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ʬʝʨʤʝʥʪʦʚ 

185 

7.1 ʂʦʤʙʠʥʘʮʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʜʣʷ 

ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʮʠʪʦʭʨʦʤ ʈ450-ʩʦʜʝʨʞʘʱʠʭ 

ʩʠʩʪʝʤ 

185 

7.2 ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʜʣʷ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʮʠʪʦʭʨʦʤʘ P450 BM3 

190 

ɿɸʂʃʖʏɽʅʀɽ 196 

ɺʓɺʆɼʓ 198 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 200 

ɹʀɹʃʀʆɻʈɸʌʀʗ 203 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 241 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʩʥʦʚ 

ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʫʞʝ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʠʣʝʪʠʡ ʦʩʪʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʦʩʪʘʥʦʚʢʘ 

ʜʠʘʛʥʦʟʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʪʝʨʘʧʠʠ ʥʝ ʪʨʝʙʫʶʪ ʟʥʘʥʠʡ ʦʙ ʵʪʠʦʣʦʛʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ 

ʧʘʪʦʛʝʥʝʟʝ, ʪʨʝʙʫʝʪʩʷ ʦʩʦʟʥʘʥʠʝ ʩʦʙʳʪʠʡ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʫʧʧ ʨʠʩʢʘ ʩʨʝʜʠ 

ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ [1]. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʙʝʣʢʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʨʘʟʚʠʪʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ, ʪʦ ʝʩʪʴ ʚ ʤʦʤʝʥʪ çʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷè 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʚ ʙʦʣʝʟʥʴ [2ï4]. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʚ 

ʧʨʦʪʝʦʤʥʦʤ ʘʥʘʣʠʟʝ ʦʙʫʩʣʦʚʣʝʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʥʠʤʘʥʠʝʤ ʩʣʦʞʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ ʠ ʚʳʩʦʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ [5]. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ çɻʝʥʦʤ 

ʯʝʣʦʚʝʢʘè ʫʙʝʜʠʪʝʣʴʥʳʭ ʫʩʧʝʭʦʚ ʚ ʩʬʝʨʝ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ: ʨʘʩʰʠʬʨʦʚʘʥʥʳʡ ʛʝʥʦʤ ʥʝ ʠʟʙʘʚʠʣ ʯʝʣʦʚʝʯʝʩʪʚʦ ʦʪ ʙʦʣʝʟʥʝʡ. 

ʅʘʯʠʥʘʷ ʩ 2000-ʭ ʛʦʜʦʚ, ʨʘʟʚʠʪʠʝ ʚ ʦʙʣʘʩʪʠ ʞʠʚʳʭ ʩʠʩʪʝʤ ʧʦʣʫʯʠʣʘ ʧʨʦʪʝʦʤʠʢʘ. 

ʆʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʪʝʦʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʦʜʭʦʜʦʚ, ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  ʁʚ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʙʝʣʢʦʚʳʭ ʤʘʨʢʝʨʦʚ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʢʨʦʚʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10ï12 ʄ ʠ 

ʥʠʞʝ [4].  

ɺ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʧʨʦʙʣʝʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʘ 

ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʘʤʧʣʠʬʠʢʘʮʠʠ. ɺ ʧʨʦʪʝʦʤʥʦʤ ʘʥʘʣʠʟʝ ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ 

ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʟʘ ʩʯʝʪ ʧʨʦʮʝʜʫʨʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ɿʘʨʫʙʝʞʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʢʦʣʣʝʢʪʠʚʳ ʧʨʝʜʧʨʠʥʠʤʘʶʪ ʫʩʠʣʠʷ ʜʣʷ 
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ʧʨʝʦʜʦʣʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʙʝʣʢʦʚ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ ʚ ʜʠʘʧʘʟʦʥʝ ʫʣʴʪʨʘʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (10ï15 ʄ ʠ ʥʠʞʝ) 

ʚʧʣʦʪʴ ʜʦ ʝʜʠʥʠʯʥʳʭ ʤʦʣʝʢʫʣ [6]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʨʘʟʤʝʨʥʳʭ ʠʩʩʣʝʜʫʝʤʳʤ 

ʙʠʦʤʦʣʝʢʫʣʘʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʥʘ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʫʨʦʚʥʝ. ʆʙʘ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʜʝʪʝʢʪʦʨʘʭ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ (ɸʉʄ) ʠ 

ʥʘʥʦʧʨʦʚʦʣʦʯʥʳʡ ʙʠʦʩʝʥʩʦʨ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʉʄ ʩʝʥʩʦʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʘʥʪʠʣʝʚʝʨ, ʨʘʜʠʫʩ 

ʦʩʪʨʠʷ ʢʦʪʦʨʦʛʦ ʩʨʘʚʥʠʤ ʩ ʨʘʟʤʝʨʦʤ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ (~1 ʥʤ), ʧʨʠ ʵʪʦʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʘʪʦʤʘʨʥʦ-

ʨʦʚʥʳʭ ʧʦʜʣʦʞʢʘʭ (ʯʠʧʘʭ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʧʦʚʝʨʭʥʦʩʪʴ 

ʯʠʧʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʘ ʭʠʤʠʯʝʩʢʠ (ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ) 

ʠʣʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠ (ʟʘ ʩʯʝʪ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ï ʘʥʪʠʪʝʣ ʠʣʠ 

ʘʧʪʘʤʝʨʦʚ) [7ï9]*1. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣ ʙʝʣʢʘ ʩ 

ʘʢʪʠʚʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʭʠʤʠʯʝʩʢʠʡ ʬʠʰʠʥʛ), ʘ ʚʦ ʚʪʦʨʦʤ ï 

ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʞʜʫ ʮʝʣʝʚʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ ʠ ʟʦʥʜʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʠʰʠʥʛ). ʇʦʜʭʦʜ 

ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʙʝʣʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʬʠʰʠʥʛʘ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʙʳʣ ʦʙʦʟʥʘʯʝʥ ʢʘʢ çɸʉʄ-ʬʠʰʠʥʛè ʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚ 

ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʊ.ʆ. ʇʣʝʰʘʢʦʚʦʡ (2019). ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ɸʉʄ-ʬʠʰʠʥʛʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʦʢ ʢʨʦʚʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʘ ʜʣʷ ʙʝʣʢʦʚ ʚʠʨʫʩʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ [10,11].  

 
1ʉʩʳʣʢʠ ʥʘ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʧʨʠʚʝʜʝʥʳ ʮʠʬʨʘʤʠ, ʩʩʳʣʢʠ ʥʘ ʩʧʠʩʦʢ ʩʪʘʪʝʡ ʘʚʪʦʨʘ ï ʮʠʬʨʘʤʠ 

ʩʦ ʟʚʝʟʜʦʯʢʦʡ 
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ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ɸʉʄ-ʬʠʰʠʥʛʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʳʷʚʣʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ. ɺʦʟʥʠʢ ʟʘʧʨʦʩ ʥʘ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ: ʜʘʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʜʦʩʪʠʛʣʠ ʩʪʦʣʴ ʢʨʠʪʠʯʥʦʛʦ ʫʨʦʚʥʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʚ ʢʦʪʦʨʦʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥʳ ʠ ʜʦʧʦʣʥʝʥʳ 

ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ, ʨʫʪʠʥʥʦ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʙʠʦʘʥʘʣʠʟʝ. ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʝʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʙʠʦʤʦʣʝʢʫʣ, ʷʚʣʷʝʪʩʷ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠ ̫(ʜʘʣʝʝ ï ʄʉ-ʘʥʘʣʠʟ).  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʙʨʘʥʘ ʢʘʢ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ 

ʤʝʪʦʜ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ɸʉʄ-ʬʠʰʠʥʛʘ. ʄʝʪʦʜʳ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ [12]. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʥ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ, ʚ ʢʦʪʦʨʦʤ 

ʢʦʤʙʠʥʘʮʠʷ ɸʉʄ-ʬʠʰʠʥʛʘ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʢʘʢ çɸʉʄ/ʄʉ 

ʧʦʜʭʦʜè, ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ. 

ɺ ʬʦʢʫʩʝ ʦʧʠʩʘʥʥʳʭ ʜʘʣʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʭʦʜʷʪʩʷ ʯʠʧʳ ʜʣʷ ɸʉʄ. ʉʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʢʦʥʪʝʢʩʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɸʉʄ-ʯʠʧʳ ʨʘʩʩʤʦʪʨʝʥʳ 

ʢʘʢ ʧʨʠʤʝʨ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘ ʥʘʥʦʨʘʟʤʝʨʥʦʤ 

ʫʨʦʚʥʝ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʝ ʢʘʢ ʢʶʚʝʪʳ 

ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʠ ʯʠʧʳ ʜʣʷ ʥʘʥʦʧʨʦʚʦʣʦʯʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. ɺ ʨʘʙʦʪʝ 

ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʯʠʧʦʚ ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ.  
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ʎʝʣʴ ʨʘʙʦʪʳ: ʠʥʪʝʛʨʘʮʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ ʩʠʩʪʝʤʫ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ ʠ ʬʠʰʠʥʛʘ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ɺʳʧʦʣʥʠʪʴ ʨʘʩʯʸʪʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʢʨʠʪʝʨʠʝʚ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʧʨʝʜʝʣʘ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ. 

2. ʇʦʜʪʚʝʨʜʠʪʴ ʨʘʩʯʝʪʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ 

ʙʝʣʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʠ ʨʘʟʣʠʯʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ. 

3. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʚʝʨʢʫ ʧʨʠʤʝʥʠʤʦʩʪʠ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ 

ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

4. ʆʧʨʝʜʝʣʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ï ɸʉʄ-ʬʠʰʠʥʛʘ ï ʧʫʪʝʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʧʪʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʙʝʣʢʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʭʠʤʠʯʝʩʢʠ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʦʮʝʜʫʨʦʡ ʬʠʰʠʥʛʘ ʧʦʟʚʦʣʷʶʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʮʝʣʝʚʳʝ ʙʝʣʢʠ ʠʟ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ (V=1 ʤʣ) ʥʘ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʯʠʧʘ (ʜʦ 1 ʩʤ2) ʚ ʢʦʣʠʯʝʩʪʚʝ, 

ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʘʭ ɸʉʄ-ʯʠʧʦʚ ʧʨʦʮʝʜʫʨʳ 

ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ. ɺʧʝʨʚʳʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʚ 

ʨʘʩʪʚʦʨʝ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ 

ʙʝʣʢʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ 

(ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ, ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ, ʪʨʦʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ) ʚ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 10ï6 ʜʦ 10ï15 ʄ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʩ ʯʠʧʦʚ ʜʣʷ ɸʉʄ, ʥʦ ʠ ʜʣʷ ʦʮʝʥʢʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ɸʪʦʤʘʨʥʦ-ʨʦʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ (ɸʉʄ-ʯʠʧʳ), ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʭʠʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʠʣʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ 

(ʘʥʪʠʪʝʣʘ ʠʣʠ ʘʧʪʘʤʝʨʳ), ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ 

ʚ ʢʦʣʠʯʝʩʪʚʝ, ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

2. ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʨʘʩʪʚʦʨʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. 

3. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ 

ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ. 

4. ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10ï15 ʄ ʠ ʚʳʰʝ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ 

ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʚʳʷʚʣʝʥʠʷ ʢʘʥʜʠʜʘʪʥʳʭ ʤʘʨʢʝʨʦʚ ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʨʘʟʚʠʪʠʝʤ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʜʣʷ 

ʚʝʨʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʚʠʪʠʷ 
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ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ɸʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥ ʜʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʮʝʜʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʯʠʧʦʚ ʜʣʷ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʉʧʣʘʥʠʨʦʚʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʥʘ ʯʠʧʘʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ: 

ï ʤʘʪʨʠʯʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʠ/ʠʦʥʠʟʘʮʠʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʚʨʝʤʷʧʨʦʣʝʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ,  

ï ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ ʚ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʥʳʭ ʠʦʥʦʚ 

ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʩʠʩʪʝʤʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ.  

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʭʠʤʠʯʝʩʢʠ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʘʥʘʣʠʪʘ 

ʠ ʦʙʨʘʟʮʘʭ ʧʣʘʟʤʳ ʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ.  

ɸʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥ ʮʠʢʣ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʦʮʝʥʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʬʝʨʤʝʥʪʦʚ ʩʝʤʝʡʩʪʚʘ 

ʮʠʪʦʭʨʦʤʦʚ ʈ450, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ. 

ɸʧʨʦʙʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʜʦʣʦʞʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ʝʞʝʛʦʜʥʳʭ 

ʠʪʦʛʦʚʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʢʦʥʛʨʝʩʩʘʭ: 11th Human Proteome World Congress 

(ɹʦʩʪʦʥ, 2012), çɹʠʦʪʝʭʥʦʣʦʛʠʷ: ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè (ʄʦʩʢʚʘ, 2011 

ʠ 2020), çʂʣʠʥʠʯʝʩʢʘʷ ʧʨʦʪʝʦʤʠʢʘ ʠ ʧʦʩʪʛʝʥʦʤʥʘʷ ʤʝʜʠʮʠʥʘè (ʄʦʩʢʚʘ, 2017), 

çʄʦʣʝʢʫʣʷʨʥʳʝ ʦʩʥʦʚʳ ʢʣʠʥʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ï ʚʦʟʤʦʞʥʦʝ ʠ ʨʝʘʣʴʥʦʝè (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2017), çʇʘʪʦʬʠʟʠʦʣʦʛʠʷ, ʢʣʠʥʠʢʘ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʥʘʨʫʰʝʥʠʡ 

ʤʠʢʨʦʙʠʦʪʳè (ʄʦʩʢʚʘ, 2019), çɻʝʥʝʪʠʢʘ XXI  ʚʝʢè (ʄʦʩʢʚʘ, 2019), çIII 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ ʬʠʟʠʦʣʦʛʦʚ, ʙʠʦʭʠʤʠʢʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʙʠʦʣʦʛʦʚè (ʄʦʩʢʚʘ, 2021). 
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ʇʫʙʣʠʢʘʮʠʠ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʳ ʚ 42 

ʧʫʙʣʠʢʘʮʠʷʭ: 30 ʩʪʘʪʝʡ (6 ï ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ 24 ï ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ 

ʠʟʜʘʥʠʷʭ), 9 ʪʝʟʠʩʦʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʘ ʪʘʢʞʝ 

ʤʦʥʦʛʨʘʬʠʷ, ʛʣʘʚʘ ʚ ʢʥʠʛʝ ʠ ʧʘʪʝʥʪ. ʀʥʜʝʢʩ ʍʠʨʰʘ ʩʦʠʩʢʘʪʝʣʷ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʩʦʩʪʘʚʣʷʝʪ 13 ʧʦ ʜʘʥʥʳʤ ʩʠʩʪʝʤʳ Scopus. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʥʦʙʠʦʪʝʭʥʦʣʦʛʠʠ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ɺ.ʅ. ʆʨʝʭʦʚʠʯʘè (ʀɹʄʍ) ʧʨʠ ʧʦʜʜʝʨʞʢʝ: 

1. ʧʨʦʛʨʘʤʤ ʌʅʀ (ɻɸʅ) ʧʦ ʪʝʤʘʤ çʇʦʠʩʢ ʧʦʩʪʛʝʥʦʤʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ 

ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷè (2015-

2017 ʛʛ) ʠ "ʉʦʟʜʘʥʠʝ ʙʠʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ" 

(2013-2020); 

2. ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ 09-04-12113-ʦʬʠ_ʤ (2009-2010), ˉ 11-04-12018-ʦʬʠ_ʤ 

(2011-2012 ʛʛ), ˉ 12-04-31570 ʤʦʣ_ʘ (2012-2013 ʛʛ), 15-04-08368 A (2015-2017 ʛʛ); 

3. ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʢʦʥʪʨʘʢʪʦʚ ˉ 02.512.11.2334 (2009-2010 ʛʛ), ˉ 

02.552.11.7060 (2009-2010 ʛʛ) ʠ 14.512.11.0018 (2013 ʛ) ʚ ʨʘʤʢʘʭ ʌʎʇ 

çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʌ ʥʘ 2007-2013 ʛʛ.è; 

4. ʛʨʘʥʪʘ ʚ ʬʦʨʤʝ ʩʫʙʩʠʜʠʠ ʚ ʨʘʤʢʘʭ ʌʎʇ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ 

ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009-2013 ʛʛ.è ʧʦ ʉʦʛʣʘʰʝʥʠʶ ˉ8717 (2012-

2013 ʛʛ.).  
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ɻʃɸɺɸ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

1.1 ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʧʦʩʪʛʝʥʦʤʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ (ʪʨʘʥʩʢʨʠʧʪʦʤʠʢʘ, ʧʨʦʪʝʦʤʠʢʘ ʠ ʤʝʪʘʙʦʣʦʤʠʢʘ), ʢʦʪʦʨʳʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʦʙʰʠʨʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʝʭʘʥʠʟʤʘʭ ʠ ʨʦʣʠ ʦʪʜʝʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʨʝʘʣʠʟʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʬʝʥʦʪʠʧʘ, ʚ ʦʥʪʦʛʝʥʝʟʝ ʠ ʨʘʟʚʠʪʠʠ ʧʘʪʦʣʦʛʠʠ [13]. 

ʅʘʠʙʦʣʝʝ ʷʨʢʠʤʠ ʛʝʥʝʪʠʯʝʩʢʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ ʚ 

ʟʜʦʨʦʚʦʡ ʢʣʝʪʢʝ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠʟʤʝʥʝʥʠʝ ʬʝʥʦʪʠʧʘ, ʷʚʣʷʶʪʩʷ ʩʤʝʥʘ ʩʪʘʜʠʡ 

ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʦʪ ʧʨʦʬʘʟʳ ʜʦ ʘʥʘʬʘʟʳ, de novo ʛʣʶʢʦʥʝʦʛʝʥʝʟ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ 

ʠ ʩʦʟʨʝʚʘʥʠʝ ʢʣʝʪʢʠ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʝʪ ʠʟʫʯʝʥʠʝ 

ʨʝʛʫʣʷʮʠʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʠʟʤʝʥʷʶʱʠʭ ʥʦʨʤʘʣʴʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʣʝʪʢʠ. ɿʥʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʤʥʦʛʦʤʝʨʥʳʝ 

ʧʦʩʪʛʝʥʦʤʥʳʝ ʜʘʥʥʳʝ ʦʙ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʦʜʝʨʞʘʥʠʠ ʪʨʘʥʩʢʨʠʧʪʦʚ, ʙʝʣʢʦʚʦʤ ʠ 

ʤʝʪʘʙʦʣʠʪʥʦʤ ʩʦʩʪʘʚʝ, ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʙʳʪʠʡ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʊʘʢʠʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʦʙʳʪʠʷʤʠ 

ʷʚʣʷʶʪʩʷ ʨʝʛʫʣʷʮʠʷ ʪʨʘʥʩʣʷʮʠʠ ʙʝʣʢʘ ʠ ʧʦʩʪ-ʪʨʘʥʩʣʷʮʠʦʥʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ 

(ʇʊʄ), ʨʝʛʫʣʷʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʈʅʂ-

ʠʥʪʝʨʬʝʨʝʥʮʠʷ.  

ʀʟʤʝʥʝʥʠʷ ʧʨʦʪʝʦʤʘ ʧʨʠ ʧʘʪʦʣʦʛʠʠ ʦʪʨʘʞʘʪʁ ʢʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ ʤʝʭʘʥʠʟʤʦʚ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʢʣʝʪʢʠ [14]. ɹʣʘʛʦʜʘʨʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʜʦʩʪʠʞʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʧʦʩʪʛʝʥʦʤʥʦʡ ʙʠʦʣʦʛʠʠ ʩʪʘʣ ʚʦʟʤʦʞʝʥ 

ʧʦʠʩʢ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʫʣʴʪʠʛʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʢʦʛʜʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʪʝʨʘʧʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ, ʧʨʝʜʠʢʪʦʨʦʚ 

ʦʪʚʝʪʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘʧʠʠ ʠ ʨʘʟʚʠʪʠʝ ʧʦʜʭʦʜʦʚ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʤʝʜʠʮʠʥʳ. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʫʩʧʝʭʠ ʧʦʩʪʛʝʥʦʤʥʦʡ ʙʠʦʣʦʛʠʠ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʝʪʢʝ, ʧʦʤʦʛʘʝʪ 

ʧʨʦʣʠʪʴ ʩʚʝʪ ʥʘ ʨʝʰʝʥʠʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʚʳʟʦʚʦʚ ʙʠʦʤʝʜʠʮʠʥʳ ï 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʜʦʨʦʚʦʡ ʢʣʝʪʢʠ ʚ ʦʧʫʭʦʣʝʚʫʶ. 
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ʈʝʟʫʣʴʪʘʪʦʤ ʢʨʫʧʥʝʡʰʝʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ çɻʝʥʦʤ ʯʝʣʦʚʝʢʘè 

(ʟʘʚʝʨʰʝʥ ʚ 2000 ʛʦʜʫ) ʩʪʘʣʦ ʘʥʥʦʪʠʨʦʚʘʥʠʝ ʦʢʦʣʦ 20000 ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ 

ʛʝʥʦʚ. ʉʧʫʩʪʷ 20 ʣʝʪ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʝʢʪʘ çɻʝʥʦʤ ʯʝʣʦʚʝʢʘè ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ 

ʦʪʚʝʪʠʣʠ ʥʘ ʚʦʧʨʦʩ ʦ ʤʥʦʛʦʦʙʨʘʟʠʠ ʙʝʣʢʦʚʳʭ ʪʠʧʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʦʚʦʢʫʧʥʳʡ 

ʧʨʦʪʝʦʤ [15]. ʆʮʝʥʢʫ ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʙʝʣʢʦʚ ʟʘʪʨʫʜʥʷʶʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʙʝʣʢʦʚʳʭ ʬʦʨʤ, ʘ ʩ ʜʨʫʛʦʡ, ï ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʠʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ.  

ʄʥʦʛʦʦʙʨʘʟʠʝ ʙʝʣʢʦʚʳʭ ʬʦʨʤ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʂ ʪʘʢʠʤ ʧʨʦʮʝʩʩʘʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʥʦʩʷʪ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ (ʇʊʄ) ʙʝʣʢʘ, ʢʦʪʦʨʳʝ ʥʝ ʢʦʜʠʨʫʶʪʩʷ ʛʝʥʦʤʦʤ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʙʝʣʢʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʠ 

ʜʘʞʝ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʘʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤ [14]. ʇʊʄ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʤʥʦʞʝʩʪʚʘ ʙʝʣʢʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ ʇʊʄ, ʢʦʪʦʨʳʝ, ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ. ʅʘ ʩʝʛʦʜʥʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʘʥʥʦʪʠʨʦʚʘʥʦ ʙʦʣʝʝ 300 

ʪʠʧʦʚ ʤʦʜʠʬʠʢʘʮʠʡ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦ, ʷʚʣʷʶʪʩʷ 

ʩʘʡʪ-ʩʧʝʮʠʬʠʯʥʳʤʠ ʠ ʥʘʧʨʘʚʣʝʥʥʳʤʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʧʨʠʨʦʜʝ 

ʷʚʣʷʶʪʩʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ, ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ, ʤʝʪʠʣʠʨʦʚʘʥʠʝ, ʮʠʪʨʫʣʣʠʨʦʚʘʥʠʝ ʠ 

ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ [16,17]*. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʳʚʘʶʪ ʚʘʞʥʦʩʪʴ 

ʠʟʫʯʝʥʠʷ çʩʠʛʥʘʪʫʨʳè ʇʊʄ ʙʝʣʢʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʥʫʞʜ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ 

ʤʝʜʠʮʠʥʳ [17*, 18ï23, 24*] ʠ ʵʥʜʦʢʨʠʥʦʣʦʛʠʠ [25,26]. ʅʘ ʩʝʛʦʜʥʷ ʤʥʦʞʝʩʪʚʦ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʦʣʠ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʠʥʛʘ ʙʝʣʢʦʚ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʟʜʦʨʦʚʦʛʦ ʬʝʥʦʪʠʧʘ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ. 

ɺʢʣʘʜ ʚ ʤʥʦʛʦʦʙʨʘʟʠʝ ʙʝʣʢʦʚʳʭ ʬʦʨʤ ʪʘʢʞʝ ʚʥʦʩʠʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʪʢʘʥʠ, ʩʪʘʜʠʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ. ʂʣʝʪʢʠ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʦʪʣʠʯʥʳʝ ʥʘʙʦʨʳ ʛʝʥʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʢʘʥʝʡ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʣʝʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʠʷʤ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʧʨʦʪʝʦʤʘ ʚʦ ʚʨʝʤʝʥʠ [27,28]. ɺ ʦʮʝʥʢʝ ʤʥʦʛʦʦʙʨʘʟʠʷ 



15 

ʙʝʣʢʦʚʳʭ ʬʦʨʤ ʚʘʞʥʳ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʝ ʷʚʣʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡʩʠʥʛʘ, 

ʦʨʛʘʥʠʟʘʮʠʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʛʝʪʝʨʦʤʝʨʥʳʭ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ, ʨʝʘʣʠʟʘʮʠʠ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʣʠʤʦʨʬʠʟʤʦʚ ʚ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʟʘʤʝʥʳ [14]. 

ʆʙʨʘʟʮʳ ʧʣʘʟʤʳ ʠʣʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ ʠ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʠʟʳʩʢʘʥʠʷʭ ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʠʥʚʘʟʠʚʥʦʤʫ ʩʧʦʩʦʙʫ ʟʘʙʦʨʘ ʙʠʦʤʘʪʝʨʠʘʣʘ. ʂʨʦʚʴ 

ʚʢʣʶʯʘʝʪ ʦʙʰʠʨʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʪʝʦʤʘ ʯʝʣʦʚʝʢʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʤʠʤʦ ʙʝʣʢʦʚ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʢʨʦʚʝʥʦʩʥʦʤ ʨʫʩʣʝ, ʩʦʜʝʨʞʠʪ ʪʢʘʥʝʚʳʝ ʩʝʢʨʝʪʦʨʥʳʝ ʙʝʣʢʠ, ʘ 

ʪʘʢʞʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʢʣʝʪʢʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ [29].  

ʇʨʦʪʝʦʤ ʢʨʦʚʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʦʙʰʠʨʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʜʝʩʷʪʠ ʧʦʨʷʜʢʦʚ ʠ 

ʚʢʣʶʯʘʝʪ ʜʣʷ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʣʴʙʫʤʠʥ ʥʘ 

ʫʨʦʚʥʝ 80 ʤʄ ʠ ʮʠʪʦʢʠʥ rʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʠʥʪʝʨʣʝʡʢʠʥ-6 ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʘ ʫʨʦʚʥʝ 0,2 ʧʄ [29,30]. ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʪʨʫʜʝ çɹʝʣʢʠ ʧʣʘʟʤʳè (1975 

ʛʦʜ) ʇʘʪʥʵʤ ʦʧʨʝʜʝʣʠʣ, ʯʪʦ ʚ ʧʣʘʟʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ 

ʬʫʥʢʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ [31]. ʇʦʟʜʥʝʝ ʩ ʨʘʟʚʠʪʠʝʤ ʪʦʯʥʦʩʪʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ 

ʢʦʥʮʝʧʮʠʷ çʧʨʦʪʝʦʤʘ ʧʣʘʟʤʳè, ʢʦʪʦʨʘʷ ʦʙʦʙʱʘʝʪ ʙʦʣʝʝ h ʠʨʦʢʠʡ ʧʝʨʝʯʝʥʴ ʙʝʣʢʦʚ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʢʨʦʚʝʥʦʩʥʦʤ ʨʫʩʣʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʝʤ. ʉ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʣʢʠ ʢʨʦʚʠ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ [29]: 

ï ʩʝʢʨʝʪʠʨʫʝʤʳʝ ʪʢʘʥʝʚʳʝ ʙʝʣʢʠ (ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʠ ʩʝʢʨʝʪʠʨʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʧʝʯʝʥʴʶ ʠ ʢʠʰʝʯʥʠʢʦʤ); 

ï ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʳ (ʫ ʟʜʦʨʦʚʦʛʦ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ʢʨʦʚʦʪʦʢʝ ʥʘʭʦʜʠʪʩʷ 

ʧʦʨʷʜʢʘ ʜʝʩʷʪʠ ʤʠʣʣʠʦʥʦʚ ʪʠʧʦʚ ʘʥʪʠʪʝʣ, ʦʪʣʠʯʥʳʝ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ); 

ï ʣʠʛʘʥʜʳ ʜʣʷ ʨʝʮʝʧʪʦʨʦʚ çʜʘʣʴʥʝʛʦ ʜʝʡʩʪʚʠʷè (ʛʦʨʤʦʥʳ ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ); 
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ï ʣʠʛʘʥʜʳ ʜʣʷ ʨʝʮʝʧʪʦʨʦʚ çʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷè (ʮʠʪʦʢʠʥʳ ʠ ʜʨʫʛʠʝ 

ʤʝʜʠʘʪʦʨʳ ʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʙʣʠʞʥʝʛʦ ʦʢʨʫʞʝʥʠʷ); 

ï ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʝ ʙʝʣʢʠ (ʚ ʩʦʩʪʘʚʝ ʚʝʟʠʢʫʣ ʚ ʢʨʦʚʝʥʦʩʥʦʤ ʨʫʩʣʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʣʠʟʦʩʦʤʘʣʴʥʳʝ ʙʝʣʢʠ); 

ï ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʚʳʩʚʦʙʦʞʜʘʶʪʩ ̫ ʚ ʢʨʦʚʝʥʦʩʥʦʝ ʨʫʩʣʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ ʠʣʠ ʛʠʙʝʣʠ ʢʣʝʪʢʠ (ʟʘʯʘʩʪʫʶ 

ʦʪʨʘʞʘʶʪ ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʨʛʘʥʠʟʤʝ); 

ï ʦʧʫʭʦʣʝʚʳʝ ʙʝʣʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʥʢʦʤʘʨʢʝʨʳ, ʢʦʪʦʨʳʝ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ 

ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ ʠ ʩʝʢʨʝʪʠʨʫʶʪʩʷ ʚ ʢʨʦʚʦʪʦʢ; 

ï ʙʝʣʢʠ ʜʨʫʛʠʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ (ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʬʝʢʮʠʦʥʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʠʣʠ ʧʘʨʘʟʠʪʦʚ, ʢʦʪʦʨʳʝ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʚ ʢʨʦʚʦʪʦʢ). 

ɹʝʣʢʠ ʢʨʦʚʠ ʠʛʨʘʶʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʠʟʠʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ ʠ 

ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʝʜʠʮʠʥʳ. ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʚ 

ʙʠʦʦʙʨʘʟʮʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʟʜʦʨʦʚʳʤ ʠ ʙʦʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʯʝʣʦʚʝʢʘ [30,32]. 

ʂʦʰʠʢ ʂʫʤʘʨ ɼʝʡ ʠ ʩʦʘʚʪʦʨʳ ʠʟ ʄʝʜʠʮʠʥʩʢʦʡ ʰʢʦʣʳ ʅʘʥʢʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

(ʎʟʷʥʩʫ, ʂʠʪʘʡ) ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʪʝʦʤʘ ʧʣʘʟʤʳ ʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ, 

ʧʦʩʚʷʱʝʥʥʦʤ ʧʦʠʩʢʫ ʥʦʚʳʭ ʙʠʦʤʘʨʢʝʨʦʚ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, 

ʯʪʦ çʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ ʚ ʢʨʦʚʠ ʩʪʘʣʦ ʦʙʰʠʨʥʦʡ ʧʨʘʢʪʠʢʦʡ ʩʨʝʜʠ ʥʘʫʯʥʳʭ 

ʛʨʫʧʧ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʙʠʦʤʘʨʢʝʨʦʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘè [30, 

32]. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʧʨʦʪʝʦʤʘ ʢʨʦʚʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʪʘʥʜʝʤʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ (ɺʕɾʍ-ʄʉ/ʄʉ) ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʚʩʣʝʜʩʪʚʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʛʣʫʙʦʢʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʧʣʘʟʤʳ ʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʜʣʷ 

ʥʝʙʦʣʴʰʦʡ ʚʳʙʦʨʢʠ ʙʦʣʴʥʳʭ ɸʣʴʮʛʝʡʤʝʨʦʤ (n=5). ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ 

4826 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʥʘ ʥʝʙʦʣʴʰʦʡ ʢʦʛʦʨʪʝ 

ʫʯʘʩʪʥʠʢʦʚ ʫʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʜʣʷ 30 ʙʝʣʢʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ (n=6). ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʙʝʣʢʦʚ ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʥʠʢʘʤʠ 
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ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʧʫʪʠ ʠ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ [30,32]. 

ʎʠʨʢʫʣʠʨʫʶʱʠʝ ʠ ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ, ʠʥʪʝʨʣʝʡʢʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥ rʚ ʢʨʦʚʠ ʚ 

ʦʙʰʠʨʥʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1. ï ʂʦʥʮʝʥʪʨʘʮʠʠ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʢʨʦʚʠ ʙʝʣʢʦʚ. ɹʝʣʢʠ ʧʣʘʟʤʳ ʢʨʦʚʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩʣʝʚʘ, ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʜʠʘʧʘʟʦʥʫ ʚʳʩʦʢʦʢʦʧʠʡʥʳʭ ʙʝʣʢʦʚ 

(>10ï6 ʄ ʠ ʚʳʰʝ), ʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʠʘʧʘʟʦʥʫ ʩʨʝʜʥʝʢʦʧʠʡʥʳʭ ʙʝʣʢʦʚ (10ï6-10ï10 ʄ), ʮʠʪʦʢʠʥʳ, 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʩʧʨʘʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʠʘʧʘʟʦʥʫ ʥʠʟʢʦʢʦʧʠʡʥʳʭ ʙʝʣʢʦʚ 

(10ï11 ʄ ʠ ʥʠʞʝ). ʉʦʢʨʘʱʝʥʠʷ: ʌʅʆ ï ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ, IgG ï 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥ ʢʣʘʩʩʘ G. ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ 

ʰʢʘʣʝ, ʦʭʚʘʪʳʚʘʶʱʝʡ 12 ʧʦʨʷʜʢʦʚ. ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ [29] .  

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʜʣʷ ʚʳʩʦʢʦʢʦʧʠʡʥʳʭ ʙʝʣʢʦʚ ʩ ʤʦʣʷʨʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 60 ʤʢʄ ʜʣʷ ʨʝʪʠʥʦʣ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ ʜʦ 80 ʤʄ ʜʣʷ 

ʘʣʴʙʫʤʠʥʘ. ʂʣʝʪʦʯʥʳʝ ʙʝʣʢʠ, ʮʠʨʢʫʣʠʨʫʶʱʠʝ ʚ ʢʨʦʚʦʪʦʢʝ, ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ 

ʦʪʥʦʩʷʪʩʷ ʢ ʜʠʘʧʘʟʦʥʫ ʩʨʝʜʥʝʢʦʧʠʡʥʳʭ ʙʝʣʢʦʚ ʩ ʤʦʣʷʨʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʪ 

40 ʧʄ ʜʣʷ ʪʨʦʧʦʥʠʥʘ I ʜʦ170 ʥʄ ʜʣʷ ʤʠʦʛʣʦʙʠʥʘ. ʀʥʪʝʨʣʝʡʢʠʥʳ ʤʦʛʫʪ ʙʳʪʴ 
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ʦʪʥʝʩʝʥʳ ʢ ʜʠʘʧʘʟʦʥʫ ʥʠʟʢʦʢʦʧʠʡʥʳʭ ʙʝʣʢʦʚ ï ʦʪ 1,5 ʧʄ ʜʣʷ ʠʥʪʝʨʣʝʡʢʠʥʘ 10 ʜʦ 

42 ʧʄ ʜʣʷ ʠʥʪʝʨʣʝʡʢʠʥʘ 6 [29]. 

ʐʠʨʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʙʝʣʢʦʚ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ 

ʢʨʦʚʠ. ɺ ʧʣʘʟʤʝ ʢʨʦʚʠ ʥʘ ʜʦʣʶ 22 ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʙʝʣʢʦʚ 

ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ 99% ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʙʝʣʢʘ [33]. ʋʜʘʣʝʥʠʝ 

ʚʳʩʦʢʦʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʙʝʣʢʦʚ ʠʟ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʦʯʠʩʪʢʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʣʢʦʚ, ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʙʝʣʢʦʚʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʠ ʧʦʚʳʩʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫ ʁʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪ ɹʘʥʘʣʠʟʘ [30]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʦʯʠʩʪʢʠ ʧʣʘʟʤʳ ʢʨʦʚʠ ʦʪ ʚʳʩʦʢʦʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ 

ʘʬʬʠʥʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʣʦʥʦʢ ʩ ʢʦʚʘʣʝʥʪʥʦ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ, ʩʧʝʮʠʬʠʯʥʳʤʠ ʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʙʝʣʢʘʤ ʧʣʘʟʤʳ ʢʨʦʚʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʘʬʬʠʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ ʦʪ 

ʚʳʩʦʢʦʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʙʝʣʢʦʚ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʘʥʪʠʪʝʣʘ 

ʥʝ ʦʙʣʘʜʘʶʪ ʘʙʩʦʣʶʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ ʮʝʣʝʚʳʤ ʙʝʣʢʘʤ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʨʝʢʨʝʩʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʫʜʘʣʝʥʠʶ ʥʝʮʝʣʝʚʳʭ ʙʝʣʢʦʚ. ɺʦ-

ʚʪʦʨʳʭ, ʦʙʝʜʥʝʥʠʝ ʙʠʦʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʠ ʠ ʫʜʘʣʝʥʠʶ ʘʥʪʠʛʝʥ-ʩʚʷʟʘʥʥʳʭ ʙʝʣʢʦʚ. 

ʂʦʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʜʘʣʝʥʠʶ ʥʝ ʪʦʣʴʢʦ ʘʥʪʠʛʝʥ ʩʧʝʮʠʬʠʯʥʳʭ 

ʙʝʣʢʦʚ, ʥʦ ʠ ʠʭ ʙʝʣʢʦʚ-ʧʘʨʪʥʝʨʦʚ [34ï36]. ɺ-ʪʨʝʪʴʠʭ, ʧʨʦʮʝʜʫʨʘ ʠʤʤʫʥʥʦʛʦ 

ʦʙʝʜʥʝʥʠʷ ʢʨʦʚʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʳʩʦʢʦʡ ʚʘʨʠʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʛʨʫʧʧʘ ʇʘʣʩʪʨʝʤ (ʎʝʥʪʨ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʦʪʝʦʤʠʢʠ, ɼʘʥʠʷ) ʩʨʘʚʥʠʣʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʜʫʨʳ ʫʜʘʣʝʥʠʷ ʠʟ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ 

ʚʳʩʦʢʦʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʙʝʣʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʘʬʬʠʥʥʳʭ ʧʣʘʪʬʦʨʤ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʦʧʫʣʷʨʥʳʭ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ MARS-14 (Agilent, ʉʐɸ) ʠ 

Proteominer (BioRad, ʉʐɸ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʮʝʣʝʚʳʭ 

ʙʝʣʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 99,9 %. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ 

ʚʳʩʦʢʦʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʙʝʣʢʦʚ ʚ ʦʙʨʘʟʮʘʭ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
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ʠʤʤʫʥʦʘʬʬʠʥʥʳʭ ʤʝʪʦʜʦʚ, ʨʷʜ ʘʚʪʦʨʦʚ ʦʪʤʝʯʘʝʪ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ 

ʧʦʜʭʦʜʘ. ɸʚʪʦʨʳ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʜʘʞʝ ʚ ʦʯʠʱʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ 

ʥʘ ʜʦʣʶ 50-ʪʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʙʝʣʢʦʚ ʧʣʘʟʤʳ ʧʨʠʭʦʜʠʪʩʷ 90 % 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʠʦʥʦʚ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʣʠʰʴ ʦ ʯʘʩʪʠʯʥʦʤ ʦʙʝʜʥʝʥʠʠ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʞʠʜʘʝʤʦʤʫ ʧʦʥʠʞʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚ ʢʨʦʚʠ.  

ʉʢʘʥʠʨʫʶʱʠʡ (ʧʘʥʦʨʘʤʥʳʡ) ʧʨʦʪʝʦʤʥʳʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʣʘʪʬʦʨʤ ɺʕɾʍ-ʄʉ/ʄʉ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʠʤʤʫʥʥʦʛʦ ʦʯʠʱʝʥʠʷ ʦʪ 

ʤʘʞʦʨʥʳʭ ʪʠʧʦʚ ʙʝʣʢʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʥʠʟʢʦʢʦʧʠʡʥʳʝ 

ʙʝʣʢʠ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ [35]. ʅʘ ʩʝʛʦʜʥʷ ʚʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʚ 

ʥʠʟʢʦʡ ʠ ʫʣʴʪʨʘʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚʳʷʚʣʝʥʠʷ ʙʝʣʢʦʚ ʚ ʦʙʨʘʟʮʘʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʩʣʦʞʥʦʩʪʴʶ ʩʦʩʪʘʚʘ ʙʠʦʦʙʨʘʟʮʦʚ, 

ʠhʨʦʢʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʘʥʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʙʝʣʢʦʚ ʚ ʥʠʟʢʦʤ ʠ ʫʣʴʪʨʘʥʠʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ [37]. 

ɼʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʢʣʠʥʠʢʦ-

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʙʝʣʢʦʚʳʭ ʤʘʨʢʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ [38].  

 

1.2 ʇʦʜʭʦʜʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʰʠʨʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ, ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʟʘ 

ʫʣʴʪʨʘʥʠʟʢʦʢʦʧʠʡʥʳʭ ʙʝʣʢʦʚ (10ï15 ʄ ʠ ʥʠʞʝ). ɿʥʘʯʠʤʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʥʠʟʢʦ- ʠ 

ʫʣʴʪʨʘʥʠʟʢʦʢʦʧʠʡʥʳʭ ʙʝʣʢʦʚ ʩʣʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʪʘʣʦʛʠʟʘʮʠʠ ʙʝʣʢʦʚ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʠʟʤʦʚ, ʠ ʧʦʠʩʢʦʚʳʭ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʟʘʜʘʯ ï ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʦʚʳʩʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʝʣʢʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ 
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ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʪʘʙʣʠʮʘ 1), ʩʦʚʤʝʩʪʠʤʳʝ ʩ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ. ʇʨʝʜʝʣ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ ʩʦʧʨʷʞʝʥʥʳʭ ʩʠʩʪʝʤ ʦʛʨʘʥʠʯʝʥ:  

(ʘ) ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʬʬʠʥʥʦʛʦ 

ʥʦʩʠʪʝʣʷ; 

(ʙ) ʧʦʣʥʦʪʦʡ ʵʣʶʮʠʠ, ʠʣʠ ʠʟʚʣʝʯʝʥʠʷ, ʙʝʣʢʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ; 

(ʚ) ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ.  

ʊʘʙʣʠʮʘ 1. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, 

ʩʦʯʝʪʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ / ʠʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ 

ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠ.̫ 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʄ ʅʘʟʥʘʯʝʥʠʝ ʀʩʪʦʯʥʠʢ 

ʍʨʦʤʘʪʦʛʨʘʬʠʷ (SELDI*-

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ) 
10ï12 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʙʝʣʢʦʚ 
[39,40] 

ʕʣʝʢʪʨʦʬʦʨʝʟ 10ï10-10ï11 
ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʙʝʣʢʦʚ 
[41,42] 

ʄʘʛʥʠʪʥʳʝ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ 
10ï10-10ï14 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʧʝʧʪʠʜʦʚ ʠ 

ʙʝʣʢʦʚ 

[43,44] 

ʠʤʤʫʥʦ-ʄɸʃɼʀ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

(iMALDI ** ) 

10ï11 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʧʝʧʪʠʜʦʚ ʠ 

ʙʝʣʢʦʚ 

[45] 

ɻʝʣʝʚʳʝ ʤʠʢʨʦʯʠʧʳ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʄɸʃɼʀ-

ʘʥʘʣʠʟʦʤ 

10ï8 
ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʙʝʣʢʦʚ 
[46] 

*SELDI-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠ ̫ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʝʡ/ʠʦʥʠʟʘʮʠʝʡ ʦʪ ʘʥʛʣ. çSurface-Enhanced Laser Desorption Ionization 

time-of-flightè; iMALDI **(ʠʤʤʫʥʦ-ʄɸʃɼʀ) ï ʪʝʭʥʦʣʦʛʠʷ ʤʘʪʨʠʯʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʠ/ʠʦʥʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʤʫʥʦʤʘʪʨʠʮʳ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʚʨʝʤʷʧʨʦʣʝʪʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ 

 

ʇʨʦʮʝʜʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʩʤʝʩʝʡ ʚ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʯʘʩʪʫʶ ʧʨʦʚʦʜʷʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʭʨʦʤʘʪʦʛʨʘʬʠʠ [47]. ɺ 

SELDI-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ (ʦʪ ʘʥʛʣ. çSurface-Enhanced Laser 

Desorption Ionization time-of-flightè) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʥʦʛʦʤʝʨʥʦʝ ʨʘʟʜʝʣʝʥʠʝ 
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ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʣʢʦʚʳʭ ʯʠʧʦʚ. ɹʝʣʢʠ ʨʘʟʜʝʣʷʶʪʩʷ 

ʩʥʘʯʘʣʘ ʧʦ ʠʭ ʩʨʦʜʩʪʚʫ ʢ ʥʝʧʦʜʚʠʞʥʦʡ (ʩʪʘʮʠʦʥʘʨʥʦʡ) ʬʘʟʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʘʥʠʦʥ/ʢʘʪʠʦʥʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ, 

ʛʠʜʨʦʬʦʙʥʦʩʪʠ/ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʙʠʦʤʦʣʝʢʫʣʷʨʥʦʤʫ 

ʨʘʩʧʦʟʥʘʚʘʥʠʶ.  

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʜʝʣʝʥʠʷ ʘʥʘʣʠʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʠʦʥʦʚ ʢ ʟʘʨʷʜʫ [48]. SELDI-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʷʚʣʷʝʪʩʷ 

ʛʠʙʨʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʩʦʯʝʪʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʠ ʚʨʝʤʷʧʨʦʣʝʪʥʫʶ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʶ ʩ ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʝʡ/ʠʦʥʠʟʘʮʠʝʡ 

(ʄɸʃɼʀ-ʄʉ). SELDI-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʪʝʭʥʦʣʦʛʠʠ 

çʧʨʦʪʝʦʤʠʢʘ-ʥʘ-ʯʠʧʝè, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʯʠʧʳ 

çProteinChipè, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʦʨʛʘʥʠʟʦʚʘʥʦ 8 ʠʣʠ 16 ʩʝʥʩʦʨʥʳʭ ʟʦʥ. 

ʂʘʞʜʘʷ ʩʝʥʩʦʨʥʘʷ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʦʬʘʟʥʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ. ʇʦʩʣʝʜʫʶʱʘʷ ʵʣʶʮʠʷ ʧʝʧʪʠʜʦʚ ʠ 

ʙʝʣʢʦʚ ʩ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʦʩʠʪʝʣʷ ʠ ʠʦʥʠʟʘʮʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʪʨʠʮʳ, 

ʩʣʘʙʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʢʠʩʣʦʪʳ (Ŭ-ʮʠʘʥʦ-4-ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʘʷ ʢʠʩʣʦʪʘ), ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʟʥʘʯʝʥʠʷʤ ʦʪʥʦʰʝʥʠʡ 

ʤʘʩʩʳ ʠʦʥʦʚ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʘʨʷʜʘʤ (m/z). ʅʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʠʢʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʦʚʦʡ 

ʤʦʣʝʢʫʣʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ. ʅʘ ʩʝʛʦʜʥʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʝʥʩʦʨʥʳʝ ʤʘʩʩʠʚʳ ʚ çProteinChipè ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʠʜʨʦʬʦʙʥʳʝ, ʛʠʜʨʦʬʠʣʴʥʳʝ, 

ʘʥʠʦʥʦʦʙʤʝʥʥʳʝ, ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʠ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʙʝʣʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [47]. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 10ï12 ʄ (ʪʘʙʣʠʮʘ 1). SELDI-

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʧʨʠʤʝʥʝʥʠʝʤ çProteinChipè ʧʦʟʚʦʣʷʝʪ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʪʴ 40 ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚ ʪʝʯʝʥʠʝ 1-2 ʜʥʝʡ [47]. 

ʆʛʨʘʥʠʯʝʥʠʷʤʠ ʤʝʪʦʜʘ SELDI-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ [47]: 
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ï ʥʠʟʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʘʥʘʣʠʟʝ ʙʝʣʢʦʚ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ ʙʦʣʝʝ 20 ʢɼʘ, 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʪʣʠʯʠʷʤʠ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ 

ʟʘʤʝʥʳ, ʠʟʦʬʦʨʤʳ ʙʝʣʢʦʚ); 

ï ʨʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʷʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʨʦʮʝʜʫʨ ʧʨʝʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʵʪʘʧʘ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ 

ʧʣʘʟʤʳ/ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ) ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʵʪʘʧʘ (ʫʩʣʦʚʠʡ ʠ ʨʝʞʠʤʦʚ 

ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ); 

ï ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʘʥʘʣʠʟʘ ʧʨʠʚʦʜʠʪ ʢ ʚʘʨʠʘʮʠʠ ʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʷʭ ʠ ʢʘʯʝʩʪʚʝ ʧʨʦʪʝʦʤʥʳʭ ʧʨʦʬʠʣʝʡ ʤʝʞʜʫ ʥʘʫʯʥʳʤʠ 

ʛʨʫʧʧʘʤʠ; 

ï ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʜʠʘʧʘʟʦʥ ʧʦʜʭʦʜʘ 

ʟʘʪʨʫʜʥʷʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʢʘʥʜʠʜʘʪʥʳʭ ʤʘʨʢʝʨʥʳʭ ʙʝʣʢʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʦʙʨʘʟʮʝ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʞʝ 10ï8 ʄ; 

ï ʪʨʫʜʦʝʤʢʠʝ ʠ ʩʣʦʞʥʳʝ ʧʨʦʮʝʜʫʨʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʙʝʣʢʦʚ. 

ɺ 2002 ʛʦʜʫ ʇʝʪʨʠʢʦʠʥ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʚ ʘʚʪʦʨʠʪʝʪʥʦʤ ʞʫʨʥʘʣʝ çThe Lancetè 

ʦʧʫʙʣʠʢʦʚʘʣʠ ʪʝʩʪ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʷʠʯʥʠʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ SELDI-

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ [49]. ʆʜʥʘʢʦ, ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʨʫʛʠʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʛʨʫʧʧʘʤ ʥʝ ʫʜʘʣʦʩʴ. ʇʦʚʪʦʨʥʳʡ ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʠʢʠ ʤʦʛʣʠ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ, ʚʝʨʦʷʪʥʦ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʜʫʨ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ [50,51].  

ɺ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ ʧʦʧʫʣʷʨʥʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʙʝʣʢʦʚʳʭ 

ʩʤʝʩʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʛʝʣʴ-

ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʇʫʪʴ ʦʪ ʨʘʟʜʝʣʝʥʠʷ ʙʝʣʢʦʚʦʡ ʩʤʝʩʠ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ 

(2D-ʇɸɸɻ) ʜʦ ʦʢʨʘʰʠʚʘʥʠʷ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʟʘʥʠʤʘʝʪ ʫ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʦʢʦʣʦ 2 ʜʥʝʡ. ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨ 2D-ʇɸɸɻ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ 
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ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʦ 12 ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚ ʦʜʥʦʤ ʘʥʘʣʠʟʝ. 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʜʭʦʜʘ ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʧʦ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚ ʇɸɸɻ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10ï10-10ï11 ʄ (ʪʘʙʣʠʮʘ 1). 

ʆʛʨʘʥʠʯʝʥʠʷʤʠ ʤʝʪʦʜʘ 2D-ʇɸɸɻ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ [52]: 

ï ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʜʝʣʝʥʠʷ ʙʝʣʢʦʚʳʭ 

ʩʤʝʩʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʩʣʝʜʩʪʚʠʝ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʤʝʞʜʫ ʧʘʨʪʠʷʤʠ ʘʤʬʦʣʠʪʦʚ-

ʥʦʩʠʪʝʣʝʡ; 

ï ʩʣʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʛʠʜʨʦʬʦʙʥʳʭ, ʢʠʩʣʳʭ ʠ ʦʩʥʦʚʥʳʭ ʙʝʣʢʦʚ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʩʦʣʶʙʠʣʠʟʘʮʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʙʝʣʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ (ʤʦʯʝʚʠʥʘ ʠ ʪʠʦʤʦʯʝʚʠʥʘ) ʠ 

ʮʚʠʪʪʝʨʠʦʥʥʳʭ ʜʝʪʝʨʛʝʥʪʦʚ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʝʣʢʦʚ ʟʘʯʘʩʪʫʶ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʮʝʩʩʘʤ ʜʝʥʘʪʫʨʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʘʛʨʝʛʘʮʠʠ; 

ï ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʟʜʝʣʝʥʠʷ ʙʝʣʢʦʚ. 

ɺʳʩʦʢʦʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʙʝʣʢʠ çʤʘʩʢʠʨʫʶʪè ʙʝʣʢʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʘʥʘʣʠʪʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʘʪʨʫʜʥʝʥʘ. 

ʊʘʢ, ʢʨʘʩʠʪʝʣʴ ʂʫʤʘʩʩʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʟʢʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʩ 

ʧʨʝʜʝʣʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʫʨʦʚʥʝ 10ï7 ʄ; 

ï ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʮʝʜʫʨ 2D-ʇɸɸɻ 

ʨʘʟʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʩʢʨʠʥʠʥʛ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ.  

ʇʨʝʜʝʣʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ SELDI-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 2D-ʇɸɸɻ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʠ 

ʩʦʩʪʘʚʣʷʶʪ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʙʝʣʢʦʚ 10ï12 ʠ 10ï11 ʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʤʝʥʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʟʦʥʜʘʤʠ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʜʣʷ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ. 

ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ, ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʬʬʠʥʥʦʛʦ ʨʝʘʛʝʥʪʘ ʠ ʙʦʣʴʰʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʝʤʫ, 
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ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʤʦʣʝʢʫʣʳ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʠʟ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ. 

ʂʦʤʙʠʥʘʮʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʪʝʩʪʦʚ ʧʦ 

ʪʠʧʫ ʩʵʥʜʚʠʯ-ʠʤʤʫʥʦʘʥʘʣʠʟʘ.  

ɺ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣ ʠʤʤʫʥʦ-ʄɸʃɼʀ ʧʦʜʭʦʜ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʠ ʧʝʧʪʠʜʦʚ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʜʣʷ ʧʦʚʳhʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʘʥʪʠʪʝʣʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʠ ʄɸʃɼʀ-ʄʉ ʘʥʘʣʠʟʘ [53ï55]. ʇʦʜʭʦʜ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʫʯʥʳʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʤʝʜʠʮʠʥʩʢʠ ʟʥʘʯʠʤʳʭ ʙʝʣʢʦʚ. ʊʘʢ, ʥʘʫʯʥʳʡ ʢʦʣʣʝʢʪʠʚ ʋʥʠʚʝʨʩʠʪʝʪʘ ɺʠʢʪʦʨʠʷ 

(ʎʝʥʪʨ ʧʨʦʪʝʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʂʘʥʘʜʘ) ʨʘʟʨʘʙʦʪʘʣ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜ ʠʤʤʫʥʦ-ʄɸʃɼʀ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʙʝʣʢʦʚ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʚ ʦʙʨʘʟʮʘʭ 

ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʠ ʚ ʢʣʝʪʢʘʭ ʤʠʢʨʦʦʢʨʫʞʝʥʠ ̫ ʦʧʫʭʦʣʠ [53,55]. 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʤʤʫʥʦ-ʄɸʃɼʀ ʧʦʜʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

10ï11 ʄ (ʜʣʷ ʧʝʧʪʠʜʘ ʘʥʛʠʦʪʝʥʟʠʥ I ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 1295,7 ɼʘ) ʚ ʦʙʨʘʟʮʘʭ 

ʧʣʘʟʤʳ ʯʝʣʦʚʝʢʘ [45].  

ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʜʣʷ ʧʦʜʭʦʜʘ ʠʤʤʫʥʦ-ʄɸʃɼʀ-ʄʉ ʚ ʦʙʨʘʟʮʘʭ 

ʧʣʘʟʤʳ ʢʨʦʚʠ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ 

ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʤʠʣʦʠʜʘ ɸ ʠ ʮʠʢʣʠʥʘ ʉ ʥʘ ʫʨʦʚʥʝ 10ï7 ʄ, ʪʨʘʥʩʪʠʨʝʪʠʥʘ ʥʘ ʫʨʦʚʥʝ 

10ï9 ʄ [56,57]. ɼʣʷ ʧʦʜʭʦʜʘ ʠʤʤʫʥʦ-ɺʕɾʍ-ʄʄʈ ï ʥʘ ʫʨʦʚʥʝ 10ï11 ʄ ʜʣʷ 

ʘʥʥʝʢʩʠʥʘ ɸ1 ʠ ɸ4, ʢʘʣʴʨʝʪʠʢʫʣʠʥʘ, CD44 ʘʥʪʠʛʝʥʘ [58].  

ɺ ʧʦʜʭʦʜʝ ʢʦʚʘʣʝʥʪʥʦʛʦ ʥʝʦʙʨʘʪʠʤʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʦʚ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ɺʕɾʍ-ʄʄʈ ʘʥʘʣʠʟʦʤ ʦʪʝʯʝʩʪʚʝʥʥʦʤʫ ʥʘʫʯʥʦʤʫ 

ʢʦʣʣʝʢʪʠʚʫ ʀɹʄʍ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ 

ʙʝʣʢʦʚ ɹʉɸ ʥʘ ʫʨʦʚʥʝ 10ï14 ʄ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʮʠʪʦʭʨʦʤʘ ʈ450 BM3 ʥʘ ʫʨʦʚʥʝ 

10ï18 ʄ [59].  
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ʂʦʤʧʘʥʠʝʡ ʆʆʆ çɹʀʆʏʀʇ-ʀʄɹè ʩʦʟʜʘʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʢʦʤʙʠʥʘʮʠʷ 

ʛʝʣʝʚʳʭ ʤʠʢʨʦʯʠʧʦʚ (ʙʠʦʯʠʧʳ) ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣ [60]. ɻʝʣʝʚʳʝ ʤʠʢʨʦʯʠʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʠʜʨʦʬʦʙʥʳʡ 

ʩʫʙʩʪʨʘʪ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʦʨʛʘʥʠʟʦʚʘʥʳ ʢʘʧʣʠ ʛʝʣʷ ʥʘʥʦʣʠʪʨʦʚʦʛʦ ʠ 

ʩʫʙʥʘʥʦʣʠʪʨʦʚʦʛʦ ʦʙʲʝʤʘ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʟʦʥʜʘʤʠ. 

ɹʠʦʯʠʧʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʨʝʜʫ ʙʣʠʟʢʫʶ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʛʝʣʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʦʙʲʝʤʝ 

ʢʘʧʣʠ ʛʝʣʷ [60]. ʅʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʧʨʦʬʝʩʩʦʨʘ, ʜ.ʙ.ʥ. ɿʘʩʝʜʘʪʝʣʝʚʘ ɸ.ʉ. ʧʦʢʘʟʘʥʦ 

ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʝʣʝʚʳʭ ʤʠʢʨʦʯʠʧʦʚ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ 

ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʤʤʫʥʦʘʥʘʣʠʟʘ ʪʦʢʩʠʥʦʚ ʨʘʩʪʝʥʠʡ (ʨʠʮʠʥ ʠ ʚʠʩʢʫʤʠʥ) ʠ 

ʙʘʢʪʝʨʠʡ (ʩʪʘʬʠʣʦʢʦʢʢʦʚʳʡ ʵʥʪʝʨʦʪʦʢʩʠʥ B, ʩʪʦʣʙʥʷʯʥʳʡ ʠ ʜʠʬʪʝʨʠʡʥʳʡ 

ʪʦʢʩʠʥʳ) [46]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʤʤʫʥʦʘʬʬʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ 

ʤʝʪʦʜʘʤʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ, ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʣʠ ʄɸʃɼʀ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʛʝʣʝʚʳʭ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʜʭʦʜʘ ʢʦʤʙʠʥʘʮʠʠ ʪʨʝʭʤʝʨʥʦʛʦ ʛʝʣʝʚʦʛʦ 

ʤʠʢʨʦʯʠʧʘ ʠ ʄɸʃɼʀ-ʄʉ ʘʥʘʣʠʟʘ ʜʣʷ ʩʪʘʬʠʣʦʢʦʢʢʦʚʦʛʦ ʵʥʪʝʨʦʪʦʢʩʠʥʘ B 

ʩʦʩʪʘʚʠʣʘ ʥʘ ʫʨʦʚʥʝ 1000 ʥʛ/ʤʣ (ʠʣʠ ~30 ʥʄ) [46]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʪʦʤʘʨʥʦ-ʨʦʚʥʳʭ ʯʠʧʦʚ ʩ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʯʠʧʳ ʜʣʷ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʬʬʠʥʥʦʛʦ 

ʨʝʘʛʝʥʪʘ, ʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ ï ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʬʬʠʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩʫʥʦʢ 2) [7,9]*. ʇʨʠʤʝʥʝʥʠʝ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚ 

ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 
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ʈʠʩʫʥʦʢ 2. ï ʉʭʝʤʘ ʢʦʤʙʠʥʘʮʠʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʣʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʚ 

ʙʠʦʦʙʨʘʟʮʝ (çɸʉʄ/ʄʉè ʧʦʜʭʦʜ). 

 

ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʩʦʛʣʘʩʥʦ ʩʪʘʪʴʷʤ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ, 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʛʝʦʤʝʪʨʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ 

ʩʫʙʦʨʛʘʥʝʣʣʴʥʦʤ ʫʨʦʚʥʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʙʝʣʢʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʪʘʢʠʭ 

ʦʙʲʝʢʪʘʭ. ʊʘʢ, ʚ 2014 ʛʦʜʫ ʥʘʫʯʥʳʡ ʢʦʣʣʝʢʪʠʚ ʬʘʢʫʣʴʪʝʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʇʘʧʩʢʦʛʦ ʢʘʪʦʣʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʏʠʣʠ) ʦʧʫʙʣʠʢʦʚʘʣ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʧʦʩʚʷʱʝʥʥʦʝ ʢʦʤʙʠʥʘʮʠʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʣʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʣʠʧʠʜʥʳʭ ʨʘʬʪʦʚ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʚ ʩʦʩʪʘʚʝ 

ʧʣʘʟʤʦʜʝʩʤ [61]. ʃʠʧʠʜʥʳʝ ʨʘʬʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʯʘʩʪʢʠ, ʠʣʠ ʤʠʢʨʦʜʦʤʝʥʳ, 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʦʙʦʛʘʱʸʥʥʳʝ ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʘʤʠ ʠ ʭʦʣʝʩʪʝʨʠʥʦʤ. 

ʊʘʢʠʝ ʤʠʢʨʦʜʦʤʝʥʳ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ [62]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʨʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʚʝʟʠʢʫʣ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (~0,1 ʥʤ) 

ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʣʠʧʠʜʥʳʝ ʨʘʬʪʳ, ʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ï 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ [61]. 

ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ (2014) ʕʣʣʠʩʦʥ ʋʘʪʠʜ ʠ ʇʦʣ ʇʘʨʢ ʦʧʫʙʣʠʢʦʚʘʣʠ ʧʦʜʨʦʙʥʳʡ 

ʥʘʫʯʥʳʡ ʦʙʟʦʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʝʜʠʥʠʯʥʳʭ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʠʛʘʥʜʘʤʠ [63]. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʘʪʦʤʥʦ-

ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ 

ʜʦʣʞʝʥ ʙʳʪʴ ʠʤʤʦʙʠʣʠʟʦʚʘʥ ʥʘ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʝ ï ʯʠʧʝ ʜʣʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ.  
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ʕʣʣʠʩʦʥ ʋʘʪʠʜ ʠ ʇʦʣ ʇʘʨʢ ʚ ʥʘʫʯʥʦʤ ʦʙʟʦʨʝ ʦʙʦʙʱʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ɸʉʄ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʝʜʠʥʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʤʙʨʘʥʥʳʡ ʙʝʣʦʢ/ʣʠʛʘʥʜ ʠ 

ʠʟʤʝʥʝʥʠ ̫ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʠʭ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ [63]. ɺ 

ʪʘʙʣʠʮʝ 2 ʧʝʨʝʯʠʩʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ 

ʫʩʧʝʰʥʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ɸʉʄ. 

ʊʘʙʣʠʮʘ 2. ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʙʝʣʢʦʚ 

(ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʭ ʠʩʪʦʯʥʠʢʘ [63]). 

ʄʝʤʙʨʘʥʥʳʡ 

ʙʝʣʦʢ 

(ʧʨʦʠʩʭʦʞʜʝʥʠʝ) 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ 

ʦʙʲʝʢʪ 
ʃʠʛʘʥʜ ʊʠʧ ʙʝʣʢʘ ʀʩʪʦʯʥʠʢ 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ 

ʀʥʪʝʛʨʠʥ ŬIIbɓ3 

(ʯʝʣʦʚʝʢ) 

ʃʠʧʠʜʥʳʡ 

ʙʠʩʣʦʡ 
ʌʠʙʨʠʥʦʛʝʥ ɹʝʣʦʢ ʘʜʛʝʟʠʠ [64] 

ʈʝʮʝʧʪʦʨ P2X4 

(ʢʨʳʩʘ) 

ʃʠʧʠʜʥʳʡ 

ʙʠʩʣʦʡ 
ɸʊʌ 

ʃʠʛʘʥʜ-

ʟʘʚʠʩʠʤʳʝ 

ʠʦʥʥʳʝ 

ʢʘʥʘʣʳ 

[65] 

OmpF (ʢʠʰʝʯʥʘʷ 

ʧʘʣʦʯʢʘ) 

ʃʠʧʠʜʥʳʡ 

ʙʠʩʣʦʡ 
ʇʨʦʪʦʥ ʇʦʨʠʥʳ [66] 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʙʝʣʦʢ-ʣʠʛʘʥʜ 

CD44 (ʯʝʣʦʚʝʢ) 

ʂʣʝʪʢʠ 

ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ 

ʨʘʢʘ, ʣʠʧʠʜʥʳʡ 

ʙʠʩʣʦʡ 

ʌʠʙʨʠʥʦʛʝʥ 

ʈ-ʩʝʣʝʢʪʠʥ 
ɹʝʣʦʢ ʘʜʛʝʟʠʠ [67] 

ʈʝʮʝʧʪʦʨ TGF-ɓ 

(ʯʝʣʦʚʝʢ) 
HEK293 ʢʣʝʪʢʠ TGF-ɓ1 

ʂʠʥʘʟʥʳʡ 

ʨʝʮʝʧʪʦʨ 
[68] 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʥʘʪʫʨʘʮʠʠ ʙʝʣʢʘ 

ɓ2-

ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʡ 

ʨʝʮʝʧʪʦʨ 

(ʯʝʣʦʚʝʢ) 

ʃʠʧʠʜʥʳʡ 

ʙʠʩʣʦʡ 

ʘʜʨʝʥʘʣʠʥ 

ʘʣʴʧʨʝʥʦʣʦʣ 
ʈʝʮʝʧʪʦʨʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ 

G-ʙʝʣʢʦʤ 

[69] 

ʈʦʜʦʧʩʠʥ (ʤʳʰʴ) ʄʝʤʙʨʘʥʳ 
11-ʮʠʩ-

ʨʝʪʠʥʘʣʴ 
[70] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʨʘʩʧʦʣʘʛʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʜʭʦʜʘʤʠ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ ʠ/ʠʣʠ 

ʧʦʥʠʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʙʝʣʢʦʚ ʚ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʦʙʨʘʟʮʘʭ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʂʘʞʜʳʡ ʧʦʜʭʦʜ 
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ʧʨʠʤʝʥʠʤ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʩʚʝʱʝʥʳ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʧʦʚ ʩ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ, ʧʨʦʚʦʜʠʪʴ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠ ʁ ʠ ʧʦʜʩʯʝʪ. ɺʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʦʧʠʩʘʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ. 

 

1.3 ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ 

ʅʘʯʠʥʘʷ ʩ 90-ʭ ʛʛ. XX ʚʝʢʘ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ) ʚ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. 

ʅʘ ʩʝʛʦʜʥʷ ɸʉʄ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʘʢ çʙʦʣʴʰʠʭè 

ʤʦʣʝʢʫʣ ï ɼʅʂ (200 ʢɼʘ ʠ ʙʦʣʝʝ), ʙʝʣʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ (100 ʢɼʘ ʠ ʙʦʣʝʝ), 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ï ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ ʩ ʫʯʘʩʪʢʘʤʠ ʤʝʤʙʨʘʥʳ, ʪʘʢ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ï ʩʨʝʜʥʝʨʘʟʤʝʨʥʳʝ ʙʝʣʢʠ (ʙʦʣʝʝ 30 ʢɼʘ). ɼʣʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʠʦʤʦʣʝʢʫʣ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ɸʉʄ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʪʦʤʘʨʥʦ-ʨʦʚʥʳʝ 

ʧʦʜʣʦʞʢʠ, ʠʣʠ ʯʠʧʳ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʥʪʠʣʝʚʝʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʧʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʘʟʤʝʨʘʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʦʙ ʠʭ ʢʦʣʠʯʝʩʪʚʝ. ʅʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʤʠ ʯʠʧʘʤʠ, ʚ ʤʝʪʦʜʘʭ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ ʘʪʦʤʘʨʥʦ-

ʨʦʚʥʘʷ ʩʣʶʜʘ [71]. ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʵʪʘʧʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʠʰʠʥʛʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ [72].  

ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʦʟʜʘʥʠʶ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʙʠʦʤʦʣʝʢʫʣ ʩ ʧʦʤʦʱʴʶ ɸʉʄ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ 

ʤʦʣʝʢʫʣʳ ɼʅʂ. ɺ ʨʘʙʦʪʝ ɹʫʩʪʘʤʘʥʪʘ 1992 ʛʦʜʘ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʩʦʨʙʮʠʷ 

ʢʦʣʴʮʝʚʳʭ ʩʪʨʫʢʪʫʨ ʧʣʘʟʤʠʜʥʦʡ ɼʅʂ (E.Coli) ʨʘʟʤʝʨʦʤ 3000 ʧʘʨ ʦʩʥʦʚʘʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʘ (ʤʘʪʝʨʠʘʣ ʩʣʶʜʘ). ʉʢʘʥʠʨʦʚʘʥʠʝ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʥʪʠʣʝʚʝʨʘ ʩ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ 10 ʥʤ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ 

ʨʘʟʨʝʰʝʥʠʝ ʜʣʷ ʪʦʧʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ 5-10 ʥʤ, ʠ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨ r

ʢʦʣʴʮʝʚʦʡ ɼʅʂ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 940 ʥʤ (ʜʣʠʥʘ) Ĭ 12 ʥʤ (ʰʠʨʠʥʘ) Ĭ 1 ʥʤ 

(ʚʳʩʦʪʘ) [73].  

ɺ ʪʦʤ ʞʝ ʛʦʜʫ (1992), ʚ ʨʘʙʦʪʘʭ ɺʝʩʝʥʢʘ ʠ ɻʘʨʮʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʨʙʮʠʠ ʢʦʣʴʮʝʚʦʡ ʠ ʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ɼʅʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʣʶʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʤʘʛʥʠ ̫ʠ ʧʣʘʪʠʥ r[74,75]. ɼʘʥʥʳʡ 

ʵʬʬʝʢʪ ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʪʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ɼʅʂ ʥʝʩʫʪ ʚʳʨʘʞʝʥʥʳʡ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʠʥʢʫʙʘʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʧʦʚʳʰʘʝʪ ʩʨʦʜʩʪʚʦ ʙʠʦʤʦʣʝʢʫʣ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ [72]. 

ʉʦʨʙʮʠʷ, ʢʘʢ ʩʧʦʩʦʙ ʬʠʰʠʥʛʘ ʙʠʦʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪ ɹ ʯʠʧʘ, ʦʙʣʘʜʘʝʪ 

ʦʯʝʚʠʜʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ (ʧʨʦʩʪʦʪʘ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʠ ʜʝʰʝʚʠʟʥʘ) ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ (ʩʣʦʞʥʦʩʪʴ, ʘ ʟʘʯʘʩʪʫʶ 

ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʦʪʤʳʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʩʦʨʙʮʠʠ ʦʪ 

ʢʦʥʪʘʤʠʥʘʥʪʥʳʭ ʦʙʲʝʢʪʦʚ ï ʢʨʠʩʪʘʣʣʳ ʩʦʣʠ, ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʠ ʧʨʦʯ.). 

