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1. ɺɺɽɼɽʅʀɽ 

Cʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʅʂ), ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ [1]. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʝʥʩʦʨʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʤʠʰʝʥʝʡ (ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʪʦʢʩʠʥʦʚ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʥʘʨʢʦʪʠʢʦʚ ʠ ʜʨ.) ʩ ʥʠʟʢʠʤ ʧʨʝʜʝʣʦʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʰʝʥʝʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʨʠʨʦʜʳ 

ʨʘʙʦʪʘʶʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʧʪʘʤʝʨ-ʤʠʰʝʥʴ ʠʣʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʅʂ/ʅʂ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [2].  

ʅʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ (ʅʏɿ) ï ʫʥʠʢʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʅʂ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʝʥʩʦʨʦʚ ʠ ʩʠʩʪʝʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʜʦʩʪʘʚʢʠ ʅʂ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ: ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʥʝʪʦʢʩʠʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʭʨʘʥʝʥʠʠ, 

ʧʨʦʩʪʦʤʫ ʩʧʦʩʦʙʫ ʩʠʥʪʝʟʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʠ [3]. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʅʂ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ Au-S. ʂʦʚʘʣʝʥʪʥʳʝ ʘʩʩʦʮʠʘʪʳ 

ʅʏɿ ʠ ʅʂ ʩʪʘʣʠ ʧʦʚʩʝʤʝʩʪʥʦ ʠʟʫʯʘʪʴʩʷ ʧʦʩʣʝ ʧʠʦʥʝʨʩʢʠʭ ʨʘʙʦʪ ʏʘʜʘ ʄʠʨʢʠʥʘ ʩ 

ʩʦʘʚʪʦʨʘʤʠ [4] ʙʣʘʛʦʜʘʨʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʙʨʠʜʠʟʘʮʠʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʅʏɿ, ʩ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ. ʆʜʥʘʢʦ ʅʂ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʢʦʚʘʣʝʥʪʥʦ, ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ 

ʥʝʢʦʚʘʣʝʥʪʥʦ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ, ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ, ʛʠʜʨʦʬʦʙʥʳʭ 

ʩʚʷʟʝʡ, ʧʨʠʯʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʠ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʤʦʣʝʢʫʣʳ, ʦʜʥʦ- ʠ ʜʚʫʮʝʧʦʯʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ʤʦʣʝʢʫʣʳ, ʪʘʢʞʝ ʩʚʦʡ 

ʚʢʣʘʜ ʚʥʦʩʷʪ ʢʘʢ ʩʦʚʦʢʫʧʥʳʡ ʟʘʨʷʜ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ, ʪʘʢ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ (ʛʠʜʨʦʬʦʙʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʠ ʟʘʨʷʜ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʛʨʫʧʧ) [5]. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳ: ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ, ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ [6]. 

ʅʘʙʣʶʜʘʝʤʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʟʦʣʦʪʦʛʦ ʩʫʙʩʪʨʘʪʘ (ʧʣʝʥʢʠ, ʵʣʝʢʪʨʦʜʳ, 

ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ) ʠ ʘʜʩʦʨʙʠʨʫʝʤʳʭ ʤʦʣʝʢʫʣ, ʫʩʣʦʚʠʡ ʠʥʢʫʙʘʮʠʠ, 

ʧʨʠʩʫʪʩʪʚʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟ ʦʛʨʦʤʥʦʛʦ ʤʘʩʩʠʚʘ 

ʧʫʙʣʠʢʘʮʠʡ ʦ ʩʚʷʟʳʚʘʥʠʠ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 

ʠʜʝʡ ʦ ʤʝʭʘʥʠʟʤʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʜʥʘʢʦ ʝʜʠʥʦʡ ʜʦʢʘʟʘʥʥʦʡ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ʩʚʷʟʳʚʘʥʠʷ ʩʨʝʜʠ ʥʠʭ ʥʝʪ. ʕʪʘ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʚʳʚʦʜʦʚ ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ - 

ʩʣʝʜʩʪʚʠʝ ʩʣʦʞʥʦʩʪʠ ʫʯʝʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʣʠʷʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʚʷʟʳʚʘʥʠʝ 

ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʠ ʅʂ 

ʚ ʥʠʟʢʦʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ (ʅʏɿ) ʜʠʘʤʝʪʨʦʤ 12,7 Ñ 2 ʥʤ ʩ 

ʥʫʢʣʝʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʢʣʶʯʘʶʱʠʭ ʚʣʠʷʥʠʝ ʩʪʦʨʦʥʥʠʭ 

ʬʘʢʪʦʨʦʚ, ʠ ʘʥʘʣʠʟ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʝʢʦʚʘʣʝʥʪʳʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. 

ɿʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʨʝʰʘʣʠ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ: 

(1) ʨʘʟʨʘʙʦʪʢʫ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʩ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʧʦ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʢʦʣʣʦʠʜʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʅʏɿ; 

(2) ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʘʬʬʠʥʥʦʩʪʠ ʢ ʅʏɿ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʦʪʣʠʯʘʶʱʠʭ ʧʦ ʜʣʠʥʝ ʠ ʥʫʢʣʝʦʪʠʜʥʦʤʫ ʩʦʩʪʘʚʫ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ; 

(3) ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʥʘ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʅʏɿ; 

(4) ʧʦʣʫʯʝʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʜʫʧʣʝʢʩʦʚ ʅʂ ʩ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʳʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʤ 

ʧʦʢʨʳʪʠʝʤ;  

(5) ʠʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʢʣʝʪʦʯʥʳʡ 

ʮʠʪʦʟʦʣʴ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʘʩʩʦʮʠʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʅʏɿ ʜʣʷ ʜʦʩʪʘʚʢʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʅʂ ʚ ʞʠʚʳʝ ʢʣʝʪʢʠ ʥʘ ʧʨʠʤʝʨʝ ʧʦʜʘʚʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʝʣʢʘ GFP ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ siʈʅʂ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʦʞʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʮʠʪʨʘʪ-ʠʦʥʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʅʏɿ ʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʢʣʶʯʘʶʱʠʭ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʝʜʠʥʝʥʠʡ-ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʅʏɿ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʠ ʅʂ. ɺʧʝʨʚʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʫʣʘ ɼʅʂ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʦʪʦʙʨʘʥʥʳʭ ʚ 

ʧʨʦʮʝʩʩʝ ʩʝʣʝʢʮʠʠ in vitro ʢ ʅʏɿ. ɺʧʝʨʚʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ, ʧʦʟʚʦʣʷʶʱʠʡ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ 

ʩʢʦʨʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʅʂ ʠ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʘʩʩʦʮʠʘʪʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʛʣʫʙʦʢʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ 

ʚʣʠʷʥʠʷ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʅʂ ʩ ʅʏɿ, ʚʳʷʚʣʝʥʠʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʣʠʷʥʠʷ ʧʝʨʚʠʯʥʦʡ ʠ 
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ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ1 ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʩ ʅʏɿ. ɺ 

ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ ʘʜʩʦʨʙʮʠʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʅʏɿ. ʇʦʥʠʤʘʥʠʝ ʜʝʪʘʣʝʡ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʟʚʦʣʠʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʅʂ, 

ʩʧʦʩʦʙʥʳʝ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʝʥʩʦʨʦʚ ʠ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʝʜʣʦʞʝʥ ʫʜʦʙʥʳʡ ʙʳʩʪʨʳʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ (ʅʏɿ) ʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʘʢ 

ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ, ʪʘʢ ʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʢʦʨʠʨʦʚʘʥʥʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʣʦʷʤʠ ʙʝʣʢʦʚ, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ, ʣʠʧʠʜʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ 

ʩʧʦʩʦʙ ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ ʩʨʦʜʩʪʚʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʢ ʅʏɿ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʷ ʩʚʝʯʝʥʠʷ ʧʦ ʏʝʨʝʥʢʦʚʫ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʤʝʪʦʜʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʣʠʛʘʥʜʦʚ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ (Systematic Evolution of Ligands by EXponential 

Enrichment, SELEX), ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʠ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʢʘʢ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɹʳʩʪʨʘʷ ʠ ʧʨʦʯʥʘʷ ʘʜʩʦʨʙʮʠʷ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʦʣʠʛʦʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʮʠʪʨʘʪʥʳʤ ʤʝʪʦʜʦʤ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ 

ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʚʝʱʝʩʪʚ-ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʠ ʠʟʤʝʥʝʥʠʷ ʨʅ ʠ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʣʝ ʠʭ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 56 ϊʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. 

2. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʳʩʪʨʫʶ ʦʮʝʥʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʨʦʜʩʪʚʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʦʜʥʦʡ ʜʣʠʥʳ ʢ ʅʏɿ. 

3. ɺ ʠʟʫʯʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʚʷʟʳʚʘʥʠʷ ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʜʣʠʥʝ ʦʣʠʛʦʘʜʝʥʠʣʘʪʳ ʠ 

ʦʣʠʛʦʪʠʤʠʜʠʣʘʪʳ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʅʏɿ, ʘ ʦʣʠʛʦʮʠʪʠʜʠʣʘʪ r ï 

ʧʦʥʠʞʝʥʥʦʡ. 

4. ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʝ ʧʦʢʨʳʪʠʝ ʫʩʪʦʡʯʠʚʦ ʢ ʚʳʪʝʩʥʝʥʠʶ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʪʠʦʣ-

ʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʩʪʘʙʠʣʴʥʦ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 7 ʤʝʩʷʮʝʚ. 

5. ʅʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ G,T,A-ʙʦʛʘʪʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʅʏɿ, ʘ ʣʶʙʦʡ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʤʝʞʜʫ ʩʦʙʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʥʘ ʅʏɿ ʚ 

ʥʠʟʢʦʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

                                                 
1 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʦʣʠʛʦʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʳ. 
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6. ɺʚʝʜʝʥʠʝ ʜʚʫʭ ʬʦʩʬʦʨʠʣʛʫʘʥʠʜʠʥʦʚʳʭ ʦʩʪʘʪʢʦʚ ʚʙʣʠʟʠ 3`-ʢʦʥʮʘ ʦʜʥʦʡ ʠʟ ʮʝʧʝʡ 

ʈʅʂ-ʜʫʧʣʝʢʩʘ ʠʣʠ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʣʠʙʦ ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠ ʣʠʧʠʜʥʦʡ ʦʙʦʣʦʯʢʠ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʟʘʱʠʪʳ ʅʂ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʥʘʥʦʯʘʩʪʠʮʘʭ ʟʦʣʦʪʘ, ʦʪ ʜʝʡʩʪʚʠʷ ʥʫʢʣʝʘʟ. 

7. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʜʫʧʣʝʢʩʘʤʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʚʧʣʦʪʴ ʜʦ 160 ʜʫʧʣʝʢʩʦʚ ʥʘ ʦʜʥʫ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 12,7 Ñ 2 ʥʤ. 

ɸʧʨʦʙʘʮʠʷ ʠ ʧʫʙʣʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ Web of Science ʠ Scopus. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʨʘʙʦʪʝ, ʜʦʩʪʦʚʝʨʥʳ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ: ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘʤ ʅɸʅʆ-2016, 

International Symposium of Materials on Regenerative Medicine ISOMRM 2017, 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʝʤʠʥʘʨʝ ñTargeting RNA Worldò 2018, 3rd International Symposium on 

Nanoparticles-Nanomaterials and Applications ISN2 A 2018, ʩʠʤʧʦʟʠʫʤʝ çʊʝʨʘʧʝʚʪʠʯʝʩʢʠʝ 

ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳè ʚ ʨʘʤʢʘʭ ʤʫʣʴʪʠʢʦʥʬʝʨʝʥʮʠʠ çɹʠʦʪʝʭʥʦʣʦʛʠʷ ï ʤʝʜʠʮʠʥʝ 

ʙʫʜʫʱʝʛʦè 2019. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʉʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʅʏɿ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʇʕʄ, ʘ ʪʘʢʞʝ ʦʯʠʩʪʢʘ ʚʩʝʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ [32]P ʠ ʦʯʠʩʪʢʘ ʦʣʠʛʦʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ ʧʦʩʣʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʨʦʚʝʜʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ʋʩʣʦʚʠ ̫ ʩʙʦʨʢʠ ʘʩʩʦʮʠʘʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʣʠʧʠʜʥʫʶ ʦʙʦʣʦʯʢʫ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ʀ.ʉ.ɼʦʚʳʜʝʥʢʦ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʙʦʨʢʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʘʩʩʦʮʠʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʣʦʡ 

ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʘ, ʧʨʦʚʝʜʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ɺ.ɺ.ʐʘʰʢʦʚʦʡ. ʉʙʦʨʢʘ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʇʕʄ) ʚʩʝʭ ʪʠʧʦʚ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʅʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʥʦʛʦʩʣʦʡʥʳʭ, 

ʧʨʦʚʝʜʝʥʘ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʩʨʦʜʩʪʚʘ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʢ ʅʏɿ ʠ ʧʨʦʯʥʦʩʪʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʣʦʷ ʢ ʚʳʪʝʩʥʝʥʠʶ, ʥʫʢʣʝʘʟʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ʆʮʝʥʢʘ ʟʥʘʯʝʥʠʡ 

ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ, ʢʦʥʩʪʘʥʪ ʃʵʥʛʤʶʨʘ ʠ ʚʨʝʤʝʥʠ ʧʦʣʫʩʚʷʟʳʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ 

ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ʇ.ɽ.ɺʦʨʦʙʴʝʚʳʤ. ʉʪʨʘʪʝʛʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʝʣʝʢʮʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʭ.ʥ. ɼ.ɺ.ʇʳʰʥʦʛʦ. ʉʝʣʝʢʮʠʷ in vitro ʧʨʦʚʝʜʝʥʘ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ɸʥʘʣʠʟ 

ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʨʦʚʝʜʝʥ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʬ.-ʤ.ʥ. ɸ.ɸ.ʃʦʤʟʦʚʳʤ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʨʝʟʫʣʴʪʘʪʦʚ 

ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 194 ʩʪʨʘʥʠʮʘʭ, 

ʩʦʜʝʨʞʠʪ 63 ʨʠʩʫʥʢʘ ʠ 22 ʪʘʙʣʠʮ.r ɹʠʙʣʠʦʛʨʘʬʠʷ ʚʢʣʶʯʘʝʪ 410 ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ.  
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2. ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ɿʆʃʆʊʆʁ ʇʆɺɽʈʍʅʆʉʊʀ ʉ ʈɸɿʃʀʏʅʓʄʀ 

ʉʆɽɼʀʅɽʅʀʗʄʀ (ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ) 

 ʅʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ï ʫʥʠʢʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʝʥʩʦʨʦʚ 

ʠ ʩʠʩʪʝʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʜʦʩʪʘʚʢʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. 

ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʅʏɿ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʯʘʩʪʠʮ ʢ ʘʛʨʝʛʘʮʠʠ, ʠʭ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʠʟʤʝʥʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʣʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʚʚʦʜʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʦʣʦʪʘ ʥʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʥʘʥʦʢʣʘʩʪʝʨʦʚ 

(ʅʂɿ) ʠʣʠ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʣʠʙʦ ʧʨʦʚʦʜʷʪ ʤʦʜʠʬʠʢʘʮʠʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʅʏɿ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʘʥʥʳʡ ʦʙʟʦʨ ʧʦʩʚʷʱʝʥ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʬʝʨʠʯʝʩʢʠʤ ʥʘʥʦʯʘʩʪʠʮʘʤ ʟʦʣʦʪʘ, ʦʙʣʘʜʘʶʱʠʤ ʜʠʘʤʝʪʨʦʤ 10-20 ʥʤ, 

ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʚ 

ʬʦʨʤʝ ʟʦʣʦʪʳʭ ʧʣʝʥʦʢ ʠ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʦʙʟʦʨʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʚʘʨʠʘʥʪʳ 

ʢʦʚʘʣʝʥʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʟʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʢʦʚʘʣʝʥʪʥʦʛʦ ʠ 

ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ ʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʅʏɿ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʦʙʩʫʞʜʝʥʠʶ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʩ ʅʂ ʠ 

ʦʧʠʩʘʥʠʶ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʅʂ. 

2.1. ʊʠʧʳ ʟʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

2.1.1. ʅʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ: ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʨʘʙʦʪʘʶʪ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʥʘʥʦʯʘʩʪʠʮ 

ʟʦʣʦʪʘ: ʩʬʝʨʠʯʝʩʢʠʤʠ, ʢʫʙʠʯʝʩʢʠʤʠ, ʟʚʝʟʜʦʦʙʨʘʟʥʳʤʠ, ʥʘʥʦʩʪʝʨʞʥʷʤʠ ʠ ʜʨʫʛʠʤʠ [7]. ʅʘ 

ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʠʭ ʬʦʨʤʘ, ʥʦ ʠ ʨʘʟʤʝʨ [8]. ʅʏɿ ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʭʠʤʠʯʝʩʢʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ HAuCl4 ʠʣʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ 

ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ [9, 10]. ʍʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʅʏɿ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ, ʘ ʤʝʪʦʜ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʜʘʝʪ ʯʘʩʪʠʮʳ ʩ ʰʠʨʦʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝʨʫ, ʦʜʥʘʢʦ ʥʝ ʧʦʢʨʳʪʳʭ ʥʠʢʘʢʠʤ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ, ʯʪʦ 

ʙʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çʛʦʣʦʡè ʟʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʨʘʟʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ [11, 12]. ʇʦʚʝʨʭʥʦʩʪʴ ʅʏɿ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʦʙʳʯʥʦ 

ʩʦʣʴʚʘʪʠʨʦʚʘʥʘ ʠʦʥʘʤʠ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʪʘʢʠʤʠ ʢʘʢ ʮʠʪʨʘʪ ʥʘʪʨʠʷ, ʙʨʦʤʠʜ 

ʛʝʢʩʘʜʝʮʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ (ʉʊɸɺ), ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ (PSS), 

ʧʦʣʠʵʪʠʣʝʥʜʠʘʣʣʠʣʜʠʤʝʪʠʣʘʤʠʥ ʛʠʜʨʦʭʣʦʨʠʜ (PDDAC) [13] ʠ ʜʨ. ʊʘʢʦʝ ʧʦʢʨʳʪʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʚʣʠʷʝʪ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʙʠʦʤʦʣʝʢʫʣʘʤʠ. ʊʘʢ, ʦʙʨʘʙʦʪʢʘ ʅʏɿ ʬʝʥʠʣʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʜʝʣʘʣʘ ʚʦʟʤʦʞʥʳʤ ʩʚʷʟʳʚʘʥʠʝ 

ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʙʘʢʪʝʨʠʡ, ʘ ʅʏɿ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 
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ʩʠʘʣʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʤʦʛʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʦʣʝʢʫʣʘʤʠ ʛʝʤʘʛʛʣʶʪʠʥʠʥʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʨʫʩʦʚ [14]. 

ʂʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʝʥ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʅʏɿ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘ ʵʪʘʧʝ 

ʩʠʥʪʝʟʘ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝʤ (PEG), ʜʝʢʩʪʨʘʥʦʤ, ʩʳʚʦʨʦʪʦʯʥʳʤ ʘʣʴʙʫʤʠʥʦʤ ʙʳʢʘ (BSA), 

SiO2 ʠ ʩʦʜʝʨʞʘʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʠʥʦ-, ʢʘʨʙʦʢʩʠʣʴʥʳʝ, ʛʠʜʨʦʢʩʠʣʴʥʳʝ 

ʛʨʫʧʧʳ [15] (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. ʈʝʘʛʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʥʪʝʟʝ ʅʏɿ ʠ ʨʘʟʤʝʨ ʧʦʣʫʯʘʝʤʳʭ ʅʏɿ. 

ʨʝʘʛʝʥʪ ʜʠʘʤʝʪʨ ʅʏɿ, ʥʤ ʩʩʳʣʢʠ 

PPH3 1,5 [16] 

ʘʣʢʠʣʘʤʠʥʳ 2,5 ï 7,0 [17] 

ʊʨʠʩ (ʪʨʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʘʤʠʥʦʤʝʪʘʥ) 59 [18] 

PDMAEMA+PEG 29 [19] 

PDMAEMA+PEG+EG 34 [19] 

ʜʝʥʜʨʠʤʝʨʳ 2 - 4 [20, 21] 

BSA 24 - 39 [22, 23] 

ʩʝʨʨʘʧʝʧʪʘʟʘ 20 - 200 [24] 

ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 5 - 30 [25] 

ʛʣʶʢʦʟʘ 24 [18] 

NaBH4 30-40 [26] 

Na3C6H5O7 13 [27] 

ʅʏɿ ʜʠʘʤʝʪʨʦʤ 1,5 ʥʤ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ, ʧʦʣʫʯʘʣʠ ʧʨʠ 

ʦʜʥʦʩʪʘʜʠʡʥʦʤ ʩʠʥʪʝʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʨʦʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 

[16] ʧʦ ʩʭʝʤʝ: 

HAuCl4 + 3 PPh3 Ÿ
ʘ AuCl(PPh3) + O=PPh3 + PPh3 + 3 HCl Ÿʙ Au101(PPh3)21Cl5 

ʘ ï ʪʦʣʫʦʣ, ʚʦʜʘ, ʙʨʦʤʠʜ ʪʝʪʨʘʦʢʪʠʣʘʤʤʦʥʠʷ, 5 ʤʠʥ ʧʨʠ 25 Áʉ, ʙ ï 10 ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʙʦʨʦʛʠʜʨʠʜʘ ʥʘʪʨʠʷ. 

ʅʘʥʦʢʨʠʩʪʘʣʣʳ ʟʦʣʦʪʘ ʜʠʘʤʝʪʨʦʤ 2,5-7,0 ʥʤ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʧʝʨʚʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ, ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʩʭʝʤ [17]: 

ʉʭʝʤʘ 1. 

(a) mAuCl4 
- (ʚʦʜʥ.) + mN(C8H17)4 

+ (ʪʦʣʫʦʣ) Ÿ m[N(C8H17)4 
+AuCl4 

-](ʪʦʣʫʦʣ) 

(ʙ) m[N(C8H17)4 
+AuCl4 

-](ʪʦʣʫʦʣ) + n(ʘʣʢʠʣʘʤʠʥ)(ʪʦʣʫʦʣ) + 3me- (ʚʦʜʥ.) Ÿ 4mCl- (ʚʦʜʥ.) + 

(Aum)(ʘʣʢʠʣʘʤʠʥ) (n-x) (ʪʦʣʫʦʣ) + x(ʘʣʢʠʣʘʤʠʥ)(ʪʦʣʫʦʣ) + m[N(C8H17)4 
+] (ʪʦʣʫʦʣ; ʚʦʜʘ)  

 ʉʭʝʤʘ 2. 

mAuCl4 
- (ʚʦʜʥ.) + n(ʘʣʢʠʣʘʤʠʥ)(ʪʦʣʫʦʣ) + 3me- (ʚʦʜʥ.) Ÿ  

4mCl- (ʚʦʜʥ.) + (Au (m-y) )(ʘʣʢʠʣʘʤʠʥ) (n-x) (ʪʦʣʫʦʣ) + yAu(s) + x(ʘʣʢʠʣʘʤʠʥ)(ʪʦʣʫʦʣ) 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʣʢʘ, ʥʘʧʨʠʤʝʨ, BSA [22, 23], ʩʝʨʨʘʧʝʧʪʘʟʳ [24] ʠʣʠ ʛʣʫʪʘʪʠʦʥʘ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪ (ʛʠʩʪʠʜʠʥʘ, ʮʠʩʪʝʠʥʘ) [28] ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣ ̫ ʧʨʠ ʩʠʥʪʝʟʝ ʧʦʟʚʦʣʷʣʦ 

ʧʦʣʫʯʠʪʴ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʅʂɿ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʧʨʠ ʩʠʥʪʝʟʝ ʅʏɿ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ [25], ʛʣʶʢʦʟʫ ʠ ʊʨʠʩ (ʛʠʜʨʦʢʩʠʤʝʪʠʣʘʤʠʥʦʤʝʪʘʥ) 

[18]. 

 ʅʏɿ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʚʩʪʨʘʠʚʘʣʠ ʚ ʩʪʨʫʢʪʫʨʫ PAMAM-ʜʝʥʜʨʠʤʝʨʘ 

(ʧʦʣʠʘʤʠʜʦʘʤʠʥ), ʩʦʜʝʨʞʘʚ ʝhʛʦ PEG-Ŭ-ʪʦʢʦʬʝʨʠʣʩʫʢʮʠʥʘʪ (Ŭ-TOS), PEG-ʘʨʛʠʥʠʥ-

ʛʣʠʮʠʥ-ʘʩʧʘʨʘʛʠʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʦʩʪʘʪʦʢ ʬʣʫʦʨʝʩʮʝʠʥʘ. ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʘʥʪʠʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʡʩʪʚʘʤ ʚʭʦʜʷʱʝʛʦ ʚ ʠʭ ʩʦʩʪʘʚ Ŭ-TOS, 

ʧʨʠʯʝʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ Ŭ-TOS ʚ ʵʪʦʡ ʬʦʨʤʝ ʧʨʦʷʚʣʷʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤ Ŭ-TOS [20]. ʊʘʢʞʝ ʣʠʛʘʥʜʳ, ʥʘʧʨʠʤʝʨ, 

ʬʣʫʦʨʝʩʮʝʠʥ ʠ ʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ, ʚʚʦʜʠʣʠ ʚ ʜʝʥʜʨʠʤʝʨ, ʫʞʝ ʩʦʜʝʨʞʘʱʠʡ ʅʏɿ [21]. 

 ʆʧʠʩʘʥʘ ʦʜʥʦʩʪʘʜʠʡʥʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʅʏɿ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ PEG, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʠʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (PDMAEMA) ʚ ʩʤʝʩʠ ʩ PEG. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ PDMAEMA ʚ ʩʤʝʩʠ ʩ PEG ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʝʤ ʧʦʣʫʯʘʣʠ ʅʏɿ, ʥʝʩʫʱʠʝ ʠ 

PEG-, ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ. ʊʘʢʠʝ ʅʏɿ ʧʨʦʷʚʣʷʣʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚ ʩʚʷʟʳʚʘʥʠʠ ʙʝʣʢʦʚ: 

ʩʚʷʟʳʚʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʭʠʤʦʪʨʠʧʩʠʥ ʠ ʥʝ ʩʚʷʟʳʚʘʣʠ BSA [19]. 

ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩ ̫ʥʘ ʧʨʘʢʪʠʢʝ ʅʏɿ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʮʠʪʨʘʪʥʦʛʦ ʠ ʤʝʪʦʜʦʤ 

ʙʦʨʛʠʜʨʠʜʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ HAuCl4. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʪʨʘʪʥʳʭ ʅʏɿ 

ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ (SAXS) ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʙʣʠʟʢʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (XANES). ʇʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʵʪʦʪ ʤʝʭʘʥʠʟʤ 

ʩʦʩʪʦʷʣ ʠʟ ʯʝʪʳʨʝʭ ʩʪʘʜʠʡ: 1. ʙʳʩʪʨʦʝ ʥʘʯʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʣʝʥʴʢʠʭ ʷʜʝʨ, 2. 

ʦʙʲʝʜʠʥʝʥʠʝ ʷʜʝʨ ʚ ʯʘʩʪʠʮʳ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ, 3. ʤʝʜʣʝʥʥʳʡ ʨʦʩʪ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠ 4. ʧʦʩʣʝʜʫʶʱʝʝ ʙʳʩʪʨʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʟʘʚʝʨʰʘʶʱʝʝʩʷ ʩ ʠʩʯʝʨʧʘʥʠʝʤ 

ʚʩʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ [27]. 

ʋ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʮʠʪʨʘʪʥʳʭ ʅʏɿ ʜʦʣʷ ʦʢʠʩʣʝʥʥʳʭ ʘʪʦʤʦʚ ʟʦʣʦʪʘ Au(I) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣʘ 14 % ʠ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʪʠʦʣʦʚ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʦʣʘʤʠ [29]. 

2.1.2. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ɺ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʧʨʠʤʝʥʷʶʪʩ ̫ ʟʦʣʦʪʳʝ ʵʣʝʢʪʨʦʜʳ [30, 31], ʚ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ï ʩʫʙʨʘʪʳ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʪʠʪʘʥʦʚʳʝ ʠʣʠ 

ʢʨʝʤʥʠʝʚʳʝ [32, 33], ʧʦʢʨʳʪʳʝ ʩʣʦʝʤ ʟʦʣʦʪʘ [34] ʪʦʣʱʠʥʦʡ ʚ ʜʝʩʷʪʢʠ ʥʤ [32]. 

ʆʪʣʠʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ɻ ʣʝʢʪʨʦʜʦʚ ʠ ʧʣʝʥʦʢ ʦʪ ʅʏɿ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ 

ʧʦʢʨʳʪʠʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʣʠʛʘʥʜʦʤ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʥʠʞʝ, ʯʝʤ ʥʘ ʅʏɿ ʠʟ-ʟʘ ʤʝʥʴʰʝʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ [34]. ʊʘʢʞʝ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʪʘʣʢʠʚʘʥʠʝ 
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ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʩʬʝʨʠʯʝʩʢʦʡ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʣʦʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʪʘʙʠʣʴʥʝʝ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘʥʦʯʘʩʪʠʮ. 

2.1.3. ʅʘʥʦʢʣʘʩʪʝʨʳ ʟʦʣʦʪʘ 

 ʉʪʨʫʢʪʫʨʘ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʟʦʣʦʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʷʜʨʦ ʠ ʦʙʦʣʦʯʢʫ. ʗʜʨʦ ʩʦʩʪʦʠʪ 

ʪʦʣʴʢʦ ʠʟ ʘʪʦʤʦʚ ʟʦʣʦʪʘ, ʘ ʦʙʦʣʦʯʢʘ ʩʦʩʪʦʠʪ ʠʟ ʤʦʣʝʢʫʣ ʠʣʠ ʠʦʥʦʚ ʣʠʛʘʥʜʦʚ ʠ ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʘʪʦʤʳ ʟʦʣʦʪʘ, ʦʙʨʘʟʫʶʱʠʝ ʬʨʘʛʤʝʥʪʳ ʚʠʜʘ ïAu-X-Au-. ʀ ʷʜʨʦ, ʠ ʦʙʦʣʦʯʢʘ 

ʩʦʩʪʦʷʪ ʠʟ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ. ʉʦʩʪʘʚ ʢʣʘʩʪʝʨʦʚ ʟʦʣʦʪʘ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʠʦʣʴʥʳʝ [35], ʩʝʣʝʥʦʣʴʥʳʝ, ʛʘʣʦʛʝʥʥʳʝ ʠ ʬʦʩʬʠʥʦʚʳʝ [36] ʣʠʛʘʥʜʳ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ [LsAunXm] q, ʛʜʝ ʢʣʘʩʪʝʨ Aun ʩ ʟʘʨʷʜʦʤ q (q=0, Ñ1, Ñ2) ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ X (ʍ = SR, ʛʘʣʦʛʝʥ) ʠ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ L 

(PR3) [37].  

ʆʧʠʩʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʟʦʣʦʪʘ ʩ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʤʠ, ʥʘʧʨʠʤʝʨ, dppp (1,3-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʨʦʧʘʥ) [38, 39, 40, 41]. ʀʭ 

ʦʙʳʯʥʦ ʧʦʣʫʯʘʣʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʦʣʝʡ (Au(PPh3)Cl, (PhPy2P)AuCl) (Au2(dppm)(NO3)2 

(dppm - 1,1-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʤʝʪʘʥ), Au4(PPh3)Cl4 , [Au6(dppp)4](NO3)2). 

2.2. ʂʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʟʦʣʦʪʘ ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

2.2.1. ʂʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʟʦʣʦʪʘ ʩ ʩʝʨʦʡ 

ɿʦʣʦʪʦ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʘʪʦʤʘʤʠ ʩʝʨʳ, ʩʝʣʝʥʘ, ʪʝʣʣʫʨʘ, 

ʫʛʣʝʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ, ʧʨʠ ʵʪʦʤ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʚʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʚʷʟʠ Au-S. ɺ ʢʘʯʝʩʪʚʝ ʷʢʦʨʥʦʡ 

ʛʨʫʧʧʳ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʠʦʛʨʫʧʧʘ ïSH [42, 43, 44, 45], ʝʝ ʚʘʨʠʘʥʪ ʚ ʚʠʜʝ ʪʨʠʛʝʢʩʠʣʪʠʦʣʴʥʦʡ ʛʨʫʧʧʳ [46], ʣʠʙʦ 

ʜʠʩʫʣʴʬʠʜʳ [47, 48, 49, 50], ʣʠʙʦ ʢʘʢ ʚʘʨʠʘʥʪ ʜʠʩʫʣʴʬʠʜʘ ï ʧʨʦʠʟʚʦʜʥʳʝ ʜʠʪʠʘʥʘ [49, 51, 

52, 53] ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʯʥʦʡ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʝʨʦʡ ʠ ʟʦʣʦʪʦʤ [54] ʩ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʢʨʳʪʠʷ [55].  

2.2.1.1.ʃʠʛʘʥʜʳ, ʧʨʠʩʦʝʜʠʥʷʝʤʳʝ ʢ ʟʦʣʦʪʫ ʯʝʨʝʟ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ ʠ ʝʝ ʘʥʘʣʦʛʠ 

ʇʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ Au-S ʢ ʅʏɿ ʧʨʠʩʦʝʜʠʥʣ̫ʠ ʩʘʤʳʝ ʨʘʟʥʳʝ ʤʦʣʝʢʫʣʳ. 

ʅʘʧʨʠʤʝʨ, ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʧʨʠʯʝʤ ʢʘʢ ʟʘ 5`- [56, 57], ʪʘʢ ʠ ʟʘ 3`-ʢʦʥʝʮ [58, 59, 60], 

ʧʝʧʪʠʜʥʳʝ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ (PNA) [61], ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʦʩʪʘʪʢʠ - ʧʠʨʝʥ [62, 63], 

ʣʠʩʩʘʤʠʥ (ʧʨʦʠʟʚʦʜʥʦʝ ʨʦʜʘʤʠʥʘ) [64], ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ - 

ʪʠʦʬʝʥʦʣ, ʧ-ʪʝʨʧʝʥʠʣʤʝʨʢʘʧʪʘʥ, ʧ-ʙʠʬʝʥʠʣʤʝʨʢʘʧʪʘʥ, ʦʢʪʘʜʝʮʠʣʤʝʨʢʘʧʪʘʥ [65], 11-

ʤʝʨʢʘʧʪʦʫʥʜʝʢʘʥʦʚʫ  ʁ ʢʠʩʣʦʪʫ [66], ʤʦʯʝʚʠʥʫ [67], ʜʠʘʮʠʣʜʠʘʤʠʥʦʧʠʨʠʜʠʥ [63], 

ʤʝʨʢʘʧʪʦʙʝʥʟʠʤʠʜʘʟʦʣ [68], ʥʠʪʨʠʣʦʪʨʠʢʘʨʙʦʥʦʚʫ  ʁʢʠʩʣʦʪʫ ʜʣʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʠʦʥʘʤʠ Ni2+ [69] ʠʣʠ Co2+ [70], ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ï ʬʝʨʨʦʮʝʥ [71], 

ʧʦʣʠʤʝʨʳ ï PAMAM [72], ʙʝʣʢʠ - ʧʨʦʪʝʠʥ ɸ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ Fc-ʬʨʘʛʤʝʥʪʘʤʠ 
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ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ G [73, 74], GB3 [75], ʦʣʠʛʦʩʘʭʘʨʠʜʳ [76], ʤʘʥʥʦʟʫ [77] ʠ ʛʣʶʢʦʟʫ [78 ] 

ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʥʢʘʥʘʚʘʣʠʥʦʤ, ʭʠʪʦʟʘʥ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʠʤʠʥʦʪʠʦʣʘʥʘ [79] ʠ ʜʨ. ʆʩʪʘʥʦʚʠʤʩʷ ʧʦʜʨʦʙʥʝʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʅʏɿ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

2.2.1.1.1. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʅʂ ʯʝʨʝʟ ʪʠʦʣʴʥʫʶ ʠ ʬʦʩʬʦʪʠʦʘʪʥʫʶ ʛʨʫʧʧʫ 

ʉʚʷʟʳʚʘʥʠʝ ʅʂ, ʩʦʜʝʨʞʘʱʠʭ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ ʠʣʠ ʝʝ ʘʥʘʣʦʛʠ, ʩ ʅʏɿ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʚ ʦʩʥʦʚʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʤʝʪʦʜʦʚ. ʇʝʨʚʳʡ ï ʪʨʘʜʠʮʠʦʥʥʳʡ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ salt-aging ʤʝʪʦʜ: ʜʣʠʪʝʣʴʥʘʷ (16-72 ʯ) ʠʥʢʫʙʘʮʠʷ ʅʏɿ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ (100-1000-ʢʨʘʪʥʦʛʦ) ʠʟʙʳʪʢʘ ʅʂ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʣʠ ʚ ʨʘʩʪʚʦʨʝ, ʯʘʱʝ ʚʩʝʛʦ NaCl, ʜʦ 100-300 ʤʄ [80, 81]. ɺʪʦʨʦʡ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʃʠʫ ʩ ʩʦʘʚʪʦʨʘʤʠ [82], ʟʘʢʣʶʯʘʣʩʷ ʚ ʢʨʘʪʢʦʡ ï ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ï ʠʥʢʫʙʘʮʠʠ 

ʅʏɿ ʩ ʅʂ ʧʨʠ ʨʅ 3,0 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʚʝʜʝʥʠʝʤ ʨʅ ʜʦ 7,0 ʠ ʧʦʟʚʦʣʷʣ ʧʦʣʫʯʠʪʴ ʩʪʦʣʴ ʞʝ 

ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʤʝʪʦʜʝ [83] (ʨʠʩ. 1). 

 

 ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʅʏɿ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢʦʚʘʣʝʥʪʥʦ 

ʤʦʣʝʢʫʣ ʅʂ. 

ʆʧʠʩʘʥ ʚʘʨʠʘʥʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʅʂ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʯʝʨʝʟ ʬʦʩʬʦʪʠʦʘʪʥʫʶ 

ʛʨʫʧʧʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʅʂ [84, 85 86, 87, 88]. ɺ ɻ ʪʦʤ ʩʣʫʯʘʝ ʘʪʦʤ ʩʝʨʳ, ʢʘʢ ʠ ʚ ʪʠʦʣʴʥʦʡ 

ʛʨʫʧʧʝ, ʫʯʘʩʪʚʦʚʘʣ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʟʦʣʦʪʦʤ. 

2.2.1.1.2. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ 

ʆʯʝʥʴ ʧʦʧʫʣʷʨʥʳʡ ʣʠʛʘʥʜ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʅʏɿ ʯʝʨʝʟ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ ï ʵʪʦ 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ (PEG). ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ PEG ʠ ʅʏɿ ʠʩʧʦʣʴʟʫʶʪ 

ʪʠʦʣʩʦʜʝʨʞʘʱʠʡ PEG, ʥʘʧʨʠʤʝʨ, ʤʦʥʦʛʠʜʨʦʢʩʠ(ʤʝʨʢʘʧʪʦʫʥʜʝʮ-11-ʠʣ)ʪʝʪʨʘʵʪʠʣʝʥʛʣʠʢʦʣʴ 

HSï(CH2)11ï(Oï CH2CH2ï)4ïOH [89] ʠʣʠ HS-PEG-NH2 (Mr=2204) [90]. ʅʏɿ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʘʢʠʤ ʣʠʛʘʥʜʦʤ, ʩʪʘʥʦʚʠʣʠʩʴ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʘʛʨʝʛʘʮʠʠ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʡ ʨʅ ʠ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ. PEG ʤʦʛ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʅʏɿ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦ, 

ʧʨʠʯʝʤ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ PEG ʪʘʢʞʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣ ʅʏɿ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʢʘʢ ʠ ʧʨʠ ʢʦʚʘʣʝʥʪʥʦʤ ʩʚʷʟʳʚʘʥʠʠ [91]. ʊʘʢʞʝ PEG, ʩʦʜʝʨʞʘʱʠʡ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ, ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ Tween 20 ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʠʦʣʴʥʳʭ ʅʂ ʢ ʥʘʥʦʩʪʝʨʞʥʷʤ 
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ʟʦʣʦʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʢʨʳʪʳ CTAB (ʙʨʦʤʠʜ ʛʝʢʩʘʜʝʮʠʣʪʨʠʤʝʪʠʣʘʤʤʤʦʥʠʷ) ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʧʣʦʭʦ ʚʳʪʝʩʥʷʝʤʦʛʦ ʩ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ [92]. 

ʇʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ ʩ ʦʜʥʦʡ ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʅʏɿ (ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʚʷʟʠ ʢʘʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʣ̫ʠ ʤʝʪʦʜʦʤ LSPR (ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ)) ʦʙʨʘʟʦʚʳʚʘʣ ʛʨʠʙʦʦʙʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʥʝ 

ʧʨʝʧʷʪʩʪʚʦʚʘʣʘ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʪʘʢʠʭ ʤʘʣʭr ʤʦʣʝʢʫʣ, ʢʘʢ ʘʜʝʥʠʥ ʠ 

ʤʝʨʢʘʧʪʦʙʝʥʟʠʤʠʜʘʟʦʣ, ʥʦ ʥʝ ʧʦʟʚʦʣʷʣʘ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ BSA, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ 

ʟʘʪʨʫʜʥʝʥʠʡ. ɼʘʥʥʳʝ ʧʦ ʘʜʩʦʨʙʮʠʠ ʘʜʝʥʠʥʘ, ʤʝʨʢʘʧʪʦʙʝʥʟʠʤʠʜʘʟʦʣʘ ʠ BSA ʧʦʣʫʯʘʣʠ ʠʟ 

ʩʧʝʢʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʣʫʦʨʝʩʮʝʠʥʘ [93]. 

2.2.1.1.3. ɼʨʫʛʠʝ ʤʦʣʝʢʫʣʳ, ʧʨʠʩʦʝʜʠʥʷʝʤʳʝ ʢ ʟʦʣʦʪʫ ʯʝʨʝʟ ʪʠʦʣʴʥʫʶ ʩʚʷʟʴ 

ʄʝʨʢʘʧʪʦʙʝʥʟʠʤʠʜʘʟʦʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʅʏɿ ʚ ʬʦʨʤʝ 

ʪʠʦʣʘʪ-ʠʦʥʘ (ʨʅ 7,9 ʠ 12,5) ʠʣʠ ʪʠʦʥʘ (ʨʅ 1,4) ʇʦ ʜʘʥʥʳʤ SERS (ʧʦʚʝʨʭʥʦʩʪʥʦ ʫʩʠʣʝʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ) ʧʦʣʫʯʘʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʚʷʟʳʚʘʥʠʷ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʷʟʳʚʘʥʠʷ ʤʝʨʢʘʧʪʦʙʝʥʟʠʤʠʜʘʟʦʣʘ ʩ ʅʏɿ. 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʥʘʯʝʥʠʝ ʨʅ 

1,4 7,9 12,5 

ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ KD Ĭ 106 M-1 2,14 Ñ0,57 4,44 Ñ 1,29 10,12 Ñ 2,48 

ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ -æG, ʢɼʞ/ʤʦʣʴ 36,11 Ñ 0,66 37,92 Ñ 0,72 39,96 Ñ 0,61 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [94]. 

ʊʠʦʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʠ ʩʚʷʟʳʚʘʝʪʩʷ 

ʤʦʥʦʜʝʥʪʘʪʥʦ, ʘ ʪʠʦʣʘʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦʜ ʥʘʢʣʦʥʦʤ, ʪʘʢ ʯʪʦ ʠ ʘʪʦʤ ʩʝʨʳ, ʠ 

ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʘʟʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʟʦʣʦʪʦʤ [94]. 

ʅʘ ʧʨʠʤʝʨʝ ʪʠʦʬʝʥʦʣʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ Au-S ʟʘʚʠʩʝʣ ʦʪ 

ʨʅ ʨʘʩʪʚʦʨʘ: ʧʨʠ ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ ʨʅ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʤʝʣʘ ʤʝʩʪʦ ʬʠʟʠʯʝʩʢʘʷ ʩʦʨʙʮʠʷ 

ʪʠʦʣʘ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʧʨʦʪʦʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ  Au-S, ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʦʯʝʥʴ ʤʘʣʘ. ʇʨʠ ʚʳʩʦʢʦʤ ʟʥʘʯʝʥʠʠ 

ʨʅ ʣʠʛʘʥʜ ʚ ʬʦʨʤʝ ʪʠʦʣʘʪ-ʘʥʠʦʥʘ ʥʘʧʨʷʤʫʶ ʦʙʨʘʟʦʚrʚʘʣ ʢʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ ʩ ʟʦʣʦʪʦʤ ʚ 

ʩʣʫʯʘʡʥʳʭ ʩʘʡʪʘʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʟʘʤʝʪʥʦʡ ʵʥʝʨʛʠʝʡ 

ʘʢʪʠʚʘʮʠʠ (32,7 ʢɼʞ/ʤʦʣʴ) [95]. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʅʏɿ ʨʘʩʪʚʦʨʦʚ ʘʣʢʘʥʜʠʪʠʦʣʦʚ ʦʥʠ ʥʝʤʝʜʣʝʥʥʦ ʩʣʠʧʘʣʠʩʴ, ʭʦʪʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʠʛʘʥʜʘ (3 ʤʢʄ) ʙʳʣʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ ʪʦʡ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʦʥʦʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ (10 ʤʢʄ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʮʝʧʠ ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʢ ʦʜʥʦʡ SH-ʛʨʫʧʧʳ ʩ ʦʜʥʦʡ 

ʅʏɿ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʠ ʩ SH-ʛʨʫʧʧʦʡ ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʳ, ʪʘʢ ʠ ʜʚʫʭ SH-
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ʛʨʫʧʧ ʩ ʜʚʫʤʷ ʠʣʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʅʏɿ: ʙ·ʣʴʰʘʷ ʯʘʩʪʴ ʵʪʘʥʜʠʪʠʦʣʘ ʠ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʘ 1,4-

ʙʫʪʘʥʜʠʪʠʦʣʘ ʠ 1,6-ʛʝʢʩʘʥʜʠʪʠʦʣʘ ʦʙʨʘʟʦʚʘʣʘ ʜʠʩʫʣʴʬʠʜʥʫʶ ʩʚʷʟʴ [96]. ʉʚʷʟʳʚʘʥʠʝ ʜʚʫʭ 

ʪʠʦʣʴʥʳʭ ʛʨʫʧʧ ʩ ʨʘʟʥʳʤʠ ʅʏɿ ʪʝʤ ʚʝʨʦʷʪʥʝʝ, ʯʝʤ ʜʣʠʥʥʝʝ ʫʛʣʝʚʦʜʦʨʦʜʥʘʷ ʮʝʧʴ, ʯʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʘʣʢʘʥʜʠʪʠʦʣʦʚ ʩ ʜʣʠʥʦʡ ʮʝʧʠ 3, 4, 5, 6, 9, 11 ʘʪʦʤʦʚ ʉ ʠ ʅʏɿ 

ʜʠʘʤʝʪʨʦʤ 80 ʥʤ [97]. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʛʦ ʟʦʣʦʪʦʛʦ ʩʫʙʩʪʨʘʪʘ ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʩʣʦʝʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʠʩʧʦʣʴʟʦʚʘʣʠ 0,5 ʤʄ ʩʧʠʨʪʦʚʳʡ ʨʘʩʪʚʦʨ 

ʤʝʨʢʘʧʪʦʫʥʜʝʢʘʥʦʚʦʡ ʢʠʩʣʦʪʳ (MUA) ʠʣʠ 50 ʤʢʄ ʤʝʨʢʘʧʪʦʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ [34], 0,5 ʤʄ 

11-ʘʤʠʥʦ-1-ʫʥʜʝʢʘʥʪʠʦʣʘ ʛʠʜʨʦʭʣʦʨʠʜ ï ʜʣʷ ʚʚʝʜʝʥʠʷ ʘʤʠʥʦʛʨʫʧʧ, 0,5 ʤʄ 11-

ʤʝʨʢʘʧʪʦʫʥʜʝʢʘʥʦʣ ʠ 1-ʥʦʥʘʥʪʠʦʣ ï ʜʣʷ ʚʚʝʜʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [98]. 

2.2.1.2.ɼʘʣʴʥʝʡʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʪʠʦʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 

ʆʜʥʘ ʠʟ ʩʭʝʤ ʜʘʣʴʥʝʡʰʝʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʵʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʤʠʥʦʛʨʫʧʧʳ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʩ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʳ, 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ EDC ((1-ʵʪʠʣ-3-(3-ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣ)ʢʘʨʙʦʜʠʠʤʠʜ 

ʛʠʜʨʦʭʣʦʨʠʜ) ʠ NHS (N-ʛʠʜʨʦʢʩʠʩʫʢʮʠʥʠʤʠʜ) ʧʦ ʨʝʘʢʮʠʠ [7, 58, 99, 100], ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 2 ɸ. 

 

ʈʠʩʫʥʦʢ 2. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠ ̫ ʅʏɿ ʧʨʠ ʫʯʘʩʪʠʠ EDC (1-ʵʪʠʣ-3-(3-

ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣ)ʢʘʨʙʦʜʠʠʤʠʜ ʛʠʜʨʦʭʣʦʨʠʜ) ʠ NHS (N-ʛʠʜʨʦʢʩʠʩʫʢʮʠʥʠʤʠʜ): ɸ - ʨʝʘʢʮʠʦʥʥʘʷ ʩʭʝʤʘ, ɹ 

- ʧʨʠʤʝʨ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʜʮɼʅʂ. 
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ʆʧʠʩʘʥ ʩʧʦʩʦʙ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʜʥʦʡ ʠʟ ʮʝʧʝʡ ʜʮɼʅʂ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʦʛʦ 

ʵʣʝʢʪʨʦʜʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʨʞʘʥʥʦʛʦ ʚ ʨʘʩʪʚʦʨʝ 2-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʛʦʩʷ ʤʦʥʦʩʣʦ ̫ʚ ʧʨʠʩʫʪʩʪʚʠʠ EDC [101] (ʨʠʩ. 2 ɹ). ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʢ 

ʟʦʣʦʪʦʤʫ ʵʣʝʢʪʨʦʜʫ, ʦʙʨʘʙʦʪʘʥʥʦʤʫ NH2CH2CH2S-SCH2CH2NH2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ Au-

S, ʧʨʠʩʦʝʜʠʥʷʣʠ ʅʂ, ʩʦʜʝʨʞʘʱʫ  ʁʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʥʘ 5`-ʢʦʥʮʝ [87]. 

 ʄʦʜʠʬʠʮʠʨʫʷ ʣʠʛʘʥʜʳ ʧʦ ʪʘʢʦʡ ʩʭʝʤʝ, ʚ ʠʭ ʩʦʩʪʘʚ ʚʚʦʜʠʣʠ ʨʘʟʣʠʯʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ: ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʧʝʧʪʠʜ KRAzR [102, 103], ʜʠʪʠʦʣʴʥʫʶ 

ʛʨʫʧʧʫ ʚ ʅʂ [104, 105], ʮʠʩʪʝʠʥʩʦʜʝʨʞʘʱʠʡ ʮʠʢʣʠʯʝʩʢʠʡ ʧʝʧʪʠʜ ʧʨʠʩʦʝʜʠʥʷʣʠ ʢ PEG 

[106], ʙʠʦʪʠʥ ʢ PAMAM [72], ʢʦʥʢʘʥʘʚʘʣʠʥ ɸ ʢ ʛʣʶʢʦʟʝ ʠ ʤʘʥʥʦʟʝ [78], ʬʦʪʦʧʦʨʬʠʨʠʥ ʢ 

ʮʠʩʪʝʠʥʫ [107], BSA ʠ HSA (ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ ʯʝʣʦʚʝʢʘ) ʢ MUA [66]. 

ɺʪʦʨʦʡ ʧʫʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʅʏɿ ï ʵʪʦ CuAAC-ʢʣʠʢ ʭʠʤʠʷ ï 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ Cu (I) ʘʟʠʜ-ʘʣʢʠʥ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ [108], ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʣʶʮʠʬʝʨʘʟʳ ʢ ʘʣʢʠʥʫ [109], ʬʦʪʦʧʝʨʝʢʣʶʯʘʝʤʦʛʦ ʠʥʛʠʙʠʪʦʨʘ 

Ŭ-ʭʠʤʦʪʨʠʧʩʠʥʘ [110, 111], ʩʣʦʷ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ [112] (ʨʠʩ. 3 ɸ). 

 

ʈʠʩʫʥʦʢ 3. ɺʘʨʠʘʥʪʳ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʅʏɿ. ɸ - ʩʭʝʤʘ 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ Cu (I) ʘʟʠʜ-ʘʣʢʠʥ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ɹ - ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʴʜʝʛʠʜʥʦʡ ʠ ʘʤʠʥʦʛʨʫʧʧ 

(ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [33]). 

ʊʨʝʪʴʷ ʩʭʝʤʘ ʤʦʜʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ, ʝʩʣʠ ʧʨʠʩʦʝʜʠʥʷʝʤʳʡ ʯʝʨʝʟ ʪʠʦʛʨʫʧʧʫ 

ʣʠʛʘʥʜ ʩʦʜʝʨʞʠʪ ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʘʣʴʜʝʛʠʜʥʫʶ ʛʨʫʧʧʫ, ʪʦʛʜʘ ʦʥ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩ ʘʤʠʥʦʛʨʫʧʧʦʡ ʜʨʫʛʦʛʦ ʣʠʛʘʥʜʘ ʧʦ ʨʝʘʢʮʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3 ɹ [33]. 

2.2.1.3. ʋʩʪʦʡʯʠʚʦʩʪʴ ʪʠʦʣʴʥʦʡ ʩʚʷʟʠ 

ɼʦʩʪʦʠʥʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʛʘʥʜʦʚ ʩ ʪʠʦʛʨʫʧʧʦʡ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʅʏɿ ʦʯʝʚʠʜʥʳ, 

ʦʜʥʘʢʦ ʝʩʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ: ʩʚʷʟʴ Au-S ʧʦʜʚʝʨʞʝʥʘ ʦʢʠʩʣʝʥʠʶ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʟʜʫʭʦʤ ʠ ʚ 
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ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ [91], ʘ ʪʘʢʞʝ ʜʠʩʩʦʮʠʠʨʫʝʪ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ, ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʦʣʠ ʚ ʨʘʩʪʚʦʨʝ, ʧʨʠ ʵʪʦʤ ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ɼʅʂ 

ʜʝʛʨʘʜʠʨʫʝʪ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ [113]. ʈʘʟʣʠʯʥʳʝ ʪʠʦʣʳ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʢʮʠʠ 

ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ, ʟʘʤʝʱʘʷ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ [114]. 

2.2.2. ʂʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʟʦʣʦʪʘ ʩ ʩʝʣʝʥʦʤ ʠ ʪʝʣʣʫʨʦʤ 

ʂʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʦʙʨʘʟʫʶʪ ʩʝʣʝʥ- ʠ ʪʝʣʣʫʨʩʦʜʝʨʞʘʱʠʝ 

ʤʦʣʝʢʫʣʳ. ʊʘʢʠʝ ʣʠʛʘʥʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʩʝʣʝʥʠʜʳ ʠ ʜʠʪʝʣʣʫʨʠʜʳ; ʧʨʠ 

ʨʘʩʱʝʧʣʝʥʠʠ ʩʚʷʟʠ Se-Se ʠʣʠ Te-Te ʤʦʞʥʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʣʦʪʘ ʩ ʣʠʛʘʥʜʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʙʦ ʧʫʪʝʤ ʧʦʛʨʫʞʝʥʠʷ ʟʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ/ʵʣʝʢʪʨʦʜʘ ʚ ʨʘʩʪʚʦʨ ʣʠʛʘʥʜʘ 

[32, 115], ʣʠʙʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʣʠʛʘʥʜʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ ʩʠʥʪʝʟʝ ʥʘʥʦʢʣʘʩʪʝʨʦʚ 

ʟʦʣʦʪʘ [116, 117].  

ʅʘʥʦʢʣʘʩʪʝʨʳ ʟʦʣʦʪʘ, ʩʦʜʝʨʞʘʱʠʝ ʩʝʣʝʥʦʣʴʥʳʝ ʣʠʛʘʥʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ 

ʧʨʦʯʥʦʡ, ʯʝʤ ʩʚʷʟʴ Au-S, ʩʚʷʟʴʶ Au-Se: ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 60 Áʉ ʚ ʪʝʯʝʥʠʝ 2 

ʜʥʝʡ ʥʘʥʦʢʣʘʩʪʝʨʦʚ [Au25(SC8H17)18] ʠ [Au25(SeC8H17)18] ʥʘʙʣʶʜʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ ʚ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʠ ʥʠʢʘʢʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ï ʚʦ ʚʪʦʨʦʤ. ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʯʥʦʩʪʠ 

ʩʚʷʟʠ Au-Se ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʷʟʴʶ Au-S ʧʨʦʠʩʭʦʜʠʣʦ ʦʩʣʘʙʣʝʥʠʝ ʩʚʷʟʠ Se-C ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʷʟʴʶ S-ʉ [117]. ʉʚʷʟʴ Se-C ʩʠʣʴʥʝʝ ʧʦʜʚʝʨʞʝʥʘ ʨʘʩʱʝʧʣʝʥʠʶ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʜʫʭʘ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʘ, ʯʝʤ ʩʚʷʟʴ S-ʉ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ SeO2 and 

SeO3
2- [118]. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʙʝʥʟʦʣʪʠʦʣʘʪʘ ʠ 

ʙʝʥʟʦʣʩʝʣʝʥʦʣʘʪʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʬʝʥʠʣʜʠʩʝʣʝʥʠʜ ʚʳʪʝʩʥʷʣ ʙʝʥʟʦʣʪʠʦʣʘʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʦʣʦʪʘ, ʥʦ ʥʝ ʥʘʦʙʦʨʦʪ. ɸʜʩʦʨʙʮʠʷ ʜʠʬʝʥʠʣʜʠʩʝʣʝʥʠʜʘ ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʚʳʛʦʜʥʘ, ʯʝʤ 

ʜʠʬʝʥʠʣʜʠʩʫʣʴʬʠʜʘ ï ʨʘʟʥʠʮʘ ʚ ʪʝʧʣʦʪʝ ʘʜʩʦʨʙʮʠʠ ʩʦʩʪʘʚʠʣʘ ~0,7 ʢʢʘʣ/ʤʦʣʴ [118]. 

2.2.3. ʂʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʟʦʣʦʪʘ ʩ ʫʛʣʝʨʦʜʦʤ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʏɿ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩ ʩʦʣʷʤʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʢʘʪʠʦʥʘ ʜʠʘʟʦʥʠʷ, ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠʟʦʮʠʘʥʠʜʘʤʠ, ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʣʢʠʥʦʚ ʠ ʘʣʢʘʥʦʚ 

ʧʨʠʚʦʜʠʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ Au-C, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʤʝʪʦʜʘʤʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ). 

2.2.3.1.ʉʦʣʠ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʪʠʦʥʘ ʜʠʘʟʦʥʠʷ 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʚ, ʘ ʪʘʢʞʝ ʧʦ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʘ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʅʏɿ 

ʧʦʜʪʚʝʨʞʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ Au-C ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʅʏɿ 

ʜʠʘʤʝʪʨʦʤ 40 ʥʤ ʩ ʨʘʩʪʚʦʨʦʤ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 4-ʥʠʪʨʦʙʝʥʟʦʣʜʠʘʟʦʥʠʷ [119] (ʨʠʩ. 4).  
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ʈʠʩʫʥʦʢ 4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʏɿ ʠ ʢʘʪʠʦʥʘ 4-ʥʠʪʨʦʙʝʥʟʦʣʜʠʘʟʦʥʠʷ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [119]. 

ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʤʦʜʠʬʠʢʘʮʠʠ ʟʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʵʪʦ çʧʝʯʘʪʴè ʥʘ ʟʦʣʦʪʳʭ 

ʧʣʝʥʢʘʭ ʰʪʘʤʧʘʤʠ ʠʟ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʨʞʘʥʥʳʭ ʚ ʨʘʩʪʚʦʨʝ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 4-ʥʠʪʨʦʙʝʥʟʦʣʜʠʘʟʦʥʠʷ ʠʣʠ 4-ʢʘʨʙʦʢʩʠʙʝʥʟʦʣʜʠʘʟʦʥʠʷ [120]. 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʧʨʠʩʦʝʜʠʥʣ̫ʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ (ʟʦʣʦʪʦʛʦ 

ʵʣʝʢʪʨʦʜʘ) ʧʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʦʩʘʞʜʝʥʠʠ ʩʦʣʝʡ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʘʟʦʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ 

[121, 122]. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʘʤʠ ʀʂ-, XPS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ), ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʵʣʣʠʧʩʦʤʝʪʨʠʠ 

ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ 4-ʥʠʪʨʦʙʝʥʟʦʣʘ ʠ 4-ʥʠʪʨʦʙʝʥʟʦʣʪʠʦʣʘ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʦʣʦʪʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʠ ʜʠʘʟʦʥʠʷ ʠ ʧʨʠ ʩʧʦʥʪʘʥʥʦʡ ʘʜʩʦʨʙʮʠʠ 

ʠʟ ʨʘʩʪʚʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʦʣʘ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʣʠ 

ʜʠʘʟʦʥʠʷ ʜʘʣʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ, ʯʝʤ ʪʠʦʣʳ. ʊʠʦʣʴʥʦʝ ʧʦʢʨʳʪʠʝ 

ʙʳʣʦ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦ ʢ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʘ ʧʣʝʥʢʘ ʠʟ ʩʦʣʝʡ ʜʠʘʟʦʥʠʷ ï ʢ 

ʟʘʤʝʱʝʥʠʶ ʦʢʪʘʜʝʢʘʥʪʠʦʣʦʤ, ʢʦʪʦʨʳʡ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʚʳʪʝʩʥʣ̫ 100 % 4-

ʥʠʪʨʦʙʝʥʟʦʣʪʠʦʣʘ ʠ 75 % 4-ʥʠʪʨʦʙʝʥʟʦʣʘ [123]. 

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʪʝʪʨʘʭʣʦʨʦʘʫʨʘʪʘ ʢʘʪʠʦʥʦʤ 4-ʜʝʮʠʣʙʝʥʟʦʣʜʠʘʟʦʥʠʷ ʧʦʣʫʯʘʣʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʩʚʷʟʴʶ Au-C ʅʏɿ ʜʠʘʤʝʪʨʦʤ 8,1 Ñ 0,8 ʥʤ [124]. 

2.2.3.2.ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʠʟʦʮʠʘʥʠʜʳ 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ Au-C ʧʨʦʠʩʭʦʜʠʣʦ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʘʩʪʚʦʨ 

ʅʏɿ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʫ [125] ʠʣʠ ʜʚʝ [126] ʠʟʦʮʠʘʥʠʜʥʳʝ 

ʛʨʫʧʧʳ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʝʥʠʣʠʟʦʮʠʘʥʠʜʘ, ʙʝʥʟʠʣʠʟʦʮʠʘʥʠʜʘ ʠ 2,6-

ʜʠʤʝʪʠʣʬʝʥʠʣʠʟʦʮʠʘʥʠʜʘ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʜʪʚʝʨʞʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ 

Au-C [127]. 

ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠ ̫ʚ ʨʘʩʪʚʦʨ ʅʏɿ ʩʦʝʜʠʥʝʥʠ,̫ ʥʝʩʫʱʠʝ ʜʚʝ ʠʟʦʮʠʘʥʠʜʥʳʝ ʛʨʫʧʧʳ 

(1,4-ʬʝʥʠʣʝʥʜʠʠʟʦʮʠʘʥʠʜ [128], 4,4 -̀ʙʠʬʝʥʠʣʜʠʠʟʦʮʠʘʥʠʜ [129]), ʚ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʩʚʷʟʳʚʘʣʠ ʧʦ ʜʚʝ ʅʏɿ, ʘ ʚ ʚʳʩʦʢʦʡ ʦʙʨʘʟʦʚʳʚʘʣʠ ʩʚʷʟʴ ʩ ʟʦʣʦʪʦʤ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʦʜʥʦʡ 

ʠʟʦʮʠʘʥʠʜʥʦʡ ʛʨʫʧʧʳ. 1,4-ʬʝʥʠʣʝʥʜʠʠʟʦʮʠʘʥʠʜ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʘʩʪʚʦʨ ʅʏɿ ʨʘʟʥʦʛʦ 

ʜʠʘʤʝʪʨʘ (6, 14, 23, 40, 57 ʠ 97 ʥʤ), ʚʝʨʦʷʪʥʦ, ʤʥʦʛʦʢʨʘʪʥʦ ʩʰʠʚʘʣ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʨʠʚʦʜʷ 

ʢ ʘʩʣʠʧʘʥʠʶ [128]. ʉʣʠʧʘʥʠʝ ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨ ʅʏɿ. 

2.2.3.3.ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʘʣʢʠʥʳ ʠ ʘʣʢʘʥʳ 

ɸʣʠʬʘʪʠʯʝʩʢʠʝ ʘʣʢʠʥʳ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʮʝʪʠʣʝʥʘ (ʘʮʝʪʠʣʝʥ, 1-ʙʫʪʠʥ, 

2-ʙʫʪʠʥ, 1-ʧʝʥʪʠʥ, 2-ʧʝʥʪʠʥ, ʬʝʥʠʣʘʮʝʪʠʣʝʥ) ʧʨʠʩʦʝʜʠʥʷʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʦʛʦ 

ʣɻʝʢʪʨʦʜʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ [130]. 

ɼʣʷ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʢʠʥʦʚ (ʨʠʩ. 5) ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʟʦʣʦʪʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨʳ ʠʭ ʪʨʠʤʝʪʠʣʩʠʣʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ Au-C ʧʦʜʪʚʝʨʞʜʘʣʠ ʀʂ-ʩʧʝʢʪʨʘʤʠ, ʉʊʄ (ʩʢʘʥʠʨʫʶʱʝʡ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ) ʠ ɸʉʄ (ʘʪʦʤʥʦʡ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ) [131]. 
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ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʢʠʥʦʚ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [131]. 

ʊʨʠʤʝʪʠʣʩʪʘʥʥʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʣʢʘʥʦʚ (ʉ4 ï ʉ12) [132] ʠ ʙʝʥʟʦʣʘ [133] ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʣʦʩʢʦʡ ʟʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʣʠ ʩʚʷʟʴ Au-C. 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʥʝʩʫʱʠʝ ʜʚʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʣʢʠʥʦʚʳʝ ʛʨʫʧʧʳ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʠʭ ʘʥʘʣʦʛʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʝ ʠʟʦʮʠʘʥʠʜʥʳʝ ʛʨʫʧʧʳ, ʩʚʷʟʳʚʘʣʠʩʴ ʩ ʅʏɿ 

ʯʝʨʝʟ ʦʜʥʫ ʠʟ ʜʚʫʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ [134]. 

2.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʣʦʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʣʠʛʘʥʜʦʚ 

ʇʦʤʠʤʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʠʧʦʚ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʟʦʣʦʪʦʤ ʠ ʘʜʩʦʨʙʠʨʫʝʤʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ: ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ, 
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ʛʠʜʨʦʬʦʙʥʳʝ, ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʳ ʠ ʫʩʣʦʚʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʩʪʘʥʦʚʠʤʩʷ ʧʦʜʨʦʙʥʝʝ ʥʘ ʧʨʠʤʝʨʘʭ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

2.3.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʣʦʪʘ ʩ ʠʦʥʘʤʠ 

ʅʏɿ ʥʘʯʠʥʘʣʠ ʘʛʨʝʛʠʨʦʚʘʪʴ ʧʨʠ ʠʦʥʥʦʡ ʩʠʣʝ ʨʘʩʪʚʦʨʘ ʙʦʣʝʝ 24 ʤʄ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʠ 

ʛʘʣʦʛʝʥʠʜ-ʠʦʥʦʚ ʥʘʙʣʶʜʘʣʠ ʨʘʟʥʦʝ ʧʦ ʩʠʣʝ ʩʨʦʜʩʪʚʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʢʦʪʦʨʦʝ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʩʣʝʜʫʶʱʝʤ ʨʷʜʫ: F-<Cl-<Br-<I-, ʜʣʷ ʠʦʥʦʚ Cl-, Br-, I- ʤʦʛʣʘ ʠʤʝʪʴ ʤʝʩʪʦ 

ʭʝʤʦʩʦʨʙʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʦʣʦʪʘ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʚʘʣʝʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʠ ʚ ʨʷʜʫ 

Cl-, Br-, I- [135]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʏɿ ʩ ʨʘʟʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʠʟʫʯʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ 

ʠʥʢʫʙʘʮʠʠ ʩ ʪʠʦʣʴʥʦʡ ʅʂ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʣʠ. ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʟʘʨʷʜʝ 

ʢʘʪʠʦʥʳ ʙʦʣʴʰʝʛʦ ʨʘʜʠʫʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴ ʁ ʠ ʣʝʛʯʝ 

ʜʝʛʠʜʨʘʪʠʨʫʶʪʩʷ, ʯʝʤ ʢʘʪʠʦʥʳ ʤʝʥʴʰʝʛʦ ʨʘʜʠʫʩʘ, ʧʦʵʪʦʤʫ ʢʘʪʠʦʥ Cs+ ʣʝʛʯʝ ʠ ʧʨʦʯʥʝʝ 

ʘʜʩʦʨʙʠʨʦʚʘʣʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, ʯʝʤ Li+. ɺ ʠʪʦʛʝ ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʤʦʣʝʢʫʣʘʤʠ 

ɼʅʂ ʙʳʣʘ ʚʳʰʝ ʜʣʷ ʢʘʪʠʦʥʦʚ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ Li+ ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 130 ʠ 105 

ʤʦʣ./ʅʏɿ (ʤʦʣʝʢʫʣ ʥʘ ʦʜʥʫ ʅʏɿ) ʧʨʠ ʠʦʥʥʦʡ ʩʠʣʝ 300 ʠ 100 ʤʄ, ʘ ʩ Cs+  80 ʠ 70 ʤʦʣ./ʅʏɿ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, Li+ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩʠʣʴʥʝʝ ʩ ɼʅʂ, ʘ Cs+ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩʠʣʴʥʝʝ ʩ ʅʏɿ [136]. 

2.3.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʣʦʪʘ ʩ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ NH3 ʠ ʅF ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʡ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʜʝʩʦʨʙʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ 

ʩʣʘʙʦʝ, ʥʝʢʦʚʘʣʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʚʣʠʷʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ [137]. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʩʦʦʙʱʘʣʠ ʦʙ ʦʙʨʘʪʠʤʦʡ 

ʘʜʩʦʨʙʮʠʠ CO, ʘ ʪʘʢʞʝ NH3 ʥʘ ʟʦʣʦʪʳʭ ʧʣʝʥʢʘʭ [138]. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʠʥʝʪʠʢʠ 

ʘʜʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʦʣʦʪʘ ʦʮʝʥʠʚʘʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʪʝʧʣʦʪʫ ʝʛʦ 

ʘʜʩʦʨʙʮʠʠ, ʦʥʘ ʩʦʩʪʘʚʠʣʘ 2-35 ʢʢʘʣ/ʤʦʣʴ [139]. 

ʈʷʜ ʩʦʝʜʠʥʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʅʏɿ ʯʝʨʝʟ ʘʤʠʥʦʛʨʫʧʧʫ: ʤʝʣʘʤʠʥ [140 ], 

ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʝ ʪʠʤʠʥʘ [141 ], 1-ʤʝʪʠʣʘʤʠʥʦʧʠʨʝʥ [142 ], CTAB [13] (ʨʠʩ. 6).  

ʄʘʣʘʭʠʪʦʚʳʡ ʟʝʣʝʥʳʡ, ʙʨʠʣʣʠʘʥʪʦʚʳʡ ʟʝʣʝʥʳʡ ʠ ʤʝʪʠʣʦʚʳʡ ʟʝʣʝʥʳʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ ʟʘ ʩʯʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ 

(ʨʠʩ. 6). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ʘʜʩʦʨʙʮʠʠ ʠ ʧʣʦʱʘʜʠ ʘʜʩʦʨʙʮʠʠ: ī12,5 Ñ 0,1, ī10,0 Ñ 0,3 ʠ ī11,1 Ñ 0,1 ʢʢʘʣ/ʤʦʣʴ, 219 Ñ 11 

¡2, 67 Ñ 9 ¡2 ʠ 113 Ñ 5 ¡2 ʜʣʷ ʤʘʣʘʭʠʪʦʚʦʛʦ, ʙʨʠʣʣʠʘʥʪʦʚʦʛʦ ʠ ʤʝʪʠʣʦʚʦʛʦ ʟʝʣʝʥʦʛʦ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 6). ʈʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʩʦʙʝʥʥʦ ʚʙʣʠʟʠ ʘʪʦʤʘ ʘʟʦʪʘ, 

ʩʦʟʜʘʚʘʣʠ ʨʘʟʥʳʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʩʝʛʦ ʩʘʡʪʘ ʘʜʩʦʨʙʮʠʠ [143]. 
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ʈʠʩʫʥʦʢ 6. ʅʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʟʦʣʦʪʦʤ: 1 ï ʪʠʦʬʣʘʚʠʥ ʊ, 2 ï ʤʝʣʘʤʠʥ, 3 

ï 1-ʘʤʠʥʦʧʠʨʝʥ, 4 ï ʙʝʥʟʦʣ, 5 - ʤʘʣʘʭʠʪʦʚʳʡ ʟʝʣʝʥʳʡ, 6 ï ʜʦʢʩʦʨʫʙʠʮʠʥ, , 7 ï ʧʘʤʠʜʨʦʥʘʪ ʥʘʪʨʠʷ, 8 ï ʘʥʪʨʘʮʝʥ, 

9 ï ʮʠʩʪʘʤʠʥ, 10 ï ʛʝʤ b, 11 - ʢʘʣʠʢʩ[4]ʘʨʝʥ, ʢʨʘʩʥʳʤ ʚʳʜʝʣʝʥʳ ʘʪʦʤʳ ʠ ʛʨʫʧʧʠʨʦʚʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʩʚʷʟʳʚʘʥʠʠ ʩ ʟʦʣʦʪʦʤ. 

ʅʘ ʧʨʠʤʝʨʝ ʩʪʝʢʣʘ, ʧʦʢʨʳʪʦʛʦ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 30-100 ʠ 200-400 ʥʤ, ʤʝʪʦʜʘʤʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʣʠʛʘʥʜʦʤ, 

ʥʝʩʫʱʠʤ ʪʠʦʛʨʫʧʧʫ ʠ/ʠʣʠ ʘʤʠʥʦʛʨʫʧʧʫ, ʤʦʛʣʘ ʦʙʨʘʟʦʚʘʪʴʩʷ ʠʣʠ ʩʚʷʟʴ Au-S, ʠʣʠ ʩʚʷʟʴ Au-

N. ʄʦʣʝʢʫʣʳ ʮʠʩʪʘʤʠʥʘ ʦʙʨʘʟʦʚʘʣʠ ʙʦʣʝʝ ʧʨʦʯʥʫʶ ʩʚʷʟʴ Au-S ʧʨʠ 4 Áʉ, ʘ ʤʝʥʝʝ ʧʨʦʯʥʫʶ 

Au-N ï ʧʨʠ 25 Áʉ (ʨʠʩ. 6). ɺʳʷʩʥʠʣʠ, ʯʪʦ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʮʠʩʪʝʠʥʘ ʠ ʮʠʩʪʠʥʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ S-S, ʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʣʠʛʘʥʜʳ ʦʙʨʘʟʦʚʘʣʠ ʩʚʷʟʴ Au-

N, ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʨʅ 9,0 [144]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʪʠʧ ʩʚʷʟʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʨʅ ʩʨʝʜʳ. 

ʇʦ ʜʘʥʥʳʤ ʇʕʄ (ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ), FTIR- 

(ʠʥʬʨʘʢʨʘʩʥʦʡ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ), ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, XPS-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʙʝʥʟʦʣʘ ʠ ʘʥʪʨʘʮʝʥʘ ʩʧʦʩʦʙʥʳ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʪʠʦʥ- -́
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ ʠʦʥʘʤʠ Au+, ʧʦʚʝʨʭʥʦʩʪʥʦ 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʅʏɿ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʙʝʥʟʦʣ ʠ ʘʥʪʨʘʮʝʥ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʦʝʡ -́ʩʠʩʪʝʤ.r ʋʤʝʥʴʰʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ˊ-ʩʠʩʪʝʤʳ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʤʦʣʝʢʫʣʫ, ʥʘʧʨʠʤʝʨ, ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʘʙʣʷʣʦ ʩʚʷʟʳʚʘʥʠʝ ʩ ʟʦʣʦʪʦʤ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʠʣʠ ʥʘʣʠʯʠʝ Cl- ʚ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʙʝʥʟʦʣʴʥʦʡ ʧʣʝʥʢʝ, ʯʪʦ 

ʫʢʘʟʳʚʘʣʦ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ AuCl ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ [145].  

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [146] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SERS-ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʣʝʢʫʣʘ 

ʪʠʦʬʣʘʚʠʥʘ ʊ ʤʦʛʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʚʷʟʴ ʩ ʅʏɿ ʢʘʢ ʧʦʩʨʝʜʩʪʚʦʤ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʪʘʢ ʠ 

ʘʪʦʤʘ ʩʝʨʳ ʪʨʠʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʠ N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʳ (ʨʠʩ. 6). 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʫʧʧʠʨʦʚʦʢ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ, ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ XPS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʣʦʪʘ ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʜʥʫ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʯʘʩʪʝʡ ʝʛʦ ʤʦʣʝʢʫʣʳ: ʘʥʪʨʘʮʝʥʦʤ, D-

ʛʣʶʢʦʟʦʡ, ʤʦʯʝʚʠʥʦʡ, 7-ʜʝʟʦʢʩʠʜʦʢʩʦʨʫʙʠʮʠʥ ʘʛʣʠʢʦʥʦʤ ʠ ʜʦʢʩʦʨʫʙʠʮʠʥʦʤ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʜʝʢʘʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʨʠʩ. 7). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʢʩʦʨʫʙʠʮʠʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʢʠʩʣʝʥʥʳʤʠ ʘʪʦʤʘʤʠ ʟʦʣʦʪʘ Au+ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʧʦʩʨʝʜʩʪʚʦʤ -́

ʩʠʩʪʝʤ rʘʥʪʨʘʮʝʥʦʚʦʛʦ ʢʦʣʴʮʘ ʤʦʣʝʢʫʣʳ [147]. 

