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614990, ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15 

ʌɻɹʆʋ ɺʆ ñʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪò ʦʨʛʢʦʤʠʪʝʪ II ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  
ñɺʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠò. 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ: ɽʣʴʢʠʥ ɸʥʜʨʝʡ ɸʥʘʪʦʣʴʝʚʠʯ,  

ʤʦʙ. ʪʝʣ.: 8 963 860 6756, ʬʘʢʩ: +7(342) 280 92 11, ʝ-mail: Andrejelkin1981@gmail.com  
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ʇʃɽʅɸʈʅʓɽ ɼʆʂʃɸɼʓ 
 

ʕʂʆʃʆɻʀʗ ʀ ʇɸʊʆʃʆɻʀʗ 

 

ʏʝʨʝʰʥʝʚ ɺʘʣʝʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ1,2,3,4,  

ʏʝʨʝʰʥʝʚʘ ʄʘʨʛʘʨʠʪʘ ɺʣʘʜʠʤʠʨʦʚʥʘ4 1 

 
1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʘʢʘʜʝʤʠʢʘ ɽ.ɸ. ɺʘʛʥʝʨʘ ʄʠʥʟʜʨʘʚʘ ʈʌ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
3çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
4ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʠʤʤʫʥʦʣʦʛʠʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ʋʨʆ ʈɸʅ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, 

ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʤʦʛʨʘʬʠʷ, ʤʦʥʠʪʦʨʠʥʛ, 

ʧʨʠʨʦʜʦʩʙʝʨʝʞʝʥʠʝ, ʥʘʨʦʜʦʩʙʝʨʝʞʝʥʠʝ 

 

ɺʘʞʥʝʡʰʘʷ ʨʦʣʴ ʧʨʠʜʘʝʪʩʷ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʠ ʟʘʱʠʪʝ ʧʨʠʨʦʜʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʉʘʤʳʡ ʢʘʚʝʨʟʥʳʡ 

ʚʦʧʨʦʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʢʘʢ ʚʳʙʨʘʪʴ ʧʨʠʦʨʠʪʝʪʳ, ʟʘ ʯʪʦ ʩʣʝʜʫʝʪ 

ʙʨʘʪʴʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ. ɻʣʘʚʥʘʷ ʮʝʣʴ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ï ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʢʘʞʜʦʛʦ ʛʨʘʞʜʘʥʠʥʘ, ʢʘʞʜʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʧʦʥʠʤʘʥʠʝ 

ʪʦʛʦ, ʯʪʦ ʚ ʵʪʦʤ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʥʝ ʪʦʣʴʢʦ ʩʦʮʠʘʣʴʥʳʝ ʟʘʢʦʥʳ, ʘ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ï ʢʦʤʧʣʝʢʩʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʢʦʩʤʠʯʝʩʢʠʡ, 

ʛʝʦʬʠʟʠʯʝʩʢʠʡ, ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʡ, ʩʦʮʠʘʣʴʥʳʡ, ʤʝʜʠʮʠʥʩʢʠʡ 

ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʚʩʶ ʮʝʧʦʯʢʫ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʠ ʚʳʷʚʠʪʴ ʛʣʘʚʥʳʝ ʧʨʠʯʠʥʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ. ɺ ʚʦʧʨʦʩʝ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʵʣʝʤʝʥʪʦʚ, ʥʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ï ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

260 ʣʝʪ ʥʘʟʘʜ ʚʳʰʣʘ ʚ ʩʚʝʪ ʨʘʙʦʪʘ ʄʠʭʘʠʣʘ ɺʘʩʠʣʴʝʚʠʯʘ 

ʃʦʤʦʥʦʩʦʚʘ çʆ ʨʘʟʤʥʦʞʝʥʠʠ ʠ ʩʦʭʨʘʥʝʥʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʥʘʨʦʜʘè [1], ʚ 

ʢʦʪʦʨʦʡ ʦʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʠʩʘʣ: çʉʠʣʘ, ʤʦʛʫʱʝʩʪʚʦ ʠ ʚʝʣʠʯʠʝ 

ʛʦʩʫʜʘʨʩʪʚʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʙʝʨʝʞʝʥʠʠ ʠ ʨʘʟʤʥʦʞʝʥʠʠ ʥʘʨʦʜʘ, ʘ ʥʝ ʚ 

ʦʙʰʠʨʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʪʱʝʪʥʦʡ ʙʝʟ ʦʙʠʪʘʪʝʣʝʡè. ʊʦ ʝʩʪʴ ʙʝʟ ʥʘʨʦʜʘ 

ʥʠʢʘʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. ʇʝʨʝʣʠʩʪʘʚ ʩʪʨʘʥʠʮʳ ʵʪʦʡ ʢʥʠʛ, 

ʤʳ ʫʚʠʜʠʤ, ʯʪʦ ʃʦʤʦʥʦʩʦʚʘ ʠʥʪʝʨʝʩʫʝʪ ʥʝ ʧʨʦʩʪʦ ʢʦʣʠʯʝʩʪʚʦ (ʘ 

ʥʘʩʝʣʝʥʠʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʚ ʪʦʪ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 35 
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ʤʣʥ. ʯʝʣʦʚʝʢ), ʥʦ ʠ çʢʘʯʝʩʪʚʦè ʥʘʨʦʜʘ: çɸ ʩʚʝʨʭ ʪʦʛʦ, ʫʯʝʥʴʝʤ 

ʚʢʦʨʝʥʠʪʝ ʚʩʝʤ ʚ ʤʳʩʣʠ... ʯʪʦ ʦʙʤʘʥʱʠʢ, ʛʨʘʙʠʪʝʣʴ, ʥʝʧʨʘʚʦʩʫʜʥʳʡ, 

ʤʟʜʦʠʤʝʮ, ʚʦʨ ʠ ʜʨʫʛʠʤʠ ʦʙʨʘʟʳ ʙʣʠʞʥʝʛʦ ʧʦʚʨʝʜʠʪʝʣʴ ʧʨʦʱʝʥʠʷ ʥʝ 

ʩʳʱʝʪ, ʭʦʪʷ ʙʳ ʦʥ ʚʤʝʩʪʦ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʩʪʥʦʡ ʧʠʱʠ ʚ ʩʝʤʴ ʥʝʜʝʣʴ 

ʝʣ ʱʝʧʳ, ʢʠʨʧʠʯ, ʤʦʯʘʣʦ, ʛʣʠʥʫ ʠ ʫʛʦʣʴʝ ʠ ʙʦʣʴʰʫʶ ʙʳ ʯʘʩʪʴ ʪʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷʣ ʥʘ ʛʦʣʦʚʝ ʚʤʝʩʪʦ ʟʝʤʥʳʭ ʧʦʢʣʦʥʦʚè. ʊʦ ʝʩʪʴ ʯʝʣʦʚʝʢ 

ʜʦʣʞʝʥ ʙʳʪʴ ʯʝʩʪʥʳʤ, ʙʣʘʛʦʨʦʜʥʳʤ, ʜʫʤʘʪʴ ʦ ʩʚʦʠʭ ʩʦʛʨʘʞʜʘʥʘʭ ʠ 

ʩʚʦʝʤ ʛʦʩʫʜʘʨʩʪʚʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʝʨʚʳʝ 19 ʣʝʪ ʞʠʟʥʠ ʃʦʤʦʥʦʩʦʚ ʧʨʦʚʝʣ ʚ 

ʍʦʣʤʦʛʦʨʘʭ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦʪʦʤ ʫʯʠʣʩʷ ʚ ʄʦʩʢʚʝ, ʂʠʝʚʝ, 

ʇʝʪʝʨʙʫʨʛʝ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ï 5 ʣʝʪ ʚ ɻʝʨʤʘʥʠʠ. ɺʝʨʥʫʚʰʠʩʴ ʥʘ ʨʦʜʠʥʫ, 

ʦʥ ʩʪʘʣ ʧʨʦʧʦʚʝʜʦʚʘʪʴ ʛʘʨʤʦʥʠʶ ʤʝʞʜʫ ʠʥʪʝʨʝʩʘʤʠ ʚʣʘʩʪʠ ʠ ʥʘʨʦʜʘ, 

ʧʳʪʘʣʩʷ ʜʦʥʝʩʪʠ ʜʦ ʠʤʧʝʨʘʪʨʠʮʳ ɽʣʠʟʘʚʝʪʳ II  ʠʜʝʶ, ʯʪʦ ʛʦʩʫʜʘʨʩʪʚʦ 

ʤʦʞʝʪ ʩʪʘʪʴ ʤʦʱʥʳʤ ʠ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʘʨʦʜ 

ʙʫʜʝʪ ʧʨʦʩʚʝʱʝʥʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʝʛʦ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚ ʣʶʙʦʡ ʥʘʫʯʥʦʡ 

ʦʙʣʘʩʪʠ ʥʫʞʥʦ ʜʦʙʠʚʘʪʴʩʷ ʛʘʨʤʦʥʠʠ ʤʝʞʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʝʦʨʠʝʡ 

ʠ ʞʠʚʦʡ ʧʨʘʢʪʠʢʦʡ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʣʶʙʦʛʦ ʚʦʧʨʦʩʘ ʧʦʜʭʦʜ ʜʦʣʞʝʥ ʙʳʪʴ 

ʩʪʘʥʜʘʨʪʥʳʤ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʥʘʜʦ ʠʟʫʯʠʪʴ ʠʩʪʦʨʠʶ ʠ ʜʠʥʘʤʠʢʫ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʤʘʩʰʪʘʙʥʦʩʪʴ ʦʮʝʥʦʢ, 

ʩʦʙʣʶʜʘʷ ʧʨʠʥʮʠʧʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʩʝʩʪʦʨʦʥʥʦʩʪʠ, 

ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ, ʠʥʪʝʛʨʘʪʠʚʥʦʩʪʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʜʦ ʜʘʪʴ 

ʧʨʦʛʥʦʟ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ, ʥʘʢʦʥʝʮ, ʚʩʝ ʵʪʦ ʦʙʲʝʜʠʥʠʪʴ. 

ʇʝʨʝʭʦʜʠʤ ʢ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʝ ʠ ʵʢʦʣʦʛʠʠ. ʈʝʰʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʥʝ ʙʫʜʫʪ ʟʥʘʯʠʪʴ ʥʠʯʝʛʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʧʨʠʦʨʠʪʝʪʦʤ ʛʦʩʫʜʘʨʩʪʚʘ ʥʝ ʩʪʘʥʝʪ ʩʘʤʘ ʩʦʮʠʘʣʴʥʘʷ ʧʦʣʠʪʠʢʘ ʠ ʟʘʱʠʪʘ 

ʧʨʠʨʦʜʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʠ ʚ ʣʶʙʦʤ ʜʨʫʛʦʤ ʜʝʣʝ, ʩʘʤʳʡ 

ʢʘʚʝʨʟʥʳʡ ʚʦʧʨʦʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʢʘʢ ʚʳʙʨʘʪʴ ʧʨʠʦʨʠʪʝʪʳ, ʟʘ ʯʪʦ 

ʩʣʝʜʫʝʪ ʙʨʘʪʴʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʘʢ ʯʪʦʙʳ ʜʘʣʴʥʝʡʰʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʣʦʛʠʯʥʦ ʚʳʩʪʨʘʠʚʘʣʘʩʴ ʰʘʛ ʟʘ ʰʘʛʦʤ. ʀ, ʢʦʥʝʯʥʦ, ʛʣʘʚʥʘʷ ʮʝʣʴ 

ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ï ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʢʘʞʜʦʛʦ 

ʛʨʘʞʜʘʥʠʥʘ, ʢʘʞʜʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʚ ʵʪʦʤ 

ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʥʝ ʪʦʣʴʢʦ ʩʦʮʠʘʣʴʥʳʝ ʟʘʢʦʥʳ, ʘ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʚʝʩʪʠ ʥʘ ʥʝʪ ʚʩʝ ʥʘʯʠʥʘʥʠʷ. 

ɺ 2000 ʛʦʜʫ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʩʠʩʪʝʤʫ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ [2]. ʕʪʠʤ ʜʝʣʦʤ ʟʘʥʠʤʘʣʘʩʴ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ï ʤʦʩʢʚʠʯʠ, 

ʩʠʙʠʨʷʢʠ, ʫʨʘʣʴʮʳ, ʧʝʪʝʨʙʫʨʞʮʳ. ʏʪʦ ʪʘʢʦʝ ʩʠʩʪʝʤʥʳʡ ʤʦʥʠʪʦʨʠʥʛ? 

ʕʪʦ ʢʦʤʧʣʝʢʩʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʢʦʩʤʠʯʝʩʢʠʡ, 

ʛʝʦʬʠʟʠʯʝʩʢʠʡ, ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʡ, ʩʦʮʠʘʣʴʥʳʡ, ʤʝʜʠʮʠʥʩʢʠʡ 

ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʚʩʶ ʮʝʧʦʯʢʫ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʠ ʚʳʷʚʠʪʴ ʛʣʘʚʥʳʝ ʧʨʠʯʠʥʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ. ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʦ ʚʘʞʥʳʡ ʢʦʤʧʦʥʝʥʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ. 

ʅʘʯʠʥʘʝʤ ʩ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʇʝʨʝʧʠʩʴ ʥʘʩʝʣʝʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʨʘʟ ʚ 10 ʣʝʪ, ʧʦʩʣʝʜʥʷʷ ʩʦʩʪʦʷʣʘʩʴ ʚ 2010 ʛʦʜʫ, 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʣʝʜʫʶʱʘʷ ʙʫʜʝʪ ʚ 2020-ʤ [3].  ʉʦʛʣʘʩʥʦ ʧʝʨʝʧʠʩʠ, ʚ 

ʈʦʩʩʠʠ ʧʨʦʞʠʚʘʝʪ ʧʦʯʪʠ 143 ʤʣʥ ʯʝʣʦʚʝʢ, ʧʦʩʣʝ ʚʦʩʩʦʝʜʠʥʝʥʠʷ ʩ 

ʂʨʳʤʦʤ ʜʦʙʘʚʠʣʦʩʴ ʝʱʝ ʦʢʦʣʦ 2 ʤʣʥ, ʪʦ ʝʩʪʴ ʩʝʡʯʘʩ, ʧʦ ʦʬʠʮʠʘʣʴʥʳʤ 

ʜʘʥʥʳʤ, ʥʘʩʝʣʝʥʠʝ ʩʪʨʘʥʳ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 145 ʤʣʥ ʯʝʣʦʚʝʢ. ʂʘʢ 

ʨʦʩʩʠʷʥʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʥʘʰʝʡ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ?  ɺ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʩʪʨʘʥʳ ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʚʦʩʪʦʯʥʦʡ. 

ɿʜʝʩʴ ʤʥʦʛʦ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ, ʚ ʇʝʪʝʨʙʫʨʛʝ 

ʧʨʦʞʠʚʘʶʪ ʙʦʣʝʝ 5 ʤʣʥ ʞʠʪʝʣʝʡ, ʚ ʄʦʩʢʚʝ ï ʩʚʳʰʝ 12 ʤʣʥ. ʉʣʝʜʫʶʱʝʝ 

ʤʝʩʪʦ ʧʦʩʣʝ ʵʪʠʭ ʜʚʫʭ ʤʝʛʘʧʦʣʠʩʦʚ ʟʘʥʠʤʘʝʪ ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ ï 163 

ʯʝʣʦʚʝʢʘ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʢʠʣʦʤʝʪʨ. ʅʘ ʶʛʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʝʣʝʥʠʷ 

ʚʳʰʝ, ʯʝʤ ʥʘ ʩʝʚʝʨʝ. ʅʘʧʨʠʤʝʨ, ʚ ʈʝʩʧʫʙʣʠʢʝ ʀʥʛʫʰʝʪʠʷ ï ʧʦʯʪʠ 128 

ʯʝʣʦʚʝʢ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʢʠʣʦʤʝʪʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ, 

ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʗʢʫʪʠʠ, ʅʝʥʝʮʢʦʤ ʠ ʏʫʢʦʪʩʢʦʤ ʘʚʪʦʥʦʤʥʳʭ 

ʦʢʨʫʛʘʭ ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʥʘ 

ʢʚʘʜʨʘʪʥʳʡ ʢʠʣʦʤʝʪʨ. ʅʦ ʯʪʦ ʧʨʦʠʟʦʰʣʦ ʩ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʧʝʨʠʦʜʘʤʠ? ʊʦʣʴʢʦ ʚ 

ʇʝʪʝʨʙʫʨʛʝ, ʄʦʩʢʚʝ ʠ ʎʝʥʪʨʘʣʴʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʥʘʩʝʣʝʥʠʝ 

ʫʚʝʣʠʯʠʣʦʩʴ, ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʨʝʛʠʦʥʘʭ ʦʪʤʝʯʝʥʘ ʫʙʳʣʴ. ʇʦʯʝʤʫ? 

ʃʶʜʠ ʫʝʟʞʘʶʪ ʠʟ ʵʪʠʭ ʤʝʩʪ ʠʣʠ ʪʘʤ ʚʳʩʦʢʘʷ ʩʤʝʨʪʥʦʩʪʴ? ɺʦʟʤʦʞʥʦ, 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʝ ʠʣʠ ʠʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ? ɺʩʝ ʵʪʦ ʥʘʜʦ 

ʨʘʩʰʠʬʨʦʚʳʚʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ. 

ʅʘʧʨʠʤʝʨ, ʚ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʢʦʥʮʝ 1980-ʭ ʨʦʞʜʘʝʤʦʩʪʴ 

ʩʦʩʪʘʚʣʷʣʘ 16,4 ʜʝʪʝʡ ʥʘ ʪʳʩʷʯʫ ʯʝʣʦʚʝʢ, ʩʤʝʨʪʥʦʩʪʴ ï 11,2. ɸ ʟʘ ʜʚʘ 

ʛʦʜʘ, ʩ 1990-ʛʦ ʧʦ 1992-ʡ, ʨʦʞʜʘʝʤʦʩʪʴ ʫʧʘʣʘ ʚʜʚʦʝ ï ʜʦ ʚʦʩʴʤʠ ʥʘ 

ʪʳʩʷʯʫ, ʘ ʩʤʝʨʪʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 11 ʜʦ 16, ʧʦ ʩʫʪʠ ʮʠʬʨʳ ʧʦʤʝʥʷʣʠʩʴ 

ʤʝʩʪʘʤʠ, ʦʙʨʘʟʦʚʘʚ ʟʥʘʤʝʥʠʪʳʡ çʨʦʩʩʠʡʩʢʠʡ ʢʨʝʩʪè. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ 

ʧʦʯʪʠ ʫʨʘʚʥʷʣʠʩʴ ʪʦʣʴʢʦ ʢ 2014 ʛʦʜʫ: ʨʦʞʜʘʝʤʦʩʪʴ ʜʦʩʪʠʛʣʘ 13,3, 

ʩʤʝʨʪʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʜʦ 13,1. ʊʦ ʝʩʪʴ ʫʭʫʜʰʝʥʠʝ ʧʨʦʠʟʦʰʣʦ 

ʣʘʚʠʥʦʦʙʨʘʟʥʦ, ʟʘ ʜʚʘ ʛʦʜʘ, ʘ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʧʦ ʧʨʦʛʥʦʟʘʤ, 

ʧʦʪʨʝʙʫʝʪʩʷ 30 ʣʝʪ. 

ʂʘʢʠʤʠ ʧʨʠʯʠʥʘʤʠ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʩʤʝʨʪʥʦʩʪʴ? [4].  ʅʘ 

ʧʝʨʚʦʤ ʤʝʩʪʝ ï ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ (55 %), ʥʘ ʚʪʦʨʦʤ ï 

ʪʨʘʚʤʳ (15%) ï ʵʪʦ ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʧʦ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ 

ʨʝʛʠʦʥʘʭ ʩ ʨʘʟʚʠʪʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʘʚʤʳ ʷʚʣʷʶʪʩʷ 

ʚʪʦʨʳʤ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʬʘʢʪʦʨʦʤ (11-12 ʯʝʣʦʚʝʢ ʥʘ ʪʳʩʷʯʫ), ʚ ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʘʭ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ (14-16). ɼʘʣʴʰʝ 

(7 %) ʠʜʫʪ ʙʦʣʝʟʥʠ ʦʨʛʘʥʦʚ ʧʠʱʝʚʘʨʝʥʠʷ, ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ, ʠʥʬʝʢʮʠʠ 

ʠ ʪ. ʜ. 

ɺ ʢʘʞʜʦʡ ʩʪʨʘʥʝ ʩʚʦʷ ʢʘʨʪʠʥʘ, ʥʦ ʦʥʘ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʉʝʛʦʜʥʷ ʜʣʷ ʦʮʝʥʢʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʚ ʩʪʨʘʥʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦ ʢʨʠʪʝʨʠʝʚ, ʢʘʢ ʨʘʥʴʰʝ, 

ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ. ʅʘʧʨʠʤʝʨ, ʚ ʂʘʥʘʜʝ, 

ʉʐɸ, ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ, ʚ ɸʚʩʪʨʘʣʠʠ, ʀʟʨʘʠʣʝ, ʣʶʜʠ ʞʠʚʫʪ ʚ ʩʨʝʜʥʝʤ 
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ʙʦʣʝʝ 80 ʣʝʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʞʠʟʥʠ ï ʚ ʗʧʦʥʠʠ ʠ ɸʥʜʦʨʨʝ (85 ʣʝʪ). ɸ ʢʘʢ ʦʙʩʪʦʷʪ ʜʝʣʘ ʚ ʈʦʩʩʠʠ? 

ʉʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʜʣʷ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ ï (71,5 ʛʦʜʘ, 

ʞʝʥʱʠʥʳ ʞʠʚʫʪ ʚ ʩʨʝʜʥʝʤ 77 ʣʝʪ, ʤʫʞʯʠʥʳ ï 66.  

ɸ ʜʦ ʢʘʢʦʛʦ ʚʦʟʨʘʩʪʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʳ ʤʦʞʝʤ ʞʠʪʴ? ʅʘʫʢʘ 

ʛʦʚʦʨʠʪ, ʯʪʦ ʜʦ 100-120 ʣʝʪ. ɺ 1930-ʭ ʛʦʜʘʭ ʘʢʘʜʝʤʠʢ ɸʣʝʢʩʘʥʜʨ 

ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɹʦʛʦʤʦʣʝʮ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʣ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ 

ʞʝʥʱʠʥʳ ʞʠʚʫʪ ʜʦʣʴʰʝ ʤʫʞʯʠʥ, ʥʦ ʯʝʤ ʙʦʣʝʝ ʨʘʟʚʠʪʘʷ ʩʪʨʘʥʘ ʠ ʚʳʰʝ 

ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ, ʪʝʤ ʤʝʥʴʰʝ ʨʘʟʥʠʮʘ ʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʞʠʟʥʠ ʞʝʥʱʠʥ ʠ ʤʫʞʯʠʥ. ʉʝʛʦʜʥʷ ʚ ʉʢʘʥʜʠʥʘʚʩʢʠʭ ʩʪʨʘʥʘʭ, ʉʐɸ ʠ 

ʂʘʥʘʜʝ ʵʪʦʪ ʨʘʟʨʳʚ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʚʫʭ ʣʝʪ. ɺ ʈʦʩʩʠʠ ʞʝ ʨʘʟʨʳʚ 

ʛʠʛʘʥʪʩʢʠʡ ï 11 ʣʝʪ. ʀ, ʢʦʥʝʯʥʦ, ʜʣʷ ʵʪʦʛʦ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠʯʠʥʳ. 

ʉʘʤʘʷ ʧʝʯʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ɸʬʨʠʢʝ ï ʣʶʜʠ ʞʠʚʫʪ ʚ ʩʨʝʜʥʝʤ ʜʦ 40 ʣʝʪ. 

ʉʪʦʣʴʢʦ ʞʝ, ʩʢʦʣʴʢʦ ʞʠʣʠ ʚ ʈʦʩʩʠʠ 270-280 ʣʝʛ ʥʘʟʘʜ, ʚ ʇʝʪʨʦʚʩʢʫʶ 

ʵʧʦʭʫ. ɺʦʪ ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʫʩʣʦʚʠʷ ʞʠʟʥʠ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʢʣʠʤʘʪ ʥʝ ʪʘʢ ʚʘʞʝʥ, ʢʘʢ ʧʨʠʥʷʪʦ ʜʫʤʘʪʴ. ʉʨʝʜʠ ʩʪʨʘʥ ʩ 

ʜʦʣʛʦʞʠʚʫʱʠʤʠ ʛʨʘʞʜʘʥʘʤʠ ʪʦʣʴʢʦ ɸʚʩʪʨʘʣʠʷ ʠ ʀʟʨʘʠʣʴ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʪʝʧʣʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʷʩʘʭ, ʦʩʪʘʣʴʥʳʝ ʥʘ ʩʝʚʝʨʝ, ʪʦ ʝʩʪʴ ʪʘʤ ʣʶʜʠ 

ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʚʦʧʨʝʢʠ ʧʨʠʨʦʜʝ. ʈʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ 

ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʢʘʟʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʣʶʜʝʡ. 

ɼʚʝ ʦʩʥʦʚʥʳʝ ʮʝʣʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ï 

ʥʘʨʦʜʦʩʙʝʨʝʞʝʥʠʝ ʠ ʧʨʠʨʦʜʦʩʙʝʨʝʞʝʥʠʝ. ʇʝʨʚʘʷ ʚʢʣʶʯʘʝʪ ʩʙʝʨʝʞʝʥʠʝ 

ʢʘʢ ʚʩʝʛʦ ʥʘʨʦʜʘ ʚ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʤʘʣʳʭ ʵʪʥʦʩʦʚ, ʚʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʟʘʙʦʪʫ ʦ ʧʨʠʨʦʜʝ ʠ ʩʦʭʨʘʥʝʥʠʝ ʟʘʧʦʚʝʜʥʠʢʦʚ. ɿʘʧʦʚʝʜʥʠʢʠ ï ʵʪʦ 

ʦʙʨʘʟʮʳ, ʦʩʪʨʦʚʢʠ ʧʨʠʨʦʜʳ ʚ ʝʝ ʧʝʨʚʦʟʜʘʥʥʦʤ ʚʠʜʝ, ʦʥʠ ʧʦʢʘʟʳʚʘʶʪ, 

ʢʘʢ ʞʠʣʠ ʠ ʨʘʟʚʠʚʘʣʠʩʴ ʙʳ ʞʠʚʦʪʥʳʝ, ʨʘʩʪʝʥʠʷ, ʧʦʯʚʳ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ 

ʮʠʚʠʣʠʟʘʮʠʠ. ʄʥʦʛʦʦʙʨʘʟʠʝ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ ʥʘʨʦʜʦʚ ʠ ʢʫʣʴʪʫʨ, 

ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ï ʵʪʦ ʪʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʷʪʴ ʚ ʨʘʤʢʘʭ 

ʩʪʨʘʪʝʛʠʠ ʥʘʨʦʜʦ- ʠ ʧʨʠʨʦʜʦʩʙʝʨʝʞʝʥʠʷ. ɸ ʚʩʝ ʟʘʢʦʥʳ ʠ ʜʨʫʛʠʝ 

ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ, ï ʧʦ ʩʫʪʠ ʝʝ çʰʧʘʣʳè. ʅʘʜʝʶʩʴ, ʚʳ 

ʙʫʜʝʪʝ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚʥʦʩʠʪʴ ʧʦʩʠʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʝʘʣʠʟʘʮʠʶ 

ʵʪʦʡ ʧʦʣʠʪʠʢʠ. 

ʏʪʦ ʤʝʰʘʝʪ ʥʘʨʦʜʦ- ʠ ʧʨʠʨʦʜʦʩʙʝʨʝʞʝʥʠʶ? ʇʘʪʦʛʝʥʥʳʝ 

ʬʘʢʪʦʨʳ [5], ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʚʠʜʘ: ʦʢʨʫʞʘʶʱʘʷ 

ʧʨʠʨʦʜʥʘʷ ʩʨʝʜʘ (ʛʝʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ɿʝʤʣʠ ʠ ʪ. ʜ.), ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʩʨʝʜʘ (ʟʘʛʨʷʟʥʝʥʠʝ, ʘʢʫʩʪʠʢʘ, ʚʠʙʨʘʮʠʷ, 

ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʪʝʭʥʦʛʝʥʥʳʝ ʘʚʘʨʠʠ ʠ ʪ. ʜ.), ʩʦʮʠʘʣʴʥʘʷ 

ʩʨʝʜʘ (ʨʠʪʤʳ ʞʠʟʥʠ, ʥʦʯʥʦʡ ʰʫʤ, ʥʝʦʪʨʝʛʫʣʠʨʦʚʘʥʥʳʝ ʥʦʯʥʳʝ ʩʤʝʥʳ, 

ʨʘʟʣʠʯʥʳʝ ʩʦʙʳʪʠʷ, ʤʝʥʷʶʱʠʝ ʦʙʱʝʩʪʚʝʥʥʦʝ ʤʥʝʥʠʝ, ʢʨʠʤʠʥʘʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʚʦʡʥʳ, ʨʝʚʦʣʶʮʠʠ ʠ ʧʨ.). 
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ʏʪʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʥʘʩ ʩʠʣʴʥʝʝ ï ʧʨʠʨʦʜʥʳʝ ʠʣʠ ʩʦʮʠʘʣʴʥʳʝ 

ʬʘʢʪʦʨʳ? ɺʦʪ ʠʥʪʝʨʝʩʥʳʡ ʧʨʠʤʝʨ. ʃʝʪʦʤ 1998 ʛʦʜʘ ʚ ʄʦʩʢʚʝ 

ʧʨʦʠʟʦʰʣʠ ʜʚʘ ʚʘʞʥʳʭ ʩʦʙʳʪʠʷ [2]. 21 ʠʶʥʷ ʥʘʣʝʪʝʣ ʦʯʝʥʴ ʩʠʣʴʥʳʡ 

ʫʨʘʛʘʥ - ʪʘʢʦʡ, ʯʪʦ ʜʝʨʝʚʴʷ ʩ ʢʦʨʥʷʤʠ ʚʳʨʳʚʘʣʦ ʠʟ ʟʝʤʣʠ, ʧʘʜʘʣʠ 

ʩʚʝʪʦʬʦʨʳ ʠ ʨʝʢʣʘʤʥʳʝ ʱʠʪʳ, ʧʝʨʝʚʦʨʘʯʠʚʘʣʠʩʴ ʤʘʰʠʥʳ. ʅʦ ʩʥʘʯʘʣʘ 

ʫʧʘʣʦ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʠ ʧʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʦʥʦ ʩʥʠʞʘʣʦʩʴ, 

ʥʘʨʘʩʪʘʣʦ ʯʠʩʣʦ ʚʳʟʦʚʦʚ çʩʢʦʨʦʡ ʧʦʤʦʱʠè ʧʦ ʧʦʚʦʜʫ ʛʠʧʝʨʪʦʥʠʯʝʩʢʠʭ 

ʢʨʠʟʦʚ. ɽʩʣʠ ʚ ʩʨʝʜʥʝʤ ʧʦ ʛʦʨʦʜʫ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 500 ʚʳʟʦʚʦʚ ʚ 

ʜʝʥʴ, ʪʦ ʚ ʜʥʠ ʩʘʤʦʛʦ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʜʦʭʦʜʠʣʦ ʜʦ 900 

- ʫʚʝʣʠʯʝʥʠʝ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. ɸ ʯʝʨʝʟ ʜʚʘ ʤʝʩʷʮʘ, 18 ʘʚʛʫʩʪʘ, ʩʣʫʯʠʣʩʷ 

ʜʝʬʦʣʪ ʠ ʦʙʚʘʣʴʥʘʷ ʜʝʚʘʣʴʚʘʮʠʷ, ʢʫʨʩ ʨʫʙʣʷ ʫʧʘʣ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʠ 

ʧʨʦʯʠʝ çʨʘʜʦʩʪʠè. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʪʦʪ ʜʝʥʴ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ ʩʪʦʷʣʘ 

ʚʝʣʠʢʦʣʝʧʥʘʷ ʩʦʣʥʝʯʥʘʷ ʧʦʛʦʜʘ. ʅʦ ʢʦʣʠʯʝʩʪʚʦ ʛʠʧʝʨʪʦʥʠʯʝʩʢʠʭ 

ʢʨʠʟʦʚ ʚʦʟʨʦʩʣʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʘ ʠʥʬʘʨʢʪʳ ʫʯʘʩʪʠʣʠʩʴ ʚʜʝʩʷʪʝʨʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʨʘʣʠʩʴ ʩʦʦʙʱʘʪʴ 

ʥʦʚʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʨʝʢʪʥʦ ʠ ʩʧʦʢʦʡʥʦ. ɺʦʪ ʯʪʦ ʪʘʢʦʝ ʩʦʮʠʘʣʴʥʳʝ 

ʧʨʠʯʠʥʳ. 

ɺ ʯʝʤ ʢʨʦʶʪʩʷ ʧʨʠʯʠʥʳ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʘʪʦʣʦʛʠʡ? 

ʆʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʥʘʩʝʣʝʥ ʤʠʢʨʦʙʘʤʠ: ʥʘ ʢʦʞʝ ʤʦʛʫʪ ʞʠʪʴ ʩʘʧʨʦʬʠʪʳ, 

ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ (15-16 ʚʠʜʦʚ), ʚ ʚʝʨʭʥʠʭ ʜʳʭʘʪʝʣʴʥʳʭ 

ʧʫʪʷʭ ï ʜʨʫʛʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ (30-40 ʚʠʜʦʚ), ʚ ʪʦʣʩʪʦʤ ʢʠʰʝʯʥʠʢʝ 

ʦʙʠʪʘʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʚʠʨʫʩʦʚ (ʙʦʣʝʝ 2 ʪʳʩ. 

ʙʘʢʪʝʨʠʡ ʠ ʙʦʣʝʝ 3 ʪʳʩ. ʚʠʨʫʩʦʚ, ʧʨʠʯʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʚʠʥʳ ʠʟ ʥʠʭ 

ʩʣʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʠ ʚʳʟʳʚʘʶʪ, ʧʦʪʦʤʫ ʯʪʦ ʦʪʩʫʪʩʪʚʫʝʪ ʩʨʝʜʘ ʜʣʷ ʠʭ 

ʚʳʨʘʱʠʚʘʥʠʷ). ʊʦ ʝʩʪʴ ʤʳ ʠʟʫʯʠʣʠ ʢʦʩʤʦʩ, ʟʥʘʝʤ ʦ ʯʝʨʥʳʭ ʜʳʨʘʭ, 

ʩʪʨʘʪʦʩʬʝʨʝ, ʘ ʢʠʰʝʯʥʠʢ ʯʝʣʦʚʝʢʘ ʠʟʫʯʝʥ ʥʘʧʦʣʦʚʠʥʫ, ʤʦʞʝʪ ʙʳʪʴ, 

ʜʘʞʝ ʤʝʥʴʰʝ. ɹʘʢʪʝʨʠʠ - ʪʦ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʢʣʝʪʦʢ, ʚʠʨʫʩʳ - 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ. ʄʝʞʜʫ ʙʘʢʪʝʨʠʷʤʠ ʠ ʚʠʨʫʩʘʤʠ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʠʝ 

ʦʪʥʦʰʝʥʠʷ. ʂʘʢ ʪʦʣʴʢʦ ʚʠʨʫʩʳ ʥʘʯʠʥʘʶʪ ʨʘʟʤʥʦʞʘʪʴʩʷ, ʙʘʢʪʝʨʠʠ ʩʨʘʟʫ 

ʚʢʣʶʯʘʶʪ ʤʝʭʘʥʠʟʤ ʟʘʱʠʪʳ. ʀ ʧʦʩʢʦʣʴʢʫ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ 

ʧʘʨʘʜʠʛʤʘ ʣʝʯʝʥʠʷ ʙʘʢʪʝʨʠʡ ʘʥʪʠʚʠʨʫʩʥʘʷ, ʪʦ ʘʥʪʠʙʠʦʪʠʢʠ, ʫʙʠʚʘʷ 

ʧʘʪʦʛʝʥʥʫʶ ʤʠʢʨʦʬʣʦʨʫ, ʫʙʠʚʘʶʪ ʠ ʩʘʧʨʦʬʠʪʥʫʶ, ʭʦʨʦʰʫʶ ʬʣʦʨʫ. 

ʆʪʩʶʜʘ ï ʜʠʩʙʘʢʪʝʨʠʦʟ. ɸʥʪʠʙʠʦʪʠʢʠ ʫʙʠʚʘʶʪ ʙʘʢʪʝʨʠʠ, ʧʦʵʪʦʤʫ ʠʭ 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ, ʘ ʚʠʨʫʩʦʚ ï ʙʦʣʴʰʝ. ɽʱʝ ʀ. ʀ. ʄʝʯʥʠʢʦʚ ʙʦʣʝʝ ʩʪʘ 

ʣʝʪ ʥʘʟʘʜ ʧʨʠʟʳʚʘʣ ʥʘʡʪʠ ʣʝʢʘʨʩʪʚʦ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʠʤʤʫʥʥʫʶ 

ʩʠʩʪʝʤʫ, ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʢʦʥʢʨʝʪʥʳʝ ʢʣʝʪʢʠ ʧʨʦʪʠʚ ʢʦʥʢʨʝʪʥʳʭ 

ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʥʝ ʫʙʠʚʘʪʴ ʚʩʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʯʪʦ 

ʜʝʣʘʶʪ ʘʥʪʠʙʠʦʪʠʢʠ. ʇʦʢʘ ʵʪʦʛʦ ʩʜʝʣʘʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʪʝʨʘʧʠʠ ʥʝ ʥʘʡʜʝʥʦ, ʠ ʧʦʵʪʦʤʫ ʘʥʪʠʙʠʦʪʠʢʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʝʱʝ 

ʢʘʢ ʤʠʥʠʤʫʤ 5-10 ʣʝʪ. ʅʝʜʘʚʥʦ ʙʳʣ ʚʳʷʚʣʝʥ ʚʠʨʫʩ ʕʙʦʣʘ, ʚ ʩʣʝʜʫʶʱʝʤ 

ʛʦʜʫ ʪʦʞʝ ʙʫʜʫʪ ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʚʠʨʫʩʥʳʝ ʠʥʬʝʢʮʠʠ ʠ ʚʠʨʫʩʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʘʥʪʠʙʠʦʪʠʢʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʜʦʣʞʠʪʩʷ ʤʫʪʘʮʠʷ ʚʠʨʫʩʦʚ. 
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ɻʦʚʦʨʷ ʦʙ ʦʭʨʘʥʝ ʟʜʦʨʦʚʴʷ, ʤʳ ʚʳʜʝʣʷʝʤ ʥʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ, 

ʥʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ï ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

[6]. ɿʘʥʠʤʘʡʪʝʩʴ ʧʨʦʬʠʣʘʢʪʠʢʦʡ ï ʠ ʥʝ ʙʫʜʝʪʝ ʙʦʣʝʪʴ. ʃʫʯʰʝ ʝʞʝʜʥʝʚʥʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʟʘʥʠʤʘʪʴʩʷ ʩʧʦʨʪʦʤ, ʩʦʙʣʶʜʘʪʴ ʜʠʝʪʫ, ʠʤʝʪʴ ʭʦʨʦʰʠʡ 

ʥʘʩʪʨʦʡ ʠ ʪ. ʜ. ʆʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʣʝʯʝʙʥʳʭ ʬʘʢʪʦʨʦʚ ï ʩʦʥ, ʢʦʪʦʨʳʡ 

ʥʫʞʥʦ ʚʳʩʪʨʘʠʚʘʪʴ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʩʝʙʷ. ɽʩʣʠ ʯʝʣʦʚʝʢ ʧʦʣʥʦʮʝʥʥʦ 

ʦʪʜʳʭʘʝʪ, ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʘʤʷʪʴ, ʥʝʡʪʨʘʣʠʟʫʶʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʵʤʦʮʠʠ. ʃʶʜʝʡ ʧʨʝʢʣʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘ ʯʘʩʪʦ ʤʫʯʠʪ 

ʙʝʩʩʦʥʥʠʮʘ, ʘ ʚʩʣʝʜ ʟʘ ʥʝʡ ʚʦʟʥʠʢʘʝʪ ʜʝʧʨʝʩʩʠʷ. ʇʦʵʪʦʤʫ ʭʦʨʦʰʦ 

ʚʳʩʳʧʘʡʪʝʩʴ ï ʠ ʙʫʜʝʪʝ ʟʜʦʨʦʚʳ. ʆʧʪʠʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʥʘ ï ʩ 24 

ʜʦ 6 ʯʘʩʦʚ ʫʪʨʘ (6 ʯʘʩʦʚ), ʝʩʣʠ ʚʳ ʥʝ çʩʦʚʘè, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʧʦ ʥʦʯʘʤ. 

ʉʧʘʪʴ ʤʝʥʴʰʝ 6 ʯʘʩʦʚ ï ɻ ʪʦ ʧʘʪʦʣʦʛʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʯʝʣʦʚʝʢʘ ʧʨʠ ʪʘʢʦʤ 

ʨʝʞʠʤʝ ʥʘʜʦʣʛʦ ʥʝ ʭʚʘʪʘʝʪ. ʉʦʥ ʙʦʣʝʝ 9 ʯʘʩʦʚ - ʜʨʫʛʘʷ ʢʨʘʡʥʦʩʪʴ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʅʘʧʦʣʝʦʥ ʚʦ ʚʨʝʤʷ ʚʦʝʥʥʳʭ ʧʦʭʦʜʦʚ ʩʧʘʣ ʧʦ 3-4 ʯʘʩʘ ʠ ʚʩʝ 

ʫʩʧʝʚʘʣ. 

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʟʜʦʨʦʚʴʝ (ʧʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ): 

- ʦʙʨʘʟ ʞʠʟʥʠ (50-55 %); 

- ʛʝʥʝʪʠʢʘ (15-20 %), ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʦʟʨʘʩʪʝ ʜʦ 3-6 ʣʝʪ 

ʚʳʷʚʣʷʶʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʫ 90 % ʜʝʪʝʡ; 

- ʩʦʩʪʦʷʥʠʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (10-15 %); 

- ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (20-25 % ʚ ʛʦʨʦʜʝ, ʘ ʤʦʞʝʪ ʙʳʪʴ 

100 %, ʝʩʣʠ ʯʝʣʦʚʝʢ ʞʠʚʝʪ ʚ ʧʘʨʢʦʚʦʡ ʟʦʥʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʤ 

ʨʘʡʦʥʝ, ʫ ʥʝʛʦ ʝʩʪʴ ʣʠʯʥʳʡ ʚʨʘʯ ʠ ʧʨ.). 

ɿʘʧʦʤʥʠʪʝ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʩʜʝʣʘʡʪʝ ʩʚʦʶ ʞʠʟʥʴ ʥʘʧʦʣʥʝʥʥʦʡ 

ʥʘ ʩʪʦ ʧʨʦʮʝʥʪʦʚ. 
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ʆ ɹʀʆʈɸɿʅʆʆɹʈɸɿʀʀ ʇʈʆʂɸʈʀʆʊ 

ʀ ʆʉʆɹɽʅʅʆʉʊʗʍ ɽɻʆ ʊɸʂʉʆʅʆʄʀʏɽʉʂʀʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

ʑʝʛʦʣʝʚ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ1,2 2 

 
1ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ 

ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʈɸʅ, ʛ. ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 
2ʌɻɹʆʋ ɺʇʆ ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, 

ʛ. ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, ʧʨʦʢʘʨʠʦʪʳ, 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ, ʛʝʥʦʩʠʩʪʝʤʘʪʠʢʘ 

 

ɺ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʢʨʘʪʢʦ ʦʪʨʘʞʝʥʦ ʚʠʜʝʥʠʝ ʘʚʪʦʨʘ ʢʘʨʪʠʥ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʦʢʘʨʠʦʪ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʠ ʦʧʳʪʘ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʀɹʌʈʄ ʈɸʅ ʚ ʦʙʣʘʩʪʠ 

ʛʝʥʦʩʠʩʪʝʤʘʪʠʢʠ ʨʠʟʦʩʬʝʨʥʦʡ ʤʠʢʨʦʬʣʦʨʳ. 

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʩʦʟʜʘʝʪ ʫʥʠʢʘʣʴʥʳʝ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʫʩʢʦʨʝʥʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʪʦʤ ʯʠʩʣʝ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʩʙʦʨ 

ʠ ʠʟʫʯʝʥʠʝ ʤʝʪʘʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʠ ʤʠʢʨʦʬʣʦʨʳ ʧʣʘʥʝʪʳ, 

ʝʝ ʢʦʥʢʨʝʪʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ ʠ ʨʝʛʠʦʥʦʚ. ʉʚʝʜʝʥʠʷ ʦ 

ʩʦʚʦʢʫʧʥʦʩʪʷʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢʘʢ ʩʦʦʙʱʝʩʪʚʘʭ, ʥʘʩʝʣʷʶʱʠʭ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʥʠʰʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʯʚʘ, ʚʦʟʜʫʭ, ʚʦʜʥʘʷ 

ʩʨʝʜʘ, ʦʨʛʘʥʠʟʤʳ ʞʠʚʦʪʥʳʭ ʠ ʪ.ʜ. (ʥʘʟʳʚʘʝʤʳʭ ʤʠʢʨʦʙʠʦʤʘʤʠ), 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʩʣʦʞʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʫʯʘʩʪʠʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʦʙʲʝʢʪʦʚ ʜʣʷ ʠʭ ʠʟʫʯʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʤʝʜʠʮʠʥʳ, ʵʢʦʣʦʛʠʠ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʵʥʝʨʛʝʪʠʢʠ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨ. 

  

                                                           
É ʑʝʛʦʣʝʚ ʉ.ʖ., 2018 
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ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ [1] 

ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʧʦʜʭʦʜʦʚ ʢ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʦʙʨʘʱʝʥʠʷ ʩ ʥʠʤʠ ʢʘʢ ʩ 

ʦʙʲʝʢʪʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʢʘʪʝʛʦʨʠʠ çʙʦʣʴʰʠʭ ʜʘʥʥʳʭè [2]. ʉʦʛʣʘʩʥʦ 

ʨʘʙʦʪʝ [1], ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʦʙʱʝʩʪʚʝʥʥʦ ʜʦʩʪʫʧʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʧʦ 

ʥʫʢʣʝʠʥʦʚʳʤ ʢʠʩʣʦʪʘʤ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2014 ʛʦʜ ʦʮʝʥʠʚʘʣʩʷ ʚ 6Ö1011 

ʧʘʨ ʦʩʥʦʚʘʥʠʡ (ʧ.ʦ.), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ 200 ʧʦʣʥʳʤ ʛʝʥʦʤʘʤ 

ʯʝʣʦʚʝʢʘ (ʦʢʦʣʦ 3Ö109 ʧ.ʦ. ʥʘ ʦʜʠʥ ʛʝʥʦʤ). ʆʜʥʘʢʦ ʦʮʝʥʢʘ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʧ.ʦ. ʥʘ ɿʝʤʣʝ (ʚ ʛʣʦʙʘʣʴʥʦʤ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʠ) ʩʦʩʪʘʚʣʷʝʪ 5Ö1037 [3]. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ 

ʜʘʥʥʦʛʦ ʪʠʧʘ (ʧʨʠ ʠʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʨʦʩʪʝ [1]) ʵʢʚʠʚʘʣʝʥʪʝʥ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʤʤʝ ʧʦʣʥʳʭ ʛʝʥʦʤʦʚ ʧʦʨʷʜʢʘ 1028 ʦʩʦʙʝʡ ʚʠʜʘ 

Homo sapiens. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʦʢʘʨʠʦʪ (ʙʘʢʪʝʨʠʡ ʠ ʘʨʭʝʡ), 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ, ʢ ʧʨʠʤʝʨʫ, ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʦʮʝʥʠʚʘʝʪʩʷ [4, 5] 

ʚʝʣʠʯʠʥʘʤʠ 3.1Ö1028 (ʙʘʢʪʝʨʠʠ), 1.3Ö1028 (ʘʨʭʝʠ), ʧʨʠ ʪʦʤ ʯʪʦ 

ʘʥʘʣʦʛʠʯʥʘʷ ʦʮʝʥʢʘ ʜʣʷ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 1Ö1030. 

ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʯʠʩʣʦʤ ʬʠʣʶʤʦʚ (ʪʠʧʦʚ) 

ʙʘʢʪʝʨʠʡ ʚ ʩʦʦʙʱʝʩʪʚʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʤʝʨʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ: 160 

ʚ ʦʜʥʦʤ ʤʠʣʣʠʣʠʪʨʝ ʦʢʝʘʥʩʢʦʡ ʚʦʜʳ, 6400-38000 ʚ ʦʜʥʦʤ ʛʨʘʤʤʝ ʧʦʯʚʳ 

ʠ 70 ʚ ʦʜʥʦʤ ʤʠʣʣʠʣʠʪʨʝ ʩʪʦʯʥʳʭ ʚʦʜ [5]. 

ʉʨʝʜʠ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʙʦʪ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʤʝ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʫʙʣʠʢʘʮʠʠ [6-9]. ɺ ʩʪʘʪʴʝ [6] ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʚʢʣʘʜ ʧʨʦʢʘʨʠʦʪ ʚ ʟʝʤʥʦʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʩ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʴʶ ʠʭ ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ. ɸʚʪʦʨʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʜʘʥʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʠʟ 

ʤʝʪʘʛʝʥʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩ ʥʘʙʦʨʘʤʠ ʧʦ 16 ʙʝʣʢʦʚ ʨʠʙʦʩʦʤʳ ʚ 

ʢʘʯʝʩʪʚʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ. ɺ ʨʘʙʦʪʝ [7], ʚʳʰʝʜʰʝʡ ʛʦʜʦʤ 

ʧʦʟʞʝ, ʩʚʝʜʝʥʠʷ ʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʠ ʧʨʦʢʘʨʠʦʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʝʥʳ 

ʚ ʩʪʦʨʦʥʫ ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʙʘʢʪʝʨʠʡ ʠ ʘʨʭʝʡ. ʇʨʠ 

ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʙʦʨʳ ʙʝʣʢʦʚ ʨʠʙʦʩʦʤʳ ʠ ʥʘʙʦʨʳ ʩʧʝʮʠʘʣʴʥʳʤ 

ʦʙʨʘʟʦʤ ʧʦʜʦʙʨʘʥʥʳʭ ʙʝʣʢʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ 

ʘʚʪʦʨʘʤʠ ʢʘʢ çʨʘʮʠʦʥʘʣʴʥʳʡ ʧʫʪʴ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʠʢʨʦʙʥʦʡ ʪʝʤʥʦʡ 

ʤʘʪʝʨʠʠè. 

ʎʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʵʪʦʤ ʩʧʠʩʢʝ ʟʘʥʠʤʘʝʪ ʧʫʙʣʠʢʘʮʠʷ [8], 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʨʝʟʶʤʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʙʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

ʄʠʢʨʦʙʠʦʤʘ ɿʝʤʣʠ [10], ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʩʦʨʮʠʫʤʘ ʠʟ 

161 ʦʨʛʘʥʠʟʘʮʠʠ 27 ʩʪʨʘʥ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʦʚ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʪʦʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠè - 

ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʛʝʥʘ 16S ʨʈʅʂ. 
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ʅʘʢʦʥʝʮ, ʚ ʤʘʝ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʚʳʰʣʘ ʚ ʩʚʝʪ ʨʘʙʦʪʘ [9], 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʙʦʣʴʰʦʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ɺ ʥʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʠ ʚʳʧʦʣʥʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʝʪʦʜʦʚ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʠʢʨʦʙʠʦʤʥʳʭ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʳ 

ʦʙʫʯʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʩʦʨʮʠʫʤʘ ʄʠʢʨʦʙʠʦʤʘ ɿʝʤʣʠ [8, 10] 

ʦʙʝʩʧʝʯʝʥʘ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʥʦʚʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɺ ʨʘʙʦʪʝ [8] ʦʪʨʘʞʝʥʳ ʜʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʩ 

2010 ʛ. ʢʨʘʫʜʩʦʨʩʠʥʛʦʤ, ʩʦʜʝʨʞʘʱʠʝ ʦʢʦʣʦ 2 ʤʠʣʣʠʘʨʜʦʚ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʊʘʢʦʚʳʤʠ ʦʧʨʝʜʝʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʛʝʥʘ 16S ʨʈʅʂ 

ʠʟ ʝʛʦ ʛʠʧʝʨʚʘʨʠʘʙʝʣʴʥʦʡ ʦʙʣʘʩʪʠ. ɹʳʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʧʨʘʡʤʝʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʧʣʠʢʦʥʦʚ ɼʅʂ ʠ 

ʷʚʣʷʶʱʠʝʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʣʷ ʙʘʢʪʝʨʠʡ ʠ ʘʨʭʝʡ. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʥʦʚʠʟʥʫ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʷʨʣʳʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʝʬʝʨʝʥʪʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʧʦ 16S ʨʈʅʂ 

Greengenes ʠ SILVA: ʙʦʣʝʝ 50% ʚʳʷʚʣʷʝʤʦʛʦ ʧʦ ʥʠʤ ʤʠʢʨʦʙʥʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʵʪʠʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʦ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʨʝʜʳ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ, 

ʨʘʟʜʝʣʷʶʱʝʛʦ ʤʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. 

ʉʨʝʜʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʘ [8] ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ 

ʚʥʠʤʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʦʮʝʥʦʢ ʘʣʴʬʘ- ʠ ʙʝʪʘ-

ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʶʙʳʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʘʮʠʷ ʪʦʛʦ, ʯʪʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 16S ʨʈʅʂ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʩʨʝʜʳ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʬʠʢʩʠʨʫʝʪʩʷ ʧʨʠ ʠʭ 

ʧʦʧʘʨʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʥʠʞʝ 97%, ʪ.ʝ. ʜʣʷ ʪʘʢʩʦʥʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʛʦ ʥʘʜʚʠʜʦʚʦʛʦ ʫʨʦʚʥʷ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ çʟʦʣʦʪʦʡ ʩʪʘʥʜʘʨʪè ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʚʠʜʦʚ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʢʘʨʠʦʪ [11]. 

ʆʜʥʠʤ ʠʟ ʟʥʘʯʠʤʳʭ ʠʪʦʛʦʚ ʧʨʦʝʢʪʘ [8, 10] ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʵʪʘʣʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʠʤ 

ʢʦʥʪʝʢʩʪʦʤ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʢʚʝʥʩʘ ɼʅʂ ʛʝʥʘ 16S ʨʈʅʂ ʠ ʨʘʙʦʯʘʷ 

ʩʨʝʜʘ ʜʣʷ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʕʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʥʳʡ 

ʢʘʪʘʣʦʛ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʢʘʨʪʦʯʝʢ ʩ ʚʝʩʴʤʘ ʜʨʫʞʝʩʪʚʝʥʥʳʤ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʤʳ ʜʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʠʤʝʝʪ 

ʥʝʜʘʚʥʦ ʚʳʰʝʜʰʘʷ ʨʘʙʦʪʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ [9]. ɺ ʥʝʡ ʜʘʥ 

ʦʙʟʦʨ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʤʠʢʨʦʙʠʦʤʥʳʭ ʜʘʥʥʳʭ. ʊʘʢʠʭ ʢʘʢ: 

a) ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ; ʙ) ʤʝʪʦʜʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʪʦʤʩʪʚʝʥʥʦʛʦ ʥʘʩʣʝʜʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ 

ʠ ʚ) ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʨʘʩʩʪʦʷʥʠʡ. 
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ʕʪʠ ʤʝʪʦʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʟʦʦʣʦʛʠʠ, 

ʘʥʪʨʦʧʦʣʦʛʠʠ, ʵʢʦʣʦʛʠʠ ʠ ʪ.ʧ. ʆʜʥʘʢʦ ʘʚʪʦʨʘʤʠ [9] ʢʦʥʩʪʘʪʠʨʫʝʪʩʷ ʠʭ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʠʢʨʦʙʠʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ 

ʦʙʨʘʱʝʥ ʧʨʠʟʳʚ ʢ ʤʠʢʨʦʙʠʦʣʦʛʘʤ ʢ ʠʭ ʦʩʚʦʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ʉʨʝʜʠ ʦʙʱʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ ʦʩʦʙʦ ʦʪʤʝʯʘʝʪʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʛʝʥʦʚ (ɻʇɻ), ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʢʘʨʠʦʪ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [9], 

ʠʩʩʣʝʜʦʚʘʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʢ ʵʪʦʡ ʩʪʘʪʴʝ ʜʘʝʪʩʷ 

ʧʨʠʤʝʨ ʝʛʦ ʦʮʝʥʦʢ, ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ ʠʟ ʩʚʦʙʦʜʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʛʦ ʧʘʢʝʪʘ R ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʆʙʥʘʨʫʞʝʥʠʝ ɻʇɻ ʠ ʚʳʷʩʥʝʥʠʝ ʝʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʵʚʦʣʶʮʠʠ ʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʦʢʘʨʠʦʪ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [12] ʢʘʢ ʦʜʥʦ ʠʟ ʛʣʘʚʥʳʭ 

ʜʦʩʪʠʞʝʥʠʡ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʥʦʤʠʢʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʫʪʦʯʥʝʥʠʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʧʨʦʢʘʨʠʦʪ ʜʦʣʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʩʦʯʝʪʘʥʠʝ ʠʭ ʜʨʝʚʦʚʠʜʥʦʡ (ʚʝʨʪʠʢʘʣʴʥʦʝ ʥʘʩʣʝʜʦʚʘʥʠʝ) ʠ ʩʝʪʝʚʦʡ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʥʘʩʣʝʜʦʚʘʥʠʝ) ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʵʬʬʝʢʪʘʤʠ ɻʇɻ [12]. ʆʜʥʘʢʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʩʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʘʪʠʢʝ ʧʨʦʢʘʨʠʦʪ, ʤʘʥʠʧʫʣʠʨʫʝʪ ʤʘʨʢʝʨʘʤʠ ʠʟ 

ʙʘʟʦʚʦʡ ʯʘʩʪʠ ʧʘʥʛʝʥʦʤʘ (ʜʨʝʚʦʚʠʜʥʘʷ ʬʠʣʦʛʝʥʠʷ), ʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ɻʇɻ ʧʦʢʘ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ 

ʜʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʷʜ ʧʨʦʙʣʝʤ ʛʝʥʦʩʠʩʪʝʤʘʪʠʢʠ 

ʧʨʦʢʘʨʠʦʪ, ʩ ʢʦʪʦʨʳʤʠ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʠʟʦʣʷʪʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʳ 

ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʝʤʳʝ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʜʣʷ ʙʘʢʪʝʨʠʡ 

ʨʦʜʘ Azospirillum, ʩʦʜʝʨʞʘʱʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʚʝʜʝʥʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ 

ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠʭ ɼʅʂ. ɼʘʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʥʥʦʡ ʤʦʜʝʣʴʶ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʩʪʠʪʝʣʴʥʦ-ʤʠʢʨʦʙʥʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʠ [13] ʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʦʨʠʛʠʥʘʣʴʥʦʡ ʯʘʩʪʠ ʂʦʣʣʝʢʮʠʠ ʨʠʟʦʩʬʝʨʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʀɹʌʈʄ ʈɸʅ. 

ʆʙʩʫʞʜʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʥʘʰʠʭ ʧʫʙʣʠʢʘʮʠʷʭ 

[14-16]. ɺ ʨʘʙʦʪʝ [14] ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚʠʜʦʚʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʟʦʣʷʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʛʝʥʦʚ 

16S ʨʈʅʂ ʠ ʦʪʤʝʯʝʥʦ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʚ ʛʝʥʦʩʠʩʪʝʤʘʪʠʢʝ 

ʧʨʦʢʘʨʠʦʪ ʧʨʝʚʘʣʠʨʫʶʪ ʤʘʨʢʝʨʳ ʠʟ ʙʘʟʦʚʦʡ ʯʘʩʪʠ ʧʘʥʛʝʥʦʤʘ, 

ʦʙʲʝʢʪʠʚʥʳʡ ʫʯʝʪ ʚʢʣʘʜʘ ʚ ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʝ ɻʇɻ ʚʦʟʤʦʞʝʥ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʬʘʟʥʦʛʦ ʧʦʜʭʦʜʘ [17]. ɺ ʥʝʤ ʠʩʧʦʣʴʟʫʶʪ ʩʦʯʝʪʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ, 

ʭʝʤʦʪʘʢʩʦʥʦʤʠʯʝʩʢʠʤʠ, ʢʫʣʴʪʫʨʘʣʴʥʳʤʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʪ.ʧ. 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʦʣʷʪʦʚ. 
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ɺ ʩʪʘʪʴʝ [15] ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʧʨʦʙʣʝʤ ʩʠʩʪʝʤʘʪʠʢʠ ʧʨʦʢʘʨʠʦʪ, 

ʦʪʨʘʞʝʥʥʳʭ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚ ʦʙʣʘʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʛʝʥʦʤʠʢʠ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ. ʅʘ ʧʨʠʤʝʨʝ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Azospirillum ʚ ʥʝʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘʙʦʨʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʦʛʝʥʦʤʥʳʭ 

ʜʘʥʥʳʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [18] ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʚʘʝʤʦʡ 

ʘʚʪʦʨʘʤʠ ʛʝʥʦʤʥʦʡ ʪʘʢʩʦʥʦʤʠʠ ʤʠʢʨʦʙʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʩ ʙʘʢʪʝʨʠʷʤʠ 

ʨʦʜʘ Ochrobactrum ʚ ʧʫʙʣʠʢʘʮʠʠ [16] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʫʩʣʦʚʥʦʩʪʴ 

ʦʮʝʥʦʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʟʦʣʷʪʦʚ ʩ ʧʦʣʥʦʛʝʥʦʤʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʝʜʠʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʭ ʚʠʜʦʚʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ʆʩʦʙʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʩʨʝʜʠ ʠʤʝʶʱʠʭʩʷ ʪʝʩʪʦʚ ʦʪʣʠʯʘʶʪʩʷ 

ʪʝ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʪʘʪʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʝ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ 

ʦʪʥʝʩʝʥʠʷ ʦʙʲʝʢʪʦʚ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʤ ʨʘʥʛʘʤ (ʚʠʜʘʤ, 

ʨʦʜʘʤ, ʩʝʤʝʡʩʪʚʘʤ ʠ ʪ.ʜ.). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʷʝʪ ʤʘʪʨʠʮʘ ʧʦʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʩʫʜʠʪʴ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʦ ʩʪʝʧʝʥʠ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʙʣʠʟʦʩʪʠ (ʨʦʜʩʪʚʘ) ʪʝʭ ʠʣʠ ʠʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ. ʂ ʠʭ ʯʠʩʣʫ 

ʦʪʥʦʩʷʪʩʷ: 16S ʨʈʅʂ, ʩʨʝʜʥʷʷ ʥʫʢʣʝʦʪʠʜʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ (ANI [19]), 

ʩʨʝʜʥʷʷ ʘʤʠʥʦʢʠʩʣʦʪʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ (AAI  [19]), ʢʦʤʧʴʶʪʝʨʥʘʷ (in 

silico) ʛʠʙʨʠʜʠʟʘʮʠʷ ɼʅʂ-ɼʅʂ (GGDC [20]) ʠ ʩʠʛʥʘʪʫʨʳ ʂʘʨʣʠʥʘ [21] 

(ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʝʥʦʤʘʤʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʠʟʙʳʪʢʝ ʜʠʥʫʢʣʝʦʪʠʜʦʚ). 

ɼʘʣʝʝ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ [14-16], ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʠʤʝʥʝʥʠʝ ʪʝʩʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ Azospirillum, ʩʦʙʨʘʥʥʳʭ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ NCBI [22], ʚ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʩʦʜʝʨʞʠʤʦʛʦ ʵʪʦʡ 

ʯʘʩʪʠ ʙʘʟʳ ʜʘʥʥʳʭ. ɺ ʨʘʙʦʪʝ [15] ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʩʦʯʝʪʘʥʠʷ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʩ ʤʘʪʨʠʮʘʤʠ ʧʦʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʚ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʪʝʩʪʘʭ ʜʣʷ 17 (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 21.08.2017 ʛ.) 

ʛʝʥʦʤʦʚ ʘʟʦʩʧʠʨʠʣʣ. ʆʥʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʩʨʝʜʠ ʧʨʦʯʝʛʦ, 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʦʚ 16S ʨʈʅʂ ª ANI  ª GGDC-f2 (ʙʘʟʦʚʘʷ 

ʯʘʩʪʴ ʧʘʥʛʝʥʦʤʘ) ʠ AAI  ª GGDC-f1 (ʛʝʥʦʤ ʚ ʮʝʣʦʤ), ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʫʶ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʤʝʞʚʠʜʦʚʦʤ ʫʨʦʚʥʝ ʪʝʩʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʛʥʘʪʫʨ ʂʘʨʣʠʥʘ. 

ɿʘ ʧʨʦʰʝʜʰʠʡ ʩ ʪʦʛʦ ʚʨʝʤʝʥʠ ʛʦʜ ʧʨʦʠʟʦʰʣʦ ʥʝʩʢʦʣʴʢʦ 

ʦʙʥʦʚʣʝʥʠʡ ʵʪʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʝʝ ʧʦʧʦʣʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ 

ʦʙʲʝʢʪʦʚ, ʦʪʥʝʩʝʥʥʳʭ ʠʭ ʘʚʪʦʨʘʤʠ ʢ ʨʦʜʫ Azospirillum. ʇʦ ʩʦʩʪʦʷʥʠʶ 

ʥʘ 08.12.2017 ʛ. ʪʘʢʦʚʳʭ ʦʢʘʟʘʣʦʩʴ ʩʝʤʴ, ʠ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

1. 

ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʩ ʪʝʩʪʘʤʠ 16S ʨʈʅʂ, ANI ʠ AAI  ʧʦʢʘʟʘʣ, ʯʪʦ 

ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʥʠʭ, ʚʳʜʝʣʝʥʥʳʡ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʅʄʀ ʈɸʅ ʠʟ ʙʦʣʦʪʘ 
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ʚ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʪʨʦʢʘ 1, ʪʘʙʣ. 1), ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʩʣʝʥ ʢ ʨʦʜʫ 

Azospirillum. ʆʩʪʘʣʴʥʳʝ ʰʝʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʝʞʨʦʜʦʚʳʝ ʠ 

ʜʘʞʝ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʧʘʨʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʪʝʩʪʘʭ. ɼʚʘ ʠʟ ʥʠʭ (ʩʪʨʦʢʠ 2, 3, ʪʘʙʣ. 1), ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʚʦʜʥʳʡ 

ʤʠʢʨʦʙʠʦʤ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʨʷʩʢʠ ʠ ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠʤʠ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠ ʢ ʨʦʜʫ Niveispirillum, ʦʪʜʝʣʝʥʥʦʤʫ ʚ ʩʚʦʝ ʚʨʝʤʷ ʦʪ 

Azospirillum ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʨʦʜ. ʆʩʦʙʝʥʥʦ ʥʝʦʞʠʜʘʥʥʳʤ ʢʘʞʝʪʩʷ 

ʧʨʠʯʠʩʣʝʥʠʝ ʢ ʨʦʜʫ ʘʟʦʩʧʠʨʠʣʣ ʘʚʪʦʨʘʤʠ ʛʝʥʦʤʦʚ ʦʩʪʘʚʰʠʭʩʷ ʯʝʪʳʨʝʭ 

ʦʙʲʝʢʪʦʚ (ʩʪʨʦʢʠ 4-7, ʪʘʙʣ. 1), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʤʝʪʘʛʝʥʦʤ ʢʠʰʝʯʥʠʢʘ 

ʯʝʣʦʚʝʢʘ. 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ NCBI ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ [22] 

No Organism Name Strain Isolation 
Release 

Date 

1. Azospirillum sp. B2 

Russia, Tver 

region, from raised 

bog (ʚʳʧʫʢʣʦʝ 

ʙʦʣʦʪʦ) 

2017-10-

17 

2. Azospirillum sp. RU37A 

Aquatic 

microbiome for 

duckweeds (ʨʷʩʢʘ) 

2017-07-

13 

3. Azospirillum sp. RU38E 

Aquatic 

microbiome for 

duckweeds (ʨʷʩʢʘ) 

2017-07-

13 

4. Azospirillum sp.  CAG:260 

From human gut 

(ʢʠʰʝʯʥʠʢ) 

metagenome 

2013-05-

31 

5. Azospirillum sp. CAG:239 

From human gut 

(ʢʠʰʝʯʥʠʢ) 

metagenome 

2013-05-

31 

6. Azospirillum sp. 47_25 

From human gut 

(ʢʠʰʝʯʥʠʢ) 

metagenome 

2016-12-

23 

7. Azospirillum sp. 51_20 

From human gut 

(ʢʠʰʝʯʥʠʢ) 

metagenome 

2016-12-

23 

ɺ ʪʝʩʪʘʭ ANI  ʠ AAI  ʰʪʘʤʤ Azospirillum sp. B2 (ʩʪʨʦʢʘ 1, ʪʘʙʣ. 1) 

ʦʢʘʟʘʣʩʷ ʚ ʤʦʥʦʬʠʣʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʩʦ ʰʪʘʤʤʘʤʠ Azospirillum sp. 

B510, Azospirillum sp. B506 ʠ A. oryzae A2P, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤʠ ʠʭ 

ʘʚʪʦʨʘʤʠ ʢʘʢ ʵʥʜʦʬʠʪʳ ʠ ʢʘʢ ʨʘʩʪʠʪʝʣʴʥʳʡ ʘʩʩʦʮʠʘʥʪ, ʩ ʤʝʞʚʠʜʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ANI (80-95%) ʠ AAI  (60-90%). ʐʪʘʤʤʳ ʠʟ ʨʷʩʢʠ (ʩʪʨʦʢʠ 2, 
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3, ʪʘʙʣ. 1) ʦʢʘʟʘʣʠʩʴ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠ ʙʣʠʟʢʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʶ ʨʦʜʘ 

Niveispirillum, ʚʳʜʝʣʝʥʥʦʤʫ ʠʟ ʢʦʨʥʝʡ ʠ ʨʠʟʦʩʬʝʨʳ ʨʠʩʘ. ɺʤʝʩʪʝ ʩ 

ʦʩʪʘʣʴʥʳʤʠ ʯʝʪʳʨʴʤʷ ʦʙʲʝʢʪʘʤʠ ʠʟ ʤʝʪʘʛʝʥʦʤʘ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ 

(ʩʪʨʦʢʠ 4-7, ʪʘʙʣ. 1) ʵʪʠ ʰʪʘʤʤʳ ʦʙʨʘʟʫʶʪ ʤʦʥʦʬʠʣʝʪʠʯʝʩʢʫʶ ʛʨʫʧʧʫ 

ʩʦ ʟʥʘʯʝʥʠʷʤʠ ANI < 80% ʠ AAI  < 60% - ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʦʜʘ Azospirillum. 

ɼʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʞʠʚʦʪʥʦʛʦ ʤʝʪʘʛʝʥʦʤʘ (ʩʪʨʦʢʠ 4-7, ʪʘʙʣ. 1) 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ANI ʩ ʦʩʪʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚ ʵʪʠʭ ʛʝʥʦʤʘʭ ʛʝʥʦʚ, ʦʨʪʦʣʦʛʠʯʥʳʭ 

ʛʝʥʘʤ ʦʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ. ʊʦʧʦʣʦʛʠʷ ʬʠʣʦʛʨʘʤʤʳ 

ʦʙʲʝʢʪʦʚ ʚ ʪʝʩʪʝ ʩ AAI  ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʘʢʦʚʦʡ ʚ ʪʝʩʪʝ ʩ 

ANI. ʆʜʥʘʢʦ ʘʣʛʦʨʠʪʤ ʪʝʩʪʘ AAI  ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʬʠʣʴʪʨʘʮʠʶ ʚ 

ʧʨʦʪʝʦʤʝ ʩʝʛʤʝʥʪʦʚ, ʧʨʠʚʥʝʩʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ɻʇɻ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, 

ʯʪʦ ɻʇɻ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʫʥʠʬʠʢʘʮʠʠ ʧʨʦʪʝʦʤʦʚ, ʢʘʢ 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʬʘʢʪʦʨ ʧʨʠ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚʳʭ ʩʝʤʝʡʩʪʚ [23]. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʥʝʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ AAI  ʜʣʷ ʦʙʲʝʢʪʦʚ 

ʠʟ ʢʠʰʝʯʥʦʛʦ ʤʝʪʘʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʪʘʣʴʥʳʤ 

ʰʪʘʤʤʘʤ ʨʦʜʦʚ Azospirillum ʠ Niveispirillum ʚ ʧʝʨʝʜʝʣʘʭ 41-43, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʦʚʥʶ, ʥʠʞʝ ʚʥʫʪʨʠʨʦʜʦʚʦʛʦ (ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ) 

ʜʠʘʧʘʟʦʥʘ AAI  > 60%. 

ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʨʷʜ ʰʪʘʤʤʦʚ A. brasilense, 

ʚʳʭʦʜʷʱʠʭ ʟʘ ʧʨʝʜʝʣʳ ʚʠʜʘ ʧʦ ʢʨʠʪʝʨʠʶ ANI < 95%, ʦʢʘʟʘʣʩʷ 

ʦʙʲʝʜʠʥʝʥʥʳʤ ʩ ʦʩʪʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ ʚʥʫʪʨʠ ʵʪʦʛʦ ʚʠʜʘ ʧʦ 

ʟʥʘʯʝʥʠʷʤ AAI  > 90%. ʕʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʮʝʥʦʢ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ [15, 16], ʦʧʝʨʠʨʫʶʱʠʭ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʠʟ ʙʘʟʦʚʦʡ (ANI) ʠʣʠ ʙʘʟʦʚʦʡ ʠ ʧʦʜʚʠʞʥʦʡ (AAI) ʯʘʩʪʝʡ ʧʘʥʛʝʥʦʤʘ. 

ʉʣʝʜʫʶʱʝʝ ʧʦʧʦʣʥʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ [22] ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ ʦʙʲʝʢʪʦʚ, ʧʨʠʧʠʩʳʚʘʝʤʳʭ 

ʘʚʪʦʨʘʤʠ ʛʝʥʦʤʦʚ ʢ ʨʦʜʫ Azospirillum, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʥʘʤʠ 

13.04.2018 ʛ. (ʚʩʝʛʦ ʩʪʘʣʦ 25 ʛʝʥʦʤʦʚ), ʥʝ ʚʥʝʩʣʦ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʥʘʙʣʶʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʤʳ ʧʝʨʝʭʦʜʠʤ ʢ 

ʬʠʥʘʣʴʥʦʤʫ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʙʦʨʫ ʧʦʣʥʳʭ ʛʝʥʦʤʦʚ ʘʟʦʩʧʠʨʠʣʣ 

ʚ ʢʦʣʠʯʝʩʪʚʝ 45 ʦʪ 30.07.2018 ʛ. ʏʘʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʠʩ. 1, ʥʘ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʛʝʥʦʤʦʚ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʘ ANI ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʛʣʘʚʥʳʭ 

ʢʦʦʨʜʠʥʘʪ (PCoA). 

ʀʟ ʪʨʝʭ ʚʳʷʚʣʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ (ʤʦʥʦʬʠʣʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʥʘ 

ʬʠʣʦʛʨʘʤʤʝ, ʟʜʝʩʴ ʥʝ ʧʦʢʘʟʘʥʥʦʡ) ʢʣʘʩʪʝʨʳ 1 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʚʥʫʪʨʠʨʦʜʦʚʦʤʫ ʫʨʦʚʥʶ ANI 80-100%. ʇʨʠ ʵʪʦʤ ʦʩʪʘʣʴʥʳʝ ʛʝʥʦʤʳ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʢʣʘʩʪʝʨʝ 2 ʩ ʤʝʞʨʦʜʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ANI < 80%. ʊʨʠ 

ʛʝʥʦʤʘ ʠʟ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠʟ 

ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ɹʝʨʢʣʠ ʧʦ ʤʝʪʘʛʝʥʦʤʥʳʤ ʜʘʥʥʳʤ ʩ 

ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʤʝʱʝʥʠʷ ʠ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪʜʝʣʝʥʠʷ 
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ʨʝʘʥʠʤʘʮʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʨʘʧʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʚ ʦʜʥʦʡ ʠʟ ʢʣʠʥʠʢ. 

ʅʘ ʵʪʦʪ ʨʘʟ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʪʝʤ, ʯʪʦ ʧʦ ʥʝʠʟʚʝʩʪʥʦʡ ʧʦʢʘ ʧʨʠʯʠʥʝ 

(ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʤʝʪʘʛʝʥʦʤʦʤ ʠʟ ʢʠʰʝʯʥʠʢʘ, ʨʘʩʰʠʨʝʥʥʳʝ 

ʦʧʠʩʘʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ) ʘʚʪʦʨʳ ʵʪʠʭ ʛʝʥʦʤʦʚ ʧʨʠʯʠʩʣʠʣʠ ʜʘʥʥʳʝ 

ʦʙʲʝʢʪʳ ʥʝ ʪʦʣʴʢʦ ʢ ʨʦʜʫ, ʥʦ ʠ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʜʫ A. brasilense 

(S2_012_000_R2_79, S2_006_000_R2_60 ʠ S2_003_000_R2_10). ɺ ʠʪʦʛʝ 

ʠʟ 45 ʛʝʥʦʤʦʚ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʧʨʠʯʠʩʣʷʝʤʳʭ ʠʭ ʘʚʪʦʨʘʤʠ ʢ ʨʦʜʫ 

Azospirillum, 13 ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʦʤʫ ʨʦʜʫ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʷ ANI < 80%. 

 

 
 

ʈʠʩ. 1. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʛʝʥʦʤʦʚ Azospirillum ʤʝʪʦʜʦʤ PCoA ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʤʝʥʝʥʠʷ ʪʝʩʪʘ ANI ʢ ʠʭ ʥʘʙʦʨʫ ʦʪ 30.07.2018 ʛ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʩʧʠʩʢʫ ʧʨʦʙʣʝʤ ʛʝʥʦʩʠʩʪʝʤʘʪʠʢʠ ʧʨʦʢʘʨʠʦʪ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʩʭʝʤʝ ʚ ʨʘʙʦʪʝ [16], ʩʣʝʜʫʝʪ, ʚʝʨʦʷʪʥʦ, ʧʨʠʙʘʚʠʪʴ 

çʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨè. ʇʨʠ ʵʪʦʤ ʨʘʟʫʤʥʳʤ ʢʦʤʧʨʦʤʠʩʩʦʤ ʦʩʪʘʝʪʩʷ 

ʧʦʣʠʬʘʟʥʳʡ ʧʦʜʭʦʜ [17] ʩ ʩʦʯʝʪʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʙʦʨʦʚ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʣʷ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ). 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Lesk A.M. Introduction to bioinformatics. 4th ed. Oxford: Oxford 

Univ. Press, 2014. 400 p. 

2. ʑʝʛʦʣʝʚ ʉ.ʖ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ 



19 

 

ʜʘʥʥʳʭ ʚ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʞʠʚʦʡ 

ʧʨʠʨʦʜʳ // ʀʟʚ. ʉʘʨʘʪ. ʫʥ-ʪʘ. ʅʦʚʘʷ ʩʝʨ. ʉʝʨ. ʌʠʟʠʢʘ. 2016. ʊ. 16, ʚʳʧ. 

3. ʉ. 145-167. 

3. Global biodiversity. URL: https://en.wikipedia.org/wiki/ 

Global_biodiversity (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.08.2018). 

4. Suttle C.A. Marine viruses ï major players in the global ecosystem 

// Nature Rev. Microbiol. 2007. Vol. 5, No. 10. P. 801-812. 

5. Curtis T.P., Sloan W.T., Scannell J.W. Estimating prokaryotic 

diversity and its limits // PNAS. 2002. Vol. 99, No. 16. P. 10494-10499. 

6. Hug L.A. et al. A new view of the tree of life // Nat. Microbiol. 

2016. Vol. 1. Art. number: 16048. P. 1-6. 

7. Parks D.H. et al. Recovery of nearly 8,000 metagenome-assembled 

genomes substantially expands the tree of life // Nat. Microbiol. 2017. Vol. 

2. P. 1533-1542. 

8. Thompson L.R. et al. A communal catalogue reveals Earthôs 

multiscale microbial diversity // Nature. 2017. Vol. 551. P. 457-463. 

9. Washburne A.D. et al. Methods for phylogenetic analysis of 

microbiome data // Nat. Microbiol. 2018. Vol. 3. P. 652-661. 

10. Earth Microbiome Project. URL: 

http://www.earthmicrobiome.org (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.08.2018). 

11. Tindall B.J. et al. Notes on the characterization of prokaryote 

strains for taxonomic purposes // Int. J. Syst. Evol. Microbiol. 2010. Vol. 60. 

P. 249-266. 

12. ʂʫʥʠʥ ɽ.ɺ. ʃʦʛʠʢʘ ʩʣʫʯʘʷ. ʆ ʧʨʠʨʦʜʝ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ. ʄ.: ɿɸʆ ʀʟʜ-ʚʦ ʎʝʥʪʨʧʦʣʠʛʨʘʬ, 2014. 527 ʩ. 

13. Pereg L., de-Bashan L.E., Bashan Y. Assessment of affinity and 

specificity of Azospirillum for plants // Plant Soil. 2016. Vol. 399, No. 1. P. 

389-414. 

14. ɹʫʨʳʛʠʥ ɻ.ʃ. ʠ ʜʨ. ɹʘʢʪʝʨʠʘʣʴʥʳʡ ʠʟʦʣʷʪ ʠʟ ʨʠʟʦʩʬʝʨʳ 

ʢʘʨʪʦʬʝʣʷ (Solanum tuberosum L.), ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʘʢ 

Ochrobactrum lupini IPA7.2 // ʉʝʣʴʭʦʟ. ʙʠʦʣ. 2017. ʊ. 52, ˉ 1. ʉ. 105-

115. 

15. ʑʝʛʦʣʝʚ ʉ.ʖ. ʆ ʩʠʩʪʝʤʘʪʠʢʝ ʧʨʦʢʘʨʠʦʪ: ʘʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʚʳʭʦʜʘ ʠʟ ʢʨʠʟʠʩʘ // ɺʝʩʪʥ. ʙʠʦʪʝʭʥʦʣ. ʬʠʟ.-ʭʠʤ. ʙʠʦʣ. 

2018. ʊ. 14, ˉ 1. ʉ. 5-14. 

16. ʑʝʛʦʣʝʚ ʉ.ʖ., ɹʫʨʳʛʠʥ ɻ.ʃ. ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʛʝʥʦʩʠʩʪʝʤʘʪʠʢʝ ʧʨʦʢʘʨʠʦʪ ʚ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʠʟʦʩʬʝʨʥʦʡ ʤʠʢʨʦʬʣʦʨʳ // ɹʠʦʤʠʢʘ. 2018. ʊ. 10, ˉ 2. 

ʉ. 157-161. 

17. Oren A., Garrity G.M. Then and now: a systematic review of the 

systematics of prokaryotes in the last 80 years // Antonie van Leeuwenhoek. 

2014. Vol. 106. ʈ. 43-56. 

18. Thompson C.C. et al. Microbial genomic taxonomy // BMC 

Genomics. 2013. Vol. 14. P. 1-8. 



20 

 

19. Goris et al. DNA-DNA hybridization values and their relationship 

to whole-genome sequence similarities // Int. J. Syst. Evol. Microbiol. 2007. 

Vol. 57. P. 81-91. 

20. Mukherjee et al. 1,003 reference genomes of bacterial and archaeal 

isolates expand coverage of the tree of life // Nat. Biotechnol. 2017. Vol. 35. 

P. 676-683. 

21. Campbell A., Mr§zek J., Karlin S. Genome signature comparisons 

among prokaryote, plasmid, and mitochondrial DNA // PNAS. 1999. Vol. 96. 

P. 9184-9189. 

22. U.S. National Library of Medicine. NCBI. Genome Information 

by Organism. URL: https://www.ncbi.nlm.nih.gov/genome/browse 

/#!/prokaryotes/azospirillum (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.07.2018). 

23. Treangen T.J., Rocha E.P.C. Horizontal transfer, not duplication, 

drives the expansion of protein families in prokaryotes // PLoS Genetics. 

2011. Vol. 7, No. 1 e1001284. P. 1-12. 

 
MICROBIAL BIOFILMS: STRUCTURE AND FUNCTIONAL 

FEATURES, APPLICATION IN BIOCATALYTIC PROCESSES 

AND INDUSTRIAL WASTE DISPOSAL PROCESSES 

 

Giovanna Simonetti, Kolesova Olga Vladislavovna 3 

 

Department of Public Health and Infectious Diseases ñSapienzaò University 

of Rome, P.le Aldo Moro 5, 00185 Rome, Italy  

 

Keywords: biofilm, fungi, pathogen 

 

Biofilm is a widespread in nature form of existence of 

microorganisms, which is a set of cells of one or different species, located on 

any surface, immersed in the extracellular polymer substance-matrix.  The 

development of biofilm, and sometimes the biofilm itself is also called a 

biofouling. A good model of such form are biofilms of Candida albicans. 

Candida albicans is a part of the normal microbiota of humans, in the 

oral cavity, gastrointestinal tract and femaleôs genital tract. However, it is also 

an opportunistic pathogen. C. albicans infections range from superficial 

mucosal and dermal infections to disseminated bloodstream infections with 

mortality rates above 40% (Calderone and Fonzi, 2001; Uppuluri et al., 

2017). The medical impact of C. albicans typically depends on its ability to 

form biofilm, which are closely packed communities of cells that attach to 

surfaces, such as tissues and implanted medical devices. These adherent cells 

are frequently embedded in a polymeric extracellular matrix. C. albicans 
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biofilm presents a significant clinical problem, with current treatment options 

severely limited by the intrinsic tolerance of fungal biofilm for anti-fungal 

agents (Nett, 2014). Few molecules are reported in literature to inhibit or 

prevent C. albicans biofilm formation; consequently, the development of new 

anti-biofilm agents is urgently needed. 

The use of plant molecules against multiple drug resistant strains of 

C. albicans, as well as biofilm formation and growth may be an effective 

strategy (Guo et al., 2009; De Vita et al., 2014). 

In 2008, thirty plant essential oils were tested for their activity against 

C. albicans biofilms and four of them such as eucalyptus, peppermint, ginger 

grass and clove showed 80.87 %, 74.16 %, 40.46 % and 28.57 % biofilm 

reduction, respectively (Agarwal et al., 2008). Polyphenols, extracted from 

green tea, also proved to be active against C. albicans biofilm. 

Epigallocatechin-3-gallate, the most abundant polyphenol in green tea 

extract, reduced C. albicans biofilm formation (Evensen and Braun, 2009). 

To fight biofilm, high doses and frequent administrations of 

antimicrobial drugs are required, causing adverse side effects or in some 

cases toxicity. The use of nanoformulations could help overcome such 

problems and increase drug efficacy (Chronopoulou et al. 2016). Ag 

nanoparticles (NPs) have proved to be effective, as they showed antimicrobial 

efficacy against bacteria, viruses and other eukaryotic microorganisms 

(Agrawal et al., 2018). However, toxicity from Ag NPs has been observed. 

Moreover, their small size and variable properties most probably make them 

hazardous to the environment (Rai et al., 2009). 

In addition to fundamental and clinical significance, biofilms have 

prospects for application in biotechnological processes (Demakov et al., 

2008). In the attached biofouling state, microorganisms can colonize the 

surfaces of various carriers in the form of fibers, granules, planes, monolithic 

or granular materials with an internal porous structure placed in flow reactors. 

Biofilm reactors can be operated for months (Halan et al., 2011; Maksimova, 

2013). 

Such technologies have already been developed to produce various 

alcohols (ethanol, butanol, 1,3-butanedione) and organic acids (acetic, lactic, 

fumaric, etc.). Similar methods give excellent results in the technologies of 

biocatalytic synthesis of acrylamide and other monomers for polymer 

chemistry, as well as for solving environmental problems - biodegradation of 

man-made organic waste (Maksimova et al., 2015). In particular, it is 

perspective to use of the ability of microbial communities to the control of 

bio-fouling for the colonization of solid wood waste and increase recycling 

(Xiros, Studer 2017). 

The research was carried out with the financial support of the project 

MIG, the Ministry of education and science of the Perm region, agreement 

No.C-26/796 from 21.12.2017. 
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Writing a successful funding proposal for a scientific/technical or 

innovation project is a challenge for both new and experienced researchers 

from universities/research institutes and also for companies. The scale and 

complexity of some funding programmes can be overwhelming. For 

example, the European Union (EU) Horizon 2020 programme is the largest 

Research and Innovation programme that the EU has ever had. Around ú80 

billion of funding is available over a 7 year period between 2014 and 2020.  

Many funding programmes rely on external experts to perform 

evaluation of proposals; national scientific funding programmes often rely on 

the process of peer-review. Dr Cunningham has assisted in the development 

of funding proposals and creation of project consortia for a UK 

bioremediation research programme. He has also served as an expert 

evaluator for the EU Horizon 2020 Programme. 

This presentation examines the preparation of funding proposals from 

the perspective of the exert evaluator. Advice is given on putting together a 

strong team and presenting a successful funding proposal. 
 

ɻɽʅʆʊʀʇʓ/ʇʆɼɻɽʅʆʊʀʇʓ/ʇʆɼʊʀʇʓ ʀ ʄʋʊɸʎʀʀ  

ɺ ɻɽʅʆʄɽ ɺʀʏ, ɺɻɺ ʠ ɺɻʉ 

 

ɽʨʝʤʠʥ ɺʣʘʜʠʤʠʨ ʌʝʜʦʨʦʚʠʯ 5 

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʈʝʩʧʫʙʣʠʢʘʥʩʢʠʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʮʝʥʪʨ ʪʨʘʥʩʬʫʟʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʙʠʦʪʝʭʥʦʣʦʛʠʡè, ʛ. ʄʠʥʩʢ, 

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ʇʦ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʜʝʣʷʶʪ 9 ʧʦʜʪʠʧʦʚ 

(ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʞʝ ʧʦʜʧʦʜʪʠʧʳ) ʠ ʙʦʣʝʝ 70 ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʬʦʨʤ 

ɺʀʏ, 7 (1-7) ʛʝʥʦʪʠʧʦʚ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʛʝʥʦʪʠʧʦʚ ʚʠʨʫʩʘ 

ʛʝʧʘʪʠʪʘ ʉ ʠ 10 (A-J) ʛʝʥʦʪʠʧʦʚ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʛʝʥʦʪʠʧʦʚ 

ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ɺ. ɻʝʥʦʪʠʧʳ/ʧʦʜʛʝʥʦʪʠʧʳ/ʧʦʜʪʠʧʳ ʚʠʨʫʩʦʚ ʩ ʨʘʟʥʦʡ 
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ʯʘʩʪʦʪʦʡ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʠ ʥʘ ʨʘʟʥʳʭ ʢʦʥʪʠʥʝʥʪʘʭ. ɺ 

ʩʚʷʟʠ ʩ ʤʠʛʨʘʮʠʝʡ ʥʘʩʝʣʝʥʠʷ ʵʪʠ ʚʘʨʠʘʥʪʳ ʚʠʨʫʩʦʚ çʧʝʨʝʤʝʱʘʶʪʩʷè ʧʦ 

ʚʩʝʤʫ ʤʠʨʫ, ʧʨʠʚʦʜʷ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʬʦʨʤ, 

ʚʠʨʫʩʦʚ ʩ ʥʦʚʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʘʥʪʠʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʩ ɺʀʏ-ʠʥʬʝʢʮʠʝʡ, ʛʝʧʘʪʠʪʘʤʠ 

ɺ ʠ ʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʧʘʨʘʪʦʚ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʛʝʧʘʪʠʪʘʤʠ ɺ ʠ ʉ, 

ʩʪʦʡʢʠʡ ʚʠʨʫʩʦʣʦʛʠʯʝʩʢʠʡ ʦʪʚʝʪ ʠ ʧʦʣʥʦʝ ʠʟʣʝʯʝʥʠʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ɺʀʏ-ʠʥʬʝʢʮʠʝʡ ʧʨʠʤʝʥʷʝʤʳʝ ʩʭʝʤʳ ʣʝʯʝʥʠʷ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʞʠʟʥʝʥʥʳʡ ʩʪʘʪʫʩ, ʥʦ ʥʝ ʧʨʠʚʦʜʷʪ 

ʢ ʧʦʣʥʦʤʫ ʠʟʣʝʯʝʥʠʶ ʧʦʩʣʝʜʥʠʭ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʩ 

ɺʀʏ-ʠʥʬʝʢʮʠʝʡ, ʛʝʧʘʪʠʪʘʤʠ ɺ ʠ ʉ ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʝʤʘ ʧʨʝʧʘʨʘʪʦʚ ʩ ʠʟʤʝʨʝʥʠʝʤ ʫʨʦʚʥʷ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ 

ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʫʪʘʮʠʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʩʤʝʥʳ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʭʝʤ.   

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ 738 ʦʙʨʘʟʮʦʚ 

ʩʳʚʦʨʦʪʢʠ/ʧʣʘʟʤʳ ʢʨʦʚʠ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʧʘʮʠʝʥʪʦʚ ʩ ʭʨʦʥʠʯʝʩʢʦʡ 

ʬʦʨʤʦʡ ʚʠʨʫʩʥʦʛʦ ʛʝʧʘʪʠʪʘ ɺ ʠʟ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ. 

ʇʦʣʦʞʠʪʝʣʴʥʳ ʚ ʇʎʈ ʦʙʨʘʟʮʳ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥ rʧʦ ʫʯʘʩʪʢʘʤ ʛʝʥʦʚ 

S(preS1/S2) ʠ ʈ.  1064 ʦʙʨʘʟʮʘ ʩʳʚʦʨʦʪʢʠ/ʧʣʘʟʤʳ ʢʨʦʚʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥ ʦʪ ʧʘʮʠʝʥʪʦʚ ʩ ɺʀʏ-ʠʥʬʝʢʮʠʝʡ. ɺʩʝ ʦʙʨʘʟʮʳ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʀʌɸ ʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩ ʠʤʤʫʥʥʦʤ 

ʙʣʦʪʠʥʛʝ ʥʘ ʥʘʣʠʯʠʝ ɺʀʏ-ʠʥʬʝʢʮʠʠ. ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʚʠʨʫʩʥʘʷ ʥʘʛʨʫʟʢʘ.  ʀʟ 1064 ʧʨʦʙ ʚ 963 ʩʣʫʯʘʷʭ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʈʅʂ 

ʠ ʧʨʦʚʝʩʪʠ ʵʪʘʧʳ ʆʊ-ʇʎʈ, ʇʎʈ, ʩʝʢʚʝʥʠʨʫʶʱʝʡ ʇʎʈ ʠ ʧʦʣʫʯʠʪʴ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɺʀʏ-1 ʧʦ ʫʯʘʩʪʢʫ ʛʝʥʦʚ gag-pol. 890 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʥʘ ɺɻʉ ʚ ʀʌɸ ʠ ʆʊ-ʇʎʈ ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʙʳʣʠ 

ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʧʦ ʫʯʘʩʪʢʫ ʛʝʥʦʚ core/E1. ɺʳʜʝʣʝʥʠʝ ʚʠʨʫʩʥʦʡ 

ʈʅʂ/ɼʅʂ ʠʟ ʦʙʨʘʟʮʦʚ ʩʳʚʦʨʦʪʢʠ/ʧʣʘʟʤʳ ʢʨʦʚʠ ʚʳʧʦʣʥʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʂʦʤʧʣʝʢʪʘ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʅʂè, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ çɺʝʢʪʦʨ-ɹʝʩʪè, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ ʠ çʂʦʤʧʣʝʢʪʘ 

ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ɼʅʂ ʠʟ ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘè çʈʀɹʆ-

ʩʦʨʙè, çʈʅʂ-ʧʨʝʧè, ʧʨʦʠʟʚʦʜʩʪʚʘ ʌɻʋʅ ʎʅʀʀʕ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, 

ʈʦʩʩʠʷ. ɺʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʷʤ, 

ʧʨʠʣʘʛʘʝʤʳʤ ʢ ʥʘʙʦʨʘʤ. ɺʠʨʫʩʥʫʶ ʥʘʛʨʫʟʢʫ ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪ-ʩʠʩʪʝʤ çɸʤʧʣʠʉʝʥʩÈ HBV-ʄʦʥʠʪʦʨ-FLè, 

çʀʥʪʝʨʃʘʙʉʝʨʚʠʩè, ʛ. ʄʦʩʢʚʘ ʠ çʈʝʘʣɹʝʩʪ ɼʅʂ ɺɻɺ 

(ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ)è, ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ çɺʝʢʪʦʨ-ɹʝʩʪè, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ. 

ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ 

ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ABI PRISMÈ 3100-AvantÊ Genetic Analyzer 

(Applied Biosystems, ʉʐɸ). ɸʥʘʣʠʟ ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤ ʠ ʩʙʦʨʢʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Sequencing Analysis SoftwareÊ (Applied 

BiosystemsÈ) ʠ GeneiousÈ v8 (Biomatters Ltd.). ʄʥʦʞʝʩʪʚʝʥʥʦʝ 
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ʚʳʨʘʚʥʠʚʘʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ClustalW. ʇʦʠʩʢ ʛʝʥʝʪʠʯʝʩʢʠ ʙʣʠʟʢʠʭ 

ʨʝʬʝʨʝʥʩʥʳʭ ʩʠʢʚʝʥʩʦʚ ɺɻɺ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

BLAST. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʜʝʨʝʚʴʷ ʩʪʨʦʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʣʛʦʨʠʪʤʘ ML (maximum likelihood) ʚ ʧʨʦʛʨʘʤʤʘʭ PHYML (Phylogenetic 

maximum likelihood) ʠ GARLI (Genetic Algorithm for Rapid Likelihood 

Inference), ʩ ʤʦʜʝʣʴʶ ʟʘʤʝʥʳ ʥʫʢʣʝʦʪʠʜʦʚ GTR+I+G (I ï proportion of 

invariable sites, G ï Gamma shape parameter). ʆʧʪʠʤʠʟʘʮʠʷ ʪʦʧʦʣʦʛʠʠ 

ʜʝʨʝʚʘ ï Best of NNIs and SPRs. ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʩʪ SH-aLRT. ɼʦʩʪʦʚʝʨʥʳʤʠ 

ʩʯʠʪʘʣʠʩʴ ʢʣʘʩʪʝʨʳ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ, ʢʦʨʥʝʚʘʷ ʚʝʪʚʴ ʢʦʪʦʨʳʭ 

ʠʤʝʣʘ ʟʥʘʯʝʥʠʝ ²0,9. ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʥʦʪʠʧʦʚ/ʧʦʜʛʝʥʦʪʠʧʦʚ ʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʬʦʨʤ ɺɻɺ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʬʝʨʝʥʩʥʳʭ ʩʠʢʚʝʥʩʦʚ 

ʜʣʷ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ɺɻɺ ʚʟʷʪʳʭ ʠʟ GeneBank, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ: jpHMM (jumping 

profile Hidden Markov Model), REGA ɺɻɺ Subtyping Tool, geno2pheno, 

HBV/Grade.     

ʀʟ 1064 ʦʙʨʘʟʮʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘ ʤʘʨʢʝʨʳ ɺʀʏ ʠ ʚʟʷʪʳʭ ʚ 

ʨʘʙʦʪʫ, 546 (51,3%) ʙʳʣʠ ʦʪ ʣʠʮ ʤʫʞʩʢʦʛʦ ʧʦʣʘ, 414 (38,9%) ï ʦʪ 

ʞʝʥʱʠʥ. 104 ʧʨʦʙʳ ʧʣʘʟʤʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 0 ʜʦ 

14 ʣʝʪ ʨʦʞʜʝʥʥʳʭ ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʥʳʤʠ ʤʘʪʝʨʷʤʠ, ʠʟ ʥʠʭ 55 (52,9%) 

ʙʣrʠ ʤʘʣʴʯʠʢʠ ʠ 49 (47%) ï ʜʝʚʦʯʢʠ. ɺ 906 (94%) ʩʣʫʯʘʷʭ ʦʧʨʝʜʝʣʷʣʩʷ 

ʧʦʜʧʦʜʪʠʧ ɸ6, ʚ 25 (2,7 %) ï ɺ, 4 (0,5 %) ï ʉ, 3 (0,3 %) ï G, ʚ 13 (1,3 %) 

ʩʣʫʯʘʷʭ ʚʳʷʚʣʝʥʘ ʨʝʢʦʤʙʠʥʘʥʪʥʘʷ ʬʦʨʤʘ CRF03_AB, ʚ 8 (0,8 %) ï 

CRF02_AG, ʚ 2 (0,2 %) ï CRF06_cpx, ʠ ʧʦ ʦʜʥʦʤʫ (0,1 %) ʩʣʫʯʘʶ 

CRF01_AE/B ʠ URF. ʇʨʦʚʝʜʝʥʥʳʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ 

ʫʩʪʘʥʦʚʠʪʴ ʩʪʝʧʝʥʴ ʨʦʜʩʪʚʘ ʤʝʞʜʫ ʚʘʨʠʘʥʪʘʤʠ ɺʀʏ, ʚʳʷʚʣʝʥʥʳʤʠ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʠ ʚʠʨʫʩʦʤ, ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʠ 

ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. ʅʘʧʨʠʤʝʨ, ʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʨʝʢʦʤʙʠʥʘʥʪʥʘʷ ʬʦʨʤʘ ɺʀʏ CRF03_AB ʦʙʨʘʟʦʚʳʚʘʣʘ ʥʝʩʢʦʣʴʢʦ 

ʢʣʘʩʪʝʨʦʚ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ ʃʠʪʚʳ ʠ ʈʦʩʩʠʠ, ʘ 4 ʦʙʨʘʟʮʘ ʬʦʨʤʠʨʦʚʘʣʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʢʣʘʩʪʝʨʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ çʤʝʩʪʥʦʝè ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʚʠʨʫʩʘ. ʈʝʢʦʤʙʠʥʘʥʪʥʘʷ ʬʦʨʤʘ CRF02_AG ʬʦʨʤʠʨʦʚʘʣʘ ʥʝʩʢʦʣʴʢʦ 

ʢʣʘʩʪʝʨʦʚ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ ʋʟʙʝʢʠʩʪʘʥʘ, ʈʦʩʩʠʠ, ʉʐɸ ʠ ʂʘʤʝʨʫʥʘ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʟʘʥʦʩʳ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ɺʀʏ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʩʪʨʘʥʳ. ʈʝʢʦʤʙʠʥʘʥʪʥʘʷ ʬʦʨʤʘ CRF06_cpx ʚʳʷʚʣʝʥʥʘʷ ʫ 

ʙʨʘʪʘ ʠ ʩʝʩʪʨʳ-ʥʘʨʢʦʧʦʪʨʝʙʠʪʝʣʝʡ ʬʦʨʤʠʨʦʚʘʣʘ ʢʣʘʩʪʝʨ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ 

ʕʩʪʦʥʠʠ ʠ ʈʦʩʩʠʠ. ɺʧʝʨʚʳʝ ʚ 2018 ʛʦʜʫ ʥʘʤʠ ʚʳʷʚʣʝʥʘ ʨʝʢʦʤʙʠʥʘʥʪʥʘʷ 

ʬʦʨʤʘ CRF01_AE_B, ʬʦʨʤʠʨʫʶʱʘʷ ʢʣʘʩʪʝʨ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ ʂʠʪʘʡʩʢʦʡ 

ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʙʦʣʝʝ 94% ʚʩʝʭ ʩʣʫʯʘʝʚ 

ɺʀʏ-ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʩʚʷʟʘʥʦ ʩ ʧʦʜʪʠʧʦʤ ɸ6 

(ʙʳʚʰʠʡ A1FSU). 
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ʏʘʱʝ ʚʩʝʛʦ ʫ ʧʘʮʠʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ɺɸɸʈʊ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʤʫʪʘʮʠʠ M184V/I, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ 

ʣʘʤʠʚʫʜʠʥʫ, ʵʤʧʨʠʮʠʪʘʙʠʥʫ, ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ, ʜʘʥʥʘʷ ʤʫʪʘʮʠʷ ʥʝ ʚʝʣʘ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʤʝʥʝ ʩʭʝʤ ʪʝʨʘʧʠʠ, ʧʦʩʢʦʣʴʢʫ ʣʘʤʠʚʫʜʠʥ ʠ 

ʵʤʧʨʠʮʠʪʘʙʠʥ ʫʩʠʣʠʚʘʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʘʟʠʜʦʪʠʤʠʜʠʥʫ, 

ʪʝʥʦʬʦʚʠʨʫ ʠ ʩʪʘʚʫʜʠʥʫ ʧʨʠ ʥʘʣʠʯʠʠ ʜʘʥʥʦʡ ʤʫʪʘʮʠʠ. ʄʫʪʘʮʠʠ G190S, 

K103N ʠ Y180L ʚʝʣʠ ʢ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ɺʀʏ ʢ 

ʥʝʥʫʢʣʝʦʟʠʜʥʳʤ ʠʥʛʠʙʠʪʦʨʘʤ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ ʥʝʚʠʨʘʧʠʥʫ, 

ʵʬʘʚʠʨʝʥʮʫ, ʵʪʨʘʚʠʨʠʥʫ ʠ ʨʠʣʴʧʠʚʠʨʠʥʫ.   

ʀʟ 890 ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʧʦ ʫʯʘʩʪʢʫ ʛʝʥʦʚ core/E1 ʦʙʨʘʟʮʦʚ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʥʘ ɺɻʉ, ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʜʦʤʠʥʠʨʫʝʪ ʛʝʥʦʪʠʧ 1 (595 - 66,9%) ɺɻʉ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 1ʘ (5,7%, n=51) ʠ 1b (60,1%, n=542) ʧʦʜʛʝʥʦʪʠʧʘʤʠ, 3ʘ 

ʛʝʥʦʪʠʧ 3ʘ (247 - 27,8%), 2 (29-3,3%), 4 (6 - 0,7%) - 4ʘ (1 - 0,1%) ʠ 4d (5-

0,4%), 2 ʛʝʥʦʪʠʧ ʚʢʣʶʯʘʣ 2ʘ (1,9%), 2ʩ (0,8%) ʠ 2k (0,5%) ʧʦʜʛʝʥʦʪʠʧʳ 

ʮʠʨʢʫʣʠʨʫʶʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. ɺʧʝʨʚʳʝ ʙʳʣʠ ʦʧʠʩʘʥʳ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʬʦʨʤʳ 2ʢ/1ʚ (1,5%) ʠ 1d/1b (0,1%). 1b (60,1%), 

ʧʦʜʛʝʥʦʪʠʧ ʜʦʤʠʥʠʨʦʚʘʣ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʧʘʮʠʝʥʪʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

IDUs.  ʉʨʝʜʠ IDUs 1b (40,5%) ʦʩʪʘʚʘʣʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʚʢʣʘʜ 3ʘ (37,2%) ʠ 1ʘ (17,4%) ʧʦʜʛʝʥʦʪʠʧʦʚ. ʉ 2016 ʛʦʜʘ 

ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʧʘʨʘʪʳ ʧʨʷʤʦʛʦ 

ʜʝʡʩʪʚʠʷ ʜʣʷ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʩ ʭʨʦʥʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʚʠʨʫʩʥʦʛʦ 

ʛʝʧʘʪʠʪʘ ʉ. ʇʨʝʧʘʨʘʪʳ ʜʝʡʩʪʚʫʶʪ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʙʝʣʢʠ, ʬʝʨʤʝʥʪʳ 

ʚʠʨʫʩʘ: ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʪʝʘʟʳ ɺɻʉ ï ʥʘʠʤʝʥʦʚʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ 

ʦʢʘʥʯʠʚʘʶʪʩʷ ʥʘ ç-ʧʨʝʚʠʨè ï ʚʢʣʶʯʘʶʪ ʧʨʝʧʘʨʘʪʳ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ 

ʨʘʟʥʳʤʠ ʬʘʨʤʢʦʤʧʘʥʠʷʤʠ: ʙʦʮʝʧʨʝʚʠʨ, ʪʝʣʘʧʨʝʚʠʨ, ʩʠʤʝʧʨʝʚʠʨ, 

ʘʩʫʥʘʧʨʝʚʠʨ, ʜʘʥʦʧʨʝʚʠʨ, ʬʘʣʜʘʧʨʝʚʠʨ, ʩʦʚʘʧʨʝʚʠʨ, ABT-450 ʠ MK-

5172 ʠ ʪ.ʜ., ʠʥʛʠʙʠʪʦʨʳ ʧʦʣʠʤʝʨʘʟʳ ɺɻʉ ï ʥʘʠʤʝʥʦʚʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ 

ʦʢʘʥʯʠʚʘʶʪʩʷ ʥʘ ç-ʙʫʚʠʨè ï ʚʢʣʶʯʘʶʪ ʘʥʘʣʦʛʠ 

ʥʫʢʣʝʦʟʠʜʦʚ/ʥʫʢʣʝʦʪʠʜʦʚ, ʪʘʢʠʝ ʢʘʢ ʩʦʬʦʩʙʫʚʠʨ, ʤʝʨʠʮʠʪʘʙʠʥ ʠ ALS-

2200 (VX-135), ʘ ʪʘʢʞʝ ʥʝʥʫʢʣʝʦʟʠʜʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʜʝʣʝʦʙʫʚʠʨ, ʩʝʪʨʦʙʫʚʠʨ, ABT-072, ABT-333, BMS-791325 ʠ VX-222, 

ʠʥʛʠʙʠʪʦʨʳ NS5A ï ʥʘʠʤʝʥʦʚʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʦʢʘʥʯʠʚʘʶʪʩʷ ʥʘ ç-

ʘʩʚʠʨè ï ʚʢʣʶʯʘʶʪ ʜʘʢʣʘʪʘʩʚʠʨ, ʣʝʜʠʧʘʩʚʠʨ ʠ ABT-267. ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫ ʧʘʮʠʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʪʝʨʘʧʠʠ ʧʨʝʧʘʨʘʪʘʤʠ 

ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ. ʏʘʱʝ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʤʫʪʘʮʠʠ 31ʄ ʠ 31V, 93H, ʚʝʜʫʱʠʝ ʢ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʚʠʨʫʩʘ ʢ 

ʵʣʴʙʘʩʚʠʨʫ, ʜʘʢʣʘʪʘʩʚʠʨʫʩ, ʣʝʜʠʧʘʩʚʠʨʫ, ʦʙʠʪʘʩʚʠʨʫ, ʚʝʣʴʪʘʧʘʩʚʠʨʫ ï 

ʠʥʛʠʙʠʪʦʨʘʤ ʙʝʣʢʘ NS5A, ʘ ʪʘʢʞʝ 174F ʠ 156G, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʠʨʫʩʘ ʢ ʙʦʮʝʧʨʠʚʠʨʫ ʠ ʩʝʤʠʧʨʝʚʠʨʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʟ 738 ʦʙʨʘʟʮʦʚ ʩʳʚʦʨʦʪʢʠ/ʧʣʘʟʤʳ ʢʨʦʚʠ, ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦ 

ʚʠʨʫʩʥʦʤʫ ʛʝʧʘʪʠʪʫ ɺ, 516 (69,8%) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪ ʧʘʮʠʝʥʪʦʚ ʠʟ 

ʄʠʥʩʢʘ ʠ ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, 86 (11,7%) ï ʠʟ ɺʠʪʝʙʩʢʦʡ, 71 (9,6%) ï ʠʟ 

ɻʦʤʝʣʴʩʢʦʡ, 33 (4,5%) ï ʠʟ ʄʦʛʠʣʝʚʩʢʦʡ, 24 (3,3%) ï ɹʨʝʩʪʩʢʦʡ ʠ 8 
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(1,1%) ï ʠʟ ɻʨʦʜʥʝʥʩʢʦʡ ʦʙʣʘʩʪʝʡ. 404 (54,7%) ʧʘʮʠʝʥʪʦʚ ʙʳʣʠ 

ʤʫʞʩʢʦʛʦ ʧʦʣʘ 250 (33,9%) ʠ ʫ 84 (11,4%) ʜʘʥʥʳʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 

ɼʘʥʥʳʝ ʧʦ ʚʦʟʨʘʩʪʫ ʧʘʮʠʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʏʘʱʝ ʚʩʝʛʦ 
ɺɻɺ-ʠʥʬʝʢʮʠʷ ʚʳʷʚʣʷʣʘʩʴ ʚ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ 26 ï 45 ʠ ʩʪʘʨʰʝ ʣʝʪ - 

82,9% (542) ʦʪ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʣʫʯʘʝʚ. ʃʠʮʘ ʵʪʦʡ ʚʦʟʨʘʩʪʥʦʡ 

ʛʨʫʧʧʳ ʯʘʱʝ ʜʨʫʛʠʭ ʩʪʘʥʦʚʷʪʩʷ ʠ ʷʚʣʷʶʪʩʷ ʜʦʥʦʨʘʤʠ ʢʨʦʚʠ ʠ ʝʝ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʀʟ 738 ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ɼʅʂ ɺɻɺ 292 (39,6%) 

ʦʪʥʦʩʠʣʠʩʴ ʢ ʧʦʜʛʝʥʦʪʠʧʫ D2, 178 (24,1%) - D3, 125 (16,9%) ï D1, 136 

(18,5%) - ɸ2, 3 (0,4%) ï ʉ2, ʧʦ 1 (0,1%) ï B4 ʠ D4, 2 (0,3%) ï RF. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ 81 % (596) ʦʪ ʚʩʝʭ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ D ʧʦʜʛʝʥʦʪʠʧ ɺɻɺ. ʅʘʤʠ ʦʧʠʩʘʥʦ ʦʢʦʣʦ 40 ʩʣʫʯʘʝʚ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ɺ ʢ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʤ ʧʨʝʧʘʨʘʪʘʤ. 

ʏʘʱʝ ʚʩʝʛʦ ʚʳʷʚʣʷʣʠʩʴ ʤʫʪʘʮʠʠ M204V, L180M, 80I, V173L ʠ I233V. 

ʀʟʚʝʩʪʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʤʫʪʘʮʠʷ 204V ʚʝʜʝʪ ʢ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʚʠʨʫʩʘ ʢ 

ʣʘʤʠʚʫʜʠʥʫ, ʪʝʣʙʠʚʫʜʠʥʫ, ʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʤʫʪʘʮʠʝʡ 180M ʠ ʦʜʥʦʡ ʠʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʠʥʦʨʥʳʭ ʤʫʪʘʮʠʡ ʢ ʵʥʪʝʢʘʚʠʨʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ɸ6 

ʧʦʜʧʦʜʪʠʧ ɺʀʏ, 1b ʠ 3ʘ ʧʦʜʛʝʥʦʪʠʧʳ ɺɻʉ ʠ D2 ʧʦʜʛʝʥʦʪʠʧ ɺɻɺ 

ʜʦʤʠʥʠʨʫʶʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʝʨʘʧʠʠ ʧʘʮʠʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʧʨʦʚʦʜʠʤʳʤ 

ʣʝʯʝʥʠʝʤ. ɹʝʟʫʩʣʦʚʥʦ, ʧʦʠʩʢ ʥʦʚʳʭ ʘʥʪʠʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʫʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ɺʀʏ, ɺɻɺ ʠ ɺɻʉ ʚ ʩʪʨʘʥʘʭ ʉʅɻ 

ʠ ʚ ʤʠʨʝ ʚ ʮʝʣʦʤ, ʥʝʦʙʭʦʜʠʤ, ʫʯʠʪʳʚʘʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʠ ʮʠʨʢʫʣʷʮʠʠ ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ ʚʠʨʫʩʦʚ. 

 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʈʆʊʀɺʆɺʀʈʋʉʅʓʍ ʉɺʆʁʊɺ 

ɺɽʑɽʉʊɺ ʈɸʉʊʀʊɽʃʔʅʆɻʆ ʇʈʆʀʉʍʆɾɼɽʅʀʗ 

 

ʉʘʚʠʥʦʚʘ ʆʣʴʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ɹʦʨʝʢʦ ɽʚʛʝʥʠʡ ʀʚʘʥʦʚʠʯ.6 

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʅʀʀ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ,  

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʠʪʝʨʧʝʥʦʠʜʳ, ʘʤʠʥʦʬʝʥʦʣʳ, 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʩʚʦʡʩʪʚʘ 

 

ʇʨʦʙʣʝʤʘ ʧʦʠʩʢʘ ʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʣʝʯʝʥʠʷ ʚʠʨʫʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ 

ʧʨʘʢʪʠʢʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [2]. 

ɸʢʪʠʚʥʦʩʪʴ ʠʟʚʝʩʪʥʳʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

                                                           
É ʉʘʚʠʥʦʚʘ ʆ.ɺ., ɹʦʨʝʢʦ ɽ.ʀ., 2018 
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ʦʛʨʘʥʠʯʝʥʘ ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʦʜʥʦʡ ʠʥʬʝʢʮʠʠ ʠʣʠ ʜʘʞʝ ʠʭ ʦʪʜʝʣʴʥʳʤʠ 

ʧʦʜʪʠʧʘʤʠ. ʆʧʳʪ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ ʩ ʧʦʤʦʱʴʶ 

ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʢʘʢ ʨʝʤʘʥʪʘʜʠʥ, ʘʮʠʢʣʦʚʠʨ ʠ ʜʨ. ʧʦʢʘʟʘʣ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ ʫ ʚʠʨʫʩʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʵʪʠʤ 

ʚʝʱʝʩʪʚʘʤ [1, 3]. ʋʩʪʦʡʯʠʚʦʩʪʴ ʚʠʨʫʩʦʚ ʢ ʧʨʠʤʝʥʷʶʱʠʤʩʷ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ ʧʨʝʧʘʨʘʪʘʤ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚʩʝʭ ʩʘʤʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʘʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠ ʵʪʦ 

ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ, ʧʦʙʫʞʜʘʶʱʝʡ ʚʳʷʚʣʷʪʴ ʥʦʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʫʥʠʢʘʣʴʥʳʤ ʩʧʝʢʪʨʦʤ ʜʝʡʩʪʚʠʷ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʦʚʳʝ 

ʧʦʜʭʦʜʳ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʝʧʨʦʜʫʢʮʠʠ ʚʠʨʫʩʦʚ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ 

ʩʚʦʡʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʠʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʅʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠʨʦʜʥʳʝ ʪʨʠʪʝʨʧʝʥʦʠʜʳ (ʙʝʪʫʣʠʥ, 

ʙʝʪʫʣʠʥʦʚʘʷ ʠ ʙʝʪʫʣʦʥʦʚʘʷ ʢʠʩʣʦʪʳ ʠ ʜʨ.) ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʨʠʪʝʨʧʝʥʦʚʦʛʦ ʨʷʜʘ, ʙʫʪʘʤʠʥʦʬʝʥ ʠ ʥʦʚʳʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʘʤʠʥʦʬʝʥʦʣʳ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʠʨʫʩʳ ʛʝʨʧʝʩʘ ʧʨʦʩʪʦʛʦ I ʪʠʧʘ (ɺʇɻ-1; 

ʰʪʘʤʤ 1 ʉ ʠ ʝʛʦ ʚʘʨʠʘʥʪʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʜʝʡʩʪʚʠʶ ʘʮʠʢʣʦʚʠʨʘ ɺʇɻ-

1ɸʎɺʨ ʠ ʬʦʩʬʦʥʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ɺʇɻ-1ʌʂʨ), ʛʨʠʧʧʘ (ʰʪʘʤʤʳ 

FPV/Rostock/34 (H7N1) ʠ ʝʛʦ ʚʘʨʠʘʥʪ, ʫʩʪʦʡʯʠʚʳʡ ʢ ʜʝʡʩʪʚʠʶ 

ʨʝʤʘʥʪʘʜʠʥʘ FPVʈʨ), ʵʥʪʝʨʦʚʠʨʫʩ ɽʉʅʆ 6 ʠʟ ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʢʦʣʣʝʢʮʠʠ ʚʠʨʫʩʦʚ ʠ ʙʘʢʪʝʨʠʡ, ʧʘʪʦʛʝʥʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʈʅʇʎ 

ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ. ʇʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʧʨʝʜʝʣʷʣʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʫʣʴʪʫʨʘʭ ʢʣʝʪʦʢ ʤʝʪʦʜʦʤ ʨʝʜʫʢʮʠʠ 

ʙʣʷʰʝʢ ʥʘ ʢʫʣʴʪʫʨʝ ʧʝʨʚʠʯʥʳʭ ʬʠʙʨʦʙʣʘʩʪʦʚ ʵʤʙʨʠʦʥʦʚ ʢʫʨ (ʌʕʂ) ʩ 

FPV ʠ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʮʠʪʦʧʘʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ (ʎʇʕ) ʥʘ ʢʫʣʴʪʫʨʝ 

ʢʣʝʪʦʢ ʨʘʙʜʦʤʠʦʩʘʨʢʦʤʳ ʯʝʣʦʚʝʢʘ (RD) ʩ ɺʇɻ-1 ʠ ʚʠʨʫʩʦʤ ECHO 6.  

ʂʨʠʪʝʨʠʝʤ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʯʠʪʘʣʠ ʩʥʠʞʝʥʠʝ ʪʠʪʨʘ ʚʠʨʫʩʘ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ. ɺʳʯʠʩʣʷʣʠ ʪʘʢʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʶ 50% ʧʦʜʘʚʣʝʥʠʷ ʨʘʟʤʥʦʞʝʥʠʷ ʚʠʨʫʩʘ 

(ʩʨʝʜʥʝʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, EC50) ʠ ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʝʨʝʥʦʩʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʄʇʂ) ʢ EC50.  

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʪʨʠʪʝʨʧʝʥʦʚʦʛʦ ʨʷʜʘ, 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʪʫʣʠʥʦʚʦʡ ʠ ʙʝʪʫʣʦʥʦʚʦʡ 

ʢʠʩʣʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʩʚʦʡʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ 

ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ. ʉʦʛʣʘʩʥʦ ʚʳʯʠʩʣʝʥʥʦʤʫ ʨʝʡʪʠʥʛʫ ʘʢʪʠʚʥʦʩʪʠ 

ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ 

ʛʠʜʨʘʟʠʜʳ ʠ ʙʝʥʟʘʣʴʜʝʛʠʜʳ ʙʝʪʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʨʠʪʝʨʧʝʥʦʚʳʝ 

ʦʢʩʠʤʳ, ʫʨʝʠʜʳ ʠ ʢʘʨʙʘʤʘʪʳ ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʅʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʪʨʠʪʝʨʧʝʥʦʠʜʳ 
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ʧʨʦʷʚʠʣʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʦʣʦʯʝʯʥʳʭ ʈʅʂ- ʠ ɼʅʂ-ʩʦʜʝʨʞʘʱʠʭ 

ʦʙʦʣʦʯʝʯʥʳʭ ʚʠʨʫʩʦʚ ʛʨʠʧʧʘ ʠ ʛʝʨʧʝʩʘ.  

ɸʮʠʣʴʥʳʝ ʠ ʮʠʢʣʦʘʣʢʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʫʪʘʤʠʥʦʬʝʥʘ 

ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʨʘʞʝʥʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʨʝʧʨʦʜʫʢʮʠʠ ʚʠʨʫʩʘ 

ʛʝʨʧʝʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ʦʥʠ ʤʘʣʦʘʢʪʠʚʥʳ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʜʥʦ ʩʦʝʜʠʥʝʥʠʝ ʩ ʘʮʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʦʷʚʠʣʦ 

ʟʘʤʝʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ.  

ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʨʝʡʪʠʥʛ ʘʢʪʠʚʥʦʩʪʠ ʛʨʫʧʧ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʪʨʠʪʝʨʧʝʥʦʚʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʠʭ 

ʥʦʚʳʤʠ ʢʣʘʩʩʘʤʠ ʚʝʱʝʩʪʚ ʩ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɹʝʪʫʣʠʥ, ʙʝʪʫʣʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, 4,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-2-ʘʤʠʥʦʬʝʥʦʣ 

ʦʙʣʘʜʘʶʪ ʢʨʦʤʝ ʚʠʨʫʩʠʥʛʠʙʠʨʫʶʱʝʡ ʝʱʝ ʠ ʚʠʨʫʣʠʮʠʜʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʛʝʨʧʝʩʘ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚʦʟʤʦʞʥʦ 

ʧʨʝʦʜʦʣʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʙʫʜʠʪʝʣʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢ ʦʩʥʦʚʥʳʤ 

ʧʨʠʤʝʥʷʶʱʠʤʩʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ ʩʨʝʜʩʪʚʘʤ. ɼʦʢʘʟʘʥʦ ʩʠʥʝʨʛʠʯʝʩʢʦʝ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʝ ʜʝʡʩʪʚʠʝ ʩʦʯʝʪʘʥʠʡ ʨʝʤʘʥʪʘʜʠʥʘ ʠ ʥʦʚʳʭ 

ʪʨʠʪʝʨʧʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʯʝʪʘʥʠʷ ʘʮʠʢʣʦʚʠʨʘ ʠ 

ʙʫʪʘʤʠʥʦʬʝʥʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʙʳʣʘ 

ʠʟʫʯʝʥʘ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʠʧʧʦʟʥʦʡ ʠʥʬʝʢʮʠʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʦʞʥʦʤ ʛʝʨʧʝʩʝ ʙʝʣʳʭ ʤʳʰʝʡ. 
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ʉɽʂʎʀʗ I 

 

ɹʀʆʊɽʍʅʆʃʆɻʀʗ, ʕʂʆʃʆɻʀʗ  

ʀ ʇʈʀʈʆɼʆʇʆʃʔɿʆɺɸʅʀɽ 

 
STUDYING GENE FAMILIES ASSOCIATED WITH PLANT 

PATHOGEN INTERACTIONS TO UNCOVER NEW PLAYERS  

IN MEDICAGO -RHIZOBIUM  SYMBIOSIS 

 

Aleksandr Gavrin, Sebastian Schornack7 

 

Sainsbury Laboratory, University of Cambridge, Cambridge, UK 

 

The plant microbial environment is a driving selection force, which 

determines the formation of molecular mechanisms of plant immunity and 

controlled entry of symbiotic microbes. While symbiosis and pathogenesis 

result in opposite outcomes they may in part rely on similar principles for 

their establishment and maintenance [1]. Studies indicating common 

mechanisms involved in symbiosis and disease development have regularly 

been interpreted to support a long-standing hypothesis that pathogens hijack 

molecular pathways and mechanisms that were established to accommodate 

symbiotic microbes [2]. However, the omnipresence of pathogens and the 

scarcity of specialised examples of symbiosis would argue for plant-pathogen 

interactions to be the more common and likely more ancient type of relations. 

Therefore, we hypothesize that plant-pathogen interactions, as the prevalent 

type of relationship, are a basis or precursor of symbiotic relationships. As a 

consequence, some symbiotic genes should be descendants of genes 

implicated in plant-pathogen interactions and arose for example through gene 

duplication and subsequent neo-functionalisation. Examples are the receptors 

LjNFR1 and LjCERK6 [3], Nod factor hydrolase and chitinase CHIT5b [5], 

syntaxins PEN1 and Syp132 [6]. 

To find further support, we carried out a homology-based survey for 

gene families typically associated with defence roles but which could harbour 

members with nodule-associated expression pattern and potentially new 

functionality in root nodule symbiosis in Medicago truncatula. From several 

identified candidates we studied a ɓ-glucan-binding protein 1 (MtGBP1). 

Soybean GBP perceives cell-wall ɓ-glucans of pathogenic oomycetes and 

activates defence responses. The Medicago genome encodes 13 GBP-like 

genes, yet only MtGBP1 is specifically expressed during nodule initiation. 

Silencing of MtGBP1 significantly impairs rhizobial colonization and 
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decreases the number of nodules per root system. Thus, this strategy may 

reveal new players contributing to root nodule symbiosis development. 
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COMBI NED CLSM/AFM STUDY OF RHODOCOCCUS CELL 

INTERACTIONS WITH ZINC OXIDE  NANOPARTICLES  
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The Rhodococcus actinobacteria have potential applications in 

bioremediation regarding their hydrocarbon-oxidising properties [1]. 

Nanoparticles, though typically antibacterial [2], may show some positive 

features in increasing Rhodococcus functionalization, evaluated principally 

by surface interactions.  

Using combined atomic force (Asylum Research, USA) and confocal 

laser scanning (Olympus, Japan) microscopes, the interactions between zinc 

oxide nanoparticles and Rhodococcus cells were investigated. R. 

rhodochrous IEGM 1363 and R. pyridinivorans IEGM 1227 strains from the 

Regional Specialized Collection of Alkanotrophic Microorganisms (acronym 

IEGM, WDCM # 768; www. Iegmcol.ru/strains) were assessed for cell 

viability, surface roughness and aggregation levels upon the contact with ZnO 

nanoparticles (0.1ï1.0 g/l). Incubation times with ZnO nanoparticles were 6, 

12 and 24 hours. 

The majority of R. rhodochrous cells tended to be dead in 24-hour 

incubated samples, hence rendering nanometal toxicity. R. pyridinivorans 

IEGM 1227 cells showed partial survival after daily incubation with 

nanoparticles, which may indicate the resistance of this strain to ZnO. The 

results show that the RMS (Root Mean Square) values were relatively 

uniform across all samples, for both strains. However, the roughness of R. 

pyridinivorans IEGM 1227 cells slightly increased at ZnO concentrations of 
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0.1 and 1 g/l. Negligible changes in profile shape and entire cell size across 

all concentrations and incubation times for both strains suggested that ZnO 

nanoparticles have minimal effects on cell surface morphology. It was found 

that the viability of cells, their size and degree of aggregation depend more 

on the concentration of nanoparticles than on the incubation time. The results 

suggested that ZnO nanoparticles at tested concentrations improve 

rhodococal cell aggregation and biofilm formation, thus improving cell 

functionality. 

The study was funded by the RF Ministry of Science and Higher 

Education (State Assignment 6.3330.2017/4.6) . E. Lalande has participated 

in the study during the Summer Practicum in Environmental Microbiology & 

Biotechnology at the Perm State National Research University in July 2018. 
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Actinobacteria of the genus Rhodococcus are able to metabolize 

aromatic hydrocarbons and their derivates. Biotransformation of these 

compounds generally proceeds via the action of multicomponent 

dioxygenases or through successive monoxygenations of the aromatic rings 

to produce diols [1]. Indene is a polycyclic aromatic hydrocarbon with a 

molecular formula of C9H8. It is composed of a benzene ring fused with a 

cyclopentene ring. Indene can be converted microbiologically to a variety of 

indandiols, two of which are promising precursors in the synthesis of the HIV 
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protease inhibitor indinavir sulfate. Since indene is highly toxic [2], bacterial 

strains resistant to its high concentrations are required for the growth-coupled 

biotransformation. This study is aimed at the evaluation of indene effects on 

the viability of Rhodococcus collection strains, with the objective of 

identifying the most resistant ones.  

The 25 Rhodococcus strains belonging to R. erythropolis, R. jostii, R. 

opacus, R. rhodochrous and R. ruber from the Regional Specialized 

Collection of Alkanotrophic Microorganisms (acronym IEGM, WDCM # 

768; www. Iegmcol.ru/strains) were studied. 

Reduction of iodonitrotetrazolium violet, INT (Sigma-Aldrich, USA), 

into insoluble formazan, visible as a dark-red precipitate, was used as an 

indicator of bacterial viability upon the contact to indene tested 

concentrations (0.02-50.0 g/l). Since indene (95%, Energy Chemical, China) 

does not dissolve in the mineral medium, an ultrasound treatment (5A, 5 min) 

was used to produce a homogeneous emulsion. To protect the ready-made 

indene from photo-oxidation, the glass vial was immediately wrapped in 

aluminum foil. Viability testing was performed in 96-well microplates, which 

we examined after INT staining, using a microplate reader (Multiskan 

Ascent, Thermo, Finland) at 630 nm. 

It was found that indene at concentrations above 1.0-1.5 g/l has an 

inhibiting effect on the vast majority of rhodococcal strains within all five 

species. However, growth stimulating effects were observed even at higher 

concentrations (up to 10 g/l), particularly for R. rhodochrous IEGM 757, R. 

ruber IEGM 75 and R. opacus IEGM 717 (and to a lower extent R. jostii 

IEGM 1193), thus indicating the ability of Rhodococcus actinobacteria to use 

indene as a sole carbon source. 

The work was financially supported by RSF grant 18-14-00140. S. 

Sandalli has participated in the study during the Summer Practicum in 

Environmental Microbiology & Biotechnology at the Perm State National 

Research University in July 2018. 
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Antimicrobial resistance (AMR) in the environment represents a 

theme of great interest; it has recently became recognised as an important 

global issues for public health in terms of impact on society. Untreatable 

infections have been increasingly developing; existing antimicrobials are 

becoming less effective; and there is currently a lack of innovation towards 

new antimicrobials at present. The rapid spread of multi-drug resistance 

bacteria warrants immediate attention, as we may be approaching a reality 

where we become unable to combat infections. We must, therefore, 

understand how AMR develops and disseminates itself across sectors: human 

health, agriculture and the environment. This holistic approach is needed to 

avoid returning to a pre-antimicrobial era. 

We need to fill knowledge as to gaps why antimicrobial resistance 

exists and how it may be transmitted. Much research (and media attention) 

has focussed on AMR in clinical settings and to a slightly lesser extent in 

animal husbandry. Our works highlights that there is a need for a greater 

understanding how the environment influences the evolution, acquisition and 

spread of antimicrobial resistance, and acts as a reservoir of resistance. 

Through a series of targeted experiments, which has included: field 

studies, historical soil archives and an in-depth examination of an industrial 

estuary, we demonstrate that environmental conditions such as potentially 

toxic elements (PTEs, e.g., metals) and/or polycyclic aromatic hydrocarbons 

(PAHs) stress bacteria and contribute to the AMR problem. Analytical 

methods include microbiological susceptibility assays providing 

toxicological endpoints, sensitive quantitative genetic assays (e.g., qPCR) 

and high-throughput genetic arrays to provide the surveillance data to inform 
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scientists and policy makers. All this is corroborated by high-quality, multi-

parametric environmental chemistry data. 

Results affirm that natural geochemical conditions, regardless of 

human activity, could elevate AMR among environmental bacteria. More 

importantly, pollution events, either contemporary or historical, directly 

create long-lasting impacts in terms of environment óresistomeô (collection 

of bacteria with resistance traits) via co- and cross-selective pressures. The 

mere presence of resistance traits imposes an elevated risk, as environmental 

conditions worsen and stress bacteria, resistance genes become mobilised 

among bacteria. A recipient bacterium could be a pathogen, impacting food 

and water security and increased drug-resistant infection risks to human 

populations. 

 

ENHANCING THE PROPERTIES OF BACTERIAL BIOMINERALS 

FOR ENGINEERI NG: OPTIMIZATION OF ARAGONITE 

PRECIPITATION  

 

Tatyana Peshkur, Vernon Phoenix11 

 

Department of Civil & Environmental Engineering, University of 

Strathclyde, Glasgow, Scotland, UK 

 

Keywords: aragonite, microbial induced carbonate precipitation, 

engineering 

 

Bacterially generated minerals have outstanding potential as 

alternatives to traditional cements and grouts in a wide range of engineering 

applications. However, the current approach to mineral generation - microbial 

induced carbonate precipitation (MICP) - exclusively generates the mineral 

calcite.  This is a potential flaw because it assumes the mechanical properties 

of calcite are appropriate for the full gamut of diverse applications.  Ideally, 

we should be able to generate a range of biominerals that have different 

mechanical properties optimized for specific tasks.  In nature, organisms such 

as mussels and oysters produce carbonate shells of superior mechanical 

properties through the interaction and incorporation of other ions and 

molecules.  Inspired by this, we are exploring how mineral enhancements can 

provide advantageous properties in microbially generated minerals.  This will 

provide the first steps towards a new generation of bacterially generated 

minerals with superior performance in engineering applications. In the work 

presented here, we used a magnesium inhibition approach to generate the 
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mineral aragonite.  Aragonite has the same chemical composition as calcite, 

but its different crystal structure affords it superior strength.  Indeed, the 

presence of aragonite is one of the contributing factors to the strength of 

mussel and oyster shells. We precipitated calcium carbonate minerals using 

ureolytic bacteria in the presence of different concentrations of magnesium 

and in systems either unbuffered or pH buffered at pH 6 and 7. Our results 

demonstrate a range of calcium carbonate minerals can be generated under 

different magnesium concentrations and levels of pH. As magnesium 

concentration in the system increased the quantity of aragonite generated 

increased, with a maximum generation of 90 % aragonite (pH 7).  This is 

significant as aragonite is a stronger mineral than calcite. We were also able 

to make significant quantities of high-Mg calcite at pH 6 (over 80 %).  The 

presence of high Mg-calcite is significant as it is harder than calcite. Overall 

this demonstrates the potential of tuning the biomineral mechanical 

properties for specific engineering tasks. 

 

NEW SET UP FOR PATHOGENICITY EVALUATION OF HUMAN 

UROPATHOGENIC ESCHERICHIA COLI  STRAINS BASED  

ON BIOMIMMETIC MODEL OF NORMAL PORCINE 

UROTHELIUM IN VITRO  

 

Luka Predojeviĺ1, Darja Ģgur-Bertok1, Darja Keġe2,  

Mateja Erdani Kreft3, Marjanca Starļiļ Erjavec1 12 

 
1Biotechnical Faculty, Department of Biology, Ljubljana, Slovenia 
2Faculty of Medicine, Institute of Microbiology and Immunology, Ljubljana, 

Slovenia 
3Faculty of Medicine, Institute of Cell Biology, Ljubljana, Slovenia 

 

Keywords: uropathogenic E. coli, porcine bladder, urothelial in vitro 

model, virulence factors, biofilm 

 

Escherichia coli (E. coli) is part of the normal gut microbiota of warm 

blooded animals including humans[1]. Most of E. coli strains are considered 

harmless, although certain strains can cause different infections, among them 

also urinary tract infections (UTIs)[2]. E. coli strains causing UTIs are 

designated as uropathogenic strains of E. coli (UPEC)[3]. In 80-90% of 

community-acquired UTIs the UPEC are the predominant cause for the 

infection [4]. The research of uropathogenicity among UPEC strains is a fast 

growing field and many different models for assessing the different aspects 
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of uropathogenicity are already established with their own advantages and 

limitations[5] Nevertheless, simple, easy to use models are still lacking. 

Therefore, our first goal was to develop a model system for the investigation 

of uropathogenesis of human E. coli strains, which would be simple, quick 

and based on an easily accessible biological material source (porcine 

bladders). For this purpose, we established a biomimetic model of highly 

differentiated urothelium in vitro, whose morphology, molecular 

composition, and ultrastructure were thoroughly characterized in our 

previous studies [6, 7]. Our second goal was to find a correlation between 

pathogenicity of different human E. coli strains, as estimated by their effect 

on our biomimetic urothelial model in vitro, and their genetic background and 

ability to form biofilm. 

For the construction of our in vitro biomimetic model, normal healthy 

urothelial cells derived from the porcine bladder urothelium were used [5, 6]. 

For the initial assays with the biomimetic urothelial in vitro model in order to 

set up the system, five different E. coli strains were employed: UPEC J96 and 

UPEC 536 strain, the commensal E. coli SE15 strain, isolated from a faecal 

sample of a healthy human donor and two laboratory E. coli strains, strain 

MG1655, which is known to be similar to a natural commensal E. coli strain 

and the typical laboratory E. coli strain DH5Ŭ. In subsequent assays 

employing the biomimetic urothelial in vitro model, 10 UPEC strains isolated 

from patients with UTIs and 10 faecal E. coli strains (FEC) isolated from 

healthy humans were used. Pathogenicity was evaluated as the percentage of 

viability of urothelial cells in the biomimetic model after 3 hours of infection 

with different E. coli strains. To characterise the E. coli strains used in the 

presented study, we performed biofilm formation assays and PCR for 

genotyping (phylogenetic group, UPEC virulence-associated genes).  

In general, results of the urothelial cellsô viability in the here used 

biomimetic urothelial model corresponded with the type of the E. coli strain. 

When infected with UPEC strains, viability of the cells in our model was 

much lower than the viability of cells after infection with FEC strains. The 

total number of virulence factor genes did not correlate with the viability 

level, but certain genes (cnf1, hlyA, clbAQ, papGIII, sfaDE and tcpC) were 

more frequently found among strains, which caused a significant lower 

viability of urothelial cells. The biofilm assays (formed biofilm measured as 

absorbance at 570 nm) showed no correlation between certain group of strains 

(either FEC or UPEC) or level of viability (high or low) and the amount of 

formed biofilm. 

