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1. ɺʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʘʢʘʜʝʤʠʡ ʥʘʫʢ ʥʘ 2013-2020 ʛʦʜʳ ʟʘ 2018 ʛ. 
 

 ɺ ʤʘʪʝʨʠʘʣʘʭ ʥʠʞʝ ʧʨʠʚʝʜʝʥʳ ʚʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʇʝʨʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʋʨʆ ʈɸʅ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʘʢʘʜʝʤʠʡ ʥʘʫʢ ʥʘ 2013-2020 ʛʦʜʳ (ʜʘʣʝʝ ʇʨʦʛʨʘʤʤʘ) ʟʘ 2018 ʛ.   

 
ʆʙʦʟʥʘʯʝʥʠʷ: 

ʇʦʣʫʞʠʨʥʳʡ ʰʨʠʬʪ ï ʤʘʪʝʨʠʘʣʳ, ʧʣʘʥʠʨʫʝʤʳʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʜʦʢʣʘʜ ʇʨʝʟʠʜʝʥʪʫ 

ʈʌ; 

ʂʫʨʩʠʚ - ʤʘʪʝʨʠʘʣʳ, ʧʣʘʥʠʨʫʝʤʳʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʜʦʢʣʘʜ ʇʨʘʚʠʪʝʣʴʩʪʚʫ ʈʌ; 

(*) ï ʤʘʪʝʨʠʘʣʳ, ʧʣʘʥʠʨʫʝʤʳʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʜʦʢʣʘʜ ʧʨʝʜʩʝʜʘʪʝʣʷ ʋʨʆ ʈɸʅ; 

(**) - ʤʘʪʝʨʠʘʣʳ, ʧʣʘʥʠʨʫʝʤʳʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʦʪʯʝʪ ʋʨʆ ʈɸʅ. 
 

 

 

çʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢè - ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʇʝʨʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ 

ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʜʘʣʝʝ - çʀʄʉʉ ʋʨʆ 

ʈɸʅè). 

 
ʇʌʅʀ 23: ʄʝʭʘʥʠʢʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʩʨʝʜ, ʠʟʜʝʣʠʡ, 

ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ, 

ʚʦʟʜʝʡʩʪʚʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʨʝʜ. 

 

1. ʈʘʟʨʘʙʦʪʘʥ ʠ ʩʦʟʜʘʥ ʫʥʠʢʘʣʴʥʳʡ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʫʩʪʨʦʡʩʪʚ. ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠʩʧʳʪʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 8³8³12 ʤʝʪʨʦʚ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʫʩʠʣʠʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʪʦʥʥ. ʉʪʝʥʜ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʪʢʣʠʢʘ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʝʝ ʯʘʩʪʷʭ. ʉʪʝʥʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʫʯʰʠʤ 

ʤʠʨʦʚʳʤ ʦʙʨʘʟʮʘʤ. (*) 
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ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʵʣʝʤʝʥʪʘʭ ʠʩʧʳʪʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪ ʜʝʡʩʪʚʠʷ ʫʜʘʨʥʳʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʚʥʝʰʥʠʭ 

ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ. ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʝʥʜʘ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʫʧʨʫʛʠʝ ʠ 

ʥʝʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʭʦʜʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢ ʧʨʝʜʢʨʠʪʠʯʝʩʢʦʤʫ ʠ ʢʨʠʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʀʤʝʥʥʦ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʫʯʝʪʘ 

ʚʣʠʷʥʠʷ ʤʥʦʛʦʦʙʨʘʟʠʷ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʩʪʝʥʜʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʙʣʦʢʘʭ ʩʦʟʜʘʚʘʝʤʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ. 

Shardakov I., Shestakov A., Tsvetkov R., Glot I. Investigation of the effect of cracks on the vibration processes in 
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2. ʈʘʟʨʘʙʦʪʘʥʘ ʦʜʥʦʤʝʨʥʘʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʧʣʘʚʦʚ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ. (*)(**) 

ʈʘʟʨʘʙʦʪʘʥʘ ʦʜʥʦʤʝʨʥʘʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʩʧʣʘʚʦʚ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ (ʉʇʌ), ʦʙʣʘʜʘʶʱʘʷ ʨʷʜʦʤ ʜʦʩʪʦʠʥʩʪʚ:  

1) ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʠʩʘʪʴ ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ ʦʩʥʦʚʥʳʝ ʤʘʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʬʘʟʦʚʳʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʚ ʉʇʌ;  

2) ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠʩʪʦʨʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʧʦʩʣʝʜʫʶʱʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ;  



 

3 

 

3) ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʜʠʥʦʦʙʨʘʟʥʳʡ ʫʯʝʪ ʬʘʟʦʚʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʜʝʬʦʨʤʘʮʠʠ ʢʘʢ ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ;  

4) ʧʨʦʩʪʦʪʘ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʝʝ 

ʧʘʨʘʤʝʪʨʦʚ.  

ɺʳʧʦʣʥʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʦʜʝʣʴʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʉʇʌ ʥʘ ʧʨʠʤʝʨʝ 

ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʫʪʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪ ʪʠʧʘ ʥʘʯʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ: ʬʘʟʦʚʦʡ ʠʣʠ ʩʪʨʫʢʪʫʨʥʦʡ. 

ʄʦʜʝʣʴ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʨʝʰʝʥʠʠ ʨʷʜʘ ʟʘʜʘʯ, ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʩ ʚʳʯʠʩʣʝʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ 

ʤʦʜʝʣʝʡ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʝʝ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʊʠʭʦʤʠʨʦʚʘ ʂ.ɸ. ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʧʣʘʚʘʭ ʩ 

ʧʘʤʷʪʴʶ ʬʦʨʤʳ. ʆʜʥʦʤʝʨʥʳʡ ʩʣʫʯʘʡ // ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʩʧʣʦʰʥʳʭ ʩʨʝʜ. ï 2018. ï ʊʦʤ 11. ï ˉ1. ï 

ʩ. 36-50. DOI: 10.7242/1999-6691/2018.11.1.4 

ʊʠʭʦʤʠʨʦʚʘ ʂ.ɸ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʬʘʟʦʚʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʧʣʘʚʘʭ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ // ɺʝʩʪʥʠʢ ʇʝʨʤʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʄʝʭʘʥʠʢʘ. ï 2018. ï ˉ1. ï ʉ. 40-57. DOI: 10.15593/perm.mech/2018.1.04 

 

 
 

(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʈʦʛʦʚʦʡ ɸ.ɸ., ʪ.(342) 237-84-59, e-mail: rogovoy@icmm.ru). 

(ʬʘʡʣ ʈʦʛʦʚʦʡ.ppt) 

 

3. ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ 

ʠʥʜʫʮʠʨʫʝʤʦʛʦ ʧʦʣʝʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʦʣʠʤʝʨʦʩʦʤʳ ʧʨʠ ʙʣʠʟʢʠʭ ʢ 

ʨʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʳʭ ʠ ʫʧʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ. (*) (**)  

ʄʘʛʥʠʪʥʳʝ ʧʦʣʠʤʝʨʦʩʦʤʳ ï ʵʪʦ ʤʷʛʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʢʘʧʩʫʣʳ ʩ ʚʥʝʰʥʠʤΟʨʘʟʤʝʨʦʤ 200-

600 ʥʤ. ʄʝʤʙʨʘʥʘ ʧʦʣʠʤʝʨʦʩʦʤʳ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʸʚ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʥʘʭʦʜʷʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʬʝʨʨʠʪʘ ʨʘʟʤʝʨʦʤ 5-10 ʥʤ. ʏʘʩʪʠʮʳ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ 

ʚʥʫʪʨʠ ʤʝʤʙʨʘʥʳ ʧʦʜ ʚʣʠʷʥʠʝʤ, ʚʦ-ʧʝʨʚʳʭ, ʪʝʧʣʦʚʦʡ ʜʠʬʬʫʟʠʠ ʠ, ʚʦ-ʚʪʦʨʳʭ, 

https://doi.org/10.7242/1999-6691/2018.11.1.4
https://doi.org/10.15593/perm.mech/2018.1.04
mailto:rogovoy@icmm.ru
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ʤʝʞʯʘʩʪʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʠʣ. ʕʪʠ ʩʠʣʳ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ ï 

ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʧʦʯʝʢ. 

ɺ ʥʫʣʝʚʦʤ ʚʥʝʰʥʝʤ ʧʦʣʝ ʮʝʧʠ ʠʩʢʨʠʚʣʝʥʳ ʠ ʩʚʸʨʥʫʪʳ, ʪʘʢ ʯʪʦ ʧʦʣʠʤʝʨʦʩʦʤʘ ʠʤʝʝʪ 

ʢʚʘʟʠʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʧʦʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʫʩʠʣʠʚʘʝʪʩʷ, ʮʝʧʠ ʫʜʣʠʥʷʶʪʩʷ, ʩʦʙʠʨʘʶʪʩʷ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʤʝʤʙʨʘʥʳ ʠ ʨʘʩʧʨʷʤʣʷʶʪʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ. ʆʥʠ ʩʦʟʜʘʶʪ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʩʪʘʚʣʷʝʪ ʧʦʣʠʤʝʨʦʩʦʤʫ ʚʳʪʷʛʠʚʘʪʴʩʷ. 

ʄʘʛʥʠʪʥʳʝ ʧʦʣʠʤʝʨʦʩʦʤʳ ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʥʘʥʦʤʝʜʠʮʠʥʝ ʢʘʢ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʫʧʨʘʚʣʷʝʤʳʝ ʢʦʥʪʝʡʥʝʨʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʣʝʢʘʨʩʪʚ ʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ ʢʣʝʪʦʯʥʦʡ 

ʥʘʥʦʭʨʫʨʛʠʠ. ɺ çʀʄʉʉ ʋʨʆ ʈɸʅè ʚʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ ʠʥʜʫʮʠʨʫʝʤʦʛʦ ʧʦʣʝʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʦʣʠʤʝʨʦʩʦʤʳ 

ʧʨʠ ʙʣʠʟʢʠʭ ʢ ʨʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʳʭ ʠ ʫʧʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ. 

A.V. Ryzhkov, Yu.L. Raikher, Coarse-grained molecular dynamics modelling of a magnetic polymerosome // 

Nanomaterials 8 (2018) Art. no. 763 (12 pp.) - Q1 (IF=3.504). 

 

 
 

(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʈʘʡʭʝʨ ʖ.ʃ., ʪ.(342) 237-83-23, e-mail: raikher@icmm.ru). 
(ʬʘʡʣ ʈʘʡʭʝʨ.ppt) 

 

4. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ ʚ ʤʝʪʘʣʣʘʭ. (*)(**)  

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʤʝʪʘʣʣʘʭ 

ʧʨʠ ʟʘʨʦʞʜʝʥʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʫʩʪʘʣʦʩʪʥʳʭ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʢʦʥʪʘʢʪʥʳʝ ʠ 

ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʚ.  

ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʳ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʨʝʞʠʤʘ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʧʨʠ 

ʫʩʪʦʡʯʠʚʦʤ ʨʝʞʠʤʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʩʚʷʟʴ ʨʝʞʠʤʦʚ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʷ ʩ 

ʤʝʭʘʥʠʟʤʘʤʠ ʨʘʟʨʫʰʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʸʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ.  
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ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʩʪʘʪʦʯʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʩʣʦʞʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʧʦ ʜʘʥʥʳʤ ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʯʸʪʦʚ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʝʨʰʠʥʝ 

ʪʨʝʱʠʥʳ. 

Kostina A., Plekhov O. Simulation of cold work evolution in Ti-1Al-1Mn under deformation and failure// 

Theoretical and applied fracture mechanics. ï 2018. ï Vol.93. ï P.56-63 

Vshivkova A.N., Iziumova A.Yu., Panteleev I.A., Ilinykh A.V., Wildemann V.E., Plekhov O.A. The study of a 

fatigue crack propagation in titanium Grade 2 using analysis of energy dissipation and acoustic emission data // 

Engineering Fracture Mechanics (on-line) 

 

 

 

(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʇʣʝʭʦʚ ʆ.ɸ., ʪ.(342) 237-83-21, e-mail: poa@icmm.ru) 
(ʬʘʡʣ ʇʣʝʭʦʚ.ppt) 

 

5. ʅʘ ʦʩʥʦʚʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʤʫ ʥʘʛʨʫʞʝʥʠʶ 

ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʞʠʜʢʦʩʪʝʡ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʦʣʠ 

ʢʦʣʣʝʢʪʠʚʥʳʭ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʭ ʤʦʜ ʜʝʬʝʢʪʦʚ ʚ ʤʝʭʘʥʠʟʤʘʭ ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʘ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʧʨʝʜʣʦʞʝʥʦ ʦʙʲʷʩʥʝʥʠʝ ʘʩʠʤʧʪʦʪʠʢʠ ʚʷʟʢʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʦʡ 

ʜʣʷ ʩʠʩʪʝʤ ʩ çʩʠʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʵʬʬʝʢʪʦʚ çʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷè ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʚʪʦʤʦʜʝʣʴʥʳʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʠ ʬʨʦʥʪʦʚ ʚʦʣʥ ʨʘʟʨʫʰʝʥʠʷ; 

ʫʩʪʘʥʦʚʣʝʥʳ çʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘè ʬʨʦʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʤʘʤ, ʦʭʚʘʯʝʥʥʳʭ 

çʚʦʣʥʘʤʠ ʨʘʟʨʫʰʝʥʠʷè.  

 

ʆʨʠʛʠʥʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʚʪʦʤʦʜʝʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʚ ʞʠʜʢʦʩʪʷʭ, ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ,  

ʠʥʠʮʠʠʨʦʚʘʥʠʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʦʣʥ ʨʘʟʨʫʰʝʥʠʷ ʚ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʘʭ (ʧʣʘʚʣʝʥʳʡ 

ʢʚʘʨʮ) ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʣʦʞʠʪʴ ʦʙʲʷʩʥʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʘʩʠʤʧʪʦʪʠʢʠ ʚʷʟʢʦʩʪʠ, 

ʥʘʙʣʶʜʘʝʤʦʡ ʜʣʷ ʩʠʩʪʝʤ ʩ çʩʠʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ; ʤʝʭʘʥʠʟʤ ʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʤʫ ʥʘʛʨʫʞʝʥʠʶ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ ʚ 

ʫʩʣʦʚʠʷʭ ʥʘʨʘʩʪʘʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ ʫʩʪʘʥʦʚʠʣʠ ʩʪʝʧʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ  ʜʠʥʘʤʠʢʠ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʧʦʢʘʟʘʥʦ  
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ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʝʧʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ  ʩʧʝʮʠʘʣʴʥʦʤʫ ʪʠʧʫ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʪʚʝʨʜʳʭ ʪʝʣ ʩ ʜʝʬʝʢʪʘʤʠ ï ʩʪʨʫʢʪʫʨʥʦ-ʩʢʝʡʣʠʥʛʦʚʳʝ ʧʝʨʝʭʦʜʳ.  

 

 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ çʚʦʣʥ ʨʘʟʨʫʰʝʥʠʷè 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʝʜʝʣʴʥʦʤʫ ʩʣʫʯʘʶ çʬʨʘʛʤʝʥʪʘʮʠʠè - ʧʝʨʝʭʦʜʫ ʦʪ ʩʪʝʧʝʥʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʦʯʘʛʦʚ ʨʘʟʨʫʰʝʥʠʷ, ʢ 

ʤʦʥʦʜʠʩʧʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʧʨʠ çʨʝʟʦʥʘʥʩʥʦʤ ʠʥʠʮʠʠʨʦʚʘʥʠʠè ʦʜʥʦʛʦ ʦʯʘʛʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʚʦʣʥ ʨʘʟʨʫʰʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʥʪʨʦʧʠʶ ʦʙʣʘʩʪʝʡ, ʦʭʚʘʯʝʥʥʳʭ ʚʦʣʥʘʤʠ ʨʘʟʨʫʰʝʥʠʷ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʙʦʨʦʤ ʢʦʣʣʝʢʪʠʚʥʳʭ ʤʦʜ (ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʦʙʦʩʪʨʝʥʠʷ), ʷʚʣʷʶʱʠʭʩʷ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʚʦʣʥʳ ʨʘʟʨʫʰʝʥʠʷ.. 

(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʅʘʡʤʘʨʢ ʆ.ɹ., ʪ.(342) 237-83-12, e-mail: naimark@icmm.ru). 

(ʬʘʡʣ ʣʘʙ13.ppt) 

 

6. ʀʩʩʣʝʜʦʚʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʪʨʦʚʢʦʚʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʘʟʦʪʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʫʨʝʪʘʥʘ.  

 

ʇʣʘʟʤʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʤʝʥʠʤʦʩʪʴ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʚ ʩʣʫʯʘʝ ʤʷʛʢʠʭ ʫʧʨʫʛʠʭ ʧʦʣʠʤʝʨʦʚ 

ʦʛʨʘʥʠʯʝʥʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʧʦʢʨʳʪʠʝ ʪʨʝʩʢʘʝʪʩʷ ʠ ʦʪʩʣʘʠʚʘʝʪʩʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʝʩʧʣʦʰʥʳʭ ʧʦʢʨʳʪʠʡ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʦʩʪʨʦʚʢʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʘʩʪʠʯʥʦʛʦ 

ʧʦʣʠʫʨʝʪʘʥʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʩʧʣʦʰʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʘʢʪʠʚʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʟʦʪʦʤ.  ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ ʛʨʘʬʠʪʦʚʦʡ ʤʠʰʝʥʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʛʣʝʨʦʜʥʳʝ ʦʩʪʨʦʚʢʠ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʬʦʨʤʘʮʠʠ ʠ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʩ ʧʦʣʠʤʝʨʦʤ. 
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(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʉʚʠʩʪʢʦʚ ɸ.ʃ., ʪ.(342) 237-83-98, e-mail: svistkov@icmm.ru). 

(ʬʘʡʣ ʣʘʙ 7.ppt)  

 

7. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʤʘ ʠ ʝʛʦ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ.  

 

ʅʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʢʨʫʧʥʦʛʦ ʨʘʟʣʦʤʘ ʚ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʥʦʡ ʤʦʜʝʣʠ ʣʠʪʦʩʬʝʨʳ (ʥʘ ʙʘʟʝ ʀɿʂ ʉʆ ʈɸʅ) ʠ ʧʨʝʨʳʚʠʩʪʦʛʦ ʩʢʦʣʴʞʝʥʠʷ 

ʙʝʨʝʛʦʚ ʨʘʟʣʦʤʘ ʚ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʩʣʘʡʜʝʨ-ʤʦʜʝʣʠ (ʥʘ ʙʘʟʝ ʆʀɺʊ ʈɸʅ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦʨʨʝʣʷʮʠʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʚʠʞʢʠ ʧʦ 

ʤʦʜʝʣʴʥʦʤʫ ʨʘʟʣʦʤʫ.  

ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ 

ʧʦʜʛʦʪʦʚʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʣʥʳʭ ʘʢʪʠʚʠʟʘʮʠʡ ʨʘʟʣʦʤʘ, ʚʳʩʪʫʧʘʝʪ ʧʨʦʮʝʩʩ 

ʝʛʦ ʩʝʛʤʝʥʪʘʮʠʠ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʨʘʟʨʳʚʘ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʥʘ ʩʝʨʠʶ ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ 

ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʩʝʛʤʝʥʪʦʚ.  

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʧʨʝʨʳʚʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʚʠʞʢʠ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʥʘʙʦʨʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʵʬʬʝʢʪʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʜʦ ʠ ʧʦʩʣʝ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʚʠʞʢʠ. 
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(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʇʣʝʭʦʚ ʆ.ɸ., ʪ.(342) 237-83-21, e-mail: poa@icmm.ru). 

(ʬʘʡʣ ʣʘʙ 17-2.ppt) 

 

ʇʌʅʀ 22: ʄʝʭʘʥʠʢʘ ʞʠʜʢʦʩʪʠ, ʛʘʟʘ ʠ ʧʣʘʟʤʳ, ʤʥʦʛʦʬʘʟʥʳʭ ʠ ʥʝʠʜʝʘʣʴʥʳʭ ʩʨʝʜ, 

ʤʝʭʘʥʠʢʘ ʛʦʨʝʥʠʷ, ʜʝʪʦʥʘʮʠʠ ʠ ʚʟʨʳʚʘ. 

1. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʦʙʦʙʱʝʥʠʶ ʪʝʦʨʠʠ ʆʪʪʘ-ɸʥʪʦʥʩʝʥʘ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʢʦʣʣʝʢʪʠʚʥʫʶ ʜʠʥʘʤʠʢʫ ʙʦʣʴʰʠʭ ʘʥʩʘʤʙʣʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʥʘ 

ʩʣʫʯʘʡ ʨʝʘʣʴʥʳʭ (ʥʝʠʜʝʘʣʴʥʳʭ) ʩʠʪʫʘʮʠʡ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʜʭʦʜʘ ʜʣʷ ʩʣʫʯʘʷ ʚʥʫʪʨʝʥʥʝʛʦ ʰʫʤʘ.(*) 
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ʊʝʦʨʠʷ ʆʪʪʘ-ɸʥʪʦʥʩʝʥʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʚʘʞʥʦʛʦ ʢʣʘʩʩʘ ʘʥʩʘʤʙʣʝʡ ʦʩʮʠʣʣʷʪʦʨʦʚ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʪʦʯʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʣʣʝʢʪʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʧʦʥʠʤʘʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ 

ʢʦʣʣʝʢʪʠʚʥʳʭ ʷʚʣʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʷ (ʩ 2008 ʛʦʜʘ) ʦʩʪʘʚʘʣʠʩʴ 

ʙʝʟʫʩʧʝʰʥʳʤʠ ʧʦʧʳʪʢʠ ʝʝ ʦʙʦʙʱʝʥʠʷ ʥʘ ʥʝʠʜʝʘʣʴʥʳʝ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʝʦʨʠʠ ʩʣʘʙʦ ʥʘʨʫʰʝʥʳ. ɼ.ʉ. ɻʦʣʜʦʙʠʥʳʤ, ʀ.ɺ. ʊʶʣʴʢʠʥʦʡ ʠ ʃ.ʉ. 

