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AcOH ï ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ; 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʙʳʩʪʨʦ ʠ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 

ʧʦʣʫʯʘʪʴ ʩʣʦʞʥʳʝ ʮʝʣʝʚʳʝ ʤʦʣʝʢʫʣʳ. ʆʜʥʦʡ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʩʦʟʜʘʥʠʷ 

ʥʦʚʦʡ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ ʠʣʠ ʫʛʣʝʨʦʜ-ʛʝʪʝʨʦʘʪʦʤ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʘʢʮʠʷʭ 

ʩʦʧʨʷʞʸʥʥʦʛʦ  ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ ʘʣʢʝʥʘʤ 

ʠ ʘʣʢʠʥʘʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ    

N-ʥʫʢʣʝʦʬʠʣʦʚ (ʘʟʘ-ʨʝʘʢʮʠʷ ʄʠʭʘʵʣʷ). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʟʘ-ʨʝʘʢʮʠʷ ʄʠʭʘʵʣʷ 

ʠʟʚʝʩʪʥʘ ʫʞʝ ʙʦʣʝʝ ʚʝʢʘ ʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ, ʝʞʝʛʦʜʥʦ ʧʦʷʚʣʷʶʪʩʷ 

ʜʝʩʷʪʢʠ ʥʦʚʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʝʸ ʦʩʫʱʝʩʪʚʣʝʥʠʷ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʩʝʛʦʜʥʷ 

ʢʘʞʜʘʷ ʩʝʜʴʤʘʷ ʨʝʘʢʮʠʷ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʚʷʟʘʥʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʘʟʦʪ, ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ ʥʝʫʤʝʥʴʰʘʶʱʠʡʩʷ 

ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʘʟʘ-ʨʝʘʢʮʠʷ ʄʠʭʘʵʣʷ ï 

ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʢ ɓ-ʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʚʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʥʳʝ ɓ-

ʘʤʠʥʦʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʣʷ 

ʩʠʥʪʝʟʘ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʣʝʢʘʨʩʪʚ. ɽʸ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳʭ ʠ 

ʥʝʜʦʨʦʛʠʭ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʨʝʘʢʮʠʷ ʯʘʩʪʦ ʠʥʠʮʠʠʨʫʝʪ 

ʜʦʤʠʥʦ-ʧʨʝʚʨʘʱʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʣʦʞʥʳʤ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʢʘʨʙʦ- ʠ 

ʛʝʪʝʨʦʮʠʢʣʘʤ, ʘ ʪʘʢʞʝ ʘʥʘʣʦʛʘʤ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʩʦʢʦʥʫʢʣʝʦʬʠʣʴʥʳʝ ʘʤʠʥʳ ʣʝʛʢʦ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ 

ʢ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ ʘʣʢʝʥʘʤ: ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʯʘʩʪʦ 

ʥʝ ʪʨʝʙʫʶʪ ʧʨʠʩʫʪʩʪʚʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʥʝ ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʤʠʥʦʚ. ʉʦʦʙʱʝʥʠʷ ʦ ʩʦʧʨʷʞʸʥʥʦʤ ʥʫʢʣʝʦʬʠʣʴʥʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʘʨʠʣʘʤʠʥʦʚ ʢ 

ʚr ʩʦʢʦʘʢʪʠʚʥʳʤ ʘʢʮʝʧʪʦʨʘʤ ʄʠʭʘʵʣʷ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʨʝʜʢʦ 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʸʩʪʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʣʠ ʪʦʢʩʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʂ 
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ʪʦʤʫ ʞʝ ʢʨʫʛ ʘʢʮʝʧʪʦʨʦʚ ʄʠʭʘʵʣʷ, ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʨʝʘʢʮʠʶ ʩ ʘʨʠʣʘʤʠʥʘʤʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʣʠʰʴ ʘʣʢʝʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʪʝʨʤʠʥʘʣʴʥʫʶ ʜʚʦʡʥʫʶ 

ʩʚʷʟʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʩʦʧʨʷʞʸʥʥʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʘʣʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʸʥʥʳʭ ʘʤʠʥʦʚ ʦʩʪʘʸʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʮʝʥʥʳʭ ɓ-ʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ɓ-ʘʤʠʥʦʢʠʩʣʦʪ, 

ʧʦʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʠʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʟʘʪʨʫʜʥʝʥʦ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʘʥʠʣʠʥʦʚ, ʘ ʪʘʢʞʝ ʩʪʝʨʠʯʝʩʢʠ 

ʟʘʪʨʫʜʥʸʥʥʳʭ ʘʤʠʥʦʚ (ʥʘ ʧʨʠʤʝʨʝ ʘʜʘʤʘʥʪʠʣʘʤʠʥʘ) ʢ ʘʢʮʝʧʪʦʨʘʤ ʄʠʭʘʵʣʷ, 

ʩʦʜʝʨʞʘʱʠʤ ʪʝʨʤʠʥʘʣʴʥʫʶ ʠʣʠ ʠʥʪʝʨʥʘʣʴʥʫʶ ʜʚʦʡʥʫʶ ʩʚʷʟʴ. ɼʦʩʪʠʞʝʥʠʝ ʵʪʦʡ 

ʮʝʣʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

- ʨʘʟʨʘʙʦʪʢʘ ʦʙʱʝʡ ʤʝʪʦʜʦʣʦʛʠʠ ʜʚʦʡʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʘʟʘ-

ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ ʩ ʫʯʘʩʪʠʝʤ ʩʣʘʙʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʩʪʝʨʠʯʝʩʢʠ 

ʟʘʪʨʫʜʥʸʥʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ; 

- ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ ʮʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠʟ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʘʣʢʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ 

ʪʝʨʤʠʥʘʣʴʥʫʶ, ʪʘʢ ʠ ʠʥʪʝʨʥʘʣʴʥʫʶ ʜʚʦʡʥʫʶ ʩʚʷʟʴ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ 

ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʘʢʮʠʠ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʘʥʠʣʠʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʢʮʝʧʪʦʨʘʤʠ ʄʠʭʘʵʣʷ (ʵʬʠʨʳ ʢʨʦʪʦʥʦʚʦʡ, ɓ,ɓ-ʜʠʤʝʪʠʣʘʢʨʠʣʦʚʦʡ, ʤʝʪʘʢʨʠʣʦʚʦʡ 

ʠ ʢʦʨʠʯʥʦʡ ʢʠʩʣʦʪ, ʘʢʨʠʣʦʥʠʪʨʠʣ), ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʘʥʠʣʠʥʘ ʠ 

ʩʪʝʨʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩʫʙʩʪʨʘʪʘ. ɺʧʝʨʚʳʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʜʦʥʦʨʦʚ ʠ 

ʘʢʮʝʧʪʦʨʦʚ ʄʠʭʘʵʣʷ ʚ ʨʝʘʢʮʠʷʭ ʩʦʧʨʷʞʸʥʥʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ɓ-ʘʤʠʥʦʢʠʩʣʦʪ, ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ 
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ʫʩʣʦʚʠʷʭ ʟʘʪʨʫʜʥʸʥ ʠʣʠ ʜʘʞʝ ʥʝʚʦʟʤʦʞʝʥ. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʜʚʦʡʥʦʡ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʘʟʘ-ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ ʩ ʫʯʘʩʪʠʝʤ 

ʤʘʣʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ. ʀʟʫʯʝʥʘ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʩʦʧʨʷʞʸʥʥʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʸʥʥʳʭ 

(ʛʠʜʨʦʢʩʠ-, ʪʠʦ- ʠ ʘʤʠʥʦ) ʘʥʠʣʠʥʦʚ. ʅʘ ʦʩʥʦʚʝ 2-ʛʘʣʦʛʝʥʙʫʪʝʥʦʥʘ, ʧʨʦʠʟʚʦʜʥʳʭ 

Ŭ-ʛʘʣʦʛʝʥʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ʵʬʠʨʦʚ, ʥʠʪʨʠʣʦʚ ʠ ʩʫʣʴʬʦʥʦʚ) ʠ 1-

ʘʤʠʥʦʘʜʘʤʘʥʪʘʥʘ ʦʩʫʱʝʩʪʚʣʸʥ ʩʠʥʪʝʟ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʟʠʨʠʜʠʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʘʨʤʘʢʦʬʦʨʥʳʡ ʘʜʘʤʘʥʪʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

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

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʳʚʦʜʳ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʜʚʫʭ ʩʪʘʪʴʷʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʪʝʟʠʩʘʭ 

ʪʨʸʭ ʜʦʢʣʘʜʦʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ 

ʬʦʨʫʤʘʭ: XI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʛʝʪʝʨʦʘʪʦʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(Caen, ʌʨʘʥʮʠʷ, 2015), ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʭʠʤʠʷ 

