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1. ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʦʙʰʠʨʥʳʤ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʪʠʧʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʬʨʘʛʤʝʥʪʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʢʘʢ ʧʨʠʨʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ 

ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɻʝʪʝʨʦʮʠʢʣʳ 

ʢʨʘʡʥʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʧʦʣʫʯʝʥʠʷ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʫʜʦʙʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ɺʘʞʥʦʝ ʤʝʩʪʦ ʚ ʨʷʜʫ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʮʠʢʣʦʚ ʟʘʥʠʤʘʶʪ 

ʩʦʧʨʷʞʝʥʥʳʝ ʛʝʪʝʨʦʧʦʣʠʝʥʳ, ʪʘʢʠʝ ʢʘʢ ʘʟʘʙʫʪʘ-1,3-ʜʠʝʥʳ ʠ ʘʟʘ-/ʜʠʘʟʘ-/ʦʢʩʘʟʘ-

/ʦʢʩʘʜʠʘʟʘʛʝʢʩʘ-1,3,5-ʪʨʠʝʥʳ ʠ ʜʨ. ʕʪʠ ʚʳʩʦʢʦ ʥʝʥʘʩʳʱʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʥʷʪʦ 

ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ ʪʨʠ ʪʠʧʘ: ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʳʝ, ʥʝʡʪʨʘʣʴʥʳʝ ʠ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʛʝʪʝʨʦʧʦʣʠʝʥʳ. ʉʦʝʜʠʥʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʪʠʧʘ, ʠʤʝʶʱʠʝ ʦʜʥʫ 

ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ, ʧʨʦʷʚʣʷʶʪ ʦʩʦʙʝʥʥʦ 

ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʠ ʧʦʨʦʡ ʥʝʦʞʠʜʘʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʂ ʩʘʤʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʨʝʘʢʮʠʷʤ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʛʝʪʝʨʦʧʦʣʠʝʥʦʚ ʦʪʥʦʩʷʪʩʷ 

ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ 

ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʪʝʨʦʧʦʣʠʝʥʦʚ ʜʣʷ ʩʠʥʪʝʟʘ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʧʨʷʞʝʥʦ ʩ ʩʝʨʴʝʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʛʝʪʝʨʦʧʦʣʠʝʥʦʚ ʪʨʝʙʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ 

ʪʦ ʚʨʝʤʷ ʢʘʢ 1-ʘʟʘʙʫʪʘ-1,3-ʜʠʝʥʳ ʣʝʛʢʦ ʧʦʣʫʯʘʶʪʩʷ ʢʦʥʜʝʥʩʘʮʠʝʡ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʭ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠʭ ʠʟʦʤʝʨʦʚ, 2-

ʘʟʘʙʫʪʘ-1,3-ʜʠʝʥʦʚ, ʙʦʣʝʝ ʩʣʦʞʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʚʚʦʜʠʪʴ ʚ ʤʦʣʝʢʫʣʫ ʣʠʰʴ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʟʘʤʝʩʪʠʪʝʣʝʡ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʘʟʘʧʦʣʠʝʥʘʤ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʢʨʳʪʠʠ ʢʦʣʝʮ 

ʩʠʥʪʝʪʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʪʨʝʭ- ʠ ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʘʨʙʝʥʦʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʦʩʣʝʜʥʠʝ ʛʝʥʝʨʠʨʫʶʪʩʷ in situ ʠʟ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʠʭ 1,2,3-ʪʨʠʘʟʦʣʴʥʳʭ ʪʘʫʪʦʤʝʨʦʚ ʧʨʠ ʢʘʪʘʣʠʟʝ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʨʦʜʠʷ ʠʣʠ ʤʝʜʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʝʥ, ʪʘʢ ʢʘʢ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ 

ʩʦʧʨʷʞʝʥʥʳʤ N-, N,N- ʠ N,O-ʩʦʜʝʨʞʘʱʠʤ ʙʫʪʘʜʠʝʥʘʤ, ʛʝʢʩʘʪʨʠʝʥʘʤ ʠ ʜʘʞʝ 

ʦʢʪʘʪʝʪʨʘʝʥʘʤ ʟʘ ʦʜʥʫ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ. ʋʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ 



ï 4 ï 

 
 

ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʪʨʝʭ- ʠ ʧʷʪʠʯʣʝʥʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʢʘʨʙʝʥʦʠʜʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʠʡ ʚʳʙʦʨ ʩʫʙʩʪʨʘʪʘ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʟʘʧʦʣʠʝʥʘ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʭʘʨʘʢʪʝʨʦʤ ʟʘʤʝʱʝʥʠ ̫ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ. ʈʘʟʚʠʪʠʶ ʥʦʚʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʩʠʥʪʝʟʘ 

ʛʝʪʝʨʦʧʦʣʠʝʥʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʣʘʜʘʶʱʠʭ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʷ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʢ ʛʝʪʝʨʦʧʦʣʠʝʥʘʤ ʪʘʢʞʝ ʦʪʥʝʩʝʥʳ ʚʠʥʠʣʥʠʪʨʝʥʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʬʦʨʤʘʣʴʥʦ ʷʚʣʷʶʱʠʝʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ 2-

ʘʟʘʙʫʪʘʜʠʝʥʘ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤ ʉ1 ʟʘʤʝʥʝʥ ʥʘ ʘʪʦʤ ʤʝʪʘʣʣʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʩʠʥʪʝʟʘ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʮʠʢʣʠʟʘʮʠʷʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʛʝʪʝʨʦʧʦʣʠʝʥʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʮʝʣʴʶ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʮʠʦʥʘʣʴʥʳʡ ʜʠʟʘʡʥ ʨʝʘʢʮʠʦʥʥʳʭ ʧʘʨʪʥʝʨʦʚ ʠ ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ ʜʣʷ 

ʩʠʥʪʝʟʘ/ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʘʟʘ- ʠ ʦʢʩʘʟʘʧʦʣʠʝʥʦʚ ʠ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʩʪʨʦʝʥʠʷ.   

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʫʪʝʡ ʧʨʝʚʨʘʱʝʥʠʡ ʘʟʘ- ʠ ʦʢʩʘʟʘʧʦʣʠʝʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ, ʭʘʨʘʢʪʝʨʘ ʟʘʤʝʱʝʥʠʷ ʠ ʤʝʪʦʜʘ ʛʝʥʝʨʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʜʷʱʠʭ ʨʝʘʢʮʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʮʠʢʣʦʚ. 

3. ʇʦʠʩʢ ʧʦʜʭʦʜʦʚ ʢ ʛʝʥʝʨʠʨʦʚʘʥʠʶ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʦʚ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʩʠʥʪʝʟʝ ʛʝʪʝʨʦʮʠʢʣʦʚ.   

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʘʟʘ- ʠ ʦʢʩʘʟʘʧʦʣʠʝʥʦʚ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʨʝʘʢʮʠʠ 2ʅ-ʘʟʠʨʠʥʦʚ ʠʣʠ ʘʟʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʚʷʟʴ NïO ʠʣʠ NïN (ʠʟʦʢʩʘʟʦʣʦʚ, 

ʦʢʩʘʜʠʘʟʦʣʦʚ, ʧʠʨʘʟʦʣʦʚ, 1,2,3-ʪʨʠʘʟʦʣʦʚ), ʩ ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʠʜʘʤʠ. ʇʨʠ ʵʪʦʤ 

ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʮʠʢʣ ʦʢʩʘʜʠʘʟʦʣʘ, ʧʠʨʘʟʦʣʘ, 1,2,3-ʪʨʠʘʟʦʣʘ 

ʩʧʦʩʦʙʝʥ ʨʘʩʢʨʳʚʘʪʩɹʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʠʜʦʚ. 

2. ʆʪʢʨʳʪʳ ʥʦʚʳʝ ʪʠʧʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʟʘ- ʠ ʦʢʩʘʟʘʧʦʣʠʝʥʦʚ: 1,6-

ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ 1,4-ʜʠʘʟʘʛʝʢʩʘʪʨʠʝʥʘ ʩ ʜʝʘʨʦʤʘʪʠʟʘʮʠʝʡ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʛʝʪʝʨʦʮʠʢʣʘ; 1,5-ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ 4-ʘʨʠʣ-2-ʘʟʘʙʫʪʘʜʠʝʥʦʚ ʚ ʧʨʦʠʟʚʦʜʥʳʝ ʠʥʜʦʣʘ; 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 1,4,8-ʪʨʠʘʟʘʦʢʪʘʪʝʪʨʘʝʥʦʚ; 



ï 5 ï 

 
 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʯʥʘʷ ʮʠʢʣʠʟʘʮʠʷ 1-ʦʢʩʘ-5,8-ʜʠʘʟʘʪʝʪʨʘʝʥʦʚ; 1,5-ʮʠʢʣʠʟʘʮʠʠ 1-ʦʢʩʘ-

4-ʘʟʘʪʨʠʝʥʦʚ ʚ 3-ʛʠʜʨʦʢʩʠʧʠʨʨʦʣʳ, 3,4-ʵʧʦʢʩʠʧʠʨʨʦʣʠʥʳ ʠ 5-

ʘʣʢʠʣʠʜʝʥʦʢʩʘʟʦʣʠʥʳ. 

