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ɺɺɽɼɽʅʀɽ 

ʉʠʥʪʝʟ ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʤʘʪʨʠʢʩʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ (ʄʄʇ) ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʧʨʦʪʝʘʟʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʨʝʛʫʣʷʮʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʚʣʝʯʝʥʳ ʚ ʧʘʪʦʬʠʟʠʦʣʦʛʠʶ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʩʦʩʫʜʠʩʪʳʭ ʠʟʤʝʥʝʥʠʷʭ. ʋʯʘʩʪʠʝ ʄʄʇ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʘʭ 

ʠʥʚʘʟʠʠ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ ʜʦʢʘʟʘʥʦ in vitro ʠ in vivo. ʄʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ ʫʯʘʩʪʚʫʶʪ ʚ 

ʧʨʦʮʝʩʩʘʭ ʢʘʥʮʝʨʦʛʝʥʝʟʘ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʚ ʢʣʝʪʢʝ, ʥʘ 

ʤʝʞʢʣʝʪʦʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʮʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʤʦʣʝʢʫʣʳ. ʋ ʙʦʣʴʥʳʭ ʩ ʙʨʦʥʭʦʘʣʴʚʝʦʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʦʡ ʚʳʷʚʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ ʄʄʇ-2 ʠ ʄʄʇ-9 ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʠʥʚʘʟʠʚʥʦʩʪʴ ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʦʧʫʭʦʣʠ. ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʄʄʇ-9 ʦʙʥʘʨʫʞʝʥʘ ʧʨʠ ʨʘʢʝ 

ʞʝʣʫʜʢʘ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʨʦʛʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦ ʩʪʝʧʝʥʴʶ ʦʧʫʭʦʣʝʚʦʡ 

ʧʨʦʛʨʝʩʩʠʠ, ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʘʥʛʠʦʛʝʥʝʟʘ ʠ ʤʘʣʠʛʥʠʟʘʮʠʠ. ʂʨʦʤʝ ʄʄʇ-9 ʦʧʫʭʦʣʝʚʳʝ 

ʢʣʝʪʢʠ ʞʝʣʫʜʢʘ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʄʄʇ-2, ʢʦʪʦʨʘʷ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʠ. 

ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʨʦʚʝʥʴ ʤʈʅʂ ʄʄʇ-2 ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʨʠ 

ʥʠʟʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ ʨʘʢʘ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʠ, ʯʝʤ ʧʨʠ 

ʚʳʩʦʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ. 

ʄʄʇ-8 ʚʦʚʣʝʯʝʥʘ ʚ ʨʘʟʣʠʯʥʳʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʢʦʩʪʥʦʡ ʠ 

ʤʳʰʝʯʥʦʡ ʪʢʘʥʷʭ (ʟʘʙʦʣʝʚʘʥʠʷ ʧʘʨʦʜʦʥʪʘ, ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʜʨ.). ʄʄʇ-8, 

ʢʘʢ ʠ ʄʄʇ-3, ʥʘʡʜʝʥʳ ʚ ʢʣʝʪʢʘʭ ʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ. ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʄʄʇ-

8 ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʢʘ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ. ɼʣʷ ʄʄʇ-9 ʚʳʷʚʣʝʥʘ ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʩʝʨʜʝʯʥʦ ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʛʠʧʝʨʬʫʥʢʮʠʷ ʬʝʨʤʝʥʪʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ: ʠʥʬʘʨʢʪʫ 

ʤʠʦʢʘʨʜʘ, ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʨʘʟʚʠʪʠʶ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ (ʀɹʉ). 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʚʳʷʚʣʝʥʘ ʪʘʢʞʝ ʤʝʞʜʫ ʄʄʇ-2 ʠ ʢʦʨʪʠʟʦʣʦʤ. ʄʄʇ-

7 - ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʡ ʬʝʨʤʝʥʪ, ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʛʦ ʩʧʦʩʦʙʥʘ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʘ ʪʘʢʞʝ ʫʩʢʦʨʷʪʴ ʠʭ 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʠ ʘʥʛʠʦʛʝʥʝʟ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʥʝ ʠʟʚʝʩʪʥʦ ʥʠ ʦʜʥʦʛʦ ʧʦʣʥʦʩʪʴʶ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʄʄʇ, ʦʜʦʙʨʝʥʥʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʋʧʨʘʚʣʝʥʠʝʤ ʧʦ ʩʘʥʠʪʘʨʥʦʤʫ ʥʘʜʟʦʨʫ ʟʘ ʢʘʯʝʩʪʚʦʤ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʝʜʠʢʘʤʝʥʪʦʚ 
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(FDA) ʠ ɽʚʨʦʧʝʡʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ (EMA). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʥʝʞʝʣʘʪʝʣʴʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʧʨʦʷʚʣʷʝʤʳʤʠ ʜʘʥʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ: 

ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʭʝʣʘʪʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣ-

ʟʘʚʠʩʠʤʳʭ ʬʝʨʤʝʥʪʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʧʦʧʨʘʚʠʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʍʦʪʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ ʧʦʢʘ ʥʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʧʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʚʩʝʣʷʶʪ ʥʘʜʝʞʜʫ, ʯʪʦ ʚ 

ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ 

ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ. 

ɹʘʪʠʤʘʩʪʘʪ (BB-94) (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʧʨʝʧʘʨʘʪ - ʠʥʛʠʙʠʪʦʨ 

ʢʦʣʣʘʛʝʥʘʟʳ ʪʠʧʘ IV) - ʧʝʨʚʳʡ ʠ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʠʥʛʠʙʠʪʦʨ ʄʄʇ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʬʨʘʛʤʝʥʪ ʛʠʜʨʦʢʩʘʤʦʚʦʡ ʢʠʩʣʦʪʳ. ɽʛʦ ʠʩʧʳʪʘʥʠʷ ʙʳʣʠ ʥʘʯʘʪʳ ʪʨʠʜʮʘʪʴ ʣʝʪ 

ʥʘʟʘʜ, ʥʦ ʦʥ ʪʘʢ ʠ ʥʝ ʧʦʣʫʯʠʣ ʢʣʠʥʠʯʝʩʢʦʛʦ ʦʜʦʙʨʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʝʥ 

ʪʦʣʴʢʦ ʦʜʠʥ ʠʥʛʠʙʠʪʦʨ ʄʄʇ - ɼʦʢʩʠʮʠʢʣʠʥ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʜʦʙʨʝʥ FDA ʜʣʷ ʣʝʯʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ ʧʘʨʦʜʦʥʪʘ. ʆʜʥʘʢʦ, ʵʪʫ ʤʦʣʝʢʫʣʫ ʥʠʢʘʢ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʝʜʭʠʤʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʠʟʥʘʯʘʣʴʥʦ ɼʦʢʩʠʮʠʢʣʠʥ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʙʠʦʪʠʢʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ɼʦʢʩʠʮʠʢʣʠʥʘ ʩ ʠʦʥʦʤ Zn2+ ʧʨʦʠʩʭʦʜʠʪ ʩʚʷʟʳʚʘʥʠʝ 

ʣʠʛʘʥʜʘ ʩ ʘʢʪʠʚʥʳʤ ʩʘʡʪʦʤ ʬʝʨʤʝʥʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ɹʘʪʠʤʘʩʪʘʪʘ ʠ ʜʨʫʛʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʩʪʘʪʦʢ ʛʠʜʨʦʢʩʘʤʦʚʦʡ ʢʠʩʣʦʪʳ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʤʝʪʥʦʝ ʩʭʦʜʩʪʚʦ ʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʄʄʇ ʪʢʘʥʝʚʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʤʘʪʨʠʢʩʥʳʭ 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ (ʊʀʄʄʇ). ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʚ ʨʘʟʨʘʙʦʪʢʝ ʀʄʄʇ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʷʤʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʣʠʛʘʥʜʦʚ ʩ ʤʝʪʘʣʣʘʤʠ ʢʘʢ ʢʣʶʯʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʣʷ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʄʄʇ ʝʱʝ ʙʦʣʴʰʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ, ʦʜʥʘʢʦ, ʜʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʮʝʣʝʚʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ, ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʄʄʇ, 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʠʦʥ ʮʠʥʢʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʄʄʇ. 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʄʄʇ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ, ʨʘʟʣʠʯʥʳʝ ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʬʨʘʛʤʝʥʪʳ (ʦʩʪʘʪʢʠ 

ʛʠʜʨʦʢʩʘʤʦʚʦʡ ʢʠʩʣʦʪʳ, ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʬʦʩʬʦʨʥʳʭ ʢʠʩʣʦʪ, ʧʨʦʠʟʚʦʜʥʳʝ 



6 

 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʠ ʜʨ.), ʧʦʟʚʦʣʷʶʱʠʝ ʟʘʧʦʣʥʷʪʴ ʧʦʣʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʝ ʬʝʨʤʝʥʪʘ ʠ ʭʝʣʘʪʠʨʦʚʘʪʴ 

ʠʦʥ ʮʠʥʢʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʥʘʧʨʠʤʝʨ, ʠʟʘʪʠʥʘ [1], ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʤʦʣʝʢʫʣʳ 

ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪ ɹʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩ rʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʝʣʢʘ. ʉʦʯʝʪʘʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʘ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʝʣʢʘ (ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʝʣʢʘ) ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʛʝʪʝʨʦʮʠʢʣʘ ʤʦʞʝʪ ʫʩʠʣʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʦʩʪʘʪʢʠ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʛʨʫʧʧ 

(ʠʟʘʪʠʥʦʚʳʡ ʮʠʢʣ), ʠ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʠʟʫʯʝʥʠʶ 

ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʤʘʪʨʠʢʩʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ. 

ʎʝʣʷʤʠ ʨʘʙʦʪʳ ʷʚʣʷʣʠʩʴ ʩʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʙʝʣʢʘʤ ʩʝʤʝʡʩʪʚʘ ʄʄʇ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ, ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʙʠʙʣʠʦʪʝʢʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʧʦʠʩʢ ʩʦʝʜʠʥʝʥʠʷ ʣʠʜʝʨʘ ʠ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʠ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ 

(SAR). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 1) ʩʠʥʪʝʟ ʨʷʜʘ 

ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣʠʟʘʪʠʥʘ; 2) ʩʠʥʪʝʟ ʨʷʜʘ 5-ʘʨʠʣ-3-ʘʤʠʥʦʠʥʜʦʣʠʥ-2-ʦʥʦʚ; 3) ʩʠʥʪʝʟ ʨʷʜʘ 

ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ; 4) ʘʥʘʣʠʟ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ 

ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʄʄʇ; 5) ʩʠʥʪʝʟ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,3'-

ʧʠʨʦʣʠʜʠʥ]-2-ʦʥʘ; 6) ʩʠʥʪʝʟ ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ ʠ ʠʟʫʯʝʥʠʝ ʠʭ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ; 7) ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ; 8) ʧʦʩʪʨʦʝʥʠʝ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ 

ʙʠʙʣʠʦʪʝʢ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʠ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ (SAR). 

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʡ, 

ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʟʘʠʤʦʩʚʷʟʴ ʩʪʨʦʝʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʦʚʦʛʦ ʨʷʜʘ ʩ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʄʄʇ-2, ʠ 

ʄʄʇ-8. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʩʥʦʚʥʳʝ ʧʨʠʝʤʳ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʚʢʣʶʯʘʷ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʠʩʢ ʤʦʣʝʢʫʣ-ʭʠʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ (SAR), ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʥʦʚʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ. ʉʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʝʤʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠ 

ʦʯʠʩʪʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʉʪʨʫʢʪʫʨʫ ʠ ʯʠʩʪʦʪʫ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: 1H, 13ʉ ʗʄʈ ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ɺʕɾʍ-ʄʉ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʝʥʳ 

ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʤʦʜʝʣʠ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ ʥʘ ʦʩʥʦʚʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʨʷʜʘ 

5-ʘʨʠʣʠʟʘʪʠʥʦʚ. ʇʨʦʠʟʚʦʜʥʳʝ ʠʟʘʪʠʥʘ ʠ ʦʢʩʦʠʥʜʦʣʠʥʘ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 5-ʤ ʧʦʣʦʞʝʥʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ 

ʧʨʝʜʣʦʞʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʭr ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ-2, -ʠ -

13. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʟʘʤʝʩʪʠʪʝʣʝ ʢʘʨʙʦʢʩʠʵʪʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʘʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʦʚ, ʘ 

ʫʚʝʣʠʯʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʚʳʟʚʘʥʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ. 

ʇʨʦʚʝʜʝʥ ʜʠʟʘʡʥ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʩʠʥʪʝʟ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ ʥʘ ʦʩʥʦʚʝ 5-

ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʠʟʘʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʉʪʠʣʣʝ ʠ ʉʫʟʫʢʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʤʠ ʧʘʣʣʘʜʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 

ʩʠʥʪʝʟʘ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ 5-ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʠʟʘʪʠʥʦʚ ʣʫʯʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

5-ʪʨʠʙʫʪʠʣʩʪʘʥʥʠʣʠʟʘʪʠʥ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ. ʈʘʟʨʘʙʦʪʘʥ 

ʩʠʥʪʝʟ ʛʨʘʤʤʦʚʳʭ ʢʦʣʠʯʝʩʪʚ 5-ʪʨʠʙʫʪʠʣʩʪʘʥʥʠʣʠʟʘʪʠʥʘ, ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 5-

ʛʝʪʘʨʠʣʠʟʘʪʠʥʦʚ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣ(ʛʝʪʘʨʠʣ)-3-ʘʤʠʥʦ-2-ʦʢʩʦʠʥʜʦʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʧʦʣʦʞʝʥʠʠ ʉ3 ʠʥʜʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 

ʟʘʤʝʩʪʠʪʝʣʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ. 

ʅʘʡʜʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʦʷʚʣʷʶʱʠʝ ʘʢʪʠʚʥʦʩʪʴ ʚ ʤʠʢʨʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʢ ʄʄʇ-2 ʠ ʄʄʇ-13. ʋʩʪʘʥʦʚʣʝʥʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʥʘ 

ʢʫʣʴʪʫʨʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ HCT116 ʜʣʷ ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ 1,2-ʤʝʪʠʣʝʥʜʠʦʢʩʠʙʝʥʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʇʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʄʄʇ ʥʦʚʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʨʷʜʘ ʠʟʘʪʠʥʘ. ʇʨʝʜʣʦʞʝʥ ʧʨʝʧʘʨʘʪʠʚʥʳʡ 

ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʠʟʘʪʠʥʘ ʠ 5-ʘʨʠʣ-3-

ʘʤʠʥʦʠʥʜʦʣʠʥ-2-ʦʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ 

ʬʨʘʛʤʝʥʪʝ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʉ3-ʧʦʣʦʞʝʥʠʷ 5-

ʘʨʠʣʠʟʘʪʠʥʦʚ ʫʜʘʝʪʩʷ ʫʣʫʯʰʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-2 ʠ ʄʄʇ-13, ʘ 

ʧʨʦʠʟʚʦʜʥʳʝ 5-ʘʨʠʣ-3-ʘʤʠʥʦ-2-ʦʢʩʦʠʥʦʣʠʥʳ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʦʣʝʢʫʣʘʤʠ ʜʣʷ 

ʧʦʠʩʢʘ ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ-13. 

ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 5-ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʠʟʘʪʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʡ 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ 5-ʪʨʠʙʫʪʠʣʩʪʘʥʥʠʣʠʟʘʪʠʥʘ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ 5-

ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʠʟʘʪʠʥʦʚ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ 5-ʪʨʠʙʫʪʠʣʩʪʘʥʥʠʣʠʟʘʪʠʥʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʝʛʦ ʧʦʣʫʯʘʪʴ 

ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʚ ʛʨʘʤʤʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɼʣʷ ʙʦʣʴʰʦʡ ʩʝʨʠʠ ʥʝʠʟʚʝʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣ(ʛʝʪʘʨʠʣ)-2-ʦʢʩʦʠʥʜʦʣʠʥʦʚ ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʠʭ ʩʪʨʦʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦʩʪʨʦʝʥʠʝ SAR, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʠʟʘʪʠʥʦʚ ʠ 5-ʘʨʠʣ(ʛʝʪʘʨʠʣ)-2-

ʦʢʩʦʠʥʜʦʣʠʥʦʚ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ ʥʘʭʦʜʠʪʩʷ ʚ ʤʠʢʨʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-2 ʠ ʄʄʇ-13, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʘ ̫

ʘʢʪʠʚʥʦʩʪʴ in vitro ʚ ʥʘʥʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʚ 

ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 1,2-ʤʝʪʠʣʝʥʜʠʦʢʩʠʙʝʥʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ. 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ  

1) ʉʠʥʪʝʟ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʬʨʘʛʤʝʥʪʳ 5-

ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʠʟʘʪʠʥʘ, ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʡ ʢʨʦcʩ-

ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ ʠ (ʠʣʠ) ʉʪʠʣʣʝ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʤʠ ʧʘʣʣʘʜʠʷ. 

2) 5-ɸʨʠʣ(ʛʝʪʘʨʠʣ)ʠʟʘʪʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʦʣʝʢʫʣ 

ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʉ3-ʧʦʣʦʞʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ 5-

ʘʨʠʣ-3-ʘʤʠʥʦ-2-ʦʢʩʦʠʥʦʣʠʥʘ. 

3) ʉʧʠʨʦ[ʠʥʜʦʣʠʥ-3,3'-ʧʠʨʦʣʠʜʠʥ]-2-ʦʥr ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ: ʘʮʠʣʠʨʦʚʘʥʠʝ 4-ʘʨʠʣ-

2-ʡʦʜʘʥʠʣʠʥʘ ʭʣʦʨʘʥʛʠʜʨʠʜʦʤ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʘʪʦʤʘ ʘʟʦʪʘ ʘʥʠʣʠʥʘ, 

ʪʘʥʜʝʤ ʨʝʘʢʮʠʡ ï ʨʝʘʢʮʠ ̫ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦ ʍʝʢʫ ʠ ʨʝʘʢʮʠ ̫[3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʩʧʠʨʦʩʦʯʣʝʥʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʧʠʨʨʦʣʠʜʠʥʘ ʠ ʦʢʩʦʠʥʜʦʣʠʥʦʥʘ. 

4) ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣʠʟʘʪʠʥʘ ʠ 5-ʘʨʠʣ-3-ʘʤʠʥʦ-2-

ʦʢʩʦʠʥʜʦʣʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ 2 ʠ ʄʄʇ 13, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʵʥʜʦʧʝʧʪʠʜʘʟʘʤ ʩʝʤʝʡʩʪʚʘ ʄʄʇ. 

5) ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ SAR ʧʦʢʘʟʳʚʘʪʁ ʫʚʝʣʠʯʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʠ ʚʚʝʜʝʥʠʠ ʬʨʘʛʤʝʥʪʘ ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣʘ ʚ 5-ʝ ʧʦʣʦʞʝʥʠʝ ʠʟʘʪʠʥʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ ʘʢʪʠʚʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʩʙʦʨʝ ʠ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʘʪʠʢʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʧʣʘʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʚʪʦʨʦʤ 

ʦʩʫʱʝʩʪʚʣʝʥ ʜʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢ ʧʫʙʣʠʢʘʮʠʠ ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ. ɺʦ ʚʩʝʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʨʘʙʦʪʘʭ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚʢʣʘʜ ʀʚʘʥʦʚʘ ɺ.ʅ. ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (Web 

of Science, Scopus) ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ ʄɻʋ ʧʦ 
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ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.16. ʄʝʜʠʮʠʥʩʢʘʷ ʭʠʤʠʷ ʠ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ 

çʄʘʨʢʦʚʥʠʢʦʚʩʢʠʝ ʯʪʝʥʠʷè (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʂʨʘʩʥʦʚʠʜʦʚʦ, 2024), The Fourth 

International Scientific Conference çAdvances in Synthesis and Complexingè (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

2017); IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 

(ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ, 2019); XXVI National Meeting in Medicinal Chemistry (ʄʠʣʘʥ, 

ʀʪʘʣʠʷ, 2019). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ ʨʘʟʜʝʣʦʚ: ʚʚʝʜʝʥʠ,̫ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʦʙʩʫʞʜʝʥʠ ̫

ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 214 ʣʠʩʪʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 95 ʩʭʝʤ, 30 ʨʠʩʫʥʢʦʚ, 16 

ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 211 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʆʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʨʘʙʦʪr ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ (ˉ 20-33-90131). 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʘʤ ʀʅʕʆʉ ʈɸʅ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ: ʜ.ʭ.ʥ. 

ɻʦʜʦʚʠʢʦʚʫ ʀ.ɸ.; ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ: ʥ.ʩ. ɸʣʪʠʝʨʠ ɸ., ʤ.ʥ.ʩ. ʅʦʚʦʩʝʣʦʚʫ ɸ.ʄ., 

ʤ.ʥ.ʩ. ʖʩʫʧʦʚʫ ʀ.ʈ., ʧʨʦʬʝʩʩʦʨʫ, ʜ.ʭ.ʥ. ʃʳʩʝʥʢʦ ʂ.ɸ.; ʌɻɹʋ çʅʄʀʎ ʦʥʢʦʣʦʛʠʠ ʠʤ. ʅ.ʅ. 

ɹʣʦʭʠʥʘè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʢʘʥʮʝʨʦʛʝʥʝʟʘ: 

ʧʨʦʬʝʩʩʦʨʫ, ʜ.ʤ.ʥ. ʐʪʠʣʶ ɸ.ɸ; ʋʥʠʚʝʨʩʠʪʝʪʘ çɻʘʙʨʠʵʣʝ ʜôɸʥʥʫʥʮʠʦè ʚ ʛ. ʂʴʝʪʠ (ʀʪʘʣʠʷ): 

ʧʨʦʬʝʩʩʦʨʫ ɸʛʘʤʝʥʥʦʥ ʄ.; ʋʥʠʚʝʨʩʠʪʝʪʘ çɸʣʴʜʦ ʄʦʨʦè ʚ ʛ. ɹʘʨʠ (ʀʪʘʣʠʷ): ʧʨʦʬʝʩʩʦʨʫ 

ʊʦʨʪʦʨʝʣʣʘ ʇ. 

  

https://istina.msu.ru/conferences/621625223/
https://istina.msu.ru/conferences/621625223/
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ɻʣʘʚʘ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʄʘʪʨʠʢʩʥʳʝ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ (ʄʄʇ) ð ʵʪʦ ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʳʝ 

ʮʠʥʢʩʦʜʝʨʞʘʱʠʝ ʵʥʜʦʧʝʧʪʠʜʘʟʳ, ʩʧʦʩʦʙʥʳʝ ʨʘʟʨʫʰʘʪʴ ʧʝʧʪʠʜʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʚ ʙʝʣʢʘʭ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʣʣʘʛʝʥʘ, ʵʣʘʩʪʠʥʘ, 

ʞʝʣʘʪʠʥʘ, ʤʘʪʨʠʯʥʳʭ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ ʠ ʧʨʦʪʝʦʛʣʠʢʘʥʦʚ. ɺ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʪʩʷ 

28 ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʄʄʇ, ʢʦʪʦʨʳʝ ʜʝʣʷʪʩʷ ʥʘ ʢʦʣʣʘʛʝʥʘʟʳ, ʞʝʣʘʪʠʥʘʟʳ, ʩʪʨʦʤʝʣʠʟʠʥʳ, 

ʤʘʪʨʠʣʫʟʠʥʳ, ʤʝʤʙʨʘʥʦʟʥʳʝ ʄʄʇ ʠ ʜʨʫʛʠʝ. ʄʄʇ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʩʱʝʧʣʝʥʠʠ ʨʝʮʝʧʪʦʨʦʚ 

ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ (ʪʘʢʠʭ ʢʘʢ ʣʠʛʘʥʜ FAS) 

ʠ ʠʥʘʢʪʠʚʘʮʠʠ ʭʝʤʦʢʠʥʦʚ/ʮʠʪʦʢʠʥʦʚ [2]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʄʄʇ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʢʣʝʪʦʢ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʣʠʬʝʨʘʮʠʷ, ʤʠʛʨʘʮʠʷ (ʘʜʛʝʟʠʷ/ʜʠʩʧʝʨʩʠʷ), 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ, ʘʥʛʠʦʛʝʥʝʟ, ʘʧʦʧʪʦʟ. 

ɺʧʝʨʚʳʝ ʦʥʠ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 20 ʚʝʢʘ [3], ʢʦʛʜʘ ʫʯʝʥʳʝ 

ʦʙʥʘʨʫʞʠʣʠ ʢʦʣʣʘʛʝʥʘʟʫ ʚʦ ʚʨʝʤʷ ʠʟʫʯʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʪʨʦʡʥʦʛʦ ʩʧʠʨʘʣʴʥʦʛʦ ʢʦʣʣʘʛʝʥʘ 

ʧʨʠ ʤʝʪʘʤʦʨʬʦʟʝ ʭʚʦʩʪʘ ʛʦʣʦʚʘʩʪʠʢʘ, ʧʦʟʞʝ ʬʝʨʤʝʥʪʳ ʙʳʣʠ ʥʘʡʜʝʥ rʫ ʧʦʟʚʦʥʦʯʥʳʭ, 

ʥʘʩʝʢʦʤʳʭ, ʨʘʩʪʝʥʠʡ ʠ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ [4]. 
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1.1 ʄʘʪʨʠʢʩʥʳʝ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ 

ɺ ʢʦʥʮʝ 20-ʛʦ ʚʝʢʘ, ʧʨʠ ʧʦʤʦʱʠ ʨʝʥʪʛʝʥ-ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʪʨʸʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʄʄʇ-2 ʠ ʄʄʇ-8  [5]. ʇʦʟʞʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʣʥʘ ̫ʢʨʠʩʪʘʣʣʠʯʝʩʢʘ ̫

ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʄʄʇ-1. ʉʧʫʩʪʷ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʫʜʘʣʦʩʴ ʜʦʢʘʟʘʪʴ ʪʨʸʭʤʝʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʄʄʇ-3 ʩ ʊʀʄʄʇ-1 [6]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ, ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ 

ʩʪʨʫʢʪʫʨʳ ʄʄʇ-1, ʄʄʇ-2, ʄʄʇ-3, ʄʄʇ-7, ʄʄʇ-8, ʄʄʇ-9, ʄʄʇ-10, ʄʄʇ-11, ʄʄʇ-

12, ʄʄʇ-13, ʄʄʇ-14 ʠ ʄʄʇ-16. ʇʦʤʠʤʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʫʜʘʣʦʩʴ ʯʘʩʪʠʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʪʨʫʢʪʫʨʳ ʧʨʦ-ʄʄʇ-1, ʧʨʦ-ʄʄʇ-2, ʧʨʦ-ʄʄʇ-3 ʠ ʧʨʦ-ʄʄʇ-9, ʘ ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʠ ʢʘʪʘʣʠʟʘ ʬʝʨʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʡ ʧʨʠ ʧʦʠʩʢʝ ʥʦʚʳʭ ʘʢʪʠʚʥʳʭ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ (ɸʌʉ), ʧʦʤʦʛʣʦ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦ-

ʄʄʇ-2 ʩʦʚʤʝʩʪʥʦ ʩ ʪʢʘʥʝʚʳʤ ʠʥʛʠʙʠʪʦʨʘʤ ʤʘʪʨʠʢʩʥʦʡ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ-2 (ʊʀʄʄʇ-

2) [5]. 

ʇʨʦʜʦʤʝʥ (PRO) 

ʇʨʦʜʦʤʝʥʦʤ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʬʨʘʛʤʝʥʪʘ (ʚʝʩʴʤʘ ʫʩʣʦʚʥʦ): N-ʢʦʥʮʝʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣʴʥʳʤ ʜʦʤʝʥʦʤ ʠ ʩʦʩʪʦʠʪ ʠʟ 18ï20 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ 

ʦʪʱʝʧʣʷʶʪʩʷ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʬʝʨʤʝʥʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʦʨʷʜʢʘ 80 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ, ʠ ʧʨʦʧʝʧʪʠʜʘ. ɺ ʧʨʦʧʝʧʪʠʜʝ ʥʘʭʦʜʠʪʩʷ ʚʘʞʥʘʷ ʘʤʠʥʦʢʠʩʣʦʪʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, PRCGxPD (ʧʨʦʣʠʥ ï ʘʨʛʠʥʠʥ ï ʮʠʩʪʝʠʥ ï ʛʣʠʮʠʥ ï ʦʩʪʘʪʦʢ ʣʶʙʦʡ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ï ʧʨʦʣʠʥ ï ʦʩʪʘʪʦʢ ʣʶʙʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ). ʆʩʪʘʪʦʢ ʮʠʩʪʝʠʥʘ, ʥʘʭʦʜʷʱʠʡʩʷ 

ʚ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʦʥʦʤ Zn2+ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʩʘʡʪʝ ʩʚʷʟʳʚʘʥʠʷ [7]. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʜʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʨʘʟʫʝʪʩʷ ʩʚʷʟʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʘʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʚʷʟʳʚʘʥʠʶ ʠʦʥʘ ʤʝʪʘʣʣʘ ʩ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ, 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʬʝʨʤʝʥʪ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ [8]. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ ʩʚʷʟʳʚʘʥʠʷ (CAT)  

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ ʩʚʷʟʳʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ 170 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʢʪʠʚʥʳʡ Zn-ʩʚʷʟʳʚʘʶʱʠʡ ʩʘʡʪ, ʚ ʢʦʪʦʨʦʤ ʪʨʠ ʦʩʪʘʪʢʘ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʛʠʩʪʠʜʠʥʘ ʚʳʧʦʣʥʷʶʪ ʩʚʷʟʳʚʘʥʠʝ ʩ ʠʦʥʦʤ ʤʝʪʘʣʣʘ. ɿʘʪʝʤ, ʧʦʩʣʝ ʵʪʦʛʦ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ 

ʩʣʝʜʫʝʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʦʩʥʦʚʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʤʝʪʠʦʥʠʥʘ, ʚʦʩʝʤʴ ʦʩʪʘʪʢʦʚ 
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ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʶʪ çʤʝʪʠʦʥʠʥʦʚʫʶ ʧʝʪʣʶè, ʧʦʜʜʝʨʞʠʚʘʶʱʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʬʠʢʩʘʮʠʶ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʚʦʢʨʫʛ ʠʦʥʘ ʮʠʥʢʘ [7, 9]. 