In conclusion, genetic, biofilm and cellular analyses of human UPEC 

and FEC strains showed that among both strain groups, some strains 

possessed more virulence factor genes, formed a more pronounced biofilm 

and decreased viability of urothelial cells in the in vitro model. However, 

there was no correlation between biofilm formation, number of virulence 

factor genes and low viability of urothelial cells. 
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ʉʂʈʀʅʀʅɻ ɹɸʂʊɽʈʀʁ ʉɽʄɽʁʉʊɺɸ HALOMONADACEAE  

ʅɸ ʉʇʆʉʆɹʅʆʉʊʔ ʅɸʂɸʇʃʀɺɸʊʔ ʕʂʊʆʀʅ 

 
ɸʥʘʥʴʠʥʘ ʃʶʜʤʠʣʘ ʅʠʢʦʣʘʝʚʥʘ1, ʇʴʷʥʢʦʚʘ ɸʥʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ1, 

ʐʝʩʪʘʢʦʚʘ ɽʣʝʥʘ ɸʥʘʪʦʣʴʝʚʥʘ1, ɻʦʨʙʫʥʦʚ ɸʣʝʢʩʝʡ ɸʨʢʘʜʴʝʚʠʯ213 

 
1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2çʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʈʆ ʈɸʅè - ʬʠʣʠʘʣ ʌɻɹʋʅ ʇʌʀʎ 

ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Halomonadaceae, ʵʢʪʦʠʥ 

 

ʕʢʪʦʠʥ ʷʚʣʷʝʪʩʷ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ 

ʦʩʤʦʧʨʦʪʝʢʪʦʨʦʤ, ʧʦʩʢʦʣʴʢʫ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 
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ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʩʨʝʜʩʪʚʘʭ ʧʦ ʫʭʦʜʫ ʟʘ ʢʦʞʝʡ), ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʤʝʜʠʮʠʥʝ [1]. ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʛʣʶʢʦʟʦʡ (ʙʝʟ ʜʨʦʞʞʝʚʦʛʦ 

ʵʢʩʪʨʘʢʪʘ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 50 ʛ/ʣ NaCl ʦʩʥʦʚʥʳʤ ʦʩʤʦʧʨʦʪʝʢʪʦʨʦʤ 

ʙʘʢʪʝʨʠʡ ʩʝʤʝʡʩʪʚʘ Halomonadaceae ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟʠʨʫʝʤʳʡ de novo 

ʵʢʪʦʠʥ [2].  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʢʪʦʠʥʘ ʫ ʙʘʢʪʝʨʠʡ ʩʝʤʝʡʩʪʚʘ 

Halomonadaceae, ʚʳʜʝʣʝʥʥʳʭ ʨʘʥʝʝ ʠʟ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʙʠʦʪʦʧʦʚ (ʩʦʣʝʦʪʚʘʣʳ) ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʨʘʡʦʥʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʩʦʣʝʥʦʩʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

ʇʨʦʚʝʜʝʥ ʩʢʨʠʥʠʥʛ 12 ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ ʨʦʜʦʚ Salinicola, 

Halomonas ʠ Chromohalobacter ʩʝʤʝʡʩʪʚʘ Halomonadaceae ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʢʘʧʣʠʚʘʪʴ ʵʢʪʦʠʥ. ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʚʳʨʘʱʠʚʘʣʠ 

ʚ 100 ʤʣ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʳ ʈʘʡʤʦʥʜʘ [3], ʩʦʜʝʨʞʘʱʝʡ 50 ʛ/ʣ NaCl, ʩ 

ʛʣʶʢʦʟʦʡ ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʛ/ʣ, ʚ ʢʦʣʙʘʭ ʦʙʲʸʤʦʤ 250 ʤʣ ʧʨʠ 

280ʉ ʥʘ ʦʨʙʠʪʘʣʴʥʦʤ ʰʝʡʢʝʨʝ ʋɺʄʊ-12-250 ʧʨʠ 100 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 

24 ʯʘʩʦʚ. ʕʢʩʪʨʘʢʮʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʢʣʝʪʦʢ ʠ 

ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ 

Schubert et al. [4]. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʵʢʪʦʠʥʘ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʦʤ (Fluka, ɻʝʨʤʘʥʠʷ). ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʵʢʪʦʠʥʘ ʚ ʵʢʩʪʨʘʢʪʘʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ çLCsolutionè (Shimadzu, ʗʧʦʥʠʷ). ɸʥʘʣʠʟ ʵʪʘʥʦʣʴʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʤʝʪʦʜʦʤ ʦʙʨʘʱʝʥʥʦ-

ʬʘʟʦʚʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚʳʷʚʠʣ, ʯʪʦ 

ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʰʪʘʤʤʳ ʥʘʢʘʧʣʠʚʘʣʠ ʵʢʪʦʠʥ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0.09-

0.21 ʤʢʤʦʣʴ/ʤʛ ʩʳʨʦʡ ʙʠʦʤʘʩʩʳ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʢʪʦʠʥʘ 

ʦʪʤʝʯʝʥʦ ʚ ʢʣʝʪʢʘʭ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Chromohalobacter, ʘ ʥʘʠʤʝʥʴʰʝʝ - ʚ 

ʢʣʝʪʢʘʭ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Halomonas. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʜʫʢʮʠʶ ʵʢʪʦʠʥʘ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʰʪʘʤʤʳ Chromohalobacter sp. TC191 (=N1) ʠ ʊʉ193 (=N3). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʠʦʩʠʥʪʝʟ ʵʢʪʦʠʥʘ ʷʚʣʷʣʩʷ ʩʦʣʝʠʥʜʫʮʠʙʝʣʴʥʳʤ, ʪ.ʢ. ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 10 ʛ/ʣ NaCl ʵʢʪʦʠʥ ʚ ʢʣʝʪʦʯʥʳʭ ʵʢʩʪʨʘʢʪʘʭ ʥʝ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʩ 50 ʜʦ 100 ʛ/ʣ NaCl ʧʨʠʚʝʣʦ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʢʪʦʠʥʘ ʫ ʰʪʘʤʤʦʚ TC191 ʠ ʊʉ193 ʩ 1.1Ñ0.2  ʜʦ 

2.07Ñ0.04  ʤʢʤʦʣʴ/ʤʛ ʩʫʭʦʛʦ ʚʝʩʘ ʠ ʩ 0.9Ñ0.007  ʜʦ 1.65Ñ0.2 ʤʢʤʦʣʴ/ʤʛ 

ʩʫʭʦʛʦ ʚʝʩʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʝ 1ʅ ʗʄʈ-ʩʧʝʢʪʨʦʚ 

ʢʣʝʪʦʯʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʰʪʘʤʤʘ Chromohalobacter sp. TC191, 

ʚʳʨʘʱʝʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 50 ʛ/ʣ NaCl, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʤʠʤʦ ʵʢʪʦʠʥʘ 

ʰʪʘʤʤ ʩʠʥʪʝʟʠʨʦʚʘʣ ʙʝʪʘʠʥ, ʘʣʘʥʠʥ, ʪʨʝʛʘʣʦʟʫ ʠ 

ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʥʝ ʷʚʣʷʶʱʝʝʩʷ ʛʣʫʪʘʤʠʥʦʚʦʡ 
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ʢʠʩʣʦʪʦʡ ʠʣʠ ʛʣʫʪʘʤʠʥʦʤ. ʂʣʝʪʢʠ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 100 ʛ/ʣ 

NaCl, ʧʦʤʠʤʦ ʵʢʪʦʠʥʘ ʥʘʢʘʧʣʠʚʘʣʠ ʘʣʘʥʠʥ, ʤʦʣʦʯʥʫʶ ʢʠʩʣʦʪʫ, 

ʛʠʜʨʦʢʩʠʵʢʪʦʠʥ ʠ ʚʳʰʝʫʧʦʤʷʥʫʪʦʝ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

ˉ 17-44-590178. 
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ʀɿʋʏɽʅʀɽ ɹɸʂʊɽʈʀʁ ʂʃɸʉʉɸ ACTINOBACTERIA  

ʅɸ ʉʇʆʉʆɹʅʆʉʊʔ ʉʀʅʊɽɿʀʈʆɺɸʊʔ ʕʂʊʆʀʅ ɺ ʋʉʃʆɺʀʗʍ 

ɺʓʉʆʂʆʁ ʉʆʃɽʅʆʉʊʀ ʉʈɽɼʓ ʂʋʃʔʊʀɺʀʈʆɺɸʅʀʗ 

 
ɸʥʘʥʴʠʥʘ ʃʶʜʤʠʣʘ ʅʠʢʦʣʘʝʚʥʘ, ʐʝʩʪʘʢʦʚʘ ɽʣʝʥʘ ɸʥʘʪʦʣʴʝʚʥʘ14 

 

çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Actinobacteria, ʵʢʪʦʠʥ 

 

ʀʟ ʧʦʯʚ ʨʘʡʦʥʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ 

ʩʦʣʝʥʦʩʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʤʝʪʦʜʦʤ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʚ ʤʠʥʝʨʘʣʴʥʦʡ 

ʩʨʝʜʝ ʈʘʡʤʦʥʜʘ [1], ʩʦʜʝʨʞʘʱʝʡ 30-60 ʛ/ʣ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʠ ʥʘʬʪʘʣʠʥ 

(1 ʛ/ʣ), ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʰʪʘʤʤʳ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʛʘʣʦʪʦʣʝʨʘʥʪʥʳʭ 

ʙʘʢʪʝʨʠʡ ʬʠʣʫʤʘ çActinobacteriaè, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʨʦʜʘʤ Rhodococcus 

[2], Microbacterium ʠ Brevibacterium.  

ʇʨʦʚʝʜʝʥ ʩʢʨʠʥʠʥʛ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʵʢʪʦʠʥ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ. 
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ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʚʳʨʘʱʠʚʘʣʠ ʚ 100 ʤʣ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʳ 

ʈʘʡʤʦʥʜʘ, ʩʦʜʝʨʞʘʱʝʡ 50 ʛ/ʣ NaCl, ʩ ʛʣʶʢʦʟʦʡ ʚ ʢʦʥʝʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʛ/ʣ ʚ ʢʦʣʙʘʭ ʦʙʲʸʤʦʤ 250 ʤʣ ʧʨʠ 280ʉ ʥʘ ʦʨʙʠʪʘʣʴʥʦʤ 

ʰʝʡʢʝʨʝ ʋɺʄʊ-12-250 ʧʨʠ 100 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʕʢʩʪʨʘʢʮʠʶ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʢʣʝʪʦʢ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ 

ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ Schubert et al. [3]. ʀʜʝʥʪʠʬʠʢʘʮʠʶ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ ʩ 

ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʦʤ ʵʢʪʦʠʥʘ (Fluka, ɻʝʨʤʘʥʠʷ). ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʘʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ çLCsolutionè (Shimadzu, ʗʧʦʥʠʷ). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʢʪʦʠʥʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ 36.80 ʥʤʦʣʴ/ʤʛ ʩʳʨʦʡ ʙʠʦʤʘʩʩʳ, 

ʦʙʥʘʨʫʞʝʥʘ ʚ ʢʣʝʪʢʘʭ ʰʪʘʤʤʘ Brevibacterium sp. B-R. ɸ ʥʘʠʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʢʪʦʠʥʘ ʦʪʤʝʯʝʥʦ ʚ ʢʣʝʪʢʘʭ ʙʘʢʪʝʨʠʠ Microbacterium sp. Y6 

(0.39 ʥʤʦʣʴ/ʤʛ ʩʳʨʦʡ ʙʠʦʤʘʩʩʳ). ɺʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʢʪʦʠʥʘ 

ʫ ʰʪʘʤʤʦʚ ʨʦʜʘ Rhodococcus ʟʘʚʠʩʝʣʦ ʦʪ ʢʫʣʴʪʫʨʳ ʠ ʥʘʭʦʜʠʣʦʩʴ ʚ 

ʧʨʝʜʝʣʘʭ 0.78-8.66 ʥʤʦʣʴ/ʤʛ ʩʳʨʦʡ ʙʠʦʤʘʩʩʳ. 

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʜʝʪʝʨʤʠʥʠʨʫʶʱʠʭ 

ʬʝʨʤʝʥʪʳ ʩʠʥʪʝʟʘ ʦʩʤʦʧʨʦʪʝʢʪʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ð ʵʢʪʦʠʥʘ, ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʧʦʠʩʢ ect-ʛʝʥʦʚ ʚ ʛʝʥʦʤʘʭ ʙʘʢʪʝʨʠʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʮʝʥʪʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʉʐɸ 

(https://www.ncbi.nlm.nih.gov). ʅʘ ʦʩʥʦʚʝ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ 

ʚʳʨʘʚʥʠʚʘʥʠʷ 55 ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʨʝʛʠʦʥʳ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ, ʢ ʢʦʪʦʨʳʤ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ GEA 

(5ôIYTIITBRTBTGGCA3ô) ʠ GEB (5ôGRAAIGTICCRTTRTG3ô), 

ʘʤʧʣʠʬʠʮʠʨʫʶʱʠʝ ʬʨʘʛʤʝʥʪ, ʚʢʣʶʯʘʶʱʠʡ ʫʯʘʩʪʢʠ ectA ʠ ectB-ʛʝʥʦʚ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʙʝʩʧʣʘʪʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ  

OligoAnalyzer 3.1 (https://eu.idtdna.com/calc/analyzer) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ. 

ɸʧʨʦʙʠʨʦʚʘʥʠʝ ʧʨʘʡʤʝʨʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʪʨʠʮʝ ɼʅʂ ʙʘʢʪʝʨʠʡ ʨʦʜʦʚ 

Rhodococcus, Brevibacterium, Microbacterium. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ GEA/GEB ʧʨʠʚʝʣʦ ʢ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʧʨʦʜʫʢʪʘ ʦʞʠʜʘʝʤʦʡ ʜʣʠʥʳ ʦʢʦʣʦ 1100 ʧ.ʥ. ʪʦʣʴʢʦ ʥʘ ʤʘʪʨʠʮʝ ɼʅʂ 

ʰʪʘʤʤʘ Brevibacterium sp. B-R. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʜʝʪʝʨʤʠʥʘʥʪ ʬʝʨʤʝʥʪʦʚ ʙʠʦʩʠʥʪʝʟʘ ʵʢʪʦʠʥʘ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʦ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 01201353247. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Plotnikova E.G. et al. Thalassospira permensis sp. nov., a new 

terrestrial halotolerant bacterium isolated from a naphthalene-utilizing 

microbial consortium. // Mikrobiologiia. 2011. V 80, ˉ5. ʈ. 691-699. 

2. Ananôina L.N. et al.  Naphthalene-degrading bacteria of the genus 

Rhodococcus from the Verkhnekamsk salt mining region of Russia // Antonie 

https://www.ncbi.nlm.nih.gov/pubmed/22168013


41 

 

van Leeuwenhoek. 2011. V.100. P. 309ï316. 

3. Schubert T et al. Continuous synthesis and excretion of the 

compatible solute ectoine by a transgenic, nonhalophilic bacterium // Appl 

Environ Microbiol. 2007. V. 73. P. 3343ï3347. 

 

ɹʀʆɼɽʉʊʈʋʂʎʀʗ ʀɹʋʇʈʆʌɽʅɸ  

ʂʃɽʊʂɸʄʀ RHODOCOCCUS ERYTHROPOLIS ʀʕɻʄ 501 

 

ɹʘʞʫʪʠʥ ɻʨʠʛʦʨʠʡ ɸʥʜʨʝʝʚʠʯ, ʊʶʤʠʥʘ ɽʣʝʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ15 

 

ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʙʫʧʨʦʬʝʥ, ʙʠʦʜʝʩʪʨʫʢʮʠʷ, Rhodococcus 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʠʦʙʨʝʣʘ ʧʣʘʥʝʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦ ʤʘʩʰʪʘʙʘʤ ʠ ʧʦ ʟʥʘʯʠʤʦʩʪʠ. ʆʥʦ 

ʦʙʥʘʨʫʞʝʥʦ ʜʘʞʝ ʚ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʨʝʛʠʦʥʘʭ, ʪʘʢʠʭ ʢʘʢ ɸʥʪʘʨʢʪʠʢʘ, 

ʪʝʨʨʠʪʦʨʠʷ ʢʦʪʦʨʦʡ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʘʩʴ ʥʝʧʦʜʚʝʨʞʝʥʥʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ [1]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʬʘʨʤʧʦʣʣʶʪʘʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʠʙʫʧʨʦʬʝʥ (C13H18O2; CAS: 15687-27-1; (RS)-2-[4-(2-

ʤʝʪʠʣʧʨʦʧʠʣ)ʬʝʥʠʣ]ʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ) ï ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʳʡ ʠ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʥʝʩʪʝʨʦʠʜʥʳʡ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʝʧʘʨʘʪ ʠʟ ʛʨʫʧʧʳ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ [2]. ʀʙʫʧʨʦʬʝʥ (ʩʠʥ. ʅʫʨʦʬʝʥÈ, ʄʀɻÈ) ï ʦʜʠʥ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩʚʦʝʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ, 

ʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʦʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ, ʘʥʘʣʴʛʝʟʠʨʫʶʱʝʝ, 

ʞʘʨʦʧʦʥʠʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ. ʉʪʘʙʠʣʴʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʦʛʦ 

ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʝʛʦ ʚʳʩʦʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʵʢʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʧʝʨʩʠʩʪʠʨʦʚʘʥʠʶ [2].  

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʬʘʨʤʧʨʝʧʘʨʘʪʦʚ ʠ 

ʠʙʫʧʨʦʬʝʥʘ ʚ ʯʘʩʪʥʦʩʪʠ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝ ʙʝʟʦʧʘʩʥʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʝʥ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʜʝʪʦʢʩʠʢʘʮʠʠ ʠ ʚʳʚʝʜʝʥʠʷ ʬʘʨʤʧʦʣʣʶʪʘʥʪʦʚ ʠʟ ʦʪʢʨʳʪʳʭ ʵʢʦʩʠʩʪʝʤ, 

ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʝʪ ʤʠʢʨʦʙʥʘʷ ʜʝʛʨʘʜʘʮʠʷ. [3ï5]. 

ɺ ʧʨʦʮʝʩʩʘʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʘʤʦʦʯʠʱʝʥʠʷ ʦʪʢʨʳʪʳʭ ʵʢʦʩʠʩʪʝʤ 

ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ ʨʦʜʘ Rhodococcus. 

ɺʳʨʘʞʝʥʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʣʘʙʠʣʴʥʦʩʪʴ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʢʣʝʪʦʯʥʦʡ ʘʛʨʝʛʘʮʠʠ ʠ, 
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ʥʘʢʦʥʝʮ, ʥʝʤʠʮʝʣʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʷʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʦʜʦʢʦʢʢʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʮʝʩʩʦʚ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʤʥʦʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʬʘʨʤʧʨʝʧʘʨʘʪʦʚ [6]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʠʙʫʧʨʦʬʝʥʘ ʢʣʝʪʢʘʤʠ R. erythropolis ʀʕɻʄ 501.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤ R. erythropolis ʀʕɻʄ 501 ʠʟ 

ʈʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʘʣʢʘʥʦʪʨʦʬʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʘʢʨʦʥʠʤ ʢʦʣʣʝʢʮʠʠ ʀʕɻʄ, ʥʦʤʝʨ 768 ʚʦ ɺʩʝʤʠʨʥʦʡ 

ʬʝʜʝʨʘʮʠʠ ʢʦʣʣʝʢʮʠʠ ʢʫʣʴʪʫʨ, www.iegmcol.ru/strains). ɺʳʨʘʱʠʚʘʥʠʝ 

ʨʦʜʦʢʦʢʢʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ RS ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0,01% ʠ 

0,005% ʠʙʫʧʨʦʬʝʥʘ, ʚʥʦʩʠʤʦʛʦ ʚ ʚʠʜʝ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ (Sigma-Aldrich, 

ʉʐɸ). ɺ ʢʘʯʝʩʪʚʝ ʢʦʩʫʙʩʪʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 0,5% D-ʛʣʶʢʦʟʫ. 

ʉʦʜʝʨʞʘʥʠʝ ʠʙʫʧʨʦʬʝʥʘ ʚ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʞʠʜʢʦʩʪʷʭ ʨʦʜʦʢʦʢʢʦʚ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʘʪʦʛʨʘʬʘ LC Prominence (Shimadzu, 

ʗʧʦʥʠʷ).  

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʨʦʜʦʢʦʢʢʠ ʥʝ ʩʧʦʩʦʙʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʙʫʧʨʦʬʝʥ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ. 

ɹʠʦʜʝʩʪʨʫʢʮʠʷ 0,01% ʠʙʫʧʨʦʬʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʣʶʢʦʟʳ ʧʨʦʪʝʢʘʣʘ 

ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ: ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʘʨʤʧʨʝʧʘʨʘʪʘ ʥʘ 55 ʩʫʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʘʚʣʷʣʘ 70,6Ñ3,1%. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʮʝʩʩ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʠʙʫʧʨʦʬʝʥʘ ʧʨʦʪʝʢʘʣ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 20 ʩʫʪ: ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʙʠʦʢʦʥʚʝʨʩʠʠ ʩʦʩʪʘʚʣʷʣʘ 0,00225 ʛ/ʣ*ʩʫʪ. ʇʦʩʣʝ ʯʝʛʦ ʩʢʦʨʦʩʪʴ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʠʙʫʧʨʦʬʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʘʩʴ (ʜʦ 0,00075 

ʛ/ʣ*ʩʫʪ).  

ɺ ʫʩʣʦʚʠʷʭ 0,005% ʠʙʫʧʨʦʬʝʥʘ ʢʣʝʪʢʠ R. erythropolis ʀʕɻʄ 501 

ʢʘʪʘʙʦʣʠʟʠʨʦʚʘʣʠ ʬʘʨʤʧʨʝʧʘʨʘʪ ʥʘ 83,4Ñ5,3% ʟʘ 20 ʩʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʫʙʳʣʠ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 0,002085 

ʛ/ʣ*ʩʫʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ʠʙʫʧʨʦʬʝʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʘ ʥʘʯʘʣʴʥʦʤ (ʧʝʨʚʳʝ 20 

ʩʫʪ) ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ ʨʦʜʘ Rhodoccoccus ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʭ 

ʚʦʟʤʦʞʥʦʤ ʚʢʣʘʜʝ ʚ ʜʝʢʦʥʪʘʤʠʥʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʪ 

ʬʘʨʤʧʦʣʣʶʪʘʥʪʦʚ. 
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00109). 
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ʫʩʠʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ɸʌʂ. ʌʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʪ 

ʙʦʣʴʰʦʡ ʚʳʙʦʨ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʙʠʦʜʦʙʘʚʦʢ, ʩʦʜʝʨʞʘʱʠʭ 

ʧʦʣʠʬʝʥʦʣʳ (ʇʌ), ʚʢʣʶʯʘʷ ʢʚʝʨʮʝʪʠʥ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʧʦ ɾʂʊ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʇʌ ʥʝ ʚʩʘʩʳʚʘʝʪʩʷ ʚ ʢʨʦʚʴ ʠʣʠ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʶ ʚ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʇʌ ʚ ʧʣʘʟʤʝ ʦʯʝʥʴ ʤʘʣʘ, ʯʪʦ 

ʜʝʣʘʝʪ ʤʘʣʦʚʝʨʦʷʪʥʳʤ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʷʤʦʤ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʤ ʜʝʡʩʪʚʠʠ ʥʘ ʢʣʝʪʢʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʢʣʝʪʦʢ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʤʠʢʨʦʙʠʦʪʘ ʢʠʰʝʯʥʠʢʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʚʘʞʥʳʡ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʦʨʛʘʥ, ʤʦʞʝʪ ʧʨʷʤʦ 

ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʩ ʇʌ ʠ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚʝʨʦʷʪʥʳʡ ʧʦʩʨʝʜʥʠʢ ʠʭ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʜʦʨʦʚʴʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʦʚ ʇʌ ʥʘ ʤʠʢʨʦʙʠʦʪʫ ʢʠʰʝʯʥʠʢʘ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʘʢʪʝʨʠʡ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ 

ʧʨʝʜʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʠʙʝʣʠ ʢʣʝʪʦʢ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ 

ʘʥʪʠʙʠʦʪʠʢʦʚ [1]. ɽʩʣʠ ʛʠʧʦʪʝʟʘ ʩʧʨʘʚʝʜʣʠʚʘ, ɸʆɸ ʇʌ ʤʦʞʝʪ 

ʠʥʪʝʨʬʝʨʠʨʦʚʘʪʴ ʩ ʜʝʡʩʪʚʠʝʤ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʚʣʠʷʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʘʥʪʠʙʠʦʪʠʢʦʪʝʨʘʧʠʠ. ʅʝʢʦʪʦʨʳʝ ʇʌ ʠ ʨʷʜ ʵʢʩʪʨʘʢʪʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ ʩʧʦʩʦʙʥʳ ʘʢʪʠʚʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ 

ʨʝʛʫʣʦʥʦʚ ʠ ʚʣʠʷʪʴ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ E. coli ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʨʝʩʩʫ 

[2]. ʆʜʥʘʢʦ ʭʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ ʇʌ ʥʘ ʩʪʨʝʩʩʦʚʳʝ ʨʝʛʫʣʦʥʳ ʠ 

ʤʝʭʘʥʠʟʤ ʠʭ ɸʆɸ ʦʩʪʘʝʪʩʷ ʤʘʣʦ ʠʟʫʯʝʥʥʳʤ. ʆʜʥʦ ʠʟ ʙʫʨʥʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʙʘʢʪʝʨʠʡ 

ʩʚʷʟʘʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʇʌ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʘʢʪʝʨʠʡ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ. 

ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʡ ʇʌ ʢʚʝʨʮʝʪʠʥ 

ʧʨʦʷʚʣʷʣ ʚʳʩʦʢʫʶ ʭʝʣʘʪʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ 

Fe2+, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚ 3.3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʭʝʣʘʪʦʨʘ 

ʜʠʧʠʨʠʜʠʣʘ. ʉʧʦʩʦʙʥʦʩʪʴ ʢʚʝʨʮʝʪʠʥʘ ʩʚʷʟʳʚʘʪʴ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ 

DPPHĘ ʙʳʣʘ ʚ 2 ʨʘʟʘ ʩʠʣʴʥʝʝ, ʯʝʤ ʫ ʪʨʦʣʦʢʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ 

ʚʳʩʦʢʦʡ ʨʘʜʠʢʘʣ-ʩʚʷʟʳʚʘʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. 

ɼʝʡʩʪʚʠʝ ʢʚʝʨʮʝʪʠʥʘ ʥʘ ʨʘʩʪʫʱʠʝ ʢʫʣʴʪʫʨʳ E. coli ʙʳʣʦ ʠʟʫʯʝʥʦ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 1 ʠ 40 ʤʢʛ/ʤʣ. ʇʨʠʩʫʪʩʪʚʠʝ 1 ʤʢʛ/ʤʣ ʢʚʝʨʮʝʪʠʥʘ ʚ 

ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʝ ʚʣʠʷʣʦ ʥʘ ʫʜʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ (Õ), ʘ ʜʦʟʘ 

40 ʤʢʛ/ʤʣ ʚʳʟʳʚʘʣʘ ʩʥʠʞʝʥʠʝ Õ ʥʘ 20% ʯʝʨʝʟ 50 ʤʠʥ ʵʢʩʧʦʟʠʮʠʠ. 

ʆʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʤʦʣʝʢʫʣʳ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʢʨʘʩʠʪʝʣʷ DiBAC4(3) ʥʝ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ ʩ ʥʦʨʤʘʣʴʥʳʤ 

ʤʝʤʙʨʘʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚʩʣʝʜʩʪʚʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ, ʧʦʵʪʦʤʫ ʢʣʝʪʢʠ, ʦʢʨʘʰʝʥʥʳʝ 

DiBAC4(3), ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʝ. ʏʝʨʝʟ 5 ʤʠʥ 

ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢʚʝʨʮʝʪʠʥʘ ʚ ʩʨʝʜʫ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ 
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ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ ʢʣʝʪʦʢ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʧʘʜʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʨʠ ʜʦʟʝ 

ʢʚʝʨʮʝʪʠʥʘ 40 ʤʢʛ/ʤʣ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ, ʫʪʨʘʪʠʚʰʠʭ ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʚʦʟʨʘʩʪʘʣʦ ʚ 3.4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʧʦʨʪʝʨʥʳʭ ʛʝʥʥʳʭ ʩʣʠʷʥʠʡ ʠʟʫʯʘʣʦʩʴ 

ʚʣʠʷʥʠʝ ʢʚʝʨʮʝʪʠʥʘ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ katG, katE, sodA, rpoS ʠ sulA, 

ʢʦʜʠʨʫʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʪʘʣʘʟʫ HPI ʠ HPII, Mn-

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʫ, ʨʝʛʫʣʷʪʦʨ ʦʙʱʝʛʦ ʩʪʨʝʩʩʦʚʦʛʦ ʦʪʚʝʪʘ RpoS ʠ 

ʠʥʛʠʙʠʪʦʨ ʢʣʝʪʦʯʥʦʛʦ ʜʝʣʝʥʠʷ, ʚʭʦʜʷʱʠʡ ʚ SOS-ʨʝʛʫʣʦʥ. 

ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʙʘʢʪʝʨʠʡ 40 ʤʢʛ/ʤʣ ʢʚʝʨʮʝʪʠʥʘ ʚʳʟʳʚʘʣʘ 29-32% 

ʠʥʜʫʢʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ katG ʠ sodA. ɼʦʟʘ 1 ʤʢʛ/ʤʣ ʧʦʚʳʰʘʣʘ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ sulA ʜʦ 41%. ʇʨʠ ʵʪʦʤ ʢʚʝʨʮʝʪʠʥ ʥʝ ʚʣʠʷʣ ʥʘ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ katE ʠ rpoS. 

ɹʘʢʪʝʨʠʮʠʜʥʳʡ ʘʥʪʠʙʠʦʪʠʢ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥ (ʎʌ), ʠʟ ʛʨʫʧʧʳ 

ʬʪʦʨʭʠʥʦʣʦʥʦʚ, ʠʥʛʠʙʠʨʫʝʪ ʩʠʥʪʝʟ ɼʅʂ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ 

ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʪʦʧʦʠʟʦʤʝʨʘʟʳ. ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʟʥʘʯʝʥʠʝ ʄʀʂ 

ʎʌ ʜʣʷ E. coli ʩʦʩʪʘʚʣʷʣʦ 0.016 ʤʢʛ/ʤʣ. ɺʳʩʦʢʘʷ ʜʦʟʘ ʢʚʝʨʮʝʪʠʥʘ 

ʦʢʘʟʳʚʘʣʘ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ, ʧʦʚʳʰʘʷ ʄʀʂ ʚ 16 ʨʘʟ. ʕʢʩʧʦʟʠʮʠʷ 

ʙʘʢʪʝʨʠʡ ʩ ʎʌ ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ Õ ʜʦ ʥʫʣʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʭʦʜʦʤ ʚ ʦʙʣʘʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʣʠʟʠʩʝ ʢʣʝʪʦʢ. ɺ ʧʨʠʩʫʪʩʪʚʠʝ ʎʌ, ʢʣʝʪʢʠ, 

ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʳʝ 40 ʤʢʛ/ʤʣ ʢʚʝʨʮʝʪʠʥʘ, ʨʦʩʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚ 7 ʨʘʟ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ, ʯʝʤ ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ. 

ʕʢʩʧʦʟʠʮʠʷ ʙʘʢʪʝʨʠʡ ʢ 0.03 ʤʢʛ/ʤʣ ʎʌ ʚ ʪʝʯʝʥʠʝ 70 ʤʠʥ 

ʧʨʠʚʦʜʠʣʘ ʢ ʩʥʠʞʝʥʠʶ ʯʠʩʣʘ ʂʆɽ ʚ 83 ʨʘʟʘ. ʇʨʝʜʦʙʨʘʙʦʪʢʘ E. coli 

40 ʤʢʛ/ʤʣ ʢʚʝʨʮʝʪʠʥʘ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʣʘ ʜʝʡʩʪʚʠʝ ʵʪʦʡ ʜʦʟʳ 

ʘʥʪʠʙʠʦʪʠʢʘ. ʅʘʧʨʦʪʠʚ, ʜʦʟʘ 1 ʤʢʛ/ʤʣ ʢʚʝʨʮʝʪʠʥʘ ʫʩʠʣʠʚʘʣʘ ʜʝʡʩʪʚʠʝ 

0.03 ʤʢʛ/ʤʣ ʎʌ, ʫʩʢʦʨʷʷ ʩʥʠʞʝʥʠʝ ʂʆɽ ʚ 26 ʨʘʟ ʫʞʝ ʯʝʨʝʟ 30 ʤʠʥ ʧʦʩʣʝ 

ʚʥʝʩʝʥʠʷ ʘʥʪʠʙʠʦʪʠʢʘ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʎʌ (0.3 ʠ 3 ʤʢʛ/ʤʣ) ʂʆɽ 

ʩʥʠʞʘʣʦʩʴ ʥʘ ʧʷʪʴ ʧʦʨʷʜʢʦʚ, ʧʨʠ ʵʪʦʤ ʧʨʝʜʦʙʨʘʙʦʪʢʘ 40 ʤʢʛ/ʤʣ 

ʢʚʝʨʮʝʪʠʥʘ ʟʘʱʠʱʘʣʘ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʫʚʝʣʠʯʠʚʘʣʘ ʯʠʩʣʦ ʂʆɽ 

ʪʦʣʴʢʦ ʚ 3.6 ʨʘʟʘ. 

ʂʦʥʢʨʝʪʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʝʤʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʢʣʝʪʢʘʭ E. coli ʧʨʠ ʜʝʡʩʪʚʠʠ ʢʚʝʨʮʝʪʠʥʘ, ʠ ʧʨʠʯʠʥʳ ʝʛʦ 

ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʫ 

ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʢʚʝʨʮʝʪʠʥʘ ʢ ʦʙʨʘʪʠʤʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʩ 

ʩʫʙʲʝʜʠʥʠʮʘʤʠ ʜʦʤʝʥʘ F1 ɸʊʌ-ʩʠʥʪʘʟʳ E. coli [3], ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ. ʄʦʜʫʣʠʨʫʶʱʝʝ 

ʚʣʠʷʥʠʝ ʧʨʝʧʘʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʚʝʨʮʝʪʠʥ, ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʘʥʪʠʙʠʦʪʠʢʘʤ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʘʥʪʠʙʠʦʪʠʢʦʪʝʨʘʧʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ˉ01201353246, ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ 

ʄʂ-3376.2018.4 ʠ ʛʨʘʥʪʘ ʂʇ ʋʨʆ ˉ18-7-8-8. 
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ʈɸʉʉɽʃɽʅʀɽ ʏʋɾɽʈʆɼʅʓʍ ɺʀɼʆɺ ɺʆɼʆʈʆʉʃɽʁ  

ɺ ɺʆɼʆʍʈɸʅʀʃʀʑɸʍ ʉʈɽɼʅɽʁ ʂɸʄʓ 

 

ɹʝʣʷʝʚʘ ʇʦʣʠʥʘ ɻʝʥʥʘʜʴʝʚʥʘ17 

 

çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʪʦʧʣʘʥʢʪʦʥ, ʠʥʚʘʟʠʠ, ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʡ 
ʚʠʜ, Actinocyclus normanii, Gonyostomum semen  

 

ʈʘʩʩʝʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʚ ʥʝʩʚʦʡʩʪʚʝʥʥʳʝ ʠʤ ʨʘʥʝʝ 

ʤʝʩʪʦʦʙʠʪʘʥʠʷ (ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʥʚʘʟʠʠ) ʷʚʣʷʶʪʩʷ ʩʝʨʴʝʟʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ. ʇʦʷʚʣʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʘʣʴʛʦʬʣʦʨʳ 

ʘʣʣʦʭʪʦʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʭ ʚʠʜʦʚ, ʧʨʦʛʨʝʩʩʠʚʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʠ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚ ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʚ ʨʘʟʥʦʦʙʨʘʟʠʠ ʘʙʦʨʠʛʝʥʥʦʡ ʬʣʦʨʳ ʠ ʪʨʝʙʫʝʪ 

ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʧʦʷʚʣʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʂʘʤʩʢʦʛʦ ʠ 

ɺʦʪʢʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚ 2017 ʛ. ʦʙʥʘʨʫʞʝʥʦ 8 ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʠʥʚʘʟʠʚʥʦʡ ʬʣʦʨʳ. ʉʝʤʴ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʤ 

ʮʝʥʪʨʠʯʝʩʢʠʤ ʜʠʘʪʦʤʦʚʳʤ ʚʦʜʦʨʦʩʣʷʤ ʠ ʦʜʠʥ ʧʨʝʜʩʪʘʚʠʪʝʣʴ 

ʨʘʬʠʜʦʬʠʪʦʚʳʭ.  

ɺ ʂʘʤʩʢʠʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʝ 

ʚʠʜʳ ʮʝʥʪʨʠʯʝʩʢʠʭ ʜʠʘʪʦʤʝʡ: Thalassiosira lacustris (Grun.) G.R.Hasle 

(Coscinodiscus lacustris Grun.) Skeletonema subsalsum (A.Cl.) Bethge, 

Thalassiosira bramaputrae (Ehrenb.) H¬kans. et Locker, T. pseudonana 

Hasle et Heimdal, T. incerta Makar., T. faurii (Gasse) Hasle, Cyclotella 

ambigua Grunow ʠ Actinocyclus normanii (Greg.) Hust. ʅʠ ʦʜʠʥ ʠʟ 

ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʭ ʚʠʜʦʚ ʚ 2017 ʛ. ʥʝ ʜʦʩʪʠʛʘʣ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ 

ʠ ʦʙʨʘʟʦʚʳʚʘʣ ʤʝʥʝʝ 1% ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. 

ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʠʡ ʨʘʡʦʥ ɺʦʪʢʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, 

ʛʜʝ Actinocyclus normanii ʜʦʩʪʠʛʘʣ 10% ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʈʘʥʝʝ 

ʵʪʦʪ ʚʠʜ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʉʨʝʜʥʝʡ ʂʘʤʳ ʜʦʩʪʠʛʘʣ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʫʯʘʩʪʚʦʚʘʣ ʚ ʮʝʥʦʟʦʦʙʨʘʟʦʚʘʥʠʠ. ɼʦʣʷ A. normanii ʚ 

ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʙʳʣʘ ʚʝʣʠʢʘ ʚ 2005ï2013 ʛʛ., ʢʦʛʜʘ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 
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ʯʠʩʣʝʥʥʦʩʪʴ ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʤʦʛʣʘ ʜʦʩʪʠʛʘʪʴ 20%, ʘ ʙʠʦʤʘʩʩʘ ï 

65% ʦʪ ʦʙʱʝʡ ʚ ʂʘʤʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠ ʯʫʪʴ ʥʠʞʝ ʚ ɺʦʪʢʠʥʩʢʦʤ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ ï ʜʦ 16% ʙʠʦʤʘʩʩʳ ʚ ʚʝʨʭʥʝʤ, 15ï32% ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʠ 

ʜʦ 43% ʚ ʧʨʠʧʣʦʪʠʥʥʦʤ ʨʘʡʦʥʝ [1; 2]. ʆʜʥʘʢʦ ʝʛʦ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʫʶ 

ʙʠʦʤʘʩʩʫ ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʩʦʦʙʱʝʩʪʚ ʧʣʘʥʢʪʦʥʘ ʦʙʦʠʭ ʚʦʜʦʭʨʘʥʠʣʠʱ 

ʧʦʩʣʝ 2013 ʛ. ʩʪʘʣ ʟʘʤʝʪʥʦ ʩʦʢʨʘʱʘʪʴʩʷ. 

ɺ 2017 ʛ. ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʦʪʜʝʣʘ ʨʘʬʠʜʦʬʠʪʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ Gonyostomum semen 

(Ehr.) Diesing. ɺʠʜ ʷʚʣʷʝʪʩʷ ʠʥʚʘʟʠʚʥʳʤ ʜʣʷ ʙʦʨʝʘʣʴʥʳʭ ʦʟʝʨ. ʆʥ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʚ ʚʦʜʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ 

ʚʝʱʝʩʪʚ [3], ʚʳʜʝʨʞʠʚʘʝʪ ʥʠʟʢʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʥʝʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ 

ʧʨʦʥʠʢʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ [4]. ɼʘʥʥʳʡ ʚʠʜ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʳʟʳʚʘʝʪ çʮʚʝʪʝʥʠʝè ʚʦʜʳ. ɽʛʦ ʤʘʩʩʦʚʦʝ ʨʘʟʚʠʪʠʝ ʚʳʟʳʚʘʝʪ 

ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʫ ʣʶʜʝʡ. ɽʛʦ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʚ ʧʨʦʙʘʭ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ɺʦʪʢʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʝʚʳʩʦʢʘ, ʚ ʮʝʥʪʨʘʣʴʥʦʤ 

ʨʘʡʦʥʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʵʪʦʪ ʚʠʜ ʦʪʤʝʯʘʝʪʩʷ ʝʜʠʥʠʯʥʦ, ʦʜʥʘʢʦ ʚ 

ʂʘʤʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 16% ʚ ʨʫʩʣʝ ʠ 33% 

ʤʝʣʢʦʚʦʜʴʷʭ, ʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʨʘʡʦʥʝ (ʥʠʞʝ ʚʧʘʜʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʧʨʠʪʦʢʦʚ) ʦʥ ʚʩʪʨʝʯʘʝʪʩʷ ʫʞʝ ʚ ʙʦʣʝʝ 90% ʧʨʦʙ ʠ ʟʘ ʩʯʝʪ ʢʨʫʧʥʳʭ 

ʨʘʟʤʝʨʦʚ ʬʦʨʤʠʨʫʝʪ 10ï30% ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʀ, ʦʯʝʚʠʜʥʦ 

ʵʪʦʪ ʚʠʜ ʪʦʣʴʢʦ ʥʘʯʘʣ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʚ ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʚʦʜʦʭʨʘʥʠʣʠʱ 

ʉʨʝʜʥʝʡ ʂʘʤʳ, ʧʦʵʪʦʤʫ ʚʦʧʨʦʩ ʦ ʝʛʦ ʨʘʩʩʝʣʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʚ 

ʨʘʟʥʦʪʠʧʥʳʭ ʚʦʜʦʝʤʘʭ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʪʨʝʙʫʝʪ ʧʨʠʩʪʘʣʴʥʦʛʦ 

ʚʥʠʤʘʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 01201353247 çʀʟʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ 

ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʣʝʟʥʳʭ ʜʣʷ ʵʢʦʮʝʥʦʟʦʚ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘè. 
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ɼʀʅɸʄʀʂɸ ʉʆɼɽʈɾɸʅʀʗ ʇɽʈʆʂʉʀɼɸ  

ʀ ʇɽʈʆʂʉʀɼɸɿʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ɺ ʃʀʉʊʔʗʍ 

ʂʋʃʔʊʋʈʅʓʍ ɿʃɸʂʆɺ ʇʈʀ ʀɿʄɽʅɽʅʀʀ ʈɽɸʂʎʀʀ 

ʂʆʈʅɽɺʆʁ ʉʈɽɼʓ 

 

ɹʦʪʘʣʦʚʘ ʂʩʝʥʠʷ ʀʚʘʥʦʚʥʘ, ʏʝʪʠʥʘ ʆʢʩʘʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ18 

 

ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʅ ʢʦʨʥʝʚʦʡ ʩʨʝʜʳ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ 

ʨʘʩʪʝʥʠʡ  

 

ʀʟʤʝʥʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ 

ʧʦʩʣʝʜʩʪʚʠʝ ʘʛʨʦʛʝʥʥʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʉʥʠʟʠʪʴ 

ʨʅ ʧʦʯʚʳ ʤʦʞʝʪ ʚʥʝʩʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʢʠʩʣʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ. ʉʘʤʦ ʦʪʯʫʞʜʝʥʠʝ ʫʨʦʞʘʝʚ ʩ ʧʦʣʝʡ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʦʙʝʜʥʝʥʠʶ ʧʦʯʚ ʵʣʝʤʝʥʪʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ 

ʨʘʩʪʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʩʥʦʚʘʥʠʷʤʠ. ʅʘ ʧʦʣʠʚʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʴʷʭ ʚʪʦʨʠʯʥʦʝ ʟʘʩʦʣʝʥʠʝ ʦʙʳʯʥʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝʤ ʧʦʯʚ. ʇʦʙʦʯʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʨʠʨʦʜʫ ʷʚʣʷʝʪʩʷ ʚʳʧʘʜʝʥʠʝ ʢʠʩʣʳʭ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʠ ʧʳʣʠ, ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʚʙʣʠʟʠ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʇʦʯʚʝʥʥʘʷ ʱʝʣʦʯʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʧʦʩʪʫʧʣʝʥʠʷ 

ʚ ʧʦʯʚʳ ʩʦʣʝʚʳʭ ʦʪʭʦʜʦʚ, ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʛʦʣʦʣʝʜʥʳʭ ʩʦʣʝʡ [1-3].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʤʘʭ ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ ʚʳʟʳʚʘʶʪ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ï ʜʠʩʙʘʣʘʥʩ ʤʝʞʜʫ ʦʢʩʠʜʘʥʪʘʤʠ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ ʚ ʧʦʣʴʟʫ ʦʢʩʠʜʘʥʪʦʚ [5-6]. ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘʢʦʧʣʝʥʠʝ ʧʨʠ ʵʪʦʤ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ ʠ ʫʩʠʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ. 

ʈʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ï ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ, 

ʦʜʥʘʢʦ, ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ ʨʘʩʪʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʢʠʩʣʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʳ ʦʩʪʘʶʪʩʷ ʩʣʘʙʦʠʟʫʯʝʥʥʳʤʠ. ʎʝʣʴ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ - ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʢʠʩʣʦʡ ʠ ʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʠ 

ʢʦʨʥʝʚʦʡ ʩʨʝʜʳ ʥʘ ʜʠʥʘʤʠʢʫ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʦʢʩʠʜʘ ʠ ʧʝʨʦʢʩʠʜʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʣʠʩʪʴʷʭ ʧʰʝʥʠʮʳ ʠ ʨʞʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʰʝʥʠʮʫ ʤʷʛʢʫʶ 

Triticum aestivum L. ʠ ʨʦʞʴ ʧʦʩʝʚʥʫʶ Secale cereale L.. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʟʘʤʦʯʝʥʥʳʝ ʩʝʤʝʥʘ ʚʳʩʘʞʠʚʘʣʠ ʚ ʚʝʨʤʠʢʫʣʠʪ. ʅʘ 7 ʜʝʥʴ ʧʦʩʣʝ ʧʦʩʘʜʢʠ 

ʥʘ ʢʦʨʥʝʚʫʶ ʩʨʝʜʫ ʨʘʩʪʝʥʠʡ ʚʦʟʜʝʡʩʪʚʦʚʘʣʠ ʩʪʨʝʩʩ-ʬʘʢʪʦʨʦʤ ï ʢʠʩʣʳʤ 

ʠʣʠ ʱʝʣʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʢʦʥʪʨʦʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʦʣʠʚʘʣʠ 
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ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʂʠʩʣʫʶ ʩʨʝʜʫ ʨʘʩʪʚʦʨʘ ʩʦʟʜʘʚʘʣʠ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʦʡ ʜʦ ʨʅ=3. ʑʝʣʦʯʥʦʡ ʨʘʩʪʚʦʨ ï ʛʣʠʮʠʥ-NaOH ʙʫʬʝʨ c pH=10. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʝʘʢʮʠʠ ʩʨʝʜʳ ʚ ʚʝʨʤʠʢʫʣʠʪʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʱʝʣʦʯʥʳʭ ʠ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʥʘ ʨʅ-

ʤʝʪʨʝ ʚ ʜʠʥʘʤʠʢʝ. ɸʢʪʠʚʥʦʩʪʴ ʧʝʨʦʢʩʠʜʘʟʳ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ 

ʦʧʨʝʜʝʣʠʣʠ ʧʦ ʤʝʪʦʜʫ ɸ.ʅ.ɹʦʷʨʢʠʥʘ (1951), ʩʦʜʝʨʞʘʥʠʝ ʧʝʨʦʢʩʠʜʘ - ʧʦ 

ʬʝʨʨʦʪʠʦʮʠʘʥʘʪʥʦʤʫ ʤʝʪʦʜʫ (Sagisaka, 1976) ʯʝʨʝʟ 0,5, 1, 2, 3, 4 ʠ 24 

ʯʘʩʘ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʧʦʚʪʦʨʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʡ ï 

ʪʨʝʭʢʨʘʪʥʘʷ. 

ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ï ʦʜʥʘ ʠʟ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʘʷ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʨʘʩʪʝʥʠʷʭ ʧʨʠ ʚʣʠʷʥʠʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 

ʢʦʨʥʝʚʦʡ ʩʨʝʜʳ. ɺ ʧʝʨʚʳʝ ʩʨʦʢʠ ʥʘʙʣʶʜʝʥʠʡ, 30 ʤʠʥ ʠ 1 ʯʘʩ, 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʦʢʩʠʜʘ ʚ ʣʠʩʪʴʷʭ ʧʰʝʥʠʮʳ ʥʘ ʬʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʩʣʦʡ 

ʨʝʘʢʮʠʠ ʙʳʣʦ ʧʦʯʪʠ ʚ 3 ʨʘʟʘ ʚʳʰʝ ʢʦʥʪʨʦʣʷ (ʨʠʩ. 1). ɺ ʩʣʝʜʫʶʱʠʝ ʪʨʠ 

ʯʘʩʘ ʦʪʤʝʯʝʥʦ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʘ ʯʝʨʝʟ ʩʫʪʢʠ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʢʦʥʪʨʦʣʝʤ ʠ 

ʦʧʳʪʦʤ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʅʘ ʬʦʥʝ ʱʝʣʦʯʥʦʡ ʩʨʝʜʳ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 30 

ʤʠʥʫʪ ʩʦʜʝʨʞʘʥʠʝ ʧʝʨʝʢʠʩʠ ʚ ʣʠʩʪʴʷʭ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʨʠ ʨʅ 3, ʙʳʣʦ 

ʚʳʰʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ. ʏʝʨʝʟ 1 ʯʘʩ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʦʢʩʠʜʘ, ʯʝʨʝʟ 2, 3, 4 ʯʘʩʘ ʫʨʦʚʝʥʴ ʧʝʨʦʢʩʠʜʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʣʩʷ (ʚ 3 ï 4 ʨʘʟʘ ʙʦʣʴʰʝ ʢʦʥʪʨʦʣʷ), ʘ ʯʝʨʝʟ 24 ʯʘʩʘ ʟʥʘʯʠʤʳʭ 

ʨʘʟʣʠʯʠʡ ʩ ʢʦʥʪʨʦʣʝʤ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. 

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʣʠʩʪʴʷʭ 

ʧʰʝʥʠʮʳ ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʨʅ ʢʦʨʥʝʚʦʡ ʩʨʝʜʳ 

ɺ ʣʠʩʪʴʷʭ ʨʞʠ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʩʦʜʝʨʞʘʥʠʝ 

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʨʦʚʥʷʭ ʨʅ ʢʦʨʥʝʚʦʡ ʩʨʝʜʳ (ʨʠʩ. 2). 

ɿʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʧʝʨʝʢʠʩʠ ʥʘ ʬʦʥʝ ʢʠʩʣʦʡ ʨʝʘʢʮʠʠ ʩʨʝʜʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʟ 3 ʯʘʩʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʪʨʝʩʩ-ʬʘʢʪʦʨʦʤ, ʠ ʯʝʨʝʟ 24 ʯʘʩʘ ï ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ. ʅʘ ʬʦʥʝ 
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ʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʠ ʩʨʝʜʳ ʫ ʨʞʠ ʜʦʩʪʦʚʝʨʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʷ ʚ 

ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʥʘʙʣʶʜʝʥʠʡ, ʚ ʦʩʪʘʣʴʥʳʝ ʩʨʦʢʠ 

ʟʥʘʯʝʥʠʷ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʢʦʥʪʨʦʣʷ. 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʣʠʩʪʴʷʭ ʨʞʠ 

ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʨʅ ʢʦʨʥʝʚʦʡ ʩʨʝʜʳ 

ʇʨʠ ʩʪʨʝʩʩ-ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʦʪʚʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʚʳʰʘʝʪʩʷ ʠ ʧʝʨʦʢʩʠʜʘʟʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ. ʇʝʨʦʢʩʠʜʘʟʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʦʨʤʘʣʴʥʳʡ ʭʦʜ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʨʘʩʪʝʥʠʝ [7]. 

ɺ ʣʠʩʪʴʷʭ ʧʰʝʥʠʮʳ ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʨʅ=3 ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʤʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʦʢʩʠʜʘʟʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 3 ʠ 24 ʯʘʩʦʚ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʨʝʩʩ-

ʬʘʢʪʦʨʦʤ (ʨʠʩ. 3). ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʯʝʨʝʟ 4 ʯʘʩʘ. ʅʘ 

ʬʦʥʝ ʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʠ ʩʨʝʜʳ ʘʢʪʠʚʥʦʩʪʴ ʧʝʨʦʢʩʠʜʘʟʳ ʪʘʢ ʞʝ 

ʚʦʟʨʘʩʪʘʣʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʝʨʠʦʜʘ 2 ʯʘʩʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʝʩʩ-

ʬʘʢʪʦʨʦʤ, ʛʜʝ ʘʢʪʠʚʥʦʩʪʴ ʥʠʞʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ. ʏʝʨʝʟ 24 ʯʘʩʘ 

ʧʝʨʦʢʩʠʜʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʢʦʥʪʨʦʣʷ. 

ʇʝʨʚʘʷ ʨʝʘʢʮʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʩʦʩʪʦʠʪ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʤʝʶʱʠʭʩʷ ʨʝʟʝʨʚʦʚ (ʧʫʣʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ), ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ 

ʧʨʦʮʝʩʩʦʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʩʠʥʪʝʟʘ 

ʩʧʝʮʠʘʣʴʥʳʭ ʚʳʩʦʢʦʨʝʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ [8]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ 

ʧʝʨʦʢʩʠʜʘʟʥʦʡ ʬʫʥʢʮʠʠ ʚ ʥʝʢʦʪʦʨʳʝ ʚʨʝʤʝʥʥʳʝ ʦʪʨʝʟʢʠ ʧʝʨʚʳʭ ʩʫʪʦʢ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʭʦʜʦʚʘʥʠʝʤ ʧʫʣʘ ʬʝʨʤʝʥʪʦʚ. 
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ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʧʝʨʦʢʩʠʜʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʣʠʩʪʴʷʭ ʧʰʝʥʠʮʳ 

ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʢʦʨʥʝʚʦʡ ʩʨʝʜʳ 

ɺ ʣʠʩʪʴʷʭ ʨʞʠ ʘʢʪʠʚʥʦʩʪʴ ʧʝʨʦʢʩʠʜʘʟ ʧʨʠ ʨʅ=3 ʢʦʨʥʝʚʦʡ ʩʨʝʜʳ 

ʙʳʣʘ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʥʘ ʚʩʝʭ ʚʨʝʤʝʥʥʳʭ 

ʪʦʯʢʘʭ (ʚ 2 ï 3 ʨʘʟʘ). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪʤʝʯʝʥʳ ʚ ʧʝʨʠʦʜ 

4-24 ʯʘʩʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʝʩʩ-ʬʘʢʪʦʨʘ (ʨʠʩ. 4). ʅʘ ʬʦʥʝ ʱʝʣʦʯʥʦʡ 

ʨʝʘʢʮʠʠ ʢʦʨʥʝʚʦʡ ʩʨʝʜʳ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʦʢʩʠʜʘʟʥʦʡ ʬʫʥʢʮʠʠ 

ʥʘʯʠʥʘʝʪʩʷ ʯʝʨʝʟ 2 ʯʘʩʘ ʧʦʩʣʝ ʜʝʡʩʪʚʠʷ ʩʪʨʝʩʩʘ ʠ ʚʦʟʨʘʩʪʘʝʪ ʢ 24 ʯʘʩʘʤ. 

 
ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʧʝʨʦʢʩʠʜʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʣʠʩʪʴʷʭ ʨʞʠ ʧʨʠ 

ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʨʅ ʢʦʨʥʝʚʦʡ ʩʨʝʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʨʝʘʢʮʠʠ ʢʦʨʥʝʚʦʡ ʩʨʝʜʳ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʩʠʣʝʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ 

ʚ ʣʠʩʪʴʷʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ. ʋ ʧʰʝʥʠʮʳ ʢ 24 ʯʘʩʘʤ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʨʝʩʩ-ʬʘʢʪʦʨʘ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʝʢʠʩʠ ʠ 

ʧʝʨʦʢʩʠʜʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʣʠʩʪʴʷʭ ʧʨʠʙʣʠʞʘʣʠʩʴ ʢ ʢʦʥʪʨʦʣʴʥʦʤʫ 

ʚʘʨʠʘʥʪʫ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʩʪʨʝʩʩʘ. ʋ ʨʞʠ ʯʝʨʝʟ 

ʩʫʪʢʠ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʢʠʩʠ ʚ ʣʠʩʪʴʷʭ ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʘ ʧʝʨʦʢʩʠʜʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ ʚ 2,5 ʨʘʟʘ ʢʘʢ 

ʥʘ ʢʠʩʣʦʡ, ʪʘʢ ʠ ʥʘ ʱʝʣʦʯʥʦʡ ʢʦʨʥʝʚʦʡ ʩʨʝʜʝ, ʯʪʦ ʤʦʞʝʪ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʘʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʘʜʘʧʪʘʮʠʠ. ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʩʦʝʜʠʥʝʥʠʷʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʙʠʬʝʥʠʣ ʠ ʝʛʦ ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʝ, 

ʤʦʥʦ(ʧʦʣʠ)ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ 

ʙʘʢʪʝʨʠʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

ʧʦʯʚ, ʚʦʜʦʝʤʦʚ ʦʪ ʪʘʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʆʙʥʘʨʫʞʝʥʠʝ, ʚʳʜʝʣʝʥʠʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʚ (ʭʣʦʨ)ʙʠʬʝʥʠʣʦʚ ʠ 

ʜʨʫʛʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʆʙʲʝʢʪ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʶʞʥʳʭ ʧʦʨʪʦʚʳʭ ʛʦʨʦʜʦʚ (ʛ. ɽʚʧʘʪʦʨʠʷ,  

ʛ. ʌʝʦʜʦʩʠʷ) ʧ-ʦʚʘ ʂʨʳʤ. ʌʝʦʜʦʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʨʩʢʦʡ 

ʧʦʨʪ (ʧʨʝʜʧʨʠʷʪʠʝ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʥʝʬʪʝʙʘʟʘ), 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʚʘʣʢʫ ʜʦ 40 ʪʳʩʷʯ ʪʦʥʥ ʥʝʬʪʝʛʨʫʟʦʚ ʚ ʩʫʪʢʠ, 

ʘʢʚʘʪʦʨʠʷ ʬʝʦʜʦʩʠʡʩʢʦʡ ʥʝʬʪʝʙʘʟʳ ʥʘʭʦʜʠʪʩʷ ʫ ʠʟʣʫʯʠʥʳ ʙʝʨʝʛʘ 

ʌʝʦʜʦʩʠʡʩʢʦʛʦ ʟʘʣʠʚʘ [4]. ɽʚʧʘʪʦʨʠʡʩʢʠʡ ʪʦʨʛʦʚʳʡ ʧʦʨʪ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʮʝʥʪʨʝ ʛʦʨʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʫʛʣʦʛʦʜʠʯʥʦʡ ʥʘʚʠʛʘʮʠʝʡ, ʪʘʢ ʢʘʢ ʚ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʂʘʣʘʤʠʪʩʢʠʡ ʟʘʣʠʚ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʤʝʨʟʘʝʪ [5]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦʧʘʜʘʶʪ ʤʘʟʫʪ, ʥʝʬʪʴ (ʠʩʪʦʯʥʠʢʠ ʪʦʢʩʠʯʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ), ʘ ʪʘʢʞʝ ʙʠʬʝʥʠʣʳ ʠ ʧʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ 

ʙʠʬʝʥʠʣʳ (ʇʍɹ) ï ʪʦʢʩʠʯʥʳʝ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʢ 

ʙʠʦʥʘʢʘʧʣʠʚʘʥʠʶ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʭʦʜʷʱʠʭ 

ʚ ʩʦʩʪʘʚ ʥʝʢʦʪʦʨʳʭ ʪʦʧʣʠʚʥʳʭ ʩʤʝʩʝʡ ʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [2]. 

ɹʠʬʝʥʠʣ 2,3-ʜʠʦʢʩʠʛʝʥʘʟʘ (BphA1) ï ʵʪʦ ʢʣʶʯʝʚʦʡ ʬʝʨʤʝʥʪ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʠʬʝʥʠʣʘ/ʇʍɹ (ʘ ʪʘʢʞʝ ʨʷʜʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ), ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʚʫʶ ʨʝʘʢʮʠʶ 

(ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ) ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʫʪʠ 

ʨʘʟʣʦʞʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. Ŭ-ʉʫʙʲʝʜʠʥʠʮʘ BphA1 ʦʪʚʝʯʘʝʪ ʟʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʫʙʩʪʨʘʪʘ ʠ ʩʚʷʟʳʚʘʥʠʝ ʩ ʥʠʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʛʝʥ bphA1 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʘʨʢʝʨʦʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʠʦʜʝʛʨʘʜʘʮʠʦʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ [3].  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʩʦʦʙʱʝʩʪʚ ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʝʭʥʦʛʝʥʥʦʟʘʛʨʷʟʥʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧ-ʚʘ 

ʂʨʳʤ (ʧʦʨʪʳ ʛʦʨʦʜʦʚ ʌʝʦʜʦʩʠʷ ʠ ɽʚʧʘʪʦʨʠʷ), ʚʳʜʝʣʝʥʠʝ ʘʢʪʠʚʥʳʭ 

ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ/ʇʍɹ. 

ʄʝʪʦʜʦʤ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʙʠʬʝʥʠʣʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʚʝ ʤʠʢʨʦʙʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ EV (ʛ. 

ɽʚʧʘʪʦʨʠʷ) ʠ FEO (ʛ. ʌʝʦʜʦʩʠʷ). ʄʝʪʦʜʦʤ çʱʝʣʦʯʥʦʛʦ ʣʠʟʠʩʘè ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʢʫʣʴʪʫʨ (ʅʂ, ʘʩʩʦʮʠʘʮʠʡ) ʙʳʣʘ ʚʳʜʝʣʝʥʘ 

ʪʦʪʘʣʴʥʘʷ ɼʅʂ. ʉʢʨʠʥʠʥʛ ʪʦʪʘʣʴʥʦʡ ɼʅʂ ʠʟ ʅʂ ʥʘ ʥʘʣʠʯʠʝ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʛʝʥʦʚ-bphA1), ʢʦʜʠʨʫʶʱʠʭŬ-

ʩʫʙʲʝʜʠʥʠʮʳ BphA1, ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʇʎʈ-ʧʨʦʜʫʢʪʘ ʦʞʠʜʘʝʤʦʡ ʜʣʠʥʳ 

(500 ʧ.ʥ.) ʩ ɼʅʂ-ʤʘʪʨʠʮʳ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʠ 

ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ bphA1-ʛʝʥʦʚ ʚʳʷʚʠʣ ʚʳʩʦʢʫʶ 

ʛʦʤʦʣʦʛʠʶ (ʥʘ ʫʨʦʚʥʝ 99,7%) c ʘʥʘʣʦʛʠʯʥʳʤʠ ʛʝʥʘʤʠ ʘʢʪʠʚʥʳʭ 
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ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʨʦʜʘ Pseudomonas ʚ ʪʦʪʘʣʴʥʦʡ ɼʅʂ ʦʙʨʘʟʮʘ 

FEO. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʤʧʣʠʢʦʥʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʪʦʪʘʣʴʥʦʡ ɼʅʂ ʦʙʨʘʟʮʘ EV, ʥʝ ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ 

(ʛʦʤʦʣʦʛʠʷ ʩ ʠʟʚʝʩʪʥʳʤʠ bphA1-ʛʝʥʘʤʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ). ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ 

ʤʠʢʨʦʙʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʬʝʦʜʦʩʠʡʩʢʦʡ ʥʝʬʪʝʙʘʟʳ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʘʢʪʝʨʠʠ-ʜʝʩʪʨʫʢʪʦʨʳ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʙʠʬʝʥʠʣʘ/ʇʍɹ). 

ʇʘʨʘʣʣʝʣʴʥʦ, ʠʟ ʅʂ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʘ, 

ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ EV1-1, EV3-3 (ʧʦʨʪ, ʛ. ɽʚʧʘʪʦʨʠʷ), F1-2 (ʧʦʨʪ, ʛ. 

ʌʝʦʜʦʩʠʷ) ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʘʢʪʠʚʥʦʤʫ ʨʦʩʪʫ ʥʘ 

ʙʠʬʝʥʠʣʝ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ. 

ʄʝʪʦʜʦʤ ʇʎʈ ʩʦ ʩʧʝʮʠʬʠʯʥʳʤʠ ʧʨʘʡʤʝʨʘʤʠ [1] (ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʘʥʘʣʠʟʝ ʪʦʪʘʣʴʥʦʡ ɼʅʂ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʢʫʣʴʪʫʨ, 

ʩʤ. ʚʳʰʝ) ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ bphA1-ʛʝʥʘ ʫ ʰʪʘʤʤʘ F1-2, 

ʦʜʥʘʢʦ ʫ ʰʪʘʤʤʦʚ EV1-1 ʠ EV3-3 ʘʤʧʣʠʬʠʢʘʮʠʷ bphA1-ʛʝʥʦʚ ʥʝ 

ʥʘʙʣʶʜʘʣʘʩʴ.  

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ 

ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʪʝʭʥʦʛʝʥʥʦʟʘʛʨʷʟʥʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧ-ʚʘ 

ʂʨʳʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʘʢʪʝʨʠʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʘʟʣʦʞʝʥʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʫʪʠʣʠʟʠʨʫʶʱʠʭ ʙʠʬʝʥʠʣ). 

ʉʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ EV1-1 ʠ EV3-3, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʧʦʯʚʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʨʪʘ ʛ. ʌʝʦʜʦʩʠʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʬʝʥʠʣ ʚ 

ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ, ʥʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʛʝʥʦʤʝ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʠʟʚʝʩʪʥʳʭ 

bphA1-ʛʝʥʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʜʨʫʛʠʭ (ʥʦʚʳʭ) ʩʠʩʪʝʤ 

ʤʝʪʘʙʦʣʠʟʤʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʜʝʣʝʥʥʳʭ 

ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʙʠʬʝʥʠʣʘ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʦ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ 01201353249. 
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ɹɽʃʂʀ ʍʆʃʆɼʆɺʆɻʆ ʐʆʂɸ ɹɸʂʊɽʈʀʁ ʈʆɼɸ 

ACINETOBACTER 

 

  ɻʦʥʯʘʨʦʚ ɸʨʪʝʤʠʡ ɽʚʛʝʥʴʝʚʠʯ1, ʉʦʣʦʤʝʥʥʳʡ ɸʣʝʢʩʘʥʜʨ ʇʝʪʨʦʚʠʯ220 

 

1ʌɻɹʆʋ ɺʆ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʄʝʯʥʠʢʦʚʘ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʣʢʠ ʭʦʣʦʜʦʚʦʛʦ ʰʦʢʘ, Acinetobacter spp., 

Acinetobacter lwoffii, çʄʘʣʦʣʷʭʦʚʩʢʠʡ ʤʘʤʦʥʪè 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʩʝʨʚʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʩʷ 

ʘʩʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʠ ʩʦʭʨʘʥʷʝʤʳʭ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʜʥʘʢʦ, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʤʥʦʛʠʝ ʧʘʪʦʛʝʥʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʷʚʣʷʶʪʩʷ ʧʩʠʭʨʦʪʨʦʬʘʤʠ ʠ ʩʧʦʩʦʙʥʳ ʨʘʩʪʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ 0Áʉ. ʂ ʯʠʩʣʫ ʪʘʢʦʚʳʭ ʦʪʥʦʩʷʪʩʷ 

ʵʥʪʝʨʦʧʘʪʦʛʝʥʥʳʝ ɽscherichia coli, Listeria monocytogenes, 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Yersinia [1]. ʋ ʥʠʭ (ʨʘʚʥʦ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʙʘʢʪʝʨʠʡ) 

ʦʙʥʘʨʫʞʝʥʳ ʙʝʣʢʠ ʚ 65-75 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʆʪʩʶʜʘ, ʦʥʠ ʧʦʣʫʯʠʣʠ ʥʘʠʤʝʥʦʚʘʥʠʝ çʙʝʣʢʠ ʭʦʣʦʜʦʚʦʛʦ ʰʦʢʘè 

(ɹʍʐ, ʘʥʛʣ. CSP ʦʪ Cold Shock Proteins). ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ 

Acinetobacter (A. lwoffii, A. baumannii ʠ ʜʨʫʛʠʝ ʚʠʜʳ) ʪʘʢʞʝ ʚʳʩʝʚʘʶʪʩʷ 

ʩ ʦʭʣʘʞʜʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ɹʍʐ 

ʫ ʘʮʠʥʝʪʦʙʘʢʪʝʨʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʩʪʨʘʪʝʛʠʠ 

ʚʳʞʠʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʦʧʣʝʥʦʢ [2]. ʄʘʣʦʠʟʫʯʝʥʥʳʤʠ 

ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ ɹʍʐ, ʯʪʦ ʧʦʣʝʟʥʦ ʩ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ (ʥʦʚʦʝ ʟʥʘʥʠʝ ʦ ʨʘʟʚʠʪʠʠ ʩʠʩʪʝʤ ʘʜʘʧʪʠʚʥʦʛʦ ʦʪʚʝʪʘ) 

ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ (ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ 

ʢʦʥʪʘʤʠʥʘʥʪʘʤʠ ʧʠʱʠ). 