3. ʆʪʢʨʳʪʳ ʠ ʠʟʫʯʝʥʳ ʚʘʣʝʥʪʥʘʷ ʠʟʦʤʝʨʠʷ 2-ʘʟʘʙʫʪʘʜʠʝʥï2,3-ʜʠʛʠʜʨʦʘʟʝʪ ʠ 

ʬʦʪʦ- ʠ ʪʝʨʤʦʭʨʦʤʠʟʤ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ 2ʅ-1,4-ʦʢʩʘʟʠʥʦʚ. 

4. ʆʪʢʨʳʪʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʟʠʨʠʥʠʝʚʳʭ ʠʣʠʜʦʚ ï 1,5-

ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ ʚ ʜʠʛʠʜʨʦʘʟʠʨʠʥʦ[2,1-b]ʦʢʩʘʟʦʣʳ, ʠ ʨʘʩʢʨʳʪʠʝ ʧʦʩʣʝʜʥʠʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʘʮʝʪʠʣ(ʤʝʪʠʣ)ʢʝʪʝʥʘ.  

5. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʛʝʥʝʨʠʨʦʚʘʥʠʶ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʨʦʜʠʷ ʠʣʠ ʞʝʣʝʟʘ) ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ 

ʠʟʦʢʩʘʟʦʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 2-ʛʘʣʦʛʝʥ-2ʅ-ʘʟʠʨʠʥʦʚ ʠ 

ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʥʝʧʨʠʨʦʜʥʳʝ 2ʅ-ʘʟʠʨʠʥ-2-ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ. 

6. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʛʝʥʝʨʠʨʦʚʘʥʠʶ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʜʴ-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʦʚ 2ʅ-ʘʟʠʨʠʥʦʚ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʦʪʢʨʳʪʘ 

ʨʝʘʢʮʠʷ ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʨʠʥʦʚ ʢ ʜʠʘʟʦʛʨʫʧʧʝ ʠ ʢ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʮʠʢʣʠʯʝʩʢʠʭ ʝʥʦʣʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ  

1. ʈʘʟʨʘʙʦʪʘʥ rʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʪʨʝʭʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ: 2-ʛʘʣʦʛʝʥ-

2ʅ-ʘʟʠʨʠʥʦʚ, ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 2ʅ-ʘʟʠʨʠʥ-2-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʘʟʠʨʠʥ-

ʩʦʜʝʨʞʘʱʠʭ ʜʠʧʝʧʪʠʜʦʚ ʠ ʜʝʧʩʠʧʝʧʪʠʜʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʳʩʦʢʫʶ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʯʝʪʳʨʝʭʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ: ʩʧʠʨʦ- 

ʠ ʜʠʩʧʠʨʦ-ɓ-ʣʘʢʪʘʤʦʚ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 2,3-ʜʠʛʠʜʨʦʘʟʝʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʦʩʣʝʜʥʠʭ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʘʧʦʧʪʦʟʥʳʤ ʠ ʥʠʟʢʠʤ 

ʥʝʢʨʦʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ.  

3. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʨʦʣʘ: 3-

ʛʠʜʨʦʢʩʠʧʠʨʨʦʣʦʚ, 3-ʘʤʠʥʦʧʠʨʨʦʣʦʚ, 3-ʘʣʢʦʢʩʠʧʠʨʨʦʣʠʥ-2-ʦʥʦʚ, 2-ʘʤʠʥʦ-4-

ʧʠʨʨʦʣʠʥ-3-ʦʥʦʚ ʠ 2,2ǋ-ʙʠʩ(4-ʧʠʨʨʦʣʠʥ-3-ʦʥʦʚ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʠʩʧʠʨʨʦʣʠʥʦʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʦʚʳʡ ʢʣʘʩʩ ʩʠʣʴʥʳʭ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ. 



ï 6 ï 

 
 

4. ʈʘʟʨʘʙʦʪʘʥ r ʥʦʚʝr ʤʝʪʦʜ r ʩʠʥʪʝʟʘ N,N-ʛʝʪʝʨʦʮʠʢʣʦʚ: 5-

ʘʤʠʥʦʠʤʠʜʘʟʦʣʦʚ, 2-(2-ʘʤʠʥʦʚʠʥʠʣ)ʠʤʠʜʘʟʦʣʦʚ, ʧʠʨʘʟʠʥʦʚ, 1,2-

ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ ʠ 2-ʘʨʦʠʣʧʠʨʠʤʠʜʠʥʦʚ. ʅʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʦʩʣʝʜʥʠʭ 

ʧʨʦʷʚʣʷʶʪ ʩʝʣʝʢʪʠʚʥʫʶ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ ʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ.  

5. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʘʤʠʥʦʬʫʨʘʥʦʥʦʚ (ʘʤʠʥʦʙʫʪʝʥʦʣʠʜʦʚ) 

ʠ N,O-ʛʝʪʝʨʦʮʠʢʣʦʚ: 1,3,5-ʦʢʩʘʜʠʘʟʠʥʦʚ, 5-ʘʣʢʠʣʠʜʝʥʦʢʩʘʟʦʣʠʥʦʚ ʠ 2ʅ-1,4-

ʦʢʩʘʟʠʥʦʚ. ɺʳʷʚʣʝʥ ʬʦʪʦ- ʠ ʪʝʨʤʦʭʨʦʤʠʟʤ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ 2ʅ-1,4-ʦʢʩʘʟʠʥʦʚ. 

6. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʦʩʪʠʢʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ: 2,6,8-

ʪʨʠʘʟʘʙʠʮʠʢʣʦ[3.2.1]ʦʢʪʘ-3,6-ʜʠʝʥʦʚ, 4,6-ʜʠʦʢʩʘ-1-ʘʟʘʙʠʮʠʢʣʦ[3.2.1]ʦʢʪ-2-ʝʥʦʚ ʠ 

5,7-ʜʠʦʢʩʘ-1-ʘʟʘʙʠʮʠʢʣʦ[4.3.1]ʜʝʢʘ-3,8-ʜʠʝʥ-2-ʦʥʦʚ. 

7. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ: N-

ʟʘʤʝʱʝʥʥʳʭ ʠʥʜʦʣʦʚ, 1,3'-ʙʠʩʠʥʜʦʣʦʚ, ʧʠʨʨʦʣʦ[3,4b]ʧʠʨʨʦʣʦʚ, ʬʫʨʦ[3,4-

b]ʧʠʨʨʦʣʦʚ, ʪʠʝʥʦ[3,4-b]ʧʠʨʨʦʣʦʚ, ʠʥʜʝʥʦ[1,2-b]ʧʠʨʨʦʣʦʚ, ʧʠʨʘʟʠʥʦ[2,3-b]ʠʥʜʦʣʦʚ, 

4H-ʧʠʨʠʜʦ[1,2-a]ʧʠʨʘʟʠʥʦʚ, 2-ʘʟʘʬʣʫʦʨʘʥʪʝʥʦʚ ʠ 3,4-ʵʧʦʢʩʠʧʠʨʨʦʣʠʥʦʚ.  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1. ʄʝʪʦʜʳ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʘʟʘ- ʠ ʦʢʩʘʟʘʧʦʣʠʝʥʦʚ ʧʫʪʝʤ ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ 2ʅ-

ʘʟʠʨʠʥʦʚ, ʠʟʦʢʩʘʟʦʣʦʚ, ʦʢʩʘʜʠʘʟʦʣʦʚ, ʧʠʨʘʟʦʣʦʚ ʠ 1,2,3-ʪʨʠʘʟʦʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʠʜʦʚ. 

2. ʅʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʮʠʢʣʠʟʘʮʠʷʭ ʠ ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷʭ ʘʟʘ- ʠ ʦʢʩʘʟʘʧʦʣʠʝʥʦʚ. 