 

ʈʠʩʫʥʦʢ 7. ɼʦʢʩʦʨʫʙʠʮʠʥ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ. DOX-M ï ʜʦʢʩʦʨʫʙʠʮʠʥ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʜʝʢʘʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [147]. 

ɺ ʩʚʷʟʳʚʘʥʠʠ ʩ ʟʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴ  ʁʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʠ ʠʥʳʝ 

ʘʥʠʦʥʥʳʝ ʛʨʫʧʧʳ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʠ ʠʦʥʦʚ, ʥʘʧʨʠʤʝʨ, ʠʦʥʦʚ ʮʠʪʨʘʪʘ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ XPS-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʅʏɿ ʠʦʥʳ ʮʠʪʨʘʪʘ ʥʘ 
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ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʚʫʭʩʪʘʜʠʡʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʜʦ ʘʮʝʪʦʘʮʝʪʘʪʘ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʩʭʝʤʝ (ʨʠʩ. 8): 

 

ʈʠʩʫʥʦʢ 8. ʆʢʠʩʣʝʥʠʝ ʮʠʪʨʘʪʘ ʜʦ ʘʮʝʪʦʘʮʝʪʘʪʘ. 

ɸʮʝʪʦʘʮʝʪʘʪ ʜʝʩʦʨʙʠʨʦʚʘʣʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ CH2-ʛʨʫʧʧʘʤʠ ʩʦʩʝʜʥʠʭ ʠʦʥʦʚ ʮʠʪʨʘʪʘ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʥʪʘʢʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (0,50 - 0,58 ʥʤ). ʕʥʝʨʛʠʷ ʩʚʷʟʠ 

Au-S ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 40 ʢʢʘʣ/ʤʦʣʴ, ʘ Au-OCOOH ï ʦʢʦʣʦ 2 ʢʢʘʣ/ʤʦʣʴ, ʥʦ ʵʥʝʨʛʠʷ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʮʠʪʨʘʪʘ ʜʦʩʪʠʛʘʣʘ ʫʞʝ 

ʦʢʦʣʦ 7 ʢʢʘʣ/ʤʦʣʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʜʣʷ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ ʮʠʪʨʘʪʘ ʥʘ 

ʪʠʦʣ ʙʳʣ ʟʥʘʯʠʪʝʣʝʥ. 

ʍʦʪʷ ʥʘ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ ʤʦʣʝʢʫʣʘʤʠ ʮʠʪʨʘʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʙʳʣʠ 

ʚʘʢʘʥʪʥʳʝ ʤʝʩʪʘ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʪʠʦʣʦʚ, ʘ ʥʘ ʧʣʦʱʘʜʠ, ʢʦʪʦʨʫʶ ʟʘʥʠʤʘʣʠ ʜʚʝ ʤʦʣʝʢʫʣʳ 

ʮʠʪʨʘʪʘ, ʤʦʛʣʠ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʯʝʪʳʨʝ ʤʦʣʝʢʫʣʳ ʪʠʦʣʘ, ʦʜʥʘʢʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʟʦʣʦʪʘ ʩ ʪʠʦʣʘʤʠ ʧʨʦʠʩʭʦʜʠʣʘ ʠʭ ʩʦʘʜʩʦʨʙʮʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʮʠʪʨʘʪʘ [29]. 

ʄʝʪʦʜʘʤʠ ʀʂ- ʠ XPS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʠʦʥʳ 

ʮʠʪʨʘʪʘ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʨʠ ʠʜʝʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʙʠʩʣʦʡ, ʩʦʩʪʦʷʚ ʠhʡ ʠʟ 

ʪʨʠʤʝʨʦʚ ʮʠʪʨʘʪʘ, ʚ ʢʦʪʦʨʦʤ ʜʚʘ ʠʦʥʘ ʙʳʣʠ ʘʜʩʦʨʙʠʨʦʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʘ ʪʨʝʪʠʡ 

ʙʳʣ ʩʚʷʟʘʥ ʩ ʥʠʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. ɺ ʥʝʠʜʝʘʣʴʥʦʤ ʙʠʩʣʦʝ ʥʝʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʠʦʥ 

ʦʙʨʘʟʦʚʳʚʘʣ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʣʠʰʴ ʩ ʦʜʥʠʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʠʦʥʦʤ. ʊʦʣʱʠʥʘ 

ʮʠʪʨʘʪʥʦʛʦ ʙʠʩʣʦʷ ʩʦʩʪʘʚʣʷʣʘ 0,8 ï 1,0 ʥʤ [97]. 

ʇʦ ʜʘʥʥʳʤ FTIR- ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʣʝʢʫʣʘ ʛʝʤʘ b 

ʦʙʨʘʟʦʚʳʚʘʣʘ ʩʚʷʟʴ ʩ ʅʏɿ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ [148] (ʨʠʩ. 6). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʠʛʘʥʜʦʚ ʩ ʮʠʪʨʘʪʥʳʤʠ ʅʏɿ, ʥʘʧʨʠʤʝʨ, ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʢʘʣʠʢʩʘʨʝʥʘʤʠ, ʤʦʛʣʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʩʫʣʴʬʦʛʨʫʧʧʳ SO3H
- [149]. ʄʦʣʝʢʫʣʘ 

ʧʘʤʠʜʨʦʥʘʪʘ ʥʘʪʨʠʷ (ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʪʝʨʘʧʠʠ ʢʦʩʪʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, 

ʦʩʪʝʦʧʦʨʦʟʘ), ʩʦʜʝʨʞʘʚ ʘhʷ ʘʤʠʥʦʛʨʫʧʧʫ, ʛʠʜʨʦʢʩʠʛʨʫʧʧʫ ʠ ʜʚʝ ʬʦʩʬʘʪʥʳʝ ʛʨʫʧʧʳ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʘ ʩ ʮʠʪʨʘʪʥʳʤʠ ʅʏɿ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [150] (ʨʠʩ. 

6). 

 

 



26 

 

2.3.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʣʦʪʘ ʩ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʇʦʚʝʨʭʥʦʩʪʴ ʅʏɿ ʯʘʱʝ ʚʩʝʛʦ ʧʦʢʨʳʪʘ ʩʣʦʝʤ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, 

ʟʘʨʷʞʝʥʥʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦ. ʇʦʤʠʤʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʮʠʪʨʘʪʘ 

ʥʘʪʨʠʷ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʘʥʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʢ ʧʨʠʤʝʨʫ, PSS (ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ) [13]. 

ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩ ̫ʠ ʢʘʪʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʢʘʪʠʦʥ 

ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʷ, ʥʘʧʨʠʤʝʨ, PDDAC (ʧʦʣʠʵʪʠʣʝʥʜʠʘʣʣʠʣʜʠʤʝʪʠʣʘʤʠʥ ʛʠʜʨʦʭʣʦʨʠʜ) 

[13, 151], ʠ ʜʨʫʛʠʝ ʘʤʠʥʳ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʤʝʱʝʥʠʷ (ʧʦʣʠʵʪʠʣʝʥʠʤʠʥ, ʧʦʣʠʘʣʣʠʣʘʤʠʥ 

ʛʠʜʨʦʭʣʦʨʠʜ, ʧʦʣʠʜʠʘʣʣʠʣʘʤʤʦʥʠʡ ʭʣʦʨʠʜ) [152]. ʊʘʢʞʝ ʧʨʠ ʩʠʥʪʝʟʝ ʅʏɿ ʚ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʤʦʛʫʪ ʜʦʙʘʚʣʷʪʴ ʢʘʪʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ [153] (ʨʠʩ. 9). 

 

ʈʠʩʫʥʦʢ 9. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʧʦʣʠʤʝʨʦʚ: 1 ï ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ, 2 ï ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ, 3 ï 

ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ, 4 ï ʧʦʣʠʜʠʘʣʣʠʣʜʠʤʝʪʠʣʘʤʠʥ ʭʣʦʨʠʜ, 6 ï ʧʨʦʠʟʚʦʜʥʦʝ ʧʦʣʠʬʣʫʦʨʝʥʘ. 

ʇʦʣʠʜʦʧʘʤʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʤʥʦʛʠʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ - Au, 

Ag, Pt ʠ Pd, ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʝʡ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ XPS-ʩʧʝʢʪʨʘʤʠ [154]. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ PEG ʩ ʟʦʣʦʪʦʤ. PEG ï ʥʝʟʘʨʷʞʝʥʥʳʡ 

ʧʦʣʠʤʝʨ, ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʘ PEG ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʧʣʦʩʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʦʣʦʪʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʘ ʩ ʥʠʤ ʯʝʨʝʟ ʘʪʦʤʳ ʆ [155]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ PEG ʩ 

ʨʘʟʥʦʡ ʜʣʠʥʦʡ ʮʝʧʠ (n=4000-20000) ʧʦʟʚʦʣʠʣʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʩʦʨʙʮʠʶ 

ʣʠʛʘʥʜʦʚ, ʥʘʧʨʠʤʝʨ, ʜʦʢʩʦʨʫʙʠʮʠʥʘ, ʥʘ ʩʪʝʥʢʘʭ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʧʣʘʥʰʝʪ ʠ ʧʨʠ ʵʪʦʤ ʥʝ 

ʚʣʠʷʣʦ ʥʘ ʘʜʩʦʨʙʮʠʶ ʥʘ ʅʏɿ [156]. ʆʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʠʝ PEG ʟʘʪʨʫʜʥʷʣʦ ʘʜʩʦʨʙʮʠʶ ʅʂ, 

ʤʝʯʝʥʥʳʭ FAM (ʬʦʩʬʠʪʘʤʠʜ ʬʣʫʦʨʝʩʮʝʠʥʘ), ʥʘ ʅʏɿ, ʧʨʠʯʝʤ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʜʣʠʥʥʝʝ 

ʧʦʣʠʤʝʨ: 5 % PEG 20000 ʧʦʣʥʦʩʪʴʶ ʝʝ ʠʥʛʠʙʠʨʦʚʘʣ [157]. ʇʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ ʅʏɿ ʩ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʪʠʦʣʴʥʳʤʠ ʅʂ ʩʣʠʧʘʣʠʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ PEG [158]. ʊʠʦʣʴʥʳʝ ʣʠʛʘʥʜʳ, 

ʥʘʧʨʠʤʝʨ, ʤʝʨʢʘʧʪʦʛʝʢʩʘʥʦʣ, ʤʝʨʢʘʧʪʦʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʤʝʨʢʘʧʪʦʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ ʠ 

ʛʣʫʪʘʪʠʦʥ, ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ ʩʦʨʙʮʠʠ PEG ʥʘ ʅʏɿ [159]. 

ʅʏɿ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʩʪʚʦʨʦʤ ʧʦʣʠʚʠʥʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʈʄʄɸ) ʠʣʠ 

ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʘ (PVAc) ʚ ʘʮʝʪʦʥʝ ʚʳʩʫʰʠʚʘʣʠ ʙʝʟ ʘʛʨʝʛʘʮʠʠ ʠ ʚ ʩʣʫʯʘʝ PMMA 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʙʝʟ ʘʛʨʝʛʘʮʠʠ ʚ DMF (ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ), DMSO 

(ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ), ʤʝʪʘʥʦʣʝ, ʘʮʝʪʦʥʝ, 1,2-ʧʨʦʧʘʥʜʠʦʣʝ, ʛʣʠʮʝʨʠʥʝ [160]. 
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2.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʏɿ ʠ ʩʦʝʜʠʥʝʥʠʡ ʧʝʧʪʠʜʥʦʡ ʧʨʠʨʦʜʳ 

ʅʝʣʴʟʷ ʦʙʦʡʪʠ ʚʥʠʤʘʥʠʝʤ ʪʘʢʫʶ ʚʘʞʥʫʶ ʛʨʫʧʧʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʅʏɿ 

ʙʠʦʤʦʣʝʢʫʣ, ʢʘʢ ʧʝʧʪʠʜʳ ʠ ʙʝʣʢʠ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʝʣʢʦʚ ʩ ʅʏɿ ʠʤʝʝʪ ʤʝʩʪʦ 

ʭʠʤʠʯʝʩʢʘʷ ʣʠʙʦ ʬʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ. ʅʘ ʘʜʩʦʨʙʮʠʶ ʙʝʣʢʦʚ ʥʘ ʅʏɿ ʧʦʤʠʤʦ ʧʨʦʯʠʭ 

ʬʘʢʪʦʨʦʚ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʬʦʨʤʘ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ, ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ, 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʠ ʛʠʜʨʦʬʠʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. ʉʚʦʡ ʚʢʣʘʜ ʚ ʩʚʷʟʳʚʘʥʠʝ ʚʥʦʩʷʪ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ, ʛʠʜʨʦʬʦʙʥʳʝ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʩʪʝʨʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʙʦʢʦʚʳʭ ʛʨʫʧʧ [13]. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʝʣʢʦʚ ʠ ʅʏɿ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ. 

2.4.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʣʦʪʘ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʨʘʙʦʪʳ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʟʦʣʦʪʘ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ: ʮʠʩʪʝʠʥʦʤ, ʮʠʩʪʠʥʦʤ, ʤʝʪʠʦʥʠʥʦʤ, ʪʨʠʧʪʦʬʘʥʦʤ. ʄʦʣʝʢʫʣʘ ʮʠʩʪʝʠʥʘ 

ʩʦʜʝʨʞʠʪ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ ïSH ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʟʦʣʦʪʦʤ ʦʙʨʘʟʫʝʪ ʩʚʷʟʴ Au-S [107, 

161]. ʀʩʧʦʣʴʟʫʷ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʝʧʪʠʜ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʥʮʝʚʦʡ ʦʩʪʘʪʦʢ ʮʠʩʪʝʠʥʘ, ʢʘʢ 

ʣʠʥʢʝʨ, ʢ ʅʏɿ ʧʨʠʩʦʝʜʠʥʷʣʠ ʧʨʦʪʝʠʥ G ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʘʥʪʠʪʝʣʘʤʠ [162]. 

ʇʨʠ ʨʅ 7,4 87,84 % ʤʦʣʝʢʫʣ ʮʠʩʪʝʠʥʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʮʚʠʪʪʝʨʠʦʥʥʦʡ ʬʦʨʤʝ, 2,54 % 

ʙʳʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʳ ʠ 9,62 % ʥʝʟʘʨʷʞʝʥʳ [163]. ɸʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚ 

ʮʚʠʪʪʝʨʠʦʥʥʦʡ ʬʦʨʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʚʳʟʳʚʘʷ ʩʣʠʧʘʥʠʝ ʅʏɿ [164]. 

ʎʠʩʪʠʥ (ʜʠʤʝʨ ʮʠʩʪʝʠʥʘ) ʩʦʭʨʘʥʷʣ ʩʚʦʶ ʜʠʩʫʣʴʬʠʜʥʫʶ ʩʚʷʟʴ ʮʝʣʦʩʪʥʦʡ, ʪ.ʢ., ʩʦʛʣʘʩʥʦ 

SERS-ʩʧʝʢʪʨʘʤ, ʦʥʘ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʝʥʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʟʦʣʦʪʦʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʘʤʠʥʦ- ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ [165]. 

ʄʝʪʠʦʥʠʥ, ʝʱʝ ʦʜʥʘ ʩʦʜʝʨʞʘʱʘʷ ʩʝʨʫ ʘʤʠʥʦʢʠʩʣʦʪʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʘʤʠʥʦʛʨʫʧʧ r ʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧ,r ʧʨʠʯʝʤ 

ʘʤʠʥʦʛʨʫʧʧʘ ʙʳʣʘ ʨʘʩʧʦʣʦʞʝʥʘ ʪʘʢ, ʯʪʦ ʩʚʷʟʴ C-N ʙʳʣʘ ʧʘʨʘʣʣʝʣʴʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʦʛʦ 

ʢʨʠʩʪʘʣʣʘ, ʘ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʝʡ (ʨʠʩ. 10) [166]. 

 

ʈʠʩʫʥʦʢ 10. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣʳ ʤʝʪʠʦʥʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ. 

ɸʪʦʤʳ ʉ ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ, S ï ʞʝʣʪʦʛʦ, H ï ʙʝʣʦʛʦ, O- ʢʨʘʩʥʦʛʦ, N - ʩʠʥʝʛʦ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [166]. 
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ʇʨʠ ʘʜʩʦʨʙʮʠʠ ʪʨʠʧʪʦʬʘʥʘ ʥʘ ʜʚʫʭ ʪʠʧʘʭ ʅʏɿ - ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʮʠʪʨʘʪʦʤ 

(ʜʠʘʤʝʪʨʦʤ 40-50 ʥʤ) ʠʣʠ ʙʦʨʦʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ (30-40 ʥʤ) - ʧʦʣʫʯʘʣʠ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ 

ʩʧʝʢʪʨʳ SERS, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʠʥʜʦʣʴʥʦʝ ʢʦʣʴʮʦ ʨʘʩʧʦʣʘʛʘʣʦʩʴ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʮʠʪʨʘʪʥʳʭ ʅʏɿ ʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʩʣʫʯʘʝ ʙʦʨʦʛʠʜʨʠʜʥʳʭ ʅʏɿ [26]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʏɿ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʟʘʚʠʩʝʣʦ ʦʪ ʨʅ ʨʘʩʪʚʦʨʘ, ʥʘʧʨʠʤʝʨ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʫʩʠʣʠʚʘʣʦʩʴ ʧʨʠ ʨʅ 7,0 ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʠʟʠʥʘ, 

ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʩʚʷʟʳʚʘʣʩʷ ʧʨʠ ʨʅ 11,0, ʪ.ʝ., ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʘʤʠʥʦʛʨʫʧʧʘ 

ʦʙʝʩʧʝʯʠʚʘʣʘ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʠʚʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʩ ʅʏɿ [167]. 

2.4.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʣʦʪʘ ʩ ʙʝʣʢʘʤʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʅʏɿ ʦʢʨʫʞʘʶʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʙʠʦʤʦʣʝʢʫʣ: 

ʙʝʣʢʦʚ, ʣʠʧʠʜʦʚ, ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʅʂ. ʈʘʟʣʠʯʥʳʝ ʙʝʣʢʠ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʷʭ, ʩʧʝʮʠʬʠʯʝʩʢʠ ʠʣʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʅʏɿ, ʦʙʨʘʟʫʷ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʯʥʦʝ ʧʦʢʨʳʪʠʝ ï çʙʝʣʢʦʚʫʶ ʢʦʨʦʥʫè [168]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʪʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷʱʠʭ ʬʦʨʤʫ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʥʘʥʦʯʘʩʪʠʮ rʘʛʝʥʪ, ʫʩʣʦʚʠʷ ʠʥʢʫʙʘʮʠʠ ʠ ʜʨ. 

ʋ ʘʩʩʦʮʠʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʅʏɿ ʩ ʙʝʣʢʘʤʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

(ʙʢrʘ ʠʣʠ ʯʝʣʦʚʝʢʘ), ʦʧʨʝʜʝʣʷʣʠ ʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʠ ɕ-ʧʦʪʝʥʮʠʘʣ ʤʝʪʦʜʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ [169, 170]. ʉʦʩʪʘʚ ʩʚʷʟʘʚʰʠʭʩʷ ʙʝʣʢʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʘʩʩʦʮʠʘʪʦʚ ʪʨʠʧʩʠʥʦʤ [171, 172] ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʣʠʯʠʡ ʚ ʩʦʩʪʘʚʝ ʩʳʚʦʨʦʪʢʠ ʫ ʟʜʦʨʦʚʳʭ ʠ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʣʶʜʝʡ ʠʣʠ ʚʣʠʷʥʠʷ ʥʘ ʥʝʛʦ 

ʣʘʟʝʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ 

ʅʏɿ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ çʢʦʨʦʥʳè ʨʘʩʩʯʠʪʘʣʠ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ 

ʜʠʩʩʦʮʠʘʮʠʠ K`D ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʠʣʣʘ n ʢʦʤʧʣʝʢʩʘ ʅʏɿ-ʙʝʣʦʢ ʜʣʷ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 40 

ʥʤ [173] ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1): 

 dz([ʙʝʣʦʢ])=dz(0)Ā(1+ c[P]n/([P]n+K`D
n))1/3,      (1) 

ʛʜʝ dz([ʙʝʣʦʢ]) ʠ dz(0) ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʅʏɿ ʩ ʙʝʣʢʦʤ ʠ ʙʝʟ ʥʝʛʦ, ʈ ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʦʛʦ ʙʝʣʢʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʠʣʠ 

ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ [8], ʠ ʙʳʣʠ ʨʘʚʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʮʠʪʨʘʪʦʤ ʥʘʪʨʠʷ ʅʏɿ ʠ BSA 226 Ñ 120 ʥʄ, ʪʨʘʥʩʬʝʨʨʠʥʘ ï 55 Ñ 15 ʥʄ. 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʠʣʣʘ ʩʦʩʪʘʚʠʣʦ ʙʦʣʴʰʝ 1 ʜʣʷ ʅʏɿ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʮʠʩʪʝʠʥʦʤ ʠ ʪʠʦʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ K`D, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʦʚ ʩ ʵʪʠʤʠ ʯʘʩʪʠʮʘʤʠ. 
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2.4.2.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʣʦʪʘ ʩ ʘʣʴʙʫʤʠʥʘʤʠ 

ɸʣʴʙʫʤʠʥ - ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʙʝʣʢʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ, ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʩ BSA ʠ HSA ʢʘʢ ʩ ʤʦʜʝʣʴʥʳʤʠ ʙʝʣʢʘʤʠ, ʧʨʠ ʵʪʦʤ ʝʛʦ 

ʤʦʣʝʢʫʣʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʪʨʝʫʛʦʣʴʥʫʶ ʧʨʠʟʤʫ ʩʦ ʩʪʦʨʦʥʦʡ ʦʩʥʦʚʘʥʠʷ 8,4 ʥʤ ʠ ʚʳʩʦʪʦʡ 

3,15 ʥʤ [174, 168]. ʄʦʣʝʢʫʣʘ BSA ʩʦʩʪʦʠʪ ʠʟ 607 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʙʦʛʘʪʘ ʩʝʨʦʡ: 

ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʦʩʪʘʪʦʢ ʮʠʩʪʝʠʥʘ, 17 ʦʩʪʘʪʢʦʚ ʮʠʩʪʠʥʘ ʠ ʧʷʪʴ ʦʩʪʘʪʢʦʚ ʤʝʪʠʦʥʠʥʘ. ʇʦʤʠʤʦ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʩʦʩʪʘʚ ʤʦʣʝʢʫʣʳ ʚʭʦʜʷʪ 60 ʦʩʪʘʪʢʦʚ ʣʠʟʠʥʘ [175, 176] ʠ 

ʜʚʘ ʦʩʪʘʪʢʘ ʪʨʠʧʪʦʬʘʥʘ, ʩʧʦʩʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʟʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɼʣʷ 

ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʅʏɿ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ Au-S. 

ʄʝʞʜʫ BSA ʠ ʟʦʣʦʪʳʤʠ ʥʘʥʦʩʪʝʨʞʥʷʤʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ CTAB, ʤʝʪʦʜʦʤ XANES-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʙʥʘʨʫʞʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ S-S-ʩʚʷʟʝʡ ʚ ʙʝʣʢʝ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ɸu-S-ʩʚʷʟʝʡ [175]. ʅʏɿ ʜʠʘʤʝʪʨʦʤ 1,5 ʥʤ, ʧʦʢʨʳʪʳʝ ʛʣʫʪʘʪʠʦʥʦʤ (ʪʨʠʧʝʧʪʠʜʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʮʠʩʪʝʠʥ), ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʟʘʱʠʪʳ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ 

ʞʝʣʝʟʘ (SPION) ʦʪ ʘʜʩʦʨʙʮʠʠ ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ [177]. 

ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʅʂɿ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʩʠʥʪʝʟʝ BSA ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʙʝʣʦʢ ï ʠʦʥʳ Au3+, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʦʚʘʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Au3+ ʜʦ 

Au+ ʦʩʪʘʪʢʘʤʠ ʪʠʨʦʟʠʥʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʨʅ. ʆʜʥʘʢʦ ʨʦʣʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʥʝ ʜʦ 

ʢʦʥʮʘ ʦʧʨʝʜʝʣʝʥʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʦʥʳ AuCl4
- ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ 

ʦʩʪʘʪʢʘʤʠ ʣʠʟʠʥʘ ʠ ʘʨʛʠʥʠʥʘ. ʍʦʪʷ ʩʚʷʟʴ Au-S ʥʘʤʥʦʛʦ ʩʠʣʴʥʝʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʪʠʦʛʨʫʧʧʦʡ ʮʠʩʪʝʠʥʘ ʠ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ ʟʘʪʨʫʜʥʝʥʦ, ʪ.ʢ. ʦʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʥʝʜʦʩʪʫʧʥʳ ʧʨʠ ʨʅ 5-7. ʇʨʠ ʧʦʚʳʰʝʥʥʦʤ ʨʅ ʩʪʘʥʦʚʠʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʠʦʥʘʤʠ ʟʦʣʦʪʘ, ʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩ ɹʩʪʘʙʠʣʴʥʳʝ ʤʦʪʠʚʳ ïS-Au-S- [22]. 

ʅʏɿ, ʧʦʣʫʯʝʥʥrʝ ʤʝʪʦʜʦʤ ʮʠʪʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ HAuCl4, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʠʦʥʘʤʠ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ: ʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʩʣʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʚʳʟʳʚʘʝʪ ʦʪʪʘʣʢʠʚʘʥʠʝ ʩʦʩʝʜʥʠʭ ʯʘʩʪʠʮ. ʄʦʣʝʢʫʣʳ BSA 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʨʠʣʠʧʘʣʠ ʢ ʅʏɿ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʮʠʪʨʘʪʦʤ ʥʘʪʨʠʷ. ʆʧʠʩʘʥʦ ʜʚʝ 

ʛʠʧʦʪʝʟʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ BSA ʠ ʧʦʢʨʳʪʳʭ ʮʠʪʨʘʪʦʤ ʥʘʪʨʠʷ ʅʏɿ: ʛʠʧʦʪʝʟʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠ ʛʠʧʦʪʝʟʘ ʚʳʪʝʩʥʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʡ ʛʠʧʦʪʝʟʝ, ʟʘ 

ʩʠʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ BSA ʠ ʅʏɿ ʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʪʷʞʝʥʠʝ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʤʠ (ʧʨʠ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ) ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ BSA ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʮʠʪʨʘʪʦʤ, ʪ.ʝ., ʧʨʷʤʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ BSA ʩ ʩʘʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʦʯʝʥʴ ʩʣʘʙʦʝ. ʉʦʛʣʘʩʥʦ ʚʪʦʨʦʡ ʛʠʧʦʪʝʟʝ 

ʮʠʪʨʘʪ ʟʘʤʝʱʘʣʩʷ ʧʨʠ ʘʜʩʦʨʙʮʠʠ BSA ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ: 

ʘʤʠʥʦʛʨʫʧʧʦʡ ʣʠʟʠʥʘ [178, 179], ʠʤʠʜʘʟʦʣʴʥʳʤ ʢʦʣʴʮʦʤ ʛʠʩʪʠʜʠʥʘ [176] ʠ ʪʠʦʛʨʫʧʧʦʡ 

ʮʠʩʪʝʠʥʘ. ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʜʩʦʨʙʠʨʫʝʤʦʛʦ ʙʝʣʢʘ ʤʦʛʣʠ ʧʦʥʠʟʠʪʴ ʩʚʦʙʦʜʥʫʶ 
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ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ, ʘ ʦʥʠ ʯʘʩʪʦ ʷʚʣʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʦʤ ʜʝʥʘʪʫʨʘʮʠʠ ʙʝʣʢʘ ʧʨʠ ʚʳʪʝʩʥʝʥʠʠ 

ʮʠʪʨʘʪʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟ ʛʠʧʦʪʝʟʳ ʚʳʪʝʩʥʝʥʠʷ ʚʦʟʤʦʞʥʳ ʜʚʘ ʩʣʝʜʩʪʚʠʷ: 1) ʚʳʪʝʩʥʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘʪʠʚʥʳʤ ʙʝʣʢʦʤ ʠʣʠ 2) ʚʳʪʝʩʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʜʝʥʘʪʫʨʘʮʠʠ ʙʝʣʢʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʦʣʝʢʫʣʘ ʙʝʣʢʘ ʤʝʥʷʣʘ ʢʦʥʬʦʨʤʘʮʠʶ ʪʘʢ, ʯʪʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʘʤʠʥʦʢʠʩʣʦʪ ʩʪʘʥʦʚʠʣʠʩʴ ʜʦʩʪʫʧʥʳ ʜʣʷ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ. ʇʦ ʜʘʥʥʳʤ LSPR ʠ DLS (ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ) 

ʤʦʣʝʢʫʣʘ BSA ʟʘʥʠʤʘʣʘ 25 ʥʤ2 ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, ʵʪʦ ʤʦʛʣʦ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʫʯʘʩʪʚʦʚʘʣʦ ʥʝ ʙʦʣʝʝ 26 ʘʤʠʥʦʢʠʩʣʦʪ [180]. 

ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʫʩʪʘʥʘʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ HSA ʥʘ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 40 ʠ 70 ʥʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʦʟʥʠʢʘʣʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

8 ï 9 ʯ ʦʙʨʘʟʦʚʘʣʘʩʴ ʩʚʷʟʴ S-Au, ʚ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʛʣʠ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʢʘʢ 

ʜʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ ʦʩʪʘʪʢʦʚ ʮʠʩʪʠʥʘ, ʪʘʢ ʠ ʪʠʦʛʨʫʧʧʘ ʦʩʪʘʪʢʘ ʮʠʩʪʝʠʥʘ [181]. ɺ ʜʨʫʛʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʷʚʣʝʥ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʩʠʣʳ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ BSA ʠ 

ʅʏɿ [176]: ʛʠʜʨʦʬʦʙʥʳʝ > COO- > NH3
+ > OH > ʵʪʠʣʝʥʛʣʠʢʦʣʴ.  

ʇʘʨʘʤʝʪʨʳ ʩʚʷʟʳʚʘʥʠʷ BSA ʩ ʅʏɿ ʟʘʚʠʩʝʣʠ ʦʪ ʠʭ ʨʘʟʤʝʨʘ, ʬʦʨʤʳ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʫʩʣʦʚʠʡ ʩʚʷʟʳʚʘʥʠʷ, ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʠʪʦʛʝ 

ʨʘʟʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʣʫʯʘʣʠ ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʪʘʙʣʠʮʘ 3), ʢʦʪʦʨʳʝ ʦʙʦʙʱʝʥʳ ʚ ʨʘʙʦʪʝ 

[182]. 

ʊʘʙʣʠʮʘ 3. ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʘʩʩʦʮʠʘʮʠʠ ʜʣʷ BSA ʠ ʅʏɿ. 

ʩʪʘʙʠʣʠʟʘʪʦʨ ʬʦʨʤʘ ʣʠʥʝʡʥʳʝ 

ʨʘʟʤʝʨʳ ʠʣʠ 

ʜʠʘʤʝʪʨ, ʥʤ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʤʝʪʦʜ ʂʘ, ʄ
-1 

ʮʠʪʨʘʪ ʩʬʝʨʘ 18 Ñ 2 ʚʦʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 2,34Ā1011 

ʉʊɸɺ ʩʪʝʨʞʝʥʴ (70 Ñ 10)*(30 Ñ 5) ʚʦʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 5,0Ā104 

ʛʣʫʪʘʪʠʦʥ ʩʬʝʨʘ 40 Ñ 5 PBS3 ʬʣʫʦʨʝʩʮʝʥʮʠʷ 3,16Ā1011 

ʮʠʪʨʘʪ ʩʬʝʨʘ 20 Ñ 4 ʚʦʜʘ CD6 7,14Ā108 

ʮʠʪʨʘʪ ʩʬʝʨʘ 10 ʚʦʜʘ QCM7 1,0Ā106 

ʮʠʪʨʘʪ ʩʬʝʨʘ 15 PBS ʬʣʫʦʨʝʩʮʝʥʮʠʷ 3,0Ā109 

ʮʠʪʨʘʪ ʩʬʝʨʘ 51 HEPES4 SCS8 4,0Ā103 

PAA1 ʩʪʝʨʞʝʥʴ 54,0*15,9 MOPS5 ACE9 7,93Ā104 

mPEG-SH2 ʩʪʝʨʞʝʥʴ 54,0*15,9 MOPS ACE 1,53Ā104 

1 PAA ï ʧʦʣʠʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ, 2 mPEG-SH ï ʪʠʦʣʠʨʦʚʘʥʥʳʡ 

ʤʝʪʦʢʩʠʧʦʣʠ(ʵʪʠʣʝʥʛʣʠʢʦʣʴ), 3 PBS ï ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʡ ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ, 4 HEPES - 
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4-(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)-1-ʧʠʧʝʨʘʟʠʥʵʪʘʥ ʩʫʣʴʬʦʢʠʩʣʦʪʘ, 5 MOPS - 3-(N-

ʤʦʨʬʦʣʠʥʦ)ʧʨʦʧʘʥʩʫʣʴʬʦʢʠʩʣʦʪʘ, 6 CD ï ʢʨʫʛʦʚʦʡ ʜʠʭʨʦʠʟʤ, 7 QCM - ʧʴʝʟʦʢʚʘʨʮʝʚʦʝ 

ʤʠʢʨʦʚʟʚʝʰʠʚʘʥʠʝ, 8 SCS ï ʨʘʩʩʝʠʚʘʶʱʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 9 ACE ï 

ʘʬʬʠʥʥʳʡ ʢʘʧʠʣʣʷʨʥʳʡ ʵʣʝʢʪʨʦʬʦʨʝʟ. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [182]. 

ʇʨʠʤʝʥʝʥʠʝ QCM ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʠʟʤʝʨʝʥʠʝʤ ɕ-ʧʦʪʝʥʮʠʘʣʘ (ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ) 

ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʳʚʘʥʠʷ BSA ʠ ʅʏɿ ʙʝʟ ʚʚʝʜʝʥʠʷ ʤʝʪʢʠ ʚ ʙʝʣʦʢ. 

ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʨʝʟʦʥʘʪʦʨʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʚʰʝʝ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʩʣʦʷ ʘʜʩʦʨʙʘʪʘ (BSA) 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʟʥʘʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʟʦʣʦʪʘ 

ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʨʳʪʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʦ 

ʫʨʘʚʥʝʥʠʝʤ ʠʟʦʪʝʨʤʳ ʃʵʥʛʤʶʨʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʧʨʷʤʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʙʝʣʢʘ ʥʘ ʧʦʢʨʳʪʫʶ ʠ ʥʝʧʦʢʨʳʪʫʶ ʮʠʪʨʘʪʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ʟʦʣʦʪʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠ ʢʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4. ʇʘʨʘʤʝʪʨʳ ʩʚʷʟʳʚʘʥʠʷ BSA ʠ ʅʏɿ. 

ʤʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ʧʨʷʤʦʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʧʦʢʨʳʪʠʝ ʮʠʪʨʘʪʦʤ + + - 

ʧʦʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, 1012 ʤʦʣ./ʩʤ2 3,7 Ñ 0,2 3,2 Ñ 0,3 9,2 Ñ 0,8 

ʢʦʥʩʪʘʥʪʘ ʃʵʥʛʤʶʨʘ, ʤʢʄ-1 1,0 Ñ 0,3 0,05 Ñ 0,01 0,02 Ñ 0,005 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [183]. 

ʋʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ ʩʣʫʞʠʣʠ ʣʠʰʴ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʩʠʣʳ ʩʚʷʟʳʚʘʥʠʷ. ʈʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ʜʣʷ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ 

ʦʩʘʞʜʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʨʷʤʦʤ ʦʩʘʞʜʝʥʠʠ ʚʩʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ ʜʦʙʘʚʣʷʣʦʩʴ 

ʨʘʟʦʤ, ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʣʴʥʝʝ, ʪ.ʢ. ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʧʦʢʨʳʪʳʭ 

ʮʠʪʨʘʪʦʤ ʅʏɿ ʙʳʣ ʤʘʢʩʠʤʘʣʝʥ, ʘ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʦʩʘʞʜʝʥʠʠ ʟʘʨʷʜ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʪʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ ʧʦʨʮʠʷʤʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʜʣʷ ʧʦʢʨʳʪʳʭ ʮʠʪʨʘʪʦʤ ʅʏɿ ʦʩʥʦʚʥʳʤ ʷʚʣʷʣʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ 

ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʣʢʦʤ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʧʦʢʨʳʪʠʝ ʙʝʣʢʦʤ ʧʦʚʝʨʭʥʦʩʪʠ çʛʦʣʳʭè 

ʅʏɿ ʛʦʚʦʨʠʣʦ ʦ ʪʦʤ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʜʝʥʘʪʫʨʘʮʠʝʡ ʙʝʣʢʘ. ʇʨʠ ʩʚʷʟʳʚʘʥʠʠ 

BSA ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʠʟʤʝʥʷʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʆ (ʜʘʥʥʳʝ XPS), 

ʩʦʜʝʨʞʘʚ ʝhʛʦʩʷ ʚ ʤʦʣʝʢʫʣʘʭ ʚʦʜʳ, ʪ.ʝ., ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʧʨʦʠʩʭʦʜʠʣʘ ʜʝʛʠʜʨʘʪʘʮʠʷ ʙʝʣʢʘ 

[183]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʢʦʥʲʶʛʘʪʦʚ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 

51 ʥʤ ʠ BSA ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ KD = 256 Ñ 50 ʤʢM ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʠʣʣʘ n = 0,4 Ñ 0,1, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʘʥʪʠʢʦʦʧʝʨʘʪʠʚʥʳʡ 

ʭʘʨʘʢʪʝʨ ʩʚʷʟʳʚʘʥʠʷ [184]. 
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2.4.2.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʏɿ ʩ ʫʙʠʢʚʠʪʠʥʦʤ, ʤʠʦʛʣʦʙʠʥʦʤ, ʛʝʤʦʛʣʦʙʠʥʦʤ ʠ 

ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ 

ʄʝʪʦʜʘʤʠ ʗʄʈ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʠ ʜʚʫʤʝʨʥʦʛʦ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ (CSP-ʘʥʘʣʠʟʘ) ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʙʠʢʚʠʪʠʥʘ ʩ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 10-30 

ʥʤ ʧʨʠ ʨʅ 7,7, ʧʨʠʯʝʤ ʦʪʤʝʯʝʥʦ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʚ ʗʄʈ-ʩʧʝʢʪʨʝ. ʉ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ ʩʚʷʟʳʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ: Gln2, Ile3, Leu15, 

Val17 ʠ Glu18. ʉʚʦʙʦʜʥʳʝ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʙʳʩʪʨʦʤ ʦʙʤʝʥʝ ʩʦ ʩʚʷʟʘʥʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʨʠʛʦʜʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʩ ʅʏɿ ʠ ʜʨʫʛʠʭ 

ʙʝʣʢʦʚ ʤʘʩʩʦʡ ʜʦ 50-60 ʢɼʘ [185]. 

ɺ ʤʠʦʛʣʦʙʠʥʝ ʣʦʰʘʜʠ ʩʦʜʝʨʞʠʪʩ ̫ʜʚʘ ʦʩʪʘʪʢʘ ʪʠʨʦʟʠʥʘ, ʜʚʘ ʦʩʪʘʪʢʘ ʪʨʠʧʪʦʬʘʥʘ, 6 

ʦʩʪʘʪʢʦʚ ʬʝʥʠʣʘʣʘʥʠʥʘ. ʉʦʛʣʘʩʥʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʘʥʥʳʤ (SERS ʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ) ʚʢʣʘʜ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʟʦʣʦʪʦʤ ʚʥʦʩʠʣʠ ʪʠʨʦʟʠʥ, ʘ ʪʘʢʞʝ ʣʠʟʠʥ, 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʘʩʧʘʨʪʘʪʘ ʠ ʛʣʫʪʘʤʘʪʘ ʠ/ʠʣʠ ʩʦʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʅʏɿ (30 ʥʤ) ʩ ʤʠʦʛʣʦʙʠʥʦʤ ʚ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʥ ʚʝʣ ʩʝʙʷ ʢʘʢ 

ʩʦʣʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʣʠʰʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʠ ʚʳʟʳʚʘʷ ʩʣʠʧʘʥʠʝ ʅʏɿ, ʘ ʧʨʠ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʝʚʦʩʭʦʜʷʱʝʡ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʘʜʩʦʨʙʮʠʷ ʙʝʣʢʘ 

ʧʨʝʦʙʣʘʜʘʣʘ ʥʘʜ ʩʣʠʧʘʥʠʝʤ (ʠʣʠ ʧʨʦʠʩʭʦʞʜʠʣʘ ʙʳʩʪʨʝʝ), ʠ ʢʘʞʜʘʷ ʅʏɿ ʦʢʘʟʳʚʘʣʘʩʴ 

ʧʦʢʨʳʪʦʡ ʩʣʦʝʤ ʤʦʣʝʢʫʣ ʤʠʦʛʣʦʙʠʥʘ ʠ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʦʪ ʜʨʫʛʠʭ. ɸʚʪʦʨʳ ʩʩʳʣʘʣʠʩʴ ʥʘ 

ʜʨʫʛʠʝ ʨʘʙʦʪʳ, ʛʜʝ ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ SERS ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʅʏɿ ʩ BSA ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ. ʇʦʨʦʛ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʦʛʣʦʙʠʥʘ ʜʣʷ ʪʘʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʠʣ 10-7 ʄ [186].  

ɻʝʤʦʛʣʦʙʠʥ ʘʜʩʦʨʙʠʨʦʚʘʣʩʷ ʥʘ ʮʠʪʨʘʪʥʳʭ ʅʏɿ (15 ʥʤ), ʚʦʟʤʦʞʥʦ, ʟʘ ʩʯʝʪ ʚʭʦʜʷʱʠʭ 

ʚ ʝʛʦ ʩʦʩʪʘʚ ʦʩʪʘʪʢʦʚ ʮʠʩʪʝʠʥʘ [187]. 

ʅʝʷʩʥʦ, ʟʘ ʩʯʝʪ ʢʘʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʟʦʣʦʪʦʤ ʮʠʪʦʭʨʦʤ ʩ, ʥʦ ʧʦ 

ʩʧʝʢʪʨʘʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʫʩʪʘʥʘʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʜʥʦʡ ʅʏɿ 15 ʥʤ ʘʜʩʦʨʙʠʨʦʚʘʣʦʩʴ 

700 ʤʦʣʝʢʫʣ ʙʝʣʢʘ, ʦʙʨʘʟʦʚʘʚ ʧʦʢʨʳʪʠʝ ʠʟ ʪʨʝʭ ʩʣʦʝʚ [148]. 

GB3 ï ʥʝʙʦʣʴʰʦʡ ʙʝʣʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ 56 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ɼʠʢʠʡ ʪʠʧ 

ʙʝʣʢʘ ʥʝ ʩʦʜʝʨʞʠʪ ʮʠʩʪʝʠʥʘ, ʘ ʤʫʪʘʥʪ ʂ19ʉ ʩʦʜʝʨʞʠʪ. ʇʦ ʜʘʥʥʳʤ ʗʄʈ ʦʥʠ ʩʚʷʟʳʚʘʣʠʩʴ ʩ 

ʅʏɿ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʜʠʥʘʢʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʝʪ ʦʩʪʘʪʢʦʚ ʣʠʟʠʥʘ 4, 19, 28 ʠ 

50 [188]. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʤʝʨʢʘʧʪʦʙʝʥʟʠʤʠʜʘʟʦʣ (MBI) ʚʳʪʝʩʥʷʣ ʜʚʘ ʚʘʨʠʘʥʪʘ ʙʝʣʢʘ ʩ 

ʨʘʟʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʮʠʩʪʝʠʥʘ ʚ ʤʫʪʘʪʥʪʥʦʤ ʙʝʣʢʝ ʚʣʠʷʣʦ ʥʘ 

ʝʛʦ ʩʚʷʟʳʚʘʥʠʝ ʩ ʅʏɿ [75]. 

ʇʨʠ ʘʜʩʦʨʙʮʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʥʳʭ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʅʏɿ ʧʦʣʫʯʝʥʳ 

ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʨʳʪʠʷ ʜʣʷ ʩʣʫʯʘʝʚ ʘʜʩʦʨʙʮʠʠ ʦʜʥʦʛʦ ʙʝʣʢʘ ʠ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠ 
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ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʜʩʦʨʙʮʠʠ ʜʚʫʭ ʙʝʣʢʦʚ (ʤʘʣʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ ʮʠʪʨʘʪʩʠʥʪʘʟʳ), ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʣʦ ʚʣʠʷʥʠʝ ʫʞʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʤʦʣʝʢʫʣ ʥʘ ʧʦʩʣʝʜʫʶʱʠʡ [189]. 

ʅʂɿ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ  ʧʫʪʝʤ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Au3+ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʩʠʥʪʝʟʝ ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʠʩʪʠʜʠʥʦʤ ʙʝʣʢʘ HRE ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

Ala-His-His-Ala-His-His-Ala-Ala-Asp. ʊʘʢ ʧʦʣʫʯʘʶʪ ʅʂɿ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʛʦ, ʢʘʢʠʝ ʠʟ ʦʩʪʘʪʢʦʚ ʛʠʩʪʠʜʠʥʘ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʣʘʩʪʝʨʘ, ʧʨʦʚʝʜʝʥʦ ʩʚʷʟʳʚʘʥʠʝ ʩʦ ʩʧʝʮʠʬʠʯʥʳʤ ʨʝʘʛʝʥʪʦʤ ï ʢʦʤʧʣʝʢʩʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʥʠʢʝʣʷ ʩ ʥʠʪʨʠʣʪʨʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʠʤʝʚ ʝhʤ ʜʚʘ ʩʘʡʪʘ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ 

ʛʠʩʪʠʜʠʥʘ. ʋʩʪʘʥʘʚʣʝʥʦ, ʯʪʦ ʦʩʪʘʪʢʠ ʛʠʩʪʠʜʠʥʘ ʚ ʙʝʣʢʝ HRE ʜʝʣʠʣʠʩʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, His 2 

ʠ His 5, His 3 ʠ His 6, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʜʨʫʛʘʷ 

ʥʝʪ, ʪʘʢ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʘ ʩ ʟʦʣʦʪʦʤ. [28]. 

ɺ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 95 ʥʤ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʙʠʦʤʦʣʝʢʫʣʘʤʠ [190], ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʤʝʪʦʜʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʚʳʷʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʨʝʞʠʤʦʚ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʦʚ ʩ 

ʅʏɿ: ʜʣʷ BSA ʠ IgM (ʠʤʤʦʥʦʛʣʦʙʫʣʠʥʦʚ ʢʣʘʩʩʘ ʄ) ï ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠ̫ 

ʩ ʠʦʥʘʤʠ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ, ʘ ʜʣʷ IgG (ʠʤʤʦʥʦʛʣʦʙʫʣʠʥʘ ʢʣʘʩʩʘ G)  ï ʚʳʪʝʩʥʝʥʠʝ ʮʠʪʨʘʪʘ. 

ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ BSA ʠ IgG ʢʨʦʣʠʢʘ ʦʙʨʘʟʦʚʳʚʘʣʠ ʩʪʘʙʠʣʴʥʳʡ ʤʦʥʦʩʣʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, ʘ IgG ʠ IgM ʯʝʣʦʚʝʢʘ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʅʏɿ ʚʳʟʳʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʣʘʩʪʝʨʦʚ. 

ɼʣʷ ʨʷʜʘ ʨʘʜʠʦʘʢʪʠʚʥʦ ʤʝʯʝʥʥʳʭ ʙʝʣʢʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʅʏɿ ʜʠʘʤʝʪʨʦʤ 15 Ñ 2 ʥʤ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʢʦʚ ʠʟʦʪʝʨʤʳ ʃʵʥʛʤʶʨʘ ʩ ʣʠʥʝʘʨʠʟʘʮʠʝʡ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʉʢʵʪʯʘʨʜʘ [191]. ɺ ʪʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʦʚ ʩ ʅʏɿ. 

ʊʘʙʣʠʮʘ 5. ʇʘʨʘʤʝʪʨʳ ʩʚʷʟʳʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʝʣʢʦʚ ʩ ʅʏɿ. 

ʙʝʣʦʢ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ, ʢDa 

ʤʦʣ/ʅʏɿ 

 

KD, 

ʥʄ 

ʧʣʦʱʘʜʴ/ʤʦʣ., 

ʥʤ2 

ʠʥʩʫʣʠʥ ʩʚʠʥʴʠ 5,88 200 321,1 3,6 

ʤʠʦʛʣʦʙʠʥ ʢʘʰʘʣʦʪʘ 17,00 87 200,4 7,6 

ʧʝʨʦʢʩʠʜʘʟʘ ʭʨʝʥʘ 40,00 61 79,0 11,8 

ʙʝʣʦʢ ɸ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ 41,00 60 343,9 10,9 

BSA 68,00 39 160,3 17,5 

ʛʘʣʘʢʪʦʟʠʣʠʨʦʚʘʥʥʳʡ BSA 75,00 15 39,1 47,1 

ʣʘʢʪʦʬʝʨʨʠʥ ʯʝʣʦʚʝʢʘ 80,00 35 13,6 20,3 

ʪʨʘʥʩʬʝʨʨʠʥ ʢʨʳʩ r 90,00 31 9,5 23,3 

ʢʘʪʘʣʘʟʘ ʧʝʯʝʥʠ ʙʳʢʘ 250,000 18 11,5 36,5 
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ʙʝʣʦʢ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ, ʢDa 

ʤʦʣ/ʅʏɿ 

 

KD, 

ʥʄ 

ʧʣʦʱʘʜʴ/ʤʦʣ., 

ʥʤ2 

ʣʠʧʦʧʨʦʪʝʠʥʳ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ 

350,000 9 4,7 73,8 

ʬʝʨʨʠʪʠʥ ʯʝʣʦʚʝʢʘ 450,000 8 4,0 81,8 

ʧʦʣʠʤʝʨʥʳʡ IgA1 ʯʝʣʦʚʝʢʘ 500,000 4 3,9 182,5 

1Ig A ï ʠʤʤʫʥʦʛʣʦʙʫʣʠʥ ʢʣʘʩʩʘ ɸ 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [191]. 

 ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʙʝʣʢʘ ʟʥʘʯʝʥʠʝ KD ʫʤʝʥʴʰʘʣʦʩʴ, 

ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʦʚʳʰʝʥʠʠ ʘʬʬʠʥʥʦʩʪʠ ʙʝʣʢʦʚ. ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʜʘʥʥʳʝ ʧʦ 

ʩʚʷʟʳʚʘʥʠʶ BSA ʩ ʅʏɿ 51 ʥʤ [184] ʠ 13 ʥʤ, ʪʦ ʨʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʠ KD ʩʦʩʪʘʚʠʣʘ ʪʨʠ 

ʧʦʨʷʜʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʷʟʳʚʘʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʅʏɿ 

ʠ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ ʜʘʥʥʳʭ. 

2.4.2.3.ʉʪʨʝʧʪʘʚʠʜʠʥ, ʘʚʠʜʠʥ, ʘʥʪʠʪʝʣʘ 

ʉʚʦʡʩʪʚʘ ʤʥʦʛʠʭ ʙʝʣʢʦʚ ʧʨʦʯʥʦ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʅʏɿ [192, 187] 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢʦʥʲʶʛʘʪʦʚ, ʥʘʧʨʠʤʝʨ, ʩʦ ʩʪʨʝʧʪʘʚʠʜʠʥʦʤ 

[193] ʠʣʠ ʘʚʠʜʠʥʦʤ [194], ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳ [71, 195]. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʅʏɿ ʘʜʩʦʨʙʠʨʦʚʘʣʠ ʘʥʪʠʪʝʣʘ ʜʣʷ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʪʦʛʝʥʦʚ [196], ʢ ʧʨʠʤʝʨʫ, ʢ ʘʬʣʘʪʦʢʩʠʥʫ ɺ1 [197] ʠʣʠ ʢ Salmonella Typhimurium; ʵʪʦʪ 

ʩʧʦʩʦʙ ʜʝʪʝʢʮʠʠ ʩʚʷʟʘʥ ʩ ʘʛʨʝʛʘʮʠʝʡ ʅʏɿ, ʧʦʢʨʳʪʳʭ ʘʥʪʠʪʝʣʘʤʠ, ʚʦʢʨʫʛ ʧʘʪʦʛʝʥʘ-ʤʠʰʝʥʠ 

[14]. ʇʨʠ ʜʝʪʝʢʮʠʠ ʘʥʪʠʛʝʥʘ ʪʘʢʞʝ ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʵʥʜʚʠʯ-ʩʪʨʫʢʪʫʨ 

ʘʥʪʠʪʝʣʦ-ʘʥʪʠʛʝʥ-ʘʥʪʠʪʝʣʦ, ʛʜʝ ʘʥʪʠʪʝʣʦ ʩʚʷʟʘʥʦ ʩ ʅʏɿ, ʘ ʜʝʪʝʢʮʠʷ ʘʥʪʠʛʝʥʘ (IgG ʯʝʣʦʚʝʢʘ) 

ʩʦʧʨʷʞʝʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʅʏɿ [198]. ɸʥʪʠʪʝʣʘ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʩ ʅʏɿ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʘʥʪʠʪʝʣʘ:ʅʏɿ 9:8 

[199]. ʇʦʣʫʯʝʥʳ ʠ ʢʦʥʲʶʛʘʪʳ ʅʏɿ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʥʪʠʪʝʣʘʤʠ ʠ ʪʠʦʣʴʥʳʤʠ ʅʂ [200]. 

2.4.3. ʄʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ ʧʦʠʩʢʫ ʧʝʧʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʅʏɿ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʧʦ ʢʦʤʙʠʥʘʪʦʨʥʦʤʫ ʘʥʘʣʠʟʫ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʧʪʠʜʦʚ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʜʣʷ ʧʨʦʯʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʠʣʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʅʏɿ ʚʘʨʠʘʥʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʠ ʜʣʠʥʳ ʧʝʧʪʠʜʘ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʅʏɿ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʨʠʤʝʨʝ 58 ʧʝʥʪʘʧʝʧʪʠʜʦʚ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʚʘʨʠʘʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʜʣʠʥʘ, ʷʢʦʨʥʘʷ ʘʤʠʥʦʢʠʩʣʦʪʘ (ʧʦʟʠʮʠʷ 1), ʛʠʜʨʦʬʦʙʥʦʝ ʷʜʨʦ (ʧʦʟʠʮʠʠ 2 ʠ 3), 

ʢʘʨʙʦʢʩʠʣʴʥʳʡ ʢʦʥʝʮ (ʧʦʟʠʮʠʠ 4 ʠ 5). ʂʘʞʜʳʡ ʧʝʧʪʠʜ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʅʏɿ (12,3 ʥʤ), ʘ 

ʟʘʪʝʤ ʧʨʦʚʝʨʷʣʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʚʳʙʨʘʥʘ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Cys-Ala-Leu-Asn-Asn, ʚ ʢʦʪʦʨʦʡ ʷʢʦʨʝʤ ʩʣʫʞʠʣ ʦʩʪʘʪʦʢ ʮʠʩʪʝʠʥʘ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʚʰʠʡ ʩ ʅʏɿ ʠ ʟʘ ʩʯʝʪ SH-, ʠ ʟʘ ʩʯʝʪ NH2-ʛʨʫʧʧʳ. ʆʩʪʘʪʢʠ ʘʣʘʥʠʥʘ ʠ 

ʣʝʡʮʠʥʘ ʚʥʦʩʠʣʠ ʚʢʣʘʜ ʚ ʩʘʤʦʘʩʩʦʮʠʘʮʠ ʁʧʝʧʪʠʜʘ, ʘ ʦʩʪʘʪʢʠ ʘʩʧʘʨʘʛʠʥʘ ʫʯʘʩʪʚʦʚʘʣʠ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʅʏɿ ʙʣʘʛʦʜʘʨʷ ʘʤʠʜʥʦʡ ʛʨʫʧʧʝ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ ʠ ʉ-ʢʦʥʮʝʚʦʡ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ [201]. 

ʄʝʪʦʜʦʤ XPS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʝʥʪʘʧʝʧʪʠʜʦʚ ʚʠʜʘ Gly-Gly-X-Gly-Gly ʠ ʍ5 ʠ ʜʝʢʘʧʝʧʪʠʜʦʚ ʚʠʜʘ X10 ʩ ʧʦʢʨʳʪʳʤ ʟʦʣʦʪʦʤ 

ʩʫʙʩʪʨʘʪʦʤ. ʆʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʛʠʜʨʦʬʦʙʥʳʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʟʦʣʦʪʦʤ ʦʢʘʟʘʣʦʩʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. 

ɼʣʷ ʛʠʜʨʦʬʦʙʥʳʭ ʦʩʪʘʪʢʦʚ ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʙʳʣʘ ʚʳʰʝ ʫ ʢʦʤʧʘʢʪʥʳʭ Ala, Thr, Val, ʯʝʤ 

ʫ ʦʙʲʝʤʥʳʭ Lys, His, Trp, Tyr, ʜʣʷ ʧʦʣʷʨʥʳʭ ʠ ʟʘʨʷʞʝʥʥʳʭ ʦʩʪʘʪʢʦʚ ʥʘʦʙʦʨʦʪ: ʧʣʦʪʥʦʩʪʴ 

ʙʳʣʘ ʚʳʰʝ ʫ ʦʙʲʝʤʥʳʭ Arg, Glu, Gln, ʯʝʤ ʫ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʭ Ser, Asn, Asp [202]. 

ɺ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ [203] ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝʩʢʦʣʴʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʝʪʦʜʦʤ QCM ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ 12 ʧʝʧʪʠʜʦʚ, ʚʳʙʨʘʥʥʳʭ ʧʦ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠ ̫ ʩ ʟʦʣʦʪʦʤ, ʧʘʣʣʘʜʠʝʤ (Pd4), ʩʝʨʝʙʨʦʤ (AgBP1, AgBP2) ʠ 

ʢʚʘʨʮʝʤ (QBP1) (ʪʘʙʣʠʮʘ 6). ɼʣʷ ʚʩʝʭ ʵʪʠʭ ʧʝʧʪʠʜʦʚ, ʜʘʞʝ ʩʧʝʮʠʬʠʯʥʳʭ ʥʝ ʢ ʟʦʣʦʪʫ, 

ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ, ʩʨʘʚʥʠʤʳʝ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʪʠʦʣʦʚ, ʦʜʥʘʢʦ ʵʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʚʢʣʘʜ 

ʥʝʩʢʦʣʴʢʠʭ ʙʦʣʝʝ ʩʣʘʙʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʯʝʤ ʦʪʜʝʣʴʥʘʷ ʩʚʷʟʴ Au-S ʫ ʪʠʦʣʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʦʩʪʠʞʝʥʠʝ ʘʬʬʠʥʥʦʩʪʠ ʢ ʚʳʙʨʘʥʥʦʡ ʤʠʰʝʥʠ ʚ ʧʨʦʮʝʩʩʝ ʩʝʣʝʢʮʠʠ ʥʝ 

ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢ ʥʝʡ. ʊʘʢʞʝ ʦʮʝʥʠʣʠ ʟʥʘʯʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ɻʠʙʙʩʘ ʜʣʷ ʧʦʢʨʳʪʠ ̫ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʦʛʦ ʵʣʝʢʪʨʦʜʘ ʢʘʞʜʳʤ ʧʝʧʪʠʜʦʤ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (15 ʤʢʄ).  

ʊʘʙʣʠʮʘ 6. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʳʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʙʝʣʢʦʚ ʩ ʟʦʣʦʪʦʤ. 

ʧʝʧʪʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ȹG, 

ʢɼʞ/ʤʦʣʴ 

AuBP1 Trp -Ala-Gly-Ala-Lys-Arg-Leu-Val-Leu-Arg-Arg-Glu -37,6Ñ0,9 

GBP1 Met-His-Gly-Lys-Thr-Gln-Ala-Thr-Ser-Gly-Thr-Ile-Gln-Ser -37,6Ñ1,0 

B1 Leu-Lys-Ala-His-Leu-Pro-Pro-Ser-Arg-Leu-Pro-Ser -36,6Ñ1,2 

AuBP2 Trp -Ala-Leu-Arg-Arg-Ser-Ile-Arg-Arg-Gln-Ser-Tyr  -36,4Ñ0,3 

Midas2 Thr-Gly-Thr-Ser-Val-Leu-Ile-Ala-Thr-Pro-Tyr-Val -35,7Ñ1,2 

AgBP2 Glu-Gln-Leu-Gly-Val-Arg-Lys-Glu-Leu-Arg-Gly-Val -35,3Ñ1,2 

Z2 Arg-Met-Arg-Met-Lys-Met-Lys -35,0Ñ0,6 
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ʧʝʧʪʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ȹG, 

ʢɼʞ/ʤʦʣʴ 

QBP1 Pro-Pro-Pro-Trp -Leu-Pro-Tyr -Met-Pro-Pro-Trp -Ser -35,0Ñ1,1 

A3 Ala-Tyr -Ser-Ser-Gly-Ala-Pro-Pro-Met-Pro-Pro-Phe -31,8Ñ0,3 

AgBP1 Thr-Gly-Ile-Phe-Lys-Ser-Ala-Arg-Ala-Met-Arg-Asn -31,6Ñ0,2 

Z1 Lys-His-Lys-His-Trp -His-Trp  -31,3Ñ0,1 

Pd4 Thr-Ser-Asn-Ala-Val-His-Pro-Thr-Leu-Arg-His-Leu -30,3Ñ0,2 

ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ 

 ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [203].  

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʯʘʱʝ ʚʩʝʛʦ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʵʪʠʭ 

ʧʝʧʪʠʜʦʚ ʚʩʪʨʝʯʘʣʠʩʴ ʦʩʪʘʪʢʠ Arg ʠ Ser, ʘ ʪʘʢʞʝ Lys, His, Met, Thr, Leu, Ala, Pro, ʘ ʩʨʝʜʠ 

ʦʩʪʘʪʢʦʚ, ʢʦʥʪʘʢʪʠʨʦʚʘʚʰʠʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ï ʦʩʪʘʪʢʠ Arg, Met ʠ Trp, ʪ.ʝ. ʠ ʟʘʨʷʞʝʥʥʳʝ, ʠ ʥʝʟʘʨʷʞʝʥʥʳʝ, ʠ ʧʦʣʷʨʥʳʝ, ʠ ʛʠʜʨʦʬʦʙʥʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʚ ʩʦʩʪʘʚʝ ʧʝʧʪʠʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʟʦʣʦʪʦʤ. 

2.4.4. ʄʝʪʦʜʳ ʜʝʪʝʢʮʠʠ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ʥʘ ʅʏɿ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʤʝʨʝʥʠʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪ 

ɼʣʷ ʜʝʪʝʢʮʠʠ ʙʠʦʤʦʣʝʢʫʣ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩ ̫ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʢʠ. ʕʪʦ 

ʩʦʧʨʷʞʝʥʦ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʵʪʘʧʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ ʠ ʧʦʚʳʰʝʥʠʝʤ ʩʪʦʠʤʦʩʪʠ 

ʘʥʘʣʠʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʝʟʤʝʪʦʯʥʦʡ ʜʝʪʝʢʮʠʠ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ʥʘ ʅʏɿ ʤʦʞʥʦ 

ʫʧʦʤʷʥʫʪʴ ʤʝʪʦʜʠʢʫ ʠʟʤʝʨʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʨʠʧʪʦʬʘʥʘ ʚ ʩʦʩʪʘʚʝ ʙʝʣʢʦʚ 

ɚex = 280 ʥʤ, ɚem = 340-360 ʥʤ). ɼʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʧʨʠʤʝʥʷʣʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʷʟʳʚʘʥʠʷ 

ʩ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 24 ʥʤ ʨʷʜʘ ʙʝʣʢʦʚ ï BSA, HSA, Ig G, STI (ʠʥʛʠʙʠʪʦʨ ʩʦʝʚʦʛʦ ʪʨʠʧʩʠʥʘ 

ʂʫʥʠʪʮʘ), ʧʨʦʪʝʠʥʘ G [204, 205, 174, 168]. ʀʟʤʝʨʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʅʏɿ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʙʝʣʢʦʤ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ 

ʙʝʣʢʦʚ ʩ ʅʏɿ ʧʦ ʤʝʪʦʜʫ ʉʢʵʪʯʘʨʜʘ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (2): 

RL/[L]=(N-RL)/KD,         (2) 

ʛʜʝ [L] ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʦʛʦ ʙʝʣʢʘ, RL ï ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʙʝʣʢʘ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʜʥʦʡ ʅʏɿ, KD ï ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ, N- ʯʠʩʣʦ ʩʘʡʪʦʚ 

ʩʚʷʟʳʚʘʥʠʷ ʥʘ ʦʜʥʦʡ ʅʏɿ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʠʤʝʣʠ ʚʠʜ ʛʠʧʝʨʙʦʣʳ ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʛʨʘʬʠʢʦʚ ʩ ʨʘʟʥʦʡ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (ʨʠʩ. 11), ʧʦʵʪʦʤʫ ʘʚʪʦʨʳ 

ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʢʦʥʩʪʘʥʪʘ ʩʚʷʟʳʚʘʥʠʷ 

ʫʚʝʣʠʯʠʣʘʩʴ, ʪ.ʝ., ʥʘʙʣʶʜʘʣʘʩʴ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ. 
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 ʈʠʩʫʥʦʢ 11. ʂʨʠʚʘʷ ʩʚʷʟʳʚʘʥʠʷ BSA ʩ ʅʏɿ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʉʢʵʪʯʘʨʜʘ. Kd(1) ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ BSA ʥʠʞʝ ʪʦʯʢʠ ʥʘʩʳʱʝʥʠʷ, Kd(2) ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ BSA, ʙʣʠʟʢʦʡ ʢ ʪʦʯʢʝ 

ʥʘʩʳʱʝʥʠʷ. [L] ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʦʛʦ BSA, RL - ʯʠʩʣʦ ʤʦʣʝʢʫʣ BSA, ʩʚʷʟʘʥʥʳʭ ʩ ʦʜʥʦʡ ʅʏɿ. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [205]. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ Ig G, BSA, ʧʨʦʪʝʠʥʘ G, STI ʙʳʣʠ 

ʨʘʚʥʳ 4, 6, 10, 15 ʥʄ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 25, 76, 175, 100 ʥʄ ʥʘ ʫʯʘʩʪʢʝ 

ʥʘʩʳʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʨʳʪʠʷ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ ʦʪ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʙʝʣʢʘ: 52, 90, 500, 550 ʤʦʣ/ʅʏɿ ʜʣʷ Ig G, BSA, ʧʨʦʪʝʠʥʘ G, STI ʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 150, 66, 26 ʠ 20 ʢɼʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ʊʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ ï ʧʦ ʪʫʰʝʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʨʠʧʪʦʬʘʥʘ, 

ʪʠʨʦʟʠʥʘ ʠ ʬʝʥʠʣʘʣʘʥʠʥʘ ï ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ KD ʙʝʣʢʦʚ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʢʨʦʚʠ, ʪʘʢʠʭ ʢʘʢ ʘʣʴʙʫʤʠʥ, ʬʠʙʨʠʥʦʛʝʥ, ʛʘʤʤʘ-

ʛʣʦʙʫʣʠʥ, ʛʠʩʪʦʥ rʠ ʠʥʩʫʣʠʥ, ʥʘ ʅʏɿ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ï ʦʪ 5 ʜʦ 100 ʥʤ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

ʍʠʣʣʘ (3) [8]: 

Q/Qmax=[NP]n/(KD
n + [NP]n),        (3) 

ʛʜʝ Q ï ʪʫʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʨʝʩʮʝʥʮʠʠ, n- ʢʦʵʬʬʠʮʠʝʥʪ ʍʠʣʣʘ, [NP] ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʅʏɿ. ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʚʷʟʳʚʘʥʠʷ ʩʦʩʪʘʚʠʣʠ ʧʦʨʷʜʢʘ 1Ā10-5 ʄ ʜʣʷ ʅʏɿ 

ʜʠʘʤʝʪʨʦʤ 5 ʥʤ, 1Ā10-6 ʄ ʜʣʷ 10 ʠ 20 ʥʤ, 1Ā10-7 ʄ ʜʣʷ 30 ʠ 60 ʥʤ, 1Ā10-8 ʄ ʜʣʷ 80 ʥʤ. ɿʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʠʣʣʘ ʜʣʷ ʚʩʝʭ ʙʝʣʢʦʚ ʠ ʚʩʝʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ: 1 > n > 0,61, 

ʢʨʦʤʝ ʠʥʩʫʣʠʥʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʝ n ʙʳʣʦ ʨʘʚʥʦ 1,61, 2,11, 3,64 ʜʣʷ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 

60, 80, 100 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [205]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʝʣʢʠ ʧʨʦʷʚʠʣʠ ʙʦʣʴʰʝʝ ʩʨʦʜʩʪʚʦ ʢ 

ʅʏɿ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ. 

 ɽʱʝ ʦʜʠʥ ʤʝʪʦʜ ï ʠʟʤʝʨʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʠʨʦʟʠʥʘ ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩ 

ʪʨʠʧʪʦʬʘʥʘ ï ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʷʟʳʚʘʥʠʷ HSA ʩ ʟʦʣʦʪʦʤ [206]. ʆʧʨʝʜʝʣʠʣʠ 

ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣʳ BSA c ʟʦʣʦʪʦʤ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠ ̫ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ 

ʪʨʠʧʪʦʬʘʥʘ [207]. ɼʘʥʥʳʝ Raman-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʜʪʚʝʨʜʠʣʠ ʙʣʠʟʦʩʪʴ ʧʠʨʨʦʣʴʥʦʛʦ 

ʢʦʣʴʮʘ ʪʨʠʧʪʦʬʘʥʘ 212 ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ [206]. ʇʦ ʪʫʰʝʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ Trp212 

ʟʘʢʣʶʯʠʣʠ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣʳ BSA ʩ ʅʏɿ (3-4 ʥʤ) ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʘʡʪʝ I ʚ 

ʛʠʜʨʦʬʦʙʥʦʤ ʢʘʨʤʘʥʝ ʩʫʙʜʦʤʝʥʘ IIA, ʛʜʝ ʥʘʭʦʜʠʣʩʷ Trp 212 (ʨʠʩ. 12). ʕʪʦʪ ʚʳʚʦʜ 
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ʧʦʜʪʚʝʨʜʠʣʩʷ ʢʦʥʪʨʦʣʴʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʩʚʷʟʳʚʘʥʠʶ ʚʘʨʬʘʨʠʥʘ, ʢʦʪʦʨʦʝ, ʢʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʧʨʦʠʩʭʦʜʠʣʦ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʩʘʡʪʝ [207]. 

 

 ʈʠʩʫʥʦʢ 12. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʩ ʩʫʙʜʦʤʝʥʦʤ IIA  ʤʦʣʝʢʫʣʳ BSA. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [207]. 

ɹʝʣʢʦʚʳʝ ʤʦʣʝʢʫʣʳ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦ ʨʘʟʤʝʨʫ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʠ ʥʘʙʦʨʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʧʦʵʪʦʤʫ ʠʭ ʩʚʷʟʳʚʘʥʠʝ ʩ ʅʏɿ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʨʘʟʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʩʷ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʣʠʷʥʠʝʤ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʣʣʦʠʜʘ ʅʏɿ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʪ.ʢ. 

ʚʦʧʨʦʩ ʦ ʪʠʧʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ, ʘ ʪʘʢʞʝ ʦ ʚʦʚʣʝʯʝʥʥʳʭ ʚ 

ʥʝʛʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘʭ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. 

2.5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʏɿ ʩ ʥʫʢʣʝʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ 

ʆʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʭʠʤʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʤʝʶʪ 

ʘʩʩʦʮʠʘʪʳ ʅʏɿ ʠ ʅʂ. ʄʦʣʝʢʫʣʳ ʅʂ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ 

ʥʝʢʦʚʘʣʝʥʪʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ ʠ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ. ʄʝʭʘʥʠʟʤʳ 

ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ ʪʨʝʙʫʶʪ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʩʚʷʟʳʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ: ʥʫʢʣʝʦʪʠʜʥʦʛʦ 

ʩʦʩʪʘʚʘ ʅʂ, ʜʣʠʥʳ ʅʂ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʅ ʩʨʝʜʳ, ʪʠʧʘ ʩʦʣʠ ʠ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʜʨ. ʕʪʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʫʯʘʶʪʩ ̫ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʟʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʘʟʦʪʠʩʪʳʤʠ 

ʦʩʥʦʚʘʥʠʷʤʠ, ʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʘʤʠ, ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ, ʧʣʘʟʤʠʜʘʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʪʘʙʣʠʮʘ 7).  

ʊʘʙʣʠʮʘ 7. ʉʨʦʜʩʪʚʦ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢ ʟʦʣʦʪʫ. 

ʩʫʙʩʪʨʘʪ ʣʠʛʘʥʜ ʤʝʪʦʜ ʩʨʦʜʩʪʚʦ ʩʩʳʣʢʘ 

ʟʦʣʦʪʳʝ ʧʣʝʥʢʠ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ ȹʅʜʝʩʦʨʙʮʠʠ G>A>C>T 208 

ʟʦʣʦʪʳʝ ʧʣʝʥʢʠ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜʳ ȹʅʜʝʩʦʨʙʮʠʠ G>C>A>T  208 

ʅʏɿ 13 ʥʤ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜʳ ʢʦʣʦʨʠʤʝʪʨʠʷ G, C>A>T 209 

ʢʣʘʩʪʝʨʳ Au3 ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ MD G>A>C>T 210 

ʟʦʣʦʪʳʝ ʧʣʝʥʢʠ N25 SERS, ʧʣʦʪʥʦʩʪʴ 

ʧʦʢʨʳʪʠʷ 

A>C>T 
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ʩʫʙʩʪʨʘʪ ʣʠʛʘʥʜ ʤʝʪʦʜ ʩʨʦʜʩʪʚʦ ʩʩʳʣʢʘ 

ʅʏɿ 6,5 ʥʤ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ ȹʅʚʟʘʠʤʦʜʝʡʩʪʚʠʷ C>G>A(>T) 167 

ʅʏɿ 13 ʥʤ N20 ʢʦʣʦʨʠʤʝʪʨʠʷ A,T>G,C 212 

ʟʦʣʦʪʳʝ ʧʣʝʥʢʠ N5 FTIR, XPS A>CÓG>T  213 

ʅʏɿ T10NNTNN ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

A>C>G>T 43 

ʇʨʠ ʘʥʘʣʠʟʝ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʢʘʨʪʠʥʘ: 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʚ ʩʚʷʟʳʚʘʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʤʦʞʥʦ ʦʪʜʘʪʴ ʢʘʢ ʛʫʘʥʠʥʫ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʤ, ʪʘʢ ʠ ʘʜʝʥʠʥʫ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤ, ʨʝʞʝ ʮʠʪʦʟʠʥʫ ʠ ʪʠʤʠʥʫ. ɼʘʥʥʘʷ ʛʣʘʚʘ 

ʧʦʩʚʷʱʝʥʘ ʧʦʜʨʦʙʥʦʤʫ ʘʥʘʣʠʟʫ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 

2.5.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʣʦʪʘ ʩ ʘʟʦʪʠʩʪʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʥʫʢʣʝʦʟʠʜʘʤʠ, 

ʥʫʢʣʝʦʪʠʜʘʤʠ 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʦʣʦʪʳʭ ʧʣʝʥʦʢ ʚ ʚʘʢʫʫʤʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʩʦʨʙʮʠʠ ʠ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʠ ʜʝʩʦʨʙʮʠʠ ʫʤʝʥʴʰʘʣʠʩ ɹ ʚ ʩʣʝʜʫʶʱʝʤ ʨʷʜʫ: G>A=C>T, ʦʜʥʘʢʦ ʜʣʷ 

ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜʦʚ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʜʝʩʦʨʙʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳ (ʪʘʙʣʠʮʘ 8). 

ɸʚʪʦʨʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʧʠʨʠʤʠʜʠʥʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʪʠʤʠʥ, ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʩʣʘʙʝʝ, ʯʝʤ ʧʫʨʠʥʳ, ʵʥʝʨʛʠʷ ʩʚʷʟʳʚʘʥʠʷ ʩʦʩʪʘʚʣʠʣʘ ʦʢʦʣʦ 110 

ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʷʤ ʵʥʝʨʛʠʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʅʏɿ (120 

ï 160 ʢɼʞ/ʤʦʣʴ) [208]. 

ʊʘʙʣʠʮʘ 8. ȹʅʜʝʩʦʨʙʮʠʠ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ. 

ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ ȹʅʜʝʩʦʨʙʮʠʠ, 

ʢɼʞ/ʤʦʣʴ, 

2`ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜʳ ȹʅʜʝʩʦʨʙʮʠʠ,  

ʢɼʞ/ʤʦʣʴ, 

ʪʠʤʠʥ 110Ñ2 ʪʠʤʠʜʠʥ 109Ñ3 

ʮʠʪʦʟʠʥ 130Ñ5 ʮʠʪʠʜʠʥ 114Ñ2 

ʘʜʝʥʠʥ  129Ñ4 ʘʜʝʥʦʟʠʥ 112Ñ4 

ʛʫʘʥʠʥ 144Ñ2 ʛʫʘʥʦʟʠʥ 120Ñ2 

ɻʨʫʧʧʘ ʄʠʨʢʠʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ 

ʩʨʦʜʩʪʚʘ ʢ ʅʏɿ ʜʝʟʦʢʩʠʥʫʢʣʝʦʟʠʜʦʚ, ʪ.ʢ. ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʅʏɿ ʩ ʥʝʟʘʨʷʞʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʣʠʧʘʥʠʝ ʅʏɿ, ʩʦʧʨʦʚʦʞʜʘʚʰʝʝʩʷ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʢʦʣʣʦʠʜʘ ʩ ʢʨʘʩʥʦʛʦ ʥʘ 

ʩʠʥʠʡ. ʉʨʦʜʩʪʚʦ ʜʝʟʦʢʩʠʥʫʢʣʝʦʟʠʜʦʚ ʢ ʅʏɿ ʫʤʝʥʴʰʘʣʦʩʴ ʚ ʨʷʜʫ: G, C > A > T [209], ʧʨʠʯʝʤ 

ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʩ dT ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʩʣʠʧʘʥʠʷ ʯʘʩʪʠʮ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ 

ʦ ʥʝʩʧʦʩʦʙʥʦʩʪʠ dT ʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ [214]. 
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ʊʘʢ, ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʤʦʜʝʣʠʨʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʠ ʨʘʩʩʯʠʪʘʣʠ ʵʥʝʨʛʠʶ ʩʚʷʟʳʚʘʥʠʷ, ʧʨʠʯʝʤ ʨʘʩʯʝʪʳ ʭʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [208]. ʕʥʝʨʛʠʷ ʩʚʷʟʳʚʘʥʠʷ ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʨʷʜʫ 

G>A>C>T. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʚʷʟʳʚʘʥʠʷ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ʙʳʣ ʧʦʢʘʟʘʥ 

ʚʳʠʛʨʳʰ ʚ ʵʥʝʨʛʠʠ ʩʚʷʟʳʚʘʥʠʷ ʧʘʨ GG ʠ TT ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʷʟʳʚʘʥʠʝʤ ʝʜʠʥʠʯʥʳʭ 

ʤʦʣʝʢʫʣ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʳʚʘʥʠʷ G ʠ ʊ [210]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ Au3 [215] 

ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʵʥʝʨʛʠʶ ʩʚʷʟʳʚʘʥʠʷ ʟʦʣʦʪʘ ʠ ʢʘʞʜʦʛʦ çʷʢʦʨʥʦʛʦ ʩʘʡʪʘè ʘʟʦʪʠʩʪʦʛʦ 

ʦʩʥʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʫʶ ʵʥʝʨʛʠʶ ʩʚʷʟʳʚʘʥʠʷ ʢʘʞʜʦʛʦ ʘʟʦʪʠʩʪʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ G>A>C>T, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [208]. 

ʂʠʤʫʨʘ-ʉʫʜʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʦʤʦʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ 

ʜʣʠʥʦʡ 5 ʥʪ. ʩ ʟʦʣʦʪʳʤʠ ʧʣʝʥʢʘʤʠ, ʠʩʧʦʣʴʟʫʷ FTIR- ʠ XPS-ʩʧʝʢʪʨʦʩʢʦʧʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʦʜʩʪʚʘ ʛʦʤʦʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʢ ʟʦʣʦʪʫ: A>CÓG>T 

[213]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʟʦʣʦʪʦʛʦ ʩʫʙʩʪʨʘʪʘ ʠ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʟʘʢʣʶʯʘʣʠ, ʯʪʦ ʧʫʨʠʥʦʚʳʝ ʦʩʥʦʚʘʥʠʷ, ʥʫʢʣʝʦʟʠʜʳ ʠ ʥʫʢʣʝʦʪʠʜʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʟʦʣʦʪʦʤ ʧʨʦʯʥʦ, ʘ ʪʠʤʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ - ʩʣʘʙʦ. 

2.5.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʂ, ʥʝʩʫʱʠʭ ʬʦʩʬʦʪʠʦʘʪʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ, ʩ ʅʏɿ 

ʅʂ, ʥʝʩʫʱʠʝ ʬʦʩʬʦʪʠʦʘʪʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ (PS-ʅʂ), ʚʳʟʳʚʘʶʪ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʝʡʩʪʚʠʶ ʥʫʢʣʝʘʟ ʠ ʦʢʠʩʣʝʥʠʶ. ʀʭ 

ʧʨʠʤʝʥʷʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʩʝʥʩʦʨʘʭ, ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʣʢʘʤʠ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ [88]. 

PS-ʅʂ ʧʨʠʩʦʝʜʠʥʷʣʠ ʢ ʅʏɿ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ BIDBE (N,N`-ʙʠʩ(Ŭ-ʡʦʜʘʮʝʪʠʣ)-

2,2 -̀ʜʠʪʠʦʙʠʩ(ʵʪʠʣʘʤʠʥ)) ʧʦʩʨʝʜʩʪʚʦʤ PS-ʛʨʫʧʧʳ (ʨʠʩ. 13) [216]. 

ɺ ʨʷʜʝ ʨʘʙʦʪ PS-ʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʟʘʤʝʥʫ ʪʠʦʣʴʥʳʤ ʅʂ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ [84, 85, 86, 87], ʩʝʨʝʙʨʘ [217], ʥʘʥʦʢʨʠʩʪʘʣʣʘʤ CdTe [218]. 

ʇʨʠʩʦʝʜʠʥʷʝʤʘ ̫ʅʂ ʩʦʜʝʨʞʘʣʘ ʥʘ 5 -̀ʢʦʥʮʝ 6 ʠʣʠ 10 ʪʠʤʠʥʦʚ, ʢʘʞʜʳʡ ʩ ʬʦʩʬʦʪʠʦʘʪʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʝʡ, ʢʦʪʦʨʘʷ, ʢʘʢ ʠ ʪʠʦʣʴʥʘʷ ʛʨʫʧʧʘ; ʩʣʫʞʠʣʘ ç̫ ʢʦʨʝʤè ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ. 

ʆʧʠʩʘʥ ʩʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʘ ʩʯʝʪ ʛʠʙʨʠʜʠʟʘʮʠʠ 

ʬʦʩʬʦʪʠʦʘʪʥʳʭ ʅʂ ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʪʦʚ ʩ ʩʝʨʝʙʨʷʥʳʤ rʅʏ ʠ ʪʠʦʣʴʥʳʭ ʅʢ ʚ ʩʦʩʪʘʚʝ 

ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʏɿ. ɼʣʠʥʘ ʪʠʦʣʴʥʦʡ ʅʂ ʩʦʩʪʘʚʣʠʣʘ 100 ʥʪ., PS-ʅʂ ï 59, 62, 65 ʥʪ. ʩ 3, 6 ʠʣʠ 

9 PS- ʤʦʜʠʬʠʢʘʮʠʷʤʠ [217]. 
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ʈʠʩʫʥʦʢ 13. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ BIDBE ʠ ʬʦʩʬʦʪʠʦʘʪʥʦʡ ʛʨʫʧʧʳ ʅʂ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [211]. 

 ʉʚʦʡʩʪʚʦ PS-ʅʂ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʃʠʫ 

ʩ ʩʦʘʚʪʦʨʘʤʠ [88]. ʆʥʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʅʂ ʜʣʠʥʦʡ 21 ʥʪ., ʩʦʜʝʨʞʘʱʠʭ ʩ 5`-

ʢʦʥʮʘ 9 ʦʩʪʘʪʢʦʚ ɸ ʠ ʟʘʪʝʤ 12-ʟʚʝʥʥʫʶ ʛʝʪʝʨʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʛʠʙʨʠʜʠʟʘʮʠʠ ʩ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʅʂ. ʆʜʥʘ ʠʟ ʅʂ ʩʦʜʝʨʞʘʣʘ 8 ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʦʩʬʘʪʦʚ ʚ polyA-

ʪʨʘʢʪʝ, ʚʪʦʨʘ ̫ʥʝʩʣʘ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ ʥʘ 5`-ʢʦʥʮʝ (SH-ʅʂ), ʘ ʪʨʝʪʴʷ ʅʂ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʅʂ (ʈʆ-ʅʂ) (ʨʠʩ. 14).  

 

ʈʠʩʫʥʦʢ 14. ʉʚʷʟʳʚʘʥʠʝ PO-ʅʂ (A), PS-ʅʂ (ɹ), SH-ʅʂ (ɺ) ʩ ʅʏɿ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [88]. 

ɺʩʝ ʅʂ ʩʦʜʝʨʞʘʣʠ ʦʩʪʘʪʦʢ ʬʣʫʦʨʝʩʮʝʠʥʘ ʥʘ 3`-ʢʦʥʮʝ. ɸʜʩʦʨʙʮʠʶ ʅʂ ʥʘ ʅʏɿ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʠʟʢʦʤ ʨʅ. ʇʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʣʦʪʥʦʩʪʴ 

ʧʦʩʘʜʢʠ ʨʘʟʥʳʭ 21-ʟʚʝʥʥʳʭ ʅʂ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʠʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 80, 60 ʠ 50 ʤʦʣ./ʅʏɿ 
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ʜʣʷ ʪʠʦʣʴʥʦʡ, ʬʦʩʬʦʪʠʦʘʪʥʦʡ ʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʅʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʢʠʥʝʪʠʢʠ ʚʳʪʝʩʥʝʥʠʷ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʛʣʫʪʘʪʠʦʥʦʤ ʧʦʢʘʟʘʣʦ ʦʪʥʦʩʠʪʝʣʴʥʫ  ʁ

ʧʨʦʯʥʦʩʪ ɹʩʚʷʟʳʚʘʥʠʷ ʵʪʠʭ ʅʂ ʩ ʅʏɿ: SH-ʅʂ > PS-ʅʂ > ʈʆ-ʅʂ. ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʙʦʨʘ ʅʂ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʛʝʪʝʨʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʥʦ ʩ ʨʘʟʥʦʡ ʜʣʠʥʦʡ 

polyA-ʪʨʘʢʪʘ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʬʦʩʬʘʪʘʤʠ ï 2, 5, 9. 13 ʠ 17 ʥʪ. ʀʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʧʦʩʘʜʢʠ ʵʪʠʭ ʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʅʏɿ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʤʝʥʥʦ polyA-ʪʨʘʢʪ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʬʦʩʬʘʪʘʤʠ ʘʜʩʦʨʙʠʨʦʚʘʣʩʷ ʥʘ ʯʘʩʪʠʮʘʭ, ʚʳʠʛʨʘʚ ʢʦʥʢʫʨʝʥʮʠʶ ʚ 

ʘʜʩʦʨʙʮʠʠ ʫ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʅʂ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 520 ʠ 650 ʥʤ ʫ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʅʂ, ʩʦʜʝʨʞʘʚ ʠhʭ 

ʊ9PS- ʣʠʙʦ ɸ9PS-ʪʨʘʢʪ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʚʰʠʝ ʦ ʨʘʚʥʦʟʥʘʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʠʭ 

ʘʩʩʦʮʠʘʪʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʳʡ ʩʦʩʪʘʚ PS-ʪʨʘʢʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ PS-ʤʦʜʠʬʠʢʘʮʠʠ, ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʦʟʚʦʣʠʣʦ ʪʦʯʝʯʥʦ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʥʘ ʅʏɿ ʥʫʞʥʳʝ ʫʯʘʩʪʢʠ ʅʂ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪ.ʢ. ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ PS-ʛʨʫʧʧʳ ʩ ʟʦʣʦʪʦʤ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʥʝʢʦʚʘʣʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ. ʊʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʣʘʩʴ 

ʟʘʜʘʯʘ ʧʦʩʣʝʜʫʶʱʝʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʩ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʅʂ. ʅʝʤʘʣʦʚʘʞʥʦ ʠ ʪʦ, ʯʪʦ 

ʩʪʦʠʤʦʩʪʴ PS-ʤʦʜʠʬʠʢʘʮʠʠ ʅʂ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʩʪʦʠʤʦʩʪʠ ʪʠʦʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

[219]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ ʚʳʙʦʨ PS-ʅʂ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʦʣʴʥʳʤʠ ʅʂ. 

2.5.3. ʅʝʢʦʚʘʣʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʅʂ ʩ ʅʏɿ 

ʈʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʢʦʚʘʣʝʥʪʥʳʤ ʩʚʷʟʳʚʘʥʠʝʤ ʅʂ ʩ ʅʏɿ, ʤʦʞʥʦ (ʫʩʣʦʚʥʦ) 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʘʢʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʛʨʫʧʧʘʤʠ ʨʘʙʦʪ ʚ ʮʝʣʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʠ ʅʂ: ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪʘʭ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʥʠʟʢʦʛʦ ʨʅ ʠ salt-aging ʤʝʪʦʜ, ʘ ʚ ʧʨʠʢʣʘʜʥʳʭ ʦʙʳʯʥʦ ʧʨʦʚʦʜʠʣʠ 

ʢʦʨʦʪʢʫʶ ʠʥʢʫʙʘʮʠʶ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʨʅ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚ̫ ʟʳʚʘʥʠʷ ʩ ʅʏɿ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅʂ ʥʝʨʝʜʢʦ ʚʳʜʝʣʷʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʙʣʦʢʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅʂ, 

ʧʨʠʩʚʘʠʚʘʷ ʠʤ ʨʘʟʥʳʝ ʬʫʥʢʮʠʠ. 

2.5.3.1.ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.5.3.1.1. ɹʣʦʯʥʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ:r polyA-ʪʨʘʢʪ 

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ polyA-ʪʨʘʢʪ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʘʜʩʦʨʙʮʠʠ ʥʘ ʅʏɿ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ [220 , 221, 222, 223, 224, 225]. ɻʨʫʧʧʘ 

ʌʘʥ ʃʠ ʠʩʩʣʝʜʦʚʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 13 ʥʤ ʩ ʅʂ, ʩʦʜʝʨʞʘʚ ʠhʤʠ polyA-

ʙʣʦʢ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ (5, 10, 15, 20, 30 ʥ.) ʠ ʥʝ ʩʦʜʝʨʞʘʚ ʠhʤʠ ʝʛʦ, ʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 
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ʢʘʯʝʩʪʚʝ ʩʨʘʚʥʝʥʠʷ ʅʂ, ʥʝʩʰʠʭ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ. ʀʥʢʫʙʘʮʠʶ ʅʏɿ ʩ ʅʂ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʥʝʡʪʨʘʣʴʥʦʤ ʨʅ ʚ ʪʝʯʝʥʠʝ 16 ʯ ʩ ʜʘʣʴʥʝʡʰʠʤ ʜʦʙʘʚʣʝʥʠʝʤ NaCl. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʅʏɿ, 

ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʩ ʅʂ, ʥʝ ʩʦʜʝʨʞʘʚʰʠʤʠ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ ʠʣʠ polyɸ-ʙʣʦʢ, ʙʳʣʠ 

ʦʜʠʥʘʢʦʚʦ ʫʩʪʦʡʯʠʚʳ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʜʦ 0,3 M NaCl, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʅʏɿ, 

ʠʥʢʫʙʠʨʦʚʘʥʥʳʝ ʩ ʅʂ, ʥʝ ʩʦʜʝʨʞʘʚ ʠhʤʠ polyA-ʙʣʦʢ, ʥʘʯʠʥʘʣʠ ʩʣʠʧʘʪʴʩʷ ʠ ʤʝʥʷʪʴ ʮʚʝʪ 

ʫʞʝ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ NaCl ʙʦʣʴʰʝ 20 ʤM. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʩ polyA-

ʩʦʜʝʨʞʘʚ ʠhʤʠ ʅʂ ʢ ʚʳʪʝʩʥʝʥʠʶ ʅʂ, ʥʝʩʫʱʠʤʠ polyT-ʙʣʦʢ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ 

ʤʦʣʝʢʫʣ polyA-ʩʦʜʝʨʞʘʚ ʠhʭ ʅʂ ʜʝʩʦʨʙʠʨʦʚʘʣʠʩʴ ʠʟ-ʟʘ ʢʦʤʣʝʤʝʥʪʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠhʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠʤʝʥʥʦ polyA-ʪʨʘʢʪ ʮʝʣʠʢʦʤ ʘʜʩʦʨʙʠʨʦʚʘʣʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, ʦʙʣʘʜʘʷ ʙ·ʣʴʰʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʅʏɿ, ʯʝʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʜʨʫʛʦʛʦ 

ʩʦʩʪʘʚʘ, ʧʨʠʯʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 13 ʥʤ ʤʦʛʣʦ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʜʦ 

ʯʝʪʳʨʝʭʩʦʪ ʦʩʪʘʪʢʦʚ ʘʜʝʥʠʥʘ [226]. 

ʌʘʥ ʃʠ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 15 ʥʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ 

ʩ ʅʂ, ʩʦʜʝʨʞʘʚ ʠhʤʠ CpG-ʤʦʪʠʚ ʠ ɸ5- ʠʣʠ ɸ15-ʪʨʘʢʪ. ɹʣʘʛʦʜʘʨʷ ʅʏɿ ʪʘʢʠʝ ʘʩʩʦʮʠʘʪʳ ʤʦʛʣʠ 

ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʝʨʩʧʝʢʪʠʚ CpG-

ʩʦʜʝʨʞʘʱʠʭ ʅʂ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʠʦʣʴʥʘʷ ʅʂ ʘʜʩʦʨʙʠʨʦʚʘʣʘʩʴ ʚ ʢʦʣʠʯʝʩʪʚʝ 74, ɸ5-

CpG - 50, A15-CpG ï 24 ʤʦʣ./ʅʏɿ [227]. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʙʦʣʝʝ ʚʳʛʦʜʥʦʡ ʘʜʩʦʨʙʮʠʠ polyA-ʙʣʦʢʘ ʚ ʩʦʩʪʘʚʝ ʅʂ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʅʂ ʦʪ ʜʣʠʥʳ polyA-

ʙʣʦʢʘ [226], ʍʘʦ ʇʝʡ ʩ ʩʦʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʣʠ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʅʏɿ, ʥʘ ʢʦʪʦʨʦʡ 

ʘʜʩʦʨʙʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʅʂ [228]. ɽʝ ʩʚʦʙʦʜʥʳʡ 3 -̀ʢʦʥʝʮ ʩʦʜʝʨʞʘʣ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʫʶ ʜʨʫʛʦʡ ʅʂ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʨʫʛʦʡ ʅʏɿ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʚʫʭ ʪʠʧʦʚ ʅʏɿ 

ʧʨʦʠʩʭʦʜʠʣʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʝʥʥʦ ʜʠʤʝʨʦʚ ʅʏɿ. ʅʏɿ ʙʳʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʘʥʳ ʙʠʩ(ʧ-ʩʫʣʴʬʦʥʘʪʦʬʝʥʠʣ)ʬʝʥʠʣʬʦʩʬʠʥʦʤ ʜʠʢʘʣʠʷ ʜʠʛʠʜʨʘʪʦʤ 

(BSPP) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʠʥʢʫʙʘʮʠʠ ʩ ʅʂ; ʦʥ ʣʝʛʢʦ 

ʟʘʤʝʱʘʣʩʷ polyA-ʩʦʜʝʨʞʘʱʝʡ ʅʂ. ɿʘʪʝʤ ʅʏɿ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʥM ʩ 500 

ʥM ʅʂ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ ʥʠʟʢʦʤ ʨʅ. ʄʝʥʷʷ ʜʣʠʥʫ polyA-

ʙʣʦʢʘ, ʘʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠ ʜʣʠʥʝ 80 ʥʪ. ʩ ʚʳʭʦʜʦʤ 90 % ʦʙʨʘʟʦʚʘʣʩʷ ʜʠʤʝʨ ʅʏɿ, 

ʪ.ʝ., ʥʘ ʢʘʞʜʦʡ ʅʏɿ ʙʳʣʘ ʘʜʩʦʨʙʠʨʦʚʘʥʘ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʅʂ. ʀʩʧʦʣʴʟʫʷ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 5 ʠ 

10 ʥʤ ʠ ʅʂ ʩ polyA-ʙʣʦʢʦʤ ʨʘʟʥʦʡ ʜʣʠʥʳ, ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʜʠʤʝʨʳ, ʪʨʠʤʝʨʳ, ʪʝʪʨʘʤʝʨʳ 

ʅʏɿ ʩ ʚʳʭʦʜʦʤ 63, 56 ʠ 23 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʠ ʘʥʘʣʠʟʦʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ (ʨʠʩ. 

15). 
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ʈʠʩʫʥʦʢ 15 ʂʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʦʣʫʯʝʥʠʝ ʜʠʤʝʨʦʚ ʅʏɿ. ɸ - ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʂ ʠ ʅʏɿ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʤʝʨʘ ʅʏɿ, ɹ - ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟ ʜʚʫʭ ʪʠʧʦʚ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʅʂ, ɺ - ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʠʤʝʨʦʚ ʅʏɿ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [228]. 

ɼʨʫʛʦʡ ʛʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʢʦʤʧʦʟʠʪ ʠʟ ʟʦʣʦʪʦʛʦ 

ʵʣʝʢʪʨʦʜʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥʳ ʅʏɿ ʠ ʅʂ ʜʣʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʠ ʛʝʨʙʠʮʠʜʘ ʜʠʢʚʘʪʘ. ʅʂ ʙʳʣʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ 

ʩʦʜʝʨʞʘʣʠ ʥʘ 5`-ʢʦʥʮʝ ʙʣʦʢ ɸɸɸ, ʦʙʨʘʟʫʷ ʜʫʧʣʝʢʩ ʩ 5`-ɸɸɸ-ʥʘʚʠʩʘʥʠʷʤʠ [229]. 

ɻʨʫʧʧʘ ʃʠʫ ʚʳʷʚʠʣʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʅʂ ʩ ʅʏɿ ʦʪ ʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ FAM-ʤʝʯʝʥʥʳʭ ʅʂ ʜʣʠʥʦʡ 15 ʥʪ. ʩ ʅʏɿ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 200:1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʉ- ʠ ɸ-ʙʦʛʘʪʳʝ ʅʂ ʘʜʩʦʨʙʠʨʦʚʘʣʠʩʴ ʥʘ ʅʏɿ ʚ ʙʦʣʴʰʝʤ 

ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ ʊ-ʙʦʛʘʪʳʝ: 60 ï 130 ʠ 30 ʤʦʣ./ʅʏɿ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʅʂ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʘʜʩʦʨʙʠʨʦʚʘʣʠʩʴ ʚ ʢʦʣʠʯʝʩʪʚʝ 93 ʤʦʣ./ʅʏɿ. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʣʠ ʵʪʠ ʨʘʟʣʠʯʠʷ ʪʝʤ, ʯʪʦ 

ʘʜʝʥʠʥ ʠ ʮʠʪʦʟʠʥ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʪʦʥʠʨʦʚʘʣʠʩʴ ʧʨʠ ʨʅ 3,0 ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʠʤʠʥʘ, ʯʝʤ 

ʫʤʝʥʴʰʘʣʠ ɻʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʦʪ ʅʏɿ. ʆʜʥʘʢʦ ʥʝ ʦʟʥʘʯʘʣʦ ʣʠ ʤʝʥʴʰʝʝ 

ʧʦʢʨʳʪʠʝ ʊ-ʙʦʛʘʪʳʤʠ ʅʂ, ʯʪʦ ʦʥʠ ʠʤʝʣʠ ʙ·ʣʴʰʝʝ ʩʨʦʜʩʪʚʦ ʢ ʅʏɿ ʠ ʘʜʩʦʨʙʠʨʦʚʘʣʠʩʴ 

ʙɧʣʴʰʠʤ ʯʠʩʣʦʤ ʦʩʥʦʚʘʥʠʡ, ʯʝʤ ɸ- ʠ ʉ-ʙʦʛʘʪʳʝ ʅʂ? ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʙʦʪʝ ʌʘʥ ʃʠ ʩ 

ʩʦʘʚʪʦʨʘʤʠ [226], ʘʚʪʦʨʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ɸ15 ʘʜʩʦʨʙʠʨʦʚʘʣʘʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ 

ʪʨʝʤʷ ʢʦʥʮʝʚʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ, ʥʝ ʷʚʣʷʣʘʩʴ ʣʠ ʘʜʩʦʨʙʮʠʷ polyT ʧʨʦʩʪʦ 

ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʯʝʤ ʘʜʩʦʨʙʮʠʷ ʅʂ ʜʨʫʛʦʛʦ ʩʦʩʪʘʚʘ, ʠʩʩʣʝʜʦʚʘʣʠ ʢʠʥʝʪʠʢʫ 

ʩʚʷʟʳʚʘʥʠʷ ʵʪʠʭ ʅʂ ʩ ʅʏɿ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʚʷʟʳʚʘʥʠʷ ʚʳʭʦʜʠʣ ʥʘ ʧʣʘʪʦ 

ʯʝʨʝʟ ʜʚʝ ʤʠʥʫʪʳ ʜʣʷ ʚʩʝʭ ʅʂ, ʚʢʣʶʯʘʷ polyT [230].  

ʉʪʘʙʠʣʴʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ ʠʟʫʯʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʢʠʥʝʪʠʢʠ ʜʝʩʦʨʙʮʠʠ ʅʂ ʧʨʠ 

ʨʅ 7,6: ʟʘ 1 ʯ ʣʠʰʴ 2 % ʊ15 ʜʝʩʦʨʙʠʨʦʚʘʣʦʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, ʜʝʩʦʨʙʮʠʷ ɸ15 ʠ ʉ15 

ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 1 %. ɼʦʙʘʚʣʝʥʠʝ NaCl ʫʩʠʣʠʚʘʣʦ ʜʝʩʦʨʙʮʠ ʁ12-ʟʚʝʥʥʳʭ ʅʂ, ʦʜʥʘʢʦ ʦʥʘ 
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ʥʝ ʜʦʩʪʠʛʘʣʘ ʠ 2 % ʟʘ 1 ʯ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ 50 ʤM HEPES ʟʘ ʯʝʪʳʨʝ ʜʥʷ ʜʝʩʦʨʙʠʨʦʚʘʣʦʩʴ 50 

% ɼʅʂ. ɸʩʩʦʮʠʘʪʳ ʧʨʦʷʚʠʣʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʪ 10 ʜʦ 95 Áʉ (ʨʅ 

7,6). 

ʄʝʪʦʜ ʥʠʟʢʦʛʦ ʨʅ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʃʠʫ ʩ ʩʦʘʚʪʦʨʘʤʠ [230], ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʩʚʷʟʳʚʘʥʠʷ ʅʂ, ʩʦʜʝʨʞʘʱʠʭ ʙʣʦʢ polyA ʜʣʠʥʦʡ 10, 20 ʠʣʠ 30 ʥʪ. ʠ ʩʤʝʰʘʥʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 15 ʥʪ. ʠ ʤʝʯʝʥʥʳʭ ʦʩʪʘʪʢʦʤ ʢʘʨʙʦʢʩʠʬʣʫʦʨʝʩʮʝʠʥʘ ʧʦ 5`-ʢʦʥʮʫ, ʩ 

ʅʏɿ ʜʠʘʤʝʪʨʦʤ 13 ʥʤ. ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʜʝʩʦʨʙʮʠʠ ʅʂ ʦʪ ʜʣʠʥʳ 

polyA-ʙʣʦʢʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʜʝʩʦʨʙʮʠʠ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʣʠʥʳ polyA-ʙʣʦʢʘ (ʠ ʜʣʠʥʳ ʅʂ ʚ ʮʝʣʦʤ), ʠ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷ NaCl ʥʝ ʦʢʘʟʳʚʘʣʘ ʦʩʦʙʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʝʧʝʥʴ 

ʜʝʩʦʨʙʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʥʝ ʜʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʚʷʟʘʚʰʠʭʩʷ 

ʤʦʣʝʢʫʣ ʅʂ ʥʘ ʯʘʩʪʠʮʫ, ʘ ʣʠʰʴ ʜʦʣ ̫ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʡ ʅʂ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʅʂ ʚ ʨʘʩʪʚʦʨʝ ʧʦʩʣʝ ʚʳʪʝʩʥʝʥʠʷ ɓ-ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʦʤ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ [231]. 

2.5.3.1.2. ʊʨʝʭʙʣʦʯʥʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ 

ʇʦʤʠʤʦ ʅʂ ʩ polyA-ʪʨʘʢʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʟʦʣʦʪʦʤ ʧʨʠʤʝʥʷʶʪʩ ̫

ʅʂ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʙʣʦʢʦʚ. ʆʩʪʘʥʦʚʠʤʩʷ ʧʦʜʨʦʙʥʝʝ ʥʘ 

ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʪʘʢʠʭ ʪʨʝʭʙʣʦʯʥʳʭ ʅʂ. 

ɻʨʫʧʧʘ ʃʠʫ ʠʩʩʣʝʜʦʚʘʣʘ ʩʚʷʟʳʚʘʥʠʝ ʅʂ ʩ ʅʏɿ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʨH [230]. ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ ʨʅ ʪʦʣʴʢʦ 20 ʤʦʣʝʢʫʣ ʅʂ ʜʣʠʥʦʡ 12 ʥʪ. ʩʚʷʟʳʚʘʣʠʩʴ ʩ ʢʘʞʜʦʡ ʅʏɿ 

ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʨʅ 3,0 ʧʨʦʮʝʩʩ ʟʘʥʠʤʘʣ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ, ʘ 

ʧʦʢʨʳʪʠʝ ʩʦʩʪʘʚʠʣʦ ʜʦ 130 ʤʦʣ./ʅʏɿ. ʉʚʷʟʳʚʘʥʠʝ ʅʏɿ ʩ ʅʂ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: 

(1) ʩʚʷʟʳʚʘʥʠʝ ʩ ʛʦʤʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʩʦʜʝʨʞʘʚʰʠʤʠ ʦʩʪʘʪʦʢ ʬʣʫʦʨʝʩʮʝʠʥʘ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʟʤʝʨʷʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʫʧʝʨʥʘʪʘʥʪʘ, (2) ʩʚʷʟʳʚʘʥʠʝ ʩ ʅʂ ʚʠʜʘ 

X(Y)13X, ʛʜʝ X ï A, G, C, T, Y ï ɸ, ʉ, ʊ ʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ, ʚʩʝʛʦ 12 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʨʠʩ. 16), ʜʝʪʝʢʮʠʶ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ SYBR 

Green I. ʉʚʷʟʳʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʅʂ:ʅʏɿ ʨʘʚʥʦʤ 400:1. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ ʜʣʷ ʨʅ 3,0 ʠ ʨʅ 7,0, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʨʘʚʥ r0,64 ʠ 1,6 ʤʢʄ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʅʂ ʥʘ ʅʏɿ ʧʨʠ ʨʅ 7,0 

ʙʳʣʘ ʚʳʛʦʜʥʝʝ, ʯʝʤ ʧʨʠ ʨʅ 3,0, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʨʘʩʯʝʪʘʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʚʷʟʘʚʰʠʭʩʷ 

ʤʦʣʝʢʫʣ ʅʂ ʥʘ ʯʘʩʪʠʮʫ ʧʨʠ ʨʘʟʥʳʭ ʨʅ. ɸʚʪʦʨʳ ʟʘʢʣʶʯʠʣʠ, ʯʪʦ ʤʦʜʝʣʴ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ 

ʃʵʥʛʤʶʨʘ ʥʝʧʨʠʤʝʥʠʤʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʷʟʳʚʘʥʠʷ ʅʂ ʩ ʅʏɿ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ.  
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ʈʠʩʫʥʦʢ 16. ʇʦʢʨʳʪʠʝ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ ʅʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [230]. 

ɸʚʪʦʨʳ ʩʨʘʚʥʠʣʠ ʟʘʧʦʣʥʝʥʠʝ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ ʅʂ ʧʨʠ ʨʅ 3,0 ʠ ʨʅ 7,0 ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʦʪ 1 ʜʦ 72 ʯ ʥʘ ʧʨʠʤʝʨʝ ʅʂ ʩ polyɸ-ʪʨʘʢʪʦʤ ʜʣʠʥʦʡ 9 ʥʪ. [232] ʠ 

ʧʦʣʫʯʠʣʠ ʠʥʪʝʨʝʩʥʳʡ ʨʝʟʫʣʴʪʘʪ: ʩʚʷʟʳʚʘʥʠʝ ʧʨʠ ʨʅ 3,0 ʟʘʥʠʤʘʣʦ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʠ 

ʜʦʩʪʠʛʘʣʦ 90 ʤʦʣ./ʅʏɿ, ʧʦʩʣʝ ʫʚʝʣʠʯʝʥʠʷ ʨʅ ʜʦ 7,0 ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʠ ʜʦ 72 

ʯ ʝʤʢʦʩʪʴ ʫʧʘʣʘ ʜʦ 50 ʤʦʣ/ʅʏɿ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʚʷʟʳʚʘʥʠʝ ʧʨʠ ʨʅ 7,0 ʩ ʧʦʩʪʝʧʝʥʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʜʦ 100 mM  ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ, ʥʦ ʯʝʨʝʟ 72 

ʯ ʜʦʩʪʠʛʘʣʦ ʪʦʛʦ ʞʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʠ ʜʣʷ ʨʅ 3,0 - 50 ʤʦʣ./ʅʏɿ (ʨʠʩ. 17). 

 

 ʈʠʩʫʥʦʢ 17. ʄʦʜʝʣʴ ʩʚʷʟʳʚʘʥʠʷ ʅʂ ʩ ʅʏɿ ʧʨʠ ʨʅ 7,0 ʠ ʨʅ 3,0. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [232]. 

ʃʠʫ ʩ ʩʦʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʘ ̫ʜʝʪʝʢʮʠʶɼ̫ʅʂ-ʤʠʰʝʥʠ: 

ɼʅʂ-ʤʠʰʝʥʴ ʩʚʷʟʳʚʘʣʘ ʜʚʝ ʅʏɿ, ʥʘ ʢʦʪʦʨʳʭ ʙʳʣʠ ʘʜʩʦʨʙʠʨʦʚʘʥʳ ʅʂ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ 

ʜʚʫʤ ʧʦʣʦʚʠʥʘʤ ʤʠʰʝʥʠ. ʇʦ ʨʘʟʥʠʮʝ ʚ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʧʦʣʥʦʩʪʴʶ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʜʫʧʣʝʢʩʘ ʠ ʜʫʧʣʝʢʩʘ ʩ ʪʦʯʝʯʥʦʡ ʤʫʪʘʮʠʝʡ ʤʦʞʥʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

ʤʫʪʘʮʠʶ ʚ ɼʅʂ-ʤʠʰʝʥʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʘʢʘʷ ʜʝʪʝʢʮʠʷ ʙʳʣʘ ʚʦʟʤʦʞʥʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʝʜʠʥʦʦʙʨʘʟʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʅʂ ʩ ʅʏɿ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠʥʘʯʝ ʛʠʙʨʠʜʠʟʘʮʠʷ 

ʩ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʙʫʜʝʪ ʟʘʪʨʫʜʥʝʥʘ ʠʣʠ ʥʝʚʦʟʤʦʞʥʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ 

ʙʳʣʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʯʝʪʳʨʝʭʙʣʦʯʥʘʷ ʅʂ (ʨʠʩ. 18), ʩʦʜʝʨʞʘʱʘ ̫ʥʘ 5`-ʢʦʥʮʝ polyA/C-
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ʪʨʘʢʪ ʜʣʷ ʘʜʩʦʨʙʮʠʠ, ʟʘʪʝʤ polyT-ʩʧʝʡʩʝʨ, 12-ʟʚʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʷ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʩ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʅʂ ʠ polyT/G-ʢʵʧ ʥʘ 3`-ʢʦʥʮʝ [232].  

 

 ʈʠʩʫʥʦʢ 18. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʩ ʅʂ: ɸ - ʪʠʦʣʴʥʦʡ ʅʂ), ɹ - ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʅʂ ʠ ɺ ï 

ʅʂ ʚ ʩʪʨʫʢʪʫʨʝ ʜʫʧʣʝʢʩʘ ʩ ʜʨʫʛʦʡ ʅʂ. ɻ - ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʅʂ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [232]. 

ʌʫʥʢʮʠʷ polyT/G-ʢʵʧʘ ʠ polyT-ʩʧʝʡʩʝʨʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʝʥʪʨʘʣʴʥʦʡ, ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʅʏɿ ʠ ʩʜʝʣʘʪʴ 

ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʶ polyA-ʪʨʘʢʪʘ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʤʦʜʝʣʴ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʜʣʷ ʊ ʥʘʠʤʝʥʴʰʘʷ, ʘ ʜʣʷ ɸ ʥʘʠʙʦʣʴʰʘʷ 

ʠʟ ʚʩʝʭ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʰʧʠʣʴʢʠ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ polyT-ʢʵʧʘ ʩ polyA-ʪʨʘʢʪʦʤ ʫʤʝʥʴʰʘʣʠ ʜʣʠʥʫ ʢʵʧʘ ʜʦ ʪʨʝʭ ʦʩʥʦʚʘʥʠʡ ʣʠʙʦ 

ʟʘʤʝʥʷʣʠ polyT-ʢʵʧ ʥʘ polyG-ʢʵʧ. PolyA-ʪʨʘʢʪ ʜʣʠʥʦʡ ʤʝʥʝʝ 7 ʦʩʥʦʚʘʥʠʡ ʥʝ ʚʣʠʷʣ ʥʘ 

ʟʘʧʦʣʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ ʅʂ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ polyA-ʪʨʘʢʪʘ ʦʪ 7 

ʜʦ 20 ʦʩʥʦʚʘʥʠʡ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʟʘʚʠʩʝʣʘ ʦʪ 

ʜʣʠʥʳ polyɸ-ʪʨʘʢʪʘ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ ʌʘʥ ʃʠ ʩ ʩʦʘʚʪʦʨʘʤʠ [226]. 

 ʊʨʝʭʙʣʦʯʥʳʝ ʅʂ ʩ polyA-ʪʨʘʢʪʦʤ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʅʏɿ, polyT-ʪʨʘʢʪʦʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʠ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʤ ʙʣʦʢʦʤ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʮʝʣʦʡ ʩʝʨʠʠ ʨʘʙʦʪ [233, 234, 235, 236]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʠʥʳ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʠ ʠʭ ʬʫʥʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʢʨʳʪʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ SERS ʠ XPS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ 

ʩʠʣʝ (1 M NaCl ʠʣʠ CaCl2) ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʧʨʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʦʢʘʟʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʜʣʠʥʳ ʙʣʦʢʦʚ: ɸ15, ʊ5 ʠ N15. 

ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʙʣʦʯʥʳʭ ʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʜʝʪʝʢʮʠʠ ʪʨʦʤʙʠʥʘ. ɼʚʝ ʅʂ ʠʤʝʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ TBAh20A20, ʛʜʝ ʊɺɸ ï ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʚʫʭ ʘʧʪʘʤʝʨʦʚ ʢ 

ʨʘʟʥʳʤ ʯʘʩʪʷʤ ʤʦʣʝʢʫʣʳ ʪʨʦʤʙʠʥʘ, h20 ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʛʠʙʨʠʜʠʟʘʮʠʠ ʵʪʠʭ ʅʂ 

ʤʝʞʜʫ ʩʦʙʦʡ, ɸ20 ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʥʘ ʅʏɿ. ɸʜʩʦʨʙʮʠʶ ʅʂ ʧʨʦʚʦʜʠʣʠ 

salt-aging ʤʝʪʦʜʦʤ (500 ʤʄ NaCl) ʠ ʦʧʨʝʜʝʣʷʣʠ ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʩ ʧʦʤʦʱʴʶ ʢʨʘʩʠʪʝʣʷ 

ʜʣʷ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ɼʅʂ OliGreen, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 30 ʤʦʣ./ʅʏɿ. ʂʦʥʩʪʘʥʪʘ 

ʜʠʩʩʦʮʠʘʮʠʠ ʪʘʢʦʛʦ ʜʫʧʣʝʢʩʘ ʩʦʩʪʘʚʠʣʘ ʧʨʠʤʝʨʥʦ 1,5Ā10-11 ʄ, ʯʪʦ ʦʢʘʟʘʣʦʩʴ ʤʝʥʴʰʝ 



48 

 

ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʘʧʪʘʤʝʨʦʚ: KD (TBA15) å 1Ā10
-7 ʄ, KD (TBA29) 

å 5Ā10-10 ʄ [237]. 

2.5.3.2. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʠ ʅʂ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

 ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʜʝʪʝʢʮʠʠ ʙʠʦʧʦʣʠʤʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʩʪʳʝ ʘʣʛʦʨʠʪʤ r ʧʦʣʫʯʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʢʨʠʪʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ ʨʅ ʠ ʜʣʠʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ. 

ɺ ʦʜʥʦʡ ʨʘʙʦʪʝ [238] ʦʧʠʩʘʥ ʤʝʪʦʜ ʚʳʷʚʣʝʥʠʷ ʤʫʪʘʮʠʡ ʚ ʧʣʘʟʤʠʜʝ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ 

ʥʘ ʧʦʣʥʦʡ ʠʣʠ ʯʘʩʪʠʯʥʦʡ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ ʝʝ ʩ ʢʦʨʦʪʢʦʡ ʅʂ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ 

ʩʪʝʧʝʥʴʶ ʜʝʛʨʘʜʘʮʠʠ ʧʣʘʟʤʠʜʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 95 Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ 

ʧʣʘʟʤʠʜʳ pUC19, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʥʥʦʡ ʩ ʅʏɿ, ʛʨʫʧʧʘ ʇʦʣʘʢʘ ʥʘʙʣʶʜʘʣʘ 

ʜʝʛʨʘʜʘʮʠʶ ʧʣʘʟʤʠʜʳ, ʜʝʛʨʘʜʘʮʠʷ ʧʣʘʟʤʠʜʳ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʙʝʟ ʅʏɿ. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʢʦʨʦʪʢʦʡ 22-ʟʚʝʥʥʦʡ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʅʂ ʢ ʧʣʘʟʤʠʜʝ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ 

ʯʘʩʪʠʯʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʣʘʟʤʠʜʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʘ ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʦʡ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ 

ʤʝʞʜʫ ʢʦʨʦʪʢʦʡ ʅʂ ʠ ʫʯʘʩʪʢʦʤ ʧʣʘʟʤʠʜʳ ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʩʪʘʥʦʚʠʣʘʩʴ ʜʨʫʛʦʡ (ʨʠʩ. 19). 

 

 ʈʠʩʫʥʦʢ 19. ʄʝʪʦʜ ʚʳʷʚʣʝʥʠʷ ʤʫʪʘʮʠʡ ʩ ʧʦʤʦʱʴʶ ʘʩʩʦʮʠʘʪʦʚ ʅʂ ʩ ʅʏɿ ʥʘ ʧʨʠʤʝʨʝ ʧʣʘʟʤʠʜʳ 

pUc19. ɸ ï ʘʥʘʣʠʟ ʜʝʛʨʘʜʘʮʠʠ ʧʣʘʟʤʠʜʳ pUc19 ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʅʂ ʚ ʩʦʩʪʘʚʝ ʅʏɿ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʝʚʘʥʠʷ; ɹ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʧʣʘʟʤʠʜʳ 

pUc19 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʥʦʩʪʴʶ ʠ ʯʘʩʪʠʯʥʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʅʂ; ɺ ï ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʢʠʥʝʪʠʢʠ 

ʜʝʛʨʘʜʘʮʠʠ ʧʣʘʟʤʠʜʳ pUc19 ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʅʂ ʚ 

ʩʦʩʪʘʚʝ ʅʏɿ ʦʪ ʥʘʛʨʝʚʘʥʠʷ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ 

[238]. 

ɻʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʜʣʦʞʝʥ çʤʥʦʛʦʤʝʨʥʳʡè ʩʧʦʩʦʙ ʜʝʪʝʢʮʠʠ 11 ʙʝʣʢʦʚ ʩ 

ʧʦʤʦʱʴʶ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ɸ15, ʊ15, ʉ15, ʤʝʯʝʥʥʳʭ ʬʣʫʦʨʝʩʮʝʠʥʦʤ. ʉʫʪʴ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʢʦʥʢʫʨʝʥʪʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʙʝʣʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʩʚʦʡʩʪʚ ʩ ʅʏɿ ʣʠʙʦ ʩ 

ʤʦʣʝʢʫʣʦʡ ʅʂ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʪʫʰʝʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ/ʠʣʠ ʩʣʠʧʘʥʠʝʤ ʅʏɿ. 
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ɻʝʤʦʛʣʦʙʠʥ, ʣʠʟʦʮʠʤ, ʧʘʧʘʠʥ, ʤʠʦʛʣʦʙʠʥ ʠ ʪʨʘʥʩʬʝʨʨʠʥ ʚʳʟʳʚʘʣʠ ʩʣʠʧʘʥʠʝ ʅʏɿ, ʘ BSA, 

HSA, ʷʠʯʥʳʡ ʙʝʣʳʡ ʘʣʴʙʫʤʠʥ, ʪʨʠʧʩʠʥ, ʧʝʧʩʠʥ ʠ ʧʝʨʦʢʩʠʜʘʟʘ ʭʨʝʥʘ ʦʙʣʘʜʘʣʠ ʙʦʣʴʰʠʤ 

ʩʨʦʜʩʪʚʦʤ ʢ ʅʏɿ ʠ ʟʘʱʠʱʘʣʠ ʠʭ ʦʪ ʘʛʨʝʛʘʮʠʠ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʌʠʢʩʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʦʪʥʦʰʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 620 

ʠ 520 ʥʤ, ʧʦʩʢʦʣʴʢʫ ʢʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʜʚʫʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʘ ʫʥʠʢʘʣʴʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʙʝʣʢʘ 

ʠ ʦʜʥʦʛʦ ʠʟ ʪʨʝʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʛʦʤʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ɸ, ʊ ʠ ʉ ʚ ʦʪʣʠʯʠʠ ʦʪ ʨʷʜʘ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[239]. 

ɺ ʨʘʙʦʪʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʝʪʝʢʮʠʝʡ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚ ɼʅʂ ʠʩʩʣʝʜʦʚʘʣʠ ʩʨʦʜʩʪʚʦ 20-

ʟʚʝʥʥʳʭ ʛʦʤʦ-ʅʂ ʢ ʅʏɿ (13 ʥʤ) ʧʦ ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʮʠʠ ʅʏɿ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ (4 ʤM ʊʨʠʩ-

ʘʮʝʪʘʪ, 10 ʤM NaClO4) ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ ʵʪʠʤʠ ʅʂ. ɺʳʷʩʥʠʣʠ, ʯʪʦ ɸ- ʠ ʊ-ʙʦʛʘʪʳʝ ʅʂ 

ʣʫʯʰʝ ʟʘʱʠʱʘʣʠ ʅʏɿ ʦʪ ʩʦʣʝʚʦʡ ʘʛʨʝʛʘʮʠʠ, ʯʝʤ ʉ- ʠ G-ʙʦʛʘʪʳʝ ʅʂ [212], ʯʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ɸ ʠ ʊ ʢ ʅʏɿ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ G. 

2.5.4. ʅʝʢʦʚʘʣʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʂ, ʥʝʩʫʱʠʭ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ, ʩ ʅʏɿ 

 ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʅʂ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʳ ʦʯʝʥʴ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩ ̫ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʢʨʳʪʠ ̫

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ ʅʂ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʚ ʯʝʪʢʦ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʩʣʝʜʫʶʱʫʶ ʵʬʬʝʢʪʠʚʥʫʶ ʛʠʙʨʠʜʠʟʘʮʠʶ ʅʂ ʩ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʅʂ, 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʯʥʦʡ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʅʂ ʠ ʟʦʣʦʪʦʤ. ʆʜʥʘʢʦ ʭʠʤʠʯʝʩʢʠ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʅʂ ʤʦʛʫʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ 

ʥʝʢʦʚʘʣʝʥʪʥʦ, ʢʘʢ ʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʅʂ, ʠ ʵʪʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɻʨʫʧʧʦʡ ʄʠʨʢʠʥʘ ʩ ʢʦʣʣʝʛʘʤʠ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳ ʅʂ, ʩʦʜʝʨʞʘʱʠʝ ɸ20- ʠʣʠ 

ʊ20-ʩʧʝʡʩʝʨ ʤʝʞʜʫ ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ 12-ʟʚʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʤʝʯʝʥʥʦʡ 

ʬʣʫʦʨʝʩʮʝʠʥʦʤ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʅʏɿ ʤʝʨʢʘʧʪʦʵʪʘʥʦʣʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʪʝʩʥʝʥʠʝ ʪʠʦʣʴʥʳʭ 

ʛʨʫʧʧ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦ ʠʟʤʝʥʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ 

ʧʦʢʨʳʪʠʷ ʅʂ ʅʏɿ. ʇʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʠʣʘ 35 Ñ 1 ʠ 24 Ñ 1 ʧʤʦʣʴ/ʩʤ2 ʜʣʷ ʅʂ ʩ ʊ20 ʠ 

ɸ20-ʩʧʝʡʩʝʨʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʩʨʦʜʩʪʚʦ ʦʩʪʘʪʢʦʚ ʘʜʝʥʠʥʘ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʚʳʰʝ, ʯʝʤ ʦʩʪʘʪʢʦʚ ʪʠʤʠʥʘ [240]. ʄʝʥʴʰʝʝ ʩʨʦʜʩʪʚʦ ʪʠʤʠʥʘ ʧʨʠʚʝʣʦ 

ʢ ʤʝʥʴʰʝʤʫ ʯʠʩʣʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʪʠʤʠʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʅʏɿ ʤʦʣʝʢʫʣ. 

ɻʨʫʧʧʘ ʄʠʨʢʠʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘ ʅʏɿ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʠʦʣʴʥʳʤʠ ʛʦʤʦ-ʅʂ 

ʜʣʠʥʦʡ 15-20 ʥʪ., ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠ 

ʘʛʨʝʛʘʮʠʝʡ ʅʏɿ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʢʨʠʪʠʯʝʩʢʦʝ ʜʣʷ ʩʣʠʧʘʥʠʷ ʅʏɿ 

ʟʥʘʯʝʥʠʝ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ MgCl2. ʇʦʣʫʯʝʥʥʳʝ 
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ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʪʦʤ, ʯʪʦ ʦʣʠʛʦʊ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠ ʯʘʩʪʠʮʳ ʦʪ ʩʣʠʧʘʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʝ, ʯʝʤ ʦʣʠʛʦA ʠ ʦʣʠʛʦC. ʕʪʦ ʷʚʣʝʥʠʝ ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʣʠ ʪʝʤ, ʯʪʦ ʢ ʅʏɿ 

ʧʨʠʩʦʝʜʠʥʷʣʦʩʴ ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʦʣʠʛʦT, ʯʝʤ ʦʣʠʛʦɸ ʠ ʦʣʠʛʦC ʠʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʩʨʦʜʩʪʚʘ ʊ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʯʝʤ ʫ ɸ ʠ ʉ [209].  

ɺ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʷʟʳʚʘʥʠ ̫ ʪʠʦʣʴʥʳʭ ʅʂ ʩ ʅʏɿ ʨʘʟʥʳʭ 

ʨʘʟʤʝʨʦʚ (ʦʪ 15 ʜʦ 250 ʥʤ), ʛʨʫʧʧʘ ʄʠʨʢʠʥʘ ʠʩʩʣʝʜʦʚʘʣʘ ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʅʏɿ  

ʤʦʣʝʢʫʣʘʤʠ ʅʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʧʝʡʩʝʨʘ ʤʝʞʜʫ ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ 

ʨʘʩʧʦʟʥʘʚʘʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ [241]. ɹʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʪʨʠ ʚʘʨʠʘʥʪʘ ʩʧʝʡʩʝʨʘ: 

ɸ10, ʊ10 ʠ PEG (3[(CH2CH2O)6-ʘʤʠʜʦʬʦʩʬʠʪ]). ʉʚʷʟʳʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ 

ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʜʦ 1 ʄ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʤʢʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ PEG-

ʩʧʝʡʩʝʨʘ (250 ʤʦʣ./ʅʏɿ), ʘ ʜʣʷ ɸ10 ʠ ʊ10 ʩʦʩʪʘʚʣʷʝʪ 70 ʠ 80 ʤʦʣ./ʅʏɿ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ 

ʨʘʟʣʠʯʠʷ ʦʙʲʷʩʥʷʣʠ ʪʝʤ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʩʘʭʘʨʦ-ʬʦʩʬʘʪʥʳʝ ʦʩʪʦʚʳ ʅʂ-ʩʧʝʡʩʝʨʦʚ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʦʪʪʘʣʢʠʚʘʚʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚʦ-ʚʪʦʨʳʭ, ʘʜʝʥʠʥ ʠ ʪʠʤʠʥ ʧʨʦʷʚʣʷʣʠ 

ʩʨʦʜʩʪʚʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʚ ʠʪʦʛʝ ʠ ɸ10, ʠ ʊ10 ʥʝʢʦʚʘʣʝʥʪʥʦ ʘʜʩʦʨʙʠʨʦʚʘʣʠʩʴ ʥʘ 

ʯʘʩʪʠʮʘʭ, ʧʨʝʧʷʪʩʪʚʫʷ ʜʘʣʴʥʝʡʰʝʤʫ ʩʚʷʟʳʚʘʥʠʶ ʅʂ ʩ ʅʏɿ [208]. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ɸʉʄ-

ʟʦʥʜ, ʧʦʢʨʳʪʳʡ ʩʣʦʝʤ ʟʦʣʦʪʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʥʘʙʦʨʦʚ ʅʂ: SH-(CH2)6-

5ǋ-X20-3ǋ, ʛʜʝ X - T, C, G ʠʣʠ A ʠ SH-(CH2)6-5ǋ-T24X2-3ǋ, ʛʜʝ X - A, C ʠʣʠ G. ɼʣʠʥʘ ʅʂ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʪʘʢ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʝʢʦʚʘʣʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʘʤʦʛʦ ʟʦʥʜʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ. ɼʣʷ ʩʧʝʡʩʝʨʘ ʚʳʙʨʘʣʠ ʦʣʠʛʦT-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, 

ʯʪʦ ʤʦʣʝʢʫʣʳ ʪʠʤʠʥʘ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʠ ʪʘʢʦʡ ʩʧʝʡʩʝʨ ʦʩʪʘʚʘʣʩʷ 

ʣʠʥʝʡʥʳʤ. ʀʟ ʜʘʥʥʳʭ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʟʦʣʦʪʦʤ X20-ʅʂ ʘʚʪʦʨʳ ʟʘʢʣʶʯʠʣʠ, ʯʪʦ ʪʠʤʠʥ 

ʩʣʘʙʝʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʥʝʢʦʚʘʣʝʥʪʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʟʦʣʦʪʦʤ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʘʜʝʥʠʥʘ, ʤʦʛʣʠ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʘʜʝʥʠʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʤʝʭʘʥʠʟʤʘʤ ʠʣʠ ʯʪʦ ʥʝʩʢʦʣʴʢʦ 

ʘʜʝʥʠʥʦʚʳʭ ʟʚʝʥʴʝʚ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ [242]. 

ʀʩʩʣʝʜʫʷ ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥʥʫ  ʁʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʅʂ ʊ25 ʤʝʪʦʜʘʤʠ XPS- 

ʠ FTIR-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʂʠʤʫʨʘ-ʉʫʜʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʣʫʯʠʣʠ ʧʦʢʨʳʪʠʝ 1 - 6Ā1013 ʤʦʣ./ʩʤ2, 

ʧʨʠʯʝʤ ʜʣʷ ʧʦʢʨʳʪʠʷ 1Ā1013 ʤʦʣ./ʩʤ2 ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ 8 ʠʟ 25 ʘʟʦʪʠʩʪʳʭ 

ʦʩʥʦʚʘʥʠʡ ʢʘʞʜʦʛʦ ʅʂ ʙʳʣʠ ʥʝʢʦʚʘʣʝʥʪʥʦ ʩʦʨʙʠʨʦʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ [243]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ BSA, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʣ 

ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʅʏɿ ʟʘ ʩʯʝʪ ʪʠʦʣʴʥʳʭ ʛʨʫʧʧ ʦʩʪʘʪʢʦʚ ʮʠʩʪʝʠʥʘ, ʜʦʩʪʠʛʘʣʦ 3,3 1012 

ʤʦʣ/ʩʤ2 [176]. 

ʇʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʦʢʛʦ ʨʘʜʠʫʩʘ ʅʏɿ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʮ-ʅʂ ʜʣʠʥʦʡ 46 

ʥʪ., ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʘʚʰʠʝʩʷ ʪʠʦʣʴʥʳʝ ʅʂ 
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ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ, ʦʙʚʠʚʘʷʩʴ ʚʦʢʨʫʛ ʅʏɿ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʠʦʥʥʦʡ ʩʠʣr ʨʘʩʪʚʦʨʘ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʅʂ ʩ ʅʏɿ 

ʥʘʙʣʶʜʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʚʰʝʝ ʦ ʙʦʣʝʝ 

ʫʜʘʣʝʥʥʦʤ ʦʪ ʅʏɿ ʨʘʩʧʦʣʦʞʝʥʠʠ ʅʂ (ʨʠʩ. 20). ʊʝ ʞʝ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʜʮ-ʅʂ ʜʣʠʥʦʡ 146 ʧ.ʥʪ. 

ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʮ-ʅʂ ʪʘʢʞʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠ ʅʏɿ, ʦʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʩʣʠʧʘʥʠʶ ʅʏɿ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʦʚʦʜʷʪ ʣʠʰʴ ʠʟʤʝʨʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʠ ʥʝ ʠʟʤʝʨʷʶʪ ʧʦʢʨʳʪʠʝ 

ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ [244]. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʦʣʴʥʳʭ ʅʂ ʊ5 ʠ ʊ25 ʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʅʂ ʊ5 

ʩ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʟʦʣʦʪʦʤ ʤʝʪʦʜʘʤʠ XPS,- NEXAFS- (ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʙʣʠʟʢʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ) ʠ FTIR-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʠʤʫʨʘ-ʉʫʜʘ ʩ 

ʩʦʘʚʪʦʨʘʤʠ ʧʦʣʫʯʠʣʠ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʚʰʠʝ ʦ ʪʦʤ, ʯʪʦ ʊ5 ʘʜʩʦʨʙʠʨʦʚʘʣʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʝʛʦ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʧʨʦʩʪʝʨʪʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ [245] (ʘʥʘʣʦʛʠʯʥʦ ʩʭʝʤʝ, ʨʠʩ. 20 ɸ). 

 

 

 ʈʠʩʫʥʦʢ 20. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʪʠʦʣʴʥʳʤʠ ʅʂ. ɸ ï ʧʣʦʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʅʂ, ɹ- ʚʳʪʷʥʫʪʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʅʂ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [244]. 

ɹʨʘʫʥ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʅʏɿ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʥʝʡ ʯʝʨʝʟ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ [43]. ʅʂ ʜʣʠʥʦʡ 15 

ʥʪ. ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʪʘʢ, ʯʪʦ ʥʘ 5`-ʢʦʥʮʝ, ʚ ʩʝʨʝʜʠʥʝ ʠʣʠ ʥʘ 3`-ʢʦʥʮʝ ʩʦʜʝʨʞʘʣʩʷ ʙʣʦʢ 

ʚʠʜʘ NNTNN, ʛʜʝ N ï ʵʪʦ C, G, A, ʘ ʦʩʪʘʣʴʥʳʝ 10 ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʚ ʩʦʩʪʘʚʝ ï ʪɻʦ ʊ 

(ʨʠʩ. 21). ɼʣʷ ʠʟʫʯʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ 

ʅʏɿ ʅʂ ʢʦʚʘʣʝʥʪʥʳʝ ʘʩʩʦʮʠʘʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠ 1 ʤʢʄ ʄʉʅ (ʤʝʨʢʘʧʪʦʛʝʢʩʘʥʦʣ) ʚ ʪʝʯʝʥʠʝ 

2 ʤʠʥ, ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʬʣʫʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʥʳʤʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʅʂ ʠ 

ʦʧʨʝʜʝʣʷʣʠ ʩʪʝʧʝʥʴ ʛʠʙʨʠʜʠʟʘʮʠʠ ʧʦ ʠʟʤʝʨʝʥʠʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʩʣʝ ʞʝʩʪʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʄʉʅ (ʩ(ʄʉʅ) = 1 ʤM, 16 ʯ). ʄʷʛʢʘʷ ʦʙʨʘʙʦʪʢʘ ʄʉʅ ʩʥʠʤʘʣʘ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʂ ʩ ʅʏɿ, ʥʦ ʥʝ ʨʘʟʨʫʰʘʣʘ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʞʝʩʪʢʦʡ 

ʦʙʨʘʙʦʪʢʠ [246]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʠʚʘʷ ʜʘʥʥʳʝ ʧʦ ʛʠʙʨʠʜʠʟʘʮʠʠ ʢʦʚʘʣʝʥʪʥʳʭ 

ʘʩʩʦʮʠʘʪʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʉʅ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʩ ʜʘʥʥʳʤʠ ʧʦ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʙʝʟ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʘʚʪʦʨʳ ʜʝʣʘʣʠ ʚʳʚʦʜ ʦ 



52 

 

ʥʘʣʠʯʠʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʨʳʪʠʷ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ ʅʂ [ʤʦʣʝʢʫʣ/ʩʤ2] ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʦʡ ʅʂ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ ʫʨʘʚʥʝʥʠʝʤ ʘʜʩʦʨʙʮʠʠ ʃʵʥʛʤʶʨʘ ʠ, ʘʥʘʣʠʟʠʨʫʷ ʝʛʦ ʧʘʨʘʤʝʪʨʳ, ʩʜʝʣʘʣʠ 

ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ ʦ ʩʨʦʜʩʪʚʝ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʚ ʩʦʩʪʘʚʝ ʅʂ ʢ ʟʦʣʦʪʫ: A > C > G > T.  

 

 ʈʠʩʫʥʦʢ 21. ʅʝʢʦʚʘʣʝʥʪʥʘʷ ʘʜʩʦʨʙʮʠʷ ʪʠʦʣʴʥʳʭ ʅʂ ʥʘ ʅʏɿ. ɸ ï ʉʚʷʟʳʚʘʶʱʠʡ ʙʣʦʢ ʨʘʩʧʦʣʦʞʝʥ ʥʘ 

5 -̀ʢʦʥʮʝ ʤʦʣʝʢʫʣʳ, ɹ ï ʚ ʩʝʨʝʜʠʥʝ ʤʦʣʝʢʫʣʳ, ɺ ï ʥʘ 3`-ʢʦʥʮʝ ʤʦʣʝʢʫʣʳ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [43]. 

ʇʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʪʠʤʠʥ ʠʟʥʘʯʘʣʴʥʦ ʩʯʠʪʘʣʩʷ ʘʚʪʦʨʘʤʠ 

ʦʙʣʘʜʘʶʱʠʤ ʥʘʠʤʝʥʴʰʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʠ ʧʦʪʦʤʫ ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʅʂ. ɽʩʣʠ ʞʝ ʩʯʠʪʘʪʴ ʩʨʦʜʩʪʚʦ ʚʩʝʭ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ 

ʥʝʠʟʚʝʩʪʥʳʤ, ʪʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʙʦʨ ʅʂ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ 

ʜʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʥʳʭ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʅʏɿ, ʪ.ʢ. ʵʪʠ ʅʂ 

ʩʦʩʪʦʷʣʠ ʠʟ 11 T ʠ ʣʠʰʴ ʯʝʪʳʨʝʭ ɸ, ʉ ʠʣʠ G. ʉʚʦʠ ʚʳʚʦʜʳ ʦ ʥʠʟʢʦʤ ʩʨʦʜʩʪʚʝ ʪʠʤʠʥʘ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʛʨʫʧʧʘ ɹʨʘʫʥ ʩʜʝʣʘʣʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʚ 

ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʨʘʙʦʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʚʷʟʳʚʘʥʠʶ ʩ ʅʏɿ ʦʮʝʥʠʚʘʣʠ ʧʦ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʅʂɿ (10 ʥʤ), ʧʦʢʨʳʪʳʭ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʩʫʣʴʬʦʥʘʪʦʤ ʠ ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ 

ʪʠʦʣʴʥʳʤʠ ʅʂ [247], ʘ ʚ ʜʨʫʛʦʡ ʠʟʫʯʘʣʠ ʩʚʷʟʳʚʘʥʠʝ ʅʏɿ ʩ ʥʫʢʣʝʦʟʠʜʘʤʠ, ʪ.ʝ., 

ʥʝʟʘʨʷʞʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ ʧʦ ʩʣʠʧʘʥʠʶ ʅʏɿ ʠ ʩʚʷʟʘʥʥʦʤʫ ʩ ʵʪʠʤ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ 

ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʊ ʩʚʷʟʳʚʘʣʩʷ ʭʫʞʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ [209]. 

2.5.5. ʄʝʭʘʥʠʟʤ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʂ ʩ ʅʏɿ 

2.5.5.1.ʊʝʦʨʠʷ ɼʃʌʆ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʏɿ ʩ ʟʘʨʷʞʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʅʂ, ʤʦʞʥʦ 

ʦʧʠʩʳʚʘʪʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ɼʃʌʆ (ʪʝʦʨʠʷ ɼʝʨʷʛʠʥʘ, ʃʘʥʜʘʫ, ʌʝʨʚʝʷ, ʆʚʝʨʙʝʢʘ) [248, 249, 

250, 251]. ʕʪʦ ʪʝʦʨʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʢ ʘʛʨʝʛʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʵʥʝʨʛʠʠ ʧʨʠʪʷʞʝʥʠʷ ʠ ʵʥʝʨʛʠʠ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ (ʨʠʩ. 22). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʤʠ ʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʩʠʣʘʤʠ. ɺʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʯʠʥʷʶʪʩʷ ʫʨʘʚʥʝʥʠʶ 

(4): 

ɤ(r)=īA/ˊ2ɟ1ɟ2r
6,         (4) 

ʛʜʝ ɟ1 ʠ ɟ2 - ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ (ʯʘʩʪʠʮ), ʘ ɸ ï ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʢʦʥʩʪʘʥʪʘ ɻʘʤʘʢʝʨʘ. ʇʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʩʪʘʥʪʘ ɻʘʤʘʢʝʨʘ ʚʩʝʛʜʘ 

ʧʦʣʦʞʠʪʝʣʴʥʘ, ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ ʩʠʣʳ ʤʝʞʜʫ ʧʦʜʦʙʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʚʳʟʳʚʘʶʪ 
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ʧʨʠʪʷʞʝʥʠʝ. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʠʣʳ ʧʨʠʚʦʜʷʪ ʢ ʦʪʪʘʣʢʠʚʘʥʠʶ ʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ 

ʨʘʩʢʣʠʥʠʚʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʧʝʨʝʢʨʳʚʘʥʠʠ ʜʚʦʡʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʣʦʝʚ (ɼʕʉ) 

ʩʙʣʠʞʘʶʱʠʭʩʷ ʯʘʩʪʠʮ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʩʦʣʴʚʘʪʥʳʭ ʦʙʦʣʦʯʝʢ (ʠʦʥʦʚ) ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʚʳʰʝ ʨʘʚʥʦʚʝʩʥʦʡ, ʠ ʚʦʟʥʠʢʘʝʪ ʧʦʪʦʢ ʠʦʥʦʚ, ʩʦʟʜʘʶʱʠʡ 

ʨʘʩʢʣʠʥʠʚʘʶʱʝʝ ʜʘʚʣʝʥʠʝ. ʂʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʵʪʠʭ ʩʠʣ ʩʦʟʜʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. 

ɺʳʩʦʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʦʧʨʝʜʝʣʷʝʪ, ʙʫʜʝʪ ʣʠ ʢʦʣʣʦʠʜ ʩʪʘʙʠʣʝʥ (ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ) ʠʣʠ ʞʝ ʧʨʦʠʟʦʡʜʝʪ ʩʣʠʧʘʥʠʝ (ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ). ʊʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʢʦʥʩʪʘʥʪʘ ɻʘʤʘʢʝʨʘ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ, ʚʣʠʷʶʪ ʥʘ ʚʳʩʦʪʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʣʣʦʠʜʘ. ʏʝʤ ʚʳʰʝ ʧʦʪʝʥʮʠʘʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʩʪʠʮ, ʪʝʤ ʙʦʣʴʰʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. ʏʝʤ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʥʝʨʪʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʪʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ (ʪ.ʝ., ʙʦʣʴʰʝ ʜʣʠʥʘ ɼʝʙʘʷ-ʍʶʢʢʝʣʷ), 

ʥʘ ʢʦʪʦʨʦʤ ʦʪʪʘʣʢʠʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ. ʆʙʘ ʵʪʠ ʬʘʢʪʦʨʘ ʫʚʝʣʠʯʠʚʘʶʪ ʚʳʩʦʪʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ. ʀ ʥʘʦʙʦʨʦʪ, ʯʝʤ ʙʦʣʴʰʝ ʢʦʥʩʪʘʥʪʘ ɻʘʤʘʢʝʨʘ ʠʣʠ ʚʳʰʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ, ʪʝʤ ʩʠʣʴʥʝʝ ʧʨʠʪʷʞʝʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʥʠʞʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ [252, 253]. 

 

ʈʠʩʫʥʦʢ 22. ʉʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʠ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʢʦʣʣʦʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 
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ʊʝʦʨʠʷ ɼʃʌʆ ʥʝ ʤʦʞʝʪ ʦʧʠʩʘʪʴ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʯʘʩʪʠʮʳ ʩʙʣʠʞʘʶʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ 

1 ʥʤ, ʪ.ʢ. ʦʥʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʜʨʫʛʠʝ ʪʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʛʠʜʨʦʬʦʙʥʳʝ, ʩʪʝʨʠʯʝʩʢʠʝ. 

ʩʦʣʴʚʘʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

2.5.5.2.ɺʣʠʷʥʠʝ ʩʦʣʠ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ɻʨʫʧʧʘ ʃʠʫ ʠʩʩʣʝʜʦʚʘʣʘ ʘʜʩʦʨʙʮʠʶ ʅʂ ʜʣʠʥʦʡ 12, 24 ʠ 44 ʥʪ. ʥʘ ʅʏɿ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʧʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ, ʨʅ ʨʘʩʪʚʦʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʘʥʦʣʘ [254]. ʇʦʩʢʦʣʴʢʫ ɼʅʂ ʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʮʠʪʨʘʪʦʤ ʥʘʪʨʠʷ ʅʏɿ ʟʘʨʷʞʝʥʳ ʦʪʨʠʮʘʪʝʣʴʥʦ, ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ 

ʘʜʩʦʨʙʮʠʶ ʅʂ ʚʣʠʷʝʪ ʩʠʣʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠ,̫ ʢʦʪʦʨʘ ̫ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 

ʩʦʣʠ ʚ ʨʘʩʪʚʦʨʝ. ɺ ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʚ ʝhʤ 1 ʥM ʅʂ, ʤʝʯʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʠʥʦʤ, ʠ 1 ʥM ʅʏɿ, 

ʘʜʩʦʨʙʮʠʷ ʅʂ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʦʣʠ ʧʨʦʪʝʢʘʣʘ ʤʝʜʣʝʥʥʦ, ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʅʂ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʨʠ c(NaCl) = 30 ʤM, ʘ ʧʨʠ ʩ(NaCl) = 60 ʤM ʦʥʘ ʟʘʥʠʤʘʝʪ 1 ʤʠʥ. ɼʦʙʘʚʣʝʥʠʝ 

ʩʦʣʠ ʫʩʢʦʨʷʣʦ ʘʜʩʦʨʙʮʠʶ ʅʂ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʣʠʥʳ ʅʂ ʠ ʫʚʝʣʠʯʠʚʘʣʦ ʠʪʦʛʦʚʫʶ ʝʤʢʦʩʪʴ 

ʅʏɿ (15 ʤʦʣ./ʅʏɿ ʜʣʷ ʅʂ ʜʣʠʥʦʡ 12 ʥʪ.) (ʨʠʩ. 23 ɸ). ʇʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ ʜʣʠʥʳ ɼʝʙʘʷ, 

ʫʤʝʥʴʰʠʚʰʝʡʩʷ ʩ 4,7 ʜʦ 1 ʥʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʩ 0 ʜʦ 90 ʤʄ (ʨʠʩ. 23 ɹ), 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʅʏɿ ʥʘʯʠʥʘʶʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1-2 ʥʤ. 

 

 ʈʠʩʫʥʦʢ 23. ɸʜʩʦʨʙʮʠʷ ɼʅʂ ʜʣʠʥʦʡ 12, 24 ʠ 44 ʥʪ. ʥʘ ʅʏɿ. ɸ - ʧʦʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ 

ʤʦʣʝʢʫʣʘʤʠ ɼʅʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl, ɹ ï ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʩʢʣʶʯʝʥʥʳʤ 

ʨʘʜʠʫʩʦʤ ɼʅʂ ʠ ʠ ʜʣʠʥʦʡ ɼʝʙʘʷ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [254]. 

ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʪʝʧʝʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʢ ʩʤʝʩʠ ʅʂ ʠ ʅʏɿ NaCl ʧʦʨʮʠʷʤʠ ʧʦ 

30, 60 ʠ 60 ʤM ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 1 ʯ ʥʝ ʠʟʤʝʥʣ̫ʦ ʮʚʝʪ ʅʏɿ, ʘ ʝʜʠʥʦʚʨʝʤʝʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ 150 

ʤM NaCl ʧʨʠʚʦʜʠʣʦ ʢ ʩʣʠʧʘʥʠʶ ʅʏɿ; ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʚʰʝʝ ʦʙ 

ʘʜʩʦʨʙʮʠʠ ʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, ʥʘʙʣʶʜʘʣʦʩʴ ʣʠʰʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaCl. ɸʚʪʦʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʘʥʦʣ ʢʘʢ ʤʝʥʝʝ ʧʦʣʷʨʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʯʝʤ ʚʦʜʘ; ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʦʙʨʘʟʮʘʭ ʜʦ 80 %, ʦʥʠ ʧʦʣʫʯʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʢʨʳʪʠʝ ʅʂ ʜʣʠʥʦʡ 12 ʥʪ. ʧʨʠ 27-ʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ʅʂ ʥʘʜ ʅʏɿ (22 ʤʦʣ./ʅʏɿ). 
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2.5.5.3.ʈʦʣʴ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʅʝʣʴʩʦʥ ʠ ʈʦʪʙʝʨʛ ʧʦʜʚʝʨʛʣʠ ʩʦʤʥʝʥʠʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʝʦʨʠʠ ɼʃʌʆ ʢ ʘʜʩʦʨʙʮʠʠ 

ʅʂ ʥʘ ʅʏɿ, ʪ.ʢ. ʦʥʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʘʜʩʦʨʙʮʠʶ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʪʠʧʘ ʩʦʣʠ, ʨʘʟʣʠʯʠʡ ʚ ʩʚʷʟʳʚʘʥʠʠ ʦʜʥʦ- ʠ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ʅʂ. ʆʥʠ ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ 

ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʩʚʷʟʳʚʘʥʠʠ ʅʂ ʠ ʅʏɿ ʠʛʨʘʶʪ ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʂ-ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʟʦʣʦʪʦ-ʨʘʩʪʚʦʨʠʪʝʣʴ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ 

ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ Cy5, ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʢʠʥʝʪʠʢʫ ʘʜʩʦʨʙʮʠʠ ʩʦʛʣʘʩʥʦ 

ʫʨʘʚʥʝʥʠʶ ɸʨʨʝʥʠʫʩʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ɼʞʦʥʩʘ-ɼʦʣʘ ʜʣʷ ʨʘʟʥʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ. ɸʜʝʥʠʥ ʩʦʣʴʚʘʪʠʨʦʚʘʣʩ̫  ʯʝʪʳʨʴʤʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ: ʧʦ ʦʜʥʦʡ ʥʘ ʘʪʦʤʳ N3 

ʠ N7 ʠ ʘʤʠʥʦʛʨʫʧʧʫ, ʯʝʪʚʝʨʪʘʷ ʜʝʣʠʣʘʩʴ ʤʝʞʜʫ ʘʤʠʥʦʛʨʫʧʧʦʡ ʠ ʘʪʦʤʦʤ N1. ʎʠʪʦʟʠʥ ʪʘʢʞʝ 

ʩʚʷʟʳʚʘʣ ʯʝʪʳʨʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ: ʧʦ ʦʜʥʦʡ ʥʘ ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʪʦʤ ʆ ʠ ʘʤʠʥʦʛʨʫʧʧʫ, ʝʱʝ 

ʜʚʝ ʜʝʣʠʣʠʩɹ ʤʝʞʜʫ ʘʪʦʤʦʤ N3 ʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʊʠʤʠʥ ʩʚʷʟʳʚʘʣ ʪʨʠ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ: ʧʦ ʜʚʝ ʥʘ ʢʘʞʜʳʡ ʠʟ ʢʘʨʙʦʥʠʣʴʥʳʭ ʘʪʦʤʦʚ ʆ, ʘ ʪʨʝʪʴʷ ʜʝʣʠʣʘʩʴ ʤʝʞʜʫ ʘʪʦʤʦʤ ʉ4 ʠ 

ʘʪʦʤʦʤ N3. ʊʘʢʞʝ ʜʦ ʯʝʪʳʨʝʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʬʦʩʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʥʫʢʣʝʦʪʠʜʘ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʦʮ-ɼʅʂ ʧʨʝʪʝʨʧʝʚʘʣʘ 

ʥʝʙʦʣʴʰʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʫʚʝʣʠʯʠʚʰʠʝ ʝʝ ʩʧʠʨʘʣʴʥʫʶ ʩʢʨʫʯʝʥʥʦʩʪʴ, 

ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʳ ʚ ʩʣʫʯʘʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ. ʀʩʭʦʜʷ ʠʟ ʯʠʩʣʘ 

ʩʚʷʟʘʥʥʳʭ ʩ ʘʟʦʪʠʩʪʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʤʦʣʝʢʫʣ ʚʦʜ,r ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʘʜʝʥʠʥ ʩ ʤʝʥʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʪʝʨʷʣ ʚʦʜʫ, ʯʝʤ ʪʠʤʠʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ɸ-ʙʦʛʘʪʳʡ ʫʯʘʩʪʦʢ ɼʅʂ ʩ ʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʩʪʘʚʘʣʩ ̫ ʚ ʥʝʩʢʨʫʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʝʤ ʊ-ʙʦʛʘʪʳʡ, ʠ ʦʭʦʪʥʝʝ 

ʘʜʩʦʨʙʠʨʦʚʘʣʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ [255]. 

