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ɺɺɽɼɽʅʀɽ 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʘʣʢʠʥʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ [1, 2, 3]. ʉʨʝʜʠ ʥʠʭ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʘʤʙʠʜʝʥʪʥʳʝ ʧʨʦʧʠʥʘʣʠ, ʠʤʝʶʱʠʝ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʦʡ ʪʨʦʡʥʦʡ ʩʚʷʟʴʶ 

ʩʪʝʨʠʯʝʩʢʠ ʥʝʟʘʪʨʫʜʥʝʥʥʫʶ ʘʣʴʜʝʛʠʜʥʫʶ ʛʨʫʧʧʫ. ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʧʠʥʘʣʝʡ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʫʯʘʩʪʠʶ ʦʙʦʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʥʫʢʣʝʦʬʠʣʘʤʠ ʧʨʠ ʩʙʦʨʢʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. ʀʥʪʝʨʝʩ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʭʠʤʠʠ ʧʨʦʧʠʥʘʣʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʪʠʤʫʣʠʨʫʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʠʟ ʨʘʩʪʝʥʠʡ [4], ʫʯʘʩʪʠʝʤ ʚ ʧʨʦʪʝʢʘʥʠʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʊʘʢ, ʧʨʦʧʠʥʘʣʠ 

ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʪʠʤʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʵʥʟʠʤʦʚ, ʢʦʪʦʨʦʝ ʩʚʷʟʳʚʘʶʪ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʣʴʜʝʛʠʜʘ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ 

ʮʝʥʪʨʘʤʠ ʬʝʨʤʝʥʪʦʚ [5-7]. ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʯʝʨʢʠʚʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʝʘʢʮʠʡ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʧʨʦʧʠʥʘʣʷʤ ʢʘʢ ʤʦʜʝʣʝʡ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʅʝʜʘʚʥʦ ʧʨʦʧʠʥʘʣʴ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʤʝʞʟʚʝʟʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ [8]. 

ʇʨʦʧʠʥʘʣʠ ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʚ ʪʦʥʢʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʣʥʦʤ ʩʠʥʪʝʟʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʘʥʪʠʙʠʦʪʠʢʦʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [9], ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʧʦʨʬʠʨʠʥʦʚʳʭ 

ʘʥʩʘʤʙʣʝʡ [10-11], ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʦʚ, ʩʯʠʪʳʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [12]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʧʝʰʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʧʠʥʘʣʝʡ ʚ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʦʩʥʦʚʘʥʦ ʥʘ ʩʝʣʝʢʪʠʚʥʳʭ ʨʝʘʢʮʠʷʭ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʫʢʣʝʦʬʠʣʦʚ ʧʦ ʘʣʴʜʝʛʠʜʥʦʤʫ ʮʝʥʪʨʫ.  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ 

ʢ ʩʠʥʪʝʟʫ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʘʤʙʠʜʝʥʪʥʳʭ ʧʨʦʧʠʥʘʣʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʀʨʢʫʪʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ (ʀʨʀʍ 
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ʉʆ ʈɸʅ), ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʧʠʥʘʣʝʡ 

[13]. ʅʝʜʘʚʥʦ ʦʪʢʨʳʪʳ ʥʦʚʳʝ ʨʝʘʢʮʠʠ ʢʘʩʢʘʜʥʦʡ ʩʙʦʨʢʠ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʝʢʦʪʦʨʳʤʠ N-, ʆ- ʠ ʉ-ʥʫʢʣʝʦʬʠʣʘʤʠ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʢʠʩʣʦʪʘʤʠ ʠʣʠ ʦʩʥʦʚʘʥʠʷʤʠ [14-19]. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʜʠʟʘʡʥʫ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ 

ʫʯʘʩʪʠʝʤ ʦʙʦʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɼʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʥʳʭ 

ʧʨʦʧʠʥʘʣʝʡ ʩ ʘʟʠʜʘʤʠ, C-, N-ʥʫʢʣʝʦʬʠʣʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

Nʅ-1,2,3-ʪʨʠʘʟʦʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʩʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʬʘʨʤʘʢʦʬʦʨʘ. ʆʪʩʫʪʩʪʚʦʚʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʪʘʣʠʟʘ ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʡ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ, 

ʨʝʛʝʥʝʨʠʨʫʝʤʳʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʚ ʫʩʣʦʚʠʷʭ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ 

çʟʝʣʝʥʦʡ ʭʠʤʠʠè. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 1,2,3-ʪʨʠʘʟʦʣʦʚ ʩʨʝʜʠ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʦʚʳʡ ʠʤʧʫʣʴʩ ʚ ʨʘʟʚʠʪʠʠ ʧʦʣʫʯʠʣʘ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʠʩʢʣʶʯʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʢʘʪʘʣʠʟʘ, ʠʟ-ʟʘ 

ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʜʣʷ ʞʠʚʦʡ ʢʣʝʪʢʠ. ʆʩʦʙʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ 1,2,3-

ʪʨʠʘʟʦʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʟʦʩʪʝʨʦʚ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʣʝʢʘʨʩʪʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ʢʘʨʙʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʅʀʈ ʀʨʀʍ ʉʆ ʈɸʅ ʧʦ ʪʝʤʝ: çʀʟʫʯʝʥʠʝ 

ʪʘʥʜʝʤʥʳʭ ʠ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʢʠʥʦʚ ʠ ʘʣʢʝʥʦʚ ʩ 

ʤʦʥʦ- ʠ ʙʠʥʫʢʣʝʦʬʠʣʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʘʪʘʣʠʟʘ: ʨʘʟʨʘʙʦʪʢʘ ʭʝʤʦ-, ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚè (ˉ ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ 

01201281993). ʏʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪʳ ˉ 10-03-01024-ʘ, 15-

03-99566ʘ). 