3. ʄʝʪʦʜʳ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʦʚ (ʚʠʥʠʣʥʠʪʨʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ) ʠ ʠʭ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʘʟʦʪʠʩʪʳʝ ʛʝʪʝʨʦʮʠʢʣʳ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʦʚʨʝʤʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʚʢʣʶʯʘʶʱʘʷ 

ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʡ ʚ ʪʝʨʤʠʯʝʩʢʠʭ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʬʦʪʦʣʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʄʦʥʠʪʦʨʠʥʛ ʭʦʜʘ ʨʝʘʢʮʠʡ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʊʉʍ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʗʄʈ 1ʅ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʭʦʜʳ 

ʧʨʦʜʫʢʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 1ʅ. ʉʪʨʫʢʪʫʨ rʮʝʣʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʗʄʈ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʚʫʤʝʨʥʳʭ ʩʧʝʢʪʨʦʚ; ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ï ʠʥʬʨʘʢʨʘʩʥʦʡ ʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 



ï 7 ï 

 
 

ʏʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʗʄʈ 1ʅ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʨʫʪʪʦ-ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʜʪʚʝʨʞʜʘʣʩʷ ʜʘʥʥʳʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ 

ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʣʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʚ ʚʠʜʝ ʧʨʠʛʣʘʰʝʥʥʳʭ, ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: VI North Caucasus Organic Chemistry Symposium (ʉʪʘʚʨʦʧʦʣʴ, 2022), 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʛʫʤʘʥʠʪʘʨʥʳʤ ʥʘʫʢʘʤ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ "ʅʘʫʢʘ ʉʇʙɻʋ ï 2021è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2021), 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʂʦʥʛʨʝʩʩ ʧʦ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ çʂOST-2021è 

(ʉʦʯʠ, 2021), VI International Symposium çThe Chemistry of Diazo Compounds and 

Related Systemsè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2021), ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠè (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2020), 

ʍʍI ʄʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019), 

XI International Conference on Chemistry for Young Scientists çMendeleev 2019è 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019), VIII  ʄʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʀʆʍ ʈɸʅ (ʄʦʩʢʚʘ, 2019), 

V ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

(ɺʣʘʜʠʢʘʚʢʘʟ, 2018), 6th International Conference of Young Scientists on Organic 

Chemistry (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2014), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ, ʧʦʩʚʷʱʝʥʥʘʷ ʥʘʫʯʥʦʤʫ ʥʘʩʣʝʜʠʶ ʄ.ɻ. ʂʫʯʝʨʦʚʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2014), 

ʂʣʘʩʪʝʨ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʆʨʛʍʠʤ-2013 (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2013). 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʥʘʫʯʥʦʛʦ ʜʦʢʣʘʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 32 ʩʪʘʪʴʷʭ (ʚ ʪʦʤ ʯʠʩʣʝ 3 ʦʙʟʦʨʘʭ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ) ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʢʚʘʨʪʠʣʷ (Q1 ʠ Q2), ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʙʘʟʘʤʠ ʜʘʥʥʳʭ Scopus ʠ Web of Science. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ 
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ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʙʦʙʱʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ. ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʧʦ ʪʝʤʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʠ ʟʘʱʠʱʝʥʳ 9 ʚʳʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 4 

ʤʘʛʠʩʪʝʨʩʢʠʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʊʘʢʞʝ ʘʚʪʦʨ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ ʉʤʝʪʘʥʠʥʘ ʀ.ɸ. (2017 ʛ.), ʉʪʨʝʣʴʥʠʢʦʚʦʡ ʖ.ʆ. (2021 ʛ.) 

ʠ ʉʘʭʘʨʦʚʘ ʇ.ɸ. (2021 ʛ.), ʯʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʪʦʨʳʭ ʚʦʰʣʠ ʚ ʩʦʩʪʘʚ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʘʷ ʯʘʩʪ ɹ ʨʘʙʦʪ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪʳ 

14-03-31117 ʠ 16-30-60130), ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ʧʨʦʝʢʪ ʄʂ-2698.2019.3) ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 19-73-10090), 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʢʦʪʦʨʳʭ ʷʚʣʷʣʩʷ ʜʠʩʩʝʨʪʘʥʪ, ʘ ʪʘʢʞʝ ʛʨʘʥʪʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ ˉ 17-13-01078 ʠ 20-13-00044, ʚ ʢʦʪʦʨʳʭ ʜʠʩʩʝʨʪʘʥʪ ʷʚʣʷʣʩʷ ʦʩʥʦʚʥʳʤ 

ʠʩʧʦʣʥʠʪʝʣʝʤ.  
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2. ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ɼʆʂʃɸɼɸ 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʛʝʥʝʨʠʨʦʚʘʥʠʷ, ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ 

ʛʝʪʝʨʦʧʦʣʠʝʥʦʚ: (ʘ) ʘʟʘ- ʠ ʦʢʩʘʟʘʧʦʣʠʝʥʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʜʣʠʥʦʡ ʩʦʧʨʷʞʝʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʝʝ ʟʘʤʝʱʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʯʠʩʣʦʤ ʠ ʧʦʣʦʞʝʥʠʝʤ ʛʝʪʝʨʦʘʪʦʤʦʚ. ʀʩʭʦʜʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʪʝʨʦʧʦʣʠʝʥʦʚ ʷʚʣʷʶʪʩʷ 2ʅ-ʘʟʠʨʠʥʳ 

ʠ ʠʟʦʢʩʘʟʦʣʳ, ʧʦ ʧʦʩʣʝʜʥʠʤ ʜʦʩʪʠʞʝʥʠʷʤ ʭʠʤʠʠ ʢʦʪʦʨʳʭ ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʠ (ʚ 

ʩʦʘʚʪʦʨʩʪʚʝ) ʙʳʣʠ ʥʘʧʠʩʘʥʳ ʦʙʟʦʨʥʳʝ ʩʪʘʪʴʠ [1, 2]; (ʙ) ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʚʠʥʠʣʥʠʪʨʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ï ʨʦʜʠʷ, 

ʞʝʣʝʟʘ, ʤʝʜʠ. ʉʭʝʤʘʪʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʛʝʪʝʨʦʧʦʣʠʝʥʦʚ, ʦ ʢʦʪʦʨʳʭ ʧʦʡʜʝʪ ʨʝʯʴ ʚ 

ʜʦʢʣʘʜʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ: 

 

 

2.1 ʄʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʳ: ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 2ʅ-ʘʟʠʨʠʥʘ ʠ 1-ʧʠʨʨʦʣʠʥʘ 

ʇʝʨʚʘʷ ʯʘʩʪʴ ʜʦʢʣʘʜʘ ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʘʤ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠ ʮʠʢʣʠʟʘʮʠʷʤ 

ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʦʚ. 

 

 



ï 10 ï 

 
 

ʇʦʣʫʯʝʥʠʝ 2-ʛʘʣʦʛʝʥ-2ʅ-ʘʟʠʨʠʥʦʚ [3ï5]  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʟʠʨʠʥʳ, ʥʘʧʨʠʤʝʨ, ʛʘʣʦʛʝʥʘʟʠʨʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʫʭʦʜʷʱʫ  ʁʛʨʫʧʧʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʱʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. ʅʘʤʠ 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʘʟʠʨʠʥʦʚ ʠʟ 4-

ʛʘʣʦʛʝʥʠʟʦʢʩʘʟʦʣʦʚ [3]. ʊʝʪʨʘʧʠʚʘʣʦʘʪ ʜʠʨʦʜʠʷ, Rh2(Piv)4, ʦʢʘʟʘʣʩʷ ʦʯʝʥʴ 

ʵʬʬʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʦʚ 2 ʠʟ 4-

ʛʘʣʦʛʝʥʠʟʦʢʩʘʟʦʣʦʚ 1 ʩ ʘʣʢʦʢʩʠ- ʠʣʠ ʜʠʘʣʢʠʣʘʤʠʥʦ-ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ ʘʪʦʤʝ ʉ5. 

ʅʝʫʩʪʦʡʯʠʚʳʡ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʦʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ 2 ʟʘʪʝʤ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʥʦʝ ʘʟʠʨʠʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 3 ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʝʥʝʨʘʮʠʝʡ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 2-ɻʘʣʦʛʝʥʘʟʠʨʠʥʳ 3 ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʵʪʠʤ ʤʝʪʦʜʦʤ ʚ ʛʨʘʤʤʦʚʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʦʡ ʟʘʛʨʫʟʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʜʦ 0.1 ʤʦʣ. %), ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ. ʀʟʦʤʝʨʠʟʘʮʠʷ 5-

ʩʫʣʴʬʘʥʠʣʟʘʤʝʱʝʥʥʳʭ 4-ʛʘʣʦʛʝʥʠʟʦʢʩʘʟʦʣʦʚ 1 ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 2-

ʛʘʣʦʛʝʥʘʟʠʨʠʥʳ 4 ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʪʝʪʨʘʛʠʜʨʘʪʦʤ ʭʣʦʨʠʜʘ 

ʞʝʣʝʟʘ(II) ʠ ʪʘʢʞʝ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʘ 2. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ 2-ʙʨʦʤ- ʠ 2-ʠʦʜʘʟʠʨʠʥ-2-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʚʤʝʩʪʦ ʪʝʪʨʘʛʠʜʨʘʪʘ 

ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ(II) ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʧʪʘʛʠʜʨʘʪ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ(II) ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʦʙʤʝʥʘ ʛʘʣʦʛʝʥʦʚ ʚ ʧʨʦʜʫʢʪʝ ʨʝʘʢʮʠʠ.  