ʇʨʠ ʘʥʘʣʠʟʝ ʟʥʘʯʝʥʠʡ logP (ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ ʬʘʟʘʤʠ) ʜʣʷ 

ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʛʨʫʧʧʘ ʃʠʫ ʩʜʝʣʘʣʘ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ 

ʛʠʜʨʦʬʠʣʴʥʳ, ʧʨʠʯʝʤ ʮʠʪʦʟʠʥ ʙʦʣʝʝ, ʘ ʘʜʝʥʠʥ ʤʝʥʝʝ ʛʠʜʨʦʬʠʣʝʥ (ʜʘʥʥʳʝ ʦ ʟʥʘʯʝʥʠʷʭ logP 

ʚʟʷʪʳ ʠʟ ʦʥʣʘʡʥ ʙʘʟʳ ʜʘʥʥʳʭ LOGKOW, ʪʘʙʣʠʮʘ 9). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʨʦʣʴ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʥʝʢʦʚʘʣʝʥʪʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʅʏɿ ʩ ʅʂ 

ʥʝʚʝʣʠʢʘ [256]: 

ʊʘʙʣʠʮʘ 9. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ ʬʘʟʘʤʠ ʜʣʷ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʠ 

ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜʦʚ. 

 

 

 

 

 

ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ logP 2`ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜʳ logP 

ʪʠʤʠʥ -0,6Ñ0,04 ʪʠʤʠʜʠʥ -1,1Ñ0,2 

ʮʠʪʦʟʠʥ -1,73Ñ0,39 ʮʠʪʠʜʠʥ -2,3Ñ0,2 

ʘʜʝʥʠʥ -0,14Ñ0,03 ʘʜʝʥʦʟʠʥ -1,1Ñ0,1 

ʛʫʘʥʠʥ 0,94Ñ0,04 ʛʫʘʥʦʟʠʥ -1,9Ñ0,1 
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ɻʨʫʧʧʘ ʃʠʫ ʧʦʜʪʚʝʨʜʠʣʘ ʩʚʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʧʦʢʘʟʘʚ, ʯʪʦ ʛʠʜʨʦʬʦʙʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʩ ʅʂ ʫʤʝʥʴʰʠʣʠʩʴ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ [254], ʘ ʧʦʢʨʳʪʠʝ ʅʏɿ 

ʤʦʣʝʢʫʣʘʤʠ ʅʂ ʚʦʟʨʦʩʣʦ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʩʝʭ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʘʚʪʦʨʳ 

ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʝʣʴ ʘʜʩʦʨʙʮʠʠ ʅʂ ʩ ʅʏɿ, ʦʩʥʦʚʘʥʥʫʶ ʢʘʢ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʪʦʤʦʚ N3 ʠ N7 

ʘʜʝʥʠʥʘ ʠ ʛʫʘʥʠʥʘ, ʪʘʢ ʠ ʥʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ. ʂʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ɼʅʂ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ 

ʩʚʦʠʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʜʠʫʩʦʤ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʠʩʢʣʶʯʝʥʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʜʨʫʛʠʤ ʤʦʣʝʢʫʣʘʤ ɼʅʂ ʦʙʲʝʤʦʤ. ʇʨʠ ʩʙʣʠʞʝʥʠʠ ʠʩʢʣʶʯʝʥʥʳʭ ʦʙʲʝʤʦʚ ʜʘʣʴʥʝʡʰʘʷ 

ʘʜʩʦʨʙʮʠʷ ʅʂ ʙʳʣʘ ʥʝʚʳʛʦʜʥʘ. ʊʘʢ ʢʘʢ ʠʩʢʣʶʯʝʥʥʳʡ ʦʙʲʝʤ ʜʣʷ ʜʣʠʥʥʳʭ ʅʂ ʙʦʣʴʰʝ, ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʚʷʟʳʚʘʥʠʶ ʫʤʝʥʴʰʘʣʦʩʴ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ ʩʚʷʟʳʚʘʥʠʝ 

ʤʦʛʣʦ ʫʚʝʣʠʯʠʪʴʩʷ ʠʟ-ʟʘ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʠ ʢʦʤʧʘʢʪʠʟʘʮʠʠ ʅʂ, ʥʦ 

ʵʪʦʪ ʞʝ ʧʨʦʮʝʩʩ ʜʝʣʘʣ ʘʜʩʦʨʙʮʠʶ ʅʂ ʤʝʥʝʝ ʧʨʦʯʥʦʡ ʠ ʦʙʣʝʛʯʘʣ ʜʝʩʦʨʙʮʠʶ (ʨʠʩ. 24). 

 

ʈʠʩʫʥʦʢ 24. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʢʦʨʦʪʢʠʭ (ɸ) ʠ ʜʣʠʥʥʳʭ (ɹ) ɼʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʅʏɿ ʟʘ ʩʯʝʪ ʚʳʪʝʩʥʝʥʠʷ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ. ɹ ï ʫʣʫʯʰʝʥʠʝ ʩʚʷʟʳʚʘʥʠʷ ɼʅʂ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [254]. 

ʆʜʥʘʢʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠ ʜʨʫʛʦʡ ʚʳʚʦʜ ʦ ʟʥʘʯʝʥʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʘʜʩʦʨʙʠʨʦʚʘʣʦʩʴ ʙʦʣʴʰʝ 

ʤʦʣʝʢʫʣ ʅʂ ʚ ʩʪʨʝʤʣʝʥʠʠ ʫʤʝʥʴʰʠʪʴ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʩ ʠʦʥʘʤʠ ʚ 

ʨʘʩʪʚʦʨʝ ʠ ʵʢʨʘʥʠʨʫʷ ʠʭ ʬʦʩʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʦʩʪʦʚʘ. 

2.5.5.4.ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ ʃʵʥʛʤʶʨʘ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ɼʅʂ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʟʦʣʦʪʳʭ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʤʦʜʝʣʴ ʠʟʦʪʝʨʤʳ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʃʵʥʛʤʶʨʘ 

[230, 232, 254, 43]. ʕʪʘ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʙʣʶʜʝʥʠʝ ʯʝʪʳʨʝʭ ʫʩʣʦʚʠʡ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ: ʚʩʝ ʩʘʡʪʳ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʳ, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʚʩʝ ʩʣʫʯʘʠ ʘʜʩʦʨʙʮʠʠ 

ʧʨʦʠʩʭʦʜʷʪ ʧʦ ʦʜʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʦʙʨʘʟʫʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʤʦʥʦʩʣʦʡ. ɽʩʣʠ ʩʠʩʪʝʤʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʵʪʠʤ ʜʦʧʫʱʝʥʠʷʤ, ʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʅʏɿ ʠ ʅʂ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ ʠʟʦʪʝʨʤʳ ʃʵʥʛʤʶʨʘ (5): 



57 

 

,          (5) 

ʛʜʝ q ï ʨʘʚʥʦʚʝʩʥʦʝ ʧʦʢʨʳʪʠʝ ʯʘʩʪʠʮʳ ʘʜʩʦʨʙʠʨʫʝʤʳʤʠ ʤʦʣʝʢʫʣʘʤʠ [ʤʦʣ./ʯʘʩʪ.], Q ï 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʝ ʧʦʢʨʳʪʠʝ, [S]  ï ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʜʩʦʨʙʠʨʫʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ, b ï ʢʦʥʩʪʘʥʪʘ ʃʵʥʛʤʶʨʘ, ʪ.ʝ., ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʠ:  

C+SŸCS.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʩʚʷʟʳʚʘʥʠʷ ʅʂ ʩ ʅʏɿ, 

ʨʘʩʩʯʠʪʘʥʦ ʟʥʘʯʝʥʠʝ ʠʤʝʥʥʦ ʢʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ [230, 254, 43]. ʆʜʥʘʢʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʧʦʩʚʷʱʝʥʥʦʤ ʩʚʷʟʳʚʘʥʠʶ ʙʝʣʢʦʚ ʧʣʘʟʤʳ (ʘʣʴʙʫʤʠʥʘ, ʬʠʙʨʠʥʦʛʝʥʘ, ʛʘʤʤʘ-ʛʣʦʙʫʣʠʥʘ, 

ʛʠʩʪʦʥʦʚ ʠ ʠʥʩʫʣʠʥʘ) ʥʘ ʅʏɿ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ï ʦʪ 5 ʜʦ 100 ʥʤ ï ʩʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʦʚ 

ʩ ʅʏɿ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʦʥʩʪʘʥʪʦʡ ʩʚʷʟʳʚʘʥʠʷ, ʦʙʨʘʪʥʦʡ ʢʦʥʩʪʘʥʪʝ ʃʵʥʛʤʶʨʘ ʠ ʠʤʝʶʱʝʡ 

ʨʘʟʤʝʨʥʦʩʪʴ [ʤʦʣʴ/ʣ]. ʂʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʦʥʠ ʠʤʝʣʠ ʟʥʘʯʝʥʠʷ ʧʦʨʷʜʢʘ 1Ā10-5 ʄ ʜʣʷ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 5 ʥʤ, 1Ā10-6 ʄ 

ʜʣʷ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 10 ʠ 20 ʥʤ, 1Ā10-7 ʄ ʜʣʷ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 30 ʠ 60 ʥʤ, 1Ā10-8 ʄ ʜʣʷ ʅʏɿ 

ʜʠʘʤʝʪʨʦʤ 80 ʥʤ [8]. 

2.5.5.5.ʂʦʥʬʦʨʤʘʮʠʷ ʅʂ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ 

ʎʝʣʳʡ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʬʦʨʤʘʮʠʠ ʅʂ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʅʏɿ. ɺ ʨʘʙʦʪʝ [257] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʪʦʛʦ, ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʜʮ-ʅʂ ʚʣʠʷʝʪ ʥʘ ʝʝ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʅʏɿ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ɼʅʂ ʥʘ ʧʨʠʤʝʨʝ ʦʙʳʯʥʦʛʦ 

ʜʚʫʩʧʠʨʘʣʴʥʦʛʦ ʜʫʧʣʝʢʩʘ (ʪʠʧʘ Ɛ), ʠʩʢʘʞʝʥʥʦʛʦ ʜʫʧʣʝʢʩʘ (ʪʠʧʘ Ɠ), ʩʦʜʝʨʞʘʱʝʛʦ ʚ 

ʩʝʨʝʜʠʥʝ ʤʦʪʠʚ ɸ6/ʊ6, ʠ ʧʝʨʝʢʨʫʯʝʥʥʦʛʦ ʜʫʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʅʂ 

(ʪʠʧʘ )͂ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 5 ʠ 14 ʥʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ SERS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦ ʩʪʝʧʝʥʠ ʩʣʠʧʘʥʠʷ ʅʏɿ ʚ ʧʨʠʩʫʪʩʪʚʠʠ KCl ʙʳʣʦ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʣʫʯʰʝ ʚʩʝʛʦ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʅʏɿ ʩʘʤʦʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ̫ʅʂ ʪʠʧʘ .͂ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʩʚʷʟʳʚʘʥʠʷ ʅʂ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ɸ25, ʉ25, ʊ25 ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʢʨʳʪʳʭ ʩʣʦʝʤ ʟʦʣʦʪʘ ʧʨʠʟʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚʳʷʚʠʣʦ ʩʣʝʜʫʶʱʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʩʚʷʟʳʚʘʥʠʶ: T < C < A. ʇʨʠ 

ʠʟʫʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʡ ʢʠʥʝʪʠʢʠ ʩʚʷʟʳʚʘʥʠʷ (ʜʦ 12 ʯ) ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʅʏɿ ʊ25 

ʫʨʘʚʥʠʚʘʣʘʩʴ ʩ ʉ25, ʥʦ ʦʩʪʘʚʘʣʘʩʴ ʤʝʥʴʰʝ, ʯʝʤ ʫ ɸ25. ʉʫʤʤʘʨʥʦʝ ʧʦʢʨʳʪʠʝ ʧʦʩʣʝ ʯʘʩʦʚʦʡ 

ʠʥʢʫʙʘʮʠʠ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʫʤʝʥʴʰʘʣʦʩʴ ʚ ʨʷʜʫ A>C>T. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʢʠʥʝʪʠʢʠ ʩʚʷʟʳʚʘʥʠʷ ʪʘʢʠʭ ʞʝ ʅʂ, ʥʦ ʩʦʜʝʨʞʘʱʠʭ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ, ʧʦʣʫʯʠʣʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʜʘʥʥʳʝ: ʧʦʢʨʳʪʠʝ ʚʦʟʨʘʩʪʘʣʦ ʚ ʨ̫ʜʫ ɸ<ʉ<ʊ. ʅʝʢʦʚʘʣʝʥʪʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʩ ʅʏɿ ʚ ʩʦʩʪʘʚʝ ʪʠʦʣʴʥʦʡ ʅʂ ʤʝʥʷʣʠ ʢʦʥʬʦʨʤʘʮʠʶ 

ʤʦʣʝʢʫʣʳ, ʫʚʝʣʠʯʠʚʘʷ ʧʣʦʱʘʜʴ ʝʝ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ, ʚʦʟʥʠʢʘʶʱʝʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʤʦʣʝʢʫʣ ʅʂ ʤʝʞʜʫ ʩʦʙʦʡ ʫʤʝʥʴʰʘʣʦ ʢʦʣʠʯʝʩʪʚʦ 
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ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʘʥʥʳʭ ʩ ʟʦʣʦʪʦʤ ʤʦʣʝʢʫʣ ʅʂ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʥʝʢʦʚʘʣʝʥʪʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʊ ʩ ʟʦʣʦʪʦʤ ʙʳʣʠ ʩʣʘʙʝʝ ʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʫ ɸ ʠ ʉ, ʠ 

ʧʦʪʦʤʫ ʥʝ ʤʝʰʘʣʠ ʢʦʚʘʣʝʥʪʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʅʏɿ, ʧʨʠʚʦʜʷ ʢ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤʫ ʧʦʢʨʳʪʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ʇʨʘʚʜʘ, ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʝ 

ʦʙʲʷʩʥʷʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʅʂ ʚ ʨʷʜʫ ɸ>ʉ>ʊ. ɺʦʟʤʦʞʥʦ, ʯʪʦ 

ʊ ʩʠʣʴʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ, ʯʝʤ ɸ ʠ ʉ, ʘʜʩʦʨʙʠʨʫʷʩʴ ʙ·ʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʧʨʠʚʝʜʷ ʢ ʢʦʥʝʯʥʦʤʫ ʤʝʥʴʰʝʤʫ ʧʦʢʨʳʪʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ [211]. 

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ ʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʅʂɿ 

(ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʟʦʣʦʪʘ) ʜʠʘʤʝʪʨʦʤ 10 ʥʤ ʦʙʨʘʙʘʪʳʚʘʣʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʩʫʣʴʬʦʥʘʪʦʤ 

(C6H5)2PC6H4SO3Na, ʧʦʩʣʝ ʯʝʛʦ ʅʂɿ ʧʨʠʦʙʨʝʪʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ. ɼʘʣʝʝ ʅʂɿ ʩʚʷʟʳʚʘʣʠ ʩ ʪʳʩʷʯʝʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ 

ʪʠʦʣ-ʩʦʜʝʨʞʘʱʠʭ ʅʂ ʜʣʠʥʦʡ ʦʪ 8 ʜʦ 135 ʥʪ. ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʛʝʣʴ- ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 2 % 

ʘʛʘʨʦʟʝ. ʇʦ ʠʟʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʨʘʩʩʯʠʪʘʣʠ ʠʭ 

ʨʘʟʤʝʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʅʂɿ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʩʫʣʴʬʦʥʘʪʦʤ ʦʪ ʠʭ ʨʘʟʤʝʨʘ. ʀʟ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʘʩʩʦʮʠʘʪʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʢʦʥʬʦʨʤʘʮʠʠ ʅʂ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʅʂɿ. ʅʂ ʜʣʠʥʦʡ ʜʦ 30 ʥʪ. ʥʘʭʦʜʠʣʠʩʴ ʚ ʚʳʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʅʂ ʝʝ ʧʝʨʚʳʝ 30 

ʥʫʢʣʝʦʪʠʜʦʚ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʘʭʦʜʠʣʠʩʴ ʚ ʚʳʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʦʩʪʘʣʴʥʘʷ ʮʝʧʴ 

ʩʢʨʫʯʠʚʘʣʘʩʴ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʩʘʤʳʝ ʞʝ ʜʣʠʥʥʳʝ ʅʂ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʚʠʚʘʣʠʩʴ 

ʚʦʢʨʫʛ ʅʂɿ [247]. 

ʃʠʫ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʝʜʧʦʣʦʞʠʣʠ ʩʣʝʜʫʶʱʫʶ ʤʦʜʝʣ ɹ ʩʚʷʟʳʚʘʥʠʷ ʪʠʦʣʴʥʳʭ ʠ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʅʂ ʩ ʅʏɿ [230]: ʪʠʦʣʴʥʳʝ ʅʂ ʟʘʥʠʤʘʣʠ ʚʳʪʷʥʫʪʦʝ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʧʦʣʦʞʝʥʠʝ, ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʅʂ ʧʨʠ ʨʅ 

7,0 ʘʜʩʦʨʙʠʨʦʚʘʣʠʩʴ ʚʩʝʤʠ ʘʟʦʪʠʩʪʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, çʦʙʚʠʚʘʷè ʯʘʩʪʠʮʫ, ʘ ʧʨʠ ʨʅ 3,0 ʚ 

ʩʚʷʟʳʚʘʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ, ʦʙʝʩʧʝʯʠʚ 

ʪʝʤ ʩʘʤʳʤ ʙ·ʣʴʰʫʶ çʧʣʦʪʥʦʩʪʴè ʤʦʣʝʢʫʣ ʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ. ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʥʝ 

ʦʪʨʠʮʘʣʠ, ʯʪʦ ʨʝʘʣʴʥʘʷ ʢʘʨʪʠʥʘ ʘʜʩʦʨʙʮʠʠ, ʚʝʨʦʷʪʥʦ, ʙʳʣʘ ʩʣʦʞʥʝʝ, ʪ.ʝ., ʯʘʩʪʴ ʤʦʣʝʢʫʣ 

ʟʘʜʝʡʩʪʚʦʚʘʣʘ ʚ ʩʚʷʟʳʚʘʥʠʠ ʪʦʣʴʢʦ ʢʦʥʮʝʚʳʝ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣ 

ʘʜʩʦʨʙʠʨʦʚʘʣʘʩʴ ʮʝʣʠʢʦʤ. 

2.5.5.6.ɸʜʩʦʨʙʮʠʷ ʦʜʥʦ- ʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʅʂ 

ʃʠ ʠ ʈʦʪʙʝʨʛ ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʜʥʦ- ʠ ʜʚʫʮʝʧʦʯʝʯʥʦʡ 

ɼʅʂ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʛʠʙʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʧʦʟʚʦʣʠʣʘ 
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ʤʦʣʝʢʫʣʝ ʧʨʠʥʷʪʴ ʪʘʢʫʶ ʢʦʥʬʦʨʤʘʮʠʶ, ʯʪʦ ʩʘʭʘʨʦ-ʬʦʩʬʘʪʥʳʡ ʦʩʪʦʚ ʙʳʣ ʫʜʘʣʝʥ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ (13 ʥʤ), ʘ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ, ʥʘʦʙʦʨʦʪ, ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʜʦʩʪʘʪʦʯʥʦ 

ʙʣʠʟʢʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʜʣʷ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʥʝʡ. ɼʚʦʡʥʘʷ 

ʩʧʠʨʘʣʴ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʥʝ ʧʦʟʚʦʣʠʣʘ ʝʡ ʧʨʠʥʷʪʴ ʚʳʛʦʜʥʫʶ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʅʏɿ 

ʢʦʥʬʦʨʤʘʮʠʶ. ɺ ʠʪʦʛʝ ʘʜʩʦʨʙʮʠʷ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʅʂ ʥʘ ʅʏɿ ʝʩʣʠ ʠ ʧʨʦʠʩʭʦʜʠʣʘ, ʪʦ 

ʪʨʝʙʦʚʘʣʘ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʯʝʤ ʘʜʩʦʨʙʮʠʷ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʅʂ [249]. ʊʘʢʞʝ 

ʜʚʫʮʝʧʦʯʝʯʥʘʷ ɼʅʂ ʠʤʝʣʘ ʫʜʚʦʝʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʯʪʦ ʫʩʠʣʠʚʘʣʦ ʝʝ 

ʦʪʪʘʣʢʠʚʘʥʠʝ ʦʪ ʮʠʪʨʘʪʥʳʭ ʅʏɿ [258]. 

2.5.5.7.ɸʜʩʦʨʙʮʠʷ ʜʣʠʥʥʳʭ ʠ ʢʦʨʦʪʢʠʭ ʅʂ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʳʚʘʥʠ ̫ʅʏɿ ʩ ʅʂ ʨʘʟʥʦʡ ʜʣʠʥʳ (10, 24 ʠ 50 ʥʪ.), ʤʝʯʝʥʥʳʭ 

ʨʦʜʘʤʠʥʦʤ, ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʢʘʟʘʣʦ 

[259], ʯʪʦ ʢʦʨʦʪʢʠʝ ʅʂ ʘʜʩʦʨʙʠʨʦʚʘʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʙʳʩʪʨʝʝ, ʯʝʤ ʜʣʠʥʥʳʝ. ɺ 

ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʩʚʷʟʳʚʘʥʠʝ ʅʏɿ ʩ ʅʂ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠ ʧʦʚʳʰʘʶʱʠʭʩʷ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʫʪʝʤ 

ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ 

ʚʦʟʨʘʩʪʘʣʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʩʭʦʜʷ ʠʟ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʅʏɿ ʠ ʅʂ [249], ʘʚʪʦʨʳ ʩʜʝʣʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʠ ʅʂ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʦʠʩʭʦʜʠʣʦ ʧʫʪʝʤ ʩʪʨʫʢʪʫʨʥʳʭ 

ʬʣʫʢʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʣʠʩʴ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʪʘʥʦʚʠʣʠʩʴ ʤʝʥʝʝ 

ʟʘʪʨʫʜʥʝʥʥʳʤʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʅʂ.  

ɼʣʠʥʥʳʝ ʅʂ ʣʫʯʰʝ ʟʘʱʠʱʘʶʪ ʅʏɿ ʦʪ ʩʣʠʧʘʥʠʷ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʅʂ ʜʣʠʥʦʡ 12 ʠ 70 ʥʪ. ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 120 ʤM NaCl. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʠʟʦʪʝʨʤʳ 

ʘʜʩʦʨʙʮʠʠ ʃʵʥʛʤʶʨʘ, ʃʠʫ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠʟʤʝʨʠʣʠ ʢʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ ʜʣʷ ʅʂ ʜʣʠʥʦʡ 12 

ʠ 44 ʥʪ., ʧʦʣʫʯʠʚ ʟʥʘʯʝʥʠʷ 0,022 Ñ 0,004 ʥMī1 ʠ 0,033 Ñ 0,004 ʥMī1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʝʩʦʨʙʮʠʷ ʅʂ ʩ ʅʏɿ ʪʘʢʞʝ ʟʘʚʠʩʝʣʘ ʦʪ ʜʣʠʥʳ ʅʂ: 2,5 ʠ 5 % ʅʂ ʜʣʠʥʦʡ 144 ʠ 12 ʥʪ. 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʩʚʦʙʦʞʜʘʣʠʩʴ ʟʘ 2 ʯ; ʜʦʙʘʚʣʝʥʠʝ NaCl ʫʩʢʦʨʷʣʦ ʜʝʩʦʨʙʮʠʶ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ [254]. 

2.5.5.8.ɸʪʦʤʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ 

ʄʝʪʦʜʘʤʠ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʉʊʄ ʙʳʣʦ ʫʩʪʘʥʘʚʣʝʥʦ, ʢʘʢ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ 

ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ [260]. ʊʘʢ, ʘʜʝʥʠʥ ʙʳʣ ʨʘʩʧʦʣʦʞʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠ ʨʅ 4,5, ʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʟʦʣʦʪʘ ʧʨʠ ʨʅ 2,5. ɻʫʘʥʠʥ ʙʳʣ ʨʘʩʧʦʣʦʞʝʥ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʨʠ ʨʅ 6,5, ʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʙʳʣʦ 

ʙʝʩʧʦʨʷʜʦʯʥʦ. ɼʣʷ ʪʠʤʠʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʣʦʩʴ ʧʘʨʘʣʣʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ 

ʧʣʦʩʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʠʝʥʪʘʮʠʷ ʧʘʨʘʣʣʝʣʴʥʦ 
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ʧʣʦʩʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʷʚʣʷʣʘʩʴ ʜʦʤʠʥʠʨʫʶʱʝʡ ʜʣʷ ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ, ʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ï ʜʣʷ ʧʫʨʠʥʦʚʳʭ. 

ʄʝʪʦʜʦʤ SERS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʢʠʭ ʘʪʦʤʦʚ 

ʥʫʢʣʝʦʟʠʜʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʅʏɿ (ʨʠʩ. 25 ɸ). dA ʦʙʨʘʟʫʝʪ ʩʚʷʟʴ ʯʝʨʝʟ ʘʪʦʤ N(7) 

ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʘ ʪʘʢʞʝ ʘʤʠʥʦʛʨʫʧʧʫ ʘʪʦʤʘ C(6). dC ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʅʏɿ ʯʝʨʝʟ ʘʪʦʤ 

N(3) ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʩ ʯʘʩʪʠʯʥʳʤ ʚʢʣʘʜʦʤ ʘʪʦʤʘ ʆ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʉ(2)=ʆ. 

ʂʦʦʨʜʠʥʘʮʠʷ dG ʩ ʅʏɿ ʚʦʚʣʝʢʘʝʪ ʠ ʘʪʦʤ N(1), ʠ ʘʪʦʤ ʆ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʉ(6)=ʆ. 

ʅʘʢʦʥʝʮ, dT ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʅʏɿ ʧʦʩʨʝʜʩʪʚʦʤ ʘʪʦʤʘ ʆ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʉ(4)=ʆ. ʊʘʢʞʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ, ʯʪʦ dA, dT, dG ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, 

ʦʜʥʘʢʦ ʜʣʷ dC ʜʘʥʥʳʝ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʥʝʦʜʥʦʟʥʘʯʥʳ 

[261]. 

 

ʈʠʩʫʥʦʢ 25. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʩʭʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʚ ʩʦʩʪʘʚʝ 

2`ʜʝʟʦʢʩʠʥʫʢʣʝʦʟʠʜʦʚ ʩ ʅʏɿ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [256] (A) ʠ [261] (ɹ). 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʜʠʘʤʝʪʨʦʤ 6,5 ʥʤ ʩ 

ʘʟʦʪʠʩʪʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ [167] ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1:5 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʝʣʠʯʠʥʳ ȹH 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʡ ʨʷʜ 

ʘʬʬʠʥʥʦʩʪʠ ʢ ʅʏɿ: C > G > A > T. ɼʣʷ ʪʠʤʠʥʘ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʥʝ 

ʙʳʣʠ, ʥʦ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʦʥ ʩʣʘʙʝʝ ʚʩʝʛʦ ʩʚʷʟʳʚʘʣʩʷ ʩ ʅʏɿ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʜʝʶ, 

ʯʪʦ ʘʜʝʥʠʥ, ʮʠʪʦʟʠʥ ʠ ʛʫʘʥʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʯʝʨʝʟ 

ʘʤʠʥʦʛʨʫʧʧʫ, ʘ ʫ ʪʠʤʠʥʘ ʦʥʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʭʦʪʷ ʵʪʘ ʠʜʝʷ ʥʝ ʩʦʛʣʘʩʦʚʘʣʘʩʴ ʩ 

ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʤʦʜʝʣʴʶ ʩʚʷʟʳʚʘʥʠʷ [256, 261]. 

ʅʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ ʧʨʝʜʣʦʞʠʣʠ ʦʜʠʥʘʢʦʚʫʶ ʩʭʝʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʢʨʝʪʥʳʭ ʘʪʦʤʦʚ ʚ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʷʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʛʫʘʥʠʥʘ, ʜʣʷ ʢʝʦʪʦʨʦʛʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɻʨʫʧʧʘ 

ʇʝʨʛʦʣʝʟʝ ʧʨʝʜʧʦʣʦʞʠʣʘ, ʯʪʦ G ʠ dG ʥʘʭʦʜʠʣʠʩʴ ʚ ʥʘʢʣʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ 
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ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʥʝʡ ʯʝʨʝʟ ʘʪʦʤ ʆ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʘʪʦʤ 

N(7) [262] (ʨʠʩ. 25 ɸ) [256]. ɼʞʘʥʛ ʧʨʝʜʣʦʞʠʣ ʜʨʫʛʦʡ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʛʜʝ G 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʅʏɿ ʯʝʨʝʟ ʘʪʦʤ N7 ʠ ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʪʦʤ (ʉ(6)=ʆ) (ʨʠʩ. 25 ɹ) [261]. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʩ ʘʟʦʪʠʩʪʳʤʠ 

ʦʩʥʦʚʘʥʠʷʤʠ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ɸʣʘʚʠ ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ 

ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ [263]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʩʚʷʟʳʚʘʥʠʠ ɼʅʂ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʨʝʥʜʦʚ ʚ ʪʨʘʢʪʦʚʘʥʠʠ 

ʤʝʭʘʥʠʟʤʘ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʜʥʘʢʦ ʝʜʠʥʦʡ ʜʦʢʘʟʘʥʥʦʡ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ʩʚʷʟʳʚʘʥʠʷ ʩʨʝʜʠ ʥʠʭ ʥʝʪ, ʘ ʟʥʘʯʠʪ, ʵʪʦ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʢʨʳʪʦ ʜʣʷ ʥʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

2.6. ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʟʦʣʦʪʳʭ ʩʫʙʩʪʨʘʪʦʚ ʩ 

ʧʝʧʪʠʜʘʤʠ ʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʧʝʧʪʠʜʦʚ ʩ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʬʦʨʤʝ, ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʰʠʨʥʦʡ 

ʩʬʝʨʦʡ ʧʨʠʤʝʥʝʥʠʷ ʛʠʙʨʠʜʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʩʚʦʡʩʪʚʘ ʙʠʦʤʦʣʝʢʫʣ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʥʠʢʘʣʴʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ. 

2.6.1. ʉʝʣʝʢʮʠʷ ɼʅʂ, ʈʅʂ ʠ ʧʝʧʪʠʜʦʚ, ʩʧʝʮʠʬʠʯʥʳʭ ʢ ʨʘʟʣʠʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ 

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥ ʩ ʠʟʫʯʝʥʠʝʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ, ʥʫʢʣʝʦʟʠʜʦʚ, ʥʫʢʣʝʦʪʠʜʦʚ ʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ: ʧʣʦʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʥʘʥʦʪʨʫʙʢʘʤʠ ʠ ʪ.ʜ. 

[264, 265, 266, 267, 268 269, 270]. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ ʧʝʨʝʰʝʣ ʦʪ ʠʟʫʯʝʥʠʷ 

ʧʨʠʥʮʠʧʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢ ʩʝʣʝʢʮʠʠ ʣʠʛʘʥʜʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʢ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʩ ʮʝʣʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʦʜʦʤ SELEX 

(cʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʣʠʛʘʥʜʦʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ) ʠʣʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʬʘʛʦʚʦʛʦ ʜʠʩʧʣʝʷ. ʆʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʝʣʝʢʮʠʠ 

ʧʝʧʪʠʜʥʳʭ ʘʧʪʘʤʝʨʦʚ ʢ ʥʘʥʦʯʘʩʪʠʮʘʤ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ [271],  ʦʢʩʠʜʘ ʞʝʣʝʟʘ [272], ʙʦʨʠʜʘ 

ʥʠʢʝʣʷ [273], ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ [274], ʦʢʩʠʜʘ ʮʠʥʢʘ [275], ʪʠʪʘʥʘ [276], 

ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ [27 5], ʣʠʛʥʠʥʘ [278], ʘʣʶʤʠʥʠʷ [279], ʢ ʢʨʠʩʪʘʣʣʘʤ ʘʨʩʝʥʠʜʘ 

ʛʘʣʣʠʷ [280], ʢ ʫʛʣʝʨʦʜʥʳʤ ʥʘʥʦʢʦʥʫʩʘʤ [281]. ʈʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ɼʅʂ ʠ 

ʈʅʂ-ʘʧʪʘʤʝʨʦʚ, ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʚ ʧʝʨʚʦʡ ʩʝʣʝʢʮʠ ʁ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʩʪʚʦʨʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʥʘʥʦʯʘʩʪʠʮ [282, 283, 284], ʥʘʧʨʠʤʝʨ, ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ ʠ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ 

(II) ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦʯʘʩʪʠʮ Co/FeO [283] ʠʣʠ [Pd2(DBA)3] (DBA ï ʜʠʙʝʥʟʠʣʠʜʝʥ ʘʮʝʪʦʥ) 



62 

 

ʧʨʠ ʩʠʥʪʝʟʝ ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ [284], ʚʦ ʚʪʦʨʦʡ ï ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʯʘʩʪʠʮ [285]. 

ʉʝʣʝʢʮʠʶ ʘʧʪʘʤʝʨʦʚ ʢ ʥʘʥʦʯʘʩʪʠʮʘʤ ZnO ʧʦ ʤʝʪʦʜʫ SEL-Seq (ʦʜʥʦʨʘʫʥʜʦʚʦʝ 

ʦʙʦʛʘʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʩ ʛʣʫʙʦʢʠʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ) ʧʨʦʚʦʜʠʣʠ ʟʘ ʦʜʠʥ ʨʘʫʥʜ, ʟʘʪʝʤ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʩʝʤʝʡʩʪʚ ʩ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ 

ʤʝʪʦʜʦʤ ʤʘʩʩʦʚʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ Applied 

Biosystems SOLiD (AB SOLiD). ʂʦʥʩʝʥʩʫʩʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʷ 

ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʦʛʦ ʩʝʤʝʡʩʪʚʘ - ʵʪʦ ʊ30. ɸʬʬʠʥʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʩʝʤʝʡʩʪʚ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩʨʘʚʥʠʚʘʣʠ, ʦʮʝʥʠʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʥʳʭ ʩ ʤʠʰʝʥʴʶ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ (Alexa-ʬʣʫʦʨʦʬʦʨ) ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʥʘʥʦʯʘʩʪʠʮ. ɺʳʩʦʢʦʘʬʬʠʥʥʦʝ ʩʝʤʝʡʩʪʚʦ ʧʨʦʷʚʠʣʦ ʜʝʩʷʪʠʢʨʘʪʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʚʷʟʳʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ ʠ ʩʪʦʢʨʘʪʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʟʢʦʘʬʬʠʥʥʳʤ ʩʝʤʝʡʩʪʚʦʤ [286]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʣʝʢʮʠʠ ʘʧʪʘʤʝʨʦʚ ʢ ʯʘʩʪʠʮʘʤ Sephadex G-100 ʧʦ ʤʝʪʦʜʫ SELEX 

ʧʨʦʚʦʜʠʣʠ 11 ʨʘʫʥʜʦʚ ʩʚʷʟʳʚʘʥʠʷ ʈʅʂ-ʙʠʙʣʠʦʪʝʢʠ ʩ ʤʠʰʝʥʴʶ ʠ ʧʦʣʫʯʠʣʠ ʜʚʝ ʛʨʫʧʧʳ 

ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ ʘʧʪʘʤʝʨʦʚ, ʩ ʨʘʟʥʳʤʠ ʢʦʥʩʝʥʩʫʩʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʚ 

ʢʘʞʜʦʡ: CCUAAUCGA(** AUGA) ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʠ GAGUAAUUUACG ʚʦ ʚʪʦʨʦʡ; ʚʩʝ 

ʘʧʪʘʤʝʨʳ ʦʙʣʘʜʘʣʠ ʩʨʘʚʥʠʤʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʤʠʰʝʥʠ [285]. 

ʈʷʜ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥ ʦʪʙʦʨʫ ʧʝʧʪʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʟʦʣʦʪʫ ʧʫʪʝʤ 

ʦʙʦʛʘʱʝʥʠʷ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ, ʚʳʨʘʙʘʪʳʚʘʚ ʝhʡ ʭʠʤʝʨʥʳʡ ʙʝʣʦʢ, ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʩ 

ʟʦʣʦʪʦʤ (ʧʫʜʨʘ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ~1,5 ʤʢʤ [287] ʠʣʠ ʧʣʘʩʪʠʥʢʘ ʟʦʣʦʪʘ 5x5 ʤʤ ʪʦʣʱʠʥʦʡ 

25 ʥʤ [288]). 

ɺ ʦʜʥʦʤ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʝ ʛʨʫʧʧʳ 

ʧʝʧʪʠʜʦʚ. ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʧʝʧʪʠʜʳ ʩʚʷʟʳʚʘʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʝ ʩ ʟʦʣʦʪʦʤ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʤ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ 48 % HF, ʘ ʚʦ ʚʪʦʨʦʡ - ʦʜʠʥʘʢʦʚʦ ʩ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ. ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʧʝʧʪʠʜʳ ʠʟ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʚʷʟʳʚʘʣʠʩʴ ʩ ʩʘʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ, ʘ ʠʟ ʚʪʦʨʦʡ ʛʨʫʧʧʳ 

ï ʩ ʟʘʛʨʷʟʥʝʥʠʷʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʢʦʪʦʨʝr ʯʘʩʪʠʯʥʦ ʫʜʘʣʷʣʠʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ HF. 

ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʧʪʠʜʦʚ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʩʭʦʜʩʪʚʘ, ʥʦ ʚʩʝ ʧʝʧʪʠʜʳ ʙʳʣʠ ʙʦʛʘʪʳ ʩʝʨʠʥʦʤ ʠ ʪʨʝʦʥʠʥʦʤ, ʪ.ʝ., ʘʤʠʢʠʩʣʦʪʘʤʠ, 

ʩʦʜʝʨʞʘʚ ʠhʤʠ ʛʠʜʨʦʢʩʠʛʨʫʧʧʫ, ʘ ʚʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʧʝʧʪʠʜʦʚ ʙʳʣ ʥʘʡʜʝʥ ʦʙʱʠʡ ʤʦʪʠʚ: 

(Arg/Lys)-Ile-Asp-* -Asn. ʆʜʠʥ ʠʟ ʢʣʦʥʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʦʜʝʨʞʘʣ ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʤʦʪʠʚ Met-His-Gly-Lys-Thr-Gln-Ala-Thr-Ser-Gly-Thr-Ile-Q-Gln-Ser [287]. 

ʇʝʧʪʠʜ ʩ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢʘʢ 

ʟʦʣʦʪʦʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ [289]. 
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ɺ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ ʪʝ ʞʝ ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʩʝʣʝʢʮʠʶ ʧʝʧʪʠʜʦʚ ʢ ʟʦʣʦʪʦʡ ʧʫʜʨʝ. ɺ 

ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʝ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ, ʥʘʨʘʙʘʪʳʚʘʚ ʠhʭ ʧʦʣʠʧʝʧʪʠʜʳ ʩ 

ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʢʦʜʠʨʫʝʤʦʡ ʨʘʥʜʦʤʥʦʡ ʚʩʪʘʚʢʦʡ ʚ ʧʣʘʟʤʠʜʫ. ʕʪʠ 

ʧʝʧʪʠʜʳ ʩʦʜʝʨʞʘʣʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʦʩʪʦʷʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: ʚ ʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ 

ʵʪʦ ʙʳʣʘ Lys-Thr-Gln-Ala-Thr-Ser, ʘ ʚ ʜʨʫʛʦʡ ï Ser-Lys-Thr-Ser. ʇʝʨʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʯʘʩʪʴ ʩʚʷʟʳʚʘʶʱʝʛʦ ʩ ʟʦʣʦʪʦʤ ʧʝʧʪʠʜʘ, ʘ ʚʪʦʨʘʷ ï ʵʪʦ ʜʚʘ ʥʘʠʙʦʣʝʝ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʜʠʧʝʧʪʠʜʘ ʩʨʝʜʠ ʚʩʝʭ ʩʚʷʟʳʚʘʶʱʠʭ ʩ ʟʦʣʦʪʦʤ ʧʝʧʪʠʜʦʚ ʠʟ 

ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [287]. ʉʨʝʜʠ ʧʝʧʪʠʜʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʝ, ʯʪʦ ʫʩʢʦʨʷʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʟʦʣʦʪʘ ʧʨʠ ʩʠʥʪʝʟʝ. ɺ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʚʳʙʨʘʥʥʳʭ 

ʧʝʧʪʠʜʦʚ ʩʦʜʝʨʞʘʣʠʩʴ ʤʦʪʠʚʳ Gly-Ala-Ser-Leu ʠ Ser-Glu-Lys-Leu [289]. 

ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʩʣʝ ʧʷʪʠ ʨʘʫʥʜʦʚ ʩʝʣʝʢʮʠʠ ʢ ʟʦʣʦʪʦʡ ʬʦʣʴʛʝ ʧʝʧʪʠʜʳ ʠʟ 

ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʢʣʦʥʦʚ ʨʘʟʜʝʣʠʣʠ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʧʦ ʩʠʣʝ ʩʨʦʜʩʪʚʘ ʢ ʟʦʣʦʪʫ, 

ʢʦʪʦʨʦʝ ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ ʬʣʶʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʦʜʩʯʠʪʳʚʘʷ ʢʦʣʠʯʝʩʪʚʦ 

ʢʣʝʪʦʢ, ʩʚʷʟʘʚʰʠʭʩʷ ʩ ʟʦʣʦʪʦʤ. ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʝʧʪʠʜʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʫʯʝʪʦʤ 

ʩʨʦʜʩʪʚʘ ʢ ʟʦʣʦʪʫ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ (ʨʠʩ. 26) [288]. ʄʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʛʨʫʧʧʝ ʩʠʣʴʥʦʩʚʷʟʳʚʘʶʱʠʭʩʷ ʧʝʧʪʠʜʦʚ ʙʳʣʦ ʧʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ Trp, 

Cys, Tyr, Arg (ʢʘʢ ʚ ʩʠʣʴʥʦ-, ʪʘʢ ʠ ʚ ʩʣʘʙʦʩʚʷʟʳʚʘʶʱʠʭʩʷ ʧʝʧʪʠʜʘʭ), Met, Ile ʠ ʧʦʥʠʞʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ Asn, Gln, Glu, Lys, Pro, Phe, Thr. 

 

ʈʠʩʫʥʦʢ 26. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʩʠʣʴʥʦ- ʠ ʩʣʘʙʦʩʚʷʟʳʚʘʶʱʠʭʩʷ ʩ ʟʦʣʦʪʦʤ 

ʧʝʧʪʠʜʘʭ. ʆʩʥ·ʚʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʦʙʦʟʥʘʯʝʥʳ ʩʠʨʝʥʝʚʳʤ, ʢʠʩʣʦʪʥʳʝ ï ʢʨʘʩʥʳʤ, ʜʦʥʦʨʳ/ʘʢʮʝʧʪʦʨʳ ʜʣʷ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ï ʟʝʣʝʥʳʤ, ʥʝʧʦʣʷʨʥʳʝ ï ʯʝʨʥʳʤ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [288]. 

ɽʩʪʴ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠ ʩʝʣʝʢʮʠʶ ʣʠʛʘʥʜʦʚ, ʩʧʝʮʠʬʠʯʥʳʭ ʢ ʥʘʥʦ- ʠ 

ʤʠʢʨʦʯʘʩʪʠʮʘʤ ʟʦʣʦʪʘ, ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʘʥʪʠʪʝʣ [290, 291]. ɺ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʭ ʢ ʟʦʣʦʪʦʡ 

ʧʫʜʨʝ ʘʥʪʠʪʝʣʘʭ ʩʦʜʝʨʞʘʣʦʩʴ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʢʦʚ ʘʨʛʠʥʠʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ: 24 % ʠ 6 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [291].  
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ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʧʪʘʤʝʨʦʚ ʢ ʨʘʟʣʠʯʥʳʤ ʟʦʣʦʪʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ 

ʥʝʪ ʜʘʥʥʳʭ ʦ ʙ ʦʪʙʦʨʝ ɼʅʂ- ʠʣʠ ʈʅʂ-ʘʧʪʘʤʝʨʦʚ ʢ ʥʘʥʦʯʘʩʪʠʮʘʤ ʟʦʣʦʪʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

2.6.2. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʅʂ 

ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʅʏɿ, ʢʘʢ ʤʘʢʩʠʤʫʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ ʠ ʠʭ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ (~108 M-1ʩʤ-1 [209], ʜʝʣʘʶʪ ʠʭ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʝʪʝʢʮʠʠ, ʪ.ʝ. ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʟʤʝʥʝʥʠʠ ʮʚʝʪʘ ʢʦʣʣʦʠʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʅʏɿ ʩ ʢʨʘʩʥʦʛʦ ʥʘ ʩʠʥʠʡ ʧʨʠ ʠʭ ʩʣʠʧʘʥʠʠ ʠ ʚʣʠʷʥʠʠ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʩʫʪʩʪʚʠʷ 

ʤʠʰʝʥʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ ʨʘʩʰʠʨʠʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʪʝʢʮʠʠ, ʥʦ 

ʫʩʣʦʞʥʠʣʦ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʢʘʯʝʩʪʚʝ ʬʣʫʦʨʦʬʦʨʘ ʚʳʙʠʨʘʣʠ 

ʬʣʫʦʨʝʩʮʝʠʥ [231, 292, 230, 254], ʪʘʢʞʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʦʜʘʤʠʥ [293 , 294], 

Cy5, ʘʢʨʠʜʠʥ [295]. ʆʧʠʩʘʥʳ ʚʘʨʠʘʥʪʳ ʙʝʟʤʝʪʦʯʥʦʡ ʜʝʪʝʢʮʠʠ ɼʅʂ-ʤʠʰʝʥʠ ʚ ʨʘʩʪʚʦʨʝ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʦʙʨʘʟʝʮ ʨʘʩʪʚʦʨʘ ʬʣʫʦʨʝʩʮʝʠʥʘ [296] ʠʣʠ ʨʦʜʘʤʠʥʘ ɺ [293, 

294], ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʠʩʪʝʤʳ ʣʶʤʠʥʦʣ ï H2O2 [297].  

ʀʟʚʝʩʪʥʦ ʩʚʦʡʩʪʚʦ ʅʏɿ ʪʫʰʠʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʤʦʣʝʢʫʣ ʬʣʫʦʨʦʬʦʨʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʅʏɿ. ʕʪʦ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʣʘʟʤʦʥʳ - ʵʪʦ ʢʚʘʟʠʯʘʩʪʠʮʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʟʘ ʩʯʝʪ 

ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʇʣʘʟʤʦʥʥʳʡ 

ʨʝʟʦʥʘʥʩ (ʚ ʩʣʫʯʘʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ï ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʧʣʘʟʤʦʥʥʳʡ 

ʨʝʟʦʥʘʥʩ) ï ɻ ʪʦ ʚʦʟʙʫʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʘ ʥʘ ʝʛʦ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʚʥʝʰʥʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ. ɺ ʮʝʣʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʘ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʤʦʣʝʢʫʣʦʡ ʬʣʫʦʨʦʬʦʨʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʩʠʣʝʥʠʶ ʠʣʠ ʢ ʪʫʰʝʥʠʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʝ ʩʪʘʜʠʠ: ʥʘ ʧʝʨʚʦʡ ʫʩʠʣʝʥʥʦʝ 

ʨʝʟʦʥʘʥʩʦʤ ʧʦʣʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʤʦʣʝʢʫʣʳ ʬʣʫʦʨʦʬʦʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʙʣʠʟʠ ʥʘʥʦʯʘʩʪʠʮʳ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʩʧʫʩʢʘʝʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʦ ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʦʡ ʬʣʫʦʨʦʬʦʨʘ ʠ ʥʘʥʦʯʘʩʪʠʮʝʡ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ, ʪʦ ʙ·ʣʴʰʘʷ ʯʘʩʪʴ ʠʩʧʫʩʢʘʝʤʦʡ 

ʵʥʝʨʛʠʠ ʨʘʩʩʝʠʚʘʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ [294]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʫʰʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ d ʤʝʞʜʫ ʅʏɿ ʠ ʤʦʣʝʢʫʣʦʡ ʬʣʫʦʨʦʬʦʨʘ ʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ d-4, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʪʫʰʠʪʝʣʝʡ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ d-6 [256]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʅʏɿ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʪʫʰʠʪʝʣʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩ ̫ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [298]. ʏʘʩʪʴ ʤʝʪʦʜʠʢ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 
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ʭʠʤʠʯʝʩʢʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʅʏɿ [299]. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʨʠʤʝʥʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʅʂ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʠʰʝʥʝʡ ʙʣʘʛʦʜʘʨʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, ʜʝʪʝʢʮʠʷ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ (SNP), ʜʝʪʝʢʮʠʷ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ɼʅʂ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ 

ʅʂ, ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʢʣʝʪʢʠ. ʂʦʥʢʨʝʪʥʳʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʠ ʚʘʨʠʘʮʠʠ ʦʙʱʝʧʨʠʥʷʪʳʭ 

ʤʝʪʦʜʠʢ ʨʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

2.6.2.1.ɼʝʪʝʢʮʠʷ ʤʠʰʝʥʝʡ ʚ ʨʘʩʪʚʦʨʝ 

ʈʘʟʣʠʯʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʣʠʯʠʝ ʚ ʨʘʩʪʚʦʨʝ ʅʂ, 

ʧʝʧʪʠʜʦʚ, ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʦʥʦʚ. 

2.6.2.1.1. ɼʝʪʝʢʮʠʷ ɼʅʂ/ʈʅʂ-ʤʠʝhʥʝʡ 

ɼʝʪʝʢʮʠʷ ɼʅʂ/ʈʅʂ-ʤʠʰʝʥʝʡ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʟʥʦʤ ʩʨʦʜʩʪʚʝ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ʠ 

ʜʚʫʮʝʧʦʯʝʯʥʦʡ ʅʂ ʢ ʟʦʣʦʪʫ. ɼʅʂ/ʈʅʂ-ʤʠʰʝʥʴ, ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʚ ʨʘʩʪʚʦʨʝ, ʦʙʨʘʟʫʝʪ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʡ ʜʫʧʣʝʢʩ ʩ ʅʂ, ʠʟʥʘʯʘʣʴʥʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʥʘ ʅʏɿ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʝʝ 

ʜʠʩʩʦʮʠʘʮʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʩʣʠʧʘʥʠʝ ʅʏɿ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ 

[300, 301, 302, 298]. ʅʘʧʨʠʤʝʨ, ʪʘʢ ʦʧʨʝʜʝʣʷʣʠ ʥʘʣʠʯʠʝ ʚ ʨʘʩʪʚʦʨʝ ʈʅʂ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ 

[303], ʈʅʂ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʙʝʣʢʘ ʛʝʧʘʪʦʤʳ (HURP) ʫ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ [304], 

ʧʨʠʩʫʪʩʪʚʠʝ ʙʘʢʪʝʨʠʠ Acinetobacter [305], ʤʦʜʝʣʴʥʦʡ ʅʂ, ʩʦʩʪʦʷʚ ʝhʡ ʠʟ ʯʝʪʳʨʝʭ 

ʪʝʣʦʤʝʨʥʳʭ ʧʦʚʪʦʨʦʚ TTAGGG [301] ʠ ʜʨʫʛʠʝ ʤʠʰʝʥʠ [306, 294, 230, 307]. ʄʦʞʥʦ ʩʦʯʝʪʘʪʴ 

ʵʪʫ ʤʝʪʦʜʠʢʫ ʩ ʧʨʦʮʝʩʩʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʫʩʠʣʝʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

(SPEET) ʤʝʞʜʫ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʘʩʩʦʮʠʘʪʘʤʠ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʩʝʨʝʙʨʘ ʩ ʅʂ ʠ ʅʏɿ [298]. 

ɿʨʝʣʫ  ʁʤʠʈʅʂ (ʤʠʢʨʦʈʅʂ) ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩɻʥʜʚʠʯ-ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʟʦʣʦʪʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʯʝʨʝʟ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ ʅʂ ʩʦ ʰʧʠʣʝʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʤʠʈʅʂ-ʤʠʰʝʥʠ ʰʧʠʣʴʢʘ ʨʘʩʢʨʳʚʘʣʘʩʴ, ʠ ʢ ʝʝ 5`-ʢʦʥʮʫ ʛʠʙʨʠʜʠʟʦʚʘʣʘʩʴ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ 

ʨʝʧʦʨʪʝʨʥʘʷ ɼʅʂ, ʥʝʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʝʥʥʘʷ ʢ ʅʏɿ ʠ ʷʚʣʷʚ ʘhʷʩʷ ɼʅʂʟʠʤʦʤ ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ ʦʢʠʩʣʝʥʠʠ 4-ʭʣʦʨʦ-1-ʥʘʬʪʦʣʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʩ ʦʩʘʞʜʝʥʠʝʤ 

ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʵʣʝʢʪʨʦʜʝ [308]. 

ɼʣʠʥʥʳʝ ʅʂ ʘʜʩʦʨʙʠʨʦʚʘʣʠʩ ɹ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʢʦʨʦʪʢʠʝ, ʠ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ 

ʠʥʢʫʙʘʮʠʠ (2 ʤʠʥ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʣʠ (ʜʦ 100 ʤM NaCl) ʤʦʞʥʦ ʙʳʣʦ 

ʫʚʠʜʝʪʴ ʵʪʦ ʨʘʟʣʠʯʠʝ ʧʦ ʩʣʠʧʘʥʠʶ ʯʘʩʪʠʮ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ ʜʣʠʥʥʳʤʠ ʅʂ. ʊʘʢ 

ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʨʘʟʨʫʰʝʥʠʝ ɼʅʂ ʧʦʜ ʜʝʡʩʪʚʠʝʤ S1-ʥʫʢʣʝʘʟ rʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, 

ʥʘʧʨʠʤʝʨ, ʨʝʘʛʝʥʪʘ ʌʵʥʪʦʥʘ (Fe2+ + H2O2), ʨʘʟʨʝʟʘʚʰʝʛʦ ɼʅʂ ʥʘ ʨʘʥʜʦʤʥʳʝ ʢʦʨʦʪʢʠʝ 

ʬʨʘʛʤʝʥʪʳ ʚʧʣʦʪʴ ʜʦ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ [309]. 

ɺ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ ʦʧʠʩʘʥ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʝʪʝʢʮʠʠ ʧʨʠʩʫʪʩʪʚʠʷ 

ʤʠʰʝʥʠ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʤʠʰʝʥʴ ï ɸʊʌ, ʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʥʘ ʅʏɿ ʅʂ ï 
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ʘʧʪʘʤʝʨ ʢ ɸʊʌ. ʆʜʥʘ ʠʟ ʩʭʝʤ ʜʝʪʝʢʮʠʠ ʧʨʝʜʧʦʣʘʛʘʣʘ ʩʥʘʯʘʣʘ ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʯʥʦ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʜʫʧʣʝʢʩʘ ʘʧʪʘʤʝʨʥʦʡ ʅʂ ʩ ʜʨʫʛʦʡ ʅʂ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ (90 ʤM NaCl), 

ʟʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʅʏɿ. ɽʩʣʠ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ɸʊʌ, ʪʦ ʜʫʧʣʝʢʩ ʜʝʥʘʪʫʨʠʨʦʚʘʣ, ʘʧʪʘʤʝʨ 

ʩʚʷʟʳʚʘʣʩʷ ʩ ʤʠʰʝʥʴʶ, ʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ ʅʂ ʘʜʩʦʨʙʠʨʦʚʘʣʘʩʴ ʥʘ ʅʏɿ ʠ ʟʘʱʠʱʘʣʘ ʠʭ ʦʪ 

ʩʣʠʧʘʥʠʷ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʠʣ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ɸʊʌ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠ ʦʪ 

0,75 ʤʢʄ, ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʧʪʘʤʝʨʘ ʠ ʅʏɿ ʩʦʩʪʘʚʠʣʘ 7,5 ʤʢʄ ʠ 2 ʥM 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [300]. 

2.6.2.1.2. ɼʝʪʝʢʮʠʷ ʤʠʰʝʥʝʡ ʥʝʥʫʢʣʝʦʪʠʜʥʦʡ ʧʨʠʨʦʜʳ 

ʅʏɿ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɼʅʂ-ʘʧʪʘʤʝʨʘʤʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʜʝʪʝʢʮʠʠ 

ʚ ʨʘʩʪʚʦʨʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʙʠʩʬʝʥʦʣʘ A [310], ʪʨʦʤʙʠʥʘ [237], ʢʦʢʘʠʥʘ 

[299, 311, 312], ʢʘʥʘʤʠʮʠʥʘ [302], ʪʦʙʨʘʤʠʮʠʥʘ [313], ʪʝʦʬʠʣʣʠʥʘ [314], ʩʪʨʝʧʪʦʤʠʮʠʥʘ 

[292], ʵʩʪʨʘʜʠʦʣʘ, ʦʭʨʘʪʦʢʩʠʥʘ ɸ [315] ʠ ʜʨʫʛʠʭ. ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʤʠʰʝʥʝʡ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʤʠʢʨʦʤʦʣʷʨʥʦʛʦ ʜʦ ʥʘʥʦʤʦʣʷʨʥʦʛʦ ʫʨʦʚʥʷ. ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʝʧʪʦʤʠʮʠʥʘ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠ ʠ ʧʦ ʪʫʰʝʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ [292]. ɼʣʷ ʵʪʦʛʦ ʢ ʩʪʨʝʧʪʦʤʠʮʠʥʦʚʦʤʫ 

ʘʧʪʘʤʝʨʫ ʜʦʙʘʚʣʷʣʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʫʶ ʅʂ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʫʧʣʝʢʩʘ, 

ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ ʜʫʧʣʝʢʩ ʩ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʚʰʠʤ 0 ï 4000 ʥM 

ʩʪʨʝʧʪʦʤʠʮʠʥʘ, ʧʦʩʣʝ ʜʦʙʘʚʣʷʣʠ ʅʏɿ ʠ ʩʧʫʩʪʷ 30 ʤʠʥ ʣʠʙʦ ʜʦʙʘʚʣʷʣʠ 100 ʤM NaCl ʠ ʯʝʨʝʟ 

5 ʤʠʥ ʬʠʢʩʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ, ʣʠʙʦ ʠʟʤʝʨʷʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɽʩʣʠ 

ʤʠʰʝʥʠ ʚ ʨʘʩʪʚʦʨʝ ʥʝ ʙʳʣʦ, ʪʦ ʅʏɿ ʩʣʠʧʘʣʠʩʴ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʣʠʙʦ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʪʫʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

ʅʂ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʨʠʧʣʝʢʩʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (triplex 

binders), ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʦʢʩʘʟʠʥ ʠ ʢʨʝʟʠʣ ʬʠʦʣʝʪʦʚʳʡ. ʊʨʠʧʣʝʢʩ-

ʦʙʨʘʟʫʶʱʘʷ ʅʂ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʫʧʣʝʢʩʦʤ ʚ ʝʛʦ ʙʦʣʴʰʦʡ ʙʦʨʦʟʜʢʝ ʩʠʢʚʝʥʩ-ʩʧʝʮʠʬʠʯʥʦ 

ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʟʦʪʠʩʪʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ. ɼʝʪʝʢʮʠʷ ʵʪʠʭ 

ʚʝʱʝʩʪʚ ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʠʧʘʥʠʠ ʅʏɿ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʠʧʣʝʢʩʘ, ʝʩʣʠ 

ʞʝ ʪʨʠʧʣʝʢʩ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ, ʪʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʅʂ ʦʙʨʘʟʦʚʳʚʘʣʠ ʜʫʧʣʝʢʩ, ʘ ʪʨʠʧʣʝʢʩ-

ʦʙʨʘʟʫʶʱʘ ̫ʅʂ ʘʜʩʦʨʙʠʨʦʚʘʣʘʩʴ ʥʘ ʅʏɿ ʠ ʟʘʱʠʱʘʣʘ ʠʭ ʦʪ ʩʣʠʧʘʥʠʷ [316]. 

ʍʦʪʷ ʧʦʜʘʚʣʷʶʱʝʝ ʯʠʩʣʦ ʨʘʙʦʪ ʧʦ ʜʝʪʝʢʮʠʠ ʤʠʰʝʥʝʡ ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʠʧʘʥʠʠ ʅʏɿ 

ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʦʣʝʡ, ʦʧʠʩʘʥ ʠ ʜʨʫʛʦʡ ʤʝʭʘʥʠʟʤ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʙʳʣʦ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʅʏɿ ʧʨʠ ʠʭ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʠ HAuCl4. ɽʩʣʠ ʥʘ ʯʘʩʪʠʮʘʭ ʙʳʣʦ ʘʜʩʦʨʙʠʨʦʚʘʥʦ ʤʥʦʛʦ ʤʦʣʝʢʫʣ ʦʮ-

ʘʧʪʘʤʝʨʘ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʠʰʝʥʠ, ʪʦ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʯʘʩʪʠʮʳ ʩ 

ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠ ʨʘʩʪʚʦʨ ʠʤʝʣ ʩʠʥʠʡ ʮʚʝʪ. ɽʩʣʠ ʞʝ ʥʘ ʯʘʩʪʠʮʘʭ ʧʨʠ ʥʘʣʠʯʠʠ 



67 

 

ʤʠʰʝʥʠ ʦʩʪʘʣʦʩʴ ʤʘʣʦ ʤʦʣʝʢʫʣ ʘʧʪʘʤʝʨʘ, ʪʦ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʠ 

ʨʘʩʪʚʦʨ ʠʤʝʣ ʢʨʘʩʥʡr ʮʚʝʪ [315]. ʊʘʢʞʝ ʚʦʟʤʦʞʥʘ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʜʝʪʝʢʮʠʷ 

ʧʨʠʩʫʪʩʪʚʠʷ ʤʠʰʝʥʠ ʧʦ ʧʝʨʝʭʦʜʫ ʮʚʝʪʘ ʅʏɿ ʦʪ ʢʨʘʩʥʦʛʦ ʢ ʟʝʣʝʥʦʤʫ ʙʣʘʛʦʜʘʨʷ 

çʘʛʨʝʛʘʪʦʨʫè ʅʏɿ ʢʘʪʠʦʥʥʦʤʫ ʢʨʘʩʠʪʝʣʶ Y5GL [317]. 

ʆʧʠʩʘʥʳ ʤʝʪʦʜʳ ʜʝʪʝʢʮʠʠ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʅʏɿ [318]. ʀʦʥʳ Hg2+ 

ʦʙʨʘʟʫʶʪ ʩ ʅʂ, ʙʦʛʘʪʳʤʠ ʪʠʤʠʥʦʤ, ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ T ï Hg2+ - T, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʘ 

ʠʭ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʜʝʪʝʢʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʅʂ ʊ10 ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʙʘʚʣʝʥʠʝʤ 

ʩʦʣʝʡ (ʧʨʝʜʝʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ 0,6 ʥʄ) [319, 320, 223] (ʨʠʩ. 26 ɸ). ʊʘʢʞʝ ʠʦʥʳ Hg2+ 

ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʦʜʘʤʠʥʘ ɺ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʣʩʷ ʩ ʥʠʤʠ 

ʩʠʣʴʥʝʝ, ʯʝʤ ʩ ʅʏɿ (80-100 ʠ 8-16 ʢʢʘʣ/ʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [321, 322]. ʀʦʥʳ Ag+ 

ʦʙʥʘʨʫʞʠʚʘʣʠ ʧʦ ʩʭʝʤʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 27 ɸ [323, 296, 293].  

 

 

 ʈʠʩʫʥʦʢ 27. ɼʝʪʝʢʮʠʷ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ: ɸ ï ʠʦʥʦʚ ʨʪʫʪʠ Hg2+ 

(ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [315]), ɹ ï ʠʦʥʦʚ ʩʝʨʝʙʨʘ Ag+ (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [319]), ɺ ï ʠʦʥʦʚ ʩʚʠʥʮʘ Pb2+ (ʘʜʘʧʪʠʨʦʚʘʥʦ 

ʠʟ [320]). 
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ʉ-ʙʦʛʘʪʫʶ ʅʂ (200 ʥM) ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʙʫʬʝʨʝ MORS, ʩʦʜʝʨʞʘʱʝʤ Ag+, ʚ ʪʝʯʝʥʠʝ 

5 ʤʠʥ, ʟʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʅʏɿ (3,9 ʥM), ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

5 ʤʠʥ ʠ ʜʦʙʘʚʣʷʣʠ 90 ʤM NaNO3, ʯʝʨʝʟ 2 ʤʠʥ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʦʪʜʝʣʷʷ ʘʛʨʝʛʠʨʦʚʘʚʰʠʝ 

ʅʏɿ (3 ʤʠʥ, 3000 ʦʙ./ʤʠʥ, ʩʤʝʰʠʚʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ ʬʣʫʦʨʝʩʮʝʠʥʘ (42 ʥM) ʠ ʯʝʨʝʟ 5 ʤʠʥ 

ʠʟʤʝʨʷʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʉʫʪʴ ʜʝʪʝʢʮʠʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʠʦʥʳ Ag+ 

ʦʙʨʘʟʦʚʳʚʘʣʠ ʧʨʦʯʥʳʝ ʩʚʷʟʠ ʩ ʮʠʪʦʟʠʥʦʤ ʚ ʩʦʩʪʘʚʝ ʅʂ (ʨʠʩ. 27 ɹ) [323], ʠ ʤʦʣʝʢʫʣʳ ʅʂ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʜʦʙʘʚʣʝʥʥʳʤʠ ʅʏɿ ʠ ʥʝ ʟʘʱʠʱʘʣʠ ʠʭ ʦʪ ʩʣʠʧʘʥʠʷ. ʋ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ 

ʅʏɿ ʩʚʦʡʩʪʚʦ ʪʫʰʠʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʩʣʘʙʝʝ, ʯʝʤ ʫ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʘʙʣʶʜʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʩʠʛʥʘʣ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʯʝʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʦʥʦʚ 

Ag+. ʇʨʝʜʝʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ 6 ʥʄ. 

ʊʦʪ ʞʝ ʤʝʪʦʜ ʜʝʪʝʢʮʠʠ ʠʦʥʦʚ Ag+ [296] ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʦʜʘʤʠʥʘ ɺ ʚ ʢʘʯʝʩʪʚʝ ʬʣʫʦʨʦʬʦʨʘ, ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ NaNO3, ʥʦ ʙʝʟ 

ʦʪʜʝʣʝʥʠʷ ʘʛʨʝʛʠʨʦʚʘʚʰʠʭ ʅʏɿ ʠ ʩ ʠʥʢʫʙʘʮʠʝʡ ʧʦ 10 ʤʠʥ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ [293]. 

ʀʦʥʳ Pb2+ ʦʧʨʝʜʝʣʷʣʠ ʚ ʨʘʩʪʚʦʨʝ, ʠʩʧʦʣʴʟʫʷ ʜʮɼʅʂ-ʟʠʤ, ʦʜʥʘ ʮʝʧʴ ʢʦʪʦʨʦʛʦ 

ʩʦʜʝʨʞʘʣʘ ʚ ʩʝʨʝʜʠʥʝ ʨʠʙʦɸ ʠ ʨʘʩʱʝʧʣʷʣʘʩʴ ʥʘ ʜʚʘ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʬʨʘʛʤʝʥʪʘ ʚʪʦʨʦʡ 

ʬʝʨʤʝʥʪʥʦʡ ʮʝʧʴʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Pb2+. Oʜʥʦʮʝʧʦʯʝʯʥʳʝ ʅʂ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʦʨʙʠʨʦʚʘʣʠʩʴ ʥʘ ʅʏɿ, ʠ ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ NaCl ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ (ʧʨʝʜʝʣ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ 10 ʧʄ) [324] (ʨʠʩ. 27 ɺ). ʉʘʤʦʨʘʩʱʝʧʣʷʶʱʠʡʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ 

Cu2+ ɼʅʂ-ʟʠʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʭ ʜʝʪʝʢʮʠʠ ʧʦ ʩʭʦʞʝʤʫ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʫ (ʧʨʝʜʝʣ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ 0,29 ʤʢʄ) [325]. ʇʦ ʪʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ ʦʨʛʘʥʠʟʦʚʘʥʘ ʜʝʪʝʢʮʠʷ ʢʘʪʠʦʥʘ 

UO2
2+ [326]. ʅʘʣʠʯʠʝ ʠʦʥʦʚ Cu2+ ʚ ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʠ ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 

ʩʦ ʩʧʝʮʠʬʠʯʥʳʤ ʢ ʤʝʜʠ 3-ʤʝʨʢʘʧʪʦ-D-ʚʘʣʠʥʦʤ, ʚʳʟʳʚʘʚ ʠhʤ ʩʣʠʧʘʥʠʝ ʅʏɿ ʚ ʠʭ 

ʦʪʩʫʪʩʪʚʠʝ (ʧʨʝʜʝʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ï 1 ʤʢʄ) [327]. 

2.6.2.2.ɼʝʪʝʢʮʠʷ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʚ ʅʂ 

 ʇʨʠʥʮʠʧʠʘʣʴʥʘ ̫ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʝʢʮʠʠ SNP ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ 

ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ ʅʏɿ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʅʂ ʦʪ ʩʣʠʧʘʥʠʷ ʚ ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʃʠ ʠ ʈʦʪʙʝʨʛʦʤ: ʦʙʨʘʟʦʚʘʥʠʝ ʜʫʧʣʝʢʩʦʚ ʢʦʨʦʪʢʠʭ ʅʂ, ʤʝʯʝʥʥʳʭ ʨʦʜʘʤʠʥʦʤ, ʩ ʜʣʠʥʥʳʤʠ 

ɼʅʂ-ʤʠʰʝʥʷʤʠ ʧʦʟʚʦʣʠʣʦ ʨʘʟʣʠʯʘʪʴ ʤʠʰʝʥʠ ʩ ʦʜʥʠʤ ʥʫʢʣʝʦʪʠʜʥʳʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ 

[250, 249]. ʃʠ ʠ ʈʦʪʙʝʨʛ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʪʝʤ ʞʝ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʠ ʚ ʈʅʂ-ʤʠʰʝʥʷʭ [251]. ʇʨʘʢʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ 520 

ʠ 620-650 ʥʤ ʦʧʠʩʘʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ [328, 329, 330, 331, 238]. 

ɺʘʨʠʘʮʠʷ ʤʝʪʦʜʠʢʠ ʜʣʷ ʜʝʪʝʢʮʠʠ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʚ ɼʅʂ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʣʢʘ, ʩʚʷʟʳʚʘʚ ʝhʛʦ ʦʜʥʦʮʝʧʦʯʝʯʥʫʶ ɼʅʂ ʚ ʩʣʫʯʘʝ ʥʝʧʦʣʥʦʩʪʴʶ 
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ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʜʫʧʣʝʢʩʘ ʠ ʟʘʱʠʱʘʚ ʝhʛʦ ʚ ʪʘʢʦʤ ʚʠʜʝ ʅʏɿ ʦʪ ʩʣʠʧʘʥʠʷ, ʘ ʚ ʩʚʦʙʦʜʥʦʤ 

ʚʠʜʝ - ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʜʫʧʣʝʢʩʘ - ʚʳʟʳʚʘʚ ʝhʛʦ ʠʭ ʩʣʠʧʘʥʠʝ [332]. 

2.6.2.3. ɼʝʪʝʢʮʠʷ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ɼʅʂ 

ɼʝʪʝʢʮʠʷ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ɼʅʂ (ʨʠʩ. 27) ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʚʨʘʱʝʥʠʠ 

ʥʝʤʝʪʠʣʠʨʦʚʥʘʥʦʛʦ ʮʠʪʦʟʠʥʘ ʚ ʫʨʘʮʠʣ ʧʨʠ ʙʠʩʫʣʴʬʠʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʥʝʡ 

ʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʮʠʪʦʟʠʥʘ. [333]. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʘʤʧʣʠʬʠʢʘʮʠ ʁ ɼʅʂ ʩ ʧʦʤʦʱʴʶ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ (ʇʎʈ) [212] ʩ ʥʘʨʘʙʦʪʢʦʡ ʉ/G-ʙʦʛʘʪʳʭ 

ʘʤʧʣʠʢʦʥʦʚ ʠʟ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ɸ/ʊ-ʙʦʛʘʪʳʭ ʠʟ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ 

ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʇʎʈ [334, 335] ʩ ʥʘʨʘʙʦʪʢʦʡ G-ʙʦʛʘʪʳʭ ʘʤʧʣʠʢʦʥʦʚ ʠʟ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ɸ-ʙʦʛʘʪʳʭ ʠʟ ʥʝʤʝʪʠʣʠʨʦʚʘʥʥʳʭ. ʅʝʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ 

ɼʅʂ ʚ ʙ·ʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʨʙʠʨʦʚʘʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʯʝʤ ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ 

ʫʯʘʩʪʢʠ (ʨʠʩ. 28).  

 

 ʈʠʩʫʥʦʢ 28. ɼʝʪʝʢʮʠʷ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ɼʅʂ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [207]. 

ɼʝʪʝʢʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʣʠʙʦ ʧʦ SPR-ʩʧʝʢʪʨʘʤ (ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ), ʦʪʨʘʞʘʚʰʠʤ ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ ʅʏɿ, ʣʠʙʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ [336, 

337]. 

2.6.3. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ 

 ʇʨʠ ʦʢʠʩʣʝʥʠʠ 3,3`,5,5`-ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʠʜʠʥʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʩʚʦʙʦʜʥʳʝ ʅʏɿ 

ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʅʂ ʧʨʦʷʚʣʷʣʠ ʧʝʨʦʢʩʠʜʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʠʯʝʤ ʵʪʘ ʘʢʪʠʚʥʦʩʪʴ 

ʙʳʣʘ ʚ 2,5 ʨʘʟʘ ʚʳʰʝ ʫ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ, ʯʝʤ ʫ ʅʏɿ. ʂʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 
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ʦʮʝʥʠʚʘʣʠ ʧʦ ʩʧʝʢʪʨʘʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʪ.ʢ. ʧʨʦʜʫʢʪ ʦʢʠʩʣʝʥʠʷ ʦʢʨʘʰʝʥ ʚ ʩʠʥʠʡ 

ʮʚʝʪ [338, 339].  

 ʅʏɿ ʧʦʩʣʝ ʘʛʨʝʛʘʮʠʠ ʚ 500 ʤʄ NaCl ʫʩʠʣʠʚʘʣʠ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʶʤʠʥʦʣʘ ʩ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʤʠʰʝʥʠ ʚ ʨʘʩʪʚʦʨʝ 

ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʩ ʢʦʤʧʣʝʤʝʥʪʦʤ ʜʫʧʣʝʢʩ ʥʝ ʧʨʝʧʷʪʩʪʚʦʚʘʣ ʩʣʠʧʘʥʠʶ ʅʏɿ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʫʩʠʣʝʥʠʶ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʠʰʝʥʠ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ ʅʂ ʟʘʱʠʱʘʣʘ ʅʏɿ ʦʪ ʩʣʠʧʘʥʠʷ, ʠ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ 

[297]. 

 ɸʩʩʦʮʠʘʪʳ ʅʏɿ-ʅʂ ʧʨʦʷʚʣʷʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ D-

ʛʣʶʢʦʟʳ ʢʠʩʣʦʨʦʜʦʤ, ʧʨʠʯʝʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʅʂ ʫʤʝʥʴʰʘʣʠ ʵʪʫ ʘʢʪʠʚʥʦʩʪʴ, ʘ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʅʂ ʧʦʚʳʰʘʣʠ ʝʝ. ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʅʂ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ pH [340]. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʅʂ ʦʩʪʘʚʣʷʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʜʦʩʪʫʧʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʤʦʣʝʢʫʣʦʡ ʛʣʶʢʦʟʳ, ʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʥʝʪ, 

ʧʦʵʪʦʤʫ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʅʏɿ ʠʟʤʝʥʷʣʘʩʴ. ʇʨʦʜʫʢʪ ʦʢʠʩʣʝʥʠʷ ʛʣʶʢʦʟʳ ï D-

ʛʣʶʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ - ̫ ʚʣʷʣʘʩʴ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʧʝʨʦʢʩʠʜʘʟʳ ʭʨʝʥʘ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʳʟʳʚʘʣʘ ʦʢʠʩʣʝʥʠʝ ABTS2- (2,2ǋ -ʘʟʠʥʦʙʠʩ(3-ʵʪʠʣʙʝʥʟʪʠʘʟʦʣʠʥ-6-ʩʫʣʴʬʦʥʘʪ)) ʜʦ ABTS, 

ʦʢʨʘʰʝʥʥʦʛʦ ʚ ʟʝʣʝʥʳʡ ʮʚʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʧʝʢʪʨʘʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʤʦʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ. ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ 

ʷʚʣʷʣʦʩʴ ʪʦ, ʯʪʦ D-ʛʣʶʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʣʘʩʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʠʥʛʠʙʠʪʦʨʦʤ, ʦʥʘ 

ʘʜʩʦʨʙʠʨʦʚʘʣʘʩʴ ʥʘ ʅʏɿ ʠ ʫʤʝʥʴʰʘʣʘ ʠʭ ʘʢʪʠʚʥʦʩʪʴ [341]. 

2.6.4. ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ 

ʇʨʠʤʝʥʝʥʠʝ ʅʏɿ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ ʧʦʟʚʦʣʠʣʦ ʦʪʩʣʝʞʠʚʘʪʴ 

ʙʠʦʤʦʣʝʢʫʣʳ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʢʣʝʪʦʢ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [176]. ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʅʏɿ ʚ ʢʣʝʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ 

ʥʘʥʦʯʘʩʪʠʮ, ʠʭ ʟʘʨʷʜʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʅʏɿ. ʉʫʤʤʠʨʫʷ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʅʏɿ ʤʘʣʦʛʦ 

ʨʘʟʤʝʨʘ (2,4 ʥʤ) ʧʨʦʥʠʢʘʶʪ ʚ ʢʣʝʪʦʯʥʦʝ ʷʜʨʦ, ʩʨʝʜʥʝʛʦ (5,5 ʠ 8,2 ʥʤ) - ʚ ʮʠʪʦʧʣʘʟʤʫ, 

ʙʦʣʴʰʦʛʦ (ʦʪ 16 ʥʤ) ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ, ʥʦ ʩ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

[13]. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʜʚʫʩʪʚʦʨʯʘʪʳʤʠ ʤʦʣʣʶʩʢʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʅʏɿ 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʣʠʟʦʩʦʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʣʝʪʦʢ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ 

ʞʝʣʝʟ.r ʀʦʥʳ Au3+ (ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʅʏɿ) ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʞʘʙʨʘʭ ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʪʝʩʪʦʚ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ [342]. 