ʛʣʘʟʘʤʠ ʤʦʣʦʜʸʞʠè (ʀʨʢʫʪʩʢ, 2016), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ɹʘʡʢʘʣʴʩʢʘʷ ʰʢʦʣʘ-

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ (ʀʨʢʫʪʩʢ, 2017). ʆʪʜʝʣʴʥʳʝ ʨʘʟʜʝʣʳ ʨʘʙʦʪʳ ʙʳʣʠ 

ʦʪʤʝʯʝʥʳ ʧʝʨʚʦʡ ʧʨʝʤʠʝʡ ʥʘ ʢʦʥʢʫʨʩʝ ʧʨʦʝʢʪʦʚ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʀʨʀʍ ʉʆ ʈɸʅ ʚ 

ʨʘʤʢʘʭ ʏʪʝʥʠʡ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ ɸ. ɽ. ʌʘʚʦʨʩʢʦʛʦ (ʀʨʢʫʪʩʢ, 2016) ʠ ʜʠʧʣʦʤʦʤ 

ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʥʘ ɹʘʡʢʘʣʴʩʢʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʭʠʤʠʢʦʚ (ʀʨʢʫʪʩʢ, 2017).  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʧʦʩʚʷʱʝʥʥʦʛʦ ʘʥʘʣʠʟʫ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʜʘʥʥʳʭ ʦʙ ʫʯʘʩʪʠʠ ʩʣʘʙʳʭ ʘʟʦʪ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʫʢʣʝʦʬʠʣʦʚ ʚ ʘʟʘ-
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ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (108 ʥʘʠʤʝʥʦʚʘʥʠʡ). 

ʄʘʪʝʨʠʘʣ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥ ʥʘ 115 ʩʪʨʘʥʠʮʘʭ ʠ ʚʢʣʶʯʘʝʪ 68 ʩʭʝʤ, 14 ʪʘʙʣʠʮ ʠ 

3 ʨʠʩʫʥʢʘ. 

  



9 

 

ɻʃɸɺɸ 1. ʉʃɸɹʓɽ ʅʋʂʃɽʆʌʀʃʓ ɺ ɸɿɸ-ʈɽɸʂʎʀʀ ʄʀʍɸʕʃʗ 

(ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ) 

 

ʆʜʥʦʡ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʙʳʩʪʨʦ ʠ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 

ʧʦʣʫʯʘʪʴ ʩʣʦʞʥʳʝ ʮʝʣʝʚʳʝ ʤʦʣʝʢʫʣʳ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ ʠ ʫʛʣʝʨʦʜ-ʛʝʪʝʨʦʘʪʦʤ ʦʩʦʙʦʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʩʦʧʨʷʞʸʥʥʦʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ ʘʣʢʝʥʘʤ ʠ ʘʣʢʠʥʘʤ. ʕʪʘ ʨʝʘʢʮʠʷ ʠʟʚʝʩʪʥʘ ʫʞʝ ʙʦʣʝʝ ʩʪʘ 

ʣʝʪ. ɺ ʩʝʨʝʜʠʥʝ 80-ʭ ʛʦʜʦʚ 19 ʚʝʢʘ ʘʤʝʨʠʢʘʥʩʢʠʡ ʭʠʤʠʢ ɸʨʪʫʨ ʄʠʭʘʵʣʴ ʩʦʦʙʱʠʣ 

ʦʙ ʫʩʧʝʰʥʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʵʬʠʨʦʚ ʤʘʣʦʥʦʚʦʡ ʠ ʘʮʝʪʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪ ʢ 

ʘʣʢʝʥʦʘʪʘʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʦʙʱʝʥʠʷ ʦ ʧʦʜʦʙʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ 

ʚʩʪʨʝʯʘʣʠʩʴ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʜʦ ʧʦʷʚʣʝʥʠʷ ʵʪʦʡ ʧʫʙʣʠʢʘʮʠʠ ʄʠʭʘʵʣʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʪʠʧ ʨʝʘʢʮʠʡ ʩʝʛʦʜʥʷ ʟʘʩʣʫʞʝʥʥʦ ʥʦʩʠʪ ʝʛʦ ʠʤʷ. ʀʤʝʥʥʦ 

ʄʠʭʘʵʣʴ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʫʢʣʝʦʬʠʣʦʚ ʩ ʥʝʧʨʝʜʝʣʴʥʳʤʠ 

ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʠʣ ʥʘʧʨʘʚʣʝʥʠʝ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʠ 

ʧʨʝʜʣʦʞʠʣ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʚʩʝʛʦ ʢʘʩʢʘʜʘ ʧʨʝʚʨʘʱʝʥʠʡ. ʉʨʝʜʠ ʧʨʦʮʝʩʩʦʚ 

ʩʦʧʨʷʞʸʥʥʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʢʝʥʦʚ ʩ N-ʥʫʢʣʝʦʬʠʣʘʤʠ (ʘʟʘ-ʨʝʘʢʮʠʷ 

ʄʠʭʘʵʣʷ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʩʦʟʜʘʥʠʷ ʩʚʷʟʠ C-N. ʈʦʣʴ ʨʝʘʢʮʠʠ ʚ ʩʠʥʪʝʟʝ ʙʠʦʘʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʨʫʜʥʦ 

ʧʝʨʝʦʮʝʥʠʪʴ; ʥʝ ʩʣʫʯʘʡʥʦ ʝʡ ʧʦʩʚʷʱʝʥʦ ʥʝʩʢʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʙʟʦʨʦʚ [1-

3]. ʂʘʟʘʣʦʩʴ ʙʳ, ʘʟʘ-ʨʝʘʢʮʠʷ ʄʠʭʘʵʣʷ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ, ʘ ʧʦʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʸʟʥʦʛʦ ʥʘʫʯʥʦʛʦ ʠʥʪʝʨʝʩʘ. 

ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʝ SciFinder, ʝʞʝʛʦʜʥʦ ʧʦʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʦʨʠʛʠʥʘʣʴʥʳʭ ʩʪʘʪʝʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʫʞʝ 

ʠʟʚʝʩʪʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʟʝʣʸʥʦʡ ʭʠʤʠʠ, ʤʝʪʦʜʦʚ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʦʧʨʷʞʸʥʥʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʇʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ, ʯʪʦ ʩʝʛʦʜʥʷ ʢʘʞʜʘʷ ʩʝʜʴʤʘʷ ʨʝʘʢʮʠʷ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʚʷʟʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʘʟʦʪ, ʩʪʘʥʦʚʠʪʩʷ 
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ʧʦʥʷʪʥʳʤ ʥʝʫʤʝʥʴʰʘʶʱʠʡʩʷ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɸʟʘ-

ʨʝʘʢʮʠʷ ʄʠʭʘʵʣʷ ï ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʢ ɓ-ʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, 

ʚʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʥʳʝ ɓ-ʘʤʠʥʦʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʣʝʢʘʨʩʪʚ. ʕʪʘ ʨʝʘʢʮʠʷ ʯʘʩʪʦ ʠʥʠʮʠʠʨʫʝʪ ʜʦʤʠʥʦ-

ʧʨʝʚʨʘʱʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʣʦʞʥʳʤ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʢʘʨʙʦ- ʠ 

ʛʝʪʝʨʦʮʠʢʣʘʤ ʠ ʘʥʘʣʦʛʘʤ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʩʦʢʦʥʫʢʣʝʦʬʠʣʴʥʳʝ ʘʤʠʥʳ ʣʝʛʢʦ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ 

ʢ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ ʘʣʢʝʥʘʤ; ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʯʘʩʪʦ 

ʥʝ ʪʨʝʙʫʶʪ ʧʨʠʩʫʪʩʪʚʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʥʝ ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʤʠʥʦʚ. ʀʟʚʝʩʪʥʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʩʦʦʙʱʝʥʠʡ ʦ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʩʦʧʨʷʞʸʥʥʦʤ 

ʥʫʢʣʝʦʬʠʣʴʥʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʘʨʠʣʘʤʠʥʦʚ; ʟʥʘʯʠʪʝʣʴʥʦ ʯʘʱʝ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʠʣʠ ɹʨʝʥʩʪʝʜʘ, ʘ ʪʘʢʞʝ 

ʩʦʣʝʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʧʨʷʞʸʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʥʠʟʢʦʥʫʢʣʝʦʬʠʣʴʥʳʭ ʘʤʠʥʦʚ ʢ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤ ʘʢʮʝʧʪʦʨʘʤ ʄʠʭʘʵʣʷ (ʩʤ. ʦʙʟʦʨ 

[1]). ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝʨʝʜʢʦ ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʥʳ ʥʠʟʢʠʝ 

ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʘʜʜʫʢʪʦʚ, ʞʸʩʪʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʣʠ ʪʦʢʩʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʂ ʪʦʤʫ ʞʝ, ʢʨʫʛ 

ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʨʝʘʢʮʠʶ ʘʢʮʝʧʪʦʨʦʚ ʄʠʭʘʵʣʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʣʠʰʴ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʝʥʘʤʠ.  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʦʛʨʦʤʥʳʡ ʧʨʦʛʨʝʩʩ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʳʭ ʪʠʧʦʚ ʜʦʥʦʨʦʚ ʠ ʘʢʮʝʧʪʦʨʦʚ ʄʠʭʘʵʣʷ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʡ. ɺ ʦʙʟʦʨʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʩʣʝʜʥʠʝ 

ʜʦʩʪʠʞʝʥʠʷ ʚ ʠʟʫʯʝʥʠʠ ʘʟʘ-ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ ʩ ʫʯʘʩʪʠʝʤ ʩʣʘʙʳʭ N-ʥʫʢʣʝʦʬʠʣʦʚ 

(ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʘʤʠʜʦʚ, ʢʘʨʙʘʤʘʪʦʚ, 

ʩʫʣʴʬʦʥʘʤʠʜʦʚ ʠ ʪ.ʜ.) ʠ ʘʢʮʝʧʪʦʨʦʚ ʄʠʭʘʵʣʷ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʪʝʨʤʠʥʘʣʴʥʫʶ, ʪʘʢ 

ʠ ʠʥʪʝʨʥʘʣʴʥʫʶ ʜʚʦʡʥʫʶ ʩʚʷʟʴ. ʎʝʣʴ ʦʙʟʦʨʘ - ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʢʨʠʪʠʯʝʩʢʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʟʘ ʧʦʩʣʝʜʥʠʝ 6 ʣʝʪ (ʩ 2011 ʜʦ 

ʩʝʨʝʜʠʥʳ 2017 ʛʦʜʘ). 
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1.1. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ 

1.1.1. ʅʝʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʟʘ-ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ ʩ ʫʯʘʩʪʠʝʤ 

(ʛʝʪ)ʘʨʠʣʘʤʠʥʦʚ 

 

ɽʩʣʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʢʘʢ ʭʦʨʦʰʠʝ ʥʫʢʣʝʦʬʠʣʳ ʣʝʛʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʘʣʢʝʥʘʤʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʝʘʢʮʠʠ ʤʝʥʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʘʨʠʣ- ʠʣʠ ʛʝʪʘʨʠʣʘʤʠʥʦʚ, ʢʘʢ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, 

ʧʦʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠʤʝʨʳ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʦʧʨʷʞʸʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʢ 

ʘʢʮʝʧʪʦʨʘʤ ʄʠʭʘʵʣʷ ʨʝʜʢʠ, ʘ ʜʚʦʡʥʘʷ ʩʚʷʟʴ ʧʦʩʣʝʜʥʝʛʦ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʩʠʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʥʘ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʦʡ (NO2, C(O)R, SO2R). 

ʅʘʧʨʠʤʝʨ, ʦ-ʪʦʣʫʠʜʠʥ ʣʝʛʢʦ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʤʝʪʠʣʚʠʥʠʣʢʝʪʦʥʫ ʚ ʚʦʜʝ 

ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [4] (ʩʭʝʤʘ 1.1). 

ʉʭʝʤʘ 1.1. 

 

ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʦʡʥʦʛʦ ʠʟʙʳʪʢʘ ʢʝʪʦʥʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʩ-ʘʜʜʫʢʪʘ (6-10%). ʇʨʠ ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʨʝʘʛʝʥʪʦʚ ʚʳʭʦʜ ʤʦʥʦʘʜʜʫʢʪʘ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ, ʥʦ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ 

ʙʠʩ-ʘʜʜʫʢʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʝʜʝʥʦ ʢ ʥʫʣʶ. 

ʅʝʢʘʪʘʣʠʪʠʯʝʩʢʠʡ, çʟʝʣʝʥʳʡè ʤʝʪʦʜ ʩʠʥʪʝʟʘ ɓ-ʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʢʩʦʥʦʨʙʦʨʥʝʥʘ ʠ ʘʨʠʣʘʤʠʥʦʚ ʧʨʝʜʣʘʛʘʝʪ ʛʨʫʧʧʘ ʫʯʝʥʳʭ ʠʟ 

ʂʠʪʘʷ [5] (ʉʭʝʤʘ 1.2). 

ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʘʢ ʘʣʢʠʣ-, ʪʘʢ ʠ 

ʘʨʠʣʘʤʠʥʳ, ʦʙʨʘʟʫʶʪ ʘʜʜʫʢʪʳ ʄʠʭʘʵʣʷ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʜʫʢʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 
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ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʝʪʨʦ-ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʛʦ ʘʤʠʥʦʬʫʤʘʨʘʪʘ. 

ʉʭʝʤʘ 1.2. 

 

ʅʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʨʠʣʘʤʠʥʦʚ ʢ ʧʨʦʠʟʚʦʜʥʳʤ ɓ-

ʪʨʠʬʪʦʨʤʝʪʠʣʘʢʨʠʣʘʤʠʜʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʕʪʦ ʠ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʚʚʝʜʝʥʠʝ CF3-

ʛʨʫʧʧʳ ʚ ʚʠʮʠʥʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢ EWG ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʪʝʤ ʩʘʤʳʤ ʦʙʣʝʛʯʘʷ ʥʫʢʣʝʦʬʠʣʴʥʫʶ 

ʘʪʘʢʫ ʜʘʞʝ ʥʠʟʢʦʦʩʥʦʚʥʳʤʠ ʘʤʠʥʘʤʠ [6] (ʉʭʝʤʘ 1.3). 

ʉʭʝʤʘ 1.3. 

 

 

ʇʨʦʩʪʦʡ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ N-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ɓ-ʘʣʘʥʠʥʘ ʧʨʝʜʣʘʛʘʶʪ ʘʚʪʦʨʳ ʠʟ ʀʥʜʠʠ [7]. ʂʦʣʣʝʛʠ ʫʩʧʝʰʥʦ ʧʨʠʩʦʝʜʠʥʷʶʪ ʥʝ 

ʪʦʣʴʢʦ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ, ʥʦ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʧʦʣʫʯʘʷ ʘʜʜʫʢʪʳ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 1.4). 
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ʉʭʝʤʘ 1.4. 

 

 

ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʠʨʦʜʘ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʂʘʢ ʠ 

ʦʞʠʜʘʣʦʩʴ, ʵʣʝʢʪʨʦʥʦʥʘʩʳʱʝʥʥʳʝ ʘʥʠʣʠʥʳ (ʘʥʠʟʠʜʠʥ, ʪʦʣʫʠʜʠʥ) ʨʝʘʛʠʨʫʶʪ 

ʙʳʩʪʨʦ, ʜʘʚʘʷ ʘʟʘ-ʘʜʜʫʢʪʳ ʄʠʭʘʵʣʷ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. ʅʘʣʠʯʠʝ ʞʝ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʘʨʠʣʘʤʠʥʦʚ (-Cl) ʥʝ 

ʪʦʣʴʢʦ ʟʘʤʝʜʣʷʝʪ ʨʝʘʢʮʠʶ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʘʜʜʫʢʪʘ (88%). ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ 

ʨʝʘʢʮʠʷ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ N-ʤʝʪʠʣʘʥʠʣʠʥʘ, ʩʦʧʨʷʞʝʥʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʪʝʢʘʝʪ ʥʝ ʪʘʢ ʣʝʛʢʦ, ʢʘʢ ʘʥʠʣʠʥʘ, ʚʚʠʜʫ ʩʪʝʨʠʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ (ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ). ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ  

ʧʨʠʩʦʝʜʠʥʠʪʴ ʚʪʦʨʠʯʥʳʡ ʘʨʠʣʘʤʠʥ ʢ ʢʨʦʪʦʥʦʚʦʡ ʢʠʩʣʦʪʝ, ʜʘʚʘʷ ʮʝʣʝʚʦʡ ʘʜʜʫʢʪ ʩ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (88%).   

ʅʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʨʠʣʘʤʠʥʦʚ, ʧʨʦʚʦʜʠʤʦʝ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʧʨʝʜʣʘʛʘʶʪ ʚ ʨʘʙʦʪʝ [8]. ɸʚʪʦʨʳ ʫʩʧʝʰʥʦ 

ʧʨʠʩʦʝʜʠʥʷʶʪ ʢ ʜʠʝʥʜʠʦʥʘʤ ʢʘʢ ʵʣʝʢʪʨʦʥʦʥʘʩʳʱʝʥʥʳʝ (ʪʦʣʫʠʜʠʥ, ʘʥʠʟʠʜʠʥ, 

ʛʠʜʨʦʢʩʠʘʥʠʣʠʥ), ʪʘʢ ʠ ʥʠʟʢʦʦʩʥʦʚʥʳʝ (ʧʘʨʘ-ʥʠʪʨʦʘʥʠʣʠʥ) ʘʤʠʥʳ, ʧʦʣʫʯʘʷ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʨʦʣʠʜʠʥʦʚ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 1.5). 