 

ʇʦʟʜʥʝʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚʩʷ ʣʠʥʝʡʢʘ ʛʘʣʦʛʝʥʘʟʠʨʠʥʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʙʨʦʤʘʟʠʨʠʥʦʚ 5 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳʭ 

ʫʩʣʦʚʠʷʭ [4]: ʜʣʷ ʩʠʥʪʝʟʘ ʭʣʦʨʠʜʦʚ 6 ʠ ʬʪʦʨʠʜʦʚ 7 ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʣʦʛʝʥʠʜʦʚ 

ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ (DCM), ʘ ʜʣʷ ʩʠʥʪʝʟʘ ʠʦʜʠʜʦʚ 8 ï ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʜʠʜʘ ʢʘʣʠʷ ʚ ʘʮʝʪʦʥʝ. ʕʪʘ ʨʝʘʢʮʠʷ ʟʘʤʝʱʝʥʠʷ ʛʘʣʦʛʝʥʦʚ ʠʤʝʝʪ 



ï 11 ï 

 
 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ ʬʪʦʨʟʘʤʝʱʝʥʥʳʝ ʘʟʠʨʠʥʳ 7. 

 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ 2-ʛʘʣʦʛʝʥʘʟʠʨʠʥʦʚ ʩ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ ʥʝ ʚʩʝʛʜʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʧʨʦʜʫʢʪʝ ʟʘʤʝʱʝʥʠʷ 

ʛʘʣʦʛʝʥʘ ʠ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʜʘʞʝ ʩ ʨʘʩʢʨʳʪʠʝʤ ʘʟʠʨʠʥʦʚʦʛʦ ʮʠʢʣʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʨʝʘʢʮʠʷ ʙʨʦʤʘʟʠʨʠʥʦʚ 9 ʩ ʘʨʠʣʫʢʩʫʩʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠʣʠ ʤʦʥʦʵʬʠʨʦʤ ʤʘʣʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 5-

ʘʤʠʥʦʙʫʪʝʥʦʣʠʜʦʚ 10 ʠ 11 [5]. ʋʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʦʩʥʦʚʘʥʠʡ: ʪʨʠʵʪʠʣʘʤʠʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʫʪʝʥʦʣʠʜʳ 10 ʩ 

ʚʠʮʠʥʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʤʠʥʦ- ʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧ, ʪʦʛʜʘ ʢʘʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʙʫʪʝʥʦʣʠʜʘʤ 11 ʩ ʛʝʤʠʥʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʝʭ ʞʝ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʈʝʘʢʮʠʦʥʥʳʝ ʧʫʪʠ, ʚʝʜʫʱʠʝ ʢ ʵʪʠʤ ʧʨʦʜʫʢʪʘʤ, 

ʥʘʯʠʥʘʶʪʩʷ ʩ ʟʘʤʝʱʝʥʠʷ ʛʘʣʦʛʝʥʘ ʚ ʘʟʠʨʠʥʝ ʥʘ ʘʮʠʣʦʢʩʠ-ʛʨʫʧʧʫ ʧʦ ʤʝʭʘʥʠʟʤʫ SN2ô 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʟʠʨʠʥʘ 12. ɼʘʣʝʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʦʩʥʦʚʘʥʠʷ, ʘʮʠʣʦʢʩʠ-

ʛʨʫʧʧʘ ʚ 12 ʣʠʙʦ ʟʘʤʝʱʘʝʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ SN2ô ʥʘ ʜʨʫʛʫʶ ʘʮʠʣʦʢʩʠ-ʛʨʫʧʧʫ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʘʟʠʨʠʥʫ 15, ʣʠʙʦ ʝʥʦʣʠʟʫʝʪʩʷ, ʯʪʦ ʟʘʧʫʩʢʘʝʪ ʮʠʢʣʠʟʘʮʠʶ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʘʟʠʨʠʜʠʥ 14. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʢʨʳʪʠʷ ʘʟʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʚ 14 

ʦʙʨʘʟʫʝʪʩʷ ʙʫʪʝʥʦʣʠʜ 10. ɹʫʪʝʥʦʣʠʜ 11 ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʦʛʠʯʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʡ çʝʥʦʣʠʟʘʮʠʷ/ʮʠʢʣʠʟʘʮʠʷ/ʨʘʩʢʨʳʪʠʝ ʘʟʠʨʠʜʠʥʘè, 

ʥʦ ʠʟ ʘʮʠʣʦʢʩʠʘʟʠʨʠʥʘ 15. ɺʣʠʷʥʠʝ ʦʩʥʦʚʘʥʠʷ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʳʤ ʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʚʦʜʠʪʩʷ ʢ ʭʝʣʘʪʠʨʦʚʘʥʠʶ ʜʚʫʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ 

ʢʘʪʠʦʥʦʤ ʢʘʣʠʷ ʚ ʠʥʪʝʨʤʝʜʠʘʪʝ 16. 



ï 12 ï 

 
 

 

ʇʦʣʫʯʝʥʠʝ 2ʅ-ʘʟʠʨʠʥ-2-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [6, 7] 

ʅʘ ʦʩʥʦʚʝ ʠʟʦʤʝʨʠʟʘʮʠʠ ʠʟʦʢʩʘʟʦʣïʘʟʠʨʠʥ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʙʝʟʚʦʜʥʳʤ 

ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ(II), ʥʘʤ ʫʜʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ 

ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʘʟʠʨʠʥ-2-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 21 ʠʟ 5-

ʭʣʦʨʠʟʦʢʩʘʟʦʣʦʚ 18 [6]. ʉʠʥʪʝʟ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʜʥʫ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʠ 

ʚʢʣʶʯʘʝʪ ʪʨʠ ʧʨʝʚʨʘʱʝʥʠʷ: ʨʘʩʢʨʳʪʠʝ ʭʣʦʨʠʟʦʢʩʘʟʦʣʘ 18 ʚ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥ 19, 

ʝʛʦ ʮʠʢʣʠʟʘʮʠʶ ʚ ʘʟʠʨʠʥ-2-ʢʘʨʙʦʥʠʣʭʣʦʨʠʜ 20 ʠ ʛʠʜʨʦʣʠʟ ʧʦʩʣʝʜʥʝʛʦ. ɼʦ ʥʘʰʝʡ 

ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʚʝʩʪʥʦ ʪʦʣʴʢʦ ʜʚʝ ʘʟʠʨʠʥʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ï ʦʙʝ ʚʳʜʝʣʝʥʥʳʝ ʠʟ 

ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʘʰ ʤʝʪʦʜ ʦʢʘʟʘʣʩʷ ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷ ï ʘʟʠʨʠʥʦʤʠʮʠʥʘ (ʚ ʨʘʮʝʤʠʯʝʩʢʦʡ ʬʦʨʤʝ). ʇʦʩʢʦʣʴʢʫ ʘʟʠʨʠʥʦʤʠʮʠʥ 

ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʙʘʢʪʝʨʠʡ, ʤʳ 

ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʥʦʚʳʭ ʢʠʩʣʦʪ 21 

ʚ ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ ʛʨʫʧʧʳ ESKAPE.1 ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʦʢʘʟʘʣʘʩʴ 3-

ʬʝʥʠʣ-2ʅ-ʘʟʠʨʠʥ-2-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 21ʘ. ɺʘʞʥʦ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʘʟʠʨʠʥʦʤʠʮʠʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʘʨʠʣʟʘʤʝʱʝʥʥʳʝ ʢʠʩʣʦʪʳ 21 ʦʢʘʟʘʣʠʩʴ ʫʤʝʨʝʥʥʦ 

ʮʠʪʦʪʦʢʩʠʯʥʳʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ 

ʘʥʪʠʙʠʦʪʠʢʦʚ. 

                                                           
1 Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 
aeruginosa, Enterobacter spp. 