ʊʘʢʞʝ ʘʩʩʦʮʠʘʪʳ ʅʏɿ ʩ ʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ. 

ʊʘʢ, ʧʨʠ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʤ ʚʚʝʜʝʥʠʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʪʨʝʭʙʣʦʯʥʳʤʠ 
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ʧʨʦʪʠʚʦʪʨʦʤʙʠʥʦʚʳʤʠ ʘʧʪʘʤʝʨʘʤʠ ʢʨʳʩʘʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʩʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʢʨʦʚʦʪʝʯʝʥʠʷ (rat tail bleeding) ʥʘʙʣʶʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʢʨʦʚʦʪʝʯʝʥʠʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʧʘʨʠʥʦʤ: 29,8 ʤʠʥ ʧʨʦʪʠʚ 8,5 ʤʠʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʚʚʝʜʝʥʠʠ 100 ʤʢʣ 

ʢʘʞʜʦʛʦ ʠʟ ʧʨʝʧʘʨʘʪʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 0 ʜʦ 750 ʥʄ [237]. 

ɿʘʢʣʶʯʝʥʠʝ 

 ʇʨʠʨʦʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʠʩʩʣʝʜʦʚʘʣʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 

(ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ, ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ), ʠ ʨʘʟʥʳʝ ʛʨʫʧʧʳ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʝʣʘʣʠ ʨʘʟʥʳʝ ʟʘʢʣʶʯʝʥʠʷ ʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʪʠʧʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʥʷʪʴ, 

ʥʘʩʢʦʣʴʢʦ ʚʝʣʠʢʘ ʨʘʟʥʠʮʘ ʚ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʤʦʞʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʷʟʳʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ: ʜʠʘʧʘʟʦʥ ʝʝ 

ʟʥʘʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ BSA ʩʦʩʪʘʚʠʣ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ [182]. ʇʦʜʦʙʥʳʝ 

ʧʨʦʪʠʚʦʨʝʯʠʷ ʚʩʪʨʝʯʘʣʠʩʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʣʠʪʝʨʘʪʫʨʳ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʦʜʩʪʚʘ ʢ ʟʦʣʦʪʫ ʦʪ 

ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʣʠʛʘʥʜʦʚ: ʚ ʦʜʥʦʡ ʛʨʫʧʧʝ ʨʘʙʦʪ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʜʝʥʠʥʘ ʚ ʩʦʩʪʘʚʝ ɼʅʂ, ʚʦ ʚʪʦʨʦʡ ʦʯʝʥʴ ʦʙʰʠʨʥʦʡ ʛʨʫʧʧʝ 

ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʚ ʪʨʝʪʴʝʡ, ʩʘʤʦʡ ʤʘʣʦʯʠʩʣʝʥʥʦʡ, ʧʨʠʚʝʜʝʥʳ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʨʘʚʥʦʛʦ ʩʨʦʜʩʪʚʘ ʢ ʟʦʣʦʪʫ ʠ ʪʠʤʠʥʘ, ʠ ʘʜʝʥʠʥʘ. ʕʪʘ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʚʳʚʦʜʦʚ - ʩʣʝʜʩʪʚʠʝ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʣʠʛʘʥʜʦʚ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ 

ʟʥʘʥʠʡ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʠʛʘʥʜʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʩ ʟʦʣʦʪʦʤ ʠ ʠʭ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʩʣʦʚʠʡ ʩʚʷʟʳʚʘʥʠʷ ï ʦʙʰʠʨʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʙʫʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʠ ʅʂ ʚ ʥʠʟʢʦʩʦʣʝʚʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʎʝʣʴʶ ʥʘʰʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʢʣʶʯʘʶʱʠʭ ʚʣʠʷʥʠʝ 

ʩʪʦʨʦʥʥʠʭ ʬʘʢʪʦʨʦʚ.  
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3. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

3.1.ʈʝʘʛʝʥʪʳ 

 ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʱʝʩʪʚʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ: 

ʟʦʣʦʪʦʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ ʪʨʠʛʠʜʨʘʪ HAuClO4Ā3H2O (ɸʫʨʘʪ, ʈʦʩʩʠʷ), ʮʠʪʨʘʪ 

ʥʘʪʨʠʷ ʜʠʛʠʜʨʘʪ Na3C6H5O7Ā2H2O, N,N,Nô,Nô-ʪʝʪʨʘʤʝʪʠʣʵʪʠʣʝʥʜʠʘʤʠʥ (Fluka, ɹʝʣʴʛʠʷ), 

BSA, MUA, TGA (80 % ʨʘʩʪʚʦʨ), ʞʝʣʘʪʠʥ ɸ, ʞʝʣʘʪʠʥ ɺ, ʭʣʦʨʠʜ ʤʘʛʥʠʷ ʛʝʢʩʘʛʠʜʨʘʪ (Sigmaï

Aldrich, ʉʐɸ), HSA, ʧʦʣʠʘʜʝʥʠʣʘʪ ʥʘʪʨʠʷ (Reanal, ɺʝʥʛʨʠʷ), 

ʪʨʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʘʤʠʥʦʤʝʪʘʥ (ʊʨʠʩ), N,N-ʤʝʪʠʣʝʥ(ʙʠʩ)ʘʢʨʠʣʘʤʠʜ, ʙʨʦʤʬʝʥʦʣʦʚʳʡ 

ʩʠʥʠʡ, ʢʩʠʣʝʥʮʠʘʥʦʣ FF, ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʘʮʝʪʘʪ ʥʘʪʨʠʷ (ʕɼʊɸ), ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ 

(Amresco, ʉʐɸ), ʛʣʠʮʠʥ, ʛʣʠʮʝʨʠʥ, ʙʠʩ(ʩʫʣʴʬʘʥʠʣ)ʙʫʪʘʥ-2,3-ʜʠʦʣ (DTT) (Serva, 

ɻʝʨʤʘʥʠʷ), HS-PEG-COOH (PEG), (3,2 ʢɼa, 4,9 ʢɼa, Iris Biotech, ɻʝʨʤʘʥʠʷ), ʛʣʫʪʘʪʠʦʥ, 

ʤʦʯʝʚʠʥʘ, ʘʢʨʠʣʘʤʠʜ, ʘʮʝʪʦʥʠʪʨʠʣ (ʦ.ʩ.ʯ.), ʵʪʠʜʠʫʤ ʙʨʦʤʠʜ (AppliChem, ɻʝʨʤʘʥʠʷ), �J[32P]-

ATʌ, ʊ4-ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʘ, Taq-ʧʦʣʠʤʝʨʘʟʘ, ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʪʨʠʬʦʩʬʘʪʳ 

(ɹʠʦʩʘʥ, ʈʦʩʩʠʷ), Stains All , ʧʝʨʭʣʦʨʘʪ ʣʠʪʠʷ, ʧʝʨʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ (Acros, ʉʐɸ), PEI 

(ʧʦʣʠʵʪʠʣʝʥʠʤʠʥ), PEG (Alfa Aesar, ʉʐɸ), ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ, ʬʦʨʤʘʤʠʜ, ʭʣʦʨʠʜ ʥʘʪʨʠʷ 

(Panreac, ʀʩʧʘʥʠʷ), ʘʮʝʪʦʥ (ʦ.ʩ.ʯ.) (ʈʝʘʭʠʤ, ʈʦʩʩʠʷ), ʵʪʘʥʦʣ (ʆɸʆ çʂʝʤʝʨʦʚʩʢʘʷ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʬʘʙʨʠʢʘè, ʈʦʩʩʠʷ), ʬʦʩʬʘʪ ʥʘʪʨʠʷ ʜʚʫʟʘʤʝʱʝʥʥʳʡ ʜʦʜʝʢʘʛʠʜʨʘʪ 

(ɸʣʴʬʘʍʠʤʇʣʶʩ, ʈʦʩʩʠʷ), ʬʦʩʬʘʪ ʥʘʪʨʠʷ ʦʜʥʦʟʘʤʝʱʝʥʥʳʡ ʜʠʛʠʜʨʘʪ (ʈʝʘʪʵʢʩ, ʈʦʩʩʠʷ), 

ʩʪʨʝʧʪʘʚʠʜʠʥ-ʘʛʘʨʦʟʘ (Solulink, ʉʐɸ), ʷʠʯʥʳʡ ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥ, 1,2-ʜʠʦʣʝʦʠʣ-sn-

ʛʣʠʮʝʨʦ-3-ʬʦʩʬʦʵʪʘʥʦʣʘʤʠʥ (DOPE) (Avanti Polar Lipids, ʉʐɸ), HSA-Cy5 (ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥ ʜ.ʭ.ʥ. ʊ.ʉ. ɻʦʜʦʚʠʢʦʚʦʡ), ʧʦʣʠʪʠʤʠʜʠʣʘʪ ʥʘʪʨʠʷ (ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥ 

ʜ.ʙ.ʥ. ʉ.ʅ. ʍʦʜʳʨʝʚʦʡ), Henx ʠ DMEM (ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʜ.ʙ.ʥ. ɽ.ʀ. ʈʷʙʯʠʢʦʚʦʡ), 

FBS (ʩʳʚʦʨʦʪʢʘ ʪʝʣʷʪ, ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʢ.ʙ.ʥ. ʆ.ɺ. ʄʘʨʢʦʚʳʤ), ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ 

(ʅʏʉ) (ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʢ.ʙ.ʥ. ʀ.ɼ. ʀʚʘʥʦʚʳʤ), ʢʦʥʲʶʛʘʪ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʧʝʧʪʠʜʘ [Str-(RL)4G-NH2] (ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥ ʢ.ʭ.ʥ. ɽ.ʂ.ɸʧʘʨʮʠʥʳʤ), 2-[[4-

ʜʦʜʝʮʠʣʘʤʠʥʦ-6-ʦʣʝʠʣʘʤʠʥʦ-1,3,5-ʪʨʠʘʟʠʥ-2ʠʣ]-(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)ʘʤʠʥʦ]ʵʪʘʥʦʣ (DOME2) 

(ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥ ʢ.ʭ.ʥ. ʀ.ʉ.ɼʦʚʳʜʝʥʢʦ). 

ʈʘʩʪʚʦʨʠʪʝʣʠ ʙʳʣʠ ʦʯʠʱʝʥʳ ʊ.ʖ.ɹʫʰʫʝʚʦʡ (ʃɹʄʍ ʀʍɹʌʄ ʉʆ ʈɸʅ). 

ɹʘʢʪʝʨʠʘʣʴʥʳʡ çʮʠʪʦʟʦʣʴè ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ɸ.ʉ. ɼʦʣʦʜʦʝʚʳʤ (ɻʄʀ ʀʍɹʌʄ ʉʆ 

ʈɸʅ). 

 ɺʩʝ ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʳ, ʦʯʠʱʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

Simplicity 185 (Millipore, ʉʐɸ). 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ TBE (89 ʤʄ ʊʨʠʩ, 89 ʤʄ H3BO3, 2 ʤʄ 

ʕɼʊɸ, pH 8,3), Tʨʠʩ-Gly (25 ʤʄ ʊʨʠʩ, 250 ʤʄ Gly, pH 8,3), AP (20 ʤʄ ʊʨʠʩ-HCl, 0,2 ʤʄ 

MgCl2, 10 ʤʄ NaCl, pH 7,5), PB (23 ʤʄ NaH2PO4, 77 ʤʄ Na2HPO4, pH 7,4), PBS (2,3 ʤʄ 
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NaH2PO4, 7,7 ʤʄ Na2HPO4, 137 ʤʄ NaCl, 2,7 ʤʄ KCl, ʨʅ 7,4), ʊʨʠʩ-ʘʮʝʪʘʪʥʳʡ (1 ʤʄ 

ʕɼʊɸ, 40 ʤʄ ʊʨʠʩ, 20ʤʄ CH3COOH, pH 8,5), ʮʠʪʨʘʪʥʳʡ (25 ʤʄ Na3C6H5O7, pH 6,7). 

3.2.ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ 

 ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʦʣʠʛʦʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʳ ʠ 

ʦʣʠʛʦʨʠʙʦʥʫʢʣʝʦʪʠʜʳ (ʪʘʙʣʠʮʘ 10): 

 ʊʘʙʣʠʮʘ 10. ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ. 

ʰʠʬʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (5 -̀3`) 1 

ʊ6 TTTTTT 

ʊ26 TTTTTTTTTTTTTTTTTTTTTTTTTT 

T26FAM FAM TTTTTTTTTTTTTTTTTTTTTTTTTT 

ʊ40 TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 

ɸ26 AAAAAAAAAAAAAAAAAAAAAAAAAA  

ʉ26 CCCCCCCCCCCCCCCCCCCCCCCCCC 

G26 GGGGGGGGGGGGGGGGGGGGGGGGGG 

N26 NNNNNNNNNNNNNNNNNNNNNNNNNN 

NC CAACACAACCAACACAACCAACACAA  

GC GCGCGCGCGCGCGCGCGCGCGCGCGC 

GT GTGTGTGTGTGTGTGTGTGTGTGTGT 

AC ACACACACACACACACACACACACAC 

AT ATATATATATATATATATATATATAT  

TGT TGTTGTTGTTGTTGTTGTTGTTGTTG 

ATG ATGATGATGATGATGATGATGATGAT 

R.20 FAM C*A*C*T*C*G*C*A*A*G*C*A*C*C*C*T*A*T*C*A*G 

R.19 FAM C*A*C*T*C*G*C*A*A*G*C*A*C*C*C*T*A*T*C*AG 

R.18 FAM C*A*C*T*C*G*C*A*A*G*C*A*C*C*C*T*A*T*CAG 

R.17 FAM *C*A*C*T*C*G*C*A*A*G*C*A*C*C*C*T*ATCAG 

R.15 FAM *C*A*C*T*C*G*C*A*A*G*C*A*C*C*CTATCAG 

R FAM CACTCGCAAGCACCCTATCAG 

G.2 GGTGCGCTCCTGGACGTA*G*C 

L0 CCTGGATCCTTCTTCCCACTNNNNNNNNNNNNNNNNNNNNNNNNNN 

CGCGCGAGGTA GAATTCGAA 

Pr1 CCTGGATCCTTCTTCCCACT 

Pr2 TTCGAATTCTACCTCGCGCG 

Pr2b ʙʠʦʪʠʥ TTCGAATTCTACCTCGCGCG 

L6-1 CAGCGGAGTAGTGATATCATGGAGTG 

L6-2 ATGTAGTGTTCGATGTGTTGCTGTGT 

L6-3 TACAGATGAGGTGTTCGATTTGTATA 
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ʰʠʬʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (5`-3`) 1 

L6-5 GCGCGCGGGATGCTTCTAGATCAGTT 

L6-a2, L6-a1 GGTGGGGGGGTGGATACGATACGTGC 

itGCA CGTGCAGCTTTTGCTGCACGCACTCACG 

tACT CGTGAGACTGTGCAGCTTTTGCTGCACA 

L7-1 GCACGATGTAGTGATGTGATGTATCG 

L7-5 AGGCAGGGCATCGCGCGTGAAAGGAA 

L7-6 ATTAACGCGCGTAAGGGCCCTAGTGG 

L7-1-0 GGCACAGAGGTTGAATGTTGTGTTGT 

L5-1 CGTATCTGATAGGTATTGTGAGATCG 

L2-1 TATCGCGAGCGGAGTAATCTAGTGAG 

6-1 TGAGAT 

6-2 TGAGAT^TGAGAT 

6-3 TGAGAT^TGAGAT^TGAGAT 

6-4 TGAGAT^TGAGAT^TGAGAT^TGAGAT 

asGFP rCrArArGrCrUrGArCrCrCrUrGrArArGrUrUrCTT 

sGFP rGrArArCrUrUrCrArGrGrGrUrCrArGrCrUrUrGTT 

sGFPCy5.5 Cy5.5 rCrArArGrCrUrGrArCrCrCrUrGrArArGrUrUrCTT 

4 rGrGrUrGrArArGrUrUrCrArUrCrGrGrCrGrUrGTT 

5 rCrArCrGrCrCrGrArUrGrArArCrUrUrCrArCrCTT 

4.1 rGrGrUrGrArArGrUrUrCrArUrCrGrGrCrGrUrGT*T 

4.2 rGrGrUrGrArArGrUrUrCrArUrCrGrGrCrGrUrGT*T*T 

5.1 rCrArCrGrCrCrGrArUrGrArArCrUrUrCrArCrCT*T 

5.2 rCrArCrGrCrCrGrArUrGrArArCrUrUrCrArCrCT*T*T  

1 - r ʦʙʦʟʥʘʯʘʝʪ ʨʠʙʦʥʫʢʣʝʦʪʠʜ, ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʫʢʘʟʘʥʳ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʳ,  

* ʦʙʦʟʥʘʯʘʝʪ ʬʦʩʬʦʨʠʣʛʫʘʥʠʜʠʥʦʚʫʶ ʛʨʫʧʧʫ (1,3-ʜʠʤʝʪʠʣ-2-

ʠʤʠʜʘʟʦʣʠʜʠʥʠʤʠʥʦʬʦʩʬʦʨʠʣʴʥʫʶ ʛʨʫʧʧʫ) (ʨʠʩ. 29), 

^ ʦʙʦʟʥʘʯʘʝʪ ʛʝʢʩʘʵʪʠʣʝʥʛʣʠʢʦʣʝʚʳʡ ʬʦʩʬʘʪʥʳʡ ʣʠʥʢʝʨ ʤʝʞʜʫ ʥʫʢʣʝʦʪʠʜʥʳʤʠ ʟʚʝʥʴʷʤʠ. 

ʆʣʠʛʦʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʳ, ʥʘʪʠʚʥʝr ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ, ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʚʝʨʜʦʬʘʟʥʳʤ ʬʦʩʬʠʪʘʤʠʜʥʳʤ ʤʝʪʦʜʦʤ ʊ.ʖ.ɹʫʰʫʝʚʦʡ ʠ 

ʄ.ʉ.ʂʫʧʨʶʰʢʠʥʳʤ (ʃɹʄʍ ʀʍɹʌʄ ʉʆ ʈɸʅ), ʦʣʠʛʦʨʠʙʦʥʫʢʣʝʦʪʠʜʳ 4, 5, 4.1, 4.2, 5.1, 5.2 

- ʄ.ʀ.ʄʝʱʘʥʠʥʦʚʦʡ (ʃʍʈʅʂ ʀʍɹʌʄ ʉʆ ʈɸʅ), ʦʣʠʛʦʨʠʙʦʥʫʢʣʝʦʪʠʜʳ sGFP, asGFP ï 

ʀ.ʉ.ɼʦʚʳʜʝʥʢʦ (ʃɹʄʍ ʀʍɹʌʄ ʉʆ ʈɸʅ) ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʥʪʝʟʘʪʦʨʘʭ ASM-800. 

ɺʚʝʜʝʥʠʝ ʦʩʪʘʪʢʘ Cy5.5 ʥʘ 5`-ʢʦʥʝʮ ʦʣʠʛʦʨʠʙʦʥʫʢʣʝʦʪʠʜʘ sGFP ʧʨʦʚʝʜʝʥʦ ʀ.ʉ.ɼʦʚʳʜʝʥʢʦ. 
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ʈʠʩʫʥʦʢ 29. ʌʦʩʬʦʨʠʣʛʫʘʥʠʜʠʥʦʚʘʷ ʛʨʫʧʧʘ (ʌɻ-ʛʨʫʧʧʘ) ʦʣʠʛʦʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʘ. 

3.3.ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʇʎʈ ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʚʦʜʠʣʠ ʚ ʘʤʧʣʠʬʠʢʘʪʦʨʝ Mastercycler (Eppendorf, ɻʝʨʤʘʥʠʷ).  

ʈʘʩʪʚʦʨʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʢʦʥʮʝʥʪʨʘʪʦʨʝ Centrivap (Labconco, ʉʐɸ) 

ʠʣʠ ʚ ʨʦʪʘʮʠʦʥʥʦʤ ʠʩʧʘʨʠʪʝʣʝ Rotavapor R-200 (Buchi, ʐʚʝʡʮʘʨʠʷ). ʂʦʣʣʦʠʜ ʅʏɿ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʮʝʥʪʨʠʬʫʛʝ (Eppendorf, ɻʝʨʤʘʥʠʷ). ʉʫʩʧʝʥʟʠʶ ʙʘʢʪʝʨʠʡ E.coli 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʮʝʥʪʨʠʬʫʛʝ Beckman-Coulter Avanti J-30I (Beckman-Coulter, ʉʐɸ). 

ʕʣʶʮʠʶ ɼʅʂ ʠʟ ʛʝʣʷ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʨʤʦʤʠʢʩʝʨʝ Comfort (Eppendorf, ɻʝʨʤʘʥʠʷ). ʅʏɿ ʩ ʅʂ 

ʠ ʜʨʫʛʠʤʠ ʙʠʦʤʦʣʝʢʫʣʘʤʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ Biosan (ʈʦʩʩʠʷ). ʆʙʨʘʱʝʥʥʦʬʘʟʦʚʫʶ 

ɺʕɾʍ (ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ ʞʠʜʢʦʩʪʥʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ 

Agilent (Agilent, ʉʐɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʦʥʢʠ Zorbax SB-C18 (ʜʠʘʤʝʪʨ 4,6 ʤʤ, ʜʣʠʥʘ 

250 ʤʤ, ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʩʦʨʙʝʥʪʘ 5ʤʢʤ). ʕʣʝʢʪʨʦʬʦʨʝʟ ʧʨʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʕʣʴʬ-8 (ɼʅʂ-ʊʝʭʥʦʣʦʛʠʷ, ʈʦʩʩʠʷ ) ʠ PowerPac HC(Biorad, ʉʐɸ). 

ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʠʟʤʝʨʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 

ï 25 Üʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ NanoDrop (GEC, ʉʐɸ). ʆʧʪʠʯʝʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʅʏɿ ʠʟʤʝʨʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 ï 25 Üʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ UV-2100 (Shimadzu, ʗʧʦʥʠʷ). ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʜʠʘʤʝʪʨ ʅʏɿ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ Zetasizer (Malvern, ʉʐɸ). ɸʢʪʠʚʥʦʩʪʴ �J[32P]-

ʤʝʯʝʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʠʟʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʯʝʪʯʠʢʘ ʩʮʠʥʮʠʣʣʷʮʠʠ Tri-Carb 

2800TR (Perkin-Elmer, ʉʐɸ). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʠ ʜʨʫʛʠʭ 

ʙʠʦʤʦʣʝʢʫʣ ʚ ʛʝʣʷʭ ʠ ʧʣʘʥʰʝʪʘʭ ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʠʤʝʪʨʘ Clariostar (BMG 

Labtech). ʌʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʢʨʘʥ (K-screen, Kodak) ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʩ ʛʝʣʝʤ, 

ʩʦʜʝʨʞʘʱʠʤ �J[32P]-ʤʝʯʝʥʥʳʝ ʅʂ, ʩʢʘʥʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʝʨʘ Molecular Imager 

Pharos FX Plus (BioRad, ʉʐɸ). ɻʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚ  

ʪʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨʝ TCP-20.LC (Vilber Lourmat, ʌʨʘʥʮʠʷ) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 365 ʥʤ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʨʘʩʪʚʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʋɿ-ʚʘʥʥʝ Elmasonic S10H (Elma, 
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ɻʝʨʤʘʥʠʷ). ʋʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʩʫʩʧʝʥʟʠʠ ʙʘʢʪʝʨʠʡ E.coli ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

Bandelin Sonopuls HD 3100 (Bandelin, ɻʝʨʤʘʥʠʷ). 

3.4.ʄʝʪʦʜʳ 

3.4.1. ʆʩʘʞʜʝʥʠʝ ɼʅʂ 2 % LiClO4 ʚ ʘʮʝʪʦʥʝ 

 ʂ ʨʘʩʪʚʦʨʫ ɼʅʂ ʦʙʲʝʤʦʤ 20 - 100 ʤʢʣ ʧʨʠʙʘʚʣʷʣʠ 1 ʤʣ 2 % LiClO4 ʚ ʘʮʝʪʦʥʝ, 

ʚʩʪʨʷʭʠʚʘʣʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 13000 ʦʙ./ʤʠʥ, ʦʪʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, 

ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ ʦʩʘʜʦʢ 1 ʤʣ ʘʮʝʪʦʥʘ, ʚʥʦʚʴ ʚʩʪʨʷʭʠʚʘʣʠ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 

ʤʠʥ ʧʨʠ 13000 ʦʙ./ʤʠʥ, ʦʪʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ ʠ ʚʳʩʫʰʠʚʘʣʠ ʦʩʘʜʦʢ ʥʘ ʚʦʟʜʫʭʝ ʠʣʠ ʚ 

ʪʝʨʤʦʩʪʘʪʝ CH-100 (ɹʠʦʩʘʥ, ʈʦʩʩʠʷ). 

3.4.2. ʆʩʘʞʜʝʥʠʝ ɼʅʂ ʵʪʘʥʦʣʦʤ 

ʂ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ɼʅʂ ʦʙʲʝʤʦʤ ʦʢʦʣʦ 200 ʤʢʣ ʜʦʙʘʚʣʷʣʠ 100 ʤʢʣ 1 M NaOAc ʠ 

900 ʤʢʣ ʵʪʘʥʦʣʘ, ʚʩʪʨʷʭʠʚʘʣʠ, ʦʩʪʘʚʣʷʣʠ ʧʨʠ - 20 Áʉ ʥʘ ʥʦʯʴ. ɿʘʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 13000 ʦʙ./ʤʠʥ, ʦʪʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʧʨʦʤʳʚʘʣʠ 900 ʤʢʣ 80 % ʵʪʘʥʦʣʘ, 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 13000 ʦʙ./ʤʠʥ, ʦʪʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʦʩʘʜʢʠ. 

3.4.3. ɺʳʜʝʣʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ 

ʈʘʩʪʚʦʨʳ ʦʣʠʛʦʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʟʘʪʝʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʜʠʤʝʪʦʢʩʠʪʨʠʪʠʣʴʥʫʶ ʟʘʱʠʪʥʫʶ ʛʨʫʧʧʫ, ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ 

ʥʦʩʠʪʝʣʷ ʠ ʧʨʦʯʠʭ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʱʝʥʥʦʬʘʟʦʚʦʡ ɺʕɾʍ ʚ 0,02 

ʄ ʨʘʩʪʚʦʨʝ ʪʨʠʵʪʠʣʘʤʤʦʥʠʷ ʘʮʝʪʘʪʘ ʚ ʛʨʘʜʠʝʥʪʝ ʘʮʝʪʦʥʠʪʨʠʣʘ 0-50 %. ʇʦʣʫʯʝʥʥʳʝ ʵʣʶʘʪʳ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʧʨʠ 40 Üʉ ʧʨʠʤʝʨʥʦ ʜʦ 100 ʤʢʣ. ɿʘʪʝʤ ʦʩʘʞʜʘʣʠ ɼʅʂ 2 % LiClO4 ʚ 

ʘʮʝʪʦʥʝ. ɼʣʷ ʫʜʘʣʝʥʠʷ 5ô-ʜʠʤʝʪʦʢʩʠʪʨʠʪʠʣʴʥʦʡ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʜʦʙʘʚʣʷʣʠ ʢ ʢʘʞʜʦʤʫ 

ʦʩʘʜʢʫ ʧʦ 20 ʤʢʣ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʧʦ 80 ʤʢʣ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʦʩʘʜʢʠ 

ʨʘʩʪʚʦʨʷʣʠ. ʏʝʨʝʟ 5 ʤʠʥ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚʥʦʚʴ ʧʨʦʚʦʜʠʣʠ ʦʩʘʞʜʝʥʠʝ 

2 % LiClO4 ʚ ʘʮʝʪʦʥʝ, ʧʦʩʣʝ ʧʨʦʤʳʚʘʥʠʷ ʘʮʝʪʦʥʦʤ ʧʦʜʩʫʰʠʚʘʣʠ ʦʩʘʜʢʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ 

ʧʨʠ 38 Áʉ, ʧʨʠʙʘʚʣʷʣʠ ʢ ʢʘʞʜʦʤʫ ʧʦ 10 ʤʢʣ ʊʨʠʩ-HCl (pH 8,8) ʠ ʦʩʘʞʜʘʣʠ 2 % LiClO4 ʚ 

ʘʮʝʪʦʥʝ. ɼʘʣʝʝ ʵʣʶʘʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʠ ʦʩʘʞʜʘʣʠ 2 % LiClO4 ʚ ʘʮʝʪʦʥʝ. ɺʩʝ 

ʦʣʠʛʦʨʠʙʦʥʫʢʣʝʦʪʠʜʳ ʚʳʜʝʣʷʣʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠ. ɺʩʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠ. 

3.4.4. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʅʂ ʠ ʅʏɿ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

 ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʇʎʈ-ʧʨʦʜʫʢʪʦʚ ʠ ʅʏɿ 

ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 ï 25 Üʉ. ʇʨʠ 

ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʅʏɿ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ Ů520(ʅʏɿ) = 

8,78Ā108 ʄ-1ʩʤ-1. ɼʣʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʚʳʧʦʣʥʠʣʠ ʧʦ ʤʝʪʦʜʫ [343]. 
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3.4.5. ʕʣʝʢʪʨʦʬʦʨʝʟ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ 

ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʅʂ ʧʨʦʚʦʜʠʣʠ ʚ ʜʝʥʘʪʫʨʠʨʫʶʱʝʤ 10-20 

% ʇɸɸɻ (ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 8ʄ ʤʦʯʝʚʠʥ r ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ʘʢʨʠʣʘʤʠʜ:ʙʠʩʘʢʨʠʣʘʤʠʜ ï 29:1 ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʊɺɽ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 20 ɺ/ʩʤ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 ï 40 Áʉ ʠʣʠ ʚ 15 % ʚʦʜʥʦʤ ʇɸɸɻ ʚ ʙʫʬʝʨʥʦʤ 

ʨʘʩʪʚʦʨʝ ʊɺɽ (ʪʨʠʩ-ʙʦʨʘʪʥʳʡ ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ) ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

5 ɺ/ʩʤ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 Áʉ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʛʝʣʴ ʦʢʨʘʰʠʚʘʣʠ ʨʘʩʪʚʦʨʦʤ 0,07 % Stains All ʚ 50 % ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʬʦʨʤʘʤʠʜʘ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʠʟ ʛʝʣʷ ʧʦʩʣʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʋʌ-ʩʚʝʪʝ ʚʳʨʝʟʘʣʠ ʫʯʘʩʪʦʢ ʛʝʣʷ, 

ʩʦʜʝʨʞʘʚʰʠʡ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ, ʠ ʵʣʶʠʨʦʚʘʣʠ ʝʛʦ ʜʚʘʞʜʳ 1 ʤʣ H2O mQ, ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ 

ʧʨʠ 60 Üʉ, ʪʨʝʪʴʶ ʵʣʶʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 16 ʯ ʧʨʠ 25 Üʉ. ʕʣʶʮʠʶ 

ʦʣʠʛʦʨʠʙʦʥʫʢʣʝʦʪʠʜʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 25 Áʉ. ɺʩʝ ʵʣʶʘʪʳ ʦʙʲʝʜʠʥʷʣʠ, ʫʧʘʨʠʚʘʣʠ ʠ 

ʦʩʘʞʜʘʣʠ. 

3.4.6. ʕʣʝʢʪʨʦʬʦʨʝʟ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ 

ʇʨʦʙʳ, ʩʦʜʝʨʞʘʱʠʝ ʅʏɿ, ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʠʣʠ ʜʨʫʛʠʝ ʙʠʦʤʦʣʝʢʫʣʳ ʠ 5 % 

ʛʣʠʮʝʨʠʥʘ, ʧʦʜʚʝʨʛʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʚ ʛʝʣʝ, ʩʦʜʝʨʞʘʱʝʤ 0,8 % 

ʘʛʘʨʦʟʳ, ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʊʨʠʩ-ʛʣʠʮʠʥ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 5 ɺ/ʩʤ 

ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʥʘ ʛʝʣʴ ʧʨʦʙʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʚʦʜʝ ʧʨʠ 95 Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʚʦ ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʠʟʦʙʨʘʞʝʥʠʷ ʛʝʣʝʡ ʬʠʢʩʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʢʘʤʝʨʳ. ɻʝʣʠ, 

ʩʦʜʝʨʞʘʚ ʠhʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʥʳʝ ʅʂ, ʩʢʘʥʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʠʤʝʪʨʘ 

Clariostar. ɻʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ �J[32P]-ʤʝʯʝʥʥʳʝ ʅʂ, ʚʳʩʫʰʠʚʘʣʠ, ʵʢʩʧʦʥʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1-

16 ʯ ʩ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʢʨʘʥʦʤ K-screen, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʩʢʘʥʠʨʦʚʘʣʠ ʥʘ ʩʢʘʥʝʨʝ 

Molecular Imager Pharos FX Plus, ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Quantity One. 

 ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʅʏɿ, ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 

ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʙʦʨ QIAquick Gel Extraction Kit  (Qiagen) ʧʦ ʠʥʩʪʨʫʢʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʀʟ ʛʝʣʷ ʚʳʨʝʟʘʣʠ ʫʯʘʩʪʦʢ ʛʝʣ,̫ ʩʦʜʝʨʞʘʱʠʡ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ, ʚʟʚʝʰʠʚʘʣʠ 

ʝʛʦ, ʜʦʙʘʚʣʷʣʠ ʪʨʝʭʢʨʘʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ (ʜʣʷ ʫʧʨʦʱʝʥʠʷ ɟ=1 ʛ/ʤʣ) ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ QG, 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Üʉ, ʚʩʪʨʷʭʠʚʘʷ ʢʘʞʜʳʝ 2-3 ʤʠʥ. ʇʦʩʣʝ 

ʨʘʩʪʚʦʨʝʥʠʷ ʘʛʘʨʦʟʳ ʜʦʙʘʚʣʷʣʠ ʦʜʠʥ ʦʙʲʝʤ ʠʟʦʧʨʦʧʘʥʦʣʘ. ʈʘʩʪʚʦʨ ʥʘʥʦʩʠʣʠ ʥʘ QIAquick 

ʩʧʠʥ-ʢʦʣʦʥʢʫ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʅʂ, ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ 

0,75 ʤʣ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʈɽ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ. ɼʣʷ ʵʣʶʮʠʠ ʅʂ 
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ʜʦʙʘʚʣʷʣʠ 30-50 ʤʢʣ 10 ʤM ʊʨʠʩ-HCl (pH 8,5) ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ. 

ɺʳʜʝʣʝʥʥʫʶ ɼʅʂ ʦʩʘʞʜʘʣʠ ʵʪʘʥʦʣʦʤ. 

3.4.7. ʇʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

 ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ 50 ʤʢʣ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʚ ʝhʡ 0,25 ʤʄ ʢʘʞʜʦʛʦ dNTP, 

2Ā10-6 M ʢʘʞʜʦʛʦ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʘʡʤʝʨʦʚ, 50 ʤʄ TricHCl, 2,5 ʤʄ MgCl2, 2,5 ʝ.ʘ. 

(ʝʜʠʥʠʮ ʘʢʪʠʚʥʦʩʪʠ) TaqPol, 1 ʤʢʣ ʨʘʩʪʚʦʨʘ ɼʅʂ-ʤʘʪʨʠʮʳ ʚ ʘʤʧʣʠʬʠʢʘʪʦʨʝ Eppendorf 

Mastercycler ʚ ʪʝʯʝʥʠʝ 23 ʮʠʢʣʦʚ 94 Üʉ 7 ʩ., 61,7 Üʉ 13 ʩ., 72 Üʉ 33 ʩ. ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʜʝʥʘʪʫʨʘʮʠʝʡ ʧʨʠ 95 Üʉ 52 ʩ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʵʣʦʥʛʘʮʠʝʡ ʧʨʠ 72 Üʉ 2 ʤʠʥ. ɼʅʂ ʚʳʜʝʣʷʣʠ 

ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 10 % ʇɸɸɻ. 

3.4.8. ɺʚʝʜʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʬʦʩʬʘʪʘ ʥʘ 5`-ʢʦʥʝʮ ʅʂ 

 ʈʘʜʠʦʘʢʪʠʚʥʳʡ ʬʦʩʬʘʪ ʚʚʦʜʠʣʠ ʥʘ 5`-ʢʦʥʝʮ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ (100 ʥʤʦʣʴ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ10 ʝ.ʘ. ʧʦʣʠʥʫʢʣʝʦʪʠʜʢʠʥʘʟʳ ʬʘʛʘ ʊ4 ʠ 0,1 mCi [ɔ32P]ɸʊʌ ʚ 10 ʤʢʣ 

ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʚʰʝʛʦ 50 ʤʄ ʊʨʠʩīHCl ʨʅ 7,6, 10 ʤʄ MgCl2, 5 ʤʄ DTT, ʚ ʪʝʯʝʥʠʝ 2 ʯ 

ʧʨʠ 37 ÁC. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʜʚʝʨʛʘʣʠ ʬʣʝʰ-ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʨʙʝʥʪʘ Waters C18 125 ¡ 55ī105 ʤʢʤ. 

3.4.9. ʉʠʥʪʝʟ ʅʏɿ 

ɼʣʷ ʩʠʥʪʝʟʘ ʅʏɿ ʧʦ ʤʝʪʦʜʠʢʝ [344] 5 ʤʣ 38,8 ʤM ʨʘʩʪʚʦʨʘ Na3C6H5O7 ʜʦʙʘʚʣʷʣʠ 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʢʠʧʷʱʠʡ ʨʘʩʪʚʦʨ HAuCl4Ā3H2O (45 ʤʣ, 1 ʤM). ʏʝʨʝʟ 20 ʤʠʥ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʜʝʨʞʠʚʘʣʠ 

ʚ ʪʝʯʝʥʠʝ 24 ʯ, ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʬʠʣʴʪʨ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 200 ʤʢʤ. ʇʦʣʫʯʝʥʥʫʶ 

ʩʫʩʧʝʥʟʠʶ ʅʏɿ ʭʨʘʥʠʣʠ ʧʨʠ 4ÁC. 

3.4.10. ʄʝʪʦʜʳ ʨʘʩʯʝʪʦʚ 

ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʦʜʥʦʩʘʡʪʦʚʦʛʦ 

ʩʚʟ̫ʳʚʘʥʠʷ), ʢʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ ʠ ʚʨʝʤʝʥʠ ʧʦʣʫʥʘʩʳʱʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ GraphPad Prizm. ɼʘʥʥʳʝ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʚʳʯʠʪʘʥʠʝʤ ʩʠʛʥʘʣʘ 

ʦʙʨʘʟʮʦʚ, ʥʝ ʩʦʜʝʨʞʘʚʰʠʭ ʅʏɿ ʠ ʅʂ. 

3.4.11. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ ʠ ʙʦʣʝʝ ʧʦʚʪʦʨʘʭ. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ t-ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ. 95 % ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʩ ʠʩʧʦʣɹ ʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Microsoft Excel. 

3.5.SELEX 

3.5.1. ʉʭʝʤʘ ʨʘʫʥʜʘ SELEX 

ʊʠʧʠʯʥʳʡ ʨʘʫʥʜ ʩʝʣʝʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ (ʨʠʩ. 30). ʉʠʥʪʝʪʠʯʝʩʢʫʶ 

ɼʅʂ-ʙʠʙʣʠʦʪʝʢʫ ʜʣʠʥʦʡ 66 ʥʪ., ʩʦʜʝʨʞʘʚʰʫʶ 26-ʟʚʝʥʥʳʡ ʮʝʥʪʨʘʣʴʥʳʡ 

ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʠ ʜʚʘ ʢʨʘʝʚʳʭ 20-ʟʚʝʥʥʳʭ ʬʨʘʛʤʝʥʪʘ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ 
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ʙʠʙʣʠʦʪʝʢʠ ʤʝʪʦʜʦʤ ʇʎʈ, ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʅʏɿ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ 25 Üʉ ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 

1400 ʦʙ./ʤʠʥ. ɼʣʷ ʧʝʨʚʦʛʦ ʨʘʫʥʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 4320 ʧʤʦʣʴ ʙʠʙʣʠʦʪʝʢʠ L0 ʠ 54,4 ʧʤʦʣʴ 

ʅʏɿ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʫʥʜʦʚ ï 100 ʠ 10 ʧʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʚʦʤ 

ʨʘʫʥʜʝ ʩʝʣʝʢʮʠʠ ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ɼʅʂ ʢ ʅʏɿ ʩʦʩʪʘʚʠʣʦ 79:1, ʚ ʧʦʩʣʝʜʫʶʱʠʭ ï 10:1. 

ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʮʠʢʣ ʠʟ 6 ʧʨʦʤʳʚʦʢ 0,1-ʢʨʘʪʥʳʤ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ ɸʈ 

(ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ), ʦʪʜʝʣʷʷ ʥʝʩʚʷʟʘʚʰʠʝʩʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ. 

ʉʚʷʟʘʥʥʳʝ ʩ ʤʠʰʝʥʴʶ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʦʪʜʝʣʷʣʠ ʯʝʪʳʨʝʭʢʨʘʪʥʦʡ ʠʥʢʫʙʘʮʠʝʡ ʩ 500 ʤʢʣ 

NH3 ʚʦʜʥ ʧʨʠ 60 Üʉ ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 1400 ʦʙ./ʤʠʥ ʚ ʪʝʯʝʥʠʝ 7 ʤʠʥ. ʉʫʧʝʨʥʘʪʘʥʪ, ʩʦʜʝʨʞʘʚ ʠhʡ 

ʮʝʣʝʚʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʦʪʜʝʣʷʣʠ ʦʪ ʅʏɿ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (30 ʤʠʥ ʧʨʠ 13200 

ʦʙ./ʤʠʥ), ɼʅʂ ʦʩʘʞʜʘʣʠ ʚ ʚʠʜʝ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʚ ʵʪʘʥʦʣʝ. ʆʩʘʜʢʠ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ. 

ʇʨʦʚʦʜʠʣʠ ʘʤʧʣʠʬʠʢʘʮʠʶ ʙʠʙʣʠʦʪʝʢʠ ʩ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʳʤ ʦʙʨʘʪʥʳʤ ʧʨʘʡʤʝʨʦʤ ʠ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʨʷʤʳʤ ʧʨʘʡʤʝʨʦʤ. 

 

 ʈʠʩʫʥʦʢ 30. ʉʭʝʤʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʫʥʜʘ ʩʝʣʝʢʮʠʠ: (1) ï ʠʥʢʫʙʘʮʠʷ ʅʏɿ ʩ ɼʅʂ-ʙʠʙʣʠʦʪʝʢʦʡ, (2) ï 

ʦʪʜʝʣʝʥʠʝ ʅʏɿ ʦʪ ʥʝʩʚʷʟʘʚʰʝʡʩʷ ʬʨʘʢʮʠʠ ʙʠʙʣʠʦʪʝʢʠ, (3) ï ʜʝʩʦʨʙʮʠʷ ʩʚʷʟʘʚʰʝʡʩʷ ʬʨʘʢʮʠʠ ʙʠʙʣʠʦʪʝʢʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, (4) ï ʘʤʧʣʠʬʠʢʘʮʠʷ ʦʙʦʛʘʱʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ. 

3.5.2. ʇʦʣʫʯʝʥʠʝ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ʙʠʙʣʠʦʪʝʢʠ 

 ʇʨʦʚʦʜʠʣʠ ʇʎʈ ʩ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʳʤ ʦʙʨʘʪʥʳʤ ʧʨʘʡʤʝʨʦʤ ʠ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʨʷʤʳʤ ʧʨʘʡʤʝʨʦʤ, ʜʦʙʘʚʣʷʷ ʧʦ 1 ʤʢʣ 5Ā10-8 M ʙʠʙʣʠʦʪʝʢʠ ʚ 

ʢʘʞʜʫʶ ʧʨʦʙʫ (ʝʩʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʝ ʧʨʦʚʦʜʠʣʠ ʘʤʧʣʠʬʠʢʘʮʠʶ ʧʦʩʣʝ ʨʘʫʥʜʘ ʩ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʨʘʡʤʝʨʘʤʠ, ʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʪʨʠʮʳ ʙʳʣʘ ʥʝʠʟʚʝʩʪʥʘ), ʟʘʪʝʤ 
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ʨʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ ʫʧʘʨʠʚʘʣʠ ʜʦ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ~ 900 ʤʢʣ, ʜʦʙʘʚʣʷʣʠ 150 ʤʢʣ 

ʩʪʨʝʧʪʘʚʠʜʠʥ-ʘʛʘʨʦʟʳ Solulink, ʠʥʢʫʙʠʨʦʚʘʣʠ 2 ʯ ʧʨʠ 37 Üʉ ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 1400 ʦʙ./ʤʠʥ, 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ, ʫʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, 

ʜʦʙʘʚʣʷʣʠ ʢ ʦʩʘʜʢʫ 100 ʤʢʣ 0,1 ʄ NaOH, ʠʥʢʫʙʠʨʦʚʘʣʠ 1 ʯ ʧʨʠ 37Ü ʉ ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 1400 

ʦʙ./ʤʠʥ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ, ʫʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, 

ʧʦʚʪʦʨʷʣʠ ʵʣʶʮʠʶ ɼʅʂ ʨʘʩʪʚʦʨʦʤ NaOH. ʕʣʶʘʪʳ (ʜʚʝ ʧʦʨʮʠʠ) ʦʙʲʝʜʠʥʷʣʠ ʠ ʦʩʘʞʜʘʣʠ 

ʵʪʘʥʦʣʦʤ. 

3.5.3. ʉʪʘʙʠʣʠʟʘʮʠʷ ʅʏɿ ʩ ʧʦʤʦʱʴʶ polyA ʧʝʨʝʜ ʩʝʣʝʢʮʠʝʡ 

10 ʧʤʦʣʴ ʅʏɿ ʚ 25 ʤʢʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 1,2 ʤʛ polyA ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ 

ʧʨʠ 25 Üʉ ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 1400 ʦʙ./ʤʠʥ, ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ ʜʚʘʞʜʳ 200 ʤʢʣ 0,1-ʢʨʘʪʥʦʛʦ 

ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ɸʈ. ʉʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʅʏɿ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ. 

3.5.4. ʉʝʣʝʢʮʠʷ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʝʡ 

ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʠ ʮʠʢʣʘ ʦʪʤʳʚʦʢ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ, ʧʨʦʚʦʜʠʣʠ 

ʇʎʈ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʅʏɿ ʩʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ (ʧʦ 0,025 ʧʤʦʣʴ ʅʏɿ 

ʥʘ ʦʜʥʫ ʨʝʘʢʮʠʶ) ʚ ʪʝʯʝʥʠʝ 25 ʮʠʢʣʦʚ. ʉʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʅʏɿ ʦʪʜʝʣʷʣʠ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ, ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ 

ʦʙʨʘʙʦʪʢʫ ʅʏɿ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʩ ʅʏɿ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. 

3.5.5. ʉʝʣʝʢʮʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʛʘʨʦʟʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ (EMSA-SELEX) 

ɹʠʙʣʠʦʪʝʢʫ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʅʏɿ ʧʨʠ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʅʂ:ʅʏɿ= 20:1 ʠʣʠ 

100:1 ʠ ʬʠʥʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʏɿ 4,35Ā10-9 ʄ ʠʣʠ 1Ā10-7 ʄ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 25 Üʉ 

ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 1400 ʦʙ./ʤʠʥ. ʇʨʦʙʳ ʩ ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʅʏɿ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ, ʦʪʜʝʣʷʷ ʩʫʧʝʨʥʘʪʘʥʪ. ʂ ʧʨʦʙʘʤ 

ʦʙʲʝʤʦʤ 5 ʤʢʣ ʜʦʙʘʚʣʷʣʠ ʛʣʠʮʝʨʠʥ (ʜʦ 5 %), ʥʘʥʦʩʠʣʠ ʥʘ 0,8 % ʘʛʘʨʦʟʥʳʡ ʛʝʣʴ ʠ ʧʨʦʚʦʜʠʣʠ 

ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʊʨʠʩ-Gly ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 5 

ɺ/ʩʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚʳʨʝʟʘʣʠ ʢʫʩʦʯʢʠ ʛʝʣʷ ʩ ʩʘʤʳʤʠ 

ʧʦʜʚʠʞʥʳʤʠ ʅʏɿ ʠ ʚʳʜʝʣʷʣʠ ɼʅʂ ʠʟ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʙʦʨʘ QIAquick Gel 

Extraction Kit  (Qiagen) ʧʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

3.5.6. ʂʦʥʪʨʩʝʣʝʢʮʠʷ ʢ ʥʘʥʦʯʘʩʪʠʮʘʤ ʩʝʨʝʙʨʘ 

4 ʤʣ 4,6Ā10-10M ʅʏʉ (ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ) (ʜʠʘʤʝʪʨ 40 ʥʤ) ʚ ʪʨʝʭ ʧʨʦʙʠʨʢʘʭ 

ʩʤʝʠhʚʘʣʠ ʩ 0,536 ʤʢʣ 6,4Ā10ð5  M ɼʅʂ ʚ ʢʘʞʜʦʡ (ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʅʂ:ʅʏɿ=56:1), 

ʩʚʷʟʳʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʭʝʤʝ ʧʝʨʚʦʛʦ ʨʘʫʥʜʘ ʩ ʪʦʡ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʩʫʧʝʨʥʘʪʘʥʪ ʧʦʩʣʝ 

ʧʝʨʚʦʡ ʦʪʤʳʚʢʠ ʫʧʘʨʠʚʘʣʠ ʜʦ 200 ʤʢʣ ʠ ʦʩʘʞʜʘʣʠ ʅʂ, ʥʝ ʩʚʷʟʘʚʰʠʝʩʷ ʩ ʅʏʉ, ʵʪʘʥʦʣʦʤ. 

ʅʂ, ʩʚʷʟʘʚʰʠʝʩʷ ʩ ʅʏʉ, ʦʪʜʝʣʷʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ. 
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3.6 ʇʦʣʫʯʝʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ ʠ ʘʥʘʣʠʟ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ 

3.6.1 ʇʦʣʫʯʝʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

 ʅʏɿ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ ʚ 

50 ï 100 ʨʘʟ. ʇʨʦʙʳ ʦʙʲʝʤʦʤ 5 ʤʢʣ, ʩʦʜʝʨʞʘʚ ʠhʝ 1Ā10-7 ʄ ʅʏɿ (0,5 ʧʤʦʣʴ) ʠ ʨʘʟʣʠʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ (ʦʪ 4Ā10-7 ʄ ʜʦ 4Ā10-5 ʄ), ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ - 16 ʯ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 - 95 Áʉ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ �J[32P]-ʤʝʯʝʥʳʭ ʅʂ ʧʨʦʙʳ ʩʦʜʝʨʞʘʣʠ ʦʪ 

5Ā10-9 ʄ ʜʦ 5Ā10-8 ʄ �J[32P]-ʤʝʯʝʥʳʭ ʅʂ ʧʨʠ ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʅʂ ʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʧʨʝʜʝʣʘʭ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʦʪʤʳʚʢʫ ʠʟʙʳʪʢʘ ʥʝʩʚʷʟʘʚʰʝʛʦʩʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ: 

ʜʦʙʘʚʣʷʣʠ 1 ʤʣ 3,88 ʤʄ Na3C6H5O7, ʚʩʪʨʷʭʠʚʘʣʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 

13200 ʦʙ./ʤʠʥ, ʫʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʦʩʪʘʚʣʷʷ ʦʩʘʜʦʢ ʦʙʲʝʤʦʤ 5-10 ʤʢʣ. ʉʫʧʝʨʥʘʪʘʥʪ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʧʘʨʠʚʘʣʠ ʜʦ 100 ʤʢʣ (40 Áʉ, SpeedVac), ʦʩʘʞʜʘʣʠ 2 % LiClO4 ʚ ʘʮʝʪʦʥʝ. 

3.6.2 ʇʦʣʫʯʝʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʇʨʦʙʳ ʦʙʲʝʤʦʤ 1400 ʤʢʣ, ʩʦʜʝʨʞʘʚ ʠhʝ ʦʪ 5Ā10-11 ʄ ʜʦ 3Ā10-8 ʄ ʅʏɿ ʠ ʦʪ 5Ā10-11 ʄ 

ʜʦ 2Ā10-10 ʄ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ, ʠʥʢʫʙʠʨʦʚʘʣʠ 30 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 56 Áʉ. ʇʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʦʪʤʳʚʢʫ ʠʟʙʳʪʢʘ ʥʝʩʚʷʟʘʚʰʝʛʦʩʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ: ʜʦʙʘʚʣʷʣʠ 1 ʤʣ 

3,88 ʤʄ Na3C6H5O7, ʚʩʪʨʷʭʠʚʘʣʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ, 

ʫʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʦʩʪʘʚʣʷʷ ʦʩʘʜʦʢ ʦʙʲʝʤʦʤ 5-10 ʤʢʣ. ʉʫʧʝʨʥʘʪʘʥʪ ʫʧʘʨʠʚʘʣʠ ʜʦ 100 

ʤʢʣ (40 Áʉ, SpeedVac), ʦʩʘʞʜʘʣʠ 2 % LiClO4 ʚ ʘʮʝʪʦʥʝ. 

3.6.3 ʇʦʣʫʯʝʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ ʚ ʩʨʝʜʥʠʭ ʫʩʣʦʚʠʷʭ 

ʇʨʦʙʳ ʦʙʲʝʤʦʤ 139 ʤʢʣ, ʩʦʜʝʨʞʘʱʠʝ 3,6Ā10-9 ʄ ʅʏɿ ʠ 7,2Ā10-7 ʄ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ, 

ʠʥʢʫʙʠʨʦʚʘʣʠ 30 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 56 Áʉ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʦʪʤʳʚʢʫ 

ʠʟʙʳʪʢʘ ʥʝʩʚʷʟʘʚʰʝʛʦʩʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ: ʜʦʙʘʚʣʷʣʠ 1 ʤʣ 3,88 ʤʄ Na3C6H5O7, 

ʚʩʪʨʷʭʠʚʘʣʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ, ʫʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, 

ʦʩʪʘʚʣʷʷ ʦʩʘʜʦʢ ʦʙʲʝʤʦʤ 5-10 ʤʢʣ. ʉʫʧʝʨʥʘʪʘʥʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʧʘʨʠʚʘʣʠ ʜʦ 100 ʤʢʣ 

(40 Áʉ, SpeedVac), ʦʩʘʞʜʘʣʠ 2 % LiClO4 ʚ ʘʮʝʪʦʥʝ. 

3.6.4 ʋʩʪʦʡʯʠʚʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʚ ʩʦʣʝʚʳʭ ʠ ʙʫʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ 

 ʅʏɿ (1,4Ā10-7 ʄ ʜʣʷ ʊɺɽ ʠ ʇʎʈ-ʙʫʬʝʨʘ, 3,4Ŀ10-9 ʄ ʜʣʷ ɸʈ, PBS, 0,3 M NaCl, 8,5Ŀ10-8 

ʄ ʜʣʷ NaCl) ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʅʂ (1,4Ā10-6 ʄ ʜʣʷ ʊɺɽ ʠ ʇʎʈ-ʙʫʬʝʨʘ, ʦʪ 5Ā10-9 ʄ ʜʦ 5Ā10-7 ʄ 

ʜʣʷ ɸʈ, PBS, 0,3 M NaCl, 1,25Ŀ10-6ʄ ʜʣʷ NaCl) ʠʣʠ polyA (5,5Ŀ10-4 ʄ ʜʣʷ NaCl) ʚ ʣʫʥʢʘʭ 

ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʣʘʥʰʝʪʘ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠ 25Áʉ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʨʘʚʥʳʡ ʦʙʲʝʤ 

ʨʘʩʪʚʦʨʘ NaCl ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ā10-3 - 2,5 ʄ, AP 0,1 - 1ʍ, PBS 0,1 - 1ʍ, TBE 

0,25ʍ ʠʣʠ ʇʎʈ-ʙʫʬʝʨ 0,5ʍ, ʠʥʢʫʙʠʨʦʚʘʣʠ 30 ʤʠʥ ʧʨʠ 25 Áʉ. 
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3.6.5 ʇʦʣʫʯʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʩ HS-PEG-COOH, BSA, HSA, 

ʛʣʫʪʘʪʠʦʥʦʤ 

ʀʥʢʫʙʘʮʠʶ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʩ HS-PEG-COOH 3,2 ʠ 4,9 ʢɼa (PEG), BSA, HSA, 

ʛʣʫʪʘʪʠʦʥʦʤ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 25 Áʉ ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 1400 ʦʙ./ʤʠʥ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ - 22 ʯ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ HS-PEG-COOH, HSA, ʛʣʫʪʘʪʠʦʥʘ ʨʘʚʥʦʡ 1Ā10-6 - 1Ā10-3 ʄ 

ʠ 1Ā10-6 ʄ BSA, ʟʘʪʝʤ ʧʨʦʙʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ, 

ʫʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʧʨʦʚʦʜʠʣʠ ʦʪʤʳʚʢʫ, ʩʫʧʝʨʥʘʪʘʥʪʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʧʘʨʠʚʘʣʠ ʠ 

ʦʩʘʞʜʘʣʠ ʚ ʚʠʜʝ ʣʠʪʠʝʚʦʡ ʩʦʣʠ ʚ ʘʮʝʪʦʥʝ. 

3.6.6 ʇʦʣʫʯʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʩ ʣʠʥʝʡʥʳʤ PEI 

 ʂ ʧʨʦʙʝ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʦʙʲʝʤʦʤ ʦʢʦʣʦ 5 ʤʢʣ ʜʦʙʘʚʣʷʣʠ 10 ʤʢʣ 1 ʤʄ NaCl, 

ʟʘʪʝʤ 10 ʤʢʣ 0,2 % PEI, ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 25 Áʉ ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 1400 

ʦʙ./ʤʠʥ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʦʪʤʳʚʢʫ ʜʚʘʞʜʳ ʧʦ 100 ʤʢʣ 4 ʤʄ Na3C6H5O7, ʩʫʧʝʨʥʘʪʘʥʪʳ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʧʘʨʠʚʘʣʠ ʠ ʦʩʘʞʜʘʣʠ ʚ ʚʠʜʝ ʣʠʪʠʝʚʦʡ ʩʦʣʠ ʚ ʘʮʝʪʦʥʝ. 

3.6.7 ʇʦʣʫʯʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-siʈʅʂ ʩ ʣʠʧʠʜʥʦʡ ʦʙʦʣʦʯʢʦʡ 

ʇʨʠʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨ ʦʙʲʝʤʦʤ 1 ʤʣ, ʩʦʜʝʨʞʘʚʰʠʡ 45 ʤʢʄ ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥʘ, 45 

ʤʢʄ DOPE ʠ 10 ʤʢʄ DOME2 ʚ ʭʣʦʨʦʬʦʨʤʝ ʚ ʢʨʫʛʣʦʜʦʥʥʦʡ ʢʦʣʙʝ ʦʙʲʝʤʦʤ 10 ʤʣ. 

ʇʦʣʫʯʠʣʠ ʣʠʧʠʜʥʫ  ʁʧʣʝʥʢʫ ʧʫʪʝʤ ʠʩʧʘʨʝʥʠʷ ʭʣʦʨʦʬʦʨʤʘ ʧʦʜ ʚʘʢʫʫʤʦʤ ʧʨʠ 25 Á. ɺ ʢʦʣʙʫ 

ʩ ʧʣʝʥʢʦʡ ʜʦʙʘʚʠʣʠ 923 ʤʢʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʚʰʝʛʦ ʘʩʩʦʮʠʘʪʳ ʅʏɿ-siʈʅʂ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 2,7Ā10-9 M ʠ 25 ʤʄ NaH2PO4, ʠ ʧʨʦʚʝʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʪʝʯʝʥʠʝ 

15 ʤʠʥ ʧʨʠ 20 Áʉ. ɿʘʪʝʤ ʜʦʙʘʚʠʣʠ ʚ ʢʦʣʙʫ 77 ʤʢʣ 1ʄ Na2HPO4, ʧʝʨʝʤʝʰʘʣʠ ʩʤʝʩʴ, ʜʦʙʘʚʠʣʠ 

3 ʤʢʣ 1 ʤʄ ʢʦʥʲʶʛʘʪʘ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʝʧʪʠʜʘ [Str-(RL)4G-NH2] ʠ ʧʨʦʚʝʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 20 Áʉ. 

3.6.8 ʀʥʢʫʙʘʮʠʷ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʩ TGA ʠ MUA 

ʀʥʢʫʙʘʮʠʶ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʩ ʪʠʦʛʣʠʢʦʣʝʚʦʡ (TGA) ʠ ʤʝʨʢʘʧʪʦʫʥʜʝʢʘʥʦʚʦʡ 

(MUA) ʢʠʩʣʦʪʘʤʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 25 ʠ 56 Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 1400 ʦʙ./ʤʠʥ 

ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ - 22 ʯ ʚ 2,5Ā10-5 ʄ ʨʘʩʪʚʦʨʝ TGA ʠʣʠ 1Ā10-4 ʄ ʨʘʩʪʚʦʨʝ MUA, ʟʘʪʝʤ ʧʨʦʙʳ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ, ʫʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʧʨʦʚʦʜʠʣʠ 

ʦʪʤʳʚʢʫ, ʩʫʧʝʨʥʘʪʘʥʪʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʧʘʨʠʚʘʣʠ ʠ ʦʩʘʞʜʘʣʠ ʚ ʚʠʜʝ ʣʠʪʠʝʚʦʡ ʩʦʣʠ ʚ 

ʘʮʝʪʦʥʝ. 

3.6.9 ʀʥʢʫʙʘʮʠʷ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʩ ʞʝʣʘʪʠʥʦʤ 

 ʂ ʧʨʦʙʘʤ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʜʦʙʘʚʣʷʣʠ 95 ʤʢʣ 4 ʤʄ Na3C6H5O7, ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʜʨʫʛʫʶ ʧʨʦʙʠʨʢʫ ʩ 300 ʤʢʣ ʨʘʩʪʚʦʨʘ ʞʝʣʘʪʠʥʘ ɸ ʠʣʠ ɺ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3-10 % ʚ ʩʨʝʜʝ 

Henx, ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ï 22 ʯ ʧʨʠ 37 Áʉ ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 1400 ʦʙ./ʤʠʥ, 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 40-60 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ (60 ʤʠʥ ʜʣʷ 10 % ʨʘʩʪʚʦʨʘ 

ʞʝʣʘʪʠʥʘ), ʩʫʧʝʨʥʘʪʘʥʪ rʫʙʠʨʘʣʠ, ʫʧʘʨʠʚʘʣʠ ʠ ʦʩʘʞʜʘʣʠ ʚ ʚʠʜʝ ʣʠʪʠʝʚʦʡ ʩʦʣʠ ʚ ʘʮʝʪʦʥʝ. 
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3.6.10 ʇʨʠʛʦʪʦʚʣʝʥʠʝ çʮʠʪʦʟʦʣʷè 

 ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ çʮʠʪʦʟʦʣʷè ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʩʧʝʥʟʠʶ ʙʘʢʪʝʨʠʡ Escherichia coli 

(ʰʪʘʤʤ ATCC 25922) ʩ ʪʠʪʨʦʤ 109 ʂʆɽ/ʤʣ. ʉʥʘʯʘʣʘ ʩʫʩʧʝʥʟʠʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 10 ʨʘʟ 

ʚ ʮʝʥʪʨʠʬʫʛʝ Beckman-Coulter Avanti J-30I ʚ ʪʝʯʝʥʠʝ 5-7 ʤʠʥʫʪ ʧʨʠ ʫʩʢʦʨʝʥʠʠ 5000 g. 

ʂʣʝʪʢʠ ʦʪʤʳʚʘʣʠ ʦʪ ʠʟʙʳʪʢʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ʇʦʚʪʦʨʷʣʠ ʜʚʘ ʨʘʟʘ. ʆʩʘʜʢʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʠ 

ʦʪʬʘʩʦʚʳʚʘʣʠ ʧʦ ʧʨʦʙʠʨʢʘʤ ʦʙʲʝʤʦʤ 50 ʤʣ ʧʦ 5-10 ʤʣ ʚ ʢʘʞʜʫʶ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʙʠʨʢʠ ʩ 

ʢʣʝʪʦʯʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -20Áʉ ʚ ʪʝʯʝʥʠʝ 12-24 ʯ, ʟʘʪʝʤ 

ʧʨʦʙʠʨʢʠ ʨʘʟʤʦʨʘʞʠʚʘʣʠ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ 4000 ʦʙ./ʤʠʥ 

ʉʫʧʝʨʥʘʪʘʥʪʳ ʫʙʠʨʘʣʠ, ʢ ʦʩʘʜʢʘʤ ʜʦʙʘʚʣʷʣʠ ʧʦ 5-10 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ, ʧʦʩʣʝ ʯʝʛʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʦʣʫʯʝʥʥʳʝ ʩʫʩʧʝʥʟʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37Áʉ 

ʚ ʪʝʯʝʥʠʝ 1,5-2 ʯʘʩʦʚ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʦʙʨʘʟʮʳ ʩʫʩʧʝʥʟʠʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʩ 

ʧʦʤʦʱʴʶ Bandelin Sonopuls HD 3100 ʧʨʠ 90 % ʤʦʱʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʚ ʨʝʞʠʤʝ 

ʧʫʣʴʩʘʮʠʠ 3 ʩʝʢ ʯʝʨʝʟ 3 ʩʝʢ. ɺʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʧʨʦʙʠʨʢʠ ʧʦʤʝʱʘʣʠ ʚ ʩʤʝʩʴ ʣʴʜʘ ʠ NaCl. 

ʉʫʩʧʝʥʟʠʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ 4000 ʦʙ./ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʫʙʠʨʘʣʠ 

ʩʫʧʝʨʥʘʪʘʥʪ, ʘ ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ. ʉʫʩʧʝʥʟʠʶ ʩ ʧʦʤʦʱʴʶ ʰʧʨʠʮʘ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ 

ʬʠʣʴʪʨ Millipore Millex-HV ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,45 ʤʢʤ ʠ ʦʪʬʘʩʦʚʳʚʘʣʠ ʧʦ 0,5 ʤʣ ʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʳʝ ʧʨʦʙʠʨʢʠ ʦʙʲʝʤʦʤ 2 ʤʣ. ʆʙʨʘʟʮʳ ʣʠʦʬʠʣʠʟʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

24 ʯʘʩʦʚ. ʆʧʨʝʜʝʣʷʣʠ ʤʘʩʩʫ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʉʫʭʠʝ ʦʙʨʘʟʮʳ ʭʨʘʥʠʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ -20Áʉ. ʇʝʨʝʜ ʨʘʙʦʪʦʡ ʛʦʪʦʚʠʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 4 ʤʛ/ʤʣ. 

3.6.11 ʀʥʢʫʙʘʮʠʷ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʩ FBS ʠ çʮʠʪʦʟʦʣʝʤè 

 ʂ ʧʨʦʙʘʤ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʦʙʲʝʤʦʤ ʦʢʦʣʦ 5 ʤʢʣ ʜʦʙʘʚʣʷʣʠ 25 ʤʢʣ çʮʠʪʦʟʦʣʷè, 

ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʚʦʜʦʡ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 4 ʤʛ/ʤʣ (ʧʦ ʙʝʣʢʫ), ʠʣʠ FBS ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10 % ʚ 

ʩʨʝʜʝ DMEM, ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37 Áʉ ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 600 ʦʙ./ʤʠʥ ʚ ʪʝʯʝʥʠʝ 0 ï 22 ʯ, ʟʘʪʝʤ 

ʧʨʦʙʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ, ʫʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ ʠ 

ʧʨʦʤʳʚʘʣʠ ʦʩʘʜʢʠ 75 ʤʢʣ H2O mQ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ, 

ʩʫʧʝʨʥʘʪʘʥʪʳ ʫʧʘʨʠʚʘʣʠ ʠ ʦʩʘʞʜʘʣʠ ʚ ʚʠʜʝ ʣʠʪʠʝʚʦʡ ʩʦʣʠ ʚ ʘʮʝʪʦʥʝ. 

3.6.12 ɼʝʩʦʨʙʮʠʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ 

 ɸʩʩʦʮʠʘʪʳ ʅʏɿ-ʅʂ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 56 Áʉ ʠ ʚʩʪʨʷʭʠʚʘʥʠʠ 1400 

ʦʙ./ʤʠʥ ʚ 50 ʤʄ ʨʘʩʪʚʦʨʝ DTT, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 13200 ʦʙ./ʤʠʥ, 

ʫʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʧʨʦʤʳʚʘʣʠ 50 ʤʢʣ H2O mQ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 

13200 ʦʙ./ʤʠʥ, ʩʫʧʝʨʥʘʪʘʥʪʳ ʫʧʘʨʠʚʘʣʠ ʠ ʦʩʘʞʜʘʣʠ ʚ ʚʠʜʝ ʣʠʪʠʝʚʦʡ ʩʦʣʠ ʚ ʘʮʝʪʦʥʝ. 
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4 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

4.6 ɸʥʘʣʠʟ ʩʚʷʟʳʚʘʥʠʷ ʅʂ ʩ ʅʏɿ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ 

 ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʅʏɿ 

ʠ ʠʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʂ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʙʫʬʝʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʛʘʨʦʟʳ ʚ ʛʝʣʝ, ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʘʥʘʣʠʟʘ. ɻʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟ ʅʏɿ ʠ ʘʩʩʦʮʠʘʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʩʩʦʮʠʘʪʦʚ [345], ʦʮʝʥʢʠ 

ʠʭ ʨʘʟʤʝʨʦʚ [346] ʠ ʨʘʟʜʝʣʝʥʠʷ ʅʏɿ ʠ ʘʩʩʦʮʠʘʪʦʚ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʩʦʩʪʘʚʘ [347], ʧʨʠʯʝʤ 

ʯʘʱʝ ʚʩʝʛʦ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʪʦʣʴʢʦ ʩʢʘʥʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʛʝʣʝʡ, ʭʦʪʷ ʧʨʠʤʝʥʷʣʩʷ ʠ 

ʩʧʦʩʦʙ ʦʢʨʘʩʢʠ ʛʝʣʝʡ ʨʘʩʪʚʦʨʦʤ ʬʣʫʦʨʝʩʮʝʠʥʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʅʏɿ ʧʦ 

ʪʫʰʝʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ [348]. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʘʥʘʣʠʟʘ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ (14 ʥʤ), 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʯʝʨʝʟ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ ʘʟʠʜʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦ ʩʭʝʤʝ 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ Cu(I) ʘʟʠʜʘʣʢʠʥʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʚʦʜʠʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟ (ʕʌ) ʚ 1,5 

% ʘʛʘʨʦʟʝ ʚ ʊɺɽ ʧʨʠ 100 ɺ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ [349]. ʈʘʟʜʝʣʝʥʠʝ ʜʠʤʝʨʦʚ, ʪʨʠʤʝʨʦʚ ʠ 

ʪʝʪʨʘʤʝʨʦʚ ʅʏɿ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ BSPP ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʠʦʣʴʥʳʤʠ ʅʂ, 

ʧʨʦʚʦʜʠʣʠ ʚ 1,5 % [350] ʠʣʠ 3 % ʘʛʘʨʦʟʝ ʚ 0,5-ʢʨʘʪʥʦʤ ʊɺɽ ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥ ʧʨʠ 5 ɺ/ʩʤ 

[351], ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʨʘʟʜʝʣʷʣʠ ʅʏɿ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʯʠʩʣʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ 

ʪʠʦʣʴʥʳʭ ʅʂ (1-5 ʤʦʣ./ʅʏɿ) [352]. ʂʨʦʤʝ ʦʙʳʯʥʦʡ ʘʛʘʨʦʟʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʅʏɿ ʧʨʠʤʝʥʷʣʠ 

ʠ ʘʛʘʨʦʟʫ MetaPhor ʩ ʜʚʘʞʜʳ ʫʣʫʯʰʝʥʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [346]. ʇʦʤʠʤʦ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʊɺɽ ʜʣʷ ʘʛʘʨʦʟʥʦʛʦ ʕʌ ʅʏɿ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠ ʜʨʫʛʠʝ ʙʫʬʝʨʥʳʝ 

ʨʘʩʪʚʦʨʳ, ʥʘʧʨʠʤʝʨ, 10 ʤʄ ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ (ʨʅ 7,0) [351] ʠʣʠ 10 ʤʄ HEPES (pH 7,6) 

[254]. 

 ɿʘʜʘʯʝʡ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʅʂ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ 

ʢʘʢ ʚʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʩʚʷʟʳʚʘʥʠʷ, ʪʘʢ ʠ ʜʣʠʥʳ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

 - ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʩ ʘʩʩʦʮʠʘʪʘʤʠ ʅʏɿ ʠ ʅʂ ʠ ʩʧʦʩʦʙʘ ʘʥʘʣʠʟʘ 

ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ; 

 - ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʅʂ ʦʪ ʜʣʠʥʳ, ʟʘʨʷʜʘ ʠ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅʂ, ʘ ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʘʩʩʦʮʠʘʪʦʚ; 

 - ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʠ ʩ ʜʨʫʛʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʠʣʠ ʥʝ ʩʦʜʝʨʞʘʱʠʤʠ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ. 
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ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʝʪ ʵʪʘ ʤʝʪʦʜʠʢʘ, ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʝʝ ʧʦʤʦʱʴʶ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʩ 

ʤʦʜʝʣʴʥʳʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ. 

4.6.1 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʧʦʜʚʠʞʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ  

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ 

ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ ʘʩʩʦʮʠʘʪʦʚ: ʅʂ ʠʣʠ ʅʏɿ. ɻʝʣʴ-

ʵʣʝʢʪʨʦʬʦʨʝʟ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʨʦʩʪʳʤ ʤʝʪʦʜʦʤ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʩʢʦʣʴʢʫ ʅʏɿ ʚ ʛʝʣʝ 

ʠʤʝʶʪ ʢʨʘʩʥʳʡ ʮʚʝʪ ʠ ʥʝ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 5`-[32P]-

ʤʝʯʝʥʥʳʭ ʅʂ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʩʚʷʟʳʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʅʂ 

ʩ ʅʏɿ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʘʢʦʛʦ ʤʝʪʦʜʘ. ɼʘʥʥʦʤʫ ʩʧʦʩʦʙʫ ʘʥʘʣʠʟʘ 

ʩʚʷʟʳʚʘʥʠʷ ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 4.2.  

ʅʘ ʨʠʩʫʥʢʝ 31 ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʅʏɿ ʠ ʠʭ ʘʩʩʦʮʠʘʪʦʚ ʩ 66-ʟʚʝʥʥʦʡ ɼʅʂ L0 ʚ 

ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ.  

 

ʈʠʩʫʥʦʢ 31. ʉʢʘʥʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʝʣʝʡ ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʅʏɿ-L0: ɸ ï ʚ 

ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʊʨʠʩ-ʛʣʠʮʠʥ, ɹ ï ʧʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ ʛʝʣʷ ʵʪʠʜʠʫʤ ʙʨʦʤʠʜʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚ ʋʌ-ʩʚʝʪʝ (365 ʥʤ), ɺ - ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʊʨʠʩ-ʛʣʠʮʠʥ-SDS. ɼʦʨʦʞʢʠ 1, 3, 5 ï ʅʏɿ, 2, 4, 

6 ï ʘʩʩʦʮʠʘʪʳ ʅʏɿ-L0. ʂʦʥʮʝʥʪʨʘʮʠʷ ʅʏɿ ʨʘʚʥʘ 1Ā10-7 ʄ. 

ɺʠʟʫʘʣʴʥʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʕʌ ʦʮʝʥʠʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

- ʢʦʣʣʦʠʜʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʅʏɿ ʠ ʘʩʩʦʮʠʘʪʦʚ ʧʦ ʠʭ ʮʚʝʪʫ (ʩʠʥʠʡ ʮʚʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʣʠʧʘʥʠʠ ʅʏɿ, ʘ ʢʨʘʩʥʳʡ ï ʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʅʏɿ), 

- ʨʘʟʥʳʝ ʘʩʧʝʢʪʳ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʅʏɿ (ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʅʏɿ, ʜʦʣʶ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ʅʏɿ ʠ ʜʨ.). 

 ʅʏɿ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʣʘʜʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ (ʜʦʨʦʞʢʠ 1, 3, 

ʨʠʩ. 31 ɸ, ɹ), ʢʦʣʣʦʠʜʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʅʏɿ ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʨʫʰʝʥʘ, ʯʪʦ ʚʠʜʥʦ ʧʦ 

ʠʭ ʩʠʥʝ-ʢʨʘʩʥʦʤʫ ʮʚʝʪʫ. ɸʩʩʦʮʠʘʪʳ ʅʏɿ ʩ ʅʂ ʧʨʠʦʙʨʝʪʘʣʠ ʧʦʜʚʠʞʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ 

ʘʜʩʦʨʙʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʅʂ (ʜʦʨʦʞʢʠ 2, 4 ʨʠʩ. 31 ɸ, ɹ). ʉʚʦʙʦʜʥʳʝ ʤʦʣʝʢʫʣʳ 

ʅʂ ʚ ʛʝʣʝ ʠʤʝʣʠ ʙ·ʣʴʰʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʩʩʦʮʠʘʪʘʤʠ ʅʏɿ-ʅʂ (ʜʦʨʦʞʢʘ 4, 

ʨʠʩ. 31 ɹ). 
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4.6.2 ɺʳʙʦʨ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʘʛʘʨʦʟʳ ʚ ʛʝʣʝ 

ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʧʦʜʚʠʞʥʦʩʪʠ ʅʏɿ ʚ ʛʝʣʝ ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʨʘʟʥʳʭ ʅʂ ʩ ʅʏɿ, ʘ ʠʤʝʥʥʦ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʚʷʟʳʚʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʟʘʨʷʜʘ, ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅʂ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʘʩʩʦʮʠʘʪʦʚ ʅʂ ʩ ʅʏɿ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʙʠʦʤʦʣʝʢʫʣʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʣɻʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʅʏɿ ʚ ʛʝʣʝ ʧʨʦʚʦʜʠʣʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʩʨʦʜʩʪʚʘ 

ʅʂ ʢ ʅʏɿ. ɼʣʷ ʵʪʦʛʦ ʛʦʪʦʚʠʣʠ ʘʛʘʨʦʟʥʳʡ ʛʝʣʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʛʘʨʦʟʳ 0,8 ï 3 % ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 11. 

ʊʘʙʣʠʮʘ 11. ʉʦʩʪʘʚ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 

ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. 

ɹʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ ʩʦʩʪʘʚ ʨʅ 

0,5ʍ TBE 45 ʤʄ ʊʨʠʩ, 45 ʤʄ H3BO3, 1 ʤʄ ʕɼʊɸ pH 8,3 

ʊʨʠʩ-Gly 25 ʤʄ ʊʨʠʩ, 250 ʤʄ Gly pH 8,3 

ʊʨʠʩ-ʘʮʝʪʘʪʥʳʡ 1 ʤʄ ʕɼʊɸ, 40 ʤʄ ʊʨʠʩ, 20ʤʄ CH3COOH pH 8,5 

ʮʠʪʨʘʪʥʳʡ 25 ʤʄ Na3C6H5O7 pH 6,7 

 ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʛʘʨʦʟʳ 0,8 % ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʟʤʝʨ ʧʦʨ, ʥʝ 

ʟʘʪʨʫʜʥʷʶʱʠʡ ʤʠʛʨʘʮʠʶ ʅʏɿ. ɺʳʙʦʨ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʚ ʥʝʤ ʅʏɿ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʘʥʘʣʠʟʘ ʧʦʜʚʝʨʛʘʣʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʘʩʩʦʮʠʘʪʳ ʅʏɿ ʩ 26-ʟʚʝʥʥʳʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʊ26 ʚ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʊ26 ʧʨʠ ʵʣʝʢʪʨʦʬʦʨʝʟʝ 

ʧʦʜʪʚʝʨʞʜʘʣʠ ʩʧʝʢʪʨʘʤʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʘʩʩʦʮʠʘʪʦʚ ʙʫʬʝʨʥʦʤ 

ʨʘʩʪʚʦʨʝ ʊʨʠʩ-Gly, ʚ ʢʦʪʦʨʳʭ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ - 4 ʤʄ 

ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ (ʨʠʩ. 32). 

ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʩʦʩʪʘʚ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʊʨʠʩ-Gly ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ 

SDS (ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ). ʆʜʥʘʢʦ SDS ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʅʏɿ ʠ ʚʣʠʷʝʪ ʥʘ ʠʭ 

ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʛʝʣʝ (ʨʠʩ. 31 ɺ), ʧʦʵʪʦʤʫ ʵʪʦʪ ʢʦʤʧʦʥʝʥʪ ʙʳʣ ʠʩʢʣʶʯʝʥ ʠʟ ʩʦʩʪʘʚʘ. ʂʘʢ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʕʌ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʪʦʣʱʠʥʦʡ 4 ʤʤ ʩ ʜʦʨʦʞʢʘʤʠ ʰʠʨʠʥʦʡ 

5,5 ʤʤ ʧʨʦʙʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʦʙʲʝʤ 5-10 ʤʢʣ ʠ ʩʦʜʝʨʞʘʪʴ 0,5 ʧʤʦʣʴ ʅʏɿ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʯʨʝʟʤʝʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʨʘʰʠʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʦʣʱʠʥʳ ʛʝʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʭ ʧʨʦʙʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʅʏɿ ʙʳʣʘ ʨʘʚʥʘ 1Ā10-7M. 
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ʈʠʩʫʥʦʢ 32. ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʅʏɿ ʠ ʠʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʊ26 ʚ 4 

ʤʄ ʨʘʩʪʚʦʨʝ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ ʠ ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʊʨʠʩ-ʛʣʠʮʠʥ. 

 ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʘʩʩʦʮʠʘʪʳ ʅʏɿ-ʊ26 ʦʩʪʘʚʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳ 

ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʊʨʠʩ-Gly ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 25 Á ʉ: ʤʘʢʩʠʤʫʤ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʣʩʷ ʧʨ ʜʣʠʥʝ ʚʦʣʥʳ 520 ʥʤ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʦʚʘʣ ʧʠʢ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 650-700 ʥʤ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʩʣʠʧʰʠʭʩʷ ʅʏɿ. 

4.6.3 ʆʮʝʥʢʘ ʩʨʦʜʩʪʚʘ ʅʂ ʩ ʅʏɿ  

ɼʣʷ ʦʮʝʥʢʠ ʩʨʦʜʩʪʚʘ ʅʂ ʢ ʅʏɿ ʧʨʦʚʦʜʠʣʠ ʩʚʷʟʳʚʘʥʠʝ ʅʏɿ (1Ā10-7 ʄ) ʩ ʊ26 ʚ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ  4Ā10-7 - 4Ā10-5 ʄ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 56 Áʉ. 

ʅʏɿ ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʝ ʦʙʣʘʜʘʶʪ ʟʘʤʝʪʥʦʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴ.ʁ ʉʚʷʟʳʚʘʥʠʝ 

ʩʦ ʚʩʸ ʚʦʟʨʘʩʪʘʶʱʠʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʅʂ ʧʨʠʚʦʜʠʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʅʏɿ ʚ ʛʝʣʝ. ʅʘ ʨʠʩ. 33 ʧʨʠʚʝʜʝʥ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʅʂ (ʨʠʩ. 33 ɸ), ʠʟʦʙʨʘʞʝʥʠʝ, 

ʦʙʨʘʙʦʪʘʥʥʦʝ ʜʣʷ ʨʘʩʯʝʪʘ (ʨʠʩ. 33 ɹ) ʠ ʢʨʠʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʨʠʩ. 33 ɺ). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʠ ʩʘʤʦʡ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊ26 (0,4 ʤʢʄ)) 

ʥʘʙʣʶʜʘʣʦʩɹ ʩʣʠʧʘʥʠʝ ʅʏɿ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ (ʨʠʩ. 33 ɸ). ʕʪʦʪ ʬʘʢʪ ʥʝʦʙʷʟʘʪʝʣʴʥʦ 

ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʠ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʅʂ ʥʝ ʩʚʷʟʘʣʘʩʴ ʩ ʅʏɿ, ʩʢʦʨʝʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʥʦʡ ʅʂ ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʣʠʧʘʥʠʷ ʅʏɿ. 

ʇʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊ26 ʜʦ 1 ʠ 2 ʤʢʄ ʩʥʘʯʘʣʘ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʠʶ 
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ʩʪʘʙʠʣʴʥʦʩʪʠ ʅʏɿ (ʨʠʩ. 33 ɸ), ʘ ʟʘʪʝʤ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʛʝʣʝ (ʜʦʨʦʞʢʠ 4-10 

ʤʢʄ, ʨʠʩ. 33 ɸ). ɹʦʣʝʝ ʤʝʜʣʝʥʥʳʝ ʠ ʜʠʬʬʫʟʥʳʝ ʧʦʣʦʩʳ, ʚʦʟʤʦʞʥʦ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʯʘʩʪʠʮʘʤ, ʥʝʩʫʱʠʤ ʤʝʥʴʰʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʅʂ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʘʤʳʝ ʧʦʜʚʠʞʥʳʝ ʧʦʣʦʩ rʩʦʜʝʨʞʘʣʠ 

ʅʏɿ ʩ ʥʘʠʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʅʂ (ʜʦʨʦʞʢʠ 6-10 ʤʢʄ, ʨʠʩ. 33 ɸ). 

 

ʈʠʩʫʥʦʢ 33. ɸʥʘʣʠʟ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʷ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ɸ ï ʩʢʘʥʠʨʦʚʘʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʛʝʣʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʘʩʩʦʮʠʘʪʳ ʅʏɿ-ʊ26, ɹ ï ʦʙʨʘʙʦʪʢʘ ʯʝʨʥʦ-ʙʝʣʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʚ ʢʘʞʜʦʡ ʜʦʨʦʞʢʝ ʦʙʣʘʩʪʝʡ ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʱʘʜʠ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʝ ʅʏɿ, ʠ 

ʧʦʣʫʯʝʥʠʝʤ ʯʠʩʣʦʚʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʨʘʰʠʚʘʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ, ɺ ï 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪɹ  ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʊ26, ʢʨʘʩʥʦʡ ʩʪʨʝʣʢʦʡ ʦʙʦʟʥʘʯʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊ26, ʧʨʠ 

ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʣʘʪʦ ʥʘʩʳʱʝʥʠʷ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʠʷ). IOD ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʰʠʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ʛʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʝʥʠʶ ʧʦʣʦʩʳ ʩ 

ʅʏɿ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʣʘ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊ26 ʠ 

ʟʘʪʝʤ ʜʦʩʪʠʛʘʣʘ ʧʣʘʪʦ (ʨʠʩ. 33 ɹ, ɺ). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʰʠʚʘʥʠʷ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʦʮʝʥʠʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Quantity One (Biorad) (ʨʠʩ. 33 ɹ) ʠ ʩʪʨʦʠʣʠ ʛʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʊ26 (ʨʠʩ. 33 ɺ). ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʠʤʝʣ 

ʭʘʨʘʢʪʝʨʥʫʶ ʩʠʛʤʦʚʠʜʥʫʶ ʬʦʨʤʫ. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʩʳʱʝʥʠʷ ʅʂ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʟʘʢʘʥʯʠʚʘʣʦʩʴ, ʠ ʩʚʷʟʳʚʘʥʠʝ ʊ26 
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ʚʳʭʦʜʠʣʦ ʥʘ ʧʣʘʪʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʠʤʝʨʝ ʊ26 ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʢʘʨʪʠʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʦʤʦʩʪʠ ʘʜʩʦʨʙʮʠʠ, ʪʠʧʠʯʥʘʷ ʜʣʷ ʜʨʫʛʠʭ ʅʂ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʅʂ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʠʥʢʫʙʘʮʠʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ ʅʂ ʥʘ ʅʏɿ ʚʦʚʣʝʯʝʥʳ ʛʠʜʨʦʬʦʙʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [255], ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ [354]. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʘʜʩʦʨʙʮʠʠ ʊ26 ʥʘ ʅʏɿ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʢʫʙʘʮʠʠ.ɼʣʷ ʵʪʦʛʦ 

ʅʏɿ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʊ26 (4-6Ŀ10-7 ʄ) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25, 40, 56, 70, 95 

Üʉ. ɼʘʣʝʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʘʩʩʦʮʠʘʪʳ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ (ʨʠʩ. 34 ɸ).  

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʢʫʙʘʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʣʦʩ, ʦʙʣʘʜʘʚʰʠʭ ʙ·ʣʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ʛʝʣʝ (ʩʨʘʚʥʠʪʝ ʜʦʨʦʞʢʠ 25, 40 ʠ 56 Üʉ, ʨʠʩ. 34 

ɸ). 

 

 ʈʠʩʫʥʦʢ 34. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʢʫʙʘʮʠʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʊ26 ʥʘ 

ʅʏɿ. ɸ - ʘʥʘʣʠʟ ʧʦʜʚʠʞʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʊ26 ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 0,8 % ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ, ɹ ï ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʅʂ ʥʘ ʅʏɿ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʠ. ʂʨʘʩʥʦʡ ʩʪʨʝʣʢʦʡ ʦʙʦʟʥʘʯʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʠʷ ʅʂ. IOD- ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ. 

ʊʘʢʞʝ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʙʳʩʪʨʳʭ ʅʏɿ ʚʦʟʨʘʩʪʘʣʘ, ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʤʝʥʴʰʘʣʘʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʤʝʜʣʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ ʅʏɿ. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʩʚʷʟʳʚʘʥʠʝ ʅʏɿ ʩ ʅʂ ʫʩʠʣʠʚʘʣʦʩʴ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʢʫʙʘʮʠʠ, 

ʦʜʥʘʢʦ ʧʨʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʅʏɿ (70 ʠ 95 Üʉ) ʧʨʦʠʩʭʦʜʠʣʦ ʩʣʠʧʘʥʠʝ ʅʏɿ. 

ɼʣʷ t=56 Üʉ ʧʦʣʫʯʠʣʠ ʩʘʤʳʝ ʙʳʩʪʨʦʜʚʠʞʫʱʠʝʩʷ ʘʩʩʦʮʠʘʪʳ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʵʪʫ ʪʝʤʧʝʨʘʪʫʨʫ ʠʥʢʫʙʘʮʠʠ ʢʘʢ ʦʧʪʠʤʘʣʴʥʫʶ. ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʠ ʅʏɿ ʩ ʅʂ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 56 Üʉ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʩʩʦʮʠʘʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʅʏɿ (1Ŀ10-7 ʄ) ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʅʂ (1Ŀ10-5 ʄ) ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 56 Üʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ- 22 ʯ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʜʘʥʥʥʳʭ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʜʦ 30 ʤʠʥ ʩʪʝʧʝʥʴ ʘʜʩʦʨʙʮʠʠ ʜʦʩʪʠʛʘʣʘ ʧʣʘʪʦ 

(90 %), ʧʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʫʚʝʣʠʯʝʥʠʷ ʩʚʷʟʳʚʘʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ (ʨʠʩ. 34 

ɹ). 

ɼʘʣʝʝ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʩʚʷʟʳʚʘʥʠʶ ʅʏɿ ʠ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʅʂ ʠʥʢʫʙʘʮʠʶ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 56 Üʉ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʘʯʝ. 

 ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʜʣʠʥʳ, ʟʘʨʷʜʘ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʅʂ 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ ʜʣʠʥʳ ʅʂ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠ ̫ ʩ ʅʏɿ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʅʏɿ (1Ŀ10-7 ʄ) ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʛʨʫʧʧʘʤʠ ʅʂ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʅʂ ï 

ʦʣʠʛʦʪʠʤʠʜʠʣʘʪʳ ʜʣʠʥʦʡ 6, 26, 40, 300 ʥʪ. (ʨʠʩ. 35 ɸ, ɹ, ɻ, ɼ, ɽ, ɾ, ʀ), ʚʪʦʨʘʷ ʛʨʫʧʧʘ ï ʅʂ 

6-1, 6-2 ʠ 6-4 ʜʣʠʥʦʡ 6, 12, 24 ʥʪ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʚʪʦʨʷʶʱʠʡ ʤʦʪʠʚ 

TGAGAT ʠ ʛʝʢʩʘʵʪʠʣʝʥʛʣʠʢʦʣʝʚʳʡ ʬʦʩʬʘʪʥʳʡ ʣʠʥʢʝʨ ʤʝʞʜʫ ʤʦʪʠʚʘʤʠ (ʨʠʩ. 35 ɸ, ɺ, ʂ, 

ʃ, ʄ, ʅ). ʃʠʥʢʝʨ ʙʳʣ ʚʚʝʜʝʥ ʚ ʩʪʨʫʢʪʫʨʫ ʅʂ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʛʠʙʢʦʩʪʠ ʤʦʣʝʢʫʣʳ. 

ɺ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʅʂ ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʠʤʝʣʠ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʩʳʱʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʢʦʨʦʪʢʠʤʠ ʅʂ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ ʚ ʦʙʨʘʟʮʝ ʩ ʨʦʩʪʦʤ ʜʣʠʥʳ ʅʂ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʅʏɿ. 

ɸʩʩʦʮʠʘʪʳ ʩ ʢʦʨʦʪʢʠʤʠ ʅʂ ʜʣʠʥʦʡ 6 ʥʪ. ʊ6 (ʨʠʩ. 35 ɻ) ʠ 6-1 (ʨʠʩ. 35 ʂ) ʥʝ ʜʦʩʪʠʛʘʣʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʪʦʤ, ʯʪʦ ʩʫʤʤʘʨʥʦʛʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʥʠʭ ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ.  
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ʈʠʩʫʥʦʢ 35. ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʅʂ ʦʪ ʠʭ ʜʣʠʥʳ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɸ - ʜʣʠʥʘ 

ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʅʂ, ɹ ï ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʦʣʠʛʦʪʠʤʠʜʠʣʘʪʘʤʠ, ɺ - 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʤʦʪʠʚ TGAGAT, ɻ ï 

ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 0,8 % ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʩʚʷʟʳʚʘʥʠ ̫ ʅʏɿ ʩ ʦʣʠʛʦʪʠʤʠʜʠʣʘʪʦʤ ʊ6, ɼ ï ʩ ʊ6 ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʊ26, ɽ ï ʩ ʊ6 ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʊ40, ɾ ï ʩ ʊ26, ʀ ï ʩ ʊ40, ʂ ïʩ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ 6-1, ʃ ï ʩ 6-2, ʄ ï ʩ 6-1 ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ 6-4, ʅ ï ʩ 6-4. ʂʨʘʩʥʳʤʠ ʩʪʨʝʣʢʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʅʂ. IOD ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ. 

 ɼʘʣʝʝ ʧʨʦʚʝʣʠ ʩʨʘʚʥʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ ʠʟ ʜʚʫʭ ʛʨʫʧʧ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʯʠʩʣʘ ʟʘʨʷʞʝʥʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʅʂ ʥʘ ʠʭ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʅʏɿ ʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʅʏɿ. ɼʣʷ ʵʪʦʛʦ ʫʚʝʣʠʯʠʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʨʦʪʢʠʭ ʅʂ ʊ6 ʠ 6-1 ʪʘʢ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʩʦʜʝʨʞʘʣ ʩʪʦʣʴʢʦ ʞʝ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʚʝʥʴʝʚ, ʩʢʦʣʴʢʦ ʩʦʜʝʨʞʠʪ ʦʙʨʘʟʝʮ ʅʏɿ ʩ ʙʦʣʝʝ ʜʣʠʥʥʦʡ ʅʂ: ʊ26 ʠʣʠ ʊ40 

ʜʣʷ ʊ6 ʠ 6-4 ʜʣʷ 6-1. ʊ.ʝ., ʯʝʪʳʨʝ ʤʦʣʝʢʫʣʳ 6-1 çʟʘʤʝʥʷʶʪè ʦʜʥʫ ʤʦʣʝʢʫʣʫ 6-4 ʧʦ ʯʠʩʣʫ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʚʝʥʴʝʚ, 4,3 ʤʦʣʝʢʫʣʳ ʊ6 çʟʘʤʝʥʷʶʪè ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʊ26, 6,7 ʤʦʣʝʢʫʣ ʊ6 

çʟʘʤʝʥʷʶʪè ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʊ40. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʘʞʜʘʷ ʜʣʠʥʥʘʷ ʅʂ ʙʳʣʘ ʩʳʤʠʪʠʨʦʚʘʥʘ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʨʦʪʢʦʡ ʅʂ ʪʘʢʦʛʦ ʞʝ ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʦʩʪʘʚʘ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʢʦʨʦʪʢʠʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʙʳʣʠ ʧʝʨʝʩʯʠʪʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʠʥʥʳʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. ʅʘʙʣʶʜʘʣʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʡ ʧʨʦʬʠʣʴ ʧʦʜʚʠʞʥʦʩʪʠ 

ʘʩʩʦʮʠʘʪʦʚ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ (ʩʨʘʚʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ɼ ʠ ɾ, ɽ ʠ ʀ, ʄ ʠ ʅ, ʨʠʩ. 35). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʰʘʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʚ ʛʝʣʝ ʦʢʘʟʳʚʘʣ ʩʫʤʤʘʨʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʅʂ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʠ ʅʂ 

ʧʨʠ 56 �£ʉ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʚʳʷʚʣʝʥʦ ʨʘʟʣʠʯʠʝ ʚ ʩʢʦʨʦʩʪʷʭ ʘʜʩʦʨʙʮʠʠ ʅʂ ʨʘʟʥʦʡ ʜʣʠʥʳ. 

ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʦʜʚʠʞʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ, ʩʦʜʝʨʞʘʚ ʠhʭ ʅʂ ʨʘʟʥʦʡ ʜʣʠʥʳ, ʠʤʝʣʘ 

ʥʝʢʠʡ ʝʜʠʥʳʡ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʚ ʛʝʣʝ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʘʩʳʱʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ 

ʤʦʣʝʢʫʣʘʤʠ ʅʂ. ʆʜʠʥʘʢʦʚʳʡ ʧʨʝʜʝʣ ʧʦʜʚʠʞʥʦʩʪʠ ʜʣʷ ʅʂ ʨʘʟʥʦʡ ʜʣʠʥʳ, ʦʯʝʚʠʜʥʦ, ʙʳʣ 

ʩʚʷʟʘʥ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 0,8 % ʛʝʣʷ. ʈʘʟʥʠʮʫ ʚ ʧʦʜʚʠʞʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ 

ʩ ʅʂ ʨʘʟʥʦʡ ʜʣʠʥʳ ʥʘʙʣʶʜʘʣʠ ʚ ʛʝʣʷʭ, ʩʦʜʝʨʞʘʱʠʭ 1,5 ï 3 % ʘʛʘʨʦʟʳ [228, 352, 355]. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʦʣʠ ʢʦʣʠʯʝʩʪʚʘ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʘʭ ʅʂ ʚ ʕʌ-

ʧʦʜʚʠʞʥʦʩʪʠ ʠʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʏɿ ʠʩʩʣʝʜʦʚʘʣʠ ʘʩʩʦʮʠʘʪʳ ʅʏɿ ʩ ʥʘʙʦʨʦʤ ʅʂ ʥʘ ʦʩʥʦʚʝ 

ʛʝʪʝʨʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 5 -̀CACTCGCAAGCACCCTATCAG-3` ʜʣʠʥʦʡ 21 ʥʪ. ʕʪʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʩʦʜʝʨʞʘʣʠ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʨʷʞʝʥʥʳʭ ʌɻ-ʛʨʫʧʧ (0, 10, 14, 16, 17, 

18, 19, 20) ʠ ʨʘʟʥʦʝ ʯʠʩʣʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ (21, 10, 6, 4, 3, 2 ʠ 1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʩ ʌɻ-ʛʨʫʧʧʘʤʠ R, R.15, R.17, R.18, R.19, R.20 (0,4 ï 

10Ā10-6 ʄ) ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʅʏɿ (1Ŀ10-7 ʄ) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 56 �|ʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 0,8 % ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ (ʨʠʩ. 36). 

ɺʠʜʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʛʨʫʧʧ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʣʦ 

ʧʦʨʦʛʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʅʂ, ʥʦ ʠ ʫʤʝʥʴʰʠʣʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʫʶ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʅʏɿ Rf, ʧʨʠʥʷʪʫʶ ʨʘʚʥʦʡ 1 ʜʣʷ ʧʦʣʥʦʩʪʴʶ 

ʟʘʨʷʞʝʥʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ R, ʜʦ ʟʥʘʯʝʥʠʡ Rf ʦʪ 0,67 ʜʦ 0,77 ʜʣʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, 

ʥʝʩʫʱʠʭ 15-18 ʌɻ-ʛʨʫʧʧ (ʨʠʩ. 36). ʇʦʩʣʝʜʥʝʝ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʅʂ 

ʘʜʩʦʨʙʠʨʦʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʩʚʦʠʤ ʟʘʨʷʞʝʥʥʳʤ ʢʦʥʮʦʤ, ʘ ʥʝʟʘʨʷʞʝʥʥʳʝ ʢʦʥʮʳ 

ʤʦʣʝʢʫʣ ʦʙʨʘʟʫʶʪ ʦʙʲʝʤʥʫʶ ʦʙʦʣʦʯʢʫ ʚʦʢʨʫʛ ʅʏɿ, ʫʚʝʣʠʯʠʚʘʷ ʝʝ ʜʠʘʤʝʪʨ ʠ ʟʘʪʨʫʜʥʷʷ 

ʤʠʛʨʘʮʠʶ ʚ ʛʝʣʝ.  
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ʈʠʩʫʥʦʢ 36. ʀʩʩʣʝʜʦʚʘʥʠʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʯʠʩʣʘ ʟʘʨʷʞʝʥʥʳʭ ʛʨʫʧʧ ʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʭ 

ʥʘ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʠʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʏɿ. ɸ - ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ, 

ɹ - ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʅʂ, ɺ - ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 0,8 %ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ 

ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ R.20, ʩʦʜʝʨʞʘʱʠʤ 1 ʟʘʨʷʞʝʥʥʫʶ ʬʦʩʬʘʪʥʫʶ ʛʨʫʧʧʫ (ʈʆ-ʛʨʫʧʧʫ), ɻ ï ʩ 

R.19, ʩʦʜʝʨʞʘʱʠʤ 2 ʈʆ-ʛʨʫʧʧʳ, ɼ ï ʩ R.18, ʩʦʜʝʨʞʘʱʠʤ 3 ʈʆ-ʛʨʫʧʧʳ, ɽ ï ʩ R.17, ʩʦʜʝʨʞʘʱʠʤ 4 ʈʆ-ʛʨʫʧʧʳ, 

ɾ ï ʩ R.15, ʩʦʜʝʨʞʘʱʠʤ 6 ʈʆ-ʛʨʫʧʧ, ʀ ï ʩ R, ʩʦʜʝʨʞʘʱʠʤ 21 ʈʆ-ʛʨʫʧʧʫ. ʂʨʘʩʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʅʂ. IOD ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʠʤʝʥʝʝ ʟʘʨʷʞʝʥʥʳʝ ʅʂ R.20 ʠ R.19, ʥʝʩʫʱʠʝ ʦʜʥʫ ʠʣʠ ʜʚʝ 

ʬʦʩʬʘʪʥʳʝ ʛʨʫʧʧʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ 

ʧʦʜʚʠʞʥʦʩʪʴ ʅʏɿ ʚ ʛʝʣʝ, ʧʨʠ ʵʪʦʤ ʚʳʟʚʘʣʠ ʩʣʠʧʘʥʠʝ ʅʏɿ (ʩʠʥʠʡ ʮʚʝʪ) (ʨʠʩ. 36 ɺ, ɻ).  

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅʂ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʝ. ɼʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʜʣʷ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ (26 ʥʪ.), ʥʦ ʩ ʨʘʟʥʦʡ ʛʦʤʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ: 

ʦʣʠʛʦʉ, ʦʣʠʛʦɸ, ʦʣʠʛʦʊ ʠ ʦʣʠʛʦG (ʨʠʩ. 37). ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ G26, C26, T26 ʠ ɸ26 (0,4 ï 

10Ā10-6 ʄ) ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʅʏɿ (1Ā10-7 ʄ) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 56 Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. 

ɺʠʜʥʦ, ʯʪʦ ʊ26 ʠ ɸ26 ʠʤʝʣʠ ʤʝʥʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʩʳʱʝʥʠʷ (6 ʤʢʄ), ʯʝʤ ʉ26 (8 ʤʢʄ) 

ʠ, ʯʪʦ ʦʞʠʜʘʝʤʦ, ʯʝʤ G26 (ʨʠʩ. 37). G26, ʦʯʝʚʠʜʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʟʦʚʳʚʘʣ 

ʚʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʠ ʝʛʦ ʘʩʩʦʮʠʘʪʳ ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʣʠʩɹ ʚ ʛʝʣʝ. ɸʩʩʦʮʠʘʪʳ ʅʏɿ-G26 ʥʝ 

ʜʦʩʪʠʛʘʣʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʠʷ ʥʝ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ. 
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ʈʠʩʫʥʦʢ 37. ɺʣʠʷʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅʂ ʨʘʟʥʦʡ ʛʦʤʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (26 ʥʪ.) ʥʘ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʅʂ. ɸ ï ʘʥʘʣʠʟ ʧʦʜʚʠʞʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-G26, ɹ - 

ʅʏɿ-ʉ26, ɺ ï ʅʏɿ-ʊ26, ɻ ï ʅʏɿ-ɸ26, ɼ ï ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟr ʚʘʥʠʷ ʅʏɿ ʩ ʅʂ. ʂʨʘʩʥʳʤʠ 

ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʅʂ. IOD ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ. 

ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʫʢʘʟʳʚʘʣʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʬʬʠʥʥʦʩʪʴ ʊ ʠ ɸ ʢ ʅʏɿ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʉ, ʦʜʥʘʢʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʨʦʜʩʪʚʝ G26 ʢ ʅʏɿ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ 

ʥʝʣʴʟʷ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʜʝʪ ʚʨʘʟʨʝʟ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ 

ʩʨʦʜʩʪʚʦ ʘʜʝʥʠʥʘ ʠ ʮʠʪʦʟʠʥʘ ʦʜʥʦʟʥʘʯʥʦ ʚʳʰʝ ʩʨʦʜʩʪʚʘ ʪʠʤʠʥʘ ʢʘʢ ʜʣʷ ʘʟʦʪʠʩʪʳʭ 

ʦʩʥʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʥʫʢʣʝʦʟʠʜʦʚ ʠ ʥʫʢʣʝʦʪʠʜʦʚ [209, 208, 215, 213]. 

ɼʘʣʝʝ ʧʨʦʚʝʣʠ ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ 

ʜʣʠʥʦʡ 26 ʥʪ. ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ: ɸʉ, AT, GC, GT, TGT, ATG ʠ NC (5' 

CAACACAACCAACACAACCAACACAA ). ɼʣʷ ʵʪʦʛʦ ʅʂ (0,4 ï 10Ā10-6 ʄ) ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 

ʅʏɿ (1Ŀ10-7 ʄ) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 56 �|ʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 0,8 % ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ (ʨʠʩ. 38). ʉʘʤʘʷ ʥʠʟʢʘʷ ʜʣʷ 26-ʤʝʨʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʘʩʳʱʝʥʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʣʫʯʘʝ ʘʜʝʥʠʥ-ʩʦʜʝʨʞʘʱʠʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ɸʉ ʠ AT (ʨʠʩ. 38 

ɸ, ɻ) ʠ ʙʳʣʘ ʨʘʚʥʘ 4 ʤʢʄ, ʯʪʦ ʙʳʣʦ ʤʝʥʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʦʤʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ɸ26, ʊ26 ʠ ʉ26). ɹɧʣʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʩʳʱʝʥʠʷ (6 ʤʢʄ), 

ʯʝʤ ʫ ɸʉ ʠ ɸʊ, ʠʤʝʣʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʤʦʪʠʚʦʚ TGT 

ʠʣʠ ATG (ʨʠʩ. 38 ɹ, ɼ). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ NC (ʨʠʩ. 38 ɺ), ʩʦʩʪʦʷʚʰʘʷ ʠʟ 15 

ʚʳʩʦʢʦʘʬʬʠʥʥʳʭ ɸ ʠ 11 ʥʠʟʢʦʘʬʬʠʥʥʳʭ ʉ, ʠ G-ʙʦʛʘʪʳʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ GT (ʨʠʩ. 38 ɽ) 

ʠʤʝʣʠ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʩʳʱʝʥʠʷ ʠʟ ʚʩʝʭ ʘʜʝʥʠʥ- ʠ ʪʠʤʠʥʩʦʜʝʨʞʘʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʨʘʚʥʫʶ 8 ʤʢʄ. ɼʣʷ G-ʙʦʛʘʪʦʛʦ ʠ, ʚʝʨʦʷʪʥʦ, 

ʩʠʣʴʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ GC (ʨʠʩ. 38 ɾ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʠʷ ʥʝ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ. 
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ʈʠʩʫʥʦʢ 38. ɺʣʠʷʥʠʝ ʛʝʪʝʨʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅʂ (26 ʥʪ.) ʥʘ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ 

ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʏɿ. ɸ ï ʘʥʘʣʠʟ ʧʦʜʚʠʞʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ɸʊ, ɹ - ʅʏɿ-TGT, ɺ ï ʅʏɿ-NC, ɻ ï ʅʏɿ-AC, ɼ ï 

ʅʏɿ-ATG, ɽ - ʅʏɿ-GT, ɾ ï ʅʏɿ-GC, ʀ ï ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʅʂ. ʂʨʘʩʥʳʤʠ 

ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʅʂ. IOD ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ. 

ɺʠʜʠʤʦ, ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʘʬʬʠʥʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ ɸ ʠ ʊ ʠʣʠ ʥʠʟʢʦʘʬʬʠʥʥʦʛʦ ʉ 

ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʩʨʦʜʩʪʚʘ ʅʂ ʢ ʅʏɿ. ʉʚʦʡ ʚʢʣʘʜ ʚ ʘʬʬʠʥʥʦʩʪʴ, 

ʚʝʨʦʷʪʥʦ, ʚʥʦʩʠʪ ʪʘʢʞʝ ʢʦʥʢʨʝʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʫʢʣʝʦʪʠʜʦʚ ʠ ʦʧʨʝʜʝʣʷʝʤʘʷ ʝʶ 

ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ. 

4.6.4 ʉʚʷʟʳʚʘʥʠʝ ʅʂ ʩ ʅʏɿ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʜʨʫʛʠʤʠ ʙʠʦʤʦʣʝʢʫʣʘʤʠ 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ, ʥʘʩʢʦʣʴʢʦ ʫʩʪʦʡʯʠʚʦ ʥʝʢʦʚʘʣʝʥʪʥʦʝ 

ʥʫʢʣʝʦʪʠʜʥʦʝ ʧʦʢʨʳʪʠʝ ʅʏɿ ʢ 4 ʤʄ ʨʘʩʪʚʦʨʫ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ (ʨʠʩ. 39). 

 

 ʈʠʩʫʥʦʢ 39. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʊ26 ʢ ʦ 4 ʤʄ ʨʘʩʪʚʦʨʫ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ. 

ɸʥʘʣʠʟ ʘʩʩʦʮʠʪʦʚ ʚ 0,8 % ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ: ɸ ï ʜʦ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʦʤ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ, ɹ ï ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʨʘʩʪʚʦʨʦʤ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ. ʂʨʘʩʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʅʂ. 
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ɼʣʷ ʵʪʦʛʦ ʊ26 (0,4 ï 10Ā10-6 ʄ) ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʅʏɿ (1Ŀ10-7 ʄ) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 

56 �|ʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʦʙʨʘʙʦʪʢʫ ʘʩʩʦʮʠʘʪʦʚ 4 ʤʄ ʨʘʩʪʚʦʨʦʤ ʮʠʪʨʘʪʘ 

ʥʘʪʨʠʷ (ʜʦʙʘʚʣʷʣʠ 1 ʤʣ ʨʘʩʪʚʦʨʘ, ʚʩʪʨʷʭʠʚʘʣʠ, ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ 

ʧʨʠ 13200 ʦʙ./ʤʠʥ ʦʪʜʝʣʷʣʠ ʩʫʧʝʨʥʘʪʘʥʪ) ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 0,8 % 

ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. ɺʠʜʥʦ, ʯʪʦ ʧʦʨʦʛʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʣʷ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʊ26 ʜʦ ʠ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʦʜʠʥʘʢʦʚʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʅʏɿ 

ʤʦʣʝʢʫʣʘʤʠ ʅʂ. 

ɼʘʣʝʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʅʏɿ 

ʩʥʘʯʘʣʘ ʩ ʅʂ, ʟʘʪʝʤ ʩ ʪʠʦʣʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʨʠʩ. 40), ʧʦʩʢʦʣʴʢʫ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ 

ʩ ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʜʝʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢʘʢ ʢʦʚʘʣʝʥʪʥʦ, ʪʘʢ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦ [43, 227]. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʘʥʘʣʠʟʘ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠʥʢʫʙʘʮʠʶ ʅʏɿ (1Ŀ10-7 ʄ) ʩ ʊ26 ʠ ʊ40 ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

100-ʢʨʘʪʥʦʤ ʤʦʣʷʨʥʦʤ ʠʟʙʳʪʢʝ ʅʂ (1Ŀ10-5 ʄ), ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʩʣʝ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʥʘʙʣʶʜʘʣʘʩʴ ʫʟʢʘʷ ʛʦʤʦʛʝʥʥʘʷ ʧʦʣʦʩʘ ʅʏɿ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʜʣʷ ʘʩʩʦʮʠʘʪʦʚ ʊ26 ʠ ʊ40 ʩ ʅʏɿ. 

 

ʈʠʩʫʥʦʢ 40. ɺʣʠʷʥʠʝ ʪʠʦʣ-ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʣɻʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫ  ʁ ʧʦʜʚʠʞʥʦʩʪʴ 

ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ. ɸ ï ʘʩʩʦʮʠʘʪʳ ʅʏɿ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʊ40 ʠ/ʠʣʠ ʩ ʦʜʥʠʤ ʠʟ ʪʠʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʈ3,2 ï HS-PEG-COOH 3,2 ʢɼa, P4,9 ï HS-PEG-COOH 4,9 ʢɼa), ɹ - ʘʩʩʦʮʠʘʪʳ ʅʏɿ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʊ26 

ʠ/ʠʣʠ HS-PEG-COOH 3,2 ʢɼa. Rf ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʚ ʛʝʣʝ. 
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ʇʦʩʢʦʣʴʢʫ ʜʨʫʛʠʝ ʙʠʦʤʦʣʝʢʫʣʳ ʢʨʦʤʝ ʅʂ ʩʧʦʩʦʙʥʳ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʅʏɿ ʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʣʠʷʪʴ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʩʣʝʜʫʶʱʠʭ ʚʝʱʝʩʪʚ: ʩʳʚʦʨʦʪʦʯʥʳʭ ʘʣʴʙʫʤʠʥʦʚ BSA ʠ HSA, ʛʣʫʪʘʪʠʦʥʘ (GSH) 

(ʩʦʜʝʨʞʘʪ ʦʩʪʘʪʢʠ ʮʠʩʪʝʠʥʘ, ʮʠʩʪʠʥʘ), HS-PEG-COOH, DTT, ʪʠʦʛʣʠʢʦʣʝʚʘʷ (TGA) ʠ 

ʤʝʨʢʘʧʪʦʫʥʜʝʢʘʥʦʚʘʷ (MUA) ʢʠʩʣʦʪʳ (ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ SH-ʛʨʫʧʧʫ, ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʅʏɿ) (ʨʠʩ. 40 ɸ). ɼʘʣʝʝ ʵʪʠ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʪʠʦʣʴʥʫʶ SH-ʛʨʫʧʧʫ, ʩʦʙʠʨʘʪʝʣʴʥʦ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ʪʠʦʣʳ. ɹʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʜʚʠʞʥʦʩʪʴ (Rf) ʘʩʩʦʮʠʘʪʦʚ ʚ ʛʝʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮʳ ʧʦʜʚʠʞʥʦʩʪʠ 

ʩʘʤʳʭ ʙʳʩʪʨʳʭ ʘʩʩʦʮʠʘʪʦʚ ï ʅʏɿ-ʅʂ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩʦ ʚʩʝʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʅʏɿ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʊ40 (ʩʨʘʚʥʠʪʝ ʜʦʨʦʞʢʠ 3-18 ʠ ʜʦʨʦʞʢʫ 2, ʨʠʩ. 

40 ɸ). ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʅʏɿ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ ʢʘʞʜʳʤ ʠʟ ʪʠʦʣ-

ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʯʫʪʴ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʅʏɿ ʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʠʥʢʫʙʘʮʠʠ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʠʦʣʦʤ (ʩʨʘʚʥʠʪʝ ʜʦʨʦʞʢʠ 3 ʠ 4, 5 ʠ 

6, 7 ʠ 8, 9 ʠ 10, 11 ʠ 12, 13 ʠ 14, 15 ʠ 16, ʨʠʩ. 40 ɸ), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ BSA (ʩʨʘʚʥʠʪʝ ʜʦʨʦʞʢʠ 

3 ʠ 4, ʨʠʩ. 40 ɸ). ʂʦʣʣʦʠʜʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʭʨʘʥʷʣʘʩʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʦʜʥʘʢʦ ʚ 

ʨʘʩʪʚʦʨʘʭ MUA, TGA ʠ DTT ʧʨʦʠʩʭʦʜʠʣʦ ʯʘʩʪʠʯʥʦʝ ʩʣʠʧʘʥʠʝ ʅʏɿ ʩ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʩ 

ʢʨʘʩʥʦʛʦ ʥʘ ʧʫʨʧʫʨʥʳʡ ʠʣʠ ʥʘ ʢʨʘʩʥʦ-ʩʠʥʠʡ (ʜʦʨʦʞʢʠ 11, 13, 14, 17, 18, ʨʠʩ. 40 ɸ). 

ʋʤʝʥʴʰʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʅʏɿ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʘ ʘʩʩʦʮʠʘʪʦʚ 

ʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ: (1) ʚʳʪʝʩʥʝʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʦ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʅʂ 

ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʪʠʦʣʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠʣʠ (2) ʘʜʩʦʨʙʮʠʷ ʪʠʦʣʩʦʜʝʨʞʘʱʠʭ 

ʤʦʣʝʢʫʣ ʩ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʚʪʦʨʳʤ ʩʣʦʝʤ ʩ ʯʘʩʪʠʯʥʳʤ ʚʳʪʝʩʥʝʥʠʝʤ 

ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʅʂ (ʚʩʣʝʜʩʪʚʠʝ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ), ʚʦʟʤʦʞʥʦ, ʩ 

ʚʦʚʣʝʯʝʥʠʝʤ ʥʝʢʦʚʘʣʝʥʪʥʳʭ (ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ, ʛʠʜʨʦʬʦʙʥʳʭ ʠ ʜʨ.) ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ 

ʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʅʂ (ʤʝʪʦʜ çʩʣʦʡ-ʟʘ-ʩʣʦʝʤè [356]).  

ɸʩʩʦʮʠʘʪʳ ʅʏɿ-ʊ26-PEG, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʩʪʠʪʨʦʚʢʝ HS-PEG-COOH (3,2 kDa) ʦʪ 

0,001 ʤʄ ʜʦ 1 ʤʄ, ʦʙʣʘʜʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴ,ʁ 

ʯʝʤ ʠʩʭʦʜʥʳʝ ʘʩʩʦʮʠʘʪʳ ʅʏɿ-ʊ26, ʟʥʘʯʝʥʠʝ Rf ʩʦʩʪʘʚʠʣʦ ʦʪ 0,58 ʜʦ 0,36 (ʩʨʘʚʥʠʪʝ ʜʦʨʦʞʢʠ 

4-11 ʠ ʜʦʨʦʞʢʫ 2, ʨʠʩ. 40 ɹ). ʇʦʜʚʠʞʥʦʩʪʴ ʫʤʝʥʴʰʘʣʘʩʴ ʥʘ 35 % ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ PEG ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ. ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʟʘʤʝʜʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʛʝʣʝ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʘʩʩʦʮʠʘʪʦʚ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ PEG. 

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ ʩ ʦʜʥʠʤ ʪʠʦʣʴʥʳʤ 

çʷʢʦʨʝʤè ʦʙʨʘʟʫʶʪ ʦʙʲʝʤʥʳʝ ʛʨʠʙʦʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʢʦʚʘʣʝʥʪʥʦʡ ʘʜʩʦʨʙʮʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʠ ʥʝʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʷʶʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʨʙʠʨʦʚʘʥʥʳʝ ʥʝʢʦʚʘʣʝʥʪʥʦ [93]. ʅʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʦʜʚʠʞʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ PEG, ʚʝʨʦʷʪʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʯʘʩʪʠʮʘʭ. ʇʦʩʢʦʣʴʢʫ ʚ 

ʤʦʣʝʢʫʣʝ HS-PEG-COOH ʩʦʜʝʨʞʠʪʩʷ ʚʩʝʛʦ ʦʜʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʘʷ ʛʨʫʧʧʘ, ʪʦ ʟʘʨʷʜ 

ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʧʦʩʪʝʧʝʥʥʦ. 

ʇʦʩʢʦʣʴʢʫ ʧʦʥʷʪʥʦ, ʯʪʦ ʪʠʦʣ-ʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʫʤʝʥʴʰʘʶʪ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ, ʜʘʣʝʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʠʥʢʫʙʘʮʠʠ ʅʏɿ-ʅʂ ʚ ʞʝʣʘʪʠʥʝ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ. 

ɾʝʣʘʪʠʥ - ʵʪʦ ʩʤʝʩʴ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʦʣʣʘʛʝʥʘ, ʢʦʪʦʨʫʶ 

ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʢʠʧʷʯʝʥʠʷ ʰʢʫʨʳ, ʢʦʩʪʝʡ, ʩʫʭʦʞʠʣʠʡ ʩʚʠʥʝʡ (ʪʠʧ ɸ) ʠ ʢʦʨʦʚ (ʪʠʧ ɺ), 

ʧʨʠʯʝʤ ʪʠʧ ɸ ʧʦʣʫʯʘʶʪ ʠʟ ʪʢʘʥʝʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʢʠʩʣʦʪʦʡ, ʘ ʪʠʧ ɹ ï ʠʟʚʝʩʪʴʶ. ɽʛʦ 

ʠʩʧʦʣʴʟʫʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʩʠʥʪʝʟʝ ʅʏɿ ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨ [357]. ʕʪʠ 

ʙʝʣʢʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʅʏɿ ʟʘ ʩʯʝʪ ʦʩʪʘʪʢʦʚ ʮʠʩʪʝʠʥʘ. ʇʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʅʏɿ ʠ ʠʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʂ ʚ ʨʘʩʪʚʦʨʘʭ ʞʝʣʘʪʠʥʘ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ 

ʧʦʜʚʠʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʝʪ (ʩʨʘʚʥʠʪʝ ʜʦʨʦʞʢʠ 6-9 ʠ ʜʦʨʦʞʢʫ 4, ʨʠʩ. 41). ɿʘʤʝʪʠʤ, ʯʪʦ 

ʚ ʩʣʫʯʘʝ ʞʝʣʘʪʠʥʘ ʪʠʧʘ ɸ ʟʘʨʷʜ ʘʩʩʦʮʠʘʪʦʚ ʤʝʥʷʝʪʩʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

(ʜʦʨʦʞʢʠ 6, 7, ʨʠʩ. 41). ɺʩʝ ʦʙʨʘʟʮʳ ʅʏɿ ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ. 

 

ʈʠʩʫʥʦʢ 41. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʊ40 ʠ/ʠʣʠ c 

ʦʜʥʠʤ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ: 3,5 ʤʄ SDS, 3 ʠʣʠ 7 % ʨʘʩʪʚʦʨ ʞʝʣʘʪʠʥʘ ʪʠʧʘ ɸ, 3 ʠʣʠ 7 % ʨʘʩʪʚʦʨ ʞʝʣʘʪʠʥʘ 

ʪʠʧʘ ɺ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩʚʷʟʳʚʘʥʠʷ ʅʂ ʩ ʅʏɿ ʚ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʪʠʦʛʨʫʧʧʫ, ʠʩʧʦʣʴʟʦʚʘʣʠ SDS ʢʘʢ ʩʦʝʜʠʥʝʥʠʝ ʙʝʟ ʪʠʦʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʦʝ ʪʦʣʴʢʦ ʢ 

ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ. ʄʦʣʝʢʫʣʳ SDS ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʧʨʠʚʦʜʠʣʠ ʢ ʯʘʩʪʠʯʥʦʤʫ ʩʣʠʧʘʥʠʶ ʅʏɿ (ʧʦʷʚʣʝʥʠʝ ʧʫʨʧʫʨʥʦʛʦ ʮʚʝʪʘ ʚ 

ʜʦʨʦʞʢʝ 2, ʨʠʩ. 41). ʇʦʩʣʝʜʫʶʱʘʷ ʘʜʩʦʨʙʮʠʷ ʅʂ ʚʳʟʚʘʣʘ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ 

ʘʩʩʦʮʠʘʪʦʚ, ʧʦ-ʧʨʝʞʥʝʤʫ ʯʘʩʪʠʯʥʦ ʩʣʠʧʰʠʭʩʷ, ʜʦ Rf = 0,77. ʕʪʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʯʘʩʪʠʯʥʦʤ ʚʳʪʝʩʥʝʥʠʠ ʤʦʣʝʢʫʣ SDS ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ 

ʅʂ (ʜʦʨʦʞʢʘ 3, ʨʠʩ. 41). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ ʧʨʠʚʦʜʠʣʘ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʩʧʝʨʩʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʨʘʟʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 
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(ʧʦʩʣʝʜʥʷʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʦʨʦʞʢʝ 5, ʨʠʩ. 41). ʕʪʦ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʦʘʜʩʦʨʙʮʠʝʡ 

ʤʦʣʝʢʫʣ SDS (ʚʦʟʤʦʞʥʦ, ʚʪʦʨʳʤ ʩʣʦʝʤ, çʩʣʦʡ-ʟʘ-ʩʣʦʝʤè) ʙʝʟ ʚʳʪʝʩʥʝʥʠʷ ʫʞʝ 

ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʅʂ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʅʏɿ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ 

ʟʘʤʝʜʣʝʥʠʶ ʚ ʛʝʣʝ. 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʣʝʢʪʨʦʬʦʨʝʟʘ 

ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ ʠ ʜʨʫʛʠʤʠ ʙʠʦʤʦʣʝʢʫʣʘʤʠ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʦʮʅʂ ï ʵʪʦ 30-

ʤʠʥʫʪʥʘʷ ʠʥʢʫʙʘʮʠʷ ʧʨʠ 56 Áʉ; 

2. ʚ ʦʧʠʩʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʕʌ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʧʦʜʚʠʞʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʠ ʩʦʩʪʘʚʘ ʅʂ; 

3. ʚ ʩʠʣʫ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ ʠʤʝʥʥʦ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ, 

ʧʨʠʦʙʨʝʪʘʝʤʳʡ ʅʏɿ ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʪʘ, ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʛʝʣʝ; 

4. ʤʦʞʥʦ ʩʳʤʠʪʠʨʦʚʘʪʴ ʢʨʠʚʫʶ ʥʘʩʳʱʝʥʠʷ ʅʏɿ ʜʣʠʥʥʳʤ ʅʂ, ʠʩʧʦʣʴʟʫʷ ʙʦʣʝʝ 

ʢʦʨʦʪʢʠʝ ʅʂ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʠʟʤʝʥʝʥʠʶ ʜʣʠʥʳ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʅʂ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; 

5. ʚ ʠʟʫʯʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʴʰʝʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʅʏɿ ʩʨʝʜʠ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ 

ʦʙʣʘʜʘʶʪ ʪʠʤʠʥ ʠ ʘʜʝʥʠʥ, ʥʘʠʤʝʥʴʰʝʡ ï ʮʠʪʦʟʠʥ; 

6. ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʅʂ ʢ ʅʏɿ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʘʩʩʦʮʠʘʪʦʚ 

ʅʏɿ-ʅʂ ʚ 0,8 % ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ; 

7. ʥʫʢʣʝʦʪʠʜʥʳʡ ʩʣʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʘʜʩʦʨʙʮʠʠ 

ʅʂ, ʫʩʪʦʡʯʠʚ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʜʨʫʛʠʭ ʥʝʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʳʚʘʶʱʠʭʩʷ ʩ ʅʏɿ 

ʩʦʝʜʠʥʝʥʠʡ; 

8. ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʅʏɿ ʩ ʅʂ ʠ ʪʠʦʣʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʅʏɿ 

ʧʨʠʦʙʨʝʪʘʶʪ ʧʦʜʚʠʞʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʩʩʦʮʠʘʪʦʚ ʩ 

ʪʠʦʣʩʦʜʝʨʞʘʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʙʝʟ ʅʂ. 

ɺʦʧʨʦʩ ʦ ʩʪʝʧʝʥʠ ʚʳʪʝʩʥʝʥʠʷ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʠʦʣʩʦʜʝʨʞʘʱʠʭ 

ʤʦʣʝʢʫʣ ʠ ʚʦʧʨʦʩ ʦ ʩʪʝʧʝʥʠ ʩʨʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʅʂ ʢ ʅʏɿ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥ ʪʦʣʴʢʦ 

ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʘʩʩʦʮʠʘʪʦʚ. ɼʣʷ ʨʘʩʯʝʪʘ 

ʩʪʝʧʝʥʝʡ ʩʚʷʟʳʚʘʥʠʷ ʅʂ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʢʫʙʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʢ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ 

ʅʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ.  
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4.2 ʈʘʩʯʝʪʥʳʝ ʦʮʝʥʢʠ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʅʂ ʩ ʅʏɿ 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ 

ʨʘʜʠʦʘʢʪʠʚʥʦ ʤʝʯʝʥʥʳʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʘʬʬʠʥʥʦʩʪʠ ʢ ʅʏɿ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʦʪʣʠʯʘʶʱʠʭ ʧʦ ʜʣʠʥʝ ʠ ʥʫʢʣʝʦʪʠʜʥʦʤʫ ʩʦʩʪʘʚʫ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ 

ʧʨʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʜʨʫʛʠʤʠ ʙʠʦʤʦʣʝʢʫʣʘʤʠ. ʈʘʙʦʪʘ ʩʦʩʪʦʷʣʘ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

 - ʘʥʘʣʠʟ ʢʨʠʚʳʭ ʩʚʷʟʳʚʘʥʠʷ ʠ ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ; 

 - ʘʥʘʣʠʟ ʢʨʠʚʳʭ ʥʘʩʳʱʝʥʠʷ, ʦʮʝʥʢʘ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʨʳʪʠʷ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ ʅʂ, 

ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʃʵʥʛʤʶʨʘ; 

 - ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʚʳʪʝʩʥʝʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʅʂ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʘʜʩʦʨʙʮʠʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʙʠʦʤʦʣʝʢʫʣ; 

 - ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ɼʅʂ ʠʟ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ɼʅʂ ʚ ʫʩʣʦʚʠʷʭ, 

ʠʤʠʪʠʨʫʶʱʠʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʣʠ ʢʨʦʚʷʥʦʝ ʨʫʩʣʦ. 

4.2.1. ʆʮʝʥʢʘ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

 ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ 

ʊ26 ʠ ʊ40 ʧʨʠ 56 �£ʉ. ʉʚʷʟʳʚʘʥʠʝ ʧʨʦʚʝʣʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʏɿ, ʨʘʚʥʦʡ 0,1 ʤʢʄ. 

ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 42 ɸ, ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦʩʣʝ 30 ʤʠʥ 

ʠʥʢʫʙʘʮʠʠ ʧʨʠ 56 �£ʉ ʩʤʝʩʴ ʅʏɿ ʠ ʅʂ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ. ɼʘʣʝʝ ʠʩʩʣʝʜʦʚʘʣʠ 

ʥʘʩʳʱʝʥʠʝ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ ʊ26 ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ: 30 ʤʠʥ ʧʨʠ 56 Áʉ ʠ 

22 ʯ ʧʨʠ 25 Áʉ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 42 ɹ, ʠ ʚ ʧʝʨʚʳʭ, ʠ ʚʦ ʚʪʦʨʳʭ ʫʩʣʦʚʠʷʭ ʜʦʩʪʠʛʘʝʪʩʷ 

ʦʜʠʥʘʢʦʚʳʡ ʫʨʦʚʝʥʴ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ ʅʂ. 

 

 ʈʠʩʫʥʦʢ 42. ʆʮʝʥʢʘ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʅʏɿ-ʅʂ: ɸ ï ʢʠʥʝʪʠʢʘ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʊ40, 

ɹ - ʢʨʠʚʳʝ ʥʘʩʳʱʝʥʠʷ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʅʏɿ ʩ ʊ26 30 ʤʠʥ ʧʨʠ 25Áʉ (ʢʨʘʩʥʳʡ) ʠ 22 ʯ ʧʨʠ 56 Áʉ (ʩʠʥʠʡ).  
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4.2.2. ʈʘʩʯʝʪ ʢʦʥʩʪʘʥʪ ʩʚʷʟʳʚʘʥʠʷ ʤʦʜʝʣʴʥʳʭ ʅʂ ʩ ʅʏɿ 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʅʏɿ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʛʣʘʚʝ 4.1, ʩʣʝʜʫʝʪ, ʯʪʦ ʮʝʣʳʡ 

ʨʷʜ 26-ʟʚʝʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʨʘʟʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ 

ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʩʳʱʝʥʠʷ, ʨʘʚʥʦʡ 6 ʤʢʄ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʠʩʢʣʶʯʝʥʠʝʤ ʙʳʣ 

ʦʣʠʛʦʮʠʪʠʜʠʣʘʪ ʉ26, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ 8 ʤʢʄ. ʊʘʢʞʝ 

ʥʘʙʣʶʜʘʣʠ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʜʣʷ ʢʦʨʦʪʢʠʭ ʅʂ (ʊ6) ʠ ʥʠʟʢʠʝ ʜʣʷ ʜʣʠʥʥʳʭ 

ʅʂ (ʊ40). ʆʜʥʘʢʦ ʦʩʪʘʚʘʣʩʷ ʚʦʧʨʦʩ, ʝʩʪʴ ʣʠ ʜʦʩʪʦʚʝʨʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʥʘʩʳʱʝʥʠʷ ʠ ʘʬʬʠʥʥʦʩʪʴʶ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʢ ʅʏɿ. ʉʚʷʟʳʚʘʥʠʝ ʅʏɿ ʠ ʅʂ ʧʨʦʚʦʜʠʣʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʩ(ʅʏɿ) = 0,1 ʤʢʄ, ʩ(ʅʂ) = 0,4 - 10 ʤʢʄ) ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ, ʜʘʣʝʝ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʩʪʘʥʪʳ 

ʜʠʩʩʦʮʠʘʮʠʠ ʜʣʷ ʨʷʜʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʠ ʚʦʟʨʘʩʪʘʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʅʏɿ (ʩ(ʅʂ) = 0,05 - 2 ʥʄ, ʩ(ʅʏɿ) = 0,05 - 

20 ʥʄ, ʪ.ʝ. ʢʦʥʮʝʥʪʨʘʮʠʷ ʅʂ ʙʳʣʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ). ʅʏɿ ʠ ʅʂ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 56 Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʊʘʢʠʝ 

ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʦʣʴʢʦ ʦʜʥʘ ʤʦʣʝʢʫʣʘ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʤʦʛʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʜʥʦʡ ʅʏɿ ʠ ʤʦʞʥʦ ʙʳʣʦ ʠʟʙʝʞʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʘʥʘʣʦʛʠʯʥʘ 

ʪʦʡ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʅʂ ʠ ʙʝʣʢʘʤʠ [358], 

ʢʦʛʜʘ ʅʂ ʚ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʪʨʫʝʪʩʷ ʙʝʣʢʦʤ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ. ɹʳʣʦ ʩʜʝʣʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʟʥʘʯʝʥʠʷ KD, ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (6), 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩʪʝʧʝʥʠ ʩʨʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʅʂ ʢ ʅʏɿ: 

Y=
Ͻ

,          (6) 

ʛʜʝ X ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦ ʤʝʯʝʥʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ, Y ï ʜʦʣʷ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, Bmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʣʷ ʩʚʷʟʘʥʥʦʛʦ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ, ʂD ï ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ. 

ɿʥʘʯʝʥʠʷ KD ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʊ6, ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʝ KD ʩʦʩʪʘʚʠʣʦ 0,10 Ñ 0,04 ʥʄ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʚʳʩʦʢʦʡ ʧʦʨʦʛʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (26 ʤʢʄ) (ʪʘʙʣʠʮʘ 12). ʕʪʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʣʷ ʅʏɿ ʧʨʠʦʙʨʝʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʝ ʤʝʥʴʰʝ ʥʝʢʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʘʩʳʱʝʥʠʷ ʢʦʨʦʪʢʠʭ ʅʂ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʜʣʠʥʥʳʭ, ʦʜʥʘʢʦ ʥʝʠʟʚʝʩʪʥʦ, ʩʚʷʟʘʥʦ 

ʣʠ ʨʘʟʣʠʯʠʝ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʩ ʨʘʟʣʠʯʠʝʤ ʚ ʩʨʦʜʩʪʚʝ ʅʂ ʨʘʟʥʦʡ ʜʣʠʥʳ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ, ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʛʨʫʙʦʛʦ, ʥʦ ʙʳʩʪʨʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʦʜʩʪʚʘ ʨʘʟʥʳʭ ʅʂ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ. 

ʊʘʙʣʠʮʘ 12. ʈʘʚʥʦʚʝʩʥʳʝ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ (KD) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʜʣʷ ʘʩʩʦʮʠʘʪʦʚ 

ʅʏɿ-ʅʂ. 

ʅʂ KD, ʥʄ ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʠʷ, ʤʢʄ 

T6 0,10 Ñ 0,04 >10 

T26 1,8 Ñ 0,3 6 

A26 6 Ñ 1 6 

C26 18 Ñ 3 8 

N26 2 Ñ 1 6 

T40 0,17 Ñ 0,03 4 

ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ KD ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ ʊ6 ʠ ʊ40, ʘ ʜʣʷ ʊ26 ʟʥʘʯʝʥʠʝ KD ʙʳʣʦ ʚʳʰʝ 

(ʪʘʙʣʠʮʘ 12). ʋʤʝʥʴʰʝʥʠʝ KD ʜʣʷ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʅʂ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʩʢʦʨʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ ʅʂ ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʢʦʥʪʘʢʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʯʘʩʪʠʮʳ 

[254]. ɺ ʪʘʢʦʡ ʪʨʘʢʪʦʚʢʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ KD, ʧʦʣʫʯʝʥʥʦʝ ʜʣʷ ʊ6, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʥʝʦʙʲʷʩʥʠʤʳʤ. ʆʜʥʘʢʦ ʝʛʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʘʥʘʣʠʟʠʨʫʷ ʟʥʘʯʝʥʠʷ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ DLS (ʨʠʩ. 43 ɸ). ʅʘ ʧʨʠʤʝʨʝ ʊ6, ʊ26, 

ʊ40 ʠ ʧʦʣʠʪʠʤʠʜʠʣʘʪʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʅʂ ʩ 6 ʜʦ 300 ʥʪ. 

ʈʘʟʣʠʯʠʝ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʜʠʘʤʝʪʨʝ ʤʝʞʜʫ ʅʏɿ-ʊ6 ʠ ʅʏɿ-ʊ40 ʩʦʩʪʘʚʠʣʦ 8 ʥʤ, 

ʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʅʏɿ ʧʦ-ʨʘʟʥʦʤʫ (ʨʠʩ. 

43 ɹ). ɺʦʟʤʦʞʥʦ, ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ ʊ26 ʥʘʧʨʷʤʫʶ ʥʝ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʅʏɿ, ʦʙʨʘʟʫʷ ʥʘʚʠʩʘʥʠʝ ʠʣʠ ʧʝʪʣʶ (ʧʝʪʣʠ) ʨʷʜʦʤ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʨʘʟʣʠʯʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʤʝʞʜʫ ʅʏɿ-ʊ26 ʠ ʅʏɿ-ʊ40 (2 ʥʤ) ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, 

ʯʪʦ ʫ ʊ26 ʠ ʊ40 ʨʘʟʤʝʨʳ ʧʝʪʝʣʴ/ʥʘʚʠʩʘʥʠʡ ʙʣʠʟʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ ʊ40, 

ʥʘʧʨʷʤʫʶ ʢʦʥʪʘʢʪʠʨʫʶʱʘʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ, ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʊ26, ʦʪʩʶʜʘ 

ʩʣʝʜʫʝʪ ʠ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ KD ʜʣʷ ʊ40. ʇʦʣʠʪʠʤʠʜʠʣʘʪ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʦʯʝʥʴ 

ʙʦʣʴʰʠʝ ʧʝʪʣʠ/ʥʘʚʠʩʘʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʘʤʦʤʫ ʙʦʣʴʰʦʤʫ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʠʘʤʝʪʨʫ 

ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ɼʅʂ ʩ ʅʏɿ, ʨʘʚʥʦʤʫ 48 ʥʤ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʙʦʣʴʰʠʭ 

ʥʘʚʠʩʘʥʠʡ ʠʣʠ ʧʝʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 43 ɺ. ʇʦʣʦʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʩʩʦʮʠʘʪʳ ʅʏɿ-ʧʦʣʠʊ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʘʤʝʜʣʝʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ʛʝʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʜʨʫʛʠʤʠ 

ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʘʩʩʦʮʠʘʪʘʤʠ ʅʏɿ-ʅʂ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʜʣʠʥʳ ʧʦʣʠʊ (300-500 ʥʪ.) ʠ ʦʯʝʥʴ 

ʜʠʬʬʫʟʥʳ, ʚʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʵʪʠʭ ʘʩʩʦʮʠʘʪʦʚ. 
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ʈʠʩʫʥʦʢ 43. ʈʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿʩ ʦʣʠʛʦʊ: ɸ - ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʠ 

ɕ-ʧʦʪʝʥʮʠʘʣ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ, ɹ ïʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʘʜʩʦʨʙʮʠʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʨʘʟʥʦʡ ʜʣʠʥʳ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʇ.ɽ. ɺʦʨʦʙʴʝʚʳʤ, ɺ ïʘʥʘʣʠʟ ʧʦʜʚʠʞʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʧʦʣʠʊ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 0,8 % 

ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. (ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʠʊ ʫʢʘʟʘʥʘ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʊ26). 

 ʅʏɿ-ʊ6 ʦʙʣʘʜʘʣʠ ɕ-ʧʦʪʝʥʮʠʘʣʦʤ, ʙʣʠʟʢʠʤ ʩ ʠʩʭʦʜʥʳʤʠ ʅʏɿ, ʧʦʢʨʳʪʳʤʠ ʮʠʪʨʘʪʦʤ 

ʥʘʪʨʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʮʠʪʨʘʪʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ 

ʅʏɿ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʣʩʷ. ɹʦʣʝʝ ʜʣʠʥʥʳʝ ʅʂ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ɕ-ʧʦʪʝʥʮʠʘʣ ʅʏɿ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʥʘʯʝʥʠʷ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʅʏɿ-ʊ40 ʠ ʅʏɿ-ʊ26 ʙʳʣʠ ʦʯʝʥʴ 

ʙʣʠʟʢʠ, ʪʦ ʝʩʪʴ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʊ40 ʠ ʊ26 ʚʳʪʝʩʥʷʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʮʠʪʨʘʪʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʚʝʨʦʷʪʥʦ, ʙʳʣ ʩʚʷʟʘʥ ʩ ʯʘʩʪʴʶ ʤʦʣʝʢʫʣʳ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ, ʦʙʨʘʟʦʚʘʚʰʝʡ ʥʘʚʠʩʘʥʠʝ/ʧʝʪʣʶ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʚʰʝʡ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ (ʨʠʩ. 43 ɹ). ʕʪʘ ʥʘʚʠʩʘʶʱʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ ʤʦʛʣʘ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ 

ʘʬʬʠʥʥʦʩʪʴ ʚʩʝʡ ʤʦʣʝʢʫʣʳ ʠʟ-ʟʘ ʦʪʪʘʣʢʠʚʘʥʠʷ ʦʪ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʠʦʥʦʚ ʮʠʪʨʘʪʘ 

ʠʣʠ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʦʪʢʠʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, 

ʥʝʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʘʪʴ ʥʘʚʠʩʘʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʘʬʬʠʥʥʳʤʠ, ʯʝʤ ʜʣʠʥʥʳʝ, ʝʩʣʠ 

ʯʠʩʣʦ ʧʨʷʤʳʭ ʢʦʥʪʘʢʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ ʦʪʣʠʯʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʘʬʬʠʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʙʨʘʣʠ 26-ʤʝʨr ɸ26, ʊ26 ʠ 

ʉ26 (ʥʝ ʦʮʝʥʠʚʘʣʠ ʘʬʬʠʥʥʦʩʪʴ G26 ʠʟ-ʟʘ ʝʛʦ ʚʳʩʦʢʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ) (ʨʠʩ. 44 ɸ, ɹ). 

ɺʠʜʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʚʷʟʳʚʘʥʠʷ ʥʝʪ ʙʦʣʴʰʦʛʦ ʨʘʟʣʠʯʠʷ ʚ ʘʬʬʠʥʥʦʩʪʠ ʤʝʞʜʫ 26-

ʤʝʨʘʤʠ (ɸ26 ʠ ʊ26), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʉ26, ʢʦʪʦʨʳʡ ʧʨʦʷʚʠʣ ʤʝʥʴʰʫʶ ʘʬʬʠʥʥʦʩʪʴ ʢ ʅʏɿ 

(ʨʠʩ. 44 ɸ).  



104 

 

 

ʈʠʩʫʥʦʢ 44. ɸʜʩʦʨʙʮʠʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʥʘ ʅʏɿ. ɸ, ɹ - ʜʦʣʷ ʩʚʷʟʘʥʥʦʡ ɼʅʂ ʧʨʠ ʝʝ ʪʠʪʨʦʚʘʥʠʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ, ʩ(ʅʂ) = 0,05 ʥʄ. ɺ - ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ɼʅʂ ʧʨʠ ʩ(ʅʏɿ) = 0,5 ʥʄ, ʤʦʣʝʢʫʣ ʥʘ ʦʜʥʫ 

ʅʏɿ, ɻ - ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ɼʅʂ ʧʨʠ ʩ(ʅʏɿ) = 0,1 ʤʢʄ, ʤʦʣʝʢʫʣ ʥʘ ʦʜʥʫ ʅʏɿ, ɼ - ʢʦʥʢʫʨʝʥʪʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʩʚʷʟʳʚʘʥʠʷ ʤʝʯʝʥʥʦʛʦ ʬʦʩʬʘʪʦʤ ʊ6 ʩ ʅʏɿ ʥʝʤʝʯʝʥʥʳʤ ʊ6 ʧʨʠ ʩ(ʅʏɿ) = 0,1 ʤʢʄ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ KD ʜʣʷ N26, ʨʘʥʜʦʤʠʟʦʚʘʥʥʦʡ ʩʤʝʩʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʩʘʤʦʤʫ ʥʠʟʢʦʤʫ ʟʥʘʯʝʥʠʶ 
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KD ʜʣʷ 26-ʤʝʨʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʛʝʪʝʨʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʙʦʣʝʝ ʘʬʬʠʥʥʳ, ʯʝʤ çʣʠʜʝʨè ʊ26 (ʪʘʙʣʠʮʘ 12). 

4.2.3. ʇʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʅʂ ʥʘ ʅʏɿ 

 ɼʣʷ ʦʮʝʥʢʠ ʩʚʷʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʅʂ ʩ ʅʏɿ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʠʟʦʪʝʨʤʳ 

ʘʜʩʦʨʙʮʠʠ ʃʵʥʛʤʶʨʘ ʥʘ ʧʨʠʤʝʨʝ ʊ26 ʠ ʊ40. ʅʏɿ (5Ā10-10 ʄ) ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʅʂ (5Ā10-10 - 

5Ā10-8 ʄ) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 56 Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ɿʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ K 

ʩʦʩʪʘʚʠʣʦ: 0,042 Ñ 0,003 ʥMī1 ʜʣʷ T26 ʠ 0,28 Ñ 0,03 ʥMī1 ʜʣʷ ʊ40 (ʨʠʩ. 44 ɺ). ʕʪʠ ʜʘʥʥʳʝ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [254] ʠ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ ʟʥʘʯʝʥʠʷʤʠ KD 

(ʪʘʙʣʠʮʘ 13), ʪ. ʝ. ʜʣʷ ʙʦʣʝʝ ʘʬʬʠʥʥʳʭ ʅʂ ʧʦʣʫʯʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʂ ʠ ʙʦʣʝʝ 

ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ KD. ʀʟ ʜʘʥʥʳʭ ʢʨʠʚʳʭ ʥʘʩʳʱʝʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥ  r ʧʨʝʜʝʣʴʥʦ 

ʜʦʩʪʠʞʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʅʂ ʥʘ ʅʏɿ (ʪʘʙʣʠʮʘ 13). 

 ʊʘʙʣʠʮʘ 13. ʇʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʅʏɿ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʪʦʚ. 

ʅʂ ʧʦʢʨʳʪʠʝ, ʤʦʣ./ʅʏɿ ʩ(ʅʏɿ), ʄ 

ʊ6 87,6 Ñ 4,8 5Ŀ10-10 

ʊ26 12,3 �F 1,7 5Ŀ10-10 

ʊ40 5,1 �F 0,4 5Ŀ10-10 

ʊ6 99,4 1Ŀ10-7 

ʊ26 31,7 �F 1,7 1Ŀ10-7 

ʊ40 15,0 �F 0,8 1Ŀ10-7 

 ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ ʪʘʢʞʝ ʦʮʝʥʠʣʠ ʜʣʷ ʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ 

ʩ ʊ26: ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 56 Áʉ ʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ 56 Áʉ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ ʧʦʩʣʝ ʧʦʣʫʯʘʩʦʚʦʡ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 56 Áʉ. 

4.2.4. ʈʝʞʠʤʳ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʠ ʅʂ 

 ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʅʂ ʥʘ ʅʏɿ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʳʣʦ ʩʜʝʣʘʥʦ ʠʥʪʝʨʝʩʥʦʝ ʥʘʙʣʶʜʝʥʠʝ. ʈʠʩʫʥʦʢ 44 ɻ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʨʳʪʠʷ ʅʏɿ ʜʣʷ ʚʩʝʭ ʅʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʷʟʳʚʘʥʠʝʤ ʚ 

ʜʠʘʧʘʟʦʥʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʨʠʩ. 44 ɺ). ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 100 

% ʜʣʷ ʊ26 ʠ ʊ40 ʠ ʥʘ 20 % ʜʣʷ ʊ6. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʪʘʢʦʝ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʩʚʷʟʳʚʘʥʠʷ (ʜʚʘ ʧʦʨʷʜʢʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ) ʤʦʛʣʦ ʚʣʠʷʪʴ ʥʘ ʨʝʞʠʤ 

ʩʚʷʟʳʚʘʥʠʷ. ɺ ʜʠʘʧʘʟʦʥʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʚʝʨʦʷʪʥʦ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʅʏɿ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ. ʉʜʚʠʛ ʢ ʚʳʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʤʦʛ 

ʫʤʝʥʴʰʠʪʴ ʵʪʠ ʫʯʘʩʪʢʠ ʜʦ ʥʝʢʦʝʛʦ ʤʠʥʠʤʫʤʘ, ʤʝʥʝʝ ʯʝʤ 6 ʥʪ. ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʣʴʢʦ 

ʪʨʠ ʥʫʢʣʝʦʪʠʜʘ ʙʳʣʠ ʚʦʚʣʝʯʝʥʳ ʚ ʩʚʷʟʳʚʘʥʠʝ ʦʣʠʛʦʘʜʝʥʠʣʘʪʦʚ ʩ ʅʏɿ ʧʨʠ ʚʳʩʦʢʠʭ 
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ʢʦʥʮʝʥʪʨʘʮʠʷʭ [230], ʘ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʫʯʘʩʪʦʢ ʧʦʣʠɸ ʜʣʠʥʦʡ 60-80 ʥʪ. 

ʦʙʦʨʘʯʠʚʘʣʩʷ ʚʦʢʨʫʛ ʅʏɿ [228]. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʜʥʦʟʥʘʯʥʦ ʚʣʠʷʝʪ ʥʘ ʘʬʬʠʥʥʦʩʪʴ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʢ ʅʏɿ. ʂʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʅʏɿ ʠ ʅʂ, ʙʳʣʠ ʨʘʚʥʳ 0,46 ʠ 0,60 ʤʢʄ-1 ʜʣʷ ʊ26 ʠ ʊ40 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʫʱʝʩʪʚʝʥʥʦʝ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʂ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʅʏɿ, ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʤʦʜʝʣʴ ʃʵʥʛʤʶʨʘ, ʚʦʟʤʦʞʥʦ, ʥʝʧʨʠʤʝʥʠʤʘ ʠʟ-ʟʘ 

ʟʘʤʝʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ. ɼʨʫʛʠʝ ʤʦʜʝʣʠ ʙʳʣʠ ʙʳ 

ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳ, ʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʜʘʥʥʳʭ. 

 ʂʨʠʚʘʷ ʘʜʩʦʨʙʮʠʠ ʊ6 ʥʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘʩɹ ʫʨʘʚʥʝʥʠʝʤ ʠʟʦʪʝʨʤʳ ʃʵʥʛʤʶʨʘ, 

ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʨʘʟʣʠʯʠʷ ʚ ʘʬʬʠʥʥʦʩʪʠ ʤʝʯʝʥʥʦʛʦ ʠ ʥʝʤʝʯʝʥʦʛʦ 

ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʦʚ. ʅʝʤʝʯʝʥʳʡ ʊ6 ʩʦʜʝʨʞʘʣ ʪʦʣʴʢʦ ʧʷʪʴ ʤʝʞʥʫʢʣʝʦʪʠʜʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʘʨʷʜʦʚ ʥʘ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧʘʭ, ʧʦʵʪʦʤʫ ʜʦʙʘʚʣʝʥʠʝ ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʘʨʷʜʦʚ ʥʘ ʪʝʨʤʠʥʘʣʴʥʦʤ ʬʦʩʬʘʪʝ ʤʦʛʣʦ ʩʠʣʴʥʦ ʩʥʠʟʠʪʴ ʝʛʦ ʩʠʣʫ ʩʚʷʟʳʚʘʥʠʷ ʠʟ-ʟʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

[32P]-ʤʝʯʝʥʥʦʛʦ ʊ6 ʚʦʟʨʘʩʪʘʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʤʝʯʝʥʦʛʦ ʊ6 ʤʦʛʣʘ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʘʜʩʦʨʙʮʠʶ ʤʝʯʝʥʥʦʛʦ ʊ6 ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʤʝʥʴʰʝʥʠʷ ʩʚʷʟʳʚʘʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʊ6. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʊ6 ʥʘʙʣʶʜʘʣʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʥʦʛʦ ʊ6 (ʜʦ 200 ʤʦʣ./ʅʏɿ) ʜʦ 

ʥʘʯʘʣʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʚʷʟʳʚʘʥʠʷ (ʨʠʩ. 44 ɼ). 

4.2.5. ʉʚʷʟʳʚʘʥʠʝ ʅʂ ʩ ʅʏɿ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʜʨʫʛʠʤʠ ʙʠʦʤʦʣʝʢʫʣʘʤʠ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ ʢ ʜʝʡʩʪʚʠʶ NaCl ʠ ʢ ʚʳʪʝʩʥʝʥʠʶ ʙʝʣʢʘʤʠ, ʚʳʩʦʢʦ- 

ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʪʠʦʣʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʢʘʢ ʚʳʩʦʢʠʭ, ʪʘʢ ʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʅʏɿ ʠ ʅʂ, ʧʨʠʤʝʥʷʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʠʟʤʝʨʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʏʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʯʝʥʠʷ. 

ɸʩʩʦʮʠʘʪʳ ʅʏɿ-ɼʅʂ ʙʳʣʠ ʫʩʪʦʡʯʠʚʝʝ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʩʠʣʦʡ, ʯʝʤ 

ʮʠʪʨʘʪʥʳʝ ʅʏɿ, ʥʝʤʝʜʣʝʥʥʦ ʩʣʠʧʘʚʰʠʝʩʷ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 5 ʤʄ NaCl (ʨʠʩ. 45 ɸ). 