ɺ 2000-ʭ ʛʦʜʘʭ ʚ ʜʦʧʦʣʥʝʥʠʠ ʢ ʩʦʨʙʮʠʠ ʩʪʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʙʠʦʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʭʠʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ.  

ʊʘʢ, ʚ ʩʝʨʠʠ ʧʫʙʣʠʢʘʮʠʡ ʐʣʷʭʪʝʥʢʦ ʃ.ʉ. ʠ ʩʦʘʚʪ. ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʪʦʢʦʣʳ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʘ 

(ɸʇʊʕʉ) ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʥʳʭ ʘʤʠʥʦʛʨʫʧʧ (ʨʠʩʫʥʦʢ 3) 

[72,76]. 
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ʈʠʩʫʥʦʢ 3. ï ʉʭʝʤʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʚʝʞʝʩʢʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ. ɸʇʊʕʉ 

ʨʝʘʛʠʨʫʝʪ ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ 

ʩʧʦʥʪʘʥʥʦ ʧʦʩʣʝ ʩʢʘʣʳʚʘʥʠʷ ʩʣʶʜʳ. ʈʝʟʫʣʴʪʘʪʦʤ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʠʥʦʛʨʫʧʧ. ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ [72]. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʜʨʫʛʦʡ ʭʠʤʠʯʝʩʢʠʡ ʘʛʝʥʪ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ 1-(3-ʘʤʠʥʦʧʨʦʧʠʣ)ʩʠʣʘʪʨʘʥ (ɸʇʉ), ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʦʧʫʣʷʨʝʥ ʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʣʘʥʦʚ, ɸʇʉ ʤʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʝʥ ʠ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʛʠʜʨʦʣʠʟʫ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠ ʥʝʡʪʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ pH [77]. 

ʄʝʜʣʝʥʥʳʡ ʛʠʜʨʦʣʠʟ ʩʠʣʘʪʨʘʥʦʚʦʡ ʯʘʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʨʦʜʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ. 

 

ʈʠʩʫʥʦʢ 4. ï ʉʭʝʤʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʚʝʞʝʩʢʦʣʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ. ɸʇʉ 

ʨʝʘʛʠʨʫʝʪ ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʶʜʳ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ 

ʩʧʦʥʪʘʥʥʦ ʧʦʩʣʝ ʩʢʘʣʳʚʘʥʠʷ ʩʣʶʜʳ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʘʜʜʫʢʪ, 

ʢʦʪʦʨʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʩʪʘʙʠʣʴʥʫʶ ʬʦʨʤʫ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʘʤʠʥʦʛʨʫʧʧʦʡ. ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ [77]. 
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ɺ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʩʧʦʩʦʙʘʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣ ʙʝʣʢʘ, ʪʦ ʝʩʪʴ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʮʝʜʫʨʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʝʘʢʮʠʷ ʜʝʛʠʜʨʘʪʘʮʠʠ ʤʝʞʜʫ ʩʚʦʙʦʜʥʦʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ ʠ 

ʘʤʠʥʦʛʨʫʧʧʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʤʠʜʥʦʡ ʩʚʷʟʠ. 

ɼʣʷ ʟʘʜʘʯ ʠʤʤʫʥʦʩʝʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ ʙʝʣʢʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʯʠʧʘ ʤʦʞʝʪ ʙʳʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʘ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʟʦʥʜʘʤʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʘʥʪʠʪʝʣʘ, ʙʝʣʢʠ/ʧʘʨʪʥʝʨʳ, ʫʯʘʩʪʢʠ ɼʅʂ 

(ʘʧʪʘʤʝʨʳ), ʩʧʝʮʠʬʠʯʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʣʝʚʦʤʫ ʙʝʣʢʫ. ʀʤʤʦʙʠʣʠʟʘʮʠʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʧʨʦʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʩʭʝʤʘʤ (ʨʠʩʫʥʢʠ 3 ʠ 

4). 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʧʦʜʭʦʜʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʠʦʤʦʣʝʢʫʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʚʠʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʥʘʥʦ- ʠ ʤʠʢʨʦʨʘʟʤʝʨʥʳʝ ʩʬʝʨʳ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʢʦʣʦʥʢʠ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʩʢʠʭ ʯʠʧʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʠʦʤʦʣʝʢʫʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [78]. ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ) ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʧʦʜʩʯʠʪʳʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ. 

ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (0,1 ʥʤ ʠ ʥʠʞʝ) ʚ 

ʨʝʞʠʤʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʘʨʭʠʪʝʢʪʫʨʝ ʝʜʠʥʠʯʥʳʭ ʙʠʦʤʦʣʝʢʫʣ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [79]. ʄʝʪʦʜʳ ɸʉʄ ʘʥʘʣʠʟʘ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʘʥʘʣʠʟʘ çʪʦʥʢʠʭè ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʪʜʝʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʚ ʭʦʜʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

[79]. ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ɸʉʄ ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʙʠʦʤʦʣʝʢʫʣ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ, ʛʝʦʤʝʪʨʠʠ ʠ 

ʨʘʟʤʝʨʦʚ (ʪʘʙʣʠʮʘ 3).  
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ʇʦ ʜʘʥʥʳʤ ɸʉʄ ʘʥʘʣʠʟʘ ʚʳʩʦʪʘ ʥʝʙʦʣʴʰʦʛʦ ʙʝʣʢʘ ʘʚʠʜʠʥʘ (17 ʢɼʘ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʥʘʨʥʳʤ (P450cam/PdR, 47/95 ʢɼʘ) ʠ ʪʨʦʡʥʳʤ (PdR/Pd/P450cam, 

95/23/47 ʢɼʘ) ʙʝʣʢʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ ʪʨʠ ʠ ʧʦʯʪʠ ʚ ʰʝʩʪʴ ʨʘʟ ʤʝʥʴʰʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʨʫʧʥʳʡ ʦʙʲʝʢʪ ï ʜʚʫʭʮʝʧʦʯʝʯʥʘʷ ʧʣʘʟʤʠʜʥʘʷ 

ɼʅʂ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ ʙʦʣʝʝ 190 ʢɼʘ ʧʦ ʚʳʩʦʪʝ (ʦʢʦʣʦ 3 ʥʤ) ʩʦʨʘʟʤʝʨʥʘ ʩʦ 

ʩʨʝʜʥʠʤʠ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʝʩʫ ʙʝʣʢʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʘʙʣʶʜʘʝʤʦʝ ʷʚʣʝʥʠʝ 

ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʩɹʷ ʬʦʨʤʦʡ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʢʦʣʴʮʘ (ʪʦʨ). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ 

ʧʣʘʟʤʠʜʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɹʝʣʢʠ ʩ ʥʝʙʦʣʴʰʠʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ (10-18 ʢɼʘ), ʩʢʣʦʥʥʳʝ ʢ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ, ʬʦʨʤʠʨʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʬʠʙʨʠʣʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʚʳʩʦʪʦʡ 3-10 ʥʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʤʦʥʦʤʝʨʦʚ ʚ ʩʦʩʪʘʚʝ ʧʨʦʪʦʬʠʙʨʠʣʣ. 
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ʊʘʙʣʠʮʘ 3. ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ɸʉʄ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. 

ʆʙʲʝʢʪ ʇʨʠʨʦʜʘ 
ʇʨʦʠʩʭʦʞ-

ʜʝʥʠʝ 

ʄʦʣ. ʚʝʩ, 

ʢɼʘ 

ɻʝʦʤʝʪʨʠʷ 

ʤʦʣʝʢʫʣʳ 

ɺʳʩʦʪʘ 

ʦʙʲʝʢʪʘ, ʥʤ* 
ʀʩʪʦʯʥʠʢ 

ʘʚʠʜʠʥ ʙʝʣʦʢ pullum 17 ʛʣʦʙʫʣʘ 1,6Ñ0,2 [80] 

ʛʠʩʪʦʥ H2A ʙʝʣʦʢ human 15 ʛʣʦʙʫʣʘ 3,0Ñ0,4 [80] 

ʧʣʘʟʤʠʜʘ 

ʜʚʫʭʮʝʧʦʯʝʯʥʘ

 ̫

ɼʅʂ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 198 ʧʣʘʟʤʠʜʘ 3,0Ñ0,2 [80] 

ʘʥʪʠ-gp120 ʘʥʪʠʪʝʣʦ mus 150 ʛʣʦʙʫʣʘ <10 [81] 

gp120/ ʘʥʪʠ-

gp120 

ʙʝʣʦʢ/ 

ʘʧʪʘʤʝʨ 

HIV-1/ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ 
120/23 ʛʣʦʙʫʣʘ 1,6Ñ0,1 [81] 

gp120/ ʘʥʪʠ-

gp120 

ʙʝʣʦʢ/ 

ʘʥʪʠʪʝʣʦ 

HIV-1/ 

ʘʥʪʠʪʝʣʦ 
120/150 ʛʣʦʙʫʣʘ 2,5Ñ0,2 [81] 

P450cam ʙʝʣʦʢ 
Escherichia 

coli 
47 ʛʣʦʙʫʣʘ 2,6Ñ0,3 [82] 

ʇʫʪʠʜʘʨʝʜʦʢʩʠ

ʥ (Pd) 
ʙʝʣʦʢ 

Escherichia 

coli 
23 ʛʣʦʙʫʣʘ 2,0Ñ0,3 [82] 

ʇʫʪʠʜʘʨʝʜʦʢʩʠ

ʥ-ʨʝʜʫʢʪʘʟʘ 

(PdR) 

ʙʝʣʦʢ 
Escherichia 

coli 
95 ʛʣʦʙʫʣʘ 2,8Ñ0,3 [82] 

Pd/PdR 
ʙʝʣʦʢ / 

ʙʝʣʦʢ 

Escherichia 

coli 
23/95 ʛʣʦʙʫʣʘ 4,9Ñ0,3 [82] 

P450cam/PdR 
ʙʝʣʦʢ / 

ʙʝʣʦʢ 

Escherichia 

coli 
47/95 ʛʣʦʙʫʣʘ 5,1Ñ0,3 [82] 

PdR/Pd/P450ca

m 

ʙʝʣʦʢ / 

ʙʝʣʦʢ / 

ʙʝʣʦʢ 

Escherichia 

coli 
95/23/47 ʛʣʦʙʫʣʘ 9,1Ñ0,3 [82] 

CYP102A1 

(ʤʦʥʦʤʝʨ) 
ʙʝʣʦʢ 

Bacillus 

megaterium 
118 ʛʣʦʙʫʣʘ 2,2Ñ0,1 [83] 

CYP102A1 

(ʦʣʠʛʦʤʝʨ) 
ʙʝʣʦʢ 

Bacillus 

megaterium 
118 ʛʣʦʙʫʣʘ 3,4Ñ0,7 [83] 

MinE 

(ʦʣʠʛʦʤʝʨ) 
ʙʝʣʦʢ 

Escherichia 

coli 
10 ʬʠʙʨʠʣʣʘ 

2,6Ñ0,3 ʠ 

4,0Ñ0,3 
[84] 

ɓ-

ʣʘʢʪʦʛʣʦʙʫʣʠʥ 

(ʦʣʠʛʦʤʝʨ) 

ʙʝʣʦʢ caprae 18 ʬʠʙʨʠʣʣʘ 4,0Ñ0,5 [85] 

Aɓ(1ï42) ʧʝʧʪʠʜ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 4,5 ʬʠʙʨʠʣʣʘ ~5 [86] 

Ŭ-ʩʠʥʫʢʣʝʠʥ 

(ʦʣʠʛʦʤʝʨ) 
ʙʝʣʦʢ human 14 ʬʠʙʨʠʣʣʘ 10,0Ñ1,1 [87] 

*ʚʳʩʦʪʘ ʦʙʲʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ɸʉʄ ʘʥʘʣʠʟʘ ʩ ʫʢʘʟʘʥʠʝʤ ʚʝʣʠʯʠʥ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ï ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʠʟʫʯʝʥʠʷ ʠʭ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʦʚʳʰʝʥʠʷ ʩʨʦʜʩʪʚʘ 

ʤʦʣʝʢʫʣ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚ ʦʙʣʘʩʪʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʪʘʣʦ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ɸʉʄ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠ ̫ʠʤʤʫʥʦʘʬʬʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
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(ʙʝʣʦʢ/ʘʥʪʠʪʝʣʦ, ʙʝʣʦʢ/ʧʘʨʪʥʝʨ) ʚ ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʠʭ ʢ ʥʘʪʠʚʥʳʤ. ʅʘ ʩʝʛʦʜʥʷ 

ʨʫʪʠʥʥʤrʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʦʚ ʠ ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʢʨʠʦʵʣʝʢʪʨʦʥʥʘ ̫ ʤʠʢʨʦʩʢʦʧʠ ̫ (ʢʨʠʦ-ʕʄ) ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ). ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʚʝʜʝʥʠʷ ʦ 

ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ ʥʘ ʦʩʥʦʚʝ ʫʩʨʝʜʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʙʦʣʴʰʠʭ ʘʥʩʘʤʙʣʝʡ ʤʦʣʝʢʫʣ 

ʚ ʩʦʩʪʘʚʝ ʢʨʠʩʪʘʣʣʘ ʠ/ʠʣʠ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʢʨʠʦʛʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [79]. ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʢʦʥʬʦʨʤʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʜʠʥʘʤʠʯʥʘ. ɺ ʫʩʣʦʚʠʷʭ ʢʣʝʪʢʠ ʙʝʣʢʠ ʜʘʞʝ ʩ ʚʳʩʦʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʤʝʞʜʫ ʥʘʪʠʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʥʝʙʦʣʴʰʦʡ 

ʜʦʣʝʡ ʨʘʟʚʝʨʥʫʪʳʭ ʩʦʩʪʦʷʥʠʡ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ çʞʠʟʥʝʥʥʳʡè ʮʠʢʣ 

ʬʝʨʤʝʥʪʘ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʢʦʥʬʦʨʤʘʮʠʷ ʙʝʣʢʘ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʤʦʤʝʥʪ ʩʚʷʟʳʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ, ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ. ɸʉʄ ʧʦʟʚʦʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʦʪʜʝʣʴʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʚ ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʠʭ ʢ 

ʝʩʪʝʩʪʚʝʥʥʳʤ, ʘ ʠʤʝʥʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ, ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʙʫʬʝʨʝ ʠʣʠ ʚ ʤʝʤʙʨʘʥʘʭ [79]. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ɸʉʄ ʧʦ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ 

ʘʪʦʤʘʨʥʦʛʦ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʤʝʪʦʜʘʤʠ 

ʢʨʠʦ-ʕʄ ʠ ʈʉɸ.   

 

1.4 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ ʚ ʙʠʦʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʤʠʢʨʦʬʣʶʠʜʥʳʝ ʠ 

çʯʠʧʦʚʳʝè ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʤʘʩʩʠʚʦʚ ʩʝʥʩʦʨʥʳʭ ʟʦʥ [88ï90]. ɸʥʘʣʠʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (10ï12 M ʠ ʥʠʞʝ) ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʚ ʬʦʨʤʘʪʝ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [91]. ʊʘʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʵʬʬʝʢʪʠʚʥʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʙʝʣʢʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ, 

ʥʦ ʠ ʚʳʷʚʣʷʪʴ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʠʭ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʷʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʙʝʣʢʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʘʢʪʠʚʥʦʩʪʴ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʩʠʣʫ ʤʝʞʙʝʣʢʦʚʳʭ ʠ ʙʝʣʦʢ-ɼʅʂ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

 

1.4.1 ʆʧʪʠʯʝʩʢʠʝ ʙʠʦʩʝʥʩʦʨʳ ʚ ʧʨʦʪʝʦʤʠʢʝ 

ɺ ʪʝʭʥʦʣʦʛʠʷʭ ʦʧʪʠʯʝʩʢʠʭ ʙʠʦʩʝʥʩʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʠʩʧʦʣʴʟʫʶʪʩ ̫ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʨʝʟʦʥʘʥʩʥʳʝ 

ʟʝʨʢʘʣʘ, ʦʧʪʠʯʝʩʢʠʝ ʬʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ ʢʦʣʴʮʝʚʳʝ ʨʝʟʦʥʘʪʦʨʳ [91]. 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʥʝʜʦʨʦʛʠʤ ʪʠʧʦʤ ʦʧʪʠʯʝʩʢʠʭ ʙʠʦʩʝʥʩʦʨʦʚ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ 

ʩʠʩʪʝʤʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʤʧʘʢʪ-ʜʠʩʢʘ BioCD [92]. 

ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʧʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ ʠ ʨʝʟʦʥʘʥʩʥʳʝ ʟʝʨʢʘʣʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ  

ʆʧʪʠʯʝʩʢʠʝ ʧʣʦʩʢʠʝ ʯʠʧʳ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ 

(ʇʇʈ) ʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʟʝʨʢʘʣʴʥʦʛʦ (ʈɿ) ʙʠʦʩʝʥʩʦʨʦʚ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʪʝʦʤʠʢʝ [93]. ʇʨʦʠʟʚʦʜʩʪʚʦʤ ʦʧʪʠʯʝʩʢʠʭ ʙʠʦʩʝʥʩʦʨʦʚ 

ʟʘʥʠʤʘʶʪʩʷ ʩʚʳʰʝ 20 ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ HVD (BIAcore), 

Affinity Sensors (Thermo BioAnalysis Corporation), Texas Instruments, Bio-Rad, 

EcoChemie, NipponLaser & Electronics ʠ ʜʨ. [94]. ʇʨʝʜʝʣ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʝʣʢʦʚ ʚ ʩʠʩʪʝʤʘʭ ʇʇʈ ʠ ʈɿ ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʙʝʣʢʦʚ 

10ï8ï10ï11 M [95]. ʇʨʠʯʠʥʘʤʠ ʦʛʨʘʥʠʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ ʩʨʦʜʩʪʚʦ ʙʝʣʢʦʚ-ʧʘʨʪʥʝʨʦʚ, ʧʝʨʝʢʨʝʩʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, 

ʩʪʝʨʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʧʦʩʣʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʙʝʣʢʘ [96]. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʳʣʘ 

ʜʦʩʪʠʛʥʫʪʘ ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʠʥʪʝʨʬʝʨʦʥ-ɔ ʯʝʣʦʚʝʢʘ (ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ 19,3 ʢɼʘ) 

ʥʘ ʫʨʦʚʥʝ 10ï11 M [95]. ɼʣʷ ʈɿ ʙʠʦʩʝʥʩʦʨʘ (IAsys+) ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʘʥʪʠʛʝʥʘ ʚʠʨʫʩʥʦʛʦ 

ʛʝʧʘʪʠʪʘ ɺ (HBsAg, ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ 25,5 ʢɼʘ) ʥʘ ʫʨʦʚʥʝ 10ï9 M ʠ 

ʘʥʪʠʢʘʨʜʠʦʪʨʦʧʦʥʠʥʘ (ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ 150 ʢɼʘ) ʥʘ ʫʨʦʚʥʝ 10ï10 M [91]. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʠʝ ʙʠʦʩʝʥʩʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʙʝʣʢʦʚʳʝ ʤʦʣʝʢʫʣʳ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʢ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʧʦʜʭʦʜʘʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʢʠ ï ʚʪʦʨʠʯʥʳʝ ʘʥʪʠʪʝʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʩ ʢʦʣʣʦʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ, ʘʚʠʜʠʥ-ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʠʝ 

[97].  

ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʠʥʪʝʛʨʘʮʠʠ ʘʥʘʣʠʟʘ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʙʳʪʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣ-

ʧʘʨʪʥʝʨʦʚ [98].  

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ Biacore 3000 ʦʩʥʘʱʝʥʘ ʧʨʦʪʦʯʥʳʤʠ ʢʶʚʝʪʘʤʠ ʩ 

ʩʝʥʩʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʂʘʞʜʘʷ ʧʨʦʪʦʯʥʘʷ ʢʶʚʝʪʘ ʩʦʜʝʨʞʠʪ ʩʝʥʩʦʨʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 1 ʤʤ2. ʊʠʧʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʚʳʷʚʣʝʥʠʶ 

ʣʠʛʘʥʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʝʣʢʘ-ʧʘʨʪʥʝʨʘ ʥʘ ʩʝʥʩʦʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʝʡ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ (ʣʠʛʘʥʜʘ). ʇʦʩʣʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʪʦʯʥʘʷ ʢʶʚʝʪʘ ʧʨʦʤʳʚʘʝʪʩʷ 

ʙʫʬʝʨʦʤ, ʵʣʶʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ ʩ ʣʠʛʘʥʜʦʤ ʧʦʜʘʝʪʩʷ ʥʘ ʤʠʰʝʥʴ ʜʣʷ ʄɸʃɼʀ-ʄʉ 

ʘʥʘʣʠʟʘ ʠʣʠ ʚ ʚʠʘʣʫ ʜʣʷ ɺʕɾʍ-ʄʉ/ʄʉ ʘʥʘʣʠʟʘ [99]. ʊʘʢʦʡ ʘʥʘʣʠʟ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʣʠʛʘʥʜʘ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ. ʂʨʦʤʝ ʪʦʛʦ, ʙʝʣʢʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʛʠʜʨʦʣʠʟʦʚʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʝʥʩʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠʤʝʨʦʤ ʠʥʪʝʛʨʘʮʠʠ ʇʇʈ ʠ ʄʉ ʷʚʣʷʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ ʢʘʣʴʤʦʜʫʣʠʥʘ (ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ 17 ʢɼʘ) ʧʨʠ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʣʝʛʢʦʡ ʮʝʧʴʶ ʤʠʦʟʠʥ-ʢʠʥʘʟʳ ʚ ʵʢʩʪʨʘʢʪʘʭ 

ʤʦʟʛʘ. ʂʦʣʠʯʝʩʪʚʦ ʚʳʷʚʣʝʥʥʦʛʦ ʢʘʣʴʤʦʜʫʣʠʥʘ ʚ ʧʨʦʪʦʯʥʦʡ ʢʶʚʝʪʝ ʩʦʩʪʘʚʠʣʦ 

ʦʢʦʣʦ 300 ʬʝʤʪʦʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʫʨʦʚʥʝ 10ï9 ʄ, 

ʪʦ ʝʩʪʴ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʄɸʃɼʀ-ʄʉ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

[99].  
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ʆʧʪʠʢʦ-ʩʝʥʩʦʨʥʳʝ ʙʠʦʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʘʢʪ-ʜʠʩʢʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ 

ʉʦʟʜʘʥʠʝ ʥʝʜʦʨʦʛʠʭ ʠ ʧʨʦʩʪʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʨʝʛʠʩʪʨʘʮʠʠ ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ ʬʣʘʛʤʘʥʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʧʨʦʪʝʦʤʥʳʭ 

ʧʦʜʭʦʜʦʚ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʫʜʝʰʝʚʣʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʥʘʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʥʝʜʦʨʦʛʠʭ CD- ʠʣʠ DVD-ROM [100]. ʇʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚ ʜʘʥʥʦʤ ʪʠʧʝ ʙʠʦʩʝʥʩʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʯʠʧʦʚ ʢʦʤʧʘʢʪ-ʜʠʩʢʦʚ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʟʦʥʜʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʜʘʧʪʘʮʠʠ 

ʩʯʠʪʳʚʘʪʝʣʝʡ ʢʦʤʧʘʢʪ-ʜʠʩʢʦʚ (CD), ʪʘʢ ʠ ʩʘʤʠʭ CD ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʙʝʣʦʢ-

ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ CD ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʨʠʘʥʪʳ çlaser-basedè ʜʝʪʝʢʪʦʨʘ: (1) 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ [100] ʠ (2) ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ CD-ROM [92,100]. ɺ ʢʘʯʝʩʪʚʝ 

ʯʠʧʦʚ ʚ ʪʘʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪ:  

(ʘ) ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʢʦʤʧʘʢʪ-ʜʠʩʢʠ, ʥʘʧʨʠʤʝʨ, bioCD ʥʘ ʙʘʟʝ 

ʢʨʝʤʥʠʝʚʳʭ ʧʣʘʩʪʠʥ ʠʣʠ ʜʠʩʢʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʜʠʵʣʝʢʪʨʠʢʘ ʩ ʥʘʧʳʣʝʥʥʳʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʟʦʣʦʪʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʈʝʛʠʩʪʨʘʮʠʷ ʩʠʛʥʘʣʘ ʩ ʩʝʥʩʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʠʩʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʴʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʯʠʪʳʚʘʪʝʣʝʡ 

[101]; 

(ʙ) ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʤʧʘʢʪ-ʜʠʩʢʠ ʜʣʷ CD-ROM ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʥʘ 

ʩʝʥʩʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʟʦʥʜʘʤʠ, ʢʘʢ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ 

ʨʘʙʦʪʘʭ [102,103].  

ɺ ʨʘʙʦʪʘʭ ʥʝʩʢʦʣʴʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʙʝʣʢʦʚ ʚ ʩʠʩʪʝʤʝ ʩʪʘʥʜʘʨʪʥʳʡ CD-ROM ʠ ʢʦʤʧʘʢʪ-ʜʠʩʢ 

[102,104]. ɹʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʝʜʝʣ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ 

10ï12 M ʜʣʷ ʙʝʣʢʦʚʦʡ ʧʘʨʳ ʙʠʦʪʠʥ/ʩʪʨʝʧʪʘʚʠʜʠʥ (Kd=10ï14 M) ʩ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʙʠʦʪʠʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ CD, ʠ ʦʢʦʣʦ 10ï6 ʄ 

ʜʣʷ ʙʝʣʢʦʚʦʡ ʧʘʨʳ Ŭ-ʤʘʥʥʦʟʠʜ/ʢʦʥʢʘʚʘʣʠʥ A (Kd=10ï4 M) [105].  
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ɺ ʨʘʙʦʪʝ ʖʥʴʯʘʦ ʃʠ ʠ ʩʦʘʚʪʦʨʦʚ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʠʦʤʦʣʝʢʫʣ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 10 ʥʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʙʝʣʢʦʚ, ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ CD-ROM (ɚ=780 ʥʤ) 

ʥʝʜʦʩʪʘʪʦʯʥʘ [103]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʚʪʦʨʳ ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʦʚʦʜʠʪʴ ʨʝʛʠʩʪʨʘʮʠʶ 

ʙʝʣʢʦʚ ʧʫʪʝʤ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʘʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʘ ʘʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʮʝʣʝʚʦʡ ʙʝʣʦʢ ʢʦʚʘʣʝʥʪʥʦ 

ʠʤʤʦʙʠʣʠʟʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʟʦʣʦʪʘ. ʇʨʦʮʝʜʫʨʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʨʝʮʠʧʠʪʘʮʠʠ ʩʝʨʝʙʨʘ ʥʘ ʟʦʣʦʪʳʭ ʯʘʩʪʠʮʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʦʚ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʯʘʩʪʠʮ ʜʦ 200 ʥʤ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʨʘʟʤʝʨ ʛʣʦʙʫʣʷʨʥʦʛʦ ʙʝʣʢʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ ʦʢʦʣʦ 50 ʢɼʘ ʧʦ 

ʜʘʥʥʳʤ ɸʉʄ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1,5-2 ʥʤ [106]*. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʘʨʳ ʙʠʦʪʠʥ/ʩʪʨʝʧʪʘʚʠʜʠʥ ʥʘ ʫʨʦʚʥʝ  

10ï12 M. ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʝʛʠʩʪʨʘʮʠʶ ʯʠʩʣʘ ʦʰʠʙʦʢ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ [103].  

ʂ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʦʧʪʠʯʝʩʢʦʛʦ ʩʯʠʪʳʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʆʉʋ) ʚ 

ʧʨʠʚʦʜʝ CD/DVD/Blu-ray ʦʪʥʦʩʷʪʩʷ ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 780, 650 ʠ 405 ʥʤ, 

ʜʠʬʨʘʢʮʠʦʥʥʦ-ʦʛʨʘʥʠʯʝʥʥʘ ̫ ʦʧʪʠʢʘ, ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩ 

ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ ʜʦ 400 ʄɻʮ ʠ ʥʘʥʦʨʘʟʨʝʰʝʥʠʝʤ ʧʦ x-, z-ʦʩʷʤ ʠ ʧʨʠʚʦʜ 

ʥʘʢʣʦʥʘ. ʆʉʋ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʤʘʩʩʠʚʘ ʙʠʦʤʘʨʢʝʨʦʚ ʚ 

ʮʠʪʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʚʠʟʫʘʣʠʟʘʮʠʠ, ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʤʦʣʝʢʫʣ 

ɼʅʂ ʠ ʜʨʫʛʠʭ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣ [107].  

ɹʠʦʩʝʥʩʦʨʳ ʪʠʧʘ çʣʘʙʦʨʘʪʦʨʠʷ-ʥʘ-ʜʠʩʢʝè (ʦʪ ʘʥʛʣ. çLab-on-a-Discè) 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʙʝʣʢʘʤʠ, ʥʫʢʣʝʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠ 

ʜʨʫʛʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ɹʠʦʩʝʥʩʦʨʳ ʪʠʧʘ çLab-on-a-Discè 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʥʪʨʦʙʝʞʥʳʝ ʤʠʢʨʦʬʣʶʠʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ɼʚʠʛʘʪʝʣʴ, 

ʧʨʠʚʦʜʷʱʠʡ ʚ ʜʚʠʞʝʥʠʝ ʢʦʤʧʘʢʪ-ʜʠʩʢ, ʩʦʟʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ ʥʝʩʢʦʣʴʢʦ 

ʩʠʣ ʨʘʟʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ [108]:  
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ï ʮʝʥʪʨʦʙʝʞʥʫʶ ʩʠʣʫ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪ ʛʨʘʜʠʝʥʪ ʩʠʣʳ, ʚʣʠʷʶʱʠʡ ʥʘ ʞʠʜʢʦʩʪʠ 

ʚ ʨʘʜʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ;  

ï ʩʠʣʫ ʂʦʨʠʦʣʠʩʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʧʝʨʝʤʝʱʝʥʠʝʤ ʞʠʜʢʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ; 

ï ʩʠʣʫ ʕʡʣʝʨʘ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʦʢ 5).  

 

ʈʠʩʫʥʦʢ 5. ï ʉʭʝʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʤʧʘʢʪ-ʜʠʩʢ ʧʨʠ ʝʛʦ ʚʨʘʱʝʥʠʠ. Fɤ ï 

ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ; FE ï ʩʠʣʘ ʕʡʣʝʨʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʝ; ʠ FC 

ï ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʩʢʦʨʦʩʪʠ. ʉʠʥʷʷ ʪʦʯʢʘ ï ʞʠʜʢʦʩʪʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ. ɤ ï ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ. ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ 

[108]. 

 

ɺ ʨʘʙʦʪʝ ɼʞʝʬʬʨʠ ʕʨʠʢʩʦʥʘ ʠ ʌʨʵʥʩʠʩʘ ʃʠʛʣʝʨʘ, ʦʟʚʫʯʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʤʠʢʨʦʞʠʜʢʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʘʢʪ-

ʜʠʩʢʘ [109]. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʢʘʥʘʣʳ ʠ ʷʯʝʡʢʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ 

ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʜʠʩʢʝ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ 

ʣʠʪʦʛʨʘʬʠʠ ʠʣʠ ʪʠʩʥʝʥʠʷ ʧʨʦʟʨʘʯʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ, ʢʦʪʦʨʳʡ 

ʩʦʜʝʨʞʠʪ ʤʠʢʨʦʬʣʶʠʜʥʳʝ ʢʘʥʘʣʳ, ʷʯʝʡʢʠ ʩ ʙʫʬʝʨʦʤ ʠ ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʨʝʘʛʝʥʪʘʤʠ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʫʶʱʠʝ 

ʤʠʢʨʦʬʣʶʠʜʥʳʝ ʢʘʥʘʣʳ ʠ ʷʯʝʡʢʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʜʘʣʝʥʠʝ ʞʠʜʢʦʛʦ ʩʣʦʷ ʚ 
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ʧʨʦʮʝʩʩʝ ʚʨʘʱʝʥʠʷ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʜʠʩʢʘ [109]. 

ʊʘʙʣʠʮʘ 4. ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʙʠʦʩʝʥʩʦʨʦʚ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʙʝʣʢʦʚ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ ʠʩʪʦʯʥʠʢʘ [110] .  

ɸʥʘʣʠʪ ʄʝʪʦʜ 
ɺʨʝʤʷ 

ʘʥʘʣʠʟʘ, ʤʠʥ 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʄ 

ʉʦʩʪʘʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ 

ʀʩʪʦʯʥʠʢ 

ɹʝʣʦʢ 

ʚʠʨʫʩʘ 

ʣʠʭʦʨʘʜʢʠ 

ʜʝʥʛʝ NS1 

ʆʧʪʦʤʘʛʥʠʪʥʳʡ 

ʩʠʛʥʘʣ Blu-ray 
8 0,3Ĭ10ï12 

ʉʳʚʦʨʦʪʢʘ 

ʢʨʦʚʠ: 6 ʤʢʣ 
[111] 

ʊʨʦʤʙʠʥ 
ʆʧʪʦʤʘʛʥʠʪʥʳʡ 

ʩʠʛʥʘʣ Blu-ray 
15 25Ĭ10ï12 

ɸʥʘʣʠʪ ʚ 

ʢʘʣʠʡ-

ʬʦʩʬʘʪʥʦʤ 

ʙʫʬʝʨʝ 

[112] 

ʉ-ʨʝʘʢʪʠʚʥʳʡ 

ʙʝʣʦʢ 

ʆʧʪʦʤʘʛʥʠʪʥʳʡ 

ʩʠʛʥʘʣ Blu-ray 
14 1,2 Ĭ10ï6 

ʈʘʟʙʘʚʣʝʥʥʳʡ 

ʦʙʨʘʟʝʮ 

ʢʨʦʚʠ: 35 ʤʢʣ 

[113] 

IgG 

ʇʦʚʝʨʭʥʦʩʪʥʦ-

ʧʣʘʟʤʦʥʥʳʡ 

ʨʝʟʦʥʘʥʩ 

60 1,7 Ĭ10ï6 

ɸʥʘʣʠʪ ʚ 

ʢʘʣʠʡ-

ʬʦʩʬʘʪʥʦʤ 

ʙʫʬʝʨʝ 

[114] 

ʅʘ ʩʝʛʦʜʥʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʢʦʤʙʠʥʘʮʠʠ 

ʙʠʦʩʝʥʩʦʨʘ ʪʠʧʘ çLab-on-a-Discè ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʘʢʪ-ʜʠʩʢʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʯʠʧʘʤʠ ʩ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ ʠʟ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 4, ʙʝʣʢʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ ʤʠʢʨʦʤʦʣʷʨʥʦʡ ʜʦ ʧʠʢʦʤʦʣʷʨʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʦʚʝʩʪʠ ʠʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ. 

ʆʧʪʠʯʝʩʢʠʝ ʙʠʦʩʝʥʩʦʨʳ ʪʠʧʘ çLab-on-a-Discè ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʥʝʩʢʦʣʴʢʠʭ 

ʘʥʘʣʠʪʦʚ ʠʣʠ ʦʙʨʘʟʮʦʚ ʥʘ ʦʜʥʦʤ ʯʠʧʝ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʆʉʋ ʥʝ ʪʨʝʙʫʝʪʩʷ ʘʧʧʘʨʘʪʥʦʛʦ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, 



41 

ʙʠʦʩʝʥʩʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʳʩʪʨʦʡ, ʥʝʜʦʨʦʛʦʡ ʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ [103,115].  

1.4.2 ʅʘʥʦʧʨʦʚʦʣʦʯʥʳʝ ʙʠʦʩʝʥʩʦʨʳ ʚ ʧʨʦʪʝʦʤʠʢʝ 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʧʨʦʚʦʣʦʯʥʳʭ ʙʠʦʩʝʥʩʦʨʦʚ [116]. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʪʘʢʠʭ ʙʠʦʩʝʥʩʦʨʦʚ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘ ̫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪ ɹ (ʤʝʥʝʝ 10ï15 ʄ) [116], 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʙʝʣʢʦʚ ʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʢ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ ʩ ʤʠʢʨʦʬʣʶʠʜʥʳʤʠ 

ʠʥʢʫʙʘʮʠʦʥʥʳʤʠ ʷʯʝʡʢʘʤʠ [117*]. ʅʘʥʦʧʨʦʚʦʣʦʯʥʳʝ ʙʠʦʩʝʥʩʦʨʳ (ʅʇ-ɹʉ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ:  

ï ʨʘʟʤʝʨ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʧʦʩʪʘʚʠʤ ʩ ʜʠʘʤʝʪʨʦʤ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ (ʙʝʣʦʢ); 

ï ʚʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʝʤʫ [118];  

ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ [119]; 

ï ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʜʝʣʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʙʠʦʩʝʥʩʦʨ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ ʛʨʫʧʧʝ ʜʝʪʝʢʪʦʨʦʚ ʝʜʠʥʠʯʥʳʭ ʤʦʣʝʢʫʣ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʝʥʩʦʨʥʳʡ ʵʣʝʤʝʥʪ ʜʣʷ ʅʇ-ɹʉ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪʦʤ ʥʘʥʦʧʨʦʚʦʣʦʯʥʦʛʦ 

ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʟʘʪʚʦʨ, ʠʩʪʦʢ ʠ ʩʪʦʢ [120]. ɺ ʢʘʯʝʩʪʚʝ 

ʟʘʪʚʦʨʘ ʤʝʞʜʫ ʠʩʪʦʢʦʤ ʠ ʩʪʦʢʦʤ ʚʳʩʪʫʧʘʝʪ ʪʦʥʢʠʡ ʠʟʦʣʠʨʫʶʱʠʡ ʩʣʦʡ ʠʟ ʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʣʝʙʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʠʟʤʝʥʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʞʜʫ ʠʩʪʦʢʦʤ ʠ ʩʪʦʢʦʤ [121]. ʀʟʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʦʟʥʠʢʘʝʪ ʚ ʦʪʚʝʪ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʚʥʝʰʥʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ɸʜʩʦʨʙʮʠʷ ʟʘʨʷʞʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʁ ʝʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʧʨʦʚʦʜʠʤʦʩʪʠ [120]. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʦʧʠʩʘʥ ʝʱʝ ʚ 1972 ʛʦʜʫ ʚ 

ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʧʨʦʬʝʩʩʦʨʘ ɹʝʨʛʚʝʣʴʜʘ (ʋʥʠʚʝʨʩʠʪʝʪ ʊʚʝʥʪʝ, ʅʠʜʝʨʣʘʥʜʳ) [122]. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʅʇ-ɹʉ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʳ ɼʅʂ ʠ ʙʝʣʢʦʚ ʥʘ ʫʨʦʚʥʝ 

ʬʝʤʪʦʤʦʣʷʨʥʳʭ [123,124] ʠ ʜʘʞʝ ʩʫʙʬʝʤʪʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ [116]. 

ɼʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʟʘʙʦʣʝʚʘʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʧʨʦʚʦʣʦʯʥʳʭ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʘ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʟʦʥʜʘʤʠ. ʆʨʛʘʥʠʟʘʮʠʷ ʥʘ ʦʜʥʦʤ ʯʠʧʝ ʤʘʩʩʠʚʘ 

ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ-ʟʦʥʜʘʤʠ, ʩʧʝʮʠʬʠʯʥʳʤʠ ʢ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʙʠʦʤʦʣʝʢʫʣ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʜʨʫʛʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʅʇ-ɹʉ ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʫʣʴʪʠʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʪʦ ʝʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʮʝʣʝʚʳʭ ʙʠʦʤʦʣʝʢʫʣ ʚ ʦʜʥʦʤ ʘʥʘʣʠʟʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʅʇ-ɹʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ: 

ï ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʢ; 

ï ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʵʢʩʧʨʝʩʩ-ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʯʝʪʘʥʥʳʭ ʠʣʠ ʙʣʠʟʢʠʭ ʧʦ ʵʪʠʦʣʦʛʠʠ 

ʟʘʙʦʣʝʚʘʥʠʡ (ʪʘʙʣʠʮʘ 5). 

ɺ ʪʘʙʣʠʮʝ 5 ʦʙʦʙʱʝʥʳ ʜʘʥʥʳʝ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʙʠʦʤʦʣʝʢʫʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʅʇ-ɹʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʥʘʥʦʧʨʦʚʦʣʦʢʘ) ʠ ʪʠʧʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʅʘʥʦʧʨʦʚʦʣʦʢʘ n-ʪʠʧʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʤʝʩʥʦʡ ʧʨʠʨʦʜʦʡ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʳʩʪʫʧʘʝʪ 

ʤʳʰʴʷʢ, ʧʨʠ ʵʪʦʤ ʥʦʩʠʪʝʣʷʤʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʳ. 

ʅʘʥʦʧʨʦʚʦʣʦʢʘ p-ʪʠʧʘ ʩʦʜʝʨʞʠʪ ʠʥʜʠʡ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʥʦʩʠʪʝʣʝʡ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 5, ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ 

ʜʣʷ ʥʘʥʦʧʨʦʚʦʣʦʢʠ n-ʪʠʧʘ ʩ ʪʦʣʱʠʥʦʡ ʤʝʥʝʝ 40 ʥʤ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʘʥʪʠʛʝʥʘ ʥʘ ʫʨʦʚʥʝ ʜʝʩʷʪʢʦʚ ʟʝʧʪʦʤʦʣʝʡ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʝʜʠʥʠʯʥʳʭ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ɸ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʧʨʦʚʦʣʦʢʠ p-ʪʠʧʘ ʩ ʜʠʘʤʝʪʨʦʤ 20 ʥʤ [125].  
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ʊʘʙʣʠʮʘ 5. ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʅʇ-ɹʉ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠ.̫ ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ 

[125] .  

ʊʠʧ ʅʇ-ɹʉ, ʨʘʟʤʝʨʳ 

ʩʝʥʩʦʨʥʦʡ ʟʦʥ r

ʊʠʧ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫
ʄʠʰʝʥʴ 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʄ 

ʂʅʀ* p-ʪʠʧʘ, 20 ʥʤ ɹʠʦʪʠʥ-ʘʚʠʜʠʥ ʉʪʨʝʧʪʘʚʠʜʠʥ 10Ĭ10ï12 

ʂʅʀ n-ʪʠʧʘ,  

ʂʅʅ p-ʪʠʧʘ, 20 ʥʤ 
ɸʥʪʠʪʝʣʦ-ʘʥʪʠʛʝʥ ʇʉɸ**, ʉʕɸ3* 

2Ĭ10ï15 (ʜʣʷ ʇʉɸ), 

0,55Ĭ10ï15 (ʜʣʷ CʕA) 

ʂʅʀ p-ʪʠʧʘ, ʜʠʘʤʝʪʨ  

20 ʥʤ; ʂʅʅ p-ʪʠʧʘ,  

20 ʥʤ 

ʈʅʂ-ɼʅʂ 

ʛʠʙʨʠʜʠʟʘʮʠʷ 
ɼʅʂ 10ï14 

ʂʅʀ p-ʪʠʧʘ, 20 ʥʤ ɸʥʪʠʪʝʣʦ-ʚʠʨʫʩ ɺʠʨʫʩ ʛʨʠʧʧʘ ɸ 
ʆʪʜʝʣʴʥʘʷ ʚʠʨʫʩʥʘʷ 

ʯʘʩʪʠʮʘ 

ʂʅʀ n-ʪʠʧʘ,  

ʂʅʅ p-ʪʠʧʘ, ʪʦʣʱʠʥʘ  

40 ʥʤ, ʰʠʨʠʥʘ 50-150 

ʥʤ 

ɹʠʦʪʠʥ-ʘʚʠʜʠʥ ʉʪʨʝʧʪʘʚʠʜʠʥ 10ï14 

ʂʅʀ n-ʪʠʧʘ, p-ʪʠʧʘ, 

ʪʦʣʱʠʥʘ 40 ʥʤ, ʰʠʨʠʥʘ 

50ï-50 ʥʤ 

ɸʥʪʠʪʝʣʦ-ʘʥʪʠʛʝʥ ʇʉɸ 8,6Ĭ10ï14 

ʂʅʀ n-ʪʠʧʘ, p-ʪʠʧʘ, 

ʪʦʣʱʠʥʘ 20 ʥʤ,  

ʰʠʨʠʥʘ 30 ʥʤ 

ɼʅʂ-ɼʅʂ-

ʛʠʙʨʠʜʠʟʘʮʠʷ 
ɼʅʂ 10Ĭ10ï12 

ʂʅʀ n-ʪʠʧʘ, p-ʪʠʧʘ, 

ʰʠʨʠʥʘ 50 ʥʤ,  

ʜʣʠʥʘ 20 ʥʤ 

ɼʅʂ-ɼʅʂ-

ʛʠʙʨʠʜʠʟʘʮʠʷ 
ɼʅʂ 2,5Ĭ10ï11 

ʂʅʀ n-ʪʠʧʘ, Ò40 ʥʤ ɸʥʪʠʪʝʣʦ-ʘʥʪʠʛʝʥ ʇʉɸ 3Ĭ10ï20 

ʂʅʀ p-ʪʠʧʘ, 30ï60 ʥʤ ɹʝʣʦʢ-ʙʝʣʦʢ ʊʨʦʧʦʥʠʥ I 7Ĭ10ï12 

ʂʅʀ n-ʪʠʧʘ, ʰʠʨʠʥʘ  

50 ʥʤ, ʪʦʣʱʠʥʘ 60 ʥʤ, 

ʜʣʠʥʘ 100 ʥʤ 

ʈʅʂ-ɼʅʂ 

ʛʠʙʨʠʜʠʟʘʮʠʷ 
ɼʅʂ 10ï14 

ʂʅʀ n-ʪʠʧʘ, ʰʠʨʠʥʘ  

50 ʥʤ, ʪʦʣʱʠʥʘ 60 ʥʤ, 

ʜʣʠʥʘ 100 ʥʤ 

ʈʅʂ-ɼʅʂ 

ʛʠʙʨʠʜʠʟʘʮʠʷ 
ʇʨʦʜʫʢʪ ʆʊ-ʇʎʈ 10ï14 

ʂʅʀ n-ʪʠʧʘ, ʰʠʨʠʥʘ  

50 ʥʤ, ʪʦʣʱʠʥʘ 60 ʥʤ, 

ʜʣʠʥʘ 100 ʥʤ 

ʈʅʂ-ɼʅʂ 

ʛʠʙʨʠʜʠʟʘʮʠʷ 
ʤʠʢʨʦʈʅʂ 10ï15 

ʂʅʀ* ï ʢʨʝʤʥʠʡ-ʥʘ-ʠʟʦʣʷʪʦʨʝ, ʇʉɸ**  ï ʧʨʦʩʪʘʪʠʯʝʩʢʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʘʥʪʠʛʝʥ, ʉʕɸ3* ï 

ʢʘʨʮʠʥʦʵʤʙʨʠʦʥʘʣʴʥʳʡ ʘʥʪʠʛʝʥ 

 

ʏʠʧ ʜʣʷ ʅʇ-ɹʉ ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʥʦʛʦ ɻ ʣʝʤʝʥʪʘ 

ʩ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʛʠʩʪʨʘʮʠʠ. ʉʦʛʣʘʩʥʦ 
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ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 5 ʜʘʥʥʳʤ, ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʜʠʘʧʘʟʦʥ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʙʠʦʤʦʣʝʢʫʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʅʇ-ɹʉ ʩʦʩʪʘʚʣʷʝʪ 10ï11 ʄ ʠ ʥʠʞʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʙʣʘʩʪʠ ʥʠʟʢʦ- ʠ ʫʣʴʪʨʘʥʠʟʢʦʢʦʧʠʡʥʳʭ ʙʝʣʢʦʚ (ʇʉɸ, ʉʕɸ, ʩʪʨʝʧʪʘʚʠʜʠʥ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʙʝʣʢʦʚʳʝ ʯʠʧʳ. 

ʊʝʭʥʦʣʦʛʠʠ ʙʝʣʢʦʚʳʭ ʯʠʧʦʚ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ, ʜʠʟʘʡʥʘ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʤʘʩʩʠʚʦʤ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʉʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʪʜʝʣʴʥʘʷ ʦʙʣʘʩʪʴ ʧʨʦʪʝʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʦʩʢʠʭ ʯʠʧʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ [78]. ʇʦʚʝʨʭʥʦʩʪʴ ʪʘʢʠʭ ʯʠʧʦʚ ʤʦʞʝʪ ʙʳʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʭʠʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʠʣʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ 

(ʘʥʪʠʪʝʣʘ ʠʣʠ ʘʧʪʘʤʝʨʳ). ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ ʙʝʣʢʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʟʦʥ, ʧʨʠ ʵʪʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ.  

ʅʘ ʩʝʛʦʜʥʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʜʭʦʜʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʦʜʥʦʟʥʘʯʥʫʶ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ. 

ɺʘʞʥʦ ʨʘʟʚʠʪʠʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʘʣʠʜʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʆʩʦʙʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʚʘʣʠʜʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʣʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʚ ʦʙʨʘʟʮʘʭ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʝʥ ʚʳʩʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʜʠʘʧʘʟʦʥ ʩʦʜʝʨʞʘʥʠʷ 

ʙʝʣʢʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦʙʣʘʩʪʴ ʩʦʧʨʷʞʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʰʴ 

ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʦ ʩʠʭ ʧʦʨ ʪʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʧʦʜʭʦʜʦʚ ʥʝ 

ʧʦʣʫʯʠʣʘ ʜʦʣʞʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʨʠʚʦʜʷʪ ʦʙʦʩʥʦʚʘʥʠʷ 

ʵʬʬʝʢʪʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʥʝ 

ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʜʠʘʧʘʟʦʥʳ ʫʩʧʝʰʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʪʘʢʠʭ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ï ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ï ʩ ʜʨʫʛʦʡ. 
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1.5 ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 1.1, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʨʘʟʮʳ 

ʢʨʦʚʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩ ̫ʰʠʨʦʢʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʤʝʪʦʜʦʚ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʟʘʙʦʣʝʚʘʥʠʡ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʧʦʜʭʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʢʘʥʜʠʜʘʪʥʳʭ ʙʝʣʢʦʚʳʭ ʤʘʨʢʝʨʦʚ ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʦʙʨʘʟʮʘʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɼʘʣʝʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10ï11 ʄ ʠ ʥʠʞʝ. 

ʀʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʀʌɸ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʝʪʦʜʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʙʝʣʢʦʚʳʭ ʤʘʨʢʝʨʦʚ, ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ [126]. ʂʘʢ ʫʞʝ 

ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʧʨʝʜʝʣ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10ï10 ʄ [127], ʘ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʙʝʣʢʦʚ ï 10ï14 ʄ [128ï130]. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʀʌɸ ʨʝʛʠʩʪʨʘʮʠʠ ʙʝʣʢʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ [131]. ʀʌɸ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʘʥʘʣʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʥʘʣʠʪʦʚ ï 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ [132]. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʀʌɸ ʟʘʚʠʩʷʪ ʦʪ 

ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʘʨ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ ʜʚʫʭ ʵʧʠʪʦʧʦʚ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ ʜʚʦʡʥʦʛʦ ʫʟʥʘʚʘʥʠʷ). ʇʨʦʮʝʜʫʨʳ ʧʦʣʫʯʝʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʘʥʪʠʪʝʣ 

ï ʩʝʣʝʢʮʠʷ, ʮʠʢʣʠʯʝʩʢʘ̫ ʠʤʤʫʥʠʟʘʮʠʷ ʠ ʦʯʠʩʪʢʘ ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ [133]. ʊʝʩʪ-ʧʘʥʝʣʠ ʜʣʷ ʀʌɸ ʪʘʢʠʝ, ʢʘʢ XMap-Luminex 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʤʫʣʴʪʠʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʜʦ 100 ʮʝʣʝʚʳʭ ʘʥʘʣʠʪʦʚ [134]. 

XMap-Luminex ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʠʙʦʨʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʢʨʠʥʠʥʛʘ 

ʙʠʦʤʘʨʢʝʨʦʚ ʠ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ: 

ï ʀʌɸ-ʪʝʩʪ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʦ-ʤʝʯʝʥʳʭ ʯʘʩʪʠʮ xMAP, 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʟʦʥʜʘʤʠ; 

ï ʧʨʦʪʦʯʥʳʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ; 

ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʀʌɸ-

ʘʥʘʣʠʟʘ [134].  
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ʂʦʤʧʣʝʢʩ XMap-Luminex ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠ,̫ ʥʘʨʫʰʝʥʠʷ 

ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʟʘʙʦʣʝʚʘʥʠ,̫ ʪʦʢʩʠʯʝʩʢʠʝ 

ʚʦʟʜʝʡʩʪʚʠ,̫ ʥʝʦʧʣʘʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩ r[134].  

ʉʦʛʣʘʩʥʦ ʩʪʨʘʪʝʛʠʷʤ ʀʌɸ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʘʥʪʠʪʝʣʘ ʠʣʠ ʘʧʪʘʤʝʨʳ (ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ). ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ 

ʘʥʘʣʠʪʘ ʜʦʙʘʚʣʷʝʪʩʷ ʧʨʝʧʘʨʘʪ ʤʝʯʝʥʳʭ ʚʪʦʨʠʯʥʳʭ ʘʥʪʠʪʝʣ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʮʝʣʝʚʳʤʠ ʙʝʣʢʘʤʠ. ʀʤʝʥʥʦ ʤʝʪʢʘ ʚ ʧʨʦʮʝʜʫʨʝ ʠʟʤʝʨʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ, ʦʧʪʠʯʝʩʢʠʡ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʦʪʩʣʝʞʠʚʘʪʴ ʨʝʘʢʮʠʶ, ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʤʝʪʢʦʡ. ʕʪʦʪ ʧʦʜʭʦʜ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʙʠʦʤʘʨʢʝʨʦʚ ʥʝʢʦʪʦʨʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʝʨʝʯʥʝʡ 

ʙʠʦʤʘʨʢʝʨʦʚ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ (ʪʘʙʣʠʮʘ 6) [129]. ʇʨʝʜʝʣ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʙʝʣʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʘ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ ʧʠʢʦʤʦʣʝʡ (ʪʘʙʣʠʮʘ 6) [135].  

ɺ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʪʘʥʜʝʤʥʦʛʦ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʝʪʝʢʪʦʨʦʤ ʪʠʧʘ ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ ʠʣʠ ʦʨʙʠʪʘʣʴʥʘʷ ʣʦʚʫʰʢʘ ï ɺʕɾʍ-

ʄʉ/ʄʉ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʜʝʪʝʢʪʦʨʦʤ ʪʠʧʘ ʪʨʦʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ ï ɺʕɾʍ-ʄʄʈ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʠʦʦʙʨʘʟʮʘʭ. ʊʝʭʥʦʣʦʛʠʠ ɺʕɾʍ-ʄʉ/ʄʉ ʠ ɺʕɾʍ-ʄʄʈ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ, ʪʨʫʜʦʝʤʢʠʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳʤʠ ʜʣʷ 

ʨʫʪʠʥʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [129,136ï138]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʝʡ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʩʪʨʝʤʠʪʩʷ ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

ɺʕɾʍ-ʄʉ/ʄʉ ʠ ɺʕɾʍ-ʄʄʈ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [136ï139].  

ʅʘʨʷʜʫ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ 
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ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʘʥʘʣʠʟʘ [135]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʭ ʥʘ ʨʳʥʢʝ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ, ʪʦʯʥʳʝ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʙʝʣʢʦʚʦʡ ʜʝʪʝʢʮʠʠ ʚʩʝ ʝʱʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʨʘʟʨʘʙʦʪʢʠ [129,140ï142]. ʆʞʠʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʙʝʣʢʦʚʳʭ 

ʯʠʧʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨ ʘʥʘʣʠʟʘ. ɺ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʘʩʩʠʚʳ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʟʦʥʜʘʤʠ, ʩʧʝʮʠʬʠʯʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʙʠʦʤʘʨʢʝʨʘʤ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʚ ʫʣʴʪʨʘʥʠʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚʘʞʥʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʫʧʧ ʣʠʮ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʦʙʨʘʟʮʳ ʢʨʦʚʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʩʤʝʩʠ ʙʝʣʢʦʚ, ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ, ʪʦ ʜʦʩʪʠʞʝʥʠʝ 

ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʚʳʟʦʚʦʤ. ʉ 

ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʳʭ ʧʨʝʜʝʣʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʙʠʦʦʙʨʘʟʮʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʤʧʣʠʬʠʢʘʮʠ ʁ ʩʠʛʥʘʣʘ. ʄʝʪʦʜʘʤʠ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʩʠʛʥʘʣʘ ʤʦʛʫʪ ʙʳʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ [104,143], 

ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʝ [144] ʤʝʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ 

[145,146]. ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʘʛʝʥʪ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ, ʥʝ ʜʦʣʞʝʥ ʧʝʨʝʤʝʱʘʪʴʩʷ ʤʝʞʜʫ 

ʩʝʥʩʦʨʥʳʤʠ ʟʦʥʘʤʠ ʤʘʩʩʠʚʘ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʩʠʛʥʘʣʘ [135]. 

ʄʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʙʝʣʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘ ʩʝʛʦʜʥʷ ʥʝ ʥʘʰʣʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʝʡ (ʪʘʙʣʠʮʘ 6). ɺ ʪʘʙʣʠʮʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʙʝʣʢʦʚ ï 

ʮʠʪʦʢʠʥʦʚ, ʢʦʤʧʣʝʢʩʦʚ ʘʥʪʠʛʝʥ/ʘʥʪʠʪʝʣʦ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʙʣʠʟʢʠʭ ʢ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ. ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʙʝʣʦʚʳʭ ʯʠʧʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʙʠʦʤʘʨʢʝʨʦʚ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ, ʪʢʘʥʠ ʠ ʜʨʫʛʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʫʪʠʥʥʦʤ ʙʠʦʘʥʘʣʠʟʝ 
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ʥʝʦʙʭʦʜʠʤʦ ʫʣʫʯʰʝʥʠʝ ʧʨʝʜʝʣʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

 



49 

ʊʘʙʣʠʮʘ 6. ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʙʝʣʢʦʚʳʭ ʯʠʧʦʚ ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ ʠʩʪʦʯʥʠʢʘ [135] . 

ʊʝʭʥʦʣʦʛʠʷ 
ʉʧʦʩʦʙ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʋʩʠʣʝʥʠʝ 

ʩʠʛʥʘʣʘ 
ʊʠʧ ʘʥʘʣʠʟʘ 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʄ 
ʀʩʪʦʯʥʠʢ 

ʄʠʢʨʦʨʘʟʤʝʨʥʳʝ ʩʬʝʨʳ ʌʣʫʦʨʝʩʮʝʥʮʠʷ 
ʎʠʢʣ 

ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʉʵʥʜʚʠʯ-

ʠʤʤʫʥʦʘʥʘʣʠʟ 
10ï14 ʜʣʷ ʀʃ*-6, ʀʃ-8 [147] 

ʄʠʢʨʦʨʘʟʤʝʨʥʳʝ ʩʬʝʨʳ 

(Luminex Corp) 

ʇʨʦʪʦʯʥʘʷ 

ʮʠʪʦʤʝʪʨʠʷ 
ʆʪʩʫʪʩʪʚʫʝʪ  2Ĭ10ï11 ʜʣʷ ʧʝʨʝʯʥ ̫ʙʝʣʢʦʚ [134] 

ʀʌɸ ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʆʪʩʫʪʩʪʚʫʝʪ  
4Ĭ10ï11 ʜʣʷ ʉ-ʨʝʘʢʪʠʚʥʦʛʦ 

ʙʝʣʢʘ 
[148] 

ʄʠʢʨʦʨʘʟʤʝʨʥʳʝ 

ʟʦʣʦʪʳʝ ʯʘʩʪʠʮʳ 
ʉʚʝʪʦʨʘʩʩʝʷʥʠʝ 

ʆʩʘʞʜʝʥʠʝ 

ʟʦʣʦʪʳʭ ʯʘʩʪʠʮ 
ʀʌɸ 10ï15 ʜʣʷ ʇʉɸ [149] 

ʄʘʩʩʠʚ ʘʥʪʠʪʝʣ ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʎʠʢʣ 

ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʉʵʥʜʚʠʯ-

ʠʤʤʫʥʦʘʥʘʣʠʟ 

~10ï11 ʜʣʷ ʧʝʨʝʯʥʷ, 

ʚʢʣʶʯʘʶʱʝʛʦ 71 ʮʠʪʦʢʠʥ 
[150] 

ʄʘʩʩʠʚ ʘʥʪʠʪʝʣ ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʀʌɸ 10ï15 ʜʣʷ ʧʝʨʝʯʥ ̫ʙʝʣʢʦʚ [147] 

ʄʘʩʩʠʚ ʘʥʪʠʪʝʣ ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʆʪʩʫʪʩʪʚʫʝʪ ʀʌɸ 
2Ĭ10ï12 ʜʣʷ ʧʝʨʝʯʥ ̫115 

ʙʝʣʢʦʚ 
[151] 

ʄʘʩʩʠʚ ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ 
ʆʧʪʠʯʝʩʢʘʷ ʆʩʘʞʜʝʥʠʝ 

ʈʅʂ-ʘʧʪʘʤʝʨʥʳʝ 

ʤʠʢʨʦʯʠʧʳ 

10ï12 ʜʣʷ ʬʘʢʪʦʨʘ ʨʦʩʪʘ 

ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ ɸ 
[104] 

ʄʠʢʨʦʨʘʟʤʝʨʥʳʝ 

ʟʦʣʦʪʳʝ ʯʘʩʪʠʮʳ 
ʆʧʪʠʯʝʩʢʘʷ 

ʆʩʘʞʜʝʥʠʝ 

ʟʦʣʦʪʳʭ ʯʘʩʪʠʮ 

ʉʵʥʜʚʠʯ-

ʠʤʤʫʥʦʘʥʘʣʠʟ 
3,4Ĭ10ï14 ʜʣʷ ʇʉɸ [152] 

ʏʠʧ ʆʧʪʠʯʝʩʢʘʷ ʆʪʩʫʪʩʪʚʫʝʪ 
ɹʠʦʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʩʚʷʟʳʚʘʥʠʝ 
4Ĭ10ï12 ʜʣʷ ʙʝʣʢʘ p53 [153] 

ʀʃ* ï ʠʥʪʝʨʣʝʡʢʠʥ, ʇʉɸ** ï ʧʨʦʩʪʘʪʠʯʝʩʢʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʘʥʪʠʛʝʥ 
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1.6 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ 

ɹʝʣʢʠ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʙʝʣʢʦʚ ʩʪʘʣʘ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʣʦʛʠʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʦʡ 

ʜʠʩʮʠʧʣʠʥʳ ï ʧʨʦʪʝʦʤʠʢʠ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʥʥʦʪʘʮʠʠ 

ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʟʘʢʦʜʠʨʦʚʘʥʥʦʛʦ ʛʝʥʦʤʦʤ ʦʨʛʘʥʠʟʤʘ. ʉʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʙʝʣʢʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʪʠʤʫʣʠʨʫʝʪ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ [154]. ʊʨʠ 

ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʟʘʜ ʤʝʪʦʜʳ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʚ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ (ʇɸɸɻ), ʚʝʩʪʝʨʥ-ʙʣʦʪ (ɺɹ) ʠ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

(ʀʌɸ) ̫ʚʣʷʣʠʩʴ ʩʪʦʣʧʘʤʠ ʙʝʣʢʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʌʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʠʣʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʙʝʣʢʦʚ ʚ ʵʪʠʭ ʤʝʪʦʜʘʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʘʩʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʩʝʨʝʙʨʦ ʠʣʠ ʂʫʤʘʩʩʠ [155]. 

ʀʥʥʦʚʘʮʠʠ ʚ ʠʦʥʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʘ ʠʤʝʥʥʦ ʤʝʪʦʜ ʵʣʝʢʪʨʦʩʧʨʝʷ 

(ʕʉʀ) [156] ʠ ʤʘʪʨʠʯʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʣʘʟʝʨʥʘʷ ʜʝʩʦʨʙʮʠʷ/ʠʦʥʠʟʘʮʠʷ (ʄɸʃɼʀ) 

[157], ʦʢʦʣʦ 40 ʣʝʪ ʥʘʟʘʜ ʦʧʨʝʜʝʣʠʣʠ ʣʠʜʝʨʩʪʚʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʄʉ) ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʪʝʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʩʣʝʜʫʶʱʝʝ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʳʷʚʠʣʦ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇɸɸɻ, ɺɹ ʠ ʀʌɸ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʠʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʩʣʦʞʥʦʩʪʴ ʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʜʫʨ: (ʘ) ʧʦʜʛʦʪʦʚʢʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʢ 

ʧʨʦʚʝʜʝʥʠʶ ʘʥʘʣʠʟʘ, (ʙ) ʦʢʨʘʰʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ (ʚ) ʥʠʟʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 10ï8 ʄ ʜʣʷ ʇɸɸɻ ʠ ɺɹ, 10ï7-10ï10 ʄ ʜʣʷ ʀʌɸ 

[127,158,159] (ʪʘʙʣʠʮʘ 7).  
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ʊʘʙʣʠʮʘ 7. ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʙʝʣʢʦʚ. 

ʇʘʨʘʤʝʪʨ ʄʉ ʀʌɸ ɺɹ 
ʀʤʤʫʥʦ-

ʛʠʩʪʦʭʠʤʠʷ 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ̛ ̛ ï ï 

ʏʠʩʣʦ ʘʥʘʣʠʪʦʚ ʚ ʘʥʘʣʠʟʝ 1-100 1-40 1-5 1-5 

ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ̛ ̛ ï ï 

ʄʫʣʴʪʠʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ̛ ̛ ï ï 

ʃʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʪʝʢʮʠʠ 
ï ̛ ̛ ̛ 

ʇʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʟʘʤʝʥʳ ʙʝʣʢʘ 
̛ ï ï ï 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʄ 
10ï15*  

[43, 160] 
10ï10 [127] 10ï8 [159] 10ï8 [161] 

̛ ² ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʘ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ; ʄʉ ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ; ʀʌɸ ï ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ; ɺɹ ï ʚʝʩʪʝʨʥ-ʙʣʦʪ; *ʜʣʷ ʤʝʪʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ. 

 

ʅʘ ʩʤʝʥʫ ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʨʝʛʠʩʪʨʘʮʠʠ ʙʝʣʢʦʚ ʧʨʠʰʣʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʩʦʚʤʝʩʪʠʤʳʝ ʩ ʩʠʩʪʝʤʘʤʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ (ʪʘʙʣʠʮʘ 7). ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 7, ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ʄʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʙʝʣʢʘ, ʠʩʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʝʪʝʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʢʨʝʩʪʥʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʘʬʬʠʥʥʦʛʦ ʫʟʥʘʚʘʥʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʘʙʝʨʨʘʥʪʥʳʭ ʬʦʨʤ ʙʝʣʢʦʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ, ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ 

ʟʘʤʝʥʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ [162ï165]. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ [43,160,166* ]. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʠʟʘʡʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤʠ ʢʣʶʯʝʚʳʤʠ ʵʪʘʧʘʤʠ: 

ï ʧʨʝʘʥʘʣʠʪʠʯʝʩʢʠʡ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʧʨʦʮʝʜʫʨʳ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ;  

ï ʘʥʘʣʠʪʠʯʝʩʢʠʡ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ; 

ï ʧʦʩʪʘʥʘʣʠʪʠʯʝʩʢʠʡ, ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʝʪ ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ. ʆʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʫʩʣʦʚʠʡ ʠ ʨʝʞʠʤʦʚ ʧʨʦʚʝʜʝʥʠʷ ʢʘʞʜʦʡ 

ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ 

ʧʨʦʮʝʜʫʨʳ ʜʘʥʥʳʭ ʵʪʘʧʦʚ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

 

1.7 ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʘ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ 

ɺ ʧʦʩʪʛʝʥʦʤʥʫʶ ʵʨʫ ʚʘʞʥʦʡ ʜʣʷ ʦʙʣʘʩʪʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʙʠʦʤʦʣʝʢʫʣ, ʣʠʙʦ ʥʘʙʦʨʘ ʙʠʦʤʦʣʝʢʫʣ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʝʢʫʣ ʚ ʦʙʨʘʟʮʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʨʘʟʮʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ɺʘʨʠʘʮʠʷ ʨʝʞʠʤʦʚ ʠ 

ʫʩʣʦʚʠʡ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʧʨʝʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʵʪʘʧʘ ʚʣʠʷʶʪ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ [166ï168]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʨʦʮʝʜʫʨ ʧʨʝʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʵʪʘʧʘ ʩʪʘʥʦʚʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʧʨʝʘʥʘʣʠʪʠʯʝʩʢʦʤ ʵʪʘʧʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʬʘʟʳ. 

1. ʉʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʙʦʨ ʛʨʫʧʧ ʫʯʘʩʪʥʠʢʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʦʪʠʧʘ, ʦʙʨʘʟʘ ʞʠʟʥʠ, ʧʠʪʘʥʠʷ, ʧʨʠʥʠʤʘʝʤʦʡ ʪʝʨʘʧʠʠ, 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚ, ʧʨʦʪʦʢʦʣʦʚ ʟʘʙʦʨʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʥʘʪʦʱʘʢ ʠʣʠ ʧʦʩʣʝ ʧʨʠʝʤʘ ʧʠʱʠ).  

2. ʉʙʦʨ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʭʨʘʥʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ. ɸʥʥʦʪʘʮʠʷ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʣʠʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɺʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷ 
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ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʘ ʭʦʣʦʜʦʚʦʡ ʮʝʧʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ. 

3. ɺʳʧʦʣʥʝʥʠʝ ʧʨʦʮʝʜʫʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʠʦʦʙʨʘʟʮʘ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. 

ʀʥʪʝʨʝʩʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʨʫʧʥʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ, 

ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʇʨʦʝʢʪʘ çHorizon 2020 SPIDIA4Pè. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʘʞʥʳʭ ʧʨʝʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʩʪʘʥʜʘʨʪʠʟʘʮʠ ̫ʧʨʦʮʝʜʫʨ ʧʨʝʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʵʪʘʧʘ. ʅʘ 

ʩʝʛʦʜʥʷ ʢʦʥʩʦʨʮʠʫʤʦʤ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʚ ʧʨʘʢʪʠʢʫ 22 ʦʙʱʝʝʚʨʦʧʝʡʩʢʠʭ 

(CEN) ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ (ISO) ʩʪʘʥʜʘʨʪʦʚ, ʩʭʝʤʳ ʚʥʝʰʥʝʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ (EQA) 

[147*,150].  

 

1.7.1 ɻʠʜʨʦʣʠʟ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ 

ʅʝʦʪʲʝʤʣʝʤʦʡ ʧʨʦʮʝʜʫʨʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ ʜʣʷ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʝʧʪʠʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʧʦʜʭʦʜ çbottom upè) 

ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʣʠʟ [170]. ɻʠʜʨʦʣʠʟ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʧʨʦʪʝʘʟ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʚ ʧʨʦʪʝʦʤʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʚʣʷʝʪʩʷ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʳʡ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ. ɼʣʷ ʵʪʦʛʦ 

ʜʦʩʪʫʧʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʦʪʝʘʟ ï ʪʨʠʧʩʠʥ, ʭʠʤʦʪʨʠʧʩʠʥ, LysC, GluC, ArgC, LysN ʠ 

AspN. ʕʪʠ ʬʝʨʤʝʥʪʳ ʦʪʣʠʯʥʳ ʧʦ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʧʪʠʤʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ. 

