
 

ɺʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʇʝʨʤʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʋʨʆ ʈɸʅ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 2021-2030 ʛʦʜʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ 2021 ʛʦʜʫ 

(ʆʙʦʟʥʘʯʝʥʠʷ: 

ʇʦʣʫʞʠʨʥʳʡ ʰʨʠʬʪ ï ʤʘʪʝʨʠʘʣʳ, ʧʣʘʥʠʨʫʝʤʳʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʜʦʢʣʘʜ ʇʨʝʟʠʜʝʥʪʘ 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). 

 

ʇʦʜʛʦʪʦʚʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʇʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʝʨʠʦʜ 2021-2030 ʛʦʜʳè, ʫʪʚʝʨʞʜʝʥʥʦʡ ʨʘʩʧʦʨʷʞʝʥʠʝʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ 31.12.2020ʛ. ˉ 3684-ʨ. 

 

2.3.1.1. ʄʝʭʘʥʠʢʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʩʨʝʜ, ʠʟʜʝʣʠʡ, ʢʦʥʩʪʨʫʢʮʠʡ, 

ʩʦʦʨʫʞʝʥʠʡ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ, ʚʦʟʜʝʡʩʪʚʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʧʦʣʝʡ ʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʨʝʜ 

1. ʀʟʤʝʨʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʨʦʟʝʪʢʘʤʠ ʠʟ ʜʘʪʯʠʢʦʚ ʥʘ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʸʪʢʘʭ, 

ʚʩʪʨʦʝʥʥʳʭ ʚ ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. (**)  

ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʟʥʘʯʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʨʦʟʝʪʢʘʤʠ ʠʟ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʜʝʬʦʨʤʘʮʠʡ, ʚʩʪʨʦʝʥʥʳʭ ʚ ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ 

ʤʘʪʝʨʠʘʣ. 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʜʝʬʦʨʤʘʮʠʡ 

ʨʦʟʝʪʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ɺɹʈ, ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ (ʇʂʄ). 

ʆʙʨʘʟʮʳ ʚ ʬʦʨʤʝ ʢʨʝʩʪʘ ʥʘʛʨʫʞʘʣʠʩʴ ʫʩʠʣʠʷʤʠ ʚ ʝʛʦ ʧʣʦʩʢʦʩʪʠ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʦʪʨʘʞʝʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʦʧʫʱʝʥʠʝ ʦʙ ʦʜʥʦʦʩʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ, 

ʚʩʪʨʦʝʥʥʦʤ ʚ ʤʘʪʝʨʠʘʣ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ 

ʨʦʟʝʪʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʧʦʜʪʚʝʨʞʜʝʥʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʩʦʚʧʘʜʝʥʠʝʤ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ Vic-3D. 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦ ʥʘʣʠʯʠʠ ʜʚʫʭ ʧʠʢʦʚ ʥʘ ʦʪʨʘʞʝʥʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ 

ʚ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʣʫʯʝʥʳ ʦʪʨʘʞʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʩ ʦʜʥʠʤ ʧʠʢʦʤ. ɼʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʙʲʷʩʥʷʶʪ ʨʘʟʣʠʯʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʦʪʨʘʞʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ. ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʛʣʘʭ ʦʨʠʝʥʪʘʮʠʠ ʜʘʪʯʠʢʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʦʟʝʪʦʢ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʜʝʬʦʨʤʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʦʧʫʱʝʥʠʷ ʦʙ ʦʜʥʦʦʩʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ, ʚʩʪʨʦʝʥʥʦʤ ʚ ʤʘʪʝʨʠʘʣ 

ʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ʧʠʢʦʚ ʥʘ ʦʪʨʘʞʝʥʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ 



2 

 

ʚʳʙʦʨʦʤ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʨʦʟʝʪʢʦʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʫʱʝʥʠʷ ʦʙ ʦʜʥʦʦʩʥʦʤ 

ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʪʨʘʞʝʥʥʦʤ 

ʩʧʝʢʪʨʝ ʩ ʜʚʫʤʷ ʧʠʢʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʜʥʦʤ ʠʟ 

ʧʠʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ. ɺ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʚʳʙʦʨʘ ʧʠʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʪ ʤʝʪʦʜʠʢ, ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʥʘ ʦʪʨʘʞʝʥʥʦʤ ʩʧʝʢʪʨʝ ʜʚʫʭ ʧʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʠʭ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 
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2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʩʣʦʝʢ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʘʤʠ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. (**) 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʦʩʦʙʳʭ ʪʦʯʝʢ ʫʧʨʫʛʠʭ ʪʝʣ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʦʡ 

ʧʨʦʩʣʦʡʢʠ ʠ ʝʸ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠ ʝʸ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 

ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʦʜʥʦʨʦʜʥʳʤʠ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʩʣʦʡʢʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ ʠʣʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʧʨʫʛʠʝ ʢʦʥʩʪʘʥʪʳ ʤʘʪʝʨʠʘʣʘ ʧʨʦʩʣʦʡʢʠ ʠ ʫʛʣʳ 

ʩʦʧʨʷʞʝʥʠʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʳʭ ʪʦʯʝʢ ʫʧʨʫʛʠʭ ʪʝʣ, 

ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʝʰʝʥʠʡ ʩ ʩʠʥʛʫʣʷʨʥʦʩʪʴʶ ʠ 

ʙʝʟ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʧʨʠʚʦʜʷʪʩʷ 
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ʨʝʟʫʣʴʪʘʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʩʪʨʦʠʪʴ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʝʰʝʥʠʷ ʩ 

ʩʠʥʛʫʣʷʨʥʦʩʪʴʶ ʠ ʙʝʟ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠʚʝʜʸʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʧʦʣʥʷʶʪ 

ʠʟʚʝʩʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʠʥʠʤʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʳʭ ʪʦʯʝʢ, ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʠʤʝʶʪ ʤʝʩʪʦ ʦʩʦʙʳʝ ʪʦʯʢʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʛʝʦʤʝʪʨʠʠ ʧʨʦʩʣʦʡʢʠ ʠʟ ʦʜʥʦʨʦʜʥʦʛʦ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʥʪʘʢʪʘ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

Fedorov A.Yu., Matveenko V.P. Designing of interlayers between materials with minimum stress level at 

the interface // International Journal of Adhesion & Adhesives. ð 2021. ð Vol. 111. ð pp. 102963. 

(ʈʫʢ. ʜ.ʪ.ʥ. ʄʘʪʚʝʝʥʢʦ ɺ.ʇ., ʪ.(342) 237-84-61, e-mail: mvp@icmm.ru). 

 

3. ʀʩʩʣʝʜʦʚʘʥʘ ʢʨʠʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʧʝʨʝʭʦʜʦʚ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʤʥʦʛʦ- ʠ 

ʩʚʝʨʭʤʥʦʛʦʮʠʢʣʦʚʳʭ ʥʘʛʨʫʞʝʥʠʷʭ (ʧʨʠʣʦʞʝʥʠʷ ʚ ʘʚʠʘʮʠʦʥʥʦʤ ʤʦʪʦʨʦʩʪʨʦʝʥʠʠ). (**)  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʭʘʨʘʢʪʝʨʥʳʭ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ ʨʘʟʨʫʰʝʥʠʷ ʩ ʥʦʚʳʤ ʪʠʧʦʤ ʢʨʠʪʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ ʚ ʩʨʝʜʘʭ ʩ ʜʝʬʝʢʪʘʤʠ (ʩʪʨʫʢʪʫʨʥʦ-ʩʢʝʡʣʠʥʛʦʚʳʝ ʧʝʨʝʭʦʜʳ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ 

ʤʘʩʰʪʘʙʥʦ-ʠʥʚʘʨʠʘʥʪʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ çʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴè 

ʤʘʪʝʨʠʘʣʘ ʢ ʨʘʟʚʠʪʠʶ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʠ ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʣʠ ʢʠʥʝʪʠʢʠ ʨʘʟʨʫʰʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʉʦʟʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʜʝʥʠʝ 

ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʝʩʫʨʩʘ ʤʘʪʝʨʠʘʣʦʚ ʘʚʠʘʮʠʦʥʥʦʛʦ ʤʦʪʦʨʦʩʪʨʦʝʥʠʷ. 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʝʩʫʨʩʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʩʪʘʥʦʚʢʘʤ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʤʦʪʦʨʦʩʪʨʦʝʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʩʪʘʜʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʩʣʫʯʘʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʞʝʥʠʷʭ, ʠʥʠʮʠʠʨʦʚʘʣʠ 

ʧʦʩʪʘʥʦʚʢʫ ʧʨʠʥʮʠʧʠʘʣʴʥʦʴ ʥʦʚʳʭ ʟʘʜʘʯ, ʚʢʣʶʯʘʶʱʠʭ ʦʙʱʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʩʪʘʜʠʡʥʦʩʪʠ 

ʨʘʟʨʫʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʤʥʦʛʦʤʘʩʰʪʘʙʥʫʶ ʢʠʥʝʪʠʢʫ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ 

ʪʨʝʱʠʥʘ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦ- ʠ ʩʚʝʨʭʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʩʪʘʜʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʠ ʢʠʥʝʪʠʢʦʡ ʫʤʝʥʴʰʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ 
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ʨʘʟʚʠʪʠʠ ʜʝʬʝʢʪʦʚ, ʦʙʥʘʨʫʞʠʚʘʶʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ, ʢʦʛʜʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʠʥʝʪʠʢʦʡ ʨʘʟʚʠʪʠʷ 

ʪʨʝʱʠʥ, ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ ʩʚʝʨʭʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ 

ʚʢʣʘʜʦʤ ʩʪʘʜʠʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ, ʠʭ ʣʦʢʘʣʠʟʘʮʠʝʡ, ʟʘʨʦʞʜʝʥʠʝʤ ʤʘʣʳʭ ʪʨʝʱʠʥ, ʯʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʡ ʢʠʥʝʪʠʢʠ 

ʜʝʬʝʢʪʦʚ ʠ ʝʝ ʩʚʷʟʴ ʩ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʩʪʘʜʠʡʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʠ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʝʩʫʨʩʘ.  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʭʘʨʘʢʪʝʨʥʳʭ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ ʨʘʟʨʫʰʝʥʠʷ ʩ ʥʦʚʳʤ ʪʠʧʦʤ ʢʨʠʪʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ ʚ ʩʨʝʜʘʭ ʩ ʜʝʬʝʢʪʘʤʠ (ʩʪʨʫʢʪʫʨʥʦ-ʩʢʝʡʣʠʥʛʦʚʳʝ ʧʝʨʝʭʦʜʳ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ 

ʤʘʩʰʪʘʙʥʦ-ʠʥʚʘʨʠʘʥʪʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ çʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴè 

ʤʘʪʝʨʠʘʣʘ ʢ ʨʘʟʚʠʪʠʶ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʠ ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʣʠ ʢʠʥʝʪʠʢʠ ʨʘʟʨʫʰʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ.  

ʉʦʟʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʜʝʥʠʝ ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʳʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ 

ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʝʩʫʨʩʘ ʤʘʪʝʨʠʘʣʦʚ ʘʚʠʘʮʠʦʥʥʦʛʦ ʤʦʪʦʨʦʩʪʨʦʝʥʠʷ. 

Naimark O., Oborin V., Bannikov M. and Ledon D. Critical Dynamics of Defects and Mechanisms of 

Damage-Failure Transitions in Fatigue //Materials. 2021, 14, 2554. 

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

 

4. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʬʝʨʨʦʯʘʩʪʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʪʨʠʮʳ ʚ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʤ ʵʣʘʩʪʦʤʝʨʝ ʩʦʚʩʝʤ ʥʝ ʤʘʣʳʡ ʵʬʬʝʢʪ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʘʣʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʥʷʪʳʡ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ ʵʣʘʩʪʦʤʝʨʦʚ (ʄɸʕ) ʧʦʩʪʫʣʘʪ ʦ ʪʦʤ, ʯʘʩʪʠʮʳ ʥʘʧʦʣʥʠʪʝʣʷ ʥʝʦʪʨʳʚʥʦ çʚʢʣʝʝʥʳè 

ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ, ʚʦʚʩʝ ʥʝ ʫʥʠʚʝʨʩʘʣʝʥ. ɺ ʩʠʩʪʝʤʘʭ ʪʠʧʘ ʇɼʄʉ / ʤʠʢʨʦ-NdFeB ʯʘʩʪʠʮʳ 

ʦʪʨʳʚʘʶʪʩʷ ʦʪ ʤʘʪʨʠʮʳ ʫʞʝ ʚ ʧʦʣʷʭ ~1-2 ʢʕ. ʇʦʢʘʟʘʥʦ, ʢʘʢ ʵʪʦʪ ʵʬʬʝʢʪ ʜʦʣʞʝʥ ʧʨʦʷʚʣʷʪʴʩʷ ʥʘ 

ʠʟʤʝʨʝʥʥʳʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ.  

ɸʥʥʦʪʘʮʠʷ 

ɺ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʪʢʣʠʢʘ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ 

ʵʣʘʩʪʦʤʝʨʦʚ (ʄɸʕ) ʥʘ ʚʥʝʰʥʝʝ ʧʦʣʝ ʠ ʥʘʛʨʫʟʢʫ ʧʦʩʪʫʣʘʪ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʠʮʳ ʥʘʧʦʣʥʠʪʝʣʷ 

ʥʝʦʪʨʳʚʥʦ çʚʢʣʝʝʥʳè ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʧʦʩʪʫʣʘʪʦʤ. 
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ʄʝʞʜʫ ʪʝʤ, ʠʟ ʨʝʘʣʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʜʣʷ ʩʠʩʪʝʤ ʪʠʧʘ ʇɼʄʉ / ʤʠʢʨʦʥʥʳʝ ʯʘʩʪʠʮʳ ʤʝʪʘʣʣʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʘʜʛʝʟʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʩʠʣʘʤʠ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʥʝ ʙʦʣʝʝ 200ï500 ʢʇʘ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʤʘʛʥʠʪʦʞʸʩʪʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ (ʤʠʢʨʦʧʦʨʦʰʢʠ NdFeB) ʯʘʩʪʠʮʘ 

ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʤʘʪʨʠʮʳ ʫʞʝ ʚ ʧʦʣʷʭ ~1-2 ʢʕ. ʅʝ ʨʘʟʨʫʰʘʷ ʩʚʦʶ ʧʦʣʦʩʪʴ, ʦʥʘ ʣʝʛʢʦ 

ʧʨʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚʥʫʪʨʠ ʥʝʸ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʫʝʪ ʤʘʛʥʠʪʦʤʝʭʘʥʠʢʫ ʄɸʕ. ʄʳ 

ʧʦʢʘʟʘʣʠ, ʢʘʢ ʵʪʦʪ ʵʬʬʝʢʪ ʜʦʣʞʝʥ ʧʨʦʷʚʣʷʪʴʩʷ ʥʘ ʠʟʤʝʨʝʥʥʳʭ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ.  

ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ (ʧʨʠʛʣʘʰʸʥʥʳʡ ʜʦʢʣʘʜ): M. Vaganov, D. Borin, S. Odenbach, Yu. Raikher, 

Magnetoactive elastomers with high-coercive filler: ferromagnetic particles under restricted mechanical 

freedom and non-saturated magnetization // International Baltic Conference on Magnetism, ɹʘʣʪʌʋ, 

ʂʘʣʠʥʠʥʛʨʘʜ, 29.08 ï 02.09.2021 

M. Vaganov, D. Borin, S. Odenbach, Yu. Raikher, Magnetic response of magnetoactive elastomers with 

allowance for slippage at the particle-matrix interfaces // Advanced Theory and Simulations. 2021. Vol. 

4, Art. no. 2000327. (Q1 ʧʦ SJR) 

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

 

5. ʇʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ ʤʘʛʥʠʪʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ð ʤʠʢʨʦʬʝʨʨʦʛʝʣʷ ʠ 

ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʚʝʟʠʢʫʣʳ. 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ ʤʘʛʥʠʪʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ð ʤʠʢʨʦʬʝʨʨʦʛʝʣʷ ʠ ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ 

ʚʝʟʠʢʫʣʳ ð ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʙʤʠʢʨʦʥʥʳʭ ʢʦʣʣʦʠʜʥʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʧʦʚʝʜʝʥʠʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ, ʧʦʤʝʱʸʥʥʳʭ ʚ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷ ʠ ʠʩʧʳʪʳʚʘʶʱʠʝ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʯʘʩʪʠʮʘʤʠ ʥʝʷʚʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ.  

ʇʦʣʠʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʧʠʩʘʥʳ ʧʦ ʤʦʜʝʣʠ bead-spring, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʯʘʩʪʠʮʳ ʩʦʝʜʠʥʝʥʳ 

ʩʚʷʟʷʤʠ ʧʦ ʪʠʧʫ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʘ ʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʦʜʥʦʜʦʤʝʥʥʳʤʠ, ʪʦ ʝʩʪʴ ʦʙʣʘʜʘʶʱʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʥʝʠʟʤʝʥʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ.  
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ɼʣʷ ʤʠʢʨʦʬʝʨʨʦʛʝʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʚʠʜʝ ʩʰʠʪʳʭ ʧʦʣʠʤʝʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʰʠʚʦʢ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʦ 

ʤʠʢʨʦʛʝʣʶ (ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʦʜʥʦʨʦʜʥʳʝ core-shell ʩʪʨʫʢʪʫʨʳ) ʥʘ çʚʥʫʪʨʝʥʥʠʝè 

(ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ) ʠ çʚʥʝʰʥʠʝè ʩʚʦʡʩʪʚʘ 

(ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʟʤʝʨ, ʦʙʲʸʤ) ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʥʘʥʦʯʘʩʪʠʮ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʷʟʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʘʛʥʠʪʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʚʝʟʠʢʫʣʘ (ʧʦʣʠʤʝʨʦʩʦʤʘ), ʦʧʠʩʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʘ ʠʟ 

ʜʚʫʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʦʙʦʣʦʯʝʢ (ʘʤʬʠʬʠʣʴʥʘʷ ʤʝʤʙʨʘʥʘ) ʩ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʦ ʚʥʫʪʨʠʤʝʤʙʨʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʣʦʷʤʠ ʠʟ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʰʘʙʣʦʥʦʚ ʧʦʣʫʯʝʥʳ ʤʦʜʝʣʠ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ, ʜʠʩʢʦʦʙʨʘʟʥʳʭ 

ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʚʝʟʠʢʫʣ. ʆʧʠʩʘʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʦʜʥʦʨʦʜʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

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

 

6. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʣʠʤʝʨʥʳʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ. 

ɸʥʥʦʪʘʮʠʷ 

ʀʦʥʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʫʛʣʝʨʦʜʥʳʝ ʧʦʢʨʳʪʠʷ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʠʟʜʝʣʠʷ. ʏʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʟʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʪʘʢʠʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠʤʧʣʘʥʪʘʥʪʦʚ, ʢʘʢ ʧʨʦʪʝʟʳ ʩʦʩʫʜʦʚ. 

ʉ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʜʚʦʜʢʠ ʛʘʟʘ ʠ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ʫʛʣʝʨʦʜʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʳʭ ʠʟʜʝʣʠʡ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʜʣʠʥʳ (ʢʘʧʠʣʣʷʨʦʚ ʠ ʤʝʰʢʦʚ ʜʣʷ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪ 

ʢʨʦʚʠ). ʆʙʨʘʙʦʪʘʥʥʘʷ ʧʣʘʟʤʦʡ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʳʭ ʧʦʣʠʤʝʨʥʳʭ ʠʟʜʝʣʠʡ ʠʩʩʣʝʜʦʚʘʥʘ 

ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʀʂ (ʠʬʨʘʢʨʘʩʥʦʡ) ʠ ʂʈʉ (ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ) ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʧʦʢʨʳʪʠʡ ʢ ʙʝʣʢʘʤ ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʪʨʦʧʦʵʣʘʩʪʠʥʘ. 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʳʭ ʠʟʜʝʣʠʡ ʧʦʩʣʝ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: ʥʘʣʠʯʠʝʤ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, ʥʝ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʦʣʠʤʝʨʥʦʤ 

ʤʘʪʝʨʠʘʣʝ ʜʦ ʧʣʘʟʤʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʙʝʣʢʘʤʠ ʧʦʢʘʟʘʣʠ 

ʢʦʚʘʣʝʥʪʥʫʶ ʧʨʠʰʠʚʢʫ ʪʨʦʧʦʵʣʘʩʪʠʥʘ ʠ ʘʣʴʙʫʤʠʥʘ ʢ ʫʛʣʝʨʦʜʥʦʤʫ ʧʦʢʨʳʪʠʶ. ʉ ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʧʣʘʟʤʦʡ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʝʣʢʠ ʩʤʳʚʘʣʠʩʴ ʨʘʩʪʚʦʨʘʤʠ ʜʝʪʝʨʛʝʥʪʦʚ. ʋʛʣʝʨʦʜʥʦʝ ʧʦʢʨʳʪʠʝ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʳʭ ʠʟʜʝʣʠʡ, ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʦʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʨʦʚ ʩ ʧʣʘʥʘʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʄʝʪʦʜ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʣʠʤʝʨʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʦʩʫʜʠʩʪʳʭ ʧʨʦʪʝʟʦʚ ʠ ʤʝʰʢʦʚ ʜʣʷ ʩʙʦʨʘ 

ʠ ʭʨʘʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʢʨʦʚʠ. 

(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʐʘʨʜʘʢʦʚ ʀ.ʅ., ʪ.(342) 237-83-08, e-mail: shardakov@icmm.ru). 

 

7. ɼʘʥʦ ʦʙʲʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʣʥʦʦʙʨʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ 

ʦʙʨʘʟʮʘ ʚʦ ʚʨʝʤʷ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʩʚʷʟʘʪʴ ʬʣʶʝʥʩ (ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ, 

ʧʦʧʘʚʰʠʭ ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ) ʪʦʣʱʠʥʫ ʠ ʤʦʜʫʣʴ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʦʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ 

ʚʦ ʚʨʝʤʷ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʦʙʨʘʟʮʘ, ʩ ʘʤʧʣʠʪʫʜʦʡ ʠ ʯʘʩʪʦʪʦʡ ʚʦʣʥ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘ ʛʨʘʥʠʮʝ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʦ ʬʠʟʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʯʠʥʝ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥ. 

ʕʪʦ ʥʘʢʦʧʣʝʥʠʝ ʟʘʨʷʜʦʚ ʦʢʦʣʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʥʝʛʦ ʠʦʥʦʚ 

ʘʟʦʪʘ. 
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ʇʦʣʫʯʝʥʥʳʡ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟ ʠʩʢʨʠʚʣʝʥʠʷ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʥʘ 

ʧʦʣʠʤʝʨʥʦʤ ʦʙʨʘʟʮʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ɺʦʟʨʘʩʪʘʥʠʝ 

ʞʝʩʪʢʦʩʪʠ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʬʣʶʝʥʩʘ (ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʷ ʬʣʶʝʥʩʘ) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ 

ʚʦʣʥ. ʊʦʞʝ ʩʘʤʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʦʥʦʚ ʘʟʦʪʘ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʘ. 

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

 

8. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʧʘʤʷʪʠ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ 

ʤʥʦʛʦʦʩʥʦʤ ʩʞʘʪʠʠ ʧʝʩʯʘʥʠʢʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ ʦʨʠʝʥʪʘʮʠʠ 

ʵʣʣʠʧʩʦʠʜʘ ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ɸʥʥʦʪʘʮʠʷ 

ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʤʝʭʘʥʠʢʠ ʀʇʄʝʭ ʠʤ. ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ 

ʧʨʦʚʝʜʝʥ ʮʠʢʣ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʮʠʢʣʠʯʝʩʢʦʤʫ ʠʩʪʠʥʥʦʤʫ ʪʨʝʭʦʩʥʦʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʦʣʠʤʠʢʪʦʚʦʛʦ ʧʝʩʯʘʥʠʢʘ. ʈʝʘʣʠʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ, 

ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ ʜʚʫʭ- ʠ ʪʨʝʭʦʩʥʦʤʫ ʮʠʢʣʠʯʝʩʢʦʤʫ ʩʞʘʪʠʶ ʧʝʩʯʘʥʠʢʘ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʪʨʝʭʦʩʥʦʤʫ ʮʠʢʣʠʯʝʩʢʦʤʫ ʥʘʛʨʫʞʝʥʠʶ ʧʝʩʯʘʥʠʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʨʦʚʥʝʤ ʩʨʝʜʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʨʦʚʥʝʤ ʜʝʚʠʘʪʦʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪ ʧʘʤʷʪʠ (ʵʬʬʝʢʪ ʂʘʡʟʝʨʘ) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʚʪʦʨʥʦʝ 

ʥʘʛʨʫʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʠ ʬʦʨʤʳ ʵʣʣʠʧʩʦʠʜʘ ʧʨʠʣʦʞʝʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. ɺ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʵʣʣʠʧʩʦʠʜʘ ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ʧʘʤʷʪʠ 

ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʥʘʢʦʧʣʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʚ ʪʨʝʭ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ʂʘʡʟʝʨʘ ʥʝ ʚʣʠʷʝʪ ʫʨʦʚʝʥʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʫʨʦʚʥʝ ʩʨʝʜʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʨʘʟʮʝ. 
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ʇʘʥʪʝʣʝʝʚ ʀ.ɸ, ʄʫʙʘʩʩʘʨʦʚʘ ɺ.ɸ, ɿʘʡʮʝʚ ɸ.ɺ., ʂʘʨʝʚ ɺ.ʀ., ʂʦʚʘʣʝʥʢʦ ʖ.ʌ., ʋʩʪʠʥʦʚ ʂ.ɹ., 

ʐʝʚʮʦʚ ʅ.ʀ. ʕʬʬʝʢʪ ʢʘʡʟʝʨʘ ʧʨʠ ʤʥʦʛʦʦʩʥʦʤ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʩʞʘʪʠʠ ʧʝʩʯʘʥʠʢʘ // ɼʦʢʣʘʜʳ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʌʠʟʠʢʘ, ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2020. ʊ. 495. ʉ. 63-67.  

ʇʘʥʪʝʣʝʝʚ ʀ.ɸ., ʄʫʙʘʩʩʘʨʦʚʘ ɺ.ɸ., ɿʘʡʮʝʚ ɸ.ɺ., ʐʝʚʮʦʚ ʅ.ʀ., ʂʦʚʘʣʝʥʢʦ ʖ.ʌ., ʂʘʨʝʚ ɺ.ʀ. 

ʕʬʬʝʢʪ ʢʘʡʟʝʨʘ ʧʨʠ ʪʨʝʭʦʩʥʦʤ ʩʞʘʪʠʠ ʧʝʩʯʘʥʠʢʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʨʘʱʝʥʠʝʤ ʵʣʣʠʧʩʦʠʜʘ 

ʟʘʜʘʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ // ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 2020. 

ˉ 3. ʉ. 47-55.  

ʇʘʥʪʝʣʝʝʚ ʀ.ɸ., ʂʦʚʘʣʝʥʢʦ ʖ.ʌ., ʉʠʜʦʨʠʥ ʖ.ɺ., ɿʘʡʮʝʚ ɸ.ɺ., ʂʘʨʝʚ ɺ.ʀ., ʋʩʪʠʥʦʚ ʂ.ɹ., ʐʝʚʮʦʚ 

ʅ.ʀ. ʕʚʦʣʶʮʠʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʧʨʠ ʩʣʦʞʥʦʤ ʥʝʨʘʚʥʦʢʦʤʧʦʥʝʥʪʥʦʤ ʩʞʘʪʠʠ ʧʝʩʯʘʥʠʢʘ ʧʦ 

ʜʘʥʥʳʤ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ // ʌʠʟʠʯʝʩʢʘʷ ʤʝʟʦʤʝʭʘʥʠʢʘ. 2019. ʊ. 22. ˉ 4. ʉ. 56-63  

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

 

9. ʇʦʩʪʨʦʝʥʘ ʪʝʨʤʦʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʸʪʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ 

ʟʘʤʦʨʦʞʝʥʥʳʭ ʚʣʘʛʦʥʘʩʳʱʝʥʥʳʭ ʩʨʝʜ. (**) 

ɸʥʥʦʪʘʮʠʷ 

ʈʝʘʣʠʟʦʚʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʦʚʝʜʝʥʠʷ 

ʟʘʤʦʨʦʞʝʥʥʳʭ ʛʨʫʥʪʦʚ (ʧʦʨʠʩʪʳʭ ʚʣʘʛʦʥʘʩʳʰʝʥʥʳʭ ʩʨʝʜ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʪʝʨʤʦʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʤʝʨʟʘʥʠʷ ʚʣʘʛʦʥʘʩʳʱʝʥʥʦʛʦ ʛʨʫʥʪʘ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʘʜʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʨʦʚʦʛʦ ʣʴʜʘ, ʢʨʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ 

ʚʣʘʛʠ, ʤʦʨʦʟʥʳʤ ʧʫʯʝʥʠʝʤ ʛʨʫʥʪʘ ʚ ʟʘʤʦʨʦʞʝʥʥʦʡ ʟʦʥʝ ʠ ʝʛʦ ʫʩʘʜʢʠ ʚʙʣʠʟʠ ʬʨʦʥʪʘ ʧʨʦʤʝʨʟʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʫʯʠʥʠʩʪʦʩʪʴ ʠ ʧʦʣʟʫʯʝʩʪʴ, ʨʘʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʝʜʦʧʦʨʦʜʥʦʛʦ ʦʛʨʘʞʜʝʥʠʷ ʚ ʛʨʫʥʪʦʚʳʭ ʩʣʦʷʭ, ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʰʘʭʪʥʦʡ ʚʳʨʘʙʦʪʢʠ, 

ʧʨʦʡʜʝʥʥʦʡ ʚʥʫʪʨʠ ʣʝʜʦʧʦʨʦʜʥʦʛʦ ʦʛʨʘʞʜʝʥʠʷ.  
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ʇʨʦʚʝʜʝʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʜʢʠ ʰʘʭʪʥʦʛʦ ʩʪʚʦʣʘ ʜʣʷ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʢʘʣʠʡʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʛʠʜʨʦʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ 

ʣʝʜʦʧʦʨʦʜʥʦʛʦ ʦʛʨʘʞʜʝʥʠʷ, ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʴʜʘ ʚ 

ʟʘʤʦʨʘʞʠʚʘʝʤʳʭ ʛʨʫʥʪʦʚʳʭ ʩʣʦʷʭ ʠ ʠʟʤʝʥʝʥʠʷ ʠʭ ʧʨʠʨʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʦʮʝʥʢʠ ʧʝʨʝʤʝʱʝʥʠʡ ʥʝʧʦʜʢʨʝʧʣʝʥʥʦʡ ʩʪʝʥʢʠ ʰʘʭʪʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʩ ʫʯʝʪʦʤ 

ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

M. Zhelnin, A. Kostina, A. Prokhorov, O. Plekhov, M. Semin, L. Levin. Coupled thermo-hydro-

mechanical modeling of frost heave and water migration during artificial freezing of soils for mineshaft 

sinking // Journal of Rock Mechanics and Geotechnical Engineering ï 2021 (Q1 JCR). 

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

 

2.3.1.2. ʄʝʭʘʥʠʢʘ ʞʠʜʢʦʩʪʠ, ʛʘʟʘ ʠ ʧʣʘʟʤʳ, ʤʥʦʛʦʬʘʟʥʳʭ ʠ ʥʝʠʜʝʘʣʴʥʳʭ ʩʨʝʜ, ʤʝʭʘʥʠʢʘ ʛʦʨʝʥʠʷ, 

ʜʝʪʦʥʘʮʠʠ ʠ ʚʟʨʳʚʘ 

 

10. ɺʳʷʚʣʝʥʳ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ 

ʧʨʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. (**)  

ɸʥʥʦʪʘʮʠʷ 

ʊʫʨʙʫʣʝʥʪʥʘʷ ʢʦʥʚʝʢʮʠʷ ʚ ʟʘʤʢʥʫʪʳʭ ʦʙʲʝʤʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, 

ʩʦʯʝʪʘʶʱʫʶ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʧʫʣʴʩʘʮʠʠ ʠ ʩʨʝʜʥʠʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʝʯʝʥʠʷ. ɻʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʟʘʤʝʪʥʦ ʚʣʠʷʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʪʫʨʙʫʣʝʥʪʥʦʡ ʢʦʥʚʝʢʮʠʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ʇʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʚʳʷʚʣʝʥʠʝ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʜʣʷ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʪʝʯʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʧʦʪʦʢʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʝʚʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʦ ʢʦʥʪʨʦʣʶ ʠ ʫʧʨʘʚʣʝʥʠʶ 

ʪʫʨʙʫʣʝʥʪʥʳʤʠ ʢʦʥʚʝʢʪʠʚʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʪʝʧʣʦʧʝʨʝʥʦʩʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ. 
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Vasiliev A., Sukhanovskii A. Turbulent convection in a cube with mixed thermal boundary conditions: 

low Rayleigh number regime // Int. J. Heat Mass Transf. V. 174. 2021. 121290. (WoS, Q1, IF 3.458). 

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

 

11. ɺʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥʘ ʣʘʟʝʨʥʘʷ ʩʧʝʢʣ-ʢʦʥʪʨʘʩʪʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʣʷ ʦʮʝʥʢʠ ʨʝʛʫʣʷʮʠʠ 

ʪʦʥʫʩʘ ʩʦʩʫʜʦʚ ʩʠʩʪʝʤʳ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ. (*); (**) 

ɸʥʥʦʪʘʮʠʷ 

ʄʝʪʦʜ ʣʘʟʝʨʥʦʡ ʩʧʝʢʣ-ʢʦʥʪʨʘʩʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʢʦʞʥʦʛʦ ʢʨʦʚʦʪʦʢʘ. ʇʝʨʠʬʝʨʠʯʝʩʢʠʡ ʢʨʦʚʦʪʦʢ ʦʪʨʘʞʘʝʪ ʩʦʩʪʦʷʥʠʝ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ 

ʯʝʣʦʚʝʢʘ, ʘ ʝʛʦ ʦʩʮʠʣʣʷʮʠʠ ʥʝʩʫʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʛʫʣʷʮʠʠ ʪʦʥʫʩʘ ʤʝʣʢʠʭ ʩʦʩʫʜʦʚ. ʅʘʨʫʰʝʥʠʝ 

ʨʝʛʫʣʷʮʠʠ ʩʦʩʫʜʠʩʪʦʛʦ ʪʦʥʫʩʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʠʢʪʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʪʦʥʫʩʘ ʤʝʣʢʠʭ ʩʦʩʫʜʦʚ ʩʣʫʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʣʝʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʩʣʝ 

COVID-19. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʫʯʘʩʪʠʝʤ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʜʘʥʥʳʝ ʣʘʟʝʨʥʦʡ ʩʧʝʢʣ-ʢʦʥʪʨʘʩʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʜʘʥʥʳʤʠ ʜʦʧʣʝʨʦʚʩʢʦʡ 

ʬʣʦʫʤʝʪʨʠʠ, ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʢʨʦʚʦʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜ 

ʣʘʟʝʨʥʦʡ ʩʧʝʢʣ-ʢʦʥʪʨʘʩʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʱʝ ʚ ʠʩʧʦʣʥʝʥʠʠ, ʜʝʰʝʚʣʝ ʠ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʣʝʙʘʥʠʡ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʢʨʦʚʦʪʦʢʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʳʭʘʪʝʣʴʥʳʤ ʮʠʢʣʦʤ, ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʕʪʦʪ ʬʘʢʪ 

ʣʝʛ ʚ ʦʩʥʦʚʫ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʙ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʪʝʯʝʥʠʷ ʢʨʦʚʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʳʭʘʥʠʝʤ [2]. 

1. Mizeva I.A., Potapova E.V., Dremin V.V., Kozlov I., Dunaev A. Spatial heterogeneity of cutaneous 

blood flow respiratory oscillations quantified via laser speckle contrast imaging // PLOS ONE. ï 2021. ï

V.16. ï ˉ5. ï p.e0252296 (WoS, Q1, IF 3.2), 

2. Mizeva I.A., Dremin V.V., Potapova E.V., Zherebtsov E., Kozlov I., Dunaev A. Wavelet analysis of 

the temporal dynamics of the laser speckle contrast in human skin // IEEE Transactions on Biomedical 

Engineering. ï 2020. ï V. 67 ï ˉ7. ï p. 1882ï1889. (WoS, Q1, IF 4.538). 
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(ʈʫʢ. ʢ.ʬ.ʤ.ʥ. ʄʠʟʸʚʘ ʀ.ɸ., ʪ.(342) 237-83-94, e-mail: mizeva@icmm.ru). 

 

12. ʄʝʪʦʜʳ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ, ʨʘʟʨʘʙʦʘʥʥʳʝ ʚ çʀʄʉʉ ʋʨʆ ʈɸʅè ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʝʪʠʟʤʘ ʚʥʝʰʥʠʭ ʛʘʣʘʢʪʠʢ ʧʦ ʜʘʥʥʳʤ ʩʪʨʘʪʦʩʬʝʨʥʦʡ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ: ʄʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʥʦʛʦʬʘʟʥʦʡ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʝ ʛʘʣʘʢʪʠʢʠ M5. (*); (**)  

ɸʥʥʦʪʘʮʠʷ 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʛʘʣʘʢʪʠʢ ʚ ʜʘʣʴʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (FIR) ʩ ʚʳʩʦʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʭʦʣʦʜʥʳʭ 

ʠ ʧʣʦʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʠʩʢʘʭ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ çʀʄʉʉ ʋʨʆ ʈɸʅè ʤʝʪʦʜʳ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ 

ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʧʠʨʘʣʴʥʦʡ 

ʛʘʣʘʢʪʠʢʠ M51 ʥʘ ʤʘʩʰʪʘʙʘʭ ʧʦʨʷʜʢʘ ʢʠʣʦʧʘʨʩʝʢʘ. ɺʳʷʚʣʝʥ ʩʣʦʞʥʳʡ ʩʮʝʥʘʨʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ ʠ FIR ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʦʪʩʣʝʞʠʚʘʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ 

ʩʪʨʫʢʪʫʨʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʘʢ, ʩʢʦʨʦʩʪʴ ʟʚʝʟʜʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʯʝʪʢʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʨʘʜʠʦʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ FIR, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʤʘʣʦʤʘʩʰʪʘʙʥʳʡ ʩʮʝʥʘʨʠʡ ʫʩʠʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʄɻɼ ʜʠʥʘʤʦ. ʈʘʙʦʪʘ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ ʷʚʣʷʶʪʩʷ ʢʣʶʯʦʤ ʢ ʨʘʩʰʠʬʨʦʚʢʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʟʚʝʟʜʦʦʙʨʘʟʦʚʘʥʠʝʤ, 

ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʠ ʢʠʥʝʤʘʪʠʢʦʡ ʛʘʟʘ ʚ ʤʥʦʛʦʬʘʟʥʦʤ ʤʝʞʟʚʝʟʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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 Borlaff A., Lopez-Rodriguez E., Beck R., Stepanov R., et al. Extragalactic Magnetism with SOFIA 

(Legacy Program) -- I: The magnetic field in the multi-phase interstellar medium of M51 // Astrophysical 

Journal, 2021 (in press) , arXiv:2105.09315v2 (WoS, Q1, IF 5.745). 

(ʈʫʢ. ʜ.ʬ.ʤ.ʥ. ʉʪʝʧʘʥʦʚ ʈ.ɸ., ʪ.(342) 237-83-94, e-mail: rodion@icmm.ru). 

 

13. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʯʠʩʪʢʠ ʞʠʜʢʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʳ ʦʪ ʧʨʠʤʝʩʠ ʦʪʣʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. (**) 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʦ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʞʠʜʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʳ ʦʪ 

ʧʨʠʤʝʩʠ ʦʪʣʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʦʪ 

ʚʝʣʠʯʠʥʳ ʧʨʠʣʦʞʝʥʥʦʡ ʩʠʣʳ, ʩʢʦʨʦʩʪʠ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʦʯʠʩʪʠʪʝʣʴʥʳʡ ʢʘʥʘʣ, 

ʧʦʣʦʞʝʥʠʷ ʫʜʝʨʞʠʚʘʶʱʠʭ ʧʝʨʝʛʦʨʦʜʦʢ ʚ ʢʘʥʘʣʝ, ʪʠʧʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʦʛʫ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʝʨʭʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʠʟʚʣʝʯʝʥʠʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʦʪʚʘʣʦʚ ʠ ʦʯʠʩʪʢʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. 
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(ʈʫʢ. ʢ.ʬ.ʤ.ʥ. ʂʦʣʝʩʥʠʯʝʥʢʦ ʀ.ɺ., ʪ. (342) 237-83-81, kiv@icmm.ru). 

 

14. ʂʦʤʧʣʝʢʩʥʦ (ʘʥʘʣʠʪʠʯʝʩʢʠ, ʯʠʩʣʝʥʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ) ʠʟʫʯʝʥʦ ʧʣʘʚʘʥʠʝ ʜʠʘ-, ʧʘʨʘ- ʠ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʪʝʣ ʚ ʤʘʛʥʠʪʥʳʭ ʞʠʜʢʦʩʪʷʭ. 

ʂʦʤʧʣʝʢʩʥʦ (ʘʥʘʣʠʪʠʯʝʩʢʠ, ʯʠʩʣʝʥʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ) ʠʟʫʯʝʥʘ ʤʘʛʥʠʪʥʘʷ ʚʳʪʘʣʢʠʚʘʶʱʘʷ 

ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʚʝʨʜʳʝ ʪʝʣʘ, ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʢʦʥʪʝʡʥʝʨʳ ʩ ʤʘʛʥʠʪʥʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʥʘʤʘʛʥʠʯʝʥʥʫʶ ʚʝʨʪʠʢʘʣʴʥʳʤ ʦʜʥʦʨʦʜʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʅʝʤʦʥʦʪʦʥʥʦʩʪʴ 

ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʥʝʤʘʛʥʠʪʥʦʝ ʪʝʣʦ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʥʢʫʨʝʥʮʠʠ ʩʠʣʳ ʩʦ ʩʪʦʨʦʥʳ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʥʝʵʣʣʠʧʩʦʠʜʘʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʩ ʩʠʣʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʥʝʤʘʛʥʠʪʥʦʡ ʩʪʝʥʢʦʡ ʢʦʥʪʝʡʥʝʨʘ. 

ɸʥʥʦʪʘʮʠʷ 

ʀʟʫʯʝʥʘ ʤʘʛʥʠʪʥʘʷ ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʚʝʨʜʳʝ ʪʝʣʘ, ʧʦʛʨʫʞʝʥʥʳʝ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʢʦʥʪʝʡʥʝʨʳ ʩ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʥʘʤʘʛʥʠʯʝʥʥʫʶ ʚʝʨʪʠʢʘʣʴʥʳʤ ʦʜʥʦʨʦʜʥʳʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ.  

ɺ ʮʝʥʪʨʝ ʢʦʥʪʝʡʥʝʨʘ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʝ ʪʝʣʘ ʠʤʝʶʪ ʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʘ 

ʥʝʤʘʛʥʠʪʥʳʝ ʪʝʣʘ ï ʥʝʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ. ʅʝʤʦʥʦʪʦʥʥʦʩʪʴ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ 

ʥʝʤʘʛʥʠʪʥʦʝ ʪʝʣʦ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʥʢʫʨʝʥʮʠʠ ʩʠʣʳ ʩʦ ʩʪʦʨʦʥʳ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʥʝʵʣʣʠʧʩʦʠʜʘʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʩ ʩʠʣʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʝʞʜʫ ʪʝʣʦʤ ʠ 

ʥʝʤʘʛʥʠʪʥʦʡ ʩʪʝʥʢʦʡ ʢʦʥʪʝʡʥʝʨʘ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʧʨʘʚʣʷʝʤʦʝ ʧʦʣʝʤ ʨʘʟʜʝʣʝʥʠʝ ʤʠʢʨʦʞʠʜʢʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʠʣʠ ʨʘʟʜʝʣʝʥʠʝ 

ʟʝʨʥʠʩʪʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ. 
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Ivanov A. S., Pshenichnikov A. F., Khokhryakova C. A., Somov S. A., Koskov M. A. Floating of dia-, 

para- and superparamagnetic bodies in magnetic fluids: wall effects in the framework of inductive 

approach // Physics of Fluids. 2021. Vol. 33. DOI: 10.1063/5.0068487 (Q1 ʧʦ SJR) 

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

 

15. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʫʭʩʣʦʡʥʳʭ ʩʠʩʪʝʤ 

ʭʠʤʠʯʝʩʢʠ ʨʝʘʛʠʨʫʶʱʠʭ ʞʠʜʢʦʩʪʝʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʫʭʩʣʦʡʥʦʡ 

ʩʠʩʪʝʤʳ ʨʝʘʛʠʨʫʶʱʠʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʥʘʣʠʯʠʠ ʬʨʦʥʪʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʆʙʥʘʨʫʞʝʥ 

ʠ ʦʧʠʩʘʥ ʨʷʜ ʥʦʚʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ ʥʘʙʦʨʘ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʧʨʦʙʣʝʤʳ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʪʝʯʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʨʝʘʢʮʠʠ-ʜʠʬʬʫʟʠʠ-ʢʦʥʚʝʢʮʠʠ ʚ ʧʦʜʦʙʥʳʭ 

ʩʠʩʪʝʤʘʭ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɸʥʥʦʪʘʮʠʷ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʧʣʦʪʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʬʨʦʥʪʘʣʴʥʦʡ 

ʨʝʘʢʮʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʩʠʩʪʝʤʝ ʩʤʝʰʠʚʘʶʱʠʭʩʷ ʭʠʤʠʯʝʩʢʠ ʨʝʘʛʠʨʫʶʱʠʭ 

ʞʠʜʢʦʩʪʝʡ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʠ ʠʟʤʝʨʝʥʠʷ ʧʦʣʝʚʳʭ ʚʝʣʠʯʠʥ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʣʦ ʚʧʝʨʚʳʝ ʧʨʦʚʝʩʪʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʙʣʝʤʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʚʦʡʩʪʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ.  

ɼʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʪʠʧʦʚ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʠ-ʜʠʬʬʫʟʠʠ-

ʢʦʥʚʝʢʮʠʠ. ɼʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʘ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʣʠʥʝʡʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ ʚ ʧʦʣʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʚʝʜʝʥ ʥʦʚʳʡ 

ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ Kɟ (ʯʠʩʣʦ ʨʝʘʢʮʠʦʥʥʦʡ ʧʣʘʚʫʯʝʩʪʠ), ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʧʣʦʪʥʦʩʪʴ ʟʦʥʳ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʪʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ: 

-ʧʨʠ Kɟ>1, ʜʠʥʘʤʠʢʘ ʧʨʦʬʠʣʷ ʧʣʦʪʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʘ 

ʢʦʥʚʝʢʪʠʚʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʝʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʦʡʥʦʡ ʜʠʬʬʫʟʠʠ. ʇʦʤʠʤʦ 

ʥʝʨʝʛʫʣʷʨʥʳʭ ʧʘʣʴʯʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʨʘʥʝʝ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʦʙʥʘʨʫʞʝʥ ʥʦʚʳʡ ʪʠʧ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʝʛʫʣʷʨʥʦʡ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʯʝʠʩʪʦʛʦ ʪʠʧʘ. 
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-ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʘʥʥʦʛʦ ʪʠʧʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʬʬʫʟʠʠ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ɺ ʩʣʫʯʘʝ KɟÒ1 ʚ ʦʙʣʘʩʪʠ ʥʘʜ ʬʨʦʥʪʦʤ 

ʨʝʘʢʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʥʦʤʘʣʴʥʦ ʙʳʩʪʨʦʤʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʬʨʦʥʪʘ ʨʝʘʢʮʠʠ ʚ ʬʦʨʤʝ ʚʦʣʥʳ ʧʣʦʪʥʦʩʪʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʪʠʧʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʧʨʦʙʣʝʤʳ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʨʝʘʢʮʠʠ-ʜʠʬʬʫʟʠʠ-ʢʦʥʚʝʢʮʠʠ ʚ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 
Mizev A. I., Mosheva E. A., Bratsun D. A. Extended classification of the buoyancy-driven flows induced 

by a neutralization reaction in miscible fluids. Part 1. Experimental study // Journal of Fluid Mechanics. 

ï 2021. ï V. 916. A22 (WoS, Q1, IF 3.627), 

Bratsun D. A., Mizev A. I., Mosheva E. A. Extended classification of the buoyancy-driven flows induced 

by a neutralization reaction in miscible fluids. Part 2. Theoretical study // Journal of Fluid Mechanics. ï 

2021. ï V. 916. A23 (WoS, Q1, IF 3.627).  

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

 

16. ɺʚʝʜʝʥʠʝ ʬʦʨʤʘʣʠʟʤʘ ʧʩʝʚʜʦʢʫʤʫʣʷʥʪʦʚ ʜʣʷ ʟʘʜʘʯ ʩ ʚʦʟʤʫʱʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʃʦʨʝʥʮʘ. (*). 

ɼʣʷ ʟʘʜʘʯ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʨʝʰʝʥʥʳʭ ʪʦʣʴʢʦ ʜʣʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʃʦʨʝʥʮʘ, 

ʧʨʝʜʣʦʞʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʦʨʤʘʣʠʟʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʪʨʦʠʪʴ ʦʧʠʩʘʥʠʝ ʜʣʷ ʥʝʠʜʝʘʣʴʥʳʭ 

ʩʠʪʫʘʮʠʡ. ɺ ʨʘʤʢʘʭ ʬʦʨʤʘʣʠʟʤʘ ʧʦʩʪʨʦʝʥʦ ʦʧʠʩʘʥʠʝ ʢʦʣʣʝʢʪʠʚʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ʥʝʡʨʦʥʦʚ. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʷʜʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ 

ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʃʦʨʝʥʮʘ (ʥʘʧʨʠʤʝʨ, ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ: ʫʰʠʨʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʤʦʜʝʣʴ ʃʣʦʡʜʘ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ɸʥʜʝʨʩʦʥʘ; ʚ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʝ ʠ ʥʝʡʨʦ-ʥʘʫʢʘʭ: ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʠ ʣʦʨʝʥʮʝʚʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʪʝʦʨʠʷ ʆʪʪʘïɸʥʪʦʥʩʝʥʘ). ʇʨʠ ʵʪʦʤ ʧʦʩʪʨʦʝʥʠʝ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ 

ʜʣʷ ʙʣʠʟʢʠʭ, ʥʦ ʥʝ ʠʜʝʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʃʦʨʝʥʮʘ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʦʡ. ɺʚʝʜʝʥʠʝ 

ʬʦʨʤʘʣʠʟʤʘ ʧʩʝʚʜʦʢʫʤʫʣʷʥʪʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʪʨʦʛʠʡ ʨʝʛʫʣʷʨʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʪʘʢʠʭ 

ʪʝʦʨʠʡ ʚʦʟʤʫʱʝʥʠʡ ʠ ʜʘʝʪ ʤʘʣʦʤʦʜʦʚʳʝ ʨʝʜʫʮʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʷʜʢʘ [D.S. Goldobin, M. di Volo, A. Torcini, Reduction Methodology for Fluctuation 
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Driven Population Dynamics, Physical Review Letters 127, 038301 (2021)]. ʇʦʜʭʦʜ ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʚʣʠʷʥʠʷ ʰʫʤʘ ʥʘ ʢʦʣʣʝʢʪʠʚʥʫʶ ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʡ ʢʚʘʜʨʘʪʠʯʥʳʭ ʥʝʡʨʦʥʦʚï

ʧʦʨʦʛʦʚʳʭ ʠʥʪʝʛʨʘʪʦʨʦʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʬʦʨʤʘʣʠʟʤ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʙʝʥ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʘʥʩʘʤʙʣʷʤʠ ʩ ʠʩʢʘʞʝʥʥʳʤ ʣʦʨʝʥʮʝʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʠ, ʥʘʧʨʠʤʝʨ, 

ʧʦʩʪʨʦʝʥʠʷ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʜʣʷ ʤʦʜʝʣʠ ʃʣʦʡʜʘ ð ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʦʯʥʦ ʨʝʰʘʝʤʦʡ ʤʦʜʝʣʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ɸʥʜʝʨʩʦʥʘ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

 

D.S. Goldobin, M. di Volo, A. Torcini, Reduction Methodology for Fluctuation Driven Population 

Dynamics, Phys. Rev. Lett. 127, 038301 (2021). (WoS, Q1, IF=9.161).  

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

 

17. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʠʣʴʚʠʪʘ ʠ ʛʘʣʠʪʘ ʠʟ ʪʦʥʢʠʭ 

ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. (**)  

ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʡ ʩʫʩʧʝʥʟʠʠ ʥʘ ʬʣʦʪʘʮʠʶ ʩʦʣʝʡ KCl 

ʠ NaCl. ʅʘʡʜʝʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʬʣʦʪʘʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʢʨʫʧʥʦʩʪʠ ʨʫʜʳ, ʤʦʱʥʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʦʙʨʘʙʦʪʢʦʡ ʫʣʴʪʨʘʟʚʫʢʦʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʣʦʪʘʮʠʠ ʢʨʫʧʥʦʡ (1 + 0,5 ʤʤ) ʠ ʩʨʝʜʥʝʡ (0,5 + 0,25 ʤʤ) ʬʨʘʢʮʠʡ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ ʠʟʚʣʝʯʝʥʠʷ ʩʠʣʴʚʠʪʘ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʛʠʜʨʦʬʦʙʠʟʘʮʠʷ ʠ ʫʩʠʣʝʥʥʦʤʫ ʦʪʨʳʚʫ ʯʘʩʪʠʮ ʦʪ ʧʫʟʳʨʴʢʦʚ ʧʨʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ. ʆʜʥʘʢʦ ʠʟʚʣʝʯʝʥʠʝ ʩʠʣʴʚʠʪʘ ʠʟ ʬʨʘʢʮʠʠ ʩʨʝʜʥʝʡ ʢʨʫʧʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʠ 

ʚʳʩʦʢʠʤ (90ï92%) ʧʨʠ ʤʦʱʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʜʦ 45%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʟʚʣʝʯʝʥʠʝ 

ʛʘʣʠʪʘ ʩʥʠʞʘʝʪʩʷ. ʆʙʨʘʙʦʪʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ ʥʝ ʚʣʠʷʝʪ ʥʘ ʬʣʦʪʘʮʠʶ ʩʠʣʴʚʠʪʘ ʠʟ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ 

ʬʨʘʢʮʠʠ (0,25-0,1 ʤʤ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʟʚʣʝʯʝʥʠʝ ʛʘʣʠʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. 
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18 

 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʠʣʴʚʠʪʘ ʠ ʛʘʣʠʪʘ ʠʟ 

ʪʦʥʢʠʭ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʭʝʤʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʦʪʚʘʣʳ, 

ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʄʝʪʦʜʘʤʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʢʘʣʠʡʥʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʘʷ ʜʝʩʦʨʙʮʠʷ ʩʦʙʠʨʘʪʝʣʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʣʠʪʘ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ 

ʫʣʴʪʨʘʟʚʫʢʦʤ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʤʝʞʜʫ ʩʠʣʴʚʠʪʦʤ ʠ ʛʘʣʠʪʦʤ. 

L.O.Filippov, I.V.Filippova, O.Barres, T.P.Lyubimova, O.O.Fattalov. Intensification of the þotation 

separation of potash ore using ultrasound treatment. Minerals Engineering 171 (2021) 107092 (WoS, Q1) 

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

 

18. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʝʙʦʣʴʰʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʟʦʥʘʭ ʘʢʪʠʚʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ (ʥʘ ʧʨʠʤʝʨʝ ɺʝʨʭʥʝ-ɿʳʨʷʥʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ). 

ɸʥʥʦʪʘʮʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʥʘʜʝʞʥʦʛʦ, ʫʩʪʦʡʯʠʚʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʯʘʩʪʦ ʩʦʟʜʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ 

ʩʧʝʮʠʘʣʴʥʳʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʇʨʠ ʠʭ ʩʦʟʜʘʥʠʠ ʘʧʨʠʦʨʥʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʥʠʭ ʚʦʜʥʳʝ ʤʘʩʩʳ ʙʫʜʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳ ʧʦ 

ʘʢʚʘʪʦʨʠʠ ʠ ʛʣʫʙʠʥʝ ʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʚ ʥʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʭ ʧʨʦʤʳʚʢʘ. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚ ʟʦʥʝ 

ʨʘʟʨʘʙʦʪʢʠ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʣʠʡʥʳʭ ʠ ʤʘʛʥʠʝʚʳʭ ʩʦʣʝʡ (ɺʂʄʂʄʉ), ʋʨʘʣ, 

ʈʦʩʩʠʷ, ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʵʪʠʭ ʚʦʜʦʝʤʘʭ ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʷʶʱʘʷ 

ʛʠʜʨʦʜʠʥʘʤʠʢʫ ʵʪʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ.  
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ɺʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʜʠʬʬʫʟʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ, ʬʦʨʤʠʨʫʝʤʳʤ ʚ ʚʠʜʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʨʘʟʛʨʫʟʦʢ ʟʘʛʨʷʟʥʸʥʥʳʭ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʧʨʠʜʦʥʥʫʶ ʦʙʣʘʩʪʴ. ʇʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʡ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʫʩʪʦʡʯʠʚʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ, ʦʢʘʟʳʚʘʶʱʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʭʘʨʘʢʪʝʨ ʟʘʙʦʨʘ ʚʦʜʳ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ 

ʥʘʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʦʜʥʳʭ ʤʘʩʩ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʤʳʚʢʘ ʜʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʜʘʞʝ ʧʨʠ ʧʨʦʧʫʩʢʝ ʚʝʩʝʥʥʝʛʦ 

ʧʦʣʦʚʦʜʴʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʦʜʦʧʨʦʧʫʩʢʥʳʭ ʦʪʚʝʨʩʪʠʷʭ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʟʘʛʣʫʙʣʸʥʥʦʩʪʠ ʩʚʝʞʘʷ ʚʝʩʝʥʥʷʷ ʥʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʚʦʜʘ, 

çʩʢʦʣʴʟʷè ʧʦ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʜʥʳʭ ʤʘʩʩ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʤʝʱʘʝʪ ʙʦʣʝʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʫʶ 

ʚʦʜʫ ʠʟ ʧʨʠʜʦʥʥʳʭ ʩʣʦʝʚ. ɺ ʫʩʣʦʚʠʷʭ ʫʩʪʦʡʯʠʚʦʡ ʧʣʦʪʥʦʩʪʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠʟ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʝʦʙʭʦʜʠʤ ʧʝʨʝʭʦʜ 

ʥʘ ʩʝʣʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘʙʦʨʘ ʚʦʜʳ, ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʦʣʦʚʢʦʚ ʚʦʜʦʟʘʙʦʨʦʚ. 

Lyubimova, T., Lepikhin, A., Parshakova, Y., Bogomolov ɸ., Lyakhin, Y., Tiunov, A. Peculiarities of 

hydrodynamics of small surface water bodies in zones of active technogenesis (On the example of the 

verkhne-zyryansk reservoir, russia). Water, 2021, 13(12), 1638 (WoS, Q1)  

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

 

19. ʀʩʩʣʝʜʦʚʘʥʘ ʢʦʥʚʝʢʮʠʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ ʥʘ ʛʨʘʥʠʮʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ 

ʩʤʝʩʠ ʪʦʣʫʦʣ-ʤʝʪʘʥʦʣ-ʮʠʢʣʦʛʝʢʩʘʥʘ ʩ ʩʫʤʤʘʨʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʨʘʟʜʝʣʝʥʠʷ ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ. 

ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʘ ʢʦʥʚʝʢʮʠʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ ʪʦʣʫʦʣ-ʤʝʪʘʥʦʣ-ʮʠʢʣʦʛʝʢʩʘʥ ʩ ʤʘʩʩʦʚʳʤʠ 

ʜʦʣʷʤʠ ʢʦʤʧʦʥʝʥʪʦʚ 0.62/0.31/0.07. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ DCMIX-2 ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʟʘʤʢʥʫʪʘʷ 

ʦʙʣʘʩʪʴ ʩ ʦʪʥʦʰʝʥʠʝʤ ʩʪʦʨʦʥ 3:1 ʧʨʠ ʥʘʛʨʝʚʝ ʩʚʝʨʭʫ ʚ 6 ᴈ. ʈʘʥʝʝ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʛʨʫʧʧʘʤʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʉʦʨʝ, ʙʣʠʟʢʠʭ ʧʦ ʟʥʘʯʝʥʠʶ. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʨʘʟʜʝʣʝʥʠʷ ɰ ʙʣʠʟʢʦ ʢ ʥʫʣʶ, ʦʜʥʘʢʦ ʚ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ɰ = 0.0154, ʘ ʚʦ ʚʪʦʨʦʤ ï ʦʪʨʠʮʘʪʝʣʴʥʦ ɰ = ï 0.0006.  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ɰ = 0.0154) ʥʘʡʜʝʥʦ, ʯʪʦ ʚ ʠʪʦʛʝ ʩʠʩʪʝʤʘ ʧʨʠʭʦʜʠʪ ʢ ʩʦʩʪʦʷʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ, 

ʦʜʥʘʢʦ, ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ὅ (ʪʦʣʫʦʣ) ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʢʦʥʢʫʨʝʥʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ, ʧʝʨʝʢʨʝʩʪʥʦʡ ʜʠʬʬʫʟʠʠ ʠ ʪʝʨʤʦʜʠʬʬʫʟʠʠ: ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʪʦʣʫʦʣ ʜʚʠʞʝʪʩʷ ʢ ʚʝʨʭʥʝʡ ʛʦʨʷʯʝʡ ʩʪʝʥʢʝ (ʜʦ ὸ ~ 20), ʟʘʪʝʤ çʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷè ʠ ʜʚʠʞʝʪʩʷ 
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ʚʥʠʟ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ. ɼʘʥʥʦʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ 

ʩʠʣʴʥʦʤʫ ʚʣʠʷʥʠʶ ʧʝʨʝʢʨʝʩʪʥʦʡ ʜʠʬʬʫʟʠʠ.  

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ (ɰ = ï 0.0006) ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʘʤʧʣʠʪʫʜʳ 

ʥʘʯʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʢʦʪʦʨʘʷ ʟʘʜʘʚʘʣʘʩʴ ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʪʦʯʢʝ ʦʙʣʘʩʪʠ. ʇʨʠ 

ʥʝʢʦʪʦʨʦʤ ʥʝʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʚʦʟʤʫʱʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦ 

ʙʣʠʟʢʠʡ ʩʮʝʥʘʨʠʡ, ʯʪʦ ʠ ʜʣʷ ʩʣʫʯʘʷ ɰ = 0.0154. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʘʤʧʣʠʪʫʜʘ ʚʦʟʤʫʱʝʥʠʡ ʧʨʝʚʳʰʘʝʪ 

ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʩʠʩʪʝʤʝ ʨʘʟʚʠʚʘʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʦʜʥʦʚʠʭʨʝʚʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ. 

ɹʣʘʛʦʜʘʨʷ ʧʨʦʚʝʜʝʥʥʦʤʫ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʘʥʘʣʠʟʫ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʠʭ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʪʝʨʤʦʜʠʬʬʫʟʠʦʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʤʝʨʝʥʳ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʩ 

ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʟʚʦʣʷʝʪ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ ʚ ʤʝʪʦʜʠʢʝ ʠʟʤʝʨʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚʩʪʨʝʯʘʝʪʩʷ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ (ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʤʘʪʨʠʮʳ). 

ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʠʣʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚʘʞʥʳʝ ʥʘʟʝʤʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʢʘʯʝʩʪʚʝʥʥʦ ʠʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʞʠʜʢʦʩʪʠ.  

Prokopev S., Lyubimova T., Mialdun A. and Shevtsova V. A ternary mixture at the border of Soret 
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20. ʀʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʨʦʥʪʦʚ ʚʳʪʝʩʥʝʥʠʷ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʥʘ ʧʨʠʤʝʨʝ ʯʠʩʣʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʡ ʥʘ ʜʠʥʘʤʠʢʫ ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ. 

ɸʥʥʦʪʘʮʠʷ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʧʨʠ ʚʳʪʝʩʥʝʥʠʠ ʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʟʘʢʘʯʢʠ ʜʫʛʦʡ 

ʞʠʜʢʦʩʪʠ, ʬʨʦʥʪ ʚʳʪʝʩʥʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚ, ʝʩʣʠ ʚʳʪʝʩʥʷʶʱʘʷ ʞʠʜʢʦʩʪʴ ï ʤʝʥʝʝ ʚʷʟʢʘʷ. ʈʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ɼʘʨʩʠ ʦʙʥʘʨʫʞʠʚʘʝʪ ʘʙʩʦʣʶʪʥʫʶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. ɺʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʪʦʢ, ʩʧʦʩʦʙʥʳʝ ʧʦʜʘʚʣʷʪʴ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʨʦʥʪʘ 

ʚʳʪʝʩʥʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚʠʙʨʘʮʠʠ. 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʢʘʧʣʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʥʘʩʳʱʝʥʥʦʡ 

ʜʨʫʛʦʡ ʞʠʜʢʦʩʪʴʶ, ʧʨʠ ʚʠʙʨʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʂʘʧʣʷ ʷʚʣʷʝʪʩʷ ʫʜʘʯʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ 

mailto:lubimova@psu.ru


21 

 

ʠʟʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʥʘ ʦʙʣʘʩʪʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʠ, ʥʘʢʣʦʥʝʥʥʳʝ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʢʦʣʝʙʘʥʠʡ.  

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʘʜʘʧʪʠʚʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʝʪʢʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ. ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʚ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʝʪʦʯʥʫʶ 

ʜʠʬʬʫʟʠʶ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʨʝʜ. ʂʨʦʤʝ ʵʪʦʛʦ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʪʩʷ 

ʢʦʨʨʝʢʮʠʷ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʠ ʪʦʣʱʠʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʚʷʟʢʦʩʪʝʡ ʞʠʜʢʦʩʪʝʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʧʝʨʝʜʥʝʤ ʬʨʦʥʪʝ ʜʚʠʞʫʱʝʡʩʷ ʢʘʧʣʠ. ɺʠʙʨʘʮʠʠ ʧʦʜʘʚʣʷʶʪ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʠʞʫʱʝʡʩʷ ʢʘʧʣʠ. ʇʨʠ ʚʠʙʨʘʮʠʷʭ ʜʦʩʪʘʪʦʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ ʢʘʧʣʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʩʨʝʜ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ɺ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʝʥ ʢʨʠʪʝʨʠʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʧʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʫʧʨʘʚʣʝʥʠʷ 

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

 

21. ʀʩʩʣʝʜʦʚʘʥʳ ʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ, ʟʘʞʘʪʦʡ ʤʝʞʜʫ ʜʚʫʭ ʨʘʟʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʳ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ, ʦʢʨʫʞʝʥʥʦʡ ʜʨʫʛʦʡ ʞʠʜʢʦʩʪʴʶ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ. ʂʘʧʣʷ ʠʤʝʝʪ ʨʘʚʥʦʚʝʩʥʫʶ ʬʦʨʤʫ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ, ʢʦʪʦʨʳʡ 

ʦʛʨʘʥʠʯʝʥ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢʨʳʰʢʦʡ ʠ ʜʥʦʤ ʩʦʩʫʜʘ. ɹʦʢʦʚʘʷ ʩʪʝʥʢʘ ʩʦʩʫʜʘ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʢʘʧʣʠ, ʧʦʵʪʦʤʫ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʝʝ ʧʦʚʝʜʝʥʠʝ. ʅʘ ʩʠʩʪʝʤʫ 

ʜʝʡʩʪʚʫʝʪ ʚʥʝʰʥʷʷ ʚʠʙʨʘʮʠʦʥʥʘʷ ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʮʠʣʠʥʜʨʘ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʣʠʥʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʪʢʣʦʥʝʥʠʶ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʦʪ ʝʛʦ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɼʘʥʥʦʝ ʫʩʣʦʚʠʷ ʧʨʠʚʦʜʠʪ ʢ ʟʘʪʫʭʘʥʠʶ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʦʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʣʠʥʠʠ ʢʦʥʪʘʢʪʘ ʩ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ 

ʥʝʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʧʘʨʘʤʝʪʨ ʍʦʢʠʥʛʘ, ʠʥʜʠʚʠʜʫʘʣʝʥ ʜʣʷ 

ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʦʪʘ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʦʜʳ ʤʦʞʝʪ ʥʝ ʦʙʥʫʣʷʪʩʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʣʫʯʘʷ ʩ 

ʦʜʠʥʘʢʦʚʳʤʠ ʧʣʘʩʪʠʥʘʤʠ. ʊʦʯʢʘ ʚʝʪʚʣʝʥʠʷ ʢʨʠʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ 

ʟʘʥʫʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ. ɺʠʜʥʦ, ʯʪʦ ʜʠʩʩʠʧʘʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ. 

ʇʨʠ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʟʙʫʞʜʘʶʪʩʷ ʢʘʢ ʯʸʪʥʳʝ, ʪʘʢ ʠ ʥʝʯʝʪʥʳʝ ʤʦʜʳ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʵʥʝʨʛʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʯʸʪʥʳʭ ʤʦʜʘʭ, ʨʝʟʦʥʘʥʩʥʳʝ ʧʠʢʠ ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʟʘʤʝʪʥʳ. 
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22. ʀʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʙʠʬʫʨʢʘʮʠʠ ʜʚʦʷʢʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʙʦʙʱʝʥʠʷ ʪʝʯʝʥʠʷ 

ʂʦʣʤʦʛʦʨʦʚʘ. 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʦ ʩʝʤʝʡʩʪʚʦ ʜʚʫʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʣʦʩʢʦʡ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʛʨʘʥʠʮʘʭ (ʪʝʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʚʫʤʝʨʥʦʛʦ ʪʦʨʘ), ʚʳʟʚʘʥʥʳʭ ʩʠʣʦʡ, ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ 

ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ, ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʥʘʣʠʯʠʝʤ ʧʨʦʢʘʯʢʠ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʨʠʥʷʪ ʚʘʨʠʘʥʪ 

ʩʠʣʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʫʭʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʪʦʯʥʦʤʫ 

ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩ ʥʝʦʙʳʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʣʘʛʨʘʥʞʝʚʦʡ ʜʠʥʘʤʠʢʠ ʧʘʩʩʠʚʥʦʡ 

ʧʨʠʤʝʩʠ: ʬʨʘʢʪʘʣʴʥʳʤ ʩʧʝʢʪʨʦʤ ʩʢʦʨʦʩʪʠ, ʘʥʦʤʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʠ ʪ.ʧ.  

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʤ ʤʝʪʦʜʘʤʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʦʛʦ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʛʝʦʤʝʪʨʠʠ, ʢʦʛʜʘ 

ʚʦʟʤʫʱʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʚʘʜʨʘʪʥʦʡ ʷʯʝʡʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʧʝʨʠʦʜʘʤ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ, ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʩʪʦʡʯʠʚʦ ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ 

ʘʤʧʣʠʪʫʜ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʜʣʷ ʚʳʪʷʥʫʪʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʷʯʝʝʢ ʧʝʨʠʦʜʠʯʥʦʩʪʠ, ʚ ʩʪʦʨʦʥʘʭ ʢʦʪʦʨʳʭ ʫʢʣʘʜʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʝʨʠʦʜʦʚ ʩʠʣʳ. ɺ ʩʣʫʯʘʝ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʦʩʪ ʚʦʟʤʫʱʝʥʠʡ ʢʘʢ ʧʨʘʚʠʣʦ ʢʦʣʝʙʘʪʝʣʴʥʳʡ, ʥʦ ʠʤʝʶʪʩʷ ʠ ʦʙʣʘʩʪʠ ʤʦʥʦʪʦʥʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ.  
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ʅʘ ʦʩʥʦʚʝ ʢʦʥʝʯʥʦʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʚ ʨʘʤʢʘʭ ʠʝʨʘʨʭʠʠ ʬʫʨʴʝ-ʛʘʣʸʨʢʠʥʩʢʠʭ ʨʘʟʣʦʞʝʥʠʡ ʩ 

ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʤʦʜ ʠ ʩʝʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʣʠʥʝʡʥʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ, 

ʧʦʩʪʨʦʝʥʳ ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʧʨʦʢʘʯʢʠ ʠ 

ʘʤʧʣʠʪʫʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʝʨʠʦʜʦʚ ʩʠʣʳ. 

ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʥʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʣʷ 

ʩʢʦʨʦʩʪʠ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʟʘʚʠʩʷʱʝʝ ʦʪ ʚʨʝʤʝʥʠ. ʉʣʫʯʘʡ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ ʘʥʘʣʦʛʠʯʝʥ 

ʠʥʪʝʛʨʠʨʫʝʤʦʡ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʜʠʥʘʤʠʢʝ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ, ʛʜʝ ʬʫʥʢʮʠʷ ʪʦʢʘ ʠʛʨʘʝʪ ʨʦʣʴ 

ʬʫʥʢʮʠʠ ɻʘʤʠʣʴʪʦʥʘ, ʘ ʬʨʘʢʪʘʣʴʥʳʡ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠ ʫʙʳʚʘʶʱʘʷ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʷ ʣʘʛʨʘʥʞʝʚʳʭ ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʠʥʘʤʠʢʠ. 

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʙʱʠʤ ʩʣʫʯʘʝʤ ʩʪʘʥʦʚʠʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʣʘʛʨʘʥʞʝʚ 

ʭʘʦʩè, ʭʘʨʘʢʪʝʨʥʳʡ ʥʘʣʠʯʠʝʤ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʨʳʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʩʧʝʢʪʨʝ ʤʦʱʥʦʩʪʠ ʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʟʘʪʫʭʘʥʠʝʤ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ.  

ʆʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʨʝʤʝʥʠ ʨʝʞʠʤʦʚ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʣʘʛʨʘʥʞʝʚʦʡ ʜʠʥʘʤʠʢʠ ʧʨʠʤʝʩʠ: ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ ʠʟʫʯʝʥʳ 

ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʧʝʢʪʨʘ, ʘ ʧʨʠ ʤʘʣʳʭ ʘʤʧʣʠʪʫʜʘʭ ʚʨʝʤʝʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʩʣʝʞʝʥʘ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʘʩʠʤʧʪʦʪʠʢʘ ʦʪ ʬʨʘʢʪʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ. 

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

 

23. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʳʣʝʚʳʭ ʘʵʨʦʟʦʣʝʡ ʩ ʫʯʝʪʦʤ 

ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. 

ɸʥʥʦʪʘʮʠʷ 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʦʩʪʘ/ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʘʵʨʦʟʦʣʴʥʳʭ 

ʯʘʩʪʠʮ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ ʢʦʘʛʫʣʷʮʠʠ ʠ ʦʩʘʞʜʝʥʠʷ ʚ 

ʘʵʨʦʟʦʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʅʘʨʷʜʫ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʤʦʜʝʣʷʤʠ ʨʦʩʪʘ 

ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʦʜʠʬʠʢʘʮʠʠ 

ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʠʩʧʘʨʝʥʠʷ ʢʘʧʝʣʴ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʵʬʬʝʢʪʳ, ʚʣʠʷʥʠʝ ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʝʡ 

ʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ.  
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ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʨʘʟʤʝʨʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʘʷ ʥʘʨʷʜʫ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʥʝʨʘʩʪʚʝʨʝʥʥʦʛʦ ʷʜʨʘ 

ʯʘʩʪʠʮʳ, ʙʣʘʛʦʜʘʨʷ ʫʯʝʪʫ ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʪʠʚʥʦʩʪʠ ʚʦʜʳ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʡ ʯʘʩʪʠ 

ʯʘʩʪʠʮʳ ʠ ʚʚʝʜʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʵʚʦʣʶʮʠʠ ʥʝʨʘʩʪʚʦʨʝʥʥʦʛʦ ʷʜʨʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʵʪʘʧʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʯʘʩʪʠʮʳ ʩ ʥʝʨʘʩʪʚʦʨʝʥʥʳʤ 

ʷʜʨʦʤ ʠ ʙʝʟ ʥʝʛʦ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʩʝʭ ʵʪʘʧʦʚ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʥʘʯʠʥʘʷ ʦʪ ʧʨʝʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʷʜʨʘ ʚ ʢʘʧʣʶ ʜʦ ʝʝ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʦʩʪʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʪʥʦ, ʦʪ ʠʩʧʘʨʝʥʠʷ ʢʘʧʣʠ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʯʘʩʪʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʥʘʯʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʘʩʪʚʦʨʝʥʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʜʝʣʠ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦʙ ʵʚʦʣʶʮʠʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ 

ʨʝʞʠʤʘʭ ʫʚʣʘʞʥʝʥʠʷ ʠ ʚʳʩʫʰʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʚ 

ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʷʤʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠ ʫʤʝʥʴʰʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʘʵʨʦʟʦʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʠʮʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚ ʩʫʭʦʤ 

ʩʦʩʪʦʷʥʠʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʤ ʨʦʩʪʝ ʯʘʩʪʠʮʳ ʚ ʚʦʟʜʫʭʝ ʩ ʚʳʩʦʢʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ 99% ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʨʝʚʳʰʘʝʪ 10%, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʟʘʤʝʥʝ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ ʤʘʩʩʝ ʥʘ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ ʨʘʜʠʫʩʫ (ʜʠʘʤʝʪʨʫ) ʯʘʩʪʠʮʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʢʦʘʛʫʣʷʮʠʠ ʠ ʦʩʝʜʘʥʠʷ ʯʘʩʪʠʮ ʧʳʣʝʚʳʭ ʘʵʨʦʟʦʣʝʡ ʩ ʫʯʝʪʦʤ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʦʩʪʘ/ʫʤʝʥʴʰʝʥʠʷ 

ʨʘʟʤʝʨʘ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. 

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

 

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). 

 

1.5.7.3. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʟʚʠʪʠʷ ʦʧʘʩʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʛʦ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 
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24. ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ ʤʦʜʝʣʝʡ ʧʦʨʦʜ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʣʝʜʦʧʦʨʦʜʥʳʭ ʦʛʨʘʞʜʝʥʠʡ ʰʘʭʪʥʳʭ ʩʪʚʦʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʳʭ ʤʦʜʝʣʝʡ ʧʦ ʜʘʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʦʜ ʠ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʢʚʘʞʠʥʘʭ. ʇʨʝʜʣʦʞʝʥʳ ʫʥʠʢʘʣʴʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʠʟʙʝʞʘʥʠʝ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʳʭ ʤʦʜʝʣʝʡ. ʆʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʜʦʧʦʨʦʜʥʳʭ ʦʛʨʘʞʜʝʥʠʡ ʧʦ 

ʢʨʠʪʝʨʠʶ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʳʭ ʤʦʜʝʣʝʡ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʭʦʜʢʠ ʰʘʭʪʥʳʭ 

ʩʪʚʦʣʦʚ ʩʧʦʩʦʙʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʦʨʦʜ (ʩʤ. ʨʠʩ.1). 

 
ʈʠʩ. 1. ʇʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʲʝʤʝ ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʦʨʦʜ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʟʘʤʦʨʘʞʠʚʘʶʱʝʡ ʩʪʘʥʮʠʠ; ʢʨʘʩʥʳʡ ʮʚʝʪ - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʯʝʨʥʳʝ 

ʢʨʠʚʳʝ - ʜʘʥʥʳʝ ʨʘʩʯʝʪʘ ʥʘ ʪʝʧʣʦʚʦʡ ʤʦʜʝʣʠ 

Levin, L., Golovatyi, I., Zaitsev, A., Pugin, A., Semin, M. Thermal monitoring of frozen wall thawing 

after artificial ground freezing: Case study of Petrikov Potash Mine //  

Tunnelling and Underground Space Technology. - 2021. - ʊ. 107. - ʩʪʘʪʴʷ ˉ 103685 (Q1 WoS). 

(ʈʫʢ. ʜ.ʪ.ʥ. ʃʝʚʠʥ ʃ.ʖ., e-mail: aerolog_lev@mail.ru) 

 

25. ʅʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

(ʨʠʩ. 2) ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʝʜʘʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 3) ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʦʧʝʨʘʪʠʚʥʦʡ ʦʮʝʥʢʠ ʦʧʘʩʥʦʩʪʠ ʧʨʦʨʳʚʘ ʚʦʜ ʚ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ. ʄʝʪʦʜʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʧʨʝʜʝʣʴʥʳʭ ʥʘʢʣʦʥʦʚ ʤʫʣʴʜʳ ʩʜʚʠʞʝʥʠʷ. ʇʦʩʪʨʦʝʥʥʳʝ ʢʨʠʪʝʨʠʘʣʴʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ ʉʇ 

103.13330.2012 çʉʅʠʇ 2.06.14-85 ɿʘʱʠʪʘ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʦʪ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜè.  
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