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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʙʠʦʠʥʞʝʥʝʨʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄʦʩʢʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʟʘʚ. ʂʘʬʝʜʨʦʡ ï ʜʦʢʪʦʨ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʘʢʘʜʝʤʠʢ ʈɸʅ, ʄ.ʇ. ʂʠʨʧʠʯʥʠʢʦʚ). 

 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: 

ʐʘʡʪʘʥ ʂʦʥʩʪʘʥʪʠʥ ɺʦʣʴʜʝʤʘʨʦʚʠʯ 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʙʠʦʠʥʞʝʥʝʨʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè 

ʉʦʢʦʣʦʚʘ ʆʣʴʛʘ ʉʝʨʛʝʝʚʥʘ 

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʙʠʦʠʥʞʝʥʝʨʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè, ʧʨʦʬʝʩʩʦʨ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: 

ɻʝʦʨʛʠʝʚʘ ʉʦʬʠʷ ɻʝʦʨʛʠʝʚʥʘ 

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʘ ̫ ʣʘʙʦʨʘʪʦʨʠʝʡ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʵʫʢʘʨʠʦʪ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ 

çʀʥʩʪʠʪʫʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠʤ. ɺ.ɸ. ʕʥʛʝʣʴʛʘʨʜʪʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè 

 

ʊʝʨʝʰʢʠʥʘ ʂʩʝʥʠʷ ɹʦʨʠʩʦʚʥʘ 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ çʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. 

ʉʝʤʝʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè 

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ çʀʥʩʪʠʪʫʪ ʙʠʦʬʠʟʠʢʠ ʢʣʝʪʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ ç_____è _________ 2016 ʛ. ʚ _______ ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 501.001.96 ʧʨʠ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʧʦ ʘʜʨʝʩʫ: 119234, ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ 1/24, ʄɻʋ, 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ↑ ʬʘʢʫʣʴʪʝʪ, ʘʫʜʠʪʦʨʠʷ çʅʦʚʘʷè.  

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʥʘʫʯʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʥʘ ʩʘʡʪʝ 

http://www.bio.msu.ru/dissertations/view.php?ID=764 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç _____ è ____________ 2016 ʛ.  

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ, 

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ                                                       ʄ.ɻ. ʉʪʨʘʭʦʚʩʢʘʷ  

  

http://www.bio.msu.ru/dissertations/view.php?ID=764
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʈʝʘʣʠʟʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʭʝʤʝ ɼʅʂ-ʈʅʂ-ʙʝʣʦʢ ʚ ʢʣʝʪʢʘʭ ʵʫʢʘʨʠʦʪ 

ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʪʨʘʥʩʢʨʠʧʮʠʠ ʭʨʦʤʘʪʠʥʘ ʬʝʨʤʝʥʪʘʤʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘʤʠ. ʄʝʭʘʥʠʟʤ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʭʨʦʤʘʪʠʥʘ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ II ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩ 

ʜʣʷ ʚʩʝʭ ʵʫʢʘʨʠʦʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʩʪʨʦʛʦ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʘʨʫʰʝʥʠʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʡ ɼʅʂ-ʛʠʩʪʦʥʦʚʳʭ ʠ ʛʠʩʪʦʥ-ʛʠʩʪʦʥʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʘʨʫʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ɼʅʂ-ʛʠʩʪʦʥʦʚʳʭ ʠ ʛʠʩʪʦʥ-ʛʠʩʪʦʥʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʥʝʦʙʨʘʪʠʤʘʷ ʧʦʪʝʨʷ ʥʫʢʣʝʦʩʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ 

ʩʧʦʩʦʙʥʳ ʟʘʧʫʩʢʘʪʴ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʩʥʠʞʘʪʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ, ʧʨʠʚʦʜʷ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʙʣʦʢʠʨʦʚʢʝ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʇʦʤʠʤʦ ʙʣʦʢʠʨʦʚʢʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʭʨʦʤʘʪʠʥʘ, ʩʫʱʝʩʪʚʫʝʪ ʠ ʥʘʧʨʘʚʣʝʥʥʘʷ 

ʙʣʦʢʠʨʦʚʢʘ ʚ ʭʦʜʝ ʪʝʨʘʧʠʠ ʥʝʢʦʪʦʨʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʨʫʰʝʥʠʷʤʠ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʝʪʢʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʜʝʪʘʣʝʡ 

ʧʨʦʮʝʩʩʘ ʠ ʤʝʭʘʥʠʟʤʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ ʭʨʦʤʘʪʠʥʘ, ʛʜʝ ʢʦʤʧʣʝʢʩ ʈʅʂʇ ʩ ʥʫʢʣʝʦʩʦʤʦʡ 

ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ ʜʣʷ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʬʦʢʫʩʦʤ ʥʘ ʪʝʨʘʧʠʶ 

ʚʦʟʨʘʩʪʥʳʭ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʧʘʪʦʣʦʛʠʡ ʠ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʟʠʮʠʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʬʠʟʠʢʠ, ʥʦ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʅʂ ʩ ʣʠʛʘʥʜʘʤʠ 

ʚ ʥʦʨʤʝ ʠ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʦʥʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʕʂ) ɼʅʂ-ʈʅʂʇ E.Coli-ʥʫʢʣʝʦʩʦʤʘ, 

ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʧʦʟʠʮʠʷʭ (+24) ʠ (+42) ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ; 

¶ ʇʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʕʂ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʘʨʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʜʦʢʠʥʛʘ (ʬʠʪʪʠʥʛʘ); 

¶ ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʚʝʜʝʥʠʷ ʦʜʥʦʮʝʧʦʯʝʯʥʦʛʦ ʨʘʟʨʳʚʘ ʚ ɼʅʂ ʥʘ ʩʪʨʫʢʪʫʨʫ ʕʂ; 

¶ ɸʧʨʦʙʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ɼʅʂ-ʣʠʛʘʥʜ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ɼʅʂ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʢʪʠʥʦʤʠʮʠʥʘ; 
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¶ ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʚʝʜʝʥʠʷ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɼʅʂ 

ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʚʫʭ ʵʣʦʥʛʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʈʅʂʇ E. Coli , ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʧʦʣʦʞʝʥʠʷʭ (+24) ʠ (+42) ʧʨʠ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ; ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʚʝʜʝʥʠʷ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʚ 

