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Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 621.315 

 

ʊʈɸɼʀʎʀʆʅʅɸʗ ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʋɻʃɽʈʆɼʅʆʁ ʉɺʗɿʀ ɸʃʄɸɿɸ 
 

 ʀ.ɽ. ɽʨʝʤʠʥ1, ɽ.ɸ. ʇʦʜʦʣʴʢʦ2  
1 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʬʘʢʫʣʴʪʝʪʘ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ, 2 ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ 
1 ɸʤʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2 ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɹʣʘʛʦʚʝʱʝʥʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʋʛʣʝʨʦʜ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʠʥʪʝʨʝʩʥʳʤ ʠ ʥʝʪʨʠʚʠʘʣʴʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ, ʦʙʣʘʜʘ-

ʶʱʠʤ ʤʥʦʞʝʩʪʚʦʤ ʩʚʦʡʩʪʚ, ʥʝ ʧʨʠʩʫʱʠʭ ʜʨʫʛʠʤ ʵʣʝʤʝʥʪʘʤ. ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʜʪʚʝʨʞʜʘ-

ʝʪʩʷ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʥʥʳ ʩ ʧʦʤʦʱʴʶ ʥʝʛʦ. ʂʨʦʤʝ ʪʦʛʦ, ʫʛʣʝʨʦʜ ʧʨʦʷʚʣʷʝʪ-

ʩʷ ʚʦ ʤʥʦʛʠʭ ʩʚʦʠʭ ʬʦʨʤʘʭ ï ʘʣʣʦʪʨʦʧʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʘʣʤʘʟ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʣʤʘʟʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʟʫʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʫʯʘʝʤʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɸʚʪʦʨʳ ʩʪʘ-

ʪʴʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʨʘʜʠʮʠʦʥʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʚʘʣʝʥʪʥʦʡ ʥʝʧʦ-

ʣʷʨʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʘʣʤʘʟʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʛʣʝʨʦʜ, ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʘʣʤʘʟ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʦʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʟʫʯʘʝʤʦʛʦ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʦʨʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʘʣʤʘʟʘ ʧʨʦʩʪʳʤʠ ʪʠʧʘʤʠ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʠ ʩʪʨʫʢʪʫʨʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ [1, 2, 3]. 

ʆʙʱʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʘʣʤʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʦʡ 

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʪʨʝʥʠʝʤ: 
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ʛʜʝ )(tkm  ï ʬʫʥʢʮʠʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪ ʢʘʞʜʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ; 
kb  ʠ 

k0w  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʪʫʭʘʥʠʷ ʠ ʯʘʩʪʦʪʳ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ; kk mq ,  ï ʟʘʨʷʜʳ ʠ ʤʘʩ-

ʩʳ ʵʣʝʢʪʨʦʥʦʚ, ʟʘʩʝʣʷʶʱʠʭ ʦʨʙʠʪʳ; k ï ʥʦʤʝʨʘ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ; K ï ʦʙʱʝʝ ʯʠʩʣʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʦʨʙʠʪ; )(0 tE  ʠ )(tE  ï ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʝʡ; 
iN  ï ʦʙʲʝʤʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ; 0e  ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ.  

ʉʪʘʥʜʘʨʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʫʶ ()we¡ ʠ ʤʥʠʤʫʶ )(we¡¡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ, ʠʤʝʶʱʫʶ ʤʝʩʪʦ ʚ ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʝʛʦ ʫʧʨʫʛʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ: 

 

                                                           
É ɽʨʝʤʠʥ ʀ.ɽ., ʇʦʜʦʣʴʢʦ ɽ.ɸ. / Eremin I.E., Podolko E.A., 2015 
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ʛʜʝ )(wa¡  ʠ )(wa¡¡  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɺʏʍ) ʠ ʤʥʠʤʘʷ ʯʘʩʪʦʪʥʘʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ (ʄʏʍ) ʢʦʤʧʣʝʢʩʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʢʨʠʩʪʘʣʣ ʘʣʤʘʟʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʛʨʦʤʥʫʶ ʤʦʣʝʢʫʣʫ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʘʪʦʤ 