ɺ ʨʫʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʢʘʟʘʣʩʷ 

ʫʥʠʢʘʣʴʥʳʡ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ - Mammuthus primigenius 

Blumenbach, 1799; ʠʟʚʝʩʪʥʳʡ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ 

çʄʘʣʦʣʷʭʦʚʩʢʠʡ ʤʘʤʦʥʪè [3]. ʅʘʭʦʜʢʘ ʩʜʝʣʘʥʘ ʚ 2012 ʛʦʜʫ ʥʘ ʦ. ʄʘʣʳʡ 

                                                           
É ɻʦʥʯʘʨʦʚ ɸ.ɽ., ʉʦʣʦʤʝʥʥʳʡ ɸ.ʇ., 2018 
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ʃʷʭʦʚʩʢʠʡ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʘ ʠ ʜʘʪʠʨʦʚʘʥʘ ʧʝʨʠʦʜʦʤ 28610 Ñ 

110 ʣʝʪ ʜʦ ʥ.ʵ. ɿʘʜʥʷʷ ʯʘʩʪʴ ʞʠʚʦʪʥʦʛʦ ʥʘʭʦʜʠʣʘʩʴ ʚ ʣʝʜʷʥʦʡ ʣʠʥʟʝ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʤʫʤʠʬʠʢʘʮʠʷ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʦʢʘʟʘʣʘʩʴ ʤʠʥʠʤʘʣʴʥʦʡ. 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʩʝʚ ʤʘʪʝʨʠʘʣʘ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʦʛʣʠʢʦʣʝʚʦʡ ʩʨʝʜʳ ʦʙʦʛʘʱʝʥʠʷ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ 

ʢʫʣʴʪʫʨʫ ʢʦʢʢʦʙʘʮʠʣʣʳ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʩʪʦʚ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ 16S ʨʈʅʂ, ʘ 

ʪʘʢʞʝ ʛʝʥʦʚ rpoB ʠ recA ʢʘʢ Acinetobacter lwoffii (ʰʪʘʤʤ 51m). 

ʇʨʦʯʪʝʥʠʝ ʧʦʣʥʦʛʦ ʛʝʥʦʤʘ (GenBank LZDF00000000) ʜʘʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʥʦʪʠʨʦʚʘʪʴ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ ʭʦʣʦʜʦʚʦʛʦ ʰʦʢʘ 

ʩʝʤʝʡʩʪʚʘ ʉsp (cspA, cspE ʠ cspG) ʠ ʧʨʦʚʝʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

BLAST-ʘʥʘʣʠʟʘ ʩʨʘʚʥʝʥʠʝ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ CspA ʠ 

CspE (ʧʦ 71 ʦʩʪʘʪʢʫ) ʫ A. lwoffii 51m ʠ ʪʘʢʦʚʳʭ ʫ A. lwoffii ZS207 

(ʚʳʜʝʣʝʥ ʠʟ ʨʫʜʥʠʯʥʦʡ ʙʦʛʘʪʦʡ ʤʳʰʴʷʢʦʤ ʩʪʦʯʥʦʡ ʚʦʜʳ), A. 

qinghaiensis TTH0-4 ʠʟ ʧʦʯʚʳ ʨʘʡʦʥʘ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʥʘ ʊʠʙʝʪʝ, 

A. schindleri ʠ Acinetobacter spp. ʥʝ ʫʜʘʝʪʩʷ ʚʳʷʚʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʨʘʟʣʠʯʠʡ. 

ʆʜʥʘʢʦ, ʯʠʩʣʦ ʟʘʤʝʥ ʚ ʪʨʘʥʩʣʠʨʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

CspG ʥʘ ʭʨʦʤʦʩʦʤʘʭ A. lwoffii 51m (ʩʚʝʨʭʫ) ʠ A. soli GFJ2 (GenBank 

NZ_CP016896), ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʪʨʦʧʠʯʝʩʢʦʡ ʧʦʯʚʳ ʚ ʊʘʠʣʘʥʜʝ 

(ʩʭʦʜʩʪʚʦ ʧʦ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 82% ʧʨʠ E-value 1e-42), 

ʦʢʘʟʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʳʤ: 

 
ʇʨʠʯʝʤ, ʜʚʝ ʟʘʤʝʥʳ ʧʦʣʷʨʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʥʘ ʥʝʧʦʣʷʨʥʳʝ 

(ʚʳʜʝʣʝʥʳ ʯʝʨʥʦʡ ʟʘʣʠʚʢʦʡ) ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʪ ʚʘʨʠʘʥʪʳ.   

ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ɹʍʐ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ 

ʚʠʜʘ A. baumannii ʤʘʣʳʝ ʧʣʘʟʤʠʜʳ (ʤʝʥʝʝ 15 ʪ.ʧ.ʥ.) ʤʦʛʫʪ ʥʝʩʪʠ 

ʪʘʢʦʚʳʝ ʛʝʥʳ. ʅʘʧʨʠʤʝʨ, ʫ ʰʪʘʤʤʘ 3207 ʛʝʥ, ʘʥʥʦʪʠʨʦʚʘʥʥʳʡ ʚ ʙʘʟʝ 

GenBank ʢʘʢ cspG,, ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʣʘʟʤʠʜʝ ʩ ʛʝʥʦʤ ʙʝʪʘ-ʣʘʢʪʘʤʘʟʳ 

OXA-58, ʢʦʪʦʨʘʷ ʤʘʨʢʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʨʙʘʧʝʥʝʤʦʚ 

[4]. ʆʪʩʶʜʘ, ʩʝʣʝʢʪʠʚʥʦʝ ʜʘʚʣʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʘʥʪʠʙʠʦʪʠʢʦʚ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʶ ʩʧʠʩʢʘ ʥʦʚʳʭ ʭʦʟʷʝʚ ʚʘʨʠʘʥʪʦʚ ɹʍʐ. 

ɺʧʨʦʯʝʤ, ʦʜʠʥ ʠʟ ʛʝʥʦʚ ɹʍʐ, ʘʥʥʦʪʠʨʦʚʘʥ ʠ ʥʘ ʙʦʣʴʰʦʡ ʧʣʘʟʤʠʜʝ 

(ʙʦʣʝʝ 250 ʪ.ʧ.ʥ.) ʰʪʘʤʤʘ A. lwoffii ED23-35, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʦʪʣʦʞʝʥʠʡ ʚʦʟʨʘʩʪʘ 20-40 ʪʳʩʷʯ ʣʝʪ ʥʘ ʂʦʣʳʤʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ [5]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 01201353247. 
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ʯʪʦ ʇʍɹ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʡʦʥʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ, 

ʥʦ ʦʙʥʘʨʫʞʝʥʳ ʚ ʪʢʘʥʷʭ ʞʠʚʦʪʥʳʭ, ʦʙʠʪʘʶʱʠʭ ʚ ʜʠʢʠʭ ʣʘʥʜʰʘʬʪʘʭ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʥʘʭʦʜʠʪʩʷ ʥʝ ʤʝʥʝʝ 35000 ʪʦʥʥ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʤʝʩʝʡ ʇʍɹ, ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʥʝʫʯʪʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦ 

ʇʍɹ, ʧʦʧʘʚʰʝʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʇʍɹ - ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʙʘʢʪʝʨʠʡ, ʛʨʠʙʦʚ, ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ [2]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʭʣʦʨʙʠʬʝʥʠʣʦʚ ʦʧʠʩʘʥʘ ʜʣʷ 

ʨʷʜʘ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ [3, 4]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʠ 

ʜʝʛʨʘʜʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʦʚʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ. 

ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʤʝʪʦʜʦʤ 

ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠʟ ʧʦʯʚ, ʜʣʠʪʝʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʅʘʢʦʧʠʪʝʣʴʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʢʦʣʙʘʭ ʕʨʣʝʥʤʝʝʨʘ ʥʘ 250ʤʣ, ʩʦʜʝʨʞʘʱʠʭ 10ʛ 

ʧʦʯʚʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠ 100ʤʣ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʳ ʂ1 ʧʨʠ 28Áʉ ʚ ʪʝʯʝʥʠʝ 

1 ʤʝʩ. ɺ ʢʘʯʝʩʪʚʝ ʣʠʤʠʪʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʙʳʣ ʚʥʝʩʝʥ ʢʦʤʤʝʨʯʝʩʢʠʡ 

ʧʨʝʧʘʨʘʪ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ çʉʦʚʦʣè ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

0.01ʤʛ/ʣ.  

ɺʳʜʝʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʚʳʩʝʚʘ ʥʘ ʧʣʦʪʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ: ʩʨʝʜʘ ʂ1 ʩ ʚʥʝʩʝʥʠʝʤ ʙʠʬʝʥʠʣʘ 

(1 ʛ/ʣ) ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʩʨʝʜʘ LB. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʰʪʘʤʤʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʦʧʠʩʘʥʦ [5].  

ɼʝʩʪʨʫʢʮʠʶ ʤʦʥʦ- ʠ ʪʨʠ-ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʙʠʬʝʥʠʣʦʚ ʧʨʦʚʦʜʠʣʠ 

ʢʘʢ ʦʧʠʩʘʥʦ [6]. ʇʨʦʜʫʢʪʳ ʜʝʛʨʘʜʘʮʠʠ ʭʣʦʨʙʠʬʝʥʠʣʦʚ (ʍɹ) ʦʧʨʝʜʝʣʷʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ (ʩʧʝʢʪʨʦʬʦ-ʪʦʤʝʪʨ Shimadzu BioSpec-mini) ʠ 

ʤʝʪʦʜʦʤ ʚʳʩʦʢʦ-ʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ) 

(ʭʨʦʤʘʪʦʛʨʘʬ Shimadzu LC-20A, ʜʝʪʝʢʪʦʨ Shimad-zu RF-20A, ʢʦʣʦʥʢʘ 

Discovery C18 (150 x 4.6 ʤʤ) (ñSupelcoò, ñSigma-Aldrichò, ʉʐɸ).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʩʦʦʙʱʝʩʪʚʦ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʦʙʦʟʥʘʯʝʥʥʦʝ ʢʘʢ R63, ʩʧʦʩʦʙʥʦʝ 

ʘʢʪʠʚʥʦ ʨʘʩʪʠ ʥʘ ʙʠʬʝʥʠʣʝ, ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʫʛʣʝʨʦʜʘ ʠ 

ʵʥʝʨʛʠʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʦʙʱʝʩʪʚʦ R63 ʦʙʣʘʜʘʝʪ 

ʜʝʛʨʘʜʘʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʦʥʦ- ʠ 

ʪʨʠʭʣʦʨʠʨʦʚʘʥʥʳʤ ʙʠʬʝʥʠʣʘʤ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʘʨʘ- 

ʧʦʣʦʞʝʥʠʠ. ʋʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʧʘʨʘ-ʭʣʦʨʙʠʬʝʥʠʣʘ (4-ʍɹ) ʟʘ 24 ʯ 

ʩʦʩʪʘʚʠʣ 99,9%, ʧʨʠ ʵʪʦʤ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʝ ʬʠʢʩʠʨʦʚʘʣʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ, ʩʦʜʝʨʞʘʱʠʡ ʨʘʟʨʳʚ ʚ ʦʜʥʦʤ ʠʟ ʢʦʣʝʮ 

ʤʦʣʝʢʫʣʳ ʭʣʦʨʙʠʬʝʥʠʣʘ, ʥʦ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʘʨʘ-ʭʣʦʨʙʝʥʟʦʡʥʘʷ 

ʢʠʩʣʦʪʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0, 686 ʤʢʛ/ʤʣ. ʋʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ 2,4,4ô-ʍɹ ʟʘ 
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24 ʯ ʩʦʩʪʘʚʠʣ 99,8%. ʉʨʝʜʠ ʤʝʪʘʙʦʣʠʪʦʚ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʦʜʫʢʪ 

ʤʝʪʘ-ʨʘʩʱʝʧʣʝʥʠʷ ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʘ ʩ ʆʇ397=4,405 ʦ.ʝ., 4-

ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,008 ʤʛ/ʤʣ ʠ 2,4-

ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,017 ʤʛ/ʤʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ R63 ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʝʪ ʤʦʥʦ- ʠ 

ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʳ, ʧʨʠ ʵʪʦʤ ʧʨʦʷʚʣʷʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ ʢ ʥʝʟʘʤʝʱʝʥʥʳʤ, 

ʪʘʢ ʠ ʢ ʤʦʥʦ- ʠ ʜʠ-ʟʘʤʝʱʝʥʥʳʤ ʢʦʣʴʮʘʤ ʤʦʣʝʢʫʣʳ ʇʍɹ. 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʦʙʱʝʩʪʚʘ R63 ʧʦʢʘʟʘʣ, ʯʪʦ 

ʩʦʦʙʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 7 ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʰʪʘʤʤʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʪʨʠ ʰʪʘʤʤʘ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʣʘʩʩʘ Actinobacteria, ʜʚʘ 

ʰʪʘʤʤʘ ï ʢʣʘʩʩʘ Betaproteobacteria ʠ ʜʚʘ ʰʪʘʤʤʘ ï ʢʣʘʩʩʘ 

Gammaproteobacteria. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʪʠʧʦʚʳʤʠ 

ʰʪʘʤʤʘʤʠ ʷʚʣʷʶʪʩʷ: ʜʣʷ ʰʪʘʤʤʘ R6-410 ʰʪʘʤʤ Yersinia pestis NCTC 

5923T (1432 ʧʥ; 99,5% ʩʭʦʜʩʪʚʦ), ʜʣʷ ʰʪʘʤʤʘ R6-411 ï Peudomonas 

pleucoglossicida NBRC 103162T (914ʧʥ; 99,6%), ʜʣʷ ʰʪʘʤʤʦʚ R6-412 ʠ 

R144 ï Achromobacter insolitus DSM 23807T (941ʧʥ ʠ 944ʧʥ; 100% ʠ 

99,8% ʩʦʦʪʚʝʪʩʚʝʥʥʦ), ʜʣʷ ʰʪʘʤʤʘ R6-510 ï Streptomices virginiae NRRL 

ISP-5094T (1022 ʧʥ; 99,8%), ʜʣʷ ʰʪʘʤʤʘ R6-511 ï Rhodococcus 

wratislaviensis NBRC 100605T (898ʥ; 100%), ʜʣʷ ʰʪʘʤʤʘ R143 ï 

Rhodococcus erythropolis NBRC 15567T (1047 ʧʥ; 99,8%). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʂʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʋʨʦ 

ʈɸʅ, ʧʨʦʝʢʪ ˉ 18-3-8-19. 
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ʋɻʃɽɺʆɼʆʈʆɼʆʂʀʉʃʗʖʑɸʗ ʀ ʉʋʃʔʌʀɼʆʂʀʉʃʗʖʑɸʗ 

ɸʂʊʀɺʅʆʉʊʔ ʐʊɸʄʄɸ RHODOCOCCUS 

QINGSHENGII  ʀʕɻʄ 1359  

 

ɽʣʴʢʠʥ ɸʥʜʨʝʡ ɸʥʘʪʦʣʴʝʚʠʯ1,2, ʇʦʧʦʚ ʃʝʚ ɸʣʝʢʩʘʥʜʨʦʚʠʯ2, 

ʀʚʰʠʥʘ ʀʨʠʥʘ ɹʦʨʠʩʦʚʥʘ1,222 

 

1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ  

2ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ, Rhodococcus, 

ʵʥʘʥʪʠʦʤʝʨʥʳʡ ʠʟʙʳʪʦʢ, ʩʫʣʴʬʦʢʩʠʜʳ 

 

ʋɺ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʢʦʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʝ ʧʦʧʘʣʠ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʫʪʝʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ 

ʚʣʠʷʥʠʝ ʥʝʩʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʘʨʢʪʠʯʝʩʢʠʭ 

ʵʢʦʩʠʩʪʝʤ, ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʚʚʠʜʫ 

ʤʝʜʣʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʢʫʜʥʦʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ [1]. ɼʣʷ ʣʠʢʚʠʜʘʮʠʠ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʪʦʜʦʚ, 

ʚʘʞʥʝʡʰʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʥʝʬʪʝʜʝʩʪʨʫʢʪʦʨʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʟʘʜʘʶʪʩʷ ʚʦʧʨʦʩʦʤ ʚʳʜʝʣʝʥʠʷ 

ʧʩʠʭʨʦʪʦʣʝʨʘʥʪʥʳʭ ʠ ʧʩʠʭʨʦʬʠʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʩʧʦʩʦʙʥʳʭ 

ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʥʝʬʪʷʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [2]. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜ- ʠ ʩʫʣʴʬʠʜʦʢʠʩʣʷʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʘ Rhodococcus qingshengii ʀʕɻʄ 1359. 

ʐʪʘʤʤ Rhodococcus qingshengii ʀʕɻʄ 1359, ʚʳʜʝʣʝʥ ʠʟ ʦʙʨʘʟʮʘ 

ʛʨʫʥʪʘ ʦ. ʃʠ ʉʤʠʪʘ ʘʨʭʠʧʠʣʘʛʘ çɿʝʤʣʷ ʌʨʘʥʮʘ-ʀʦʩʠʬʘè ʠ ʜʝʧʦʥʠʨʦʚʘʥ 

ʚ ʈʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʘʣʢʘʥʦʪʨʦʬʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [3,4]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʛʣʝʚʦʜʦʨʦʜ- ʠ 

ʩʫʣʴʬʠʜʦʢʠʩʣʷʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʚ 100 ʤʣ ʢʦʣʙʘʭ 

ʕʨʣʝʥʤʝʡʝʨʘ ʩ 30 ʤʣ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʝʚʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʝʪʢʠ ʨʦʜʦʢʦʢʢʦʚ ((5,0Ñ0,7)ʭ106 ʢʣ/ʤʣ), 

ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʄʇɸ ʠ ʦʪʦʙʨʘʥʥʳʝ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ ʨʦʩʪʘ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʙʘʢʪʝʨʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʨʙʠʪʘʣʴʥʦʤ ʰʝʡʢʝʨʝ (160 

ʦʙ/ʤʠʥ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18, 28 ʠ 38ʦʉ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʦʢʠʩʣʷʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʦʚ ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ 

                                                           
É ɽʣʴʢʠʥ ɸ.ɸ., ʇʦʧʦʚ ʃ.ɸ., ʀʚʰʠʥʘ ʀ.ɹ., 2018 
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ʧʨʦʚʦʜʠʣʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ çʂè ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʨʦʞʞʝʚʦʛʦ 

ʵʢʩʪʨʘʢʪʘ ï 0,1%, ʨʘʩʪʚʦʨʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦ ʇʦʩʪʛʝʡʪʫ ï 1,0 ʤʣ/ʣ ʠ 

3,0 ʦʙ. % ʥ-ʛʝʢʩʘʜʝʢʘʥʘ. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʩʫʪ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʫʣʴʬʠʜʦʢʠʩʣʷʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ çʂè ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʜʨʦʞʞʝʚʦʛʦ ʵʢʩʪʨʘʢʪʘ ï 0,1%, ʨʘʩʪʚʦʨʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦ ʇʦʩʪʛʝʡʪʫ 

ï 1,0 ʤʣ/ʣ, 0,1 ʠʣʠ 1,0 ʦʙ. % ʥ-ʛʝʢʩʘʜʝʢʘʥʘ, 0,5 ʛ/ʣ ʬʝʥʠʣʤʝʪʠʣʦʚʦʛʦ 

ʩʫʣʴʬʠʜʘ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:10 ʚ ʢʘʯʝʩʪʚʝ ʢʦʩʫʙʩʪʨʘʪʘ. 

ʌʝʥʠʣʤʝʪʠʣʦʚʳʡ ʩʫʣʴʬʠʜ ʚ ʢʫʣʴʪʫʨʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ ʜʦʙʘʚʣʷʣʠ ʯʝʨʝʟ 

48 ʯ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʥʢʫʙʘʮʠʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʢʪʠʥʦʙʘʢʪʝʨʠʷʤʠ ʤʦʜʝʣʴʥʦʛʦ ʩʫʣʴʬʠʜʘ ʩʦʩʪʘʚʣʷʣʘ 

3 ʩʫʪ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʢʠʩʣʷʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʨʠ 38ʦC ʰʪʘʤʤ Rhodococcus qingshengii ʀʕɻʄ 1359 ʤʘʣʦʵʬʬʝʢʪʠʚʝʥ 

ʠ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ ʩʧʦʩʦʙʝʥ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʥʝ ʙʦʣʝʝ 10%  

ʥ-ʛʝʢʩʘʜʝʢʘʥʘ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʢʫʙʘʮʠʠ ʜʦ 28ʦC ʠ 18ʦC 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʰʪʘʤʤʘ. ʏʝʨʝʟ 72 ʯʘʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʨʦʚʝʥʴ ʙʠʦʢʦʥʚʝʨʩʠʠʷ 

ʤʦʜʝʣʴʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʘ ʩʦʩʪʘʚʠʣ 40%. ɺ ʜʘʣʴʥʝʡʰʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʦʚʝʨʠʪʴ ʫʛʣʝʚʦʜʦʨʦʜʦʢʠʩʣʷʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ +4ʦC ʜʦ +18ʦC. 

ʉʫʣʴʬʠʜʦʢʠʩʣʷʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ (0,5 ʛ/ʣ) ʰʪʘʤʤʘ Rhodococcus 

qingshengii ʀʕɻʄ 1359 ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʩʦʦʢʠʩʣʝʥʠʷ ʩ  

ʥ-ʛʝʢʩʘʜʝʢʘʥʦʤ (0,1 ʠ 1,0 ʦʙ.%). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʰʪʘʤʤ 

ʧʨʦʷʚʣʷʣ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʠ ʩʦʦʢʠʩʣʝʥʠʠ ʬʝʥʠʣʤʝʪʠʣʦʚʦʛʦ ʩʫʣʴʬʠʜʘ 

ʩ 0,1 ʦʙ.% ʥ-ʛʝʢʩʘʜʝʢʘʥʘ ʫʞʝ ʯʝʨʝʟ 24 ʯʘʩʘ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʩʫʣʴʬʠʜ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʥʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ. ʉʥʠʟʠʪʴ 

ʩʫʣʴʬʠʜʦʢʠʩʣʷʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʰʪʘʤʤʘ Rhodococcus qingshengii 

ʀʕɻʄ 1359 ʫʜʘʣʦʩʴ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥ-ʛʝʢʩʘʜʝʢʘʥʘ ʜʦ 

1,0 ʦʙ%. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʯʝʨʝʟ 72 ʯ. ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʨʦʜʦʢʦʢʢʦʚ 

ʫʨʦʚʝʥʴ ʙʠʦʢʦʥʚʝʨʩʠʠ ʬʝʥʠʣʤʝʪʠʣʦʚʦʛʦ ʩʫʣʴʬʠʜʘ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 75% 

ʚ ʮʝʣʝʚʦʡ R-ʬʝʥʠʣʤʝʪʠʣʦʚʳʡ ʩʫʣʴʬʦʢʩʠʜ ʩ ʵʥʘʥʪʠʦʤʝʨʥʳʤ ʠʟʙʳʪʢʦʤ 

> 99%, ʧʨʠ ʵʪʦʤ ʬʝʥʠʣʤʝʪʠʣʦʚʳʡ ʩʫʣʴʬʦʥ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʥʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʜʝʨʞʘʥʳ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ Cʦʛʣʘʰʝʥʠʝ ˉ ʉ-26/059, ʛʨʘʥʪʦʤ ʈʅʌ 18-14-00140 ʠ 

ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ 01201353247. 
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ɸʅʊʀɹʀʆʊʀʂʆʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʔ  

ʂɸʂ ʊɸʂʉʆʅʆʄʀʏɽʉʂʀʁ ʄɸʈʂɽʈ ɺʀɼʆɺʆʁ 

ɼʀɸɻʅʆʉʊʀʂʀ ɸʂʊʀʅʆɹɸʂʊɽʈʀʁ ʈʆɼɸ RHODOCOCCUS 

 

ɿʘʛʫʣʷʝʚʘ ʀʨʠʥʘ ʖʨʴʝʚʥʘ1, ʊʫʜʚʘʩʝʚʘ ʄʘʨʠʷ ʉʝʨʛʝʝʚʥʘ2,  

ʉʪʝʜ ʊʘʪʴʷʥʘ3, ʂʫʶʢʠʥʘ ʄʘʨʠʷ ʉʪʘʥʠʩʣʘʚʦʚʥʘ1,2,  

ʀʚʰʠʥʘ ʀʨʠʥʘ ɹʦʨʠʩʦʚʥʘ1,223 

 

1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè - ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
3ʆʢʩʬʦʨʜʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʆʢʩʬʦʨʜ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ, Rhodococcus, ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʙʘʢʪʝʨʠʡ, ʘʥʪʠʙʠʦʪʠʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

 
ʗʜʨʦ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʈʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ 

ʢʦʣʣʝʢʮʠʠ ʘʣʢʘʥʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʘʢʨʦʥʠʤ ʢʦʣʣʝʢʮʠʠ 

ʀʕɻʄ, ʥʦʤʝʨ ʚʦ ɺʩʝʤʠʨʥʦʡ ʬʝʜʝʨʘʮʠʠ ʢʦʣʣʝʢʮʠʡ ʢʫʣʴʪʫʨ 768, 

www.iegm.ru/iegmcol) ʩʦʩʪʘʚʣʷʶʪ ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ ʨʦʜʘ Rhodococcus, 

ʟʘʥʠʤʘʶʱʠʝ ʜʦʤʠʥʠʨʫʶʱʝʝ ʤʝʩʪʦ ʚ ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʷʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʢʠʩʣʷʶʱʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [1]. ʂ ʦʜʥʦʤʫ ʠʟ ʚʘʞʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʣʣʝʢʮʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʪʥʦʩʠʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʢʣʶʯʘʝʤʳʭ ʚ 

ʢʦʣʣʝʢʮʠʦʥʥʳʡ ʬʦʥʜ ʰʪʘʤʤʦʚ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʣʠʯʝʥʠʷ 

ʨʦʜʦʢʦʢʢʦʚ ʥʘ ʫʨʦʚʥʝ ʚʠʜʘ ʧʨʠʤʝʥʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʡ ʧʨʠʟʥʘʢ ï ʘʥʪʠʙʠʦʪʠʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

                                                           
É ɿʘʛʫʣʷʝʚʘ ʀ.ʖ., ʊʫʜʚʘʩʝʚʘ ʄ.ʉ., ʉʪʝʜ ʊ., ʂʫʶʢʠʥʘ ʄ.ʉ.,  

ʀʚʰʠʥʘ ʀ.ɹ., 2018 

http://www.iegmcol.ru/strains/index.html


63 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ, ʢʘʢ ʵʢʩʧʨʝʩʩʥʳʡ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʥʝ ʦʧʨʘʚʜʘʥʳ ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʧʦʩʪʘʥʦʚʢʠ ʠ ʚʳʩʦʢʠʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ [2]. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʜʙʦʨ ʥʘʜʝʞʥʦʛʦ ʥʘʙʦʨʘ 

ʘʥʪʠʙʠʦʪʠʢʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʚʠʜʦʚ ʨʦʜʘ Rhodococcus ʠ ʦʮʝʥʢʘ ʝʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʣʣʝʢʮʠʦʥʥʳʝ ʰʪʘʤʤʳ ʚʠʜʦʚ 

Rhodococcus globerulus (3 ʰʪʘʤʤʘ), R. erythropolis (5 ʰʪʘʤʤʦʚ), 

R. opacus (4 ʰʪʘʤʤʘ), R. qingshengii (5 ʰʪʘʤʤʦʚ), R. aetherivorans (2 

ʰʪʘʤʤʘ), R. rhodochrous (5 ʰʪʘʤʤʦʚ), R. ruber (5 ʰʪʘʤʤʦʚ), 

R. pyridinivorans (2 ʰʪʘʤʤʘ), ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʚ ʈʝʛʠʦʥʘʣʴʥʦʡ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʘʣʢʘʥʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ɺʳʷʚʣʝʥʠʝ ʫʨʦʚʥʷ ʘʥʪʠʙʠʦʪʠʢʦʯʫʚʩʪʚʠʝʪʝʣʴʥʦʩʪʠ 

ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʜʠʩʢʦʜʠʬʬʫʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ [3]. ɺ 

ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʥʘʙʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʠʩʢʠ, ʧʨʦʧʠʪʘʥʥʳʝ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʘʥʪʠʙʠʦʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʥʝʦʤʠʮʠʥʘ, 

ʦʣʝʘʥʜʦʤʠʮʠʥʘ, ʩʪʨʝʧʪʦʤʠʮʠʥʘ, ʦʢʩʘʮʠʣʣʠʥʘ, ʵʨʠʪʨʦʤʠʮʠʥʘ, 

ʮʝʬʘʣʝʢʩʠʥʘ, ʣʠʥʢʦʤʠʮʠʥʘ, ʛʝʥʪʘʤʠʮʠʥʘ, ʢʘʥʘʤʠʮʠʥʘ, ʜʦʢʩʠʮʠʢʣʠʥʘ, 

ʚʘʥʢʦʤʠʮʠʥʘ ʠ ʥʘʣʠʜʦʢʩʦʚʦʡ ʢʠʩʣʦʪʳ). ʈʝʟʫʣʴʪʘʪʳ ʫʯʠʪʳʚʘʣʠ ʥʘ 3 

ʩʫʪʢʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ (ʚ ʤʠʣʣʠʤʝʪʨʘʭ) ʜʠʘʤʝʪʨʘ ʟʦʥʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʚʦʢʨʫʛ ʜʠʩʢʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʠʧʦʚʳʝ ʰʪʘʤʤʳ R. globerulus  

ʀʕɻʄ 591ʊ, R. erythropolis ʀʕɻʄ 7ʊ, R. opacus ʀʕɻʄ 716ʊ, 

R. wratislaviensis ʀʕɻʄ 1112ʊ, R. qingshengii ʀʕɻʄ 1016ʊ, ʦʙʣʘʜʘʶʱʠʝ 

ʩʭʦʞʠʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤ, ʧʨʦʷʚʣʷʶʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ 

ʜʝʡʩʪʚʠʶ ʦʢʩʘʮʠʣʣʠʥʘ, ʥʘʣʠʜʦʢʩʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (ʟʦʥʘ ʟʘʜʝʨʞʢʠ ʨʦʩʪʘ ʙʦʣʝʝ 25 ʤʤ) ʢ ʚʘʥʢʦʤʠʮʠʥʫ ʠ 

ʥʝʦʤʦʮʠʥʫ. ɺ ʦʪʥʦʰʝʥʠʠ ʦʣʝʘʥʜʦʤʝʮʠʥʘ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʷʚʠʣʠ R. globerulus, R. erythropolis, R. wratislaviensis (ʜʠʘʤʝʪʨ ʟʦʥʳ 

ʦʪʩʫʪʩʪʚʠʷ ʨʦʩʪʘ >25 ʤʤ) ʠ ʫʤʝʨʝʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ï R. opacus 

(ʟʦʥʘ ʦʪʩʫʪʩʪʚʠʷ ʨʦʩʪʘ 15-25 ʤʤ). ʂʫʣʴʪʫʨʳ R. erythropolis, 

R. wratislaviensis ʦʪʣʠʯʠʤʳ ʦʪ R. globerulus ʧʦ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʩʪʨʝʧʪʦʤʠʮʠʥʫ, ʘ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʨʝʘʢʮʠʠ ʩ ʣʠʥʢʦʤʠʮʠʥʦʤ. ʅʘ ʬʦʥʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʚʠʜʦʚ ʨʦʜʦʢʦʢʢʦʚ ʪʠʧʦʚʦʡ ʰʪʘʤʤ R. qingshengii ʧʨʦʷʚʣʷʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʣʝʘʥʜʦʤʠʮʠʥʫ ʠ ʵʨʠʪʨʦʤʠʮʠʥʫ. 

ʂʫʣʴʪʫʨʳ R. aetherivorans ʀʕɻʄ 911ʊ, R. ruber  

ʀʕɻʄ 70ʊ, R. pyridinivorans ʀʕɻʄ 1055ʊ, R. rhodochrous  

ʀʕɻʄ 62ʊ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʥʝʦʤʠʮʠʥʫ, ʦʣʝʘʥʜʦʤʠʮʠʥʫ, ʩʪʨʝʧʪʦʤʠʮʠʥʫ, ʛʝʥʪʘʤʠʮʠʥʫ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʥʘʣʠʜʦʢʩʦʚʦʡ ʢʠʩʣʦʪʳ. ʊʠʧʦʚʳʝ ʢʫʣʴʪʫʨʳ 

R. aetherivirans ʠ R. ruber ʩ ʦʨʘʥʞʝʚʳʤ ʥʝʜʠʬʬʫʥʜʠʨʫʶʱʠʤ 

ʧʠʛʤʝʥʪʦʤ, ʨʘʟʣʠʯʠʤʳ ʧʦ ʦʢʩʘʮʠʣʣʠʥʫ ʠ ʮʝʬʘʣʝʢʩʠʥʫ. ʂʫʣʴʪʫʨʳ 
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R. pyridinivorans ʀʕɻʄ 1055ʊ, R. rhodochrous ʀʕɻʄ 62ʊ, ʠʤʝʶʱʠʝ 

ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʫʶ ʧʠʛʤʝʥʪʘʮʠʶ, ʨʘʟʣʠʯʠʤʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ 

ʵʨʠʪʨʦʤʠʮʠʥʫ, ʮʝʬʘʣʝʢʩʠʥʫ, ʣʠʥʢʦʤʠʮʠʥʫ ʠ ʚʘʥʢʦʤʠʮʠʥʫ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʠʟʫʯʝʥʠʝ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ (31 ʰʪʘʤʤ) 

ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʢʫʣʴʪʫʨ ʚʳʷʚʠʣʦ ʩʫʱʝʩʪʚʝʥʥʫʶ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ ʘʥʪʠʙʠʦʪʠʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʠʜʦʚ R. globerulus R. erythropolis, R. opacus, 

R. qingshengii, R. rhodochrous ʠ R. ruber. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʝʧʝʥʴ 

ʘʥʪʠʙʠʦʪʠʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʦʜʦʢʦʢʢʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʣʠʰʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ ʚ ʧʦʣʠʬʘʟʥʦʤ ʧʦʜʭʦʜʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʚʝʞʝʚʳʜʝʣʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ  

ˉ 6.3330.2017/4.3. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʊ. ʉʪʝʜ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʘʣʢʘʥʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʀʕɻʄ ʋʨʆ ʈɸʅ ʚ ʨʘʤʢʘʭ ʣʝʪʥʝʡ 

ʥʘʫʯʥʦʡ ʧʨʘʢʪʠʢʠ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʜʣʷ ʠʥʦʩʪʨʘʥʥʳʭ 

ʩʪʫʜʝʥʪʦʚ. 
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ʄʀʅɽʈɸʃʔʅʓɽ ʀ ʋɻʃɽʈʆɼʅʓɽ ɺʆʃʆʂʅɸ 

ʂɸʂ ʅʆʉʀʊɽʃʀ ɹɸʂʊɽʈʀɸʃʔʅʓʍ ɹʀʆʇʃɽʅʆʂ  

ɼʃʗ ɹʀʆʂɸʊɸʃʀɿɸ ʀ ɹʀʆʃʆɻʀʏɽʉʂʆʁ ʆʏʀʉʊʂʀ 
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çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʢʘʪʘʣʠʟʘʪʦʨ, ʙʠʦʧʣʝʥʢʠ, ʙʘʟʘʣʴʪʦʚʦʝ 
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ʚʝʱʝʩʪʚ. ʉʧʦʩʦʙʥʦʩʪʴ ʤʠʢʨʦʙʥʳʭ ʢʣʝʪʦʢ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʠʤʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠʭ ʬʝʨʤʝʥʪʦʚ, 

ʧʨʦʩʪʦʪʘ ʠ ʜʝʰʝʚʠʟʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʙʥʳʭ ʢʣʝʪʦʢ ʧʦʟʚʦʣʷʝʪ 

ʚʳʜʝʣʠʪʴ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʯʠʩʣʦ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ.  

ɺ ʙʠʦʢʘʪʘʣʠʟʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʝ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʘʜʛʝʟʠʨʦʚʘʥʥʳʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʳʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ 

ʩʫʙʩʪʨʘʪʘ ʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʢʣʝʪʢʘʤʠ ʚ 

ʩʫʩʧʝʥʟʠʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ [1]. ɹʦʣʝʝ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʛʝʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʪʨʘʥʩʬʦʨʤʘʮʠʠ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʦʮʝʥʢʘ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʙʠʦʧʣʝʥʦʢ ʥʠʪʨʠʣʛʠʜʨʦʣʠʟʫʶʱʠʭ ʙʘʢʪʝʨʠʡ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ 

ʫʛʣʝʨʦʜʥʳʭ ʠ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʥʘʭ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ 

ʙʠʦʢʘʪʘʣʠʟʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʰʪʘʤʤʳ Alcaligenes faecalis 2 ʠ 

Rhodococcus erythropolis 11ï2, ʦʙʣʘʜʘʶʱʠʝ ʚʳʨʘʞʝʥʥʦʡ ʘʤʠʜʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʠ Rhodococcus ruber gt 1, ʦʙʣʘʜʘʶʱʠʡ ʥʠʪʨʠʣʛʠʜʨʘʪʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. 

ɹʠʦʧʣʝʥʢʠ ʚʳʨʘʱʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ ʥʘ ʙʘʟʘʣʴʪʦʚʦʤ 

ʚʦʣʦʢʥʝ (4 ʤʢʤ, 10-15 ʤʢʤ ʠ 22 ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ) ʠ ʂʘʨʙʦʧʦʥʝ-ɺ-ʘʢʪʠʚ 

ʧʨʠ 30Áʉ ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʦʣʝʚʦʡ ʩʨʝʜʝ N. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʫʛʣʝʨʦʜʘ ʜʣʷ R. erythropolis 11ï2 ʠ R. ruber gt 1 ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʣʶʢʦʟʫ, 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʟʦʪʘ ï ʘʮʝʪʦʥʠʪʨʠʣ ʠ NH4Cl ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ 

Al. faecalis 2 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʘʮʝʪʘʤʠʜ. ʇʦʩʣʝ 7 ʩʫʪʦʢ ʙʠʦʧʣʝʥʢʠ ʦʪʤʳʚʘʣʠ ʦʪ ʩʨʝʜʳ ʢʘʣʠʡ-

ʬʦʩʬʘʪʥʳʤ ʙʫʬʝʨʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʢʨʠʣʘʤʠʜʘ.  

ɼʣʷ ʰʪʘʤʤʘ R. erythropolis 11ï2 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʠʦʧʣʝʥʢʠ, 

ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʙʘʟʘʣʴʪʦʚʦʤ ʚʦʣʦʢʥʝ 4 ʤʢʤ ʠ 10-15 ʤʢʤ, ʢ 24 ʯʘʩʘʤ 

ʨʝʘʢʮʠʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ 98% ʠ 94% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʛʜʘ ʢʘʢ 

ʩʚʦʙʦʜʥʳʝ ʢʣʝʪʢʠ ʚ ʩʫʩʧʝʥʟʠʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʫ 

ʩʫʙʩʪʨʘʪʘ ʢ 72 ʯʘʩʘʤ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ). ɹʠʦʧʣʝʥʢʠ R. erythropolis 11ï

2, ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʙʘʟʘʣʴʪʦʚʦʤ ʚʦʣʦʢʥʝ 4 ʤʢʤ ʠ 10-15 ʤʢʤ, ʥʘʢʘʧʣʠʚʘʣʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 104% ʠ 87% ʙʦʣʴʰʝ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʯʝʤ 

ʩʚʦʙʦʜʥʳʝ ʢʣʝʪʢʠ ʚ ʩʫʩʧʝʥʟʠʠ. 

ɸʢʨʠʣʦʥʠʪʨʠʣ ʧʦʣʥʦʩʪʴʶ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʙʠʦʧʣʝʥʢʘʤʠ R. 

ruber gt 1, ʚʳʨʘʱʝʥʥʳʤʠ ʥʘ ʙʘʟʘʣʴʪʦʚʦʤ ʚʦʣʦʢʥʝ 4 ʤʢʤ ʠ 10-15 ʤʢʤ, ʢ 

1 ʯʘʩʫ ʨʝʘʢʮʠʠ. ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʢʨʠʣʦʥʠʪʨʠʣʘ ʩʚʦʙʦʜʥʳʤʠ ʢʣʝʪʢʘʤʠ R. ruber gt 1 ʚ 

ʩʫʩʧʝʥʟʠʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʣʘʙʦʡ ʘʜʛʝʟʠʝʡ ʢʣʝʪʦʢ ʵʪʦʛʦ 
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ʚʠʜʘ ʢ ʙʘʟʘʣʴʪʦʚʦʤʫ ʚʦʣʦʢʥʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦ ʤʘʩʩʠʚʥʳʤ 

ʙʠʦʧʣʝʥʢʘʤ. 

ɼʣʷ ʰʪʘʤʤʘ Al. faecalis 2 ʦʱʫʪʠʤʦʡ ʨʘʟʥʠʮʳ ʚ ʩʢʦʨʦʩʪʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʫʙʩʪʨʘʪʘ ʙʠʦʧʣʝʥʢʘʤʠ, ʚʳʨʘʱʝʥʥʳʤʠ ʥʘ ʨʘʟʥʳʭ 

ʥʦʩʠʪʝʣʷʭ, ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʠ ʙʠʦʧʣʝʥʢʠ Al. faecalis 2, ʠ ʩʚʦʙʦʜʥʳʝ ʢʣʝʪʢʠ ʚ 

ʩʫʩʧʝʥʟʠʠ ʥʘʢʘʧʣʠʚʘʶʪ ʘʢʨʠʣʦʚʫʶ ʢʠʩʣʦʪʫ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʜʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʩʯʝʨʧʘʥʠʶ ʩʫʙʩʪʨʘʪʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʶʪ ʝʝ ʧʦʪʨʝʙʣʷʪʴ. ʇʨʠʯʝʤ ʩʚʦʙʦʜʥʳʝ ʢʣʝʪʢʠ ʚ 

ʩʫʩʧʝʥʟʠʠ ʥʘʢʘʧʣʠʚʘʶʪ ʥʘ 42% ʠ 80% ʙʦʣʴʰʝ ʢʠʩʣʦʪʳ, ʯʝʤ ʙʠʦʧʣʝʥʢʠ, 

ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʙʘʟʘʣʴʪʦʚʦʤ ʚʦʣʦʢʥʝ ʠ ʂʘʨʙʦʧʦʥʝ-ɺ-ʘʢʪʠʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʫʶʪ ʢʠʩʣʦʪʫ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ. ʅʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʪʳ ʦʩʪʘʣʦʩʴ ʚ ʩʨʝʜʝ 

ʩ ʙʠʦʧʣʝʥʢʘʤʠ, ʚʳʨʘʱʝʥʥʳʤʠ ʥʘ ʂʘʨʙʦʧʦʥʝ-ɺ-ʘʢʪʠʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʪʘʢʞʝ ʩ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʥʦʩʠʪʝʣʷ.  

 

 
ʈʠʩʫʥʦʢ. ʅʘʢʦʧʣʝʥʠʝ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʙʠʦʧʣʝʥʢʘʤʠ  

R. erythropolis 11ï2, ʚʳʨʘʱʝʥʥʳʤʠ ʥʘ ʙʘʟʘʣʴʪʦʚʦʤ ʚʦʣʦʢʥʝ 4 ʤʢʤ (1)  

ʠ 10-15 ʤʢʤ (2), ʠ ʩʚʦʙʦʜʥʳʤʠ ʢʣʝʪʢʘʤʠ ʚ ʩʫʩʧʝʥʟʠʠ (3) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʙʠʦʢʘʪʘʣʠʟʘ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʦʜʭʦʜʠʪ ʙʠʦʧʣʝʥʢʘ R. erythropolis 11ï2, ʚʳʨʘʱʝʥʥʘʷ ʥʘ 

ʤʠʥʝʨʘʣʴʥʦʤ ʠʣʠ ʫʛʣʝʨʦʜʥʦʤ ʥʦʩʠʪʝʣʝ, ʠʣʠ ʙʠʦʧʣʝʥʢʘ R. ruber gt 1, ʪʘʢ 

ʢʘʢ ʨʦʜʦʢʦʢʢʠ ʙʳʩʪʨʝʝ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʩʫʙʩʪʨʘʪ ʚ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ. 

ɼʣʷ ʙʠʦʧʣʝʥʦʢ R. ruber gt 1 ʥʝʦʙʭʦʜʠʤʘ ʜʘʣʴʥʝʡʰʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʥʦʩʠʪʝʣʷ.  

ɼʣʷ ʮʝʣʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʙʠʦʧʣʝʥʢʘ Al. faecalis 2, ʚʳʨʘʱʝʥʥʘʷ ʥʘ 

ʂʘʨʙʦʧʦʥʝ-ɺ-ʘʢʪʠʚ. ɼʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ ʪʦʣʴʢʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ 
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ʩʫʙʩʪʨʘʪ ʚ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ, ʥʦ ʠ ʧʦʪʨʝʙʣʷʝʪ ʧʦʩʣʝʜʥʠʡ, ʯʪʦ ʚʳʛʦʜʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʦʯʠʩʪʢʠ ʚʦʜ ʦʪ ʧʦʣʣʶʪʘʥʪʦʚ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʂʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʋʨʘʣʴʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈɸʅ, ʧʨʦʝʢʪ ˉ18-3-38-2119, ʙʣʦʢ-ʧʨʦʝʢʪ 18-3-8-19 (ˉ 

0422-2018-1136). 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʄʘʢʩʠʤʦʚʘ ʖ.ɻ., ɻʦʨʙʫʥʦʚʘ ɸ.ʅ., ɿʦʨʠʥʘ ɸ.ʉ. ʠ ʜʨ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʘʤʠʜʦʚ ʘʜʛʝʟʠʨʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ ʨʦʜʦʢʦʢʢʦʚ, 

ʦʙʣʘʜʘʶʱʠʤʠ ʘʤʠʜʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ // ʇʨʠʢʣʘʜʥʘʷ ʙʠʦʭʠʤ. 

ʤʠʢʨʦʙʠʦʣ. 2015. ʊ. 51, ˉ 1. ʉ. 53ï58. 

 

ʄʆʃɽʂʋʃʗʈʅʆ-ɻɽʅɽʊʀʏɽʉʂʀɽ ʇʆɼʍʆɼʓ ʂ ʀɿʋʏɽʅʀʖ 

ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ ɻʃʋɹʀʅʅʆʁ ʇʆʈʆɼʓ ʂɸʈʅɸʃʃʀʊɸ 

ɺɽʈʍʅɽʂɸʄʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʉʆʃɽʁ 

 

ʂʘʰʘʧʦʚʘ ʃʠʣʠʷ ʕʟʭʘʨʦʚʥʘ1, ʇʴʷʥʢʦʚʘ ɸʥʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ2, 

ʂʦʨʩʘʢʦʚʘ ɽʢʘʪʝʨʠʥʘ ʉʝʨʛʝʝʚʥʘ1,2, ʇʣʦʪʥʠʢʦʚʘ ɽʣʝʥʘ ɻʝʥʨʠʭʦʚʥʘ1,225 

 
1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʢʪʝʨʠʠ, ʘʨʭʝʠ, ʛʘʣʦʬʠʣʳ, ʢʘʨʥʘʣʣʠʪ, ʇʎʈ 

 

ɺʝʨʭʥʝʢʘʤʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʭ ʠ ʥʘʪʨʠʝʚʳʭ 

ʩʦʣʝʡ (ɺʂʄʂʉ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʤʠʨʝ 

ʧʦ ʟʘʧʘʩʘʤ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ. ʉʦʣʷʥʳʝ ʧʦʨʦʜʳ ɺʂʄʂʉ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʘʤʝʥʥʦʡ ʩʦʣʴʶ, ʩʠʣʴʚʠʥʠʪʘʤʠ ʠ ʢʘʨʥʘʣʣʠʪʦʤ. ʂʘʨʥʘʣʣʠʪ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʢʘʣʠʡʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʝʩʩʫʣʴʬʘʪʥʦʛʦ ʪʠʧʘ ʧʦ ʩʪʝʧʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦʩʣʝ ʩʠʣʴʚʠʥʘ. ʊʘʢʠʝ ʩʦʣʷʥʳʝ ʧʦʨʦʜʳ ʷʚʣʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʚʳʜʝʣʝʥʠʷ ʛʘʣʦʬʠʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʟʳʚʘʶʪ ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

[1]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʙʨʘʟʮʝ ʧʦʨʦʜʳ 

ʢʘʨʥʘʣʣʠʪʘ ʠʟ ʟʘʣʝʞʝʡ ʩʦʣʝʡ ɺʂʄʂʉ (ʇʝʨʤʩʢʠʡ ʢʨʘʡ) ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

                                                           
É ʂʘʰʘʧʦʚʘ ʃ.ʕ., ʇʴʷʥʢʦʚʘ ɸ.ɸ., ʂʦʨʩʘʢʦʚʘ ɽ.ʉ.,  

ʇʣʦʪʥʠʢʦʚʘ ɽ.ɻ., 2018 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʙʳʣ ʚʟʷʪ ʦʙʨʘʟʝʮ ʧʦʨʦʜʳ ʢʘʨʥʘʣʣʠʪʘ (ʛʣʫʙʠʥʘ 

254,2-254,4 ʤ), ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʩʦʪʨʫʜʥʠʢʘʤʠ çɻʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʋʨʆ ʈɸʅè (ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ). 

ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ Na+, 

K+, Ca2+ ʤʝʪʦʜʦʤ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ (ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʩʦʛʣʘʩʥʦ 

ɻʆʉʊʫ 26423-85) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʪʝʢʮʠʝʡ ʥʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ɸɸ-6300 (çShimadzuè, ʗʧʦʥʠʷ), ʢʘʢ ʦʧʠʩʘʥʦ [2]. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ Na+ ʩʦʩʪʘʚʠʣʘ 1,52 ʛ/ʣ, K+ - 77,32 ʛ/ʣ, Ca2+ - 4,92 ʛ/ʣ. 

ʆʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠʟʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʢʘʨʥʘʣʣʠʪʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʩʦʛʣʘʩʥʦ [3], ʩʦʩʪʘʚʠʣʘ 9,37 % ʩʦʣʝʡ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ Fast DNA spin kit for soil (çMP 

Biomedicalsè, ʌʨʘʥʮʠʷ) ʠʟ ʦʙʨʘʟʮʘ ʧʦʨʦʜʳ ʢʘʨʥʘʣʣʠʪʘ ʙʳʣʘ ʚʳʜʝʣʝʥʘ 

ʪʦʪʘʣʴʥʘʷ ɼʅʂ, ʢʦʪʦʨʫʶ ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ 

ʇʎʈ. ʉ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ QubitÈ Fluorometer (çInvitrogenè, ʉʐɸ) ʠ 

ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ Quant-iTÊ dsDNA BR Assay Kit  (çInvitrogenè, ʉʐɸ) 

ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʜʝʣʝʥʥʦʡ ɼʅʂ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 6,76 

ʤʢʛ/ʤʣ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʤʧʣʠʬʠʢʘʮʠʠ ʛʝʥʦʚ 16S ʨʈʅʂ ʙʘʢʪʝʨʠʡ (ʧʨʘʡʤʝʨʳ 

27F/1492R) ʩ ʚʳʜʝʣʝʥʥʦʡ ʪʦʪʘʣʴʥʦʡ ɼʅʂ ʙʳʣ ʧʦʣʫʯʝʥ ʇʎʈ-ʧʨʦʜʫʢʪ 

(ʨʘʟʤʝʨ ʦʢʦʣʦ 1450 ʧ. ʥ.). ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ 

ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʦʚ 16S ʨʈʅʂ ʘʨʭʝʡ (ʧʨʘʡʤʝʨʳ 344F/915R), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥ ʘʤʧʣʠʢʦʥ ʠʩʢʦʤʦʛʦ ʨʘʟʤʝʨʘ (ʦʢʦʣʦ 570 ʧ.ʥ.). 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʙʘʢʪʝʨʠʡ ʚ ʦʙʨʘʟʮʝ ʧʦʨʦʜʳ ʢʘʨʥʘʣʣʠʪʘ 

ʧʨʦʚʦʜʠʣʠ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʧʨʘʡʤʝʨʳ Eub338F/Eub518R) [4] 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ 2X Maxima SYBR Green/ROX qPCR 

Master Mix (çThermo Scientificè, ʉʐɸ) ʥʘ ʧʨʠʙʦʨʝ çCFX96 TouchÊ 

Real-Time PCR Detection Systemsè (çBio-Rad Laboratoriesè, ʉʐɸ). ɼʣʷ 

ʩʪʘʥʜʘʨʪʥʦʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ 

ʧʣʘʚʣʝʥʠʷ ɼʅʂ (ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ (Tm) ʜʫʧʣʝʢʩʘ ɼʅʂ), ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʨʘʟʝʮ ʦʯʠʱʝʥʥʦʡ ʛʝʥʦʤʥʦʡ ɼʅʂ ʰʪʘʤʤʘ Rhodococcus 

sp. ʂʊ112-7 ʠʟ ʢʦʣʣʝʢʮʠʠ ʃʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ çʀʕɻʄ ʋʨʆ ʈɸʅè. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʦʙʨʘʟʮʝ ʢʘʨʥʘʣʣʠʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʛʝʥʳ 16S ʨʈʅʂ ʚ 

ʢʦʣʠʯʝʩʪʚʝ (1,17Ñ0,29) ʭ 105 ʢʦʧʠʡ ʛʝʥʘ ʥʘ 1 ʛ ʦʙʨʘʟʮʘ. ʄʝʪʦʜʦʤ ʘʥʘʣʠʟʘ 

ʢʨʠʚʳʭ ʧʣʘʚʣʝʥʠʷ ɼʅʂ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ Tm ʠʩʩʣʝʜʫʝʤʦʡ ɼʅʂ, ʨʘʚʥʘʷ 

81,3Áʉ, ʯʪʦ ʥʘ 2,7Áʉ ʥʠʞʝ Tm ʛʝʥʦʤʥʦʡ ɼʅʂ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʰʪʘʤʤʘ Rhodococcus sp. ʂʊ112-7 (ʢʦʥʪʨʦʣʴʥʘʷ ɼʅʂ). ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʫʢʣʝʦʪʠʜʥʳʡ ʩʦʩʪʘʚ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ɼʅʂ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʩʦʩʪʘʚʦʤ GC-ʧʘʨ ʦʪ 

ʢʦʥʪʨʦʣʴʥʦʡ ɼʅʂ ʠ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʜʦʤʠʥʠʨʦʚʘʥʠʝ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʚ ʤʠʢʨʦʙʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʦʙʨʘʟʮʘ 

ʢʘʨʥʘʣʣʠʪʘ. 

ɺ ʞʠʜʢʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ATCC 213 çHalobacterium 

mediumè (200 ʛ/ʣ NaCl) ʠ ʙʦʛʘʪʦʡ ʩʨʝʜʝ ʈʘʡʤʦʥʜʘ (50 ʛ/ʣ NaCl) 
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ʧʦʣʫʯʝʥʳ ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʢʫʣʴʪʫʨʳ (ʅʂ). ʄʘʪʝʨʠʘʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʅʂ 

ʙʳʣ ʚʟʷʪ ʠʟ ʪʦʣʱʠ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʨʦʜʳ ʚ ʩʪʝʨʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 3 ʥʝʜʝʣʴ ʥʘ ʪʝʨʤʦʢʘʯʘʣʢʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 28Áʉ. ʀʟ ʩʫʩʧʝʥʟʠʠ ʅʂ ʤʝʪʦʜʦʤ ʱʝʣʦʯʥʦʛʦ ʣʠʟʠʩʘ 

ʚʳʜʝʣʷʣʠ ɼʅʂ. ʅʘ ʤʘʪʨʠʮʝ ʚʳʜʝʣʝʥʥʦʡ ɼʅʂ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʘʤʧʣʠʢʦʥʳ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʦʚ 16S ʨʈʅʂ ʙʘʢʪʝʨʠʡ (ʧʨʘʡʤʝʨʳ 

27F/1492R) ʠ ʘʨʭʝʡ (ʧʨʘʡʤʝʨʳ 109F/958R), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʢʘʨʥʘʣʣʠʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʦʨʦʜʝ ʢʘʨʥʘʣʣʠʪʘ (ʛʣʫʙʠʥʘ 254,2-

254,4 ʤ) ʠʟ ʟʘʣʝʞʝʡ ʩʦʣʝʡ ɺʂʄʂʉ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ï 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʦʤʝʥʦʚ Bacteria ʠ Archaea. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 01201353247. 
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ʆɹɽʉʇɽʏɽʅʅʆʉʊʔ ʇʀʊɸʊɽʃʔʅʓʄʀ ɺɽʑɽʉʊɺɸʄʀ 

ɺʃʀʗɽʊ ʅɸ ɼʀʅɸʄʀʂʋ ʇɽʈʉʀʉʊʆʆɹʈɸɿʆɺɸʅʀʗ  

ɺ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʂʋʃʔʊʋʈɽ ESCHERICHIA COLI 

 

ʂʘʰʝʚʘʨʦʚʘ ʅʘʪʘʣʴʷ ʄʠʭʘʡʣʦʚʥʘ, ʊʢʘʯʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɻʝʦʨʛʠʝʚʠʯ26 
 

çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
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ʘʥʪʠʙʠʦʪʠʢʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ, ʪʘʢ ʠ ʩ ʧʝʨʩʠʩʪʦʨʥʳʤ ʬʝʥʦʪʠʧʦʤ. 
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ʇʝʨʩʠʩʪʦʨʥʳʡ ʬʝʥʦʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʥʘʩʣʝʜʫʝʤʦʡ 

ʘʥʪʠʙʠʦʪʠʢʦʪʦʣʝʨʘʥʪʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʤʝʜʣʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʝʨʝʭʦʜʦʤ ʢʣʝʪʦʢ ʚ ʜʦʨʤʘʥʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʫʪʩʪʚʠʶ ʘʢʪʠʚʥʳʭ ʤʠʰʝʥʝʡ ʜʣʷ 

ʘʥʪʠʙʠʦʪʠʢʘ [1, 2]. ɺʳʞʠʚʘʥʠʝ ʧʝʨʩʠʩʪʦʨʥʳʭ ʢʣʝʪʦʢ ʟʘʚʠʩʠʪ ʦʪ ʠʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʦʪʦʨʦʛʦ ʚ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʫʱʠʭ ʢʫʣʴʪʫʨʘʭ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ. 

ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʙʘʢʪʝʨʠʡ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʪʘʢʠʝ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ 

ʩʦʜʝʨʞʘʥʠʝ ʈʅʂ-ʧʦʣʠʤʝʨʘʟ ʠ ʨʠʙʦʩʦʤ, ʚʣʠʷʝʪ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, 

ʥʘʨʷʜʫ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ [3]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʙʘʢʪʝʨʠʡ ʨʘʩʪʠ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ 

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ, pH ʠ ʪ.ʜ.), ʪʘʢ ʠ ʦʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʨʝʜʝ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʧʝʨʩʠʩʪʦʦʙʨʘʟʦʚʘʥʠʷ Escherichia coli ʥʘ ʨʘʟʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ 

ʙʘʢʪʝʨʠʡ ʠ ʠʟʫʯʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʠ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ, 

ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʨʩʠʩʪʦʨʥʦʛʦ ʬʝʥʦʪʠʧʘ. 

ʐʪʘʤʤ E. coli BW25114 ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ 

ʄ-9, ʩʦʜʝʨʞʘʱʝʡ 0.4 % ʛʣʶʢʦʟʳ, ʠ ʚ ʙʦʛʘʪʦʡ ʩʨʝʜʝ (LB-ʙʫʣʴʦʥ). ʇʨʦʙʳ 

ʦʪʙʠʨʘʣʠ ʢʘʞʜʳʝ 2 ʯʘʩʘ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ ʨʦʩʪʘ, ʘ ʜʘʣʝʝ ʩ 24-

ʯʘʩʦʚʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʯʠʩʣʘ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ 

ʢʣʝʪʦʢ ʠ ʧʝʨʩʠʩʪʦʨʦʚ, ʪʦʣʝʨʘʥʪʥʳʭ ʢ 2.8 ʤʢʛ/ʤʣ ʘʤʠʥʦʛʣʠʢʦʟʠʜʘ 

ʥʝʪʠʣʤʠʮʠʥʘ. ʏʘʩʪʦʪʫ ʧʝʨʩʠʩʪʦʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʯʠʩʣʘ ʧʝʨʩʠʩʪʦʨʦʚ ʢ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʝʪʦʢ ʥʘ 

ʤʦʤʝʥʪ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ. ʕʢʩʧʨʝʩʩʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʙʝʪʘ-ʛʘʣʘʢʪʦʟʠʜʘʟʳ ʚ ʢʣʝʪʢʘʭ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ 

ʰʪʘʤʤʦʚ E. coli, ʥʝʩʫʱʠʭ ʩʣʠʷʥʠʷ ʩ ʨʝʧʦʨʪʝʨʥʳʤ ʛʝʥʦʤ lacZ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ (R) ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʠʟʫʯʘʝʤʳʤʠ ʧʨʠʟʥʘʢʘʤʠ. 

ɺ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ ʰʪʘʤʤʘ E. coli BW25114 ʠʟʫʯʝʥʘ 

ʜʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʝʪʦʢ, ʪʦʣʝʨʘʥʪʥʳʭ ʢ ʥʝʪʠʣʤʠʮʠʥʫ, ʚ LB-

ʙʫʣʴʦʥʝ ʠ ʩʨʝʜʝ ʄ-9 ʩ ʛʣʶʢʦʟʦʡ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʬʘʟʝ ʨʘʥʥʝʛʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ (OD600å0.13) 

ʯʠʩʣʦ ʧʝʨʩʠʩʪʦʨʥʳʭ ʢʣʝʪʦʢ ʙʳʣʦ ʦʜʠʥʘʢʦʚʦ ʚ ʨʘʟʥʳʭ ʩʨʝʜʘʭ ʠ 

ʩʦʩʪʘʚʣʷʣʦ 10-4 ʢʣʝʪʦʢ/ʤʣ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʦʪʘ 

ʧʨʦʷʚʣʝʥʠʷ ʧʝʨʩʠʩʪʦʨʥʦʛʦ ʬʝʥʦʪʠʧʘ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʰʪʘʤʤʘ ʧʨʠ ʨʘʟʚʝʜʝʥʠʠ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʫʣʴʪʫʨʳ ʩʚʝʞʝʡ ʩʨʝʜʦʡ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʝ ʩʦʩʪʘʚʘ). 

ɺʘʞʥʘʷ ʨʦʣʴ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʧʝʨʩʠʩʪʦʦʙʨʘʟʦʚʘʥʠʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʦʩʪʫʧʥʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʧʝʨʩʠʩʪʝʥʮʠʠ [2]. ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʥʫʶ ʜʠʥʘʤʠʢʫ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʩʠʩʪʦʨʥʳʭ 
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ʢʣʝʪʦʢ ʚ ʠʟʫʯʘʝʤʳʭ ʩʨʝʜʘʭ. ɺ ʙʦʛʘʪʦʡ ʩʨʝʜʝ ʯʠʩʣʦ ʪʦʣʝʨʘʥʪʥʳʭ ʢʣʝʪʦʢ 

ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ ʨʦʩʪʘ ʩʦʭʨʘʥʷʣʦʩʴ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʦʩʪʦʤ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʠ ʜʦʩʪʠʞʝʥʠʝʤ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ 72 ʯʘʩʘʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɺ ʤʠʥʠʤʘʣʴʥʦʡ 

ʩʨʝʜʝ ʧʦʩʣʝ 4-ʯʘʩʦʚʦʡ ʣʘʛ-ʬʘʟʳ ʟʘ ʧʦʩʣʝʜʫʶʱʠʝ 4 ʯʘʩʘ ʥʘʙʣʶʜʘʣʩʷ 

ʨʝʟʢʠʡ ʨʦʩʪ ʯʠʩʣʘ ʧʝʨʩʠʩʪʦʨʥʳʭ ʢʣʝʪʦʢ ʥʘ 3 ʧʦʨʷʜʢʘ ʜʦ ʤʘʢʩʠʤʫʤʘ ʢ 8 

ʯʘʩʘʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɺ 24-ʯʘʩʦʚʦʡ ʢʫʣʴʪʫʨʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʭʨʘʥʷʣʦʩʴ ʥʘ ʵʪʦʤ ʞʝ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʥʠʞʝʥʠʝʤ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʨʘʟʣʠʯʠʝ ʚ ʜʠʥʘʤʠʢʝ ʧʝʨʩʠʩʪʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʨʦʩʪʘ ʢʫʣʴʪʫʨ ʚ ʩʨʝʜʘʭ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʧʦ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʚʷʟʴ (R=-0,9, p<0,05) ʤʝʞʜʫ 

ʯʘʩʪʦʪʦʡ ʧʝʨʩʠʩʪʝʥʮʠʠ ʠ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʜʣʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʫʱʝʡ ʢʫʣʴʪʫʨʳ ʚ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʝ. ʆʜʥʘʢʦ ʚ 

ʙʦʛʘʪʦʡ ʩʨʝʜʝ ʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʦʩʢʦʣʴʢʫ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʩʠʩʪʦʨʦʚ ʠʥʜʫʮʠʨʫʝʪʩʷ ʣʠʰʴ ʧʦʩʣʝ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ 

ʨʦʩʪʘ. 

ʉ ʧʦʤʦʱʴʶ ʥʦʢʘʫʪʥʳʭ ʤʫʪʘʮʠʡ ʠ lacZ-ʩʣʠʷʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʛʝʥʳ rmf, yqjD (ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʠʥʘʢʪʠʚʘʮʠʶ ʨʠʙʦʩʦʤ) ʠ rpoS 

(ʨʝʛʫʣʷʪʦʨ ʦʙʱʝʛʦ ʩʪʨʝʩʩʦʚʦʛʦ ʦʪʚʝʪʘ), ʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʜʫʣʠʨʫʝʤʳʝ 

ʧʦʣʠʘʤʠʥʘʤʠ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʝʨʩʠʩʪʦʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ [4]. ɺʳʷʚʣʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ rmf, yqjD, rpoS ʦʪ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʚ ʩʨʝʜʝ LB. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʨʝʜʝ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʙʘʢʪʝʨʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʛʝʥʥʫʶ 

ʵʢʩʧʨʝʩʩʠʶ ʠ ʜʠʥʘʤʠʢʫ ʧʝʨʩʠʩʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʝ E. coli, ʧʦʜʪʚʝʨʞʜʘʷ ʚʘʞʥʫʶ ʨʦʣʴ ʤʝʪʘʙʦʣʠʟʤʘ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʨʩʠʩʪʦʨʥʦʛʦ ʬʝʥʦʪʠʧʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 01201353249) ʠ ʚ ʨʘʤʢʘʭ ʂʦʤʧʣʝʢʩʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʋʨʆ ʈɸʅ (ʥʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: ɸɸɸɸ-ɸ18-

118030790046-9). 
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ɽʨʦʰʝʥʢʦ ɼʘʨʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ1,4,  

ʃʝʤʢʠʥʘ ʃʘʨʠʩʘ ʄʘʨʢʦʚʥʘ127 

 

1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʘʢ. ɼ.ʅ. ʇʨʷʥʠʰʥʠʢʦʚʘ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
3ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
4çʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʈʆ ʈɸʅè - ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, 

ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʧʠʦʥʦʚʳʝ ʙʘʢʪʝʨʠʠ, ʙʠʦʧʣʝʥʢʠ, 

ʘʥʪʠʙʠʦʪʠʢʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ, ʣʘʥʪʠʙʠʦʪʠʢʠ 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʨʠʬʘʤʧʠʮʠʥʫ ʠ ʪʝʪʨʘʮʠʢʣʠʥʫ ʧʨʦʧʠʦʥʦʚʳʭ ʙʘʢʪʝʨʠʡ ʚ ʧʣʘʥʢʪʦʥʥʳʭ 

ʢʫʣʴʪʫʨʘʭ ʠ ʙʠʦʧʣʝʥʢʘʭ ʢ ʥʦʚʳʤ ʢʘʪʠʦʥʥʳʤ ʧʝʧʪʠʜʘʤ ʩʝʤʝʡʩʪʚʘ 

ʣʘʥʪʠʙʠʦʪʠʢʦʚ. 

