
 

 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

 

 

ʄɸʂɸʈʆɺɸ ɸʅɸʉʊɸʉʀʗ ʆʃɽɻʆɺʅɸ 

 

 

 

ʉʊʈʋʂʊʋʈɸ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ɹɽʃʆʂ-ʇʆʃʀʉɸʍɸʈʀɼʅʓʍ ɻʀɼʈʆɻɽʃɽʁ, 

ɸʈʄʀʈʆɺɸʅʅʓʍ ʋɻʃɽʈʆɼʅʓʄʀ ʅɸʅʆʊʈʋɹʂɸʄʀ 
 

 

 

 

 

1.5.2 ï ʙʠʦʬʠʟʠʢʘ 

 

 

 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʥʘʥʦʩʠʩʪʝʤ ʂʘʟʘʥʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʙʠʦʭʠʤʠʠ ʠ ʙʠʦʬʠʟʠʢʠ ï ʦʙʦʩʦʙʣʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢè (ʂʀɹɹ ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɿʫʝʚ ʖʨʠʡ ʌʝʜʦʨʦʚʠʯ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʙʠʦʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʥʘʥʦʩʠʩʪʝʤ ʂʀɹɹ 

ʌʀʎ ʂʘʟʅʎ ʈɸʅ, ʛ. ʂʘʟʘʥʴ 

  

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ:  ʍʦʣʷʚʢʘ ʄʘʨʠʥʘ ɻʝʥʥʘʜʴʝʚʥʘ  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ 

ʢʘʬʝʜʨʳ ʙʠʦʬʠʟʠʢʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ 

çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè,  

ʛ. ɺʦʨʦʥʝʞ; 

 

ʉʝʣʠʚʘʥʦʚʘ ʅʘʪʘʣʴʷ ʄʠʭʘʡʣʦʚʥʘ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

ʬʠʟʠʯʝʩʢʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʌɻɹʆʋ ɺʆ 

çʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʂʘʟʘʥʴ 

  

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ï ʦʙʦʩʦʙʣʝʥʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çʉʘʨʘʪʦʚʩʢʠʡ ʥʘʫʯʥʳʡ 

ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè, ʛ. ʉʘʨʘʪʦʚ 

 
ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ ç29è ʩʝʥʪʷʙʨʷ 2022 ʛ. ʚ 11:00 ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʩʦʚʝʪʘ 24.1.225.02 ʥʘ ʙʘʟʝ ʌɻɹʋʅ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʘʟʘʥʩʢʠʡ 

ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè ʧʦ ʘʜʨʝʩʫ: 420111, ʛ. ʂʘʟʘʥʴ, ʫʣ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʜ.2/31. 
 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʌʀʎ ʂʘʟʅʎ 

ʈɸʅ ʠ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʂʀɹɹ ʌʀʎ ʂʘʟʅʎ ʈɸʅ http://www.kibb.knc.ru. 
 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç__è______ 2022 ʛ. 
 

ʆʪʟʳʚʳ ʥʘ ʘʚʪʦʨʝʬʝʨʘʪ ʚ 2-ʭ ʵʢʟʝʤʧʣʷʨʘʭ ʧʨʦʩʠʤ ʥʘʧʨʘʚʣʷʪʴ ʧʦ ʘʜʨʝʩʫ: 420111, ʛ. 

ʂʘʟʘʥʴ, ʫʣ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʜ. 2/31, ʘ/ʷ 261, ʂʀɹɹ ʌʀʎ ʂʘʟʅʎ ʈɸʅ, ʫʯʸʥʦʤʫ ʩʝʢʨʝʪʘʨʶ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ (e-mail: dissovet@kibb.knc.ru). 

 
 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ, 

ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ  

ʇʦʥʦʤʘʨʝʚʘ ɸʥʘʩʪʘʩʠʷ ɸʥʘʪʦʣʴʝʚʥʘ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʠ ʝʝ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʚ ʈʌ ʚ 
ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪ ʫʛʣʫʙʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʚ ʪʝʩʥʦʤ ʩʦʯʝʪʘʥʠʠ ʩ 

ʠʭ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ 

ʧʦʠʩʢ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʝ ʪʘʢʠʭ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʢʘʢ ʙʝʣʢʠ ʠ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʦʤʠʤʦ ʩʚʦʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ ʙʝʣʢʠ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʳ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʥʝʩʫʪ 

ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ. ʉʨʝʜʠ ʵʪʠʭ ʢʣʶʯʝʚʳʭ ʬʫʥʢʮʠʡ ï 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʢʘʩʥʳʭ ʩʪʨʫʢʪʫʨ (scaffolds), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʞʠʚʳʭ ʩʠʩʪʝʤ, ʙʘʨʴʝʨʦʚ, ʦʪʜʝʣʷʶʱʠʭ ʦʪʜʝʣʴʥʳʝ 