ʉʭʝʤʘ 1.5. 

 

R1 = ʄe, Ph; R2 = H, 2-OH, 4-ʄeO, 4-ʄe, 4-NO2 
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ʆʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʠʥʪʝʟ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ  ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [9]. ʅʝʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʥʦʚ 

ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʥʳʭ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʦʚ ʩ ʤʝʪʠʣʘʢʨʠʣʘʪʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʴʥʦʛʦ ʧʨʦʪʦʥʦʜʦʥʦʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ 1,1,1,3,3,3-

ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʘ (HFIP) ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ 

ʄʠʭʘʵʣʶ ʟʘ ʩʯʝʪ ʚʦʚʣʝʯʝʥʠʷ ʚ ʨʝʘʢʮʠʶ ʧʝʨʚʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʥʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʠ ʜʘʣʴʥʝʡʰʫʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʩ ʫʯʘʩʪʠʝʤ 

ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ (ʉʭʝʤʘ 1.6). 

ʉʭʝʤʘ 1.6. 

 

ɸʚʪʦʨʳ ʫʪʦʯʥʷʶʪ, ʯʪʦ ʠʤʝʥʥʦ ʧʨʠʤʝʥʝʥʠʝ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʩʧʠʨʪʘ 

ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʳʝ ʙʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ. ʉʢʨʠʥʠʥʛ ʪʘʢʠʭ ʧʨʦʪʦʥʦʜʦʥʦʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʢʘʢ ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, 

ʧʨʦʧʘʥʦʣ, ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʧʦʢʘʟʘʣ ʠʭ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚ ʢ ʤʝʪʠʣʘʢʨʠʣʘʪʫ. ɺʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʢʦʥʚʝʨʩʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʙʳʣʘ ʥʫʣʝʚʘʷ. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ 

ʜʝʡʩʪʚʠʝ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʩʧʠʨʪʘ ʦʩʥʦʚʘʥʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʘʢʪʠʚʠʨʫʝʪ ʜʚʦʡʥʫʶ 

ʩʚʷʟʴ ʵʣʝʢʪʨʦʬʠʣʘ ʠ ʦʙʣʝʛʯʘʷ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʝʪʘʨʠʣʘʤʠʥʘ ʢ 

ʘʢʮʝʧʪʦʨʫ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ HFIP ʘʢʪʠʚʠʨʫʝʪ ʘʣʢʦʢʩʠʢʘʨʙʦʥʠʣʴʥʫʶ ʛʨʫʧʧʫ, 

ʢʘʪʘʣʠʟʠʨʫʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʟʘ ʩʯʸʪ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ 
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ʙʦʣʝʝ ʦʩʥʦʚʥʳʤ ʧʠʨʠʜʠʥʦʚʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ ʥʘ ʫʛʣʝʨʦʜ ʘʣʢʦʢʩʠʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ. 

ɽʱʝ ʦʜʠʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʘʟʘ-ʛʝʪʝʨʦʮʠʢʣʦʚ ʦʩʥʦʚʘʥ ʥʘ 

ʨʝʘʢʮʠʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʦʚ ʩ ʥʠʪʨʦʘʣʢʝʥʘʤʠ (ʘʮʝʪʘʪʘʤʠ ʄʦʨʠʪʘ-ɹʝʡʣʠʩʘ-

ʍʠʣʣʤʘʥʘ) [10] (ʉʭʝʤʘ 1.7). 

ʉʭʝʤʘ 1.7. 

 

R = 3-ʄe, 4-ʄe, 5-Cl, 5-Br;  

R1 = 3,4-(Oʄe)2, 3,4,5-(Oʄe)3, 4-ʄe, 4-Cl, 3-Br, 2-NO2, 2-furyl, 2-thienyl 

 

One-pot ʩʠʥʪʝʟ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʚʢʣʶʯʘʝʪ ʩʦʧʨʷʞʝʥʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʢ ʥʠʪʨʦʦʣʝʬʠʥʫ ʧʝʨʚʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʦʡ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʘʮʝʪʘʪ-ʘʥʠʦʥʘ (ʤʝʭʘʥʠʟʤ SN2ô), ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ 

ï ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʘʪʦʤʘ ʘʟʦʪʘ ʢ ɓ-ʫʛʣʝʨʦʜʫ ʧʨʠ ʵʪʦʢʩʠʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ. ʇʦʯʝʤʫ ʥʫʢʣʝʦʬʠʣʴʥʘʷ 

ʘʪʘʢʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥʘ ʥʘ Ŭ-ʫʛʣʝʨʦʜ ʧʨʠ ʥʠʪʨʦʛʨʫʧʧʝ? ʂʘʟʘʣʦʩʴ ʙʳ, 

ʘʢʮʝʧʪʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʠʪʨʦʛʨʫʧʧʳ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʘʣʢʦʢʩʠʢʘʨʙʦʥʠʣʴʥʦʡ. 

ɺʦʟʤʦʞʥʦ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʛʝʪʝʨʦʮʠʢʣ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʜʫʢʪʦʤ 

ʨʝʘʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʘʥʥʝʣʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʨʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʥʘ ɓ-ʫʛʣʝʨʦʜ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʪʨʦʛʨʫʧʧʝ ʤʳ ʥʝ ʧʦʣʫʯʠʤ 

ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʧʦʪʦʤʫ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, (ʛʝʪ)ʘʨʠʣʘʤʠʥʳ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʘʢʮʝʧʪʦʨʘʤ ʄʠʭʘʵʣʷ 

ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 
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ʘʢʪʠʚʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ, ʘ ʪʘʢʞʝ ʫʣʴʪʨʘʟʚʫʢʘ ʠʣʠ ʥʘʛʨʝʚʘʥʠʷ) 

ʠʣʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʚʦʡʥʘʷ ʩʚʷʟʴ ʥʦʩʠʪ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʳʡ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʕʪʦ ʣʝʛʢʦ ʜʦʩʪʠʛʥʫʪʴ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʬʠʣʦʚ 

ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʣʢʝʥʳ ʩ ʤʦʱʥʦʡ ʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʦʡ, ʣʠʙʦ ʚʚʦʜʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʘʢʪʠʚʠʨʫʶʱʫʶ ʛʨʫʧʧʫ ʚ ʛʝʤʠʥʘʣʴʥʦʝ ʠʣʠ ʚ ʚʠʮʠʥʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʦʡ EWG. 

 

1.1.2. ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʡ ʢʘʪʘʣʠʟ ʚ ʘʟʘ-ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ 

 

ʂʠʩʣʦʪʳ ɹʨʝʥʩʪʝʜʘ ʠ ʃʴʶʠʩʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʥʦʚ ʢ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʘʣʢʝʥʘʤ. ʅʦ ʦʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʢʘʪʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʭ ʠ ʩʪʘʨʘʶʪʩʷ ʠʟʙʝʞʘʪʴ 

ʭʠʤʠʢʠ, ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʵʪʦʪ ʚʠʜ ʢʘʪʘʣʠʟʘ. 

ʇʨʦʩʪʦʡ ʠ ʵʢʦʣʦʛʠʯʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ  ɓ-ʘʤʠʥʦʵʬʠʨʦʚ 

ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [11]. ɸʚʪʦʨʳ ʫʩʧʝʰʥʦ ʧʨʠʩʦʝʜʠʥʷʶʪ ʟʘʤʝʱʝʥʥʳʝ ʘʥʠʣʠʥʳ ʢ 

Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʤ ʵʬʠʨʘʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 200ʦʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʵʢʚʠʤʦʣʷʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʦʙʣʫʯʝʥʠʠ 

(ʉʭʝʤʘ 1.8). 

ʉʭʝʤʘ 1.8. 

 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʚʦʚʣʝʯʴ ʚ ʨʝʘʢʮʠʶ ʜʘʞʝ ʪʘʢʦʡ ʩʣʘʙʳʡ 

ʥʫʢʣʝʦʬʠʣ, ʢʘʢ ʧʘʨʘ-ʥʠʪʨʦʘʥʠʣʠʥ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ 

ʵʪʦʡ ʤʝʪʦʜʠʢʠ. 
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ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʦ-

ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʢ ɓ-ʘʨʦʠʣʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʝ ʧʨʦʪʝʢʘʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚ ʢʠʧʷʱʝʤ 

ʵʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ [12] (ʉʭʝʤʘ 

1.9). 

ʉʭʝʤʘ 1.9. 