ɺʳʜʝʣʝʥʥʳʝ ʠʟ ʩʨʝʜ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʡ Staphylococcus 

warneri KL-1 ʠ Staphylococcus hominis KLP-1 ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʘʪʠʦʥʥʳʝ ʧʝʧʪʠʜʳ ʚʘʨʥʝʨʠʥ ʠ ʭʦʤʠʥʠʥ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʥʠʤ ʙʘʢʪʝʨʠʡ ʰʪʘʤʤʘ P. acnes VKM  Ac-

50 (ɺʂʄ, ʇʫʱʠʥʦ) ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ï P. acnes VKM  Ac-1450 Rifr ʠ P. 

acnes KM Ac-1450 Tetr, ʨʝʟʠʩʪʝʥʪʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʨʠʬʘʤʧʠʮʠʥʫ 

ʠ ʪʝʪʨʘʮʠʢʣʠʥʫ. ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʘʢʪʝʨʠʡ ʢ ʚʳʜʝʣʝʥʥʳʤ 

ʧʝʧʪʠʜʘʤ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʄʋʂ 4.2.1890-04, ʘ ʠʭ ʘʜʛʝʟʠʚʥʳʭ 

ʩʚʦʡʩʪʚ - ʧʦ ʫʨʦʚʥʷʤ ʩʦʨʙʮʠʠ ʢʣʝʪʦʢ ʥʘ ʛʠʜʨʦʬʠʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʩʪʝʢʣʘ ʠ ʛʠʜʨʦʬʦʙʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʣʠʩʪʠʨʦʣʘ. ʂʦʣʠʯʝʩʪʚʦ 

ʙʘʢʪʝʨʠʡ, ʦʢʢʫʧʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚ 

                                                           
É ʂʦʨʦʙʦʚ ɺ.ʇ., ʇʦʣʶʜʦʚʘ ʊ.ɺ., ɽʨʦʰʝʥʢʦ ɼ.ɺ., ʃʝʤʢʠʥʘ ʃ.ʄ., 2018 
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ʩʦʩʪʘʚʝ ʬʦʨʤʠʨʫʝʤʳʭ ʠʤʠ ʙʠʦʧʣʝʥʦʢ, ʦʧʨʝʜʝʣʷʣʠ ʧʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ 

ʧʨʝʧʘʨʘʪʦʚ 0,1% ʛʝʥʮʠʘʥ-ʚʠʦʣʝʪʦʤ, ʧʨʦʩʤʘʪʨʠʚʘʷ ʥʝ ʤʝʥʝʝ 10 ʧʦʣʝʡ 

ʟʨʝʥʠʷ ʥʘ ʤʠʢʨʦʚʠʟʦʨʝ çÕ-Viso-103è (ʈʦʩʩʠʷ) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʍ 1000, ʘ 

ʪʘʢʞʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʝʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʧʠʨʪʦʚʳʭ 

ʵʢʩʪʨʘʢʪʦʚ ʧʣʝʥʦʢ, ʠʩʧʦʣʴʟʫʷ ʧʣʘʥʰʝʪʥʳʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ 

çBenchmark plusè (Cʐɸ). ʉʪʝʧʝʥʴ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʩʦʨʙʠʨʫʶʱʠʭʩʷ ʙʘʢʪʝʨʠʡ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ MATH-ʪʝʩʪʘ ʩ ʥ-

ʛʝʢʩʘʜʝʢʘʥʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʧʠʦʥʦʚʳʭ ʙʘʢʪʝʨʠʡ 

ʢ ʪʝʪʨʘʮʠʢʣʠʥʫ ʠ ʨʠʬʘʤʧʠʮʠʥʫ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʠʭ 

ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʘʜʛʝʟʠʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʥʘ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʩʪʠʨʦʣʘ ʩ 

ʙʳʩʪʨʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘ ʥʝʡ ʙʠʦʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʥʪʠʙʠʦʪʠʢʦʫʩʪʦʡʯʠʚʳʭ ʰʪʘʤʤʦʚ 

ʧʨʦʧʠʦʥʦʚʳʭ ʙʘʢʪʝʨʠʡ ʢ ʦʙʦʠʤ ʧʝʧʪʠʜʘʤ ʩʦʭʨʘʥʷʣʘʩʴ ʥʘ ʫʨʦʚʥʷʭ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʠʭ ʨʦʜʠʪʝʣʴʩʢʠʭ ʚʘʨʠʘʥʪʦʚ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʙʘʢʪʝʨʠʠ ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ ʦʙʣʘʜʘʣʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʢʪʝʨʠʷʤʠ ʨʦʜʠʪʝʣʴʩʢʠʭ ʰʪʘʤʤʦʚ, ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʢ 

ʘʜʛʝʟʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʦʧʣʝʥʦʢ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʧʦʜʘʚʣʷʣʦʩʴ ʚʥʝʩʝʥʠʝʤ ʚ ʩʨʝʜʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ 

ʚʳʜʝʣʝʥʥʳʭ ʥʘʤʠ ʥʦʚʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʘʪʠʦʥʥʳʭ ʧʝʧʪʠʜʦʚ 

ʩʝʤʝʡʩʪʚʘ ʣʘʥʪʠʙʠʦʪʠʢʦʚ. 

ɺʳʚʦʜʳ. ʅʦʚʳʝ ʧʝʧʪʠʜʳ ʩʝʤʝʡʩʪʚʘ ʣʘʥʪʠʙʠʦʪʠʢʦʚ ʚʘʨʥʝʨʠʥ ʠ 

ʭʦʤʠʥʠʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʥʛʠʙʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʧʣʘʥʢʪʦʥʥʳʭ 

ʢʫʣʴʪʫʨ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʦʧʣʝʥʦʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ 

ʪʝʪʨʘʮʠʢʣʠʥʫ ʠ ʨʠʬʘʤʧʠʮʠʥʫ ʰʪʘʤʤʦʚ ʧʨʦʧʠʦʥʦʚʳʭ ʙʘʢʪʝʨʠʡ, ʯʪʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ 

ʢʦʣʦʥʠʟʘʮʠʠ ʵʪʠʤʠ ʙʘʢʪʝʨʠʷʤʠ ʭʘʨʘʢʪʝʨʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ 01201353249 ʠ ʂʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʋʨʦ ʈɸʅ, ʧʨʦʝʢʪ ˉ 18-7-8-8. 
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ɻɸʃʆʊʆʃɽʈɸʅʊʅʓɽ ɹɸʂʊɽʈʀʀ-ɼɽʉʊʈʋʂʊʆʈʓ 

ɸʈʆʄɸʊʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ ʈʆɼɸ PSEUDOMONAS  

 

ʂʦʨʩʘʢʦʚʘ ɽʢʘʪʝʨʠʥʘ ʉʝʨʛʝʝʚʥʘ1,2, ʀʩʪʦʤʠʥʘ ɸʥʘʩʪʘʩʠʷ ɺʘʩʠʣʴʝʚʥʘ1, 

ʇʣʦʪʥʠʢʦʚʘ ɽʣʝʥʘ ɻʝʥʨʠʭʦʚʥʘ1,228 

 
1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ; 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Pseudomonas, ʛʘʣʦʪʦʣʝʨʘʥʪʳʝ ʙʘʢʪʝʨʠʠ, 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʜʝʩʪʨʫʢʮʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ 

ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ 

ʤʦʥʦ(ʧʦʣʠ)ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ɸʉ) ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ. ʄʠʢʨʦʙʥʘʷ ʜʝʩʪʨʫʢʮʠʷ 

ɸʉ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʣʠʤʠʪʠʨʦʚʘʪʴʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʩʨʝʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ ʠ 

ʚʦʜʦʝʤʦʚ [1, 2]. ʋʥʠʢʘʣʴʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ (ʟʘʩʦʣʝʥʠʝ ʠ 

ʟʘʛʨʷʟʥʝʥʠʝ ʪʦʢʩʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʟʦʥʘ ʨʘʟʨʘʙʦʪʦʢ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʣʝʡ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ [3].  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʠʩʢ ʘʢʪʠʚʥʳʭ ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʨʘʟʣʦʞʝʥʠʝ ɸʉ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʨʝʜʳ, ʩʨʝʜʠ ʛʨʫʧʧʳ ʥʘʪʠʚʥʳʭ ʧʨʦʪʝʦʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Pseudomonas, ʚʳʜʝʣʝʥʥʳʭ ʩ ʪʝʨʨʠʪʦʨʠʠ ʩʦʣʝʨʘʟʨʘʙʦʪʦʢ 

ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʣʝʡ. 

ʀʟ ʰʝʩʪʠ ʦʙʨʘʟʮʦʚ ʪʝʭʥʦʛʝʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʩʦʣʝʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʇɸʆ çʋʨʘʣʢʘʣʠʡè (ʛ. ɹʝʨʝʟʥʠʢʠ, 

ʇʝʨʤʩʢʠʡ ʢʨʘʡ), ʘ ʪʘʢʞʝ ʪʨʝʭ ʦʙʨʘʟʮʦʚ ʨʠʟʦʩʬʝʨʳ ʨʘʩʪʝʥʠʡ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʩʦʣʝʦʪʚʘʣʦʚ (ʛ. 

ʉʦʣʠʢʘʤʩʢ, ʇʝʨʤʩʢʠʡ ʢʨʘʡ) ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʚ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ 23 

ʰʪʘʤʤʘ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Pseudomonas. ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ 16S ʨʈʅʂ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʟʦʣʷʪʳ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʩʭʦʜʩʪʚʦ ʩ ʪʠʧʦʚʳʤ 

ʰʪʘʤʤʦʤ ʙʣʠʞʘʡʰʝʛʦ ʨʦʜʩʪʚʝʥʥʦʛʦ ʚʠʜʘ Pseudomonas xanthomarina 

KMM  1447T (ʥʦʤʝʨ ʚ ʙʘʟʝ ʜʘʥʥʳʭ GenBank AB176954) [4]. ʋʨʦʚʝʥʴ 

ʩʭʦʜʩʪʚʘ ʛʝʥʦʚ 16S ʨʈʅʂ ʠʟʦʣʷʪʦʚ ʩ ʪʠʧʦʚʳʤ ʰʪʘʤʤʦʤ ʥʘʭʦʜʠʣʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 98.6-99.2%. 

                                                           
É ʂʦʨʩʘʢʦʚʘ ɽ.ʉ., ʀʩʪʦʤʠʥʘ ɸ.ɺ., ʇʣʦʪʥʠʢʦʚʘ ɽ.ɻ., 2018 
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ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɺʆʍ-ʇʎʈ ʧʨʦʬʠʣʝʡ ʬʨʘʛʤʝʥʪʦʚ 

ʛʝʥʦʤʥʦʡ ɼʅʂ ʠʩʩʣʝʜʫʝʤʳʭ ʙʘʢʪʝʨʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ɼʅʂ-

ʪʠʧʠʨʦʚʘʥʠʠ [5], ʧʦʢʘʟʘʣʘ, ʯʪʦ 23 ʠʟʦʣʷʪʘ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʬʦʨʤʠʨʫʶʪ 10 ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʤʦʛʨʫʧʧ. ʋ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʢʘʞʜʦʡ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʛʝʥʦʤʦʛʨʫʧʧʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʙʠʦʜʝʛʨʘʜʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʰʪʘʤʤ-ʜʝʩʪʨʫʢʪʦʨ Pseudomonas sp. ʂʊ1.311, 

ʦʙʣʘʜʘʶʱʠʡ ʰʠʨʦʢʦʡ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʳʡ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ 

ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʥʘʬʪʘʣʠʥ, ʙʠʬʝʥʠʣ, ʦʨʪʦ-ʬʪʘʣʝʚʫʶ, ʙʝʥʟʦʡʥʫʶ, 

ʧʘʨʘ-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʫʶ, ʧʨʦʪʦʢʘʪʝʭʦʚʫʶ, ʩʘʣʠʮʠʣʦʚʫʶ ʢʠʩʣʦʪʳ, ʘ 

ʪʘʢʞʝ ʪʦʣʫʦʣ ʠ ʜʠʙʫʪʠʣʬʪʘʣʘʪ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤ 

Pseudomonas sp. ʂʊ1.311 ʩʧʦʩʦʙʝʥ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʦʩʪʫ ʥʘ 

ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʩʨʝʜʝ ʢʘʢ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ NaCl, ʪʘʢ ʠ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʠ (ʜʦ 70 ʛ/ʣ). ʐʪʘʤʤ ʨʦʩ ʧʨʠ ʟʥʘʯʝʥʠʠ ʨʅ ʦʪ 6.0 ʜʦ 

9.0. ʇʨʦʚʝʜʝʥʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʣʝʪʢʘʭ 

ʰʪʘʤʤʘ Pseudomonas sp. ʂʊ1.311 ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʣʘʟʤʠʜʳ ʥʝʙʦʣʴʰʦʛʦ 

ʨʘʟʤʝʨʘ (1 - 8 ʪ.ʧ.ʥ.). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʨʠʥʠʥʛ ʰʪʘʤʤʦʚ ʨʦʜʘ Pseudomonas 

(ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʫ Pseudomonas xanthomarina), ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʨʘʡʦʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʦʣʝʨʘʟʨʘʙʦʪʦʢ (ʇʝʨʤʩʢʠʡ ʢʨʘʡ), ʧʦʟʚʦʣʠʣ 

ʚʳʷʚʠʪʴ ʛʘʣʦʪʦʣʝʨʘʥʪʥʳʡ ʰʪʘʤʤ Pseudomonas sp. ʂʊ1.311 - ʘʢʪʠʚʥʳʡ 

ʜʝʩʪʨʫʢʪʦʨ ʬʪʘʣʘʪʦʚ ʠ ʤʦʥʦ(ʧʦʣʠ)ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʨʝʤʝʜʠʘʮʠʠ ʪʝʨʨʠʪʦʨʠʡ ʩ ʚʳʩʦʢʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʠ ʢʦʥʪʘʤʠʥʘʮʠʝʡ ʪʦʢʩʠʯʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 01201353247. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɺʣʠʷʥʠʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚʳ ʥʘ ʙʘʢʪʝʨʠʘʣʴʥʳʝ 
ʩʦʦʙʱʝʩʪʚʘ ʨʠʟʦʩʬʝʨʳ ʨʘʩʪʝʥʠʡ ʤʷʪʣʠʢʘ ʣʫʛʦʚʦʛʦ (Poa pratensis L.) / 

ɸ.ɺ. ʅʘʟʘʨʦʚ [ʠ ʜʨ.] // ɺʝʩʪʥʠʢ ʇʝʨʤʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: 

ɹʠʦʣʦʛʠʷ. 2017. ɺʳʧ. 4. ʉ. 435-440. 

2. ɼʝʩʪʨʫʢʮʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʰʪʘʤʤʦʤ 

Rhodococcus wratislavensis KT112-7, ʚʳʜʝʣʝʥʥʳʤ ʠʟ ʦʪʭʦʜʦʚ 

ʩʦʣʝʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ / ɼ.ʆ. ɽʛʦʨʦʚʘ [ʠ ʜʨ.] // ʇʨʠʢʣʘʜʥʘʷ 

ʙʠʦʭʠʤʠʷ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʷ. 2013. ʊ. 49. ˉ 3. ʉ. 267-278. 

3. ɹʘʯʫʨʠʥ ɹ.ɸ., ʆʜʠʥʮʦʚʘ ʊ.ɸ., ʍʦʭʨʷʢʦʚʘ ɽ.ʉ. 

ʋʛʣʝʚʦʜʦʨʦʜʥʳʝ ʤʘʨʢʝʨʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʣʝʡ 

ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ // ʇʨʦʙʣʝʤʳ ʤʠʥʝʨʘʣʦʛʠʠ, 

ʧʝʪʨʦʛʨʘʬʠʠ ʠ ʤʝʪʘʣʣʦʛʝʥʠʠ. ʅʘʫʯʥʳʝ ʯʪʝʥʠʷ ʧʘʤʷʪʠ ʇ.ʅ. 



76 

 

ʏʠʨʚʠʥʩʢʦʛʦ: ʩʙ. ʥʘʫʯ. ʩʪ. ʇʝʨʤ. ʛʦʩ. ʥʘʮ. ʠʩʩʣʝʜ. ʫʥ-ʪ. ʇʝʨʤʴ, 2016. 

ɺʳʧ. 19. ʉ. 315-323. 

4. Pseudomonas xanthomarina sp. nov., a novel bacterium isolated 

from marine ascidian / L.A. Romanenko et al. // Journal of General and 

Applied Microbiology. 2005. V. 51. ˉ 2. P. 65-71. 

5. Genomic fingerprinting of bacteria using repetitive sequence-

based polymerase chain reaction / J. Versalovic et al. // Methods in Molecular 

and Cellular Biology. 1994. V. 5(1). P.25-40. 

 

ɺʓɼɽʃɽʅʀɽ ɹɸʂʊɽʈʀʁ ʀ ɻʈʀɹʆɺ ï ʌʀʊʆʇɸʊʆɻɽʅʆɺ 

ʂɸʈʊʆʌɽʃʗ ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼɽʁʉʊɺʀʗ ʅɸ ʀʍ ʈʆʉʊ 

ʉʆʃɽʅɸʉʓʑɽʅʅʆʁ ɸʊʄʆʉʌɽʈʓ 

 

ʃʠʪʘʩʦʚʘ ɸʣʸʥʘ ʉʝʨʛʝʝʚʥʘ1,2, ʅʝʢʨʘʩʦʚʘ ɽʣʝʥʘ ɺʠʪʘʣʴʝʚʥʘ,2,  

ʄʘʢʩʠʤʦʚ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ1,229 

 
1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

2ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʵʨʦʠʦʥʳ, ʚʣʘʞʥʦʩʪʴ, ʢʘʣʠʡʥʘʷ ʩʦʣʴ, ʇʎʈ-

ʘʥʘʣʠʟ, ʬʠʪʦʧʘʪʦʛʝʥʳ ʢʘʨʪʦʬʝʣʷ, ʭʨʘʥʝʥʠʝ ʢʘʨʪʦʬʝʣʷ 

 

ʀʟʚʝʩʪʥʦ ʧʦʜʘʚʣʝʥʠʝ ʨʦʩʪʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʛʨʠʙʢʦʚʳʭ ʢʫʣʴʪʫʨ 

- ʧʘʪʦʛʝʥʦʚ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʝʥʘʩʳʱʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠ 

ʥʘʩʳʱʝʥʠʷ ʚʦʟʜʫʭʘ ʘʵʨʦʠʦʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʠʨʦʜʥʳʭ ʢʘʣʠʡʥʳʭ 

ʩʦʣʝʡ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʕʪʦʪ ʵʬʬʝʢʪ ʫʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ [1]. ʊʘʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʦʣʝʥʘʩʳʱʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʦʚʦʱʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʨʪʦʬʝʣʷ, 

ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ [2].  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʳ ʠʟʦʣʷʪʳ 

ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʚʳʩʝʚʘ ʥʘ 

ʩʝʣʝʢʪʠʚʥʳʝ ʩʨʝʜʳ ʠʟ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʩ ʧʨʠʟʥʘʢʘʤʠ ʭʘʨʘʢʪʝʨʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ - ʬʠʪʦʬʪʦʨʦʟʘ, ʬʦʤʦʟʘ, ʤʦʢʨʦʡ ʛʥʠʣʠ ʠ ʜʨ. ʆʙʨʘʟʮʳ 

ʟʘʨʘʞʝʥʥʳʭ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʫʨʦʞʘʷ 2016 ʛʦʜʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ 

ʭʦʟ̫ʡʩʪʚʝ ʆʆʆ çʊʨʫʞʝʥʠʢè ʂʨʘʩʥʦʢʘʤʩʢʦʛʦ ʨʘʡʦʥʘ. ʇʦ ʜʘʥʥʳʤ 

ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʪʦʧʘʪʦʛʝʥʦʚ ʢʘʨʪʦʬʝʣʷ ʚ ʫʨʦʞʘʝ 2017 ʛʦʜʘ ʚ 

ʇʝʨʤʩʢʦʤ ʢʨʘʝ ʥʘ ʠʥʬʝʢʮʠʦʥʥʳʭ ʘʛʝʥʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʣʫʙʥʝʡ, 

ʧʦʨʘʞʝʥʥʳʭ ʙʦʣʝʟʥʷʤʠ, ʩʦʩʪʘʚʣʷʣʦ 10,2% ʦʪ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ. ʆʙʱʝʝ 

                                                           
É ʃʠʪʘʩʦʚʘ ɸ.ʉ., ʅʝʢʨʘʩʦʚʘ ɽ.ɺ., ʄʘʢʩʠʤʦʚ ɸ.ʖ., 2018 
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ʢʦʣʠʯʝʩʪʚʦ ʢʣʫʙʥʝʡ ʚ ʦʙʲʝʜʠʥʝʥʥʦʡ ʧʨʦʙʝ ʩʦʩʪʘʚʣʷʣʦ 8000 ʰʪ.  

ɺ ʪʦʤ ʯʠʩʣʝ: ʌʠʪʦʬʪʦʨʦʟ 0,02 %; ʈʠʟʦʢʪʦʥʠʦʟ 0 %; ʆʙʳʢʥʦʚʝʥʥʘʷ 

ʧʘʨʰʘ 0,02 %; ʉʝʨʝʙʨʠʩʪʘʷ ʧʘʨʰʘ 0 %; ʄʦʢʨʘʷ ʛʥʠʣʴ 3,15 %; ʉʫʭʘʷ 

ʛʥʠʣʴ (ʬʫʟʘʨʠʦʟ) 5,12 %; ʉʫʭʘʷ ʛʥʠʣʴ (ʬʦʤʦʟ) 1,86 %; ʏʝʨʥʘʷ ʥʦʞʢʘ 0 

%; ʂʦʣʴʮʝʚʘʷ ʛʥʠʣʴ 0,05 %; ʜʨʫʛʠʝ 0 %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʫʨʦʞʘʷ 2017 ʛʦʜʘ, 

ʧʦʢʘʟʘʣʠ ʛʨʠʙʥʳʝ ʠʥʬʝʢʮʠʠ - ʬʫʟʘʨʠʦʟ ʠ ʬʦʤʦʟ, ʘ ʪʘʢʞʝ ʙʘʢʪʝʨʠʘʣʴʥʘʷ 

ʤʦʢʨʘʷ ʛʥʠʣʴ. ʅʝʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʩʦʩʪʘʚʠʣ ʬʠʪʦʬʪʦʨʦʟ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʩʝʟʦʥʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʫʚʣʘʞʥʝʥʠʷ ʯʘʩʪʦ ʦʯʝʥʴ ʚʝʣʠʢʦ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʙʦʣʝʟʥʠ: ʤʦʢʨʘʷ ʛʥʠʣʴ, ʬʫʟʘʨʠʦʟ, ʬʦʤʦʟ, 

ʨʠʟʦʢʪʦʥʠʦʟ, ʦʙʳʢʥʦʚʝʥʥʘʷ ʧʘʨʰʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʩʨʝʜʳ ï ʢʘʨʪʦʬʝʣʴʥʳʡ ʘʛʘʨ ʠ ʩʨʝʜʘ ʏʘʧʝʢʘ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠʟʦʣʷʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʘʤʠ ʧʦʣʠʬʘʟʥʦʡ 

ʪʘʢʩʦʥʦʤʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʠʪʝʣʝʤ ɹʝʨʜʞʠ ʠ ʨʫʢʦʚʦʜʩʪʚʦʤ 

Bergey Manual. ʊʦʯʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʙʘʢʪʝʨʠʡ - ʬʠʪʦʧʘʪʦʛʝʥʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʘʤʠ ɼʅʂ-ʜʠʘʛʥʦʩʪʠʢʠ, ʩ ʧʦʤʦʱʴʶ ʇʎʈ-ʘʥʘʣʠʟʘ 

ʛʝʥʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 16S ʨɼʅʂ. ɼʣʷ ʇʎʈ-ʘʥʘʣʠʟʘ 

ʛʝʥʦʚ 16S ʈʅʂ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʦʚ ʧʨʠʤʝʥʷʣʠ ʧʨʘʡʤʝʨʳ 27F 

AGAGTTTGATCCTGGCTCAG ʠ 1391R GACGGGCGGTGWGTRCA.  

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ ʧʨʦʚʦʜʠʣʦʩʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʚ ʪ.ʯ. ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʢʦʥʠʜʠʦʛʝʥʝʟʘ. ɼʣʷ ʜʝʪʝʢʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʠʙʦʚ-ʬʠʪʦʧʘʪʦʛʝʥʦʚ ʚ 

ʩʤʝʰʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʚʝʩʪʥʳʝ ʇʎʈ-ʩʠʩʪʝʤʳ (Hussain 

et al., 2014; Khan et al., 2017; AôHara, 2015; Selim et al., 2015; Egamberdiev 

et al., 2014; Xu et al., 2016). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ: Ralstonia 

solanacearum, Streptomyces scabies, Clavibacter michiganensis, ʘ ʪʘʢʞʝ 

ʢʫʣʴʪʫʨʳ ʛʨʠʙʦʚ ï Phoma exiqua, Fusarium oxysporum ʠ  Phytophthora 

infestans. 

ʇʨʦʚʝʜʝʥʦ ʧʝʨʚʠʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʘʪʤʦʩʬʝʨʳ ʠ 

ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʧʝʮʠʘʣʴʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ. 

ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʩʦʣʝʥʘʩʳʱʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʨʦʩʪ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʫʣʴʪʫʨ ʬʠʪʦʧʘʪʦʛʝʥʦʚ ʩ ʦʮʝʥʢʦʡ ʩʪʝʧʝʥʠ ʧʦʜʘʚʣʝʥʠʷ 

ʨʦʩʪʘ. ɼʣʷ ʵʪʦʛʦ ʚ ʛʝʨʤʝʪʠʯʥʳʝ ʢʘʤʝʨʳ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

200Ĭ240Ĭ110 ʤʤ (ʦʙʲʝʤʦʤ 5,28 ʣ) ʧʦʤʝʱʘʣʠ ʢʫʣʴʪʫʨʳ ʬʠʪʦʧʘʪʦʛʝʥʦʚ, 

ʧʦʩʝʷʥʥʳʝ ʥʘ ʢʘʨʪʦʬʝʣʴʥʳʡ ʘʛʘʨ. ɺ ʢʘʤʝʨʝ ʩʦʟʜʘʚʘʣʠ ʩʦʣʝʥʘʩʳʱʝʥʥʫʶ 

ʘʪʤʦʩʬʝʨʫ ʟʘ ʩʯʝʪ ʧʨʦʜʫʚʢʠ ʚʦʟʜʫʭʦʤ ʯʝʨʝʟ ʢʦʣʦʥʦʯʥʳʡ ʬʠʣʴʪʨ 

ʨʘʟʤʝʨʘʤʠ l=200 ʤʤ, d=24 ʤʤ, ʟʘʧʦʣʥʝʥʥʳʡ ʧʨʦʩʝʷʥʥʦʡ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʡ ʩʦʣʴʶ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʚ ʜʠʘʧʘʟʦʥʝ 0,5ï1 ʤʤ. 

ʀʩʩʣʝʜʦʚʘʣʠ ʨʦʩʪ ʢʫʣʴʪʫʨ ʥʘ ʯʘʰʢʘʭ ʇʝʪʨʠ ʩ ʩʦʣʴʶ ʚ 3-ʭ ʚʘʨʠʘʥʪʘʭ: 

- ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʬʠʣʴʪʨ ʩ ʩʦʣʴʶ 1 ʣ/ʤʠʥ; 

- ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʬʠʣʴʪʨ ʩ ʩʦʣʴʶ 0,1 ʣ/ʤʠʥ;  
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- ʚ ʛʝʨʤʝʪʠʯʥʦʡ ʢʘʤʝʨʝ ʙʝʟ ʚʝʥʪʠʣʷʮʠʠ (ʩ ʩʦʣʴʶ ʚ ʦʪʢʨʳʪʦʡ ʯʘʰʢʝ 

ʇʝʪʨʠ). 

ɼʣʷ ʫʯʝʪʘ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ ʥʘ ʨʦʩʪ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʰʝʢ ʇʝʪʨʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʩʦʟʜʘʚʘʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʦʟʜʫʭʦʦʙʤʝʥʘ: 

- ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʘʤʝʨʫ 1 ʣ/ʤʠʥ; 

- ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʘʤʝʨʫ 0,1 ʣ/ʤʠʥ ; 

 - ʚ ʛʝʨʤʝʪʠʯʥʦʡ ʢʘʤʝʨʝ ʙʝʟ ʚʝʥʪʠʣʷʮʠʠ. 

ʋʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʥʦ, ʥʘʣʠʯʠʝ 

ʩʦʣʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʨʦʩʪʘ (ʩʥʠʞʝʥʠʶ ʂʆɽ) ʬʠʪʦʧʘʪʦʛʝʥʦʚ, 

ʧʨʠʪʦʤ ʚ ʩʣʫʯʘʝ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʜʦ 24,6% ʜʣʷ ʢʫʣʴʪʫʨʳ Pseudomonas solanacearum ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 

1 ʣ/ʤʠʥ. ʅʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʩʨʝʜʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʧʦʢʘʟʘʥʦ 

ʥʘ ʢʫʣʴʪʫʨʝ ʩʪʨʝʧʪʦʤʠʮʝʪʦʚ (13,4% ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 1 ʣ/ʤʠʥ). 

ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʮʠʨʢʫʣʷʮʠʷ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, 

ʧʨʠʚʦʜʷʱʠʤ ʢ ʩʥʠʞʝʥʠʶ ʂʆɽ ʠʩʩʣʝʜʫʝʤʳʭ ʢʫʣʴʪʫʨ, ʤʘʢʩʠʤʘʣʴʥʦ ï ʜʦ 

15,9% ʚ ʩʣʫʯʘʝ Pseudomonas solanacearum. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ ˉ17-45-590657. 
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ʆʈɻɸʅʀʏɽʉʂʀɽ ʅʀʊʈʆʉʆɽɼʀʅɽʅʀʗ 

 

ʃʠʪʘʩʦʚʘ ɸʣʸʥʘ ʉʝʨʛʝʝʚʥʘ1,2, ʇʘʚʣʦʚʘ ʖʣʠʷ ɸʥʜʨʝʝʚʥʘ1,2,  

ʐʠʣʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ1,2, ʄʘʢʩʠʤʦʚ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ1,230 

 
1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

                                                           
É ʃʠʪʘʩʦʚʘ ɸ.ʉ., ʇʘʚʣʦʚʘ ʖ.ɸ., ʐʠʣʦʚʘ ɸ.ɺ., ʄʘʢʩʠʤʦʚ ɸ.ʖ., 2018 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʢʘʪʘʣʠʟ, ʙʠʦʦʯʠʩʪʢʘ, ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷ, 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ, ʥʠʪʨʦʪʦʣʫʦʣ, ʥʠʪʨʦʮʝʣʣʶʣʦʟʘ, ʊʅʊ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʥʠʪʨʦʮʝʣʣʶʣʦʟʳ ʠ 

ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʥʠʪʨʘʪʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʨʘʟʣʠʯʥʳʭ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʙʘʢʪʝʨʠʡ ʠ ʛʨʠʙʦʚ [1,2]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʘʢʪʠʚʥʳʭ ʙʠʦʜʝʩʪʨʫʢʪʦʨʦʚ ʥʘʤʠ ʧʨʦʚʝʜʝʥʘ cʝʣʝʢʮʠʷ ʢʫʣʴʪʫʨ ʙʘʢʪʝʨʠʡ, 

ʩʧʦʩʦʙʥʳʭ ʢ ʙʳʩʪʨʦʡ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʥʠʪʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʨʝʜ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʪʦʢʦʚ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʢʘʨʩʪʦʚʳʭ ʦʟʝʨ ʠ ʯʠʩʪʳʭ ʨʝʢ, ʪʝʭʥʦʛʝʥʥʦ-

ʠʟʤʝʥʝʥʥʳʭ ʛʨʫʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʭ ʩʫʧʝʩʯʘʥʥʳʭ ʜʝʨʥʦʚʦ-ʣʫʛʦʚʳʭ 

ʠ ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʙʦʨʘ ʧʦʣʫʯʝʥʳ ʰʪʘʤʤʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʙʠʦʜʝʛʨʘʜʘʪʠʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʪʨʦʮʝʣʣʶʣʦʟʝ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʣʠ 

ʰʪʘʤʤʳ Pseudomonas fluorescens N-17, N19 ʠ Pseudomonas putida N-26, 

ʘ ʪʘʢʞʝ R. erythropolis N-4 ʠ N-14, ʵʬʬʝʢʪʠʚʥʦ ʫʪʠʣʠʟʠʨʫʶʱʠʝ 

ʥʠʪʨʦʙʝʥʟʦʣʳ ʠ ʥʠʪʨʦʮʝʣʣʶʣʦʟʫ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʩʪʦʢʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʳ, ʛ. ʇʝʨʤʴ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ï ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʤʝʝʪ 

ʪʝʭʥʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʡ, 

ʩʧʦʩʦʙʥʳʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʚʝʱʝʩʪʚʘ, ʚʳʩʝʚʘʣʦʩʴ ʠʟ ʯʠʩʪʳʭ 

ʧʨʠʨʦʜʥʳʭ ʧʦʯʚ ʠ ʚʦʜ, ʥʝ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʪʝʭʥʦʛʝʥʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʥʠʪʨʘʪʘʤʠ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷʤʠ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟ ʢʘʨʩʪʦʚʦʛʦ ʦʟʝʨʘ ʄʦʣʝʙʥʦʝ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʰʪʘʤʤʳ Pseudomonas sp. N52, N53, ʙʳʩʪʨʦ ʫʪʠʣʠʟʠʨʦʚʘʚʰʠʝ 

ʢʦʣʣʦʢʩʠʣʠʥ ʠ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʤʥʦʛʠʝ ʠʟʚʝʩʪʥʳʝ 

ʙʠʦʜʝʩʪʨʫʢʪʦʨʳ [3]. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʧʦʯʚʳ 

ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʫʣʴʪʫʨ ʧʨʦʢʘʨʠʦʪ, 

ʩʧʦʩʦʙʥʳʭ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʥʠʪʨʘʪʳ. ʆʜʥʘʢʦ ʩʢʦʨʦʩʪʴ ʠʭ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʚ ʮʝʣʦʤ ʙʳʣʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʣʷʪʘʤʠ ʠʟ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʯʘʩʪʠ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʚ 

ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ ʚʦʟʤʦʞʝʥ ʧʝʨʝʥʦʩ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʟ ʩʨʝʜ, 

ʠʤʝʶʱʠʭ ʪʝʭʥʦʛʝʥʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʥʦʩʘ 

ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʥʠʪʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʯʝʚʠʜʥʦʡ ʧʨʠʯʠʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʝʪʘʙʦʣʠʟʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ 

ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ ʥʝʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ 

ʪʝʭʥʦʛʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʪʘʢʠʭ, ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʘʟʦʪʩʦʜʝʨʞʘʰʠʝ 

ʤʝʪʘʙʦʣʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ 

ʨʘʩʧʘʜʘ ʣʠʛʥʠʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʝʛʦ ʘʙʠʦʛʝʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ. ʀ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʧʨʠʨʦʜʥʳʝ ʩʨʝʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʛʘʪʳʝ ʧʦʯʚʳ, ʚʩʣʝʜʩʪʚʠʝ 
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ʚʳʩʦʯʘʡʰʝʛʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʷʚʣʷʶʪʩʷ ʙʦʛʘʪʝʡʰʠʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʨʦʜʫʮʝʥʪʦʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʝʨʤʝʥʪʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ - ʘʢʪʠʚʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʥʪʦʚ ʦʙʣʘʜʘʣʦ ʥʠʪʨʦʨʝʜʫʢʪʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɸʢʪʠʚʥʦʩʪʴ 

ʥʠʪʨʦʵʩʪʝʨʘʟʳ (ʧʦ ʨʘʙʦʪʝ ʦʙʥʘʨʫʞʝʥʘ ʣʠʰʴ ʫ ʜʚʫʭ ʠʟʦʣʷʪʦʚ), ʥʝ 

ʧʨʦʷʚʣʷʚʰʠʭ ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ. 

ʊʘʢʞʝ ʚʳʜʝʣʝʥʳ ʩʦʦʙʱʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʘʪʘ ʠʟ 

ʥʠʪʨʦʛʨʫʧʧ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦ ʘʤʤʦʥʠʷ, ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʤʠʥʦʚ ʠ ʘʤʠʜʦʚ.  

ʇʨʦʚʝʜʝʥ ʤʝʪʘʛʝʥʦʤʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜ, ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʩʷ 

ʦʪʙʦʨ ʘʢʪʠʚʥʳʭ ʢʫʣʴʪʫʨ: ʪʝʭʥʦʛʝʥʥʦ-ʠʟʤʝʥʝʥʥʳʭ ʩʨʝʜ 

(ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʪʦʢʠ ʧʝʨʤʩʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ, ʪʝʭʥʦʛʝʥʥʦ-ʠʟʤʝʥʝʥʥʳʝ ʛʨʫʥʪʳ 

ʧʨʝʜʧʨʠʷʪʠʡ), ʘ ʪʘʢʞʝ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʨʝʜ ï ʢʘʨʩʪʦʚʳʭ ʦʟʝʨʘ, ʨʝʢ, ʥʝ 

ʠʤʝʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʉʶʟʴʚʘ, 

ʅʳʪʚʝʥʩʢʠʡ ʨ-ʥ), ʧʨʠʨʦʜʥʳʭ ʩʫʧʝʩʯʘʥʥʳʭ ʜʝʨʥʦʚʦ-ʣʫʛʦʚʳʭ ʠ 

ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʥʠʢʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʘʚ ʤʝʪʘʛʝʥʦʤʘ ʧʨʠʨʦʜʥʳʭ ʢʘʨʩʪʦʚʳʭ ʚʦʜʦʝʤʦʚ, ʘ ʪʘʢʞʝ 

ʤʠʢʨʦʮʝʥʦʟʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ "ʥʠʪʨʦʪʝʣʘ". ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʛʝʥʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʚʳʷʚʣʷʝʤʳʭ ʙʘʢʪʝʨʠʡ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʘʭ ʦʪʥʦʩʠʪʩʷ ʢ ʬʠʣʝ 

Proteobacteria ï 61%, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʢʣʘʩʩʦʤ 

Betaproteobacteria (37,5% ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ), ʢʣʘʩʩʦʤ 

Alphaproteobacteria (10,3% ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ), ʢʣʘʩʩʦʤ 

Deltaproteobacteria (5% ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ), ʢʣʘʩʩʦʤ 

Gammaproteobacteria (2% ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ), ʢʣʘʩʩʦʤ 

Epsilonproteobacteria (0,1% ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ). ʢʣʘʩʩ 

Betaproteobacteria ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʨʷʜʢʘʤʠ Burkholderiales (8% ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ), ʩʝʤʝʡʩʪʚʦʤ Comamonadaceae (5,6% ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ); 

ʧʦʨʷʜʢʦʤ Gallionellales, ʩʝʤʝʡʩʪʚʦʤ Gallionellaceae (7,2% ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ) ʠ ʧʦʨʷʜʢʦʤ Rhodocyclales, ʩʝʤʝʡʩʪʚʦʤ Rhodocyclaceae 

(5% ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ). 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʢʘʨʠʦʪ ʦʪʥʦʩʠʣʘʩʴ ʢ ʬʠʣʘʤ: 

Bacteroidetes (14,7% ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ), Cyanobacteria (0,4% ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ) , Acidobacteria (1,1% ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ), Chlorobi (0,6% 

ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ). ɸʥʘʣʦʛʠʯʥʳʝ ʩʢʨʠʥʠʥʛʦʚʳʝ ʠ ʤʝʪʘʛʝʥʦʤʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʙʠʦʜʝʩʪʨʫʢʪʦʨʦʚ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʠ ʤʠʢʨʦʮʝʥʦʟʦʚ, 

ʠʭ ʩʦʜʝʨʞʘʱʠʭ, ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ ˉ16-44-590359. 
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ʄʀʂʈʆɹʅɸʗ ɹʀʆɼɽɻʈɸɼɸʎʀʗ ɼʈɽɺɽʉʅʓʍ ʆʊʍʆɼʆɺ  

 

ʄʘʢʩʠʤʦʚ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ1,2, ʐʠʣʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ1,2, 

ʃʠʪʘʩʦʚʘ ɸʣʸʥʘ ʉʝʨʛʝʝʚʥʘ1,2, ʇʘʚʣʦʚʘ ʖʣʠʷ ɸʥʜʨʝʝʚʥʘ1,2, 

ʂʦʣʝʩʦʚʘ ʆʣʴʛʘ ɺʣʘʜʠʩʣʘʚʦʚʥʘ331 

 
1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ. 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
3Sapienza University of Rome, Rome, Italy 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʜʝʩʪʨʫʢʮʠʷ, ʢʦʨʦʜʨʝʚʝʩʥʳʝ ʦʪʭʦʜʳ, 

ʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʠʝ ʙʘʢʪʝʨʠʠ, ʮʝʣʣʶʣʘʟʳ  

 

ɹʠʦʜʝʩʪʨʫʢʮʠʷ ʦʪʭʦʜʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʟʘʥʠʤʘʶʱʠʤ ʦʜʥʦ ʠʟ 

ʮʝʥʪʨʘʣʴʥʳʭ ʤʝʩʪ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʠʨʦʜʝ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʛʝʪʝʨʦʪʨʦʬʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʤʝʨʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʩʫʙʩʪʨʘʪ, ʦʙʨʘʟʫʝʤʳʡ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʤʠ ʤʘʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. 

ʉʧʦʩʦʙʥʦʩʪʴʶ ʢ ʜʝʩʪʨʫʢʮʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʨʝʚʝʩʠʥʳ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʢʘʨʠʦʪʳ ʠ ʛʨʠʙʳ. ʅʝʢʦʪʦʨʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʙʠʦʜʝʩʪʨʫʢʮʠʶ 

ʢʦʨʦʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ (ʂɼʆ) ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʠ 

ʤʥʦʞʝʩʪʚʦ ʘʥʘʵʨʦʙʥʳʭ ʬʦʨʤ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʠʨʦʜʝ ʬʝʨʤʝʥʪʥʳʭ 

ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʸ, ʩʝʨʴʸʟʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʂɼʆ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʠ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ [1,2].  

                                                           
É ʄʘʢʩʠʤʦʚ ɸ.ʖ., ʐʠʣʦʚʘ ɸ.ɺ., ʃʠʪʘʩʦʚʘ ɸ.ʉ., ʇʘʚʣʦʚʘ ʖ.ɸ., 

ʂʦʣʝʩʦʚʘ ʆ.ɺ., 2018 
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ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʠ ʤʠʢʨʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʪʝʨʠʘʣʝ ʂɼʆ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʂɼʆ. 

ʈʘʥʝʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʤʘʪʝʨʠʣ ʢʦʨʦʦʪʚʘʣʘ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ ʩʧʦʩʦʙʝʥ ʧʦʣʥʦʩʪʴʶ ʛʫʤʠʬʠʮʠʨʦʚʘʪʴʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʛʨʫʥʪʦʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʣʝʪ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʠʞʥʠʝ ʩʣʦʠ ʢʦʨʦʦʪʚʘʣʘ ʪʘʢʦʛʦ ʚʦʟʨʘʩʪʘ ʤʦʛʫʪ ʙʳʪʴ ʫʞʝ 

ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʨʘʙʦʪʘʥʳ. ɺ ʭʦʜʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʚ ʤʘʝ 2018 

ʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʙʫʨʝʥʠʝ ʢʦʨʦʦʪʚʘʣʘ ʂʨʘʩʥʦʢʘʤʩʢʦʛʦ ʎɹʂ ʇʝʨʤʩʢʦʛʦ 

ʢʨʘʷ ʩ ʦʪʙʦʨʦʤ ʧʨʦʙ ʤʘʪʝʨʠʘʣʘ ʠʟ ʧʣʘʩʪʦʚ ʨʘʟʥʦʡ ʛʣʫʙʠʥʳ, ʝʛʦ 

ʭʠʤʠʯʝʩʢʠʡ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɹʫʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 6 

ʪʦʯʢʘʭ ʢʦʨʦʦʪʚʘʣʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʨʫʥʪʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʨʦʦʪʚʘʣʘ (ʛʣʫʙʠʥʘ ʩʣʦʝʚ ʂɼʆ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʛʨʫʥʪʦʚʦʡ ʦʩʥʦʚʳ) ʩʦʩʪʘʚʣʷʣʘ 19 ʤ. ʆʙʨʘʟʮʳ ʂɼʆ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 1-2 ʢʛ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʢʘʞʜʦʡ ʠʟ 6 ʩʢʚʘʞʠʥ ʩ ʛʣʫʙʠʥ 10, 

30, 50,100 ʩʤ, ʘ ʜʘʣʝʝ ʩ ʰʘʛʦʤ ʚ 50 ʩʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʝʣʝ ʢʦʨʦʦʪʚʘʣʘ ʥʘ ʛʣʫʙʠʥʘʭ 8-9 ʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʭʦʞʜʝʥʠʝ ʚʦʜʦʥʦʩʥʳʭ ʧʣʘʩʪʦʚ, ʘ ʤʘʪʝʨʠʘʣ ʩ ʛʣʫʙʠʥ ʧʦʨʷʜʢʘ 18 ʤ ʚʦ 

ʚʨʝʤʷ ʦʪʙʦʨʘ ʧʨʦʙ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʦʙʚʦʜʥʝʥ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʚʦʜʥʝʥʥʳʭ ʧʣʘʩʪʘʭ, ʠʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ ʪʦʣʱʠ ʢʦʨʦʦʪʚʘʣʘ ʚʦʟʨʘʩʪʦʤ ʙʦʣʝʝ 50 ʣʝʪ, 

ʧʦʜʥʷʪʦʛʦ ʠʟ ʩʢʚʘʞʠʥʳ ʩ ʛʣʫʙʠʥʳ 18 ʤ, ʚ ʫʩʣʦʚʠʷʭ ʦʙʚʦʜʥʝʥʠʷ ʙʳʣʘ 

ʧʦʯʪʠ ʥʝ ʧʦʜʚʝʨʞʝʥʘ ʨʘʟʨʫʰʝʥʠʶ, ʩʦʭʨʘʥʷʣʘ ʧʨʠʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʞʝʣʪʦʚʘʪʳʡ ʮʚʝʪ ʜʨʝʚʝʩʠʥʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʠʨʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʂɼʆ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʉ 

ʫʯʝʪʦʤ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ: 

- ʦʧʪʠʤʠʟʘʮʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʚ ʧʣʘʩʪʘʭ 

ʂɼʆ; 

- ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ 

ʧʨʠʥʫʜʠʪʝʣʴʥʫʶ ʘʵʨʘʮʠʶ ʠ ʫʚʣʘʞʥʝʥʠʝ; 

- ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ- ʙʠʦʜʝʩʪʨʫʢʪʦʨʦʚ ʮʝʣʣʶʣʦʟʳ, 

ʛʝʤʠʮʝʣʣʶʣʦʟʳ, ʣʠʛʥʠʥʘ, ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ ʠ ʜʨ.; 

- ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ- ʜʝʩʪʨʫʢʪʦʨʦʚ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, 

ʠʥʛʠʙʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʳ ʫʪʠʣʠʟʘʮʠʠ ʠ ʛʫʤʠʬʠʢʘʮʠʠ ʂɼʆ; 

- ʩʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʙʠʦʜʝʩʪʨʫʢʪʦʨʦʚ 

ɸʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʧʨʦʙ ʢʦʨʦʦʪʚʘʣʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʪʝʨʠʘʣ, 

ʠʟʚʣʝʯʝʥʥʳʡ ʩ ʛʣʫʙʠʥʳ ʜʦ 1,5 ʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʘʙʦʢʠʩʣʳʝ ʟʥʘʯʝʥʠʷ 

ʨʅ ʚ ʜʠʘʧʘʟʦʥʝ 5,5-6,9, ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʘʵʨʦʙʥʳʭ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʟʘʢʠʩʣʝʥʠʝʤ. 
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ʄʘʪʝʨʠʘʣ ʩ ʛʣʫʙʠʥ 1,5-2,5 ʤ ʧʦʢʘʟʘʣ ʥʝʡʪʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʅ, ʘ ʩ 

ʛʣʫʙʠʥ 3 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ ʠʤʝʝʪ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 7,3 ʜʦ 

8,1 (ʩʨʝʜʥʝʝ 7,8). 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʢʫʣʴʪʫʨʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ 

ʧʨʦʙ ʢʦʨʦʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʂʨʘʩʥʦʢʘʤʩʢʦʛʦ ʢʦʨʦʦʪʚʘʣʘ, ʚʟʷʪʳʭ ʥʘ 

ʨʘʟʥʦʡ ʛʣʫʙʠʥʝ, ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ N, pH 7,5 [3] ʩ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʦʡ ʠ ʮʝʣʣʶʣʦʟʦʡ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ, ʩʧʦʩʦʙʥʳʝ ʢ ʨʦʩʪʫ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʧʦʜʩʯʝʪʘ 

ʙʘʢʪʝʨʠʡ-ʙʠʦʜʝʩʪʨʫʢʪʦʨʦʚ ʚʳʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ 

ʚʳʩʝʚʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʢʦʨʦʦʪʚʘʣʘ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʛʣʫʙʠʥʳ 10, 

30 ʠ 100 ʩʤ. ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʦʙʥʘʨʫʞʝʥʦ ʚʳʩʦʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʘʢʪʝʨʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (7,8Ĭ108 

ʂʆɽ/ʛ ï 6,3Ĭ109 ʂʆɽ/ʛ) ʠ ʧʦʨʷʜʢʘ 2,9Ĭ108 ʂʆɽ/ʛ ï 9,7Ĭ108 

ʣʠʛʥʦʣʠʪʠʢʦʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʪʙʦʨʘ ʠʟʦʣʠʨʦʚʘʥʦ 12 ʢʫʣʴʪʫʨ 

ʙʘʢʪʝʨʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ ʚʳʩʦʢʫʶ ʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʘ 

ʪʘʢʞʝ 8 ʢʫʣʴʪʫʨ ʩ ʚʳʩʦʢʦʡ ʣʠʛʥʠʥʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʦʙʱʝʩʪʚ. ʇʨʦʚʦʜʷʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʨʝʜʳ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʜʦʙʘʚʦʢ 

ʠʩʪʦʯʥʠʢʘ ʬʦʩʬʦʨʘ, ʘʟʦʪʘ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʚ 

ʂɼʆ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʭ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʄʀɻ, ʬʠʥʘʥʩʠʨʫʝʤʦʛʦ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʩʦʛʣʘʰʝʥʠʝ ˉ ʉ-

26/796 ʦʪ   21.12.2017. 
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ɹɸʂʊɽʈʀʀ ʑɽʃʆʏʅʓʍ ɹʀʆʊʆʇʆɺ ɸʅʊʈʆʇʆɻɽʅʅʆɻʆ 

ʇʈʆʀʉʍʆɾɼɽʅʀʗ, ɻʀɼʈʆʃʀɿʋʖʑʀɽ ʅʀʊʈʀʃʓ ʀ 

ɸʄʀɼʓ 

 

ʄʘʢʩʠʤʦʚʘ ʖʣʠʷ ɻʝʥʥʘʜʴʝʚʥʘ1,2, ʄʫʣʘʟʷʥʦʚʘ ʕʣʠʥʘ ʕʜʫʘʨʜʦʚʥʘ2, 

ʄʘʢʩʠʤʦʚ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ1,232 

 

1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ  

2ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʪʨʝʤʦʬʠʣʳ, ʵʢʩʪʨʝʤʦʪʦʣʝʨʘʥʪʥʳʝ 

ʙʘʢʪʝʨʠʠ, ʙʠʦʢʘʪʘʣʠʟ ʥʠʪʨʠʣʦʚ, ʘʤʠʜʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʥʠʪʨʠʣʛʠʜʨʘʪʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

 

ʑʝʣʦʯʥʳʝ ʙʠʦʪʦʧʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ ʷʚʣʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʚʳʜʝʣʝʥʠʷ ʵʢʩʪʨʝʤʦʬʠʣʴʥʳʭ ʠ ʵʢʩʪʨʝʤʦʪʦʣʝʨʘʥʪʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [1]. ʐʪʘʤʤʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-

ʧʨʦʜʫʮʝʥʪʦʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʚʳʜʝʨʞʠʚʘʶʱʠʝ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʨʘʙʦʪʳ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʥʠʪʨʠʣʛʠʜʨʦʣʠʟʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʱʝʣʦʯʥʳʭ 

ʙʠʦʪʦʧʦʚ ʢʨʘʡʥʝ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ [2]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʥʠʪʨʠʣʛʠʜʨʦʣʠʟʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʩʦʜʦʚʦʛʦ 

ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʨʦʩʪʫ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ NaCl. 

ʀʟ ʦʙʨʘʟʮʦʚ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ʩʦʜʦʚʦʛʦ ʟʘʚʦʜʘ (ʆɸʆ "ʉʦʜʘ") ʛ. 

ɹʝʨʝʟʥʠʢʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʠʟʦʣʷʪʳ ʥʘ 

ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ (ʨʅ 7,2 ʠ 0,05% NaCl) ʩ 10 ʤʄ 

ʘʮʝʪʘʤʠʜʦʤ ʠʣʠ 0,25% (ʦʙ./ʦʙ.) ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʝʜʠʥʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ. ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʅ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ NaCl ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʘʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ 

ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʚʳʜʝʣʝʥʠʶ ʢʫʣʴʪʫʨ. ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚʳʜʝʣʷʣʠ ʠʟ 

ʦʩʘʜʢʘ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ (ʆʐ), ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʤʝʩʪʝ ʦʩʫʰʝʥʥʦʛʦ ʩʦʜʦʚʦʛʦ ʦʟʝʨʘ (ʉʉʆɿ) ʩ 

ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ (ʉʉʆʇ), 5 ʩʤ (ʉʉʆɿ5) ʠ 10 

ʩʤ (ʉʉʆɿ10) ʛʣʫʙʠʥʳ. ɺʳʜʝʣʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʧʝʨʝʩʝʚʘʣʠ ʥʘ ʞʠʜʢʫʶ 

                                                           
É ʄʘʢʩʠʤʦʚʘ ʖ.ɻ., ʄʫʣʘʟʷʥʦʚʘ ʕ.ʕ., ʄʘʢʩʠʤʦʚ ɸ.ʖ., 2018 
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ʤʠʥʝʨʘʣʴʥʫʶ ʩʨʝʜʫ ʩ ʘʮʝʪʘʤʠʜʦʤ ʠʣʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʧʦʜʜʝʨʞʠʚʘʣʠ 

ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʪʝʤʠ ʞʝ ʩʫʙʩʪʨʘʪʘʤʠ. 

ɺʳʜʝʣʝʥʥʳʝ ʠʟʦʣʷʪʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʨʦʩʪʫ ʥʘ ʩʨʝʜʝ ʩ ʨʅ 9 ʠ 11, ʘ ʪʘʢʞʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ NaCl ʦʪ 5 ʜʦ 200 ʛ/ʣ. 

ʋʨʦʞʘʡ ʙʠʦʤʘʩʩʳ ʚʳʨʘʞʘʣʠ ʚ ʤʛ ʩʫʭʠʭ ʢʣʝʪʦʢ/ʤʣ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʦʣʷʪʳ, ʚʳʜʝʣʝʥʥʳʝ ʥʘ ʩʨʝʜʝ ʩ ʘʮʝʪʘʤʠʜʦʤ ʠʣʠ 

ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ, ʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʳ ʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ NaCl ʚ ʧʨʝʜʝʣʘʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʨʦʷʚʣʷʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʩʦʣʠ (15-20% ʚ ʩʨʝʜʝ) ʠ 

ʚʳʩʦʢʦʤʫ ʨʅ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣ ʠʟʦʣʷʪ ʆʐ2ʘʮʥ, ʫʨʦʞʘʡ 

ʙʠʦʤʘʩʩʳ ʢʦʪʦʨʦʛʦ ʥʘ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ 0,5% NaCl ʩʦʩʪʘʚʠʣ 0,7 

ʤʛ/ʤʣ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ 20% ʠ ʨʅ 7 ʚʳʨʦʩ ʜʦ 9,5 ʤʛ/ʤʣ, 

ʘ ʧʨʠ ʨʅ 11 ʠ 0,05% NaCl ʩʦʩʪʘʚʠʣ 7,25 ʤʛ/ʤʣ.  

ʊʘʙʣʠʮʘ 

ʋʨʦʞʘʡ ʢʣʝʪʦʢ ʧʨʠ ʨʦʩʪʝ ʠʟʦʣʷʪʦʚ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ NaCl ʠ ʨʅ 

ʀʟʦʣʷʪ 

ɹʠʦʤʘʩʩʘ, ʤʛ/ʤʣ 

ʨʅ 7 pH 9 pH 11 

ʂʦʥʮʝʥʪʨʘʮʠʷ NaCl ʚ ʩʨʝʜʝ, ʛ/ʣ 

5 10 25 50 100 150 200 0,5 0,5 

 ɸʮʝʪʘʤʠʜ-ʫʪʠʣʠʟʠʨʫʶʱʠʝ 

ʉʉʆɿ1ʘʘ 0,9 0,75 2,95 4,35 4,05 5,45 5,20 1,45 1,05 

ʉʉʆɿ2ʘʘ 0,65 0,75 1,85 1,75 1,60 3,10 6,45 1,10 1,00 

ʉʉʆɿ104ʘʘ 0,60 1,05 2,50 1,75 4,70 11,3 2,55 1,30 0,65 

ʉʉʆʇ2ʘʘ 0,30 0,70 1,10 2,65 5,15 9,50 5,30 0,25 1,25 

 
ɸʮʝʪʦʥʠʪʨʠʣ-ʫʪʠʣʠʟʠʨʫʶʱʠʝ 

ʉʉʆɿ2ʘʮʥ 1,15 1,10 0 2,10 4,40 6,20 12,10 0,80 0,95 

ʉʉʆɿ52ʘʮʥ 0,50 1,20 1,65 4,30 11,4 11,2 14,05 1,60 0,50 

ʉʉʆʇʘʮʥ 0,20 1,45 1,20 7,3 8,15 5,20 21,15 1,05 0,60 

ʆʐ2ʘʮʥ 0,70 0,85 1,85 2,35 2,75 5,45 9,50 0,75 7,25 

 

ʊʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʵʢʩʪʨʝʤʦʬʠʣʠʶ ʜʘʥʥʦʛʦ ʠʟʦʣʷʪʘ, 

ʯʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʪ.ʢ. ʠʩʪʦʯʥʠʢʦʤ ʚʳʜʝʣʝʥʠʷ ʩʣʫʞʠʣʠ ʩʦʜʦʚʳʝ 

ʦʩʘʜʢʠ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ, ʠʤʝʶʱʠʝ ʨʅ 11 ʠ ʩʦʜʝʨʞʘʥʠʝ Ca ʠ Na 743,6 

ʠ 2,2 ʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʦʣʷʪ ʉʉʆʇʘʮʥ ̫ʚʣʷʣʩʷ ʛʘʣʦʬʠʣʦʤ, ʥʦ ʥʝ 
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ʘʣʢʘʣʦʬʠʣʦʤ: ʚ ʩʨʝʜʝ ʩ 20% NaCl ʠ ʨʅ 7 ʦʥ ʥʘʢʘʧʣʠʚʘʣ ʙʠʦʤʘʩʩʫ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 21 ʤʛ/ʤʣ, ʪʦʛʜʘ ʢʘʢ ʩ 0,5% NaCl - ʣʠʰʴ 0,2 ʤʛ/ʤʣ, ʘ ʧʨʠ ʨʅ 

11 - 0,6 ʤʛ/ʤʣ. 

ɺʳʯʠʩʣʝʥʘ ʘʤʠʜʘʟʥʘʷ ʠ ʥʠʪʨʠʣʛʠʜʨʘʪʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʟʦʣʷʪʦʚ 

ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʢʨʠʣʘʤʠʜʘ ʠ ʘʢʨʠʣʦʥʠʪʨʠʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɺʕɾʍ. ɸʤʠʜʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʠʟʦʣʷʪʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʩʨʝʜʝ ʩ ʘʮʝʪʘʤʠʜʦʤ, ʩʦʩʪʘʚʠʣʘ ʦʪ 0,3 ʜʦ 3,3 

ʤʤʦʣʴ/ʛ/ʯ. ʅʘʠʙʦʣʴʰʘʷ ʥʠʪʨʠʣʛʠʜʨʘʪʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʨʘʚʥʘʷ 5,33 

ʤʢʤʦʣʴ/ʤʛ/ʤʠʥ, ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʫ ʠʟʦʣʷʪʘ ʉʉʆɿ52ʘʮʥ, ʢʦʪʦʨʳʡ ʷʚʣʷʣʩʷ 

ʛʘʣʦʬʠʣʦʤ. ɹʠʦʤʘʩʩʘ ʜʘʥʥʦʛʦ ʠʟʦʣʷʪʘ ʧʨʠ ʨʦʩʪʝ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʦʪ 0,5 ʜʦ 14 ʤʛ/ʤʣ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl 

ʦʪ 0,5 ʜʦ 20%.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ 01201353247. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Biotechnology of Extremophiles. Advances and Challenges / Ed.: 

P. H. Rampelotto // Springer International Publishing: Switzerland, 2016. 720 

p. 

2. Sorokin D.Yu., van Pelt S., Tourova T.P., Takaichi S., Muyzer G. 

Acetonitrile degradation under haloalkaline conditions by Natronocella 

acetinitrilica gen. nov., sp. nov. // Microbiology. 2007. V. 153. P. 1157ï

1164. 

 

ʉʇʆʉʆɹʓ ʆʇʈɽɼɽʃɽʅʀʗ ɸʂʈʀʃɸʄʀɼɸ  

ɺ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼɽ 

 

ʄʘʢʩʠʤʦʚʘ ʖʣʠʷ ɻʝʥʥʘʜʴʝʚʥʘ1,2,  

ʄʦʯʘʣʦʚʘ ɽʣʝʥʘ ʄʠʭʘʡʣʦʚʥʘ2, ɼʝʤʘʢʦʚ ɺʠʪʘʣʠʡ ɸʣʝʢʩʝʝʚʠʯ1,233 

 

1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ  

2ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʨʠʣʘʤʠʜ, ʙʠʦʩʝʥʩʦʨ 

 

ɸʢʨʠʣʘʤʠʜ ï ʥʝʧʨʝʜʝʣʴʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, 

ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʝ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʦʝ ʚʝʱʝʩʪʚʦ, ʷʚʣʷʶʱʝʝʩʷ ʩʳʨʴʝʤ 

ʜʣʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʦʛʦ ʩʠʥʪʝʟʘ ʘʢʨʠʣʦʚʳʭ ʧʦʣʠʤʝʨʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʘʢʨʠʣʘʤʠʜ ʧʨʠʚʣʝʢʘʝʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʚʷʟʠ ʩ ʝʛʦ 

ʦʙʥʘʨʫʞʝʥʠʝʤ ʚ ʧʨʦʜʫʢʪʘʭ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ [1]. ɸʢʨʠʣʘʤʠʜ 

                                                           
É ʄʘʢʩʠʤʦʚʘ ʖ.ɻ., ʄʦʯʘʣʦʚʘ ɽ.ʄ., ɼʝʤʘʢʦʚ ɺ.ɸ., 2018 
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ʷʚʣʷʝʪʩʷ ʢʘʥʮʝʨʦʛʝʥʥʳʤ, ʨʝʧʨʦ-, ʛʝʥʦ- ʠ ʥʝʡʨʦʪʦʢʩʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 

ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. ʆʥ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʥʝʧʦʚʨʝʞʜʝʥʥʫʶ 

ʢʦʞʫ, ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ, ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ ʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ 

ʪʨʘʢʪ.  

ɺʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʝʛʦ ʙʳʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʠ ʧʠʱʝ. ʊʨʘʜʠʮʠʦʥʥʦ ʘʢʨʠʣʘʤʠʜ ʚ ʩʨʝʜʘʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ 

ʤʝʪʦʜʘʤʠ ʞʠʜʢʦʩʪʥʦʡ ʠ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʦʜʥʘʢʦ ʵʪʦ ʪʨʝʙʫʝʪ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʨʠʣʘʤʠʜʘ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʙʠʦʩʝʥʩʦʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʈʘʟʨʘʙʦʪʘʥ ʨʷʜ ʙʠʦʩʝʥʩʦʨʦʚ ʥʘ ʘʢʨʠʣʘʤʠʜ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʠ ʛʝʥʝʨʘʮʠʠ ʪʦʢʘ ʧʨʠ ʦʙʨʘʪʠʤʦʡ ʢʦʥʚʝʨʩʠʠ 

Fe(II )/Fe(III) ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʛʝʤʦʛʣʦʙʠʥʦʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʘʢʨʠʣʘʤʠʜʦʤ [2]. ʈʘʟʨʘʙʦʪʘʥ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʙʠʦʩʝʥʩʦʨ ʥʘ 

ʘʢʨʠʣʘʤʠʜ, ʩʦʜʝʨʞʘʱʠʡ ɼʅʂ [3]. ʂʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʣʦʞʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʙʠʦʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʢʣʝʪʦʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʠ ʩʧʝʮʠʬʠʯʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʵʪʦʪ 

ʪʦʢʩʠʯʝʩʢʠʡ ʘʛʝʥʪ. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʙʠʦʩʝʥʩʦʨ ʥʘ 

ʦʩʥʦʚʝ ʠʥʪʘʢʪʥʳʭ ʢʣʝʪʦʢ ʙʘʢʪʝʨʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʜʘʟʫ [4]. ʅʘʤʠ 

ʨʘʥʝʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʘʤʠʜʘʟʦʩʦʜʝʨʞʘʱʠʝ ʙʘʢʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʙʠʦʩʝʣʝʢʪʠʨʫʶʱʠʡ ʘʛʝʥʪ 

ʪʘʢʦʛʦ ʙʠʦʩʝʥʩʦʨʘ [5, 6]. ʊʘʢʞʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ 

ʚʝʱʝʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ. 

ʅʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʘʢʨʠʣʘʤʠʜʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪ 10 ʜʦ 1500 ʤʄ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ E. coli K12 TG1 

(pXen7) (ʈʠʩʫʥʦʢ). 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʢʘʩʘʶʱʠʤʠʩʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʙʠʦʩʝʥʩʦʨ ʥʘ ʦʩʥʦʚʝ 

ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʘʢʨʠʣʘʤʠʜ ʥʝ 

ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦ ʪʦʢʩʠʯʥʳʤ ʚʝʱʝʩʪʚʦʤ ʜʣʷ ʙʘʢʪʝʨʠʡ. ʊʘʢ, ʜʣʷ 

Photobacterium phosphoreum ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɽʉ50 ʟʘ 15 ʤʠʥ ʜʣʷ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,02 ʜʦ 5 ʤʛ/ʣ, ɼɼʊ 7, ʬʝʥʦʣʘ 22, 

ʘʥʠʣʠʥʘ 64 ʤʛ/ʣ [7]. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, 50% ʩʥʠʞʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

E. coli K12 TG1 (pXen7) ʟʘ 15 ʤʠʥ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʢʨʠʣʘʤʠʜʘ 300 ʤʄ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 21300 ʤʛ/ʣ. ʊʦʢʩʠʯʥʦʩʪʴ 

ʘʢʨʠʣʘʤʠʜʘ (ɽʉ50) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʘʬʥʠʷʤ ʠ ʜʨʫʛʠʤ ʚʦʜʥʳʤ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʤ ʩʦʩʪʘʚʣʷʝʪ 98 ʤʛ/ʣ (48 ʯ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʢʩʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʘʢʨʠʣʘʤʠʜʘ ʧʨʦʷʚʣʷʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʵʫʢʘʨʠʦʪʘʤ, ʘ ʥʝ ʧʨʦʢʘʨʠʦʪʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʙʘʢʪʝʨʠʡ ʚ 

ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʨʝʜ ʥʝ ʚʩʝʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, 

ʪ.ʢ. ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʦʢʘʨʠʦʪʦʚ ʠ ʵʫʢʘʨʠʦʪʦʚ ʢ ʨʘʟʣʠʯʥʳʤ 

ʪʦʢʩʠʯʥʳʤ ʚʝʱʝʩʪʚʘʤ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ, ʯʪʦ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʘʢʨʠʣʘʤʠʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʪʦʢʩʠʢʘʥʪʳ 
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ʧʦʜʘʚʣʷʶʪ ʩʚʝʯʝʥʠʝ, ʠ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʘʢʨʠʣʘʤʠʜ ʚ 

ʩʤʝʩʠ ʚʝʱʝʩʪʚ. ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʙʠʦʩʝʥʩʦʨʦʚ ʥʘ ʘʢʨʠʣʘʤʠʜ. 

 
ʈʠʩʫʥʦʢ. ɿʘʚʠʩʠʤʦʩʪʴ 50%-ʥʦʛʦ ʪʫʰʝʥʠʷ ʩʚʝʯʝʥʠʷ E. coli K12 

TG1 (pXen7) ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ ʩ ʘʢʨʠʣʘʤʠʜʦʤ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ 01201353249. 
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ʄʀʂʈʆɹʅʆɽ ʈɸɿʅʆʆɹʈɸɿʀɽ ʅɸɿɽʄʅʓʍ ʉʆʃʗʅʓʍ 

ʉʆʆʈʋɾɽʅʀʁ ʇɽʈʄʉʂʆɻʆ ʂʈɸʗ 
 

ʄʘʤʤʘʝʚʘ ʄʘʨʴʷʤ ɻʘʩʘʥʛʫʩʝʡʥʦʚʥʘ1, ʂʠʨʠʯʝʥʢʦ ʃʘʨʠʩʘ ɺʠʢʪʦʨʦʚʥʘ1, 

ʐʠʰʢʠʥ ʄʠʭʘʠʣ ɸʥʜʨʝʝʚʠʯ2, ʐʝʨʩʪʦʙʠʪʦʚʘ ʅʘʪʘʣʴʷ ʇʝʪʨʦʚʥʘ2, 

ʂʫʟʥʝʮʦʚʘ ʄʘʨʠʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ1,234 

 
1ʌɻɹʆʋ ɺʆ çʇʝʨʤʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ɽ.ɸ. ɺʘʛʥʝʨʘè ʄɿ ʈʌ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʟʝʤʥʳʝ ʩʦʣʷʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷï

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ɻʍïʄʉ) 

 

ʄʠʢʨʦʙʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʵʢʦʩʠʩʪʝʤ ʧʨʠʨʦʜʥʳʭ ʩʦʣʷʥʳʭ ʧʝʱʝʨ, 

ʩʦʣʝʨʫʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʡʦʥʦʚ ʩʦʣʝʨʘʟʨʘʙʦʪʦʢ ʘʢʪʠʚʥʦ 

ʠʟʫʯʘʝʪʩʷ [1, 2, 3]. ɹʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ 

ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ ʩʦʣʠ ʢʦʣʠʯʝʩʪʚʦ ʠ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʩʦʣʷʥʳʭ ʰʘʭʪʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ 

ʙʠʦʪʦʧʦʚ. ɺ ʥʘʟʝʤʥʳʭ ʩʦʣʷʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ (ʅʉʉ) ʧʨʦʚʦʜʠʪʩʷ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʪʦʣʴʢʦ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ, ʪʦʛʜʘ ʢʘʢ 

ʥʘ ʘʙʠʦʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʵʪʠʭ ʩʦʦʨʫʞʝʥʠʡ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʤʠʢʨʦʙʠʦʮʝʥʦʟ, ʚʢʣʶʯʘʶʱʠʡ ʧʘʪʦʛʝʥʥʳʝ/ʫʩʣʦʚʥʦ-

ʧʘʪʦʛʝʥʥʳʝ ʙʘʢʪʝʨʠʠ, ʠʤʝʶʱʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʠʪʴ ʨʦʜʦ-ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʤʠʢʨʦʙʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʩʦʣʷʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʠʣʴʚʠʥʠʪʦʚʳʭ ʠ ʛʘʣʠʪʦʚʳʭ 

ʥʘʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɿʘ ʧʝʨʠʦʜ 2017-18 ʛʛ. ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʧʨʦʙ ʠʟ 10 ʅʉʉ, 

ʚʢʣʶʯʘʶʱʠʭ 7 ʩʠʣʴʚʠʥʠʪʦʚʳʭ ʠ 3 ʛʘʣʠʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʷ. ʇʨʦʙʳ 

(n=71, ʥʝ ʤʝʥʝʝ ʰʝʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʢʘʤʝʨʳ) ʦʪʙʠʨʘʣʠ ʩ ʩʦʣʷʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ (S=0,5 ʤ2) ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ. ɺʳʩʝʚʳ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ, ʩʝʣʝʢʪʠʚʥʳʝ ʘʛʘʨʠʟʦʚʘʥʥʳʝ ʩʨʝʜʳ ʠ ʦʮʝʥʠʚʘʣʠ ʫʨʦʚʝʥʴ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʩʝʤʝʥʝʥʥʦʩʪʠ ʧʦ ʦʙʱʝʤʫ ʤʠʢʨʦʙʥʦʤʫ ʯʠʩʣʫ, 

ʢʦʣʠʯʝʩʪʚʫ ʩʪʘʬʠʣʦʢʦʢʢʦʚ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʚʳʜʝʣʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦʛʣʘʩʥʦ ʇʨʠʢʘʟʫ ʄɿ ʉʉʉʈ ˉ535 ʦʪ 

22.04.1985 ʛ. ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ 

(ɻʍςʄʉ) ʩʦʛʣʘʩʥʦ [4]. 