ʢʦʤʧʘʨʪʤʝʥʪʳ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʠ ʩʣʫʞʘʱʠʭ çʰʣʶʟʘʤʠè ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʜʫʢʪʦʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʞʠʚʳʭ ʩʠʩʪʝʤ ʬʦʨʤʠʨʫʝʪ ʫʥʠʢʘʣʴʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʨʝʜʫ, ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʫʨʦʚʥʝ 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʠ ʤʝʞʢʣʝʪʦʯʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ. ʆʜʥʠʤ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʩʝʪʢʘ ʛʠʜʨʦʬʠʣʴʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʩʧʦʩʦʙʥʘʷ 

ʫʜʝʨʞʠʚʘʪʴ ʚ ʩʚʦʝʤ ʦʙʲʝʤʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʠʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ, 

ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ çʛʠʜʨʦʛʝʣʠè (Chander et al., 2021). 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ ʝʝ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ï ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʬʠʟʠʢʠ. 

ʇʦʤʠʤʦ ʩʚʦʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʛʠʜʨʦʛʝʣʠ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʢʣʘʜʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʥʦʛʦʦʙʝʱʘʶʱʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʧʨʝʚʦʩʭʦʜʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʤʝʪʘʙʦʣʠʪʦʚ ʠ ʩʭʦʜʩʪʚʫ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʩ ʥʘʪʠʚʥʳʤ 

ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ (Patra et al., 2018; Baranwal et al., 2022).  

ɹʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʧʨʠʨʦʜʝ ʠ ʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ çʬʠʟʠʯʝʩʢʠʝè 

ʛʠʜʨʦʛʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʭʤʝʨʥʘʷ ʧʦʣʠʤʝʨʥʘʷ ʩʝʪʴ ʩʫʱʝʩʪʚʫʝʪ ʙʣʘʛʦʜʘʨʷ ʤʝʭʘʥʠʯʝʩʢʦʤʫ 

ʧʝʨʝʧʣʝʪʝʥʠʶ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ/ʠʣʠ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚʢʣʶʯʘʷ ʠʦʥʥʳʝ ʤʦʩʪʠʢʠ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠ ʛʠʜʨʦʬʦʙʥʳʝ ʩʠʣʳ (Eslahi et 

al., 2016; Almawash et al., 2022).  

ʇʦ ʤʥʦʛʦʦʙʨʘʟʠʶ ʨʝʛʫʣʠʨʫʝʤʳʭ ʩʚʦʡʩʪʚ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʤʝʶʪ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʙʝʣʢʦʚ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʚʢʣʶʯʘʶʱʠʤ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠ ʭʦʨʦʰʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ 

ʛʠʜʨʦʛʝʣʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʤʝʜʠʮʠʥʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ (Parisiet et 

al., 2016). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʛʠʜʨʦʛʝʣʠ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʢʘʢ ʟʘʤʝʥʠʪʝʣʠ ʪʢʘʥʝʡ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ (Wang et. al., 

2007; Slaughter et. al., 2009). ʆʜʥʘʢʦ, ʢʘʢ ʠ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ, 

ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʯʝʪʢʘʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʜʨʫʛʠʭ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ. 

ʆʜʥʠʤ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʳ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʚʦʟʤʫʱʘʶʱʠʭè ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʦʥʥʦʡ ʩʠʣʳ ʩʨʝʜʳ ʠʣʠ ʚʣʠʷʥʠʝ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. ɺ 
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ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʬʘʢʪʦʨʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ). 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʛʠʙʢʦʩʪʠ, ʫʥʠʢʘʣʴʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ, 

ʪʝʧʣʦʚʳʤ ʠ ʜʨʫʛʠʤ ʩʚʦʡʩʪʚʘʤ ʋʅʊ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ (Zhang et al., 2009). ʇʨʠ ʵʪʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʶʙʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʋʅʊ, ʤʦʞʝʪ ʠʤʝʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠʟ-ʟʘ ʩʧʦʩʦʙʥʦʩʪʠ ʋʅʊ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʩʫʙʢʣʝʪʦʯʥʳʝ ʠ 

ʢʣʝʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʚ ʮʝʣʦʤ ʥʘ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ (Hurt et al., 

2006). 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʠʩʢ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʣʝʢʩʦʚ ʙʝʣʢʦʚ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʬʠʟʠʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʧʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, ʩʪʨʫʢʪʫʨʝ 

ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʩʚʦʡʩʪʚʘʤ ʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʠ ʚʣʠʷʥʠʶ ʋʅʊ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ ʞʠʚʳʭ ʠ ʙʠʦʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʤʦʛʫʪ 

ʨʝʰʘʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʩʦʣʶʙʠʣʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠʟʫʯʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ 

ʛʠʜʨʦʛʝʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

2. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ.  

3. ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ 

ʛʠʜʨʦʛʝʣʝʡ ʧʦ ʩʚʷʟʳʚʘʥʠʶ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʨʷʜʘ ʬʝʨʤʝʥʪʦʚ, ʚʠʪʘʤʠʥʦʚ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ.  

4. ʇʦ ʜʘʥʥʳʤ ʪʨʠʧʪʦʬʘʥʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʪʠʚʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʚ ʛʠʜʨʦʛʝʣʝ. 

5. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ (ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ) ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ 

ʛʠʜʨʦʛʝʣʝʡ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ: HeLa (ʢʣʝʪʢʠ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ 

ʯʝʣʦʚʝʢʘ) ʠ A549 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ).  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʣʝʢʩʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʩ 

ʚʢʣʶʯʝʥʥʳʤʠ ʋʅʊ ʧʨʠ ʢʦʥʪʨʦʣʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʵʪʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʵʪʦʛʦ ʚ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʤʝʪʦʜʦʚ ς ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, 

ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʢʦʥʜʫʢʪʦʤʝʪʨʠʷ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ. ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ 

ʨʘʩʩʝʷʥʠʶ ʠ ʚ ʨʘʤʢʘʭ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʚʝʜʝʥʘ ʯʠʩʣʝʥʥʘʷ ʦʮʝʥʢʘ 

ʪʨʝʭʤʝʨʥʦʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʝʝ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʋʅʊ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤ, ʚʷʟʢʦʫʧʨʫʛʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʠʩʪʝʤʳ ʙʳʣʠ 

ʣʘʙʦʨʘʪʦʨʥʦ ʠʩʧʳʪʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʜʣʷ ʠʥʢʘʧʩʫʣʷʮʠʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠ 
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ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʩʨʘʚʥʝʥʠʝʤ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ 

ʙʦʣʴʰʦʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʚʷʟʠ ʩʦ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʠʜʨʦʛʝʣʝʡ ʠ ʜʨʫʛʠʭ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ. ɼʘʥʥʳʝ ʧʦ ʨʝʛʫʣʷʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʣʦʢ-

ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʝʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ ï ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ, ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʪ.ʜ. 

ʇʨʦʚʝʜʝʥʳ ʫʩʧʝʰʥʳʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʛʝʣʝʚʳʭ ʩʠʩʪʝʤ. ɼʘʥʥʳʝ ʧʦ 

ʦʮʝʥʢʝ ʠʥʢʘʧʩʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʨʠʝʤʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ, ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʡ, ʠʟʫʯʝʥʠʝʤ ʨʝʛʫʣʷʮʠʠ ʠʭ ʩʚʦʡʩʪʚ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʥʘʥʦʜʦʙʘʚʦʢ ʚ ʙʠʦʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʯʪʝʥʠʠ ʢʫʨʩʦʚ ʣʝʢʮʠʡ ʧʦ ʙʠʦʬʠʟʠʢʝ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʩʦʙʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʂʀɹɹ ʌʀʎ ʂʘʟʅʎ ʈɸʅ ʧʦ ʪʝʤʝ çɹʠʦʤʘʢʨʦʤʦʣʝʢʫʣʳ ʠ ʙʠʦʨʝʛʫʣʷʪʦʨʳ: ʙʠʦʩʠʥʪʝʟ, 

ʩʪʨʫʢʪʫʨʘ, ʤʝʭʘʥʠʟʤʳ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʤʝʞʢʣʝʪʦʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ɹʠʦʢʦʥʚʝʨʩʠʷ ʠ ʩʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠʟ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷè (ʥʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ˉ ɸɸɸɸ-ɸ18-118022790083-9). ʈʘʙʦʪʘ 

ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʌʌʀ ˉ 18-415-160011 ʠ ˉ 19-38-90085. ʅʘʫʯʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʚʪʦʨʘ.  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʣʠʷʥʠʶ ʤʥʦʛʦʩʪʝʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʩʪʨʫʢʪʫʨʫ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʠ ʢʦʨʨʝʣʷʮʠʷ 

ʤʝʞʜʫ ʤʦʨʬʦʣʦʛʠʝʡ ʛʠʜʨʦʛʝʣʝʡ ʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ 

ʪʘʢʞʝ ʩʦʣʶʙʠʣʠʟʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʷʜʫ ʬʝʨʤʝʥʪʦʚ, ʚʠʪʘʤʠʥʦʚ ʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ. 