ʥʝʤʘʪʨʠʯʥʫʶ ʮʝʧʴ ɼʅʂ ʥʘ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʵʣʦʥʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʉ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʄʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʄɼ) ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʣʠʛʘʥʜʦʚ-ʠʥʪʝʨʢʘʣʷʪʦʨʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʘʢʪʠʥʦʤʠʮʠʥʘ ɼ ʥʘ ʞʝʩʪʢʦʩʪʴ 

ɼʅʂ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʘʢʪʠʥʦʤʠʮʠʥʘ ɼ (ʩ ʚʚʝʜʝʥʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʛʠʜʨʦʢʩʠ- 

ʠ ʘʤʠʥʦʛʨʫʧʧʦʡ) ʫʚʝʣʠʯʠʚʘʶʪ ʞʝʩʪʢʦʩʪʴ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ. ʊʘʢ ʞʝ 

ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʚʚʝʜʝʥʠʷ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɼʅʂ: ʧʦʢʘʟʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʝ ʩ ʦʜʥʦʥʠʪʝʚʳʤ 

ʨʘʟʨʳʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ɼʅʂ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʛʫʣʷʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʨʝʧʘʨʘʮʠʠ ɼʅʂ. ʅʘʨʫʰʝʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʫʨʦʚʝʥʴ ʛʝʥʥʦʡ 

ʵʢʩʧʨʝʩʩʠʠ, ʩʧʦʩʦʙʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʚʠʪʠʶ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʦʡ ʧʨʠʨʦʜʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ  ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʧʦʩʦʙʦʚ ʧʨʦʬʠʣʘʢʪʠʢʠ ʜʘʥʥʳʭ ʧʘʪʦʣʦʛʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʆʩʥʦʚʥʘʷ ʨʘʙʦʪʘ (ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʤʝʪʦʜʘʤʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʩʦʟʜʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ), ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʚʳʚʦʜʦʚ 

ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʩʫʞʜʝʥʠʝ ʠ ʦʙʦʙʱʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ, ʧʨʦʬʝʩʩʦʨʦʤ, ʜ.ʬ.-

ʤ.ʥ. ʐʘʡʪʘʥʦʤ ʂ.ɺ. ʠ ʜ.ʙ.ʥ., ʜʦʮʝʥʪʦʤ ʉʦʢʦʣʦʚʦʡ ʆ.ʉ. 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʊʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʵʣʦʥʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈʅʂʇ E.Coli, ʦʩʪʘʥʦʚʣʝʥʥʦʡ ʚ 

ʧʦʟʠʮʠʷʭ (+24) ʠ (+42) ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʩʪʘʨʪʘ ʧʨʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʫʢʣʝʦʩʦʤʥʦʡ 

ɼʅʂ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʭʦʜʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʩʦʝʜʠʥʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʦʪʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʈʅʂʇ E.Coli ʠ ʥʫʢʣʝʦʩʦʤʝ. 

2. ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʕʂ(+24) ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ ʚ ʥʝʪʨʘʥʩʢʨʠʙʠʨʫʝʤʦʡ ʮʝʧʠ 

ɼʅʂ (+12) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʫʢʣʝʦʩʦʤʦʡ ʠ ʈʅʂʇ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʕʂ(+24) ʙʝʟ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ. 

3. ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ɼʅʂ ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʝʡ 

ʞʝʩʪʢʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʘʪʠʚʥʦʡ ɼʅʂ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: XVI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʡ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ "ʃʦʤʦʥʦʩʦʚ - 2010" (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ - 2010), XXIII ʈʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ - 2011), ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ GRC ç3D electron microscopyè (ʍʧ ʆʾˁʣʭʧʲʧ, ʐʚʝʡʮʘʨʠʷ - 2012), 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦʤ ʩʝʤʠʥʘʨʝ çFuture Challenges in Integrative Structural Biologyè 

(ʉʪʨʘʩʙʫʨʛ, ʌʨʘʥʮʠʷ ï 2012), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çMicroscopy &Microanalysisè 

(ʌʝʥʠʢʩ, ʉʐɸ ï 2012), XIʍ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ñʃʦʤʦʥʦʩʦʚ - 2012ò (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ - 2012), Xʍ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ñʃʦʤʦʥʦʩʦʚ - 2013ò (ʛ. 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ - 2013), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ GRC çRegulation of Chromatin 

Assembly and Genome Functionsè (ɺʦʣʪʦʤ, ʉʐɸ - 2014), ʘ ʪʘʢʞʝ ʥʘ ʩʝʤʠʥʘʨʘʭ ʛʨʫʧʧʳ 

ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʢʘʬʝʜʨʳ ʙʠʦʠʥʞʝʥʝʨʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʩʪʘʪʝʡ, ʠʟ ʥʠʭ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ï 5; ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ï 4. 
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ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 136 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, 

ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ, ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ, ʟʘʢʣʶʯʝʥʠʝ, ʚʳʚʦʜʳ, 

ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʠʡ↑ ʠʟ 213 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʘ ʪʘʢ ʞʝ ʧʨʠʣʦʞʝʥʠʷ 1 ʠ 2. ʈʘʙʦʪʘ 

ʩʦʜʝʨʞʠʪ 52 ʨʠʩʫʥʢʘ ʠ 8 ʪʘʙʣʠʮ. 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

1. ɺʚʝʜʝʥʠʝ 

ɺʦ ɺʚʝʜʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

2. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ɺ ʥʘʯʘʣʝ ʆʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʨʘʟʦʙʨʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ɼʅʂ, ʭʨʦʤʘʪʠʥʘ ʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟ. ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʟʤʳ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʚʦʙʦʜʥʦʡ ʠ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ, ʘ ʪʘʢ ʞʝ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ 

ʧʨʠʚʦʜʠʪʴ ʢ ʦʩʪʘʥʦʚʢʝ ʪʨʘʥʩʢʨʠʧʮʠʠ. ɼʘʣʝʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʳ ʤʝʪʦʜʦʚ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ), ʪʨʝʭʤʝʨʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʬʠʪʪʠʥʛʘ). 

3. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʨʘʟʜʝʣʝ ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʦʧʠʩʘʥʳ ʵʪʘʧʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ: 

ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʠ ʩʝʪʦʢ ʜʣʷ ʇʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʝʪʦʜʘʤʠ ʇʕʄ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʠ ʢʨʠʦ-ʇʕʄ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʦʙʨʘʥʳ 

ʵʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʜʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʵʣʦʥʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠ ʛʣʘʚʳ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʤʦʜʝʣʝʡ ʬʨʘʛʤʝʥʪʦʚ ʥʘʪʠʚʥʦʡ ɼʅʂ ʠ ʘʥʘʣʦʛʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ, ʘ 

ʪʘʢ ʞʝ ʧʨʦʮʝʜʫʨʘ ʠ ʧʨʦʪʦʢʦʣʳ ʧʨʦʚʝʜʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʠ ʫʧʨʘʚʣʷʝʤʦʡ ʄɼ. 
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4. ʈʝʟʫʣʴʪʘʪʳ 

4.1.ʀʩʩʣʝʜʦʚʘʥʠʷ ʕʂ, ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʧʦʣʦʞʝʥʠʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʈʅʂʇ E.Coli 

+42 ʧʦʟʠʮʠʠ ʥʫʢʣʝʦʩʦʤ-ʧʦʟʠʮʠʦʥʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʕʂ(+42) ʠ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʇʕʄ ʤʝʪʦʜʘ: ʇʕʄ ʥʝʛʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʠ ʢʨʠʦ-ʇʕʄ. ʀʟʦʙʨʘʞʝʥʠʷ ʕʂ(+42) ʤʝʪʦʜʦʤ ʇʕʄ ʥʝʛʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʦʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

(Orthogonal tilt reconstruction, ORT) ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʲʝʤʢʠ (ʨʠʩʫʥʦʢ 1). 

ʀʟʦʙʨʘʞʝʥʠʷ ʕʂ(+42) ʤʝʪʦʜʦʤ ʢʨʠʦ-ʇʕʄ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʲʝʤʢʠ. 3D ʩʪʨʫʢʪʫʨʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʢʨʠʦ-ʇʕʄ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʣʦʪʥʦʩʪʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʙʦʣʴʰʘʷ ʩ 

ʚʳʩʦʪʦʡ ~20 ʥʤ ʠ ʰʠʨʠʥʦʡ ~10 ʥʤ, ʠ ʤʝʥʴʰʘʷ ʩ ʜʠʘʤʝʪʨʦʤ ~ 8 ʥʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦ 

ʨʘʟʤʝʨʘʤ ʩʦʦʪʥʝʩʝʥʳ ʩ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ ʠ ʥʫʢʣʝʦʩʦʤʦʡ. ʈʘʟʨʝʰʝʥʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʩʦʩʪʘʚʠʣʦ 25 ¡. ʅʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʥʘʙʦʨʦʤ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʘ ʚ ʚʠʪʨʠʬʠʮʠʨʦʚʘʥʥʦʤ ʣʴʜʫ. 

 

ʈʠʩʫʥʦʢ 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠ ̫ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʕʂ(+42), ʧʦʣʫʯʝʥʥʘ ̫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʠʢʠ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʲʝʤʢʠ. 

ʈʘʟʤʝʨ ʤʘʩʰʪʘʙʥʦʛʦ ʦʪʨʝʟʢʘ ï 100 ʥʤ. ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ. 



8 

 

4.2.ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʣʦʥʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʧʦʣʦʞʝʥʠʠ +24 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʈʅʂʇ E.Coli 

ʄʝʪʦʜʘʤʠ ʇʕʄ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʜʚʝ ʬʦʨʤʳ ʕʂ(+24). ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʕʂ(+24), ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʚ ʥʦʨʤʝ ʚ ʭʦʜʝ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʥʘʪʠʚʥʦʡ ɼʅʂ (ʙʝʟ ʦʜʥʦʥʠʪʝʚʳʭ ʨʘʟʨʳʚʦʚ). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʕʂ(+24), 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʦʥʪʘʥʥʦʡ ʦʩʪʘʥʦʚʢʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ɼʅʂ ʩ ʦʜʥʦʥʠʪʝʚʳʤ 

ʨʘʟʨʳʚʦʤ ʚ ʧʦʣʦʞʝʥʠʠ (+12) ʅʇʇ. ʊʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʪʨʦʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʨʠʩʫʥʦʢ 2), ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʲʝʤʢʠ ʠ ʩʣʫʯʘʡʥʦʛʦ ʢʦʥʠʯʝʩʢʦʛʦ ʥʘʢʣʦʥʘ (Random conical tilt, RCT,). ɺ 

ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ (ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʧʦʧʝʨʝʯʥʳʝ ʩʨʝʟʳ ʪʦʤʦʛʨʘʤʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʕʂ(+24). 

ɸ - ʕʂ (+24) ʙʝʟ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ɹ - ʕʂ (+24) ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ ʚ 

ʧʦʣʦʞʝʥʠʠ +12 ʅʇʇ 

  

ʈʠʩʫʥʦʢ 2. ʎʝʥʪʨʘʣʴʥʳʝ ʩʨʝʟ r ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʳʝ ʪʦʤʦʛʨʘʤʤ r ʦʙʨʘʟʮʦʚ 

ʵʣʦʥʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (+24), ʙʝʟ ʨʘʟʨʳʚʘ ʚ ɼʅʂ (ɸ) ʠ ʩ ʨʘʟʨʳʚʦʤ ʚ ʧʦʣʦʞʝʥʠʠ 

+12 ʅʇ (ɹ). ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʈʅʂ ʧʦʣʠʤʝʨʘʟʫ, ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʥʘ ʥʫʢʣʝʦʩʦʤʫ ʚ 

ʢʦʤʧʣʝʢʩʝ. ʄʘʩʰʪʘʙʥʳʡ ʦʪʨʝʟʦʢ ï 50 ʥʤ. 

 

 



9 

 

4.3.ʇʨʠʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʚʚʝʜʝʥʠʷ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʞʝʩʪʢʦʩʪʴ ʠ 

ʛʠʙʢʦʩʪʴ) ʬʨʘʛʤʝʥʪʘ ɼʅʂ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʚʝʜʝʥʠʷ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɼʅʂ ʙʳʣʘ 20 ʧ.ʥ. ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɼʅʂ ʠʟ 603 ʥʫʢʣʝʦʩʦʤ-

ʧʦʟʠʮʠʦʥʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʫʯʘʩʪʦʢ ʧʨʦʢʩʠʤʘʣʴʥʳʡ ʢ ʧʨʦʤʦʪʦʨʫ) ʩ ʚʚʝʜʝʥʠʝʤ 

ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʚ (+12) ʧʦʣʦʞʝʥʠʠ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʪʨʠʯʥʦʡ ʮʝʧʠ: 3ô-GGGCCACAGAGGCGGGCGGA -5ô. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ: 5ô-CCCGGTGTCTC CGCCCGCCT-3ô, 

ʤʝʩʪʦ ʚʚʝʜʝʥʠʝ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ï ʥʫʢʣʝʦʪʠʜ ʉ ʚ ʧʦʣʦʞʝʥʠʠ (+12) ï ʚʳʜʝʣʝʥ ʢʨʘʩʥʳʤ 

ʮʚʝʪʦʤ (ʩʭʝʤʘ ʚʚʝʜʝʥʠʷ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3). 

 

ʈʠʩʫʥʦʢ 3. ɺʚʝʜʝʥʠʝ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʚ ʥʝʤʘʪʨʠʯʥʫʶ ʮʝʧʴ ɼʅʂ (ʪʠʧʳ ʘʟʦʪʠʩʪʳʭ 

ʦʩʥʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʫʢʚʝʥʥʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ). 

5. ʆʙʩʫʞʜʝʥʠʝ 

5.1. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʦʥʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʧʦʣʦʞʝʥʠʠ +42 ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʈʅʂʇ E.Coli  

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ in vitro 

ʚʳʩʦʢʦʛʦ ʙʘʨʴʝʨʘ ʤʝʞʜʫ ʈʅʂʇ ʠ ʥʫʢʣʝʦʩʦʤʦʡ ʚ ʦʙʣʘʩʪʠ +(40-50). ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʩʠʣʴʥʳʤ ʥʫʢʣʝʦʩʦʤʥʳʤ ʙʘʨʴʝʨʦʤ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʦʪʙʨʘʩʳʚʘʥʠʝ ʈʅʂʇ ʦʙʨʘʪʥʦ ʚʜʦʣʴ ɼʅʂ ʤʘʪʨʠʮʳ ʥʘ ʥʫʢʣʝʦʩʦʤʝ. 

ʈʅʂʇ ʦʪʩʪʫʧʘʝʪ ʦʙʨʘʪʥʦ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 4 ʜʦ 6 ʧ.ʥ. ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʣʘʩʪʠ ʧʘʫʟʠʨʦʚʘʥʠʷ ʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʦʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʧʦʣʦʞʝʥʠʠ (+42) ʕʂ. ʈʘʥʝʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʪʙʨʘʩʳʚʘʥʠʝ 
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ʈʅʂʇ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʫʯʘʩʪʢʘ ʩʚʦʙʦʜʥʦʡ ɼʅʂ ʤʝʞʜʫ ʬʝʨʤʝʥʪʦʤ ʠ 

ʥʫʢʣʝʦʩʦʤʦʡ, ʦʜʥʘʢʦ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʚʠʜʠʤʦ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʦʝ 

ʟʘʢʨʫʯʠʚʘʥʠʝ ɼʅʂ ʥʘ ʛʠʩʪʦʥʦʚʦʤ ʦʢʪʘʤʝʨʝ. ʅʫʢʣʝʦʩʦʤ-ʩʧʝʮʠʬʠʯʥʘʷ ʦʩʪʘʥʦʚʢʘ ʈʅʂʇ ʚ 

ʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʡ, ʥʦ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤʦʡ ʩ ʫʯʘʩʪʠʝʤ ʣʠʙʦ ʬʘʢʪʦʨʦʚ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʣʠʙʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʢʦʥʪʨʘʩʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ. ʊʘʢ ʢʘʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʦ-

ʇʕʄ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʩ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ 

ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ  ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʕʂ(+42).  

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʢʣʘʩʩʦʚʳʝ ʩʫʤʤʳ (ʨʠʩʫʥʦʢ 4 ɸ, ɹ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʚʫʤʷ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʜʦʤʝʥʘʤʠ. ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʢʣʶʯʘʝʪ ʙʦʣʴʰʠʡ (~20 ʥʤ) ʠ ʤʝʥʴʰʠʡ (~14 ʥʤ) ʩʫʙʜʦʤʝʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʳ ʩ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ ʠ ʥʫʢʣʝʦʩʦʤʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 3D ʩʪʨʫʢʪʫʨʘ ʕʂ(+42) 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. ʈʘʟʨʝʰʝʥʠʝ ʝʝ, ʦʮʝʥʝʥʥʦʝ ʧʦ ʤʝʪʦʜʫ ʦʙʲʝʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʌʫʨʴʝ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ 0,5, ʩʦʩʪʘʚʠʣʦ 22 ¡. ʂʦʥʪʫʨʥʳʡ ʫʨʦʚʝʥʴ ʬʠʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣ ʚʳʙʨʘʥ 

ʠʟ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʙʝʣʢʦʚʦʡ ʧʣʦʪʥʦʩʪʠ 844 ɼʘ/ʥʤ
3
, ʦʙʲʝʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʝ ʕʂ ~745 ʢɼʘ.  

 

ʈʠʩʫʥʦʢ 4. ʇʦʵʪʘʧʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʕʂ(+42) ʤʝʪʦʜʦʤ ʇʕʄ ʩ ʥʝʛʘʪʠʚʥʳʤ 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝʤ, ɸ - ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʠʮ ʢʦʤʧʣʝʢʩʘ, ɹ ï 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʣʘʩʩʳ ʯʘʩʪʠʮ, ɺ ï ʧʨʦʝʢʮʠʠ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʈʘʟʤʝʨ 

ʤʘʩʰʪʘʙʥʦʛʦ ʦʪʨʝʟʢʘ - 25 ʥʤ. 

ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 3D ʩʪʨʫʢʪʫʨʳ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʬʠʪʪʠʥʛ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. Coli [4JKR] ʚ ʙʦʣʴʰʠʡ ʩʝʛʤʝʥʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʥʫʢʣʝʦʩʦʤʳ 
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[1KX5]  ʚ ʤʝʥʴʰʠʡ ʩʝʛʤʝʥʪ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʩʦʦʪʥʝʩʝʥʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʪʨʝʭʤʝʨʥʳʭ ʢʘʨʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʢʨʦʩʩ-

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ 0.73. ʄʦʜʝʣʴ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʕʂ, 

ʦʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʧʦʣʦʞʝʥʠʠ +42 ʅʇʇ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʈʅʂʇ ʩʦʜʝʨʞʠʪ ʤʦʥʦʥʫʢʣʝʦʩʦʤʫ ʠ 

ʦʜʠʥʦʯʥʫʶ ʈʅʂʇ.  