 

 

ʅʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ Ŭ-ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʧʨʠ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʮʝʥʪʨʘ ʚ 

ʤʦʣʝʢʫʣʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ (o-PDA) ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ 

ʰʝʩʪʠ-, ʪʘʢ ʠ ʩʝʤʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʅʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ-ʜʝʛʠʜʨʘʪʘʮʠʠ ʙʳʣ ʚʳʜʝʣʝʥ ʣʠʰʴ ʦʜʠʥ ʧʨʦʜʫʢʪ ï ʧʨʦʠʟʚʦʜʥʦʝ 

ʜʠʛʠʜʨʦʭʠʥʦʢʩʘʣʠʥʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʚ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʘʤʝʱʝʥʥʳʭ ʘʥʠʣʠʥʦʚ ʢ ʮʠʢʣʠʯʝʩʢʠʤ 

ʠ ʘʮʠʢʣʠʯʝʩʢʠʤ ʢʝʪʦʥʘʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ ʨʘʙʦʪʝ [13]. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ 

ʫʩʧʝʰʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ɓ-ʘʤʠʥʦʢʝʪʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʝ 

ʯʝʪʚʝʨʪʠʯʥʳʡ ʘʟʘʫʛʣʝʨʦʜʥʳʡ ʮʝʥʪʨ (ʉʭʝʤʘ 1.10). 
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ʉʭʝʤʘ 1.10. 

 

 

ʈʘʥʝʝ ʚ ʨʘʟʜʝʣʝ 1.1.1 ʛʦʚʦʨʠʣʦʩʴ ʦʙ ʫʩʧʝʰʥʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʧʘʨʘ-

ʥʠʪʨʦʘʥʠʣʠʥʘ ʢ ʘʮʠʢʣʠʯʝʩʢʠʤ ʜʠʢʝʪʦʥʘʤ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʦ ʧʨʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ [8]. ɸʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʜʚʦʡʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ 

ʄʠʭʘʵʣʶ (ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ ʧʝʨʚʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʦʡ, ʟʘʪʝʤ ï 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚʪʦʨʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʢʦ 

ʚʪʦʨʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʠʨʨʦʣʠʜʠʥʘ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦ 

108 ʯʘʩʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ. ɸʚʪʦʨʳ ʨʝʰʠʣʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʳ HBF4. ʇʨʠ ʢʠʩʣʦʪʥʦʤ ʢʘʪʘʣʠʟʝ HBF4 ʘʟʘ-

ʨʝʘʢʮʠʷ ʄʠʭʘʵʣʷ ʠʤʝʝʪ ʤʝʩʪʦ ʣʠʰʴ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʢʨʘʪʥʦʡ 

ʩʚʷʟʠ, ʜʘʣʝʝ ʫʩʪʫʧʘʷ ʨʦʣʴ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ 

ʚʘʨʠʘʥʪʫ ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ. ʀʟ-ʟʘ ʥʠʟʢʦʡ ʦʩʥʦʚʥʦʩʪʠ ʘʪʦʤʘ ʘʟʦʪʘ ʥʠʪʨʦʘʥʠʣʠʥʘ 

ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʝʥʦʣ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʨʠʣʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʛʦ ʮʠʢʣʦʧʝʥʪʘʥʘ (ʉʭʝʤʘ 1.11). 
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ʉʭʝʤʘ 1.11. 

 

 

ʀʪʘʣʴʷʥʩʢʠʝ ʭʠʤʠʢʠ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʠʤʝʶʱʠʝ NH-ʢʠʩʣʦʪʥʳʡ ʮʝʥʪʨ, ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʥʠʣʠʥʘ ʢ ʥʝʥʘʩʳʱʝʥʥʳʤ 

ʢʝʪʦʥʘʤ, ʵʬʠʨʘʤ ʠ ʥʠʪʨʠʣʘʤ [14] (ʉʭʝʤʘ 1.12). 

ʉʭʝʤʘ 1.12. 

 

ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ 

ʘʤʠʥʘ NH-ʢʠʩʣʦʪʦʡ ɹʨʝʥʩʪʝʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʝʪʚʝʨʪʠʯʥʦʡ ʘʤʤʦʥʠʝʚʥʦʡ ʩʦʣʠ, 

ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʥʠʨʫʶʱʠʤ ʨʝʘʛʝʥʪʦʤ ʚ ʘʢʪʠʚʘʮʠʠ 

ʢʘʨʙʦʥʠʣʴʥʦʡ, ʘʣʢʦʢʩʠʢʘʨʙʦʥʠʣʴʥʦʡ ʠʣʠ ʮʠʘʥʦʛʨʫʧʧʳ. ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ 

ʦʧʨʦʚʝʨʛʥʫʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ, ʢʦʣʣʝʛʠ ʧʦʣʫʯʠʣʠ ʦʪʜʝʣʴʥʦ ʘʤʤʦʥʠʝʚʫʶ ʩʦʣʴ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʝʝ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʥʘ ʢ ʝʥʦʘʪʫ. 
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ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʢʘʟʘʣʠʩʴ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʛʠʧʦʪʝʟʫ ʘʚʪʦʨʦʚ, ʭʦʪʷ ʦʥʠ ʠ ʥʝ ʠʩʢʣʶʯʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʷʤʦʛʦ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʜʠʩʫʣʴʬʦʥʠʤʠʜʦʤ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʘʢʮʝʧʪʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʘ. 

ɸʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ 2-ʘʨʠʣʜʠʛʠʜʨʦʭʠʥʦʣʠʥʦʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʘʟʘ-ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [15] (ʉʭʝʤʘ 1.13). 

ʉʭʝʤʘ 1.13. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʨʘʣʴʥʦʡ ʢʠʩʣʦʪʳ ɹʨʝʥʩʪʝʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʜʠʛʠʜʨʦʭʠʥʦʣʠʥʦʚ ʩ ʚʳʩʦʢʦʡ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ee 74-81 %). 

ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʧʨʷʞʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʪʝʢʘʝʪ ʠ 

ʧʨʠ ʢʘʪʘʣʠʟʝ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ [16] (ʉʭʝʤʘ 1.14). 

ʉʭʝʤʘ 1.14. 
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ɸʚʪʦʨʳ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ LiBF4 ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ 

ʧʨʦʚʝʩʪʠ ʢʘʢ ʚʥʫʪʨʠ-, ʪʘʢ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʝ N-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʫʢʣʝʦʬʠʣʦʚ ʢ ʰʠʨʦʢʦʤʫ ʨʷʜʫ ʘʢʮʝʧʪʦʨʦʚ ʄʠʭʘʵʣʷ (ʉʭʝʤʘ 

1.15). 

ʉʭʝʤʘ 1.15. 

 

ʅʝʜʦʨʦʛʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ 

ɓ-ʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʭ  ʩʦʝʜʠʥʝʥʠʡ ʠ ɓ-ʘʤʠʥʦʥʠʪʨʠʣʦʚ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʘʭ [17, 18]. 

ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʠʩʣʦʪʳ 

ʃʴʶʠʩʘ (FeCl3, SbCl2), ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʪʚʝʨʜʳʡ ʥʦʩʠʪʝʣʴ (ʥʘʥʦʛʣʠʥʘ (ʤʠʥʝʨʘʣ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ), ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʛʣʘʜʢʦ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʟʘʚʝʨʰʘʝʪʩʷ ʯʝʨʝʟ 1-7 ʯʘʩʦʚ (ʉʭʝʤʘ 1.16). 

ʉʭʝʤʘ 1.16. 

 

ʋʩʣʦʚʠʷ: FeCl3-ʄontK10 10 ʤol%, 60oC, 1-7 ʯ, 65-94% [17]; 

ʊiO2-SO3-SbCl2 2 ʤol%, 60oC, 1-3.5 ʯ, 85-95% [18]; 

R = 4-OMe, 4-F, 4-Cl, 4-Br, 4-Me; EWG = CN, CO2Me,    (ʘʢʮʝʧʪʦʨ ʄʠʭʘʵʣʷ) 

 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ɓ-ʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʥʦʚʘʥʠʡ ɹʨʝʥʩʪʝʜʘ ʠʣʠ ʃʴʶʠʩʘ. ʆʜʥʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ 

ɓ-ʘʤʠʥʦʢʝʪʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʠʣʘʤʠʥʦʚ ʢ 

ʧʨʦʠʟʚʦʜʥʳʤ ʭʘʣʢʦʥʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ ʬʦʩʬʘʪʦʤ ʢʘʣʠʷ, ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [19] 

(ʉʭʝʤʘ 1.17). 
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ʉʭʝʤʘ 1.17. 

