝʥʠʷ ʦʪʨʘʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʘʧʘʪʠʷ, ʫʩʠʣʝʥʥʘʷ ʧʝʨʠʩʪʘʣʴʪʠʢʘ, ʦʟʥʦʙ, ʦʜʳʰʢʘ, 

ʦʮʝʧʝʥʝʥʠʝ ʠ ʘʥʦʨʝʢʩʠ.̫ 

ʇʨʘʤʠʦʪʠʥ ʠ ʩʦʘʚʪ
153

 ʥʘʙʣʶʜʘʣʠ ʦʯʝʚʠʜʥʦʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ 

ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʞʠʚʦʪʥʳʭ ʚʳʩʦʢʦʡ ʜʦʟʦʡ (+)-ʋʂ 

(200 ʤʛ/ʢʛ ʚ ʜʝʥʴ, ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ) ʚ ʪʝʯʝʥʠʝ 5 ʜʥʝʡ, ʥʦ ʥʝ ʦʪʤʝʯʘʣʠ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʘʤʠʥʘʟ ʩʳʚʦʨʦʪʢʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ 

ʋʂ ʛʝʧʘʪʦʪʦʢʩʠʯʥʘ ʚ ʥʝʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʪʨʝʙʫʶʪʩʷ 

ʢʘʢ ʚʳʩʦʢʘʷ ʜʦʟʘ ʋʂ, ʪʘʢ ʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ. ɺʣʠʷʥʠʝ ʋʂ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʝʪʘʙʦʣʠʟʤʘ ʠʟʫʯʘʣʠ ʃʫ ʠ ʩʦʘʚʪ.
160

 in vivo ʥʘ ʢʨʳʩʘʭ. 

ʆʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʟ 100, 200 ʠ 240 ʤʛ/ʢʛ ʚ ʜʝʥʴ ʋʂ ʚʳʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ɸʃʊ ʠ ʦʙʱʝʛʦ ʙʠʣʠʨʫʙʠʥʘ. ɺ ʜʦʟʘʭ ʚʳʰʝ 200 ʤʛ/ʢʛ 

ʥʘʙʣʶʜʘʣʘʩʴ ʦʪʸʯʥʘʷ ʜʝʛʝʥʝʨʘʮʠʷ ʛʝʧʘʪʦʮʠʪʦʚ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo ʥʘ ʤʳʰʘʭ ʠ 

ʢʨʳʩʘʭ
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 ʧʦʢʘʟʘʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʋʂ ʩ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ. ɽʩʣʠ ʧʘʮʠʝʥʪʘʤ 

ʚʚʦʜʠʪʴ 100 ʤʢʄ (ʥʘ 70 ʢʛ), 99% ʋʂ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʙʝʣʢʘʤʠ, ʠ ʪʦʣʴʢʦ 1 ʤʢʄ ʜʦʩʪʫʧʝʥ. 

ɿʥʘʯʠʪ, ʜʣʷ ʪʦʢʩʠʯʥʦʛʦ ʵʬʬʝʢʪʘ in vivo ʥʫʞʥʦ ʧʦʩʪʦʷʥʥʦ ʧʦʧʦʣʥʷʪʴ ʫʨʦʚʝʥʴ ʋʂ (ʥʘʧʨʠʤʝʨ, 

ʧʦʩʪʦʷʥʥʦ ʧʦʪʨʝʙʣʷʪʴ ʙʠʦʜʦʙʘʚʢʫ çLipokinetixè), ʯʪʦʙʳ ʥʘʢʦʧʠʪʴ ʪʦʢʩʠʯʝʩʢʫʶ ʜʦʟʫ.  

ʊʝʩʪʠʨʦʚʘʥʠʝ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ
161

 ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʦʨʤʣʝʥʠʠ ʩʘʤʮʦʚ ʢʨʳʩ 

ʧʦʢʘʟʘʣʦ ʜʦʟʦʟʘʚʠʩʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʧʘʪʦʮʠʪʦʚ ʧʨʠ ʠʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. 

ʅʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʣʠʧʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʥʘʙʫʭʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ, 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʝ ʰʝʨʦʭʦʚʘʪʦʡ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʦʙʠʣʠʝ ʛʣʘʜʢʦʡ 

ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʬʦʢʫʩʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʤʝʤʙʨʘʥ ʛʝʧʘʪʦʮʠʪʦʚ ʦʢʦʣʦ ʞʝʣʯʥʳʭ 

ʢʘʥʘʣʴʮʝʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʣʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʜʦʟʳ ʋʂ (100 ʤʛ/ʢʛ) ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʱʝʛʦ ʙʝʣʢʘ, ʘʣʴʙʫʤʠʥʘ, ʭʦʣʝʩʪʝʨʠʥʘ, ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʦʙʱʝʛʦ 

ʙʠʣʠʨʫʙʠʥʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʜʦʟʳ ʋʂ ʜʦ 300 ʤʛ/ʢʛ ʧʦʤʠʤʦ ʙʝʣʢʘ ʠ ʙʠʣʠʨʫʙʠʥʘ ʚʦʟʨʘʩʪʘʣʠ 
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ʧʦʢʘʟʘʪʝʣʠ ɸʃʊ, ɸʉʊ, ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʩʘʭʘʨʘ ʠ ʤʘʛʥʠʷ ʚ ʢʨʦʚʠ. ʋʨʦʚʝʥʴ 

ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʙʳʣ ʫʚʝʣʠʯʝʥ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɼʝʡʣʠ ʠ ʩʦʘʚʪ.
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 ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʛʝʧʘʪʦʪʦʢʩʠʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʪʦʢʩʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʦʚʮʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʤʠʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʪʝʤ, ʯʪʦ ʨʘʥʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʥʘ ʞʠʚʦʪʥʳʭ ʩ ʦʜʥʦʢʘʤʝʨʥʳʤ ʞʝʣʫʜʢʦʤ, ʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʞʚʘʯʥʳʭ ʥʝʩʢʦʣʴʢʦ 

ʜʨʫʛʘʷ ʬʠʟʠʦʣʦʛʠʷ, ʦʩʦʙʘʷ ʤʠʢʨʦʬʣʦʨʘ, ʩʧʦʩʦʙʥʘʷ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʤʠʢʦʪʦʢʩʠʥʳ. ɺ ʢʨʦʚʠ 

ʦʚʝʮ ʧʦʩʣʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚʳʩʦʢʠʭ ʜʦʟ ʋʂ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʳ ʫʨʦʚʥʠ 

ʢʨʝʘʪʠʥʢʠʥʘʟʳ (CK), ɸʉʊ ʠ ʣʘʢʪʘʪ ʜʝʛʠʜʨʦʛʝʥʘʟʳ (LDH). ʅʘʙʣʶʜʘʣʠʩʴ ʟʘʤʝʪʥʳʝ 

ʧʦʩʤʝʨʪʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʚ ʚʠʜʝ ʪʷʞʝʣʦʡ ʜʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʠʦʧʘʪʠʠ ʘʧʧʝʥʜʠʢʫʣʷʨʥʦʛʦ 

ʩʢʝʣʝʪʘ. ʉʨʝʜʥʷ ̫ʪʦʢʩʠʯʝʩʢʘʷ ʜʦʟʘ (ʃɼ50) (+)-ʋʂ ʜʣʷ ʜʦʤʘʰʥʠʭ ʦʚʝʮ, ʧʦ ʦʮʝʥʢʘʤ ʘʚʪʦʨʦʚ, 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 485 ʜʦ 647 ʤʛ/ʢʛ/ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ 7 ʜʥʝʡ. ʊʘʢʘʷ ʜʦʟʘ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʝʪ 

ʚʦʟʤʦʞʥʫʶ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. 

ʅʘʣʠʯʠʝ ʤʠʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ (+)-ʋʂ ʥʘ ʢʨʳʩʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ
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. ʇʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʩʝʨʜʮʝ, ʥʘʨʷʜʫ ʩ ʧʝʯʝʥʴʶ, ʷʚʣʷʝʪʩʷ 

ʦʨʛʘʥʦʤ, ʙʦʛʘʪʦʤ ʤʠʪʦʭʦʥʜʨʠʷʤʠ, ʦʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʷʚʣʷʪʩɹʷ ʦʜʥʠʤ ʠʟ ʮʝʣʝʚʳʭ ʦʨʛʘʥʦʚ 

ʜʝʡʩʪʚʠʷ ʋʂ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʚʟʨʦʩʣʳʭ ʩʘʤʢʘʭ ʢʨʳʩ ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ ʜʦʟʳ (+)-ʋʂ 30 

ʤʛ/ʢʛ/ʜʝʥʴ ʘʚʪʦʨʘʤʠ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷ ʚ ʫʨʦʚʥʷʭ AʉT, AʃT ʠ ʪʨʦʧʦʥʠʥʘ-T, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʤʝʥʴʰʝʤ ʪʦʢʩʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ, ʯʝʤ ʟʘʷʚʣʝʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʋʂ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʝʯʝʥʠ ʠ 

ʣʸʛʢʠʭ, ʩʦʜʝʨʞʘʥʠʝ ʝʸ ʚ ʩʝʨʜʮʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ. ʅʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʛʨʘʥʫʣ ʧʨʦʛʠʙʠʪʠʥʘ, ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʤʝʤʙʨʘʥʳ, ʠ ʦʙʳʯʥʦ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʤʝʤʙʨʘʥʝ ʤʠʪʦʭʦʥʜʨʠʡ. ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʛʨʘʥʫʣ, ʧʦʣʘʛʘʶʪ ʘʚʪʦʨʳ, ʚʳʟʳʚʘʝʪʩʷ ʜʠʩʙʘʣʘʥʩʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠ ʠʟʙʳʪʦʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ɸʌʂ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʡ 

ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʋʂ ʥʘ ʢʣʝʪʢʠ ʩʝʨʜʮʘ ʢʨʳʩ ʧʦʢʘʟʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
159

 ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʥʘ ʢʘʨʜʠʦʬʠʙʨʦʙʣʘʩʪʘʭ. ʄʀʂ50 (+)-ʋʂ ʩʦʩʪʘʚʠʣʘ 322 ʤʢʛ/ʤʣ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʛʝʧʘʪʦʢʩʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋʂ ʪʦʢʩʠʯʥʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʞʠʚʦʪʥʳʭ ʠ ʜʣʷ ʯʝʣʦʚʝʢʘ. ɺʳʩʦʢʘʷ 

ʪʦʢʩʠʯʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʠ ʟʘʤʝʪʥʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʘ ʚ 

ʪʝʩʪʘʭ in vivo, ʜʣʷ ʠʥʪʦʢʩʠʢʘʮʠʠ ʞʠʚʦʪʥʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʭʨʦʥʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʋʂ ʚ 

ʚʳʩʦʢʠʭ ʜʦʟʘʭ, ʧʨʠ ʵʪʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʨʘʞʘʶʪʩʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʷʶʱʠʝ ʦʨʛʘʥʳ. 

ʆʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʩʚʷʟʘʥ ʩ ʝʸ ʜʝʡʩʪʚʠʝʤ ʢʘʢ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʨʘʟʦʙʱʠʪʝʣʷ. ʋʂ ʷʚʣʷʝʪʩʷ ʣʠʧʦʬʠʣʴʥʦʡ ʩʣʘʙʦʡ ʢʠʩʣʦʪʦʡ, ʢʦʪʦʨʘ ̫

ʤʦʞʝʪ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʯʝʨʝʟ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʤʝʤʙʨʘʥʳ ʠ ʚʳʟʚʘʪʴ ʫʪʝʯʢʫ ʧʨʦʪʦʥʦʚ 
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(ʨʘʟʦʙʱʝʥʠʝ ʤʝʤʙʨʘʥʳ). ʃʠʧʦʬʠʣʴʥʦʩʪʴ ʋʂ ʠ ʝ yʘʥʠʦʥʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦʝ ʧʨʦʭʦʞʜʝʥʠʝ 

ʦʙʦʠʭ ʯʝʨʝʟ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ ʧʫʪʝʤ ʧʘʩʩʠʚʥʦʡ ʜʠʬʬʫʟʠʠ. ɺ ʤʘʪʨʠʢʩʝ ʋʂ 

ʠʦʥʠʟʠʨʫʝʪʩʷ, ʚʳʧʫʩʪʠʚ ʧʨʦʪʦʥ. ʇʦʣʫʯʝʥʥʳʡ ʫʩʥʠʥʘʪ-ʘʥʠʦʥ ʤʦʞʝʪ ʟʘʪʝʤ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ 

ʦʙʨʘʪʥʦ ʚ ʤʝʞʤʝʤʙʨʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʦʪʦʥʦʤ ʥʘ ʢʠʩʣʦʡ 

ʩʪʦʨʦʥʝ ʤʝʤʙʨʘʥʳ, ʚʦʟʚʨʘʱʘʷʩʴ ʢ ʬʦʨʤʝ ʋʂ, ʢʦʪʦʨʘ ̫ʩʥʦʚʘ ʤʦʞʝʪ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʦʙʨʘʪʥʦ 

ʚ ʤʘʪʨʠʢʩ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʦʥ-ʯʝʣʥʦʯʥʦʛʦ ʮʠʢʣʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʳʟʳʚʘʝʪ ʫʪʝʯʢʫ ʧʨʦʪʦʥʦʚ, 

ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʦʞʝʪ ʨʘʩʩʝʠʚʘʪʴ ʧʨʦʪʦʥʥʳʡ ʛʨʘʜʠʝʥʪ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ ʤʝʤʙʨʘʥʫ, 

ʪʝʤ ʩʘʤʳʤ ʥʘʨʫʰʘʷ ʞʝʩʪʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʦʤ ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʠʥʪʝʟʦʤ ɸʊʌ. ʅʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʦʙʱʠʪʝʣʠ ʤʦʛʫʪ ʫʩʢʦʨʷʪʴ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʫʪʝʯʢʠ ʧʨʦʪʦʥʦʚ, ʚʳʟʚʘʥʥʦʡ ʨʘʟʦʙʱʝʥʠʝʤ. ʆʜʥʘʢʦ, ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ/ʠʣʠ ʧʨʠ ʜʦʣʛʦʩʨʦʯʥʦʤ ʫʧʦʨʥʦʤ ʨʘʟʦʙʱʝʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠʭ ʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ɸʊʌ ʠʩʪʦʱʝʥʠʶ, ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʦʡ ʪʨʘʚʤʝ ʧʝʯʝʥʠ.  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʨʘʟʦʙʱʝʥʠʠ, ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʤʝʩʪ ʚ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʋʂ 

ʛʝʧʘʪʦʪʦʢʩʠʯʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʚ ʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʋʂ ʠʛʨʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʤʠʪʦʭʦʥʜʨʠʷʤʠ, ʚʳʟʚʘʥʥʦʝ 

ʪʦʨʤʦʞʝʥʠʝʤ ʋʂ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ. ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʚʳʟʚʘʥʥʳʡ ʋʂ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʥʘʨʫʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ, ʤʝʪʘʙʦʣʠʟʤʘ ʘʤʠʥʦʢʠʩʣʦʪ, ʣʠʧʠʜʦʚ ʠ 

ʥʫʢʣʝʦʪʠʜʦʚ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʋʂ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ɸʊʌ ʠ ʫʩʢʦʨʷʝʪʩ ̫ʪʝʨʤʦʛʝʥʝʟ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʢʘʣʦʨʠʡ ʠʟ-ʟʘ ʨʘʟʦʙʱʘʶʱʝʛʦ ʵʬʬʝʢʪʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. 

ʊʱʘʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʧʨʦʚʦʜʠʣʠʩʴ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ 

ʵʥʘʥʪʠʦʤʝʨʘ ï (+)-ʋʂ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʜʘʥʥʳʭ ʦ ʤʝʭʘʥʠʟʤʘʭ ʪʦʢʩʠʯʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʥʦʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ. 

 

2.10 ɸʥʪʠʤʠʪʦʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʄʥʦʛʠʝ ʤʝʪʘʙʦʣʠʪʳ ʨʘʩʪʝʥʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʞʠʤʝ 

ʠʭ ʚʚʝʜʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤ ʧʨʝʢʨʘʱʘʶʪ ʜʝʣʝʥʠʝ (ʨʘʟʤʥʦʞʝʥʠʝ) ʢʣʝʪʦʢ. ʕʬʬʝʢʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʜʝʣʝʥʠ ̫ʢʣʝʪʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʝʱʝʩʪʚʘ ʥʘ ʨʘʟʥʳʝ ʢʣʝʪʦʯʥʳʝ ʤʠʰʝʥʠ - ɼʅʂ, 

ʨʘʟʣʠʯʥʳʝ ʬʝʨʤʝʥʪʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʢʠʥʘʟʳ) ʠ ʜʨʫʛʠʝ ʙʝʣʢʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʘʥʪʠʤʠʪʦʪʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʤʠʪʦʪʠʯʝʩʢʠʤ ʠʥʜʝʢʩʦʤ, ʧʨʦʩʯʠʪʘʚ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʢʣʝʪʢʠ ʩ ʚʠʜʠʤʳʤʠ 

ʭʨʦʤʦʩʦʤʘʤʠ ʠ ʨʘʟʜʝʣʠʚ ʵʪʦ ʯʠʩʣʦ ʥʘ ʦʙʱʝʝ ʯʠʩʣʦ ʢʣʝʪʦʢ ʚ ʧʦʣʝ ʟʨʝʥʠʷ. ɽʱ yʚ 1948 ʛ 

ʘʚʪʦʨʳ ʨʘʙʦʪʳ
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ʝʞʝʡ. ɹʦʣʝʝ ʨʘʟʚʸʨʥʫʪʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ
165

 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʛ/ʤʣ 

ʫʩʥʠʥʘʪʘ ʥʘʪʨʠʷ ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʪʴ ʨʝʧʣʠʢʘʮʠʶ ɼʅʂ, ʠ, ʜʘʞʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1 ʤʢʛ/ʤʣ, ʧʨʦʮʝʩʩ ʯʘʩʪʠʯʥʦ ʧʦʜʘʚʣʷʝʪʩʷ. ʇʨʦʠʩʭʦʜʠʪ ʢʨʦʤʝ ʪʦʛʦ ʧʦʣʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʘ ʚʝʨʝʪʝʥʘ, ʭʦʪʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʫʞʝ ʦʙʨʘʟʦʚʘʥʥʦʝ 

ʚʝʨʝʪʝʥʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʣʠʷʥʠʷ. ɺʣʠʷʥʠʝ (+)-ʋʂ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʧʧʘʨʘʪʘ 

ʚʝʨʝʪʝʥʘ ʫʧʦʤʠʥʘʝʪʩ ̫ ʪʘʢʞʝ ʚ ʧʫʙʣʠʢʘʮʠʠ
104

. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʧʨʦʚʝʜʸʥʥʦʤ ʥʘ ʤʳʰʘʭ, ʧʦʩʣʝ ʧʦʪʨʝʙʣʝʥʠʷ ʤʳʰʘʤʠ (+)-ʋʂ ʚ ʨʘʟʦʚʦʡ ʜʦʟʝ 100 ʠʣʠ 200 ʤʛ/ʢʛ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ɼʅʂ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ 

ʤʠʢʨʦʷʜʝʨʥʳʭ ʧʦʣʠʭʨʦʤʘʪʠʯʝʩʢʠʭ ʵʨʠʪʨʦʮʠʪʦʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, (+)-ʋʂ ʤʦʞʝʪ ʙʣʦʢʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʪʨʘʥʩʣʷʮʠʠ ɼʅʂ ʢʦʩʚʝʥʥʦ, ʧʫʪʸʤ ʥʘʨʫʰʝʥʠʷ ʙʠʦʩʠʥʪʝʟʘ ʈʅʂ. 

ɸʥʪʠʤʠʪʦʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʋʂ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʨʘʙʦʪʘ
83

 ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʋʂ ʨʝʟʢʦ ʪʦʨʤʦʟʠʪ ʧʨʦʣʠʬʝʨʘʮʠ ʁ

ʧʨʦʪʦʧʣʘʩʪʦʚ Nicotiana tabacum (ʪʘʙʘʢʘ) ʜʘʞʝ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʢʦʪʦʨʳʝ ʥʝ 

ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ ʜʣʷ 90% ʢʣʝʪʦʢ. ɺ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (2,5-5 ʤʢʛ/ʤʣ) ʋʂ 

ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʦʧʣʘʩʪʦʚ ʢ ʧʨʦʣʠʬʝʨʘʮʠʠ. ʆʜʥʘʢʦ, ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚ 5 ʨʘʟ ʤʝʥʴʰʝʡ, ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʯʘʩʪʠʯʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʨʦʣʠʬʝʨʘʮʠʠ 

(0,05 ʤʢʛ/ʤʣ), ʋʂ ʦʙʣʘʜʘʝʪ ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʦʧʣʘʩʪʦʚ ʢ 

ʧʨʦʣʠʬʝʨʘʮʠʠ. ɸʥʪʠʤʠʪʦʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʪʘʢʞʝ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ. ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʢʛ/ʤʣ ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʚʩʝʭ ʠʩʧʳʪʘʥʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ, ʭʦʪʷ ʠ ʥʝ ʧʦʣʥʦʩʪʴʶ (40-70%). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʢʩʧʦʟʠʮʠʠ ʢʣʝʪʦʢ ʢ ʋʂ 

ʜʦ 46 ʯ, ʧʨʦʮʝʥʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 70-90%. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʢʣʝʪʦʯʥʘʷ 

ʢʫʣʴʪʫʨʘ Ishikawa ʧʦʜʚʝʨʛʘʝʪʩʷ 90%-ʥʦʤʫ ʧʦʜʘʚʣʝʥʠ ʁʨʦʩʪʘ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʨʷʜʦʢ 

ʤʝʥʴʰʝʡ ʜʦʟʳ ʋʂ (5 ʤʢʛ/ʤʣ), ʝʩʣʠ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʜʣʷʪʴ ʜʦ 46 ʯ. 

ʄʠʪʦʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ (+)-ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 100, 200, 300 

ʤʢʛ/ʤʣ
166

. ɸʚʪʦʨʳ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪʩʷ ʠ 

ʜʦʟʦʟʘʚʠʩʠʤʦ, ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʩ 12 ʜʦ 24 ʯʘʩʦʚ. ɺ ʨʘʙʦʪʝ
28

 ʩʦʦʙʱʘʝʪʩʷ 

ʦʙ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʤ ʵʬʬʝʢʪʝ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʬʠʙʨʦʙʣʘʩʪʦʚ 

ʤʳʰʠ L-929, ʨʦʩʪ ʢʣʝʪʦʢ ʠʥʛʠʙʠʨʫʝʪʩʷ ʥʘ 50% ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 5.5 

ʤʢʛ/ʤʣ. ɽʱʸ ʘʢʪʠʚʥʝʝ ʋʂ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ K-562 (ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ 

ʣʝʡʢʝʤʠʠ ʯʝʣʦʚʝʢʘ) - ʄʀʂ50 1.4 ʤʢʛ/ʤʣ. ʆ ʚʣʠʥ̫ʠʠ ʋʂ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ/ʠʣʠ ʩʪʘʙʠʣʠʟʘʮʠ ʁ

ʤʠʢʨʦʪʨʫʙʦʯʝʢ (ʙʝʣʢʦʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʫʯʘʩʪʚʫʶʱʘ ̫ʚ ʩʝʛʨʝʛʘʮʠʠ ʭʨʦʤʦʩʦʤ ʚʦ ʚʨʝʤʷ ʤʠʪʦʟʘ) 

ʩʦʦʙʱʘʝʪʩʷ ʚ ʧʫʙʣʠʢʘʮʠʠ
167

. ɸʚʪʦʨʳ ʩʦʦʙʱʘʶʪ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

MCF7 ʠ ʨʘʢʘ ʣʝʛʢʦʛʦ H1299 ʋʂ ʚ ʜʦʟʝ 29 ʤʢʄ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʢʘʢʠʤ-ʣʠʙʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʤʠʢʨʦʪʨʫʙʦʯʢʘʭ ʠʣʠ ʫʚʝʣʠʯʝʥʠ ʁʤʠʪʦʪʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ. 
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ʂʫʤʘʨ ʠ ʩʦʘʚʪ.
168

 ʧʦʢʘʟʘʣʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʣʠʥʠʠ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ ʅʘʉʘʊ, 

ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ (+)-ʋʂ ʥʘ ʢʣʝʪʦʯʥʫʶ ʢʫʣʴʪʫʨʫ ʩʚʷʟʘʥʦ ʩ ʮʠʪʦʩʪʘʪʠʯʝʩʢʠʤ, ʘ ʥʝ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ɺʳʩʚʦʙʦʞʜʝʥʠʝ ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʩʨʝʜʫ 

ʦʩʪʘʣʦʩʴ ʥʝʠʟʤʝʥʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʦʭʨʘʥʝʥʠʠ 

ʮʝʣʦʩʪʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. (+)-ʋʂ ʪʦʨʤʦʟʠʪ ʨʦʩʪ ʢʣʝʪʦʢ ʩ ʄʀʂ50 2.1 ʤʢʄ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʚʳʩʦʢʦʡ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʉʫʤʤʠʨʫʷ ʜʘʥʥʳʝ ʧʫʙʣʠʢʘʮʠʡ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʷʚʥʳʡ ʜʦʟʦ- ʠ ʚʨʝʤʷʟʘʚʠʩʠʤʳʡ 

ʘʥʪʠʤʠʪʦʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʋʂ ʚ ʜʦʟʘʭ ʥʠʞʝ ʪʦʢʩʠʯʝʩʢʦʡ (ʤʝʥʝʝ 5 ʤʢʛ/ʤʣ), ʢʦʪʦʨʳʡ, ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʘ ʚʝʨʝʪʝʥʘ. 

 

2.11 ɻʝʥʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʈʷʜ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʸʥ ʠʟʫʯʝʥʠʶ ʩʧʦʩʦʙʥʦʩʪʠ ʋʂ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʢʦʥʢʨʝʪʥʦ ʥʘ 

ɼʅʂ, ʢʘʢ ʢʣʝʪʦʯʥʫʶ ʤʠʰʝʥʴ, ʚ ʪʝʩʪʘʭ ʥʘ ʛʝʥʦʪʦʢʩʠʯʥʦʩʪʴ in vitro. ʆʪʩʫʪʩʪʚʠʝ 

ʛʝʥʦʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʧʦʜʪʚʝʨʜʠʣʠ ʐʠʙʘʤʦʪʦ ʠ ʩʦʘʚʪ.
169

 ʚ ʪʝʩʪʝ ʕʡʤʩʘ (ʤʠʢʨʦʩʦʤʥʳʡ ʘʥʘʣʠʟ 

ʥʘ ʤʫʪʘʛʝʥʝʟ), ʃʝʘʥʜʨʦ ʠ ʩʦʘʚʪ.
170

 ʤʝʪʦʜʦʤ ɼʅʂ-ʢʦʤʝʪ ʥʘ ʙʘʢʪʝʨʠʷʭ, ʇʦʣʘʪ ʠ ʩʦʘʚʪ.
171

 

ʤʝʪʦʜʦʤ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʠ ʤʠʢʨʦʷʜʝʨʥʳʤ ʪʝʩʪʦʤ ʥʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʣʝʪʢʘʭ ʢʨʦʚʠ (5 ʣʠʥʠʡ) ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (0-200 ʤʢʛ/ʤʣ). ʄʘʡʝʨ ʠ 

ʩʦʘʚʪ.
172

 ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʨʷʜʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʯʝʣʦʚʝʢʘ ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʋʂ ʥʝ ʧʦʚʨʝʞʜʘʝʪ ɼʅʂ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ
173

 ʥʘ ʣʠʤʬʦʮʠʪʘʭ 

ʯʝʣʦʚʝʢʘ in vitro ʤʝʪʦʜʦʤ CBMN, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ ʥʝ ʛʝʥʦʪʦʢʩʠʯʥʳ, ʦ 

ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʠʥʜʫʢʮʠʠ ʤʠʢʨʦʷʜʝʨ. ʆʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ
170

 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʋʂ ʠʥʜʫʮʠʨʫʝʪ ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 60 ʠ 120 ʤʢʛ/ʤʣ 

ʚ ɼʅʂ-ʢʦʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʠ in vitro. ʍʦʪʷ ʛʝʥʦʪʦʢʩʠʯʥʳʡ ʵʬʬʝʢʪ ʥʝ ʥʘʙʣʶʜʘʣʩʷ ʘʚʪʦʨʘʤʠ ʚ 

ʤʠʢʨʦʷʜʝʨʥʦʤ ʪʝʩʪʝ ʥʘ ʢʣʝʪʢʘʭ V79 ʧʨʠ ʪʝʭ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʋʂ.  

ɻʝʥʦʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪ rʥʝ ʥʘʙʣʶʜʘʣʠʩʴ in vivo
170

 ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ ʤʳʰʘʤʠ ʋʂ ʚ 

ʜʦʟʘʭ 25, 50, 100 ʠ 200 ʤʛ/ʢʛ, ʢʦʥʪʨʦʣ ɹʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʠʢʨʦʷʜʝʨʥʳʤ ʠ ɼʅʂ-ʢʦʤʝʪ ʪʝʩʪʘʤʠ. 

ʅʝ ʦʙʥʘʨʫʞʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʚ ʩʦʜʝʨʞʘʥʠʠ ʙʝʣʢʦʚ, ʈʅʂ ʠ ɼʅʂ ʚ 

ʩʧʝʨʤʘʪʦʟʦʠʜʘʭ ʤʳʰʝʡ ʜʘʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ (35 ʜʥʝʡ) ʧʝʨʦʨʘʣʴʥʦʤ ʧʦʪʨʝʙʣʝʥʠʠ (+)-ʋʂ ʚ 

ʜʦʟʘʭ 200 ʤʛ/ʢʛ/ʜʝʥʴ
104

. ʂʦʩʚʝʥʥʦ ʦʪʩʫʪʩʪʚʠʝ ʛʝʥʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʦʜʪʚʝʨʜʠʣʠ 

ɺʠʝʩʥʝʨ ʠ ʩʦʘʚʪ.
174

. ɸʚʪʦʨʳ ʧʳʪʘʣʠʩʴ ʩʥʠʟʠʪʴ ʬʝʨʪʠʣʴʥʦʩʪʴ ʤʳʰʝʡ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʨʘʮʠʦʥ 

ʋʂ, ʬʝʨʪʠʣʴʥʦʩʪʴ ʩʥʠʟʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʦʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʫ ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ʅʘʨʷʜʫ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʛʝʥʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʋʂ ʧʨʦʷʚʣʷʝʪ ʩʠʣʴʥʳʡ 

ʘʥʪʠʤʫʪʘʛʝʥʥʳʡ ʵʬʬʝʢʪ
170

. ʇʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʚʚʝʜʝʥʠʠ ʋʂ ʠ ʤʝʪʠʣʤʝʪʘʥʩʫʣʴʬʦʥʘʪʘ 
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(MMS, ʘʣʢʠʣʠʨʫʶʱʠʡ ʘʛʝʥʪ) ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʯʘʩʪʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʷʜʝʨ ʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ in vitro ʠ in vivo, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʙʦʪʢʦʡ ʪʦʣʴʢʦ ʘʣʢʠʣʠʨʫʶʱʠʤ 

ʘʛʝʥʪʦʤ. ʍʦʪʷ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʟʘʱʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʋʂ ʘʚʪʦʨʘʤʠ ʥʝ ʚʳʷʩʥʝʥʳ, 

ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʵʪʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ʧʨʦʪʠʚ MMS-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʝʥʦʪʦʢʩʠʯʥʦʩʪʠ ʤʦʞʝʪ 

ʦʙʲʷʩʥʠʪʴ ʝʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʉʠʣʴʥʳʡ ʘʥʪʠʤʫʪʘʛʝʥʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʠʣʠ, 

ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ
66

. ʂʦʤʧʣʝʢʩʳ ʝʥʘʤʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʋʂ (18) ʩ ʤʝʜʴʶ, ʢʦʙʘʣʴʪʦʤ, 

ʥʠʢʝʣʝʤ ʠ ʤʘʨʛʘʥʮʦʤ, ʘ ʪʘʞʝ ʩʘʤʠ ʩʚʦʙʦʜʥʳʝ ʣʠʛʘʥʜʳ ʚ ʜʦʟʘʭ 20, 40, 60, 80 ʠ 100 

ʤʢʛ/ʦʙʨʘʟʝʮ ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʠʟʚʝʩʪʥʳʭ ʤʫʪʘʛʝʥʦʚ: 

ʘʟʠʜʘ ʥʘʪʨʠʷ, 9-ʘʤʠʥʦʘʢʨʠʜʠʥʘ ʠ ʤʝʪʠʣʥʠʪʨʦʥʠʪʨʦʟʦʛʫʘʥʠʜʠʥʘ. 

ɺ ʨʘʙʦʪʝ
175

 ʦʪʩʫʪʩʪʚʠʝ ʛʝʥʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʨʘʩʯʝʪʘʤʠ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʥʝʨʛʠʠ ʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʧʫʣʴʩ-ʨʘʜʠʦʣʠʟʦʤ ʪʨʠʧʣʝʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʋʂ (142.6 ʢɼʞ/ʄ) ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʪʨʠʧʣʝʪʘ ʪʠʤʠʥʘ (163.3 

ʢɼʞ/ʄ), ʘ ʟʥʘʯʠʪ ʠ ʜʣʷ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʩʫʪʩʪʚʠʝ ʛʝʥʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʙʳʣʦ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʅʘʣʠʯʠʝ ʘʥʪʠʤʫʪʘʛʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘʨʷʜʫ 

ʦʪʩʫʪʩʪʚʠʝʤ ʛʝʥʦʪʦʢʩʠʯʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʦ ʢ ʮʝʥʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʵʪʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

 

2.12 ɺʣʠʷʥʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ 

 

ɺʦʟʜʝʡʩʪʚʠʝ ʋʂ ʥʘ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʦʨʛʘʥʠʟʤʦʚ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦ, ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ʈʷʜ ʨʘʙʦʪ ʧʦʩʚʷʱʸʥ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʨʠ ʚʦʟʜʝʡʪʚʠʠ ʋʂ. ɺ ʧʫʙʣʠʢʘʮʠʠ
163

 ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʜʦʟʳ ʋʂ 30 

ʤʛ/ʢʛ/ʜʝʥʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʣʠʷʥʠʷ ʥʘ ʨʝʛʫʣʷʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʢʨʳʩ. ʋʨʦʚʥʠ 

ʵʢʩʧʨʝʩʩʠʠ 542 ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʫʥʢʮʠʝʡ ʧʝʯʝʥʠ ʩʘʤʦʢ 

ʤʳʰʝʡ ʠʩʩʣʝʜʦʚʘʣʩʷ ʚ ʨʘʙʦʪʝ
176

. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʋʂ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʚ 

ʠʤʝʣʦ ʤʝʩʪʦ ʪʦʣʴʢʦ ʚ ʜʦʟʝ 600 ʤʢʛ/ʤʣ. ʅʘʙʣʶʜʘʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʘʷ ʠʥʜʫʢʮʠ ̫ ʛʝʥʦʚ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʩ I ʧʦ IV ʮʝʧʠ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʢʦʪʦʨʳʝ ʛʝʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʢʠʩʣʝʥʠʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʮʠʢʣʝ ʂʨʝʙʩʘ, ʘʧʦʧʪʦʟʝ, ʠ 

ʤʝʤʙʨʘʥʥʳʝ ʪʨʘʥʩʧʦʨʪʝʨʳ (ʛʝʥʳ ʪʨʘʥʩʧʦʨʪʘ ʯʝʨʝʟ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ) ʙʳʣʠ 

ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʦʚʘʥʳ. ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʘʧʨʝʛʫʣʷʮʠʠʠ 1.2-1.8. ʆʜʥʘʢʦ, ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʤʘʨʛʘʥʝʮʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ, ʠʥʜʠʢʘʪʦʨʘ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ. ɻʝʥʳ TFAM (ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ) ʠ NRF-1 

(ʷʜʝʨʥʳʡ ʨʝʩʧʠʨʘʪʦʨʥʳʡ ʬʘʢʪʦʨ), ʦʙʳʯʥʦ ʜʘʫʥʨʝʛʫʣʠʨʫʝʤʳʝ ʧʨʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ 

ʙʠʦʛʝʥʝʟʝ ï ʧʨʦʮʝʩʩʝ, ʟʘʧʫʩʢʘʝʤʦʤ ʚ ʦʪʚʝʪ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʪʘʢʞʝ ʥʝ ʙʳʣʠ 
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ʟʘʪʨʦʥʫʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʪʨʫʜʥʦ ʩʦʦʪʥʦʩʠʪʴ ʫʚʝʣʠʯʝʥʠʝ 

ʫʨʦʚʥ ̫ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʤʳʰʝʡ ʋʂ ʩ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ ʙʠʦʛʝʥʝʟʦʤ. 

ɸʧʨʝʛʫʣʷʮʠ ̫ ʛʝʥʦʚ ʢʦʤʧʣʝʢʩʦʚ I-IV ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʝʥʩʘʪʦʨʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦʪʦʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚʥʫʪʨʝʥʥʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʥʜʫʢʮʠ ̫ʦʢʠʩʣʝʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʮʠʢʣʘ ʂʨʝʙʩʘ ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʚʥʳʤ ʦʪʚʝʪʦʤ ʥʘ 

ʨʘʟʦʙʱʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ. 

ʉʘʭʫ ʠ ʩʦʘʚʪ.
157

 ʪʝʩʪʠʨʦʚʘʣʠ ʵʢʩʧʨʝʩʩʠʶ 84 ʛʝʥʦʚ ʚ ʦʪʚʝʪ ʥʘ ʚʦʟʣʝʡʩʪʚʠʝ ʋʂ. ɺ 

ʧʫʙʣʠʢʘʮʠʠ ʩʦʦʙʱʘʝʪʩʷ ʦʙ ʘʧʨʝʛʫʣʠʨʦʚʘʥʠʠ ʛʝʥʦʚ CCL21 (ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʦʪʚʝʪ), CCNC 

(ʧʨʦʣʠʬʝʨʘʮʠʷ ʠ ʢʘʨʮʠʥʦʛʝʥʝʟ) ʠ UGT1A4 (ɼʅʂ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʨʝʧʘʨʘʮʠʷ) ʠ ʩʥʠʞʝʥʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ CSF2 (ʚʦʩʧʘʣʝʥʠʝ), CYP7A1 ʠ CYP2E1 (ʦʙʘ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ 

ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ). ʇʨʦʬʠʣʠ ʵʢʩʧʨʝʩʩʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʨʝʛʫʣʠʨʫʝʤʳʭ ʠ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʙʝʣʢʦʚ ʚ ʧʝʯʝʥʠ ʢʨʳʩ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʋʂ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
177

 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʟ ʋʂ ʦʪ 100 ʜʦ 240 ʤʛ/ʢʛ ʚ ʜʝʥʴ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ 10 ʙʝʣʢʦʚ ʚ ʢʨʳʩʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʋʂ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʕʪʠ ʙʝʣʢʠ ʩʚʷʟʘʥʳ ʩ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ, ʣʠʧʠʜʥʳʤ ʦʙʤʝʥʦʤ, 

ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʠʤʠ ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ʉʨʝʜʠ ʯʫʩʪʚʠʪʝʣʴʥʳʭ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʋʂ ʙʝʣʢʦʚ, ʰʝʩʪʴ ʘʢʪʠʚʠʨʫʪʁʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʝʣʢʠ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ HSP60, 

ʛʣʶʢʦʟʦ-ʨʝʛʫʣʠʨʫʶʱʠʡ ʙʝʣʦʢ 75 (Grp75), MAWDBP (ʙʝʣʦʢ, ʘʢʪʠʚʠʨʫʝʤʳʡ ʚ ʨʷʜʝ 

ʙʦʣʝʟʥʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ), ʘʣʴʙʫʤʠʥ, ʙʝʣʦʢ ɸʨʦ ɸ-I, ʨʝʛʫʣʠʨʫʶʱʠʡ ʫʨʦʚʝʥʴ ʣʠʧʦʧʨʦʪʝʠʥʦʚ 

ʚr ʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʠ ʬʝʨʨʠʪʠʥ ʣʝʛʢʦʡ ʮʝʧʠ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʯʝʪʳʨʝ ʙʝʣʢʘ 

ʜʘʫʥʨʝʛʫʣʠʨʫʶʪʩʷ, ʘ ʠʤʝʥʥʦ ʪʨʘʥʩʪʠʨʝʪʠʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʪʨʘʥʩʧʦʨʪ ʪʠʨʦʢʩʠʥʘ ʠ 

ʨʝʪʠʥʦʣʘ (TTR), ʢʘʪʝʭʦʣ-O-ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ (COMT), ʙʝʣʦʢ-ʰʘʧʝʨʦʥ ERp29, ʙʝʣʦʢ ʩʪʨʝʩʩʘ 

ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ ʧʝʨʦʢʩʠʨʝʜʦʢʩʠʥ (Prx4). ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʤʠʪʦʭʦʥʜʨʠʠ, ʥʦ ʠ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ 

ʨʝʪʠʢʫʣʫʤ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʋʂ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʝʧʘʪʦʪʦʢʩʠʯʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋʂ ʦʙʣʘʜʘʝʪ ʩʠʣʴʥʳʤ ʘʥʪʠʤʠʪʦʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʠʥʛʠʙʠʨʫʷ ʨʦʩʪ 

ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ. ʆʜʥʘʢʦ, ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʧʫʪʸʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ɼʅʂ. 

ʆʪʩʫʪʩʪʚʠʝ ʛʝʥʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʣʷ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʠ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʀ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ, ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʞʠʚʦʪʥʳʭ ʋʂ 

ʧʨʦʷʚʣʷʝʪ ʩʠʣʴʥʳʡ ʘʥʪʠʤʫʪʘʛʝʥʥʳʡ ʵʬʬʝʢʪ. ɺʦʟʜʝʡʩʪʚʠʝ ʋʂ ʥʘ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

ʦʨʛʘʥʠʟʤʦʚ ʚʳʨʘʞʘʝʪʩʷ ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʚʷʟʘʥʥrʭ ʩ ʦʢʠʩʣʠʪʝʣʴʥʳʤ 

ʩʪʨʝʩʩʦʤ ʠ ʣʠʧʠʜʥʳʤ ʦʙʤʝʥʦʤ, ʧʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ ʧʦʜʦʙʝʥ ʪʘʢʦʚʦʤʫ ʠʟʚʝʩʪʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ.  
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2.13 ʊʦʢʩʠʯʥʦʩʪʴ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ 

ʢʣʝʪʢʘʤ 

 

ɺʧʝʨʚʳʝ ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ 1975 ʛ. ɺ ʧʦʠʩʢʘʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʚʝʱʝʩʪʚ ʂʫʧʯʘʥ ʠ ʩʦʘʚʪ.
178

 ʠʩʩʣʝʜʦʚʘʣʠ ʵʢʩʪʨʘʢʪ 

Cladonia leptoclada, ʦʙʣʘʜʘʶʱʠʡ ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʘʞʦʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʵʢʩʪʨʘʢʪʘ 

ʦʢʘʟʘʣʘʩʴ (-)-ʋʂ. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʸʥʥʳʝ ʥʘ ʤʳʰʘʭ ʩ ʢʘʨʮʠʥʦʤʦʡ ʃʴʶʠʩʘ, ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ (-)-ʋʂ, ʚʳʜʝʣʝʥʥʦʡ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ, ʚ ʜʦʟʘʭ 20-200 ʤʛ/ʢʛ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʳʰʝʡ ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʝʪʩʷ (135-152%).  

ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʩʚʦʡʩʪʚ ʋʂ ʧʨʦʚʦʜʠʣʠ ʚ 

ʦʩʥʦʚʥʦʤ in vitro. ʊʘʢ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ
179

 ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ (-)-ʋʂ ʦʙʣʘʜʘʝʪ ʫʤʝʨʝʥʥʳʤ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʤʳʰʠ ʠ ʯʝʣʦʚʝʢʘ. IC50 

ʩʦʩʪʘʚʠʣʘ 6, 12.1, 15.8, 17.8, 8.2 ʠ 6.8 ʤʢʛ/ʤʣ ʜʣʷ ʦʧʫʭʦʣʝʚʳʭ ʣʠʥʠʡ L1210 (ʣʠʤʬʦʣʝʡʢʦʟ), 

3LL (ʢʘʨʮʠʥʦʤʘ ʃʴʶʠʩʘ), DU145 (ʢʘʨʮʠʥʦʤʘ ʧʨʦʩʪʘʪʳ), MCF7 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ), K-562 (ʭʨʦʥʠʯʝʩʢʠʡ ʤʠʝʣʦʣʝʡʢʦʟ) ʠ U251(ʛʣʠʦʙʣʘʩʪʦʤʘ). ʇʨʘʢʪʠʯʝʩʢʠ ʪʘʢʠʝ ʞʝ 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ (+)-ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ ʧʨʠʚʝʜʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʠ
126

. 

ʄʀʂ50 (+)-ʋʂ ʜʣʷ ʣʠʥʠʡ U-937 ʠ HL-60 (ʦʙʝ ï ʤʦʥʦʮʠʪʘʨʥʳʡ ʣʝʡʢʦʟ ʯʝʣʦʚʝʢʘ) ʩʦʩʪʘʚʠʣʘ 

14.3 ʤʢʄ. ʋʤʝʨʝʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʢʣʝʪʦʢ ʩʘʨʢʦʤʳ 180 ʠ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ Ehrlich ʧʨʦʷʚʠʣʘ (+)-ʋʂ, ʚʳʜʝʣʝʥʥʘʷ ʠʟ Usnea fasciata
180

. ɺ ʨʘʙʦʪʝ
181

 

ʩʦʦʙʱʘʝʪʩʷ ʦʙ ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʀʂ50) ʋʂ ʦʪ 15 ʜʦ 44 ʤʢM. (+)-ʋʂ ʪʘʢʞʝ 

ʧʨʦʷʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ HeLa 

(ʢʘʨʮʠʥʦʤʘ ʰʝʡʢʠ ʤʘʪʢʠ) ʩ ʀʂ50 5.1 ʤʢʛ/ʤʣ
28

, ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 100 

ʤʢʄ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʛʝʧʘʪʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ HepG2, ʃʂ50 ʩʦʩʪʘʚʠʣʘ 30 

ʤʢʄ
157

. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ
182

 ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 9 ʣʠʥʠʷʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ: 

A2780 (ʢʘʨʮʠʥʦʤʘ ʷʠʯʥʠʢʘ), HeLa (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʰʝʡʢʠ ʤʘʪʢʠ), MCF-7, SK-BR-3 (ʦʙʝ - 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʛʨʫʜʠ), HT-29 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ), HCT-116 p53+/+, HCT-116 

p53-/-, (ʢʘʨʮʠʥʦʤʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ ʯʝʣʦʚʝʢʘ p53 ʜʠʢʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ p53-ʥʦʣʴ HCT-116 

ʩʫʙʣʠʥʠʷ), HL-60 (ʧʨʦʤʠʝʣʦʮʠʪʘʨʥʳʡ ʣʝʡʢʦʟ) ʠ Jurkat (ʊ-ʢʣʝʪʦʯʥʘʷ ʣʝʡʢʝʤʠ)̫. ʀʂ50 ʋʂ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʩʦʩʪʘʚʠʣʘ ʦʪ 48.5 (HL-60) ʜʦ 199.2 ʤʢM (SK-BR-3).  

ɺʦ ʚʩʝʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʧʦʜʪʚʝʨʞʜʝʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ 

ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʥʦ ʦʪʩʫʪʩʪʚʫʶʪ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʥʘ 

ʟʜʦʨʦʚʳʭ ʢʣʝʪʢʘʭ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ
183

 ʧʦʢʘʟʘʣʠ, ʯʪʦ (+)-ʋʂ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ 

ʥʝ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʫʣʴʪʫʨ, ʀʂ50 ʜʣʷ MM98 (ʟʣʦʢʘʯʝʩʪʚʝʥʥʘ ̫ʤʝʟʦʪʝʣʠʦʤʘ) 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 23 ʜʦ 64 ʤʢʄ, ʜʣʷ ɸ431 (ʢʘʨʮʠʥʦʤʘ ʚʫʣʴʚʳ) ʦʪ 39 ʜʦ 72 ʤʢʄ, ʥʦ ʠ ʧʦ 
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ʦʪʥʦʰʝʥʠʶ ʢ ʟʜʦʨʦʚʳʤ ʢʣʝʪʢʘʤ HaCaT (ʢʝʨʘʪʠʥʦʮʠʪ)r ʢʦʣʝʙʘʣʘʩʴ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ 35-76 

ʤʢʄ. ʊʦ ʝʩʪʴ, ʪʦʢʩʠʯʥʦʩʪʴ ʋʂ ʜʣʷ ʦʧʫʭʦʣʝʚʳʭ ʠ ʟʜʦʨʦʚʳʭ ʢʣʝʪʢʘʭ ʩʨʘʚʥʠʤʘ. ʊʘ ʞʝ 

ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ
184

. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʋʂ ʦʙʣʘʜʘʝʪ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʧʨʦʪʠʚ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʤʝʣʘʥʦʤʳ UACC-62 ʠ ɺ16-F10. ʀʂ50 

ʩʦʩʪʘʚʠʣʠ 91.5 ʠ 137 ʤʢM ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʦ, ʧʦʩʢʦʣʴʢʫ ʟʜʦʨʦʚʳʝ ʢʣʝʪʢʠ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ 

ʟʘʤʝʪʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʋʂ (ʀʂ50 120.2 ʤʢM), ʪʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ (+)-ʋʂ ʷʚʥʦ ʥʝ 

ʧʨʦʷʚʣʷʝʪ ʧʨʦʪʠʚʦʨʘʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʣʘʥʦʤʳ. 

ɺ ʧʦʣʴʟʫ ʥʘʣʠʯʠʷ ʧʨʦʪʠʚʦʨʘʢʦʚʦʛʦ ʵʬʬʝʢʪʘ ʋʂ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʘʙʦʪʘ
173
, ʚ ʢʦʪʦʨʦʡ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʜʦʟʳ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʟʜʦʨʦʚʳʭ ʢʣʝʪʦʢ V79 ʟʘʤʝʪʥʦ ʚʳʰʝ, 

ʯʝʤ ʜʣʷ ʦʧʫʭʦʣʝʚʳʭ ɸ549 (ʵʧʠʪʝʣʠʘʣʴʥʳʡ ʨʘʢ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ). ʂʠʤ ʠ ʩʦʘʚʪ.
43

 ʪʘʢʞʝ 

ʩʦʦʙʱʘʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʚ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ ʬʠʙʨʦʙʣʘʩʪʦʚ ʢʨʦʣʠʢʘ. ɺ 

ʧʫʙʣʠʢʘʮʠʠ
185

 ʩʦʦʙʱʘʝʪʩʷ ʦʙ ʵʬʬʝʢʪʠʚʥʦʤ ʜʝʡʩʪʚʠʠ ʋʂ ʥʘ ʪʨʠ ʣʠʥʠʠ ʢʣʝʪʦʢ ʨʘʢʘ ʯʝʣʦʚʝʢʘ, 

MCF- 7 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ), HeLa (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʰʝʡʢʠ ʤʘʪʢʠ) ʠ HCT -

116 (ʨʘʢ ʪʦʣʩʪʦʡ ʢʠʰʢʠ). ʀʂ50 ʋʂ: MCF- 7 - 75.7 ʤʢʄ, HeLa - 23.7 ʤʢʄ, HCT -116 - 17.7 

ʤʢʄ. ɸʚʪʦʨʘʤʠ ʧʨʠʚʝʜʝʥʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʴ ʋʂ ʢ ʥʦʨʤʘʣʴʥʳʤ ʢʣʝʪʢʘʤ ʣʠʥʠʠ 

NIH-3T3 (ʤʳʰʠʥʳʝ ɻʤʙʨʠʦʥʘʣʴʥʳʝ ʬʠʙʨʦʙʣʘʩʪʳ), ʢʦʪʦʨʘʷ ʦʢʘʟʘʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, 

ʀʂ50 ʙʦʣʝʝ 100 ʤʢʄ. 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʧʨʦʚʦʜʠʣʠ ʂʦʧʘʨʘʣ ʠ 

ʩʦʘʚʪ.
173

. ɸʚʪʦʨʘʤʠ ʩʦʦʙʱʘʝʪʩʷ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʤ ʠ ʚʳʟʳʚʘʶʱʝʤ ʘʧʦʧʪʦʟ 

ʵʬʬʝʢʪʘʭ ʢʘʢ ʚ ʢʫʣʴʪʫʨʝ ʣʠʤʬʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ V79 (ʣʠʥʠʷ 

ʢʣʝʪʦʢ ʬʠʙʨʦʙʣʘʩʪʦʚ ʣʝʛʢʠʭ ʢʠʪʘʡʩʢʦʛʦ ʭʦʤʷʯʢʘ) ʠ ɸ549 (ʵʧʠʪʝʣʠʘʣʴʥʳʡ ʨʘʢ ʣʝʛʢʠʭ 

ʯʝʣʦʚʝʢʘ). ʄʊʊ-ʘʥʘʣʠʟ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ɸ549 ʧʦʢʘʟʘʣ, ʯʪʦ (+)-ʋʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʪʦʢʩʠʯʥʘ, ʯʝʤ (-)-ʋʂ (ʕɼ50 6.25 ʠ 12.5 ʤʢʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʎʠʪʦʪʦʢʩʠʯʥʦʩʪ ɹ ʦʙʦʠʭ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʜʣʷ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ V79 (ʟʜʦʨʦʚʳʝ ʢʣʝʪʢʠ) ʙʳʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʞʝ, 

ʯʝʤ ʜʣʷ ɸ549. ɼʦʟʳ 6.25, 12.5 ʠ 25 ʤʢʛ/ʤʣ (-)-ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ ʥʝ ʦʢʘʟʘʣʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʪʝ ʞʝ ʜʦʟʳ (+)-ʋʂ ʦʢʘʟʘʣʠʩʴ ʚ ʥʝʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ, ʥʦ ʪʦʢʩʠʯʥʳ ʥʘ ʢʣʝʪʢʘʭ V79. 

ʇʨʠ ʵʪʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ (-)-ʋʂ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚʳʟʳʚʘʝʪ ʘʧʦʧʪʦʟ, 

ʯʝʤ (+)-ʵʥʘʥʪʠʦʤʝʨ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʛ/ʤʣ ʯʘʩʪʦʪʘ ʘʧʦʧʪʦʟʥʳʭ ʢʣʝʪʦʢ ʜʣʷ (+)-ʋʂ ï 

2.0 ʥʘ 1000, ʜʣʷ (-)-ʋʂ ï 8.5 ʥʘ 1000. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʋʂ ʨʘʩʪʸʪ ʯʘʩʪʦʪʘ 

ʧʦʷʚʣʝʥʠʷ ʘʧʦʧʪʦʟʥʳʭ ʢʣʝʪʦʢ, ʥʦ ʥʝʩʢʦʣʴʢʦ ʥʠʚʝʣʠʨʫʝʪʩʷ ʨʘʟʥʠʮʘ ʚ ʜʝʡʩʪʚʠʠ ʵʥʘʥʪʠʦʤʝʨʦʚ 

ʋʂ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʍʘʨʜʘʨʜʦʪʪʠʨ ʠ ʩʦʘʚʪ.
186

 ʠ ʕʡʥʘʨʩʜʦʪʪʠʨ ʠ ʩʦʘʚʪ.
187

 ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ 

ʥʝʪ ʥʠʢʘʢʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ ʚ ʧʦʪʝʥʮʠʘʣʝ ʜʚʫʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʚ ʧʣʘʥʝ ʠʟʫʯʝʥʠ ̫

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʜʚʝ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʜʥʘ ʠʟ ʥʠʭ ʩ ʥʝʘʢʪʠʚʥʳʤ ʨ53 - ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʊ-

47D, ʜʨʫʛʘʷ ʨ53-ʟʘʚʠʩʠʤʘʷ - ʨʘʢ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ Capan-2. ɸʚʪʦʨʘʤʠ ʧʫʙʣʠʢʘʮʠʡ 
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ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʝʡʩʪʚʫʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩ 

ʀʂ50 ʜʣʷ (+) ʠ (-)- ʋʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4,2 ʠ 4,0 ʤʢʛ/ʤʣ (T -47D) ʠ 5,3 ʠ 5,0 ʤʢʛ/ʤʣ (Capan -2). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʨʦʪʠʚʦʨʘʢʦʚʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. ʈʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟʫʯʘʣʘʩʴ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʙʝʣʢʘ P53. ʕʢʩʧʝʨʠʤʝʥʪʳ ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ
172

 ʥʘ ʨʷʜʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʯʝʣʦʚʝʢʘ 

- ʢʣʝʪʦʢ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF7 (ʘʢʪʠʚʥʳʡ p53), MDA-MB- 231(ʥʝʘʢʪʠʚʥʳʡ p53), 

H1299 (p53 ʥʝʟʘʚʠʩʠʤʳʡ ʨʘʢ ʣʝʛʢʦʛʦ) ï ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʢʨʠʧʮʠʠ ʙʝʣʢʘ ʨ53 ʥʝ 

ʟʘʪʨʘʛʠʚʘʝʪʩʷ. ɺ MCF7 ʢʣʝʪʢʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʋʂ, ʭʦʪʷ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝ ʙʝʣʢʦʚ ʨ53 

ʠ ʨ21, ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʨ53 ʚ Ser15 ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʪ.ʝ. ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʠ 

ʥʘʨʫʰʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʝʪʢʘʭ, ʚʳʟʚʘʥʥʳʭ ʋʂ, ʥʝ ʚʢʣʶʯʘʶʪ 

ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋʂ ʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʦʨʘʢʦʚʳʤ ʘʛʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ 

ʨ53-ʥʝʟʘʚʠʩʠʤʳʤ ʦʙʨʘʟʦʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʄʘʡʝʨ ʠ ʩʦʘʚʪ.
172

 ʩʯʠʪʘʪʁ, ʯʪʦ ʋʂ ʜʝʡʩʪʚʫʝʪ 

p53 ʥʝʟʘʚʠʩʠʤʳʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ
187

 ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʚʩʸ-ʪʘʢʠ ʝʩʪʴ, 

ʥʦ ʦʥʘ ʦʧʦʩʨʝʜʦʚʘʥʘ ʧʫʪʸʤ ʢʣʝʪʦʯʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʚʳʟʚʘʥʥʳʡ ʋʂ, ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ Ser20 ʚ ʨ53. ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʨ53 ʚ Ser20 ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʨ53 ʚ Ser15 ʠʣʠ Ser 46, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʠʥʜʫʢʮʠʶ ʘʧʦʧʪʦʟʘ, ʠ ʩʚʷʟʘʥʦ ʩ 

ʢʣʝʪʦʯʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʧʨʠ ʧʦʩʨʝʜʥʠʯʝʩʪʚʝ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ ʠ IəB 

ʢʠʥʘʟʳ Ŭ. ɺ ʵʪʦʡ ʧʫʙʣʠʢʘʮʠʠ
187

 ʚʳʷʚʣʝʥʘ ʨʘʟʥʠʮʘ ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʋʂ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ, 

ʥʝʢʨʦʟ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʨ53 (Capan -2) ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʩ 

ʋʂ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ, ʘ ʚ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʩ ʥʝʘʢʪʠʚʥʳʤ ʨ53 (ʊ-47D) - ʥʝʪ. ɹʘʢʦʨʦʚʘ ʠ 

ʩʦʘʚʪ.
188

 ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʭʦʪʷ ʨʦʣʴ ʙʝʣʢʘ ʨ53 ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʝʡ 

ʚ ʛʠʙʝʣʠ ʢʣʝʪʦʢ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʋʂ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʛʦ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʤʦʞʝʪ ʯʘʩʪʠʯʥʦ 

ʧʦʚʣʠʷʪʴ ʥʘ ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ. ɸʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ p53 ʩʠʣʴʥʦ ʘʢʪʠʚʠʨʫʝʪʩʷ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʋʂ ʧʦʩʣʝ ʧʝʨʚʳʭ 6 ʯ ʵʢʩʧʦʟʠʮʠʠ ɸ2780 ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ.  

ʉʢʦʨʝʝ ʚʩʝʛʦ, ʤʝʭʘʥʠʟʤ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʥʝ ʩʚʷʟʘʥ ʩ ʛʝʥʝʨʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ (ɸʌʂ). ʍʦʪʷ ʈʘʙʝʣʦ ʠ ʩʦʘʚʪ.
189

 ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʨʠʯʠʥʦʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ (+)-ʋʂ (20 ʤʢʛ/ʤʣ) ʥʘ ʢʣʝʪʦʯʥʫʶ ʣʠʥʠʶ SH-SY5Y (ʥʝʡʨʦʙʣʘʩʪʦʤʘ ʯʝʣʦʚʝʢʘ) 

ʫʚʝʣʠʯʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʌʂ, ɹʨʠʩʜʝʣʣʠ ʠ ʩʦʘʚʪ.
185
, ʥʘʦʙʦʨʦʪ,

 

ʥʘʙʣʶʜʘʣʠ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʋʂ ʥʘ ʪʨʠ ʣʠʥʠʠ ʢʣʝʪʦʢ ʨʘʢʘ ʯʝʣʦʚʝʢʘ. ɺ ʧʫʙʣʠʢʘʮʠʠ
157

 ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʭʘʥʠʟʤ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʥʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʛʝʧʘʪʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ HepG2 ʯʝʨʝʟ 

ʠʟʤʝʥʝʥʠʝ ʨʷʜʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʪʦʢʩʠʢʦʛʝʥʦʤʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɸʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ 

ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ P450 ʮʠʪʦʭʨʦʤʘ, ʢʨʦʤʝ ʪʦʛʦ, ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʋʂ ʚʳʟʳʚʘʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʜʠʩʬʫʥʢʮʠʶ. 



 

 

52 

ɽʱʸ ʦʙ ʦʜʥʦʤ ʨʝʛʫʣʷʪʦʨʥʦʤ ʤʝʭʘʥʠʟʤʝ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʡ ʩʦʦʙʱʠʣʠ ʉʠʥʛʭ ʠ 

ʩʦʘʚʪ.
190

. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ 

ʋʂ ʷʚʣʷʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʝʪʦʯʥʳʭ ʢʦʣʦʥʠʡ ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʨʘʟʤʝʨʘ. ʋʂ 

ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ A549 (ʢʘʨʮʠʥʦʤʘ ʣʸʛʢʠʭ ʯʝʣʦʚʝʢʘ), ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʟʳ ʋʂ 25 ʤʢM ʧʨʠ 24-ʯʘʩʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʝʣʠ 39% ʢʣʝʪʦʢ, 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʟʳ ʜʦ 100 ʤʢM ʠ ʧʨʦʜʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʜʦ 2 ʩʫʪʦʢ ʚʝʜʸʪ ʢ 89% ʧʦʛʠʙʰʠʭ ʢʣʝʪʦʢ. 

ʋʤʝʥʴʰʝʥʠʝ ʜʦʟʳ ʋʂ ʜʦ 1-10 ʤʢM ʚʣʠʷʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʢʦʣʦʥʠʡ, ʫʤʝʥʴʰʘʷ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘ 85% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ. ɺ ʧʫʙʣʠʢʘʮʠʠ
182

 ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʋʂ 

ʵʬʬʝʢʪʠʚʥʦ ʪʦʨʤʦʟʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʣʦʥʠʡ ʢʣʝʪʦʢ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 100-200 ʤʢM. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 9 ʣʠʥʠʷʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ: A2780 (ʢʘʨʮʠʥʦʤʘ 

ʷʠʯʥʠʢʘ), HeLa (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʰʝʡʢʠ ʤʘʪʢʠ), MCF-7, SK-BR-3 (ʦʙʝ - ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ 

ʛʨʫʜʠ), HT-29 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ), HCT-116 p53+/+, HCT-116 p53-/-, 

(ʢʘʨʮʠʥʦʤʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ ʯʝʣʦʚʝʢʘ p53 ʜʠʢʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ p53-ʥʦʣ ɹHCT-116 ʩʫʙʣʠʥʠʷ), 

HL-60 (ʧʨʦʤʠʝʣʦʮʠʪʘʨʥʳʡ ʣʝʡʢʦʟ) ʠ Jurkat (ʊ-ʢʣʝʪʦʯʥʘʷ ʣʝʡʢʝʤʠʷ). ʀʂ50 ʋʂ ʩʦʩʪʘʚʠʣʘ ʦʪ 

48.5 (HL-60) ʜʦ 199.2 ʤʢM (SK-BR-3).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʋʂ ʥʘ ʧʨʦʮʝʩʩ ʘʧʦʧʪʦʟʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

ʧʨʦʚʦʜʠʣʠʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ɹʝʟʠʚʠʥ ʠ ʩʦʘʚʪ.
179

 ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʜʣʷ 

ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ L1210 ʧʨʠ ʜʝʡʩʪʚʠʠ ʋʂ ʚʳʷʚʣʷʶʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʘʧʦʧʪʦʟʘ - ʢʦʥʜʝʥʩʘʮʠʷ ʷʜʝʨʥʦʛʦ ʭʨʦʤʘʪʠʥʘ, ʬʨʘʛʤʝʥʪʘʮʠʷ ʷʜʝʨ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʧʦʧʪʠʯʝʩʢʠʭ ʪʝʣ. ʇʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʟʳʚʘʪʴ ʘʧʦʧʪʦʟ ʜʦʟʦ- ʠ 

ʚʨʝʤʷʟʘʚʠʩʠʤʦ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʜʚʫʢʨʘʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʟʳ (12 ʤʢʛ/ʤʣ) ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ 

ʥʘʙʣʶʜʘʝʪʩʷ 63% ʘʧʦʧʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ. ɼʘʥʥʳʝ ʦ ʠʥʜʫʮʠʨʦʚʘʥʠʠ ʋʂ ʘʧʦʧʪʦʟʘ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʚ ʨʘʙʦʪʝ
182
, ʢʨʦʤʝ ʪʦʛʦ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʪʘʢʞʝ 

ʧʦʢʘʟʘʣ ʥʘʢʦʧʣʝʥʠʝ ʢʣʝʪʦʢ ʚ S-ʬʘʟʝ (ʩʠʥʪʝʟ ɼʅʂ) ʧʨʠ ʜʝʡʩʪʚʠʠ ʋʂ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ
190

 

ʩʦʦʙʱʠʣʠ, ʯʪʦ ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʨʦʩʪ ʢʣʝʪʦʢ ʚ G0/G1 ʬʘʟʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʚʳʟʳʚʘʝʪ 

ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ, ʜʚʫʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʯʠʩʣʦ ʢʣʝʪʦʢ ʩ 

ʘʧʦʧʪʦʟʦʤ ʠ ʨʘʟʨʫʰʘʝʪ ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʘ)-ʧʦʣʠʤʝʨʘʟʫ (ʇɸʈʇ), ʠʟʚʝʩʪʥʳʡ ʤʘʨʢʝʨ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʠ ʢʘʩʧʘʟʘ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʘʧʦʧʪʦʟʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʋʂ ʚʳʟʳʚʘʝʪ 

ʘʧʦʧʪʦʟ ʢʣʝʪʦʢ ʯʝʨʝʟ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ. ɼʘʥʥʳʝ ʨʘʙʦʪʳ
188

 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʥʜʫʢʮʠʠ ʘʧʦʧʪʦʟʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʋʂ ʥʘ ʢʣʝʪʢʘʭ A2780 (ʢʘʨʮʠʥʦʤʘ 

ʷʠʯʥʠʢʘ) ʠ ʅʊ-29 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ), ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʬʨʘʛʤʝʥʪʘʮʠ ̫ʛʝʥʦʤʥʦʡ 

ɼʅʂ ʠ ʘʢʪʠʚʘʮʠ ̫ʢʘʩʧʘʟʳ-3. ʈʘʩʱʝʧʣʝʥʠʝ ʇɸʈʇ, ʢʦʪʦʨʘ,̫ ʢʘʢ ʠʟʚʝʩʪʥʦ, ʫʯʘʩʪʚʫʝʪ ʚ ʨʷʜʝ 

ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʥʘʙʣʶʜʘʝʤʦʡ ʘʢʪʠʚʘʮʠʝʡ 

ʢʘʩʧʘʟʳ-3. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʵʢʩʧʨʝʩʩʠʶ ʠ ʘʢʪʠʚʘʮʠʶ ʤʠʪʦʛʝʥ-ʘʢʪʠʚʠʨʫʝʤʦʡ 

ʧʨʦʪʝʠʥʢʠʥʘʟ r ʨ38 ʄɸʈʂ, ʢʦʪʦʨʘ ̫ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʨʘʟʣʠʯʥʳʝ ʩʪʨʝʩʩ-ʩʪʠʤʫʣʠʨʫʶʱʠʝ 
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ʬʘʢʪʦʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʮʠʪʦʢʠʥ,r ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʪʝʧʣʦʚʦʡ ʰʦʢ ʠ ʦʩʤʦʪʠʯʝʩʢʠʡ 

ʰʦʢ, ʘ ʪʘʢʞʝ ʚʦʚʣʝʯʝʥʘ ʚ ʧʨʦʮʝʩʩ ʘʧʦʧʪʦʟʘ. ʋʂ ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ p38 ʚ HT-

29 ʢʣʝʪʢʘʭ, ʚ ɸ2780 ï ʥʝʪ. ʋʨʦʚʝʥʴ ʘʥʪʠʘʧʦʧʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ BcI-2 ʩʥʠʞʘʣʩʷ ʚ ʢʣʝʪʢʘʭ 

ɸ2780, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʘʩʩʦʚʦʡ ʛʠʙʝʣʠ ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʠʪʦʭʦʥʜʨʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʣʝʪʢʠ ɸ2780 ʙʦʣʝʝ ʯʫʩʪʚʠʪʝʣʴʥʳ 

ʢ ʜʝʡʩʪʚʠʶ ʋʂ, ʯʝʤ ʢʣʝʪʢʠ HT-29.  

ʂʣʘʩʩʠʯʝʩʢʦʛʦ ʘʧʦʧʪʦʟʘ ʩ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ɼʅʂ ʥʝ ʥʘʙʣʶʜʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
187

. 

ʎʠʪʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʦʜʠʥʘʢʦʚʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʠʥʛʠʙʠʨʫʶʱʝʤʫ ʵʬʬʝʢʪʫ ʋʂ ʠ ʨʦʩʪ ʢʣʝʪʦʢ, ʠ ʩʠʥʪʝʟ ɼʅʂ, ʠ ʚʭʦʜ ʚ S-ʬʘʟʫ ʢʣʝʪʦʯʥʦʛʦ 

ʮʠʢʣʘ, ʦʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʚʳʞʠʚʘʥʠʝ ʢʣʝʪʦʢ ʥʝ ʩʠʣʴʥʦ ʤʝʥʷʣʦʩʴ. ɺ ʦʙʝʠʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ 

Capan-2 ʠ ʊ-47D ʚʦʟʜʝʡʩʪʚʠʝ ʋʂ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʅʝʢʨʦʟ ʚʳʷʚʣʝʥ ʪʦʣʴʢʦ ʚ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʨ53 

(Capan -2) ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʩ ʋʂ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. 