ʀʥʪʝʨʧʨʝʪʘʮʠʷ 3D ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʢʠʥʛʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʦʙʣʘʩʪʴ, ʩʦʦʪʥʝʩʝʥʥʘʷ ʩ ʜʠʤʝʨʦʤ ʛʠʩʪʦʥʦʚ ʅ2ɸ/ʅ2ɺ (ʨʠʩʫʥʦʢ 

5 ɸ, ɹ) ʦʙʨʘʱʝʥʘ ʚ ʩʨʝʜʫ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ɼʅʂ ʠʣʠ ʈʅʂʇ, ʦʜʥʘʢʦ ʦʩʪʘʝʪʩʷ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʦʢʪʘʤʝʨʦʤ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʙʳʣʘ ʨʘʥʝʝ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ ʂʫʣʘʝʚʦʡ 

ʆ.ʀ. ʩ ʩʦʘʚʪʦʨʘʤʠ [Kulaeva et al., 2009], ʛʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʈʅʂʇII  ʦʪ (+42) ʜʦ 

(+49) ʧʦʣʦʞʝʥʠʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʣʥʳʤ ʦʙʨʘʪʥʳʤ ʟʘʢʨʫʯʠʚʘʥʠʝʤ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʤʝʨʘ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʠʤʝʨ ʛʠʩʪʦʥʦʚ ʥʝ ʧʦʢʠʜʘʝʪ ʦʢʪʘʤʝʨ ʧʦ 

ʤʝʥʴʰʝʡ ʤʝʨʝ ʜʦ ʧʦʣʦʞʝʥʠʷ (+49). ɼʠʤʝʨ ʛʠʩʪʦʥʦʚ ʧʦʢʘʟʳʚʘʝʪ ʫʜʠʚʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʚ ʭʦʜʝ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʨʝʤʷ ʥʘ ʧʦʪʝʨʶ ʦʙʦʠʭ ʜʠʤʝʨʦʚ ʅ2ɸ/ʅ2ɺ ʩʦʩʪʘʚʣʷʝʪ 

ʤʝʥʝʝ 1 ʩʝʢʫʥʜʳ ʧʨʠ ʧʦʣʥʦʤ ʫʜʘʣʝʥʠʠ ɼʅʂ [Feng et al., 1993]. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʚʷʟʳʚʘʥʠʝ ʧʨʦʤʦʪʦʨ-ʧʨʦʢʩʤʘʣʴʥʦʛʦ ʜʠʤʝʨʘ ʅ2ɸ/ʅ2ɺ ʩ ʪʝʪʨʘʤʝʨʦʤ ʅ3/ʅ4 ʚ ʕʂ(+42) ʤʦʞʝʪ 

ʙʳʪʴ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʦ ʩʦʭʨʘʥʷʶʱʠʤʠʩʷ ɼʅʂ-ʛʠʩʪʦʥʦʚʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʥʫʢʣʝʦʩʦʤʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʥʫʢʣʝʦʩʦʤʥʦʛʦ ʚʳʞʠʚʘʥʠʷ 

ʚ ʭʦʜʝ ʪʨʘʥʩʢʨʠʧʮʠʠ [Bintu et al., 2011]. 
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ʈʠʩʫʥʦʢ 5. ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʵʣʦʥʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (+42). ʕʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʘ ʩʝʪʢʦʡ, ʧʨʦʠʟʚʝʜʝʥ ʜʦʢʠʥʛ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʈʅʂʇ E. 

Coli (4JKR) ʠ ʥʫʢʣʝʦʩʦʤʳ (1KX5). ʉʝʨʦʡ ʧʫʥʢʪʠʨʥʦʡ ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʭʦʜʘ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʆʨʘʥʞʝʚʘʷ ʩʪʨʝʣʢʘ ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ, 

ʩʦʦʪʥʝʩʝʥʥʫʶ ʩ ʜʠʤʝʨʦʤ ʛʠʩʪʦʥʦʚ H2A/H2B, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʥʘ ʦʙʨʘʱʝʥʘ ʚ 

ʩʨʝʜʫ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʠ ʈʅʂʇ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʤʝʪʦʜʘʤʠ ʇʕʄ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʠ 

ʢʨʠʦ-ʇʕʄ, 3D ʩʪʨʫʢʪʫʨʳ ʕʂ, ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʧʦʣʦʞʝʥʠʠ +42 ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʳ E. Coli ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʭʦʜʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ: ʚ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ ʯʝʪʢʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʜʚʘ ʩʫʙʜʦʤʝʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʙʦʣʴʰʝʛʦ ʠ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʦʚ, 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʧʦ ʨʘʟʤʝʨʘʤ ʩ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ ʠ ʥʫʢʣʝʦʩʦʤʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʝʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ, 

ʦʢʘʟʘʣʦʩʴ ʣʫʯʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʠʦ-ʇʕʄ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʠʤ 
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ʢʦʥʪʨʘʩʪʦʤ ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦ ʣʴʜʫ. ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ, 

ʤʳ ʫʣʫʯʰʠʣʠ ʢʦʥʪʨʘʩʪ ʠʟʦʙʨʘʞʝʥʠʡ. 

 

 

 

ʈʠʩʫʥʦʢ 6. ʄʦʜʝʣʴ ʕʂ(+42). ʅʫʢʣʝʦʩʦʤʘ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʠʥʝʛʦ ʢʨʫʛʘ, 

ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ ï ʚ ʚʠʜʝ ʦʨʘʥʞʝʚʦʛʦ ʵʣʣʠʧʩʘ. ɼʅʂ ʚʠʪʦʢ, ʦʙʨʘʱʝʥʥʳʡ ʢ ʟʨʠʪʝʣʶ ï 

ʠʟʦʙʨʘʞʝʥ ʙʦʨʜʦʚʳʤ ʮʚʝʪʦʤ, ɼʅʂ ʚʠʪʦʢ, ʦʙʨʘʱʝʥʥʳʡ ʦʪ ʟʨʠʪʝʣʷ (ʚʪʦʨʦʡ ʚʠʪʦʢ 

ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ) - ʛʦʣʫʙʳʤ. ʆʪʤʝʪʢʘ (+1) - ʧʝʨʚʳʡ ʥʫʢʣʝʦʪʠʜ ʥʫʢʣʝʦʩʦʤ-

ʧʦʟʠʮʠʦʥʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʅʇʇ), (+12) ʥʫʢʣʝʦʪʠʜ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʥʘʣʘ ʈʅʂʇ, (+24) ʥʫʢʣʝʦʪʠʜ ʥʘʭʦʜʠʪʩʷ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʈʅʂʇ, 

ʥʫʢʣʝʦʪʠʜʳ ~(+60..+146) ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʧʦʣʦʞʝʥʠʷ ʥʘ ʥʫʢʣʝʦʩʦʤʝ. ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ 

ʩʦʚʝʨʰʠʣʘ ~1.8 ʦʙʦʨʦʪʘ ʚʦʢʨʫʛ ʤʘʪʨʠʮʳ ɼʅʂ ʠ ʧʦʚʝʨʥʫʪʘ ʢ ʟʨʠʪʝʣʶ ʩʚʦʝʡ çʚʝʨʭʥʝʡè 

ʯʘʩʪʴʶ, ʧʨʦʤʦʪʦʨ-ʧʨʦʢʩʠʤʘʣʴʥʘʷ ɼʅʂ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʨʘʩʧʦʣʦʞʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ çʦʪ ʟʨʠʪʝʣʷè.  

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 3D ʩʪʨʫʢʪʫʨ ʤʝʞʜʫ 

ʩʦʙʦʡ, ʘ ʪʘʢ ʞʝ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʧʨʦʝʢʮʠʡ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʜʚʫʤʝʨʥʳʤʠ ʢʣʘʩʩʘʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʘʜʝʢʚʘʪʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʢʘʨʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʵʣʦʥʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʧʦʣʦʞʝʥʠʠ +42 

ʅʇʇ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. Coli (ʨʠʩʫʥʦʢ 6). ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ E. Coli ʠ 

ʤʦʥʦʥʫʢʣʝʦʩʦʤʘ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʩʦʝʜʠʥʷʶʱʠʡ ʠʭ 

ʢʦʨʦʪʢʠʡ ʬʨʘʛʤʝʥʪ ɼʅʂ ʩʢʨʳʪ ʬʨʘʛʤʝʥʪʘʤʠ ʙʝʣʢʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʦʪʠʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ɼʅʂ ʚ ʩʪʨʫʢʪʫʨʝ ʕʂ(+42).  
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5.2. ɺʣʠʷʥʠʝ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ɼʅʂ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʣʦʥʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʧʦʣʦʞʝʥʠʠ +24 ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ 

ʈʅʂʇ E. Coli  

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʚʚʝʜʝʥʠʷ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ɼʅʂ ʚ 

ʧʦʣʦʞʝʥʠʠ +12 ʅʇʇ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʢʘʨʪʳ ʕʂ(+24) 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. ʈʘʟʨʝʰʝʥʠʝ ʩʪʨʫʢʪʫʨ ʩʦʩʪʘʚʠʣʦ ~57 ¡ ʜʣʷ ʕʂ(+24) ʙʝʟ ʨʘʟʨʳʚʘ ʠ 

~35 ¡ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ. 3D ʩʪʨʫʢʪʫʨʳ ʕʂ(+24) ʩ ʦʜʥʦʥʠʪʝʚʳʤ 

ʨʘʟʨʳʚʦʤ (ʨʠʩʫʥʦʢ 7 ɺ, ɻ) ʠ ʙʝʟ ʥʝʛʦ (ʨʠʩʫʥʦʢ 7 ɸ, ɹ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʭʦʜʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ: ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʙʣʘʩʪʠ ʙʦʣʴʰʝʛʦ ʠ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʳ ʩ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ ʠ ʥʫʢʣʝʦʩʦʤʦʡ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʕʂ(+42). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʕʂ(+42) ʚ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ ʕʂ(+24) ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʣʠʥʢʝʨ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʪʨʝʭʤʝʨʥʦʡ ʢʘʨʪʳ, ʩʦʝʜʠʥʷʶʱʠʡ ʈʅʂʇ ʠ ʥʫʢʣʝʦʩʦʤʫ. ʕʪʦʪ ʣʠʥʢʝʨ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥ 

ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʜʦ ʚʭʦʞʜʝʥʠʷ ʚ ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ. ɺ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʤʝʞʜʫ ʥʫʢʣʝʦʩʦʤʦʡ ʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ ʚ ʩʪʨʫʢʪʫʨʝ ʕʂ(+24) ʩ 

ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ ʪʘʢ ʞʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʷʞ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʩʠʤʤʝʪʨʠʯʥʳʡ 

ʚʝʨʭʥʝʤʫ ʠ ʟʘʤʳʢʘʶʱʠʡʩʷ ʦʙʨʘʪʥʦ ʥʘ ʥʫʢʣʝʦʩʦʤʫ (ʨʠʩʫʥʦʢ 7 ɺ, ɻ). ɺ ʩʪʨʫʢʪʫʨʝ ʕʂ(+24) ʙʝʟ 

ʨʘʟʨʳʚʘ ʦʪʩʫʪʩʪʚʫʝʪ ʫʯʘʩʪʦʢ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ɼʅʂ (ʨʠʩʫʥʦʢ 7 ɸ, 

ɹ). 

ɸʥʘʣʠʟ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʢʣʘʩʩʦʚʳʭ ʩʫʤʤ ʠ ʧʦʣʫʯʝʥʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʚ ʧʦʣʦʞʝʥʠʝ (+12) ʅʇʇ 

ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ɼʅʂ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʫʢʣʝʦʩʦʤʦʡ ʠ ʈʅʂʇ. 

ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʥʫʢʣʝʦʩʦʤʳ ʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. 

Coli ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʥʫʢʣʝʦʩʦʤʳ ʠ 

ʈʅʂʇ ʕʂ (+24) ʙʝʟ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 140 ʜʦ 260 ¡, ʘ ʚ ʩʣʫʯʘʝ ʕʂ 

+24 ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ ï ʨʘʩʩʪʦʷʥʠʷ ʩʤʝʱʝʥʳ ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ ʠ ʣʝʞʘʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʜʦ 200 ¡ (p<0.001). 
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ʈʠʩʫʥʦʢ 7. 3D ʩʪʨʫʢʪʫʨʳ ʕʂ, ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʧʦʣʦʞʝʥʠʠ (+24) ʅʇʇ ʘʢʪʠʚʥʦʛʦ 

ʮʝʥʪʨʘ ʈʅʂʇ E. ʉoli. ɸ, ɹ ï ʕʂ(+24) ʙʝʟ ʨʘʟʨʳʚʘ; ɺ, ɻ ï ʕʂ(+24) ʩ ʦʜʥʦʥʠʪʝʚʳʤ 

ʨʘʟʨʳʚʦʤ ʚ ʧʦʣʦʞʝʥʠʠ +12 ʅʇʇ. 

 

 

ʈʠʩʫʥʦʢ 8. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʈʅʂʇ ʠ 

ʥʫʢʣʝʦʩʦʤʳ ʚ ʕʂ (+24) ʙʝʟ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ (ʩʠʥʠʡ) ʠ ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ ʚ 

ʧʦʣʦʞʝʥʠʠ +12 ʅʇʇ (ʢʨʘʩʥʳʡ) (p<0.001). 
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ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʢʦʤʧʴʶʪʝʨʥʳʡ ʬʠʪʪʠʥʛ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʫʢʣʝʦʩʦʤʳ ʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. Coli ʚ ʢʘʨʪʳ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʕʂ(+24) ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ (ʨʠʩʫʥʦʢ 10 ɹ) ʠ ʙʝʟ ʨʘʟʨʳʚʘ (ʨʠʩʫʥʦʢ 9 ɹ). 

ʈʘʟʣʠʯʠʷ ʚ ʦʙʣʘʩʪʠ, ʩʦʦʪʥʝʩʝʥʥʦʡ ʩ ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʢ ʧʨʦʤʦʪʦʨʫ ɼʅʂ, ʘ ʠʤʝʥʥʦ ʟʘʤʢʥʫʪʘʷ 

ʧʣʦʪʥʦʩʪʴ ʚ ʩʪʨʫʢʪʫʨʝ ʕʂ(+24) ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ (ʨʠʩʫʥʦʢ 10 ɹ), ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʚ ʧʦʣʴʟʫ ʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʦʡ ʧʝʪʣʠ. ʉʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʚ ʭʦʜʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ ʚʨʘʱʘʝʪʩʷ 

ʚʦʢʨʫʛ ʤʘʪʨʠʮʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʦʜʦʤ ʚʠʪʢʦʚ ʩʧʠʨʘʣʠ ɼʅʂ [Kulaeva et al., 2009]. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʚ (+12) ʧʦʣʦʞʝʥʠʝ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ 

ɼʅʂ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɼʅʂ (ʚ ʪʦʤ ʯʠʩʣʝ ʞʝʩʪʢʦʩʪʴ ʠ 

ʛʠʙʢʦʩʪʴ). ɸ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɼʅʂ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʙʨʘʪʥʦʤʫ ʟʘʤʳʢʘʥʠʶ ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʢ ʧʨʦʤʦʪʦʨʫ ɼʅʂ ʥʘ ʥʫʢʣʝʦʩʦʤʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʦʡ ʧʝʪʣʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʧʝʨʪʦʡ ʚʦ 

ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʦʡ ʧʝʪʣʝ ʠ ʥʝ ʤʦʞʝʪ ʜʘʣʝʝ ʧʨʦʜʚʠʛʘʪʴʩʷ ʧʦ ʤʘʪʨʠʮʝ ʥʫʢʣʝʦʩʦʤʥʦʡ ɼʅʂ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʦʥʪʘʥʥʘʷ ʦʩʪʘʥʦʚʢʘ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʧʦʣʦʞʝʥʠʠ (+24) ʅʇʇ 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʈʅʂʇ  E. Coli, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʘʷ ʚ ʨʘʙʦʪʝ ɻʝʨʘʩʠʤʦʚʦʡ ʅ.ʉ. [2015]. 

ɿʘʤʳʢʘʥʠʝ ʧʨʦʤʦʪʦʨ-ʧʨʦʢʩʠʤʘʣʴʥʦʡ ɼʅʂ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʦʡ ʧʝʪʣʠ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʫʢʣʝʦʩʦʤʦʡ ʠ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ ʚ ʜʚʫʤʝʨʥʳʭ ʧʨʦʝʢʮʠʷʭ ʕʂ(+24). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʳ 

ʩʭʝʤʘʪʠʯʥʳʝ ʤʦʜʝʣʠ ʕʂ ʚ ʧʦʣʦʞʝʥʠʠ 24 ʅʇʇ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. Coli ʩ 

ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ ʚ (+12) ʧʦʣʦʞʝʥʠʠ ʅʇʇ (ʨʠʩʫʥʦʢ 10 ɸ) ʠ ʙʝʟ ʨʘʟʨʳʚʘ (ʨʠʩʫʥʦʢ 9 ɸ). 

ɹʘʟʠʨʫʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʕʂ(+24) ʙʝʟ ʨʘʟʨʳʚʘ (ʨʠʩʫʥʦʢ 9 ɹ) 

ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʨʦʢʩʠʤʘʣʴʥʳʡ ʢ ʧʨʦʤʦʪʦʨʫ ʫʯʘʩʪʦʢ ʥʘʪʠʚʥʦʡ ɼʅʂ ʧʦʟʘʜʠ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʳ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʵʪʦʤʫ ʥʘ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʝʛʦ ʤʘʣʳʡ ʬʨʘʛʤʝʥʪ. 

ɹʘʟʠʨʫʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʕʂ(+24) ʩ ʨʘʟʨʳʚʦʤ (ʨʠʩʫʥʦʢ 10 ɹ), 

ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʚ 12 ʧʦʣʦʞʝʥʠʠ ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ 

ʅʇʇ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʯʘʩʪʢʘ ɼʅʂ ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʅʂʇ ï ʠʟ-ʟʘ 

ʯʝʛʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʙʨʘʪʥʦʝ ʟʘʤʳʢʘʥʠʝ ʧʨʦʤʦʪʦʨ-ʧʨʦʢʩʠʤʘʣʴʥʦʡ ɼʅʂ ʦʙʨʘʪʥʦ ʥʘ 

ʥʫʢʣʝʦʩʦʤʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʫʪʨʠʥʫʢʣʝʦʩʦʤʥʦʡ ʧʝʪʣʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʝʪʣʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʶ ʠ ʚʨʘʱʝʥʠʶ ʈʅʂʇ ʚ ʭʦʜʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʚʜʦʣʴ ʤʘʪʨʠʮʳ, ʠʟ-ʟʘ ʯʝʛʦ ʬʝʨʤʝʥʪ ʦʢʘʟʳʚʘʝʪʩʷ çʟʘʧʝʨʪʳʤè ʚ ʧʝʪʣʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʨʘʪʠʤʦʡ ʦʩʪʘʥʦʚʢʝ ʪʨʘʥʩʢʨʠʧʮʠʠ. 
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ʈʠʩʫʥʦʢ 9. ɸ - ʄʦʜʝʣʴ ʕʂ, ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʧʦʣʦʞʝʥʠʠ +24 ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. Coli (ʙʝʟ ʦʜʥʦʥʠʪʝʚʦʛʦ 

ʨʘʟʨʳʚʘ ʚ ʧʦʣʦʞʝʥʠʠ 12 ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ʅʇʇ). ʆʙʦʟʥʘʯʝʥʠʷ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 6. ɹ - 

ɼʦʢʠʥʛ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʫʢʣʝʦʩʦʤʳ (1AOI) ʠ ʈʅʂʇ E. Coli (5BYH) ʚ ʢʘʨʪʫ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʕʂ(+24) ʙʝʟ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ. ʆʨʠʝʥʪʘʮʠʷ ʩʪʨʫʢʪʫʨʳ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʥʘ (ɸ). 
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ʈʠʩʫʥʦʢ 10. ɸ - ʄʦʜʝʣʴ ʕʂ, ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʧʦʣʦʞʝʥʠʠ (+24) ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ E. Coli (ʩ ʦʜʥʦʥʠʪʝʚʳʤ 

ʨʘʟʨʳʚʦʤ ʚ ʧʦʣʦʞʝʥʠʠ 12 ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ʅʇʇ). ʆʙʦʟʥʘʯʝʥʠʷ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 6. ɹ - 

ɼʦʢʠʥʛ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʫʢʣʝʦʩʦʤʳ (1AOI) ʠ ʈʅʂʇ E. Coli (5BYH) ʚ ʢʘʨʪʫ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʕʂ(+24) ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ ʚ ʧʦʣʦʞʝʥʠʠ 12 

ʥʝʤʘʪʨʠʯʥʦʡ ʮʝʧʠ ʅʇʇ. ʆʨʠʝʥʪʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʥʘ (ɸ). 
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5.3.ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʚʝʜʝʥʠʷ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ɼʅʂ 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʚʝʜʝʥʠʷ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʘ ɼʅʂ ʚ 

ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣ ʧʨʠʤʝʥʝʥ ʦʧʨʦʙʠʨʦʚʘʥʥʳʡ ʥʘʤʠ ʨʘʥʝʝ ʧʦʜʭʦʜ ʧʦ ʦʮʝʥʢʝ 

ʵʣʘʩʪʠʯʥʦʩʪʠ ɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʫʧʨʘʚʣʷʝʤʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʘʚʥʦʚʝʩʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʧʳʪʢʘ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʥʘ ʛʠʙʢʦʩʪʴ ʬʨʘʛʤʝʥʪʘ ɼʅʂ, ʜʣʷ ʵʪʦʛʦ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʘʨʘʤʠ ʥʫʢʣʝʦʪʠʜʦʚ 

ʬʨʘʛʤʝʥʪʘ ɼʅʂ. 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʚʝʜʝʥʠʷ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ʥʘ ʞʝʩʪʢʦʩʪʴ ʬʨʘʛʤʝʥʪʘ ɼʅʂ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ ʨʘʩʪʷʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ɺ ʭʦʜʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʚʝʨʭʥʷʷ ʧʘʨʘ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ DG5 ʠ 

DC3, ʬʠʢʩʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʨʝʤ ʢʦʦʨʜʠʥʘʪʘʤ (x,y,z). ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʢʦʥʮʫ 

ʬʨʘʛʤʝʥʪʘ ʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʦʦʙʱʘʣʦʩʴ ʫʩʢʦʨʝʥʠʝ. ɺʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʡ ʨʘʚʥʷʣʘʩʴ: 6, 

8, 10 (ʥʤ/ʧʩĮ) ʧʦ ʢʦʦʨʜʠʥʘʪʝ y ʜʣʷ ʪʨʝʭ ʩʠʩʪʝʤ ʘʥʘʣʦʛʠʯʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʣʦʞʝʥʥʳʝ 

ʩʠʣʳ ʨʘʚʥʷʣʠʩʴ 9, 12, 15 
̋̋́̌

̍̏̌Ͻ̝B
 .  

ʈʘʩʯʝʪ ʤʦʜʫʣʷ ʨʘʩʪʷʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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&
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Ͻ
,

Ў,
  ȟ 

   

(1) 

ʛʜʝ F ï ʩʠʣʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʢʦʥʮʫ ʮʝʧʠ (ʚ ʅʴʶʪʦʥʘʭ), !  ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ 

(ʘʥʛʩʪʨʝʤό), ,  ʥʘʯʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʤʘʩʩ ʢʦʥʮʝʚʳʭ ʧʘʨ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ 

(ʥʤ), Ў, - ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʩʩʪʦʷʥʠʷ (ʥʤ).  

ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ - 
˚

̍
˜ .́  

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʤʘʩʩ ʧʘʨ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʥʘ 

ʪʨʘʝʢʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʙʱʝʥʥʳʭ ʫʩʢʦʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 11. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ ʨʘʩʪʷʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1: 

ʊʘʙʣʠʮʘ 1. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ. 

ʄʦʜʫʣʴ ʖʥʛʘ, E, ʇʘ 

ɼʅʂ ʙʝʟ ʦʜʥʦʥʠʪʝʚʦʛʦ ʨʘʟʨʳʚʘ ɼʅʂ ʩ ʦʜʥʦʥʠʪʝʚʳʤ ʨʘʟʨʳʚʦʤ ʚ ʧʦʣʦʞʝʥʠʠ +12 ʅʇʇ 

(3.0Ñ0.05)ʭ10
9
 (1.8Ñ0.08)ʭ10
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ʈʠʩʫʥʦʢ 11. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʤʘʩʩ ʧʘʨ ʘʪʦʤʦʚ 

ʬʦʩʬʦʨʘ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʙʱʝʥʥʳʭ 

ʫʩʢʦʨʝʥʠʡ. ʇʦ ʦʩʠ ʭ ï ʰʘʛ ʪʨʘʝʢʪʦʨʠʠ (ʥʩ),  ʧʦ ʦʩʠ y - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʤʘʩʩ 

ʧʘʨ ʘʪʦʤʦʚ ʈ (ʥʤ). 
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