ʂʣʠʤʝʥʢʦ ʩʦʚʤʝʩʪʥʦ ʩ ɸ. ʇʠʢʦʚʩʢʠʤ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʦʙʦʙʱʝʥʠʷ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʭʦʜʘ ʜʣʷ ʩʣʫʯʘʷ ʩʠʩʪʝʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʰʫʤʦʤ. 

I.V. Tyulkina, D.S. Goldobin, L.S. Klimenko, A. Pikovsky, Dynamics of Noisy Oscillator Populations beyond the 

Ott-Antonsen Ansatz, Physical Review Letters 120, 264101 (2018). [impact factor WoS 2017: 8.839] 

 

*ɺ ʧʝʨʚʳʝ ʯʘʩʳ ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʨʘʙʦʪʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʉʪʠʚʝʥʦʤ ʉʪʨʦʛʘʮʝʤ (Stiven 

Strogatz); ʟʘ ʧʨʦʰʝʜʰʠʡ ʩ ʤʦʤʝʥʪʘ ʧʫʙʣʠʢʘʮʠʠ ʧʝʨʠʦʜ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʡʪʠʥʛ 

ʚʥʠʤʘʥʠʷ ʢ ʨʘʙʦʪʝ ʚʳʰʝ, ʯʝʤ ʫ 83% ʨʘʙʦʪ, ʧʫʙʣʠʢʫʝʤʳʭ ʚ Physical Review Letters (ʟʘ 

ʘʥʘʣʦʛʠʯʥʦʝ ʚʨʝʤʷ). 

(ʈʫʢ. ʢ.ʬ.ʤ.ʥ. ɻʦʣʜʦʙʠʥ ɼ.ʉ., ʪ.(342) 237-83-14, e-mail: denis.goldobin@gmail.com) 

(ʬʘʡʣ ɻʦʣʜʦʙʠʥ.ppt) 

 

2. ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʚʝʢʮʠʠ 

ʞʠʜʢʦʛʦ ʥʘʪʨʠʷ ʚ ʥʘʢʣʦʥʥʦʤ ʮʠʣʠʥʜʨʝ. (*)(**)  

ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʞʠʜʢʦʛʦ ʥʘʪʨʠʷ ʚ ʥʘʢʣʦʥʝʥʥʦʤ ʢʦʨʦʪʢʦʤ 

ʮʠʣʠʥʜʨʝ (ʜʠʘʤʝʪʨ ʨʘʚʝʥ ʚʳʩʦʪʝ) ʩ ʘʢʩʠʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʳʡ ʘʢʩʠʘʣʴʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʨʘʩʪʝʪ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʮʠʣʠʥʜʨʘ ʦʪ ʚʝʨʪʠʢʘʣʠ, 

ʠʤʝʷ ʤʘʢʩʠʤʫʤ ʧʨʠ ʥʘʢʣʦʥʝ ʧʦʨʷʜʢʘ  70 ʛʨʘʜʫʩʦʚ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʘʷ ʚ 

ʮʠʣʠʥʜʨʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʘʷ ʮʠʨʢʫʣʷʮʠʷ (ʂʄʎ) ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʧʦʜʚʝʨʞʝʥʘ ʩʠʣʴʥʳʤ 

ʘʟʠʤʫʪʘʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʨʘʥʝʝ ʢʦʣʝʙʘʥʠʡ ʚ ʞʠʜʢʦʩʪʷʭ ʩ 

ʫʤʝʨʝʥʥʳʤʠ ʯʠʩʣʘʤʠ ʇʨʘʥʜʪʣʷ, ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʥʘʢʣʦʥʘʭ 

mailto:denis.goldobin@gmail.com
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ʧʦʣʦʩʪʠ (ʜʦ 30 ʛʨʘʜʫʩʦʚ). ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʟʚʦʣʠʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ 

ʩʪʨʫʢʪʫʨʫ ʧʦʣʷ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʪʝʯʝʥʠʷʭ ʞʠʜʢʦʛʦ 

ʤʝʪʘʣʣʘ. 

Khalilov R., Kolesnichenko I., Pavlinov A., Mamykin A., Shestakov A., Frick P. Thermal convection of liquid 

sodium in inclined cylinders // Phys.Rev.Fluids, 2018. V.3. N4. 043503. 

ʄʘʥʜʨʳʢʠʥ ʉ.ɼ., ʊʝʡʤʫʨʘʟʦʚ ɸ.ʉ. ʊʫʨʙʫʣʝʥʪʥʘʷ ʢʦʥʚʝʢʮʠʷ ʞʠʜʢʦʛʦ ʥʘʪʨʠʷ ʚ ʥʘʢʣʦʥʥʦʤ ʮʠʣʠʥʜʨʝ 

ʝʜʠʥʠʯʥʦʛʦ ʘʩʧʝʢʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ // ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʩʧʣʦʰʥʳʭ ʩʨʝʜ, 2018. T.11. ˉ.3. 

 

 
 

(ʈʫʢ. ʜ.ʬ.-ʤ.ʥ. ʌʨʠʢ ʇ.ɻ., ʪ. (342) 237-83-22, frick@icmm.ru). 
(ʬʘʡʣ ʌʨʠʢ.ppt) 

 

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ 

ʄʘʨʘʥʛʦʥʠ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʡ ʧʨʠʤʝʩʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʝʜʦʦʮʝʥʢʘ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʣʠʷʥʠʷ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʣʦʝ ʩʫʨʬʘʢʪʘʥʪʘ (*)(**)  

ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʦʡ 

ʢʦʥʚʝʢʮʠʠ ʄʘʨʘʥʛʦʥʠ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʡ 

ʧʨʠʤʝʩʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ ʧʘʨʘʤʝʪʨʘ ʫʧʨʫʛʦʩʪʠ ï ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʢʘʟʳʚʘʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʚʢʣʘʜʦʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʤʝʭʘʥʠʟʤʦʚ ʄʘʨʘʥʛʦʥʠ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ ʫʧʨʫʛʦʩʪʠ, ʤʝʥʴʰʠʭ ʝʜʠʥʠʮʳ, ʫ ʢʨʘʷ ʩ ʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʷʚʣʷʝʪʩʷ ʟʦʥʘ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʨʘʟʚʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʘʷ ʢʦʥʚʝʢʮʠʷ, ʪʦʛʜʘ 

ʢʘʢ ʘʢʢʫʤʫʣʠʨʫʶʱʠʡʩʷ ʚʙʣʠʟʠ ʭʦʣʦʜʥʦʛʦ ʢʨʘʷ ʩʫʨʬʘʢʪʘʥʪ ʬʦʨʤʠʨʫʝʪ ʟʘʩʪʦʡʥʫʶ ʟʦʥʫ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮʳ ʟʘʩʪʦʡʥʦʡ 

ʟʦʥʳ ʦʪ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ ʫʧʨʫʛʦʩʪʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʥʥʠʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʜʦʦʮʝʥʢʦʡ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ 

ʧʨʦʮʝʩʩʘʭ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʥʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʤʦʜʝʣʷʭ 
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ʚʦʟʤʦʞʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʣʦʝ ʩʫʨʬʘʢʪʘʥʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʯʝʪʘ 

ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʦʪʣʠʯʥʦʝ 

ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

Shmyrov A., Mizev A., Demin V. et al. On the extent of surface stagnation produced jointly by insoluble surfactant 

and thermocapillary flow // Advances in Colloid and Interface Science. - 2018. - Vol. 255. - P. 10-17 (IF = 8.973) 

 

 
 

(ʈʫʢ. ʢ.ʬ.ʤ.ʥ. ʄʠʟʸʚ ɸ.ʀ., ʪ.(342) 237-83-14, e-mail: alex_mizev@icmm.ru) 
(ʬʘʡʣ ʄʠʟʝʚ.ppt) 

 

4. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʨʘʟʜʝʣʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪ ʙʠʥʘʨʥʦʡ ʩʤʝʩʠ.(*) (**)  

ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʙʠʥʘʨʥʦʡ ʩʤʝʩʠ ʚ ʧʦʣʝ ʟʝʤʥʦʡ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʂʦʥʬʠʛʫʨʘʮʠʷ 

ʟʘʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ DCMIX, ʧʨʦʚʝʜʝʥʥʦʤʫ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ, ʢʦʛʜʘ ʚ ʫʛʣʘʭ ʷʯʝʡʢʠ ʩʪʝʢʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʝʪʘʣʣʦʤ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʚʦʟʤʫʱʝʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ: ʣʦʢʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʟʥʘʯʝʥʠʷ ʥʘ 

ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʛʨʘʥʠʮʳ ʠ ʜʣʠʥʳ ʠʥʪʝʨʚʘʣʘ, ʥʘ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʠʩʢʘʞʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʳ ʩʣʫʯʘʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʦʚ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʩʤʝʩʠ ʩ ʵʬʬʝʢʪʦʤ ʉʦʨʝ: ʜʠʬʬʫʟʠʦʥʥʳʡ ʠ ʢʦʥʚʝʢʪʠʚʥʳʡ. 

ɼʠʬʬʫʟʠʦʥʥʳʡ ʨʝʞʠʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʝʥʴʰʝ, ʯʝʤ 3-5% ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʠ ʟʘʥʠʤʘʝʪ 5% ʜʣʠʥʳ ʛʨʘʥʠʮʳ ʚ 

ʢʘʞʜʦʤ ʫʛʣʫ. ʂʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ, ʧʝʨʝʤʝʰʠʚʘʷ ʩʤʝʩʴ, ʧʦʥʠʞʘʝʪ ʨʘʟʜʝʣʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪ. ʆʙʥʘʨʫʞʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʣʴʥʦʛʦ ʪʝʯʝʥʠʷ, ʧʦʷʚʣʷʶʱʝʛʦʩʷ ʥʘ ʨʘʥʥʠʭ 

ʚʨʝʤʝʥʘʭ ʠ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʱʝʛʦ, ʢʦʪʦʨʦʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ. 

Mialdun A., Ryzhkov I., Khlybov O., Lyubimova T., Shevtsova V. Measurement of Soret coefficients in a ternary 

mixture of toluene-methanol-cyclohexane in convection-free environment. Journal of Chemical Physics. 2018. 

148(4),044506. IF 2.843 https://doi.org/10.1063/1.5017716  
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(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʃʶʙʠʤʦʚʘ ʊ.ʇ., ʪ.(342) 239-66-46, e-mail: lubimova@psu.ru) 

(ʬʘʡʣ ʃʶʙʠʤʦʚʘ.ppt) 

 

5. ʀʩʩʣʝʜʦʚʘʥʳ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʤʘʛʥʠʪʥʳʭ ʞʠʜʢʦʩʪʷʭ.  

 

5.1 ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʳʭ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʷʭ ʤʘʛʥʠʪʥʦʡ 

ʞʠʜʢʦʩʪʠ (ʬʝʨʨʦʞʠʜʢʦʩʪʠ) ʚʦ ʚʥʝʰʥʝʤ ʧʦʩʪʦʷʥʥʦʤ ʧʦʣʝ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʤʝʞʯʘʩʪʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʚʥʝʰʥʝʛʦ 

ʧʦʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʥʘ ʦʩʥʦʚʥʦʡ, ʫʜʚʦʝʥʥʦʡ ʠ 

ʫʪʨʦʝʥʥʦʡ ʯʘʩʪʦʪʘʭ ʠʟʤʝʨʷʣʘʩʴ ʤʦʩʪʦʤ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʟʦʥʜʠʨʫʶʱʠʭ ʯʘʩʪʦʪ ʦʪ 4,11 ɻʮ ʜʦ 81 ʢɻʮ ʜʣʷ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ: -25, 0, 

25, 50, 75 ʉ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʠʥʝʡʥʳʭ ʠ 

ʥʝʣʠʥʝʡʥʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ ʤʘʛʥʠʪʥʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʝʞʯʘʩʪʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʝʡ ʥʘ ʦʩʥʦʚʥʦʡ, 

ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʘʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨ. 
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5.2 ʏʠʩʣʝʥʥʦ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʡ ʤʠʢʨʦʩʬʝʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʩʢʦʨʦʩʪʴ ʝʸ ʤʘʛʥʠʪʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʟʘʜʘʥʥʦʤ ʛʨʘʜʠʝʥʪʥʦʤ ʧʦʣʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ. 

ʈʘʚʥʦʚʝʩʥʘʷ ʢʨʠʚʘʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʡ ʤʠʢʨʦʩʬʝʨʳ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʯʠʩʣʝʥʥʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʦ 

ʚʳʨʘʞʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʤʠʢʨʦʩʬʝʨʳ ʩ ʝʸ 

ʤʘʛʥʠʪʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ (ʚʝʣʠʯʠʥʦʡ, ʧʦʢʘʟʳʚʘʶʱʝʡ, ʩ ʢʘʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʤʠʢʨʦʩʬʝʨʘ ʚ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʥʝʡ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ). ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʜʚʠʞʥʦʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʘ. 

5.3 ʉʦʚʤʝʩʪʥʦ ʩ ʀʊʍ ʋʨʆ ʈɸʅ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʞʠʜʢʦʩʪʠ ʩ ʯʝʰʫʡʯʘʪʳʤʠ 

ʯʘʩʪʠʮʘʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʩʚʦʡʩʪʚʘ, ʠʟʤʝʨʝʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ. ʆʧʨʝʜʝʣʝʥ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ʥʦʨʤʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʢ ʧʣʦʩʢʦʩʪʠ ʯʘʩʪʠʮ. 

ɺ ʢʦʦʧʝʨʘʮʠʠ ʩ ʀʊʍ ʋʨʆ ʈɸʅ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʩʠʥʪʝʟʫ ʤʘʛʥʠʪʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʩ ʯʝʰʫʡʯʘʪʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʩʚʦʡʩʪʚʘ. ʀʟʤʝʨʝʥʳ 

ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ʚ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ʆʧʨʝʜʝʣʝʥ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ. ʅʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʟʥʘʢʘ 

ʵʬʬʝʢʪʘ ʚ ʧʦʩʪʦʷʥʥʦʤ ʧʦʣʝ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʦʨʤʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʢ ʧʣʦʩʢʦʩʪʠ ʯʘʩʪʠʮ. 

5.4 ʀʟʫʯʝʥʘ ʥʝʤʦʥʦʪʦʥʥʘʷ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʚ ʪʦʥʢʦʤ ʧʨʠʩʪʝʥʦʯʥʦʤ 

ʩʣʦʝ ʥʘ ʥʝʤʘʛʥʠʪʥʦʝ ʪʝʣʦ, ʧʦʛʨʫʞʝʥʥʦʝ ʚ ʧʦʣʦʩʪʴ ʩ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʧʦʣʝʡ, ʪʘʢ ʠ ʥʝʥʴʶʪʦʥʦʚʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʞʠʜʢʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʘ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʥʝʤʘʛʥʠʪʥʦʝ ʪʝʣʦ, ʧʦʛʨʫʞʝʥʥʦʝ 

ʚ ʤʘʛʥʠʪʥʫʶ ʞʠʜʢʦʩʪʴ ʚʦ ʚʥʝʰʥʝʤ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʦʥʜʝʨʦʤʦʪʦʨʥʘʷ 

ʩʠʣʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚʙʣʠʟʠ ʪʦʨʮʦʚ ʧʦʣʦʩʪʠ ʩ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʘ ʚ 

ʮʝʥʪʨʝ ʧʦʣʦʩʪʠ ʚʩʝʛʜʘ ʨʘʚʥʘ ʥʫʣʶ. ʉ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ 

ʧʦʥʜʝʨʦʤʦʪʦʨʥʘʷ ʩʠʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʚ ʪʦʥʢʦʡ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʡ 

ʧʨʦʩʣʦʡʢʝ ʤʝʞʜʫ ʪʦʨʮʦʤ ʮʠʣʠʥʜʨʘ ʠ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʠʣʘ, 
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ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʧʦʥʜʝʨʦʤʦʪʦʨʥʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʢʨʦʤʦʢ ʮʠʣʠʥʜʨʘ, ʪʘʢ ʠ 

ʥʝʥʴʶʪʦʥʦʚʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʦʡ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ. 

(ʈʫʢ. ʢ.ʬ.ʤ.ʥ. ʀʚʘʥʦʚ ɸ.ʉ., ʪ.(342) 237-83-25, e-mail: lesnichiy@icmm.ru). 
(ʬʘʡʣ ʣʘʙ 14.ppt) 

 

6. ʉʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  
 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʧʦʪʦʢʘʭ ʧʨʦʟʨʘʯʥʳʭ 

ʩʨʝʜ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ PIV (Particle Image Velocimetry). ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʇʂ, ʩʦʚʨʝʤʝʥʥʳʝ PIV ʩʠʩʪʝʤʳ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʩʝʨʴʝʟʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʢʦʛʜʘ ʥʘ ʦʩʥʦʚʝ 

ʤʛʥʦʚʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʢʦʨʦʩʪʠ  ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʥʝʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ, ʦʪʢʨʳʚʘʶʱʠʡ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʣʦʞʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʧʦʜʭʦʜʘ ʙʳʣʘ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʦʜʝʣʠ ʪʨʦʧʠʯʝʩʢʦʛʦ 

ʮʠʢʣʦʥʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʩʢʨʳʪʦʛʦ ʪʝʧʣʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ 

ʪʝʯʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʚʣʠʷʶʱʠʤ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʚʠʭʨʷ. 

ɺ.ɸ. ʑʘʧʦʚ, ɸ.ɺ. ɽʚʛʨʘʬʦʚʘ, ɻ.ʌ. ʄʘʩʠʯ, ɸ.ʄ. ʇʘʚʣʠʥʦʚ, ɽ.ʅ. ʇʦʧʦʚʘ, ɸ.ʅ. ʉʫʭʘʥʦʚʩʢʠʡ, ɼ.ʇ. ʏʫʛʫʥʦʚ. 

çʇʨʠʤʝʥʝʥʠʝ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶè // ʇʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ: ʪʝʦʨʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷ, 2018,9:1(36), ʩ. 3ï19. 

DOI: https://doi.org/10.25209/2079-3316-2018-1-1-3-19. 

(ʈʫʢ. ʢ.ʬ.-ʤ.ʥ. ʉʫʭʘʥʦʚʩʢʠʡ ɸ.ʅ., ʪ. (342) 237-83-94, san@icmm.ru). 
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7. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʢʨʦʚʦʪʦʢʘ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʨʫʰʝʥʠʡ ʩʠʩʪʝʤʳ ʤʠʢʨʦʛʝʤʦʮʠʨʢʫʣʷʮʠʠ.  

 

ɺʧʝʨʚʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʪʦʢʘ ʢʨʦʚʠ ʚ ʤʠʢʨʦʩʦʩʫʜʘʭ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ 

ʢʦʥʢʨʝʪʥʳʤʠ ʧʘʪʦʣʦʛʠʷʤʠ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʤ ʥʘʨʫʰʝʥʠʷʤ 

ʤʦʨʬʦʣʦʛʠʠ ʠ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʤʠʢʨʦʛʝʤʦʮʠʨʢʫʣʷʮʠʠ. ʇʨʦʚʝʜʝʥ ʤʦʥʠʪʦʨʠʥʛ ʢʨʦʚʦʪʦʢʘ 

ʚ ʤʠʢʨʦʩʦʩʫʜʘʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʜʦʧʧʣʝʨʦʚʩʢʦʡ ʬʣʦʫʤʝʪʨʠʠ (ʃɼʌ) ʚ ʛʨʫʧʧʘʭ ʢʦʥʪʨʦʣʷ, 

ʛʨʫʧʧʘʭ ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ 1 ʠ 2 ʪʠʧʦʚ ʠ ʛʨʫʧʧʘʭ ʧʘʮʠʝʥʪʦʚ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʨʝʚʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. ʇʨʦʪʦʢʦʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʨʝʛʠʩʪʨʘʮʠʶ 

ʩʠʛʥʘʣʘ ʃɼʌ ʚ ʧʦʢʦʝ ʠ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʝʩʪʦʚ. ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠʟʫʯʝʥ ʧʨʠ ʧʦʤʦʱʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʩʘʭʘʨʥʦʤ ʜʠʘʙʝʪʝ ʥʘʨʫʰʘʝʪʩʷ ʨʝʛʫʣʷʮʠʷ ʪʦʥʫʩʘ 

ʩʦʩʫʜʦʚ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʩʣʘʙʣʝʥʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʤʠʢʨʦʢʨʦʚʦʪʦʢʘ. ʈʝʚʤʘʪʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʦʨʝʞʠʚʘʥʠʝʤ 

ʢʘʧʠʣʣʷʨʥʦʡ ʩʝʪʠ ʠ ʧʦʷʚʣʝʥʠʝʤ ʤʝʛʘʢʘʧʠʣʣʷʨʦʚ, ʯʪʦ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʠ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʩʦʩʪʘʚʝ, ʘ ʠʤʝʥʥʦ, ʚ ʫʚʝʣʠʯʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʧʘʩʩʠʚʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

Mizeva I. et al Spectral analysis of the blood flow in the foot microvascular bed during thermal testing in patients 

with diabetes mellitus// Microvascular research 2018 (IF 2.5) 

Mizeva I. et al Analysis of oscillations of skin blood microflows for the patients with rheumatic diseases//  Journal 

of Biomedical Optics 2017 (IF 2.4) 

Zharkikh E., Mizeva I. et al "Blood flow oscillations as a signature of microvascular abnormalitiesñ // Proc. SPIE, 

Biophotonics,  2018 

  

 

 

(ʈʫʢ. ʢ.ʬ.-ʤ.ʥ. ʄʠʟʸʚʘ ʀ.ɸ.,  ʪ. (342) 237-83-94, mizeva@icmm.ru). 
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8. ɺʳʜʚʠʥʫʪʘ ʠ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʨʝʥʘ ʛʠʧʦʪʝʟʘ ʦ 

ʤʝʭʘʥʠʟʤʝ, ʚʳʟʳʚʘʶʱʝʤ ʦʩʣʘʙʣʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʨʝʢ ʚ ʟʦʥʝ ʩʣʠʷʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʤʝʰʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʦʪʦʢʦʚ ʩʣʠʚʘʶʱʠʭʩʷ ʨʝʢ ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʧʨʠʤʝʨʝ ʢʨʫʧʥʳʭ ʨʝʢ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʂʘʤʳ ʠ ɺʠʰʝʨʳ. ʅʘʡʜʝʥʦ, ʯʪʦ ʥʠʞʝ ʤʝʩʪʘ 

ʩʣʠʷʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʫʭʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʠ ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ 

ʦʩʣʘʙʣʝʥʠʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ; ʧʨʠ ʵʪʦʤ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʚʠʭʨʷʭ ʪʘʢʦʚʦ, ʯʪʦ 

ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʥʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪ ʙʝʨʝʛʦʚ ʢ ʩʝʨʝʜʠʥʝ ʨʫʩʣʘ. ʇʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʨʘʩʭʦʜʘʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʤʝʩʪʘ 

ʩʣʠʷʥʠʷ ʚʦʜʳ ʨʝʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ.  

 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʤʝʨ ʧʦ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʮʠʦʥʘʣʴʥʳʤ ʪʦʣʴʢʦ ʧʨʠ ʧʦʥʠʤʘʥʠʠ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʚʦʜʦʝʤʘʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʝʪʩʷ 

ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʜ ʧʨʠ ʩʣʠʷʥʠʠ ʢʨʫʧʥʳʭ ʨʝʢ. ʇʦʩʢʦʣʴʢʫ ʦʩʦʙʝʥʥʦʩʪʠ ʩʤʝʰʝʥʠʷ ʢʨʫʧʥʳʭ 

ʚʦʜʦʪʦʢʦʚ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʭʦʟʷʡʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ.  

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʠʥʪʝʨʝʩʥʦʛʦ ʠ ʚʘʞʥʦʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ çʧʦʜʘʚʣʝʥʠʷè 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʝʩʴʤʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʛʠʧʦʪʝʟ, ʚʧʣʦʪʴ ʜʦ 

ʦʪʨʠʮʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʨʝʢʘʭ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʵʪʦ 

ʷʚʣʝʥʠʝ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʧʝʨʝʯʥʘʷ ʮʠʨʢʫʣʷʮʠʷ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʢʘʢ ʚʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ 

ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʦ ʇʨʘʥʜʪʣʶ. ʍʘʨʘʢʪʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʦʯʝʥʴ ʤʘʣʘ ʠ 

ʪʨʫʜʥʦ ʧʦʜʜʘʝʪʩʷ ʧʨʷʤʦʤʫ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʠʟʤʝʨʝʥʠʶ, ʦʜʥʘʢʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʠʪʴ ʧʦʧʝʨʝʯʥʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʠ ʩʣʠʷʥʠʠ.  

ɺʳʜʚʠʛʘʝʤʘʷ ʛʠʧʦʪʝʟʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʨʘʤʢʘʭ 

ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʜʣʷ ʨʘʟʤʝʨʦʚ ʨʝʘʣʴʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ï ʨʝʢʠ ʂʘʤʘ, ʧʨʠ 

ʚʧʘʜʝʥʠʠ ʚ ʥʝʝ ʨʝʢʠ ɺʠʰʝʨʘ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʨʘʩʭʦʜʘʭ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʤʝʩʪʘ ʩʣʠʷʥʠʷ ʚʦʜʳ ʨʝʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʠʞʝ 

ʤʝʩʪʘ ʩʣʠʷʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʫʭʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʠ ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ 

ʦʩʣʘʙʣʝʥʠʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ; ʧʨʠ ʵʪʦʤ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʚʠʭʨʷʭ ʪʘʢʦʚʦ, ʯʪʦ ʚʙʣʠʟʠ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʥʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪ ʙʝʨʝʛʦʚ ʢ ʩʝʨʝʜʠʥʝ ʨʫʩʣʘ. 
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9. ʀʩʩʣʝʜʦʚʘʥʦ ʜʚʠʞʝʥʠʝ ʪʷʞʝʣʦʡ ʯʘʩʪʠʮʳ ʦʢʦʣʦ ʛʘʟʦʚʦʛʦ ʧʫʟʳʨʴʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʨʘʟʚʫʢʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʨʝʟʦʥʘʥʩʥʳʤ.  

ʀʩʩʣʝʜʦʚʘʥʦ ʜʚʠʞʝʥʠʝ ʪʷʞʝʣʦʡ ʯʘʩʪʠʮʳ ʦʢʦʣʦ ʛʘʟʦʚʦʛʦ ʧʫʟʳʨʴʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʨʘʟʚʫʢʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʨʝʟʦʥʘʥʩʥʳʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ 

ʚ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʪʷʞʝʩʪʠ. ʀʟʫʯʝʥ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʨʘʩʩʝʷʥʥʦʛʦ ʥʘ ʧʫʟʳʨʝ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʩʫʤʤʘʨʥʫʶ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ 

ʯʘʩʪʠʮʫ. ʇʦʣʫʯʝʥ ʚʝʢʪʦʨʥʳʡ ʚʠʜ ʠ ʤʦʜʫʣʴ ʵʪʦʡ ʩʠʣʳ. ʇʦʩʪʨʦʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮʳ ʩ ʫʯʝʪʦʤ ʝʝ ʠʥʝʨʪʥʦʩʪʠ, ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʠʣʳ, ʩʠʣ ʉʪʦʢʩʘ ʠ ɹʘʩʩʝ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ, ʢʘʢ ʠ ʚ ʥʝʨʝʟʦʥʘʥʩʥʦʤ ʩʣʫʯʘʝ, ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ 

ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ. ɽʩʣʠ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ ʣʝʞʠʪ ʚ 

ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʠʙʨʘʮʠʡ ʠ ʪʷʞʝʩʪʠ, ʪʦ ʯʘʩʪʠʮʘ ʥʝ ʧʦʢʠʜʘʝʪ ʵʪʫ 

ʧʣʦʩʢʦʩʪʴ ʧʨʠ ʩʚʦʝʤ ʜʚʠʞʝʥʠʠ, ʪʦ ʝʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʳ ʧʣʦʩʢʠʝ. ʆʜʥʘʢʦ, ʝʩʣʠ 

ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮʳ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʦ ʠ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʳ 

ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢʘʢʦʡ-ʣʠʙʦ ʧʣʦʩʢʦʩʪʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʳ ʢ ʚʳʯʠʩʣʝʥʠʶ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ ʚʩʧʣʳʚʘʶʱʠʤ ʧʫʟʳʨʝʤ 

ʦʩʘʞʜʘʶʱʠʭʩʷ ʯʘʩʪʠʮ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʯʘʩʪʦʪʘʭ, ʙʣʠʟʢʠʭ ʢ ʨʝʟʦʥʘʥʩʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʷʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʯʘʩʪʦʪʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʨʝʟʦʥʘʥʩʥʳʤ, ʜʘʞʝ ʧʨʠ ʤʘʣʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʙʨʘʮʠʡ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ ʩ ʧʫʟʳʨʴʢʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʬʣʦʪʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʘ. 
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10. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʝʨʤʦʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʩʠʩʪʝʤʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʣʦʝʚ ʙʠʥʘʨʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʥʘʩʳʱʝʥʥʦʡ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ.  

 

ʀʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʣʦʝʚ 

ʙʠʥʘʨʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʥʘʩʳʱʝʥʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʠ ʪʷʞʝʩʪʠ.  

ɼʣʷ ʩʣʫʯʘʷ ʧʦʜʦʛʨʝʚʘ ʩʥʠʟʫ ʥʘʡʜʝʥʦ, ʯʪʦ ʚʠʙʨʘʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʨʘʚʥʦʚʝʩʠʝ ʠ ʧʨʠʚʦʜʷʪ 

ʢ ʨʦʩʪʫ ʜʣʠʥʳ ʚʦʣʥʳ ʢʨʠʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ; ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʥʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ 

ʤʦʜʫ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ, ʯʝʤ ʥʘ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʟʣʠʯʥʦʡ ʨʦʣʴʶ ʠʥʝʨʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʞʠʜʢʦʤ ʠ ʧʦʨʠʩʪʦʤ ʩʣʦʷʭ; ʧʨʠ ʦʪʥʦʰʝʥʠʠ 

ʪʦʣʱʠʥ ʩʣʦʝʚ d, ʨʘʚʥʦʤ 0.15, ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ 

ʢʨʠʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʚ ʞʠʜʢʦʤ ʩʣʦʝ, ʢ ʜʣʠʥʥʦʚʦʣʥʦʚʳʤ, 

ʦʭʚʘʪʳʚʘʶʱʠʤ ʦʙʘ ʩʣʦʷ, ʧʨʠ ʵʪʦʤ ʜʣʠʥʘ ʚʦʣʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚ 10 ʨʘʟ. ʇʨʠ ʥʘʛʨʝʚʝ 

ʩʚʝʨʭʫ ʢʦʥʚʝʢʮʠʷ ʚʦʟʥʠʢʘʝʪ ʤʦʥʦʪʦʥʥʦ, ʚʠʙʨʘʮʠʠ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʪ ʨʘʚʥʦʚʝʩʠʝ ʠ 

ʧʨʠʚʦʜʷʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʣʠʥʳ ʚʦʣʥʳ ʢʨʠʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ. 
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11. ʀʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʦʥʢʦʡ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ 

ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʇɸɺ.  

ʀʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʫʭʩʣʦʡʥʦʡ, ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʦʣʩʪʦʛʦ 

ʩʣʦʷ ʧʦʜʦʭʣʘʞʜʘʝʤʦʡ ʩʚʝʨʭʫ ʞʠʜʢʦʩʪʠ, ʦʪʚʦʜʷʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʪʝʧʣʦ ʦʪ ʧʦʢʨʳʪʦʡ ʧʘʨʦʚʦʡ ʧʣʝʥʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʛʦ 

ʥʘʛʨʝʚʘʪʝʣʷ.  

ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʈʵʣʝʷ-ʊʝʡʣʦʨʘ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʠ 

ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʪʦʣʱʠʥʳ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ. ʂʘʢ 

ʦʩʣʦʞʥʷʶʱʠʡ ʬʘʢʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʇɸɺ ʩ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ɽʛʦ ʥʘʣʠʯʠʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʨʝʭʢʨʘʪʥʦʤ ʧʦʥʠʞʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʏʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʜʚʫʭʩʣʦʡʥʘʷ ʜʚʫʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʦʥʢʦʛʦ ʩʣʦʷ ʧʘʨʘ, 

ʦʪʜʝʣʷʶʱʝʛʦ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʦʪ ʦʙʲʝʤʘ 

ʧʦʜʦʭʣʘʞʜʘʝʤʦʡ ʩʚʝʨʭʫ ʞʠʜʢʦʩʪʠ. ɺ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʦʣʱʠʥʘ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ 

ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ ʥʘ ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʬʘʟ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʩʳʱʝʥʠʷ. ʇʨʦʚʦʜʠʪʩʷ ʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʤʫʱʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʨʘʙʦʪʝ (Konovalov et al., 2016) 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʠʩʭʦʜʷ ʠʟ ʧʝʨʚʳʭ 

ʧʨʠʥʮʠʧʦʚ, ʠ ʜʘʥʥʳʭ ʧʨʠʙʣʠʞʝʥʠʷ ʩʤʘʟʢʠ (Tanaka, 1980), ʛʜʝ ʠʩʩʢʫʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʟʘʜʘʚʘʣʩʷ ʧʫʘʟʝʡʣʴʝʚʩʢʠʡ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʧʘʨʘ ʚ ʧʣʝʥʢʝ.  
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʨʝʢʪʥʳʡ ʚʳʙʦʨ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʙʘʣʘʥʩʘ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʢʫʜʘ ʧʦʤʠʤʦ ʚʷʟʢʦʩʪʠ ʧʘʨʘ ʚʭʦʜʠʪ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʣʠʷʝʪ ʥʘ 

ʨʝʟʫʣʴʪʘʪ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʦʧʫʩʢʘʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʇɸɺ ʩ ʚʳʩʦʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʞʠʜʢʦʩʪʠ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʪʠʧʘ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘ ʤʝʞʬʘʟʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʡʩʪʚʘ ʛʠʙʢʦʡ çʤʝʤʙʨʘʥʳè.  

ɺʳʧʦʣʥʝʥʥʳʝ ʜʣʷ ʚʦʜʳ ʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʨʘʩʯʝʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪ 

ʇɸɺ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʥʠʞʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. 

(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʃʶʙʠʤʦʚʘ ʊ.ʇ., ʪ.(342) 239-66-46, e-mail: lubimova@psu.ru) 

(ʬʘʡʣ ʣʘʙ 16-4.ppt) 

 

12. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʣʝʢʪʠʚʥʳʝ ʷʚʣʝʥʠʷ ʚ ʩʝʪʷʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʥʝ 

ʧʦʜʯʠʥʷʶʱʠʝʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʆʪʪʘ-ɸʥʪʦʥʩʝʥʘ, ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʚ 

ʨʘʤʢʘʭ ʦʙʦʙʱʝʥʠʷ ʪʝʦʨʠʠ ʆʪʪʘ-ɸʥʪʦʥʩʝʥʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ɼ.ʉ. ɻʦʣʜʦʙʠʥʳʤ ʠ ʜʨ.  

 

ɺ ʩʪʘʪʴʝ ʚ ʞʫʨʥʘʣʝ Science Advances [1] ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʢʦʣʣʝʢʪʠʚʥʳʭ ʷʚʣʝʥʠʡ ʚ ʩʝʪʷʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ʠ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʦʥʠ ʥʝ 

ʧʦʜʯʠʥʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʆʪʪʘ-ɸʥʪʦʥʩʝʥʘ. ʊʘʤ ʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʠʩʘʥʠʝ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʪʝʦʨʠʠ ʆʪʪʘ-ɸʥʪʦʥʩʝʥʘ. ɼ.ʉ. ɻʦʣʜʦʙʠʥʳʤ, ʀ.ɺ. ʊʶʣʴʢʠʥʦʡ ʠ ʃ.ʉ. 

ʂʣʠʤʝʥʢʦ ʩʦʚʤʝʩʪʥʦ ʩ ɸ. ʇʠʢʦʚʩʢʠʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠʤʠ ʨʘʥʝʝ ʧʦʜʭʦʜ ʢ 

ʦʙʦʙʱʝʥʠʶ ʪʝʦʨʠʠ ʆʪʪʘ-ɸʥʪʦʥʩʝʥʘ ʥʘ ʥʝʠʜʝʘʣʴʥʳʝ ʩʠʪʫʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʦʧʠʩʘʥʠʝ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʚ [1], ʢʘʢ ʚʦʟʤʫʱʝʥʠʝ ʪʝʦʨʠʠ ʆʪʪʘ-ɸʥʪʦʥʩʝʥʘ [2]. ɹʦʣʝʝ ʪʦʛʦ, 

ʧʦʜʭʦʜ ɻʦʣʜʦʙʠʥʘ ʠ ʜʨ. [2] ʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ ʧʦʜʭʦʜ [1]. ʈʘʙʦʪʘ 

[2] ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʨʘʟʜʝʣʝ ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ (Fast Track) ʞʫʨʥʘʣʘ Chaos. 
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[1] K.M. Hannay, D.B. Forger, V. Booth, Macroscopic models for networks of coupled biological oscillators, 

Science Advances 4, e1701047 (2018). [impact factor WoS 2017: 11.51] 

[2] D.S. Goldobin, I.V. Tyulkina, L.S. Klimenko, A. Pikovsky, Collective mode reductions for populations of 

coupled noisy oscillators, Chaos 28, 101101 (2018). [impact factor WoS 2017: 2.415, ʢʚʘʨʪʠʣʴ Q1] 

 

(ʈʫʢ. ʢ.ʬ.ʤ.ʥ. ɻʦʣʜʦʙʠʥ ɼ.ʉ., ʪ.(342) ) 237-83-14, e-mail: denis.goldobin@gmail.com) 
(ʬʘʡʣ ɻɼɻʉ-2.ppt) 

 

13. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʠʷ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʩʞʘʪʦʡ ʢʘʧʣʠ ʚ ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ.  

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʡ ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ ʚ ʧʝʨʝʤʝʥʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ʂʘʧʣʷ ʟʘʞʘʪʘ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʦʢʨʫʞʝʥʘ ʞʠʜʢʦʩʪʴʶ ʜʨʫʛʦʡ ʧʣʦʪʥʦʩʪʠ. ʕʪʦ ʧʦʣʝ ʩʦʟʜʘʝʪ ʚʥʝʰʥʶʶ 

ʚʠʙʨʘʮʠʦʥʥʫʶ ʩʠʣʫ, ʢʦʪʦʨʘʷ ʜʝʡʩʪʚʫʝʪ ʥʘ ʣʠʥʠʶ ʢʦʥʪʘʢʪʘ ʪʨʝʭ ʩʨʝʜ: ʢʘʧʣʷ-ʪʚʝʨʜʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ-ʦʢʨʫʞʘʶʱʘʷ ʞʠʜʢʦʩʪʴ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʠʥʠʠ ʢʦʥʪʘʢʪʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʫʤʤʝ ʦʪʢʣʦʥʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʠ ʩʢʦʨʦʩʪʠ ʙʳʩʪʨʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ (ʧʘʨʘʤʝʪʨ ʍʦʢʠʥʛʘ) ʜʣʷ ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʥʳʡ. 

ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʪʫʭʘʥʠʶ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʦʝ ʦʙʲʷʩʥʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʣʠʥʠʠ ʢʦʥʪʘʢʪʘ ʩ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʦʙʥʘʨʫʞʝʥʳ ʭʦʨʦʰʦ ʟʘʤʝʪʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʵʬʬʝʢʪʳ. ʇʨʠ ʣʶʙʳʭ ʥʝʨʘʚʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ ʍʦʢʠʥʛʘ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʛʜʘ ʢʦʥʝʯʥʘ. ʆʜʥʘʢʦ, 

ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʧʘʨʘʤʝʪʨʘʭ ʍʦʢʠʥʛʘ ʘʤʧʣʠʪʫʜʘ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʥʘʨʘʩʪʘʝʪ ʚ ʩʣʫʯʘʝ ʤʘʣʦʡ 

ʜʠʩʩʠʧʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʣʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʙʝʛʫʱʠʝ 

ʢʘʧʠʣʣʷʨʥʳʝ ʚʦʣʥʳ. 
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çʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢè - ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

ʥʘʫʢʠ ʇʝʨʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʋʨʘʣʴʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʜʘʣʝʝ ï çʀʊʍ ʋʨʆ ʈɸʅè). 

 
ʇʌʅʀ048: ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

1. ɺ ʫʩʣʦʚʠʷʭ ʘʣʣʠʣʴʥʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ ʠʣʠ ʦʢʠʩʣʝʥʠʷ ʧʦ ʉ24 ʘʪʦʤʫ ʠʟ 2-ʮʠʘʥʦ-3,4-

ʩʝʢʦʪʨʠʪʝʨʧʝʥʦʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʜʦʩʪʫʧʥʦʛʦ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʦʛʦ ʪʨʠʪʝʨʧʝʥʦʠʜʘ 

ʙʝʪʫʣʠʥʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʨʦʤ-ʘʣʢʝʥʳ ʠʣʠ ʘʣʴʜʝʛʠʜʳ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ çʪʨʠʪʝʨʧʝʥʦʠʜ-ʩʪʝʨʦʠʜʥʳʭè 

ʛʠʙʨʠʜʦʚ ʩ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ 4,4-ʛʝʤʜʠʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʚ ʫʩʣʦʚʠʷʭ ʥʠʪʨʠʣ-ʘʥʠʦʥʥʦʡ 

ʮʠʢʣʠʟʘʮʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʨʝʘʣʠʟʦʚʘʥʳ ʨʝʘʢʮʠʠ ʨʝʛʠʦ- ʠ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦ C3, C4 ʠ/ʠʣʠ C5 ʧʦʣʦʞʝʥʠʷʤ ʮʠʢʣʘ A, ʘ ʪʘʢʞʝ ʚ 

ʩʣʫʯʘʝ ʣʫʧʘʥʦʚʳʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ï ʧʦ C20, C28 ʠ C30 ʧʦʣʦʞʝʥʠʷʤ ʬʨʘʛʤʝʥʪʘ 

ʠʟʦʧʨʦʧʠʣʠʜʝʥʘ. çʊʨʠʪʝʨʧʝʥʦʠʜ-ʩʪʝʨʦʠʜʥʳʝè ʛʠʙʨʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʈ-ʛʣʠʢʦʧʨʦʪʝʠʥʘ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʟʚʠʪʠʝ ʦʜʥʦʛʦ ʠʟ 

ʤʝʭʘʥʠʟʤʦʚ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ [I.A. 