ɺ ʨʘʙʦʪʝ
191

 ʩʦʦʙʱʘʣʦʩʴ ʦ ʝʱʸ ʦʜʥʦʡ ʢʣʝʪʦʯʥʦʡ ʤʠʰʝʥʠ ʜʝʡʩʪʚʠʷ ʋʂ ʚ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʢʘʭ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro (ʢʦʥʮʝʥʪʨʘʮʠʷ ʋʂ 1 ʤʢʛ/ʜʠʩʢ) ʠ in vivo (50 ʤʛ/ʢʛ/ʜʝʥʴ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ) ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʋʂ ʩʠʣʴʥʦ ʪʦʨʤʦʟʠʪ ʘʥʛʠʦʛʝʥʝʟ ʠ ʨʦʩʪ ʦʧʫʭʦʣʠ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ BCAP-37, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʤʘʩʩʫ ʪʝʣʘ ʤʳʰʝʡ. In vitro ʧʦʢʘʟʘʥʦ, ʯʪʦ ʋʂ ʥʝ 

ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ (HUVEC) ʠ ʦʧʫʭʦʣʝʚʳʭ 

(BCAP-37) ʢʣʝʪʦʢ, ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʩʫʜʠʩʪʳʭ ʪʨʫʙʦʢ, ʥʦ ʪʘʢʞʝ 

ʠʥʜʫʮʠʨʫʝʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʘʧʦʧʪʦʟ ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10-50 ʤʢʄ ʜʦʟʦʟʘʚʠʩʠʤʳʤ ʦʙʨʘʟʦʤ. ʋʂ ʙʣʦʢʠʨʫʝʪ ʨʝʮʝʧʪʦʨ ʬʘʢʪʦʨʘ ʨʦʩʪʘ 

ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ, ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʨʝʛʫʣʠʨʫʷ ʫʨʦʚʝʥʴ ʚʥʝʢʣʝʪʦʯʥʳʭ ʧʨʦʪʝʠʥʢʠʥʘʟ 1 ʠ 2 

(ERK1/2) ʠ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ AKT/P70S6K ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ. ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, 

ʯʪʦ ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʘʢʪʠʚʘʮʠʶ ʢʘʩʢʘʜʘ ERK, ʢʣʶʯʝʚʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʚ ʩʠʩʪʝʤʝ MAPK-

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʚ ʦʧʫʭʦʣʝʚʦʤ ʘʥʛʠʦʛʝʥʝʟʝ. 

ʇʦʧʳʪʢʠ ʫʣʫʯʰʠʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ 

ʜʦʩʪʘʚʢʠ ʧʨʝʜʧʨʠʥʷʪʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ
192

. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʩʧʦʩʦʙ 

ʜʦʩʪʘʚʢʠ - ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʋʂ ʚ ʢʘʧʩʫʣʳ ʠʟ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʵʬʠʨʦʚ - ʩʦʧʦʣʠʤʝʨʦʚ 

ʤʦʣʦʯʥʦʡ ʠ ʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪ (PLGA). ʉʚʦʙʦʜʥʫʶ ʠ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʫʶ ʋʂ ʪʝʩʪʠʨʦʚʘʣʠ 

in vitro ʥʘ ʢʣʝʪʢʘʭ HEp-2 (ʧʣʦʩʢʦʢʣʝʪʦʯʥʳʡ ʨʘʢ ʛʦʨʪʘʥʠ). ʕʬʬʝʢʪʠʚʥʘʷ ʜʦʟʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʨʦʩʪʘ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʥʘ 50% (ʀʂ50) ʩʦʩʪʘʚʠʣʘ 12.6 ʠ 14.4 ʤʢʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʞʝʣʘʝʤʦʛʦ ʵʬʬʝʢʪʘ. ʆʜʥʘʢʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo ʪʝʭ ʞʝ ʘʚʪʦʨʦʚ
192

 

ʥʘ ʤʳʰʘʭ ʩ ʩʘʨʢʦʤʦʡ-180 ʧʨʦʮʝʥʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ ʋʂ 

ʙʳʣ ʚʳʰʝ (63%), ʯʝʤ ʩʚʦʙʦʜʥʦʡ (42%). ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʘʟʥʠʮʘ ʚ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʟʘʭ: ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʚʦʙʦʜʥʦʡ ʋʂ ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ 
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ʥʝʢʨʦʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʚ ʦʧʫʭʦʣʠ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ ï ʥʝʢʨʦʟ ʤʝʥʝʝ ʚʳʨʘʞʝʥ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʥʘʥʦʢʘʧʩʫʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
193

 ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʚ 

ʧʨʦʮʝʩʩʝ ʣʝʯʝʥʠʷ ʩʘʨʢʦʤʳ-180 ʫ ʤʳʰʝʡ. ʀʥʢʘʧʩʫʣʷʮʠʷ ʋʂ ʚ PLGA-ʥʘʥʦʢʘʧʩʫʣʳ ʥʘ 26,4% 

ʩʠʣʴʥʝʝ ʠʥʛʠʙʠʨʦʚʘʣʘ ʨʦʩʪ ʘʩʮʠʪʥʦʡ ʦʧʫʭʦʣʠ (ʩʘʨʢʦʤʘ-180) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʙʦʪʢʦʡ 

ʩʚʦʙʦʜʥʦʡ ʋʂ. ʅʘʙʣʶʜʘʝʤʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ - ʚʘʢʫʦʣʠʟʘʮʠʷ ʛʝʧʘʪʦʮʠʪʦʚ ʠ 

ʣʠʤʬʦʮʠʪʘʨʥʘʷ ʠʥʬʠʣʴʪʨʘʮʠʷ ï ʙʳʣʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ ʋʂ.  

ʋʩʠʣʠʪʴ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʂ-562 (ɻ ʨʠʪʨʦʢʣʝʪʦʯʥʳʡ 

ʣʝʡʢʦʟ ʯʝʣʦʚʝʢʘ) ʧʫʪʸʤ ʧʦʚʳʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ ʧʳʪʘʣʠʩʴ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
194

, ʜʣʷ 

ʯʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʷʜ ʢʦʤʧʣʝʢʩʘʥʪʦʚ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʋʂ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ 400 (PEG400) ʠ 2-

ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʕɼ50 ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʠʣʠ 3.0 ʠ 4.7 ʤʢʛ/ʤʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕɼ50 ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ ʧʦʛʣʦʱʝʥʠʝ ʪʠʤʠʜʠʥʘ 50% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ 

ʢʦʥʪʨʦʣʴʥʦʡ ʢʫʣʴʪʫʨʦʡ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʩʠʪʴ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ (-)-ʋʂ, ʦʙʥʘʨʫʞʝʥʥʫʶ ʂʫʧʯʘʥ ʠ 

ʩʦʘʚʪ.
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, ʘʚʪʦʨʳ ʨʘʙʦʪʳ
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 ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʝʨʠʶ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ. ʂʣʶʯʝʚʦʡ ʩʪʨʘʪʝʛʠʝʡ 

ʩʠʥʪʝʟʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʦʚʳʰʝʥʠʝ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʧʫʪʸʤ ʧʦʚʳʰʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʠ. 

ʕʪʫ ʮʝʣʴ ʘʚʪʦʨʳ ʜʦʩʪʠʛʘʣʠ ʨʘʟʨʳʚʦʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦʣʫʯʝʥʠʝʤ ʵʬʠʨʦʚ ʧʦ ʬʝʥʦʣʴʥʳʤ ʛʨʫʧʧʘʤ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʩʦʝʜʠʥʝʥʠʷ 4, 6 (ʨʠʩ. 

3), 36, 37 (ʨʠʩ. 8)), ʨʘʟʨʫʰʝʥʠʝʤ ʪʨʠʢʝʪʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʩʦʝʜʠʥʝʥʠʷ 5, 6 (ʨʠʩ. 3), 34, 35, 36 

(ʨʠʩ. 8)).  

 

ʈʠʩʫʥʦʢ 8. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʝʩʪʠʨʦʚʘʥʥʳʝ ʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 
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ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʘ - ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ɓ-ʪʨʠʢʝʪʦʥʥʳʡ 

ʬʨʘʛʤʝʥʪ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʣʠʧʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʋʂ, ʚʘʞʥ  rʜʣʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. ʅʠ 

ʦʜʥʦ ʠʟ ʪʝʩʪʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʝ ʧʦʢʘʟʘʣʦ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʣʝʪʢʘʭ ʢʘʨʮʠʥʦʤʳ ʃʴʶʠʩʘ 

ʣʸʛʢʠʭ ʚʳʰʝ, ʯʝʤ ʩʘʤʘ (-)-ʋʂ. ʇʦʤʠʤʦ ʢʘʨʮʠʥʦʤʳ ʃʴʶʠʩʘ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʪʘʢʞʝ 

ʚ ʪʝʩʪ-ʩʠʩʪʝʤʘʭ ʣʝʡʢʝʤʠʠ ʈ388 ʠ ʧʦʢʘʟʘʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ.  

ʇʝʨʚʘʷ ʛʨʫʧʧʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʋʂ 1, ʝʝ ʘʮʝʪʘʪʳ ʠ ʙʣʠʟʢʠʝ ʘʥʘʣʦʛʠ (4-6), ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʧʦʜʘʚʣʷʝʪ ʢʣʝʪʦʢ ʨʦʩʪ ʥʘ ʫʨʦʚʥʝ 14 ʤʢʄ. ʅʝʩʢʦʣʴʢʦ ʤʝʥʴʰʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠʤʝʶʪ 

ʩʦʝʜʠʥʝʥʠʷ 34 ʠ 35, ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ ɓ-ʪʨʠʢʝʪʦʥʥʥʦʡ ʯʘʩʪʠ. ʅʘʠʙʦʣʝʝ 

ʛʠʜʨʦʬʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʵʪʦʤ ʨʷʜʫ (ʛʣʠʢʦʟʠʜʳ 36 ʠ 37) ʩʦʩʪʘʚʣʷʶʪ ʪʨʝʪʴʶ, ʠ ʥʘʠʤʝʥʝʝ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʛʨʫʧʧʫ. ʂʦʩʚʝʥʥʦ, ʚʘʞʥʦʩʪʴ ʪʨʠʢʝʪʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʧʦʜʪʚʝʨʜʠʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
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. ɺ ʨʷʜʫ ʨʦʜʩʪʚʝʥʥʳʭ ʋʂ ʜʠʙʝʥʟʦʬʫʨʘʥʦʚ, ʩʦʝʜʠʥʝʥʠʝ 13 (ʨʠʩ. 

3), ʩ ʥʘʨʫʰʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʪʨʠʢʝʪʦʥʥʦʤ ʬʨʘʛʤʝʥʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʪʝʨʷʝʪ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ MDCK (ʢʣʝʪʢʠ ʧʦʯʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ), ʝʛʦ ʎɼ50 

ʩʦʩʪʘʚʠʣʘ 190 ʤʢʛ/ʤʣ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ 11 ʠ 12 (ʨʠʩ. 3) ʙʳʣʠ ʥʘʤʥʦʛʦ ʙʦʣʝʝ 

ʮʠʪʦʪʦʢʩʠʯʥʳ, ʎɼ50 4.6 ʠ 3.6 ʤʢʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʞʝ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʮʠʪʦʪʦʢʩʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʪʨʠʢʝʪʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʋʂ ʘʚʪʦʨʘʤ ʨʘʙʦʪʳ
88

. 

ɻʠʜʨʘʟʦʥʳ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ 21 (1-ʬʝʥʠʣ ʠ 1-ʠʟʦʥʠʢʦʪʠʥʦʠʣ, ʨʠʩ. 5) ʧʦʣʫʯʘʣʠ ʥʘ ʦʩʥʦʚʝ 

ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ in vitro ʥʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʯʝʣʦʚʝʢʘ. 

ʆʙʥʘʨʫʞʝʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ, ʪʘʢʞʝ ʘʚʪʦʨʳ 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʘʚʦʚʨʘʱʘʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʘʢʪʠʚʥʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʦʩʥʦʚʝ (-)-ʋʂ. 

 

ʈʠʩʫʥʦʢ 9. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʝʩʪʠʨʦʚʘʥʥʳʝ ʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 

ʆʜʥʘʢʦ, ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʪʨʠʢʝʪʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʷ. ɺ ʧʫʙʣʠʢʘʮʠʠ
196

 ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ (-)-ʠʟʦʫʩʥʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 38 (ʨʠʩ. 9), 

ʦʪʣʠʯʘʶʱʘʷʩʷ ʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʬʝʥʦʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʠ ʦʙʣʘʜʘʶʱʘʷ 

ʪʨʠʢʝʪʦʥʥʦʡ ʯʘʩʪʴʶ, ʥʝ ʧʨʦʷʚʠʣʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʘʤʦʡ (-)-ʋʂ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ HT-29 (ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ ʯʝʣʦʚʝʢʘ). 

ʋʚʝʣʠʯʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʷʜʫ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʚʧʝʨʚʳʝ ʥʘʙʣʶʜʘʣʠ 

ʘʚʪʦʨʳ ʨʘʙʦʪʳ
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. ʂʦʤʧʣʝʢʩʳ ʘʮʠʣʛʠʜʨʘʟʠʜʦʚ ʋʂ ʩ Pd (II) ʠ Cu (II) ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ in 
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vitro ʥʘ ʢʣʝʪʢʘʭ ʢʘʨʮʠʥʦʤʳ ʰʝʡʢʠ ʤʘʪʢʠ HeLa. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʠʣʠ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ HeLa ʩ ʀʂ50 ʦʪ 1.8 ʜʦ 86.0 ʤʢM, ʥʦ ʣʠʰʴ 

ʥʝʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʝʝ ʩʘʤʦʡ ʋʂ (ʀʂ50 14.9 ʤʢM). ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ ʋʂ ʩ ʤʝʜʴʶ 39 (ʨʠʩ. 9, ʀʂ50 1.8 ʤʢM). ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʦ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʠʘʤʠʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
9
 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʜʝʚʷʪʴ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʠ ʧʨʠʨʦʜʥʳʤʠ ʧʦʣʠʘʤʠʥʘʤʠ 

ʩ ʮʝʣʴʶ ʠʭ ʩʝʣʝʢʪʠʚʥʦʡ ʠ ʙʳʩʪʨʦʡ ʜʦʩʪʘʚʢʠ ʚ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʩʠʩʪʝʤʦʡ ʪʨʘʥʩʧʦʨʪʘ 

ʧʦʣʠʘʤʠʥʦʚ. ʂʦʥʲʶʛʘʪʳ ʙʳʣʠ ʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʤʳʰʠʥʳʭ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʣʠʥʠʷʭ ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ: L1210 (ʣʠʤʬʦʣʝʡʢʦʟ), 3LL (ʢʘʨʮʠʥʦʤʘ ʃʴʶʠʩʘ), DU145 (ʢʘʨʮʠʥʦʤʘ ʧʨʦʩʪʘʪʳ), 

MCF7 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ), K-562 (ʭʨʦʥʠʯʝʩʢʠʡ ʤʠʝʣʦʣʝʡʢʦʟ) ʠ 

U251(ʛʣʠʦʙʣʘʩʪʦʤʘ), ʘ ʪʘʢʞʝ ʥʘ 2 ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʭʦʤʷʢʘ. ʅʝʢʦʪʦʨʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʢʣʝʪʢʘʭ L1210, ʦʜʥʘʢʦ ʠʭ ʜʝʡʩʪʚʠʝ 

ʦʢʘʟʘʣʦʩʴ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʘ ʧʦʣʠʘʤʠʥʦʚ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʝ 1,8-

ʜʠʘʤʠʥʦʦʢʪʘʥ-ʧʨʦʠʟʚʦʜʥʦʝ 40 (ʨʠʩ.10) ʦʢʘʟʳʚʘʝʪ ʘʥʘʣʦʛʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝ ʣʠʥʠʠ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʠ ʚʳʟʳʚʘʝʪ ʘʧʦʧʪʦʟ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʘʧʦʧʪʦʟʠʥʜʫʮʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ (+)-

ʋʂ ʠ ʝʝ 1,8-ʜʠʘʤʠʥʦʦʢʪʘʥ-ʧʨʦʠʟʚʦʜʥʦʛʦ 40 ʚ ʢʣʝʪʢʘʭ L1210 ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʦʮʝʥʪ 

ʘʧʦʧʪʦʟʘ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʡ, ʘ ʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʠʟʚʦʜʥʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʠʞʝ (ʀʂ50 3-6 ʤʢʄ). ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʧʝʨʚʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧ rʥʘ ʢʦʥʮʝ 

ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʪʘʢʞʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʦʥʠʣʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʛʦ 41 (ʀʂ50 ʥʘ L1210> 500 

ʤʢM).  

 

ʈʠʩʫʥʦʢ 10. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʝʩʪʠʨʦʚʘʥʥʳʝ ʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 

ɺ ʨʘʙʦʪʝ
99

 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ (+)-ʋʂ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʧʨʦʷʚʣʷʶʪ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ HaCaT (ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʳʝ ʢʝʨʘʪʠʥʦʮʠʪʳ 

ʯʝʣʦʚʝʢʘ). ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʠʣʴʥʦ ʨʘʟʥʠʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ. ʀʂ50 ʧʨʦʠʟʚʦʜʥʦʛʦ ʩ ɔ-ʘʤʠʥʦʤʘʩʣʷʥʦʡ 

ʢʠʩʣʦʪʦʡ (ɻɸʄʂ) 42 (ʨʠʩ. 11) ï 150 ʤʢʛ/ʤʣ, ʩʦʝʜʠʥʝʥʠʝ ʩ ʦʩʪʘʪʢʦʤ ʛʣʠʮʠʥʘ 28 (ʨʠʩ. 7) 

ʦʢʘʟʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤ ï 4.1 ʤʢʛ/ʤʣ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

HaCaT ʩʘʤʦʡ (+)-ʋʂ ï 24 ʤʢʛ/ʤʣ. 
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ʈʠʩʫʥʦʢ 11. ʇʨʦʠʟʚʦʜʥʦʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʝʩʪʠʨʦʚʘʥʥʦʝ ʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋʂ ʧʨʦʷʚʣʷʝʪ ʧʨʦʪʠʚʦʨʘʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʚ ʫʤʝʨʝʥʥʦʡ ʩʪʝʧʝʥʠ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʨʷʜʢʘ 10
-6
ʄ ʠ ʚʳʰʝ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʝʸ ʥʘ ʦʧʫʭʦʣʝʚʳʝ 

ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʱʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ: ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʥʝʢʨʦʟ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʷʜʘ ʘʚʪʦʨʦʚ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ 

ʷʚʣʷʝʪʩʷ ʘʧʦʧʪʦʟ, ʥʦ ʥʝ ʢʣʘʩʩʠʯʝʩʢʠʡ, ʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʧʫʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʋʂ ʥʘ ʦʧʫʭʦʣʠ ʚʢʣʶʯʘʶʪ ʧʦʜʘʚʣʝʥʠʝ ʨʦʩʪʘ ʢʣʝʪʦʯʥʳʭ ʢʦʣʦʥʠʡ ʠ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʘʥʛʠʦʛʝʥʝʟʘ ʚ ʦʧʫʭʦʣʠ. ʇʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʘʝʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʝ ʜʝʡʩʪʚʠʝ ʋʂ. ʅʝʜʦʩʪʘʪʦʯʥʦ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ 

ʧʨʦʪʠʚʦʨʘʢʦʚʦʤ ʜʝʡʩʪʚʠʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (-)-ʵʥʘʥʪʠʦʤʝʨʘ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʋʂ ʛʦʚʦʨʷʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʘʛʝʥʪʦʚ ʥʘ ʝʸ ʦʩʥʦʚʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʘè ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʩʚʷʟʘʥʘ ʩ ʠʭ ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʨʠʢʝʪʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʢʦʣʴʮʘ ʉ ʋʂ.  

 

2.14 ɸʣʣʝʨʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʉʧʦʩʦʙʥʦʩʪʴ ʋʂ ʚʳʟʳʚʘʪʴ ʘʣʣʝʨʛʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʠʟʚʝʩʪʥʘ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ. ʆʙ 

ʘʣʣʝʨʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʩʘʤʦʡ ʋʂ, ʩʦʜʝʨʞʘʱʠʭ ʋʂ ʣʠʰʘʡʥʠʢʦʚ ʠ ʧʘʨʬʶʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʥʝʦʜʥʦʢʨʘʪʥʦ ʩʦʦʙʱʘʣʦʩʴ ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ
197,198,199,200,201,202

.  

ʆʜʥʘʢʦ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ
203

 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ (+)-ʋʂ ʥʝ ʚʳʟʳʚʘʝʪ ʘʣʣʝʨʛʠʶ ʫ 

ʤʦʨʩʢʠʭ ʩʚʠʥʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ
204

 ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ, ʧʨʦʚʝʜʸʥʥʳʝ ʥʘ 

ʤʦʨʩʢʠʭ ʩʚʠʥʢʘʭ ʤʝʪʦʜʦʤ FCA (ɸʜʲʶʚʘʥʪ ʌʨʝʡʥʜʘ ʧʦʣʥʳʡ), ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ 

ʷʚʣʷʶʪʩʷ ʩʣʘʙʳʤʠ ʘʣʣʝʨʛʝʥʘʤʠ, ʥʦ ʧʨʠ ʵʪʦʤ (-)-ʋʂ ʩʝʥʩʠʙʠʣʠʟʠʨʫʝʪ ʚ 2 ʨʘʟʘ ʩʠʣʴʥʝʝ, ʯʝʤ 

(+)-ʋʂ.  

ʊʝʩʪʳ ʥʘ ʣʶʜʷʭ (3 ʧʘʮʠʝʥʪʘ) ʝʱʝ ʚ 1966 ʛʦʜʫ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ 

ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʦʙʣʘʜʘʝʪ, ʥʘʦʙʦʨʦʪ, (+)-ʋʂ
205
. ʇʦʟʜʥʝʝ

203
, ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ 
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ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ 7 ʧʘʮʠʝʥʪʘʭ-ʣʝʩʥʠʢʘʭ. ɸʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʨʘʟʣʠʯʥʳʝ ʜʦʟʳ ʋʂ ʚ ʚʘʟʝʣʠʥʝ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.1% (+)-ʋʂ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʚʠʪʠʶ ʘʣʣʝʨʛʠʠ, ʘ (-)-ʋʂ ʜʘʞʝ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 5% ʥʝ ʩʝʥʩʠʙʠʣʠʟʠʨʫʝʪ. ʏʫʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʢ (+)-ʋʂ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʪʘʢʞʝ ʉʘʣʦ ʠ ʩʦʘʚʪ.
206

 ʥʘ 9 ʧʘʮʠʝʥʪʘʭ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

1%-ʥʳʡ ʨʘʩʪʚʦʨ (+)-ʋʂ ʚ ʧʝʪʨʦʣʝʡʥʦʤ ʵʬʠʨʝ ʚʳʟʚʘʣ ʜʝʨʤʘʪʠʪ ʫ 5 ʧʘʮʠʝʥʪʦʚ, ʘ ʪʘʢʘʷ ʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ (-)-ʋʂ ï ʪʦʣʴʢʦ ʫ ʪʨʸʭ ʠʟ ʥʠʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ
200,201,202,207

 ʧʦʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʫ 

ʥʝʢʦʪʦʨʳʭ ʧʘʮʠʝʥʪʦʚ ʘʣʣʝʨʛʠʠ ʥʘ (+)-ʋʂ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ
197

 ʧʦʟʜʥʝʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʋʂ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʜʝʡʩʪʚʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʨʘʟʚʠʪʠʠ ʘʣʣʝʨʛʠʠ ʥʘ ʧʘʨʬʶʤ 

çoak mossè, 5 ʠʟ 7 ʧʘʮʠʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʘʣʣʝʨʛʠʶ ʥʘ ʵʪʫ ʢʦʤʧʦʟʠʮʠʶ, ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʜʝʡʩʪʚʠʶ (+)-ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪ 0.001 ʜʦ 0.1%. ʊʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʘʣʣʝʨʛʠʠ ʢʘʢʠʤ-ʪʦ 

ʦʙʨʘʟʦʤ ʩʚʷʟʘʥ ʩ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʫʩʪʘʥʦʚʠʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪ
208,209

. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ ʨʘʟʥʳʤ ʬʨʘʛʤʝʥʪʘʤ 

ʤʦʣʝʢʫʣʳ (ʠʟʦʫʩʥʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 38 (ʨʠʩ. 9), ʜʠʘʮʝʪʠʣʧʨʦʠʟʚʦʜʥʦʝ 4, ʜʠʛʠʜʨʦʫʩʥʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 5, ʜʠʘʮʝʪʠʣʜʠʛʠʜʨʦʫʩʥʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 6, ʩʦʝʜʠʥʝʥʠʷ ʩ ʨʘʟʦʤʢʥʫʪʳʤ ʢʦʣʴʮʦʠ ʉ 7 ʠ 8, 

ʚʩʝ ï ʨʠʩ. 3) ʧʦʢʘʟʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʫ ʥʠʭ ʘʣʣʝʨʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ
205

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʙʦʣʴʰʠʥʩʪʚʫ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʋʂ ʦʢʘʟʳʚʘʝʪ 

ʘʣʣʝʨʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤʳ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʣʶʜʠ ʯʫʩʪʚʠʪʝʣʴʥʝʝ ʢ (+)-ʋʂ, ʤʦʨʩʢʠʝ 

ʩʚʠʥʢʠ ʢ (-)-ʵʥʘʥʪʠʦʤʝʨʫ. ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʥʝʪ ʚʳʟʳʚʘʶʱʠʭ 

ʘʣʣʝʨʛʠʶ ʩʦʝʜʠʥʝʥʠʡ. 

 

2.15 ʌʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʇʝʨʚʦʝ ʩʠʩʪʝʤʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ (+)-ʋʂ ʧʨʦʚʦʜʠʣʠ ʚ 1992 ʛ. ʥʘ 

ʢʨʦʣʠʢʘʭ ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ (ʜʦʟʘ 5 ʤʛ/ʢʛ) ʠ ʧʝʨʦʨʘʣʴʥʦʤ (ʜʦʟʘ 20 ʤʛ/ʢʛ) ʝʸ ʚʚʝʜʝʥʠʠ
210

. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʨʘʩʪʚʦʨʠʤʫʶ ʬʦʨʤʫ, ʘ ʠʤʝʥʥʦ 

ʥʘʪʨʠʝʚʫʶ ʩʦʣʴ ʋʂ. ɺʨʝʤʷ ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʠʣʦ 

4-17 ʯʘʩʦʚ. ʇʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʣʠʥʷʶʪʩʷ ʚʨʝʤʷ ʧʦʣʫʞʠʟʥʠ ʋʂ ʚ 

ʧʣʘʟʤʝ (18.9 ʯʘʩʘ ʧʨʦʪʠʚ 11.4 ʯʘʩʘ ʜʣʷ ʚʥʫʪʨʠʚʝʥʥʦʛʦ) ʠ ʧʝʨʠʦʜ ʧʦʣʫʚʳʚʝʜʝʥʠʷ. ʇʠʢʦʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʋʂ ʚ ʧʣʘʟʤʝ (32 ʤʢʛ/ʤʣ) ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 12 ʯʘʩʦʚ, ʘ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 78%. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʥʝʦʙʭʦʜʠʤʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʤʠʢʦʙʘʢʪʝʨʠʡ (8 ʤʢʛ/ʤʣ) ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ 

ʚʥʫʪʨʠʚʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 12 ʯ, ʘ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ï 48 ʯʘʩʦʚ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʋʂ ʚ ʣʝʯʝʥʠʠ ʪʫʙʝʨʢʫʣʸʟʘ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ
211

 ʩʠʩʪʝʤʥʳʡ ʢʣʠʨʝʥʩ ʋʂ 

ʩʦʩʪʘʚʠʣ 12 ʤʣ/ʯ/ʢʛ. ɺ ʧʫʙʣʠʢʘʮʠʠ
212

 ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʢʣʠʨʝʥʩ ʋʂ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʟʦʡ I ʤʝʪʘʙʦʣʠʟʤʘ, ʘ ʚʨʝʤʷ ʧʦʣʫʞʠʟʥʠ ʋʂ ʚ ʤʠʢʨʦʩʦʤʘʭ ʧʝʯʝʥʠ ʯʝʣʦʚʝʢʘ 

ʩʦʩʪʘʚʠʣʦ 19.3 Ñ 0.58 ʤʠʥ. 

ʉʚʷʟʳʚʘʥʠʝ (+)-ʋʂ ʩ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ ʠʟʫʯʘʣʦʩʴ in vitro ʚ ʨʘʙʦʪʝ
213
. ɸʚʪʦʨʘʤʠ 

ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʋʂ ʢ ʩʚʷʟʳʚʘʥʠʶ ʩ ʙʝʣʢʘʤʠ, ʜʦʩʪʠʛʘʶʱʘʷ 99% ʚ 

ʜʠʘʧʘʟʦʥʝ ʠʩʧʦʣʴʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʋʂ 1-5 ʤʢʛ/ʤʣ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʪʠʧʦʚ ʩʚʷʟʳʚʘʥʠʷ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʘʩʩʦʮʠʘʮʠʠ 34.3Ŀ10
-4

 ʠ 1.43Ŀ10
-4

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʠʟ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʋʂ ʚ ʪʢʘʥʷʭ ʢʨʳʩ ʧʨʦʚʦʜʠʣʠ ʂʨʠʰʥʘ ʠ ʩʦʘʚʪ.
213

 ʠ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ 

ʠʥʪʨʘʧʝʨʠʪʦʥʠʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʋʂ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʭʦʨʦʰʦ ʢʨʦʚʦʩʥʘʙʞʘʝʤʳʭ ʦʨʛʘʥʘʭ. ʋ 

ʢʨʳʩ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʜʦʟʫ 25 ʤʛ/ʢʛ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʋʂ ʚ ʧʝʯʝʥʠ, ʣʝʛʢʠʭ ʠ ʢʨʦʚʠ ʙʳʣʠ 

ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʣʘʟʤʝ. ɺ ʣʸʛʢʠʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʢʘʥʴ/ʧʣʘʟʤʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʋʂ ʚ ʣʝʯʝʥʠʠ ʣʸʛʦʯʥʳʭ ʙʦʣʝʟʥʝʡ.  

ɼʘʥʥʳʝ ʦ ʩʚʷʟʳʚʘʥʠʠ ʋʂ ʩ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ ʢʨʦʚʠ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ
212

, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʢʄ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ ʯʝʣʦʚʝʢʘ ʥʘ 99.76% ʠ ʥʘ 99.49% ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʢʨʳʩ. ʕʪʠ ʜʘʥʥʳʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ʋʂ ʩ ʙʝʣʢʘʤʠ ʤʦʞʝʪ ʟʘʤʝʜʣʠʪʴ ʢʣʠʨʝʥʩ ʠ ʙʫʜʝʪ ʟʥʘʯʠʤʳʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʘʩʯʝʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚ ʠʣʠ ʧʨʠ ʚʳʚʦʜʝ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʯʝʣʦʚʝʢʘ ʚ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

ʇʦʤʠʤʦ ʚʳʚʝʜʝʥʠʷ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ, ʋʂ ʪʘʢʞʝ ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ ʚ ʦʨʛʘʥʠʟʤʘʭ 

ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ. ɹʘʥʜʦʥʠ ʠ ʩʦʘʚʪ.
82

 ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʨʘʩʪʝʥʠʷʭ ʋʂ ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʢʦʪʦʨʳʤʠ ʚʠʜʘʤʠ ʛʨʠʙʦʚ ʨʦʜʘ Penicillium, ʘ 

ʪʘʢʞʝ Absidia coerulea, Mortierella pusilla, Rhizopus stolonifer ʠ Mucor ramanianus. 

ʂʘʥʘʜʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ
214

 ʚʳʜʝʣʝʥʳ ʠʟ ʤʠʢʦʙʠʦʥʪʦʚ ʣʠʰʘʡʥʠʢʦʚ ʥʝʢʦʪʦʨʳʝ 

ʬʝʨʤʝʥʪʳ, ʤʝʪʘʙʦʣʠʟʠʨʫʶʱʠʝ ʋʂ. ʅʘʧʨʠʤʝʨ, ʠʟ ʤʠʮʝʣʠʷ Mortierella isabellina ʚʳʜʝʣʝʥ 

ʬʝʨʤʝʥʪ, ʤʝʪʘʙʦʣʠʟʠʨʫʶʱʠʡ ʋʂ ʜʦ ʜʝʟʘʮʝʪʠʣʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 43 (ʨʠʩ. 12). 

 

ʈʠʩʫʥʦʢ 12. ʉʪʨʫʢʪʫʨʘ ʜʝʟʘʮʝʪʠʣʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 43. ʄʝʪʘʙʦʣʠʟʤ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ D-ʋʂ ʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ D,L-ʋʂ ʜʝʛʠʜʨʦʛʝʥʘʟʳ. 
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ɸ ʠʟ ʤʠʢʦʙʠʦʥʪʘ ʣʠʰʘʡʥʠʢʘ Evernia prunastri
215

 ʚʳʜʝʣʝʥʳ 2 ʬʝʨʤʝʥʪʘ: D-ʋʂ 

ʜʝʛʠʜʨʦʛʝʥʘʟʘ ʠ D,L-ʋʂ ʜʝʛʠʜʨʦʛʝʥʘʟʘ. ʆʙʘ ʵʪʠʭ ʬʝʨʤʝʥʪʘ ʢʘʪʘʣʠʟʠʨʫʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢʦʣʴʮʘ ʉ ʋʂ ʜʦ ʛʠʜʨʦʢʩʠʣʴʥʦʡ (ʩʦʝʜʠʥʝʥʠʝ 44, ʨʠʩ. 12)
216

. ɺ ʨʘʙʦʪʝ
212

 

ʤʝʪʦʜʦʤ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʠʢʨʦʩʦʤʘʭ ʧʝʯʝʥʠ ʋʂ 

ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨyʭ ʤʦʥʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ (ʩʦʝʜʠʥʝʥʠʷ 

45 ʠ 46 - ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʘʚʪʦʨʘʤʠ ʤʝʪʘʙʦʣʠʪʳ, ʨʠʩ. 13) ʠ ʜʚʫʭ ʨʝʛʠʦʠʟʦʤʝʨʥʳʭ ʢʦʥʲʶʛʘʪʦʚ 

ʝ yʩ ʛʣʶʢʫʨʦʥʠʜʘʤʠ.  

 

ʈʠʩʫʥʦʢ 13. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʙʦʣʠʪʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʈʷʜ ʨʘʙʦʪ ʧʦʩʚʷʱʸʥ ʚʦʟʤʦʞʥʳʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʧʫʪ̫ʤ ʋʂ ʚ ʦʨʛʘʥʠʟʤʘʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ
153

 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʨʦʚʝʥʴ ʘʥʠʣʠʥʛʠʜʨʦʢʩʠʣʘʟ rCYP2E1 ʚ 

ʮʠʪʦʭʨʦʤʝ ʈ450 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ (+)-ʋʂ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʤ ʧʫʪʠ 

ʜʝʛʨʘʜʘʮʠʠ ʋʂ ʯʝʨʝʟ ʵʪʦʪ ʬʝʨʤʝʥʪ. ɼʨʫʛʦʡ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ ʥʘʙʣʶʜʘʣʠ ʌʦʪʠ ʠ 

ʩʦʘʚʪ.
212

. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʣʶʢʫʨʦʥʠʜʘʮʠʷ ʋʂ ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʠʬʦʩʬʘʪʫʨʠʜʠʥ-ʛʣʶʢʫʨʦʥʦʟʠʣʪʨʘʥʩʬʝʨʘʟʳ ɺʉʊ1ɸ1 ʠ UDP-ʛʣʶʢʫʨʦʥʦʟʠʣʪʨʘʥʩʬʝʨʘʟʳ 

UGT1A3. ɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʫʨʘʬʠʣʣʠʥʘ, ʠʥʛʠʙʠʪʦʨʘ CYP1A2, ʚʨʝʤʷ ʧʦʣʫʞʠʟʥʠ ʋʂ 

ʚʦʟʨʘʩʪʘʝʪ ʚ 10 ʨʘʟ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʘʙʦʣʠʟʤ ʧʨʦʪʝʢʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʩ 

ʫʯʘʩʪʠʝʤ ʮʠʪʦʭʨʦʤʘ P450 CYP1A2. ʇʨʠ ʵʪʦʤ ʋʂ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʩʠʣʴʥʳʡ ʠʥʛʠʙʠʪʦʨ 

ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʥʪʦʚ CYP2C ʯʝʣʦʚʝʢʘ, ʥʝ ʷʚʣʷʷʩʴ ʠʥʜʫʢʪʦʨʦʤ ʦʩʥʦʚʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʈ450. ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʠʦʙʨʝʪʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʣʝʢʘʨʩʪʚ, ʧʦʩʢʦʣʴʢʫ 

ʠʟ-ʟʘ ʤʦʱʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʦʚ CYP2C ʋʂ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʧʫʪʝʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʣʠʨʝʥʩʘ ʥʝʩʢʦʣʴʢʠʭ ʚʘʞʥʳʭ ʢʣʘʩʩʦʚ ʧʨʝʧʘʨʘʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʪʦʥʥʦʡ ʧʦʤʧʳ, ʧʨʦʪʠʚʦʩʫʜʦʨʦʞʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʘʥʪʠʢʦʘʛʫʣʷʥʪʳ, 

ʧʨʦʪʠʚʦʜʠʘʙʝʪʠʯʝʩʢʠʝ, ʙʣʦʢʘʪʦʨʳ ʘʥʛʠʦʪʝʥʟʠʥʘ II ʠ ʦʪʜʝʣʴʥʳʝ ʥʝʩʪʝʨʦʠʜʥʳʝ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ.  

ʀʟʫʯʝʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ ʋʂ ʧʨʦʚʦʜʠʣʠ ʐʠ ʠ ʩʦʘʚʪ.
217

 ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ in vitro ʥʘ 

ʛʝʧʘʪʦʮʠʪʘʭ ʢʨʳʩ. ɺ ʧʫʙʣʠʢʘʮʠʠ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʋʂ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʮʠʪʦʭʨʦʤʦʚ CYP1A ʠʣʠ CYP3A. ʋʞʝ ʯʝʨʝʟ 2 ʯ ʚʦʟʜʝʡʩʪʚʠʷ 

ʠʥʛʠʙʠʪʦʨʦʚ CYP ʩʦʚʤʝʩʪʥʦ ʩ ʋʂ ʥʘʙʣʶʜʘʝʪʩʷ ʫʛʥʝʪʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʜʳʭʘʥʠʷ, ʯʝʨʝʟ 4 ʯʘʩʘ 

ʩʥʠʞʘʝʪʩʷ ʫʨʦʚʝʥʴ ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ ɸʊʌ. ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʋʂ 
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ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ ʚʝʨʦʷʪʥʦ ʮʠʪʦʭʨʦʤʘʤʠ CYP1A ʠ 3A ʜʦ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʭ, ʯʝʤ ʦʥʘ ʩʘʤʘ, 

ʤʝʪʘʙʦʣʠʪʦʚ. ʀʥʛʠʙʠʪʦʨ ʮʠʪʦʭʨʦʤʘ CYP2B/2C ʥʝ ʦʢʘʟʳʚʘʣ ʵʬʬʝʢʪʘ ʥʘ ʤʝʪʘʙʦʣʠʟʤ ʢʣʝʪʦʢ.  

ʉʫʤʤʠʨʫʷ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʋʂ ʦʯʝʥʴ ʭʦʨʦʰʦ ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʩ ʙʝʣʢʘʤʠ 

ʧʣʘʟʤʳ, ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʭʦʨʦʰʦ ʩʥʘʙʞʘʝʤʳʭ ʢʨʦʚʴʶ ʪʢʘʥʷʭ, ʤʝʜʣʝʥʥʦ ʚʳʚʦʜʠʪʩʷ, ʘ 

ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʫʪʸʤ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʠ ʛʣʶʢʫʨʦʥʠʜʘʮʠʠ ʧʨʠ ʫʯʘʩʪʠʠ 

ʨʘʟʣʠʯʥʳʭ ʮʠʪʦʭʨʦʤʦʚ.  

 

2.16 ɸʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʣʠʰʘʡʥʠʢʠ ʩʧʦʩʦʙʥʳ ʟʘʱʠʱʘʪʴ ʩʝʙʷ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ, 

ʚʳʟʳʚʘʝʤʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʪʘʣʣʫʩʘ 

ʦʪ ʦʢʠʩʣʝʥʠʷ ʠʛʨʘʶʪ ʬʝʥʦʣʴʥʳʝ ʣʠʰʘʡʥʠʢʦʚʳʝ ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʛʘʩʠʪʴ ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʨʘʜʠʢʘʣʴʥʳʝ ʯʘʩʪʠʮʳ
218

. ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ (ʘʪʘʢʘ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ) ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʤʥʦʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʢʘʢ ʙʝʣʢʠ, ɼʅʂ, ʣʠʧʠʜ r

ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʠ ʪ.ʜ. ʇʦʣʠʬʝʥʦʣʳ ʨʘʩʪʝʥʠʡ, ʢ ʢʣʘʩʩʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʠ ʋʂ, ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳ ʩʚʦʠʤ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ. ʆʥʠ ʛʘʩʷʪ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʪʝʤ ʩʘʤʳʤ 

ʥʘʨʫʰʘʷ ʮʝʧʥʫ  ʁʨʝʘʢʮʠ ʁʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ. ɸʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ, 

ʪʘʢʠʝ ʢʘʢ ʩʫʧʝʨʦʢʩʠʜ-ʘʥʠʦʥ, ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ, ʧʦʩʪʦʷʥʥʦ 

ʧʨʦʠʟʚʦʜʪ̫ʩʷ ʚʦ ʚʩʝʭ ʞʠʚʳʭ ʢʣʝʪʢʘʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʤʦʱʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʷ ʠʤʝʝʪ ʛʠʜʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ, ʠ ʵʪʦ, ʚʝʨʦʷʪʥʦ, ʥʘʠʙʦʣʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʡ ʨʘʜʠʢʘʣ. ʆʥ ʩʧʦʩʦʙʝʥ ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ ʢ ʥʫʢʣʝʦʪʠʜʘʤ ɼʅʂ ʠ ʷʚʣʷʪʴʩʷ 

ʧʨʠʯʠʥʦʡ ʧʦʣʦʤʢʠ ʥʠʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʘʥʮʝʨʦʛʝʥʝʟʫ, ʤʫʪʘʛʝʥʝʟʫ ʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠʛʨʘʶʪ ʜʨʫʛʠʝ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ 

ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʠ ʘʟʦʪʘ (ɸʌɸ) ʠ ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘ ̫

ʘʢʪʠʚʥʦʩʪʴ ʣʶʙʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ  ʁʛʘʩʠʪʴ ʩʚʦʙʦʜʥʳʝ 

ʨʘʜʠʢʘʣʳ. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʤʝʨʷʝʪʩʷ 

ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ.  

ʊʦ, ʯʪʦ ʋʂ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʩʪʨʝʩʩʝ, 

ʧʨʝʜʧʦʣʦʞʠʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
219

, ʧʦʩʢʦʣʴʢʫ ʝʸ ʩʦʜʝʨʞʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ (ʥʘ 36%) ʚʳʨʘʩʪʘʣʦ ʚ 

ʣʠʰʘʡʥʠʢʝ Parmelia soredians ʚ ʦʪʚʝʪ ʥʘ ʜʝʡʩʪʚʠʝ ʛʝʨʙʠʮʠʜʘ çParaquatè, ʚʳʟʳʚʘʶʱʝʛʦ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ. ʅʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʋʂ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʨʘʩʪʘʝʪ ʪʘʢʞʝ ʚ ʦʪʚʝʪ ʥʘ ʋʌ ʦʙʣʫʯʝʥʠʝ
220,221,222,223

. ʉʧʦʩʦʙʥʦʩʪʴ ʋʂ ʧʦʛʣʦʱʘʪʴ ʨʘʜʠʢʘʣʳ, 

ʛʝʥʝʨʠʨʫʝʤʳʝ ʩʨʝʜʥʝʚʦʣʥʦʚʳʤ ʋʌ ʠʟʣʫʯʝʥʠʝʤ (ʋʌ-ɺ), ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠ ʈʘʥʮʘʥ ʠ ʩʦʘʚʪ.
224

. 

ʇʨʠʯʸʤ ʬʘʢʪʦʨ ʟʘʱʠʪʳ, ʦʧʨʝʜʝʣʸʥʥʳʡ ʘʚʪʦʨʘʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo, ʩʦʩʪʘʚʠʣ 5, ʯʪʦ 

ʩʨʘʚʥʠʤʦ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʩʦʣʥʮʝʟʘʱʠʪʥʳʤʠ ʘʛʝʥʪʘʤʠ.  
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ɸʥʪʠʦʢʩʠʜʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ ʋʂ in vivo ʠʟʫʯʘʣʠ ʆʜʘʙʘʩʦʛʣʫ ʠ ʩʦʘʚʪ.
225

. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʨʳʩʘʭ ʩ ʷʟʚʦʡ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʠʥʜʦʤʝʪʘʮʠʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʟ ʋʂ 

ʦʪ 25 ʜʦ 200 ʤʛ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ. ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʜʦʟʘʭ ʋʂ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʢʘʢ 

ʘʥʪʠʦʢʩʠʜʘʥʪ, ʦʙʨʘʱʘʷ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʠʥʜʦʤʝʪʘʮʠʥʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʠʥʜʦʤʝʪʘʮʠʥʘ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ (ʉʆɼ), ʛʣʫʪʘʪʠʦʥʧʝʨʦʢʩʠʜʘʟʳ (GPx) ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʣʫʪʘʪʠʦʥʘ (GSH), ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ 

(ʇʆʃ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʘʷ ʧʨʦʜʫʢʮʠʶ ɸʌʂ. ɺʚʝʜʝʥʠʝ ʚʩʝʭ ʜʦʟ ʋʂ ʦʙʨʘʱʘʝʪ ʵʪʫ 

ʪʝʥʜʝʥʮʠʶ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʛʘʩʪʨʦʧʨʦʪʝʢʪʠʚʥʳʡ ʵʬʬʝʢʪ ʋʂ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʝ y ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ
226

 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʋʂ ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (10
-

8
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-6
 ʄ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʊ-ʣʠʤʬʦʮʠʪʦʚ 

ʯʝʣʦʚʝʢʘ. ʂʣʝʪʢʠ ʢʨʦʚʠ ʧʦʚʳʰʘʶʪ ʩʚʦʶ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʫʶ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ. ɺ ʨʘʙʦʪʝ
171

 ʚ ɻʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 5 ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʣʠʥʠʷʭ ʢʣʝʪʦʢ ʢʨʦʚʠ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʋʂ ʦʙʣʘʜʘʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ. ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʋʂ ʦʮʝʥʠʚʘʣʠʩʴ ʧʦ ʫʨʦʚʥʶ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʱʘʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʝʤʢʦʩʪʴ (TRAP) ʠ ʦʙʱʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʘʪʫʩ (TOS). 

ʅʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (1 ʠ 5 ʤʢʛ/ʤʣ) ʋʂ ʚʳʟʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʝʡ TRAP ʚ ʢʫʣʴʪʫʨʘʭ 

ʢʣʝʪʦʢ, ʧʨʠ ʵʪʦʤ ʫʨʦʚʥʠ TOS ʥʝ ʤʝʥʷʣʠʩʴ (ʨ> 0,05) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

(ʜʦ 200 ʤʢʛ/ʤʣ) ʋʂ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʣʠ ɹʝʭʝʨʘ ʠ ʩʦʘʚʪ.
227

. ɸʚʪʦʨʘʤʠ 

ʦʧʨʝʜʝʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʋʂ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʛʘʰʝʥʠʷ 50% ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʘʷ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 195 ʜʦ 214 ʤʢʛ/ʤʣ ʜʣʷ ʨʘʟʥʳʭ ʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ. ʉʪʝʧʝʥʴ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʥʷʣʘʩʴ ʜʦʟʦʟʘʚʠʩʠʤʦ, ʧʨʦʮʝʥʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ɸʌʂ ʩʦʩʪʘʚʠʣ 

4.85% ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 5 ʤʢʛ/ʤʣ ʠ 51.21% ʧʨʠ 200 ʤʢʛ/ʤʣ, ʧʦʜʦʙʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʙʣʶʜʘʣʠʩʴ ʪʘʢʞʝ ʠ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ NOS - ʦʪ 23.46 ʜʦ 52.19 % ʠ ʜʣʷ ʧʝʨʝʢʠʩʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ (24.44 - 46.57%). 

ʈʷʜ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʸʥ ʩʧʦʩʦʙʥʦʩʪʠ ʋʂ ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʧʝʨʝʢʠʩʥʦʤʫ ʦʢʠʩʣʝʥʠʶ 

ʣʠʧʠʜʦʚ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ
226

 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10
-4

 ʄ ʧʨʠ ʞʸʩʪʢʦʤ ʦʙʣʫʯʝʥʠʠ 

ʢʣʝʪʦʢ ʋʂ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʧʨʦʦʢʩʠʜʘʥʪ, ʫʭʫʜʰʘʷ ʠ ʚʳʞʠʚʘʝʤʦʩʪʴ, ʠ ʢʣʝʪʦʯʥʳʡ ʤʝʪʘʙʦʣʠʟʤ. 

ɸʪʘʣʘʡ ʠ ʩʦʘʚʪ.
228

 ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʋʂ (250 ʤʢʛ/ʤʣ) ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʵʬʬʝʢʪʘ (+)-ʋʂ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺ ʪʝʩʪʝ ʥʘ 

ʣʝʮʠʪʠʥʩʦʜʝʨʞʘʱʠʭ ʣʠʧʦʩʦʤʘʭ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚʠʜʠʤʦʛʦ ʵʬʬʝʢʪʘ, ʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʜʨʫʛʦʡ ʣʠʧʠʜʥʦʡ ʩʠʩʪʝʤʳ - ʵʤʫʣʴʩʠʠ ʣʠʥʦʣʝʚʦʡ ʢʠʩʣʦʪʳ - ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʦʢʩʠʜʘʥʪʥʦʝ 

ʜʝʡʩʪʚʠʝ ʋʂ. ɼʘʥʥʳʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ (+)-ʋʂ ʩʦʦʙʱʠʣʠ ʊʦʣʝʜʦ 

ʄʘʨʘʥʪʝ ʠ ʩʦʘʚʪ.
126

, ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʚ ʚʳʩʦʢʠʭ ʜʦʟʘʭ 100 ʠ 250 ʤʢM (+)-ʋʂ ʥʝ 

ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ. ɹʨʠʩʜʝʣʣʠ ʠ ʩʦʘʚʪ.
185

 ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʥʘ ʪʨʸʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʯʝʣʦʚʝʢʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʋʂ ʥʝ ʧʨʦʷʚʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʛʘʩʠʪʴ ʫʩʪʦʡʯʠʚʳʡ ʩʚʦʙʦʜʥʳʡ ʨʘʜʠʢʘʣ DPPH ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 800 ʤʢʄ, ʠ ʭʦʪʷ ʥʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ɸʌʂ, ʥʦ ʠ ʥʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦʝ 

ʧʦʚʨʝʞʜʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʦʪʩʫʪʩʪʚʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʮʝʩʩʫ 

ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʧʦʣʫʯʠʣʠ ʂʫʤʘʨ ʠ ʩʦʘʚʪ.
229

 ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʫʣʴʪʫʨʝ 

ʢʣʝʪʦʢ ʧʦʣʠʤʦʨʬʥʦʷʜʝʨʥʳʭ ʣʝʡʢʦʮʠʪʦʚ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʉʘʥʪʦʩ ʠ ʩʦʘʚʪ.
230

 ʩʦʦʙʱʠʣʠ ʦ ʪʦʤ, 

ʯʪʦ (+)-ʋʂ ʚʳʟʳʚʘʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ NO, ʘ ʁʠʥ ʠ ʩʦʘʚʪ.
231
, ʯʪʦ ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʜʫʢʮʠʶ 

NO ʩ ʀʂ50 4,7 ʤʢʄ. 

ʅʘʠʙʦʣʝʝ ʦʙʩʪʦʪʝʣʴʥʦ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʋʂ ʧʦʜʦʰʣʠ ʈʘʙʝʣʦ ʠ 

ʩʦʘʚʪ.
189

. ɼʘʙʳ ʧʨʦʷʩʥʠʪʴ ʚʦʧʨʦʩ ï ʧʨʦʦʢʩʠʜʘʥʪ ʠʣʠ ʘʥʪʠʦʢʩʠʜʘʥʪ ʋʂ, ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʪʝʩʪʠʨʦʚʘʣʠ ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪ 2 

ʥʛ/ʤʣ ʜʦ 20 ʤʢʛ/ʤʣ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʨʘʩʩʯʠʪʘʥʘ ʦʙʱʘʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʝʤʢʦʩʪʴ 

(TRAP), ʢʦʪʦʨʘ ̫ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʋʂ ʚ ʩʘʤʳʭ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ in vitro ʥʘ ʥʝʡʨʦʥʦʧʦʜʦʙʥʳʭ ʢʣʝʪʢʘʭ 

SH-SY5Y ʘʚʪʦʨʳ ʨʘʙʦʪʳ
189

 ʚʳʷʩʥʠʣʠ, ʯʪʦ (+)-ʋʂ ʜʝʡʩʪʚʫʝʪ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ. ɸ 

ʠʤʝʥʥʦ, ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʬʬʝʢʪʠʚʥʦ ʛʘʩʠʪ ʛʠʜʨʦʢʩʠʣʴʥʳʝ 

ʨʘʜʠʢʘʣʳ ʠ ʦʢʠʩʴ ʘʟʦʪʘ, ʦʜʥʘʢʦ, ʚ ʵʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʩʠʣʠʚʘʝʪ 

ʣʠʧʦʧʝʨʦʢʩʠʜʘʮʠʶ. ʇʦʩʣʝʜʥʠʡ ʵʬʬʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ 

ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʋʂ (20 ʤʢʛ/ʤʣ) ʯʝʨʝʟ 1 ʯ ʠ 4 ʯ, ʘ ʧʨʠ ʥʠʟʢʦʡ (2 ʤʢʛ/ʤʣ) - ʯʝʨʝʟ 24 

ʯ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʋʂ ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʥʦ 

ʪʘʢʞʝ ʠ ʧʦ ʧʫʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʋʂ ʥʝ ʧʨʦʷʚʣʷʝʪ ʟʘʱʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʪʠʚ H2O2-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ 

ʢʣʝʪʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʋʂ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʤʦʨʬʦʣʦʛʠʠ ʢʣʝʪʦʢ, ʯʪʦ 

ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʣʝʜʩʪʚʠʝʤ ʫʚʝʣʠʯʝʥʠ ̫ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝ ɸʌʂ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʛʠʙʝʣʴ .ʁ  

ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʋʂ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʜʠʢʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʋʂ ʦʭʦʪʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʦʟʦʥʦʤ. ʇʨʠ ʵʪʦʤ ʋʂ ʩʘʤʘ ʥʝ ʩʧʦʩʦʙʥʘ ʥʠ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʩʠʥʛʣʝʪʥʳʤ 

ʢʠʩʣʦʨʦʜʦʤ, ʥʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʝʛʦ ʜʘʞʝ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10
-3
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. ɼʨʫʛʠʝ ʦʢʠʩʣʷʶʱʠʝ 
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Ā-
), ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʪʘʢʞʝ ʥʝ ʨʝʘʛʠʨʫʶʪ ʩ ʋʂ
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. 

ʀʟʤʝʨʝʥʥʘʷ ʘʥʪʠʨʘʜʠʢʘʣʴʥʘʷ ʩʠʣʘ ʋʂ, ʦʧʨʝʜʝʣʸʥʥʘʷ ʚ ʪʝʩʪʘʭ ʧʦ ʛʘʰʝʥʠʶ ʨʘʜʠʢʘʣʦʚ DPPH, 

ʩʦʩʪʘʚʠʣʘ 0.1124. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ 1/ʀʂ50, ʛʜʝ ʀʂ50 - ʢʦʥʮʝʥʪʨʘʮʠʷ ʋʂ, 

ʢʦʪʦʨʘʷ ʫʤʝʥʴʰʘʝʪ ʫʨʦʚʝʥʴ DPPH ʥʘ 50%. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʝʥʝʨʠʨʦʚʘʥʥʦʝ 

ʧʫʣʴʩ-ʨʘʜʠʦʣʠʟʦʤ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʋʂ ʤʦʞʝʪ ʛʘʩʠʪʴ ɸʌʂ, ʥʦ ʝʛʦ ʵʥʝʨʛʠʠ (142.6 
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ʢɼʞ/ʄ) ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʪʨʠʧʣʝʪʘ ʪʠʤʠʥʘ (163.3 ʢɼʞ/ʄ), ʘ ʟʥʘʯʠʪ ʠ ʜʣʷ 

ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ. ɺ ʨʘʙʦʪʝ
234

 in vitro ʦʧʨʝʜʝʣʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʧʦʩʦʙʥʦʩʪʴ ʋʂ ʛʘʩʠʪʴ 

ʨʘʜʠʢʘʣʳ. ʈʘʜʠʢʘʣ-ʫʣʘʚʣʠʚʘʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ɸʌʂ ʩʦʩʪʘʚʠʣʘ 59.9%, ɸʌɸ - 

56.9% ʠ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʛʘʰʝʥʠʶ ʨʘʜʠʢʘʣʦʚ DPPH.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʋʂ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʧʝʨʝʤʝʥʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ, ʫʩʣʦʚʠʡ ʠ/ʠʣʠ ʢʣʝʪʦʯʥʦʛʦ ʦʢʨʫʞʝʥʠʷ (ʦʥʘ ʠ ʛʘʩʠʪ ɸʌʂ, ʠ 

ʠʭ ʛʝʥʝʨʠʨʫʝʪ ʚ ʨʘʟʥʳʭ ʪʝʩʪʘʭ), ʚʳʩʪʫʧʘʷ ʢʘʢ ʧʨʦʦʢʩʠʜʘʥʪ ʠʣʠ ʘʥʪʠʦʢʩʠʜʘʥʪ. ʇʦʩʢʦʣʴʢʫ ʋʂ 

ʫʩʠʣʠʚʘʝʪ ʣʠʧʦʧʝʨʦʢʩʠʜʘʮʠʶ, ʪʦ ʙʦʣʝʝ ʪʦʢʩʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʋʂ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʙʦʛʘʪʳʭ 

ʣʠʧʠʜʘʤʠ ʩʠʩʪʝʤʘʭ. 

 

2.17 ʌʝʨʤʝʥʪʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ʉʠʩʪʝʤʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʋʂ ʩ ʬʝʨʤʝʥʪʘʤʠ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʧʫʙʣʠʢʘʮʠʡ ʩʦʜʝʨʞʠʪ ʦʪʨʳʚʦʯʥʳʝ ʜʘʥʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʜʨʫʛʠʭ ʘʩʧʝʢʪʦʚ ʝʸ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ
165

 ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʙʣʦʢʠʨʦʚʘʥʠʷ ʤʠʪʦʟʘ ʚ 

ʦʧʣʦʜʦʪʚʦʨʸʥʥʦʡ ʠʢʨʝ ʤʦʨʩʢʠʭ ʝʞʝʡ ʠ ʚ M. tuberculosis ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ɼʅʂʘʟʳ. 

ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʋʂ ʫʯʘʚʩʪʚʫʝʪ ʚ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʘ ʩ ʢʦʙʘʣʴʪʦʤ, ʝʸ 

ʜʝʡʩʪʚʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 1-10 ʤʢʛ/ʤʣ. ɺʠʩʝʥʪʝ ʠ ʩʦʘʚʪ.
235

 ʩʦʦʙʱʘʶʪ, ʯʪʦ (-

)-ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ɺʀʏ-1 ʠ ɺʀʏ-2 ʠʥʪʝʛʨʘʟʳ, ʪʦʧʦʠʟʦʤʝʨʘʟʳ I ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ 

ʩʚʷʟʳʚʘʝʪ ʬʝʨʤʝʥʪ HPPD. ɹʣʦʢʠʨʦʚʘʥʠʝ ʬʝʨʤʝʥʪʘ HPPD ʧʨʠ ʜʝʡʩʪʚʠʠ (-)-ʋʂ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʙʠʦʩʠʥʪʝʟʘ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʦʪʤʝʯʘʪʁ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
236

. ɽʩʪʴ 

ʜʘʥʥʳʝ, ʯʪʦ ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʥʝʢʦʪʦʨʳʝ ʬʝʨʤʝʥʪʳ ʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʭ
237

 ʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʠʪʦʛʦʨʤʦʥʦʚ ʚ ʪʦʤʘʪʘʭ
238

. ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʪʦʤʘʪʦʚ ʚ ʩʨʝʜʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 30 ʤʢʄ (+)-ʋʂ ʩʥʠʞʘʪʁʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʠʪʦʛʦʨʤʦʥʦʚ, ʥʘʧʨʠʤʝʨ, ʫʨʦʚʝʥʴ 

ʠʥʜʦʣ-3-ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʠʣ 61% ʠ 66% ʚ ʣʠʩʪʴʷʭ ʠ ʢʦʨʥʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʧʫʙʣʠʢʘʮʠʠ
239

 ʧʦʢʘʟʘʥʦ, ʯʪʦ (-)-ʋʂ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩ D-ʬʨʫʢʪʦʟʘ-6-P-ʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʦʡ 

ʚ ʨʘʩʪʚʦʨʝ. ɸʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʩ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʣʠʛʘʥʜʫ ʠ 

ʰʝʩʪʴ ʩ ʥʠʟʢʠʤ. 

ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʋʂ ʩʧʦʩʦʙʥʘ ʩʚʷʟʳʚʘʪʴ ʫʨʝʘʟʫ, ʤʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ ʥʝʘʢʪʠʚʥʳʭ ʘʛʨʝʛʘʪʦʚ ʋʂ ʠ ʫʨʝʘʟʳ
235,240

. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ (-)-ʋʂ 

ʙʣʦʢʠʨʫʝʪ ʦʩʥʦʚʥʳʝ ʪʠʦʣʦʚʳʝ (-SH) ʛʨʫʧʧʳ ʤʦʣʝʢʫʣʳ ʫʨʝʘʟʳ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʝʤ, ʯʪʦ L-ʮʠʩʪʝʠʥ ʯʘʩʪʠʯʥʦ ʦʙʨʘʱʘʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʫʨʝʘʟʳ ʧʫʪʝʤ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʋʂ ʧʦ ʝʛʦ ʪʠʦʣʦʚʦʡ ʛʨʫʧʧʝ
241
. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʋʂ ʥʘ 

ʬʝʨʤʝʥʪ ʘʨʛʠʥʘʟʫ
242

 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʋʂ ʠʤʝʝʪ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʛʣʠʢʦʣʠʟʠʨʦʚʘʥʥʦʡ 
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ʘʨʛʠʥʘʟʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪ 20 ʜʦ 120 ʤʢM, ʚʦʟʤʦʞʥʦ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʝʸ ʛʠʜʨʦʣʠʟ, 

ʧʦʩʢʦʣʴʢʫ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʚʣʠʷʥʠʷ ʋʂ ʥʘ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʠʥʜʫʮʠʙʝʣʴʥʦʡ 

(ʥʝʛʣʠʢʦʣʠʟʠʨʦʚʘʥʥʦʡ) ʘʨʛʠʥʘʟʳ. ɺ ʧʫʙʣʠʢʘʮʠʠ
243

 ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʋʂ ʠʥʛʠʙʠʨʫʝʪ 

ʦʯʠʱʝʥʥʫʶ ʘʨʛʠʥʘʟʫ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʥʦʛʦ ʥʘʩʳʱʝʥʠʷ 0.14 ʤʢʄ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʩʘʡʪʦʚ 

ʩʚʷʟʳʚʘʥʠʷ - 28. ʋʂ ʠʥʛʠʙʠʨʫʝʪ ʬʝʨʤʝʥʪʳ 3-ʛʠʜʨʦʢʩʠ-3-ʤʝʪʠʣʛʣʫʪʘʨʠʣ-ʂʦɸ-ʨʝʜʫʢʪʘʟʫ 

(HMGR) ʠ ʘʥʛʠʦʪʝʥʟʠʥ-ʧʨʝʚʨʘʱʘʶʱʝʛʦ ʬʝʨʤʝʥʪ (ACE) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 50 ʜʦ 250 ʤʢʛ/ʤʣ 

ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʡr ʧʫʪʸʤ
189

. 

ʈʷʜ ʧʫʙʣʠʢʘʮʠʡ ʩʦʦʙʱʘʝʪ ʧʨʠʤʝʨʳ ʦʪʩʫʪʩʪʚʠʷ ʬʝʨʤʝʥʪ-ʋʂ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ
244

 in vitro ʋʂ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 3.33-100 ʤʢʛ/ʤʣ ʥʝ ʧʨʦʷʚʠʣʘ ʠʥʛʠʙʠʪʦʨʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ 12S-ʣʠʧʦʢʩʠʛʝʥʘʟʳ ʪʨʦʤʙʦʮʠʪʦʚ, ʬʝʨʤʝʥʪʘ ʚʦʚʣʝʢʘʝʤʦʛʦ ʚ 

ʘʥʛʠʦʛʝʥʝʟ ʦʧʫʭʦʣʠ. (-)-ʋʂ ʜʘʞʝ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʘʪʦʨʦʤ ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʥʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʝʢʨʝʮʠʠ ʛʣʶʢʦʟʘʤʠʥʬʦʩʬʘʪʘ ʠʟʦʤʝʨʘʟʳ ʠ ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ
245

. 

ʈʘʙʦʪʘ
246

 ʩʦʦʙʱʘʝʪ ʦ ʬʝʨʤʝʥʪʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ. 

ʈʷʜ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ 47ʘ,b ʠ 48 (ʨʠʩ. 14), ʪʘʢʞʝ ʢʘʢ ʠ ʩʘʤʘ ʋʂ, ʫʤʝʨʝʥʥʦ 

ʠʥʛʠʙʠʨʫʪʁ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʠʥ-ʪʠʨʦʟʠʥ ʬʦʩʬʘʪʘʟʳ 1ɺ (PTP1B) ʜʦʟʦʟʘʚʠʩʠʤʳʤ ʦʙʨʘʟʦʤ, 

ʚʝʣʠʯʠʥʳ ʀʂ50 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ 27.7, 23.2, 16.4 ʠ 15.0 ʤʢʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ 

ʩʨʘʚʥʠʤʦ ʩ ʀʂ50 ʠʟʚʝʩʪʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʬʦʩʬʘʪʘʟʳ ʈʂ-682 (4.5 ʤʢʄ).  

ʈʠʩʫʥʦʢ 14. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʦʷʚʠʚʰʠʝ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʥʪʦʚ. 

ʀʥʛʠʙʠʪʦʨʳ PTP1B ʩʯʠʪʘʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ ʜʣʷ ʣʝʯʝʥʠʷ ʜʠʘʙʝʪʘ ʪʠʧʘ 2 ʠ 

ʜʨʫʛʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʩʠʥʜʨʦʤʦʚ. ɺʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʋʂ 49 (ʨʠʩ. 14) ʠ 42 (ʨʠʩ. 11) ʪʘʢʞʝ ʩʚʷʟʳʚʘʶʪ ʩ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴ ʁ

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʬʝʨʤʝʥʪʦʚ ʛʠʘʣʫʨʦʥʠʜʘʟʳ ʠ ʢʦʣʣʘʛʝʥʘʟʳ
247
. ʉʪʝʧʝʥʴ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʛʠʘʣʫʨʦʥʠʜʘʟʳ 25% ʠ 40% ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ 42 ʚ ʜʦʟʘʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 50 ʠ 100 ʤʢʛ/ʤʣ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʋʂ ʚ ʪʘʢʠʭ ʞʝ ʜʦʟʘʭ ʠʥʛʠʙʠʨʫʝʪ 

ʛʠʘʣʫʨʦʥʠʜʘʟʫ ʥʘ 14 ʠ 33%. 

ʀʪʘʢ, ʦʧʠʩʘʥʦ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʋʂ ʥʘ ʨʷʜ ʬʝʨʤʝʥʪʦʚ, ʧʨʦʷʚʣʷʝʤʦʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʫʤʝʨʝʥʥʳʭ ʠʣʠ ʞʝ ʚʳʩʦʢʠʭ ʜʦʟʘʭ. ʅʝʪ ʦʯʝʚʠʜʥʳʭ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ 

ʨʘʟʥʠʮʝ ʚ ʜʝʡʩʪʚʠʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ. ʄʦʜʠʬʠʢʘʮʠʷ ʋʂ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʝʸ ʝʥʘʤʠʥʦʚʳʤ 
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ʧʨʦʠʟʚʦʜʥʳʤ, ʣʠʙʦ ʥʝ ʤʝʥʷʝʪ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, ʣʠʙʦ ʞʝ ʧʦʟʚʦʣʷʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʪʴ ʵʪʦ ʜʝʡʩʪʚʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʥʪʦʚ.  

 

2.18 ɼʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ɿʘʞʠʚʣʝʥʠʝ ʨʘʥ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʩʝʨʴʝʟʥʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʠ ʣʝʯʝʥʠʠ ʤʥʦʛʠʭ 

ʧʘʪʦʣʦʛʠʡ (ʧʦʩʪʭʠʨʫʨʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʦʞʦʛʦʚ, ʰʨʘʤʦʚ), ʯʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʧʦʠʩʢ 

ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʜʣʷ ʪʝʨʘʧʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɹʫʨʣʘʥʜʦ ʠ ʩʦʘʚʪ.
183

 ʦʙʥʘʨʫʞʠʣʠ, 

ʯʪʦ (+)-ʋʂ ʚ ʥʠʟʢʦʡ, ʩʫʙʪʦʢʩʠʯʝʩʢʦʡ ʜʦʟʝ ʙʳʣʘ ʵʬʬʝʢʪʠʚʥʘ ʚ ʫʩʢʦʨʝʥʠʠ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʅʘʉʘʊ, ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʫʝʪ ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ 

ʥʦʨʤʘʣʴʥʳʭ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʵʧʠʜʝʨʤʠʩʘ. ʇʨʠ ʵʪʦʤ, ʩʦʯʝʪʘʥʠʝ (+)-ʫʩʥʠʥʦʚʦʡ ʠ ʛʠʨʦʬʦʨʦʚʦʡ 

ʢʠʩʣʦʪ ʧʨʦʷʚʠʣʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʨʝʟʫʣɹ ʪʘʪʳ, ʩʨʘʚʥʠʤr ʝ ʧʦ 

ʵʬʬʝʢʪʫ ʩ ʤʝʜʠʮʠʥʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ. ʕʬʬʝʢʪʳ ʋʂ ʥʘ 

ʟʘʞʠʚʣʝʥʠʝ ʨʘʥ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʝʸ ʚʣʠʷʥʠʝʤ ʥʘ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝ 

ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. ʕʪʠ ʜʘʥʥʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʟʘʞʠʚʣʝʥʠʝ ʨʘʥ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʋʂ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʠʤʫʣʷʮʠʠ 

ʧʝʨʠʩʪʘʣʴʪʠʢʠ, ʘ ʥʝ ʘʢʪʠʚʘʮʠʠ ʤʠʪʦʟʘ. ʇʦʟʜʥʝʝ ɹʨʫʥʦ ʠ ʩʦʘʚʪ.
247

 ʦʧʠʩʘʣʠ ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʝ 

ʩʚʦʡʩʪʚʘ ʝʥʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ ʋʂ in vitro ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʢʝʨʘʪʠʥʦʮʠʪʦʚ ʅʘʉʘʊ. 