ʎʝʣʴ ʨʘʙʦʪ:r ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 1H-1,2,3-

ʪʨʠʘʟʦʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ ʵʣʝʤʝʥʪʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʧʠʥʘʣʝʡ (ʠ ʠʭ ʫʛʣʝʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ - g-ʛʠʜʨʦʢʩʠʘʣʢʠʣʧʨʦʧʠʥʘʣʝʡ) ʩ 
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ʪʨʠʤʝʪʠʣʩʠʣʠʣʘʟʠʜʦʤ ʠ ʉ-, N-ʥʫʢʣʝʦʬʠʣʘʤʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ, 

ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ çʟʝʣʝʥʦʡ ʭʠʤʠʠè.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʳ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʨʝʘʢʪʦʨʥʳʭ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ 

ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʧʠʥʘʣʝʡ - ʩ ʪʨʠʤʝʪʠʣʩʠʣʠʣʘʟʠʜʦʤ, ʉ-, N-ʥʫʢʣʝʦʬʠʣʘʤʠ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʩ ʫʯʘʩʪʠʝʤ ʦʙʦʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʩʫʙʩʪʨʘʪʘ, ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʦʚʳʭ ʠʣʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʥʝʝ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ NH-1,2,3-ʪʨʠʘʟʦʣʦʚ, 

ʚʢʣʶʯʘʷ ʙʠʩʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ, ʦʪʚʝʯʘʶʱʠʭ 

ʪʨʝʙʦʚʘʥʠʷʤ çʟʝʣʝʥʦʡ ʭʠʤʠʠè. 

ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ N-

ʥʝʟʘʤʝʱʝʥʥʳʭ 4-(ʛʠʜʨʦʢʩʠʘʣʢʠʣ)-1ʅ-1,2,3-ʪʨʠʘʟʦʣ-5-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʪʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧʳ (NH, CHO, OH), ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʧʠʥʘʣʝʡ ʩ ʪʨʠʤʝʪʠʣʩʠʣʠʣʘʟʠʜʦʤ ʚ ʚʦʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʠʥʪʝʟʘ ʦʢʩʠʤʘ 4-ʪʨʠʤʝʪʠʣʩʠʣʠʣ-1ʅ-1,2,3-ʪʨʠʘʟʦʣ-5-ʢʘʨʙʘʣʴʜʝʛʠʜʘ ʨʝʘʢʮʠʝʡ 

ʪʨʠʤʝʪʠʣʩʠʣʠʣʧʨʦʧʠʥʘʣʷ, ʪʨʠʤʝʪʠʣʩʠʣʠʣʘʟʠʜʘ, ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʧʨʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤ (MB) ʩʦʜʝʡʩʪʚʠʠ ʚ ʚʦʜʥʦïʤʝʪʘʥʦʣʴʥʦʡ ʩʨʝʜʝ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʠʪʦʟʘʥʘ ʚ ʢʘʪʘʣʠʟʝ ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʠʥʪʝʟʘ ʦʢʩʠʤʦʚ NH-1,2,3-ʪʨʠʘʟʦʣʢʘʨʙʘʣʴʜʝʛʠʜʦʚ ʠʟ 

ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʧʠʥʘʣʝʡ, ʪʨʠʤʝʪʠʣʩʠʣʠʣʘʟʠʜʘ ʠ ʛʝʥʝʨʠʨʫʝʤʦʛʦ in situ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʧʨʠ ʄɺ ʦʙʣʫʯʝʥʠʠ. 

ʆʩʫʱʝʩʪʚʣʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʪʝʟ 

ʥʦʚʳʭ ʙʠʷʜʝʨʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ï ʛʠʜʨʦʢʩʠʘʣʢʠʣ-NH-1,2,3-ʪʨʠʘʟʦʣʦʙʘʨʙʠʪʫʨʘʪʦʚ 

ʠʟ g-ʛʠʜʨʦʢʩʠʘʣʢʠʣʧʨʦʧʠʥʘʣʝʡ, ʪʨʠʤʝʪʠʣʩʠʣʠʣʘʟʠʜʘ ʠ ʙʘʨʙʠʪʫʨʦʚʳʭ ʢʠʩʣʦʪ ʚ 

ʫʩʣʦʚʠʷʭ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ çʟʝʣʝʥʦʡ ʭʠʤʠʠè - ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʡ ʩʨʝʜʝ, 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʘʪʘʣʠʟʘ.  

ʈʝʘʣʠʟʦʚʘʥʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ, 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʧʠʥʘʣʝʡ ʩ ʪʨʠʤʝʪʠʣʩʠʣʠʣʘʟʠʜʦʤ ʠ 
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ʤʘʣʦʥʦʥʠʪʨʠʣʦʤ ʚ ʚʦʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ 4,5-

ʜʠʟʘʤʝʱʝʥʥʳʭ 1ʅ-1,2,3-ʪʨʠʘʟʦʣʦʘʣʢʠʣʠʜʝʥʦʚ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ.  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʨʠʨʫʝʤʳʭ in situ 

ʜʠʮʠʘʥʦʚʠʥʠʣ-Nʅ-1,2,3-ʪʨʠʘʟʦʣʦʚ ʚ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʩʙʦʨʢʝ ʥʝʠʟʚʝʩʪʥʳʭ 

ʨʘʥʝʝ ʛʣʫʙʦʢʦʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ NH-1,2,3-

ʪʨʠʘʟʦʣʦʧʠʨʠʜʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦ ʰʝʩʪʠ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ZnCl2 (30 ʤʦʣ.%) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʨʠʤʝʪʠʣʩʠʣʠʣ(ʪʨʠʵʪʠʣʛʝʨʤʠʣ)ʧʨʦʧʠʥʘʣʝʡ, ʪʨʠʤʝʪʠʣʩʠʣʠʣʘʟʠʜʘ, ʤʘʣʦʥʦʥʠʪʨʠʣʘ 

ʠ ʘʥʠʣʠʥʘ ʦʩʫʱʝʩʪʚʣʝʥ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʯʝʪʳʨʝʭ-ʨʝʘʛʝʥʪʥʳʡ, ʧʩʝʚʜʦ-

ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʪʝʟ 2-ʘʤʠʥʦ-6-ʘʥʠʣʠʥʦ-4-[4-

(ʪʨʠʤʝʪʠʣʩʠʣʠʣ(ʪʨʠʵʪʠʣʛʝʨʤʠʣ))-1ʅ-1,2,3-ʪʨʠʘʟʦʣ-5-ʠʣ]-3,5-

ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ. 

ʈʝʘʣʠʟʦʚʘʥ ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ ʭʠʪʦʟʘʥʦʤ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʯʝʪʳʨʝʭ-

ʨʝʘʛʝʥʪʥʳʡ, ʧʩʝʚʜʦ-ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʪʝʟ 2,6-ʜʠʘʤʠʥʦ-4-(1ʅ-1,2,3-ʪʨʠʘʟʦʣ-5-

ʠʣ)-3,5-ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʥʠʪʨʠʣʘ ʠʟ ʪʨʠʤʝʪʠʣʩʠʣʠʣʧʨʦʧʠʥʘʣʷ, 

ʪʨʠʤʝʪʠʣʩʠʣʠʣʘʟʠʜʘ, ʤʘʣʦʥʦʥʠʪʨʠʣʘ ʠ ʚʦʜʥʦʛʦ ʘʤʤʠʘʢʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

NH-1,2,3-ʪʨʠʘʟʦʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʩʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʜʥʦʨʝʘʢʪʦʨʥʳʭ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ ʜʦʩʪʫʧʥʳʭ ʟʘʤʝʱʝʥʥʳʭ 

ʧʨʦʧʠʥʘʣʝʡ ʩ ʪʨʠʤʝʪʠʣʩʠʣʠʣʘʟʠʜʦʤ, ʉ-, N-ʥʫʢʣʝʦʬʠʣʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʭ ʩ 

ʫʯʘʩʪʠʝʤ ʦʙʦʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʙʠʵʣʝʢʪʨʦʬʠʣʦʚ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʚ 

ʫʩʣʦʚʠʷʭ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ çʟʝʣʝʥʦʡ ʭʠʤʠʠè, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʘʣʣʦʢʘʪʘʣʠʟʘ. ʅʘʣʠʯʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʛʨʫʧʧ ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʮʝʥʥʳʭ ʙʠʦʘʢʪʠʚʥʳʭ 

ʤʦʣʝʢʫʣ, ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʅʝʩʦʤʥʝʥʥʫʶ ʚʘʞʥʦʩʪʴ ʠʤʝʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ, ʨʝʛʝʥʝʨʠʨʫʝʤʳʭ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ - b-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʠ ʭʠʪʦʟʘʥʘ ʜʣʷ 
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ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ ʤʫʣʴʪʠʢʦʤʦʥʝʥʪʥʳʭ ʩʠʥʪʝʟʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

NH-1,2,3-ʪʨʠʘʟʦʣʦʚ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï 1D ʠ 2D 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ 

ʵʪʘʧʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ï ʦʪ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʙʣʝʤʳ, ʧʦʠʩʢʘ ʧʫʪʝʡ ʝʸ 

ʨʝʰʝʥʠʷ ʜʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʠ ʠ ʥʘʧʠʩʘʥʠʠ 

ʩʪʘʪʝʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʬʦʨʫʤʘʭ: ʊʨʝʪʴʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ çʆʨʛʍʠʤ-2013è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2013), 

ʊʨʝʪʴʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʭʠʤʠʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè (ʇʷʪʠʛʦʨʩʢ, 2013), Bʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) "ʋʩʧʝʭʠ ʩʠʥʪʝʟʘ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ" (ʄʦʩʢʚʘ, 2014), ʄʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʷ 

"ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ" (ʅʦʚʦʩʠʙʠʨʩʢ, 2015), 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʂʦʥʛʨʝʩʩ çʂOST-2015è ʧʦ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʄʦʩʢʚʘ, 2015). ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 3 ʩʪʘʪʴʷʭ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʪʝʟʠʩʘʭ 5 ʜʦʢʣʘʜʦʚ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ: ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 183 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ 

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ.  

ʇʝʨʚʘʷ ʛʣʘʚʘ (ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ) ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʦ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʠ ʧʩʝʚʜʦ-ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʷʭ Ŭ-

ʘʮʝʪʠʣʝʥʦʚʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʮʠʢʣʦʚ ʠ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ, ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʠʟʣʦʞʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
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ʧʦʜʨʦʙʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ. ɿʘʚʝʨʰʘʝʪʩʷ ʨʫʢʦʧʠʩʴ ʚʳʚʦʜʘʤʠ ʠ 

ʩʧʠʩʢʦʤ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (321 ʩʩrʣʢʘ). 

ɺ ʚʳʙʦʨʝ ʪʝʤʳ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʤʳ ʩʦʯʣʠ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ Ŭ-

ʘʮʝʪʠʣʝʥʦʚʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʤʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣʦ ʚʳʷʚʣʝʥʠʝ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʩ ʫʯʘʩʪʠʝʤ 

ʦʙʦʠʭ ʩʦʧʨʷʞʝʥʥʳʭ ʮʝʥʪʨʦʚ ʙʠʵʣʝʢʪʨʦʬʠʣʦʚ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 1,2,3-ʪʨʠʘʟʦʣʦʚ. 
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ɻʃɸɺɸ 1. ʄʋʃʔʊʀʂʆʄʇʆʅɽʅʊʅʓʁ ʀ ʇʉɽɺɼʆ-

ʄʋʃʔʊʀʂʆʄʇʆʅɽʅʊʅʓʁ ʉʀʅʊɽɿ ɻɽʊɽʈʆʎʀʂʃʆɺ ʅɸ ʆʉʅʆɺɽ 

a,b-ɸʎɽʊʀʃɽʅʆɺʓʍ ʂɸʈɹʆʅʀʃʔʅʓʍ ʉʆɽɼʀʅɽʅʀʁ 

(ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ) 

1.1. ʄʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʦʚʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ ʷʚʣʷʶʪʩʷ 

ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʙʦʨʢʫ ʩʣʦʞʥʳʭ 

ʤʦʣʝʢʫʣ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʫʪʠ ʩʠʥʪʝʟʘ 

ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ. ɺ ʦʜʥʦʨʝʘʢʪʦʨʥʳʭ ʨʝʘʢʮʠʷʭ ʢʘʞʜʘʷ 

ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʧʨʦʮʝʜʫʨʘ (ʨʘʟʙʘʚʣʝʥʠʝ, ʵʢʩʪʨʘʢʮʠʷ, ʧʝʨʝʛʦʥʢʘ, ʭʨʦʤʘʪʦʛʨʘʬʠʷ, 

ʚʳʜʝʣʝʥʠʝ, ʘʥʘʣʠʟ) ʧʨʦʚʦʜʠʪʩʷ ʦʜʥʦʢʨʘʪʥʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤʠ 

ʩʠʥʪʝʟʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ 

ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʩʠʥʪʝʟʝ ʣʝʢʘʨʩʪʚ 

[20]. 

a-ɸʮʝʪʠʣʝʥʦʚʳʝ ʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʘʤʙʠʜʝʥʪʥʳʤʠ 

ʙʠʵʣʝʢʪʨʦʬʠʣʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʩ ʫʯʘʩʪʠʝʤ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ (ʪʨʦʡʥʘʷ ʩʚʷʟʴ ʠʣʠ ʢʘʨʙʦʥʠʣʴʥʘʷ 

ʛʨʫʧʧʘ), ʪʘʢ ʠ ʜʚʫʭ. 

1.1.1. ʄʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʫʯʘʩʪʠʝʤ ʠʟʘʪʠʥʦʚ 

ʀʟʘʪʠʥ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʥʘʡʜʝʥʥʳʤ ʚ ʨʘʩʪʝʥʠʷʭ ʨʦʜʘ Isatis 

[21] ʢʦʪʦʨʳʡ ʙʳʣ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʕʨʜʤʘʥʥʦʤ [22] ʠ ʃʘʫʨʝʥʪʦʤ [23] ʚ 1840 ʛ. ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠ ̫ ʢʨʘʩʠʪʝʣʷ ʠʥʜʠʛʦ ʘʟʦʪʥʦʡ ʠ ʭʨʦʤʦʚʦʡ ʢʠʩʣʦʪʘʤʠ. 

ɿʘʤʝʱʝʥʥʳʝ ʘʥʘʣʦʛʠ ʠʟʘʪʠʥʘ ʷʚʣʷʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʚʘʞʥʳʭ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʰʠʨʦʢʠʤ ʨʷʜʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ: ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [24], ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ [25-28], 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʤʠ [29,30], ʘʥʪʠʤʘʣʷʨʠʡʥʳʤʠ [31], ʘʥʪʠ-ɺʀʏ [32], ʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ [33]. 
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ʂ ʪʦʤʫ ʞʝ ʠʟʘʪʠʥ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʤʥʦʛʠʭ ʣʝʢʘʨʩʪʚ, 

ʥʘʧʨʠʤʝʨ, ʩʧʠʨʦʪʝʪʨʘʛʠʜʨʦ-ɓ-ʢʘʨʙʦʣʠʥʘ, ʥʠʟʢʦʜʦʟʥʦʛʦ ʘʥʪʠʤʘʣʷʨʠʡʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ [34], N-ʤʝʪʠʣ-ɓ,4',4'-ʜʠʵʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ (M-IBDET), ʦʙʣʘʜʘʶʱʝʛʦ 

ʘʥʪʠʣʝʡʢʝʤʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ [35] ʠ ʠʥʜʝʥʦʭʠʥʦʣʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, NSC 

706744, NSC 725776 ʠ NSC 724998, ʧʨʦʷʚʣʷʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪ ɹ[36]. 

 

ʅʘ ʦʩʥʦʚʝ ʠʟʘʪʠʥʦʚ ʦʩʫʱʝʩʪʚʣʝʥ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʪʝʟ ʨʘʟʣʠʯʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

1.1.1.1. ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ Cu(I) ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʠʟʘʪʠʥʘ 1, L-

ʧʨʦʣʠʥʘ 2, ʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʢʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʬʠʨʥʳʝ ʠʣʠ ʘʤʠʜʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ 3, ʧʦʣʫʯʝʥʳ ʩʧʠʨʦʦʢʩʦʠʥʜʦʣʳ 4 ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʚ ʩʨʝʜʝ 

ʘʮʝʪʦʥʠʪʨʠʣʘ (cʭʝʤʘ 1.1) [37]. 

 

ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ, ʪʘʢʠʭ ʢʘʢ L-ʧʨʦʣʠʥ ʠʣʠ 

ʪʠʘʟʦʣʠʜʠʥ-4-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 5, ʠʟʘʪʠʥʘ 1, ʠ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ 6 

ʚʢʣʶʯʘʝʪ 1,3-ʜʠʧʦʣʷʨʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʥʠʥʝʥʠʝ ʠʣʠʜʘ ʘʟʦʤʝʪʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,3'-ʧʠʨʨʦʣʠʟʠʥʦʚ] 7. ɺʘʞʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ 5 ʠ 

1,(1.1) 
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ʠʟʘʪʠʥʦʚ 1 ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ 6 ʚ ʤʝʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,7'-

ʧʠʨʨʦʣʦ[1,2-a]-ʘʟʝʧʠʥʘʤ] 8 ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ (cʭʝʤʘ 1.2) [38]. 

 

ɸʩʠʤʤʝʪʨʠʯʝʩʢʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʠʟʘʪʠʥʦʚ 1, ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʢʠʥʦʚ 

10, ʠ ʜʠʵʪʠʣ-2-ʘʤʠʥʦʤʘʣʦʥʘʪʘ 9, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʠʥʘʬʪʠʣ- 

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʠʚʦʜʠʪ ʢ ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,2'-ʧʠʨʨʦʣʘʤ] 11 ʩ 

ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʩʪʝʨʝʦʛʝʥʥʤrʠ ʮʝʥʪʨʘʤʠ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʠ ʧʨʝʚʦʩʭʦʜʥʦʡ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʜʦ 99%, >99% ee) (ʩʭʝʤʘ 1.3) [39]. 

 
 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʝ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʠʣʠʜʦʚ ʘʟʦʤʝʪʠʥʘ ʢ ʘʣʢʠʥʘʤ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʯʝʨʝʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʄʠʭʘʵʣʶ ʠ ʮʠʢʣʠʟʘʮʠʶ ʪʠʧʘ ʄʘʥʥʠʭʘ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʧʦ ʩʦʛʣʘʩʦʚʘʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʷʚʣʷʶʱʠʡʩʷ ʢʠʩʣʦʪʦʡ ɹʨʝʥʩʪʝʜʘ ʠ ʦʩʥʦʚʘʥʠʝʤ 

ʃʴʶʠʩʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʢʪʠʚʠʨʫʝʪ ʘʣʢʠʥʳ ʠ ʘʟʦʤʝʪʠʥ-ʠʣʠʜʳ ï ʧʨʦʠʟʚʦʜʥʳʝ 

1,(1.2) 

1,(1.3) 
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ʠʟʘʪʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʩʫʙʩʪʨʘʪʘʤʠ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ 

1.4. ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʦʦʢʩʦʠʥʜʦʣʘ 12 ʧʨʝʜʣʦʞʝʥ 

ʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʘʚʪʦʨʦʚ ʜʣʷ ʨʝʘʢʮʠʡ ʠʟʘʪʠʥʦʚ 1, ʜʠʵʪʠʣ-2-ʘʤʠʥʦʤʘʣʦʥʘʪʘ 9 ʠ 

ʘʣʢʠʥʦʚ (ʩʭʝʤʘ 1.4) [40]. 

 

 

ɺʦʟʤʦʞʥʳʡ ʧʫʪʴ ʨʝʘʢʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʢʦʥʜʝʥʩʘʮʠʠ ʠʟʘʪʠʥʦʚ ʠ ʜʠʵʪʠʣ-2-

ʘʤʠʥʦʤʘʣʦʥʘʪʘ 9 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʆʙʨʘʟʫʶʱʠʝʩʷ 

ʘʟʦʤʝʪʠʥ-ʠʣʠʜʳ ʫʯʘʩʪʚʫʶʪ ʟʘʪʝʤ ʚ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʩ ʘʣʢʠʥʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʠʨʦʦʢʩʦʠʥʜʦʣʦʚ ʯʝʨʝʟ ʩʪʘʜʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʄʠʭʘʵʣʷ ʠ ʮʠʢʣʠʟʘʮʠʠ ʪʠʧʘ ʄʘʥʥʠʭʘ [41]. 

ʐʠ ʠ ʩʦʪʨ. ʚʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʝ 1,3-

ʜʠʧʦʣʷʨʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʟʦʤʝʪʠʥ-ʠʣʠʜʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ ʩ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ 13, ʧʨʦʪʝʢʘʁ ʱʝʝ ʧʦ ʪʠʧʫ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʡ ʩʙʦʨʢʠ 

ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,2'-ʧʠʨʨʦʣ]-ʧʨʦʠʟʚʦʜʥʳʭ 14 ʩ ʯʝʪʚʝʨʪʠʯʥʳʤ ʩʪʝʨʝʦʛʝʥʥʳʤ 

ʮʝʥʪʨʦʤ, ʩ ʧʨʝʚʦʩʭʦʜʥʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (80-98% ee) (ʩʭʝʤʘ 1.5) [42]. 

1,(1.4) 
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ʈʝʘʢʮʠʠ ʘʨʠʣʘʤʠʥʦʚ 15, ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ 6, ʠ ʠʟʘʪʠʥʦʚ 1 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ p-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʣʠ ʢ ʨʘʟʣʠʯʥʳʤ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʤ 

ʘʜʜʫʢʪʘʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʢʚʠʤʦʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʨʠʣʘʤʠʥʘ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 3'-

ʛʠʜʨʦʢʩʠʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,5'-ʧʠʨʨʦʣʠʥ]-2,2'-ʜʠʦʥʦʚ 16 ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ. ʉ 

ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʤʦʣʝʡ ʘʨʠʣʘʤʠʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 3'-N-ʘʨʨʠʣʘʤʠʥʦʩʧʠʨʦ[ʠʥʜʦʣʠʥ-

3,5'-ʧʠʨʨʦʣʠʥ]-2,2-ʜʠʦʥʳ 16'  ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 1.6) [43]. 

 
ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʠʨʠʜʠʥʘ 18 ʩ ɻ ʬʠʨʘʤʠ 

ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 6 ʠ N-ʟʘʤʝʱʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʘʪʠʣʠʜʝʥʘ 

17 ʧʨʠʚʦʜ̫ʪ ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,3'-ʧʠʧʝʨʠʜʠʥ]-2-ʦʥʘ 19 ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ ʠ ʭʦʨʦʰʝʡ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʯʝʨʝʟ 1,4-ʜʠʧʦʣʷʨʥʦʝ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ (ʩʭʝʤʘ 1.7) [44]. 

1,(1.6) 
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ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ 1.8 ʧʠʨʠʜʠʥ 18 ʘʪʘʢʫʝʪ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʘʣʢʠʥ 6, ʧʨʠʚʦʜʷ ʢ 

ʠʥʪʝʨʤʝʜʠʘʪʘʤ a ʠʣʠ b. ʀʥʪʝʨʤʝʜʠʘʪʳ a ʠʣʠ b, ʜʝʡʩʪʚʫʶʱʠʝ ʢʘʢ 1,3-ʜʠʧʦʣʴ ʠʣʠ 

1,4-ʜʠʧʦʣʴ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʠʟʘʪʠʣʠʜʝʥʦʤ 17, ʜʘʚʘʷ ʧʨʦʜʫʢʪ 19. 

ɸʣɹʪʝʨʥʘʪʠʚʥʘ ̫ ʘʪʘʢʘ 1,3-ʜʠʧʦʣ ̫ ʘ ʠʣʠ 1,4-ʜʠʧʦʣ̫ b ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʠʟʘʪʠʣʠʜʝʥʘ ʧʦ ʩʚʷʟʠ C=C ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʨʤʝʜʠʘʪʫ c, ʢʦʪʦʨʳʡ ʮʠʢʣʠʟʫʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʜʫʢʪʘ 19.  

 

ʄʘʠʪʠ ʩ ʩʦʪʨ. ʨʘʟʨʘʙʦʪʘʣʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʤʝʪʠʣ-2ǋ-ʦʢʩʦ-4H-

ʩʧʠʨʦ[ʙʝʥʟʦ[f]ʭʠʥʦʣʠʥ-3,3'-ʠʥʜʦʣʠʥ]-1,2-ʜʠʢʘʨʙʦʢʩʠʣʘʪʘ 21 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʥʦʨʝʘʢʪʦʨʥʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ 2-ʥʘʬʪʠʣʘʤʠʥʘ 20, 

ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʘ 6, ʠ ʠʟʘʪʠʥʘ 1, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ SbCl3, ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 1.9) [45]. 

 

1,(1.9) 

1,(1.8) 
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p-ʊʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ ʢʘʪʘʣʠʟʠʨʦʚʘʣʘ ʨʝʘʢʮʠʶ ʇʦʚʘʨʦʚʘ ʠʟʘʪʠʥ-3-

ʠʤʠʥʦʚ 22 ʩ ɓ-ʝʥʘʤʠʥʦʵʬʠʨʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʛʝʥʝʨʠʨʦʚʘʥʳ in situ ʨʝʘʢʮʠʝʡ 

ʘʨʠʣʘʤʠʥʦʚ 15 ʠ ʤʝʪʠʣʧʨʦʧʠʦʣʘʪʘ 13 ʚ ʵʪʘʥʦʣʝ, ʧʨʠʚʦʜʷ ʢ ʧʦʣʠʟʘʤʝʱʝʥʥʳʤ 

ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,2'-ʭʠʥʦʣʠʥʘʤ] 23 ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʩ ʚʳʩʦʢʦʡ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʩʭʝʤʘ 1.10) [46]. 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʵʪʦʡ ʨʝʘʢʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʜʦʤʠʥʦ-ʧʨʦʮʝʩʩʘʭ 

ʨʝʘʢʮʠʠ ʇʦʚʘʨʦʚʘ [47-54] ʠʟʣʦʞʝʥʥʦʡ ʚ ʩʭʝʤʝ 1.11. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʘʤʠʥ 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʤʝʪʠʣʧʨʦʧʠʦʣʘʪʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɓ-ʝʥʘʤʠʥʦʵʬʠʨʘ ɸ. ɿʘʪʝʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ p-TsOH ʠʥʪʝʨʤʝʜʠʘʪ ɸ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʠʟʘʪʠʥ-3-ʠʤʠʥʫ ʢʘʢ ʉ-

ʥʫʢʣʝʦʬʠʣ, ʛʝʥʝʨʠʨʫʷ ʠʥʪʝʨʤʝʜʠʘʪ B. ɼʘʣʝʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,2'-ʭʠʥʦʣʠʥʫ] 23. 

 

ɹʘʟʛʠʨ ʠ ʩʦʪʨ. ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ ʧʠʨʘʥʦ-

ʩʧʠʨʦʦʢʩʦʠʥʜʦʣʦʚ 25 ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʢʦʥʜʝʥʩʘʮʠʝʡ ʠʟʘʪʠʥʦʚ 1, 

ʤʘʣʦʥʦʥʠʪʨʠʣʘ 24 ʠ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ 6, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ 3,4-

ʜʠʤʝʪʠʣʘʥʠʣʠʥʦʤ (DMA ) (ʩʭʝʤʘ 1.12) [55]. 

1,(1.11) 
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1.1.1.2. ʏʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ 

ʆʜʥʘʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʨʷʜʘ ʥʦʚʳʭ ʩʧʠʨʦʧʠʨʘʥʦ[2,3-d][1,3]ʪʠʘʟʦʣʦ[3,2-

a]ʧʠʨʠʤʠʜʠʥʦʚ 28 ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ 4-ʘʨʠʣ-

ʦʢʪʘʛʠʜʨʦ-ʧʠʨʘʥʦ[2,3-d]ʧʠʨʠʤʠʜʠʥ-2-ʪʠʦʥʘ 26, ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ 6 ʠ 

ʩʤʝʩʠ ʠʟʘʪʠʥʘ 1 ʠ ʩʘʨʢʦʟʠʥʘ 27 (ʩʭʝʤʘ 1.13) [56]. 

 
ɻʨʫʧʧʦʡ ʗʥʘ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,4'-ʧʠʨʠʜʠʥ]ʦʚ 29 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʝʡ ʘʨʠʣʘʤʠʥʦʚ 15, ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ 6, 

ʠʟʘʪʠʥʦʚ ʠ ʤʘʣʦʥʦʥʠʪʨʠʣʘ 24, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʪʨʠʵʪʠʣʘʤʠʥʦʤ (ʩʭʝʤʘ 1.14) [57]. 

 

ʕʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʦʩʫʱʝʩʪʚʣʝʥʘ ʜʦʤʠʥʦ ʨʝʘʢʮʠʷ ʘʨʠʣʘʤʠʥʦʚ 15, 

ʤʝʪʠʣʧʨʦʧʠʦʣʘʪʘ 13, ʠʟʘʪʠʥʘ 1 ʠ ʤʘʣʦʥʦʥʠʪʨʠʣʘ/ʵʪʠʣ 2-ʮʠʘʥʦʘʮʝʪʘʪʘ 24, 

ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʪʨʠʵʪʠʣʘʤʠʥʦʤ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,4'-ʧʠʨʠʜʠʥ]ʦʚ 30-31 ʠ 32 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʭʝʤʘ 1.15) [58]. 
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ɸʥʘʣʦʛʠʯʥʦ ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ BF3ȚEt2O ʨʝʘʢʮʠʠ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ 6, 

ʘʨʠʣʘʤʠʥʦʚ 15 ʠ ʠʟʘʪʠʥʦʚ 1 ʧʨʠʚʦʜʷʪ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-

3,4'-ʧʠʨʠʜʠʥ]-2',3',5',6'-ʪʝʪʨʘʢʘʨʙʦʢʩʠʣʘʪʘʤ 33 ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ 

(ʩʭʝʤʘ 1.16) [59-60]. 

 

ʕʪʠʤʠ ʞʝ ʘʚʪʦʨʘʤʠ ʥʘʡʜʝʥʦ, ʯʪʦ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ 

ʘʨʠʣʘʤʠʥʦʚ 15, ʧʨʦʠʟʚʦʜʥʳʭ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ 6, ʠʟʘʪʠʥʘ 1 ʠ ʜʠʤʝʜʦʥʘ 

34 ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʪʨʘʛʠʜʨʦʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,2Ë-ʭʠʥʦʣʠʥʘ] 35 ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ 

ʚʳʭʦʜʦʤ (cʭʝʤʘ 1.17) [61]. 

 

ʏʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ p-ʤʝʪʦʢʩʠʘʥʠʣʠʥʘ 15, 

ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ 6, 1-ʙʝʥʟʠʣ-5-ʤʝʪʠʣʠʟʘʪʠʥʘ 1 ʠ ʮʠʢʣʦʧʝʥʪʘʥ-1,3-ʜʠʦʥʘ 

1,(1.15) 

1,(1.16) 

1,(1.17) 
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36 ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʝʤʠ ʞʝ ʘʚʪʦʨʘʤʠ, ʥʦ ʦʥʠ ʥʝ ʦʙʥʘʨʫʞʠʣʠ 

ʫʯʘʩʪʠʝ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 37 [62]. 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʩʧʠʨʦʧʠʨʘʥʦʧʠʨʘʟʦʣʘ 39 ʙʳʣʠ ʩʠʥʥʪʝʟʠʨʦʚʘʥʳ ʨʝʘʢʮʠʝʡ 

ʠʟʘʪʠʥʘ 1, ʤʘʣʦʥʦʥʠʪʨʠʣʘ 24, ʛʠʜʨʘʟʠʥ-ʛʠʜʨʘʪʘ 38, ʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʘ 6 ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʥʘʯʘʣʘ ʧʠʨʘʟʦʣʦʥʳ 

ʬʦʨʤʠʨʫʶʪʩʷ in situ ʠʟ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ ʠ ʛʠʜʨʘʟʠʥ-ʛʠʜʨʘʪʘ ʠ ʟʘʪʝʤ 

ʨʝʘʛʠʨʫʶʪ ʩ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ï ʤʘʣʦʥʦʥʠʪʨʠʣʦʤ ʠ ʠʟʘʪʠʥʦʤ [63-65]. 

 

 

1.1.2. ʉʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʮʠʘʥʠʜʦʚ 

ɺ ʨʘʟʚʠʪʠʠ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ 

ʜʝʩʷʪʠʣʝʪʠʷ ʦʩʦʙʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʠʟʦʮʠʘʥʠʜʘʤ. ʉʪʨʫʢʪʫʨʘ ʠʟʦʥʠʪʨʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʨʝʟʦʥʘʥʩʥʳʡ ʛʠʙʨʠʜ ʜʚʫʭ ʢʘʥʦʥʠʯʝʩʢʠʭ 

ʬʦʨʤ - ʙʠʧʦʣʷʨʥʦʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʥʘ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʝʥʦʚʦʡ ʩ 

ʜʚʫʭʚʘʣʝʥʪʥʳʤ ʫʛʣʝʨʦʜʦʤ: 

 

ʀʟʦʥʠʪʨʠʣʴʥʘʷ ʛʨʫʧʧʘ - ʝʜʠʥʩʪʚʝʥʥʘʷ ʩʪʘʙʠʣʴʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʨʫʧʧʘ, 

ʩʦʜʝʨʞʘʱʘʷ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʫʛʣʝʨʦʜ (ʚ ʢʘʨʙʝʥʦʚʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʬʦʨʤʝ), ʧʦʵʪʦʤʫ 

ʜʣʷ ʥʝʸ ʭʘʨʘʢʪʝʨʥʳ ʨʝʘʢʮʠʠ 1,1-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʫʛʣʝʨʦʜʫ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ 

1,(1.18) 

1,(1.19) 

https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B1%D0%B5%D0%BD%D1%8B
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ʝʛʦ ʫʩʪʦʡʯʠʚʦʝ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʥʝ 1,2 ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʢʨʘʪʥʦʡ 

ʩʚʷʟʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʠʪʨʠʣʦʚ. 

ʇʠʦʥʝʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥrʝ ʩ ʦʪʢʨʳʪʠʝʤ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ 

ʨʝʘʢʮʠʡ ʇʘʩʩʝʨʠʥʠ ʠ ʋʛʠ, ʚʳʷʚʠʣʠ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʦʚʳʭ 

ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʠʟʦʮʠʘʥʠʜʦʚ - I-MCRs. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʜʘʚʥʦ ʚʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʡ ʠʟʦʮʠʘʥʠʜʦʚ ʩ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤʠ ʘʣʢʠʥʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʜʠʘʣʢʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʳ 

(ʵʬʠʨʳ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ). ʕʪʠ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʮʚʠʪʪʝʨ-ʠʦʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʫʣʘʚʣʠʚʘʪʴʩʷ ʪʨʝʪʴʠʤ ʢʦʤʧʦʥʝʥʪʦʤ [66-67]. 

ʆʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʠʥʪʝʟ ʜʠʘʣʢʠʣ-5-(ʘʣʢʠʣʘʤʠʥʦ)-1-ʘʨʠʣ-1H-ʧʠʨʘʟʦʣ-3,4-

ʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ 42 ʚʳʧʦʣʥʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ ʩ 

ʠʟʦʮʠʘʥʠʜʦʤ ʠ 4-ʘʨʠʣʩʝʤʠʢʘʨʙʘʟʠʜʘʤʠ 40. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʮʚʠʪʪʝʨʠʦʥʘ 41, ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 40 ʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʩ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʬʦʨʤʘʤʠʜʘ 42 (ʩʭʝʤʘ 1.20) [68]. 

 

ʆʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʠʥʪʝʟ ʩ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʠʚʥʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʘʣʢʠʣʠʟʦʮʠʘʥʠʜʦʚ 43, ʜʠʘʣʢʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ 6 ʠ 

C-H ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪ, ʪʘʢʠʭ ʢʘʢ 4-ʛʠʜʨʦʢʩʠ-6-ʤʝʪʠʣ-2ʅ-ʧʠʨʘʥ-2-ʦʥ 45 ʠ 4-

ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥ 44 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʟʚʦʣʠʣ 

ʧʦʣʫʯʠʪʴ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ 4ʅ-ʧʠʨʘʥʳ-ʜʠʘʣʢʠʣ-2-

(ʘʣʢʠʣʘʤʠʥʦ)-5-ʦʢʩʦ-4H,5H-ʧʠʨʘʥʦ[3,2-ʩ]ʭʨʦʤʝʥ-3,4-ʜʠʢʘʨʙʦʢʩʠʣʘʪ / ʜʠʘʣʢʠʣ 7-

ʤʝʪʠʣ- 2-(ʘʣʢʠʣʘʤʠʥʦ)-5-ʦʢʩʦ-4H,5H-ʧʠʨʘʥʦ[4,3-b]ʧʠʨʘʥ-3,4-ʜʠʢʘʨʙʦʢʩʠʣʘʪʳ 46 ʩ 

ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (cʭʝʤʘ 1.21) [69]. 

1,(1.20) 



22 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʠʟʦʮʠʘʥʠʜʘ ʢ 

ʘʮʝʪʠʣʝʥʦʚʦʤʫ ʵʬʠʨʫ ʧʦ ʄʠʭʘʵʣʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʮʚʠʪʪʝʨ-

ʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʉʅ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʢʠʩʣʦʪʦʡ (cʭʝʤʘ 1.22). ʆʙʨʘʟʫʶʱʠʡʩʷ 

ʚʠʥʠʣʠʟʦʥʠʪʨʠʣʠʝʚʳʡ ʢʘʪʠʦʥ A ʜʘʣʝʝ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʙʠʜʝʥʪʘʪʥʦʤʫ ʝʥʦʣʷʪ-

ʘʥʠʦʥʫ B. ɸʜʜʫʢʪʳ C, D ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʪʁʩʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ ʂʣʷʡʟʝʥʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 46. 

 

ɺ ʨʘʙʦʪʝ [70] ʦʧʠʩʘʥʘ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʵʬʠʨʘ 

ʪʨʝʪʙʫʪʠʣʠʟʦʮʠʘʥʠʜʘ ʠʣʠ ʮʠʢʣʦʛʝʢʩʠʣʠʟʦʮʠʘʥʠʜʘ ʩ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʘʤʠ ʠ 

3-ʮʠʘʥʦʭʨʦʤʝʥʘʤʠ ʚ ʪʦʣʫʦʣʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʳ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʭʨʦʤʝʥʳ 48-50. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʭʨʦʤʝʥʘ ʟʘʚʠʩʠʪ ʦʪ ʤʦʣʷʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ʊʘʢ, 

ʨʝʘʢʮʠʝʡ ʠʟʦʮʠʘʥʠʜʦʚ 43 ʩ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʘʤʠ 6 ʠ 3-ʮʠʘʥʦʭʨʦʤʝʥʘʤʠ 47 

ʧʨʠ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1.2:1.2:1, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʦʣʴʢʦ ʧʨʦʠʟʚʦʜʥʳʝ 

ʩʧʠʨʦʙʝʥʟʦʬʫʨʘʥʦʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ, ʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʥʘ 

3:3:1 ï ʣʠʰʴ ʧʨʦʠʟʚʦʜʥʳʝ ʩʧʠʨʦʭʨʦʤʝʥʦʬʫʨʘʥʦʚ 48 ʠʣʠ 49 ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ. 

ʊʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʚʳʜʝʣʝʥʥʳʭ 2-

ʠʤʠʥʦʩʧʠʨʦʭʨʦʤʝʥʦʬʫʨʘʥʦʚ 48 ʚ 2-ʘʤʠʥʦʩʧʠʨʦʭʨʦʤʝʥʦʬʫʨʘʥʳ 50 (ʩʭʝʤʘ 1.23). 

1,(1.21) 

1,(1.22) 








































































































































































































































