 

ʅʫʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʫʩʧʝʰʥʦ ʚʚʝʩʪʠ ʚ ʨʝʘʢʮʠʶ ʩ 

ʭʘʣʢʦʥʦʤ ʦʯʝʥʴ ʩʣʘʙʳʡ ʥʫʢʣʝʦʬʠʣ (ʥʠʪʨʦʘʥʠʣʠʥ), ʧʦʣʫʯʠʚ ʮʝʣʝʚʦʡ ʘʜʜʫʢʪ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (81%).  ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʬʦʩʬʘʪʘ 

ʢʘʣʠʷ ʦʩʥʦʚʘʥʦ ʥʘ ʘʢʪʠʚʘʮʠʠ ʠʦʥʦʤ ʢʘʣʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʝʥʦʥʘ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ ɓ-ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʬʦʩʬʘʪ-ʠʦʥ, 

ʷʚʣʷʷʩʴ ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ, ʜʝʧʨʦʪʦʥʠʨʫʝʪ ʘʤʠʥʦʛʨʫʧʧʫ, ʫʚʝʣʠʯʠʚʘʷ 

ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ ʘʤʠʥʘ. 

ʋʩʧʝʰʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʥʦʠʥʜʦʣʠʟʠʥʦʚ ʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʢʝʪʦʥʘʤ 

ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [20] (ʉʭʝʤʘ 1.18). 

ʉʭʝʤʘ 1.18. 

 

ʇʨʠʨʦʜʘ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʥʫʢʣʝʦʬʠʣʘ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ. ʂʘʢ 
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ʵʣʝʢʪʨʦʥʦʥʘʩʳʱʝʥʥʳʝ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ 

ʧʨʠʚʦʜʠʣʠ ʢ ʘʟʘ-ʘʜʜʫʢʪʘʤ ʄʠʭʘʵʣʷ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 1.19). 

ʉʭʝʤʘ 1.19. 

 

ʉʪʨʝʤʷʩʴ ʨʘʩʰʠʨʠʪʴ ʨʷʜ ʘʢʮʝʧʪʦʨʦʚ ʄʠʭʘʵʣʷ, ʘʚʪʦʨʳ ʚʚʝʣʠ ʘʢʨʦʣʝʠʥ ʠ 

ʤʝʪʠʣʘʢʨʠʣʘʪ ʚ ʨʝʘʢʮʠʶ ʩ ʪʝʤʠ ʞʝ ʥʫʢʣʝʦʬʠʣʘʤʠ. ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ ʧʦʧʳʪʢʠ 

ʦʢʘʟʘʣʠʩʴ, ʢ ʩʦʞʘʣʝʥʠʶ, ʙʝʟʫʩʧʝʰʥʳʤʠ. ʅʘʧʨʦʪʠʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʣʝʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʬʠʣʦʚ ʧʦʟʚʦʣʠʣʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʘʟʘ-

ʘʜʜʫʢʪʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. 

 

1.1.3. ʂʘʪʘʣʠʟ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

 

ʉʦʣʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʥʪʝʟʝ ʨʘʟʣʠʯʥʳʭ 

ɓ-ʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʪʘʣʠʟʠʨʫʷ ʩʦʧʨʷʞʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʩʣʘʙʳʭ ʥʫʢʣʝʦʬʠʣʦʚ ʢ ʨʘʟʣʠʯʥʳʤ ʘʢʮʝʧʪʦʨʘʤ ʄʠʭʘʵʣʷ. 

ʍʣʦʨʠʜ ʤʝʜʠ (I) ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʠʣʘʤʠʥʦʚ ʢ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʤ ʩʫʣʴʬʦʥʘʤ [21], 

ʢʝʪʦʥʘʤ, ʵʬʠʨʘʤ, ʥʠʪʨʠʣʘʤ [22]. ʈʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ ʪʦʣʫʦʣʝ (ʉʭʝʤʘ 1.20). 

ʉʭʝʤʘ 1.20. 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʝʡ ʧʘʣʣʘʜʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʟʢʦʦʩʥʦʚʥʳʭ 

ʘʤʠʥʦʚ ʢ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʤ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʘʣʢʝʥʘʤ. 

ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [23,24] ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʦʣʫʯʘʪʴ 

ʯʝʪʚʝʨʪʠʯʥʫʶ ʪʨʠʬʣʘʪʥʫʶ ʩʦʣʴ ʘʥʠʣʠʥʘ ʠ ʪʦʣʴʢʦ ʟʘʪʝʤ ʜʦʙʘʚʣʷʪʴ ʩʫʙʩʪʨʘʪ ʠ 

ʩʦʣʴ ʧʘʣʣʘʜʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʧʘʣʣʘʜʠʝʚʦʡ ʩʦʣʠ  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʘʤʠʥʫ ʤʦʞʝʪ 

ʜʝʟʘʢʪʠʚʠʨʦʚʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨ (ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʚʳʩʪʫʧʠʪ ʚ ʨʦʣʠ ʢʠʩʣʦʪʳ, ʘʤʠʥ ï ʚ 

ʨʦʣʠ ʦʩʥʦʚʘʥʠʷ ʃʴʶʠʩʘ). ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʘʨʠʣʘʤʠʥʦʚ ʢ ʥʝʥʘʩʳʱʝʥʥʳʤ ʢʘʨʙʘʤʘʪʘʤ [25] (ʉʭʝʤʘ 1.21). 

ʉʭʝʤʘ 1.21. 

 

ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʘʟʘ-ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʦʣʷʤʠ ʧʘʣʣʘʜʠʷ, ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [26] (ʉʭʝʤʘ 1.22). ʇʦʣʫʯʝʥʥʳʝ 

ʘʤʠʥʦʢʘʨʙʘʤʘʪʳ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʥʪʝʟʝ ʘʥʘʣʦʛʦʚ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ʉʭʝʤʘ 1.22. 

 

  

ɸʟʘ-ʨʝʘʢʮʠʶ ʄʠʭʘʵʣʷ ʩ ʫʯʘʩʪʠʝʤ ʘʨʠʣʘʤʠʥʦʚ ʫʩʧʝʰʥʦ ʢʘʪʘʣʠʟʠʨʫʶʪ ʩʦʣʠ 

ʠʥʜʠʷ [27], ʮʠʨʢʦʥʠʷ [28], ʥʠʢʝʣʷ [29],  ʨʫʪʝʥʠʷ [30]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ɓ-ʘʣʘʥʠʥʘ ʩ ʚʳʩʦʢʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʚ ʨʝʘʢʮʠʶ ʤʦʛʫʪ 

ʚʩʪʫʧʘʪʴ ʜʘʞʝ ʪʘʢʠʝ ʤʘʣʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʨʝʘʛʝʥʪʳ ʢʘʢ ʥʠʪʨʦʘʥʠʣʠʥʳ ʠ 

ɓ-ʟʘʤʝʱʝʥʥʳʝ ʘʢʮʝʧʪʦʨʳ ʄʠʭʘʵʣʷ (ʊʘʙʣʠʮʘ 1). 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ 

ʠʥʜʦʣʠʥʦʚ, ʠʥʮʠʠʨʫʝʤʳʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʘʟʘ-ʨʝʘʢʮʠʝʡ ʄʠʭʘʵʣʷ. ʇʨʦʮʝʩʩ 

ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʢʘʪʘʣʠʟʝ ʘʤʠʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʨʫʪʝʥʠʷ [30]. (ʉʭʝʤʘ 1.23) 

ʉʭʝʤʘ 1.23. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʪʘʣʠʟ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ 

ʜʣʷ ʤʝʞ-, ʪʘʢ ʠ ʜʣʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʟʢʦʥʫʢʣʝʦʬʠʣʴʥʳʭ 

ʘʤʠʥʦʚ ʢ ʩʦʧʨʷʞʝʥʥʳʤ ʘʣʢʝʥʘʤ. 
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ʊʘʙʣʠʮʘ 1. 

 

ɸʢʮʝʧʪʦʨ ʄʠʭʘʵʣʷ 
ɼʦʥʦʨ ʄʠʭʘʵʣʷ 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ  

ɺʳʭʦʜ, % 

 

ʉʩʳʣʢʘ 
R EWG ʂʘʪʘʣʠʟʘʪʦʨ ʈʘʩʪʚʦʨʠʪʝʣʴ ʊʝʤʧ., ʦʉ ɺʨʝʤʷ, ʯ 

4-ClC6H4;  

4-O2NC6H4; 

 4-MeC6H4; 

4-MeOC6H4 

C(O)Ar 
PhNH NHPh

ArAr

 
Ar = 4-ClC6H4, 4-O2NC6H4, 

4-MeOC6H4 

InCl3/Zn 

10 ʤol% 
H2O 60 80-105 72-80 

 

27 

H CN, CO2Me PhNH2, 4-MeOC6H4, 4-ClC6H4 

Zr(Oʊf)2 

5 ʤol% 
C6D6 25-60 0.1-1 12-75 28 

H, Me CN 
PhNH2, 4-FC6H4, 4-ClC6H4, 

4-BrC6H4, 2,5-Me2C6H4 

Ni(II)  

1 ʤol%,  

Et3N 

ʊɻʌ 50 2 - 29 

H CN 
PhNH2, 4-MeC6H4, 4-ClC6H4, 

2,4,6-Me3C6H4, 2,5-Me2C6H4 

Ni(II)  

1 ʤol% 
ʪʦʣʫʦʣ 50 3 - 29 
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1.1.4. ʆʨʛʘʥʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʘʟʘ-ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʨʠʣʘʤʠʥʦʚ ʢ ʘʢʮʝʧʪʦʨʘʤ ʄʠʭʘʵʣʷ ʣʝʛʢʦ 

ʧʨʦʪʝʢʘʝʪ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʤʠʜʘʟʦʣʠʝʚʳʭ [31, 32]. ɸʚʪʦʨʳ 

ʨʘʙʦʪʳ [33] ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʩʦʣʴ ʠʤʠʜʘʟʦʣʠʷ  ʚ ʢʘʪʘʣʠʟʝ 1,4-

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʠʣʘʤʠʥʦʚ ʢ ʤʝʪʠʣʘʢʨʠʣʘʪʫ, ʧʦʣʫʯʝʥʥʫʶ  in situ ʥʘ ʦʩʥʦʚʝ 

çʢʣʠʢè-ʨʝʘʢʮʠʠ ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ ʠ ʬʝʥʠʣʘʟʠʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʜʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʭʝʤʘ 1.24). 

ʉʭʝʤʘ 1.24. 

 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʩʘʤ ʪʨʠʘʟʦʣ ʧʣʦʭʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʶ (ʚʳʭʦʜ 

ʘʜʜʫʢʪʘ ʣʠʰʴ 20% ʧʦʩʣʝ 5 ʯʘʩʦʚ ʧʨʠ 70ʦʉ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝ ʩʦʣʠ (ʧʦ ʩʫʪʠ, 

ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ), ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ N-ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʪʨʠʘʟʦʣʘ ʤʝʪʠʣʠʦʜʠʜʦʤ, ʚ 

ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʜʦ 89%). 

ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʭʘʣʢʦʥʫ ʧʨʦʪʝʢʘʝʪ 

ʣʝʛʢʦ ʧʨʠ ʜʚʫʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ʘʥʠʣʠʥʘ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʨʠ ʢʘʪʘʣʠʟʝ 

ʧʨʦʠʟʚʦʜʥʳʤ ʭʠʥʠʥʘ [34] (ʉʭʝʤʘ 1.25). 

ʉʭʝʤʘ 1.25. 
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ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʭʠʥʠʥʘ ʦʩʥʦʚʘʥʦ ʥʘ ʘʢʪʠʚʘʮʠʠ ʥʫʢʣʝʦʬʠʣʘ ʧʫʪʝʤ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʙʦʣʝʝ ʦʩʥʦʚʥʳʤ ʪʨʝʪʠʯʥʳʤ ʘʪʦʤʦʤ 

ʘʟʦʪʘ ʙʠʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʣʴʥʦʩʪʠ ʢʨʘʪʥʦʡ ʩʚʷʟʠ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ 

ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. 

ɸʩʠʤʤʝʪʨʠʯʝʩʢʫʶ ʩʙʦʨʢʫ 1,4-ʜʠʛʠʜʨʦʭʠʥʦʣʠʥʦʚʦʛʦ ʷʜʨʘ, ʠʥʠʮʠʠʨʫʝʤʫʶ 

ʘʟʘ-ʨʝʘʢʮʠʝʡ ʄʠʭʘʵʣʷ, ʧʨʝʜʣʘʛʘʶʪ ʚ ʨʘʙʦʪʝ [35]. ʉʠʣʠʣʦʚʳʡ ʵʬʠʨ 

ʜʠʬʝʥʠʣʧʨʦʣʠʥʦʣʘ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘʢʪʠʚʠʨʫʷ ʩʫʙʩʪʨʘʪ ʢʘʢ ʥʘ 

ʩʪʘʜʠʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʥʠʣʠʥʘ ʢ ʘʣʢʠʥʘʣʶ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʤʤʦʥʠʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʪʘʢ ʠ ʥʘ ʩʪʘʜʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʠ 

ʄʠʭʘʵʣʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʮʠʢʣʘ (ʉʭʝʤʘ 1.26). 

ʉʭʝʤʘ 1.26. 

 

ɸʚʪʦʨʳ ʥʘʰʣʠ, ʯʪʦ ʧʨʠʨʦʜʘ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʘʤʠʥʘ ʠʣʠ 

ʧʨʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʝ ʩʫʙʩʪʨʘʪʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ. 

ʇʝʨʚʳʡ ʩʣʫʯʘʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʭʠʥʠʥʘ ʚ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚ 
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ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [36]. ʉʦʧʨʷʞʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʨʠʣʘʤʠʥʘ ʢ ʥʠʪʨʦʘʣʢʝʥʫ 

ʠʥʠʮʠʠʨʫʝʪ ʜʦʤʠʥʦ-ʧʨʝʚʨʘʱʝʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʮʠʢʣʠʟʘʮʠʝʡ. ʄʝʪʦʜʠʢʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʮʝʥʥʳʝ 

ʪʝʪʨʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʠʤʠ ʜʠʘʩʪʝʨʝʦ- ʠ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʉʭʝʤʘ 1.27). 

ʉʭʝʤʘ 1.27. 

 

ʊʦʪ ʞʝ ʩʘʤʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʠ ʜʣʷ ɓ-ʥʠʪʨʦʩʪʠʨʦʣʦʚ [37]. 

ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʪʝʪʨʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚ, 

ʠʥʠʮʠʠʨʫʝʤʳʡ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ N-ʪʦʟʠʣʘʥʠʣʠʥʘ ʢ ʥʠʪʨʦʩʪʠʨʦʣʘʤ 

(ʉʭʝʤʘ 1.28). 
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ʉʭʝʤʘ 1.28. 

 

 

ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ (R3) ʚ 

ʥʠʪʨʦʩʪʠʨʦʣʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ 

ʛʝʪʝʨʦʮʠʢʣʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʞʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ (ʄe-, ʄeO-) ʠʣʠ ʘʢʮʝʧʪʦʨʥʳʭ 

(Cl-, Br-, F-) ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʩʪʠʨʦʣʘ ʜʘʶʪ ʥʝʩʫʱʝʩʪʚʝʥʥʫʶ 

ʨʘʟʥʠʮʫ ʚ ʚʳʭʦʜʘʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʠʟʚʦʜʥʳʝ 

ʪʝʪʨʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚ ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. 

ʀʟʫʯʝʥʠʝ ʦʨʛʘʥʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ  N-ʪʦʟʠʣʘʥʠʣʠʥʦʚ ʢ 

ʥʠʪʨʦʦʣʝʬʠʥʘʤ ʘʚʪʦʨʳ ʧʨʦʜʦʣʞʠʣʠ ʚ ʨʘʙʦʪʝ [38]. ɹʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʭʠʥʠʥʘ, ʩʦʜʝʨʞʘʱʠʡ ʬʨʘʛʤʝʥʪ ʪʠʦʤʦʯʝʚʠʥʳ, ʦʪʣʠʯʥʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ ʜʦʤʠʥʦ-ʨʝʘʢʮʠʠ ʘʟʘ-ʄʠʭʘʵʣʷ/ʄʠʭʘʵʣʷ, ʜʘʚʘʷ 

ʧʨʦʠʟʚʦʜʥʳʝ ʪʝʪʨʘʛʠʜʨʦʭʠʥʦʣʠʥʘ. ɺʘʨʴʠʨʫʷ ʟʘʱʠʪʫ ʘʤʠʥʦʛʨʫʧʧʳ, ʘʚʪʦʨʳ ʥʘʰʣʠ, 

ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʵʪʦʢʩʠ-, ʪʨʝʪ-ʙʫʪʦʢʩʠ- ʠʣʠ 

ʙʝʥʟʠʣʦʢʩʠʢʘʨʙʦʥʠʣʴʥʫʶ ʛʨʫʧʧʳ, ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʨʝʘʛʠʨʦʚʘʣʠ ʩ 

ɓ-ʥʠʪʨʦʩʪʠʨʦʣʦʤ. ʅʘʧʨʦʪʠʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʟʠʣʴʥʦʡ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ 

ʢʘʩʢʘʜ ʨʝʘʢʮʠʡ ʧʨʦʪʝʢʘʣ ʛʣʘʜʢʦ, ʟʘʚʝʨʰʘʷʩʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ 

ʪʝʪʨʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʇʨʠʯʸʤ 

ʚʳʩʦʢʘʷ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʣʘʩʴ ʙʣʘʛʦʜʘʨʷ ʧʨʠʩʫʪʩʪʚʠʶ ʠʤʝʥʥʦ 
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ʪʦʟʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ 

ʧʨʦʮʝʩʩʘ: ʚ ʧʨʦʪʦʥʦʜʦʥʦʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʄʝʆʅ) ʨʝʘʢʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʜʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʪʦʣʫʦʣʝ ʠʣʠ ʜʠʭʣʦʨʤʝʪʘʥʝ ʥʘʙʣʶʜʘʣʩʷ ʚʳʩʦʢʠʡ ʚʳʭʦʜ 

ʘʜʜʫʢʪʦʚ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʨʦʠʩʭʦʜʠʪ ʜʝʟʘʢʪʠʚʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʫʪʝʤ H-ʩʚʷʟʳʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʦʩʥʦʚʥʦʛʦ 

ʘʪʦʤʘ ʘʟʦʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʥʦʝ ʭʠʥʠʥʘ ʥʝ ʤʦʞʝʪ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ 

ʩʦʧʨʷʞʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʨʠʣʘʤʠʥʘ. ɼʦʧʫʩʢʘʶ, ʯʪʦ ʧʨʦʪʦʥ ʘʤʠʥʦʛʨʫʧʧʳ 

ʘʥʠʣʠʥʘ ʙʦʣʝʝ ʢʠʩʣʳʡ, ʯʝʤ ʤʝʪʘʥʦʣʘ, ʥʦ ʧʦʩʣʝʜʥʠʡ ʙʝʨʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʠʟʙʳʪʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʫʢʣʝʦʬʠʣʦʤ (ʉʭʝʤʘ 1.29). 