ʊʨʠʧʩʠʥ ʩʯʠʪʘʝʪʩʷ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè ʚ ʧʨʦʪʝʦʤʠʢʝ, ʦʪʣʠʯʘʝʪʩʷ 

ʜʦʩʪʫʧʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ [171]. ʕʪʦʪ ʬʝʨʤʝʥʪ 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʩʝʨʠʥʦʚʳʭ ʧʨʦʪʝʘʟ, ʢʦʪʦʨʳʡ ʛʠʜʨʦʣʠʟʫʝʪ ʧʝʧʪʠʜʥʳʝ ʩʚʷʟʠ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʩʥʦʚʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʣʠʟʠʥʘ ʠʣʠ ʘʨʛʠʥʠʥʘ ʩ ʉ-

ʢʦʥʮʘ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ, ʝʩʣʠ ʟʘ ʵʪʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʥʝ 

ʩʣʝʜʫʝʪ ʧʨʦʣʠʥ [172]. ʀʤʝʥʥʦ ʘʤʠʥʦʢʠʩʣʦʪʳ ʣʠʟʠʥ ʠ ʘʨʛʠʥʠʥ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʙʝʣʢʘʭ ʯʝʣʦʚʝʢʘ [173]. ɺ ʧʨʦʪʝʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʨʠʧʩʠʥ, ʚ ʢʦʪʦʨʦʤ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʣʠʟʠʥʘ 

ʤʝʪʠʣʠʨʦʚʘʥʳ. ʄʦʜʠʬʠʢʘʮʠʷ ʟʘʱʠ ʘɦʝʪ ʤʦʣʝʢʫʣʳ ʬʝʨʤʝʥʪʘ ʦʪ ʘʚʪʦʣʠʪʠʯʝʩʢʦʡ 

ʜʝʛʨʘʜʘʮʠʠ [172]. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʙʝʣʢʦʚ ʚ 

ʦʙʨʘʟʮʝ ʩ ʫʯʘʩʪʠʝʤ ʪʨʠʧʩʠʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 37ÁC, ʚ 

ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ (pH ʦʪ 7 ʜʦ 8) ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʦʚ [174]. 

ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠ ̫ʬʝʨʤʝʥʪʘ ʢ ʩʫʙʩʪʨʘʪʫ ʚ ʦʙʨʘʟʮʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 1:20 ʜʦ 1:100. ʊʨʠʧʩʠʥ ʛʠʜʨʦʣʠʟʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʜʝʥʘʪʫʨʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʠʧʩʠʥʦʣʠʟ ʙʝʣʢʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʦʙʳʯʥʦ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʘʦʪʨʦʧʥʳʭ ʚʝʱʝʩʪʚ ï ʤʦʯʝʚʠʥ r ʠʣʠ 

ʛʠʜʨʦʭʣʦʨʠʜ ʛʫʘʥʠʜʠʥʘ. ʍʘʦʪʨʦʧʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʜʝʥʘʪʫʨʘʮʠʠ ʙʝʣʢʘ ʠ ʧʝʨʝʭʦʜʘ 

ʤʦʣʝʢʫʣʳ ʠʟ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʘʢʪʥʦʡ ʠ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʦʡ ʛʣʦʙʫʣʳ ʚ 

ʨʘʩʧʣʘʚʣʝʥʥʫʶ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩʘʡʪʳ ʜʣʷ ʪʨʠʧʩʠʥʘ ʵʢʩʧʦʥʠʨʦʚʘʥʳ ʥʘ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʤʦʣʝʢʫʣʘʤʠ ʬʝʨʤʝʥʪʘ. ʇʨʦʮʝʜʫʨʘ 

ʪʨʠʧʩʠʥʦʣʠʟʘ ʪʨʝʙʫʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʙʝʣʢʘ 

ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʦʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʨʦʮʝʜʫʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʚ ʙʝʣʢʘʭ ʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ SH-ʛʨʫʧʧ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʦ ʛʠʜʨʦʣʠʟʘ, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ ʤʦʣʝʢʫʣʦʡ ʙʝʣʢʘ ʞʝʩʪʢʦʡ ʠ ʢʦʤʧʘʢʪʥʦʡ ʫʢʣʘʜʢʠ [175,176]. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʢʨʳʪʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ ʧʝʧʪʠʜʘʤʠ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʪʨʠʧʩʠʥʦʤ 

ʟʘʯʘʩʪʫʶ ʙʳʚʘʝʪ ʥʝʧʦʣʥʳʤ, ʩ ʧʨʦʧʫʩʢʦʤ ʩʘʡʪʦʚ ʪʨʠʧʩʠʥʦʣʠʟʘ. ʇʦʤʠʤʦ ʪɻʦʛʦ, ʢʘʢ 

ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʙʝʣʢʠ ʩ ʧʣʦʪʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʫʢʣʘʜʢʦʡ ʫʩʪʦʡʯʠʚʳ ʢ 

ʧʨʦʪʝʦʣʠʟʫ [177]. ʂʦʤʙʠʥʘʮʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʨʠʧʩʠʥʘ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʢ 

ʛʠʜʨʦʣʠʟʫ LysC ʙʣʘʛʦʜʘʨʷ ʧʣʦʪʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʫʢʣʘʜʢʝ ʧʦʟʚʦʣʷʝʪ ʥʠʚʝʣʠʨʦʚʘʪʴ ʵʪʠ 

ʥʝʜʦʩʪʘʪʢʠ. [177]. ʌʝʨʤʝʥʪ LysC ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʩʝʨʠʥʦʚʳʭ 

ʧʨʦʪʝʘʟ, ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʛʠʜʨʦʣʠʟ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʣʠʟʠʥʦʤ ʩ ʉ-

ʢʦʥʮʘ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ. ʌʝʨʤʝʥʪ ʘʢʪʠʚʝʥ ʚ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʪʨʠʧʩʠʥ, ʪʦ ʝʩʪʴ ʚ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (pH ʜʦ 8,5) ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʥʢʫʙʘʮʠʠ ʦʢʦʣʦ 37ʦʉ [177].  
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ʇʨʠʤʝʥʝʥʠʝ ʭʠʤʦʪʨʠʧʩʠʥʘ ʠ ʧʝʧʩʠʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʪʣʠʯʥʳʡ ʥʘʙʦʨ 

ʧʝʧʪʠʜʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʨʠʧʪʠʯʝʩʢʠʤ ʧʝʧʪʠʜʘʤ [170]. ʍʠʤʦʪʨʠʧʩʠʥ ʷʚʣʷʝʪʩʷ 

ʤʝʥʝʝ ʩʧʝʮʠʬʠʯʥʦʡ ʩʝʨʠʥʦʚʦʡ ʧʨʦʪʝʘʟʦʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʛʠʜʨʦʣʠʟ ʧʝʧʪʠʜʥʳʭ 

ʩʚʷʟʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʩ ʫʯʘʩʪʠʝʤ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

(ʬʝʥʠʣʘʣʘʥʠʥ, ʪʨʠʧʪʦʬʘʥ, ʪʠʨʦʟʠʥ ʠ ʣʝʡʮʠʥ). ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʭʠʤʦʪʨʠʧʩʠʥ 

ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʬʝʨʤʝʥʪʘ ʢ ʩʫʙʩʪʨʘʪʫ 1:50 ʚ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 37ÁC ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʦʚ [178].  

ɺ ʩʦʚʤʝʩʪʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʤʧʘʥʠʠ Promega (ʉʐɸ), ʚʳʧʫʩʢʘʶʱʝʡ ʣʠʥʝʡʢʫ 

ʧʨʝʧʘʨʘʪʦʚ ʪʨʠʧʩʠʥʘ ʠ ʜʨʫʛʠʭ ʛʠʜʨʦʣʘʟ ʜʣʷ ʧʨʦʪʝʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ ʂʘʬʝʜʨ r

ʤʝʜʠʮʠʥʩʢʦʡ ʙʠʦʭʠʤʠʠ ʠ ʙʠʦʬʠʟʠʢʠ ʂʘʨʦʣʠʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʐʚʝʮʠʷ) ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ (ɺʕɾʍ-

ʄʉ/ʄʉ) ʚ ʵʢʩʪʨʘʢʪʘʭ ʜʨʦʞʞʝʡ ʠ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ HeLa ʧʦʩʣʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ 

ʨʘʩʱʝʧʣʝʥʠʷ ʪʨʠʧʩʠʥʦʤ ʠ ʩʤʝʩʴʶ ʬʝʨʤʝʥʪʦʚ ʪʨʠʧʩʠʥ/LysC [177]. ɸʚʪʦʨʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ ʠʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ ʠʥʢʫʙʘʮʠʠ 

ʵʢʩʪʨʘʢʪʘ ʦʙʱʝʛʦ ʙʝʣʢʘ ʜʨʦʞʞʝʡ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʩ ʪʨʠʧʩʠʥʦʤ ʙʦʣʝʝ 20% ʩʘʡʪʦʚ 

ʛʠʜʨʦʣʠʟʘ ʦʩʪʘʣʠʩʴ ʥʝʛʠʜʨʦʣʠʟʦʚʘʥʥʳʤʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʧʨʦʧʫʱʝʥʥʳʭ ʩʘʡʪʦʚ 

ʛʠʜʨʦʣʠʟʘ ʜʣʷ ʣʠʟʠʥʘ ʢ ʩʘʡʪʘʤ ʜʣʷ ʘʨʛʠʥʠʥʘ ʩʦʩʪʘʚʠʣʦ ʧʨʠʤʝʨʥʦ 5:1. ʆʜʥʘʢʦ, 

ʛʠʜʨʦʣʠʟ ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ ʩʤʝʩʠ ʪʨʠʧʩʠʥ/LysC ʧʦʟʚʦʣʠʣ ʜʦʩʪʠʯʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʛʦ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʙʝʣʢʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ. ɺʦ-ʚʪʦʨʳʭ, 

ʜʣʷ ʦʙʨʘʟʮʦʚ HeLa ʠ ʜʨʦʞʞʝʡ ʧʨʠʤʝʥʝʥʠʝ ʩʤʝʩʠ ʪʨʠʧʩʠʥ/LysC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʠʧʩʠʥʦʤ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʙʝʣʢʦʚʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʥʘ 10% ʠ 20%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [177]. 

ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʚʳʧʦʣʥʝʥʥʦʤ ɻʨʫʧʧʦʡ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʧʨʦʪʝʦʤʠʢʠ 

ʀʥʩʪʠʪʫʪʘ ʙʠʦʭʠʤʠʠ ʠʤ. ʄʘʢʩʘ ʇʣʘʥʢʘ (ɻʝʨʤʘʥʠʷ) ʠ ʌʘʢʫʣʴʪʝʪʦʤ ʬʘʨʤʘʮʠʠ 

ʋʧʧʩʘʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʐʚʝʮʠʷ), ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʪʨʝʭ ʬʝʨʤʝʥʪʦʚ 

ï ʪʨʠʧʩʠʥ, LysC ʠ ʭʠʤʦʪʨʠʧʩʠʥ ʜʣʷ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʙʠʦʧʪʘʪʦʚ ʧʝʯʝʥʠ 

ʯʝʣʦʚʝʢʘ ʤʝʪʦʜʦʤ ɺʕɾʍ-ʄʉ/ʄʉ [179]. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʤʝʩʠ 

ʪʨʠʧʩʠʥ/LysC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ LysC ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʯʠʩʣʦ ʧʝʧʪʠʜʥʳʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʥʘ 18%. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʩʠ 
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ʪʨʠʧʩʠʥ/LysC/ʭʠʤʦʪʨʠʧʩʠʥ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʛʣʫʙʠʥʫ ʙʝʣʢʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚ 1,5 ʨʘʟʘ [179]. 

ʊʘʢʞʝ ʚ ʧʨʦʪʝʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʬʝʨʤʝʥʪʳ GluC, ArgC, LysN, 

AspN ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʛʠʜʨʦʣʘʟʳ ʣʠʙʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʨʠʧʩʠʥʦʤ. ʌʝʨʤʝʥʪ GluC, 

ʚʜrʝʣʝʥʥʳʡ ʠʟ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ, ʷʚʣʷʝʪʩʷ ʩʝʨʠʥʦʚʦʡ ʧʨʦʪʝʘʟʦʡ, ʢʦʪʦʨʘʷ 

ʩʧʝʮʠʬʠʯʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʣʫʪʘʤʠʥʦʚʦʡ ʠ ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʝ (ʨʘʩʱʝʧʣʝʥʠʝ 

ʩ ʉ-ʢʦʥʮʘ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʪʝʦʣʠʟʘ ʚ 

ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ, ʣʠʙʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʮʝʪʘʪʘ ʘʤʤʦʥʠʷ (pH 4,0) ʠʣʠ ʙʠʢʘʨʙʦʥʘʪʘ ʘʤʤʦʥʠʷ (pH 7,8) [170]. ɼʨʫʛʦʡ ʬʝʨʤʝʥʪ 

ArgC, ʚʳʜʝʣʝʥʥʳʡ ʠʟ Clostridium histolyticum, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʩʪʝʠʥʦʚʫʶ 

ʩʘʡʪ-ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʵʥʜʦʧʝʧʪʠʜʘʟʫ, ʦʩʫʱʝʩʪʚʣʷʶʱʫ  ʁ ʛʠʜʨʦʣʠʟ ʩ ʉ-ʢʦʥʮʘ 

ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ ʩ ʘʨʛʠʥʠʥʦʤ, ʨʝʞʝ ʩ ʣʠʟʠʥʦʤ [180]. 

ʆʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʬʝʨʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʱʝʣʦʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʧʨʠʩʫʪʩʪʚʠʝ 

ʢʘʪʠʦʥʦʚ ʚ ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʩʤʝʩʠ.  

ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʜʨʦʣʘʟ, ʩʘʡʪ-ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʙʝʣʢʘ 

ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʜʣʷ ʨʘʩʱʝʧʣʝʥʠʷ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ 

ʷʚʣʷʶʪʩʷ ʨʘʟʙʘʚʣʝʥʥʳʝ ʢʠʩʣʦʪʳ, ʪʘʢʠʝ ʢʘʢ ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ, ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ ʠ 

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, ʘ ʪʘʢʞʝ ʙʨʦʤʠʩʪʳʡ ʮʠʘʥ (CNBr), ʛʠʜʨʦʢʩʠʣʘʤʠʥ ʠ 2-ʥʠʪʨʦ-5-

ʪʠʦʮʠʘʥʦʙʝʥʟʦʘʪ (NTCB) [171]. ɺ ʫʩʣʦʚʠʷʭ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʨʘʟʙʘʚʣʝʥʥʳʭ ʢʠʩʣʦʪ ʙʝʣʢʠ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ ʩ 

ʘʩʧʘʨʘʛʠʥʦʤ, ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦ ʜʨʫʛʠʤ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʘʤ [181]. 

NTCB ʩʧʝʮʠʬʠʯʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʠʩʪʝʠʥʫ, ʪʦʛʜʘ ʢʘʢ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʚʳʡ ʨʝʘʛʝʥʪ 

ʨʘʩʱʝʧʣʷʝʪ ʧʝʧʪʠʜʥʳʝ ʩʚʷʟʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʘʩʧʘʨʘʛʠʥʦʤ ʠʣʠ ʛʣʠʮʠʥʦʤ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʭʠʤʠʯʝʩʢʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʛʠʜʨʦʣʠʟʘ 

ʧʝʧʪʠʜʥʳʭ ʩʚʷʟʝʡ ʥʘʠʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʣʠʥʥʳʭ ʧʝʧʪʠʜʦʚ [171]. ɺ ʪʘʙʣʠʮʝ 8 ʦʙʦʙʱʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʬʝʨʤʝʥʪʘʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʘʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʦʚ ʚ 

ʧʨʦʪʝʦʤʥʦʤ ʘʥʘʣʠʟʝ. 
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ʊʘʙʣʠʮʘ 8. ɻʠʜʨʦʣʠʟ ʙʝʣʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʝʨʤʝʥʪʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [171] . 

ʌʝʨʤʝʥʪ/ʭʠʤʠʯʝʩʢʠʡ ʨʝʘʛʝʥʪ ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʉʧʝʮʠʬʠʯʥʦʩʪʴ ɼʠʘʧʘʟʦʥ pH 

ArgC 
Clostridium 

histolyticum 
R 7,2ī8,0 

AspN Pseudomonas fragi D 7,0ī8,0 

GluC 
Staphylococcus 

aureus 
ɽ 4,0-7,8 

LysC 
Lysobacter 

enzymogenes 
K 8,5-8,8 

LysN 
Lysobacter 

enzymogenes 
K 8,0 

Trypsin Bos taurus K, R 8,0 

Chymotrypsin Bos taurus F, W, Y 7,0-9,0 

ʎʠʘʥ ʙʨʦʤʠʩʪʳʡ ï ʄ ʂʠʩʣʦʪʘ 

ʄʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ ï D ʂʠʩʣʦʪʘ 

ʉʦʣʷʥʘʷ ʢʠʩʣʦʪʘ ï D ʂʠʩʣʦʪʘ 

2-ʥʠʪʨʦ-5-ʪʠʦʮʠʘʥʦʙʝʥʟʦʘʪ ï C 9,0-10,0 
ʆʙʦʟʥʘʯʝʥʠʷ: R ï ʘʨʛʠʥʠʥ; D ï ʘʩʧʘʨʪʘʪ; ʉ ï ʮʠʩʪʝʠʥ; K ï ʣʠʟʠʥ; F ï ʬʝʥʠʣʘʣʘʥʠʥ; W ï ʪʨʠʧʪʦʬʘʥ; 

Y ï ʪʠʨʦʟʠʥ; M ï ʤʝʪʠʦʥʠʥ.  

 

ɺ ʧʨʦʪʝʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʘʞʥʦ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʡ ʧʦʣʥʦʛʦ 

ʨʘʩʱʝʧʣʝʥʠʷ ʙʝʣʢʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝ 

ʚʩʝʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠ ̫ʥʝʢʘʥʦʥʠʯʝʩʢʠʭ ʧʝʧʪʠʜʦʚ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʙʝʣʢʦʚ ʪʢʘʥʝʚʳʭ ʠ ʢʣʝʪʦʯʥʳʭ ʣʠʟʘʪʦʚ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʨʦʮʝʜʫʨʳ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʛʠʜʨʦʬʦʙʥʦʩʪʴ .ʁ ɺ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʝʪʝʨʛʝʥʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ (ɼʉʅ) ʠ ʜʝʟʦʢʩʠʭʦʣʘʪ ʥʘʪʨʠʷ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʨʝʜʝ ɼʉʅ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ [182]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʜʣʷ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʘʦʪʨʦʧʳ ï ʤʦʯʝʚʠʥʘ, ʛʫʘʥʠʜʠʥ ʭʣʦʨʠʜ [183]. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ 

ʭʘʦʪʨʦʧʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʪʝʦʣʠʟʫ [184].  

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʧʨʠʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʥʝ 
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ʠʥʛʠʙʠʨʫʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʛʠʜʨʦʣʘʟ [185]. ʂʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʩʫʨʬʘʢʪʘʥʪ 

çRapiGest SFè (Waters, ʉʐɸ) ʫʣʫʯʰʘʝʪ ʩʦʣʶʙʠʣʠʟʘʮʠʶ ʙʝʣʢʦʚ, ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʪʨʠʧʩʠʥʘ ʠ ʜʨʫʛʠʭ ʵʥʜʦʧʝʧʪʠʜʘʟ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. RapiGest SF ʜʝʛʨʘʜʠʨʫʝʪ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʡ pH [185]. ʃʘʫʨʘʪ ʥʘʪʨʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤ 

ʚʝʱʝʩʪʚʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʣʠʟʠʨʦʚʘʥʠʶ ʤʝʤʙʨʘʥ ʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʶ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ [186]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʣʘʫʨʘʪʘ ʥʘʪʨʠʷ 

ʩʨʘʚʥʠʤʘ ʩ ɼʉʅ ʠ ʧʨʝʚʦʩʭʦʜʠʪ RapiGest SF [185].  

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʜʫʨʳ ʛʠʜʨʦʣʠʟʘ ʙʠʦʦʙʨʘʟʮʘ (ʧʣʘʟʤʘ ʠʣʠ ʩʳʚʦʨʦʪʢʘ) ʚ 

ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʩʫʤʤʘʨʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦ ʤʠʣʣʠʦʥʘ ʨʘʟʣʠʯʥʳʭ ʧʝʧʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʉ ʮʝʣʴʶ ʧʦʥʠʞʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʤʝʩʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʬʨʘʢʮʠʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ, ʧʨʝʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʦʛʦ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ. 

ʇʨʝʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʩʦʜʝʨʞʘʥʠʷ 

ʙʝʣʢʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʩʠʪʴ ʛʣʫʙʠʥʫ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [187].  

 

1.8 ʄʝʪʦʜʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚ  

 

1.8.1 ʊʘʥʜʝʤʥʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ʊʘʥʜʝʤʥʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʙʝʣʢʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

[154]. ʄʝʪʦʜʳ ʪʘʥʜʝʤʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʠʟʫʯʝʥʠ ̫ʤʦʣʝʢʫʣʷʨʥʳʭ, ʢʣʝʪʦʯʥʳʭ 

ʩʦʙʳʪʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʚ ʥʦʨʤʝ ʠ ʧʘʪʦʣʦʛʠʠ, ʜʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ (ʩʢʨʠʥʠʥʛ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʥʘ ʣʠʟʦʩʦʤʘʣʴʥʳʝ ʬʝʨʤʝʥʪʳ), 

ʧʦʠʩʢʘ ʥʦʚʳʭ ʙʠʦʤʘʨʢʝʨʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʥʫʞʜ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [188ï191]. 

ʆʩʥʦʚʥʳʝ ʰʘʛʠ ʩʪʨʘʪʝʛʠʠ ʧʨʦʪʝʦʤʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʥʜʝʤʥʦʡ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʦʪʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6.  
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ʈʠʩʫʥʦʢ 6. ï ʉʭʝʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʚ ʦʙʨʘʟʮʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ɺʕɾʍ-ʄʉ/ʄʉ. ʌʨʘʛʤʝʥʪʘʮʠʷ ʚ ʧʨʦʪʝʦʤʥʦʤ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʙʝʣʢʦʚʳʭ ʩʤʝʩʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʠʦʥʥʳʭ ʣʦʚʫʰʢʘʭ ʚʳʩʦʢʦʛʦ ʠ 

ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [192]) . 

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʙʝʣʢʦʚʘʷ ʩʤʝʩʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʘʡʪ-

ʩʧʝʮʠʬʠʯʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʠ ʧʝʧʪʠʜʦʚ. ɿʘʪʝʤ ʧʝʧʪʠʜʥʘʷ ʩʤʝʩʴ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʬʨʘʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʞʠʜʢʦʩʪʥʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ) ʠ ʧʦʜʘʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʠʦʥʦʚ ʢ 

ʟʘʨʷʜʫ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʬʨʘʢʮʠʠ ʧʝʧʪʠʜʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʘʶʪʩʷ ʚ ʪʘʥʜʝʤʥʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʚʳʩʦʢʦʛʦ ʠʣʠ 

ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʟʦʣʷʮʠʷ ʧʝʧʪʠʜʥʳʭ ʠʦʥʦʚ 

(ʧʨʝʢʫʨʩʦʨʥʳʝ ʠʦʥʳ) ʠ ʠʭ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ ʪʘʥʜʝʤʥʳʭ 

ʩʧʝʢʪʨʦʚ, ʠʣʠ ʩʧʝʢʪʨʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʄʉ/ʄʉ.  

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ, ʚʢʣʶʯʘʷ 

ʩʧʝʢʪʨʳ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʧʨʝʢʫʨʩʦʨʥʳʭ ʠʦʥʦʚ ʧʝʧʪʠʜʦʚ ʠ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʜʣʷ 

ʩʧʝʢʪʨʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʧʝʧʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʝʦʤʥʳʭ ʧʦʠʩʢʦʚʳʭ ʤʘʰʠʥ (ʨʠʩʫʥʦʢ 6). 
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ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʪʘʥʜʝʤʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʧʪʠʜʦʚ. ʊʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʧʝʢʪʨʳ ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʝʧʪʠʜʦʚ (ʄʉ/ʄʉ). ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ 

ʚ ʧʨʦʪʝʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʚʣʷʶʪʩʷ ʵʨʛʦʜʠʯʥʳʝ ʤʝʪʦʜʳ ʬʨʘʛʤʝʥʪʘʮʠʠ. ʕʣʶʮʠʷ 

ʧʝʧʪʠʜʦʚ ʩ ʦʙʨʘʱʝʥʥʦ-ʬʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʛʨʘʜʠʝʥʪʘ ʩʤʝʩʴ  ʁ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ 

(ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʚʨʝʤʷ ʫʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ), ʜʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʦʥʠʟʘʮʠʷ ʠ ʧʝʨʝʥʦʩ ʧʝʧʪʠʜʥʳʭ ʠʦʥʦʚ ʚ ʢʘʤʝʨʫ ʩʦʫʜʘʨʝʥʠʡ. ɺ ʢʘʤʝʨʝ ʩʦʫʜʘʨʝʥʠʡ 

ʧʨʝʢʫʨʩʦʨʥʳʝ ʠʦʥʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʳ ʠʟʦʣʠʨʫʶʪʩʷ ʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʤʦʣʝʢʫʣʘʤʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʥʝʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ, ʘʨʛʦʥ ʠʣʠ ʛʝʣʠʡ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ 

ʜʠʩʩʦʮʠʘʮʠ,̫ ʘʢʪʠʚʠʨʫʝʤʘ ̫ ʩʪʦʣʢʥʦʚʝʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʥʦʩ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʥʘ ʭʠʤʠʯʝʩʢʫʶ ʩʚʷʟʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʳʚʫ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ. ɺ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʘʤʠʜʥʳʝ ʩʚʷʟʠ ʧʝʧʪʠʜʥʦʛʦ ʦʩʪʦʚʘ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʩʘʡʪʘʤʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʘʤʠʜʥʳʝ ʩʚʷʟʠ ʦʩʣʘʙʝʚʘʶʪ, ʠ ʧʨʠ 

ʘʢʪʠʚʘʮʠʠ ʩʪʦʣʢʥʦʚʝʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʨʘʟʨʳʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʷʜʘ ʠʦʥʦʚ-

ʧʨʦʜʫʢʪʦʚ ʜʚʫʭ ʪʠʧʦʚ ï çy-è ʠ çb-è [154, 193]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʥʘʙʦʨʘ ʠʦʥʦʚ ʧʝʧʪʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦ m/z ʥʘ ʦʜʥʫ 

ʘʤʠʥʦʢʠʩʣʦʪʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʧʪʠʜʘ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. 

ʅʘ ʩʝʛʦʜʥʷ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʧʝʧʪʠʜʦʚ-ʠʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ CID (ʦʪ ʘʥʛʣ. 

çcollision-induced dissociationè), ʜʠʩʩʦʮʠʘʮʠ ̫ʩ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ ETD (ʦʪ ʘʥʛʣ. 

çelectron-transfer dissociationè), ʠʤʧʫʣʴʩʥʘʷ Q-ʜʠʩʩʦʮʠʘʮʠʷ PQD (ʦʪ ʘʥʛʣ. çpulsed-

Q-dissociationè), ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʠʠ HCD (ʦʪ 

ʘʥʛʣ. çhigher energy collision dissociationè) ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ [194ï197]. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʥʜʝʤʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ CID. ʄʥʦʛʦʦʙʝʱʘʶʱʠʤ ʤʝʪʦʜʦʤ 

ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʧʪʠʜʦʚ ʠ ʙʝʣʢʦʚ ʩ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ 

(ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ, ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ) ʷʚʣʷʝʪʩʷ ʜʠʩʩʦʮʠʘʮʠʷ ʩ ʧʝʨʝʥʦʩʦʤ 
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ʵʣʝʢʪʨʦʥʘ ETD [198,199]. ɻʣʫʙʦʢʠʡ ʦʭʚʘʪ ʧʨʦʪʝʦʤʘ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʩʦʯʝʪʘʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʤʝʪʦʜʦʚ 

ʬʨʘʛʤʝʥʪʘʮʠʠ [194].  

 

1.8.2 ɺʨʝʤʷʧʨʦʣʝʪʥʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ɺʨʝʤʷʧʨʦʣʝʪʥʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ï ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʯʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʣʘʟʝʨʥʘʷ 

ʜʝʩʦʨʙʮʠʷ/ʠʦʥʠʟʘʮʠʷ (ʄɸʃɼʀ), ʘ ʤʘʩʩ-ʘʥʘʣʠʟʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ 

ʘʥʘʣʠʟʘʪʦʨ (TOF, ʦʪ ʘʥʛʣ. çtime-of-lightè). ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ ʠʦʥʦʚ ʩ ʨʘʟʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ m/z ʚʦ 

ʚʨʝʤʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʩʚʦʙʦʜʥʦʡ ʦʪ ʧʦʣʷ ʪʨʘʝʢʪʦʨʠʠ ʜʨʝʡʬʘ 

ʠʟʚʝʩʪʥʦʡ ʜʣʠʥʳ (ʨʠʩʫʥʦʢ 7). ʀʦʥʳ ʥʘʯʠʥʘʶʪ ʧʫʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʙʦʣʝʝ ʣʝʛʢʠʝ ʠʦʥʳ ʜʦʩʪʠʛʘʶʪ ʜʝʪʝʢʪʦʨ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʷʞʝʣʳʤʠ. 

 

ʈʠʩʫʥʦʢ 7. ï ʉʭʝʤʘ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. 

ʉʤʝʩʴ ʦʙʨʘʟʮʘ ʠ ʤʘʪʨʠʮʳ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʤʠʰʝʥʴ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʣʘʟʝʨʘ. ʊʘʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʙʣʠʤʘʮʠʠ ʠ ʠʦʥʠʟʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʨʘʟʮʘ ʠ ʤʘʪʨʠʮʳ. ʆʙʨʘʟʦʚʘʥʥʳʝ ʠʦʥʳ ʨʘʟʜʝʣʷʶʪʩʷ ʚʦ 

ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʪʨʫʙʝ ʧʦ ʟʥʘʯʝʥʠʷʤ m/z. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʄʉ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʬʠʣʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ m/z ʚ ʚʠʜʝ ʩʧʝʢʪʨʘ. ʈʠʩʫʥʦʢ 

ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ [200] . 

ɺʨʝʤʷʧʨʦʣʝʪʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʠʥʝʡʥʦʛʦ ʠ 

ʨʝʬʣʝʢʪʨʦʥʥʦʛʦ ʨʝʞʠʤʘ ʠʟʤʝʨʝʥʠʡ [201]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʦʥʘʤ ʧʨʠʜʘʝʪʩʷ 

ʦʜʠʥʘʢʦʚʘʷ ʥʘʯʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʥʘ ʧʨʘʢʪʠʢʝ ʠʤʧʫʣʴʩ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ 

ʠʦʥʘʤʠ ʩ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʥʝ ʚʩʝ ʠʦʥʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 
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m/z ʜʦʩʪʠʛʘʶʪ ʩʚʦʠʭ ʨʘʩʯʝʪʥʳʭ ʩʢʦʨʦʩʪʝʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʢʦʥʮʝ 

ʪʨʘʝʢʪʦʨʠʠ ʜʨʝʡʬʘ ʧʨʠʤʝʥʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝ (ʨʝʬʣʝʢʪʨʦʥ). ʈʝʬʣʝʢʪʨʦʥ ʩʦʜʝʨʞʠʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʣʴʮʝʚʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩ ʚʳʩʦʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʠʦʥʦʚ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʪʨʫʙʳ 

ʩ ʥʝʙʦʣʴʰʠʤ ʫʛʣʦʤ ʩʤʝʱʝʥʠʷ [201]. ʀʦʥʳ ʩ ʨʘʟʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ 

ʧʨʦʥʠʢʘʶʪ ʚ ʨʝʬʣʝʢʪʨʦʥ ʥʘ ʨʘʟʥʫʶ ʛʣʫʙʠʥʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʭʦʜʘ ʠʟ ʨʝʬʣʝʢʪʨʦʥʘ. 

ɹʦʣʝʝ ʙʳʩʪʨʳʝ ʠʦʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʧʨʦʭʦʜʪ̫ ʙʦʣʝʝ ʜʣʠʥʥʳʡ ʧʫʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʤʝʜʣʝʥʥʳʤʠè ʠʦʥʘʤʠ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʙʳʩʪʨʳʝ ʠʦʥʳ ʧʨʦʚʦʜʷʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʚ ʨʝʬʣʝʢʪʨʦʥʝ, ʯʝʤ ʤʝʜʣʝʥʥʳʝ 

ʠʦʥʳ, ʥʝʩʫʱʠʝ ʤʝʥʴʰʫʶ ʵʥʝʨʛʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʝʢʪʦʨ ʧʨʠʥʠʤʘʝʪ ʠʦʥʳ 

ʦʜʠʥʘʢʦʚʦʡ ʤʘʩʩʳ ʧʨʠʤʝʨʥʦ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ. ʈʝʞʠʤ ʦʪʨʘʞʝʥʠʷ ʚ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʟʤʝʨʷʝʤʳʭ m/z, ʦʜʥʘʢʦ ʨʝʬʣʝʢʪʨʦʥʥʳʡ ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʥʝ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʘʥʘʣʠʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ [202]. ʄɸʃɼʀ ʩ ʚʨʝʤʷʧʨʦʣʝʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʪʝʦʤʠʢʠ [203], ʣʠʧʠʜʦʤʠʢʠ [204], ʢʣʠʥʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ [205], ʤʝʪʘʙʦʣʦʤʠʢʠ 

[206]. 

 

1.8.3 ʅʘʧʨʘʚʣʝʥʥʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ʊʘʥʜʝʤʥʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʟʦʪʦʧʥʳʤ ʤʝʯʝʥʠʝʤ ʚ ʧʨʦʪʝʦʤʥʦʤ ʘʥʘʣʠʟʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚ 

[207,208]. ʅʘʧʨʘʚʣʝʥʥʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜʦʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ (ɺʕɾʍ-ʄʄʈ). ɼʘʥʥʳʡ ʘʥʘʣʠʟ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠʟʚʝʩʪʥʦʛʦ 

ʥʘʙʦʨʘ ʙʝʣʢʦʚ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ [209,210]. ɺ ʘʥʘʣʠʟʝ ɺʕɾʍ-ʄʄʈ 

ʫʯʘʩʪʚʫʶʪ ʦʜʠʥ ʠʣʠ ʜʚʘ ʧʨʦʪʝʦʪʠʧʠʯʝʩʢʠʭ ʧʝʧʪʠʜʘ. ʊʘʢʠʝ ʧʝʧʪʠʜʳ ʫʥʠʢʘʣʴʥʳ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʝʣʢʘ ʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʜʨʫʛʠʭ ʙʝʣʢʘʭ. ɺʕɾʍ-ʄʄʈ ʘʥʘʣʠʟ 

ʧʨʦʪʝʦʪʠʧʠʯʝʩʢʠʭ ʧʝʧʪʠʜʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʪʠʧʘ ʪʨʦʡʥʦʡ 
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ʢʚʘʜʨʫʧʦʣʴ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʧʨʝʢʫʨʩʦʨʥʳʭ 

ʠʦʥʦʚ ʠʟʚʝʩʪʥʳʭ m/z ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠ ʦʪʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʨʘʛʤʝʥʪʥʳʭ ʠʦʥʦʚ, 

ʠʣʠ ʪʨʘʥʟʠʮʠʡ. ɺʕɾʍ-ʄʄʈ ʘʥʘʣʠʟ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʚʝʩʪʝʨʥ-ʙʣʦʪʘ ʠʣʠ ʀʌɸ, ʧʦʩʢʦʣʴʢʫ ʚ ʤʝʪʦʜʘʭ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚʳʭ ʤʠʰʝʥʝʡ. ʄʝʪʦʜ ɺʕɾʍ-ʄʄʈ 

ʦʪʣʠʯʘʝʪʩʷ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ:  

(ʘ) ʥʝ ʪʨʝʙʫʝʪ ʦʪʙʦʨʘ ʠ ʥʘʨʘʙʦʪʢʠ ʘʥʪʠʪʝʣ ʩ ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʢ 

ʠʩʩʣʝʜʫʝʤʦʤʫ ʙʝʣʢʫ;  

(ʙ) ʧʨʝʜʝʣ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʦʣʝʝ ʯʝʤ ʚ 100 ʨʘʟ ʥʠʞʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʥʜʝʤʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʙʣʘʛʦʜʘʨʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ ʮʝʣʝʚʳʭ 

ʠʦʥʦʚ ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʠʭ ʪʨʘʥʟʠʮʠʡ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥ ʫʨʦʚʝʥʴ ʰʫʤʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʪʦʧʥʦ-ʤʝʯʝʥʳʭ ʧʝʧʪʠʜʦʚ 13C ʠ/ʠʣʠ 15N ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚ ʧʫʪʝʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʪ ʩʦʪʝʥ ʜʦ ʪʳʩʷʯʠ ʪʨʘʥʟʠʮʠʡ ʧʨʝʢʫʨʩʦʨʥʳʭ ʠʦʥʦʚ ʚ ʦʜʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ [209]. 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ɺʕɾʍ-ʄʄʈ ʜʣʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 8. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʢʘʞʜʦʛʦ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʦʪʙʠʨʘʶʪ 3-

5 ʢʘʥʜʠʜʘʪʥʳʭ ʧʝʧʪʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ʊʘʢʦʡ ʚʳʙʦʨ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥ ʥʘ ʜʘʥʥʳʭ ɺʕɾʍ-ʄʉ/ʄʉ ʘʥʘʣʠʟʘ (ʜʝʪʝʢʪʦʨ ʪʠʧʘ 

ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ ʠʣʠ ʦʨʙʠʪʘʣʴʥʘʷ ʣʦʚʫʰʢʘ ʠʦʥʦʚ), ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ 

ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʧʨʦʪʝʦʤʥʳʭ ʨʝʧʦʟʠʪʦʨʠʷʭ, ʣʠʙʦ ʨʘʩʯʝʪʥʳʭ ʧʨʦʛʥʦʟʦʚ. 
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ʈʠʩʫʥʦʢ 8. ï ʉʭʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ɺʕɾʍ-ʄʄʈ ʤʝʪʦʜʘ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [209].  

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʝʯʝʥʳʝ ʠʟʦʪʦʧʘʤʠ ʧʝʧʪʠʜʳ-ʢʘʥʜʠʜʘʪʳ ʩʠʥʪʝʟʠʨʫʶʪ ʚ 

ʥʝʦʯʠʱʝʥʥʦʤ ʚʠʜʝ. ɼʣʷ ʩʤʝʩʠ ʥʝʦʯʠʱʝʥʥʳʭ ʧʝʧʪʠʜʦʚ ʧʨʦʚʦʜʠʪʩʷ ɺʕɾʍ-ʄʄʈ 

ʘʥʘʣʠʟ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʘʞʜʦʛʦ 

ʧʨʝʢʫʨʩʦʨʥʦʛʦ ʠʦʥʘ ʠ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʥʠʭ ʪʨʘʥʟʠʮʠʡ. ɿʘʪʝʤ 

ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʧʪʠʜʘ ʦʪʙʠʨʘʶʪ ʦʪ ʪʨʝʭ ʜʦ ʧʷʪʠ ʪʨʘʥʟʠʮʠʡ. ʉʤʝʩʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʧʝʧʪʠʜʦʚ ʜʦʙʘʚʣʷʶʪ ʚ ʪʨʠʧʪʠʯʝʩʢʠʡ ʛʠʜʨʦʣʠʟʘʪ ʢʣʝʪʦʯʥʦʛʦ ʵʢʩʪʨʘʢʪʘ, ʯʪʦʙʳ 

ʧʦʜʪʚʝʨʜʠʪʴ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʧʝʧʪʠʜʦʚ ʚ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʤʘʪʨʠʮʝ. ɼʘʣʝʝ ʦʪʙʠʨʘʶʪ ʧʝʧʪʠʜʳ ʩ ʥʘʠʣʫʯʰʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ. ʇʨʦʚʦʜʠʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʣʝʛʢʠʭ ʠ 

ʪʷʞʝʣʳʭ ʬʦʨʤ ʚʳʙʨʘʥʥʳʭ ʧʝʧʪʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ 
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[209]. ʏʠʩʪʦʪʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʝʧʪʠʜʦʚ, ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʷʚʣʷʶʪʩʷ ʞʝʩʪʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʚʝʜʝʥʠʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʮʝʥʠʚʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʣʠʥʝʡʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʩʦʟʜʘʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ ʜʦʙʘʚʣʝʥʠʷ ʩʤʝʩʠ ʠʟʦʪʦʧʥʦ-

ʤʝʯʝʥʳʭ ʧʝʧʪʠʜʦʚ ʠʟʚʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ɺʕɾʍ-ʄʄʈ 

ʤʝʪʦʜ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ 

ʧʝʨʝʯʥʷ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʪʨʠʮʘʭ (ʦʙʨʘʟʮʳ ʢʨʦʚʠ, 

ʢʣʝʪʦʯʥʳʡ ʣʠʟʘʪ) [209].  

 

1.8.4 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ  

 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʛʦ ʯʠʧʘ, ʠʣʠ çMALDI Imagingè, ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪ ɹ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʪʢʘʥʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʜʝʪʘʣʠʟʘʮʠʝʡ. ɸʥʘʣʠʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʘʥʘʣʠʪʦʚ ï ʙʝʣʢʠ, ʧʝʧʪʠʜʳ, ʣʝʢʘʨʩʪʚʝʥʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʵʥʜʦʛʝʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʠ 

ʜʨʫʛʠʝ ʘʥʘʣʠʪʳ, ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ in situ ʧʦʜʭʦʜʫ ʚ ʪʢʘʥʠ 

[211]. ʇʦʜʭʦʜ çMALDI Imagingè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ (ʠʤʤʫʥʦ)ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʙʲʝʜʠʥʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʦʩʪʘʚʝ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ (ʛʠʩʪʦʣʦʛʠʷ) ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʟʘ ʩʯʝʪ ʩʙʦʨʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʘʥʘʣʠʪʦʚ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ. çMALDI Imagingè ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʚʦʜʠʪʴ ʤʫʣʴʪʠʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʪ ʩʦʪʝʥ ʜʦ ʪʳʩʷʯ ʤʦʣʝʢʫʣ ʚ ʦʜʥʦʤ ʩʨʝʟʝ 

ʪʢʘʥʠ. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʘʥʥʳʭ ʠ ʩʚʷʟʳʚʘʝʪ ʜʠʩʮʠʧʣʠʥʫ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʧʘʪʦʣʦʛʠʠ ʩ ʛʣʫʙʦʢʠʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʙʠʦʤʦʣʝʢʫʣ ʚ ʦʙʨʘʟʮʘʭ 

ʪʢʘʥʠ (ʪʘʙʣʠʮʘ 9).  

çMALDI Imagingè ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ [212]. ɺʠʟʫʘʣʠʟʘʮʠʷ ʙʝʣʢʦʚ 
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ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 

ʥʘʥʝʩʝʥʠʷ ʦʙʨʘʟʮʘ, ʠʟʦʬʦʨʤʘʭ ʙʝʣʢʦʚ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ çMALDI Imagingè ʠ 

ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 9. 

ʊʘʙʣʠʮʘ 9. ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, çMALDI Imagingè 

ʠ ʤʝʪʦʜʘ ɺʕɾʍ-ʄʉ/ʄʉ (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [211]) . 

ʇʘʨʘʤʝʪʨ ʀʤʤʫʥʦʛʠʩʪʦʭʠʤʠʷ 
MALDI 

Imaging 

ɺʕɾʍ-

ʄʉ/ʄʉ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ 
̛ ̛ ï 

ʄʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ 
̛ ̛ ̛ 

ɸʥʘʣʠʟ ʙʝʟ ʤʝʪʦʢ 

(ʭʠʤʠʯʝʩʢʠʭ, 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ, ʠʟʦʪʦʧʥʳʭ) 

ï ̛ ̛ 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʙʠʦʤʦʣʝʢʫʣʳ ï ̛ ̛ 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʤʦʣʝʢʫʣʳ 
ï ̛ ̛ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ̛ ̛ ̛ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʜʭʦʜʘ ̛ ̛ ̛ 

ʅʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʙʠʦʦʙʨʘʟʮʘ ̛ ̛ ̛ 

̛ ² ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʘ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʂʘʢ ʚʠʜʥʦ ʚ ʪʘʙʣʠʮʝ 9, ʧʦʜʭʦʜ çMALDI Imagingè ʦʪʣʠʯʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʘʥʥʳʡ 

ʧʦʜʭʦʜ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʦʪʝʥ ʙʝʣʢʦʚʳʭ ʘʥʘʣʠʪʦʚ ʚ ʦʜʥʦʤ 

ʘʥʘʣʠʟʝ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ɺʕɾʍ-ʄʉ/ʄʉ ʘʥʘʣʠʟʦʤ, ʚʳʷʚʣʝʥʠʷ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ, ʘʙʝʨʨʘʥʪʥʳʭ ʬʦʨʤ ʙʝʣʢʦʚ [213]. ʀʩʩʣʝʜʦʚʘʥʠʝ çMALDI Imagingè 

ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʞʝʟʘʤʦʨʦʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʢʘʥʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʩʨʝʟʦʚ ʪʢʘʥʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʬʦʨʤʘʣʠʥʝ ʠʣʠ ʧʘʨʘʬʠʥʝ [214]. 

ʇʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʪʢʘʥʝʚʳʭ ʤʠʢʨʦʯʠʧʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʩʢʨʠʥʠʥʛ ʜʣʷ ʦʙʨʘʟʮʦʚ ʪʢʘʥʝʡ ʩ 

ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ çʩʠʛʥʘʪʫʨè. ʉʪʨʘʪʝʛʠʷ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʜʣʷ 

ʨʘʢʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʦʧʫʭʦʣʝʡ ʣʝʛʢʠʭ, ʨʘʢʘ ʞʝʣʫʜʢʘ, ʧʠʱʝʚʦʜʘ, ʧʨʦʩʪʘʪʳ, 
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ʧʦʯʝʯʥʦ-ʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʠ ʨʘʢʘ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ [214ï217]. ʉʦʯʝʪʘʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʧʦʤʦʛʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʚ ʠʟʫʯʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʨʘʟʥʳʭ ʪʠʧʘʭ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ.  

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʩʪʨʘʪʝʛʠʠ çMALDI Imagingè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʦʥʠʟʘʮʠʠ ʠ 

ʠʟʚʣʝʯʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʨʘʟʮʘ ʪʢʘʥʠ ʜʣʷ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʅʠʞʝʣʝʞʘʱʠʝ ʢʣʝʪʦʯʥʳʝ ʩʣʦʠ ʪʢʘʥʠ ʦʩʪʘʶʪʩʷ 

ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [211]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ çMALDI Imagingè ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʝʪʝʢʪʦʨʦʚ ï ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʠʣʠ ʦʨʙʠʪʘʣʴʥʦʡ ʣʦʚʫʰʢʠ ʠʦʥʦʚ, ʧʦʟʚʦʣʷʝʪ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʘʥʘʣʠʪʦʚ (ʪʘʙʣʠʮʘ 10). ʆʙʨʘʟʝʮ ʪʢʘʥʠ ʚ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʠʟʤʝʨʝʥʠʠ ʩʢʘʥʠʨʫʝʪʩʷ ʚ ʨʘʩʪʨʦʚʦʤ ʬʦʨʤʘʪʝ (ʤʥʦʞʝʩʪʚʦ 

ʧʠʢʩʝʣʝʡ) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ʜʦ 200 ʤʢʤ, ʧʨʠ ʵʪʦʤ 

ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʤʘʩʩ-ʩʧʝʢʪʨ. ʌʦʩʬʦʣʠʧʠʜʳ, 

ʥʝʡʨʦʧʝʧʪʠʜʳ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʳ ʧʦ ʟʥʘʯʝʥʠʷʤ 

m/z ʩ ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʷ ʦʪ 5 ʜʦ 10 ʤʢʤ [211].  

ʊʘʙʣʠʮʘ 10. ɺʦʟʤʦʞʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çMALDI Imagingè ʧʦʜʭʦʜʘ ʜʣʷ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʤʘʩʩ-ʘʥʘʣʠʟʘʪʦʨʘ 

ʠ ʦʨʙʠʪʘʣʴʥʦʡ ʣʦʚʫʰʢʠ ʠʦʥʦʚ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [34]. 

ɼʝʪʝʢʪʦʨ 
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1.9 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʙʝʣʢʦʚ ʚ ʪʘʥʜʝʤʥʦʡ ʠ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠʟʤʝʨʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ m/z. ʈʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ï ʧʨʦʪʝʦʤʥʳʭ ʧʦʠʩʢʦʚʳʭ ʤʘʰʠʥ (ʇʇʄ), 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʚʠʜʝ ʚʝʙ-ʩʝʨʚʠʩʦʚ. ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʇʇʄ ʷʚʣʷʝʪʩʷ 

ʘʣʛʦʨʠʪʤ ʩʦʦʪʥʝʩʝʥʠʷ m/z ʧʨʝʢʫʨʩʦʨʥʳʭ ʠʦʥʦʚ ʧʝʧʪʠʜʦʚ ʚ ʩʧʝʢʪʨʘʭ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ 

ʩ ʨʘʩʯʝʪʥʳʤʠ ʤʘʩʩʘʤʠ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʧʝʧʪʠʜʦʚ ʙʝʣʢʦʚ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʠ ʠʟʤʝʨʝʥʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʜʣʷ 

ʪʘʥʜʝʤʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʪʨʘʪʝʛʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʝʧʪʠʜʦʚ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ, ʢʦʪʦʨʳʝ ʫʧʨʦʱʝʥʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 9. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʝʧʪʠʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʩʧʝʢʪʨʘʤʠ, ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʧʪʠʜʘ ʚ ʧʨʦʪʝʦʤʥʦʡ 

ʙʘʟʝ ʜʘʥʥʳʭ, ʠʣʠ ʩʨʘʚʥʝʥʠʷ ʩʦ ʩʧʝʢʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʙʠʙʣʠʦʪʝʢʝ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʩʦʩʪʘʚʣʷʶʪʩʷ ʜʣʷ ʚʩʝʭ ʧʝʧʪʠʜʦʚ-ʢʘʥʜʠʜʘʪʦʚ, 

m/z ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʤ ʜʣʷ ʧʨʝʢʫʨʩʦʨʥʳʭ ʠʦʥʦʚ 

ʩ ʫʯʝʪʦʤ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʠʧʘ ʤʘʩʩ-ʘʥʘʣʠʟʘʪʦʨʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 9, ʧʝʧʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʪʦ ʝʩʪʴ ʙʝʟ 

ʦʙʨʘʱʝʥʠʷ ʢ ʧʨʦʪʝʦʤʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ de novo. 

ʈʘʟʚʠʪʳ ʪʘʢʞʝ ʛʠʙʨʠʜʥʳʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʣʫʯʝʥʠʠ ʢʦʨʦʪʢʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʠʥʦʡ 3-5 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, 

ʢʦʪʦʨʳʝ ʨʝʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʧʪʠʜʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟ 

ʜʘʥʥʳʭ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʩʪʘʝʪʩʷ ʬʣʘʛʤʘʥʦʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʙʝʣʢʦʚ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʙʝʣʢʦʚʳʭ ʤʘʪʨʠʮʘʭ (ʪʘʙʣʠʮʘ 11).  
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ʈʠʩʫʥʦʢ 9. ï ʉʪʨʘʪʝʛʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʧʪʠʜʦʚ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʝʧʪʠʜʦʚ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʘʥʜʝʤʥʳʭ ʩʧʝʢʪʨʦʚ ʩ 

ʨʘʩʯʝʪʥʳʤʠ ʩʧʝʢʪʨʘʤʠ, ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʧʪʠʜʘ, ʣʠʙʦ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʧʨʦʪʝʦʤʥʳʭ ʧʦʠʩʢʦʚʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. ʇʝʧʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʧʨʦʪʝʦʤʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ de novo ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ. ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʛʠʙʨʠʜʥʳʭ ʧʦʜʭʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʨʦʪʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʟʘʪʝʤ ʩ ʫʯʘʩʪʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ 

ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʬʦʨʤʠʨʫʝʪʩʷ ʨʘʥʞʠʨʦʚʘʥʥʳʡ ʩʧʠʩʦʢ ʧʝʧʪʠʜʦʚ-

ʢʘʥʜʠʜʘʪʦʚ (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [192]). 

 

ʇʇʄ ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʬʨʘʛʤʝʥʪʦʚ ʧʝʧʪʠʜʘ ʠ ʩʨʘʚʥʠʚʘʝʪ ʠʭ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ (ʨʠʩʫʥʦʢ 9). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʘʚʥʝʥʠʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʝ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʝʧʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʘ ʧʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʤʫ ʥʘʙʦʨʫ ʧʝʧʪʠʜʦʚ-ʢʘʥʜʠʜʘʪʦʚ. ʅʘʙʦʨ ʧʝʧʪʠʜʦʚ-ʢʘʥʜʠʜʘʪʦʚ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʇʇʄ in silico ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣ ʛʠʜʨʦʣʠʟʘ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

ʬʝʨʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʂ ʪʘʢʠʤ ʢʨʠʪʝʨʠʷʤ ʦʪʥʦʩʪ̫ʩʷ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʧʨʝʢʫʨʩʦʨʥʦʛʦ ʠʦʥʘ, ʚʳʙʦʨ ʬʝʨʤʝʥʪʘ, ʥʘʣʠʯʠʝ 

ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ 

ʧʦʠʩʢʘ ʷʚʣʷʪʁʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʧʝʢʪʨʝ (y- ʠ b- ʠʦʥʳ ʚ CID) ʠ 
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ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩ ʬʨʘʛʤʝʥʪʦʚ [192]. ʈʝʟʫʣʴʪʘʪʦʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʩʧʠʩʦʢ ʧʝʧʪʠʜʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʪʘʥʜʝʤʥʦʛʦ ʩʧʝʢʪʨʘ, ʨʘʥʞʠʨʦʚʘʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (çʩʢʦʨ-ʬʫʥʢʮʠʷè). ʇʝʧʪʠʜʳ ʩ ʣʫʯʰʠʤʠ çʩʢʦʨè 

ʟʥʘʯʝʥʠʷʤʠ ʚʭʦʜʷʪ ʚ ʩʧʠʩʦʢ ʜʦʩʪʦʚʝʨʥʳʭ ʧʝʧʪʠʜʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ. 

ʊʘʙʣʠʮʘ 11. ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʪʘʥʜʝʤʥʦʡ ʠ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [192]) . 
ʀʥʩʪʨʫʤʝʥʪ ɺʝʙ-ʨʝʩʫʨʩ 

de novo ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ PepNovo [218] PEAKS [219] 

ʇʦʠʩʢ ʧʦ ʙʝʣʢʦʚʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ SEQUEST [220] 
MASCOT 

[221] 
X! Tandem 

[222] 
OMSSA 

[223] 
Tag-ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ, ʛʠʙʨʠʜʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ 
InsPecT [224] 

TagRecon 

[225] 
Spectral Networks 

[226] 
ʇʦʠʩʢ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʙʘʟʘʤ 

ʜʘʥʥʳʭ 
SpectraST [227] X! P3 [228] Bibliospec [229] 

ɹʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

PeptideAtlas 

[230] 
PRIDE [231] Peptidome [232] 

 

ɺʝʨʦʷʪʥʦʩʪʥʳʝ çʩʢʦʨ-ʬʫʥʢʮʠʠè 

çʉʢʦʨ-ʬʫʥʢʮʠè̫ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥ ɹ ʩʦʚʧʘʜʝʥʠʷ ʤʝʞʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʪʘʥʜʝʤʥʳʤʠ ʩʧʝʢʪʨʘʤʠ. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʇʇʄ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʪʠʧʘ çʩʢʦʨ-ʬʫʥʢʮʠʡè: 

(1) ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ï ʦʪ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʝʨʝʢʨʝʩʪʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ SEQUEST, 

X!Tandem, OMSSA, MASCOT (ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ çError tolerant searchè, 

çScoringè [233], çCalculation of protein expectation value from peptide expectation 

values in X! Tandemè [234]); 

(2) ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ (SpectrumMill, ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ G2721AA 

Spectrum Mill  Application Guide A.03.03), ʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʯʘʩʪʦʪʳ ʬʨʘʛʤʝʥʪʘʮʠʠ (PHENYX).  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʟʥʘʯʝʥʠʝʤ çʩʢʦʨ-ʬʫʥʢʮʠʠè, ʠʣʠ 

ʠʥʜʝʢʩʦʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʤʦʞʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʤʘʩʰʪʘʙʝ (Xcorr ʚ 

SEQUEST), ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʨ-ʟʥʘʯʝʥʠʝ 

ʠʣʠ ʩʨʝʜʥʝʝ E-ʟʥʘʯʝʥʠʝ [235ï237]. 



71 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʧʪʠʜʦʚ ʠ ʙʝʣʢʦʚ [238]. ɹʦʣʴʰʘʷ ʯʘʩʪʴ çʩʢʦʨ-

ʬʫʥʢʮʠʡè ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ 

ʬʨʘʛʤʝʥʪʘʮʠʠ CID. ʉ ʧʦʷʚʣʝʥʠʝʤ ʤʝʪʦʜʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ ʜʠʩʩʦʮʠʘʪʠʚʥʘʷ ʧʝʨʝʜʘʯʘ 

ʵʣʝʢʪʨʦʥʘ ETD ʠ ʚ cʪʦʣʢʥʦʚʝʥʠʷʭ ʧʨʠ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ HCD (ʦʪ ʘʥʛʣ. çhigher energy 

collision dissociationè) ʫʩʠʣʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʨʘʩʯʝʪʘ çʩʢʦʨ-ʬʫʥʢʮʠʠè [239]. ʉʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʮʠʡ 

(ʜʦ 80 %) ʚ ʩʧʝʢʪʨʘʭ ʬʨʘʛʤʝʥʪʘʮʠʠ ETD ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʟʘ ʩʯʝʪ 

ʜʦʙʘʚʣʝʥʠ ̫ʚ çʩʢʦʨ-ʬʫʥʢʮʠʶè ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʨʷʜʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʨʦʜʠʪʝʣʴʩʢʠʭ 

ʠʦʥʦʚ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʝʧʪʠʜʦʚ-ʢʘʥʜʠʜʘʪʦʚ [240]. ɼʘʞʝ ʜʣʷ CID ʩʧʝʢʪʨʦʚ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʯʠʩʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʘʣʛʦʨʠʪʤʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʘ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ [241,242].  

 

ɹʘʟʳ ʜʘʥʥʳʭ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ɺʳʙʦʨ ʙʘʟʳ ʜʘʥʥʳʭ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʙʝʣʢʘʭ ʜʦʩʪʫʧʥʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʧʦʣʫʯʝʥʳ ʧʦʣʥʳʝ ʛʝʥʦʤʥʳʝ ʜʘʥʥʳʝ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʪʝʦʤʥʳʝ ʙʘʟʳ 

ʜʘʥʥʳʭ ʩʦʜʝʨʞʘʪ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʦʚ ʦʪ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʮʝʥʪʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (NIST), ʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʙʠʙʣʠʦʪʝʢʠ RefSeq, UniProt (Swiss-Prot ʠ ʝʛʦ ʜʦʧʦʣʥʝʥʠʷ TrEMBL). ʇʨʦʪʝʦʤʥʳʝ 

ʙʘʟʳ ʜʘʥʥʳʭ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʣʥʦʪʦʡ ʠ ʢʘʯʝʩʪʚʦʤ ʘʥʥʦʪʘʮʠʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʝʧʪʠʜʦʚ ʠ ʙʝʣʢʦʚ. ʇʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʣʠʤʦʨʬʠʟʤʦʚ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʧʦʠʩʢ ʧʦ 

ʦʙʰʠʨʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ Entrez, ʢʦʪʦʨʘʷ ʧʦʤʠʤʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʠʟʚʝʩʪʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʛʝʥʦʤʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ GenBank, ʠ ʚʢʣʶʯʘʶʱʝʡ 

ʙʝʣʢʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ ʠ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ 
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ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʙʝʣʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ ʙʘʟ ʜʘʥʥʳʭ 

ʩʥʠʞʘʝʪ ʯʠʩʣʦ ʚʝʨʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʧʪʠʜʦʚ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ. ɻʝʥʦʤʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʪʘʢʞʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʘʥʜʝʤʥʳʭ ʩʧʝʢʪʨʦʚ. ʆʩʦʙʝʥʥʦ ʦʥʠ ʫʜʦʙʥʳ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʧʝʧʪʠʜʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʟʘ ʩʯʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡʩʠʥʛʘ 

[192,243].  

 

ʀʥʜʝʢʩʳ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ɹʦʣʴʰʦʡ ʦʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʧʨʦʪʝʦʤʥʦʤ ʘʥʘʣʠʟʝ, ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʧʝʢʪʨʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʇʇʄ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʧʝʢʪʨʦʚ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ, ʪʦ ʝʩʪʴ ʧʝʧʪʠʜ-ʩʧʝʢʪʨʘʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ PSM (ʦʪ ʘʥʛʣ. 

çpeptide spectrum matchè), ʥʝ ʚʩʝ ʠʟ ʥʘʡʜʝʥʥʳʭ ʩʦʚʧʘʜʝʥʠʡ ʜʦʩʪʦʚʝʨʥʳ. ɹʦʣʝʝ ʪʦʛʦ, 

ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʩʩ-ʘʥʘʣʠʟʘʪʦʨʦʚ ʥʠʟʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ (ʠʦʥʥʘ ̫ ʣʦʚʫʰʢʘ), ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ PSM ʷʚʣʷʶʪʩʷ 

ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷʤʠ [244]. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ PSM, ʠ ʫʨʦʚʥʷ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ FDR (ʦʪ ʘʥʛʣ 

çfalse discovery rateè) ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʘʝʤʦʡ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʇʇʄ.  

ʃʦʢʘʣʴʥʳʡ ʠʥʜʝʢʩ PSM 

ʇʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʧʝʢʪʨʘ ʬʨʘʛʤʝʥʪʘʮʠʠ ʇʇʄ ʦʧʨʝʜʝʣʷʝʪ ʣʦʢʘʣʴʥʳʡ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʩʧʠʩʦʢ ʧʝʧʪʠʜʦʚ-ʢʘʥʜʠʜʘʪʦʚ, ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦ 

ʟʥʘʯʝʥʠʤ̫ çʩʢʦʨ-ʬʫʥʢʮʠʠè. ʉʧʠʩʦʢ ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʩʦʚʧʘʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʠʥʜʝʢʩʳ 

ʛʠʧʝʨʩʢʦʨ (Hyperscore) ʚ X!Tandem ʠ ʢʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʩʢʦʨ (Xcorr) ʚ 

SEQUEST. ʀʥʜʝʢʩ ʥʘʠʣʫʯʰʝʛʦ ʩʦʚʧʘʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨ- ʠʣʠ E-ʟʥʘʯʝʥʠʡ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʣʫʯʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʧʝʢʪʨʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʥʫʣʝʚʦʝ 

(ʩʣʫʯʘʡʥʦʝ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ ʩ ʧʦʤʦʱʴʶ 
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ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʚʩʝʭ ʧʝʧʪʠʜʦʚ-ʢʘʥʜʠʜʘʪʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʇʨʠ ʵʪʦʤ ʠʥʜʝʢʩ ʥʘʠʣʫʯʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʠʩʚʘʠʚʘʝʪʩʷ 

ʥʫʣʝʚʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʏʝʤ ʜʘʣʴʰʝ ʨʝʟʫʣʴʪʘʪ ʧʦʠʩʢʘ ʨʘʩʧʦʣʦʞʝʥ ʦʪ ʥʫʣʝʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʝʤ ʚʳʰʝ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʠʩʢʘ. ʕʪʠ ʰʘʛʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʩʯʝʪ ʨ-ʟʥʘʯʝʥʠʷ [245, 246].  

ɸʣɹʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ ʩʨʘʚʥʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪ ʥʘʠʚʳʩʰʠʡ ʠʥʜʝʢʩ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʧʪʠʜʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʦʚ ʜʨʫʛʠʭ ʧʝʧʪʠʜʦʚ-

ʢʘʥʜʠʜʘʪʦʚ, ʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʧʦʣʫʯʝʥʥʦʤʫ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʩʝʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʧʝʧʪʠʜʦʚ [246]. 

ʨ- ʠʣʠ E-ʟʥʘʯʝʥʠ,̫ ʚʳʯʠʩʣʝʥʥʳʝ ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʷʚʣʷʶʪʩʷ ʤʝʨʘʤʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʧʪʠʜʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ. ʕʪʠ ʤʝʨʳ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʥʚʘʨʠʘʥʪʥʳ ʜʣʷ ʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʧʝʢʪʨʦʚ, ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʝʜʠʥʠʯʥʳʭ 

ʩʧʝʢʪʨʦʚ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʢʪʨʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʘʷ ʢʦʨʨʝʢʮʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʨ-ʟʥʘʯʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʦʚ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʥʦʞʝʩʪʚʘ 

PSM. ʆʜʥʘʢʦ, ʯʨʝʟʤʝʨʥʦʝ ʟʘʥʠʞʝʥʠʝ ʨ-ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ 

ʦʰʠʙʢʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʧʪʠʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʨʨʝʢʮʠʷ ɹʦʥʬʝʨʨʦʥʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʠʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʧʝʧʪʠʜʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʦʙʝ. ʂʦʨʨʝʢʮʠʷ ɹʦʥʬʝʨʨʦʥʠ, ʠʣʠ ʢʨʠʪʝʨʠʡ ʯʘʩʪʦʪʳ ʦʰʠʙʦʢ, ʥʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʙʘʟ ʜʘʥʥʳʭ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʛʝʥʦʤʠʢʠ ʠ ʧʨʦʪʝʦʤʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʯʠʩʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʠʥʜʝʢʩʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʨʘ ʜʘʥʥʳʭ, ʩʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ PSM. 

ʋʨʦʚʝʥʴ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʧʨʠʝʤʣʝʤʳʤ 

ʜʣʷ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʩʯʠʪʘʝʪʩʷ ʫʨʦʚʝʥʴ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʡ FDR (ʦʪ ʘʥʛʣ. çfalse discovery rateè), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ 
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ʧʨʦʮʝʥʪʥʫ  ʁʜʦʣʁ ʣʦʞʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ. FDR ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ 

ʚʩʝʛʦ ʤʘʩʩʠʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʚ ʧʨʦʙʝ, ʪʘʢ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ PSM. ɺ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ FDR ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʞʠʜʘʝʤʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʥʝʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ PSM ʢʦ ʚʩʝʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤ. 

ɹʝʥʜʞʘʤʠʥʝ ʠ ʍʦʯʙʝʨʛ ʚʧʝʨʚʳʝ ʦʟʚʫʯʠʣʠ ʢʦʥʮʝʧʮʠʶ, ʚ ʢʦʪʦʨʦʡ FDR ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʢ ʨ-ʟʥʘʯʝʥʠʶ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʩʝ p-ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳ [247]. 

ɼʨʫʛʠʝ ʧʦʜʭʦʜʳ ʜʣʷ ʢʦʥʪʨʦʣʷ FDR ʚʢʣʶʯʘʶʪ ʤʝʪʦʜʳ ʩʣʫʯʘʡʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ, ʵʤʧʠʨʠʯʝʩʢʠʝ ɹʘʡʝʩʦʚʩʢʠʝ ʤʝʪʦʜʳ. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʤʘʩʩʠʚʘ ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʧʨʦʪʝʦʤʘ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʙʳ, ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʦʪʜʝʣʴʥʳʭ PSM ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. ɸʥʘʣʠʟ FDR ʜʣʷ ʤʘʩʩʠʚʘ ʩʧʝʢʪʨʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʜʣʷ ʥʘʙʦʨʘ PSM, ʨʘʥʞʠʨʦʚʘʥʥʳʭ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʨ- ʠ ɽ-ʟʥʘʯʝʥʠʷʤ. 

ɺʳʯʠʩʣʝʥʠʝ FDR ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ PSM ʧʦ 

ʠʥʜʝʢʩʘʤ ʚʦ ʚʩʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ, ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʛʦ PSM ʜʣʷ ʦʜʥʦʛʦ ʪʘʥʜʝʤʥʦʛʦ 

ʩʧʝʢʪʨʘ. ʅʘʧʨʦʪʠʚ, ʢʨʠʪʝʨʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ (ʨ-ʟʥʘʯʝʥʠʝ) 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ çʩʢʦʨ-ʬʫʥʢʮʠʠè ʦʪʜʝʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʧʨʦʪʠʚ ʚʩʝʭ ʢʘʥʜʠʜʘʪʦʚ ʧʨʦʪʝʦʤʥʦʡ ʙʘʟʳ. 

ʄʝʪʦʜ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʦʮʝʥʢʠ FDR 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʪʝʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʝʪʦʜʳ 

ʚʳʯʠʩʣʝʥʠʷ FDR ʜʣʷ ʧʝʧʪʠʜʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʪʘʥʜʝʤʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʘʪʝʛʠʝʡ çtarget-decoyè ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʦʪʝʦʤʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʙʝʣʢʦʚ ʩʦ 

ʩʣʫʯʘʡʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ [236]. ɺ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʧʝʧʪʠʜʘʤʠ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʧʦ ʨʘʟʤʝʨʫ ʙʘʟʦʡ ʜʘʥʥʳʭ 

ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ʅʘʙʦʨ ʩʧʝʢʪʨʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ ʦʪ ʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʧʦ ʙʘʟʝ 

ʜʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʣʢʦʚ ʠ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʝʪʩʷ ʣʫʯʰʠʡ ʧʝʧʪʠʜ, 
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ʥʘʡʜʝʥʥʳʡ ʧʦ ʪʦʡ ʠʣʠ ʠʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ ʠʟ ʙʘʟ r ʜʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʩʯʠʪʘʶʪʩʷ ʥʝʧʨʘʚʠʣʴʥʳʤʠ ʠ ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ FDR ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʜʦʧʫʩʪʠʤʦʤ ʫʨʦʚʥʝ (FDR=1 %).  

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʟʘʧʨʦʩʳ ʚ ʦʪʥʦʰʝʥʠʠ ʪʘʨʛʝʪʥʳʭ ʠ ʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʢʦʛʜʘ ʙʘʟʳ ʜʘʥʥʳʭ ʥʝ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʜʣʷ ʧʦʠʩʢʘ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʫʨʦʚʥʷ FDR ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʠʩʢʘ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʙʠʙʣʠʦʪʝʢʘʤ [227]. ʆʩʥʦʚʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʪʨʘʪʝʛʠʠ çtarget-decoyè ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʙʘʟʝ ʜʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʠ ʣʦʞʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʠʟ ʪʘʨʛʝʪʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠʤʝʶʪ ʦʜʥʦ ʠ ʪʦ ʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʧʦʣʫʯʝʥʠʷ ʩʧʠʩʢʘ ʧʝʧʪʠʜʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ, 

PSM ʬʠʣʴʪʨʫʶʪ ʧʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ çʧʦʨʦʛʫ ʧʝʧʪʠʜʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠè (peptide 

identity threshold), ʠʣʠ çʧʦʨʦʛʫ ʦʪʩʝʯʝʥʠʷè. ʅʘʧʨʠʤʝʨ, ʚ ʇʇʄ X! Tandem 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʨʦʛʦʚʦʤʫ ɽ-ʟʥʘʯʝʥʠʝ, ʚ ʇʇʄ MASCOT ï çIon Score cut-offè, ʥʠʞʝ 

ʢʦʪʦʨʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʯʠʪʘʶʪʩʷ ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʙʘʟʳ ʜʘʥʥʳʭ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ FDR ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʨʦʛʘ ʦʪʩʝʯʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ Nd/Nt, ʛʜʝ Nd 

ï ʯʠʩʣʦ PSM ʠʟ ʙʘʟʳ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʠʥʜʝʢʩʦʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʚʳʰʝ ʧʦʨʦʛʦʚʦʛʦ (ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ çError tolerant searchè, Nt ï ʢʦʣʠʯʝʩʪʚʦ 

PSM ʠʟ ʪʘʨʛʝʪʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʠʥʜʝʢʩʦʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʳʰʝ ʧʦʨʦʛʦʚʦʛʦ) [233].  