                                                           
É ʄʘʤʤʘʝʚʘ ʄ.ɻ., ʂʠʨʠʯʝʥʢʦ ʃ.ɺ., ʐʠʰʢʠʥ ʄ.ɸ., ʐʝʨʩʪʦʙʠʪʦʚʘ ʅ.ʇ., 

ʂʫʟʥʝʮʦʚʘ ʄ.ɺ., 2018 
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ɸʙʠʦʪʠʯʝʩʢʠʝ ʩʦʣʷʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʭ ʅʉʉ ʙʳʣʠ 

ʢʦʥʪʘʤʠʨʦʚʘʥʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʦʙ 

ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 20% ʜʦ 100%, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʚ 76,1%, ʧʨʠ ʵʪʦʤ 

ʚʳʷʚʣʝʥʘ ʜʦʩʪʦʚʝʨʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʠʣʴʚʠʥʠʪʦʚʳʤʠ (86,5%) ʠ 

ʛʘʣʠʪʦʚʳʤʠ (47,4%) ʩʦʦʨʫʞʝʥʠʷʤʠ. ʏʠʩʣʝʥʥʦʩʪʴ ʙʘʢʪʝʨʠʡ ʪʘʢʞʝ 

ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ ʚ ʩʠʣʴʚʠʥʠʪʦʚʳʭ (4,97E+03Ñ1,32E+04 ʂʆɽ/ʤʣ/ʤ2), ʯʝʤ 

ʚ ʛʘʣʠʪʦʚʳʭ (1,74E+02Ñ1,68E+02 ʂʆɽ/ʤʣ/ʤ2) ʅʉʉ. ʋʨʦʚʝʥʴ 

ʦʙʩʝʤʝʥʝʥʥʦʩʪʠ ʩʪʘʬʠʣʦʢʦʢʢʘʤʠ ʚ ʩʠʣʴʚʠʥʠʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʷʭ 

ʩʦʩʪʘʚʠʣ 55,8% (3,11E+02Ñ2,32E+02 ʂʆɽ/ʤʣ/ʤ2), ʪʦʛʜʘ ʢʘʢ ʚ ʛʘʣʠʪʦʚʳʭ 

ï 10,5%, ʜʘʥʥʳʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʧʨʦʙʘʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʙʘʢʪʝʨʠʡ ʧʨʠʥʘʜʣʝʞʘʣʠ ʢ ʚʠʜʫ 

Staphylococcus epidermidis, ʚ ʧʷʪʠ ʅʉʉ ʦʙʥʘʨʫʞʝʥ S. aureus, ʚ 

ʝʜʠʥʠʯʥʳʭ ʧʨʦʙʘʭ ï S. warneri, S. saprophyticus, S. simulans, 

S. cohnii urealyticum.  

ʇʦ ʜʘʥʥʳʤ ɻʍïʄʉ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʧʨʷʤʦʛʦ ʚʳʩʝʚʘ, ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʙʳʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ: 

1,84E+08Ñ7,73E+07 ʠ 1,46E+08Ñ6,46E+07 ʢʣʝʪʦʢ/ʤʣ/ʤ2 ʚ 

ʩʠʣʴʚʠʥʠʪʦʚʳʭ ʠ ʛʘʣʠʪʦʚʳʭ ʅʉʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʜʦʩʪʦʚʝʨʥʦ ʥʝ 

ʨʘʟʣʠʯʘʣʦʩʴ. ɸʥʘʣʠʟ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 18 ʨʦʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʨʝʤ ʬʠʣʫʤʘʤ. 

ɸʢʪʠʥʦʙʘʢʪʝʨʠʠ (Actinomyces, Corynebacterium, Nocardia, 

Propionibacterium, Rhodococcus ʠ ʜʨ.) ʙʳʣʠ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚ ʦʙʝʠʭ 

ʛʨʫʧʧʘʭ: 81,2% ʚ ʩʠʣʴʚʠʥʠʪʦʚʳʭ ʠ 91,1% ʚ ʛʘʣʠʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʷʭ. 

ʉʨʝʜʠ ʬʠʨʤʠʢʫʪʦʚ ʚ ʩʠʣʴʚʠʥʠʪʦʚʳʭ ʅʉʉ ʧʨʝʚʘʣʠʨʦʚʘʣʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Clostridium ï 63,8%, ʪʦʛʜʘ ʢʘʢ ʚ ʛʘʣʠʪʦʚʳʭ ʠʭ ʙʳʣʦ 

ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ï 32,1%. ʉʦʜʝʨʞʘʥʠʝ ʢʦʢʢʦʚʦʡ ʤʠʢʨʦʙʠʦʪʳ ʙʳʣʦ ʥʘ 

ʫʨʦʚʥʝ 2-3% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ. 

ɹʘʢʪʝʨʠʠ ʨʦʜʘ Staphylococcus ʦʙʥʘʨʫʞʝʥʳ ʚʦ ʚʩʝʭ ʅʉʉ, Streptococcus ï 

ʚ ʩʝʤʠ ʠʟ ʜʝʩʷʪʠ. ʇʨʦʪʝʦʙʘʢʪʝʨʠʠ ʚʳʷʚʣʝʥʳ ʧʦʯʪʠ ʚ 30% ʧʨʦʙ, ʥʦ ʠʭ 

ʜʦʣʷ ʚ ʤʠʢʨʦʙʥʦʤ ʩʧʝʢʪʨʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,6%. 

ʄʝʪʦʜ ɻʍςʄʉ ʧʦʟʚʦʣʠʣ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʅʉʉ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 18 ʨʦʜʦʚ, ʦʪʥʝʩʝʥʥʳʝ ʢ 

ʬʠʣʫʤʘʤ Actinobacteria, Firmicutes, Proteobacteria, ʜʦʣʠ ʢʦʪʦʨʳʭ ʥʝ 

ʨʘʟʣʠʯʘʣʠʩʴ ʚ ʜʚʫʭ ʛʨʫʧʧʘʭ. ʉʦʛʣʘʩʥʦ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ 

ʫʨʦʚʝʥʴ ʦʙʱʝʡ ʦʙʩʝʤʝʥʝʥʥʦʩʪʠ ʠ ʢʦʥʪʘʤʠʥʘʮʠʷ ʩʪʘʬʠʣʦʢʦʢʢʘʤʠ ʚ 

ʩʠʣʴʚʠʥʠʪʦʚʳʭ ʠ ʛʘʣʠʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʣʠʩʴ. 

ʕʪʦ ʩʚʷʟʘʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʢʦʨʦʪʢʠʤ ʩʨʦʢʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʥʠʟʢʦʡ ʥʘʧʦʣʥʷʝʤʦʩʪʴʶ ʣʝʯʝʙʥʦʡ ʟʦʥʳ ʧʦʩʣʝʜʥʠʭ, ʭʦʪʷ ʚʣʠʷʥʠʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʘʢʞʝ ʥʝ ʠʩʢʣʶʯʝʥʦ. ʆʙʥʘʨʫʞʝʥʘ 

ʚʳʩʦʢʘʷ ʦʙʩʝʤʝʥʝʥʥʦʩʪʴ ʩʦʣʷʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʘʢʪʠʥʦʤʠʮʝʪʘʤʠ ʠ 

ʩʪʘʬʠʣʦʢʦʢʢʘʤʠ, ʚʢʣʶʯʘʷ ʧʘʪʦʛʝʥʥʳʡ S. aureus, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʠʭ ʠʥʬʝʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʟʘʙʦʣʝʚʘʥʠʡ ʚʝʨʭʥʠʭ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ. 
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ɺʳʷʚʣʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʠʢʨʦʙʠʦʪʳ ʅʉʉ ʜʦʧʦʣʥʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʤʠʢʨʦʙʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʩʦʣʷʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɻʈ 

ˉ 01201353249. 
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ɸʉʉʆʎʀɸʎʀʗ ɹɸʂʊɽʈʀʁ ɼɽʉʊʈʋʂʊʆʈʆɺ ʃʀʅɼɸʅɸ  

(ũ-ɻɽʂʉɸʍʃʆʈʎʀʂʃʆɻɽʂʉɸʅɸ), ɺʓɼɽʃɽʅʅʓʍ  

ʀɿ ɼʃʀʊɽʃʔʅʆ ɿɸɻʈʗɿʅɽʅʅʆʁ 

ɻɽʂʉɸʍʃʆʈʎʀʂʃʆɻɽʂʉɸʅʆʄ ʇʆʏɺʓ 

 

ʅʘʟʘʨʦʚʘ ʕʣʴʤʠʨʘ ɸʣʠʝʚʥʘ, ɽʛʦʨʦʚʘ ɼʘʨʴʷ ʆʣʝʛʦʚʥʘ35 

 

çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʥʜʘʥ, ʜʝʩʪʨʫʢʮʠʷ, ʙʘʢʪʝʨʠʠ 

 

ʃʠʥʜʘʥ (ɔ-ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʛʝʢʩʘʥ) ï ʧʝʩʪʠʮʠʜ ʠʟ ʛʨʫʧʧʳ 

ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʟʘʧʨʝʱʝʥʥʳʡ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ 

ʧʨʠʤʝʥʝʥʠʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 153 ʩʪʨʘʥ [1]. ʇʨʦʠʟʚʦʜʩʪʚʦ ʣʠʥʜʘʥʘ 

ʥʘʯʘʣʦʩʴ ʚ 1950-ʭ ʛʦʜʘʭ, ʠ ʜʦʩʪʠʛʣʦ ʩʚʦʝʛʦ ʧʠʢʘ ʚ ʧʝʨʠʦʜ 1990-1995 ʛʛ 

(3222 ʪ/ʛʦʜ). ɺ ʈʦʩʩʠʠ ʧʨʦʠʟʚʦʜʠʣʠ ʥʝʦʯʠʱʝʥʥʳʡ ʣʠʥʜʘʥ ʚ ʩʦʩʪʘʚʝ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʠʟʦʤʝʨʦʚ ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʛʝʢʩʘʥʘ. ʐʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʣʠʥʜʘʥʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʟʘʭʦʨʦʥʝʥʠʝ ʧʨʠʚʝʣʦ ʢ ʟʘʛʨʷʟʥʝʥʠʶ 

ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ [2, 3]. 

                                                           
É ʅʘʟʘʨʦʚʘ ʕ.ɸ., ɽʛʦʨʦʚʘ ɼ.ʆ., 2018 
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ɺʦ ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ, ʗʧʦʥʠʠ ʠ ʀʥʜʠʠ ʠʟ ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʛʝʢʩʘʥʦʤ ʚʳʜʝʣʝʥʳ ʘʢʪʠʚʥʳʝ ʰʪʘʤʤʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʥʳʝ ʢ ʜʝʩʪʨʫʢʮʠʠ ʣʠʥʜʘʥʘ. ɼʘʥʥʳʝ ʰʪʘʤʤʳ 

ʧʨʠʥʘʜʣʝʞʘʪ ʨʦʜʘʤ: Sphingobium, Sphingomonas, Rhodanobacter, 

Pseudomonas [4]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʳʜʝʣʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʘʵʨʦʙʥʦʡ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʜʝʩʪʨʫʢʮʠʶ ʣʠʥʜʘʥʘ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʈʘʡʤʦʥʜʘ [5] ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 

ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʡ ʢʘʯʘʣʢʝ (Environmental Shaker-Incubator ES 20/60, 

çBioSanè, ʃʘʪʚʠʷ) ʧʨʠ 120 ʦʙ/ʤʠʥ ʠ +28ęʉ. 

ɸʥʘʣʠʟ ʤʝʪʘʙʦʣʠʪʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ) ʥʘ ʧʨʠʙʦʨʝ LC-20ɸ Prominance 

(ñShimadzuò, ʗʧʦʥʠʷ) ʩ ʋʌ-ʜʝʪʝʢʪʦʨʦʤ (ʧʨʠ 205 ʥʤ) ʠ ʢʦʣʦʥʢʦʡ ʉ18 

(ñSupelcoò) ʚ ʩʠʩʪʝʤʝ ʘʮʝʪʦʥʠʪʨʠʣ ï 0.1%-ʥʘʷ ʅ3ʈʆ4 (70:30). 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʣʠʥʜʘʥʘ ʚ ʩʨʝʜʝ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʭʣʦʨʦʬʦʨʤʝʥʥʦʤ ʵʢʩʪʨʘʢʪʝ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʥʘ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent 

6890/5973N (Agilent, ʉʐɸ) [6].  

ʆʧʨʝʜʝʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʭʣʦʨʘ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ 

ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ [7]. 

ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʤʧʣʠʬʠʢʘʮʠʠ ʛʝʥʦʚ 16S ʨʈʅʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʘʡʤʝʨʦʚ 27F ʠ 1492R [6, 8].  

ʀʟ ʜʣʠʪʝʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡ ʛʝʢʩʘʭʣʦʮʠʢʣʦʛʝʢʩʘʥʦʤ ʧʦʯʚʳ, 

ʦʪʦʙʨʘʥʥʦʡ ʩ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʧʝʩʪʠʮʠʜʦʚ ʆɸʆ çʉɺɿʍè, ʛ. ʏʘʧʘʝʚʩʢ, ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʤʝʪʦʜʦʤ 

ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʣʠʥʜʘʥʦʤ 

ʥʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʘʩʩʦʮʠʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ 

ʧʦʣʥʫʶ ʫʪʠʣʠʟʘʮʠʶ ʣʠʥʜʘʥʘ (0,03%) ʟʘ 6 ʤʝʩʷʮʝʚ. ʏʠʩʣʝʥʥʦʩʪʴ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 1x105 ʂʆɽ/ʤʣ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʮʠʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʣʦʥʠʠ ʯʝʪʳʨʝʭ ʤʦʨʬʦʪʠʧʦʚ:  

ʊʠʧ I: ʢʦʣʦʥʠʠ ʩʝʨʳʝ ʧʣʦʩʢʠʝ ʩ ʥʝʨʦʚʥʳʤ ʢʨʘʝʤ, ʜʘʶʱʠʝ 

ʩʢʦʣʴʟʷʱʠʡ ʨʦʩʪ, 5-10 ʤʤ.  

ʊʠʧ II: ʢʦʣʦʥʠʠ ʙʝʣʳʝ ʢʨʫʛʣʳʝ ʙʣʝʩʪʷʱʠʝ, 3-5 ʤʤ.  

ʊʠʧ III: ʢʦʣʦʥʠʠ ʞʝʣʪʳʝ ʢʨʫʛʣʳʝ ʤʘʪʦʚʳʝ, 3-4 ʤʤ.  

ʊʠʧ IV: ʢʦʣʦʥʠʠ ʙʝʣʳʝ ʢʨʫʛʣʳʝ ʙʣʝʩʪʷʱʠʝ, 1-2 ʤʤ.  

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 16S 

ʨʈʅʂ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʠ ʰʪʘʤʤʦʚ ʤʦʨʬʦʪʠʧʘ I ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Pseudomonas, ʤʦʨʬʦʪʠʧʘ II  ï ʨʦʜʘ Ochrobactrum, 

ʤʦʨʬʦʪʠʧʘ III  ï ʨʦʜʘ Achromobacter, ʤʦʨʬʦʪʠʧʘ IV ï ʨʦʜʘ 

Agrobacterium. 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ ʤʦʨʬʦʪʠʧʘ II  ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʥʘʯʘʣʴʥʳʝ ʵʪʘʧʳ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʠʥʜʘʥʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʚʳʜʝʣʝʥʠʝ ʚ ʩʨʝʜʫ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʭʣʦʨʘ ʠ ʥʘʢʦʧʣʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ 

ʤʝʪʘʙʦʣʠʪʘ. ʆʜʥʘʢʦ ʧʦʣʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʣʠʥʜʘʥʘ ʜʘʥʥʳʤʠ ʰʪʘʤʤʘʤʠ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʦ. 

ɼʣʷ ʰʪʘʤʤʦʚ ʤʦʨʬʦʪʠʧʘ III  ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʩʣʘʙʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʦʥʦʚ ʭʣʦʨʘ, ʘ ʫ ʰʪʘʤʤʦʚ ʩ ʤʦʨʬʦʪʠʧʦʤ I ʠ IV ʚʳʜʝʣʝʥʠʝ ʠʦʥʦʚ ʭʣʦʨʘ 

ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʣʠʥʜʘʥʝ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. ɺʝʨʦʷʪʥʦ, ʜʘʥʥʳʝ 

ʰʪʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʩʣʝ 

ʜʝʭʣʦʨʠʨʦʚʘʥʠʷ ʣʠʥʜʘʥʘ ʰʪʘʤʤʘʤʠ ʩ ʤʦʨʬʦʪʠʧʦʤ II . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʜʝʣʝʥʘ ʘʩʩʦʮʠʘʮʠʷ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʰʪʘʤʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʱʠʭ ʣʠʥʜʘʥ, ʘ ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʦʬʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʰʪʘʤʤʘʤʠ ʚʥʫʪʨʠ ʘʩʩʦʮʠʘʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 01201353246. 
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ʇʆʃʀɸʄʀʅʓ ʉʊʀʄʋʃʀʈʋʖʊ 

ɹʀʆʇʃɽʅʂʆʆɹʈɸɿʆɺɸʅʀɽ ʀ ʇʈʆɼʋʂʎʀʖ 

ɸʋʊʆʀʅɼʋʂʊʆʈɸ-2 ʋ ɻʈɸʄʆʊʈʀʎɸʊɽʃʔʅʓʍ ɹɸʂʊɽʈʀʁ 

 

ʅʝʛʦʨʝʣʦʚʘ ɽʣʠʟʘʚʝʪʘ ɺʘʜʠʤʦʚʥʘ1, ʅʝʩʪʝʨʦʚʘ ʃʘʨʠʩʘ ʖʨʴʝʚʥʘ1,2, 

ʊʢʘʯʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɻʝʦʨʛʠʝʚʠʯ1,236 

 
1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Quorum Sensing, ʘʫʪʦʠʥʜʫʢʪʦʨ-2, 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

 

ɹʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤ ʚʦʟʨʘʩʪʘʥʠʝ 

ʘʥʪʠʙʠʦʪʠʢʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʷʚʣʷʝʪʩʷ ʦʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʭʘʥʠʟʤʳ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʝʨʝʭʦʜʫ ʙʘʢʪʝʨʠʡ ʦʪ ʧʣʘʥʢʪʦʥʥʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʢ 

ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʶ, ʧʦ-ʧʨʝʞʥʝʤʫ, ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ ʦʩʪʘʶʪʩʷ 

ʥʝʷʩʥʳʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʠ ʧʨʦʮʝʩʩʳ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ 

ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʝʞʢʣʝʪʦʯʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ ʙʘʢʪʝʨʠʡ. 

Quorum Sensing (QS) ï ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʤʠʢʨʦʙʥʦʤ 

ʤʠʨʝ ʤʝʭʘʥʠʟʤ ʤʝʞʢʣʝʪʦʯʥʦʡ ʚʥʫʪʨʠ- ʠ ʤʝʞʚʠʜʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, 

ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʜʫʢʮʠʠ ʢʣʝʪʢʘʤʠ ʩʠʛʥʘʣʴʥʳʭ 

ʤʦʣʝʢʫʣ ï ʘʫʪʦʠʥʜʫʢʪʦʨʦʚ (ɸʀ). ɸʀ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʜʨʫʛʠʤʠ 

ʢʣʝʪʢʘʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʟʘʧʫʩʢʘʷ 

ʩʠʥʪʝʟ ʨʷʜʘ ʤʝʪʘʙʦʣʠʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʚʳʞʠʚʘʥʠʶ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɻʝʥ, ʢʦʜʠʨʫʶʱʠʡ ʩʠʥʪʘʟʫ ɸʀ-

2, ʦʙʥʘʨʫʞʝʥ ʚ ʧʦʣʦʚʠʥʝ ʚʩʝʭ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʛʝʥʦʤʦʚ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʉʫʧʝʨʥʘʪʘʥʪʳ ʙʦʣʝʝ 100 ʚʠʜʦʚ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ 

ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʦʙʣʘʜʘʶʪ ʘʢʪʠʚʥʦʩʪʴʶ ɸʀ-2 [1], 

ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʙʠʦʩʠʥʪʝʟʘ 

ʘʥʪʠʙʠʦʪʠʢʦʚ ʠ ʪʦʢʩʠʥʦʚ, ʧʦʜʚʠʞʥʦʩʪʠ, ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʫ ʧʘʪʦʛʝʥʥʳʭ ʬʦʨʤ. 

ʈʘʥʝʝ ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ 

ʧʝʨʝʭʦʜʘ ʩʚʦʙʦʜʥʦ ʧʣʘʚʘʶʱʠʭ ʢʣʝʪʦʢ Escherichia coli ʢ ʨʦʝʥʠʶ ʠ 

ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʶ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʙʠʦʛʝʥʥʳʝ ʧʦʣʠʘʤʠʥʳ - 

ʢʣʝʪʦʯʥʳʝ ʧʦʣʠʢʘʪʠʦʥʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʠ ʟʘʱʠʪʥʳʝ 

ʬʫʥʢʮʠʠ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʙʘʢʪʝʨʠʡ ʢ ʨʘʟʣʠʯʥʳʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ 
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ʚʦʟʜʝʡʩʪʚʠʷʤ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʧʦʣʠʘʤʠʥʦʚ ʥʘ ʵʪʠ ʧʨʦʮʝʩʩʳ 

ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʘʤʠʥʳ ʩʧʦʩʦʙʥʳ ʦʢʘʟʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʥʝʢʦʪʦʨʳʭ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ çʧʦʣʠʘʤʠʥʦʚʳʡ ʤʦʜʫʣʦʥè ʠ ʩʧʠʩʦʢ ʵʪʠʭ ʛʝʥʦʚ ʧʦʩʪʦʷʥʥʦ 

ʧʦʧʦʣʥʷʝʪʩʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʣʠʘʤʠʥʦʚ ʥʘ 

ʧʨʦʜʫʢʮʠʶ ɸʀ-2 ʠ ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʰʪʘʤʤʳ E. coli ʂ 

12, Vibrio harveyi ɺɺ120, V. harveyi ɺɺ152 (ʧʨʦʜʫʮʝʥʪʳ ɸʀ-2) ʠ V. 

harveyi ɺɺ170 (ʩʝʥʩʦʨ ɸʀ-2). ʐʪʘʤʤʳ-ʧʨʦʜʫʮʝʥʪʳ ʚʳʨʘʱʠʚʘʣʠ ʥʘ 

ʩʨʝʜʝ Luria Bertani (LB) (ʩ ʜʦʙʘʚʣʝʥʠʝʤ 2% NaCl ʜʣʷ V. harveyi ʠ 

ʧʦʣʠʘʤʠʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʘʨʠʘʥʪʘʭ), ʩʝʥʩʦʨʥʳʡ ʰʪʘʤʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʥʘ ʩʨʝʜʝ ɸɺ [2]. ɸʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʠ ɸʀ-2 ʧʨʦʚʦʜʠʣʠ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 10% ʙʝʩʢʣʝʪʦʯʥʦʛʦ 

ʩʫʧʝʨʥʘʪʘʥʪʘ ʢʫʣʴʪʫʨʳ ʰʪʘʤʤʘ-ʧʨʦʜʫʮʝʥʪʘ ʢ ʩʝʥʩʦʨʥʦʡ ʢʫʣʴʪʫʨʝ [3,4].  

ɹʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʨʦʩʪʝ ʥʘ 96-ʣʫʥʦʯʥʳʭ 

ʧʦʣʠʩʪʠʨʦʣʦʚʳʭ ʧʣʘʥʰʝʪʘʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʨʘʰʠʚʘʥʠʝʤ 

ʛʝʥʮʠʘʥʚʠʦʣʝʪʦʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʠʦʛʝʥʥʳʝ ʧʦʣʠʘʤʠʥʳ ʧʫʪʨʝʩʮʠʥ, ʢʘʜʘʚʝʨʠʥ, 

ʩʧʝʨʤʠʜʠʥ ʠ ʩʧʝʨʤʠʥ ʧʨʠ ʜʦʙʘʚʢʝ ʚ ʩʨʝʜʫ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,1-5ʤʄ ʥʝ ʦʢʘʟʳʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʦʩʪ 

ʢʫʣʴʪʫʨ E. coli ʠ V. harveyi.  

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʦʣʠʘʤʠʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʣʦ ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ V. harveyi. ʉʪʠʤʫʣʠʨʫʶʱʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʩʨʝʜʝ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʣʠʘʤʠʥʦʚ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʦʢʘʟʳʚʘʣ 

ʩʧʝʨʤʠʥ (ʩʪʠʤʫʣʷʮʠʷ ʚ 2,5 ʨʘʟʘ). ʈʘʥʝʝ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʧʦʣʠʘʤʠʥʦʚ 

ʤʳ ʥʘʙʣʶʜʘʣʠ ʚ ʦʪʥʦʰʝʥʠʠ E. coli. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʛʝʥʥʳʝ 

ʧʦʣʠʘʤʠʥʳ ʫʚʝʣʠʯʠʚʘʶʪ ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ E. coli ʠ V. harveyi. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ E. coli, ʩʧʦʩʦʙʥʳ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʫʪʨʝʩʮʠʥ, ʢʘʜʘʚʝʨʠʥ ʠ 

ʩʧʝʨʤʠʜʠʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʧʝʨʤʠʥ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʧʨʦʜʫʮʠʨʫʝʪʩʷ 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʥʦ ʤʦʞʝʪ ʧʦʩʪʫʧʘʪʴ ʚ ʢʣʝʪʢʠ 

ʧʨʦʢʘʨʠʦʪ ʠ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʪʘʤ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ V. harveyi ʧʨʠ ʨʦʩʪʝ 

ʥʘ ʞʠʜʢʦʡ ʩʨʝʜʝ ʧʨʦʜʫʮʠʨʫʝʪ ʠ ʥʘʢʘʧʣʠʚʘʝʪ ʧʫʪʨʝʩʮʠʥ, ʢʘʜʘʚʝʨʠʥ ʠ 

ʩʧʝʨʤʠʜʠʥ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 50 ʤʢʤʦʣʴ/ʤʛ ʩʳʨʦʡ ʙʠʦʤʘʩʩʳ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʙʠʦʛʝʥʥʳʭ ʧʦʣʠʘʤʠʥʦʚ ʥʘ 

ʧʨʦʜʫʢʮʠʶ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ɸʀ-2 ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʫʧʝʨʥʘʪʘʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʫʣʴʪʫʨʳ, ʚʳʨʘʱʝʥʥʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʇɸ, ʦʙʣʘʜʘʣʠ ʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ ʚ ʠʭ ʦʪʩʫʪʩʪʚʠʠ. ʉʪʠʤʫʣʷʮʠʷ 

ʧʦʣʠʘʤʠʥʘʤʠ ʧʨʦʜʫʢʮʠʠ ɸʀ-2 ʠʤʝʣʘ ʤʝʩʪʦ ʢʘʢ ʫ E. coli, ʪʘʢ ʠ V. harveyi. 

ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʦʢʘʟʳʚʘʣ ʩʧʝʨʤʠʥ (ʫʚʝʣʠʯʝʥʠʝ ʩʚʝʯʝʥʠʷ ʙʦʣʝʝ ʯʝʤ 

ʚ 4 ʨʘʟʘ).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʠʘʤʠʥʳ ʩʪʠʤʫʣʠʨʫʶʪ ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ E. coli ʠ V. harveyi. ɺʣʠʷʥʠʝ ʇɸ ʥʘ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ 

ʧʨʦʜʫʢʮʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ɸʀ-2, ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʢʦʪʦʨʦʛʦ 

ʥʘʭʦʜʷʪʩʷ ʤʥʦʛʠʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʨʝʭʦʜ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʠʦʧʣʝʥʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ 

ɸʜʤʠʥʠʩʪʨʘʮʠʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʨ_ʘ 16-44-
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ɺʃʀʗʅʀɽ ʇʆʃʀɸʄʀʅʆɺ ʅɸ ʌʆʈʄʀʈʆɺɸʅʀɽ 

ɹʀʆʇʃɽʅʆʂ ʀ ʇʆɺɽʈʍʅʆʉʊʅʓɽ ʉɺʆʁʉʊɺɸ 

ESCHERICHIA COLI 

 

ʅʝʩʪʝʨʦʚʘ ʃʘʨʠʩʘ ʖʨʴʝʚʥʘ, ʊʢʘʯʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɻʝʦʨʛʠʝʚʠʯ37 
 

çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʧʣʝʥʢʘ, ʧʦʣʠʘʤʠʥʳ, ʘʜʛʝʟʠʷ, ʜʟʝʪʘ-

ʧʦʪʝʥʮʠʘʣ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʠʦʧʣʝʥʦʢ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʣʠʷʥʠʷ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ [1].  

ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʶ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʝʞʢʣʝʪʦʯʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʘ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʟʘʚʠʩʠʪ ʦʪ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 
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ʢʣʝʪʢʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ [2]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʚʝʱʝʩʪʚʘ ʩʧʦʩʦʙʥʳʝ ʠʟʤʝʥʷʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʢʣʝʪʦʢ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʧʣʝʥʦʢ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʠʦʛʝʥʥʳʝ ʧʦʣʠʘʤʠʥʳ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʠ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʤʠ 

ʢʣʝʪʢʘʤʠ, ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʤʥʦʛʠʭ ʢʣʝʪʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ 

ʧʦʣʠʘʤʠʥʳ ʧʨʦʪʦʥʠʨʦʚʘʥʳ ʧʦ ʘʪʦʤʘʤ ʘʟʦʪʘ, ʥʝʩʫʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʟʘʨʷʜ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʢʣʝʪʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ [3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʣʠʘʤʠʥʦʚ ʥʘ 

ʧʝʨʚʠʯʥʫʶ ʘʜʛʝʟʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʦʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ ʥʘ ʩʚʦʡʩʪʚʘ 

ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ Escherichia coli. 

ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʶ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 96-

ʣʫʥʦʯʥʳʭ ʧʦʣʠʩʪʠʨʦʣʦʚʳʭ ʧʣʘʥʰʝʪʘʭ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʢʨʘʩʢʦʡ 

ʙʠʦʧʣʝʥʦʢ ʛʝʥʮʠʘʥʚʠʦʣʝʪʦʤ. ɸʜʛʝʟʠʶ ʙʘʢʪʝʨʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ 

ʧʦʣʠʩʪʠʨʦʣʦʚʳʭ ʯʘʰʢʘʭ ʇʝʪʨʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʨʘʰʠʚʘʥʠʝʤ ʠ 

ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʝʤ. ʉʪʝʧʝʥʴ ʛʠʜʨʦʬʦʙʥʦʩʪʠïʛʠʜʨʦʬʠʣʴʥʦʩʪʠ 

ʙʘʢʪʝʨʠʡ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʘʜʛʝʟʠʠ ʢʣʝʪʦʢ ʢ ʛʝʢʩʘʜʝʢʘʥʫ. ɼʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ 

ʢʣʝʪʦʢ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ Zetasizer Nano (Malvern Instruments UK) 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʢʘ ʚ ʩʨʝʜʫ ʙʠʦʛʝʥʥʳʭ ʧʦʣʠʘʤʠʥʦʚ 

ʧʫʪʨʝʩʮʠʥʘ (ʇʪ), ʢʘʜʘʚʝʨʠʥʘ (ʂʜ), ʩʧʝʨʤʠʜʠʥʘ (ʉʜ) ʠ ʩʧʝʨʤʠʥʘ (ʉʤ), ʘ 

ʪʘʢʞʝ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʜʠʘʤʠʥʦʧʨʦʧʘʥʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ Escherichia coli. ʅʘʠʙʦʣʴʰʠʤ 

ʵʬʬʝʢʪʦʤ ʦʙʣʘʜʘʣʠ ʩʧʝʨʤʠʜʠʥ ʠ ʩʧʝʨʤʠʥ (ʚʦʟʨʘʩʪʘʥʠʝ ʚ 2 ʠ 3 ʨʘʟʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʣʠʘʤʠʥʦʚ ʥʘ ʘʜʛʝʟʠʶ ï ʧʝʨʚʳʡ ʵʪʘʧ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʧʣʝʥʦʢ ï ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʣʠʢʘʪʠʦʥʦʚ 

ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʠ 

ʚʦʟʨʘʩʪʘʥʠʝ ʘʛʨʝʛʘʮʠʠ ʢʣʝʪʦʢ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ 

ʦʢʘʟʳʚʘʣʠ ʩʧʝʨʤʠʜʠʥ ʠ ʩʧʝʨʤʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʠʤʫʣʷʮʠʷ 

ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʘʤʠʥʘʤʠ ʯʘʩʪʠʯʥʦ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ 

ʚʣʠʷʥʠʝʤ ʥʘ ʧʨʦʮʝʩʩ ʘʜʛʝʟʠʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʙʩʪʨʘʪʘ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʙʘʢʪʝʨʠʡ ʢ ʘʜʛʝʟʠʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʚʦʡʩʪʚʘʤʠ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʮʝʣʴʶ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʧʦʣʠʘʤʠʥʦʚ ʥʘ ʵʪʫ ʩʪʨʫʢʪʫʨʫ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ 

ʛʠʜʨʦʬʦʙʥʦʩʪʠ ï ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʠ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʫʪʨʝʩʮʠʥʘ, 

ʢʘʜʘʚʝʨʠʥʘ, ʩʧʝʨʤʠʜʠʥʘ ʠ ʩʧʝʨʤʠʥʘ. 

ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ E. coli c ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʩʨʝʜʫ ʧʦʣʠʘʤʠʥʦʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʝʧʝʥʠ ʛʠʜʨʦʬʦʙʥʦʩʪʠ-
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ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʢʣʝʪʦʢ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʠ ʧʨʠ ʦʜʥʦʡ ʠʟ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʦʪ 0,1 ʜʦ 5 ʤʄ). 

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʨʝʜʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʦʣʠʘʤʠʥʦʚ ʠʟʤʝʥʷʣʦ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ ʢʣʝʪʦʢ (ʢʦʥʪʨʦʣʴ -34,0(Ñ2,2); ʇʪ 

-31,03(Ñ3,9); ʂʜ -28,8(Ñ4,2); ʉʜ -23,7(Ñ2,6); ʉʤ -18,7 (Ñ2,7)). 

ʕʬʬʝʢʪ ʙʳʣ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ ʟʘʚʠʩʠʤʳʤ ʠ ʧʨʦʷʚʣʷʣʩʷ ʫʞʝ 

ʯʝʨʝʟ 10 ʤʠʥʫʪ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʧʦʣʠʘʤʠʥʦʚ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʯʝʨʝʟ 

30-60 ʤʠʥʫʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʠʘʤʠʥʳ ʩʪʠʤʫʣʠʨʫʶʪ ʘʜʛʝʟʠʶ ʢʣʝʪʦʢ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ E. coli. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʯʘʩʪʠʯʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ ʙʠʦʛʝʥʥʳʭ 

ʧʦʣʠʢʘʪʠʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʘʢʪʝʨʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʤʝʞʢʣʝʪʦʯʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ 01201353249. 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʉʇʆʉʆɹʆɺ  

ɸʂʊʀɺɸʎʀʀ ɸʋʊʆʃʀɿʀʅʆɺ ɹɸʂʊɽʈʀʁ  

STAPHYLOCOCCUS ʉOHNII  ɺʂʄ-3165 

 

ʆʪʠʥʦʚ ɻʝʦʨʛʠʡ ɼʤʠʪʨʠʝʚʠʯ1, ʌʠʣʘʪʦʚʘ ʃʶʙʦʚʴ ɹʦʨʠʩʦʚʥʘ2,  

ʂʦʨʦʙʦʚ ɺʣʘʜʠʤʠʨ ʇʘʚʣʦʚʠʯ1,238 

 
1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʬʠʣʦʢʦʢʢʠ, ʧʝʧʪʠʜʦʛʣʠʢʘʥʛʠʜʨʦʣʘʟʳ, 

ʘʫʪʦʣʠʟʠʥʳ, ʚʘʨʥʝʨʠʥ, ʭʦʤʠʥʠʥ 
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ɹʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʙʘʢʪʝʨʠʡ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ [1] 

ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʯʝʥʦ ʢ ʩʧʦʩʦʙʘʤ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʜʝʣʝʥʠʷ ʢʣʝʪʢʠ. 

[2] 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʣʠʟʘʪʦʚ 

ʙʘʢʪʝʨʠʡ ʩ ʦʮʝʥʢʦʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʚʳʷʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʘʢʪʠʚʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʘʫʪʦʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʢʪʝʨʠʠ 

Staphylococcus ʩohnii ɺʂʄ-3165. ɹʘʢʪʝʨʠʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʥʘ ʞʠʜʢʦʡ 

ʩʨʝʜʝ LB ʚ ʢʦʣʙʘʭ ʥʘ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʤ ʰʝʡʢʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 ᴈ 

ʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 150 ʦʙ/ʤʠʥ. 

ʇʦʣʫʯʝʥʠʝ ʣʠʟʘʪʦʚ ʙʘʢʪʝʨʠʡ ʧʨʦʠʟʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤʠ 

ʤʝʪʦʜʘʤʠ: ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ-ʦʪʪʘʠʚʘʥʠʝʤ [3] ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʨʘʩʪʠʨʘʥʠʝʤ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʤʘʩʩʳ ʩʪʝʢʣʷʥʥʳʤʠ ʰʘʨʠʢʘʤʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʧʨʠ pH 6.4, 7.0, 7.6 ʠ 8.0, ʘ ʪʘʢʞʝ 

ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ ʪʝʩʪʠʨʫʝʤʦʛʦ ʰʪʘʤʤʘ ʚ 2,3% ʨʘʩʪʚʦʨʝ ʜʝʪʝʨʛʝʥʪʘ 

ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ (SDS) [2], ʘ ʪʘʢʞʝ ʣʠʟʠʩʦʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʢʣʝʪʦʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 3M LiCl. ʅʝ ʨʘʟʨʫʰʝʥʥʳʝ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʣʝʪʢʠ 

ʫʜʘʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 13000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ., ʘ 

ʩʫʧʝʨʥʘʪʘʥʪ ʧʦʜʚʝʨʛʘʣʠ ʜʠʘʣʠʟʫ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʦʪʠʚ ʚʦʜʳ [3]. ɺ 

ʩʧʝʮʠʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʣʠʟʠʩʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʪʠʦʥʥʳʝ ʧʝʧʪʠʜʳ ʚʘʨʥʝʨʠʥ ʠ ʭʦʤʠʥʠʥ, ʫʯʠʪʳʚʘʷ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʣʘʥʪʠʙʠʦʪʠʢʦʚ. 

ʅʘʣʠʯʠʝ ʘʫʪʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʚ ʧʦʣʫʯʝʥʥʳʭ ʣʠʟʘʪʘʭ 

ʙʘʢʪʝʨʠʡ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʨʝʥʘʪʫʨʠʨʫʝʤʦʚʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 9% 

ʇɸɸɻʝ. [2] ʇʦʣʫʯʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠ ʣʠʟʘʪʳ ʪʝʩʪʠʨʦʚʘʣʠ ʥʘ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʤ ʜʚʫʢʨʘʪʥʳʭ ʩʝʨʠʡʥʳʭ 

ʨʘʟʚʝʜʝʥʠʡ ʚ 96-ʣʫʥʦʯʥʳʭ ʧʦʣʠʩʪʠʨʦʣʦʚʳʭ ʧʣʘʥʰʝʪʘʭ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ 

ʠ ʘʢʪʠʚʥʦʩʪʠ ʧʝʧʪʠʜʦʛʣʠʢʘʥʛʠʜʨʦʣʘʟ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʟʘʪʳ ʙʘʢʪʝʨʠʡ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʘʣʠʯʠʝʤ ʙʝʣʢʦʚʳʭ ʬʨʘʢʮʠʡ, ʦʙʣʘʜʘʶʱʠʭ 

ʚʳʨʘʞʝʥʥʦʡ ʙʘʢʪʝʨʠʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ 

ʦ ʪʦʤ, ʯʪʦ ʣʠʟʘʪʳ ʙʘʢʪʝʨʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʢʘʪʠʦʥʥʳʭ 

ʧʝʧʪʠʜʦʚ, ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʟʘʪʘʤʠ ʙʘʢʪʝʨʠʡ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʜʝʡʩʪʚʠʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʠʟʘʪʦʚ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʣʘʥʢʪʦʥʥʳʝ 
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ʙʘʢʪʝʨʠʠ ʨʦʜʘ Staphylococcus, ʥʦ ʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʙʠʦʧʣʝʥʦʢ ʵʪʠʭ ʙʘʢʪʝʨʠʡ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʣʠʟʘʪʦʚ 

ʤʝʪʦʜʦʤ ʨʝʥʘʪʫʨʠʨʫʝʤʦʚʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 9% ʇɸɸɻʝ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠ ʵʪʦʤ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʧʦʟʚʦʣʠʪ ʠʟʫʯʠʪʴ ʥʦʚʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʳʷʚʠʪʴ 

ʩʧʝʢʪʨ ʜʝʡʩʪʚʠʷ ʘʫʪʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ 01201353249 ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʋʨʆ ʈɸʅ, ʧʨʦʝʢʪ ˉ 18-7-8-8. 
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ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʀ ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʊɽʍʅʆɻɽʅʅʆ-ɿɸʉʆʃɽʅʅʓʍ ɸʃʃʖɺʀɸʃʔʅʓʍ ʇʆʏɺ 

 

ʇʘʭʦʨʫʢʦʚ ʀʚʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʄʠʪʨʘʢʦʚʘ ʅʘʪʘʣʴʷ ɺʘʩʠʣʴʝʚʥʘ39 

 

ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ, ʪʝʭʥʦʛʝʥʥʦʝ ʟʘʩʦʣʝʥʠʝ, 

ʪʝʭʥʦʧʝʜʦʢʦʤʧʣʝʢʩ  

 

ɿʘʩʦʣʝʥʥʦʩʪʴ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʤʝʣʴ, ʧʦʵʪʦʤʫ ʫʚʝʣʠʯʝʥʠʝ ʘʨʝʘʣʦʚ 

ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ, ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ. 

ɺ ʇʝʨʤʩʢʦʤ ʢʨʘʝ ʚʝʜʝʪʩʷ ʜʦʙʳʯʘ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ, ʢʦʪʦʨʘʷ 

ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ 
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ʩʢʣʘʜʠʨʦʚʘʥʠʶ ʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʪʤʝʯʘʶʪʩʷ ʦʯʘʛʠ 

ʚʪʦʨʠʯʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʈʝʘʣʴʥʳʝ ʤʘʩʰʪʘʙʳ ʠ 

ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʦʜʦʣʞʘʶʱʝʛʦʩʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ ʚ ʨʝʛʠʦʥʝ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘʤʠ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʪʝʭʥʦʧʝʜʦʢʦʤʧʣʝʢʩʦʚ (ʊʇʂ) ï 

ʢʦʤʙʠʥʘʮʠʠ ʧʦʯʚ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ 

ʦʜʥʦʨʦʜʥʳʭ ʵʣʝʤʝʥʪʘʭ ʨʝʣʴʝʬʘ, ʦʜʠʥʘʢʦʚʳʭ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ 

ʧʦʨʦʜʘʭ ʧʨʠ ʩʭʦʜʥʦʤ ʪʝʭʥʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʆ.ɿ. 

ɽʨʝʤʯʝʥʢʦ [1]. ɺ ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ ʇʨʠʢʘʤʴʷ, ʦʢʘʟʘʚʰʠʭʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʜʦʪʚʘʣʴʥʳʭ ʩʦʣʝʥʳʭ ʚʦʜ ʠ ʚʦʜ ʨʘʩʩʦʣʦʧʦʜʲʝʤʥʳʭ 

ʩʢʚʘʞʠʥ, ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʊʇʂ ʥʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʨʦʜʘʭ; ʧʦʯʚʝʥʥʳʝ 

ʨʘʟʥʦʩʪʠ ʚ ʥʠʭ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʧʨʦʬʠʣʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [2]. 

ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʊʇʂ ʩʦʜʝʨʞʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ ʦʯʝʥʴ ʥʠʟʢʦʛʦ (0,9%) ʠ ʜʦ 

ʚʳʩʦʢʦʛʦ (9,8%) ʫʨʦʚʥʷ ʠʟ-ʟʘ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʤʧʣʝʢʩʘ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ. ʈʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ ʨʝʟʢʦʢʠʩʣʳʭ ʠ ʜʦ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʟʥʘʯʝʥʠʡ: ʨʅʚʦʜ ʦʪ 3,98 ʜʦ 8,2, ʨʅʩʦʣ  

ï ʦʪ 3,51 ʜʦ 7,59. ʆʢʦʣʦ 50 % ʧʨʦʙ ʠʤʝʣʠ ʢʠʩʣʫʶ ʨʝʘʢʮʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʩʠʣʴʥʦʢʠʩʣʫʶ, ʧʦʩʣʝʜʥʝʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʛʣʝʝʟʝʤʘ ʭʣʦʨʠʜʥʦʛʦ 

ʥʘʪʨʠʝʚʦʛʦ ʩʦʣʦʥʯʘʢʦʚʦʛʦ. ʉʣʘʙʦʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ ʧʦʢʘʟʘʣ ʩʦʣʦʥʯʘʢ 

ʚʪʦʨʠʯʥʳʡ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʳʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠʦʥʦʚ ʥʘʪʨʠʷ ʠ ʭʣʦʨʘ ʚʘʨʴʠʨʦʚʘʣʦ 

ʦʪ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (0,1-0,2 ʤʛ-ʵʢʚ/100 ʛ) ʚ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʘʪʦʡ ʧʦʯʚʝ ʠ ʜʦ 250-400 ʤʛ-ʵʢʚ/100 ʛ ʚ ʩʦʣʦʥʯʘʢʝ 

ʚʪʦʨʠʯʥʦʤ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦʤ ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʦʤ. 

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʯʚ ʩʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʩʫʣʴʬʘʪʥʦ-

ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʧʦ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʦʡ 

ʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʝ ʚʳʜʝʣʠʣʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʠʧʩʘ - ʜʦ 19%. 

ɼʣʷ ʩʦʣʦʥʯʘʢʘ ʚʪʦʨʠʯʥʦʛʦ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʧʦ 

ʘʣʣʶʚʠʘʣʴʥʦʡ ʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʦʡ ʧʦʯʚʝ ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʠʧʩʘ (1-2%). 

ʉʪʝʧʝʥʴ ʥʝʥʘʩʳʱʝʥʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷʤʠ ʫ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʘʪʦʡ ʭʣʦʨʠʜʥʦʡ ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʦʡ 

ʩʦʣʦʥʯʘʢʦʚʦʡ ʧʦʯʚʳ ʩʦʩʪʘʚʠʣʘ 29,4 %, ʧʨʠ ʢʠʩʣʦʡ ʨʝʘʢʮʠʠ ʧʦʯʚʝʥʥʦʡ 

ʩʨʝʜʳ ʫ ʥʝʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʦʣʦʥʮʝʚʘʪʦʩʪʴ ï 11,2 % ʦʪ ʩʦʩʪʘʚʘ 

ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ (ʊʘʙʣʠʮʘ). 

ʉʪʝʧʝʥʴ ʥʝʥʘʩʳʱʝʥʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷʤʠ ʫ ʩʦʣʦʥʯʘʢʘ ʚʪʦʨʠʯʥʦʛʦ 

ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦʛʦ ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʧʦ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʦʡ ʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʝ ʟʘʤʝʪʥʦ ʥʠʞʝ; ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʦʯʚʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ ʩʦʣʦʥʮʝʚʘʪʦʩʪʴ ʧʦ 

ʦʙʤʝʥʥʦʤʫ ʥʘʪʨʠʶ. ʋ ʵʪʦʡ ʧʦʯʚʳ ʪʘʢʞʝ ʟʘʤʝʪʥʦ ʧʦʚʳʰʝʥʘ ʜʦʣʷ 

ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ ʚ ʧʦʯʚʝʥʥʦ-ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ. 
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ʉʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʳʡ ʧʦ 

ʘʣʣʶʚʠʘʣʴʥʦʡ ʛʫʤʫʩʦʚʦʡ ʛʣʝʝʚʦʡ ʧʦʯʚʝ ʥʘʩʳʱʝʥ ʦʩʥʦʚʘʥʠʷʤʠ; ʧʨʠ 

ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʠ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʩʪʝʧʝʥʴ ʩʦʣʦʥʮʝʚʘʪʦʩʪʠ ʫ 

ʥʝʛʦ ʤʘʢʩʠʤʘʣʴʥʘ ï35,4% ʚ ʩʣʦʝ 11-21 ʩʤ ʠ 37,8% ʚ ʩʣʦʝ 27-40 ʩʤ. 

ʊʘʙʣʠʮʘ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʪʝʭʥʦʛʝʥʥʦ-ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ 

ʇʦʯʚʘ pH 

ʆʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ, ʤʛ-ʵʢʚ/100 ʛ 

H++Al3+ Ca2+ Mg2+ K+ Na+ 

ɸʣʣʶʚʠʘʣʴʥʘʷ 

ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ 
4,8 5,6 8,0 3,0 0,4 2,1 

ʉʦʣʦʥʯʘʢ ʩʫʣʴʬʘʪʥʦ-

ʭʣʦʨʠʜʥʦ ʥʘʪʨʠʝʚʦ-

ʢʘʣʴʮʠʝʚʳʡ 

5,9 2,5 6,4 2,7 2,4 4,4 

ʉʦʣʦʥʯʘʢ ʩʫʣʴʬʘʪʥʦ-

ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʳʡ 
8,1 0 10,1 2,0 0,3 6, 8 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʊʇʂ ʥʘ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʨʦʜʘʭ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ ʩʚʷʟʠ ʩ 

ʧʨʠʨʦʜʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʤʧʣʝʢʩʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ. 

ɺ ʩʦʩʪʘʚ ʊʇʂ ʚʭʦʜʷʪ ʢʘʢ ʨʝʟʢʦʢʠʩʣʳʝ, ʪʘʢ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʝ 

ʧʦʯʚʳ; ʥʘ ʬʦʥʝ ʧʦʯʚʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʩʦʜʝʨʞʘʣʠʩʴ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʫʣʴʬʘʪʳ, ʭʣʦʨʠʜʳ ʠ ʛʠʧʩ. 

ʉʦʣʦʥʯʘʢ ʚʪʦʨʠʯʥʳʡ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʦ-

ʢʘʣʴʮʠʝʚʳʡ ʧʦ ʘʣʣʶʚʠʘʣʴʥʦʡ ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʦʡ ʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʝ ʠ 

ʘʣʣʶʚʠʘʣʴʥʘʷ ʛʫʤʫʩʦʚʘʷ ʛʣʝʝʚʘʪʘʷ ʭʣʦʨʠʜʥʘʷ ʥʘʪʨʠʝʚʦ-ʤʘʛʥʠʝʚʦ-

ʢʘʣʴʮʠʝʚʘʷ ʩʦʣʦʥʯʘʢʦʚʘʷ ʧʦʯʚʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʝʥʘʩʳʱʝʥʥʦʩʪʴʶ 

ʦʩʥʦʚʘʥʠʷʤʠ ʠ ʩʦʣʦʥʮʝʚʘʪʦʩʪʴʶ ʧʦ ʦʙʤʝʥʥʦʤʫ ʥʘʪʨʠʶ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɽʨʝʤʯʝʥʢʦ ʆ.ɿ., ʄʠʪʨʘʢʦʚʘ ʅ.ɺ., ʐʝʩʪʘʢʦʚ ʀ.ɽ. ʇʨʠʨʦʜʥʦ-

ʪʝʭʥʦʛʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʦʣʝʦʪʚʘʣʦʚ ʠ ʰʣʘʤʦʭʨʘʥʠʣʠʱ ʚ ʉʦʣʠʢʘʤʩʢʦ-ɹʝʨʝʟʥʠʢʦʚʩʢʦʤ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʡʦʥʝ // ɺʝʩʪʥʠʢ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 

ɹʠʦʣʦʛʠʷ. 2017. ɺʳʧ. 3. ʉ. 311ï320. 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯʚ ʈʦʩʩʠʠ. ʉʤʦʣʝʥʩʢ: 

ʆʡʢʫʤʝʥʘ, 2004. 341 ʩ. 
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ɼɽʁʉʊɺʀɽ ʂɸʊʀʆʅʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ʅɸ ɹʀʆʇʃɽʅʂʀ 

MYCOBACTERIUM SMEGMATIS MC 2 155 

 

ʇʦʣʶʜʦʚʘ ʊʘʪʴʷʥʘ ɺʷʯʝʩʣʘʚʦʚʥʘ, ɽʨʦʰʝʥʢʦ ɼʘʨʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ, 

ʂʦʨʦʙʦʚ ɺʣʘʜʠʤʠʨ ʇʘʚʣʦʚʠʯ40 

 

çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʦʙʘʢʪʝʨʠʠ, ʙʠʦʧʣʝʥʢʠ, N-ʘʮʝʪʠʣʮʠʩʪʝʠʥ, 

ʧʝʧʪʠʜʳ, ʭʠʪʦʟʘʥ 

 

ʅʝʪʫʙʝʨʢʫʣʝʟʥʳʝ ʚʠʜʳ ʤʠʢʦʙʘʢʪʝʨʠʡ (ʅʊʄɹ), ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʷʪʩʷ ʠ Mycobacterium smegmatis, ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʠʩʴ 

ʪʠʧʠʯʥʳʤʠ ʩʘʧʨʦʬʠʪʘʤʠ ʯʝʣʦʚʝʢʘ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ 

ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʙʘʢʪʝʨʠʷʤʠ ʵʪʦʡ ʛʨʫʧʧʳ, 

ʧʨʠʯʝʤ ʯʘʱʝ ʚʩʝʛʦ ʫ ʣʶʜʝʡ ʩ ʦʩʣʘʙʣʝʥʥʦʡ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʦʡ [1]. ʂ 

ʠʥʬʝʢʮʠʷʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʠʦʧʣʝʥʦʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʘʩʪʥʳ 

ʅʊʄɹ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ 

ʨʦʩʪʘ ʧʣʘʥʢʪʦʥʥʳʭ ʢʫʣʴʪʫʨ M. smegmatis mc2 155 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʘʪʠʦʥʥʳʭ ʧʝʧʪʠʜʦʚ [2]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʙʠʦʧʣʝʥʦʢ ʅʊʄɹ M. smegmatis mc2 155 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʢʘʪʠʦʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʂʘʪʠʦʥʥʳʝ ʧʝʧʪʠʜʳ 

ʚʘʨʥʝʨʠʥ ʠ ʭʦʤʠʥʠʥ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʩʨʝʜ ʨʦʩʪʘ ʩʪʘʬʠʣʦʢʦʢʢʦʚ 

Staphylococcus warneri DSMZ 16081 ʠ S. hominis ɻʀʉʂ 284, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [3, 4]. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʘʙʦʚʳʡ ʭʠʪʦʟʘʥ ʚ ʬʦʨʤʝ 

ʛʠʜʨʦʭʣʦʨʠʜʘ ʩ ʤʦʣ. ʤʘʩʩʦʡ 200 ʢɼʘ ʠ ʩʪʝʧʝʥʴʶ ʜʝʟʘʮʝʪʠʣʠʨʦʚʘʥʠʷ 

87% (çɹʠʦʧʨʦʛʨʝʩʩè, ʈʦʩʩʠʷ) ʠ ʢʚʘʪʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʭʠʪʦʟʘʥ ʩʦ 

ʩʪʝʧʝʥʴʶ ʟʘʤʝʱʝʥʠʷ 98%, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ ʩ ʤʦʣ. 

ʤʘʩʩʦʡ 20 ʢɼʘ ʤʝʪʦʜʦʤ ʘʣʢʠʣʠʨʦʚʘʥʠʷ [5]. N-ʘʮʝʪʠʣʮʠʩʪʝʠʥ ʙʳʣ 

ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʧʨʝʧʘʨʘʪʘ çʌʣʫʠʤʫʮʠʣÈ ʜʣʷ 

ʠʥʲʝʢʮʠʡè (çZambonè, ʀʪʘʣʠʷ). ʄʠʥʠʤʘʣʴʥʳʝ ʠʥʛʠʙʠʨʫʶʱʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʄʀʂ) ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʧʣʘʥʢʪʦʥʥʦʡ ʢʫʣʴʪʫʨʳ 

M. smegmatis mc2 155 ʦʧʨʝʜʝʣʷʣʠ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʜʚʫʢʨʘʪʥʳʭ 

ʩʝʨʠʡʥʳʭ ʨʘʟʚʝʜʝʥʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʦʧʣʝʥʦʢ M. smegmatis mc2 155, 

ʧʨʦʠʟʚʦʜʠʣʠ ʩʝʨʠʶ ʜʚʫʢʨʘʪʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʫʥʢʘʭ 96-

ʣʫʥʦʯʥʦʛʦ ʧʣʦʩʢʦʜʦʥʥʦʛʦ ʧʦʣʠʩʪʠʨʦʣʦʚʦʛʦ ʧʣʘʥʰʝʪʘ. ɹʘʢʪʝʨʠʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪ. ɹʠʦʧʣʝʥʢʠ ʧʨʦʤʳʚʘʣʠ 10 ʤʄ ʥʘʪʨʠʡ-

                                                           
É ʇʦʣʶʜʦʚʘ ʊ.ɺ., ɽʨʦʰʝʥʢʦ ɼ.ɺ., ʂʦʨʦʙʦʚ ɺ.ʇ., 2018 
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ʬʦʩʬʘʪʥʳʤ ʙʫʬʝʨʦʤ (pH 7,2) ʠ ʦʢʨʘʰʠʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʄʊʊ (çSigmaè, 

ʉʐɸ) (0,1 ʤʛ/ʤʣ), ʢʦʪʦʨʳʡ ʚʥʦʩʠʣʠ ʧʦ 100 ʤʢʣ ʚ ʣʫʥʢʠ ʧʣʘʥʰʝʪʘ ʥʘ 

ʧʨʦʤʳʪʳʝ ʙʠʦʧʣʝʥʢʠ. ʀʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 37ʦʉ ʚ ʪʝʯʝʥʠʝ 14 ʯ, ʟʘʪʝʤ ʚ 

ʢʘʞʜʫʶ ʣʫʥʢʫ ʜʦʙʘʚʣʷʣʠ 100 ʤʢʣ ʣʠʟʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ: 20% ʨʘʩʪʚʦʨʘ 

ʪʚʠʥ-80 ʥʘ 50%-ʥʦʤ ʵʪʘʥʦʣʝ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯ. ʆʧʪʠʯʝʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʠʟʤʝʨʷʣʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 570 ʥʤ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Benchmark Plus (çBioradè, ʉʐɸ). ʄʠʥʠʤʘʣʴʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʝ ʥʘʙʣʶʜʘʣʠ ʚʠʜʠʤʦʛʦ ʨʦʩʪʘ, 

ʧʨʠʥʠʤʘʣʠ ʟʘ ʤʠʥʠʤʘʣʴʥʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʣʷ 

ʙʠʦʧʣʝʥʦʢ (ʄɹʀʂ). ʂʦʥʮʝʥʪʨʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʙʣʶʜʘʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 50% (ɹʀʂ50), 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʢʨʠʚʦʡ, ʦʪʨʘʞʘʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʧʣʝʥʦʢ M. smegmatis mc2 155 ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʨʝʜʝ ʨʦʩʪʘ (ʜʦʟʘ-ʵʬʬʝʢʪ) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

GraphPad Prism 6.0.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʢʘʪʠʦʥʥʳʝ ʧʝʧʪʠʜʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʥʛʠʙʠʨʦʚʘʣʠ ʨʦʩʪ ʧʣʘʥʢʪʦʥʥʦʡ ʢʫʣʴʪʫʨʳ M. smegmatis mc2 155 (ʄʀʂ 

4 ʤʢʛ/ʤʣ), ʪʦʛʜʘ ʢʘʢ ʄʀʂ N-ʘʮʝʪʠʣʮʠʩʪʝʠʥʘ ʙʳʣ ʧʦʯʪʠ ʚ 25 ʨʘʟ ʚʳʰʝ 

(ʄʀʂ 98 ʤʢʛ/ʤʣ). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʣʝʪʢʠ ʚ ʙʠʦʧʣʝʥʢʘʭ ʩʪʘʥʦʚʷʪʩʷ ʜʦ 

1000 ʨʘʟ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʬʘʢʪʦʨʘʤ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ N-ʘʮʝʪʠʣʮʠʩʪʝʠʥʘ ʄʀʂ ʠ 

ʄɹʀʂ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 100 ʨʘʟ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʢʘʪʠʦʥʥʳʭ 

ʧʝʧʪʠʜʦʚ ʚʝʣʠʯʠʥʘ ʄɹʀʂ ʚʩʝʛʦ 4-8 ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʣʘ ʄʀʂ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʭʠʪʦʟʘʥʦʚ ʚʝʣʠʯʠʥʳ ʄɹʀʂ ʠ ʄʀʂ ʦʪʣʠʯʘʣʠʩʴ ʚ 1,6 ʠ 

10 ʨʘʟ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʷʭ ɹʀʂ50 ʙʳʣʘ 

ʤʝʥʴʰʝ, ʯʝʤ 0,5Ĭʄɹʀʂ. ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʳʭ 

ʢʣʝʪʦʢ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʩʦʢʨʘʱʘʝʪʩʷ, ʦʜʥʘʢʦ, ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ 

ʙʠʦʧʣʝʥʦʢ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʝʨʩʠʩʪʝʨʦʚ ʠʣʠ ʧʦʢʦʷʱʠʭʩʷ ʬʦʨʤ.  

ʊʘʙʣʠʮʘ 

ɼʝʡʩʪʚʠʝ ʢʘʪʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ M. smegmatis mc2 155 

 ʄʀʂ, 

ʤʢʛ/ʤʣ 

ʄɹʀʂ, 

ʤʢʛ/ʤʣ 

ɹʀʂ50, 

ʤʢʛ/ʤʣ 

N-ʘʮʝʪʠʣʮʠʩʪʝʠʥ  98,0 12500,0 600,0 

ɺʘʨʥʝʨʠʥ 4,0 31,0 6,4 

ʍʦʤʠʥʠʥ 4,0 16,0 7,6 

ʍʠʪʦʟʘʥ  80,0 125 71 

ʍʠʪʦʟʘʥ ʢʚʘʪʝʨʥʠʟʠʨʦʚʘʥʥʳʡ 1,25 125 12 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʙʠʦʧʣʝʥʦʢ ʥʝʪʫʙʝʨʢʫʣʸʟʥʳʭ 

ʤʠʢʦʙʘʢʪʝʨʠʡ ʢʘʪʠʦʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 
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ɼɽʁʉʊɺʀɽ ʕʌʀʈʅʓʍ ʈɸʉʊʀʊɽʃʔʅʓʍ ʄɸʉɽʃ  

ʅɸ ʉʊɸʌʀʃʆʂʆʂʂʀ, ɺʓɼɽʃɽʅʅʓɽ ʀɿ ʇʈʆɼʋʂʊʆɺ 

ʇʀʊɸʅʀʗ 

 

ʇʦʧʦʚʘ ʀʚʝʪʪʘ ɺʣʘʜʠʤʠʨʦʚʥʘ1,2, ʇʦʣʶʜʦʚʘ ʊʘʪʴʷʥʘ ɺʷʯʝʩʣʘʚʦʚʥʘ1,2, 

ʇʠʤʝʥʦʚʘ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ241 

 

1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2ʇʝʨʤʩʢʠʡ ʘʛʨʘʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢʘʜʝʤʠʢʘ  

ɼ. ʅ. ʇʨʷʥʠʰʥʠʢʦʚʘ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʬʠʣʦʢʦʢʢʠ, ʵʬʠʨʥʳʝ ʤʘʩʣʘ, ʬʝʥʦʣʴʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ʆʛʨʦʤʥʘʷ ʯʘʩʪʴ ʧʨʦʜʘʚʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʥʝ ʪʨʝʙʫʝʪ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʨʦʤʝ ʪʦʛʦ, ʤʦʛʫʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʫʯʥʦʛʦ ʪʨʫʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʘʪʦʛʝʥʦʚ ʠʟ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ ʩʨʝʜʠ ʧʦʪʨʝʙʠʪʝʣʝʡ [1]. ʉʪʨʝʤʣʝʥʠʝ ʣʶʜʝʡ ʢ ʟʜʦʨʦʚʦʤʫ ʦʙʨʘʟʫ 

ʞʠʟʥʠ ʤʦʪʠʚʠʨʫʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

                                                           
É ʇʦʧʦʚʘ ʀ.ɺ., ʇʦʣʶʜʦʚʘ ʊ.ɺ., ʇʠʤʝʥʦʚʘ ɽ.ɺ., 2018 
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ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʛʦʜʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʩʝʨʚʘʥʪʦʚ. ʇʨʠʝʤʳ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʛʦʜʥʦʩʪʠ 

ʧʨʦʜʫʢʪʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʵʬʠʨʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, 

ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ. ʈʘʟʣʠʯʥʳʝ ʩʦʯʝʪʘʥʠʷ 

ʵʬʠʨʥʳʭ ʤʘʩʝʣ (ʕʄ) ʚ ʢʦʤʧʦʟʠʮʠʠ ʩ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ ʩʦʟʜʘʶʪ 

ʚʢʫʩʦʚʫʶ ʠ ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʛʘʨʤʦʥʠʶ, ʫʣʫʯʰʘʶʪ ʢʫʣʠʥʘʨʥʦʝ ʢʘʯʝʩʪʚʦ. 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʕʄ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʠʪʴ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘ, ʥʦ ʟʘʱʠʪʠʪʴ ʦʪ ʤʠʢʨʦʙʥʦʡ 

ʧʦʨʯʠ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʩʪʘʬʠʣʦʢʦʢʢʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʢ ʵʬʠʨʥʳʤ 

ʨʘʩʪʠʪʝʣʴʥʳʤ ʤʘʩʣʘʤ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 15 ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Staphylococcus, ʚʳʜʝʣʝʥʥʳʭ ʨʘʥʝʝ ʠʟ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʤʝʪʦʜʦʤ 

ʚʳʩʝʚʘ ʥʘ ʩʝʣʝʢʪʠʚʥʳʡ ʤʘʥʥʠʪ-ʩʦʣʝʚʦʡ ʘʛʘʨ [2]. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʙʘʢʪʝʨʠʡ ʢ ʕʄ ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʠ ʩ 

ʜʠʩʢʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʨʘʞʝʥʥʦʛʦ ɻʈʄ-ʘʛʘʨʘ ʥʘʢʣʘʜʳʚʘʣʠ ʙʫʤʘʞʥʳʝ 

ʜʠʩʢʠ (d-10ʤʤ), ʧʨʦʧʠʪʘʥʥʳʝ 20 ʤʢʣ ʕʄ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʕʄ: çʄʘʩʣʦ ʩʦʩʥʳè ʠ çʄʘʩʣʦ ʵʚʢʘʣʠʧʪʘè 

(ʆʆʆ çʄʠʨʨʦʣʣʘè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʘ ʪʘʢʞʝ ʕʄ çʉʦʩʥʘ 

ʦʙʳʢʥʦʚʝʥʥʘʷè, çʂʝʜʨ ʘʪʣʘʩʩʢʠʡè ʠ çɹʝʨʛʘʤʦʪè (ʆʆʆ çɹʦʪʘʥʠʢʘè, 

ʄʦʩʢʚʘ). ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʝʧʘʨʘʪʘʭ ʕʄ ʦʧʨʝʜʝʣʷʣʠ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʣʠ 

ʧʝʨʤʘʥʛʘʥʘʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʳ ʬʝʥʦʣʴʥʳʭ 

(ʜʫʙʠʣʴʥʳʭ) ʚʝʱʝʩʪʚ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʪʘʥʠʥ [3].  

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʦʚ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʚ ʦʪʥʦʰʝʥʠʠ 

ʩʪʘʬʠʣʦʢʦʢʢʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʛʦʪʦʚʳʭ ʢ 

ʫʧʦʪʨʝʙʣʝʥʠʶ, ʚʳʷʚʠʣ ʠʭ ʚʳʩʦʢʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʊʘʢ, ʧʨʝʧʘʨʘʪ ʕʄ çʉʦʩʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷè ʠʥʛʠʙʠʨʦʚʘʣ ʨʦʩʪ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʛʘʟʦʥʘ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩʪʘʬʠʣʦʢʦʢʢʦʚ. ʂ 

ʵʬʠʨʥʦʤʫ ʤʘʩʣʫ çɹʝʨʛʘʤʦʪè ʪʘʢʞʝ ʙʳʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʩʪʘʬʠʣʦʢʦʢʢʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʰʪʘʤʤʦʚ ˉ11 ʠ 13. ʄʘʩʣʦ ʢʝʜʨʘ 

ʘʪʣʘʩʩʢʦʛʦ ʠ çʄʘʩʣʦ ʵʚʢʘʣʠʧʪʘè ʥʝ ʦʢʘʟʳʚʘʣʠ ʠʥʛʠʙʠʨʫʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ ʥʘ ʙʘʢʪʝʨʠʠ 5 ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩʪʘʬʠʣʦʢʦʢʢʦʚ. 

ʅʘʠʤʝʥʴʰʝʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʣʦ çʄʘʩʣʦ ʩʦʩʥʳè 

ʦʪ ʢʦʤʧʘʥʠʠ çʄʠʨʨʦʣʣʘè, ʢ ʥʝʤʫ ʦʢʘʟʘʣʠʩʴ ʫʩʪʦʡʯʠʚʳ ʩʪʘʬʠʣʦʢʦʢʢʠ 6 

ʰʪʘʤʤʦʚ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʙʘʢʪʝʨʠʠ ʦʩʪʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʧʨʦʷʚʣʷʣʠ 

ʩʣʘʙʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʵʪʦʤʫ ʧʨʝʧʘʨʘʪʫ, ʜʠʘʤʝʪʨ ʟʦʥ ʧʦʜʘʚʣʝʥʠʷ 

ʨʦʩʪʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʧʨʝʚʳʰʘʣ 15 ʤʤ. ʅʘʠʙʦʣʴʰʝʡ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʢ ʵʬʠʨʥʳʤ ʤʘʩʣʘʤ ʦʙʣʘʜʘʣʠ ʙʘʢʪʝʨʠʠ ʰʪʘʤʤʦʚ ˉ 11 

ʠ 13 (ʢ 4 ʠʟ 5 ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʩʝʣ). ʉʪʘʬʠʣʦʢʦʢʢʠ ʰʪʘʤʤʦʚ ˉ 10 ʠ 12 

ʧʨʦʷʚʣʷʣʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ 3 ʧʨʝʧʘʨʘʪʘʤ ʕʄ.  

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʕʄ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ 

ʪʝʨʧʝʥʦʚʦʛʦ ʨʷʜʘ, ʘʣʴʜʝʛʠʜʳ, ʢʝʪʦʥʳ, ʩʧʠʨʪʳ, ʩʣʦʞʥʳʝ ʵʬʠʨʳ, ʘ ʪʘʢʞʝ 
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ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʦʣʦʚ. ʉʨʝʜʠ ʢʦʤʧʦʥʝʥʪʦʚ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʬʝʥʦʣʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʩʣʝ ʪʝʨʧʝʥʦʠʜʦʚ. ʆʙʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʷʚʣʝʥʥʦʝ ʚ ʩʦʩʪʘʚʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʕʄ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ. ʅʘʠʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʷʚʣʝʥʦ ʚ ʕʄ çɹʝʨʛʘʤʦʪè, çʂʝʜʨ 

ʘʪʣʘʩʩʢʠʡè ʠ çʉʦʩʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷè. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʠ 

ʤʘʩʣʘ ʦʙʣʘʜʘʣʠ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʚ ʦʪʥʦʰʝʥʠʠ ʧʠʱʝʚʳʭ ʩʪʘʬʠʣʦʢʦʢʢʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʧʨʝʧʘʨʘʪʝ 

çʄʘʩʣʦ ʵʚʢʘʣʠʧʪʘè ʦʙʥʘʨʫʞʝʥʦ ʥʘʠʤʝʥʴʰʝʝ ʠʟ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʜʥʘʢʦ, ʜʘʥʥʦʝ ʕʄ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʣʦ ʨʘʟʚʠʪʠʝ ʙʘʢʪʝʨʠʡ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʚʢʘʣʠʧʪ ʚ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʜʝʨʞʠʪ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʡ ʪʝʨʧʝʥ ʮʠʥʝʦʣ, 

ʢʦʪʦʨʳʡ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʬʠʨʥʦʛʦ 

ʤʘʩʣʘ ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ [4].  

ʊʘʙʣʠʮʘ 

ʉʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʦʚ ʚ ʵʬʠʨʥʳʭ ʤʘʩʣʘʭ  

ʇʨʝʧʘʨʘʪʳ ʕʄ ʉʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʦʚ, % 

çʄʘʩʣʦ ʩʦʩʥʳè 0,14 Ñ 0,02 

çʄʘʩʣʦ ʵʚʢʘʣʠʧʪʘè  0,03 Ñ 0,01 

çʉʦʩʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷè  0,25 Ñ 0,02 

çʂʝʜʨ ʘʪʣʘʩʩʢʠʡè  0,34 Ñ 0,03 

çɹʝʨʛʘʤʦʪè  1,09 Ñ0,05 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʬʠʨʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠʝʤʦʤ ʜʣʷ 

ʧʦʜʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Staphylococcus.  
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ɿɸɺʀʉʀʄʆʉʊʔ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʂʆʅɺɽʈʉʀʀ ʕʌʀʈʆɺ 

ʉɺʆɹʆɼʅʓʄʀ ʀ ʀʄʄʆɹʀʃʀɿʆɺɸʅʅʓʄʀ ʂʃɽʊʂɸʄʀ 

ʐʊɸʄʄɸ RHODOCOCCUS ERYTHROPOLIS ʇ3-8 ʆʊ ʉʊɸɼʀʀ 

ʈʆʉʊɸ ʂʋʃʔʊʋʈʓ 
 

ʈʝʤʝʟʦʚʩʢʘʷ ʅʘʪʘʣʴʷ ɹʦʨʠʩʦʚʥʘ, ʄʘʢʩʠʤʦʚ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ42 
 

çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʙʦʢʩʠʣʵʩʪʝʨʘʟʘ, Rhodococcus, ʢʦʥʚʝʨʩʠʷ, 

ʠʤʤʦʙʠʣʠʟʘʮʠʷ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʠʩʢ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʧʨʘʚʣʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʠ 

ʧʦʥʠʞʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʘ ʪʘʢ ʞʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʝʜʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ. ʉʠʥʪʦʥʘʤʠ ʤʥʦʛʠʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʨʝʛʫʣʷʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ ʩʧʠʨʪʳ [1]. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʩʯʠʪʘʝʪʩʷ 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠʭ ʨʘʮʝʤʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʧʘʨʘʪʦʚ ʛʠʜʨʦʣʘʟ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʩʠʥʪʝʟʝ ʥʘʰʣʠ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʣʠʧʘʟ ʠ 

ʢʘʨʙʦʢʩʠʣʵʩʪʝʨʘʟ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʧʠʨʪʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʘʨʙʦʢʩʠʣʵʩʪʝʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʚʦʙʦʜʥʦʡ ʠ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʠʩʪʝʤʝ 

ʦʪ ʩʪʘʜʠʠ ʨʦʩʪʘ ʢʫʣʴʪʫʨʳ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ -  ʰʪʘʤʤ Rhodococcus erythropolis ʇ3-8, 

ʦʙʣʘʜʘʶʱʠʡ ʢʘʨʙʦʢʩʠʣʵʩʪʝʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʐʪʘʤʤ ʙʳʣ ʚʳʜʝʣʝʥ 

ʠʟ ʣʝʩʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦ ʥʝ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ ʇʝʨʤʩʢʦʛʦ ʨʘʡʦʥʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʵʬʠʨʦʚ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠʩʧʦʣʴʟʦʚʘʥ ʛʠʜʨʦʣʠʟ ʙʫʪʠʣʘʮʝʪʘʪʘ. 

ʉ ʮʝʣʴʶ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʩʙʦʨʘ ʘʢʪʠʚʥʦʡ ʤʘʩʩʳ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ ʦʧʨʝʜʝʣʷʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʵʩʪʝʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʠʟʫʯʘʝʤʦʡ ʢʫʣʴʪʫʨʳ ʦʪ ʩʪʘʜʠʠ ʨʦʩʪʘ ʥʘ ʩʨʝʜʝ LB. ɼʣʷ ʵʪʦʛʦ ʦʪʙʠʨʘʣʠ 

ʧʨʦʙʳ ʥʘ 2, 3 (ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʬʘʟʘ ʨʦʩʪʘ), 4 (ʩʪʘʮʠʦʥʘʨʥʘʷ ʬʘʟʘ) ʠ 6 
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ʩʫʪʢʠ ʨʦʩʪʘ (ʧʦʟʜʥʠʡ ʩʪʘʮʠʦʥʘʨ) ʠ ʧʨʦʚʦʜʠʣʠ ʙʠʦʢʦʥʚʝʨʩʠʶ 10 ʤʄ 

ʙʫʪʠʣʘʮʝʪʘʪʘ. 

ʅʘʠʙʦʣʴʰʘʷ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʝʨʘʟʳ ʥʘʙʣʶʜʘʣʘʩʴ ʫ 3- ʠ  4-

ʩʫʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʦʪʦʙʨʘʥʥʳʝ ʥʘ 2 ʠ 6 ʩʫʪʢʠ ʨʦʩʪʘ, 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʝʥʴʰʫʶ ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʵʬʠʨʘ. ʇʨʠ ʵʪʦʤ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʚʝʨʩʠʠ ʙʫʪʘʥʦʣʘ ʫ ʢʫʣʴʪʫʨ, 

ʚʳʨʘʱʝʥʥʳʭ ʚ ʪʝʯʝʥʠʝ 2, 3 ʠ 4 ʜʥʝʡ, ʙʳʣʦ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ, ʚ 

ʩʨʝʜʥʝʤ 9.4Ñ0.3 ʤʄ. ʅʘ 6-ʩʫʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ ʚʳʭʦʜ ʙʫʪʘʥʦʣʘ ʢ ʢʦʥʮʫ 

ʧʝʨʠʦʜʘ ʠʟʤʝʨʝʥʠʷ (180 ʤʠʥʫʪ) ʩʦʩʪʘʚʠʣ 43.4 % ʦʪ ʨʘʩʯʝʪʥʦʛʦ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʢʣʝʪʦʢ ʥʘ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʷʭ ʟʘʚʠʩʠʪ ʦʪ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʂʣʝʪʢʠ ʨʦʜʘ Rhodococcus ʦʙʳʯʥʦ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʨʠʟʥʘʢ ʚʘʨʠʘʙʝʣʝʥ, ʨʘʟʣʠʯʘʝʪʩʷ ʫ 

ʨʘʟʥʳʭ ʰʪʘʤʤʦʚ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚʥʫʪʨʠ ʦʜʥʦʡ ʢʫʣʴʪʫʨʳ ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʦʩʪʘ. ʈʘʥʝʝ ʧʨʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʚʦʣʦʢʥʠʩʪʳʡ ʫʛʣʝʨʦʜ (ʂɺʋ) ʰʪʘʤʤʘ R. erythropolis 10ʣ ʥʘʙʣʶʜʘʣʠ 

ʣʠʥʝʡʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʪʝʯʝʥʠʝ ʨʦʩʪʘ ʢʫʣʴʪʫʨʳ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ 

ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ [2]. ɸʥʘʣʦʛʠʯʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʰʪʘʤʤʘ ʇ3-8. ʀʤʤʦʙʠʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ 

ʥʘ 2, 3, 4 ʠ 6 ʩʫʪʢʠ ʨʦʩʪʘ. ʆʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚʳʩʦʢʘʷ ʩʦʨʙʮʠʦʥʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʰʪʘʤʤʘ R. erythropolis ʇ3-8 (84-93%) ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʨʦʩʪʘ ʠ ʥʝ ʩʥʠʞʘʝʪʩʷ ʜʘʞʝ ʥʘ ʩʪʘʜʠʠ 

ʛʣʫʙʦʢʦʛʦ ʩʪʘʮʠʦʥʘʨʘ.  

ʇʨʦʚʝʣʠ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʚʝʨʩʠʠ 10 ʤʄ ʙʫʪʠʣʘʮʝʪʘʪʘ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʦʪʦʙʨʘʥʥʳʤʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʦʩʪʘ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ. ʂ 180 ʤʠʥʫʪʘʤ ʛʠʜʨʦʣʠʟ ʙʫʪʠʣʘʮʝʪʘʪʘ 
ʢʣʝʪʢʘʤʠ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʥʘ 2, 3 ʠ 4 ʩʫʪʢʠ ʨʦʩʪʘ, ʜʦʩʪʠʛʘʣ 

ʧʨʘʢʪʠʯʝʩʢʠ 100 %. ɺʳʭʦʜ ʙʫʪʘʥʦʣʘ ʙʳʣ ʥʘʠʙʦʣʴʰʠʡ ʥʘ 2-ʩʫʪʦʯʥʦʡ 

ʢʫʣʴʪʫʨʳ -  7.49 ʤʄ. ʋ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 3- ʠ 4-ʩʫʪʦʯʥʦʡ 

ʢʫʣʴʪʫʨʳ, ʚʳʭʦʜ ʙʫʪʘʥʦʣʘ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 73.6 ʜʦ 61.3%. ɿʥʘʯʠʪʝʣʴʥʦʝ 

ʧʘʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʣʠ ʥʘ 6-ʩʫʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʦʩʪʘʪʦʢ ʙʫʪʠʣʘʮʝʪʘʪʘ ʩʦʩʪʘʚʣʷʣ 3,9 ʤʄ, ʘ ʚʳʭʦʜ ʙʫʪʘʥʦʣʘ ï 24.3 

% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ. ʉʦʭʨʘʥʝʥʠʝ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʨʦʩʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʰʪʘʤʤʘ Rh. erythropolis ʇ3-8 ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

ʉʨʘʚʥʝʥʠʝ ʙʠʦʢʦʥʚʝʨʩʠʠ ʩʚʦʙʦʜʥʳʤʠ ʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ 

ʢʣʝʪʢʘʤʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʩʪʝʨʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʪʘʢʦʚʘʷ 

ʩʚʦʙʦʜʥʳʭ ʢʣʝʪʦʢ. ʄʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʩʚʦʙʦʜʠʚʰʝʛʦʩʷ ʩʧʠʨʪʘ ʧʨʠ 

ʨʘʚʥʦʤ ʧʨʦʮʝʥʪʝ ʫʪʠʣʠʟʘʮʠʠ ʵʬʠʨʘ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ ʩʣʝʜʩʪʚʠʝʤ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʚ ʧʨʦʮʝʩʩʝ ʘʜʩʦʨʙʮʠʠ ʥʘ 
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ʩʦʨʙʝʥʪʝ, ʪʘʢ ʠ ʯʘʩʪʠʯʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ ʛʠʜʨʦʣʠʟʘ ʚʩʣʝʜʩʪʚʠʝ 

ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʢʣʝʪʢʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 01201353249. 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɼɼʊ-ɼɽɻʈɸɼʀʈʋʖʑɽʁ ɸʂʊʀɺʅʆʉʊʀ 

ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ, ɺʓɼɽʃɽʅʅʓʍ ʀɿ ɿɸɻʈʗɿʅɽʅʅʆʁ 

ʇʆʏɺʓ ɼʆɹʈʗʅʉʂʆɻʆ ʈɸʁʆʅɸ ʇɽʈʄʉʂʆɻʆ ʂʈɸʗ 
 

ʈʝʤʝʟʦʚʩʢʘʷ ʅʘʪʘʣʴʷ ɹʦʨʠʩʦʚʥʘ 1, ʄʘʢʩʠʤʦʚ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ1, 

ɼʝʤʠʜʦʚʘ ʄʘʨʠʥʘ ʀʦʩʠʬʦʚʥʘ2, ɼʫʙʦʚʠʢʦʚʘ ʖʣʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ243 
 
1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ  

2ʌɻɹʆʋ ɺʆ çʇʝʨʤʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɼ. ʅ. ʇʨʷʥʠʰʥʠʢʦʚʘè, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼɼʊ, ʜʝʛʨʘʜʘʮʠʷ, ʧʦʯʚʘ, Microbacterium, 

ʇʝʨʤʩʢʠʡ ʢʨʘʡ 
 

ʀʥʩʝʢʪʠʮʠʜ ɼɼʊ (ʜʠʭʣʦʨʜʠʬʝʥʠʣʪʨʠʭʣʦʨʵʪʘʥ) ʧʦʣʫʯʠʣ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʚ 40-50-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ.  ʇʨʠʤʝʥʝʥʠʝ ɼɼʊ 

ʧʦʟʚʦʣʷʣʦ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʫʨʦʞʘʠ, ʥʦ ʠ ʦʛʨʘʥʠʯʠʚʘʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʝʢʮʠʡ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʞʠʚʦʪʥʳʤʠ-ʧʝʨʝʥʦʩʯʠʢʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ʤʘʣʷʨʠʠ ʠ ʩʳʧʥʦʛʦ ʪʠʬʘ. ʆʜʥʘʢʦ ɼɼʊ ʪʦʢʩʠʯʝʥ ʠ ʧʣʦʭʦ 

ʧʦʜʜʘʝʪʩʷ ʜʝʛʨʘʜʘʮʠʠ. ɽʛʦ ʦʩʥʦʚʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ɼɼɼ ʠ ɼɼʕ ʷʚʣʷʶʪʩʷ 

ʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɺ ʥʘʯʘʣʝ 70-ʭ ʛʦʜʦʚ 

ʍʍ ʚʝʢʘ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʙʳʣʦ ʧʨʝʢʨʘʱʝʥʦ ʚ ɽʚʨʦʧʝ ʠ ʉʐɸ ʧʦ ʨʷʜʫ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʥʦ ʜʘʞʝ ʩʝʡʯʘʩ ɼɼʊ ʠ ʝʛʦ ʠʟʦʤʝʨʳ ʝʱʝ 

ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʚ ʧʦʯʚʘʭ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʫʯʘʣʠ ʧʦʯʚʫ, ʨʘʥʝʝ 

ʟʘʛʨʷʟʥʝʥʥʫʶɼɼʊ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʩʪʠʮʠʜʘ ʚ ʙʦʨʴʙʝ 
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ʧʨʦʪʠʚ ʢʣʝʱʝʚʦʛʦ ʵʥʮʝʬʘʣʠʪʘ ʚ ɼʦʙʨʷʥʩʢʦʤ ʨʘʡʦʥʝ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. ʉ 

1965 ʧʦ 1988 ʛʦʜ ʚ ʤʠʢʨʦʨʘʡʦʥʝ ʂʦʤʘʨʦʚʦ ʥʘ ʶʞʥʦʡ ʦʢʨʘʠʥʝ ɼʦʙʨʷʥʢʠ 

ʥʘʭʦʜʠʣʠʩʴ ʩʢʣʘʜ ɼɼʊ ʠ ʘʵʨʦʜʨʦʤ ʩʝʣʴʭʦʟʘʚʠʘʮʠʠ. ʇʦʩʣʝ ʣʠʢʚʠʜʘʮʠʠ 

ʘʵʨʦʜʨʦʤʘ ʠ ʩʢʣʘʜʘ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʧʦʯʚʳ, ʦʜʥʘʢʦ ʘʥʘʣʠʟʳ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʚ 1993 ʛʦʜʫ 

ʧʦʢʘʟʘʣʠ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦ ɼɼʊ (0,1 ʤʛ/ʢʛ) ʚ 20-40 ʨʘʟ [1].  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʚ 2014 ʛ. ʚ ʛ. 

ɼʦʙʨʷʥʢʘ, ʧʦʩ. ʃʝʩʥʠʢʦʚ, ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʧʦʯʚ ʚ 10 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʪʦʯʢʘʭ. ɼʣʷ ʧʦʯʚʳ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʥʳ 

ʢʠʩʣʳʡ ʨʅ ï ʦʪ 3,89 ʜʦ 4,6,  ʠ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ï ʦʪ 0,15 ʜʦ 

2,99%. ɺ 7 ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ ʠʟ 10 ʦʙʥʘʨʫʞʠʣʠ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦ ɼɼʊ 

ʦʪ 1,5 ʜʦ 7,6 ʨʘʟ (0,766 ʤʛ/ʢʛ ʚ 5 ʦʙʨʘʟʮʝ). ɿʥʘʯʠʪʝʣʴʥʦʝ ʟʘʢʠʩʣʝʥʠʝ 

ʧʦʯʚʳ ʠ ʤʘʣʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʦʙʫʩʣʦʚʠʣʠ ʥʝʚʳʩʦʢʦʝ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ï ʦʪ 5ʭ105 ʚ 

7 ʦʙʨʘʟʮʝ ʜʦ 2,7ʭ108 ʚ 5 ʧʦʯʚʝ, ʠ ʥʠʟʢʦʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʙʘʢʪʝʨʠʡ ï ʦʪ 2 ʜʦ 7 ʤʦʨʬʦʪʠʧʦʚ.  

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʧʫʪʝʤ ʪʨʝʭʩʪʘʜʠʡʥʦʡ ʩʝʣʝʢʮʠʠ ʩ 

ʧʦʚʳʰʘʶʱʝʡʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɼɼʊ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʮʠʠ ʠʟ 6  ʧʦʯʚ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ 15 ʰʪʘʤʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ɼɼʊ ʚ ʢʘʯʝʩʪʚʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 50-100 

ʤʛ/ʣ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʚʘ ʰʪʘʤʤʘ  

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʨʦʜʫ Rhodococcus, ʪʨʠ ʢ Pseudomonas ʠ 10 ï ʢ 

Microbacterium.  

ʆʮʝʥʠʚʘʣʠ ʜʝʩʪʨʫʢʮʠʶ ɼɼʊ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ 50-500 ʤʛ/ʣ. ʆʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʜʘʥʥʳʡ ʩʫʙʩʪʨʘʪ ʫʪʠʣʠʟʠʨʦʚʘʣʠ ʤʠʢʨʦʙʘʢʪʝʨʠʠ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʚʩʝʭ 

ʦʙʨʘʟʮʦʚ ʧʦʯʚ: ʣʘʛ-ʬʘʟʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 24 ʯʘʩʘ ʧʨʠ ʨʦʩʪʝ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 50-200 ʤʛ/ʣ ʠ 3 ʩʫʪʦʢ ʥʘ 500 ʤʛ/ʣ, ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼɼʊ ʚ ʜʠʘʧʘʟʦʥʝ 50-200 

ʤʛ/ʣ  ʜʦ 2,4-3,6 ʛ/ʣ ʢ ʢʦʥʮʫ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʘʟʳ. ʇʦʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʩʪʠʮʠʜʘ ʜʦ 500 ʤʛ/ʣ  ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʨʦʩʪʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʙʠʦʤʘʩʩʳ ʦʪ 15 ʜʦ 50% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

(ʥʘ 200 ʤʛ/ʣ), ʥʦ ʥʠ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʠ ʛʠʙʝʣʴ ʢʣʝʪʦʢ ʢ 

ʢʦʥʮʫ ʧʝʨʠʦʜʘ ʠʟʤʝʨʝʥʠʷ. ɼʣʷ ʧʩʝʚʜʦʤʦʥʘʜ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʠʪʝʣʴʥʘʷ ʬʘʟʘ ʘʜʘʧʪʘʮʠʠ ï ʜʦ 7 ʩʫʪʦʢ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 50-200 ʤʛ/ʣ 

ʠ ʜʦ 10 ʩʫʪʦʢ ʥʘ 500 ʤʛ/ʣ, ʜʘʣʴʥʝʡʰʘʷ ʜʠʥʘʤʠʢʘ ʨʦʩʪʘ ʙʳʣʘ ʘʥʘʣʦʛʠʯʥʘ 

ʪʘʢʦʚʦʡ ʫ ʤʠʢʨʦʙʘʢʪʝʨʠʡ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ï ʜʦ 1,6 ʛ/ʣ 

ï ʜʦʩʪʠʛʘʣʩʷ ʪʘʢʞʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼɼʊ 200 ʤʛ/ʣ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [2], ʰʪʘʤʤʳ ɼ 33 ʠ ɼ 81, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʢʘʢ Rhodococcus sp.,  ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʠ 

ɼɼʊ. ɼʣʷ ʦʙʝʠʭ ʢʫʣʴʪʫʨ ʦʧʪʠʤʘʣʴʥʘʷ ʨʦʩʪʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 100 ʤʛ/ʣ, ʦʜʥʘʢʦ ʜʘʞʝ ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʤʘʢʩʠʤʘʣʴʥʘʷ 
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ʙʠʦʤʘʩʩʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 1 ʛ/ʣ ʚ ʩʣʫʯʘʝ ʰʪʘʤʤʘ ɼ 33 ʠ 0.4 ʛ/ʣ ʜʣʷ ʰʪʘʤʤʘ 

ɼ 81. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʵʪʠʭ ʰʪʘʤʤʦʚ ʙʳʣʠ 

ʮʠʪʦʩʪʘʪʠʯʝʩʢʠʤʠ, ʘ 500 ʤʛ/ʣ ʜʣʷ ɼ 81 ï ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ. 

ʆʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ɼɼʊ ʚ ʛʝʢʩʘʥʦʚʳʭ ʵʢʩʪʨʘʢʪʘʭ 

ʩʫʧʝʨʥʘʪʘʥʪʦʚ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʢʣʝʪʦʢ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. 

ʆʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʥʘ ʧʷʪʳʝ ʩʫʪʢʠ ʨʦʩʪʘ, ʚ ʧʝʨʠʦʜ ʥʘʯʘʣʴʥʦʡ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʘʟʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʫʣʴʪʫʨ, ɼɼʊ ʚ ʩʫʧʝʨʥʘʪʘʥʪʘʭ 

ʫʞʝ ʥʝ ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʨʠ ʵʪʦʤ 

ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʙʘʢʪʝʨʠʡ ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ 

ʵʥʝʨʛʠʠ ʚ ʩʨʝʜʝ ʧʨʦʜʦʣʞʘʣʩʷ ʝʱʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʊʘʢʞʝ ʚ ʧʨʦʙʘʭ ʥʝ 

ʚʳʷʚʣʷʣʠʩʴ ʢʘʢʠʝ-ʣʠʙʦ ʤʝʪʘʙʦʣʠʪʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʩʪʘʪʦʯʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʢʦʥʝʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʝʛʨʘʜʘʮʠʠ ɼɼʊ ï 4-ʭʣʦʨʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ. ʕʢʩʧʝʨʠʤʝʥʪ ʩ çʦʪʤʳʪʳʤʠ ʢʣʝʪʢʘʤʠè Microbacterium sp. ɼ11, 

ɼ21 ʠ ɺ53 ʧʦʢʘʟʘʣ, ʯʪʦ ɼɼʊ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʚ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ, ʘ ʟʘʪʝʤ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʠ ʵʥʝʨʛʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [3].  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 01201353247. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Escherichia coli, ʙʠʦʬʠʣʴʤʳ, ʘʥʪʠʙʠʦʪʠʢʠ, 

ʵʢʩʪʨʘʢʪʳ ʨʘʩʪʝʥʠʡ 

 

ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʙʘʢʪʝʨʠʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʙʠʦʬʠʣʴʤʦʚ, 

ʩʦʦʙʱʝʩʪʚ ʥʝʧʦʜʚʠʞʥʳʭ ʢʣʝʪʦʢ, ʧʦʛʨʫʞʝʥʥʳʭ ʚʦ ʚʥʝʢʣʝʪʦʯʥʳʡ 

ʤʘʪʨʠʢʩ ʠʟ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʙʝʣʢʦʚ ʠ ɼʅʂ [1]. ʀʥʪʝʥʩʠʚʥʦʝ ʠʟʫʯʝʥʠʝ 

ʙʠʦʬʠʣʴʤʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʚʷʟʘʥʦ ʩ ʠʭ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ/ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʢ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤ ʧʨʝʧʘʨʘʪʘʤ. 

ɹʠʦʬʠʣʴʤ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʰʪʘʤʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʥʝ 

ʧʦʜʜʘʶʱʠʭʩʷ ʠʟʣʝʯʝʥʠʶ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʩʯʠʪʘʶʪʩʷ 

ʦʧʘʩʥʳʤʠ ʚʠʨʫʣʝʥʪʥʳʤʠ ʬʘʢʪʦʨʘʤʠ [2].  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʝʥ ʧʦʠʩʢ 

ʧʫʪʝʡ ʧʦʜʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʬʠʣʴʤʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʦʩʨʝʜʦʚʘʥ ʯʝʨʝʟ ʤʦʜʫʣʷʮʠʶ ʤʝʪʘʙʦʣʠʟʤʘ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ 

ʢʣʝʪʢʘʭ ʧʘʪʦʛʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ [1]. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʞʝʣʝʟʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʝʛʦ ʫʯʘʩʪʠʝʤ ʚ ʨʝʘʢʮʠʷʭ ʪʠʧʘ ʌʝʥʪʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʦʚʨʝʞʜʘʪʴ ʚʩʝ ʚʠʜʳ 

ʙʠʦʤʦʣʝʢʫʣ, ʚʢʣʶʯʘʷ ɼʅʂ [3]. ɺ ʢʣʝʪʢʘʭ ʙʘʢʪʝʨʠʡ Escherichia coli 

ʤʝʪʘʙʦʣʠʟʤ ʠʦʥʦʚ ʞʝʣʝʟʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ 

ʨʝʛʫʣʷʪʦʨʦʤ Fur, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʦʪʚʝʯʘʝʪ ʟʘ ʚʠʨʫʣʝʥʪʥʦʩʪʴ [4]. ʆʜʥʠʤ 

ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʥʘʨʫʰʝʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʞʝʣʝʟʘ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʙʦʪʢʘ ʙʘʢʪʝʨʠʡ ʧʨʠʨʦʜʥʳʤʠ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʭʝʣʘʪʦʨʘʤʠ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʦʙ ʫʩʧʝʰʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʝʣʘʪʦʨʦʚ 

ʞʝʣʝʟʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʥʪʠʙʠʦʪʠʢʘʤʠ [1, 5]. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʩʯʠʪʘʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʝʣʘʪʦʨʦʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʦʣʠʬʝʥʦʣʦʚ, ʘ ʪʘʢʞʝ ʙʦʛʘʪʳʭ ʧʦʣʠʬʝʥʦʣʘʤʠ ʵʢʩʪʨʘʢʪʦʚ 

ʨʘʩʪʝʥʠʡ [6]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʤʦʜʫʣʠʨʫʶʱʠʭ 

ʵʬʬʝʢʪʦʚ ʵʢʩʪʨʘʢʪʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʷ (ɹʇʆ) Escherichia coli ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʥʪʠʙʠʦʪʠʢʦʚ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ ʠ ʮʝʬʦʪʘʢʩʠʤʘ.  

ʅʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʚ ʰʪʘʤʤʘʭ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʪʠʧʘ 

ʩʨʘʚʥʠʚʘʣʠ ʩ ʵʬʬʝʢʪʘʤʠ ʚ ʤʫʪʘʥʪʥʳʭ ʰʪʘʤʤʘʭ, ʣʠʰʝʥʥʳʭ Fur-

ʨʝʛʫʣʦʥʘ. Fur (ferric uptake regulator) ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ 

ʨʝʛʫʣʷʪʦʨʦʤ ʤʝʪʘʙʦʣʠʟʤʘ ʠʦʥʦʚ ʞʝʣʝʟʘ ʫ E. coli. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢ ʦʪʤʳʪʳʤ ʠ ʚʳʨʘʱʝʥʥʳʤ ʚ 96-ʣʫʥʦʯʥʳʭ 

ʧʦʣʠʩʪʠʨʦʣʦʚʳʭ ʧʣʘʥʰʝʪʘʭ 22-ʯʘʩʦʚʳʤ ʟʨʝʣʳʤ ʙʠʦʬʠʣʴʤʘʤ E. coli 

QC771 (wt) ʠ QC1732 (ȹfur) ʜʦʙʘʚʣʷʣʠ ʩʚʝʞʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ, 

ʩ/ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʵʢʩʪʨʘʢʪʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʘʥʪʠʙʠʦʪʠʢʦʚ ʠ 

ʧʨʦʜʦʣʞʘʣʠ ʠʥʢʫʙʠʨʦʚʘʪʴ ʧʨʠ 37Áʉ ʠ ʘʵʨʘʮʠʠ 330 ʦʙ/ʤʠʥ.  

ʀʩʧʳʪʫʝʤʳʝ ʵʢʩʪʨʘʢʪʳ A. uva-ursi, V. vitis-idaea, ʯʝʨʥʦʛʦ ʠ 

ʟʝʣʝʥʦʛʦ ʯʘʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʠʬʝʥʦʣʦʚ, 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʞʝʣʝʟʦ-ʭʝʣʘʪʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʧʝʨʦʢʩʠʜ. ɺʩʝ ʦʥʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʝʣʝʥʦʛʦ ʯʘʷ, 

ʩʪʠʤʫʣʠʨʦʚʘʣʠ ɹʇʆ. ʇʨʠ ʵʪʦʤ, ʵʢʩʪʨʘʢʪʳ B. pendula ʠ L. japonica 
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ʦʪʣʠʯʘʣʠʩʴ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʠʬʝʥʦʣʦʚ, ʩʣʘʙʦʡ ʞʝʣʝʟʦ-

ʭʝʣʘʪʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʝʨʦʢʩʠʜ-ʧʨʦʜʫʮʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʠ ʚ ʮʝʣʦʤ, ʦʢʘʟʳʚʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ɹʇʆ. 

ʅʘʣʠʯʠʝ ʤʫʪʘʮʠʠ æfur ʚ ʦʪʩʫʪʩʪʚʠʠ ʵʢʩʪʨʘʢʪʦʚ ʧʨʠʚʦʜʠʣʦ ʢ 

ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʠʦʬʠʣʴʤʦʚ ʢ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʠ ʙʦʣʝʝ ʨʘʥʥʝʡ 

ʩʪʠʤʫʣʷʮʠʠ ɹʇʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʦʜʠʪʝʣʴʩʢʠʤ ʰʪʘʤʤʦʤ. 

ʀʟʫʯʝʥʳ ʵʬʬʝʢʪʳ ʥʘ ɹʇʆ ʜʚʫʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʩ ʨʘʟʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ ï ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ (CF, ʧʦʜʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ 

ɼʅʂ) ʠ ʮʝʬʦʪʘʢʩʠʤʘ (Cef, ʧʦʜʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ ʢʦʤʧʦʥʝʥʪʦʚ ʢʣʝʪʦʯʥʦʡ 

ʩʪʝʥʢʠ). ʆʙʨʘʙʦʪʢʘ CF ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʥʝ ʧʨʠʚʦʜʠʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʙʠʦʬʠʣʴʤʦʚ, ʥʦ ʧʦʜʘʚʣʷʣʦ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ 

ʵʢʩʪʨʘʢʪʦʚ A. uva-ursi ʠ V. vitis-idaea ʥʘ ɹʇʆ. 

ɺ ʵʪʠʭ ʞʝ ʫʩʣʦʚʠʷʭ Cef ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣ ɹʇʆ, ʧʨʠʯʝʤ ʚ 

ʰʪʘʤʤʘʭ ʤʫʪʘʥʪʦʚ æfur ʵʪʦʪ ʵʬʬʝʢʪ ʙʳʣ ʚʳʨʘʞʝʥ ʩʣʘʙʝʝ. ɼʘʞʝ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ Cef ʙʦʛʘʪʳʝ ʧʦʣʠʬʝʥʦʣʘʤʠ ʵʢʩʪʨʘʢʪʳ ʧʨʦʜʦʣʞʘʣʠ ʦʢʘʟʳʚʘʪʴ 

ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ɹʇʆ.  

ɺ ʮʝʣʦʤ, ʥʘʤʠ ʚʳʷʚʣʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʵʢʩʪʨʘʢʪʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʠʬʝʥʦʣʦʚ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ɹʇʆ 

ʜʘʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʘʥʪʠʙʠʦʪʠʢʘ ʮʝʬʦʪʘʢʩʠʤʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ 

ʩ ʤʦʜʫʣʷʮʠʝʡ ʤʝʪʘʙʦʣʠʟʤʘ ʠʦʥʦʚ ʞʝʣʝʟʘ.  ʆʙʥʘʨʫʞʝʥʥʳʝ ʵʬʬʝʢʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ. ʉ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʘʥʪʠʙʠʦʪʠʢʦʚ ʵʢʩʪʨʘʢʪʳ ʨʘʩʪʝʥʠʡ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʝʙʠʦʪʠʢʠ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ɹʇʆ ʢʠʰʝʯʥʦʡ 

ʤʠʢʨʦʬʣʦʨʳ. ʆʜʥʘʢʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʫʨʩʦʚ ʘʥʪʠʙʠʦʪʠʢʦʪʝʨʘʧʠʠ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʣʝʯʝʥʠʝʤ ʥʘʨʦʜʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ (ʪʨʘʚʷʥʳʝ ʯʘʠ) ʚʦʟʤʦʞʥʦ 

ʧʦʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʭʨʦʥʠʯʝʩʢʦʛʦ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ 

ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʤʦʜʫʣʷʮʠʠ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʙʠʦʬʠʣʴʤʦʚ ʢ 

ʘʥʪʠʙʠʦʪʠʢʘʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ 01201353246, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘʤʠ 

ʇʨʝʟʠʜʝʥʪʘ ʄʂ-3376.2018.4 ʠ ʈʌʌʀ ˉ16-04-00762. 
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ɺʃʀʗʅʀɽ ʌʊʆʈʍʀʅʆʃʆʅʆɺ ʅɸ ʕʂʉʇʈɽʉʉʀʖ ɻɽʅʆɺ 

ʉʀʅʊɽɿɸ ʂɸɼɸɺɽʈʀʅɸ  

 

ʉʝʢʘʮʢʘʷ ʇʦʣʠʥʘ ɸʥʜʨʝʝʚʥʘ1,2, ɸʭʦʚʘ ɸʥʥʘ ɺʠʢʪʦʨʦʚʥʘ1,  

ʊʢʘʯʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɻʝʦʨʛʠʝʚʠʯ1,245 

 
1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

2ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʜʘʚʝʨʠʥ, ʘʥʪʠʙʠʦʪʠʢʠ, cadA, ldcC 

 

ʂʘʜʘʚʝʨʠʥ ï ʙʠʦʛʝʥʥʳʡ ʧʦʣʠʘʤʠʥ, ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʚ ʢʣʝʪʢʘʭ 

E.coli. ʆʥ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʫʪʝʤ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʣʠʟʠʥʘ ʧʨʠ 

ʫʯʘʩʪʠʠ ʣʠʟʠʥʜʝʢʘʨʙʦʢʩʠʣʘʟʳ (ʃɼʂ) ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ 

ʘʜʘʧʪʘʮʠʠ ʢʣʝʪʦʢ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʨʝʩʩʫ, ʚʳʧʦʣʥʷʷ ʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʢʣʝʪʢʝ ʬʫʥʢʮʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʠ ʨʝʛʫʣʷʪʦʨʘ ʧʦʨʠʥʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [1]. 

ɺ ʢʣʝʪʢʘʭ E. coli ʦʙʥʘʨʫʞʝʥʦ ʜʚʝ ʠʟʦʬʦʨʤʳ ʃɼʂ ï CadA ʠ LdcC, 

ʢʦʜʠʨʫʝʤʳʝ ʛʝʥʘʤʠ cadA ʠ ldcC, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ldcC ʧʦʚʳʰʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʢʦʪʦʨʳʭ 

ʘʥʪʠʙʠʦʪʠʢʦʚ [2], ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʢʘʢ ʘʛʝʥʪʳ, ʩʧʦʩʦʙʥʳʝ 

ʚʳʟʳʚʘʪʴ ʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʘʢʪʠʚʥʳʭ 

ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) [3]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ldcC 

ʠ cadA ʚ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʚ ʦʪʚʝʪ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ ʬʪʦʨʭʠʥʦʣʦʥʦʚʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ.  

ɼʣʷ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ɸʌʂ ʚ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ldcC ʠ 

cadA ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ ʠʩʩʣʝʜʦʚʘʥ ʫʨʦʚʝʥʴ 

ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘ (ʪʠʦʤʦʯʝʚʠʥʳ), 

ʩʧʦʩʦʙʥʦʡ ʥʠʚʝʣʠʨʦʚʘʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ [3]. 

                                                           
É ʉʝʢʘʮʢʘʷ ʇ.ɸ., ɸʭʦʚʘ ɸ.ɺ., ʊʢʘʯʝʥʢʦ ɸ.ɻ., 2018 
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ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʰʪʘʤʤʳ SHT40 (ldcC::lacZ) ʠ 

SHT45 (cadA::lacZ), ʥʝʩʫʱʠʝ ʛʝʥʥʳʝ lacZ-ʩʣʠʷʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʤʦʪʦʨʥʘʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʝʥʘ ʩʣʠʪʘ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʯʘʩʪʴʶ 

ʨʝʧʦʨʪʝʨʥʦʛʦ ʛʝʥʘ lacZ, ʢʦʜʠʨʫʶʱʝʛʦ ʬʝʨʤʝʥʪ ɓ-ʛʘʣʘʢʪʦʟʠʜʘʟʫ. ʇʦ 

ʠʟʤʝʥʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ɓ-ʛʘʣʘʢʪʦʟʠʜʘʟʳ ʦʮʝʥʠʚʘʣʘʩʴ ʵʢʩʧʨʝʩʩʠʷ 

ʠʟʫʯʘʝʤʦʛʦ ʛʝʥʘ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ldcC ʠ 

cadA ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʪʠʙʠʦʪʠʢʘ ʛʨʫʧʧʳ ʬʪʦʨʭʠʥʦʣʦʥʦʚ 

(ʣʝʚʦʬʣʦʢʩʘʮʠʥ) ʧʨʠ ʠʪʦʛʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʘʚʥʳʭ 0,05 ʤʢʛ/ʤʣ, 0,1 

ʠ 0,2 ʤʢʛ/ʤʣ. ɺʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠʚʦʜʠʣʦ ʢ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ ʟʘʚʠʩʠʤʦʤʫ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ 

ldcC ʠ cadA ʩʦ ʚʪʦʨʦʛʦ ʯʘʩʘ ʧʦʩʣʝ ʜʦʙʘʚʢʠ ʘʥʪʠʙʠʦʪʠʢʘ. ʅʘ ʯʝʪʚʝʨʪʳʡ 

ʯʘʩ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ, ʨʘʚʥʦʡ 0,1 

ʤʢʛ/ʤʣ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ cadA ʧʦʚʳʰʘʣʘʩʴ ʚ 1,5 ʨʘʟʘ, ʘ ldcC ï ʚ 4 ʨʘʟʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 0,2 ʤʢʛ/ʤʣ ʢ ʵʪʦʤʫ 

ʚʨʝʤʝʥʠ ʧʦʚʳʰʘʣʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ldcC ʜʦ ʤʘʢʩʠʤʫʤʘ - ʙʦʣʝʝ, ʯʝʤ ʚ 

ʩʝʤʴ ʨʘʟ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʨʦʚʝʥʴ  cadA ʢ ʪʦʤʫ 

ʞʝ ʚʨʝʤʝʥʠ ʧʦʚʳʰʘʣʩʷ ʯʫʪʴ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ.  

ɼʦʙʘʚʢʘ ʪʠʦʤʦʯʝʚʠʥʳ ʧʨʠʚʦʜʠʣʘ ʢ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ 

ʟʘʚʠʩʠʤʦʤʫ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʪʦʨʭʠʥʦʣʦʥʘ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ldcC ʠ cadA. ɼʦʙʘʚʢʘ ʪʠʦʤʦʯʝʚʠʥʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʵʥʜʦʛʝʥʥʦʛʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ (100 ʤʄ), ʢ ʢʣʝʪʢʘʤ, ʧʦʜʚʝʨʛʥʫʪʳʤ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʬʪʦʨʭʠʥʦʣʦʥʘ, 

ʧʨʠʚʦʜʠʣʘ ʢ ʩʥʠʞʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ cadA ʜʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ. 

ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ldcC ʩʥʠʞʘʣʩʷ ʣʠʰʴ 

ʯʘʩʪʠʯʥʦ (ʚ 2 ʨʘʟʘ).  

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʣʝʚʦʬʣʦʢʩʘʮʠʥ ʠʥʜʫʮʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʩʠʥʪʝʟʘ ʢʘʜʘʚʝʨʠʥʘ, 

ʦʢʘʟʳʚʘʷ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʛʝʥ ldcC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ cadA. 

ʋʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ cadA ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʦʪʚʝʪʦʤ 

ʥʘ ʫʚʝʣʠʯʝʥʠʝ ɸʌʂ ʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʣʝʪʢʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʠʟʤʝʥʝʥʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ldcC, ʧʦʤʠʤʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʫʯʘʩʪʚʫʶʪ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ. 

ɼʦʙʘʚʢʘ ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ 

ʟʘʚʠʩʠʤʦʤʫ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ldcC ʠ cadA. 

ʇʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ cadA ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʵʥʜʦʛʝʥʥʳʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ. 

ɼʦʙʘʚʣʝʥʠʝ ʪʠʦʤʦʯʝʚʠʥʳ ʯʘʩʪʠʯʥʦ ʩʥʠʞʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ ldcC, 

ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʜʝʡʩʪʚʠʝʤ ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʣʠʯʠʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ldcC ʥʘʨʷʜʫ ʩ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ 

ɸʜʤʠʥʠʩʪʨʘʮʠʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ (ʧʨʦʝʢʪ ˉ16-44-590279 ʨ_ʘ). 
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ɺʆɺʃɽʏɽʅʅʆʉʊʔ ɹɽʃʂɸ Rel, ʄɽʊɸɹʆʃʀɿʀʈʋʖʑɽɻʆ 

ɻʋɸʅʆɿʀʅʊɽʊʈɸʌʆʉʌɸʊ, ɺ ʄɽʍɸʅʀɿʄ ɼɽʁʉʊɺʀʗ 

ɸʅʊʀɹʀʆʊʀʂʆɺ, ʅɸʎɽʃɽʅʅʓʍ ʅɸ ʇɽʈʉʀʉʊʆʈʅʓɽ 

ʂʃɽʊʂʀ MYCOBACTERIUM SMEGMATIS 

 

ʉʠʜʦʨʦʚ ʈʦʤʘʥ ʖʨʴʝʚʠʯ1, ʂʘʰʝʚʘʨʦʚʘ ʅʘʪʘʣʴʷ ʄʠʭʘʡʣʦʚʥʘ1, 

ʊʢʘʯʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɻʝʦʨʛʠʝʚʠʯ1,246 

 
1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ  

2ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʩʠʩʪʝʥʮʠʷ, ʛʫʘʥʦʟʠʥʪʝʪʨʘʬʦʩʬʘʪ, 

ʘʥʪʠʙʠʦʪʠʢʠ 

 

ɸʥʪʠʙʠʦʪʠʢʠ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʣʝʯʝʥʠʠ 

ʠʥʬʝʢʮʠʡ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʦʙʳʯʥʦ ʥʘʮʝʣʝʥʳ ʥʘ ʘʢʪʠʚʥʦ 

ʨʘʩʪʫʱʠʝ ʢʣʝʪʢʠ. ʅʦ ʧʨʠ ʵʪʦʤ ʚ ʦʨʛʘʥʠʟʤʝ ʙʦʣʴʥʦʛʦ ʜʘʞʝ ʚ ʩʣʫʯʘʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʤʥʦʞʘʶʱʠʭʩʷ ʢʣʝʪʦʢ ʚʦʟʙʫʜʠʪʝʣʷ 

ʦʩʪʘʶʪʩʷ ʧʝʨʩʠʩʪʦʨʥʳʝ ʢʣʝʪʢʠ, ʧʨʦʷʚʣʷʶʱʠʝ ʬʝʥʦʪʠʧ ʟʘʤʝʜʣʝʥʠʷ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʪʦʤʫ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʦʙʳʯʥʳʤ 

ʘʥʪʠʙʠʦʪʠʢʘʤ. ʀʭ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʚʳʞʠʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʭʨʦʥʠʯʝʩʢʠʤ 

ʠʥʬʝʢʮʠʷʤ. ʊʘʢ, ʤʠʢʦʙʘʢʪʝʨʠʠ ʪʫʙʝʨʢʫʣʸʟʘ, ʨʘʚʥʦ ʢʘʢ ʠ ʜʨʫʛʠʝ ʚʠʜʳ 

ʙʘʢʪʝʨʠʡ, ʟʘ ʩʯʝʪ ʧʝʨʩʠʩʪʝʥʮʠʠ ʩʧʦʩʦʙʥʳ ʚʳʞʠʚʘʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʟʘ ʩʯʸʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʠʩʪʦʨʥʳʭ 

ʢʣʝʪʦʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʤʝʥʴʰʫʶ ʯʘʩʪʴ ʧʦʧʫʣʷʮʠʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʪʝʨʘʧʠʠ ʵʪʠ ʢʣʝʪʢʠ ʚʦʟʦʙʥʦʚʣʷʶʪ ʨʦʩʪ ʠ ʚ 90% ʩʣʫʯʘʝʚ ʷʚʣʷʶʪʩʷ 

ʧʨʠʯʠʥʦʡ ʨʝʮʠʜʠʚʘ ʠʥʬʝʢʮʠʠ. 

                                                           
É ʉʠʜʦʨʦʚ ʈ.ʖ., ʂʘʰʝʚʘʨʦʚʘ ʅ.ʄ., ʊʢʘʯʝʥʢʦ ɸ.ɻ., 2018 
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ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʥʦʚʳʭ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʘʢʪʠʚʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʧʝʨʩʠʩʪʦʨʥʳʭ 

ʢʣʝʪʦʢ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʘʥʪʠʙʠʦʪʠʢʘ ʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ 

ʙʝʣʢʦʚʫʶ ʤʠʰʝʥʴ ï ʛʫʘʥʦʟʠʥ ʪʝʪʨʘʬʦʩʬʘʪ ʩʠʥʪʝʪʘʟʫ/ʛʠʜʨʦʣʘʟʫ Rel ʠʟ 

Mycobacterium smegmatis. 

ʕʪʦʪ ʬʝʨʤʝʥʪ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʣʝʪʢʘʭ 

ʛʫʘʥʦʟʠʥʪʝʪʨʘʬʦʩʬʘʪʘ (ppGpp), ʢʣʶʯʝʚʦʡ ʤʦʣʝʢʫʣʳ, ʨʝʛʫʣʠʨʫʶʱʝʡ 

ʩʪʨʝʩʩʦʨʥʳʝ ʦʪʚʝʪʳ ʫ ʙʘʢʪʝʨʠʡ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʩʠʩʪʦʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [1]. ppGpp-ʩʠʥʪʝʪʘʟʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʤʠʢʦʙʘʢʪʝʨʠʷʤʠ, ʪʘʢ ʠ ʜʨʫʛʠʤʠ ʙʘʢʪʝʨʠʷʤʠ, ʠ ʥʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʠ ʙʝʣʢʠ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʥʪʠʙʠʦʪʠʢʦʚ, ʠʥʛʠʙʠʨʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʩʠʩʪʦʨʥʳʭ ʬʦʨʤ 

ʙʘʢʪʝʨʠʡ. 

ʅʘ ʵʪʘʧʝ ʧʦʠʩʢʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʩʚʦʡʩʪʚʘʤʠ ʫʩʪʨʘʥʷʪʴ ʧʝʨʩʠʩʪʦʨʦʚ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʦʪʤʠʨʘʥʠʷ 

ʢʣʝʪʦʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʩʩʣʝʜʫʝʤʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʘʥʪʠʙʠʦʪʠʢʠ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʘ ʪʘʢʞʝ ʥʦʚʳʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʘʛʝʥʪ DMNP, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʠʥʛʠʙʠʨʫʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʩʠʩʪʦʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʦʙʝɦʠʟʚʝʩʪʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʘʥʪʠʙʠʦʪʠʢʠ ʦʢʘʟʳʚʘʶʪ ʪʦʢʩʠʯʝʩʢʦʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʢʫʣʴʪʫʨʫ M. smegmatis ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ, ʪʝʨʷʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ DMNP ʙʳʣ ʘʢʪʠʚʝʥ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʫʣʴʪʫʨʳ, 

ʦʜʥʘʢʦ ʧʨʦʷʚʣʷʣ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 

ʨʘʩʪʫʱʠʝ ʢʣʝʪʢʠ. ʕʪʦ ʷʚʣʝʥʠʝ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʦʟʤʦʞʥʘʷ 

ʤʠʰʝʥʴ DMNP ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ 

ʨʦʩʪʘ ʢʫʣʴʪʫʨʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʥʠʷ DMNP ʥʘ 

ʧʝʨʩʠʩʪʦʦʙʨʘʟʦʚʘʥʠʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ. ʕʢʩʧʨʝʩʩʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʤʠʰʝʥʠ ʵʪʦʛʦ ʘʥʪʠʙʠʦʪʠʢʘ, ʙʝʣʢʘ Rel, ʙʳʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʠʥʜʫʢʮʠʠ ʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʦʥʥʦʡ ʧʣʘʟʤʠʜʳ pMind [2], ʩʦʜʝʨʞʘʱʝʡ ʛʝʥ rel. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʝʩʣʠ ʵʪʦʪ ʙʝʣʦʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʦʚʣʝʯʝʥ ʚ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ 

DMNP ʥʘ ʧʝʨʩʠʩʪʦʨʳ, ʵʬʬʝʢʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʝʨʩʠʩʪʦʦʙʨʘʟʦʚʘʥʠʷ 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʥʠʞʝʥ ʟʘ ʩʯʝʪ ʩʚʷʟʳʚʘʥʠʷ ʘʥʪʠʙʠʦʪʠʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ-ʤʠʰʝʥʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʯʠʩʣʘ 

ʚʳʞʠʚʰʠʭ ʢʣʝʪʦʢ. 

ʐʪʘʤʤ M. smegmatis mc2155, ʥʝʩʫʱʠʡ ʵʢʩʧʨʝʩʩʠʦʥʥʫʶ ʧʣʘʟʤʠʜʫ 

pMind ʩʦ ʚʩʪʘʚʢʦʡ ʛʝʥʘ rel, ʧʦʜʚʝʨʛʘʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʢʣʠʥʠʯʝʩʢʠʭ 
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ʘʥʪʠʙʠʦʪʠʢʦʚ (ʪʝʪʨʘʮʠʢʣʠʥ, ʩʪʨʝʧʪʦʤʠʮʠʥ, ʨʠʬʘʤʧʠʮʠʥ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

DMNP, ʵʬʬʝʢʪ ʢʦʪʦʨʦʛʦ ʥʘ ʧʝʨʩʠʩʪʝʥʮʠʶ ʤʦʛ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʫʶ ʤʠʰʝʥʴ ï Rel ʙʝʣʦʢ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ rel ʧʦʚʳʰʘʣʘ ʯʠʩʣʦ 

ʢʣʝʪʦʢ, ʚʳʞʠʚʰʠʭ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ DMNP, ʚ 1000 ʨʘʟ, ʯʝʛʦ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ. 

ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ DMNP ʚʣʠʷʝʪ ʥʘ 

ʧʝʨʩʠʩʪʦʦʙʨʘʟʦʚʘʥʠʝ M. smegmatis ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ Rel ʙʝʣʦʢ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʠ 

ʚʩʪʨʦʝʥʘ ʚ ʭʨʦʤʦʩʦʤʫ Mycobacterium smegmatis ʠʥʪʝʛʨʘʣʴʥʘʷ ʧʣʘʟʤʠʜʘ, 

ʩʦʜʝʨʞʘʱʘʷ ʩʣʠʷʥʠʝ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʛʝʥʘ rel ʠ ʨʝʧʦʨʪʝʨʥʦʛʦ 

ʢʣʘʩʪʝʨʘ luxAB. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʙʠʦʣʶʤʠʥʠʩʮʝʥʮʠʠ, 

ʛʝʥʝʨʠʨʫʝʤʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʨʦʚʥʶ ʵʢʩʧʨʝʩʩʠʠ rel, ʜʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʘʢʩʠʤʫʤ ʵʢʩʧʨʝʩʩʠʠ ʥʘ 24-ʦʤ ʯʘʩʫ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʕʪʦʪ ʧʝʨʠʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʪʦʢʩʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ DMNP ʥʘ ʤʠʢʦʙʘʢʪʝʨʠʘʣʴʥʫʶ ʢʫʣʴʪʫʨʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ DMNP ʨʝʘʣʠʟʫʝʪ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʧʝʨʩʠʩʪʝʥʮʠʶ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ Rel ʙʝʣʦʢ. ʇʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ 

ʜʘʥʥʦʛʦ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʘʛʝʥʪʘ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʪʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʢʣʝʪʢʠ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʨʦʚʝʥʴ 

ʧʝʨʩʠʩʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 18-73-10156). 
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ʋʉʊʆʁʏʀɺʆʉʊʔ ɸʂʊʀʅʆɹɸʂʊɽʈʀʁ DIETZA MARIS ʂ 

ʊʗɾɽʃʓʄ ʄɽʊɸʃʃɸʄ 

 

ʊʠʱʝʥʢʦ ɸʨʪʸʤ ɺʘʣʝʨʴʝʚʠʯ1, ɹʘʢʠʝʚʘ ʕʣʴʤʠʨʘ ʈʘʰʠʜʦʚʥʘ2, 

ʃʠʪʚʠʥʝʥʢʦ ʃʶʜʤʠʣʘ ɺʠʢʪʦʨʦʚʥʘ3, ʀʚʰʠʥʘ ʀʨʠʥʘ ɹʦʨʠʩʦʚʥʘ1,347 

 
1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

                                                           
É ʊʠʱʝʥʢʦ ɸ.ɺ., ɹʘʢʠʝʚʘ ʕ.ʈ., ʃʠʪʚʠʥʝʥʢʦ ʃ.ɺ.3, ʀʚʰʠʥʘ ʀ.ɹ., 2018 
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3çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Dietza maris, ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ, ʪʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ 

 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʧʦʯʚ ʠ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʊʄ). ɺʚʠʜʫ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʲʝʤʘ ʙʳʪʦʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʠʩʧʳʪʳʚʘʶʪ ʦʛʨʦʤʥʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʩʪʦʢʦʚ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʘʥʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʚʳʰʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʶʪ ʘʣʢʘʥʦʪʨʦʬʥʳʝ ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʧʨʠʨʦʜʥʳʝ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʜʫʮʠʨʦʚʘʪʴ 

ʘʢʪʠʚʥʳʝ ʙʠʦʩʫʨʬʘʢʪʘʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʤʦʙʠʣʠʟʘʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ [1, 2]. ʎʝʣʴ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʣʢʘʥʦʪʨʦʬʥʳʭ 

ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ Dietza maris ʢ ʪʷʞʝʣʳʤ ʤʝʪʘʣʣʘʤ. 

ʈʘʙʦʯʘʷ ʢʦʣʣʝʢʮʠʷ ʚʢʣʶʯʘʣʘ 62 ʰʪʘʤʤʘ ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ ʠʟ 

ʈʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʘʣʢʘʥʦʪʨʦʬʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʘʢʨʦʥʠʤ ʢʦʣʣʝʢʮʠʠ ʀʕɻʄ, WDCM #768, 

www.iegmcol.ru; ʨʝʝʩʪʨʦʚʳʡ ʥʦʤʝʨ ʋʅʋ 73559), ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʚʠʜʫ 

Dietza maris. ɸʢʪʠʥʦʙʘʢʪʝʨʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʨʘʱʠʚʘʣʠ ʚ 

ʤʷʩʦʧʝʧʪʦʥʥʦʤ ʘʛʘʨʝ ʚ ʪʝʯʝʥʠʝ 48 ʯ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʣʠ ʊʄ: 

CuSO4 x 5H2O, (CH3COO)2Cd x 2H2O, K2CrO4, (NH4)6Mo7O24 x 4H2O, 

NiSO4 x 7H2O, Pb(NO3)2, ZnSO4 x 7H2O ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 0.08 ʜʦ 80.0 

ʤʄ. ʉʪʝʧʝʥʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ ʢ ʊʄ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʤʠʥʠʤʘʣʴʥʦʡ ʠʥʛʠʙʠʨʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʄʀʂ), ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʤʠʢʨʦʣʫʥʦʯʥʳʤ ʤʝʪʦʜʦʤ [3]. ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʢʨʘʩʠʪʝʣʷ 0,2% ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʡʦʜʥʠʪʨʦʪʝʪʨʘʟʦʣʠʷ ʭʣʦʨʠʜʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʯʝʪʳʨʸʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʚʩʝ ʢʫʣʴʪʫʨʳ ʩʦʭʨʘʥʷʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʦʩʪʫ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʊʄ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʠ ʄʀʂ ʚʘʨʴʠʨʦʚʘʣʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0.08 ʜʦ 40.0 ʤʄ. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʊʄ ʧʦ ʩʪʝʧʝʥʠ 

ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʢʫʣʴʪʫʨʳ Dietza maris 

ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʨʷʜ: MoO4
2- > Cu2+ > Cd2+ > Zn2+ > Pb2+ > Ni2+ > 

CrO4
2-, ʚ ʢʦʪʦʨʦʤ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʤʦʣʠʙʜʝʥ, ʤʝʥʝʝ 

ʪʦʢʩʠʯʥʳʤ ï ʭʨʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʊʄ ʰʪʘʤʤʳ 

ʚʥʫʪʨʠ ʚʠʜʘ Dietza maris ʦʪʣʠʯʘʶʪʩʷ ʦʪ 2 ʜʦ 125 ʨʘʟ. ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʚʥʫʪʨʠʚʠʜʦʚʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʦʥʘʤ ʊʄ ʩʚʷʟʘʥʘ ʩ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ. ʊʘʢ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʊʄ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ 
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ʚʦʜʥʳʭ ʠ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʝʚʳʰʘʝʪ ʚ 2ï10 ʨʘʟ ʪʘʢʦʚʫʶ ʠʟʦʣʷʪʦʚ 

ʠʟ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. 

ʆʪʦʙʨʘʥʳ ʰʪʘʤʤʳ Dietza maris, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ (ʄʀʂ > 

10.0 ʤʄ) ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʦʥʘʤ ʊʄ (ʊʘʙʣʠʮʘ). ɼʘʥʥʳʝ ʰʪʘʤʤʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʛʨʫʥʪʦʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʊʄ. 

ʊʘʙʣʠʮʘ 

ʐʪʘʤʤʳ Dietza maris ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢ ʊʄ 

ʐʪʘʤʤ 
ʀʦʥ 

ʤʝʪʘʣʣʘ 

ʄʀʂ, 

ʤʄ 

ʀʕɻʄ 789 Cd2+ 20.0 
ʀʕɻʄ 44, ʀʕɻʄ 47, ʀʕɻʄ 48, ʀʕɻʄ 50, ʀʕɻʄ 52, 

ʀʕɻʄ 167, ʀʕɻʄ 169, ʀʕɻʄ 302, ʀʕɻʄ 304, 

ʀʕɻʄ 306, ʀʕɻʄ 463, ʀʕɻʄ 750 

Cr6+ 40.0 

ʀʕɻʄ 300 Cu2+ 10.0 

ʀʕɻʄ 1172, ʀʕɻʄ 1175 Mo6+ 20.0 

ʀʕɻʄ 299 Ni2+ 40.0 

ʀʕɻʄ 304 Pb2+ 20.0 

ʀʕɻʄ 313 Zn2+ 20.0 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʂʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ 18-4-8-21 ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʥʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 

01201353247), Cʦʛʣʘʰʝʥʠʷ ˉ ʉ-26/059 ʩ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʥʘʫʢʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Staphylococcus epidermidis, ʭʦʣʝʩʪʝʨʠʥ, ʢʠʥʝʪʠʢʘ 

ʨʦʩʪʘ 

 

ʉʪʘʬʠʣʦʢʦʢʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʬʘʢʪʦʨʦʚ ʛʥʦʡʥʦ-

ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʠ ʩʝʧʪʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʨʠ ʢʦʣʦʥʠʟʘʮʠʠ 

ʤʘʢʨʦʦʨʛʘʥʠʟʤʘ ʙʘʢʪʝʨʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʢʫʨʝʥʪʥʘʷ ʙʦʨʴʙʘ ʟʘ 

ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ [1]. ʅʦʨʤʘʣʴʥʳʡ ʦʙʠʪʘʪʝʣʴ ʢʦʞʠ ʠ ʩʣʠʟʠʩʪʳʭ 

ʦʙʦʣʦʯʝʢ ï ʫʩʣʦʚʥʦ ʧʘʪʦʛʝʥʥʳʡ ʵʧʠʜʝʨʤʘʣʴʥʳʡ ʩʪʘʬʠʣʦʢʦʢʢ ʚʳʟʳʚʘʝʪ ʢ 

ʩʝʙʝ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ. ʅʝʤʘʣʦʚʘʞʥʦ ʚʳʷʚʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʯʘʩʪʦ 

ʵʧʠʜʝʨʤʘʣʴʥʳʡ ʩʪʘʬʠʣʦʢʦʢʢ ʫʯʘʩʪʚʫʝʪ ʚ ʧʘʪʦʣʦʛʠʠ ʨʘʟʥʳʭ ʦʨʛʘʥʦʚ ʠ 

ʩʠʩʪʝʤ ʯʝʣʦʚʝʢʘ. ʊʘʢ, ʦʪʤʝʯʝʥ ʨʦʩʪ ʛʥʦʡʥʦʛʦ ʦʩʣʦʞʥʝʥʠʷ ʦʞʦʛʦʚʳʭ ʨʘʥ ʟʘ 

ʩʯʝʪ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ ʟʘ 2 ʛʦʜʘ ʩ 9 ʜʦ 18%; ʨʦʩʪ ʩʝʧʪʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ï ʩ 45% ʜʦ 60,3%; ʨʦʩʪ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ ʥʘʛʥʦʝʥʠʡ ʚ 

ʭʠʨʫʨʛʠʠ ï ʜʦ 21,4%; ʧʨʠ ʫʨʦʣʦʛʠʯʝʩʢʠʭ ʠʥʬʝʢʮʠʷʭ ʯʘʩʪʦʪʘ ʦʩʣʦʞʥʝʥʠʡ, 

ʚr ʟʚʘʥʥʳʭ ʵʧʠʜʝʨʤʘʣʴʥʳʤ ʩʪʘʬʠʣʦʢʦʢʢʦʤ, ʜʦʩʪʠʛʣʘ 62,8%. ʆʪʤʝʯʘʝʪʩʷ, 

ʯʪʦ ʵʧʠʜʝʨʤʘʣʴʥʳʡ ʩʪʘʬʠʣʦʢʦʢʢ ʚʳʟʳʚʘʝʪ ʩʝʧʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʘʱʝ, ʯʝʤ ʟʦʣʦʪʠʩʪʳʡ ʩʪʘʬʠʣʦʢʦʢʢ [3]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʠʢʨʦʬʣʦʨʫ ʭʦʟʷʠʥʘ ʢʘʢ ʚʘʞʥʝʡʰʠʡ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʠ 

ʨʝʛʫʣʷʪʦʨʥʳʡ ʦʨʛʘʥ, ʫʯʘʩʪʚʫʶʱʠʡ ʙʦʨʴʙʝ ʟʘ ʩʦʭʨʘʥʝʥʠʝ ʩʚʦʝʡ 

ʮʝʣʦʩʪʥʦʩʪʠ, ʚʦʧʨʝʢʠ ʘʛʨʝʩʩʠʚʥʦʡ ʢʦʣʦʥʠʟʘʮʠʠ Staphylococcus epidermidis 

[2]. ʇʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʤʝʞʤʠʢʨʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʘʢʨʦʦʨʛʘʥʠʟʤ 

ʥʫʞʜʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʭʦʣʝʩʪʝʨʠʥ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘ ʢʠʥʝʪʠʢʫ 

ʨʦʩʪʘ S. epidermidis. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥ ʰʪʘʤʤ S. epidermidis ʠʟ ʢʦʣʣʝʢʮʠʠ 

ɸʊʉʉ, ʢʦʪʦʨʳʡ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʤʷʩʦ-ʧʝʧʪʦʥʥʦʤ ʙʫʣʴʦʥʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0, 3, 5, 7 ʠ  9 ʤʤʦʣʴ/ʣ. ɺ ʪʝʯʝʥʠʝ 24ʯ  ʢʘʞʜʳʡ 

ʯʘʩ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʙʫʣʴʦʥʘ ʧʨʠ 580 ʥʤ.  

ʂʦʥʮʝʥʪʨʘʮʠʶ ʭʦʣʝʩʪʝʨʠʥʘ ʦʧʨʝʜʝʣʷʣʠ ʚ ʧʨʦʙʘʭ ʧʝʨʝʜ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝʤ ʠ ʧʦʩʣʝ ʥʝʛʦ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʭʦʣʝʩʪʝʨʠʥʘ ʚ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʤʝʪʦʜ ʩ ʧʦʤʦʱʴʶ 

ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ ɿɸʆ "ɺʝʢʪʦʨ-ɹʝʩʪ". ɼʝʪʝʢʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʩ ʧʦʤʦʱʴʶ ʧʣʘʥʰʝʪʥʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ChroMate (Awareness 

Technology Inc., USA). ʇʨʠʥʮʠʧ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʘ ʵʬʠʨʳ ʭʦʣʝʩʪʝʨʠʥʘ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʭʦʣʝʩʪʝʨʠʥ ʠ 

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ. ɼʘʣʝʝ ʭʦʣʝʩʪʝʨʠʥ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʭʦʣʝʩʪʝʨʠʥʦʢʩʠʜʠʩʤʫʪʘʟʳ ʜʘʝʪ ʦʢʨʘʰʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʧʝʨʝʢʠʩʴ 

ʚʦʜʦʨʦʜʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʨʦʙʝ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʶʪ 

ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʥʦʛʦ ʚʘʨʠʘʥʪʘ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ S. epidermidis ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʧʨʦʙʘʭ ʩʫʱʝʩʪʚʝʥʥʦ 
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ʥʝ ʠʟʤʝʥʠʣʩʷ. ʊʘʢ, ʜʦ ʠʥʢʫʙʘʮʠʠ ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ ʙʳʣ 0,19Ñ0,16, ʘ 

ʧʦʩʣʝ 0,37Ñ0,24 ʤʤʦʣʴ/ʣ (p>0,05). ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʙʘʭ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ 

S. epidermidis, ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʦʣʝʩʪʝʨʠʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʥʝ 

ʠʟʤʝʥʠʣʘʩʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʩʘʤʦʨʘʟʨʫʰʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ S. 

epidermidis ʭʦʣʝʩʪʝʨʠʥ ʝʶ ʥʝ ʦʙʣʘʜʘʣ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ.  