Tolmacheva, A.V. Nazarov, D.V. Eroshenko, V.V. Grishko. Synthesis, cytotoxic evaluation, and 

molecular docking studies of the semisynthetic ñtriterpenoid-steroidò hybrids // Steroids. ï 2018. 

ï Vol. 140. ï P. 131-143]. 
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ʃʘʙʦʨʘʪʦʨʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï  ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ɻʨʠʰʢʦ ɺ.ɺ. 

 

ʇʌʅʀ045: ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʬʫʥʢʮʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʦʯʠʩʪʳʭ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

1. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʛʦʨʝʥʠʷ ʥʘ 

ʫʛʣʝʨʦʜʥʦʡ ʦʩʥʦʚʝ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʦʢʩʠʜʘʤʠ ʜʚʫʭ ʤʝʪʘʣʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʝʛʫʣʷʪʦʨʳ ʛʦʨʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʦʙʱʝʡ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʦʢʩʠʜʥʦʡ ʬʘʟʳ ʜʦ 20 ʤʘʩc. % ʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʪ 20 ʜʦ 400 ʤ
2
/ʛ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʮʠʢʣʠʯʝʩʢʠʭ ʥʠʪʨʘʤʠʥʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʛʦʨʝʥʠʷ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʘʤʠ ʩʚʠʥʮʘ ʠ ʤʝʜʠ, ʘ ʪʘʢʞʝ ʦʢʩʠʜʘʤʠ ʥʠʢʝʣʷ ʠ ʤʝʜʠ, ʩ 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʦʢʩʠʜʘ ʤʝʜʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʙʘʨʠʯʝʩʢʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ᾇ ʟʘʢʦʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ ʦʪ ʜʘʚʣʝʥʠʷ ʥʘ 35 %. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʢʘʟʘʥʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʛʦʨʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ ʧʠʢʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ (ʥʘ 10 Áʉ) ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ (ʥʘ 90-100 Áʉ) ʩʪʘʜʠʡ ʨʘʟʣʦʞʝʥʠʷ 

ʧʝʨʭʣʦʨʘʪʘ ʘʤʤʦʥʠʷ. 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʥʦʛʦʬʘʟʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʧʨʦʬ. ɺʘʣʴʮʠʬʝʨ ɺ.ɸ. 

2. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʠ ʦʧʠʩʘʥʳ ʣʠʥʝʡʥʳʝ ʧʦʣʠʫʨʝʪʘʥʤʦʯʝʚʠʥʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʩʚʦʡʩʪʚʘʤʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʩʪʠ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʠʤʝʶʪ ʩ ʫʥʠʢʘʣʴʥʦ 

ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʜʦ -100 Áʉ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ɼʕɻʉ ʥʝ ʙʦʣʝʝ 40 %, ʩ ʧʨʦʯʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 10 ʄʇʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝ ʤʝʥʝʝ 40 ʄʇʘ ʧʨʠ -70̄ ʉ. 

ʃʘʙʦʨʘʪʦʨʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ. ʉʝʥʠʯʝʚ ɺ.ʖ. 
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çɻʦʨʥʳʡ ʠʥʩʪʠʪʫʪ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè - 

ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ 

ʇʝʨʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʜʘʣʝʝ ï çɻʀ ʋʨʆ ʈɸʅè). 

 
ʇʌʅʀ136: ʂʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʵʥʜʦʛʝʥʥʳʝ ʠ ʵʢʟʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʢʣʶʯʘʷ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ: ʧʨʦʙʣʝʤʳ ʧʨʦʛʥʦʟʘ ʠ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʦʧʨʦʙʦʚʘʥʘ ʥʘ ʧʨʘʢʪʠʢʝ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʢʚʘʞʠʥʥʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ - ʩʝʡʩʤʠʯʝʩʢʦʝ ʩʢʚʘʞʠʥʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ. ʊʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ 

ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʷʭ ʩʠʩʪʝʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʨʘʞʝʥʥʳʭ 

ʚʦʣʥ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʠʢʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ (ʄʄʇ). ʆʩʥʦʚʥʘʷ ʮʝʣʴ - 

ʣʦʢʘʣʠʟʘʮʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʦʥʢʠʭ 

ʩʢʦʨʦʩʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʪʝʭʥʦʛʝʥʥʦʡ ʠ ʧʨʠʨʦʜʥʦʡ 

ʥʘʨʫʰʝʥʥʦʩʪʴʶ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. ɼʘʥʥʘʷ ʮʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥʥʳʭ ʜʘʥʥʳʭ ʚ ʜʠʘʧʘʟʦʥʝ 600-800 

ɻʮ ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʜʣʷ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʦʛʨʘʤʤ ʄʄʇ ʛʨʘʬʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʘʨʪʠʨʦʚʘʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʣʫʯʝʥʠʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʘʟʤʝʨʘʤʠ ʦʪ 1.6 ʤ ʜʦ 0.8 ʤ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʚ 65 ʤ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 200ʤ. ɸʧʧʘʨʘʪʫʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʢʣʶʯʘʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʩʢʚʘʞʠʥʥʳʡ ʠʩʪʦʯʥʠʢ ʩ ʯʘʩʪʦʪʦʡ ʠʤʧʫʣʴʩʘ 2000ɻʮ ʠ 24-ʢʘʥʘʣʴʥʫʶ ʛʠʜʨʦʬʦʥʥʫʶ 

ʢʦʩʫ ʩ ʧʲʝʟʦʢʝʨʘʤʠʯʝʩʢʠʤʠ ʧʨʠʝʤʥʠʢʘʤʠ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʤʠ ʦʙʲʝʤʥʦʝ ʩʞʘʪʠʝ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʥʘʟʝʤʥʳʤʠ ʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʢʚʘʞʠʥʥʳʤʠ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (ʨʠʩ.1) ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʨʘʟʚʠʪʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʨʦʚʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ʥʘʜ ʟʘʪʦʧʣʝʥʥʳʤʠ 

ʢʘʣʠʡʥʳʤʠ ʨʫʜʥʠʢʘʤʠ. 

 

ʈʠʩ.1. ʉʭʝʤʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʘ) ʩʝʡʩʤʠʯʝʩʢʦʝ ʩʢʚʘʞʠʥʥʦʝ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʄʄʇ, ʙ) ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʢʚʘʞʠʥʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ, ʚ)ʤʝʞʩʢʚʘʞʠʥʥʦʝ 

ʧʨʦʩʚʝʯʠʚʘʥʠʝ 
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ʈʠʩ.2.  ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ (ʘ) ʠ ʧʣʦʱʘʜʥʘʷ (ʙ) ʤʦʜʝʣʠ ʟʦʥʳ  

ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʤʘʩʩʠʚʘ 

  ʉʘʥʬʠʨʦʚ ʀ.ɸ., ʏʫʛʘʝʚ ɸ.ɺ., ɹʘʙʢʠʥ ɸ.ʀ., ʃʠʩʠʥ ɺ.ʇ., ɹʦʙʨʦʚ ɺ.ʖ. 

ɻʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʩʢʚʘʞʠʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ / 

ɻʝʦʬʠʟʠʢʘ. 2018. ˉ 5. ʉ. 24-30. 

2. ɺʧʝʨʚʳʝ ʚ ʩʦʣʷʥʦʡ ʪʦʣʱʝ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʥʦʚʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʨʘʩʩʦʣʦʚ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʘʣʝʦʢʘʨʩʪʦʚʳʤ ʚʦʜʘʤ 

(ʨʠʩ.1.), ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʠ ʥʘʜʩʦʣʝʚʳʭ ʩʫʣʴʬʘʪʥʳʭ ʚʦʜ ʩ 

ʩʠʣʴʚʠʥʠʪʦʚʳʤʠ ʧʣʘʩʪʘʤʠ (ʩʠʥʛʝʥʠʪʦʚʳʡ ʪʨʝʥʜ). ʅʘʣʠʯʠʝ ʘʥʦʤʘʣʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ, 

ʘʧʨʠʦʨʠ, ʩʦʟʜʘʝʪ ʫʛʨʦʟʫ ʨʘʟʨʫʰʝʥʠʷ ʚʦʜʦʟʘʱʠʪʥʦʡ ʪʦʣʱʠ, ʘʚʘʨʠʡʥʦʛʦ ʧʨʦʨʳʚʘ ʧʨʝʩʥʳʭ 

ʚʦʜ ʚ ʨʫʜʥʠʢ ʠ ʝʛʦ ʟʘʪʦʧʣʝʥʠʷ.  ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʟʦʥʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʚʳʷʚʣʝʥʥʘʷ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, 

ʧʣʦʱʘʜʥʳʭ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩ ʫʯʝʪʦʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʣʝʛʣʘ ʚ 

ʦʩʥʦʚʫ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʚʳʧʦʣʥʠʪʴ  

ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʳʭ ʫʩʣʦʚʠʡ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ  

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʘʭ (ʨʠʩ.2).  

 

 

ʈʠʩ.1. ʇʦʣʦʞʝʥʠʝ ʩʦʩʪʘʚʘ ʧʘʣʝʦʢʘʨʩʪʦʚʳʭ ʚʦʜ ʥʘ ʪʠʧʠʟʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʨʘʩʩʦʣʦʚ 

ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
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ʈʠʩ.2. ʍʘʨʘʢʪʝʨ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩʧʣʦʰʥʦʩʪʠ ʚʦʜʦʟʘʱʠʪʥʦʡ ʪʦʣʱʠ  
ʏʘʡʢʦʚʩʢʠʡ ʀ.ʀ. ʅʦʚʡr ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʨʘʩʩʦʣʦʚ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ // ʉʪʨʘʪʝʛʠʷ ʠ 

ʧʨʦʮʝʩʩʳ ʦʩʚʦʝʥʠʷ ʛʝʦʨʝʩʫʨʩʦʚ. ʉʙ. ʥʘʫʯ. ʪʨ. ɺʳʧ. 16 / ɻʀ ʋʨʆ ʈɸʅ. ï ʇʝʨʤʴ, 2018. ʩ. 3-7. 

Prognosis of lithological variability of the waterblocking strata based on the of complex 

interpretation of seismic and electrical data / Sanfirov I., Stepanov Y., Baybakova T., Taynitskiy 

A. // E3S Web Conferences: 7th International Scientific Conference ñProblems of Complex 

Development of Georesoursesò, Khabarovsk. ï 2018. ï V. 56. ï 02002. DOI: 

10.1051/e3sconf/20185602002. 

 

ʇʌʅʀ 132: ʂʦʤʧʣʝʢʩʥʦʝ ʦʩʚʦʝʥʠʝ ʠ ʩʦʭʨʘʥʝʥʠʝ ʥʝʜʨ ɿʝʤʣʠ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ. 

1.*ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʛʣʫʙʦʢʠʭ ʨʫʜʥʠʢʦʚ, 

ʚʢʣʶʯʘʶʱʘʷ ʩʝʪʝʚʫʶ ʤʦʜʝʣʴ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʤʦʜʝʣʴ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʦʧʨʷʞʝʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʝ çʚʦʟʜʫʭ ï ʢʨʝʧʴ ï ʛʦʨʥʳʝ ʧʦʨʦʜʳè ʩ ʫʯʝʪʦʤ 

ʩʞʠʤʘʝʤʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ, ʚʣʘʛʦʦʙʤʝʥʘ ʚ ʨʫʜʥʠʯʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʝʭʥʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ (ʨʠʩ..). 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʚʦʟʜʫʭʦʤ ʠ 

ʤʘʩʩʠʚʦʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʩʝʪʝʚʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʫʯʝʪʦʤ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ 

ʥʘʛʨʝʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʥʘʢʣʦʥʥʳʤ 

ʚʳʨʘʙʦʪʢʘʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʭʘ ʛʣʫʙʦʢʠʭ ʰʘʭʪ ʠ ʨʫʜʥʠʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʣʦʞʥʳʤʠ ʠ 

ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʩʝʪʷʤʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʱʥʳʭ ʛʦʨʥʳʭ ʤʘʰʠʥ, ʯʪʦ ʩʣʫʞʠʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. 
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ʈʠʩʫʥʦʢ . ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʧʣʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʝʪʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ 

ʦʢʨʫʞʘʶʱʝʤ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ 

ɿʘʡʮʝʚ ɸ.ɺ. ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʦʨʤʘʣʠʟʘʮʠʠ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʟʜʫʭʘ ʚ ʛʣʫʙʦʢʠʭ ʨʫʜʥʠʢʘʭ ɿʌ ʇɸʆ çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴè / ɸ.ɺ. ɿʘʡʮʝʚ, ʃ.ʖ. 

ʃʝʚʠʥ, ʉ.ɺ. ɹʫʪʘʢʦʚ, ʄ.ɸ. ʉʝʤʠʥ // ɻʦʨʥʳʡ ʞʫʨʥʘʣ. ð ʄʦʩʢʚʘ, 2018. ð ˉ 6. ð ʉ. 34-39. 

ʃʝʚʠʥ ʃ.ʖ. ʅʦʨʤʘʣʠʟʘʮʠʷ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʧʨʠ 

ʦʪʨʘʙʦʪʢʝ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ ʟʘʧʘʩʦʚ ʢʘʣʠʡʥʳʭ ʨʫʜʥʠʢʦʚ // ʃ.ʖ. ʃʝʚʠʥ, ɸ.ɺ. ɿʘʡʮʝʚ, 

ʉ.ɺ. ɹʫʪʘʢʦʚ, ʄ.ɸ. ʉʝʤʠʥ // ɻʦʨʥʳʡ ʞʫʨʥʘʣ. ð ʄʦʩʢʚʘ, 2018. ð ˉ 8. ð ʉ. 97-102.   

 

2. (**) ʋʩʪʘʥʦʚʣʝʥʳ ʢʨʠʪʝʨʠʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʤʝʨʥʦʡ 

ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ 

ʧʦʧʝʨʝʯʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʞʜʫʢʘʤʝʨʥʳʭ ʮʝʣʠʢʦʚ  (ʨʠʩ. 1). ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ 

ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ (ʨʠʩ. 2). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʥʘʩʪʫʧʣʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʪʦʣʱ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ 

ʦʧʝʨʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ.   
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ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʠʢʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʭ ʥʘʛʨʫʞʝʥʠʷ 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

 

Baryakh A., Lobanov S., Lomakin I., Tsayukov A. Mathematical modelling of limit states for 

load bearing elements in room-and-pillar mining of saliferous rocks / EUROPEAN ROCK 

MECHANICS SYMPOSIUM (EUROCK 2018). St. Petersburg, 2018. 

Evseev A., Asanov V., Lomakin I., Tsayukov A. Experimental and theoretical studies of 

undermined strata deformation during room-and-pillar mining / EUROPEAN ROCK 

MECHANICS SYMPOSIUM (EUROCK 2018). St. Petersburg, 2018. 

3.(**)  ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʛʣʠʥʠʩʪʦ-ʩʦʣʝʚʳʭ ʦʪʭʦʜʦʚ K-Mg ʨʫʜ 

(ʰʣʘʤʦʚ) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʜʣʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʢʘʨʪʦʬʝʣʷ. ʊʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʪʠʣʠʟʘʮʠʶ 

ʦʪʭʦʜʦʚ ʢʘʣʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʣʫʯʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʩʦʜʝʨʞʘʱʠʭ ʧʠʪʘʪʝʣʴʥʳʝ (K, 

Mg, Ca), ʤʝʣʠʦʨʠʨʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ (ʛʣʠʥʘ, ʜʦʣʦʤʠʪ) ʠ ʢʦʤʧʣʝʢʩ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 
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ʈʠʩ.   ʐʣʘʤʳ ʠ ʧʨʦʜʫʢʪ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ - ʫʜʦʙʨʝʥʠʷ 

 

 

ʇʌʅʀ 125: ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʣʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ, ʤʘʛʤʘʪʠʯʝʩʢʠʭ, 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ. 

1. (**) ʉʦʚʤʝʩʪʥʦ ʩ ʄɻʋ ʦʪʢʨʳʪʳ ʜʚʘ ʥʦʚʳʭ ʤʠʥʝʨʘʣʘ. ʆʙʘ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ 

ʙʦʨʘʪʦʚ ʠ ʧʨʦʠʩʭʦʜʷʪ ʠʟ ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʭ ʩʦʣʝʡ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʠ ʏʝʣʢʘʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

 

  

ʂʨʘʩʥʦʰʪʝʡʥʠʪ, Al8[B2O4(OH)2](OH)16Cl4Ŀ7H2O 

Pekov, I.V., Zubkova, N.V., Chaikovskiy, I.I., Chirkova, E.P., Belakovskiy, D.I., Yapaskurt, 

V.O., Bychkova, Y.V., Lykova, I.S., Britvin, S.N. and Pushcharovsky, D.Y. (2018) 

Krasnoshteinite, IMA 2018-077. CNMNC Newsletter No. 46, December 2018, page xxxx; 

Mineralogical Magazine, 82: xxxxïxxxx. (https://www.mindat.org/min-53190.html) 

 

 

ʗʨʞʝʤʩʢʠʠʪ, K[B5O7(OH)2]ĿH2O 

Pekov, I.V., Zubkova, N.V., Korotchenkova, O.V., Chaikovskiy, I.I., Yapaskurt, V.O., Chukanov, 

N.V., Belakovskiy, D.I., Lykova, I.S., Britvin, S.N. and Pushcharovsky, D.Y. (2018) 

Yarzhemskiite, IMA 2018-019. CNMNC Newsletter No. 44, August 2018, page xxx; 

Mineralogical Magazine: 82: xxxïxxx. (https://www.mindat.org/min-53024.html) 
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ʇʌʅʀ 138: ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʨʝʜʩʪʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʝʜʨ ɿʝʤʣʠ, ʘʪʤʦʩʬʝʨʳ, ʚʢʣʶʯʘʷ ʠʦʥʦʩʬʝʨʫ ʠ ʤʘʛʥʠʪʦʩʬʝʨʫ 

ɿʝʤʣʠ, ʛʠʜʨʦʩʬʝʨʳ ʠ ʢʨʠʦʩʬʝʨʳ; ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ: 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ. 

1. (**) ʈʘʟʨʘʙʦʪʘʥʳ ʢʨʠʪʝʨʠʠ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʧʣʦʪʥʦʩʪʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ. ʉʦʚʤʝʩʪʥʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʣʦʢʘʣʴʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ï ʫʯʘʩʪʢʦʚ, ʛʜʝ ʟʘ ʧʝʨʠʦʜ ʤʝʞʜʫ 

ʩʲʝʤʢʘʤʠ ʧʨʦʠʩʭʦʜʠʣʦ ʠʟʤʝʥʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʟʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ. 

ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʯʘʩʪʢʠ ʩʦʚʧʘʜʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ 

ʘʥʦʤʘʣʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ (ʨʠʩ.).  

 

 

ʈʠʩ. ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʚ ʨʘʡʦʥʝ ʧʨʦʚʘʣʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 1 ï ʧʫʥʢʪʳ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, 2 ï ʧʨʦʚʘʣʳ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 3 ï ʢʦʥʪʫʨʳ ʣʦʢʘʣʴʥʳʭ 

ʘʥʦʤʘʣʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ, 3 ï ʫʯʘʩʪʢʠ ʧʦʚʪʦʨʥʦʡ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, 4 ï 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʩʠʣʳ ʪʷʞʝʩʪʠ 

Bychkov S.G., Michurin A.V., Simanov A.A. Gravimetric monitoring of technogenic impact on 

geological environment // Engineering and Mining Geophysics 2018, Almaty, Kazakhstan.  

ɹʳʯʢʦʚ ʉ.ɻ., ʇʨʦʩʪʦʣʫʧʦʚ ɻ.ɺ., ʑʝʨʙʠʥʠʥʘ ɻ.ʇ. ʇʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʛʨʘʚʠʤʝʪʨʠʠ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ // ɻʝʦʬʠʟʠʢʘ, 

2018, ˉ5, ʉ. 4-12.  

2. (**) ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʄʝʪʦʜʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʩʯʝʪʝ ʦʯʘʛʦʚʦʛʦ 

ʩʧʝʢʪʨʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ɹʨʶʥʘ ʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ 

ʮʝʣʝʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʘ ʩ ʫʯʝʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʨʝʜʝ. ʅʘʣʠʯʠʝ 

ʤʦʜʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʥʳʤ ʠʩʪʦʯʥʠʢʘʤ, ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʰʫʤʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ-ʜʝʪʝʢʪʦʨʦʚ 

ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʡ ʩʝʪʠ. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ 

ʤʘʛʥʠʪʫʜʳ ʜʣʷ ʨʝʘʣʴʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.  
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ʈʠʩ.1. ʇʨʝʜʝʣʴʥʳʝ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦʡ  

ʤʦʥʠʪʦʨʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʫʯʝʪʦʤ ʬʘʢʪʠʯʝʩʢʦʛʦ  

ʫʨʦʚʥʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʰʫʤʦʚ ʠ ʜʦʙʨʦʪʥʦʩʪʠ ʩʨʝʜʳ 

ʇʌʅʀ 137: ʕʚʦʣʶʮʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʢʣʠʤʘʪʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ 

ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ; ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʭʦʟʷʡʩʪʚʘ ʠ ʦʙʱʝʩʪʚʘ. 

1. (**) ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤ çʦʪʭʦʜʳ ï 

ʚʦʜʘè ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʫʛʦʣʴʥʦ-ʧʦʨʦʜʥʳʭ ʦʪʚʘʣʘʭ ʂʠʟʝʣʦʚʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʭʠʤʠʢʦ-ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩ 

ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʚʳʰʝʥʠʶ ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʤʠʛʨʘʮʠʦʥʥʦ-

ʩʧʦʩʦʙʥʳʭ ʬʦʨʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʤʘʩʰʪʘʙʳ ʠʭ ʵʤʠʩʩʠʠ ʠʟ ʫʛʦʣʴʥʦ-ʧʦʨʦʜʥʳʭ ʦʪʚʘʣʦʚ ʚ ʛʠʜʨʦʩʬʝʨʫ, 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʨʷʜʫ: Cd > Sr > Co > Ni > Zn > Mn > Cr > Cu > Fe.  
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1 - ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʊʄ) ʚ ʠʩʭʦʜʥʳʭ 

ʦʪʭʦʜʘʭ;  

2 - ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʊʄ, ʧʝʨʝʰʝʜʰʠʭ ʚ ʚʦʜʥʫʶ ʚʳʪʷʞʢʫ;  

3 - ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʊʄ ʚ ʧʦʨʦʜʘʭ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʚʦʜʦʡ. 

ʈʠʩ.   ʍʘʨʘʢʪʝʨ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʫʛʦʣʴʥʦ-ʧʦʨʦʜʥʳʭ ʦʪʚʘʣʦʚ 

ʂʠʟʝʣʦʚʩʢʦʛʦ ʙʘʩʩʝʡʥʘ 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚʦʜʘ ʚʳʩʪʫʧʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʨʘʩʪʚʦʨʷʶʱʘʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʘʷ ʧʦʣʣʶʪʘʥʪʳ ʩʨʝʜʘ, ʥʦ ʠ ʢʘʢ ʘʢʪʠʚʥʳʡ ʨʝʘʛʝʥʪ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ 

ʘʢʪʠʚʠʟʘʮʠʠ ʤʠʛʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ɹʘʯʫʨʠʥ ɹ.ɸ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʪʝʭʥʦʛʝʥʝʟʘ ʂʠʟʝʣʦʚʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ // 

ɻʦʨʥʳʡ ʞʫʨʥʘʣ. ï 2018. ï ˉ 6. ï ʉ.40-45 (Scopus) 

ɹʘʯʫʨʠʥ ɹ.ɸ., ʌʝʪʠʩʦʚʘ ʅ.ʌ. ɻʠʜʨʦʛʝʦʭʠʤʠʷ ʪʝʭʥʦʛʝʥʝʟʘ ʂʠʟʝʣʦʚʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ 

ʙʘʩʩʝʡʥʘ // ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʳ ʩ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ: ʤʘʪ-ʣʳ 

ʪʨʝʪʴʝʡ ɺʩʝʨʦʩ. ʢʦʥʬ. ʩ ʤʝʞʜʫʥʘʨʦʜ. ʫʯʘʩʪʠʝʤ. ï ʏʠʪʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʋʣʘʥ-ʋʜʵ. 

ʀʟʜ-ʚʦ ɹʅʎ ʉʆ ʈɸʅ. ï 2018. ï ʉ. 332-335 (ʈʀʅʎ) 

ɹʘʯʫʨʠʥ ɹ.ɸ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʪʝʭʥʦʛʝʥʝʟʘ ʂʠʟʝʣʦʚʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ // 

ʉʪʨʘʪʝʛʠʷ ʠ ʧʨʦʮʝʩʩʳ ʦʩʚʦʝʥʠʷ ʛʝʦʨʝʩʫʨʩʦʚ: ʩʙ. ʥʘʫʯʥ. ʪʨ. ɺʳʧ. 16 / ɻʀ ʋʨʆ ʈɸʅ. ï 

ʇʝʨʤʴ, 2018. ï ʉ. 48-52 (ʈʀʅʎ) 

ʌʝʪʠʩʦʚʘ ʅ.ʌ. ʆʮʝʥʢʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʠʩʣʳʭ ʰʘʭʪʥʳʭ ʚʦʜ ʚ ʫʩʣʦʚʠʷʭ 

ʂʦʩʧʘʰʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʠʟʝʣʦʚʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ // ʉʪʨʘʪʝʛʠʷ ʠ ʧʨʦʮʝʩʩʳ 

ʦʩʚʦʝʥʠʷ ʛʝʦʨʝʩʫʨʩʦʚ: ʩʙ. ʥʘʫʯʥ. ʪʨ. ɺʳʧ. 16 / ɻʀ ʋʨʆ ʈɸʅ. ï ʇʝʨʤʴ, 2018. ï ʉ. 52-55 

(ʈʀʅʎ). 

 

çʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè - ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʇʝʨʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʮʝʥʪʨʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʜʘʣʝʝ ï çʀʕɻʄ 

ʋʨʆ ʈɸʅè). 
 

ʇʌʅʀ 52: ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ.  

1. ʅʘ ʦʩʥʦʚʝ ʙʠʦʨʝʩʫʨʩʦʚ ʈʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʢʦʣʣʝʢʮʠʠ 

ʘʣʢʘʥʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʨʝʝʩʪʨʦʚʳʡ ʥʦʤʝʨ ʋʥʠʢʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʫʩʪʘʥʦʚʢʠ 

www.ckp-rf.ru/usu/73559) ʧʨʦʚʝʜʝʥ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ  ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʦʯʚʝʥʥʳʭ ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ 

Rhodococcus erythropolis (ʰʪʘʤʤ ʀʕɻʄ 267, ʥʦʤʝʨ ʚ GenBank MRBQ01000001-

MRBQ01000231) ʠ Rhodococcus ruber (ʀʕɻʄ 231, ʥʦʤʝʨ ʚ GenBank CCSD01000001-

CCSD01000115) ī ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ ʙʠʦʩʫʨʬʘʢʪʘʥʪʦʚ ʠ 

ʥʝʬʪʝʜʝʩʪʨʫʢʪʦʨʦʚ. ʅʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʝʚʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʨʦʜʦʢʦʢʢʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʚʠʜʦʚ ʧʦʜʦʙʨʘʥʳ ʧʨʘʡʤʝʨʳ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ 

ʫʯʘʩʪʢʘʤ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʘʣʢʘʥ-ʤʦʥʦʦʢʩʠʛʝʥʘʟʫ, ʤʝʪʘʥ-ʤʦʥʦʦʢʩʠʛʝʥʘʟʫ, ʮʠʪʦʭʨʦʤ 

ʈ450-ʟʘʚʠʩʠʤʫʶ ʤʦʥʦʦʢʩʠʛʝʥʘʟʫ, ʠ ʚʳʷʚʣʝʥʦ ʠʭ ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ ʛʝʥa alkB ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʟʤʦʞʥʦʛʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ.  

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʘʣʢʘʥʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘʢʘʜʝʤʠʢ ʈɸʅ ʀ.ɹ. 

ʀʚʰʠʥʘ.  

 

http://www.ckp-rf.ru/usu/73559
https://www.ncbi.nlm.nih.gov/Traces/wgs?val=MRBQ01#contigs
https://www.ncbi.nlm.nih.gov/Traces/wgs?val=MRBQ01#contigs
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ʈʠʩʫʥʦʢ 1 ī ʉʢʨʠʥʰʦʪ ɹɼ NCBI, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʨʘʟʥʦʦʙʨʘʟʠʝ ʮʝʣʝʚʳʭ ʛʝʥʦʚ 

Rhodococcus erythropolis ʀʕɻʄ 267, ʢʦʜʠʨʫʶʱʠʭ ʤʦʥʦʦʢʩʠʛʝʥʘʟʳ   

 

ʇʌʅʀ 55: ɹʠʦʭʠʤʠʷ, ʬʠʟʠʦʣʦʛʠʷ ʠ ʙʠʦʩʬʝʨʥʘʷ ʨʦʣʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ.  

1. ʇʦʣʠʘʤʠʥʳ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʡ ʵʬʬʝʢʪ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʩʠʩʪʦʨʥʳʭ ʢʣʝʪʦʢ Escherichia coli, ʢʦʪʦʨʳʡ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ ʢʘʜʘʚʝʨʠʥ 

Ÿ ʧʫʪʨʝʩʮʠʥ Ÿ ʩʧʝʨʤʠʜʠʥ ʠ ʦʧʦʩʨʝʜʦʚʘʥ ʠʭ ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʧʦʣʠʘʤʠʥʦʚʦʛʦ ʤʦʜʫʣʦʥʘ. ʄʝʪʦʜʦʤ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʨʦʚʝʜʝʥʠʝʤ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʤʫʪʘʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʝʜʠʥʠʯʥʳʭ ʠ ʜʚʦʡʥʳʭ ʛʝʥʥʳʭ ʥʦʢʘʫʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥʳ relA ʠ 

spoT, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʧʦʣʠʘʤʠʥʦʚʦʛʦ ʤʦʜʫʣʦʥʘ, ʥʘʨʷʜʫ ʩ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʤʠ ʥʘʤʠ 

(rpoS, rmf,  yqjD), ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʨʩʠʩʪʝʥʮʠʠ E. coli. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

https://doi.org/10.1007/978-3-319-96971-8
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ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʪʨʝʩʩʦʨʥʳʭ ʫʩʣʦʚʠʷʭ (ʩʪʘʮʠʦʥʘʨʥʘʷ ʬʘʟʘ) ʜʝʡʩʪʚʠʝ ʧʦʣʠʘʤʠʥʦʚ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʩʠʣʝʥʠʝ ʬʫʥʢʮʠʠ ʛʣʦʙʘʣʴʥʳʭ ʢʣʝʪʦʯʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʦʙʱʠʡ ʩʪʨʝʩʩʦʨʥʳʡ ʦʪʚʝʪ ʠ ʨʘʟʚʠʪʠʝ ʧʝʨʩʠʩʪʦʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʩʦʢʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ 

ʩʪʨʝʩʩʘʤ ʠ ʘʥʪʠʙʠʦʪʠʢʘʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʝʨʩʠʩʪʝʥʮʠʠ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʫʩʠʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʘʥʪʠʙʠʦʪʠʢʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ.  

ʈʦʣʴ ʛʝʥʦʚ ʦʙʱʝʛʦ ʩʪʨʝʩʩʦʨʥʦʛʦ ʦʪʚʝʪʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʝʨʩʠʩʪʝʥʮʠʠ. 

ʍʘʦʚʘ ɽ.ɸ., ʂʘʰʝʚʘʨʦʚʘ ʅ.ʄ, ʉʠʜʦʨʦʚ ʈ.ʖ., ʊʢʘʯʝʥʢʦ ɸ.ɻ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ: ʯʣ.-ʢʦʨʨ. ɺ.ɸ. ɼʝʤʘʢʦʚ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʀʕɻʄ ʧʨʦʬʝʩʩʦʨ ɸ.ɻ. ʊʢʘʯʝʥʢʦ. 

 

 
ʈʠʩʫʥʦʢ. ʈʦʣʴ ʛʝʥʦʚ relA (ɸ) ʠ spoT (ɹ) ʚ ʧʝʨʩʠʩʪʝʥʮʠʠ E. coli. ɿʘʪʝʥʝʥʠʝʤ ʦʪʤʝʯʝʥʳ 

ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ ʧʝʨʩʠʩʪʦʨʦʚ ʚ ʥʦʢʘʫʪʥʳʭ ʰʪʘʤʤʘʭ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʢʦʥʪʨʦʣʴʥʳʤ. ɺʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ relA ʠ spoT ʤʈʅʂ ʨʦʜʠʪʝʣʴʩʢʠʭ ʰʪʘʤʦʚ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʯʘʩʪʦʪʳ ʧʝʨʩʠʩʪʦʨʥʳʭ ʢʣʝʪʦʢ ʚ ʢʫʣʴʪʫʨʝ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʰʪʘʤʤʘ. 

 

2. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʛʫʘʥʦʟʠʥʪʝʪʨʘʬʦʩʬʘʪʘ 

(p)ppGpp ʚ ʨʝʛʫʣʷʮʠʠ ʜʳʭʘʥʠʷ ʫ ʙʘʢʪʝʨʠʡ Escherichia coli. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʝ ʛʦʣʦʜʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʜʳʭʘʥʠʷ ʙʘʢʪʝʨʠʡ, 

ʢʦʪʦʨʦʝ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʤʫʪʘʥʪʝ ʧʦ ʛʝʥʫ relA, ʢʦʜʠʨʫʶʱʝʤʫ (p)ppGpp ʩʠʥʪʝʪʘʟʫ I, ʠ ʤʦʞʝʪ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴʩʷ ʠʥʛʠʙʠʪʦʨʘʤʠ ʪʨʘʥʩʣʷʮʠʠ ʭʣʦʨʘʤʬʝʥʠʢʦʣʦʤ ʠ ʪʝʪʨʘʮʠʢʣʠʥʦʤ, 

ʩʥʠʞʘʶʱʠʤʠ ʫʨʦʚʝʥʴ (p)ppGpp. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʝʨʚʠʯʥʦʡ ʤʠʰʝʥʴʶ (p)ppGpp-

ʟʘʚʠʩʠʤʦʛʦ ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ɸʊʌ-ʩʠʥʪʝʪʘʟʘ. ʈʝʟʢʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʜʳʭʘʥʠʷ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʛʦʣʦʜʘʥʠʝʤ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʳʩʪʨʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʪʦʢʦʚ ʂ
+
, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ 

ʧʨʦʜʫʢʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ. ɺʳʩʦʢʠʝ ʫʨʦʚʥʠ ʩʫʧʝʨʦʢʩʠʜʘ ʠ ʅ2ʆ2, ʘ ʪʘʢʞʝ 

ʠʥʜʫʢʮʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʠʩʪʝʤ ʫ ʤʫʪʘʥʪʘ atpC, ʢʦʜʠʨʫʶʱʝʛʦ Ů-ʩʫʙʲʝʜʠʥʠʮʫ ɸʊʌ-

ʩʠʥʪʝʪʘʟʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʝʝ ʚʘʞʥʦʡ ʨʦʣʠ ʚ ʢʦʥʪʨʦʣʝ ʧʨʦʜʫʢʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ. ʆʙʥʘʨʫʞʝʥʥʘʷ ʥʦʚʘʷ ʬʫʥʢʮʠʷ (p)ppGpp ʨʘʩʰʠʨʷʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʝʛʦ ʨʦʣʠ ʚ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʢʣʝʪʦʢ ʚ ʧʨʦʮʝʩʩʝ ʘʜʘʧʪʠʚʥʦʛʦ ʦʪʚʝʪʘ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʩʪʨʝʩʩʳ. 
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ʈʠʩʫʥʦʢ. ɻʠʧʦʪʝʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ (p)ppGpp-ʟʘʚʠʩʠʤʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʜʳʭʘʥʠʷ ʧʨʠ 

ʠʟʦʣʝʡʮʠʥʦʚʦʤ ʛʦʣʦʜʘʥʠʠ Escherichia coli. ʀʟʦʣʝʡʮʠʥʦʚʦʝ ʛʦʣʦʜʘʥʠʝ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ 

ʜʦʙʘʚʣʝʥʠʝʤ ʚʘʣʠʥʘ, ʚʳʟʳʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʥʝʟʘʨʷʞʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʈʅʂ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʨʠʙʦʩʦʤʘʣʴʥʳʤ ɸ-ʩʘʡʪʦʤ  ʠ ʟʘʧʫʩʢʘʶʪ  RelA-ʟʘʚʠʩʠʤʳʡ ʩʠʥʪʝʟ (p)ppGpp 

ʠʟ (GTP)GDP ʠ ATP. ɸʣʘʨʤʦʥ (p)ppGpp ʠʥʛʠʙʠʨʫʝʪ ʚʳʭʦʜ ʧʨʦʪʦʥʦʚ ʯʝʨʝʟ ATP ʩʠʥʪʝʪʘʟʫ, 

ʪʝʤ ʩʘʤʳʤ ʟʘʤʝʜʣʷʷ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʠ ʚʳʟʳʚʘʷ ʨʝʟʢʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʜʳʭʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʠʶ ʛʝʥʝʨʘʮʠʠ ʩʫʧʝʨʦʢʩʠʜʘ. ʄʷʛʢʦʝ 

ʨʘʟʦʙʱʝʥʠʝ ʩ ʫʯʘʩʪʠʝʤ K+/H+ ʦʙʤʝʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʧʝʨʦʢʩʠʜʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʬʠʟʠʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʀʕɻʄ ʧʨʦʬʝʩʩʦʨ ʆ.ʅ. ʆʢʪʷʙʨʴʩʢʠʡ. 

3. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʥʠʪʨʠʣʛʠʜʨʦʣʠʟʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʚ ʩʫʩʧʝʥʟʠʠ ʠ ʢʣʝʪʦʢ ʙʠʦʧʣʝʥʦʢ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʧʣʘʥʢʪʦʥʥʳʭ ʢʣʝʪʦʢ ʠ ʢʣʝʪʦʢ ʙʠʦʧʣʝʥʢʠ ʚ ʤʦʥʦʢʫʣʴʪʫʨʝ Al. 

faecalis 2 ʠ ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʳ Al. faecalis 2 ʠ R. ruber gt 1 ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʧʨʠ 

ʜʝʩʷʪʠʢʨʘʪʥʦʤ ʚʥʝʩʝʥʠʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʢʘʞʜʳʝ 10 ʤʠʥʫʪ ʠ ʢʘʞʜʳʝ ʩʫʪʢʠ. ʇʦʢʘʟʘʥʦ 

ʤʝʥʴʰʝʝ ʧʦʚʨʝʞʜʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʩʤʝʰʘʥʥʫʶ ʢʫʣʴʪʫʨʫ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʠʪʨʠʣʛʠʜʨʘʪʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ R. ruber gt 1. ɹʠʦʧʣʝʥʢʠ ʢʘʢ ʤʦʥʦ-, ʪʘʢ ʠ ʩʤʝʰʘʥʥʦʡ 

ʢʫʣʴʪʫʨʳ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʚʥʦʩʠʤʦʛʦ ʢʘʞʜʳʝ 10 ʤʠʥ, ʯʝʤ 

ʧʣʘʥʢʪʦʥʥʳʝ ʢʣʝʪʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ɸʊʌ ʚ ʢʣʝʪʢʘʭ ï ʚ 3 ʨʘʟʘ ʜʣʷ ʤʦʥʦʢʫʣʴʪʫʨʳ ʠ ʥʘ ʧʦʨʷʜʦʢ ʜʣʷ ʙʠʥʘʨʥʦʡ ʙʠʦʧʣʝʥʢʠ. 

ʀʟʫʯʝʥʦ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʙʘʢʪʝʨʠʡ R. ruber gt 1 ʠ Al. faecalis 2 ʥʘ ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ 

ʠ ʨʦʩʪ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʰʪʘʤʤʳ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ 

ʤʘʩʩʠʚʥʳʝ ʙʠʦʧʣʝʥʢʠ ʚ ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʝ ʠ ʚ ʤʦʥʦʢʫʣʴʪʫʨʝ ʧʨʠ ʚʥʝʩʝʥʠʠ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʜʨʫʛʦʛʦ ʰʪʘʤʤʘ (ʨʠʩʫʥʦʢ). 
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ʈʠʩʫʥʦʢ. ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʙʠʦʧʣʝʥʦʢ R. ruber gt 1 ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʫʣʴʪʫʨʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ 2-ʭ (1) ʠ 4-ʭ (2) ʩʫʪ ʢʫʣʴʪʫʨʳ Al. faecalis 2 ʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʙʘʚʦʢ (3). 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʣʦʛʠʠ, ʯʣ. ï 

ʢʦʨʨ. ʈɸʅ ɺ.ɸ. ɼʝʤʘʢʦʚ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʩʚʦʡʩʪʚ ʙʘʢʪʝʨʠʡ S. epidermidis 33 

ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʪʠʦʥʥʦʛʦ ʧʝʧʪʠʜʘ ʚʘʨʥʝʨʠʥʘ  ʢʘʢ ʥʘ 

ʦʙʨʘʟʮʘʭ ʩ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʪʘʢ  ʠ ʙʝʟ ʥʝʛʦ, ʧʨʠʯʝʤ, ʦʥʦ ʜʦʩʪʦʚʝʨʥʦ 

ʙʦʣʝʝ ʚʳʨʘʞʝʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ  ʙʝʟ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʞʠʚʳʭ ʢʣʝʪʦʢ ʚ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʙʠʦʧʣʝʥʢʘʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʙʠʦʭʠʤʠʠ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʢ.ʤ.ʥ., ʜʦʮʝʥʪ ɺ.ʇ. ʂʦʨʦʙʦʚ. 
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Cʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʳʭ ʢʣʝʪʦʢ ʠ ʙʠʦʤʘʩʩʳ ʚ 48 ʯʘʩ. 

ʙʠʦʧʣʝʥʢʘʭ  ʙʘʢʪʝʨʠʡ Staphylococcus epidermidis 33 ʥʘ ʦʙʨʘʟʮʘʭ  

ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ (ʫʩʣ.ʝʜ.) 

ͫͦͪ͋ͼ͙Ύ  ͙͔͋ͦͨͤ͊͟͡ ͙͔͋ͦͨͤ͊͟͡Ҍ͍͔͙͊ͪͤͪͤ 
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ʇʌʅʀ 62: ɹʠʦʪʝʭʥʦʣʦʛʠʷ.  

1. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ ʥʝʪʦʢʩʠʯʥʳʭ ʛʣʠʢʦʣʠʧʠʜʥʳʭ Rhodococcus-ʙʠʦʩʫʨʬʘʢʪʘʥʪʦʚ ʥʘ ʘʜʛʝʟʠʶ 

ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ ï ʙʠʦʜʝʩʪʨʫʢʪʦʨʦʚ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʚʝʨʜʳʭ ʥʦʩʠʪʝʣʝʡ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʀʂ-ʪʝʨʤʦʛʨʘʬʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʪʝʨʤʦʤʝʪʨʠʝʡ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʤʦʜʝʣʴ ʢʠʥʝʪʠʢʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʜʛʝʟʠʠ ʠ ʦʙʦʩʥʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʩʫʨʬʘʢʪʘʥʪʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʧʨʦʯʥʦʛʦ ʤʦʥʦʩʣʦʷ ʢʣʝʪʦʢ ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ ʩ ʚʳʩʦʢʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʈʫʢʦʚʦʜʠʪʝʣʠ: ʜ.ʙ.ʥ. ʄ.ʉ. ʂʫʶʢʠʥʘ, ʘʢʘʜʝʤʠʢ ʈɸʅ ʀ.ɹ. 

ʀʚʰʠʥʘ.  

Krivoruchko A.V., Iziumova A.Yu., Kuyukina M.S., Plekhov O.A., Naimark O.B., Ivshina I.B. 

Adhesion of Rhodococcus ruber IEGM 342 to polystyrene studied using contact and non-contact 

temperature measurement techniques // Applied Microbiology and Biotechnology. 2018.  V. 102. 

Iss. 19. P. 8525ï8536. Q1. IF 3.34 

ʆʩʠʧʝʥʢʦ ʄ.ɸ., ʂʫʶʢʠʥʘ ʄ.ʉ., ʇʠʩʮʦʚʘ ʆ.ʅ., ʀʚʰʠʥʘ ʀ.ɹ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ñɺʠʟʫʘʣʴʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ 

ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ ʨʦʜʘ Rhodococcusò. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ˉ 2018619759. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ɻʦʩʨʝʝʩʪʨʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ 

10.08.2018. 

 

 
 

ʈʠʩʫʥʦʢ ï 2D ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʤʦʜʝʣʴ ʘʜʛʝʟʠʠ (ʩʣʝʚʘ) ʠ ʜʠʥʘʤʠʢʘ ʪʝʨʤʦʧʨʦʬʠʣʷ (ʩʧʨʘʚʘ) 

ʢʣʝʪʦʢ R. ruber ʀʕɻʄ 342. ʂʣʝʪʦʯʥʘʷ ʩʫʩʧʝʥʟʠʷ (1,0 ʭ 10
8
 ʂʆɽ/ʤʣ) ʨʦʜʦʢʦʢʢʦʚ 

ʧʦʤʝʱʘʣʘʩʴ ʚ ʦʙʨʘʙʦʪʘʥʥʳʡ ʙʠʦʩʫʨʬʘʢʪʘʥʪʦʤ (1) ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʳʡ (2) ʧʦʣʠʩʪʠʨʦʣʴʥʳʡ 

ʧʣʘʥʰʝʪ; (3) ï ʘʙʠʦʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ.   
2. ʇʨʠʤʝʥʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʜʲʶʚʘʥʪʦʚ 

ʧʨʠ ʘʥʪʠʙʠʦʪʠʢʦʪʝʨʘʧʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʯʘʩʪʴ ʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʙʦʨʴʙʳ ʩ 

ʘʥʪʠʙʠʦʪʠʢʦ-ʨʝʟʠʩʪʝʥʪʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʀʩʧʦʣʴʟʫʷ Escherichia coli ʢʘʢ ʤʦʜʝʣʴ, 

ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʛʘʪʳʝ ʧʦʣʠʬʝʥʦʣʘʤʠ ʠʣʠ ʵʢʜʠʩʪʝʨʦʠʜʘʤʠ ʵʢʩʪʨʘʢʪʳ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ ʠ  
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ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ (ʪʦʣʦʢʥʷʥʢʘ, ʙʨʫʩʥʠʢʘ, ʩʝʨʧʫʭʘ, ʧʘʞʠʪʥʠʢ, ʟʝʣʝʥʳʡ ʠ ʯʝʨʥʳʡ ʯʘʡ, 

ʢʦʞʠʮʘ ʚʠʥʦʛʨʘʜʘ, ʚʠʥʦ), ʯʠʩʪʳʝ ʧʦʣʠʬʝʥʦʣʳ ʠ ʵʢʜʠʩʪʝʨʦʠʜʳ (ʢʚʝʨʮʝʪʠʥ, ʨʝʩʚʝʨʘʪʨʦʣ, 

20-ʛʠʜʨʦʢʩʠʵʢʜʠʟʦʥ) ʠ ʩʦʟʜʘʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʠʦʜʦʙʘʚʢʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʙʘʢʪʝʨʠʡ. ʅʘʙʣʶʜʘʣʦʩʴ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʚʳʨʘʞʝʥʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ, ʜʳʭʘʥʠʷ ʠ ʯʠʩʣʘ ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʠʮ 

(ʂʆɽ), ʵʢʩʧʨʝʩʩʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʨʝʛʫʣʦʥʦʚ (OxyR ʠ SoxRS) ʠ SOS-ʦʪʚʝʪʘ, ʩʪʠʤʫʣʷʮʠʷ 
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ʙʠʦʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʠʩʧʳʪʫʝʤʳʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ ʧʨʠʚʦʜʠʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʘʥʪʠʙʠʦʪʠʢʦʚ, ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʪʝʧʝʥʴ ʢʦʪʦʨʦʡ ʟʘʚʠʩʝʣʠ ʦʪ ʪʠʧʘ ʠ ʜʦʟʳ ʩʫʙʩʪʨʘʪʘ ʠ 

ʘʥʪʠʙʠʦʪʠʢʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ, ʚʳʟʚʘʥʥʦʝ ʧʨʝʜʦʙʨʘʙʦʪʢʦʡ, 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ ʣʝʪʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʪʠʙʠʦʪʠʢʦʚ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ ʠ 

ʮʝʬʦʪʘʢʩʠʤʘ ʢʘʢ ʚ ʧʣʘʥʢʪʦʥʥʳʭ ʢʫʣʴʪʫʨʘʭ, ʪʘʢ ʠ ʚ ʙʠʦʧʣʝʥʢʘʭ. ʆʜʥʘʢʦ ʚ ʧʣʘʥʢʪʦʥʥʳʭ 

ʢʫʣʴʪʫʨʘʭ ʵʢʩʪʨʘʢʪʳ ʪʦʣʦʢʥʷʥʢʠ, ʙʨʫʩʥʠʢʠ, ʙʝʨʝʟʳ, ʟʝʣʝʥʦʛʦ ʠ ʯʝʨʥʦʛʦ ʯʘʷ ʫʩʠʣʠʚʘʣʠ 

ʙʘʢʪʝʨʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʮʝʬʦʪʘʢʩʠʤʘ. ʕʢʩʪʨʘʢʪʳ ʢʦʞʠʮʳ ʚʠʥʦʛʨʘʜʘ, ʩʝʨʧʫʭʠ, 

ʧʘʞʠʪʥʠʢʘ ʠ ʙʠʦʜʦʙʘʚʢʘ ʉʝʨʧʠʩʪʝʥ ʧʦʚʳʰʘʣʠ ʙʘʢʪʝʨʠʮʠʜʥʳʡ ʵʬʬʝʢʪ ʢʘʥʘʤʠʮʠʥʘ. ʇʨʠ 

ʵʪʦʤ ʥʠʟʢʠʝ ʠ ʚʳʩʦʢʠʝ ʜʦʟʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʦʝʜʠʥʝʥʠʷ (ʢʚʝʨʮʝʪʠʥ, ʨʝʩʚʝʨʘʪʨʦʣ) ʤʦʛʣʠ 

ʣʠʙʦ ʫʩʠʣʠʚʘʪʴ, ʣʠʙʦ ʩʥʠʞʘʪʴ ʜʝʡʩʪʚʠʝ ʢʘʥʘʤʠʮʠʥʘ ʠ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʠ ʘʥʪʠʙʠʦʪʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ ʪʱʘʪʝʣʴʥʦʤʫ ʧʦʜʙʦʨʫ 

ʧʦʜʭʦʜʷʱʠʭ ʢʦʤʙʠʥʘʮʠʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʬʠʟʠʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʀʕɻʄ, ʧʨʦʬʝʩʩʦʨ ʆ.ʅ. ʆʢʪʷʙʨʴʩʢʠʡ. 

 

ʇʌʅʀ 59: ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʢʣʝʪʦʯʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠʤʤʫʥʠʪʝʪʘ ʠ 

ʦʥʢʦʛʝʥʝʟʘ.  

1. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʦʣʠ ʦʩʥʦʚʥʳʭ ʛʦʨʤʦʥʦʚ ʨʝʧʨʦʜʫʢʮʠʠ ʚ ʨʝʛʫʣʷʮʠʠ 

ʪʠʤʠʯʝʩʢʦʛʦ ʵʪʘʧʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʚ ʧʝʨʠʦʜ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʧʨʦʪʝʢʘʶʱʝʡ ʙʝʨʝʤʝʥʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʘʤʠ ʦʙʣʘʜʘʶʪ ʭʦʨʠʦʥʠʯʝʩʢʠʡ 

ʛʦʥʘʜʦʪʨʦʧʠʥ (ʍɻ) ʠ ʵʩʪʨʠʦʣ (ɽ3). ʍɻ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ III  ʪʨʠʤʝʩʪʨʫ 

ʙʝʨʝʤʝʥʥʦʩʪʠ, ʫʛʥʝʪʘʝʪ ʵʢʩʧʨʝʩʩʠʶ FOXP3 ʚ ʩʫʙʧʦʧʫʣʷʮʠʠ CD4
+
CD25

+
-ʪʠʤʦʮʠʪʦʚ. ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ɽ3 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ I ʪʨʠʤʝʩʪʨʫ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʧʦʚʳʰʘʝʪ 

ʯʠʩʣʦ CD4
+
CD25

+ 
ʪʠʤʦʮʠʪʦʚ, ʥʝ ʚʣʠʷʷ ʥʘ ʵʢʩʧʨʝʩʩʠʶ FOXP3. ʇʨʠ ʦʮʝʥʢʝ ʛʦʨʤʦʥʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʟʘ ʧʨʦʮʝʩʩʘʤʠ ʜʝʚʠʘʮʠʠ ʪʠʤʦʮʠʪʦʚ ʚ Th1 ʠʣʠ Th2 ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʪʠʧ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʍɻ ʧʦʚʳʰʘʝʪ ʧʨʦʜʫʢʮʠʶ IL-4 ʪʠʤʦʮʠʪʘʤʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʩʚʦʡʩʪʚʝʥʥʳʭ 

ʜʣʷ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʷ ʫʨʦʚʝʥʴ ʧʨʦʜʫʢʮʠʠ IFN-gamma. 

ɽ3 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ III  ʪʨʠʤʝʩʪʨʫ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ 

ʩʝʢʨʝʮʠʶ IL-4 ʪʠʤʦʮʠʪʘʤʠ, ʥʝ ʚʣʠʷʷ ʥʘ ʫʨʦʚʝʥʴ IFN-gamma. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʷ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʚʦ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʦʨʤʦʥʘʤʠ ʨʝʧʨʦʜʫʢʮʠʠ, 

ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʊ-ʢʣʝʪʦʢ ʥʘ ʪʠʤʠʯʝʩʢʦʤ ʵʪʘʧʝ, ʦʙʫʩʣʘʚʣʠʚʘʷ Th2 

ʜʝʚʠʘʮʠʶ. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ʉ.ɺ. ʐʠʨʰʝʚ. 
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ʆʪʜʝʣ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʇʌʀʎ 

ʋʨʆ ʈɸʅ 
ʇʌʅʀ 184: ʈʘʟʨʘʙʦʪʢʘ ʩʦʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʦʙʱʝʩʪʚʦʤ; 

ʩʦʮʠʦʣʦʛʠʷ ʚʣʘʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʫʨʦʚʥʷʭ; ʚʳʷʚʣʝʥʠʝ 

ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʧʨʘʚʘ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ: ʚʟʘʠʤʦʩʚʷʟʴ ʠʩʪʦʨʠʠ ʠ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ. 
1. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʬʝʜʝʨʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʚʳʙʦʨʦʚ 2003ï

2018 ʛʛ. ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʨʘʩʪʘʥʠʠ ʩʪʝʧʝʥʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʛʦʣʦʩʦʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʚ ʩʫʙʲʝʢʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʂʨʦʩʩʨʝʛʠʦʥʘʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʧʝʮʠʬʠʢʦʡ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʦʨʘʣʴʥʳʤ 

ʫʯʘʩʪʠʝʤ. 

ʇʫʙʣʠʢʘʮʠʠ: Panov P., Ross C. (2018) The dynamic nationalisation of voting for United 

Russia: the stability / instability of regional deviations from national results // East European 

Politics. Vol. 34. ˉ 1, ʨʨ. 97ï114. DOI: 10.1080/21599165.2017.1415886; ʂʦʚʠʥ ɺ.ʉ. 

ʈʝʛʠʦʥʘʣʴʥʘʷ ʧʦʣʠʪʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʦʨʘʣʴʥʳʤ ʫʯʘʩʪʠʝʤ ʠ ʧʨʝʟʠʜʝʥʪʩʢʘʷ ʢʘʤʧʘʥʠʷ 

2018 ʛʦʜʘ: ʧʫʙʣʠʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʵʣʝʢʪʦʨʘʣʴʥʘʷ ʨʠʪʦʨʠʢʘ ʛʣʘʚ ʨʦʩʩʠʡʩʢʠʭ ʨʝʛʠʦʥʦʚ // 

ʇʦʣʠʪʠʯʝʩʢʘʷ ʥʘʫʢʘ. 2018. ˉ 4. (ɺ ʧʝʯʘʪʠ). 

2. (*) ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʣʦʥʛʠʪʶʜʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʤʩʢʦʛʦ ʧʨʘʚʦʩʣʘʚʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ 2014ï2018 ʛʛ. ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʠʟʤʝʥʝʥʠʷ 

ʨʝʣʠʛʠʦʟʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʩʚʷʱʝʥʥʦʩʣʫʞʠʪʝʣʷʤʠ ʠ ʨʷʜʦʚʳʤʠ ʚʝʨʫʶʱʠʤʠ, ʚʳʜʝʣʝʥ ʜʦʤʠʥʠʨʫʶʱʠʡ ʪʠʧ 

ʧʨʘʚʦʩʣʘʚʥʦʛʦ ʚʝʨʫʶʱʝʛʦ ʚ ʇʝʨʤʩʢʦʤ ʢʨʘʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʥʝʘʢʪʫʘʣʴʥʘʷ 

ʨʝʣʠʛʠʦʟʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʠ ʧʨʘʟʜʥʠʯʥʦ-ʟʘʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨ ʧʦʩʝʱʝʥʠʷ ʭʨʘʤʘ, 

ʧʦʜʪʚʝʨʞʜʝʥ ʤʘʨʛʠʥʘʣʴʥʳʡ ʩʪʘʪʫʩ ʨʝʣʠʛʠʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʚʝʨʫʶʱʝʛʦ. 

ʇʫʙʣʠʢʘʮʠʠ: ʈʷʟʘʥʦʚʘ ʉ.ɺ. çɺʦʪ ʣʶʜʠ-ʪʦ ʪʘʤ ʩʪʦʷʪ, ʘ ʪʳ ʥʝ ʤʦʞʝʰʴè: ʧʦʩʝʱʝʥʠʝ 

ʮʝʨʢʚʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʝʨʤʩʢʦʤ ʧʨʘʚʦʩʣʘʚʥʦʤ ʩʦʦʙʱʝʩʪʚʝ. ʇʝʨʤʴ: ʀʟʜ-ʚʦ ʇɻʀʂ, 2018. ï 
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172 ʩ. ISBN: 978-5-91201-289-1; ʈʷʟʘʥʦʚʘ ʉ.ɺ. ʇʨʠʢʘʤʴʝ ʚ ʧʝʨʠʦʜ ʦʙʥʦʚʣʝʥʯʝʩʢʠʭ 

ʨʝʬʦʨʤ: ʚʳʙʦʨ ʤʝʞʜʫ ʪʨʘʜʠʮʠʝʡ ʠ ʥʦʚʘʮʠʝʡ // ɺʝʩʪʥʠʢ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʀʩʪʦʨʠʷ. 2018. ɺʳʧ. 2 (41). ʉ. 128ï135. DOI: 10.17072/2219-3111-2018-2-128-135; ʈʷʟʘʥʦʚʘ 

ʉ.ɺ. ɺʳʙʦʨ ʧʨʘʚʦʩʣʘʚʠʷ ʚ ʫʩʣʦʚʠʷʭ ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʦʛʦ ʧʣʶʨʘʣʠʟʤʘ (ʇʝʨʤʩʢʠʡ ʢʨʘʡ) // 

ɺʝʩʪʥʠʢ ʇʨʘʚʦʩʣʘʚʥʦʛʦ ʉʚʷʪʦ-ʊʠʭʦʥʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 1: ɹʦʛʦʩʣʦʚʠʝ. 

ʌʠʣʦʩʦʬʠʷ. ʈʝʣʠʛʠʦʚʝʜʝʥʠʝ. 2018. ˉ 76. ʉ. 130ï144. DOI: 10.15382/sturI201876.130-144; 

ʈʷʟʘʥʦʚʘ ʉ.ɺ. ɺʥʝʰʥʠʡ ʦʙʣʠʢ ʧʨʘʚʦʩʣʘʚʥʦʛʦ ʚ ʢʦʥʪʝʢʩʪʝ ʨʝʣʠʛʠʦʟʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ 

(ʦʜʠʥ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʝʡʩ) // ʂʦʥʮʝʧʪ: ʬʠʣʦʩʦʬʠʷ, ʨʝʣʠʛʠʷ, ʢʫʣʴʪʫʨʘ. 2018. ˉ 2 (6). 

ʉ. 61ï73. DOI: 10.24833/2541-8831-2018-2-6-61-73; ʈʷʟʘʥʦʚʘ ʉ.ɺ. ʇʨʘʚʦʩʣʘʚʥʳʡ ʝʧʠʩʢʦʧ 

ʢʘʢ ʧʝʨʩʦʥʘʞ, ʤʠʬ ʠ ʩʠʤʫʣʷʢʨ ʚ ʚʳʩʢʘʟʳʚʘʥʠʷʭ ʧʝʨʤʩʢʠʭ ʚʝʨʫʶʱʠʭ // ʅʘʫʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ. ʉʝʨʠʷ çʉʦʮʠʦʣʦʛʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝè. 2018 ʊ. 4. ɺʳʧ. 3. ʉ. 14ï28. 

DOI: 10.18413/2408-9338-2018-4-3-0-2. 

ʇʌʅʀ 177: ʀʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʠʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʈʦʩʩʠʠ 

(ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʨʘʟʨʘʙʦʪʢʘ ʩʦʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʦʙʱʝʩʪʚʦʤ 

ʚ ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʧʝʨʠʦʜ). 

1. (**) ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʦʢʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʨʝʢʨʫʪʠʨʦʚʘʥʠʷ ʛʣʘʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʩʫʙʲʝʢʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʮʝʥʝʥʳ ʵʬʬʝʢʪʳ ʠ ʠʟʜʝʨʞʢʠ ʫʯʘʩʪʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʢʪʦʨʦʚ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. ɺ 

ʦʪʥʦʰʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʦʥʦʛʦʨʦʜʦʚ ʋʨʘʣʘ ʚʳʷʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʧʨʘʢʪʠʢ ʪʦʧ-ʤʝʥʝʜʞʤʝʥʪʘ ʛʨʘʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʝʨʝʫʩʪʫʧʘʶʱʝʛʦ ʬʦʨʤʘʣʴʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʣʦʢʘʣʴʥʦʡ ʧʫʙʣʠʯʥʦʡ ʚʣʘʩʪʠ ʤʝʥʝʜʞʤʝʥʪʫ ʩʨʝʜʥʝʛʦ ʟʚʝʥʘ, ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʫʩʪʦʡʯʠʚʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʦʡ ʠ ʣʦʢʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʴʶ ʚ 

ʚʳʩʪʨʘʠʚʘʥʠʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʧʫʙʣʠʯʥʦʡ ʚʣʘʩʪʠ. 

ʇʫʙʣʠʢʘʮʠʠ: ɺʠʪʢʦʚʩʢʘʷ ʊ.ɹ. ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ: 

ʵʬʬʝʢʪʳ ʠ ʠʟʜʝʨʞʢʠ ʧʨʠʩʫʪʩʪʚʠʷ ʙʠʟʥʝʩʘ // ɺʝʩʪʥʠʢ ʇʝʨʤʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ. 2018. 

 ̄3. ʉ. 13ï21; ɺʠʪʢʦʚʩʢʘʷ ʊ.ɹ., ʅʘʟʫʢʠʥʘ ʄ.ɺ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʛʦʨʦʜʘ ʋʨʘʣʘ: ʩʧʝʮʠʬʠʢʘ 

ʣʦʢʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ ʧʦʣʠʪʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢ // ɺʝʩʪʥʠʢ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʇʦʣʠʪʦʣʦʛʠʷ. 2018. ˉ 3. ʉ. 148 ï165. DOI: 10.17072/2218-1067-2018-3-148-165; 

ʇʘʥʦʚ ʇ.ɺ. ʈʝʢʨʫʪʠʨʦʚʘʥʠʝ ʛʣʘʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ: ʢʨʦʩʩʨʝʛʠʦʥʘʣʴʥʘʷ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʚ ʚʳʙʦʨʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ // ɺʝʩʪʥʠʢ ʇʝʨʤʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʮʝʥʪʨʘ. 2018. ˉ 2. ʉ. 39ï47. DOI: 10.7242/1998-2097/2018.2.7; ʇʦʜʚʠʥʮʝʚ ʆ.ɹ., ʈʷʙʦʚʘ ʆ.ɸ. 

ʊʝʥʜʝʥʮʠʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʣʦʙʙʠʩʪʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʦʨʛʘʥʘʭ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ 

ʤʘʣʳʭ ʨʦʩʩʠʡʩʢʠʭ ʛʦʨʦʜʦʚ (ʥʘ ʧʨʠʤʝʨʝ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ) // ɺʝʩʪʥʠʢ ʇʝʨʤʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ʇʦʣʠʪʦʣʦʛʠʷ. 2018. ˉ 3. ʉ. 138ï147. DOI: 10.17072/2218-1067-2018-3-138-

147. 

2. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʤʩʢʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ 

ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʠʪʠʢʠ ʠʜʝʥʪʠʯʥʦʩʪʠ ʚ ʇʝʨʤʩʢʦʤ ʨʝʛʠʦʥʝ, 

ʥʘʯʠʥʘʷ ʩ 1991 ʛ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʚ ʩʠʣʫ 

ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʧʝʮʠʬʠʢʠ ʠʜʝʥʪʠʯʥʦʩʪʠ ʜʨʫʛʠʭ 

ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʢʨʦʩʩʨʝʛʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʫʙʣʠʢʘʮʠʠ: ʅʘʟʫʢʠʥʘ ʄ.ɺ. ʄʝʞʜʫ ʋʨʘʣʦʤ ʠ ʇʦʚʦʣʞʴʝʤ: ʧʦʠʩʢʠ ʧʝʨʤʩʢʦʡ 

ʠʜʝʥʪʠʯʥʦʩʪʠ. ʇʝʨʤʴ: ʇʝʯʘʪʥʳʡ ʩʘʣʦʥ çɻʘʨʤʦʥʠʷè, 2018. ï 196 ʩ. ISBN 978-5-9500158-7-

8; ʅʘʟʫʢʠʥʘ ʄ.ɺ. ʄʘʨʢʝʨʳ ʵʪʥʠʯʥʦʩʪʠ ʚ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʨʝʩʧʫʙʣʠʢ ʈʦʩʩʠʠ // 

ʈɽɻʀʆʅʆʃʆɻʀʗ REGIONOLOGY. 2018. ʊ. 26. ˉ 4. ʉ. 698ï717. DOI: 10.15507/2413-

1407.105.026.201804.698-717. 

 

ʆʪʜʝʣ ʠʩʪʦʨʠʠ, ʘʨʭʝʦʣʦʛʠʠ ʠ ʵʪʥʦʛʨʘʬʠʠ ʇʌʀʎ ʋʨʆ ʈɸʅ 

ʇʌʅʀ 186: ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʥʦʛʝʥʝʟʘ, ʵʪʥʦʢʫʣʴʪʫʨʥʦʛʦ ʦʙʣʠʢʘ 

ʥʘʨʦʜʦʚ, ʩʦʚʨʝʤʝʥʥʳʭ ʵʪʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʈʦʩʩʠʠ ʠ ʤʠʨʝ. 
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1. * ɺ 2018 ʛʦʜʫ ʟʘʚʝʨʰʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘʫʯʥʦʛʦ ʠ ʠʟʜʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʘ "ʅʘʨʦʜʳ 

ʇʝʨʤʠ: ʠʩʪʦʨʠʷ ʠ ʢʫʣʴʪʫʨʘ". ʇʨʦʝʢʪ ʨʝʘʣʠʟʦʚʳʚʘʣʩʷ ʚ 2015-2018 ʛʦʜʘʭ ʩʦʚʤʝʩʪʥʦ ʩ 

ʘʜʤʠʥʠʩʪʨʘʮʠʝʡ ʛʦʨʦʜʘ ʇʝʨʤʠ. ɿʘ ʯʝʪʳʨʝ ʛʦʜʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʠʟʜʘʥʦ 24 ʤʦʥʦʛʨʘʬʠʠ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʦʪʜʝʣʴʥʳʤ ʥʘʨʦʜʘʤ ʛʦʨʦʜʘ ʇʝʨʤʠ. ɺ ʧʨʦʝʢʪ ʚʢʣʶʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʨʦʜʳ: 

ʨʫʩʩʢʠʝ, ʪʘʪʘʨʳ, ʙʘʰʢʠʨʳ, ʢʦʤʠ-ʧʝʨʤʷʢʠ, ʫʜʤʫʨʪʳ, ʫʢʨʘʠʥʮʳ, ʙʝʣʦʨʫʩʳ, ʤʘʨʠʡʮʳ, 

ʯʫʚʘʰʠ, ʘʨʤʷʥʝ, ʘʟʝʨʙʘʡʜʞʘʥʮʳ, ʛʨʫʟʠʥʳ, ʪʘʜʞʠʢʠ, ʢʠʨʛʠʟʳ, ʫʟʙʝʢʠ, ʦʩʝʪʠʥʳ, ʧʦʣʷʢʠ, 

ʢʦʨʝʡʮʳ, ʢʠʪʘʡʮʳ, ʝʚʨʝʠ, ʥʝʤʮʳ, ʥʘʨʦʜʳ ɼʘʛʝʩʪʘʥʘ, ʮʳʛʘʥʝ ʠ ʙʦʣʛʘʨʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʨʘʩʢʨʳʚʘʝʪʩʷ ʵʪʥʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ, ʤʘʪʝʨʠʘʣʴʥʘʷ ʠ ʜʫʭʦʚʥʘʷ ʢʫʣʴʪʫʨʘ ʥʘʨʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʦʯʝʨʢ ʧʦ ʝʛʦ ʠʩʪʦʨʠʠ ʚ ʇʝʨʤʠ, ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝʥʥʦʤ ʥʘʮʠʦʥʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʤ 

ʜʚʠʞʝʥʠʠ, ʫʯʘʩʪʠʠ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ ʠ ʢʫʣʴʪʫʨʥʦʡ ʞʠʟʥʠ ʢʨʘʝʚʦʛʦ ʮʝʥʪʨʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 24 ʢʥʠʛʘʭ 

ʏʝʨʥʳʭ ɸ.ɺ. ʜ.ʠ.ʥ., ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ 

ɺʘʡʤʘʥ ɼ.ʀ., ʢ.ʠ.ʥ. 

ʂʘʤʝʥʩʢʠʭ ʄ.ʉ., ʢ.ʠ.ʥ. 

190. ʀʟʫʯʝʥʠʝ ʵʚʦʣʶʮʠʠ ʯʝʣʦʚʝʢʘ, ʦʙʱʝʩʪʚ ʠ ʮʠʚʠʣʠʟʘʮʠʡ, ʯʝʣʦʚʝʢ ʚ ʠʩʪʦʨʠʠ ʠ 

ʠʩʪʦʨʠʷ ʧʦʚʩʝʜʥʝʚʥʦʩʪʠ, ʪʨʘʜʠʮʠʠ ʠ ʠʥʥʦʚʘʮʠʠ ʚ ʦʙʱʝʩʪʚʝʥʥʦʤ ʨʘʟʚʠʪʠʠ, ʘʥʘʣʠʟ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʚʣʘʩʪʠ ʠ ʦʙʱʝʩʪʚʘ 

1. *ɺ ʇʨʝʜʫʨʘʣʴʝ ʚ 10-14 ʚʝʢʘʭ ʚʦʟʥʠʢʣʦ ʙʦʣʝʝ 5 ʨʘʥʥʠʭ ʛʦʨʦʜʦʚ ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʣʝʞʘʣʠ ʪʦʨʛʦʚʳʝ ʬʘʢʪʦʨʠʠ ʚʦʣʞʩʢʠʭ ʙʦʣʛʘʨ. ʆʥʠ ʩʪʘʣʠ ʥʝ ʪʦʣʴʢʦ ʮʝʥʪʨʘʤʠ ʪʦʨʛʦʚʣʠ, ʥʦ 

ʠ ʩʨʝʜʦʪʦʯʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʝʤʝʩʝʣ, ʚ ʪ.ʯ. ʪʠʧʠʯʥʦ ʛʦʨʦʜʩʢʠʭ (ʶʚʝʣʠʨʥʦʝ, ʩʪʝʢʣʦʜʝʣʴʥʦʝ ʠ 

ʜʨ.) ʠ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʠʥʳʭ ʧʦʩʝʣʝʥʠʡ ʩʣʦʞʥʦʩʪʴʶ ʧʣʘʥʠʨʦʚʢʠ ʠ 

ʧʦʣʠʵʪʥʠʯʥʦʩʪʴʶ ʠ ʧʦʣʠʢʦʥʬʝʩʩʦʥʘʣʴʥʦʩʪʴʶ. ʇʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʨʘʥʥʠʭ ʛʦʨʦʜʦʚ ʙʳʣʘ 

ʚʢʣʶʯʝʥʥʦʩʪʴ ʨʝʛʠʦʥʘ ʚ ʩʠʩʪʝʤʫ ʜʘʣʴʥʝʡ ʪʨʘʥʟʠʪʥʦʡ ʪʦʨʛʦʚʣʠ ʧʦ ʂʘʤʩʢʦʤʫ ʪʦʨʛʦʚʦʤʫ, 

ʢʘʢ ʯʘʩʪʠ ʄʠʨʦʚʦʡ ʩʠʩʪʝʤʳ ʪʨʘʥʟʠʪʥʦʡ ʪʦʨʛʦʚʣʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 4 ʩʪʘʪʴʷʭ 

ɹʝʣʘʚʠʥ ɸ.ʄ., ʜ.ʠ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʘʩʦʚʘ ʅ.ɹ., ʜ.ʠ.ʥ., ʜʦʮʝʥʪ 

 

 

2. ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʠʚʰʠʭ 

ʥʘʠʚʳʩʰʫʶ ʦʮʝʥʢʫ ʧʦ ʫʨʦʚʥʶ ʢʘʯʝʩʪʚʘ ʠ ʥʘʫʯʥʦʡ ʟʥʘʯʠʤʦʩʪʠ 

 

ʀʄʉʉ ʋʨʆ ʈɸʅ 

23. ʄʝʭʘʥʠʢʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʩʨʝʜ, ʠʟʜʝʣʠʡ, 

ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ, 

ʚʦʟʜʝʡʩʪʚʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʨʝʜ 
 

1. ʈʘʟʨʘʙʦʪʘʥ ʠ ʩʦʟʜʘʥ ʫʥʠʢʘʣʴʥʳʡ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʬʨʘʛʤʝʥʪʘʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʩʪʨʦʡʩʪʚ. ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 

ʠʩʧʳʪʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 8³8³12 ʤʝʪʨʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʫʩʠʣʠʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʪʳʩʷʯ ʪʦʥʥ. ʉʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʪʢʣʠʢʘ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʝʝ ʯʘʩʪʷʭ. ʉʪʝʥʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʫʯʰʠʤ ʤʠʨʦʚʳʤ ʦʙʨʘʟʮʘʤ.  
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ɻʣʝʤʝʥʪʘʭ ʠʩʧʳʪʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪ ʜʝʡʩʪʚʠʷ ʫʜʘʨʥʳʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʚʥʝʰʥʠʭ 

ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ. ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʝʥʜʘ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʫʧʨʫʛʠʝ ʠ 

ʥʝʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʭʦʜʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢ ʧʨʝʜʢʨʠʪʠʯʝʩʢʦʤʫ ʠ ʢʨʠʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʀʤʝʥʥʦ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʫʯʝʪʘ 

ʚʣʠʷʥʠʷ ʤʥʦʛʦʦʙʨʘʟʠʷ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʩʪʝʥʜʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʙʣʦʢʘʭ ʩʦʟʜʘʚʘʝʤʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʪʝʥʜʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʝ 

Shardakov I., Shestakov A., Tsvetkov R., Glot I. Investigation of the effect of cracks on the 

vibration processes in reinforced concrete structures //Frattura ed Integrita Strutturable. - 2018.- 

V.46. - P.383-390. DOI: 10.3221/IGF-ESIS.46.35 

 

(ʀʄʉʉ ʋʨʆ ʈɸʅ ï ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʨʫʢ. ʜ.ʬ.ʤ.ʥ. ʐʘʨʜʘʢʦʚ ʀ.ʅ., ʪ.(342) 237-83-

18, e-mail: shardakov@icmm.ru). 
(ʬʘʡʣ ʐʘʨʜʘʢʦʚ.ppt) 

 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʦʜʥʦʤʝʨʥʘʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʧʦʚʝʜʝʥʠʷ ʩʧʣʘʚʦʚ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ. 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥʘ ʦʜʥʦʤʝʨʥʘʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʩʧʣʘʚʦʚ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ (ʉʇʌ), ʦʙʣʘʜʘʶʱʘʷ ʨʷʜʦʤ ʜʦʩʪʦʠʥʩʪʚ:  

1) ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʠʩʘʪʴ ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ ʦʩʥʦʚʥʳʝ ʤʘʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʬʘʟʦʚʳʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʚ ʉʇʌ;  

2) ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠʩʪʦʨʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʝʚʨʘʱʝʥʠʡ;  
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3) ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʜʠʥʦʦʙʨʘʟʥʳʡ ʫʯʝʪ ʬʘʟʦʚʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʝʬʦʨʤʘʮʠʠ ʢʘʢ ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʤʘʨʪʝʥʩʠʪʘ;  

4) ʧʨʦʩʪʦʪʘ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʝʝ 

ʧʘʨʘʤʝʪʨʦʚ.  

ɺʳʧʦʣʥʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʦʜʝʣʴʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʉʇʌ ʥʘ ʧʨʠʤʝʨʝ 

ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʫʪʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪ ʪʠʧʘ ʥʘʯʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ: ʬʘʟʦʚʦʡ ʠʣʠ ʩʪʨʫʢʪʫʨʥʦʡ. 

ʄʦʜʝʣʴ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʨʝʰʝʥʠʠ ʨʷʜʘ ʟʘʜʘʯ, ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʩ ʚʳʯʠʩʣʝʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ 

ʤʦʜʝʣʝʡ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʝʝ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʷʭ: 

ï ʊʠʭʦʤʠʨʦʚʘ ʂ.ɸ. ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 
ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʧʣʘʚʘʭ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ. ʆʜʥʦʤʝʨʥʳʡ ʩʣʫʯʘʡ // ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʤʝʭʘʥʠʢʘ ʩʧʣʦʰʥʳʭ ʩʨʝʜ. ï 2018. ï ʊʦʤ 11. ï ˉ1. ï ʩ. 36-50. DOI: 10.7242/1999-

6691/2018.11.1.4 

ï ʊʠʭʦʤʠʨʦʚʘ ʂ.ɸ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʬʘʟʦʚʦʡ 
ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʧʣʘʚʘʭ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ // ɺʝʩʪʥʠʢ ʇʝʨʤʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʄʝʭʘʥʠʢʘ. ï 2018. ï 

ˉ1. ï ʉ. 40-57. DOI: 10.15593/perm.mech/2018.1.04 

 

(ʀʄʉʉ ʋʨʆ ʈɸʅ ï ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʨʫʢ. ʜ.ʬ.ʤ.ʥ. ʈʦʛʦʚʦʡ ɸ.ɸ., ʪ.(342) 237-84-

59, e-mail: rogovoy@icmm.ru). 
(ʬʘʡʣ ʈʦʛʦʚʦʡ.ppt) 

 

3. ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ ʠʥʜʫʮʠʨʫʝʤʦʛʦ ʧʦʣʝʤ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʦʣʠʤʝʨʦʩʦʤʳ ʧʨʠ ʙʣʠʟʢʠʭ ʢ ʨʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʳʭ 

ʠ ʫʧʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ. 

 

https://doi.org/10.7242/1999-6691/2018.11.1.4
https://doi.org/10.7242/1999-6691/2018.11.1.4
https://doi.org/10.15593/perm.mech/2018.1.04
mailto:rogovoy@icmm.ru
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ɸʥʥʦʪʘʮʠʷ 

ʄʘʛʥʠʪʥʳʝ ʧʦʣʠʤʝʨʦʩʦʤʳ ï ʵʪʦ ʤʷʛʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʢʘʧʩʫʣʳ ʩ ʚʥʝʰʥʠʤΟʨʘʟʤʝʨʦʤ 200-

600 ʥʤ. ʄʝʤʙʨʘʥʘ ʧʦʣʠʤʝʨʦʩʦʤʳ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʸʚ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʥʘʭʦʜʷʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʬʝʨʨʠʪʘ ʨʘʟʤʝʨʦʤ 5-10 ʥʤ. ʏʘʩʪʠʮʳ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ 

ʚʥʫʪʨʠ ʤʝʤʙʨʘʥʳ ʧʦʜ ʚʣʠʷʥʠʝʤ, ʚʦ-ʧʝʨʚʳʭ, ʪʝʧʣʦʚʦʡ ʜʠʬʬʫʟʠʠ ʠ, ʚʦ-ʚʪʦʨʳʭ, 

ʤʝʞʯʘʩʪʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʠʣ. ʕʪʠ ʩʠʣʳ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ ï 

ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʧʦʯʝʢ. 

ɺ ʥʫʣʝʚʦʤ ʚʥʝʰʥʝʤ ʧʦʣʝ ʮʝʧʠ ʠʩʢʨʠʚʣʝʥʳ ʠ ʩʚʸʨʥʫʪʳ, ʪʘʢ ʯʪʦ ʧʦʣʠʤʝʨʦʩʦʤʘ ʠʤʝʝʪ 

ʢʚʘʟʠʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʧʦʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʫʩʠʣʠʚʘʝʪʩʷ, ʮʝʧʠ ʫʜʣʠʥʷʶʪʩʷ, ʩʦʙʠʨʘʶʪʩʷ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʤʝʤʙʨʘʥʳ ʠ ʨʘʩʧʨʷʤʣʷʶʪʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ. ʆʥʠ ʩʦʟʜʘʶʪ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʩʪʘʚʣʷʝʪ ʧʦʣʠʤʝʨʦʩʦʤʫ ʚʳʪʷʛʠʚʘʪʴʩʷ. 

ʄʘʛʥʠʪʥʳʝ ʧʦʣʠʤʝʨʦʩʦʤʳ ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʥʘʥʦʤʝʜʠʮʠʥʝ ʢʘʢ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʫʧʨʘʚʣʷʝʤʳʝ ʢʦʥʪʝʡʥʝʨʳ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʣʝʢʘʨʩʪʚ ʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ ʢʣʝʪʦʯʥʦʡ 

ʥʘʥʦʭʨʫʨʛʠʠ. ɺ çʀʄʉʉ ʋʨʆ ʈɸʅè ʚʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ ʠʥʜʫʮʠʨʫʝʤʦʛʦ ʧʦʣʝʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʦʣʠʤʝʨʦʩʦʤʳ 

ʧʨʠ ʙʣʠʟʢʠʭ ʢ ʨʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʳʭ ʠ ʫʧʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʝ: 

A.V. Ryzhkov, Yu.L. Raikher, Coarse-grained molecular dynamics modelling of a magnetic 

polymerosome // Nanomaterials 8 (2018) Art. no. 763 (12 pp.) - Q1 (IF=3.504). 

 

 

 

(ʀʄʉʉ ʋʨʆ ʈɸʅ ï ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʨʫʢ. ʜ.ʬ.ʤ.ʥ. ʈʘʡʭʝʨ ʖ.ʃ., ʪ.(342) 237-83-

23, e-mail : raikher@icmm.ru). 

(ʬʘʡʣ ʈʘʡʭʝʨ.ppt) 

 

4. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ 
ʪʨʝʱʠʥ ʚ ʤʝʪʘʣʣʘʭ. 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ 

ʤʝʪʘʣʣʘʭ ʧʨʠ ʟʘʨʦʞʜʝʥʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʫʩʪʘʣʦʩʪʥʳʭ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 

ʢʦʥʪʘʢʪʥʳʝ ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʚ.  

mailto:raikher@icmm.ru
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ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʳ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʨʝʞʠʤʘ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʧʨʠ 

ʫʩʪʦʡʯʠʚʦʤ ʨʝʞʠʤʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʩʚʷʟʴ ʨʝʞʠʤʦʚ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʷ ʩ 

ʤʝʭʘʥʠʟʤʘʤʠ ʨʘʟʨʫʰʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʸʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʩʪʘʪʦʯʥʫʶ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʩʣʦʞʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʧʦ ʜʘʥʥʳʤ ʩʢʦʨʦʩʪʠ 

ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʯʸʪʦʚ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ. 

 

 
 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʷʭ: 

 

ï Kostina A., Plekhov O. Simulation of cold work evolution in Ti-1Al-1Mn under 

deformation and failure// Theoretical and applied fracture mechanics. ï 2018. ï Vol.93. ï 

P.56-63 

ï Vshivkova A.N., Iziumova A.Yu., Panteleev I.A., Ilinykh A.V., Wildemann V.E., 

Plekhov O.A. The study of a fatigue crack propagation in titanium Grade 2 using analysis 

of energy dissipation and acoustic emission data // Engineering Fracture Mechanics (on-

line) 

 

(ʀʄʉʉ ʋʨʆ ʈɸʅ ï ʬʠʣʠʘʣ ʇʌʀʎ ʋʨʆ ʈɸʅ, ʨʫʢ. ʜ.ʬ.ʤ.ʥ. ʇʣʝʭʦʚ ʆ.ɸ., ʪ.(342) 237-83-21, 

e-mail: poa@icmm.ru) 
(ʬʘʡʣ ʇʣʝʭʦʚ.ppt) 

 

5. ʅʘ ʦʩʥʦʚʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʤʫ ʥʘʛʨʫʞʝʥʠʶ ʪʚʝʨʜʳʭ 

ʪʝʣ ʠ ʞʠʜʢʦʩʪʝʡ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʦʣʠ ʢʦʣʣʝʢʪʠʚʥʳʭ 

ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʭ ʤʦʜ ʜʝʬʝʢʪʦʚ ʚ ʤʝʭʘʥʠʟʤʘʭ ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʘ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʧʨʝʜʣʦʞʝʥʦ ʦʙʲʷʩʥʝʥʠʝ ʘʩʠʤʧʪʦʪʠʢʠ ʚʷʟʢʦʩʪʠ, 

ʥʘʙʣʶʜʘʝʤʦʡ ʜʣʷ ʩʠʩʪʝʤ ʩ çʩʠʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʵʬʬʝʢʪʦʚ çʘʥʦʤʘʣʴʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷè ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʚʪʦʤʦʜʝʣʴʥʳʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʠ ʬʨʦʥʪʦʚ ʚʦʣʥ 

ʨʘʟʨʫʰʝʥʠʷ; ʫʩʪʘʥʦʚʣʝʥʳ çʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘè ʬʨʦʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʙʲʝʤʘʤ, ʦʭʚʘʯʝʥʥʳʭ çʚʦʣʥʘʤʠ ʨʘʟʨʫʰʝʥʠʷè.  