ʫʛʣʝʨʦʜʘ ʦʢʨʫʞʝʥ ʯʝʪʳʨʴʤʷ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʚʝʨʰʠʥʘʭ ʧʨʘʚʠʣʴʥʦʛʦ ʪʝʪʨʘʵʜʨʘ. ʂʘʞʜʳʡ 

ʠʟ ʥʠʭ ʩʦʝʜʠʥʝʥ ʛʦʤʝʦʧʦʣʷʨʥʳʤʠ ʩʚʷʟʷʤʠ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʝ ʘʣʤʘʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʠʤʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʜʨʫʛʠʤʠ ʘʪʦʤʘʤʠ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ .22221 12

zyx pppss  

ʈʘʩʩʤʦʪʨʠʤ ʪʨʘʜʠʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚʠʜʘ +-+ 3

2

3 )3( CeC , ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪʩʷ ʰʝʩʪʴ 

ʵʣʝʢʪʨʦʥʦʚ, ʛʜʝ ʧʘʨʝ ʵʣʝʢʪʨʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʠ ʵʣʝʢʪʨʦʥʘ ʥʘ ʚʥʝʰʥʝʡ ʦʨʙʠʪʘʣʠ.  

ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʨʘʢʪʦʚʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʣʤʘʟʘ 

 

ʀʩʭʦʜʷ ʠʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʦʙʦʣʦʯʢʝ (1-s ʘʪʦʤʥʘʷ ʦʨʙʠʪʘʣʴ) ʥʘʭʦʜʠʪʩʷ ʦʜʠʥ ʵʣʝʢʪʨʦʥ, 

ʘ ʥʘ ʚʥʝʰʥʝʡ (ʦʧʪʠʯʝʩʢʦʡ) ʦʙʦʣʦʯʢʝ ʪʨʠ ʵʣʝʢʪʨʦʥʘ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ, ʠ ʚʥʦʩʷʪ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʭʝʤʳ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʛʜʝ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʝʪ 

ʩʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʦʙʦʣʦʯʢʝ, ʘ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ï ʥʘ 2-s ʠ 2-p ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʷʭ: 
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ʛʜʝ 
pss 221 ,, mmm  ï ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʵʣʝʢʪʨʦʥʦʚ, 

pss 221 ,, bbb  ʠ 
pss 202010 ,, www  ï ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ ʟʘʪʫʭʘʥʠʷ ʠ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, e  ʠ em  ï ʟʘʨʷʜ ʠ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, )(tE  ï ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ.  

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʷʜʘ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʝʥʳ 

ʤʥʠʤʳʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 
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ʅʘ ʙʘʟʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʡ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʜʠʥʘ-

ʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʙʠʨʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʜʘʚʘʣʠʩʴ ʘʙʩʪʨʘʢʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʠʜʘ: 
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʫʨʘʚʥʝʥʠʡ (2) ʠ (4), ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ʂʘʯʝʩʪʚʝʥʥʘʷ ʄʏʍ ʘʣʤʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʦʜʝʣʠ (3) 

 

 
 

ʈʠʩ. 3. ʕʣʝʢʪʨʦʥ-ʚʦʣʴʪʥʳʝ ʩʧʝʢʪʨʳ ʤʥʠʤʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʘʣʤʘʟʘ [4] 

 

ʉʨʘʚʥʠʚʘʷ ʜʘʥʥʳʝ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3, ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʨʘʢʪʦʚʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʘʣʤʘʟʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʘʣʴʥʦʛʦ ʠ ʤʦʜʝʣʴʥʦʛʦ ʩʧʝʢʪʨʦʚ. ʈʘʩʭʦʞʜʝʥʠʷ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘ ʬʠʟʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʦʞʥʦʛʦ ʜʚʦʡʥʦʛʦ ʚʳʙʨʦʩʘ, ʘ ʥʘ ʤʦʜʝʣʠʨʫʝʤʦʡ 