ʊʦʯʥʦʩʪʴ ʦʮʝʥʦʢ FDR ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʧʦʠʩʢʘ ʧʦ ʪʘʨʛʝʪʥʦʡ/ʩʣʫʯʘʡʥʦʡ ʙʘʟʝ 

ʜʘʥʥʳʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘʤʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʝ ʩʪʨʘʪʝʛʠʠ ʧʦʠʩʢʘ: (ʘ) ʜʚʘ 

ʟʘʧʨʦʩʘ ʚ ʪʘʨʛʝʪʥʫʶ ʠ ʩʣʫʯʘʡʥʫʶ ʙʘʟʳ ʜʘʥʥʳʭ ʠ (ʙ) ʦʜʠʥ ʟʘʧʨʦʩ ʚ ʦʙʲʝʜʠʥʝʥʥʫʶ 

ʪʘʨʛʝʪʥʫʶ/ʩʣʫʯʘʡʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ [248].  

ɺ ʧʝʨʚʦʡ ʩʪʨʘʪʝʛʠʠ FDR ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʜʚʫʤ ʙʘʟʘʤ ʧʦ ʫʨʘʚʥʝʥʠʶ Nd/Nt ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʫʶ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʡ. 

ʏʠʩʣʦ PSM ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (Nd) ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʚʳʰʝʥʠʶ ʟʥʘʯʝʥʠʷ Ninc, ʝʩʣʠ ʧʦʠʩʢ ʚʩʝʭ ʩʧʝʢʪʨʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦ 

ʙʘʟʝ ʜʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʝʢʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʪʘʨʛʝʪʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. ʅʘ ʧʨʘʢʪʠʢʝ ʙʦʣʝʝ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʦʡ ʩʪʨʘʪʝʛʠʠ ʧʦ 

ʦʙʲʝʜʠʥʝʥʥʳʤ ʪʘʨʛʝʪʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʙʘʟʝ ʜʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [249].  

ɹʘʟʳ ʜʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʧʫʪʝʤ 

ʩʣʫʯʘʡʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʩʦʩʪʘʚʝ 

ʙʝʣʢʦʚ ʪʘʨʛʝʪʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ: ʵʪʦ ʟʘʤʝʥ rʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʙʝʣʢʘʭ, ʠʣʠ 

ʟʝʨʢʘʣʴʥʦʝ ʦʙʨʘʱʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ C- ʠ N-ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ 

ʙʝʣʢʘ. ʅʝʢʦʨʨʝʢʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʧʪʠʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʥʝ ʪʦʣʴʢʦ 

ʩʣʫʯʘʡʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʠ ̫ ʩ ʛʦʤʦʣʦʛʠʯʥʳʤ ʧʝʧʪʠʜʦʤ ʧʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʣʠ ʧʦ ʟʥʘʯʝʥʠʶ m/z [250]. 

 

ɺ ʛʣʘʚʝ çʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳè ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʣʢʦʚʳʭ ʯʠʧʦʚ ʠ ʤʝʪʦʜʦʚ ʧʨʦʪʝʦʤʥʦʛʦ ʘʥʘʣʠʟʘ. ɸʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʳ ʦʙʦʩʥʦʚʳʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʠʥʪʝʛʨʘʮʠʠ 

ʫʣʴʪʨʘʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʝʪʝʢʮʠʠ ʩ ʤʝʪʦʜʘʤʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʚ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʜʥʦʟʥʘʯʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʙʝʣʢʦʚʳʝ ʤʦʣʝʢʫʣ, ʷʚʣʷʝʪʩʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ. ʈʘʟʚʠʪʠʝ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʠʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʠ ʨʘʟʚʠʪʠʷ 

ʧʦʜʭʦʜʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʤʤʫʥʦʘʬʬʠʥʥʳʭ ʧʦʜʭʦʜʦʚ. ʉʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʯʠʧʘ ʤʦʞʝʪ 

ʩʪʘʪʴ ʪʦʯʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ʈʘʟʚʠʪʠʝ ʧʦʜʭʦʜʦʚ ʪʘʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʥʘʜʝʞʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʙʝʣʢʦʚ ʚ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʙʠʦʦʙʨʘʟʮʘʭ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʝʪʩʷ ʚʘʞʥʳʤ ʚʳʟʦʚʦʤ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ɻʃɸɺɸ 2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʯʠʧʳ ʜʣʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ɸʉʄ), ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʘʪʦʤʘʨʥʦ-ʨʦʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ, ʣʠʙʦ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʭʠʤʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ (ʢʨʦʩʩ-ʣʠʥʢʝʨʳ), ʣʠʙʦ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ ʠʣʠ 

ʘʧʪʘʤʝʨʳ (ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ), ʩʧʝʮʠʬʠʯʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʣʝʚʳʤ ʙʝʣʢʘʤ. ɺ 

ʧʨʦʮʝʩʩʝ ʠʥʢʫʙʘʮʠʠ ʯʠʧʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ 

(ʬʠʰʠʥʛ) ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ 

ʬʠʰʠʥʛʘ ʙʝʣʢʦʚ: 

ï ʩʦʨʙʮʠʷ ï ʩʣʫʯʘʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʠʦʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʙʝʟ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʪʠʧ ʯʠʧʦʚ ï ʩʚʝʞʝʩʢʦʣʦʪʘʷ ʩʣʶʜʘ ʠʣʠ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʛʨʘʬʠʪ (ɺʆʇɻ); 

ï ʭʠʤʠʯʝʩʢʠʡ ʬʠʰʠʥʛ ï ʩʣʫʯʘʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʠʦʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʦʚ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ, ʧʨʠ ʬʠʰʠʥʛʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʙʝʣʢʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʠʧ ʯʠʧʦʚ ï ʩʣʶʜʘ; 

ï ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʠʰʠʥʛ ï ʩʣʫʯʘʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʠʦʤʦʣʝʢʫʣ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʟʦʥʜʘʤʠ, ʧʨʠ ʬʠʰʠʥʛʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʬʬʠʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʟʦʥʜ-ʮʝʣʝʚʦʡ ʙʝʣʦʢ, ʪʠʧ ʯʠʧʦʚ ï ʩʣʶʜʘ. 

ʇʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʦʮʝʜʫʨʳ ʛʠʜʨʦʣʠʟʘ 

ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʵʣʶʮʠ ̫ʧʝʧʪʠʜʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ 

ʚ ʨʘʩʪʚʦʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 10). 
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ʈʠʩʫʥʦʢ 10. ï ʇʨʠʥʮʠʧ ʢʦʤʙʠʥʘʮʠʠ ɸʉʄ ʠ ʄʉ. ʇʨʦʮʝʜʫʨʘ ʬʠʰʠʥʛʘ (1). 

ʈʝʟʫʣʴʪʘʪʦʤ ʠʥʢʫʙʘʮʠʠ ʷʚʣʷʣʦʩʴ ʦʙʦʛʘʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ, 

ʨʝʘʣʠʟʦʚʳʚʘʣʩʷ ʧʨʠʥʮʠʧ ʬʠʰʠʥʛʘ (2). ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʦʮʝʜʫʨʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʄʉ-ʘʥʘʣʠʟ ʙʝʣʢʦʚ (3). ʈʠʩʫʥʦʢ 

ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ [7]*. 

 

2.1 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ (ʄʉ) ʩʠʩʪʝʤʳ: 

(1) Autoflex III (Bruker, ɻʝʨʤʘʥʠʷ) ï ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ, ʄɸʃɼʀ-

ʄʉ; (2) LC/MSD Trap XCT Ultra (Agilent, ʉʐɸ) ï ʧʨʷʤʦʡ ʚʚʦʜ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʩʧʨʝʷ ʠ ɺʕɾʍ-ʄʉ/ʄʉ; (3) Q Exactive (Thermo Scientific, ʉʐɸ) ï 

ʩʦʧʨʷʞʝʥʠʝ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʦʨʙʠʪʘʣʴʥʘʷ ʣʦʚʫʰʢʘ ʠʦʥʦʚ ʠ ɺʕɾʍ; (4) Agilent 6495 

Triple Quadrupole (Agilent, ʉʐɸ) ï ɺʕɾʍ-ʄʄʈ. ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ: Agilent 1200 (Agilent, ʉʐɸ) ʠ Ultimate 3000 Nano-

flow (Thermo Scientific, ʉʐɸ) (ʪʘʙʣʠʮʘ 12).  

ʂʘʣʠʙʨʦʚʢʫ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ʩ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ 

ʧʨʦʚʦʜʠʣʠ ʧʨʷʤʳʤ ʚʚʦʜʦʤ ʢʘʣʠʙʨʘʥʪʦʚ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʨʝʞʠʤʦʚ ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʂʘʣʠʙʨʦʚʢʫ 

ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʧʪʠʜʥʦʛʦ 

ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʩʪʘʥʜʘʨʪʘ çPeptide Calibration Standardè (Bruker Daltonics, 

ɻʝʨʤʘʥʠʷ).  
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ʊʘʙʣʠʮʘ 12. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ r ʩ ʫʢʘʟʘʥʠʝʤ ʪʠʧʘ ʠʦʥʠʟʘʮʠʠ ʠ ʜʝʪʝʢʪʦʨʘ, 

ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ 

(ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʩʪʨʘʥʘ) 

ʉʧʦʩʦʙ ʚʚʦʜʘ 

ʦʙʨʘʟʮʘ 

ʊʠʧ 

ʠʦʥʠʟʘʮʠʠ 
ɼʝʪʝʢʪʦʨ 

Autoflex III (Bruker 

Daltonics, ɻʝʨʤʘʥʠʷ) 

ʄɸʃɼʀ 

ʤʠʰʝʥʴ 
ʄɸʃɼʀ ɺʨʝʤʷʧʨʦʣʝʪʥʳʡ 

LC/MSD Trap XCT Ultra 

(Agilent, ʉʐɸ) 
Agilent 1200 

ʕʣʝʢʪʨʦʩʧʨʝʡ 

ʀʦʥʥʘʷ ʣʦʚʫʰʢʘ 

Q Exactive (Thermo 

Scientific, ʉʐɸ) 

Ultimate 3000 

Nano-flow 

ʆʨʙʠʪʘʣʴʥʘʷ 

ʣʦʚʫʰʢʘ ʠʦʥʦʚ 

Agilent 6495 Triple 

Quadrupole (Agilent, 

ʉʐɸ) 

Agilent 1200 ʊʨʦʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ 

 

ʄɸʃɼʀ-ʄʉ ï ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ c ʤʘʪʨʠʯʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʝʡ/ʠʦʥʠʟʘʮʠʝʡ (Autoflex III, Bruker Daltonics). ʇʨʠʤʝʥʷʣʠ 

çʤʷʛʢʠʡè ʪʠʧ ʣʘʟʝʨʥʦʡ ʠʦʥʠʟʘʮʠʠ ʜʣʷ ʧʝʨʝʚʦʜʘ ʤʦʣʝʢʫʣ ʘʥʘʣʠʪʘ ʠ ʤʘʪʨʠʮʳ ʚ 

ʛʘʟʦʚʫʶ ʬʘʟʫ ʙʝʟ ʬʨʘʛʤʝʥʪʘʮʠʠ. ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʷʱʝʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʩ ʥʘʥʝʩʝʥʥʦʡ ʩʤʝʩʴʶ ʤʘʪʨʠʮʳ (ʦʨʛʘʥʠʯʝʩʢʘʷ ʢʠʩʣʦʪʘ) 

ʧʦʜʘʚʘʣʩʷ ʥʘʧʨʷʤʫʶ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ. ʄʘʪʨʠʮʫ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʩʫʙʣʠʤʘʮʠʠ ʠ ʠʦʥʠʟʘʮʠʠ ʦʙʨʘʟʮʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʧʨʦʪʦʥʘ ʥʘ ʤʦʣʝʢʫʣʫ 

ʘʥʘʣʠʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʱʠʪʳ ʤʦʣʝʢʫʣ ʘʥʘʣʠʪʘ ʦʪ ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʳʭ 

ʣʫʯʝʡ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ çSmartbeamè, ʦʩʥʘʱʝʥʥʫ  ʁʘʟʦʪʥʳʤ ʣʘʟʝʨʦʤ 

ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 337 ʥʤ ʠ ʯʘʩʪʦʪʦʡ 1 ʢɻʮ, ʜʠʘʤʝʪʨ ʬʦʢʫʩʘ ʣʘʟʝʨʘ 

ʩʦʩʪʘʚʣʷʣ 10 ʤʢʤ, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʣʷʣʦ 200 ʥʩ.  

ʇʦʩʣʝ ʠʦʥʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʥʘʧʨʘʚʣʷʣʠʩʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʬʦʢʫʩʠʨʦʚʘʥʠʝʤ ʚʦ ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ ʤʘʩʩ-ʘʥʘʣʠʟʘʪʦʨ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʥʦʰʝʥʠʡ ʤʘʩʩʳ ʠʦʥʦʚ ʢ ʟʘʨʷʜʫ (m/z). ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʚ ʨʝʞʠʤʝ 

ʨʝʬʣʝʢʪʨʦʥʘ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 1500-10000 ɺ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ ʚ 

ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ ʯʠʩʣʦ ʣʘʟʝʨʥʳʭ ʫʜʘʨʦʚ ʩʦʩʪʘʚʣʷʣʦ 500-50000. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

m/z ʩʦʩʪʘʚʣʷʣʘ ʜʦ 200 ʤ.ʜ. ʂʘʣʠʙʨʦʚʢʫ ʜʝʪʝʢʪʦʨʘ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʩʪʘʥʜʘʨʪʘ çPeptide Calibration Standardè (Bruker Daltonics, 

ɻʝʨʤʘʥʠʷ), ʩʦʜʝʨʞʘʱʝʛʦ ʚʦʩʝʤʴ ʧʝʧʪʠʜʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩ ʦʪ 800 ʜʦ 3500 ɼʘ. 
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ʇʦʣʫʯʝʥʥʳʝ ʬʘʡʣʳ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠ ̫flexAnalysis 2.0 ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɺʕɾʍ-ʄʉ/ʄʉ ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʠʦʥʥʦʡ ʣʦʚʫʰʢʦʡ (LC/MSD Trap XCT 

Ultra, Agilent, ʉʐɸ) ʩ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠ ʠʥʪʝʨʬʝʡʩ 

ChipCube (Agilent, ʉʐɸ), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʣ ʤʠʢʨʦʞʠʜʢʦʩʪʥʦʡ ʯʠʧ ʜʣʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, ʧʦʢʨʳʪʳʡ ʧʦʣʠʠʤʠʜʥʦʡ ʧʣʝʥʢʦʡ ʩ 

ʤʠʢʨʦʢʘʥʘʣʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʪʨʘʚʣʝʥʠʷ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʘ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ: ʠʛʣʘ ʥʘʥʦʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʷ ʦʙʨʘʟʮʘ, ʥʘʥʦʧʦʪʦʢʦʚʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ (ʥʘʥʦ-ʍʄ ʢʦʣʦʥʢʘ), ʢʦʣʦʥʢʘ ʦʙʦʛʘʱʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 

ʤʠʢʨʦʞʠʜʢʦʩʪʥʦʛʦ ʯʠʧʘ (ʚ ʤʥʦʛʦʨʘʟʦʚʦʤ ʨʝʞʠʤʝ) ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʦʜʜʝʨʞʘʥʠʝ 

ʧʦʪʦʢʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʨʷʜʢʘ 300 ʥʣ/ʤʠʥ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ çʤʝʨʪʚʦʛʦè 

ʦʙʲʝʤʘ ʢʦʣʦʥʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ Agilent 1200 (Agilent, 

ʉʐɸ).  ʉʠʩʪʝʤʥʳʡ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Agilent Chem Station ʠ Mass Hunter. ʈʝʞʠʤʳ ʩʲʝʤʘ ʄʉ/ʄʉ-ʩʧʝʢʪʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʣʝʜʫʶʱʠʤ: ʤʝʪʦʜ ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʩʧʨʝʡ, ʘʥʘʣʠʟ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʠʩʪʦʯʥʠʢʝ ʠʦʥʠʟʘʮʠʠ ï 180Áʉ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʢʘʧʠʣʣʷʨʝ ï1800 ɺ, ʩʢʦʨʦʩʪʴ ʦʩʫʰʘʶʱʝʛʦ ʛʘʟʘ ï 3-4 ʣ/ʤʠʥ, ʥʘʢʦʧʣʝʥʠʝ ʠʦʥʦʚ ʚ 

ʣʦʚʫʰʢʝ ï 50000 (1 ʤʩ).  

ʂʘʣʠʙʨʦʚʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ɺʕɾʍ-ʄʉ/ʄʉ ʧʨʦʚʦʜʠʣʠ ʧʨʷʤʳʤ ʚʚʦʜʦʤ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʩʤʝʩʠ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠ ̫Mass Hunter Qualitative 

Analysis ɺ02 ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɺʕɾʍ-Orbitrap ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʦʨʙʠʪʘʣʴʥʦʡ ʣʦʚʫʰʢʦʡ ʠʦʥʦʚ (Thermo 

Scientific, ʉʐɸ) ʩ ʩʠʩʪʝʤʦʡ ɺʕɾʍ Ultimate 3000 (Thermo Scientific, ʉʐɸ). 

ʌʨʘʛʤʝʥʪʘʮʠ ʁ ʚʳʧʦʣʥʷʣʠ ʚ ʨʝʞʠʤʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ (HCD). 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ Xcalibur (Thermo 

Fisher Scientific).  
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2.2 ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʣʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʇʨʦʮʝʜʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʯʠʧʦʚ ʜʣʷ ɸʉʄ, ʥʘʥʦʧʨʦʚʦʣʦʯʥʦʛʦ ʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʥʪʨʠʬʫʞʥʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ Eppendorf 5301 (ɻʝʨʤʘʥʠʷ) ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ï 

1400 ʦʙ/ʤʠʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ʧʨʠ 30, 45 ʠ 60 ʦʉ.  

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʥʘʚʝʩʦʢ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʨʘʩʪʚʦʨʦʚ ʤʘʪʨʠʮʳ 

ʜʣʷ ʄɸʃɼʀ-ʄʉ ʘʥʘʣʠʟʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ CP 324S Sartorius 

(ɻʝʨʤʘʥʠʷ) ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ ï 0,0001 ʛ, ʮʝʥʦʡ ʧʦʚʝʨʦʯʥʦʛʦ ʜʝʣʝʥʠʷ ï 1 ʤʛ.  

ɺ ʧʨʦʮʝʜʫʨʘʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʯʠʧʦʚ ʜʣʷ ʄʉ-ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʣʠ 

ʎʝʥʪʨʠʬʫʛʫ Microcentrifuge Model 5415D Eppendorf (ɻʝʨʤʘʥʠʷ) ʩ ʤaʢʩʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ï 13200 ʦʙ/ʤʠʥ, ʟʘʛʨʫʟʢʦʡ ʜʦ 24 ʧʨʦʙʠʨʦʢ ʦʙʲʝʤʦʤ 2,0 ʤʣ, 36 

ʧʨʦʙʠʨʦʢ ʦʙʲʝʤʦʤ 0,5 ʤʣ.  

ʇʨʦʚʝʨʢʫ pH ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʪʠʪʨʦʚʘʥʠʝ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʅ-ʤʝʪʨʘ/ʠʦʥʦʤʝʨʘ ʕʢʩʧʝʨʪ-001 (ʈʦʩʩʠʷ) ʩ ʜʠʘʧʘʟʦʥʦʤ 

ʠʟʤʝʨʝʥʠʷ ʨʅ ʦʪ 0,00 ʜʦ 14,00 ʠ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ Ñ0,01.  

ʋʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʧʝʧʪʠʜʥʳʭ ʩʤʝʩʝʡ ʚ ʧʨʦʮʝʜʫʨʘʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʯʠʧʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ Elma P30 H SE (ʈʦʩʩʠʷ) ʩ 

ʯʘʩʪʦʪʦʡ ʫʣʴʪʨʘʟʚʫʢʘ 37 ʢɻʮ ʠ ʨʝʞʠʤʦʤ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʦʪ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 80 ʦʉ. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʠʪʘ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʟʙʘʚʣʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʰʝʡʢʝʨʘ Reax top Heidolph (ɻʝʨʤʘʥʠʷ) ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ï 20-100 ʦʙ/ʤʠʥ. 

ɻʠʜʨʦʣʠʟ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ MBT 250 Kleinfeld 

(ɻʝʨʤʘʥʠʷ) ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʦʪ 20 ʜʦ 250 ʦC. 

ʍʨʘʥʝʥʠʝ ʧʝʧʪʠʜʥʳʭ ʩʤʝʩʝʡ, ʙʠʦʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ 

ʛʣʫʙʦʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ Haier DW-86L486 (ʂʠʪʘʡ) ʦʙʲʝʤʦʤ 480 ʣ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʜʦ ï80 ʦʉ. 
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2.3 ʇʨʝʧʘʨʘʪʳ ʙʝʣʢʦʚ 

 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 17 ʦʯʠʱʝʥʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʙʝʣʢʦʚ. 

ʏʠʩʪʦʪʘ ʙʝʣʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʤʝʪʦʜʦʤ ʛʝʣʴ-

ʵʣʝʢʪʨʦʬʝʨʝʟʘ. ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʩʦʩʪʘʚʣʷʣʘ >95%. 

(1) ɸʣʴʬʘ-ʬʝʪʦʧʨʦʪʝʠʥ (ɸʌʇ, P02771) ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ. 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʝʪ 69 ʢɼʘ. ɹʝʣʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʦʡ 

ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʴ ʁ ʠ ʚʢʣʶʯʘʝʪ 609 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ. ɹʝʣʦʢ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ 82,7. ɹʠʦʣʦʛʠʯʝʩʢʘʷ 

ʬʫʥʢʮʠʷ ɸʌʇ ʪʨʘʥʩʧʦʨʪʥʘʷ, ʙʝʣʦʢ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʥʦʩʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʤ ʞʠʨʥʳʤ ʢʠʩʣʦʪʘʤ 

[252]. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʴʬʘ-ʬʝʪʦʧʨʦʪʝʠʥ ʯʝʣʦʚʝʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

MyBioSource (ʉʐɸ), ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ 99%. 

(2) ʉʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ ʯʝʣʦʚʝʢʘ (P02768) ʷʚʣʷʝʪʩʷ ʛʣʦʙʫʣʷʨʥʳʤ ʙʝʣʢʦʤ ʩ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ 69 ʢɼʘ. ɹʝʣʦʢ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫ  ʁ ʮʝʧʴ, 

ʚʢʣʶʯʘʶʱʫʶ 609 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ɿʥʘʯʝʥʠʝ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ 

ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʝʪ 77,6. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʘʣʴʙʫʤʠʥʘ ʯʝʣʦʚʝʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʝʛʫʣʷʮʠʠ ʢʦʣʣʦʠʜʥʦ-ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʢʨʦʚʠ, ʩʚʷʟʳʚʘʝʪ ʢʘʪʠʦʥʳ Ca2+, Na+, 

K+, ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʛʦʨʤʦʥʳ, ʙʠʣʠʨʫʙʠʥ ʠ ʣʝʢʘʨʩʪʚʘ [253,254]. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʘʥʜʘʨʪ ʙʝʣʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ Agilent (ʉʐɸ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 98%. 

(3) ʇʝʨʦʢʩʠʜʘʟʘ ʉ1ɸ (ʇʍ, P00433) ʷʚʣʷʝʪʩʷ ʛʣʠʢʦʧʨʦʪʝʠʥʦʤ ʨʘʩʪʝʥʠʷ 

Armoracia rusticana, ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ 

38,8 ʢɼʘ. ɹʝʣʦʢ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫ  ʁ ʮʝʧʴ, ʚʢʣʶʯʘʶʱʫʶ 353 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ. ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʝʪ 90,3. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʇʍ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʘʢʪʠʚʘʮʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʠ 

ʢʘʪʘʙʦʣʠʟʤʝ ʛʦʨʤʦʥʦʚ (ʘʫʢʩʠʥ) ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʙʝʣʦʢ ʧʨʦʠʟʚʦʜʩʪʚʘ Sigma (ʉʐɸ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 98%. 

(4) ɹʳʯʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ (ɹʉɸ, P02769) ʷʚʣʷʝʪʩʷ ʛʣʦʙʫʣʷʨʥʳʤ 

ʙʝʣʢʦʤ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ 69 ʢɼʘ. ɹʝʣʦʢ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫ  ʁʮʝʧʴ, 

ʚʢʣʶʯʘʶʱʫʶ 607 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʙʝʣʢʘ 
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ʩʦʩʪʘʚʣʷʝʪ 77,5. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ɹʉɸ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʫʣʷʮʠʠ ʢʦʣʣʦʠʜʥʦ-

ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʢʨʦʚʠ, ʩʚʷʟʳʚʘʝʪ ʢʘʪʠʦʥʳ Ca2+, Na+, K+, ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, 

ʛʦʨʤʦʥʳ, ʙʠʣʠʨʫʙʠʥ [255,256]. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʙʝʣʦʢ ʧʨʦʠʟʚʦʜʩʪʚʘ Sigma 

(ʉʐɸ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 98%. 

(5) ʎʠʪʦʭʨʦʤ b5 (P00167) ï ʩʚʷʟʘʥʥʳʡ ʩ ʤʝʤʙʨʘʥʦʡ ʛʝʤ-ʩʦʜʝʨʞʘʱʠʡ ʙʝʣʦʢ 

ʯʝʣʦʚʝʢʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ 14,3 ʢɼʘ, ʷʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩʯʠʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʳʭ ʦʢʩʠʛʝʥʘʟ [257]. ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʙʝʣʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 86,6. ɹʝʣʦʢ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ, ʚʢʣʶʯʘʶʱʫʶ 134 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʮʠʪʦʭʨʦʤ b5, ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʧʨʦʬʝʩʩʦʨʦʤ ʉ.ɸ. ʋʩʘʥʦʚʳʤ (ʀʥʩʪʠʪʫʪ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, 

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ). ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʣʘ 96%. 

(6) ʎʠʪʦʭʨʦʤ P450scc (P05108) ï ʩʚʷʟʘʥʥʳʡ ʩ ʤʝʤʙʨʘʥʦʡ ʛʝʤ-ʩʦʜʝʨʞʘʱʠʡ 

ʙʝʣʦʢ ʯʝʣʦʚʝʢʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ 60 ʢɼʘ, ʷʚʣʷʝʪʩʷ ʤʦʥʦʦʢʩʠʛʝʥʘʟʦʡ ʮʠʪʦʭʨʦʤʘ 

P450 ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʠ ʙʦʢʦʚʦʡ ʮʝʧʠ ʠ ʨʘʩʱʝʧʣʝʥʠʠ ʭʦʣʝʩʪʝʨʠʥʘ, 

7-ʜʝʛʠʜʨʦʭʦʣʝʩʪʝʨʠʥʘ ʠ ʚʠʪʘʤʠʥʘ D [258]. ɹʝʣʦʢ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫʶ 

ʮʝʧʴ, ʚʢʣʶʯʘʶʱʫʶ 521 ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ. ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʙʝʣʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 89,1. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʮʠʪʦʭʨʦʤ P450scc, ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ 

ʧʨʦʬʝʩʩʦʨʦʤ ʉ.ɸ. ʋʩʘʥʦʚʳʤ (ʀʥʩʪʠʪʫʪ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ). ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 95%. 

(7) ʎʠʪʦʭʨʦʤ P450 BM3 (P14779) ï ʛʝʤ-ʩʦʜʝʨʞʘʱʠʡ ʙʝʣʦʢ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʚʝʩʦʤ 118 ʢɼʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʤʦʥʦʦʢʩʠʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʌʝʨʤʝʥʪ 

ʫʯʘʩʪʚʫʝʪ ʚ ʦʢʠʩʣʝʥʠʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʢʩʝʥʦʙʠʦʪʠʢʦʚ [259]. ɹʝʣʦʢ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ Bacillus megaterium ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ, 

ʚʢʣʶʯʘʶʱʫʶ 1049 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ. ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʙʝʣʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 80,7. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʮʠʪʦʭʨʦʤ P450 BM3, ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʧʨʦʬʝʩʩʦʨʦʤ ɸ.ɺ. ʄʫʥʨʦ, (ʄʘʥʯʝʩʪʝʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʣʘ 96%. 

(8) ʊʠʤʠʜʠʣʘʪ-ʩʠʥʪʘʟʘ (P04818) ï ʬʝʨʤʝʥʪ ʯʝʣʦʚʝʢʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ 

35,7 ʢɼʘ, ʢʦʪʦʨʳʡ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʜʝʟʦʢʩʠʫʨʠʜʠʥʤʦʥʦʬʦʩʬʘʪʘ ʚ 

ʜʝʟʦʢʩʠʪʠʤʠʜʠʥʤʦʥʦʬʦʩʬʘʪ. ʋʯʘʩʪʚʫʝʪ ʚ ʧʫʪʠ ʙʠʦʩʠʥʪʝʟʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ 
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ʪʠʤʠʜʠʣʘʪʘ de novo [260], ʚ ʙʠʦʩʠʥʪʝʟʝ ɼʅʂ [261]. ɹʝʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʛʦʤʦʜʠʤʝʨ, ʢʘʞʜʘʷ ʧʦʣʠʧʝʧʪʠʜʥʘʷ ʮʝʧʴ ʚʢʣʶʯʘʝʪ 313 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ. 

ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʝʪ 83,2. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʠʤʠʜʠʣʘʪ-

ʩʠʥʪʘʟʫ ʧʨʦʠʟʚʦʜʩʪʚʘ USBio (ʉʐɸ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ ʥʝ ʤʝʥʝʝ 95%. 

(9) ɸʚʠʜʠʥ (P02701) ï ʙʝʣʦʢ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ 

ʪʝʪʨʘʤʝʨʘ [262], ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʢʘʞʜʦʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ʩʦʩʪʘʚʣʷʝʪ 17 ʢɼʘ. 

ɹʝʣʦʢ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ Gallus gallus domesticus ʫʯʘʩʪʚʫʝʪ ʚ ʩʚʷʟʳʚʘʥʠʠ 

ʙʠʦʪʠʥʘ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʘʚʠʜʠʥʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʷʩʥʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʘʚʠʜʠʥ ʧʨʦʷʚʣʷʝʪ ʧʩʝʚʜʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʫʩʠʣʠʚʘʝʪ ʱʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ 

ʙʠʦʪʠʥʠʣ-ʥʠʪʨʦʬʝʥʠʣʦʚʦʛʦ ʵʬʠʨʘ [263]. ʂʘʞʜʘʷ ʧʦʣʠʧʝʧʪʠʜʥʘʷ ʮʝʧʴ ʚʢʣʶʯʘʝʪ 152 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ. ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʝʪ 86,6. ɹʝʣʦʢ 

ʧʨʦʠʟʚʦʜʩʪʚʘ USBio (ʉʐɸ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 97%. 

(10) ɹʝʣʦʢ NFAT C1 (O95644) ï ʙʝʣʦʢ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ 101 ʢɼʘ 

ʧʨʠʥʘʜʣʝʞʠʪ ʩʝʤʝʡʩʪʚʫ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʤʤʫʥʥʦʤ 

ʦʪʚʝʪʝ [264]. ʌʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ NFAT ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʚʠʪʠʠ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ 

ʨʘʢʘ [265]. ɹʝʣʦʢ ʯʝʣʦʚʝʢʘ NFAT C1 ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ, 

ʚʢʣʶʯʘʶʱʫʶ 943 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ. ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʙʝʣʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 101,2. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʙʝʣʦʢ NFAT C1, ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ 

ʢ.ʭ.ʥ. ɸ.ʖ. ʈʫʙʠʥʦʡ (ʀʄɹ ʈɸʅ, ʄʦʩʢʚʘ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 95%. 

(11) ʉʝʨʧʠʥ B3 (P29508) ï ʛʣʦʙʫʣʷʨʥʳʡ ʙʝʣʦʢ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ 45 ʢɼʘ. 

ɺʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʧʘʧʘʠʥʦʧʦʜʦʙʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʮʠʩʪʝʠʥʦʚʦʡ ʧʨʦʪʝʘʟʳ, 

ʫʯʘʩʪʚʫʝʪ ʚ ʤʦʜʫʣʠʨʦʚʘʥʠʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʭʦʟʷʠʥʘ ʧʨʦʪʠʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

[266]. ɹʝʣʦʢ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ, ʚʢʣʶʯʘʶʱʫʶ 390 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ. ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʙʝʣʢʘ ʩʝʨʧʠʥ B3 ʩʦʩʪʘʚʣʷʝʪ 76,3. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʣʦʢ ʧʨʦʠʟʚʦʜʩʪʚʘ USBio (ʉʐɸ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 97%. 

(12) ʊʨʦʤʙʠʥ (P00734) ï ʛʣʦʙʫʣʷʨʥʳʡ ʙʝʣʦʢ ʯʝʣʦʚʝʢʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ 

70 ʢɼʘ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʩʝʨʠʥʦʚʳʭ 

ʧʨʦʪʝʘʟ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʪʨʦʤʙʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʚʦʜʝ ʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʳ 

ʬʠʙʨʠʥʦʛʝʥʘ ʚ ʥʝʨʘʩʪʚʦʨʠʤʫ  ʁʬʠʙʨʠʥ, ʫʯʘʩʪʚʫʶʪ ʚ ʢʘʩʢʘʜʝ ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ 

[267]. ɹʝʣʦʢ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ ʠʟ 622 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ, ʠ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʠʥʜʝʢʩʦʤ ʨʘʚʥʳʤ 69,8. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʨʦʤʙʠʥ ʧʨʦʠʟʚʦʜʩʪʚʘ Sigma (ʉʐɸ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 99%. 

(13) HCVcoreAg (Q8V7V3) ï ʢʦʨ-ʘʥʪʠʛʝʥ ʥʫʢʣʝʦʢʘʧʩʠʜʘ ʛʝʧʘʪʠʪʘ ʉ, 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ 20,7 ʢɼʘ [268]. ɹʝʣʦʢ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ, 

ʚʢʣʶʯʘʶʱʫʶ 191 ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ. ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ HCVcoreAg 

ʩʦʩʪʘʚʣʷʝʪ 74,6. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʣʦʢ ʧʨʦʠʟʚʦʜʩʪʚʘ Virogen (ʉʐɸ) ʩʦ 

ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 99%. 

(14) ʄʠʦʛʣʦʙʠʥ (P02144) ï ʙʝʣʦʢ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ ʛʣʦʙʠʥʦʚ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʚʝʩʦʤ 17 ʢɼʘ, ʩʦʩʪʦʠʪ ʠʟ ʚʦʩʴʤʠ ʘʣʴʬʘ-ʩʧʠʨʘʣʝʡ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʧʝʪʣʷʤʠ. ʄʠʦʛʣʦʙʠʥ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʪ ʧʦʨʬʠʨʠʥʦʚʦʝ 

ʢʦʣʴʮʦ ʩ ʞʝʣʝʟʦʤ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʤʠʦʛʣʦʙʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʚ 

ʤʳʰʮʘʭ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʟʝʨʚʘ, ʢʦʪʦʨʳʡ ʚʦʩʧʦʣʥʷʝʪ ʚʨʝʤʝʥʥʫʶ ʥʝʭʚʘʪʢʫ ʢʠʩʣʦʨʦʜʘ 

[269]. ʄʠʦʛʣʦʙʠʥ ʩʦʜʝʨʞʠʪ 154 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ. ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ 

ʤʠʦʛʣʦʙʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 84,3. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʣʦʢ ʧʨʦʠʟʚʦʜʩʪʚʘ USBio 

(ʉʐɸ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 97%. 

(15) ɻʣʠʢʦʧʨʦʪʝʠʥ ɺʀʏ-1 gp120 (P04578) ʷʚʣʷʝʪʩʷ ʛʣʠʢʦʧʨʦʪʝʠʥʦʤ ʚʠʨʫʩʘ 

ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ 120 ʢɼʘ. ʋʯʘʩʪʚʫʝʪ ʚ ʘʜʛʝʟʠʠ 

ʚʠʨʫʩʘ ʩ ʣʠʤʬʦʠʜʥʦʡ ʢʣʝʪʢʦʡ ʭʦʟʷʠʥʘ, ʩʚʷʟʳʚʘʷʩʴ ʩ ʨʝʮʝʧʪʦʨʦʤ CD4 [270]. ɹʝʣʦʢ 

ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ, ʚʢʣʶʯʘʶʱʫʶ 856 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. 

ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ gp120 ʩʦʩʪʘʚʣʷʝʪ 91,0. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʣʦʢ 

ʧʨʦʠʟʚʦʜʩʪʚʘ USBio (ʉʐɸ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ ʥʝ ʤʝʥʝʝ 95%. 

(16) ɸʜʨʝʥʦʜʦʢʩʠʥ (P10109) ʷʚʣʷʝʪʩʷ ʙʝʣʢʦʤ-ʧʝʨʝʥʦʩʯʠʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ P450, ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʘʩʱʝʧʣʝʥʠʝ ʙʦʢʦʚʦʡ ʮʝʧʠ 

ʭʦʣʝʩʪʝʨʠʥʘ [258]. ʅʝʦʙʭʦʜʠʤ ʜʣʷ ʩʠʥʪʝʟʘ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ [271], ʫʯʘʩʪʚʫʝʪ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʮʠʪʦʭʨʦʤʘ P450 ʧʨʠ ʩʪʝʨʦʠʜʦʛʝʥʝʟʝ [258,271]. 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʝʪ 19 ʢɼʘ. ɸʜʨʝʥʦʜʦʢʩʠʥ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʪ ʦʜʥʫ 

ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ, ʚʢʣʶʯʘʶʱʫʶ 184 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ. ɸʣʠʬʘʪʠʯʝʩʢʠʡ 

ʠʥʜʝʢʩ ʘʜʨʝʥʦʜʦʢʩʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 85,4. ɹʝʣʦʢ ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ ʬʨʘʢʮʠʠ 

ʤʠʪʦʭʦʥʜʨʠʡ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʘʜʨʝʥʦʜʦʢʩʠʥ, ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ 
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ʧʨʦʬʝʩʩʦʨʦʤ ʉ.ɸ. ʋʩʘʥʦʚʳʤ (ʀʥʩʪʠʪʫʪ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʈʝʩʧʫʙʣʠʢʘ 

ɹʝʣʘʨʫʩʴ). ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 95%. 

(17) ɸʜʨʝʥʦʜʦʢʩʠʥ-ʨʝʜʫʢʪʘʟʘ (P22570) ï ʬʝʨʤʝʥʪ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʤʝʪʘʙʦʣʠʟʤʝ 

ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʩʪʝʨʦʠʜʦʚ [272]. ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʝʪ 53,8 ʢɼʘ. ɹʝʣʦʢ 

ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ, ʚʢʣʶʯʘʶʱʫʶ 491 ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ 

ʦʩʪʘʪʦʢ. ɸʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʘʜʨʝʥʦʜʦʢʩʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 86,7. ɹʝʣʦʢ ʙʳʣ ʚʳʜʝʣʝʥ 

ʠʟ ʬʨʘʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʜʨʝʥʦʜʦʢʩʠʥ-ʨʝʜʫʢʪʘʟʘ, ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʘ ̫ʧʨʦʬʝʩʩʦʨʦʤ ʉ.ɸ. ʋʩʘʥʦʚʳʤ (ʀʥʩʪʠʪʫʪ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, 

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ). ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 95%. 

 

2.4 ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ, ʨʝʘʛʝʥʪʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ  rʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʯʠʧʦʚ ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʏʠʧʳ ʜʣʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʩʣʶʜʳ 

ʤʫʩʢʦʚʠʪ (SPI, ʉʐɸ) ʠ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ (ʅʊ-ʄɼʊ, ʈʦʩʩʠʷ), ʯʠʧʳ 

ʜʣʷ ʥʘʥʦʧʨʦʚʦʣʦʯʥʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʥʘ ʙʘʟʝ ʢʨʝʤʥʠʝʚʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʀʌʇ ʉʆ ʈɸʅ (ʈʦʩʩʠʷ), ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʯʠʧʳ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʙʠʦʩʝʥʩʦʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ Iasys (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

ʇʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʠ 

ʩʚʝʞʝʩʢʦʣʦʪʦʡ ʩʣʶʜʳ, ʙʳʣʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʭʠʤʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ ʠʣʠ 

ʩʦʜʝʨʞʘʣʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʟʦʥʜʳ. ʇʦʚʝʨʭʥʦʩʪʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ 

ʠʟ ʛʨʘʬʠʪʘ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝ ʙʳʣʠ.  

ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ 

ʘʥʪʠʪʝʣʘ ʠʣʠ ʘʧʪʘʤʝʨʳ (ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ) ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ. ʄʦʥʦʢʣʦʥʘʣʴʥʳʝ 

ʘʥʪʠʪʝʣʘ: ʘʥʪʠ-gp120 ʧʨʦʠʟʚʦʜʩʪʚʘ Immune Diagnostics (ʉʐɸ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 

ʤʛ/ʤʣ ʚ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʤ ʙʫʬʝʨʝ ʠ ʘʥʪʠ-HCVcoreAg ʢʣʦʥ 1ɽ5 ʧʨʦʠʟʚʦʜʩʪʚʘ 

Virogen (ʉʐɸ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 7 ʤʢʄ ʚ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʤ ʙʫʬʝʨʝ. 

ɸʧʪʘʤʝʨʳ ʩʦʜʝʨʞʘʣʠ NH2-(T)10-ʣʠʥʢʝʨ ʥʘ 5'-ʢʦʥʮʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʚʘʣʝʥʪʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʦʚ: ʘʥʪʠ-GP120 5'-biotin-
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GGGAGGACGATGCGGAAXGCGCGAGCXXCCGAAAAGGAAAXXACGCAG  

ACGACGAGCGGGA-poly(dT)10-NH2-3ǋ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʉ.ʇ. 

ʈʘʜʴʢʦ (ʀɹʄʍ, ʈʦʩʩʠʷ); ʘʥʪʠ-HCVcore ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ ɽʚʨʦʛʝʥ (ʈʦʩʩʠʷ) ʩʦ 

ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 99% ʚ ʩʦʩʪʘʚʝ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ˉ1 5ǋïNH2ï(T)10-

ACGCTCGGATGCCACTACAGGCACGCCAGACCAGCCGTCCTCTCTTCATCCG

AGCCTTCACCGAGCCTCATGGACGTGCTGGTGAï3ǋ, ˉ2 5ǋïNH2ï(T)10-ACGCT 

CGGATGCCACTACAGTAACACACACAACTTAAAATCATACAAAAAAGAGTA  

AATGCCTCATGGACGTGCTGGTGAï3ǋ, ˉ3 5ǋïNH2ï(T)10-ACGCTCGGATGCCA 

CTACAGCCAAATACTACCGCAAAAACCACCTCCCCCTCGATAATAGCCTCA 

TGGACGTGCTGGTGAï3ǋ.  

ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ ɽʚʨʦʛʝʥ (ʈʦʩʩʠʷ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 

99%, ʩʧʝʮʠʬʠʯʥʳʝ ʥʝʢʦʜʠʨʫʶʱʠʤ ʤʠʢʨʦʈʅʂ (miR), ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ 

ʨʘʩʩʪʨʦʡʩʪʚ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʫ ʜʝʪʝʡ ʚ ʩʦʩʪʘʚʝ: miR-106a-5p 5ǋïNH2-(T)10-

CTACCTGCACTGTAAGCACTTTTï3ǋ; miR-106b-5p 5ǋïNH2-(T)10-

ATCTGCACTGTCAGCACTTTAï3ǋ; miR-19b-3p 5ǋïNH2-(T)10-

TCAGTTTTGCATGGATTTGCACAï3ǋ; miR-494-5p 5ǋïNH2-(T)10-TCAGTTTT 

GCATGGATTTGCACAï3ǋ; miR-494-3p 5ǋïNH2-(T)10-AGAGAAGACAACACGGA 

CAACCTï3ǋ; miR-494-3p 5ǋïNH2-(T)10-GAGGTTTCCCGTGTATGTTTCAï3ǋ; miR-

15b-5p 5ǋïNH2-(T)10-TGTA AACCATGATGTGCTGCTAï3ǋ; miR-320a 5ǋïNH2-(T)10-

TCGCCCTCTCAACC CAGCTTTTï3ǋ.  

ɸʧʪʘʤʝʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ ɽʚʨʦʛʝʥ (ʈʦʩʩʠʷ) ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 99%, 

ʩʧʝʮʠʬʠʯʥʳʝ ʙʝʣʢʘʤ, ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ ʚ 18 ʭʨʦʤʦʩʦʤʝ ʯʝʣʦʚʝʢʘ, ʚ ʩʦʩʪʘʚʝ: ˉ1 ʠ ˉ2 

TGTCA, CTGTCA ʜʣʷ ʙʝʣʢʘ Homeobox protein TGIF1 [273]; ˉ3, ˉ4 ʠ ˉ8 

CAGGTG(ʉ/T) ʠ (A/T/G)(C/G)(T/A)(T/A)CAAAG ʜʣʷ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ 4 

(TCF4) [274]; ˉ6 ʠ ˉ7 (A/T/C)GAT(A/T)(A), AGATAAGA , GATATCG ʜʣʷ ʬʘʢʪʦʨʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ GATA-6 [275]; ˉ8 ATGGAAAAT  ʜʣʷ ʙʝʣʢʘ NFATc1 [276]; 

TCTAAGTCAATAAT  ʜʣʷ ʙʝʣʢʘ HNF-6-beta [277]; CTACCTGCACAGTTCACGGA 

ʜʣʷ Zinc finger protein 161 homolog [278]; GTCTAGAC ʜʣʷ ʙʝʣʢʘ Mothers against 

decapentaplegic homolog 4 (SMAD4) [279]; (TCAT)n ïʜʣʷ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ Zinc 

finger protein 24 [280].  
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ʈʝʘʛʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʨʘʟʮʦʚ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʧʦʩʪʘʚʣʷʣʠʩʴ ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʩʝʨʪʠʬʠʢʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩ ʫʢʘʟʘʥʠʝʤ 

ʥʘʠʤʝʥʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʠʪʝʣʷ, ʩʨʦʢʘ ʛʦʜʥʦʩʪʠ, ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʢʘʯʝʩʪʚʘ, ʛʘʨʘʥʪʠʡʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʛʝʥʪʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʜʫʨ. 

(ʘ) ʇʦʜʛʦʪʦʚʢʠ ʯʠʧʦʚ ʜʣʷ ʙʠʦʩʝʥʩʦʨʘ ʢ ʛʠʜʨʦʣʠʟʫ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʠ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʦʩʪʘʚʝ: ʪʨʠʧʩʠʥ 

ʩ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 5000 ʝʜ/ʛ ʧʨʦʠʟʚʦʜʩʪʚʘ Promega (ʉʐɸ); 

ʙʠʢʘʨʙʦʥʘʪ ʘʤʤʦʥʠʷ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99,5% ʧʨʦʠʟʚʦʜʩʪʚʘ Sigma (ʉʐɸ), 

ʛʣʠʮʝʨʠʥ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99%, ʤʦʯʝʚʠʥʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʧʨʠʤʝʩʝʡ 

ʤʝʥʝʝ 0,005% ʠ ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 90% ʧʨʦʠʟʚʦʜʩʪʚʘ 

Merck (ɻʝʨʤʘʥʠʷ); ʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ ʢʠʩʣʦʪʳ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʘʛʨʝʛʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʤʠʮʝʣʣʳ 3-12, ʪʠʦʤʦʯʝʚʠʥʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99%, 

ʥʘʪʨʠʷ ʵʪʠʣʝʥ ʜʠʘʤʠʥ ʪʝʪʨʘʘʮʝʪʘʪ ʜʚʫʟʘʤʝʱʝʥʥʳʡ (ʕɼʊɸ) ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ 

ʤʝʥʝʝ 98,5%, N-ʛʠʜʨʦʢʩʠʤʝʪʠʣʘʤʠʥʦʤʝʪʘʥ ʛʠʜʨʦʭʣʦʨʠʜ ʊʨʠʩ-HCl ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ 

ʥʝ ʤʝʥʝʝ 99,9%, 4-ʚʠʥʠʣʧʠʨʠʜʠʥ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 95% ʠ N,N-

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99,8% ʧʨʦʠʟʚʦʜʩʪʚʘ Sigma (ʉʐɸ). 

(ʙ) ʂʘʣʠʙʨʦʚʦʯʥʝr ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʚ ʩʦʩʪʘʚʝ: ʩʪʘʥʜʘʨʪ ESI-

L/T tuning mix ɺʕɾʍ-ʄʉ/ʄʉ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 95-99,9%, ʩʪʘʥʜʘʨʪʘ 

Pierce ESI negative ion calibration ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 95-99,9% ʠ 

ʩʪʘʥʜʘʨʪʘ Pierce LFQ Velos ESI positive ion calibration ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 

95-99,9% ʧʨʦʠʟʚʦʜʩʪʚʘ Thermo Scientific (ʉʐɸ); ʩʪʘʥʜʘʨʪʘ Peptide Calibration 

Standard II  ʜʣʷ ʄɸʃɼʀ-ʄʉ ʠ ʙrʯʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʡ 

ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʳʡ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 96% ʧʨʦʠʟʚʦʜʩʪʚʘ Bruker Daltonics 

(ɻʝʨʤʘʥʠʷ); 

(ʚ) ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠ,̫ ʚʢʣʶʯʘʷ ʧʦʜʛʦʪʦʚʢʫ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʘ ʢ ʨʘʙʦʪʝ, ʧʨʦʚʝʜʝʥʠʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʩʪʘʚʝ: 

ʘʮʝʪʦʥʠʪʨʠʣ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99,8% ʧʨʦʠʟʚʦʜʩʪʚʘ Fisher Scientific 

(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ); ʘʮʝʪʦʥʠʪʨʠʣ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99,8% ʧʨʦʠʟʚʦʜʩʪʚʘ 
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Merck (ɻʝʨʤʘʥʠʷ); ʠʟʦʧʨʦʧʘʥʦʣ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99,5% ʧʨʦʠʟʚʦʜʩʪʚʘ 

Acros Organic (ʉʐɸ), ʘʣʴʬʘ-ʮʠʘʥʦ-4-ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʘʷ ʢʠʩʣʦʪʘ (HCCA) ʠ 2,4-

ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (DHB) ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99% ʧʨʦʠʟʚʦʜʩʪʚʘ 

Bruker Daltonics (ɻʝʨʤʘʥʠʷ); ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99,5%, 

ʛʠʜʨʦʢʩʠʜ ʘʤʤʦʥʠʷ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99,5%, ʣʘʫʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ 

ʛʠʜʨʦʢʩʠʣʘʫʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 98%, ʢʘʣʠʷ ʭʣʦʨʠʜ ʠ ʢʘʣʠʡ-

ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ (KH2PO4) ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99%, ʘʮʝʪʘʪ ʘʤʤʦʥʠʷ ʩ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 98,5%, ʥʠʢʦʪʠʥʘʤʠʜʘʜʝʥʠʥʜʠʥʫʢʣʝʦʪʠʜʬʦʩʬʘʪ (ʅɸɼʌʅ) 

ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 97%, ʢʘʤʬʦʨʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 96%, ʭʦʣʝʩʪʝʨʠʥ 

ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ ʤʝʥʝʝ 99% ʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʥʝ 

ʤʝʥʝʝ 99% ʧʨʦʠʟʚʦʜʩʪʚʘ Sigma (ʉʐɸ). 

ɺ ʨʘʙʦʪʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʪʨʠʧʪʠʯʝʩʢʠʭ ʛʠʜʨʦʣʠʟʘʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʢʦʥʝʯʥʠʢʠ çZipTip C18è ʧʨʦʠʟʚʦʜʩʪʚʘ Merck Millipore (ɻʝʨʤʘʥʠʷ). 

ɼʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʩʝʭ ʧʨʦʮʝʜʫʨ, ʦʯʠʱʝʥʥʘʷ ʥʘ 

ʫʩʪʘʥʦʚʢʝ Millipore Simplicity UV (ʌʨʘʥʮʠʷ). 

ʆʙʨʘʟʮʳ ʩʳʚʦʨʦʪʢʠ ʠ ʧʣʘʟʤʳ ʢʨʦʚʠ 

ʆʙʨʘʟʮʳ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʦʪ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ 

ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ (n=10) ʠ ʫʯʘʩʪʥʠʢʦʚ ʩ ʜʠʘʛʥʦʟʦʤ ʚʠʨʫʩʥʳʡ ʛʝʧʘʪʠʪ ʉ 

(n=17). ʆʙʨʘʟʮʳ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʌɹʋʅ ʄʅʀʀʕʄ ʠʤ. ɻʘʙʨʠʯʝʚʩʢʦʛʦ2 ʠ ʌɻɹʋ 

çʅʄʍʎ ʠʤ. ʅ. ʀ. ʇʠʨʦʛʦʚʘè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ3. ʆʙʨʘʟʮʳ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ ʤʝʪʦʜʦʤ 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ çɹʝʩʪ ʘʥʪʠ-ɺɻʉè (ɺʝʢʪʦʨɹʝʩʪ, ʈʦʩʩʠʷ). ʆʙʨʘʟʮʳ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʜʝʪʝʡ (n=7) ʩ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ (ʈɸʉ), 

ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʜʝʪʝʡ 9Ñ2 ʣʝʪ ʠ ʦʙʨʘʟʮʳ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ ʨʦʜʠʪʝʣʝʡ ʩʦ 

ʩʨʝʜʥʠʤ ʚʦʟʨʘʩʪʦʤ 31,5Ñ18 ʣʝʪ ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ çʐʢʦʣʦʡ-ʠʥʪʝʨʥʘʪʦʤ ˉ 2è 

ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. ʆʙʨʘʟʮʳ ʧʣʘʟʤʳ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ ʫʯʘʩʪʥʠʮ 

 
2ʌʝʜʝʨʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʄʦʩʢʦʚʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠʤ. ɻ.ʅ. ɻʘʙʨʠʯʝʚʩʢʦʛʦ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ 
3ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʢʦ-ʭʠʨʫʨʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ʠʤʝʥʠ ʅ. ʀ. 

ʇʠʨʦʛʦʚʘè ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

https://www.sigmaaldrich.com/catalog/substance/24dihydroxybenzophenone2142213156611
https://www.sigmaaldrich.com/catalog/substance/24dihydroxybenzophenone2142213156611
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ʠʩʩʣʝʜʦʚʘʥʠʷ (n=22) ʚ ʚʦʟʨʘʩʪʝ 18-53 ʛʦʜʘ ʠ ʞʝʥʱʠʥ (n=55) ʚ ʚʦʟʨʘʩʪʝ 19-77 ʣʝʪ ʩ 

ʜʠʘʛʥʦʟʦʤ ʨʘʢ ʷʠʯʥʠʢʦʚ (I-III  ʩʪʘʜʠʠ) ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʅʄʀʎʆ ʠʤ. ʅ.ʅ. ɹʣʦʭʠʥʘ 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ4. ʇʦʣʫʯʝʥʦ ʟʘʢʣʶʯʝʥʠʝ ʵʪʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʩʦʛʣʘʩʠʝ ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʣʠ ʠʭ ʟʘʢʦʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʩʳʚʦʨʦʪʢʠ ʠʣʠ ʧʣʘʟʤʳ ʢʨʦʚʠ. 

 

2.5 ɻʠʜʨʦʣʠʟ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ  

2.5.1 ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ 

(ʘ) ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʙʫʬʝʨʘ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 100 ʤʄ (pH 7.4) 

ɻʦʪʦʚʠʣʠ ʥʘʚʝʩʢʠ ʙʠʢʘʨʙʦʥʘʪʘ ʘʤʤʦʥʠʷ (NH4HCO3) 0,395 ʛ ʠ ʛʫʘʥʠʜʠʥ ʭʣʦʨʠʜʘ 

0,05 ʛ, ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʝʨʥʫʶ ʧʣʘʩʪʠʢʦʚʫʶ ʧʨʦʙʠʨʢʫ ʦʙʲʝʤʦʤ 50 ʤʣ. ɺ 

ʧʨʦʙʠʨʢʫ ʜʦʙʘʚʣʷʣʠ 2 ʤʣ ʛʣʠʮʝʨʠʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʲʝʤ ʙʫʬʝʨʘ ʜʦʚʦʜʠʣʠ 

ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʦʙʲʝʤʘ 50 ʤʣ. ʨʅ ʧʦʣʫʯʝʥʥʦʛʦ ʙʫʬʝʨʘ ʜʣʷ ʛʠʜʨʦʣʠʟʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʜʠʘʧʘʟʦʥʫ 7,4-8,0. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʅ ʙʫʬʝʨʘ ʜʦʚʦʜʠʣʠ ʜʦ 

ʪʨʝʙʫʝʤʦʛʦ ʛʠʜʨʦʢʩʠʜʦʤ ʘʤʤʦʥʠʷ. ɹʫʬʝʨ ʧʝʨʝʰʠʚʘʣʠ ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʠ ʭʨʘʥʠʣʠ ʧʨʠ 

ʧʣʶʩ 4 oC ʥʝ ʙʦʣʝʝ 1 ʤʝʩ. 

(ʙ) ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʪʦʢ-ʨʘʩʪʚʦʨʘ ʪʨʠʧʩʠʥʘ 

ɺ ʟʘʚʦʜʩʢʫʶ ʤʝʥʟʫʨʢʫ ʩ ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʝʧʘʨʘʪʦʤ ʪʨʠʧʩʠʥʘ ʜʦʙʘʚʣʷʣʠ 

200 ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʝʧʘʨʘʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʩʪʦʢ-ʨʘʩʪʚʦʨ ʪʨʠʧʩʠʥʘ 

ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ. ʇʨʦʚʦʜʠʣʠ ʜʦʟʠʨʦʚʘʥʠʝ ʥʘ ʘʣʠʢʚʦʪʳ ʦʙʲʝʤʦʤ 5 ʤʢʣ ʚ 

ʤʠʢʨʦʧʨʦʙʠʨʢʠ ʪʠʧʘ çʕʧʧʝʥʜʦʨʬè ʦʙʲʝʤʦʤ 200 ʤʢʣ. ʇʨʦʙʠʨʢʠ ʩ ʘʣʠʢʚʦʪʘʤʠ ʩʪʦʢ-

ʨʘʩʪʚʦʨʘ ʪʨʠʧʩʠʥʘ ʭʨʘʥʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʦʛʦ ʭʦʣʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï 80 ʦʉ ʥʝ 

ʙʦʣʝʝ 1 ʤʝʩ.  

(ʚ) ʇʨʠʛʦʪʦʚʣʝʥʠʝ 0,7% ʨʘʩʪʚʦʨʘ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʇʨʠ ʧʦʤʦʱʠ ʧʠʧʝʪʢʠ ʦʪʙʠʨʘʣʠ 350 ʤʢʣ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʝʨʥʫʶ ʧʨʦʙʠʨʢʫ, ʩʦʜʝʨʞʘʱʫʶ 40 ʤʣ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ. ʆʙʲʝʤ 

ʨʘʩʪʚʦʨʘ ʜʦʚʦʜʠʣʠ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ 50 ʤʣ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

 
4 ʌɻɹʋ çʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʦʥʢʦʣʦʛʠʠ ʠʤ. ʅ. ʅ. ɹʣʦʭʠʥʘè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ 
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ʧʝʨʝʤʝʰʠʚʘʣʠ ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʠ ʭʨʘʥʠʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʚ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʦʛʦ 

ʭʦʣʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï 80 ʦʉ ʥʝ ʙʦʣʝʝ 1 ʤʝʩ. 

(ʛ) ʇʨʠʛʦʪʦʚʣʝʥʠʝ 70 % ʨʘʩʪʚʦʨʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 0,7 % ʨʘʩʪʚʦʨʝ 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʈʘʩʪʚʦʨ 0,7 % ʊʌʋ ʦʙʲʝʤʦʤ 0,3 ʤʣ ʜʦʙʘʚʣʷʣʠ ʚ ʧʨʦʙʠʨʢʫ çʕʧʧʝʥʜʦʨʬè 

ʦʙʲʝʤʦʤ 1,7 ʤʣ, ʩʦʜʝʨʞʘʱʫʶ 0,7 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʇʨʠ ʧʦʤʦʱʠ ʧʠʧʝʪʢʠ ʦʪʙʠʨʘʣʠ 

0,3 ʤʣ ʨʘʩʪʚʦʨʘ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʜʦʙʘʚʣʣ̫ʠ ʚ ʧʨʦʙʠʨʢʫ ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ. 

ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʠʧʝʪʠʨʦʚʘʥʠʝʤ ʠ ʛʦʪʦʚʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʨʘʙʦʪʦʡ. 

 

2.5.2 ɻʠʜʨʦʣʠʟ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ ɸʉʄ  

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʨʠʧʩʠʥʦʣʠʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʘʣʠʢʚʦʪʫ ʩʪʦʢ-ʨʘʩʪʚʦʨʘ 

ʪʨʠʧʩʠʥʘ ʦʙʲʝʤʦʤ 5 ʤʢʣ ʨʘʟʤʦʨʘʞʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ ʚ 

ʧʨʦʙʠʨʢʫ ʩʦ ʩʪʦʢ-ʨʘʩʪʚʦʨʦʤ ʪʨʠʧʩʠʥʘ ʜʦʙʘʚʣʷʣʠ ʙʫʬʝʨ ʜʣʷ ʛʠʜʨʦʣʠʟʘ (NH4HCO3, 

100 ʤʄ) ʦʙʲʝʤʦʤ 75 ʤʢʣ (ʪʨʠʧʩʠʥʦʣʠʪʠʯʝʩʢʘʷ ʩʤʝʩʴ). 

(ʘ) ɻʠʜʨʦʣʠʟ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè ʯʠʧʘ 

ʏʠʧr ʩ ʜʚʫʤʷ ʩʝʥʩʦʨʥʳʤʠ ʟʦʥʘʤʠ ʨʘʟʨʝʟʘʣʠ ʥʘ ʜʚʝ ʯʘʩʪʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙ  r

ʢʘʞʜʘʷ ʩʦʜʝʨʞʘʣʘ ʦʜʥʫ ʩʝʥʩʦʨʥʫʶ ʟʦʥʫ. ʇʦ ʦʢʨʫʞʥʦʩʪʠ ʯʘʰʢʠ ʇʝʪʨʠ ʜʠʘʤʝʪʨʦʤ 

4,5 ʩʤ ʥʘʥʦʩʠʣʠ ʥʝ ʤʝʥʝʝ 20 ʢʘʧʝʣʴ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ ʦʙʲʝʤʦʤ ʧʦ 20 ʤʢʣ. ʏʘʩʪʴ 

ʯʠʧʘ ʩ ʩʝʥʩʦʨʥʦʡ ʟʦʥʦʡ ʧʦʤʝʱʘʣʠ ʚ ʮʝʥʪʨ ʯʘʰʢʠ ʇʝʪʨʠ. ɼʘʣʝʝ ʥʘ ʩʝʥʩʦʨʥʫʶ ʟʦʥʫ 

ʯʠʧʘ ʥʘʥʦʩʠʣʠ 5-7 ʤʢʣ ʪʨʠʧʩʠʥʦʣʠʪʠʯʝʩʢʦʡ ʩʤʝʩʠ. ʏʘʰʢʫ ʇʝʪʨʠ ʛʝʨʤʝʪʠʯʥʦ 

ʟʘʢʨʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʝʥʪ r ʧʘʨʘʬʠʣʤʘ ʠ ʧʝʨʝʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʥʢʫʙʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 42 Üʉ ʚ ʪʝʯʝʥʠʠ 8 ʯ. ʆʩʫʱʝʩʪʚʣʷʣʠ 

ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣ ɹ ʢʘʧʣʠ ʢʘʞʜʳʝ 2 ʯ, ʚ ʩʣʫʯʘʝ ʚʳʩʳʭʘʥʠʷ ʢʘʧʣʠ ʜʦʙʘʚʣʷʣʠ 

ʪʨʠʧʩʠʥʦʣʠʪʠʯʝʩʢʫ  ʁ ʩʤʝʩʴ ʦʙʲʝʤʦʤ 5 ʤʢʣ ʥʘ ʩʝʥʩʦʨʥʫʶ ʟʦʥʫ ʯʠʧʘ. ʇʠʧʝʪʢʦʡ 

ʦʪʙʠʨʘʣʠ 5 ʤʢʣ ʨʘʩʪʚʦʨʘ 70 % ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 0,7 % ʊʌʋ ʠ ʜʦʙʘʚʣʷʣʠ ʥʘ ʩʝʥʩʦʨʥʫʶ 

ʟʦʥʫ ʯʠʧʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʠʧʝʪʠʨʦʚʘʥʠʷ ʵʣʶʠʨʦʚʘʣʠ ʪʨʠʧʪʠʯʝʩʢʫʶ ʩʤʝʩʴ. 

ʊʨʠʧʪʠʯʝʩʢʫʶ ʩʤʝʩʴ ʧʝʨʝʥʦʩʠʣʠ ʚ ʧʨʦʤʘʨʢʠʨʦʚʘʥʥʫʶ ʯʠʩʪʫʶ ʧʨʦʙʠʨʢʫ. ʆʧʝʨʘʮʠʶ 

ʵʣʶʮʠʠ ʧʨʦʚʦʜʠʣʠ ʪʨʠ ʨʘʟʘ. ʂʦʥʝʯʥʳʡ ʦʙʲʝʤ ʵʣʶʘʪʘ ʩʦʩʪʘʚʣʷʣ 15 ʤʢʣ. ʇʦʩʣʝ ʯʝʛʦ 

ʧʨʦʙʠʨʢʫ ʩ ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʴʶ ʧʦʤʝʱʘʣʠ ʚ ʚʘʢʫʫʤʥʳʡ ʠʩʧʘʨʠʪʝʣʴ ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʝ 45ęʉ ʥʘ 10-15 ʤʠʥ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ. ɺʳʩʫʰʝʥʥʫʶ 

ʪʨʠʧʪʠʯʝʩʢʫʶ ʩʤʝʩʴʶ ʭʨʘʥʠʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ ï 80 ʦʉ ʥʝ ʙʦʣʝʝ 1 ʤʝʩ. 

(ʙ) ɻʠʜʨʦʣʠʟ ʯʠʧʘ ʚ çʦʙʲʝʤʝè 

ʏʠʧ ʥʘʨʝʟʘʣʠ ʧʦ ʢʦʥʪʫʨʫ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʠ ʩʢʘʣʳʚʘʣʠ ʪʳʣʴʥʫ  ʁʩʪʦʨʦʥʫ ʯʠʧʘ ʩ 

ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʧʨʦʙʠʨʢʫ ʪʠʧʘ çCorningè ʦʙʲʝʤʦʤ 2 ʤʣ 

ʜʦʙʘʚʣʷʣʠ ʙʠʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ ʦʙʲʝʤʦʤ 90 ʤʢʣ ʠ ʘʣʠʢʚʦʪʫ ʪʨʠʧʩʠʥʘ ʦʙʲʝʤʦʤ 

3 ʤʢʣ. ɺ ʧʨʦʙʠʨʢʫ ʧʦʤʝʱʘʣʠ ʯʘʩʪʴ ʯʠʧʘ ʩ ʩʝʥʩʦʨʥʦʡ ʟʦʥʦʡ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 42 Üʉ ʚ ʪʝʯʝʥʠʝ 18 ʯ. ʇʠʧʝʪʢʦʡ ʦʪʙʠʨʘʣʠ ʨʘʩʪʚʦʨ 

ʧʝʧʪʠʜʥʦʡ ʩʤʝʩʠ ʚ ʧʨʦʙʠʨʢʫ ʪʠʧʘ çʕʧʧʝʥʜʦʨʬè ʦʙʲʝʤʦʤ 200 ʤʢʣ. ɼʘʣʝʝ ʧʨʦʙʠʨʢʫ 

ʩ ʧʝʧʪʠʜʥʦʡ ʩʤʝʩʴʶ ʧʦʤʝʱʘʣʠ ʚ ʚʘʢʫʫʤʥʳʡ ʠʩʧʘʨʠʪʝʣʴ. ʈʘʩʪʚʦʨ ʚʳʩʫʰʠʚʘʣʠ ʜʦ 

ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45ęʉ. ɼʘʣʝʝ ʚ 

ʧʨʦʙʠʨʢʫ ʜʦʙʘʚʣʷʣʠ 10 ʤʢʣ ʨʘʩʪʚʦʨʘ 70 % ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 0,7 % ʊʌʋ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʚʘʢʫʫʤʥʳʡ ʠʩʧʘʨʠʪʝʣʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45 ęʉ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ (10-15 ʤʠʥ). 

ʇʨʦʙʠʨʢʠ ʩ ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʴʶ ʭʨʘʥʠʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ ï 80 ʦʉ ʥʝ ʙʦʣʝʝ 

1 ʤʝʩ. 

2.5.3 ɻʠʜʨʦʣʠʟ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ ʥʘʥʦʧʨʦʚʦʣʦʯʥʦʛʦ ʙʠʦʩʝʥʩʦʨʘ 

ɸʣʠʢʚʦʪʫ ʩʪʦʢ-ʨʘʩʪʚʦʨʘ ʪʨʠʧʩʠʥʘ ʦʙʲʝʤʦʤ 5 ʤʢʣ ʨʘʟʤʦʨʘʞʠʚʘʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʦʙʘʚʣʷʣʠ ʙʫʬʝʨ (NH4HCO3 100 ʤʄ) ʦʙʲʝʤʦʤ 100 ʤʢʣ. ɺ 

ʯʠʧ ʜʣʷ ʥʘʥʦʧʨʦʚʦʣʦʯʥʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʜʦʙʘʚʣʷʣʠ ʩʤʝʩʴ ʜʣʷ ʛʠʜʨʦʣʠʟʘ. ɼʘʣʝʝ 

ʚʝʨʭʥʶ  ʁʯʘʩʪʴ ʯʠʧʘ ʛʝʨʤʝʪʠʯʥʦ ʫʢʫʧʦʨʠʚʘʣʠ ʣʝʥʪʦʡ ʧʘʨʘʬʠʣʤʘ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 42 Üʉ ʚ ʪʝʯʝʥʠʠ 18 ʯ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʦʪʙʠʨʘʣʠ 

ʨʘʩʪʚʦʨ ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʚ ʧʨʦʙʠʨʢʫ ʪʠʧʘ çʕʧʧʝʥʜʦʨʬè ʦʙʲʝʤʦʤ 200 ʤʢʣ. 

ʇʨʦʙʠʨʢʫ ʩ ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʴʶ ʧʦʤʝʱʘʣʠ ʚ ʚʘʢʫʫʤʥʳʡ ʠʩʧʘʨʠʪʝʣʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 45ęʉ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ (15 ʤʠʥ). ʇʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʚ 

ʧʨʦʙʠʨʢʫ ʜʦʙʘʚʣʷʣʠ 10 ʤʢʣ ʨʘʩʪʚʦʨʘ 70 % ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 0,7 % ʊʌʋ ʠ ʧʦʤʝʱʘʣʠ ʚ 

ʚʘʢʫʫʤʥʳʡ ʠʩʧʘʨʠʪʝʣʴ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45 ęʉ 

(15 ʤʠʥ). ʇʨʦʙʠʨʢʫ ʩ ʩʫʭʦʡ ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʴʶ ʭʨʘʥʠʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ 

ʤʠʥʫʩ 80 ʦʉ ʥʝ ʙʦʣʝʝ 1 ʤʝʩ. 
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2.5.4 ɻʠʜʨʦʣʠʟ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ 

ɸʣʠʢʚʦʪʫ ʩʪʦʢ-ʨʘʩʪʚʦʨʘ ʪʨʠʧʩʠʥʘ ʦʙʲʝʤʦʤ 5 ʤʢʣ ʨʘʟʤʦʨʘʞʠʚʘʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʧʨʦʙʠʨʢʫ ʩ ʘʣʠʢʚʦʪʦʡ ʩʪʦʢ-ʨʘʩʪʚʦʨʘ ʪʨʠʧʩʠʥʘ ʜʦʙʘʚʣʷʣʠ 

ʙʠʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ (NH4HCO3, 100 ʤʄ) ʦʙʲʝʤʦʤ 100 ʤʢʣ (ʩʤʝʩʴ ʜʣʷ ʛʠʜʨʦʣʠʟʘ). 

ʅʘ ʧʦʚʝʨʭʥʦʩʪ ɹʯʠʧʘ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʜʦʙʘʚʣʷʣʠ ʩʤʝʩʴ ʜʣʷ ʛʠʜʨʦʣʠʟʘ. 