ʇʦʢʘʟʘʥʘ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ ʦʪ ʫʨʦʚʥʷ ʭʦʣʝʩʪʝʨʠʥʘ (ʈʠʩʫʥʦʢ).  

 

 
ʈʠʩʫʥʦʢ. ʂʠʥʝʪʠʢʘ ʨʦʩʪʘ S. epidermidis ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʦʣʝʩʪʝʨʠʥʘ (ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ ʝʜʠʥʠʮʳ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ï ʯʘʩʳ) 

ʉʪʘʮʠʦʥʘʨʥʘʷ ʬʘʟʘ ʫ ʪʝʩʪ-ʰʪʘʤʤʘ ʥʘʯʠʥʘʝʪʩʷ ʩ 11 ʯʘʩʘ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʥʘʩʪʫʧʣʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʘʟʳ ʟʘʪʷʛʠʚʘʝʪʩʷ. ʊʘʢ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ 5 ʤʤʦʣʴ/ʣ ʵʪʘ 

ʬʘʟʘ ʥʘʯʠʥʘʝʪʩʷ ʩ 15 ʯʘʩʘ, ʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 7 ʤʤʦʣʴ/ʣ ʦʥʘ ʥʝ ʥʘʯʘʣʘʩʴ 

ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʦʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʢʣʶʯʝʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʤʝʪʘʙʦʣʠʟʤ ʩʪʘʬʠʣʦʢʦʢʢʘ, ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩʠʥʪʝʟʘ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʚʝʜʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ S. epidermidis 

ʥʝ ʤʝʪʘʙʦʣʠʟʠʨʫʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʭʦʣʝʩʪʝʨʠʥ. ʆʜʥʘʢʦ, ʨʦʩʪʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʰʪʘʤʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʶʪʩʷ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɻʦʜʦʚʘʣʦʚ ɸ.ʇ., ʅʠʢʫʣʠʥʘ ɽ.ɸ., ʆʞʛʠʙʝʩʦʚ ɻ.ʇ., ɹʳʢʦʚʘ ʃ.ʇ., 

ʃʘʨʠʥ ɸ.ʕ., ʃʘʨʠʥʘ ʇ.ʄ. ʀʟʤʝʥʝʥʠʝ ʤʠʢʨʦʙʠʦʮʝʥʦʟʘ ʪʦʣʩʪʦʛʦ ʢʠʰʝʯʥʠʢʘ 

ʧʨʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʚʳʟʚʘʥʥʳʭ Staphylococcus aureus // 

Cʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʫʯʘʩʪʥʠʢʦʚ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 
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ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʬʠʣʦʢʦʢʢʦʚ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ 

ʩʪʘʮʠʦʥʘʨʘʭ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ // ɾʄʕʀ. ï 2001. ï ˉ3. ï ʉ. 95-99. 

 

ɼʀʅɸʄʀʂɸ ɺʆʉʉʊɸʅʆɺʃɽʅʅʓʍ ʅɽʆʈɻɸʅʀʏɽʉʂʀʍ 

ʉʆɽɼʀʅɽʅʀʁ ʉɽʈʓ (SO3
2-, H2S) ɺ ɸʕʈʆɹʅʆ ʈɸʉʊʋʑʀʍ 

ʂʋʃʔʊʋʈɸʍ ESCHERICHIA COLI ʇʈʀ ʉʊʈɽʉʉɸʍ  

ʀ ɼɽʁʉʊɺʀʀ ɸʅʊʀɹʀʆʊʀʂʆɺ 

 

ʋʰʘʢʦʚ ɺʘʜʠʤ ʖʨʴʝʚʠʯ1,2, ʉʤʠʨʥʦʚʘ ɻʘʣʠʥʘ ɺʘʩʠʣʴʝʚʥʘ 2, 

ʆʢʪʷʙʨʴʩʢʠʡ ʆʣʝʛ ʅʠʢʦʣʘʝʚʠʯ249 

 
1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʠʦʣʳ, ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ, ʘʥʪʠʙʠʦʪʠʢʠ, 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ 

 

ɸʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʨʦʩʪʝ ʙʘʢʪʝʨʠʡ ʚʩʣʝʜʩʪʚʠʝ ʩʣʫʯʘʡʥʦʛʦ ʦʜʥʦ- ʠʣʠ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ, ʪʘʢ ʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʷʜʘ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ 

(ʘʥʪʠʙʠʦʪʠʢʠ, ʦʩʤʦʪʠʯʝʩʢʠʡ ʰʦʢ, ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʛʦʣʦʜʘʥʠʝ ʠ ʜʨ.). ɸʌʂ ʦʧʘʩʥʳ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ 

ʩʧʦʩʦʙʥʳ ʧʦʚʨʝʞʜʘʪʴ ʚʩʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʚʢʣʶʯʘʷ ɼʅʂ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʚ ʢʣʝʪʢʝ ʩʫʧʝʨʦʢʩʠʜʥʳʡ ʨʘʜʠʢʘʣ (ʆ2
-) ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ (ʅ2ʆ2, .ʆʅ) 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʢʘʪʘʣʘʟʘʤʠ ʠ 

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʝ ʤʦʛʫʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʪʠʦʣʳ (ʛʣʫʪʘʪʠʦʥ, ʪʠʦʨʝʜʦʢʩʠʥ) ʠ ʜʨʫʛʠʝ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ,  ʪʘʢʠʝ ʢʘʢ ʫʙʠʭʠʥʦʥʳ ʠ ʪʦʢʦʬʝʨʦʣʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʦʡʥʳʝ ʤʫʪʘʥʪʳ E. coli sodAsodB ʧʦ ʦʙʝʠʤ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘʤ Mn-SOD ʠ Fe-SOD 

ʥʘʢʘʧʣʠʚʘʶʪ ʚ ʩʨʝʜʝ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʣʴʬʠʪʘ (SO3
2-), 

ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʩʠʥʪʝʟʝ ʮʠʩʪʝʠʥʘ, ʠ ʥʝ 

ʨʘʩʪʫʪ ʚ ʦʪʩʫʪʩʪʚʠʠ ʵʢʟʦʛʝʥʥʦʛʦ ʮʠʩʪʝʠʥʘ. ɺʳʪʝʢʘʥʠʝ ʩʫʣʴʬʠʪʘ ʫ ʵʪʠʭ 

                                                           
É ʋʰʘʢʦʚ ɺ.ʖ., ʉʤʠʨʥʦʚʘ ɻ.ɺ., ʆʢʪʷʙʨʴʩʢʠʡ ʆ.ʅ., 2018 
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ʤʫʪʘʥʪʦʚ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. 

ʆʜʥʘʢʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʠʪʘ ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʱʠʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʩʠʥʪʝʟ ʮʠʩʪʝʠʥʘ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʚ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ, ʷʚʣʷʶʱʝʡʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʣʘʜʘʶʱʠʡ 

ʚʳʩʦʢʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩʫʣʴʬʠʪ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʬʫʥʢʮʠʠ ʚ ʩʨʝʜʝ, ʚʩʪʫʧʘʷ ʚ ʨʝʘʢʮʠʶ ʩ ʚʥʝʢʣʝʪʦʯʥʳʤʠ 

ʦʢʩʠʜʘʥʪʘʤʠ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʠʭ ʥʝʡʪʨʘʣʠʟʘʮʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʨʫʛʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʝʨʳ ï ʩʝʨʦʚʦʜʦʨʦʜ (ʅ2S), ʧʨʦʜʫʮʠʨʫʝʤʦʝ 

ʙʘʢʪʝʨʠʷʤʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʷʜʘ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʧʨʦʷʚʣʷʝʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʵʬʬʝʢʪ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʦʚʳʰʝʥʠʶ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʢʣʝʪʦʢ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʜʠʥʘʤʠʢʝ SO3
2- ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʢʪʝʨʠʠ E. 

coli BW25113 ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʪʠʧʘ ʠ ʜʝʣʝʮʠʦʥʥʳʝ ʤʫʪʘʥʪʳ ʧʦ ʛʝʥʘʤ, 

ʢʦʜʠʨʫʶʱʠʤ ʧʝʨʚʳʡ ʬʝʨʤʝʥʪ ʩʠʥʪʝʟʘ ʛʣʫʪʘʪʠʦʥʘ JW2663(gshA), 

ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʫʶ Cu,Zn-ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʫ JW1638 (sodC), Mn-

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʫ JW3879 (sodA), ʤʝʥʘʭʠʥʦʥ JW3901 (menA), 

ʢʘʪʘʣʘʟʫ HPI JW3914 (katG), ʘ ʪʘʢ ʞʝ ʜʚʦʡʥʦʡ ʤʫʪʘʥʪ NM451 

(sodCgshA). ʇʨʦʜʫʢʮʠʶ ʩʫʣʴʬʠʪʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ, ʦʧʠʩʘʥʥʦʤʫ 

Leinweber et al, 1987. 

ʄʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʠʪʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʘʵʨʦʙʥʦʤ 

ʨʦʩʪʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʡ 

ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʪʠʧʘ (0.49 Ñ 0.07 ÕM). ɺ ʜʨʫʛʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʘʭ 

E. coli ʙʘʟʦʚʳʡ ʫʨʦʚʝʥʴ SO3
2-  ʟʘʚʠʩʝʣ ʦʪ ʭʘʨʘʢʪʝʨʘ ʤʫʪʘʮʠʠ ʠ 

ʚʘʨʴʠʨʦʚʘʣ ʦʪ 0.96 Ñ 0.03 (ÕM) ʫ E. coli gshA ʜʦ 1.87 Ñ 0.07 (ÕM) ʫ 

ʜʚʦʡʥʦʛʦ ʤʫʪʘʥʪʘ sodCgshA. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʠʪʘ ʚ ʤʫʪʘʥʪʘʭ sodC ʠ 

menA ʩʦʩʪʘʚʣʷʣʘ 1.05 Ñ 0.03 ÕM ʠ 1.13 Ñ 0.03 ÕM, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʝʬʠʮʠʪ GSH ʠ ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʦʡ SOD ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʫʩʢʦʨʝʥʥʦʤʫ ʚʳʪʝʢʘʥʠʶ ʩʫʣʴʬʠʪʘ ʠʟ ʢʣʝʪʦʢ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥ, ʪʘʢ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʩʪʨʘʪʝʛʠʝʡ ʟʘʱʠʪʳ ʙʘʢʪʝʨʠʡ ʦʪ ʜʝʡʩʪʚʠʷ ɸʌʂ. 

ɼʠʥʘʤʠʢʘ ʫʨʦʚʥʷ ʵʢʩʪʨʘʢʣʝʪʦʯʥʦʛʦ ʩʫʣʴʬʠʪʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ 

ʩʨʝʜʫ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʘʥʪʠʙʠʦʪʠʢʘ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ ʟʘʚʠʩʝʣʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʪʠʙʠʦʪʠʢʘ ʠ ʥʘʣʠʯʠʷ ʤʫʪʘʮʠʠ. ʆʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ 

ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʪʠʧʘ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʦʤ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.3 Õg/ml ʠ 3 

Õg/ml ʧʨʠʚʦʜʠʣʘ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ SO3
2- ʥʘ 25% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ ʟʘ 30 ʠ 5 ʤʠʥ ʵʢʩʧʦʟʠʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʢʫʣʴʪʫʨʘʭ gshA ʥʝ ʚʳʷʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦʛʦ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʩʫʣʴʬʠʪʘ 

ʧʨʠ ʜʝʡʩʪʚʠʠ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ. 

ɹʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʦʟʦʡ ʅ2ʆ2, 

ʜʦʙʘʚʣʝʥʥʦʡ ʚ ʩʨʝʜʫ, ʠ ʫʨʦʚʥʝʤ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʩʫʣʴʬʠʪʘ: 4.2, 3.6 ʠ 3.1 

ÕM/OD600 ʩʫʣʴʬʠʪʘ ʥʘ 70 ʤʠʥʫʪʝ ʠʥʢʫʙʘʮʠʠ ʙʘʢʪʝʨʠʡ wt ʩ 100 ÕM, 1 ʤʄ 

ʠ 2 ʤʄ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʩʫʣʴʬʠʪʘ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʧʨʝʜʦʙʨʘʙʦʪʢʦʡ ʨʘʩʪʫʱʠʭ ʢʣʝʪʦʢ E. coli SO3
2- (100 ÕM) ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ ʵʢʚʠʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ H2O2 ʠʣʠ 0.1 ʤʄ 

ʤʝʥʘʜʠʦʥʦʤ. ɿʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʵʢʟʦʛʝʥʥʦʛʦ SO3
2- ʧʨʠ ʜʝʡʩʪʚʠʠ H2O2 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʪʦʣʴʢʦ ʫ ʰʪʘʤʤʘ, ʜʝʬʠʮʠʪʥʦʛʦ ʧʦ ʢʘʪʘʣʘʟʝ HPI 

(katG). ʆʙʨʘʙʦʪʢʘ ʙʘʢʪʝʨʠʡ SO3
2- (100 ÕM) ʧʝʨʝʜ ʚʥʝʩʝʥʠʝʤ ʤʝʥʘʜʠʦʥʘ 

ʜʦʩʪʦʚʝʨʥʦ ʟʘʱʠʱʘʣʘ ʢʣʝʪʢʠ ʫ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʰʪʘʤʤʦʚ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʙʘʢʪʝʨʠʡ wt ʠ gshA ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʢʟʦʛʝʥʥʦʛʦ 

O2
.- ʧʨʠʚʦʜʠʣʦ ʢ ʜʦʩʪʦʚʝʨʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ SO3

2- ʥʘ 20% 

ʫ ʙʘʢʪʝʨʠʡ gshA ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʝʪʢʘʤʠ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʪʠʧʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʩʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ 

ʩʠʩʪʝʤ ʠ ʫʨʦʚʥʝʤ ʩʫʣʴʬʠʪʘ ʚ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʩʫʣʴʬʠʪʘ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʦʢʩʠʜʘʥʪʘʤʠ ʠ 

ʦʢʘʟʳʚʘʪʴ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʠ ʩʫʧʝʨʦʢʩʠʜʥʦʤ ʩʪʨʝʩʩʝ.  

ʅʘʤʠ ʪʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ 

(ʅ2S) ʚ ʘʵʨʦʙʥʦ ʨʘʩʪʫʱʠʭ ʢʫʣʴʪʫʨʘʭ ʙʘʢʪʝʨʠʡ E. coli, ʚ ʫʩʣʦʚʠʷʭ 

ʧʝʨʦʢʩʠʜʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ ʚʘʣʠʥʦʤ ʠ ʨʷʜʦʤ 

ʘʥʪʠʙʠʦʪʠʢʦʚ (ʮʠʧʨʦʬʣʦʢʩʘʮʠʥ, ʭʣʦʨʘʤʬʝʥʠʢʦʣ, ʪʝʪʨʘʮʠʢʣʠʥ, 

ʩʪʨʝʧʪʦʤʠʮʠʥ, ʘʤʧʠʮʠʣʣʠʥ, ʢʘʥʘʤʠʮʠʥ).  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʢʪʝʨʠʠ E. coli 

BW25113 ʜʠʢʦʛʦ ʪʠʧʘ ʠ ʜʝʣʝʮʠʦʥʥʳʝ ʤʫʪʘʥʪʳ ʧʦ ʛʝʥʘʤ, ʢʦʜʠʨʫʶʱʠʤ 

ʧʝʨʚʳʡ ʬʝʨʤʝʥʪ ʩʠʥʪʝʟʘ ʛʣʫʪʘʪʠʦʥʘ JW2663(gshA), CuZn-

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʫ JW1638 (sodC), ʢʘʪʘʣʘʟʫ HPI JW3914 (katG), 

ʙʝʣʦʢ-ʨʝʛʫʣʷʪʦʨ SoxS JW4023(soxS), ʪʨʘʥʩʧʦʨʪʝʨ GSH AN2343 (cydD), 

ʙʝʣʦʢ-ʨʝʛʫʣʷʪʦʨ OxyR JW3933 (oxyR), ʨʝʛʫʣʷʪʦʨ SOS-ʦʪʚʝʪʘ RelA 

JW2755 (relA) ʠ ʜʚʦʡʥʦʡ ʤʫʪʘʥʪ NM4861 (relAgshA). ʐʪʘʤʤ NM4861 

(relAgshA) ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʛʝʥʝʪʠʢʠ ʠ ʬʠʟʠʦʣʦʛʠʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʇʌʀʎ ʋʨʆ ʈɸʅ. ʀʟʤʝʨʝʥʠʝ ʧʨʦʜʫʢʮʠʠ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʠʢʦʡ, ʦʧʠʩʘʥʥʦʡ ʫ Shatalin et al., 2011.  

ʇʨʦʜʫʢʮʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʦʩʪʝ E. coli ʥʘ ʩʨʝʜʝ 

M9 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʟʘʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʟʘʚʠʩʝʣʘ ʦʪ ʭʘʨʘʢʪʝʨʘ ʤʫʪʘʮʠʠ: 

ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʫ ʤʫʪʘʥʪʦʚ cydD, soxS, katG ʠ 

sodC,, ʤʘʢʩʠʤʘʣʴʥʳʡ - ʫ ʙʘʢʪʝʨʠʡ, ʣʠʰʝʥʥʳʭ ʛʣʫʪʘʪʠʦʥʘ ʠ ʙʝʣʢʘ-

ʨʝʛʫʣʷʪʦʨʘ OxyR. ɺ ʦʪʩʫʪʩʪʚʠʝ ʢʘʟʘʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʧʨʦʜʫʢʮʠʠ H2S ʫ 

ʵʪʠʭ ʤʫʪʘʥʪʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ.  

ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʅ2S ʫ 

ʙʘʢʪʝʨʠʡ E. coli ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʰʪʘʤʤʘ ʠ ʤʫʪʘʥʪʦʚ ʧʦ ʩʠʥʪʝʟʫ 

ʛʣʫʪʘʪʠʦʥʘ, ʧʨʠ ʦʩʪʘʥʦʚʢʝ ʨʦʩʪʘ, ʚʳʟʚʘʥʥʦʡ ʠʩʯʝʨʧʘʥʠʝʤ ʛʣʶʢʦʟʳ ʚ 

ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʇʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʪʘʢʞʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʫʪʘʥʪʥʳʭ ʢʣʝʪʦʢ gshɸ, relA, 

relAgshA ʚʘʣʠʥʦʤ (0.5 ʤʛ/ʤʣ), ʥʦ ʦʪʩʫʪʩʪʚʦʚʘʣʦ ʫ ʙʘʢʪʝʨʠʡ ʜʠʢʦʛʦ ʪʠʧʘ. 

ʆʙʨʘʙʦʪʢʘ ʤʫʪʘʥʪʦʚ gshɸ, relA, relAgshA ʭʣʦʨʘʤʬʝʥʠʢʦʣʦʤ, 
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ʪʝʪʨʘʮʠʢʣʠʥʦʤ ʠ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʦʤ ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʜʫʢʮʠʠ ʅ2S, ʯʝʛʦ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʙʘʢʪʝʨʠʡ wt. ɼʦʙʘʚʣʝʥʠʝ ʢ 

ʨʘʩʪʫʱʠʤ ʢʫʣʴʪʫʨʘʤ ʩʪʨʝʧʪʦʤʠʮʠʥʘ, ʢʘʥʘʤʠʮʠʥʘ ʠ ʘʤʧʠʮʠʣʣʠʥʘ ʥʝ 

ʚʳʟʳʚʘʣʦ ʚʳʭʦʜʘ ʅ2S ʫ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ. 

ʇʨʦʜʫʢʮʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʰʪʘʤʤʦʚ H2O2 (1ʤʄ). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ ʩʫʣʴʬʠʜʘ ʧʨʠ ʩʪʨʝʩʩʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʨʝʜʳ, ʪʠʧʘ 

ʩʪʨʝʩʩʘ ʠ ʥʘʣʠʯʠʷ ʤʫʪʘʮʠʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘʤʠ ʇʨʦʛʨʘʤʤʳ 

ʋʨʆ ʈɸʅ (ʥʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ AAAA-A18-118041890005-1), ʈʌʌʀ 

ˉ16-04-00762 ʠ ʛʨʘʥʪʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʄʂ-3376.2018.4 

 

ʋʏɸʉʊʀɽ ɻɽʅʆɺ ʉʊɸʎʀʆʅɸʈʅʆʁ ʌɸɿʓ rpoS, rmf, relA  

ʀ spoT ɺ ɹɸʂʊɽʈʀɸʃʔʅʆʁ ʇɽʈʉʀʉʊɽʅʎʀʀ 

 

ʍʘʦʚʘ ɽ.ɸ.1,2, ʂʘʰʝʚʘʨʦʚʘ ʅ.ʄ.1, ʐʫʤʢʦʚ ʄ.ʉ.3, ʉʠʜʦʨʦʚ ʈ.ʖ.2, 

ʊʢʘʯʝʥʢʦ ɸ.ɻ.1,250 

 

1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ  

3ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʠ ʠʤ. ɹʘʭʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

 

ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʧʝʨʩʠʩʪʝʥʮʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʨʝʮʠʜʠʚʦʚ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʗʚʣʝʥʠʝ ʧʝʨʩʠʩʪʝʥʮʠʠ 

ʩʚʷʟʳʚʘʶʪ ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʦʙʱʝʛʦ ʩʪʨʝʩʩʦʨʥʦʛʦ ʦʪʚʝʪʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ [1]. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʮʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʨʦʣʠ ʛʝʥʦʚ rpoS, 

rmf, relA ʠ spoʊ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʘʜʘʧʪʘʮʠʠ ʢ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ, ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʨʩʠʩʪʦʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʝʣʴʥʦʤ ʦʨʛʘʥʠʟʤʝ Escherichia 

coli ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ LB.  ɼʣʷ 

ʵʪʦʛʦ ʠʟʫʯʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʩʠʩʪʦʦʙʨʘʟʦʚʘʥʠʶ ʢʣʝʪʦʢ 

ʨʦʜʠʪʝʣʴʩʢʦʛʦ, ʜʠʢʦʛʦ ʰʪʘʤʤʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʝʪʢʘʤʠ ʥʦʢʘʫʪʥʳʭ 

ʰʪʘʤʤʦʚ ʧʦ ʠʩʩʣʝʜʫʝʤʳʤ ʛʝʥʘʤ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ɼʘʮʝʥʢʦ-ɺʦʥʥʝʨʘ [2]. ʕʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ 

ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʰʪʘʤʤʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

                                                           
É ʍʘʦʚʘ ɽ.ɸ., ʂʘʰʝʚʘʨʦʚʘ ʅ.ʄ., ʐʫʤʢʦʚ ʄ.ʉ., ʉʠʜʦʨʦʚ ʈ.ʖ.,  

ʊʢʘʯʝʥʢʦ ɸ.ɻ., 2018 
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ʩʦʚʤʝʱʝʥʥʦʡ ʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ lacZ-ʩʣʠʷʥʠʡ [3, 4].  

ʉʦʛʣʘʩʥʦ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ [5], ʰʪʘʤʤ ærpoS 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʧʝʨʩʠʩʪʝʥʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʨʦʜʠʪʝʣʴʩʢʠʤ ʰʪʘʤʤʦʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʩʪʘʮʠʦʥʘʨʥʫʶ ʬʘʟʫ ʨʦʩʪʘ (ʨʠʩ. 

1ɸ). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦʙ ʫʨʦʚʥʝ ʵʢʩʧʨʝʩʩʠʠ rpoS, 

ʜʦʩʪʠʛʘʶʱʝʛʦ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʚ ʵʪʦʪ ʧʝʨʠʦʜ (6-8 ʯ), ʘ ʪʘʢʞʝ ʚ 

ʧʦʟʜʥʝʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ (72 ʯ) (ʨʠʩ. 1ɹ). ʄʫʪʘʥʪʳ ærmf, ærelA ʠ 

ærelAæspoT ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ 

ʧʝʨʩʠʩʪʝʥʮʠʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ (ʩ 24 ʯ) (ʨʠʩ. 1ɺ, 2ɸ, 2ɹ).  ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ relA ʠ spoT ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ ʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʩʪʘʮʠʦʥʘʨʥʫʶ ʬʘʟʫ (ʨʠʩ. 2).  

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʥʦʢʘʫʪʦʚ ʛʝʥʦʚ rpoS (ɸ) ʠ rmf (ɺ) ʥʘ ʯʘʩʪʦʪʫ 

ʧʝʨʩʠʩʪʝʥʮʠʠ E. coli ʠ ʫʨʦʚʥʠ ʵʢʩʧʨʝʩʩʠʠ ʜʘʥʥʳʭ ʛʝʥʦʚ ʥʘ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʤ ʫʨʦʚʥʝ (ɹ, ɻ) 

ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ (8-24 ʯ) ʤʘʢʩʠʤʫʤ ʵʢʩʧʨʝʩʩʠʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʘʢʞʝ rmf 

(ʨʠʩ. 1ɻ). ɺʦʟʤʦʞʥʦ, ʘʢʪʠʚʘʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʛʝʥʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʘʟʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʪʨʘʥʩʣʷʮʠʦʥʥʦʤ ʫʨʦʚʥʝ, ʢʘʢ 

ʨʘʥʝʝ ʥʘʤʠ ʧʦʢʘʟʘʥʦ ʚ ʩʣʫʯʘʝ ʩ rmf [5]. 
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ʈʠʩ. 2. ʈʦʣʴ ʛʝʥʦʚ relA (ɸ) ʠ spoT (ɹ) ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʝʨʩʠʩʪʦʨʦʚ E. coli 

ɺ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʘʟʝ ʫ ʤʫʪʘʥʪʦʚ ærelA ʠ ærelAæspoT 

ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʪʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʥʝ 

ʨʘʟʜʝʣʠʚʰʠʭʩʷ ʢʣʝʪʦʢ [6], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʥʠʤʦʤʫ ʟʘʚʳʰʝʥʠʶ 

ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʧʝʨʩʠʩʪʝʥʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʰʪʘʤʤʦʤ 

ʚ ʵʪʦʪ ʧʝʨʠʦʜ (ʈʠʩ. 2). ʆʜʥʘʢʦ ʨʘʟʜʝʣʝʥʠʝ ʥʠʪʝʡ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʣʝʪʢʠ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʩʪʘʮʠʦʥʘʨʥʫʶ ʬʘʟʫ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʢʪʠʚʥʦ 

ʚʳʷʚʠʪʴ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʧʝʨʩʠʩʪʦʨʥʳʭ ʢʣʝʪʦʢ ʚ ʥʦʢʘʫʪʥʳʭ ʰʪʘʤʤʘʭ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʜʘʥʥʳʭ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʤʝʪʦʜʘʤʠ ʨʝʧʦʨʪʝʨʥʳʭ ʛʝʥʥʳʭ 

ʩʣʠʷʥʠʡ ʠ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʩʦʚʤʝʱʝʥʥʦʡ ʩ ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʮʠʝʡ, ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʫʪʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʩʪʘʥʦʚʣʝʥʦ ʫʯʘʩʪʠʝ ʛʝʥʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ rpoS, rmf, relA ʠ spoʊ ʚ 

ʧʝʨʩʠʩʪʝʥʮʠʠ E. coli 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 01201353249), ʘ ʪʘʢʞʝ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ɸʜʤʠʥʠʩʪʨʘʮʠʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ (ʧʨʦʝʢʪ ˉ16-44-

590279 ʨ_ʘ). 
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ʍʈʆʄɸʊʆɻʈɸʌʀʏɽʉʂʀʁ ɸʅɸʃʀɿ  

ʀ ʂʀʅɽʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ 

ɹʀʆɼɽʉʊʈʋʂʎʀʀ ɸʎɽʊʀʃʉɸʃʀʎʀʃʆɺʆʁ ʂʀʉʃʆʊʓ 

 

ʍʨʝʥʢʦʚ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ1, ɺʠʭʘʨʝʚʘ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ1
, 

ʈʳʯʢʦʚʘ ʄʘʨʠʥʘ ʀʚʘʥʦʚʥʘ2, ʉʝʣʷʥʠʥʦʚ ɸʣʝʢʩʘʥʜʨ ɸʥʘʪʦʣʴʝʚʠʯ351 

 
1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʠ, 

ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ  

3ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ, ʙʠʦʜʝʩʪʨʫʢʮʠʷ, 

ʨʦʜʦʢʦʢʢʠ, ɺʕɾʍ, ʢʠʥʝʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 

ʌʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʦʣʣʶʪʘʥʪʳ (ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʠʭ 

ʤʝʪʘʙʦʣʠʪʳ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʧʦʯʚʝ ʠ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʋʛʨʦʟʘ ʜʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʵʤʙʨʠʦʪʦʢʩʠʯʝʩʢʠʤ, ʥʝʡʨʦʪʦʢʩʠʯʝʩʢʠʤ ʠ ʤʫʪʘʛʝʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜʘʭ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʝʩʪʝʨʦʠʜʥʳʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʤʠʨʦʚʦʡ ʤʝʜʠʮʠʥʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ (ɸʉʂ) [1,2]. ʉʚʝʜʝʥʠʷ ʦ 

ʧʦʚʝʜʝʥʠʠ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʈʘʥʝʝ ʥʘʤʠ ʧʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ ʨʦʜʘ Rhodococcus ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ɸʉʂ ʚ ʚʠʜʝ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʩʫʙʩʪʘʥʮʠʠ [3]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚʳʷʚʣʝʥʳ ʧʠʨʦʢʘʪʝʭʠʥ ʠ ʮʠʩ,ʮʠʩ-ʤʫʢʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ. ʇʦʠʩʢ ʫʩʣʦʚʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ɸʉʂ ʚ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʩʨʝʜʘʭ ʨʦʜʦʢʦʢʢʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʢʫ 

                                                           
É ʍʨʝʥʢʦʚ ɸ.ʅ., ɺʠʭʘʨʝʚʘ ɽ.ɺ., ʈʳʯʢʦʚʘ ʄ.ʀ., ʉʝʣʷʥʠʥʦʚ ɸ.ɸ., 2018 
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ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʮʝʥʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʜʘʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʩʣʦʞʥʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ ʠ ʩʪʝʧʝʥʴ ʝʛʦ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ɸʉʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩ, ʪʦ ʘʥʘʣʠʟ ʥʝʢʦʪʦʨʳʭ ʢʣʶʯʝʚʳʭ 

ʘʩʧʝʢʪʦʚ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʝʥ ʩ ʧʦʤʦʱʴʶ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʵʪʦʤ ʷʚʣʷʶʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʩʪʨʫʢʪʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʠ ʚʨʝʤʷ ʝʛʦ ʦʢʦʥʯʘʥʠʷ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ɸʉʂ ʚ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʩʨʝʜʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʙʠʦʜʝʩʪʨʫʢʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʜʝʩʪʨʫʢʪʦʨʘ ɸʉʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤ R. jostii 

ʀʕɻʄ 60, ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʠʟ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʚ ʈʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ 

ʘʣʢʘʥʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʘʢʨʦʥʠʤ ʢʦʣʣʝʢʮʠʠ IEGM, WDCM # 

768, www.iegmcol.ru/strains). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ɸʉʂ ʚ 

ʚʠʜʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʩʫʙʩʪʘʥʮʠʠ (Shandong Xinhua Pharmaceuticals 

Co.Ltd, ʂʠʪʘʡ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,01%, 0,02%, 0,03%, 0,04% ʠ 0,25% 

ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (160 ʦʙ/ʤʠʥ) ʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʨʝʜʝ RS ʚ ʢʦʣʙʘʭ ʕʨʣʝʥʤʝʡʝʨʘ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 250 ʤʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 28 ÜC. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬ Shimadzu LC Prominenceè (Shimadzu, 

ʗʧʦʥʠʷ), ʩʥʘʙʞʝʥʥʳʡ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʦʡ Luna 5u ʉ 18 100ɸ 

250Ĭ4,6 ʤʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʉʂ ʚ 

ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʩʨʝʜʘʭ ʨʦʜʦʢʦʢʢʦʚ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: ʧʦʜʚʠʞʥʘʷ ʬʘʟʘ ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨʥʳʡ 

ʨʘʩʪʚʦʨ (ʨʅ 3) ï ʘʮʝʪʦʥʠʪʨʠʣ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 7:3, ʨʝʞʠʤ ʵʣʶʠʨʦʚʘʥʠʷ ï 

ʠʟʦʢʨʘʪʠʯʝʩʢʠʡ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʵʣʶʝʥʪʘ ï 1 ʤʣ/ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʣʦʥʢʠ ï 40ęʉ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 230 ʠ 240 ʥʤ, ʦʙʲʝʤ 

ʚʚʦʜʠʤʦʡ ʧʨʦʙʳ ï 10 ʤʢʣ.  

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ɸʉʂ ʧʨʠ 

ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 0,01% ʩʦʦʪʚʝʪʩʪʚʫʝʪ 3 

ʩʫʪʢʘʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʉʂ ʩ 0,01% ʜʦ 0,25% 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ʜʦ 30 ʩʫʪ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʢʦʨʦʩʪʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ɸʉʂ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʘʤʝʪʨ k ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

/ dx dt kx=- ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ x0 = 100% ʧʨʠ t = 0, ʢʦʪʦʨʦʝ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ x ʧʨʠ 
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ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʨʷʜʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʦʛʣʘʩʥʦ 

ʚʳʨʘʞʝʥʠʶ t1/2 = ln(2)/k ʦʧʨʝʜʝʣʷʣʠ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ɸʉʂ ʧʨʠ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʜʣʷ ʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʉʂ 

ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ɿʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ k ʩʢʦʨʦʩʪʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ɸʉʂ 100, 300 ʠ 400 ʤʛ/ʣ ʩʦʩʪʘʚʠʣʠ 1,573, 1,555 ʠ 1,667 ʩʫʪ-1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʚʳʰʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 2,5 ʛ/ʣ 

ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʦ 

0,0391 ʩʫʪ-1. ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ t1/2 ʩʦʩʪʘʚʠʣ 0,440, 0,445 ʠ 0,416 ʩʫʪʦʢ 

ʧʨʠ ʤʘʣʳʭ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ɸʉʂ. ʇʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ɸʉʂ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ ʜʦʩʪʠʛʣʦ 17,75 ʩʫʪ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʉʂ ʚ ʫʢʘʟʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʧʘʨʘʤʝʪʨ ʩʢʦʨʦʩʪʠ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ ɸʉʂ ʫʤʝʥʴʰʠʣʩʷ ʚ 40 ʨʘʟ, ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ 

ʫʚʝʣʠʯʠʣʩʷ ʚ ʪʘʢʦʝ ʞʝ ʯʠʩʣʦ ʨʘʟ. ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʚʳʚʦʜʳ ʧʦ ʢʠʥʝʪʠʢʝ ʙʠʦʜʝʛʨʘʜʘʮʠʠ 

ɸʉʂ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ.  

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʦʚ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ɸʉʂ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʂʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʋʨʆ ʈɸʅ (ʧʨʦʝʢʪ 18-4-8-21). 
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ɾʀʈʅʆʂʀʉʃʆʊʅʓʁ ʉʆʉʊɸɺ ɻɸʄʄɸʇʈʆʊɽʆɹɸʂʊɽʈʀʁ 

ʉɽʄɽʁʉʊɺɸ HALOMONADACEAE ɺ ʊɽʍʅʆɻɽʅʅʓʍ ɺʆɼɸʍ 

ʅɸ ʊɽʈʈʀʊʆʈʀʀ ɺɽʈʍʅɽʂɸʄʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ʂɸʃʀʁʅʓʍ ʉʆʃɽʁ 

 

ʎʝʱʠʥʩʢʘʷ ɽʢʘʪʝʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ52 

 

çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Halomonas, ʉhromohalobacter, ʢʣʝʪʦʯʥʳʝ 

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʛʘʣʦʬʠʣ 

 

ɺ ʩʦʩʪʘʚ ʢʣʘʩʩʘ Gammaprotobacteria ʚʭʦʜʠʪ ʩʝʤʝʡʩʪʚʦ 

Halomonadaceae, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ, 

ʘʵʨʦʙʥʳʝ ʠ ʬʘʢʫʣʴʪʘʪʠʚʥʦ ʘʥʘʵʨʦʙʥʳʝ, ʫʤʝʨʝʥʦ ʛʘʣʦʬʠʣʴʥʳʝ, 

ʭʝʤʦʦʨʛʘʥʦʪʨʦʬʥʳʝ ʙʘʢʪʝʨʠʠ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʚʳʜʝʣʝʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʤʦʨʝʡ ʠ ʩʦʣʝʥʳʭ ʦʟʝʨ, 

ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʠ ʩʦʣʝʚʘʨʝʥ.  

ʋ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʚ ʩʦʩʪʘʚʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ɾʂ) ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʢʪʘʜʝʮʝʥʦʚʘʷ ʉ18:1, 

ʛʝʢʩʘʜʝʢʘʥʦʚʘʷ ʉ16:0 ʠ ʛʝʢʩʘʜʝʮʝʥʦʚʘʷ ʉ16:1, ʪʠʧʠʯʥʳʝ ʜʣʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʘ 

ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʤʘʷ ʮʠʢʣʦʧʨʦʧʘʥ-ʥʦʥʘʜʝʢʘʥʦʚʘʷ ʉ19:0ʩʫʩlʦ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʤʠ ʦʧʠʩʘʥʳ ʪʨʠ ʰʪʘʤʤʘ ʩʝʤʝʡʩʪʚʘ 

Halomonadaceae: Halomonas boliviensis RS17, ʉhromohalobacter 

japonicus RS93 ʠ ʉhromohalobacter salexigens RS92 ʠʟ ʤʘʪʦʯʥʳʭ 

ʨʘʩʩʦʣʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ 

ʢʘʣʠʡʥʳʭ ʤʠʥʝʨʘʣʦʚ ʬʠʨʤʳ ñʉʠʣʴʚʠʥʠʪò  (ʛ. ʉʦʣʠʢʘʤʩʢ), ʙʳʣʠ 

ʠʟʦʣʠʨʦʚʘʥʳ ʠ [1]. ʆʜʥʘʢʦ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚ ɾʂ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʧʨʦʚʦʜʠʣʩʷ. 

Halomonas boliviensis RS17 ï ʧʩʠʭʨʦʪʨʦʬ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʦʩʪʘ 0-1Üʉ, ʉhromohalobacter salexigens RS92 ï ʤʝʟʦʬʠʣ 

ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʦʩʪʘ 10Üʉ ʠ ʉhromohalobacter japonicus 

RS93 ï ʤʝʟʦʬʠʣ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʦʩʪʘ 15Üʉ. ɺʩʝ ʦʥʠ 

ʷʚʣʷʶʪʷ ʛʘʣʦʪʦʣʝʨʘʥʪʥʳʤʠ, ʫʤʝʨʝʥʥʦ ʛʘʣʦʬʠʣʴʥʳʤʠ, 

ʥʝʡʪʨʦʬʠʣʴʥʳʤʠ ʠ ʘʣʢʘʣʦʪʦʣʝʨʘʥʪʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ. ʃʠʰʴ ʦʜʠʥ 

ʉhromohalobacter salexigens RS92 ʩʧʦʩʦʙʝʥ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʫʛʣʝʚʦʜʳ ʠ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʟʘʧʘʩʥʳʝ ʞʠʨʦʧʦʜʦʙʥʳʝ 

ʚʝʱʝʩʪʚʘ ï ʧʦʣʠʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʳ (ʧʦʣʠʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪ). 
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Halomonas boliviensis RS17 ʚ ʩʦʩʪʘʚʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ʧʨʦʜʫʮʠʨʫʝʪ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ʦʢʪʘʜʝʮʝʥʦʚʘʷ ï ʉ18:1 (47.1%) ʠ ʛʝʢʩʘʜʝʮʝʥʦʚʘʷ ï ʉ16:1 (17.55). ʉʨʝʜʠ 

ʥʘʩʳʱʝʥʥʳʭ ɾʂ ʧʨʝʦʙʣʘʜʘʶʪ: ʛʝʢʩʘʜʝʢʘʥʦʚʘʷ ï ʉ16:0 (17.28), 

ʮʠʢʣʦʧʨʦʧʘʥ-ʥʦʥʘʜʝʢʘʥʦʚʘʷ ï ʉ19:0cyc (15.47).  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ H. boliviensis RS17 ʫ ʜʚʫʭ ʰʪʘʤʤʦʚ 

ʉhromohalobacter ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʢʠʩʣʦʪ 

ʦʢʪʘʜʝʮʝʥʦʚʦʡ ʚ 1.5 ʨʘʟʘ ʠ ʛʝʢʩʘʜʝʮʝʥʦʚʦʡ ʚ 5 ʨʘʟ, ʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚ 2 

ʨʘʟʘ ʩʦʜʝʨʞʘʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ɾʂ. ʄʝʞʜʫ ʩʦʙʦʡ ʵʪʠ ʜʚʘ ʰʪʘʤʤʘ ʧʦ 

ʩʦʩʪʘʚʫ ɾʂ ʪʘʢ ʞʝ ʦʪʣʠʯʘʶʪʩʷ. ʋ ʉ. salexigens RS92 ʚ ʩʦʩʪʘʚʝ ɾʂ 

ʜʦʤʠʥʠʨʫʝʪ ʥʝʥʘʩʳʱʝʥʥʘʷ ï ʉ18:1 (32.8) ʠ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʩʦʜʝʨʞʠʪʩʷ ʉ16:1 (4.93), ʘ ʩʨʝʜʠ ʥʘʩʳʱʝʥʥʳʭ ï ʉ19:0cyc (30.3) ʠ ʉ16:0 

(27.71). ɸ ʫ ʉ. japonicus RS93 ʚ ʩʦʩʪʘʚʝ ɾʂ, ʥʘʦʙʦʨʦʪ ʧʨʝʦʙʣʘʜʘʶʪ 

ʥʘʩʳʱʝʥʥʳʝ ʉ16:0 (36.2), ʉ19:0cyc (30.3) ʠ ʥʝʥʘʩʳʱʝʥʥʘʷ ï ʉ18:1 (25.53).  

ʋ ʚʩʝʭ ʪʨʝʭ ʰʪʘʤʤʦʚ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠ ʚ ʨʘʟʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘʩʳʱʝʥʥʳʝ ɾʂ, ʪʘʢʠʝ ʢʘʢ ʦʢʪʘʜʝʢʘʥʦʚʘʷ 

ï ʉ18:0 (1.01-2.32), ʪʝʪʨʘʜʝʢʘʥʦʚʘʷ ï ʉ14:0 (0.41-0.54) ʠ ʜʦʜʝʢʘʥʦʚʘʷ ï ʉ12:0 

(0.46-1.21). 

ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʘ ɾʂ ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʩʝʤʝʡʩʪʚʦ, ʘ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʣʷ ʢʘʞʜʦʛʦ ʰʪʘʤʤʘ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʩʪʦʷʥʥʦ ʠ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʘʥʘʣʠʟʝ ʩʦʩʪʘʚʘ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʙʝʟ ʠʟʦʣʠʨʦʚʘʥʠʷ ʚ 

ʯʠʩʪʳʭ ʢʫʣʴʪʫʨʘʭ ʢʫʣʴʪʫʨʘʭ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ: 01201353247 çʀʟʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ 

ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʣʝʟʥʳʭ ʜʣʷ ʵʢʦʮʝʥʦʟʦʚ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘè.  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʈʝʫʪʩʢʠʭ ɽ.ʄ. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʛʘʤʤʘʧʨʦʪʝʦʙʘʢʪʝʨʠʡ ʩʝʤʝʡʩʪʚʘ Halomonadaceae ʚ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜʘʭ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ // 

ʉʙʦʨʥʠʢ ʪʝʟ. ʢʦʥʬ. ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʙʠʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠè ʇʝʨʤʴ, 2012. ʉ. 95-

96. 
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ʅʆɺʓʁ ʄɽʊʆɼ ʀʉʉʃɽɼʆɺɸʅʀʗ ʕʌʌɽʂʊɸ 

ʆɻʈɸʅʀʏɽʅʀʗ ʉʂʆʃʔɾɽʅʀʗ ʋ ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ 

 

ʎʳʛʘʥʦʚ ʀʚʘʥ ɺʘʜʠʤʦʚʠʯ1,2, ʅʝʩʪʝʨʦʚʘ ʃʘʨʠʩʘ ʖʨʴʝʚʥʘ1,2,  

ʊʢʘʯʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɻʝʦʨʛʠʝʚʠʯ1,253 

 
1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

2ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʦʙʘʢʪʝʨʠʠ, ʩʢʦʣʴʞʝʥʠʝ, ʘʥʪʠʙʠʦʪʠʢʠ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟ-ʟʘ ʥʝʠʟʙʝʞʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʘʜʘʧʪʘʮʠʠ 

ʙʘʢʪʝʨʠʡ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʫʯʝʥʠʝ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʚʳʞʠʚʘʥʠʝ ʢʦʣʦʥʠʠ, ʪʘʢ ʢʘʢ ʧʦʜʦʙʥʳʝ ʨʝʘʢʮʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʢʘʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʣʝʪʦʢ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ, ʪʘʢ ʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ.  

ʄʠʢʦʙʘʢʪʝʨʠʠ ʜʚʠʞʫʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʩʨʝʜ ʟʘ ʩʯʝʪ 

ʩʢʦʣʴʞʝʥʠʷ. ʕʪʦ ʦʩʦʙʳʡ ʪʠʧ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʣʦʥʠʠ, ʨʝʘʣʠʟʫʝʤʳʡ 

ʙʣʘʛʦʜʘʨʷ ʵʢʩʧʘʥʩʠʚʥʦʡ ʩʠʣʝ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʜʝʣʝʥʠʠ ʢʣʝʪʦʢ [1], ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʩʠʣʳ ʪʨʝʥʠʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʨʝʛʫʣʷʮʠʝʡ 

ʛʣʠʢʦʧʝʧʪʠʜʦʣʠʧʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ [2] ʤʦʣʝʢʫʣʘʤʠ 

(ʨ)ppGpp ʠ c-di-GMP [3]. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʥʝʪʦʢʩʠʯʥʳʝ ʜʣʷ 

ʤʠʢʦʙʘʢʪʝʨʠʡ ʚʝʱʝʩʪʚʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʢʦʣʴʞʝʥʠʶ [4], ʥʦ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʠ ʪʦʢʩʠʯʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʘʥʪʠʙʠʦʪʠʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʫʜʥʦ ʨʘʟʜʝʣʠʪʴ 

ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ ʠ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ 

ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʝʜʩʪʚʠʝʤ ʩʥʠʞʝʥʠʷ, ʢʘʢ ʯʠʩʣʘ ʢʣʝʪʦʢ, ʪʘʢ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  

ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ 

ʚʝʜʝʪʩʷ ʧʦʠʩʢ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʦʢʘʟʳʚʘʪʴ ʜʝʡʩʪʚʠʝ ʥʘ ʪʘʢʠʝ 

ʘʩʧʝʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʪʦʛʝʥʥʳʭ ʠ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʠʦʧʣʝʥʦʢ, 

ʚʠʨʫʣʝʥʪʥʦʩʪʴ, ʨʘʙʦʪʘ QS [5,6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʚʥʦʚʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʜʝʡʩʪʚʠʷ ʥʘ 

                                                           
É ʎʳʛʘʥʦʚ ʀ.ɺ., ʅʝʩʪʝʨʦʚʘ ʃ.ʖ., ʊʢʘʯʝʥʢʦ ɸ.ɻ., 2018 
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ʩʢʦʣʴʞʝʥʠʝ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʠʰʝʥʷʤʠ 

ʜʣʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʛʝʥʳ, ʪʘʢ ʠ ʠʭ ʧʨʦʜʫʢʪʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ 

ʨʝʛʫʣʷʮʠʶ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ ʘʣʘʨʤʦʥ (ʨ)ppGpp, ʩʠʛʥʘʣʴʥʳʡ 

ʥʫʢʣʝʦʪʠʜ  c-di-GMP ʠ ʜʨ. 

ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʣ ʙʳ ʦʪʜʝʣʠʪʴ ʵʬʬʝʢʪ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʦʪ 

ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ, ʢʘʢ ʥʘ 

ʩʢʦʣʴʞʝʥʠʝ, ʪʘʢ ʠ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʢʣʝʪʦʢ ʚ ʩʢʦʣʴʟʷʱʠʭ ʢʦʣʦʥʠʷʭ ʄ. 

smegmatis, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʪʠʙʠʦʪʠʢʠ ʨʠʬʘʤʧʠʮʠʥ, ʩʪʨʝʧʪʦʤʠʮʠʥ ʠ 

ʪʝʪʨʘʮʠʢʣʠʥ, ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʣʠʩʴ ʚ ʧʦʣʫʞʠʜʢʫʶ (0,3% ʘʛʘʨʘ) 

ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ Middlebrook 7H9. 

ɼʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʣʦʱʘʜʠ ʢʦʣʦʥʠʠ ʩ ʥʝʨʦʚʥʳʤʠ ʢʨʘʷʤʠ, 

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ Adobe Photoshop. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʣʠ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʩʢʦʣʴʟʷʱʝʡ ʢʦʣʦʥʠʠ 

ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʢʣʝʪʦʢ, ʤʳ ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʡ ʥʘ 

1 ʤʤ2 ʩʢʦʣʴʟʷʱʝʡ ʢʦʣʦʥʠʠ.  ɼʣʷ ʵʪʦʛʦ ʤʳ ʧʝʨʝʥʦʩʠʣʠ ʢʦʣʦʥʠʶ ʚʤʝʩʪʝ 

ʩ ʘʛʘʨʦʤ ʚ ʤʠʢʨʦʧʨʦʙʠʨʢʫ ʠ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʝʝ, ʧʦʩʣʝ ʯʝʛʦ ʩʯʠʪʘʣʠ 

ʢʣʝʪʢʠ ʚ ʢʘʤʝʨʝ ɻʦʨʷʝʚʘ. ʕʬʬʝʢʪ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʙʝʟ 

ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʧʣʦʱʘʜʠ ʩʢʦʣʴʟʷʱʝʡ ʢʦʣʦʥʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʥʘ ʤʤ2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. 

ʀʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʤʳ 

ʦʙʥʘʨʫʞʠʣʠ ʪʦʣʴʢʦ ʫ ʨʠʬʘʤʧʠʮʠʥʘ, ʧʨʠ ʜʦʙʘʚʢʝ ʤʠʥʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʦʛʦ ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʘ ʩʢʦʣʴʟʷʱʝʡ ʢʦʣʦʥʠʠ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʢʣʝʪʦʢ ʥʘ ʤʤ2. ɼʦʙʘʚʢʘ ʚ ʩʨʝʜʫ ʩʪʨʝʧʪʦʤʠʮʠʥʘ ʠ ʪʝʪʨʘʮʠʢʣʠʥʘ 

ʧʨʠʚʦʜʠʣʘ ʢ ʩʠʥʭʨʦʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ ʢʦʣʦʥʠʠ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʢʣʝʪʦʢ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʨʘʟʤʝʨʘ ʢʦʣʦʥʠʠ ʟʘ ʩʯʝʪ ʠʭ 

ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʠʣʠ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʝʱʝʩʪʚ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʢʦʣʴʞʝʥʠʶ ʧʨʠʤʝʥʠʤʘ ʢʘʢ ʜʣʷ ʧʨʝʧʘʨʘʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʪʘʢ ʠ ʜʣʷ ʥʝʪʦʢʩʠʯʥʳʭ 

ʩʫʙʩʪʘʥʮʠʡ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʥʘ 

ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʦʪʜʝʣʠʪʴ ʝʛʦ ʦʪ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠʣʠ 

ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʜʝʡʩʪʚʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ, ʥʦʤʝʨ 

ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ 01201353249. 
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ʅɸʇʈɸɺʃɽʅʅɸʗ ɹʀʆʊʈɸʅʉʌʆʈʄɸʎʀʗ ʕʂʆʊʆʂʉʀʏʅʆʁ 

ɼɽɻʀɼʈʆɸɹʀɽʊʀʅʆɺʆʁ ʂʀʉʃʆʊʓ ɸʂʊʀʅʆɹɸʂʊɽʈʀʗʄʀ 

 

ʏʝʨʝʤʥʳʭ ʂʩʝʥʠʷ ʄʠʭʘʡʣʦʚʥʘ1,2, ʃʫʯʥʠʢʦʚʘ ʅʘʪʘʣʴʷ ɸʣʝʢʩʝʝʚʥʘ2, 

ɻʨʠʰʢʦ ɺʠʢʪʦʨʠʷ ɺʠʢʪʦʨʦʚʥʘ3, ʀʚʰʠʥʘ ʀʨʠʥʘ ɹʦʨʠʩʦʚʥʘ1,254 

 
1çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï 

ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ  

2ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
3çʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, 

ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʛʠʜʨʦʘʙʠʝʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, 

ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʘʢʪʠʥʦʙʘʢʪʝʨʠʠ 

 

ʉʤʦʣʷʥʳʝ ʢʠʩʣʦʪʳ ï ʪʨʠʮʠʢʣʠʯʝʩʢʠʝ ʜʠʪʝʨʧʝʥʦʠʜʳ, 

ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʭʚʦʡʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʩʝʤʝʡʩʪʚʘ Pinaceae [1]. ɺ 

ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʨʝʚʝʩʠʥʫ ʩʤʦʣʷʥʳʝ ʢʠʩʣʦʪʳ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ (ʜʦ 500 ʤʛ/ʣ) ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥʠ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʠ 

ʦʢʘʟʳʚʘʶʪ ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ [2]. ɼʦʤʠʥʠʨʫʶʱʘʷ 
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(ʦʪ 35ï60 %) ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʪʦʯʥʳʭ ʚʦʜ ʩʨʝʜʠ ʩʤʦʣʷʥʳʭ ʢʠʩʣʦʪ ï 

ʜʝʛʠʜʨʦʘʙʠʝʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ɼɸʂ) [3]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɼɸʂ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ɼɸʂ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ, 

ʬʫʥʛʠʮʠʜʥʦʡ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ) [4ï6]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʩʥʠʞʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ɼɸʂ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʩʝʣʝʢʪʠʚʥʦʡ 

ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ɸʢʪʠʥʦʙʘʢʪʝʨʠʠ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʪʝʨʝʦ- ʠ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ï ʦʜʥʘ ʠʟ ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʛʨʫʧʧ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [7]. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï 

ʧʦʠʩʢ ʰʪʘʤʤʦʚ ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʵʬʬʝʢʪʠʚʥʦʡ 

ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ɼɸʂ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 147 ʰʪʘʤʤʦʚ ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʚʠʜʘʤ Dietzia maris, Gordonia rubripertincta, G. terrae, 

Rhodococcus ruber, R. erythropolis ʠʟ ʈʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ 

ʢʦʣʣʝʢʮʠʠ ʘʣʢʘʥʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʦʬʠʮʠʘʣʴʥʳʡ ʘʢʨʦʥʠʤ 

ʀʕɻʄ, WFCC # 768, www.iegm.ru/iegmcol). ɹʘʢʪʝʨʠʠ ʚʳʨʘʱʠʚʘʣʠ ʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0,02ï0,1 ʦʙ. % ʥ-ʛʝʢʩʘʜʝʢʘʥʘ. ɼɸʂ 

(500 ʤʛ/ʣ) ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ ʚ ʵʪʘʥʦʣʝ ʚʥʦʩʠʣʠ ʯʝʨʝʟ 48 ʯ ʨʦʩʪʘ ʢʫʣʴʪʫʨʳ. 

ʊʨʘʥʩʬʦʨʤʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʦʮʝʥʠʚʘʣʠ 

ʯʝʨʝʟ 7 ʩʫʪ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ɼɸʂ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʘʤʠ ʊʉʍ ʠ ɻʍ-

ʄʉ. 

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʢʫʣʴʪʫʨ ʦʪʦʙʨʘʥʳ 

ʰʪʘʤʤʳ G. rubripertincta ʀʕɻʄ 100, ʀʕɻʄ 120, ʀʕɻʄ 132 ʠ 

R. erythropolis ʀʕɻʄ 267, ʢʘʪʘʣʠʟʠʨʫʶʱʠʝ ʩʝʣʝʢʪʠʚʥʫʶ ʙʠʦʢʦʥʚʝʨʩʠʶ 

ɼɸʂ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʘʙʠʝʪʘʥʦʚʦʛʦ 

ʪʠʧʘ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘʤʠ ʢʘʢ 5Ŭ-ʛʠʜʨʦʢʩʠ-ɼɸʂ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʙʦʨʘ ʫʩʣʦʚʠʡ ʵʬʬʝʢʪʠʚʥʦʡ ʙʠʦʢʦʥʚʝʨʩʠʠ ɼɸʂ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ (24 %) ʚʳʭʦʜ 5-ʛʠʜʨʦʢʩʠ-ɼɸʂ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʳʨʘʱʠʚʘʥʠʝ ʢʣʝʪʦʢ R. erythropolis 

ʀʕɻʄ 267 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0,06 ʦʙ. % ʥ-ʛʝʢʩʘʜʝʢʘʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ 

100 ʤʛ/ʣ ʜʘʥʥʦʛʦ 5Ŭ-ʛʠʜʨʦʢʩʠ-ʧʨʦʠʟʚʦʜʥʦʛʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʫʞʝ ʯʝʨʝʟ 

48 ʯ ʬʝʨʤʝʥʪʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʝʪʦʢ R. erythropolis ʀʕɻʄ 267, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ɼɸʂ, ʦʙʝʩʧʝʯʠʚʘʣʦ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʚʳʭʦʜ 5-ʛʠʜʨʦʢʩʠ-ɼɸʂ (49 %), ʘ ʪʘʢʞʝ ʨʘʥʝʝ ʥʝ ʨʧʠʩʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

15,16,17-ʪʨʠʥʦʨ-ʘʙʠʝʪʘʥʦʚʦʛʦ ʪʠʧʘ (38 %). 

ʉ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʦʛʥʦʟʘ ʚʦʟʤʦʞʥʦʡ 

ʙʠʦʘʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ (PASS, http://www.pharmaexpert.ru/passonline/index.php) 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʤʝʪʘʙʦʣʠʪʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 5-ɻʠʜʨʦʢʩʠ-ɼɸʂ ʩ ʚʳʩʦʢʠʤ (ʙʦʣʝʝ 0,7) 
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ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʝʨʦʷʪʥʦʩʪʠ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʘʥʪʠʵʢʟʝʤʥʫʶ, 

ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʫʶ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, cʦʝʜʠʥʝʥʠʝ 

15,16,17-ʪʨʠʥʦʨ-ʘʙʠʝʪʘʥʦʚʦʛʦ ʪʠʧʘ ï ʘʥʪʠʩʝʙʦʨʝʡʥʫʶ ʠ ʘʥʪʠʵʢʟʝʤʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. ʆʙʘ ʤʝʪʘʙʦʣʠʪʘ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʤʫʢʦʤʝʤʙʨʘʥʥʳʤ 

ʧʨʦʪʝʢʪʦʨʥʳʤ ʩʚʦʡʩʪʚʦʤ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʂʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʋʨʆ ʈɸʅ (ʧʨʦʝʢʪ 18-4-8-21) ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 6.3330.2017/ʇʏ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ 18-34-00109). 
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ʀʅʌʆʈʄɸʊʀɺʅʆʉʊʔ ISSR-ʄɸʈʂɽʈʆɺ ɼʃʗ ɺʓʗɺʃɽʅʀʗ 

ɻɽʅɽʊʀʏɽʉʂʆɻʆ ʈɸɿʅʆʆɹʈɸɿʀʗ ʃʀʉʊɺɽʅʅʀʎʓ 

ʉʀɹʀʈʉʂʆʁ (LARIX SIBIRICA  LEDEB.) ʅɸ ʋʈɸʃɽ 

 

ʏʝʨʪʦʚ ʅʠʢʠʪʘ ɺʘʣʝʨʴʝʚʠʯ1, ɺʘʩʠʣʴʝʚʘ ʖʣʠʷ ʉʝʨʛʝʝʚʥʘ1, 

ʇʨʠʰʥʠʚʩʢʘʷ ʗʥʘ ɺʠʢʪʦʨʦʚʥʘ1,2, ɾʫʣʘʥʦʚ ɸʥʜʨʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ155 

 
1ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʠʥʩʪʠʪʫʪ ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʧʦʣʠʤʦʨʬʠʟʤ 

ɼʅʂ, ISSR-ʤʘʨʢʝʨʳ, Larix 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʙʠʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʠʜʦʚ 

ʨʦʜʘ Larix, ʠʤʝʶʱʠʭ ʚʘʞʥʦʝ ʙʠʦʩʬʝʨʥʦʝ ʠ ʨʝʩʫʨʩʥʦʝ ʟʥʘʯʝʥʠʝ. ɼʣʷ 

ʦʮʝʥʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʠʜʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳ ʟʥʘʥʠʷ ʦʙ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʧʫʣʷʮʠʡ, ʫʨʦʚʥʝ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʝ ʝʸ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʘʨʝʘʣʘ ʚʠʜʦʚ [1]. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʯʝʪʳʨʝ ʧʦʧʫʣʷʮʠʠ L. sibirica 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʉʝʚʝʨʥʦʤ ʠ ʉʨʝʜʥʝʤ ʋʨʘʣʝ: Ish ï ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʟʘʧʦʚʝʜʥʠʢʘ çɺʠʰʝʨʩʢʠʡè, ʶʛʦ-ʟʘʧʘʜʥʳʡ ʩʢʣʦʥ ʛ. ʀʰʝʨʠʤ, Gn - 

ʥʘʭʦʜʠʪʩʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɻʘʡʥʩʢʦʛʦ ʣʝʩʥʠʯʝʩʪʚʘ, Kch ï ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɺʝʨʭʦʪʫʨʩʢʦʛʦ ʣʝʩʥʠʯʝʩʪʚʘ ʉʚʝʨʜʣʦʚʩʢʠʡ ʦʙʣʘʩʪʠ, Sks ï ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʠʰeʨʪʩʢʦʛʦ ʣʝʩʥʠʯʝʩʪʚʘ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. 

ɼʣʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ L. sibirica ʙʳʣ ʠʟʙʨʘʥ 

ISSR-ʤʝʪʦʜ (Inter Simple Sequence Repeats) ʠʣʠ ʤʝʞʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʡ 

ʘʥʘʣʠʟ ʧʦʣʠʤʦʨʬʠʟʤʘ ɼʅʂ. ɸʤʧʣʠʬʠʢʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʨʤʦʮʠʢʣʝʨʝ 

Gene Amp PCR System 9700 (Applied Biosystems, USA) ʧʦ ʪʠʧʠʯʥʦʡ ʜʣʷ 

ISSR-ʤʝʪʦʜʘ ʧʨʦʛʨʘʤʤʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʪʞʠʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ G/ʉ-

ʩʦʩʪʘʚʘ ʧʨʘʡʤʝʨʦʚ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 54Á ʜʦ 64Áʉ. ʇʨʦʜʫʢʪʳ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʨʘʟʜʝʣʷʣʠ ʧʫʪʝʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 1,7% ʘʛʘʨʦʟʥʳʭ ʛʝʣʷʭ, 

ʢʦʪʦʨʳʝ ʦʢʨʘʰʠʚʘʣʠ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʚ 

ʧʨʦʭʦʜʷʱʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ ʚ ʩʠʩʪʝʤʝ ʛʝʣʴ-ʜʦʢʫʤʝʥʪʘʮʠʠ Gel 

Doc XR (Bio-Rad, USA). ISSR-ʧʨʘʡʤʝʨʳ ʜʣʷ ʘʥʘʣʠʟʘ (CR-215, ISSR-8, 

X10, X11, M3) ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʨʘʥʝʝ ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [2]. 

                                                           
É ʏʝʨʪʦʚ ʅ.ɺ., ɺʘʩʠʣʴʝʚʘ ʖ.ʉ., ʇʨʠʰʥʠʚʩʢʘʷ ʗ.ɺ., ɾʫʣʘʥʦʚ ɸ.ɸ., 2018 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʠ ʧʨʘʡʤʝʨʦʚ ʦʮʝʥʠʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ, ʤʝʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʦʣʠʤʦʨʬʠʟʤʘ (PIC) ʧʦʢʘʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʨʢʝʨʘ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʣʠʤʦʨʬʠʟʤ ʚ ʧʦʧʫʣʷʮʠʠ, ʵʬʬʝʢʪʠʚʥʦʝ 

ʤʫʣʴʪʠʧʣʝʢʩʥʦʝ ʦʪʥʦʰʝʥʠʝ (EMR) ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʠʩʪʝʤʳ çʧʨʘʡʤʝʨ-ʤʘʨʢʝʨè, ʤʘʨʢʝʨʥʳʡ ʠʥʜʝʢʩ (MI) ʦʮʝʥʠʚʘʶʱʠʡ 

ʩʫʤʤʘʨʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ ʤʘʨʢʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʢʘʟʘʪʝʣʴ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ (Rp), ʦʪʨʘʞʘʶʱʠʡ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʯʝʪʘʥʠʷ 

çʧʨʘʡʤʝʨ ï ʧʨʠʤʝʥʷʝʤʘʷ ʤʝʪʦʜʠʢʘè ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʛʝʥʦʪʠʧʦʚ [3]. ʂʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʧʦʣʠʤʦʨʬʠʟʤʘ 

ɼʅʂ ʧʨʦʚʝʜʝʥ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʢʨʦʩʘ GenAlEx6.5 

ʜʣʷ MS-Excel. ɼʣʷ ʦʧʠʩʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʧʫʣʷʮʠʡ L. 

sibirica ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʜʦʣʷ ʧʦʣʠʤʦʨʬʥʳʭ 

ʣʦʢʫʩʦʚ (ʈ95) [4], ʵʬʬʝʢʪʠʚʥʦʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ (ne) [5], ʦʞʠʜʘʝʤʘʷ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ (He) [6]. 

ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʧʨʘʡʤʝʨʦʚ ʚʳʷʚʠʣ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʨʢʝʨʘ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʣʠʤʦʨʬʠʟʤ 

(PIC = 0,307), ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ çʧʨʘʡʤʝʨ-ʤʘʨʢʝʨè 

(EMR = 21,351), ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ ʤʘʨʢʝʨʥʦʡ ʩʠʩʪʝʤʳ (MI = 

6,864) ʠ ʚʳʩʦʢʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʘ (Rp = 20,270). 

ʅʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʪʣʠʯʘʝʪʩʷ ʧʨʘʡʤʝʨ X11 (PIC = 0,381; 

EMR = 35; MI = 13,335; Rp = 25,117), ʘ ʥʘʠʤʝʥʳʰʝʡ ISSR-8 (PIC = 0,265; 

EMR = 15,100; MI = 4,002; Rp = 14,917). 

ʅʘʠʙʦʣʴʰʠʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʧʫʣʷʮʠʷ Gn ʠʟ ɻʘʡʥʩʢʦʛʦ ʣʝʩʥʠʯʝʩʪʚʘ (P95 = 0,872; He = 0,232; ne = 

1,393), ʘ ʥʘʠʤʝʥʴʰʠʤ ʧʦʧʫʣʷʮʠʷ Ish ʠʟ ʟʘʧʦʚʝʜʥʠʢʘ çɺʠʰʝʨʩʢʠʡè (P95 

= 0,828; He = 0,192; ne = 1,321). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʨʘʥʥʳʡ ʤʝʪʦʜ ʠ ʧʨʘʡʤʝʨʳ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʥʘʣʠʟ 

ʦʙʱʝʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʣʠʩʪʚʝʥʥʠʮʳ ʚʳʷʚʠʣ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ (P95 = 0,942; He = 0,215; ne 

= 1,363). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ 

ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 18-34-00348\18 
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ʃʀʇʆʃʀʊʀʏɽʉʂɸʗ ɸʂʊʀɺʅʆʉʊʔ ɹɸʂʊɽʈʀɸʃʔʅʓʍ 

ʀɿʆʃʗʊʆɺ ʀɿ ʑɽʃʆʏʅʓʍ ʕʂʆʊʆʇʆɺ ʉ ɺʓʉʆʂʀʄ 

ʉʆɼɽʈɾɸʅʀɽʄ ʉʆʃɽʁ 

 

ʐʠʣʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʄʘʢʩʠʤʦʚ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ, 

ʄʘʢʩʠʤʦʚʘ ʖʣʠʷ ɻʝʥʥʘʜʴʝʚʥʘ56 

 

çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʆ ʈɸʅè ï ʬʠʣʠʘʣ 

ʇʌʀʎ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʢʘʣʦʬʠʣʴʥʳʝ ʙʘʢʪʝʨʠʠ, ʣʠʧʦʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ, ʩʦʜʦʚʦʝ ʦʟʝʨʦ 

 

ʉʦʜʦʚʳʝ ʦʟʝʨʘ ʷʚʣʷʶʪʩʷ ʦʩʦʙʦʡ ʬʦʨʤʦʡ ʩʦʣʝʥʳʭ ʦʟʝʨ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ/ʙʠʢʘʨʙʦʥʘʪʦʚ ʥʘʪʨʠʷ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʅ (9.0ï11.0). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʜʚʦʡʥʳʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʩʦʣʝʥʦʩʪʠ ʠ ʱʝʣʦʯʥʦʩʪʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʠʶ ʚ ʥʠʭ 

ʵʫʢʘʨʠʦʪʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʧʨʦʢʘʨʠʦʪʥʘʷ ʤʠʢʨʦʙʥʘʷ 

ʧʦʧʫʣʷʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʘʡʥʝ ʨʘʟʥʦʦʙʨʘʟʥʦ [1ï3]. ʆʜʥʘʢʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʮʝʥʦʟʦʚ ʱʝʣʦʯʥʳʭ ʵʢʦʪʦʧʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʟʫʯʝʥʦ ʤʘʣʦ, ʭʦʪʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʮʝʩʩʳ ʚʪʦʨʠʯʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʟʘʱʝʣʘʯʠʚʘʥʠʶ ʠ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ. ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʩʨʝʜ ʩ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʶʱʠʭ 

ʩʨʝʜʩʪʚ ʠ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʣʠʧʦʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʙʘʢʪʝʨʠʡ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʦʩʘʜʢʘ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ʠ 
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