ʢʨʠʚʦʡ ï ʦʜʠʥʘʨʥʦʛʦ ʚʳʙʨʦʩʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʘʜʝʢʚʘʪʥʦ 
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ʦʪʨʘʞʘʶʱʫʶ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʚ ʦʙʣʘʩʪʠ ʫʧʨʫʛʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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TRADITIONAL MATHEMATICAL MODEL OF CARBON  BOND OF A DIAMOND  
 

I.E. Eremin1, E.A. Podolko2 

1 Doctor of Technical Science, Professor of Information and Control Systems Department 

of Mathematics and Informatics Faculty, 
2 Candidate of Physical and Mathematical Sciences, Associate Professor of Advanced Mathematics Department 

1 Amur State University, 
2 Far Eastern State Agrarian University (Blagoveshchensk), Russia 

 

Abstract. Carbon is the most interesting and nontrivial chemical element, having many properties, not charac-

teristic to other elements. The great number of materials formed by it proves the specific character of this element. 

Moreover, carbon is revealed in many forms ï allotropic modifications, for instance, such as diamond. One of the most 

efficient approaches to the study of physicochemical properties of diamond is using preliminary computer modelling of 

studied dielectric characteristics. The authors of the article consider the traditional mathematical model of electronic 

structure of covalent non-polar chemical bond of diamond. The results of computer modelling of dielectric characteris-

tics of temporary electron polarization of material considered. 

Keywords: carbon, electron polarization, modelling. 
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ʋɼʂ 541.128 

 

ʈɸɿʈɸɹʆʊʂɸ ʅɸʅɽʉɽʅʅʆɻʆ ʂɸʊɸʃʀɿɸʊʆʈɸ 

ɼʃʗ ʇʆʃʋʏɽʅʀʗ ɼʀʄɽʊʀʃʆɺʆɻʆ ʕʌʀʈɸ 
 

 ɹ.ʊ. ʋʪʝʣʙʘʝʚ1, ʄ.ʄ. ʄʳʨʟʘʭʘʥʦʚ2, ɽ.ʂ. ʄʘʨʢʘʝʚ3, ʕ.ʅ. ʉʫʣʝʡʤʝʥʦʚ4 
1 ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 2, 3 ʤʘʛʠʩʪʨ ʥʘʫʢ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

4 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʠʝʡ ʀʃ çʇʄʠʊè 

ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɸʣʤʘʪʳ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʥʦʩʠʪʝʣʷ ʩʦ ʩʪʦʣʙʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʘʜʩʦʨʙʝʥʪʘ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠʟ ʤʝʪʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʦʢʩʦʢʘʪʠʦʥʦʚ 

ʧʨʠʤʝʥʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʘʣʶʤʠʥʠʷ. ʆʧʨʝʜʝʣʝʥʘ ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʪʝʥʠʡ ʥʘʥʝ-

ʩʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʜʝʛʠʜʨʦʦʢʠʩʣʝʥʠʠ ʤʝʪʘʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ, ʙʝʥʪʦʥʠʪ, ʢʘʪʘʣʠʟʘʪʦʨ, ʧʦʣʠʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ. 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ. ɺʤʝʩʪʦ ʟʘʧʨʝʱʝʥʥʳʭ 

ʬʨʝʦʥʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʵʨʦʟʦʣʴ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (ɼʄʕ) ʚ ʙʘʣʣʦʥʯʠʢʘʭ ʠʟ-ʟʘ ʝʛʦ ʩʚʦʡʩʪʚ. 

ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʥʝʪʦʢʩʠʯʥʦ, ʥʝʢʘʥʮʝʨʦʛʝʥʥʦ ʠ ʢʦʨʨʦʟʠʦʥʥʦ ʥʝʘʛʨʝʩʩʠʚʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʧʨʠ-

ʤʝʥʝʥʠʝ ɼʄʕ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʚʳʩʦʢʠʤʠ ʮʝʪʘʥʦʚʳʤʠ ʯʠʩʣʘʤʠ (55-60). ʆʙʳʯʥʦʝ 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠʤʝʝʪ ʮʝʪʘʥʦʚʳʝ ʯʠʩʣʘ (40-55). ɼʄʕ ʧʨʝʚʦʩʭʦʜʠʪ ʤʝʪʘʥʦʣ ʧʦ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

[4], ʩʛʦʨʘʝʪ ʯʠʩʪʦ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʩʘʞʠ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʪʦʧʣʠʚʘʤ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ 

ʠʟ ʤʝʪʘʥʦʣʘ. ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʷʜʦʚʠʪʦʩʪʠ ʧʘʨʦʚ ʤʝʪʘʥʦʣʘ ʠʥʪʝʥʩʠʚʥʦ ʚʝʜʫʪʩʷ ʧʦʠʩʢʠ ʧʦʣʫʯʝʥʠʷ ɼʄʕ ʠʟ ʜʨʫʛʠʭ 

ʠʩʪʦʯʥʠʢʦʚ [8, 10]. ɺ [9] ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʩʠʥʪʝʟʘ ʛʘʟʘ 

ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ ʩ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʠʜʨʘʪʘʮʠʝʡ. ɺ ʨʘʙʦʪʝ [7] ʧʨʝʜʣʦʞʝʥ ʧʨʷʤʦʡ ʩʠʥʪʝʟ 

ɼʄʕ ʠʟ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ ɼʄʕ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ ʚ ɼʄʕ. ʆʪʩʶʜʘ ʚʳʪʝ-

ʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʝʛʠʜʨʦʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʜʝʛʠʜʨʦʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘ-

ʣʠʟʘʪʦʨʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʩʪʦʣʙʯʘʪʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʥʪʦʥʠʪ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʘʜʩʦʨʙʝʥʪʘ-ʥʦʩʠʪʝʣʷ ʘʢʪʠʚʥʦʡ ʤʘʩʩʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʝʥʪʦʥʠʪ ʖʞʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩ ʦʩʥʦʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʥʝʨʘʣʘ ï ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʩʚʳʰʝ 

85 %. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉuʂŬ-ʠʟʣʫʯʝʥʠʷ. 

ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʘʨʘʣʝʣʴʥʦ ʧʦ ʤʝʪʦʜʫ ɹʕʊ ʠ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ ʧʦ 

ʫʜʝʨʞʠʚʘʝʤʦʤʫ ʦʙʲʝʤʫ ʠʟʚʝʩʪʥʦʛʦ ʘʜʩʦʨʙʝʥʪʘ ɔ-ɸl2ʆ3. ɸʥʘʣʠʟ ʢʘʪʘʣʠʟʘʪʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ Chrom-4 

ʩ ʠʦʥʠʟʘʮʠʦʥʥʦ-ʧʣʘʤʝʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ. ɼʣʠʥʘ ʢʦʣʦʥʢʠ 3 ʤ, ʜʠʘʤʝʪʨ 3 ʤʤ, ʥʘʧʦʣʥʝʥʠʝ ï ʪʚʝʨʜʳʡ ʥʦʩʠʪʝʣʴ 

çʍʨʦʤʘʪʦʥ-Nè, ʦʙʨʘʙʦʪʘʥʥʳʡ ʞʠʜʢʦʡ ʬʘʟʦʡ çʇʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ ʘʜʠʧʠʥʘʪè (15 % ʦʪ ʤʘʩʩʳ ʥʦʩʠʪʝʣʷ). ʊʝʤʧʝ-

ʨʘʪʫʨʘ ʢʦʣʦʥʢʠ 80 Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ 140 Áʉ. ɻʘʟ ʥʦʩʠʪʝʣʴ ï ʘʨʛʦʥ, ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʥʦʩʠʪʝʣʷ ï 50 

ʩʤ3/ʤʠʥ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘʥʝʩʝʥʥʦʛʦ ʨʫʪʝʥʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʘʢʪʠʚʥʘʷ ʤʘʩʩʘ ʤʝʪʘʣʣʘ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʠʥ-