ʉʦʝʜʠʥʝʥʠʷ 49 (ʨʠʩ. 14) ʠ 42 (ʨʠʩ. 11) ʩʦʚʤʝʩʪʠʣʠ ʥʠʟʢʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩ ʚʳʩʦʢʦʡ 

ʨʘʥʦʟʘʞʠʚʣʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʨʝʜʣʘʛʘʷ ʠʭ ʚʦʟʤʦʞʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʧʘʨʘʪʦʚ ʧʨʠ ʟʘʞʠʚʣʝʥʠʠ ʨʘʥ ʠʣʠ ʘʥʪʠʚʦʟʨʘʩʪʥʦʡ ʪʝʨʘʧʠʠ. ʊʝʩʪʳ in vitro ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʨʦʯʥʦʩʪʠ ʵʧʠʜʝʨʤʠʩʘ ʥʘ ʨʘʟʨʳʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʋʂ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʥʘ 32%, 

ʩʦʝʜʠʥʝʥʠʝʤ 49 ʥʘ 35%, ʘ ʝʥʘʤʠʥʦʤ 42 ʥʘ 47%. ɸʚʪʦʨʳ ʪʘʢʞʝ ʠʟʫʯʘʣʠ ʩʪʝʧʝʥʴ ʫʤʝʥʴʰʝʥʠʷ 

ʨʘʥʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʜʝʩʷʪʠʜʥʝʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo ʋʂ ʣʫʯʰʝ ʟʘʞʠʚʣʷʝʪ ʨʘʥʳ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʛʘʪʠʚʥʳʤ ʢʦʥʪʨʦʣʝʤ ï ʥʘ 59%, ʩʦʝʜʠʥʝʥʠʷ 49 ʠ 42 ï ʥʘ 64 ʠ 83% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʠʣʘ ʋʂ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʥʘ ʢʨʳʩʘʭ ʚ ʜʦʟʘʭ 100 ʤʛ/ʢʛ
248

. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ (+)-

ʋʂ, ʧʦʜʦʙʥʦ ʜʨʫʛʠʤ ʥʝʩʪʝʨʦʠʜʥʳʤ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʧʨʝʧʘʨʘʪʘʤ, ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ. ʇʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʋʂ ʙʳʣ ʠʟʫʯʝʥ ʥʘ 

ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ RAW264.7
249
. ɼʝʡʩʪʚʠʝ ʋʂ ʥʘ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʮʠʪʦʢʠʥʳ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ (ʩʵʥʜʚʠʯ ELISA, ʇʎʈ, ʠʤʤʫʥʦʮʠʪʦʭʠʤʠ ̫ ʠ ʚʝʩʪʝʨʥ-ʙʣʦʪ ʘʥʘʣʠʟ). ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʋʂ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʘʫʥʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʥʜʫʮʠʙʝʣʴʥʦʡ NO ʩʠʥʪʘʟʳ (iNOS), ʮʠʢʣʦʦʢʩʠʛʝʥʘʟ-r2 (COX-2), 
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ʠʥʪʝʨʣʝʡʢʠʥʘ 1 ʙʝʪʘ (IL-1ɓ), ʠʥʪʝʨʣʝʡʢʠʥʘ 6 (IL-6) ʠ ʬʘʢʪʦʨʘ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ-ʘʣʴʬʘ (TNF-

Ŭ). ɸ ʪʘʢʞʝ ʵʬʬʝʢʪ ʋʂ ʚʳʨʘʞʘʝʪʩʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ COX-2 ʯʝʨʝʟ ʧʦʜʘʚʣʝʥʠʝ ʘʢʪʠʚʘʮʠʠ 

ʷʜʝʨʥʦʛʦ ʬʘʢʪʦʨʘ-kB (NF-kB) ʠ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʮʠʪʦʢʠʥʦʚ IL-10 ʠ ʤʝʜʠʘʪʦʨʘ ʛʝʤʦʢʩʠʛʝʥʘʟʳ-1 (HO-1). ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤ,r ʢʦʪʦʨʳʝ 

ʦʪʚʝʯʘʶʪ ʟʘ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʋʂ, ʚ LPS-ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʬʘʛʘʭ 

RAW264.7 ʠʟʫʯʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
231

. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʪ̫ ʦ ʪʦʤ, ʯʪʦ ʋʂ ʧʨʦʷʚʣʷʝʪ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, ʧʦʜʘʚʣʷʷ ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ, ʵʢʩʧʨʝʩʩʠʶ ʤʈʅʂ ʠ 

ʩʠʥʪʝʟ iNOS. ʋʂ ʜʦʟʦʟʘʚʠʩʠʤʦ ʩʥʠʞʘʣʘ ʫʨʦʚʝʥʴ ʬʘʢʪʦʨʘ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ ʚ ʤʘʢʨʦʬʘʛʘʭ, 

ʟʥʘʯʝʥʠʝ ʀʂ50 ʩʦʩʪʘʚʠʣʘ 12.8 ʤʢʄ.  

ɺ ʪʝʩʪʘʭ ʥʘ ʤʳʰʘʭ çʫʢʩʫʩʥʳʝ ʢʦʨʯʠè ʠ çʭʚʦʩʪ ʜʘʚʣʝʥʠʷè ʋʂ ʧʨʦʷʚʠʣʘ 

ʦʙʝʟʙʦʣʠʚʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʠ ʞʘʨʦʧʦʥʠʞʘʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʤʦʜʝʣʠ ʃʇʉ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʛʠʧʝʨʪʝʨʤʠʠ ʫ ʤʳʰʝʡ
250

. 

ʋʂ ʫʤʝʥʴʰʘʝʪ ʩʪʝʧʝʥʴ ʩʦʢʨʘʱʝʥʠʷ ʛʣʘʜʢʠʭ ʤʳʰʮ ʘʦʨʪʳ ʢʨʳʩʳ ʠ ʧʨʦʜʦʣʴʥʦʡ ʤʳʰʮ r

ʧʦʜʚʟʜʦʰʥʦʡ ʢʠʰʢʠ ʤʦʨʩʢʦʡ ʩʚʠʥʢʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ KCl ʠ ʬʝʥʠʣʵʬʨʠʥʦʤ, ʥʘ 63-67% ʜʣʷ 

ʘʦʨʪʳ ʢʨʳʩ ʠ 81-85% ʜʣʷ ʤʦʨʩʢʠʭ ʩʚʠʥʦʢ
251

. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ 

ʋʂʩʚʷʟʘʥ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʨʠʪʦʢʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ (Ca
2+

) ʚ ʢʣʝʪʢʫ.  

ʌʠʙʨʠʥʦʣʠʪʠʯʝʩʢʫ  ʁʘʢʪʠʚʥʦʩʪ ɹʦʧʨʝʜʝʣʷʣʠ ʚ ʨʘʙʦʪʝ
189

 ʧʦ ʨʘʟʤʝʨʫ ʟʦʥr ʛʠʜʨʦʣʠʟʘ 

ʬʠʙʨʠʥʦʛʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʋʂ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʋʂ 100 ʤʢʛ/ʤʣ ʟʦʥʘ 

ʛʠʜʨʦʣʠʟʘ ʩʦʩʪʘʚʠʣʘ ʦʪ 0.8 ʜʦ 1.4 ʩʤ
2
. ʉʨʘʚʥʝʥʠʝ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ (ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 12.5 ʤʢʛ/ʤʣ - ʟʦʥʘ ʛʠʜʨʦʣʠʟʘ 1.6 ʩʤ
2
) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʋʂ ʠʤʝʝʪ ʦʯʝʥʴ ʧʣʦʭʦʡ 

ʬʠʙʨʠʥʦʣʠʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

 

2.19 ɿʘʢʣʶʯʝʥʠʝ 

 

ʅʝʩʦʤʥʝʥʥʦ, ʫʩʥʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʤʦʣʝʢʫʣʘ ʩ ʥʝʦʨʜʠʥʘʨʥʳʤʠ ʠ ʨʘʟʥʦʧʣʘʥʦʚʳʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ, 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ, ʬʫʥʛʠʮʠʜʥʫʶ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ, ʠʥʩʝʢʪʠʮʠʜʥʫʶ ʠ ʜʨʫʛʠʝ ʚʠʜʳ 

ʘʢʪʠʚʥʦʩʪʠ. ɼʚʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʫʪʠ ʝʸ ʚʣʠʷʥʠʷ ʥʘ ʞʠʚʳʝ ʩʠʩʪʝʤʳ ï 

ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ (ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ) ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ. ɿʘ 

ʨʝʘʣʠʟʘʮʠʶ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʪʚʝʯʘʶʪ ʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʋʂ. ɸʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ ʋʂ ʦʙʷʟʘʥʘ ʬʝʥʦʣʴʥʦʤʫ ʬʨʘʛʤʝʥʪʫ ʩʪʨʫʢʪʫʨʳ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʟʘ ʛʘʰʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʊʦʢʩʠʯʥʦʩʪʴ ʋʂ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʠ ʟʘʤʝʪʥʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʘ ʚ ʪʝʩʪʘʭ in vivo, ʜʣʷ 

ʠʥʪʦʢʩʠʢʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʝʦʙʭʦʜʠʤʦ ʭʨʦʥʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʋʂ ʚ ʚʳʩʦʢʠʭ ʜʦʟʘʭ, ʧʨʠ 

ʵʪʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʨʘʞʘʶʪʩʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʷʶʱʠʝ ʦʨʛʘʥʳ. ʄʝʭʘʥʠʟʤ ʢʘʢ 
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ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʭʦʞ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʦʙʱʝʥʠʠ 

ʮʝʧʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʧʫʪʸʤ ʥʘʨʫʰʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʘʢ ʫ 

ʵʫʢʘʨʠʦʪʦʚ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʪʘʢ ʠ ʚ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʷʭ, ʛʜʝ ʥʝʪ ʤʠʪʦʭʦʥʜʨʠʡ, ʥʦ 

ʝʩʪʴ ʤʝʟʦʩʦʤʳ ʩʭʦʜʥʳʭ ʬʫʥʢʮʠʡ. ʇʦʪʝʨʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʠʢʝʪʦʥʥʳʡ ʬʨʘʛʤʝʥʪ, ʙʣʘʛʦʜʘʨʷ ʢʠʩʣʳʤ ʩʚʦʡʩʪʚʘʤ ʢʦʪʦʨʦʛʦ ʋʂ ʤʦʞʝʪ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ 

ʯʝʨʝʟ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʤʝʤʙʨʘʥʳ ʠ ʚʳʟʚʘʪʴ ʫʪʝʯʢʫ ʧʨʦʪʦʥʦʚ. ʃʠʧʦʬʠʣʴʥʦʩʪʴ ʋʂ ʠ ʝ y

ʘʥʠʦʥʘ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ ʧʫʪʝʤ ʧʘʩʩʠʚʥʦʡ 

ʜʠʬʬʫʟʠʠ. ʂʘʢ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʋʂ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʦʝʥʠʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʪʝʭ ʧʨʦʮʝʩʩʘʭ, ʛʜʝ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ, ʨʘʟʣʠʯʠʝ ʚ ʜʝʡʩʪʚʠʠ ʵʥʘʥʪʠʤʝʨʦʚ ʋʂ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ. ɿʥʘʯʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ ʜʦʣʞʝʥ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʋʂ ʩ 

ʩʫʙʩʪʨʘʪʦʤ, ʥʘʧʨʠʤʝʨ ʙʝʣʢʘʤʠ, ʬʝʨʤʝʥʪʘʤʠ. ʏʪʦ ʠ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʦ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʤ 

ʠ ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ ʋʂ, ʘ ʪʘʢʞʝ ʫʛʘʜʳʚʘʝʪʩʷ ʚ ʧʫʙʣʠʢʘʮʠʷʭ, ʚ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʣʦʩʴ ʋʂ-ʬʝʨʤʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝ ʚʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʢʣʝʪʦʯʥʳʝ 

ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʜʝʡʩʪʚʠʝʤ ʋʂ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʦʙʱʠʪʝʣʷ ʤʝʤʙʨʘʥ, ʧʨʠ ʵʪʦʤ 

ʜʘʥʥʳʝ ʦ ʝʸ ʜʝʡʩʪʚʠʠ ʥʘ ʫʨʦʚʥʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʋʂ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʚ 

ʚʠʨʫʩʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ ʢʣʝʪʦʯʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, ʧʦʢʘ ʣʠʙʦ ʥʝ 

ʜʘʶʪ ʦʜʥʦʟʥʘʯʥʳʭ ʦʪʚʝʪʦʚ, ʣʠʙʦ ʠʩʢʣʶʯʘʶʪ ʥʝʢʦʪʦʨʳʝ ʦʙʱʝʠʟʚʝʩʪʥʳʝ ʤʝʭʘʥʠʟʤʳ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʘʩʩʦʚʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʣʝʢʘʨʩʪʚʘʤ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʢʘʥʜʠʜʘʪʦʚ ʚ ʣʝʢʘʨʩʪʚʘ 

ʩʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʢʘʟʘʚʰʠʭ ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ, ʠ ʩʨʝʜʠ ʥʠʭ ʜʘʣʝʢʦ ʥʝ ʥʘ 

ʧʦʩʣʝʜʥʝʤ ʤʝʩʪʝ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʥʘ ʙʘʟʝ ʧʨʠʨʦʜʥʳʭ ʚʝʱʝʩʪʚ.  

ʀʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʦʜʩʪʚʝʥʥʳʭ ʋʂ ʩʦʝʜʠʥʝʥʠʡ ʠ ʝʸ 

ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʛʨʘʝʪ ʩʚʦʶ ʨʦʣʴ ʚ ʧʦʥʠʤʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʜʝʡʩʪʚʠʷ ʋʂ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ, 

ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʷʤʠ. ʄʥʦʛʠʝ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʸʥʥʳʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʋʂ, ʩʦʜʝʨʞʘʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦʠʩʢʘ ʝʸ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʭʨʘʥʷʶʱʠʭ ʠʣʠ ʫʣʫʯʰʘʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ, ʥʦ ʦʩʣʘʙʣʷʶʱʠʭ 

ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʦʢʩʠʯʥʦʩʪʴ). ʂʨʦʤʝ ʪʦʛʦ, ʋʂ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʝ, 

ʦʙʣʘʜʘʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʨʘʟʥʦʧʣʘʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʧʨʝʧʘʨʘʪ r ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʢʘʢ ʥʘ ʩʦʙʩʪʚʝʥʥʦ 

ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʪʘʢ ʠ ʥʘ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʘʩʧʝʢʪʳ ʧʨʦʷʚʣʝʥʠʷ ʧʘʪʦʛʝʥʝʟʘ. ɺ 

ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʦʙʟʦʨʝ ʨʝʟʫʣʴʪʘʪʳ 
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ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʋʂ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʣʷ ʥʦʚʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. 
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3. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

 

 ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʵʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʩʠʣʘʤʠ, ʚʢʣʶʯʘʷ ʩʙʦʨ, ʜʦʩʪʘʚʢʫ ʩʳʨʴʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʋʂ, ʠ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʥʝʛʦ ʋʂ, ʪʦ ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʦʙʦʠʭ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʠʟ ʟʘʛʦʪʦʚʣʝʥʥʦʛʦ ʩʳʨʴʷ. ʕʪʘ ʯʘʩʪʴ ʨʘʙʦʪʳ ʦʩʚʝʱʝʥʘ ʚ ʨʘʟʜʝʣʝ 3.2. 

ʉʠʥʪʝʟ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʋʂ, ʧʣʘʥʠʨʦʚʘʣʩʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʧʦ ʠʟʚʝʩʪʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʤʦʜʠʬʠʢʘʮʠʷʤ ʋʂ. ʆʙʟʦʨ, ʥʘʧʠʩʘʥʥʳʡ ʩ 

ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ
4
, ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʚ ʞʫʨʥʘʣʝ çʋʩʧʝʭʠ ʭʠʤʠʠè, ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʩʧʝʢʪʨ ʠʟʚʝʩʪʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʋʂ ʜʦʩʪʘʪʦʯʥʦ ʫʟʦʢ. ɼʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ï ʨʝʘʢʮʠ ̫ʢʘʨʙʦʥʠʣʴʥʳʭ 

ʛʨʫʧʧ ʋʂ ʩ ʘʤʠʥʘʤʠ ʠ ʧʦʣʫʯʝʥʠʝ ʵʬʠʨʦʚ ʧʦ ʝʝ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ. ʅʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʨʝʘʢʮʠʠ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʥʝ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ ʚ ʧʨʝʧʘʨʘʪʠʚʥʦʤ 

ʧʣʘʥʝ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʫʞʝ ʜʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʩʦʢʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʨʘʩʰʠʨʝʥʠʶ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʋʂ, ʘ ʪʘʢʞʝ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʛʣʘʚ r3.3 ʠ 3.4).  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʘʙʦʪ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʋʂ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʋʂ ʣʠʙʦ ʩ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤ ʠʟʤʝʥʝʥʠʝʤ 

ʧʨʠʨʦʜʥʦʛʦ ʦʩʪʦʚʘ, ʣʠʙʦ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʚʝʜʝʥʠʝʤ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʠʥʳʝ 

ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ ʋʂ. ʇʦʵʪʦʤʫ ʚ ʩʣʝʜʫʶʱʝʡ ʯʘʩʪʠ ʨʘʙʦʪʳ (ʛʣʘʚʳ 3.5 ï 3.11) ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʳ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʋʂ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʝʸ 

ʦʩʪʦʚʘ, ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝʤ ʋʂ ʠ ʩ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ.  

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʚʝʜʝʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʘʢ ʜʣʷ (+)-

ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ, ʪʘʢ ʠ ʜʣʷ (-)-ʵʥʘʥʪʠʦʤʝʨʘ. ɺ ʦʙʱʝʡ ʯʘʩʪʠ ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʨʝʘʢʮʠʡ ʥʘ 

ʧʨʠʤʝʨʝ (+)-ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ, ʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʧʠʩʘʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪ 

ʭʠʨʘʣʴʥʳʡ ʮʝʥʪʨ, ʪʦ ʩʭʝʤʳ ʧʨʠʤʝʥʠʤʳ ʠ ʜʣʷ ʨʝʘʢʮʠʡ (-)-ʵʥʘʥʪʠʦʤʝʨʘ. ɺ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʯʘʩʪʠ, ʥʘʨʷʜʫ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ (+)-ʋʂ, ʧʨʠʚʝʜʝʥʳ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʱʝʩʪʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ (-)-ʵʥʘʥʪʠʦʤʝʨʘ 

ʋʂ.  
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3.1 ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ  

 

ʋʂ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʨʦʠʟʚʦʜʥʳʤ ʜʠʙʝʥʟʦʬʫʨʘʥʘ ʠ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʚʫʭ ʵʥʘʥʪʠʦʤʝʨʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʫ ʘʪʦʤʘ ʉ
9b

.  

 

ɸʙʩʦʣʶʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

 

ɻʠʜʨʦʢʩʠʣʴʥʳʝ ʠ ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʋʂ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʠʣʴʥʳʭ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ
252

 ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦʟʤʦʞʥʳʭ ʪʘʫʪʦʤʝʨʦʚ ʋʂ ʤʝʪʦʜʦʤ AM1. ʈʘʩʯʝʪʳ ʧʦ ʤʝʪʦʜʫ AM1 ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʪʨʝʤʷ ʩʪʘʙʠʣʴʥʳʤʠ ʪʘʫʪʦʤʝʨʘʤʠ ʋʂ 1a-c, ʠʟ 

ʢʦʪʦʨʳʭ 1b ʩʘʤʳʡ ʩʪʘʙʠʣʴʥʳʡ. ʈʘʩʯʝʪʥʘʷ ʵʥʝʨʛʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 1ʘ ʩʦʩʪʘʚʠʣʘ: 32.66 

ʢɼʞ/ʤʦʣʴ (ʅ
11

-ʆ
3
), 19.07 ʢɼʞ/ʤʦʣʴ (ʅ

7
-ʆ

13
), 14.10 ʢɼʞ/ʤʦʣʴ (ʅ

9
-ʆ

1
). ʉʨʘʚʥʝʥʠʝ ʤʝʞʜʫ 

ʨʘʩʯʝʪʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʢʨʠʚʳʤʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ-ʩʧʝʢʪʨʝ ʰʣʦ ʚ ʧʦʣʴʟʫ 1b ʢʘʢ 

ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʪʘʫʪʦʤʝʨʘ, ʩ ʥʝʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ 1ʘ ʠ 1ʩ. 

 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʬʦʨʤʫʣʳ ʚʦʟʤʦʞʥʳʭ ʪʘʫʪʦʤʝʨʳʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

 

ɺ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ
253

 ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʋʂ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT). ɼʚʘ ʪʘʫʪʦʤʝʨʘ ï 1a ʠ 1b ʦʢʘʟʘʣʠʩʴ ʧʦʯʪʠ 

ʠʟʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʠʟ ʜʨʫʛʠʭ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʪʘʫʪʦʤʝʨʦʚ, 

ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʘ ʪʘʫʪʦʤʝʨʥʘʷ ʬʦʨʤʘ 1d, ʢʘʢ ʦʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ. ʊʘʫʪʦʤʝʨ 

1b ʠ ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʨʘʩʯʝʪʘ ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ (ʥʘ 0.20 ʢɼʞ/ʤʦʣʴ, ʯʝʤ 1ʘ). 

ɺʟʘʠʤʥʳʡ ʧʝʨʝʭʦʜ 1aź1b ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʠʤʝʝʪ ʙʘʨʴʝʨ 0.78 ʢɼʞ/ʤʦʣʴ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɸʚʪʦʨʘʤʠ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʘ ʵʥʝʨʛʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ O
é

H-O, ʧʦʣʫʯʝʥʥʳʝ 
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ʧʦ DFT ʠʤʝʣʠ ʥʝʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ ʦʪ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʤʝʪʦʜʫ AM1. ɼʣʷ 1b ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 36.6 ʢɼʞ/ʤʦʣʴ (ʅ
3
-ʆ

11
), 20.1 ʢɼʞ/ʤʦʣʴ (ʅ

7
-ʆ

13
), 13,1 ʢɼʞ/ʤʦʣʴ (ʅ

9
-

ʆ
1
). ʕʥʝʨʛʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 1ʘ ʩʦʩʪʘʚʠʣʘ: 37.7 ʢɼʞ/ʤʦʣʴ (ʅ

11
-ʆ

3
), 20.3 ʢɼʞ/ʤʦʣʴ (ʅ

7
-

ʆ
13
), 12.7 ʢɼʞ/ʤʦʣʴ (ʅ

9
-ʆ

1
).  

 

ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ɺ ʗʄʈ 
1
H ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʜʝʡʪʝʨʦʭʣʦʨʦʬʦʨʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʪʨʠ ʫʟʢʠʭ ʩʠʛʥʘʣʘ ʧʨʦʪʦʥʦʚ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʢʦʪʦʨʳʭ ʨʝʟʢʦ 

ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ
253

 ʜʣʷ 

ʪʘʫʪʦʤʝʨʦʚ 1ʘ ʠ 1b ʠ ʩʦʩʪʘʚʣʷʶʪ 18.84 (3-ʆʅ), 13.31 (7-ʆʅ) ʠ 11.02 (9-ʆʅ).  

 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ). 

 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʥʘʙʦʨ ʠʟ ʚʩʝʭ 18 ʩʠʛʥʘʣʦʚ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʋʂ. 

ʌʦʨʤʘ ʩʠʛʥʘʣʦʚ ʠ ʟʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʩʧʝʢʪʨʘʭ 

ʗʄʈ ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʳʩʪʨʳʡ (ʚ ʰʢʘʣʝ ʚʨʝʤʝʥʠ ʤʝʪʦʜʘ) ʭʠʤʠʯʝʩʢʠʡ ʦʙʤʝʥ ʤʝʞʜʫ 

ʪʘʫʪʦʤʝʨʘʤʠ 1ʘ ʠ 1b, ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʪʘʫʪʦʤʝʨʳ 1d ʠ 1ʩ.  
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ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ). 

 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʥʠʮʘ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʩʜʚʠʛʘʭ ʥʝ ʪʦʣʴʢʦ ʧʨʦʪʦʥʦʚ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʥʦ ʠ ʫʛʣʝʨʦʜʦʚ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ (198.1 

- ʉ
1
, 191.8 ï ʉ

3
 (ʢʝʪʦ ʠʣʠ ʝʥʦʣʴʥʘʷ ʛʨʫʧʧʘ), 201.8 ï ʉ

11
 ʠ 200.4 ï ʉ

13
), ʢʦʪʦʨʘʷ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʋʂ, ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ
254
, ʥʝ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʩʠʣʦʡ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʵʪʠʭ ʛʨʫʧʧʘʭ. ʊʘʢ, 

ʠʭ ʢʠʩʣʦʪʥʦʩʪʴ ʧʘʜʘʝʪ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: pKa1 4.4 (3-OH), pKa2 8.8 (7-OH), pKa3 10.7 (9-

OH). ʅʘʠʙʦʣʝʝ ʢʠʩʣʳʡ ʭʘʨʘʢʪʝʨ ʠʤʝʝʪ ʝʥʦʣʴʥʘʷ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ 3-ʆʅ, ʧʦʩʢʦʣʴʢʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʘʥʠʦʥʥʘʷ ʬʦʨʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ ʜʝʣʦʢʘʣʠʟʘʮʠʝʡ ʟʘʨʷʜʘ ʚ 

ʢʦʣʴʮʝ ʉ ʋʂ. 
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3.2 ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʀʩʭʦʜʥʦʝ ʩʳʨʴʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ (+)-ʋʂ ï ʩʤʝʩʠ ʣʠʰʘʡʥʠʢʦʚ ʨʦʜʘ Usnea - 

ʟʘʛʦʪʘʚʣʠʚʘʣʦʩʴ ʥʘ ɸʣʪʘʝ, ʩʦʙʠʨʘʣʦʩʴ ʥʘ ʚʝʪʢʘʭ ʧʠʭʪʳ, ʝʣʠ, ʥʘ ʫʯʘʩʪʢʘʭ ʣʝʩʘ, ʠʤʝʶʱʠʭ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʣʝʩʦʟʘʛʦʪʦʚʦʢ. ʉʳʨʴʸ ʜʣʷ ʧʦʣʫʯʝʥʠʷ (-)-ʋʂ ï ʣʠʰʘʡʥʠʢ 

Cladonia Stellaris - ʩʦʙʠʨʘʣʦʩʴ ʥʘ ʫʯʘʩʪʢʘʭ ʚʳʩʦʢʦʛʦʨʥʦʡ ʪʫʥʜʨʳ ɸʣʪʘʷ. 

ʄʝʪʦʜʠʢʘ ʠʟʚʣʝʯʝʥʠʷ ʋʂ ʠʟ ʣʠʰʘʡʥʠʢʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʥʘʷ 

ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ
255
, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ (+)-ʋʂ ʠʟ ʩʤʝʩʠ ʣʠʰʘʡʥʠʢʦʚ ʨʦʜʘ Usnea ʠ (-)-

ʋʂ ʠʟ ʣʠʰʘʡʥʠʢʘ Cladonia stellaris
256

 ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʤʘʩʩʳ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʛʦ ʩʳʨʴʷ  1.72 ʠ 

1.03% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɼʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʤʳ ʧʦʜʚʝʨʛʣʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʢʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʋʂ. ʀʟʤʝʣʴʯʝʥʠʝ ʩʳʨʴʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʶ 

ʚʳʭʦʜʘ (-)-ʋʂ ʠʟ ʣʠʰʘʡʥʠʢʦʚ ʚʠʜʘ Cladonia stellaris ʩ 1.03% (ʦʧʠʩʘʥʥʦʛʦ ʚ ʧʘʪʝʥʪʝ
255
) ʜʦ 

1.78%, ʘ (+)-ʋʂ ʠʟ ʩʤʝʩʠ ʣʠʰʘʡʥʠʢʦʚ ʨʦʜʘ Usnea ʩ 1.72 ʜʦ 3.57%.  

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʜʦ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʚ ʦʧʳʪʥʦʤ ʭʠʤʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʉʆ ʈɸʅ (ʆʍʇ ʅʀʆʍ ʉʆ ʈɸʅ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʆʍʇ ʤʦʞʥʦ ʚʳʜʝʣʷʪʴ ʋʂ 

ʧʨʠ ʟʘʛʨʫʟʢʘʭ ʩʳʨʴʷ ʜʦ 10 ʢʛ ʚʢʣʶʯʠʪʝʣʴʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʆʍʇ ʅʀʆʍ ʉʆ ʈɸʅ ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

ʚʳʜʝʣʝʥʠʷ ʋʂ.  
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3.3 ʈʝʘʢʮʠʠ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʤʠʥʦʛʨʫʧʧʫ 

 

3.3.1 ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʘʤʠʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠʣʠ ʫʩʠʣʝʥʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ. Cʠʥʪʝʟ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʦʩʥʦʚʝ ʋʂ ʦʧʠʩʘʥ ʨʘʥʝʝ ʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʛʦ ʤʝʪʦʜʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʵʪʦʡ ʤʦʣʝʢʫʣʳ ʩ ʮʝʣʴʶ ʧʦʚʳʩʠʪʴ ʝʸ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ.  

ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʧʠʩʘʚʰʠʭ ʧʨʦʜʫʢʪʳ ʢʦʥʜʝʥʩʘʮʠʠ ʋʂ ʩ 

ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, ʙʳʣʠ ʄʘʥʘʢʪʘʣʘ ʠ ʩʦʘʚʪ.
257
. ɸʚʪʦʨʳ ʩʦʦʙʱʠʣʠ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ 

ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʝʪ ʢʝʪʦʛʨʫʧʧʘ (ʉ
11
=ʆ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʠʤʠʥ 50, ʚʪʦʨʘʷ 

ʤʦʣʝʢʫʣʘ ʘʤʠʥʘ ʨʝʘʛʠʨʫʝʪ ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ
3
, ʧʦ ʢʝʪʦʛʨʫʧʧʝ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʪʘʫʪʦʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʷ 50, ʠ ʪʘʢʞʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʤʠʥʘ (ʩʦʝʜʠʥʝʥʠʝ 51) (ʩʭʝʤʘ 1).  

 

ʉʭʝʤʘ 1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʧʘʨʘ-ʘʤʠʥʦʘʮʝʪʦʬʝʥʦʥʦʤ 

(ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ). 

ʇʦʟʜʥʝʝ, ʚ ʨʘʙʦʪʝ
5
 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʋʂ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤʠʥʳ, ʘ ʝʥʘʤʠʥʳ 52a-d 

(ʩʭʝʤʘ 2). ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʘʚʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʢʦʤʧʣʝʢʩʘ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʜʥʦʛʦ ʠʟ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɺ ʩʣʫʯʘʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚʪʦʨʦʡ 

ʤʦʣʝʢʫʣʳ ʘʤʠʥʘ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʘʮʝʪʦʬʝʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʋʂ (ʉ
13
=ʆ) ʚ ʙʦʣʝʝ 

ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ (ʩʦʝʜʠʥʝʥʠʷ 53b,c). ɸʤʠʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʪʠʭ ʧʫʙʣʠʢʘʮʠʷʭ
5,257

, 
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ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʠʚʠʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʨʷʜʘ ï ʤʝʪʠʣʘʤʠʥ ʠ ʵʪʠʣʘʤʠʥ, 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥr ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʨʪʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ (ʩʭʝʤʘ 2) ʠ ʧʘʨʘ-

ʘʤʠʥʦʘʮʝʪʦʬʝʥʦʥʦʤ (ʩʭʝʤʘ 1).  

 

ʉʭʝʤʘ 2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ (ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ). 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʝ ʜʘʥʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʧʦʟʜʥʝʝ ʜʣʷ ʩʠʥʪʝʟʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ
9, 99, 195

, ʪʘʢʞʝ ʧʨʠʧʠʩʳʚʘʶʪ ʧʨʦʜʫʢʪʘʤ ʩʪʨʫʢʪʫʨʫ 

ʝʥʘʤʠʥʘ ʠ ʦʪʤʝʯʘʶʪ ʚʳʩʦʢʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʝʤʫʶ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʩʪʨʫʢʪʫʨʦʡ ʚʚʝʜʸʥʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. ʉʨʝʜʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ï ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʊʘʢ, ʚ 

ʨʘʙʦʪʝ
9
 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʝ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʨʠʨʦʜʥʳʝ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ ʋʂ, ʚʳʜʝʣʝʥʥrʝ ʠʟ 

ʘʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʣʠʰʘʡʥʠʢʘ Stereocaulon, ʷʚʣʷʶʪʩʷ, ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ
246

, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ ʜʣʷ ʣʝʯʝʥʠʷ ʜʠʘʙʝʪʘ ʚʪʦʨʦʛʦ ʪʠʧʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʩʠʥʜʨʦʤʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʥʘʤʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʙʠʦʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ ʘʢʪʫʘʣʝʥ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʧʨʝʜʧʦʩʳʣʦʢ, ʥʘʤʠ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʭ ʩ ʩʝʨʠʝʡ 

ʘʤʠʥʦʚ. ɺʳʙʦʨ ʘʤʠʥʦʚ ʦʙʫʩʣʦʚʣʠʚʘʣʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʬʘʨʤʘʢʦʬʦʨʥʦʩʪʴ 

ʚʚʦʜʠʤʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʠ ʧʦʜʙʦʨ ʨʷʜʘ ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʦʙʥʳʭ ʘʤʠʥʦʚ, ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʠʧʘ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʜʣʠʥʳ ʣʠʥʢʝʨʘ ʚ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʩʣʝʜʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴè.  

4-(3-ɸʤʠʥʦʧʨʦʧʠʣ)-2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʦʣ ʠ 4-(3-ʘʤʠʥʦʵʪʠʣ)-2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʦʣ 

ʩʦʜʝʨʞʘʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʸʥʥʫʶ ʬʝʥʦʣʴʥʫʶ ʛʨʫʧʧʫ, ʷʚʣʷʶʱʫʶʩʷ ʦʜʥʦʡ ʠʟ ʣʫʯʰʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʛʨʫʧʧ
258

. 4-ɸʤʠʥʦʘʥʪʠʧʠʨʠʥ ʦʙʣʘʜʘʝʪ ʬʨʘʛʤʝʥʪʦʤ, ʩ ʢʦʪʦʨʳʤ ʩʦʦʪʥʦʩʷʪ 
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ʙʦʣʝʫʪʦʣʷʶʱʝʝ, ʞʘʨʦʧʦʥʠʞʘʶʱʝʝ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ
259

. 2,2,3,3-

ʊʝʪʨʘʬʪʦʨʧʨʦʧʘʥ-1-ʘʤʠʥ ʦʪʥʦʩʠʪʩʷ ʢ ʬʪʦʨʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʘ ʤʦʜʠʬʠʢʘʮʠʷ 

ʤʦʣʝʢʫʣʳ ʬʪʦʨʩʦʜʝʨʞʘʱʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʙʠʦʘʢʪʠʚʥʦʛʦ ʘʛʝʥʪʘ. ɺ ʜʠʘʤʠʥʘʭ 

54a-d (ʨʠʩ. 15) ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʨʘʛʤʝʥʪʳ, ʫʩʠʣʠʚʘʶʱʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ. S. aureus ʠ Listeria monocytogenes
260

, ʚʘʨʴʠʨʫʶʪʩʷ ʜʣʠʥʘ ʣʠʥʢʝʨʘ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʘʟʦʪʘ, ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ ʠ ʠʭ ʦʙʲʸʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʠʤʝʶʪ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʳʝ ʢ 

ʢʚʘʪʝʨʥʠʟʘʮʠʠ ʪʨʝʪʠʯʥʳʝ ʘʪʦʤʳ ʘʟʦʪʘ.  

 

ʈʠʩʫʥʦʢ 15. ɼʠʘʤʠʥʳ, ʚʚʦʜʠʤʳʝ ʚ ʨʝʘʢʮʠʶ ʩ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʋʂ ʩ ʘʤʠʥʘʤʠ, ʚʟʷʪʳʤʠ ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʢʠʧʷʯʝʥʠʝʤ ʚ 

ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʨʝʘʢʮʠʠ, ʦʧʠʩʘʥʥʳʤ ʚ 

ʨʘʙʦʪʝ
5
, ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ 55-63 ʩ ʚʳʭʦʜʘʤʠ 72-98% (ʩʭʝʤʘ 3). ʉʦʝʜʠʥʝʥʠʷ 

55-63, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ
5, 9, 99, 195

, ʤʳ ʠʟʦʙʨʘʞʘʝʤ ʚ ʬʦʨʤʝ ʝʥʘʤʠʥʦʚ.  

 

ʉʭʝʤʘ 3. ʉʠʥʪʝʟ ʝʥʘʤʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʂʦʩʚʝʥʥʦ ʝʥʘʤʠʥʦʚʦʝ ʩʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʗʄʈ 
1
H ʩʦʝʜʠʥʝʥʠʡ 55, 56, 60-63, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʦʥʦʚ 

ʩʦʩʝʜʥʝʡ ʩ ʘʟʦʪʦʤ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʳ ʩ ʧʨʦʪʦʥʦʤ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ. ʀʟ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʗʄʈ ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ ʦʜʠʥ ʠʟʦʤʝʨ ʝʥʘʤʠʥʘ, ʦʪʥʝʩʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 
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ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 55-63 ʧʨʦʚʝʜʝʥʦ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʩʦʝʜʠʥʝʥʠʝʤ 52a, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʚ ʨʘʙʦʪʝ ʂʫʪʥʝʡ ʠ ʩʦʘʚʪ.
5 
ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʪʦʨʦʡ ʘʪʦʤ ʘʟʦʪʘ ʚ ʝʥʘʤʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 60-63 ʧʨʝʜʨʘʩʧʦʣʦʞʝʥ ʢ ʢʚʘʪʝʨʥʠʟʘʮʠʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʚʘʪʝʨʥʠʟʦʚʘʥʥʳʡ ʘʪʦʤ ʘʟʦʪʘ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʢʘʢ ʚ ʥʘʪʠʚʥʳʭ ʘʣʢʘʣʦʠʜʘʭ, ʪʘʢ ʠ 

ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʸʤ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʜʘʸʪ 

ʤʦʣʝʢʫʣʝ ʨʷʜ ʚʘʞʥʳʭ ʠ ʠʥʪʝʨʝʩʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴè ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʘʙʦʨ ʩʪʨʫʢʪʫʨʥʦʧʦʜʦʙʥʳʭ ʢʚʘʪʝʨʥʠʟʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 64-68. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʠʥʦʚ 60-63 (ʩʭʝʤʘ 3) ʩ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘʤʠ (CH3I ʠʣʠ 

EtBr) ʧʨʦʪʝʢʘʝʪ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʝʜʠʥʝʥʠʷ 64-68 

ʚʳʜʝʣʝʥʳ ʩ ʚʳʭʦʜʘʤʠ 42-88% ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʨʠʩ. 16).  

ʈʠʩʫʥʦʢ 16. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʚʘʪʝʨʥʠʟʦʚʘʥʥʳʡ ʘʪʦʤ ʘʟʦʪʘ. 

ʅʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ 69-74 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʋʂ 

ʟʘʤʝʱʸʥʥʳʤʠ ʘʥʠʣʠʥʘʤʠ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʝʜʠʥʠʯʥʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ, ʛʠʜʨʦʢʩʠ- ʠ ʤʝʪʦʢʩʠʛʨʫʧʧ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ 

ʤʦʣʝʢʫʣʫ ʩʫʙʩʪʨʘʪʘ ʝʜʠʥʠʯʥʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ
261

. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 4.2, ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ, 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʘʢʮʠʝʡ ʩ ʘʥʠʣʠʥʘʤʠ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʠʣʠ ʝʥʘʤʠʥʳ ʩ 

ʛʘʣʦʠʜʟʘʤʝʱʸʥʥʳʤ ʙʝʥʟʦʣʴʥʳʤ ʢʦʣʴʮʦʤ, ʦʙʥʘʨʫʞʠʚʰʠʝ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʬʝʨʤʝʥʪʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 70-74 ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʳ ʛʘʣʦʛʝʥʘ, ʥʦ ʠ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ (ʩʭʝʤʘ 4).  
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ʉʭʝʤʘ 4. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʟʘʤʝʱʸʥʥʳʤʠ ʘʥʠʣʠʥʘʤʠ. 

ʊʘʢʞʝ ʢʘʢ ʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ
5
, ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʪʦʨʦʡ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
13
=ʆ) ʩ ʘʤʠʥʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʚ ʨʝʘʢʮʠʠ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ 

ʘʤʠʥʘʤʠ ʠ ʧʨʦʪʝʢʘʝʪ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
11
=ʆ). 

ʇʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʋʂ ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ (4-(3-ʘʤʠʥʦʧʨʦʧʠʣ)-2,6-ʜʠ-ʪʨʝʪ-

ʙʫʪʠʣʬʝʥʦʣʘ ʠ 4-(3-ʘʤʠʥʦʵʪʠʣ)-2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʦʣʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘʤʠ ʩ 

ʚʳʭʦʜʘʤʠ 22% ʠ 20% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 75 ʠ 76 (ʩʭʝʤʘ 5), ʚ ʩʦʛʣʘʩʠʠ 

ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ
5
 ʧʨʦʪʝʢʘʝʪ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʤʠʥʘ ʧʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ 

ʘʤʠʥʘ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ (ʉ
13
=ʆ).  

 

ʉʭʝʤʘ 5. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʜʚʫʤʷ ʤʦʣʷʤʠ ʘʤʠʥʦʚ 

 

3.3.2 ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ 

 

ʉʨʝʜʠ ʘʤʠʥʦʩʦʝʜʠʥʝʥʠʡ, ʢʦʥʜʝʥʩʘʮʠʷ ʢʦʪʦʨʳʭ ʩ ʋʂ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ, ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʳ. ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ 

ʤʦʣʝʢʫʣ r ʩʫʙʩʪʨʘʪʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣʫ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠ ̫ ʚ ʨʝʘʢʮʠʠ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʥʦʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ, ʢʘʨʙʦʢʩʠʣʴʥʦʡ, ʨʘʩʰʠʨʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʘ ʪʘʢʞʝ, ʚʦʟʤʦʞʥʦ, ʫʚʝʣʠʯʠʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 
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ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ ʜʣʷ ʙʠʦʧʨʝʧʘʨʘʪʦʚ. ʈʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʋʂ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʜʦ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, ʢʦʛʜʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʢʠʧʷʯʝʥʠʠ ʨʝʘʛʝʥʪʦʚ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʩʪʫʧʘʶʪ ʚ 

ʨʝʘʢʮʠʶ. ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʝʩʪʠ ʮʝʣʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢʘʪʘʣʠʟʘ ʦʩʥʦʚʘʥʠʷʤʠ. ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʩ ʛʣʠʮʠʥʦʤ, L-

ʬʝʥʠʣʘʣʘʥʠʥʦʤ, ɓ-ʘʣʘʥʠʥʦʤ, L-ʣʝʡʮʠʥʦʤ, L-ʚʘʣʠʥʦʤ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ 28, 77-80 ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʱʸʣʦʯʠ ʩ ʚʳʭʦʜʘʤʠ 55-88% (ʩʭʝʤʘ 6). ʇʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʋʂ ʩ L-ʤʝʪʠʦʥʠʥʦʤ ʠ L-

ʩʝʨʠʥʦʤ, ʩʦʝʜʠʥʝʥʠʷ 81 ʠ 82, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʥʝʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (17 ʠ 29% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʧʫʪʸʤ ʟʘʤʝʥʳ ʦʩʥʦʚʘʥʠʷ ʂʆʅ ʥʘ 

ʪʨʠʵʪʠʣʘʤʠʥ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘ ʪʨʠʵʪʠʣʘʤʠʥʦʤ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ 

81 ʠ 83 ʩ ʚʳʭʦʜʘʤʠ 79 ʠ 86%.  

 

ʉʭʝʤʘ 6. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ. 

ʉʦʝʜʠʥʝʥʠʝ 77, ʧʨʦʜʫʢʪ ʢʦʥʲʁ ʛʘʮʠʠ ʋʂ ʩ ɓ-ʘʣʘʥʠʥʦʤ, ʦʙʥʘʨʫʞʠʣʦ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ 

(ʛʣʘʚʘ 4.4). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘʤʠ ʙʳʣʠ 
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ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʭʦʜʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩ ɓ-ʘʣʘʥʠʥʦʚʳʤ ʧʨʦʠʟʚʦʜʥʳʤ 77 ʩʦʝʜʠʥʝʥʠʷ 84-89 

(ʨʠʩ. 17) ʧʦ ʨʝʘʢʮʠʠ ʋʂ ʩ ʵʬʠʨʘʤʠ ʠ ʘʤʠʜʘʤʠ ɓ-ʘʣʘʥʠʥʘ ʠ ʵʪʘʥʦʣ- ʠ ʧʨʦʧʘʥʦʣʘʤʠʥʘʤʠ ʜʣʷ 

ʩʢʨʠʥʠʥʛʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ. ʕʬʠʨʳ ɓ-ʘʣʘʥʠʥʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʠʟ ɓ-ʘʣʘʥʠʥʘ ʨʝʘʢʮʠʝʡ ʩ ʪʠʦʥʠʣʭʣʦʨʠʜʦʤ ʚ ʨʘʩʪʚʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʧʠʨʪʘ, ʘʤʠʜʳ 

ʧʦʣʫʯʝʥʳ ʠʟ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ɓ-ʘʣʘʥʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʣʠʙʦ ʩ ʚʦʜʥʳʤ ʘʤʤʠʘʢʦʤ, ʣʠʙʦ ʩ 

ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʤʝʪʠʣʘʤʠʥʘ. 

 

ʈʠʩʫʥʦʢ 17. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʪʨʫʢʪʫʨʥʦʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʶ 77. 

 

3.2.3 ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʛʠʩʣʦʪʳ ʩ ʛʠʜʨʘʟʠʥʘʤʠ 

 

ɽʱʸ ʦʜʥʘ ʠʟʚʝʩʪʥʘʷ ʨʝʘʢʮʠʷ ʤʦʜʠʬʠʢʘʮʠʠ ʋʂ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ, 

ʥʦʩʷʱʘʷ ʧʨʝʧʘʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʵʪʦ ʩʠʥʪʝʟ ʧʠʨʘʟʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 90 ʠ 35 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (+)-ʋʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʤʝʪʠʣ-
195

 ʠ ʬʝʥʠʣ-
257

 ʛʠʜʨʘʟʠʥʘʤʠ (ʩʭʝʤʘ 7). 

ʊʘʢʞʝ ʢʘʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, ʨʝʘʢʮʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʜʸʪ ʧʦ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ (ʉ
11
=ʆ), ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʪʝʢʘʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠ ̫

ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʠʨʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ ʛʠʜʨʘʟʠʥʘ ʧʦ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ (ʉ
13
=ʆ) ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʘʟʦʥʘ 

91 ʠʣʠ 92. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʋʂ ʩ ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ 35 ʧʨʦʷʚʠʣ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʩʨʘʚʥʠʤʫʶ ʩ ʪʘʢʦʚʦʡ ʋʂ
257

.  
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ʉʭʝʤʘ 7. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʛʠʜʨʘʟʠʥʘʤʠ (ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ). 

ʀʟ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʋʂ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ (ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ) 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʯʝʟʥʦʚʝʥʠʝ ʝʥʦʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ (ʉ
3
-ʆʅ) ʠ ʥʘʨʫʰʝʥʠʝ 

ʪʨʠʢʝʪʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʣʴʮʘ ʉ ʋʂ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʢʣʝʪʢʫ ʠ ʥʘʨʫʰʝʥʠʝ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ
3
, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʠʨʘʟʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʋʂ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʘ 

ʩʯʸʪ ʪʝʭ ʞʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴʩʷ ʪʦʢʩʠʯʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʵʚʦʣʶʮʠʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦʪʦʤʫ ʩʠʥʪʝʟ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʛʦ ʨʷʜʘ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʦʛʣʘʩʠʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ
257

 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʋʂ ʩ 

ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʦʤ ʛʘʣʦʛʝʥ, ʤʝʪʠʣ- ʠʣʠ ʘʣʢʦʢʩʠ-ʟʘʤʝʱʸʥʥʳʭ ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʠʨʘʟʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 93-101 (ʩʭʝʤʘ 8).  

 

ʉʭʝʤʘ 8. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʟʘʤʝʱʸʥʥʳʤʠ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘʤʠ. 
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ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʝʘʢʮʠʶ ʜʚʫʭ ʠ ʙʦʣʝʝ ʵʢʚʠʚʘʣʝʥʪʦʚ ʚʪʦʨʘʷ ʤʦʣʝʢʫʣʘ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ 

ʨʝʘʛʠʨʫʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʘʟʦʥʦʚ 102-108 (ʩʭʝʤʘ 9), ʦʜʥʘʢʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʪʦʨʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʘʞʝ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʙʳʪʢʝ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʚʝʩʪʠ ʋʂ ʚ ʛʠʜʨʘʟʦʥʳ. 

ʉʦʝʜʠʥʝʥʠʷ 102-108 ʧʦʣʫʯʘʶʪʩʷ ʚ ʚʠʜʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʟʦʤʝʨʘ. ʇʦʩʢʦʣʴʢʫ, ʩʫʜʷ ʧʦ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʤʦʜʝʣʷʤ, ʦʙʨʘʟʦʚʘʥʠʝ Z-ʠʟʦʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʘʣʦʚʝʨʦʷʪʥʳʤ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ɽ-ʠʟʦʤʝʨʳ ʬʝʥʠʣʛʠʜʨʘʟʦʥʦʚ. ʄʝʪʦʢʩʠ ʠ 

ʵʪʦʢʩʠʟʘʤʝʱʸʥʥʳʝ ʛʠʜʨʘʟʠʥʳ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʦʙʨʘʟʫʶʪ ʛʠʜʨʘʟʦʥʦʚ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʝ (ʉ
13
=ʆ) ʋʂ.  

 

ʉʭʝʤʘ 9. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 2 ʤʦʣʷʤʠ ʟʘʤʝʱʸʥʥʳʭ ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʝʘʢʮʠʠ ʩ ʥʠʪʨʦʟʘʤʝʱʸʥʥʳʤʠ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘʤʠ. 

ʅʠʪʨʦʛʨʫʧʧʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʪʁ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ. ʅʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʩ 4-ʥʠʪʨʦ- ʠ 2,4-ʜʠʥʠʪʨʦ-ʟʘʤʝʱʸʥʥʳʤʠ 

ʬʝʥʠʣʛʠʜʨʘʟʠʥʘʤʠ ʧʨʦʪʝʢʘʝʪ ʥʝʩʢʦʣʴʢʦ ʠʥʘʯʝ, ʯʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʤʠ 

ʬʝʥʠʣʛʠʜʨʘʟʠʥʘʤʠ. ʅʝ ʪʦʣʴʢʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʚʪʦʨʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ, ʥʦ ʠ ʧʦ ʛʨʫʧʧʝ (ʉ
11
=ʆ) ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʙʝʟ ʟʘʤʳʢʘʥʠʷ ʧʠʨʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 109 ʠ 110 (ʩʭʝʤʘ 10). ʆʪʩʫʪʩʪʚʠʝ ʮʠʢʣʠʟʘʮʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʥʠʞʝʥʥʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ ʘʪʦʤʘ ʘʟʦʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤ ʜʝʡʩʪʚʠʝʤ ʥʠʪʨʦʛʨʫʧʧ ʚ ʧʘʨʘ- ʠ ʦʨʪʦ- ʧʦʣʦʞʝʥʠʷʭ ʙʝʥʟʦʣʴʥʦʛʦ 

ʢʦʣʴʮʘ.  
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ʉʭʝʤʘ 10. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 4-ʥʠʪʨʦ- ʠ 2,4-ʜʠʥʠʪʨʦʬʝʥʠʣʛʠʜʨʘʟʠʥʘʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʠʩʭʦʜʠʪ ʣʠ 

ʭʘʨʘʢʪʝʨʥʘ ̫ʜʣʷ ʨʝʘʢʮʠʡ ʋʂ ʩ ʘʤʠʥʘʤʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʚ ʝʥʘʤʠʥʳ. ɺʦʟʤʦʞʥʦ, ʩʦʝʜʠʥʝʥʠʷ 

109, 110 ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʛʠʜʨʘʟʦʥʦʚ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʷʤʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ ʧʨʠ ʩʦʩʝʜʥʠʭ ʘʪʦʤʘʭ ʘʟʦʪʘ (109ʘ, 110ʘ) ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 

1
ʅ. 

ɸʥʘʣʦʛʠʯʥʦ ʨʝʘʢʮʠʠ ʩ ʥʠʪʨʦʟʘʤʝʱʸʥʥʳʤʠ ʛʠʜʨʘʟʠʥʘʤʠ (ʙʝʟ ʟʘʤʳʢʘʥʠʷ ʧʠʨʘʟʦʣʴʥʦʛʦ 

ʢʦʣʴʮʘ) ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʋʂ ʩ ʠʟʦʥʠʘʟʠʜʦʤ, ʛʠʜʨʘʟʠʜʦʤ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʀʟʦʥʠʘʟʠʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʜʠʮʠʥʝ, ʦʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʫʩʪʦʡʯʠʚʳʭ ʢ ʥʝʤʫ ʰʪʘʤʤʦʚ 

ʪʫʙʝʨʢʫʣʸʟʘ, ʧʦʠʩʢ ʥʦʚʳʭ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʛʝʥʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʦʩʪʘʸʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. ʈʝʘʢʮʠʷ ʋʂ ʩ ʠʟʦʥʠʘʟʠʜʦʤ ʧʨʦʪʝʢʘʝʪ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʢʠʧʷʯʝʥʠʝ ʚ 

ʩʧʠʨʪʝ), ʧʨʦʜʫʢʪ 111 ʦʙʨʘʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 74% ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʨʠʩ. 18). 

 

ʈʠʩʫʥʦʢ 18. ʇʨʦʠʟʚʦʜʥʦʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʨʝʘʢʮʠʠ ʩ ʠʟʦʥʠʘʟʠʜʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʋʂ ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʧʝʨʚʠʯʥʫʶ ʘʤʠʥʦʛʨʫʧʧʫ, ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʦʢʦʣʦ 60 ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʢʣʘʩʩʘʤ ʝʥʘʤʠʥʦʚ, ʛʠʜʨʘʟʦʥʦʚ ʠ ʧʠʨʘʟʦʣʦʚ. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴè ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʷʜʳ ʩʪʨʫʢʪʫʨʥʦʧʦʜʦʙʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʢʦʥʲʶʛʘʪʳ ʋʂ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ.  

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʤʠ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ: 
262

, 
263

, 
264

, 
265

, 
266
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3.4 ʉʠʥʪʝʟ ʵʬʠʨʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʩʚʷʱʸʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʋʂ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʬʝʥʦʣʴʥʘʷ ʯʘʩʪʴ ʋʂ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʝʸ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ
99,189

. 

ʄʦʜʠʬʠʢʘʮʠʷ ʵʪʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʘʢʞʝ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʢʘʯʝʩʪʚʘ ʢʘʢ ʘʥʪʠ- ʠʣʠ ʧʨʦ-ʦʢʩʠʜʘʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ 

ʧʦʣʫʯʝʥʠʝ ʵʬʠʨʦʚ ʋʂ ʧʦ ʬʝʥʦʣʴʥʳʤ ʛʨʫʧʧʘʤ ʟʘʯʘʩʪʫʶ ʥʝʦʙʭʦʜʠʤʦ ʚ ʢʘʯʝʩʪʚʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʪʦʚʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʝʟʦʨʮʠʥʦʚʘʷ ʩʠʩʪʝʤʘ ʮʠʢʣʘ ɸ ʢʘʢ ʚ ʋʂ 1, ʪʘʢ ʠ ʚ ʝʝ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʦʯʝʥʴ ʣʘʙʠʣʴʥʘ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ
4
, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʤʦʜʠʬʠʢʘʮʠʡ, ʧʦʵʪʦʤʫ ʟʘʱʠʪʘ ʬʝʥʦʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʋʂ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ 

ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ.  

 

3.4.1 ʉʠʥʪʝʟ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʧʦ ʛʠʜʨʦʢʩʠʣʴʥʳʤ 

ʛʨʫʧʧʘʤ ʋʂ. ʈʝʘʢʮʠʷ ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʣʠʙʦ ʧʦ ʦʙʝʠʤ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ (ʚ ʨʝʘʢʮʠʠ ʩ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʜʠʘʮʝʪʘʪ 4
267
, ʣʠʙʦ ʚ 

ʨʝʘʢʮʠʠ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʵʬʠʨʦʚ ʝʥʦʣʦʚ ʚ ʮʠʢʣʝ ʉ (ʩʦʝʜʠʥʝʥʠʝ 9), ʠ ʣʠʰʴ ʟʘʪʝʤ ʦʙʨʘʟʫʶʪʩʷ ʵʬʠʨʳ ʚ ʮʠʢʣʝ ɸ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʚ ʠʪʦʛʝ ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 112
268

 (ʨʠʩʫʥʦʢ 19).  

 

ʈʠʩʫʥʦʢ 19. ʉʣʦʞʥʳʝ ʵʬʠʨʳ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ). 

ʅʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʋʂ 113-115 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ 

ʨʝʘʢʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʭ ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʝ
267

, ʧʦ ʨʝʘʢʮʠʠ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ: ʦʨʪʦ-

ʙʨʦʤʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʨʷʜʘ), ʠʟʦʤʘʩʣʷʥʦʡ ʠ ʤʝʪʘʢʨʠʣʦʚʦʡ 

ʢʠʩʣʦʪ (ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʭʣʦʨʘʥʛʠʜʨʠʜʳ). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ ʢʠʩʣʦʪ ʩ (+)-ʋʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʠʜʠʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ 3-4 ʯʘʩʦʚ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʵʬʠʨʦʚ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ ʬʝʥʦʣʴʥʳʤ ʛʠʜʨʦʢʩʠʣʘʤ, ʧʨʠʯʸʤ ʩʦʝʜʠʥʝʥʠʷ 113-115 ʦʙʨʘʟʫʶʪʩʷ ʩ 

ʥʝʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʜʦ 20%). ʇʨʠ ʧʦʜʙʦʨʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʥʘʤʠ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʙʦʣʴʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʣʠʪʝʨʘʪʫʨʥʦʡ ʤʝʪʦʜʠʢʠ ʟʘʤʝʥʦʡ ʧʠʨʠʜʠʥʘ ʥʘ 
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ʪʨʠʵʪʠʣʘʤʠʥ ʠ ʜʦʙʘʚʣʝʥʠʝʤ ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʘ (DMAP) ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʮʝʣʝʚʳʝ ʜʠʵʬʠʨʳ 113-115 ʩ ʚʳʭʦʜʘʤʠ 63-69% (ʩʭʝʤʘ 11).  

 

ʉʭʝʤʘ 11. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʢʠʩʣʦʪ. 

ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ (+)-ʋʂ ʠ ʝʸ ʧʠʨʘʟʦʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ 35 ʩ ɺʦʩ2ʆ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʨʝʘʛʝʥʪʦʤ ʜʣʷ ʟʘʱʠʪʳ ʬʝʥʦʣʴʥʳʭ ʛʨʫʧʧ 

ʪʨʝʪ-ʙʫʪʠʣʦʢʩʠʢʘʨʙʦʥʠʣʴʥʳʤʠ, ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʛʠʜʨʦʣʠʟʫ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʢʦʪʦʨʘʷ ʩ 

ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ 116 ʠ 117 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʵʬʠʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʬʝʥʦʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʘʭ (ʨʠʩ. 20). 

 

ʈʠʩʫʥʦʢ 20. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ Boc-ʟʘʱʠʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ 

ʬʝʥʦʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʋʂ ʢʘʢ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʭʣʦʨʘʥʛʠʨʠʜʘʤʠ, ʪʘʢ ʠ ʩ ʘʥʛʠʜʨʠʜʦʤ (ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʧʠʨʦʢʘʨʙʦʥʘʪʦʤ) 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʵʬʠʨʦʚ ʧʦ ʬʝʥʦʣʴʥʳʤ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʋʂ. 

 

3.4.2 ʉʠʥʪʝʟ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʇʦʣʫʯʝʥʠʝ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ ʧʦ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʋʂ ʭʦʪʷ ʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʟʘʱʠʪʳ ʵʪʠʭ ʛʨʫʧʧ, ʥʦ ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʥʝʵʬʬʝʢʪʠʚʥʘ ʟʘʱʠʪʘ ʩʣʦʞʥʦʵʬʠʨʥʳʤʠ ʛʨʫʧʧʘʤʠ.  
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3.4.2.1 ɺʟʘʢʠʤʦʜʝʡʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʤʝʪʠʣʠʨʫʶʱʠʤʠ 

ʘʛʝʥʪʘʤʠ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʘ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʋʂ, 

ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 118 ʙʳʣ ʧʦʣʫʯʝʥ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ
269

 ʧʦ ʨʝʘʢʮʠʠ (+)-ʋʂ ʩ ʠʦʜʠʩʪʳʤ 

ʤʝʪʠʣʦʤ ʚ ʢʠʧʷʱʝʤ ʘʮʝʪʦʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ K2CO3 ʩ ʚʳʭʦʜʦʤ 11% (ʨʠʩ. 27). ʇʦʧʳʪʢʘ 

ʧʦʣʫʯʠʪʴ ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʋʂ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ (+)-ʋʂ ʩ ʜʠʤʝʪʠʣʩʫʣʴʬʘʪʦʤ ʧʨʠʚʝʣʘ 

ʣʠʰʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 119 ʩ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʚ ʧʦʣʦʞʝʥʠʠ 8 ʢʦʣʴʮʘ ɸ
7
, ʘ ʩ 

ʜʠʘʟʦʤʝʪʘʥʦʤ ï ʩʦʝʜʠʥʝʥʠʷ 120, ʩʦʜʝʨʞʘʱʝʛʦ ʘʥʥʝʣʠʨʦʚʘʥʥʳʡ ʩ ʢʦʣʴʮʦʤ ʉ ʋʂ ʬʫʨʘʥʦʚʳʡ 

ʮʠʢʣ, ʩ ʥʝʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ 14%
269 
(ʨʠʩ. 21). 

 

ʈʠʩʫʥʦʢ 21. ʇʨʦʠʟʚʦʜʥʳʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʤʝʪʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ (ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ). 

ʅʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʋʂ ʠʦʜʠʩʪʳʤ 

ʤʝʪʠʣʦʤ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ɼʄʌɸ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʉʥʘʯʘʣʘ ʜʝʡʩʪʚʠʝʤ K2CO3 ʛʝʥʝʨʠʨʦʚʘʣʠ ʬʝʥʦʣʷʪ-ʘʥʠʦʥ ʋʂ ʚ ɼʄʌɸ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. ʇʨʠʟʥʘʢʦʤ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʫʞʠʣʦ ʧʦʩʪʝʧʝʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʩ ʞʝʣʪʦʛʦ ʜʦ ʟʝʣʝʥʦʛʦ. ʇʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ ʤʥʦʛʦʢʨʘʪʥʳʡ 

ʠʟʙʳʪʦʢ ʡʦʜʠʩʪʦʛʦ ʤʝʪʠʣʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ ʧʦʣʫʯʘʣʠ 

ʧʨʦʜʫʢʪ 118 ʩ ʚʳʭʦʜʦʤ 82%.  

ʀʟʚʝʩʪʥʳʡ ʘʛʝʥʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ï ʜʠʘʟʦʤʝʪʘʥ, ʢʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ 

ʨʘʥʝʝ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʋʂ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʘʸʪ ʩ ʥʝʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ 14%
 

ʩʦʝʜʠʥʝʥʠʝ 120 ʧʨʠ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʨʠʩ. 21). ɼʣʷ ʚʳʷʚʣʝʥʠʷ 

ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʋʂ 

ʧʦ ʜʨʫʛʠʤ ʝʸ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʥʘʤʠ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (+)-ʋʂ ʩ 

ʜʠʘʟʦʤʝʪʘʥʦʤ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʇʨʠ ʦʙʨʘʙʦʪʢʝ (+)-ʋʂ ʵʬʠʨʥʳʤ ʨʘʩʪʚʦʨʦʤ ʜʠʘʟʦʤʝʪʘʥʘ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ -35 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʙʫʨʥʘʷ ʨʝʘʢʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ, ʠʟ 

ʢʦʪʦʨʦʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ 120 ʠ 121 ʩ ʚʳʭʦʜʘʤʠ 8% ʠ 7% (ʩʭʝʤʘ 12). ʆʜʠʥ ʠʟ 

ʧʨʦʜʫʢʪʦʚ ʦʢʘʟʘʣʩʷ ʫʞʝ ʠʟʚʝʩʪʥʳʤ (ʩʦʝʜʠʥʝʥʠʝ 120), ʜʨʫʛʦʡ ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʝʥʦʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʠ ʨʘʩʰʠʨʝʥʠʷ ʮʠʢʣʘ ʉ ï ʩʦʝʜʠʥʝʥʠʝ 121. 
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ʉʭʝʤʘ 12. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ. 

ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʗʄʈ 
1
H ʠʩʭʦʜʥʦʡ ʋʂ 1 ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʥʝ yʩʦʝʜʠʥʝʥʠʷ 121 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʧʦʩʣʝʜʥʝʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʛʥʘʣ OH-ʛʨʫʧʧʳ ʧʨʠ ~18 ʤ.ʜ., ʥʦ 

ʧʦʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣ OMe-ʛʨʫʧʧʳ ʧʨʠ 3.93 ʤ.ʜ., ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʝʪʠʣʠʨʦʚʘʥʠʠ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʫ ʘʪʦʤʘ ʉ
3
. ɹʣʠʟʦʩʪʴ ʟʥʘʯʝʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʩʠʛʥʘʣʦʚ ʜʣʷ 

ʘʪʦʤʦʚ ʮʠʢʣʘ ɸ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 121, ʧʦʷʚʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʉʅ2-ʬʨʘʛʤʝʥʪʘ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
H 

ʠ 
13
ʉ ʩʦʝʜʠʥʝʥʠʷ 121 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʠʟʤʝʥʥʦʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ 

ʨʘʩʰʠʨʝʥʠʠ ʮʠʢʣʘ ʉ ʚ ʩʦʝʜʠʥʝʥʠʠ 121. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʜʚʫʤʝʨʥʳʭ ʩʧʝʢʪʨʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʣʦʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʋʂ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ
75
. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʜʠʘʟʦʤʝʪʘʥʦʤ. ʇʨʦʜʫʢʪʳ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʬʝʥʦʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʦʚ ʢʘʢ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ
269
, ʪʘʢ ʠ ʥʘʤʠ ʥʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ. ʇʨʦʚʝʜʝʥʠʝ 

ʨʝʘʢʮʠʠ ʩ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʠʘʟʦʤʝʪʘʥʦʤ, ʧʨʠʚʦʜʠʣʦ ʠʣʠ ʢ ʠʩʭʦʜʥʦʡ (+)-ʋʂ 1 [BF3Ŀɽt2O, Pd(OAc)2], ʠʣʠ ʥʝ 

ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ [Co(BF4)2Ŀ6H2O]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʤʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘʤʠ ʥʘ ʧʨʠʤʝʨʝ 

ʨʝʘʢʮʠʠ ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ ʧʠʨʘʟʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʝʥʦʣʴʥʳʡ 

ʛʠʜʨʦʢʩʠʣ ʚ ʢʦʣʴʮʝ ʉ ʋʂ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

120. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʠʨʘʟʦʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ 35 ʧʨʠʚʝʣʦ ʥʘʨʷʜʫ ʩ ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʬʝʥʦʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʉ
9
-ʆʅ ʢ 

ʨʘʩʰʠʨʝʥʠʶ ʮʠʢʣʘ ʉ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʠʟ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ 

(ʉ
1
=ʆ). ʉʦʝʜʠʥʝʥʠʝ 122 ʦʙʨʘʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʩ 

ʚʳʭʦʜʦʤ 55% ʧʦʩʣʝ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʉʭʝʤʘ 13). ʇʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʚ ʗʄʈ ʦʥʦ ʩʫʱʝʩʪʚʫʝʪ ʚ 

ʚʠʜʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʪʝʨʝʦʠʟʦʤʝʨʘ.  
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ʉʭʝʤʘ 13. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ 35 ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ ʚ ʩʨʝʜʝ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ-

ʭʣʦʨʦʬʦʨʤ. 

ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʗʄʈ 
1
H ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 35 ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʥʝʛʦ 

ʩʦʝʜʠʥʝʥʠʷ 122 ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʧʦʩʣʝʜʥʝʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʛʥʘʣ OH-ʛʨʫʧʧʳ ʧʨʠ 

~11 ʤ.ʜ., ʥʦ ʧʦʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣ OMe-ʛʨʫʧʧʳ ʧʨʠ 3.93 ʤ.ʜ., ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʤʝʪʠʣʠʨʦʚʘʥʠʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʫ ʘʪʦʤʘ ʉ
9
. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 

13
ʉ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ 122 ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝ ʩʠʛʥʘʣʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
1
=ʆ) ʠ 

ʧʦʷʚʣʝʥʠʝ ʜʚʫʭ ʩʠʛʥʘʣʦʚ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʧʨʠ 30.17 ʤ.ʜ. ʠ 50.84 ʤ.ʜ. ʠ ʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʧʨʠ 58.15 ʤ.ʜ. ɺʝʣʠʯʠʥʳ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ 50.84 ʤ.ʜ. ʠ 

58.15 ʤ.ʜ., ʠ ʚʝʣʠʯʠʥʘ ʧʨʷʤʦʡ ʢʦʥʩʪʘʥʪʳ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʂʉʉɺ) 
13
ʉ-

1
ʅ 

ʩʠʛʥʘʣʘ ʉʅ2-ʬʨʘʛʤʝʥʪʘ ʧʨʠ 50.84 ʤ.ʜ. (
1
JC,H = 174.7 ɻʮ), ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʩʧʝʢʪʨʘ 

ʤʦʥʦʨʝʟʦʥʘʥʩʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʛʣʝʨʦʜʦʚ ʢ 

ʵʧʦʢʩʠʜʥʦʤʫ ʮʠʢʣʫ. ʅʘʙʣʶʜʘʶʱʫʶʩʷ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
H ʂʉʉɺ ʤʝʞʜʫ ʦʜʥʠʤ ʠʟ ʧʨʦʪʦʥʦʚ 

ʧʦʷʚʠʚʰʝʡʩʷ ʉʅ2-ʛʨʫʧʧʳ ʵʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʘ ʧʨʠ 2.14 ʤ.ʜ. ʠ ʦʜʥʠʤ ʠʟ ʧʨʦʪʦʥʦʚ ʉʅ2-ʛʨʫʧʧʳ 

ʧʨʠ 3.66 ʤ.ʜ. (Jʅ,H = 2.0 ɻʮ) ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʘʣʴʥʠʤ W-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʦʢʩʠʨʘʥʦʚʳʡ ʮʠʢʣ ʠ ʉʅ2-ʛʨʫʧʧʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʝʜʥʝʤ ʧʦʣʦʞʝʥʠʠ. 