ï 13 ï 

 
 

 

ʅʘʣʠʯʠʝ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʜʝʣʘʝʪ ʘʟʠʨʠʥʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ 21 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩʪʘʨʪʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 2ʅ-ʘʟʠʨʠʥʘ. ʉ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ ʇʘʩʩʝʨʠʥʠ ʠ ʋʛʠ ʥʘʤʠ ʙʳʣʘ ʫʩʧʝʰʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʘʟʠʨʠʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 21, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʟʠʨʠʥ-ʩʦʜʝʨʞʘʱʠʝ ʜʝʧʩʠʧʝʧʪʠʜʳ 22 ʠ ʜʠʧʝʧʪʠʜʳ 23, ʘʟʠʨʠʥʦʚʳʡ 

ʮʠʢʣ ʧʨʠ ʵʪʦʤ ʥʝ ʟʘʪʨʘʛʠʚʘʣʩʷ [7]. ʀʟʫʯʝʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 22 ʠ 23 ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʩʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨʘ 22a, 

ʘʢʪʠʚʥʦʛʦ ʚ ʦʪʥʦʰʝʥʠʠ ʙʘʢʪʝʨʠʡ Staphylococcus aureus. 

 

ʇʦʣʫʯʝʥʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 1-ʧʠʨʨʦʣʠʥʦʚ [8ï10] 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟ 

ʠʟʦʢʩʘʟʦʣʦʚ, ʥʦ ʠʟ ʥʝʢʦʪʦʨʳʭ ʘʟʠʨʠʥʦʚ. ʊʘʢʠʝ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʳ ʦʢʘʟʘʣʠʩʴ 

ʩʧʦʩʦʙʥʳʤʠ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢ ʢʨʘʪʥʳʤ ʩʚʷʟʷʤ, ʪʝʤ ʩʘʤʳʤ ʬʦʨʤʠʨʫʷ ʧʷʪʠʯʣʝʥʥʳʡ 

ʛʝʪʝʨʦʮʠʢʣ. ʊʘʢ, ʤʝʜ-ɹʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ 3-ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʘʟʠʨʠʥʦʚ 24 ʩ 

ʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʘʟʦʢʝʪʦʵʬʠʨʦʤ 25 ʠ ʜʠʘʟʦʢʝʪʦʘʤʠʜʘʤʠ 26 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁ

1,2,3-ʪʨʠʘʟʦʣʦʚ 27 ʠ 28 ʩ ʦʨʪʦ-ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤʠ (ʧʠʨʨʦʣʦ[3,4-b]ʧʠʨʨʦʣʴʥʳʤ ʠʣʠ 

ʬʫʨʦ[3,4-b]ʧʠʨʨʦʣʴʥʳʤ) ʠ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʤʠ (1-ʦʢʩʘ-4,7-



ï 14 ï 

 
 

ʜʠʘʟʘʩʧʠʨʦ[4.4]ʥʦʥʠʣʴʥʳʤ ʠʣʠ 1,7-ʜʠʦʢʩʘ-4-ʘʟʘʩʧʠʨʦ[4.4]ʥʦʥʠʣʴʥʳʤ) ʟʘʤʝʩʪʠʪʝʣ-̫

ʤʠ ʧʨʠ ʘʪʦʤʝ N2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [8]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʘʪʦʤʦʚ ʘʟʦʪʘ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʳʡ 

ʪʠʧ ʩʙʦʨʢʠ 1,2,3-ʪʨʠʘʟʦʣʦʚ ʠʟ ʩʠʥʪʦʥʦʚ çNïNè ʠ çCïCïNè. ɺʳʭʦʜʳ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 27 ʠ 28 ʚ ʦʩʥʦʚʥʦʤ ʥʝʚʳʩʦʢʠʝ, ʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʶʪ 30ï

40%. ʉʧʠʨʦʩʦʝʜʠʥʝʥʠʷ 28 ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʠʜʝ ʩʤʝʩʠ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ. 

 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 27 ʠ 28 ʚʢʣʶʯʘʝʪ 

ʢʦʦʨʜʠʥʘʮʠʶ ʘʟʠʨʠʥʘ 24 ʩ ʤʝʜʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʘ 29 (ʢʦʤʧʣʝʢʩʘ ʚʠʥʠʣʥʠʪʨʝʥʘ), ʢʦʪʦʨʳʡ ʧʝʨʝʭʚʘʪʳʚʘʝʪʩʷ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʝʤ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ ʚ ʝʥʦʣ 30. ʇʦʩʣʝʜʥʠʡ ʤʦʞʝʪ 

ʘʪʘʢʦʚʘʪʴ ʚʪʦʨʫʶ ʤʦʣʝʢʫʣʫ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʘ 29, ʧʨʠʚʦʜʷ ʧʦʩʣʝ ʮʠʢʣʠʟʘʮʠʠ ʢ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤ ʘʜʜʫʢʪʘʤ 27 (ʧʨʠ ʵʪʦʤ ʝʥʦʣ 30 ʘʪʘʢʫʝʪ ʘʪʦʤʦʤ C3) ʠʣʠ 

ʩʧʠʨʦʘʜʜʫʢʪʘʤ 28 (ʝʥʦʣ 30 ʘʪʘʢʫʝʪ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ). 

 

ʕʪʘ ʨʘʙʦʪʘ ʧʦʣʦʞʠʣʘ ʥʘʯʘʣʦ ʩʝʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʛʝʥʝʨʠʨʦʚʘʥʠʶ ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʦʚ 32 ʠʟ ʘʟʠʨʠʥʦʚ 31 ʜʣʷ ʘʥʥʝʣʠʨʦʚʘʥʠʷ 

ʧʠʨʨʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ ʢ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ ʝʥʦʣʴʥʦʡ ʩʚʷʟʠ ʨʘʟʣʠʯʥʳʭ ʢʘʨʙʦ- ʠ 



ï 15 ï 

 
 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʥʘ ʧʨʠʤʝʨʝ 

ʟʘʤʝʱʝʥʥʳʭ ʪʝʪʨʘʤʦʚʳʭ ʢʠʩʣʦʪ 33 ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ 

ʤʝʜʠ(I) ï IPrCuCl. ɺ ʠʪʦʛʝ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʨʦʣʦ[3,4-

b]ʧʠʨʨʦʣʘ 34 ʚ ʦʩʥʦʚʥʦʤ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ [9]. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʦʪʝʢʘʣʠ ʨʝʘʢʮʠʠ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʪʝʪʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 35, ʪʠʦʪʝʪʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

37 ʠ ʠʥʜʘʥ-1,3-ʜʠʦʥʘ 39 [10]. ɺ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʩʣʫʯʘʷʭ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ 

ʘʥʥʝʣʠʨʦʚʘʥʠʷ 38 ʠ 40 ʙʳʣʠ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʪʝʪʨʘʤʦʚʳʭ ʠ ʪʝʪʨʦʥʦʚʳʭ ʢʠʩʣʦʪ 

(34 ʠ 36). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʩʣʫʯʘʝʚ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, 

ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʷʤ 28, ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʚʣʠʷʥʠʠ ʛʝʪʝʨʦʘʪʦʤʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ɓ-ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʝʥʦʣʘ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ 

ʘʥʥʝʣʠʨʦʚʘʥʠʷ. 

 

 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʯʘʩʪʠ 2.1, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ 

ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʳ (ʚʠʥʠʣʥʠʪʨʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ) ʤʦʛʫʪ 

ʙʳʪʴ ʛʝʥʝʨʠʨʦʚʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ ʠʟʦʢʩʘʟʦʣʦʚ, ʠʤʝʶʱʠʭ 

ʛʝʪʝʨʦʘʪʦʤʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠ ʘʪʦʤʝ ʉ5, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

2ʅ-ʘʟʠʨʠʥʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʘʤʠ 2ʅ-ʘʟʠʨʠʥʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʧʨʝʢʫʨʩʦʨʘʤʠ 



ï 16 ï 

 
 

ʤʝʪʘʣʣʦʘʟʘʧʦʣʠʝʥʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʪʦʥʦʚ çʉ-ʉ-Nè ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 1-ʧʠʨʨʦʣʠʥʦʚ. 

 

2.2 ɸʟʘ- ʠ ʦʢʩʘʟʘʧʦʣʠʝʥʳ: ʩʠʥʪʝʟ 4ï7-ʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 

ɺʪʦʨʘʷ, ʥʘʠʙʦʣʝʝ ʦʙʰʠʨʥʘʷ ʯʘʩʪʴ ʜʦʢʣʘʜʘ ʧʦʩʚʷʱʝʥʘ ʤʝʪʘʣʣ-

ʢʘʪʘʣʠʟʠʨʫʝʤʳʤ ʨʝʘʢʮʠʷʤ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 41 ʠ ʠʭ ʘʥʘʣʦʛʦʚ (1-ʩʫʣʴʬʦʥʠʣ-1,2,3-

ʪʨʠʘʟʦʣʦʚ ʠʣʠ ʧʠʨʠʜʦʪʨʠʘʟʦʣʦʚ) ʩ 2ʅ-ʘʟʠʨʠʥʘʤʠ 42 ʠ ʘʟʦʣʘʤʠ 43, ʠʤʝʶʱʠʤʠ ʩʚʷʟʴ 

NïO ʠʣʠ NïN. ɺ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʠʟ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ 41 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʨʦʜʠʷ, ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʠʜ 44, ʢʦʪʦʨʳʡ, ʙʫʜʫʯʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʯʘʩʪʠʮʝʡ, ʘʪʘʢʫʝʪ 

ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʘʪʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ 42/43. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʟʫʶʪʩʷ ʤʝʪʘʣʣ-ʩʚʷʟʘʥʥʳʡ 45/46 ʠ ʩʚʦʙʦʜʥʳʡ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʠʣʠʜʳ 47/48. ʇʦʩʣʝ ʨʘʩʢʨʳʪʠʷ ʛʝʪʝʨʦʮʠʢʣʘ ʧʦ ʩʚʷʟʠ NïC (ʚ 

ʩʣʫʯʘʝ ʘʟʠʨʠʥʦʚ), NïO (ʚ ʩʣʫʯʘʝ ʠʟʦʢʩʘʟʦʣʘ ʠ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʘ) ʠʣʠ NïN (ʚ ʩʣʫʯʘʝ 

ʧʠʨʘʟʦʣʘ ʠ 1,2,3-ʪʨʠʘʟʦʣʘ) ʦʙʨʘʟʫʝʪʩʷ ʘʟʘ- ʠʣʠ ʦʢʩʘʟʘʧʦʣʠʝʥ 49/50, ʢʦʪʦʨʳʡ ʟʘʪʝʤ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠ ʠʤʝʶʱʠʭʩʷ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʮʠʢʣʠʟʫʝʪʩʷ ʚ ʪʫ ʠʣʠ ʠʥʫʶ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠʣʠ ʥʫʢʣʝʦʬʠʣʴʥʳʭ 

1,4-, 1,5-, 1,6- ʠʣʠ 1,7-ʮʠʢʣʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

 

 

2.2.1 2-ɸʟʘʙʫʪʘ-1,3-ʜʠʝʥʳ: ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʝʪʘ 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʠʟʫʯʝʥʘ 4ˊ-ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ 2-aʟʘʙʫʪʘ-1,3-ʜʠʝʥʦʚ ʠ ʠʭ 

ʨʝʘʢʮʠʷ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʢʝʪʝʥʘʤ. 



ï 17 ï 

 
 

  

 

1,4-ʕʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ 2-ʘʟʘʙʫʪʘʜʠʝʥʦʚ ï ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 2,3-

ʜʠʛʠʜʨʦʘʟʝʪʘ [ 11ï14]  

ʂʦʥʨʦʪʘʪʦʨʥʘʷ ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ ʧʨʦʩʪʝʡʰʠʭ ʠʟ ʠʟʫʯʝʥʥʳʭ ʘʟʘʧʦʣʠʝʥʦʚ, 2-

ʘʟʘʙʫʪʘʜʠʝʥʦʚ, ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ 2,3-ʜʠʛʠʜʨʦʘʟʝʪʘʤ. ʆʜʥʘʢʦ ʯʝʪʳʨʝʭʯʣʝʥʥʳʡ 

ʮʠʢʣ ʧʦʩʣʝʜʥʠʭ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʳʤ, ʯʪʦ ʜʝʣʘʝʪ 1,4-ʮʠʢʣʠʟʘʮʠʶ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʠʙʦ ʮʠʢʣʠʟʘʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ 

ʚʦʦʙʱʝ, ʣʠʙʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʦʧʨʷʞʝʥʥʦʡ ʢʨʘʪʥʦʡ ʩʚʷʟʠ, 

ʨʝʘʣʠʟʫʝʪʩʷ 1,5- ʠʣʠ 1,6-ʮʠʢʣʠʟʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʥʘʧʨʷʞʝʥʥʳʭ 5- ʠʣʠ 6-

ʯʣʝʥʥʳʭ ʩʠʩʪʝʤ. ʇʨʦʠʟʚʦʜʥʳʝ 2,3-ʜʠʛʠʜʨʦʘʟʝʪʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʘʪʦʤʘ ʧʨʠ 

ʘʪʦʤʝ ʉ4, ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠ ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ 

2-ʘʟʘʙʫʪʘʜʠʝʥʦʚ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʵʪʠʤ ʩʪʨʫʢʪʫʨʘʤ. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ 1,4-

ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʠ 2-ʘʟʘʙʫʪʘʜʠʝʥʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ 

ʛʨʫʧʧ ʧʨʠ ʘʪʦʤʝ ʉ1. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 1,4-ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʣʘ 

ʪʦʣʴʢʦ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ 

ʉ4 ʷʚʣʷʣʘʩʴ ʥʝʦʙʨʘʪʠʤʦʡ. ʊʘʢ, ʚ ʨʝʘʢʮʠʷʭ 2,3-ʜʠʟʘʤʝʱʝʥʥʳʭ ʘʟʠʨʠʥʦʚ 51 ʠ 52 ʩ 

ʜʠʘʟʦʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 53 ʠ 54, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʪʝʪʨʘʘʮʝʪʘʪʦʤ 

ʜʠʨʦʜʠʷ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʩʪʦʡʯʠʚʳʝ ʜʠʛʠʜʨʦʘʟʝʪʳ 56 ʠ 57 [11, 12]. ʈʝʘʢʮʠʠ 

ʘʟʠʨʠʥʦʚ ʩ ʜʠʘʟʦʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʦʪʝʢʘʶʪ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʟʠʨʠʥʠʝʚʳʭ ʠʣʠʜʦʚ, ʨʘʩʢʨʳʪʠʝ ʮʠʢʣʘ ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ 2-ʘʟʘʙʫʪʘʜʠʝʥʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʩʪʝʨʝʦʠʟʦʤʝʨʘʤʠ ʧʦ ʩʚʷʟʠ ʉ=ʉ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʮʠʢʣʠʟʘʮʠʷ 2-ʘʟʘʙʫʪʘʜʠʝʥʘ 55 ʚ ʜʠʛʠʜʨʦʘʟʝʪ 56 ʧʨʦʠʩʭʦʜʠʪ 

ʣʝʛʯʝ, ʢʦʛʜʘ ʜʚʦʡʥʘʷ ʩʚʷʟʴ ʉ=ʉ ʠʤʝʝʪ E-ʢʦʥʬʠʛʫʨʘʮʠʶ. ʅʠʟʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ Z-ʠʟʦʤʝʨʘ 2-ʘʟʘʙʫʪʘʜʠʝʥʘ 55 ʩʚʷʟʘʥʘ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʉ4 ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ 

ʘʪʦʤʝ ʉ1 ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʮʠʢʣʠʟʘʮʠʠ. 



ï 18 ï 

 
 

 

ɺ ʩʣʫʯʘʝ 4,4-ʜʠʟʘʤʝʱʝʥʥʳʭ 2-ʘʟʘʙʫʪʘʜʠʝʥʦʚ 61, ʠʤʝʶʱʠʭ ʘʪʦʤ ʛʘʣʦʛʝʥʘ, 

ʥʘʙʣʶʜʘʣʘʩʴ ʦʙʨʘʪʠʤʘʷ 1,4-ʮʠʢʣʠʟʘʮʠʷ ʚ ʜʠʛʠʜʨʦʘʟʝʪ 62 [13]. 2-ɸʟʘʙʫʪʘʜʠʝʥʳ 61 (ʚ 

ʚʠʜʝ ɽ-ʠʟʦʤʝʨʦʚ) ʛʝʥʝʨʠʨʦʚʘʣʠ ʚ ʨʝʘʢʮʠʠ 2,2-ʜʠʟʘʤʝʱʝʥʥʳʭ ʘʟʠʨʠʥʦʚ 58 ʠʣʠ ʠʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ, 4-ʛʘʣʦʛʝʥ-5-ʤʝʪʦʢʩʠʠʟʦʢʩʘʟʦʣʦʚ 59, ʩ 

ʜʠʘʟʦʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 60 ʚ ʫʩʣʦʚʠʷʭ ʨʦʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘ ʚ 1,2-

ʜʠʭʣʦʨʵʪʘʥʝ (DCE). 