ʪʝʨʚʘʣʝ 0,25-1,50 ʤʘʩ.% Ru. ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʠʩʣʦʪʥʦ ʦʙʨʘʙʦʪʘʥʥʘʷ ʙʝʥʪʦʥʠʪʦʚʘʷ ʛʣʠʥʘ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʚ ʩʪʦʣʙʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʛʠʜʨʦʦʢʩʦʢʦʤʧʣʝʢʩʘʤʠ ʘʣʶʤʠʥʠʷ ʠ ʜʨʫʛʠʭ ʠʦʥʦʚ [2, 5].  

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʙʝʥʪʦʥʠʪʘ ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʤʦʜʫʣʴ ʢʠʩʣʦʪʥʦ-

ʩʪʠ (SiO2 / Al 2O3) ʠʟʤʝʥʷʝʪʩʷ ʦʪ 4 ʜʦ 17,0. ʀʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʦʟʥʘʯʘʝʪ ʪʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3 ʤʦʣʴ/ʣ ʚ ʨʘʩʪʚʦʨ ʥʘʯʠʥʘʝʪ ʧʝʨʝʭʦʜʠʪʴ ʘʣʶʤʠʥʠʡ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʤʦʥʪʤʦʨʠʣʣʦ-

ʥʠʪʘ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ. 

ʀʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʥʪʦʥʠʪʘ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʜʠʬʨʘʢʪʦʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 1) ʠ ʀʂʉ (ʨʠʩʫ-

ʥʦʢ 2).  
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ʈʠʩ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʙʝʥʪʦʥʠʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ: 1 ï ʥʝʦʙʨʘʙʦʪʘʥʥʳʡ ʙʝʥʪʦʥʠʪ; 

2 ï ʦʙʨʘʙʦʪʘʥʥʘʷ 0,5 ʄ HCl; 3 ï ʦʙʨʘʙʦʪʘʥʥʘʷ 1,0 ʄ HCl; 4 ï ʦʙʨʘʙʦʪʘʥʥʘʷ 2,0 ʄ HCl; 5 ï ʦʙʨʘʙʦʪʘʥʥʘʷ 3,0 ʄ HCl 

 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʂʳʥʛʨʘʢʩʢʦʛʦ ʙʝʥʪʦʥʠʪʘ, ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʠʩʣʦʪʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʬʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʠʥʝʨʘʣʘ (0

92,8 A) ʠ ʜʨʫʛʠʭ, ʚʧʣʦʪʴ 

ʜʦ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʯʘʩʪʠʯʥʦʡ ʘʤʦʨʬʠʟʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʘ-

ʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʢʠʩʣʦʪʥʦʡ ʘʢʪʠʚʘʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʨʝʬʣʝʢʩʘ (
0

3,3 A) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʤʦʨʬʥʦʡ ʬʘʟʳ (ʨʠʩʫʥʦʢ 3.3). 

ɸʥʘʣʠʟ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʧʦ-

ʛʣʦʱʝʥʠʷ ʘʣʶʤʦʢʠʩʣʦʨʦʜʥʦʛʦ ʢʘʨʢʘʩʘ ʙʝʥʪʦʥʠʪʘ ʚ ʦʙʣʘʩʪʠ 400-1200 ʩʤ-1. ʇʦʛʣʦʱʝʥʠʷ ʧʨʠ 400-500 ʩʤ-1 ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʢʘʨʢʘʩʥʳʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʤʠʥʝʨʘʣʘ, ʘ ʯʘʩʪʦʪʳ 900-1200 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʣʝʥʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ Al ïO ï Si ʠ Si ïO ï Si ʩʚʷʟʝʡ ʢʘʨʘʢʘʩʘ. ʂʠʩʣʦʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʯʘʩʪʠʯʥʦ ʠʟʤʝʥʷʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 800 ʩʤ-1, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʦʚʳʭ Si ïO ï Si ʩʚʷʟʝʡ ʧʨʠ ʨʘʟʨʳʚʝ Al ïO ï Si ʠ ʚʳʭʦʜʘ ʘʣʶʤʠʥʠʷ ʠʟ ʪʝʪʨʘʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ 

ʦʙʤʝʥʥʳʝ ʧʦʟʠʮʠʠ. 