ɺʝʨʭʥʶ  ʁʯʘʩʪʴ ʯʠʧʘ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʠ ʣʝʥʪʦʡ ʧʘʨʘʬʠʣʤʘ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 42 Üʉ ʚ ʪʝʯʝʥʠʠ 18 ʯ. ʈʘʩʪʚʦʨ ʧʝʧʪʠʜʥʦʡ ʩʤʝʩʠ 

ʦʪʙʠʨʘʣʠ ʚ ʧʨʦʤʘʨʢʠʨʦʚʘʥʥʫʶ ʯʠʩʪʫʶ ʧʨʦʙʠʨʢʫ ʪʠʧʘ çʕʧʧʝʥʜʦʨʬè ʦʙʲʝʤʦʤ 

200 ʤʢʣ. ɼʘʣʝʝ ʧʨʦʙʠʨʢʫ ʩ ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʴʶ ʧʦʤʝʱʘʣʠ ʚ ʚʘʢʫʫʤʥʳʡ 

ʠʩʧʘʨʠʪʝʣʴ. ʉʤʝʩʴ ʚʩrʫʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45ęʉ ʠ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʇʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʚ ʧʨʦʙʠʨʢʫ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 70 % 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 0,7 % ʊʌʋ ʦʙʲʝʤʦʤ 10 ʤʢʣ ʠ ʧʦʤʝʱʘʣʠ ʚ ʚʘʢʫʫʤʥʳʡ ʠʩʧʘʨʠʪʝʣʴ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45 ęʉ ʥʘ 15 ʤʠʥ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʇʨʦʙʠʨʢʠ ʩ ʩʫʭʦʡ 

ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʴʶ ʭʨʘʥʠʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ ʤʠʥʫʩ 80 ʦʉ ʥʝ ʙʦʣʝʝ 1 ʤʝʩ. 

2.5.5 ʆʙʝʩʩʦʣʠʚʘʥʠʝ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʵʣʶʘʪʘ)  

ɻʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʳ ʜʣʷ ʨʘʙʦʪʳ: ʘ) 100% ʘʮʝʪʦʥʠʪʨʠʣ ʚ ʦʙʲʝʤʝ 500 ʤʢʣ ʚ 

çʕʧʧʝʥʜʦʨʬʝè; ʙ) ʨʘʩʪʚʦʨ 0,7 % ʊʌʋ ʦʙʲʝʤʦʤ 500 ʤʢʣ ʚ çʕʧʧʝʥʜʦʨʬʝè.  

ʉʫʭʫʶ ʪʨʠʧʪʠʯʝʩʢʫʶ ʩʤʝʩʴ ʨʘʩʪʚʦʨʷʣʠ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʦʙʲʝʤʘ 

20 ʤʢʣ. ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʝʧʪʠʜʥʦʡ ʩʤʝʩʠ, ʥʝ ʩʦʜʝʨʞʘʣ ʨʘʩʪʚʦʨʠʪʝʣʠ (ʩʧʠʨʪ, 

ʘʮʝʪʦʥʠʪʨʠʣ ʠ ʧʨʦʯʠʝ). ɼʣʷ ʧʨʦʮʝʜʫʨʳ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠ ʥʘʢʦʥʝʯʥʠʢʠ ʪʠʧʘ 

çZipTip C18è, ʩʦʜʝʨʞʘʱʠʝ ʦʙʨʘʱʝʥʥʦʬʘʟʦʚʫʶ ʩʤʦʣʫ. ɸʢʪʠʚʘʮʠ ʁʥʦʩʠʪʝʣʷ ʉ18 ʚ 

ʥʘʢʦʥʝʯʥʠʢʝ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 100 % ʘʮʝʪʦʥʠʪʨʠʣʘ. ɼʘʣʝʝ ʥʘʢʦʥʝʯʥʠʢ 

ʧʨʦʤʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ 0,7 % ʊʌʋ, ʥʝ ʤʝʥʝʝ 5 ʨʘʟ ʧʦ 10 ʤʢʣ. ʄʥʦʛʦʢʨʘʪʥʳʤ 

ʧʠʧʝʪʠʨʦʚʘʥʠʝʤ ʧʨʦʚʦʜʠʣʠ ʦʙʝʩʩʦʣʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʧʝʧʪʠʜʥʦʡ ʩʤʝʩʠ ʚ ʧʨʦʙʠʨʢʝ ʩ 

ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʴʶ. ʕʣʶʮʠ ʁ ʧʝʧʪʠʜʦʚ ʩ ʦʙʨʘʱʝʥʥʦʬʘʟʦʚʦʛʦ ʥʦʩʠʪʝʣʷ 

ʥʘʢʦʥʝʯʥʠʢʘ ʧʨʦʚʦʜʠʣʠ ʨʘʩʪʚʦʨʦʤ ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʙʲʝʤʦʤ 10 ʤʢʣ. ʕʣʶʘʪ ʩʦʙʠʨʘʣʠ 

ʚ ʧʨʦʤʘʨʢʠʨʦʚʘʥʥʫʶ ʯʠʩʪʫʶ ʧʨʦʙʠʨʢʫ ʪʠʧʘ çʕʧʧʝʥʜʦʨʬè ʦʙʲʝʤʦʤ 200 ʤʢʣ. 

ʆʙʨʘʟʝʮ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʘʢʫʫʤʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʇʝʨʝʨʘʩʪʚʦʨʝʥʠʝ ʦʙʝʩʩʦʣʝʥʥʦʡ 

ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʩʪʚʦʨʝ 0,7 % ʊʌʋ ʦʙʲʸʤʦʤ 10 ʤʢʣ. ʇʦʩʣʝ ʯʝʛʦ 
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ʨʘʩʪʚʦʨ ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʦʟʚʫʯʠʚʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʘʤʝʨʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʧʨʠ 12000 ʦʙ/ʤʠʥ. ʆʙʝʩʩʦʣʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʧʝʨʝʜʘʚʘʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ. 

 

2.6 ʇʨʝʜʚʘʨʠʪʝʣʴʥʘ ̫ ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʩʳʚʦʨʦʪʢʠ ʠ ʧʣʘʟʤʳ ʢʨʦʚʠ ʜʣʷ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʇʨʦʮʝʜʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚʢʣʶʯʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʩʪʘʜʠʠ (ʨʠʩʫʥʦʢ 11). 

 

ʈʠʩʫʥʦʢ 11. ï ʉʭʝʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʩʳʚʦʨʦʪʢʠ ʠʣʠ ʧʣʘʟʤʳ 

ʢʨʦʚʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʠ ʦʯʠʩʪʢʫ ʙʠʦʦʙʨʘʟʮʦʚ ʦʪ ʚʳʩʦʢʦʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʙʝʣʢʦʚ (ʘʣʴʙʫʤʠʥ, ʘʥʪʠʪʨʠʧʩʠʥ, ʘʥʪʠʪʝʣʘ, ʙʝʣʢʠ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʤʝʥʪʘ, 

ʘʧʦʣʠʧʦʧʨʦʪʝʠʥʳ) ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

ʜʣʷ ʩʨʝʜʥʝ- ʠ ʥʠʟʢʦʢʦʧʠʡʥʳʭ ʙʝʣʢʦʚ. ʂ ʦʙʨʘʟʮʫ ʧʣʘʟʤ/rʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

(V=40 ʤʢʣ) ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 15 ʤʄ MOPS (V=120 ʤʢʣ). ɼʣʷ ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ 

ʦʯʠʩʪʢʠ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ (V=40 ʤʢʣ) ʦʪ ʚʳʩʦʢʦʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʙʝʣʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʪʘʥʜʘʨʪʥʳʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ MARS Hu-14 ʧʨʦʠʟʚʦʜʩʪʚʘ Agilent 

(ʉʐɸ). ʇʦʜʚʠʞʥʘ ̫ʬʘʟʘ ɸ ʚʢʣʶʯʘʣʘ 15 ʤʄ MOPS (ʨʅ 7,4), ʬʘʟʘ ɹ ï 15 ʤʄ MOPS 
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ʠ 2 ʄ ʤʦʯʝʚʠʥʫ (ʨʅ 3,0). ʉʙʦʨ ʬʨʘʢʮʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʚʨʝʤʝʥ ʫʜʝʨʞʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 3,9-4,6 ʤʠʥ. ɼʘʣʝʝ ʬʨʘʢʮʠʠ 

ʦʙʲʝʜʠʥʷʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30ʦʉ [281]*. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʢʮʠʡ ʙʝʣʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʦʮʝʜʫʨʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ SH-ʛʨʫʧʧ ʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ. çʉʫʭʦʡ ʦʩʪʘʪʦʢ ʬʨʘʢʮʠʡ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʘ 0,1% ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ 

ʢʠʩʣʦʪʳ (V=500 ʤʢʣ), ʨʘʩʪʚʦʨʘ 6% ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 75 ʤʄ ʪʨʠʵʪʠʣʘʤʤʦʥʠʷ 

ʙʠʢʘʨʙʦʥʘʪʘ (ʨʅ 8,5). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90Áʉ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʥʘ ʰʝʡʢʝʨʝ (1100 ʦʙ/ʤʠʥ). ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʬʨʘʢʮʠʡ ʙʝʣʢʦʚ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʙʘʚʣʷʣʠ 3 ʤʄ ʨʘʩʪʚʦʨ ʊʉɽʈ (ʪʨʠʩ(2-

ʢʘʨʙʦʢʩʠʵʪʠʣ)ʬʦʩʬʠʥʘ) ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ SH-ʛʨʫʧʧ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

ʮʠʩʪʝʠʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45 ʦʉ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ɼʣʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʢ ʬʨʘʢʮʠʷʤ 

ʜʝʥʘʪʫʨʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 0,2% 4-ʚʠʥʠʣʧʠʨʠʜʠʥʘ ʠ 30% 

ʧʨʦʧʘʥʦʣʘ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩʤʝʩʴ 30 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʟʘʱʠʱʸʥʥʦʤ 

ʦʪ ʩʚʝʪʘ ʤʝʩʪʝè [281]*. ʇʨʦʮʝʜʫʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʭ ʛʨʫʧʧ ʠ 

ʘʣʢʠʣʠʨʦʚʘʥʠ ̫ ʧʨʦʚʦʜʠʣʠ ʩ ʮʝʣʴʶ ʜʝʥʘʪʫʨʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʦʙʨʘʟʮʝ, ʧʦʪʝʨʠ ʞʝʩʪʢʦʩʪʠ ʠʭ ʪʨʝʭʤʝʨʥʦʡ ʙʝʣʢʦʚʦʡ ʛʣʦʙʫʣʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʨʘʩʪʚʦʨʠʪʝʣʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʩʘʡʪʦʚ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʩʧʝʮʠʬʠʯʥʳʤʠ 

ʧʨʦʪʝʘʟʘʤʠ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʠ ʧʨʦʮʝʜʫʨʫ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʫʶ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ [281]* . 

ʇʨʦʚʦʜʠʣʩʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʛʠʜʨʦʣʠʟ ʬʨʘʢʮʠʡ ʜʝʥʘʪʫʨʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʧʩʠʥʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:50 ʢ ʨʘʩʯʝʪʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʦʙʱʝʛʦ ʙʝʣʢʘ ʚ 

ʪʝʯʝʥʠʝ 4 ʯʘʩ ʠ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʚ ʠʥʢʫʙʘʮʠʦʥʥʫʶ ʩʤʝʩʴ ʛʠʜʨʦʣʘʟʳ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:100 ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ɻʠʜʨʦʣʠʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 42ʦʉ. ʇʦʩʣʝ 

ʦʩʘʞʜʝʥʠʷ ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ ʢʠʩʣʦʪʳ (12000 ʦʙ/ʤʠʥ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 15ʦʉ ʦʪʙʠʨʘʣʠ 

ʩʫʧʝʨʥʘʪʘʥʪ (V=0,5 ʤʣ) ʦʪʙʠʨʘʣʠ ʠ ʥʘʥʦʩʠʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʣʦʥʢʫ 

Discovery DSC. ʇʝʧʪʠʜʳ ʵʣʶʠʨʦʚʘʣʠ ʩ ʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ ɹ, ʩʦʜʝʨʞʘʱʝʡ ʨʘʩʪʚʦʨ 

70% ʤʝʪʘʥʦʣʘ ʠ 5% ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪ r(V=1 ʤʣ) [281]*.  ʕʣʶʘʪ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 
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ʚʘʢʫʫʤʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30ʦʉ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥʫʪ. ʉʫʭʦʡ ʵʣʶʘʪ 

ʭʨʘʥʠʣʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ ʤʠʥʫʩ 80 ʦʉ ʥʝ ʙʦʣʝʝ 6 ʤʝʩ. 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʜʫʨʳ ʛʠʜʨʦʣʠʟʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʠʢʦʚ ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ ʚ ʙʠʦʦʙʨʘʟʮʝ ʤʝʪʦʜʦʤ ʄɸʃɼʀ-ʄʉ. ɼʣʷ 

ʵʪʦʛʦ ʛʦʪʦʚʠʣʠ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʤʘʪʨʠʮʳ HCCA (Ŭ-ʮʠʘʥʦ-4-ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʘʷ 

ʢʠʩʣʦʪʘ). ʉʫʭʦʡ ʵʣʶʘʪ ʨʘʩʪʚʦʨʷʣʠ 0,7 % ʨʘʩʪʚʦʨʦʤ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʥʘʥʦʩʠʣʠ ʚ ʦʙʲʝʤʝ 1 ʤʢʣ ʠ 1 ʤʢʣ ʨʘʩʪʚʦʨʘ ʤʘʪʨʠʮʳ ʅʉʉɸ ʥʘ ʤʠʰʝʥʴ MTP384 ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʄɸʃɼʀ-ʄʉ ʠʟʤʝʨʝʥʠʡ. ɼʘʣʝʝ ʤʠʰʝʥʴ MTP384 ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ 

ʜʣʷ ʚʳʩʫʰʠʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 42 ęʉ (ʢʦʥʪʨʦʣʴ ʚʠʟʫʘʣʴʥʳʡ). ʄʠʰʝʥʴ MTP384 

ʩ ʥʘʥʝʩʝʥʥʳʤ ʵʣʶʘʪʦʤ ʧʦʤʝʱʘʣʠ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʄɸʃɼʀ-ʄʉ. ʇʘʨʘʤʝʪʨʳ 

ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʘ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ:  

ʘ) ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ï çpept_mix.mè; 

ʙ) ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʘ ï ʚ ʜʠʘʧʘʟʦʥʝ 75-90%, ʨʘʙʦʯʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ï 75%; 

ʚ) ʯʠʩʣʦ ʣʘʟʝʨʥʳʭ ʫʜʘʨʦʚ ʥʘ ʦʜʠʥ ʩʧʝʢʪʨ ï 10000; 

ʛ) ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ï 20 ɻʮ; 

ʜ) ʚ ʤʝʥʶ çɼʝʪʝʢʮʠʷè: 

ï ʜʠʘʧʘʟʦʥ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ m/z ï 780-3000; 

ï ʟʥʘʯʝʥʠʝ ʨʝʬʣʝʢʪʦʨʘ ï 4,5. 

ʇʨʦʚʦʜʠʣʠ ʚʥʝʰʥʶ  ʁ ʢʘʣʠʙʨʦʚʢʫ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʝʧʪʠʜʦʚ. ɼʣʷ ʵʪʦʛʦ ʩʤʝʩʴ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʝʧʪʠʜʦʚ ʠ 

ʤʘʪʨʠʮʫ ʅʉʉɸ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦ ʦʙʲʝʤʫ 1:1 ʥʘʥʦʩʠʣʠ ʥʘ ʤʠʰʝʥʴ ʄʊʈ384. 

ʈʝʛʠʩʪʨʘʮʠ ʁ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.1 ɻʣʘʚʳ 

çʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳè. ʉʧʝʢʪʨʳ ʄɸʃɼʀ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Flex Analysis, 

ʚʝʨʩʠʷ 2.0. ɺʥʫʪʨʝʥʥʶ  ʁʢʘʣʠʙʨʦʚʢʫ ʤʘʩʩ-ʩʧʝʢʪʨʘ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʚ 

ʧʨʦʛʨʘʤʤʝ Flex Analysis ʧʠʢʦʚ ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ m/z 842,5 ʠ 2211,1 

ʧʦ ʩʭʝʤʝ: CalibrŸinternal calibrationŸporcine trypsin Promega (ʨʠʩʫʥʦʢ 12).  
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ʈʠʩʫʥʦʢ 12. ï ʉʧʝʢʪʨʳ ʄɸʃɼʀ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʮʝʜʫʨʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʛʠʜʨʦʣʠʟʘ ʯʝʪʳʨʝʭ ʦʙʨʘʟʮʦʚ ʦʙʝʜʥʝʥʥʦʡ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʜʝʪʝʡ ʩ 

ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. ʂʨʘʩʥʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʦʪʤʝʯʝʥʳ 

ʟʦʥʳ ʮʝʣʝʚʳʭ ʧʠʢʦʚ, ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʦʪʤʝʯʝʥʳ ʮʝʣʝʚʳʝ ʧʠʢʠ ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ 

ï m/z 842,5 ʠ m/z 2211,1. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʙʘ ʮʝʣʝʚʳʭ ʧʠʢʘ ʩ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʩʠʛʥʘʣ/ʰʫʤ ʙʦʣʝʝ 3,0. 

 

ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʦʜʥʦʛʦ ʧʠʢʘ ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ ʠʣʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʠʢʘ 

ʘʚʪʦʣʠʟʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ ʤʝʥʝʝ 3,0 ʦʙʨʘʟʝʮ ʤʝʪʦʜʘʤʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ, ʚʝʨʦʷʪʥʦ, ʧʨʦʮʝʜʫʨʘ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʙʝʣʢʦʚ ʪʨʠʧʩʠʥʦʤ ʧʨʦʰʣʘ ʥʝ ʧʦʣʥʦʩʪʴʶ. 
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2.7 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ  

 

2.7.1 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩ ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʥʦʡ 

ʜʝʩʦʨʙʮʠʝʡ/ʠʦʥʠʟʘʮʠʝʡ 

ʂʦʤʤʝʨʯʝʩʢʠʡ ʩʪʘʥʜʘʨʪ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʝʧʪʠʜʦʚ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʧʪʠʜʘʤʠ 

(ʤʦʥʦʠʟʦʪʦʧʥʘʷ ʦʜʥʦʢʨʘʪʥʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʤʘʩʩʘ ʠʦʥʘ): ʙʨʘʜʠʢʠʥʠʥ 

(757,3992 ɼʘ), ʘʥʛʠʦʪʝʥʟʠʥ II (1046,5420 ɼʘ), ʘʥʛʠʦʪʝʥʟʠʥ I (1296,6853ɼʘ), ʧʝʧʪʠʜ P 

(1347,7361 ɼʘ), ʙʦʤʙʝʟʠʥ (1619,8230 ɼʘ), ʨʝʥʠʥ (1758,9326 ɼʘ), ɸʂʊɻ ʬʨʘʛʤʝʥʪ 1-

17 (2093,0868 ɼʘ), ɸʂʊɻ ʬʨʘʛʤʝʥʪ 18-39 (2465,1990 ɼʘ) ʠ ʩʦʤʘʪʦʩʪʘʪʠʥ (3147,4714 

ɼʘ) [290]*. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʤʘʪʨʠʮʳ ʥʝ ʫʯʠʪʳʚʘʣʠʩ ɹʧʨʠ ʘʥʘʣʠʟʝ 

ʩʧʝʢʪʨʦʚ. ʅʘʢʦʧʣʝʥʠʝ ʩʧʝʢʪʨʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʦ 50000 ʣʘʟʝʨʥʳʭ ʫʜʘʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʘʥʘʣʠʪʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʦʙʨʘʟʮʝ. ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʨʘʩʪʚʦʨʷʣʩʷ ʚ ʙʫʬʝʨʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʩʦʜʝʨʞʘʣ ʨʘʩʪʚʦʨ 0,7% ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (V=10 ʤʢʣ). ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʣʘʙʘʷ ʢʠʩʣʦʪʘ HCCA ʚ ʨʘʩʪʚʦʨʝ 50% ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 0,7% 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʉʦʜʝʨʞʘʥʠʝ ʤʘʪʨʠʮʳ ʢ ʨʘʩʯʝʪʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʙʝʣʢʘ ʚ 

ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʣʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1:1000 ʜʦ 1:10,000. ʉʤʝʰʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʩ 

ʤʘʪʨʠʮʝʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ MTP 

AnchorChip 384 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʧʦ ʦʙʲʝʤʫ).  

 

2.7.2 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ 

ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ 

 

ɺʕɾʍ-ʄʉ/ʄʉ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ 

LC/MSD Trap XCT Ultra (Agilent, ʉʐɸ) ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʠʩʪʦʯʥʠʢʦʤ ʠʦʥʠʟʘʮʠʠ chip-

ESI-online. ʇʘʨʘʤʝʪʨʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʝʧʪʠʜʦʚ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʨʝʞʠʤ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʧʠʣʣʷʨʝ -1800 ɺ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʘʧʠʣʣʷʨʘ 180ʦʉ, ʜʠʘʧʘʟʦʥ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʤʘʩʩ ʜʣʷ ʧʨʝʢʫʨʩʦʨʥʳʭ ʠʦʥʦʚ m/z 400-
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1250, ʜʣʷ ʬʨʘʛʤʝʥʪʥʳʭ ʠʦʥʦʚ m/z 200-1350, ʩʢʦʨʦʩʪʴ ʛʘʟʘ 3,5 ʣ/ʤʠʥ, ʟʘʨʷʜʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʨʝʢʫʨʩʦʨʥʦʛʦ ʠʦʥʝ 2+-4+, ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ 50 ʤʩ. 

 

2.7.3 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʙʠʪʘʣʴʥʦʡ 

ʣʦʚʫʰʢʠ ʠʦʥʦʚ 

 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʦʨʙʠʪʘʣʴʥʦʡ ʣʦʚʫʰʢʠ ʠʦʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, ʦʧʠʩʘʥʥʦʡ ʚ ʥʘʰʠʭ 

ʨʘʙʦʪʘʭ [281,282]*. çɺʕɾʍ-ʄʉ/ʄʉ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʦʨʙʠʪʘʣʴʥʘʷ ʣʦʚʫʰʢʘ ʠʦʥʦʚ Q Exactive 

(Thermo Scientific, ʉʐɸ) ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ Ultimate 

3000 Nano-flow HPLC (Thermo Scientific, ʉʐɸ). ʌʨʘʢʮʠʶ ʪʨʠʧʪʠʯʝʩʢʠʭ ʧʝʧʪʠʜʦʚ 

(V=5 ʤʢʣ) ʥʘʥʦʩʠʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʣʦʥʢʫ PepMap C18 (3 ʤʤĬ500 ʤʢʤ, 

5 ʤʢʤ ʨʘʟʤʝʨ ʯʘʩʪʠʮ) ʚ ʠʟʦʢʨʘʪʠʯʝʩʢʦʤ ʧʦʪʦʢʝ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʉ (ʨʘʩʪʚʦʨ 2 % 

ʘʮʝʪʦʥʠʪʨʠʣ, 0,08% ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʠ 0,015% ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ) 

[281]*. ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʨʠʧʪʠʯʝʩʢʠʭ ʧʝʧʪʠʜʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʦʙʨʘʱʝʥʥʦ-ʬʘʟʦʚʦʡ ɺʕɾʍ ʥʘ ʢʦʣʦʥʢʝ Acclaim PepMap C18 (75 ʤʤĬ150 ʤʢʤ). 

ʇʦʜʚʠʞʥʘʷ ʬʘʟʘ ɸ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʨʘʩʪʚʦʨ 0,08 % ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʚ 

0,015 % ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ, ʬʘʟʘ ɹ ï ʨʘʩʪʚʦʨ 0,08 % ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ, 

0,015 % ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʧʦʜʚʠʞʥʳʭ ʬʘʟ 

ʩʦʩʪʘʚʣʷʣʘ 0,4 ʤʢʣ/ʤʠʥè [281,282]*. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʪʨʠʧʪʠʯʝʩʢʠʭ ʧʝʧʪʠʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʫʶ ʧʨʦʛʨʘʤʤʫ ʛʨʘʜʠʝʥʪʥʦʛʦ ʵʣʶʠʨʦʚʘʥʠʷ: 0-20 ʤʠʥ 

(ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝ ɺʕɾʍ) 98% ɸ, 20-100 ʤʠʥ ʛʨʘʜʠʝʥʪ ʵʣʶʮʠʠ ʦʪ 98% ʜʦ 65% ɸ, 

100-110 ʤʠʥ 10% ɸ. 

ʀʦʥʠʟʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʩʧʨʝʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʠʦʥʦʚ ʩʦʩʪʘʚʣʷʣʦ 80 ʤʩ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʠʦʥʳ ʩ ʟʘʨʷʜʦʚʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʦʪ 2+ ʜʦ 5+. ʉʪʦʣʢʥʦʚʠʪʝʣʴʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʠʠ 

HCD ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʝʧʪʠʜʦʚ-ʠʦʥʦʚ [281]*. 

ɸʥʘʣʠʟ ɺʕɾʍ-ʄʉ/ʄʉ ʩʧʝʢʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Mass 

Hunter ʚʝʨʩʠʷ ɺ2.0. ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ɺʕɾʍ-ʄʉ/ʄʉ ʠʟʤʝʨʝʥʠʡ 
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ʚʢʣʶʯʘʣʘ ʢʦʥʚʝʨʪʘʮʠ ʁ ʬʘʡʣʦʚ ç*.rawè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʠʣʦʞʝʥʠʡ 

MSConvert (ProteoWizard) (http://proteowizard.sourceforge.net) ʚ ʩʪʘʥʜʘʨʪʥʳʡ 

ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ ç*.mgfè, ʢʦʪʦʨʳʡ ʩʦʚʤʝʩʪʠʤ ʩʦ ʚʩʝʤʠ ʧʨʦʪʝʦʤʥʳʤʠ ʧʦʠʩʢʦʚʳʤʠ 

ʤʘʰʠʥʘʤʠ.  

 

2.7.4 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ 

ʪʨʦʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ  

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ɺʕɾʍ-ʄʄʈ ʠʟʤʝʨʝʥʠʝ ʙʝʣʢʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʩʤʝʩʠ ʧʝʧʪʠʜʦʚ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʧʦʜʙʦʨ 

ʧʘʨʘʤʝʪʨʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʝʧʪʠʜʥʦʛʦ ʠʦʥʘ ʠ ʝʛʦ ʬʨʘʛʤʝʥʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʥʘʣʠʟʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʠʦʥʦʚ, ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʠʷ ʠʦʥʦʚ ʠ ʚʨʝʤʝʥʠ 

ʮʠʢʣʘ.  

ɺʳʙʦʨ ʫʥʠʢʘʣʴʥʳʭ ʧʝʧʪʠʜʦʚ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ  

ʇʨʦʚʦʜʠʣʩ ̫ ʦʪʙʦʨ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ Uniprot KB ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ http://www.uniprot.org/uniprot/N.fasta, ʛʜʝ N ï 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ. ʇʨʦʚʝʜʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʨʠʧʩʠʥʦʣʠʟʘ 

ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʝ Skyline ʚʝʨʩʠʷ 1.4 

(https://sciex.com/products/software/skyline-software) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʥʘʩʪʨʦʡʢʘʤʠ: 

ʦʢʥʦ ʚʨʝʤʝʥʠ ï 2 ʤʠʥ; ʜʣʠʥʘ ʧʝʧʪʠʜʘ ï ʦʪ 6 ʜʦ 25; ʠʩʢʣʶʯʝʥʠʝ N-ʢʦʥʮʝʚʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ï ʦʜʠʥ; ʧʨʝʢʫʨʩʦʨʥʳʡ ʠʦʥ ï ʤʦʥʦʠʟʦʪʦʧʥʳʡ; ʠʦʥ ʧʨʦʜʫʢʪ 

ï ʤʦʥʦʠʟʦʪʦʧʥʳʡ; ʵʥʝʨʛʠʷ ʩʦʫʜʘʨʝʥʠʷ ï Agilent 6460; ʟʥʘʯʝʥʠʷ m/z ï ʤʠʥʠʤʘʣʴʥʦʝ 

50 Th, ʤʘʢʩʠʤʘʣʴʥʦʝ 1500 Th; ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ï 0,055 Th. ʋʥʠʢʘʣʴʥʦʩʪʴ 

ʧʝʧʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

Blast (http://www.uniprot.org/blast). 

ɹʳʣ ʚʳʧʦʣʥʝʥ ʦʪʙʦʨ ʬʨʘʛʤʝʥʪʥʳʭ ʠʦʥʦʚ ʜʣʷ ʫʥʠʢʘʣʴʥʳʭ ʧʝʧʪʠʜʦʚ, 

ʦʪʚʝʯʘʶʱʠʝ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: 

ʘ) ʜʣʠʥʘ ʦʪ 6 ʜʦ 20 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ; 

ʙ) ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʥʝ ʙʦʣʝʝ 2400 ɼʘ; 
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ʚ) ʟʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 2+ ʠʣʠ 3+; 

ʛ) ʜʣʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʪʨʠʧʣʝʪ 

ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (EEE) ʠʣʠ ʧʨʦʣʠʥʘ (ʈʈʈ), ʚ ʦʪʙʦʨʝ ʫʯʠʪʳʚʘʣʠ ʚʩʝ y- ʠ b-ʠʦʥʳ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʣʠʥʳ ʠ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʧʪʠʜʥʦʛʦ ʠʦʥʘ; 

ʜ) ʜʣʠʥʘ ʬʨʘʛʤʝʥʪʥʦʛʦ ʠʦʥʘ ʩʦʩʪʘʚʣʣ̫ʘ ʥʝ ʤʝʥʝʝ ʯʝʪʳʨʝʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ ʩ C- ʠʣʠ N-ʢʦʥʮʘ ʧʝʧʪʠʜʘ; 

ʝ) ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʧʝʧʪʠʜʘ ʥʝ ʙʦʣʝʝ 60. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Qualitative Analysis B02.00 

ʚ ʩʦʩʪʘʚʝ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ MassHunter (Agilent). ʋʯʠʪʳʚʘʣʦʩʴ ʧʨʠʩʫʪʩʪʚʠʝ ʮʝʣʝʚʦʛʦ 

ʧʝʧʪʠʜʘ ʚʦ ʚʩʝʭ ʪʨʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʚʪʦʨʝʥʠʷʭ ʠʟʤʝʨʝʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʳ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʧʝʧʪʠʜʘ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʦʧʨʝʜʝʣʝʥʳ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʚʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ. ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ 

ʩʣʝʜʫʶʱʠʝ: ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʧʠʣʣʷʨʝ ï1970 ɺ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʫʰʘʶʱʝʛʦ ʛʘʟʘ (ʘʟʦʪ) 

280 ʦʉ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʦʩʫʰʘʶʱʝʛʦ ʛʘʟʘ 5 ʣ/ʤʠʥ. ʇʨʦʙʳ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠʩ ɹʧʨʠ 

7 ʦʉ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʤʘʩʩʘ ʧʨʝʢʫʨʩʦʨʥʦʛʦ ʠʦʥʘ ʠ ʤʘʩʩ r

ʬʨʘʛʤʝʥʪʥʳʭ ʠʦʥʦʚ. 

ʊʨʠʧʪʠʯʝʩʢʘʷ ʩʤʝʩʴ ʧʦʩʪʫʧʘʣʘ ʜʣʷ ʘʥʘʣʠʟʘ ʚ ʩʫʭʦʤ ʚʠʜʝ. ʉʤʝʩʴ ʨʘʩʪʚʦʨʷʣʠ ʚ 

100 ʤʢʣ ʨʘʩʪʚʦʨʘ 1 % ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ. ʀʟ ʢʘʞʜʦʛʦ ʬʣʘʢʦʥʘ ʦʪʙʠʨʘʣʠ ʧʦ 5 ʤʢʣ 

ʧʝʧʪʠʜʥʦʡ ʩʤʝʩʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʦʜʥʫ ʧʨʦʙʠʨʢʫ. ʅʘʥʝʩʝʥʠʝ 1 ʤʢʣ ʩʤʝʩʠ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʙʦʛʘʱʘʶʱʫʶ ʢʦʣʦʥʢʫ Zorbax 300SB-C18 300ɸ. 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 0,3 ʤʢʣ/ʤʠʥ ʧʨʦʚʦʜʠʣʠ ʚ 

ʛʨʘʜʠʝʥʪʝ ʬʘʟʳ ɸ (ʨʘʩʪʚʦʨ 0,1 % ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ) ʠ ɹ (ʨʘʩʪʚʦʨ 80 % 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 0,1 % ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ). ɻʨʘʜʠʝʥʪ ʵʣʶʮʠʠ ʧʝʧʪʠʜʦʚ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʩʦʜʝʨʞʘʥʠʶ ʬʘʟʳ ɸ: 0-2 ʤʠʥ ï 95 %, 2-32 ʤʠʥ ï 95-35 %, 32-34 ʤʠʥ 

ï 35-0 %, 34-38 ʤʠʥ ï 0%, 38-41 ʤʠʥ ï95 %. ʆʙʱʝʝ ʚʨʝʤʷ ʦʜʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʠʣʦ 

47 ʤʠʥ. 
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2.7.5 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʠ ʧʨʝʛʥʝʥʦʣʦʥʘ ʩ 

ʩʠʩʪʝʤʦʡ ʧʨʷʤʦʛʦ ʚʚʦʜʘ 

ɺ ʨʘʙʦʪʘʭ ʧʦ ʦʮʝʥʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʬʝʨʤʝʥʪʦʚ ʩʝʤʝʡʩʪʚʘ 

ʮʠʪʦʭʨʦʤʦʚ ʈ450, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʙʠʦʩʝʥʩʦʨʘ, ʧʨʦʚʦʜʠʣʠʩ ɹʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠ ̫ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ 

ʠ ʧʨʝʛʥʝʥʦʣʦʥʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠʤʝʥʷʣʩʷ ʜʝʪʝʢʪʦʨ ʪʠʧʘ ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ ʩ 

ʩʠʩʪʝʤʦʡ ʧʨʷʤʦʛʦ ʚʚʦʜʘ ʦʙʨʘʟʮʘ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʙʝʪʘʠʥʘ, 

ʛʝʢʩʘʤʝʪʦʢʩʠʬʦʩʬʘʟʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,150 ʤʢʄ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʠ ʧʨʝʛʥʝʥʦʣʦʥʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [283]* . ʕʢʩʪʨʘʢʮʠ ʁ ʧʨʦʜʫʢʪʦʚ ʤʦʥʦʦʢʩʠʛʝʥʘʟʥʳʭ ʩʠʩʪʝʤ ʠʟ 

ʠʥʢʫʙʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʯʠʧʦʚ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [284], ʘ ʪʘʢʞʝ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [283]* . ʂ 

ʠʥʢʫʙʘʮʠʦʥʥʦʤʫ ʨʘʩʪʚʦʨʫ (V=20 ʤʢʣ, ʨʅ 3,0) ʜʦʙʘʚʣʷʣʠ ʛʝʢʩʘʥ (V=200 ʤʢʣ) ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 10000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɿʘʪʝʤ ʦʪʙʠʨʘʣʠ 

ʩʪʝʨʦʠʜʩʦʜʝʨʞʘʱʫʶ ʛʝʢʩʘʥʦʚʫ  ʁ ʬʨʘʢʮʠʶ (ʚʝʨʭʥʷ ̫ ʬʨʘʢʮʠʷ) ʠ ʚʳʩʫʰʠʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʣʫʯʝʥʥʳʝ 

ʩʫʭʠʝ ʵʢʩʪʨʘʢʪʳ ʨʘʩʪʚʦʨʷʣʠ ʚ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʠʡ ʨʘʩʪʚʦʨ 10% ʘʮʝʪʦʥʠʪʨʠʣʘ ʩ 

0,1 % ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ (V=20 ʤʢʣ), ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ [283]* . 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ ʪʠʧʘ ʠʦʥʥʘʷ 

ʣʦʚʫʰʢʘ Agilent 1100 ʩʝʨʠʠ LC-MSD Trap SL ʩ ʩʠʩʪʝʤʦʡ ʧʨʷʤʦʛʦ ʚʚʦʜʘ [283]*. ɺʚʦʜ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʧʠʣʣʷʨʦʚ çProtanaè (ɼʘʥʠʷ) ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝʤ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʧʠʣʣʷʨʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ -900 ʜʦ -

1200 ɺ, ʜʠʘʧʘʟʦʥ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ (m/z) ʦʪ 100 ʜʦ 400 ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 1650 Th/ʩ. ʉʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʦʩʫʰʘʶʱʝʛʦ ʛʘʟʘ (ʘʟʦʪ) ʩʦʩʪʘʚʣʷʣʘ 6 ʣ/ʤʠʥ (ʧʨʠ 250 Áʉ) [283]* . ɹʫʬʝʨ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʩʦʜʝʨʞʘʣ ʨʘʩʪʚʦʨ 50% ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 0,1 % ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ.  
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2.7.6 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʠʜʨʦʢʩʠʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ɺ ʨʘʙʦʪʘʭ ʧʦ ʦʮʝʥʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʬʝʨʤʝʥʪʘ ʈ450 BM3 (ʩʝʤʝʡʩʪʚʦ 

ʮʠʪʦʭʨʦʤʦʚ ʈ450), ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʦʚ, ʦʧʨʝʜʝʣʷʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʢʩʠʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɺʕɾʍ-ʄʄʈ). ʅʘʨʘʙʦʪʢʘ ʛʠʜʨʦʢʩʠʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʢʘʧʣʝ ʦʙʲʝʤʦʤ 40 ʤʢʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʜʣʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ. ʉʦʜʝʨʞʘʥʠʝ ʣʘʫʨʠʥʦʚʦʡ ʠ ʛʠʜʨʦʢʩʠʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʤʦʜʝʣʴʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʧʣʦʱʘʜʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʠʢʘ. ʄʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʠʜʨʦʢʩʠʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent 6495 (Agilent, ʉʐɸ). ʀʩʧʦʣʴʟʦʚʘʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫ  ʁ

ʢʦʣʦʥʢʫ Zorbax 300SB-C18 300ɸ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʧʦʜʚʠʞʥʳʭ ʬʘʟ ʩʦʩʪʘʚʣʷʣʘ 

0,3 ʤʣ/ʤʠʥ. ʌʘʟʘ ɸ ʩʦʜʝʨʞʘʣʘ ʘʮʝʪʘʪ ʘʤʤʦʥʠʷ 5 ʤʄ ʚ ʚʦʜʝ, ʨʅ 7,5, ʬʘʟʘ ɹ ï ʘʮʝʪʘʪ 

ʘʤʤʦʥʠʷ 5 ʤʄ, ʘʮʝʪʦʥʠʪʨʠʣ 50 %, ʠʟʦʧʨʦʧʘʥʦʣ 45 % ʚ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʝ, ʨʅ 7,5. 

ʕʣʮʁʠʁ ʘʥʘʣʠʪʘ ʧʨʦʚʦʜʠʣʠ ʚ ʛʨʘʜʠʝʥʪʝ ʬʘʟʳ ɸ ʧʦ ʩʣʝʜʶʫʱʝʡ ʩʭʝʤʝ: 5 ʤʠʥ ï 95 %, 

12 ʤʠʥ ï 50 %, 22 ʤʠʥ ï 0 %, 30 ʤʠʥ ï 0 %, 35 ʤʠʥ ï 95 %. ɺʨʝʤʷ ʚʳʭʦʜʘ ʣʘʫʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʢʦʣʦʥʢʠ ʩʦʩʪʘʚʣʷʣʦ 16,5 ʤʠʥ [285]. 

ʇʘʨʘʤʝʪʨʳ ʬʨʘʛʤʝʥʪʘʮʠʠ ʮʝʣʝʚʦʛʦ ʘʥʘʣʠʪʘ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʨʝʞʠʤ 

ʠʦʥʠʟʘʮʠʠ ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʵʥʝʨʛʠʷ ʜʝʢʣʘʩʪʝʨʠʟʘʮʠʠ ï ʤʠʥʫʩ 50 ɺ, ʉʍʈ (cell exit 

potential) ï ʤʠʥʫʩ 3 ɺ, m/z ʧʨʝʢʫʨʩʦʨʥʦʛʦ ʠʦʥʘ ï 199,0. ʆʞʠʜʘʝʤʦʝ ʚʨʝʤʷ ʚʳʭʦʜʘ 

ʛʠʜʨʦʢʩʠʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʣʷʣʦ ï 8-18 ʤʠʥ. 

 

2.8 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ɺʕɾʍ-ʄʉ/ʄʉ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʧʝʧʪʠʜʦʚ ʠ ʙʝʣʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʝʦʤʥʳʭ ʧʦʠʩʢʦʚʳʭ ʤʘʰʠʥ Mascot, OMSSA 

ʠʣʠ X!Tandem, ʧʦʩʣʝ ʄɸʃɼʀ-ʄʉ ʠʟʤʝʨʝʥʠʡ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Mascot. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʙʠʙʣʠʦʪʝʢʫ ñSwiss-Protò ʜʣʷ Homo sapiens, ʜʦʧʦʣʥʝʥʥʫʶ 

ʙʠʙʣʠʦʪʝʢʦʡ ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

(ʨʘʥʜʦʤʥʳʝ ʠʣʠ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʝ). ɺ ʧʦʠʩʢʦʚʳʭ ʧʨʦʪʝʦʤʥʳʭ ʤʘʰʠʥʘʭ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʟʘʨʷʜ ʠʦʥʦʚ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 2+-4+ , 
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ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʪʨʠʧʩʠʥʦʤ ʩ ʨʘʟʨʝʰʝʥʥʳʤ ʦʜʥʠʤ ʧʨʦʧʫʱʝʥʥʳʤ 

ʩʘʡʪʦʤ ʜʣʷ ʛʠʜʨʦʣʠʟʘ. ɼʦʧʫʩʢʘʣʘʩʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠʦʥʦʚ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ 

ʬʨʘʛʤʝʥʪʥʳʭ ʠʦʥʦʚ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʪʠʧʘ ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ ʠ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʝ ʙʦʣʝʝ 200 ʤ.ʜ. ʠ 0,3 ɼʘ, ʜʣʷ ʦʨʙʠʪʘʣʴʥʦʡ ʣʦʚʫʰʢʠ ʠʦʥʦʚ ï ʥʝ 

ʙʦʣʝʝ 10,0 ʤ.ʜ. ʠ 0,01 ɼʘ. ʋʯʠʪʳʚʘʣʦʩʴ ʥʘʣʠʯʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʧʝʧʪʠʜʦʚ 

ʠ ʙʝʣʢʦʚ: ʧʠʨʠʜʠʣʵʪʠʣʠʨʦʚʘʥʠʝ ʮʠʩʪʝʠʥʘ ʠ ʦʢʠʩʣʝʥʠʝ ʤʝʪʠʦʥʠʥʘ. ɼʦʧʫʩʪʠʤʳʡ 

ʧʦʨʦʛ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʜʣʷ ʠʦʥʦʚ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (FDR) 

ʩʦʩʪʘʚʣʷʣ ʥʝ ʙʦʣʝʝ 1 % [286,287]*. 



105 

ɻʃɸɺɸ 3. ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ 

 

3.1 ʈʘʩʯʝʪʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ 

ʊʝʭʥʦʣʦʛʠʠ ʙʝʣʢʦʚʳʭ ʯʠʧʦʚ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ, ʜʠʟʘʡʥʘ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʤʘʩʩʠʚʦʤ ʩʝʥʩʦʨʥʳʭ ʟʦʥ. ʉʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʪʜʝʣʴʥʘʷ ʦʙʣʘʩʪʴ 

ʧʨʦʪʝʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʦʩʢʠʭ ʯʠʧʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ [78]. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ) ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʙʝʣʢʠ, ʥʦ ʠ ʥʘʙʣʶʜʘʪʴ ʟʘ 

çʞʠʟʥʝʥʥʳʤè ʮʠʢʣʦʤ ʦʪʜʝʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʛʨʘʥʠʯʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ɸʉʄ ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʝʥʠʝ ʧʦʜʩʯʝʪʘ ʯʠʩʣʘ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (10ï6 ʄ ʠ ʚʳʰʝ): 

ʭʘʨʘʢʪʝʨʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʞʥʦʡ ʧʦ ʪʦʧʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʦʙʲʝʢʪʦʚ [288]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʵʬʬʝʢʪʠʚʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ. ʉʦʯʝʪʘʥʠʝ ʜʚʫʭ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʪʠʧʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ï ʝʜʠʥʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʩʦ ʩʪʦʨʦʥʳ 

ɸʉʄ ʠ ʘʥʩʘʤʙʣʷ ʤʦʣʝʢʫʣ ʩʦ ʩʪʦʨʦʥʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʪʨʝʙʫʝʪ ʧʦʥʠʤʘʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʦʥʳ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ï ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʜʠʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʚʝʨʠʬʠʮʠʨʦʚʘʥ ʜʨʫʛʠʤ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʣʦʞʝʥ ʨʘʩʯʝʪ ɻ ʬʬʝʢʪʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠ ̫ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʥʘ 

ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʘ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʢʦʣʠʯʝʩʪʚʝ  

104-105 ʤʦʣʝʢʫʣ, ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

(ʨʠʩʫʥʦʢ 13). ʈʘʩʯʝʪ ʧʨʠʚʝʜʝʥ ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʡ ɸʉʄ-ʯʠʧʦʚ, ʩʧʦʩʦʙʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʊ.ʆ. 

ʇʣʝʰʘʢʦʚʦʡ (2019 ʛ.) [289].  
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(ʘ) 

 

(ʙ) 

 
ʈʠʩʫʥʦʢ 13. ï (ʘ) ʉʭʝʤʘ ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ. (ʙ) ʇʨʠʥʮʠʧ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ. ʇʨʦʚʦʜʠʪʩʷ ʠʥʢʫʙʘʮʠʷ ʯʠʧʘ ʩ 

ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ (ʦʙʲʝʤ VO, 

ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ Nʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ Cʦ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ (ʢʦʣʠʯʝʩʪʚʦ 

ʯʘʩʪʠʮ NSat). ɼʘʣʝʝ ʧʨʦʚʦʜʠʪʩʷ ʵʣʶʮʠʷ ʤʦʣʝʢʫʣ (ʬʨʘʛʤʝʥʪʦʚ) ʙʝʣʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʘ (ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ Nô) ʚ ʦʙʲʝʤ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʦʙʲʝʤ Vô, ʢʦʥʮʝʥʪʨʘʮʠʷ 

Cô), V'<<Vʦ.  

ʇʣʦʱʘʜʴ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʯʠʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʚʘʨʠʘʥʪʘʤʠ ï 1 ʩʤ2 

(çʙʦʣʴʰʘʷè ʩʝʥʩʦʨʥʘʷ ʟʦʥʘ) ʠ 1 ʤʤ2 (çʤʘʣʘʷè ʩʝʥʩʦʨʥʘʷ ʟʦʥʘ). ʇʨʦʮʝʜʫʨʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʦʙʨʘʪʠʤʦʛʦ ʢʦʚʘʣʝʥʪʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ [8,9]*. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʝʜʝʣʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ ʥʝʦʙʨʘʪʠʤʦ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʦʥʦʩʣʦʷ (ʜʦʧʫʱʝʥʠʝ ˉ1). ɼʣʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʯʠʧ ʩ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʥʢʫʙʠʨʫʝʪʩʷ 

ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʪʩʷ ʵʣʶʮʠʷ ʧʝʧʪʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨ 

ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ (ʩʤ. ʨʠʩʫʥʦʢ 13ʙ). ɺ ʪʘʢʦʡ ʤʦʜʝʣʠ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (F) 

ʮʝʣʝʚʦʛʦ ʘʥʘʣʠʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʥʘʣʠʪʘ ʚ 

ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ (ʵʣʶʘʪ) ʠ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ [7]*: 

 

F=
╒

╒
 = 
▪Ⱦ╥

▪Ⱦ╥
 = 
╝▼╬╪▪

╥
³
╥

╝
                  (1)    
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ʛʜʝ ʉo, no ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ; ʉ', n' ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ; No, Vo ï ʯʠʩʣʦ 

ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʠ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ; Nscan ï ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʘ, V' ï ʦʙʲʝʤ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ.  

ʏʠʩʣʦ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ (Nscan), ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʦ 

ʠ ʧʦʜʩʯʠʪʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ɸʉʄ, ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʤ ʯʠʩʣʦʤ ʯʘʩʪʠʮ (Nsat), ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ, ʪʦ ʝʩʪʴ ʩ 

ʝʤʢʦʩʪʴʶ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʯʠʧʘ [7]*. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ 

(No) ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ Nsat, ʪʦ ʚ ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ (ʵʣʶʘʪ) ʯʠʩʣʦ ʯʘʩʪʠʮ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ Nscan. ʅʘʧʨʦʪʠʚ, ʝʩʣʠ No ʧʨʝʚʦʩʭʦʜʠʪ Nsat, ʪʦ ʚ ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ 

ʯʠʩʣʦ ʯʘʩʪʠʮ (Nscan) ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʯʠʩʣʫ ʯʘʩʪʠʮ, 

ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʯʠʧʝ (Nsat): 

 
ὔ ὔȟ̆ ̒̌̉ ὔ ὔ  

ὔ ὔ ȟ̆ ̒̌̉ ὔ> ὔ  
 (2) 

ʇʨʠ ʫʩʣʦʚʠʠ (ʜʦʧʫʱʝʥʠʝ ˉ1), ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʤʦʣʝʢʫʣʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʠʜʝ ʤʦʥʦʩʣʦʷ ʠ ʟʘʥʠʤʘʶʪ ʧʣʦʱʘʜʴ (Smol), ʨʘʚʥʫʶ ʠʭ ʭʘʨʘʢʪʝʨʥʦʤʫ 

ʨʘʟʤʝʨʫ (ʚʳʩʦʪʘ ʤʦʣʝʢʫʣʳ, h) ʚ ʢʚʘʜʨʘʪʝ (h2), ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʣʦʱʘʜʴ 

ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʯʠʧʘ (S) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ὔ Ὓ Ὓ (3) 

ʊʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʯʘʩʪʠʮ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʘ (Nsat), ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

ὔ  
Ὓ

Ὓ
 
Ὓ

Ὤ
 (4) 

ʆʧʨʝʜʝʣʠʤ ʥʘʩʳʱʘʶʱʫ  ʁ ʢʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ-ʘʥʘʣʠʪʘ (Csat), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ Nsat, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʥʘʩʳʱʝʥʠʝ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʯʠʧʘ: 
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ὅ  , (5) 

ʛʜʝ Na ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ (6,02Ĭ10
23 ʤʦʣʴï1). 

ʀʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʠʝ Nsat (ʬʦʨʤʫʣʘ 4), ʧʨʝʦʙʨʘʟʫʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ Csat: 

˞  
Ὓ

Ὤ ὔ ὠ
 (6) 

ʅʘʡʜʝʤ ʢʦʥʝʯʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (F), ʚʳʨʘʟʠʚ Nscan 

ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʯʠʧʘ ʠ ʨʘʟʤʝʨʳ ʤʦʣʝʢʫʣʳ (ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ 4 ʠ 6):  

Ὂ  
Ὓ

Ὤ ὔ
 
ὠ

ὠᴂ
 (7) 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʣʫʯʘʷ: ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ ʥʠʞʝ (N0<Nsat) ʠʣʠ 

ʚʳʰʝ (N0>Nsat) ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʟʤʝʩʪʠʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʯʠʧʘ (Nsat).  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠ N0<Nsat ʝʤʢʦʩʪʴ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ (Nsat) ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʤʝʩʪʠʪʴʩʷ ʚʩʝʤ ʤʦʣʝʢʫʣʘʤ ʠʟ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ (N0) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ. ʇʨʠ 

ʫʩʣʦʚʠʠ ʧʦʣʥʦʡ ʵʣʶʮʠʠ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʚʩʝʭ ʤʦʣʝʢʫʣ ʠʟ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʚ ʢʦʥʝʯʥʳʡ ʨʘʩʪʚʦʨ (ʵʣʶʘʪ), 

ʪʦ ʝʩʪʴ Nscan=N0, ʠ F ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʦʚ Vo ʠ Vô: 

Ὂ  
ὔ

ὔ
 
ὠ

ὠᴂ
 
ὔ

ὔ
 
ὠ

ὠᴂ

ὠ

ὠᴂ
 (8) 

ɼʣʷ ʚʪʦʨʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ N0>Nsat, ʝʤʢʦʩʪʴ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʯʠʧʘ (Nsat) ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʩʪʠʪʴʩʷ ʚʩʝʤ ʤʦʣʝʢʫʣʘʤ ʠʟ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ (N0) ʠ ʯʘʩʪʴ ʤʦʣʝʢʫʣ 

ʦʩʪʘʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ (Nscan) ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʯʠʩʣʫ ʯʘʩʪʠʮ (ʜʦʧʫʱʝʥʠʝ ˉ1), 

ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ (Nsat), ʪʦ ʝʩʪʴ Nscan =Nsat.  
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Ὂ
ὔ

ὔ
 
ὠ

ὠᴂ
 
Ὓ

ὬϽὔ
 
ὠ

ὠᴂ
 

Ὓ

ὬϽὅϽὔ Ͻὠ
 
ὠ

ὠᴂ
  

  
(9) 

ʇʨʠ ʩʦʢʨʘʱʝʥʠʠ V0 ʧʦʣʫʯʠʤ: 

Ὂ   
Ὓ

Ὤ ὅ ὔ ὠᴂ
 

(10) 

ʉʫʤʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (F) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ: 

ừ
Ừ

ứ Ὂ  
ὠ

ὠ
ȟ̆ ̒̌̉ ὔ ὔ   ὅ ὅ

 Ὂ  
Ὓ

Ὤ ὅ ὔ ὠ
ȟ̆ ̒̌̉ ὔ ὔ   ὅ ὅ  

 (11) 

 

ɺ ʪʠʧʠʯʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʦʙʲʝʤ 

ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ (V0) ʩʦʩʪʘʚʣʷʝʪ 1 ʤʣ, ʦʙʲʝʤ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ (Vô) ï 

10 ʤʢʣ, ʧʣʦʱʘʜʴ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ (S) ï 1 ʤʤ2 (çʤʘʣʘʷ 

ʩʝʥʩʦʨʥʘʷ ʟʦʥʘè). ɼʣʷ ʜʘʥʥʳʭ ʪʠʧʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘʡʜʝʤ Csat, ʝʩʣʠ ʭʘʨʘʢʪʝʨʥʳʝ 

ʨʘʟʤʝʨʳ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʩʦʩʪʘʚʣʷʶʪ 2Ĭ2 ʥʤ2 (ʩʤ. ʨʘʟʜʝʣ 1.3). ʉʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʘʤ 4 ʠ 5: 

ὅ  
ὔ

ὔ ὠ
  

ςȟυ ρπ

φȟπςρπ ρπ
 πȟτ ρπ ˙  (12) 

ʊʦʛʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ (11), ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʬʘʢʪʦʨ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ: 

ừ
Ừ

ứὊ  
ὠ

ὠɛ
 
ρπ

ρπ
ρππ ̆ ̒̌̉  ὅ ὅ   

 Ὂ  
Ὓ

Ὤ ὅ ὔ ὠ
 ̆ ̒̌̉  ὅ ὅ

 

(13) 

ɼʣʷ ʜʘʥʥʳʭ ʪʠʧʠʯʥʳʭ ʫʩʣʦʚʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 100. ʆʧʨʝʜʝʣʠʤ ʢʦʥʮʝʥʪʨʘʮʠ ʁ ʘʥʘʣʠʪʘ (Cmax), ʜʣʷ ʢʦʪʦʨʦʡ ʵʬʬʝʢʪ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʥʠʚʝʣʠʨʦʚʘʥ ʠ F=1 (ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 13): 
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ρ  
Ὓ

Ὤ ὅ ὔ ὠ
 (14) 

ʀʟ ʫʨʘʚʥʝʥʠʷ 14 ʦʧʨʝʜʝʣʠʤ Cmax, ʢʘʢ ʧʦʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʉʦ ʤʝʞʜʫ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʠ ʨʘʟʙʘʚʣʝʥʠʝʤ (F=1): 

ὅ  
ρ

τϽρπ φȟπςϽρπ ρπ
τϽρπ ̇   (15) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʥʘ ʨʠʩʫʥʢʝ 14. ʉʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʪʘ, ʝʩʣʠ ʦʥʘ ʥʠʞʝ ʥʘʩʳʱʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (C0<Csat) ʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʝʩʣʠ ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʥʘʣʠʪʘ ʧʨʝʚʦʩʭʦʜʠʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʩʳʱʝʥʠʷ (C0>Csat) (ʨʠʩʫʥʦʢ 14) [7]*. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 14ʘ, 

ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʟʥʘʯʝʥʠʝ F ʩʥʠʞʘʝʪʩʷ (ʩʤ. 

ʫʨʘʚʥʝʥʠʝ 13). ʅʘʙʣʶʜʘʝʪʩʷ ʥʘʩʳʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ, ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣ 

ʠʟ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʫʞʝ ʥʝ ʤʦʞʝʪ ʨʘʟʤʝʩʪʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ 

ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʠʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ >τϽρπʄ (ʥʘ ʨʠʩʫʥʢʝ 14ʘ ʦʙʣʘʩʪʴ C0>Cmax 

ʦʪʤʝʯʝʥʘ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʚʠʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

(ʤʠʢʨʦʩʬʝʨʳ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʣʦʥʢʠ) ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʝʤʢʦʩʪʠ.  

ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʥʘʣʠʪʘ ʥʠʞʝ ʟʥʘʯʝʥʠʷ Csat ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʩʳʱʝʥʠʝ 

ʬʫʥʢʮʠʠ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ F: ʝʤʢʦʩʪʴ ʯʠʧʘ ʧʦʟʚʦʣʷʝʪ ʚʩʝʤ ʤʦʣʝʢʫʣʘʤ ʠʟ 

ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʨʘʟʤʝʩʪʠʪʴʩʷ ʚ ʚʠʜʝ ʤʦʥʦʩʣʦʷ (ʜʦʧʫʱʝʥʠʝ ˉ1) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ. ɺ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ F (ʧʨʠ ʉ0 < πȟτϽρπ  ʄ ʜʣʷ 

çʤʘʣʦʡè ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ) ʧʨʠʤʝʥʝʥʠʝ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

(ʦʙʣʘʩʪʴ C0<Csat ʥʘ ʨʠʩʫʥʢʝ 14ʘ ʦʪʤʝʯʝʥʘ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ). ʅʠʞʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʝʜʝʣ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʦʛʨʘʥʠʯʝʥ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ.  
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(ʘ) (ʙ) 

  

ʈʠʩʫʥʦʢ 14. ï ʈʘʩʯʝʪʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ. (ʘ) ʆʮʝʥʢʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (F) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʪʘ ʚ ʨʘʩʪʚʦʨʝ 

(ʉo, ʄ). ʋʩʣʦʚʠʷ ʜʣʷ ʨʘʩʯʝʪʘ: çʤʘʣʘʷè ʩʝʥʩʦʨʥʘʷ ʟʦʥʘ ʯʠʧʘ, ʦʙʲʝʤ ʠʩʭʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ 1 ʤʣ, ʦʙʲʝʤ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 10 ʤʢʣ, ʥʘʩʳʱʘʶʱʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʉsat=0,4Ĭ10
ï9 ʄ, Cmax=4Ĭ10

ï8 ʄ (ʜʣʷ F=1). (ʙ) ɿʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (F) ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʦʚ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʠ ʢʦʥʝʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. ʉ0<Csat ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʝʡ 

ʥʘʩʳʱʘʶʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ (Csat). ʉ1>Csat ʠ ʉ2>Csat ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʣʢʘ ʚ 

ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ, ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʥʘʩʳʱʘʶʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ.  

ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʮʝʥʢʠ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʲʝʤ 

ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ (Vô). ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ F ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʦʙʲʝʤʦʚ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʠ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ (V0/V
ô) ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ, ʘ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ ʥʘʩʳʱʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (Csat) ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʥʘʣʠʪʘ ʚ ʨʘʩʪʚʦʨʝ (ʉ0) (ʨʠʩʫʥʦʢ 14ʙ). ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʥʘʣʠʪʘ 

ʤʝʥʴʰʝ Csat ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʪʘ ʠ 

ʨʘʚʝʥ 45ʦ. ʅʘ ʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʪʘ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ ʩʠʪʫʘʮʠʷ ʠʥʘʷ ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ ʫʤʝʥʴʰʘʝʪʩʷ [7]*. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʢʦʥʬʠʛʫʨʘʮʠʠ ʯʠʧʘ, 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʤʦʣʝʢʫʣʳ ʘʥʘʣʠʪʘ, ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʦʚ ʨʘʩʪʚʦʨʘ 

ʘʥʘʣʠʪʘ ʠ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ) ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʜʚʫʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ï Csat, ʧʨʠ ʢʦʪʦʨʦʡ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʫʜʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ Cmax, ʧʨʠ ʢʦʪʦʨʦʡ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠ̫  ʨʘʚʝʥ 1. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ 

ʨʘʟʙʘʚʣʝʥʠʷ.  
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3.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʬʬʝʢʪʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʦʚ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʬʘʢʪʦʨʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʚʷʪʠ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ, 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʙʝʣʢʦʚ 

ʩʦʩʪʘʚʠʣ ʦʪ 17 ʜʦ 118 ʢɼʘ, ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ï ʦʪ 69 ʜʦ 91, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ʅʘʙʦʨ ʙʝʣʢʦʚ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʙʝʣʢʘʤʠ 

ʚʠʨʫʩʥʦʛʦ (HCVcoreAg), ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ (P450 BM3), ʨʘʩʪʠʪʝʣʴʥʦʛʦ (ʧʝʨʦʢʩʠʜʘʟʘ 

ʉ1ɸ) ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʝʣʢʘʤʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʩʤ. ʨʘʟʜʝʣ 2.3).  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩ çʤʘʣʦʡè ʩʝʥʩʦʨʥʦʡ ʟʦʥʦʡ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʮʝʜʫʨʘ ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʤʦʣʝʢʫʣ ʙʝʣʢʦʚ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʠʪʘ (Vo=1 ʤʣ) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 10ï5 ʜʦ 10ï11 ʄ. ʄʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ. ʅʘ ʨʠʩʫʥʢʝ 15 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʨʘʩʪʚʦʨʦʚ (Cmin), ʜʣʷ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʙʝʣʢʠ.  

ʇʨʠ ʟʥʘʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ 0,4Ĭ10ï9 ʄ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʟʣʦʤ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʥʘʩʳʱʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ 

ʯʠʧʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʙʝʣʢʘ 

(C0>ʉsat) ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (F) ʩʥʠʞʘʝʪʩʷ, ʧʨʠʯʝʤ ʵʬʬʝʢʪ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠʩʯʝʟʘʝʪ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʧʨʝʚʳʰʘʶʱʝʡ 

4Ĭ10ï8 ʄ (ʉmax ʜʣʷ F=1) (ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 15). ʉʠʥʷʷ ʢʨʠʚʘʷ ʥʘ ʨʠʩʫʥʢʝ 15 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʬʫʥʢʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʵʬʬʝʢʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʜʣʷ ʩʣʫʯʘʝʚ: (1) ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ 

(╒<╒▼╪◄, ʪʦ ʝʩʪʴ ʬʘʢʪʦʨ ʥʘʩʳʱʝʥʠʷ F=100 (ʥʘ ʨʠʩʫʥʢʝ 15 ʦʙʣʘʩʪʴ ʦʪʤʝʯʝʥʘ 

ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ) ʠ (2) ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʧʨʝʚʦʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʥʘʩʳʱʝʥʠʷ (╒ ╒▼╪◄). ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ F ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ (ʛʦʣʫʙʘʷ ʦʙʣʘʩʪʴ ʥʘ ʨʠʩʫʥʢʝ 15). 
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ʈʠʩʫʥʦʢ 15. ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ. ʉʠʥʷʷ ʣʠʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʬʫʥʢʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (F) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʪʘ ʚ ʨʘʩʪʚʦʨʝ. ʊʦʯʢʘʤʠ 

ʦʪʦʙʨʘʞʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʉmin, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ ʨʘʟʥʳʭ ʙʝʣʢʦʚ. 

ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Autoflex III (Bruker, ɻʝʨʤʘʥʠʷ). 

 

ɼʣʷ ʙʝʣʢʦʚ, ʫ ʢʦʪʦʨʳʭ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʨʘʩʪʚʦʨʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

╒<╒▼╪◄, ʵʬʬʝʢʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣ ʜʚʘ ʧʦʨʷʜʢʘ. ɼʣʷ ʘʚʠʜʠʥʘ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʧʨʝʚʳʰʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʵʬʬʝʢʪʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ 

ʨʘʩʪʚʦʨʝ ʥʘ ʫʨʦʚʥʝ 10ï7 ʄ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʝʡ ʤʦʣʝʢʫʣ ʘʚʠʜʠʥʘ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ. ɺ 

ʨʘʩʪʚʦʨʝ ʘʚʠʜʠʥ ʬʦʨʤʠʨʫʝʪ ʯʝʪʚʝʨʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ï ʛʦʤʦʪʝʪʨʘʤʝʨʳ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʤʦʥʦʤʝʨʥʦʡ ʬʦʨʤʝ [291].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʩʯʝʪ ʵʬʬʝʢʪʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʭʠʤʠʯʝʩʢʠʤ ʬʠʰʠʥʛʦʤ.   
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ɻʃɸɺɸ 4. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ 

ɸʉʄ/ʄʉ ʧʦʜʭʦʜʝ 

 

ʇʨʦʮʝʜʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʯʠʧʦʚ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʚʢʣʶʯʘʣʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ ʙʝʣʢʘ, ʵʣʶʮʠʶ ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠʣʠ ʦʙʝʩʩʦʣʠʚʘʥʠʝ ʩʤʝʩʠ ʧʝʧʪʠʜʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʮʝʜʫʨ ʧʦʜʛʦʪʦʚʢʠ ʯʠʧʦʚ ʚ ʯʘʩʪʠ ʚʳʙʦʨʘ ʠ ʦʙʦʩʥʦʚʘʥʠ ̫ (ʘ) ʩʦʩʪʘʚʘ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʤʝʩʠ, (ʙ) ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʜʣʷ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʯʠʧʦʚ, ʘ ʪʘʢʞʝ (ʚ) ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʜʛʦʪʦʚʢʠ 

ʢʦʥʝʯʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʵʣʶʘʪ) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʄʉ-ʘʥʘʣʠʟʘ. ʇʨʦʮʝʜʫʨʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠʩʧʳʪʳʚʘʣʠʩʴ ʥʘ ʯʠʧʘʭ ʜʣʷ ɸʉʄ ʚ ʜʚʫʭ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʣʶʜʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ 

ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʦʜʥʘ çʙʦʣʴʰʘʷè ʣʠʙʦ 2-4 çʤʘʣʳʭè ʩʝʥʩʦʨʥʳʭ ʟʦʥ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠʤʝʥʷʣʩʷ ʛʨʘʬʠʪ ʩ ʦʜʥʦʡ çʤʘʣʦʡè ʩʝʥʩʦʨʥʦʡ ʟʦʥʦʡ. 

4.1 ʇʦʜʙʦʨ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ 

ɺ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥ ʚʳʙʦʨ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ çʚ ʦʙʲʝʤʝè (ʚʘʨʠʘʥʪ 

1) ʠ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè (ʚʘʨʠʘʥʪ 2).  

ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʦʚ ʷʚʣʷʣʘʩʴ ʩʘʡʪ-

ʩʧʝʮʠʬʠʯʥʘ ̫ ʛʠʜʨʦʣʘʟʘ ʪʨʠʧʩʠʥ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʦʧʨʝʜʝʣ̫ʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠ ̫ʢ ʦʙʱʝʤʫ ʙʝʣʢʫ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ 

1:100. ʊʨʠʧʩʠʥ ʘʢʪʠʚʝʥ ʚ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʵʪʦʤʫ ʚʪʦʨʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʙʳʣ ʚʳʙʨʘʥ ʙʠʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ (NH4HCO3) ʩ ʤʦʣʷʨʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 200 ʤʄ [292]. ɹʠʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʤʝʨʝʥʥʦʡ 

ʝʤʢʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ ʨʅ 7,5-8,0 (ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠ ̫pH ʜʣʷ ʢʨʦʚʠ). 

ʇʦʤʠʤʦ ʵʪʠʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩ ɹʜʣʷ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʦʚʳʭ ʦʙʨʘʟʮʦʚ 

ʩʦʜʝʨʞʘʣʘ ʤʦʯʝʚʠʥʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʦ 2 ʄ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʪʨʠʧʩʠʥ ʩʦʭʨʘʥʷʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʤʝʩʠ 

ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʤʦʯʝʚʠʥ rʦʙʝʩʧʝʯʠʚʘʣʦ ʜʝʥʘʪʫʨʘʮʠ ʁʤʦʣʝʢʫʣ ʙʝʣʢʘ ʚ ʩʦʩʪʦʷʥʠʝ 



115 

çʨʘʩʧʣʘʚʣʝʥʥʦʡè ʛʣʦʙʫʣ r ʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʩʘʡʪʦʚ ʜʣʷ ʪʨʠʧʩʠʥʦʣʠʟʘ ʥʘ 

ʨʘʩʪʚʦʨʠʪʝʣʴ. ʉʤʝʩʴ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʚʢʣʶʯʘʣʘ ʜʠʪʠʦʪʨʝʠʪʦʣ (ɼʊʊ) ʜʦ 5 ʤʄ, ʢʦʪʦʨʳʡ 

ʦʩʫʱʝʩʪʚʣʷʣ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʚ ʙʝʣʢʝ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʧʦʪʝʨʝ ʯʝʪʚʝʨʪʠʯʥʦʡ ʠ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʶ ʩʘʡʪʦʚ ʜʣʷ 

ʪʨʠʧʩʠʥʦʣʠʟʘ ʥʘ ʨʘʩʪʚʦʨʠʪʝʣʴ. ɼʝʥʘʪʨʫʪʨʠʨʫʶʱʠʡ ʘʛʝʥʪ ʛʫʘʥʠʜʠʥʭʣʦʨʠʜ ʥʝ ʙʳʣ 

ʚʢʣʶʯʝʥ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ, ʧʦʩʢʦʣʴʢʫ ʠʥʛʠʙʠʨʫʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʛʠʜʨʦʣʠʟʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʦʙʘʚʣʝʥʠʝʤ 

ʨʘʩʪʚʦʨʘ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʜʦ ʢʦʥʝʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 1 %.  

ɺ ʪʘʙʣʠʮʝ 13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʨʠʘʥʪʳ ʩʦʩʪʘʚʦʚ ʩʤʝʩʝʡ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʦʚ, 

ʦʪʣʠʯʥʳʝ ʧʦ ʢʦʤʧʦʥʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚʳʰʝ 

ʢʨʘʪʢʠʤ ʦʧʠʩʘʥʠʝʤ ʚʦʟʤʦʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʩʦʜʝʨʞʘʣʠ 

ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪ r ï ʪʨʠʧʩʠʥ ʠ ʙʠʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʫʩʣʦʚʠʷ (ʚʘʨʠʘʥʪʳ ˉ1-1 ʜʣʷ ʛʠʜʨʦʣʠʟʘ çʚ 

ʦʙʲʝʤʝè ʠ ˉ2-1 ʜʣʷ ʛʠʜʨʦʣʠʟʘ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè ʚ ʪʘʙʣʠʮʝ 13). ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʚʘʨʠʘʥʪʳ ʩʤʝʩʝʡ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʜʝʥʘʪʫʨʠʨʫʶʱʠʝ ʘʛʝʥʪ r ʤʦʯʝʚʠʥʫ (ʚʘʨʠʘʥʪʳ ˉ1-2 ʠ ˉ2-2) ʠ 

ʜʠʪʠʦʪʨʝʠʪʦʣ (ʚʘʨʠʘʥʪ ˉ1-3). ɼʣʷ ʛʠʜʨʦʣʠʟʘ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè ʫʯʠʪʳʚʘʣʦʩʴ 

ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʚʳʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (ʚʘʨʠʘʥʪ ˉ2-3). 

ʊʘʙʣʠʮʘ 13. ɺʳʙʦʨ ʩʦʩʪʘʚʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʜʣʷ ʚʘʨʠʘʥʪʘ 1 çʚ ʦʙʲʝʤʝè ʠ 

ʚʘʨʠʘʥʪʘ 2 çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè. 