ʈʝʘʢʮʠʶ ʩʦʝʜʠʥʝʥʠʷ 35 ʩ ɻʬʠʨʥʳʤ ʨʘʩʪʚʦʨʦʤ ʜʠʘʟʦʤʝʪʘʥʘ ʚ ʭʣʦʨʦʬʦʨʤʝ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ ʜʠʘʟʦʤʝʪʘʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʧʳʪʢʘ ʩʥʠʟʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʘ ʠ 

ʩʫʙʩʪʨʘʪʘ ʜʘʞʝ ʜʦ ʟʥʘʯʝʥʠʷ 10:1 ʧʨʠʚʝʣʘ ʪʘʢʞʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 122 ʧʨʠ ʥʝʧʦʣʥʦʡ 

ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʜʠʘʟʦʤʝʪʘʥʘ 

ʬʝʥʦʣʴʥʳʡ ʛʠʜʨʦʢʩʠʣ ʧʨʠ ʉ
7
 ʥʝ ʤʝʪʠʣʠʨʫʝʪʩʷ. ʀʩʭʦʜʷ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ

75
, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
13
=ʆ), ʩ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʝʪʩʷ ʩʠʣʴʥʘʷ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ, ʟʘʪʨʫʜʥʷʝʪ ʨʝʘʢʮʠʶ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʉ
7
-ʆʅ ʜʠʘʟʦʤʝʪʘʥʦʤ. ʇʦʩʢʦʣʴʢʫ ʬʝʥʦʣʴʥʳʡ ʛʠʜʨʦʢʩʠʣ ʧʨʠ ʉ

9
 ʚ ʩʦʝʜʠʥʝʥʠʠ 

35 ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʠ ʧʨʠ ʵʪʦʤ ʤʝʪʠʣʠʨʫʝʪʩʷ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ, ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʘʟʦʤʝʪʘʥʘ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ 

ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʮʠʢʣʘ ʉ ʚ ʩʦʝʜʠʥʝʥʠʠ 35, ʟʘʪʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʨʘʥʘ ʠʟ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
1
=ʆ). ʇʦʩʣʝ ʯʝʛʦ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʤʝʪʠʣʠʨʦʚʘʥʠʝ 
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ʬʝʥʦʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʧʨʠ C
9
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʠʘʟʦʤʝʪʘʥʘ ʚ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʪʝʢʘʶʪ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʥʝʦʙʳʯʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʪʁ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʦʜʠʥ 

ʩʪʝʨʝʦʠʟʦʤʝʨ ʩʦʝʜʠʥʝʥʠʷ 122. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʤʦʣʦʛʦʚ ʠ/ʠʣʠ ʦʢʩʠʨʘʥʦʚ ʠʟ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʠʘʟʦʤʝʪʘʥʘ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʩʫʙʩʪʨʘʪʘ ʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ. ʕʪʠ ʨʝʘʢʮʠʠ 

ʤʦʞʥʦ ʧʦʜʘʚʣʷʪʴ ʠʣʠ ʠʥʠʮʠʠʨʦʚʘʪʴ, ʚʘʨʴʠʨʫʷ ʨʘʩʪʚʦʨʠʪʝʣʠ ʠʣʠ ʧʨʠʤʝʥʷʷ ʨʘʟʣʠʯʥʳʝ 

ʨʝʘʛʝʥʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʘʟʦʤʝʪʘʥʘ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʚʣʠʷʝʪ ʜʦʙʘʚʣʝʥʠʝ ʤʝʪʘʥʦʣʘ
270

, 
271

 ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ. 

ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 35 ʩ ɻʬʠʨʥʳʤ ʨʘʩʪʚʦʨʦʤ ʜʠʘʟʦʤʝʪʘʥʘ ʚ ʩʤʝʩʠ ʭʣʦʨʦʬʦʨʤʘ ʠ 

ʤʝʪʘʥʦʣʘ (1:1) ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʦʝʜʠʥʝʥʠʡ 123 ʠ 124 

(ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʩʤʝʩʠ, ʩʦʦʪʥʦʰʝʥʠʝ 3:2 ʧʦ ʩʧʝʢʪʨʫ ʗʄʈ 
1
ʅ) ʩ ʩʫʤʤʘʨʥʳʤ ʚʳʭʦʜʦʤ ʦʢʦʣʦ 

50% (ʉʭʝʤʘ 14).  

 

ʉʭʝʤʘ 14. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ 35 ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ ʚ ʩʨʝʜʝ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ-

ʭʣʦʨʦʬʦʨʤ-ʤʝʪʘʥʦʣ. 

ʇʦʤʠʤʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʉ
9
-ʆʅ, ʨʘʩʰʠʨʝʥʠʷ ʮʠʢʣʘ ʉ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʨʘʥʘ ʠʟ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
1
=ʆ), ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ ʧʨʦʨʝʘʛʠʨʦʚʘʣ 

ʘʮʝʪʦʬʝʥʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʩʦʝʜʠʥʝʥʠʷ 35 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʧʠʨʘʥʦʚʦʛʦ ʠ 

ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʦʚ ï ʩʦʝʜʠʥʝʥʠʷ 123 ʠ 124 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 123 ʠ 124 ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʳʭ 

ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ. ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʝʜʠʥʝʥʠʡ 123 ʠ 124 ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʠ ʧʦ ʭʠʤʠʯʝʩʢʠʤ 

ʩʜʚʠʛʘʤ ʩʠʛʥʘʣʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʘʭ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 
13
ʉ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʘʪʦʤʦʚ ʉ
5ʘ

 ï ʉ
8
 ʨʝʟʦʨʮʠʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʜʣʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʉ

13
, ʉ

22
, ʉ

23
. 

ʅʘʣʠʯʠʝ ʠ ʧʦʣʦʞʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʠʨʘʥʦʚʦʤ (ʩʦʝʜʠʥʝʥʠʝ 123) 

ʠ ʬʫʨʘʥʦʚʦʤ (ʩʦʝʜʠʥʝʥʠʝ 124) ʮʠʢʣʘʭ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʧʝʢʪʨʦʤ ʗʄʈ 
13
ʉ ʜʣʷ ʨʘʩʪʚʦʨʘ ʩʤʝʩʠ 

ʚʝʱʝʩʪʚ ʚ CDCl3 ʩ ʜʦʙʘʚʣʝʥʠʝʤ D2O. ʇʨʠ ʟʘʤʝʥʝ ʧʨʦʪʦʥʘ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ 

ʜʝʡʪʝʨʠʡ ʟʘ ʩʯʝʪ ʠʟʦʪʦʧʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʧʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ 

ʩʠʥʛʣʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ 64.94 ʤ.ʜ. (ȹŭ = 0.12 ʤ.ʜ.) ʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ 67.97 ʤ.ʜ. (ȹŭ 



 

 

91 

= 0.15 ʤ.ʜ.), ʦʪʥʝʩʝʥʥʳʭ ʢ ʘʪʦʤʫ ʉ
13

 ʚ ʩʪʨʫʢʪʫʨʝ 123 ʠ ʘʪʦʤʫ ʉ
23

 ʚ ʩʪʨʫʢʪʫʨʝ 124 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʧʨʠ ʉ
13

 ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʠʨʘʥʦʚʦʛʦ ʠ ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 123 ʠ 124 ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ, ʧʨʝʜʧʦʣʦʞʠʚ ʩʣʝʜʫʶʱʫʶ ʩʭʝʤʫ ʧʨʝʚʨʘʱʝʥʠʡ (ʉʭʝʤʘ 15). ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʜʨʝʥʠʝ CH2-ʬʨʘʛʤʝʥʪʘ ʤʝʞʜʫ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ (C
13

=O) ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʮʠʢʣʦʤ ɸ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ (C
13

=O) ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʨʘʥʦʚʳʡ ʮʠʢʣ, ʢʦʪʦʨʳʡ ʨʘʩʢʨʳʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʪʘʢʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʥʫʢʣʝʦʬʠʣʘ ï ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ï ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 123 (ʧʫʪʴ A) ʠ ʩʦʝʜʠʥʝʥʠʷ 124 (ʧʫʪʴ B). 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 123 ʠ 124, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʧʠʨʘʟʦʣʦʤ 35 ʧʷʪʠ ʤʦʣʝʢʫʣ ʜʠʘʟʦʤʝʪʘʥʘ. 

 

ʉʭʝʤʘ 15. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 123 ʠ 124. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʮʠʢʣʘ ʉ, ʤʳ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ 

ʩʦʝʜʠʥʝʥʠʝ 125, ʩʦʜʝʨʞʘʱʝʝ ʚʤʝʩʪʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
1
=ʆ) ʛʠʜʨʦʢʩʠʣʴʥʫʶ (ʩʭʝʤʘ 

16). ʇʨʦʜʫʢʪ 125 ʙʳʣ ʧʦʣʫʯʝʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
1
=ʆ) ʚ ʮʠʢʣʝ ʉ 

ʩʦʝʜʠʥʝʥʠʷ 35 NaBH4 ʚ ʊɻʌ ʩ ʚʳʭʦʜʦʤ 96%. ɼʠʘʟʦʤʝʪʘʥ ʨʝʘʛʠʨʫʝʪ ʩ ʩʦʝʜʠʥʝʥʠʝʤ 125 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 126. ʂʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ ʮʠʢʣʝ ʉ ʩʫʙʩʪʨʘʪʘ, ʧʨʠ ʵʪʦʤ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʧʨʦʪʝʢʘʝʪ 

ʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ
9
-ʆ-ʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ. ʊʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
13
=ʆ) ï ʩʦʝʜʠʥʝʥʠʝ 126 ʷʚʣʷʝʪʩʷ 
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ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʭʣʦʨʦʬʦʨʤʝ ʩ ʚʳʭʦʜʦʤ 80%. ʈʝʘʢʮʠʷ ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʤʝʪʘʥʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʦʝʜʠʥʝʥʠʶ 126 ʩ ʚʳʭʦʜʦʤ 69%. 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤ ʧʠʨʘʥʦʚʳʤ ʠ ʬʫʨʘʥʦʚʳʤ ʮʠʢʣʘʤʠ ï ʩʦʝʜʠʥʝʥʠʷ 

127 ʠ 128 - ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʟʘʪʨʫʜʥʝʥʦ, ʦʥʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʦʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʩʫʤʤʘʨʥʳʤ ʚʳʭʦʜʦʤ 9 %. 

 

ʉʭʝʤʘ 16. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 125 ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʛʦ ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʋʂ ʠ 

ʥʝʢʦʪʦʨʳʭ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʠʤʠ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʘʢʮʠʡ 

ʋʂ ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ ʷʚʣʷʁʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʮʠʢʣʘ ʉ ʠ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʝʥʦʣʴʥʦʡ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʝʘʢʮʠʶ ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ ʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ ʧʦʤʠʤʦ ʨʘʩʰʠʨʝʥʠʷ ʮʠʢʣʘ ʉ ʠʜʫʪ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʩ ʫʯʘʩʪʠʝʤ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
1
=ʆ) ʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʴʥʦʛʦ 

ʛʠʜʨʦʢʩʠʣʘ ʉ
9
-ʆʅ. ɼʦʙʘʚʣʝʥʠʝ ʤʝʪʘʥʦʣʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʜʠʘʟʦʤʝʪʘʥʦʤ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
13

=ʆ) ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʩ 

ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ ʮʠʢʣʫ ɸ ʧʠʨʘʥʦʚʳʤ ʠ ʬʫʨʘʥʦʚʳʤ ʬʨʘʛʤʝʥʪʘʤʠ. ʇʨʦʜʫʢʪ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʬʝʥʦʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʉ
9
-ʆʅ ʩʝʣʝʢʪʠʚʥʦ ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʜʠʘʟʦʤʝʪʘʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ (ʉ
1
=O) ʧʠʨʘʟʦʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ. 
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3.4.2.3 ʉʠʥʪʝʟ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʨʝʘʢʮʠʝʡ ʩ ʧʝʨʬʪʦʨʦʣʝʬʠʥʘʤʠ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʝʜʠʥʠʯʥʦʛʦ ʘʪʦʤʘ ʬʪʦʨʘ ʠʣʠ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʜʝʡʩʪʚʠʷ ʙʠʦʘʢʪʠʚʥʦʛʦ ʘʛʝʥʪʘ. ʌʪʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʰʠʙʦʯʥʦ ʚʢʣʶʯʝʥʥʳʝ ʚ 

ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟʤʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʬʬʝʢʪʘ ʤʘʩʢʠʨʦʚʢʠ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʧʨʦʷʚʣʷʶʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʪʦʨʤʦʞʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ 

ʤʝʪʘʙʦʣʠʟʤʘ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʳʩʦʢʘʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʪʝʨʦʠʜʦʚ (ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ)
272

. ʉʫʱʝʩʪʚʝʥʥʳʤ ʠʟʚʝʩʪʥʳʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʙʠʦʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ (ʠ ʦʩʦʙʝʥʥʦ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ) ʨʘʜʠʢʘʣʦʚ. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ
273

 ʵʬʠʨʳ ʩʧʠʨʪʦʚ ʠ ʬʝʥʦʣʦʚ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʨʝʘʢʮʠʝʡ 

ʩ ʧʝʨʬʪʦʨʦʣʝʬʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʣʠʙʦ ʢ ʧʨʦʜʫʢʪʘʤ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʬʪʦʨʘ ʧʨʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʧʝʨʬʪʦʨʦʣʝʬʠʥʘ, ʣʠʙʦ 

ʧʨʦʜʫʢʪʘʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ.  

ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʋʂ ʩ ʬʪʦʨʩʦʜʝʨʞʘʱʠʤ ʦʣʝʬʠʥʦʤ - 

ʪʨʠʬʪʦʨʭʣʦʨʵʪʠʣʝʥʦʤ ʚ ɼʄʌɸ (ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ 0.2%) ʨʝʘʢʮʠʷ ʠʜʸʪ ʧʦ ʧʫʪʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʉ
7
-ʆʅ-ʛʨʫʧʧʳ ʧʦ ʢʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʣʠʬʪʦʨʦʣʝʬʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ 129 ʩ ʚʳʭʦʜʦʤ 87% (ʩʭʝʤʘ 17).  

 

ʉʭʝʤʘ 17. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʪʨʠʬʪʦʨʭʣʦʨʵʪʠʣʝʥʦʤ. 

ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʗʄʈ 
1
H ʋʂ ʠ ʩʦʝʜʠʥʝʥʠʷ 129 ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʧʦʩʣʝʜʥʝʛʦ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʛʥʘʣ OH-ʛʨʫʧʧʳ ʧʨʠ ~13 ʤ.ʜ., ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʛʥʘʣʳ ʦʩʪʘʣʴʥʳʭ OH-ʛʨʫʧʧ 

ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ~11 ʤ.ʜ. (ʉ
9
-ʆʅ) ʠ ~19 ʤ.ʜ. (ʝʥʦʣ-ʆʅ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʫ ʘʪʦʤʘ ʉ
7
. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 

13
ʉ 

ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʘʭ ʩʠʛʥʘʣʦʚ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʉ
6
, ʉ

7
 

ʠ ʉ
8
, ʧʨʠʯʝʤ ʵʪʠ ʩʠʛʥʘʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʙʦʣʝʝ ʩʣʘʙʦʤ ʧʦʣʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʛʥʘʣʘʤ ʪʝʭ 

ʞʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠʩʭʦʜʥʦʡ ʋʂ, ʯʪʦ ʪʘʢʞʝ ʩʣʫʞʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʟʘʤʝʱʝʥʠʷ ʧʦ 7-ʦʤʫ 

ʬʝʥʦʣʴʥʦʤʫ ʛʠʜʨʦʢʩʠʣʫ. 

ʈʝʘʢʮʠʷ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤ ʧʝʨʬʪʦʨʦʣʝʬʠʥʦʤ ʛʝʢʩʘʬʪʦʨʧʨʦʧʠʣʝʥʦʤ ʚ ɼʄʌɸ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ K2CO3 ʧʨʦʪʝʢʘʝʪ ʥʝ ʩʪʦʣʴ ʦʜʥʦʟʥʘʯʥʦ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʜʫʢʪ 
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ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʧʝʨʬʪʦʨʦʣʝʬʠʥʘ ʩʦʝʜʠʥʝʥʠʝ 130 (ʚʳʭʦʜ 52%). ʀʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʪʘʢʞʝ ʚʳʜʝʣʝʥʦ ʩ ʚʳʭʦʜʦʤ 22% ʩʦʝʜʠʥʝʥʠʝ 131 - ʧʨʦʜʫʢʪ ʩ 

ʘʥʥʝʣʠʨʦʚʘʥʥʳʤ ʮʠʢʣʫ ɸ ʋʂ ʧʠʨʘʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ (ʩʭʝʤʘ 18).  

 

ʉʭʝʤʘ 18. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʛʝʢʩʘʬʪʦʨʧʨʦʧʠʣʝʥʦʤ 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠ ̫ 130 ʧʨʦʪʝʢʘʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʢʘʨʙʘʥʠʦʥ ɸ (ʩʭʝʤʘ 19). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʝʜʦʚ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʵʪʦʛʦ 

ʢʘʨʙʘʥʠʦʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʠʟʚʦʜʥʦʤʫ 130. ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 131 ʩ 

ʘʥʥʝʣʠʨʦʚʘʥʥʳʤ ʢʦʣʴʮʫ ʉ ʋʂ ʧʠʨʘʥʦʚʳʤ ʮʠʢʣʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʜʨʫʛʦʡ 

ʢʘʨʙʘʥʠʦʥ ɺ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʫʪʸʤ ʘʪʘʢʠ ʬʝʥʦʣʷʪ-ʘʥʠʦʥʘ ʋʂ ʧʦ ʠʥʪʝʨʥʘʣʴʥʦʤʫ ʘʪʦʤʫ 

ʫʛʣʝʨʦʜʘ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʧʝʨʬʪʦʨʧʨʦʧʠʣʝʥʘ. 

 

ʉʭʝʤʘ 19. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʫʪʠ ʨʝʘʢʮʠʠ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʛʝʢʩʘʬʪʦʨʧʨʦʧʠʣʝʥʦʤ. 

ʇʦʩʣʝʜʫʶʱʠʝ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʘʨʙʘʥʠʦʥʘ ɺ ʧʦ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧ rʋʂ ʠ ʜʝʛʠʜʨʘʪʘʮʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʪʨʝʪʠʯʥʦʛʦ ʩʧʠʨʪʘ ʉ ʧʨʠʚʦʜʷʪ ʢ 

ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʦʤʫ ʩʦʝʜʠʥʝʥʠʶ 131 (ʩʭʝʤʘ 20).  
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ʉʭʝʤʘ 20. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 131. 

 

3.4.2.3 ʉʠʥʪʝʟ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʨʝʘʢʮʠʝʡ ʩ 

ʧʝʨʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʝʨʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ. ɼʣʷ ʨʝʘʢʮʠʠ ʆ-ʘʨʠʣʠʨʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʘʢʮʝʧʪʦʨʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ï ʧʝʨʬʪʦʨʥʠʪʨʦʙʝʥʟʦʣ, ʧʝʨʬʪʦʨʧʠʨʠʜʠʥ, ʧʝʨʬʪʦʨʪʦʣʫʦʣ ʠ 

ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʡ ʮʠʘʥʦʙʝʥʟʦʣ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ (+)-ʋʂ ʩ ʧʦʣʠʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʚ ʩʠʩʪʝʤʝ K2CO3-ɼʄʌɸ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʦ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ 

7-ʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʋʂ 132-135 (ʩʭʝʤʘ 21). ʉ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʝʡ ʋʂ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ 

ʩʣʫʯʘʝ ʧʝʨʬʪʦʨʥʠʪʨʦʙʝʥʟʦʣʘ ʠ ʧʝʨʬʪʦʨʮʠʘʥʦʙʝʥʟʦʣʘ, ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʩʣʝʜʥʠʭ ʩ 

ʋʂ ï ʩʦʝʜʠʥʝʥʠʷ 132 ʠ 135 ï ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʩ ʚʳʭʦʜʘʤʠ 84% ʠ 98%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʝʜʠʥʝʥʠʝ 133 ʚʳʜʝʣʝʥʦ ʥʘʤʠ ʩ ʚʳʭʦʜʦʤ 35%, ʢʦʥʚʝʨʩʠʷ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣʘ 75%, ʘ 

ʩʦʝʜʠʥʝʥʠʝ 134 ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʠʟ ʩʤʝʩʠ ʩ ʠʩʭʦʜʥʦʡ ʋʂ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ~ 1:0.8 (ʗʄʈ 
1
ʅ). 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʪʝʢʘʝʪ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʬʪʦʨʘ ʪʦʣʴʢʦ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ ʢ ʟʘʤʝʩʪʠʪʝʣʶ ʚ 

ʧʝʨʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ ʪʨʘʢʪʫʝʪʩʷ ʩʧʝʢʪʨʘʤʠ ʗʄʈ 
19

F. 
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ʉʭʝʤʘ 21. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʧʝʨʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʣʠʰʴ ʚ ʩʫʭʦʤ ɼʄʌɸ, ʧʦʧʳʪʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʣʘʞʥʳʡ  

ɼʄʌɸ(0.2%), ʣʠʙʦ ʞʝ ʩʤʝʥʠʪʴ ʩʠʩʪʝʤʫ ʦʩʥʦʚʘʥʠʝ-ʨʘʩʪʚʦʨʠʪʝʣʴ ʥʘ ʪʨʠʵʪʠʣʘʤʠʥ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʜʫʢʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʋʂ ʩ ʧʝʨʬʪʦʨʦʣʝʬʠʥʘʤʠ ʧʨʦʪʝʢʘʝʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʬʠʨʦʚ ʧʦ ʧʫʪʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ 

K2CO3-ɼʄʌɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ. ʇʨʦʜʫʢʪʳ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʘʢʮʠʝʡ ʩ ʧʝʨʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʩʠʩʪʝʤʝ K2CO3-ʘʙʩʦʣʶʪʥʳʡ ɼʄʌɸ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʣʠʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʵʬʠʨʦʚ ʋʂ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʬʝʥʦʣʴʥʦʡ ʛʨʫʧʧʝ ʫ 7-ʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʋʂ. 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʤʠ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ: 
274

, 
275

, 
276

, 
277

, 
278

. 
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3.5 ʈʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʛʠʜʨʠʜʘʤʠ ʙʦʨʘ 

 

ɺ ʩʪʨʫʢʪʫʨʝ ʋʂ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʬʨʘʛʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʋʂ 

ʅ2/Pd
279

 ʧʨʠʚʦʜʠʪ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ
4
-ʉ
4ʘ

. 

ʆʜʥʘʢʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʩʚʝʜʝʥʠʡ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʋʂ.  

ʅʘʤʠ ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʋʂ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʛʠʜʨʠʜʘʤʠ ʙʦʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʋʂ ʩ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʊɻʌ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʪʝʢʘʝʪ ʢʨʘʡʥʝ ʥʝʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ 

ʧʨʦʜʫʢʪʦʚ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʜʦ -38 
ʦ
ʉ ʧʨʠʚʦʜʠʪ ʢ ʫʧʨʦʱʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ. ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʨʦʜʫʢʪ r ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ C
1
=ʆ (ʩʦʝʜʠʥʝʥʠʝ 136) ʠ ʜʚʫʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ C

1
=ʆ ʠ C

11
=ʆ 

(ʩʦʝʜʠʥʝʥʠʝ 137a,b) ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 57% (ʩʭʝʤʘ 22).  

 

ʉʭʝʤʘ 22. ʈʝʘʢʮʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ C
1
=ʆ ʧʨʦʪʝʢʘʝʪ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ, ʤʝʥʝʝ ʩʝʣʝʢʪʠʚʥʦ ʧʨʦʪʝʢʘʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ 

C
11
=ʆ, ʩʦʝʜʠʥʝʥʠʝ 137 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʩ ʷʚʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʦʜʥʦʛʦ ʠʟ ʥʠʭ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʮʝʥʪʨʘ ʧʨʠ ʉ
1
 ʚ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ
280

. 

ɺʟʘʠʤʥʦʝ ʘʢʩʠʘʣʴʥʦ-ʘʢʩʠʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʪʦʥʦʚ ʧʨʠ ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ 1 ʠ 2 

ʫʩʪʘʥʦʚʣʝʥʦ ʠʩʭʦʜʷ ʠʟ ʩʨʘʚʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪʳ ʠʭ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(10.5 ɻʮ) ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʩʪʘʥʪʘʭ ʚ ʟʘʤʝʱʸʥʥʳʭ 

ʮʠʢʣʦʛʝʢʩʝʥʦʥʘʭ
281

. 

ʇʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʪʨʸʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʋʂ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʩʝʣʝʢʪʠʚʥʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʵʢʟʦʮʠʢʣʠʯʝʩʢʘʷ ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʢʦʣʴʮʝ ʉ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʥʦʩʠʪ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ, ʪʦ ʝʸ ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʠʣʦ ʙʳ ʫʧʨʦʩʪʠʪʴ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ C
13
=ʆ. ʀ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʠʨʘʟʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 35 

ʧʦʣʫʯʝʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ - ʩʦʝʜʠʥʝʥʠʝ 125, ʨʝʟʫʣʴʪʘʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ C
1
=ʆ (ʩʭʝʤʘ 23). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ, ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʮʝʥʪʨʘ ʧʨʠ ʘʪʦʤʝ ʉ
1
 ʚ ʩʦʝʜʠʥʝʥʠʠ 125 ʧʨʝʜʣʦʞʝʥʘ ʥʘʤʠ, ʠʩʭʦʜʷ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ 
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ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ. ʉʦʝʜʠʥʝʥʠʝ 125 

ʦʙʨʘʟʫʝʪʩʷ ʩ ʦʪʣʠʯʥʳʤ ʚʳʭʦʜʦʤ (96%) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ -40 ʜʦ 0
 ʦ
ʉ, ʚʳʭʦʜ 

ʧʨʦʜʫʢʪʘ 125 ʥʝʩʢʦʣʴʢʦ ʧʘʜʘʝʪ (90%) ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʢʦʤʥʘʪʥʦʡ. 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 50 
ʦ
ʉ ʧʨʠʚʦʜʠʪ ʢ ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 125 ʩ 

ʠʟʙʳʪʢʦʤ ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 138a,b - ʧʨʦʜʫʢʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ C
13
=ʆ (ʚʳʭʦʜ 71%, ʩʤʝʩʴ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʧʦ ʮʝʥʪʨʫ ʉ

13
 ~ 40:60 ʧʦ 

ʜʘʥʥʳʤ ʗʄʈ 
1
ʅ). 

 

ʉʭʝʤʘ 23. ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 35 ʩ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ. 

ʅʝ ʦʩʪʘʚʠʤ ʚʥʠʤʘʥʠʝʤ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʝʘʢʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 125 ʧʨʦʪʝʢʘʝʪ 

ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (96%), ʦʜʥʘʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʪʦʨʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʩʦʝʜʠʥʝʥʠʝ 

138a,b) ʧʨʦʭʦʜʠʪ ʥʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʠ ʩ ʤʝʥʴʰʠʤ ʚʳʭʦʜʦʤ (71%). ʉ ʮʝʣʴʶ ʧʦʜʙʦʨʘ 

ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 138a,b ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ (C
13

=O) ʜʨʫʛʠʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʛʠʜʨʠʜʘʤʠ ʙʦʨʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʘʨʙʦʥʠʣʴʥʘʷ 

ʛʨʫʧʧʘ (C
13
=O) ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʦʣʝʝ ʤʷʛʢʠʤ, ʯʝʤ ʙʦʨʛʠʜʨʠʜ ʥʘʪʨʠʷ ʘʛʝʥʪʦʤ - 

Bu4NBH4 (ʉʭʝʤʘ 24). ʆʜʥʘʢʦ, ʵʪʦʪ ʘʛʝʥʪ ʩʝʣʝʢʪʠʚʥʦ ʠ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (96%) 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʵʥʜʦʮʠʢʣʠʯʝʩʢʫʶ ʢʘʨʙʦʥʠʣʴʥʫʶ ʛʨʫʧʧʫ (C
1
=O) ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ.  

 

ʉʭʝʤʘ 24. ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 35 ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʛʠʜʨʠʜʘʤʠ ʙʦʨʘ. 
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ɺ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ (C
13
=O) ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦʧʳʪʢʘ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ʵʪʦʡ ʛʨʫʧʧʳ 

ʭʠʨʘʣʴʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ TɻʌÅBH3/L-ʧʨʦʣʠʥ (ʛʝʥʝʨʠʨʫʝʪʩʷ in situ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʪʦʨʦʛʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʘʮʝʪʦʬʝʥʦʥʘ ʧʦʢʘʟʘʣʦ 99%-ʥʫʶ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ
282

. 

ɸʩʠʤʤʝʪʨʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 125 ʵʪʦʡ ʩʠʩʪʝʤʦʡ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ. ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ 35 (Cʭʝʤʘ 24) ʨʝʘʢʮʠʦʥʥʘ ̫ʩʤʝʩʴ 

ʧʨʦʜʫʢʪʦʚ ʦʢʘʟʘʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʱʝ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʜʫʢʪʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧ r (C
1
=O), ʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ 

(C
13

=O) ʧʨʦʪʝʢʘʝʪ ʩ ʫʤʝʨʝʥʥʦʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ï ʧʦ ʩʧʝʢʪʨʫ 
1
ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 

139ʘ,b ʦʙʨʘʟʫʶʪʩʷ ʩ de 40% (ʧʦ ʩʧʝʢʪʨʫ 
1
ʅ ʗʄʈ).  

ɹʦʣʝʝ ʥʠʟʢʠʡ (71%) ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ C
13

=O, ʯʝʤ 

ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ C
1
=O (96%) ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʪʝʤ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʨʘʩʪʚʦʨʦʤ HCl, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʠʟʙʳʪʢʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʧʦʩʣʝ ʨʝʘʢʮʠʠ, ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʧʘʨʘ-ʭʠʥʦʥʤʝʪʠʜʥʳʡ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ ɸ
283

 (Cʭʝʤʘ 25). ʕʪʘ ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ 

ʧʨʦʪʝʢʘʶʱʠʝ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ, ʚ ʦʩʥʦʚʥʦʤ ʨʝʘʢʮʠʠ ʩʘʤʦʢʦʥʜʝʥʩʘʮʠʠ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ.  

 

ʉʭʝʤʘ 25. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 140-145. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʧʫʪʴ ʨʝʘʢʮʠʠ. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʥʫʢʣʝʦʬʠʣʘ ʧʘʨʘ-ʭʠʥʦʥʤʝʪʠʜʥʘʷ ʯʘʩʪʠʮʘ ɸ ʤʦʞʝʪ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʥʠʤ, ʥʝ ʚʩʪʫʧʘʷ ʚ ʨʝʘʢʮʠʠ ʩʘʤʦʢʦʥʜʝʥʩʘʮʠʠ. ʀ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʘ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʤʝʪʠʣʦʚʦʛʦ ʠʣʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 140ʘ,b ʠ 141ʘ,b (ʩʤʝʩʴ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ), 

ʧʨʠʯʝʤ ʚʳʭʦʜ ʦʙʨʘʟʫʶʱʠʭʩʷ ʵʬʠʨʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʩʧʠʨʪʦʚ 138ʘ,b (ʩʭʝʤʘ 25). 
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ʅʘʤʠ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʢʮʠʠ ʧʫʪʝʤ ʚʦʚʣʝʯʝʥʠʷ ʚ 

ʨʝʘʢʮʠʶ ʥ-ʙʫʪʠʣʦʚʦʛʦ, ʙʝʥʟʠʣʦʚʦʛʦ, ʘʣʣʠʣʦʚʦʛʦ ʠ ʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʦʚ. ʂʘʢ ʠ 

ʦʞʠʜʘʣʦʩʴ, ʠʤʝʝʪ ʤʝʩʪʦ ʆ-ʘʣʢʠʣʠʨʦʚʘʥʠʝ, ʦʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʤʝʥʷʚʰʠʡʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʟʙʳʪʦʢ ʩʧʠʨʪʘ, ʚʳʭʦʜ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʩʧʠʨʪʦʚ 142ʘ,b-

145ʘ,b ʙʦʣʝʝ ʫʤʝʨʝʥʥʳʡ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ
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 ʧʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ 

ʟʘʤʝʱʝʥʥʳʭ ʧ-ʛʠʜʨʦʢʩʠʙʝʥʟʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʩ ʤʝʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʘʚʪʦʨʳ 

ʧʦʣʫʯʠʣʠ ʢʦʩʚʝʥʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʦʡ ʭʠʥʦʥʤʝʪʠʜʥʦʡ ʧʝʨʝʭʦʜʥʦʡ 

ʯʘʩʪʠʮʳ, ʧʦʢʘʟʘʚ, ʯʪʦ ʨʷʜ ʧʘʨʘ-ʤʝʪʦʢʩʠʙʝʥʟʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʥʝ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʨʝʘʢʮʠʶ c 

ʤʝʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʪʦʤ, ʯʪʦ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʵʬʬʝʢʪʳ OH- ʠ 

MeO-ʛʨʫʧʧ ʙʣʠʟʢʠ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʦʜʦʙʥʦʤ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 140ʘ,b-145ʘ,b ʥʘʤʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʦʣʫʯʝʥʥʦʝ ʨʘʥʝʝ 

ʩʦʝʜʠʥʝʥʠʝ 126, ʩʦʜʝʨʞʘʱʝʝ ʚ ʧʦʣʦʞʝʥʠʠ 9 ʤʝʪʦʢʩʠ-ʛʨʫʧʧʫ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʜʘʶʱʝʝ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʘʨʘ-ʭʠʥʦʥʤʝʪʠʜʥʫʶ ʯʘʩʪʠʮʫ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 126 ʙʦʨʛʠʜʨʠʜʦʤ 

ʥʘʪʨʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʊɻʌ ʭʦʨʦʰʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʪʦʨʘʷ ʢʘʨʙʦʥʠʣʴʥʘ ̫ʛʨʫʧʧʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 146ʘ,b (ʩʭʝʤʘ 26) 

ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 95%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʧʘʨʘ-

ʭʠʥʦʥʤʝʪʠʜʥʦʡ ʯʘʩʪʠʮʳ ɸ ʥʘ ʭʦʜ ʨʝʘʢʮʠʠ.  

 

ʉʭʝʤʘ 26. ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 126 ʩ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 147-149. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ ʩʧʠʨʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʥʫʢʣʝʦʬʠʣʘ ʚʩʝ-ʪʘʢʠ 

ʧʨʦʪʝʢʘʝʪ, ʥʦ ʚ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ï ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ 

ʠʟʙʳʪʢʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʧʠʨʪʘ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ. ʋʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʧʨʦʜʫʢʪʳ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʪʠʣʦʚʦʛʦ, ʵʪʠʣʦʚʦʛʦ ʠ ʥ-ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʦʚ (ʩ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ), ʚ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ (ʙʝʥʟʠʣʦʚʳʡ, ʘʣʣʠʣʦʚʳʡ, ʧʨʦʧʘʨʛʠʣʦʚʳʡ ʩʧʠʨʪʳ) ʵʬʠʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 



 

 

101 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ 147ʘ,b-149ʘ,b, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʦʨʪʦ-ʭʠʥʦʥʤʝʪʠʜʥʫʶ ʧʝʨʝʭʦʜʥʫʶ ʯʘʩʪʠʮʫ ɺ (ʩʭʝʤʘ 18), ʜʣʷ 

ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ, ʯʝʤ ʜʣʷ ʧʘʨʘ-ʭʠʥʦʥʤʝʪʠʜʥʦʡ ɸ
285

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʋʂ ʙʦʨʛʠʜʨʠʜʦʤ 

ʥʘʪʨʠʷ ʧʨʦʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʅʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʘ ʵʥʜʦʮʠʢʣʠʯʝʩʢʘʷ 

ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ (C
1
=ʆ), ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʪʝʢʘʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ. 

ʂʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ (C
13
=ʆ) ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʩ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ 

ʧʠʨʘʟʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ 35. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧ r (C
13
=ʆ) ʙʝʟ 

ʟʘʪʨʘʛʠʚʘʥʠʷ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧ rʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ 

TɻʌÅBH3/L-ʧʨʦʣʠʥ, ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʥʝʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʆʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʮʝʪʦʬʝʥʦʥʦʚʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʧʠʨʘʟʦʣʴʥʦʤ ʧʨʦʠʟʚʦʜʥʦʤ ʋʂ 

ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʠʨʪʦʚ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʝʡ 

ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʩʧʠʨʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪʩʷ, ʝʩʣʠ 

ʬʝʥʦʣʴʥʳʡ ʛʠʜʨʦʢʩʠʣ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʢ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʤʫ ʬʨʘʛʤʝʥʪʫ ʟʘʱʠʱʝʥ 

ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʉ
13
=ʆ) ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘ-

ʭʠʥʦʥʤʝʪʠʜʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ. 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʤʠ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ: 
286

, 
287

. 
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3.6 ʈʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ, ʨʝʘʢʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʦʢʠʩʣʝʥʠʝʤ ʋʂ ʠʣʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʨʠʤʝʨʘʤʠ. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ
288, 289, 290

 ʦʧʠʩʘʥʦ ʨʘʩʱʝʧʣʝʥʠʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʋʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʱʝʣʦʯʠ ʚ ʩʧʠʨʪʦʚʦʤ ʠ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʘʭ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥʳ ʩʣʦʞʥʳʝ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʧʨʦʜʫʢʪʦʚ ʜʝʩʪʨʫʢʮʠʠ ʋʂ ʧʦ ʢʦʣʴʮʫ ʉ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩ ʥʝʙʦʣʴʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʆʢʠʩʣʝʥʠʝ 

7,9-ʜʠʘʮʝʪʘʪʘ ʋʂ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ ʧʨʦʪʝʢʘʝʪ, ʧʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ
291

, ʪʘʢʞʝ ʧʦ 

ʢʦʣʴʮʫ ʉ ʩʫʙʩʪʨʘʪʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ. ʆʢʠʩʣʝʥʠʝ ʋʂ 30%-ʥʦʡ 

ʧʝʨʝʢʠʩʴ  ʁʚʦʜʦʨʦʜʘ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ
292

. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʧʠʨʠʜʠʥʝ, ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ - 

2-ʘʮʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʦʝ ʋʂ 150 ʚʳʜʝʣʝʥʦ ʩ ʚʳʭʦʜʦʤ 83% (ʨʠʩ. 22).  

 

ʈʠʩʫʥʦʢ 22. ʇʨʦʠʟʚʦʜʥʦʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ ʚ ʧʠʨʠʜʠʥʝ (ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ). 

ʀʟʫʯʝʥʠʝ ʥʘʤʠ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʋʂ ʨʘʟʣʠʯʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʢʘʟʘʣʦʩʴ ʤʘʣʦʨʝʟʫʣʴʪʘʪʠʚʥʳʤ. ʈʝʘʢʮʠʠ ʋʂ 1 ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HNO3 ʠ 

ʨʝʘʛʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʝ Cr(VI) ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʩʤʝʩʝʡ ʧʨʦʜʫʢʪʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʛʣʫʙʦʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʤʦʣʝʢʫʣʳ ʩʫʙʩʪʨʘʪʘ. ʅʘʧʨʦʪʠʚ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʘʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʢʘʢ Pb(CH3COO)4, KIO4, O2, t-BuOOH, ʧʝʨʠʦʜʠʥʘʥ ɼʝʩʩʘ-

ʄʘʨʪʠʥʘ, H2O2 ʚ ʭʣʦʨʦʬʦʨʤʝ, SeO2, SeO2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ H2O2 ʦʢʠʩʣʝʥʠʝ ʋʂ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʆʜʥʘʢʦ, ʥʝʦʙʳʯʥʫʶ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʥʘʤ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʜʢʠʩʣʦʪ (ʤʝʪʘ-ʭʣʦʨʥʘʜʙʝʥʟʦʡʥʘʷ 

(MCPBA), ʥʘʜʫʢʩʫʩʥʘʷ ʠ ʤʦʥʦʥʘʜʬʪʘʣʝʚʘʷ (MPPA) ʢʠʩʣʦʪʳ). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʩʣʝ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʚʳʜʝʣʠʣʠ ʧʨʦʜʫʢʪʳ 151 ʠ 152 ʩ ʚʳʭʦʜʘʤʠ 41% ʠ 

27% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʭʝʤʘ 27). 

ʉʭʝʤʘ 27. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʥʘʜʢʠʩʣʦʪʘʤʠ. 
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ɺr ʜʝʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 151 ʠ 152  ʦʢʘʟʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠʟ ʨʝʘʢʮʠʠ ʩ 

ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʪʘʢ ʢʘʢ ʧʨʦʜʫʢʪ ʝʝ ʨʘʩʧʘʜʘ ï ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, ʣʝʛʢʦ ʚʳʚʦʜʠʪʩʷ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʪʤʳʚʘʥʠʝʤ ʚʦʜʦʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ MCPBA ʠʣʠ MPPA ʚʳʜʝʣʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʟʘʪʨʫʜʥʝʥʦ ʦʪʜʝʣʝʥʠʝʤ ʦʪ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʝʪʘ-ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʠʣʠ ʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʢʠʩʣʦʪ ʠʧʦʣʴʟʫʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʨʘʩʪʚʦʨʦʤ NaHCO3, ʥʦ ʚ ʦʙʥʘʨʫʞʝʥʥʦʡ 

ʥʘʤʠ ʨʝʘʢʮʠʠ ʧʨʠ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʦʪʝʨʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ.  

ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 151 ʠ 152 ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʗʄʈ 
1
ʅ ʠ 

13
ʉ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 151, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʥʬʠʛʫʨʘʮʠʷ ʵʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʘ ʚ ʥʝʤ, 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʈʉɸ (ʨʠʩʫʥʦʢ 23). ʎʠʢʣ ʉ
1a

 ï ʉ
9ʘ

 ʧʣʦʩʢʠʡ ʚ ʧʨʝʜʝʣʘʭ Ñ0.039 ¡, 

ʮʠʢʣ ʉ
4b

 ï ʉ
8ʘ

 ʠʤʝʝʪ ʢʦʥʬʦʨʤʘʮʠʶ ʩʦʬʳ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʘʪʦʤʘ ʉ
4b

 ʥʘ 0.336(5) ¡. 

ʇʷʪʠʯʣʝʥʥʳʡ ʮʠʢʣ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʦʥʚʝʨʪʘ ʩ ʚʳʭʦʜʦʤ ʘʪʦʤʘ ʉ
4b

 ʥʘ 0.559(5) ¡. 

ʇʨʘʢʪʠʯʝʩʢʠ ʪʘʢʘʷ ʞʝ ʢʦʥʬʦʨʤʘʮʠʷ ʮʠʢʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʡ ʋʂ
293,

 
294
. ɿʘ ʩʯʸʪ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʆ
4
-ʅéʆ

8
 (O-H 0.80(5), HéO 1.96(5) ¡, O-HéO 174(5)Á) ʦʙʨʘʟʫʶʪʩʷ 

ʚʜʦʣʴ ʦʩʠ ʩ ʮʝʧʦʯʢʠ ʤʦʣʝʢʫʣ ʪʠʧʘ ʛʦʣʦʚʘ-ʭʚʦʩʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʨʦʯʥʫ  ʁ

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ O
7
-HéO

6
 ʩ ʧʘʨʘʤʝʪʨʘʤʠ O

7
-H 1.22(6), H-O

6
 1.29(6), 

OéO 2.427(5) ¡, O
7
-H-O

6
 149(6)Ü, ʙʣʠʟʢʠʤʠ ʘʥʘʣʦʛʠʯʥʳʤ ʚ ʋʂ. ʉʦʝʜʠʥʝʥʠʝ 152 ʦʙʨʘʟʫʝʪʩʷ 

ʚ ʚʠʜʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʪʝʨʝʦʠʟʦʤʝʨʘ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʵʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʘ ʩʦʝʜʠʥʝʥʠʷ 152 ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʘ. 

 

ʈʠʩ. 23 ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ʩʦʝʜʠʥʝʥʠʷ 151 ʚ ʢʨʠʩʪʘʣʣʝ (ʧʨʝʜʩʪʘʚʣʝʥʳ 30% ʪʝʧʣʦʚʳʝ 

ʵʣʣʠʧʩʦʠʜʳ). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 151 ʠ 152, ʦʢʠʩʣʝʥʠʶ ʧʦʜʚʝʨʛʩʷ ʨʝʟʦʨʮʠʥʦʚʳʡ ʮʠʢʣ 

ɸ ʤʦʣʝʢʫʣʳ ʋʂ 1. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʬʘʢʪʘ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʢʠʩʣʝʥʠʶ ʟʘʤʝʱʝʥʥʳʭ 

ʬʝʥʦʣʦʚ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ
295
, ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚʦʟʤʦʞʥʳʡ 

ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʋʂ 1 ʥʘʜʢʠʩʣʦʪʘʤʠ (ʩʭʝʤʘ 28). ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ 1a, 

ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʢʨʳʚʘʝʪʩʷ, ʘ ʧʨʦʤʝʞʫʪʦʯʥʦ ʦʙʨʘʟʫʶʱʠʡʩʷ ʜʠʦʣ 1b 

ʵʧʦʢʩʠʜʠʨʫʝʪʩʷ ʣʠʙʦ ʧʦ ʩʚʷʟʠ ʉ
5ʘ

-ʉ
6
, ʣʠʙʦ ʧʦ ʩʚʷʟʠ ʉ

8
-ʉ

9
 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʦʝʜʠʥʝʥʠʡ 151 ʠ 152. 
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ʉʭʝʤʘ 28. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 151 ʠ 152. 

7,9-ɼʠʘʮʝʪʘʪ-ʋʂ 4 ʩ ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ CH3CO3H. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʠʨʘʟʦʣʴʥʦʝ 

ʧʨʦʠʟʚʦʜʥʦʝ ʋʂ - ʩʦʝʜʠʥʝʥʠʝ 35, ʪʘʢ ʞʝ ʢʘʢ ʠ ʋʂ, ʦʢʠʩʣʷʝʪʩʷ ʧʦ ʨʝʟʦʨʮʠʥʦʚʦʤʫ ʮʠʢʣʫ ɸ. 

ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʪʁʩʷ ʩʦʝʜʠʥʝʥʠ ̫ 153 ʠ 154, ʚʳʜʝʣʝʥʥʝr ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʚʳʭʦʜʘʤʠ 43 ʠ 22 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʭʝʤʘ 29).  

ʉʭʝʤʘ 29. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ 4 ʠ 35 ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʥʘʜʢʠʩʣʦʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʝʥʠʝ ʋʂ ʠ ʝʝ ʧʠʨʘʟʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʥʘʜʢʠʩʣʦʪʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʢʦʣʴʮʫ ɸ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʵʧʦʢʩʠʜʥʳʝ ʮʠʢʣʳ.  

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʤʠ ʚ ʧʫʙʣʠʢʘʮʠʠ
296
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3.7 ʈʝʘʢʮʠʷ ʐʤʠʜʪʘ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

 ʈʝʘʢʮʠʷ ʐʤʠʜʪʘ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʘʟʦʪʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʦʡ HN3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʠʥʦʚ (ʠʟ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ), ʘʤʠʜʦʚ (ʠʟ ʢʝʪʦʥʦʚ) ʠʣʠ ʥʠʪʨʠʣʦʚ (ʠʟ ʘʣʴʜʝʛʠʜʦʚ). ʅʘʣʠʯʠʝ ʘʮʝʪʠʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʋʂ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦ ʨʝʘʢʮʠʠ ʐʤʠʜʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʠʜʦʚ ʋʂ, ʩʦʝʜʠʥʝʥʠʡ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʈʘʥʝʝ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ
291

 ʩ ʮʝʣʴʶ ʚʚʝʜʝʥʠʷ ʚ ʢʦʣʴʮʦ ɸ ʤʦʣʝʢʫʣʳ ʋʂ 

ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ ʧʦʧʳʪʘʣʠʩʴ ʚʦʚʣʝʯʴ ʋʂ ʚ ʨʝʘʢʮʠʶ ʐʤʠʜʪʘ, ʦʜʥʘʢʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʚ ʭʣʦʨʦʬʦʨʤʝ ʧʨʠ 0 
0
ʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʨʝʘʢʮʠʠ ʵʢʚʠʤʦʣʷʨʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʩ ʚʳʭʦʜʦʤ 93% ʣʠʰʴ ʠʩʭʦʜʥʘʷ 

ʋʂ 1. ʄʦʜʠʬʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʜʦ 50-60 
ʦ
C ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ 4-ʭ 

ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʘʟʠʜʘ ʥʘʪʨʠʷ. ʅʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʘʟʦʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 156, ʢʦʪʦʨʦʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʧʦʩʣʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʦʯʠʩʪʢʠ ʩ ʚʳʭʦʜʦʤ 60%. ʇʦ ʚʠʜʠʤʦʤʫ, ʦʞʠʜʘʝʤʦʝ ʘʤʠʜʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 155 ʷʚʣʷʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʠ ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ ʩ 

ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʨʝʘʢʮʠʶ ʬʝʥʦʣʴʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʢ ʨʝʘʛʠʨʫʶʱʝʡ 

ʘʮʠʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʘʟʦʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 156 (ʩʭʝʤʘ 30). 

 

ʉʭʝʤʘ 30. ɺʟʘʠʤʦʜʝʩʪʚʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʘʟʠʜʦʤ ʥʘʪʨʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʐʤʠʜʪʘ. 

ʉʦʝʜʠʥʝʥʠʝ 156 ʨʘʥʝʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ
291

 ʧʦ ʜʨʫʛʦʡ ʩʭʝʤʝ. 

ɼʚʫʭʩʪʘʜʠʡʥʳʤ ʩʠʥʪʝʟʦʤ ʠʟ ʋʂ ʨʝʘʢʮʠʝʡ ʩ ʤʦʥʦʭʣʦʨʘʤʠʥʦʤ ʚ 0.6%-ʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʪʠʦʥʠʣʭʣʦʨʠʜʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ 156 ʩ ʦʙʱʠʤ 

ʚʳʭʦʜʦʤ 27%, ʚ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʗʄʈ 
1
ʅ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʋʂ ʚʩʪʫʧʘʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʐʤʠʜʪʘ, ʨʝʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤ ʮʠʢʣʫ ɸ ʋʂ ʦʢʩʘʟʦʣʴʥʳʤ ʮʠʢʣʦʤ. ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ 

ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʤʠ ʚ ʧʫʙʣʠʢʘʮʠʠ
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3.8 ɹʨʦʤʠʨʦʚʘʥʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ɻʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʝ ʋʂ - ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʠ ʢʣʶʯʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʝʸ 

ʜʘʣʴʥʝʡʰʝʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʶ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ 

ʩʚʝʜʝʥʠʡ ʦ ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ ʋʂ. 

ʅʘʤʠ ʙʳʣʦ ʚʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʙʨʦʤʠʨʦʚʘʥʠʝ ʋʂ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʜʠʦʢʩʘʥʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʙʨʦʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ HBr, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʢʦʥʚʝʨʩʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ 7 ʩʫʪʦʢ. ʇʨʠ ʵʪʦʤ, ʠʟ ʜʚʫʭ ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ 

ʩʧʦʩʦʙʥʳʭ ʚʩʪʫʧʠʪʴ ʚ ʨʝʘʢʮʠʶ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʨʦʤʠʨʫʝʪʩʷ ʛʨʫʧʧʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʮʠʢʣʝ A. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ, ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ 157 ʩ ʚʳʭʦʜʦʤ 67% ʧʦʩʣʝ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʩʭʝʤʘ 31). ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʨʦʤʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦ 

ʪʨʝʭʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʋʂ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ 

158 (ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 157 ʠ 158 ï 7:3 ʧʦ ʩʧʝʢʪʨʫ 
1
H ʗʄʈ). ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʤʦʥʦʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ 157 ʠ ʥʘʢʦʧʣʝʥʠʶ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʙʨʦʤʠʨʦʚʘʥʠʷ. 

 

ʉʭʝʤʘ 31. ʈʝʘʢʮʠʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʇʦʩʢʦʣʴʢʫ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʝ ʋʂ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʩʠʥʪʦʥʦʤ ʜʣʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʣʴʥʝʡʰʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʥʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʘʢʮʠʠ ʙʨʦʤʠʨʦʚʘʥʠʷ ʋʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʠ ʤʦʥʦ- ʠ 

ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʧʣʘʥ ʦʧʪʠʤʠʟʘʮʠʠ. ʌʠʢʩʠʨʦʚʘʥʥʳʡ ʬʘʢʪʦʨ: 

ʢʦʣʠʯʝʩʪʚʦ ʋʂ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʳʩʪʫʧʘʣʦ ʩʦʦʪʥʦʰʝʥʠʝ ʋʂ ʠ ʝʝ 

ʤʦʥʦ- ʠ ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ (ʋʂ/157/158), ʛʜʝ ʚʢʣʘʜ ʋʂ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʠʤʝʥʴʰʠʤ. 

ʌʘʢʪʦʨʳ ʚʘʨʴʠʨʦʚʘʥʠʷ: ʚʨʝʤʷ ʨʝʘʢʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʣʠʯʝʩʪʚʦ ʙʨʦʤʘ, 
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ʢʦʣʠʯʝʩʪʚʦ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ. ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʩ ʫʯʝʪʦʤ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʝ 157 ʩ ʚʳʭʦʜʦʤ 76%. 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 28.8
 ʦ
ʉ ʚ ʪʝʯʝʥʠʠ 3 ʩʫʪʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʯʪʠ ʜʚʫʢʨʘʪʥʦʛʦ 

ʠʟʙʳʪʢʘ ʙʨʦʤʘ. ɺ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʩʷ 5.3% ʋʂ ʠ 18.3% 

ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ.  

ʈʝʘʢʮʠʷ ʙʨʦʤʠʨʦʚʘʥʠʷ ʋʂ ʚ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʯʘʪʝʣʴʥʘ ʪʝʤ, ʯʪʦ ʧʨʦʜʫʢʪʦʚ 

ʙʨʦʤʠʨʦʚʘʥʠʷ ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʮʠʢʣʝ ʉ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʤʝʭʘʥʠʟʤʝ ʙʨʦʤʠʨʦʚʘʥʠʷ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ ʝʥʦʣʴʥʦʡ ʬʦʨʤʳ ʘʮʝʪʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʥʦʣʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʷʝʪʩʷ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. ʀʟʚʝʩʪʥʦ
75
, ʯʪʦ ʚʩʝ ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʋʂ ʫʯʘʩʪʚʫʶʪ 

ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʩʘʤʦʡ ʧʨʦʯʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʩʚʷʟʴ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʮʠʢʣʘ ʉ, ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʚ ʮʠʢʣʝ ɸ ʤʝʥʝʝ ʧʨʦʯʥʘ (ʨʠʩ. 24).  

 

ʈʠʩʫʥʦʢ 24. ʉʠʣʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʠʣʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʜʠʬʬʝʨʝʥʮʠʨʫʝʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʵʪʠʭ ʛʨʫʧʧ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʝʥʦʣʘ ʜʦʣʞʥʦ 

ʦʙʣʝʛʯʘʪʩɹʷ ʨʘʟʨʫʰʝʥʠʝʤ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ 

ʙʨʦʤʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 118, ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʢʦʪʦʨʦʛʦ ʧʨʠ ʉ
7
 ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʚ 

ʤʝʪʦʢʩʠʛʨʫʧʧʫ. ʄʝʪʠʣʦʚʳʡ ʵʬʠʨ 118 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʚ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ. ʉʦʝʜʠʥʝʥʠʝ 118 ʧʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙ·ʣʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʙʨʦʤʠʨʦʚʘʥʠʷ, ʯʝʤ ʠʩʭʦʜʥʘʷ ʋʂ. ʇʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ 

1:1 ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʟʫʶʱʠʡʩʷ 

ʧʨʦʜʫʢʪ ï ʩʦʝʜʠʥʝʥʠʝ 159 ï ʚʳʜʝʣʷʝʪʩʷ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʩ ʚʳʭʦʜʦʤ 86% (ʩʭʝʤʘ 

32).  
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ʉʭʝʤʘ 32. ɹʨʦʤʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 118. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʝʘʢʮʠʠ ʙʨʦʤʠʨʦʚʘʥʠʷ ʋʂ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ 118 ʩ ʙʨʦʤʦʤ 

ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʧʦʣʥʦʡ ʝʛʦ ʢʦʥʚʝʨʩʠʠ, ʘ ʧʨʦʜʫʢʪ ʤʦʥʦʙʨʦʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦ 

ʙʝʟ ʧʨʠʤʝʩʠ ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ. ɼʠʙʨʦʤʧʨʦʠʟʚʦʜʥʦʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʋʂ 160 ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʥʘʤʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʢʨʘʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʨʦʤʘ ʩ 

ʚʳʭʦʜʦʤ 83%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʨʦʤʠʨʦʚʘʥʠʝ ʋʂ ʧʨʦʪʝʢʘʝʪ ʧʦ ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ 

ʚ ʢʦʣʴʮʝ ɸ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʤʦʥʦ- ʠ ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʋʂ. ʇʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ 

ʨʝʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʮʝʣʴʶ ʧʦʚʳʩʠʪʴ 

ʚʳʭʦʜ ʤʦʥʦʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʙʨʦʤʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʠʣʦʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʚ ʨʝʘʢʮʠʶ ʚʦʚʣʝʢʘʝʪʩʷ ʘʮʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ 

ʮʠʢʣʝ ɸ, ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʢʦʪʦʨʦʡ ʤʝʥʝʝ ʧʨʦʯʥʘ. ʈʘʟʨʫʰʝʥʠʝ ʵʪʦʡ ʩʚʷʟʠ ʯʝʨʝʟ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʨʝʘʢʮʠʶ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ 

ʙʨʦʤʠʨʦʚʘʥʠʷ ʧʦ ʵʪʦʡ ʛʨʫʧʧʝ. ɼʦʟʠʨʦʚʘʥʠʝ ʙʨʦʤʘ ʚ ʨʝʘʢʮʠʠ ʙʨʦʤʠʨʦʚʘʥʠʷ ʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʋʂ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʥʦ- ʠ 

ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʳʝ.  

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʤʠ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ: 
298

, 
299

. 
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3.9 ʉʠʥʪʝʟ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. 

 

ɹʨʦʤʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʠ ʝʸ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʩʠʥʪʦʥʘʤʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ Ŭ-ʬʝʥʘʮʠʣʙʨʦʤʠʜʳ ʜʦʚʦʣʴʥʦ 

ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ O-, N-, S-ʥʫʢʣʝʦʬʠʣʘʤʠ. ʊʘʢʦʛʦ ʪʠʧʘ 

ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʛʠʙʨʠʜʥʳʝ ʤʦʣʝʢʫʣʳ ʩʫʙʩʪʨʘʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʘʨʤʘʢʦʬʦʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʥʝʠʟʤʝʥʥʳʤ ʩʪʨʫʢʪʫʨʥʳʡ ʙʣʦʢ 

ʧʨʠʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

 

3.9.1 ʉʠʥʪʝʟ ʩʝʨʫʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʷ 

 

3.9.1.1 ʉʠʥʪʝʟ ʪʠʦʵʬʠʨʦʚ ʥʘ ʦʩʥʦʚʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ɹʨʦʤʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʠ ʝʸ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʩʝʨʫʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ ï ʪʠʦʣʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ, ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʨʷʜʦʚ (ʩʭʝʤʘ 33). ɼʣʷ ʨʝʘʢʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʠʦʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʚʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʫʣʴʬʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʮʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʝʥʠʝ ʩʫʣʴʬʦʥʦʚ ʠ ʩʫʣʴʬʦʢʩʠʜʦʚ.  

ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ 157 ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʠʦʣʘʤʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʂʆʅ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʝʡ, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ Ŭ-ʬʝʥʘʮʠʣʩʫʣʴʬʠʜʦʚ 161-

170 ʩ ʚʳʭʦʜʘʤʠ 16-93% (ʩʭʝʤʘ 33).  
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ʉʭʝʤʘ 33. ʉʠʥʪʝʟ ʪʠʦʵʬʠʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟ ʩʦʝʜʠʥʝʥʠʷ 157. 

ɻʠʜʨʦʣʠʟ ʨʦʜʘʥʠʩʪʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ (ʩʦʝʜʠʥʝʥʠʝ 169) ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʜʘʸʪ ʩ 

ʚʳʭʦʜʦʤ 37% ʧʨʦʠʟʚʦʜʥʦʝ 171 ʩ ʥʦʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʦʡ - ʘʤʠʜʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʜʝʨʠʚʘʪʠʟʘʮʠʡ (ʩʭʝʤʘ 34).  

 

ʉʭʝʤʘ 34. ɻʠʜʨʦʣʠʟ ʩʦʝʜʠʥʝʥʠʷ 169. 

ʉʪʨʫʢʪʫʨʘ ʘʤʠʜʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 25) 
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ʈʠʩʫʥʦʢ 25. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ʩʦʝʜʠʥʝʥʠʷ 151 ʚ ʢʨʠʩʪʘʣʣʝ 

ʅʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʙʨʦʤʘ ʩʝʨʫʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ ʚ ʤʦʣʝʢʫʣʝ 

ʜʠʙʨʦʤʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 158 ʪʘʢʞʝ ʧʨʦʪʝʢʘʝʪ ʣʝʛʢʦ, ʚ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʦʙʘ ʘʪʦʤʘ ʙʨʦʤʘ, 

ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʩ ʨʦʜʘʥʠʜʦʤ ʥʘʪʨʠʷ. ɼʠʟʘʤʝʱʸʥʥʦʝ 

ʧʨʦʠʟʚʦʜʥʦʝ - ʩʦʝʜʠʥʝʥʠʝ 172 - ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʝʘʢʮʠʝʡ ʜʠʙʨʦʤʠʜʘ 158 ʩ ʜʚʫʤʷ ʤʦʣʷʤʠ 

ʨʦʜʘʥʠʩʪʦʛʦ ʥʘʪʨʠʷ ʩ ʚʳʭʦʜʦʤ 87% (ʩʭʝʤʘ 35). 

 

ʉʭʝʤʘ 35. ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 158 ʩ ʨʦʜʘʥʠʜʦʤ ʥʘʪʨʠʷ. 

ɸʥʘʣʦʛʠʯʥʦ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʤʫ ʋʂ 157, ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʝ ʝʸ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 159 

ʪʘʢʞʝ ʣʝʛʢʦ ʨʝʘʛʠʨʫʝʪ ʩ ʪʠʦʣʘʤʠ. ʊʠʦʧʨʦʠʟʚʦʜʥʳʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 173-184 (ʩʭʝʤʘ 36) 

ʚʳʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (53-90%). Ŭ-

ʌʝʥʘʮʠʣʩʫʣʴʬʠʜʳ ʥʘ ʙʘʟʝ ʩʘʤʦʡ ʋʂ (ʩʦʝʜʠʥʝʥʠʷ 161-170) ʚʳʜʝʣʷʶʪʩʷ ʩ ʤʝʥʴʰʠʤʠ 

ʚʳʭʦʜʘʤʠ (16-82%). ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʧʨʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤ ʚʳʜʝʣʝʥʠʠ ʩʚʷʟʘʥʳ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘʤʠ, ʟʘʪʨʘʛʠʚʘʶʱʠʤʠ ʩʚʦʙʦʜʥʫʶ 

7-ʫʶ ʬʝʥʦʣʴʥʫʶ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʥʘ ʥʦʩʠʪʝʣʝ ʜʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʠ.  

 

 

 

 

 

 

 



 

 

112 

 

ʉʭʝʤʘ 36. ʉʠʥʪʝʟ ʪʠʦʵʬʠʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟ ʩʦʝʜʠʥʝʥʠʷ 159. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʠ ʝʸ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʨʝʘʢʮʠʝʡ ʩ 

ʪʠʦʣʘʤʠ ʥʘʤʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ Ŭ-ʬʝʥʘʮʠʣʩʫʣʴʬʠʜʦʚ. ʅʘʣʠʯʠʝ ʤʝʪʦʢʩʠʛʨʫʧʧʳ ʚ 7-ʦʤ 

ʧʦʣʦʞʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, 

ʧʨʠʚʦʜʷ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʚʳʭʦʜʘʤ ʪʠʦʵʬʠʨʥʳʭʧʨʦʠʟʚʦʜʥʳʭ ʋʂ. 

 

3.9.1.2 ʉʠʥʪʝʟ ʩʫʣʴʬʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʦʢʠʩʣʝʥʠʷ ʪʠʦʵʬʠʨʦʚ ʜʦ ʩʫʣʴʬʦʥʦʚ ʷʚʣʷʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʚʳʭ ʩ ʥʘʜʢʠʩʣʦʪʘʤʠ. ɺʚʝʜʝʥʠʝ ʩʫʣʴʬʦʛʨʫʧʧʳ ʚ ʤʦʣʝʢʫʣʫ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ, ʯʪʦ 

ʥʝʤʘʣʦʚʘʞʥʦ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ
300
. ʅʘ ʦʩʥʦʚʝ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʪʠʦʛʨʫʧʧʳ ʚ ʩʫʣʴʬʦʛʨʫʧʧʫ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʝ
301
, ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʦʢʠʩʣʝʥʠʷ ʪʠʦʵʬʠʨʦʚ ʥʘ ʦʩʥʦʚʝ ʋʂ ʜʦ ʩʫʣʴʬʦʥʦʚ ʧʫʪʸʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʚʳʭ ʩ 

ʥʘʜʢʠʩʣʦʪʘʤʠ. ʉʫʣʴʬʠʜʳ 173 ʠ 175 ʙʳʣʠ ʦʢʠʩʣʝʥʳ ʠʟʙʳʪʢʦʤ ʤʝʪʘ-ʭʣʦʨʥʘʜʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʫʣʴʬʦʥʦʚ 185 ʠ 186 ʩ ʚʳʭʦʜʘʤʠ 52 ʠ 50% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʩʭʝʤʘ 37).  
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ʉʭʝʤʘ 37. ʉʠʥʪʝʟ ʩʫʣʴʬʦʥʦʚ 185 ʠ 186. 

ʅʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʫʪʩʪʚʠʝ Na2SO3, 

ʢʦʪʦʨʘʷ ʚʳʚʦʜʠʪ ʠʟ ʨʝʘʢʮʠʠ ʠʟʙʳʪʦʢ ʤʝʪʘ-ʭʣʦʨʥʘʜʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪ.r ɺ ʦʪʩʫʪʩʪʚʠʠ 

Na2SO3, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʪʝʢʘʝʪ ʦʢʠʩʣʝʥʠʝ ʮʠʢʣʘ ɸ ʚ ʠʩʭʦʜʥʳʭ ʪʠʦʵʬʠʨʘʭ 173 ʠ 175 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʧʦʢʩʠʜʦʚ 173ʘ ʠ 175ʘ, ʧʦʜʦʙʥʦ ʪʦʤʫ ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʤʠ ʨʘʥʝʝ ʚ 

ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʋʂ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʥʘʜʢʠʩʣʦʪʘʤʠ (ʨʘʟʜʝʣ 3.5). ʅʘʣʠʯʠʝ ʘʪʦʤʘ ʩʝʨʳ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ 173ʘ ʠ 175ʘ (ʩʭʝʤʘ 37) ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʢʨʳʪʠʶ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʵʧʦʢʩʠʜʥʦʛʦ 

ʮʠʢʣʘ ʠ ʧʨʦʪʝʢʘʥʠʶ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ. 

 

3.9.1.3 ʉʠʥʪʝʟ ʩʫʣʴʬʦʢʩʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʀʥʪʝʨʝʩ ʢ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠ ʵʥʘʥʪʠʦʤʝʨʥʦ ʦʙʦʛʘʱʝʥʥʳʤ ʩʫʣʴʬʦʢʩʠʜʘʤ ʩ ʭʠʨʘʣʴʥʳʤ 

ʘʪʦʤʦʤ ʩʝʨʳ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʐʠʨʦʢʦ 

ʠʟʚʝʩʪʥʘ, ʥʘʧʨʠʤʝʨ, ʘʥʪʠʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʫʣʴʬʦʢʩʠʜʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʣʫʢʘ. ʉʨʝʜʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʭʠʨʘʣʴʥʳʭ ʩʫʣʴʬʦʢʩʠʜʦʚ ʝʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʜʘʶʱʝʡʩʷ ʧʨʦʪʠʚʦʷʟʚʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ
302

.  

ɼʣʷ ʩʠʥʪʝʟʘ ʭʠʨʘʣʴʥʳʭ ʩʫʣʴʬʦʢʩʠʜʦʚ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚ ʧʣʘʥʝ 

ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʚʦʧʣʦʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʤ ʦʢʠʩʣʝʥʠʠ 

ʧʨʦʭʠʨʘʣʴʥʳʭ ʩʫʣʴʬʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 

ʭʠʨʘʣʴʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣ 

ʚʳʙʨʘʥ ʚʘʥʘʜʠʣʘʮʝʪʠʣʘʮʝʪʦʥʘʪ (VO(AcAc)2), ʨʘʙʦʪʘ ʩ ʢʦʪʦʨʳʤ ʫʜʦʙʥʘ ʠ ʥʝ ʪʨʝʙʫʝʪ 
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ʩʧʝʮʠʘʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ. ɺ ʨʦʣʠ ʣʠʛʘʥʜʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʘʣʠʮʠʣʘʣʴʜʠʤʠʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʭʠʨʘʣʴʥʳʭ ʘʤʠʥʦʩʧʠʨʪʦʚ. 

ʆʢʠʩʣʠʪʝʣʴ ï 30% ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ VO(AcAc)2 ʦʢʠʩʣʷʝʪ ʩʫʣʴʬʠʜʳ 173 

ʠ 175 ʜʦ ʩʤʝʩʠ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʩʫʣʴʬʦʢʩʠʜʦʚ 187 ʠ 188 (ʩʭʝʤʘ 38) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʧʦ 

ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʚ 
1
ʅ ʗʄʈ). 

 

ʉʭʝʤʘ 38. ʉʠʥʪʝʟ ʩʫʣʴʬʦʢʩʠʜʦʚ 187 ʠ 188. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʭʠʨʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʣʠʛʘʥʜʳ (ʨʠʩ. 26): 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʣʠʛʘʥʜ 189, ʜʚʘ ʧʦʜʦʙʥʳʭ ʝʤʫ ʧʦ ʩʪʨʦʝʥʠʶ ʣʠʛʘʥʜʘ 190 ʠ 191 ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘʤʠ ʧʦ ʤʝʪʦʜʠʢʘʤ
303

 ʠ 
304

 ʠ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʣʠʯʠʝʤ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʦʙʲʸʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʣʠʛʘʥʜʘ. ʃʠʛʘʥʜ 192, 

ʧʨʦʠʟʚʦʜʥʦʝ ʧʨʠʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ŭ-ʧʠʥʝʥʘ, ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʭʠʨʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʫʣʴʬʠʜʘ ʚ ʵʟʦʤʝʧʨʘʟʦʣ
305

 ʠ ʙʳʣ ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥ ʩ.ʥ.ʩ., ʢ.ʭ.ʥ. ʍʦʤʝʥʢʦ ʊ.ʄ.  