ʉʭʝʤʘ 1.29. 

 

ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʘʟʘʬʣʘʚʦʥʦʥʦʚ ʠʣʠ ʜʠʛʠʜʨʦʭʠʥʦʣʠʥʦʥʦʚ, 

ʮʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʜʣʦʞʝʥ ʥʘ ʦʩʥʦʚʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʘʟʘ-ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ [39]. ʂʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʭʠʥʠʥʘ 

ʥʝʩʝʪ ʫʞʝ ʜʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ: ʬʨʘʛʤʝʥʪ ʪʠʦʤʦʯʝʚʠʥʳ ʠ ʧʝʨʚʠʯʥʫʶ 
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ʘʤʠʥʦʛʨʫʧʧʫ. ʄʝʭʘʥʠʟʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦʨʘʤʠ, ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʤʤʦʥʠʝʚʦʡ ʩʦʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʧʝʨʚʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʢʝʪʦʛʨʫʧʧʫ, ʘʢʪʠʚʘʮʠʷ ʘʤʠʥʘ ʧʨʦʪʝʢʘʝʪ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ ʘʥʠʣʠʥʘ ʠ ʪʨʝʪʠʯʥʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ 

ʙʠʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʭʠʥʠʥʘ (ʉʭʝʤʘ 1.30). 

ʉʭʝʤʘ 1.30. 

 

ʅʝʜʘʚʥʦ ʚ ʢʘʯʝʩʪʚʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ, ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʣʢʠʣ- ʠ ʘʨʠʣʘʤʠʥʦʚ ʢ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʦʣʝʬʠʥʘʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʥʘʙʫʭʰʠʡ 

ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ. ʉʨʝʜʠ ʝʛʦ ʙʝʟʫʩʣʦʚʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ï ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʳʩʦʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʣʝʛʢʦ ʣʠʰʴ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ; ʘʥʠʣʠʥ ʠ 

ʧʘʨʘ-ʘʥʠʟʠʜʠʥ ʨʝʘʛʠʨʫʶʪ ʥʘʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ, ʘ ʚʳʭʦʜʳ ʘʜʜʫʢʪʦʚ ʄʠʭʘʵʣʷ ʥʠʞʝ 

(65-70%) [40] (ʉʭʝʤʘ 1.31). 

ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ ʦʙʣʘʜʘʝʪ ʜʚʦʡʥʦʡ ʘʢʪʠʚʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ: ʢʠʩʣʳʡ ʧʨʦʪʦʥ ʘʢʪʠʚʠʨʫʝʪ ʵʣʝʢʪʨʦʥʦ-ʘʢʮʝʧʪʦʨʥʫʶ ʛʨʫʧʧʫ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʫʣʴʬʦʥʘʪʥʘʷ ʛʨʫʧʧʘ ʧʦʚʳʰʘʝʪ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ ʘʤʠʥʦʛʨʫʧʧʳ. 
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ʉʭʝʤʘ 1.31. 

 

ʀʥʪʝʨʝʩʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ɓ-ʘʤʠʥʦʢʝʪʦʥʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʦʧʨʷʞʝʥʥʦʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʘʨʠʣʘʤʠʥʦʚ ʢ ɓ-ʟʘʤʝʱʝʥʥʳʤ ʥʝʥʘʩʳʱʝʥʥʳʤ ʢʝʪʦʥʘʤ, ʧʨʝʜʣʦʞʝʥ 

ʚ ʨʘʙʦʪʝ [41]. N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʢʘʨʙʝʥ, ʛʝʥʝʨʠʨʫʝʤʳʡ in situ ʠʟ ʩʦʣʠ 

ʠʤʠʜʘʟʦʣʠʷ ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ (KHʄDS), ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʘʥʠʣʠʥʦʚ ʢ ʝʥʦʥʘʤ. ʇʨʦʚʝʨʷʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʣʴ ʩʠʣʴʥʦʛʦ 

ʦʩʥʦʚʘʥʠʷ, ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʨʝʘʢʮʠʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʜʥʦʡ ʣʠʰʴ ʩʦʣʠ ʠʤʠʜʘʟʦʣʠʷ, 

ʥʦ ʧʦʣʫʯʠʣʠ ʣʠʰʴ ʧʨʦʜʫʢʪ ʦʣʠʛʦ ï ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʝʪʦʥʘ (ʉʭʝʤʘ 1.32). 

ʉʭʝʤʘ 1.32. 

 

 

ɸʚʪʦʨʳ ʫʩʧʝʰʥʦ ʚʦʚʣʝʢʣʠ ʚ ʨʝʘʢʮʠʶ ɓ-ʟʘʤʝʱʝʥʥʳʝ ʢʝʪʦʥʳ, ʥʦ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʵʪʦʪ ʤʝʪʦʜ ʦʢʘʟʘʣʩʷ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ɓ,ɓ-

ʜʠʟʘʤʝʱʝʥʥʳʭ ʝʥʦʥʦʚ. ʊʘʢʞʝ ʫʜʠʚʠʪʝʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʬʘʢʪ, ʯʪʦ ʪʝʨʤʠʥʘʣʴʥʳʝ 

ʥʝʥʘʩʳʱʝʥʥʳʝ ʘʣʴʜʝʛʠʜʳ ʪʘʢʞʝ ʥʝʦʭʦʪʥʦ ʚʩʪʫʧʘʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʘʨʠʣʘʤʠʥʘʤʠ, 

ʚʦʟʤʦʞʥʦ, ʚʚʠʜʫ ʦʣʠʛʦ- ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ.  

ʀʤʠʜʘʟʦʣʠʝʚʫʶ ʩʦʣʴ ʛʣʠʮʠʥʘ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʠʣʘʤʠʥʦʚ ʢ ʭʘʣʢʦʥʘʤ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʙʦʪʝ [42]. 

ɸʚʪʦʨʳ ʥʘʰʣʠ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʘʤʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʜʘʞʝ 
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ʫʚʝʣʠʯʝʥʠʝ ʝʸ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʘʜʜʫʢʪʘ (ʉʭʝʤʘ 

1.33). 

ʉʭʝʤʘ 1.33. 

 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʚ ʩʠʥʪʝʟʝ ɓ-ʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [43]. ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʘ ʦʪʣʠʯʥʦ 

ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʚ ʩʣʫʯʘʝ ʩ ʘʣʢʠʣʘʤʠʥʘʤʠ: ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ (5-10 ʤʠʥ). ʇʨʠ ʧʝʨʝʭʦʜʝ 

ʢ ʙʦʣʝʝ ʩʣʘʙʳʤ ʘʨʠʣʘʤʠʥʘʤ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʝʪ, ʠ ʚʳʭʦʜ 

ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʧʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʫʤʝʨʝʥʥʳʤ (ʉʭʝʤʘ 1.34). 

ʉʭʝʤʘ 1.34. 

 

 

ɸʚʪʦʨʘʤ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʷʩʥʘ ʢʘʨʪʠʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ. ʆʥʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʠʩʪʦʯʥʠʢʦʤ ʢʠʩʣʦʛʦ 

ʧʨʦʪʦʥʘ, ʩʧʦʩʦʙʥʦʛʦ ʘʢʪʠʚʠʨʦʚʘʪʴ ʢʘʨʙʦʥʠʣʴʥʫʶ ʬʫʥʢʮʠʶ ʘʢʮʝʧʪʦʨʘ ʄʠʭʘʵʣʷ, 

ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ ʙʳʩʪʨʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʧʨʦʮʝʩʩʘ. 

 

 

 