ʅʦʤʝʨ 

ʩʦʩʪʘʚʘ 
ʉʦʩʪʘʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʜʣʷ ʚʘʨʠʘʥʪʘ 1 çʚ ʦʙʲʝʤʝè 

ˉ1-1 
NH4HCO3, 200 ʤʄ, ʪʨʠʧʩʠʥ 0,1 ʤʢʄ (1õ50 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʯʝʪʥʦʡ 

ʤʘʩʩʝ ʙʝʣʢʘ) 

ˉ1-2 NH4HCO3, 200 ʤʄ, ʪʨʠʧʩʠʥ 0,1 ʤʢʄ, 2 ʄ ʤʦʯʝʚʠʥʘ 

ˉ1-3 NH4HCO3, 200 ʤʄ, ʪʨʠʧʩʠʥ 0,1 ʤʢʄ, ʜʠʪʠʦʪʨʝʠʪʦʣ 2,5 ʤʄ 

ˉ1-4 NH4HCO3, 200 ʤʄ, ʪʨʠʧʩʠʥ 0,1 ʤʢʄ, 2 ʄ ʤʦʯʝʚʠʥʘ, 1 % ʘʮʝʪʦʥʠʪʨʠʣ 

 ʉʦʩʪʘʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʜʣʷ ʚʘʨʠʘʥʪʘ 2 çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè 

ˉ2-1 
NH4HCO3, 200 ʤʄ, ʪʨʠʧʩʠʥ 0,1 ʤʢʄ (~1õ50 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʘʩʯʝʪʥʦʡ ʤʘʩʩʝ ʙʝʣʢʘ) 

ˉ2-2 NH4HCO3, 200 ʤʄ, ʪʨʠʧʩʠʥ 0,1 ʤʢʄ, 2 ʄ ʤʦʯʝʚʠʥʘ 

ˉ2-3 NH4HCO3, 200 ʤʄ, ʪʨʠʧʩʠʥ 0,1 ʤʢʄ, 20 % ʛʣʠʮʝʨʠʥ 
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ʅʘ ʨʠʩʫʥʢʝ 16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʨʘʟʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʩʤʝʩʝʡ ʜʣʷ ʛʠʜʨʦʣʠʟʘ çʚ ʦʙʲʝʤʝè (ʨʠʩʫʥʦʢ 16ʘ) ʠ çʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠè (ʨʠʩʫʥʦʢ 16ʙ).  

ɺʘʨʠʘʥʪ 1 çʚ ʦʙʲʝʤʝè ï ʚʳʙʦʨ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʦʚ ʧʨʠ 

ʧʦʛʨʫʞʝʥʠʠ ʯʠʧʘ ʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʤʝʩʴ. 

ɻʠʜʨʦʣʠʟ ʙʝʣʢʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʤʠʢʨʦʮʝʥʪʨʠʬʫʞʥʳʭ ʧʨʦʙʠʨʢʘʭ ʩ ʧʣʦʩʢʠʤ ʜʥʦʤ 

ʪʠʧʘ çCorningè ʦʙʲʸʤʦʤ 2 ʤʣ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʪʨʠʧʩʠʥʘ ʢ ʨʘʩʯʝʪʥʦʡ ʤʘʩʩʝ 

ʙʝʣʢʘ ʩʦʩʪʘʚʠʣʦ 1:5, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʥʢʫʙʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45ʦC 18 ʯ. 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʯʠʧʘ (ʪʠʧ ʩʣʶʜʘ) ʜʣʷ ɸʉʄ ʩʦʜʝʨʞʘʣʘ ʦʜʥʫ ʟʦʥʫ ʧʣʦʱʘʜʴʶ 0,5 ʩʤ2.  

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 16ʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʘ ʜʣʷ ʚʳʙʨʘʥʥʳʭ 

ʩʦʩʪʘʚʦʚ ʩʭʦʞʘ. ʆʜʥʘʢʦ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʄʉ-ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʘʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʘ ʨʠʩʫʥʢʝ 16ʘ ʚʘʨʠʘʥʪ ˉ1-1). 

ʄɸʃɼʀ ʠ ʠʦʥʠʟʘʮʠʷ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʩʧʨʝʷ ʙʝʣʢʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩ ʥʠʟʢʦʡ ʠʦʥʥʦʡ ʩʠʣʦʡ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʦʚ 

[293]. ɺ ʩʣʫʯʘʝ ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʠ ʠ ʠʦʥʠʟʘʮʠʠ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄɸʃɼʀ-ʤʠʰʝʥʠ 

ʠʟ ʨʘʩʪʚʦʨʦʚ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʩʠʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʠʩʪʘʣʣʳ, ʚ ʨʝʰʝʪʢʝ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʷʪʩʷ ʤʦʣʝʢʫʣʳ ʘʥʘʣʠʪʘ. ʄʦʱʥʦʩʪ ɹ ʣʘʟʝʨʥʦʛʦ ʫʜʘʨʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʤʦʣʝʢʫʣ ʩ ʢʨʠʩʪʘʣʣʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʦʥʠʟʘʮʠʠ. ʅʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʦʥʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʩʧʨʝʷ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ 

ʠʦʥʳ ʨʘʩʪʚʦʨʘ (ʵʣʝʢʪʨʦʣʠʪʳ). ʊʘʢʦʝ ʚʣʠʷʥʠʝ ʦʧʠʩʳʚʘʝʪ ʤʦʜʝʣʴ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʕʥʢʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʦʥʠʟʘʮʠʠ ʙʝʣʢʘ/ʧʝʧʪʠʜʘ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʨʘʩʪʚʦʨʝ. ʆʧʪʠʤʘʣʴʥʦ 

ʩʦʜʝʨʞʘʥʠʝ ʘʥʘʣʠʪʘ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʯʝʪʳʨʝ ʧʦʨʷʜʢʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʣʠʪʘ [293]. 
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(ʘ) (ʙ) 

 

ʈʠʩʫʥʦʢ 16. ï ɺʳʙʦʨ ʩʦʩʪʘʚʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʤʝʩʠ: (ʘ) ɺʘʨʠʘʥʪ 1 çʚ ʦʙʲʝʤʝè; (ʙ) 

ɺʘʨʠʘʥʪ 2 çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè. ʋʢʘʟʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʢʘʨʙʦʥʘʪʥʦʛʦ ʙʫʬʝʨʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʪʨʠʧʩʠʥʘ, ʤʦʯʝʚʠʥʳ, ɼʊʊ, ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʩʤʝʩʠ. ɻʠʩʪʦʛʨʘʤʤʳ 

ʦʪʦʙʨʘʞʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ (Autoflex III, 

Bruker, ɻʝʨʤʘʥʠʷ) ʜʣʷ ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʘʣʴʙʫʤʠʥʘ ʯʝʣʦʚʝʢʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10ï7 ʄ. ʋʢʘʟʘʥʳ ʢʦʣʠʯʝʩʪʚʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʧʪʠʜʦʚ ʙʝʣʢʦʚ 

(ʩʧʣʦʰʥʘʷ ʟʘʣʠʚʢʘ) ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʝʧʪʠʜʦʚ ʩ ʧʨʦʧʫʱʝʥʥʳʤʠ ʩʘʡʪʘʤʠ ʛʠʜʨʦʣʠʟʘ 

(ʛʨʘʜʠʝʥʪʥʘʷ ʟʘʣʠʚʢʘ) ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ > 2.  

ʇʨʠ ʚʳʙʦʨʝ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʣʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ, ʜʦʣʶ ʘʣʴʬʘ-ʩʧʠʨʘʣʝʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ, ʥʘʣʠʯʠʝ ʯʝʪʚʝʨʪʠʯʥʦʡ ʠʣʠ ʢʦʤʧʘʢʪʥʦʡ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ, ʫʛʣʝʚʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʛʣʠʢʦʧʨʦʪʝʠʥʳ). ɻʣʦʙʫʣʷʨʥʳʝ 

ʘʣʴʬʘ- ʠ ʘʣʴʬʘ/ʙʝʪʘ ʙʝʣʢʠ ʩʦ ʩʨʝʜʥʠʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ (20-50 ʢɼʘ) ʩ 

ʢʦʤʧʘʢʪʥʦʡ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʠ 

ʫʛʣʝʚʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʳ ʩʦʩʪʘʚʦʤ ˉ1-1.  

ɺʘʨʠʘʥʪ 2 çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè ï ʚʳʙʦʨ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʦʚ. 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʤʝʩʴ ʥʘʥʦʩʠʪʩʷ ʠ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ. ɺ ʩʣʫʯʘʝ 

ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʚ ʢʘʧʣʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʢʘʧʣʠ. ʂʦʤʧʘʢʪʥʘʷ ʢʘʧʣʷ ʚʳʩʦʢʦʡ 

ʚʷʟʢʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʛʠʜʨʦʣʠʟʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʪʘʚʦʤ ˉ2-1. ʊʘʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʛʣʠʮʝʨʠʥ. ɺʷʟʢʦʩʪʴ 20 % ʨʘʩʪʚʦʨʘ ʛʣʠʮʝʨʠʥʘ ʥʘ ʰʝʩʪʴ ʧʦʨʷʜʢʦʚ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʦʡ [294]. ʇʨʠ ʵʪʦʤ ʛʣʠʮʝʨʠʥ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ.  
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ɻʠʜʨʦʣʠʟ ʙʝʣʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʜʣʷ ɸʉʄ ʩ ʚʘʨʠʘʥʪʘʤʠ 

ʩʦʩʪʘʚʘ ʩʤʝʩʠ, ʫʢʘʟʘʥʥʤrʠ ʚ ʪʘʙʣʠʮʝ 13. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 16ʙ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʘ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʩʤʝʩʠ ʦʜʠʥʘʢʦʚʘ, ʦʜʥʘʢʦ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʄʉ-ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʚʘʨʠʘʥʪ ˉ2-1). ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʤʝʩʠ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʩʢʦʨʦʩʪʴ ʚʳʩʳʭʘʥʠʷ ʢʘʧʣʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ. ʂʘʧʣʷ ʩʦ ʩʤʝʩʴʶ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʦʙʥʦʚʣʷʣʘʩʴ ʜʚʘʞʜʳ ʟʘ ʚʨʝʤʷ 

ʠʥʢʫʙʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʚʘʨʠʘʥʪʘ ʛʠʜʨʦʣʠʟʘ (çʚ ʦʙʲʝʤʝè ʠ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè) ʫʩʧʝʰʥʳ 

ʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ɻʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʯʠʧʦʚ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠ ʵʪʦʤ ʮʝʣʝʩʦʦʙʨʘʟʝʥ ʚʳʙʦʨ 

ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʩ ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

4.2 ʇʦʜʙʦʨ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ 

ɺ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥ ʚʳʙʦʨ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ çʚ ʦʙʲʝʤʝè 

(ʚʘʨʠʘʥʪ 1) ʠ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè (ʚʘʨʠʘʥʪ 2) ʜʣʷ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʯʠʧʦʚ ʜʣʷ 

ɸʉʄ, ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʤʝʩʠ ʬʝʨʤʝʥʪʘ ʪʨʠʧʩʠʥʘ, ʦʙʲʝʤʘ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ. ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ çʚ 

ʦʙʲʝʤʝè ʠ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 14. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʚʘʨʠʘʥʪʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʪʨʠʧʩʠʥʘ, ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʤʘʩʩʳ ʪʨʠʧʩʠʥʘ ʢ ʨʘʩʯʝʪʥʦʡ ʤʘʩʩʝ ʙʝʣʢʘ 1:100, 1:50, 1:5, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʠʥʢʫʙʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45 ʦC ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 6 ʜʦ 18 ʯʘʩʦʚ, ʦʙʲʝʤʘ ʩʤʝʩʠ ʜʣʷ 

ʛʠʜʨʦʣʠʟʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʜʦ 900 ʤʢʣ ʜʣʷ ʛʠʜʨʦʣʠʟʘ çʚ ʦʙʲʝʤʝè ʠ 5, 10 ʤʢʣ ʜʣʷ 

ʛʠʜʨʦʣʠʟʘ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʠʧʠʯʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʯʠʧʦʚ ʜʣʷ ɸʉʄ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʣʶʜr, 

ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʦʪ ʦʜʥʦʡ (çʙʦʣʴʰʘʷè) ʜʦ ʯʝʪʳʨʝʭ (çʤʘʣʳʭè) ʩʝʥʩʦʨʥʳʭ ʟʦʥ. 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʛʨʘʬʠʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʩʦʜʝʨʞʘʣʠ ʦʜʥʫ (çʤʘʣʫʶè) 

ʩʝʥʩʦʨʥʫʶ ʟʦʥʫ. 
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ʊʘʙʣʠʮʘ 14. ɺʳʙʦʨ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʦʚ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʘ, çʚ ʦʙʲʝʤʝè ʠ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè. 

ɺʘʨʠʘʥʪ 

ʫʩʣʦʚʠʡ 

ʉʦʜʝʨʞʘʥʠʝ 

ʪʨʠʧʩʠʥʘ ʢ ʙʝʣʢʫ, 

(ʚʝʩʦʚʳʝ ʯʘʩʪʠ) 

ɺʨʝʤʷ 

ʛʠʜʨʦʣʠʟʘ, 

ʯʘʩʳ 

ʂʦʥʬʠʛʫʨʘʮʠʷ 

ʯʠʧʘ, ʯʠʩʣʦ ʟʦʥ 

ʆʙʲʝʤ ʩʤʝʩʠ ʜʣʷ 

ʛʠʜʨʦʣʠʟʘ, ʤʢʣ 

ɻʠʜʨʦʣʠʟ çʚ ʦʙʲʝʤʝè (ɺʘʨʠʘʥʪ 1) 

ˉ1-1 1:100 6 1 900 

ˉ1-2 1:100 12 1 900 

ˉ1-3 1:50 12 1 900 

ˉ1-4 1:5 12 1 900 

ˉ1-5 1:5 18 1 900 

ˉ1-6 1:50 6 2 350 

ˉ1-7 1:50 12 2 350 

ˉ1-8 1:50 18 2 350 

ˉ1-9 1:50 12 4 100 

ˉ1-10 1:50 18 4 100 

ɻʠʜʨʦʣʠʟ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè (ɺʘʨʠʘʥʪ 2) 

ʉʣʶʜʘ 

ˉ2-1 1:50 12 2 10 

ˉ2-2 1:5 12 2 10 

ˉ2-3 1:50 18 2 10 

ˉ2-4 1:5 18 2 10 

ɻʨʘʬʠʪ 

ˉ2-5 1:50 18 1 5 

ˉ2-6 1:5 18 1 5 

ˉ2-7 1:50 12 1 5 

ˉ2-8 1:5 12 1 5 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʜʣʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʭʠʤʠʯʝʩʢʠʤ 

ʬʠʰʠʥʛʦʤ ʙʝʣʢʦʚ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʧ ʩʣʶʜʘ, ʠ ʩʦʨʙʮʠʝʡ ʙʝʣʢʦʚ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʠʧ ʛʨʘʬʠʪ. ʈʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦ ʧʦʜʙʦʨʫ ʫʩʣʦʚʠʡ ʛʠʜʨʦʣʠʟʘ ʦʙʦʙʱʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 17. 

ɼʣʷ ʚʘʨʠʘʥʪʘ 1 çʚ ʦʙʲʝʤʝè, ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ 

ʙʝʣʢʦʚ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʯʠʧʘ ʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʤʝʩʴ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 17ʘ, 

ʦʙʲʝʤ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. ɺ ʩʣʫʯʘʝ ʧʦʛʨʫʞʝʥʠʷ ʯʠʧʘ 

ʠʣʠ ʝʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʤʝʩʴ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ (V=900 ʤʢʣ) ʄʉ-ʘʥʘʣʠʟ 

ʧʦʟʚʦʣʠʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʧʝʧʪʠʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʨʝʥʠʷʤʠ, 

ʧʨʦʚʝʜʝʥʥʳʤʠ ʜʣʷ ʦʙʲʝʤʦʚ 350 ʠ 100 ʤʢʣ. ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ, ʚʝʨʦʷʪʥʦ, 

ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ ʵʣʝʢʪʨʦʣʠʪʦʚ NH4
+, HCO3

ï 

ʚ ʩʣʫʯʘʝ ʛʠʜʨʦʣʠʟʘ ʚ ʦʙʲʝʤʝ 900 ʤʢʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʥʴʰʠʤʠ ʦʙʲʝʤʘʤʠ. 
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ʇʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʝʧʪʠʜʥʦʡ ʩʤʝʩʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʬʘʟʥʦʡ ʵʢʩʪʨʘʢʮʠʠ (çZipTipè C18) ʧʦʟʚʦʣʠʣʦ ʩʥʷʪʴ ʵʪʦ 

ʦʛʨʘʥʠʯʝʥʠʝ (ʨʘʟʜʝʣ 4.3).  

ɺ ʭʦʜʝ ʥʘʰʝʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʥʝ ʤʝʥʝʝ 

ʟʥʘʯʠʤʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʯʝʤ ʦʙʲʝʤ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ, ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʚʥʝʩʝʥʥʦʛʦ ʚ ʩʤʝʩʴ ʪʨʠʧʩʠʥʘ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ ʠʤʤʦʙʠʣʠʟʦʚʘʥʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ, ʠʭ ʪʝʧʣʦʚʘʷ ʜʠʬʬʫʟʠʷ ʟʘʪʨʫʜʥʝʥʘ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʯʠʩʣʦ 

ʩʦʙʳʪʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʛʠʜʨʦʣʘʟʳ. ʆʧʪʠʤʘʣʴʥʦʝ ʤʘʩʩʦʚʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʨʠʧʩʠʥʘ ʢ ʨʘʩʯʝʪʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1:50 ʜʦ 1:5. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ̫ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʛʠʜʨʦʣʠʟʘ ï 12 ʯʘʩʦʚ ʠ ʙʦʣʝʝ (ʥʘ ʨʠʩʫʥʢʝ 17ʘ ʩʤ. ʚʘʨʠʘʥʪʳ 

ʫʩʣʦʚʠʡ ˉ1-9 ʠ ˉ1-10).  

ɺʘʨʠʘʥʪ rʫʩʣʦʚʠʡ ʛʠʜʨʦʣʠʟʘ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè, ʚ ʢʦʪʦʨʳʭ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ 

ʩʤʝʩʴ ʥʘʥʦʩʠʪʩʷ ʠ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʯʠʧʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 17ʙ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 17ʙ, ʪʘʢʞʝ ʢʘʢ ʠ ʜʣʷ ʚʘʨʠʘʥʪʘ 

ʛʠʜʨʦʣʠʟʘ çʚ ʦʙʲʝʤʝè, ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʜʫʨʳ ʠ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʝʨʤʝʥʪʘ ʚ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ (ʥʘ ʨʠʩʫʥʢʝ 17ʙ ʩʤ. ˉ2-4 ʠ 

ˉ2-8). ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʛʠʜʨʦʣʠʟʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ: 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʦʪ 12 ʜʦ 18 ʯʘʩʦʚ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚ ʩʤʝʩʠ ʪʨʠʧʩʠʥʘ 1:50 ʠʣʠ 1:5 (ʧʦ ʦʪʥʦʰʝʥʠʁ  ʢ ʨʘʩʯʝʪʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʙʝʣʢʘ ʚ 

ʢʦʥʝʯʥʦʤ ʨʘʩʪʚʦʨʝ).  
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(ʘ) 

 

(ʙ) 

 
ʈʠʩʫʥʦʢ 17. ï ɺʳʙʦʨ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘ: (ʘ) ɺʘʨʠʘʥʪ 1 çʚ ʦʙʲʝʤʝè; (ʙ) 

ɺʘʨʠʘʥʪ 2 çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè. ʋʢʘʟʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʪʨʠʧʩʠʥʘ ʢ ʙʝʣʢʫ (1:100, 1:50 

ʠʣʠ 1:5), ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ (6, 12 ʠʣʠ 18 ʯ), ʯʠʩʣʦ ʩʝʥʩʦʨʥʳʭ ʟʦʥ (1, 2 

ʠʣʠ 4), ʘ ʪʘʢʞʝ ʦʙʲʝʤ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ (900, 350, 100 ʤʢʣ). ɻʠʩʪʦʛʨʘʤʤʳ 

ʦʪʦʙʨʘʞʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ (Autoflex III, 

Bruker, ɻʝʨʤʘʥʠʷ) ʜʣʷ ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʮʠʪʦʭʨʦʤʘ P450 BM3 ʠ 

ʘʣʴʙʫʤʠʥʘ ʯʝʣʦʚʝʢʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10ï7 ʄ. ʋʢʘʟʘʥʳ ʢʦʣʠʯʝʩʪʚʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʧʪʠʜʦʚ ʙʝʣʢʦʚ (ʩʧʣʦʰʥʘʷ ʟʘʣʠʚʢʘ) ʠ ʦʙʱʝʝ ʯʠʩʣʦ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʧʠʢʦʚ (ʛʨʘʜʠʝʥʪʥʘʷ ʟʘʣʠʚʢʘ) ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ > 2.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʘʨʠʘʥʪʦʚ çʚ ʦʙʲʝʤʝè ʠ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʛʠʜʨʦʣʠʟʘ ̫ ʚʣʷʶʪʩʷ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʣʘʟʳ ʪʨʠʧʩʠʥʘ ʚ ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʠʥʢʫʙʘʮʠʠ (12-18 ʯʘʩʦʚ), ʘ ʪʘʢʞʝ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʦʙʲʝʤ ʩʤʝʩʠ ʜʣʷ 

ʛʠʜʨʦʣʠʟʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʯʠʧʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʛʦ 

ʠʟ ʚʘʨʠʘʥʪʦʚ. ɺ ʩʣʫʯʘʝ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʩʢʦʣʴʢʠʭ ʩʝʥʩʦʨʥʳʭ ʟʦʥ 
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(ʩʣʶʜʘ) ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʬʨʘʛʤʝʥʪʘʮʠʷ ʯʠʧʘ ʧʦ ʯʠʩʣʫ ʟʦʥ ʠ ʧʨʦʚʝʜʝʥʠʝ ʛʠʜʨʦʣʠʟʘ çʚ 

ʦʙʲʝʤʝè. ɼʣʷ ʯʠʧʦʚ ʩ ʦʜʥʦʡ ʩʝʥʩʦʨʥʦʡ ʟʦʥʦʡ (ʩʣʶʜʘ ʠʣʠ ʛʨʘʬʠʪ) ʦʧʪʠʤʘʣʝʥ ʚʪʦʨʦʡ 

ʚʘʨʠʘʥʪ çʥʘ ʧʦʚʝʨʭʥʦʩʪʠè, ʚ ʢʦʪʦʨʦʤ ʦʙʲʝʤ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʤʠʥʠʤʘʣʝʥ. 

 

4.3 ʇʦʜʛʦʪʦʚʢʘ ʢʦʥʝʯʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʵʣʶʘʪʦʚ) ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ 

 

ʇʨʦʮʝʜʫʨʘ ʛʠʜʨʦʣʠʟʘ ʙʝʣʢʘ ʟʘʚʝʨʰʘʣʘʩʴ ʚʳʩʫʰʠʚʘʥʠʝʤ ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʚ 

ʧʨʦʙʠʨʢʝ ʪʠʧʘ çʕʧʧʝʥʜʦʨʬè ʦʙʲʝʤʦʤ 200 ʤʢʣ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʥʘʣʠʯʠʝ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʦʥʠʟʘʮʠʠ ʘʥʘʣʠʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʄɸʃɼʀ ʠ ʵʣʝʢʪʨʦʩʧʨʝʷ. ʇʨʦʮʝʜʫʨʘ ʦʙʝʩʩʦʣʠʚʘʥʠʷ 

ʦʙʨʘʟʮʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʢʦʥʝʯʥʠʢʦʚ çZipTip ʉ18è ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʘʣʝʥʠʝ 

ʜʝʪʝʨʛʝʥʪʦʚ (ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ) ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʝʧʪʠʜʥʦʡ ʩʤʝʩʠ [295]. 

ʉʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʢʣʘʜʘ ʵʣʝʢʪʨʦʣʠʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ 

ʨʘʟʙʘʚʣʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʇʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʤr, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʠ ʩʪʘʙʠʣʴʥʳʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʦʮʝʜʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʤʝʩʠ ʧʝʧʪʠʜʦʚ (ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ 

ʛʠʜʨʦʣʠʟʘ) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʄʉ-ʘʥʘʣʠʟʘ ʚʢʣʶʯʘʶʪ ʦʙʝʩʩʦʣʠʚʘʥʠʝ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʝʧʪʠʜʥʦʡ ʩʤʝʩʠ, ʨʘʩʪʚʦʨʝʥʠʝ ʩʤʝʩʠ ʧʝʧʪʠʜʦʚ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʤʠʰʝʥʴ (ʄɸʃɼʀ-ʄʉ), ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʣʦʥʢʫ (ɺʕɾʍ-ʄʉ/ʄʉ, 

ɺʕɾʍ-ʄʄʈ). ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʝʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʪʨʠʧʪʠʯʝʩʢʠʝ ʩʤʝʩʠ, ʵʣʶʠʨʦʚʘʥʥʳʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʘ (ʪʘʙʣʠʮʘ 15). 

  



123 

ʊʘʙʣʠʮʘ 15. ʇʦʜʛʦʪʦʚʢʘ ʢʦʥʝʯʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʵʣʶʘʪʦʚ) ʜʣʷ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 
ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 

ʉʧʦʩʦʙ 

ʧʦʜʛʦʪʦʚʢʠ 

ʵʣʶʘʪʦʚ 

ɺʘʨʠʘʥʪ 

ʩʧʦʩʦʙʘ 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ 

ʦʟʚʫʯʠʚʘʥʠʝ, ʤʠʥ 

ʆʙʲʝʤ ʢʦʥʝʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʤʢʣ 

ʏʠʩʣʦ ʧʨʦʮʝʜʫʨ 

ʜʦ ʄʉ-ʘʥʘʣʠʟʘ 

ʈʘʩʪʚʦʨʝʥʠʝ 
ˉ1-1 5 5 1 

ˉ1-2 5 10 1 

ʆʙʝʩʩʦʣʠʚʘʥʠʝ 
ˉ1-3 5 5 5 

ˉ1-4 5 10 5 

ʈʘʟʙʘʚʣʝʥʠʝ 
ˉ1-5 5 10 2 

ˉ1-6 5 20 2 

 

ɺʘʨʠʘʥʪʳ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʫʰʝʥʥʦʡ ʧʝʧʪʠʜʥʦʡ ʩʤʝʩʠ (ʵʣʶʘʪʘ) ʚ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ: (ʘ) ʨʘʩʪʚʦʨʝʥʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʥʝʩʝʥʠʝʤ ʥʘ ʤʠʰʝʥʴ (ʄɸʃɼʀ-

ʄʉ) ʠʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʣʦʥʢʫ (ɺʕɾʍ-ʄʉ/ʄʉ), (ʙ) ʦʙʝʩʩʦʣʠʚʘʥʠʝʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʢʦʥʝʯʥʠʢʦʚ çZipTip C18è ʩʦʜʝʨʞʘʱʠʝ ʦʙʨʘʱʝʥʥʦʬʘʟʦʚʫʶ ʩʤʦʣʫ ʠ 

(ʚ) ʨʘʟʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʦʤ ʜʣʷ ʥʘʥʝʩʝʥʠʷ.  

ɺ ʪʘʙʣʠʮʝ 15 ʩʪʦʣʙʝʮ ˉ5 ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʮʝʜʫʨ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʨʦʚʝʜʝʥʠʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʪʘʙʣʠʮʳ 15, ʯʠʩʣʦ ʪʘʢʠʭ ʧʨʦʮʝʜʫʨ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʜʛʦʪʦʚʢʠ ʵʣʶʘʪʦʚ 

ʨʘʟʣʠʯʥʦ. ɺ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʝʥʠʷ ʩʤʝʩʠ ʧʝʧʪʠʜʦʚ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʧʨʠʤʝʥʷʣʘʩʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʚʦʨʘ ʵʣʶʘʪʘ (ʦʜʥʘ 

ʧʨʦʮʝʜʫʨʘ, ʩʪʦʣʙʝʮ ˉ5 ʚ ʪʘʙʣʠʮʝ 15). ʉʧʦʩʦʙ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʢʦʥʝʯʥʠʢʦʚ çZipTip C18è ʚʢʣʶʯʘʣ: (ʘ) ʨʘʩʪʚʦʨʝʥʠʝ ʵʣʶʘʪʘ ʚ 

ʨʘʩʪʚʦʨʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ, (ʙ) ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʨʘʩʪʚʦʨʘ ʵʣʶʘʪʘ 

ʫʣʴʪʨʘʟʚʫʢʦʤ, (ʚ) ʦʙʝʩʩʦʣʠʚʘʥʠʝ, (ʛ) ʚʳʩʫʰʠʚʘʥʠʝ ʦʙʝʩʩʦʣʝʥʥʦʡ ʩʤʝʩʠ ʚ ʚʘʢʫʫʤʥʦʤ 

ʠʩʧʘʨʠʪʝʣʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʤʝʥʳ ʙʫʬʝʨʘ, (ʜ) ʨʘʩʪʚʦʨʝʥʠʝ ʩʤʝʩʠ ʧʝʧʪʠʜʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ (5 ʧʨʦʮʝʜʫʨ, ʩʪʦʣʙʝʮ ˉ5 ʚ ʪʘʙʣʠʮʝ 15). ʀ, ʥʘʢʦʥʝʮ, ʪʨʝʪʠʡ 

ʩʧʦʩʦʙ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʤʝʩʠ ʧʝʧʪʠʜʦʚ ʧʫʪʝʤ ʢʨʘʪʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ 

ʚʢʣʶʯʘʣ ʧʨʦʮʝʜʫʨʫ ʨʘʩʪʚʦʨʝʥʠ ̫ʵʣʶʘʪʘ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʦʟʚʫʯʠʚʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʡ ʩʤʝʩʠ ʧʝʧʪʠʜʦʚ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʘʤʝʨʝ (2 ʧʨʦʮʝʜʫʨʳ). 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 18, ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʠ ʨʘʟʙʘʚʣʝʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʦʧʦʩʪʘʚʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʚʘʨʠʘʥʪʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʪʚʦʨʝʥʠʝʤ 
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ʩʤʝʩʠ ʧʝʧʪʠʜʦʚ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʚ ʩʦʩʪʘʚʝ ʧʝʧʪʠʜʥʦʡ ʩʤʝʩʠ, ʚʝʨʦʷʪʥʦ, ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ ʠʦʥʠʟʘʮʠʠ ʘʥʘʣʠʪʘ. 

 

 

ʈʠʩʫʥʦʢ 18. ï ɺʳʙʦʨ ʫʩʣʦʚʠʡ ʵʣʶʮʠʠ. ʋʢʘʟʘʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʣʪɹʨʘʟʚʫʢʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʋɿ), ʦʙʲʝʤ ʵʣʶʘʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çZipTip C18è ʠ ʨʘʟʙʘʚʣʝʥʠʝ ʵʣʶʘʪʘ ʚ 5 ʠ 10 ʨʘʟ. ɻʠʩʪʦʛʨʘʤʤʳ 

ʦʪʦʙʨʘʞʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ (Autoflex III, 

Bruker, ɻʝʨʤʘʥʠʷ) ʜʣʷ ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʘʣʴʙʫʤʠʥʘ ʯʝʣʦʚʝʢʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10ï7 ʄ. ʋʢʘʟʘʥʳ ʢʦʣʠʯʝʩʪʚʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʧʪʠʜʦʚ ʙʝʣʢʦʚ 

(ʛʨʘʜʠʝʥʪʥʘʷ ʟʘʣʠʚʢʘ) ʠ ʦʙʱʝʝ ʯʠʩʣʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʧʠʢʦʚ (ʩʧʣʦʰʥʘʷ 

ʟʘʣʠʚʢʘ) ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ > 2.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʳʤʠ ̫ʚʣʷʶʪʩʷ ʩʧʦʩʦʙʳ ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʝʯʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʨʘʟʙʘʚʣʝʥʠʝ ʠ ʦʙʝʩʩʦʣʠʚʘʥʠʝ. ʈʘʟʙʘʚʣʝʥʠʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʝʯʥʳʭ 

ʨʘʩʪʚʦʨʦʚ (ʵʣʶʘʪʦʚ) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʯʠʧʘ, ʩ ʫʯʝʪʦʤ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʙʘʚʣʝʥʠʷ, ʜʦʣʞʥʦ 

ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʄʉ-ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʦʟʤʦʞʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʠʪʘ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʢʦʤʙʠʥʘʮʠʷ ɸʉʄ-ʬʠʰʠʥʛʘ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ rʚ ɻʣʘʚʝ 5.  
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4.4 ʇʦʜʙʦʨ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠ ̫ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʪʝʭʥʦʣʦʛʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ 

ʤʝʤʙʨʘʥʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ ʩʫʭʦʡ ʢʘʧʣʠ ʢʨʦʚʠ (ʉʂʂ), 

ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ɺ 

ʪʝʭʥʦʣʦʛʠʠ ʉʂʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʩʦʨʙʠʨʫʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʤʦʣʝʢʫʣʳ ʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʷʚʣʷʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ, ʫʜʦʙʥʘʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠ,̫ ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʨʘʟʮʘ. ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ 

ʤʝʤʙʨʘʥʥʦʤ ʥʦʩʠʪʝʣʝ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʜʣʷ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʭʨʘʥʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʰʝʩʪʠ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ (n=3) ʠ 

ʧʘʮʠʝʥʪʦʢ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʠʘʛʥʦʟʦʤ ʨʘʢ ʷʠʯʥʠʢʦʚ (n=3). 

ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʤʙʨʘʥʥʳʝ ʧʦʣʦʩʢʠ ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʩ 

ʰʠʨʠʥʦʡ 0,5 ʩʤ (ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʀʤʤʫʥʦʚʝʜè, ʈʦʩʩʠʷ). ʋʯʘʩʪʦʢ ʤʝʤʙʨʘʥʳ (5 

ʤʤ) ʧʦʛʨʫʞʘʣʩ ̫ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ. ʇʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ 

ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʚʨʝʤʝʥʥʳʭ ʪʦʯʝʢ: 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʙʠʦʦʙʨʘʟʮʘ, ʘ ʪʘʢʞʝ ʩʧʫʩʪʷ 7, 14, 21, 35-ʝ ʩʫʪʢʠ 

ʭʨʘʥʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ ʭʨʘʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ: ï20, +4 ʠ +25ʦʉ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦʜʛʦʪʦʚʢʘ ʉʂʂ ʩ ʥʘʥʝʩʝʥʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʦʙʨʘʟʮʦʤ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʚʘʨʠʘʥʪʦʚ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʙʝʣʢʦʚ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ (ʚʘʨʠʘʥʪ 1) ʠ ʛʠʜʨʦʣʠʟ ʙʝʣʢʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ (ʚʘʨʠʘʥʪ 2). 
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ɺʘʨʠʘʥʪ 1 ï çʕʢʩʪʨʘʢʮʠʷ ʙʝʣʢʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷè 

ʉʝʢʪʦʨ ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʧʦʤʝʱʘʣʩ ̫ʚ ʧʨʦʙʠʨʢʫ ʩ ʨʘʩʪʚʦʨʦʤ ʘʮʝʪʦʥʠʪʨʠʣʘ 

(V=200 ʤʢʣ), ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʮʝʜʫʨʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʦʩʠʪʝʣʷ ʚ ʪʝʯʝʥʠʝ 

10 ʤʠʥ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʩ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʳʩʫʰʠʚʘʣʩ ̫ʚ ʚʘʢʫʫʤʥʦʤ 

ʠʩʧʘʨʠʪʝʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʦʮʝʜʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʜʝʣʦʤ 2.6.  

ɺʘʨʠʘʥʪ 2 ï çɻʠʜʨʦʣʠʟ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷè 

ʄʝʤʙʨʘʥʥʳʡ ʥʦʩʠʪʝʣʴ ʩ ʥʘʥʝʩʝʥʥʳʤ ʙʠʦʦʙʨʘʟʮʦʤ ʧʦʤʝʱʘʣʩ ̫ ʚ ʧʨʦʙʠʨʢʫ ʩ 

ʨʘʩʪʚʦʨʦʤ 200 ʤʄ ʙʠʢʘʨʙʦʥʘʪʥʦʛʦ ʙʫʬʝʨʘ (V=20 ʤʢʣ) ʠ 5 ʤʢʄ ʪʨʠʧʩʠʥʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʛʠʜʨʦʣʠʟʘ (12 ʯʘʩʦʚ). ɻʠʜʨʦʣʠʟʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʉʂʂ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʠ ʚʳʩʫʰʠʚʘʣʩ ̫ʚ 

ʚʘʢʫʫʤʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ 

0,7% ʊʌʋ (V=20 ʤʢʣ) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʉʂʂ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʭʨʘʥʝʥʠʷ (ʜʦ 35-ʠ ʩʫʪʦʢ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ (ï20, +4 ʠ 

+25ʦʉ). ʆʮʝʥʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʭʨʘʥʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʫʪʝʤ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʝ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʄɸʃɼʀ-ʄʉ ʘʥʘʣʠʟʝ.  

ɸʥʘʣʠʟ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʜʝʩʷʪʴ m/z 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚʦ ʚʩʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʚ 

ʥʫʣʝʚʦʡ ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʝ, ʪʦ ʝʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʥʘ ʉʂʂ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʜʣʷ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʭʨʘʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 19.  
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ʈʠʩʫʥʦʢ 19. ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ m/z ʫʢʘʟʘʥʳ ʩʧʨʘʚʘ; p-ʟʥʘʯʝʥʠʷ ʜʣʷ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʭʨʘʥʝʥʠʷ ʉʂʂ ʫʢʘʟʘʥʳ ʢʚʘʜʨʘʪʥʳʤʠ ʩʢʦʙʢʘʤʠ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʙʠʦʦʙʨʘʟʮʦʚ. ɿʥʘʯʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ m/z ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ p<0.05 (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ 

[296] *). 
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ʈʠʩʫʥʦʢ 19 (ʧʨʦʜʦʣʞʝʥʠʝ). ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ 

ʥʦʩʠʪʝʣʷ.  
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ʈʠʩʫʥʦʢ 19 (ʧʨʦʜʦʣʞʝʥʠʝ). ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ 

ʥʦʩʠʪʝʣʷ.  
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 19, ʧʨʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʥʦʩʠʪʝʣʷ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʣʘʟʤʳ ʢʨʦʚʠ (ʜʦ ʩʝʤʠ ʩʫʪʦʢ), 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʘʨʠʘʥʪʦʤ 1, ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (m/z ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʠʩʫʥʢʝ 19 

ʫʢʘʟʘʥʳ ʩʧʨʘʚʘ) ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ. ʅʘʧʨʦʪʠʚ, ʜʣʷ ʚʘʨʠʘʥʪʘ 2 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ï

20ʦʉ ʠ +4ʦʉ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʥʘʙʣʶʜʝʥʠʡ (35 ʩʫʪʦʢ). ɼʣʷ ʨʝʞʠʤʘ ʭʨʘʥʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ +25ʦʉ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʩʣʝ 14-ʠ 

ʩʫʪʦʢ ʭʨʘʥʝʥʠʷ (ʪʘʙʣʠʮʘ 16). 

ʊʘʙʣʠʮʘ 16. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ: ʨ-ʟʥʘʯʝʥʠʷ ʜʣʷ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ 

ʙʠʦʦʙʨʘʟʮʦʚ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ m/z.  

ɺʘʨʠʘʥʪ 1 ɺʘʨʠʘʥʪ 2 

ʍʨʘʥʝʥʠʝ ʧʨʠ ï20oC, p-ʟʥʘʯʝʥʠʷ 

m/z 7ʝ ʩʫʪʢʠ 14ʝ ʩʫʪʢʠ 35ʝ ʩʫʪʢʠ 7ʝ ʩʫʪʢʠ 14ʝ ʩʫʪʢʠ 35ʝ ʩʫʪʢʠ 

780,834 0,014 0,24 0,0034 0,48 0,64 0,55 

808,848 0,0036 0,24 0,00084 0,35 0,43 0,55 

844,621 0,057 0,44 0,55 0,48 0,43 0,17 

927,760 0,0036 0,0036 0,0059 0,76 0,64 0,55 

949,726 0,0036 0,039 0,0034 0,61 0,43 0,71 

960,794 0,0036 0,0036 0,1 0,91 0,64 0,9 

1018,72 0,0036 0,0036 0,00084 0,48 0,86 0,26 

1640,49 0,0036 0,025 0,7 0,26 0,071 0,0095 

1897,50 0,014 0,44 0,0034 0,26 0,29 0,095 

2082,66 0,057 0,15 0,032 0,067 0,071 0,38 

ʍʨʘʥʝʥʠʝ ʧʨʠ +4oC, p-ʟʥʘʯʝʥʠʷ 

780,834 0,17 0,036 0,47 0,82 0,48 0,82 

808,848 0,038 0,015 0,18 0,82 0,26 0,82 

844,621 0,93 0,56 0,000074 0,82 0,35 0,59 

927,760 0,019 0,12 0,029 0,82 0,48 0,59 

949,726 0,019 0,036 0,11 0,94 0,48 0,94 

960,794 0,3 0,036 0,017 0,94 0,48 0,7 

1018,72 0,11 0,69 0,0032 0,18 0,17 0,39 

1640,49 1 0,38 0,0014 0,94 0,48 0,13 

1897,50 0,019 0,021 0,036 0,396 1 0,026 

2082,66 0,038 0,6 0,52 0,39 0,26 0,071 

ʌʦʥʦʤ ʦʪʤʝʯʝʥʳ ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʥʫʣʝʚʦʡ ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʠ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ 

ʥʘʥʝʩʝʥʠʷ ʙʠʦʦʙʨʘʟʮʘ), ʜʣʷ ʢʦʪʦʨʳʭ p<0.05 (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [296] *).  
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ʊʘʙʣʠʮʘ 16 (ʧʨʦʜʦʣʞʝʥʠʝ). ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ 

ʢʨʦʚʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ 
ʍʨʘʥʝʥʠʝ ʧʨʠ +25oC, p-ʟʥʘʯʝʥʠʷ 

780,834 0,039 0,019 0,01 0,48 1 0,76 

808,848 0,0036 0,019 0,00084 0,48 0,29 1 

844,621 0,3 0,019 0,16 0,019 0,071 0,0095 

927,760 0,0036 0,0036 0,0059 0,11 0,64 0,16 

949,726 0,0036 0,0019 0,00084 0,61 0,64 0,76 

960,794 0,0036 0,019 0,00084 0,91 0,64 0,61 

1018,72 0,082 0,019 0,00048 0,26 0,64 0,35 

1640,49 0,61 0,019 0,045 0,038 0,071 0,0095 

1897,50 0,24 0,019 0,2 0,61 0,071 0,0095 

2082,66 0,8 0,8 0,7 0,019 0,071 0,019 

ʌʦʥʦʤ ʦʪʤʝʯʝʥʳ ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʥʫʣʝʚʦʡ ʚʨʝʤʝʥʥʦʡ ʪʦʯʢʠ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ 

ʥʘʥʝʩʝʥʠʷ ʙʠʦʦʙʨʘʟʮʘ), ʜʣʷ ʢʦʪʦʨʳʭ p<0.05 (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [296] *).  

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 16, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚʘʨʠʘʥʪʘ 2, ʚ ʢʦʪʦʨʦʤ 

ʛʠʜʨʦʣʠʟ ʙʝʣʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ. ɼʘʥʥʳʡ 

ʚʘʨʠʘʥʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʅʘ ʨʠʩʫʥʢʘʭ 20ʘ ʠ 20ʙ ʧʨʦʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʩʧʝʢʪʨʳ ʄɸʃɼʀ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʛʠʜʨʦʣʠʟʘʪʦʚ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʩ ʉʂʂ ʚ  ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʚʘʨʠʘʥʪʦʤ 1 ʠʣʠ 2 ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 35-ʠ ʩʫʪʦʢ ʧʨʠ ï20oC. ʂʘʢ ʚʠʜʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 20ʘ, ʫʜʘʣʦʩʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʜʚʝ ʠʟ ʜʝʩʷʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ m/z (ʚʘʨʠʘʥʪ 1). 

ʀʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʚʝʨʦʷʪʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ. ʅʘ ʪʦʤ ʞʝ ʨʠʩʫʥʢʝ 20ʙ ʚʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʘ ʚ 

ʫʢʘʟʘʥʥʳʭ ʚʳʝh ʫʩʣʦʚʠʷʭ ʫʜʘʝʪʩʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʰʝʩʪʴ ʠʟ ʜʝʩʷʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

m/z, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʦʙʨʘʟʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʨʘʥʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 20. ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʂʂ: ʩʧʝʢʪʨ r ʄɸʃɼʀ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ (ʚ) ʚʘʨʠʘʥʪʘ 1 ʠ (ʙ) 

ʚʘʨʠʘʥʪʘ 2. ʋʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ:ï20oC ʠ 35 ʩʫʪʦʢ; ʢʨʘʩʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʦʪʤʝʯʝʥʳ 

ʧʠʢʠ (m/z), ʚʳʙʨʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʆʪʤʝʯʝʥʥʳʝ ʤʘʨʢʝʨʘʤʠ 

ʧʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ >5.  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʜʦ 35-ʠ ʩʫʪʦʢ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ 

ʢʨʦʚʠ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʩʪʝʢʣʦʚʦʣʦʢʦʥʥʦʤ ʥʦʩʠʪʝʣʝ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ 

ʩʧʦʩʦʙʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʉʂʂ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʜʫʨʳ, ʧʨʦʚʝʜʝʥʥʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʤʙʨʘʥʥʦʤ ʥʦʩʠʪʝʣʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʢʮʠʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʇʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʪʨʠʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʣʢʦʚ, ʯʪʦ ʩʦʩʪʘʚ ʙʠʦʦʙʨʘʟʮʦʚ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʧʨʠ ï20 ʠ ï4ʦʉ ʚ 

ʪʝʯʝʥʠʝ 35 ʩʫʪʦʢ ʭʨʘʥʝʥʠʷ, ʠ ʧʨʠ +25 ʦʉ ʚ ʪʝʯʝʥʠʝ 14 ʩʫʪʦʢ.
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ɻʃɸɺɸ 5. ʆʧʨʝʜʝʣʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ 

5.1 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʠ ʩʦʨʙʮʠʠ 

ʇʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜʘ ʢʦʤʙʠʥʘʮʠʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʪʨʝʭ ʪʠʧʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʠʧʠʯʥʳʝ ʜʣʷ ʧʨʦʪʝʦʤʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ ï ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ, ʜʝʪʝʢʪʦʨ 

ʪʠʧʘ ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ ʠ ʪʨʦʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ 

ʘʣʴʙʫʤʠʥ ʯʝʣʦʚʝʢʘ, ʧʝʨʦʢʩʠʜʘʟʘ ʭʨʝʥʘ ʉ1ɸ, ʪʠʤʠʜʠʣʘʪ-ʩʠʥʪʘʟʘ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʡ 

ʮʠʪʦʭʨʦʤ ʈ450 BM3, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ: 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʝʩʫ (36-120 ʢɼʘ), ʢʦʣʠʯʝʩʪʚʫ ʩʘʡʪʦʚ ʛʠʜʨʦʣʠʟʘ ʜʣʷ ʪʨʠʧʩʠʥʘ ʠ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ (ʪʘʙʣʠʮʘ 17). ʇʦʩʣʝʜʥʝʝ ʠʩʩʣʝʜʦʚʘʣʠ ʧʫʪʝʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʸʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʙʝʣʢʦʚ, ʟʘʛʨʫʞʝʥʥʳʭ ʠʟ ʙʘʥʢʘ PDB, 

(https://www.rcsb.org/), ʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʩʘʡʪʦʚ ʛʠʜʨʦʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

RasMol (http://www.openrasmol.org/). ʉʪʝʧʝʥʴ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʙʝʣʢʦʚ ʦʮʝʥʠʚʘʣʠ ʚ 

ʧʨʦʛʨʘʤʤʝ ProtParam (https://web.expasy.org/protparam/).  

ʊʘʙʣʠʮʘ 17. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ɹʝʣʦʢ ʇʨʦʠʩʭʦʞʜʝʥʠʝ 
ʄʦʣʝʢʫʣʷʨʥʳʡ 

ʚʝʩ, ʢɼʘ 

ʏʠʩʣʦ ʩʘʡʪʦʚ 

ʜʣʷ 

ʛʠʜʨʦʣʠʟʘ* 

ɸʣʠʬʘʪʠʯʝʩʢʠʡ 

ʠʥʜʝʢʩ**  

ʏʠʩʣʦ 

ʜʦʩʪʫʧʥʳʭ 

ʩʘʡʪʦʚ ʜʣʷ 

ʛʠʜʨʦʣʠʟʘ 

ɸʣʴʙʫʤʠʥ 

ʯʝʣʦʚʝʢʘ 
Human 69 49 77,6 26 

ʇʝʨʦʢʩʠʜʘʟʘ 

ʭʨʝʥʘ ʉ1ɸ 

Armoracia 

rusticana 
38,8 16 90,3 10 

ʎʠʪʦʭʨʦʤ 

ʈ450 BM3 

Bacillus 

megaterium 
118 70 80,7 31***  

ʊʠʤʠʜʠʣʘʪ-

ʩʠʥʪʘʟʘ 
Human 35,7 18 83,2 16 

*ʬʝʨʤʝʥʪ ʪʨʠʧʩʠʥ, ʩ ʫʯʝʪʦʤ ʧʦʣʥʦʛʦ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ; ** ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ 

ʦʪʨʘʞʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʦʙʲʝʤʘ, 

ʟʘʥʠʤʘʝʤʦʛʦ ʙʦʢʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ɹʝʣʢʠ ʩ ʚʳʩʦʢʠʤ ʘʣʠʬʘʪʠʯʝʩʢʠʤ 

ʠʥʜʝʢʩʦʤ (70 ʠ ʙʦʣʝʝ) ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʤʠ; ***ʧʦ ʜʘʥʥʳʤ AlphaFold (AF-P14779-F1). 

https://www.rcsb.org/
http://www.openrasmol.org/
https://web.expasy.org/protparam/)
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʢʣʶʯʘʣ ʜʚʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ. ɺ ʢʘʞʜʦʡ ʩʝʨʠʠ ʚʳʧʦʣʥʝʥʳ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ʘʥʘʣʠʪʘ (çʚ ʨʘʩʪʚʦʨʝè) ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 10ï5 ʜʦ 10ï15 ʄ ʠ ʜʣʷ ʪʦʛʦ ʞʝ ʜʠʘʧʘʟʦʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʝʡ ɸʉʄ/ʄʉ 

ʧʦʜʭʦʜ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʙʝʣʢʠ ʙʳʣʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʠʣʠ ʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ çʙʦʣʴʰʦʡè (ʩʣʶʜʘ) ʠʣʠ çʤʘʣʦʡè 

(ʛʨʘʬʠʪ) ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ (ʨʠʩʫʥʦʢ 21), ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʝʠʭ ʩʝʨʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʝʪʝʢʪʦʨʘ (ʄɸʃɼʀ-ʄʉ) ʠ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ (ɺʕɾʍ-ʄʉ/ʄʉ). 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 21, ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʥʘʣʠʪʘ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ (ʉʦ ʦʪ 10ï5 ʜʦ 10ï7 ʄ) ʢʦʣʠʯʝʩʪʚʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʝʧʪʠʜʦʚ ʩʦʧʦʩʪʘʚʠʤʦ ʜʣʷ ʦʙʝʠʭ ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ï çʚ ʨʘʩʪʚʦʨʝè ʠ çʩ 

ʧʦʚʝʨʭʥʦʩʪʠè. ɺ ʜʘʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʥʝ 

ʚʦʩʪʨʝʙʦʚʘʥ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʙʨʘʥʥʳʭ ʪʠʧʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʙʦʩʥʦʚʘʥʥʦʡ ʨʘʥʝʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ 

ʵʬʬʝʢʪʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 14, ʦʙʣʘʩʪʴ 

Co>Cmax ʦʪʤʝʯʝʥʘ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ). 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʉʦ ʦʪ 10ï10 ʜʦ 10ï11 ʄ) ʜʣʷ ʩʝʨʠʡ 

çʚ ʨʘʩʪʚʦʨʝè ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝ ʧʦʟʚʦʣʠʣ ʜʦʩʪʦʚʝʨʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʩʩʣʝʜʫʝʤʳʝ ʙʝʣʢʠ. ʅʘʧʨʦʪʠʚ, ʧʨʠʤʝʥʝʥʠʝ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʚ 

ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʦ ʧʦʟʚʦʣʠʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʙʝʣʢʠ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʜʫʨʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʘʥʘʣʠʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʙʝʣʢʠ ʦʪʣʠʯʥʳ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʝʩʫ, ʯʠʩʣʫ ʩʘʡʪʦʚ ʜʣʷ 

ʛʠʜʨʦʣʠʟʘ ʠ ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʩʪʚʦʨʠʪʝʣʴ ʩʘʡʪʦʚ, ʪʦ ʝʩʪʴ ʜʦʩʪʫʧʥʳʭ ʜʣʷ 

ʛʠʜʨʦʣʘʟʳ (ʪʘʙʣʠʮʘ 17). ʆʙʲʝʜʠʥʷʝʪ ʚʳʙʨʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʝʣʢʠ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ, ʢʦʪʦʨʳʡ ʢʦʩʚʝʥʥʦ ʦʪʨʘʞʘʝʪ ʛʠʜʨʦʬʦʙʥʦʩʪʴ 
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ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ. ʊʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʧʘʢʪʥʳʝ ʛʣʦʙʫʣʳ, ʢʦʪʦʨʳʝ ʙʦʛʘʪʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʣʴʬʘ-ʩʧʠʨʘʣʷʤʠ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʣʠʯʠʷ ʚ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʙʝʣʢʦʚ, ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩʫʥʦʢ 21).  

 

ʈʠʩʫʥʦʢ 21. ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ çʚ ʨʘʩʪʚʦʨʝè ʠ çʩ ʧʦʚʝʨʭʥʦʩʪʠè, ʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ (ʢʦʜʠʨʦʚʘʥʠʝ ʮʚʝʪʦʤ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ Autoflex III ï ʄɸʃɼʀ-ʄʉ ʠ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ LC/MSD 

Trap XCT Ultra ï ɺʕɾʍ-ʄʉ/ʄʉ (ʩʧʣʦʰʥʘʷ ʠʣʠ ʛʨʘʜʠʝʥʪʥʘʷ ʟʘʣʠʚʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: çʙʦʣʴʰʘʷè ʩʝʥʩʦʨʥʘʷ ʟʦʥʘ, ʦʙʲʝʤ 

ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʠ V=10 ʤʢʣ. ʅʘ ʛʠʩʪʦʛʨʘʤʤʘʭ (ʘ-ʛ) ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʫʢʘʟʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʢʦʣʠʯʝʩʪʚʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʧʪʠʜʦʚ. ʇʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦ ʪʨʝʤ ʪʝʭʥʠʯʝʩʢʠʤ ʧʦʚʪʦʨʝʥʠʷʤ. 
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ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʠʦʥʥʘʷ 

ʣʦʚʫʰʢʘ ʜʣʷ ʘʣʴʙʫʤʠʥʘ ʠ ʮʠʪʦʭʨʦʤʘ P450 BM3 ʚ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ çʚ ʨʘʩʪʚʦʨʝè 

ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ 10-8 ʄ (ʨʠʩʫʥʢʠ 21ʘ 

ʠ 21ʛ). ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 21, ʧʨʠʤʝʥʝʥʠʝ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ (çʩ ʧʦʚʝʨʭʥʦʩʪʠè) 

ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ: ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʵʪʠʭ ʙʝʣʢʦʚ ʩʦʩʪʘʚʠʣʘ 10-9 ʄ.  

ʇʨʠʤʝʥʝʥʠʝ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚ ʩʝʨʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ çʚ ʨʘʩʪʚʦʨʝè ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʙʝʣʢʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʉʦ=10-7 ʄ ʜʣʷ ʪʠʤʠʜʠʣʘʪ-ʩʠʥʪʘʟʳ (ʨʠʩʫʥʦʢ 21ʚ), ʉʦ=10-8 ʄ ʜʣʷ 

ʧʝʨʦʢʩʠʜʘʟʳ ʉ1ɸ (ʨʠʩʫʥʦʢ 21ʙ) ʠ ʮʠʪʦʭʨʦʤ P450 BM3 (ʨʠʩʫʥʦʢ 21ʛ) ʠ ʉʦ=10-9 ʄ 

ʜʣʷ ʘʣʴʙʫʤʠʥʘ ʯʝʣʦʚʝʢʘ (ʨʠʩʫʥʦʢ 21ʘ). ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ çʩ 

ʧʦʚʝʨʭʥʦʩʪʠè, ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʘʥʘʣʠʟʘ: ʜʣʷ ʪʠʤʠʜʠʣʘʪ-ʩʠʥʪʘʟʳ ʉʦ=10-10 ʄ (ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ), ʜʣʷ ʧʝʨʦʢʩʠʜʘʟʳ ʉ1ɸ    

ʉʦ=10-11 ʄ (ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ), ʮʠʪʦʭʨʦʤ P450 BM3 ʉʦ=10-10 ʄ (ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ) ʠ ʜʣʷ 

ʘʣʴʙʫʤʠʥʘ ʯʝʣʦʚʝʢʘ ʉʦ=10-11 ʄ (ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ). 

ʇʨʝʜʝʣ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ çʚ 

ʨʘʩʪʚʦʨʝè ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ʩʦʩʪʘʚʠʣ ʥʘ ʫʨʦʚʥʝ 

10ï7-10-9 ʄ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʠ ʜʦʩʪʠʯʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ 10ï10-10ï11ʄ ʜʣʷ ʤʝʪʦʜʘ ʄɸʃɼʀ-ʄʉ ʠ 10ï9 ʄ ʜʣʷ 

ʤʝʪʦʜʘ ɺʕɾʍ-ʄʉ/ʄʉ.  

ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʱʝ ʦʜʥʦʛʦ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʪʨʦʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ (ɺʕɾʍ-ʄʄʈ). ɺ 

ʵʪʦʡ ʩʝʨʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʣʦʱʘʜʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ ʜʣʷ ʯʝʪʳʨʝʭ 

ʧʝʧʪʠʜʦʚ ʧʝʨʦʢʩʠʜʘʟʳ ʉ1ɸ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 18. ɿʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʧʝʧʪʠʜʘ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʣʦʱʘʜʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʪʘ: ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʠʢʘ, ʪʝʤ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʥʘʣʠʪʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ [297]. ʂʘʢ ʚʠʜʥʦ ʚ 
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ʪʘʙʣʠʮʝ 18, ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʉʦ=10ï9 ʄ ʚ ʠʥʢʫʙʘʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ ʧʣʦʱʘʜʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ ʧʝʧʪʠʜʦʚ ʚ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ çʚ ʨʘʩʪʚʦʨʝè 

ʧʨʝʚʦʩʭʦʜʷʪ ʪʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ çʩ ʧʦʚʝʨʭʥʦʩʪʠè 

(ɸʉʄ/ʄʉ ʧʦʜʭʦʜ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʚ ʨʘʩʪʚʦʨʘʭ 

ʘʥʘʣʠʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʉʦ=10ï11 ʄ ʠ ʥʠʞʝ ʧʨʠʤʝʥʝʥʠʝ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʣʫʯʰʝʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʮʝʣʝʚʳʭ 

ʧʝʧʪʠʜʦʚ. ʊʘʢ, ʧʣʦʱʘʜʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ ʧʝʧʪʠʜʦʚ ʚ ʩʝʨʠʠ çʚ ʨʘʩʪʚʦʨʝè 

ʥʘ 1-2 ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʪʘʢʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ. 

ʊʘʙʣʠʮʘ 18. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ çʚ ʨʘʩʪʚʦʨʝè ʠ çʩ ʧʦʚʝʨʭʥʦʩʪʠè (ɸʉʄ/ʄʉ ʧʦʜʭʦʜ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʪʨʦʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ 

(Agilent 6495 Triple Quadrupole, ʉʐɸ). ʇʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʠʢʘ (ʫʩʣ.ʝʜ.) ʩ ʫʢʘʟʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. 

C, M 

DTIVNELR DAFGNANSAR TPTIFDNK YYVNLEEQK 

çʚ ʨʘʩʪʚʦʨʝè 
ɸʉʄ/ 

ʄʉ 

çʚ 

ʨʘʩʪʚʦʨʝè 

ɸʉʄ/ 

ʄʉ 

çʚ 

ʨʘʩʪʚʦʨʝè 

ɸʉʄ/ 

ʄʉ 

çʚ 

ʨʘʩʪʚʦʨʝè 

ɸʉʄ/ 

ʄʉ 

10ï9 225556Ñ7637 32205Ñ556 48188Ñ721 8683Ñ38 31859Ñ625 3833Ñ19 24330Ñ523 2601Ñ23 

10ï11 437Ñ27 5097Ñ25 256Ñ15 1476Ñ19 4Ñ5 560Ñ25 5Ñ12 356Ñ45 

10ï13 10Ñ1 664Ñ79 ï 167Ñ34 3 66Ñ11 3 32Ñ3 

10ï15 8Ñ3 63Ñ12 ï 19Ñ16 ï 28 ï ï 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: çʙʦʣʴʰʘʷè ʩʝʥʩʦʨʥʘʷ ʟʦʥʘ (ʯʠʧ), ʦʙʲʝʤ ʪʨʠʧʪʠʯʝʩʢʦʡ ʩʤʝʩʠ 

V=10 ʤʢʣ. ʋʢʘʟʘʥʳ ʚʝʣʠʯʠʥʳ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦ ʪʨʝʤ ʪʝʭʥʠʯʝʩʢʠʤ 

ʧʦʚʪʦʨʝʥʠʷʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʝʣ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʄʉ-ʘʥʘʣʠʟʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʪʨʦʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ ʜʣʷ ʩʝʨʠʡ ʠʟʤʝʨʝʥʠʡ çʚ ʨʘʩʪʚʦʨʝè 

ʩʦʩʪʘʚʠʣ 10ï13 ʄ. ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʧʦʢʘʟʘʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 10ï15 ʄ. 

ɺ ʪʘʙʣʠʮʝ 19 ʦʙʦʙʱʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʜʦʩʪʠʛʥʫʪʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ ʪʨʝʭ ʪʠʧʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʝʪʝʢʪʦʨʦʚ.  
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ʊʘʙʣʠʮʘ 19. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘ ̫ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪ ɹɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʧʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʙʝʣʢʦʚ ʧʦʩʣʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ. 

ɹʝʣʦʢ 
ʄʦʣʝʢʫʣʷʨʥʳʡ 

ʚʝʩ, ʢɼʘ 

ɸʣʠʬʘʪʠʯʝʩʢʠʡ 

ʠʥʜʝʢʩ 

ʏʠʩʣʦ ʩʘʡʪʦʚ 

ʪʨʠʧʩʠʥʦʣʠʟʘ 
ʄʉ-ʘʥʘʣʠʟ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʨʘʩʪʚʦʨʘ 

ʘʥʘʣʠʪʘ, ʄ 

ɸʣʴʙʫʤʠʥ 

ʯʝʣʦʚʝʢʘ 
69,4 82,7 49 ʄɸʃɼʀ-ʄʉ 10ï11 

ɹʳʯʠʡ 

ʩʳʚʦʨʦʪʦʯʥʳʡ 

ʘʣʴʙʫʤʠʥ* 

69,3 77,5 39 
ʄɸʃɼʀ-ʄʉ 10ï11 

ɺʕɾʍ-ʄʄʈ 10ï13 

ʎʠʪʦʭʨʦʤ b5* 14,3 86,6 6 
ʄɸʃɼʀ-ʄʉ 10ï9 

ɺʕɾʍ-ʄʄʈ 10ï15 

ʇʝʨʦʢʩʠʜʘʟʘ 

ʉ1ɸ 
38,8 90,3 16 

ɺʕɾʍ-ʄʄʈ 10ï15 

ʄɸʃɼʀ-ʄʉ 10ï11 

ʎʠʪʦʭʨʦʤ 

P450 BM3 
118 80,7 70 ʄɸʃɼʀ-ʄʉ 10ï10 

ɸʣʴʬʘ-

ʬʝʪʦʧʨʦʪʝʠʥ 
69 82,7 38 ʄɸʃɼʀ-ʄʉ 10ï10 

*ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪ; **ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʪʷʞʝʣʦʡ ʮʝʧʠ 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ ʢʣʘʩʩʘ G. ʌʦʥʦʤ ʚʳʜʝʣʝʥʳ ʷʯʝʡʢʠ ʩ ʥʘʠʣʫʯʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʜʭʦʜʘ ɸʉʄ/ʄʉ (ʉmin). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 19, ʫʣʴʪʨʘʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ɺʕɾʍ-ʄʄʈ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʙʝʣʢʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʯʠʧʦʚ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

10ï13-10ï15 ʄ. ɼʣʷ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (10ï9-10ï11 ʄ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ï 

ʄɸʃɼʀ-ʄʉ ʠ ɺʕɾʍ-ʄʉ/ʄʉ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʜʫʨ ʦʪʙʦʨʘ ʪʨʠʧʪʠʯʝʩʢʠʭ ʧʝʧʪʠʜʦʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʝʣʢʘ ʠ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʚ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʝ ʤʦʛʫʪ 

ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʥʳʝ ʪʠʧʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ. 
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5.2 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʩ ʧʦʤʦʱʴʶ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʠʟ ʨʘʩʪʚʦʨʘ 

ʘʥʘʣʠʪʘ 

ɹʝʣʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʮʝʜʫʨʳ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ. ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʙʳʣ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʛʣʠʢʦʧʨʦʪʝʠʥ gp120 ʦʙʦʣʦʯʢʠ ʚʠʨʫʩʘ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ 

ʪʠʧʘ 1. ʈʘʩʪʚʦʨ ʘʥʘʣʠʪʘ ʩʦʜʝʨʞʘʣ ʙʝʣʦʢ gp120 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 10ï8 ʜʦ 10ï11 ʄ ʚ 

ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ ɼʫʣʴʙʝʢʢʦ (10 ʤʄ, pH 7,4, ʦʙʲʝʤ 1 ʤʣ). ʄʦʣʝʢʫʣʳ ʙʝʣʢʘ ʙʳʣʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ (ʤʘʪʝʨʠʘʣ ʩʣʶʜʘ) ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʟʦʥʜʘʤʠ ʜʚʫʭ ʪʠʧʦʚ ï ʘʥʪʠʪʝʣʘ ʠ ʘʧʪʘʤʝʨ.r ʂʦʥʬʠʛʫʨʘʮʠʷ ʯʠʧʘ 

ʚʢʣʶʯʘʣʘ ʜʚʝ çʤʘʣʳʝè ʟʦʥʳ ï ʩʝʥʩʦʨʥʫʶ ʠ ʢʦʥʪʨʦʣʴʥʫʶ. ʂʦʥʪʨʦʣʴʥʘʷ ʟʦʥʘ ʯʠʧʘ ʥʝ 

ʩʦʜʝʨʞʘʣʘ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʟʦʥʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʢʫʙʘʮʠʠ ʯʠʧʘ 

ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʤʤʫʥʦʘʬʬʠʥʥʳʭ ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ, ʪʦ ʝʩʪʴ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʠʰʠʥʛ [81]*.  

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ ʜʝʪʝʢʪʦʨ ʩ ʄɸʃɼʀ ʠʦʥʠʟʘʮʠʝʡ (ʄɸʃɼʀ-ʄʉ). ʂʘʢ ʚʠʜʥʦ ʥʘ 

ʨʠʩʫʥʢʘʭ 22ʘ ʠ 22ʙ, ʜʦ ʠʥʢʫʙʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ 

ʘʧʪʘʤʝʨʘʤʠ ʥʝ ʚʳʷʚʣʝʥʳ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ ʟʥʘʯʝʥʠʷʤ ʦʪʥʦʰʝʥʠʡ ʤʘʩʩʳ 

ʠʦʥʦʚ ʢ ʟʘʨʷʜʫ ʮʝʣʝʚʦʤʫ ʙʝʣʢʫ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʯʠʧʘ ʚ ʨʘʩʪʚʦʨʝ gp120 ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʜʚʝ ʛʨʫʧʧʳ ʧʠʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ ʟʥʘʯʝʥʠʷʤ m/z ʧʝʧʪʠʜʘʤ ʘʚʪʦʣʠʟʘ 

ʪʨʠʧʩʠʥʘ ʠ ʮʝʣʝʚʦʛʦ ʛʣʠʢʦʧʨʦʪʝʠʥʘ (ʨʠʩʫʥʦʢ 22ʚ). ʅʘ ʩʧʝʢʪʨʝ, ʧʦʣʫʯʝʥʥʦʤ ʜʣʷ ʯʠʧʘ 

ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ (ʨʠʩʫʥʦʢ 22ʛ), ʢʨʦʤʝ ʜʚʫʭ ʛʨʫʧʧ ʧʠʢʦʚ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʨʝʪʴʷ ʛʨʫʧʧʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʧʪʠʜʘʤ ʤʦʥʦʢʣʦʥʘʣʴʥʦʛʦ ʘʥʪʠʪʝʣʘ 

ʘʥʪʠ-gp120, ʩʧʝʮʠʬʠʯʥʦʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʣʝʚʦʤʫ ʙʝʣʢʫ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʛʣʠʢʦʧʨʦʪʝʠʥʘ gp120 

ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʜʣʷ ɸʉʄ ʫʜʘʣʦʩʴ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʮʝʣʝʚʦʡ ʙʝʣʦʢ ʩ ʧʨʝʜʝʣʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

10ï8 ʄ ʜʣʷ ʧʘʨʳ ʘʥʪʠʪʝʣʦ/gp120 ʠ 0,8Ĭ10ï11 M ʜʣʷ ʧʘʨʳ ʘʧʪʘʤʝʨ/gp120 [81*]. 
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ʈʠʩʫʥʦʢ 22. ï ɸʉʄ/ʄʉ ʧʦʜʭʦʜ c ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ. 

ʉʧʝʢʪʨʳ ʄɸʃɼʀ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʪʨʠʧʪʠʯʝʩʢʠʭ ʩʤʝʩʝʡ c ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ 

ɸʉʄ (ʘ, ʙ) ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʝʣʢʘ gp120 ʠ (ʚ, ʛ) 

ʧʦʩʣʝ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʝʣʢʘ gp120. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ: ʤʘʪʝʨʠʘʣ ʯʠʧʘ ʩʣʶʜʘ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʘʧʪʘʤʝʨʘʤʠ (ʘ, ʚ) ʠ 

ʘʥʪʠʪʝʣʘʤʠ (ʙ, ʛ); Cgp120=0,8Ĭ10
ï11 ʄ) (ʚ) ʠ Cgp120=10ï8 ʄ (ʛ). ʅʘ ʩʧʝʢʪʨʘʭ ʄɸʃɼʀ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʠʙʦʨʝ Autoflex III (Bruker, ɻʝʨʤʘʥʠʷ), ʦʪʤʝʯʝʥʳ ʤʘʨʢʝʨʘʤʠ: ƺ ï 

ʧʝʧʪʠʜʳ ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ, çS/Nè ï ʧʝʧʪʠʜʳ gp120, ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʠʛʥʘʣ/ʰʫʤ, ƶï ʧʝʧʪʠʜʳ ʘʥʪʠʪʝʣ anti-gp120. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [81] . 
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ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʝʜʠʮʠʥʩʢʠ-ʟʥʘʯʠʤʳʭ ʙʝʣʢʦʚ, ʢʘʥʜʠʜʘʪʥʳʭ ʙʝʣʢʦʚʳʭ ʤʘʨʢʝʨʦʚ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ.  

ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʥʘʙʦʨʘ ʙʝʣʢʦʚ ʜʣʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʦʤ 

ɹʝʣʦʢ ʘʣʴʬʘ-ʬʝʪʦʧʨʦʪʝʠʥ (ɸʌʇ) ʷʚʣʷʝʪʩʷ ʛʣʦʙʫʣʷʨʥʳʤ ʙʝʣʢʦʤ, ʢʦʪʦʨʳʡ 

ʢʦʜʠʨʫʝʪʩʷ ʛʝʥʦʤ ʭʨʦʤʦʩʦʤʳ 4 ʯʝʣʦʚʝʢʘ. ɹʝʣʦʢ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʡ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʠʤʤʫʥʦʤʦʜʫʣʷʮʠʠ [298,299]. ɺ ʨʷʜʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʦʪʤʝʯʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ɸʌʇ ʚ ʢʨʦʚʠ ʚʳʰʝ 400 ʥʛ/ʤʣ (~6,7 ʥʄ) ʧʨʠ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʝ [299,300]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʨʦʚʝʥʴ ɸʌʇ ʚ ʦʙʨʘʟʮʘʭ 

ʢʨʦʚʠ ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʩʢʨʠʥʠʥʛʘ ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ. 

ʊʠʤʠʜʠʣʘʪ-ʩʠʥʪʘʟʘ (TYMS) ʷʚʣʷʝʪʩʷ ʛʣʦʙʫʣʷʨʥʳʤ ʙʝʣʢʦʤ, ʢʦʜʠʨʫʝʤʳʡ 

ʛʝʥʦʤ ʭʨʦʤʦʩʦʤʳ 18 ʯʝʣʦʚʝʢʘ. ɹʝʣʦʢ ʫʯʘʩʪʚʫʝʪ ʚ ʙʠʦʩʠʥʪʝʟʝ ʪʠʤʠʜʠʣʘʪʘ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʠʥʪʝʟʝ ʠ ʨʝʧʘʨʘʮʠʠ ɼʅʂ [301]. ɺ 2000-ʭ ʛʦʜʘʭ 

ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ TYMS ʚ ʙʠʦʧʪʘʪʘʭ ʦʧʫʭʦʣʝʚʳʭ ʪʢʘʥʝʡ ʙʦʣʴʥʳʭ ʩ ʤʝʪʘʩʪʘʪʠʯʝʩʢʠʤ 

ʢʦʣʦʨʝʢʪʘʣʴʥʳʤ ʨʘʢʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʠʯʥʳʤ ʢʦʣʦʨʝʢʪʘʣʴʥʳʤ ʨʘʢʦʤ ʠ 

ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʴʶ ʪʦʣʩʪʦʡ ʢʠʰʢʠ [301,302]. ʆʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ TYMS ʠ ʪʨʘʥʩʢʨʠʧʪʘ ʚ ʙʠʦʦʙʨʘʟʮʘʭ ʧʨʠ ʨʘʢʝ ʛʨʫʜʠ, ʰʝʡʢʠ ʤʘʪʢʠ, 

ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ, ʧʦʯʝʢ ʠ ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʤ ʨʘʢʝ ʣʝʛʢʠʭ [301]. 

ʗʜʝʨʥʳʡ ʬʘʢʪʦʨ ʘʢʪʠʚʘʮʠʠ ʊ-ʢʣʝʪʦʢ (NFAT C1) ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʙʝʣʢʦʤ, 

ʢʦʜʠʨʫʝʤʳʡ ʛʝʥʦʤ ʭʨʦʤʦʩʦʤʳ 18 ʯʝʣʦʚʝʢʘ. NFAT ʉ1 ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʘʭ ʠʥʠʮʠʘʮʠʠ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʨʘʢʘ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʣʠʬʝʨʘʮʠʷ, ʠʥʚʘʟʠʷ, 

ʤʠʛʨʘʮʠʷ ʠ ʘʥʛʠʦʛʝʥʝʟ [303ï305]. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ 

ʙʝʣʦʢ, ʚʳʩʦʢʘʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʟʦʬʦʨʤ NFAT ʦʙʥʘʨʫʞʝʥʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʷʭ ʯʝʣʦʚʝʢʘ ʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ [303]. 

ɻʣʦʙʫʣʷʨʥʳʡ ʙʝʣʦʢ ʩʝʨʧʠʥ ɺ3 ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ ʢʘʥʜʠʜʘʪʥʦʤʫ 

ʦʥʢʦʤʘʨʢʝʨʫ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʠ ʙʝʣʢʘ ʩʝʨʧʠʥ 

ɺ3 ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ (ʩʳʚʦʨʦʪʢʘ ʢʨʦʚʠ, ʙʠʦʧʪʘʪʳ ʦʧʫʭʦʣʝʡ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 
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ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʚʝʪʘ ʥʘ ʣʝʢʘʨʩʪʚʝʥʥʫʶ ʪʝʨʘʧʠʶ [306ï308]. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʨʦʚʝʥʴ ʪʨʘʥʩʢʨʠʧʪʘ ʩʝʨʧʠʥ B3 ʟʥʘʯʠʤʦ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ 

ʧʣʦʩʢʦʢʣʝʪʦʯʥʳʭ ʢʘʨʮʠʥʦʤʘʭ ʷʟʳʢʘ, ʧʠʱʝʚʦʜʘ, ʤʠʥʜʘʣʠʥ, ʵʧʠʜʝʨʤʘʣʴʥʳʭ 

ʚʦʣʦʩʷʥʳʭ ʬʦʣʣʠʢʫʣʦʚ, ʣʝʛʢʠʭ ʠ ʤʘʪʢʠ [306,309ï311].  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ɹʝʣʢʠ ʙʳʣʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ ɸʉʄ ʧʦʩʨʝʜʩʪʚʦʤ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ (ʊʘʙʣʠʮʘ 20). ɺʳʙʨʘʥʥʳʝ ʙʝʣʢʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʩʤ. ʨʘʟʜʝʣ 2.3).  

ɺ ʪʘʙʣʠʮʝ 20 ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚ, 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʩ ʧʦʤʦʱʴʶ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʬʠʰʠʥʛʘ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʝʪʝʢʪʦʨʦʚ: ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ ʜʝʪʝʢʪʦʨ (ʄɸʃɼʀ-ʄʉ) ʠ ʪʨʦʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ 

(ɺʕɾʍ-ʄʄʈ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 20, ʘʥʪʠʪʝʣʘ 

ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ, ʘ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʤʤʫʥʦʘʬʬʠʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʫʩʧʝʰʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ (ʪʘʙʣʠʮʘ 19). ɺ ʩʝʨʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʭʠʤʠʯʝʩʢʠʤ ʬʠʰʠʥʛʦʤ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʙʝʣʢʦʚ 

ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ 10ï9-10ï11 ʄ ʜʣʷ 

ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʄʉ-ʜʝʪʝʢʪʦʨʘ (ʄɸʃɼʀ-ʄʉ). ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʚʳʙʨʘʥʥʳʝ ʙʝʣʢʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ 

ʨʘʩʪʚʦʨʘʭ ʘʥʘʣʠʪʘ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʉʦ=10ï9-10ï11 ʄ).  

ɼʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʪʨʦʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʭʠʤʠʯʝʩʢʠʤ 

ʬʠʰʠʥʛʦʤ ʙʝʣʢʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ  

ʉʦ=10ï13-10ï15 ʄ. ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʬʠʰʠʥʛʘ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 10ï11-10ï13 ʄ. ɿʘʜʘʯʘ 

ʫʣʴʪʨʘʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʯʠʧʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɺʕɾʍ-ʄʄʈ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʙʝʣʢʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ɸʉʄ-ʯʠʧʦʚ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʦ 10ï13ʄ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʠ ʜʦ 10ï15 ʄ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ (ʪʘʙʣʠʮʳ 19 ʠ 20). ʅʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ (ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ) ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʬʠʰʠʥʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʠʤʠʯʝʩʢʠʤ ʬʠʰʠʥʛʦʤ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʘ 

ʩʣʦʞʥʦʩʪʴʶ ʠ ʜʠʥʘʤʠʯʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʧʦʤʠʤʦ ʘʥʘʣʠʪʘ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʝʣʦʢ-ʧʘʨʪʥʝʨ. ɹʠʦʩʧʝʮʠʬʠʯʝʩʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ 

ʦʙʨʘʪʠʤʳʤʠ, ʘ ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʙʝʣʢʦʚʳʝ ʧʘʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʨʘʚʥʦʚʝʩʠʠ ʤʝʞʜʫ ʩʚʷʟʘʥʥʳʤ ʠ ʩʚʦʙʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. 

ʊʘʙʣʠʮʘ 20. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨʳ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʙʝʣʢʦʚ.  

ʄʉ-ʘʥʘʣʠʟ ʄʠʰʝʥʴ ʄʦʣʝʢʫʣʷʨʥʳʡ ʟʦʥʜ 
ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ, ʄ 

ʄɸʃɼʀ-ʄʉ 

ʘʣʴʬʘ-ʬʝʪʦʧʨʦʪʝʠʥ ʄʂɸ* 10-10 

ɻʣʠʢʦʧʨʦʪʝʠʥ gp120 ɸʧʪʘʤʝʨ 10-11 

HCVcoreAg ɸʧʪʘʤʝʨ 10-11 

HCVcoreAg ʄʂɸ 10-11 

HBsAg ʄʂɸ 10-10 

ɺʕɾʍ-ʄʄʈ 

ʊʠʤʠʜʠʣʘʪ-ʩʠʥʪʘʟʘ ʄʂɸ 10-13 

ʗʜʝʨʥʳʡ ʬʘʢʪʦʨ 

ʘʢʪʠʚʘʮʠʠ ʊ-ʢʣʝʪʦʢ 
ɸʧʪʘʤʝʨ 10-13 

ʉʝʨʧʠʥ ɺ3 ʄʂɸ 10-11 
*ʄʂɸ ï ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ. 

ɼʣʷ ʟʘʜʘʯʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʢʦʧʠʡʥʳʭ 10ï6-10ï10 ʄ ʠ ʥʠʟʢʦʢʦʧʠʡʥʳʭ 

ʙʝʣʢʦʚ 10ï11-10ï13 ʄ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʠʤʳ ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʜʝʪʝʢʪʦʨ ʠ ʜʝʪʝʢʪʦʨ ʪʠʧʘ ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʙʝʣʢʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ ɸʉʄ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʥʘ ʫʨʦʚʥʝ 10ï15 ʄ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʪʨʦʡʥʦʡ ʢʚʘʜʨʫʧʦʣʴ (ʪʘʙʣʠʮʘ 19), 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʝʝ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʤ ʬʠʰʠʥʛʦʤ 

ʙʝʣʢʦʚ (ʪʘʙʣʠʮʘ 20).   
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5.3 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʨ-ʘʥʪʠʛʝʥʘ ʚʠʨʫʩʥʦʛʦ ʛʝʧʘʪʠʪʘ ʉ, 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ ʥʘʥʦʧʨʦʚʦʣʦʯʥʦʛʦ ʙʠʦʩʝʥʩʦʨʘ 

 

ɹʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠ ʟʥʘʯʠʤʦʛʦ ʙʝʣʢʘ ʢʦʨ-

ʘʥʪʠʛʝʥʘ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʨʫʛʦʛʦ ʪʠʧʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʯʠʧʘ ʜʣʷ ʥʘʥʦʧʨʦʚʦʣʦʯʥʦʛʦ ʙʠʦʩʝʥʩʦʨʘ.  ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʤʘʩʩʠʚ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʥʘʥʦʧʨʦʚʦʣʦʢ 

(ʩʤ. ʨʘʟʜʝʣ 1.4.2). ɼʣʷ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʥʦʧʨʦʚʦʣʦʢ ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʘʧʪʘʤʝʨʘʤʠ, ʩʧʝʮʠʬʠʯʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʨ-ʘʥʪʠʛʝʥʫ. ʅʘʥʦʧʨʦʚʦʣʦʯʥʳʝ ʙʠʦʩʝʥʩʦʨʳ (ʜʘʣʝʝ ï ʅʇ-ʙʠʦʩʝʥʩʦʨʳ) ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʥʝʩʝʥʳ ʢ ʤʦʣʝʢʫʣʷʨʥʳʤ ʜʝʪʝʢʪʦʨʘʤ. ʉʝʥʩʦʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʅʇ-ʙʠʦʩʝʥʩʦʨʘ 

ʷʚʣʷʝʪʩʷ ʥʘʥʦʧʨʦʚʦʣʦʢʘ ʩ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ [312]. 

ʅʘʥʦʧʨʦʚʦʣʦʢʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ, ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʦ ʜʝʩʷʪʠ ʘʥʘʣʠʪʦʚ ʚ ʦʜʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ (ʩʤ. ʨʘʟʜʝʣ 1.4.2). ɹʳʣ ʧʨʦʚʝʜʝʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

(ʄɸʃɼʀ-ʄʉ) ʙʝʣʢʦʚ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ 

ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ HCVcoreAg ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʪ 10ï9 ʜʦ 10ï15 ʄ. ʉʧʝʢʪʨ 

ʄɸʃɼʀ, ʧʦʣʫʯʝʥʥʳʡ ʜʣʷ ʵʣʶʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ 

ʢʦʨ-ʘʥʪʠʛʝʥʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʉʦ=10ï13 ʄ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 23. ɹʳʣʠ 

ʚʳʷʚʣʝʥʳ ʧʠʢʠ (n=14), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ ʟʥʘʯʝʥʠʷʤ m/z ʵʪʘʣʦʥʥʦʤʫ ʩʧʝʢʪʨʫ, 

ʧʦʣʫʯʝʥʥʦʤʫ ʜʣʷ ʨʘʩʪʚʦʨʘ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ HCVcoreAg ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10ï7 ʄ 

[313]*. ʂʘʢ ʚʠʜʥʦ ʥʘ ʩʧʝʢʪʨʝ ʄɸʃɼʀ (ʨʠʩʫʥʦʢ 23), ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʚ 

ʩʧʝʢʪʨʝ ʩʦʦʪʥʝʩʝʥʳ ʧʦ m/z ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʙʝʣʢʫ ʢʦʨ-ʘʥʪʠʛʝʥʘ.  
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ʈʠʩʫʥʦʢ 23. ï ʄɸʃɼʀ-ʄʉ ʩʧʝʢʪʨ ʙʝʣʢʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʜʣʷ ʥʘʥʦʧʨʦʚʦʣʦʯʥʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ HCVcoreAg ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10ï13 M. ʊʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʠʢʠ 

ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ; ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʧʝʧʪʠʜʳ HCVcoreAg, ʢʚʘʜʨʘʪʳ ʦʙʦʟʥʘʯʘʶʪ 

ʧʠʢʠ ʧʨʠʤʝʩʝʡ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʢʝʨʘʪʠʥʘʤ I ʠ II ʯʝʣʦʚʝʢʘ; S/N ʫʢʘʟʳʚʘʶʪ ʟʥʘʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʥʦʰʝʥʠʷʤ ʩʠʛʥʘʣ / ʰʫʤ.  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʥʘʣʠʯʠʝ HCVcoreAg ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʜʣʷ ʥʘʥʦʧʨʦʚʦʣʦʯʥʦʛʦ ʙʠʦʩʝʥʩʦʨʘ.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ 

ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʅʇ-

ʙʠʦʩʝʥʩʦʨʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ (ʄɸʃɼʀ-ʄʉ). 
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5.4 ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʘʢʪ-ʜʠʩʢʦʚ 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʥʦʙʠʦʪʝʭʥʦʣʦʛʠʠ ʀɹʄʍ ʙʳʣ ʩʦʟʜʘʥ ʦʧʪʠʢʦ-ʘʢʫʩʪʠʯʝʩʢʠʡ 

ʙʠʦʩʝʥʩʦʨ (ʆɸɹ), ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʯʪʝʥʠʷ ʢʦʤʧʘʢʪ-ʜʠʩʢʦʚ [314*]. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʩ ʙʠʦʩʝʥʩʦʨʘ 

ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʜʘʥʥʳʝ ʚ ʮʠʬʨʦʚʦʤ, ʛʨʘʬʠʯʝʩʢʦʤ ʠ ʘʫʜʠʦ ʬʦʨʤʘʪʝ. ʆɸɹ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʝʛʠʩʪʨʘʮʠʶ 

ʙʝʣʢʦʚ, ʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʢ (ʦʰʠʙʢʘ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ), ʘ ʪʘʢʞʝ ʠʤʤʫʥʦʘʬʬʠʥʥʳʭ ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʦʰʠʙʢʘ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ) (ʨʠʩʫʥʦʢ 24) [314*].  

ʆʧʪʠʢʦ-ʘʢʫʩʪʠʯʝʩʢʠʡ ʙʠʦʩʝʥʩʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ CD-ROM, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʯʠʪʳʚʘʥʠʝ ʜʦʨʦʞʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʘʢʪ-ʜʠʩʢʘ, ʪʨʘʥʩʣʷʮʠʶ ʚ 

ʮʠʬʨʦʚʦʡ ʢʦʜ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʙʝʣʢʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʘʢʪ-ʜʠʩʢʘ. ʎʠʬʨʦʚʦʡ ʢʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʢʘʢ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [314*].  

 

 

ʈʠʩʫʥʦʢ 24. ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ CD 

(ʪʸʤʥʦ-ʩʝʨʳʝ ʟʦʥʳ), ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʝʥʩʦʨʥʳʭ ʟʦʥ. ʆʰʠʙʢʝ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʛʥʘʣ ʜʣʷ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʟʦʥʜʘ, ʦʰʠʙʢʝ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ï ʘʬʬʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(ʘʥʪʠʛʝʥ/ʘʥʪʠʪʝʣʦ, ʙʝʣʦʢ/ʧʘʨʪʥʝʨ). 
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ʍʠʤʠʯʝʩʢʠʡ ʬʠʰʠʥʛ ʙʝʣʢʦʚ, ʢʘʢ ʧʨʦʮʝʩʩ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʝʣʢʦʚ ʠʟ ʨʘʩʪʚʦʨʘ 

ʘʥʘʣʠʪʘ ʥʘ ʥʝʙʦʣʴʰʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʯʠʧʘ (ʩʝʥʩʦʨʥʘʷ ʟʦʥʘ), ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʘʥʘʣʠʪʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʚʘʣʝʥʪʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʙʝʣʢʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ [314*]. ʇʦʚʝʨʭʥʦʩʪʴ 

ʩʝʥʩʦʨʥʳʭ ʟʦʥ CD ʙʳʣʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʘ ʤʠʦʛʣʦʙʠʥʦʤ (Mb), ʙʳʯʴʠʤ 

ʩʳʚʦʨʦʪʦʯʥʳʤ ʘʣʴʙʫʤʠʥʦʤ (ɹʉɸ), ʮʠʪʦʭʨʦʤʦʤ ʈ450scc ʠ ʤʦʥʦʢʣʦʥʘʣʴʥʳʤ 

ʘʥʪʠʪʝʣʦʤ, ʩʧʝʮʠʬʠʯʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʘʥʪʠʛʝʥʫ ʚʠʨʫʩʥʦʛʦ 

ʛʝʧʘʪʠʪʘ ɺ (ʜʘʣʝʝ ï ʘʥʪʠ-HBsAg).  

ʇʦʩʢʦʣʴʢʫ CD-ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʝʨʠʬʠʮʠʨʦʚʘʥʠʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʦ ʥʝ ʢʦʥʪʘʤʠʥʘʥʪʦʚ ʠ ʘʨʪʝʬʘʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʄɸʃɼʀ-ʄʉ) 

ʩʦʩʪʘʚʘ ʙʝʣʢʦʚ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ. ʄɸʃɼʀ-

ʄʉ ʩʧʝʢʪʨʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʚ ʥʘʠʤʝʥʴʰʝʡ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ 

ʆɸɹ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 25. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 25, ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʚ ʩʧʝʢʪʨʘʭ ʄɸʃɼʀ ʩʦʦʪʥʝʩʝʥʳ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʙʝʣʢʘʤ. ɼʣʷ 

ʤʠʦʛʣʦʙʠʥʘ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 10 m/z ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩʫʥʦʢ 25ʘ), ʜʣʷ 

ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ï 16 m/z ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩʫʥʦʢ 25ʙ), ʜʣʷ 

ʮʠʪʦʭʨʦʤ P450scc ï 13 m/z ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩʫʥʦʢ 25ʚ) ʠ ʜʣʷ ʘʥʪʠ-HBsAg ï 10 m/z 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩʫʥʦʢ 25ʛ). ʂʦʥʪʘʤʠʥʘʥʪʥʳʝ ʧʠʢʠ ʚ ʢʦʥʝʯʥʳʭ ʨʘʩʪʚʦʨʘʭ (ʵʣʶʘʪʳ 

ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʝʥʩʦʨʥʳʭ ʟʦʥ) ʥʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠʣʠ ʥʝ ʙʳʣʠ ʜʦʩʪʦʚʝʨʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʙʝʣʢʦʚʳʝ ʦʙʲʝʢʪʳ.  
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ʈʠʩʫʥʦʢ 25. ï ʉʧʝʢʪʨʳ ʄɸʃɼʀ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʝʧʪʠʜʥʳʭ ʩʤʝʩʝʡ, ʵʣʶʠʨʦʚʘʥʥʳʭ 

ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʢʦʤʧʘʢʪ-ʜʠʩʢʘ: (ʘ) ʤʠʦʛʣʦʙʠʥ Mb, 10ï7 ʄ, (ʙ) ɹʉɸ, 

10ï6 ʄ. ʄʘʨʢʝʨʘʤʠ ʦʪʤʝʯʝʥʳ ʧʠʢʠ ʥʘ ʩʧʝʢʪʨʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ m/z 

ʧʝʧʪʠʜʘʤ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ. ʅʘ ʚʨʝʟʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ 

ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʣʢʦʚ ʚ ʨʘʩʪʚʦʨʝ ʘʥʘʣʠʪʘ. ʈʠʩʫʥʦʢ 

ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ [314] * . 
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(ʙ) 
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ʈʠʩʫʥʦʢ 25. (ʧʨʦʜʦʣʞʝʥʠʝ) ï ʉʧʝʢʪʨʳ ʄɸʃɼʀ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʝʧʪʠʜʥʳʭ ʩʤʝʩʝʡ, 

ʵʣʶʠʨʦʚʘʥʥʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʢʦʤʧʘʢʪ-ʜʠʩʢʘ: (ʚ) ʮʠʪʦʭʨʦʤ P450scc, 

10ï7 ʄ, (ʛ) ʘʥʪʠ-HBsAg, 10ï7 ʄ. ʄʘʨʢʝʨʘʤʠ ʦʪʤʝʯʝʥʳ ʧʠʢʠ ʥʘ ʩʧʝʢʪʨʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ m/z ʧʝʧʪʠʜʘʤ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ. ʅʘ ʚʨʝʟʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʣʢʦʚ, 

ʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ. ʈʠʩʫʥʦʢ 

ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ [314] * . 

 

(ʚ) 

 
(ʛ) 
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ʀʩʩʣʝʜʫʝʤʳʝ ʙʝʣʢʠ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʟʦʥ CD 

ʟʘ ʩʯʝʪ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ, ʙʳʣʠ ʜʦʩʪʦʚʝʨʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ. ʋʜʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ 10ï7 ʄ [314]*. ʉʧʝʮʠʬʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʘʢʪ-ʜʠʩʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʧʘʤʠ 

ʜʣʷ ɸʉʄ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʄʉ-ʘʥʘʣʠʟʘ ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʘʢʪ-ʜʠʩʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʤʝʩʴ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʜʣʷ ʩʦʜʝʨʞʘʣʘ 

ʛʣʠʮʝʨʠʥ (10 %), ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʢʘʧʣʠ ʠ ʧʦʥʠʟʠʪʴ 

ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʘʢʪ-ʜʠʩʢʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʯʠʧʘʤʠ ʩ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ ʠʟ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ. ʆɸɹ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʤʥʦʞʝʩʪʚʘ 

ʘʥʘʣʠʪʦʚ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʜʥʦʤ ʯʠʧʝ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʯʠʧʘ (ʢʦʤʧʘʢʪ-ʜʠʩʢʘ) ʥʝ ʪʨʝʙʫʝʪʩʷ ʘʧʧʘʨʘʪʥʦʛʦ ʠʣʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʪʘʢʠʝ ʙʠʦʩʝʥʩʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʳʩʪʨʦʡ, ʥʝʜʦʨʦʛʦʡ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ [103,115].  
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ɻʃɸɺɸ 6. ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʘʭ  

ɺ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʨʠʤʝʥʠʤʦʩʪʴ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʚ 

ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚ ʚ ʦʙʨʘʟʮʘʭ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ. 

 

6.1 ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʨ-ʘʥʪʠʛʝʥʘ ʚʠʨʫʩʥʦʛʦ ʛʝʧʘʪʠʪʘ ʉ 

ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʨ-ʘʥʪʠʛʝʥʘ ʚ ʦʙʨʘʟʮʘʭ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ ʠ 

ʘʧʪʘʤʝʨʳ. ɺʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʤʘʨʢʝʨʘ 

ʚʠʨʫʩʥʦʛʦ ʛʝʧʘʪʠʪʘ ʉ (ʜʘʣʝʝ ï HCVcoreAg) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʩ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʘʧʪʘʤʝʨʘʤʠ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ (ʩʤ. ʨʘʟʜʝʣ 2.4). ɼʝʪʝʢʪʠʨʦʚʘʣʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ HCVcoreAg ʚ ʨʘʩʪʚʦʨʘʭ ʘʥʘʣʠʪʘ ʦʙʲʝʤʦʤ 1 ʤʣ ʚ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 10ï10 ʜʦ 10ï13 ʄ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʦʥʬʠʛʫʨʘʮʠʷ ʯʠʧʘ ʚʢʣʶʯʘʣʘ 

ʪʨʠ çʤʘʣʳʭè ʩʝʥʩʦʨʥʳʭ ʟʦʥ rʠ ʦʜʥʫ ʢʦʥʪʨʦʣʴʥʫʶ. ɺ ʩʝʥʩʦʨʥʳʭ ʟʦʥʘʭ ʙʳʣʠ 

ʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥʳ ʘʧʪʘʤʝʨʳ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ, ʩʧʝʮʠʬʠʯʥʳʝ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ HCVcoreAg. ʂʦʥʪʨʦʣʴʥʘʷ ʟʦʥʘ ʥʝ ʩʦʜʝʨʞʘʣʘ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚʳʧʦʣʥʝʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʧʦʢʘʟʘʣ, ʯʪʦ ʮʝʣʝʚʦʡ ʙʝʣʦʢ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʪʨʝʭ ʩʝʥʩʦʨʥʳʭ ʟʦʥʘʭ ʯʠʧʘ (ʨʠʩʫʥʦʢ 26).  
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ʈʠʩʫʥʦʢ 26. ï ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʠʰʠʥʛ. ʈʝʟʫʣʴʪʘʪʳ (ʘ) ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠ (ʙ) ʘʪʦʤʥʦ-ʩʠʣʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʩ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʘʧʪʘʤʝʨʘʤʠ ˉ1, ˉ2 ʠ ˉ3 ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʯʠʧʦʚ ʚ ʨʘʩʪʚʦʨʝ 

HCVcoreAg ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʉʦ=10ï13 ʄ ʠ ʚʳʰʝ.  

 

ʀʥʪʝʨʝʩʥʳʝ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʘʧʪʘʤʝʨʦʚ ˉ2 ʠ ˉ3. ɼʣʷ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʘʧʪʘʤʝʨʦʚ 

ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʮʝʣʝʚʦʡ ʙʝʣʦʢ HCVcoreAg ʧʦʩʣʝ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʬʠʰʠʥʛʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʠʟ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʦ 10ï13ʄ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ɸʉʄ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʨʠʩʫʥʦʢ 26ʙ): 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʧʪʠʜʦʚ ʙʝʣʢʘ ʧʨʠ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʢʦʣʠʯʝʩʪʚʘ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʟʦʥ 

ʯʠʧʘ. ɼʘʥʥʳʝ ɸʉʄ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʜ.ʙ.ʥ. ʊ.ʆ. 

ʇʣʝʰʘʢʦʚʦʡ [289]. 

ɼʘʣʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ HCVcoreAg ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ. ʇʦʤʠʤʦ 

ʧʝʧʪʠʜʦʚ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʥʘ ʩʧʝʢʪʨʝ ʄɸʃɼʀ ʦʙʥʘʨʫʞʝʥʳ ʧʠʢʠ ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ, 

ʘ ʪʘʢʞʝ ʢʦʥʪʘʤʠʥʘʥʪʥʳʝ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ ʟʥʘʯʝʥʠʷʤ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ 

ʠʦʥʦʚ ʢ ʟʘʨʷʜʫ ʧʝʧʪʠʜʘʤ ʘʧʦʣʠʧʦʧʨʦʪʝʠʥʦʚ ʠ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (ʨʠʩʫʥʦʢ 

27). ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦʡ ʟʦʥʳ ʯʠʧʘ, 

ʩʚʦʙʦʜʥʦʡ ʦʪ ʤʦʣʝʢʫʣ ʘʥʪʠ-HCVcore ʠ ʘʧʪʘʤʝʨʦʚ, ʥʝ ʧʦʟʚʦʣʠʣ ʜʦʩʪʦʚʝʨʥʦ 

ʦʙʥʘʨʫʞʠʪʴ ʮʝʣʝʚʦʡ ʙʝʣʦʢ. ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʟʦʥʘʭ ʯʠʧʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 
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ʢʦʥʪʘʤʠʥʘʥʪʥʳʝ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʤ 

ʢʦʤʧʦʥʝʥʪʘʤ ʢʨʦʚʠ (ʨʠʩʫʥʢʠ 27ʛ-27ʝ) [10]*.  

ʅʘ ʨʠʩʫʥʢʝ 27ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʄɸʃɼʀ, ʧʦʣʫʯʝʥʥʳʡ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʘʧʪʘʤʝʨʘ ˉ1, ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ 

ʯʠʧʘ ʚ ʦʙʨʘʟʮʝ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʥʘ ʥʘʣʠʯʠʝ ɺɻʉ (ʧʦ ʜʘʥʥʳʤ ʀʌɸ 

ʘʥʘʣʠʟʘ). ʂʘʢ ʚʠʜʥʦ ʥʘ ʩʧʝʢʪʨʝ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ 12 ʭʘʨʘʢʪʝʨʠʩʪʠʢ m/z, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʣʝʚʦʤʫ ʙʝʣʢʫ, ʢʦʪʦʨʳʝ ʦʪʤʝʯʝʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ. ʇʦʤʠʤʦ 

ʧʠʢʦʚ ʢʦʨ-ʘʥʪʠʛʝʥʘ ʚʠʨʫʩʥʦʛʦ ʛʝʧʘʪʠʪʘ ʉ, ʚ ʪʠʧʠʯʥʦʤ ʩʧʝʢʪʨʝ ʄɸʃɼʀ ʜʣʷ 

ʵʣʶʘʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

ʚʳʷʚʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʘʤʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ, ʥʝʩʧʝʮʠʬʠʯʝʩʢʠ 

ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʯʠʧʘ (ʦʪʤʝʯʝʥʳ ʥʘ ʩʧʝʢʪʨʝ 

ʢʚʘʜʨʘʪʘʤʠ), ʘ ʪʘʢʞʝ ʧʠʢʠ ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ (ʚʳʜʝʣʝʥʳ ʥʘ ʩʧʝʢʪʨʝ ʪʦʯʢʘʤʠ). ʅʘ 

ʨʠʩʫʥʢʝ 27ʙ ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʄɸʃɼʀ, ʧʦʣʫʯʝʥʥʳʡ ʜʣʷ ʵʣʶʘʪʘ ʩ ʜʨʫʛʦʡ 

ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʯʠʧʘ, ʩʦʜʝʨʞʘʱʝʡ ʘʧʪʘʤʝʨ ˉ2 ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʝ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʥʘ ʥʘʣʠʯʠʝ ɺɻʉ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʨ-ʘʥʪʠʛʝʥ 

ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʪʘʢʞʝ ʧʦ 11 ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ 

ʢʦʥʪʘʤʠʥʘʥʪʥʳʝ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ m/z ʘʣʴʙʫʤʠʥʫ ʯʝʣʦʚʝʢʘ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ, ʚ 

ʢʦʪʦʨʳʭ ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʙʳʣʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʘ ʘʧʪʘʤʝʨʦʤ ˉ3. 

ʉʧʝʢʪʨ ʄɸʃɼʀ ʜʣʷ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 27ʚ, ʥʘ ʢʦʪʦʨʦʤ 

ʦʪʤʝʯʝʥʳ ʜʝʚʷʪʴ m/z ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʣʝʚʦʤʫ ʙʝʣʢʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ 

ʩʝʥʩʦʨʥʳʭ ʟʦʥ ɸʉʄ-ʯʠʧʘ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʘʤʠ ʘʧʪʘʤʝʨʦʚ ˉ1-

ˉ3 ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʥʘ ʥʘʣʠʯʠʝ 

ʚʠʨʫʩʥʦʛʦ ʛʝʧʘʪʠʪʘ ʉ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 27ʛ, 27ʜ ʠ 27ʝ. ɼʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ 

ʘʧʪʘʤʝʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʞʘʷ ʢʘʨʪʠʥʘ. ʎʝʣʝʚʦʡ ʙʝʣʦʢ ʥʝ ʙʳʣ ʜʦʩʪʦʚʝʨʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ. ʅʘ ʩʧʝʢʪʨʘʭ ʄɸʃɼʀ ʫʢʘʟʘʥʳ ʧʠʢʠ ʘʣʴʙʫʤʠʥʘ ʯʝʣʦʚʝʢʘ ʠ 

ʘʧʦʣʠʧʨʦʪʝʠʥʦʚ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ m/z ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʠ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ: ʚ ʩʣʫʯʘʝ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ɸʉʄ-ʯʠʧʘ ʘʧʪʘʤʝʨʦʤ ˉ1 ʪʨʠ 
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ʟʥʘʯʝʥʠʷ m/z ʜʣʷ ʪʨʠʧʪʠʯʝʩʢʠʭ ʧʝʧʪʠʜʦʚ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʣʴʙʫʤʠʥʫ. 

ʇʨʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʝʥʩʦʨʥʦʡ ʟʦʥʳ ʘʧʪʘʤʝʨʘʤʠ ˉ2 ʠ ˉ3 ʯʠʩʣʦ ʪʘʢʠʭ 

ʧʝʨʝʢʨʳʪʠʡ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʠ ʢʦʥʪʘʤʠʥʘʥʪʦʚ 

ʩʦʩʪʘʚʠʣʦ ʰʝʩʪʴ ʠ ʧʷʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨ ʦʪʤʳʚʢʠ ʯʠʧʦʚ ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʚ ʩʣʫʯʘʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʪʠʤʳʭ ʠʤʤʫʥʦʘʬʬʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʉʣʝʜʫʶʱʘʷ ʯʘʩʪʴ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʯʠʩʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʡ 

ʧʝʧʪʠʜʦʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʘʥʘʣʠʪʘ.   



155 

ʈʠʩʫʥʦʢ 27. ï ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʠʰʠʥʛ: ʨʝʟʫʣʴʪʘʪʳ ʄʉ-

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʦʚ ʩ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʘʧʪʘʤʝʨʘʤʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʝ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʥʘ ʥʘʣʠʯʠʝ ɺɻʉ (ʧʦ ʜʘʥʥʳʤ ʀʌɸ ʘʥʘʣʠʟʘ) (ʘ ʠ ʙ). ʉʧʝʢʪʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʄʉ-ʘʥʘʣʠʟʝ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʯʠʧʘ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʘʧʪʘʤʝʨʦʤ 

ˉ1 (ʘ); ʘʧʪʘʤʝʨʦʤ ˉ2 (ʙ). ʄʘʨʢʝʨʘʤʠ ʦʪʤʝʯʝʥʳ ʧʠʢʠ ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ (ǒ), 

ʧʝʧʪʠʜʳ HCVcoreAg (ƶ) ʠ ʧʠʢʠ ʢʦʥʪʘʤʠʥʘʥʪʦʚ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʯʝʣʦʚʝʯʝʩʢʦʤʫ 

ʘʣʴʙʫʤʠʥʫ, ʢʝʨʘʪʠʥʘʤ ʠ ʪ. ʜ. (ƭ). 

(ʘ) 

 
(ʙ) 
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ʈʠʩʫʥʦʢ 27. (ʧʨʦʜʦʣʞʝʥʠʝ) ï ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʠʰʠʥʛ: 

ʨʝʟʫʣʴʪʘʪʳ ʄʉ-ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɸʉʄ-ʯʠʧʦʚ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʘʧʪʘʤʝʨʘʤʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʝ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʥʘ ʥʘʣʠʯʠʝ ɺɻʉ (ʧʦ ʜʘʥʥʳʤ ʀʌɸ ʘʥʘʣʠʟʘ) (ʚ) ʠ 

ʚ ʦʙʨʘʟʮʝ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʥʘ ʥʘʣʠʯʠʝ ɺɻʉ (ʛ). ʉʧʝʢʪʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʄʉ-ʘʥʘʣʠʟʝ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʯʠʧʘ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʘʧʪʘʤʝʨʦʤ 

ˉ1 (ʛ); ʘʧʪʘʤʝʨʦʤ ˉ3 (ʚ). ʄʘʨʢʝʨʘʤʠ ʦʪʤʝʯʝʥʳ ʧʠʢʠ ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ (ǒ), 

ʧʝʧʪʠʜʳ HCVcoreAg (ƶ) ʠ ʧʠʢʠ ʢʦʥʪʘʤʠʥʘʥʪʦʚ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʯʝʣʦʚʝʯʝʩʢʦʤʫ 

ʘʣʴʙʫʤʠʥʫ, ʢʝʨʘʪʠʥʘʤ ʠ ʪ. ʜ. (ƭ). 

(ʚ) 

 
(ʛ) 
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ʈʠʩʫʥʦʢ 27. (ʧʨʦʜʦʣʞʝʥʠʝ) ï ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʠʰʠʥʛ: 

ʨʝʟʫʣʴʪʘʪʳ ʄʉ-ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɸʉʄ-ʯʠʧʦʚ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʘʧʪʘʤʝʨʘʤʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʝ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʥʘ ʥʘʣʠʯʠʝ ɺɻʉ (ʜ ʠ ʝ). ʉʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʄʉ-ʘʥʘʣʠʟʝ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʯʠʧʘ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʘʧʪʘʤʝʨʦʤ ˉ2 (ʜ); 

ʘʧʪʘʤʝʨʘ ˉ3 (ʝ). ʄʘʨʢʝʨʘʤʠ ʦʪʤʝʯʝʥʳ ʧʠʢʠ ʘʚʪʦʣʠʟʘ ʪʨʠʧʩʠʥʘ (ǒ), ʧʝʧʪʠʜʳ 

HCVcoreAg (ƶ) ʠ ʧʠʢʠ ʢʦʥʪʘʤʠʥʘʥʪʦʚ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʘʣʴʙʫʤʠʥʫ, 

ʢʝʨʘʪʠʥʘʤ ʠ ʪ. ʜ. (ƭ). 

(ʜ) 

 
(ʝ) 
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ʅʘʤʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʯʠʩʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʜʣ̫ 

ʙʝʣʢʦʚʦʛʦ ʤʘʨʢʝʨʘ ʚʠʨʫʩʥʦʛʦ ʛʝʧʘʪʠʪʘ ʉ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʚʳʷʚʣʝʥʠʷ 

ʧʝʧʪʠʜʦʚ-ʘʜʜʫʢʪʦʚ, ʪʦ ʝʩʪʴ ʧʝʧʪʠʜʦʚ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʢʘʪʠʦʥʘʤʠ. ʂ ʪʘʢʠʤ ʢʘʪʠʦʥʘʤ ʦʪʥʦʩʷʪʩʷ ʢʘʣʠʡ 

ʠ ʥʘʪʨʠʡ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʚʳʩʦʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 150 ʤʄ ʠ 

5 ʤʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʧʨʦʚʝʜʝʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

HCVcoreAg ʩ ʫʯʝʪʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʪʠʦʥʘʤʠ ʜʣʷ ʵʣʶʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʯʠʧʦʚ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʚʫʤʷ ʪʠʧʘʤʠ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʟʦʥʜʦʚ ʘʥʪʠʪʝʣʘʤʠ ʠ ʘʧʪʘʤʝʨʘʤʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

(ʨʠʩʫʥʦʢ 28).  

 

(ʘ) 

 

 

(ʙ) 

 

ʈʠʩʫʥʦʢ 28. ï ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʠʰʠʥʛ: ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʉ-ʘʥʘʣʠʟʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʷʚʣʝʥʠʷ ʧʝʧʪʠʜʦʚ-

ʘʜʜʫʢʪʦʚ. ʄʘʩʩ-ʩʧʝʢʪʨʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʜʣʷ ɸʉʄ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʘʥʪʠ-HCVcore (ʘ) ʠ ʘʧʪʘʤʝʨʳ (ʙ), ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʩʦʜʝʨʞʘʱʝʡ ʢʦʨ-ʘʥʪʠʛʝʥ ɺɻʉ (ʧʦ ʜʘʥʥʳʤ ʀʌɸ). ʆʪʤʝʯʝʥʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʘʪʠʦʥʘʤʠ ʧʝʧʪʠʜʳ-ʘʜʜʫʢʪʳ ʢʦʨ-ʘʥʪʠʛʝʥʘ ɺɻʉ: ʥʘʪʨʠʝʤ ʠ 

ʢʘʣʠʝʤ. 

ʅʘ ʨʠʩʫʥʢʝ 28 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʠʥʪʘʢʪʥʳʭ ʧʝʧʪʠʜʦʚ ʢʦʨ-ʘʥʪʠʛʝʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʧʪʠʜʦʚ-ʘʜʜʫʢʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʪʠʦʥʘʤʠ ʥʘʪʨʠʷ ʠʣʠ ʢʘʣʠʷ. ʇʦʢʘʟʘʥʳ ʬʨʘʛʤʝʥʪʳ ʩʧʝʢʪʨʦʚ ʄɸʃɼʀ, 
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ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʵʣʶʘʪʦʚ ʩ ʩʝʥʩʦʨʥʳʭ ʟʦʥ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʧʪʘʤʝʨʘʤʠ 

(ʨʠʩʫʥʦʢ 28ʘ) ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʥʘ 

ʥʘʣʠʯʠʝ ɺɻʉ. ʅʘ ʨʠʩʫʥʢʝ 28ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʘʥʘʣʦʛʠʯʥʦʡ 

ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʵʣʶʘʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ɸʉʄ-ʯʠʧʦʚ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʘʤʠ ʤʦʥʦʢʣʦʥʘʣʴʥʦʛʦ ʘʥʪʠʪʝʣʘ [9,315]*. ʅʘ 

ʢʘʞʜʦʤ ʩʧʝʢʪʨʝ ʄɸʃɼʀ ʩʢʦʙʢʘʤʠ ʦʪʤʝʯʝʥʳ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ ʟʥʘʯʝʥʠʷʤ 

m/z ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʚʘʨʠʘʥʪʫ ʧʝʧʪʠʜʘ ʢʦʨ-ʘʥʪʠʛʝʥʘ. 

ʅʘʣʠʯʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ ʬʦʨʤ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʙʝʣʢʘ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʪʠʦʥʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʠʥʪʘʢʪʥʳʭ ʧʝʧʪʠʜʦʚ. ʇʦʜʭʦʜ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʚʝʨʦʷʪʥʳʭ ʧʝʧʪʠʜʦʚ-ʘʜʜʫʢʪʦʚ ʥʘʨʷʜʫ ʩ ʨʘʩʯʝʪʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʜʝʥʪʠʬʠʢʘʮʠʡ 

(ʨʠʩʫʥʦʢ 29).  

(ʘ) (ʙ) 

 

ʈʠʩʫʥʦʢ 29. ï ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʠʰʠʥʛ: ʘʥʘʣʠʟ ʵʣʶʘʪʦʚ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʩ ʫʯʝʪʦʤ 

ʧʝʧʪʠʜʦʚ-ʘʜʜʫʢʪʦʚ ʜʣʷ HCVcoreAg. ʇʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʟʦʥʜʘʤʠ: (ʘ) ʤʦʥʦʢʣʦʥʘʣʴʥʳʤʠ ʘʥʪʠʣʘʤʠ, (ʙ) ʘʧʪʘʤʝʨʘʤʠ. p-

ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʘʨʥʳʤ ʊ-ʪʝʩʪʦʤ ʜʣʷ ʨʘʟʥʠʮʳ ʩʨʝʜʥʠʭ. 

ɼʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʠʤʤʫʥʦ-ʄɸʃɼʀ ʘʥʘʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʧʪʘʤʝʨʦʚ ʠ 

ʘʥʪʠʪʝʣ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʝʪ, ʥʘʨʷʜʫ ʩ 
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ʪʨʠʧʪʠʯʝʩʢʠʤʠ ʧʝʧʪʠʜʘʤʠ ʙʝʣʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʜʜʫʢʪʦʚ ʚ ʙʠʦʦʙʨʘʟʮʝ 

ʧʦʚʳʰʘʝʪ ʯʠʩʣʦ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʚ ʩʨʝʜʥʝʤ ʥʘ 3 ʧʝʧʪʠʜʘ (ʨʠʩʫʥʦʢ 29). 

ɺ ʪʘʙʣʠʮʝ 21 ʦʙʦʙʱʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʚʳʷʚʣʝʥʥʳʭ ʧʝʧʪʠʜʘʭ ʢʦʨ-ʘʥʪʠʛʝʥʘ ɺɻʉ ʩ 

ʫʯʝʪʦʤ ʘʜʜʫʢʪʦʚ. ʉʪʦʣʙʝʮ çʇʝʧʪʠʜ-ʢʘʪʠʦʥ (ʄ+)è ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʢʦʣʠʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ ʙʳʣ ʚʳʷʚʣʝʥ ʠʥʪʘʢʪʥʳʡ ʧʝʧʪʠʜ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ ʧʝʧʪʠʜ-ʘʜʜʫʢʪ. ɺ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 21 

ʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʧʝʧʪʠʜʦʚ ʚ ʦʙʨʘʟʮʘʭ 

ʩʳʚʦʨʦʪʢʠ ʥʝʦʜʥʦʨʦʜʥʘ ʠ ʚʘʨʴʠʨʫʝʪ ʦʪ ʦʜʥʦʛʦ ʩʣʫʯʘʷ ʜʦ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ (n=19). 

ɼʣʷ 19 ʪʨʠʧʪʠʯʝʩʢʠʭ ʧʝʧʪʠʜʦʚ ʢʦʨ-ʘʥʪʠʛʝʥʘ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʦʢ ʢʨʦʚʠ, 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʥʘ ʥʘʣʠʯʠʝ ʚʠʨʫʩʥʦʛʦ ʛʝʧʘʪʠʪʘ ʉ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʘʪʠʦʥʘʤʠ ʧʝʧʪʠʜʳ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʘʧʪʘʤʝʨʦʚ ʠ ʘʥʪʠʪʝʣ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʣʷ 11 ʠʟ 19 ʧʝʧʪʠʜʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʝʧʪʠʜʳ-ʘʜʜʫʢʪʳ ʚ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʪʠʧʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʨʘʟʣʠʯʥʦʝ ʩʨʦʜʩʪʚʦ ʧʝʧʪʠʜʦʚ ʢʦʨ-ʘʥʪʠʛʝʥʘ ʩ ʢʘʪʠʦʥʘʤʠ ʥʘʪʨʠʷ ʠʣʠ 

ʢʘʣʠʷ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ 

ʧʝʧʪʠʜʘ ʩ ʠʦʥʦʤ ʢʘʣʠʷ ʠʣʠ ʥʘʪʨʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʘ. ʈʝʟʫʣʴʪʘʪʳ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦʛʣʘʩʫʶʪʩʷ. ɸʥʘʣʠʟ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʧʪʠʜʦʚ-ʘʜʜʫʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʣʠʝʤ ʠʣʠ ʥʘʪʨʠʝʤ, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʜʦʣʷ ʧʝʧʪʠʜʦʚ-ʘʜʜʫʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʣʠʝʤ, ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʣʝ 

ʧʝʧʪʠʜʦʚ-ʘʜʜʫʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʪʨʠʝʤ.  
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ʊʘʙʣʠʮʘ 21. ʈʝʟʫʣʴʪʘʪʳ ʚʳʷʚʣʝʥʠʷ ʢʘʪʠʦʥ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʧʪʠʜʦʚ 

HCVcoreAg ʚ 20 ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʥʘ ʥʘʣʠʯʠʝ ɺɻʉ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ.  

ʇʝʧʪʠʜ ʢʦʨ-ʘʥʪʠʛʝʥʘ* ɿʦʥʜ m/z ʃʦʢʫʩ** * 

ʇʝʧʪʠʜ-ʢʘʪʠʦʥ (ʄ+) 

Na+, 

Na2Cl+ 
K+, K2Cl+ 

RGPRLGVR ɸʧʪʘʤʝʨ 910,5 40-47 ï 2 

ATRKTSER ɸʧʪʘʤʝʨ 948,5 
48-55 

ï 4 

 ʄʂɸ**   2 ï 

GRRQPIPK ɸʧʪʘʤʝʨ 951,5 
60-67 

2 ï 

 ʄʂɸ  4 ï 

TSERSQPR ɸʧʪʘʤʝʨ 960,4 52-59 ï 5 

RQPIPKAR ɸʧʪʘʤʝʨ 965,6 
62-69 

6 1 

 ʄʂɸ  6 5 

KTNRNTNR ɸʧʪʘʤʝʨ 1003,6 
42-47 

5  

 ʄʂɸ  ï 6 

MSTNPKPQK ɸʧʪʘʤʝʨ 1030,5 41-47 3 ï 

GPRLGVRATR ɸʧʪʘʤʝʨ 1082,6 
41-50 

5 ï 

 ʄʂɸ  2 ï 

KTSERSQPR ɸʧʪʘʤʝʨ 1088,6 
51-59 

ï 1 

 ʄʂɸ  ï 1 

MSTNPKPQKK ɸʧʪʘʤʝʨ 1158,6 
41-48 

1 ï 

 ʄʂɸ  4 ï 

TSERSQPRGR ɸʧʪʘʤʝʨ 1173,6 
52-61 

4 19 

 ʄʂɸ  ï 1 

NTNRRPQDVK ʄʂɸ 1227,6 14-23 ï 2 

GSRPSWGPTDPR ɸʧʪʘʤʝʨ 1312,7 102-113 1 1 

QPIPKARQPEGR ɸʧʪʘʤʝʨ 1376,7 63-74 ï 5 

GSRPSWGPTDPRR ɸʧʪʘʤʝʨ 1468,7 
102-114 

11 ï 

 ʄʂɸ  3 ï 

MSTNPKPQKKTNR ɸʧʪʘʤʝʨ 1529,8 41-51 1 ï 

GSRPSWGPTDPRRR ɸʧʪʘʤʝʨ 1624,8 
102-115 

11 ï 

 ʄʂɸ  2 4 

FPGGGQIVGGVYLLPR ɸʧʪʘʤʝʨ 1629,9 
24-39 

3 2 

 ʄʂɸ  1 3 

SQPRGRRQPIPKAR ʄʂɸ 1646,7 56-69 2 2 

FPGGGQIVGGVYLLPRR ɸʧʪʘʤʝʨ 1786,0 24-40 12 2 

ʇʝʧʪʠʜ ʢʦʨ-ʘʥʪʠʛʝʥʘ* ï UniProt AC Q8V7V3; ʄʂɸ** ï ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ; ʃʦʢʫʩ***  -

ʜʠʘʧʘʟʦʥ ʧʦʨʷʜʢʦʚʳʭ ʥʦʤʝʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʧʪʠʜʫ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʨ-ʘʥʪʠʛʝʥʘ. 

ʆʙʦʙʱʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʙʝʣʢʦʚ ʩ ʄʉ-ʘʥʘʣʠʟʦʤ ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʚʠʨʫʩʥʦʛʦ ʤʘʨʢʝʨʘ HCVcoreAg ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ ʠ ʘʧʪʘʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ. ɺ  

ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʢʘʪʠʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʮʠʨʢʫʣʠʨʫʶʱʠʤʠ ʚ ʩʳʚʦʨʦʪʢʝ 
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ʙʝʣʢʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʤʦʣʝʢʫʣʘʤʠ HCVcoreAg [9,315]*. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʫʯʠʪʳʚʘʪʴ 

ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ ʠʥʪʘʢʪʥʳʭ ʧʝʧʪʠʜʦʚ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʪʠʦʥʘʤʠ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʯʠʩʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʡ. 

ʇʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʝʨʦʷʪʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ. ʇʦʜʭʦʜ ʦʩʥʦʚʘʥ 

ʥʘ ʢʦʤʙʠʥʘʮʠʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ 

ʘʥʪʠʪʝʣ ʩ ʮʝʣʴʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʘ ʠ 

ɺʕɾʍ-ʄʉ/ʄʉ (ʜʝʪʝʢʪʦʨ ʪʠʧʘ ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ). ʊʠʧʠʯʥʳʤ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʢʦʨ-ʘʥʪʠʛʝʥ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ ʚ 

ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʧʦ ʪʨʝʤ ʝʛʦ ʧʨʦʪʝʦʪʠʧʠʯʝʩʢʠʤ ʧʝʧʪʠʜʘʤ: 

RPQDVKFPTGGQIVGGVYLLPR (m/z=799,7) ʠ RPQDVKFPSGGQIVGGVYLLPR 

(m/z=795,0) ʠ FPCGGQIVGGVYLLPR (m/z=559,3) [317]*.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚʳʭ ʤʘʨʢʝʨʦʚ ɺɻʉ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʚʳʷʚʣʝʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʝʨʚʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ. 

ʊʘʢʠʝ ʚʘʨʠʘʥʪʳ ʦʙʫʩʣʦʚʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʣʠʯʠʝʤ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ 

ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ HCVcoreAg. ʂ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤʫ ʫʯʘʩʪʢʫ ʢʦʨ-ʘʥʪʠʛʝʥʘ ɺɻʉ 

ʦʪʥʦʩʷʪ ʛʠʜʨʦʬʦʙʥʳʡ ʜʦʤʝʥ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 2-74, ʠ 101-121. ʋʯʘʩʪʦʢ 75-100 ʘ.ʦ. ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʚʘʨʠʘʙʝʣʴʥʦʡ ʯʘʩʪʠ ʙʝʣʢʘ [318]. ɺ ʙʘʟʝ ʟʥʘʥʠʡ UniProt KB ʘʥʥʦʪʠʨʦʚʘʥʳ, 

ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʚʘʨʠʘʥʪʦʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʜʣʷ ʢʦʨ-ʘʥʪʠʛʝʥʘ, ʦʪʣʠʯʥʳʝ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʜʣʠʥʝ 

ʧʝʨʚʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [316]*. 

ɺ ʥʝʩʢʦʣʴʢʠʭ ʩʣʫʯʘʷʭ (n=3) ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʥʘ 

ʥʘʣʠʯʠʝ ʛʝʧʘʪʠʪʘ ʉ, ʤʝʪʦʜ ɺʕɾʍ-ʄʉ/ʄʉ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʧʦʤʠʤʦ 

çʢʘʥʦʥʠʯʝʩʢʠʭè ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʨ-ʘʥʪʠʛʝʥʘ ʧʝʧʪʠʜʳ 

RPQDVKFPGGGQIVGGVYLLPR (m/z=799,9) ʠ CGSGPWMTPRCLVHYPYR 

(m/z=708,5) ʠ QPIPKDR (m/z=427,3), ʧʝʧʪʠʜ T(A)WAQPGYPWPLYGNEGLGWA 
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GWLLSPR, ʚʝʨʦʷʪʥʦ, ʩʦʜʝʨʞʘʱʠʡ ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ ʟʘʤʝʥʫ ʚ ʧʦʣʦʞʝʥʠʠ 75 

ʪʨʝʦʥʠʥŸʘʣʘʥʠʥ [317*]. ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʝʧʪʠʜʘ ʥʝ ʭʘʨʘʢʪʝʨʝʥ çʢʘʥʦʥʠʯʝʩʢʦʡè 

ʬʦʨʤʝ ʙʝʣʢʘ Q8V7V3 (UniProt AC), ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʚ 

ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʤʝʪʦʜʘʤʠ ʄɸʃɼʀ-ʄʉ ʠ ɺʕɾʍ-ʄʉ/ʄʉ. ɺʘʨʠʘʥʪ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʧʪʠʜʘ çʢʘʥʦʥʠʯʝʩʢʦʡè ʬʦʨʤʳ ʙʝʣʢʘ ʪʘʢʞʝ 

ʧʨʝʚʘʣʠʨʫʝʪ ʩʨʝʜʠ ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʠʟʦʣʷʪʦʚ ɺɻʉ ʚ ʙʘʟʝ ʟʥʘʥʠʡ UniProt KB. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʘʨʠʘʥʪ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʧʪʠʜʘ ʢʦʨ-ʘʥʪʠʛʝʥʘ ʩ ʟʘʤʝʥʦʡ ʚ ʧʦʣʦʞʝʥʠʠ ʊ75ɸ ʥʝ 

ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʠ ʚʩʪʨʝʯʘʝʪʩʷ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʚ 10 ʠʟʦʣʷʪʘʭ ɺɻʉ, ʚ ʪʦʤ 

ʯʠʩʣʝ HC-J2 (P27959 UniProt AC), HCV-KF (Q01403 UniProt AC), HCV-476 (Q01404 

UniProt AC) (ʨʠʩʫʥʦʢ 30). 

 
ʈʠʩʫʥʦʢ 30. ï ɺʳʨʘʚʥʠʚʘʥʠʝ çʥʝʢʘʥʦʥʠʯʝʩʢʦʛʦè ʧʝʧʪʠʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʘʣʘʥʠʥ ʚ 

ʧʦʣʦʞʝʥʠʠ 75. ɼʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ Blast ʧʦ ʙʘʟʘʤ ʜʘʥʥʳʭ UniProt 

KB ʠ Swiss-Prot ʩ ʤʘʪʨʠʮʝʡ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ pam70. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʨ-

ʘʥʪʠʛʝʥʘ ɺɻʉ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʤʝʪʦʜʘʤʠ ʄɸʃɼʀ-ʄʉ, ʪʘʢ ʠ 

ɺʕɾʍ-ʄʉ/ʄʉ. ʋʯʝʪ ʚʦʟʤʦʞʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʘʪʠʦʥʘʤʠ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ 

ʧʝʧʪʠʜʦʚ ʢʦʨ-ʘʥʪʠʛʝʥʘ, ʧʦʤʠʤʦ ʠʭ ʠʥʪʘʢʪʥʳʭ ʬʦʨʤ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʯʠʩʣʦ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʝʧʪʠʜʦʚ. ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʝʧʪʠʜʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʧʪʠʜʦʚ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ. 
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6.2 ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠ ̫ʥʫʢʣʝʠʥʦʧʨʦʪʝʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ  

ɼʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʙʝʣʢʦʚ-ʧʘʨʪʥʝʨʦʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʦʤʦʣʝʢʫʣ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ 

ʢʦʪʦʨʦʤ ʧʦʚʝʨʭʥʦʩʪ ɹ ɸʉʄ-ʯʠʧʦʚ ʩʦʜʝʨʞʘʣʘ ʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʩʧʝʮʠʬʠʯʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʠʢʨʦʈʅʂ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʨʘʟʚʠʪʠʝʤ ʨʘʩʩʪʨʦʡʩʪʚ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ (ʈɸʉ) ʫ ʜʝʪʝʡ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʤʴ ʪʠʧʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ, ʩʧʝʮʠʬʠʯʥʳʝ miR-106a [319ï321], 

miR-19b-3p [322ï325], miR-494 [323ï325], miR-15b-5p [320,324], miR-320a [320], 

miR-195-5p [324].  

ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʤʠʢʨʦʈʅʂ ʜʣʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʦʤ 

ʄʠʢʨʦʈʅʂ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʢʦʜʠʨʫʶʱʠʤ ʈʅʂ ʥʝʙʦʣʴʰʦʡ ʜʣʠʥʳ ʚ ʩʨʝʜʥʝʤ 17-

25 ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʣʷʮʠʠ 

ʢʦʜʠʨʫʶʱʝʡ ʤʘʪʨʠʯʥʦʡ ʈʅʂ (ʤʈʅʂ). ɿʨʝʣʳʝ ʤʠʢʨʦʈʅʂ ʚʢʣʶʯʘʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ 

RISC (ʢʦʤʧʣʝʢʩ ʈʅʂ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʩʘʡʣʝʥʩʠʥʛʘ), ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʙʝʣʢʠ 

Dicer ʠ Argonaute (AGO), ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʨʘʜʘʮʠʠ ʮʝʣʝʚʦʡ ʤʈʅʂ ʣʠʙʦ 

ʩʫʧʨʝʩʩʠʠ/ʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʤʈʅʂ. ʄʠʢʨʦʈʅʂ ʤʦʛʫʪ ʧʨʝʦʜʦʣʝʚʘʪʴ 

ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʙʦʣʴʥʳʭ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤʠ 

ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʚʝʟʠʢʫʣ, ʚʳʩʚʦʙʦʞʜʘʝʤʳʭ ʥʝʡʨʦʥʘʤʠ ʠ 

ʛʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚʳʭ ʠ ʣʠʧʦʧʨʦʪʝʦʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʦʩʥʦʚʳʚʘʶʪ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ 

ʤʠʢʨʦʈʅʂ ʚ ʧʘʪʦʛʝʥʝʟ ʈɸʉ ʫ ʜʝʪʝʡ. ɺ ʨʘʙʦʪʝ ɸʙʫ-ʀʣʴʥʠʣʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ miR-106a 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʢʦʨʝ ʤʦʟʞʝʯʢʘ ʧʘʮʠʝʥʪʦʚ ʩ ʈɸʉ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [320]. ʅʘʙʣʶʜʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʪʦʡ ʥʝʢʦʜʠʨʫʶʱʝʡ ʈʅʂ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʪʘʢʞʝ ʫ 
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ʙʦʣʴʥʳʭ ʘʩʪʨʦʮʠʪʦʤʦʡ, ʧʝʨʚʠʯʥʦʡ ʦʧʫʭʦʣʴʶ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʚ ʦʙʨʘʟʮʘʭ 

ʮʝʣʴʥʦʡ ʢʨʦʚʠ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ ɾʠ (2014) 

ʠ ʀʣʴʤʘʟʘ ʠ ʜʨ. (2016), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [321,326]. ʇʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ miR-19b 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʪʢʘʥʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (ʟʦʥʘ ɹʨʦʜʤʘʥʘ) 

ʙʦʣʴʥʳʭ ʈɸʉ ʜʝʪʝʡ [322ï325], miR-320a ʚ ʤʦʥʦʮʠʪʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ [320]. 

ʇʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ miR-15b ʚ ʪʢʘʥʠ ʤʦʟʞʝʯʢʘ, 

ʦʙʨʘʟʮʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ, ʚ ʤʦʥʦʮʠʪʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ [320,324], 

miR-195-5p ʚ ʦʙʨʘʟʮʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ [324]. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʯʠʧʳ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʜʝʪʝʡ ʩ ʈɸʉ ʠ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ 

ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʣʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʤʝʪʦʜʦʤ ɸʉʄ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʩʦʩʪʘʚʘ ʚʳʷʚʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ [327]*.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʢʫʙʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʯʠʧʦʚ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ 

ʢʨʦʚʠ ʜʚʫʭ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ ʥʘʙʣʶʜʘʣʠ ʦʪʣʠʯʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʠ ʩʨʝʜʥʠʭ ʚʳʩʦʪʘʭ 

ʦʙʲʝʢʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ 

ʢʨʦʚʠ ʜʝʪʝʡ ʩ ʈɸʉ ʙʳʣʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʦʙʲʝʢʪʳ ʩʦ ʩʨʝʜʥʝʡ ʚʳʩʦʪʦʡ 10 ʥʤ, 

ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ ï ʦʢʦʣʦ 6 ʥʤ 

[327]*.  

ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʚ ʩʦʩʪʘʚʝ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʄɸʃɼʀ-ʄʉ. ʅʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʦʙʝʠʭ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʜʝʩʷʪʴ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ (ʨʠʩʫʥʦʢ 31).  
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ʈʠʩʫʥʦʢ 31. ï ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʠʰʠʥʛ. ɻʠʩʪʦʛʨʘʤʤʘ 

ʧʦʢʨʳʪʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ 

ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʈɸʉ (ʦʨʘʥʞʝʚʳʝ ʩʪʦʣʙʮʳ, n=7) ʠ ʟʜʦʨʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ 

(ʟʝʣʝʥʳʡ ʩʪʦʣʙʮʳ, n=4). ʋʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʙʝʣʢʦʚ. ʈʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ [327] *. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ, 

ʩʧʝʮʠʬʠʯʥʳʤʠ ʤʠʢʨʦʈʅʂ, ʤʦʛʫʪ ʙʳʪʴ ʚʳʷʚʣʝʥʳ ʙʝʣʢʠ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʜʝʪʝʡ ʩ 

ʈɸʉ ʚ ʩʦʩʪʘʚʝ GBG10, FA81B, RT24, CCL27, ʙʝʣʢʠ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʫʩʣʦʚʥʦ-

ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ ʧʨʝʜʩʪʘʚʣʝʥʳ PSA4, NP1L4, RALYL  (ʪʘʙʣʠʮʘ 22). ʊʘʢʞʝ 

ʚʳʷʚʣʝʥʳ CDN2C, KCNV2, THA11 ʠ KCNE5, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʝʠʭ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ. ʇʦʢʨʳʪʠʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʝʧʪʠʜʘʤʠ 

ʠ ʠʭ ʘʜʜʫʢʪʘʤʠ, ʪʦ ʝʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ 

ʧʝʧʪʠʜʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʩʦʩʪʘʚʠʣʦ ʦʪ 10 ʜʦ 60% (ʨʠʩʫʥʦʢ 31). ʀʜʝʥʪʠʬʠʢʘʮʠʷ 

ʙʝʣʢʦʚ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ ʧʝʧʪʠʜʦʚ-ʘʜʜʫʢʪʦʚ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʠ [315]*. 
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ʊʘʙʣʠʮʘ 22. ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ: 

ʙʝʣʢʠ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʈɸʉ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [327]*. 

ɹʝʣʦʢ 
ʏʠʩʣʦ 

ʦʙʨʘʟʮʦʚ 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ  

(ʧʦ ʜʘʥʥʳʤ UniProt KB) 
Mw*, ʢɼʘ pI 

ɸʣʠʬʘʪʠʯʝʩʢʠʡ 

ʠʥʜʝʢʩ 

GBG10 4 ɻʫʘʥʠʜʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ 7,2 7,7 95 

FA81B 2 ʅʝʪ ʜʘʥʥʳʭ 52 9,2 82 

CDN2C 2 
ʈʝʧʨʝʩʩʦʨ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ ʠ 

ʧʨʦʣʠʬʝʨʘʮʠʠ 
18,1 7,7 95 

RT24 2 28S ʨʠʙʦʩʦʤʘʣʴʥʳʡ ʙʝʣʦʢ 19 9,5 90 

KCNV2 2 
ʇʦʪʝʥʮʠʘʣ ʟʘʚʠʩʠʤʳʡ ʙʝʣʦʢ 

ʢʘʣʠʝʚʦʛʦ ʢʘʥʘʣʘ 
62,4 6,1 84 

CCL27 3 
ʍʝʤʦʪʘʢʩʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʊ-

ʣʠʤʬʦʮʠʪʦʚ 
12,6 9 100 

THA11 3 ʈʝʧʨʝʩʩʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ 34,4 9,2 71 

PSA4 2 ɹʝʣʦʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʪʝʦʩʦʤ 29,6 7,6 87 

NP1L4 2 ɹʝʣʦʢ ʦʨʛʘʥʠʟʘʮʠʠ ʥʫʢʣʝʦʩʦʤ 42,8 4,6 65 

KCNE5 3 
ʇʦʪʝʥʮʠʘʣ ʟʘʚʠʩʠʤʳʡ ʙʝʣʦʢ 

ʢʘʣʠʝʚʦʛʦ ʢʘʥʘʣʘ 
15 5,9 91 

RALYL  2 ʈʅʂ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ 32,3 7,7 73 

Mw* ï ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʙʝʣʢʘ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 22, ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʙʝʣʢʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ 

ʜʝʪʝʡ ʩ ʈɸʉ ʩʦʩʪʘʚʠʣʘ ʦʪ 2 ʜʦ 4. ʇʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʳʷʚʣʝʥʥʳʝ ʙʝʣʢʠ 

ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʫʢʣʝʦʧʨʦʪʝʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ - GBG10, RT24 ʠ 

RALYL, ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʪʝʦʩʦʤ ʠ ʥʫʢʣʝʦʩʦʤ - PSA4, NP1L4, ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʘ 

ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʢʘʣʠʷ - KCNE5, KCNV2. ʇʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʙʝʣʢʠ ʨʘʟʣʠʯʥʳ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʝʩʫ (ʦʪ 7 ʜʦ 62 ʢɼʘ), ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʦʯʢʝ 

(ʦʪ 4,6 ʜʦ 9,5), ʘʣʠʬʘʪʠʯʝʩʢʦʤʫ ʠʥʜʝʢʩʫ (ʦʪ 65 ʜʦ 100). ɹʝʣʢʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ pI 

ʤʝʥʝʝ 7,4 (ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ) ʷʚʣʷʶʪʩʷ ʤʝʤʙʨʘʥʥʳʤʠ 

(KCNE5 ʠ KCNV2) ʣʠʙʦ ʮʠʨʢʫʣʠʨʫʶʪ ʚ ʢʨʦʚʝʥʦʩʥʦʤ ʨʫʩʣʝ ʩʦʩʪʘʚʝ ʚʝʟʠʢʫʣ (PSA4, 

NP1L4). ɺʳʷʚʣʝʥʥʳʝ ʙʝʣʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʠʚʘʪʁ ʠʭ ʫʯʘʩʪʠʝ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚʦ-ʥʫʢʣʝʦʪʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 32 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʄɸʃɼʀ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ɸʉʄ-ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ 

ʢʨʦʚʠ ʦʙʝʠʭ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ: ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʜʝʪʝʡ ʩ ʈɸʉ (ʨʠʩʫʥʦʢ 32ʘ) ʠ ʚ 

ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 32ʙ).  
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ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʜʣʷ ɸʉʄ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʙʦʣʴʥʳʭ 

ʈɸʉ ʚʳʷʚʣʝʥʳ ʧʝʧʪʠʜʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʘʜʜʫʢʪʳ ʜʣʷ ʛʫʘʥʠʜʠʥ-

ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ (GBG10), ʢʦʪʦʨʳʝ ʦʪʤʝʯʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 32ʘ ʢʨʘʩʥʳʤʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ, ʜʣʷ ʙʝʣʢʘ FA81B, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʠʢʠ ʦʪʤʝʯʝʥʳ ʩʠʥʠʤʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ. ʅʘ ʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ ʵʣʶʘʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ɸʉʄ-ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ 

ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʜʝʪʝʡ ʩ ʈɸʉ ʩʭʦʞʠ ʧʦ ʩʦʩʪʘʚʫ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ 

ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʘʭ ʄɸʃɼʀ. 

ʅʘ ʨʠʩʫʥʢʝ 32ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʄɸʃɼʀ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʵʣʶʘʪʦʚ ʩ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ɸʉʄ-ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ. ʅʘ 

ʩʧʝʢʪʨʘʭ ʩʠʥʠʤ ʤʘʨʢʝʨʦʤ ʦʪʤʝʯʝʥʳ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ m/z ʧʝʧʪʠʜʘʤ ʠ 

ʧʝʧʪʠʜʘʤ-ʘʜʜʫʢʪʘʤ ʙʝʣʢʘ PSA4, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʥʠʢʦʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʪʝʦʩʦʤ; ʨʦʟʦʚʳʤ ʤʘʨʢʝʨʦʤ ʦʪʤʝʯʝʥʳ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʧʪʠʜʘʤ ʈʅʂ-

ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ RALYL ; ʞʝʣʪʳʤ ʤʘʨʢʝʨʦʤ ʦʪʤʝʯʝʥʳ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʝʧʪʠʜʘʤ ʙʝʣʢʘ NP1L4, ʫʯʘʩʪʚʫʶʱʝʤʫ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʥʫʢʣʝʦʩʦʤ. ʉʧʝʢʪʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ ʵʣʶʘʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ɸʉʄ-

ʯʠʧʦʚ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ ʩʭʦʞʠ 

ʧʦ ʩʦʩʪʘʚʫ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʘʭ ʄɸʃɼʀ. 

ɺ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʦʙʨʘʟʮʦʚ ʚʳʷʚʣʝʥʳ ʢʦʥʪʘʤʠʥʘʥʪʥʳʝ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʝʧʪʠʜʘʤ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (ʟʝʣʝʥʳʡ 

ʠʥʜʠʢʘʪʦʨ ʥʘ ʨʠʩʫʥʢʘʭ 32ʘ ʠ 32ʙ), ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʦʨʙʮʠʝʡ 

ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɸʉʄ-ʯʠʧʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ ʩʦʩʪʘʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ m/z ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ (ʚʥʫʪʨʠʛʨʫʧʧʦʚʦʝ ʩʭʦʜʩʪʚʦ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʦʩʪʘʚ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʯʠʧʦʚ ʜʚʫʭ ʛʨʫʧʧ 

ʩʨʘʚʥʝʥʠʷ, ʦʪʣʠʯʝʥ.  
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(ʘ) 

 

(ʙ) 

 
ʈʠʩʫʥʦʢ 32. ï ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʠʡ ʬʠʰʠʥʛ: ʩʧʝʢʪʨʳ ʄɸʃɼʀ ʜʣʷ 

ʯʠʧʦʚ ʩ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʘʧʪʘʤʝʨʘʤʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ 

ʦʙʨʘʟʮʘʭ (ʘ) ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʜʝʪʝʡ ʩ ʈɸʉ; (ʙ) ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ 

ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʚʝʪʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʫʢʘʟʘʥʳ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ, [M+H] + ï ʠʥʪʘʢʪʥʳʡ ʧʝʧʪʠʜ ʙʝʣʢʘ, [M+K] + / 

[M+Na] + ï ʘʜʜʫʢʪ ʠʥʪʘʢʪʥʦʛʦ ʧʝʧʪʠʜʘ ʩ ʢʘʣʠʝʤ ʠ ʥʘʪʨʠʝʤ, [M+Ox(M)]+ ï 

ʠʥʪʘʢʪʥʳʡ ʧʝʧʪʠʜ ʩ ʫʯʝʪʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ï ʦʢʠʩʣʝʥʥʳʡ ʤʝʪʠʦʥʠʥ [327]*.  
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ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʩʧʝʮʠʬʠʯʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʤʠʢʨʦʈʅʂ. ʅʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʩʳʚʦʨʦʪʦʢ ʢʨʦʚʠ ʜʝʪʝʡ ʩ ʈɸʉ, ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʩʧʝʮʠʬʠʯʝʩʢʠ ʠʣʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʜʣʷ ɸʉʄ.  