 

ʈʠʩʫʥʦʢ 26. ʉʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʜʣʷ ʭʠʨʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʪʠʦʵʬʠʨʦʚ 173 ʠ 175. 
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ɺ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʦʣʴ % VO(AcAc)2 ʠ ʪʘʢʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʭʠʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ 

ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 173 ʠ 175 ʟʘʚʝʨʰʘʣʘʩʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʦʢʩʠʜʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʤ ʠʟʙʳʪʢʦʤ (de). ɼʘʥʥʳʝ ʧʦ ʵʪʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʠʩʭʦʜʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ 

ʣʠʛʘʥʜ de, % ʧʨʦʜʫʢʪ 

173 
189 

14 187 

175 58 188 

173 
190 

10 187 

175 50 188 

173 
191 

-10* 187 

175 46 188 

173 
192 

10 187 

175 5 188 

* ʚ ʩʤʝʩʠ ʧʨʝʦʙʣʘʜʘʝʪ ʜʨʫʛʦʡ ʜʠʘʩʪʝʨʝʦʤʝʨ 

ʊʘʙʣʠʮʘ 1. ɼʠʘʩʪʝʨʝʦʤʝʨʥʳʡ ʠʟʙʳʪʦʢ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʭʠʨʘʣʴʥʦʤ ʩʫʣʴʬʦʢʩʠʜʠʨʦʚʘʥʠʠ 

ʪʠʦʵʬʠʨʦʚ (+)-173 ʠ (+)-175. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1 ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 175 ʩ ʣʠʛʘʥʜʘʤʠ 189-191 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʘʤ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ de, ʯʝʤ ʜʣʷ 173. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, 

ʯʪʦ ʘʪʦʤ ʩʝʨʳ ʚ ʩʫʣʴʬʠʜʝ 175 ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʝʨʠʯʝʩʢʠ ʙʦʣʝʝ ʟʘʪʨʫʜʥʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʯʝʤ ʚ 

ʩʦʝʜʠʥʝʥʠʠ 173, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʦʙʦʜʥʳʡ ʧʦʜʭʦʜ ʦʢʠʩʣʷʶʱʝʛʦ ʘʛʝʥʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʦʣʝʢʫʣʳ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ de ʧʦʣʫʯʠʣʠʩʴ ʜʣʷ ʨʝʘʢʮʠʡ ʩ 

ʣʠʛʘʥʜʦʤ 189. ʀʟ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʦʢʠʩʣʝʥʠʷ ʦʙʦʠʭ ʪʠʦʵʬʠʨʦʚ ʩ ʣʠʛʘʥʜʘʤʠ 190 ʠ 191 

ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʦʙʲʸʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʬʨʘʛʤʝʥʪʝ 

ʣʠʛʘʥʜʘ ʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʨʝʦʭʠʤʠʶ ʦʢʠʩʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 175, ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʘ 173, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʦʙʣʘʜʘʥʠʶ ʚ 

ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʜʨʫʛʦʛʦ ʜʠʘʩʪʝʨʝʦʤʝʨʘ, ʯʪʦ ʷʚʥʦ ʚʠʜʥʦ ʧʦ ʩʧʝʢʪʨʘʤ 
1
H ʗʄʈ. ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʛʘʥʜʘ 192, ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʡ ʠʟʙʳʪʦʢ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʦʢʘʟʘʣʩʷ 

ʥʝʙʦʣʴʰʠʤ, ʥʦ, ʯʪʦ ʧʨʠʤʝʯʘʪʝʣʴʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʥʴʰʠʡ de ʧʦʣʫʯʠʣʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʩʫʣʴʬʠʜʘ 175, ʘ ʥʝ 173.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʧʨʦʭʠʨʘʣʴʥʳʭ ʩʫʣʴʬʠʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʋʂ ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʫʣʴʬʦʢʩʠʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʘʥʘʜʠʣ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʩ ʨʷʜʦʤ ʭʠʨʘʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʜʠʘʩʪʝʨʝʦʤʝʨʥʫʶ ʯʠʩʪʦʪʫ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʣʠʷʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʨʫʢʪʫʨʘ ʦʢʠʩʣʷʝʤʦʛʦ ʪʠʦʵʬʠʨʘ, ʘ 

ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ, ʧʨʠʯʸʤ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʚʣʠʷʝʪ ʙʣʠʟʦʩʪʴ ʦʙʲʝʤʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʢ 

ʠʤʠʥʥʦʡ ʩʚʷʟʠ ʣʠʛʘʥʜʘ, ʯʝʤ ʥʘʣʠʯʠʝ ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʝʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʮʠʢʣʝ. 
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3.9.1.4 ʉʠʥʪʝʟ ʪʠʘʟʦʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʠʘʟʦʣʴʥʳʡ ʮʠʢʣ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʚʠʪʘʤʠʥ B1) ʠ ʣʝʢʘʨʩʪʚ ʩ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤ ʜʝʡʩʪʚʠʝʤ (ʥʘʧʨʠʤʝʨ, 

ʥʦʨʩʫʣʴʬʘʟʦʣ, ʬʪʘʣʘʟʦʣ), ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ
306

. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʪʨʫʢʪʫʨʫ ʪʠʘʟʦʣʴʥʳʡ 

ʮʠʢʣ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ 157 ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ. ʈʝʘʢʮʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Ŭ-ʬʝʥʘʮʠʣʙʨʦʤʠʜʦʚ ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʠʣʠ ʛʦʤʦʛʝʥʥʦʡ ʩʨʝʜʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʦʩʣʝ 

ʩʢʨʠʥʠʥʛʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ, ʤʝʪʠʣʦʚʳʡ ʩʧʠʨʪ, ʘʙʩʦʣʶʪʥʳʡ ʤʝʪʠʣʦʚʳʡ ʩʧʠʨʪ, 

ʩʤʝʩʴ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʠ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʘʮʝʪʦʥʠʪʨʠʣ, ɼʄʉʆ, ʊɻʌ, ʚʦʜʘ) ʥʘʤʠ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩ ʥʘʠʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ (52%) ʧʨʦʜʫʢʪ 193 ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦʝʜʠʥʝʥʠʷ 157 ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʪʠʦʤʦʯʝʚʠʥʳ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʚʦʜʝ 

ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ (ʉʭʝʤʘ 39).  

 

ʉʭʝʤʘ 39. ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 157 ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ. 

ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ (+)-193 ʠ (-)-193 ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʈʉɸ (ʨʠʩ. 27). 

 
 

(+)-193      (-)-193 

ʈʠʩʫʥʦʢ 27. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ ʩʦʝʜʠʥʝʥʠʡ (+)-193 ʠ (-)-193 ʚ ʢʨʠʩʪʘʣʣʘʭ. 

ʈʉɸ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘʤʠ ʩʦʝʜʠʥʝʥʠʷ (+)-193 ʧʦʜʪʚʝʨʞʜʘʝʪ R-ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʘʥʛʫʣʷʨʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ (+)-ʋʂ, ʯʪʦ ʩʣʫʞʠʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʪʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʋʂ, ʧʨʦʙʣʝʤʘ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʝʨʝʦʭʠʤʠʠ ʢʦʪʦʨʦʡ ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʨʦʷʩʥʝʥʘ (ʩʤ. ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʨʘʟʜʝʣ 2.1). ʇʦ 
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ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ ʠʟ (-)-ʋʂ ʥʘʤʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʘʤʠʥʦʪʠʘʟʦʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ (-)-193, ʧʦ 

ʜʘʥʥʳʤ ʈʉɸ ʘʥʛʫʣʷʨʥʘʷ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʥʝʤ ʠʤʝʝʪ S-ʢʦʥʬʠʛʫʨʘʮʠʶ.  

ɹʨʦʤʧʨʦʠʟʚʦʜʥʦʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʋʂ 159 ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ. 

ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ, ʘʤʠʥʦʪʠʘʟʦʣ 194 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 65% ʧʨʠ ʢʠʧʷʯʝʥʠʠ 

ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʋʂ 159 ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʪʠʦʤʦʯʝʚʠʥʳ ʚ ʪʝʯʝʥʠʠ 

5 ʯʘʩʦʚ ʚ ʊɻʌ (ʩʭʝʤʘ 40). 

 

ʉʭʝʤʘ 40. ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 159 ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ. 

ʆʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʩʦʝʜʠʥʝʥʠʷ 193 ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʤʠʢʦʙʘʢʪʝʨʠʡ ʄ. smegmatis ʠ M. tuberculosis. ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʘʢʪʠʚʥʳʭ 

ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʜʨʫʛʠʝ ʪʠʘʟʦʣʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ 195-200 ʧʦ ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 157 ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʠʦʘʤʠʜʘʤʠ ʠ ʟʘʤʝʱʝʥʥʳʤʠ ʤʦʯʝʚʠʥʘʤʠ (ʉʭʝʤʘ 41). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʨʝʘʢʮʠʠ ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ ʚʳʭʦʜʳ ʩʦʝʜʠʥʝʥʠʡ 195-200 ʚʳʰʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ 

ʩʧʠʨʪʝ, ʘ ʥʝ ʚ ʚʦʜʝ.  

 

ʉʭʝʤʘ 41. ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 157 ʩ ʪʠʦʘʤʠʜʘʤʠ ʠ ʟʘʤʝʱʸʥʥʳʤʠ ʪʠʦʤʦʯʝʚʠʥʘʤʠ. 

ɽʱʸ ʦʜʠʥ ʪʠʧ ʚʝʱʝʩʪʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʩ Ŭ-ʬʝʥʘʮʠʣʙʨʦʤʠʜʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠ ʁ ʟʘʤʝʱʸʥʥʦʛʦ ʪʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ, ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ r ʘʣʴʜʝʛʠʜʦʚ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʪʠʘʟʦʣʳ ʩʦʜʝʨʞʘʪ 2-ʘʨʠʣʠʜʝʥʛʠʜʨʘʟʠʥʠʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ ʚʦ 2-ʤ ʧʦʣʦʞʝʥʠʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ 
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ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ 157 ʠ ʥʘʙʦʨʘ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʤʳ ʧʦʣʫʯʠʣʠ 

ʩʦʝʜʠʥʝʥʠʷ 201-209 (ʉʭʝʤʘ 42). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʮʠʢʣʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ
307

 ʠ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ, ʚʚʦʜʠʣʠʩʴ ʚ ʨʝʘʢʮʠʶ ʩ ʩʦʝʜʠʥʝʥʠʝʤ 157. ʉʦʝʜʠʥʝʥʠʷ 201-209 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʚʳʭʦʜʘʤʠ ʦʪ 66% ʜʦ 95% ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 0.5-1 ʯʘʩʘ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ.  

 

ʉʭʝʤʘ 42. ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 157 ʩ ʟʘʤʝʱʸʥʥʳʤʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘʤʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʤʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 210. ʉʠʥʪʝʪʠʯʝʩʢʘ ̫ ʪʨʘʥʩʬʦʨʤʘʮʠ ̫ ʪʠʦʵʬʠʨʘ 169 ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ HCl ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʭʣʦʨʟʘʤʝʱʸʥʥʦʛʦ ʪʠʘʟʦʣʘ 210 (ʩʭʝʤʘ 43). 

 

ʉʭʝʤʘ 43. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 210. 

ʀʟ-ʟʘ sp ʛʠʙʨʠʜʠʟʘʮʠʠ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʪʠʦʮʠʘʥʘʪʝ, ʥʝʧʦʜʝʣʝʥʥʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʘʨʘ ʘʪʦʤʘ ʘʟʦʪʘ ʥʝ ʤʦʞʝʪ ʘʪʘʢʦʚʘʪʴ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. 

ʇʦʵʪʦʤʫ ʧʝʨʚʦʡ ʩʪʘʜʠʝʡ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʭʣʦʨʦʚʦʜʦʨʦʜʘ ʧʦ 

ʥʠʪʨʠʣʴʥʦʡ ʛʨʫʧʧʝ ʪʠʦʮʠʘʥʘʪʘ (ʩʭʝʤʘ 44). ɺʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʛʨʫʧʧʳ ʫ 

ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʘʪʦʤʘ ʘʟʦʪʘ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʪʘʢʠ ʧʦ 

ʢʘʨʙʦʥʠʣʴʥʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʪ̫ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʛʨʫʧʧʳ ʠ 

ʘʨʦʤʘʪʠʟʘʮʠʷ ʪʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ. ʏʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁʠʩʢʦʤʦʛʦ ʭʣʦʨʟʘʤʝʱʸʥʥʦʛʦ 

ʪʠʘʟʦʣʘ. 
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ʉʭʝʤʘ 44. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 210. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʘʢʮʠʝʡ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʠ ʝʸ 

ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʩ ʪʠʦʤʦʯʝʚʠʥʘʤʠ, ʪʠʦʘʤʠʜʘʤʠ ʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 

ʙʦʣʝʝ 20 ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ, ʩʦʜʝʨʞʘʱʠʭ ʪʠʘʟʦʣʴʥʳʡ ʮʠʢʣ.  

 

3.9.2 ʉʠʥʪʝʟ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʊʠʧʠʯʥʳʤʠ ʢʠʩʣʦʨʦʜʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʢʩʠʜ-ʠʦʥ (OH
ī
), ʘʣʢʦʢʩʠʜʳ 

(RO
ī
), ʩʧʠʨʪʳ (ROH) ʠ ʚʦʜʘ (H2O). ʂʠʩʣʦʨʦʜʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʬʠʣʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʩʝʨʫʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʩʣʘʙʳʝ ʥʫʢʣʝʦʬʠʣ.r ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ 

ʦʩʥʦʚʘʥʠʷʤʠ, ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ʚ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʤ ʋʂ 157 ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʚʥʫʪʨʝʥʥʠʡ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʡ ʢʠʩʣʦʨʦʜʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʮʝʥʪʨ, 

ʢʦʪʦʨʳʡ ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʚʥʝʰʥʠʤ, ʢ ʪʦʤʫ ʞʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʩʣʘʙʳʤ, 

ʢʠʩʣʦʨʦʜʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʥʫʢʣʝʦʬʠʣʦʤ. ʇʦʵʪʦʤʫ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʨʦʪʝʢʘʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʘʢʮʠʷ ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ 157 ʩ 

ʪʘʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʢʘʢ ʱʸʣʦʯʠ ʠ ʘʮʝʪʘʪ ʢʘʣʠʷ ʦʙʨʘʟʫʝʪʩʷ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (90%) 

ʬʫʨʘʥʦʥʦʚʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 211 (ʩʭʝʤʘ 45).  

 

ʉʭʝʤʘ 45. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 211. 

ʇʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ
308

 ʦʙʨʘʟʦʚʘʥʠʝ 2-ʘʮʝʪʦʢʩʠ-2ô-ʛʠʜʨʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʠʟ Ŭ-

ʬʝʥʘʮʠʣʙʨʦʤʠʜʘ ʚ ʨʝʘʢʮʠʠ ʩ ʘʮʝʪʘʪʦʤ ʢʘʣʠʷ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ pH ʩʨʝʜʳ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʵʪʦʡ ʨʘʙʦʪʳ, ʘ 

ʠʤʝʥʥʦ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥ/ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (4:1) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʝʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʮʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʦʛʦ 212 ʚ ʩʤʝʩʠ ʩ ʩʦʝʜʠʥʝʥʠʝʤ 211. ʆʜʥʘʢʦ, ʚʳʭʦʜ 

ʩʦʝʜʠʥʝʥʠ ̫212 ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 20% (ʉʭʝʤʘ 46). 
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ʉʭʝʤʘ 46. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 212. 

ʀʟʤʝʥʷ̫ ʩʦʦʪʥʦʰʝʥʠʝ ʘʮʝʪʦʥ/ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʜʦ 1:1 ʠ ʠʩʧʦʣʴʟʫ ̫ ʚʤʝʩʪʦ ʘʮʝʪʘʪʘ 

ʢʘʣʠʷ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ, ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʘʮʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʦʛʦ 212 ʜʦ 62%. 

ʀʩʭʦʜʷ ʠʟ ʘʮʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʦʛʦ 212, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ r ʤʝʪʦʜ r ʧʦʣʫʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ Ŭ-

ʧʦʣʦʞʝʥʠʠ ʬʝʥʘʮʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʋʂ (ʩʧʠʨʪ 213) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʤʳʣʝʥʠʠ ʘʮʝʪʘʪʘ 211 

ʱʝʣʦʯʴʶ ʚ ʤʝʪʘʥʦʣʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 0 
0
ʉ (ʩʭʝʤʘ 47).  

 

ʉʭʝʤʘ 47. ɻʠʜʨʦʣʠʟ ʩʦʝʜʠʥʝʥʠʷ 212 ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 

214a,b ʩ ʛʠʜʨʦʢʩʠʟʘʤʝʱʸʥʥʳʤ ʬʫʨʘʥʦʥʦʚʳʤ ʮʠʢʣʦʤ ʩ ʚʳʭʦʜʦʤ 82 % (ʩʭʝʤʘ 48).  

ʉʭʝʤʘ 48. ɻʠʜʨʦʣʠʟ ʩʦʝʜʠʥʝʥʠʷ 212 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 214a,b ʧʨʦʠʩʭʦʜʠʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ 

ʢʝʪʦʩʧʠʨʪʘ 213 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʱʸʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ. 

ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ
309
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ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʠʜʨʦʢʩʠʛʨʫʧʧʦʡ ʧʨʠ ʉ
7
 ʩʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʘʩʪʝʨʝʦʤʝʨʥʦʡ ʩʤʝʩʠ 

ʧʦʣʫʘʮʝʪʘʣʝʡ 214a,b ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 80%. 

ʈʝʘʢʮʠʶ ʟʘʤʝʱʝʥʠʷ ʙʨʦʤʘ ʢʠʩʣʦʨʦʜʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʥʫʢʣʝʦʬʠʣʦʤ ʫʜʘʣʦʩʴ 

ʦʩʫʱʝʩʪʚʠʪʴ ʥʘ ʦʩʥʦʚʝ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʋʂ 159, ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʠ ʩ ʛʠʜʨʦʢʩʠʛʨʫʧʧʦʡ ʧʨʠ ʉ
7
 ʚ ʢʦʪʦʨʦʤ ʟʘʙʣʦʢʠʨʦʚʘʥʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 159 ʩ ʬʝʥʦʣʦʤ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʨʝʘʛʝʥʪʦʚ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ K2CO3, ʩ ʚʳʭʦʜʦʤ 20% ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ 215 (ʩʭʝʤʘ 49).  

 

ʉʭʝʤʘ 49. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 215. 

ʇʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ʘʪʦʤʦʚ ʙʨʦʤʘ (ʩʦʝʜʠʥʝʥʠʝ 160) ʧʨʦʪʝʢʘʝʪ ʟʘʤʝʱʝʥʠʝ ʠʭ ʦʙʦʠʭ 

ʬʝʥʦʣʷʪ-ʘʥʠʦʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 216 (ʩʭʝʤʘ 50), ʦʜʥʘʢʦ, ʪʘʢʞʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʚ ʩʨʘʚʥʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʦʝʜʠʥʝʥʠʝ 215, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ ʤʦʥʦʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ 159, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʝ ʠʟ ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ 160 ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʨʦʤʦʬʠʣʴʥʦʡ ʨʝʘʢʮʠʠ
310

. 

 

ʉʭʝʤʘ 50. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 216. 

ʀʟ ʧʨʠʚʝʜʸʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʙʨʦʤʘ 

ʚ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʤ ʋʂ ʢʠʩʣʦʨʦʜʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ ʧʨʦʪʝʢʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʦ ʧʫʪʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʥʦʚʳʝ 

ʬʨʘʛʤʝʥʪʳ ʚ ʤʦʣʝʢʫʣʫ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʋʂ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ 

ʤʦʥʦ- ʠ ʜʠʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʨʝʘʢʮʠʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʦʜʥʦʛʦ ʠʣʠ 

ʜʚʫʭ ʘʪʦʤʦʚ ʙʨʦʤʘ ʢʠʩʣʦʨʦʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. 
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3.9.3 ʉʠʥʪʝʟ ʘʟʦʪ-, ʫʛʣʝʨʦʜ-, ʩʝʣʝʥ-ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ɿʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʙʨʦʤʘ ʩʝʣʝʥʦʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ 

ʟʘʤʝʱʝʥʠʶ ʩʝʨʫʩʦʜʝʨʞʘʱʠʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. ʈʝʘʢʮʠʷ ʩ ʩʝʣʝʥʦʤʦʯʝʚʠʥʦʡ 

ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ 157 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ 217, ʩʦʜʝʨʞʘʱʠʭ 

ʩʝʣʝʥʦʘʟʦʣʴʥʳʡ ʮʠʢʣ (ʩʭʝʤʘ 51). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʩʣʦʚʠʷ, ʧʦʜʦʙʨʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʠ ʩ 

ʪʠʦʤʦʯʝʚʠʥʦʡ, ʚʳʭʦʜ ʩʝʣʝʥʦʘʟʦʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʢ (+)-, ʪʘʢ (-)-ʋʂ ʩʦʩʪʘʚʠʣ 57%, ʯʪʦ 

ʩʨʘʚʥʠʤʦ ʩ ʚʳʭʦʜʦʤ ʘʤʠʥʦʪʠʘʟʦʣʦʚ 157 (52%).  

 

ʉʭʝʤʘ 51. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 217. 

ʉʪʨʫʢʪʫʨʘ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ (ʨʠʩ. 28) . 

 

  

(+)-217 (-)-217 

 

ʈʠʩʫʥʦʢ 28. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 217 ʠ ʝʛʦ ʵʥʘʥʪʠʦʤʝʨʘ (ʪʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ 

ʜʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 30%. 

ʉ ʥʝʦʞʠʜʘʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʧʨʠ ʧʦʧʳʪʢʝ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʙʨʦʤʘ ʚ ʧʨʦʠʟʚʦʜʥʳʭ 157 ʠ 159 ʘʟʦʪʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ 

ʥʫʢʣʝʦʬʠʣʘʤʠ. ʇʝʨʚʠʯʥʳʝ ʘʤʠʥʳ ʨʝʘʛʠʨʫʶʪ ʪʘʢʞʝ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʋʂ (ʩʤ. 

ʛʣʘʚʘ 3.2.1), ʚʪʦʨʠʯʥʳʝ ʠ ʪʨʝʪʠʯʥʳʝ ʘʤʠʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʷʤʠ, ʘ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʋʂ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʜʥʦʢʨʘʪʥʦ ʥʘʙʣʶʜʘʣʘʩʴ ʠ 

ʥʘʤʠ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ
4
. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʠ ʋʂ 157 ʠ 

ʝʸ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 159 ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʤʠʥʦʛʨʫʧʧʫ, ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʦ ʠ 

ʥʝʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ 
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ʨʝʘʢʮʠʠ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ 157 ʩ ʦʩʥʦʚʘʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʪʨʠʵʪʠʣʘʤʠʥʦʤ, ʷʚʣʷʝʪʩʷ, ʢʘʢ 

ʠ ʦʞʠʜʘʣʦʩʴ, ʧʨʦʜʫʢʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ Ŭ-

ʛʠʜʨʦʢʩʠʬʝʥʘʮʠʣʙʨʦʤʠʜʦʚ, ʬʫʨʘʥʦʥʦʚʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 211 (ʩʭʝʤʘ 45).  

ʆʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʤʠ 

ʤʝʪʦʜʦʤ ʗʄʈ, ʦʜʥʘʢʦ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʦʝʜʠʥʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʳ ʠ ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʁʪʩʷ, 

ʦʙʨʘʟʫʷ ʩʣʦʞʥʫʶ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ. ʅʝ ʫʜʘʣʦʩʴ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ 

ʙʨʦʤʘ ʘʟʦʪʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ ʜʣʷ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʋʂ 

159. ɺʦʟʤʦʞʥʦʩʪʴ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʚ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʫʪʴ, ʚʝʜʫʱʠʡ ʢ ʬʫʨʘʥʦʥʦʚʦʤʫ ʧʨʦʠʟʚʦʜʥʦʤʫ 211 ʟʘʙʣʦʢʠʨʦʚʘʥ, ʦʜʥʘʢʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʞʥʳʝ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ. ɽʜʠʥʩʪʚʝʥʥʳʤ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʣʘ ʨʝʘʢʮʠʷ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʋʂ 159 ʩ ʬʪʘʣʴʠʤʠʜʦʤ 

ʢʘʣʠʷ, ʚʝʜʫʱʘʷ ʢ ʧʨʦʠʟʚʦʜʥʦʤʫ ʋʂ 218 (ʩʭʝʤʘ 52).  

 

ʉʭʝʤʘ 52. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 218. 

ɿʘʤʝʪʥʦ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʙʨʦʤʘ ʩ 

ʫʛʣʝʨʦʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. ɹʨʦʤʧʨʦʠʟʚʦʜʥʦʝ ʋʂ 157 ʜʘʸʪ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ 

ʦʞʠʜʘʝʤʦ ʧʨʦʜʫʢʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ï ʬʫʨʘʥʦʥ 211 (ʩʭʝʤʘ 45). ɿʘʪʦ 

ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʋʂ 159 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʪʘʢʠʤʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ 

ʉ-ʅ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʢʘʢ ʤʘʣʦʥʦʜʠʥʠʪʨʠʣ ʠ ʮʠʘʥʦʫʢʩʫʩʥʳʡ ʵʬʠʨ, ʜʘʸʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ, ʩʦʝʜʠʥʝʥʠʷ 219 ʠ 220a,b, ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 53). ʈʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘʢʪʠʚʘʮʠʷ ʉ-ʅ ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʚʦʜʠʣʘʩʴ ʛʠʜʨʠʜʦʤ 

ʥʘʪʨʠʷ. ʈʝʘʢʮʠʷ ʩ ʵʪʠʣʮʠʘʥʦʘʮʝʪʘʪʦʤ ʧʨʦʪʝʢʘʝʪ ʥʝʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ, ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʝ 

ʧʨʦʜʫʢʪʳ 220a,b ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʧʦ ʜʘʥʥʳʤ ʗʄʈ 
1
ʅ. 
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ʉʭʝʤʘ 53. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 219 ʠ 220a,b. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʫʢʣʝʦʬʠʣʴʥʦʝ 

ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʙʨʦʤʘ ʚ ʋʂ ʧʨʦʪʝʢʘʝʪ ʣʝʛʢʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʝʨʫ- ʠ ʩʝʣʝʥ- ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʥʫʢʣʝʦʬʠʣʦʚ. ɿʘʤʝʱʘʶʪʩʷ ʢʘʢ ʦʜʠʥ, ʪʘʢ ʠ ʜʚʘ ʘʪʦʤʘ ʙʨʦʤʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ʂʠʩʣʦʨʦʜ-, 

ʘʟʦʪ- ʠ ʫʛʣʝʨʦʜ- ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʬʠʣʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʤ ʋʂ 

ʥʝ ʜʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʱʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʦʙʣʘʜʘʝʪ ʢʦʥʢʫʨʠʨʫʶʱʘʷ ʨʝʘʢʮʠʷ 

ʟʘʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʤ ʥʫʢʣʝʦʬʠʣʦʤ, ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

(ʬʝʥʦʣʷʪ-ʘʥʠʦʥ ʧʨʠ ʉ-7), ʚʝʜʫʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁ ʬʫʨʘʥʦʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ. ʈʝʘʢʮʠʶ 

ʟʘʤʝʱʝʥʠʷ ʫʜʘʸʪʩʷ ʧʨʦʚʝʩʪʠ ʢʠʩʣʦʨʦʜ- ʠ ʫʛʣʝʨʦʜ- ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ ʜʣʷ 

ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʛʦ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʋʂ, ʚ ʢʦʪʦʨʦʤ ʟʘʙʣʦʢʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ. ʇʦʣʫʯʝʥʳ ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ ʢʘʢ ʦʜʥʦʛʦ, ʪʘʢ ʠ ʜʚʫʭ 

ʘʪʦʤʦʚ ʙʨʦʤʘ. 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʤʠ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ: 
298, 299,

 
311
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3.10 ʎʠʘʥʵʪʠʣʠʨʦʚʘʥʠʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ʈʝʘʢʮʠʷ ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʥʘ ʮʠʘʥʵʪʠʣʴʥʫʶ ʛʨʫʧʧʫ ʜʝʡʩʪʚʠʝʤ ʥʠʪʨʠʣʘ ʘʢʨʠʣʦʚʦʡ 

ʢʠʩʣʦʪʳ (ʘʢʨʠʣʦʥʠʪʨʠʣʘ) ʥʘ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʜʚʠʞʥʳʤ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ. ʆʩʦʙʝʥʥʦ 

ʣʝʛʢʦ ʨʝʘʛʠʨʫʶʪ ʩ ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ ʛʘʣʦʠʜʦʚʦʜʦʨʦʜʳ, ʘʤʠʥʳ, ʩʧʠʨʪʳ, ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 

ʤʘʣʦʥʦʚʦʛʦ ʵʬʠʨʘ. ʈʝʘʢʮʠʶ ʩ ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ ʦʪʣʠʯʘʝʪ ʦʩʦʙʝʥʥʘʷ ʣʸʛʢʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ, ʚ 

ʥʝʸ ʚʩʪʫʧʘʶʪ ʜʘʞʝ ʪʝ ʩʦʝʜʠʥʝʥʠʷ, ʯʴʠ ʥʫʢʣʝʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʣʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʜʨʫʛʠʤ ʥʝʥʘʩʳʱʝʥʥʳʤ ʩʠʩʪʝʤʘʤ. ʇʨʝʧʘʨʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʩʨʘʟʫ ʪʨʠ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʧʨʠʯʝʤ ʢʦʥʮʝʚʘ ̫

ʥʠʪʨʠʣʴʥʘʷ ʛʨʫʧʧʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʥʪʝʟʘ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʝʪʦʥʦʚ, ʘʣʴʜʝʛʠʜʦʚ, ʘʤʠʥʦʚ ʠ ʜʨʫʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʤʦʣʝʢʫʣʝ ʋʂ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧʳ, ʜʚʝ ʬʝʥʦʣʴʥʳʭ ʠ ʦʜʥʘ 

ʝʥʦʣʴʥʘʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʠʜʨʦʢʩʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʋʂ ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʠʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʜʣʷ ʩʧʠʨʪʦʚ ʫʩʣʦʚʠʷʭ 

ʵʪʦʡ ʨʝʘʢʮʠʠ (ʜʠʦʢʩʘʥ, ʱʸʣʦʯʴ, ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ). ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʠ 

ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʩ ʱʸʣʦʯʴʶ ʧʨʠʚʦʜʠʣʦ ʢ ʜʝʩʪʨʫʢʮʠʠ ʋʂ - ʬʘʢʪʫ ʠʟʚʝʩʪʥʦʤʫ ʠʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ
4
. ʄʦʜʠʬʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʨʘʥʝʝ ʧʦʟʚʦʣʠʣʘ ʥʘʤ 

ʫʩʧʝʰʥʦ ʚʦʚʣʝʢʘʪʴ ʚ ʨʝʘʢʮʠʶ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʴʥʳʡ ʛʠʜʨʦʢʩʠʣ ʧʨʠ 7-ʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ 

ʋʂ, ʜʘʣʘ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʩ ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ɼʄʌɸ 

ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ K2CO3 ʧʨʠʚʝʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʅʝʩʢʦʣʴʢʦ ʥʝʦʞʠʜʘʥʥʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʧʫʪʠ ʉ-ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʩʨʘʟʫ ʜʚʫʭ ʤʦʣʝʢʫʣ ʘʢʨʠʣʦʥʠʪʨʠʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠʷ 221 ʩ 88%-ʥʳʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 54). ɺ ʨʝʘʢʮʠʶ ʚʦʚʣʝʢʘʝʪʩʷ ʣʠʰʴ ʘʮʠʣʴʥʳʡ 

ʬʨʘʛʤʝʥʪ ʚ ʮʠʢʣʝ ɸ ʋʂ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʣʘʙʦʧʦʣʴʥʳʤ ʩʜʚʠʛʦʤ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʠ 

ʫʛʣʝʨʦʜʦʚ ʵʪʦʡ ʛʨʫʧʧʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʢʪʨʘʭ ʗʄʈ.  

 

ʉʭʝʤʘ 54. ʈʝʘʢʮʠʷ ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʠʷ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 
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ʂʨʦʤʝ ʪʦʛʦ, ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʠʝ ʧʠʨʘʟʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ 35, ʚ ʢʦʪʦʨʦʤ 

ʦʪʩʫʪʩʪʚʫʝʪ ʘʮʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʮʠʢʣʝ ʉ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʫ ʉ-

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʘʢʨʠʣʦʥʠʪʨʠʣʘ. ʈʝʘʢʮʠʷ ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

35, ʦʜʥʘʢʦ, ʧʨʦʪʝʢʘʝʪ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʚʳʭʦʜ 

ʮʠʘʥʵʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 222 ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 30%. ʅʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʚʘʨʠʘʥʪ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 221 ʧʦ ʨʝʘʢʮʠʠ ʮʠʘʥʵʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʋʂ 221 ʩ 

ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ, ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʵʪʦʡ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 62% (ʩʭʝʤʘ 55). 

 

ʉʭʝʤʘ 55. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 222. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʧʨʦʠʟʚʦʜʥʦʝ ʋʂ 211, ʦʙʣʘʜʘʶʱʝʝ ʧʦʜʚʠʞʥʳʤʠ 

ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʧʨʠ ʫʛʣʝʨʦʜʝ ʚ ʬʫʨʘʥʦʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ (ʩʭʝʤʘ 45). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 211 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ, ʩʪʘʥʜʘʨʪʥʳʭ ʜʣʷ 

ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʠʷ (ʜʠʦʢʩʘʥ, ʱʸʣʦʯʴ, ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ), ʧʨʦʜʫʢʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ 

ʤʦʣʝʢʫʣ ʘʢʨʠʣʦʥʠʪʨʠʣʘ 223 (ʩʭʝʤʘ 56) ʦʙʨʘʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 30%, ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʟʙʳʪʦʢ ʘʢʨʠʣʦʥʠʪʨʠʣʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ (24 ʯʘʩʘ). ʆʜʥʘʢʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ɼʄʌɸ-K2CO3 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (91%) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 
0
ʉ ʚ ʪʝʯʝʥʠʝ 1 

ʯʘʩʘ. 
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ʉʭʝʤʘ 56. ʈʝʘʢʮʠʷ ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 211. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʠʷ ʋʂ, ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʨʝʘʢʮʠʷ ʠʜʸʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦ ʧʫʪʠ ʉ-ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʚ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʘʮʠʣʴʥʳʭ ʛʨʫʧʧ. ʅʘ 

ʦʩʥʦʚʝ ʋʂ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʧʦ ʜʚʘ 

ʮʠʘʥʵʪʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʤʠ ʚ ʧʫʙʣʠʢʘʮʠʠ
312

. 



 

 

128 

3.11 ʉʠʥʪʝʟ ʬʣʘʚʦʥʦʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʌʣʘʚʦʥʦʠʜʳ ð ʵʪʦ ʢʨʫʧʥʝʡʰʠʡ ʢʣʘʩʩ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʣʠʬʝʥʦʣʦʚ. ʉ ʭʠʤʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ, ʬʣʘʚʦʥʦʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ ʬʣʘʚʦʥʘ (ʩʦʙʩʪʚʝʥʥʦ 

ʬʣʘʚʦʥʦʠʜʳ), 2,3-ʜʠʛʠʜʨʦʬʣʘʚʦʥʘ (ʬʣʘʚʘʥʦʥʳ) ʠʟʦʬʣʘʚʦʥʘ (ʠʟʦʬʣʘʚʦʥʦʠʜʳ), 4-

ʬʝʥʠʣʢʫʤʘʨʠʥʘ (ʥʝʦʬʣʘʚʦʥʦʠʜʳ), ʘ ʪʘʢʞʝ ʬʣʘʚʦʥʳ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ (ʬʣʘʚʘʥʦʣʳ). ʂ ʬʣʘʚʦʥʦʠʜʘʤ ʦʪʥʦʩʷʪ ʪʘʢʞʝ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʉ6-ʉ3-ʉ6 ʨʷʜʘ, ʚ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʜʚʘ ʙʝʥʟʦʣʴʥʳʭ ʷʜʨʘ, ʩʦʝʜʠʥʝʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʪʨʝʭʫʛʣʝʨʦʜʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ð ʭʘʣʢʦʥʳ, ʜʠʛʠʜʨʦʭʘʣʢʦʥʳ ʠ ʘʫʨʦʥʳ. 

ʀʥʪʝʨʝʩ ʢ ʥʘʪʫʨʘʣʴʥʳʤ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʬʣʘʚʦʥʦʠʜʘʤ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ, ʯʝʤʫ ʚ 

ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʘʙʦʣʠʪʦʚ ʵʪʦʛʦ ʢʣʘʩʩʘ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ 

ʠʣʠ ʪʦʨʤʦʟʷʱʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʦʧʫʭʦʣʝʡ, ʫʢʨʝʧʣʷʶʱʠʭ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ, ʟʘʱʠʱʘʶʱʠʭ 

ʧʝʯʝʥʴ ʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ
313
. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ 

ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʬʣʘʚʦʥʦʠʜʘ ʬʨʘʛʤʝʥʪʘ ʋʂ, 

ʠʟʥʘʯʘʣʴʥʦ ʦʙʣʘʜʘʶʱʝʡ ʥʘʪʠʚʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ.  

ʇʦʩʢʦʣʴʢʫ ʩ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʠ ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʘʣʢʦʥʳ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʬʣʘʚʦʥʦʠʜʦʚ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘʤʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 

ʩʠʥʪʝʟ ʭʘʣʢʦʥʦʚ ʥʘ ʙʘʟʝ ʦʩʪʦʚʘ ʋʂ. ɿʘʪʝʤ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʜʘʣʴʥʝʡʰʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʭʘʣʢʦʥʦʚ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʬʣʘʚʦʥʦʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʦʩʪʦʚ ʋʂ. 

 

3.11.1 ʉʠʥʪʝʟ ʭʘʣʴʢʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʍʘʣʢʦʥʳ (1,3-ʜʠʘʨʠʣ-1-ʧʨʦʧʝʥ-3-ʦʥʳ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʦʪʢʨʳʪʦʮʝʧʥʳʭ 

ʬʣʘʚʦʥʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ. ʍʘʣʢʦʥʳ ʦʙʣʘʜʘʶʪ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʤʠ, ʧʨʦʪʠʚʦʨʘʢʦʚʳʤʠ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʮʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʦʩʪʫʧʥʳʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʭʘʣʢʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʷʚʣʷʝʪʩʷ ʢʦʥʜʝʥʩʘʮʠʷ 

ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʠ ʘʮʝʪʦʬʝʥʦʥʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʚʘʨʠʘʥʪʘʭ. ɺ ʩʪʨʫʢʪʫʨʝ ʋʂ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʮʝʪʦʬʝʥʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʝʝ ʙʘʟʝ 

ʭʘʣʢʦʥʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʧʨʝʜʧʦʩʳʣʢʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ ʋʂ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʭʘʣʢʦʥʦʚ.  
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ʅʘʤʠ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʚʚʝʩʪʠ ʋʂ ʚ ʢʦʥʜʝʥʩʘʮʠʶ ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ ʚ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʠʷ ʭʘʣʢʦʥʦʚ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ H2SO4 ʠʣʠ K2CO3 ʥʝ ʧʨʠʚʝʣʦ ʢ ʠʩʢʦʤʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, ʘ ʧʨʠ ʢʘʪʘʣʠʟʝ 

ʩʠʣʴʥʦʡ ʱʝʣʦʯʴʶ (ʂʆʅ) ʥʘʙʣʶʜʘʣʘʩʴ ʜʝʩʪʨʫʢʮʠʷ ʠʩʭʦʜʥʦʡ ʋʂ. ɼʝʩʪʨʫʢʮʠʷ ʋʂ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʱʝʣʦʯʠ ʠʟʚʝʩʪʥʘ ʠʟ ʨʘʙʦʪʳ
7
, ʚ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʩʱʝʧʣʝʥʠʝ 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʮʠʢʣʫ ʉ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʝʚʨʘʱʝʥʠʡ ʋʂ ʚ ʫʩʣʦʚʠʷʭ 

ʦʩʥʦʚʥʦʛʦ ʢʘʪʘʣʠʟʘ ʪʨʝʙʫʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʵʪʦʛʦ ʢʦʣʴʮʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʝʛʦ 

ʩʪʘʙʠʣʠʟʘʮʠʶ. ʆʜʥʘʢʦ, ʧʦʧʳʪʢʘ ʚʚʝʩʪʠ ʚ ʢʦʥʜʝʥʩʘʮʠʶ ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʧʠʨʘʟʦʣʴʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ 35 ʠ 125 (ʩʭʝʤʘ 9) ʚ ʫʩʣʦʚʠʷʭ ʦʩʥ·ʚʥʦʛʦ ʢʘʪʘʣʠʟʘ ʧʨʠʚʝʣʘ ʪʘʢʞʝ ʢ 

ʜʝʩʪʨʫʢʮʠʠ ʩʫʙʩʪʨʘʪʘ, ʘ ʚ ʫʩʣʦʚʠʷʭ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʦʩʥ·ʚʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʬʝʥʦʣʷʪ-ʘʥʠʦʥʘ ʚ ʧʘʨʘ-

ʧʦʣʦʞʝʥʠʠ ʢ ʚʩʪʫʧʘʶʱʝʡ ʚ ʨʝʘʢʮʠʶ ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ ʨʝʟʦʨʮʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʋʂ ʠ 

ʩʦʝʜʠʥʝʥʠʡ 35 ʠ 125. ʆʜʥʘʢʦ, ʚʚʝʜʝʥʠʝ ʚ ʨʝʘʢʮʠʶ ʩʦʝʜʠʥʝʥʠʷ 117 (ʨʠʩ. 20) ʩ ʟʘʱʠʪʥʳʤʠ ɺʦʩ 

ʛʨʫʧʧʘʤʠ ʥʘ ʬʝʥʦʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʘʭ ʚ ʦʩʥ·ʚʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʞʝʣʘʝʤʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. 

ʆʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʝʪʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ ʬʝʥʦʣʴʥʦʡ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʚ ʧʦʣʦʞʝʥʠʠ 9, ʩʦʝʜʠʥʝʥʠʝ 122, ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʘʣʴʜʦʣʴʥʦ-

ʢʨʦʪʦʥʦʚʦʡ ʢʦʥʜʝʥʩʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 122 ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʠ ʩ ʧ-

ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʚ ʤʝʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʥʦʛʦ ʂʆʅ, ʙʳʣʠ 

ʧʦʣʫʯʝʥ rʭʘʣʢʦʥ r 224 ʠ 225 ʩ ʥʝʙʦʣʴʰʠʤʠ ʚʳʭʦʜʘʤʠ ʧʨʠ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ 

(ʩʭʝʤʘ 57). 

 

ʉʭʝʤʘ 57. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ 122 ʩ ʟʘʤʝʱʸʥʥʳʤʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ. 

ɺʦʟʤʦʞʥʦ, ʥʘ ʥʝʙʦʣʴʰʦʡ ʚʳʭʦʜ ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʦʩʤʦʣʝʥʠʷ ʚʣʠʷʶʪ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚʥʝʩʸʥʥʳʝ ʚ ʩʦʝʜʠʥʝʥʠʝ 122 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʠʨʘʟʦʣʘ 35 ʩ 

ʜʠʘʟʦʤʝʪʘʥʦʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʣʠʯʠʝ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʛʦ ʦʢʩʠʨʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɹʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
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ʩʦʝʜʠʥʝʥʠʝ 126, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʛʦ ʥʘʨʷʜʫ ʩ çʟʘʢʨʳʪʳʤè ʬʝʥʦʣʴʥʳʤ ʛʠʜʨʦʢʩʠʣʦʤ 

ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʡ ʦʢʩʠʨʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʢʦʣʴʮʝ ʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 126 ʩ ʟʘʤʝʱʸʥʥʳʤʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ, 

ʧʨʦʚʦʜʠʤʦʡ ʚ ʤʝʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ KOH, ʥʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ 226-239, ʷʚʣʷʶʱʠʭʩʷ ʮʝʣʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ï ʭʘʣʢʦʥʘʤʠ (ʩʭʝʤʘ 58). 

 

ʉʭʝʤʘ 58. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 226-239. 

ʈʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 2,5-3 ʯʘʩʦʚ ʩ ʯʝʪʳʨʝʭʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ 

ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʧʨʠ 70Áʉ ʚ ʤʝʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʥʦʛʦ ʂʆʅ. ʇʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʝ ʥʘ ʦʩʥʦʚʝ (+)- ʠ (-)-ʋʂ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʤʝʪʦʢʩʠʟʘʤʝʱʸʥʥʳʭ 

ʭʘʣʴʢʦʥʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴè ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ 

(ʦʙʩʫʞʜʝʥʠʝ ʩʤ. ʛʣ 4.4). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʯʝʪʳʨʸʭʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʥʘ ʙʘʟʝ 

ʦʩʪʦʚʘ ʋʂ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʪʨʫʢʪʫʨʥʳʡ ʬʨʘʛʤʝʥʪ ʭʘʣʢʦʥʦʚ.  

 

3.11.2 ʉʠʥʪʝʟ ʜʠʛʠʜʨʦʬʣʘʚʦʥʦʣʦʚ, ʬʣʘʚʦʥʦʣʦʚ ʠ ʬʣʘʚʘʥʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʭʘʣʢʦʥʦʚ ʵʪʦ ʦʙʱʠʡ ʵʪʘʧ ʚ ʙʠʦʩʠʥʪʝʟʝ ʬʣʘʚʦʥʦʠʜʦʚ. ʉ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʘʣʢʦʥʳ ʪʘʢ ʞʝ ʷʚʣʷʶʪʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʬʣʘʚʦʥʦʠʜʦʚ. ʄʳ 

ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʥʪʝʟʘ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ ʭʘʣʢʦʥʦʚ ʥʦʚʳʭ 

ʬʣʘʚʦʥʦʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʦʩʪʦʚ ʋʂ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʱʝʣʦʯʠ ʭʘʣʢʦʥʳ 

ʦʙʨʘʟʫʶʪ ʵʧʦʢʩʠʜʳ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʧʨʠ ʵʪʦʤ ʵʧʦʢʩʠʜʳ 2-ʛʠʜʨʦʢʩʠʭʘʣʢʦʥʦʚ ʥʝʫʩʪʦʡʯʠʚʳ 

ʠ ʣʝʛʢʦ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʚ ʜʠʛʠʜʨʦʬʣʘʚʦʥʦʣʳ. 

ʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʝʜʠʥʝʥʠʷ 232 ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʥʦʡ 

ʱʝʣʦʯʠ ʚ ʤʝʪʘʥʦʣʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ ʩʦʝʜʠʥʝʥʠʡ 240a,b ʠ 241 (ʦʙʱʠʡ ʚʳʭʦʜ ʦʢʦʣʦ 80%, 

ʩʦʦʪʥʦʰʝʥʠʝ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ), ʦʪʥʦʩʷʱʠʭʩʷ ʧʦ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʢ ʜʠʛʠʜʨʦʬʣʘʚʦʥʦʣʘʤ ʠ ʬʣʘʚʦʥʦʣʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʭʝʤʘ 59).  

 

ʉʭʝʤʘ 59. ʆʢʠʩʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 232 ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. 

ʉʦʝʜʠʥʝʥʠʝ 240 ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʤʝʩʠ ʪʨʘʥʩ-ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ (ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʟʥʘʯʝʥʠʷʤ ʂʉʉɺ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ
313
) ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʧʦ ʩʧʝʢʪʨʫ ʗʄʈ-
1
ʅ. ʂʘʢ ʠʟʚʝʩʪʥʦ

314
, ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʨʦʪʝʢʘʝʪ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʠ ʦʢʠʩʣʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʜʠʛʠʜʨʦʬʣʘʚʘʥʦʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
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ʬʣʘʚʘʥʦʣʦʚ. ʌʣʘʚʦʥʦʣ 241 ʦʙʨʘʟʫʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʨʝʘʢʮʠʠ ʠʟ 

ʩʦʝʜʠʥʝʥʠʷ 240. 

ɼʝʡʩʪʚʠʝ ʜʨʫʛʦʛʦ ʵʧʦʢʩʠʜʠʨʫʶʱʝʛʦ ʦʢʠʩʣʠʪʝʣʷ ï t-BuOOH ï ʥʘ ʩʦʝʜʠʥʝʥʠʝ 232 ʥʝ 

ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʮʠʢʣʠʟʘʮʠʠ, ʦʢʠʩʣʝʥʠʶ ʧʦʜʚʝʨʛʣʘʩʴ ʣʠʰʴ ʛʠʜʨʦʢʩʠʣʴʥʘʷ 

ʛʨʫʧʧʘ ʚ ʮʠʢʣʝ ʉ (ʉʭʝʤʘ 60). ʇʨʦʜʫʢʪ 242 ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 67%. ɸʥʘʣʦʛʠʯʥʦ, ʠʟ ʭʘʣʴʢʦʥʘ 

234 ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ 243, ʩ ʠʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʝʪʦʢʩʠ-ʛʨʫʧʧ. 

 

ʉʭʝʤʘ 60. ʆʢʠʩʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 232 ʠ 234 ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ. 

ɼʠʭʣʦʨʜʠʮʠʘʥʦʙʝʥʟʦʭʠʥʦʥ (DDQ) ï ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʨʝʘʛʝʥʪ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ 

ʮʠʢʣʦʜʝʛʠʜʨʘʪʘʮʠʠ 2`-ʛʠʜʨʦʢʩʠʭʘʣʢʦʥʦʚ, ʪʘʢʞʝ ʦʢʠʩʣʷʝʪ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʮʠʢʣʘ ʉ. 

ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʣʘʚʦʥʘ 244 (ʉʭʝʤʘ 61). 

ʅʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʪʝʯʝʥʠʝ 10 ʯ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʩʦʝʜʠʥʝʥʠʡ 242 ʠ 244 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:3 ʧʦ ʜʘʥʥʳʤ ʗʄʈ 
1
ʅ. 

ʂʠʧʷʯʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 15 ʯ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 244 ʩ ʚʳʭʦʜʦʤ 75%. 

ʉʭʝʤʘ 61. ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 232 ʩ ʜʠʭʣʦʨʜʠʮʠʘʥʦʙʝʥʟʦʭʠʥʦʥʦʤ. 

ʌʣʘʚʘʥʦʥʳ ʪʘʢʞʝ ʧʦʣʫʯʘʶʪ ʜʝʡʩʪʚʠʝʤ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʵʪʠʣʝʥʜʠʘʤʠʥʘ, ʥʘ 2-ʛʠʜʨʦʢʩʠʭʘʣʢʦʥʳ. ʆʜʥʘʢʦ, ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʩʦʝʜʠʥʝʥʠʝ 232 ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ. ɼʝʡʩʪʚʠʝ ʞʝ ʜʨʫʛʦʛʦ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʘʛʝʥʪʘ - ʛʠʜʨʘʟʠʥ ʤʦʥʦʛʠʜʨʘʪʘ - ʥʘ ʭʘʣʴʢʦʥ 232 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʠʟʦʤʝʨʥʳʭ ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦʚ 245a,b ʩ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 82% (ʉʭʝʤʘ 62). 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʩʧʠʨʪʝ ʩ ʵʢʚʠʤʦʣʷʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʠʜʨʘʟʠʥ 
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ʤʦʥʦʛʠʜʨʘʪʘ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʘʟʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 245a,b 

ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʧʨʦʜʫʢʪʦʚ ʬʣʘʚʘʥʦʥʦʚʦʛʦ ʪʠʧʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 

245a,b ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʘ ʪʘʢ ʞʝ ʩʨʘʚʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ 

ʩʜʚʠʛʦʚ ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʠ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ.  

 

ʉʭʝʤʘ 62. ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 232 ʩ ʛʠʜʨʘʟʠʥ ʤʦʥʦʛʠʜʨʘʪʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʤʝʪʦʢʩʠʭʘʣʢʦʥʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘ ʙʘʟʝ ʦʩʪʦʚʘ ʫʩʥʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʥʘʤʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʬʣʘʚʦʥʦʣʦʚ, ʜʠʛʠʜʨʦʬʣʘʚʦʥʦʣʦʚ ʠ ʬʣʘʚʦʥʦʚ. 

ɼʝʡʩʪʚʠʝʤ ʛʠʜʨʘʟʠʥ ʤʦʥʦʛʠʜʨʘʪʘ ʥʘ ʠʩʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʣʫʯʝʥʳ ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʴʥʳʡ ʮʠʢʣ. 

 

3.11.3 ʉʠʥʪʝʟ ʘʫʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ɸʫʨʦʥʳ ï ʧʨʠʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʣʘʩʩʘ ʬʣʘʚʘʥʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʧʠʩʳʚʘʶʪ ʢʘʢ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ, ʘʥʪʠʬʠʜʘʥʪʳ ʥʘʩʝʢʦʤʳʭ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʳ, ʠʥʛʠʙʠʪʦʨʳ ʬʝʨʤʝʥʪʦʚ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 

ʘʛʝʥʪʳ. ɸʫʨʦʥʳ (ʙʝʥʟʠʣʠʜʝʥʙʝʥʟʦʬʫʨʘʥʦʥʳ) ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʠ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʭʘʣʢʦʥʦʚ. ʀʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ
315
, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ DDQ ʠʟ ʛʠʜʨʦʢʩʠʭʘʣʢʦʥʦʚ ʥʘʨʷʜʫ ʩ 

ʬʣʘʚʦʥʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʪʘʢʞʝ ʠ ʘʫʨʦʥʳ, ʦʜʥʘʢʦ, ʧʨʠ ʜʝʡʩʪʚʠʠ DDQ ʥʘ ʭʘʣʢʦʥ 232 ʤʳ ʥʝ 

ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠ ʘʫʨʦʥʦʚ, ʥʠ ʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʅʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ʩʠʥʪʝʟʘ ʘʫʨʦʥʦʚ ʥʘ ʙʘʟʝ ʦʩʪʦʚʘ ʋʂ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ʘʫʨʦʥʦʚ (ʙʝʥʟʠʣʠʜʝʥʙʝʥʟʦʬʫʨʘʥʦʥʦʚ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʤʝʱʝʥʥʳʝ ʙʝʥʟʦʬʫʨʘʥʦʥʳ, ʨʝʘʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʧʦʩʣʝʜʥʠʭ ʩ 

ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ ʧʨʠʚʦʜʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢ Z-ʠʟʦʤʝʨʘʤ ʘʫʨʦʥʦʚ
316

.  

ʉʠʥʪʝʟ ʬʫʨʘʥʦʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 211 ʥʘ ʦʩʥʦʚʝ ʋʂ, ʦʧʠʩʘʥʥʳʡ ʨʘʥʝʝ ʚ ʛʣʘʚʝ 3.8.2, 

ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʥʦʚʘʥʠʡ (ʂʆʅ, ʘʮʝʪʘʪ ʢʘʣʠʷ, ʪʨʠʵʪʠʣʘʤʠʥ ʠ ʪ.ʜ.) ʥʘ 

ʤʦʥʦʙʨʦʤʧʨʦʠʟʚʦʜʥʦʝ ʋʂ 157. ʈʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 211 ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ (1:1.1) 

ʟʘʤʝʱʸʥʥʳʭ ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʜʣʷ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʫʩʣʦʚʠʷʭ - ʧʨʠ 60 
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Áʉ ʚ ʪʝʯʝʥʠʝ 1-1.5 ʯʘʩʦʚ ʚ ʚʦʜʥʦʤ ʤʝʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʂʆʅ. ɺʳʭʦʜʳ ʩʦʝʜʠʥʝʥʠʡ 246-

257 ʩʦʩʪʘʚʠʣʠ ʦʪ 55% ʜʦ 74% (ʉʭʝʤʘ 63).  

 

ʉʭʝʤʘ 63. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 246-257. 

ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʣʠʩʴ ʩʠʛʥʘʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʜʥʦʤʫ ʩʪʝʨʝʦʠʟʦʤʝʨʫ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ
14

-ʉ
16

 ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ 255 (ʨʠʩ. 29) ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ DFT-

ʤʝʪʦʜʦʤ ʠ ʩʧʝʢʪʨʦʚ ʗʄʈ. 

 

ʈʠʩʫʥʦʢ 29. ɺʦʟʤʦʞʥʳʝ ʩʪʝʨʝʦʠʟʦʤʝʨʳ ʩʦʝʜʠʥʝʥʠʷ 255. 

ɺ ʩʧʝʢʪʨʝ ʤʦʥʦʨʝʟʦʥʘʥʩʘ ʂʉʉɺ ʤʝʞʜʫ H
16

 ʠ C
13

 ʚ ʩʦʝʜʠʥʝʥʠʠ 255 ʩʦʩʪʘʚʠʣʘ 3.2 ɻʮ, 

ʦʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʜʘʥʥʳʭ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ ʚ ʘʫʨʦʥʘʭ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʵʪʫ ʢʦʥʩʪʘʥʪʫ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ
14

-ʉ
16

 ʚ ʩʦʝʜʠʥʝʥʠʠ 255 ʙʳʣʠ ʧʨʦʚʝʜʝʥ rʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ 
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ʘʥʘʣʠʟ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ DFT-ʤʝʪʦʜʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ Z-

ʠʟʦʤʝʨʘ ʩʫʱʝʩʪʚʫʝʪ ʦʩʥʦʚʥʦʡ ʢʦʥʬʦʨʤʝʨ, ʚ ʢʦʪʦʨʦʤ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʟʘʤʝʩʪʠʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ ʉ
14

-ʉ
16

 ʠ MeO-ʛʨʫʧʧʘ ʥʘʧʨʘʚʣʝʥʘ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʩ 

ʧʨʦʪʦʥʦʤ H-16, ʠ ʜʚʘ ʢʦʥʬʦʨʤʝʨʘ ʚʳʰʝ ʧʦ ʵʥʝʨʛʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʛʦ ʥʘ 3.7 ʠ 3.8 

ʢʢʘʣ/ʤʦʣʴ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʶ MeO-ʛʨʫʧʧʳ ʥʘʜ ʠ ʧʦʜ ʧʣʦʩʢʦʩʪʴʶ ʤʦʣʝʢʫʣʳ 

ï ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʥʘ ʥʘʧʨʘʚʣʝʥʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʩ ʧʨʦʪʦʥʦʤ H
16
. ɺ ʩʣʫʯʘʝ ɽ-

ʠʟʦʤʝʨʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʦʜʥʦ ʧʦʣʦʞʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ MeO-

ʛʨʫʧʧʘ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʧʨʦʪʦʥʘ H
16

, ʧʨʠ ʵʪʦʤ ʵʪʘ ʩʪʨʫʢʪʫʨʘ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʳʤ Z-ʠʟʦʤʝʨʦʤ ʥʘ 2.6 ʢʢʘʣ/ʤʦʣʴ. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ (8.23 

ʤ.ʜ.) ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ (8.65 ʤ.ʜ. ʜʣʷ Z-ʠʟʦʤʝʨʘ ʠ 10.75 ɽ-ʠʟʦʤʝʨʘ) ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʦʨʪʦ-

ʧʨʦʪʦʥʘ ʧʨʠ ʉ
22

 ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ Z-ʠʟʦʤʝʨʦʤ, ʪʘ ʞʝ ʪʝʥʜʝʥʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʜʚʠʛʦʚ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʜʚʦʡʥʦʡ ʩʚʷʟʠ C
14

-C
16

 (ʩʤ. ʪʘʙʣʠʮʫ 2). 

ʊʘʙʣʠʮʘ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʜʚʠʛʦʚ 
1
H ʠ 

13
C ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 255 

ʘʪʦʤ ŭ, ʤ.ʜ. Z ŭ, ʤ.ʜ. E ŭ, ʤ.ʜ. ʵʢʩʧ. ʘʪʦʤ ŭ, ʤ.ʜ. Z ŭ, ʤ.ʜ. E ŭ, ʤ.ʜ. ʵʢʩʧ. 

H-16 7.58 7.80 7.39 C-16 102.25 114.66 106.26 

H-19 6.84 6.80 6.91 C-17 124.08 124.19 121.15 

H-20 7.36 7.46 7.35 C-18 161.92 160.05 158.65 

H-21 7.13 7.17 7.05 C-19 107.92 106.17 110.63 

H-22 8.65 10.75 8.23 C-20 130.54 133.13 131.29 

H-23 3.95 3.93 3.89 C-21 120.19 120.70 120.75 

C-13 174.61 173.76 179.60 C-22 132.74 134.35 131.56 

C-14 151.50 154.08 147.49 C-23 52.24 52.15 55.46 

 

ɼʘʥʥʳʝ NOESY ʪʘʢʞʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ Z-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʚʷʟʠ ʉ
14

-ʉ
16

 ʚ 

ʩʦʝʜʠʥʝʥʠʠ 255 ʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʦʩʥʦʚʥʦʡ ʢʦʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ. ʊʘʢ ʚ ʩʧʝʢʪʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ NOE-ʢʨʦʩʩ-ʧʠʢʠ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ H
22

 ʠ ʧʨʦʪʦʥʘʤʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʉ
10

 

(ʨʘʩʩʯʠʪʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ~2.9 ¡), ʤʝʞʜʫ H
16

 ʠ ʧʨʦʪʦʥʘʤʠ MeO-ʛʨʫʧʧʳ, ʧʨʠ ʵʪʦʤ 

ʦʪʩʫʪʩʪʚʫʝʪ ʢʨʦʩʩ-ʧʠʢ ʤʝʞʜʫ H
22

 ʠ H
16
, ʠ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʉ

23
 ʠ ʉ

10
. ʇʦ 

ʘʥʘʣʦʛʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʦʝʜʠʥʝʥʠʷ 255, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʘʫʨʦʥʘʭ ʤʳ ʧʨʠʧʠʩʘʣʠ ʩʦʝʜʠʥʝʥʠʷʤ 246-257 Z-

ʢʦʥʬʠʛʫʨʘʮʠʶ. 

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʢ ʘʫʨʦʥʘʤ ʦʪʥʦʩʷʪ ʩʦʝʜʠʥʝʥʠʷ ʉ6-ʉ3-ʉ6 ʨʷʜʘ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʜʚʘ 

ʙʝʥʟʦʣʴʥʳʭ ʷʜʨʘ. ʅʦ ʚ ʢʦʥʜʝʥʩʘʮʠʶ ʩ ʙʝʥʟʦʬʫʨʘʥʦʥʘʤʠ ʤʦʞʥʦ ʚʦʚʣʝʢʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʙʝʥʟʘʣʴʜʝʛʠʜʳ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʘʢʮʠʶ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʩʦʝʜʠʥʝʥʠʝʤ 211 ʚʩʪʫʧʘʶʪ 
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ʪʘʢʞʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʣʴʜʝʛʠʜʳ. ʊʘʢ, ʨʝʘʢʮʠʷ ʩ ʬʫʨʬʫʨʦʣʦʤ ʧʨʦʪʝʢʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʢʦʤʥʘʪʥʦʡ (ʨʝʘʢʮʠʷ ʩ ʬʫʨʬʫʨʦʣʦʤ) ʜʦ 60 Áʉ (ʨʝʘʢʮʠʷ ʩ 

ʧʠʨʠʜʠʥʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘʤʠ) ʚ ʩʨʝʜʝ ʤʝʪʘʥʦʣ - ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʂʆʅ. ɺʳʭʦʜʳ ʩʦʝʜʠʥʝʥʠʡ 

258-264 ʦʪ 45 % ʜʦ 70 % (ʩʭʝʤʘ 64).  

 

ʉʭʝʤʘ 64. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 258-269. 

ʈʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʧʨʦʪʝʢʘʶʪ ʥʝ ʪʘʢ ʛʣʘʜʢʦ. 

ʎʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʤʘʩʣʷʥʳʤ ʠ ʜʝʮʠʣʦʚʳʤ ʘʣʴʜʝʛʠʜʘʤʠ, ʩʦʝʜʠʥʝʥʠʷ 265 ʠ 

266, ʚʳʜʝʣʝʥʳ ʩ ʚʳʭʦʜʘʤʠ 20 ʠ 13 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʘʢʮʠʷ ʪʘʢʞʝ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʩʭʝʤʘ 64). ʈʝʘʢʮʠʷ ʩ ʘʢʨʦʣʝʠʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʡ ʩʤʝʩʠ 

ʧʨʦʜʫʢʪʦʚ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʘʫʨʦʥʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʨʝʘʢʮʠʡ ʩ 

ʮʠʢʣʦʛʝʢʩʘʥʘʣʝʤ, ʤʠʨʪʝʥʘʣʝʤ ʠ ʢʘʤʬʦʣʝʥʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ (ʩʦʝʜʠʥʝʥʠʷ 267, 268, 269 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʘʢʮʠʷʭ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ 

ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʫʨʦʥʳ ʠ ʧʦʜʦʙʥʳʝ ʠʤ ʩʦʝʜʠʥʝʥʠʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ 

ʘʣʴʜʝʛʠʜʘʤʠ ʧʨʦʪʝʢʘʶʪ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʚʳʭʦʜʘʤʠ ʚ ʨʷʜʫ ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ ʨʝʘʢʮʠʡ ʠʟ-ʟʘ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʨʝʘʢʮʠʡ ʩʘʤʦʢʦʥʜʝʥʩʘʮʠʠ ʘʣʴʜʝʛʠʜʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʤʠ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ: 
298

, 
317

, 
318

. 
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4. ʈɽɿʋʃʔʊɸʊʓ ʌɸʈʄɸʂʆʃʆɻʀʏɽʉʂʀʍ ʀʉʇʓʊɸʅʀʁ ʇʈʆʀɿɺʆɼʅʓʍ 

ʋʉʅʀʅʆɺʓʍ ʂʀʉʃʆʊ 

 

ʀʟʫʯʝʥʠʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʃʘʙʦʨʘʪʦʨʠʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʩʥʦʚ ʭʠʤʠʦʪʝʨʘʧʠʠ ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ ʅʀʀ ʛʨʠʧʧʘ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʌ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʙ.ʥ. ɿʘʨʫʙʘʝʚʘ ɺ.ɺ.  

ʀʟʫʯʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʝʜʠʮʠʥʩʢʦʤ 

ʬʘʢʫʣʴʪʝʪʝ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʙ.ʥ., ʧʨʦʬ. 

ʇʦʢʨʦʚʩʢʦʛʦ ɸ.ɻ. 

ʀʟʫʯʝʥʠʝ ʬʝʨʤʝʥʪʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʬʝʨʤʝʥʪʦʚ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʤʝʜʠʮʠʥʳ ʉʆ ʈɸʅ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʯʣ.-ʢʦʨʨ., ʜ.ʭ.ʥ., ʧʨʦʬ. ʃʘʚʨʠʢ ʆ.ʀ. 

ʀʟʫʯʝʥʠʝ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʛʝʥʝʪʠʢʠ ʠʤ. ʅ.ʀ. ɺʘʚʠʣʦʚʘ ʈɸʅ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʙ.ʥ., ʧʨʦʬ. ɼʘʥʠʣʝʥʢʦ ɺ.ʅ. ʀʟʫʯʝʥʠʝ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʪʫʙʝʨʢʫʣʸʟʘ ʈɸʄʅ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʜ.ʙ.ʥ., ʧʨʦʬ. ʏʝʨʥʦʫʩʦʚʦʡ ʃ.ʅ. 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʘʨʤʘʢʦʛʝʥʦʤʠʢʠ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʉʆ ʈɸʅ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʙ.ʥ. ʌʠʣʠʧʝʥʢʦ ʄ.ʃ.. 

ʀʟʫʯʝʥʠʝ ʠʥʩʝʢʪʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʘʪʦʣʦʛʠʠ ʥʘʩʝʢʦʤʳʭ ʀʥʩʪʠʪʫʪʘ ʩʠʩʪʝʤʘʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʞʠʚʦʪʥʳʭ ʉʆ ʈɸʅ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʙ.ʥ., ʧʨʦʬ. ɻʣʫʧʦʚʘ ɺ.ɺ. 

 

4.1 ʇʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʳʭ ʢʠʩʣʦʪ 

 

ʈʘʟʨʘʙʦʪʢʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʚʠʨʫʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɻʨʠʧʧ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʫʶ 

ʚʦ ʚʩʝʤ ʤʠʨʝ ʨʝʩʧʠʨʘʪʦʨʥʫʶ ʠʥʬʝʢʮʠʶ. ʆʥ ʚʳʟʳʚʘʝʪ ʝʞʝʛʦʜʥʳʝ ʵʧʠʜʝʤʠʠ, ʙʳʩʪʨʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʠʟ ʩʪʨʘʥʳ ʚ ʩʪʨʘʥʫ, ʚʦʚʣʝʢʘʷ ʚ ʪʞ̫ʝʣʳʭ ʩʣʫʯʘʷʭ (ʧʘʥʜʝʤʠʠ) 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʟʝʤʥʦʛʦ ʰʘʨʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʭʠ, ʜʦʩʪʠʛʥʫʪʳʝ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʦʪʝʨʘʧʠʠ, ʚʘʢʮʠʥʦʧʨʦʬʠʣʘʢʪʠʢʠ ʠ 

ʠʤʤʫʥʦʣʦʛʠʠ ʛʨʠʧʧʘ, ʦʥ ʦʩʪʘʝʪʩʷ ʪʨʫʜʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʠʥʬʝʢʮʠʝʡ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ 
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ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʨʘʟʣʠʯʥʳʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʧʦʩʣʝ ʦʩʪʨʦʡ ʩʪʘʜʠʠ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ "ʩʢʨʳʪʦʡ", ʠʣʠ ʚʪʦʨʠʯʥʦʡ, ʩʤʝʨʪʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʥʝ ʩʘʤʠʤ ʚʠʨʫʩʦʤ ʛʨʠʧʧʘ, 

ʥʦ ʚʠʨʫʩʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʭʠʤʠʦʪʝʨʘʧʠʠ 

ʛʨʠʧʧʘ ʜʦʩʪʫʧʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ, ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʭ, 

ʦʙʱʝʫʢʨʝʧʣʷʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘʨʷʜʫ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʨʦʪʠʚʦʛʨʠʧʧʦʟʥʦʡ 

ʪʝʨʘʧʠʠ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʭʠʤʠʦʧʨʝʧʘʨʘʪʦʚ ʧʨʦʪʠʚ ʛʨʠʧʧʘ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʙʳʩʪʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʚʠʨʫʩʦʚ ʛʨʠʧʧʘ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʠʭ ʜʝʡʩʪʚʠʶ.  