ʐʘʨʥʠʨʥʘʷ ʦʙʣʘʩʪʴ (LINKER) 

ɼʘʥʥʫʶ ʦʙʣʘʩʪʴ ʟʘʯʘʩʪʫʶ ʥʘʟʳʚʘʶʪ ʣʠʥʢʝʨʥʳʤ ʧʝʧʪʠʜʦʤ, ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʢʦʪʦʨʦʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CAT ʜʦʤʝʥʘ ʩ ʛʝʤʦʧʝʢʩʠʥʦʧʦʜʦʙʥʳʤ 

ʜʦʤʝʥʦʤ. 

ʃʠʥʢʝʨʥʘʷ ʯʘʩʪʴ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʙʦʨʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ [9]. 

ɻʝʤʦʧʝʢʩʠʥʦʧʦʜʦʙʥʳʡ ʜʦʤʝʥ (HPX). 

ɻʝʤʦʧʝʢʩʠʥʦʧʦʜʦʙʥʳʡ ʜʦʤʝʥ (HPX) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 200 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʩ ʟʘʜʘʥʥʳʤ 

ʙʝʣʢʦʤ. ɼʘʥʥʳʡ ʜʦʤʝʥ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʩʧʣʝʪʘʥʠʝ ʩʧʠʨʘʣʠ ʚ ʤʦʣʝʢʫʣʝ ʢʦʣʣʘʛʝʥʘ, ʘ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʝʸ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʬʝʨʤʝʥʪʘ [7]. 

ʀʤʝʥʥʦ ʥʘ ʛʝʤʦʧʝʢʩʠʥʦʧʦʜʦʙʥʦʤ ʩʘʡʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʊʀʄʄʇ [9]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʪʨʠʢʩʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ 

ɺ ʢʦʥʮʝ 20-ʛʦ ʚʝʢʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʩʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʬʝʨʤʝʥʪʳ ʩʝʤʝʡʩʪʚʘ 

ʄʄʇ ʠ ʚʦʟʥʠʢ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʇʦʥʘʯʘʣʫ, ʄʄʇ ʙʳʣʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ (ʚʥʝʢʣʝʪʦʯʥʳʡ 

ʤʘʪʨʠʢʩ) [10]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪʥʝʩʪʠ ʬʝʨʤʝʥʪ ʢ ʩʝʤʝʡʩʪʚʫ ʄʄʇ, ʜʦʣʞʝʥ 

ʩʦʙʣʶʜʘʪʴʩʷ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ: 1) ʧʨʦʪʝʦʣʠʟ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʤʘʪʨʠʢʩʘ; 2) ʢʘʪʘʣʠʟ, ʩ ʠʦʥʦʤ Zn2+ ʚ ʘʢʪʠʚʥʦʤ ʩʘʡʪʝ ʬʝʨʤʝʥʪʘ; 3) ʘʢʪʠʚʘʮʠʷ ʧʨʦʪʝʠʥʘʟʘʤʠ; 

4) ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʕɼʊɸ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʦʜʥʠʤ ʠʟ ʊʀʄʄʇ; 5) ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ 

ɼʅʂ (cDNA) ʬʝʨʤʝʥʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʛʦʤʦʣʦʛʠʯʥʘ ʩ cDNA MMʇ-1 [7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ 

ʄʄʇ [7]: 

1) ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʷʪʴ ʧʦʜʩʝʤʝʡʩʪʚ: ʩʪʨʦʤʝʣʠʟʠʥʳ, ʞʝʣʘʪʠʥʘʟʳ, 

ʢʦʣʣʘʛʝʥʘʟʳ, ʤʝʤʙʨʘʥʥʦʩʚʷʟʘʥʥʳʝ ʄʄʇ ʠ ʤʠʪʨʠʣʠʟʠʥʳ.  

2) ʅʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʝ ʙʝʣʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʛʨʫʧʧʝ ñʠʥʳʝ ʬʝʨʤʝʥʪʳò [11]. 

ɺ ʪʘʙʣʠʮʝ 1, ʧʝʨʝʯʠʩʣʝʥʳ ʚʩʝ ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ ʄʄʇ (ʠʟʚʝʩʪʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʤʦʤʝʥʪʫ), ʘ ʪʘʢʞʝ ʫʢʘʟʘʥʘ ʠʭ ʬʫʥʢʮʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. 
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ʊʘʙʣʠʮʘ 1. ʉʧʠʩʦʢ ʄʄʇ ʠ ʠʭ ʬʫʥʢʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ [12] . 

ʄʄʇ ʌʫʥʢʮʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʇʘʪʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʛʠʧʝʨʬʫʥʢʮʠʝʡ ʬʝʨʤʝʥʪʘ. 

ʄʄʇ-1 ɸʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʣʣʘʛʝʥʦʚ 

(I, II , III , VII , VIII , X) 

ɹʦʣʝʟʥʠ ʩʫʩʪʘʚʦʚ, 

ʟʘʙʦʣʝʚʘʥʠʷ ʭʨʷʱʝʡ. 

ʄʄʇ-2 ɸʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʣʣʘʛʝʥʘ IV ɹʦʣʝʟʥʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʳ, ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ. 

ʄʄʇ-3 ɸʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʣʣʘʛʝʥʦʚ 

(II, IV, IX, XI) 

ɹʦʣʝʟʥʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʳ, ʙʦʣʝʟʥʠ ʧʦʯʝʢ. 

ʄʄʇ-7 ʉʚʷʟʳʚʘʥʠʝ ʩ ʤʝʤʙʨʘʥʦʡ ʢʣʝʪʦʢ ɸʨʪʨʠʪ, ʦʩʪʝʦʘʨʪʨʠʪ. 

ʄʄʇ-8 ɸʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʘʛʛʨʝʢʘʥʘ ʠ 

ʞʝʣʘʪʠʥʘ 

ʅʘʨʫʰʝʥʠʷ ʨʝʛʝʥʝʨʘʮʠʠ 

ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʠ ʤʳʰʝʯʥʳʭ 

ʚʦʣʦʢʦʥ. 

ʄʄʇ-9 ɸʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʞʝʣʘʪʠʥʘ ʄʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʨʘʢʦʚʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʙʦʣʝʟʥʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ 

ʄʄʇ-10 ɸʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʣʘʤʠʥʠʥʘ, 

ʬʠʙʨʦʥʝʢʪʠʥʘ 

ɸʥʛʠʦʛʝʥʝʟ ʠ 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʨʘʢʦʚʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. 

ʄʄʇ-11 ɸʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʣʘʤʠʥʠʥʘ, 

ʬʠʙʨʦʥʝʢʪʠʥʘ ʠ ʘʛʛʨʝʢʘʥʘ. 

ʈʘʟʣʠʯʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ 

ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ. 

ʄʄʇ-12 ʠ 

14 

ɸʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʵʣʘʩʪʠʥʘ ʠ 

ʬʠʙʨʦʥʝʢʪʠʥʘ 

ɿʘʙʦʣʝʚʘʥʠʷ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ 

ʄʄʇ-13 ɸʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʣʣʘʛʝʥʘ III , 

ʞʝʣʘʪʠʥʘ 

ʄʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʨʘʢʦʚʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʟʘʙʦʣʝʚʘʥʠʷ 

ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ. 

ʄʄʇ-15-

17 ʠ 23-25 

ʊʨʘʥʩʤʝʤʙʨʘʥʥʘʷ ʄʄʇ ʅʝ ʫʩʪʘʥʦʚʣʝʥʦ 

ʄʄʇ-18-

21 ʠ 26-28 

ʅʝ ʫʩʪʘʥʦʚʣʝʥʦ ʅʝ ʫʩʪʘʥʦʚʣʝʥʦ 
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ʀʩʩʝʯʝʥʠʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʷʚʣʷʝʪʩʷ ʪʝʨʘʧʠʝʡ ʧʝʨʚʦʡ ʣʠʥʠʠ ʧʨʠ ʨʘʢʝ 

ʪʚʝʨʜʳʭ ʪʢʘʥʝʡ, ʦʜʥʘʢʦ ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʟʘʯʘʩʪʫʶ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʥʝʙʦʣʴʰʠʝ ʬʨʘʛʤʝʥʪʳ 

ʦʧʫʭʦʣʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʢ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ, ʯʘʱʝ ʧʨʦʣʠʬʝʨʠʨʫʶʪ ʚ ʜʦʚʦʣʴʥʦ 

ʦʪʜʘʣʝʥʥʳʭ ʤʝʩʪʘʭ, ʛʜʝ ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʥʢʦʧʘʪʦʣʦʛʠʡ. ʄʄʇ ʧʦʤʦʛʘʶʪ 

ʦʙʝʩʧʝʯʠʪʴ ʨʦʩʪ ʵʪʠʭ ʤʝʪʘʩʪʘʟ, ʦʥʠ ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʢʨʦʚʝʥʦʩʥʳʭ 

ʩʦʩʫʜʦʚ, ʢʦʪʦʨʳʝ ʧʠʪʘʶʪ ʠʥʚʘʟʠʚʥʳʝ ʢʣʝʪʦʯʥʳʝ ʤʘʩʩʳ. ɺʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʄʇ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʨʠʩʢ 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʘʥʛʠʦʛʝʥʝʟʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʀʄʄʇ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʜʣʷ ʣʝʯʝʥʠʷ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʟʚʠʪʠʝ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʩʪʘʜʠʠ: ʨʦʩʪ ʦʧʫʭʦʣʠ, ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʧʨʦʮʝʩʩʳ ʠʥʚʘʟʠʨʦʚʘʥʠʷ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʠ 

ʘʥʛʠʦʛʝʥʝʟ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʧʨʠʥʠʤʘʶʪ ʬʝʨʤʝʥʪʳ 

ʩʝʤʝʡʩʪʚʘ ʄʄʇ. ɺ ʯʘʩʪʥʦʩʪʠ, ʄʄʇ-2, ʄʄʇ-7-9 ʠ ʄʄʇ-13 ʦʢʘʟʳʚʘʶʪ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʨʫʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʤʝʤʙʨʘʥʥʦʡ ʦʙʦʣʦʯʢʠ ʢʣʝʪʦʢ, ʪʝʤ 

ʩʘʤʳʤ ʦʙʣʝʛʯʘʷ ʠʥʚʘʟʠʨʦʚʘʥʠʝ, ʘʥʛʠʦʛʝʥʝʟ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ. ʈʦʩʪ ʦʧʫʭʦʣʠ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʣʠʯʠʷ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪ ʦʨʛʘʥʠʟʤʫ ʩʠʛʥʘʣ ʥʘ ʚʳʨʘʙʦʪʢʫ ʬʝʨʤʝʥʪʦʚ 

ʩʝʤʝʡʩʪʚʘ ʄʄʇ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʠʭ ʛʠʧʝʨʩʝʢʨʝʮʠʶ. ʇʦʩʢʦʣʴʢʫ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ 

ʬʫʥʢʮʠʡ ʧʝʧʪʠʜʘʟ ʩʝʤʝʡʩʪʚʘ ʄʄʇ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʱʝʧʣʝʥʠʠ ʢʦʣʣʘʛʝʥʘ, ʠʤʝʥʥʦ ʵʪʦ 

ʧʦʤʦʛʘʝʪ ʦʧʫʭʦʣʝʚʳʤ ʢʣʝʪʢʘʤ ʘʢʪʠʚʥʦ ʜʝʣʠʪʴʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʨʦʩʪʫ 

ʤʝʪʘʩʪʘʟ [13]. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [14], ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠ ʣʝʯʝʥʠʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʝʯʥʦ ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʩʦʝʜʠʥʝʥʠʷ, ʠʥʛʠʙʠʨʫʶʱʠʝ ʄʄʇ-2,-7,-8,-9 ʠ 13, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʜʘʣʴʥʝʡʰʘʷ ʯʘʩʪʴ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʩʝʣʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʘʤ ʄʄʇ-2, ʄʄʇ-7-9 ʠ ʄʄʇ-

13. 
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ʄʘʪʨʠʢʩʥʘʷ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘ-2 (ʄʄʇ-2) ï ʮʠʥʢ-ʟʘʚʠʩʠʤʘʷ ʵʥʜʦʧʨʦʪʝʘʟʘ 

ʯʝʣʦʚʝʢʘ. ɽʸ ʛʠʧʝʨʬʫʥʢʮʠʷ ʚʳʟʳʚʘʝʪ ʜʝʛʨʘʜʘʮʠʶ ʢʦʣʣʘʛʝʥʘ IV, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʩʚʷʟʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʢʣʝʪʦʢ. ʅʘ ʨʠʩʫʥʢʝ 1, ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʧʨʦʪʝʘʟʳ ʄʄʇ-2 [15]. 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʄʄʇ-2 ʯʝʣʦʚʝʢʘ [15] . 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʣʝʪʢʠ, ʧʨʦʪʝʘʟʘ ʄʄʇ-2 [16] ʥʝ ʚʳʟʳʚʘʝʪ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ (ʵʤʙʨʠʦʥʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ, ʤʦʨʬʦʛʝʥʝʟʝ, 

ʨʝʧʨʦʜʫʢʮʠʠ ʠ ʪʢʘʥʝʚʦʤ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʠ) [17]. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʄʄʇ-2 ʧʨʠ ʝʛʦ 

ʩʪʘʥʜʘʨʪʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2 [18]. ʕʥʜʦʧʨʦʪʝʘʟʘ ʩʧʦʩʦʙʥʘ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʫʰʝʥʠʶ ʥʠʪʝʡ ʢʦʣʣʘʛʝʥʘ, ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʠ ʩʦʭʨʘʥʝʥʠʷ ʛʦʤʝʦʩʪʘʟʘ. ʄʄʇ-2 ʰʠʨʦʢʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚʦ ʚʨʝʤʷ 

ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʝʸ ʫʨʦʚʝʥʴ ʧʦʚʳʰʘʝʪʩʷ ʚ ʤʝʩʪʘʭ ʚʦʩʧʘʣʝʥʠʷ, 

ʧʦʚʨʝʞʜʝʥʠʷ ʪʢʘʥʝʡ ʠ ʚ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ, ʦʢʨʫʞʘʶʱʠʭ ʦʨʛʘʥ, ʧʦʨʘʞʝʥʥʳʡ 

ʤʝʪʘʩʪʘʟʘʤʠ [19]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʫʨʦʚʝʥʴ MMʇ-2 ʧʦʚʳʰʝʥ ʚʦ ʤʥʦʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʷʭ ʦʨʛʘʥʠʟʤʘ [17]. 
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ʈʠʩʫʥʦʢ 2. ɼʝʡʩʪʚʠʝ ʄʄʇ-2 ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ [18] . 

ɻʠʧʝʨʬʫʥʢʮʠʷ ʄʄʇ-2 ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ: ʨʘʢʫ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ [20], ʨʘʢʫ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ [21], ʨʘʢʫ 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ [22], ʨʘʢʫ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ [23], ʨʘʢʫ ʣʸʛʢʠʭ[24, 25], ʘ 

ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʚʠʪʠʶ: ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʙʦʣʝʟʥʠ 

ɸʣʴʮʛʝʡʤʝʨʘ [26], ʨʘʩʩʝʷʥʥʦʤʫ ʩʢʣʝʨʦʟʫ [27]), ʟʘʙʦʣʝʚʘʥʠʡ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

[28] ʠ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ [29]. 

ɼʘʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʵʥʜʦʧʨʦʪʝʘʟʦʡ ʠ ʚʳʟʳʚʘʝʤʳʤʠ ʝʡ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʄʄʇ-2 ʚ ʧʦʨʘʞʸʥʥʳʭ ʦʨʛʘʥʘʭ 

[30]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʬʘʢʪʘ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʄʄʇ-2, 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʛʠʧʝʨʩʝʢʨʝʮʠʝʡ ʄʄʇ-2. 

ʇʦʩʢʦʣʴʢʫ ʄʄʇ-2 ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʤʠʰʝʥʴ ʜʣʷ 

ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʄʄʇ-2 

ʩʧʦʩʦʙʥʘ ʧʨʝʦʜʦʣʝʚʘʪʴ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ (ɻʕɹ), ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʘʥʥʳʡ ʪʠʧ 

ʧʨʦʪʝʘʟʳ ʠʛʨʘʝʪ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʦʥʢʦʛʝʥʝʟʝ ʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʠ ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ ʚ 

ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʯʝʣʦʚʝʢʘ. ʄʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʚ ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʜʘʶʪ ʨʘʟʣʠʯʥʳʝ ʦʧʫʭʦʣʠ, ʠ ʦʥʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʫ 20ï40% ʙʦʣʴʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʃʝʯʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ 

ʧʘʣʣʠʘʪʠʚʥʦʝ, ʠ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ɸʌʉ ʧʨʦʥʠʢʘʪʴ ʚ ʤʦʟʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʧʨʦʙʣʝʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʡ ʪʝʨʘʧʠʠ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ 

[31]. ʊʘʢʞʝ, ʚ ʛʨʫʧʧʝ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʤʦʟʛʘ, ʥʘʭʦʜʷʪʩʷ 

ʧʘʮʠʝʥʪʳ ʩ ʦʥʢʦʣʦʛʠʝʡ: ʛʨʫʜʠ, ʣʸʛʢʠʭ ʠ ʧʦʯʝʢ; ʠʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʚʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʠʩʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ-2 [32]. 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʄʄʇ ʩʯʠʪʘʣʠʩʴ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ ʪʝʨʘʧʠʠ ʨʘʢʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʭ ʤʦʱʥʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʢʘʥʷʭ ʠ ʫʥʠʢʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʨʘʟʨʫʰʘʪʴ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ. ɼʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʨʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʘʚʣʝʥʠʷ ʄʄʇ ʥʘ ʤʦʜʝʣʷʭ ʦʧʫʭʦʣʝʡ, ʙʳʣʠ ʥʘʩʪʦʣʴʢʦ 

ʫʙʝʜʠʪʝʣʴʥʳʤʠ, ʯʪʦ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠʥʛʠʙʠʪʦʨʳ ʤʘʪʨʠʢʩʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ (ʀʄʄʇ) 

ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʦʧʨʝʜʝʣʝʥʳ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ, ʘ ʟʘʪʝʤ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʢ ʩʦʞʘʣʝʥʠʶ, ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʧʳʪʘʥʠʡ ʦʢʘʟʘʣʠʩʴ 

ʥʝʫʪʝʰʠʪʝʣʴʥʳʤʠ [33]. 

ʆʩʥʦʚʥʦʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʀʄʄʇ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʠʥʛʠʙʠʪʦʨʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʘʣʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʩ ʠʦʥʦʤ ʮʠʥʢʘ, 

ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʄʄʇ, ʦʜʥʘʢʦ, ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʩʫʱʝʩʪʚʫʶʪ ʠʥʳʝ 

ʤʝʪʘʣʣ-ʟʘʚʠʩʠʤʳʝ ʬʝʨʤʝʥʪʳ ʠ ʧʨʦʮʝʩʩʳ, ʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ 

ʄʄʇ, ʪʘʢ ʞʝ ʠʥʛʠʙʠʨʦʚʘʣʠ ʠ ʜʨʫʛʠʝ ʙʝʣʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʜʚʫʭʚʘʣʝʥʪʥʳʝ 

ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʀʄʄʇ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʥʘʫʯʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʢʨʫʧʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʩʤʦʛʣʠ 

ʧʨʦʡʪʠ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠ ̫[34]. 

ɹʘʪʠʤʘʩʪʘʪ (ʨʠʩʫʥʦʢ 3) - ʘʥʪʠʤʝʪʘʩʪʘʪʠʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʢ 

ʩʝʤʝʡʩʪʚʫ ʧʨʝʧʘʨʘʪʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʠʥʛʠʙʠʪʦʨʘʤʠ ʘʥʛʠʦʛʝʥʝʟʘ. ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʙʘʪʠʤʘʩʪʘʪʘ ʦʩʥʦʚʘʥʘ ʝʛʦ ʧʝʧʪʠʜʦʤʠʤʝʪʠʯʥʦʩʪʠ, ʠ ʠʤʝʥʥʦ ʙʘʪʠʤʘʩʪʘʪ ʩʪʘʣ ʧʝʨʚʳʤ 

ʀʄʄʇ, ʧʨʦʰʝʜʰʠʤ ʜʚʝ ʬʘʟʳ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 
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ʈʠʩʫʥʦʢ 3. ɿʘʧʘʪʝʥʪʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʧʨʦʰʝʜʰʠʝ 3-ʶ ʩʪʘʜʠʶ 

ʢʣʠʥʠʯʝʩʢʠʡ ʠʩʧʳʪʘʥʠʡ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3, ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʬʨʘʛʤʝʥʪ ʛʠʜʨʦʢʩʘʤʦʚʦʡ ʢʠʩʣʦʪʳ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʦʥʦʤ 

ʮʠʥʢʘ. ɻʠʜʨʦʢʩʘʤʘʪʥʳʡ ʬʨʘʛʤʝʥʪ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʠʦʥʦʤ ʮʠʥʢʘ ʄʄʇ ʢʘʢ ʙʠʜʝʥʪʘʥʪʥʳʡ 

ʣʠʛʘʥʜ, ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʦʩʪʘʣʴʥʳʝ ʛʠʜʨʦʢʩʘʤʘʪʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʛʠʜʨʦʢʩʘʤʘʪʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʷʚʣʷʶʪʩʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠ 

ʣʘʙʠʣʴʥʳʤʠ, ʤʦʛʫʪ ʨʘʟʨʫʰʘʪʴʩʷ ʜʦ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ (ʢʘʥʮʝʨʦʛʝʥ) ʠ, ʚ ʩʣʫʯʘʝ ʧʝʧʪʠʜʥʳʭ 

ʛʠʜʨʦʢʩʘʤʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʧʣʦʭʦ ʫʩʚʘʠʚʘʶʪʩʷ ʚ ɾʂʊ, ʘ ʪʘʢʞʝ ʚʳʟʳʚʘʶʪ ʩʢʝʣʝʪʥʦ-

ʤʳʰʝʯʥʳʝ ʙʦʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʵʬʬʝʢʪʘ. ʆʜʥʘʢʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʜʦʢʘʟʘʣʠ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ in vivo, ʧʦʵʪʦʤʫ ʠʭ ʧʨʦʜʦʣʞʘʶʪ ʠʟʫʯʘʪʴ. 

ʂʨʦʤʝ ʬʨʘʛʤʝʥʪʘ ʛʠʜʨʦʢʩʘʤʦʚʦʡ ʢʠʩʣʦʪʳ, ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʭʝʣʘʪʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ 

(ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʣʘʢʪʘʤʥʳʝ 

ʛʨʫʧʧʳ) [35], ʦʩʪʘʪʢʠ ʬʦʩʬʦʨʥʳʭ ʢʠʩʣʦʪ [13], ʘ ʪʘʢʞʝ ʬʨʘʛʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʘʤʠʥʦ/ʘʤʠʜʦ-ʬʫʥʢʮʠʶ (ɸʄ-15, GI-129471) [36]. ʉʧʠʩʦʢ ʩʦʝʜʠʥʝʥʠʡ (ʩʦʝʜʠʥʝʥʠʷ ʣʠʜʝʨʳ), 

ʩʦʜʝʨʞʘʱʠʭ ʜʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩʫʥʦʢ 4. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʄʄʇ, ʩʦʜʝʨʞʘʱʠʝ ʭʝʣʘʪʠʨʫʶʱʠʝ ʠʦʥ ʮʠʥʢʘ 

ʛʨʫʧʧʳ. 

ʉʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4, ʷʚʣʷʶʪʩʷ ʧʝʧʪʠʜʦʤʠʤʝʪʠʢʘʤʠ 

ʢʦʧʠʨʫʶʱʠʤʠ ʩʪʨʫʢʪʫʨʫ ʢʦʣʣʘʛʝʥʘ ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʠʥʛʠʙʠʪʦʨʘʤ ʄʄʇ 1-ʛʦ ʧʦʢʦʣʝʥʠʷ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʥʠ ʦʜʥʦ ʠʟ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʥʝ ʧʨʦʰʣʦ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʚ ʩʠʣʫ ʠʭ 

ʥʠʟʢʦʡ ʦʩʤʦʣʷʣʴʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʢʝʣʝʪʥʦ-ʤʳʰʝʯʥʦʡ ʜʦʟʠʨʦʚʢʠ, ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʪʦʨʦʡ, ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʳ ʤʥʦʛʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ [34]. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʩʪʘʜʠʠ 

ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʰʝʥʠ ï ʟʘʧʦʣʥʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʦʣʦʩʪʠ ʧʨʦʪʝʠʥʘʟʳ. 

ʀʤʝʥʥʦ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʄʄʇ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʧʦʣʥʦʤʫ ʠ ʩʝʣʝʢʪʠʚʥʦʤʫ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ [36, 37] . ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʤʦʣʝʢʫʣʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 4, ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ʇʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ 

ʚ ʩʦʝʜʠʥʝʥʠʷʭ 1 ʠ 3 ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʛʨʫʧʧ, ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʥʝ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʧʦ 

ʠʦʥʫ ʮʠʥʢʘ ʠ ʥʝ ʭʝʣʘʪʠʨʫʶʪ ʝʛʦ, ʘ ʠʩʧʦʣʴʟʫʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʄʄʇ-2 ʜʣʷ ʝʸ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ 1-3, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ. 
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ʄʘʪʨʠʢʩʥʘʷ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘ 7 (ʄʄʇ-7) - ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʡ ʬʝʨʤʝʥʪ, 

ʩʝʢʨʝʪʠʨʫʶʱʠʡ ʵʥʜʦʧʝʧʪʠʜʘʟʳ ʮʠʥʢʘ ʠ ʢʘʣʴʮʠʷ. ʄʄʇ-7 ʩʧʦʩʦʙʥʘ ʨʘʟʨʫʰʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʩʫʙʩʪʨʘʪʳ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʝʛʫʣʷʪʦʨʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ 

ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ʄʄʇ-7 ʷʚʣʷʝʪʩʷ ʙʝʣʢʦʤ 

ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʧʨʦʮʝʩʩʘʭ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ, ʨʦʩʪʘ ʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʩʪʝʡ. ʇʦʟʜʥʝʝ ʩʪʘʣʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ MMʇ-7 ʨʝʛʫʣʠʨʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ 

ʦʧʦʩʨʝʜʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʠ ʠʥʚʘʟʠʶ ʥʝʩʢʦʣʴʢʠʭ 

ʪʠʧʦʚ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ [38].  

 

ʈʠʩʫʥʦʢ 6. ʉʪʨʫʢʪʫʨʘ ʄʄʇ-7 ʯʝʣʦʚʝʢʘ [39] . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʄʇ-7 ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʙʠʦʤʘʨʢʝʨʦʤ ʦʧʫʭʦʣʠ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʤʠʰʝʥʴʶ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʦʡ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʩʝʢʨʝʮʠʝʡ MMʇ-7 ʤʦʞʝʪ ʩʪʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʣʝʯʝʥʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ.  

ɿʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʠʧʘʤʠ ʨʘʢʘ ʚʦ ʚʩʝʤ ʤʠʨʝ [40] ʠ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʯʘʩʪʳʭ ʧʨʠʯʠʥ ʩʤʝʨʪʠ 

ʦʪ ʨʘʢʘ [41, 42]. ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʣʝʯʝʥʠʠ ʨʘʢʘ 

ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʨʘʥʥʷʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʪʦʯʥʦʝ ʣʝʯʝʥʠʝ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ 

ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʳʤʠ ʟʘʜʘʯʘʤʠ [43]. ʇʦʵʪʦʤʫ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʨʘʟʚʠʪʠʷ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʪʨʝʙʫʶʪ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ.  
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ʄʄʇ-7 ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʠʥʚʘʟʠʚʥʳʭ ʦʧʫʭʦʣʷʭ ʧʠʱʝʚʦʜʘ [44], ʞʝʣʫʜʢʘ [45, 

46] ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ [47], ʢʦʣʦʨʝʢʪʘʣʴʥʦʤ ʨʘʢʝ [48] ʠ ʧʝʯʝʥʠ [49]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʘʷ ʄʄʇ-7 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʨʘʢʦʚʳʡ ʬʘʢʪʦʨ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ 

ʨʘʟʚʠʪʠʠ ʨʘʟʣʠʯʥʳʭ ʦʧʫʭʦʣʝʡ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʦʥʢʦʣʦʛʠʷ 

ɾʂʊ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ [50, 51], ʘ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʄʄʇ-7, ʦʩʦʙʝʥʥʦ ʚ ʦʧʫʭʦʣʷʭ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, 

ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʠʥʚʘʟʠʚʥʦʛʦ ʬʝʥʦʪʠʧʘ ʨʘʢʘ ʠ ʧʨʦʛʨʝʩʩʠʝʡ ʦʧʫʭʦʣʠ, ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʠʟʫʯʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʄʄʇ-7 ʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ɾʂʊ. 