ɸʩʩʦʮʠʘʪʳ ʅʏɿ-ʦʣʠʛʦʊ ʩʦʭʨʘʥʷʣʠ ʩʚʦʡ ʮʚʝʪ ʜʘʞʝ ʚ 100 ʤʄ NaCl, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʩʣʠʧʘʥʠʷ ʅʏɿ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʚʝʣʠ ʢ ʙʳʩʪʨʦʤʫ ʩʣʠʧʘʥʠʶ 

ʅʏɿ, ʭʦʪʷ ʘʩʩʦʮʠʘʪʳ ʅʏɿ-ʊ6 ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʣʠ ʩʚʦʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ 200 ʤʄ NaCl, 

ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʙʳʣʦ ʨʝʟʫʣʴʪʘʪʦʤ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʬʬʠʥʦʩʪʠ ʊ6 ʠ ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʅʂ ʥʘ ʅʏɿ ʚ ʩʣʫʯʘʝ ʊ6. 
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ʈʠʩʫʥʦʢ 45. ʋʩʪʦʡʯʠʚʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʦʣʠʛʦʊ: ɸ - ʩʢʘʥʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʘʥʰʝʪʘ ʧʦʩʣʝ 

ʩʦʣʝʚʦʛʦ ʪʝʩʪʘ ʅʏɿ ʠ ʠʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʊ6, ʊ26, ʊ40 ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaCl ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

0, 5, 100, 200, 300 ʤʄ, ɹ - ʘʩʩʦʮʠʘʪʳ ʅʏɿ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʊ26 ʠ/ʠʣʠ HS-PEG-COOH 3,2 ʢɼʘ (ʦʙʦʟʥʘʯʝʥ 

ʢʘʢ PEG3,2); Rf ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʚ ʛʝʣʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʪʠʦʣ-ʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʥʝʢʦʚʘʣʝʥʪʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ. ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʙɧʣʴʰʘʷ ʯʘʩʪʴ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ɼʅʂ ʚʳʪʝʩʥʷʣʘʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ 25 ʤʢʄ ʨʘʩʪʚʦʨʦʤ 

TGɸ. ʅʘʙʣʶʜʘʣʘʩʴ ʩʚʷʟʴ ʤʝʞʜʫ ʜʦʣʝʡ ʚʳʪʝʩʥʝʥʥʦʡ ɼʅʂ ʠ ʟʥʘʯʝʥʠʷʤʠ KD ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-

ɼʅʂ. ʊ6, ʦʙʣʘʜʘʚʰʠʡ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ KD, ʥʝ ʚʳʪʝʩʥʷʣʩ ̫ʧʦʣʥʦʩʪʴʶ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʅʏɿ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʊ26 ʩ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ KD ʧʦʣʥʦʩʪʴʶ ʜʝʩʦʨʙʠʨʦʚʘʣʩʷ ʟʘ 1 ʯ, 

ʊ40 ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʟʥʘʯʝʥʠʝʤ KD ʚʳʪʝʩʥʷʣʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʊ26 (ʪʘʙʣʠʮʘ 14). ʉʭʦʞʘʷ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʘʷ ʪʠʦʢʠʩʣʦʪʘ MUA, ʨʝʘʛʝʥʪ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʅʏɿ [359], ʪʘʢʞʝ ʦʯʝʥʴ 

ʵʬʬʝʢʪʠʚʥʦ ʚʳʪʝʩʥʷʣʘ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ. ʊ26 ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʷʣʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʅʏɿ ʟʘ 30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʚ 0,1 ʤʄ MUA ʧʨʠ 56 �£ʉ. ʉʢʦʨʦʩʪʴ ʚʳʪʝʩʥʝʥʠʷ ʊ40 ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ MUA ʠ TGA ʙʳʣʘ ʥʠʞʝ (ʪʘʙʣʠʮʘ 14). 

HS-PEG-COOH ʯʘʩʪʠʯʥʦ ʚʳʪʝʩʥʷʣ ɼʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ. ʀʟʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʧʦʩʣʝ ʢʦʨʦʪʢʦʡ ʠʥʢʫʙʘʮʠʠ (1,5 ʯ) ʩ HS-

PEG-COOH 3,2 ʠʣʠ 4,9 ʢɼʘ ʷʩʥʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʅʏɿ ʠ HS-

PEG-COOH (ʨʠʩ. 45 ɹ). ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʧʦʢʨʳʪʳʭ HS-PEG-COOH ʘʩʩʦʮʠʘʪʦʚ 

ʩʦʩʪʘʚʠʣ 62 Ñ 6 ʥʤ, ʠ ɻʪʦʛʦ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʧʦʜʚʠʞʥʦʩʪʴ ʅʏɿ ʚ 0,8 % 

ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. HS-PEG-COOH ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,001 ï 0,1 ʤʄ ʚʳʪʝʩʥʷʣ 10 �F 2 % 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʊ26 ʠ 17 �F 2 % ʊ40 ʩ ʅʏɿ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʳʪʝʩʥʝʥʠʝ (ʜʦ 40 %) 

ʜʦʩʪʠʛʘʣʦʩʴ ʧʦʩʣʝ 16 ʯ ʠʥʢʫʙʘʮʠʠ ʩ 1 ʤʄ HS-PEG-COOH (ʪʘʙʣʠʮʘ 14). ʊʦʪ ʬʘʢʪ, ʯʪʦ 

ʘʜʩʦʨʙʮʠʷ HS-PEG-COOH ʠʟʤʝʥʷʣʘ ʧʦʜʚʠʞʥʦʩʪʴ ʘʩʩʦʮʠʘʪʦʚ ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʜʦʣʝ 

ʚʳʪʝʩʥʝʥʠʷ ʅʂ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʨʠʙʦʦʙʨʘʟʥʦʝ ʩʚʷʟʳʚʘʥʠʝ HS-PEG-COOH ʩ ʅʏɿ [93], ʢʦʛʜʘ 

ʯʘʩʪʠ ʝʛʦ ʤʦʣʝʢʫʣʳ ʦʙʨʘʟʫʶʪ ʚʪʦʨʠʯʥʫʶ ʦʙʦʣʦʯʢʫ ʚʦʢʨʫʛ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʣʦʷ. 

ʏʘʩʪʠʯʥʦʝ ʚʳʪʝʩʥʝʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʅʂ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʳʚʘʶʱʠʤʠʩʷ ʪʠʦʣʘʤʠ 
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ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʛʨʘʥʝʡ (111) ʠ 

(100) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 66:34 [360]. ʈʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʝʘʛʠʨʫʶʪ ʧʦ-ʨʘʟʥʦʤʫ ʩ ʨʘʟʥʳʤʠ 

ʛʨʘʥʷʤʠ ʅʏɿ [34]. ɹʳʣʘ ʧʦʢʘʟʘʥʘ ʩʦʘʜʩʦʨʙʮʠʷ ʪʠʦʣʦʚ ʩ ʜʨʫʛʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʛʨʘʥʠ 

(111) [29]. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʚʳʪʝʩʥʝʥʠʶ ʊ40 ʠʟ ʩʦʩʪʘʚʘ ʜʚʫʭʩʣʦʡʥʳʭ 

ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʊ40-BSA ʧʦʜ ʜʝʡʩʪʚʠʝʤ TGA ʧʦʢʘʟʘʣ, ʯʪʦ ʩʣʦʡ ʘʣʴʙʫʤʠʥʘ ʟʘʱʠʱʘʝʪ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʡ ʩʣʦʡ ʦʪ ʧʦʣʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ: ʣʠʰʴ 33 % ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʊ40 ʙʳʣʦ 

ʚʳʪʝʩʥʝʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʟʘ 16 ʯ ʠʥʢʫʙʘʮʠʠ (ʪʘʙʣʠʮʘ 14). 

ʊʘʙʣʠʮʘ 14. ɺʳʪʝʩʥʝʥʠʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟ ʩʦʩʪʘʚʘ ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʏɿ ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 16 ʯ ʧʨʠ 25 �|ʉ ʚ ʨʘʩʪʚʦʨʘʭ ʪʠʦʣ-ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʘʩʩʦʮʠʘʪ ʚʳʪʝʩʥʷʶʱʠʡ ʘʛʝʥʪ % ʚʳʪʝʩʥʝʥʥʦʡ ʅʂ 

ʅʏɿ-ʊ26 HS-PEG-COOH 10 Ñ 2 

ʅʏɿ-ʊ40 HS-PEG-COOH 17 Ñ 2 

ʅʏɿ-T6 HSA, BSA 10 Ñ 3 

ʅʏɿ-ʊ26 HSA, BSA 20 Ñ 5 

ʅʏɿ-T40 HSA, BSA 40 Ñ 2 

ʅʏɿ-ʊ26 ɻʣʫʪʘʪʠʦʥ 21 Ñ 5 

 ʅʏɿ-ʊ40 ɻʣʫʪʘʪʠʦʥ  14 Ñ 4 

 ʅʏɿ-ʊ6 TGA  75 Ñ 5  

 ʅʏɿ-T26 TGA  94 Ñ 4  

 ʅʏɿ-T40 TGA  95 Ñ 3  

 ʅʏɿ-T40-BSA  TGA 33 Ñ 4  

 ʅʏɿ-ʊ26  MUA  95 Ñ 5 

 ʅʏɿ-ʊ40  MUA  70 Ñ 9 

 ʅʏɿ-ʊ26  DTT  98 Ñ 1 

 ʅʏɿ-ʊ40  DTT  99 Ñ 2 

ɽʱʝ ʦʜʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʦ ʠʤʠʪʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʚʥʫʪʨʠ ʢʣʝʪʢʠ ʠʣʠ ʢʨʦʚʷʥʦʛʦ ʨʫʩʣʘ ʜʣʷ 

ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ɼʅʂ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʭ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ 

ʥʘ ʅʏɿ. ɼʣʷ ʵʪʦʛʦ ʚʳʙʨʘʣʠ ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʠʟʢʦ- ʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʪʠʦʣ-ʩʦʜʝʨʞʘʱʠʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ ï ʛʣʫʪʘʪʠʦʥ ʠ 

ʩʳʚʦʨʦʪʦʯʥʳʝ ʘʣʴʙʫʤʠʥʳ (HSA ʠ BSA) [361]. ɸʩʩʦʮʠʘʪʳ ʅʏɿ-ʊ40 ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʣʫʪʘʪʠʦʥʘ (1 ʤʄ) ʠʣʠ ʩʳʚʦʨʦʪʦʯʥʳʭ ʘʣʴʙʫʤʠʥʦʚ (ʩ(HSA)=1 ʤʄ, c(BSA)=1 

ʤʢʄ) ʧʨʠ 25 �|ʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ - 22 ʯ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʘʩʪʚʦʨ ʛʣʫʪʘʪʠʦʥʘ 

ʚʳʪʝʩʥʷʣ ʣʠʰʴ 18 % ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʊ26 ʟʘ 30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʠ 25 % ʟʘ 16 ʯ, ʧʨʠ ʵʪʦʤ 

ʚʳʪʝʩʥʷʣ ʥʝ ʙʦʣʝʝ 14 % ʊ40 ʠ ʟʘ 30 ʤʠʥ, ʠ ʟʘ 16 ʯ ʠʥʢʫʙʘʮʠʠ (ʪʘʙʣʠʮʘ 14). 
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ɼʘʣʝʝ ʧʨʦʚʝʣʠ ʠʟʫʯʝʥʠʝ ʩʚʷʟʳʚʘʥʠ ̫ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʥʦʛʦ HSA ʩ ʅʏɿ ʠ 

ʘʩʩʦʮʠʘʪʘʤʠ ʅʏɿ-ɼʅʂ. ʆʮʝʥʢʘ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʚʷʟʳʚʘʥʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʙʦʣʴʰʝ 

ʚʩʝʛʦ ʤʦʣʝʢʫʣ HSA ʘʜʩʦʨʙʠʨʦʚʘʣʦʩʴ ʥʘ ʅʏɿ ʚ ʦʪʩʫʪʩʪʚʠʝ ʅʂ ï 22,7 ʤʦʣʝʢʫʣ ʥʘ ʦʜʥʫ ʅʏɿ, 

10,5 ʤʦʣʝʢʫʣ ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʘʩʩʦʮʠʘʪʘʤʠ ʅʏɿ-ʊ26 ʠ ʪʦʣʴʢʦ 3,0 ʤʦʣʝʢʫʣʳ - ʩ ʘʩʩʦʮʠʘʪʘʤʠ 

ʅʏɿ-ʊ6. ʇʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʣʠ ʨʘʟʣʠʯʠʡ ʚ ʩʚʷʟʳʚʘʥʠʠ ʧʦʩʣʝ 1 ʠ 16 ʯ ʠʥʢʫʙʘʮʠʠ ʩ HSA. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʊ6 ʧʦʢʨʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʅʏɿ ʙʦʣʝʝ 

ʧʣʦʪʥʦ, ʯʝʤ ʊ26. ʇʨʦʮʝʩʩ ʩʚʷʟʳʚʘʥʠʷ HSA ʠʣʠ BSA ʩ ʯʘʩʪʠʮʘʤʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʳʪʝʩʥʝʥʠʝʤ ʯʘʩʪʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ. ʄʝʥʴʰʘʷ ʜʦʣʷ (10 % ʦʪ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ) ʚʳʪʝʩʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʊ6, ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ (20 %) ï ʚ ʩʣʫʯʘʝ ʊ26. ɺ 

ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʚʳʷʚʠʣʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ HSA ʠ BSA, ʢʦʪʦʨʳʝ ʚʳʪʝʩʥʷʣʠ 

ʦʜʠʥʘʢʦʚʫʶ ʜʦʣʶ ʩʚʷʟʘʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. ʊ40 ʚʳʪʝʩʥʷʣʩʷ ʘʣʴʙʫʤʠʥʘʤʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʜʨʫʛʠʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ (ʜʦ 40 %), ʚʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʤʝʞʜʫ ʥʘʚʠʩʘʥʠʷʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʠ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ. 

ɸʥʘʣʠʟ ʩʪʝʧʝʥʠ ʚʳʪʝʩʥʝʥʠʷ ʊ6 ʠ ʊ26 ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʠʥʢʫʙʘʮʠʠ ʘʩʩʦʮʠʘʪʦʚ ʩ 

BSA ʧʦʢʘʟʘʣ, ʯʪʦ ʪʦʣʴʢʦ 11,7 % ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʊ6 ʠ 20 % ʊ26 ʚʳʪʝʩʥʷʣʦʩʴ ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʩ BSA ʚ ʪʝʯʝʥʠʝ 11 ʜʥʝʡ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨʳ 

ʞʝʣʘʪʠʥʘ ʪʠʧʘ ɸ ʠ ɹ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (3 ʠ 6 %) ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʚʷʟʢʦʩʪʠ. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʠʥʢʫʙʘʮʠʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʅʂ (ʅʏɿ-ʊ40) ʚ ʨʘʩʪʚʦʨʘʭ ʞʝʣʘʪʠʥʘ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʞʝʣʘʪʠʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʡ ʩʣʦʡ, 

ʚʳʪʝʩʥʷʷ ʤʘʢʩʠʤʫʤ 2,5 % ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʟʘ ʩʫʪʢʠ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʣʦʷ ʢ 

ʚʳʪʝʩʥʝʥʠʶ ʪʠʦʣʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʪʨʘʙʦʪʘʣʠ ʤʝʪʦʜʠʢʫ ʧʦʣʫʯʝʥʠʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ, ʩʦʜʝʨʞʘʱʠʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʘʣʴʙʫʤʠʥʳ, 

ʧʦʣʠʵʪʠʣʛʣʠʢʦʣʴ ʠ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥ ʚʧʣʦʪʴ ʜʦ ʧʷʪʠ ʩʣʦʝʚ (ʨʠʩ. 46 ɸ). ʉʦʭʨʘʥʝʥʠʝ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʦ 

ʤʝʯʝʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ (ʨʠʩ. 46 ɹ). ɺʩʝ ʵʪʘʧʳ ʩʙʦʨʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʕʄ (ʨʠʩ. 46 ɺ). 
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 ʈʠʩʫʥʦʢ 46. ʄʥʦʛʦʩʣʦʡʥʳʝ ʘʩʩʦʮʠʘʪʳ ʅʏɿ ʠ ʅʂ ʩ HSA, HS-PEG-COOH (ʦʙʦʟʥʘʯʝʥ ʢʘʢ PEG), PEI. 

ɸ ï ʩʭʝʤʘ ʩʙʦʨʢʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʘʩʩʦʮʠʘʪʦʚ, ɹ ï ʘʥʘʣʠʟ ʧʦʜʚʠʞʥʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʘʩʩʦʮʠʘʪʦʚ 

ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 0,8 % ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ, ɺ ï ʢʦʥʪʨʦʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʝʚ ʘʩʩʦʮʠʘʪʦʚ ʩ ʧʦʤʦɦ ʴʶ ʇʕʄ. 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʳʚʘʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦ ʤʝʯʝʥʥʳʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʅʏɿ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ: 

 - ʠʥʢʫʙʘʮʠʷ ʩʤʝʩʠ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʅʏɿ ʩ ʅʂ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 56 �£ʉ ʙʝʟ ʢʘʢʦʛʦ-

ʣʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʢʦʣʣʦʠʜʘ ʅʏɿ ʧʨʠʚʦʜʠʪ ʢ ʨʘʚʥʦʚʝʩʠʶ ʧʨʦʮʝʩʩʘ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʠ ʅʂ; 

 - ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʘʜʩʦʨʙʮʠʠ ʅʂ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʅʏɿ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʟʘʛʨʫʟʢʫ ʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʅʏɿ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʅʂ; 

 - ʦʣʠʛʦɸ ʠ ʦʣʠʛʦʊ ʦʙʣʘʜʘʶʪ ʩʭʦʞʝʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʅʏɿ ʚ ʥʠʟʢʦʩʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ 

ʩʚʷʟʳʚʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʣʠʛʦʉ ʧʨʦʷʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʘʬʬʠʥʥʦʩʪʴ; 

 - ʢʦʥʮʝʥʪʨʘʮʠʷ ʅʏɿ ʠ ʅʂ ʧʨʠ ʠʥʢʫʙʘʮʠʠ ʚʣʠʷʝʪ ʥʘ ʨʝʞʠʤ ʠʭ ʩʚʷʟʳʚʘʥʠʷ: ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʏɿ ʠ ʅʂ ʫʚʝʣʠʯʠʚʘʶʪ ʟʘʛʨʫʟʢʫ ʅʏɿ, ʥʦ ʫʤʝʥʴʰʘʶʪ ʘʬʬʠʥʥʦʩʪʴ ʅʂ; 

 - ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ ʠʣʠ ʢʨʦʚʷʥʦʝ ʨʫʩʣʦ, ʯʘʩʪʴ 

ʟʘʛʨʫʞʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʅʂ ʚʳʪʝʩʥʷʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ.  
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4.3 ʉʝʣʝʢʮʠʷ in vitro  ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʚʳʩʦʢʦʘʬʬʠʥʥʳʭ ʢ ʅʏɿ 

ʎʝʣʴ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ - ʧʦʣʫʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʘʬʬʠʥʥʳʭ ʢ ʅʏɿ ɼʅʂ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʝʪʦʜʦʤ ʩʝʣʝʢʮʠʠ in vitro. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ ʦʪʚʝʪʠʪʴ ʥʘ 

ʚʦʧʨʦʩʳ: 1) ʩʫʱʝʩʪʚʫʶʪ ʣʠ ʛʝʪʝʨʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʯʝʤ ʦʣʠʛʦ ʊ ʠ ʦʣʠʛʦɸ; 2) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʣʠ 

ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʩʦʢʫʶ ʘʬʬʠʥʥʦʩʪʴ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʢ ʅʏɿ? 

 ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ: 

 - ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʣʝʢʮʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ɼʅʂ-ʙʠʙʣʠʦʪʝʢʠ L0 ʩ 26-ʟʚʝʥʥʦʡ ʨʘʥʜʦʤʥʦʡ 

ʦʙʣʘʩʪʴʶ, ʬʣʘʥʢʠʨʦʚʘʥʥʦʡ ʜʚʫʤʷ 20-ʟʚʝʥʥʳʤʠ ʧʨʘʡʤʝʨʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʘʤʧʣʠʬʠʢʘʮʠʠ, ʢ ʅʏɿ; 

 - ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʩʝʣʝʢʮʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʚʷʟʳʚʘʥʠʷ ʦʙʦʛʘʱʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʩ 

ʅʏɿ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ 

ʩʚʷʟʳʚʘʥʠʷ; 

 - ʠʩʭʦʜʥʳʡ ʧʫʣ ʠ ʥʝʩʢʦʣʴʢʦ ʦʙʦʛʘʱʝʥʥʳʭ ʧʫʣʦʚ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤʫ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ ʠ ʘʥʘʣʠʟʫ2; 

 - ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥ  r ʧʫʪʝʤ ʦʮʝʥʢʠ ʢʦʥʩʪʘʥʪ 

ʩʚʷʟʳʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ ʨʷʜʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. 

4.3.1. ʋʩʣʦʚʠʷ ʩʝʣʝʢʮʠʠ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ 

ʅʏɿ ʠ ʅʂ ʷʚʣʷʝʪʩʷ ʠʥʢʫʙʘʮʠʷ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 56 Üʉ. ʀʥʢʫʙʘʮʠʶ ʅʏɿ ʩ ʙʠʙʣʠʦʪʝʢʦʡ 

ʚʦ ʚʩʝʭ ʨʘʫʥʜʘʭ ʩʝʣʝʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ 25 Üʉ. ʄʘʪʨʠʮʝʡ ʜʣʷ ʩʝʣʝʢʮʠʠ ʩʣʫʞʠʣʘ 66-

ʟʚʝʥʥʘʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ɼʅʂ-ʙʠʙʣʠʦʪʝʢʘ, ʩʦʜʝʨʞʘʱʘʷ 26-ʟʚʝʥʥʳʡ ʮʝʥʪʨʘʣʴʥʳʡ 

ʨʘʥʜʦʤʠʟʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʠ ʜʚʘ 20-ʟʚʝʥʥʳʭ ʬʣʘʥʢʠʨʫʶʱʠʭ ʬʨʘʛʤʝʥʪʘ, ʩʣʫʞʘʱʠʭ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʙʠʙʣʠʦʪʝʢʠ ʤʝʪʦʜʦʤ ʇʎʈ. ʉʚʷʟʳʚʘʥʠʝ ʅʏɿ ʩ ɼʅʂ ʚ ʧʨʦʮʝʩʩʝ 

ʩʝʣʝʢʮʠʠ ʥʘʤʝʨʝʥʥʦ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʝʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣ ɼʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ 

ʢʦʥʢʫʨʝʥʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʚʳʩʦʢʦʘʬʬʠʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʊʘʢʞʝ ʜʣʷ ʫʞʝʩʪʦʯʝʥʠʷ ʩʝʣʝʢʮʠʠ ʧʨʠʤʝʥʠʣʠ ʩʣʝʜʫʶʱʠʝ ʧʨʠʝʤʳ: 

ʩʪʘʙʠʣʠʟʘʮʠʶ ʅʏɿ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠɸ ʧʝʨʝʜ ʨʘʫʥʜʦʤ ʩʝʣʝʢʮʠʠ, ʩʝʣʝʢʮʠʶ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʘʤʧʣʠʬʠʢʘʮʠʝʡ, ʩʝʣʝʢʮʠʶ ʩ ʚʳʜʝʣʝʥʠʝʤ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʥʘʠʙʦʣʝʝ ʘʬʬʠʥʥʳʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʤʝʪʦʜʦʤ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ (ʚʘʨʠʘʮʠʷ EMSA-SELEX), ʢʦʥʪʨʩʝʣʝʢʮʠʶ 

ʢ ʥʘʥʦʯʘʩʪʠʮʘʤ ʩʝʨʝʙʨʘ (ʅʏʉ). ʇʨʠ ʵʪʦʤ ʩʪʘʙʠʣʠʟʘʮʠʶ ʅʏɿ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠɸ ʧʨʦʚʦʜʠʣʠ 

                                                 
2 ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ NGS-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥ ɸ.ɸ. ʃʦʤʟʦʚʳʤ, ʇ.ɽ. ɺʦʨʦʙʴʝʚʳʤ, ɼ.ɺ. ʇʳʰʥʳʤ, 

ʄ.ʈ. ʂʘʙʠʣʦʚʳʤ 
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ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʩʝʣʝʢʮʠʠ (ʚʦ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʨʘʫʥʜʝ), ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʧʨʠʤʝʥʠʣʠ ʥʘ ʪʨʝʪʴʝʤ ʠ ʯʝʪʚʝʨʪʦʤ ʨʘʫʥʜʘʭ, ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʘʤʧʣʠʬʠʢʘʮʠʶ ʠ 

ʢʦʥʪʨʩʝʣʝʢʮʠʶ ʢ ʅʏʉ ʧʨʦʚʝʣʠ ʥʘ ʧʦʩʣʝʜʥʝʤ, ʯʝʪʚʝʨʪʦʤ ʨʘʫʥʜʝ ʩʝʣʝʢʮʠʠ (ʨʠʩ. 47). ɺ 

ʢʘʯʝʩʪʚʝ ʫʜʦʙʥʦʛʦ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʝʢʮʠʠ ʧʨʦʚʦʜʠʣʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚ ʘʛʘʨʦʟʝ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʙʠʙʣʠʦʪʝʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʦʪʙʦʨʘ. 

4.3.2. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʫʪʝʡ ʩʝʣʝʢʮʠʠ 

ʈʘʩʩʤʦʪʨʠʤ ʚʝʪʢʫ ʩʝʣʝʢʮʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ (L0-N1S-L2S-L4S-N3S) 

(ʨʠʩ. 47, ʩʝʨʘʷ ʩʪʨʝʣʢʘ). 

ʄʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʅʂ:ʅʏɿ ʚ ʧʝʨʚʦʤ ʨʘʫʥʜʝ ʙʳʣʦ ʨʘʚʥʦ 79:1, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʩʨʝʜʠ ʅʂ ʠʟ ʠʩʭʦʜʥʦʛʦ ʧʫʣʘ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ. ʇʦʩʣʝ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʚʳʜʝʣʠʣʠ 600 ʧʤʦʣʴ ʙʠʙʣʠʦʪʝʢʠ. ʉ ʫʯʝʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʇʎʈ (23 

ʮʠʢʣʘ) ʠ ʩʨʝʜʥʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʤʧʣʠʬʠʢʘʮʠʠ (70 %) ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʙʠʙʣʠʦʪʝʢʠ, ʚʳʜʝʣʝʥʥʦʡ ʩ ʅʏɿ ʧʦʩʣʝ ʨʘʫʥʜʘ, ʢʘʢ ʨʘʚʥʦʝ 0,12 ʧʤʦʣʴ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 0,03 % 

ʦʪ ʠʩʭʦʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʠʙʣʠʦʪʝʢʠ, ʨʘʚʥʦʛʦ 4320 ʧʤʦʣʴ.  

ɺʦ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʫʥʜʘʭ ʩʝʣʝʢʮʠʠ, ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ, ʘ 

ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ polyA, ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʅʂ:ʅʏɿ ʩʦʩʪʘʚʣʷʣʦ 10:1. ʉʤʷʛʯʝʥʠʝ 

ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪʙʦʨʘ ʙʳʣʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (99,997%) ʦʪʩʝʷʣʠ ʚ ʧʝʨʚʦʤ ʨʘʫʥʜʝ. 

ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʚʷʟʳʚʘʥʠʷ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʠʟʦʰʣʦ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʘʫʥʜʦʚ 

(ʩʨʘʚʥʠʪʝ L0 ʠ N1S, ʨʠʩ. 47), ʘ ʪʘʢʞʝ ʟʘʤʝʪʥʦ ʫʣʫʯʰʝʥʠʝ ʧʦʩʣʝ ʪʨʝʪʴʝʛʦ ʨʘʫʥʜʘ (ʩʨʘʚʥʠʪʝ 

N1S ʩ L2S ʠ L1A, ʨʠʩ. 46), ʦʜʥʘʢʦ ʯʝʪʚʝʨʪʳʡ ʨʘʫʥʜ ʥʝ ʠʟʤʝʥʠʣ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʚʷʟʳʚʘʥʠʶ 

(ʩʨʘʚʥʠʪʝ L2S ʠ L4S, ʨʠʩ. 47). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʩʝʣʝʢʮʠʠ ʪʨʝʙʦʚʘʣʦʩʴ 

ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʅʏɿ polyA ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʠ ʩ 

ʙʠʙʣʠʦʪʝʢʦʡ ʫʤʝʥʴʰʠʣʘ ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʠ 

ʩʦʟʜʘʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʥʝ ʪʦʣʴʢʦ ʩ ʜʨʫʛʠʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ, ʥʦ ʠ ʩ 

ʤʦʣʝʢʫʣʘʤʠ polyA. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʵʪʦʡ ʩʪʘʜʠʠ ʚ ʩʭʝʤʫ 

ʩʝʣʝʢʮʠʠ ʙʳʣʦ ʨʝʟʫʣʴʪʘʪʠʚʥʝʝ ʚ ʪʨʝʪʴʝʤ ʨʘʫʥʜʝ, ʯʝʤ ʚʦ ʚʪʦʨʦʤ (ʩʨʘʚʥʠʪʝ L3A ʠ N4S), ʪ.ʝ., 

ʧʫʪʴ ʩʪʘʥʜʘʨʪŸ ʩʪʘʥʜʘʨʪŸpolyA (L0- N1S-L2S-L3A (ʞʝʣʪʘʷ ʩʪʨʝʣʢʘ, ʨʠʩ. 47) ʙʳʣ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʯʝʤ ʩʪʘʥʜʘʨʪŸpolyAŸ ʩʪʘʥʜʘʨʪ (L0-N1S-L1A-N4S, ʦʨʘʥʞʝʚʘʷ ʩʪʨʝʣʢʘ, 

ʨʠʩ. 47). ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ polyA ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ 

ʧʦʩʣʝʜʫʶʱʫʶ ʘʤʧʣʠʬʠʢʘʮʠʶ ʙʠʙʣʠʦʪʝʢʠ ʩ ʧʦʤʦʱʴʶ ʇʎʈ (ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʥʝ 

ʧʨʠʚʝʜʝʥʳ). 
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ʎʝʣʴ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʇʎʈ ʩ ʘʩʩʦʮʠʘʪʘʤʠ ʅʏɿ-ʅʂ ï ʫʞʝʩʪʦʯʝʥʠʝ ʩʝʣʝʢʮʠʠ ʟʘ ʩʯʝʪ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʅʂ ʥʝ ʪʦʣʴʢʦ ʩ ʅʏɿ, ʥʦ ʠ ʩ ʧʨʘʡʤʝʨʘʤʠ ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ 

ʮʝʧʴʶ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʮʠʢʣʝ ʇʎʈ. ʇʦʩʣʝʜʫʶʱʠʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝ ʚʳʷʚʠʣ 

ʫʩʠʣʝʥʠʷ ʩʚʷʟʳʚʘʥʠʷ (N3S ʠ L7PCR, ʨʠʩ. 47), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʩʩʦʮʠʘʪʳ ʥʝ ʜʠʩʩʦʮʠʠʨʦʚʘʣʠ 

ʚ ʫʩʣʦʚʠʷʭ ʇʎʈ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ. 

ʈʘʫʥʜ ʩʝʣʝʢʮʠʠ ʢ ʅʏʉ ʩ ʙʠʙʣʠʦʪʝʢʦʡ L4S ʧʨʦʚʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʩʝʣʝʢʮʠʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʜʚʫʭ ʬʨʘʢʮʠʡ ʅʂ: ʩʚʷʟʳʚʘʶʱʠʭʩʷ ʠ ʩ ʅʏʉ, ʠ ʩ ʅʏɿ 

(Au+Ag) ʠ ʩʚʷʟʳʚʘʶʱʠʭʩʷ ʪʦʣʴʢʦ ʩ ʅʏɿ (Au-Ag). ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʩʚʷʟʳʚʘʥʠʝ ʩ ʅʏɿ 

ʬʨʘʢʮʠʠ Au+Ag ʙʳʣʦ ʭʫʞʝ, ʯʝʤ ʬʨʘʢʮʠʠ Au-Ag. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʣʷ ʧʫʣʘ 

Au-Ag ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʠʩʭʦʜʥʦʛʦ (ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʥʝ ʧʨʠʚʝʜʝʥʳ). ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʣʠʯʠʝ ʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ ʧʨʠ 

ʩʚʷʟʳʚʘʥʠʠ ʩ ʅʏɿ ʠ ʅʏʉ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʚʠʜʘ çʢʨʠʚʳʭ ʥʘʩʳʱʝʥʠʷè, ʧʦʣʫʯʝʥʥrʭ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ,ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʨʦʛʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʂ ʢ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʤ ʅʏɿ ʧʨʠʩʦʝʜʠʥʝʥʳ ʩʘʤʳʝ ʘʬʬʠʥʥʳʝ ʅʂ. ɼʚʝ 

ʙʠʙʣʠʦʪʝʢʠ L1A ʠ L3A, ʦʙʣʘʜʘʶʱʠʝ ʩʭʦʜʥʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʅʏɿ, ʥʦ ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ 

ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʫʥʜʦʚ ʩʝʣʝʢʮʠʠ (ʜʚʘ ʠ ʪʨʠ ʨʘʫʥʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ 

ʩʪʘʨʪʦʚʳʝ ʪʦʯʢʠ ʜʣʷ ʨʘʫʥʜʘ ʩʝʣʝʢʮʠʠ ʩ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʦʙʨʘʟʮʦʚ. 

ɼʣʷ L1A ʧʨʦʚʝʣʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ʠʥʢʫʙʘʮʠʠ ʩ ʅʏɿ: ʧʨʠ ʩ(ʅʏɿ)= 4,35Ā10-9 ʄ ʠ 1Ā10-7 ʄ 

ʠ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʅʂ:ʅʏɿ=20:1. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʨʠʚʝʣ ʢ ʧʦʣʫʯʝʥʠʶ ʙʠʙʣʠʦʪʝʢʠ 

N2E (ʩʠʨʝʥʝʚʘʷ ʩʪʨʝʣʢʘ, ʨʠʩ. 46, ʘ ʚʪʦʨʦʡ ïN5E (ʛʦʣʫʙʘʷ ʩʪʨʝʣʢʘ, ʨʠʩ. 47), ʧʨʠʯʝʤ ʜʣʷ N2E 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʭʫʜʰʝʥʠʝ ʩʚʷʟʳʚʘʥʠʷ, ʘ ʜʣʷ N5E ïʫʣʫʯʰʝʥʠʝ (ʨʠʩ. 47). ʇʦʚʪʦʨ ʰʘʛʘ 

ʩʝʣʝʢʮʠʠ ʧʦ ʧʝʨʚʦʤʫ ʚʘʨʠʘʥʪʫ ʩ ʧʦʣʫʯʝʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ L5E ʠʟ N2E ʥʝ ʠʟʤʝʥʠʣ 

ʘʬʬʠʥʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʳʚʘʥʠʝ ʚ ʵʪʦʡ ʚʝʪʢʝ ʩʝʣʝʢʮʠʠ ʤʝʥʷʣʦʩʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: N5E> L1A> N2E= L5E. 

ɼʣʷ ʙʠʙʣʠʦʪʝʢʠ L3A ʧʨʦʚʝʣʠ ʠʥʢʫʙʘʮʠʶ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʅʏɿ ʩ ʫʩʠʣʝʥʠʝʤ 

ʢʦʥʢʫʨʝʥʮʠʠ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʤʦʣʷʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʅʂ:ʅʏɿ ʜʦ 100:1 (ʪʝʤʥʦ-ʩʠʥʷʷ 

ʩʪʨʝʣʢʘ, ʨʠʩ. 47). ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʩʚʷʟʳʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ L6E ʧʦ ʩʨʘʚʥʝʥʠʶ ʢʘʢ ʩ ʠʩʭʦʜʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ L3A, ʪʘʢ 

ʠ ʩ ʧʦʣʫʯʝʥʥʦʡ ʚ ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʝʪʢʝ ʩʝʣʝʢʮʠʠ ʙʠʙʣʠʦʪʝʢʦʡ N5E (ʩʨʘʚʥʠʪʝ ʧʫʪʠ, 

ʦʪʤʝʯʝʥʥʳʝ ʩʠʨʝʥʝʚʦʡ ʠ ʪʝʤʥʦ-ʩʠʥʝʡ ʩʪʨʝʣʢʦʡ, ʨʠʩ. 47). ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʚʪʦʨ ʰʘʛʘ 

ʩʝʣʝʢʮʠʠ ʩ ʙʠʙʣʠʦʪʝʢʦʡ L6E ʫʭʫʜʰʠʣ ʩʚʷʟʳʚʘʥʠʝ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʝʣʝʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʠʥʢʫʙʘʮʠʷ ʅʏɿ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ā10-7 ʄ ʩʦ ʩʪʦʢʨʘʪʥʳʤ ʤʦʣʷʨʥʳʤ ʠʟʙʳʪʢʦʤ ʙʠʙʣʠʦʪʝʢʠ ʩ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʩʚʷʟʘʚʰʝʡʩʷ ʠ ʥʝʩʚʷʟʘʚʰʝʡʩʷ ʬʨʘʢʮʠʡ ʙʠʙʣʠʦʪʝʢ. 
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4.3.3. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʦʪʦʙʨʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʮʠʠ ʙʠʙʣʠʦʪʝʢ 

ɹʠʙʣʠʦʪʝʢʠ L0, L4S, L7PCR, L3A, L6E, L1A, L5E, L2S, ʚʳʙʨʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʣʴ-

ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʧʦʜʚʝʨʛʣʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤʫ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ MiSeq (Ilumina). 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʧʫʣʳ L0, L3, L4, L6, L7 ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʩ ʧʦʢʨʳʪʠʝʤ ʙʦʣʝʝ 3Ŀ105 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʜʘʚ ʠhʭ ʥʝ ʤʝʥʝʝ ʯʝʤ 1Ŀ105 ʬʠʥʘʣʴʥʳʭ ʫʥʠʢʘʣʴʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ N26. ʇʫʣʳ L1, L2, L5 ʦʪʩʝʢʚʝʥʠʨʦʚʘʣʠ ʚ ʪʝʩʪʦʚʦʤ ʨʝʞʠʤʝ ʩ ʥʠʟʢʠʤ 

ʧʦʢʨʳʪʠʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʜʘʥʥʳʭ ʜʣʷ ʜʨʫʛʠʭ ʧʫʣʦʚ. 

ʊʘʢʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣ ʩʛʝʥʝʨʠʨʦʚʘʥ ʧʦʣʥʦʩʪʴʶ ʩʣʫʯʘʡʥʳʡ ʧʫʣ N, ʩʦʜʝʨʞʘʱʠʡ 1,5Ŀ105 

ʫʥʠʢʘʣʴʥʳʭ 26-ʟʚʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʎʂʇ 

ɻʝʥʦʤʠʢʘ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʠʟʣʦʞʝʥʥʳʡ ʚ ʧʫʥʢʪʘʭ 4.3.3.1-4.3.3.4, ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʄ.ʈ. ʂʘʙʠʣʦʚʳʤ, ʇ.ɽ. ɺʦʨʦʙʴʝʚʳʤ, ɸ.ɸ. ʃʦʤʟʦʚʳʤ ʠ ɼ.ɺ. ʇʳʰʥʳʤ. 

4.3.3.1. ɸʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʙʠʙʣʠʦʪʝʢ 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʩʭʦʜʥʘʷ ɼʅʂ-ʙʠʙʣʠʦʪʝʢʘ ʠ ʦʙʦʛʘʱʝʥʥʳʝ ʧʫʣʳ ʧʦʩʣʝ 

ʢʦʨʦʪʢʦʡ ʯʝʪʳʨʝʭʨʘʫʥʜʦʚʦʡ ʩʝʣʝʢʮʠʠ ʥʝ ʩʦʜʝʨʞʘʣʠ ʥʠ ʦʜʥʦʛʦ ʷʚʥʦʛʦ ʣʠʜʝʨʘ-

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʠ ʩʦʩʪʦʷʣʠ ʪʦʣʴʢʦ ʠʟ ʫʥʠʢʘʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʛʜʝ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʦʚ ʧʦ ʜʚʝ-ʪʨʠ ʢʦʧʠʠ. ʆʪʩʫʪʩʪʚʠʝ 

ʫʥʠʢʘʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʢʦʨʦʪʢʠʭ ɼʅʂ-ʤʦʪʠʚʦʚ. ʕʪʠ ʤʦʪʠʚʳ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ k-ʥʫʢʣʝʦʪʠʜʳ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ k ʥʫʢʣʝʦʪʠʜʦʚ). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʨʘʚʥʠʚʘʝʤʳʤʠ 

ʙʠʙʣʠʦʪʝʢʘʤʠ ʧʨʠʤʝʥʠʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪʥʳʡ ʘʥʘʣʠʟ (PCA) ʠ ʘʥʘʣʠʟ ʯʘʩʪʦʪ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ k-ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʙʠʙʣʠʦʪʝʢʘʭ. ʇʨʦʮʝʥʪ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʘʞʜʦʛʦ k-

ʥʫʢʣʝʦʪʠʜʘ ʚ ʠʩʭʦʜʥʦʡ ʙʠʙʣʠʦʪʝʢʝ L0 ʚʳʯʠʪʘʣʠ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʦʙʦʛʘʱʝʥʥʳʭ ʧʫʣʦʚ L1-L7. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ Dk
x , ʛʜʝ

 k=1 ï 6, ʜʣʠʥʘ k-ʥʫʢʣʝʦʪʠʜʘ 

ʚ ʥʫʢʣʝʦʪʠʜʘʭ,  ʭ ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʦʙʦʛʘʱʝʥʥʦʛʦ ʧʫʣʘ. 

 ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʥʘ ʫʨʦʚʥʝ ʤʦʥʦʥʫʢʣʝʦʪʠʜʦʚ 

ʩʘʤʳʤʠ ʦʯʝʚʠʜʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʷʚʣʷʣʦʩʴ ʦʙʝʜʥʝʥʠʝ dC ʠ ʦʙʦʛʘʱʝʥʠʝ ʊ. ʅʘ ʫʨʦʚʥʝ 

ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʙʝʜʥʝʥʠʝ G,C-ʙʦʛʘʪʳʭ ʜʠʥʫʢʣʝʦʪʠʜʦʚ (CC, CG 

ʠ GC) ʠ ʥʘʢʦʧʣʝʥʠʝ ɸ,T, G-ʙʦʛʘʪʳʭ ʤʦʪʠʚʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʦʩʪʘʚʝ 

ʛʝʪʝʨʦʜʠʥʫʢʣʝʦʪʠʜʦʚ PyPu (ʧʠʨʠʤʠʜʠʥ-ʧʫʨʠʥ) ʠ PuPy (ʧʫʨʠʥ-ʧʠʨʠʤʠʜʠʥ) ʠ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʚ ʩʦʩʪʘʚʝ ʜʠʥʫʢʣʝʦʪʠʜʦʚ PuPu ʠ PyPy ʚʦ ʚʩʝʭ ʧʫʣʘʭ, ʠʤʝʚʰʠʭ ʣʫʯʰʝʝ ʩʨʦʜʩʪʚʦ ʢ 

ʅʏɿ, ʯʝʤ ʠʩʭʦʜʥʘʷ ʙʠʙʣʠʦʪʝʢʘ. ɼʠʥʫʢʣʝʦʪʠʜʳ ʉʊ ʠ ɸʉ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʪʙʦʨʫ. 

ʈʘʟʫʤʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʙʦʣʝʝ ʜʣʠʥʥʳʭ k-

ʥʫʢʣʝʦʪʠʜʦʚ, ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʦʪʙʦʨʘ ʙʣʘʛʦʜʘʨʷ ʩʨʦʜʩʪʚʫ ʢ ʅʏɿ. ɼʣʷ 

ʵʪʦʛʦ ʩʨʘʚʥʠʣʠ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ D6
x ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʘ ʢʘʢ ʧʨʦʮʝʥʪ ʦʪ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʩʭʦʜʥʦʡ ʙʠʙʣʠʦʪʝʢʝ L0. ɹʦʣʴʰʠʥʩʪʚʦ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʦʚ ʧʦʜʚʝʨʛʘʣʦʩʴ 
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ʩʝʣʝʢʮʠʠ, ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. ʅʘʙʣʶʜʘʣʦʩʴ ʷʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʠʣʠ 

ʦʙʝʜʥʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ 829 ʠ 872 ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʦʚ (4096). ɸʙʩʦʣʶʪʥʳʡ ʣʠʜʝʨ ʧʦ ʥʘʢʦʧʣʝʥʠʶ, ʥʘʧʨʠʤʝʨ, ʜʣʷ L6 

- ʛʝʢʩʘʥʫʢʣʝʦʪʠʜ ATGTTG, ʘ ʧʦ ʦʙʝʜʥʝʥʠʶ ï CGCGCG. ʅʘʙʣʶʜʘʣʘʩʴ ʚʳʨʘʞʝʥʥʘʷ 

ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʦʚ  ʧʦ ʪʠʧʘʤ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ʅʘʧʨʠʤʝʨ, ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʧʦʯʪʠ ʚʩʝ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʳ, ʩʦʜʝʨʞʘʚʰʠʝ ʤʦʪʠʚʳ ATG, TGT, 

GTA ʥʘ 5`- ʠʣʠ 3`-ʢʦʥʮʝ. ʇʨʠʩʫʪʩʪʚʠʝ ʤʦʪʠʚʦʚ GCG ʠ CGC ʥʘ 5`- ʠʣʠ 3`-ʢʦʥʮʝ, ʥʘʦʙʦʨʦʪ, 

ʫʤʝʥʴʰʘʣʦ ʘʬʬʠʥʥʦʩʪʴ ʩʦʜʝʨʞʘʚʰʠʭ ʠʭ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʦʚ ʢ ʅʏɿ.  

4.3.3.2. ʏʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʦʚ ʠ ʠʭ ʢʦʤʧʣʝʤʝʥʪʦʚ 

ɼʘʥʥʳʝ ʧʦ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʠʭ ʧʦʣʥʳʭ 

ʢʦʤʧʣʝʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ ʘʥʪʠ-ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʥʢʨʝʪʥʦʛʦ 

ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʘ ʚ ʧʫʣʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ 

ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʘ. ʀʩʭʦʜʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʨʘʥʜʦʤʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʠʟ-ʟʘ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʣʫʯʘʡʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ʬʦʨʤʝ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʮʠʠ ʦʙʦʛʘʱʝʥʥʳʝ ʧʫʣʳ (ʥʘʧʨʠʤʝʨ, L6) ʙʳʣʠ ʝʱʝ ʙʦʣʝʝ 

ʦʪʜʘʣʝʥʳ ʦʪ ʩʣʫʯʘʡʥʦʩʪʠ, ʯʝʤ ʠʩʭʦʜʥʘʷ ʙʠʙʣʠʦʪʝʢʘ. ɺʳʷʚʣʝʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʟʘʠʤʥʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʘ ʦ ʪʦʤ, 

ʯʪʦ ʠʩʭʦʜʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʜʦʣʞʥʘ ʙʳʣʘ ʩʦʩʪʦʷʪʴ ʠʟ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʠʣʠ ʩʣʘʙʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ ʘʬʬʠʥʥʳ ʢ ʅʏɿ. ʇʨʦʮʝʩʩ 

ʩʝʣʝʢʮʠʠ ʫʚʝʣʠʯʠʣ ʵʪʫ ʘʩʠʤʤʝʪʨʠʶ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʣʘʙʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʙʦʣʝʝ ʘʬʬʠʥʥʳ ʢ ʅʏɿ, ʯʝʤ ʜʮɼʅʂ ʠʣʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʦʮɼʅʂ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. 

4.3.3.3. ɸʥʘʣʠʟ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʚʩʪʨʝʯʘʝʤʦʩʪʠ k-ʥʫʢʣʝʦʪʠʜʦʚ ʧʦ ʧʦʟʠʮʠʷʤ ʧʨʠ 

ʩʝʣʝʢʮʠʠ. ʂʘʨʪʠʨʦʚʘʥʠʝ ʨʘʥʜʦʤʥʦʛʦ ʫʯʘʩʪʢʘ ʙʠʙʣʠʦʪʝʢʠ 

ɺ ʠʩʭʦʜʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʢʘʞʜʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ ʝʛʦ 

ʧʦʟʠʮʠʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʯʘʩʪʢʝ. ɺ ʦʙʦʛʘʱʝʥʥʳʭ ʧʫʣʘʭ ʥʘʙʣʶʜʘʣʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʫʢʣʝʦʪʠʜʦʚ ʧʦ 26-ʟʚʝʥʥʦʤʫ ʫʯʘʩʪʢʫ. ʕʪʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʳʣʦ ʩʭʦʜʥʦ ʜʣʷ ʚʩʝʭ 

ʦʙʦʛʘʱʝʥʥʳʭ ʧʫʣʦʚ. ʉʦʜʝʨʞʘʥʠʝ G, C ʠ ɸ ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʣʦʩʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 3`-ʢʦʥʮʫ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʊ ʫʚʝʣʠʯʠʚʘʝʣʦʩʴ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʪʝʧʝʥʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʫʢʣʝʦʪʠʜʦʚ ʚʦʟʨʘʩʪʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʩʝʣʝʢʮʠʠ.  

ɼʠʥʫʢʣʝʦʪʠʜʳ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥ  rʧʦ ʩʭʦʜʥʦʤʫ ʦʙʝʜʥʝʥʠʶ ʣʠʙʦ ʥʘʢʦʧʣʝʥʠʶ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʧʦʟʠʮʠʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ AutoSOME ʧʦʟʚʦʣʠʣʦ ʥʘʡʪʠ ʪʨʠ 

ʢʣʘʩʪʝʨʘ ʜʠʥʫʢʣʝʦʪʠʜʦʚ (ʨʠʩ. 48 ɸ). ʇʝʨʚʳʡ ʢʣʘʩʪʝʨ ʩʦʜʝʨʞʘʣ ʜʠʥʫʢʣʝʦʪʠʜʳ ʩ 
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ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ 5`-ʫʯʘʩʪʢʝ (ʧʦʟʠʮʠʠ 1-10), ʚʪʦʨʦʡ ï 

ʜʠʥʫʢʣʝʦʪʠʜʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʧʦʟʠʮʠʷʭ (6-24) 

ʠ ʪʨʝʪʠʡ ï ʚ 3`-ʫʯʘʩʪʢʝ (17-24). ɺ 5`-ʫʯʘʩʪʢʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ AG, GA, AC ʠ CA, ʦʩʪʘʣʴʥʳʝ 

ʜʠʥʫʢʣʝʦʪʠʜʳ ʧʦʯʪʠ ʥʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʦʪʙʦʨʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʊʊ, ʢʦʪʦʨʳʡ ʫʚʝʨʝʥʥʦ 

ʦʙʝʜʥʷʣʩʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ 3`-ʫʯʘʩʪʢʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʜʠʥʫʢʣʝʦʪʠʜʳ AT, TA, GT, TG ʠ 

ʊʊ; ʉʊ ʠ ʊʉ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ɼʠʥʫʢʣʝʦʪʠʜʳ GC, CG ʠ GG ʦʙʝʜʥʷʣʠʩʴ 

ʧʦ ʚʩʝʤʫ 26-ʟʚʝʥʥʦʤʫ ʬʨʘʛʤʝʥʪʫ, ʧʨʠ ʵʪʦʤ ʜʠʥʫʢʣʝʦʪʠʜʳ GC ʠ CG ʦʙʝʜʥʷʣʠʩʴ ʚ ʝʱʝ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚ 3`-ʫʯʘʩʪʢʝ.  

 

ʈʠʩʫʥʦʢ 48. ʏʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʚʥʫʪʨʠ 26-ʟʚʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ. ɸ - ʦʪʣʠʯʠʝ ʚ ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʩʝʭ ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʥʘ ʧʦʟʠʮʠʷʭ 1-

24 ʮʝʥʪʨʘʣʴʥʦʛʦ 26-ʟʚʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʫʣʘ L6 ʦʪ ʠʩʭʦʜʥʦʛʦ L0 ʧʦʩʣʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ɻʨʘʥʠʮʳ ʫʯʘʩʪʢʦʚ 

ʦʙʦʟʥʘʯʝʥʳ ʞʝʣʪʳʤʠ ʣʠʥʠʷʤʠ. ʂʣʘʩʪʝʨʳ ʜʠʥʫʢʣʝʦʪʠʜʦʚ I, II , III  ʚʳʜʝʣʝʥʳ ʨʘʤʢʘʤʠ ʟʝʣʝʥʦʛʦ, ʩʠʥʝʛʦ ʠ 

ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹ - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʥʘʯʘʣʘ ʩʪʝʙʣʷ, ʥʘʯʘʣʘ ʧʝʪʣʠ ʠ ʢʦʥʮʘ 

ʩʪʝʙʣʷ ʥʘ ʧʦʟʠʮʠʠ ʚ ʧʦʣʥʦʡ 66-ʟʚʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʫʣʘ L6. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ 

ʧʨʠʚʝʜʝʥʘ ʫʩʨʝʜʥʝʥʥʘʷ ʰʧʠʣʝʯʥʘʷ ʩʪʨʫʢʪʫʨʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʣʠ ʚʳʨʘʞʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʦʙʦʛʘʱʝʥʠʶ ʛʨʘʥʠʯʥʳʭ 

ʫʯʘʩʪʢʦʚ ʨʘʥʜʦʤʥʦʛʦ 26-ʟʚʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʝʢʦʪʦʨʳʤʠ ʢʦʥʢʨʝʪʥʳʤʠ ʙʣʦʢʘʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʤʦʪʠʚʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʮʝʥʪʨʘʣʴʥʳʡ ʫʯʘʩʪʦʢ 26-ʟʚʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʝʣʝʢʮʠʠ. 

ɺ 5`- ʠ 3`-ʫʯʘʩʪʢʘʭ ʥʘʙʣʶʜʘʣʠ ʥʘʢʦʧʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʜʝʨʞʘʚʰʠʭ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʤʦʪʠʚʳ ʥʘʧʦʜʦʙʠʝ 5`-AC/GT-3`, 5 -̀CA/TG-3` ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, 5`-

AG/CT-3` ʠ 5`-GA/TC-3`. ʎʝʥʪʨʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʝʜʥʷʣʩʷ ʧʦ ʉ, ʩʦʭʨʘʥʠʚ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ A, G ʠ ʊ. ʕʪʠ ʪʝʥʜʝʥʮʠʠ 

ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʝʞ- ʠʣʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ɼʅʂ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʥʠʟʢʫʶ ʠʦʥʥʫʶ ʩʠʣʫ ʠ ʥʠʟʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʦ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʦʢʘʞʫʪʩʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʰʧʠʣʝʯʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

4.3.3.4. ʐʧʠʣʝʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʙʠʙʣʠʦʪʝʢʘʭ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʝʣʝʢʮʠʶ 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ, ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʪʨʠ ɼʅʂ-ʧʫʣʘ (ʠʩʭʦʜʥʘ ̫

ʙʠʙʣʠʦʪʝʢʫ L0, ʦʙʦʛʘʱʝʥʥʘ ̫ ʙʠʙʣʠʦʪʝʢʫ L6 ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʥʜʦʤʥʳʡ ʧʫʣ N) ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʰʧʠʣʝʯʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Mirinho, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʠʜʝʘʣʴʥʳʭ ʠ 

ʥʝʠʜʝʘʣʴʥʳʭ ʰʧʠʣʝʢ. ʂʦʥʩʪʘʥʪʥʳʝ ʫʯʘʩʪʢʠ ʙʠʙʣʠʦʪʝʢʠ ʩʨʘʚʥʠʤʳ ʧʦ ʜʣʠʥʝ ʩ ʮʝʥʪʨʘʣʴʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ʠ ʪʘʢʞʝ ʤʦʛʣʠ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. 

ɹʳʣʠ ʨʘʩʩʯʠʪʘʥ  rʰʧʠʣʝʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʜʣʠʥʦʡ ʩʪʝʙʣʷ ʜʦ 30 ʧ.ʦ. ʠ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ 

ʧʝʪʣʝʡ ʜʣʠʥʦʡ ʦʪ ʪʨʝʭ ʜʦ 20 ʥʪ. ʚʥʫʪʨʠ 66-ʟʚʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʅʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳʝ ʚʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ ʩ ʫʯʘʩʪʠʝʤ 3`-ʢʦʥʩʪʘʥʪʥʦʛʦ ʫʯʘʩʪʢʘ 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʥʫʢʣʝʦʪʠʜʦʚ G, C ʚ 3`-ʢʦʥʩʪʘʥʪʥʦʤ ʫʯʘʩʪʢʝ. ʆʜʥʘʢʦ 

ʧʦʟʠʮʠʠ 61-66 ʦʯʝʥʴ ʨʝʜʢʦ ʚʦʚʣʝʢʘʣʠʩʴ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ 

ʫʯʘʩʪʦʢ ʷʚʣʷʝʪʩʷ ɸ,ʊ-ʙʦʛʘʪʳʤ ʠ ʥʝ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʰʧʠʣʝʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ. ʋʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʫʣʘʭ 5`-ʢʦʥʩʪʘʥʪʥʳʡ ʫʯʘʩʪʦʢ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Pr1) 

ʦʩʪʘʚʘʣʩʷ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤ, ʪ.ʝ. ʥʝ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʷ ʚ ʢʘʢʠʭ-ʣʠʙʦ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚʥʫʪʨʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʙʣʠʦʪʝʢʠ ʠ ʥʝ ʚʣʠʷʣ ʥʘ 

ʦʪʙʦʨ ʨʘʥʜʦʤʥʦʛʦ ʫʯʘʩʪʢʘ (ʨʠʩ. 48 ɹ). 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨ ʩʪʝʙʣʷ ʚʳʷʚʠʣ, ʯʪʦ ʦʥʠ ʩʦʜʝʨʞʘʣʠʪ ʤʠʩʤʘʪʯʠ, ʚʥʝʩʧʠʨʘʣʴʥʳʝ 

ʥʫʢʣʝʦʪʠʜʳ ʠ ʧʝʪʣʠ. ɺ ʩʨʝʜʥʝʤ ʚ ʠʩʭʦʜʥʦʡ ʙʠʙʣʠʦʪʝʢʝ, ʦʙʦʛʘʱʝʥʥʦʤ ʧʫʣʝ L6 ʠʣʠ N 

ʩʦʜʝʨʞʘʣʦʩʴ ʦʢʦʣʦ 5,5 ʥʝʩʧʘʨʝʥʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ ʚ 20-ʟʚʝʥʥʦʤ ʩʪʝʙʣʝʚʦʤ ʬʨʘʛʤʝʥʪʝ. ɺ 

ʧʨʦʮʝʩʩʝ ʩʝʣʝʢʮʠʠ ʧʫʣʳ ʦʙʦʛʘʱʘʣʠʩʴ ʩʪʝʙʣʷʤʠ ʫʤʝʥʴʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʚʦʙʦʜʥʳʭ ʵʥʝʨʛʠʡ. 
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 ɼʘʣʝʝ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʚʩʝʭ ʜʠʥʫʢʣʝʦʪʠʜʦʚ ʚ ʧʝʪʣʝʚʳʭ ʠʣʠ 

ʩʪʝʙʣʝʚʳʭ ʫʯʘʩʪʢʘʭ. ʉʢʦʨʦʩʪʴ ʦʪʙʦʨʘ ʚ ʩʪʝʙʣʝʚʦʤ ʫʯʘʩʪʢʝ ʦʯʝʥʴ ʥʠʟʢʘʷ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ GA, CT, AT ʠ TA, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ CC 

ʠ GG ʦʙʝʜʥʷʣʠʩʴ. 

ɺ ʧʝʪʣʝʚʦʤ ʫʯʘʩʪʢʝ ʥʘʙʣʶʜʘʣʩʷ ʟʘʤʝʪʥʳʡ ʦʪʙʦʨ. ɼʠʥʫʢʣʝʦʪʠʜʳ AT, TA, GA, AG, 

GT ʠ TG ʥʘʢʘʧʣʠʚʘʣʠʩʴ, ʜʠʥʫʢʣʝʦʪʠʜʳ CG, GC ʠ CC ʠʩʢʣʶʯʘʣʠʩʴ ʧʨʠ ʦʪʙʦʨʝ. 

ɼʠʥʫʢʣʝʦʪʠʜʳ GG, CT, TC, CA, TT, AC ʠ AA ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʪʙʦʨʫ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʚʳʨʘʞʝʥʥʳʭ ʧʦʪʝʨʴ ï ʵʪʦ ʧʦʪʝʨʷ ʉ, ʢʦʪʦʨʘʷ ʢʦʤʧʝʥʩʠʨʦʚʘʣʘʩʴ ʥʘʢʦʧʣʝʥʠʝʤ ʊ ʠ ɸ. ʕʪʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ k-

ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʤ 26-ʟʚʝʥʥʦʤ ʬʨʘʛʤʝʥʪʝ ʙʝʟ ʫʯʝʪʘ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʝ ʞʝ ʪʨʠʥʫʢʣʝʦʪʠʜʳ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʦʙʦʛʘʱʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢʘʭ ʩ ʚʳʩʦʢʦʡ 

ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʅʏɿ: ATG, AGT, TGA ʚ ʩʪʝʙʣʝʚʦʤ ʠ ʧʝʪʣʝʚʦʤ ʫʯʘʩʪʢʘʭ ʠ TGT, TTG ʠ GGT 

ʚ ʧʝʪʣʝʚʦʤ ʫʯʘʩʪʢʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ G,C-ʙʦʛʘʪʳʝ ʪʨʠʥʫʢʣʝʦʪʠʜʳ ʚ ʦʙʦʠʭ ʫʯʘʩʪʢʘʭ ʪʝʨʷʣʠʩʴ. 

4.3.4. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʦʟʤʦʞʥʳʭ ʘʧʪʘʤʝʨʦʚ ʠ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ 

ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʩʜʝʣʘʥʥʳʝ ʚʳʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ 26-

ʟʚʝʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. ʀʭ 

ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʘʬʬʠʥʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʪʙʠʨʘʝʤʦʩʪʠ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʥʳʭ ʤʦʪʠʚʦʚ. ʇʨʦʮʝʥʪ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʘʞʜʦʛʦ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʘ ʩ ʫʯʝʪʦʤ 

ʧʦʟʠʮʠʠ ʚ ʨʘʥʜʦʤʥʦʤ ʬʨʘʛʤʝʥʪʝ ʚ ʠʩʭʦʜʥʦʡ ʙʠʙʣʠʦʪʝʢʝ L0 ʚʳʯʠʪʘʣʠ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʙʦʛʘʱʝʥʥʳʭ ʧʫʣʦʚ. ʈʝʟʫʣʴʪʘʪ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ D6
x, ʛʜʝ 6 - ʜʣʠʥʘ 

ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʘ, ʭ ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʦʙʦʛʘʱʝʥʥʦʛʦ ʧʫʣʘ. ʈʘʩʩʯʠʪʘʣʠ ʢʦʥʝʯʥʫʶ ʩʫʤʤʫ 

ễD6
x ʜʣʷ ʢʘʞʜʦʛʦ 26-ʟʚʝʥʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ. ɺʩʝ 26-ʟʚʝʥʥʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʚ 

ʦʪʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʧʫʣʘʭ ʦʮʝʥʠʣʠ ʧʦ ʵʪʦʡ ʩʫʤʤʝ. ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʣʠʜʝʨʳ ʵʪʠʭ ʨʝʡʪʠʥʛʦʚ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʅʏɿ. ʆʜʥʘ ʣʠʜʠʨʫʶʱʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʳʣʘ ʚʟʷʪʘ ʠʟ ʧʫʣʘ L2 (L2-1, ʪʘʙʣʠʮʘ 15) ʠ ʦʜʥʘ ʠʟ ʧʫʣʘ L5 (L5-1). 

ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ KD ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʅʏɿ-ɼʅʂ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ 

ʠʟʙʳʪʢʘ (ʜʦ 432:1) ʥʘʥʦʯʘʩʪʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ɼʅʂ, ʚ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ɼʅʂ 

ʤʦʞʝʪ ʩʚʷʟʘʪʴʩʷ ʩ ʦʜʥʦʡ ʅʏɿ. ɿʥʘʯʝʥʠʷ KD ʜʣʷ ʦʙʝʠʭ ʘʧʪʘʤʝʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʦʯʝʥʴ ʥʠʟʢʠʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʚʳʩʦʢʫʶ ʘʬʬʠʥʥʦʩʪʴ ʢ ʅʏɿ. ʆʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ 

ʟʥʘʯʝʥʠʷ KD ʜʣʷ ʛʦʤʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʊ26 ʠ ɸ26. 

 ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ D6
6 ʧʦ ʧʦʟʠʮʠʷʤ, ʯʪʦʙʳ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʣʠʜʠʨʫʶʱʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʙʠʙʣʠʦʪʝʢʠ L6. ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (L6-1) ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʥʘ 

ʧʝʨʝʢʨʳʚʘʥʠʠ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʦʚ ʩ ʣʫʯʰʠʤʠ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ D6
6. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʚ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢʘʭ. 



120 

 

ɿʥʘʯʝʥʠʝ KD ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ L6-1 ʦʢʘʟʘʣʦʩʴ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʷʤ KD ʜʣʷ L2-1 ʠ L5-

1 (ʪʘʙʣʠʮʘ 15).  

ʊʘʙʣʠʮʘ 15. ʉʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 

ʩʝʣʝʢʪʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʅʏɿ. 

ʰʠʬʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ KD, ʥM ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ 

L5-l CGTATCTGATAGGTATTGTGAGATCG 1,0 Ñ 0,1 ʝʩʪʴ 

L2-l TATCGCGAGCGGAGTAATCTAGTGAG 0,9 Ñ 0,1 ʝʩʪʴ 

L6-l CAGCGGAGTAGTGATATCATGGAGTG 1,0 Ñ 0,2 ʥʝʪ 

L6-a2 GGTGGGGGGGTGGATACGATACGTGC  
ʥʠʞʥʷʷ ʧʦʣʦʩʘ 

1,9 Ñ 0,1 ʥʝʪ 

L6-a1 GGTGGGGGGGTGGATACGATACGTGC 
ʚʝʨʭʥʷʷ ʧʦʣʦʩʘ 

5 Ñ 2 ʝʩʪʴ 

6-1 TGAGAT 0,14 Ñ 0,02 ʥʝʪ 

6-4 TGAGAT^TGAGAT^TGAGAT^TGAGAT 0,41 Ñ 0,09 ʥʝʪ 

ʀʩʧʦʣʴʟʫʷ ʧʝʨʝʢʨʳʚʘʥʠʷ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʦʚ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʠʟ ʥʘʠʙʦʣʝʝ ʥʝʦʪʙʠʨʘʝʤʳʭ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʦʚ ï L6-a. ʇʨʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʵʪʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʤʝʪʢʠ ʥʘʙʣʶʜʘʣʠ ʜʚʝ ʦʪʜʝʣʴʥʳʝ 

ʧʦʣʦʩʳ (ʨʠʩ. 49). ɺʝʨʭʥʷ ̫ ʧʦʣʦʩʘ ʤʦʞʝʪ ʙʳʪʴ  ʩʦʦʪʥʝʩʝʥʘ ʩ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ 

ʢʚʘʜʨʫʧʣʝʢʩʦʤ. ʅʠʞʥʷʷ ʧʦʣʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʮʝʧʦʯʝʯʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʵʪʦʛʦ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʠ ʦʙʣʘʜʘʝʪ ʜʨʫʛʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʅʏɿ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

KD ʜʣʷ ʦʙʝʠʭ ʬʨʘʢʮʠʡ, ʚʝʨʭʥʝʡ L6-a1 ʠ ʥʠʞʥʝʡ L6-a2 (ʪʘʙʣʠʮʘ 15).  

 

 ʈʠʩʫʥʦʢ 49. ʉʢʘʥʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʝʣʷ ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʜʝʣʝʥʥʳʭ 

ʨʘʜʠʦʘʢʪʠʚʥʦ ʤʝʯʝʥʥʳʭ ʬʦʨʤ L6-a1 (ʜʦʨʦʞʢʘ 1) ʠ L6-a2 (ʜʦʨʦʞʢʘ 2). 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ KD ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʣʠʜʠʨʫʶʱʠʭ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʥʳʭ ʤʦʪʠʚʦʚ 

TGAGAT (6-1) ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʶ, ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʦʤʫ ʜʣʷ ʊ6 (0,10 Ñ 0,04 ʥʄ). ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʛʝʢʩʘʥʫʢʣʝʦʪʠʜʥʦʛʦ ʤʦʪʠʚʘ ʠ ʛʠʙʢʦʛʦ ʣʠʥʢʝʨʘ ʥʘ ʦʩʥʦʚʝ 

ʬʦʩʬʦʜʠʵʬʠʨʘ ʛʝʢʩʘʵʪʠʣʝʥʛʣʠʢʦʣʷ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ ʩ ʚʳʩʦʯʘʡʰʝʡ 
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ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʅʏɿ ʩʨʝʜʠ ʚʩʝʭ 26-ʟʚʝʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʝʛʦ 

ʟʥʘʯʝʥʠʝ KD ʨʘʚʥʦ 0,41 Ñ 0,09 ʥʄ. 

4.3.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʩʚʷʟʳʚʘʥʠʷ ʘʧʪʘʤʝʨʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʅʏɿ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʳʚʦʜʦʚ ʦ ʙʦʣʝʝ ʚʳʛʦʜʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʅʏɿ ʩʦ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ 

ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʮʝʧʦʯʝʯʥʳʤʠ ʠ ʩʠʣʴʥʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʩʚʷʟʳʚʘʥʠʷ ʩ ʅʏɿ ʥʘʙʦʨʘ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʜʣʠʥʦʡ 26 ʥʪ., ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʦʡ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʤʝʪʦʜʦʤ 

ʘʛʘʨʦʟʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʅʏɿ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 200-ʢʨʘʪʥʳʤ ʤʦʣʷʨʥʳʤ ʠʟʙʳʪʢʦʤ ʢʘʞʜʦʛʦ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ, ʧʦʩʢʦʣʴʢʫ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʥʘʩʳʱʝʥʠʷ ʅʏɿ 

ʤʦʣʝʢʫʣʘʤʠ ʅʂ. ʀʥʢʫʙʘʮʠʷ ʅʏɿ ʩ ʅʂ ʧʨʠ 56 Áʉ ʚ ʫʩʣʦʚʠʷʭ ʥʘʩʳʱʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʣʘ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʫʞʝ ʧʦʩʣʝ 30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʙʳʩʪʨʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ.ʆʜʥʘʢʦ ʚʳʷʚʠʪʴ ʦʪʣʠʯʠʷ ʚ ʢʠʥʝʪʠʢʝ ʩʚʷʟʳʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʙʳʩʪʨʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʦʢʘʟʘʣʦʩʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʠʥʢʫʙʘʮʠʶ ʥʘʤʝʨʝʥʥʦ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 Áʉ, ʥʝʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ, ʠ ʩʨʘʚʥʠʚʘʣʠ ʩʢʦʨʦʩʪʠ 

ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩʦ ʚʩʝʤʠ ʠʩʩʣʝʜʫʝʤʳʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʛʘʨʦʟʥʦʛʦ 

ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʬʨʘʢʮʠʠ ʅʏɿ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠʭ ʩʚʷʟʳʚʘʥʠʷ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ. ɼʘʣʝʝ ʨʘʩʩʯʠʪʘʣʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʦʡ ʧʦʣʦʩʳ ʠ ʦʧʨʝʜʝʣʣ̫ʠ ʚʨʝʤʷ ʧʦʣʫʥʘʩʳʱʝʥʠʷ (Ű1/2) ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʢʠʥʝʪʠʢʠ ʩʚʷʟʳʚʘʥʠʷ. ɿʥʘʯʝʥʠʷ Ű1/2 ʠ ʩʫʤʤʘʨʥʦʛʦ ʨʝʡʪʠʥʛʘ 

(ễD6
6) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 16. 

ʊʘʙʣʠʮʘ 16. ʉʫʤʤʘʨʥʳʡ ʨʝʡʪʠʥʛ ʧʨʠ ʩʝʣʝʢʮʠʠ (ễD6
6) ʠ ʚʨʝʤʷ ʧʦʣʫʥʘʩʳʱʝʥʠʷ (Ị1/2) ʜʣʷ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʅʏɿ. 

ʅʂ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Ị1/2, ʯ ễD6
6 

L6-1 CAGCGGAGTAGTGATATCATGGAGTG 3,3 Ñ 0,1 5,36 

L6-2 ATGTAGTGTTCGATGTGTTGCTGTGT 0,98 Ñ 0,16 10,92 

L6-3 TACAGATGAGGTGTTCGATTTGTATA 0,91 Ñ 0,12 7,44 

L6-5 GCGCGCGGGATGCTTCTAGATCAGTT 2,6 Ñ 0,1 -1,21 

L6-a2 GGTGGGGGGGTGGATACGATACGTGC ʥʠʞʥʷʷ ʧʦʣʦʩʘ 4,9 Ñ 0,6 -0,11 

L6-a1 GGTGGGGGGGTGGATACGATACGTGC ʚʝʨʭʥʷʷ ʧʦʣʦʩʘ 8,6  Ñ 1,5 -0,11 

itGCA CGTGCAGCTTTTGCTGCACGCACTCACG 1,9 Ñ 0,3 -0,22 

tACT CGTGAGACTGTGCAGCTTTTGCTGCACA 1,1 Ñ 0,2 3,88 

L7-1 GCACGATGTAGTGATGTGATGTATCG 1,9 Ñ 0,2 12,03 

L7-5 AGGCAGGGCATCGCGCGTGAAAGGAA 3,1 Ñ 0,4 -5,93 
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ʅʂ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Ị1/2, ʯ ễD6
6 

L7-6 ATTAACGCGCGTAAGGGCCCTAGTGG 4,8 Ñ 0,3 -5,70 

L7-1-0 GGCACAGAGGTTGAATGTTGTGTTGT 1,7 Ñ0,3 9,66 

L5-1 CGTATCTGATAGGTATTGTGAGATCG 2,2 Ñ 0,2 7,05 

TGT TGTTGTTGTTGTTGTTGTTGTTGTTG 1,1  Ñ 0,2 11,98 

ATG ATGATGATGATGATGATGATGATGAT 1,7 Ñ 0,2 15,65 

ɸ26 AAAAAAAAAAAAAAAAAAAAAAAAAA  1,6 Ñ 0,2 -13,09 

ʊ26 TTTTTTTTTTTTTTTTTTTTTTTTTT 4,8 Ñ 0,3 -8,23 

ʉ26 CCCCCCCCCCCCCCCCCCCCCCCCCC 4,6 Ñ 0,3 -9,45 

L2-1 TATCGCGAGCGGAGTAATCTAGTGAG 3,7 Ñ 0,4 -1,78 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠ ̫ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ Ű1/2 

ʠ ʩʫʤʤʘʨʥʦʛʦ ʨʝʡʪʠʥʛʘ (ʨʠʩ. 50 ɸ) ʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʩʫʤʤʘʨʥʦʛʦ ʨʝʡʪʠʥʛʘ ʠ ʩʫʤʤʘʨʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʨʝʨʳʚʘʥʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʵʢʠʥʛ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʨʠʩ. 50 ɹ), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɸ26 ʠ L6-a. 

 

ʈʠʩʫʥʦʢ 50. ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ɸ) ʤʝʞʜʫ ʩʫʤʤʘʨʥʳʤ ʨʝʡʪʠʥʛʦʤ ễD6
6 ʠ ʚʨʝʤʝʥʝʤ ʧʦʣʫʥʘʩʳʱʝʥʠʷ 

Ị1/2, (ɹ) ʤʝʞʜʫ ʩʫʤʤʘʨʥʳʤ ʨʝʡʪʠʥʛʦʤ ễD6
6 ʠ ʩʫʤʤʘʨʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ 

ʧʨʝʨʳʚʘʥʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ȹɸ. 

ɸ26 ʭʦʨʦʰʦ ʩʚʷʟʳʚʘʣʩʷ ʩ ʅʏɿ, ʠʤʝʣ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ KD ʠ Ű1/2, ʥʦ ʪʝʨʷʣʩʷ ʧʨʠ ʩʝʣʝʢʮʠʠ. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ ʦʣʠʛʦɸ, ʧʨʠʚʦʜʠʚʰʝʡ ʢ ʝʛʦ 

ʧʦʚʳʰʝʥʥʦʡ ʩʦʨʙʮʠʠ ʥʘ ʩʪʝʥʢʘʭ ʧʨʦʙʠʨʦʢ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʪʝʨʝ. ɼʣʷ L6-a ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʜʚʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ: ʦʜʥʦʮʝʧʦʯʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʠʥʢʫʙʘʮʠʷ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ ʧʨʠ 95 Á ʠ 

ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʜʦ 25 Áʉ) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 51 ɸ, 

ɹ, ɺ). ɺʝʨʭʥʷʷ ʧʦʣʦʩʘ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ 

ʢʚʘʜʨʫʧʣʝʢʩ, ʠ ʝʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷʤʠ KD ʠ Ű1/2.  
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ʈʠʩʫʥʦʢ 51. ʂʠʥʝʪʠʢʘ ʩʚʷʟʳʚʘʥʠʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʅʏɿ. ɸ ï ʩʢʘʥʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʝʣʷ ʧʦʩʣʝ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ L6-a1 (ʜʦʨʦʞʢʘ 1) ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ 

L6-a2 (ʜʦʨʦʞʢʘ 2) (ʛʝʣʴ ʦʢʨʘʰʝʥ Stains All), ɹ ï ʩʢʘʥʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʝʣʷ ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʨʘʟʜʝʣʝʥʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʦ ʤʝʯʝʥʥʳʭ ʬʦʨʤ L6-a1 (ʜʦʨʦʞʢʘ 1) ʠ L6-a2 (ʜʦʨʦʞʢʘ 2), ɺ ï ʩʢʘʥʠʨʦʚʘʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʛʝʣʝʡ ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʠʥʝʪʠʢʠ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ L6-a1 (ʚʚʝʨʭʫ) ʠ L6-a2 

(ʚʥʠʟʫ), ɻ - ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ 

RNAstructure, ɼ - ʩʢʘʥʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʛʝʣʝʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʪʠʧʳ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ 

ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʨʘʟʣʠʯʥʦʡ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. 
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ɹʦʣʴʰʦʡ ʦʙʱʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚʣʠʷʣ ʠ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʫ, ʠ ʥʘ 

ʢʠʥʝʪʠʢʫ ʩʚʷʟʳʚʘʥʠʷ ʩ ʅʏɿ. ʆʜʥʦʮʝʧʦʯʝʯʥʳʡ L6-a, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʠʞʥʝʡ ʧʦʣʦʩʝ, 

ʩʚʷʟʳʚʘʣʩʷ ʩ ʅʏɿ ʭʦʪʴ ʠ ʤʝʜʣʝʥʥʦ, ʥʦ ʧʨʦʯʥʦ (ʚʳʩʦʢʦʝ Ű1/2 ʠ ʥʠʟʢʦʝ KD). ɼʘʣʝʝ ʤʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʩʝʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʠʩʧʦʣʴʟʫʷ ʧʣʘʪʬʦʨʤʫ 

RNAstructure. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 51 ɻ. ʆʥʠ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʦʚʘʣʠʩʴ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʴʶ ʩʪʨʫʢʪʫʨʳ ʘʬʬʠʥʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ: 

ʙʦʣʴʰʠʥʩʪʚʦ ʭʦʨʦʰʦ ʦʪʙʠʨʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʩʦʜʝʨʞʘʣʠ ʩʣʘʙʳʝ ʩʪʝʙʣʠ ʠ G, T, A-ʙʦʛʘʪʳʝ 

ʧʝʪʣʠ. 