ʂ ʥʘʯʘʣʫ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʠʟʚʝʩʪʥʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʋʂ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʷʜʘ ʚʠʨʫʩʦʚ (ʚʠʨʫʩʘ ʛʝʨʧʝʩʘ 1 ʪʠʧʘ, ʧʘʧʠʣʣʦʤʘʚʠʨʫʩʘ, ʚʠʨʫʩʘ ʕʧʰʪʝʡʥʘ-

ɹʘʨʨʘ). ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ʨʘʥʝʝ ʥʝ 

ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʛʦ ʚʠʨʫʩʘ ʜʣʷ ʩʢʨʠʥʠʥʛʘ ʙʳʣ ʚʳʙʨʘʥ ʚʠʨʫʩ ʛʨʠʧʧʘ A/California/7/09 

(H1N1pdm09), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʝʟʦʥʦʚ ʠ ʫʩʪʦʡʯʠʚ 

ʢ ʧʨʝʧʘʨʘʪʘʤ ʘʜʘʤʘʥʪʘʥʦʚʦʛʦ ʨʷʜʘ. ʀʩʩʣʝʜʦʚʘʥʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʢʦʣʦ 100 

ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʵʪʦʛʦ ʚʠʨʫʩʘ. 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠ 50% ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʜʦʟʫ (ʎʊɼ50) 

ʢʘʞʜʦʛʦ ʧʨʝʧʘʨʘʪʘ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ MDCK. ɼʘʣʝʝ ʦʮʝʥʠʚʘʣʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʞʜʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠ ʦʧʨʝʜʝʣʷʣʠ 50% ʵʬʬʝʢʪʠʚʥʫʶ ʜʦʟʫ (ʕɼ50), ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʷʣʠ 

ʦʪʥʦʰʝʥʠʝ ʎʊɼ50 ʢ ʕɼ50 ï ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ (ʍʊʀ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʨʘʚʥʠʚʘʣʠ ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʝʤʘʥʪʘʜʠʥʘ (ʎʊɼ50=60, ʕɼ50=12, ʍʊʀ=5) ʠ 

ʦʟʝʣʴʪʘʤʠʚʠʨʘ ʢʘʨʙʦʢʩʠʣʘʪʘ (ʎʊɼ50 =300, ʕɼ50=0,3, ʍʊʀ=1000). ʇʨʝʧʘʨʘʪ ʩʯʠʪʘʣʩʷ 

ʘʢʪʠʚʥʳʤ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʍʊʀ ʧʨʝʚʳʰʘʣʦ 10. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3. ʇʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ 

A/California/7/09 (H1N1pdm09). 

ʉʦʝʜʠʥʝʥʠʝ ʎʊɼ50 

ʤʢʛ/ʤʣ 

ʕɼ50 

ʤʢʛ/ʤʣ 
ʍʊʀ 

(+)-1 146 17.8 8.2 

(-)-1 46 4.5 10.3 

 

(+)-55 58 7.4 7 
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(+)-58 2.5 2.3 1 

(+)-59 31.1 1.6 19.4 

(-)-59 195 16.9 11.5 

(+)-60 2 1.5 1.3 

(-)-60 1 1 1 

(+)-62 5.5 3.5 1.4 

(-)-62 1.6 1.6 1 

(+)-63 79 10 7.9 

(-)-63 56 6.3 8.8 

 

(+)-64 2.3 2 1.1 

(-)-64 4 3 1.3 

(+)-65 1.8 1.5 1 

(+)-66 1.8 1.6 1.1 

(-)-66 20 7.5 2.7 

(+)-67 6.2 2.6 2.3 

(-)-67 5.2 3.1 1.6 

(+)-68 5.8 2.4 2.4 

(-)-68 5.8 4 1.2 

 

(+)-69 156 8.8 17.7 

(-)-69 360 56 6.4 

(+)-70 56 5.5 10.2 

(-)-70 56 5.5 10.2 

(+)-71 91 10.3 9 

(-)-71 153 40 3.8 

(+)-72 102 9.4 10.9 
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(-)-72 40 7.3 5.5 

(+)-73 53 10 5.3 

(-)-73 43 10 4.3 

(+)-74 47 10 4.7 

(-)-74 40 4.6 8.6 

 

(+)-28 27 4.0 6 

(-)-28 60 4.3 13.9 

(+)-77 61 3 20 

(-)-77 60 6 10 

(-)-78 10 2.9 3.4 

(+)-79 6 3 2 

(-)-79 15 3 5 

(+)-81 10 2 5 

(+)-83 11 10 1.1 

 

(+)-35 346 28 12 

(-)-35 235 23 10 

(+)-97 530 33 16 

(+)-125 11 1 11 

(-)-125 20 5 4 

ʠ  

(+)-226 19 17 1.1 
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(-)-226 55 31 1.7 

(+)-228 140 30 4.6 

(-)-228 64 44 1.5 

(+)-231 300 30 10 

(+)-233 500 34 14 

(-)-233 500 45 11 

(+)-234 500 28 17 

(-)-234 500 44 11.3 

(+)-235 300 15 20 

(+)-236 250 20 12.5 

(+)-237 300 15 20 

(+)-238 60 5 12 

(+)-239 170 20 8.5 

(+)-243 20 5 4 

 

(+)-211 40 22 1.8 

(+)-255 15.2 2.2 6.9 

(+)-249 20 2.4 8.1 

(+)-260 20 3 6 

(+)-259 23 3 7.7 

(+)-262 5 5 1 

(+)-264 3 3 1 

 

(+)-193 9.2 2.9 3.1 

(-)-193 11 2 5.2 

(-)-203 20 2 10 

(-)-204 8.7 1.3 6.7 
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R
1
 = H 

(+)-163 1 1 1 

(+)-166 1 1 1 

(+)-161 3 1 3 

(+)-167 30 15 2 

(+)-165 88 28 3.1 

R
1
 = Me 

(+)-176 420 72 5.8 

(+)-178 90 12 7.5 

(+)-181 50 7 7 

(+)-183 300 13 23 

 ʠ  

(+)-151 88 4.4 22 

(-)-151 57 10.8 5.3 

(+)-153 30 6 5 

 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ (+)-ʋʂ ʤʝʥʝʝ ʪʦʢʩʠʯʥʘ, ʯʝʤ ʝʝ ʵʥʘʥʪʠʦʤʝʨ, ʥʦ 

ʪʘʢʞʝ ʠ ʤʝʥʝʝ ʘʢʪʠʚʥʘ. ʉʦʛʣʘʩʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʨʠʪʝʨʠʷʤ, ʪʦʣʴʢʦ (-)-ʋʂ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʟʥʘʥʘ ʘʢʪʠʚʥʦʡ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʍʊʀ ʙʦʣʴʰʝ 10. 

ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ (+)- ʠ (-)-ʋʂ ʨʘʟʣʠʯʘʝʪʩʷ ʚ 4 ʨʘʟʘ, 

ɹʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ (-)-ʋʂ ʪʘʢʞʝ ʧʨʦʷʚʣʷʣʘ ʚ ʦʪʥʦʰʝʥʠʠ ʜʨʫʛʠʭ ʚʠʨʫʩʦʚ: ʚʠʨʫʩʘ 

ʛʝʨʧʝʩʘ 1 ʪʠʧʘ ʠ ʚʠʨʫʩʘ ʕʧʰʪʝʡʥʘ-ɹʘʨʨʘ, ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʨʘʟʥʠʮʘ ʚ ʘʢʪʠʚʥʦʩʪʠ in vitro 

ʤʝʞʜʫ (+)- ʠ (-)-ʵʥʘʥʪʠʦʤʝʨʘʤʠ ʙʳʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʭ ʥʘ 

ʚʠʨʫʩʝ ʛʨʠʧʧʘ ï ʚ 5 ʨʘʟ. ʆʜʥʘʢʦ, ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʚ ʧʘʨʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʥʘʤʠ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʘʢʪʠʚʥʦʩʪʴ ʣʠʙʦ ʨʘʟʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʣʠʙʦ ʙʦʣʝʝ ʘʢʪʠʚʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ (+)-ʵʥʘʥʪʠʦʤʝʨ. 

ʉʨʝʜʠ ʝʥʘʤʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʠ 

ʪʦʣʴʢʦ ʜʚʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʘʨʦʡ ʠʟʦʤʝʨʦʚ ((+)-59 ʠ (-)-59) ʠ ʩʦʜʝʨʞʘʪ ʟʘʤʝʩʪʠʪʝʣʴ CF2-

CF3, ʢʦʪʦʨʳʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʘʥʪʠʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɽʥʘʤʠʥʳ ʩ 

ʢʚʘʨʪʝʨʥʠʟʠʨʦʚʘʥʥʳʤ ʘʟʦʪʦʤ ʥʝ ʩʦʜʝʨʞʘʪ ʥʠ ʦʜʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 
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ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʩʥʠʞʘʝʪ ʟʥʘʯʝʥʠʷ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ 

ʠʥʜʝʢʩʘ ʜʦ ʟʥʘʯʝʥʠʡ, ʙʣʠʟʢʠʭ ʢ 1. ɹʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʨʝʜʠ ʝʥʘʤʠʥʦʚ ʧʨʦʷʚʣʷʶʪ 

ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʋʂ ʩ ʘʥʠʣʠʥʘʤʠ ʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʚ ʜʘʥʥʳʭ ʛʨʫʧʧʘʭ ʘʢʪʠʚʥʳ 7 

ʠʟ 24 ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʩʦʝʜʠʥʝʥʠʝ (+)-77, ʧʨʦʠʟʚʦʜʥʦʝ (+)-ʋʂ ʩ ɓ-ʘʣʘʥʠʥʦʤ, 

ʠʤʝʝʪ ʍʊʀ, ʨʘʚʥʳʡ 20, ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ ʧʦʨʦʛʘ ʘʢʪʠʚʥʦʩʪʠ.  

ʇʠʨʘʟʦʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʪʘʢʞʝ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʧʨʦʷʚʣʷʶʪ ʫʤʝʨʝʥʥʫʶ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʩʚʷʟʘʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʦ ʩʥʠʞʝʥʠʝʤ ʪʦʢʩʠʯʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʪʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʋʂ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʚʦʟʚʨʘʱʘʝʪ ʪʦʢʩʠʯʥʦʩʪʴ ʧʠʨʘʟʦʣʴʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ. ʉʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʭʘʣʴʢʦʥʦʚʦʛʦ ʨʷʜʘ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʨʷʜʫ ʩ ʧʠʨʘʟʦʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʚ ʢʦʣʴʮʝ ʉ ʋʂ 

ʙʝʥʟʠʣʠʜʝʥʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʢʦʣʴʮʝ ɸ, ʘʢʪʠʚʥʳʤʠ ʦʢʘʟʘʣʠʩʴ 60% ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʯʝʤ ʚʩʝ ʦʥʠ ʩʦʜʝʨʞʘʣʠ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʫ ʚ ʧʘʨʘ- ʠ/ʠʣʠ ʦʨʪʦ- ʧʦʣʦʞʝʥʠʷʭ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʟʚʦʜʥʦʝ ʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ((+)-234) ʤʝʥʝʝ ʪʦʢʩʠʯʥʦ, ʯʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʘʨʙʦʥʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ((+)-243). 

ʉʨʝʜʠ ʘʫʨʦʥʦʚʳʭ, ʪʠʘʟʦʣʴʥʳʭ ʠ ʩʫʣʴʬʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʟʘʤʝʪʥʦʡ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɽʜʠʥʩʪʚʝʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ ʟʘʤʝʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʩʦʜʝʨʞʠʪ ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʩ 

ʤʝʪʦʢʩʠʛʨʫʧʧʦʡ, ʬʘʨʤʘʢʦʬʦʨʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʝʡʩʪʚʠʷ. 

ʆʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʯʝʥʦ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ (+)-ʋʂ ʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʜʢʠʩʣʦʪ. ʉʦʝʜʠʥʝʥʠʝ (+)-151 - ʧʨʦʷʚʠʣʦ ʚʳʩʦʢʫʶ 

ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, ʝʛʦ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ 

(ʍʊʀ = 22) ʙʦʣʝʝ, ʯʝʤ ʚ 4 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʪʦʪ ʞʝ ʧʦʢʘʟʘʪʝʣʴ ʨʝʤʘʥʪʘʜʠʥʘ (ʍʊʀ = 5). 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʘʢʪʠʚʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʘ A/California/7/09 

(H1N1pdm09) ʩʦʝʜʠʥʝʥʠʡ ((-)-28, (+)-77, (-)-77, (+)-151) ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʠʥʛʠʙʠʨʫʶʱʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ ʛʨʠʧʧʘ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʘʥʪʠʛʝʥʥʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʭʠʤʠʦʧʨʝʧʘʨʘʪʘʤ: A/Aichi/2/68 

(H3N2), A/mallard/Pensilvania/10218/84 (H5N2), ɸ/ɺʣʘʜʠʚʦʩʪʦʢ/2/09 (H1N1), A/PR/8/34 

(H1N1). ɸʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʨʫʩʦʚ ʚ ʮʝʣʦʤ ʩʭʦʜʥʘ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʚʠʨʫʩʘ ɸ/ɺʣʘʜʠʚʦʩʪʦʢ/2/09, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ 

ʧʨʦʠʟʚʦʜʥʳʤ ʋʂ. ʕʪʦʪ ʬʘʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʚʠʨʫʩ 

ʫʩʪʦʡʯʠʚ ʢ ʠʥʛʠʙʠʪʦʨʫ ʥʝʡʨʘʤʠʥʠʜʘʟʳ (ʦʟʝʣʴʪʘʤʠʚʠʨʫ), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʚʦʟʤʦʞʥʦʤ ʤʝʭʘʥʠʟʤʝ ʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ. 

ɸʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʞʝ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʠʟʫʯʝʥʘ in vivo ʥʘ ʤʦʜʝʣʠ ʛʨʠʧʧʦʟʥʦʡ ʧʥʝʚʤʦʥʠʠ 

ʫ ʙʝʣʳʭ ʤʳʰʝʡ, ʚʠʨʫʩ A/Aichi/2/68 (H3N2). ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 
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ʩʪʝʧʝʥʠ ʩʥʠʞʘʶʪ ʩʤʝʨʪʥʦʩʪʴ ʠ ʧʦʚʳʰʘʶʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʞʠʚʦʪʥʳʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʧʣʘʮʝʙʦ. ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʧʨʝʧʘʨʘʪ (+)-77, 

ʧʨʦʠʟʚʦʜʥʦʝ (+)-ʋʂ ʩ ɓ-ʘʣʘʥʠʥʦʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʠʨʫʩʘ ʚ ʦʜʥʦʢʨʘʪʥʦʡ ʜʦʟʝ ʃɼ50 

ʠʥʜʝʢʩ ʟʘʱʠʪʳ ʜʣʷ ʥʝʛʦ ʩʦʩʪʘʚʠʣ 60% ʧʨʠ ʜʦʟʝ (+)-77 30 ʤʛ/ʢʛ ʠ 40% - ʚ ʜʦʟʝ 10 ʤʛ/ʢʛ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʚʳʩʦʢʦʡ ʟʘʨʘʞʘʶʱʝʡ ʜʦʟʦʡ (10 ʃɼ50) (+)-77 ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪ ʫʤʝʨʝʥʥʫʶ 

ʧʨʦʪʝʢʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (33%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʷʚʠʣʦ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʧʳʪʘʭ ʥʘ ʞʠʚʦʪʥʳʭ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʰʪʘʤʤʦʤ 

ʚʠʨʫʩʘ ʛʨʠʧʧʘ A/PR8/34 (H1N1) ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʠʨʫʩ ʥʝ ʤʫʪʠʨʫʝʪ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ (+)-77 ʠ 

ʥʝ ʚʳʨʘʙʘʪʳʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʪʦʤʫ ʧʨʝʧʘʨʘʪʫ (ʩʥʠʞʝʥʠʝ ʚʠʨʫʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝ 

ʤʝʥʷʣʦʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 13 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʋʂ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʫʩʠʣʝʥʠʶ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 1 ʜʦ 72 ʤʢʛ/ʤʣ, ʪʦʢʩʠʯʥʦʩʪʴ ʦʪ 1 ʜʦ 500 ʤʢʛ/ʤʣ. ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʣʝʢʣʦ ʟʘ 

ʩʦʙʦʡ ʠ ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ. ʇʦʪʦʤʫ ʨʘʟʙʨʦʩ ʠʥʜʝʢʩʦʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʢʘʟʘʣʩʷ ʥʝ ʩʪʦʣʴ 

ʚʝʣʠʢ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʦʢʘʟʘʣʠʩʴ ʥʝ ʘʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ 

(ʍʊʀ <10). ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ʩʦʝʜʠʥʝʥʠʷʤʠ ʦʢʘʟʘʣʠʩʴ 

ʭʘʣʢʦʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʸʢʠʝ ʩʪʨʫʢʪʫʨʥʦ ʦʪ ʠʩʭʦʜʥʳʭ ʋʂ. ɺ ʨʷʜʫ ʭʘʣʢʦʥʦʚ ʫʜʘʣʦʩʴ 

ʚʳʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʪʦʢʩʠʛʨʫʧʧ ʚ  ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

ʭʘʣʢʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʝʪʦʢʩʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ 

ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ (ʍʊʀ = 14-20). ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʚ ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʘ ʚʠʨʫʩʘ ʛʨʠʧʧʘ A/California/7/09 (H1N1pdm09) ʧʨʦʷʚʠʣʠ ʝʜʠʥʠʯʥʳʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʫʧʧ: ʩʦʝʜʠʥʝʥʠʝ (+)-77 - ʧʨʦʠʟʚʦʜʥʦʝ (+)-ʋʂ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʦʡ ɓ-ʘʣʘʥʠʥʦʤ (ʍʊʀ = 20), ʩʦʝʜʠʥʝʥʠʝ (+)-97 ï ʧʠʨʘʟʦʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ (+)-

ʋʂ ʩ ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ (ʍʊʀ = 16), ʩʦʝʜʠʥʝʥʠʝ (+)-183 ï ʩ 5-

ʤʝʪʦʢʩʠʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʢʦʣʴʮʦʤ ɸ ʋʂ (ʍʊʀ = 23) ʠ 

ʦʢʩʠʨʘʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ (+)-151, ʧʨʦʠʟʚʦʜʥʦʝ (+)-ʋʂ (ʍʊʀ = 22). ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ (+)-ʋʂ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʩʘʤʘ (+)-ʋʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʝʚʦʚʨʘʱʘʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʤʝʥʝʝ ʘʢʪʠʚʥʳ, 

ʯʝʤ ʧʨʠʨʦʜʥʘʷ (-)-ʋʂ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʋʂ ʠ ʨʷʜʘ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʩʦʚʤʝʱʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʘʢ ʥʘʧʨʷʤʫʶ ʦʛʨʘʥʠʯʠʪʴ 

ʨʝʧʨʦʜʫʢʮʠʶ ʚʠʨʫʩʘ, ʪʘʢ ʠ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ ʛʨʠʧʧʦʟʥʦʡ 

ʠʥʬʝʢʮʠʠ, ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʠʥʬʝʢʮʠʡ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠʣʠ 
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ʦʩʣʦʞʥʝʥʥʦʤ ʪʝʯʝʥʠʠ ʛʨʠʧʧʘ, ʘ ʪʘʢʞʝ ʫʩʠʣʠʪʴ ʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʢʣʝʪʢʘʭ, 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʚʠʨʫʩʦʤ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʚʠʨʫʩʥʦʡ 

ʥʘʛʨʫʟʢʠ ʠ ʪʷʞʝʩʪʠ ʟʘʙʦʣʝʚʘʥʠʷ. ɺʩʝ ʚʳʰʝʫʧʦʤʷʥʫʪʦʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʋʂ ʠ 

ʝʸ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʧʨʝʧʘʨʘʪ r ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʢʘʢ ʥʘ ʩʦʙʩʪʚʝʥʥʦ ʚʠʨʫʩ, ʪʘʢ ʠ ʥʘ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ ʧʘʪʦʛʝʥʝʟʘ ʛʨʠʧʧʦʟʥʦʡ 

ʠʥʬʝʢʮʠʠ. 

 

4.2 ʎʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 

 

ʇʨʦʙʣʝʤʘ ʣʝʯʝʥʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʝ, ʚ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʝʞʝʛʦʜʥʳʤ ʨʦʩʪʦʤ ʘʙʩʦʣʶʪʥʦʛʦ ʯʠʩʣʘ 

ʟʘʙʦʣʝʚʰʠʭ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʧʨʦʮʝʥʪʘ ʩʤʝʨʪʥʦʩʪʠ ʩʨʝʜʠ ʦʥʢʦʙʦʣʴʥʳʭ. ʇʨʠʤʝʥʷʝʤʳʝ 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʭʝʤʳ ʣʝʯʝʥʠʷ ʨʘʢʘ ʠʩʧʦʣʴʟʫʶʪ ʭʠʨʫʨʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʚʳʩʦʢʦʜʦʟʥʦʡ ʘʛʨʝʩʩʠʚʥʦʡ ʪʝʨʘʧʠʝʡ, ʩʝʨʴʝʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʪʦʢʩʠʯʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ 

ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ. ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʥʦʚʳʭ ʥʠʟʢʦʪʦʢʩʠʯʥʳʭ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʫʧʥʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʥʦ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʋʂ ʠ ʝʛʦ ʚʦʟʤʦʞʥʳʝ 

ʤʝʭʘʥʠʟʤʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʦʙʝʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ
187
, ʫʚʝʣʠʯʝʥʠʶ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʌʂ
189
, ʧʦʜʘʚʣʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʝʪʦʯʥʳʭ ʢʦʣʦʥʠʡ ʠ ʫʤʝʥʴʰʝʥʠʶ ʠʭ 

ʨʘʟʤʝʨʘ
190
. ʅʝʜʦʩʪʘʪʢʘʤʠ ʧʨʠʨʦʜʥʳʭ ʋʂ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, ʛʝʧʘʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʧʣʦʭʘʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ. 

ʆʜʥʘʢʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʋʂ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʦʝʜʠʥʝʥʠʷʤ ʚʳʩʦʢʦʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ 

ʦʧʫʭʦʣʝʚʳʭ ʣʠʥʠʡ ʢʣʝʪʦʢ ʢʨʦʚʠ
9
. 

ʅʘ ʤʝʜʠʮʠʥʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʅɻʋ ʠʩʩʣʝʜʦʚʘʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʦʣʝʝ 60 

ʧʨʦʠʟʚʦʜʥʳʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʩʦʝʜʠʥʝʥʠʡ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ
9
 ʦʧʫʭʦʣʝʚʳʝ ʣʠʥʠʠ ʢʣʝʪʦʢ ʢʨʦʚʠ - MT-4 

(ʢʣʝʪʢʠ ʊ-ʢʣʝʪʦʯʥʦʛʦ ʣʝʡʢʦʟʘ ʯʝʣʦʚʝʢʘ), U-937 (ʦʧʫʭʦʣʝʚʘʷ ʣʠʥʠʷ ʤʦʥʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ) ʠ 

ʉɽʄ-13 (ʣʠʥʠʷ ʢʣʝʪʦʢ ʊ-ʢʣʝʪʦʯʥʦʛʦ ʣʝʡʢʦʟʘ ʯʝʣʦʚʝʢʘ). ʉʦʛʣʘʩʥʦ ʈʫʢʦʚʦʜʩʪʚʫ ʧʦ 

ʧʨʦʚʝʜʝʥʠʶ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ
319

 ʩʦʝʜʠʥʝʥʠʝ ʥʦʚʦʛʦ 
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ʢʣʘʩʩʘ ʩʯʠʪʘʝʪʩʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʧʨʠ ʎʊɼ50 Ò 10
-4
 ʄ (100 Õʄ). ʎʊɼ50 - 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʙʝʣʴ 50% ʢʣʝʪʦʢ. 

 ɺ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʟʥʘʯʝʥʠʷ ʎʊɼ50, ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ ʧʦ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ.  

ʊʘʙʣʠʮʘ 4. ʎʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ 

 
ʎʊɼ50, Õʄ 

ʉɽʄ-13 U-937 ʄʊ-4 

(+)-1 26.0 19.4 26.0 

(-)-1 23.2 37.8 17.4 

 

(+)-60 14.5 91.8 21.7 

(-)-60 29.0 33.8 23.4 

(+)-61 20.6 67.9 19.2 

(-)-61 27.1 31.7 21.9 

(+)-62 69.0 158.0 122.8 

(-)-62 70.1 >219 92.1 

(+)-63 110.6 >213 106.3 

(-)-63 74.4 181.0 106.3 

(+)-55 105.3 95.0 56.0 

(-)-55 132.4 95.0 30.5 

(+)-69 83.5 164.7 71.6 

(-)-69 78.7 95.9 59.6 

(+)-70 10.8 66.2 37.5 

(-)-70 28.7 70.6 59.6 

(+)-72 14.1 16.1 46.8 

(-)-72 32.6 75.3 67.2 

(+)-73 17.3 77.4 52.9 

(-)-73 20.4 50.9 40.7 

(+)-74 13.7 61.8 41.2 

(-)-74 27.4 148.7 41.2 
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(+)-71 50.3 18.3 27.4 

(-)-71 27.4 38.9 57.2 

(+)-28 99.7 94.8 34.9 

(-)-28 142.1 119.7 79.1 

(+)-77 134.9 84.3 55.4 

(-)-77 67.5 101.2 86.7 

(+)-111 99.3 95.0 66.9 

 

(+)-64 149.0 99.0 99.0 

(-)-64 169.0 165.4 91.7 

(+)-66 54.8 137.0 95.9 

(-)-66 >171 159.0 85.6 

(+)-67 72.1 67.1 68.8 

(-)-67 72.1 72.1 114.1 

(+)-68 147.0 52.3 163.4 

(-)-68 62.1 68.6 117.6 

(+)-65 >181 >181 116.1 

 

(+)-226 50.0 >192 13.4 

(-)-226 32.7 15.3 8.1 

(+)-227 176.5 74.3 7.4 

(-)-227 148.7 >185 9.8 

(+)-228 99.2 11.7 9.7 

(-)-228 >180 41.5 8.8 

(+)-232 132.7 >182 27.3 
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(-)-232 141.8 112.7 63.6 

(+)-236 43.1 27.6 24.1 

(-)-236 137.9 86.2 77.6 

 

(+)-211 248.5 187.1 61.4 

(-)-211 >292 96.5 64.3 

 

(+)-246 3.5 15.6 9.3 

(+)-247 1.4 6.7 6.2 

(+)-248 3.0 4.7 3.9 

(+)-249 2.5 49.0 4.9 

(+)-250 1.5 4.6 16.0 

(+)-251 2.6 7.8 7.2 

(+)-255 12.4 12.4 12.4 

(+)-257 5.8 6.1 14.6 

(+)-261 64.3 12.4 7.4 

(-)-261 78.6 69.0 23.8 

 

(+)-174 56.9 124.7 >219 

(+)-177 156.5 90.0 133.0 

(+)-180 197.6 108.7 98.8 

(+)-181 128.4 134.7 101.0 

(+)-182 186.0 >200 86.2 

(+)-183 173.5 >187 84.1 

ʇʨʦʯʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ 
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(+)-221 62.2 46.7 15.7 

(+)-222 95.8 99.6 47.9 

(+)-223 ʥ\ʜ 80.0 71.4 

 

ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 4 ʚʠʜʥʦ, ʯʪʦ ʝʥʘʤʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʣʠʙʦ ʥʝ ʧʨʦʷʚʣʷʶʪ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʣʠʙʦ ʠʤʝʶʪ ʫʤʝʨʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʩʨʘʚʥʠʤʫʶ ʩ ʘʢʪʠʚʥʦʩʪʴʶ 

ʋʂ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʣʠʥʢʝʨʘ ʝʥʘʤʠʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʣʠʥʠʷʤ ʧʘʜʘʝʪ. ʊʝʩʪʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʚʘʪʝʨʥʠʟʦʚʘʥʥʳʤ 

ʘʪʦʤʦʤ ʘʟʦʪʘ ((Ñ)-64-(Ñ)-68) ʥʝ ʘʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ. 

ʊʘʢʞʝ ʥʝ ʧʨʦʷʚʣʷʶʪ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʦʯʥʳʤ 

ʣʠʥʠʷʤ ʢʨʦʚʠ ʪʠʦʵʬʠʨʳ (+)-174, (+)-177, (+)-180-(+)-183 ʠ ʮʠʘʥʵʪʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʋʂ (+)-221-(+)-223. 

ʉʝʣʝʢʪʠʚʥʦʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʄʊ-4 

ʧʨʦʷʚʣʷʶʪ ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʝ ʭʘʣʴʢʦʥʳ ʥʘ ʦʩʥʦʚʝ ʋʂ (Ñ)-226-(Ñ)-228. ɼʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʘʨʳ ʵʥʘʥʪʠʦʤʝʨʦʚ, ʦʜʥʘʢʦ, ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʠʭ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʤ ʜʝʡʩʪʚʠʠ ʥʝ ʚʳʷʚʣʝʥʦ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʩʠʯʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʣʠʥʠʷʤ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʢʨʦʚʠ ʩʦʝʜʠʥʝʥʠʡ ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʩʪʨʫʢʪʫʨʥʦʡ ʛʨʫʧʧʳ ʘʫʨʦʥʦʚ 

(246-251, 257), ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ, ʩʦʜʝʨʞʘʱʠʭ ʙʝʥʟʠʣʠʜʝʥʬʫʨʘʥʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʜʣʷ ʪʘʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷ, ʬʫʨʘʥʦʥʳ (+)-211 ʠ (-)-211 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʮʠʪʦʪʦʢʩʠʯʥʳ. ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ
195

 ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʚ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʋʂ ʠʛʨʘʝʪ ʝʸ ʪʨʠʢʝʪʦʥʥʳʡ ʬʨʘʛʤʝʥʪ (ʢʦʣʴʮʦ ʉ). ʅʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ 

211 ʤʳ ʚʠʜʠʤ, ʯʪʦ ʜʨʘʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʥʝʙʦʣʴʰʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʝʸ ʬʝʥʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʢʦʣʴʮʘ ɸ) ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʪʨʠʢʝʪʦʥʥʦʡ ʯʘʩʪʠ.  

ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ (+)-246, (+)-247 ʠ (+)-

248 ʧʦʢʘʟʘʣʦ ʝʛʦ ʩʚʷʟʴ ʩ ʠʥʜʫʢʮʠʝʡ ʘʧʦʧʪʦʟʘ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʤʦʥʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ U-

937 (ʧʨʦʮʝʥʪ ʢʣʝʪʦʢ ʩ ʘʧʦʧʪʦʟʦʤ ʩʦʩʪʘʚʣʷʝʪ 70% ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ (+)-246 ʠ 22-29% ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ (+)-247 ʠ (+)-248 ʥʘ 48 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ) ʠ ʚ ʦʧʫʭʦʣʝʚʳʭ ʣʠʤʬʦʠʜʥʳʭ ʢʣʝʪʢʘʭ 

ʄʊ-4 (ʧʨʦʮʝʥʪ ʢʣʝʪʦʢ ʩ ʘʧʦʧʪʦʟʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 13-19% ʥʘ 72 

ʯʘʩʘ ʠʥʢʫʙʘʮʠʠ).  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ (+)-246- (+)-257 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʘʛʝʥʪʳ. ʉʦʝʜʠʥʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʵʬʬʝʢʪʦʤ ʚ ʦʪʥʦʰʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʄʊ-4, ʉɽʄ-13 ʠ U-937 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ (+)-ʋʂ. ʄʝʭʘʥʠʟʤ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ (+)-246, (+)-247 ʠ (+)-248 ʩʚʷʟʘʥ ʩ ʠʥʜʫʢʮʠʝʡ 
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ʘʧʦʧʪʦʟʘ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʦʞʝʪ ʙʳʪʴ ʜʘʣʴʥʝʡʰʝʝ 

ʠʟʫʯʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ  ʘʢʪʠʚʥʦʩʪʠ ʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʭ ʭʘʣʴʢʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʋʂ (Ñ)-226-

(Ñ)-228 ʚ ʩʚʷʟʠ ʩ ʠʭ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ.  

 

4.3 ɺʣʠʷʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʳʭ ʢʠʩʣʦʪ ʥʘ ʨʝʧʘʨʘʮʠʦʥʥʳʝ ʬʝʨʤʝʥʪʳ 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʧʦʜʘʚʣʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʨʷʜʘ ʬʝʨʤʝʥʪʦʚ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʨʝʛʫʣʷʮʠʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʢ. 

ʇʨʝʧʘʨʘʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʩʭʝʤʘʭ ʣʝʯʝʥʠʷ ʤʥʦʛʠʭ ʬʦʨʤ ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʡ, ʠ ʠʦʥʠʟʠʨʫʶʱʝʝ 

ʠʟʣʫʯʝʥʠʝ ʚʳʟʳʚʘʶʪ ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ. ʉʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʧʨʦʪʠʚʦʩʪʦʷʪ ʜʝʡʩʪʚʠʶ 

ʘʛʝʥʪʦʚ, ʧʦʚʨʝʞʜʘʶʱʠʭ ʝʝ, ʧʦʵʪʦʤʫ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ 

ʩʠʩʪʝʤ. ʉʝʣʝʢʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʪʝʨʘʧʠʠ. ʂ ʯʠʩʣʫ ʢʣʶʯʝʚʳʭ ʙʝʣʢʦʚ, 

ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩ ʨʝʧʘʨʘʮʠʠ, ʦʪʥʦʩʷʪʩʷ ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʦ)ʧʦʣʠʤʝʨʘʟʘ-1 (ʇɸʈʇ1), 

ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʦ)ʧʦʣʠʤʝʨʘʟʘ-2 (ʇɸʈʇ-2),  ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ ɓ (ʧʦʣ ɓ) ʠ ʪʠʨʦʟʠʣ-ɼʅʂ-

ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʘ1 (Tdp1). 

 

4.3.1 ɺʣʠʷʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʳʭ ʢʠʩʣʦʪ ʥʘ ʇɸʈʇ1, ʇɸʈʇ2 ʠ ɓ-ʧʦʣʠʤʝʨʘʟʫ 

 

ʇʦʣʠ(ɸɼʌ-ʨʠʙʦʟʦ)ʧʦʣʠʤʝʨʘʟʳ (ʇɸʈʇ) ï ʢʣʶʯʝʚʳʝ ʨʝʛʫʣʷʪʦʨʳ ʧʨʦʮʝʩʩʦʚ 

ʤʝʪʘʙʦʣʠʟʤʘ ɼʅʂ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʇɸʈʇ1, ʢʦʪʦʨʘʷ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ 

ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʠ ʤʦʜʠʬʠʮʠʨʫʝʪ ʨʷʜ ʙʝʣʢʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʜʫʣʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʫ 

ʭʨʦʤʘʪʠʥʘ, ʫʯʘʩʪʥʠʢʠ ʩʠʥʪʝʟʘ ɼʅʂ, ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʪʨʘʥʩʢʨʠʧʮʠʠ, ʨʝʛʫʣʷʪʦʨʳ ʢʣʝʪʦʯʥʦʛʦ 

ʮʠʢʣʘ ʠ ʜʨʫʛʠʝ
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. ʇɸʈʇ1 ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʥʠʢʦʤ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʤʠʰʝʥʴʶ, ʧʦʩʢʦʣʴʢʫ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʝʝ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʟʚʦʣʷʝʪ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʢ ʜʝʡʩʪʚʠʶ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʇɸʈʇ1 ʚ ʪʝʨʘʧʠʠ ʨʘʢʘ 

ʦʧʠʩʘʥʦ ʚ ʦʙʟʦʨʝ
321

. ʀʥʛʠʙʠʪʦʨʳ ʇɸʈʇ ʧʝʨʩʧʝʢʪʠʚʥʳ ʪʘʢʞʝ ʧʨʠ ʣʝʯʝʥʠʠ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʥʝʢʨʦʪʠʯʝʩʢʦʡ ʛʠʙʝʣʴʶ ʢʣʝʪʦʢ, ʪʘʢʠʭ ʢʘʢ ʠʰʝʤʠʷ 

ʤʠʦʢʘʨʜʘ ʠ ʠʥʩʫʣʴʪ
322

.  

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ ʇɸʈʇ1 ʧʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʦʬʘʢʪʦʨʘʤ 

ʠ ʧʦ ʛʦʤʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʇɸʈʇ2. ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʠ ʙʝʣʢʠ ʠʤʝʶʪ 

ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʬʫʥʢʮʠʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʇɸʈʇ2, ʢʘʢ ʠ ʇɸʈʇ1, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʜʝʣʘʝʪ ʵʪʦʪ ʬʝʨʤʝʥʪ ʪʘʢʦʡ ʞʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ 
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ʤʠʰʝʥʴʶ. ʉʦʟʜʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʝ ʇɸʈʇ2, ʤʦʞʝʪ 

ʨʘʩʰʠʨʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ (ʠʥʛʠʙʠʪʦʨ+ʘʣʢʠʣʠʨʫʶʱʠʡ ʘʛʝʥʪ), 

ʧʦʩʢʦʣʴʢʫ ʦʪʢʨʳʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʦʜʘʚʣʷʪʴ ʵʢʩʮʠʟʠʦʥʥʫʶ ʨʝʧʘʨʘʮʠʶ 

ʦʩʥʦʚʘʥʠʡ (ʕʈʆ), ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʬʫʥʢʮʠʠ ʇɸʈʇ1, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʩʪʝʤʦʡ 

ʕʈʆ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʇɸʈʇ1, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʇɸʈʇ2, ʚʦʚʣʝʯʝʥʘ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʧʘʨʘʮʠʝʡ ɼʅʂ, ʠ 

ʜʣʷ ʇɸʈʇ1 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʥʝʩʦʠʟʤʝʨʠʤʦ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʙʝʣʢʦʚ-ʧʘʨʪʥʝʨʦʚ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʠʥʛʠʙʠʪʦʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʝ ʇɸʈʇ2, ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ 

ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʢ ʜʝʡʩʪʚʠʶ ʘʣʢʠʣʠʨʫʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʠ ʤʝʥʴʰʝʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ, ʯʝʤ ʠʥʛʠʙʠʪʦʨʳ, ʥʝ ʧʨʦʷʚʣʷʶʱʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ.  

ʌʝʨʤʝʥʪ ʧʦʣʠʤʝʨʘʟʘ ɓ (ʧʦʣ ɓ) ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʕʈʆ. ɺ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣ ɓ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʯʘʩʪʠʶ 

ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ ʚ ʥʝʩʚʦʡʩʪʚʝʥʥʳʭ ʜʣʷ ʥʝʛʦ ʧʨʦʮʝʩʩʘʭ ʵʢʩʮʠʟʠʦʥʥʦʡ ʨʝʧʘʨʘʮʠʠ ʥʫʢʣʝʦʪʠʜʦʚ 

(ʕʈʅ) ʟʘ ʩʯʝʪ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʙʦʣʝʝ ʪʦʯʥʳʤʠ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘʤʠ, ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʤʫʪʘʮʠʡ. ʉʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʥʢʨʝʪʥʳʭ ɼʅʂ-ʧʦʣʠʤʝʨʘʟ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ.  

ʇʨʠ ʧʦʠʩʢʝ ʠʥʛʠʙʠʪʦʨʦʚ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʧʦʣʝʟʥʳʤʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʠʥʛʠʙʠʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʘʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʥʝʩʢʦʣʴʢʠʭ ʬʝʨʤʝʥʪʦʚ 

ʨʝʧʘʨʘʮʠʠ, ʠ ʩʝʣʝʢʪʠʚʥʳʝ, ʪ.ʝ. ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʚʳʙʦʨʦʯʥʦ ʥʘ ʦʜʠʥ ʠʟ ʬʝʨʤʝʥʪʦʚ. 

ʇʝʨʚʳʡ ʪʠʧ ʠʥʛʠʙʠʪʦʨʦʚ ʧʝʨʩʧʝʢʪʠʚʝʥ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ 

ʩʨʝʜʩʪʚʘ ʧʨʠ ʨʘʜʠʦʪʝʨʘʧʠʠ ʠ ʜʝʡʩʪʚʠʠ ʣʝʢʘʨʩʪʚ-ʨʘʜʠʦʤʠʤʝʪʠʢʦʚ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʦʥʢʦʣʦʛʠʠ. 

ʉʦʝʜʠʥʝʥʠʷ, ʧʦʜʘʚʣʷʶʱʠʝ ʘʢʪʠʚʥʦʩʪʴ ʥʝʩʢʦʣʴʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ 

ʤʘʩʩʠʨʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʧʨʦʪʠʚʦʩʪʦʷʱʠʭ 

ʘʥʪʠʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ. ɺʪʦʨʦʡ ʪʠʧ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤ ʚ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʜʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ. ʊʘʢ, ʩʝʣʝʢʪʠʚʥʳʝ 

ʠʥʛʠʙʠʪʦʨʳ ʇɸʈʇ1 ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳ ʧʨʠ ʣʝʯʝʥʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʙʳʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʇɸʈʇ1, ʪʘʢʠʭ ʢʘʢ ʘʫʪʦʠʤʤʫʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʊʘʢʠʝ 

ʩʦʩʪʦʷʥʠʷ ʪʨʝʙʫʶʪ ʜʣʠʪʝʣʴʥʦʛʦ ʠʣʠ ʧʦʞʠʟʥʝʥʥʦʛʦ ʧʨʠʝʤʘ ʣʝʢʘʨʩʪʚ, ʧʦʵʪʦʤʫ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʝʣʝʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʘʨʷʜʫ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚʣʠʷʥʠʷ ʥʘ 

ʜʨʫʛʠʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʤʷʛʢʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʬʝʨʤʝʥʪʦʚ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʉʆ ʈɸʅ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʇɸʈʇ1, ʇɸʈʇ2 ʠ 

ʧʦʣʠʤʝʨʘʟʫ ɓ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ ʠ ʙʦʣʝʝ 50 ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʉʨʘʚʥʝʥʠʝ ʠʥʛʠʙʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʩʠʥʪʦʥʳ ʚ ʨʘʟʥʳʭ ʬʨʘʛʤʝʥʪʘʭ 

ʤʦʣʝʢʫʣʳ ʋʂ, ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ 
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ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʩʪʘʪʦʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (0.5 ʤʄ) ʚ ʩʚʷʟʠ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʡ - ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʬʝʨʤʝʥʪʦʚ ʚ 

ɼʄʉʆ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 5. ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʤʝʥʝʝ 

30%. 

ʊʘʙʣʠʮʘ 5. ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʇɸʈʇ1, 

ʇɸʈʇ2 ʠ ɓ-ʧʦʣʠʤʝʨʘʟʝ. 

 ʆʩʪʘʪʦʯ

ʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ 

ʇɸʈʇ1, % 

ʆʩʪʘʪ

ʦʯʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ 

ʇɸʈʇ2, % 

ʆʩʪʘʪʦʯ

ʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ɓ-

ʧʦʣ, % 

(+)-1 73 97 73 

(-)-1 72 108 77 

 

(+)-56 37 106 58 

(+)-58 46 105 48 

(+)-59 70 116 92 

(+)-61 64 80 48 

(+)-66 88 68 58 

(+)-69 17 94 121 

(+)-70 49 96 ʥ/ʜ 

(+)-72 50 90 ʥ/ʜ 

(+)-77 67 70 91 

(+)-78 11 82 28 

(+)-80 49 54 35 

 

(+)-93 54 93 96 

(+)-94 36 106 100 
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(+)-95 39 91 100 

(+)-96 32 105 94 

(+)-97 20 125 49 

(+)-98 38 95 91 

(+)-99 17 79 84 

(+)-100 31 99 97 

 

(+)-109 36 84 88 

(+)-110 49 121 15 

(+)-111 53 75 13 

 

(+)-102 29 116 92 

(+)-103 19 93 89 

(+)-104 16 91 87 

(+)-105 32 110 83 

(+)-106 36 75 89 

(+)-107 34 112 47 

 

(+)-113 57 78 35 

(+)-114 84 69 56 

(+)-115 85 108 63 

(+)-132 21 69 43 

(+)-133 39 62 72 

(+)-135 23 55 97 

ʥ/ʜ ï ʥʝʪ ʜʘʥʥʳʭ 
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ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 5 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʘʢ (+)-, ʪʘʢ ʠ (-)-ʋʂ ʚ 

ʤʠʣʣʠʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʘʟʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʇɸʈʇ (ʙʦʣʝʝ 70% ʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ). ɺʚʝʜʝʥʠʝ ʚ ʢʦʣʴʮʦ ʉ 

ʤʦʣʝʢʫʣʳ ʋʂ ʝʥʘʤʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʩʦʝʜʠʥʝʥʠʷ (+)-56, (+)-58, (+)-59, (+)-61, (+)-66), 

ʩʦʜʝʨʞʘʱʝʛʦ ʪʦʣʴʢʦ ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ, ʪʘʢʞʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ (ʙʦʣʝʝ 60% ʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ), ʪʦʛʜʘ ʢʘʢ ʥʘʣʠʯʠʝ ʚ ʝʥʘʤʠʥʦʚʦʤ 

ʬʨʘʛʤʝʥʪʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ (ʥʝʚʘʞʥʦ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠʣʠ ʥʝʪ, 

ʟʘʤʝʱʸʥʥʦʛʦ ʠʣʠ ʥʝʪ) ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʇɸʈʇ1 (ʦʪ 50 ʜʦ 

17% ʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʦʝʜʠʥʝʥʠʷ (+)-69, (+)-70, (+)-72). ʉʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʩʦʝʜʠʥʝʥʠʝ (+)-78 ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʟʘʤʝʩʪʠʪʝʣʝʤ 

(ʦʩʪʘʪʦʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʇɸʈʇ1 - 11%). ɺʩʝ ʧʠʨʘʟʦʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠʤʝʶʪ ʟʘʤʝʱʸʥʥʳʝ 

ʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʠ ʚʩʝ ʦʥʠ ʠʥʛʠʙʠʨʫʶʪ ʇɸʈʇ1 ʜʦ ʟʥʘʯʝʥʠʡ ʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʤʝʥʝʝ 54%, ʩʨʝʜʠ ʵʪʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ 

ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ (+)-97 ʠ (+)-99. ʊʘ ʞʝ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʵʬʠʨʦʚ 

ʋʂ ï ʩʦʝʜʠʥʝʥʠʷ (+)-132, (+)-133 ʠ (+)-135 ʩ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʬʝʥʦʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʘʭ ʋʂ ʟʘʤʝʪʥʦ ʘʢʪʠʚʥʝʝ ʜʨʫʛʠʭ ʵʬʠʨʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʨʷʜʦʚ. 

ʉʨʝʜʠ ʪʝʩʪʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʥʝ ʥʘʰʣʦʩʴ ʩʦʝʜʠʥʝʥʠʡ, ʠʥʛʠʙʠʨʫʶʱʠʭ 

ʇɸʈʇ2 ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.5 ʤʄ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʦʷʚʠʣʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ɓ-ʧʦʣ (ʦʩʪʘʪʦʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 50-120 %). ʋʤʝʨʝʥʥʫʶ 

ʠʥʛʠʙʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (28-43%) ʧʨʦʷʚʠʣʠ ʥʝʢʦʪʦʨʳʝ ʝʥʘʤʠʥʦʢʠʩʣʦʪʳ ((+)-78, (+)-80), 

ʵʬʠʨʳ ((+)-113 ʠ (+)-132). ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʦʢʘʟʘʣʠ ʛʠʜʨʘʟʦʥʦʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ (+)-110 ʠ (+)-111 (13-15% ʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ). ɸ ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʣʴʮʘ ɸ (+)-

ʋʂ ʦʢʠʩʣʝʥʠʝʤ ʥʘʜʢʠʩʣʦʪʘʤʠ (ʩʦʝʜʠʥʝʥʠʝ (+)-151) ʧʨʠʚʝʣʘ ʢ ʩʣʘʙʦʡ ʘʢʪʠʚʘʮʠʠ ʬʝʨʤʝʥʪʘ 

(141% ʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ). 

ʉʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ, ʩʝʣʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʇɸʈʇ1 ʦʙʣʘʜʘʶʪ ʩʦʝʜʠʥʝʥʠʷ ʩ (+)-69, (+)-99, (+)-103 ʠ  (+)-104. ɻʠʜʨʘʟʦʥʳ ʋʂ 

(+)-110 ʠ (+)-111 ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʝʣʝʢʪʠʚʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ɓ-ʧʦʣ, ʭʦʪʷ ʦʥʠ ʦʢʘʟʘʣʠ 

ʚʣʠʷʥʠʝ ʪʘʢʞʝ ʥʘ ʇɸʈʇ1. 

ʉʢʨʠʥʠʥʛ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʇɸʈʇ1 ʝʱʸ 38 ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʛʨʫʧʧʘʤ ʬʣʘʚʦʥʦʠʜʦʚ, ʘʫʨʦʥʦʚ, ʪʠʘʟʦʣʦʚ ʠ ʪʠʦʵʬʠʨʦʚ, ʥʝ 

ʚʳʷʚʠʣ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʤʝʪʥʦʡ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʈʝʟʫʣʴʪʘʪʳ ʩʢʨʠʥʠʥʛʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʪʦʡ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʬʣʘʚʦʥʳ 

ʥʝʩʢʦʣʴʢʦ ʘʢʪʠʚʥʝʝ ʭʘʣʴʢʦʥʦʚ, ʘ ʩʨʝʜʠ ʘʫʨʦʥʦʚ, ʫʤʝʨʝʥʥʦ ʠʥʛʠʙʠʨʫʶʱʠʭ ʇɸʈʇ1, ʥʘʠʙʦʣʝʝ 
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ʟʘʤʝʪʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʬʝʨʤʝʥʪ ʦʢʘʟʘʣʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʠʨʠʜʠʥʦʚʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ. 

ʊʘʙʣʠʮʘ 6 ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʇɸʈʇ1. 

 

ʉʦʝʜʠʥʝʥʠʝ 

ʆʩʪʘʪʦʯʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ 

ʇɸʈʇ1, % 

ʉʦʝʜʠʥʝʥʠʝ 

ʆʩʪʘʪʦʯʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ 

ʇɸʈʇ1, % 

ʉʦʝʜʠʥʝ

ʥʠʝ 

ʆʩʪʘʪʦʯʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ 

ʇɸʈʇ1, % 

(+)-248 51 (+)-250 56 (+)-251 70 

(+)-255 35 (+)-256 46 (+)-259 31 

(+)-260 31 (+)-263 56 (+)-264 47 

(+)-261 65 (+)-258 34 (+)-262 61 

 

(+)-180 68 (+)-181 83 (+)-183 78 

(+)-174 93 (+)-182 84 (+)-177 88 

ʌʣʘʚʦʥʦʠʜʳ  

(+)-226 81 (+)-228 71 (+)-232 76 

(+)-240 28 (+)-244 51 (+)-245 41 

 

(+)-195 62 (+)-196 85 (+)-197 67 

(-)-195 82 (-)-196 71 (-)-197 72 

(+)-198 67 (+)-199 63 (+)-200 76 

(-)-198 59 (-)-199 68 (-)-200 60 

 

ʇʦ ʦʙʱʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʨʠʥʠʥʛʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʇʨʦʠʟʚʦʜʥʳʝ ʋʂ 

ʠʥʛʠʙʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ ʨʝʧʘʨʘʮʠʦʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʇɸʈʇ1 ʣʠʙʦ ʩʣʘʙʦ, ʣʠʙʦ ʚ ʫʤʝʨʝʥʥʦʡ 
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ʩʪʝʧʝʥʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.5 ʤʄ. ʅʘ ʩʪʝʧʝʥʴ ʧʦʜʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʇɸʈʇ1 ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ 

ʠ ʦʙʲʸʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʋʂ. ʊʘʢ, ʥʘʠʙʦʣʝʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʠ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ. ɺ ʦʪʥʦʰʝʥʠʠ ɓ-

ʧʦʣʠʤʝʨʘʟʳ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʤʝʥʝʝ ʚʳʨʘʞʝʥʘ, ʦʜʥʘʢʦ, ʚʳʷʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʩʝʣʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʶʱʠʭ ɓ-ʧʦʣʠʤʝʨʘʟʫ ʚ ʟʘʤʝʪʥʦʡ ʩʪʝʧʝʥʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

0.5 ʤʄ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ, ʫʯʠʪʳʚʘʷ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʝʥʠ ʩʝʣʝʢʪʠʚʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ. ʀʥʛʠʙʠʪʦʨʦʚ ʇɸʈʇ2 ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

 

4.3.2 ɺʣʠʷʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʳʭ ʢʠʩʣʦʪ ʥʘ Tdp1. 

 

ɽʱʸ ʦʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʠʰʝʥʝʡ ʷʚʣʷʝʪʩʷ ʨʝʧʘʨʘʮʠʦʥʥʳʡ ʬʝʨʤʝʥʪ ʪʠʨʦʟʠʣ-

ɼʅʂ-ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʘ1 (Tdp1). ʕʪʦʪ ʬʝʨʤʝʥʪ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʜʘʣʝʥʠʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ɼʅʂ, ʩʦʟʜʘʚʘʝʤʳʭ ʪʦʧʦʠʟʦʤʝʨʘʟʦʡ 1 (Top1), ʝʝ ʠʥʛʠʙʠʪʦʨʦʤ ʢʘʤʧʦʪʝʮʠʥʦʤ ʠ 

ʜʨʫʛʠʤʠ ʘʥʪʠʨʘʢʦʚʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, ʧʨʠ ʵʪʦʤ ʠʥʛʠʙʠʪʦʨʳ Tdp1 ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʢʘʤʧʦʪʝʮʠʥʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ Tdp1 ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ 

ʣʝʢʘʨʩʪʚʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʘʢʘ
323,

 
324

. ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ 

ʠʥʛʠʙʠʪʦʨʦʚ Tdp1 ʤʦʞʝʪ ʙʳʪʴ ʩʝʣʝʢʪʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ Top1 ʚ 

ʦʧʫʭʦʣʷʭ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʧʨʦʮʝʩʩʘʭ ʨʝʧʘʨʘʮʠʠ ɼʅʂ ʠ ʢʦʥʪʨʦʣʷ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʧʠʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʥʛʠʙʠʪʦʨʦʚ Tdp1 ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʠ ʚʩʝ ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʤʷʛʢʠʤ ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ (ʚ ʜʠʘʧʘʟʦʥʝ 100-1 ʤʢʄ)
325,

 
326,

 
323

.  

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʬʝʨʤʝʥʪʦʚ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʉʆ ʈɸʅ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ Tdp1 ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ 

ʠ ʙʦʣʝʝ 50 ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ Tdp1 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. ʇʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʳʝ ʠʥʛʠʙʠʪʦʨʳ 

Tdp1 ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʙʦʣʝʝ ʯʝʤ 1 ʤʢʄ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʦ ʚ ʪʘʙʣʠʮʝ ʞʠʨʥʳʤ 

ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʠʥʛʠʙʠʨʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʤʢʄ ʠ ʥʠʞʝ.  

ʊʘʙʣʠʮʘ 7. ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Tdp1. 

ʉʦʝʜʠʥʝʥʠʝ ʀʂ50, ʤʢM ʉʦʝʜʠʥʝʥʠʝ ʀʂ50, ʤʢM 

(+)-1 > 15 (-)-1 > 15 

 
(+)-55 0.16Ñ0.04 (-)-70 1.62Ñ0.07 

(+)-56 <1.5 (-)-71 0.94 Ñ0.42 

(+)-58 >15 (+)-71 1.54Ñ0.05 
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(+)-60 >15 (+)-72 0.26Ñ0.03 

(+)-63 >5 (-)-72 0.57Ñ0.15 

(+)-64 >15 (+)-73 0.75Ñ0.33 

(+)-68 >5 (-)-74 1.39 Ñ0.62 

(-)- 69 1.92 Ñ0.50 (-)-81 2.5 

 
(+)-247 0.98Ñ0.26 (+)-255 >1.5 

(+)-248 1.22Ñ0.15 (+)-256 0.102Ñ0.18 

(+)-249 0.1 (+)-258 0.86Ñ0.39 

(+)-250 0.78Ñ0.36 (+)-260 0.81Ñ0.28 

(+)-251 >1.5 (+)-267 15 

(+)-252 1.5 (+)-268 15 

(+)-253 1.5 (+)-269 1.5 

(+)-254 1.5   

 
(+)-195 >1.5 (-)-195 >1.5 

(+)-196 1.12Ñ0.45 (-)-196 0.73Ñ0.25 

(+)-199 >1.5 (-)-199 >1.5 

 (+)-197 >1.5 (+)-200 >1.5 

 
(+)-201 0.172Ñ0.007 (+)-204 0.150Ñ0.035 

(+)-202 0.457Ñ0.178 (+)-207 0.192Ñ0.075 

(+)-203 0.158Ñ0.045   

ʌʣʘʚʦʥʦʠʜʳ 

(+)-226 >1.5 (+)-244 0.81Ñ0.39 

(-)-226 >1.5 (+)-245 0.69Ñ0.27 
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(-)-228 >1.5   

(+)-232 >1.5   

(-)-232 0.74Ñ0.34   

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʨʠʥʠʥʛʘ, ʧʨʠʚʝʜʸʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 7, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʦʡ 

ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Tdp1 ʦʙʣʘʜʘʶʪ ʤʥʦʛʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ. 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʵʥʘʥʪʠʦʤʝʨʳ ʋʂ ʠ 

ʝʥʘʤʠʥʳ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʟʘʤʝʩʪʠʪʝʣʝʤ (58, 60, 63, 64, 68, 81). ʀʟʤʝʨʝʥʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʣʷ ʝʥʘʤʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʟʘʤʝʩʪʠʪʝʣʝʤ (69-74) ʩʦʩʪʘʚʠʣʘ 

ʤʝʥʝʝ 2 ʤʢʄ, ʧʨʠʯʸʤ ʥʘʣʠʯʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ. ɸʪʦʤʳ 

ʙʨʦʤʘ (ʩʦʝʜʠʥʝʥʠʷ (+)-72, (+)-73) ʠ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʠ ((+)-55) ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ 

ʠʥʛʠʙʠʨʫʶʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʝʜʠʥʝʥʠʷ ʜʦ 10
-7

 ʄ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ (+)-69 ʠ (+)-72 

ʧʦʜʪʚʝʨʞʜʸʥ ʚʳʨʘʞʝʥʥʳʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤ 

ʘʥʪʠʥʝʦʧʣʘʩʪʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʢʘʤʧʦʪʝʮʠʥʦʤ ʥʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ MDA (ʨʘʢ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ), ʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ (+)-71 ʠ (+)-73 ʥʘ ʢʣʝʪʢʘʭ MCF-7 (ʪʘʢʞʝ ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ). 

ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴè ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʥʳʭ (+)-ʋʂ ʛʨʫʧʧʳ ʘʫʨʦʥʦʚ ï ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʤʠ ʠʥʛʠʙʠʨʫʶʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʦʙʣʘʜʘʶʪ ʘʫʨʦʥʳ ʩ ʰʝʩʪʠʯʣʝʥʥʳʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ, ʪ.ʝ. ʠʤʝʶʱʠʝ ʟʘʤʝʱʸʥʥʳʡ 

ʬʝʥʠʣʴʥʳʡ ʠʣʠ ʧʠʨʠʜʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ. ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ (ʀʂ50 0.1 ʤʢʄ) 

ʧʘʨʘ-ʙʨʦʤ- (+)-249 ʠ ʜʠʤʝʪʦʢʩʠ- (+)-256 ʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. ʌʫʨʘʥʦʚʳʡ ʠʣʠ ʞʝ 

ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʧʦʚʳʰʘʶʪ ʜʝʡʩʪʚʫʶʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʜʦ 1.5 ï 15 ʠ 

ʙʦʣʝʝ ʤʢʄ. ʄʝʪʦʢʩʠʟʘʤʝʱʸʥʥʳʝ ʭʘʣʴʢʦʥʳ ʠ ʬʣʘʚʦʥʳ ʘʢʪʠʚʥʝʝ (ʀʂ50 <1 ʤʢʄ) ʩʚʦʠʭ 

ʥʝʟʘʤʝʱʸʥʥʳʭ ʘʥʘʣʦʛʦʚ (226) ʠ ʭʘʣʴʢʦʥʘ ʩ ʭʣʦʨʦʤ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ 

((+)-228).  

ʅʘʤʠ ʦʙʥʘʨʫʞʝʥ ʢʣʘʩʩ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʩ ʚʳʜʘʶʱʝʡʩʷ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ Tdp1. ʉʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʪʠʘʟʦʣʴʥʳʡ ʮʠʢʣ ʩ ʬʝʥʠʣʛʠʜʨʘʟʦʥʦʚʳʤ 

ʟʘʤʝʩʪʠʪʝʣʝʤ, ʠʥʛʠʙʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.150-0.457 ʤʢʄ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʛʠʜʨʘʟʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʩʚʷʟʳʚʘʥʠʠ ʩ ʬʝʨʤʝʥʪʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʷ ʩʭʦʜʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʥʦ ʠʤʝʶʱʠʝ ʚʤʝʩʪʦ ʛʠʜʨʘʟʦʥʦʚʦʛʦ ʘʤʠʥʥʳʡ 

ʬʨʘʛʤʝʥʪ (199, 200), ʠʣʠ ʞʝ ʩʦʜʝʨʞʘʱʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ (195-197) ʚ 

ʪʠʘʟʦʣʴʥʦʤ ʮʠʢʣʝ, ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʝʝ ʘʢʪʠʚʥʳ.  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʘʨʳ ʵʥʘʥʪʠʦʤʝʨʦʚ, ʧʦʵʪʦʤʫ ʥʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʥʝʣʴʟʷ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʩʪʨʦʝʥʠʷ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʥʘ ʠʥʛʠʙʠʨʫʶʱʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ. 
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ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʢʘʢ 

ʚʳʩʦʢʦʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ ʨʘʢʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ  

ʠʟʚʝʩʪʥʳʤ ʘʥʪʠʥʝʦʧʣʘʩʪʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʢʘʤʧʦʪʝʮʠʥʦʤ.  

 

4.4 ɸʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʳʭ ʢʠʩʣʦʪ 

 

ʊʫʙʝʨʢʫʣʝʟ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʦʢʦʣʦ 2 ʤʠʣʣʠʦʥʦʚ ʩʤʝʨʪʝʡ ʚ ʛʦʜ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʆʜʥʦʡ 

ʠʟ ʧʨʠʯʠʥ ʪʨʫʜʥʦʩʪʠ ʣʝʯʝʥʠʷ ʵʪʦʡ ʙʦʣʝʟʥʠ ʷʚʣʷʝʪʩʷ ʤʘʩʩʦʚʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʄʃʋ) ʫ ʚʦʟʙʫʜʠʪʝʣʷ ʪʫʙʝʨʢʫʣʝʟʘ, ʢʘʢ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʤ ʣʝʢʘʨʩʪʚʘʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʝʨʚʦʛʦ ʨʷʜʘ (ʦʩʦʙʝʥʥʦ ʢ ʨʠʬʘʤʧʠʮʠʥʫ 

ʠ ʠʟʦʥʠʘʟʠʜʫ), ʪʘʢ ʠ ʢ ʧʨʝʧʘʨʘʪʘʤ ʚʪʦʨʦʛʦ ʨʷʜʘ (ʬʪʦʨʭʠʥʦʣʦʥʘʤ ʠ ʘʤʠʥʦʛʣʠʢʦʟʠʜʘʤ).  

ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ ʧʨʦʷʚʣʷʶʪ ʟʘʤʝʪʥʫʶ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 23-46 ʤʢʄ
74

. ʇʨʠ ʵʪʦʤ ʥʠ ʦʜʥʦ ʠʟ 

ʪʝʩʪʠʨʦʚʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ
10

 ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʥʝ ʧʦʢʘʟʘʣʦ 

ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʳʰʝ, ʯʝʤ ʥʘʪʠʚʥʳʝ ʋʂ.  

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘʤʠ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʥʝʪʠʢʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʛʝʥʝʪʠʢʠ ʈɸʅ ʚ ʪʝʩʪ-ʩʠʩʪʝʤʝ ʄycobacterium smegmatis 

mc2
 
ʜʣʷ ʚʳʷʚʣʝʥʠʷ

 
ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʳʭ ʘʛʝʥʪʦʚ. ʄ. smegmatis ʷʚʣʷʝʪʩʷ 

ʙʳʩʪʨʦʨʘʩʪʫʱʝʡ ʥʝʧʘʪʦʛʝʥʥʦʡ ʙʘʢʪʝʨʠʝʡ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʠʢʦʙʘʢʪʝʨʠʷʤ ʪʫʙʝʨʢʫʣʝʟʘ ʠ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʩʢʨʠʥʠʥʛʘ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ
327

. ʂʨʠʪʝʨʠʝʤ ʦʪʙʦʨʘ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʥʘ 

ʜʠʩʢʝ, ʢʦʪʦʨʘ ̫ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ ʯʝʤ 10 ʥʄ. ʄʝʪʦʜ ʠʩʧʳʪʘʥʠʷ ʚʢʣʶʯʘʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʟʦʥ r ʧʦʜʘʚʣʝʥʠʷ ʨʦʩʪʘ ʚʦʢʨʫʛ ʙʫʤʘʞʥʳʭ ʜʠʩʢʦʚ, ʧʨʦʧʠʪʘʥʥʳʭ 

ʪʝʩʪʠʨʫʝʤʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʤʠʢʦʙʘʢʪʝʨʠʡ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʩʨʝʜʝ. ɺ 

ʪʘʙʣʠʮʝ 8 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʢʨʠʥʠʥʛʫ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʚ ʵʪʦʡ ʪʝʩʪ-

ʩʠʩʪʝʤʝ. 

ʊʘʙʣʠʮʘ 8. ʄʠʥʠʤʘʣʴʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʚ ʦʪʥʦʰʝʥʠʠ 

ʄ. smegmatis. 

ʉʦʝʜʠʥʝʥ

ʠʝ 

M.smegmatis 

ɿʦʥʘ ʠʥʛʠʙ./ ʄʀʂ 

ʤʤ/ ʥʤʦʣʴ ʥʘ ʜʠʩʢ 

ʉʦʝʜʠʥʝʥʠ

ʝ 

M.smegmatis 

ɿʦʥʘ ʠʥʛʠʙ./ ʄʀʂ 

ʤʤ/ ʥʤʦʣʴ ʥʘ ʜʠʩʢ 

(+)-1 8/75 (-)-1 8/75 
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(+)-151 8/75 (-)-151 ʥʝʘʢʪʠʚ 

 
(+)-28 8/75 (-)-28 7.5/100 

(+)-55 8/75 (-)-55 7.5/100 

(+)-59 7.5/100 (-)-59 8/100 

(+)-69 8/100 (-)-69 7.5/100 

(+)-70 8/75 (-)-70 8/100 

(+)-72 8/75 (-)-72 8/75 

(+)-73 8/100 (-)-73 8/100 

(+)-74 8/50 (-)-74 8/75 

(+)-60 9.5/10 (+)-109 7.3/100 

 
(+)-64 7.5/10 (-)-64 7.5/10 

(+)-66 7.5/10 (-)-66 7.7/10 

(+)-67 9/20 (-)-67 8/20 

(+)-68 8.5/20 (-)-68 7.5/20 

(+)-65 9/20   

 
(+)-35 ʥʝʘʢʪʠʚ (-)-35 ʥʝʘʢʪʠʚ 
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(+)-226 ʥʝʘʢʪʠʚ (-)-226 ʥʝʘʢʪʠʚ 

(+)-228 ʥʝʘʢʪʠʚ (-)-228 ʥʝʘʢʪʠʚ 

(+)-232 8/75 (-)-232 ʥʝʘʢʪʠʚ 

 
(+)-246 ʥʝʘʢʪʠʚ (+)-249 7.5/100 

(+)-247 7.5/100 (+)-250 7.2/100 

(+)-248 7.5/100 (+)-251 7.5/100 

(+)-261 8/4.2 (-)-261 7.5/4.2 

 
(+)-177 9/100 (+)-182 8/20 

(+)-180 7.5/100   

 
(+)-193 9/5 (-)-193 8.5/5 

(+)-195 8/10 (-)-195 10/10 

(+)-196 7.5/100 (-)-196 8/100 

(+)-197 8/100 (-)-197 7.5/10 

(+)-198 7.5/10 (-)-198 7.5/10 

(+)-199 7.5/10   

(+)-200 7.5/10 (-)-200 8/10 

(+)-203 8/100 (+)-205 8/20 
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(+)-204 8/70 (+)-206 8/100 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 8 ʚʠʜʥʦ, ʯʪʦ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʋʂ ʧʦʜʘʚʣʷʶʪ ʨʦʩʪ ʄ. smegmatis ʚ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʄʥʦʛʠʝ ʪʝʩʪʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ, ʯʝʤ 

ʋʂ, ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʧʦʩʢʦʣʴʢʫ ʢʨʠʪʝʨʠʝʤ ʦʪʙʦʨʘ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 10 ʥʄ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɸʢʪʠʚʥʳʤʠ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʢʚʘʪʝʨʥʠʟʦʚʘʥʥʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ ((Ñ)-64, (Ñ)-66), ʙʦʣʴʰʠʥʩʪʚʦ ʪʠʘʟʦʣʦʚ ((Ñ)-193, (Ñ)-195, 

((Ñ)-198, (+)-199, (Ñ)-200)) ʠ ʘʫʨʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʘʢʮʠʝʡ ʩ ʬʫʨʬʫʨʦʣʦʤ ((Ñ)-261).  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 8 ʨʝʟʫʣʴʪʘʪʳ ʩʢʨʠʥʠʥʛʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʟʘʤʝʩʪʠʪʝʣʷ ʩ ʢʚʘʪʝʨʥʠʟʦʚʘʥʥʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʣʠʥʢʝʨʘ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʘʟʦʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠʤʝʨʥʦ ʪʘ ʞʝ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʣʷ ʪʠʘʟʦʣʦʚ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ ʚ ʪʝʩʪ-ʩʠʩʪʝʤʝ ʄycobacterium smegmatis mc2
 
ʥʝʟʘʤʝʱʸʥʥʳʝ 

ʘʤʠʥʦʪʠʘʟʦʣʳ, ʘ ʥʘʠʤʝʥʝʝ ï ʛʠʜʨʘʟʠʥʦʪʠʘʟʦʣʳ ((+)-203-(+)-206), ʠʤʝʶʱʠʝ ʥʘʠʙʦʣʝʝ 

ʜʣʠʥʥʳʡ ʠ ʦʙʲʸʤʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʪʠʘʟʦʣʴʥʦʤ ʮʠʢʣʝ. ʉʘʤʫʶ ʚʳʩʦʢʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ ʨʦʩʪ 

ʄ. smegmatis ʘʢʪʠʚʥʦʩʪʴ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʧʦʢʘʟʘʣʠ 

ʬʫʨʠʣʠʜʝʥʬʫʨʘʥʦʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ, (Ñ)-261). 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʳʝ ʚ 

ʩʠʩʪʝʤʝ ʄ. smegmatis ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʤʤʦʥʠʝʚʳʝ ʩʦʣʠ 64-68 ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʚ ʩʠʩʪʝʤʝ 

Streptomyces lividans APHVIII+. ʊʝʩʪ S. lividans APHVIII+  ʚʳʷʚʣʷʝʪ ʠʥʛʠʙʠʪʦʨʳ ʩʝʨʠʥ-

ʪʨʝʦʥʠʥʦʚʳʭ ʧʨʦʪʝʠʥʢʠʥʘʟ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʯʝʣʦʚʝʢʘ ʠ ʙʘʢʪʝʨʠʡ (ʉʊʇʂ). ʉʊʇʂ, 

ʥʘʡʜʝʥʥʳʝ ʚ ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʷʭ, ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʤʠʢʨʦʙʥʦʛʦ 

ʚʳʞʠʚʘʥʠʷ, ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʠ ʧʘʪʦʛʝʥʥʦʩʪʠ. ʆʥʠ ʨʝʛʫʣʠʨʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʙʠʦʧʣʝʥʦʢ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʳʞʠʚʘʝʤʦʩʪʴ ʩʣʦʞʥʳʭ ʧʦʧʫʣʷʮʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʤʠʢʦʙʘʢʪʝʨʠʡ. ʇʦʵʪʦʤʫ ʧʦʜʘʚʣʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʦʪʝʠʥʢʠʥʘʟ ʩʪʘʣʦ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʣʝʯʝʥʠʷ ʠʥʬʝʢʮʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚʝʱʝʩʪʚʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʙʫʤʘʞʥʳʭ ʜʠʩʢʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 9. 