ʀʟʚʝʩʪʥʦ [46] ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʵʢʩʧʨʝʩʩʠʠ MMʇ-7 ʚ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʣʝʛʘʶʱʠʤʠ ʟʜʦʨʦʚʳʤʠ ʪʢʘʥʷʤʠ ʞʝʣʫʜʢʘ. ʉʚʝʨʭʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʘʷ ʄʄʇ-

7 ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʢʘʥʮʝʨʦʛʝʥʝʟʫ ʢʣʝʪʦʢ ʨʘʢʘ ʞʝʣʫʜʢʘ in vitro, ʘ ʪʘʢʞʝ 

ʠʥʚʘʟʠʠ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ ʠ ʦʧʫʭʦʣʝʚʦʤʫ ʘʥʛʠʦʛʝʥʝʟʫ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ɺ ʥʘʯʘʣʝ 21 ʚʝʢʘ 

ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ [52] ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʠ ʄʄʇ-7 ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ ʞʝʣʫʜʢʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʦʡ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʦʡ. 

ʉʚʝʨʭʵʢʩʧʨʝʩʩʠʷ ʄʄʇ-7 ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝʤ ʚ ʣʠʤʬʘʪʠʯʝʩʢʠʝ ʫʟʣʳ, 

ʦʪʜʘʣʝʥʥʳʤ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝʤ ʠ ʥʠʟʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 5-ʪʠ ʣʝʪʥʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ. 

ʄʘʪʨʠʢʩʥʘʷ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘ-7 ʪʘʢʞʝ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʧʦʨʘʞʝʥʠʷʭ ʞʝʣʫʜʢʘ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʢʦʚʳʤ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʧʫʭʦʣʝʡ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ [53, 54]. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦʡ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʚ 2022 ʛʦʜʫ, ʦʙʣʘʜʘʶʱʘʷ 

ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-7 [55], ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 7.  

 

ʈʠʩʫʥʦʢ 7. ʉʪʨʫʢʪʫʨʘ ʠʥʛʠʙʠʪʦʨʘ ʄʄʇ-7 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʦʠʟʚʦʜʥʦʝ ʪʨʠʧʪʘʤʠʥʘ ʥʝ ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢ ʄʄʇ-

7, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʠ ʩʫʣʴʬʘʤʠʜʥʦʡ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ 

ʭʝʣʘʪʠʨʫʶʪ ʠʦʥʘ ʮʠʥʢʘ. 
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ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʄʄʇ-7 ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʫʯʘʩʪʚʫʝʪ ʚ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʘʷ ʄʄʇ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʥʢʦʤʘʨʢʝʨʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ. 
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ʄʘʪʨʠʢʩʥʘʷ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘ 8 (ʄʄʇ-8) - ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʢʦʣʣʘʛʝʥʘʟʳ 

(ʢʦʣʣʘʛʝʥʘʟʘ-2 ʠʣʠ ʥʝʡʪʨʦʬʠʣʴʥʘʷ ʢʦʣʣʘʛʝʥʘʟʘ) [56]. ɺʧʝʨʚʳʝ ʄʄʇ-8 ʙʳʣʘ ʦʧʠʩʘʥʘ, ʢʘʢ 

ʢʦʣʣʘʛʝʥʘʟʘ ʥʝʡʪʨʦʬʠʣʦʚ, ʚ ʢʦʥʮʝ 20-ʛʦ ʚʝʢʘ, ʢʦʛʜʘ ʦʥʘ ʙʳʣʘ ʢʣʦʥʠʨʦʚʘʥʘ ʠʟ ʥʝʡʪʨʦʬʠʣʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʧʘʮʠʝʥʪʦʚ ʩ ʛʨʘʥʫʣʦʮʠʪʘʨʥʦʡ ʣʝʡʢʝʤʠʝʡ. ʇʦʟʜʥʝʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʵʢʩʧʨʝʩʩʠʷ ʤʈʅʂ ʄʄʇ-8 ʚ ʭʦʥʜʨʦʮʠʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʨʝʚʤʘʪʦʠʜʥʳʭ ʩʠʥʦʚʠʘʣʴʥʳʭ 

ʬʠʙʨʦʙʣʘʩʪʘʭ ʯʝʣʦʚʝʢʘ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʬʘʛʘʭ, ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʢʘʭ ʠ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ. 

 

ʈʠʩʫʥʦʢ 8. ʉʪʨʫʢʪʫʨʘ ʄʄʇ-8 ʯʝʣʦʚʝʢʘ [56] . 

ʌʝʨʤʝʥʪʳ ʩʝʤʝʡʩʪʚʘ ʄʄʇ, ʚ ʯʘʩʪʥʦʩʪʠ ʄʄʇ-8, ʦʙʣʘʜʘʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʟʘ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʢʘʥʝʡ ʠ ʜʝʛʨʘʜʘʮʠʶ ʩʪʨʫʢʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ (ɺʂʄ), ʚʢʣʶʯʘʷ ʢʦʣʣʘʛʝʥʳ, ʵʣʘʩʪʠʥʳ, ʞʝʣʘʪʠʥ, 

ʤʘʪʨʠʯʥʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ ʠ ʧʨʦʪʝʦʛʣʠʢʘʥʳ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ ʄʄʇ-8 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʷʚʣʷʪʁʩʷ ʟʘʙʦʣʝʚʘʥʠʷ ʧʘʨʦʜʦʥʪʘ (ʧʘʨʦʜʦʥʪʠʪ). ʇʘʨʦʜʦʥʪʠʪ ð ʵʪʦ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. 

ʊʷʞʝʣʳʡ ʧʘʨʦʜʦʥʪʠʪ ʧʦʨʘʞʘʝʪ 740 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʚʦ ʚʩʝʤ ʤʠʨʝ ʠ ʷʚʣʷʝʪʩʷ ʰʝʩʪʳʤ ʧʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʟʘʙʦʣʝʚʘʥʠʝʤ. ɼʠʘʛʥʦʟ ʩʪʘʚʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʮʝʥʢʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʢʣʠʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ [57]. ʆʩʥʦʚʥʳʤ ʠʥʠʮʠʘʪʦʨʦʤ ʵʪʦʛʦ ʭʨʦʥʠʯʝʩʢʦʛʦ 

ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʘʪʦʛʝʥʥʦʡ ʙʠʦʧʣʝʥʢʦʡ ʚ 

ʧʦʜʜʝʩʥʝʚʦʡ ʦʙʣʘʩʪʠ ʠ ʘʙʝʨʨʘʥʪʥʳʤ ʠʤʤʫʥʥʳʤ ʦʪʚʝʪʦʤ ʭʦʟʷʠʥʘ [58]. ɼʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʄʄʇ ʠ ʠʭ ʪʢʘʥʝʚʳʝ ʠʥʛʠʙʠʪʦʨʳ (ʊʀʄʄʇ) ʠʛʨʘʶʪ ʚʘʞʥʫʶ 
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ʨʦʣʴ ʚ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʨʘʟʨʫʰʝʥʠʠ ʪʢʘʥʝʡ ʚ ʮʝʣʦʤ ʠ ʚ ʪʢʘʥʷʭ ʟʫʙʦʚ ʢʘʢ ʪʢʘʥʷʭ 

ʧʘʨʦʜʦʥʪʘ ʚ ʯʘʩʪʥʦʩʪʠ [59]. ɺʦʩʧʘʣʝʥʠʝ ʧʘʨʦʜʦʥʪʘ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʙʘʣʘʥʩʘ ʤʝʞʜʫ 

ʄʄʇ ʠ ʊʀʄʄʇ [60]. 

ʉʪʠʤʫʣʷʮʠʷ ʢʣʝʪʦʢ ʦʨʛʘʥʠʟʤʘ ʭʦʟʷʠʥʘ ʧʘʪʦʛʝʥʘʤʠ ʠʟ ʟʫʙʥʦʛʦ ʥʘʣʝʪʘ, ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʥʝʧʨʷʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ ʪʢʘʥʝʡ ʧʨʠ ʧʘʨʦʜʦʥʪʠʪʝ [61]. ʊʘʢʠʝ 

ʧʘʪʦʛʝʥʳ, ʢʘʢ Treponema denticola (T. denticola), Tannerella forsythia (T. forsythia) ʠ 

Porphyromonas gingivalis (P. gingivalis), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʧʘʪʦʛʝʥʥʦʡ ʙʠʦʧʣʝʥʢʠ, ʦʙʥʘʨʫʞʝʥʥʦʡ ʚ ʜʝʩʥʝʚʦʡ ʱʝʣʝʚʦʡ ʞʠʜʢʦʩʪʠ ʠ ʟʫʙʥʦʤ ʥʘʣʝʪʝ, 

ʚʳʟʳʚʘʶʪ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʢʘʩʢʘʜ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ 

ʥʝʩʢʦʣʴʢʠʭ ʄʄʇ [62, 61, 63]. ʅʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʧʘʪʦʛʝʥʳ 

ʘʢʪʠʚʠʨʫʶʪ ʩʝʢʨʝʮʠʶ ʄʄʇ-2 ʠ ʄʄʇ-9 ʠ ʦʩʦʙʝʥʥʦ ʘʢʪʠʚʘʮʠʶ ʄʄʇ-8 ʢʘʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʦʪʝʘʟ (ʧʨʦʪʝʘʟ ʩʝʨʠʥʦʚʦʛʦ ʪʠʧʘ), ʪʘʢ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʠʝʣʦʧʝʨʦʢʩʠʜʘʟʳ (ʄʇʆ), ʚʳʟʚʘʥʥʦʛʦ ʨʝʩʧʠʨʘʪʦʨʥʳʤ ʰʪʦʨʤʦʤ 

ʚʦ ʚʨʝʤʷ ʬʘʛʦʮʠʪʦʟʘ ʥʝʡʪʨʦʬʠʣʦʚ. 

ʇʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʧʘʨʦʜʦʥʪʘ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʨʝʤ ʢʦʣʣʘʛʝʥʘʟʘʤ (MMʇ-

1, MMʇ-8 ʠ MMʇ-13) ʠ ʞʝʣʘʪʠʥʘʟʘʤ (MMʇ-2 ʠ MMʇ-9). ʆʩʪʘʣʴʥʳʝ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ 

(MMʇ-7, -12, -14) ʦʢʘʟʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʤʝʨʝʥʥʦʝ ʚʣʠʷʥʠʝ ʧʨʠ ʧʘʨʦʜʦʥʪʠʪʝ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʄʄʇ-8 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʙʠʦʤʘʨʢʝʨʦʚ ʜʣʷ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʧʘʨʦʜʦʥʪʠʪʘ, ʝʛʦ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʘ 

ʣʝʯʝʥʠʷ [62, 57]. 

ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʄʄʇ-8 ʚ ʩʣʶʥʝ ʠ ʜʝʩʥʝʚʦʡ ʱʝʣʝʚʦʡ ʞʠʜʢʦʩʪʠ (ɼʑɾ) 

ʦʪʤʝʯʘʝʪʩʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʥʘʯʘʣʴʥʳʤ ʠ ʭʨʦʥʠʯʝʩʢʠʤ ʧʝʨʠʦʜʦʥʪʠʪʦʤ, ʘ ʪʘʢʞʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʧʝʨʠʦʜʦʥʪʠʪʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʜʠʘʙʝʪʦʤ [64], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʝʯʝʥʠʝ ʘʥʪʠʙʠʦʪʠʢʘʤʠ ʠ/ʠʣʠ 

ʩʢʘʣʠʨʦʚʘʥʠʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʢʦʨʥʝʡ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʠʥʛʠʙʠʨʫʶʱʠʭ ʄʄʇ 

ʘʜʲʶʚʘʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʄʄʇ-8 [65, 66, 67]. 

MMʇ-8, ʟʘʯʘʩʪʫʶ, ʠʛʨʘʝʪ ʚʝʩʴʤʘ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʧʫʭʦʣʝʡ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ. 

ɹʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʧʫʭʦʣʷʤʠ ʠ ʫʨʦʚʥʝʤ ʙʝʣʢʘ MMʇ-8 

[68], ʧʦʟʞʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ MMʇ-8 ʚ ʤʠʦʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʚ 

ʧʨʦʮʝʩʩʝ ʢʘʥʮʝʨʦʛʝʥʝʟʘ [69]. ʊʘʢʞʝ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ MMʇ-8 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʦʨʘʞʝʥʠʝʤ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ [70]. ɸʥʘʣʦʛʠʯʥʳʝ 
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ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʧʦʢʘʟʘʣʠ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʄʄʇ-8 ʠ 

ʫʨʦʚʥʝʤ ʪʢʘʥʝʚʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ 1 (ʊʀʄʄʇ-1), ʘ ʪʘʢʞʝ ʄʄʇ-9 ʩ 

ʪʢʘʥʝʚʳʤ ʘʢʪʠʚʘʪʦʨʦʤ ʧʣʘʟʤʠʥʦʛʝʥʘ, ʫʨʦʢʠʥʘʟʦʡ ʠʣʠ ʠʭ ʠʥʛʠʙʠʪʦʨʦʤ (ʇɸʀ-1) [71, 72]. ʅʘ 

ʨʠʩʫʥʢʝ 9, ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʄʄʇ-8 ʧʨʠ ʦʧʫʭʦʣʝʚʳʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ. 

 

ʈʠʩʫʥʦʢ 9. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʄʄʇ-8 ʧʨʠ ʦʧʫʭʦʣʝʚʳʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ [71] . 
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ʄʘʪʨʠʢʩʥʘʷ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘ-9 (ʄʄʇ-9) [73], ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʠʟʫʯʝʥʥʳʭ ʄʄʇ, ʨʝʛʫʣʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ 

ʚʦʩʧʘʣʝʥʠʝ ʠ ʬʠʙʨʦʟ ʧʨʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʄʄʇ-9 ʚʳʟʳʚʘʝʪ 

ʜʝʛʨʘʜʘʮʠʶ ʙʝʣʢʦʚ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠ ʘʢʪʠʚʠʨʫʝʪ ʮʠʪʦʢʠʥʳ ʠ ʭʝʤʦʢʠʥʳ ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʢʘʥʝʡ.  

 

 

ʈʠʩʫʥʦʢ 10. ʉʪʨʫʢʪʫʨʘ ʄʄʇ-9 ʯʝʣʦʚʝʢʘ [73] . 

MMʇ-9 ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʜʛʨʫʧʧʝ ʞʝʣʘʪʠʥʘʟ ʠ ʠʟʚʝʩʪʥʘ ʢʘʢ ʞʝʣʘʪʠʥʘʟʘ B, ʠʟ-ʟʘ ʩʚʦʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʫʰʘʪʴ ʞʝʣʘʪʠʥ. ʏʝʣʦʚʝʯʝʩʢʘʷ ʄʄʇ-9 ʩʦʩʪʦʠʪ ʠʟ -NH2-ʢʦʥʮʝʚʦʛʦ 

ʧʨʦʜʦʤʝʥʘ, ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ, ʣʠʥʢʝʨʥʦʛʦ ʜʦʤʝʥʘ ʠ -COOH-ʢʦʥʮʝʚʦʛʦ ʛʝʤʦʧʝʢʩʠʥ-

ʧʦʜʦʙʥʦʛʦ ʜʦʤʝʥʘ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 92-ʢɼʘ ʧʨʦʘʢʪʠʚʥʳʡ ʠ 88-ʢɼʘ ʘʢʪʠʚʥʳʡ 

ʬʝʨʤʝʥʪ ʫ ʯʝʣʦʚʝʢʘ [74].  

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ MMʇ-9 ʩʦʜʝʨʞʠʪ ʜʚʘ ʠʦʥʘ ʮʠʥʢʘ, ʧʷʪʴ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʪʨʠ 

ʧʦʚʪʦʨʘ, ʛʦʤʦʣʦʛʠʯʥʳʭ ʤʦʜʫʣʶ II-ʛʦ ʪʠʧʘ ʬʠʙʨʦʥʝʢʪʠʥʘ. ʆʜʠʥ ʠʟ ʜʚʫʭ ʠʦʥʦʚ ʮʠʥʢʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ ʠ ʮʠʩʪʝʠʥʦʚʳʡ ʧʝʨʝʢʣʶʯʘʶʱʠʡ ʩʘʡʪ ʧʨʦʜʦʤʝʥʘ, ʩʪʨʫʢʪʫʨʥʦ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʪʘʢ, ʯʪʦ MMʇ-9 ʦʩʪʘʝʪʩʷ ʥʝʘʢʪʠʚʥʦʡ [75], ʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. MMʇ-

9 ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʳʡ ʜʦʤʝʥ, ʥʘʟʳʚʘʝʤʳʡ ʬʠʙʨʦʥʝʢʪʠʥʦʧʦʜʦʙʥʳʤ ʜʦʤʝʥʦʤ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʦʚʪʦʨʦʚ ʬʠʙʨʦʥʝʢʪʠʥʘ ʪʠʧʘ II ʩʦʩʪʦʷʱʝʛʦ ʠʟ 58 ʘʤʠʥʦʢʠʩʣʦʪ. ʕʪʦʪ ʜʦʤʝʥ 
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ʩʠʣʴʥʦ ʆ-ʛʣʠʢʦʟʠʣʠʨʦʚʘʥ ʠ ʩʦʜʝʨʞʠʪ ʫʜʣʠʥʝʥʥʳʡ ʣʠʥʢʝʨ ʤʝʞʜʫ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʠ 

ʛʝʤʦʧʝʢʩʠʥʦʧʦʜʦʙʥʳʤ ʜʦʤʝʥʘʤʠ [76]. ʌʠʙʨʦʥʝʢʪʠʥʦʧʦʜʦʙʥʳʡ ʜʦʤʝʥ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʜʝʥʘʪʫʨʠʨʦʚʘʥʥʳʤ ʢʦʣʣʘʛʝʥʦʤ ʠʣʠ ʞʝʣʘʪʠʥʦʤ [77]. ɻʝʤʦʧʝʢʩʠʥ-ʧʦʜʦʙʥʳʡ 

ʜʦʤʝʥ ʠʤʝʝʪ ʩʭʦʜʩʪʚʦ ʩ ʛʝʤʦʧʝʢʩʠʥʦʤ ʧʣʘʟʤʳ ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʄʄʇ-9. 

ɺ ʧʨʦ-ʄʄʇ-9 ʛʝʤʦʧʝʢʩʠʥ-ʧʦʜʦʙʥʳʡ ʜʦʤʝʥ ʦʙʨʘʟʫʝʪ ʧʣʦʪʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʊʀʄʄʇ-

1 ʠ ʊʀʄʄʇ-3 ʯʝʨʝʟ ʠʭ -COOH-ʢʦʥʮʝʚʳʝ ʜʦʤʝʥʳ [78], ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʝʢʨʝʮʠʝʡ 

ʧʨʦ-ʄʄʇ-9 ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩ ʊʀʄʄʇ-1 ʚ ʘʧʧʘʨʘʪʝ ɻʦʣʴʜʞʠ ʢʣʝʪʢʠ [79]. ʊʀʄʄʇ-1 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʦ-ʄʄʇ-9 ʯʝʨʝʟ -COOH ʪʝʨʤʠʥʘʣʴʥʳʡ ʜʦʤʝʥ, ʦʩʪʘʚʣʷʷ NH2-ʢʦʥʝʮ, 

ʩʧʦʩʦʙʥʳʡ ʠʥʛʠʙʠʨʦʚʘʪʴ ʜʨʫʛʠʝ ʄʄʇ. 

ɻʠʧʝʨʩʝʢʨʝʮʠʶ ʄʄʇ-9 ʩʚʷʟʳʚʘʶʪ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʩʝʨʜʝʯʥʦ ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, 

ʪʘʢʠʤʠ ʢʘʢ: ʛʠʧʝʨʪʝʥʟʠʷ, ʘʪʝʨʦʩʢʣʝʨʦʟ, ʩʧʦʥʪʘʥʥʳʡ ʩʝʨʜʝʯʥʳʡ ʧʨʠʩʪʫʧ, ʠʥʬʘʨʢʪ [80]. 

ʉʭʝʤʘʪʠʯʥʦ, ʜʘʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 11. 

 
ʈʠʩʫʥʦʢ 11. ɺʟʘʠʤʦʩʚʷʟʴ ʄʄʇ-9 ʠ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ [80]  
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ʅʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʧʨʦʮʝʩʩʳ ʢʘʥʮʝʨʦʛʝʥʝʟʘ, ʚʢʣʶʯʘʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʠʛʨʘʮʠʶ, 

ʠʥʚʘʟʠʶ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʠ ʘʥʛʠʦʛʝʥʝʟ, ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʦʡ [81]. 

ʇʦʩʢʦʣʴʢʫ ʄʄʇ-9 ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠ 

ʨʘʩʱʝʧʣʝʥʠʠ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ, ʦʥʘ ʰʠʨʦʢʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʘʪʦʣʦʛʠʷʤʠ [82, 83, 84, 85]. ʅʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʄʄʇ-9 ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʠʥʚʘʟʠʠ, 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʠ ʠ ʘʥʛʠʦʛʝʥʝʟʝ ʦʧʫʭʦʣʝʡ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʦʩʨʝʜʥʠʢʦʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʧʫʭʦʣʝʚʦʛʦ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ [86, 87]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʄʄʇ-9 ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʚʠʪʠʶ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ ʨʘʢʘ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ ʧʨʠ 

ʨʘʢʝ ʪʦʣʩʪʦʡ ʢʠʰʢʠ, ʚʳʟʚʘʥʥʦʤ ʢʦʣʠʪʦʤ, ʦʥʘ ʤʦʞʝʪ ʠʛʨʘʪʴ ʩʫʧʨʝʩʩʠʚʥʫʶ ʨʦʣʴ [88, 89]. 

ʇʦʩʢʦʣʴʢʫ ʄʄʇ-9 ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʨʷʜʘ ʨʘʢʦʚʳʭ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ MMʇ-9, ʪʘʨʛʝʪʥʘʷ ʪʝʨʘʧʠʷ MMʇ-9 ʠʤʝʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ. ʈʘʟʨʘʙʦʪʢʘ ʠʥʛʠʙʠʪʦʨʘ MMʇ-9 ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʩʧʝʰʥʦʛʦ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʠʥʛʠʙʠʪʦʨʘ MMʇ-9, ʢʦʪʦʨʳʡ ʙʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʀʟ-ʟʘ ʩʭʦʜʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʄʄʇ ʚʘʞʥʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʜʦʩʪʠʞʝʥʠʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʥʛʠʙʠʪʦʨʦʚ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʠʥʛʠʙʠʪʦʨʘ ʄʄʇ-9), ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʚʥʝʮʝʣʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʨʫʛʠʝ ʄʄʇ. 

ʊʘʢʞʝ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʟʥʘʯʝʥʠʝ MMʇ-9 ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʠʦʤʘʨʢʝʨʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʨʘʢʘ [90, 91].  
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ʄʘʪʨʠʢʩʥʘʷ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘ-13 (MMʇ-13) ï ʮʠʥʢ-ʟʘʚʠʩʠʤʘʷ ʵʥʜʦʧʨʦʪʝʘʟʘ 

ʯʝʣʦʚʝʢʘ, ʢʦʜʠʨʫʝʤʘʷ ʛʝʥʦʤ MMʇ-13. ɻʠʧʝʨʬʫʥʢʮʠʷ ʜʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʘʙʦʣʝʚʘʥʠʡ ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ. ʅʘ ʨʠʩʫʥʢʝ 12, ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʧʨʦʪʝʘʟʳ ʄʄʇ-13 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

[92]. 

 

ʈʠʩʫʥʦʢ 12. ʉʪʨʫʢʪʫʨʘ ʄʄʇ-13 [92] . 

ʄʄʇ-13 ʩʧʦʩʦʙʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʩʪʨʫʢʮʠʠ ʢʦʣʣʘʛʝʥʘ ʪʠʧʘ II  [93]. ʄʝʣʘʥʦʤʘ ʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʠʤʝʶʪ ʧʨʷʤʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʄʄʇ-13 [94, 95, 96, 97]. 

ɺ 2016 ʛʦʜʫ, ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʩʪʨʫʢʪʫʨ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-13 (ʨʠʩʫʥʦʢ 13). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ 4, 5 ʠ 6 

ʩ ʄʄʇ-13 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 14 [98]. 
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ʈʠʩʫʥʦʢ 13. ʉʪʨʫʢʪʫʨʳ, ʧʦʢʘʟʘʚʰʠʝ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ ʄʄʇ-13. 

 
ʈʠʩʫʥʦʢ 14. ʄʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚ 4, 5 ʠ 6 ʩ ʙʝʣʢʦʤ [98] . 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʭʠʥʘʟʦʣʠʥʘ 4 (PDB ʢʦʜ 3WV2) ʠ ʪʨʠʘʟʦʣʘ 5 

ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʜʦʤʝʥʦʤ MMʇ-13 ʯʝʣʦʚʝʢʘ. 
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(A) ʇʦʚʝʨʭʥʦʩʪʴ MMʇ-13 ʠ ʧʦʣʦʩʪʴ ʝʸ ʩʚʷʟʳʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʠʦʥ ʮʠʥʢʘ ʧʦʢʘʟʘʥ 

ʩʠʥʝʡ ʩʬʝʨʦʡ, ʘ ʬʝʨʤʝʥʪ ʚʳʜʝʣʝʥ ʩʝʨʳʤ ʮʚʝʪʦʤ. ʊʨʠ ʦʩʪʘʪʢʘ, His222, 226 ʠ 232, ʚ ʢʦʪʦʨʳʭ 

ʠʤʠʜʘʟʦʣ-5-ʠʣ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʠʦʥʦʤ ʮʠʥʢʘ, ʧʨʝʜʩʪʘʚʣʝʥ r ʚ ʤʦʜʝʣʠ ʩʠʥʝʡ ʣʠʥʠʝʡ. 

ʍʠʥʘʟʦʣʠʥ 4 ʛʣʫʙʦʢʦ ʟʘʨʳʪ ʚ ʢʘʨʤʘʥ S1ǋ. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʥʳʤʠ 

ʣʠʥʠʷʤʠ. 

(B) ʉʭʝʤʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ MMʇ-13, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʧʦʣʦʩʪʴ 

ʩʚʷʟʳʚʘʥʠʷ. ʊʨʠʘʟʦʣ 2 ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʠʦʥʦʤ ʮʠʥʢʘ ʠ ʟʘʥʠʤʘʝʪ ʯʘʩʪʴ 

ʢʘʨʤʘʥʘ S1ǋ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʨʠʘʟʦʣʦʤ 2 ʠ ʠʦʥʦʤ ʮʠʥʢʘ ʧʦʢʘʟʘʥʦ ʧʫʥʢʪʠʨʥʦʡ 

ʣʠʥʠʝʡ. 

(C) ʉʭʝʤʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ MMʇ-13, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʧʦʣʦʩʪʴ 

ʩʚʷʟʳʚʘʥʠʷ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʠʦʥ ʮʠʥʢʘ ʧʦʢʘʟʘʥ ʩʠʥʝʡ ʩʬʝʨʦʡ, ʘ ʬʝʨʤʝʥʪ ʚʳʜʝʣʝʥ ʩʝʨʳʤ 

ʮʚʝʪʦʤ. ʊʨʠ ʦʩʪʘʪʢʘ His222, 226 ʠ 232, ʢʦʪʦʨʳʤ ʠʤʠʜʘʟʦʣ-5-ʠʣ ʛʨʫʧʧʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʩ 

ʠʦʥʦʤ ʮʠʥʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʠʥʝʡ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ. ʊʨʠʘʟʦʣ 6 ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʠʦʥʦʤ 

ʮʠʥʢʘ ʠ ʛʣʫʙʦʢʦ ʟʘʨʳʚʘʝʪʩʷ ʚ ʢʘʨʤʘʥ S1ǋ. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʪʨʠʘʟʦʣʴʥʳʤ ʢʦʣʴʮʦʤ 6 ʠ ʠʦʥʦʤ ʮʠʥʢʘ ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. 

IC50 ʤʦʣʝʢʫʣʳ 4 ʜʣʷ ʄʄʇ-13 = 12 ʥʤʦʣʴ, IC50 ʤʦʣʝʢʫʣʳ 5 ʜʣʷ ʄʄʇ-13 = 1900 

ʥʤʦʣʴ, IC50 ʤʦʣʝʢʫʣʳ 6 ʜʣʷ ʄʄʇ-13 = 0.036 ʥʤʦʣʴ, ɼʣʷ ʄʄʇ-1, -2, -3, -7, -9, -12, -14 

ʚʝʣʠʯʠʥ r IC50> 100000 ʥʤʦʣʴ, ʯʪʦ ʛʦʚʦʨʠʪ, ʦ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ [21]. 

ʍʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 6 (ʨʠʩʫʥʦʢ 13), ʧʨʦʷʚʠʣʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʘʢʪʠʚʥʦʩʪʠ, ʧʦʤʠʤʦ ʵʪʦʛʦ, ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ 4 ʠ 5, ʷʚʣʷʝʪʩʷ 

ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʪʦʯʝʢ ʚʘʨʴʠʨʦʚʘʥʠʷ. ʅʘʣʠʯʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʬʨʘʛʤʝʥʪʘ (ʠʟʘʪʠʥʦʚʦʛʦ ʠʣʠ ʭʠʥʘʟʦʣʠʥʦʚʦʛʦ) ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʦʣʝʢʫʣ 3 ʠ 6 , ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʝʥʪʨʘʤʠ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʘ 

[18, 20]. 

ʇʨʦʪʝʘʟʳ ʩʝʤʝʡʩʪʚʘ ʄʄʇ, ʢʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʩʧʦʩʦʙʥʳ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʥʢʦʛʝʥʝʟʫ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, [99] ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

15. 
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ʈʠʩʫʥʦʢ 15. ʄʝʭʘʥʠʟʤ ʦʥʢʦʛʝʥʝʟʘ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ [81] . 
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1.2. ʊʢʘʥʝʚʳʝ ʠʥʛʠʙʠʪʦʨʳ ʤʘʪʨʠʢʩʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ 

ʊʢʘʥʝʚʳʝ ʠʥʛʠʙʠʪʦʨʳ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ (ʊʀʄʄʇ) ð ʩʝʤʝʡʩʪʚʦ ʤʦʣʝʢʫʣ, 

ʠʥʛʠʙʠʨʫʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʄʄʇ ʚ ʩʣʫʯʘʝ ʠʭ ʛʠʧʝʨʬʫʥʢʮʠʠ. ɼʣʷ ʯʝʣʦʚʝʢʘ ʠʟʚʝʩʪʥʦ ʯʝʪʳʨʝ 

ʊʀʄʄʇ ð ʊʀʄʄʇ-1, ʊʀʄʄʇ-2, ʊʀʄʄʇ-3, ʊʀʄʄʇ-4. 

ʊʀʄʄʇ ʯʝʣʦʚʝʢʘ ʩʦʩʪʦʷʪ ʠʟ 184-194 ʘʤʠʥʦʢʠʩʣʦʪ, ʦʙʨʘʟʫʶʱʠʭ N-ʜʦʤʝʥ ʠ ʉ-

ʩʫʙʜʦʤʝʥ, ʢʦʪʦʨʳʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʰʝʩʪʴʶ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʩʚʷʟʷʤʠ. ʊʀʀʄʇ ʥʘ 40 % 

ʠʜʝʥʪʠʯʥʳ ʠ ʦʙʣʘʜʘʶʪ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʠʥʛʠʙʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʄʄʇ. 

ʀʭ ʢʦʥʮʝʚʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʜʦʤʝʥ ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʦʤʝʥʦʤ ʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʢʦʤ ʄʄʇ.  

ʄʄʇ ʥʝ ʦʙʨʘʟʫʶʪ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʠ ʥʝ ʨʘʩʱʝʧʣʷʶʪ ʊʀʄʄʇ, ʥʦ ʦʙʨʘʟʫʶʪ ʩ 

ʥʠʤʠ ʧʣʦʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʚ 

ʩʫʙʥʘʥʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɿʠʤʦʛʝʥʳ ʄʄʇ, ʧʨʦ-ʄʄʇ-2 ʠ ʧʨʦ-ʄʄʇ-9 ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʩʝʢʨʝʪʠʨʫʝʤʳʝ ʣʘʪʝʥʪʥʳʝ ʬʦʨʤʳ ʄʄʇ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʘʡʪ ʚʩʪʨʦʝʥ 

ʨʘʩʱʝʧʣʷʝʤʳʡ ʧʨʦʧʝʧʪʠʜ. ʕʪʠ ʧʨʦʬʝʨʤʝʥʪʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʊʀʄʄʇ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʤʝʞʜʫ ʢʘʨʙʦʢʩʠ-ʢʦʥʮʝʚʳʤ ʥʝ ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʦʤʝʥʦʤ ʊʀʄʄʇ ʠ ʢʘʨʙʦʢʩʠ-ʢʦʥʮʝʚʳʤ 

ʛʝʤʦʧʝʢʩʠʥʦʚʳʤ ʜʦʤʝʥʦʤ ʧʨʦ-ʄʄʇ, ʢʦʤʧʣʝʢʩʳ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ 

ʄʄʇ, ʧʦʩʢʦʣʴʢʫ ʘʤʠʥʦʢʦʥʮʝʚʦʡ ʠʥʛʠʙʠʨʫʶʱʠʡ ʜʦʤʝʥ ʊʀʄʄʇ ʥʝ ʙʣʦʢʠʨʫʝʪʩʷ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, N-ʜʦʤʝʥ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ "ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦ-ʦʣʠʛʦʩʘʭʘʨʠʜʥʫʶ ʩʢʣʘʜʢʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʷʪʠ ɓ -ʮʝʧʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʠʜʝ ʩʢʨʫʯʝʥʥʦʛʦ ɓ-ʙʦʯʦʥʢʘ ʠ ʪʨʝʭ Ŭ-

ʩʧʠʨʘʣʝʡ (ʨʠʩʫʥʦʢ 16 ʘ). 

ʉʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ ʙʝʣʢʦʚ ʠʥʛʠʙʠʨʦʚʘʪʴ ʄʄʇ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʣʠʥʦʚʠʜʥʦʛʦ ʛʨʝʙʥʷ ʥʘ N-ʜʦʤʝʥʝ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʢʘʨʤʘʥʝ 

ʘʢʪʠʚʥʦʛʦ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʮʝʣʝʚʦʡ ʄʄʇ (ʨʠʩʫʥʦʢ 16 ʙ). ʉ-ʜʦʤʝʥ ʠʤʝʝʪ ʜʚʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ɓ-ʩʧʠʨʘʣʠ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ Ŭ-ʩʧʠʨʘʣʴʶ ʩ ʜʚʫʤʷ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʤʠ ɓ-

ʩʧʠʨʘʣʷʤʠ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʊʀʄʄʇ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʛʝʤʦʧʝʢʩʠʥʦʚʳʤ ʜʦʤʝʥʦʤ ʥʝʢʦʪʦʨʳʭ ʄʄʇ, ʚʢʣʶʯʘʷ ʧʨʦʬʦʨʤʳ ʥʝʢʦʪʦʨʳʭ ʄʄʇ, ʠ ʤʦʞʝʪ 

ʠʛʨʘʪʴ ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʨʦʣʴ [100]. 

ʏʝʣʦʚʝʯʝʩʢʠʝ ʊʀʄʄʇ-1 ʠ ʊʀʄʄʇ-3 ð ʵʪʦ ʛʣʠʢʦʧʨʦʪʝʠʥʳ, ʠʤʝʶʱʠʝ ʩʣʦʞʥʳʝ 

ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʮʝʧʠ, ʥʝ ʠʛʨʘʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʚ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ 

ʙʝʣʢʦʚ, ʥʦ ʚʘʞʥʳ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʝʪʦʯʥʦʡ ʩʨʝʜʦʡ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʊʀʄʄʇ-3 

ʚʢʣʶʯʘʝʪʩʷ ʚʦ ʚʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ ʪʢʘʥʝʡ ʟʘ ʩʯʝʪ ʟʘʨʷʜʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ 
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ʩʫʣʴʬʠʨʦʚʘʥʥʳʤʠ ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʘʤʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ 

"ʤʘʪʨʠʮʝʣʣʷʨʥʳʡ" ʙʝʣʦʢ. 

 

ʈʠʩʫʥʦʢ 16. ʄʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʊʀʄʄʇ ʄʄʇ [100] 

ʊʀʄʄʇ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʫʶ ʠʣʠ ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ, 

ʢʦʪʦʨʘʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʣʠʯʥʳʤʠ ʮʠʪʦʢʠʥʘʤʠ ʠ ʬʘʢʪʦʨʘʤʠ 
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ʨʦʩʪʘ. ʊʀʄʄʇ-1 ʰʠʨʦʢʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʪʢʘʥʷʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʦʨʛʘʥʘʭ, ʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʵʢʩʧʨʝʩʩʠʷ ʊʀʄʄʇ-1 

ʦʛʨʘʥʠʯʝʥʘ ʦʙʣʘʩʪʷʤʠ ʩ ʫʩʪʦʡʯʠʚʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʥʝʡʨʦʥʦʚ, ʪʘʢʠʤʠ ʢʘʢ ʛʠʧʧʦʢʘʤʧ, 

ʦʙʦʥʷʪʝʣʴʥʘʷ ʣʫʢʦʚʠʮʘ ʠ ʤʦʟʞʝʯʦʢ [101]. ʊʀʄʄʇ-2 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʪʢʘʥʝʡ, ʥʦ ʥʝ ʠʥʜʫʮʠʨʫʝʪʩʷ ʦʙʳʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʦʩʪʘ. ʊʀʄʄʇ-3 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʪʢʘʥʷʭ ʠ ʟʘʯʘʩʪʫʶ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʸʥ ʚ ʚʠʜʝ ʤʘʪʨʠʢʩʥʦʛʦ ʙʝʣʢʘ ʚ ʛʣʘʟʘʭ ʠ 

ʧʦʯʢʘʭ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʪʢʘʥʝʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʊʀʄʄʇ-4 (ʚ ʩʝʨʜʮʝ, ʧʦʯʢʘʭ, 

ʷʠʯʥʠʢʘʭ, ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʝ, ʪʦʣʩʪʦʡ ʢʠʰʢʝ, ʷʠʯʢʘʭ, ʤʦʟʛʝ ʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ) 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥ ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʪʢʘʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʷʭ [102], ʦʜʥʘʢʦ ʨʦʣʴ ʵʪʦʛʦ ʙʝʣʢʘ ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʠʟʫʯʝʥʥʦʡ [100]. 

ʈʦʣʴ ʊʀʄʄʇ ʢʘʢ ʚ ʥʦʨʤʘʣʴʥʦʡ ʬʠʟʠʦʣʦʛʠʠ, ʪʘʢ ʠ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʙʳʣʘ 

ʠʟʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʥʦʚ ʤʳʰʝʡ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʊʀʄʄʇ, ʠ ʫ ʤʳʰʝʡ ʩ ʥʫʣʝʚʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ ʊʀʄʄʇ-1 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʥʦʛʠʭ ʚʨʦʞʜʝʥʥʳʭ ʘʥʦʤʘʣʠʡ, ʢʨʦʤʝ ʠʟʤʝʥʝʥʠʡ ʚ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʤ ʮʠʢʣʝ ʠ ʫʭʫʜʰʝʥʠʷ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ, ʝʩʣʠ ʪʦʣʴʢʦ ʞʠʚʦʪʥʳʝ ʥʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʘʪʦʣʦʛʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʊʀʄʄʇ-2-ʥʫʣʝʚʳʝ ʤʳʰʠ ʠʤʝʶʪ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʚʠʛʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ, ʥʦ ʫ ʥʠʭ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʪʝ ʬʝʥʦʪʠʧʳ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʤʘʪʨʠʢʩʘ [103]. ɸʙʣʷʮʠʷ ʊʀʄʄʇ-3 ʚʳʟʳʚʘʝʪ 

ʵʤʬʠʟʝʤʦʧʦʜʦʙʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʘʣʴʚʝʦʣ ʣʝʛʢʠʭ [104] ʠ ʫʩʢʦʨʝʥʥʳʡ ʘʧʦʧʪʦʟ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ [105]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʊʀʄʄʇ-

3 ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʘʢʪʠʚʥʦʩʪʠ ʄʄʇ in vivo, ʢʨʦʤʝ ʪʦʛʦ, ʊʀʄʄʇ-3 ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚʦ ʚʨʦʞʜʝʥʥʦʤ ʠʤʤʫʥʠʪʝʪʝ, ʨʝʛʫʣʠʨʫʷ ʧʝʨʝʨʘʙʦʪʢʫ ʬʘʢʪʦʨʘ ʥʝʢʨʦʟʘ Ŭ-

ʦʧʫʭʦʣʠ ʩ ʧʦʤʦʱʴʶ ADAM17 [106]. 

ʆʪʜʝʣʴʥʳʝ ʛʝʥʳ ʊʀʄʄʇ, ʨʝʛʫʣʠʨʫʶʪʩʷ ʜʦʚʦʣʴʥʦ ʧʦ-ʨʘʟʥʦʤʫ: ʪʘʢ, ʊʀʄʄʇ-1ʠ 

ʊʀʄʄʇ -3 ʧʦʚʳʰʘʶʪʩʷ in vitro ʚ ʦʪʚʝʪ ʥʘ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʨʦʩʪʘ ɓ, ʪʦʛʜʘ ʢʘʢ 

ʵʢʩʧʨʝʩʩʠʷ ʊʀʄʄʇ-2 ʧʦʥʠʞʘʝʪʩʷ. 

ɺʩʝ ʧʨʦʤʦʪʦʨʳ ʊʀʄʄʇ ʠʤʝʶʪ ʩʘʡʪʳ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ 

SP1. ʇʨʦʤʦʪʦʨʳ ʊʀʄʄʇ-1, ʊʀʄʄʇ-2 ʠ ʊʀʄʄʇ-3 ʠʤʝʶʪ ʦʙʱʠʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ 

AP1 ʠ PEA3, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʨʦʤʦʪʦʨʘʭ ʥʝʩʢʦʣʴʢʠʭ ʄʄʇ [107]. ɺ 

ʦʩʪʘʣʴʥʦʤ ʦʙʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʧʨʦʤʦʪʦʨʘʭ ʊʀʄʄʇ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʦʭʨʘʥʷʶʪʩʷ. ʂʘʢ ʠ ʤʥʦʛʠʝ "ʛʝʥʳ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ", ʪʦ ʝʩʪʴ ʛʝʥʳ, ʢʦʪʦʨʳʝ ʚʩʝʛʜʘ 

ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʢʦʜʠʨʫʶʪ ʧʦʩʪʦʷʥʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʙʝʣʢʠ, ʊʀʄʄʇ-1, 

ʊʀʄʄʇ-2 ʠ ʊʀʄʄʇ-4 ʥʝ ʠʤʝʶʪ ʦʯʝʚʠʜʥʳʭ TATA-ʙʦʢʩʦʚ. 
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ʇʨʦʤʦʪʦʨ ʊʀʄʄʇ-1 ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʩʘʡʪʦʚ ʥʘʯʘʣʘ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ GC-ʙʦʢʩʳ. 

ʇʨʦʤʦʪʦʨ ʊʀʄʄʇ-2, ʢʦʪʦʨʳʡ ʠʤʝʝʪ TATA-ʙʦʢʩ ʠ ʥʝʩʢʦʣʴʢʦ ʩʘʡʪʦʚ ʥʘʯʘʣʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʩʦʜʝʨʞʠʪ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ MEF2 ʠ NF-IL6 ʚ ʩʚʦʝʤ ʧʨʦʤʦʪʦʨʝ. 

ʇʨʦʤʦʪʦʨ ʊʀʄʄʇ-3 ʫʥʠʢʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʦʜʝʨʞʠʪ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ NF-əB, c-MYC ʠ p53 ʠ ʠʤʝʝʪ ʧʨʦʤʦʪʦʨʥʫʶ ʧʨʦʢʩʠʤʘʣʴʥʫʶ 

GC-ʙʦʛʘʪʫʶ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʙʘʟʦʚʫʶ ʵʢʩʧʨʝʩʩʠʶ, ʚ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʥʜʫʢʮʠʶ ʩʳʚʦʨʦʪʢʦʡ. ʊʀʄʄʇ-3 ʨʝʛʫʣʠʨʫʝʪʩʷ ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʛʝʥʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʨʝʛʫʣʷʮʠʠ ʚʦ ʤʥʦʛʠʭ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ [100]. 

ʇʨʦʤʦʪʦʨ ʊʀʄʄʇ-4 ʥʝ ʠʤʝʝʪ ʊɸʊɸ-ʙʦʢʩʘ, ʥʦ ʩʦʜʝʨʞʠʪ ʠʥʠʮʠʘʪʦʨʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʩʪʘʨʪʘ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʩʘʡʪ 

ʩʚʷʟʳʚʘʥʠʷ ʤʠʦʛʝʥʠʥʘ, ʢʦʪʦʨʳʡ, ʚʘʞʝʥ ʜʣʷ ʝʛʦ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚ ʩʢʝʣʝʪʥʳʭ 

ʤʳʰʮʘʭ, ʠ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ AP4 [108]. ʊʀʄʄʇ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʄʄʇ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ, ʥʦ ʢʦʥʮʝʧʮʠʷ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʄʄʇ ʨʝʛʫʣʷʮʠʠ ʊʀʄʄʇ 

ʧʦʚʝʜʝʥʠʷ ʢʣʝʪʦʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ, ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʧʘʨʪʥʝʨʦʚ ʧʦ ʩʚʷʟʳʚʘʥʠʶ ʢʣʝʪʦʢ ʜʣʷ ʯʣʝʥʦʚ ʩʝʤʝʡʩʪʚʘ ʊʀʄʄʇ, ʪʘʢ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʵʪʠ ʙʝʣʢʠ [109]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʊʀʄʄʇ-1 ʠ ʊʀʄʄʇ-

2 ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʭʦʪʷ 

ʨʝʮʝʧʪʦʨʥʦ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʫʯʘʩʪʚʫʶʪ, ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ [100, 109].  

ʊʀʄʄʇ-1 ʦʢʘʟʳʚʘʝʪ ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ ʢʣʝʪʦʢ, 

ʫʩʠʣʠʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʘʢʪʦʨʦʚ ʚʳʞʠʚʘʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ ʩʠʛʥʘʣʴʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ 

ʦʧʦʩʨʝʜʦʚʘʥʘ ʪʝʪʨʘʩʧʘʥʠʥʦʤ CD63 ʠ ʢʠʥʘʟʦʡ ʬʦʢʘʣʴʥʦʡ ʘʜʛʝʟʠʠ, ʬʦʩʬʦʠʥʦʟʠʪʠʜ-3-

ʢʠʥʘʟʦʡ ʠ ERK. 

ʊʀʄʄʇ-2 ʩʚʷʟʳʚʘʝʪʩʷ ʩ Ŭ3ɓ1-ʠʥʪʝʛʨʠʥʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʪʘʥʦʚʢʝ ʨʦʩʪʘ ʚ ʬʘʟʝ 

G1 ʠ ʫʩʠʣʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ de novo ʠʥʛʠʙʠʪʦʨʘ ʮʠʢʣʠʥ-ʟʘʚʠʩʠʤʦʡ ʢʠʥʘʟʳ p27Kip1. 

ʊʀʄʄʇ-3 ʦʙʣʘʜʘʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʠʧʘ ʢʣʝʪʦʢ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʢʣʝʪʢʘʭ ʦʥ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʬʝʥʦʪʠʧʘ, ʪʘʢʞʝ ʊʀʄʄʇ-3 ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʧʦʧʪʦʟʫ ʚ ʥʝʩʢʦʣʴʢʠʭ ʣʠʥʠʷʭ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʢʘʭ, ʥʦ ʵʪʦ, ʩʚʷʟʘʥʦ ʩ ʤʦʜʫʣʷʮʠʝʡ ʘʢʪʠʚʥʦʩʪʠ 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ [110].  
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1.3 ʉʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ. 

1.3.1. ʈʝʘʢʮʠʷ ɿʘʥʜʤʝʡʝʨʘ 

ʄʝʪʦʜ, ʦʪʢʨʳʪʳʡ ɿʘʥʜʤʝʡʝʨʦʤ ʚ 1884 ʛʦʜʫ, ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʩʠʥʪʝʟʝ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ. ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʢʮʠʠ ʘʥʠʣʠʥʘ ʩ ʭʣʦʨʘʣʴʛʠʜʨʘʪʦʤ ʠ ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʟʦʥʠʪʨʦʟʦʘʮʝʪʘʥʠʣʠʜʘ, 

ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʦʙʨʘʙʘʪʳʚʘʶʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʠʟʘʪʠʥʘ 7 ʩ ʚʳʭʦʜʦʤ 75% (ʩʭʝʤʘ 1) [111]. 

  

ʉʭʝʤʘ 1. ʈʝʘʢʮʠʷ ɿʘʥʜʤʝʡʝʨʘ 

ʇʨʠʯʠʥʦʡ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ ʠʟʘʪʠʥʦʚ ʙʝʟʫʩʣʦʚʥʦ 

ʷʚʣʷʶʪʩʷ ʜʝʰʝʚʠʟʥʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʨʝʘʢʮʠʠ. 

ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʠʣʠ ʘʥʠʣʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ, ʚʳʭʦʜ ʨʝʘʢʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ [112]. 

ʏʘʩʪʦ ʚ ʩʠʥʪʝʟʝ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʵʪʦʡ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪ ʵʪʘʥʦʣ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝʦʙʭʦʜʠʤ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʩʭʦʜʥʳʡ 

ʘʥʠʣʠʥ ʠ ʝʛʦ ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʭʣʦʨʘʣʴʛʠʜʨʘʪʦʤ ʠ ʛʠʜʨʦʭʣʦʨʠʜʦʤ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʠʤʝʶʪ ʧʣʦʭʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʦʩʪʘʷ ʤʦʜʠʬʠʢʘʮʠ ̫ʤʝʪʦʜʘ ɿʘʥʜʤʝʡʝʨʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ 4,6-

ʜʠʙʨʦʤʠʟʘʪʠʥ ʠʟ 4,6-ʜʠʙʨʦʤʘʥʠʣʠʥʘ, ʷʚʣʷʶʱʠʡʩʷ ʢʣʶʯʝʚʳʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʜʣʷ ʩʠʥʪʝʟʘ 

ʧʨʠʨʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʉonvolutamydine A ʩ ʚʳʭʦʜʦʤ 85% [113]. 

 

 

ʉʭʝʤʘ 2. ʉʪʨʫʢʪʫʨʘ ʉonvolutamydine A 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʘʪʠʥʘ ʠʟ ʠʟʦʥʠʪʨʦʟʦʘʮʝʪʘʥʠʣʠʜʘ, ʧʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʥʘʧʨʠʤʝʨ, ʵʬʠʨʘʪ 

ʪʨʸʭʬʪʦʨʠʩʪʦʛʦ ʙʦʨʘ (BF3*Et2O) ʧʨʠ 90 
oC [112]. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ ʢ ʵʪʦʡ ʨʝʘʢʮʠʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʮʝʣʝʚʦʛʦ ʠʟʘʪʠʥʘ ʚ ʚʠʜʝ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʘʜʢʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʧʨʠʤʝʥʠʤ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʝʩʪʨʫʢʮʠʠ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. 

ʀʩʭʦʜʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʠʥʪʝʟʘ ɿʘʥʜʤʝʡʝʨʘ ʦʢʘʟʘʣʘʩʴ ʥʝʧʨʠʤʝʥʠʤʦʡ ʚ ʩʣʫʯʘʝ ʦ-

ʛʠʜʨʦʢʩʠ ʠ ʦ-ʘʣʢʦʢʩʠ ʘʥʠʣʠʥʦʚ [112], ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʢʣʶʯʝʚʦʛʦ ʠʟʦʥʠʪʨʦʟʦʘʮʝʪʘʥʠʣʠʜʘ 14 ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʭʣʦʨʦʘʮʝʪʘʤʠʜʘ 12 ʩ N,N-ʜʠʤʝʪʠʣ-4-ʥʠʪʨʦʟʦʘʥʠʣʠʥʦʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 14 ʩ 

ʚʳʭʦʜʦʤ 63 %.(ʩʭʝʤʘ 3.) 

ʉʭʝʤʘ 3. ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʟʦʥʠʪʨʦʟʦʘʮʝʪʘʥʠʣʠʜʘ 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʥʪʝʟ ʠʟʘʪʠʥʦʚ ʧʦ ɿʘʥʜʤʝʡʝʨʫ ʥʝ ʣʠʰʝʥ ʥʝʜʦʩʪʘʪʢʦʚ: 

ʚʦ-ʧʝʨʚʳʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ N-ʘʣʢʠʣʘʥʠʣʠʥʦʚ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ N-ʘʣʢʠʣ 

ʠʟʘʪʠʥʦʚ ʚʳʭʦʜʳ ʨʝʘʢʮʠʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 20% [114]; ʚʦ-ʚʪʦʨʳʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʩʠʥʪʝʟʝ ʤʝʪʘ-ʟʘʤʝʱʝʥʥʳʭ ʘʥʠʣʠʥʦʚ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʜʚʫʭ ʠʟʦʤʝʨʥʳʭ 4- ʠ 6- ʟʘʤʝʱʝʥʥʳʭ 

ʠʟʘʪʠʥʦʚ [114]. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʤʝʨʦʚ, 

ʦʜʥʘʢʦ ʦʥʠ ʚʩʝ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʝ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʩʪʘʜʠʠ ʚʳʜʝʣʝʥʠʷ. 

ʈʘʟʜʝʣʠʪʴ ʠʟʦʤʝʨʳ ʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ ʦʙʨʘʙʘʪʳʚʘʷ ʩʤʝʩʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʥʘʪʨʠʝʚʳʭ 

ʩʦʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ ʠʟʦʤʝʨ ʠʟʘʪʠʥʘ, ʦʙʨʘʙʘʪʳʚʘʷ ʠʭ 

ʢʠʩʣʦʪʦʡ, ʢʦʥʪʨʦʣʠʨʫʷ pH, ʪʘʢ ʢʘʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʙʫʜʫʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʠʟʘʪʠʥʳ (ʩʭʝʤʘ 4). 
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ʉʭʝʤʘ 4. ʈʘʟʜʝʣʝʥʠʝ ʠʟʦʤʝʨʥʳʭ ʠʟʘʪʠʥʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʮʠʘʥʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ [111], ʤʝʭʘʥʠʟʤ ʝʸ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 5. 

 

ʉʭʝʤʘ 5. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʠʣʴʥʦʡ ʢʠʩʣʦʪʳ 
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1.3.2. ʈʝʘʢʮʠʷ ʐʪʦʣʣʝ 

ʈʝʘʢʮʠʷ ʩʠʥʪʝʟʘ ʠʟʘʪʠʥʦʚ ʧʦ ʐʪʦʣʣʝ ʦʩʥʦʚʘʥʘ ʥʘ ʘʮʠʣʠʨʦʚʘʥʠʠ ʘʥʠʣʠʥʘ 

ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʝʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʦʨʦʰʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ 

ʨʝʘʢʮʠʠ ɿʘʥʜʤʝʡʝʨʘ [115]. ʂʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʠʩʭʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʘʥʠʣʠʥʘ ʩ ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʩ ʙʦʣʴʰʠʤ 

ʠʟʙʳʪʢʦʤ ï ʜʦ 5 ʵʢʚ., ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʭʣʦʨʦʦʢʩʘʣʠʣʘʥʠʣʠʜʘ, 

ʢʦʪʦʨʳʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪ ʃʴʶʠʩʘ (AlCl 3, BF3*Et2O, TiCl4) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʟʘʪʠʥ [115].  

 

 

ʉʭʝʤʘ 6. ʉʠʥʪʝʟʘ ʠʟʘʪʠʥʦʚ ʧʦ ʐʪʦʣʣʝ ʚ ʦʙʱʝʤ ʚʠʜʝ 

ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ N-ʟʘʤʝʱʝʥʥʳʭ ʤʦʣʝʢʫʣ ʠʟʘʪʠʥʘ, ʘ 

ʪʘʢʞʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʠʟʘʪʠʥʦʚ. ɺ ʩʣʫʯʘʝ ʨʘʟʣʠʯʥʳʭ ʜʠʤʝʪʦʢʩʠʘʥʠʣʠʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʥʠʣʠʥʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ 

ʃʴʶʠʩʘ. 

 

ʉʭʝʤʘ 7. ʉʠʥʪʝʟ Melosatin A [116] 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʨʝʘʢʮʠʠ ʐʪʦʣʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʨʦʫʛʣʝʨʦʜ 

ʠʣʠ ʪʦʣʫʦʣ, ʘ ʩʘʤʫ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺʳʭʦʜʳ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 30 ʜʦ 60%, 

ʘ ʩʘʤʘ ʨʝʘʢʮʠʷ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʧʨʠʨʦʜʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʝʘʢʮʠʶ ʐʪʦʣʣʝ ʥʝ ʚʩʪʫʧʘʶʪ ʩʫʙʩʪʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ 

ʛʨʫʧʧʳ [115]. 
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1.3.3. ʈʝʘʢʮʠʷ ʄʘʨʪʠʥʵ 

ʉʠʥʪʝʟ ʠʟʘʪʠʥʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʄʘʨʪʠʥʵ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʨʠʣʘʤʠʥʘ ʩ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʤʝʟʦʢʩʘʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʩ ʧʦʣʫʯʝʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ʪʨʝʪʠʯʥʦʡ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʧʫʪʝʤ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʟʘʪʠʥ [117] 

(ʩʭʝʤʘ 8). 

 

ʉʭʝʤʘ 8. ʉʠʥʪʝʟ ʠʟʘʪʠʥʦʚ ʧʦ ʄʘʨʪʠʥʵ 

ʆʪʣʠʯʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʪ ʩʠʥʪʝʟʘ ʠʟʘʪʠʥʦʚ ʧʦ ɿʘʥʜʤʝʡʝʨʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʥʠʣʠʥʳ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʫʤʝʨʝʥʥʳʭ 

ʚʳʭʦʜʦʚ ʨʝʘʢʮʠʠ (~50%), ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʢʮʠʠ 

ɿʘʥʜʤʝʡʝʨʘ ʜʣʷ ʪʝʭ ʞʝ ʩʫʙʩʪʨʘʪʦʚ. ʊʘʢʞʝ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʘʨʠʣʠʨʦʚʘʥʳʭ ʤʦʣʝʢʫʣ ʠʟʘʪʠʥʘ [118] (ʩʭʝʤʘ 9) 

 

ʉʭʝʤʘ 9. ʉʠʥʪʝʟ 5-ʬʝʥʠʣʠʟʘʪʠʥʘ ʧʦ ʨʝʘʢʮʠʠ ʄʘʨʪʠʥʵ 
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1.3.4. ʈʝʘʢʮʠʷ ɻʘʩʩʤʘʥʘ 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʱʠʤʩʷ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ, 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʭ ʧʦʣʫʯʝʥʠʷ ʧʦ ɻʘʩʩʤʘʥʫ. ʉʫʪʴ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 3-ʤʝʪʠʣʪʠʦʠʥʜʦʣʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ 

ʧʨʝʚʨʘʱʝʥʠʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʟʘʪʠʥ, ʩ ʚʳʭʦʜʘʤʠ, ʚʘʨʴʠʨʫʶʱʠʤʠʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 40 

ʜʦ 80% [119] 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ [120, 121] ʜʣʷ ʩʠʥʪʝʟʘ ʥʝʦʙʭʦʜʠʤʳʭ 3-ʤʝʪʠʣʪʠʦ-

2-ʦʢʩʦʠʥʜʦʣʦʚ. ɺʳʙʦʨ ʤʝʞʜʫ ʥʠʤʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʘʟʣʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʩʫʙʩʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʚʣʠʷʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ: 

1) ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚ ʤʦʣʝʢʫʣʝ ʘʥʠʣʠʥʘ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʥʪʝʟ ʯʝʨʝʟ N-ʭʣʦʨʦʘʥʠʣʠʥʦʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ, ʢʦʪʦʨʳʡ 

ʨʝʘʛʠʨʫʝʪ ʩ ʤʝʪʠʣʪʠʦʘʮʝʪʘʪʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʟʘ-ʩʫʣʴʬʦʥʠʝʚʦʡ ʩʦʣʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʝʸ 

ʧʝʨʝʮʠʢʣʠʟʘʮʠʠ ʚ ʘʨʠʣʝʥʘʤʠʥ, ʠ ʜʘʣʴʥʝʡʰʝʡ ʮʠʢʣʠʟʘʮʠʠ ʚ 3-ʤʝʪʠʣʪʠʦʠʥʜʦʣ (ʩʭʝʤʘ 10). 

 

ʉʭʝʤʘ 10. ʉʧʦʩʦʙ ɸ ʩʠʥʪʝʟʘ ʪʠʦʠʥʜʦʣʘ ʧʦ ʨʝʘʢʮʠʠ ɻʘʩʩʤʘʥʘ 

2) ɼʣʷ ʩʣʫʯʘʷ ʩ ʥʘʣʠʯʠʝʤ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ 

ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ N-ʭʣʦʨʦʘʥʠʣʠʥʦʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ, ʫʤʝʥʴʰʘʷ ʪʝʤ ʩʘʤʳʤ ʚʳʭʦʜʳ ʘʟʘ-

ʩʫʣʴʬʦʥʠʝʚʦʡ ʩʦʣʠ, ʩʫʱʝʩʪʚʫʝʪ ʚʪʦʨʦʡ ʤʝʪʦʜ ʛʝʥʝʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʦʠʥʜʦʣʘ 

(ʩʭʝʤʘ 11). 

 

ʉʭʝʤʘ 11. ʉʧʦʩʦʙ B ʩʠʥʪʝʟʘ ʪʠʦʠʥʜʦʣʘ ʧʦ ʨʝʘʢʮʠʠ ɻʘʩʩʤʘʥʘ 
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ɼʘʣʴʥʝʡʰʠʡ ʩʠʥʪʝʟ ʠʟʘʪʠʥʦʚ ʧʦ ʤʝʪʦʜʫ ɻʘʩʩʤʘʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʝʩʪʘʙʠʣʴʥʦʛʦ 3-ʭʣʦʨ-3-ʪʠʦʤʝʪʠʣ-2-ʦʢʩʦʠʥʜʦʣʴʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʢʦʪʦʨʳʡ 

ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʘʪʠʥʘ [122] (ʩʭʝʤʘ 12). 

 

ʉʭʝʤʘ 12. ʉʠʥʪʝʟ ʠʟʘʪʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ɻʘʩʩʤʘʥʘ 
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1.3.5. ʇʨʷʤʦʝ ʦ-ʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ N-ʧʠʚʘʣʦʠʣ ʠ N-ʪʨʝʪʙʫʪʦʢʩʠʢʘʨʙʦʥʠʣ-ʘʥʠʣʠʥʦʚ 

ɽʱʸ ʦʜʥʠʤ ʠʥʪʝʨʝʩʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʠʟʘʪʠʥʦʚ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʦ-ʤʝʪʘʣʣʠʨʦʚʘʥʠʠ N-ʧʠʚʘʣʦʠʣ ʠ N-ʪʨʝʪʙʫʪʦʢʩʠʢʘʨʙʦʥʠʣ-ʘʥʠʣʠʥʦʚ ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʜʠʘʥʠʦʥ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʜʠʵʪʠʣʦʢʩʘʣʘʪʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ ʠ 

ʮʠʢʣʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ Ŭ-ʢʝʪʦʵʬʠʨʦʚ ʚ ʠʟʘʪʠʥʳ. ʕʪʦʪ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ 4-ʟʘʤʝʱʝʥʥʳʭ ʠʟʘʪʠʥʦʚ [123]. 

 

 

ʉʭʝʤʘ 13. ʉʠʥʪʝʟ ʠʟʘʪʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʤʝʪʘʣʣʠʨʦʚʘʥʠʷ  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠʟʘʪʠʥʘ, ʥʘʧʨʠʤʝʨ, 5-ʘʟʘ-ʠʟʘʪʠʥ (ʩʭʝʤʘ 14) 

[124]. 

 

ʉʭʝʤʘ 14. ʉʠʥʪʝʟ 5-ʘʟʘ-ʠʟʘʪʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʤʝʪʘʣʣʠʨʦʚʘʥʠʷ 

 

ʉʭʝʤʘ 15. ʉʠʥʪʝʟ ʠʟʘʪʠʥʘ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʨʦʤʦʧʨʦʠʟʚʦʜʥʦʛʦ 
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ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʦʙʤʝʥʘ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥ, ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʮʝʣʝʚʦʡ ʠʟʘʪʠʥ, ʚʳʭʦʜ ʜʘʥʥʦʛʦ 

ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʣʷʝʪ 70-80% (ʩʭʝʤʘ 15) [125]. 
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1.3.6. ʉʠʥʪʝʟ ʠʟʘʪʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠʥʜʦʣʦʚ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʠʟʘʪʠʥʘ), ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʜʦʣʘ ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʷʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʪʘʢʠ ʢʘʢ: SeO2, NCS, NBS, NIS, IBX, 

IBA, I2 [126, 127]. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʤʦʣʝʢʫʣʳ, ʢʘʢ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ, ʪʘʢ ʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʘʟʘ-ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʠʢ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ, ʧʦʩʢʦʣʴʢʫ ʘʪʦʤ ʘʟʦʪʘ ʠʥʜʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʟʘʪʨʘʛʠʚʘʝʪʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ (ʩʭʝʤʘ 16) [126]. 

 

ʉʭʝʤʘ 16. ʉʠʥʪʝʟ ʠʟʘʪʠʥʘ ʦʢʠʩʣʝʥʠʝʤ ʠʥʜʦʣʘ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʦʢʠʩʣʝʥʠʷ ʠʥʜʦʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʜʦ ʤʦʣʝʢʫʣʳ 

ʠʟʘʪʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʢʨʘʩʠʪʝʣʴ ï ʙʝʥʛʘʣʴʩʢʠʡ ʨʦʟʦʚʳʡ (ʩʭʝʤʘ 17) 

[128]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʠʥʪʝʟʘ ʠʟʘʪʠʥʦʚ ʠʟ 

ʠʥʜʦʣʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʟʘʱʠʪʥʫʶ ʛʨʫʧʧʫ ʫ ʘʪʦʤʘ ʘʟʦʪʘ (ʩʭʝʤʘ 17). 
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ʉʭʝʤʘ 17. ʉʠʥʪʝʟ ʠʟʘʪʠʥʘ ʦʢʠʩʣʝʥʠʝʤ ʠʥʜʦʣʘ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʘʩʠʪʝʣʷ 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʠʥʜʦʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ 

ʢʦʣʴʮʝ, ʢʘʢ ʜʦʥʦʨʥʳʝ, ʪʘʢ ʠ ʘʢʮʝʧʪʦʨʥʳʝ [128]. 

ʇʦʤʠʤʦ ʦʢʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʜʦʣʘ, ʠʟʚʝʩʪʥʳ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ 

ʨʘʟʣʠʯʥʳʭ ʠʟʘʪʠʥʦʚ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 2-ʦʢʦʠʥʜʦʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʢʠʩʣʝʥʠʶ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʝʪʠʣʝʥʦʚʘʷ ʢʦʤʧʦʥʝʥʪʳ 2-ʦʢʩʦʠʥʜʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʠʚʘʣʝʥʪʥʦʛʦ ʡʦʜʘ (IBA, IBX, DMP ʠ ʜʨ.) 

(ʩʭʝʤʘ 18) [129]. 

 

ʉʭʝʤʘ 18. ʉʠʥʪʝʟ ʠʟʘʪʠʥʘ ʦʢʠʩʣʝʥʠʝʤ 2-ʦʢʩʦʠʥʜʦʣʘ 

ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʧʦʣʫʯʝʥʠʷ ʠʟʘʪʠʥʦʚ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʩʢʘʜʘ ʨʝʘʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʟ ʦ-ʚʠʥʠʣʘʥʠʣʠʥʦʚ, ʦ-ʘʤʠʥʦʩʪʠʨʦʣʦʚ ʠ 2-(ʦ-

ʘʤʠʥʦʬʝʥʠʣ)-ɓ-ʢʝʪʦʵʬʠʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʙʝʟ ʚʳʜʝʣʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʞʥʦ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʳʝ ʠʟʘʪʠʥʳ [130]. 
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ʆʯʝʚʠʜʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ 

ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʩʭʝʤʘ 19). 

 

 

ʉʭʝʤʘ 19. ʁʦʜʦʘʢʪʠʚʠʨʦʚʘʥʥʘʷ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 
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1.4. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ. 

1.4.1. ʄʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʨʝʘʢʮʠʠ 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ ʠʟʘʪʠʥʦʚ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʦʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠ 

ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʟʘʜʘʯ ʧʨʠʭʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʝ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʨʝʘʢʮʠʠ [123]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (ʜʦ 97%) ʧʦʣʫʯʘʪʴ ʮʝʣʝʚʳʝ ʠʟʘʪʠʥʳ, ʥʘʧʨʠʤʝʨ, ʠʭ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʟ 3,3- ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ 2-ʦʢʩʦʠʥʜʦʣʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʟ 4- ʠ 6- ʟʘʤʝʱʝʥʥʳʭ ʦʢʩʦʠʥʜʦʣʦʚ ʧʫʪʝʤ ʠʭ ʙʨʦʤʠʨʦʚʘʥʠʷ ʙʨʦʤʠʜ-ʧʝʨʙʨʦʤʠʜʦʤ 

ʧʠʨʠʜʠʥʠʷ (ʩʭʝʤʘ 20) [131]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʭʦʜʥʳʝ 4- ʠ 6- ʟʘʤʝʱʝʥʥʳʝ 2-

ʦʢʩʦʠʥʜʦʣʳ ʤʦʞʥʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʚ ʜʚʝ ʩʪʘʜʠʠ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʦ-

ʭʣʦʨʥʠʪʨʦʙʝʥʟʦʣʦʚ. 

 

ʉʭʝʤʘ 20. ʉʠʥʪʝʟ ʠʟʘʪʠʥʦʚ ʠʟ ʦ-ʭʣʦʨʥʠʪʨʦʙʝʥʟʦʣʦʚ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʛʨʘʥʠʯʝʥ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʙʩʪʨʘʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ, ʧʨʦʷʚʣʷʶʱʠʭ ʩʨʝʜʥʠʝ ʠʣʠ ʙʦʣʝʝ ʩʠʣʴʥʳʝ 

ʘʢʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ (ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʙʨʦʤʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦʣʴʮʘ, ʘ ʥʝ ʪʨʝʪʴʝʛʦ ʧʦʣʦʞʝʥʠʷ ʦʢʩʦʠʥʜʦʣʘ), ʜʘʥʥʳʡ ʤʝʪʦʜ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ 4- ʠ 6- ʟʘʤʝʱʝʥʥʳʭ ʠʟʘʪʠʥʦʚ. 
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ʅʘ ʩʭʝʤʝ 21, ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʟʘʪʠʥʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ Pd-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʜʚʦʡʥʦʝ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ ʦ-ʛʘʣʦʛʝʥʘʮʝʪʘʥʠʣʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʜʠʵʪʠʣʘʤʠʥʘ. ʇʦʣʫʯʝʥʥʳʡ ʩ ʚʳʭʦʜʦʤ 82 % ʘʤʠʜ ʬʝʥʠʣʛʣʠʦʢʦʣʝʚʦʡ ʢʠʩʣʦʪʳ 39 

ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʘʪʠʥʘ. ɺʳʭʦʜ 

ʮʝʣʝʚʦʛʦ ʠʟʘʪʠʥʘ 93 % [132]. 

 

ʉʭʝʤʘ 21. ʉʠʥʪʝʟ ʠʟʘʪʠʥʘ ʠʟ ʦ-ʙʨʦʤʘʮʝʪʘʥʠʣʠʜʘ 

ɹʳʣ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʧʨʦʠʟʚʦʜʥʳʭ 

ʠʟʘʪʠʥʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʷʭ N-ʛʝʪʝʨʦʘʥʥʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʦ-ʥʠʪʨʦʩʪʠʨʦʣʦʚ ʠ ʦ-ʥʠʪʨʦʬʝʥʠʣʘʮʝʪʠʣʝʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʥʦʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʛʝʥʪʘ (ʩʭʝʤʘ 22) [133]. 

 

ʉʭʝʤʘ 22. ʉʠʥʪʝʟ ʠʟʘʪʠʥʦʚ ʠʟ ʦ-ʥʠʪʨʦʩʪʠʨʦʣʦʚ ʠ ʦ-ʥʠʪʨʦʬʝʥʠʣʘʮʝʪʠʣʝʥʦʚ 

ʅʝʩʢʦʣʴʢʦ ʠʥʪʝʨʝʩʥʳʭ ʦʜʥʦʩʪʘʜʠʡʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʦʚ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʩʭʝʤʝ 23 [134]. 
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ʉʭʝʤʘ 23. ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ 

ʄʝʪʦʜ 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ, ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ CH-

ʦʢʠʩʣʝʥʠʝ/ʘʮʠʣʠʨʦʚʘʥʠʝ N-ʬʦʨʤʘʥʠʣʠʜʦʚ. [135] ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 24 [136]. 

 

ʉʭʝʤʘ 24. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 
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ʄʝʪʦʜ 2, ʦʩʥʦʚʘʥ ʥʘ ʢʘʩʢʘʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪʩʷ ʩ 

ʘʢʪʠʚʘʮʠʠ ʘʮʝʪʘʪʦʤ ʤʝʜʠ (II) ʦ-ʘʤʠʥʘʮʝʪʦʬʝʥʦʥʘ, ʜʘʣʝʝ ʩʣʝʜʫʝʪ ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ C-H 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʠ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʠʟʘʪʠʥʘ, ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʚʷʟʠ C-N. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʠʚʝʜʝʥ ʥʘ ʩʭʝʤʝ 25 [137]. 

 

ʉʭʝʤʘ 25. ʄʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ  

ʉʧʦʩʦʙ 3 ï ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʜʚʦʡʥʦʝ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ C-H ʩʚʷʟʠ ʜʣʷ 

ʩʠʥʪʝʟʘ ʠʟʘʪʠʥʦʚ ʠʟ ʜʦʩʪʫʧʥʳʭ ʘʥʠʣʠʥʦʚ. ɼʘʥʥʫʶ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ, ʚʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʨʝʘʢʮʠʠ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 26 [138]. 
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ʉʭʝʤʘ 26. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʨʝʘʢʮʠʠ 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʘʥʠʣʠʥʦʚ ʠ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʨʝʘʢʮʠʠ (ʜʦ 75%), ʢ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʣʣʘʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. 

ʄʝʪʦʜ 4 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʩʢʘʜʥʳʡ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ [139]: ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʦ-ʠʦʜʘʥʠʣʠʥʘ ʢ ʧʘʣʣʘʜʠʶ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ G, ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʚ G ʜʚʫʭ ʤʦʣʝʢʫʣ ʠʟʦʥʠʪʨʠʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʠʥʪʝʨʤʝʜʠʘʪʘ I , ʜʘʣʝʝ ʟʘ ʩʯʝʪ ʧʨʦʪʝʢʘʥʠʷ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ 

ʦʙʨʘʟʫʝʪʩʷ ʠʥʪʝʨʤʝʜʠʘʪ J, ʢʦʪʦʨʳʡ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʚʳʚʦʜʠʪʩʷ ʠʟ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʟʘ 

ʩʯʝʪ ʛʠʜʨʦʣʠʟʘ. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʦʚ 

ʠʟʘʪʠʥʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. ʅʝʜʦʩʪʘʪʢʦʤ, 

ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʠʟʦʥʠʪʨʠʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʄʝʭʘʥʠʟʤ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 27 
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ʉʭʝʤʘ 27. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʨʝʘʢʮʠʠ 

ɽʱʝ ʦʜʥʠʤ ʠʥʪʝʨʝʩʥʳʤ ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʘ ʠʟʘʪʠʥʦʚ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ (ʩʭʝʤʘ 28), 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʝʥʝʨʘʮʠʠ ʘʨʠʥʘ ʠʟ 2-(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʬʝʥʠʣ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʘʪʘ in 

situ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʪʦʨʠʜʘ ʮʝʟʠ̫ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 2-ʤʝʪʦʢʩʠ-2-ʘʨʠʣʘʤʠʥʦʘʮʝʪʘʪʦʤ [140]. 

 

ʉʭʝʤʘ 28. ɸʨʠʥʦʚʳʡ ʩʠʥʪʝʟ ʠʟʘʪʠʥʦʚ 

ʄʝʭʘʥʠʟʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʚ ʦʙʱʝʤ ʚʠʜʝ, ʧʨʠʚʝʜʸʥ ʥʘ ʩʭʝʤʝ 29. 



57 

 

  

ʉʭʝʤʘ 29. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʘʨʠʥʦʚʦʛʦ ʩʠʥʪʝʟʘ ʠʟʘʪʠʥʦʚ 
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1.4.2. ʉʠʥʪʝʟʳ ʩʧʠʨʦ-ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ ʤʝʪʦʜʦʤ [3+2] ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʉʧʠʨʦ-ʦʢʩʦʠʥʜʦʣʴʥʳʡ ʤʦʪʠʚ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʣʷ ʨʷʜʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ ʩʧʠʨʦʪʨʠʧʨʦʩʪʘʪʠʥʳ 

46 ʠ 47, ʚʳʜʝʣʝʥʥʳʝ ʠʟ Aspergillus fumigatus [141] ʠ ʛʝʤʠʪʝʨʧʝʥʦʚʳʝ ʩʧʠʨʦ-ʦʢʩʠʥʜʦʣʴʥʳʝ 

ʘʣʢʘʣʦʠʜʳ ʵʣʘʢʦʤʠʥ 48 [142] ʠ ʠʟʦʵʣʘʢʦʤʠʥ 49, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ ʧʨʦʪʠʚʦʨʘʢʦʚʫʶ 

ʘʢʪʠʚʥʦʩʪʴ [143]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ 

ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʘʤ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. 

[144] ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʝʜʠʥʝʥʠʷ 50 ʠ 51 ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ 

ʩʧʠʨʦʪʨʠʧʪʦʩʪʘʪʠʥʦʚ ʠ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʧʠʨʦʪʨʠʧʪʦʩʪʘʪʠʥʘʤʠ 46 ʠ 47. 

 

ʈʠʩʫʥʦʢ 17. ʅʝʢʦʪʦʨʳʝ ʘʢʪʠʚʥʳʝ ʩʧʠʨʦ-ʦʢʩʦʠʥʜʦʣʳ 

ʉʠʥʪʝʟ ʜʘʥʥʦʛʦ ʨʦʜʘ ʩʪʨʫʢʪʫʨ, ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʥʠʞʝ [143]. 
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ʉʭʝʤʘ 30. ʉʠʥʪʝʟ ʩʧʠʨʦ-ʦʢʩʦʠʥʜʦʣʦʚ 

 

ʉʭʝʤʘ 31. ʉʠʥʪʝʟ ʩʧʠʨʦ-ʦʢʩʦʠʥʜʦʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʣʝʬʝʥʠʨʦʚʘʥʠʷ ʧʦ ʇʝʪʪʝʨʩʦʥʫ 
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ʈʠʩʫʥʦʢ18. ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʠʥʪʝʟʘ ʧʦ ʇʝʪʪʝʨʩʦʥʫ [145] 

ʇʨʠʯʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʧʘʨ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʠʤʠʥʘ ʩ ʩʝʨʝʙʨʦʤ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʩʠʥ- ʠ ʘʥʪʠ- 

ʜʠʧʦʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʨʠʩʫʥʦʢ18), ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʜʘʶʪ ʜʚʘ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʘ 

[145]. 

 

 

ʈʠʩʫʥʦʢ 19. ʉʠʥ- ʠ ʘʥʪʠ- ʢʦʥʬʦʨʤʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʠʤʠʥʘ ʩ ʠʦʥʦʤ ʩʝʨʝʙʨʘ 

ʆʜʥʘʢʦ, ʦʣʝʬʝʥʠʨʦʚʘʥʠʝ ʧʦ ʇʝʪʪʝʨʩʦʥʫ (ʩʭʝʤʘ 32) ʠʤʝʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʚ 

ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʣʠʯʠʝʤ ʛʨʫʧʧ, ʣʘʙʠʣʴʥʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʘʢʪʠʚʘ ɻʨʠʥʴʷʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʠʥʪʝʟʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʧʠʨʦ-ʦʢʩʦʠʥʜʦʣʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʪʦʢʦʣ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʍʝʢʘ. 
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ʉʭʝʤʘ 32. ʉʠʥʪʝʟ ʩʧʠʨʦ-ʦʢʩʦʠʥʜʦʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʍʝʢʘ 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʦʜʥʦʛʦ ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 20 

 

ʈʠʩʫʥʦʢ 20. ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʠʥʪʝʟʘ ʧʦ ʍʝʢʫ [145] 

 

 



62 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʡ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʨʘʩʧʦʣʘʛʘʝʪ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʩʠʥʪʝʟʫ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ ʠʩʢʦʤʦʛʦ ʠʟʘʪʠʥʘ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʩʪʠ ʮʝʣʝʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʙʝʥʟʦʣʴʥʦʤ 

ʢʦʣʴʮʝ, ʜʦʩʪʫʧʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʚʳʭʦʜʦʚ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʢʣʶʯʝʚʳʭ 

ʩʪʘʜʠʷʭ ʧʨʝʚʨʘʱʝʥʠʡ. ɺʘʨʴʠʨʫʷ, ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʠʟʘʪʠʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʄʄʇ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʣʠ ʥʦʚʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʤʦʣʝʢʫʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

 



63 

 

ɻʣʘʚʘ 2. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ1 

2.1 ʌʝʥʦʪʠʧʠʯʝʩʢʠʡ ʩʢʨʠʥʠʥʛ ʙʠʙʣʠʦʪʝʢʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʬʨʘʛʤʝʥʪʳ ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʚʷʟʠ ʩ 

ʠʦʥʘʤʠ ʮʠʥʢʘ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʫʯʝʥʳʝ ʨʘʟʥʳʭ ʩʪʨʘʥ ʟʘʥʠʤʘʣʠʩʴ 

ʨʘʟʨʘʙʦʪʢʦʡ, ʧʦʠʩʢʦʤ ʠ ʩʠʥʪʝʟʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ, ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ 

[146]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʣʦʩʩʘʣʴʥʘʷ ʨʘʙʦʪʘ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʟʘʜʘʯʘ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʥʝʨʝʰʝʥʥʦʡ. ʊʘʢ, ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʤʘʣʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʜʦʰʣʦ ʜʦ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʠ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ 

ʤʦʣʝʢʫʣ ʧʨʦʰʣʠ 1-ʶ ʬʘʟʫ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʚ ʠʪʦʛʝ, ʪʦʣʴʢʦ ʦʜʥʦ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ 

ʦʜʦʙʨʝʥʦ FDA ʢʘʢ ʠʥʛʠʙʠʪʦʨ ʤʘʪʨʠʢʩʥʦʡ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ (ʀʄʄʇ) (ʩʤ. ʨʘʟʜʝʣ 

ʚʚʝʜʝʥʠʝ). ʆʜʥʘʢʦ, ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝ ʜʝʣʘʝʪ ʵʪʫ ʪʝʤʘʪʠʢʫ 

ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʦʡ ʠ ʤʝʥʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ, ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʩʝʣʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʤʘʪʨʠʢʩʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ, ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʪʢʨʳʪʠʝ 

ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ, ʧʦʩʢʦʣʴʢʫ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʛʠʧʝʨʬʫʥʢʮʠʠ ʄʄʇ ʷʚʣʷʝʪʩʷ 

ʦʧʫʭʦʣʴ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʘʥʛʠʦʛʝʥʝʟ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʠʤʝʶʱʠʝʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠ ʥʘʨʘʙʦʪʢʠ ʥʘʰʝʡ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʝʩʪʠ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ 

 
1 ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʘʥʥʳʤ ʨʘʟʜʝʣʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ, ʚ 

ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1) Mariangela Agamennone, Dmitry S. Belov, Antonio Laghezza, Vladimir N. Ivanov, Anton M. Novoselov, 

Ivan A. Andreev, Nina K. Ratmanova, Andrea Altieri, Paolo Tortorella, Alexander V. Kurkin. Fragment-Based 

Discovery of 5-Arylisatin-Based Inhibitors of Matrix Metalloproteinases 2 and 13. // ChemMedChem. ï 2016. ï V.11. 

ï P. 1892 - 1898. 

2) Vladimir N. Ivanov, Mariangela Agamennone, Ildar R. Iusupov, Antonio Laghezza, Anton M.Novoselov, 

Ekaterina V. Manasovaa, Andrea Altieria, Paolo Tortorella, Alexander A. Shtila, Alexander V. Kurkin. Het(aryl)isatin 

to het(aryl)aminoindoline scaffold hopping: A route to selective inhibitors of matrix metalloproteinases. // Arabian 

Journal of Chemistry. ï 2022. ï V. 15. ï P. 103492.  

3) Gorodnova Anastasia, Ivanov Vladimir N., Kurkin Alexander V., Dmitrienko Artem. Crystal structure of 5-

(3-methoxyphenyl)indoline-2,3-dione // Powder Diffraction. ï 2023. ï V. 38, ˉ 3. ï P. 201 - 206.. 
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ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʄʄʇ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ - ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʠʥʜʦʣʘ, ʧʠʨʠʜʠʥʘ, ʠʟʘʪʠʥʘ, ʠʟʦʢʩʘʟʦʣʘ, ʧʠʧʝʨʠʜʠʥʘ, ʙʝʥʟʦʪʠʘʟʦʣʘ, ʧʠʨʨʦʣʘ ʠ ʜʨ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʢʣʶʯʘʣʦ ʩʦʟʜʘʥʠʝ ʬʘʨʤʘʢʦʬʦʨʥʦʡ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʛʦ ʩʘʡʪʘ ʬʝʨʤʝʥʪʘ, ʜʠʟʘʡʥ ʠ ʩʠʥʪʝʟ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ 

ʦʧʠʩʘʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʨʦʷʚʣʷʝʤʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɹʝʟʫʩʣʦʚʥʦ, ʚʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ 

ʟʘʜʘʯʠ ʥʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʨʝʰʝʥʳ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, 

ʙʠʦʭʠʤʠʠ, ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʵʪʦʪ ʬʨʘʛʤʝʥʪ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʧʨʦʚʦʜʠʣʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʫʯʝʥʳʤʠ ʋʥʠʚʝʨʩʠʪʝʪʘ çɻʘʙʨʠʵʣʝ ʜôɸʥʥʫʥʮʠʦè (ʛ. ʂʴʝʪʠ, ʀʪʘʣʠʷ) 

ʠ ʋʥʠʚʝʨʩʠʪʝʪʘ çɸʣʴʜʦ ʄʦʨʦè (ʛ. ɹʘʨʠ, ʀʪʘʣʠʷ). 

ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ ʤʘʣʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʪʨʝʙʫʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʜʣʷ 

ʧʦʠʩʢʘ ʥʦʚʳʭ ʩʝʣʝʢʪʠʚʥʳʭ ʀʄʄʇ, ʩʨʝʜʠ ʙʦʣʴʰʦʡ ʙʠʙʣʠʦʪʝʢʠ ʨʘʟʣʠʯʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ, ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʜʭʦʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʝʨʚʠʯʥʦʤ ʚʠʨʪʫʘʣʴʥʦʤ ʩʢʨʠʥʠʥʛʝ 

ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʠ ʜʘʣʴʥʝʡʰʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ ʚʳʙʨʘʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʢʨʠʥʠʥʛʘ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʳʚʘʪʴʩʷ ʠ ʠʥʛʠʙʠʨʦʚʘʪʴ ʤʘʪʨʠʢʩʥʳʝ 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʘ ʟʘʜʘʯʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʘʚʠʣʴʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʠʙʣʠʦʪʝʢʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ 

ʧʝʨʚʠʯʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʦʢʦʣʦ 3 500 ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʩʣʝ 

ʵʪʦʛʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʠʩʘʥʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʠ 

ʦʪʩʝʷʥʳ ʩʪʨʫʢʪʫʨʳ (ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʥʠʟʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠʣʠ 

ʷʚʣʷʶʱʠʝʩʷ ʩʣʦʞʥʦ ʩʠʥʪʝʟʠʨʫʝʤʳʤʠ ʠʣʠ ʩʣʦʞʥʦ ʤʦʜʠʬʠʮʠʨʫʝʤʳʤʠ) c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʠʣʴʪʨʘ REOS[147] ʚ ʧʨʠʣʦʞʝʥʠʠ Canvass [148], ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ ʫʤʝʥʴʰʠʣʦ 

ʨʘʟʤʝʨʳ ʙʠʙʣʠʦʪʝʢʠ (ʜʦ 1 900 ʤʦʣʝʢʫʣ). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʨʘʥʥʳʝ ʜʣʷ ʩʢʨʠʥʠʥʛʘ 

ʤʦʣʝʢʫʣʳ ʷʚʣʷʣʠʩʴ ñʩʪʨʫʢʪʫʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠò, ʘ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʝ ʚʝʩʘ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 150 ɼʘ ʜʦ 400 ɼʘ, ʯʪʦ ʦʪʢʨʳʚʘʣʦ ʚ ʙʫʜʫʱʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ 

ʙʠʙʣʠʦʪʝʢ ʤʘʣʳʭ ʤʦʣʝʢʫʣ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʥʴʰʝʡ 

ʟʘʪʨʘʪʦʡ ʨʝʩʫʨʩʦʚ ʚ ʩʠʣʫ ʝʛʦ ʚʦʟʤʦʞʥʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ (high throughput screening), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʢʦʣʣʝʛʘʤʠ ʠʟ ʀʪʘʣʠʠ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʠʭ ʩʪʘʪʴʷʭ. [149, 150, 151, 152]. 



65 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʝʣʢʦʚ ʄʄʇ ʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʳʣ ʧʨʦʚʝʜʸʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ 

ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʦʪʝʠʥʘʟʳ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Glide [148]. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʬʘʨʤʘʢʦʬʦʨʥʘʷ ʤʦʜʝʣʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ-2 ʠ ʄʄʇ-13 ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʙʘʟʳ ʜʘʥʥʳʭ Protein Data Bank (PDB) (ʨʠʩʫʥʦʢ 1, [153]). ɼʣʷ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʈʉɸ-ʤʦʜʝʣʠ ʄʄʇ-2, ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩ ʠʥʛʠʙʠʪʦʨʦʤ SC-74020 ʠ ʈʉɸ-ʤʦʜʝʣʠ ʄʄʇ-

13, ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩ ʩʦʝʜʠʥʝʥʠʝʤ 1 - ʧʨʦʠʟʚʦʜʥʳʤ ʧʠʨʠʤʠʜʠʥ-4,6-ʜʠʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. 

  

ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨʳ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ-2 ʠ ʄʄʇ-13. ʌʘʨʤʘʢʦʬʦʨʥʘʷ ʤʦʜʝʣʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʛʠʙʠʪʦʨʘ SC-74020 ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʄʄʇ-2 ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʥʛʠʙʠʪʦʨʘ 1, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʮʠʥʢ-ʩʚʷʟʳʚʘʶʱʫʶ ʛʨʫʧʧʫ, ʩ ʄʄʇ-13. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʪʱʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ, ʥʘʤʠ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʚʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ˊ-ˊ ʩʪʝʢʠʥʛʘ ʤʝʞʜʫ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʣʠʛʘʥʜʦʤ ʠ His201 (ʥʫʤʝʨʘʮʠʷ MMʇ-2), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʦʡ ʚ ʩʝʤʝʡʩʪʚʝ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʤʳ 

ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʘʥʘʣʦʛʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ. 

ʅʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʤʳ ʦʪʦʙʨʘʣʠ 12 ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʭʝʤʘ 1), ʠʤʝʶʱʠʭ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʙʦʣʝʝ 200 ɼʘ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʨʘʮʝʤʘʪʳ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʪʝʩʪʠʨʦʚʘʥʠʶ ʥʘ 
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ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʤ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘʤ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʘ, ʦʜʥʘʢʦ ʚʚʠʜʫ ʪʦʛʦ ʯʪʦ ʄʄʇ-2,-8 ʠ -13, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʠʰʝʥʷʤʠ ʧʨʠ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʠʤʝʥʥʦ ʵʪʠʤ ʚʠʜʘʤ ʄʄʇ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 1, 2 ʠ 9 ʠ 12, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʨʘʮʝʤʘʪʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʦʪʜʝʣʴʥʦ [153]. ɼʣʷ ʚʝʱʝʩʪʚ, ʧʦʢʘʟʘʚʰʠʭ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʙʦʣʝʝ 50% 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ, ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ IC50. 

 

ʉʭʝʤʘ 1. ʌʠʥʘʣʴʥʳʡ ʩʧʠʩʦʢ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 
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ʉʭʝʤʘ 2. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷʤʠ 1-12 ʄʄʇ-2,-8 ʠ -13 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʭʝʤʝ 2, ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ - ʧʨʦʠʟʚʦʜʥʦʛʦ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (5) 

ʠ ʧʨʦʠʟʚʦʜʥʦʛʦ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (7) ï ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʠʡ (ʤʝʥʝʝ 50%) ʫʨʦʚʝʥʴ 

ʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʄʄʇ-2 ʠ ʄʄʇ-13.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʫ ʥʘʣʠʯʠʷ ʚ ʥʘʰʝʡ ʥʘʫʯʥʦʡ 

ʛʨʫʧʧʝ ʩʦʝʜʠʥʝʥʠʡ, ʙʣʠʟʢʠʭ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 5 ʠ 

ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 7, ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 15 ʩʦʝʜʠʥʝʥʠʡ, 

ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʭʝʤʝ 3 (ʢʨʘʩʥʳʝ ï ʘʥʘʣʦʛʠ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 7, 

ʩʠʥʠʝ ï ʧʨʦʠʟʚʦʜʥʳʝ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 5). ʇʨʦʠʟʚʦʜʥʳʝ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ, ʧʦʩʢʦʣʴʢʫ ʘʥʪʨʘʥʠʣʦʚʳʝ ʢʠʩʣʦʪʳ 

ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʘʪʠʥʦʚ. 

ɼʣʷ ʚʳʙʨʘʥʥʳʭ ʚʝʱʝʩʪʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʄʄʇ-2,-8 ʠ -13. 
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ʉʭʝʤʘ 3. ʉʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨʥʦ ʙʣʠʟʢʠʤʠ ʘʥʘʣʦʛʘʤʠ 

ʩʦʝʜʠʥʝʥʠʡ 5 ʠ 7, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʩʦʝʜʠʥʝʥʠʡ (13-27), ʪʘʢʞʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚʝʣʠʯʠʥʳ 

ʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʪʝʠʥʘʟʘʤ ʄʄʇ-2,-8 ʠ -13, ʢʘʢ ʢ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʨʫʛʠʭ ʧʨʦʪʝʠʥʘʟ 

ʩʝʤʝʡʩʪʚʘ ʄʄʇ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ. 

 

ʉʭʝʤʘ 4. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷʤʠ 13-27 ʄʄʇ-2,-8 ʠ -13 

ɼʣʷ ʚʝʱʝʩʪʚ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʪʦʨʳʭ, ʥʘʙʣʶʜʘʣʩʷ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ (ʤʝʥʝʝ 50%) ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ IC50 ʜʣʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 
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ʬʝʨʤʝʥʪʦʚ ʩʝʤʝʡʩʪʚʘ ʄʄʇ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ, ʯʪʦʙʳ 

ʧʦʜʪʚʝʨʜʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʦʝʜʠʥʝʥʠʝ IC50 

(ʄʄʇ-

1) ʤʢʄ 

IC50 

(ʄʄʇ-

2) ʤʢʄ 

IC50 

(ʄʄʇ-

7) ʤʢʄ 

IC50 

(ʄʄʇ-

8) ʤʢʄ 

IC50 

(ʄʄʇ-

9) ʤʢʄ 

IC50 

(ʄʄʇ-

13) ʤʢʄ 

IC50 

(ʄʄʇ-

14) 

ʤʢʄ 

5 >100 54Ñ9.0 >100 >100 58Ñ3 19.8Ñ2.5 >100 

7 >100 2.8Ñ0.9 >100 84Ñ11 9Ñ0.4 1.14Ñ0.5 41Ñ6 

15 >100 >100 >100 >100 >100 79Ñ7 >100 

16 >100 >100 >100 >100 >100 16Ñ1.0 >100 

20 >100 20Ñ3 >100 >100 86Ñ2 10.3Ñ0.4 >100 

22 >100 >100 >100 >100 >100 23.1Ñ1.5 >100 

23 >100 6.1Ñ0.7 4.7Ñ0.1 56Ñ9.0 13.2Ñ0.9 6.2Ñ0.6 52Ñ6 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (15) ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʘʪʠʥʘ (16 ʠ 23), ʥʦ ʙʦʣʴʰʝʡ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (7 ʠ 20). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʜʘʣʴʥʝʡʰʝʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ 16 ʠ 23, ʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʉʦʝʜʠʥʝʥʠʷ 7 ʠ 20, ʦʙʣʘʜʘʶʱʝʝ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-2 ʠ 

ʄʄʇ-13, ʤʳ ʠʩʢʣʶʯʠʣʠ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʦ ʜʘʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ 

ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʤʦʣʝʢʫʣʳ 7, ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʧʦ ʠʦʥʫ ʮʠʥʢʘ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʄʄʇ 

(ʨʠʩʫʥʦʢ 2). ʂʘʢ ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʠʥʛʠʙʠʪʦʨʳ MMʇ, 

ʩʦʜʝʨʞʘʱʠʝ ʮʠʥʢ-ʭʝʣʘʪʠʨʫʶʱʠʝ ʛʨʫʧʧʳ ʤʝʥʝʝ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ, ʧʦ 

ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʄʄʇ. 
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ʈʠʩʫʥʦʢ 2. ʉʧʦʩʦʙ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚʘ 7 ʠ MMʇ-2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʟʘ ʠʩʭʦʜʥʳʡ ʬʨʘʛʤʝʥʪ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 5-ʘʨʠʣ ʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʤʦʣʝʢʫʣʳ ʠʟʘʪʠʥʘ, ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ 

ʣʠʛʘʥʜʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘʤ. 
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2.2 ʉʠʥʪʝʟ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘïʘʢʪʠʚʥʦʩʪʴ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

ʠʟʘʪʠʥʦʚʦʛʦ ʨʷʜʘ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʠʩʭʦʜʥʦʤ ʠʟʘʪʠʥʦʚʦʤ ʢʘʨʢʘʩʝ. ɺʩʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʠʞʝ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʜʦʙʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʜʣʠʥʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ 

ʙʠʙʣʠʦʪʝʢʠ ʩʪʨʫʢʪʫʨ, ʥʘ ʦʩʥʦʚʝ 5-ʘʨʠʣʟʘʤʝʱʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ, ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ: 

1) ʇʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ 5-ʙʨʦʤʦʠʟʘʪʠʥʘ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʙʦʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʦ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ [153] (ʩʭʝʤʘ 5). 

 

 

ʉʭʝʤʘ 5. ʈʝʪʨʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʩʪʨʫʢʪʫʨ. 

ʂʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʚ ʩʠʥʪʝʟʝ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʨʫʢʪʫʨ, ʷʚʣʷʝʪʩʷ ʧʘʣʣʘʜʠʡ-

ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʪʘʢʠʭ ʢʘʢ: ʧʨʠʨʦʜʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ, ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʦʩʥʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʭʦʜ 

ʨʝʘʢʮʠʠ. ʇʦʵʪʦʤʫ, ʚʘʨʴʠʨʫʷ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʜʣʷ 

ʨʝʘʢʮʠʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʤʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʉʫʟʫʢʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʤʦʣʝʢʫʣ. 

2) ʍʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ 3-ʛʦ ʧʦʣʦʞʝʥʠʷ ʠʟʘʪʠʥʦʚʦʛʦ ʷʜʨʘ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ, ʧʨʦʠʟʚʦʜʥʳʭ 3-ʘʤʠʥʦ-5-ʘʨʠʣ-2-ʦʢʩʠʥʜʦʣʘ, 2-ʦʢʩʦʠʥʜʦʣʘ ʠʣʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʠʤʠʜʘʟʦʣʘ (X=N). 

3) ʄʦʜʠʬʠʢʘʮʠʠ 1-ʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʳ ʠʟʘʪʠʥʘ, ʪʘʢʠʝ ʢʘʢ: ʘʣʢʠʣʠʨʦʚʘʥʠʝ, 

ʘʮʠʣʠʨʦʚʘʥʠʝ. 
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2.2.1 ʉʠʥʪʝʟ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ 

ʇʦ ʧʨʠʯʠʥʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʤʥʦʛʠʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʙʠʙʣʠʦʪʝʢʠ ʨʘʟʣʠʯʥʳʭ 

ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ. ɼʣʷ ʩʠʥʪʝʟʘ ʘʨʠʣʙʦʨʥr ʭ ʢʠʩʣʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʦʧʠʩʘʥʥʳʭ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʭʦʜʘ [154]. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʩʠʥʪʝʟʝ ʙʦʨʥʳʭ ʢʠʩʣʦʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʪʠʚʘ ɻʨʠʥʴʷʨʘ (ʩʭʝʤʘ 6) [155]. 

 

 

ʉʭʝʤʘ 6 ʉʠʥʪʝʟ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ (ʩʧʦʩʦʙ I ). 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʪʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʘʶʪ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʨʠʣʙʨʦʤʠʜʦʚ [156]. 

 

 

ʉʭʝʤʘ 7 ʉʠʥʪʝʟ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ (ʩʧʦʩʦʙ II ). 

ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ ʙʦʨʥrʭ ʢʠʩʣʦʪ ʠ ʩʧʦʩʦʙʳ ʠʭ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

  



73 

 

ʊʘʙʣʠʮʘ 2. ʉʧʠʩʦʢ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ. 

 ̄ ɹʦʨʥʘʷ ʢʠʩʣʦʪʘ ʄʝʪʦʜ 

ʩʠʥʪʝʟʘ 

ɺʳʭʦʜ 

ʨʝʘʢʮʠʠ 

(%) 

 ̄ ɹʦʨʥʘʷ ʢʠʩʣʦʪʘ ʄʝʪʦʜ 

ʩʠʥʪʝʟʘ 

ɺʳʭʦʜ 

ʨʝʘʢʮʠʠ 

(%) 

28 

 

I 90 38 

 

I 84 

29 

 

I 88 39 

 

II  81 

30 

 

I 90 40 

 

I 51 

31 

 

II  71 41 

 

I 65 

32 

 

II  47 42 

 

I 90 

33 

 

I 72 43 

 

I 55 

34 

 

I 82 44 

 

II  77 

35 

 

II  67 45 

 

I 72 

36 

 

I 56 46 

 

I 62 

37 

 

I 92 47 

 

I 89 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʷʜ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʨʠʚʠʘʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪʘʭ, ʥʘʧʨʠʤʝʨ, ʬʨʘʛʤʝʥʪ 

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʪʦʣʠʣʙʦʨʥʦʡ 
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ʢʠʩʣʦʪʝ, ʘ ʘʤʠʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘ ʩʯʝʪ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʘʤʠʜʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʘʨʙʦʢʩʠʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ (ʩʭʝʤʘ 8) [157]-[158]. 

 

 

 

ʉʭʝʤʘ 8. ʄʦʜʠʬʠʢʘʮʠʷ ʛʦʪʦʚʳʭ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ 

ɼʣʷ ʩʠʥʪʝʟʘ ʪʠʦʬʝʥʙʦʨʥʦʡ ʢʠʩʣʦʪʳ 55, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʠʟʦʧʨʦʧʠʣʘʤʠʜʘ ʣʠʪʠʷ (LDA) ʠ ʪʨʠʠʟʦʧʨʦʧʠʣʙʦʨʘʪʘ (ʩʭʝʤʘ 9) 

[159]. 

 

ʉʭʝʤʘ 9. ʉʠʥʪʝʟ 5-ʙʦʨʦʥʦʪʠʦʬʝʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 
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2.2.2 ʉʠʥʪʝʟ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ. 

ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʪʘʣ ʩʠʥʪʝʟ ʨʘʟʣʠʯʥʳʭ 5-

ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʠʟʘʪʠʥʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʠʥʪʝʟʫ ʧʨʠʤʠʪʠʚʥʳʭ 

ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 5-ʦʤ ʧʦʣʦʞʝʥʠʠ 

ʤʦʣʝʢʫʣʳ ʠʟʘʪʠʥʘ ʚʳʩʪʫʧʘʶʪ ʠʣʠ ʬʝʥʠʣʴʥʳʡ ʨʘʜʠʢʘʣ, ʠʣʠ ʨʘʟʣʠʯʥʳʝ ʪʦʣʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ 

[160], ʦʜʥʘʢʦ, ʧʨʠʤʝʨʳ ʩʠʥʪʝʟʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʇʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ 5-ʙʨʦʤʠʟʘʪʠʥʦʚ ʧʦ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ 

[161] ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ, ʦʜʥʘʢʦ, ʧʨʠ ʩʠʥʪʝʟʝ ʨʘʟʣʠʯʥʳʭ 5-ʛʝʪʘʨʠʣʠʟʘʪʠʥʦʚ ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ 

ʨʷʜʦʤ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʪʨʝʙʦʚʘʣʠ ʨʝʰʝʥʠʷ. 

ʇʨʠ ʩʠʥʪʝʟʝ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ [162] ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʡ ʤʳ ʥʘʙʣʶʜʘʣʠ ʥʠʟʢʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʦʜʥʘʢʦ, ɻ ʪʦʪ ʬʘʢʪ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʣʘʙʠʣʴʥʦʩʪʴʶ ʠʟʘʪʠʥʦʚ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʦ ʯʝʤ ʪʘʢʞʝ ʩʦʦʙʱʘʝʪʩʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ [163]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʱʘʪʝʣʴʥʳʡ pH ʢʦʥʪʨʦʣʴ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ, ʥʝ ʜʦʧʫʩʢʘʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʥʠʦʥʦʚ ʘʥʪʨʘʥʠʣʦʚʳʭ ʢʠʩʣʦʪ [164, 165]. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʤʳ 

ʥʘʙʣʶʜʘʣʠ ʭʘʨʘʢʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ, ʮʚʝʪʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʘʜʠʠ ʧʨʝʚʨʘʱʝʥʠʷ (ʩʭʝʤʘ 10). 

 

ʉʭʝʤʘ 10. ʈʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦ ʉʫʟʫʢʠ [163]. 

ʈʘʩʪʚʦʨ 5-ʙʨʦʤʠʟʘʪʠʥʘ ʚ ʵʪʘʥʦʣʝ ʦʢʨʘʰʝʥ ʚ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ, ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʢ ʨʘʩʪʚʦʨʫ ʚʦʜʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ, ʨʘʩʪʚʦʨ ʩʥʘʯʘʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʫʶ ʪʝʤʥʦ-ʢʨʘʩʥʫʶ ʦʢʨʘʩʢʫ, ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʠʦʥʘ, ʘ ʟʘʪʝʤ ʤʝʜʣʝʥʥʦ, ʧʦ 

ʤʝʨʝ ʛʠʜʨʦʣʠʟʘ ʠʟʘʪʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʝʪʣʦ-ʞʝʣʪʫʶ ʠ ʜʘʣʝʝ ʧʦʯʪʠ ʙʝʩʮʚʝʪʥʫʶ 



76 

 

ʦʢʨʘʩʢʫ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʤʳ ʜʦʙʘʚʣʷʣʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʙʦʨʥʫʶ 

ʢʠʩʣʦʪʫ ʠ ʧʘʣʣʘʜʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʝ 

ʜʦʙʘʚʣʷʣʠ ʢʠʩʣʦʪʫ ʜʦ pH=5. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ (ʥʘʧʨʠʤʝʨ, 

ʩʦʣʷʥʦʡ) ʧʨʠʚʦʜʠʪ ʢ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ ʥʝʨʘʟʜʝʣʠʤʳʤ ʩʤʝʩʷʤ ʮʝʣʝʚʳʭ ʠʟʘʪʠʥʦʚ ʠ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʦʜʫʢʪʘ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʘʥʠʦʥʘ 59). 

ʆʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ 5-ʘʨʠʣʠʟʘʪʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʦʚ 

ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʪʘʢʞʝ ʪʨʝʙʦʚʘʣʦʩʴ ʤʥʦʛʦʯʘʩʦʚʦʝ ʢʠʧʷʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ. 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʥʘʤʠ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʩʤʝʩʝʡ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʪʘʙʣʠʮʘ 3). ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ, ʙʳʣʘ ʚʟʷʪʘ ʨʝʘʢʮʠʷ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʩ ʤ-ʪʦʣʠʣʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʩ 5-ʙʨʦʤʠʟʘʪʠʥʦʤ, ʢʦʪʦʨʫʶ ʧʨʦʚʦʜʠʣʠ ʚ ʩʠʩʪʝʤʝ 

ʵʪʘʥʦʣ-ʚʦʜʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 100 Áʉ. ʅʘʤʠ ʪʘʢʞʝ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ ɼʄʌɸ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʢʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʥʦʤ 

ʵʪʘʥʦʣʝ ʩʫʙʩʪʨʘʪʳ ʇʦʧʳʪʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʫʦʣ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʥʘʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʥʪʝʟʝ ʙʦʨʥʳʝ ʢʠʩʣʦʪʳ, ʩʢʣʦʥʥʳʝ ʢ ʧʨʦʪʦʜʝʙʦʨʠʨʦʚʘʥʠʶ (ʥʘʧʨʠʤʝʨ, 

ʧʠʨʠʜʠʥʙʦʨʥʳʝ ʢʠʩʣʦʪʳ). ʂ ʩʦʞʘʣʝʥʠʶ, ʦʙʘ ʵʪʠʭ ʚʘʨʠʘʥʪʘ ʧʦʢʘʟʘʣʠ ʭʫʜʰʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ɻʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʠʟʘʪʠʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʠʩʴ. 

ʊʘʙʣʠʮʘ 3. ɺʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. 

 ʈʘʩʪʚʦʨʠʪʝʣʴ ɺʨʝʤʷ (ʯ) ɺʳʭʦʜ (%) 

1 ʊʦʣʫʦʣ-ɺʦʜʘ (1:1) 12 18 

2 ɼʄʌ-ɺʦʜʘ (1:1) 12 31 

3 ʕʪʘʥʦʣ-ɺʦʜʘ (10:1 12 27 

4 ʕʪʘʥʦʣ-ɺʦʜʘ (1:1) 12 52 

 

ʉʧʠʩʦʢ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʧʦ ʉʫʟʫʢʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 4. 
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ʊʘʙʣʠʮʘ 4. ʉʧʠʩʦʢ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣʠʟʘʪʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦ ʉʫʟʫʢʠ. 

ʉʦʝʜʠʥʝʥʠʝ ɿʘʤʝʩʪʠʪʝʣʴ 

 

ɺʳʭʦʜ 

(%) 

ʉʦʝʜʠʥʝʥʠʝ ɿʘʤʝʩʪʠʪʝʣʴ 

 

ɺʳʭʦʜ 

(%) 

61 

 

52 75 

 

35 

62 

 

23 76 

 

46 

63 

 

48 77 

 

21 

64 

 

26 78 

 

37 

65 

 

36 79 

 

54 

66 

 

56 80 

 

75 

67 

 

26 81 

 

15 

68 

 

39 82 

 

47 

69 

 

43 83 

 

67 

70 

 

75 84 

 

12 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 4 

71 

 

14 85 

 

0 

72 

 

6 86 

 

56 

73 

 

37 87 

 

39 

74 

 

76 88 

 

5 

 

ʉʪʨʫʢʪʫʨʘ 5-(3-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʠʟʘʪʠʥʘ (78) ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʨʠʩʫʥʦʢ 3) [166]. 

 

ʈʠʩʫʥʦʢ 3. ʆʙʱʠʡ ʚʠʜ ʤʦʣʝʢʫʣʳ 78 (CCDC 2223458) [166]. 

 

ɼʣʷ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (61-88) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ IC50 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʬʝʨʤʝʥʪʘʤ ʄʄʇ -2, -8, -9, -13, ʜʘʥʥʳʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 
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ʊʘʙʣʠʮʘ 5. ʈʝʟʫʣʴʪʘʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ 61-88  

 

ʉʪʨʫʢʪʫʨʘ IC50 (ʄʄʇ-2)  

ʤʢʄ 

 

IC50 (ʄʄʇ-8)  

ʤʢʄ  

IC50 (ʄʄʇ-9)  

ʤʢʄ  

 

IC50 (ʄʄʇ-13)  

ʤʢʄ  

 

61 >100 >100 >100 >100 

62 >100 >100 >100 >100 

63 >100  >100 >100 16 Ñ 1.0 

64 >100 >100 >100 62 Ñ 0.6 

65 >100 >100 >100  32.5 Ñ 0.8 

66 >100 >100 >100 29.7 Ñ 0.24 

67 13.6 Ñ 0.6 >100 31.1 Ñ 0.7 2.7 Ñ 0.3 

68 59.5 Ñ 2.4 >100 >100 15.3 Ñ 2.6 

69 28 Ñ 2.2 >100 63 Ñ 1.5 4.3 Ñ 0.5 

70 >100 >100 >100 27.4 Ñ 1.1 

71 >100 >100 >100 >100 

72 >100 >100 >100 >100 

74 10.2 Ñ 2.4 >100 >100  0.78 Ñ 0.19 

75 14 Ñ 3 >100 >100 3.8 Ñ 2.1 

76 >100 >100 >100 >100 

77 29.1 Ñ 1.1 >100 >100 20.0 Ñ 2.0 

78 >100 >100 >100 >100 

79 >100 >100 >100 20.4 Ñ 0.4 

80 >100 >100 >100 >100 

81 >100 >100 >100 87 Ñ 9.0 

82 >100 >100 >100 >100 

83 >100 >100 >100  18.6Ñ1.5 

84 >100 >100 >100 >100 

85 >100 >100 >100 >100 

86 14.6 Ñ 0.8 >100 41.2 Ñ 2.9 2.2 Ñ 0.3 

87 >100 >100 >100 >100 

88 33 Ñ 3.0 >100 >100 48 Ñ 7.0 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 5, ʚʝʣʠʯʠʥʳ IC50, ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʢʨʠʥʠʥʛʘ 
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ʙʠʙʣʠʦʪʝʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 27 ʫʥʠʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʳʷʚʠʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʜʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʦʨʪʦ- ʠ ʤʝʪʘ-ʧʦʣʦʞʝʥʠʷʭ 

ʙʝʥʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʠʟʘʪʠʥʝ (ʦʙʣʘʩʪʴ A, ʩʭʝʤʘ 11), ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ (ʩʭʝʤʘ 12). ʋʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ ʚ ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʤʦʣʝʢʫʣʳ. 

  

ʉʭʝʤʘ 11. ʆʙʣʘʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʘʪʦʤʘ ʭʣʦʨʘ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʩʭʝʤʘ 12). 

 

ʉʭʝʤʘ 12. ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʝʡ ʠʟʘʪʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦʥʦʨʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ 

ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʙʝʥʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʅʘʤʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠʟʘʪʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ 

ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʘʨʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʦʙʣʘʩʪʴ ɸ), ʙʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʙʲʝʤʘ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ (ʩʭʝʤʘ 13). 
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ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʙʲʝʤʘ ʘʢʮʝʧʪʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ 

ʙʝʥʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(ʩʦʝʜʠʥʝʥʠʷ 76, 87 ʠ 88, ʩʝʨʠʷ ɸ ʠ ɺ ʥʘ ʩʭʝʤʝ 13).  

5-(4-ʌʪʦʨʬʝʥʠʣ)ʠʟʘʪʠʥ (74) ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-13. ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 74 ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʙʦʣʝʝ 

ʯʝʤ 15-ʢʨʘʪʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʄʄʇ-13 (IC50 = 0.78 Ñ 0.19 ʤʢʄ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʄʇ-

2 (IC50 = 10.2 Ñ 2.4 ʤʢʄ) (ʩʭʝʤʘ 13). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ ʩ ʮʠʥʢ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʬʦʩʬʦʨʘ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʦʝʜʠʥʝʥʠ ̫CAS ̄ 582311-81-7 (ʨʠʩʫʥʦʢ 4. ɻʣʘʚʘ ɺʚʝʜʝʥʠʝ) 

ʧʨʦʝhʜʰʝʛʦ I ʬʘʟʫ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʩʨʝʜʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʧʨʝʧʘʨʘʪʘ ʧʨʦʪʠʚ ʘʨʪʨʠʪʘ [9]. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʚ ʤʦʣʝʢʫʣʝ ʘʣʢʠʣʴʥʦʡ ʠʟʦʧʨʦʧʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʟʘʤʝʜʣʷʶʱʝʡ ʤʝʪʘʙʦʣʠʟʤ ʮʠʥʢ-

ʩʚʷʟʳʚʘʶʱʝʛʦ ʛʠʜʨʦʢʩʘʤʘʪʥʦʛʦ ʫʯʘʩʪʢʘ ʠʥʛʠʙʠʪʦʨʘ. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʠʤʝʥʥʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ ʛʠʜʨʦʬʦʙʥʘʷ ʛʨʫʧʧʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʜʩʘʡʪʦʤ S1. ɹʦʣʝʝ 

ʛʨʦʤʦʟʜʢʘ ̫ʙʠʬʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʘ ̫ʚ ʩʪʨʫʢʪʫʨʝ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʢʘʨʤʘʥʦʤ S2 [9]. ʕʪʠ ʜʘʥʥʳʝ ʧʦʙʫʜʠʣʠ ʥʘʩ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠʟʘʪʠʥ 81, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʦʙʲʝʤʥʳʡ ʪʨʝʪ-ʙʫʪʠʣʬʝʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʘʪʠʥʦʚ 86 ʠ 88, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʦʙʲʝʤʥʳʝ ʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ, ʠʟʘʪʠʥ 81 ʩ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ʥʝ ʧʦʢʘʟʘʣ ʟʥʘʯʠʤʦʡ ʘʢʪʠʚʥʦʩʪʠ (IC50 = 87 Ñ 9.0 ʤʢʄ). 
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ʉʭʝʤʘ 13 ɼʘʥʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-2 ʠ ʄʄʇ-13 

ʩʦʝʜʠʥʝʥʠʡ 86-87 ʠ 74-76. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʝʨʠʠ ʠʟʘʪʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ 5-ʤ ʧʦʣʦʞʝʥʠʠ ʠʟʘʪʠʥʦʚʦʛʦ 

ʷʜʨʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ (ʧʠʨʠʜʠʥ, ʧʠʨʠʤʠʜʠʥ ʠ ʪʠʦʬʝʥ), ʟʥʘʯʠʤʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʢʘʟʘʣ ʪʦʣʴʢʦ ʠʟʘʪʠʥ 67, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʪʠʦʬʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ (IC50 (ʄʄʇ-

2) = 13.6 Ñ 0.6 ʤʢʄ ʠ IC50 (ʄʄʇ-13) = 2.7 Ñ 0.3 ʤʢʄ). ʆʜʥʘʢʦ ʩʣʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʜʘʥʥʦʛʦ 

ʠʟʘʪʠʥʘ, ʥʠʟʢʠʝ ʚʳʭʦʜʳ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ (26%), ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʠʟʘʪʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʥʛʠʙʠʨʫʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʚʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʳ ʩʤʦʛʣʠ 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʨʦʜʫ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʚ 5-ʘʨʠʣʠʟʘʪʠʥʘʭ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ.  

ʄʳ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʥʘʣʠʯʠʝ ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʬʝʥʠʣʴʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʚ 5-ʤ ʧʦʣʦʞʝʥʠʠ ʠʟʘʪʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʦʙʣʘʩʪ ɹɸ) ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʠʟʘʪʠʥʦʚ, ʢʨʘʡʥʝ ʞʝʣʘʪʝʣʴʥʦ ʚʚʝʜʝʥʠʝ ʚ 

ʬʝʥʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʢʘʨʙʦʢʩʠʣʴʥʦʡ, ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʦʡ ʠʣʠ ʘʤʠʜʥʦʡ ʛʨʫʧʧ, ʥʘʣʠʯʠʝ 

ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʝʜʠʥʦʡ 

ʤʝʪʦʜʦʣʦʛʠʠ ʩʠʥʪʝʟʘ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ, ʚʢʣʶʯʘʶʱʝʡ ʩʠʥʪʝʟ ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʙʦʨʥʳʭ ʢʠʩʣʦʪ ʠ 
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5-ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʭ ʠʟʘʪʠʥʦʚ, ʙʳʣʦ ʨʝʰʝʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʙʠʙʣʠʦʪʝʢʫ ʘʥʘʣʦʛʦʚ ʭʠʪʦʚ 

(74 ʠ 86), ʩʦʜʝʨʞʘʱʠʭ ʘʢʮʝʧʪʦʨʥʫʶ ʛʨʫʧʧʫ ʚ ʙʝʥʟʦʣʴʥʦʤ ʷʜʨʝ. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʩʦʩʪʦʷʣʠ ʚ: 1) ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʢʮʝʧʪʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 

ʬʝʥʠʣʴʥʦʤ ʨʘʜʠʢʘʣʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ 5-ʤ ʧʦʣʦʞʝʥʠʠ ʠʟʘʪʠʥʦʚʦʛʦ ʷʜʨʘ; 2) ʟʘʤʝʥʝ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʬʫʥʢʮʠʠ ʥʘ ʩʣʦʞʥʦʵʬʠʨʥʫʶ ʛʨʫʧʧʫ ʠ ʚʚʝʜʝʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ; 3) ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʣʦʞʝʥʠʷ C(3) ʠʟʘʪʠʥʦʚʦʛʦ ʷʜʨʘ (ʦʙʣʘʩʪʴ 

B); 4) ʚʚʝʜʝʥʠʝ ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʷ 6 ʠ/ʠʣʠ 7 ʠʟʘʪʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

(ʦʙʣʘʩʪʴ ʉ); 5) ʚʘʨʴʠʨʦʚʘʥʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ.  
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2.2.3 ʍʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʠʟʘʪʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʤʘʩʩʠʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʪʦʯʝʢ ʚʘʨʴʠʨʦʚʘʥʠʷ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʙʣʠʟʢʠʭ ʘʥʘʣʦʛʦʚ 

ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʚʠʘʣʴʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʩʭʝʤʘ 14). 

 

ʉʭʝʤʘ 14. ʄʦʜʠʬʠʢʘʮʠʠ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ. 

ɺ ʪʘʙʣʠʮʝ 6, ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 89-

92 

ʊʘʙʣʠʮʘ 6. ʈʝʟʫʣʴʪʘʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ 89-92. 

ʉʪʨʫʢʪʫʨʘ IC50 (ʄʄʇ-2) 

ʤʢʄ 

IC50 (ʄʄʇ-8) 

ʤʢʄ 

IC50 (ʄʄʇ-9) 

ʤʢʄ 

IC50 (ʄʄʇ-13) 

ʤʢʄ 

89 6.1 Ñ 0.7 57.0 Ñ 9.0 94.8 Ñ 1.5 6.2 Ñ 0.6 

90 >100 >100 >100 52.2 Ñ 0.9 

91 12 Ñ 6.0 14.5 Ñ 2.5 13 Ñ 3.0 3.1 Ñ 0.3 

92 15 Ñ 5.0 >100 >100 6.0 Ñ 3.0 

 



85 

 

  

ʉʭʝʤʘ 15. ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʝʡ ʩʦʝʜʠʥʝʥʠʡ 70 ʠ 89 

ɼʘʥʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʳ ʧʦʣʫʯʠʣʠ ʜʣʷ ʩʝʨʠʠ ʠʟʘʪʠʥʦʚ 89-92 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʟʘʤʝʥʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʩʣʦʞʥʦʵʬʠʨʥʫʶ 

ʬʫʥʢʮʠʶ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ. 

ʊʘʢ, ʜʣʷ ʵʬʠʨʘ 89 ʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-2 ʫʚʝʣʠʯʠʣʘʩʴ ʚ 20 ʨʘʟ 

(IC50 (ʄʄʇ-2) = 6.1 Ñ 0.7 ʤʢʄ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʨʙʦʢʩʠʣʴʥʳʤ ʘʥʘʣʦʛʦʤ, ʘ ʘʢʪʠʚʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-13 ʫʚʝʣʠʯʠʣʘʩʴ ʚ 4 ʨʘʟʘ (IC50 (ʄʄʇ-13) = 6.2 Ñ 0.6 ʤʢʄ) (ʩʭʝʤʘ 15). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʟʘʤʝʥʳ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ 

ʩʣʦʞʥʦʵʬʠʨʥʳʡ ʬʨʘʛʤʝʥʪ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʳ ʥʘʙʣʶʜʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢ ʄʄʇ. ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ 

ʠʟ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʷ ʬʝʥʠʣʴʥʦʛʦ ʷʜʨʘ ʚ ʤʝʪʘ-ʧʦʣʦʞʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ 

ʘʢʪʠʚʥʦʩʪʠ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ (ʊʘʙʣʠʮʘ 6, ʠʟʘʪʠʥ 90 (IC50 (ʄʄʇ-13) = 52.2 Ñ 0.9 ʤʢʄ). 

ʄʝʪʠʣ 5-(2,3-ʜʠʦʢʩʦʠʥʜʦʣʠʥ-5-ʠʣ)ʪʠʦʬʝʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (91) ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-13 (IC50 (ʄʄʇ-13) = 3.1 Ñ 3.0), ʠʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʠʜʝ ʩʣʦʞʥʦʛʦ ɻ ʬʠʨʘ ʵʪʦʪ ʠʟʘʪʠʥ ʦʢʘʟʘʣʩʷ ʘʢʪʠʚʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʠ ʢ ʄʄʇ-

2 (IC50 = 12 Ñ 6.0 ʤʢʄ), ʠ ʢ ʄʄʇ-8 (IC50 = 14.5 Ñ 2.5 ʤʢʄ), ʠ ʢ ʄʄʇ-9 (IC50 = 13 Ñ 3.0 ʤʢʄ). 
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ʈʠʩʫʥʦʢ 4. ʄʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʘʪʠʥʦʚ 16 (IC50 (ʄʄʇ-13) = 16.7 Ñ 1.0 ʤʢʄ) ʠ 91 

(IC50 (ʄʄʇ-13) = 3.1 Ñ 3.0 ʤʢʄ) ʩ ʄʄʇ (ɸ ʠ ɺ - ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʩ ʄʄʇ-

2, ʉ ʠ D - ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʩ- ʄʄʇ-13, ɽ - ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʨʠʣʠʟʘʪʠʥʘ 

91 ʩ ʄʄʇ-8) 
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ɸʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʨʫʢʪʫʨ ʥʦʚʳʭ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʬʘʨʤʘʢʦʬʦʨʥʦʡ 

ʤʦʜʝʣʴʶ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʟʘʤʝʪʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʪʨʝʭ ʘʢʮʝʧʪʦʨʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʪrʴ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʩʘʡʪʘ ʙʝʣʢʘ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 4, 

ʛʠʜʨʦʬʦʙʥʘʷ ʪʦʣʠʣʴʥʘʷ ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʷ 16 ʤʦʞʝʪ ʢʦʤʧʘʢʪʥʦ ʨʘʟʤʝʱʘʪʴʩʷ ʚ ʢʘʨʤʘʥʝ S1 

ʄʄʇ, ʘ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʬʨʘʛʤʝʥʪʝ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʠʟʘʪʠʥ 91) 

ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ 

Lys228 (ʜʣʷ ʄʄʇ-13) ʠ Arg222 (ʜʣʷ ʄʄʇ-8). 

ɼʣʷ ʚʩʝʭ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣʠʟʘʪʠʥʘ ʦʙʷʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʘʢʮʝʧʪʦʨʘ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʧʦʣʦʞʝʥʠʠ 

ʉ(2) ʠʟʘʪʠʥʘ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʬʨʘʛʤʝʥʪʘʤʠ Leu164 ʠ Ala165 (ʜʣʷ ʄʄʇ-2 ʠ 

ʄʄʇ-13). ʅʘʣʠʯʠʝ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʠʟʘʪʠʥʦʚʦʛʦ ʷʜʨʘ ʧʦʟʚʦʣʷʝʪ ʤʦʣʝʢʫʣʘʤ 5-

ʘʨʠʣʠʟʘʪʠʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ Glu202 (ʜʣʷ 

ʄʄʇ-13), Phe117 (ʄʄʇ-2) ʠ Glu198 (ʜʣʷ ʄʄʇ-8). ʆʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʘʨ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʠ ʥʝ ʠʤʝʶʱʠʭ ʟʘʤʝʩʪʠʪʝʣʠ ʫ ʘʪʦʤʘ ʘʟʦʪʘ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (16/26 ʠ 24/37). ʕʪʦ ʚʘʞʥʝʡʰʠʡ 

ʚʳʚʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ 

ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʢʠ/ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ ʠʥʛʠʙʠʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ. 

ʌʘʨʤʘʢʦʬʦʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʣʝʢʫʣ, ʧʨʦʷʚʠʚʰʠʭ ʚʳʨʘʞʝʥʥʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʢ ʄʄʇ ʚ ʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʜʚʫʭ 

ʘʢʮʝʧʪʦʨʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʣʝʢʫʣʘʤ ʟʘʥʠʤʘʪʴ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚʙʣʠʟʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʦʤʝʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʦʥʦʤ ʮʠʥʢʘ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʶʱʠʤ 

ʰʘʛʦʤ ʜʘʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣʳ 5-ʘʨʠʣʠʟʘʪʠʥʘ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʥʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʟʘʪʠʥʦʚʳʡ 

ʤʦʪʠʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʠʟʘʪʠʥʫ. 

ʍʠʤʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧ:r 1) ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʉ(3) ʠʟʘʪʠʥʦʚʦʛʦ ʷʜʨʘ; 2) ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ 5-ʘʨʠʣʠʟʘʪʠʥʘ. ʉʭʝʤʳ ʩʠʥʪʝʟʘ ʠ ʚʳʭʦʜʳ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʩʭʝʤʘʭ 16 ʠ 17. 
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ʉʭʝʤʘ 16. ʍʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ. 

ɺʳʙʦʨ ʩʫʙʩʪʨʘʪʦʚ 96 ʠ 97 ʢ ʩʠʥʪʝʟʫ (ʩʭʝʤʘ 16), ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ 

ʜʘʥʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʚʝʱʝʩʪʚʘ 74 (IC50 (ʄʄʇ-2) = 10.2 Ñ 2.4 ʤʢʄ, IC50 

(ʄʄʇ-13) = 15.8 Ñ 1.6 ÕM), ʚʚʝʜʝʥʠʝ ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʝ ʉ(3) ʠ ʉ(7) 

ʠʟʘʪʠʥʘ 74, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʜʦʣʞʥʦ ʙʳʣʦ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʫʣʫʯʰʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʉʠʥʪʝʟʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʩʭʝʤʘʭ 15-16 ʪʨʠʚʠʘʣʴʥʳ ʠ 

ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʦʩʪʝʡʰʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ: ʥʫʢʣʝʦʬʠʣʴʥʦʤ ʟʘʤʝʱʝʥʠʠ, ʨʝʘʢʮʠʷʭ 

ʢʦʥʜʝʥʩʘʮʠʠ ʠʣʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ (ʩʭʝʤʘ 17). 

ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 7, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʭʠʪʦʚ 16, 

74 ʠ 89, ʥʝ ʧʨʠʚʝʣʠ ʢ ʫʣʫʯʰʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʦʙʦʨʦʪ, ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʦʢʘʟʘʣʦ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ - ʚʩʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 93-98 ʦʢʘʟʘʣʠʩʴ ʥʝʘʢʪʠʚʥʳ ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʢʮʝʧʪʦʨʥʳʭ 

ʛʨʫʧʧ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʷʜʨʦ 5-ʘʨʠʣʠʟʘʪʠʥʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʘ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʉ(3) 
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ʠʟʘʪʠʥʘ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠ ʦʩʤʳʩʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 7. ʈʝʟʫʣʴʪʘʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ 94-98. 

ʉʪʨʫʢʪʫʨʘ IC50 (ʄʄʇ-2) 

ʤʢʄ 

IC50 (ʄʄʇ-8) 

ʤʢʄ 

IC50 (ʄʄʇ-9) 

ʤʢʄ 

IC50 (ʄʄʇ-13) 

ʤʢʄ 

94 >100 >100 >100 >100 

95 >100 >100 >100 >100 

96 >100 >100 >100 >100 

97 >100 >100 >100 >100 

98 >100 >100 >100 >100 

ʊʘʢʞʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ, ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 

ʩʠʥʪʝʟ ʨʘʮʝʤʠʯʝʩʢʠʭ 3-ʘʤʠʥʦʦʢʩʦʠʥʜʦʣʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʜʚʝ ʩʪʘʜʠʠ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ (ʩʭʝʤʘ 17) [167]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʥʪʝʟ 

ʦʢʩʠʤʦʚ ʠ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10% Pd/C ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʤʠʥʦʚ ʚʦʟʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʠʟʫʘʣʴʥʦ ʧʦ ʠʟʤʝʥʝʥʠʶ ʦʢʨʘʩʢʠ. ʀʩʭʦʜʥʳʡ ʠʟʘʪʠʥ 

ʩʥʘʯʘʣʘ ʨʘʩʪʚʦʨʷʶʪ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʶʪ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʠʷ ʠ ʛʠʜʨʦʭʣʦʨʠʜʘ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ (ʩʤ. ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ), ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʢʠʧʷʪʷʪ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ, ʟʘʪʝʤ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʦʢʩʠʤʘ, ʧʨʦʜʫʢʪ ʨʘʩʪʚʦʨʷʶʪ ʚ 

ʤʝʪʘʥʦʣʝ, ʥʘʩʳʱʝʥʥʦʤ HCl, ʜʦʙʘʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 10% Pd/C ʠ ʛʠʜʨʠʨʫʶʪ 

ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʚ ʘʚʪʦʢʣʘʚʝ [168]. 

ʇʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨ ʠʟʘʪʠʥʘ, ʦʢʨʘʰʝʥʥʳʡ ʚ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʠʟʙʳʪʢʦʤ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʤʝʥʷʝʪ ʩʚʦʶ ʦʢʨʘʩʢʫ ʠ ʩʪʘʥʦʚʠʪʩʷ 

ʩʚʝʪʣʦ-ʞʝʣʪʳʤ. ʇʦʩʣʝʜʫʶʱʝʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10% Pd/C ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʜʣʷ ʦʢʩʦʠʥʜʦʣʦʚ 99-104). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʛʠʜʨʠʨʦʚʘʥʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʛʝʥʦʣʠʟ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʭʣʦʨ (ʦʢʩʦʠʥʜʦʣ 99), ʘ ʪʘʢʞʝ ʥʝ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤ ʧʦʙʦʯʥʳʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ ʪʠʦʬʝʥʦʚʳʡ ʮʠʢʣ (ʦʢʩʦʠʥʜʦʣ 100), 

ʩʣʦʞʥʦʵʬʠʨʥʘʷ ʛʨʫʧʧʘ ʚ ʦʢʩʦʠʥʜʦʣʝ 103 ʪʘʢʞʝ ʩʦʭʨʘʥʷʝʪʩʷ. 
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ʉʭʝʤʘ 17. ʄʦʜʠʬʠʢʘʮʠʠ ʠʟʘʪʠʥʘ ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ-3 

ʈʝʟʫʣʴʪʘʪʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 99-104, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8 

ʊʘʙʣʠʮʘ 8. ʈʝʟʫʣʴʪʘʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ 99-104. 

ʉʪʨʫʢʪʫʨʘ IC50 (ʄʄʇ-2) 

ʤʢʄ 

IC50 (ʄʄʇ-8) 

ʤʢʄ 

IC50 (ʄʄʇ-9) 

ʤʢʄ 

IC50 (ʄʄʇ-13) 

ʤʢʄ 

99 20 Ñ 3.0 >100 64 Ñ 7.0 3.2 Ñ 2.0 

100 >100 >100 >100 19 Ñ 5.0 

101 31Ñ4.0 >100 >100 49Ñ1.2 

102 23.7 Ñ 2.7 97 Ñ 8.0 50 Ñ 4.0 3.4 Ñ 0.6 

103 14.3 Ñ 1.4 >100 79 Ñ 0.7 3.4 Ñ 1.0 

104 >100 >100 >100 >100 

ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 8, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʭʠʪʦʚ ʧʨʠ ʟʘʤʝʥʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʣʦʞʝʥʠʠ ʉ(3) ʠʟʘʪʠʥʘ ʥʘ ʘʤʠʥʦʛʨʫʧʧʫ, ʚ ʮʝʣʦʤ, ʥʝ 

ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ, ʜʣʷ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ (102 ʠ 103) 

ʫʜʘʣʦʩʴ ʫʣʫʯʰʠʪʴ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-13 ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

(ʩʭʝʤʘ 18). ʊʘʢʞʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʦʚʘʣʘ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3-ʘʤʠʥʦ-ʦʢʩʦʠʥʜʦʣʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʛʠʙʠʪʦʨʦʚ ʄʄʇ. ʅʘʰʘ ʨʘʙʦʪʘ ʙʳʣʘ ʧʝʨʚʦʡ ʥʘʫʯʥʦʡ ʧʫʙʣʠʢʘʮʠʝʡ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ 

ʧʨʠʚʝʜʝʥʳ ʵʪʠ ʜʘʥʥʳʝ [167]. 
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ʉʭʝʤʘ 18. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ 

ʅʘʙʣʶʜʘʝʤʦʝ ʫʣʫʯʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʥʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ 103 ʠ 89 ʩ ʄʄʇ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ (ʨʠʩʫʥʦʢ 5). 

ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʭʠʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-3 ʠʟʘʪʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, 

ʜʦʙʘʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʵʥʘʥʪʠʦʤʝʨʦʚ. 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʩʦʝʜʠʥʝʥʠʡ 89 ʠ 103 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʩʧʦʩʦʙʝ ʩʚʷʟʳʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 3-

ʘʤʠʥʦʦʢʩʠʥʜʦʣʠʥʘ ʩ MMʇ (ʨʠʩʫʥʦʢ 5). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 3-ʘʤʠʥʦ-5-ʘʨʠʣʦʢʩʠʥʜʦʣʠʥʘ, ʪʘʢʞʝ 
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ʢʘʢ ʠ 5-ʘʨʠʣʠʟʘʪʠʥʳ ʥʝ ʩʧʦʩʦʙʥʳ (ʧʦ ʩʪʝʨʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ) ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʩ ʘʪʦʤʦʤ 

ʮʠʥʢʘ. 

ʌʨʘʛʤʝʥʪ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʠ ʉ(2) ʠʟʘʪʠʥʘ 103 ʷʚʣʷʝʪʩʷ ʘʢʮʝʧʪʦʨʦʤ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʦʪ Leu164 ʠ Ala165. ɸʤʠʜʥʳʡ ʧʨʦʪʦʥ (N-H) ʷʚʣʷʝʪʩʷ ʜʦʥʦʨʦʤ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʢ ʢʘʨʙʦʢʩʠʣʘʪʫ Glu202, ʘ ʦʢʦʩʠʥʜʦʣʠʥʦʚʦʝ ʷʜʨʦ ʫʯʫʚʩʪʚʫʝʪ ʚ ˊ-ˊ 

ʩʪʝʢʠʥʛʝ ʩ His201 (ʜʣʷ ʄʄʇ-2 ʠ ʄʄʇ-13). ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʚʦʟʥʠʢʘʝʪ ʪʘʢʞʝ 

ʟʘ ʩʯʝʪ ʜʦʥʦʨʥʳʭ ʩʚʦʡʩʪʚ ʘʤʠʥʦʛʨʫʧʧʳ (ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʩ C=O -ʛʨʫʧʧʦʡ Pro221). 

 

ʈʠʩʫʥʦʢ 5 ʄʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʩʦʝʜʠʥʝʥʠʡ 89 (ʩʣʝʚʘ) ʠ 103 (ʩʧʨʘʚʘ) 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪ C=O ʚ ʠʟʘʪʠʥʝ 89 ʜʘʝʪ ʪʦʣʴʢʦ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ 

ʩ OH ʛʨʫʧʧʦʡ Thr247, ʘ ʘʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪ N-H ʷʚʣʷʝʪʩʷ ʜʦʥʦʨʦʤ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʢ C=O 

- ʛʨʫʧʧʝ Phe241. 

 

ʈʠʩʫʥʦʢ 6. ɻʝʦʤʝʪʨʠʷ ʩʚʷʟʳʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 103 ʚ: A) ʩʘʡʪʝ ʩʚʷʟʳʚʘʥʠʷ MMʇ-2 ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʄɼ); B) ð ʩʘʡʪ 

ʩʚʷʟʳʚʘʥʠʷ MMʇ-13 ʧʦʩʣʝ ʩʪʳʢʦʚʢʠ; C) ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ MMʇ-8  ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʜʣʷ ʨʘʩʯʝʪʘ ʄɼ. 
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ʊʘʢʞʝ ʥʘ ʨʠʩʫʥʢʝ 6 (ʄʄʇ-2) ʚʠʜʥʦ, ʯʪʦ ʢʘʨʙʦʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʩʣʦʞʥʦʵʬʠʨʥʦʡ 

ʛʨʫʧʧʳ ʦʢʩʦʠʥʜʦʣʠʥʘ 103 ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʦʩʪʘʪʢʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪʳ Thr227, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʘʨʙʦʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʵʪʦʛʦ ʞʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʘʡʪʝ 

ʄʄʇ-13 ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʦʩʪʘʪʢʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪʳ Glu202, ʪʘʢʞʝ, ʢʘʢ ʠ 

ʠʩʭʦʜʥʳʡ ʠʟʘʪʠʥ 89, ʧʨʠ ʵʪʦʤ ʢʘʨʙʦʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ (NHCO) ʥʝ 

ʫʯʫʚʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʥʛʠʙʠʪʦʨʘ 

103 ʚ ʩʘʡʪʝ ʄʄʇ-13 ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʠʥʦʛʨʫʧʧ rʚ ʉ(3) ʧʦʣʦʞʝʥʠʠ 

ʠʟʘʪʠʥʘ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʢʠʩʣʦʪ Pro215, Thr224 ʠ Ile222, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʳ ʩ His201 ʠ Phe217, ʪʘʢʞʝ 

ʠʟʘʪʠʥʦʚʦʝ ʷʜʨʦ ʫʯʫʚʩʪʚʫʝʪ ʚ ˊ-ˊ ʩʪʝʢʠʥʛʝ ʩ His201. ɼʣʷ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ 3-ʦʢʦʩʠʥʜʦʣʘ 

103 ʩ ʄʄʇ-8 ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʣʠʰʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ 

ʜʦʥʦʨʥʫʶ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʦʪ ʘʪʦʤʘ ʘʟʦʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʉ(3) ʧʦʣʦʞʝʥʠʠ ʠʥʜʦʣʠʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʩ ʦʩʪʘʪʢʘʤʠ ʢʠʩʣʦʪ Ala213 ʠ Pro211. 

ɼʣʷ ʩʪʨʫʢʪʫʨʳ 103 ʠ ʨʷʜʘ ʩʭʦʞʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʩʚʦʙʦʜʥʦʡ ʘʤʠʥʦ ʛʨʫʧʧʳ ʚ ʉ(3) ʧʦʣʦʞʝʥʠʠ ʦʢʩʦʠʥʜʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʫʣʫʯʰʘʝʪ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʩʘʡʪʦʤ ʄʄʇ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʄʄʇ-8 ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʦʩʪʘʪʢʦʤ ʘʤʠʥʦʢʠʩʣʦʪʳ Ala165 ʠ ʬʠʢʩʠʨʫʝʤ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʩʪʘʪʢʦʤ ʢʠʩʣʦʪʳ His201. 
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2.2.4 ʉʠʥʪʝʟ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʉʪʠʣʣʝ 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʩ ̫ ʵʬʬʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʝ ʧʦ 

ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʠ ʧʨʦʚʝʜʝʥʠʝ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-

ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɸʥʘʣʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠʚʝʣ ʥʘʩ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʥʘʤʠ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʙʠʙʣʠʦʪʝʢʘ ʤʘʣʳʭ ʤʦʣʝʢʫʣ 

ʪʨʝʙʫʝʪ ʨʘʩʰʠʨʝʥʠʷ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ 5-ʘʨʠʣʠʟʘʪʠʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʬʨʘʛʤʝʥʪʳ ʩ ʮʝʣʴʶ 

ʧʨʦʜʦʣʞʝʥʠʷ ʧʦʠʩʢʘ ʩʨʝʜʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʝʜʠʥʝʥʠʷ ʣʠʜʝʨʘ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʨʝʘʢʮʠʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦ ʉʫʟʫʢʠ, ʧʦʤʠʤʦ ʚʩʝʭ ʦʯʝʚʠʜʥʳʭ 

ʜʦʩʪʦʠʥʩʪʚ, ʪʘʢʠʭ ʢʘʢ: ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ, ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʚʦʜʳ, ʘ ʪʘʢʞʝ 

ʧʨʦʩʪʦʪʘ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʤʝʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʝʜʦʩʪʫʧʥʦʩʪʴʶ ʨʷʜʘ ʘʨʠʣʙʦʨʥr ʭ ʢʠʩʣʦʪ, ʩʣʦʞʥʦʩʪʴʶ ʠʭ ʩʠʥʪʝʟʘ, 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ ʚʩʝ ʵʪʠ 

ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʦʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʠ ʪʨʝʙʫʶʪ ʥʘʭʦʞʜʝʥʠʷ 

ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ. ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ, ʥʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʥʪʝʟʝ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʧʦʜʭʦʜ , ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦ ʉʪʠʣʣʝ [169, 170].  

ʈʝʘʢʮʠʶ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦ ʉʪʠʣʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘʭ: 

1) ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʠʥʪʝʟ ʘʨʠʣʩʪʘʥʘʥʦʚ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʘʣʣʘʜʠʡ-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʠ ʩ 5-ʡʦʜʠʟʘʪʠʥʦʤ (ʩʭʝʤʘ 19); ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ 

ʩʠʥʪʝʟ 5-ʪʨʠʙʫʪʠʣʩʪʘʥʥʠʣʠʟʘʪʠʥʘ 105 ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ ʩ ʘʨʠʣ(ʛʝʪʘʨʠʣ) ʙʨʦʤʠʜʘʤʠ. (ʩʭʝʤʘ 20). ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʩʝʨʴʝʟʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʡ ʥʘʨʘʙʦʪʢʠ ʙʠʙʣʠʦʪʝʢʠ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʪʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʨʠʣʩʪʘʥʘʪʦʚ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʚʳʧʦʣʥʝʥʠʝ ʙʦʣʴʰʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ. 

 

ʉʭʝʤʘ 19. ʉʧʦʩʦʙ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ ʧʦ ʨʝʘʢʮʠʠ ʉʪʠʣʣʝ. 
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ʉʭʝʤʘ 20. ʉʠʥʪʝʟʘ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʧʦ ʨʝʘʢʮʠʠ ʉʪʠʣʣʝ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʙʦʣʝʝ ʫʜʦʙʝʥ ʜʣʷ ʩʠʥʪʝʟʘ ʙʠʙʣʠʦʪʝʢ ʤʘʣʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, 

ʪʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʦʜʥʦ ʦʙʱʝʝ ʠʩʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ï ʪʨʠʙʫʪʠʣʩʪʘʥʘʪʠʟʘʪʠʥʘ 

(105) ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʙʨʦʤʠʜʘʤʠ ʠʣʠ ʠʦʜʠʜʘʤʠ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 105 ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ [171]. ʄʦʜʠʬʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ (ʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʣʠʛʘʥʜʦʚ) ʧʦʟʚʦʣʠʣʦ ʥʘʡʪʠ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 105 (ʪʘʙʣʠʮʘ 9). 

ʊʘʙʣʠʮʘ 9. ɺʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʧʨʠ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʷ 105 

 ʈʘʩʪʚʦʨʠʪʝʣʴ ʂʘʪʘʣʠʟʘʪʦʨ ʃʠʛʘʥʜ ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʉ 

ɺʨʝʤʷ 

(ʯ) 

ɺʳʭʦʜ 

ʨʝʘʢʮʠʠ (%) 

1 ɼʄʌ Pd(dba)2 dppf 50/90/110 12 0/10/15 

2 ɼʄʌ Pd(dba)2 Ph3P 50/90/110 12 9/20/35 

4 ɼʄʌ Pd(Ph3P)4 - 50/90/110 12 0/0/0 

5 ʊʦʣʫʦʣ Pd(dba)2 dppf 50/90/110 12 0/0/7 

6 ʊʦʣʫʦʣ Pd(dba)2 Ph3P 50/90/110 12 0/9/15 

8 ʊʦʣʫʦʣ Pd(Ph3P)4 - 50/90/110 12 0/0/0 

9 ʕʪʘʥʦʣ Pd(dba)2 dppf 50/78 12 0/0/2 

10 ʕʪʘʥʦʣ Pd(dba)2 Ph3P 50/78 12 0/0/5 

11 ʕʪʘʥʦʣ Pd(Ph3P)4 - 50/78 12 0/0/0 

12 ɼʠʦʢʩʘʥ Pd(dba)2 dppf 50/80/100 12 0/4/10 

13 ɼʠʦʢʩʘʥ Pd(dba)2 Ph3P 50/80/100 12 0/4/10 

15 ɼʠʦʢʩʘʥ Pd(Ph3P)4 - 50/80/100 12 0/0/0 

ɹ ʣrʠ ʥʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʛʨʘʤʤʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʠʟʘʪʠʥʘ 105 ʩ ʚʳʭʦʜʦʤ 27% (ʩʭʝʤʘ 

21). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 105. 
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ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ ʬʘʢʪ, ʯʪʦ ʠʩʭʦʜʥʳʡ 5-ʡʦʜʠʟʘʪʠʥ ʷʚʣʷʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʤ ʨʝʘʛʝʥʪʦʤ, ʘ ʧʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 105 ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʩʠʥʪʝʟʝ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʥʘʤʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʯʪʦ ʜʘʥʥʳʡ 

ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʩʠʥʪʝʟʘ ʨʷʜʘ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ. 

 

ʉʭʝʤʘ 21. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 105. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ, ʩʪʘʣʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦ 

ʉʪʠʣʣʝ (ʩʭʝʤʘ 22) ʠʟʘʪʠʥʘ 105 ʠ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 4-ʙʨʦʤʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʜʘʥʥʳʡ 

ʙʨʦʤʠʜ ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘ). ɺʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 10. 

ʊʘʙʣʠʮʘ 10. ɺʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʉʪʠʣʣʝ. 

 ʂʘʪʘʣʠʟʘʪʦʨ ʈʘʩʪʚʦʨʠʪʝʣʴ ʃʠʛʘʥʜ ʊʝʤʧʝʨʘʪʫʨʘ 

oC 

ɺʳʭʦʜ % 

1 Pd(dba)2 ɼʄʌ CyJohnPhos 100 54 

2 Pd(dba)2 ɼʄʌ XantPhos 100 23 

3 Pd(dba)2 ɼʄʌ dppf 100 12 

4 Pd(dba)2 ɼʄʌ XPhos 100 20 

5 Pd(Ph3P)2Cl2 ʕʪʘʥʦʣ-ɺʦʜʘ 

(1-1) 

- ʊ.ʢʠʧ. 0 

6 Pd(Ph3P)2Cl2 ɼʄʌ - 100 0 

7 Pd(Ph3P)4 ʕʪʘʥʦʣ-ɺʦʜʘ 

(1-1) 

- ʊ.ʢʠʧ. 0 

8 Pd(Ph3P)4 ɼʄʌ - 100 0 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ 

ʩʠʥʪʝʟʘ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʨʠʩ(ʜʠʙʝʥʟʠʣʠʜʝʥʘʮʝʪʦʥ)ʜʠʧʘʣʣʘʜʠʡ(0) (Pd(dba)2) ʠ ʣʠʛʘʥʜʘ 2-

(ɼʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥʦ)ʙʠʬʝʥʠʣʘ (CyJohnPhos) (ʩʭʝʤʘ 22). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʠʛʘʥʜ 
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CyJohnPhos ʫʩʪʦʡʯʠʚ ʥʘ ʚʦʟʜʫʭʝ ʠʟ-ʟʘ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʝʛʦ ʦʢʠʩʣʝʥʠʝ ʜʦ ʦʢʩʠʜʦʚ ʬʦʩʬʠʥʘ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ CyJohnPhos ʠ 

Pd(dba)2, ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ ʩ ʘʨʠʣʙʦʨʥrʤʠ ʢʠʩʣʦʪʘʤʠ, ʘʤʠʥʘʤʠ ʠ ʘʨʠʣʢʝʪʦʥʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʉʫʟʫʢʠ-ʄʠʷʫʨʳ, ʨʝʘʢʮʠʠ ɹʫʭʚʘʣʴʜʘ-ʍʘʨʪʚʠʛʘ ʠ ʨʝʘʢʮʠʠ ʉʪʠʣʣʝ. 

 

ʉʭʝʤʘ 22. ʈʝʘʢʮʠʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦ ʉʪʠʣʣʝ. 

ɺ ʪʘʙʣʠʮʝ 11 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʠʙʣʠʦʪʝʢʘ ʩʦʝʜʠʥʝʥʠʡ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʉʪʠʣʣʝ. 

ʊʘʙʣʠʮʘ 11. ʉʧʠʩʦʢ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣʠʟʘʪʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʘʢʮʠʠ ʉʪʠʣʣʝ. 

ʅʦʤʝʨ ʈʘʜʠʢʘʣ

 

ɺʳʭʦʜ, % ʅʦʤʝʨ ʈʘʜʠʢʘʣ

 

ɺʳʭʦʜ, % 

85 

 

54 110 

 

34 

106 

 

58 111 

 

30 

107 

 

12 112 

 

12 

108 

 

43 113 

 

28 

109 

 

59 114 

 

39 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʣʝʢʫʣʘ 119 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ (ʠʟ 5-ʪʠʘʟʦʣʙʦʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ) ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʜʭʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʩʭʝʤʝ 23. 

 

 

ʉʭʝʤʘ 23. ʉʠʥʪʝʟ 5-(5-ʪʠʘʟʦʣ-ʠʣ)ʠʟʘʪʠʥʘ. 

ʊʘʙʣʠʮʘ 12. ʈʝʟʫʣʴʪʘʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ 85, 106-114. 

ʉʪʨʫʢʪʫʨʘ IC50 (ʄʄʇ-2) 

ʤʢʄ 

C50 (ʄʄʇ-8) 

ʤʢʄ 

C50 (ʄʄʇ-9) 

ʤʢʄ 

C50 (ʄʄʇ-13) 

ʤʢʄ 

85 >100 >100 >100 >100 

106 18.7 Ñ 0.5 >100 >100 >100 

107 >100 >100 >100 >100 

108 26.9 Ñ 1.0 >100 >100 >100 

109 >100 >100 >100 >100 

110 55.3 Ñ 3.7 >100 >100 >100 

111 21.1 Ñ 1.6 >100 >100 >100 

112 >100 >100 >100 >100 

113 >100 >100 >100 >100 

114 >100 >100 >100 >100 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 12, ʧʦʧʳʪʢʘ ʦʙʲʝʜʠʥʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ 

ʚʳʩʦʢʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 5-ʘʨʠʣʠʟʘʪʠʥʘʭ, ʥʠ ʧʨʠʚʝʣʘ ʧʦʚʳʰʝʥʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʩʭʝʤʘ 24). 
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ʉʭʝʤʘ 24. ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ. 
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2.2.5 ʉʠʥʪʝʟ ʙʠʘʨʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʝʢʦʪʦʨʳʝ ʠʟʘʪʠʥʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʚʳʨʘʞʝʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, 

ʢʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʢʝʪʦʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʠ ʉ(3) ʤʦʣʝʢʫʣʳ ʠʟʘʪʠʥʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʘʪʴ ʦʙʱʫʶ ʤʝʜʭʠʤʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ 

ʤʦʣʝʢʫʣʳ ʣʠʜʝʨʘ, ʪʘʢ ʢʘʢ ʥʘʣʠʯʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ ʢʝʪʦʛʨʫʧʧʳ ʚ 

ʧʨʦʣʝʢʘʨʩʪʚʘʭ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ [172]. ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʵʪʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ, ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʘʥʘʣʦʛʦʚ ʩʦʝʜʠʥʝʥʠʷ 63, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʠʟʘʪʠʥʦʚʦʛʦ ̫ ʜʨʘ (ʩʭʝʤʘ 25). ɼʣʷ 

ʩʠʥʪʝʟʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʚʨʘʱʝʥʠʷ [173], ʢʦʪʦʨʳʝ ʥʝ 

ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʤʝʥʪʘʨʠʝʚ ʠ ʨʘʟʲʷʩʥʝʥʠʡ. ɺ ʪʘʙʣʠʮʝ 13, ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ 

IC50, ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

. 

 

ʉʭʝʤʘ 25. ɸʥʘʣʦʛʠ ʩʦʝʜʠʥʝʥʠʷ 23, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʠʟʘʪʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 
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ʊʘʙʣʠʮʘ 13. ʈʝʟʫʣʴʪʘʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ 120 ï 121, 126. 

ʉʪʨʫʢʪʫʨʘ IC50 (ʄʄʇ-2) 

ʤʢʄ 

IC50 (ʄʄʇ-8) 

ʤʢʄ 

IC50 (ʄʄʇ-9) 

ʤʢʄ 

IC50 (ʄʄʇ-13) 

ʤʢʄ 

120 >100 >100 >100 >100 

121 11.0 Ñ 2.0 50.0 Ñ 0.5 >100 3.0 Ñ 0.3 

122 >100 >100 >100 >100 

125 >100 >100 >100 >100 

126 >100 >100 >100 >100 

 

 

ʈʠʩʫʥʦʢ 7. ʄʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ ʩʦʝʜʠʥʝʥʠʡ 121: ɸ-ʄʄʇ-2, ɺ-ʄʄʇ-13, ʉ-ʄʄʇ-8 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 7 (ʬʨʘʛʤʝʥʪ ɸ, ʘʢʪʠʚʥʳʡ ʩʘʡʪ ʄʄʇ-2) ʢʘʨʙʦʥʠʣʴʥʳʡ 

ʬʨʘʛʤʝʥʪ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʷ 121 ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʩ 

ʬʨʘʛʤʝʥʪʦʤ ʘʤʠʥʦʢʠʩʣʦʪʳ Leu164, ʘʪʦʤ ʘʟʦʪʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ 

ʩ ʦʩʪʘʪʢʦʤ ʘʤʠʥʦʢʠʩʣʦʪʳ Glu202, ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

His201. ɼʣʷ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʚ ʄʄʇ-13 ʤʳ ʥʘʙʣʶʜʘʝʤ ʪʦʣʴʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʠ ʩ ʦʩʪʘʪʢʦʤ ʘʤʠʥʦʢʠʩʣʦʪʳ Ala161 ʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ His198. ɼʣʷ 

ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʚ ʄʄʇ-8 ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʦʩʪʘʪʢʦʤ 

ʘʤʠʥʦʢʠʩʣʦʪʳ Ala165 ʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ His201. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʜʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʵʬʠʨʘ 121 ʚ ʩʘʡʪʝ 
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ʩʚʷʟʳʚʘʥʠʷ ʄʄʇ-13 ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʘʡʪʝ 

ʩʚʷʟʳʚʘʥʠʷ ʄʄʇ-2, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʫʚʝʣʠʯʝʥʠʝ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʄʄʇ-13. 

ɿʘʤʝʥʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʥʘ ʘʤʠʥʦʛʨʫʧʧʫ (ʬʝʥʠʣʝʥʜʠʘʤʠʥ 125) ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʧʳʪʢʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ 

ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʙʝʥʟʦʠʤʠʜʘʟʦʣ 126 ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʞʝʣʘʝʤʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ ï ʧʨʦʠʟʚʦʜʥʳʝ ʘʨʠʣʙʝʥʟʠʤʠʜʘʟʦʣʘ, ʚ ʦʪʣʠʯʠʠ ʦʪ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʠ 3-ʘʤʠʥʦ-3-

ʘʨʠʣʠʥʜʦʣʠʥʦʚ ʦʢʘʟʘʣʠʩʴ ʥʝʘʢʪʠʚʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ-2, ʄʄʇ-8 ʠ ʄʄʇ-13. 

ʅʘʭʦʞʜʝʥʠʝ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ï ʧʨʦʠʟʚʦʜʥʳʭ 

5-ʘʨʠʣʠʟʘʪʠʥʘ ʠ 3-ʘʤʠʥʦ-2-ʦʢʩʦʠʥʜʦʣʠʥ-2-ʦʥʘ, ʦʙʣʘʜʘʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʄʄʇ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʧʨʘʚʥʫʶ ʪʦʯʢʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʣʝʢʪʠʚʥʳʭ ʮʠʥʢ ʥʝ 

ʩʚʷʟʳʚʘʶʱʠʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ MMʇ-2 ʠ MMʇ-13, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝʤ ʦʧʫʭʦʣʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʪʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ.  

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʚʷʱʸʥʥʳʭ ʤʘʪʨʠʢʩʥʳʤ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘʤ ʠ ʠʭ 

ʠʥʛʠʙʠʪʦʨʘʤ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʬʝʨʤʝʥʪʳ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʠʰʝʥʷʤʠ ʧʨʠ ʧʦʠʩʢʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʣʝʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʘ ʜʘʣʴʥʝʡʰʘʷ ʨʘʟʨʘʙʦʪʢʘ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʠ ʧʦ 

ʧʦʠʩʢʫ ʢʣʠʥʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʥʝ ʚʚʝʜʝʥʦ ʥʠ ʦʜʥʦʛʦ 

ʠʥʛʠʙʠʪʦʨʘ ʄʄʇ. 

 

  



103 

 

2.2.6 ʉʠʥʪʝʟ ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʜʘʥʥʳʭ ʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ 

ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 

ʜʠʦʢʩʦʣʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʧʨʝʧʘʨʘʪʘʭ [174, 175, 176]. ʅʘʤʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʧʨʦʚʝʜʝʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠ ʁʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ 73 ʠ 104 ʥʘ 

ʢʫʣʴʪʫʨʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ HCT116 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ ʯʝʣʦʚʝʢʘ). ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ 5-ʘʨʠʣʠʟʘʪʠʥʘ 73 (IC50  = 5.58 Ñ 0.2 ʤʢʄ). 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʧʦʠʩʢ ʚʳʷʚʠʣ ʩʨʝʜʠ ʦʧʠʩʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ, ʚʦ-ʧʝʨʚʳʭ, 

ʩʝʨʠʶ ʠʟʘʪʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 5,7-ʜʠʙʨʦʤʠʟʘʪʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʜʣʷ 

ʤʥʦʛʠʭ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʢʣʝʪʦʯʥʦʛʦ 

ʙʝʣʢʘ ʪʫʙʫʣʠʥʘ, ʧʨʠʯʝʤ, ʩʫʜʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʪʫʙʫʣʠʥ-ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʘʛʝʥʪʘʤʠ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʢʦʣʭʠʮʠʥʦʚʳʤ ʩʘʡʪʦʤ ʙʝʣʢʘ [177]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ 5-ʘʨʠʣʠʟʘʪʠʥ ʩ 

ʘʣʢʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʫ ʘʪʦʤʘ ʘʟʦʪʘ ʠʟʘʪʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʧʨʦʷʚʠʚʰʠʡ ʚʳʩʦʢʫʶ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʩʧʦʩʦʙʥʳʡ ʚʳʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ ʠ ʦʙʣʘʜʘʶʱʠʡ ʘʥʪʠʘʥʛʠʦʛʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ [178]. ɺʜʦʭʥʦʚʣʝʥʥʳʝ ʵʪʠʤʠ 

ʩʚʝʜʝʥʠʷʤʠ ʠ ʧʝʨʚʠʯʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʤʳ ʨʝʰʠʣʠ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ 

ʙʠʙʣʠʦʪʝʢʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣʦʚʳʡ 

ʬʨʘʛʤʝʥʪ (ʩʭʝʤʘ 26). 
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ʉʭʝʤʘ 26. ʉʠʥʪʝʟ ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷ 73. 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ ʩʪʘʣʘ ʧʦʧʳʪʢʘ ʩʠʥʪʝʟʘ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʧʦ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣʦʚʳʡ 

ʬʨʘʛʤʝʥʪ. ʄʳ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʠʣʠ ʩʠʥʪʝʟ ʙʠʘʨʠʣʴʥʳʭ ʘʥʠʣʠʥʦʚ 129-132 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʠ ʪʨʝʭʩʪʘʜʠʡʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʩʭʝʤʘ 26). ʊʘʢʞʝ ʥʘʤʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʠʟʘʪʠʥʘ 73 ʠ 3-ʘʤʠʥʦʦʢʩʠʥʜʦʣʠʥʘ 104, ʩʦʜʝʨʞʘʱʠʭ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʷʜʨʘ ʦʩʪʘʪʢʠ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʩʭʝʤʘ 27). 
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ʉʭʝʤʘ 27. ʍʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʠʟʘʪʠʥʘ 73 ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ(3) ʠ N(1) ʠʟʘʪʠʥʦʚʦʛʦ 

ʷʜʨʘ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʧʪʠʤʠʟʘʮʠʷ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʠʰʝʥʠ, ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʢʣʝʪʦʯʥʳʭ 

ʤʦʜʝʣʷʭ ʩ ʥʘʠʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʭʠʤʠʯʝʩʢʠʤ ʢʣʘʩʩʘʤ ʠʟʫʯʘʝʤʳʭ ʤʦʣʝʢʫʣ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ, ʨʘʟʥʠʮʘ ʚ ʫʨʦʚʥʷʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʤʦʜʝʣʷʭ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʧʨʘʚʠʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʣʝʢʫʣʳ ʠ ʧʦʜʪʚʝʨʜʠʪʴ (ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ) ʛʠʧʦʪʝʟʫ ʦ ʤʝʭʘʥʠʟʤʝ ʜʝʡʩʪʚʠʷ ʠ ʚʳʙʦʨʝ 

ʤʠʰʝʥʠ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʥʘ ʢʫʣʴʪʫʨʘʭ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ in vitro ̫ ʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʵʪʘʧʦʤ ʦʪʙʦʨʘ ʧʝʨʝʜ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʞʠʚʦʪʥʳʭ in vivo, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʩʪʠʨʦʚʘʥʠʝ in vitro ï ʥʝʦʙʭʦʜʠʤʳʡ ʵʪʘʧ ʥʘ ʧʫʪʠ, 

ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʷʪ ʥʦʚʳʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʧʨʝʧʘʨʘʪʳ-ʢʘʥʜʠʜʘʪʳ ʦʪ ʩʪʘʜʠʠ ʜʠʟʘʡʥʘ ʜʦ 

ʩʪʘʜʠʠ ʚʚʝʜʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ. ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʧʨʠ ʩʢʨʠʥʠʥʛʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʤʦʣʝʢʫʣ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʠʭ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʚʘ ʪʘʢʠʭ ʤʝʪʦʜʘ (ʄʊʊ ʪʝʩʪ ʜʣʷ ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢʣʝʪʦʢ ʠ 

ʪʝʩʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʘʟʫʨʠʥʘ ʜʣʷ ʩʫʩʧʝʥʟʠʦʥʥʳʭ ʢʣʝʪʦʢ) ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʥʘʰʝʡ 

ʨʘʙʦʪʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 

ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣʦʚʳʡ ʬʨʘʛʤʝʥʪ (63, 73, 103, 133, 134, 91 ʠ 121).  
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ʎʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ HCT116 (ʚ 

ʩʠʣʫ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ) ʚ ʄʊʊ-ʪʝʩʪʝ (ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ʁʞʝʣʪʦʡ 

ʩʦʣʠ 3-4,5-ʜʠʤʝʪʠʣʪʠʘʟʦʣ-2-ʠʣ-2,5-ʜʠʬʝʥʠʣʪʝʨʘʨʘʟʦʣʘ ʚ ʪʝʤʥʦ-ʩʠʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʬʦʨʤʘʟʘʥ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʦʡ (NADH) ʞʠʚʳʭ ʢʣʝʪʦʢ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ 

IC50. ʇʨʦʮʝʥʪ ʢʣʝʪʦʢ, ʚʳʞʠʚʰʠʭ ʧʨʠ ʜʝʡʩʪʚʠʠ ʢʘʞʜʦʡ ʜʦʟʳ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʘʢ 

ʯʘʩʪʥʦʝ ʦʪ ʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʣʫʥʢʘʭ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ ʜʘʥʥʦʡ 

ʜʦʟʦʡ ʢ ʩʨʝʜʥʝʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʣʫʥʦʢ (ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʧʨʠʥʷʪʳ 

ʟʘ 100%).  

ʀʟ ʩʝʤʠ ʩʦʝʜʠʥʝʥʠʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʚʩʝʛʦ ʣʠʰʴ ʯʝʪʳʨʝ ʩʦʝʜʠʥʝʥʠʷ: 73 

(BB0281163), 103 (BB0281164), 133 (BB0281165), 134 (BB0281166). ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8 ʠ ʚ ʪʘʙʣʠʮʝ 14.  

M T T , 7 2  h o u rs  c o m p . 2 -5 , D o x o ru b ic in
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ʈʠʩʫʥʦʢ 8. ʂʨʠʚʳʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʢʣʝʪʦʢ HCT116 ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï ʜʦʢʩʦʨʫʙʠʮʠʥʘ. 
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ʊʘʙʣʠʮʘ 14. ɼʘʥʥʳʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. 

ʉʦʝʜʠʥʝʥʠʝ 
IC50 (HCT116) 

ʤʢʄ 
ʉʦʝʜʠʥʝʥʠʝ 

IC50 (HCT116) 

ʤʢʄ 

63 19.16 Ñ 1.0 134 2.11 Ñ 0.6 

73 5.58 Ñ 0.2 91 9.54 Ñ 0.9 

103 0.74 Ñ 0.2 121 24.51 Ñ 1.1 

133 0.34 Ñ 0.8 Doxorubicin 1.13 Ñ 0.2 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʧʣʘʥʠʨʫʝʤ ʥʘʤʠ ʧʣʘʥʠʨʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ. 

ʅʘʤʠ ʙʳʣ ʚʳʷʚʣʝʥ ʨʷʜ ʥʝʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 5-ʘʨʠʣʠʟʘʪʠʥʦʚ ʩ 

ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ (ʩʭʝʤʘ 28). ʆʪʜʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʦʝʜʠʥʝʥʠʝ 133, 

ʧʨʦʷʚʣʷʶʱʝʛʦ ʥʘʥʦʤʦʣʷʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤ HCT 116. 

 

   

ʉʭʝʤʘ 28. ʉʪʨʫʢʪʫʨʳ, ʧʨʦʷʚʠʚʰʠʝ ʘʢʪʠʚʥʦʩʪʴ 
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2.2.7 ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʩʧʠʨʦ[ʠʥʜʦʣʠʥ-3,3'-ʧʠʨʦʣʠʜʠʥ]-2-ʦʥʘ. 

ɺ ʨʘʤʢʘʭ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʥʘʤʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʳ ʠʟʘʪʠʥʘ 73. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷʭ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʤʦʣʝʢʫʣʫ ʘʤʠʥʦʛʨʫʧʧʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʠʟʚʝʩʪʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʟʘ ʩʯʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʟʘʪʠʥʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʠʨʦʠʥʜʦʣʠʥʳ, ʧʦʩʪʨʦʝʥʠʝ ʩʧʠʨʦʮʠʢʣʘ ʥʘ ʦʩʥʦʚʝ ʠʟʘʪʠʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦ, ʧʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ, ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚʚʝʜʝʥʠʝ ʩʧʠʨʦʮʠʢʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʚʝʣʠʯʝʥʠʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʤʠʰʝʥʴʶ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʧʠʨʦʮʠʢʣʦʚ, ʧʦʤʠʤʦ ʢʣʘʩʩʠʯʝʩʢʠʭ [3,3]-ʩʠʛʤʘʪʨʦʧʥʳʭ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ [177], ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʨʝʘʢʮʠʠ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʠʷ (3+2, 4+2 ʠ ʪ.ʜ) [179, 180]. ɺʳʙʦʨ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʩʧʠʨʦʮʠʢʣʘ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ. ʄʳ ʦʩʪʘʥʦʚʠʣʠ ʩʚʦʡ ʚʳʙʦʨ ʥʘ ʩʠʥʪʝʟʝ 

ʧʷʪʠʯʣʝʥʥʦʛʦ ʩʧʠʨʦʮʠʢʣʘ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʥʜʝʤʘ ʨʝʘʢʮʠʡ [3+2]- 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʨʝʘʢʮʠʠ ʍʝʢʘ (ʩʭʝʤʘ 29). 
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ʉʭʝʤʘ 29. ʉʠʥʪʝʟ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʥʘʤʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʩʧʠʨʦʦʢʩʠʥʜʦʣʠʥʦʚ 140-143.  

ʉʪʝʨʝʦʭʠʤʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʨʫʧʧ ʚ ʮʝʣʝʚʳʭ 

ʤʦʣʝʢʫʣʘʭ ʙʳʣʘ ʧʨʠʧʠʩʘʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [177]. ɼʘʥʥʳʝ ʈʉɸ ʜʣʷ 
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ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʤʠ ʢʨʠʩʪʘʣʣʘ ʩʦʝʜʠʥʝʥʠʷ 142 (ʨʠʩʫʥʦʢ 9) ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ 

ʩʪʨʝʨʝʦʭʠʤʠʶ. 

 

ʈʠʩʫʥʦʢ 9. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʠʨʦʦʢʩʠʥʜʦʣʠʥʘ 142 (ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ). 

ʅʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʧʦʢʘʟʘʥʳ ʚ ʚʠʜʝ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 50%.  

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʠʥʪʝʟʝ ʨʘʮʝʤʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʯʝʪʳʨʝʭ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʧʘʨ ʩʧʠʨʦʦʢʩʠʥʜʦʣʠʥʘ 142, 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʪʨʦʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. ɼʣʷ ʩʠʥʪʝʟʘ ʩʧʠʨʦʮʠʢʣʘ 140 ʥʘʤʠ ʙʳʣ ʚʟʷʪ ʛʠʜʨʦʭʣʦʨʠʜ ʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ L-ʘʣʘʥʠʥʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 10, ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʜʠʘʩʪʝʨʝʦʤʝʨʥʫʶ ʧʘʨʫ. ɿʝʣʸʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʩʠʛʥʘʣʳ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʧʠʨʦ-ʮʠʢʣʘ. 
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ʈʠʩʫʥʦʢ 10. ʌʨʘʛʤʝʥʪ 1ʅ ʗʄʈ ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʷ 140 

ʅʘʤʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʩʧʠʨʦʮʠʢʣʘ 147, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʠʟʘʪʠʥʘ 73. ʊʘʢ ʢʘʢ 

ʥʘʠʙʦʣʴʰʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʬʨʘʛʤʝʥʪʘ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [177], ʪʦ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʜʝʛʠʜʘ ʥʘʤʠ ʙʳʣ 

ʚʟʷʪ 3-ʧʠʨʠʜʠʥʢʘʨʙʘʣʴʜʝʛʠʜʦʤ (ʩʭʝʤʘ 30). ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʮʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 140-143 ʧʦ ʦʧʠʩʘʥʥʦʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʘʤ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʳ 

ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʠ ʠʟʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʠ ʠ ʜʦʙʠʣʠʩʴ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ. ʊʘʢ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʚ ʩʠʥʪʝʟʝ 

ʩʧʠʨʦʮʠʢʣʘ 147 ʚʤʝʩʪʦ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʥʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ CyJohnPhos, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ, ʫʧʨʦʩʪʠʪʴ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʘ 

ʠ ʫʚʝʣʠʯʠʪʴ ʟʘʛʨʫʟʢʠ. 
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ʉʭʝʤʘ 30. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 147. 

ɺ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʷ 147 ʤʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʠʜʨʦʭʣʦʨʠʜ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ L-

ʘʣʘʥʠʥʘ, ʮʝʣʝʚʘʷ ʤʦʣʝʢʫʣʘ 147 ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʥʝʨʘʟʜʝʣʠʤʫʶ ʩʤʝʩʴ ʜʚʫʭ 

ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʧʘʨ.  
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2.3 ʉʦʝʜʠʥʝʥʠʷ - ʣʠʜʝʨʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 5-

ʘʨʠʣ(ʛʝʪʘʨʠʣ)-2-ʦʢʩʦʠʥʜʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʧʦʣʦʞʝʥʠʠ ʉ(3) ʠʥʜʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ ʦʪ 

ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʠʟʘʪʠʥʦʚʦʤ ʮʠʢʣʝ (ʙʦʣʝʝ 70 ʩʦʝʜʠʥʝʥʠʡ). ʅʘʤʠ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ 

ʬʝʨʤʝʥʪʘʤʠ ʩʝʤʝʡʩʪʚʘ ʄʄʇ) ʚ ʦʪʥʦʰʝʥʠʠ ʄʄʇ-2, -8 ʠ -13, ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ 

ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣ(ʛʝʪʘʨʠʣ)-3-ʘʤʠʥʦ-2-ʦʢʩʦʠʥʜʦʣʘ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 103 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʜʚʫʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʄʄʇ-2 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʣʠʜʝʨʦʤ, ʘ ʟʘʤʝʥʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʥʘ 

ʘʤʠʥʦʛʨʫʧʧʫ ʚ ʧʦʣʦʞʝʥʠʠ ʉ(3) ʠʟʘʪʠʥʦʚʦʛʦ ʷʜʨʘ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

(ʩʭʝʤʘ 31). ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʠʟʘʪʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʭʝʤʦʪʠʧʘ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ, ʥʦʩʠʪ ʧʠʦʥʝʨʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʥʘʥʦʤʦʣʷʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʷʜʫ ʄʄʇ, ʜʘʥʥʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʤʝʜʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ. 

 

ʉʭʝʤʘ 31. ʉʧʠʩʦʢ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʠʚʰʠʭ ʟʥʘʯʠʤʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʄʄʇ 




































































































































