 

ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 4-ʛʘʣʦʛʝʥ-2-ʘʟʘʙʫʪʘʜʠʝʥʘʭ 61 ʥʘ 

ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʠʭ 1,4-ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʠ ʚ C6D6 ʧʨʠ 100 C̄ [13]. ɿʘʤʝʥʘ 

ʭʣʦʨʘ ʥʘ ʠʦʜ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʘʟʘʙʫʪʘʜʠʝʥʘ 61 ʠ ʜʠʛʠʜʨʦʘʟʝʪʘ 

62 ʩ 2.6:1 ʜʦ 1:1.3. ɺʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʡ ʤʝʪʦʢʩʠʛʨʫʧʧʳ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ 

ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʧʨʠ ʘʪʦʤʝ ʉ3 2-ʘʟʘʙʫʪʘʜʠʝʥʘ 61 ʩʜʚʠʛʘʝʪ ʨʘʚʥʦʚʝʩʠʝ ʩ 

ʩʦʦʪʥʦʰʝʥʠʷ 1:1 ʢ 1:2.5 ʚ ʧʦʣʴʟʫ ʜʠʛʠʜʨʦʘʟʝʪʘ 62. ʋʤʝʥʴʰʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʉ1 2-ʘʟʘʙʫʪʘʜʠʝʥʘ 61 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʩʤʝʱʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʚ ʝʛʦ ʩʪʦʨʦʥʫ. ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʣʦʛʝʥʜʠʛʠʜʨʦʘʟʝʪ r 62 ʷʚʣʷʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠʭ ʧʦʣʫʯʝʥʠʝ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʚʳʭʦʜʘʤʠ ʦʢʘʟʘʣʦʩʴ 



ï 19 ï 

 
 

ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ 4ï5-ʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʥʘʛʨʝʚʘʥʠʷ 2-ʘʟʘʙʫʪʘʜʠʝʥʘ 61 

ʜʦ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ. 2-ɸʟʘʙʫʪʘʜʠʝʥ, 

ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʜʠʘʟʦ ʢʠʩʣʦʪʳ ʄʝʣʴʜʨʫʤʘ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʪʘʢʞʝ ʚʩʪʫʧʘʣ ʚ 

ʨʘʚʥʦʚʝʩʥʫʶ 1,4-ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʶ, ʚʝʜʫʱʫʶ ʢ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʦʤʫ 

ʧʨʦʠʟʚʦʜʥʦʤʫ 2,3-ʜʠʛʠʜʨʦʘʟʝʪʘ 63 [14]. ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʩʣʫʯʘʶ, ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 2,3-ʜʠʛʠʜʨʦʘʟʝʪ 63 ʦʢʘʟʘʣʩʷ ʫʩʪʦʡʯʠʚʳʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʚʳʜʝʣʠʪʴ ʝʛʦ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʩ ʚʳʭʦʜʦʤ 36%. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ 2,3-ʜʠʛʠʜʨʦʘʟʝʪʦʚ 67 ʩ ʪʨʝʤʷ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʠ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʧʨʠ ʘʪʦʤʝ ʉ3 ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʠʜʨʦʜʝʙʨʦʤʠʨʦʚʘʥʠʠ ʙʨʦʤʟʘʤʝʱʝʥʥʳʭ 2,3-ʜʠʛʠʜʨʦʘʟʝʪʦʚ 62 ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʪʨʠʙʫʪʠʣʦʣʦʚʦʛʠʜʨʠʜʘ [11]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫

ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʨʘʚʥʦʚʝʩʥʘʷ ʩʤʝʩʴ ʠʩʭʦʜʥʳʭ 

ʙʨʦʤʘʟʘʙʫʪʘʜʠʝʥʘ 61 ʠ ʙʨʦʤ-2,3-ʜʠʛʠʜʨʦʘʟʝʪʘ 62, ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ 

ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ 2,3-ʜʠʛʠʜʨʦʘʟʝʪ 67. ʇʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʩ ʭʦʨʦʰʠʤʠ 

ʚʳʭʦʜʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 2,3-ʜʠʛʠʜʨʦʘʟʝʪʳ 67 ʩ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʟʘʤʝʱʝʥʠʷ 

ʢʘʢ ʠʟ 2-ʙʨʦʤʘʟʠʨʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪʦʚ 64, ʪʘʢ ʠ 5-ʘʣʢʦʢʩʠ-4-ʙʨʦʤʠʟʦʢʩʘʟʦʣʦʚ 65 ʚ 

ʨʝʘʢʮʠʠ ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ 66.  

 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʘʪʦʤʘ ʙʨʦʤʘ ʥʘ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʚ 2,3-ʜʠʛʠʜʨʦʘʟʝʪʘʭ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ: ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ 2,3-ʜʠʛʠʜʨʦʘʟʝʪʦʚ 67 ʜʘʞʝ ʧʨʠ 150 Áʉ ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʢʦʣʴ-ʣʠʙʦ ʟʘʤʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʨʳʪʦ-ʮʝʧʥʦʛʦ ʠʟʦʤʝʨʘ, 2-

ʘʟʘʙʫʪʘʜʠʝʥʘ. 



ï 20 ï 

 
 

ʍʘʨʘʢʪʝʨʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ 2,3-

ʜʠʛʠʜʨʦʘʟʝʪʦʚ ̫ ʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʠʤʠʥʦ-ʛʨʫʧʧʳ ʚ ʩʧʝʢʪʨʘʭ 

ʗʄʈ 13ʉ, ʣʝʞʘʱʠʡ ʚ ʨʘʡʦʥʝ 190 ʤ.ʜ. 

ɹr ʣʘ ʠʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ in vitro 2,3-ʜʠʛʠʜʨʦʘʟʝʪʦʚ 62 ʠ 67 

ʥʘ ʣʠʥʠʠ ʢʣʝʪʦʢ ʊʅʈ-1 (ʤʦʥʦʮʠʪʘʨʥʳʝ ʣʝʡʢʝʤʠʡʥʳʝ ʢʣʝʪʢʠ ʯʝʣʦʚʝʢʘ) [11]. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 2,3-ʜʠʛʠʜʨʦʘʟʝʪʳ 62 ʠ 67 ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʜʫʮʠʨʦʚʘʪʴ ʘʧʦʧʪʦʟ ʠ/ʠʣʠ ʥʝʢʨʦʟ. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʘʧʦʧʪʦʟʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʠʤ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ 

ʥʝʢʨʦʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʦʷʚʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʝʣʴ 2,3-ʜʠʛʠʜʨʦʘʟʝʪʦʚ 67 ï 

ʪʨʠʤʝʪʠʣ-4-ʬʝʥʠʣ-2,3-ʜʠʛʠʜʨʦʘʟʝʪ-2,3,3-ʪʨʠʢʘʨʙʦʢʩʠʣʘʪ. 

 

[2+2] -ʎʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ 2-ʘʟʘʙʫʪʘʜʠʝʥʦʚ ï ʩʠʥʪʝʟ N-ʵʪʝʥʠʣ-ɓ-ʣʘʢʪʘʤʦʚ [14]  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ Rh(II )-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ 70, ʜʠʘʟʦ ʢʠʩʣʦʪʳ ʄʝʣʴʜʨʫʤʘ, ʩ 2ʅ-ʘʟʠʨʠʥʘʤʠ 68 ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 2-ʘʟʘʙʫʪʘʜʠʝʥʳ 71 ʩʧʦʩʦʙʥʳ 

ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʢʝʪʝʥʦʤ 72, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ɺʦʣʴʬʘ ʠʩʭʦʜʥʦʡ ʜʠʘʟʦ ʢʠʩʣʦʪʳ ʄʝʣʴʜʨʫʤʘ 70 [14]. 

ɺ ʠʪʦʛʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʜʠʩʧʠʨʦ-N-ʵʪʝʥʠʣ-ɓ-ʣʘʢʪʘʤ r

73. ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʢʘʨʙʝʥʦʠʜʘ ʠʟ ʜʠʘʟʦ 

ʢʠʩʣʦʪʳ ʄʝʣʴʜʨʫʤʘ 70 ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Ŭ,Ŭ,Ŭ-ʪʨʠʬʪʦʨʪʦʣʫʦʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʪʝʪʨʘʧʠʚʘʣʦʘʪʘ ʜʠʨʦʜʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

 



ï 21 ï 

 
 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ (70 ʠ 74) ʙʳʣ ʧʦʣʫʯʝʥ 

ʨʷʜ ʤʦʥʦʩʧʠʨʦ-N-ʵʪʝʥʠʣ-ɓ-ʣʘʢʪʘʤʦʚ 76 ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ɓ-ʣʘʢʪʘʤʦʚ 73 ʠ 76 ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʳ 5-ʤʝʪʦʢʩʠʠʟʦʢʩʘʟʦʣʳ 69. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ Rh(II )-ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ 

ʨʝʘʢʮʠʠ 2ʅ-ʘʟʠʨʠʥʦʚ ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ, ʠʟʦʢʩʘʟʦʣʦʚ, ʩ 

ʜʠʘʟʦʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʦʪʢʨʳʚʘʶʪ ʜʦʩʪʫʧ ʢ 2-ʘʟʘʙʫʪʘʜʠʝʥʘʤ, ʢʦʪʦʨʳʝ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʟʘʤʝʱʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳʤʠ, ʮʠʢʣʠʟʦʚʘʪʴʩʷ ʚ 

2,3-ʜʠʛʠʜʨʦʘʟʝʪʳ ʠʣʠ ʞʝ, ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʜʭʦʜʷʱʝʛʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʛʦ 

ʧʘʨʪʥʝʨʘ, ʥʘʧʨʠʤʝʨ, ʢʝʪʝʥʘ, ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ɓ-ʣʘʢʪʘʤʦʚ. 