ʊʘʙʣʠʮʘ 9. ɸʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 1, 64-68 ʚ ʩʠʩʪʝʤʝ S. lividans APHVIII+ 

ʉʦʝʜʠʥʝʥʠʝ 
S. lividans APHVIII+ 

ɿʦʥʘ ʠʥʛʠʙ. ʤʤ/ ʉʀʂ
ʘ
, 

(+)-1 ʥʝʘʢʪʠʚ/100 

(-)-1 9/100 

(+)-64 ʅʝʘʢʪʠʚ/100 



 

 

163 

(-)-64 ʅʝʘʢʪʠʚ/100 

(+)-66 ʅʝʘʢʪʠʚ/100 

(-)-66 ʅʝʘʢʪʠʚ/100 

(+)-67 14/20 

(-)-67 14/50 

(+)-68 14/70 

(-)-68 12/50 

(+)-65 12/20 

ʘ ʉʀʂ ï ʩʫʙʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʥʤʦʣʴ/ʜʠʩʢ 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʝ Streptomyces lividans APHVIII+  

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ ʣʠʙʦ ʥʝ ʩʚʷʟʘʥ ʩ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʩʝʨʠʥ-ʪʨʝʦʥʠʥʦʚʳʭ ʧʨʦʪʝʠʥʢʠʥʘʟ, ʣʠʙʦ ʉʇʊʂ ʥʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ 

ʤʠʰʝʥʴʶ ʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʭ. ɼʣʷ ʦʜʥʦʛʦ ʠʟ ʘʢʪʠʚʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʄ. smegmatis 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʚʘʪʝʨʥʠʟʦʚʘʥʥʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ (+)-66 ʙ ʣrʘ ʦʧʨʝʜʝʣʝʥʘ ʦʩʪʨʘʷ ʪʦʢʩʠʯʥʦʩʪʴ 

ʚʝʱʝʩʪʚʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʠʥʙʨʝʜʥʳʭ ʤʳʰʘʭ ʣʠʥʠʠ Balb/ʉ, ʧʨʦʚʦʜʠʤʦʤ ʚ ʪʝʯʝʥʠʝ 30 

ʜʥʝʡ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʦʣʫʣʝʪʘʣʴʥʘʷ ʜʦʟʘ ʚʝʱʝʩʪʚʘ (ʃɼ50), ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 975 ʤʛ/ʢʛ. 

ʉʦʝʜʠʥʝʥʠʷ ʩ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʄ. smegmatis 

ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʠʥʩʪʠʪʫʪʝ ʪʫʙʝʨʢʫʣʸʟʘ ʥʘ ʢʫʣʴʪʫʨʝ M. tuberculosis H37Rv. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ (+)-193 ʠ (-)-193 

ʥʘ ʤʠʢʦʙʘʢʪʝʨʠʷʭ ʪʫʙʝʨʢʫʣʝʟʘ in vitro ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʰʪʘʤʤʘ 

M.tuberculosis H37Rv. ʄʠʥʠʤʘʣʴʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ ʨʦʩʪ M. tuberculosis ʢʦʥʮʝʥʪʨʘʮʠʷ (+)-

193 ʠ (-)-193 ʧʦ ʜʘʥʥʳʤ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʠʩʪʝʤʝ Bactec MGIT 960 ʩʦʩʪʘʚʠʣʘ 

50 ʤʢʛ/ʤʣ. ɺ ʢʦʥʮʝʥʪʨʘʮʠʠ 25 ʤʢʛ/ʤʣ (-)-193 ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ, ʪ.ʢ. ʟʘʜʝʨʞʠʚʘʝʪ ʨʦʩʪ 

ʤʠʢʦʙʘʢʪʝʨʠʡ ʥʘ 4 ʜʥʷ ʜʦʣʴʰʝ, ʯʝʤ (+)-193. ʀʩʩʣʝʜʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ, ʧʨʦʚʝʜʝʥʥʦʝ ʥʘ ʧʝʨʠʪʦʥʝʘʣʴʥʳʭ ʤʘʢʨʦʬʘʛʘʭ ʤʳʰʠ, 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ (+)-193 ʤʝʥʝʝ ʪʦʢʩʠʯʥʦ, ʯʝʤ (-)-193. ʃʠʟʠʩ ʠʥʪʘʢʪʥʳʭ ʤʘʢʨʦʬʘʛʦʚ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʝʜʠʥʝʥʠʷ (+)-193 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 25 ʤʢʛ/ʤʣ ʧʨʝʚʳʰʘʣ ʩʧʦʥʪʘʥʥʳʡ ʥʘ 

26%, ʪʦʛʜʘ ʢʘʢ ʘʥʘʣʦʛʠʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ (-)-193 ʧʨʠʚʦʜʠʣʘ ʢ ʛʠʙʝʣʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʢʨʦʬʘʛʦʚ ʚ ʪʝʯʝʥʠʝ 3 ʜʥʝʡ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ M. tuberculosis H37Rv 

ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ (+)-261 ʠ (-)-261 ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʨʘʢʪʘ ˉ 12411.1008799.13.002 ʦʪ 25 ʘʧʨʝʣʷ 2012 ʛ. çɼʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳè, ʐʠʬʨ ç2.1 ʂʠʩʣʦʪʘ 2012è. ʀʩʩʣʝʜʦʚʘʥʦ ʙʘʢʪʝʨʠʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ 
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ʩʦʝʜʠʥʝʥʠʷ (-)-261 ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦʡ ʠʥʛʠʙʠʨʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʄʀʂ) ʚ 

ʦʪʥʦʰʝʥʠʠ M. tuberculosis H37Rv ʠ ʄʃʋ-ʰʪʘʤʤʘ (5 ʤʢʛ/ʤʣ). ɽʛʦ ʤʠʥʠʤʘʣʴʥʘʷ 

ʙʘʢʪʝʨʠʮʠʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʠʣʘ 25 ʤʢʛ/ʤʣ, ʚʝʱʝʩʪʚʦ ʦʙʣʘʜʘʝʪ ʙʘʢʪʝʨʠʮʠʜʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʰʪʘʤʤʘ M. tuberculosis 

H37Rv, ʪʘʢ ʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʰʪʘʤʤʘ ʩ ʄʃʋ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ: ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʪʠʘʟʦʣʴʥʳʡ (ʩʦʝʜʠʥʝʥʠʷ (+)-

193 ʠ (-)-193), ʬʫʨʠʣʠʜʝʥʬʫʨʘʥʦʥʦʚʳʡ (ʩʦʝʜʠʥʝʥʠʷ (+)-261 ʠ (-)-261) ʬʨʘʛʤʝʥʪʳ ʠ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ (64-68). ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʚʥʦʚʴ ʚʚʝʜʸʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʤʠʢʦʙʘʢʪʝʨʠʡ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘʤʝʥʘ ʧʝʨʚʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʪʠʘʟʦʣʝ ʥʘ ʚʪʦʨʠʯʥʫʶ ʘʤʠʥʦʛʨʫʧʧʳ, 

ʘʣʢʠʣʴʥʳʝ ʠʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʘ ʟʘʤʝʥʘ ʬʫʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚ ʬʫʨʠʣʠʜʝʥʬʫʨʘʥʦʥʦʚʦʤ ʧʨʦʠʟʚʦʜʥʦʤ ʥʘ ʙʝʥʟʦʣʴʥʦʝ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʘʢʪʠʚʥʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʣʠʥʢʝʨʘ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʚ 

ʢʚʘʪʝʨʥʠʟʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ.  

 

4.5 ɻʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (+)-ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ, ʯʪʦ ʚʝʜʫʱʠʤ ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʢʨʦʚʠ, ʠ ʦʩʦʙʝʥʥʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʣʠʧʦʧʨʦʪʝʠʥʘʭ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ "ʧʣʦʭʦʡ ʭʦʣʝʩʪʝʨʠʥ"). ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʣʠʧʠʜ- ʠ ʭʦʣʝʩʪʝʨʠʥ- ʩʥʠʞʘʶʱʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʫ ʣʠʮ ʩ 

ʛʠʧʝʨʭʦʣʝʩʪʝʨʠʥʝʤʠʝʡ, ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʥʝ 

ʚʳʟʳʚʘʶʪ ʩʦʤʥʝʥʠʡ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʝ 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʣʠʧʠʜʦʚ ʠ, ʦʩʦʙʝʥʥʦ, ʭʦʣʝʩʪʝʨʠʥʘ ʢʨʦʚʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ 

ʨʘʟʚʠʪʠʷ ʦʩʣʦʞʥʝʥʠʡ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢ ʨʝʛʨʝʩʩʠʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʦʯʘʛʦʚ ʘʨʪʝʨʠʡ, ʢ ʢʫʧʠʨʦʚʘʥʠʶ ʚ ʥʠʭ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ - ʢ 

ʩʥʠʞʝʥʠʶ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʦʡ ʩʤʝʨʪʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʨʦʚʦʜʷʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʧʘʨʘʪʦʚ, 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʢʦʣʠʯʝʩʪʚʦ ʫʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʟʤʦʤ ʠʣʠ ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʠʱʝʡ 

ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʚ ʧʨʠʝʤʣʝʤʳʭ ʨʘʤʢʘʭ. ɺ ʧʣʘʟʤʝ 

ʢʨʦʚʠ ʭʦʣʝʩʪʝʨʠʥ ʚ ʦʩʥʦʚʥʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇʅʇ). 

ʀʟ ʢʨʦʚʠ ʃʇʅʇ ʧʦʩʪʫʧʘʶʪ ʚ ʧʝʯʝʥʴ (ʜʦ 75%) ʠ ʜʨʫʛʠʝ ʪʢʘʥʠ, ʛʜʝ ʦʥʠ ʩʚʷʟʳʚʘʶʪʩʷ ʃʇʅʇ-

ʨʝʮʝʧʪʦʨʘʤʠ, ʧʦʩʣʝ ʯʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʚʥʫʪʨʴ ʢʣʝʪʦʢ. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʃʇʅʇ-
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ʨʝʮʝʧʪʦʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ
328
. ʊʘʢ ʢʘʢ ʠʟʙʳʪʦʯʥʳʝ ʃʇʅʇ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʨʠʩʢ ʘʪʝʨʦʩʢʣʝʨʦʟʘ ʠʟ-ʟʘ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʚ ʩʪʝʥʢʘʭ ʩʦʩʫʜʦʚ, ʤʝʤʙʨʘʥʥʳʝ ʃʇʅʇ-ʨʝʮʝʧʪʦʨʳ ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʨʦʚʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʚʝʣʠʯʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʃʇʅʇ ʨʝʮʝʧʪʦʨʦʚ 

ʢʣʝʪʢʘʤʠ ʧʝʯʝʥʠ, ʙʫʜʫʪ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʣʘʟʤʝ 

ʢʨʦʚʠ. ʇʦʩʢʦʣʴʢʫ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ - ʨʝʛʫʣʷʪʦʨʦʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʃʇʅʇ, ʥʝ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʙʠʦʩʠʥʪʝʟʘ ʭʦʣʝʩʪʝʨʠʥʘ, ʫʙʠʭʠʥʦʥʘ ʠ ʩʚʷʟʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʝʧʘʨʘʪʳ ʪʘʢʦʛʦ ʪʠʧʘ ʙʫʜʫʪ ʩʚʦʙʦʜʥʳ ʦʪ 

ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʧʨʠʩʫʱʠʭ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʥʘ ʨʳʥʢʝ 

ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ - ʩʪʘʪʠʥʘʤ. 

ʅʘʤʠ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʋʂ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 5, 10, 20, 40 ʤʢʛ/ʤʣ ʥʘ 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ (ʚʦʟʨʘʩʪʘʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʠʩʣʦ ʨʘʟ) ʛʝʥʘ ʃʇʅʇ ʚ ʢʣʝʪʢʘʭ ʣʠʥʠʠ 

HepG2; ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʠʟʤʝʨʷʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ 

ʪʝʩʪʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʨʫʛʦʝ ʧʨʠʨʦʜʥʦʝ 

ʚʝʱʝʩʪʚʦ, ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ ï ʘʣʢʘʣʦʠʜ ʙʝʨʙʝʨʠʥ. 

ʅʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ (+)-ʋʂ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ (ʬɻʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʙʝʨʙʝʨʠʥ) 

ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ʃʇʅʇ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10 ʤʢʛ/ʤʣ ʠ ʙʦʣʝʝ, ʦʜʥʘʢʦ, ʚ 

ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʥʘ ʷʚʣʷʝʪʩʷ ʪʦʢʩʠʯʥʦʡ ʜʣʷ ʟʜʦʨʦʚʳʭ ʢʣʝʪʦʢ. ʎʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʥʘʡʪʠ ʪʘʢʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʋʂ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʣʦ ʙʳ ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʚ ʜʠʘʧʘʟʦʥʝ ʥʝʪʦʢʩʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ɹʳʣʠ ʪʝʩʪʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ, ʜʘʥʥʳʝ ʩʢʨʠʥʠʥʛʘ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʃʇʅʇ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 10.  

ʊʘʙʣʠʮʘ 10. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʠ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʃʇʅʇ.  

 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

 

(ʤʢʛ/ʤʣ) 

 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ  

 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʘ 

 

ʃʇʅʇ 

 

(+)-1 

40 

20 

10 

5 

0.11 

0.41 

0.26 

1.74 

5.85 

6.75 

2.41 

1.13 

ʙʝʨʙʝʨʠʥ 

40 

20 

10 

5 

0.51 

0.84 

1.34 

1.37 

4.93 

3.26 

0.48 

1.32 



 

 

166 

(+)-213 

40 

20 

10 

5 

1.91 

1.16 

2.63 

1.07 

4.06 

3.18 

0.80 

0.80 

(+)-153 

40 

20 

10 

5 

2.46 

8.12 

4.58 

3.21 

1.01 

0.63 

0.66 

1.01 

 

(+)-63 

40 

20 

10 

5 

0.04 

1.12 

1.45 

0.70 

7.03 

5.97 

3.17 

1.69 

(+)-68 

40 

20 

10 

5 

0.91 

0.62 

1.19 

0.28 

2.05 

1.47 

1.00 

0.96 

 

(+)-174 

40 

20 

10 

5 

0.22 

0.24 

0.41 

0.31 

3.58 

1.68 

1.70 

1.99 

(+)-177 

40 

20 

10 

5 

0.34 

1.14 

1.37 

1.51 

1.33 

0.93 

1.29 

0.90 

(+)-180 

40 

20 

10 

5 

0.05 

0.06 

1.26 

0.10 

9.88 

0.00 

0.60 

1.46 

(+)-181 

40 

20 

10 

5 

1.43 

1.51 

1.14 

1.02 

2.46 

2.02 

1.15 

1.07 

(+)-183 

40 

20 

10 

5 

0.36 

0.27 

1.69 

0.19 

5.84 

1.79 

0.69 

2.34 

 



 

 

167 

(+)-194 

40 

20 

10 

5 

0.41 

0.16 

2.52 

1.95 

4.31 

5.70 

0.90 

1.25 

(+)-195 

40 

20 

5 

0.72 

0.33 

0.14 

3.91 

2.98 

3.77 

(+)-196 

40 

20 

10 

5 

0.93 

0.91 

1.86 

1.45 

2.58 

2.96 

3.17 

2.98 

(+)-197 

40 

20 

10 

5 

0.31 

1.63 

3.93 

0.04 

3.84 

2.20 

0.70 

0.41 

(+)-198 

40 

20 

10 

5 

0.37 

1.27 

0.70 

1.27 

4.21 

0.88 

0.59 

0.71 

(+)-199 

40 

20 

10 

5 

2.29 

5.14 

2.82 

0.90 

1.65 

1.71 

3.15 

2.63 

(+)-200 

40 

20 

10 

5 

0.80 

1.27 

0.12 

0.48 

3.09 

4.39 

3.07 

2.65 

 

(+)-251 
10 

5 
0.99 

0.74 

4.91 

3.68 

(+)-260 

40 

20 

10 

5 

3.60 

0.78 

1.01 

1.29 

3.26 

1.53 

0.80 

0.51 

(+)-261 

40 

20 

10 

5 

0.07 

0.31 

0.59 

0.49 

4.53 

3.02 

4.67 

2.70 

(+)-264 

40 

20 

10 

5 

1.29 

1.35 

0.55 

2.56 

4.09 

4.84 

3.86 

0.93 

 



 

 

168 

(+)-223 

40 

20 

10 

5 

1.65 

2.72 

3.94 

1.61 

2.59 

1.13 

1.06 

0.98 

 

ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 10 ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʛʨʫʧʧʫ 

ʪʠʘʟʦʣʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʝʩʢʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʡ ((+)-196, (+)-199, 

(+)-200) ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʫʨʦʚʝʥʴ ʛʝʥʘ ʃʇʅʇ ʭʦʪʴ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʋʂ, ʥʦ ʚ 

ʙʝʟʦʧʘʩʥʳʭ ʜʣʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʘʧʘʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʉʨʝʜʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʧʦʜʦʙʥʳʝ ʘʫʨʦʥʘʤ, 

ʩʦʜʝʨʞʘʱʠʝ ʧʘʨʘ-ʤʝʪʦʢʩʠʬʝʥʠʣʴʥʳʡ ((+)-251) ʠ ʪʠʦʬʝʥʦʚʳʡ ((+)-264) ʟʘʤʝʩʪʠʪʝʣʠ. ɺ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʩʨʘʚʥʠʤʦʡ ʩ ʪʘʢʦʚʦʡ ʋʂ, ʧʦʚʳʰʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ʝʥʘʤʠʥʦʚʦʝ 

ʧʨʦʠʟʚʦʜʥʦʝ ʋʂ (+)-63, ʩʦʜʝʨʞʘʱʝʝ ʤʦʨʬʦʣʠʥʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ, ʧʨʠ ʵʪʦʤ ʝʛʦ ʵʬʬʝʢʪʠʚʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʞʝ, ʯʝʤ ʫ ʋʂ, ʘ ʪʦʢʩʠʯʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʋʂ (+)-213, ʢʦʪʦʨʦʝ ʥʝ ʪʦʢʩʠʯʥʦ 

ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʘ ʃʇʅʇ ʚ ʨʘʟʳ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ((+)-199, (+)-196, (+)-200, (+)-251) 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ʃʇʅʇ ʫʞʝ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 5 ʤʢʛ/ʤʣ, ʷʚʣʷʷʩʴ ʧʨʠ 

ʵʪʦʤ ʥʝʪʦʢʩʠʯʥʳʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʷʜʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʚ ʢʘʯʝʩʪʚʝ ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʚʳʨʘʞʝʥʥʦʤ ʵʬʬʝʢʪʝ ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʨʝʮʝʧʪʦʨʘ ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʝ ʫʩʪʫʧʘʶʱʝʤ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʠʟʚʝʩʪʥʦʤʫ ʨʝʛʫʣʷʪʦʨʫ ʫʨʦʚʥʷ ʭʦʣʝʩʪʝʨʠʥʘ ʙʝʨʙʝʨʠʥʫ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʦʠʩʢʘ ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʥʦʚʳʭ 

ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ in vivo.  

 

4.6 ʀʥʩʝʢʪʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ 

 

ɺ ʀʥʩʪʠʪʫʪʝ ʩʠʩʪʝʤʘʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʞʠʚʦʪʥʳʭ (ʀʉʕɾ) ʉʆ ʈɸʅ ʠʟʫʯʘʣʠʩʴ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʋʂ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʠʥʩʝʢʪʠʮʠʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʵʥʪʦʤʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʛʫʩʝʥʠʮʘʭ ʧʯʝʣʠʥʦʡ ʦʛʥʸʚʢʠ 

(Galleria mellmonella), ʣʠʯʠʥʢʘʭ ʢʦʣʦʨʘʜʩʢʦʛʦ ʞʫʢʘ (Leptinotarsa decemlineata) ʠ ʛʫʩʝʥʠʮʘʭ 

ʥʝʧʘʨʥʦʛʦ ʰʝʣʢʦʧʨʷʜʘ (Limantria dispar). ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʜʝʡʩʪʚʠʶ (+)-ʋʂ 

ʦʢʘʟʘʣʠʩʴ ʛʫʩʝʥʠʮʳ ʥʝʧʘʨʥʦʛʦ ʰʝʣʢʦʧʨʷʜʘ, ʩʤʝʨʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.01% 
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ʋʂ ʚ ʧʨʝʧʘʨʘʪʝ ʥʘ ʦʩʥʦʚʝ Metarhizium anisopliae ʫʚʝʣʠʯʠʣʘʩʴ ʚ 10 ʨʘʟ. ɼʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʥʘʩʝʢʦʤʳʭ ʠ ʜʣʷ ʧʨʝʧʘʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʠʙʘ Beauveria bassiana ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʋʂ ʪʘʢʞʝ ʙʳʣ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥ, ʧʨʠʚʦʜʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʤʝʨʪʥʦʩʪʠ ʚ 2-4 ʨʘʟʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʜʝʡʩʪʚʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʙʠʦʧʨʝʧʘʨʘʪʘ. ɺ ʧʦʣʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʠʭ ʙʠʦʧʨʝʧʘʨʘʪʦʚ 

çʙʦʚʝʨʠʥè ʠ çʙʠʪʦʢʩʠʙʘʮʠʣʠʥè, ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʚʠʨʫʩʥʳʭ ʠʥʩʝʢʪʠʮʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

çʚʠʨʠʥ-ʜʠʧʨʠʦʥè ʠ çʚʠʨʠʥ ʅʐè ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʥʠʭ 0.01% (+)-ʋʂ ʧʦʚʳʰʘʝʪʩʷ ʚ 2-3 ʨʘʟʘ. 

ʉʢʨʠʥʠʥʛ ʠʥʩʝʢʪʠʮʠʜʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʥʳʭ (+)- ʠ (-)-ʋʂ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʣʦʨʘʜʩʢʦʤʫ ʞʫʢʫ ʧʨʦʚʦʜʠʣʩʷ ʪʘʢʞʝ ʚ ʀʉʕɾ ʉʆ ʈɸʅ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʘʪʦʣʦʛʠʠ 

ʥʘʩʝʢʦʤʳʭ. ɹʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʠʯʠʥʢʘʭ 3-ʛʦ ʚʦʟʨʘʩʪʘ ʢʦʣʦʨʘʜʩʢʦʛʦ ʞʫʢʘ ʩ 

ʮʝʣʴʶ ʚʳʷʚʠʪʴ ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʚʦʟʤʦʞʥʳʭ ʩʠʥʝʨʛʠʩʪʦʚ ʵʥʪʦʤʦʧʘʪʦʛʝʥʥʦʛʦ ʛʨʠʙʘ ɺ. 

bassiana. ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʪʠʚ ʣʠʯʠʥʦʢ ʢʦʣʦʨʘʜʩʢʦʛʦ ʞʫʢʘ. 

ʇʝʨʚʠʯʥʳʡ ʩʢʨʠʥʠʥʛ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 35 ʪʝʩʪʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʢʘʢ (+)-, ʪʘʢ ʠ (-)-ʋʂ, ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.05% ʥʝ 

ʚʳʟʳʚʘʶʪ ʜʦʩʪʦʚʝʨʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʩʤʝʨʪʥʦʩʪʠ ʣʠʯʠʥʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʥʦʟʘʨʘʞʝʥʠʝʤ B. bassiana (ʩʤʝʨʪʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 40%). ɺʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʳ 

ʋʂ ʝʥʘʤʠʥʦʚʦʛʦ (ʩʦʝʜʠʥʝʥʠʷ (+)-58, (+)-62, (-)-62, (+)-59, (-)-59) ʠ ʝʥʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ((+)-

77, (-)-77) ʬʨʘʛʤʝʥʪʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʧʦʚʳʩʠʣʦ ʧʦʢʘʟʘʪʝʣʠ ʪʝʩʪʠʨʫʝʤʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʠʨʘʟʦʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ ((+)-93 - (+)-98, 

(+)-102, (+)-104 - (+)-106, (+)-108) ʪʘʢʞʝ ʥʝ ʚʳʟʚʘʣʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 

ʩʤʝʨʪʥʦʩʪʠ ʣʠʯʠʥʦʢ. ʅʝʙʦʣʴʰʦʝ, ʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ, ʫʚʝʣʠʯʝʥʠʝ ʩʤʝʨʪʥʦʩʪʠ (15ï

35%, P < 0.05) ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʝʜʠʥʝʥʠʷʤʠ (-)-1, (+)-69, (+)-103, (+)-110. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʦʥʠ ʦʪʥʦʩʠʣʠʩʴ ʢ ʨʘʟʥʳʤ ʪʠʧʘʤ ʧʨʦʠʟʚʦʜʥʳʭ. ʆʪʤʝʪʠʤ, (-)-ʵʥʘʥʪʠʦʤʝʨ ʋʂ 

ʧʨʦʷʚʠʣ ʙoʣʴʰʫʶ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ (+)-ʠʟʦʤʝʨ, ʵʥʪʦʤʦʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʪʦʛʜʘ ʢʘʢ 

ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʧʘʨ ʵʥʘʥʪʠʦʤʝʨʦʚ (ʩʦʝʜʠʥʝʥʠʷ 59, 62, 77) ʘʢʪʠʚʥʦʩʪʴ ʣʠʙʦ ʥʝ ʨʘʟʣʠʯʘʣʘʩʴ, 

ʣʠʙʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʪʦʢʩʠʯʥʝʝ ʙʳʣ (+)-ʵʥʘʥʪʠʦʤʝʨ. ʅʘʠʙʦʣʴʰʝʝ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʫʨʦʚʥʷ ʩʤʝʨʪʥʦʩʪʠ ʣʠʯʠʥʦʢ ʚʳʟʚʘʣʘ ʩʤʝʩʴ ʧʦʣʠʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ 

(ʩʦʝʜʠʥʝʥʠʷ (+)-130 ʠ (+)-131, ʩʦʦʪʥʦʰʝʥʠʝ 5:2 ʧʦ ʗʄʈ), ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʘʢʮʠʠ (+)-ʋʂ ʩ 

ʛʝʢʩʘʬʪʦʨʧʨʦʧʝʥʦʤ (ʨʠʩ. 34).  
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ʈʠʩʫʥʦʢ 34. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 130 ʠ 131. 

ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ  ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʙʳʣʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʥʘ ʣʠʯʠʥʢʘʭ III  

ʚʦʟʨʘʩʪʘ ʢʦʣʦʨʘʜʩʢʦʛʦ ʞʫʢʘ ʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʠʥʩʝʢʪʠʮʠʜʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ: ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʩʤʝʨʪʥʦʩʪʠ 

ʣʠʯʠʥʦʢ ʦʪ ʩʦʝʜʠʥʝʥʠʡ (+)-130 ʠ (+)-131. ʆʜʥʘʢʦ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʩʦʝʜʠʥʝʥʠʷ (+)-131. ʊʘʢ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,01%, 0,02% ʠ 0,05% ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʦʪʤʝʯʝʥʘ 35, 75 ʠ 100% ʩʤʝʨʪʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʛʜʘ ʢʘʢ ʦʪ ʩʦʝʜʠʥʝʥʠʷ (+)-130- 

20, 40 ʠ 95% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʪʤʝʯʘʣʘʩʴ ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ ʠ ʣʠʥʴʢʠ ʣʠʯʠʥʦʢ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʠʩʩʣʝʜʫʝʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʙ ʠʥʩʝʢʪʠʮʠʜʥʦʤ 

ʜʝʡʩʪʚʠʠ ʩʤʝʩʠ (+)-130 ʠ (+)-131, ʩʨʘʚʥʠʤʦʤ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʝʝ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ 

ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ 

ʧʦʣʝʚʳʭ ʪʝʩʪʘʭ ʩʦʝʜʠʥʝʥʠʷ (+)-130 ʠ (+)-131 ʥʝ ʨʘʟʜʝʣʷʣʠ, ʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʢʦʤʧʦʟʠʮʠʶ. 

ɺ ʧʦʣʝʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʨʦʚʝʜʝʥʥʦʤ ʚ ʫʩʣʦʚʠʷʭ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, 

ʥʘʙʣʶʜʘʣʩʷ ʩʠʥʝʨʛʠʟʤ ʜʝʡʩʪʚʠʷ ʩʤʝʩʠ  (+)-130 ʠ (+)-131ʠ B. bassiana. ʇʨʠ ʵʪʦʤ ʩʤʝʨʪʥʦʩʪʴ 

ʦʪ ʦʙʨʘʙʦʪʢʠ ʩʤʝʩʴʶ (+)-130 ʠ (+)-131 ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʢʦʥʪʨʦʣʷ, ʩʦʩʪʘʚʣʷʷ ʣʠʰʴ 4%. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʚʥʝʩʝʥʠʠ ʩʤʝʩʠ ʘʛʝʥʪʦʚ ʩʦʩʪʘʚʠʣʘ 98%, ʘ ʧʨʠ ʚʥʝʩʝʥʠʠ 

ʛʨʠʙʘ ï 62%. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʘʨʠʘʥʪʘʭ ç(+)-130 ʠ (+)-131è ʠ çB. bassiana + (+)-130 ʠ 

(+)-131è ʦʪʤʝʯʝʥʘ ʩʣʘʙʘʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʴ ʣʠʩʪʴʝʚ. ɼʝʬʦʣʠʘʮʠʷ ʢʘʨʪʦʬʝʣʷ ʥʘ 10ï12 ʩʫʪ 

ʦʧʳʪʘ ʩʦʩʪʘʚʣʷʣʘ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ  ʚʩʝʛʦ ʣʠʰʴ 15ï20%, ʪʦʛʜʘ ʢʘʢ ʚ ʚʘʨʠʘʥʪʝ çB. bassianaè ï 

60ï70%, ʘ ʚ ʢʦʥʪʨʦʣʝ ï 80ï90%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʠʥʝʨʛʠʩʪʦʤ B. bassiana ʦʢʘʟʘʣʘʩʴ ʩʤʝʩʴ 

ʧʦʣʠʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ï (+)-130 ʠ (+)-131. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʣʠ 

ʘʥʪʠʬʠʜʘʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚʳʟʳʚʘʣʠ ʢʠʰʝʯʥʳʡ ʪʦʢʩʠʢʦʟ, ʧʨʠʚʦʜʷ ʢ 

ʛʠʙʝʣʠ ʯʘʩʪʠ ʦʩʦʙʝʡ ʠ ʟʘʜʝʨʞʢʝ ʨʘʟʚʠʪʠʷ ʚʳʞʠʚʰʠʭ ʣʠʯʠʥʦʢ. ʋʢʘʟʘʥʥʳʝ ʷʚʣʝʥʠʷ ʧʨʠʚʦʜʠʣʠ 

ʢ ʨʝʟʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʠʯʠʥʦʢ ʢ ʵʥʪʦʤʦʧʘʪʦʛʝʥʥʦʤʫ ʛʨʠʙʫ, 

ʧʨʦʥʠʢʘʶʱʝʤʫ ʚ ʪʝʣʦ ʭʦʟʷʠʥʘ ʯʝʨʝʟ ʥʘʨʫʞʥʳʝ ʧʦʢʨʦʚʳ. ʇʦʜʦʙʥʳʝ ʵʬʬʝʢʪʳ ʥʝʨʝʜʢʦ 

ʥʘʙʣʶʜʘʶʪ ʧʨʠ ʙʠʥʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʥʘʩʝʢʦʤʳʭ ʛʨʠʙʘʤʠ ʠ ʘʛʝʥʪʘʤʠ (ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠʣʠ 

ʭʠʤʠʯʝʩʢʠʤʠ) ʩ ʚʳʨʘʞʝʥʥʳʤ ʢʠʰʝʯʥʳʤ ʠʣʠ ʩʠʩʪʝʤʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ. ɺʳʷʚʣʝʥʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʪʠʚ ʣʠʯʠʥʦʢ ʢʦʣʦʨʘʜʩʢʦʛʦ ʞʫʢʘ. 
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4.7 ɿʘʢʣʶʯʝʥʠʝ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʯʘʩʪʴ ʠʟ ʥʠʭ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ-ʩʦʝʜʠʥʝʥʠʡ-ʣʠʜʝʨʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, 

ʘ ʠʤʝʥʥʦ: 

- ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ, ʦʙʣʘʜʘʶʱʠʝ ʟʘʤʝʪʥʦʡ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʘ ʚʠʨʫʩʘ ʛʨʠʧʧʘ A/California/7/09 (H1N1pdm09). ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ (+)-ʋʂ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʩʘʤʘ (+)-ʋʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʝʚʦʚʨʘʱʘʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʤʝʥʝʝ ʘʢʪʠʚʥʳ, 

ʯʝʤ ʧʨʠʨʦʜʥʘʷ (-)-ʋʂ. ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ ʭʘʣʢʦʥʘ, ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʪʦʢʩʠʛʨʫʧʧ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

ʭʘʣʢʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ.  

- ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ, ʩʪʨʫʢʪʫʨʥʦʧʦʜʦʙʥʳʝ ʘʫʨʦʥʘʤ ʠ ʭʘʣʴʢʦʥʘʤ 

(ʩʦʝʜʠʥʝʥʠʷ 226-228, 246-251, 257), ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ 

ʦʪʥʦʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʦʧʫʭʦʣʝʚʳʭ ʣʠʥʠʡ ʢʣʝʪʦʢ ʢʨʦʚʠ.  

- ʦʙʥʘʨʫʞʝʥ ʥʦʚʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʘʟʠʥʦʪʠʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ 

(ʩʦʝʜʠʥʝʥʠʷ 201-204, 207), ʦʙʣʘʜʘʶʱʠʭ ʚʳʜʘʶʱʝʡʩʷ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʧʘʨʘʮʠʦʥʥʦʤʫ ʬʝʨʤʝʥʪʫ Tdp1, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʚʳʩʦʢʦʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ ʨʘʢʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ Top1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʯʝʨʝʟ ʟʘʤʝʥʫ ʛʠʜʨʘʟʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʘʤʠʥʥʳʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʠʥʛʠʙʠʨʫʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ. 

- ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ, ʩʦʜʝʨʞʘʱʠʝ ʝʥʘʤʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤ 

ʟʘʤʝʩʪʠʪʝʣʝʤ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʠʥʛʠʙʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ Tdp1, ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ (+)-72 ʧʦʜʪʚʝʨʞʜʸʥ ʚʳʨʘʞʝʥʥʳʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʜʝʡʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤ ʘʥʪʠʥʝʦʧʣʘʩʪʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʢʘʤʧʦʪʝʮʠʥʦʤ ʥʘ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ MDA (ʨʘʢ ʛʨʫʜʠ), ʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ (+)-55 ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ MCF. 

ɺʳʷʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʝʥʘʤʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

- ʚʳʷʚʣʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ, ʦʙʣʘʜʘʶʱʠʝ ʩʝʣʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʇɸʈʇ1 ʠʣʠ ɓ-ʧʦʣʠʤʝʨʘʟ.r  

- ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʋʂ: 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʋʂ, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʪʠʘʟʦʣʴʥʳʡ (ʩʦʝʜʠʥʝʥʠʷ 
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(+)-193 ʠ (-)-193) ʠ ʬʫʨʠʣʠʜʝʥʬʫʨʘʥʦʥʦʚʳʡ (ʩʦʝʜʠʥʝʥʠʷ (+)-261 ʠ (-)-261) ʬʨʘʛʤʝʥʪʳ. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʥʦʚʴ ʚʚʝʜʸʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʚ 

ʦʪʥʦʰʝʥʠʠ ʤʠʢʦʙʘʢʪʝʨʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʧʝʨʚʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʪʠʘʟʦʣʝ ʥʘ 

ʚʪʦʨʠʯʥʫʶ ʘʤʠʥʦʛʨʫʧʧʳ, ʘʣʢʠʣʴʥʳʝ ʠʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʟʘʤʝʥʘ ʬʫʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚ ʬʫʨʠʣʠʜʝʥʬʫʨʘʥʦʥʦʚʦʤ 

ʧʨʦʠʟʚʦʜʥʦʤ ʥʘ ʙʝʥʟʦʣʴʥʦʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʘʢʪʠʚʥʦʩʪʠ. ʉʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ (-)-261 ʧʨʠʚʝʣʦ ʢ ʧʨʦʜʦʣʞʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʘʢʪʘ ˉ 12411.1008799.13.002 

ʦʪ 25 ʘʧʨʝʣʷ 2012 ʛ. çɼʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳè, ʐʠʬʨ ç2.1 

ʂʠʩʣʦʪʘ 2012è 

- ʥʘʡʜʝʥʳ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʋʂ, ʧʦʟʚʦʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦ ʧʦʚʳʰʘʪʴ 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʥʝʪʦʢʩʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ. 

- ʚʳʷʚʣʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʋʂ - ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʠʥʝʨʛʠʩʪ rʵʥʪʦʤʦʧʘʪʦʛʝʥʥʦʛʦ ʛʨʠʙʘ B. 

bassiana. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʩʠ ʧʦʣʠʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ï (+)-130 ʠ (+)-131, 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʠʯʠʥʦʢ ʢ ʵʥʪʦʤʦʧʘʪʦʛʝʥʥʦʤʫ ʛʨʠʙʫ. 

ɺʳʷʚʣʝʥʥʦʝ ʩʦʯʝʪʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʪʠʚ ʣʠʯʠʥʦʢ ʢʦʣʦʨʘʜʩʢʦʛʦ ʞʫʢʘ.  

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʤʠ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ
: 276, 329, 311, 330, 265, 331, 278, 312, 332, 333, 334, 335, 336, 337

. 
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5. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

 

(+)-ʋʩʥʠʥʦʚʫʶ ʢʠʩʣʦʪʫ 1 { [Ŭ]D
20 

+478 (c 0.1; CHCl3)} ʚʳʜʝʣʷʣʠ ʠʟ ʩʤʝʩʠ ʣʠʰʘʡʥʠʢʦʚ 

ʨʦʜʘ Usnea, (-)-ʫʩʥʠʥʦʚʫʶ ʢʠʩʣʦʪʫ { [Ŭ]D
20

 -458 (c 0.1; CHCl3)}  ʚʳʜʝʣʷʣʠ ʠʟ ʣʠʰʘʡʥʠʢʘ 

Cladonia Stellaris ʧʦ ʤʝʪʦʜʠʢʝ
255

. 

 

ʆʧʪʠʤʠʟʘʮʠʷ ʚʳʜʝʣʝʥʠʷ (-)-ʋʂ ʠ (+)-ʋʂ 

 

ʉʥʘʯʘʣʘ ʚʦʟʜʫʰʥʦ-ʩʫʭʫʶ ʧʦʨʮʠʶ ʣʠʰʘʡʥʠʢʘ ʠʟʤʝʣʴʯʘʣʠ ʥʘ ʥʦʞʝʚʦʡ ʤʝʣʴʥʠʮʝ 

(ʤʦʱʥʦʩʪʴ 4 ʢɺʪ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 1400 ʦʙ/ʤʠʥ, ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʚ ʩʤʝʥʥʦʡ 

ʨʝʰʝʪʢʝ, ʨʝʛʫʣʠʨʫʶʱʝʡ ʠʟʤʝʣʴʯʝʥʠʝ ï 10 ʤʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 20-50 ʢʛ/ʯʘʩ). 

ʇʦʣʫʯʝʥʥʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʳʨʴʝ ʟʘʛʨʫʞʘʣʠ ʚ ʘʧʧʘʨʘʪ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ (ʦʙʲʝʤ 100 ʣ, 

ʵʤʘʣʠʨʦʚʘʥʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʦʛʨʝʚ ʧʘʨʦʤ) ʠ ʜʚʘʞʜʳ ʢʠʧʷʪʠʣʠ ʩ ʭʣʦʨʦʬʦʨʤʦʤ. 

1 ʵʢʩʪʨʘʢʮʠʷ. ɿʘʛʨʫʟʢʘ 8.7 ʢʛ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʣʠʰʘʡʥʠʢʘ ʟʘʛʨʫʞʘʣʠ ʚ ʘʧʧʘʨʘʪ, ʟʘʣʠʚʘʣʠ 

63 ʣ ʭʣʦʨʦʬʦʨʤʘ, ʢʠʧʷʪʠʣʠ 3 ʯʘʩʘ. ɿʘʪʝʤ ʭʣʦʨʦʬʦʨʤ ʩʣʠʚʘʣʠ (ʙʳʣʦ ʩʣʠʪʦ 58 ʣ), ʦʪʦʛʥʘʣʠ ʠʟ 

ʩʣʠʪʦʛʦ ʵʢʩʪʨʘʢʪʘ 53 ʣ ʥʘ ʧʝʨʝʛʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʦʙʲʝʤ 63 ʣ, ʵʤʘʣʠʨʦʚʘʥʥʘʷ ʚʥʫʪʨʝʥʥʷʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʦʛʨʝʚ ʧʘʨʦʤ). ʂʫʙʦʚʳʡ ʦʩʪʘʪʦʢ ʩʦʩʪʘʚʠʣ 1.5 ʣ (ʧʦʪʝʨʷ 3.5 ʣ). 

2 ʵʢʩʪʨʘʢʮʠʷ. ʅʝ ʚʳʛʨʫʞʘʷ ʠʟ ʘʧʧʘʨʘʪʘ ʩʳʨʴʝ, ʟʘʣʠʚʘʣʠ 53 ʣ ʭʣʦʨʦʬʦʨʤʘ, ʢʠʧʷʪʠʣʠ 3 

ʯʘʩʘ. ʍʣʦʨʦʬʦʨʤ ʩʣʠʚʘʣʠ (ʙʳʣʦ ʩʣʠʪʦ 53 ʣ), ʦʪʦʛʥʘʣʠ ʠʟ ʩʣʠʪʦʛʦ ʵʢʩʪʨʘʢʪʘ 50 ʣ ʥʘ 

ʧʝʨʝʛʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʂʫʙʦʚʳʡ ʦʩʪʘʪʦʢ ʩʦʩʪʘʚʠʣ 1.5 ʣ (ʧʦʪʝʨʷ 1.5 ʣ). ʆʙʱʘʷ ʧʦʪʝʨʷ 

ʭʣʦʨʦʬʦʨʤʘ ʧʦʩʣʝ ʜʚʫʭ ʵʢʩʪʨʘʢʮʠʡ ʩʦʩʪʘʚʠʣʘ 13 ʣ. 

ʂʫʙʦʚʳʝ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʜʚʫʭ ʵʢʩʪʨʘʢʮʠʡ ʦʙʲʝʜʠʥʷʣʠ, ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʙʫʤʘʞʥʳʡ 

ʬʠʣʴʪʨ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʬʠʣʴʪʨʦʚʘʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ 

ʠʩʧʘʨʠʪʝʣʝ ʜʦ ʦʙʲʝʤʘ 1 ʣ. ʋʂ ʦʩʘʞʜʘʣʘʩʴ ʠʟ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʫʪʝʤ 

ʜʦʙʘʚʣʝʥʠʷ ʪʨʝʭ ʦʙʲʝʤʦʚ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (3 ʣ). ʇʦ ʠʩʪʝʯʝʥʠʠ ʩʫʪʦʢ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʯʝʨʝʟ ʙʫʤʘʞʥʳʡ ʬʠʣʴʪʨ ʠ ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ.  

ɺʳʜʝʣʷʣʠ 155.4 ʛ (-)-ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 1.78% ʦʪ ʤʘʩʩʳ ʩʳʨʴʷ. ŬD
23 

= -

457 (c=0.6, CHCl3).  

ɺʳʜʝʣʷʣʠ 310.8 ʛ (+)-ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 3.57% ʦʪ ʤʘʩʩʳ ʩʳʨʴʷ. ŬD
23 

= 

+483 (c=0.6, CHCl3).  

ʂʦʥʪʨʦʣʴ ʯʠʩʪʦʪʳ ʧʦʣʫʯʝʥʥʦʡ ʋʂ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ). ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ 

ʘʪʪʝʩʪʦʚʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ: ʭʨʦʤʘʪʦʛʨʘʬ ʞʠʜʢʦʩʪʥʦʡ ʤʠʢʨʦʢʦʣʦʥʦʯʥʳʡ çʄʠʣʠʭʨʦʤ ɸ-

02è, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʦʙʲʝʜʠʥʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʨʘʟʜʝʣʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʩʤʝʩʝʡ ʚʝʱʝʩʪʚ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʤʠʢʨʦʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʦʣʦʥʢʫ 2Ĭ75 ʤʤ, ʟʘʧʦʣʥʝʥʥʫʶ ʩʦʨʙʝʥʪʦʤ 

ProntoSIL-120-5-C18 AQ (BISCHOF) ʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʫʶ ʧʨʠ 35 Áʉ. ɼʝʪʝʢʮʠʶ 

ʦʩʫʱʝʩʪʚʣʷʣʠ  ʚ ʤʥʦʛʦʚʦʣʥʦʚʦʤ ʨʝʞʠʤʝ (210, 220, 240, 260, 280, 300, 320, 360 ʥʤ), ʘ ʧʦʩʣʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʩʧʝʢʪʨʘ ʚ ʧʨʦʮʝʩʩʝ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚʝʱʝʩʪʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʠʥʳ ʚʦʣʥ 240, 260, 280 ʥʤ. ʕʣʶʝʥʪ: ɸ ï 0.1% ʊʌʋ (ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ), ɹ ï ʤʝʪʠʣʦʚʳʡ ʩʧʠʨʪ, ʩʢʦʨʦʩʪʴ ʵʣʶʠʨʦʚʘʥʠʷ 150 ʤʢʣ/ʤʠʥ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʠʟʦʢʨʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʵʣʶʮʠʠ ï 80% ʤʝʪʠʣʦʚʳʡ ʩʧʠʨʪ ï 0.1% ʊʌʋ. 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ ʚʳʜʝʣʝʥʥʦʡ (+)-ʋʂ ʩʦʩʪʘʚʠʣʘ 99.9%. 

ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʜʘʥʘ ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʥʘ 

ʦʩʥʦʚʝ ʦʙʱʝʧʨʠʥʷʪʦʡ ʥʫʤʝʨʘʮʠʠ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʫʩʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʫʤʝʨʘʮʠʝʡ ʘʪʦʤʦʚ ʚ ʥʦʤʝʥʢʣʘʪʫʨʥʦʤ ʥʘʟʚʘʥʠʠ.  

 

 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ (+)-ʋʂ. ɼʣʷ ʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ (-)-ʋʂ ʧʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ 

ʥʦʤʝʥʢʣʘʪʫʨʥʳʝ ʥʘʟʚʘʥʠʷ ʠ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ. 

 

Aʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʍʠʤʠʯʝʩʢʦʤ 

ʉʝʨʚʠʩʥʦʤ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʉʆ ʈɸʅ.  

ʉʧʝʢʪʨʳ ʗʄʈ 
1
ʅ ʠ 

13
ʉ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ AV-400 ʬʠʨʤʳ Brukʝr ʩ ʨʘʙʦʯʝʡ 

ʯʘʩʪʦʪʦʡ 400.13 ʄɻʮ ʜʣʷ 
1
H ʠ  100.61 ʄɻʮ ʜʣʷ 

13
ʉ, DRX-500 ʬʠʨʤʳ Brukʝr ʩ ʨʘʙʦʯʝʡ 

ʯʘʩʪʦʪʦʡ 500.13 ʄɻʮ ʜʣʷ 
1
H ʠ  125.76 ʄɻʮ ʜʣʷ 

13
ʉ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʚʝʱʝʩʪʚ ʚ CDCl3. ɺ 

ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʛʥʘʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʭʣʦʨʦʬʦʨʤʘ (ŭH 7.24 

ʤ.ʜ., ŭC 76.90 ʤ.ʜ.). ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʗʄʈ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 

ʩʧʝʢʪʨʦʚ ʗʄʈ 
1
H ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʚ ʜʚʦʡʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

1
H-

1
H ʠ ʜʚʫʤʝʨʥʳʭ 

ʩʧʝʢʪʨʦʚ ʛʦʤʦʷʜʝʨʥʦʡ 
1
H-

1
H ʢʦʨʨʝʣʷʮʠʠ (

1
H-

1
H COSY), ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʗʄʈ 

13
ʉ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʚʫʤʝʨʥʦʡ ʛʝʪʝʨʦʷʜʝʨʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
13

C-
1
H COSY (

1
JC,H 

160 ɻʮ) ʠ COLOC (
2,3

JC,H 10 ɻʮ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʧʨʷʤʳʭ ʂʉʉɺ 
1
JC,H ʟʘʧʠʩʳʚʘʣʠ 

ʩʧʝʢʪʨ ʤʦʥʦʨʝʟʦʥʘʥʩʘ. ʄʫʣʴʪʠʧʣʝʪʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 
13
C ʦʧʨʝʜʝʣʷʣʠ ʧʦ 
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ʩʧʝʢʪʨʘʤ, ʟʘʧʠʩʘʥʥʳʤ ʚ ʨʝʞʠʤʝ J-ʤʦʜʫʣʷʮʠʠ (JMOD). ʉʧʝʢʪʨʳ ʗʄʈ 
19

F ʧʦʣʫʯʝʥʳ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʝ çBruker WP 400 SYè (188 ʄʛʮ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʫʪʨʝʥʥʠʭ ʵʪʘʣʦʥʦʚ ɻʄɼʉ, 

C6F6. ʄʘʩʩ-ʩʧʝʢʪʨʳ (ʵʥʝʨʛʠʷ ʠʦʥʠʟʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ 70 ʵɺ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ DFS Thʝrmo Sciʝntific. ʀʂ-ʩʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʝ Vector22 (KBr). ʊʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʠʟʤʝʨʷʣʠ ʥʘ ʩʪʦʣʠʢʝ ʂʦʬʣʝʨʘ. 

ʋʜʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʚʳʨʘʞʝʥʦ ʚ (ʛʨʘʜĿʤʣ)Ŀ(ʛĿʜʤ)
-1
, ʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʚ ʛĿ(100 ʤʣ)

-1
.  

ʂʦʥʪʨʦʣʴ ʨʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʊʉʍ ʠ ʧʦ ʩʧʝʢʪʨʘʤ ʗʄʈ 
1
ʅ. ɼʣʷ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʠʣʠʢʘʛʝʣʴ Merck (70-230ɛ). ʊʦʥʢʦʩʣʦʡʥʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʧʣʘʩʪʠʥʢʘʭ Sorbfil (UV 254). ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʜʘʥʘ ʜʣʷ 

ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʠ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʫʤʝʨʘʮʠʝʡ ʘʪʦʤʦʚ ʚ 

ʥʦʤʝʥʢʣʘʪʫʨʥʦʤ ʥʘʟʚʘʥʠʠ. 

 

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 55-63. 

ʂ 1 ʤʤʦʣʴ ʋʂ 1 ʜʦʙʘʚʠʣʠ 1.1 ʤʤʦʣʴ ʘʤʠʥʘ ʠ ʨʘʩʪʚʦʨʠʣʠ ʩʤʝʩʴ ʚ 12 ʤʣ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ. ʂʠʧʷʪʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ 2-3 ʯʘʩʘ. ʆʭʣʘʜʠʣʠ, ʜʦʙʘʚʠʣʠ 10 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ. ɽʩʣʠ ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ, ʪʦ ʝʛʦ ʦʪʬʠʣʴʪʨʦʚʚrʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ɽʩʣʠ ʦʩʘʜʦʢ ʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʠʣʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ, ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʭʣʦʨʦʬʦʨʤʦʤ 

ʪʨʠ ʨʘʟʘ, ʵʢʩʪʨʘʢʪ ʩʫʰʠʣʠ ʥʘʜ MgSO4 ʙ/ʚ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʛʦʥʷʣʠ ʥʘ ʚʘʢʫʫʤʥʦʤ ʨʦʪʘʮʠʦʥʥʦʤ 

ʠʩʧʘʨʠʪʝʣʝ. ʇʦʣʫʯʝʥʥʳʝ ʦʩʘʜʦʢ ʠʣʠ ʵʢʩʪʨʘʢʪ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ ʩʠʣʠʢʘʛʝʣʝʤ 

(60-200ɛ), ɻ ʣʶʝʥʪ  - ʛʨʘʜʠʝʥʪ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʦʪ 0 ʜʦ 10%.  

(R,E)-6-ʘʮʝʪʠʣ-2-(1-(3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ-ʧʨʦʧʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ)-

7,9-ʜʠʛʠʜʨʦʢʩʠ-8,9b-ʜʠʤʝʪʠʣʜʠʙʝʥʟʦ[b,d]ʬʫʨʘʥ-1,3(2H,9bH)-ʜʠʦʥ (+)-55. ʉʚʝʪʣʦ-ʞy ʣʪʳʡ 

ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 91%, ʪ. ʧʣ. 83-87
0
ʉ, [Ŭ]D

29
 +228 (c 0.24, 

CHCl3). ʀʂ ʩʧʝʢʪʨ (n, ʩʤ
-1

): 1057, 1139, 1189, 1289, 

1371, 1435, 1469, 1557, 1699, 2955, 3433, 3635. 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 1.43 (18ʅ, ʩ, 

ʅ-tBu), 1.69 (3ʅ, ʩ, ʅ-15), 2.03 (2ʅ, ʤ, ʅ-17), 2.09 

(3ʅ, ʩ, ʅ-10), 2.58 (3H, ʩ, ʅ-12), 2.67 (3H, ʩ, ʅ-14), 

2.68 (2H, ʪ, J = 7.5, ʅ-18), 3.46 (2H, ʜ.ʪ, J = 7.2 ʠ 6.4, ʅ-16), 5.10 (1ʅ, ʩ, ʆʅ-4 )̀, 5.78 (1ʅ, ʩ, H-

4), 6.96 (2ʅ, c, ʅ-2  ̀ʠ ʅ-6`), 12.04 (ʩ, OH-9), 13.36 ʠ 13.53 (ʩ ʠ ʰ.ʩ, NH ʠ OH-7). ʗʄʈ 
13
ʉ 

(CDCl3, d, ʤ.ʜ.): 7.3 (ʉ-10), 18.1 (ʉ-12), 30.2 (6ʉ-tBu), 30.5 (ʉ-17), 31.0 (ʉ-14), 31.8 (ʉ-15), 

32.5 ʠ 34.2 (ʉ-16,ʉ-18), 43.1 (2ʉ-tBu), 55.5 (ʉ-9b), 101.3 (ʉ-6), 102.4 (ʉ-4), 102.4 (ʉ-2), 105.9 

(ʉ-9a), 107.8 (ʉ-8), 124.6 (ʉ-2`
 
ʠ C-6`), 130.4 (ʉ-1`), 136.2 (ʉ-5`

 
ʠ C-3`), 152.2 (ʉ-4 )̀, 155.8 (C-
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5a), 158.3 (ʉ-9), 163.4 (ʉ-7), 173.9 (ʉ-11), 174.7 (ʉ-4a), 189.9 (ʉ-3), 198.1 (ʉ-1), 200.5 (ʉ-13). 

ʅʘʡʜʝʥʦ: m/z  589.3027 [M]
+
 C35H43O7N. ɺʳʯʠʩʣʝʥʦ: ʄ = 589.3034 

(S,E)-6-ʘʮʝʪʠʣ-2-(1-(3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ-ʧʨʦʧʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ)-

7,9-ʜʠʛʠʜʨʦʢʩʠ-8,9b-ʜʠʤʝʪʠʣʜʠʙʝʥʟʦ[b,d]ʬʫʨʘʥ-1,3(2H,9bH)-ʜʠʦʥ (-)-55 [Ŭ]D
29

 -223 (c 0.22, 

CHCl3). 

(R,E)-6-ʘʮʝʪʠʣ-2-(1-(3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʠʣʵʪʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ)-7,9-

ʜʠʛʠʜʨʦʢʩʠ-8,9b-ʜʠʤʝʪʠʣʜʠʙʝʥʟʦ[b,d]ʬʫʨʘʥ-1,3(2H,9bH)-ʜʠʦʥ (+)-56. ʉʚʝʪʣʦ-ʞy ʣʪʳʡ 

ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 93%, ʪ. ʧʣ. 103-105
0
ʉ. [Ŭ]D

30
 +202 (c 0.24, 

CHCl3). ʀʂ ʩʧʝʢʪʨ (n, ʩʤ
-1

): 1072, 1119, 1189, 1290, 

1343, 1468, 1557, 1626, 1700, 2956, 3633. ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 1.42 (18ʅ, ʩ, ʅ-tBu), 1.68 (3ʅ, 

ʩ, ʅ-15), 2.08 (3ʅ, ʩ, ʅ-10), 2.46 (3ʅ, ʩ, ʅ-12), 2.66 (3ʅ, 

ʩ, ʅ-14), 2.91 (2ʅ, ʪ, J = 7.1, ʅ-17), 3.68 (2ʅ, ʜ.ʪ, J = 6.1 

ʠ 7.1, ʅ-16), 5.17 (1ʅ, ʩ, ʆʅ-4 )̀, 5.78 (1ʅ, ʩ, H-4), 6.99 (2ʅ, c, H-2`ʠ H-6`), 12.08 (1ʅ, c, ʆʅ-9), 

13.36 ʠ 13.59 (1ʅ ʠ1ʅ, ʩ ʠ h.ʩ, NH ʠ OH-7). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.3 (ʉ-10), 18.0 (ʉ-12), 

30.1 (6ʉ-tBu), 31.1 (ʉ-14), 31.8 (ʉ-15), 34.2 (ʉ-17), 35.4 (ʉ-16), 45.9 (2ʉ-tBu), 55.7 (ʉ-9b), 

101.5 (ʉ-6), 102.4 (ʉ-4), 102.9 (ʉ-2), 106.0 (ʉ-9a), 107.8 (ʉ-8), 125.2 (ʉ-2`
 
ʠ C-6 )̀, 127.5 (ʉ-1 )̀, 

136.3 (ʉ-5`
 
ʠ C-3 )̀, 155.7 (ʉ-4 )̀, 152.8 (C-5a), 158.2 (ʉ-9), 163.3 (ʉ-7), 174.0 (ʉ-11), 174.7 (ʉ-

4a), 189.9 (ʉ-3), 198.3 (ʉ-1), 200.5 (ʉ-13). ʅʘʡʜʝʥʦ: m/z  575.2895 [M]
+
 C34H41O7N. ɺʳʯʠʩʣʝʥʦ: 

ʄ = 575.2883. 

(E)-6-ʘʮʝʪʠʣ-2-(1-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣʵʪʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ)-7,9-ʜʠʛʠʜʨʦʢʩʠ-8,9b-

ʜʠʤʝʪʠʣʜʠʙʝʥʟʦ[b,d]ʬʫʨʘʥ-1,3(2H,9bH)-ʜʠʦʥ (+)-57. ɾʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 78%, ʪ. ʧʣ. 115-117
0
ʉ. [Ŭ]D

28
 +254 (c 0.22, 

CHCl3). ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 1.70 (3ʅ, ʩ, 

ʅ-15), 2.11 (3ʅ, ʩ, ʅ-10), 2.57 (3ʅ, ʩ, ʅ-12), 2.67 (3ʅ, ʩ, ʅ-

14), 2.96 (2ʅ, ʪ, J = 6.7, ʅ-17), 3.73 (2ʅ, ʜ.ʪ, J = 6.7 ʠ 5.5, ʅ-

16), 5.81 (1ʅ, ʩ, H-4), 6.81 (2ʅ, ʜ, J = 8.3, H-3`ʠ H-5`), 7.11 

(2ʅ, ʜ, J = 8.3, H-2`ʠ H-6`), 11.89 (1ʅ, c, ʆʅ-9), 13.22 (1ʅ, 

ʰ.ʩ, NH ), 13.59 (1ʅ, ʩ, OH-7). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.27 (ʉ-10), 18.15 (ʉ-12), 31.04 (ʉ-

14), 31.76 (ʉ-15), 34.11 (ʉ-17), 45.54 (ʉ-16), 57.01 (ʉ-9b), 101.15 (ʉ-6), 102.03 (ʉ-4), 102.60 

(ʉ-2), 104.81 (ʉ-9ʘ), 107.84 (ʉ-8), 115.70 (ʉ-3`
 
ʠ C-5`), 129.68 (ʉ-1`), 129.68 (ʉ-2`

 
ʠ C-6`), 

155.11 (ʉ-4`), 155.64 (C-5a), 158.00 (ʉ-9), 163.25 (ʉ-7), 174.80 (ʉ-11), 174.7 (ʉ-4a), 189.9 (ʉ-3), 

198.14 (ʉ-1), 200.53 (ʉ-13). ʅʘʡʜʝʥʦ: m/z  463.1620 [M]
+
 C26H25O7N. ɺʳʯʠʩʣʝʥʦ: ʄ = 

463.1626. 
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 (E)-6-ʘʮʝʪʠʣ-2-(1-(1,5-ʜʠʤʝʪʠʣ-3-ʦʢʩʦ-2-ʬʝʥʝʪʠʣ-2,3-ʜʠʛʠʜʨʦ-1H-ʧʠʨʘʟʦʣ-4-

ʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ)-7,9-ʜʠʛʠʜʨʦʢʩʠ-8,9b-ʜʠʤʝʪʠʣʜʠʙʝʥʟʦ[b,d]ʬʫʨʘʥ-1,3(2H,9bH)-ʜʠʦʥ 

(+)-58. ɾʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 72%, ʪ. ʧʣ. 195
0
ʉ. [Ŭ]D

28
 +220 (c 0.38, 

CHCl3). ʀʂ ʩʧʝʢʪʨ (n, ʩʤ
-1

): 891, 1069, 1133, 1272, 

1362, 1545, 1706, 2924, 3436.ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ 

(CDCl3, d, ʤ.ʜ., J ɻʮ): 1.77 (3ʅ, ʩ, ʅ-15), 2.11 (3ʅ, 

ʩ, ʅ-10), 2.33 (3ʅ, ʩ, ʅ-19), 2.72 (6H, ʩ, 3ʅ-12 ʠ 

3ʅ-14), 3.24 (3ʅ, ʩ, ʅ-20), 5.88 (1ʅ, ʩ, H-4), 7.42 ʠ 7.52 (3ʅ, ʤ ʠ 2H, ʤ, H-ʘʨʦʤ), 11.83 (1ʅ, ʩ, 

ʆʅ-9), 13.38 (1ʅ, ʩ, ʆʅ-7), 14.31 (1H, ʰ.c, NH). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.0 (ʉ-10), 10.4 (ʉ-

19), 20.0 (ʉ-12), 30.8 (ʉ-14), 30.4 (ʉ-15), 35.2 (ʉ-20), 57.1 (ʉ-9b), 100.9 (ʉ-6), 101.8 (ʉ-4), 

102.8 (ʉ-2), 104.6 (ʉ-16), 107.4 (ʉ-9a), 107.7(ʉ-8), 124.3 (ʉ-5`
 
ʠ C-3`), 127.3 (ʉ-4`), 129.1 (ʉ-6  ̀

ʠ C-2`), 133.6 (ʉ-7`), 149.0 (ʉ-17), 155.3 (ʉ-5a), 157.8 (ʉ-9), 159.7 (ʉ-18), 163.1 (ʉ-7), 174.3 (ʉ-

11), 176.3 (ʉ-4a), 190.6 (ʉ-3), 198.2 (ʉ-1), 200.2 (ʉ-13). ʅʘʡʜʝʥʦ: m/z  529.1845 [M]
+
 C29H27O7 

N3. ɺʳʯʠʩʣʝʥʦ: ʄ = 529.1844. 

(R,E)-6-ɸʮʝʪʠʣ-7,9-ʜʠʛʠʜʨʦʢʩʠ-8,9b-ʜʠʤʝʪʠʣ-2-(1-(2`,2`,3`,3-̀

ʪʝʪʨʘʬʪʦʨʦʧʨʦʧʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ)ʜʠʙʝʥʟʦ[b,d]ʬʫʨʘʥ-1,3-ʜʠʦʥ (+)-59 ɾʸʣʪʳʡ ʘʤʦʨʬʥʳʡ 

ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 92%; ʪ. ʧʣ. 155ÁC, [Ŭ]D +324 (c 0.34, 

CHCl3). ʀʂ ʩʧʝʢʪʨ (KBr, n, ʩʤ
-1

): 1061, 1103, 1288, 

1373, 14601, 1560, 1630, 1699, 2989, 3016. ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 1.74 (3ʅ, ʩ, ʅ-15), 2.13 (3ʅ, ʩ, 

ʅ-10), 2.65 (3ʅ, ʩ, ʅ-14), 2.68 (3ʅ, ʩ, ʅ-12), 3.75 (1H, ʩ, 

N-H), 4.11 (2H, ʤ, H-16), 5.85 (1H, ʩ, ʅ-4), 5.97 (1H, ʤ, 

H-18), 11.57 (1H, ʩ, 9-ʆʅ), 13.34 (1H, ʩ, 7-ʆʅ). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.4 (ʉ-10), 17.9 (ʉ-

12), 31.1 (ʉ-15), 31.7 (ʉ-14), 41.9 (ʤ, C-16), 57.5 (ʉ-9b), 101.3 (ʉ-4), 102.0 (ʉ-6), 103.1 (ʉ-9ʘ), 

108.1 (ʉ-8), 109.6 (ʉ-2), 115.2 (ʉ-18, ʪʪ, 
1
JC-F=240), 110.2 (ʉ-17, ʪʪ, 

1
JC-F=250), 155.6 (ʉ-5a), 

157.9 (ʉ-9), 163.4 (ʉ-7), 174.5 (ʉ-4ʘ), 176.5 (C-11), 190.9 (C-3), 198.7 (ʉ-1), 200.6 (ʉ-13. 

ʅʘʡʜʝʥʦ: m/z  457.1141; [M]
+
 C21H19O6N1F4. ɺʳʯʠʩʣʝʥʦ: 457.1143. 

(S,E)-6-ɸʮʝʪʠʣ-7,9-ʜʠʛʠʜʨʦʢʩʠ-8,9b-ʜʠʤʝʪʠʣ-2-(1-(2`,2 ,̀3`,3 -̀

ʪʝʪʨʘʬʪʦʨʦʧʨʦʧʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ)ʜʠʙʝʥʟʦ[b,d]ʬʫʨʘʥ-1,3-ʜʠʦʥ (-)-59, [Ŭ]D
26

 -320 (c 0.3; 

CHCl3); 

(2R,4E)-10-ʘʮʝʪʠʣ-4-(1-{[2-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʵʪʠʣ]ʘʤʠʦ}ʵʪʠʣʠʜʝʥ)-11,13-ʜʠʛʠʜʨʦʢʩʠ-

2,12-ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ (+)-60. 

ɾʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 
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ɺʳʭʦʜ 86 %, ʪ. ʧʣ. 84
0
ʉ. [Ŭ]D +290 (c 0.685; CHCl3). 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 1.67 (3ʅ, ʩ, ʅ-15), 2.06 

(3ʅ, ʩ, ʅ-10), 2.31 (6ʅ, ʩ, 3ʅ-18 ʠ 3ʅ-19), 2.61 ʠ 2.64 (6ʅ, ʩ, 

3ʅ-12 ʠ 3ʅ-14), 2.60 (2H, ʪ, J = 6.0, 2ʅ-17), 3.50 (2H, ʜ.ʪ, J = 

5.7, J = 6.0, ʅ-16), 5.75 (1ʅ, ʩ, H-4), 12.02 (1ʅ, ʰ.ʩ, ʆʅ-9), 

13.33 (1ʅ, ʰ.ʩ ʠ 1ʅ, ʰ.ʩ, NH ʠ OH-7). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.0 (ʉ-10), 18.3 (ʉ-12), 30.8 

(ʉ-14), 31.5 (ʉ-15), 41.6 (ʉ-16), 44.9 (ʉ-18 ʠ ʉ-19), 56.7 (ʉ-17), 59.0 (ʉ-9b), 102.1 (ʉ-4), 100.9 

(ʉ-6), 101.2 (ʉ-2), 104.7 (ʉ-9a), 107.4 (ʉ-8), 155.5 (ʉ-5ʘ), 157.9 (ʉ-9), 163.0 (ʉ-7), 173.5 (ʉ-11), 

174.0 (ʉ-4ʘ), 192.1 (ʉ-3), 197.5 (ʉ-1), 200.2 (ʉ-13). ʅʘʡʜʝʥʦ: m/z  414.1796 [M]
+
 C22H26O6N2. 

ɺʳʯʠʩʣʝʥʦ: ʄ = 414.1791.  

(2S,4E)-10-ʘʮʝʪʠʣ-4-(1-{[2-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʵʪʠʣ]ʘʤʠʥʦ}ʵʪʠʣʠʜʝʥ)-11,13-

ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-

ʜʠʦʥ (-)-60. [Ŭ]D -279Á (c 0.370; CHCl3). 

(2R,4E)-10-ʘʮʝʪʠʣ-4-(1-{[2-(ʜʠʵʪʠʣʘʤʠʥʦ)ʵʪʠʣ]ʘʤʠʦ}ʵʪʠʣʠʜʝʥ)-11,13-ʜʠʛʠʜʨʦʢʩʠ-

2,12-ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ (+)-61. 

ɾʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 88 %, ʪ. ʧʣ. 68
0
ʉ. [Ŭ]D +366 (c 0.390; 

CHCl3). ʀʂ ʩʧʝʢʪʨ (n, ʩʤ
-1

): 841, 1061, 1287, 1370, 

1555, 1627, 1701, 2926, 3387. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, 

d, ʤ.ʜ., J ɻʮ): 1.16 (6ʅ, ʪ, J = 7.1, 3ʅ-19 ʠ 3ʅ-21), 1.73 

(3ʅ, ʩ, ʅ-15), 2.13 (3ʅ, ʩ, ʅ-10), 2.67 (6ʅ, ʩ, 3ʅ-12 ʠ 

3ʅ-14), 2.69 (4H; ʢʚ, J = 7.1, 2ʅ-18 ʠ 2H-20), 2.86 (2H, 

ʪ, J = 6.0, ʅ-17), 3.66 (2H, ʜ.ʪ, J = 5.7, J = 6.0, ʅ-16), 5.82 (1ʅ, ʩ, H-4), 12.01 (1ʅ, ʰ.ʩ, ʆʅ-9), 

13.36 ʠ 13.39 (1ʅ, ʩ ʠ 1ʅ, ʩ, NH ʠ OH-7). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.3 (ʉ-10), 11.5 (ʉ-19 ʠ ʉ-

21), 18.7 (ʉ-12), 31.8 (ʉ-14), 31.9 (ʉ-15), 42.3 (ʉ-16), 46.7 (ʉ-18 ʠ ʉ-20), 50.8 (ʉ-17), 59.0 (ʉ-

9b), 102.5 (ʉ-4), 101.2 (ʉ-6), 105.0 (ʉ-2), 105.1 (ʉ-9a), 107.7 (ʉ-8), 155.8 (ʉ-5ʘ), 158.2 (ʉ-9), 

163.7 (ʉ-7), 173.7 (ʉ-11), 174.3 (ʉ-4ʘ), 191.5 (ʉ-3), 197.9 (ʉ-1), 200.6 (ʉ-13). ʅʘʡʜʝʥʦ: m/z  

442.2110 [M]
+
 C24H30O6N2. ɺʳʯʠʩʣʝʥʦ: ʄ = 442.2098.  