2. ɺ ʛʠʜʨʦʛʝʣʝ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʦʩʪʦʷʥʠʠ ʟʦʣʷ, ʩʦʭʨʘʥʷʷʩʴ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʧʝʨʝʭʦʜʝ ʚ ʛʝʣʝʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

3. ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʤʝʥʷʶʪ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʠʜʨʦʛʝʣʷ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ, ʦʜʥʘʢʦ ʤʦʜʫʣʠʨʫʶʪ ʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ, ʩʚʷʟʳʚʘʥʠʝ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ-

ʘʢʪʠʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  

4. ʊʝʩʪʳ ʥʘ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʛʠʜʨʦʛʝʣʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʧʦʢʘʟʘʣʠ ʠʭ ʫʤʝʨʝʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ: HeLa 

(ʢʣʝʪʢʠ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ) ʠ A549 (ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ). 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ: ʄʦʣʦʜʝʞʥʦʤ ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ çʃʆʄʆʅʆʉʆɺè (ʄʦʩʢʚʘ, 2018, 2021); 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çKazan Precision Medicineè (ʂʘʟʘʥʴ, 2018); III 
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ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʂʘʟʘʥʴ, 

2018); ʈʦʩʩʠʡʩʢʦʤ ʩʠʤʧʦʟʠʫʤʝ çɹʝʣʢʠ ʠ ʧʝʧʪʠʜʳè (ɼʘʛʦʤʳʩ, 2019, 2021); ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʘʪʝʛʠʠ ʚ ʭʠʤʠʠ, 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳè (ʂʘʟʘʥʴ, 2019, 2021); XV 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʭʠʤʠʠè (ʉʝʚʘʩʪʦʧʦʣʴ, 2020); IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʰʢʦʣʘ-

ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʄʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ XXI  ʚʝʢʘ 

(ʂʘʟʘʥʴ, 2021); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʶʙʠʣʝʡʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 100-ʣʝʪʠʶ 

ʦʩʥʦʚʘʥʠʷ ʢʘʬʝʜʨʳ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʚ ʂʘʟʘʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʂʘʟʘʥʴ, 2021). 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 25 

ʨʘʙʦʪʘʭ, ʠʟ ʥʠʭ 6 ʩʪʘʪʝʡ ʚ ʙʘʟʘʭ Wed of Science ʠ Scopus ʠ 1 ʩʪʘʪʴʷ ʚ ʨʝʮʝʥʟʠʨʫʝʤʦʤ ʥʘʫʯʥʦʤ 

ʞʫʨʥʘʣʝ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʤ ɺɸʂ; 18 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʈʀʅʎ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 151 ʩʪʨʘʥʠʮʝ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʣʦʞʝʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 235 ʠʩʪʦʯʥʠʢʦʚ, ʠʟ ʥʠʭ 220 ʟʘʨʫʙʝʞʥʳʭ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ 6 ʪʘʙʣʠʮ ʠ 62 ʨʠʩʫʥʢʘ. 

1. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

1.1. ʄʘʪʝʨʠʘʣʳ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʞʝʣʘʪʠʥ ʪʠʧʘ A, əïʢʘʨʨʘʛʠʥʘʥ I ʪʠʧʘ ʠ 

ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ çSigmaè ʉʐɸ, ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

çʊʘʫʥʠʪè ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʅʘʥʦʊʝʭʎʝʥʪʨè (ʊʘʤʙʦʚ, http://www.nanotc.ru) ʩʦ ʩʨʝʜʥʠʤ 

ʜʠʘʤʝʪʨʦʤ 20-40 ʥʤ ʠ ʩ ʜʣʠʥʦʡ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 1 ʤʢʤ; ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʠʪʘʤʠʥʳ 

ʛʨʫʧʧʳ ɺ2 ʠ ɺ9; ʬʝʨʤʝʥʪʳ ʣʠʧʘʟʘ Candida rugose, ʂʌ 3.1.1.3 (çSigmaè, ʉʐɸ) ʠ ʙʠʥʘʟʘ 

Bacillus pumilus, ʂʌ 3.1.27.3 (ʢʘʬʝʜʨʘ ʄʠʢʨʦʙʠʦʣʦʛʠʠ, ʂʌʋ); ʢʨʘʩʠʪʝʣʠ: ʢʘʪʠʦʥʥʳʡ 

ʙʨʠʣʣʠʘʥʪʦʚʳʡ ʟʝʣʝʥʳʡ (ɹɿ) - ʦʢʩʘʣʘʪ ʪʝʪʨʘʵʪʠʣ-4,4-ʜʠʘʤʠʥʦʪʨʠʬʝʥʠʣʤʝʪʘʥʘ (ɿɸʆ 

çʗʨʦʩʣʘʚʩʢʘʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʬʘʙʨʠʢʘè); ʘʥʠʦʥʥʳʡ ʤʝʪʠʣʦʚʳʡ ʦʨʘʥʞʝʚʳʡ (ʄʆ) - 4-(4-