 

 
 

ʈʠʩ. 2. ʀʂ-ʩʧʝʢʪʨʳ ʙʝʥʪʦʥʠʪʘ ʧʨʠ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ: 1 ï ʥʝʦʙʨʘʙʦʪʘʥʥʳʡ ʙʝʥʪʦʥʠʪ; 2 ï ʦʙʨʘʙʦʪʘʥʥʘʷ 0,5 ʄ HCl; 

3 ï ʦʙʨʘʙʦʪʘʥʥʘʷ 1,0 ʄ HCl; 4 ï ʦʙʨʘʙʦʪʘʥʥʘʷ 2,0 ʄ HCl; 5 ï ʦʙʨʘʙʦʪʘʥʥʘʷ 3,0 ʄ HCl 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʥʪʦʥʠʪʘ ʧʦʩʣʝ ʝʛʦ ʘʢʪʠʚʘʮʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʤʝʯʝʥʘ ʚ [6]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʛʠʜʨʦʦʢʩʦʢʦʤʧʣʝʢʩʘ ʘʣʶʤʠʥʠʷ ʢ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʛʠʜʨʦʢʩʦʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ 

ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʣʠʚʘʣʩʷ ʨʘʩʪʚʦʨ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʜʦ ʨʅ~3-4 ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʠʜʨʦʢʩʦ-

ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʛʨʘʤʤ ʛʣʠʥʳ 5 õ 40 ʤʛ-ʵʢʚ ɸl3+. ʉʫʩʧʝʥʟʠʶ ʙʝʥʪʦʥʠʪʘ (~1,0 ʤʘʩ. %) ʧʦ-
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ʣʫʯʘʣʠ ʧʫʪʝʤ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 6 ʯ ( ʨʅ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʛʣʠʥʳ ʩʦʩʪʘʚʣʷʝʪ ~8-

9). ʂʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʨʅ ʤʝʪʨʘ ʆʈ-208/1. ɺʦ ʠʟʙʝʞʘʥʠʝ ʢʦʘʛʫʣʷʮʠʠ 

ʨʘʩʪʚʦʨʘ ʧʦʣʠʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʘʣʶʤʠʥʠʷ, ʢ ʥʝʤʫ ʤʝʜʣʝʥʥʦ ʜʦʙʘʚʣʷʣʠ ʩʫʩʧʝʥʟʠʶ ʛʣʠʥʳ. çʈʝʟʝʨʚ ʦʩʥʦʚʥʦ-

ʩʪʠè ɸl3+/ʆʅ- ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʢʦʘʛʫʣʷʮʠʶ ʛʠʜʨʦʢʩʦʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 1/3. ʇʦʩʣʝ ʚʳ-

ʜʝʨʞʢʠ ʩʫʩʧʝʥʟʠʠ ʛʣʠʥʳ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʣʠʛʠʜʨʦʢʩʦʭʣʦʨʠʜʦʤ ʘʣʶʤʠʥʠʷ ʚ ʪʝʯʝʥʠʝ 24 ʯ, ʦʩʘʜʦʢ ʦʪʤʳʚʘʣʠ 

ʚʦʜʦʡ ʠ ʩʛʫʱʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʆʙʨʘʟʝʮ, ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ, ʩʫʰʠʣʠ ʚʥʘʯʘʣʝ ʧʨʠ ʢʦʤ-

ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʘ ʟʘʪʝʤ ʧʨʠ 110 Áʉ (2 ʯ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 180 

Áʉ (4 ʯ). ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʪʚʝʨʜʘʷ ʤʘʩʩʘ ʨʘʩʪʠʨʘʣʘʩʴ ʚ ʧʦʨʦʰʦʢ, ʧʨʦʩʝʠʚʘʣʘʩʴ ʯʝʨʝʟ ʩʠʪʦ. ʌʨʘʢʮʠʠ ʯʘʩʪʠʮ 

ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,25 ʤʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʧʠʪʳʚʘʣʠ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʦʭʣʦʨʠʜʘ ʨʫʪʝʥʠʷ 

Ru(ʆʅ)Cl3Ŀ4ʅ2ʆ ʤʘʨʢʠ çʯè ʚ ʧʝʨʝʩʯʝʪʝ 0,25ï1,50 ʤʘʩ. % Ru ʥʘʥʝʩʝʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʣʫʯʝʥʥʫʶ ʛʫʩʪʫʶ ʤʘʩʩʫ 

ʩʫʰʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ, ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʠ ʧʨʦʢʘʣʢʝ ʚ ʪʝʯʝʥʠʝ 6 ʯ ʧʨʠ 180 Áʉ.  

ʇʝʨʝʜ ʦʧʳʪʦʤ ʥʘʚʝʩʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,1 ʛ ʪʨʝʥʠʨʦʚʘʣʠ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʧʨʠ 400 Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯ. ʇʦʩʣʝ 

ʚʦʟʜʫʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʘʪʘʣʠʟʘʪʦʨ ʦʭʣʘʞʜʘʣʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʳʪʘ. ɼʣʷ ʜʝʛʠʜʨʦʦʢʠʩʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝ-

ʪʘʥʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚʟʷʪʦ ʩ ʫʯʝʪʦʤ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ (5 %) ʠ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ (15 %) ʚʟʨʳʚʘʝʤʦʩʪʠ ʛʘʟʦʚʳʭ ʩʤʝʩʠ. 

ʅʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʜʝʛʠʜʨʦʦʢʠʩʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠʟ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʘ ʜʠʤʝʪʠʣ ʵʬʠʨʘ ʦʪ ʚʨʝʤʝʥʠ. ɼʘʚʣʝʥʠʝ ʛʘʟʦʚ ʠʟʤʝʨʷʣʩʷ ʤʘʥʦʤʝʪʨʦʤ ʠ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʠʥʪʝʨ-

ʚʘʣʝ 0.1-6.0 ʘʪʤ., ʘ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʘʢʮʠʡ ʤʝʥʷʣʠ ʦʪ 200 ʜʦ 400 Áʉ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʠʤʝʶʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʦʛʦ ʧʦʣʫʯʝ-

ʥʠʷ ɼʄʕ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ, ʤʠʥʫʷ ʩʪʘʜʠʶ ʩʠʥʪʝʟʘ ʠ ʦʯʠʩʪʢʠ ʤʝʪʘʥʦʣʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʥʳʤ ʨʝʰʝʥʠʝʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ɼʄʕ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʝʪʘʥʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ, ʠʤʝʶʱʝʛʦ ʙʣʠʟʢʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʥʦʚʦʝ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩʠʥʪʝʟʘ ɼʄʕ ʧʦʯʪʠ ʦʪ-

ʩʫʪʩʪʚʫʝʪ. ʅʝʪ ʛʦʪʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʝʨʠʡʥʳʡ ʚʳʧʫʩʢ ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʠʥʪʝʟʘ ɼʄʕ ʥʝ ʥʘʣʘʞʝʥ, ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʳʪ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦ-

ʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ɼʄʕ. ʆʪʩʫʪʩʪʚʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ 

ɼʄʕ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ. ʇʦʵʪʦʤʫ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦʣʫʯʝʥʠʷ ɼʄʕ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ ʥʘ ʙʘʟʝ ʤʝʪʘʥʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠʟ ʤʝʪʘʥʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳʤʠ [3]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʩʦʨʙʝʥʪʦʚ ʩʦ ʩʣʦʠʩʪʦ-ʩʪʦʣʙʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦ-

ʮʝʩʩʘʭ ʧʦʩʣʫʞʠʣʦ ʪʦʣʯʢʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ ʠ ʠʟʫʯʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʤʝ-

ʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 

ɺ ʪʘʙʣʠʮʝ 1 ʩʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʘʥʝ-

ʩʝʥʥʳʭ ʥʘ ʩʪʦʣʙʯʘʪʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ.  