 

2.2.2 1-ʆʢʩʘ-4-ʘʟʘʛʝʢʩʘ-1,3,5-ʪʨʠʝʥʳ: ʩʠʥʪʝʟ r ʧʨʦʠʟʚʦʜʥʳʭ 2ʅ-1,4-

ʦʢʩʘʟʠʥʘ, ʧʠʨʨʦʣʘ ʠ ʦʢʩʘʟʦʣʘ 

1-ʆʢʩʘ-4-ʘʟʘʛʝʢʩʘ-1,3,5-ʪʨʠʝʥʳ ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʚ 6ˊ-ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʶ ʚ 

ʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʨʷʜ 5-ʵʢʟʦ-ʪʨʠʛ-ʮʠʢʣʠʟʘʮʠʡ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ 

ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

 

1,6-ʕʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ 1-ʦʢʩʘ-4-ʘʟʘʛʝʢʩʘʪʨʠʝʥʦʚ ï ʩʠʥʪʝʟ 2ʅ-1,4-ʦʢʩʘʟʠʥʦʚ 

[15, 16] 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʮʠʢʣʠʟʘʮʠʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʟʘ- ʠ 

ʦʢʩʘʟʘʧʦʣʠʝʥʦʚ ʷʚʣʷʝʪʩʷ 1,6-ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ, ʧʨʦʜʫʢʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ 

ʦʢʩʘ- ʠ ʘʟʘ-ʧʨʦʠʟʚʦʜʥʳʝ ʮʠʢʣʦʛʝʢʩʘ-1,3-ʜʠʝʥʘ. ʅʝʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʪʘʢʦʛʦ ʪʠʧʘ ʜʦʚʦʣʴʥʦ ʨʝʜʢʠ, ʘ ʯʠʩʣʦ ʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʦ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 



ï 22 ï 

 
 

ʧʨʦʪʝʢʘʥʠʷ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ï ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʪʝʨʤʦ- ʠ ʬʦʪʦʭʨʦʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʭ ʘʨʦʤʘʪʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʟʠʥʦʚ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʘʢʮʠʡ ʭʦʪʷ ʙʳ ʥʘ ʦʜʥʦʤ 

ʢʦʥʮʝ ʛʝʢʩʘʪʨʠʝʥʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘʭʦʜʠʪʩʷ ʛʝʪʝʨʦʘʪʦʤ, ʧʦʵʪʦʤʫ 1,6-

ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʧʩʝʚʜʦʧʝʨʠʮʠʢʣʠʯʝʩʢʦʡ. ʊʘʢʠʝ ʨʝʘʢʮʠʠ ʦʪʣʠʯʘʶʪʩʷ 

ʫʧʣʦʱʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʪʝʢʘʶʪ ʩ ʤʝʥʴʰʠʤ 

ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʙʘʨʴʝʨʦʤ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʝ 1,6-ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʥʘ 

ʢʦʥʮʘʭ ʛʝʢʩʘʪʨʠʝʥʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ.  

ʇʝʨʚʳʤ ʧʨʠʤʝʨʦʤ 1,6-ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʠ, ʢʦʪʦʨʘ ̫ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘʤʠ, 

ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʟʘʮʠʷ 1-ʦʢʩʘ-4-ʘʟʘʛʝʢʩʘʪʨʠʝʥʦʚ 80, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ Rh(II )-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʝʡ ʘʟʠʨʠʥʦʚ 77 ʩ ʘʮʠʣʟʘʤʝʱʝʥʥʳʤʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ 78 

[15, 16]. ʕʪʘ ʨʝʘʢʮʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ ʛʣʘʜʢʦ ʠ 

ʥʝʦʙʨʘʪʠʤʦ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ 2ʅ-1,4-ʦʢʩʘʟʠʥʳ 81, 

ʩʦʜʝʨʞʘʱʠʝ ʘʨʠʣʴʥʳʝ ʠ ʛʝʪʝʨʦʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʫʶ ʠ 

ʩʣʦʞʥʦʵʬʠʨʥʫʶ ʛʨʫʧʧʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ 2ʅ-1,4-ʦʢʩʘʟʠʥʦʚ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ, ʠ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʨʝʘʢʮʠʷ ʩʪʘʣʘ, ʧʦ ʩʫʪʠ, ʧʝʨʚʳʤ 

ʥʘʜʝʞʥʳʤ ʤʝʪʦʜʦʤ ʠʭ ʧʦʣʫʯʝʥʠʷ. 

 

ʉʪʨʫʢʪʫʨʥʳʝ ʬʘʢʪʦʨʳ, ʟʘʪʨʫʜʥʷʶʱʠʝ ʮʠʢʣʠʟʘʮʠʶ, ï ʵʪʦ ʥʘʣʠʯʠʝ -́

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ (ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ) ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʧʨʠ ʘʪʦʤʝ ʉ6 ʦʢʩʘʟʘʪʨʠʝʥʘ 80 ʠ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ (ʤʝʪʠʣʘ) 

ʧʨʠ ʘʪʦʤʝ ʉ5. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʘʟʠʨʠʥʠʝʚʳʡ ʠʣʠʜ 79 

ʤʦʞʝʪ ʨʘʩʢʨʳʚʘʝʪʩʷ ʥʝʩʝʣʝʢʪʠʚʥʦ, ʧʨʠʚʦʜʷ ʢ ʜʚʫʤ ʦʢʩʘʟʘʪʨʠʝʥʘʤ, ʩʪʝʨʝʦʠʟʦʤʝʨʘʤ 

ʧʦ ʩʚʷʟʠ ʉ=ʉ [15]. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 1,4-ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʠ 2-ʘʟʘʙʫʪʘʜʠʝʥʦʚ 55, 1,6-

ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ ʦʢʩʘʟʘʪʨʠʝʥʦʚ 80 ʧʨʦʪʝʢʘʝʪ ʪʨʫʜʥʝʝ, ʝʩʣʠ ʜʚʦʡʥʘʷ ʩʚʷʟʴ ʉ=ʉ 
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ʠʤʝʝʪ Z-ʢʦʥʬʠʛʫʨʘʮʠʶ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʉ6 ʩ ʘʪʦʤʦʤ O1 ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʢʩʘʟʘʪʨʠʝʥ r 80 ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳʤʠ ʠ ʚʦʚʩʝ ʥʝ ʧʦʜʚʝʨʛʘʪʴʩʷ 1,6-

ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 1,6-ʮʠʢʣʠʟʘʮʠʡ 1-ʦʢʩʘ-4-ʘʟʘʪʨʠʝʥʦʚ 80 ʩ 

ʫʯʘʩʪʠʝʤ ʬʨʘʛʤʝʥʪʘ C=O ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʠʣʠ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ʅʝʚʳʛʦʜʥʦʩʪʴ ʪʘʢʠʭ ʮʠʢʣʠʟʘʮʠʡ ʧʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ 

ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT). 

ʀʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ 2H-1,4-ʦʢʩʘʟʠʥʦʚ 

81 ̫ ʚʣʷʝʪʩʷ ʠʭ ʬʦʪʦ- ʠ ʪʝʨʤʦʭʨʦʤʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [15, 16]. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʋʌ-ʩʚʝʪʦʤ ʨʪʫʪʥʦʡ ʣʘʤʧʳ 

ʙʝʩʮʚʝʪʥʳʝ ʦʢʩʘʟʠʥʳ 81 (ɚmax 315ï360 ʥʤ) ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʦʢʩʘʟʘʪʨʠʝʥʳ 80, 

ʦʢʨʘʰʝʥʥʳʝ ʚ ʮʚʝʪ ʦʪ ʞʝʣʪʦʛʦ ʜʦ ʢʨʘʩʥʦʛʦ (ɚmax 380ï455 ʥʤ). ɼʣʷ ʩʝʨʠʠ ʦʢʩʘʟʠʥʦʚ 

81 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʨʝʤʝʥʘ ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ ʠʭ ʦʪʢʨʳʪʦʮʝʧʥʦʡ ʬʦʨʤʳ, 

ʦʢʩʘʟʘʪʨʠʝʥʦʚ 80. ʕʪʠ ʚʨʝʤʝʥʘ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 

0.5ï29 ʯʘʩʦʚ.  

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʳʚʦʜʳ ʦ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʢʩʘʟʘʪʨʠʝʥʦʚ 80: 1,6-ʮʠʢʣʠʟʘʮʠʷ ʫʩʢʦʨʷʝʪʩʷ ʧʨʠ 










































