ʜʠʤʝ-ʪʠʣʘʤʠʥʦʬʝʥʠʣʘʟʦ)ʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʐʦʩʪʢʠʥʩʢʦʛʦ ʟʘʚʦʜʘ 

ʭʠʤʨʝʘʢʪʠʚʦʚ, ʥʝʡʪʨʘʣʴʥʳʡ ʬʣʫʦʨʝʩʮʝʠʥʘ ʠʟʦʪʠʦʮʠʘʥʘʪ (ʌʀʊʎ), ʧʨʦʠʟʚʦʜʩʪʚʘ çSigmaè. 

ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʫʣʴʪʨʘʯʠʩʪʦʡ ʚʦʜʝ, ʦʯʠʱʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ 

ʚʦʜʳ çArium Miniè (çSartoriusè, ɻʝʨʤʘʥʠʷ). 

1.2. ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ. ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʞʝʣʘʪʠʥʳ 

ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʠ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

çLambda 25è (çPerkin Elmerè, ʉʐɸ) ʩ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʤ ʢʶʚʝʪʥʳʤ ʦʪʜʝʣʝʥʠʝʤ. ɺʦ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʘ (T=23Áʉ) ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ɚ=400 ʥʤ. 

1.3. ʇʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ çD8 Advanceè (çBrukerè, 

ɻʝʨʤʘʥʠʷ), ʦʩʥʘʱʝʥʥʦʤ ʧʨʠʩʪʘʚʢʦʡ çVarioè ʠ ʣʠʥʝʡʥʳʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 

çVantecè. ʀʩʧʦʣʴʟʦʚʘʥʦ Cu-KŬ1 ʠʟʣʫʯʝʥʠʝ (ɚ = 1.54063 ¡) ʩ ʠʟʦʛʥʫʪʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ 

ʁʦʭʘʥʩʦʥʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʛʝʦʤʝʪʨʠʠ ɹʨʵʛʛ-

ɹʨʝʥʪʘʥʦ ʩ ʧʣʦʩʢʠʤ ʦʙʨʘʟʮʦʤ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ çEVAè. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʘʟʘ 

çPDF-2è. 

1.4. ʄʘʣʦʫʛʣʦʚʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʨʘʩʩʝʠʚʘʥʠʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʤʘʣʦʫʛʣʦʚʦʤʫ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ ʨʘʩʩʝʠʚʘʥʠʶ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ çNanostarè (çBrukerè, 
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ɻʝʨʤʘʥʠʷ) ʠʟʣʫʯʝʥʠʝ CuïKŬ, ɚ = 1.5418 ¡, ʨʝʞʠʤ ʨʘʙʦʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ 40 ʢɺ, 35 

ʤɸ, ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʜʚʫʤʝʨʥʳʤ ʉʉDïʜʝʪʝʢʪʦʨʦʤ HiStar, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 14, 23 ʠ 35ÁC ʩ 

ʦʙʨʘʟʮʘʤʠ çʥʘ ʧʨʦʩʚʝʪè (ʚ ʢʘʧʠʣʣʷʨʘʭ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ). ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʚʫʤʝʨʥʳʭ ʢʘʨʪʠʥ 

ʨʘʩʩʝʷʥʠʷ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ çSAXSè, ʨʘʩʯʝʪʳ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ çSASViewè ʠ çPRIMUSè. 

1.5 ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʢʘʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʘʭ 

çMerlinè (çCarl Zeissè, ɻʝʨʤʘʥʠʷ) ʚ ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʮʝʥʪʨʝ çɸʥʘʣʠʪʠʯʝʩʢʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷè (ʂʘʟʘʥʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ) ʠ ʥʘ çAURIGA CrossBeamè 

(çCarl Zeissè, ɻʝʨʤʘʥʠʷ) ʚ ʎʝʥʪʨʝ ʤʠʢʨʦʩʢʦʧʠʠ ʎʂʇ ʂʘʟʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ʂɸʀ. 