 

ʊʘʙʣʠʮʘ 1 

ɸʜʩʦʨʙʮʠʦʥʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʝʥʪʦʥʠʪʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʘʣʶʤʠʥʠʷ 
ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʘʣʶʤʠʥʠʷ, 

ʤʛĿʵʢʚ/ʛ. ʛʣʠʥʘ 

Sʫʜ., 
ʤ2/ʛ 

d001, 

ʥʤ 

ʉʫʤʤʘʨʥʳʡ ʦʙʲʝʤ 

ʧʦʨ, ʩʤ3/ʛ 

ʋʜ. ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ 

Áʉ Sʫʜ., ʤ2/ʛ 

- 50 0,9 0,18 160 40 

5 140 1,36 0,46 340 110 

10 180 1,64 0,54 500 140 

15 270 2,00 0,56 600 210 

20 280 2,04 0,57 600 220 

30 260 1,90 0,54 600 200 

 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ ʧʦʣʠʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘʤʠ ɸl(III) ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 50 ʜʦ 280 ʤ2/ʛ, ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʧʦʨ ʦʪ 0,18 ʩʤ3/ʛ ʜʦ 0,50-0,57 ʩʤ3/ʛ, ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

d001 ʦʪ 0,9 ʜʦ 2,04 ʥʤ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 2,00-2,04 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʶʤʠʥʠʷ 15-20 ʤʛ-ʵʢʚ ʥʘ ʛʨʘʤʤ 

ʛʣʠʥʳ, ʛʜʝ ʥʘ ʠʦʥʦʦʙʤʝʥʥʳʭ ʮʝʥʪʨʘʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʣʠʛʦʤʝʨʥʳʝ ʠʦʥʳ ʘʣʶʤʠʥʠʷ [5]. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʶʤʠʥʠʷ ʚʳʰʝ 20 ʤʛ-ʵʢʚ ʥʘ ʛʨʘʤʤ ʛʣʠʥʳ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʦ-

ʩʪʫ ʨʘʩʩʪʦʷʥʠʷ. ʕʪʦ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʶʪʩʷ ʥʝʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ ʬʦʨʤʳ ʩʦʣʠ ʘʣʶʤʠ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʠʩʪʦ-ʩʪʦʣʙʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ. ɸʥʘʣʦʛʠʯʥʦʝ ʷʚʣʝʥʠʝ ʩ ʧʦʣʠʛʠʜʨʦʢ-

ʩʦʢʦʤʧʣʝʢʩʘʤʠ ʞʝʣʝʟʘ (III) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ [2]. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ 

ʧʨʠʜʘʝʪ ʠʤ ʪʝʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦʩʣʝ ʠʭ ʧʨʦʢʘʣʢʠ ʧʨʠ 180 Áʉ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʘʷ ʦʙʨʘʟʮʘʤ 270-280 ʤ2/ʛ ʧʨʠ 600 Áʉ ʩʥʠʞʘʝʪʩʷ ʜʦ 210-220 ʤ2/ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʙʝʥʪʦʥʠʪʦʚʳʝ ʛʣʠʥʳ ʩʭʣʦʧʳʚʘʣʠʩʴ ʧʨʠ 160 Áʉ, ʠʭ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 50 ʤ2/ʛ.  

ʇʦʣʫʯʝʥʥʳʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʙʝʥʥʪʦʥʠʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘʥʝʩʝʥʥʳʭ ʨʫʪʝʥʠʝ-

ʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (0,25-1,50 ʤʘʩ. % Ru), ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʝʛʠʜʨʦʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ. 

ʀʟʫʯʘʝʤʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʨʘʟʚʠʪʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʧʝʨʚʦʡ 

ʩʝʨʠʠ ʦʧʳʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʫʯʝʪʦʤ ʢʨʠʪʝʨʠʷ ