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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

 

ADME ï Absorption, Distribution, Metabolism, Excretion (ʘʙʩʦʨʙʮʠʷ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʤʝʪʘʙʦʣʠʟʤ ʠ ʚʳʜʝʣʝʥʠʝ ʣʝʢʘʨʩʪʚʘ) 

ADP P2Y12 ʨʝʮʝʧʪʦʨ ï ʨʝʮʝʧʪʦʨ ʘʢʪʠʚʘʮʠʠ ʪʨʦʤʙʦʮʠʪʦʚ 

CPF ï ʢʘʨʧʨʦʬʝʥ 

FBP ï ʬʣʫʨʙʠʧʨʦʬʝʥ 

H+/K+-ATʌʘʟʘ ï ʚʦʜʦʨʦʜʥʦ-ʢʘʣʠʝʚʘʷ ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪʘʟʘ 

HMG CoA-ʨʝʜʫʢʪʘʟʘ ï 3-ʛʠʜʨʦʢʩʠ-3-ʤʝʪʠʣʛʣʶʪʘʨʠʣ-ʢʦʬʝʨʤʝʥʪ ɸ ʨʝʜʫʢʪʘʟʘ 

KP ï ʢʝʪʦʧʨʦʬʝʥ 

NAP ï ʥʘʬʪʘʣʠʥ 

NPX ʠʣʠ 1 ï ʥʘʧʨʦʢʩʝʥ  

OXT ï ʦʢʩʝʪʘʥ 

Pyr ï N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥ  

(R,S)-/(S,S)-NPX-AA-Pyr ʠʣʠ 3a/ 3b ï ʜʠʘʜʘ ʩ ʛʠʙʢʠʤ ʤʦʩʪʠʢʦʤ 

(R,S)-/(S,S)-NPX-CyAA-Pyr ʠʣʠ 4a/ 4b ï ʜʠʘʜʘ ʩ ʞʸʩʪʢʠʤ ʤʦʩʪʠʢʦʤ 

(R,S)-/(S,S)-NPX-Pyr ʠʣʠ 2a/ 2b ï ʜʠʘʜʘ ʩ ʢʦʨʦʪʢʠʤ ʤʦʩʪʠʢʦʤ  

SAR ï ʚʟʘʠʤʦʩʚʷʟʴ ʩʪʨʫʢʪʫʨʳ ʠ ʘʢʪʠʚʥʦʩʪʠ ʣʝʢʘʨʩʪʚʘ çstructure-activity 

relationshipè 

ɸʇʌ ï ʘʥʛʠʦʪʝʥʟʠʥ-ʧʨʝʚʨʘʱʘʶʱʠʡ ʬʝʨʤʝʥʪ 

ɹʎ ï ʙʠʨʘʜʠʢʘʣ ʮʚʠʪʪʝʨ-ʠʦʥ 

ʀʈʇ ï ʠʦʥ-ʨʘʜʠʢʘʣʴʥʘʷ ʧʘʨʘ 

ʂʇɿ ï ʢʦʤʧʣʝʢʩ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ  

ʃɺ ï ʣʦʢʘʣʴʥʦʝ ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʅʇɺʇ ï ʥʝʩʪʝʨʦʠʜʥʳʝ ʧʨʦʪʠʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ 

ʈʏ-ʠʤʧʫʣʴʩ ï ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʠʤʧʫʣʴʩ 

ʉʊɺ ï ʩʚʝʨʭʪʦʥʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʊɻʂ ï ʪʝʪʨʘʛʠʜʨʦʢʘʥʥʘʙʠʥʦʣ  

ʊʕɸ ï ʪʨʠʵʪʠʣʘʤʠʥ 

ʍʇʗ ï ʭʠʤʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʷʜʝʨ 

ʎʆɻ ï ʮʠʢʣʦʦʢʩʠʛʝʥʘʟʘ 
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ʉʣʦʚʘʨʴ ʪʝʨʤʠʥʦʚ 

 
ɸʣʣʦʩʪʝʨʠʯʝʩʢʠʡ ʩʘʡʪ ï ʫʯʘʩʪʦʢ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʬʝʨʤʝʥʪʘ, ʢ ʢʦʪʦʨʦʤʫ 

ʤʦʞʝʪ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢʩʝʥʦʙʠʦʪʠʢ; ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʠʟʤʝʥʷʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʠ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ. 

ɹʠʦʤʠʰʝʥʴ ï ʵʪʦ ʤʘʢʨʦʤʦʣʝʢʫʣʘ (ʦʙʳʯʥʦ ʙʝʣʦʢ, ʨʝʞʝ ʣʠʧʠʜ), ʢʦʪʦʨʘʷ 

ʠʟʤʝʥʝʥʠʝʤ ʩʚʦʝʡ ʢʦʥʬʦʨʤʘʮʠʠ ʩʧʝʮʠʬʠʯʥʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʥʝʡ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ (ʘʬʬʠʥʥʦʡ) ʤʘʣʦʡ ʤʦʣʝʢʫʣʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʨʝʘʢʮʠʶ. 

ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ ï ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʜʦʭʦʜʷʱʝʝ ʜʦ ʤʝʩʪʘ ʝʛʦ ʜʝʡʩʪʚʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠʣʠ ʞʠʚʦʪʥʳʭ 

(ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʫʩʚʘʠʚʘʪʴʩʷ). 

ɹʠʨʘʜʠʢʘʣ ʮʚʠʪʪʝʨ-ʠʦʥ ï ʤʦʣʝʢʫʣʘ, ʢʦʪʦʨʘʷ, ʷʚʣʷʷʩʴ ʚ ʮʝʣʦʤ 

ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʡ ʠ ʜʠʘʤʘʛʥʠʪʥʦʡ, ʠʤʝʝʪ ʨʘʟʜʝʣʝʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʤʦʩʪʠʢʦʤ ʢʘʪʠʦʥ ʠ ʘʥʠʦʥ ʨʘʜʠʢʘʣ.  

ɼʠʘʜʘ (ʩʚʷʟʘʥʥʘʷ ʩʠʩʪʝʤʘ) ï ʤʦʣʝʢʫʣʘ, ʩʦʜʝʨʞʘʱʘʷ ʜʦʥʦʨʥʫʶ ʠ ʘʢʮʝʧʪʦʨʥʫʶ 

ʛʨʫʧʧʠʨʦʚʢʠ, ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʚʘʣʝʥʪʥʳʤ ʤʦʩʪʠʢʦʤ (ʪʨʠʘʜʳ ï 

ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʪʨʠ ʘʢʪʠʚʥʳʭ (ʜʦʥʦʨ, ʘʢʮʝʧʪʦʨ) ʬʨʘʛʤʝʥʪʘ). 

ʀʦʥ-ʨʘʜʠʢʘʣʴʥʘʷ ʧʘʨʘ ï ʩʦʚʦʢʫʧʥʦʩʪ ɹʜʚʫʭ ʩʚʦʙʦʜʥʳʭ ʠʦʥ-ʨʘʜʠʢʘʣʦʚ (ʯʘʩʪʠʮ ʩ 

ʥʝʩʧʘʨʝʥʥʳʤ ʵʣʝʢʪʨʦʥʦʤ ʠ ʟʘʨʷʜʦʤ) ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʷʯʝʡʢʝ, ʦʙʨʘʟʫʝʤʦʡ 

ʤʦʣʝʢʫʣʘʤʠ ʞʠʜʢʦʩʪʠ. 

ʂʦʤʧʣʝʢʩ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ï ʢʦʤʧʣʝʢʩ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ, 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʫʱʝʩʪʚʫʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʠʪʷʞʝʥʠʝ. 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ - ʨʝʟʫʣʴʪʘʪ ʯʘʩʪʠʯʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ; ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʘʢʮʝʧʪʦʨ ʵʣʝʢʪʨʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʙʳʪʦʯʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʟʘʨʷʜ, ʘ ʜʦʥʦʨ ʵʣʝʢʪʨʦʥʘ ʧʦʣʫʯʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ.  

ʃʘʟʝʨʥʳʡ ʠʤʧʫʣʴʩʥʳʡ ʬʦʪʦʣʠʟ ï ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʩʪʨʳʭ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʆʩʥʦʚʘʥ ʥʘ ʚʦʟʙʫʞʜʝʥʠʠ ʤʦʣʝʢʫʣ 

ʢʦʨʦʪʢʠʤ ʩʚʝʪʦʚʳʤ ʠʤʧʫʣʴʩʦʤ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʨʦʪʢʦ ʞʠʚʫʱʠʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʢʘʢ ʪʦ: ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʚʢʣʶʯʘʷ ʪʨʠʧʣʝʪʥʳʝ, ʩʚʦʙʦʜʥʳʝ 

ʨʘʜʠʢʘʣʳ ʠ ʙʠʨʘʜʠʢʘʣʳ, ʩʦʩʪʦʷʥʠʷ ʩ ʯʘʩʪʠʯʥʳʤ ʠ ʧʦʣʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ, ʠ 

ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʧʨʦʜʫʢʪʳ. 

https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D0%B0
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ʃʠʧʦʬʠʣʴʥʦʩʪʴ (ʙʫʢʚʘʣʴʥʦ ð ʩʨʦʜʩʪʚʦ ʢ ʞʠʨʘʤ) ð ʩʚʦʡʩʪʚʦ ʚʝʱʝʩʪʚʘ, 

ʦʟʥʘʯʘʶʱʝʝ ʝʛʦ ʭʠʤʠʯʝʩʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʚ ʚʦʜʝ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʘʤ, ʷʚʣʷʝʪʩʷ, ʧʦ ʩʫʪʠ, ʩʠʥʦʥʠʤʦʤ ʛʠʜʨʦʬʦʙʥʦʩʪʠ. 

ʃʦʢʘʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ï ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʣʝʢʫʣʳ, ʚ 

ʢʦʪʦʨʦʤ ʚ ʩʦʩʪʦʷʥʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʝʝ ʯʘʩʪʴ (ʦʜʠʥ 

ʭʨʦʤʦʬʦʨ). 

ʄʝʪʘʙʦʣʠʟʤ ʣʝʢʘʨʩʪʚʘ (ʦʪ ʛʨʝʯ. metabole ï ʧʨʝʚʨʘʱʝʥʠʝ) ï ʵʪʦ ʠʟʤʝʥʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʪʢʘʥʷʭ ʠ ʞʠʜʢʠʭ 

ʩʨʝʜʘʭ ʦʨʛʘʥʠʟʤʘ. ʆʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʢʦʥʲʶʛʘʮʠʠ. 

ʄʝʪʘʙʦʣʠʪ ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ. 

ʉʪʝʧʝʥʴ ʩʨʦʜʩʪʚʘ ʣʝʢʘʨʩʪʚʘ ʩ ʨʝʮʝʧʪʦʨʦʤ/ʬʝʨʤʝʥʪʦʤ ï ʩʪʝʧʝʥʴ ʘʬʬʠʥʥʦʩʪʠ 

ʣʝʢʘʨʩʪʚʘ ʢ ʵʪʦʤʫ ʨʝʮʝʧʪʦʨʫ/ʬʝʨʤʝʥʪʫ; ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʙʦʣʝʝ 

ʩʠʣʴʥʦʛʦ/ʩʣʘʙʦʛʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʨʝʮʝʧʪʦʨʦʤ/ʬʝʨʤʝʥʪʦʤ ʠ ʝʛʦ ʣʠʛʘʥʜʦʤ (ʣʝʢʘʨʩʪʚʦʤ). 

ʉʪʝʨʝʦʜʠʬʬʝʨʝʮʠʘʮʠʷ ï ʨʘʟʣʠʯʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ 

ʠʟʦʤʝʨʦʚ. 

ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʦʜʥʦʛʦ ʩʪʝʨʝʦʠʟʦʤʝʨʘ ʥʘʜ ʜʨʫʛʠʤ. 

ʌʘʨʤʘʢʦʜʠʥʘʤʠʢʘ ï ʨʘʟʜʝʣ ʬʘʨʤʘʢʦʣʦʛʠʠ, ʠʟʫʯʘʶʱʠʡ ʣʦʢʘʣʠʟʘʮʠʶ, ʤʝʭʘʥʠʟʤ 

ʜʝʡʩʪʚʠʷ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʩʠʣʫ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʭ ʜʝʡʩʪʚʠʷ. 

ʌʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ï ʨʘʟʜʝʣ ʬʘʨʤʘʢʦʣʦʛʠʠ, ʠʟʫʯʘʶʱʠʡ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ 

ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʚ ʞʠʚʦʤ ʦʨʛʘʥʠʟʤʝ. 

ʌʘʨʤʘʢʦʣʦʛʠʷ ï ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʥʘʫʢʘ ʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚʘʭ ʠ ʠʭ 

ʜʝʡʩʪʚʠʠ ʥʘ ʦʨʛʘʥʠʟʤ. 

ʌʣʫʦʨʝʩʮʝʥʮʠʷ ï ʠʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʩʘʤʦʛʦ 

ʥʠʞʥʝʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ S1 ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ S0. 

ʍʠʤʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʷʜʝʨ ï ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ ʷʜʝʨʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʫʨʦʚʥʝʡ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʪʝʨʤʠʯʝʩʢʠʭ ʠʣʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ 

ʨʘʜʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʠ ʜʝʪʝʢʪʠʨʫʝʤʘʷ  ʧʦ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ:  

ʫʩʠʣʝʥʥʦʝ  ʧʦʛʣʦʱʝʥʠʝ ʠʣʠ ʠʩʧʫʩʢʘʥʠʝ. 
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ʍʠʨʘʣʴʥʘʷ ʠʥʚʝʨʩʠʷ ï ʦʙʨʘʱʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ; ʝʩʣʠ ʚ 

ʩʫʙʩʪʨʘʪʝ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʭʠʨʘʣʴʥʳʡ ʮʝʥʪʨ, ʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. 

ʕʢʩʠʤʝʨ ï ʢʦʨʦʪʢʦʞʠʚʫʱʘʷ ʜʠʤʝʨʥʘʷ ʤʦʣʝʢʫʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʠʟ ʜʚʫʭ 

ʘʪʦʤʦʚ/ʤʦʣʝʢʫʣ, ʚ ʢʦʪʦʨʦʡ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʠʥ ʬʨʘʛʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ 

ʵʣʝʢʪʨʦʥʥʦʤ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʕʢʩʠʧʣʝʢʩ ï ʢʦʨʦʪʢʦʞʠʚʫʱʘʷ ʤʦʣʝʢʫʣʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʦʟʙʫʞʜʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʯʘʩʪʠʯʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ. 

ʕʬʬʝʢʪ ʆʚʝʨʭʘʫʟʝʨʘ ï ʠʟʤʝʥʝʥʠʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʷʜʝʨ ʟʘ ʩʯʝʪ 

ʩʧʠʥ-ʨʝʰʝʪʦʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʢʘʣʷʨʥʳʭ 

ʵʣʝʢʪʨʦʥ-ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʘʩʳʱʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʨʝʟʦʥʘʥʩʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʩʠʛʥʘʣʘ ʗʄʈ. 
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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʭʠʨʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʜʠʘʩʪʝʨʝʦʤʝʨʳ, ʚʢʣʶʯʘʶʱʠʝ ʤʦʣʝʢʫʣʫ 

ʣʝʢʘʨʩʪʚʘ). ʍʠʨʘʣʴʥʦʩʪʴ ï ʵʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʡ: ʦʪ ʥʘʫʢ ʦ ɿʝʤʣʝ (ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʞʠʟʥʠ), 

ʭʠʤʠʠ ʠ ʥʘʫʢʠ ʦ ʤʘʪʝʨʠʘʣʘʭ (ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʤʘʛʥʠʪʦ-ʭʠʨʘʣʴʥʳʝ ʵʬʬʝʢʪʳ), ʜʦ 

ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. 

ʉʝʛʦʜʥʷ ʭʠʨʘʣʴʥʳʝ ʣʝʢʘʨʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʝ ʧʦʣʦʚʠʥʳ ʦʪ ʦʜʦʙʨʝʥʥʳʭ, 

ʚʢʣʶʯʘʷ ʩʘʤʳʝ ʧʨʦʜʘʚʘʝʤʳʝ ʚ ʤʠʨʝ ʧʨʝʧʘʨʘʪʳ (ʥʘʧʨʠʤʝʨ, ʘʪʦʨʚʘʩʪʘʪʠʥ, ʵʟʦʤʝʧʨʘʟʦʣ, 

ʢʣʦʧʠʜʦʛʨʝʣ, ʤʦʥʪʝʣʫʢʘʩʪ ʠ ʜʨ.). ʄʝʞʜʫ ʪʝʤ ʧʦʣʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʭ ʬʦʨʤ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʟʘʜʘʯʝʡ. ʃʝʯʝʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʥʘʥʪʠʦʤʝʨʦʚ, ʠʭ 

ʬʘʨʤʘʢʦʣʦʛʠʷ ʠ ʬʘʨʤʘʢʦʜʠʥʘʤʠʢʘ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʘ, ʤʝʪʘʙʦʣʠʟʤ ʠ 

ʚʳʚʝʜʝʥʠʝ) ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʨʘʩʣʝʡ ʠ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʘʤʠ ʩʪʘʪʝʡ ʠ ʤʦʥʦʛʨʘʬʠʡ [1-7]. ʈʘʟʣʠʯʠʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʘʢʪʠʚʥʳʭ ʩʘʡʪʘʭ 

ʬʝʨʤʝʥʪʦʚ ʠ ʨʝʮʝʧʪʦʨʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʣʝʢʘʨʩʪʚʘ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, 

ʜʝʪʝʢʪʠʨʦʚʘʣʠʩʴ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [6-11]. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʨʘʟʣʠʯʠʡ ʚ ʣʝʯʝʙʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʦʧʪʠʯʝʩʢʠʭ 

ʠʟʦʤʝʨʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʢʨʦʤʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʪʣʠʯʠʡ ʚ ʤʝʪʘʙʦʣʠʟʤʝ, ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʚʳʚʝʜʝʥʠʷ, 

ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʧʨʦʮʝʩʩ ʭʠʨʘʣʴʥʦʡ ʠʥʚʝʨʩʠʠ ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ (ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʝ 

ʟʘ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʧʨʝʧʘʨʘʪʘ ʚ ʦʨʛʘʥʠʟʤʝ) ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ, ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, 

ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʮʝʩʩʦʚ ʠ/ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʵʪʠʭ 

ʦʪʣʠʯʠʡ ʦʯʝʥʴ ʚʘʞʥʦ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʥʘʥʪʠʦʤʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʧʳʪʘʪʴʩʷ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʕʪʘ ʧʨʦʙʣʝʤʘʪʠʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʧʠʩʳʚʘʝʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʫʶ ʩʪʨʘʪʝʛʠʶ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʫʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʠʤʝʶʱʠʭʩʷ ʣʝʢʘʨʩʪʚ, 

ʚʤʝʩʪʦ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʩʧʳʪʘʥʠʡ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 

ʩʫʱʝʩʪʚʫʝʪ ʪʝʦʨʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʨʦʣʴ ʭʠʨʘʣʴʥʦʩʪʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʝʢʘʨʩʪʚʘ 

ʩʦ ʩʚʦʝʡ ʙʠʦʤʠʰʝʥʴʶ (ʨʝʮʝʧʪʦʨʦʤ ʠʣʠ ʬʝʨʤʝʥʪʦʤ) ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʥʮʠʧʦʤ çʢʣʶʯ-
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ʟʘʤʦʢè. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ, ʚʩʸ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʫʩʧʝʰʥʦ ʣʠ ʤʦʣʝʢʫʣʘ ʣʝʢʘʨʩʪʚʘ 

ʠʥʛʠʙʠʨʫʝʪ ʬʝʨʤʝʥʪ, ʪ.ʝ. ʩʦʟʜʘʝʪ ʣʠ ʦʥʘ ʜʦʩʪʘʪʦʯʥʦʝ ʯʠʩʣʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ: 

ʚʦʜʦʨʦʜʥʳʭ, ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ, ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ; ʠʣʠ ʞʝ ʥʝʪ. ʄʝʞʜʫ ʪʝʤ, 

ʠʤʝʶʪʩʷ ʧʨʠʤʝʨʳ, ʢʦʛʜʘ ʠ ʘʭʠʨʘʣʴʥʦʝ ʠ ʭʠʨʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʷ ʫʩʧʝʰʥʦ ʩʦʟʜʘʶʪ 

ʢʦʤʧʣʝʢʩʳ ʩ ʬʝʨʤʝʥʪʘʤʠ ʠ ʨʝʮʝʧʪʦʨʘʤʠ [12]. ʀ ʪʦʛʜʘ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʭʠʨʘʣʴʥʦʩʪʠ ʥʝ ʫʜʘʸʪʩʷ ʦʙʲʷʩʥʠʪʴ ʚ ʨʘʤʢʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʦʣʴʢʦ ʩʪʝʨʝʦʭʠʤʠʶ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʨʠʤʝʨʦʚ ʨʘʟʣʠʯʠʡ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʚ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ [13-15]. ʇʨʠ ʵʪʦʤ ʚʩʝ ʧʨʠʤʝʨʳ ʚʣʠʷʥʠʷ ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʦʚ 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʦʞʥʳʤ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʧʨʦʮʝʩʩʘʤ.  

ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʭʠʨʘʣʴʥʦʩʪʠ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʇʨʠ ʚʳʙʦʨʝ ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ 

ʚʥʠʤʘʥʠʝ, ʯʪʦ ʢʨʦʤʝ ʩʚʷʟʳʚʘʥʠʷ ʤʝʞʜʫ ʢʩʝʥʦʙʠʦʪʠʢʘʤʠ ʠ ʙʠʦʤʦʣʝʢʫʣʘʤʠ ʚ ʞʠʚʳʭ 

ʩʠʩʪʝʤʘʭ ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʠʤʝʥʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦïʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʯʘʩʪʠʯʥʦʤʫ (ʢʦʤʧʣʝʢʩ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ, ʂʇɿ) ʠ 

ʧʦʣʥʦʤʫ (ʠʦʥ ï ʨʘʜʠʢʘʣʴʥʘʷ ʧʘʨʘ, ʀʈʇ) ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ [16]. ʉʫʱʝʩʪʚʫʝʪ ʛʠʧʦʪʝʟʘ,  

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʙʨʘʟʦʚʘʥʠʝ ʣʠʛʘʥʜ-ʨʝʮʝʧʪʦʨʥʳʭ ʠ ʬʝʨʤʝʥʪ ï ʩʫʙʩʪʨʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ  ʚ ʩʝʙʷ ʩʦʩʪʦʷʥʠʷ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʣʝʢʘʨʩʪʚ ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʘʢʪʠʚʥʳʭ ʩʘʡʪʦʚ ʨʝʮʝʧʪʦʨʦʚ ʠ ʬʝʨʤʝʥʪʦʚ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʢʘʞʝʪʩʷ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦʡ 

ʤʦʜʝʣʴʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʠʡ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʥʘʥʪʠʦʤʝʨʦʚ. ɺʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ʭʠʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʣʝʢʘʨʩʪʚʘ ʩ ʬʝʨʤʝʥʪʦʤ ʠʣʠ ʨʝʮʝʧʪʦʨʦʤ 

ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʚʢʣʶʯʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʭʠʨʘʣʴʥʳʭ ʯʘʩʪʠʮ. ɺʪʦʨʘʷ ï ʵʪʦ ʦʩʪʘʪʦʢ 

ʭʠʨʘʣʴʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʘʢʪʠʚʥʦʤ ʩʘʡʪʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪʩʷ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʚʣʠʷʥʠʷ ʭʠʨʘʣʴʥʦʩʪʠ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʩ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʤʠʪʠʨʫʶʱʠʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʚ 

ʘʢʪʠʚʥʳʭ ʩʘʡʪʘʭ ʨʝʮʝʧʪʦʨʦʚ ʠ ʬʝʨʤʝʥʪʦʚ, ʠʣʠ ʩ ʜʨʫʛʠʤʠ ʙʠʦʤʦʣʝʢʫʣʘʤʠ [17-21]. ɺʳʙʦʨ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʦʙʫʩʣʦʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ: 
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- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʛʝʥʝʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ (ʚ ʨʘʟʳ) ʫʚʝʣʠʯʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ 

ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʤʝʪʦʜʦʚ ʜʣʷ ʠʭ ʠʟʫʯʝʥʠʷ. 

- ʧʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʘʨʘʤʘʛʥʠʪʥʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʛʝʥʝʨʘʮʠʠ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʥʝ 

ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʧʦʩʦʙʘ ʠʭ ʧʦʣʫʯʝʥʠʷ.  

- ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʙʘʨʴʝʨ ʚ ʣʠʛʘʥʜ-ʨʝʮʝʧʪʦʨʥʦʤ ʢʦʤʧʣʝʢʩʝ 

ʧʦʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʂʇɿ, ʪʦ ʚ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʵʪʦ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʦʣʝʢʫʣʳ ʣʝʢʘʨʩʪʚʘ ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʜʠʘʜ, ʚʢʣʶʯʘʶʱʠʭ ʤʦʣʝʢʫʣʫ 

ʣʝʢʘʨʩʪʚʘ, ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢ ʬʦʪʦʭʠʤʠʠ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʩʦʜʝʨʞʘʪʩʷ ʧʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦ 

ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʥʝʩʪʝʨʦʠʜʥʳʭ 

ʧʨʦʪʠʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʅʇɺʇ). ʕʪʠ ʧʨʝʧʘʨʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʜʥʠ ʠʟ 

ʩʘʤʳʭ ʷʨʢʠʭ ʨʘʟʣʠʯʠʡ ʚ ʣʝʯʝʙʥʦʤ ʜʝʡʩʪʚʠʠ ʵʥʘʥʪʠʦʤʝʨʦʚ (S)- ʠ (R)-ʥʘʧʨʦʢʩʝʥʘ (NPX). 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

(S)- ʠ (R)-ʠʟʦʤʝʨʦʚ ʥʘʧʨʦʢʩʝʥʘ (NPX) ʚ ʤʦʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʀʩʩʣʝʜʫʶʪʩʷ ʩʦʩʪʦʷʥʠʷ ʩ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ (ʯʘʩʪʠʯʥʳʤ ʠ ʧʦʣʥʳʤ) ʤʝʞʜʫ (S)-NPX ʠ ʝʛʦ 

(R)-ʠʟʦʤʝʨʦʤ ʠ (S)-N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥʦʤ ((S)-Pyr) ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʵʣʝʢʪʨʦʥʘ ʚ 

ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦ ï ʩʠʤʫʣʷʮʠʷ ʦʜʥʦʡ ʠʟ ʩʪʘʜʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʧʨʦʢʩʝʥʘ ʩ ʬʝʨʤʝʥʪʦʤ ʮʠʢʣʦʦʢʩʠʛʝʥʘʟʦʡ-2 (ʎʆɻ-2) [6, 7]. ʇʦʩʢʦʣʴʢʫ 

ʤʝʪʦʜ ʭʠʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʷʜʝʨ (ʍʇʗ) ʜʘʝʪ ʫʥʠʢʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʤʙʠʥʘʮʠʷ 

ʤʝʪʦʜʠʢ ʬʦʪʦʭʠʤʠʠ ʠ ʩʧʠʥʦʚʦʡ ʭʠʤʠʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

- ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʦʚ ʍʇʗ ʚ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ʚʢʣʶʯʘʷ ʚʨʝʤʷ-

ʨʘʟʨʝʰʝʥʥʳʝ) ʜʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʪʘʜʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʥʘ ʧʨʠ ʬʦʪʦʦʙʣʫʯʝʥʠʠ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʜʠʘʜ: (R)-/(S)-ʥʘʧʨʦʢʩʝʥʘ (NPX) ʠ 

ʭʠʨʘʣʴʥʦʛʦ ʜʦʥʦʨʘ (S)-Pyr, ʩʚʷʟʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʦʩʪʠʢʘʤʠ. 
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- ʤʝʪʦʜʘʤʠ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʩʣʝʜʫʶʪʩʷ ʩʦʩʪʦʷʥʠʷ ʩ ʯʘʩʪʠʯʥʳʤ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ (ʵʢʩʠʧʣʝʢʩ)r ʚ ʜʠʘʜʘʭ. 

- ʩ ʧʦʤʦʱʴʶ ʚʘʨʴʠʨʦʚʘʥʠʷ ʤʦʩʪʠʢʦʚ ʚ ʭʠʨʘʣʴʥʳʭ ʜʠʘʜʘʭ ʠ ʧʦʣʷʨʥʦʩʪʠ ʩʨʝʜʳ ʠʟʫʯʘʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʪʨʦʝʥʠʷ ʜʠʘʜʳ ʠ ʦʢʨʫʞʝʥʠʷ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ (R)- ʠ (S)-

NPX.  

- ʨʘʟʣʠʯʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (R)- ʠ (S)-NPX (ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʷ) 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʣʦʢʘʣʴʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ NPX ʠ ʵʢʩʠʧʣʝʢʩʦʚ. 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʣʠʯʠʷ ʚ ʘʢʪʠʚʥʦʩʪʠ (R)- ʠ (S)-

ʠʟʦʤʝʨʦʚ NPX ʚ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʙʫʜʝʪ ʩʜʝʣʘʥʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʷʤʠ ʍʇʗ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ 

ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺʧʝʨʚʳʝ ʜʦʢʘʟʘʥʦ ʧʨʝʜʧʦʣʘʛʘʚʰʝʝʩʷ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʩʪʘʜʠʡ ʩ ʯʘʩʪʠʯʥʳʤ ʠ ʧʦʣʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʚ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ (R)-/(S)-NPX ʠ ʭʠʨʘʣʴʥʳʤ ʜʦʥʦʨʦʤ (S)-Pyr ʚ ʜʠʘʩʪʝʨʝʦʤʝʨʘʭ 

ʪʨʸʭ ʜʠʘʜ. ʆʙʥʘʨʫʞʝʥʦ ʨʘʟʣʠʯʠʝ ʚ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʘʭ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʣʦʢʘʣʴʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ NPX ʠ ʵʢʩʠʧʣʝʢʩʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʜʠʘʜ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʪ ʩʪʨʦʝʥʠʷ ʤʦʩʪʠʢʘ ʜʠʘʜʳ ʠ ʧʦʣʷʨʥʦʩʪʠ ʩʨʝʜʳ. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʵʬʬʝʢʪʘʭ ʍʇʗ ʚ ʜʠʘʜʘʭ ʩ ʫʯʘʩʪʠʝʤ ʠʟʦʤʝʨʦʚ (R)-/(S)-

NPX. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʟʤʝʥʝʥʠʷ ʚ 

ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʘʭ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʵʢʩʠʧʣʝʢʩʦʚ ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ, ʷʚʣʷʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʷʟʘʥʘ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʨʦʜʳ ʧʦʷʚʣʝʥʠʷ ʭʠʨʘʣʴʥʳʭ ʠʟʦʤʝʨʦʚ ʚ ʜʦʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʧʝʨʠʦʜ ʵʚʦʣʶʮʠʠ. ʈʘʟʣʠʯʠʷ ʚ ʘʢʪʠʚʥʦʩʪʠ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʚ ʪʘʢʦʤ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʢʘʢ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ, ʘ ʪʘʢʞʝ ʚ ʠʭ 

ʩʧʠʥʦʚʳʭ ʵʬʬʝʢʪʘʭ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʬʘʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʟʘʡʤʫʪ ʩʚʦʸ ʤʝʩʪʦ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʦʯʝʨʝʜʥʦʡ ʪʝʦʨʠʠ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʭʠʨʘʣʴʥʦʩʪʠ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʩʚʦʡʩʪʚʘʭ 

ʣʝʢʘʨʩʪʚ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʅʇɺʇ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʝʡʯʘʩ ʦʙʥʘʨʫʞʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʣʝʯʝʙʥʦʤ ʜʝʡʩʪʚʠʠ ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ (ʘʥʘʣʛɹʝʪʠʯʝʩʢʦʝ ʠ 
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ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʝ), ʚ ʢʦʪʦʨʳʭ ʣʝʯʝʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʥʝ ʪʦʣʴʢʦ (S)-, ʥʦ ʠ (R)- 

ʠʟʦʤʝʨ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʳʙʦʨ ʤʝʪʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʠ ʧʦʣʥʦʤ ʧʝʨʝʥʦʩʝ ʟʘʨʷʜʘ. ʉʦʯʝʪʘʥʠʝ ʤʝʪʦʜʠʢ ʍʇʗ 

(ʚʢʣʶʯʘʷ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʳʡ ʚʘʨʠʘʥʪ) ʠ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʚʩʝ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʠʥʪʝʨʤʝʜʠʘʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ (R)-/(S)-NPX ʩ ʜʦʥʦʨʘʤʠ ʵʣʝʢʪʨʦʥʦʚ: ʣʦʢʘʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ (ʃɺ) 

ʩʦʩʪʦʷʥʠʝ NPX, ʵʢʩʠʧʣʝʢʩ, ʙʠʨʘʜʠʢʘʣ ʮʚʠʪʪʝʨ-ʠʦʥ (ɹʎ).  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ:  

- ʜʝʪʘʣʴʥʘ ̫ʩʭʝʤʘ ʪʫʰʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ (R)- ʠ (S)-NPX ʭʠʨʘʣʴʥʳʤ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʘ 

(S)-N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥʦʤ ʚ ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. 

- ʨʘʟʣʠʯʠ ̫(ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʷ) ʚ ʚʝʣʠʯʠʥʘʭ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʣʦʢʘʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ NPX ʠ ʵʢʩʠʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʚ ʢʦʥʩʪʘʥʪʘʭ ʩʢʦʨʦʩʪʝʡ 

ʦʪʜʝʣʴʥʳʭ ʩʪʘʜʠʡ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (R)-/(S)-NPX ʠ (S)-N-

ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥʘ ʚ ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. 

- ʦʙʥʘʨʫʞʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʵʬʬʝʢʪʘʭ ʍʇʗ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʘʢʪʝ 

ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʚ ʜʠʘʜʘʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʵʬʬʝʢʪʘʤ ʭʠʤʠʯʝʩʢʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʣʠʙʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ 

ʩʦʠʩʢʘʪʝʣʷ. ɸʚʪʦʨ ʪʘʢʞʝ ʣʠʯʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ ʠ ʥʘʧʠʩʘʥʠʠ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʉʪʫʜʝʥʯʝʩʢʦʡ ʅʘʫʯʥʦʡ ʂʦʥʬʝʨʝʥʮʠʠ çʉʪʫʜʝʥʪ ʠ ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʛʨʝʩʩè 

(ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2011, 2012 ʠ 2013), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʂʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʘʷ 

ʭʠʤʠʯʝʩʢʘʷ ʬʠʟʠʢʘè (ʊʫʘʧʩʝ, ʈʦʩʩʠʷ, 2011 ʠ 2012), VI ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʂʦʥʬʝʨʝʥʮʠʠ 

ʄʦʣʦʜʳʭ ʋʯʝʥʳʭ, ɸʩʧʠʨʘʥʪʦʚ ʠ ʉʪʫʜʝʥʪʦʚ ʩ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʋʯʘʩʪʠʝʤ çʄʝʥʜʝʣʝʝʚ 

2012è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2012), VIII  International Voevodsky Conference 

(ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2012), School for young scientists çMagnetic Resonance and 

Magnetic Phenomena in Chemical and Biological Physicsè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2012 ʠ 

2014), The 13
th
 International Symposium on Spin and Magnetic Field Effects in Chemistry and 
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Related Phenomena (ɹʘʜ ʍʦʬʛʘhʪʘʡʥ, ɸʚʩʪʨʠʷ, 2013), 2
nd

 Russian Conference  on 

Medicinal Chemistry (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2015), çModern Development of Magnetic 

Resonanceè (ʂʘʟʘʥʴ, ʈʦʩʩʠʷ, 2015). 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʳʩʦʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ 

ʩʭʝʤʘ ʧʨʦʮʝʩʩʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ: ʍʇʗ ʠ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʯʸʪʘʤʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʬʬʝʢʪʦʚ 

ʍʇʗ ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʨʘʜʠʢʘʣʴʥʳʭ ʧʘʨ (ʧʨʦʚʝʜʝʥʳ ɼ. ʉʦʩʥʦʚʩʢʠʤ). 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.04 - ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ (ʭʠʤʠʯʝʩʢʠʝ 

ʥʘʫʢʠ). ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 8 çɼʠʥʘʤʠʢʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʘʢʪʘ ʧʨʠ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭè, ʧ. 9 çʕʣʝʤʝʥʪʘʨʥʳʝ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮè 

ʠ ʧ. 10 çʉʚʷʟʴ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʩ ʠʭ ʩʪʨʦʝʥʠʝʤ ʠ ʫʩʣʦʚʠʷʤʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.04 ï ʬʠʟʠʯʝʩʢʘʷ 

ʭʠʤʠʷ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.04 ï 

ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ (ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ), ʧʦ ʢʦʪʦʨʦʡ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢ ʟʘʱʠʪʝ, 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʞʫʨʥʘʣʘʭ ʠ ʫʯʘʩʪʠʝʤ ʚ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʧʨʦʬʠʣʶ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, 

ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʇʦʣʥʳʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 103 ʩʪʨʘʥʠʮ rʩ 68 

ʨʠʩʫʥʢʘʤʠ ʠ 6 ʪʘʙʣʠʮʘʤʠ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 100 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʭʠʨʘʣʴʥʳʭ 

ʣʝʢʘʨʩʪʚ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʠ ʤʦʜʝʣʴʥʳʭ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤʘʭ 

 

1.1.  ʈʘʟʣʠʯʠʷ ʚ ʣʝʯʝʙʥʳʭ ʩʚʦʡʩʪʚʘʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʣʝʢʘʨʩʪʚ ʧʦ ʜʘʥʥʳʤ 

ʤʝʜʠʮʠʥʩʢʦʡ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ 

 

1.1.1. ʇʦʥʷʪʠʝ ʭʠʨʘʣʴʥʦʩʪʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʭʠʨʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚ 

ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ʭʠʨʘʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʦʙʲʝʤʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʉʣʦʚʦ çʭʠʨʘʣʴʥʳʡè ʧʨʠʰʣʦ ʠʟ ʛʨʝʯʝʩʢʦʛʦ ʩʣʦʚʘ cheir, ʦʟʥʘʯʘʶʱʝʝ ʨʫʢʫ ʠʣʠ 

çʥʘʧʨʘʚʣʝʥʥʦʩʪʴè ʚ ʦʙʱʝʤ ʩʤʳʩʣʝ, ʪʝʨʤʠʥ çʭʠʨʘʣʴʥʦʩʪʴè ʙʳʣ ʚʚʝʜʝʥ ʚ ʢʦʥʮʝ XIX  ʚ. 

ʂʝʣʴʚʠʥʦʤ. ʃʝʚʘʷ ʠ ʧʨʘʚʘʷ ʨʫʢʠ ʷʚʣʷʶʪʩʷ ʟʝʨʢʘʣʴʥʳʤʠ ʦʪʦʙʨʘʞʝʥʠʷʤʠ ʜʨʫʛ ʜʨʫʛʘ. ɺ 

ʭʠʤʠʶ ʪʝʨʤʠʥ çʭʠʨʘʣʴʥʦʩʪʴè ʧʨʦʯʥʦ ʚʦʰʸʣ ʣʠʰʴ ʚ 1970-ʭ ʛʦʜʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʍʠʨʘʣʴʥʘʷ ʤʦʣʝʢʫʣʘ ʵʪʦ ʪʘ, 

ʢʦʪʦʨʘʷ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʚʦʠʤ ʟʝʨʢʘʣʴʥʳʤ ʦʪʨʘʞʝʥʠʝʤ. ɼʚʝ ʚʦʟʤʦʞʥʳʝ ʬʦʨʤʳ 

ʟʝʨʢʘʣʴʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʥʘʟʳʚʘʶʪʩʷ ʵʥʘʥʪʠʦʤʝʨʘʤʠ. ɺ ʦʩʥʦʚʥʦʤ, ʚ ʘʭʠʨʘʣʴʥʦʤ 

ʦʢʨʫʞʝʥʠʠ, ʵʥʘʥʪʠʦʤʝʨʳ ʭʠʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʜʠʥʘʢʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʦʥʠ ʚʨʘʱʘʶʪ ʧʣʦʩʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʩʚʝʪ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʨʝʘʛʠʨʫʶʪ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʩ ʭʠʨʘʣʴʥʳʤ 

ʚʝʱʝʩʪʚʦʤ ʠʣʠ ʩ ʘʭʠʨʘʣʴʥʦʤ ʚʝʱʝʩʪʚʦʤ ʚ ʭʠʨʘʣʴʥʦʡ ʩʨʝʜʝ [22]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʥʘʥʪʠʦʤʝʨʘʤʠ ʘʩʧʘʨʘʛʠʥʘ ʙʳʣʦ 

ʩʜʝʣʘʥʦ Piutti ʚ 1886 ʛʦʜʫ [23]. ɹʝʩʮʚʝʪʥʳʡ ʢʨʠʩʪʘʣʣ ʘʩʧʘʨʘʛʠʥʘ ʵʪʦ ʘʤʠʜʥʘʷ ʬʦʨʤʘ 

ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʝʛʦ ʥʘʭʦʜʷʪ ʚ ʢʣʝʪʦʯʥʦʤ ʩʦʢʝ ʨʘʩʪʝʥʠʡ ʚ ʜʚʫʭ ʠʟʦʤʝʨʠʯʝʩʢʠʭ 

ʬʦʨʤʘʭ (L)- ʠ (D)-ʘʩʧʘʨʘʛʠʥʘ. (L)-ʠʟʦʤʝʨ ï ʙʝʟʚʢʫʩʝʥ, ʪʦʛʜʘ ʢʘʢ (D)-ʠʟʦʤʝʨ ʠʤʝʝʪ 

ʩʣʘʜʢʠʡ ʚʢʫʩ. 

ʄʥʦʛʠʝ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʷʚʣʷʶʪʩʷ 

ʭʠʨʘʣʴʥʳʤʠ: ɼʅʂ, ʬʝʨʤʝʥʪʳ, ʘʥʪʠʪʝʣʘ ʠ ʛʦʨʤʦʥʳ ʠ.ʪ.ʜ. ʕʥʘʥʪʠʦʤʝʨʳ ʭʠʨʘʣʴʥʦʛʦ 

ʣʝʢʘʨʩʪʚʘ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ 

ʭʠʨʘʣʴʥʳʭ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ. ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʭʠʨʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚ ʤʦʛʫʪ 

ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [24]:  

¶ ʆʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʨʝʘʛʠʨʫʶʪ ʩ ʦʜʠʥʘʢʦʚʦʡ ʙʠʦʤʠʰʝʥʴʶ, ʥʦ ʦʜʠʥ ʠʟʦʤʝʨ 

ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʩʨʦʜʩʪʚʦʤ, ʯʝʤ ʜʨʫʛʦʡ. ʅʘʧʨʠʤʝʨ, ʢʘʨʚʝʜʠʣʦʣ ʨʠʩ. 1. ï ʧʨʝʧʘʨʘʪ ʜʣʷ 
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ʣʝʯʝʥʠʷ ʛʠʧʝʨʪʝʥʟʠʠ ʠ ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʧʨʦʜʘʸʪʩʷ ʚ ʚʠʜʝ 

ʨʘʮʝʤʘʪʘ. ʕʪʦ ʥʝʩʝʣʝʢʪʠʚʥʳʡ ʙʣʦʢʠʨʫʶʱʠʡ ʘʛʝʥʪ ʜʣʷ ɓ- ʠ Ŭ-ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʩʝʣʝʢʪʠʚʥʘʷ ɓ-ʙʣʦʢʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠʥʘʜʣʝʞʠʪ ʚ ʦʩʥʦʚʥʦʤ (S)-

ʢʘʨʚʝʜʠʣʦʣʫ, ʘ Ŭ-ʙʣʦʢʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʶʪ ʠ (R)- ʠ (S)-ʵʥʘʥʪʠʦʤʝʨʳ [25,26]. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʢʘʨʚʝʜʠʣʦʣʘ 

 

¶ ʆʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʨʝʘʛʠʨʫʶʪ ʩ ʦʜʠʥʘʢʦʚʦʡ ʙʠʦʤʠʰʝʥʴʶ, ʥʦ ʦʙʣʘʜʘʶʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʵʥʘʥʪʠʦʤʝʨʳ 

ʘʥʘʣʦʛʘ 1,4-ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʘ ï Bayk8644 ʨʠʩ. 2. ʧʨʦʷʚʣʷʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʵʬʬʝʢʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ L-ʪʠʧʘ ï (S)-ʵʥʘʥʪʠʦʤʝʨ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʘʪʦʨʦʤ, ʘ (R)- 

ʘʥʪʘʛʦʥʠʩʪʦʤ [27]. 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ Bayk8644 

 

¶ ʆʙʘ ɻʥʘʥʪʠʦʤʝʨʘ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʧʦʭʦʞʠʤ ʦʙʨʘʟʦʤ, ʥʦ ʦʥʠ ʥʝ 

ʦʙʣʘʜʘʶʪ ʚʟʘʠʤʥʦ ʫʩʠʣʠʚʘʶʱʠʤ ʵʬʬʝʢʪʦʤ. ɼʚʘ ʵʥʘʥʪʠʦʤʝʨʘ ȹ-3-

ʪʝʪʨʘʛʠʜʨʦʢʘʥʥʘʙʠʥʦʣʘ ʨʠʩ. 3 ʠʩʧʳʪʳʚʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʩʠʭʠʢʫ. 

1S ʵʥʘʥʪʠʦʤʝʨ ʦʙʣʘʜʘʣ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʥʘ ʧʩʠʭʠʢʫ, ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʭʦʞʠʤʠ 

ʥʘ ʵʬʬʝʢʪʳ ȹ-1-ʪʝʪʨʘʛʠʜʨʦʢʘʥʥʘʙʠʥʦʣʘ, ʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʩʠʣʴʥʳʤʠ (1:3). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʝ ʜʚʫʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʥʝ ʫʚʝʣʠʯʠʚʘʣʦ ʵʬʬʝʢʪ, ʧʦʜʪʚʝʨʞʜʘʷ, ʯʪʦ 

ʧʨʦʷʚʣʷʝʤʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠʥʘʜʣʝʞʘʣʘ ʪʦʣʴʢʦ ʦʜʥʦʤʫ ʠʟ ʵʥʘʥʪʠʦʤʝʨʦʚ ʠ ʯʪʦ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʤʝʞʜʫ ʜʚʫʤʷ ʠʟʦʤʝʨʘʤʠ [28].  
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʵʥʘʥʪʠʦʤʝʨʦʚ ȹ-3-ʪʝʪʨʘʛʠʜʨʦʢʘʥʥʘʙʠʥʦʣʘ (ʊɻʂ) 

 

¶ ʆʙʘ ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʤʝʨʘ ʦʙʣʘʜʘʶʪ ʥʝʟʘʚʠʩʠʤʳʤʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ 

ʵʬʬʝʢʪʘʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʨʘʟʥʳʤʠ ʙʠʦʤʠʰʝʥʷʤʠ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ 

ʷʚʣʷʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʭʠʥʠʥʘ ʠ ʭʠʥʠʜʠʥʘ ʨʠʩ. 4. ʍʠʥʠʥ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʢʦʨʳ 

ʭʠʥʥʦʛʦ ʜʝʨʝʚʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʤʘʣʷʨʠʠ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʚʝʢʦʚ. ʍʠʥʠʜʠʥ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʷʚʣʷʝʪʩʷ ʘʥʪʠʘʨʠʪʤʠʢʦʤ. [1]. 

 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʭʠʥʠʥʘ (ʩʣʝʚʘ) ʠ ʭʠʥʠʜʠʥʘ (ʩʧʨʘʚʘ) 

 

¶ ʆʜʠʥ ʠʣʠ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʥʝ ʦʙʣʘʜʘʶʪ ʞʝʣʘʝʤʳʤ ʵʬʬʝʢʪʦʤ, ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʪʦʣʴʢʦ ʦʜʠʥ ʵʥʘʥʪʠʦʤʝʨ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʦʙʦʯʥʳʝ 

ʵʬʬʝʢʪʳ. ʈʘʮʝʤʘʪ ʜʨʦʧʨʦʧʠʟʠʥʘ ʨʠʩ. 5. ʜʦʣʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʪʝʨʘʧʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʢʘʰʣʝʚʦʛʦ ʘʛʝʥʪʘ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ (S)-ʜʨʦʧʨʦʧʠʟʠʥ ʠ 

ʨʘʮʝʤʠʯʝʩʢʘʷ ʩʤʝʩʴ ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʦʡ ʧʨʦʪʠʚʦʢʘʰʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʥʦ (S)-ʠʟʦʤʝʨ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʩʝʣʝʢʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ [29]. 

 

ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʘ ʜʨʦʧʨʦʧʠʟʠʥʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʛʦʜʥʷ ʦʩʦʙʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʣʝʢʘʨʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ 

ʪʦʣʴʢʦ ʦʜʠʥ ʠʟʦʤʝʨ ʧʨʦʷʚʣʷʝʪ ʧʦʙʦʯʥʳʝ ʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ. 
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¶ ʅʝʘʢʪʠʚʥʳʡ ʵʥʘʥʪʠʦʤʝʨ ʤʦʞʝʪ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʧʦʙʦʯʥʳʤ 

ʵʬʬʝʢʪʘʤ ʘʢʪʠʚʥʦʛʦ ʘʥʪʠʧʦʜʘ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʘʮʝʤʘʪ ʢʘʞʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʥʝʞʝʣʠ 

ʣʶʙʦʡ ʵʥʘʥʪʠʦʤʝʨ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ɼʣʷ ʧʨʠʤʝʨʘ, ʩʘʣʴʙʫʪʘʤʦʣ ʨʠʩ. 6. ï ʙʨʦʥʭʦ-

ʨʘʩʰʠʨʷʶʱʠʡ ʧʨʝʧʘʨʘʪ ʠʟ ʛʨʫʧʧʳ ʩʝʣʝʢʪʠʚʥʳʭ ʘʛʦʥʠʩʪʦʚ ɓ2-ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʦʚ ï ʵʪʦ 

ʨʘʮʝʤʠʯʝʩʢʘʷ ʬʦʨʤʘ 4-[2-(ʪʨʝʪ-ʙʫʪʠʣʘʤʠʥʦ)-1-ʛʠʜʨʦʢʩʠʵʪʠʣ]-2-(ʛʠʜʨʦʢʩʠʤʝʪʠʣ) 

ʬʝʥʦʣʘ, ʦʥ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʜʠʘʤʝʪʨ ʙʨʦʥʭʦʚ, ʥʝ ʫʯʘʱʘʷ ʧʫʣʴʩ. ɿʘ ʙʨʦʥʭʦ-

ʨʘʩʰʠʨʷʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʪʚʝʯʘʝʪ (R)-ʩʘʣʴʙʫʪʘʤʦʣ. ʆʜʥʘʢʦ, (S)-ʩʘʣʴʙʫʪʘʤʦʣ ʥʝ 

ʠʥʝʨʪʝʥ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʢʦʩʚʝʥʥʦ ʘʥʪʘʛʦʥʠʟʠʨʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ (R)-

ʩʘʣʴʙʫʪʘʤʦʣʘ ʠ ʤʦʞʝʪ ʜʘʚʘʪʴ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ [1]. 

 

ʈʠʩ. 6. ʉʪʨʫʢʪʫʨʘ ʩʘʣʴʙʫʪʘʤʦʣʘ 

 

ɺʜʦʙʘʚʦʢ ʢ ʨʘʟʣʠʯʠʷʤ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʪʝʨʝʦʠʟʦʤʝʨʳ ʤʦʛʫʪ 

ʦʪʣʠʯʘʪʴʩʷ ʩʚʦʠʤʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʘʙʩʦʨʙʮʠʝʡ (ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ), 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʤʝʪʘʙʦʣʠʟʤʦʤ (ʩʢʦʨʦʩʪʴʶ ʤʝʪʘʙʦʣʠʟʤʘ, ʩʦʩʪʘʚʦʤ ʤʝʪʘʙʦʣʠʪʦʚ), ʠ 

ʩʢʦʨʦʩʪʴʶ ʠ ʧʫʪʷʤʠ ʚʳʚʝʜʝʥʠʷ ʠʟ ʦʨʛʘʥʠʟʤʘ. ɺʩʝ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʭʠʨʘʣʴʥʦʤʫ 

ʨʘʟʜʝʣʝʥʠʶ ʚ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ [30].  

ʇʦʭʦʞʠʤ ʦʙʨʘʟʦʤ, ʬʝʨʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʝʪʘʙʦʣʠʟʠʨʫʶʪ ʤʦʣʝʢʫʣʳ ʣʝʢʘʨʩʪʚ, 

ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴ ʵʥʘʥʪʠʦʤʝʨʳ. ʅʘʧʨʠʤʝʨ, ʵʟʦʤʝʧʨʘʟʦʣ ((S)-ʠʟʦʤʝʨ ʦʤʝʧʨʘʟʦʣʘ, ʨʠʩ. 7.) 

ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʪʦʨʦʤ ʧʨʦʪʦʥʥʦʡ ʧʦʤʧʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʠʡ ʢʦʥʪʨʦʣʴ ʢʠʩʣʦʪʥʦʩʪʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʘʮʝʤʠʯʝʩʢʠʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ. ʆʥ ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ 

ʮʠʪʦʭʨʦʤʘʤʠ CYP2C19 ʠ CYP3A4 ʠ ʩʫʣʴʬʦʪʨʘʥʩʬʝʨʘʟʘʤʠ, ʪʦʛʜʘ ʢʘʢ (R)- ʪʦʣʴʢʦ 

CYP2C19. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ (R)-ʠʟʦʤʝʨʘ ʚ ʦʨʛʘʥʠʟʤʝ, ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʧʦʙʦʯʥʳʤ ʵʬʬʝʢʪʘʤ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʧʨʠʝʤʝ (ʛʠʧʝʨʧʣʘʟʠʷ, 

ʢʘʨʮʠʥʦʤʳ) [31]. 
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ʈʠʩ. 7. ʉʪʨʫʢʪʫʨʘ ʵʟʦʤʝʧʨʘʟʦʣʘ 

 

¶ ʆʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʣʝʢʘʨʩʪʚ ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʥʝʢʦʪʦʨʳʝ ʙʠʦʤʠʰʝʥʠ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʭʠʨʘʣʴʥʦʩʪʠ ʦʪ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʤʦʣʝʢʫʣ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʝʢʦʪʦʨʳʝ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ 

ʭʠʨʘʣʴʥʳʤ ʤʦʣʝʢʫʣʘʤ, ʘ ʥʝʢʦʪʦʨʳʤ ʚʦʦʙʱʝ ʥʝ ʪʨʝʙʫʶʪʩʷ ʭʠʨʘʣʴʥʳʝ ʮʝʥʪʨʳ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʤʝ ʙʳʚʘʶʪ ʬʝʨʤʝʥʪʳ/ʨʝʮʝʧʪʦʨʳ ʩ ʩʝʣʝʢʪʠʚʥʳʤʠ 

ʠ ʥʝʩʝʣʝʢʪʠʚʥʳʤʠ ʢʘʨʤʘʥʘʤʠ ʩʚʷʟʳʚʘʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʙʠʦʤʠʰʝʥʝʡ 

ʩʦʩʪʦʠʪ ʠʟ ʭʠʨʘʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠʣʠ ʥʫʢʣʝʦʪʠʜʦʚ (ɼʅʂ ʠʣʠ ʈʅʂ); ʧʦʵʪʦʤʫ ʦʙʳʯʥʦ 

ʪʨʝʙʫʶʪʩʷ ʭʠʨʘʣʴʥʳʝ ʣʝʢʘʨʩʪʚʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʳʭ in vitro ʠ in vivo ʘʢʪʠʚʥʦʩʪʝʡ. 

ɼʣʷ ʧʨʠʤʝʨʘ, HMG  CoA-ʨʝʜʫʢʪʘʟʘ ʢʘʪʘʣʠʟʠʨʫʝʪ ʣʠʤʠʪʠʨʫʶʱʫʶ ʩʪʘʜʠʶ ʙʠʦʩʠʥʪʝʟʘ 

ʭʦʣʝʩʪʝʨʦʣʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ 

ʢʦʨʦʥʘʨʥʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʢʣʠʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʙʣʦʢʠʨʦʚʘʥʠʝ HMG-ʨʝʜʫʢʪʘʟʳ ʤʘʣʝʥʴʢʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʪʘʪʠʥʳ ʨʠʩ. 8. 

 

ʈʠʩ. 8. ʉʪʨʫʢʪʫʨʳ ʦʜʦʙʨʝʥʥʳʭ ʩʪʘʪʠʥʦʚ 
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HMG CoA ʷʚʣʷʝʪʩʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʤ ʬʝʨʤʝʥʪʦʤ ʠʟ-ʟʘ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʢʘʨʤʘʥʘ ʩʚʷʟʳʚʘʥʠʷ ʦʢʦʣʦ ʜʠʛʠʜʨʦʢʩʠʛʝʧʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʆʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʠʦʥʥʳʭ ʧʘʨ ʧʦʤʦʛʘʝʪ ʜʦʩʪʠʛʥʫʪʴ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ ʤʝʞʜʫ 

ʙʝʣʢʦʤ HMG ʠ HMG-ʧʦʜʦʙʥʦʡ ʯʘʩʪʠ ʩʪʘʪʠʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʘ ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʘ 

ʦʙʣʘʜʘʶʪ ʢʨʠʪʠʯʝʩʢʦʡ ʚʘʞʥʦʩʪʴʶ. 

ʆʜʥʘʢʦ ʚʦ ʤʥʦʛʠʭ ʭʠʨʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʘʭ ʭʠʨʘʣʴʥʳʡ ʮʝʥʪʨ ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʥʳʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʙʫʧʨʦʬʝʥ ʧʨʦʜʘʝʪʩʷ ʢʘʢ ʩʤʝʩʴ 

ʠʟʦʤʝʨʦʚ. ʍʦʪʷ (S)-ʠʟʦʤʝʨ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, (R)-ʠʟʦʤʝʨ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ (S)-ʠʟʦʤʝʨ ʚ ʪʝʣʝ ʯʝʣʦʚʝʢʘ ʠ ʪ.ʦ. ʩʯʠʪʘʝʪʩʷ ʧʨʦʣʝʢʘʨʩʪʚʦʤ [32, 33]. 

ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʘʣʢʣʦʬʝʥʘʢ, ʦʥ ʷʚʣʷʝʪʩʷ ʥʝʭʠʨʘʣʴʥʳʤ 

ʣʝʢʘʨʩʪʚʦʤ. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʎʆɻ-1 ʩ ʠʙʫʧʨʦʬʝʥʦʤ, ʧʨʦʧʠʦʥʘʪ 

ʠʥʛʠʙʠʪʦʨʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʘʢʪʠʚʥʳʤ ʩʘʡʪʦʤ ʎʆɻ, ʬʦʨʤʠʨʫʷ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʢʘʨʙʦʢʩʠʣʘʪʦʤ ʠʥʛʠʙʠʪʦʨʘ ʠ ʪʠʨʦʟʠʥʦʤ-355 ʚ ʢʘʨʤʘʥʝ ʩʚʷʟʳʚʘʥʠʷ ʨʠʩ. 9. (ʩʪʨʫʢʪʫʨʘ ʚ 

ʙʘʟʝ ʜʘʥʥʳʭ ʙʝʣʢʦʚ pdb ʢʦʜ: 1EQG) [12]. ʉʪʨʫʢʪʫʨʥʦ ʧʦʜʦʙʥʳʡ ʘʣʢʣʦʬʝʥʘʢ ʨʠʩ. 9. 

ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʦʡ ʤʘʥʝʨʝ, ʬʦʨʤʠʨʫʷ ʠʦʥʥʫʶ ʧʘʨʫ ʩ ʠʥʛʠʙʠʪʦʨʦʤ ʠ 

ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʩ ʪʠʨʦʟʠʥʦʤ- 355 (ʩʪʨʫʢʪʫʨʘ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʙʝʣʢʦʚ pdb ʢʦʜ: 1HT8). 

 

ʈʠʩ. 9. ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʙʫʧʨʦʬʝʥʘ (a) ʠ ʘʣʢʣʦʬʝʥʘʢʘ (b) 

 

ʂʘʨʤʘʥ ʩʚʷʟʳʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʛʠʜʨʦʬʦʙʥʳʭ ʦʩʪʘʪʢʦʚ. ʕʪʘ ʸʤʢʦʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʧʦʣʥʷʝʪʩʷ ʣʶʙʳʤ ʠʟ ʵʪʠʭ ʜʚʫʭ ʣʠʛʘʥʜʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʠ ʦʜʠʥ ʠʟ 

ʘʪʦʤʦʚ ʠʙʫʧʨʦʬʝʥʘ ʥʝ ʠʤʝʝʪ ʵʬʬʝʢʪʠʚʥʳʭ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʩʚʷʟʝʡ ʩ ʬʝʨʤʝʥʪʦʤ. 

ɸʣʢʣʦʬʝʥʘʢ ʩʣʝʛʢʘ ʙʦʣʴʰʝ ʠʙʫʧʨʦʬʝʥʘ ʧʦ ʨʘʟʤʝʨʫ ʠ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ 

ʘʪʦʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʝ ʨʘʩʩʪʦʷʥʠʡ ʜʣʷ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʩʚʷʟʝʡ ʩ ʦʩʪʘʪʢʦʤ 

ʚʘʣʠʥʘ-387. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʭʠʨʘʣʴʥʦʤ ʮʝʥʪʨʝ ʠʙʫʧʨʦʬʝʥʘ 

ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 3,7¡ ʦʪ ʙʣʠʞʘʡʰʝʛʦ ʘʪʦʤʘ ʙʝʣʢʘ, ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʜʩʪʚʦ ʢ ʩʚʷʟʳʚʘʥʠʶ ʯʝʨʝʟ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʦʨʩʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ ʚ ʵʥʪʨʦʧʠʠ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʙʝʣʢʦʤ. ʍʦʪʷ ʵʪʠ ʜʚʘ ʣʝʢʘʨʩʪʚʘ 
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ʩʚʷʟʳʚʘʶʪʩʷ ʧʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʩ ʢʘʨʤʘʥʦʤ, ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ. ʀʙʫʧʨʦʬʝʥ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʚʨʝʤʝʥʠ 

ʢʦʥʢʫʨʝʥʪʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ, ʪʦʛʜʘ ʢʘʢ ʘʣʢʣʦʬʝʥʘʢ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʷʱʠʤ ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʤʝʜʣʝʥʥʳʤ ʢʨʝʧʢʦ-ʩʚʷʟʳʚʘʶʱʠʤʩʷ ʠʥʛʠʙʠʪʦʨʦʤ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʚʨʝʤʷ-ʟʘʚʠʩʠʤʳʤ ʠ 

ʚʨʝʤʷ-ʥʝʟʘʚʠʩʠʤʳʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʢʣʠʥʠʯʝʩʢʠ ʚʘʞʥʘ [34]. 

ɿʘʯʘʩʪʫʶ ʭʠʨʘʣʴʥʳʝ ʮʝʥʪʨʳ ʚ ʥʝʢʦʪʦʨʳʭ ʣʝʢʘʨʩʪʚʘʭ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʥʘ ʧʦʟʜʥʝʡ 

ʩʪʘʜʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʚʳʙʨʘʥʳ ʜʣʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠʟ-ʟʘ ʣʫʯʰʠʭ ʢʣʝʪʦʯʥʳʭ 

ʘʢʪʠʚʥʦʩʪʝʡ ʠʣʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʦʩʥʦʚʥʦʤ, ʵʪʠ ʭʠʨʘʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʅʘʧʨʠʤʝʨ, ʬʪʦʨʭʠʥʦʣʦʥʳ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʛʨʫʧʧ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʝʩʣʠ ʙʠʦʤʠʰʝʥʴʶ ʷʚʣʷʝʪʩʷ 

ʪʦʧʦʠʟʦʤʝʨʘʟʘ IV. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴè (structure-activity 

relationship, SAR) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʭʠʨʘʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ C7 ʧʦʣʦʞʝʥʠʠ ʭʠʥʦʣʦʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʩʧʝʢʪʨ ʠʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʆʢʦʣʦ 

ʧʦʣʦʚʠʥʳ ʬʪʦʨʭʠʥʦʣʦʥʦʚ ʷʚʣʷʶʪʩʷ ʭʠʨʘʣʴʥʳʤʠ. ʂʨʦʤʝ ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ, ʭʠʨʘʣʴʥʳʡ 

ʮʝʥʪʨ ʚʦ ʬʪʦʨʭʠʥʦʣʦʥʦʚʳʭ ʘʥʪʠʙʠʦʪʠʢʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʤʝʩʪʠʪʝʣʷʭ ʚ C7 ʧʦʣʦʞʝʥʠʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ. ʂʣʠʥʘʬʣʦʢʩʘʮʠʥ ʨʠʩ. 10. ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʭʠʨʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʡ ʜʦ ʩʠʭ ʧʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʦ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

ʈʠʩ. 10. ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ ʠ ʢʣʠʥʘʬʣʦʢʩʘʮʠʥʘ 

 

ɹ ʣrʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʥʝ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʚ ʩʚʷʟʳʚʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʪ ʩʪʵʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, in vitro ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ (R)- ʠ (S)-ʠʟʦʤʝʨʳ ʦʙʣʘʜʘʶʪ ʩʦʧʦʩʪʘʚʠʤʦʡ ʠʥʛʠʙʠʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

[36]. 

ʀʪʘʢ, ʢʘʢ ʙʳʣʦ ʫʞʝ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʵʥʘʥʪʠʦʤʝʨʳ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʟʣʠʯʥʳʤʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʤʠ ʧʨʦʬʠʣʷʤʠ, ʜʘʞʝ ʢʦʛʜʘ ʭʠʨʘʣʴʥʦʩʪʴ ʩʘʤʘ ʧʦ ʩʝʙʝ 

ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʭ ʩʨʦʜʩʪʚʦ ʢ ʩʚʷʟʳʚʘʥʠʶ ʩ ʙʠʦʤʠʰʝʥʷʤʠ. ʃʝʢʘʨʩʪʚʦ ʦʤʝʧʨʘʟʦʣ 

ʩʦʜʝʨʞʠʪ ʩʫʣʴʬʦʢʩʠʜʥʫʶ ʛʨʫʧʧʫ ʠ ʷʚʣʷʝʪʩʷ ʨʘʮʝʤʘʪʦʤ ʨʠʩ. 11. 
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ʈʠʩ. 11. ʉʪʨʫʢʪʫʨʘ ʦʤʝʧʨʘʟʦʣʘ. 

 

ʇʦʩʢʦʣʴʢʫ ʦʙʘ ʠʟʦʤʝʨʘ ʦʤʝʧʨʘʟʦʣʘ ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʦʥʠ ʦʙʘ ʧʨʝʪʝʨʧʝʚʘʶʪ ʥʝʬʝʨʤʝʥʪʥʫʶ, ʧʨʦʪʦʥ-ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʚ ʘʢʪʠʚʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ. ɼʚʘ ʠʟʦʤʝʨʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʜʝʥʪʠʯʥʳʝ 

ʢʨʠʚʳʝ çʜʦʟʘ-ʦʪʚʝʪè, ʢʦʛʜʘ ʪʝʩʪʠʨʫʶʪʩʷ in vitro ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʢʠʩʣʦʪʳ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʞʝʣʫʜʦʯʥʦʡ ʛʣʘʥʜʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ (S)-ʠʟʦʤʝʨ ʦʙʣʘʜʘʝʪ ʣʫʯʰʝʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʦʨʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʩʝʢʨʝʮʠʠ ʞʝʣʫʜʦʯʥʦʡ ʢʠʩʣʦʪʳ ʠʟ-ʟʘ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʦʤʝʧʨʘʟʦʣʘ [37]. 

 

¶ ʆʩʦʙʝʥʥʦʩʪʠ ʚ ʬʘʨʤʘʢʦʣʦʛʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʘʣʠʯʠʝʤ ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʦʚ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ ʩʚʦʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʣʝʢʘʨʩʪʚʘ ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʧʦʜʭʦʜʷʱʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʨʘʟʤʝʨʘʤʠ, ʬʦʨʤʘʤʠ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʟʘʨʷʜʘʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚʘ ʩ ʨʝʮʝʧʪʦʨʦʤ ʯʘʩʪʦ ʦʧʠʩʳʚʘʶʪ 

ʢʘʢ ʤʝʭʘʥʠʟʤ çʢʣʶʯ-ʟʘʤʦʢè, ʚ ʢʦʪʦʨʦʤ ʣʝʢʘʨʩʪʚʦ (ʢʣʶʯ) ʜʦʣʞʥʦ ʧʦʜʭʦʜʠʪʴ ʠ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʝʮʝʧʪʦʨʦʤ (ʟʘʤʢʦʤ). ʉʧʝʮʠʬʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ 

ʣʝʢʘʨʩʪʚʘ ʩ ʨʝʮʝʧʪʦʨʦʤ ʢʨʠʪʠʯʥʦ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʣʝʢʘʨʩʪʚʘ, 

ʪ.ʦ. ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʨʝʮʝʧʪʦʨʦʚ.  

ɼʘʞʝ ʝʩʣʠ ʣʝʢʘʨʩʪʚʦ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʨʝʮʝʧʪʦʨʫ, ʥʝʦʙʭʦʜʠʤʳ ʩʠʣʳ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʫʜʝʨʞʠʚʘʪʴ ʝʛʦ ʚ ʨʝʮʝʧʪʦʨʝ. ʕʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʙʣʘʛʦʜʘʨʷ ʪʨʝʤ 

ʪʠʧʘʤ ʭʠʤʠʯʝʩʢʠʭ ʩʠʣ ʠʣʠ ʩʚʷʟʝʡ. ʇʝʨʚʘʷ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʠʣʴʥʦʡ, ʥʦ ʥʝʪʠʧʠʯʥʦʡ ï 

ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʨʘʪʠʤʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

(ʦʪʨʘʚʣʷʝʪ ʨʝʮʝʧʪʦʨ). ɺʪʦʨʘʷ - ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʩʣʘʙʝʝ ʢʦʚʘʣʝʥʪʥʦʡ, 

ʥʦ ʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʘʷʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʝʢʘʨʩʪʚʘ ʩ ʨʝʮʝʧʪʦʨʦʤ. ʉʠʣʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʧʦʩʪʦʷʥʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʠʦʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʜʦ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʩʣʘʙʳʭ 

ʜʠʧʦʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʝ ʩʠʣʳ. ʊʨʝʪʴʷ - ʛʠʜʨʦʬʦʙʥʘʷ 
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ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʩʣʘʙʦʡ ʠʟ ʪʨʝʭ, ʦʜʥʘʢʦ ʦʥʘ ʚʘʞʥʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʣʝʢʘʨʩʪʚʘʤʠ ʠ ʣʠʧʠʜʥʳʤʠ ʢʣʝʪʦʯʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ. 

ʌʘʨʤʘʢʦʜʠʥʘʤʠʢʘ ʨʘʮʝʤʘʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ 5 ʦʩʥʦʚʥʳʭ ʢʘʪʝʛʦʨʠʡ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʮʝʤʠʯʝʩʢʠʭ ʣʝʢʘʨʩʪʚ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ, ʚ ʢʦʪʦʨʦʡ ʦʜʠʥ 

ʵʥʘʥʪʠʦʤʝʨ ʦʙʣʘʜʘʝʪ ʦʩʥʦʚʥʳʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ (ʵʫʪʦʤʝʨ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʨʫʛʦʡ ʷʚʣʷʝʪʩʷ ʥʝʘʢʪʠʚʥʳʤ ʠʣʠ ʦʙʣʘʜʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʜʠʩʪʦʤʝʨ). ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ, ʵʫʪʦʤʝʨ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʮʝʣʝʚʳʤ ʨʝʮʝʧʪʦʨʦʤ, ʪʦʛʜʘ ʢʘʢ 

ʜʠʩʪʦʤʝʨ ʥʝ ʩʚʷʟʳʚʘʝʪʩʷ ʠʣʠ ʩʚʷʟʳʚʘʝʪʩʷ ʦʯʝʥʴ ʧʣʦʭʦ. ɺʪʦʨʘʷ ʢʘʪʝʛʦʨʠʷ ï ʢʦʛʜʘ ʦʙʘ 

ʵʥʘʥʪʠʦʤʝʨʘ ʘʢʪʠʚʥʳ, ʵʪʦ ʦʯʝʥʴ ʨʝʜʢʠʡ ʩʣʫʯʘʡ. ʊʨʝʪʴʷ ʢʘʪʝʛʦʨʠʷ ï ʣʝʢʘʨʩʪʚʘ, 

ʧʨʦʧʠʩʳʚʘʝʤʳʝ ʚ ʚʠʜʝ ʨʘʮʝʤʘʪʘ, ʥʦ ʦʜʠʥ ʵʥʘʥʪʠʦʤʝʨ ʦʯʝʥʴ ʙʳʩʪʨʦ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ 

ʜʨʫʛʦʡ in vivo ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠʥʘʜʣʝʞʠʪ ʚʪʦʨʦʤʫ ʠʟʦʤʝʨʫ (ʭʠʨʘʣʴʥʘʷ 

ʠʥʚʝʨʩʠʷ). ʊ.ʝ. ʧʝʨʚʳʡ ʵʥʘʥʪʠʦʤʝʨ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʦʣʝʢʘʨʩʪʚʦʤ (ʣʝʢʘʨʩʪʚʦ, ʢʦʪʦʨʦʝ 

ʥʝʘʢʪʠʚʥʦ ʩʘʤʦ ʧʦ ʩʝʙʝ, ʥʦ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʘʢʪʠʚʥʫʶ ʬʦʨʤʫ in vivo). ʏʝʪʚʝʨʪʘʷ 

ʢʘʪʝʛʦʨʠʷ ï ʭʠʨʘʣʴʥʳʝ ʣʝʢʘʨʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʵʥʘʥʪʠʦʤʝʨʳ ʧʨʦʷʚʣʷʶʪ ʨʘʟʥʳʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʠʥʦʛʜʘ ʫ ʦʜʥʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ ʞʝʣʘʝʤʳʡ, ʘ ʫ 

ʜʨʫʛʦʛʦ - ʥʝ ʞʝʣʘʝʤʳʡ ʵʬʬʝʢʪ. ʆʙʳʯʥʦ ʵʪʦ ʚʳʟʚʘʥʦ ʩʚʷʟʳʚʘʥʠʝʤ ʨʘʟʥʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ 

ʩ ʨʘʟʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ. ʂ ʧʦʩʣʝʜʥʝʡ ʢʘʪʝʛʦʨʠʠ ʭʠʨʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚ ʦʪʥʦʩʷʪ ʢʦʛʜʘ ʦʜʠʥ 

ʵʥʘʥʪʠʦʤʝʨ ʘʥʪʘʛʦʥʠʟʠʨʫʝʪ ʵʬʬʝʢʪʳ ʜʨʫʛʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʮʝʤʘʪ ʢʘʢ 

ʣʝʢʘʨʩʪʚʦ ʚ ʵʪʦʤ ʢʣʘʩʩʝ ʥʝ ʠʜʝʘʣʝʥ, ʠ ʥʫʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʦʪʜʝʣʴʥʳʤ ʵʥʘʥʪʠʦʤʝʨʦʤ 

[22]. 

¶ ʃʝʢʘʨʩʪʚʘ ʩ ʦʜʥʠʤ ʦʩʥʦʚʥʳʤ ʙʠʦʘʢʪʠʚʥʳʤ ʵʥʘʥʪʠʦʤʝʨʦʤ. ɸʪʦʨʚʘʩʪʘʪʠʥ 

ʵʪʦ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʩʪʘʪʠʥ (ʨʠʩ. 8), ʦʥ ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʚʠʜʝ (R,R)-ʠʟʦʤʝʨʘ, ʯʴʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚ 65 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ (S,S)- [38]. ɼʨʫʛʠʝ ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʝ ʩʪʘʪʠʥʳ ʪʘʢʞʝ 

ʧʨʦʜʘʶʪʩʷ ʚ ʚʠʜʝ ʵʥʘʥʪʠʦʤʝʨʦʚ, ʪʘʢʠʝ ʢʘʢ ʩʠʤʚʘʩʪʘʪʠʥ ʠ ʧʨʘʚʘʩʪʘʪʠʥ. 

ʃʝʢʘʨʩʪʚʘ ʩ ʦʜʥʠʤ ʵʫʪʦʤʝʨʦʤ ʪʘʢʞʝ ʪʠʧʠʯʥʳ ʜʣʷ ʜʨʫʛʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʝʡ, ʚʢʣʶʯʘʷ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʣʦʢʘʣʴʥʳʝ ʘʥʝʩʪʝʪʠʢʠ, ʘʥʪʠʙʠʦʪʠʢʠ, 

ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʝ ʠ ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʪʦʥʥʦʡ ʧʦʤʧʳ. ʆʜʥʘʢʦ, ʧʦ ʧʦʭʦʞʠʤ ʧʨʠʯʠʥʘʤ 

(ʥʝʜʦʩʪʘʪʢʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʜʝʣʝʥʠʷ ʚʦ ʚʨʝʤʷ ʧʝʨʠʦʜʘ ʨʘʟʨʘʙʦʪʢʠ), ʤʥʦʛʠʝ ʩʪʘʨʳʝ 

ʣʝʢʘʨʩʪʚʘ ʙʳʣʠ ʚʳʧʫʱʝʥʳ ʥʘ ʨʳʥʦʢ ʚ ʚʠʜʝ ʨʘʮʝʤʘʪʦʚ.  

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʢ ʜʘʚʥʦ ʦʪʢʨʳʪʳʤ ʣʝʢʘʨʩʪʚʘʤ, ʤʥʦʛʠʝ ʭʠʨʘʣʴʥʳʝ 

ʣʝʢʘʨʩʪʚʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ, ʧʨʦʜʘʶʪʩʷ ʚ ʚʠʜʝ ʵʥʘʥʪʠʦʤʝʨʦʚ. 

ʅʘʧʨʠʤʝʨ, ʦʜʠʥ ʠʟ ʫʩʧʝʰʥʳʭ ʢʣʘʩʩʦʚ ʢʘʨʜʠʦʚʘʩʢʫʣʷʨʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʵʪʦ ɸʇʌ 
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ʠʥʛʠʙʠʪʦʨʳ (ʘʥʛʠʦʪʝʥʟʠʥ-ʧʨʝʚʨʘʱʘʶʱʠʡ ʬʝʨʤʝʥʪ, ɸʇʌ) [39]. ʇʝʨʚʳʡ ɸʇʌ 

ʠʥʛʠʙʠʪʦʨ, ʢʘʧʪʦʧʨʠʣ ʨʠʩ. 12. ʙʳʣ ʚʳʧʫʱʝʥ ʥʘ ʨʳʥʦʢ ʚ 1981 ʜʣʷ ʣʝʯʝʥʠʷ ʛʠʧʝʨʪʝʥʟʠʠ ʠ 

ʩʝʨʜʝʯʥʳʭ ʧʨʠʩʪʫʧʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ (S,S)-ʢʘʧʪʦʧʨʠʣ ʙʦʣʝʝ ʯʝʤ ʚ 100 ʨʘʟ ʩʠʣʴʥʳʡ 

ʠʥʛʠʙʠʪʦʨ, ʯʝʤ (R,S)-ʠʟʦʤʝʨ [40]. 

 

ʈʠʩ. 12. ʉʪʨʫʢʪʫʨʳ ʠʟʦʤʝʨʦʚ ʢʘʧʪʦʧʨʠʣʘ 

 

¶ ʃʝʢʘʨʩʪʚʘ ʩ ʦʜʠʥʘʢʦʚʦ ʘʢʪʠʚʥʳʤʠ ʵʥʘʥʪʠʦʤʝʨʘʤʠ. ʃʝʢʘʨʩʪʚʘ ʠʟ ʵʪʦʡ 

ʢʘʪʝʛʦʨʠʠ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʦʯʝʥʴ ʨʝʜʢʠ. ʇʦʩʢʦʣʴʢʫ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʨʘʟʜʝʣʷʪʴ ʠʭ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʣʝʢʘʨʩʪʚ ʧʨʦʜʘʶʪʩʷ ʚ ʚʠʜʝ ʨʘʮʝʤʘʪʦʚ.  

 

ʈʠʩ. 13. ʉʪʨʫʢʪʫʨʳ ʠʟʦʤʝʨʦʚ ʬʣʝʢʘʠʥʠʜʘ ʠ ʬʣʫʦʢʩʝʪʠʥʘ 

 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʬʣʝʢʘʠʥʠʜ, ʘʥʪʠʘʨʠʪʤʠʢ ʨʠʩ. 13. ʅʝ ʦʙʥʘʨʫʞʝʥʦ 

ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʵʬʬʝʢʪʘʤʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʬʣʝʢʘʠʥʠʜʘ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʚʦʣʦʢʦʥ ʇʫʨʢʠʥʴʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ in vivo ʫ ʩʦʙʘʢ. ɼʨʫʛʦʡ ʧʨʠʤʝʨ ï 

ʬʣʫʦʢʩʝʪʠʥ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʦʙʨʘʪʥʦʛʦ ʟʘʭʚʘʪʘ, ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʦʤ. 

ɼʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʜʠʥʘʢʦʚʳʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʬʣʫʦʢʩʝʪʠʥʘ [22].  
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¶ ʈʘʮʝʤʠʯʝʩʢʠʝ ʣʝʢʘʨʩʪʚʘ ʩ ʭʠʨʘʣʴʥʦʡ ʠʥʚʝʨʩʠʝʡ. ɺ ʵʪʦʤ ʢʣʘʩʩʝ ʣʝʢʘʨʩʪʚʘ 

ʧʨʦʜʘʶʪʩʷ ʢʘʢ ʨʘʮʝʤʠʯʝʩʢʠʝ ʩʤʝʩʠ, ʥʦ ʦʜʠʥ ʠʟ ʠʟʦʤʝʨʦʚ ʙʳʩʪʨʦ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ 

ʜʨʫʛʦʡ in vivo. ʉʘʤʳʡ ʙʦʣʴʰʦʡ ʢʣʘʩʩ ʣʝʢʘʨʩʪʚ ʚ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʵʪʦ ʥʝʩʪʝʨʦʠʜʥʳʝ 

ʧʨʦʪʠʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ (ʅʇɺʇ). ʆʥʠ ʠʥʛʠʙʠʨʫʶʪ ʮʠʢʣʦʦʢʩʠʛʝʥʘʟʫ (ʎʆɻ) - 

ʬʝʨʤʝʥʪ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʩʠʥʪʝʟ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʠ ʜʨʫʛʠʭ ʤʝʜʠʘʪʦʨʦʚ ʠʟ 

ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʚʦʩʧʘʣʝʥʠʡ, ʚ 

ʢʘʯʝʩʪʚʝ ʘʥʘʣʴʛʝʪʠʢʦʚ ʠ ʞʘʨʦʧʦʥʠʞʘʶʱʠʭ ʩʨʝʜʩʪʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʅʇɺʇ ʵʪʦ 2-ʘʨʠʣ-

ʧʨʦʧʠʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠʣʠ çʧʨʦʬʝʥʳè (ʥʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨʘ ʠʙʫʧʨʦʬʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 9) 

ʷʚʣʷʶʪʩʷ ʨʘʮʝʤʘʪʘʤʠ [41]. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʜʚʫʭ ʵʥʘʥʪʠʦʤʝʨʦʚ - (S)-ʠʟʦʤʝʨ 

ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʎʆɻ. ʆʜʥʘʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʘʢʪʠʚʥʦʩʪʠ ʜʚʫʭ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʟʣʠʯʠʤʳ in vivo ʠʟ-ʟʘ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʙʠʦʢʦʥʚʝʨʩʠʠ (R)-

ʠʟʦʤʝʨʘ ʚ (S)- [42,43].  

¶ ʃʝʢʘʨʩʪʚʘ ʩ ʦʜʥʠʤ ʘʢʪʠʚʥʳʤ ʵʥʘʥʪʠʦʤʝʨʦʤ ʠ ʦʜʥʠʤ ʵʥʘʥʪʠʦʤʝʨʦʤ ʩ 

ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʢʣʘʩʩʝ ʭʠʨʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚ ʤʦʞʝʪ 

ʧʨʦʜʘʚʘʪʴʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʘʢʪʠʚʥʳʡ ʵʥʘʥʪʠʦʤʝʨ. ʆʜʠʥ ʠʟ ʠʟʚʝʩʪʥʳʭ ʣʝʢʘʨʩʪʚ ʚ ʵʪʦʤ 

ʢʣʘʩʩʝ ʵʪʦ ʢʣʦʧʠʜʦʛʨʝʣʴ ʨʠʩ. 14., ʧʨʦʠʟʚʦʜʥʦʝ ʪʠʝʥʦʧʠʨʠʜʠʥʘ, ʢʦʪʦʨʦʝ ʠʥʛʠʙʠʨʫʝʪ ADP 

P2Y12 ʨʝʮʝʧʪʦʨ. ʂʘʢ ʚʝʜʫʱʠʡ ʘʥʪʠʪʨʦʤʙʦʮʠʪʘʨʥʳʡ ʘʛʝʥʪ, ʢʣʦʧʠʜʦʛʨʝʣʴ ʫʤʝʥʴʰʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʢʘʨʜʠʦʚʘʩʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʤʠ ʙʦʣʝʟʥʷʤʠ. (S)-ʠʟʦʤʝʨ ʢʣʦʧʠʜʦʛʨʝʣʷ ʦʙʣʘʜʘʝʪ ʚʩʝʡ ʞʝʣʘʪʝʣʴʥʦʡ 

ʘʥʪʠʪʨʦʤʙʦʮʠʪʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʡʨʦʪʦʢʩʠʯʥʦʩʪʴʶ, ʪʦʛʜʘ ʢʘʢ (R)-

ʵʥʘʥʪʠʦʤʝʨ ʥʝ ʜʘʸʪ ʚʢʣʘʜ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʦ, ʧʦ ʩʫʪʠ ʜʝʣʘ, ʦʪʚʝʯʘʝʪ ʟʘ 

ʚʩʶ ʥʝʡʨʦʪʦʢʩʠʯʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ (S)-ʢʣʦʧʠʜʦʛʨʝʣʴ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʚʳʰʝʣ ʥʘ ʨʳʥʦʢ [22]. 

 

ʈʠʩ. 14. ʉʪʨʫʢʪʫʨʘ (S)-ʢʣʦʧʠʜʦʛʨʝʣʷ 

 

¶ ʃʝʢʘʨʩʪʚʘ ʩ ʦʜʥʠʤ ʵʥʘʥʪʠʦʤʝʨʦʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʤ ʵʬʬʝʢʪʘʤ 

ʜʨʫʛʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ. ʆʜʠʥ ʠʟ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʣʝʢʘʨʩʪʚ ʵʪʦ ʮʠʪʘʣʦʧʨʘʤ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʦʙʨʘʪʥʦʛʦ ʟʘʭʚʘʪʘ ʩʝʨʦʪʦʥʠʥʘ, ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʘ. ʎʠʪʘʣʦʧʨʘʤ ʨʠʩ. 15. ʵʪʦ ʨʘʮʝʤʘʪ, ʝʛʦ (S)-ʵʥʘʥʪʠʦʤʝʨ 
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ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ, ʪʦʛʜʘ ʢʘʢ (R)-ʠʟʦʤʝʨ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʩʥʠʞʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ (S)-ʠʟʦʤʝʨʘ ʠ in vitro, ʠ in vivo. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ (S)- ʠ (R)-

ʵʥʘʥʪʠʦʤʝʨʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʘʡʪʘʤʠ ʪʨʘʥʩʧʦʨʪʝʨʘ ʩʝʨʦʪʦʥʠʥʘ. ʉʚʷʟʳʚʘʥʠʝ 

(S)-ʵʥʘʥʪʠʦʤʝʨʘ ʠʥʛʠʙʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʪʥʦʛʦ ʟʘʭʚʘʪʘ, ʪʦʛʜʘ ʢʘʢ ʩʚʷʟʳʚʘʥʠʝ (R)-

ʵʥʘʥʪʠʦʤʝʨʘ ʩ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤ ʩʘʡʪʦʤ (ʩʘʡʪ, ʦʪʣʠʯʥʳʡ ʦʪ ʦʙʳʯʥʦʛʦ ʣʠʛʘʥʜ 

ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʘʡʪʘ, ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʣʠʷʪʴ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʨʝʮʝʧʪʦʨʘ) ʩʥʠʞʘʝʪ 

ʩʚʷʟʳʚʘʥʠʝ (S)-ʵʥʘʥʪʠʦʤʝʨʘ [9,10]. ʇʦʩʢʦʣʴʢʫ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʪʥʦʛʦ 

ʟʘʭʚʘʪʘ ʩʝʨʦʪʦʥʠʥʘ ʷʚʣʷʝʪʩʷ ʦʞʠʜʘʝʤʦʡ ʮʝʣʴ ʁʣʝʢʘʨʩʪʚʘ, ʪʦ (S)-ʵʥʘʥʪʠʦʤʝʨ ʜʦʣʞʝʥ 

ʙʳʪʴ ʣʫʯʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʮʝʤʘʪʦʤ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, (S)-ʵʥʘʥʪʠʦʤʝʨ ʙʳʣ ʧʨʠʟʥʘʥ 

ʣʫʯʰʠʤ ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʦʤ [44]. 

 

ʈʠʩ. 15. ʉʪʨʫʢʪʫʨʳ ʵʥʘʥʪʠʦʤʝʨʦʚ ʮʠʪʘʣʦʧʨʘʤʘ (R)- (ʩʣʝʚʘ) ʠ (S)- (ʩʧʨʘʚʘ) 

 

¶ ʋʥʠʢʘʣʴʥʳʝ ʭʠʨʘʣʴʥʳʝ ʣʝʢʘʨʩʪʚʘ. ʉʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʫʥʠʢʘʣʴʥʳʝ 

ʭʠʨʘʣʴʥʳʝ ʣʝʢʘʨʩʪʚʘ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʥʠ ʢ ʢʘʢʦʡ ʠʟ ʦʙʩʫʞʜʝʥʥʳʭ ʚʳʰʝ ʢʘʪʝʛʦʨʠʡ. 

ʅʘʧʨʠʤʝʨ, ʦʤʝʧʨʘʟʦʣ ʨʠʩ. 16. ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʙʦʣʝʟʥʝʡ ʛʘʩʪʨʦʵʟʦʬʘʛʝʘʣʴʥʦʛʦ 

ʨʝʬʣʶʢʩʘ, ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʜʘʚʘʝʤʳʭ ʚ ʤʠʨʝ ʣʝʢʘʨʩʪʚ. ʂʘʢ ʨʘʮʝʤʘʪ, ʦʤʝʧʨʘʟʦʣ 

ʷʚʣʷʝʪʩʷ ʧʨʦ-ʣʝʢʘʨʩʪʚʦʤ, ʪ.ʢ. (R)- ʠ (S)-ʵʥʘʥʪʠʦʤʝʨʳ ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ in vivo ʚ ʢʠʩʣʦʡ 

ʩʨʝʜʝ ʚ ʥʝʭʠʨʘʣʴʥʫʶ ʘʢʪʠʚʥʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʪʦʥʥʫʶ 

ʧʦʤʧʫ (H+/K+-ATʌʘʟʘ) ʚ ʩʝʢʨʝʪʦʨʥʦʡ ʞʝʣʫʜʦʯʥʦʡ ʤʝʤʙʨʘʥʝ [37]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ (R)- ʠ 

(S)-ʵʥʘʥʪʠʦʤʝʨʳ ʤʝʪʘʙʦʣʠʟʠʨʫʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ, ʠ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʘʮʠʝʥʪʦʚ [5]. ʕʪʘ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʤʝʪʘʙʦʣʠʟʤʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʣʦʞʥʦʩʪʠ ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʨʘʟʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʤʝʧʨʘʟʦʣʘ. ʇʦʵʪʦʤʫ, (S)-ʵʥʘʥʪʠʦʤʝʨ ʦʤʝʧʨʘʟʦʣʘ, ʧʨʦʜʘʚʘʝʤʳʡ ʢʘʢ 

ʵʟʦʤʝʧʨʘʟʦʣ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʤʝʞʜʫ 

ʧʘʮʠʝʥʪʘʤʠ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʟʦʤʝʧʨʘʟʦʣ 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʙʳʩʪʨʳʤ ʥʘʯʘʣʦʤ ʜʝʡʩʪʚʠʷ ʠ ʫʣʫʯʰʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʮʝʤʘʪʦʤ ʦʤʝʧʨʘʟʦʣʘ [45]. 
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ʈʠʩ. 16. ʉʪʨʫʢʪʫʨʳ ʵʥʘʥʪʠʦʤʝʨʦʚ ʦʤʝʧʨʘʟʦʣʘ (R)- (ʩʣʝʚʘ) ʠ (S)- (ʩʧʨʘʚʘ) 

 

¶ ʇʨʠʤʝʨʳ ʨʘʟʣʠʯʠʡ ʚ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʝ ʭʠʨʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚ 

ʌʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ʦʙʳʯʥʦ ʠʩʩʣʝʜʫʝʪ ʩʪʝʧʝʥʴ ʠ ʩʢʦʨʦʩʪʴ ʘʙʩʦʨʙʮʠʠ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʤʝʪʘʙʦʣʠʟʤ ʠ ʚʳʜʝʣʝʥʠʝ ʣʝʢʘʨʩʪʚʘ (Absorption, Distribution, Metabolism, 

Excretion - ADME). ADME ʧʨʦʮʝʩʩʳ ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ ʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚ ʠ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʩʝ ʦʥʠ ʚ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʣʝʢʘʨʩʪʚ. 

¶ ɸʙʩʦʨʙʮʠʷ. ʉʪʝʧʝʥʴ ʠ ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʜʣʷ ʜʚʫʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ, ʝʩʣʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳ [22]. 

¶ ʈʘʩʧʨʝʜʝʣʝʥʠʝ. ɺ ʬʘʟʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʝʢʘʨʩʪʚʦ ʦʙʨʘʪʠʤʦ ʧʝʨʝʥʦʩʠʪʩʷ ʠʟ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ (ʦʙʳʯʥʦ ʧʣʘʟʤʘ) ʢ ʧʝʨʠʬʝʨʠʡʥʳʤ ʦʪʜʝʣʝʥʠʷʤ (ʪʢʘʥʠ). ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʠ: ʨʘʟʙʘʚʣʝʥʠʝ ʘʙʩʦʨʙʠʨʦʚʘʥʥʦʛʦ 

ʣʝʢʘʨʩʪʚʘ ʚ ʢʨʦʚʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʢʘʨʩʪʚʘ ʧʦ ʪʢʘʥʷʤ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʭʠʨʘʣʴʥʦʛʦ 

ʣʝʢʘʨʩʪʚʘ, ʩʚʷʟʳʚʘʥʠʝ ʝʛʦ ʜʚʫʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʣʘʟʤʦʡ ʠ ʙʝʣʢʘʤʠ ʪʢʘʥʝʡ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʤ ʠʟ-ʟʘ ʭʠʨʘʣʴʥʦʡ ʧʨʠʨʦʜʳ ʙʝʣʢʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʦʤʫ 

ʧʨʦʬʠʣʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʢʘʨʩʪʚʘ ʚ ʧʣʘʟʤʝ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʢʘʞʜʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʢʘʨʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʳʚʘʥʠʝʤ ʩ 

ʙʝʣʢʦʤ ʚ ʧʣʘʟʤʝ ʠ ʪʢʘʥʷʭ.  

ɼʚʘ ʵʥʘʥʪʠʦʤʝʨʘ ʭʠʨʘʣʴʥʦʛʦ ʣʝʢʘʨʩʪʚʘ ʦʙʳʯʥʦ ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤ ʩʨʦʜʩʪʚʦʤ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ. ʉʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ ʠ Ŭ1-ʢʠʩʣʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ 

ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ, ʩʚʷʟʳʚʘʶʱʠʤʠʩʷ ʩ ʣʝʢʘʨʩʪʚʘʤʠ. 

ʂʠʩʣʦʪʥʳʝ ʣʝʢʘʨʩʪʚʘ ʦʙʳʯʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʘʣʴʙʫʤʠʥʦʤ, ʪʦʛʜʘ ʢʘʢ ʦʩʥʦʚʥʳʝ ʣʝʢʘʨʩʪʚʘ 

çʧʨʝʜʧʦʯʠʪʘʶʪè ʛʣʠʢʦʧʨʦʪʝʠʥ. 

ʂʨʦʤʝ ʩʚʷʟʳʚʘʥʠʷ ʩ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ, ʜʨʫʛʦʡ ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʢʘʨʩʪʚʘ, ʵʪʦ ʩʚʷʟʳʚʘʥʠʝ ʩ ʙʝʣʢʘʤʠ ʪʢʘʥʝʡ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʜʚʘ 

ʵʥʘʥʪʠʦʤʝʨʘ ʭʠʨʘʣʴʥʦʛʦ ʣʝʢʘʨʩʪʚʘ ʤʦʛʫʪ ʪʘʢʞʝ ʠʤʝʪʴ ʨʘʟʥʦʝ ʩʨʦʜʩʪʚʦ ʢ ʩʚʷʟʳʚʘʥʠʶ ʩ 



27 

 

ʙʝʣʢʘʤʠ ʪʢʘʥʝʡ. ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʟʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ ʠʥʦʛʜʘ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʦʡ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʦʟʠʨʦʚʘʥʠʝʤ ʨʘʮʝʤʘʪʘ [22]. 

¶ ʄʝʪʘʙʦʣʠʟʤ. ʄʝʪʘʙʦʣʠʟʤ ʣʝʢʘʨʩʪʚʘ ʵʪʦ ʬʘʟʘ, ʚ ʢʦʪʦʨʦʡ ʣʝʢʘʨʩʪʚʦ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ. ʆʙʳʯʥʦ, ʤʝʪʘʙʦʣʠʟʤ ʣʝʢʘʨʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʪʘʙʦʣʠʪʦʚ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 

ʣʝʢʘʨʩʪʚʦʤ, ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʠʣʠ ʛʠʜʨʦʬʠʣʴʥʳʭ ʛʨʫʧʧ. 

ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ ʣʝʢʘʨʩʪʚ ʤʦʞʝʪ ʙʳʪʴ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʩʫʙʩʪʨʘʪ ʠ/ʠʣʠ ʥʘ ʧʨʦʜʫʢʪ. ʂʦʛʜʘ ʜʚʘ ʵʥʘʥʪʠʦʤʝʨʘ ʭʠʨʘʣʴʥʦʛʦ 

ʣʝʢʘʨʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʝʪʘʙʦʣʠʟʠʨʫʶʱʠʤ ʬʝʨʤʝʥʪʦʤ (ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ 

ʭʠʨʘʣʴʥʘʷ ʤʘʢʨʦʤʦʣʝʢʫʣʘ), ʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʨʳ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʭʠʨʘʣʴʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʦʛʦ ʩʨʦʜʩʪʚʘ ʠ/ʠʣʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʩʪʘʜʠʠ ʩʚʷʟʳʚʘʥʠʷ ʠ/ʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪʳ (ʤʝʪʘʙʦʣʠʪʳ), ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʚ 

ʢʘʢʦʤ-ʪʦ ʨʦʜʝ, ʧʨʠʚʦʜʷ ʢ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʤʝʪʘʙʦʣʠʟʤʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʛʜʘ 

ʧʨʦʭʠʨʘʣʴʥʦʝ ʣʝʢʘʨʩʪʚʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʬʝʨʤʝʥʪʦʤ, ʦʥʦ ʦʙʨʘʟʫʝʪ ʭʠʨʘʣʴʥʳʡ ʬʝʨʤʝʥʪ-

ʩʫʙʩʪʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʘʢ ʚ ʦʩʥʦʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʩʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷ ʢ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʠʨʘʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ. 

ʊʘʢ, ʮʠʪʦʭʨʦʤ ʈ450, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʮʠʪʦʭʨʦʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʭʠʨʘʣʴʥʳʭ ʠ ʧʨʦʭʠʨʘʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ɼʣʷ 

ʥʝʢʦʪʦʨʳʭ ʣʝʢʘʨʩʪʚ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʤʝʪʘʙʦʣʠʟʤʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʮʠʪʦʭʨʦʤʦʚ: ʘʮʝʥʦʢʫʤʘʨʠʥ (S/R, 6-

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ, CYP2C9) ï 37, ʜʠʟʦʧʠʨʘʤʠʜ (S/R, ʤʦʥʦ-N-ʜʝʘʣʢʠʣʠʨʦʚʘʥʠʝ, 

CYP3A3) ï 2.2, ʬʣʫʦʢʩʝʪʠʥ ï 5 (R/S, N-ʜʝʘʣʢʠʣʠʨʦʚʘʥʠʝ, CYP2C9), ʦʤʝʧʨʘʟʦʣ ï 20 (R/S, 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ, CYP2C19) (ʩʪʨʫʢʪʫʨʳ ʣʝʢʘʨʩʪʚ ʥʘ ʨʠʩ. 17.) [22]. 

 

ʈʠʩ. 17. ʉʪʨʫʢʪʫʨʳ ʣʝʢʘʨʩʪʚ, ʢʦʪʦʨʳʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʤʝʪʘʙʦʣʠʟʠʨʫʶʪʩʷ ʮʠʪʦʭʨʦʤʘʤʠ 
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ʅʝʢʦʪʦʨʳʝ ʭʠʨʘʣʴʥʳʝ ʣʝʢʘʨʩʪʚʘ ʧʨʝʪʝʨʧʝʚʘʶʪ ʭʠʨʘʣʴʥʫʶ ʠʥʚʝʨʩʠʶ ʚ ʧʨʦʮʝʩʩʝ 

ʤʝʪʘʙʦʣʠʟʤʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʵʥʘʥʪʠʦʤʝʨʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢ ʜʨʫʛʦʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʭʠʨʘʣʴʥʦʡ ʠʥʚʝʨʩʠʠ: ʥʝʦʙʨʘʪʠʤʘʷ ʠ ʦʙʨʘʪʠʤʘʷ. ʅʝʦʙʨʘʪʠʤʘʷ 

ʠʥʚʝʨʩʠʷ ʦʙʳʯʥʦ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʝʣʢʦʚ ʠʣʠ ʬʝʨʤʝʥʪʦʚ. ʉʘʤʳʤ 

ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʶʪʩʷ ʅʇɺʇ. ɼʣʷ ʥʠʭ ʪʦʣʴʢʦ (S)-ʵʥʘʥʪʠʦʤʝʨ ʦʙʣʘʜʘʝʪ 

ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʤʠ ʠ ʧʨʦʪʠʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʘ (R)-ʵʥʘʥʪʠʦʤʝʨ ʩʣʘʙʦ ʘʢʪʠʚʝʥ 

ʠʣʠ ʥʝʘʢʪʠʚʝʥ. ʆʜʥʘʢʦ, ʘʢʪʠʚʥʦʩʪʠ ʜʚʫʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʤʥʦʛʠʭ ʅʇɺʇ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʘʟʣʠʯʠʤʳ in vivo ʠʟ-ʟʘ ʥʝʦʙʨʘʪʠʤʦʡ ʭʠʨʘʣʴʥʦʡ ʠʥʚʝʨʩʠʠ ʥʝʘʢʪʠʚʥʦʛʦ (R)-ʵʥʘʥʪʠʦʤʝʨʘ 

ʚ ʘʢʪʠʚʥʳʡ (S)-ʵʥʘʥʪʠʦʤʝʨ. ʅʘʧʨʠʤʝʨ, (S)-ʵʥʘʥʪʠʦʤʝʨ ʠʙʫʧʨʦʬʝʥʘ ʚ 160 ʨʘʟ ʙʦʣʝʝ 

ʘʢʪʠʚʝʥ, ʯʝʤ (R)- ʧʨʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʩʠʥʪʝʟʘ ʧʨʦʩʪʦʛʣʘʥʜʠʥʦʚ in vitro [3]. ɺ ʦʨʛʘʥʠʟʤʝ, 

(R)-ʠʙʫʧʨʦʬʝʥ ʤʦʞʝʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʙʳʩʪʨʫʶ ʵʬʬʝʢʪʠʚʥʫʶ ʭʠʨʘʣʴʥʫʶ ʠʥʚʝʨʩʠʶ ʚ (S)-

ʘʢʪʠʚʥʳʡ ʵʥʘʥʪʠʦʤʝʨ, ʥʦ ʥʝ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ. ʕʪʦʪ ʠʥʪʝʨʝʩʥʳʡ ʬʝʥʦʤʝʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ (R)-ʵʥʘʥʪʠʦʤʝʨʘ [33]. ʉʭʝʤʘ 

ʬʝʨʤʝʥʪʥʦʡ ʠʥʚʝʨʩʠʠ (R)-ʠʙʫʧʨʦʬʝʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 18. [46].  

 

ʈʠʩ. 18. ʉʭʝʤʘ ʭʠʨʘʣʴʥʦʡ ʠʥʚʝʨʩʠʠ (R)-ʠʙʫʧʨʦʬʝʥʘ 

 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʪʠʦʵʬʠʨ 

ʤʠʢʨʦʩʦʤʘʣʴʥʦʡ ʠʣʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʘʮʠʣ-ʉʦɸ ʣʠʛʘʟʦʡ. ʕʪʦʪ ʬʝʨʤʝʥʪ, ʦʙʳʯʥʦ 

ʷʚʣʷʝʪʩʷ ʣʠʛʘʟʦʡ ʚ ʬʦʨʤʝ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʦʡ ʞʠʨʥʦʡ ʢʠʩʣʦʪʳ (ɽʉ 6,2,1,2,3), ʦʥ 

ʢʘʪʘʣʠʟʠʨʫʝʪ ʚʢʣʶʯʝʥʠʝ ʚ ʉʦɸ-SH ʪʦʣʴʢʦ R-ʵʥʘʥʪʠʦʤʝʨʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ ʵʪʦʡ ʠʥʚʝʨʩʠʠ. ʇʝʨʚʳʡ ʪʠʦʵʬʠʨ ʟʘʪʝʤ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ 

ʦʙʨʘʪʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʵʧʠʤʝʨʘʟʦʡ [47], ʠ ʥʘʢʦʥʝʮ, ʧʦʣʫʯʠʚʰʠʡʩʷ ʪʠʦʵʬʠʨ 

ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʛʠʜʨʦʣʘʟʦʡ, ʦʩʚʦʙʦʞʜʘʷ (S)-ʠʙʫʧʨʦʬʝʥ. ʊʝʨʘʧʝʚʪʠʯʝʩʢʦʝ ʧʦʩʣʝʜʩʪʚʠʝ 

ʭʠʨʘʣʴʥʦʡ ʠʥʚʝʨʩʠʠ ʠʙʫʧʨʦʬʝʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʥʠʤʘʝʤʘʷ ʜʦʟʘ ʨʘʮʝʤʘʪʘ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʜʘʝʪ ʙ·ʣʴʰʠʡ ʚʳʭʦʜ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 
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¶ ɺʳʜʝʣʝʥʠʝ. ɺ ʦʩʥʦʚʥʦʤ, ʛʠʜʨʦʬʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʙʳʩʪʨʝʝ 

ʣʠʧʦʬʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʍʦʪʷ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʠ ʩʯʠʪʘʝʪʩʷ ʥʝʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʤ 

ʜʣʷ ʥʝʩʚʷʟʘʥʥʳʭ ʣʝʢʘʨʩʪʚ, ʵʥʘʥʪʠʦʤʝʨʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʳʝ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʠʟ-ʟʘ 

ʨʘʟʥʦʛʦ ʩʨʦʜʩʪʚʘ ʢ ʩʚʷʟʳʚʘʥʠʶ ʩ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ. 

 

¶ ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʩʚʷʟʳʚʘʥʠʷ ʥʘʧʨʦʢʩʝʥʘ ʩ ʬʝʨʤʝʥʪʦʤ 

ʮʠʢʣʦʦʢʩʠʛʝʥʘʟʦʡ 2  

ʇʦʩʢʦʣʴʢʫ ʥʘʩʪʦʷʱʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʅʇɺʇ ï ʥʘʧʨʦʢʩʝʥʘ 

(ʨʠʩ. 19., NPX), ʢʦʩʥʸʤʩʷ ʦʪʜʝʣʴʥʦ ʬʘʨʤʘʢʦʜʠʥʘʤʠʢʠ ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʅʇɺʇ, ʩ 

ʦʩʦʙʳʤ ʚʥʠʤʘʥʠʝʤ ʥʘ NPX. ʆʩʦʙʥʷʢʦʤ ʩʪʦʠʪ ʟʜʝʩʴ ʨʘʙʦʪʘ ʕʚʘʥʩʘ ɸ. ʄ. [3], ʚ ʢʦʪʦʨʦʡ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ ʧʦ ʧʨʦʷʚʣʝʥʠʶ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʅʇɺʇ.  

 

ʈʠʩ. 19. ʉʪʨʫʢʪʫʨʘ (S)-ʥʘʧʨʦʢʩʝʥʘ 

 

ɽʱʝ ʩ 1970-ʭ ʛʦʜʦʚ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʦ ʪʦʤ, ʯʪʦ ʪʦʣʴʢʦ ʦʜʠʥ ʵʥʘʥʪʠʦʤʝʨ ʅʇɺʇ 

ʧʨʦʷʚʣʷʝʪ ʧʨʦʪʠʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʘʧʨʦʢʩʝʥʘ ʠ 

ʬʣʫʥʦʢʩʘʧʨʦʬʝʥʘ (ʢʦʪʦʨʳʝ ʦʙʘ ʚʳʧʫʩʢʘʶʪʩʷ ʚ ʚʠʜʝ (S)-ʵʥʘʥʪʠʦʤʝʨʘ), ʭʠʨʘʣʴʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʚʳʧʫʩʢʘʣʠʩʴ ʚ ʚʠʜʝ ʨʘʮʝʤʠʯʝʩʢʠʭ ʩʤʝʩʝʡ. ʇʦʩʣʝʜʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʭʠʨʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚ ʚ ʚʠʜʝ ʨʘʮʝʤʘʪʘ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʬʘʨʤʘʢʦʜʠʥʘʤʠʢʠ ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠʟʦʤʝʨʦʚ.  

ʂʠʩʣʦʪʦʧʦʜʦʙʥʳʝ ʅʇɺʇ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʬʝʨʤʝʥʪʥʳʭ ʠ ʥʝʬʝʨʤʝʥʪʥʳʭ ʙʝʣʢʦʚ. ʀ ʭʦʪʷ ʤʥʦʛʠʝ ʵʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʤʠ, ʩʯʠʪʘʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʅʇɺʇ ʦʙʫʩʣʦʚʣʝʥʘ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʩʠʥʪʝʟʘ ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʫʙʲʝʜʠʥʠʮʝ ʎʆɻ (ʪʝʤ ʩʘʤʳʤ ʅʇɺʇ 

ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ). ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʪʠʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʭʠʨʘʣʴʥʳʭ ʅʇɺʇ, ʩʨʘʚʥʠʚʘʷ ʠʭ ʵʬʬʝʢʪʳ ʥʘ ʎʆɻ in vitro. ʊʘʢ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ) (S/R) NPX ʧʦ 
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ʜʘʥʥʳʤ [48] ʥʘ ʪʝʩʪʦʚʦʡ ʩʠʩʪʝʤʝ ʩʝʤʝʥʥʦʡ ʞʝʣʝʟʳ ʦʚʮʳ ʩʦʩʪʘʚʠʣʘ 133. ɼʣʷ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʅʇɺʇ ʪʘʢʠʝ ʩʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ 

ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ (S)-ʠʟʦʤʝʨ: ʢʣʠʜʘʥʘʢ, ʵʪʦʜʦʣʘʢ, ʬʣʫʨʙʠʧʨʦʬʝʥ, ʠʙʫʧʨʦʬʝʥ. 

ɽʩʣʠ ʞʝ ʠʟʤʝʨʠʪʴ ʠʥʛʠʙʠʪʦʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʘʮʝʤʘʪʘ, ʪʦ ʦʙʳʯʥʦ ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 

ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʟʥʘʯʝʥʠʷ ʜʣʷ (S)-ʵʥʘʥʪʠʦʤʝʨʘ. ʀʟ ʵʪʦʛʦ ʘʚʪʦʨ ʪʘʢʞʝ ʜʝʣʘʝʪ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʨʘʮʝʤʘʪʘ ʦʙʫʩʣʦʚʣʝʥʘ ʦʜʥʠʤ (S)-ʵʥʘʥʪʠʦʤʝʨʦʤ. ɹʦʣʝʝ ʪʦʛʦ, 

ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʘ (R)-ʵʥʘʥʪʠʦʤʝʨʘ ʥʘ ʠʥʛʠʙʠʪʦʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (S)-ʵʥʘʥʪʠʦʤʝʨʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʚʷʟʳʚʘʶʱʝʤ ʩʘʡʪʝ ʬʝʨʤʝʥʪʘ ʎʆɻ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʥʘʥʪʠʦʤʝʨʘʤʠ. 

ʅʇɺʇ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʦʨʛʘʥʠʟʤʫ ʧʦʩʨʝʜʩʪʚʦʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʳʚʦʨʦʪʦʯʥʦʛʦ 

ʘʣʴʙʫʤʠʥʘ, ʩ ʢʦʪʦʨʳʤ ʦʥʠ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ï ʬʨʘʢʮʠʷ ʥʝʩʚʷʟʘʥʥʦʛʦ 

ʣʝʢʘʨʩʪʚʘ ʚ ʧʣʘʟʤʝ ʦʙʳʯʥʦ ʤʝʥʴʰʝ ʯʝʤ 0.01. ɼʣʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʠʙʫʧʨʦʬʝʥʘ ʚ ʧʣʘʟʤʝ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʩʚʷʟʘʥʥʘʷ ʬʨʘʢʮʠʷ (S)-ʠʙʫʧʨʦʬʝʥʘ ʙʳʣʘ ʥʘ 40-60% ʙʦʣʴʰʝ ʯʝʤ 

(R)- [49]. ʇʦʭʦʞʝ, ʯʪʦ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʯʝʨʪʦʡ ʜʣʷ 

ʩʚʷʟʳʚʘʥʠʷ ʅʇɺʇ ʩ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ. ʆʥʘ ʤʦʞʝʪ ʚʣʠʷʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʪʯʘʩʪʠ, ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʥʘ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʧʦʜ ʢʨʠʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʣʘʟʤʝ ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʜʦʟʦʡ. 

ʊʘʢʞʝ ʘʚʪʦʨʦʤ ʩʦʦʙʱʘʝʪʩʷ ʦʙ ʫʧʦʤʷʥʫʪʦʡ ʚʳʰʝ ʭʠʨʘʣʴʥʦʡ ʠʥʚʝʨʩʠʠ ʅʇɺʇ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʠʟ (R)- ʚ (S)-), ʭʦʪʷ, ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʚʘʞʥʦ ʦʩʦʟʥʘʚʘʪʴ, ʯʪʦ ʠʥʚʝʨʩʠʶ ʠʟ (S)- ʚ (R)- ʤʦʞʝʪ ʙʳʪʴ ʪʨʫʜʥʦ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ, ʝʩʣʠ ʚ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ʠʥʚʝʨʩʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ. 

ɺ ʮʝʣʦʤ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ) ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʅʇɺʇ ʤʦʛʫʪ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʠʪʴʩʷ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʭ, ʩʦʧʨʷʞʝʥʥʳʡ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʘʙʦʣʠʟʤ ʭʠʨʘʣʴʥʳʭ ʅʇɺʇ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ. ʀ, ʚ ʩʣʫʯʘʝ ʩʦʧʨʷʞʸʥʥʦʛʦ 

ʤʝʪʘʙʦʣʠʟʤʘ, ʜʠʘʩʪʝʨʝʦʤʝʨʳ ʘʮʝʠʣʛʣʶʢʦʨʦʥʠʜʦʚ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʩʚʦʝʡ 

ʧʦʜʚʝʨʞʝʥʥʦʩʪʴʶ ʢ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʤʫ ʦʪʱʝʧʣʝʥʠʶ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʝ, ʘ ʪʘʢʞʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʚʘʣʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʵʥʜʦʛʝʥʥʳʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ [3]. 

ʅʝ ʤʝʥʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʘʪʴʠ ɼʫʛʛʘʥ ʂ. ʠ ʜʨ. [6, 7], ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥʳ 

ʜʝʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʷʟʳʚʘʥʠʷ NPX ʩ ʬʝʨʤʝʥʪʦʤ ʎʆɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ, ʨʘʩʯʸʪʦʚ SAR, ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ 
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ʨʝʟʫʣʴʪʘʪʝ, ʘʚʪʦʨʳ ʟʘʢʣʶʯʠʣʠ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʚʳʩʪʫʧʘʶʱʠʭ ʛʨʫʧʧ ʥʘʬʪʘʣʠʥʦʚʦʛʦ 

ʦʩʪʦʚʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʎʆɻ ʠ ʪʦʣʴʢʦ ʤʠʥʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʜʦʧʫʩʪʠʤʳ (ʵʪʠ ʜʘʥʥʳʝ ʦʯʝʥʴ ʥʘʛʣʷʜʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʚ ʪʘʙʣ. 1).  

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʎʆɻ-1 ʠ ʎʆɻ-2 NPX  

ʠ ʝʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ  

ɸʥʘʣʦʛ ʎʆɻ-1 ʎʆɻ-2 ɸʥʘʣʦʛ ʎʆɻ-1 ʎʆɻ-2 

 

50% 70% 

 

20% 10% 

 

20% 10% 

 

30% 30% 

 

10% 20% 

 

10% 25% 

 

ʅʝ ʠʥʛʠʙʠʨʫʝʪ 10% 

 

45% 65% 

 

ʅʝ ʠʥʛʠʙʠʨʫʝʪ ʅʝ ʠʥʛʠʙʠʨʫʝʪ 

 

40% 70% 

 

ʄʫʪʘʮʠʷ Trp-387 ʥʘ Phe ʚ ʎʆɻ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ NPX, ʧʨʠʯʸʤ 

ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʧʝʮʠʬʠʯʝʥ ʠʤʝʥʥʦ ʜʣʷ ʜʘʥʥʦʛʦ ʅʇɺʇ [6].  

ɺ ʩʣʝʜʫʶʱʝʡ ʩʪʘʪʴʝ ʪʝ ʞʝ ʘʚʪʦʨʳ ʠʟʫʯʘʣʠ ʵʥʘʥʪʠʦʤʝʨʳ NPX, ʬʣʫʨʙʠʧʨʦʬʝʥʘ ʠ 

ʠʙʫʧʨʦʬʝʥʘ ʚ ʩʚʝʪʝ ʠʭ ʠʥʛʠʙʠʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʠʩʣʝʥʠʷ 

ʵʥʜʦʢʘʥʥʘʙʠʥʦʠʜʦʚ (ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʬʝʨʤʝʥʪʦʤ ʎʆɻ-2). ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ (R)-ʠʟʦʤʝʨʳ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝʩʷ ʩʣʘʙʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʎʆɻ-2, ʤʦʛʫʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʦʚʘʪʴ ʦʢʠʩʣʝʥʠʷ ʵʥʜʦʢʘʥʥʘʙʠʥʦʠʜʦʚ. ʕʪʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʩ 

ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ NPX ʠ 

ʬʣʫʨʙʠʧʨʦʬʝʥʘ ʩ ʎʆɻ-2.  

ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ, (R)-ʠʟʦʤʝʨʳ ʩʯʠʪʘʣʠʩʴ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ 

ʎʆɻ-2 ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʠʥʛʠʙʠʨʦʚʘʣʠ ʦʢʠʩʣʝʥʠʝ ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ 

ʮʠʪʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ (R)-ʠʟʦʤʝʨʳ ʩʝʣʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʶʪ ʦʢʠʩʣʝʥʠʝ 

ʵʥʜʦʢʘʥʥʘʙʠʥʦʠʜʦʚ. ʉʚʷʟʳʚʘʥʠʝ ʠʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʤ ʩʘʡʪʝ, ʯʪʦ 

ʠʥʜʫʮʠʨʫʝʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʬʝʨʤʝʥʪʝ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʦʢʠʩʣʝʥʠʶ 
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ʵʥʜʦʢʘʥʥʘʙʠʥʦʠʜʦʚ, ʥʦ ʥʝ ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʦʢʠʩʣʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʩʘʡʪʝ. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ 

ʥʝʦʞʠʜʘʥʥʳʡ ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (R)-ʧʨʦʬʝʥʦʚ [7].  

 

¶ ɿʘʢʣʶʯʝʥʠʝ ʢ ʨʘʟʜʝʣʫ 1.1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʧʪʠʯʝʩʢʠʝ ʠʟʦʤʝʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʣʝʯʝʙʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʠ ʵʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʩʣʫʯʘʝʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʠʨʘʣʴʥʦʛʦ ʣʝʢʘʨʩʪʚʘ ʩ ʬʝʨʤʝʥʪʦʤ ʠʣʠ ʨʝʮʝʧʪʦʨʦʤ ʚ 

ʨʝʘʢʮʠʠ ʫʯʘʩʪʚʫʶʪ ʜʚʘ ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʘ: ʚʪʦʨʦʡ ʧʨʠʥʘʜʣʝʞʠʪ ʦʩʪʘʪʢʫ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʠʣʠ ʥʫʢʣʝʦʪʠʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʪʴ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ. ɺʪʦʨʘʷ ʯʘʩʪʴ ʥʘʩʪʦʷʱʝʛʦ ʦʙʟʦʨʘ ʧʦʩʚʷʱʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʨʦʜʳ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʭʠʨʘʣʴʥʳʭ 

ʣʝʢʘʨʩʪʚ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

1.2.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʴʥʳʭ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ 

ʥʝʩʪʝʨʦʠʜʥʳʭ ʧʨʦʪʠʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʥʘʧʨʦʢʩʝʥ ʠ ʜʨ.) 

 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ [19, 20, 50-53]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪ.ʥ. ʩʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʳ: ʜʠʘʜʳ ʠ ʪʨʠʘʜʳ, ʚ ʢʦʪʦʨʳʭ ʣʝʢʘʨʩʪʚʦ ʠ ʝʛʦ ʧʘʨʪʥʝʨ ʩʦʝʜʠʥʝʥʳ 

ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚ [54-56]. ʂʦʩʥʝʤʩʷ ʣʠʰʴ ʪʝʭ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʅʇɺʇ, ʯʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤʘʪʠʢʦʡ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ.  

ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʅʇɺʇ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ ʚʥʝʩʣʘ ʛʨʫʧʧʘ ʠʩʧʘʥʩʢʠʭ ʫʯʸʥʳʭ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ.ɸ. ʄʠʨʘʥʜʳ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʳ ʨʘʟʜʝʣʠʣʠ 

ʨʘʙʦʪʳ ʧʦ ʦʙʲʝʢʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

¶ ʉʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʬʣʫʨʙʠʧʨʦʬʝʥʦʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ (S)-/(R)-ʬʣʫʨʙʠʧʨʦʬʝʥʘ (FBP) ʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʘ 

ʪʠʤʠʜʠʥʘ (dTmd) ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʢʦʚʘʣʝʥʪʥʦ-ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʨʠʩ. 20. ʩ ʮʝʣʴʶ 



33 

 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ɼʅʂ ʩ ʣʠʛʘʥʜʘʤʠ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩ ʬʣʫʨʙʠʧʨʦʬʝʥʦʤ). ʀʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʪʦʡ 

ʩʠʩʪʝʤʳ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʫʣʴʪʨʘʬʠʦʣʝʪ (ʋʌ) ʤʦʞʝʪ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʚ ɼʅʂ, ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʨʘʢʘ [57]. 

 

ʈʠʩ. 20. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ (R)-FBP-dTmd (1) ʠ (S)-FBP-dTmd (2) 

 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʩʤʝʩʠ (R)-FBP-dTmd ʠ (S)-FBP-dTmd ʚ ʨʘʩʪʚʦʨʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʥʠʢʘʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʨʝʘʛʝʥʪʘʤʠ. ɺ ʜʠʘʜʘʭ ʚʦʟʙʫʞʜʘʣʩʷ ʪʦʣʴʢʦ ʦʜʠʥ 

ʭʨʦʤʦʬʦʨ 
1
FBP*, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʣʠʩʴ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (űʬʣ) ʠ ʚʨʝʤʷ 

ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (Űʬʣ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤ FBP ʚ ʨʘʩʪʚʦʨʝ (űʬʣ=0,17). 

ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʵʪʦ ʜʠʥʘʤʠʯʝʩʢʦʝ ʪʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʯʝʨʝʟ ʧʝʨʝʥʦʩ 

ʵʣʝʢʪʨʦʥʘ, ʚ ʢʦʪʦʨʦʤ FBP ʷʚʣʷʝʪʩʷ ʜʦʥʦʨʦʤ, ʣʠʙʦ ʧʫʪʸʤ ʦʙʨʘʟʦʚʘʥʠʷ ʵʢʩʠʧʣʝʢʩʘ. ɹʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʚʦʙʦʜʥʳʭ ʵʥʝʨʛʠʡ ɻʠʙʙʩʘ ʧʦ ʫʨʘʚʥʝʥʠʶ ʈʵʤʘ-ɺʝʣʣʝʨʘ [59] ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʥʦʡ ʧʦʣʷʨʥʦʩʪʠ (ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʜʠʦʢʩʘʥʝ) ʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʚʦʟʤʦʞʥʳ ʦʙʘ ʤʝʭʘʥʠʟʤʘ, ʘ ʚ ʜʠʦʢʩʘʥʝ ʧʨʝʚʘʣʠʨʫʝʪ ʪʫʰʝʥʠʝ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʨʝʟ ʵʢʩʠʧʣʝʢʩ. ɼʣʷ (R)-ʠʟʦʤʝʨʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʥʴʰʠʝ 

ʟʥʘʯʝʥʠʷ űʬʣ ʠ Űʬʣ (0,015 ʠ 0,2 ʥʩ), ʯʝʤ ʜʣʷ (S)-ʘʥʘʣʦʛʘ (0,018 ʠ 0,31ʥʩ). ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʦʞʠʜʘʥʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣ (űʊ), ʩ űʊ((R)-FBP-

dTmd)=0,167>űT((S)-FBP-dTmd)=0,126. ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ (Űʊ) ʜʠʘʜ 

ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʶ ʢ ʪʘʢʦʚʳʤ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ 
3
FBP*, ʯʪʦ ʘʚʪʦʨʳ ʩʚʷʟʘʣʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʪʫʰʝʥʠʷ [58].  

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʣʫʨʙʠʧʨʦʬʝʥʘ ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʦʡ ï ʩʳʚʦʨʦʪʦʯʥʳʤ ʘʣʴʙʫʤʠʥʦʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʘʜ (S)-

/(R)-FBP-Trp ʨʠʩ. 21. ɸʣʴʙʫʤʠʥ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʠʘʜʝ ʤʦʣʝʢʫʣʦʡ ʪʨʠʧʪʦʬʘʥʘ, ʧʦʩʢʦʣʴʢʫ 

ʪʦʣʴʢʦ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʪʨʠʧʪʦʬʘʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʫʙʲʝʜʠʥʠʮʝ ʙʝʣʢʘ [60], ʠ ʵʪʘ 
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ʘʤʠʥʦʢʠʩʣʦʪʘ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʤʝʩʪʥʦʤʫ ʦʢʨʫʞʝʥʠʶ ʠ ʧʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ 

ʥʘʜʝʞʥʦ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ [61] ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʪʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ çʘʣʴʙʫʤʠʥ-FBPè, ʚ ʢʦʪʦʨʳʭ 

ʩʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʵʤʠʩʩʠʠ ʪʨʠʧʪʦʬʘʥʘ. 

  

ʈʠʩ. 21. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ (R)-FBP-(S)-Trp/(S)-FBP-(S)-Trp 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʘʤʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʬʦʪʦʣʠʟʘ ʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ 266ʥʤ, 

ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ~60% ʩʚʝʪʘ ʧʦʛʣʦʱʘʝʪ FBP ʠ ~40% - Trp; ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʡ ʯʝʨʪʦʡ 

ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʦ ʚʩʝʭ ʜʠʘʜʘʭ, ʧʨʠʯʸʤ ʦʩʪʘʪʦʯʥʫʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʦʪʥʦʩʠʣʠ ʢ Trp ʭʨʦʤʦʬʦʨʫ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʩʠʥʛʣʝʪ-

ʩʠʥʛʣʝʪʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʩ 
*
FBP ʥʘ Trp. ʊʘʢʞʝ, ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʰʠʨʦʢʘʷ 

ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ ʵʢʩʠʧʣʝʢʩʘ (ʤʝʞʜʫ 380 ʠ 500ʥʤ), ʦʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʘʷ ʚ ʩʣʫʯʘʝ (R,S)-

ʜʠʘʩʪʝʨʝʦʤʝʨʘ. ɺʦ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ: ʢʦʨʦʪʢʠʝ (~0,9ʥʩ ʜʣʷ (R,S)- ʠ (S,S)-) ʜʣʷ ʦʩʥʦʚʥʦʡ ʣʠʥʠʠ (ɚɻʤ=330ʥʤ) ʠ 

ʙʦʣʝʝ ʜʣʠʥʥʳʝ (5,1 ʠ 7,6ʥʩ, ʜʣʷ (R,S)- ʠ (S,S)- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʣʷ ʵʢʩʠʧʣʝʢʩʦʚ 

(ɚɻʤ=440ʥʤ) [61].  

ʉʧʝʢʪʨ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʪʘʢʞʝ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ, ʭʦʪʷ ʩ ʤʝʥʴʰʠʤ 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (űT=0,22 ʠ 0,26), ʯʝʤ ʩʘʤʦʛʦ 

FBP (űT=0,71). ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʣʠʙʦ ʯʝʨʝʟ ʪʨʠʧʣʝʪ-ʪʨʠʧʣʝʪʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʪʨʠʧʪʦʬʘʥʘ, ʣʠʙʦ ʧʨʠ ʦʙʨʘʪʥʦʤ ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʥʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩ ʨʘʟʜʝʣʝʥʥʳʤʠ 

ʟʘʨʷʜʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʩʭʝʤʫ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ ʨʠʩ. 22. 
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ʈʠʩ. 22. ʂʘʯʝʩʪʚʝʥʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʨʘʟʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ 

ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ FBP-Trp ʜʠʘʜ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʠʩʪʝʤʝ çʘʣʴʙʫʤʠʥ-FBPè, ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʙʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ FBP-Trp ʠ ʦʪʥʝʩʝʥʘ ʢ Trp. ʇʨʦʮʝʩʩʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ 

ʨʠʩ. 22., ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʦʪʨʘʞʘʶʪ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʝʢʘʨʩʪʚʘ 

ʩ ʙʝʣʢʦʤ[61].  

¶ ʉʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʢʝʪʦʧʨʦʬʝʥʦʤ. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʜʠʘʜʘʭ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʭʨʦʤʦʬʦʨʘ ʢʝʪʦʧʨʦʬʝʥʘ (KP) ʠ ʨʘʟʣʠʯʥʳʭ ʜʦʥʦʨʦʚ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

(ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ, ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʣ) ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ 

ʬʦʪʦʣʠʟʘ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʅʇɺʇ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʠ 

(ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ [62]) [63]. ʊʝʪʨʘʛʠʜʨʦʬʫʨʘʥ ʠ 

ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʣ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ ʠʭ 

ʤʦʜʝʣʷʤʠ ʙʠʦʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʢʘʢ ʫʛʣʝʚʦʜʥʳʡ ʦʩʪʘʪʦʢ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠʣʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ. ʀʩʩʣʝʜʫʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 23. 
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ʈʠʩ. 23. ʉʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ (S)-KP (1) ʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ (2ʘ, 2b) ʠʣʠ 

ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʣ ʚ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ (3ʘ, 3b, 4a, 4b) 

 

ʆʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʧʨʦʪʝʢʘʶʱʠʤ ʧʨʠ ʬʦʪʦʦʙʣʫʯʝʥʠʠ ʜʠʘʜ, ʙʳʣ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʥʘ 
3
KP ʦʪ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ʠʣʠ 

ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʣʘ. ɹʠʨʘʜʠʢʘʣʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʩʤ. 

ʩʭʝʤ rʥʘ ʨʠʩ. 24 ʠ 25). 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʦʪʱʝʧʣʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ KP ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʪʨʠʧʣʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʳʣʠ ʧʦʨʷʜʢʘ 10
4
-10

5
ʩ

-1
, ʩʘʤʳʤʠ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʜʠʘʜʳ ʩ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ. ʄʝʞʜʫ 

ʜʠʘʩʪʝʨʝʦʤʝʨʘʤʠ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʦ ʚʨʝʤʝʥʘʤ ʞʠʟʥʠ 

ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 1,6 ʧʨʦʪʠʚ 2,7ʤʢʩ. ʇʨʠ ʵʪʦʤ ʦʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʩʢʦʨʦʩʪʷʤʠ ʧʝʨʝʥʦʩʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʬʦʪʦʧʨʝʚʨʘʱʝʥʠʷ (ʜʣʷ 

ʩʠʩʪʝʤ ʩ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ 0,21 ʠ 0,15 ʜʣʷ 2ʘ ʠ 2b, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʘ ʜʣʷ ʩʠʩʪʝʤ ʩ 

ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʣʦʤ 0,05 ʠ 0,01). 

ʈʠʩ. 24. ʉʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʨʝʘʢʮʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 2a ʠ 2b 
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ʈʠʩ. 25. ʉʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʨʝʘʢʮʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 4a ʠ 4b 

 

ʊʘʢʞʝ, ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ ʗʄʈ 

ʚʩʝ ʧʨʦʜʫʢʪʳ ʬʦʪʦʦʙʣʫʯʝʥʠʷ. ʉʪʝʨʝʦʭʠʤʠʷ ʤʘʢʨʦʮʠʢʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʘʩʩʠʤʝʪʨʠʯʥʳʝ ʘʪʦʤʳ, ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʠ ʵʬʬʝʢʪʘ ʆʚʝʨʭʘʫʟʝʨʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠʤʝʥʥʦ ʜʣʷ ʜʠʘʜ ʩ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ (2a, 2b), ʛʜʝ ʦʪʱʝʧʣʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʝʣʝʢʪʠʚʥʦ ʠʟ 

ʥʘʠʤʝʥʝʝ ʟʘʤʝʱʝʥʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ; ʩʦʝʜʠʥʝʥʠʝ ʢʦʣʴʮʘ ʚ ʮʠʩ-ʦʨʠʝʥʪʘʮʠʠ ʧʨʠ ʵʪʦʤ 

ʚʩʝʛʜʘ ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʜ ʪʨʘʥʩ-. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʣʦʤ ʬʦʪʦʨʝʘʢʮʠʷ 

ʤʝʥʝʝ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʘ [63].  

ɺ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ [64] ʘʚʪʦʨʳ ʧʦʜʦʰʣʠ ʢ ʠʟʫʯʝʥʠʶ KP ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. 

ʎʝʣʴʶ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʥʘʡʪʠ ʵʢʚʠʚʘʣʝʥʪ KP, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʚʨʝʤʷ-

ʨʘʟʨʝʰʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʘʢʮʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʭʨʦʤʦʬʦʨʘ 

ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ ʠʣʠ ʠʭ ʧʨʦʩʪʳʤʠ çʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠè, ʚ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʙʣʠʞʝʥʥʳʤ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ. ʊʘʢʦʛʦ ʨʦʜʘ ʩʦʝʜʠʥʝʥʠʝ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: (1) ʙʳʪʴ ʨʘʩʪʚʦʨʠʤʳʤ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ; (2) ʝʛʦ ʪʨʠʧʣʝʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʝʝ ʜʦʣʛʦʞʠʚʫʱʠʤ, ʯʝʤ ʩʘʤ KP (ʚ ʠʜʝʘʣʝ ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ 

ʜʠʘʧʘʟʦʥʝ); ʠ (3) ʧʨʦʮʝʩʩ ʝʛʦ ʬʦʪʦʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 
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ʤʝʜʣʝʥʥʳʤ, ʜʘʙʳ ʠʟʙʝʞʘʪʴ ʥʘʣʦʞʝʥʠʷ ʦʪ ʬʦʪʦʧʨʦʜʫʢʪʦʚ ʚ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ 

ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʘʢ, ʘʚʪʦʨʳ ʧʦʜʦʙʨʘʣʠ ʧʦʜ ʵʪʠ ʫʩʣʦʚʠʷ ʠʩʩʣʝʜʫʝʤʫʶ ʤʦʣʝʢʫʣʫ 

KPGly ʨʠʩ. 26. 

 

ʈʠʩ. 26. ʉʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ KPGly 

 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ, ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʟʘʪʝʤ ʦʙʨʘʪʠʣʠʩʴ ʢ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩ ʢʣʶʯʝʚʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠ ʥʫʢʣʝʦʟʠʜʘʤʠ. 

ɺ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʥʘʙʣʶʜʘʣʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʙʝʥʟʦʬʝʥʦʥ-ʧʦʜʦʙʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (
3
KPGly) ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 520ʥʤ ʠ ʭʘʨʘʢʪʝʨʥʳʤ 

ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ 5,3ʤʢʩ. ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʪʘʢʦʚʦʤʫ ʜʣʷ 

3
KP (5,6ʤʢʩ), ʧʦʣʫʯʝʥʥʦʤʫ ʚ ʪʘʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ. ɺ ʤʝʪʘʥʦʣʝ, ʩʚʦʡʩʪʚʘ 

3
KPGly ʙʳʣʠ 

ʪʘʢʞʝ ʙʣʠʟʢʠ ʢ 
3
KP ʩ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʢʝʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ. ʆʜʥʘʢʦ, ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

(pH=7,4), ʚ ʩʧʝʢʪʨʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʘʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʜʚʝ ʧʦʣʦʩʳ (ʩ ɚʤʘʢʩ 

ʥʘ 330 ʠ 520ʥʤ), ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʷʷ ʦʯʝʥʴ ʧʦʭʦʞʘ ʥʘ ʩʧʝʢʪʨ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʥʦ ʩ 

ʦʪʣʠʯʘʶʱʠʤʩʷ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ (7,5ʤʢʩ ʥʘ 520ʥʤ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʳ ʦʪʥʝʩʣʠ ʝʝ ʢ 

3
KPGly. ɺ ʩʣʫʯʘʝ KP ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʚ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʢʘʨʙʦʘʥʠʦʥʘ (ʚʨʝʤʷ ʞʠʟʥʠ~250ʥʩ) ʠ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ ʢʦʨʦʪʢʦʞʠʚʫʱʝʛʦ ʩʠʛʥʘʣʘ ʦʪ 
3
KP.  

ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ, ʚʥʠʤʘʥʠʝ ʘʚʪʦʨʦʚ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʢ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 
3
KPGly ʠ ʘʤʠʥʦʢʠʩʣʦʪ ʠʣʠ ʥʫʢʣʝʦʪʠʜʦʚ. ɼʣʷ ʵʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ, ʙʳʣʠ ʚʳʙʨʘʥʳ: 2ô-ʜʝʦʢʩʠʛʫʘʥʦʟʠʥ (dGuo), ʪʠʤʠʜʠʥ (Thd), 

ʪʨʠʧʪʦʬʘʥ (Trp) ʠ ʪʠʨʦʟʠʥ (Tyr). ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʵʬʬʝʢʪʠʚʥʦʝ ʪʫʰʝʥʠʝ 

ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (k>10
9
ʄ

-1
Āʩ

-1
), ʢʦʪʦʨʦʝ ʘʚʪʦʨʳ ʦʪʥʦʩʠʣʠ ʢ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (ʜʣʷ dGuo, Trp ʠ Tyr). ʉʣʝʜʫʶʱʝʡ ʩʪʘʜʠʝʡ 

ʧʨʝʜʧʦʣʘʛʘʣʩʷ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʩ ʙʠʦʤʠʰʝʥʠ ʥʘ 
3
KPGly, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʦʩʦʤ 
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ʧʨʦʪʦʥʘ ʩ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠʣʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʥʫʢʣʝʦʟʠʜʘ ʥʘ KPGly
..-
. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʪʘʢʞʝ ʢʝʪʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʚʤʝʩʪʝ ʩ ʛʫʘʥʦʟʠʣʴʥʳʤ, ʪʠʨʦʟʠʣʴʥʳʤ ʠʣʠ 

ʪʨʠʧʪʦʬʘʥʦʚʳʤ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʠʤʠ 

ʤʝʭʘʥʠʟʤʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʩ Thd ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ, ʪʫʰʝʥʠʝ 
3
KPGly ʙʳʣʦ 

ʦʪʥʝʩʝʥʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʝʪʘʥʦʚ ʧʦ ʨʝʘʢʮʠʠ ʬʦʪʦʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʇʘʪʝʨʥʦ-ɹʶʭʠ 

[64]. 

¶ ʉʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʢʘʨʧʨʦʬʝʥʦʤ. ɺ ʨʘʙʦʪʝ [65] ʠʩʩʣʝʜʦʚʘʣʦʩʴ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  ʜʨʫʛʦʛʦ ʅʇɺʇ ï ʢʘʨʧʨʦʬʝʥʘ (CPF) ʩ 

ʪʨʠʧʪʦʬʘʥʦʤ (Trp), ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʩʦʩʪʘʚʝ ʜʠʘʜʳ (ʩʪʨʫʢʪʫʨʳ ʜʠʘʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

27.), ʘ ʪʘʢʞʝ ʩ Trp ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʘʣʴʙʫʤʠʥʘ. 

 

ʈʠʩ. 27. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ CPF-Trp (CP-Trp) (PP-Trp ï ʧʨʦʜʫʢʪ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ) 

 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʘʣʴʙʫʤʠʥʘ ʥʘʙʣʶʜʘʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳʝ ʩʧʝʢʪʨʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʦʙʦʠʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ CPF. ʆʜʥʘʢʦ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʟʦʤʝʨʦʚ ʣʝʢʘʨʩʪʚʘ ʩ ʙʝʣʢʦʤ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʧʨʦʬʠʣʠ ʛʠʙʝʣʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʢʘʟʳʚʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ 

ʢʦʤʧʦʥʝʥʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ. ɸʚʪʦʨʳ ʦʪʥʝʩʣʠ ʵʪʠ ʚʨʝʤʝʥʘ ʢ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ CPF ʩ ʜʚʫʤʷ ʚʦʟʤʦʞʥʳʤʠ ʩʘʡʪʘʤʠ ʩʚʷʟʳʚʘʥʠʷ ʘʣʴʙʫʤʠʥʘ (ʩʘʡʪ 

I ʠ ʩʘʡʪ II). ʕʪʦ ʦʪʥʝʩʝʥʠʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʨʫʛʦʛʦ ʅʇɺʇ ʠʙʫʧʨʦʬʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʷ ʜʣʷ ʩʘʡʪʘ II. ʊʦʛʜʘ ʙʦʣʝʝ 

ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʙʳʣʘ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʘ (ŰR/ŰS~4), ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʪʨʠʧʣʝʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ CPF ʚ ʩʘʡʪʝ I; 

ʫʢʦʨʦʯʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʪʫʰʝʥʠʝʤ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʫʪʸʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʩ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʚʦʟʤʦʞʥʦʛʦ ʧʘʨʪʥʝʨʘ ʅʇɺʇ ʚ 

ʙʝʣʢʝ ï ʦʩʪʘʪʢʘ ʘʤʠʥʦʢʠʩʣʦʪʳ Trp. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ 

ʬʦʪʦʣʠʟʘ ʤʦʜʝʣʴʥʳʭ ʜʠʘʜ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʚʘʣʝʥʪʥʦ-ʩʚʷʟʘʥʥʳʝ CPF ʠ Trp, ʧʦʜʪʚʝʨʜʠʣʠ 

ʚʳʚʦʜʳ ʘʚʪʦʨʦʚ: ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ Trp (c ʤʘʢʩʠʤʫʤʦʤ 
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ʧʦʛʣʦʱʝʥʠʷ ʥʘ ~580 ʥʤ), ʯʪʦ ʜʦʢʘʟʳʚʘʣʦ ʤʝʭʘʥʠʟʤ ʩ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ. ɹʦʣʝʝ ʪʦʛʦ, 

ʘʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʪʘʢʞʝ ʠ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ (ŰRS=2,4ʤʢʩ, 

ŰSS=3,0ʤʢʩ). ɺ ʦʩʥʦʚʥʦʤ, ʧʨʝʚʘʣʠʨʫʶʱʠʤ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ 

ʨʘʩʱʝʧʣʝʥʠʝ ʩʚʷʟʠ C-Cl, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʧʨʦʜʫʢʪʘ PP ʠ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠ ʚ ʩʦʩʪʘʚʝ 

ʜʠʘʜʳ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʧʨʠʨʦʜʳ ʬʦʪʦʘʣʣʝʨʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ CPF [65]. 

ʇʨʦʜʦʣʞʝʥʠʝ ʵʪʘ ʨʘʙʦʪʘ ʧʦʣʫʯʠʣʘ ʚ 2010 ʛʦʜʫ [66], ʚ ʥʝʡ ʘʚʪʦʨʳ ʨʘʩʰʠʨʠʣʠ 

ʠʩʩʣʝʜʫʝʤʳʝ ʩʠʩʪʝʤʳ ʥʘ ʝʱʸ ʦʜʥʫ ʘʤʠʥʦʢʠʩʣʦʪʫ ï ʪʠʨʦʟʠʥ ʨʠʩ. 28. ʀ ʪʘʢʞʝ ʩʨʘʚʥʠʚʘʣʠ 

ʨʘʟʥʳʝ ʅʇɺʇ, ʩʦʟʜʘʚ ʘʥʘʣʦʛʠʯʥʳʝ ʜʠʘʜʳ ʩ NPX (ʩʤ. ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʜʨʘʟʜʝʣʝ). 

 

ʈʠʩ. 28. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ Tyr-CPF ʠ Trp-CPF 

ɼʣʷ CPF ʥʘʙʣʶʜʘʣʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʩʠʥʛʣʝʪ-ʩʠʥʛʣʝʪʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ (ʙʦʣʝʝ 

40%), ʨʘʩʩʯʠʪʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʦ ~21¡. ʇʨʠ ʠʟʫʯʝʥʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʨʘʤʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʧʦʣʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ Tyr ʠʣʠ Trp 

ʥʘ CʈF. ɸʚʪʦʨʳ ʩʜʝʣʘʣʠ ʵʪʦʪ ʚʳʚʦʜ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʪʩʫʪʩʪʚʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʢʣʘʜʘ ʦʪ 

ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʩʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʜʠʘʜ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ 266ʥʤ ʩʚʝʪ ʧʦʛʣʦʱʘʣʠ ʦʙʘ 

ʭʨʦʤʦʬʦʨʘ [66].  

¶ ʉʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʥʘʧʨʦʢʩʝʥʦʤ. ʅʘʧʨʦʢʩʝʥ (NPX) ʚ ʩʦʩʪʘʚʝ ʩʚʷʟʘʥʥʳʭ 

ʩʠʩʪʝʤ, ʚ ʪ.ʯ. ʩ ʫʯʘʩʪʠʝʤ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʜʨʫʛʠʭ ʜʦʥʦʨʦʚ ʵʣʝʢʪʨʦʥʘ ʠʟʫʯʘʣʩʷ ʚʦ ʤʥʦʛʠʭ 

ʨʘʙʦʪʘʭ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [67] ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʜʠʘʩʪʝʨʝʦʤʝʨʳ ʜʠʘʜʳ, ʩʦʜʝʨʞʘʱʠʝ 

NPX ʠ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥ ʨʠʩ. 29. 
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ʈʠʩ. 29. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ NPX-PYR 

 

ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʩʪʘʮʠʦʥʘʨʥʳʡ ʠ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʳʡ ʤʝʪʦʜʳ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʵʨʠʨʦʚʘʥʥʦʤ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɸʚʪʦʨʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʨʠ ʬʦʪʦʦʙʣʫʯʝʥʠʠ ʚ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ 

ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʥ-ʛʝʢʩʘʥʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʢʘʢʦʛʦ-ʣʠʙʦ ʪʫʰʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʆʜʥʘʢʦ, ʧʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʧʦʣʦʩʘ ʩʣʘʙʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ~540-550ʥʤ. ʆʥʘ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ ʵʤʠʩʩʠʠ ʵʢʩʠʧʣʝʢʩʘ 

ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʬʦʪʦʦʙʣʫʯʝʥʠʠ 2-ʥʘʬʪʠʣʤʝʪʠʣʘʤʠʥʘ. 

ʊʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʦ ʚʨʝʤʝʥʘʤ ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

(Űʬʣ(R,S)=2,35ʥʩ, Űʬʣ(S,S)=3,02ʥʩ) [67]. 

ʀʥʪʝʨʝʩʥʘʷ ʨʘʙʦʪʘ [68] ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʨʴʠʨʫʝʤʦʡ ʜʣʠʥʳ 

ʚʦʣʥʳ ʦʙʣʫʯʝʥʠʷ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʜʚʫʭ ʜʨʫʛʠʭ 

ʙʠʭʨʦʤʦʬʦʨʥʳʭ ʜʠʘʜ, NPX ʠ ʥʘʬʪʘʣʠʥʘ (NAP), ʦʙʣʘʜʘʶʱʠʤʠ ʨʘʟʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʘʤʠʜʥʳʤ ʤʦʩʪʠʢʦʤ ((S,S)-/(S,R)-NPX-NAP, ʨʠʩ. 30.). 

 

ʈʠʩ. 30. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ NPX-NAP 

 

ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 325ʥʤ ʚʦʟʙʫʞʜʘʝʪʩʷ ʪʦʣʴʢʦ NPX ʭʨʦʤʦʬʦʨ, ʘ 

ʧʨʠ 290ʥʤ, ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ NAP, ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʳʡ ʩʠʥʛʣʝʪ-

ʩʠʥʛʣʝʪʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ (űʇʕ~97%) ʩ NAP ʥʘ NPX.  

ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʪʫʰʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʠʘʜʳ ʚʥʝʰʥʠʤ ʪʫʰʠʪʝʣʝʤ ï ʪʨʠʵʪʠʣʘʤʠʥʦʤ: ʢʦʥʩʪʘʥʪʳ 

ʪʫʰʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 1.7 ʨʘʟ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʪʫʰʝʥʠʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ ʵʢʩʠʧʣʝʢʩʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝʤ ʧʣʝʯʘ ʚ ʩʧʝʢʪʨʝ 
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ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʭʠʨʘʣʴʥʳʭ ʭʨʦʤʦʬʦʨʦʚ, ʚʘʨʴʠʨʦʚʘʥʠʝʤ 

ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ [68].  

ɺ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ [69] ʤʝʪʦʜʘʤʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʠ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʨʠ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘʧʨʦʢʩʝʥ ʠ ʘʤʠʥʦʢʠʩʣʦʪʫ ʘʨʛʠʥʠʥ: (S)-NPX-

(S)-Arg, (R)-NPX-(S)-Arg ʠ (S)-NPX-(R)-Arg (ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 31.). 

ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʘʚʪʦʨʳ ʩʜʝʣʘʣʠ ʧʦʧʳʪʢʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʧʨʦʢʩʝʥʘ ʠ 

ʝʛʦ ʙʠʦʤʠʰʝʥʠ ʬʝʨʤʝʥʪʘ ʎʆɻ, ʧʦʩʢʦʣʴʢʫ ʠʟ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʘʨʛʠʥʠʥ ʦʙʨʘʟʫʝʪ ʩ ʥʘʧʨʦʢʩʝʥʦʤ ʩʦʣʝʦʙʨʘʟʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʛʜʝ ʘʨʛʠʥʠʥ ʠʛʨʘʝʪ ʨʦʣʴ 

ʢʘʪʠʦʥʘ [70]. 

 

ʈʠʩ. 31. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ (S)-NPX-(S)-Arg ʠ (R)-NPX-(S)-Arg 

 

ɺ ʨʘʩʪʚʦʨʝ ʩʠʩʪʝʤʳ ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ, ʩʧʝʢʪʨ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʩʚʦʙʦʜʥʦʤʫ ʥʘʧʨʦʢʩʝʥʫ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 355ʥʤ. ɸ ʜʣʷ 

ʪʚʸʨʜʳʭ ʩʦʣʝʡ ((R)-NPX-(S)-Arg ʠ (S)-NPX-(R)-Arg) ʙʳʣ ʧʦʣʫʯʝʥ ʩʧʝʢʪʨ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʩʜʚʠʥʫʪʳʤ ʥʘ 375ʥʤ, ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʷ ʞʠʟʥʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ Űʬʣ=1,1ʥʩ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʫ ʥʘʧʨʦʢʩʝʥʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʤʘʢʩʠʤʫʤ 

ʦʩʪʘʝʪʩʷ ʥʘ ʤʝʩʪʝ, Űʬʣ=5,5ʥʩ). ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʪʘʢʦʝ ʨʘʟʣʠʯʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʵʢʩʠʤʝʨʘ NPX, ʢʦʪʦʨʳʡ 

ʣʶʤʠʥʝʩʮʠʨʫʝʪ ʚ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ [69].  

ɼʨʫʛʦʡ ʠʥʪʝʨʝʩʥʦʡ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʫʯʘʩʪʠʝʤ ʥʘʧʨʦʢʩʝʥʘ ʙʳʣʠ ʜʠʘʜʳ NPX-

ʦʢʩʝʪʘʥ ʨʠʩ. 32. [71]. ʆʙʣʫʯʝʥʠʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘʧʨʦʢʩʝʥʘ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʭʣʦʨʦʬʦʨʤʝ ʧʨʠʚʝʣʦ ʢ ʨʘʩʢʨʳʪʠʶ ʮʠʢʣʘ, ʢʦʪʦʨʦʝ ʘʚʪʦʨʳ ʦʙʲʷʩʥʠʣʠ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ (ʩʭʝʤʘ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 33.). 
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ʈʠʩ. 32. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ (S)-NPX-(S,R,S)-OXT (1), (S)-NPX-(R,S,R)-OXT (2) 

 

ʈʠʩ. 33. ʉʭʝʤʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ ʚ ʩʠʩʪʝʤʘʭ (S)-NPX-(S,R,S)-OXT (1) ʠ 

(S)-NPX-(R,S,R)-OXT (2) 

 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʬʦʪʦʦʙʣʫʯʝʥʠʠ 

ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʪʦʛʜʘ ʢʘʢ ʚʳʩʦʢʘʷ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʭʣʦʨʦʬʦʨʤʝ (
̌̕3 .083ȟ2ȟ3 /84

̌̕3 .082ȟ3ȟ2 /84
ρȟυ). ɸʚʪʦʨʳ 

ʦʙʲʷʩʥʷʶʪ ʧʨʦʷʚʣʝʥʠʝ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʘʣʠʯʠʝʤ ʩʢʨʫʯʝʥʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʜʠʘʜʝ (2). ɺ ʵʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʥʘʬʪʘʣʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ 

ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʦʨʦʥʫ ʦʢʩʝʪʘʥʘ ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʝʨʝʥʦʩʫ 

ʵʣʝʢʪʨʦʥʘ [71].  
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ɼʘʥʥʳʝ, ʢʘʩʘʶʱʠʝʩʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʘʜ, ʚʢʣʶʯʘʶʱʠʭ 

ʥʘʧʨʦʢʩʝʥ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʟʦʨʝ [72].  

ʈʠʩ. 34. ʉʪʨʫʢʪʫʨʳ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ ʩ NPX 

 

ɺ ʵʪʦʤ ʦʙʟʦʨʝ ʦʙʲʝʜʠʥʝʥʳ 6 ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʘʨʪʥʝʨʳ 

ʥʘʧʨʦʢʩʝʥʘ ʢʘʢ ʪʦ: ʥʘʬʪʘʣʠʥ (NAP), ʜʠʘʨʠʣʢʝʪʦʥ (ʢʝʪʦʧʨʦʬʝʥ, KPF), ʯʝʪʚʝʨʪʠʯʥʳʡ 

ʘʤʠʥ (PYR), ʦʢʩʝʪʘʥ (OXT) ʠʣʠ ʪʠʤʠʜʠʥ (THY) ʨʠʩ. 34. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ 
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ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʜʠʘʜʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʦʪʦʦʙʣʫʯʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʬʦʪʦʣʠʟʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ NPX-NPX ʜʠʘʜʳ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʵʢʩʠʤʝʨʘ. ʆʥ 

ʧʨʦʷʚʣʷʣʩʷ ʚ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʘʢ ʦʩʣʘʙʣʝʥʥʘʷ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ ʤʦʥʦʤʝʨʘ ʩ 

ʥʦʚʦʡ ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ (ʦʢʦʣʦ 400 ʥʤ), ʧʝʨʝʢʨʳʚʘʶʱʝʡʩʷ ʩ ʦʩʥʦʚʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. ɼʣʷ ʵʪʠʭ ʩʠʩʪʝʤ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʦʷʚʣʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʝʛʢʘ ʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʵʤʠʩʩʠʠ ʵʢʩʠʤʝʨʘ (R,S)-NPX-NPX ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ (S,S)-.  

ɼʨʫʛʠʤ ʧʨʦʮʝʩʩʦʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʘʧʨʦʢʩʝʥʦʚʳʭ ʜʠʘʜ ʦʢʘʟʘʣʩʷ ʧʝʨʝʥʦʩ 

ʵʥʝʨʛʠʠ ʠʟ ʩʠʥʛʣʝʪʥʳʭ ʠʣʠ ʪʨʠʧʣʝʪʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʅʘʧʨʠʤʝʨ, ʪʨʠʧʣʝʪ-

ʪʨʠʧʣʝʪʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʣ ʚ ʩʠʩʪʝʤʝ NPX-KPF. ʇʦʩʢʦʣʴʢʫ ʚ ʋʌ-ʩʧʝʢʪʨʝ 

KPF n-ˊ ʧʦʣʦʩʘ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʘʷ, ʪʦ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʦ ʩʝʣʝʢʪʠʚʥʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʭʨʦʤʦʬʦʨʦʚ. 

ɺ ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚʥʫʪʨʝʥʥʷʷ 

ʢʦʥʚʝʨʩʠʷ ʠʟ 
1
KPF (ɚʤʘʢʩ=570ʥʤ) ʚ 

3
KPF (ɚʤʘʢʩ=530ʥʤ), ʟʘʪʝʤ ʥʘʙʣʶʜʘʣʩʷ ʪʨʠʧʣʝʪ-

ʪʨʠʧʣʝʪʥʳʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʣ ʟʘ 380Ñ60ʧʢʩ ʜʣʷ (S,S)-NPX-KPF ʠ 

310Ñ30ʧʢʩ ʜʣʷ (R,S)-NPX-KPF. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ɻʪʦʤ ʧʨʦʮʝʩʩʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʘʷ 

ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʷ.  

ʉʠʥʛʣʝʪ-ʩʠʥʛʣʝʪʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʥʘʙʣʶʜʘʣʩʷ ʚ ʜʠʘʜʘʭ NPX-NAP. ʇʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ 325ʥʤ ʚʦʟʤʦʞʥʦ ʩʝʣʝʢʪʠʚʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʥʘʧʨʦʢʩʝʥʦʚʦʛʦ ʭʨʦʤʦʬʦʨʘ, 

ʪʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʥʘʣʦʛʠʯʥʳʡ ʩʚʦʙʦʜʥʦʤʫ NPX. ʅʦ ʝʩʣʠ 

ʚʦʟʙʫʞʜʘʪʴ ʤʦʣʝʢʫʣʫ ʥʘ 290ʥʤ, ʛʜʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʧʦʛʣʦʱʘʝʪ ʥʘʬʪʘʣʠʥʦʚʳʡ 

ʭʨʦʤʦʬʦʨ, ʪʦ ʩʧʝʢʪʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ NPX-NAP ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʩʫ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʥʘ 347ʥʤ (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ NPX). ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʵʬʬʝʢʪʠʚʥʳʡ ʩʠʥʛʣʝʪ-ʩʠʥʛʣʝʪʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ NAP ʥʘ NPX, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʘʩʯʸʪʘʤʠ (ȹGS-Sʇʕ=-6ʢʢʘʣ/ʤʦʣʴ). ɼʣʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. 

ʊʘʢʞʝ, NPX ʩʢʣʦʥʝʥ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʢʩʠʧʣʝʢʩʦʚ ʠ ʠʟ ʪʨʠʧʣʝʪʥʦʛʦ (NPX-KPF), ʠ 

ʠʟ ʩʠʥʛʣʝʪʥʦʛʦ (NPX-NAP) ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ; ʧʨʠʯʸʤ ʜʣʷ NPX ʭʘʨʘʢʪʝʨʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʵʢʩʠʧʣʝʢʩʦʚ ʢʘʢ ʚʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ, ʪʘʢ ʠ ʚ ʙʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʨʦʮʝʩʩʘʭ.  
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ʆʧʠʨʘʷʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ, ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ, ʧʦʤʠʤʦ ʵʢʩʠʧʣʝʢʩʦʚ, NPX ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʢʮʠʷʭ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʢʘʢ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ (NPX-OXT), ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ (NPX-PYR). 

ʆʯʝʥʴ ʠʥʪʝʨʝʩʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʩʠʩʪʝʤʳ NPX-THY ʩ NPX ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʢ 

ʨʘʟʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʚ ʩʘʭʘʨʥʦʤ ʦʩʪʘʪʢʝ (5
ô
 ʠʣʠ 3

ô
). ʇʨʠ ʩʝʣʝʢʪʠʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ NPX 

ʥʘ 320 ʥʤ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʬʦʨʤʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʆʜʥʘʢʦ ʩʠʪʫʘʮʠʷ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ ʜʣʷ 5
ô
-(S)-NPX-THY ʚ 

ʤʝʪʘʥʦʣʝ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʪʫʰʝʥʠʝ ʠ ʪʘʢʞʝ ʙʦʣʝʝ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʦʚʤʝʩʪʥʦ ʩ ʜʘʥʥʳʤʠ ʗʄʈ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ ʪʠʤʠʥʦʚʘʷ ʯʘʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʘʥʪʠ-ʢʦʥʬʦʨʤʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʘʭʘʨʥʦʤʫ ʦʩʪʘʪʢʫ, ʪʦʛʜʘ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ ʧʨʝʚʘʣʠʨʫʝʪ ʩʠʥ-ʢʦʥʬʦʨʤʘʮʠʷ. ʉʦʛʣʘʩʥʦ 

ʛʠʧʦʪʝʟʝ ʘʚʪʦʨʦʚ, ʵʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʤʝʪʘʥʦʣʫ ʦʙʨʘʟʦʚʘʪʴ H-ʩʚʷʟʴ ʩ 5
ô
-(S)-

NPX-THY ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʬʦʨʤʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ NPX ʠ 

THY ʬʨʘʛʤʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʙʣʠʞʝ ʜʨʫʛ ʢ ʜʨʫʛʫ ʨʠʩ. 35. ʀ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

 

ʈʠʩ. 35. ʌʠʢʩʠʨʦʚʘʥʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ 5
ô
-(S)-NPX-THY ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣ ROH  

ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

 

ʆʙʱʝʡ ʯʝʨʪʦʡ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʧʨʦʢʩʝʥ, ʦʢʘʟʘʣʦʩʴ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʪʫʰʝʥʠʝ ʩʠʥʛʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ NPX, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʫʢʦʨʦʯʝʥʠʶ 

ʚʨʝʤʝʥ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʚʦʙʦʜʥʳʤ NPX. ʊʫʰʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ: ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (NPX-NAP, NPX-KPF), ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ (NPX-PYR, 

NPX-OXT), ʦʙʨʘʟʦʚʘʥʠʷ ʵʢʩʠʤʝʨʘ (NPX-NPX) ʠʣʠ ʵʢʩʠʧʣʝʢʩʘ (NPX-NAP, NPX-KPF), 

ʙʝʟrʟʣʫʯʘʪʝʣʴʥʦʡ ʛʠʙʝʣʠ (NPX-THY), ʠ/ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (NPX-OXT, NPX-

THY). ɼʣʷ ʜʠʘʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʘʨʳ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ, ʯʘʩʪʦ ʥʘʙʣʶʜʘʣʘʩʴ 

ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʷ; ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩʦ ʩʪʝʨʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʨʘʟʣʠʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ  ʜʚʫʭ ʭʠʨʘʣʴʥʳʭ 
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ʮʝʥʪʨʦʚ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʠʘʜ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥʘ ʩ 

ʫʢʣʦʥʦʤ ʚ ʩʪʦʨʦʥʫ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʜʠʘʜ ʩ ʢʣʶʯʝʚʳʤʠ ʝʜʠʥʠʮʘʤʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ 

ʣʠʧʠʜʘʭ, ʙʝʣʢʘʭ ʠʣʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪʘʭ, ʩ ʮʝʣʴʶ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʣʝʢʘʨʩʪʚ ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ 

ʟʘ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ NPX [72]. 

ʀʤʝʥʥʦ ʢ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʦʙʨʘʪʠʣʠʩʴ ʘʚʪʦʨʳ ʚ ʩʚʦʠʭ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʨʘʙʦʪʝ [66] ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʤʦʜʝʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ çNPX-ʘʤʠʥʦʢʠʩʣʦʪʘè ʠ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʛʜʝ NPX ʙʳʣ ʩʚʷʟʘʥ ʩ 

ʩʳʚʦʨʦʪʦʯʥʳʤ ʘʣʴʙʫʤʠʥʦʤ (ʙʳʯʴʠʤ ʠ ʯʝʣʦʚʝʯʝʩʢʠʤ) (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʘʙʦʪʦʡ [61], 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ) ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ 

ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʙʝʣʢʦʤ ʠ ʣʝʢʘʨʩʪʚʦʤ. ɿʜʝʩʴ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʪʥʝʨʦʚ, ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 36.  

 

ʈʠʩ. 36. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ Tyr-NPX ʠ Trp-NPX 

 

ɺ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤʘʭ ʠʟʫʯʘʣʩʷ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ ʙʝʣʢʘ ʥʘ NPX, ʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʝʨʝʥʦʩʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ (~7%). ʊʘʢʞʝ, ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʌʸʨʩʪʝʨʦʚʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ, ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ 

ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ, ʦʥʦ ʩʦʩʪʘʚʠʣʦ ʧʦʨʷʜʢʘ 24¡. ɿʘʪʝʤ 

ʵʪʠ ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʜʘʥʥʳʤʠ ʧʦ ʤʦʜʝʣʴʥʳʤ ʩʠʩʪʝʤʘʤ. ɼʣʷ Tyr-NPX ʠ Trp-NPX 

ʜʠʘʜ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʩʠʥʛʣʝʪʥʦʡ ʵʥʝʨʛʠʠ, ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʫ ʥʠʭ ʟʘʤʝʪʥʦ ʢʦʨʦʯʝ (~9-11¡). ɼʣʷ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ Trp-NPX ʜʠʘʜʳ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʤʝʪʥʘʷ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, 

ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʦʥʘ ʩʚʷʟʘʥʘ ʩ 

ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʪʫʰʝʥʠʝʤ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʜʠʘʜʳ. ʊʘʢʞʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥ ʞʠʟʥʠ 
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ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʠʘʜ (Ű(S,R)=1,5ʥʩ, Ű(S,S)=3,1ʥʩ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤ (S)-NPX 

(11ʥʩ), ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʵʢʩʠʧʣʝʢʩʘ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ [66]. 

ʕʪʘ ʨʘʙʦʪʘ ʧʦʣʫʯʠʣʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʩʪʘʪʴʝ [73], ʧʦʩʚʷʱʝʥʥʦʡ ʠʟʫʯʝʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʦʢʠʩʣʝʥʠʷ ʚ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤʘʭ NPX ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ: ʛʠʩʪʠʜʠʥʦʤ, 

ʪʨʠʧʪʦʬʘʥʦʤ ʠ ʪʠʨʦʟʠʥʦʤ (ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 37.). 

 

ʈʠʩ. 37. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ NPX-His (2), NPX-Trp (3) ʠ NPX-Tyr (4) 

 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʳ: ʠʤʧʫʣʴʩʥʦʛʦ 

ʬʦʪʦʣʠʟʘ, ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. ʉʠʩʪʝʤʳ ʩ His ʧʦʢʘʟʘʣʠ 

ʥʘʠʙʦʣʴʰʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʠʩʣʦʨʦʜʫ. ʇʨʠ ʵʪʦʤ 

ʬʦʪʦʨʘʟʣʦʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʨʘʩʪʚʦʨʝ (ʩ ʚʦʟʜʫʭʦʤ), ʯʝʤ ʚ 

ʨʘʩʪʚʦʨʘʭ ʙʘʨʙʦʪʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʨʦʜʦʤ. 

ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʠʘʜ ʩ His ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʚʦʙʦʜʥʦʤʫ NPX, ʠ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʫʰʝʥʠʶ ʢʠʩʣʦʨʦʜʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʥʦʤʫ 

ʧʨʦʜʫʮʠʨʦʚʘʥʠʶ NPX ʚ ʪʨʠʧʣʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ (
3
NPX*-His). ʉɺʕɾʍ-ʄʉ ʘʥʘʣʠʟ 

ʬʦʪʦʧʨʦʜʫʢʪʦʚ NPX-His ʠ NPX-Trp ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʶʪʩʷ 2 

ʬʦʪʦʧʨʦʜʫʢʪʘ ʠʟ ʨʝʘʢʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪʳ ʩ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ (
1
ʆ2).  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ NPX-Trp ʩʠʩʪʝʤ ʙʳʣʦ ʵʬʬʝʢʪʠʚʥʦʝ (űNPX=0,47) 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (űRS(NPX-Trp)=0,04, 

űSS(NPX-Trp)=0,09), ʢʦʪʦʨʦʝ ʧʨʝʧʷʪʩʪʚʦʚʘʣʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ 
3
NPX*-Trp. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʥʠʟʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʪʦʦʢʠʩʣʝʥʠʶ. ʀ, ʥʘʢʦʥʝʮ, NPX-Tyr ʩʠʩʪʝʤʳ ʦʢʘʟʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʠ ʧʨʦʷʚʣʷʣʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʥʘʣʦʛʠʯʥʳʝ ʩʘʤʦʤʫ 
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ʥʘʧʨʦʢʩʝʥʫ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʭʦʪʷ ʠ ʜʨʫʛʠʝ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʬʦʪʦʧʨʦʮʝʩʩʳ, ʚ 

ʧʨʠʥʮʠʧʝ, ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ (ʥʘʧʨʠʤʝʨ, ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʧʨʠ ʪʫʰʝʥʠʠ 

ʪʨʠʧʪʦʬʘʥʦʤ), ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʤʝʭʘʥʠʟʤ ʬʦʪʦʦʢʠʩʣʝʥʠʷ 2 ʪʠʧʘ, ʢʦʪʦʨʳʡ ʠʥʠʮʠʠʨʫʝʪʩʷ ʛʝʥʝʨʘʮʠʝʡ 
1
ʆ2 ʠʟ 

ʭʨʦʤʦʬʦʨʘ 
3
NPX

*
 [73]. 

ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʚ 2015 ʛʦʜʫ ʚʳʰʣʘ ʩʪʘʪʴʷ [74] ʦ ʜʠʘʩʪʝʨʝʦʤʝʨʘʭ ʪʨʠʘʜ, 

ʩʦʜʝʨʞʘʱʠʭ ʥʘʧʨʦʢʩʝʥ, ʘʤʠʥ ʠ ʥʘʬʪʘʣʠʥ (S,S)-/ (S,R)-NPX-NH-NP. ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

ʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʚʝʱʝʩʪʚʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʵʣʝʢʪʨʦʥʥʦ-ʜʦʥʦʨʥʘʷ ʯʘʩʪʴ 

ʘʤʠʥʘ ʙʳʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʤʦʩʪʠʢ ʠ ʩʦʝʜʠʥʷʣʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʘ ʭʨʦʤʦʬʦʨʘ ʨʠʩ. 38.  

 

ʈʠʩ. 38. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ (S,S)-/(S,R)-NPX-NH-NP 

 

ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʪʘʮʠʦʥʘʨʥʘʷ ʠ ʚʨʝʤʷ-

ʨʘʟʨʝʰʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ) ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʟʥʘʯʠʤʘʷ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʫʰʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ű(S,S)=0,13, Ű(S,S)=5,33ʥʩ, ű(S,R)=0,09, Ű(S,R)=2,39ʥʩ). ʀʟ ʵʪʠʭ 

ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʥʘ (ʌʇʕ): (kʌʇʕ(S,S))=1,21Ā10
8
c

-1
, kʌʇʕ(S,R))=3,52Ā10

8
c

-1
) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɸ ʚ 

ʥʝʧʦʣʷʨʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʥ-ʛʝʢʩʘʥʝ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ ʥʘʬʪʘʣʠʥʘ ʥʘ 

ʥʘʧʨʦʢʩʝʥ. ʄʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʬʦʪʦʣʠʟʘ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘʬʪʘʣʠʥʘ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʪʫʰʠʣʠʩʴ ʘʤʠʥʦʤ ʜʘʞʝ ʩ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʴʶ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ (ʌʇʕ) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʧʫʪʝʤ ʪʫʰʝʥʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʘ ʚ ʥ-ʛʝʢʩʘʥʝ ʦʥ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʝʥ 

(ȹGʌʇʕ=+1,17ʵɺ). ɹʦʣʝʝ ʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ DFT ʨʘʩʯʸʪʦʚ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʦʙʲʷʩʥʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ (S,R)-NPX-

NH-NP ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʢʦʨʦʪʢʦʝ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʭʨʦʤʦʬʦʨʘʤʠ, ʯʝʤ 

(S,S)-. ʕʪʦ ʫʜʘʸʪʩʷ ʜʦʩʪʠʯʴ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʤʦʣʝʢʫʣʘ (S,R)- ʧʨʠʥʠʤʘʝʪ ʩʚʸʨʥʫʪʫʶ 
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ʢʦʥʬʦʨʤʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʩʪʝʨʠʯʝʩʢʦʝ ʟʘʪʨʫʜʥʝʥʠʝ ʤʝʞʜʫ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ 

ʘʤʠʥʥʳʤ ʤʦʩʪʠʢʦʤ ʤʠʥʠʤʘʣʴʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʦʩʥʦʚʥʳʭ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

308ʥʤ ʨʠʩ. 39. [74]. 

 

ʈʠʩ. 39. ʉʭʝʤʘ ʦʩʥʦʚʥʳʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʪʨʠʘʜʘʭ 

 ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 308 ʥʤ 

 

1.3. ɿʘʢʣʶʯʝʥʠʝ ʢ ɻʣʘʚʝ 1 ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʥʘʩʪʦʷʱʝʛʦ ʦʙʟʦʨʘ, ʚʦ ʤʥʦʛʠʭ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩ 

ʫʯʘʩʪʠʝʤ ʥʝʩʪʝʨʦʠʜʥʳʭ ʧʨʦʪʠʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʬʦʪʦʦʙʣʫʯʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʪʫʰʝʥʠʶ ʭʨʦʤʦʬʦʨʘ ʝʛʦ ʧʘʨʪʥʝʨʦʤ ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʠʣʠ 

ʵʣʝʢʪʨʦʥʘ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʡ ʬʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʘʤʦʛʦ 

ʬʘʢʪʘ ʪʫʰʝʥʠʷ ʠ ʦʮʝʥʢʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ. 

ʅʘʙʣʶʜʝʥʠʝ ʵʢʩʠʧʣʝʢʩʦʚ ʚ ʨʷʜʝ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩ ʯʘʩʪʠʯʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ.  

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʅʇɺʇ ʩ ʬʝʨʤʝʥʪʦʤ ʎʆɻ-2 ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʛʨʘʶʪ ʨʦʣʴ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʦʩʪʦʷʥʠʡ ʩ ʯʘʩʪʠʯʥʳʤ ʠ ʧʦʣʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʚ ʜʠʘʜʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʧʨʦʮʝʩʩʦʚ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʣʝʢʘʨʩʪʚ ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʚ 

ʘʢʪʠʚʥʳʭ ʩʘʡʪʘʭ ʬʝʨʤʝʥʪʦʚ ʠ ʨʝʮʝʧʪʦʨʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʇʦʵʪʦʤʫ 

ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʪʘʜʠʡ ʩ ʯʘʩʪʠʯʥʳʤ ʠ ʧʦʣʥʳʤ ʧʝʨʝʥʦʩʦʤ 



51 

 

ʟʘʨʷʜʘ ʧʨʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʜʥʦʛʦ ʠʟ ʅʇɺʇ ï (S)-ʥʘʧʨʦʢʩʝʥʘ ʠ 

ʝʛʦ (R)-ʠʟʦʤʝʨʘ ʩ ʭʠʨʘʣʴʥʳʤ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʘ ʚ ʜʠʘʜʘʭ, ʛʜʝ ʜʦʥʦʨ ʠ ʘʢʮʝʧʪʦʨ ʩʚʷʟʘʥʳ 

ʨʘʟʣʠʯʥʳʤʠ ʤʦʩʪʠʢʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʦʜʥʦʛʦ ʠʟ 

ʩʘʤʳʭ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ï

ʭʠʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʷʜʝʨ ʠ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʘʤʠ ʩʧʠʥʦʚʦʡ ʭʠʤʠʠ ʠ 

ʬʦʪʦʭʠʤʠʠ ʨʘʟʣʠʯʠʡ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʭʠʨʘʣʴʥʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʥʘʧʨʦʢʩʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ. 
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ɻʣʘʚʘ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

 

2.1. ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʘʢʪʠʚʳ 

ʉʨʝʜʠ ʦʙʲʝʢʪʦʚ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʜʠʘʜʳ, ʛʜʝ ʜʦʥʦʨʥʘʷ ʠ ʘʢʮʝʧʪʦʨʥʘʷ 

ʛʨʫʧʧʠʨʦʚʢʠ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʨʘʟʣʠʯʥʳʤʠ ʭʠʨʘʣʴʥʳʤʠ ʤʦʩʪʠʢʘʤʠ ʨʠʩ. 40: [R, S]-

((S)-1-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥ-2-ʠʣ)-ʤʝʪʠʣ 2-(6-ʤʝʪʦʢʩʠʥʘʬʪʘʣʠʥ-2-ʠʣ)ʧʨʦʧʠʦʥʘʪ (>99%, 

(R,S)-/(S,S)-NPX-Pyr  ʠʣʠ 2a/2b), ((S)-1-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥ-2-ʠʣ) ʤʝʪʠʣ 4-([R, S]-2-(6-

ʤʝʪʦʢʩʠʥʘʬʪʘʣʠʥ-2-ʠʣ)ʧʨʦʧʘʥʘʤʠʜ) ʙʫʪʠʨʘʪ (>99%, (R,S)-/(S,S)-NPX-AA-Pyr  ʠʣʠ 

3a/3b), (1R, 3S)-((S)-1-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥ-2-ʠʣ) ʤʝʪʠʣ 3-([R, S]-2-(6-ʤʝʪʦʢʠʥʘʬʪʘʣʠʥ-2-

ʠʣ)ʧʨʦʧʘʥʘʤʠʜ) ʮʠʢʣʦʧʝʥʪʘʥʢʘʨʙʦʢʩʠʣʘʪ (>99%, (R,S)-/(S,S)-NPX-CyAA-Pyr ʠʣʠ 

4a/4b). ɺʩʝ ʦʥʠ ʙʳʣʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʥʘʰʠʤʠ ʠʩʧʘʥʩʢʠʤʠ ʢʦʣʣʝʛʘʤʠ ʠʟ 

ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʦʬ. ʄ. ɸ. ʄʠʨʘʥʜʳ ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ɺʘʣʝʥʩʠʠ, ʯʠʩʪʦʪʘ 

ʚʝʱʝʩʪʚ ʧʨʦʚʝʨʷʣʘʩʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ. 

 

ʈʠʩ. 40. ʉʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ 
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ʀʩʩʣʝʜʫʝʤʳʝ ʩʠʩʪʝʤʳ ʩ ʜʚʫʤʷ ʭʠʨʘʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʜʦʥʦʨʥʳʡ 

(N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥʦʚʳʡ ʦʩʪʘʪʦʢ) ʠ ʘʢʮʝʧʪʦʨʥʳʡ (ʥʘʧʨʦʢʩʝʥʦʚʳʡ) ʬʨʘʛʤʝʥʪʳ, ʥʦ 

ʨʘʟʣʠʯʥʳʝ ʤʦʩʪʠʢʠ: 2 (a,b) ʢʦʨʦʪʢʠʡ ʤʦʩʪʠʢ, 3 (a,b) ʜʣʠʥʥʳʡ ʛʠʙʢʠʡ ʤʦʩʪʠʢ, 4 (a,b) 

ʞʝʩʪʢʠʡ ʤʦʩʪʠʢ.  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʙʠʤʦʣʝʢʫʣʷʨʥʦʤʫ ʪʫʰʝʥʠʶ ʚ ʨʘʩʪʚʦʨʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: 

ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʥʘʧʨʦʢʩʝʥʘ ʠ ʘʮʝʪʘʪ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥʤʝʪʘʥʦʣʘ (ʦʙʘ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʛʨʫʧʧʝ ʉʇɸʉ ʀʍʂɻ ʉʆ ʈɸʅ ɸ. ɸ. ʉʪʝʧʘʥʦʚʳʤ), ʜʠʤʝʪʠʣʥʘʬʪʘʣʠʥ ʠ 

ʪʨʠʵʪʠʣʘʤʠʥ (ʊʕɸ, Sigma-Aldrich). ɼʝʡʪʝʨʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ - ʘʮʝʪʦʥʠʪʨʠʣ 

ʉD3CN (D 99,8%) ʠ ʙʝʥʟʦʣ ʉ6D6 (D 99,5%, ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʚ Sigma-Aldrich. ʊʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʪʦʥ-ʩʦʜʝʨʞʘʱʠʝ ʘʥʘʣʦʛʠ: ʘʮʝʪʦʥʠʪʨʠʣ (ʂʨʠʦʭʨʦʤ, ʩʦʨʪ 0, ʋʌ 

ʧʦʛʣʦʱʝʥʠʝ ʥʘ 200ʥʤ 0,1/ʩʤ) ʠ ʙʝʥʟʦʣ (ʉʦʶʟʭʠʤʧʨʦʤ, ʭʯ, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʦʩʥʦʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʥʝ ʤʝʥʝʝ 99,8%). 

 

2.2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

2.2.1. ʄʝʪʦʜ ʍʠʤʠʯʝʩʢʦʡ ʇʦʣʷʨʠʟʘʮʠʠ ʗʜʝʨ (ʍʇʗ) ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤ ʠ 

ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʦʤ ʚʘʨʠʘʥʪʘʭ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ 

ʗʄʈ ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker DPX 200 (ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

4.7ʊʣ, ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ 200ʄɻʮ ʜʣʷ 
1
ʅ, Ű(90

0
)=5,8ʤʢʩ), ʢʦʪʦʨʳʡ ʦʙʦʨʫʜʦʚʘʥ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʜʘʪʯʠʢʦʤ. ɹʣʦʢ-ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 41. 

 

ʈʠʩ. 41. ɹʣʦʢ-ʩʭʝʤʘ ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʛʦ ʜʣʷ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

1 ï ʠʟʤʝʨʠʪʝʣʴ ʤʦʱʥʦʩʪʠ, 2 ï ʜʣʠʥʥʦʬʦʢʫʩʥʘʷ ʩʦʙʠʨʘʶʱʘʷ ʣʠʥʟʘ, 3 ï ʧʨʠʟʤʘ 
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ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʢʩʠʤʝʨʥʳʡ ʣʘʟʝʨ Lambda-Physik EMG 

101 (ʨʘʙʦʯʘʷ ʩʤʝʩʴ XeCl, ɚʚʦʟʙ=308ʥʤ, ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ 100ʤɼʞ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʠʤʧʫʣʴʩʘ 15ʥʩ). ʋʌ-ʠʤʧʫʣʴʩ ʣʘʟʝʨʘ ʠ ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʠʤʧʫʣʴʩ (ʈʏ) 

ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩʠʥʭʨʦʥʠʟʦʚʘʥʳ ʧʦ ʚʨʝʤʝʥʠ. ʃʘʟʝʨʥʳʡ ʣʫʯ ʩʦʙʠʨʘʝʪʩʷ 

ʜʣʠʥʥʦʬʦʢʫʩʥʦʡ ʣʠʥʟʦʡ, ʧʦʩʣʝ ʯʝʛʦ ʦʪʨʘʞʘʝʪʩʷ ʧʨʠʟʤʦʡ ʚ ʩʚʝʪʦʚʦʜ, ʧʦ ʢʦʪʦʨʦʤʫ ʩʚʝʪ 

ʧʨʦʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʜʘʪʯʠʢ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʘʤʧʫʣʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤ 

ʦʙʨʘʟʮʦʤ. ɺʩʝ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʗʄʈ ʘʤʧʫʣʘ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʢʚʘʨʮʘ, 

ʧʦʩʢʦʣʴʢʫ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʣʝʞʠʪ ʚ ʋʌ ʦʙʣʘʩʪʠ, ʛʜʝ ʢʚʘʨʮ ʧʦʛʣʦʱʘʝʪ ʤʘʣʦ. 

ʀʟʣʫʯʝʥʠʝ ʧʦʧʘʜʘʝʪ ʣʠʰʴ ʚ ʣʦʢʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʘʤʧʫʣʳ ʩ ʦʙʨʘʟʮʦʤ, ʧʦʜʚʦʜʠʤʘʷ ʵʥʝʨʛʠʷ 

ʢ ʦʙʨʘʟʮʫ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 20ʤɼʞ (ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʬʦʪʦʨʝʘʢʮʠʠ). 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʍʇʗ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʢʘʢ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [75], ʪʘʢ ʠ ʚ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ [76]. ɼʠʘʛʨʘʤʤʘ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 42., ʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʥʘ ʨʠʩ. 43. ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʤʝʪʦʜʘ ʨʠʩ. 42. ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʝʪʝʢʪʠʨʫʶʱʝʛʦ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ (ʈʏ) ʠʤʧʫʣʴʩʘ (~ 1ʤʢʩ). 

 

ʈʠʩ. 42. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

1 ï ʠʤʧʫʣʴʩ ʥʝʩʝʣʝʢʪʠʩʥʦʛʦ ʧʨʝʜʥʘʩʳʱʝʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʩʠʛʥʘʣʦʚ (ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʧʦʜʘʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʠʛʥʘʣʘ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ);  

2 ï ʣʘʟʝʨʥʳʡ ʠʤʧʫʣʴʩ, ʠʥʠʮʠʠʨʫʶʱʠʡ ʬʦʪʦʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ (15ʥʩ);  

3 ï ʚʘʨʴʠʨʫʝʤʘʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ (0ï500ʤʢʩ), ʟʘʜʘʚʘʝʤʘʷ ʩ ʰʘʛʦʤ 50ʥʩ;  

4 ï ʈʏ ʠʤʧʫʣʴʩ ʨʝʛʠʩʪʨʘʮʠʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2ï4ʤʢʩ;  

5 ï ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʧʘʜ ʩʚʦʙʦʜʥʦʡ ʠʥʜʫʢʮʠʠ 
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ʇʨʠʤʝʥʝʥʠʝ ʥʝʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʝʜʥʘʩʳʱʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʠ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʩʠʛʥʘʣʦʚ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʧʝʢʪʨʘʭ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʟʘʜʝʨʞʢʠ ʦʪ ʣʘʟʝʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʜʦ ʈʏ-ʠʤʧʫʣʴʩʘ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʫʝʤʦʤ ʚʨʝʤʝʥʥʦʤ ʨʘʟʨʝʰʝʥʠʠ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʜʝʞʥʦ ʨʘʟʜʝʣʠʪʴ ʚʢʣʘʜʳ ʦʪ ʧʝʨʚʠʯʥʳʭ ʨʘʜʠʢʘʣʴʥʳʭ ʧʘʨ (ʥʫʣʝʚʘʷ 

ʟʘʜʝʨʞʢʘ) ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʲʝʤʝ (~50ʤʢʩ). 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʳʡ ʚʘʨʠʘʥʪ 

ʨʠʩ. 43.  

 

ʈʠʩ. 43. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

1 ï ʧʨʦʮʝʜʫʨʘ ʧʨʝʜʥʘʩʳʱʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʘʷ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ;  

2 ï ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ T (2,56ʩ) <T1(3-50c, ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʷʜʝʨ ʜʠʘʤʘʛʥʠʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ);  

3 ï 180
0
-ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʠʤʧʫʣʴʩ;  

4 ï 32 ʠʤʧʫʣʴʩʘ ʣʘʟʝʨʘ ʩ ʟʘʜʝʨʞʢʦʡ ʤʝʞʜʫ ʥʠʤʠ t (0,08ʩ), ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ T (2,56ʩ);  

5 ï ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʠʤʧʫʣʴʩ;  

6 ï ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʧʘʜ ʩʚʦʙʦʜʥʦʡ ʠʥʜʫʢʮʠʠ 

 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʝʨʝʜ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʳʤ ʚ 

ʪʦʤ, ʯʪʦ ʦʥ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʦʪʥʦʝhʥʠʝ çʩʠʛʥʘʣ-ʰʫʤ.è ɺʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ T ʠ t 

ʨʠʩ. 43. ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ T=32Ĭt, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʤʧʫʣʴʩʳ ʣʘʟʝʨʘ ʥʝ ʧʦʧʘʜʘʣʠ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʦʜʥʫ ʠ ʪʫ ʞʝ ʦʙʣʘʩʪʴ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʦʙʨʘʟʮʘ, ʪʘʢʞʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʝʤʥʦʚʦʡ ʩʠʛʥʘʣ. ʆʜʥʘʢʦ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʠʪʴ ʪʝʤʥʦʚʳʝ ʩʠʛʥʘʣʳ ʫʜʘʝʪʩʷ ʥʝ ʚʩʝʛʜʘ. ʇʦʵʪʦʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʧʠʩʳʚʘʣʩʷ 
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ʩʧʝʢʪʨ ʧʦ ʪʘʢʦʡ ʞʝ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʡ ʩʭʝʤʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʦ ʙʝʟ ʟʘʩʚʝʪʢʠ ʣʘʟʝʨʦʤ, 

ʵʪʦʪ ʪʝʤʥʦʚʦʡ ʩʧʝʢʪʨ ʟʘʪʝʤ ʚʳʯʠʪʘʣʩʷ ʠʟ ʩʧʝʢʪʨʘ ʍʇʗ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʣʩʷ ʩʧʝʢʪʨ 

ʩ ʪʦʣʴʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ 

ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʍʇʗ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʩʝʛʜʘ ʟʘʧʠʩʳʚʘʣʩʷ ʗʄʈ ʩʧʝʢʪʨ ʦʙʣʫʯʝʥʥʦʛʦ 

ʦʙʨʘʟʮʘ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʍʇʗ ʜʠʘʜ ʧʨʠʛʦʪʦʚʣʷʣʠʩʴ ʨʘʙʦʯʠʝ ʨʘʩʪʚʦʨʳ c ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

5,0Ā10
-3
M (ʪʘʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʙʠʨʘʣʘʩʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ ʧʨʦʷʚʣʷʣʠʩʴ 

ʙʠʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʮʝʩʩʳ) ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: ʜʝʡʪʝʨʦʘʮʝʪʦʥʠʪʨʠʣ (D 99,8%, Ů=36,8 [77]) 

ʠ ʜʝʡʪʝʨʦʙʝʥʟʦʣ (D 99,5%, Ů=2,28 [78]). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʍʇʗ ʦʪ 

ʧʦʣʷʨʥʦʩʪʠ, ʨʘʙʦʯʠʝ ʨʘʩʪʚʦʨʳ ʩ ʨʘʚʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʤʝʰʠʚʘʣʠʩʴ ʚ ʨʘʟʥʳʭ 

ʦʙʲʝʤʥʳʭ ʧʨʦʧʦʨʮʠʷʭ, ʟʥʘʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ ʜʣʷ ʩʤʝʩʠ ʧʨʠ 
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C ʠʟʚʝʩʪʥʳ ʠʟ ʣʠʪʝʨʘʪʫʨʳ [79]. ɼʣʷ ʜʝʛʘʟʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʙʘʨʙʦʪʠʨʦʚʘʥʠʝ ʘʨʛʦʥʦʤ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

2.2.2. ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

(ʩʪʘʮʠʦʥʘʨʥʘʷ ʠ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʘʷ), ʤʝʪʦʜʠʢʘ ʜʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʢʚʘʥʪʦʚʳʭ 

ʚʳʭʦʜʦʚ ʵʢʩʠʧʣʝʢʩʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʀʟʤʝʨʝʥʠʝ ʩʧʝʢʪʨʦʚ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʪʫʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ FLS920 ʬʠʨʤʳ Edinburg instruments ʩ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʉʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʢʩʝʥʦʥʦʚʫʶ ʜʫʛʦʚʫʶ ʣʘʤʧʫ CW450ɺʪ; ʤʦʥʦʭʨʦʤʘʪʦʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʨʝʛʫʣʠʨʦʚʢʦʡ ʱʝʣʠ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 0,06 ʥʤ; ʬʦʪʦʫʤʥʦʞʠʪʝʣʴ ʥʘ ʤʠʢʨʦʢʘʥʘʣʴʥʦʡ ʧʣʘʩʪʠʥʝ ʩ 

ʭʦʣʦʜʠʣʴʥʠʢʘʤʠ ʇʝʣʴʪʴʝ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʧʝʢʪʨʦʬʣʶʨʠʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʜʘʚʠʪʴ ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ. ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ (ʥʝʜʦʩʪʘʪʦʢ 

ʜʠʬʬʨʘʢʮʠʦʥʥʳʭ ʨʝʰʝʪʦʢ), ʠʩʢʘʞʘʶʱʝʡ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʦʩʣʝ ʦʙʨʘʟʮʘ 

ʧʦʤʝʱʘʣʠ ʬʠʣʴʪʨʳ, ʢʦʪʦʨʳʝ ʟʘʜʝʨʞʠʚʘʣʠ ʚʦʟʙʫʞʜʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ (ʧʝʨʚʘʷ 

ʛʘʨʤʦʥʠʢʘ). 

ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʣʘʟʝʨʥʳʝ ʜʠʦʜʳ EPLED, ʠʟʣʫʯʘʶʱʠʭ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 250, 280, 300, 320 ʥʤ ʩ 