(2S,4E)-10-ʘʮʝʪʠʣ-4-(1-{[2-(ʜʠʵʪʠʣʘʤʠʥʦ)ʵʪʠʣ]ʘʤʠʦ} ʪɻʠʣʠʜʝʥ)-11,13-ʜʠʛʠʜʨʦʢʩʠ-

2,12-ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ (-)-61. [Ŭ]D -

370Á (c 0.340; CHCl3). 

(2R,4E)-10-ʘʮʝʪʠʣ-4-(1-{[2-(ʜʠʵʪʠʣʘʤʠʥʦ)ʧʨʦʧʠʣ]ʘʤʠʦ}ʵʪʠʣʠʜʝʥ)-11,13-

ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-

ʜʠʦʥ (+)-62. ʉʚʝʪʣʦ-ʞy ʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 
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ɺʳʭʦʜ 98 %. [Ŭ]D +331 (c 0.278; CHCl3). ʉʧʝʢʪʨ 

ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 1.00 (6ʅ, ʪ, J = 7.0, ʅ-

20), 1.67 (3ʅ, ʩ, ʅ-15), 1.83 (2H, ʤ, H-17), 2.06 (3ʅ, ʩ, 

ʅ-10), 2.50 (6H, ʤ, 3H-18 ʠ 3ʅ-19), 2.61 (3ʅ, ʩ, ʅ-12), 

2.65 (3H, c, ʅ-14), 3.52 (2H; ʤ, ʅ-16), 5.75 (1ʅ, ʩ, H-4), 

11.98 (1ʅ, ʰ.ʩ, ʆʅ-9), 13.26 (1ʅ, ʰ.ʩ, NH), 13.34 (1ʅ, ʩ OH-7). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.3 

(ʉ-10), 11.5 (2ʉ-20), 18.1 (ʉ-12), 26.7 (C-17), 31.1 (ʉ-14), 31.8 (ʉ-15), 41.9 (ʉ-16), 46.6 (2ʉ-19), 

49.4 (ʉ-18), 56.8 (ʉ-9b), 101.2 (ʉ-2), 102.1 (ʉ-6), 102.4 (ʉ-4), 105.0 (ʉ-9a), 107.7 (ʉ-8), 155.8 

(ʉ-5ʘ), 158.2 (ʉ-9), 163.3 (ʉ-7), 173.8 (ʉ-11), 174.7 (ʉ-4ʘ), 189.8 (ʉ-3), 197.9 (ʉ-1), 200.5 (ʉ-

13). ʅʘʡʜʝʥʦ: m/z  456.2251 [M]
+
 C25H32O6N2. ɺʳʯʠʩʣʝʥʦ: ʄ = 456.2255.  

(2S,4E)-10-ʘʮʝʪʠʣ-4-(1-{[2-(ʜʠʵʪʠʣʘʤʠʥʦ)ʧʨʦʧʠʣ]ʘʤʠʦ}ʵʪʠʣʠʜʝʥ)-11,13-

ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-

ʜʠʦʥ (-)-62. [Ŭ]D -325Á (c 0.340; CHCl3). 

(2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-4-(1-{[2-(ʤʦʨʬʦʣʠʥ-4-

ʠʣ)ʧʨʦʧʠʣ]ʘʤʠʥʦ}ʵʪʠʣʠʜʝʥ)-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-

ʜʠʦʥ (+)-63. ʉʚʝʪʣʦ-ʞy ʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 97 %. [Ŭ]D +325 (c 0.450; CHCl3). ʉʧʝʢʪʨ 

ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 1.68 (3ʅ, ʩ, ʅ-15), 1.87 

(2H, ʤ, H-17), 2.07 (3ʅ, ʩ, ʅ-10), 2.44 (6H, ʤ, 3H-18 ʠ 

3ʅ-19), 2.63 (3ʅ, ʩ, ʅ-12), 2.65 (3H, c, ʅ-14), 3.52 (2H; 

ʤ, ʅ-16), 3.69 (4H, ʪ, J = 4.6, H-20), 5.76 (1ʅ, ʩ, H-4), 

11.95 (1ʅ, ʰ.ʩ, ʆʅ-9), 13.30 (1ʅ, ʰ.ʩ, NH), 13.34 (1ʅ, ʩ OH-7). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.3 

(ʉ-10), 18.1 (ʉ-12), 25.6 (C-17), 31.1 (ʉ-14), 31.8 (ʉ-15), 41.6 (ʉ-16), 53.5 (2ʉ-19), 55.1 (ʉ-18), 

56.8 (ʉ-9b), 66.7 (2ʉ-20), 101.2 (ʉ-2), 102.1 (ʉ-6), 102.3 (ʉ-4), 104.9 (ʉ-9a), 107.7 (ʉ-8), 155.7 

(ʉ-5ʘ), 158.1 (ʉ-9), 163.3 (ʉ-7), 173.8 (ʉ-11), 174.7 (ʉ-4ʘ), 189.9 (ʉ-3), 197.9 (ʉ-1), 200.5 (ʉ-

13). ʅʘʡʜʝʥʦ: m/z  470.2056 [M]
+
 C25H30O7N2. ɺʳʯʠʩʣʝʥʦ: ʄ = 470.2048.  

(2S,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-4-(1-{[2-(ʤʦʨʬʦʣʠʥ-4-

ʠʣ)ʧʨʦʧʠʣ]ʘʤʠʥʦ}ʵʪʠʣʠʜʝʥ)-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-

ʜʠʦʥ (-)-63. [Ŭ]D -320Á (c 0.440; CHCl3). 

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ  64, 66-68 

ʂ 1.1 ʤʤʦʣʴ ʘʤʠʥʦʚ 60-63 ʚ 10 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʜʦʙʘʚʠʣʠ 3 ʤʤʦʣʴ ʡʦʜʠʩʪʦʛʦ 

ʤʝʪʠʣʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ 3 ʩʫʪʦʢ, ʚʳʧʘʜʘʝʪ ʙʝʣʳʡ ʠʣʠ ʞʝʣʪʦʚʘʪʳʡ ʦʩʘʜʦʢ 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʭʣʦʨʦʬʦʨʤʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ.  
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  (2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-4-(1-{[2-

(ʪʨʠʤʝʪʠʣʘʤʠʥʦ)ʵʪʠʣ]ʘʤʠʥʦ}ʵʪʠʣʠʜʝʥ)-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-

ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ ʠʦʜʠʜ (+)-64. ɹʝʣʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 88 %. ʪ. ʧʣ. 240
0
ʉ. [Ŭ]D +203 (c 0.310; CH3ʆʅ). 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (DMSO-d6, d, ʤ.ʜ., J ɻʮ): 1.67 (3ʅ, ʩ, ʅ-15), 

1.98 (3ʅ, ʩ, ʅ-10), 2.64 (3ʅ, ʩ, ʅ-12), 2.66 (3ʅ, ʩ, ʅ-14), 3.17 

(9ʅ, ʩ, 3ʅ-18, 3ʅ-19, 3ʅ-20 ), 3.69 ( 2H, ʪ, J=6.0, ʅ-17), 4.08 

(2H, ʜ.ʪ, J=5.5 ʠ J=6.0, ʅ-16), 5.93 (1ʅ, ʩ, H-4), 12.15 (1ʅ, ʩ, 

ʆʅ-9), 13.07 (1ʅ, ʪ, J=5.5, NH), 13.41 (1ʅ, ʩ, OH-7). ʗʄʈ 

13
ʉ (CDCl3, d, ʤ.ʜ.): 7.5 (ʉ-10), 18.5 (ʉ-12), 31.1 ʠ 31.6 (ʉ-14 ʠ ʉ-15), 37.6 (ʉ-16), 52.8, (ʉ-18, 

ʉ-19, ʉ-20), 56.5 (ʉ-17), 62.8 (ʉ-9b), 100.9 (ʉ-6), 102.2 (ʉ-2), 102.4 (ʉ-4), 105.0 (ʉ-9a), 106.4 

(ʉ-8), 155.8 (ʉ-5ʘ), 157.6 (ʉ-9), 162.6 (ʉ-7), 173.2 (ʉ-11), 176.0 (ʉ-4ʘ), 188.9 (ʉ-3), 197.6 (ʉ-1), 

201.0 (ʉ-13). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ: ʅʘʡʜʝʥʦ, % : ʉ 50.80, ʅ 5.80, N 4.77, I 22.74. ɺʳʯʠʩʣʝʥʦ, % 

: ʉ 49.65, ʅ 5.25, N 5.03, I 22.81. C23H29IO6N2.  

 (2S,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-4-(1-{[2-

(ʪʨʠʤʝʪʠʣʘʤʠʥʦ)ʵʪʠʣ]ʘʤʠʥʦ}ʵʪʠʣʠʜʝʥ)-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-

ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ ʠʦʜʠʜ (-)-64. [Ŭ]D -201Á (c 0.146; CH3ʆʅ). 

 (2R,4E)-10-ʘʮʝʪʠʣ-4-[1-({2-[ʜʠʵʪʠʣ(ʤʝʪʠʣ)ʘʤʠʥʦ]ʵʪʠʣ}ʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ]- 

11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-

ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ ʠʦʜʠʜ (+)-66. ɹʝʣʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 64 %. ʪ. ʧʣ. 125
0
ʉ. [Ŭ]D +198 (c 0.164; 

CH3ʆʅ). ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (DMSO-d6, d, ʤ.ʜ., J ɻʮ): 1.22 

(6ʅ, ʪ, J=7.1, 3ʅ-19 ʠ 3ʅ-21), 1.60 (3ʅ, ʩ, ʅ-15), 1.90 (3ʅ, 

ʩ, ʅ-10), 2.57 (3ʅ, ʩ, ʅ-12), 2.64 (3ʅ, ʩ, ʅ-14), 3.05 (3ʅ, ʩ, 

ʅ-22), 3.38 (4H, ʢʚ, J=7.1, 2ʅ-18 ʠ 2ʅ-20), 3.59 ( 2H, ʪ, 

J=6.0, ʅ-17), 4.04 (2H, ʜ.ʪ, J=5.7 ʠ J=6.0, ʅ-16), 5.83 (1ʅ, 

ʩ, H-4), 12.06 (1ʅ, ʩ, ʆʅ-9), 12.97 ʠ 13.32 (1ʅ, ʩ, NH ʠ 1ʅ, ʩ, OH-7). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 

7.6 (ʉ-10), 7.7 (ʉ-19 ʠ ʉ-21), 18.6 (ʉ-12), 31.2 ʠ 31.8 (ʉ-14 ʠ ʉ-15), 37.2 (ʉ-16), 47.1 (ʉ-22), 

56.4, 56.6, 57.5 (ʉ-17, ʉ-18, ʉ-20), 59.0 (ʉ-9b), 100.1 (ʉ-6), 102.4 (ʉ-4), 102.4 (ʉ-2), 105.4 (ʉ-

9a), 106.6 (ʉ-8), 155.8 (ʉ-5ʘ), 157.6 (ʉ-9), 162.6 (ʉ-7), 173.3 (ʉ-11), 176.2 (ʉ-4ʘ), 189.0 (ʉ-3), 

197.7 (ʉ-1), 201.1 (ʉ-13). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ: ʅʘʡʜʝʥʦ, %: ʉ 52.48, ʅ 6.13, N 4.78, I 21.00. 

ɺʳʯʠʩʣʝʥʦ, % : ʉ 51.38, ʅ 5.69, N 4.79, I 21.71. C25H33IO6N2.  

(2S,4E)-10-ʘʮʝʪʠʣ-4-[1-({2-[ʜʠʵʪʠʣ(ʤʝʪʠʣ)ʘʤʠʥʦ]ʵʪʠʣ}ʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ]- 

11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-

ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ ʠʦʜʠʜ (-)-66. [Ŭ]D -207Á (c 0.240; CH3ʆʅ). 
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 (2R,4E)-10-ʘʮʝʪʠʣ-4-[1-({3-[ʜʠʵʪʠʣ(ʤʝʪʠʣ)ʘʤʠʥʦ]ʧʨʦʧʠʣ}ʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ]- 

11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-

ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ ʠʦʜʠʜ (+)-67. ɹʝʣʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 67 %. [Ŭ]D
29

 +224 (c 0.20, CH3ʆʅ). ʉʧʝʢʪʨ 

ʗʄʈ 
1
ʅ (DMSO-d6, d, ʤ.ʜ., J ɻʮ): 1.22 (6H, ʪ, J=7.1, H-

20), 1.65 (3ʅ, ʩ, ʅ-15), 1.97 (3ʅ, ʩ, ʅ-10), 2.06 (2H, ʤ, H-

17), 2.63 (6ʅ, ʩ, ʅ-12 ʠ ʅ-14), 2.97 (3H, c, H-21), 3.33 

(6ʅ, ʤ, 2ʅ-18, 4ʅ-19), 3.65 (2H, ʤ, ʅ-16), 5.89 (1ʅ, ʩ, H-

4), 12.23 (1ʅ, ʩ, ʆʅ-9), 13.04 (1ʅ, ʪ, J=5.6, NH), 13.39 (1ʅ, ʩ, OH-7). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 

7.5 (ʉ-10), 7.6 (2C-20), 18.3 (ʉ-12), 21.7 (C-17), 31.0 ʠ 31.7 (ʉ-14 ʠ ʉ-15), 40.7 (ʉ-16), 46.8 (C-

21), 55.9 (2C-19), 56.3 (ʉ-9b), 56.6 (ʉ-18), 100.9 (ʉ-6), 101.8 (ʉ-2), 102.4 (ʉ-4), 105.1 (ʉ-9a), 

106.4 (ʉ-8), 155.7 (ʉ-5ʘ), 157.6 (ʉ-9), 162.5 (ʉ-7), 173.0 (ʉ-11), 175.3 (ʉ-4ʘ), 188.8 (ʉ-3), 197.3 

(ʉ-1), 200.9 (ʉ-13). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ: ʅʘʡʜʝʥʦ, %: ʉ 51.97, ʅ 5.89, N 4.70, I 21.09. 

ɺʳʯʠʩʣʝʥʦ, % : ʉ 52.18, ʅ 5.89, N 4.68, I 21.20. C26H35IO6N2.  

(2S,4E)-10-ʘʮʝʪʠʣ-4-[1-({3-[ʜʠʵʪʠʣ(ʤʝʪʠʣ)ʘʤʠʥʦ]ʧʨʦʧʠʣ}ʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ]- 

11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-

ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ ʠʦʜʠʜ (-)-67. [Ŭ]D
29

 -212 (c 0.15, MeOH).  

 (2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-4-(1-{[3-(4-ʤʝʪʠʣ-1,4ɚ
4
-

ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʠʣ]ʘʤʠʥʦ}ʵʪʠʣʠʜʝʥ)-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-

ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ ʠʦʜʠʜ (+)-68. ɹʝʣʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 53 %. [Ŭ]D
29

 +220 (c 0.20, CH3ʆʅ). ʉʧʝʢʪʨ 

ʗʄʈ 
1
ʅ (DMSO-d6, d, ʤ.ʜ., J ɻʮ): 1.65 (3ʅ, ʩ, ʅ-15), 1.96 

(3ʅ, ʩ, ʅ-10), 2.14 (2H, ʤ, H-17), 2.63 (6ʅ, ʩ, ʅ-12 ʠ ʅ-

14), 3.17 (3H, c, H-21), 3.47 (4ʅ, ʅ-19), 3.56 (2H, ʤ, ʅ-

16), 3.64 (2H, ʤ, ʅ-18), 3.94 (4H, ʤ, ʅ-20), 5.89 (1ʅ, ʩ, 

H-4), 12.24 (1ʅ, ʩ, ʆʅ-9), 13.05 (1ʅ, ʪ, J=5.6, NH), 13.39 (1ʅ, ʩ, OH-7). ʗʄʈ 
13
ʉ (CDCl3, d, 

ʤ.ʜ.): 7.5 (ʉ-10), 18.3 (ʉ-12), 21.2 (C-17), 31.0 ʠ 31.7 (ʉ-14 ʠ ʉ-15), 40.6 (ʉ-16), 46.7 (C-21), 

56.3 (2C-19), 56.3 (ʉ-9b), 59.8 (2C-20 ʠ ʉ-18), 100.9 (ʉ-6), 101.8 (ʉ-2), 102.3 (ʉ-4), 105.1 (ʉ-

9a), 106.3 (ʉ-8), 155.7 (ʉ-5ʘ), 157.6 (ʉ-9), 162.5 (ʉ-7), 173.0 (ʉ-11), 175.3 (ʉ-4ʘ), 188.8 (ʉ-3), 

197.3 (ʉ-1), 200.9 (ʉ-13). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ: ʅʘʡʜʝʥʦ, %: ʉ 49.96, ʅ 5.61, N 4.45, I 20.40. 

ɺʳʯʠʩʣʝʥʦ, % : ʉ 50.99, ʅ 5.43, N 4.57, I 20.72. C26H33IO7N2.  

(2S,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-4-(1-{[3-(4-ʤʝʪʠʣ-1,4ɚ
4
-

ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʠʣ]ʘʤʠʥʦ}ʵʪʠʣʠʜʝʥ)-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-

ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ ʠʦʜʠʜ (-)-68. [Ŭ]D
29

 -219 (c 0.20, CH3ʆʅ). 

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ  (+)-65. 
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ʂ 1.1 ʤʤʦʣʴ ʘʤʠʥʘ (+)-60 ʚ 10 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʜʦʙʘʚʠʣʠ 5 ʤʤʦʣʴ ʙʨʦʤʠʩʪʦʛʦ 

ʵʪʠʣʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ 5 ʩʫʪʦʢ, ʚʳʧʘʜʘʝʪ ʙʝʣʳʡ ʦʩʘʜʦʢ. ʆʙʨʘʟʫʶʱʠʡʩʷ 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʭʣʦʨʦʬʦʨʤʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ɺʳʜʝʣʷʣʠ ʩʦʝʜʠʥʝʥʠʝ (+)-65. 

 (2R,4E)-10-ʘʮʝʪʠʣ-4-(1-{[2-(ʵʪʠʣʜʠʤʝʪʠʣʘʤʠʥʦ)ʵʪʠʣ]ʘʤʠʥʦ}ʵʪʠʣʠʜʝʥ)-11,13- 

ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2,7

]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-

3,5-ʜʠʦʥ ʙʨʦʤʠʜ (+)-65. ʉʚʝʪʣʦ-ʞy ʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 42 %. [Ŭ]D
29

 +225 (c 0.13, MeOH). ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ (DMSO-d6, d, ʤ.ʜ., J ɻʮ): 1.27 (3H, ʪ, J=6.8, H-20), 1.65 

(3ʅ, ʩ, ʅ-15), 1.97 (3ʅ, ʩ, ʅ-10), 2.63 ʠ 2.66 (6ʅ, 2ʩ, 3ʅ-12 ʠ 

3ʅ-14), 3.10 (6H, c, H-18), 3. 45 (2H, ʤ, H-19), 3.65 (2ʅ, ʤ, 

ʅ-17), 4.07 (2H, ʤ, ʅ-16), 5.91 (1ʅ, ʩ, H-4), 12.14 (1ʅ, ʩ, ʆʅ-

9), 13.01 (1ʅ, ʰ.ʩ, NH), 13.39 (1ʅ, ʩ, OH-7). ʗʄʈ 
13
ʉ 

(CDCl3, d, ʤ.ʜ.): 7.3 (ʉ-10), 7.7 (C-20), 18.3 (ʉ-12), 30.9 ʠ 31.5 (ʉ-14 ʠ ʉ-15), 37.1 (ʉ-16), 49.6 

(2C-18), 56.3 (ʉ-9b), 59.3 ʠ 59.8 (ʉ-17 ʠ C-19), 100.7 (ʉ-6), 102.0 (ʉ-2), 102.2 (ʉ-4), 104.9 (ʉ-

9a), 106.2 (ʉ-8), 155.6 (ʉ-5ʘ), 157.4 (ʉ-9), 162.4 (ʉ-7), 173.0 (ʉ-11), 175.9 (ʉ-4ʘ), 188.7 (ʉ-3), 

197.4 (ʉ-1), 200.8 (ʉ-13). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ: ʅʘʡʜʝʥʦ, % : ʉ 53.48, ʅ 5.99, N 5.13, Br 15.28. 

ɺʳʯʠʩʣʝʥʦ, %: ʉ 53.57, ʅ 5.97, N 5.35, Br 15.27. C24H31BrO6N2.  

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 69-74 

ʂ 1 ʤʤʦʣʴ ʋʂ 1 ʜʦʙʘʚʠʣʠ 1.1 ʤʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʥʠʣʠʥʘ ʠ ʨʘʩʪʚʦʨʠʣʠ ʩʤʝʩʴ ʚ 

12 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʂʠʧʷʪʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ 2-3 ʯʘʩʘ. ʆʭʣʘʜʠʣʠ, ʜʦʙʘʚʠʣʠ 10 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʚrʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʇʦʩʣʝ ʯʝʛʦ ʦʩʘʜʦʢ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ ʩʠʣʠʢʘʛʝʣʝʤ (60-200ɛ), ɻ ʣʶʝʥʪ  

- ʛʨʘʜʠʝʥʪ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʦʪ 0 ʜʦ 10%.  

(2R,4E)-10-ʘʮʝʪʠʣ-4-[1-(ʬʝʥʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ]-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ  (+)-69. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ 

ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 90%. [Ŭ]D
31

 +253 (c 0.2; CHCl3). ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ 

(CDCl3, d, ʤ.ʜ., J ɻʮ): 1.77 (3ʅ, ʩ, ʅ-15), 2.11 (3ʅ, ʩ, ʅ-10), 2.66 

(3H, ʩ, ʅ-12), 2.76 (3H, ʩ, ʅ-14), 5.90 (1ʅ, ʩ H-4), 7.20-7.55 (5ʅ, 

ʤ, ʚʩʝ-ʘʨʦʤ), 11.90 (1ʅ, ʩ OH-9), 13.41 (1ʅ, ʩ, OH-7), 15.10 (1ʅ, 

ʩ, NH). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.37 (ʉ-10), 20.49 (ʉ-12), 

31.17 (ʉ-14), 31.76 (ʉ-15), 57.39 (ʉ-9b), 101.24 (ʉ-6), 102.10 (ʉ-

4), 102.51 (ʉ-9a), 104.81 (ʉ-2), 108.04 (ʉ-8), 125.58 (ʉ-3` ʠ C-5`), 128.12 (ʉ-4`),129.54 (ʉ-2` ʠ 

C-6`), 135.90 (ʉ-1`), 155.63 (C-5a), 158.07 (ʉ-9), 163.41 (ʉ-7), 173.81 (ʉ-11), 174.63 (ʉ-4a), 
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190.87 (ʉ-3), 198.68 (ʉ-1), 200.51 (ʉ-13). ʅʘʡʜʝʥʦ: m/z  419.1356 [M]
+
 C24H21O6N. ɺʳʯʠʩʣʝʥʦ: 

ʄ = 419.1363. 

(2S,4E)-10-ʘʮʝʪʠʣ-4-[1-(ʬʝʥʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ]-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ  (-)-69. [Ŭ]D

31
 -250 (c 0.2; 

CHCl3). 

(R,E)-6-ʘʮʝʪʠʣ-2-(1-(4-ʭʣʦʨʬʝʥʠʣʘʤʠʥʦ) ʪɻʠʣʠʜʝʥ)-7,9-ʜʠʛʠʜʨʦʢʩʠ-8,9b-

ʜʠʤʝʪʠʣʜʠʙʝʥʟʦ[b,d]ʬʫʨʘʥ-1,3(2H,9bH)-ʜʠʦʥ (+)-70. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 87%, ʪ. ʧʣ. 110
0
ʉ. [Ŭ]D

30
 +247 (c 0.2; CHCl3). ʀʂ 

ʩʧʝʢʪʨ (n, ʩʤ
-1

): 844, 1065, 1136, 1205, 1280, 1367, 1462, 1546, 

1630, 1698, 2927, 3455. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 

1.71 (3ʅ, ʩ, ʅ-15), 2.05 (3ʅ, ʩ, ʅ-10), 2.54 (3H, ʩ, ʅ-12), 2.64 

(3H, ʩ, ʅ-14), 5.83 (1ʅ, ʩ, ʅ-4), 7.14 (2ʅ, ʜ, J = 8.5, H-2  ̀ʠ H-6 )̀, 

7.43 (2ʅ, ʜ, J = 8.5, ʅ-3  ̀ʠ ʅ-5 )̀, 11.68 (1ʅ, ʩ OH-9), 13.31 (1ʅ, ʩ, OH-7), 15.06 (1ʅ, ʩ, NH). 

ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.3 (ʉ-10), 20.4 (ʉ-12), 31.1 (ʉ-14), 31.7 (ʉ-15), 57.5(ʉ-9b), 101.2 (ʉ-

6), 102.0 (ʉ-4), 102.7 (ʉ-9a), 104.7 (ʉ-2), 108.1 (ʉ-8), 126.9 (ʉ-2  ̀ʠ C-6 )̀, 129.7 (ʉ-3  ̀ʠ C-5 )̀, 

133.9 (ʉ-4 )̀,134.5 (ʉ-1 )̀, 155.6 (C-5a), 157.9 (ʉ-9), 163.4 (ʉ-7), 173.7 (ʉ-11), 174.7 (ʉ-4a), 

190.9 (ʉ-3), 198.7 (ʉ-1), 200.4 (ʉ-13). ʅʘʡʜʝʥʦ: m/z  453.0966 [M]
+
 C24H20O6NCl. ɺʳʯʠʩʣʝʥʦ: 

ʄ = 453.0971. 

(S,E)-6-ʘʮʝʪʠʣ-2-(1-(4-ʭʣʦʨʬʝʥʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ)-7,9-ʜʠʛʠʜʨʦʢʩʠ-8,9b-

ʜʠʤʝʪʠʣʜʠʙʝʥʟʦ[b,d]ʬʫʨʘʥ-1,3(2H,9bH)-ʜʠʦʥ (-)-70. [Ŭ]D
30

 -240 (c 0.3; CHCl3). 

(2R,4E)-10-ʘʮʝʪʠʣ-4-{1-[(4-ʬʪʦʨʬʝʥʠʣ)ʘʤʠʥʦ]ʵʪʠʣʠʜʝʥ}-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-

ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ (+)-71. ʉʚʝʪʣʦ-

ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 70%. ʊ.ʧʣ. 73 ÁC. [Ŭ]D
31

 +253 (c 0.2; CHCl3). ʀʂ 

ʩʧʝʢʪʨ (n, ʩʤ
-1

): 1061, 1133, 1200, 1286, 1365, 14592, 1546, 

1628, 1699, 2921, 3434. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 

1.72 ʩ (3ʅ, ʉ
15
ʅ3), 2.06 ʩ (3ʅ, ʉ

10
ʅ3), 2.54 ʩ (3H, C

12
ʅ3), 2.65 ʩ 

(3H, C
14
ʅ3), 5.84 ʩ (H

4
), 7.15 -7.17 m (4ʅ, ʉ

2ô
H

 
 ʠ C

6ô
H, ʉ

3ô
H

 
 ʠ 

C
5ô

H),  11.75 ʩ (C
9
-OH), 13.34 (C

7
-OH), 15.00 (NH). ʗʄʈ 

13
ʉ (CDCl3, d, ʤ.ʜ.): 7.4 (ʉ

10
), 20.4 

(ʉ
12

), 31.2 (ʉ
14

), 31.8 (ʉ
15

), 57.5(ʉ
9b

), 101.3, 102.7, 104.8 (ʉ
6
, ʉ

9a
, ʉ

2
), 102.1 (ʉ

4
), 108.1 (ʉ

8
), 

116.7 ʜ  (
2
JC-F = 23, ʉ

3ô 
ʠ C

5ô
), 127.5 (

3
JC-F = 8, ʉ

2ô 
ʠ C

6ô
), 161.9 ʜ (

1
JC-F = 248, ʉ

4ô
), 132.1 (

4
JC-F = 

3, ʉ
1ô

), 155.7 (C
5a

), 158.1 (ʉ
9
), 163.5 (ʉ

7
), 174.2 (ʉ

11
), 174.8 (ʉ

4a
), 191.0 (ʉ

3
), 198.8 (ʉ

1
), 200.6 

(ʉ
13

). ʅʘʡʜʝʥʦ: m/z  437.1263 [M]
+
 C24H20O6NF. ɺʳʯʠʩʣʝʥʦ: ʄ = 437.1269 
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(2S,4E)-10-ʘʮʝʪʠʣ-4-{1-[(4-ʬʪʦʨʬʝʥʠʣ)ʘʤʠʥʦ]ʵʪʠʣʠʜʝʥ}-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-

ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ (-)-71. [Ŭ]D

30
 -232 

(c 0.3; CHCl3). 

(2R,4E)-10-ʘʮʝʪʠʣ-4-{1-[(4-ʙʨʦʤʬʝʥʠʣ)ʘʤʠʥʦ]ʵʪʠʣʠʜʝʥ}-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12- 

ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ (+)-72. 

ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 87%, ʪ. ʧʣ. 182-185
0
ʉ. [Ŭ]D

30
 +192 (c 0.34; CHCl3). 

ʀʂ ʩʧʝʢʪʨ (n, ʩʤ
-1

): 843, 1065, 1137, 1206, 1276, 1365, 1462, 

1543, 1634, 1698, 2725, 2925.ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J 

ɻʮ): 1.76 (3ʅ, ʩ, ʅ-15), 2.11 (3ʅ, ʩ, ʅ-10), 2.58 (3H, ʩ, ʅ-12), 

2.69 (3H, ʩ, ʅ-14), 5.89 (1ʅ, ʩ H-4), 7.11 (2ʅ, ʜ, J=8.5, ʅ-2` ʠ ʅ-

6`), 7.61 (2ʅ, ʜ, J=8.5, ʅ-3` ʠ ʅ-5`), 11.74 (1ʅ, ʩ OH-9), 13.38 (1ʅ, ʩ, OH-7), 15.10 (1ʅ, ʩ, NH). 

ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.3 (ʉ-10), 20.4 (ʉ-12), 31.1 (ʉ-14), 31.7 (ʉ-15), 57.5(ʉ-9b), 101.2 (ʉ-

6), 102.0 (ʉ-4), 102.7 (ʉ-9a), 104.7 (ʉ-2), 108.1 (ʉ-8), 126.9 (ʉ-2` ʠ C-6`), 129.7 (ʉ-3` ʠ C-5`), 

133.9 (ʉ-4`),134.5 (ʉ-1`), 155.6 (C-5a), 157.9 (ʉ-9), 163.4 (ʉ-7), 173.7 (ʉ-11), 174.7 (ʉ-4a), 

190.9 (ʉ-3), 198.7 (ʉ-1), 200.4 (ʉ-13). ʅʘʡʜʝʥʦ: m/z  497.04342 [M]
+
 C24H20O6NBr. ɺʳʯʠʩʣʝʥʦ: 

ʄ = 497.04590. 

(2S,4E)-10-ʘʮʝʪʠʣ-4-{1-[(4-ʙʨʦʤʬʝʥʠʣ)ʘʤʠʥʦ]ʵʪʠʣʠʜʝʥ}-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12- 

ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ (-)-72. 

 [Ŭ]D -254 (c 0.62; CHCl3). 

(2R,4E)-10-ʘʮʝʪʠʣ-4-{1-[(3-ʙʨʦʤʬʝʥʠʣ)ʘʤʠʥʦ]ʵʪʠʣʠʜʝʥ}-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12- 

ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ (+)-73. 

ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 84%. ʪ. ʧʣ. 176-178 ÁC; [Ŭ]D
30

 +218 (c 0.2; CHCl3); 

ʀʂ ʩʧʝʢʪʨ (n, ʩʤ
-1

): 1062, 1136, 1188, 1286, 1365, 1459, 1541, 

1624, 1695, 2921, 3440. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 

1.74 (ʩ, 3H, H-15), 2.09 (ʩ, 3H, H-10), 2.58 (ʩ, 3H, H-12), 2.68 (ʩ, 

3H, H-14), 5.87 (ʩ, H-4), 7.15 (ʜ, J = 8 Hz, H-6ô), 7.35 (ʜʜ, J = 8 

Hz ʠ J = 8 Hz, H-5ô), 7.39 (ʩ, H-2ô), 7.53 (ʜ, J = 8 Hz, H-4ô), 11.68 

(ʩ, C9-OH), 13.34 (ʩ, C7-OH), 15.14 (ʩ, NH). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.4 (C-10), 20.4 (C-12), 

31.1 (C-14), 31.7 (C-15), 57.5(C-9b), 101.2, 102.7 ʠ 104.7 (C-6, C-9a ʠ C-2), 102.0 (C-4), 108.1 

(C-8), 123.0 (C-3ô), 124.4 ʠ 128.8 ( C-2ô ʠ C-6ô), 130.8 ʠ 131.2 (C-5ô ʠ C-4ô),  137.3 (C-1ô), 155.6 

(C-5a), 157.9 (C-9), 163.5 (C-7), 173.7 (C-11), 174.8 (C-4a), 190.9 (C-3), 198.8 (C-1), 200.4 (C-

13). ʅʘʡʜʝʥʦ: m/z  497.0466; [M]
+
 C24H20O6NBr; ɺʳʯʠʩʣʝʥʦ: ʄ = 497.0469. 

(2S,4E)-10-ʘʮʝʪʠʣ-4-{1-[(3-ʙʨʦʤʬʝʥʠʣ)ʘʤʠʥʦ]ʵʪʠʣʠʜʝʥ}-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12- 
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ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ (-)-73, 

[Ŭ]D
30

 -228 (c 0.2; CHCl3). 

(2R,4E)-10-ʘʮʝʪʠʣ-4-{1-[(3-ʬʪʦʨʬʝʥʠʣ)ʘʤʠʥʦ]ʵʪʠʣʠʜʝʥ}-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12- 

ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ (+)-74. 

ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 75%. ʪ. ʧʣ. 89-91 ÁC. [Ŭ]D
31

 +248 (c 0.2; CHCl3); ʀʂ 

ʩʧʝʢʪʨ (n, ʩʤ
-1

): 1063, 1132, 1188, 1282, 1366, 1461, 1545, 1629, 

1699, 2927, 3434. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 1.73 (ʩ, 

3H, H-15), 2.07 (ʩ, 3H, H-10), 2.58 (ʩ, 3H, H-12), 2.66 (ʩ, 3H, H-

14), 5.86 (ʩ, H-4), 6.95 (ʜ, J = 8.5 Hz, H-2ô), 7.01 (ʜ, J = 8 Hz, H-

6ô), 7.10 (ʜʜ, J = 8.5 Hz ʠ J = 8 Hz, H-4ô), 7.44 (ʜʜ, J = 8 Hz ʠ J = 

8 Hz, H-5ô), 11.69 (ʩ, C9-OH), 13.34 (ʩ, C7-OH), 15.14 (ʩ, NH). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.):  7.3 

(C-10), 20.4 (C-12), 31.1 (C-14), 31.7 (C-15), 57.5 (C-9b), 101.2, 102.7 ʠ 104.7 (C-6, C-9a ʠ C-2), 

102.0 (C-4), 108.1 (C-8), 113.2  (d, 
2
JC-F = 23 Hz, C-4ô),

  
115.2 (d, 

2
JC-F = 23 Hz,  C-2ô), 121.5 (d, 

4
JC-F = 3 Hz, C-6ô), 130.9  (d, 

3
JC-F = 9 Hz, C-5ô), 137.4 (d, 

3
JC-F = 9 Hz, C-1ô), 162.8 (d, 

1
JC-F = 249 

Hz, C-3ô), 155.6 (C-5a), 157.9 (C-9), 163.4 (C-7), 173.8 (C-11), 174.7 (C-4a), 190.9 (C-3), 198.8 

(C-1), 200.4 (C-13); ʅʘʡʜʝʥʦ: m/z  437.1267 [M]
+
 C24H20O6NF, ɺʳʯʠʩʣʝʥʦ: ʄ = 437.1269. 

(2S,4E)-10-ʘʮʝʪʠʣ-4-{1-[(3-ʬʪʦʨʬʝʥʠʣ)ʘʤʠʥʦ]ʵʪʠʣʠʜʝʥ}-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12- 

ʜʠʤʝʪʠʣ-8-ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-3,5-ʜʠʦʥ (-)-74,  

[Ŭ]D
31

 -256 (c 0.2; CHCl3); 

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 75, 76. 

ʂ 1 ʤʤʦʣʴ (+)-ʋʂ 1 ʜʦʙʘʚʠʣʠ 3 ʤʤʦʣʴ ʘʤʠʥʦʚ ʠ ʨʘʩʪʚʦʨʠʣʠ ʩʤʝʩʴ ʚ 12 ʤʣ ʩʧʠʨʪʘ. 

ʂʠʧʷʪʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ 3 ʯʘʩʘ. ʆʭʣʘʜʠʣʠ, ʜʦʙʘʚʠʣʠ 10 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

ɺʳʧʘʜʘʣ ʩʚʝʪʣʳʡ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ ʚʦʜʦʡ, ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʝʣʠʣʠ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ. ʕʣʶʝʥʪ ï 

ʭʣʦʨʦʬʦʨʤ.  

(E)-2-(1-3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʧʨʦʧʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ)-6-((E)-1-(3,5-ʜʠ-

ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʧʨʦʧʠʣʘʤʠʥʦ)-7,9-ʜʠʛʠʜʨʦʢʩʠ-8,9b-

ʜʠʤʝʪʠʣʜʠʙʝʥʟʦ[b,d]ʬʫʨʘʥ-1,3(2H,9bH)-ʜʠʦʥ (+)-75. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 22 %, ʪ. ʧʣ. 92-96
0
ʉ. ʀʂ 

ʩʧʝʢʪʨ (n, ʩʤ
-1

): 1189, 1235, 1369, 1436, 

1466, 1558, 1623, 1697, 2955, 3431, 

3639. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J 

ɻʮ): 1.42 (18ʅ, ʩ, ʅ-tBu` ʠ 18ʅ, ʩ, ʅ-
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tBu``), 1.74 (3ʅ, ʩ, ʅ-15), 1.83 (2ʅ, ʤ, ʅ-17), 2.09 (2ʅ, ʤ, ʅ-20), 2.10 (3ʅ, ʩ, ʅ-10), 2.50 (2ʅ, ʤ, 

ʅ-18 ʠ 2ʅ, ʤ, ʅ-21), 2.64 (3ʅ, ʩ, ʅ-12), 2.67 (3ʅ, ʩ, ʅ-14), 2.91 (2ʅ, ʤ, ʅ-19), 3.29 (2ʅ, ʤ, ʅ-

16), 5.04 ʠ 5.07 (1ʅ, c ʠ 1ʅ, ʩ, Oʅ-4  ̀ʠ Oʅ-4``), 5.94 (1ʅ, ʩ, H-4), 6.92 ï 6.96 (4ʅ, ʤ, ʅ-ʘʨʦʤ.), 

11.22 (1ʅ, ʰ.c, ʆʅ-9), 13.32 (1ʅ, ʰ.c, ʆʅ-7), 17.97 (1H, ʰ.c, NH). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 

7.9 (ʉ-10), 17.5 (ʉ-14), 18.0 (ʉ-12), 30.1 (12ʉ-tBu), 30.5, 31.3, 32.5, 32.9 (ʉ-17, ʉ-18, ʉ-20, ʉ-

21), 31.9 (ʉ-15), 34.1 (4ʉ-tBu), 42.9 (ʉ-16), 45.3 (ʉ-19), 57.2 (ʉ-9b), 98.9 (ʉ-6), 101.3 (ʉ-4), 

101.9 (ʉ-2), 106.0 (ʉ-9ʘ), 108.6 (ʉ-8), 124.5 ʠ 124.6 (ʉ-2`, ʉ-6`, ʉ-2``, ʉ-6``), 130.4 ʠ 131.3 (ʉ-

1` ʠ ʉ-1``), 135.7 ʠ 135.9 (ʉ-5`, C-3` ʠ ʉ-5``, C-3`` ), 151.7 ʠ 152.0 (ʉ-4` ʠ ʉ-4``), 155.2 (C-5a), 

158.3 (ʉ-9), 170.4 (ʉ-7), 170.5 (ʉ-13), 174.4 ʠ 174.6 (ʉ-4ʘ ʠ ʉ-11), 189.9 (ʉ-3), 198.6 (ʉ-1). 

ʅʘʡʜʝʥʦ: m/z  834.5161 [M]
+
 C52H70O7N2. ɺrʯʠʩʣʝʥʦ: ʄ = 834.5178 

(E)-2-(1-3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʵʪʠʣʘʤʠʥʦ)ʵʪʠʣʠʜʝʥ)-6-((E)-1-(3,5-ʜʠ-

ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʵʪʠʣʘʤʠʥʦ)-7,9-ʜʠʛʠʜʨʦʢʩʠ-8,9b-ʜʠʤʝʪʠʣʜʠʙʝʥʟʦ[b,d]ʬʫʨʘʥ-

1,3(2H,9bH)-ʜʠʦʥ (+)-76. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 20 %. ʪ. ʧʣ. 85
0
ʉ. ʀʂ ʩʧʝʢʪʨ 

(n, ʩʤ
-1

): 1076, 1189, 1235, 1370, 1436, 

1466, 1558, 1623, 1697, 2957, 3433, 3639. 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 1.40 

ʠ 1.42 (18ʅ, ʩ, ʅ-tBu` ʠ 18ʅ, ʩ, ʅ-tBu``), 

1.65 (3ʅ, ʩ, ʅ-15), 2.12 (3ʅ, ʩ, ʅ-10), 2.27 

(3ʅ, ʩ, ʅ-14), 2.46 (3ʅ, ʩ, ʅ-12), 2.91 (2ʅ, 

ʪ, J=7.2, ʅ-19), 2.96 (2ʅ, ʪ, J=7.0, ʅ-17), 3.67 (2ʅ, ʜ.ʪ, J=6.3 ʠ J=7.0, ʅ-16), 3.73 (2ʅ, ʪ, J=7.2, 

ʅ-18), 5.11 ʠ 5.17 (1ʅ, c, Oʅ-4  ̀ʠ 1ʅ, ʩ, Oʅ-4``), 5.68 (1ʅ, ʩ, H-4), 6.99 ï 7.01 (4ʅ, ʤ, ʅ-ʘʨʦʤ.), 

11.43 (1ʅ, ʰ.c, ʆʅ-9), 13.56 (1ʅ, .hc, ʆʅ-7), 17.97 (1H, ʰ.c, NH). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 

7.9 (ʉ-10), 17.3 (ʉ-14), 17.9 (ʉ-12), 30.1 (12ʉ-tBu), 32.0 (ʉ-15), 34.1 (4ʉ-tBu), 35.5 (ʉ-17), 36.4 

(ʉ-19), 45.9 (ʉ-16), 48.4 (ʉ-18), 57.2 (ʉ-9b), 99.0 (ʉ-6), 101.3 (ʉ-4), 102.0 (ʉ-2), 106.1 (ʉ-9ʘ), 

108.6 (ʉ-8), 125.2 ʠ 125.5 (ʉ-2`, ʉ-6`, ʉ-2``, ʉ-6``), 127.7 ʠ 129.2 (ʉ-1` ʠ ʉ-1``), 135.9 ʠ 136.3 

(ʉ-5`, C-3` ʠ ʉ-5``, C-3`` ), 152.4 ʠ 152.7 (ʉ-4` ʠ ʉ-4``), 155.1 (C-5a), 158.3 (ʉ-9), 170.2 (ʉ-7), 

170.6 (ʉ-13), 174.4 ʠ 174.6 (ʉ-4ʘ ʠ ʉ-11), 189.9 (ʉ-3), 198.6 (ʉ-1). ʅʘʡʜʝʥʦ: m/z  806.4856 [M]
+
 

C50H66O7N2. ɺʳʯʠʩʣʝʥʦ: ʄ = 806.4865 

 ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 28, 77-82. 

3 ʤʤʦʣʴ ʘʤʠʥʦʢʠʩʣʦʪʳ ʨʘʩʪʚʦʨʠʣʠ ʚ 10 ʤʣ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ (1:1 ʧʦ ʦʙʲʸʤʫ). 

ɼʦʙʘʚʠʣʠ 0.2 ʛ ʂʆʅ (ʠʣʠ ʙʦʣʝʝ ʜʦ ʨʅ ~ 9.5). ʂʠʧʷʪʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ 10 ʤʠʥ. ʇʦʨʮʠʷʤʠ 

ʜʦʙʘʚʣʷʣʠ ʚʟʚʝʩʴ 1 ʤʤʦʣʴ (344 ʤʛ) ʋʂ ʚ 5 ʤʣ ʩʧʠʨʪʘ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʂʠʧʷʪʠʣʠ ʥʘ 

ʚʦʜʷʥʦʡ ʙʘʥʝ 3 ʯʘʩʘ, ʧʦʜʜʝʨʞʠʚʘʷ ʨʅ ʥʘ ʫʨʦʚʥʝ ~ 9.5. ʆʭʣʘʜʠʣʠ, ʜʦʙʘʚʠʣʠ ʨʘʟʙʘʚʣʝʥʥʦʡ HCl 

ʜʦ ʨʅ ~ 5. ɽʩʣʠ ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ, ʪʦ ʝʛʦ ʦʪʬʠʣʴʪʨʦʚʚrʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ 
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ʚʦʟʜʫʭʝ. ɽʩʣʠ ʦʩʘʜʦʢ ʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʠʣʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ, ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʭʣʦʨʦʬʦʨʤʦʤ 

ʪʨʠ ʨʘʟʘ, ʵʢʩʪʨʘʢʪ ʩʫʰʠʣʠ ʥʘʜ MgSO4 ʙ/ʚ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʛʦʥʷʣʠ ʥʘ ʚʘʢʫʫʤʥʦʤ ʨʦʪʘʮʠʦʥʥʦʤ 

ʠʩʧʘʨʠʪʝʣʝ. ʇʦʣʫʯʝʥʥʳʝ ʦʩʘʜʦʢ ʠʣʠ ʵʢʩʪʨʘʢʪ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ ʩʠʣʠʢʘʛʝʣʝʤ 

(60-200ɛ), ɻ ʣʶʝʥʪ - ʭʣʦʨʦʬʦʨʤ ʩ ʛʨʘʜʠʝʥʪʦʤ ʵʪʠʣʘʮʝʪʘʪʘ ʦʪ 0 ʜʦ 50%.  

2-({1-[(2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-3,5-ʜʠʦʢʩʦ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(13),6,9,11-ʪʝʪʨʘʝʥ-4-ʠʣʠʜʝʥ]ʵʪʠʣ}ʘʤʠʥʦ)ʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ (+)-28. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 88%, ʪ. ʧʣ. 210 
0
ʉ ʩ ʨʘʟʣʦʞʝʥʠʝʤ. [Ŭ]D

20
 +207 

(c 0.04; MeOH). ʀʂ ʩʧʝʢʪʨ (n, ʩʤ
-1

): 843, 1213, 1288, 1370, 

1455, 1552, 1628, 1698, 1734, 3080, 3421. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ 

(DMSO-d
6
, d, ʤ.ʜ., J ɻʮ): 1.65 ʩ (3ʅ, ʉ

15
ʅ3), 1.97 ʩ (3ʅ, 

ʉ
10
ʅ3), 2.55 ʩ (3ʅ, ʉ

12
ʅ3), 2.64 ʩ (3ʅ, ʉ

14
ʅ3), 4.48 ʜ (2ʅ, ʉ

16
ʅ2), 5.90 ʩ (ʅ

4
), 12.21 ʩ (ʉ

9
-ʆʅ), 

13.14 ʰ.ʩ (NH), 13.40 ʩ (ʉ
7
-ʆʅ). ʗʄʈ 

13
ʉ (DMSO-d

6
, d, ʤ.ʜ.): 7.4 (ʉ

15
), 18.7 (ʉ

12
), 30.9 (ʉ

14
), 

31.6 (ʉ
10
), 45.4 (ʉ

16
), 56.3 (ʉ

9b
), 100.8 (ʉ

2
), 101.8 (ʉ

6
), 102.3 (ʉ

4
), 105.1 (ʉ

9ʘ
), 106.3 (ʉ

8
), 155.7 

(ʉ
5ʘ
), 157.6 (ʉ

9
), 162.5 (ʉ

7
), 169.2 (ʉ

11
), 172.9 (ʉ

17
), 174.9 (ʉ

4ʘ
), 188.6 (ʉ

3
), 197.5 (ʉ

1
), 201.1 

(ʉ
13
). ʅʘʡʜʝʥʦ: m/z  401.11090 [M]

+
 C20H19NO8. ɺʳʯʠʩʣʝʥʦ: ʄ = 401.11105. 

2-({1-[(2S,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-3,5-ʜʠʦʢʩʦ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(13),6,9,11-ʪʝʪʨʘʝʥ-4-ʠʣʠʜʝʥ]ʵʪʠʣ}ʘʤʠʥʦ)ʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ (-)-28 [Ŭ]D
20

 -201 (c 0.04; MeOH). 

 3-({1-[(2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-3,5-ʜʠʦʢʩʦ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(13),6,9,11-ʪʝʪʨʘʝʥ-4-ʠʣʠʜʝʥ]ʵʪʠʣ}ʘʤʠʥʦ)ʧʨʦʧʘʥʦʚʘʷ 

ʢʠʩʣʦʪʘ (+)-77. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 55%, ʪ. ʧʣ. 105-110 
0
ʉ. [Ŭ]D

30
 +353 (c 0.26; 

CHCl3). ʀʂ ʩʧʝʢʪʨ (n, ʩʤ
-1

): 668, 1068, 1289, 1372, 1464, 

1559, 1626, 1695, 1727, 3023. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, 

ʤ.ʜ., J ɻʮ): 1.65 ʩ (3ʅ, ʉ
15
ʅ3), 2.04 ʩ (3ʅ, ʉ

10
ʅ3), 2.61 ʩ 

(3ʅ, ʉ
12
ʅ3), 2.64 ʩ (3ʅ, ʉ

14
ʅ3), 2.79 ʪ (2ʅ, J = 6.1, 

ʉ
17
ʅ2), 3.79 ʜ.ʪ. (2ʅ, J = 6.1 ʠ 5.8, ʉ

16
ʅ2), 5.80 ʩ (ʅ

4
), 11.71 ʩ (ʉ

9
-ʆʅ), 13.36 ʰ.ʩ (NH), 13.27 ʩ 

(ʉ
7
-ʆʅ). ʗʄʈ 

13
ʉ (CDCl3, d, ʤ.ʜ.): 7.5 (ʉ

15
), 18.3 (ʉ

12
), 31.2 (ʉ

14
), 32.0 (ʉ

10
), 33.4 (C

17
), 39.4 

(ʉ
16
), 57.4 (ʉ

9b
), 101.3 (ʉ

6
), 102.0 (ʉ

4
), 102.3 (ʉ

2
), 104.9 (ʉ

9ʘ
), 108.1 (ʉ

8
), 155.8 (ʉ

5ʘ
), 158.1 (ʉ

9
), 

163.5 (ʉ
7
), 173.7 (ʉ

11
), 174.7 (ʉ

17
), 175.5 (ʉ

4ʘ
), 190.5 (ʉ

3
), 198.5 (ʉ

1
), 200.7 (ʉ

13
). ʅʘʡʜʝʥʦ: m/z 

415.12671 [M]
+
 C21H21NO8. ɺʳʯʠʩʣʝʥʦ: ʄ = 415.12670. 

3-({1-[(2S,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-3,5-ʜʠʦʢʩʦ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(13),6,9,11-ʪʝʪʨʘʝʥ-4-ʠʣʠʜʝʥ]ʵʪʠʣ}ʘʤʠʥʦ)ʧʨʦʧʘʥʦʚʘʷ 

ʢʠʩʣʦʪʘ (-)-77 [Ŭ]D -367 (c 0.48; CHCl3); 
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 (2S)-2-({1-[(2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-3,5-ʜʠʦʢʩʦ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(13),6,9,11-ʪʝʪʨʘʝʥ-4-ʠʣʠʜʝʥ]ʵʪʠʣ}ʘʤʠʥʦ)-3-

ʬʝʥʠʣʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ (+)-78. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 59%, ʪ. ʧʣ. 240 
0
ʉ ʩ ʨʘʟʣʦʞʝʥʠʝʤ. [Ŭ]D

30
 +154 

(c 0.3; CHCl3). ʀʂ ʩʧʝʢʪʨ (n, ʩʤ
-1

): 848, 1070, 1201, 1287, 

1372, 1460, 1542, 1632, 1701, 1738, 2926, 3042, 3436. 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 1.63 ʩ (3ʅ, ʉ

15
ʅ3), 

1.97 ʩ (3ʅ, ʉ
10
ʅ3), 2.39 ʩ (3ʅ, ʉ

12
ʅ3), 2.63 ʩ (3ʅ, ʉ

14
ʅ3), 

3.15 ʠ 3.29 ʜ (2ʅ, ʉ
18
ʅ2), 5.06 ʜ (ʅ

16
), 5.84 ʩ (ʅ

4
), 7.20-7.27 (5ʅ

ʘʨʦʤ
), 12.02 ʩ (ʉ

9
-ʆʅ), 13.35 ʰ.ʩ 

(NH), 13.35 ʩ (ʉ
7
-ʆʅ). ʗʄʈ 

13
ʉ (CDCl3, d, ʤ.ʜ.): 7.5 (ʉ

15
), 18.5 (ʉ

12
), 31.0 (ʉ

14
), 31.6 (ʉ

10
), 38.1 

(C
18
), 56.4 (ʉ

9b
), 57.3 (ʉ

16
), 100.8 (ʉ

2
), 101.7 (ʉ

6
), 102.4 (ʉ

4
), 105.0 (ʉ

9ʘ
), 106.4 (ʉ

8
), 127

8
.1 1ʉ, 

128.4 2ʉ, 129.5 2ʉ,135.4 1ʉ ï ʚʩʝ ʘʨʦʤ., 155.7 (ʉ
5ʘ
), 157.6 (ʉ

9
), 162.5 (ʉ

7
), 170.8 (ʉ

11
), 172.9 

(ʉ
17
), 174.5 (ʉ

4ʘ
), 188.8 (ʉ

3
), 197.7 (ʉ

1
), 200.9 (ʉ

13
). ʅʘʡʜʝʥʦ: m/z 491.15982 [M]

+
 C27H25NO8. 

ɺʳʯʠʩʣʝʥʦ: ʄ = 491.15800. 

(2S)-2-({1-[(2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-3,5-ʜʠʦʢʩʦ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(13),6,9,11-ʪʝʪʨʘʝʥ-4-ʠʣʠʜʝʥ]ʵʪʠʣ}ʘʤʠʥʦ)-3-

ʤʝʪʠʣʙʫʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ (+)-79. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 61%, ʪ. ʧʣ. 210 
0
ʉ ʩ ʨʘʟʣʦʞʝʥʠʝʤ. ʀʂ ʩʧʝʢʪʨ (n, 

ʩʤ
-1

): 850, 1067, 1132, 1186, 1287, 1373, 1475, 1555, 1627, 

1701, 1741, 2963, 3109. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 

1.12 ʜ ʠ 1.16 ʜ (3ʅ ʠ 3ʅ, J = 6.8, ʉ
19 
ʠ ʉ

20
), 1.73 ʩ (3ʅ, ʉ

15
ʅ3), 

2.09 ʩ (3ʅ, ʉ
10
ʅ3), 2.48 ʜ.ʩʝʧʪ. (ʅ

18
, J = 4.6 ʠ 6.8), 2.63 ʩ (3ʅ, 

ʉ
12
ʅ3), 2.68 ʩ (3ʅ, ʉ

14
ʅ3), 4.41 ʜ.ʜ (ʅ

16
, J = 4.6 ʠ 8.1), 5.88 (ʅ

4
), 9.09 (ʉ

17
ʆʆʅ), 11.78 ʰ.ʩ (ʉ

9
-

ʆʅ), 13.32 (ʉ
7
-ʆʅ), 13.90 ʰ.ʩ (NH). ʗʄʈ 

13
ʉ (CDCl3, d, ʤ.ʜ.): 7.4 (ʉ

15
), 18.7 (ʉ

12
), 17.6 ʠ 19.0 

(ʉ
19

 ʠ ʉ
20
), 31.1 (ʉ

14
), 31.4 (ʉ

10
), 38.9 (C

18
), 57.3 (ʉ

9b
), 61.9 (ʉ

16
), 101.3 (ʉ

6
), 102.2 ʠ 102.3 (ʉ

2
 ʠ 

ʉ
4
), 104.8 (ʉ

9ʘ
), 108.1 (ʉ

8
), 155.7 (ʉ

5ʘ
), 158.0 (ʉ

9
), 163.4 (ʉ

7
), 172.7 (ʉ

17
), 174.6 (ʉ

11
), 175.1 

(ʉ
4ʘ
), 190.7 (ʉ

3
), 198.6 (ʉ

1
), 200.7 (ʉ

13
). ʅʘʡʜʝʥʦ: m/z 443.15820 [M]

+
 C23H25NO8. ɺʳʯʠʩʣʝʥʦ: 

ʄ = 443.15800. 

(2S)-2-({1-[(2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-3,5-ʜʠʦʢʩʦ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(13),6,9,11-ʪʝʪʨʘʝʥ-4-ʠʣʠʜʝʥ]ʵʪʠʣ}ʘʤʠʥʦ)-4-

ʤʝʪʠʣʧʝʥʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ (+)-80. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 47%, ʪ. ʧʣ. 105 
0
ʉ. [Ŭ]D

30
 +290 (c 0.35; CHCl3). ʀʂ ʩʧʝʢʪʨ (n, ʩʤ

-1
): 844, 1064, 

1135, 1189, 1289, 1371, 1468, 1553, 1629, 1699, 1745, 2960, 3090. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, 

ʤ.ʜ., J ɻʮ): 0.99 ʜ ʠ 1.05 ʜ (3ʅ ʠ 3ʅ, J = 6.4, ʉ
21 
ʠ ʉ

20
), 1.74 ʩ (3ʅ, ʉ

15
ʅ3), 1.85 ʤ (ʅ

19
), 1.94 ʤ 

(ʅ
18

), 2.10 ʩ (3ʅ, ʉ
10
ʅ3), 2.65 ʩ (3ʅ, ʉ

12
ʅ3), 2.69 ʩ (3ʅ, ʉ

14
ʅ3), 4.53 ʤ (ʅ

16
), 5.87 ʩ (ʅ

4
), 8.26 
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ʰ.ʩ (ʉ
17
ʆʆʅ), 11.76 ʰ.ʩ (ʉ

9
-ʆʅ), 13.34 (ʉ

7
-ʆʅ), 13.80 ʰ.ʩ 

(NH). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.0 (ʉ

15
), 18.3 (ʉ

12
), 21.4 ʠ 

22.2 (ʉ
21

 ʠ ʉ
20
), 24.4 (ʉ

19
) 30.8 (ʉ

14
), 31.5 (ʉ

10
), 40.9 (C

18
), 

54.7 (ʉ
16
), 60.1 (ʉ

9b
), 97.9 (ʉ

2
), 100.9 (ʉ

6
), 101.9 (ʉ

4
), 104.4 

(ʉ
9ʘ
), 107.8 (ʉ

8
), 155.3 (ʉ

5ʘ
), 157.7 (ʉ

9
), 163.1 (ʉ

7
), 173.6 

(ʉ
11
), 174.3 (ʉ

4ʘ
), 174.4 (ʉ

17
), 190.3 (ʉ

3
), 198.3 (ʉ

1
), 200.3 (ʉ

13
). ʅʘʡʜʝʥʦ: m/z 457.17270 [M]

+
 

C24H27NO8. ɺʳʯʠʩʣʝʥʦ: ʄ = 457.17365. 

(2S)-2-({1-[(2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-3,5-ʜʠʦʢʩʦ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(13),6,9,11-ʪʝʪʨʘʝʥ-4-ʠʣʠʜʝʥ]ʵʪʠʣ}ʘʤʠʥʦ)-4-

(ʤʝʪʠʣʩʫʣʴʬʘʥʠʣ)ʙʫʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ (+)-81. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺ ʭrʦʜ 17%, ʪ. ʧʣ. 100-102 
0
ʉ. [Ŭ]D

29
 +269 (c 0.27, 

CHCl3). ʀʂ ʩʧʝʢʪʨ (n, ʩʤ
-1

): 841, 1066, 1140, 1190, 1289, 

1370, 1464, 1551, 1630, 1700, 1742, 2923, 3080. ʉʧʝʢʪʨ 

ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 1.69 ʩ (3ʅ, ʉ

15
ʅ3), 2.04 ʩ (3ʅ, 

ʉ
10
ʅ3), 2.12 ʩ (3ʅ, ʉ

20
ʅ3), 2.35 ʤ (2ʅ, ʉ

18
ʅ2), 2.64 ʩ (3ʅ, 

ʉ
12
ʅ3), 2.65 ʤ (2ʅ, ʉ

19
ʅ2) 2.67 ʩ (3ʅ, ʉ

14
ʅ3), 4.82 ʤ (ʅ

16
), 5.85 ʩ (ʅ

4
), 8.69 ʰ.ʩ (ʉ

17
ʆʆʅ), 11.66 

ʩ (ʉ
9
-ʆʅ), 13.27 (ʉ

7
-ʆʅ), 13.61 ʰ.ʩ (NH). ʗʄʈ 

13
ʉ (CDCl3, d, ʤ.ʜ.): 7.5 (ʉ

15
), 15.3 (ʉ

20
), 18.9 

(ʉ
12
), 29.8 (ʉ

18
) 31.3 (ʉ

14
), 31.6 (ʉ

19
), 32.1 (C

10
), 54.9 (ʉ

16
), 57.4 (ʉ

9b
), 101.4 (ʉ

6
), 102.2 (ʉ

4
), 

102.8 (ʉ
2
), 104.9 (ʉ

9ʘ
), 108.2 (ʉ

8
), 155.8 (ʉ

5ʘ
), 158.1 (ʉ

9
), 163.5 (ʉ

7
), 172.4 (ʉ

11
), 174.8 (ʉ

17
), 

175.5 (ʉ
4ʘ
), 190.6 (ʉ

3
), 198.7 (ʉ

1
), 200.9 (ʉ

13
). ʅʘʡʜʝʥʦ: m/z 475.12480 [M]

+
 C23H25NO8S. 

ɺʳʯʠʩʣʝʥʦ: ʄ = 475.13007. 

(2S)-2-({1-[(2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-3,5-ʜʠʦʢʩʦ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(13),6,9,11-ʪʝʪʨʘʝʥ-4-ʠʣʠʜʝʥ]ʵʪʠʣ}ʘʤʠʥʦ)-3-

ʛʠʜʨʦʢʩʠʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ (+)-82. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 29%, ʪ.ʧʣ. 105-108 
0
ʉ. ʀʂ ʩʧʝʢʪʨ (n, ʩʤ

-1
): 

844, 1065, 1119, 1190, 1286, 1371, 1465, 1557, 1629, 1698, 

1745, 2928, 3393. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (CDCl3, d, ʤ.ʜ., J ɻʮ): 

1.58 ʩ (3ʅ, ʉ
15
ʅ3), 1.97 ʩ (3ʅ, ʉ

10
ʅ3), 2.60 ʩ (3ʅ, ʉ

12
ʅ3), 

2.68 ʩ (3ʅ, ʉ
14
ʅ3), 4.22 ʠ 4.34 ʜ.ʜ (2ʅ, ɸɺ-ʩʠʩʪʝʤʘ, J = 

44.7 ʠ 11.5, ʉ
18
ʅ2), 4.78 ʤ (ʅ

16
), 5.52 (ʅ

4
), 11.32 ʰ.ʩ (ʉ

9
-ʆʅ), 13.24 (ʉ

7
-ʆʅ), 13.58 ʰ.ʜ (NH, J 

= 7.6). ʗʄʈ 
13
ʉ (CDCl3, d, ʤ.ʜ.): 7.5 (ʉ

15
), 19.2 (ʉ

12
), 30.9 (ʉ

14
), 31.8 (ʉ

10
), 58.3 (C

16
), 58.6 (ʉ

9b
), 

62.9 (ʉ
18
), 101.0 ʠ 101.3 (ʉ

6
 ʠ ʉ

4
), 102.7 (ʉ

9ʘ
), 103.9 (ʉ

2
), 108.4 (ʉ

8
), 155.2 (ʉ

5ʘ
), 157.4 (ʉ

9
), 

163.7 (ʉ
7
), 170.2 (ʉ

17
), 174.4 ʠ 175.1 (ʉ

11 
ʠ ʉ

4ʘ
), 190.5 (ʉ

3
), 198.8 (ʉ

1
), 200.3 (ʉ

13
). ʅʘʡʜʝʥʦ: m/z 

431.1222 [M]
+
 ʉ21ʅ21O9N. ɺʳʯʠʩʣʝʥʦ: ʄ = 431.1216 

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 81, 83. 
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1 ʤʤʦʣʴ (344 ʤʛ) ʋʂ ʠ 1.2 ʤʤʦʣʴ ʘʤʠʥʦʢʠʩʣʦʪʳ ʨʘʩʪʚʦʨʠʣʠ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, 

ʜʦʙʘʚʠʣʠ 1 ʤʣ Et3N, ʢʠʧʷʪʠʣʠ 5 ʯʘʩʦʚ. ʆʭʣʘʜʠʣʠ, ʜʦʙʘʚʠʣʠ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ 

ʜʦ ʨʅ ~ 5. ɺʳʧʘʜʘʝʪ ʦʩʘʜʦʢ, ʝʛʦ ʦʪʬʠʣʴʪʨʦʚʚrʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ ʩʠʣʠʢʘʛʝʣʝʤ (60-200ɛ), ʵʣʶʝʥʪ  - 

ʭʣʦʨʦʬʦʨʤ ʩ ʛʨʘʜʠʝʥʪʦʤ ʵʪʠʣʘʮʝʪʘʪʘ ʦʪ 0 ʜʦ 50%. ʇʦ ʪʘʢʦʡ ʤʝʪʦʜʠʢʝ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ 

81, 83. 

(2S)-2-({1-[(2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-3,5-ʜʠʦʢʩʦ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(13),6,9,11-ʪʝʪʨʘʝʥ-4-ʠʣʠʜʝʥ]ʵʪʠʣ}ʘʤʠʥʦ)-4-

(ʤʝʪʠʣʩʫʣʴʬʘʥʠʣ)ʙʫʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ (+)-81. ɺʳʭʦʜ  79%. 

(2S)-2-({1-[(2R,4E)-10-ʘʮʝʪʠʣ-11,13-ʜʠʛʠʜʨʦʢʩʠ-2,12-ʜʠʤʝʪʠʣ-3,5-ʜʠʦʢʩʦ-8-

ʦʢʩʘʪʨʠʮʠʢʣʦ[7.4.0.0
2
,
7
]ʪʨʠʜʝʢʘ-1(9),6,10,12-ʪʝʪʨʘʝʥ-4-ʠʣʠʜʝʥ]ʵʪʠʣ}ʘʤʠʥʦ)-3-(1H-ʠʥʜʦʣ-

3-ʠʣ)ʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ (+)-83. ʉʚʝʪʣʦ-ʞʸʣʪʳʡ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ. 

ɺʳʭʦʜ 86%. ʪ.ʧʣ. 165 ï 167 
0
C. [Ŭ]D

20
 +270 (c 0.14, 

CHCl3). ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (DMSO-d6, d, ʤ.ʜ., J ɻʮ): 1.57 (ʩ, 

3H, CH3-15), 1.92 (ʩ, 3H, CH3-10), 2.34 (ʩ, 3H, CH3-12), 

2.59 (ʩ, 3H, CH3-14), 3.32 (ʤ, 2H, CH-17, CH-17` ʠ 1H, 

NH), 5.02 (ʤ, 1H, CH-16), 5.79 (ʩ, 1H, CH-4), 6.91 (ʪ, 1H, 

CH-23, J = 7.4 Hz), 7.01 (ʪ, 1H, CH-24, J = 7.4 Hz), 7.11 (ʜ, 1H, CH-19, J = 2.0 Hz), 7.29(ʜ, 1H, 

CH-25, J = 8.0 Hz), 7.43 (ʜ, 1H, CH-22, J = 8.0 Hz), 10.96(ʩ, 1H, OH-9), 12.08 (ʩ, 1H, COOH), 

13.36 (ʩ, 1H, OH-7), 13.64 (h .ʩ, 1H, NH). ʗʄʈ 
13
ʉ (DMSO-d6, d, ʤ.ʜ.): 7.5 (C-10), 18.7 (C-15), 

28.4 (C-17), 31.1 (C-12), 31.7 (C-14), 56.4 (C-16), 57.0 (C-9b), 100.9 (C-2), 101.8 (C-6), 102.4 (C- 

4), 105.1 (C-9a), 106.3 (C-8), 107.6 (C-18), 111.5 (C-22), 118.1 (C-25), , 118.6 (C-23), 121.1 (C-

24), 124.6 (C -19), 127.1 (C-20), 136.1 (C-21), 155.7 (C-7), 157.6 (C-5a), 162.5 (C-9), 171.3 

(COOH), 172.9 (C-11), 174.4 (C-4a), 188.8 (C-3), 197.6 (C-1), 200.9 (C-13). ʅʘʡʜʝʥʦ: m/z  

530.1574 [M]+. C29H26N2O8. ɺʳʯʠʩʣʝʥʦ: M = 530.1684. 

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 84, 85. 

ʂ 0.011ʤʦʣʴ ɓ-ʘʣʘʥʠʥʘ ʚ 10ʤʣ MeOH ʠʣʠ EtOH ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʦʭʣʘʞʜʝʥʠʠ 

ʜʦʙʘʚʣʷʶʪ 0.023ʤʦʣʴ SOCl2 ʧʦ ʢʘʧʣʷʤ. ʂʠʧʷʪʠʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 2 ʯʘʩʘ. ʋʜʘʣʠʣʠ 

ʨʘʩʪʚʦʨʠʪʝʣʴ. ʇʦʣʫʯʠʣʠ ʤʝʪʠʣʦʚʳʡ ʠʣʠ ʵʪʠʣʦʚʳʡ ʵʬʠʨ ɓ-ʘʣʘʥʠʥʘ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʧʦʨʦʰʢʘ. ɺ 

ʨʝʘʢʮʠʠ ʩ ʋʂ ʵʬʠʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʦʯʠʩʪʢʠ. 1 ʤʤʦʣʴ (344 ʤʛ) ʋʂ ʠ 1.2 ʤʤʦʣʴ ʵʬʠʨʘ ɓ-

ʘʣʘʥʠʥʘ ʨʘʩʪʚʦʨʠʣʠ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʜʦʙʘʚʠʣʠ 1 ʤʣ Et3N, ʢʠʧʷʪʠʣʠ 5 ʯʘʩʦʚ. ʆʭʣʘʜʠʣʠ, 

ʜʦʙʘʚʠʣʠ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʜʦ ʨʅ ~ 5. ɺʳʧʘʜʘʝʪ ʦʩʘʜʦʢ, ʝʛʦ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, 

ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ 

ʩ ʩʠʣʠʢʘʛʝʣʝʤ (60-200ɛ), ʵʣʶʝʥʪ - ʭʣʦʨʦʬʦʨʤ ʩ ʛʨʘʜʠʝʥʪʦʤ ʵʪʠʣʘʮʝʪʘʪʘ ʦʪ 0 ʜʦ 50%. 