 

mailto:poa@icmm.ru


 

47 

 

ɸʥʥʦʪʘʮʠʷ 

ʆʨʠʛʠʥʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʚʪʦʤʦʜʝʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʚ ʞʠʜʢʦʩʪʷʭ, ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ,  

ʠʥʠʮʠʠʨʦʚʘʥʠʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʦʣʥ ʨʘʟʨʫʰʝʥʠʷ ʚ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʘʭ (ʧʣʘʚʣʝʥʳʡ 

ʢʚʘʨʮ) ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʣʦʞʠʪʴ ʦʙʲʷʩʥʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʘʩʠʤʧʪʦʪʠʢʠ ʚʷʟʢʦʩʪʠ, 

ʥʘʙʣʶʜʘʝʤʦʡ ʜʣʷ ʩʠʩʪʝʤ ʩ çʩʠʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ; ʤʝʭʘʥʠʟʤ ʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʤʫ ʥʘʛʨʫʞʝʥʠʶ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ ʚ 

ʫʩʣʦʚʠʷʭ ʥʘʨʘʩʪʘʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ ʫʩʪʘʥʦʚʠʣʠ ʩʪʝʧʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ  ʜʠʥʘʤʠʢʠ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʧʦʢʘʟʘʥʦ  

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʝʧʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ  ʩʧʝʮʠʘʣʴʥʦʤʫ ʪʠʧʫ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʪʚʝʨʜʳʭ ʪʝʣ ʩ ʜʝʬʝʢʪʘʤʠ ï ʩʪʨʫʢʪʫʨʥʦ-ʩʢʝʡʣʠʥʛʦʚʳʝ ʧʝʨʝʭʦʜʳ.  

 

 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ çʚʦʣʥ ʨʘʟʨʫʰʝʥʠʷè 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʝʜʝʣʴʥʦʤʫ ʩʣʫʯʘʶ çʬʨʘʛʤʝʥʪʘʮʠʠè - ʧʝʨʝʭʦʜʫ ʦʪ ʩʪʝʧʝʥʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʦʯʘʛʦʚ ʨʘʟʨʫʰʝʥʠʷ, ʢ 

ʤʦʥʦʜʠʩʧʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʧʨʠ çʨʝʟʦʥʘʥʩʥʦʤ ʠʥʠʮʠʠʨʦʚʘʥʠʠè ʦʜʥʦʛʦ ʦʯʘʛʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʚʦʣʥ ʨʘʟʨʫʰʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʥʪʨʦʧʠʶ ʦʙʣʘʩʪʝʡ, ʦʭʚʘʯʝʥʥʳʭ ʚʦʣʥʘʤʠ ʨʘʟʨʫʰʝʥʠʷ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʙʦʨʦʤ ʢʦʣʣʝʢʪʠʚʥʳʭ ʤʦʜ (ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʦʙʦʩʪʨʝʥʠʷ), ʷʚʣʷʶʱʠʭʩʷ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʚʦʣʥʳ ʨʘʟʨʫʰʝʥʠʷ.. 

(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʅʘʡʤʘʨʢ ʆ.ɹ., ʪ.(342) 237-83-12, e-mail: naimark@icmm.ru). 
(ʬʘʡʣ ʣʘʙ13.ppt) 

 

6. ʀʩʩʣʝʜʦʚʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʪʨʦʚʢʦʚʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 
ʘʟʦʪʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʫʨʝʪʘʥʘ. 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʣʘʟʤʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʤʝʥʠʤʦʩʪʴ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʚ ʩʣʫʯʘʝ ʤʷʛʢʠʭ ʫʧʨʫʛʠʭ ʧʦʣʠʤʝʨʦʚ 

ʦʛʨʘʥʠʯʝʥʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʧʦʢʨʳʪʠʝ ʪʨʝʩʢʘʝʪʩʷ ʠ ʦʪʩʣʘʠʚʘʝʪʩʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʝʩʧʣʦʰʥʳʭ ʧʦʢʨʳʪʠʡ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʦʩʪʨʦʚʢʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʘʩʪʠʯʥʦʛʦ 

ʧʦʣʠʫʨʝʪʘʥʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʩʧʣʦʰʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 
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ʘʢʪʠʚʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʟʦʪʦʤ.  ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ ʛʨʘʬʠʪʦʚʦʡ ʤʠʰʝʥʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʛʣʝʨʦʜʥʳʝ ʦʩʪʨʦʚʢʠ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʬʦʨʤʘʮʠʠ ʠ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʩ ʧʦʣʠʤʝʨʦʤ. 

 

 

 

(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʉʚʠʩʪʢʦʚ ɸ.ʃ., ʪ.(342) 237-83-98, e-mail: svistkov@icmm.ru). 

(ʬʘʡʣ ʣʘʙ 7.ppt) 

 

7. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʤʘ ʠ ʝʛʦ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ.  

 

ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʢʨʫʧʥʦʛʦ ʨʘʟʣʦʤʘ ʚ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʥʦʡ ʤʦʜʝʣʠ ʣʠʪʦʩʬʝʨʳ (ʥʘ ʙʘʟʝ ʀɿʂ ʉʆ ʈɸʅ) ʠ ʧʨʝʨʳʚʠʩʪʦʛʦ ʩʢʦʣʴʞʝʥʠʷ 

ʙʝʨʝʛʦʚ ʨʘʟʣʦʤʘ ʚ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʩʣʘʡʜʝʨ-ʤʦʜʝʣʠ (ʥʘ ʙʘʟʝ ʆʀɺʊ ʈɸʅ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦʨʨʝʣʷʮʠʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʚʠʞʢʠ ʧʦ 

ʤʦʜʝʣʴʥʦʤʫ ʨʘʟʣʦʤʫ.  

ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ 

ʧʦʜʛʦʪʦʚʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʣʥʳʭ ʘʢʪʠʚʠʟʘʮʠʡ ʨʘʟʣʦʤʘ, ʚʳʩʪʫʧʘʝʪ ʧʨʦʮʝʩʩ 

ʝʛʦ ʩʝʛʤʝʥʪʘʮʠʠ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʨʘʟʨʳʚʘ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʥʘ ʩʝʨʠʶ ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ 

ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʩʝʛʤʝʥʪʦʚ.  

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʧʨʝʨʳʚʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʚʠʞʢʠ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʥʘʙʦʨʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʵʬʬʝʢʪʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʜʦ ʠ ʧʦʩʣʝ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʚʠʞʢʠ. 
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(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʇʣʝʭʦʚ ʆ.ɸ., ʪ.(342) 237-83-21, e-mail: poa@icmm.ru). 

(ʬʘʡʣ ʣʘʙ 17-2.ppt) 

 

22. ʄʝʭʘʥʠʢʘ ʞʠʜʢʦʩʪʠ, ʛʘʟʘ ʠ ʧʣʘʟʤʳ, ʤʥʦʛʦʬʘʟʥʳʭ ʠ ʥʝʠʜʝʘʣʴʥʳʭ ʩʨʝʜ, ʤʝʭʘʥʠʢʘ 

ʛʦʨʝʥʠʷ, ʜʝʪʦʥʘʮʠʠ ʠ ʚʟʨʳʚʘ 

 

8. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʦʙʦʙʱʝʥʠʶ ʪʝʦʨʠʠ ʆʪʪʘ-ɸʥʪʦʥʩʝʥʘ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʢʦʣʣʝʢʪʠʚʥʫʶ ʜʠʥʘʤʠʢʫ ʙʦʣʴʰʠʭ ʘʥʩʘʤʙʣʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʥʘ ʩʣʫʯʘʡ 

ʨʝʘʣʴʥʳʭ (ʥʝʠʜʝʘʣʴʥʳʭ) ʩʠʪʫʘʮʠʡ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʭʦʜʘ ʜʣʷ 

ʩʣʫʯʘʷ ʚʥʫʪʨʝʥʥʝʛʦ ʰʫʤʘ. 

 

ɸʥʥʦʪʘʮʠʷ 

ʊʝʦʨʠʷ ʆʪʪʘ-ɸʥʪʦʥʩʝʥʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʚʘʞʥʦʛʦ ʢʣʘʩʩʘ ʘʥʩʘʤʙʣʝʡ ʦʩʮʠʣʣʷʪʦʨʦʚ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʪʦʯʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʣʣʝʢʪʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʧʦʥʠʤʘʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ 

ʢʦʣʣʝʢʪʠʚʥʳʭ ʷʚʣʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʷ (ʩ 2008 ʛʦʜʘ) ʦʩʪʘʚʘʣʠʩʴ 

ʙʝʟʫʩʧʝʰʥʳʤʠ ʧʦʧʳʪʢʠ ʝʝ ʦʙʦʙʱʝʥʠʷ ʥʘ ʥʝʠʜʝʘʣʴʥʳʝ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʝʦʨʠʠ ʩʣʘʙʦ ʥʘʨʫʰʝʥʳ. ɼ.ʉ. ɻʦʣʜʦʙʠʥʳʤ, ʀ.ɺ. ʊʶʣʴʢʠʥʦʡ ʠ ʃ.ʉ. 

ʂʣʠʤʝʥʢʦ ʩʦʚʤʝʩʪʥʦ ʩ ɸ. ʇʠʢʦʚʩʢʠʤ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʦʙʦʙʱʝʥʠʷ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʭʦʜʘ ʜʣʷ ʩʣʫʯʘʷ ʩʠʩʪʝʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʰʫʤʦʤ. 

 

I.V. Tyulkina, D.S. Goldobin, L.S. Klimenko, A. Pikovsky, Dynamics of Noisy Oscillator 

Populations beyond the Ott-Antonsen Ansatz, Physical Review Letters 120, 264101 (2018). 

[impact factor WoS 2017: 8.839] 

 

*ɺ ʧʝʨʚʳʝ ʯʘʩʳ ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʨʘʙʦʪʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʉʪʠʚʝʥʦʤ ʉʪʨʦʛʘʮʝʤ (Stiven 

Strogatz); ʟʘ ʧʨʦʰʝʜʰʠʡ ʩ ʤʦʤʝʥʪʘ ʧʫʙʣʠʢʘʮʠʠ ʧʝʨʠʦʜ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʡʪʠʥʛ 

ʚʥʠʤʘʥʠʷ ʢ ʨʘʙʦʪʝ ʚʳʰʝ, ʯʝʤ ʫ 83% ʨʘʙʦʪ, ʧʫʙʣʠʢʫʝʤʳʭ ʚ Physical Review Letters (ʟʘ 

ʘʥʘʣʦʛʠʯʥʦʝ ʚʨʝʤʷ). 
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 (ʈʫʢ. ʢ.ʬ.ʤ.ʥ. ɻʦʣʜʦʙʠʥ ɼ.ʉ., ʪ.(342) 237-83-14, e-mail: denis.goldobin@gmail.com) 

(ʬʘʡʣ ɻʦʣʜʦʙʠʥ.ppt) 

 

9. ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʚʝʢʮʠʠ ʞʠʜʢʦʛʦ 

ʥʘʪʨʠʷ ʚ ʥʘʢʣʦʥʥʦʤ ʮʠʣʠʥʜʨʝ.  

 

ɸʥʥʦʪʘʮʠʷ 

ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʞʠʜʢʦʛʦ ʥʘʪʨʠʷ ʚ ʥʘʢʣʦʥʝʥʥʦʤ ʢʦʨʦʪʢʦʤ 

ʮʠʣʠʥʜʨʝ (ʜʠʘʤʝʪʨ ʨʘʚʝʥ ʚʳʩʦʪʝ) ʩ ʘʢʩʠʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʳʡ ʘʢʩʠʘʣʴʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʨʘʩʪʝʪ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʮʠʣʠʥʜʨʘ ʦʪ ʚʝʨʪʠʢʘʣʠ, 

ʠʤʝʷ ʤʘʢʩʠʤʫʤ ʧʨʠ ʥʘʢʣʦʥʝ ʧʦʨʷʜʢʘ  70 ʛʨʘʜʫʩʦʚ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʘʷ ʚ 

ʮʠʣʠʥʜʨʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʘʷ ʮʠʨʢʫʣʷʮʠʷ (ʂʄʎ) ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʧʦʜʚʝʨʞʝʥʘ ʩʠʣʴʥʳʤ 

ʘʟʠʤʫʪʘʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʨʘʥʝʝ ʢʦʣʝʙʘʥʠʡ ʚ ʞʠʜʢʦʩʪʷʭ ʩ 

ʫʤʝʨʝʥʥʳʤʠ ʯʠʩʣʘʤʠ ʇʨʘʥʜʪʣʷ, ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʥʘʢʣʦʥʘʭ 

ʧʦʣʦʩʪʠ (ʜʦ 30 ʛʨʘʜʫʩʦʚ). ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʟʚʦʣʠʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ 

ʩʪʨʫʢʪʫʨʫ ʧʦʣʷ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʪʝʯʝʥʠʷʭ ʞʠʜʢʦʛʦ 

ʤʝʪʘʣʣʘ. 
Khalilov R., Kolesnichenko I., Pavlinov A., Mamykin A., Shestakov A., Frick P. Thermal convection of liquid 

sodium in inclined cylinders // Phys.Rev.Fluids, 2018. V.3. N4. 043503. 

ʄʘʥʜʨʳʢʠʥ ʉ.ɼ., ʊʝʡʤʫʨʘʟʦʚ ɸ.ʉ. ʊʫʨʙʫʣʝʥʪʥʘʷ ʢʦʥʚʝʢʮʠʷ ʞʠʜʢʦʛʦ ʥʘʪʨʠʷ ʚ ʥʘʢʣʦʥʥʦʤ ʮʠʣʠʥʜʨʝ 

ʝʜʠʥʠʯʥʦʛʦ ʘʩʧʝʢʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ // ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʩʧʣʦʰʥʳʭ ʩʨʝʜ, 2018. T.11. ˉ.3. 
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(ʈʫʢ. ʜ.ʬ.-ʤ.ʥ. ʌʨʠʢ ʇ.ɻ., ʪ. (342) 237-83-22, frick@icmm.ru). 
(ʬʘʡʣ ʌʨʠʢ.ppt) 

 

10. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ 

ʄʘʨʘʥʛʦʥʠ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʡ ʧʨʠʤʝʩʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʝʜʦʦʮʝʥʢʘ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʣʠʷʥʠʷ 

ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʣʦʝ ʩʫʨʬʘʢʪʘʥʪʘ. 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʦʡ 

ʢʦʥʚʝʢʮʠʠ ʄʘʨʘʥʛʦʥʠ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʡ 

ʧʨʠʤʝʩʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ ʧʘʨʘʤʝʪʨʘ ʫʧʨʫʛʦʩʪʠ ï ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʢʘʟʳʚʘʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʚʢʣʘʜʦʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʤʝʭʘʥʠʟʤʦʚ ʄʘʨʘʥʛʦʥʠ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ ʫʧʨʫʛʦʩʪʠ, ʤʝʥʴʰʠʭ ʝʜʠʥʠʮʳ, ʫ ʢʨʘʷ ʩ ʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʷʚʣʷʝʪʩʷ ʟʦʥʘ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʨʘʟʚʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʘʷ ʢʦʥʚʝʢʮʠʷ, ʪʦʛʜʘ 

ʢʘʢ ʘʢʢʫʤʫʣʠʨʫʶʱʠʡʩʷ ʚʙʣʠʟʠ ʭʦʣʦʜʥʦʛʦ ʢʨʘʷ ʩʫʨʬʘʢʪʘʥʪ ʬʦʨʤʠʨʫʝʪ ʟʘʩʪʦʡʥʫʶ ʟʦʥʫ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮʳ ʟʘʩʪʦʡʥʦʡ 

ʟʦʥʳ ʦʪ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ ʫʧʨʫʛʦʩʪʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʥʥʠʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʜʦʦʮʝʥʢʦʡ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ 

ʧʨʦʮʝʩʩʘʭ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʥʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʤʦʜʝʣʷʭ 

ʚʦʟʤʦʞʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʣʦʝ ʩʫʨʬʘʢʪʘʥʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʯʝʪʘ 

ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʦʪʣʠʯʥʦʝ 

ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 
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11. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʨʘʟʜʝʣʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪ ʙʠʥʘʨʥʦʡ ʩʤʝʩʠ. 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʙʠʥʘʨʥʦʡ ʩʤʝʩʠ ʚ ʧʦʣʝ ʟʝʤʥʦʡ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʂʦʥʬʠʛʫʨʘʮʠʷ 

ʟʘʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ DCMIX, ʧʨʦʚʝʜʝʥʥʦʤʫ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ, ʢʦʛʜʘ ʚ ʫʛʣʘʭ ʷʯʝʡʢʠ ʩʪʝʢʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʝʪʘʣʣʦʤ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʚʦʟʤʫʱʝʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ: ʣʦʢʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʟʥʘʯʝʥʠʷ ʥʘ 

ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʛʨʘʥʠʮʳ ʠ ʜʣʠʥʳ ʠʥʪʝʨʚʘʣʘ, ʥʘ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʠʩʢʘʞʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʳ ʩʣʫʯʘʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʦʚ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʩʤʝʩʠ ʩ ʵʬʬʝʢʪʦʤ ʉʦʨʝ: ʜʠʬʬʫʟʠʦʥʥʳʡ ʠ ʢʦʥʚʝʢʪʠʚʥʳʡ. 

ɼʠʬʬʫʟʠʦʥʥʳʡ ʨʝʞʠʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʝʥʴʰʝ, ʯʝʤ 3-5% ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʠ ʟʘʥʠʤʘʝʪ 5% ʜʣʠʥʳ ʛʨʘʥʠʮʳ ʚ 

ʢʘʞʜʦʤ ʫʛʣʫ. ʂʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ, ʧʝʨʝʤʝʰʠʚʘʷ ʩʤʝʩʴ, ʧʦʥʠʞʘʝʪ ʨʘʟʜʝʣʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪ. ʆʙʥʘʨʫʞʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʣʴʥʦʛʦ ʪʝʯʝʥʠʷ, ʧʦʷʚʣʷʶʱʝʛʦʩʷ ʥʘ ʨʘʥʥʠʭ 

ʚʨʝʤʝʥʘʭ ʠ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʱʝʛʦ, ʢʦʪʦʨʦʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ. 
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12. ʀʩʩʣʝʜʦʚʘʥʳ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʤʘʛʥʠʪʥʳʭ ʞʠʜʢʦʩʪʷʭ.  

 

ɸʥʥʦʪʘʮʠʷ 

 

1. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʳʭ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʷʭ ʤʘʛʥʠʪʥʦʡ 

ʞʠʜʢʦʩʪʠ (ʬʝʨʨʦʞʠʜʢʦʩʪʠ) ʚʦ ʚʥʝʰʥʝʤ ʧʦʩʪʦʷʥʥʦʤ ʧʦʣʝ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʤʝʞʯʘʩʪʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʚʥʝʰʥʝʛʦ 

ʧʦʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʥʘ ʦʩʥʦʚʥʦʡ, ʫʜʚʦʝʥʥʦʡ ʠ 

ʫʪʨʦʝʥʥʦʡ ʯʘʩʪʦʪʘʭ ʠʟʤʝʨʷʣʘʩʴ ʤʦʩʪʦʤ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʟʦʥʜʠʨʫʶʱʠʭ ʯʘʩʪʦʪ ʦʪ 4,11 ɻʮ ʜʦ 81 ʢɻʮ ʜʣʷ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ: -25, 0, 

25, 50, 75 ʉ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʠʥʝʡʥʳʭ ʠ 

ʥʝʣʠʥʝʡʥʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ ʤʘʛʥʠʪʥʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʝʞʯʘʩʪʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʝʡ ʥʘ ʦʩʥʦʚʥʦʡ, 

ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʘʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨ. 

2. ʏʠʩʣʝʥʥʦ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʡ ʤʠʢʨʦʩʬʝʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʩʢʦʨʦʩʪʴ ʝʸ ʤʘʛʥʠʪʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʟʘʜʘʥʥʦʤ ʛʨʘʜʠʝʥʪʥʦʤ ʧʦʣʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ. 

ʈʘʚʥʦʚʝʩʥʘʷ ʢʨʠʚʘʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʡ ʤʠʢʨʦʩʬʝʨʳ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʯʠʩʣʝʥʥʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʦ 

ʚʳʨʘʞʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʤʠʢʨʦʩʬʝʨʳ ʩ ʝʸ 

ʤʘʛʥʠʪʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ (ʚʝʣʠʯʠʥʦʡ, ʧʦʢʘʟʳʚʘʶʱʝʡ, ʩ ʢʘʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʤʠʢʨʦʩʬʝʨʘ ʚ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʥʝʡ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ). ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʜʚʠʞʥʦʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʘ. 
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