1.6 ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ 

çTitaniumè (çNTïMDTè, ʈʦʩʩʠʷ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʚ 

ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʢʨʝʤʥʠʝʚʳʝ ʢʘʥʪʠʣʝʚʝʨʳ çNSGï10è 

(çNTïMDTè, ʈʦʩʩʠʷ) ʩ ʩʠʣʦʚʦʡ ʢʦʥʩʪʘʥʪʦʡ 3.1-37.6 ʅĀʤï1 ʠ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ 140ï390 

ʢɻʮ (çNTïMDTè, Russia). ɺʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

1.7. ʈʝʦʣʦʛʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʝʦʤʝʪʨʝ çPhysica MCR102è (çAnton Paarè, 

ɸʚʩʪʨʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ çʧʣʠʪʘ-ʧʣʠʪʘè (50 ʤʤ) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 14ÁC ʠ 35ÁC. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ ʦʙʨʘʟʮʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʥʠʞʥʝʡ ʩʠʩʪʝʤʳ ʥʘʛʨʝʚʘ ʥʘ ʵʣʝʤʝʥʪʘʭ ʇʝʣʴʪʴʝ P-PTD200 ʠ ʘʢʪʠʚʥʦʛʦ ʢʦʞʫʭʘ ʥʘ ʵʣʝʤʝʥʪʘʭ 

ʇʝʣʴʪʴʝ H-PTD200. 

1.8. ʂʦʥʜʫʢʪʦʤʝʪʨʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʥʜʫʢʪʦʤʝʪʨ çInoLab Cond 7310 SET1è 

(ɺʝʥʛʨʠʷ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʞʠʜʢʦʩʪʝʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 50-10Áʉ. 

ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ 0.012ÁʉĿʩï1. 

1.9. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʟ ʛʠʜʨʦʛʝʣʝʚʦʡ ʤʘʪʨʠʮʳ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ çLambda 25è 

(çPerkin Elmerè, ʉʐɸ) ʩ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʤ ʢʶʚʝʪʥʳʤ ʦʪʜʝʣʝʥʠʝʤ. ʂʦʥʮʝʥʪʨʘʮʠʶ 

ʚʳʰʝʜʰʝʛʦ ʟʦʥʜʘ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʊ=23Áʉ ʧʦ ʧʦʛʣʦʱʝʥʠʶ: ʜʣʷ ʙʨʠʣʣʠʘʥʪʦʚʦʛʦ ʟʝʣʝʥʦʛʦ 

(ɹɿ) ɚ=623 ʥʤ, ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ (ʄʆ) ɚ=463 ʥʤ, ʬʣʫʦʨʝʩʮʝʠʥ ʠʟʦʪʠʦʮʠʘʥʘʪ (ʌʀʊʎ) 

ɚ=488 ʥʤ, ʣʠʧʘʟʳ ɚ= 280 ʥʤ, ʙʠʥʘʟʳ ɚ= 280 ʥʤ, ʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʳ (ʚʠʪʘʤʠʥ B9) ɚ= 349 ʥʤ ʠ 

ʨʠʙʦʬʣʘʚʠʥʘ (ʚʠʪʘʤʠʥ ɺ2) ɚ=446 ʥʤ.  

1.10. ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʪʨʠʧʪʦʬʘʥʦʚʳʭ ʦʩʪʘʪʢʦʚ ʣʠʧʘʟʳ ʠ ʙʠʥʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨ çʌʣʶʦʨʘʪ-02-

ʇʘʥʦʨʘʤʘè (çʃʖʄɽʂʉè, ʈʦʩʩʠʷ). ʈʝʛʠʩʪʨʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ɚ=310- 400 ʥʤ 

(ʯʝʨʝʟ 1 ʥʤ) ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ɚ=295 ʥʤ. ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʦʙʨʘʟʮʳ ʚ 
ʢʚʘʨʮʝʚʳʭ ʢʶʚʝʪʘʭ ʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. 

1.11. MTT -ʪʝʩʪ. ɼʣʷ ʦʮʝʥʢʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʙʠʦʢʦʤʧʦʟʠʪʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʢʣʝʪʦʢ-ʤʠʰʝʥʝʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʝʪʢʠ ʦʧʫʭʦʣʝʚʳʭ ʣʠʥʠʡ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ 

ʯʝʣʦʚʝʢʘ HeLa (çBiolotè, ʈʦʩʩʠʷ) ʠ ʢʣʝʪʢʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ ɸ549 ʠʟ 

ʢʦʣʣʝʢʮʠʠ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʉʐɸ (ɸʉʉʉ, CCL-185). ʂʣʝʪʢʠ ʟʘʩʝʚʘʣʠ ʩ ʧʣʦʪʥʦʩʪʴʶ 5ï10 

ʪʳʩ./ʤʣ, ʚʳʨʘʱʠʚʘʣʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʩʣʦʷ ʠ ʟʘʤʝʥʷʣʠ ʩʨʝʜʫ ʥʘ ʘʥʘʣʦʛʠʯʥʫʶ, 

ʩʦʜʝʨʞʘʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʥʘʟʳ ʜʦ 300 ʤʢʛ/ʤʣ. ʉʧʫʩʪʷ 24 ʯ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ, ʚ 

ʣʫʥʢʠ ʚʥʦʩʠʣʠ ʧʦ 10 ʤʢʣ ʄʊʊ (çSigma-Aldrichè, ʉʐɸ, 5 ʤʛ/ʤʣ) ʠ 90 ʤʢʣ ʧʦʣʥʦʡ ʩʨʝʜʳ ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2-3 ʯ ʧʨʠ 37 ÁC ʚ ʘʪʤʦʩʬʝʨʝ 5% ʉʆ2. ʀʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ 
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ʧʣʦʪʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ɚ=570 ʥʤ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʧʣʘʥʰʝʪʥʦʛʦ ʬʦʪʦʤʝʪʨʘ çInfinite 

50è (çTecanè, ɸʚʩʪʨʠʷ).  

2. ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʟʘʜʘʯʠ ʨʝʰʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʠʟ 

ʞʝʣʘʪʠʥʘ ʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ. ʕʪʘ ʩʠʩʪʝʤʘ ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʝʥʘ ʥʘ ʧʨʝʜʤʝʪ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʤʦʨʬʦʣʦʛʠʠ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʥʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʦ ʚʩʝʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʪʝʩʪʘʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʦʢʘʟʘʣʘʩʴ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ. ʅʘ 

ʥʝʡ ʙʳʣʘ ʦʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʋʅʊ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʞʝʣʘʪʠʥʘ, 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʷ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʘ ʪʘʢʞʝ, ʢʘʢ ʠ ʜʣʷ ʧʝʨʚʦʡ ʩʠʩʪʝʤʳ, ʦʥʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʪʝʩʪʦʚ. 

2.1. ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʠʩʪʝʤʝ 

ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘʤʠ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʇʕʂ) ʩʪʝʭʠʦʤʝʪʨʠʯʥʦʛʦ ʠ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ (ɿʝʟʠʥ ʠ ʜʨ., 

1982).  

ʄʝʪʦʜʦʤ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ (ʨʠʩ. 1) ʦʧʨʝʜʝʣʝʥʦ ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʙʠʦʧʦʣʠʤʝʨʦʚ (Z=Cʧʦʣʠʩʘʭ/ʉʙʝʣʦʢ) Zå0.8 (ə-ʢʘʨʨʘʛʠʥʘʥ/ʞʝʣʘʪʠʥ) ʠ Zå0.9 (ʘʣʴʛʠʥʘʪʘ 

ʥʘʪʨʠʷ/ʞʝʣʘʪʠʥ), ʥʠʞʝ ʢʦʪʦʨʦʛʦ ʚ ʨʘʩʪʚʦʨʝ ʩʪʝʭʠʦʤʝʪʨʠʯʥʳʝ ʇʕʂ. ʇʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ ʥʝ 

ʦʩʪʘʝʪʩʷ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ.  
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ɸ) ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʙʠʦʧʦʣʠʤʝʨʦʚ (Z) ʧʦ ʜʘʥʥʳʤ 

ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʞʝʣʘʪʠʥʳ ʚʦʜʥʳʤ 

ʨʘʩʪʚʦʨʦʤ: 1 ï ə-ʢʘʨʨʘʛʠʥʘʥʘ ʠ 2 ï ʘʣʴʛʠʥʘʪʦʤ ʥʘʪʨʠʷ 

ʧʨʠ ʊ = 23Áʉ ʠ ɚ = 400 ʥʤ. 

ɼʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʙʣʘʩʪʠ ʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ ʇʕʂ 

ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ 

ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ ʥʝ ʦʩʪʘʝʪʩʷ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ. 

ɼʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʙʣʘʩʪʠ ʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ ʇʕʂ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʩʪʘʚʘ. 
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2.2. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

2.2.1 ɸʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʤʝʪʦʜʦʤ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

ʉʪʨʫʢʪʫʨʘ ʨʘʩʪʚʦʨʦʚ ʞʝʣʘʪʠʥʘ ʠ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʠ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʛʠʜʨʦʛʝʣʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʋʅʊ ʠʟʫʯʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʛʝʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʢʠ.  

ʐʠʨʦʢʠʡ ʧʠʢ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʞʝʣʘʪʠʥʘ ʩ ʤʘʢʩʠʤʫʤʦʚ ʚ ʦʙʣʘʩʪʠ 2ɗ = 20Á 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʘʤʦʨʬʥʦʝ ʛʘʣʦè ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʦʨʬʥʦʡ ʧʨʠʨʦʜʝ ʞʝʣʘʪʠʥʘ (ʨʠʩ. 