 

6.3 ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʤʝʜʠʮʠʥʩʢʠ ʟʥʘʯʠʤʳʭ ʙʝʣʢʦʚ 

ɺ ʨʘʟʨʘʙʦʪʢʝ ʜʠʟʘʡʥʘ ʠ ʩʦʩʪʘʚʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʯʠʧʦʚ 

ʜʣʷ ɸʉʄ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʦʩʥʦʚʘʥʥʦ ʦʪʙʠʨʘʪʴ ʮʝʣʝʚʳʝ ʙʝʣʢʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʤʥʦʛʦʤʝʨʥʳʭ ʧʦʩʪʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ. ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ (ʘʥʪʠʪʝʣʘ ʠʣʠ ʘʧʪʘʤʝʨʳ). 

ʇʨʦʚʝʜʝʥʠʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʜʠʟʘʡʥʝ ʤʘʩʩʠʚʘ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʦʚ. 

ʅʘʨʷʜʫ ʩ ʙʝʣʢʘʤʠ, ʦʪʦʙʨʘʥʥʳʤʠ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʜʦʧʦʣʥʠʪʴ ʩʦʩʪʘʚ ʢʘʥʜʠʜʘʪʥʳʭ ʙʝʣʢʦʚ 

ʜʣʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ.  

 

6.3.1 ɹʝʣʢʠ, ʢʦʜʠʨʫʝʤʳʝ ʛʝʥʘʤʠ ʭʨʦʤʦʩʦʤʳ 18 ʯʝʣʦʚʝʢʘ  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʠʤʤʫʥʦʘʬʬʠʥʥʳʤ ʤʝʪʦʜʘʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʧʦʚ ʩ 

ʤʘʩʩʠʚʦʤ ʩʝʥʩʦʨʥʳʭ ʟʦʥ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʦʨʦʛʠʭ ʘʧʪʘʤʝʨʦʚ ʩ 

ʚʳʩʦʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʝʣʢʦʤ-

ʤʠʰʝʥʴʶ. ʄʳ ʧʦʜʪʚʝʨʜʠʣʠ ʵʪʦʪ ʪʝʟʠʩ ʚ ʥʠʞʝʠʟʣʦʞʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ɼʣʷ 
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ʰʝʩʪʠ ʢʘʥʜʠʜʘʪʥʳʭ ʦʥʢʦʤʘʨʢʝʨʦʚ (ʧʨʦʜʫʢʪʳ ʛʝʥʦʚ ʭʨʦʤʦʩʦʤʳ 18 ʯʝʣʦʚʝʢʘ)5: 

GATA-ʩʚʷʟʳʚʘʶʱʠʡ ʬʘʢʪʦʨ 6 (GATA-6), ʷʜʝʨʥʳʡ ʬʘʢʪʦʨ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʊ-

ʢʣʝʪʦʢ (NFATc1), ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 4 (TCF4), ʙʝʣʢʠ, ʢʦʜʠʨʫʝʤʳʝ ʛʝʥʘʤʠ 

TGIF1, Rax ʠ ʩʝʨʧʠʥ B3 ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʘʧʪʘʤʝʨʳ, ʩʧʝʮʠʬʠʯʥʦ ʩʚʷʟʳʚʘʶʱʠʝ ʵʪʠ 

ʙʝʣʢʠ. ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʢʘʥʦʥʠʯʝʩʢʠʭ ʬʦʨʤ ʚʳʙʨʘʥʥʳʭ ʢʘʥʜʠʜʘʪʥʳʭ ʦʥʢʦʤʘʨʢʝʨʦʚ ʚ ʙʠʦʤʘʪʝʨʠʘʣʝ ʧʨʠ 

ʨʘʟʚʠʪʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ.  

ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚʦʛʦ ʬʘʢʪʦʨʘ TGIF1 (Q15583) ʧʦʚʳʰʘʝʪʩʷ ʚ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʨʘʢʘ ʷʠʯʥʠʢʦʚ. ʗʜʝʨʥʳʡ ʬʘʢʪʦʨ ʘʢʪʠʨʦʚʘʥʥʳʭ ʊ-ʢʣʝʪʦʢ, ʠʣʠ 

NFATC1 (O95644) ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʥʢʦʤʘʨʢʝʨʦʤ. NFATc1 ʧʦ ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʦʤʫ 

ʩʠʛʥʘʣʴʥʦʤʫ ʧʫʪʠ ʘʢʪʠʚʠʨʫʝʪ ʦʥʢʦʛʝʥ c-myc ʧʨʠ ʨʘʢʝ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ. 

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 4, ʠʣʠ TCF 4 (P15884) ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʚʠʪʠʠ ʨʘʢʘ ʣʝʛʢʠʭ. 

ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ GATA-6 (Q92908) ̫ ʚʣʷʝʪʩʷ ʫʯʘʩʪʥʠʢʦʤ ʧʘʪʦʛʝʥʝʟʘ ʨʘʢʘ 

ʞʝʣʫʜʢʘ. ɹʝʣʦʢ ZNF24 (P17028) ʷʚʣʷʝʪʩʷ ʦʥʢʦʤʘʨʢʝʨʦʤ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʚʠʪʠʠ 

ʨʘʢʘ ʧʨʦʩʪʘʪʳ. ɸʥʪʠʛʝʥ ʧʣʦʩʢʦʢʣʝʪʦʯʥʦʡ ʢʘʨʮʠʥʦʤʳ SerpinB3 (P29508) ʷʚʣʷʝʪʩʷ 

ʢʘʥʜʠʜʘʪʥʳʤ ʦʥʢʦʤʘʨʢʝʨʦʤ ʨʘʢʘ ʣʝʛʢʠʭ.  

ɼʠʟʘʡʥ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʢʣʶʯʘʣ ʨʘʟʨʘʙʦʪʢʫ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ (ɺʕɾʍ-ʄʄʈ) 

ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʰʝʩʪʠ ʙʝʣʢʦʚ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʦʪʝʦʪʠʧʠʯʝʩʢʠʝ (ʠʣʠ ʫʥʠʢʘʣʴʥʳʝ) ʧʝʧʪʠʜʳ (ʵʪʘʧ 

1). ʇʨʝʜʣʦʞʝʥ ʜʠʟʘʡʥ ʤʘʩʩʠʚʘ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʘ ʩ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʘʧʪʘʤʝʨʘʤʠ, ʩʧʝʮʠʬʠʯʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʣʝʚʳʤ 

ʙʝʣʢʘʤ (ʵʪʘʧ 2). ɿʘʚʝʨʰʘʣ ʵʢʩʧʝʨʠʤʝʥʪ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ (ʵʪʘʧ 3). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʚʳʰʝ ʜʠʟʘʡʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʫʥʠʢʘʣʴʥʳʝ (ʧʨʦʪʝʦʪʠʧʠʯʝʩʢʠʝ) ʧʝʧʪʠʜʳ ʜʣʷ ʰʝʩʪʠ ʙʝʣʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

 
5ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʯʘʩʪʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ çʇʨʦʪʝʦʤ ʯʝʣʦʚʝʢʘè 

ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʨʘʥʩʢʨʠʧʪʦʚ ʠ ʙʝʣʢʦʚ, ʢʦʜʠʨʫʝʤʳʭ ʭʨʦʤʦʩʦʤʦʡ 18 ʯʝʣʦʚʝʢʘ. 
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ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ SkyLine 1.4 (ʪʘʙʣʠʮʘ 23). ʇʨʦʚʝʨʢʫ ʫʥʠʢʘʣʴʥʦʩʪʠ 

ʧʝʧʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Basic 

Local Alignment Search Tool (BLAST, http://www.uniprot.org/blast).  

ʊʘʙʣʠʮʘ 23. ʇʝʨʝʯʝʥʴ ʧʨʦʪʝʦʪʠʧʠʯʝʩʢʠʭ ʧʝʧʪʠʜʦʚ ʜʣʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ. 

ɹʝʣʦʢ ʅʘʟʚʘʥʠʝ ʙʝʣʢʘ ʇʝʧʪʠʜ 

ɼʣʠʥʘ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʄʦʣ. 

ʚʝʩ, 

ɼʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʛʠʜʨʦʬʦʙʥʦʩʪʠ 

ʧʝʧʪʠʜʘ 

Q15583 TGIF1 
ISETSSVESVMGIK 14 1466,6 23,11 

SPSQGAQGPAPR 12 1152,2 8,02 

O95644 NFAT c1 
MVLSGHNFLQDSK 13 1475,6 26,99 

LHDLSPAAYTK 11 1215,3 20,15 

P15884 TCF4 
MAALGTDK  8 805,9 11,38 

GSGAAGSSQTGDALGK 16 1363,4 10,26 

Q92908 GATA 6 
FGAAGADASDSR 12 1124,1 9,82 

GPSADLLEDLSESR 14 1488,5 33,75 

P17028 ZNF24 
YGETCFPK 8 944,0 17,68 

IHSGEKPYGCVECGK 15 1606,8 13,25 

P29508 SerpinB3 
GLVLSGVLHK 10 1022,2 28,41 

VLHFDQVTENTTGK 14 1588,7 21,90 

 

ʆʪʦʙʨʘʥʥʳʝ ʧʝʧʪʠʜʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ. ɺ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʬʨʘʛʤʝʥʪʥʳʝ ʠʦʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʠʙʦʣʴʰʠʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʚ ʩʧʝʢʪʨʝ. ɼʣʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʝʧʪʠʜʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ɺʕɾʍ-ʄʄʈ 

ʠʟʤʝʨʝʥʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 10ï9 ʜʦ 10ï14 ʄ (ʨʠʩʫʥʦʢ 33). 

http://www.uniprot.org/blast
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(ʘ) (ʙ) (ʚ) 

 
  

(ʛ) (ʜ) (ʝ) 

   
(ʞ) (ʟ) (ʠ) 
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(ʇʨʦʜʦʣʞʝʥʠʝ ʨʠʩʫʥʢʘ 30) 

 

(ʢ) (ʣ) (ʤ) 

   
ʈʠʩʫʥʦʢ 33. ïɹʝʣʢʠ 18 ʭʨʦʤʦʩʦʤʳ ʯʝʣʦʚʝʢʘ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ: ʢʘʣʠʙʨʦʚʦʯʥʳʝ 

ʧʨʷʤʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʝʧʪʠʜʦʚ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʤʝʪʦʜʦʤ ɺʕɾʍ-ʄʄʈ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʘʭ ʙʝʣʦʢ ʚ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 10ï9 ʜʦ 10ï14 ʄ (ʦʩʴ ʘʙʩʮʠʩʩ ʥʘ ʨʠʩʫʥʢʘʭ) ʙʝʣʦʢ TGIF1 (Q15583 UniProt AC) (ʘ) ISETSSVESVMGIK ʠ (ʙ) 

SPSQGAQGPAPR; NFAT c1 (ʆ95644 UniProt AC) (ʚ) MVLSGHNFLQDSK ʠ (ʛ) LHDLSPAAYTK; TCF4 (ʈ15884 UniProt AC) 

(ʜ) MAALGTDK ʠ (ʝ) GSGAAGSSQTGDALGK; GATA 6 (Q92908 UniProt AC) (ʞ) FGAAGADASDSR ʠ (ʟ) 

GPSADLLEDLSESR; ZNF24 (ʈ17028 UniProt AC) (ʠ) YGETCFPK ʠ (ʢ) IHSGEKPYGCVECGK; SerpinB3 (P29508 UniProt 

AC) (ʣ) GLVLSGVLHK ʠ (ʤ) VLHFDQVTENTTGK. ʋʢʘʟʘʥʳ ʚʝʣʠʯʠʥʳ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦ ʪʨʝʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʧʦʚʪʦʨʝʥʠʷʤ. ʇʨʠʚʝʜʝʥʳ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʰʢʘʣʳ ʘʙʩʮʠʩʩ ʠ ʦʨʜʠʥʘʪ. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 33 ʚʳʙʨʘʥʥʳʝ ʧʝʧʪʠʜʳ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 10ï9 ʜʦ 10ï14 ʄ. 

ʂʘʣʠʙʨʦʚʦʯʥʳʝ ʧʨʷʤʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ɺʕɾʍ-ʄʄʈ ʜʣʷ ʧʝʧʪʠʜʦʚ ʮʝʣʝʚʳʭ 

ʙʝʣʢʦʚ, ʠʤʝʁʪ ʚʠʜ ʧʨʷʤʳʭ ʩ ʣʠʥʝʡʥʳʤ ʫʯʘʩʪʢʦʤ ʚ ʚʳʙʨʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ R2 >0,97. 

ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʤʝʞʜʫ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʦʚʪʦʨʝʥʠʷʤʠ 

ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 85 %, ʚʘʨʴʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʚʨʝʤʝʥ 

ʫʜʝʨʞʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʧʨʝʚʦʩʭʦʜʠʣʦ Ñ3 ʩʝʢ. 

ɼʘʣʝʝ ʙʳʣʘ ʥʘʨʘʙʦʪʘʥʘ ʧʘʨʪʠʷ ʯʠʧʦʚ ʜʣʷ ɸʉʄ (ʩʣʶʜʘ) ʚ ʢʦʣʠʯʝʩʪʚʝ 25 ʰʪʫʢ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʯʠʧʦʚ ʩʦʜʝʨʞʘʣʘ ʤʘʩʩʠʚ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ 

ʘʧʪʘʤʝʨʘʤʠ (ʨʠʩʫʥʦʢ 34). ʅʘ ʨʠʩʫʥʢʝ 34 ʧʦʢʘʟʘʥ ʜʠʟʘʡʥ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʩ 6 

ʢʣʘʩʪʝʨʘʤʠ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ.  

 

ʈʠʩʫʥʦʢ 34. ï ʀʟʦʙʨʘʞʝʥʠʝ ʤʘʩʩʠʚʘ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ. 

 

ɺ ʪʘʙʣʠʮʝ 24 ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 25 ʦʙʨʘʟʮʦʚ 

ʧʣʘʟʤʳ ʢʨʦʚʠ. ɺ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʙʝʣʢʠ (ʩʤ. ʩʪʦʣʙʝʮ ˉ1), ʫʩʧʝʰʥʦ 

ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʝ ʧʦ ʜʚʫʤ ʧʝʧʪʠʜʘʤ (ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʝʧʪʠʜʦʚ ʫʢʘʟʘʥʳ ʚ ʩʪʦʣʙʮʝ ˉ3). ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ, ʚ ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʮʝʣʝʚʳʝ ʙʝʣʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʩʪʦʣʙʮʝ ˉ2. ɺ ʩʪʦʣʙʮʘʭ ˉ4 ʠ 

ˉ5 ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ï ʧʦʨʷʜʦʢ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ (ʩʪʦʣʙʝʮ ˉ4) ʠ ʙʝʟ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ (ʩʪʦʣʙʝʮ ˉ5). ɺ ʩʝʤʠ ʦʙʨʘʟʮʘʭ ʧʣʘʟʤʳ ʢʨʦʚʠ 

ʫʩʧʝʰʥʦ ʜʝʪʝʢʪʠʨʦʚʘʥʳ ʧʝʧʪʠʜʳ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʚ ʦʙʝʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʝʨʠʷʭ.  

ʊʘʙʣʠʮʘ 24. ʈʝʟʫʣʴʪʘʪʳ ʤʫʣʴʪʠʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ɺʕɾʍ-ʄʄʈ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚ, 

ʢʦʜʠʨʫʝʤʳʭ ʛʝʥʘʤʠ ʭʨʦʤʦʩʦʤʳ 18 ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ. 
1 2 3 4 5 

ɹʝʣʦʢ (UniProt ID) 
ʏʠʩʣʦ 

ʦʙʨʘʟʮʦʚ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʝʧʪʠʜʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, ʄ 

ɸʉʄ/ʄʉ ʄʉ 

TGIF1 (Q15583) 3 
ISETSSVESVMGIK 

10-12 10ï12 
SPSQGAQGPAPR 

NFATc1 (O95644) 2 
MVLSGHNFLQDSK 

10-13 ʅʝ ʦʙʥʘʨʫʞʝʥ 
LHDLSPAAYTK 

TCF4 (P15884) 2 
MAALGTDK 

10-12 10ï12 
GSGAAGSSQTGDALGK 

GATA-6 (Q92908) 2 
FGAAGADASDSR 

10-12 10ï12 
GPSADLLEDLSESR 

Serpin B3 (P29508) 2 
GLVLSGVLHK 

10-11 10ï12 
VLHFDQVTENTTGK 

ɹʝʣʦʢ Rax ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʦʦʙʨʘʟʮʘʭ ʦʙʥʘʨʫʞʝʥ ʥʝ ʙʳʣ. ɹʝʣʦʢ NFATc1 ʥʝ 

ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʚ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ (ʚ ʪʘʙʣʠʮʝ 24 ʫʢʘʟʘʥʦ çʥʝ ʦʙʥʘʨʫʞʝʥè). ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʣʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʙʝʣʦʢ ʚ ʜʚʫʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ. ɼʨʫʛʠʝ ʮʝʣʝʚʳʝ ʙʝʣʢʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʦʙʝʠʭ ʩʝʨʠʷʭ 

ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʧʦʩʪʘʚʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʩʦʩʪʘʚʠʣʦ  

10ï11-10ï13ʄ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʩʤ. ɻʣʘʚʘ 1, 

ʨʠʩʫʥʦʢ 1). 

 

6.3.2 ɹʝʣʢʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʢʘ ʷʠʯʥʠʢʦʚ 

ɺ ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʢʘ ʷʠʯʥʠʢʦʚ, ʜʣʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʯʠʧʦʚ ʜʣʷ ɸʉʄ ʩ ʤʘʩʩʠʚʦʤ ʩʝʥʩʦʨʥʳʭ ʟʦʥ. ɼʣʷ ʵʪʦʛʦ, ʚ ʧʝʨʚʦʡ 

ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʩʢʘʥʠʨʫʶʱʠʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʧʘʮʠʝʥʪʦʢ 

ʩ ʜʠʘʛʥʦʟʦʤ ʨʘʢ ʷʠʯʥʠʢʦʚ ʠ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ ʫʯʘʩʪʥʠʮ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʳʷʚʣʝʥʠʝ 

ʙʝʣʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʢʪʦʨʘ ʪʠʧʘ ʦʨʙʠʪʘʣʴʥʘʷ ʣʦʚʫʰʢʘ ʠʦʥʦʚ (ɺʕɾʍ-ʄʉ/ʄʉ) 
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ʧʫʪʝʤ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʙʝʣʢʦʚ ʚ 

ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʛʨʫʧʧʫ ʦʙʱʠʭ ʙʝʣʢʦʚ ʜʣʷ ʦʙʝʠʭ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ (n=97), ʘ ʪʘʢʞʝ ʙʝʣʢʠ (n=73), 

ʩʧʝʮʠʬʠʯʥʳʝ ʦʙʨʘʟʮʘʤ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʷʠʯʥʠʢʦʚ ʠ ʙʝʣʢʠ (n=17), 

ʩʧʝʮʠʬʠʯʥʳʝ ʦʙʨʘʟʮʘʤ ʢʨʦʚʠ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ ʫʯʘʩʪʥʠʮ (ʨʠʩʫʥʦʢ 35ʘ ʠ 35ʙ).  

(ʘ) (ʙ) 

 
 

(ʚ) 

 

ʈʠʩʫʥʦʢ 35. ï ʈʘʟʨʘʙʦʪʢʘ ʜʠʟʘʡʥʘ ʯʠʧʦʚ ʜʣʷ ɸʉʄ: ʨʝʟʫʣʴʪʘʪʳ ɺʕɾʍ-ʄʉ/ʄʉ 

ʠʟʤʝʨʝʥʠʡ (ʘ) ʜʠʘʛʨʘʤʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʯʠʩʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʚ 

ʦʙʨʘʟʮʘʭ ʧʣʘʟʤʳ ʢʨʦʚʠ ʜʣʷ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ çʨʘʢ ʷʠʯʥʠʢʦʚè ʠ çʢʦʥʪʨʦʣʴè; (ʙ) 

ʜʠʘʛʨʘʤʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʨʘʟʤʝʨ ʧʝʨʝʩʝʯʝʥʠʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ ʩʨʘʚʥʝʥʠʷ; (ʚ) ʪʦʯʝʯʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʚ ʛʨʫʧʧʘʭ ʩʨʘʚʥʝʥʠʷ. ʉʠʥʝʡ ʦʙʣʘʩʪʴʶ 

ʦʪʤʝʯʝʥʳ ʙʝʣʢʠ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʟʥʘʯʠʤʦ ʧʦʚʳʰʝʥʦ ʚ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟ ʚ 

ʦʙʨʘʟʮʘʭ ʧʣʘʟʤʳ ʢʨʦʚʠ ʛʨʫʧʧʳ çʨʘʢ ʷʠʯʥʠʢʦʚè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ çʢʦʥʪʨʦʣʴè. 
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ɺ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʙʝʣʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʦʚʨʝʞʜʝʥʠʷ (ʙʝʪʘ-2-ʛʣʠʢʦʧʨʦʪʝʥ I, ʬʘʢʪʦʨ ʢʦʘʛʫʣʷʮʠʠ XII , 

ʢʘʣʣʝʢʨʝʠʥ ɺ, ʚʩʝʛʦ 27 ʙʝʣʢʦʚ), ʘʢʪʠʚʘʮʠʠ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʤʝʥʪʘ (ʢʦʤʧʦʥʝʥʪʳ 

ʢʦʤʧʣʝʤʝʥʪʘ 1,4,6,8,9, ʚʩʝʛʦ 15 ʙʝʣʢʦʚ), ʨʝʛʫʣʷʮʠʠ ʧʨʦʪʝʦʣʠʟʘ (ʛʝʣʴʩʦʥʠʥ, 

ʣʠʧʦʧʨʦʪʝʠʥ, ʢʠʥʠʥʦʛʝʥ I, ʚʩʝʛʦ 31 ʙʝʣʦʢ), ʦʪʚʝʪʘ ʥʘ ʚʦʩʧʘʣʝʥʠʝ (ʘʥʛʠʦʪʝʥʟʠʥʦʛʝʥ, 

ʘʧʦʣʠʧʦʧʨʦʪʝʠʥ D, ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʤʠʣʦʠʜ ʈ, ʚʩʝʛʦ 21 ʙʝʣʦʢ) (ʧʦ ʜʘʥʥʳʤ STRING 

10, http://string-db.org/).  

ʊʦʯʝʯʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 35ʚ, ʦʪʨʘʞʘʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ 

ʜʚʫʭ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ. ʅʘ ʦʩʠ ʘʙʩʮʠʩʩ ʫʢʘʟʘʥ ʨʘʟʤʝʨ ʵʬʬʝʢʪʘ (ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ 

ʰʢʘʣʘ) ʠ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʛʨʫʧʧʳ çʨʘʢ 

ʷʠʯʥʠʢʦʚè ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ çʢʦʥʪʨʦʣʴè. ɿʥʘʯʝʥʠʷ ʤʝʥʴʰʝ ʥʫʣʷ (x<0) 

ʩʦʦʪʚʝʪʩʚʫʶʪ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ ʚ ʛʨʫʧʧʝ çʨʘʢ ʷʠʯʥʠʢʦʚè ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʛʨʫʧʧʦʡ çʢʦʥʪʨʦʣʴè, ʟʥʘʯʝʥʠʷ ʙʦʣʴʰʝ ʥʫʣʷ (x>0) ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚ ʚ ʛʨʫʧʧʝ çʨʘʢ ʷʠʯʥʠʢʦʚè. ʅʘ ʦʩʠ ʦʨʜʠʥʘʪ ʫʢʘʟʘʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʰʢʘʣʘ). ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩʨʘʚʥʝʥʠʷ ʧʦ ʤʦʜʫʣʶ ʙʦʣʝʝ ʯʝʤ ʚ 

ʜʚʘ ʨʘʟʘ ʧʨʠ p<0,05 ʩʯʠʪʘʣʦʩʴ ʟʥʘʯʠʤʳʤ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 35ʚ, ʦʙʰʠʨʥʳʡ ʢʣʘʩʪʝʨ ʦʙʱʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ ʩʨʘʚʥʝʥʠʷ ʛʝʪʝʨʦʛʝʥʝʥ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʙʝʣʢʦʚ. ʉʠʥʝʡ 

ʦʙʣʘʩʪʴʶ ʥʘ ʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʦʙʦʩʦʙʣʝʥʳ ʙʝʣʢʠ, ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩʨʘʚʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʙʝʣʢʠ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʛʨʫʧʧʝ çʨʘʢ ʷʠʯʥʠʢʦʚè ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ 

çʢʦʥʪʨʦʣʴè.  

ɺ ʦʙʨʘʟʮʘʭ ʧʣʘʟʤʳ ʢʨʦʚʠ ʛʨʫʧʧʳ çʨʘʢ ʷʠʯʥʠʢʦʚè ʦʙʥʘʨʫʞʝʥʳ ʙʝʣʢʠ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ (ʨʝʪʠʥʦʣ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ 4, 

ʧʨʦʪʨʦʤʙʠʥ, ʛʝʣʴʟʦʣʠʥ, ʢʘʣʣʠʢʨʝʠʥ, ʢʣʘʩʪʝʨʠʥ, ʮʝʥʪʨʠʦʣʠʥ ʠ ʧʨʦʯ.), ʨʝʛʫʣʷʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʢʠʥʠʥʦʛʝʥ-1, ʢʘʣʣʠʩʪʘʪʠʥ, ʛʝʤʦʧʝʢʩʠʥ, ʮʝʨʫʣʦʧʣʘʟʤʠʥ, 

ʘʧʦʣʠʧʦʧʨʦʪʝʠʥ B-100 ʠ ʧʨʦʯ.), ʚ ʦʪʚʝʪʝ ʥʘ ʩʪʨʝʩʩ (ʛʝʧʘʨʠʥ ʢʦʬʘʢʪʦʨ 2, ʘʣʴʬʘ-2-

HS-ʛʣʠʢʦʧʨʦʪʝʠʥ, ʫʪʨʦʬʠʥ, ʙʝʪʘ-2-ʛʣʠʢʦʧʨʦʪʝʠʥ 1, ʘʣʴʬʘ-1-ʢʠʩʣʳʡ ʛʣʠʢʦʧʨʦʪʝʠʥ 
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1 ʠ ʧʨʦʯ.) [287]*. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʙʝʣʢʦʚʳʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʡ, ʩʧʝʮʠʬʠʯʥʳʭ ʪʦʣʴʢʦ ʙʠʦʦʙʨʘʟʮʘʤ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʷʠʯʥʠʢʦʚ ʠ ʥʝ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʛʨʫʧʧʝ ʩʨʘʚʥʝʥʠʷ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʝ ʛʝʥʳ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʟʘʙʦʣʝʚʘʥʠʡ ʩ ʧʨʷʤʦʡ 

ʢʦʤʦʨʙʠʜʥʦʩʪʴʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʡ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʵʥʜʦʢʨʠʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʥʘʨʫʰʝʥʠʝ ʦʙʤʝʥʘ ʣʠʧʠʜʦʚ. ɹʳʣ ʩʬʦʨʤʠʨʦʚʘʥ 

ʧʝʨʝʯʝʥʴ ʙʝʣʢʦʚ, ʦʪʣʠʯʘʶʱʠʡ ʬʝʥʦʪʠʧ çʦʥʢʦʣʦʛʠʷè, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʜʝʚʷʪʴ 

ʙʝʣʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʠ ʩʝʤʴ ʙʝʣʢʦʚ ʩ ʧʦʥʠʞʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʦʙʨʘʟʮʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ çʢʦʥʪʨʦʣʴè (p<0.05) (ʪʘʙʣʠʮʘ 25).  

ʊʘʙʣʠʮʘ 25. ʇʝʨʝʯʝʥʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʙʝʣʢʦʚ ʚ ʦʙʨʘʟʮʘʭ 

ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʷʠʯʥʠʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʩʨʘʚʥʝʥʠʷ. 

UniProt ɸʉ ʅʘʟʚʘʥʠʝ ʙʝʣʢʘ p-ʟʥʘʯʝʥʠʝ* 
ʀʟʤʝʥʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ 

P20742 ɹʝʣʦʢ PZP 0,0002 9,9 

P04278 ɹʝʣʦʢ, ʩʚʷʟʳʚʘʶʱʠʡ ʧʦʣʦʚʳʝ ʛʦʨʤʦʥʳ (SHBG) 0,0002 7,9 

P22792 ʂʘʨʙʦʢʩʠʧʝʧʪʠʜʘʟʘ N ʩʫʙʲʝʜʠʥʠʮʘ 2 0,0001 7,2 

P05543 ʊʠʨʦʢʩʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ (Serpin A7) 1,3E-06 6,7 

P02775 ʆʩʥʦʚʥʦʡ ʙʝʣʦʢ ʪʨʦʤʙʦʮʠʪʦʚ (PBP) 3,6E-06 6,5 

P05160 ʌʘʢʪʦʨ ʢʦʘʛʫʣʷʮʠʠ XIII  ʮʝʧʴ B  0,003 5,6 

P0DJI8 ʉʳʚʦʨʦʪʦʯʥʳʡ ʘʤʠʣʦʠʜ A-1 (SAA) 0,05 4,4 

Q08380 ɻʘʣʝʢʪʠʥ-3-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ 0,0003 4,2 

Q96KN2 ɹʝʪʘ-ʘʣʘʥʠʥ-ʛʠʩʜʠʧʝʧʪʠʜʘʟʘ 0,01 3,8 

P03952 ʂʠʥʠʥʦʛʝʥ 4,1E-07 -4,6 

P08519 ʊʷʞʝʣʘʷ ʮʝʧʴ ʠʥʛʠʙʠʪʦʨʘ ʠʥʪʝʨ-ʘʣʴʬʘ-ʪʨʠʧʩʠʥʘ H2 0,001 -5,3 

Q03591 ʌʘʢʪʦʨ ʢʦʤʧʣʝʤʝʥʪʘ H-ʩʚʷʟʘʥʥʳʡ ʙʝʣʦʢ 1 (FHR-1) 0,0002 -6,2 

Q13790 ɸʧʦʣʠʧʦʧʨʦʪʝʠʥ F (Apo-F) 7,2E-09 -7,1 

A8K855 EF-ʢʘʣʴʮʠʡ ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ 7 2,5E-11 -8,5 

P0C0L4 ʌʘʢʪʦʨ ʢʦʤʧʣʝʤʝʥʪʘ C4-A 1,9E-07 -8,8 

P02671 ʌʠʙʨʠʥʦʛʝʥ ʘʣʴʬʘ ʮʝʧʴ 2,0E-07 -9,8 

p-ʟʥʘʯʝʥʠʝ* <0,05 
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ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʧʨʦʪʝʦʤʠʢʠ 

ʧʦʚʳʩʠʣʠ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʨʦʣʠ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ (ʇʊʄ) 

ʙʝʣʢʘ ʥʘ ʤʝʭʘʥʠʟʤʳ ʨʘʟʚʠʪʠʷ ʦʥʢʦʧʘʪʦʣʦʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝ ʧʨʝʢʨʘʱʘʶʪʩʷ 

ʧʦʧʳʪʢʠ ʨʘʟʨʘʙʦʪʘʪʴ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠ ʪʦʯʥʳʝ ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʇʊʄ 

[328].  

ɹʳʣ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ɺʕɾʍ-ʄʉ/ʄʉ ʘʥʘʣʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʚ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʰʝʩʪʠ 

ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ (ʇʊʄ) ʙʝʣʢʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʦʙʨʘʟʮʘʭ ʧʣʘʟʤʳ 

ʢʨʦʚʠ ʞʝʥʱʠʥ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʠʘʛʥʦʟʦʤ ʨʘʢ ʷʠʯʥʠʢʦʚ ʠ ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ 

ʫʯʘʩʪʥʠʮ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʠʩʢʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ Mascot ʚʳʧʦʣʥʝʥ 

ʘʥʘʣʠʟ ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʜʚʫʭ ʛʨʫʧʧ ʩʨʘʚʥʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ: ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ N-ʢʦʥʮʘ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʙʝʣʢʘ, ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʣʠʟʠʥʘ, ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʩʝʨʠʥʘ, ʪʨʝʦʥʠʥʘ ʠ ʪʠʨʦʟʠʥʘ, ʘ 

ʪʘʢʞʝ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ ʣʠʟʠʥʘ. 

ɺ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʷʠʯʥʠʢʦʚ ʚʳʷʚʣʝʥʳ ʙʝʣʢʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʧʝʧʪʠʜʳ ʩ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʥʘʨʫʞʝʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ, ʩʧʝʮʠʬʠʯʥʳʝ ʛʨʫʧʧʝ çʨʘʢ ʷʠʯʥʠʢʦʚè. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣʠʮʝ 26. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʚʳʷʚʣʝʥʦ ʚ ʘʣʴʙʫʤʠʥʝ, ʘʣʴʬʘ-

2-ʤʘʢʨʦʛʣʦʙʫʣʠʥʝ, ʛʘʧʪʦʛʣʦʙʠʥʝ, ʩʝʨʦʪʨʘʥʩʬʝʨʨʠʥʝ, ʢʦʤʧʦʥʝʥʪʘʭ ʩʠʩʪʝʤʳ 

ʢʦʤʧʣʝʤʝʥʪʘ (ʚʩʝʛʦ 8 ʙʝʣʢʦʚ, ʪʘʙʣʠʮʘ 26). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʦʡ 

ʤʦʜʠʬʠʢʘʮʠʝʡ ʩʪʘʣʦ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ ʣʠʟʠʥʘ, ʨʝʞʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʩʝʨʠʥʘ, 

ʪʨʝʦʥʠʥʘ ʠ ʪʠʨʦʟʠʥʘ ʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʣʠʟʠʥʘ. ʇʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʝ 

ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʨʝʛʫʣʷʮʠʠ ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʘ, ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʩʫʙʢʣʝʪʦʯʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʙʝʣʢʘ. ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ. 
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ʊʘʙʣʠʮʘ 26. ɹʝʣʢʠ ʩ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ, ʩʧʝʮʠʬʠʯʥʳʝ ʛʨʫʧʧʝ 

çʨʘʢ ʷʠʯʥʠʢʦʚè.  
UniProt 

AC 
ʅʘʟʚʘʥʠʝ ʙʝʣʢʘ 

ʏʠʩʣʦ 

ʧʝʧʪʠʜʦʚ 

ʇʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʘ ̫ʤʦʜʠʬʠʢʘʮʠ ̫

Q(K)* Ac(N)**  Ac(K)3* P(Y, S, T)4* 

P02768 ɸʣʴʙʫʤʠʥ 33 12 ï 17 ï 

P01023 Ŭ-2-ʤʘʢʨʦʛʣʦʙʫʣʠʥ 40 6 ï 1 ï 

P02765 Ŭ-2-ʛʣʠʢʦʧʨʦʪʝʠʥ 2 3 ï ï ï 

P00738 ɻʘʧʪʦʛʣʦʙʠʥ 14 2 ï 1 ï 

P02647 ɸʧʦʣʠʧʦʧʨʦʪʝʠʥ A-I 23 5 ï 1 ï 

P19652 
Ŭ-1-ʢʠʩʣʳʡ 

ʛʣʠʢʦʧʨʦʪʝʠʥ 2 
6 ï 1 ï ï 

P02787 ʉʝʨʦʪʨʘʥʩʬʝʨʨʠʥ 19 ï 11 ï ï 

P01834 IgG ʢʘʧʧʘ ʮʝʧʴ 4 ï 1 2 1 

Q(K)* ï ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ ʣʠʟʠʥʘ, Ac(N)**ï ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ N-ʢʦʥʮʘ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, 

Ac(K)3* ï ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʣʠʟʠʥʘ, P(Y, S, T)4* ï ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʪʠʨʦʟʠʥʘ, ʩʝʨʠʥʘ, ʪʨʝʦʥʠʥʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʂʘʨʪʠʨʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʧʦʟʚʦʣʠʣʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʇʊʄ ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʦʚʳʭ ʛʣʦʙʫʣ, ʙʦʣʴʰʝʡ 

ʯʘʩʪʴʶ ʥʘ ʢʦʥʮʘʭ ʘʣʴʬʘ-ʩʧʠʨʘʣʝʡ ʠ ʙʝʪʘ-ʪʷʞʝʡ, ʨʝʞʝ ʚ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʧʝʪʣʷʭ, ʩʦʝʜʠʥʷʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʝ ʜʦʤʝʥʳ ʠʣʠ ʘʣʴʬʘ-ʩʧʠʨʘʣʠ ʠ ʙʝʪʘ-ʪʷʞʠ 

(ʨʠʩʫʥʦʢ 36). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʣʠʯʠʝ ʇʊʄ ʚ ʵʣʝʤʝʥʪʘʭ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʢʘʟʳʚʘʝʪ ʣʦʢʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ ʙʝʣʢʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʝʨʦʷʪʥʦ, 

ʤʦʛʫʪ ʤʦʜʫʣʠʨʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ [24, 251, 

329,330]*.  

 

ʈʠʩʫʥʦʢ 36. ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʦʚ ʩʝʨʦʪʨʘʥʩʬʝʨʨʠʥʘ (ʘ) ʠ ʛʘʧʪʦʛʣʦʙʠʥʘ (ʙ), ʩʦʜʝʨʞʘʱʠʝ ʇʊʄ ʠʟ ʨʝʩʫʨʩʘ 

PDB. ɿʝʣʝʥʳʝ ʫʯʘʩʪʢʠ ʩʪʨʫʢʪʫʨ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʷʚʣʝʥʥʳʤ ʧʝʧʪʠʜʘʤ, 

ʩʦʜʝʨʞʘʱʠʝ ʇʊʄ, ʢʨʘʩʥʦʡ ʠʥʜʠʢʘʮʠʝʡ ʦʙʦʟʥʘʯʝʥʳ ʙʦʢʦʚʳʝ ʨʘʜʠʢʘʣʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ʉʠʥʠʤʠ ʢʨʫʞʢʘʤʠ ʦʪʤʝʯʝʥʳ 

ʫʯʘʩʪʢʠ ʙʝʣʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ 

ʦʩʪʘʪʢʠ ʥʘ ʢʦʥʮʘʭ ʘʣʴʬʘ-ʩʧʠʨʘʣʝʡ ʠ ʙʝʪʘ-ʪʷʞʝʡ, ʟʝʣʝʥʳʤʠ ï ʚ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʝʪʣʷʭ (ʨʝʩʫʨʩ PyMOL) [331] *. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʧʣʘʟʤʳ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʷʠʯʥʠʢʦʚ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʙʝʣʢʠ, ʩʧʝʮʠʬʠʯʥʳʝ ʛʨʫʧʧʝ çʨʘʢ ʷʠʯʥʠʢʦʚè, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʝ 

ʙʝʣʢʠ ʠ ʚʦʟʤʦʞʥʳʝ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ. ɼʘʥʥʳʝ ʦ 

ʚʝʨʦʷʪʥʦʤ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʙʝʣʢʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʝ, ʚ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʫʧʥʦʩʪʴʶ ʘʬʬʠʥʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʘʪʦʛʝʥʝʟʘ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʥʘʨʘʙʦʪʘʥʘ ʧʘʨʪʠʷ ʯʠʧʦʚ ʜʣʷ ɸʉʄ ʩ 

ʤʘʩʩʠʚʦʤ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 11 ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʢʘ ʷʠʯʥʠʢʦʚ. ɺ ʩʦʩʪʘʚ ʧʝʨʝʯʥʷ ʚʦʰʣʠ ʧʨʦʜʫʢʪʳ 

ʪʨʘʥʩʣʷʮʠʠ ʦʥʢʦʛʝʥʦʚ ï ʙʝʣʦʢ ʩʝʨʧʠʥ b3, ʪʠʤʠʜʠʣʘʪ-ʩʠʥʪʘʟʘ (TYMS), ʙʝʣʦʢ Bcl2, 

ʷʜʝʨʥʳʡ ʬʘʢʪʦʨ ʘʢʪʠʚʘʮʠʠ ʊ-ʢʣʝʪʦʢ (NFATc1) ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

GATA6. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʦʚ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ 44 ʩʝʥʩʦʨʥʳʭ ʟʦʥ, ʠʟ ʢʦʪʦʨʳʭ 

42 ʟʦʥʳ ʩʦʜʝʨʞʘʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ 

ʠ ʘʧʪʘʤʝʨr , ʩʧʝʮʠʬʠʯʥʳʝ ʮʝʣʝʚʳʤ ʙʝʣʢʘʤ ʠ ʜʚʝ ʢʦʥʪʨʦʣʴʥʳʝ ʟʦʥʳ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ ʙʳʣʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʳ ʘʧʪʘʤʝʨʳ ʠ ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ ʙʝʣʢʘ 

ʇʉɸ (ʧʨʦʩʪʘʪʠʯʝʩʢʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʘʥʪʠʛʝʥ). ɺʳʙʦʨ ʘʥʪʠ-ʇʉɸ ʘʧʪʘʤʝʨʦʚ ʠ 

ʘʥʪʠʪʝʣ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʫʩʣʦʚʣʝʥ ʦʞʠʜʘʝʤʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʵʪʦʛʦ ʙʝʣʢʘ 

ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʦʢ ʧʘʮʠʝʥʪʦʢ ï ʞʝʥʱʠʥ, ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʷʠʯʥʠʢʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʟʦʥ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʜʪʚʝʨʜʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʟʦʥ 

ʦʙʲʝʢʪʦʚ ʧʦ ʚʳʩʦʪʘʤ, ʧʨʝʚʳʰʘʶʱʠʭ ʦʙʲʝʢʪʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʜʚʫʭ 

ʢʦʥʪʨʦʣʴʥʳʭ ʟʦʥʘʭ. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʙʨʘʥʥʳʭ ʨʝʘʢʮʠʡ (ʄʄʈ) ʵʣʶʘʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʯʠʧʦʚ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʚ ʦʙʨʘʟʮʘʭ ʮʝʣʝʚʳʝ ʙʝʣʢʠ 

(ʪʘʙʣʠʮʘ 27). 
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ʊʘʙʣʠʮʘ 27. ʈʝʟʫʣʴʪʘʪʳ ʤʫʣʴʪʠʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ɺʕɾʍ-ʄʄʈ ʘʥʘʣʠʟʘ ʙʝʣʢʦʚ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʢʦʤ ʷʠʯʥʠʢʦʚ ʚ ʦʙʨʘʟʮʘʭ ʧʣʘʟʤʳ ʢʨʦʚʠ. 

ɿʦʥʜ/ʮʝʣʝʚʦʡ ʙʝʣʦʢ ʅʘʟʚʘʥʠʝ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ 
ɸʉʄ/ʄʉ 

ʧʦʜʭʦʜ**  

ʄʂɸ*/ʉʝʨʧʠʥ ɺ3 ʙʝʣʦʢ, ʢʦʜʠʨʫʝʤʳʡ ʛʝʥʦʤ SERPINB3 5 

ʄʂɸ/GATA 6 ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ GATA-6 5 

ʄʂɸ/TYMS ʪʠʤʠʜʠʣʘʪʩʠʥʪʘʟʘ 5 

ʄʂɸ/ ʜʝʩʤʦʛʣʝʠʥ 1 ʜʝʩʤʦʛʣʝʠʥ-1 6 

ʄʂɸ/N-ʢʘʜʛʝʨʠʥ N-ʢʘʜʛʝʨʠʥ 6 

ʄʂɸ/CNDP2 
ʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ ʮʠʪʦʟʦʣʴʥʘʷ 

ʜʠʧʝʧʪʠʜʘʟʘ 
6 

ʄʂɸ/Bcl2 ʙʝʣʦʢ ʨʝʛʫʣʷʪʦʨ ʘʧʦʧʪʦʟʘ Bcl2 ʅʝ ʦʙʥʘʨʫʞʝʥ 

ʄʂɸ/ʇʉɸ (ʢʦʥʪʨʦʣʴ) ʧʨʦʩʪʘʪʩʧʝʮʠʬʠʯʝʩʢʠʡ ʘʥʪʠʛʝʥ ʅʝ ʦʙʥʘʨʫʞʝʥ 

ɸʧʪʘʤʝʨ/NFATc1 
ʷʜʝʨʥʳʡ ʬʘʢʪʦʨ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʊ-

ʢʣʝʪʦʢ 
4 

ɸʧʪʘʤʝʨ/TNFR 
ʙʝʣʦʢ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ ʨʝʮʝʧʪʦʨʘ 

ʬʘʢʪʦʨʘ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ 
ʅʝ ʦʙʥʘʨʫʞʝʥ 

ɸʧʪʘʤʝʨ/YES ʪʠʨʦʟʠʥ-ʧʨʦʪʝʠʥʢʠʥʘʟʘ 6 

ɸʧʪʘʤʝʨ/TCF4 ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ 4 6 

ɸʧʪʘʤʝʨ/GATA6 ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ GATA-6 ʅʝ ʦʙʥʘʨʫʞʝʥ 

ɸʧʪʘʤʝʨ/ʇʉɸ (ʢʦʥʪʨʦʣʴ) ʧʨʦʩʪʘʪʩʧʝʮʠʬʠʯʝʩʢʠʡ ʘʥʪʠʛʝʥ ʅʝ ʦʙʥʘʨʫʞʝʥ 

ɸʧʪʘʤʝʨ/TGIF 1 ʙʝʣʦʢ, ʢʦʜʠʨʫʝʤʳʡ ʛʝʥʦʤ TGIF1 5 

ɸʧʪʘʤʝʨ/Rax ʙʝʣʦʢ, ʢʦʜʠʨʫʝʤʳʡ ʛʝʥʦʤ Rax 6 

ʄʂɸ* ï ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ; ɸʉʄ/ʄʉ ʧʦʜʭʦʜ** ï ʯʠʩʣʦ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ, ʚ 

ʢʦʪʦʨʳʭ ʙʳʣ ʜʝʪʝʢʪʠʨʦʚʘʥ ʙʝʣʦʢ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 27, ʚ ʦʙʨʘʟʮʘʭ ʧʣʘʟʤʳ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʷʠʯʥʠʢʦʚ 

ʥʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʙʝʣʦʢ ʨʝʛʫʣʷʪʦʨ ʘʧʦʧʪʦʟʘ Bcl2, ʙʝʣʦʢ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ 

ʨʝʮʝʧʪʦʨʘ ʬʘʢʪʦʨʘ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ, ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ GATA-6 (ʚ ʪʘʙʣʠʮʝ 

ʦʪʤʝʯʝʥʳ, ʢʘʢ çʥʝ ʦʙʥʘʨʫʞʝʥè). ʇʨʠʤʝʥʝʥʠʝ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʣʦ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʷʜʝʨʥʳʡ ʬʘʢʪʦʨ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʊ-ʢʣʝʪʦʢ ʚ ʯʝʪʳʨʝʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʙʝʣʦʢ, ʢʦʜʠʨʫʝʤʳʡ ʛʝʥʦʤ SERPINB3, ʬʘʢʪʦʨ 

ʪʨʘʥʩʢʨʠʧʮʠʠ GATA-6 ʠ ʪʠʤʠʜʠʣʘʪʩʠʥʪʘʟʘ ʚ ʧʷʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ. 

ɼʝʩʤʦʛʣʝʠʥ-1, N-ʢʘʜʛʝʨʠʥ, ʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ ʮʠʪʦʟʦʣʴʥʘʷ ʜʠʧʝʧʪʠʜʘʟʘ, ʘ ʪʘʢʞʝ 

ʪʠʨʦʟʠʥ-ʧʨʦʪʝʠʥʢʠʥʘʟʘ, ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ 4, ʙʝʣʦʢ, ʢʦʜʠʨʫʝʤʳʡ ʛʝʥʦʤ Rax 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʰʝʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʦʩʥʦʚʳʚʘʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʬʠʰʠʥʛʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʚ 
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ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʠ ʧʣʘʟʤʳ ʢʨʦʚʠ. ʆʙʦʩʥʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ɸʉʄ/ʄʉ ʧʦʜʭʦʜʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʟʦʥʜʦʚ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ, 

ʘʧʪʘʤʝʨʦʚ ʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʩʧʝʮʠʬʠʯʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʣʝʚʳʤ 

ʙʠʦʤʦʣʝʢʫʣʘʤ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ HCVcoreAg ʚ ʦʙʨʘʟʮʘʭ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʚʠʨʫʩʥʳʤ ʛʝʧʘʪʠʪʦʤ ʉ ʠ ʙʝʣʢʦʚ, ʢʦʜʠʨʫʝʤʳʭ 

ʭʨʦʤʦʩʦʤʦʡ 18 ʯʝʣʦʚʝʢʘ, ʚ ʦʙʨʘʟʮʘʭ ʧʣʘʟʤʳ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʘʭ. 

ʇʦʚʳʰʝʥʠʝ ʯʠʩʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʥʘʨʷʜʫ ʩ ʠʥʪʘʢʪʥʳʤʠ ʪʨʠʧʪʠʯʝʩʢʠʤʠ ʧʝʧʪʠʜʘʤʠ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʧʝʧʪʠʜʦʚ-

ʘʜʜʫʢʪʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ 

ʢʘʪʠʦʥʘʤʠ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ.  
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ɻʃɸɺɸ 7. ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʜʣʷ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ, ʤʦʣʝʢʫʣʳ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʠʧʦʚ ʩʦʭʨʘʥʷʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɸʥʪʠʪʝʣʘ ʩʦʭʨʘʥʷʶʪ ʘʬʬʠʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʬʦʨʤʠʨʫʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʙʝʣʢʘʤʠ-ʤʠʰʝʥʷʤʠ. ɺ ʩʣʝʜʫʶʱʝʡ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʥʦ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ɸʉʄ/ʄʉ ʧʦʜʭʦʜʘ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʪʝʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

 

7.1 ʂʦʤʙʠʥʘʮʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʮʠʪʦʭʨʦʤ ʈ450-ʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤ  

ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʌʝʨʤʝʥʪʳ ʩʝʤʝʡʩʪʚʘ ʮʠʪʦʭʨʦʤ ʈ450 ʩʦʜʝʨʞʘʪ ʛʝʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʘʢʪʠʚʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʘʢʮʠʷ 

ʤʦʥʦʦʢʩʠʛʝʥʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʦʜʠʥ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʫʯʘʩʪʚʫʝʪ ʚ ʦʢʠʩʣʝʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʚʪʦʨʦʡ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʚʦʜʳ. 

ʈʝʘʢʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʦʙʱʝʡ ʩʭʝʤʝ:  

R-H + O2 + ʅɸɼ(ʌ)H + H+ Ÿ R-O-H + H2O + ʅɸɼ(ʌ)+, ʛʜʝ R-H ʩʫʙʩʪʨʘʪ [332,333]. 

ʇʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʅɸɼ(ʌ)ʅ ʯʝʨʝʟ ʙʝʣʢʠ-

ʧʘʨʪʥʝʨʳ ʥʘ ʮʠʪʦʭʨʦʤ ʈ450. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʠʩʪʝʤʳ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ 

ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ ʮʠʪʦʭʨʦʤ ʈ450 ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ 

[334]. ɼʚʫʭ- ʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʯʝʣʥʦʯʥʝr ʩʠʩʪʝʤ rʩʦʜʝʨʞʘʪ ʞʝʣʝʟʦʩʝʨʥʳʡ 

ʙʝʣʦʢ ʬʝʨʨʝʜʦʢʩʠʥ ʠʣʠ ʘʜʨʝʥʦʜʦʢʩʠʥ, ʮʠʪʦʭʨʦʤʳ ʈ450 ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʠʣʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʩʦʤʘʣʴʥʳʝ ʮʠʪʦʭʨʦʤ r P450 

ʧʦʣʫʯʘʶʪ ʵʣʝʢʪʨʦʥʳ ʦʪ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʜʠʬʣʘʚʠʥʨʝʜʫʢʪʘʟʳ [334].  

ɺ P450cam-ʩʦʜʝʨʞʘʱʝʡ ʩʠʩʪʝʤʝ (ʦʪ ʘʥʛʣ. çcamphoraè, ʢʘʤʬʦʨʘ) ʮʠʪʦʭʨʦʤ 

CYP101 (EC 1.14.15.1) ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ Pseudomonas putida 

ʢʘʪʘʣʠʟʠʨʫʝʪ 5-ʵʢʟʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ D-ʢʘʤʬʦʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʘʢʪʝʨʠʷʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ D-ʢʘʤʬʦʨʫ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ (ʨʠʩʫʥʦʢ 37) [334,335].  
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ʈʠʩʫʥʦʢ 37. ï ʉʭʝʤʘ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠ ̫ D-ʢʘʤʬʦʨʳ ʜʦ 5-

ʵʢʟʦʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʩ ʫʯʘʩʪʠʝʤ ʮʠʪʦʭʨʦʤʘ P450cam (CYP101). 

 

ʋ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʮʠʪʦʭʨʦʤʳ ʈ450 ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʪʠʧʘ ʚʘʞʥʳ ʚ 

ʙʠʦʩʠʥʪʝʟʝ ʭʦʣʝʩʪʝʨʠʥʘ, ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ, ʚʠʪʘʤʠʥʘ D ʠ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ 

[334]. ʊʘʢ, ʚ ʥʘʜʧʦʯʝʯʥʠʢʘʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʮʠʪʦʭʨʦʤ CYP11A1 (EC 1.14.15.6), 

ʠʟʚʝʩʪʥʳʡ ʢʘʢ P450scc (ʦʪ ʘʥʛʣ. çside chain cleavageè, ʨʘʩʱʝʧʣʝʥʠʝ ʙʦʢʦʚʦʡ ʮʝʧʠ), 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʛʠʜʨʦʣʠʟ ʙʦʢʦʚʦʡ ʮʝʧʠ ʭʦʣʝʩʪʝʨʠʥʘ ʩ ʧʨʝʚʨʘʱʝʥʠʝʤ ʩʫʙʩʪʨʘʪʘ ʚ 

ʧʨʝʛʥʝʥʦʣʦʥ. ɼʘʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʝʡ ʩʠʥʪʝʟʘ 

ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ (ʨʠʩʫʥʦʢ 38) [336].  

 

 
 

ʈʠʩʫʥʦʢ 38. ï ʉʭʝʤʘ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʜʦ 

ʧʨʝʛʥʝʥʦʣʦʥʘ ʩ ʫʯʘʩʪʠʝʤ ʮʠʪʦʭʨʦʤʘ P450scc (CYP11A1). 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʨʘʙʦʪʢʠ 

ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʮʠʪʦʭʨʦʤʦʚ P450cam ʠ P450scc ʚ ʯʠʧʘʭ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ 

[337*]. ʇʨʦʚʦʜʠʣʘʩʴ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʠ ʧʨʝʛʥʝʥʦʣʦʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʳ ʧʨʷʤʦʛʦ ʚʚʦʜʘ ʜʣʷ ʪʨʝʭ 

ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʙʳʣ ʠʤʤʦʙʠʣʠʟʦʚʘʥ 

ʙʝʣʦʢ ʘʜʨʝʥʦʜʦʢʩʠʥ (Ad-ʯʠʧ), ʥʘʨʘʙʦʪʢʘ ʧʨʝʛʥʝʥʦʣʦʥʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʜʨʝʥʦʜʦʢʩʠʥ-ʨʝʜʫʢʪʘʟʳ, ʮʠʪʦʭʨʦʤʘ P450scc, ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʅɸɼʌʅ. 

ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʙʳʣ ʠʤʤʦʙʠʣʠʟʦʚʘʥ ʙʝʣʦʢ ʘʜʨʝʥʦʜʦʢʩʠʥ-
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ʨʝʜʫʢʪʘʟʘ (AdR-ʯʠʧ), ʥʘʨʘʙʦʪʢʘ ʧʨʝʛʥʝʥʦʣʦʥʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʮʠʪʦʭʨʦʤʘ P450scc, ʘʜʨʝʥʦʜʦʢʩʠʥʘ, ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʅɸɼʌʅ. ɺ ʪʨʝʪʴʝʡ ʩʝʨʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʧʘ ʙʳʣ ʠʤʤʦʙʠʣʠʟʦʚʘʥ ʮʠʪʦʭʨʦʤ P450cam (P450cam-ʯʠʧ), ʥʘʨʘʙʦʪʢʘ 

ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʫʪʠʜʘʨʝʜʦʢʩʠʥ-ʨʝʜʫʢʪʘʟʳ, 

ʢʘʤʬʦʨʳ ʠ ʅɸɼʅ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʯʠʱʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ 

ʢʘʤʬʦʨʳ ʠ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ, ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʧʨʝʛʥʝʥʦʣʦʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʙʠʙʣʠʦʪʝʢʠ çʨʝʬʝʨʝʥʩʥʭrè ʩʧʝʢʪʨʦʚ ʧʝʨʚʦʛʦ (ʄʉ) ʠ ʚʪʦʨʦʛʦ (ʄʉ/ʄʉ) ʫʨʦʚʥʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʠʢʠ ʚ ʄʉ ʩʧʝʢʪʨʘʭ ʩ ʥʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ m/z=152,9 ʜʣʷ ʢʘʤʬʦʨʳ, m/z=168,9 ʜʣʷ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ, 

m/z=387,1 ʜʣʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠ m/z=317,1 ʜʣʷ ʧʨʝʛʥʝʥʦʣʦʥʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʧʠʢʠ ʚ ʄʉ/ʄʉ ʩʧʝʢʪʨʘʭ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʟʥʘʯʝʥʠʷʤ (m/z) 134,9, 108,9 ʠ 94,9 ʜʣʷ 

ʢʘʤʬʦʨʳ; 150,9 ʠ 108,9 ʜʣʷ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ; 317,5 ʠ 299,5 ʜʣʷ ʭʦʣʝʩʪʝʨʠʥʘ ʠ 

281,1, 255,0 ʠ 299,0 ʜʣʷ ʧʨʝʛʥʝʥʦʣʦʥʘ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (m/z), 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ çʨʝʬʝʨʝʥʩʥʳʭè ʄʉ ʠ ʄʉ/ʄʉ ʩʧʝʢʪʨʘʭ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʠʟ ʠʥʢʫʙʘʮʠʦʥʥʳʭ ʩʤʝʩʝʡ.  

ɼʣʷ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʚ ʯʠʧʘʭ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʙʠʦʩʝʥʩʦʨʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʜʣʷ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 1 ʜʦ 35 ʥʄ (ʨʠʩʫʥʦʢ 39ʘ) ʠ ʧʨʝʛʥʝʥʦʣʦʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 10 ʜʦ 200 ʥʄ (ʨʠʩʫʥʦʢ 39ʙ). ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠ ̫ʧʨʦʜʫʢʪʘ 

ʦʮʝʥʠʚʘʣʦʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʢ ʩʪʘʥʜʘʨʪʫ ʙʝʪʘʠʥ (m/z=117,2) ʜʣʷ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ (m/z=168,9) ʠ 

ʛʝʢʩʘʤʝʪʦʢʩʠʬʦʩʬʘʟʝʥ (m/z=321) ʜʣʷ ʧʨʝʛʥʝʥʦʣʦʥʘ (m/z=317,1) (ʨʠʩʫʥʢʠ 39ʘ ʠ 

39ʛ). ʂʘʣʠʙʨʦʚʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʠ 

ʧʨʝʛʥʝʥʦʣʦʥʘ ʠʤʝʣʠ ʚʠʜ ʧʨʷʤʦʡ ʩ ʣʠʥʝʡʥʳʤ ʫʯʘʩʪʢʦʤ ʚ ʚʳʙʨʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 39 ʧʨʝʜʩʪʘʚʣʝʥʳ ʄʉ ʠ ʄʉ/ʄʉ ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ (ʨʠʩʫʥʢʠ 39ʙ ʠ 39ʚ) ʠ ʧʨʝʛʥʝʥʦʣʦʥʘ (ʨʠʩʫʥʢʠ 39ʜ ʠ 
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39ʝ). ʅʘ ʨʠʩʫʥʢʘʭ 39ʙ ʠ 39ʜ ʫʢʘʟʘʥʳ m/z ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʠʢʦʚ ʧʨʦʜʫʢʪʦʚ ʠ 

ʢʘʣʠʙʨʘʥʪʦʚ. 

(ʘ) (ʙ) (ʚ) 

   

 

(ʛ) 

 

(ʜ) 

 

(ʝ) 

   
ʈʠʩʫʥʦʢ 39. ï ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʦʧʪʠʯʝʩʢʠʤ 

ʙʠʦʩʝʥʩʦʨʦʤ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ: ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʧʨʷʤʘʷ ʜʣʷ (ʘ) ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʠʪʘ ʦʪ 1 ʜʦ 35 ʥʤ (R2=0,95); (ʛ) 

ʧʨʝʛʥʝʥʦʣʦʥʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʠʪʘ ʦʪ 10 ʜʦ 200 ʥʄ 

(R2=0,94); ʄʉ-ʩʧʝʢʪʨʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʣʠʙʨʘʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ (ʙ) 

ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʠ (ʜ) ʧʨʝʛʥʝʥʦʣʦʥʘ; ʩʧʝʢʪʨʳ ʬʨʘʛʤʝʥʪʘʮʠʠ ʄʉ/ʄʉ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ (ʚ) ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʠ (ʝ) ʧʨʝʛʥʝʥʦʣʦʥʘ ʧʦʩʣʝ .  

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʥʘʥʦʕʉʀ-ʄʉ/ʄʉ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʢʘʪʘʣʠʟʘ P450-ʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤ in vitro ʜʣʷ ʯʝʪʳʨʝʭ ʚʨʝʤʝʥʥʳʭ ʪʦʯʝʢ ʧʨʠ ʦʙʱʝʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʚ ʈ450cam-ʯʠʧʝ ʚʦʟʨʘʩʪʘʝʪ ʚ ʧʨʦʮʝʩʩʝ ʠʥʢʫʙʘʮʠʠ ʠ 

ʜʦʩʪʠʛʘʝʪ ʦʢʦʣʦ 100 ʥM (ʨʠʩʫʥʦʢ 40).  
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ʈʠʩʫʥʦʢ 40. ï ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʦʧʪʠʯʝʩʢʠʤ 

ʙʠʦʩʝʥʩʦʨʦʤ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ: ʛʠʩʪʦʛʨʘʤʤʳ ʥʘʨʘʙʦʪʢʠ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʠ ʧʨʝʛʥʝʥʦʣʦʥʘ ʚ ʢʶʚʝʪʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25ʦʉ. Â ï ʥʘʨʘʙʦʪʢʘ ʧʨʝʛʥʝʥʦʣʦʥʘ ʚ 

ʢʶʚʝʪʝ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʘʜʨʝʥʦʜʦʢʩʠʥʦʤ (Ad-ʯʠʧ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʜʨʝʥʦʜʦʢʩʠʥ-ʨʝʜʫʢʪʘʟʳ (AdR, 4 ʤʢʄ), ʮʠʪʦʭʨʦʤʘ P450scc (4 ʤʢM) ʠ ʭʦʣʝʩʪʝʨʠʥʘ 

(10 ʤʢʄ), ʅɸɼʌʅ (5 ʤM) ʠ ʢʘʣʠʡ-ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (50 ʤM, pH 7,4). Â ï 

ʥʘʨʘʙʦʪʢʘ ʧʨʝʛʥʝʥʦʣʦʥʘ ʚ ʢʶʚʝʪʝ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʘʜʨʝʥʦʜʦʢʩʠʥ-ʨʝʜʫʢʪʘʟʦʡ 

(AdR-ʯʠʧ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʪʦʭʨʦʤʘ P450scc (0,5 ʤʢM) ʠ ʘʜʨʝʥʦʜʦʢʩʠʥʘ (5 ʤʢM), 

ʭʦʣʝʩʪʝʨʠʥʘ (10 ʤʢM), ʅɸɼʌʅ (5 ʤM) ʠ ʢʘʣʠʡ-ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (50 ʤM, 

pH 7,4). Â ï ʥʘʨʘʙʦʪʢʘ ʛʠʜʨʦʢʩʠʢʘʤʬʦʨʳ ʚ ʢʶʚʝʪʝ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ 

ʮʠʪʦʭʨʦʤʦʤ P450cam (P450cam-ʯʠʧ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʫʪʠʜʘʨʝʜʦʢʩʠʥ-ʨʝʜʫʢʪʘʟʳ 

(1,2 ʤʢM), ʢʘʤʬʦʨʳ (0,4 ʤM), ʅɸɼʅ (0,25 ʤM) ʠ ʊʨʠʩ-HCl (0,2 ʤʄ, pH 7,4). ʈʠʩʫʥʦʢ 

ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ [337]* . 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʙʝʣʢʦʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ï P450scc, ʘʜʨʝʥʦʜʦʢʩʠʥ (ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʘʷ ʬʦʨʤʘ) ʠ ʘʜʨʝʥʦʜʦʢʩʠʥ-

ʨʝʜʫʢʪʘʟʘ, ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʨʝʛʥʝʥʦʣʦʥ. ɺ 

ʧʨʦʮʝʩʩʝ ʠʥʢʫʙʘʮʠʠ (60 ʤʠʥʫʪ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʛʥʝʥʦʣʦʥʘ ʚ Ad-ʯʠʧʝ ʚʦʟʨʘʩʪʘʝʪ 

ʜʦ 700 ʥM. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʝʛʥʝʥʦʣʦʥʘ ʚ ʯʠʧʘʭ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ, ʩʦʜʝʨʞʘʠɦʭ P450scc, 

ʘʜʨʝʥʦʜʦʢʩʠʥ-ʨʝʜʫʢʪʘʟʫ (ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʘʷ ʬʦʨʤʘ) ʠ ʘʜʨʝʥʦʜʦʢʩʠʥ, ʪʘʢʞʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʜʫʢʪʘ ʚ ʧʨʦʮʝʩʩʝ ʠʥʢʫʙʘʮʠʠ. ɺ ʪʝʯʝʥʠʝ 

ʠʥʢʫʙʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʛʥʝʥʦʣʦʥʘ ʚ AdR-ʯʠʧʝ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 300 ʥʄ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʨʝʭ ʩʝʨʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʈ450scc- ʠ P450cam-ʩʦʜʝʨʞʘʱʠʝ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʘʢʮʠʠ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ.  

 

7.2 ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʜʣʷ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʮʠʪʦʭʨʦʤʘ P450 

BM3  

ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʉ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ ʚ 1980-ʭ ʛʦʜʘʭ ʬʣʘʚʦʮʠʪʦʭʨʦʤʘ P450 BM3 (CYP102A1), 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʢʩʠʣʘʟʦʡ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʫ Bacillus megaterium, ʙʝʣʦʢ ʙʳʣ 

ʧʨʠʥʷʪ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʦʚ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ P450 [338]. 

P450 BM3 ʩʪʘʣ ʧʝʨʚʳʤ ʦʙʥʘʨʫʞʝʥʥʳʤ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʙʝʣʢʦʤ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ 

P450, ʘʥʘʣʦʛʠʯʥʳʡ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʠʬʣʘʚʠʥʨʝʜʫʢʪʘʟʘʤ ʵʫʢʘʨʠʦʪ. 

ʕʪʦʪ ʬʘʢʪ ʚʳʟʚʘʣ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʨʘʩʪʚʦʨʠʤʦʤʫ P450 BM3 ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʠ ʧʝʯʝʥʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ P450 ʤʣʝʢʦʧʠʪʘʶʱʠʭ [338], ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʤʦʥʦʦʢʩʠʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ [339]. 

ʊʨʝʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ CYP102A1 ʩʦʜʝʨʞʠʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʩ 

ʧʨʦʪʦʧʦʨʬʠʨʠʥʦʤ IX, ʣʠʛʠʨʦʚʘʥʥʳʡ ʩ ʮʠʩʪʝʠʥʠʣʪʠʦʣʘʪʦʤ [340]. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʮʝʥʪʨ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʅɸɼʌʅ ʩ ʫʯʘʩʪʠʝʤ 

ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʳ ʮʠʪʦʭʨʦʤʘ ʈ450 ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʠʥʝʨʪʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʬʝʨʤʝʥʪʦʚ ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ ʈ450 ʙʘʢʪʝʨʠʡ ʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, 

ʛʝʤʦʚʳʡ ʜʦʤʝʥ ʠ ʨʝʜʫʢʪʘʟʥʳʡ ʜʦʤʝʥ CYP102A1 ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʝʜʠʥʫʶ 

ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʜʣʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ [340]. ʌʝʨʤʝʥʪ 

CYP102A1 ʛʠʜʨʦʢʩʠʣʠʨʫʝʪ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʦʙʤʝʥʘ ʦʢʦʣʦ 3000 ʤʠʥī1 [341]. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɸʉʄ/ʄʉ 

ʧʦʜʭʦʜʘ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʩʦʭʨʘʥʝʥʠʝ ʤʦʥʦʦʢʩʠʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ 

CYP102A1, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʦʚʦʜʠʣʘʩʴ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ (ɺʕɾʍ-ʄʄʈ) ʨʝʛʠʩʪʨʘʮʠʷ 

ʩʦʜʝʨʞʘʥʠʷ 11-ʛʠʜʨʦʢʩʠʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸʉʄ-ʯʠʧʦʚ 

(ʤʘʪʝʨʠʘʣ ʩʣʶʜʘ) ʩ ʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʬʝʨʤʝʥʪʘ CYP102A1. ʇʨʦʮʝʜʫʨʫ 

ʩʦʨʙʮʠʠ ʧʨʦʚʦʜʠʣʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʠʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10ï10 ʄ (ʩʝʨʠʷ ˉ1), 10ï

11 ʄ (ʩʝʨʠʷ ˉ2), 10ï13 ʄ (ʩʝʨʠʷ ˉ3). ʅʘʨʘʙʦʪʢʘ ʧʨʦʜʫʢʪʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 

180 ʤʠʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅɸɼʌH ʠ ʩʫʙʩʪʨʘʪʘ. ʆʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʜʫʢʪʘ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʪʦʯʝʢ ï 0, 5, 10, 20, 40, 80, 120 ʠ 

180 ʤʠʥ. ʆʙʲʝʤ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʵʣʶʘʪ) ʩʦʩʪʘʚʣʷʣ 30 ʤʢʣ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʄʉ-ʘʥʘʣʠʟ ʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(ʩʫʙʩʪʨʘʪ) ʚ ʨʘʩʪʚʦʨʝ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ (ʩʦʩʪʘʚ ʞʠʜʢʠʭ ʬʘʟ ʜʣʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, ʦʞʠʜʘʝʤʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ 

ʫʜʝʨʞʘʥʠʷ ʠ ʫʩʣʦʚʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ) ʠʟʤʝʨʝʥʠʷ ʮʝʣʝʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ï 11-ʛʠʨʦʢʩʠʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʣʘʫʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 2 ʤʢʄ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʧʠʢ ʠ ʬʨʘʛʤʝʥʪʳ 

ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 41. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʚʨʝʤʷ 

ʫʜʝʨʞʠʚʘʥʠʷ ʜʣʷ ʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʠʣʦ 16,5 ʤʠʥ (ʨʠʩʫʥʦʢ 41ʘ).  
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ʈʠʩʫʥʦʢ 41. ï ɸʉʄ/ʄʉ ʧʦʜʭʦʜ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ: ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ. (ʘ) ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʚʨʝʤʷ 

ʫʜʝʨʞʠʚʘʥʠʷ ʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (2 ʤʢM). (ʙ) ɺʠʜ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʠʢʘ ʜʣʷ ʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. (ʚ) ʉʧʝʢʪʨ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʫʢʘʟʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʠʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦʣʫʯʝʥʳ ʥʘ ʧʨʠʙʦʨʝ Agilent 6495 Triple 

Quadrupole (Agilent, ʉʐɸ). 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʨʦʜʳ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩ 

ʧʦʤʦʱʴʶ ɸʉʄ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʄʉ-ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʜʦʩʪʦʚʝʨʥʦ 