ɸʥʘʣʠʟ ʢʠʥʝʪʠʢʠ ʩʚʷʟʳʚʘʥʠʷ ʵʪʠʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʅʏɿ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʘʤʫʶ 

ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʘʧʪʘʤʝʨʳ, ʦʙʨʘʟʫʶʱʠʝ 

ʰʧʠʣʴʢʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ (L5-1, L6-2, L6-3, L7-1), ʠ ʜʚʘ ʦʣʠʛʫʥʫʢʣʝʦʪʠʜʘ, 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʪʨʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʦʪʠʚʦʚ ATG ʠ TGT 

(ʨʠʩ. 51 ɼ, L6-2). ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʣʠʷʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ ʥʘ ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʘʜʩʦʨʙʮʠʠ ʥʘ ʅʏɿ ʜʚʫʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ tACT ʠ itGCA ʜʣʠʥʦʡ 28 ʥʢ., ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʰʧʠʣʴʢʫ ʩʦ ʩʪʝʙʣʝʤ ʜʣʠʥʦʡ 8 ʧ.ʦ. ʩ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤ ʥʘʚʠʩʘʥʠʝʤ ʜʣʠʥʦʡ 8 

ʥʪ. ʩ 5`- ʣʠʙʦ ʩ 3`-ʢʦʥʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʵʪʠʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʦʣʫʯʠʣʠ ʚʨʝʤʷ 

ʧʦʣʫʥʘʩʳʱʝʥʠʷ, ʙʣʠʟʢʦʝ ʢ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʘʧʪʘʤʝʨʦʚ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʠʥʝʪʠʢʠ ʩʚʷʟʳʚʘʥʠʷ ʩ ʅʏɿ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ 

(L6-1, L6-5, L7-5 ʠ L7-6) (ʨʠʩ. 51 ɼ, L7-6) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʪʘʢʦʛʦ 

ʪʠʧʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʰʧʠʣʴʢʦʧʦʜʦʙʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʙʳʣʘ ʮʝʥʝʥʘ ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʥʘ ʅʏɿ ʜʚʫʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ 

ʪʦʡ ʞʝ ʜʣʠʥʳ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ: ʊ26 ʠ ʉ26. ʆʥʘ ʦʢʘʟʘʣʘʩʴ ʙʣʠʟʢʘ ʢ 

ʩʢʦʨʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʘʧʪʘʤʝʨʦʚ ʠ ʩʥʠʞʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʰʧʠʣʴʢʦʧʦʜʦʙʥʳʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʢʠʥʝʪʠʢʝ ʩʚʷʟʳʚʘʥʠʷ ʉ26 (ʨʠʩ. 

51 ɹ, ʉ26). ʉʢʦʨʦʩʪʴ ʝʛʦ ʘʜʩʦʨʙʮʠʠ ʦʢʘʟʘʣʘʩʴ ʪʘʢ ʞʝ ʥʠʟʢʘ, ʢʘʢ ʠ ʫ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ (ʨʠʩ. 51 ɼ, L7-6), ʦʜʥʘʢʦ ʧʨʦʬʠʣʴ ʥʘʩʳʱʝʥʠʷ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʣʩʷ. ɼʣʷ 

ʉ26 ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʘʟʥʦʟʘʨʷʞʝʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʧʨʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʚ ʪʦʯʢʘʭ 0,5 ï 4,5 ʯ ʠ 

ʥʝʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʜʚʠʞʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʦʩʣʝ 22 ʯ ʠʥʢʫʙʘʮʠʠ. 

ʅʘʩʳʱʝʥʠʷ ʅʏɿ ʵʪʠʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʤ ʚ ʪʝʯʝʥʠʝ 22 ʯ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʠ Ű1/2 ʥʝ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ. ʉʨʝʜʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʉ26 ʦʢʘʟʘʣʘʩʴ ʥʘʠʤʝʥʝʝ 

ʘʬʬʠʥʥʘ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ i-ʤʦʪʠʚʦʚ [362, 363], ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʚʥʦʚʝʩʥʫ  ʁʢʦʥʮʝʥʪʨʘʮʠʶ ʉ26. 
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ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ɼʅʂ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʘʠʤʝʥʴʰʫʶ 

ʘʬʬʠʥʥʦʩʪʴ ʢ ʅʏɿ. ʉʨʝʜʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 26-ʟʚʝʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʥʘʠʤʝʥʝʝ 

ʘʬʬʠʥʥʳʤ ʜʦʣʞʝʥ ʙʳʣ ʙʳʪʴ GC. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʘʜʩʦʨʙʮʠʠ ʥʘʠʙʦʣʝʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʴʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ GC ʠ ɸT ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠʭ 

ʘʜʩʦʨʙʮʠʠ ʦʢʘʟʘʣʘʩʴ ʩʘʤʦʡ ʤʝʜʣʝʥʥʦʡ ʩʨʝʜʠ ʚʩʝʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ: ʘʩʩʦʮʠʘʪʳ ʥʝ 

ʜʦʩʪʠʛʘʣʠ ʥʘʩʳʱʝʥʠʷ ʜʘʞʝ ʧʦʩʣʝ 22 ʯ ʠʥʢʫʙʘʮʠʠ, ʢ ʪʦʤʫ ʞʝ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʥʘʙʣʶʜʘʣʩʷ 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʟʥʦʟʘʨʷʞʝʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ (ʚ ʩʣʫʯʘʝ GC), ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʘʢ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦʡ ʘʜʩʦʨʙʮʠʝʡ, ʪʘʢ ʠ ʩʣʠʧʘʥʠʝʤ ʅʏɿ ʚ ʙʦʣʴʰʠʝ ʩʢʦʧʣʝʥʠʷ ʠʟ-ʟʘ 

ʪʦʛʦ, ʯʪʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʅʂ ʤʦʛʣʠ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʅʏɿ (ʨʠʩ. 

51 ɼ, GC).  

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʚʩʝʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʥʝʩʪʘʙʠʣʴʥʳʝ ʰʧʠʣʝʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʅʏɿ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ ʠ ʚʳʛʦʜʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ: 

- ʩʪʘʙʠʣʴʥʘʷ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ; 

- ʙʦʣʴʰʦʡ ʧʫʣ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ɼʅʂ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʩʪʘʙʠʣʴʥʦʡ 

ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ ʅʏɿ; 

- ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʛʣʘʚʥʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʩʚʷʟʳʚʘʥʠʷ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʩ 

ʟʦʣʦʪʦʤ ï ʵʪʦ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʣʶʙʦʡ 

ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥʠʡ ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦ ʧʦʚʣʠʷʝʪ ʥʘ ʘʜʩʦʨʙʮʠʶ ɼʅʂ ʥʘ 

ʟʦʣʦʪʝ; 

- ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʧʠʣʝʯʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʩ ʅʏɿ ʩʦʩʪʦʠʪ ʠʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏɿ ʩ ʘʟʦʪʠʩʪʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʚ ʰʧʠʣʝʯʥʦʡ ʧʝʪʣʝ, ʨʘʟʨʫʰʝʥʠʷ 

ʦʜʠʥʦʯʥʳʭ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʠʤʠ ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʝʙʣʷ ʰʧʠʣʴʢʠ 

ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʷʝ ʜʨʫʛʠʭ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʩ ʅʏɿ; 

- ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ G,T,A-ʙʦʛʘʪʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʩ 

ʧʝʨʝʤʝʞʘʶʱʠʤʠʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ Pu-Py ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ 

ʅʏɿ. 
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4.4 ʇʨʠʤʝʥʝʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʅʏɿ ʜʣʷ ʜʦʩʪʘʚʢʠ siʈʅʂ ʚ ʢʣʝʪʢʠ 

Cʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ. ʆʜʥʠʤ ʠʟ ʧʨʠʣʦʞʝʥʠʡ ʛʝʥʥʦʡ 

ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ çʚʳʢʣʶʯʝʥʠʝè ʵʢʩʧʨʝʩʩʠʠ ʮʝʣʝʚʳʭ ʛʝʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʣʳʭ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʈʅʂ (siʈʅʂ) [364]. ɸʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʧʦʩʦʙ ʜʦʩʪʘʚʢʠ siʈʅʂ ʚ 

ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʪʦʚ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʅʏɿ ʩ ʢʦʚʘʣʝʥʪʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʩʝʥʩ-ʮʝʧʠ ʢ ʅʏɿ 

ʯʝʨʝʟ ʪʠʦʣʴʥʫʶ ʛʨʫʧʧʫ [365, 366, 367 368]. ʕʪʠ ʘʩʩʦʮʠʘʪʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʧʦʢʨʳʪʠʷ, ʦʜʥʘʢʦ ʥʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʪʚʝʨʞʜʘʚʰʠʭ, ʯʪʦ 

ʜʝʩʦʨʙʮʠʷ siʈʅʂ ʠʟ ʥʠʭ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʚʠʜʝ ʜʫʧʣʝʢʩʘ, ʘ ʥʝ ʦʜʥʦʡ ʘʥʪʠʩʝʥʩ-ʮʝʧʠ. ʄʝʞʜʫ 

ʪʝʤ, ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ siRNA ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʦʥʘ ʙʳʣʘ ʚ ʜʚʫʮʝʧʦʯʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ [369]. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʅʂ ʦʪ ʜʝʛʨʘʜʘʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʥʫʢʣʝʘʟʘʤʠ. 

ʉʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ siʈʅʂ ʠ ʥʘʥʦʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʥʘ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʠ ʪʝʤ ʙʦʣʝʝ ʥʘ ʞʠʚʦʪʥʳʭ ʤʦʜʝʣʷʭ [369]. ʊʘʢʞʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʦʥʩʪʨʫʢʮʠʡ ʨʫʪʠʥʥʳʤ ʤʝʪʦʜʦʤ çʚ ʦʜʥʦʡ 

ʧʨʦʙʠʨʢʝè ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ  ʛʦʪʦʚʳʭ ʥʘʥʦʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʭʨʘʥʝʥʠʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʠʭ 

ʢʣʶʯʝʚʳʭ ʩʚʦʡʩʪʚ [370]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʣʝʢʫʣ siʈʅʂ ʢ ʜʝʛʨʘʜʘʮʠʠ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʠʭ 

ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʧʦʠʩʢʫ ʚ ʥʠʭ ʩʘʡʪʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʥʫʢʣʝʘʟʘʤ [371, 372]. 

ʄʦʜʠʬʠʢʘʮʠʠ ʚ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ʯʘʩʪʠ siʈʅʂ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʦʜʥʦʮʝʧʦʯʝʯʥʦʤ 3`-

ʢʦʥʮʝ ʘʥʪʠʩʝʥʩ-ʮʝʧʠ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ siʈʅʂ [373], ʪʦʛʜʘ ʢʘʢ ʤʦʜʠʬʠʢʘʮʠʠ 

ʢʦʥʮʦʚ ʩʤʳʩʣʦʚʦʡ ʮʝʧʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ siʈʅʂ [374, 375]. ɼʣʷ 

ʟʘʱʠʪʳ ʦʪ ʜʝʛʨʘʜʘʮʠʠ ʚ ʩʦʩʪʘʚ siʈʅʂ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʚʦʜʷʪ 2 -̀ʬʪʦʨʦ-, 2 -̀ʜʝʟʦʢʩʠ-, 

2 -̀ʆ-ʤʝʪʠʣʴʥʳʝ ʟʚʝʥʴʷ ʠ ʦʩʪʦʚ, ʩʦʜʝʨʞʘʱʠʡ ʬʦʩʬʦʪʠʦʘʪʥʳʝ ʛʨʫʧʧʳ ʠʣʠ L-ʨʠʙʦʟʫ [367, 

371, 372, 376]. ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʚ ʩʦʩʪʘʚʝ ʨʷʜʘ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʘʥʪʠʩʝʥʩ-ʪʝʨʘʧʠʠ ʩʦʜʝʨʞʘʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 2 -̀ʆ-ʤʝʪʠʣʴʥʳʝ, 2 -̀ʆ-(2-ʤʝʪʦʢʩʠʵʪʠʣʴʥʳʝ), 2 -̀ʜʝʟʦʢʩʠ- ʛʨʫʧʧʳ, 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʧʦ ʉ5-ʘʪʦʤʫ ʮʠʪʦʟʠʥ ʠ ʫʨʘʮʠʣ, ʘ ʪʘʢʞʝ ʬʦʩʬʦʪʠʦʘʪʥʳʡ ʠʣʠ 

ʤʦʨʬʦʣʠʥʦʚʳʡ ʦʩʪʦʚ [377, 378, 379, 380]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʘʜʝʢʚʘʪʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʝ ʫʩʣʦʚʠʷ ʚʥʫʪʨʠ ʢʣʝʪʢʠ ʠ ʚ ʢʨʦʚʷʥʦʤ ʨʫʩʣʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ 

ʧʦʣʥʦʮʝʥʥʦ ʪʝʩʪʠʨʦʚʘʪʴ ʤʝʪʦʜʳ ʟʘʱʠʪʳ siʈʅʂ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʩʤʝʩʠ ʥʘ 

ʦʩʥʦʚʝ: ʘʛʘʨ-ʘʛʘʨʘ (ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʫʶ ʚʷʟʢʦʩʪʴ) [381]; ʛʣʫʪʘʪʠʦʥʘ (ʦʙʣʘʜʘʝʪ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ); ʩʤʝʩʠ ʩ ʨʅ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʨʘʟʥʳʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʢʦʤʧʘʨʪʤʝʥʪʦʚ [366]; ʘ ʪʘʢʞʝ ʩʣʦʞʥʳʝ ʩʤʝʩʠ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʣʠʟʠʩʝ ʙʘʢʪʝʨʠʡ, 

ʦʙʣʘʜʘʶʱʠʝ ʨʷʜʦʤ ʘʢʪʠʚʥʦʩʪʝʡ [382, 383, 384]; ʤʦʜʝʣʠʨʫʶʱʠʝ ʙʠʦʜʝʛʨʘʜʠʨʫʶʱʫʶ 
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ʘʢʪʠʚʥʦʩʪʴ ʩʤʝʩʠ ʨʘʟʣʠʯʥʳʭ ʥʫʢʣʝʘʟ (ɼʅʂʘʟʳ I [385, 386, 387], ɼʅʂʘʟʳ II [366] ʠʣʠ ʪʫʨʙʦ-

ɼʅʂʘʟʳ [386]), ʠ ʨʘʟʣʠʯʥʳʝ ʩʳʚʦʨʦʪʢʠ (ʪʝʣʝʥʢʘ, ʤʳʰʠ) [367, 388, 387].  

ʇʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʘʥʦʯʘʩʪʠʮ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʛʦ ʦʙʲʝʤʘ (ʪʦ ʝʩʪʴ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʩʠʥʪʝʟʘ) [389, 390] 

ʘʢʪʫʘʣʴʥʘ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʢʨʫʧʥʦʪʦʥʥʘʞʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʥʦ ʠ ʥʘ ʵʪʘʧʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʦ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʫʚʝʣʠʯʝʥʠʷ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʦʙʲʝʤʘ ʧʨʠ ʩʙʦʨʢʝ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʅʂ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘ. ɺʦʧʨʦʩ ʦ 

ʩʦʭʨʘʥʥʦʩʪʠ ʧʨʠ ʭʨʘʥʝʥʠʠ ʛʦʪʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ siʈʅʂ, ʪʘʢʞʝ ʢʨʘʡʥʝ ʚʘʞʝʥ, 

ʧʦʩʢʦʣʴʢʫ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʦʪʦʚʳʭ ʘʩʩʦʮʠʘʪʦʚ ʥʘʧʨʷʤʫ  ʁʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʠʟ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʣʠʧʠʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʠʭ ʘʩʩʦʮʠʘʪʳ ʩ siʈʅʂ 

ʧʨʦʷʚʣʷʣʠ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 18 ʤʝʩʷʮʝʚ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʨʘʟʤʝʨʘ, ʢʦʣʣʦʠʜʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʘʜʩʦʨʙʮʠʠ siʈʅʂ [391]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ, ʥʘʥʦʩʪʝʨʞʥʝʡ ʟʦʣʦʪʘ ʠ ʘʩʩʦʮʠʘʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩ ʧʝʧʪʠʜʘʤʠ, 

ʜʨʫʛʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠʣʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʠʞʝ ʠ ʩʦʩʪʘʚʣʷʣʘ ʦʪ ʦʜʥʦʡ ʥʝʜʝʣʠ ʜʦ ʦʜʥʦʛʦ ʤʝʩʷʮʘ [392, 393, 394, 395], ʧʦʩʢʦʣʴʢʫ 

ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʅʏɿ ʛʘʨʘʥʠʪʠʨʦʚʘʥʥʦ ʩʦʭʨʘʥʷʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʠʰʴ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ 

ʤʝʩʷʮʝʚ ʧʨʠ 4 Áʉ [396]. ʂʦʣʣʦʠʜʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʅʏɿ (GYC-

LyoFTM (Ocean NanoTech LLC.) ʠ NanogoldÈ (Nanoprobes Inc.)) ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʫʪʝʤ 

ʜʦʙʘʚʣʝʥʠʷ ʚʝʱʝʩʪʚ-ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ [393, 397] ʠʣʠ ʢʨʠʦʧʨʦʪʝʢʪʘʥʪʦʚ ʧʨʠ ʣʠʦʬʠʣʠʟʘʮʠʠ 

[397], ʦʜʥʘʢʦ ʵʪʠ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʫʩʣʦʚʠʷ ʩʙʦʨʢʠ 

ʘʩʩʦʮʠʘʪʦʚ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʧʦʚʝʜʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ 

ʅʏɿ-ʅʂ ʚ ʫʩʣʦʚʠʷʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʢʣʝʪʦʯʥʳʡ ʮʠʪʦʟʦʣʴ, ʠ ʧʨʠ ʪʨʘʥʩʬʝʢʮʠʠ ʚ ʞʠʚʳʝ 

ʢʣʝʪʢʠ ʠ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

- ʦʧʪʠʤʠʟʘʮʠʶ ʫʩʣʦʚʠʡ ʘʜʩʦʨʙʮʠʠ ʜʫʧʣʝʢʩʦʚ ʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʅʏɿ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʣʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʜʦʩʪʘʚʢʠ; 

- ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʧʦʣʫʯʘʝʤʳʭ ʚ ʦʜʥʦʡ ʧʨʦʙʠʨʢʝ ʘʩʩʦʮʠʘʪʦʚ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʛʦʪʦʚʳʭ ʘʩʩʦʮʠʘʪʦʚ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʠʭ ʢʣʶʯʝʚʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʅʂ-ʩʣʦʷ ʥʘ ʅʏɿ, ʢʦʣʣʦʠʜʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ); 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʭʨʘʥʥʦʩʪʠ ʤʦʣʝʢʫʣ ʅʂ ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʪʦʚ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ 

(ʅʏɿ), ʩʦʜʝʨʞʘʱʠʭ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ; 

- ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʚ ʨʘʩʪʚʦʨʘʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʮʠʪʦʟʦʣʴ; 



128 

 

- ʚʳʷʩʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʅʏɿ ʜʣʷ ʜʦʩʪʘʚʢʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʅʂ ʚ ʞʠʚʳʝ ʢʣʝʪʢʠ ʥʘ ʧʨʠʤʝʨʝ ʧʦʜʘʚʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʝʣʢʘ GFP 

(ʟʝʣʝʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʙʝʣʢʘ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ siʈʅʂ. 

4.4.1 ɼʫʧʣʝʢʩʳ ʅʂ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʘʜʩʦʨʙʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʅʂ ʥʘ ʅʏɿ ʠʩʧʦʣʴʟʦʚʘʣʠ ɼʅʂ-

ʜʫʧʣʝʢʩ ʊ26-FAM/ɸ26 ʠ ʈʅʂ-ʜʫʧʣʝʢʩ siGFP. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ siGFP ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʅʏɿ. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʚ ʨʘʩʪʚʦʨʝ, ʠʤʠʪʠʨʫʶʱʝʤ ʢʣʝʪʦʯʥʳʡ 

ʮʠʪʦʟʦʣʴ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʈʅʂ-ʜʫʧʣʝʢʩʳ 4/5, ʩʦʩʪʦʷʱʠʝ ʢʘʢ ʠʟ ʥʘʪʠʚʥʳʭ ʮʝʧʝʡ, ʪʘʢ ʠ 

ʥʝʩʫʱʠʭ ʦʜʥʫ (4.1, 5.1) ʠʣʠ ʜʚʝ ʌɻ-ʛʨʫʧʧʳ (4.2, 5.2). 

4.4.2 ʇʦʜʙʦʨ ʫʩʣʦʚʠʡ ʜʣʷ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʜʫʧʣʝʢʩʦʚ ʅʂ ʩ ʅʏɿ 

ʇʦʩʢʦʣʴʢʫ ʦʜʥʦ- ʠ ʜʚʫʮʝʧʦʯʝʥʳʝ ʅʂ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʅʏɿ ʧʦ-ʨʘʟʥʦʤʫ, ʙʳʣʘ 

ʧʨʦʚʦʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʚʷʟʳʚʘʥʠʷ ʜʫʧʣʝʢʩʦʚ ʈʅʂ ʠ ɼʅʂ ʩ ʅʏɿ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ 

ʥʘʠʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʤʦʣʝʢʫʣʘʤʠ ʅʂ ʠ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʠʪʴ 

ʩʪʘʙʠʣʴʥʳʝ ʤʦʥʦʜʠʩʧʝʨʩʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʨʝʤʷ, ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʠ ʩʦʣʝʚʳʝ ʫʩʣʦʚʠʷ 

ʠʥʢʫʙʘʮʠʠ ʜʮʅʂ ʩ ʅʏɿ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʛʣʘʚʘʭ 4.1 ʠ 4.2 ʜʣʷ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʅʂ, ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ 200-ʢʨʘʪʥʳʡ ʤʦʣʷʨʥʳʡ ʠʟʙʳʪʦʢ ʜʫʧʣʝʢʩʘ ʅʂ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʅʏɿ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʢʨʳʪʠʷ. ɽʩʪʴ ʜʘʥʥʳʝ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʘʜʩʦʨʙʮʠʠ ʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʅʏɿ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʝʥ, ʯʝʤ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʫʧʣʝʢʩʘ ʅʂ [208, 210, 398], ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʦʪʣʠʯʠʝ ʫʩʣʦʚʠʡ ʩʙʦʨʢʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ 

ʜʮʅʂ ʦʪ ʫʩʣʦʚʠʡ ʩʙʦʨʢʠ ʘʩʩʦʮʠʘʪʦʚ ʩ ʦʮʅʂ. ʂ ʨʘʩʪʚʦʨʫ ʅʏɿ ʜʦʙʘʚʣʷʣʠ ʟʘʨʘʥʝʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʜʫʧʣʝʢʩʳ, ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 Áʉ, 

ʧʦʩʢʦʣʴʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʠʥʢʫʙʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʜʫʧʣʝʢʩʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʣʘ 44 Áʉ ʧʨʠ 4 ʤʄ NaCl (ʧʦ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ Vector NTI, 

Invitrogen).  

ʋʩʣʦʚʠʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʫʧʣʝʢʩʦʚ ʅʂ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝ ʤʝʥʝʝ 10 ʤʄ NaCl 

[369]. ɼʦʙʘʚʣʝʥʠʝ ʩʦʣʠ ʚʤʝʩʪʝ ʩ siʈʅʂ ʢ ʢʦʣʣʦʠʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʅʏɿ ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ ʠʭ 

ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ, ʯʪʦ ʧʨʠʤʝʥʷʶʪ ʚ salt-aging-ʤʝʪʦʜʝ ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʘʜʩʦʨʙʮʠʠ 

ʦʮʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ [226]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʮʠʪʨʘʪʥʳʭ ʅʏɿ [399]. ʉ 

ʫʯʝʪʦʤ ɻ ʪʦʛʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ, ʩʦʣʝʚʳʭ ʫʩʣʦʚʠʡ ʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʅʏɿ ʠ ʜʮʅʂ (ʦʙʨʘʟʮʳ I, II ʠ III) ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʘʩʩʦʮʠʘʪʦʚ. ɺ ʩʣʫʯʘʝ ʦʙʨʘʟʮʘ 

II ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʅʏɿ (çʩʨʘʟʫ ʧʦʩʣʝ ʩʠʥʪʝʟʘè), ʜʣʷ ʦʙʨʘʟʮʘ I ʧʨʦʚʦʜʠʣʠ 
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ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʅʏɿ, ʘ ʜʣʷ III  ï ʝʛʦ ʨʘʟʙʘʚʣʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʣʠ 

ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʮʅʂ : ʅʏɿ = 200 : 1 ʠ ʠʥʢʫʙʘʮʠ ʁʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(ʪʘʙʣʠʮʘ 17).  

ʊʘʙʣʠʮʘ 17. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʙʦʨʢʠ ʘʩʩʦʮʠʘʪʦʚ. 

 

 

 

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʣʠ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ. ɺʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʩʦʩʪʘʚʠʣʦ 3, 5 ʠ 22 ʯ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ. 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʴ-

ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʢʦʪʦʨʳʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʜʮʈʅʂ ʩ ʅʏɿ, ʪʘʢ ʠ 

ʛʦʤʦʛʝʥʥʦʩʪʴ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʨʠʩ. 52). ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 52, ʦʙʨʘʟʮʳ I, ʜʦʨʦʞʢʠ 4-6) ʧʨʠʚʦʜʠʣʦ ʢ ʙʳʩʪʨʦʤʫ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʩʩʦʮʠʘʪʦʚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʜʦ 22 ʯ (ʨʠʩ. 52, ʜʦʨʦʞʢʘ 

6) ʚ ʦʙʨʘʟʮʝ I ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʤʘʪʝʨʠʘʣ ʩʠʥʝʛʦ ʮʚʝʪʘ ʩ ʧʦʥʠʞʝʥʥʦʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʤ ʩʣʠʧʘʥʠʠ ʘʩʩʦʮʠʘʪʦʚ (ʦʙʣʘʩʪʴ ʚʳʜʝʣʝʥʘ 

ʙʝʣʦʡ ʨʘʤʢʦʡ). 

ʀʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 22 ʯʘʩʦʚ ʦʢʘʟʘʣʦʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʙʨʘʟʮʘʭ III: ʦʥʠ ʩʦʜʝʨʞʘʣʠ ʚʝʩʴ ʜʠʘʧʘʟʦʥ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʨʘʟʮʳ III  ʩʦʜʝʨʞʘʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʦʢʨʘʰʝʥʥʳʭ ʚ ʩʠʥʠʡ ʮʚʝʪ ʥʘʥʦʯʘʩʪʠʮ, ʯʝʤ ʦʙʨʘʟʮʳ I. (ʨʠʩ. 52, 

ʜʦʨʦʞʢʠ 1-3).  

 

ʈʠʩʫʥʦʢ 52. ʉʢʘʥʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʝʣʷ ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ 

ʜʮʅʂ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʮʅʂ ʠ ʅʏɿ, ʠ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʂ ï 

ʢʦʥʪʨʦʣʴ ʧʦʜʚʠʞʥʦʩʪʠ (ʅʏɿ). I, II  ʠ III  ï ʦʙʨʘʟʮʳ ʘʩʩʦʮʠʘʪʦʚ ʧʨʠ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʆʙʣʘʩʪʴ ʛʝʣʷ, ʩʦʜʝʨʞʘʱʘʷ ʩʣʠʧʰʠʝʩʷ ʅʏɿ, ʚʳʜʝʣʝʥʘ ʙʝʣʦʡ ʨʘʤʢʦʡ. 

ʀʟʫʯʝʥʠʝ ʦʙʨʘʟʮʘ II (ʨʠʩ. 52, ʜʦʨʦʞʢʠ 7-9), ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ  

ʨʘʩʪʚʦʨ ʅʏɿ çʩʨʘʟʫ ʧʦʩʣʝ ʩʠʥʪʝʟʘè, ʚʳʷʚʠʣʦ ʦʪʣʠʯʠʷ ʢʘʢ ʦʪ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ III, ʪʘʢ 

ʆʙʨʘʟʝʮ ʅʏɿ, M ʜʮʅʂ, M ʩ(ʜʮʅʂ)/ʩ(ʅʏɿ) 

I 10-7 2Ŀ10-5 200 

II  3,6Ŀ10-9 7,2Ŀ10-7 200 

III  5Ŀ10-10 10-7 200 
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ʠ ʦʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ I. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʦʣʷ ʅʏɿ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʧʦʩʣʝ 22 ʯ ʠʥʢʫʙʘʮʠʠ ʫʚʝʣʠʯʠʣʘʩʴ (ʨʠʩ. 52, ʜʦʨʦʞʢʠ 

9 ʠ 3), ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʟʥʘʢʠ ʩʣʠʧʘʥʠʷ ʅʏɿ ʦʪʩʫʪʩʪʚʦʚʘʣʠ (ʨʠʩ. 52, ʜʦʨʦʞʢʠ 9 ʠ 6). 

ʆʮʝʥʢʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʊ26FAM/ɸ26 ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʫ  ʁʘʜʩʦʨʙʮʠ ʁʜʮʅʂ ʥʘʙʣʶʜʘʣʠ ʚ ʦʙʨʘʟʮʘʭ II, ʩʦʜʝʨʞʘʱʠʭ ʅʏɿ çʧʦʩʣʝ ʩʠʥʪʝʟʘè 

ʙʝʟ ʨʘʟʙʘʚʣʝʥʠʷ ʠʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (ʪʘʙʣʠʮʘ 18). 

ʊʘʙʣʠʮʘ 18. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʣʦʷ (ʜʫʧʣ./ʅʏɿ) ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʪʦʚ 

ʅʏɿ-ʊ26FAM/ɸ26, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

 

 

 

 

 

 

ɼʘʣʝʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʚ ʦʙʨʘʟʮʘʭ ʥʘ 

ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʮɼʅʂ ʊ40, ʧʦʢʘʟʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ NaCl ʚ ʩʤʝʩʴ ʅʏɿ ʠ 

ʊ40: ʩ 5 ʜʦ 37 ʤʦʣ./ʅʏɿ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʩ 0,3 ʜʦ 10 ʤʄ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʊ26FAM/ɸ26 ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʦʞʠʜʘʝʤʦʤʫ ʨʦʩʪʫ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʜʫʧʣʝʢʩʦʚ ʩ 32,9 ʜʦ 39,6 ʤʦʣ./ʅʏɿ (ʪʘʙʣʠʮʘ 18). 

ɿʘʪʝʤ ʧʨʦʚʝʣʠ ʩʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ɼʅʂ-ʜʫʧʣʝʢʩʦʤ ʠ ʘʩʩʦʮʠʘʪʦʚ ʩ 

ʈʅʂ-ʜʫʧʣʝʢʩʦʤ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩʙʦʨʢʠ. ʉʨʘʚʥʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 

ʪʨʝʭ ʪʠʧʦʚ ʦʙʨʘʟʮʦʚ, ʘ ʚ ʦʙʨʘʟʮʘʭ ʘʩʩʦʮʠʘʪʦʚ II ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ 

NaCl ʦʪ 10 ʜʦ 40 ʤʄ.  

ɹʳʣʦ ʚr ʷʚʣʝʥʦ ʨʘʟʣʠʯʠʝ ʚ ʧʦʢʨʳʪʠʠ ʤʝʞʜʫ ʘʩʩʦʮʠʘʪʘʤʠ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʅʂ. 

ʈʘʟʣʠʯʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ I ʠ ʦʙʨʘʟʮʘʤʠ II ʠ III  ʚ ʩʣʫʯʘʝ 

ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʜʮGFPCy5.5 ʚʳʨʘʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ ʠ ʜʦʩʪʠʛʘʝʪ ʧʦʨʷʜʢʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤ-̫ʪʨʝʤ ̫ ʨʘʟʘʤʠ ʜʣʷ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʜʮɼʅʂ. ɼʣʷ ʦʙʨʘʟʮʦʚ I - III  

ʧʣʦʪʥʦʩʪʴ ʜʮʈʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʚʦʟʨʘʩʪʘʣʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʠʥʢʫʙʘʮʠʠ ʩ 11,8 Ñ 3,7 ʜʮʈʅʂ/ʅʏɿ (ʪʘʙʣʠʮʘ 18, ʦʙʨʘʟʝʮ I, 3 ʯ ʠʥʢʫʙʘʮʠʠ) ʜʦ 107,7 Ñ 2,1 

ʤʦʣʝʢʫʣ ʜʮʈʅʂ/ʅʏɿ (ʪʘʙʣʠʮʘ 19, ʦʙʨʘʟʝʮ II, 22 ʯ ʠʥʢʫʙʘʮʠʠ). ʈʘʟʣʠʯʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʘʩʩʦʮʠʘʪʘʤʠ ʅʏɿ-ʜʮɼʅʂ ʠ ʅʏɿ-ʜʮʈʅʂ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʦʜʥʦʮʝʧʦʯʝʯʥʳʭ ʥʘʚʠʩʘʥʠʡ ʚ ʵʪʠʭ ʜʫʧʣʝʢʩʘʭ, ʘ ʪʘʢʞʝ  

ʩ ʨʘʟʣʠʯʠʝʤ ʫʛʣʝʚʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ɼʅʂ ʠ ʈʅʂ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʜʣʠʥʳ ʜʫʧʣʝʢʩʘ. 

ʦʙʨʘʟʝʮ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ, ʯ 

3 5 22 

I 9,6 Ñ 0,6 7,6 Ñ 0.1 11,1 Ñ 0,2 

III  20,5 Ñ 0,1 23,1 Ñ 0,2 30,2 Ñ 0,3 

II  (0,3 ʤʄ NaCl) 23,6 Ñ 0,4 28,1 Ñ 0,7 32,9 Ñ 0,5 

II  (10 ʤʄ NaCl) 29,8 Ñ0,6 35,0 Ñ 1,1 39,6 Ñ 0,7 
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ʊʘʙʣʠʮʘ 19. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʮʈʅʂ ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʏɿ, ʜʫʧʣʝʢʩʦʚ/ʅʏɿ. 

ʆʙʨʘʟʝʮ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʥʢʫʙʘʮʠʠ, ʯ 

3 5 22 

I 11,8 Ñ 3,7 31,6 Ñ 7,7 41,3 Ñ5,1 

III  13,7 Ñ 5,3 73,7 Ñ 4,3 90,6 Ñ 6,1 

II  59,4 Ñ 6,0 76,0 Ñ 5,0 107,7 Ñ 2,1 

II 10 ʤM 107,4 Ñ 2,6 107,0 Ñ 3,0 119,5 Ñ 2,9 

II 20 ʤM 123,8 Ñ 0,4 130,3 Ñ 3,0 132,5 Ñ 2,0 

II 30 ʤM 130,8 Ñ 1,1 130,2 Ñ 1,2 134,0 Ñ2,9 

II 40 ʤM 150,5 Ñ 0,9 148,8 Ñ 3,7 161,6 Ñ 4,9 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʫʧʣʝʢʩʦʚ ʅʂ ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʏɿ 

ʦʧʨʝʜʝʣʠʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ NaCl ʚ ʦʙʨʘʟʮʘʭ. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʩ 10 ʜʦ 40 ʤʄ ʧʨʠʚʝʣʦ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ 

ʥʘʨʘʩʪʘʥʠʶ ʩʣʠʧʘʥʠʷ ʘʩʩʦʮʠʘʪʦʚ, ʟʘʤʝʪʥʦʤʫ ʫʞʝ ʯʝʨʝʟ 3 ʯ ʠʥʢʫʙʘʮʠʠ ʠ ʨʝʛʠʩʪʨʠʨʫʝʤʦʤʫ 

ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʩʠʥʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʜʦʨʦʞʢʘʭ (ʨʠʩ. 53, ʜʦʨʦʞʢʠ 1-12). ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʦʩʪʦʤ ʘʛʣʦʤʝʨʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ 

ʥʘʙʣʶʜʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʮGFPCy5.5 ʚʧʣʦʪʴ ʜʦ 161 

ʜʫʧʣʝʢʩʘ/ʅʏɿ (ʪʘʙʣʠʮʘ 18), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [226]. 

 

ʈʠʩʫʥʦʢ 53. ʉʢʘʥʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʝʣʷ ʧʦʩʣʝ ʣɻʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-

ʜʮGFPCy5.5 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʦʪ 10 ʤʄ ʜʦ 40 ʤʄ ʚ ʦʙʨʘʟʮʘʭ II . 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ ʥʘʙʣʶʜʘʣʦʩʴ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʘʩʩʦʮʠʘʪʦʚ (ʨʠʩ. 53), ʨʘʟʣʠʯʠʝ ʚ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʣʦ 12 

% ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ 10 ʤʄ NaCl, ʢ ʦʙʨʘʟʮʘʤ, ʩʦʜʝʨʞʘʱʠʤ 40 ʤʄ 

NaCl. ɼʘʥʥʳʝ DLS ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʠʘʤʝʪʨʘ ʘʩʩʦʮʠʘʪʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʠ (ʪʘʙʣʠʮʘ 20). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʦʣʠ ʦʙʨʘʟʮʳ ʫʤʝʥʴʰʘʣʠʩʴ ʚ ʜʠʘʤʝʪʨʝ ʥʘ 2-4 ʥʤ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʠ ʩ 3 ʜʦ 22 ʯ, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʧʨʠʨʦʩʪ 
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ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʫʧʣʝʢʩʦʚ (90-98 %) ʥʘʙʣʶʜʘʣʩʷ ʫʞʝ ʧʦʩʣʝ ʧʝʨʚʳʭ 3 ʯ 

ʠʥʢʫʙʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʊ26FAM/ɸ26, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʡ 

ʘʜʩʦʨʙʮʠʝʡ (74 % ʧʨʠʨʦʩʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘ ʧʝʨʚʳʝ 3 ʯ ʠʥʢʫʙʘʮʠʠ) ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʦʪ 3 ʜʦ 22 ʯ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʄ NaCl ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʣ ʩ 38,8 Ñ 2,3 ʜʦ 

41,4 Ñ 3,1 ʥʤ (ʪʘʙʣʠʮʘ 20). 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʟʘ ʧʝʨʚʳʝ 3 ʯ ʙɧʣʴʰʘʷ ʯʘʩʪʴ ʜʫʧʣʝʢʩʦʚ ʈʅʂ ʙʳʩʪʨʦ 

ʩʦʨʙʠʨʦʚʘʣʘʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʠʥʢʫʙʘʮʠʠ ʜʫʧʣʝʢʩʳ ʧʨʠʥʠʤʘʣʠ 

ʙʦʣʝʝ ʚʳʛʦʜʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ ʠ ʦʙʨʘʟʦʚʘʣʠ ʙʦʣʴʰʝ ʢʦʥʪʘʢʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʅʏɿ, 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʡ ʩʣʦʡ ʩʪʘʥʦʚʠʣʩʷ ʧʣʦʪʥʝʝ, ʘ ʜʠʘʤʝʪʨ ʘʩʩʦʮʠʘʪʦʚ ʫʤʝʥʴʰʘʣʩʷ. ɼʫʧʣʝʢʩʳ 

ʞʝ ɼʅʂ ʩʦʨʙʠʨʦʚʘʣʠʩʴ ʤʝʜʣʝʥʥʝʝ, ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʘʩʩʦʮʠʘʪʦʚ ʦʪʨʘʞʘʣʦ ʧʨʠʨʦʩʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 20. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ. 

ʆʙʨʘʟʝʮ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʥʢʫʙʘʮʠʠ, ʯ 

3 5 22 

ʅʏɿ-ʊ26FAM/ɸ26 38,8 Ñ 2,3 40,7 Ñ 2,1 41,4 Ñ 3,1 

ʅʏɿ-ʜʮGFPCy5.5 10 ʤʄ NaCl 45,0 Ñ 2,6 43,9 Ñ 1,1 38,2 Ñ 1,8 

ʅʏɿ-ʜʮGFPCy5.5 20 ʤʄ NaCl 60,9 Ñ 2,1 65,7 Ñ 1,2 58,6 Ñ 1,6 

ʅʏɿ-ʜʮGFPCy5.5 30 ʤʄ NaCl 69,7 Ñ 1,1 67,3 Ñ 1,3 63,4 Ñ 0,8 

ʅʏɿ-ʜʮGFPCy5.5 40 ʤʄ NaCl 83,9 Ñ 2,7 88,9 Ñ 4,2 77,2 Ñ2,0 

 ʆʙʨʘʟʮʳ ʘʩʩʦʮʠʘʪʦʚ I, II  ʠ III  ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʢʫʙʘʮʠʠ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʤʝʪʦʜʦʤ ʇʕʄ, ʥʘ ʨʠʩʫʥʢʝ 54 ʧʨʠʚʝʜʝʥʳ ʠʣʣʶʩʪʨʘʮʠʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʘʩʩʦʮʠʪʘʦʚ II ʠ III  (ɸ, ɹ) ʠ ʩʣʠʧʘʥʠʝ ʘʩʩʦʮʠʘʪʦʚ I (ɺ). ʇʕʄ ʚʳʧʦʣʥʝʥʘ ʚ ɻʄʀ ʀʍɹʌʄ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʙ.ʥ. ɽ.ʀ. ʈʷʙʯʠʢʦʚʦʡ.

 

ʈʠʩʫʥʦʢ 54. ʇʕʄ ʘʩʩʦʮʠʘʪʦʚ ʧʦʩʣʝ 22 ʯ ʠʥʢʫʙʘʮʠʠ: ɸ ï ɺʳʩʦʢʦʜʠʩʧʝʨʩʥʘʷ ʩʫʩʧʝʥʟʠʷ ʘʩʩʦʮʠʘʪʦʚ ʚ 

ʦʙʨʘʟʮʝ III, ɹ ï ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʘʷ ʩʫʩʧʝʥʟʠʷ ʘʩʩʦʮʠʘʪʦʚ ʚ ʦʙʨʘʟʮʝ II , ɺ - ʩʣʠʧʘʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʚ ʦʙʨʘʟʮʝ I.  

ʄʦʨʬʦʣʦʛʠʷ ʘʛʣʦʤʝʨʘʪʦʚ ʥʝ ʨʘʟʣʠʯʘʣʘʩʴ ʚ ʨʘʟʥʳʭ ʦʙʨʘʟʮʘʭ, ʘ ʠʭ ʨʘʟʤʝʨʳ 

ʩʦʩʪʘʚʣʷʣʠ 100-500 ʥʤ. ʉʨʘʚʥʝʥʠʝ ʦʙʨʘʟʮʦʚ I, II  ʠ III, ʩʦʜʝʨʞʘʚ ʠhʭ ʨʘʟʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 
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NaCl, ʧʦʢʘʟʘʣʦ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʛʣʦʤʝʨʘʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʤ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʘʞʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʩʙʦʨʢʝ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʜʮʅʂ-ʅʏɿ. ʀʩʩʣʝʜʦʚʘʪʝʣʶ ʧʨʝʜʩʪʦʠʪ ʩʜʝʣʘʪʴ ʚʳʙʦʨ ʤʝʞʜʫ 

ʞʝʣʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʅʂ ʠ ʦʙʱʝʡ ʢʦʣʣʦʠʜʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʠʩʪʝʤʳ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʙʦʨʢʫ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʜʮʅʂ ʧʨʦʚʦʜʠʣʠ, 

ʜʦʙʘʚʣʷʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʅʂ-ʜʫʧʣʝʢʩʘ ʚ 200-ʢʨʘʪʥʦʤ ʤʦʣʷʨʥʦʤ 

ʠʟʙʳʪʢʝ ʢ ʢʦʣʣʦʠʜʫ ʅʏɿ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3,6 ʥʄ (çʩʨʘʟʫ ʧʦʩʣʝ ʩʠʥʪʝʟʘè) ʩ ʜʘʣʴʥʝʡʰʝʡ 

ʠʥʢʫʙʘʮʠʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʄ NaCl ʚ ʪʝʯʝʥʠʝ 22 ʯ ʧʨʠ 25 Áʉ. 

4.4.3 ʈʘʟʣʠʯʠʷ ʚ ʩʚʷʟʳʚʘʥʠʠ ʦʜʥʦ- ʠ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʅʂ ʩ ʅʏɿ 

ʆʙʨʘʟʦʚʘʥʠʝ ʈʅʂ-ʜʫʧʣʝʢʩʦʚ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʦʤ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʥʘʪʠʚʥʳʭ 

ʫʩʣʦʚʠʷʭ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʫʧʣʝʢʩʦʚ ʈʅʂ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 95 Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʠ ʠ 

ʦʭʣʘʞʜʘʣʠ ʜʦ 25 Áʉ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠ ʪʠʧʘ ʜʫʧʣʝʢʩʦʚ ʩ ʬʦʩʬʦʨʠʣʛʫʘʥʠʜʠʥʦʚʳʤʠ 

ʅʂ: 4.2/5.2, 4.2/5.1 ʠ 4.2/5 (ʠʥʜʝʢʩ .1 ʦʙʦʟʥʘʯʘʝʪ ʦʜʥʫ ʌɻ-ʛʨʫʧʧʫ, .2 - ʜʚʝ ʌɻ-ʛʨʫʧʧʳ). ʅʘ 

ʨʠʩʫʥʢʝ 55 ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʈʅʂ-ʜʫʧʣʝʢʩʦʚ ʠ ʠʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʏɿ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʘʣʠʯʠʝ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʌɻ-ʛʨʫʧʧ ʥʘ 3ǋ-ʢʦʥʮʝ ʦʮʈʅʂ ʥʝ ʚʣʠʷʝʪ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʫʧʣʝʢʩʘ ʈʅʂ (ʨʠʩ. 55 ɸ). ʆʙʨʘʟʦʚʘʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠʤʝʥʥʦ ʩ 

ʜʫʧʣʝʢʩʘʤʠ ʅʂ, ʘ ʥʝ ʩ ʦʪʜʝʣʴʥʳʤʠ ʮʝʧʷʤʠ ʧʦʜʪʚʝʨʞʜʘʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʩʚʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʚʦʜʠʣʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʩʩʦʮʠʘʪʦʚ ʚ 4 % ʛʝʣʝ ʥʘ 

ʦʩʥʦʚʝ MetaPhorÈ ʘʛʘʨʦʟʳ (ʨʠʩ. 55 ɹ). 

 

 

ʈʠʩʫʥʦʢ 55. ʉʢʘʥʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʛʝʣʝʡ ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʫʧʣʝʢʩʦʚ 

ʈʅʂ (ɸ) ʠ ʠʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʏɿ (ɹ). ɺ - ʨʘʟʥʘʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ Rm ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ 

ʦʮʈʅʂ ʠ ʜʮʈʅʂ. ʕʣʝʢʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʅʏɿ-ʦʮʈʅʂ ʧʨʠʥʷʪʘ ʟʘ 1. 
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ʅʝʢʦʚʘʣʝʥʪʥʘʷ ʘʜʩʦʨʙʮʠʷ ʜʫʧʣʝʢʩʦʚ ʚʩʝʭ ʜʮʈʅʂ (ʢʘʢ ʥʘʪʠʚʥʳʭ, ʪʘʢ ʠ ʩʦʜʝʨʞʘʱʠʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʮʝʧʴ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʧʨʠʚʦʜʠʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʘʥʦʢʦʥʩʪʨʫʢʮʠʡ, ʦʙʣʘʜʘʚʰʠʭ ʤʝʥʴʰʝʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʦʪʜʝʣʴʥʳʤʠ ʮʝʧʷʤʠ ʵʪʠʭ ʞʝ ʜʫʧʣʝʢʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʟʘ ʙʘʟʦʚʫʶ ʣʠʥʠʶ ʧʦʜʚʠʞʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʅʏɿ-5.2, ʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʅʏɿ-4.2/5.2 ʩʦʩʪʘʚʠʪ 0,89Ñ0,03 (ʨʠʩ. 55 ɺ). 

ɺʦ-ʚʪʦʨʳʭ, ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʠ ɕ-ʧʦʪʝʥʮʠʘʣ ʘʩʩʦʮʠʘʪʦʚ 

ʅʏɿ ʩ ʦʮʅʂ ʠ ʩ ʜʮʅʂ (ʪʘʙʣʠʮʘ 21). ɸʩʩʦʮʠʘʪʳ ʅʏɿ ʩ ʜʮʅʂ ʠʤʝʣʠ ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʴʰʠʡ 

ʜʠʘʤʝʪʨ, ʯʝʤ ʘʩʩʦʮʠʘʪʳ ʅʏɿ ʩ ʦʮʅʂ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʨʘʟʥʳʡ ʨʝʞʠʤ ʩʚʷʟʳʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 21. DLS-ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ ʦʮʅʂ ʠ ʜʮʅʂ. 

ʘʩʩʦʮʠʘʪ D, ʥʤ ɕ-ʧʦʪʝʥʮʠʘʣ, ʤɺ 

ʅʏɿ 17,4 Ñ 0,4 -33,6 Ñ 2,0 

ʅʏɿ-ʊ26 29,5 Ñ 0,1 -39,8 Ñ 0,5 

ʅʏɿ-ʊ26FAM/ɸ26 41,4 Ñ 3,1 -38,9 Ñ 2,7 

ʅʏɿ-ʜʮʈʅʂ 38,2 Ñ 1,8 -40,1 Ñ 0,6 

 ɺ-ʪʨʝʪʴʠʭ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩʚʷʟʳʚʘʥʠʝ ʅʏɿ ʩ ʦʮʅʂ ʠ ʩ ʜʮʅʂ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʚʘʨʠʘʥʪʘʭ. ʉʚʷʟʳʚʘʥʠʝ ʅʏɿ ʠ ʜʮʅʂ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 25 Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʉʚʷʟʳʚʘʥʠʝ ʅʏɿ 

ʩ ʦʮʅʂ ʧʨʦʚʦʜʠʣʠ ʚ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʘʭ: ʧʨʠ 25 Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʧʨʠ 56 Áʉ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʄ NaCl ʠʣʠ ʙʝʟ NaCl. ʅʘ ʨʠʩ. 56 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʢʨʠʚʳʝ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ ʦʮʅʂ ʠ ʩ ʜʮʅʂ ʜʣʷ ʜʚʫʭ ʜʫʧʣʝʢʩʦʚ (ʊ26FAM/ɸ26 ʠ siGFPCy5.5) 

ʠ ʜʣʷ ʜʚʫʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ (ʊ26FAM ʠ sʈʅʂCy5.5). 

ʈʘʩʩʤʦʪʨʠʤ ʢʠʥʝʪʠʢʫ ʩʚʷʟʳʚʘʥʠʷ ʦʣʠʛʦʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʘ ʊ26FAM ʥʘ ʅʏɿ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ NaCl. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 56 ɸ, ʜʦʙʘʚʣʝʥʠʝ ʩʦʣʠ ʧʨʠ 

ʠʥʢʫʙʘʮʠʠ T26FAM ʩ ʅʏɿ ʩʫʱʝʩʪʚʝʥʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ, ʧʦʚʳʩʠʣʦ ʧʦʢʨʳʪʠʝ 

ʊ26FAM ʥʘ ʅʏɿ. ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ (80 %) ʩʦʨʙʠʨʦʚʘʣʘʩʴ 

ʫʞʝ ʟʘ ʧʝʨʚʳʝ ʧʦʣʯʘʩʘ ʨʝʘʢʮʠʠ. ʂʨʠʚʳʝ ʥʘʩʳʱʝʥʠʷ ʜʣʷ ʊ26FAM ʬʠʢʩʠʨʦʚʘʣʠ ʢʘʢ ʧʨʠ 25 

Áʉ, ʪʘʢ ʠ ʧʨʠ 56 Áʉ ʩ ʜʦʙʘʚʣʝʥʠʝʤ NaCl ʠ ʚ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ (ʨʠʩ. 56 ɺ). ʀʥʢʫʙʘʮʠʷ ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ ʧʨʠ 25 Áʉ ʦʢʘʟʘʣʘʩʴ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʘ ʧʦʣʫʯʘʩʦʚʦʡ 

ʠʥʢʫʙʘʮʠʠ ʧʨʠ 56 Áʉ, ʯʪʦ ʩʣʫʞʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ. 

ɺʠʜʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ NaCl ʚ ʦʙʦʠʭ ʨʝʞʠʤʘʭ ʠʥʢʫʙʘʮʠʠ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʠʶ 

ʧʦʢʨʳʪʠʷ. 
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ʈʠʩʫʥʦʢ 56. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ (ɸ, ɹ) ʠ ʢʨʠʚʳʝ ʥʘʩʳʱʝʥʠʷ (ɺ, ɻ) ʧʨʠ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ 

ʊ26FAM (ɸ, ɺ) ʠ ʩ ʊ26FAM/ɸ26 (ɹ, ɻ). 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʠʥʢʫʙʘʮʠʠ ʅʏɿ ʩ ʦʮʅʂ ʢ ʠʥʢʫʙʘʮʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʫʧʣʝʢʩʦʤ 

ʥʘʙʣʶʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʙʦʣʴʰʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʦʪʪʘʣʢʠʚʘʥʠʠ ʜʫʧʣʝʢʩʦʚ 

ʠ ʅʏɿ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʮʝʧʦʯʝʯʥʳʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ (ʨʠʩ. 56 ɻ). ʊʘʢʞʝ ʩʢʦʨʦʩʪʴ 

ʩʚʷʟʳʚʘʥʠʷ ʜʫʧʣʝʢʩʦʚ ʙʳʣʘ ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʦʜʥʦʮʝʧʦʯʝʯʥʦʛʦ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ: ʚʨʝʤʷ ʧʦʣʫʥʘʩʳʱʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 0,30 Ñ 0,09 ʯ ʜʣʷ ʊ26FAM ʠ 4,3 Ñ 1,1 ʯ 

ʜʣʷ ʊ26FAM/A26. ʈʘʟʥʘʷ ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʳʚʘʥʠʷ 

ʅʏɿ ʩ ʦʜʥʦ- ʠ ʜʚʫʮʝʧʦʯʝʯʥʳʤʠ ʅʂ. (ʨʠʩ. 56 ɹ). ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʝ ʜʦʩʪʠʛʘʣʘ ʠ 

40 ʜʫʧʣʝʢʩʦʚ ʥʘ ʯʘʩʪʠʮʫ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʊ26FAM. ʆʮʝʥʠʣʠ 

ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ, ʩʦʩʪʘʚʠʚʰʠʝ 3,2 Ñ 0,7 ʤʢʄ-1 ʠ 8 Ñ 4 ʤʢʄ-1 ʜʣʷ ʦʮɼʅʂ ʠ 

ʜʮɼʅʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂ ʚʦʟʤʦʞʥʳʤ ʧʨʠʯʠʥʘʤ ʨʘʟʣʠʯʥʦʡ ʘʜʩʦʨʙʮʠʠ ʦʜʥʦ- ʠ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʥʘ ʅʏɿ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʫʚʝʣʠʯʝʥʥʫʶ ʧʣʦʪʥʦʩʪʴ 
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ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʫ ʜʫʧʣʝʢʩʘ, ʠ ʝʛʦ ʩʥʠʞʝʥʥʫʶ ʛʠʙʢʦʩʪʴ, ʥʝ ʧʦʟʚʦʣʷʶʱʫʶ ʟʘʥʷʪʴ 

ʚʳʛʦʜʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ. 

 ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʊ26FAM, ʚ ʩʣʫʯʘʝ sGFP-Cy5.5 ʥʘʙʣʶʜʘʣʠ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 

ʩʚʷʟʳʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʧʦʢʨʳʪʠʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ NaCl ʜʦ ʧʦʣʫʪʦʨʘ ʨʘʟ (ʨʠʩ. 57 ɸ). ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʘʜʩʦʨʙʮʠʠ ʊ26FAM ʥʝ ʥʘʙʣʶʜʘʣʠ ʨʘʟʣʠʯʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ 

ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʢʫʙʘʮʠʠ ʚʧʣʦʪʴ ʜʦ 100-ʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ (ʨʠʩ. 57 ɺ). 

ʈʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʘʜʩʦʨʙʮʠʠ ʊ26FAM ʠ sGFPCy5.5 ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʥʦʡ ʧʨʠʨʦʜʦʡ ʵʪʠʭ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ (ʫʛʣʝʚʦʜʥʦʬʦʩʬʘʪʥʳʡ ʦʩʪʦʚ, ʜʣʠʥʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ). 

 

 ʈʠʩʫʥʦʢ 57. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ (ɸ, ɹ) ʠ ʢʨʠʚʳʝ ʥʘʩʳʱʝʥʠʷ (ɺ, ɻ) ʧʨʠ ʩʚʷʟʳʚʘʥʠʷ ʅʏɿ ʩ 

sGFPCy5.5 (ɸ, ɺ) ʠ ʩ siGFPCy5.5 (ɹ, ɻ). 

ɸʜʩʦʨʙʮʠʷ siGFPCy5.5 ʜʘʚʘʣʘ ʧʦʢʨʳʪʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʯʝʤ ʘʜʩʦʨʙʮʠʷ sGFPCy5.5. ʂʘʢ ʠ ʜʣʷ ʊ26FAM, ʥʘʙʣʶʜʘʣʠ ʫʤʝʥʴʰʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ (ʨʠʩ. 57 ɻ). ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʃʵʥʛʤʶʨʘ ʩʦʩʪʘʚʠʣʠ 

0,19 Ñ 0,03 ʤʢʄ-1 ʠ 1,64 Ñ 0,24 ʤʢʄ-1 ʜʣʷ ʦʮʈʅʂ ʠ ʜʮʈʅʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʢʦʨʦʩʪʴ 

ʘʜʩʦʨʙʮʠʠ siGFPCy5.5 ʪʘʢ ʞʝ ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ sGFPCy5.5, ʭʦʪʷ ʵʪʦ ʦʪʣʠʯʠʝ ʥʝ ʪʘʢ 
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ʚʳʨʘʞʝʥʦ, ʢʘʢ ʜʣʷ T26FAM ʠ T26FAM/A26 (ʨʠʩ. 57 ɹ): ʚʨʝʤʷ ʧʦʣʫʥʘʩʳʱʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 

0,26 Ñ 0,03 ʯ ʜʣʷ ʦʮʈʅʂ ʠ 0,50 Ñ 0,11 ʯ ʜʣʷ ʜʮʈʅʂ. 

4.4.4 ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʙʦʨʢʠ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ ʜʮʅʂ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ ʩʙʦʨʢʝ ʘʩʩʦʮʠʘʪʦʚ ʠ 

ʚʨʝʤʝʥʠ ʭʨʘʥʝʥʠʷ ʛʦʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ 4 Áʉ ʥʘ ʩʚʦʡʩʪʚʘ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʠ 

ʈʅʂ ʙʳʣʦ ʧʨʠʛʦʪʦʚʣʝʥʦ ʜʚʘ ʚʠʜʘ ʦʙʨʘʟʮʦʚ. ʇʝʨʚʳʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ï ʵʪʦ ʘʩʩʦʮʠʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ (ʦʜʥʦʢʨʘʪʥʳʝ ʦʙʨʘʟʮʳ). ɺʪʦʨʦʡ ʪʠʧ ʦʙʨʘʟʮʦʚ ï 

ʵʪʦ ʘʩʩʦʮʠʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʙʲʝʤʝ, ʫʚʝʣʠʯʝʥʥʦʤ ʚ 10 ʨʘʟ ʠ ʩʦʜʝʨʞʘʱʝʤ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ 

ʅʏɿ ʠ ʈʅʂ (ʜʝʩʷʪʠʢʨʘʪʥʳʝ ʦʙʨʘʟʮʳ). ɻʦʪʦʚʳʝ ʘʩʩʦʮʠʘʪʳ ʭʨʘʥʠʣʠ ʚ ʪʝʯʝʥʠʝ 0 - 28 ʩʫʪʦʢ. 

 ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʘʛʘʨʦʟʥʦʤ 

ʛʝʣʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʜʥʦʢʨʘʪʥʳʝ ʦʙʨʘʟʮʳ ʘʩʩʦʮʠʘʪʦʚ ʩʦʜʝʨʞʘʣʠ ʤʝʥʴʰʝ ʩʣʠʧʰʠʭʩʷ ʯʘʩʪʠʮ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʩʷʪʠʢʨʘʪʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. ʍʨʘʥʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 8 ʩʫʪʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʦʚʣʠʷʣʦ ʥʘ ʢʘʯʝʩʪʚʦ ʚʩʝʭ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 58). 

 

ʈʠʩʫʥʦʢ 58. ɸʥʘʣʠʟ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-siGFP ʧʨʠ ʭʨʘʥʝʥʠʠ. ɸʛʘʨʦʟʥʳʡ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ siGFP, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʩʠʥʪʝʟʘ ʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʨʦʢʘ 

ʭʨʘʥʝʥʠʷ ʛʦʪʦʚʳʭ ʘʩʩʦʮʠʘʪʦʚ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʣʦʪʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʜʫʧʣʝʢʩʘʤʠ ʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʘʥʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 22. ʅʝʢʦʚʘʣʝʥʪʥʦʝ ʧʦʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʜʫʧʣʝʢʩʘʤʠ ʜʮʅʂ 

ʙʳʣʦ ʩʪʘʙʠʣʴʥʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʭʨʘʥʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ. ʆʙʨʘʟʮʳ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʚ 

ʦʜʥʦʢʨʘʪʥʦʤ ʠ ʚ ʜʝʩʷʪʠʢʨʘʪʥʦʤ ʨʝʘʢʮʠʦʥʥʦʤ ʦʙʲʝʤʝ, ʦʪʣʠʯʘʣʠʩʴ ʟʥʘʯʝʥʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 16 %. ʋʚʝʣʠʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʛʦ ʦʙʲʝʤʘ ʚ 10 ʨʘʟ 

ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʘʣʦ ʚʣʠʷʥʠʷ ʥʘ ʧʣʦʪʥʦʩʪʴ 

ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʜʫʧʣʝʢʩʘʤʠ ʅʂ. 
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ʊʘʙʣʠʮʘ 22. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʣʦʷ ʚ ʩʦʩʪʘʚʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ ʩ siGFP ʠʣʠ ʩ ʊ26FAM/ɸ26 ʧʦʩʣʝ ʨʘʟʥʦʛʦ ʧʝʨʠʦʜʘ ʭʨʘʥʝʥʠʷ, ʜʫʧʣʝʢʩʦʚ/ʅʏɿ. 

ʭʨʘʥʝʥʠʝ, ʩʫʪʦʢ ʧʦʢʨʳʪʠʝ, ʜʫʧʣʝʢʩʦʚ/ʅʏɿ 

10ʭ-ʧʨʦʙʳ ʅʏɿ-siGFPCy5.5 10ʭ-ʧʨʦʙʳ ʅʏɿ-ʊ26FAM/A26 

0 102,5 Ñ 3,5 35,3 Ñ 0,9 

1 101,3 Ñ 0,1 39,1 Ñ 2,6 

8 101,8 Ñ 1,1 40,0 Ñ 3,1 

14 101,3 Ñ 0,1 - 

21 100,8 Ñ 0,5 - 

28 101,8 Ñ 0,5 - 

ʇʦʣʫʯʝʥʥʦʝ ʅʂ-ʧʦʢʨʳʪʠʝ ʦʢʘʟʘʣʦʩʴ ʫʩʪʦʡʯʠʚʦ ʢ ʭʨʘʥʝʥʠʶ ʚ ʪʝʯʝʥʠʝ 28 ʩʫʪʦʢ.  

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʜʥʦ- ʠ ʜʝʩʷʪʠʢʨʘʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩ 

ʨʘʟʥʳʤ ʧʝʨʠʦʜʦʤ ʭʨʘʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ DLS (ʨʠʩ. 59). ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ DLS ʟʥʘʯʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʠ ʠʥʜʝʢʩʘ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʠʟʫʯʘʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʥʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʷʝʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʨʠʙʦʨʦʤ-ʘʥʘʣʠʟʘʪʦʨʦʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʜʘʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ. ʀʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (PdI) ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʟʮʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʟʥʘʯʝʥʠʝʤ PdI ʦʪ 0 ʜʦ 0,3, ʩʯʠʪʘʶʪ 

ʛʦʤʦʛʝʥʥʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʝ PdI ʚʳʰʝ 0,3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʣʦʤʝʨʘʪʦʚ [400]. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʦʙʨʘʟʮʦʚ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʘʩʩʦʮʠʘʪʳ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʚ ʦʜʥʦʢʨʘʪʥʦʤ ʠ ʜʝʩʷʪʠʢʨʘʪʥʦ ʫʚʝʣʠʯʝʥʥʦʤ ʨʝʘʢʮʠʦʥʥʦʤ 

ʦʙʲʝʤʝ, ʠʤʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ (33,4 Ñ 1,1 ʠ 37,5 Ñ 

1,7 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʨʠʩ. 59 ɸ), ʘ ɕ-ʧʦʪʝʥʮʠʘʣ ʚʩʝʭ ʘʩʩʦʮʠʘʪʦʚ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ - 40 ʤɺ. 

ʀʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (PdI) ʢʦʣʝʙʘʣʩʷ ʦʪ 0,266 Ñ 0,025 ʜʦ 0,304 Ñ 0,010 ʜʣʷ ʦʜʥʦʢʨʘʪʥʳʭ 

ʠ ʜʝʩʷʪʠʢʨʘʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʍʨʘʥʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 8 ʩʫʪʦʢ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ 

ʨʘʟʤʝʨ ʘʩʩʦʮʠʘʪʦʚ ʠ ʟʥʘʯʝʥʠʝ PdI: ʦʥʦ ʩʦʩʪʘʚʠʣʦ 0,296 Ñ 0,005 ʜʣʷ ʦʜʥʦʢʨʘʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʠ 0,300 Ñ 0,005 ʜʣʷ ʜʝʩʷʪʠʢʨʘʪʥʳʭ ʦʙʨʘʟʮʦʚ ʘʩʩʦʮʠʘʪʦʚ (ʨʠʩ. 59 ɹ). ɼʘʣʴʥʝʡʰʝʝ ʭʨʘʥʝʥʠʝ 

ʜʝʩʷʪʠʢʨʘʪʥʳʭ ʦʙʨʘʟʮʦʚ ʚʳʷʚʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʘʩʩʦʮʠʘʪʦʚ ʜʦ 43,0 Ñ 2,2 ʥʤ ʧʦʩʣʝ 

21 ʩʫʪʦʢ ʭʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʜʝʢʩʘ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʜʦ 0,407 Ñ 0,041 ʧʦ 

ʠʩʪʝʯʝʥʠʠ 28 ʩʫʪʦʢ ʭʨʘʥʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚʧʣʦʪʴ ʜʦ 21 ʩʫʪʦʢ ʟʥʘʯʝʥʠʝ PdI 

ʥʝ ʧʨʝʚʳʰʘʣʦ 0,326 Ñ 0,006 (ʨʠʩ. 59 ɺ, ɻ).  
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 ʈʠʩʫʥʦʢ 59. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ (ɸ, ɺ) ʠ ʠʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ PdI (ɹ, ɻ) ʥʘʥʦʯʘʩʪʠʮ 

ʟʦʣʦʪʘ (ʙʝʣʳʝ ʩʪʦʣʙʮʳ) ʠ ʠʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʜʫʧʣʝʢʩʘʤʠ ʈʅʂ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʚ ʦʜʥʦʢʨʘʪʥʦʤ (ʪʝʤʥʦ-ʩʝʨʳʝ 

ʩʪʦʣʙʮʳ) ʠ ʜʝʩʷʪʠʢʨʘʪʥʦʤ (ʩʚʝʪʣʦ-ʩʝʨʳʝ ʩʪʦʣʙʮʳ) ʦʙʲʝʤʝ, ʥʘ ʨʘʟʥʳʭ ʩʨʦʢʘʭ ʭʨʘʥʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʈʅʂ ʩ ʅʏɿ ʧʦʩʣʝ ʠʭ ʭʨʘʥʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 7 ʤʝʩʷʮʝʚ 

ʤʝʪʦʜʦʤ DLS ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʩʣʝ 7 ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ ʨʘʟʤʝʨ ʘʩʩʦʮʠʘʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣ 40,3 

Ñ 3,7 ʥʤ, ʘ ʠʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ PdI ʩʦʩʪʘʚʣʷʣ 0,449 Ñ 0,006. ʆʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ 

ʜʣʠʪʝʣʴʥʦ ʭʨʘʥʠʚʰʠʭʩʷ ʘʩʩʦʮʠʘʪʦʚ ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʩʧʝʢʪʨʘ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ 

ʘʩʩʦʮʠʘʪʦʚ (ʨʠʩ. 60 ɸ). 
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ʈʠʩʫʥʦʢ 60. ɸʥʘʣʠʟ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-siGFP ʧʨʠ ʭʨʘʥʝʥʠʠ. ɸ - ʩʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-siGFP, ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠ ʧʦʩʣʝ 7 ʤʝʩ. ʭʨʘʥʝʥʠʷ. ɹ, ɺ - ʩʢʘʥʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʛʝʣʝʡ ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʈʅʂ, ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ ʧʦʩʣʝ 3 ʥʝʜʝʣʴ (ɹ, 

ʜʦʨʦʞʢʘ 4) ʠ ʧʦʩʣʝ 7 ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ (ɺ, ʜʦʨʦʞʢʘ 8). ʂʦʥʪʨʦʣʠ ʧʦʜʚʠʞʥʦʩʪʠ: ʜʦʨʦʞʢʠ 1, 5 ï

sense-ʮʝʧʴ ʈʅʂ, ʜʦʨʦʞʢʠ 2, 6 ï antisense-ʮʝʧʴ ʈʅʂ, ʜʦʨʦʞʢʠ 3, 7 ï siʈʅʂ. 15 % ʥʘʪʠʚʥʳʡ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʳʡ 

ʛʝʣʴ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʩʩʦʮʠʘʪʦʚ, ʤʝʪʦʜʦʤ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚʳʷʚʠʣʦ ʩʦʭʨʘʥʝʥʠʝ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʮʝʧʝʡ ʈʅʂ 

ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʪʦ ʚʠʜʥʦ ʧʦ ʬʘʢʪʫ ʦʙʨʘʟʦʚʘʥʠʷ ʜʫʧʣʝʢʩʘ ʧʦʣʥʦʡ ʜʣʠʥʳ (ʨʠʩ. 

60 ɹ, ɺ). 

4.4.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʅʂ ʚ ʩʦʩʪʘʚʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ 

ʢ ʜʝʛʨʘʜʘʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ FBS ʠ çʮʠʪʦʟʦʣʷè 

4.4.5.1 ʉʭʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʫʢʣʝʘʟʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʅʂ ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʏɿ 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʅʂ ʢ ʜʝʛʨʘʜʘʮʠʠ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʜʝʩʦʨʙʮʠʠ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʅʂ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ. ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʠʩʘʥʳ ʩʧʦʩʦʙʳ ʠʟʫʯʝʥʠ ̫ʜʝʛʨʘʜʘʮʠʠ ʠ 

ʜʝʩʦʨʙʮʠʠ ʅʂ ʠʟ ʩʦʩʪʘʚʘ ʘʩʩʦʮʠʘʪʦʚ ʩ ʅʏɿ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʣʫʦʨʦʬʦʨʘ ʚ ʩʦʩʪʘʚʝ ʅʂ [386, 366, 385]. ɼʣʷ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʅʂ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ  ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ [387, 372, 401], ʘ 

ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʅʂ ʦʮʝʥʠʚʘʣʠ ʧ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʩʠʛʥʘʣʘ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ [32ʈ] 

ʚ ʩʦʩʪʘʚʝ ʅʂ [385, 372]. 

ɸʩʩʦʮʠʘʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʦʪ 1 ʜʦ 22 ʯ ʚ çʮʠʪʦʟʦʣʝè ʠʣʠ ʨʘʩʪʚʦʨʝ FBS, ʟʘʪʝʤ ʅʏɿ 

ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʦʪ ʩʫʧʝʨʥʘʪʘʥʪʘ, ʨʘʟʜʝʣʷʷ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʥʘ ʜʚʝ ʯʘʩʪʠ 

(ʨʠʩ. 61). ʅʏɿ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʅʂ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ DTT ʜʣʷ ʜʝʩʦʨʙʮʠʠ ʅʂ 

(ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʦʨʙʮʠʠ 98,4 Ñ 0,7 %). ɺʩʝ ʦʙʨʘʟʮʳ ʅʂ ʧʦʜʚʝʨʛʘʣʠ 
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ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʚ 15 % ʇɸɸɻ ʠ ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʨʘʩʯʝʪ ʩʪʝʧʝʥʠ 

ʜʝʩʦʨʙʮʠʠ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʤʦʣʝʢʫʣ ʅʂ ʠ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ ʅʂ. 

ʅʫʢʣʝʦʪʠʜʥʳʡ ʤʘʪʝʨʠʘʣ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ 

(ʨʠʩ. 61): (A) ʧʦʣʥʦʨʘʟʤʝʨʥʳʝ ʅʂ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʘʜʩʦʨʙʠʨʦʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ; (ɹ) 

ʧʦʣʥʦʨʘʟʤʝʨʥʳʝ ʅʂ, ʜʝʩʦʨʙʠʨʦʚʘʥʥʳʝ ʚ ʨʘʩʪʚʦʨ; (ɺ) ʤʦʣʝʢʫʣʳ ʅʂ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 

ʜʝʛʨʘʜʘʮʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʘʜʩʦʨʙʠʨʦʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ; (ɻ) ʤʦʣʝʢʫʣʳ ʅʂ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ, ʜʝʩʦʨʙʠʨʦʚʘʥʥʳʝ ʚ ʨʘʩʪʚʦʨ. 

 

ʈʠʩʫʥʦʢ 61. ʉʭʝʤʘ ʩʙʦʨʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ʅʏɿ-ʅʂ: 1 ï ʦʙʨʘʟʦʚʘʥʠʝ ʅʏɿ-ʅʂ, 2 ï ʨʘʟʜʝʣʝʥʠʝ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʥʘ ʟʦʣʴ (ʘʩʩʦʮʠʘʪʳ) ʠ ʩʫʧʝʨʥʘʪʘʥʪ (ʥʝʩʚʷʟʘʚʰʠʝʩʷ ʅʂ), 2.1 ï 

ʘʛʘʨʦʟʥʳʡ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟ ʘʩʩʦʮʠʘʪʦʚ, 2.2 ï ʠʥʢʫʙʘʮʠʷ ʘʩʩʦʮʠʘʪʦʚ ʩ ɼʊʊ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʥʘʠʝʤ ʜʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, 2.3 ï ɻ ʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʚ ʇɸɸɻ ʩʫʧʝʨʥʘʪʘʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʵʪʘʧʘʭ 2 ʠ 2.2, 3 ï ʠʥʢʫʙʘʮʠʷ ʘʩʩʦʮʠʘʪʦʚ ʚ çʮʠʪʦʟʦʣʝè ʠʣʠ 10 

% FBS, 3.1 ï ʵʣʝʢʪʨʦʬʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʢʫʙʘʮʠʠ ʚ çʮʠʪʦʟʦʣʝè ʠʣʠ FBS ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ, 3.2 ï 

ʨʘʟʜʝʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʘ ʟʦʣʴ (ʘʩʩʦʮʠʘʪʳ ʅʏɿ ʩ ʧʦʣʥʦʨʘʟʤʝʨʥʳʤʠ ʠ/ʠʣʠ ʜʝʛʨʘʜʠʨʦʚʘʚʰʠʤʠ ʅʂ) ʠ 

ʩʫʧʝʨʥʘʪʘʥʪ (ʩʚʦʙʦʜʥʳʝ ʧʦʣʥʦʨʘʟʤʝʨʥʳʝ ʠ/ʠʣʠ ʜʝʛʨʘʜʠʨʦʚʘʚʰʠʝ ʅʂ), 3.3 ï ʠʥʢʫʙʘʮʠʷ ʟʦʣʷ (ʠʟ 3.2) ʩ ɼʊʊ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʜʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʅʂ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ, 3.4 - 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʇɸɸɻ ʩʫʧʝʨʥʘʪʘʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʵʪʘʧʘʭ 3.2 ʠ 3.3, ʂʫʨʩʠʚʦʤ ʥʘ ʩʭʝʤʝ 

ʫʢʘʟʘʥʘ ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ɿʘ 100 % ʧʨʠʥʠʤʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʅʂ, ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏɿ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠʥʢʫʙʘʮʠʝʡ ʚ ʜʝʛʨʘʜʠʨʫʶʱʝʡ ʩʠʩʪʝʤʝ (ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ) (ʨʠʩ. 










