3.2ɸ). ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ə-ʢʘʨʨʘʛʠʥʘʥʘ ʦʪʯʝʪʣʠʚʳʝ ʧʠʢʠ (2ɗ = 15Á-25Á) ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ, ʘ ʭʘʨʘʢʪʝʨʥʳʡ ʧʠʢ 2ɗ = 20Á ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʦʨʬʥʦʡ 

ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʙʠʦʧʦʣʠʤʝʨʘ. ɺ ʩʣʫʯʘʝ ʋʅʊ ʩʘʤʳʡ ʩʠʣʴʥʳʡ 

ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʠʢ 2ɗ = 27Á ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʦʪʨʘʞʝʥʠʝ (002) ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʠʪʘ, ʘ ʭʘʨʘʢʪʝʨʥʳʝ ʧʠʢʠ ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ ʜʠʬʨʘʢʮʠʠ 44Á, 53Á ʠ 78Á cʚʷʟʘʥʳ 

ʩ ʜʠʬʨʘʢʮʠʝʡ ʦʪ ʩʝʤʝʡʩʪʚ ʧʣʦʩʢʦʩʪʝʡ (100), (004) ʠ (110). 
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ʈʠʩ. 2. ʈʝʥʪʛʝʥʦʚʩʢʠʝ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ: 

(ɸ) ʠʩʭʦʜʥʳʭ ʩʫʭʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʣʝʡ: 

ʞʝʣʘʪʠʥ, ə-ʢʘʨʨʘʛʠʥʘʥ ʠ 

ʋʅʊ; ʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ:  

(ɹ) ʞʝʣʘʪʠʥ ʠ ʞʝʣʘʪʠʥ-ʋʅʊ;  

(ɺ) ə-ʢʘʨʨʘʛʠʥʘʥ ʠ  

ə-ʢʘʨʨʘʛʠʥʘʥ-ʋʅʊ;  

(ɻ) ə-ʢʘʨʨʘʛʠʥʘʥ-ʞʝʣʘʪʠʥ 

(Z=0.8) ʠ ə-ʢʘʨʨʘʛʠʥʘʥ-

ʞʝʣʘʪʠʥ-ʋʅʊ (Z=0.8-ʋʅʊ). 
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ʇʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʚ ʦʙʨʘʟʮʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʙʝʣʢʘ ʬʘʟʦʚʘ ̫ʩʪʨʫʢʪʫʨʘ 

ʦʙʨʘʟʮʘ ʤʝʥʷʝʪʩʷ ï ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʠ ʦʜʥʦʡ ʠʟ ʨʘʥʝʝ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ 

ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪ (ʨʠʩ. 2ɻ). ʕʪʦ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʘʢʪ ʛʦʤʦʛʝʥʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʙʝʟ ʚʳʜʝʣʝʥʠ ̫ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʘʩʩʦʮʠʘʪʳ. ʀʥʪʝʛʨʘʮʠʷ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʙʝʣʢʘ ʚ ʢʦʤʧʦʟʠʪʥʳʡ ʛʠʜʨʦʛʝʣʴ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʯʝʚʠʜʥʦ ʦʧʨʝʜʝʣʷʝʤʦʡ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʤʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʇʨʠ ʵʪʦʤ ʜʦʙʘʚʣʝʥʠʝ ʥʘʥʦʪʨʫʙʦʢ ʦʢʘʟʳʚʘʝʪ ʝʱʝ 

ʙʦʣʝʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʬʬʝʢʪ ï ʩʨʘʚʥʝʥʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʥʘ ʨʠʩ. 2ɻ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʥʘ ʩʫʭʠʭ ʦʙʨʘʟʮʘʭ (ʨʠʩ. 2ɸ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʦʤʦʛʝʥʠʟʘʮʠʶ ʩʠʩʪʝʤʳ.  

ʌʘʟʦʚʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʪʚʝʨʞʜʝʥʥʘʷ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ʥʝ ʠʩʢʣʶʯʘʝʪ ʧʨʦʮʝʩʩʳ ʘʛʨʝʛʘʮʠʠ ʠ ʩʝʛʨʝʛʘʮʠʠ ʚ 

ʦʙʨʘʟʮʘʭ ʥʘ ʚʩʝʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ, ʯʪʦ ʤʦʞʥʦ ʦʮʝʥʠʪ ɹʩ ʧʦʤʦʱʴʶ ʤʘʣʦʫʛʣʦʚʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ.  

 


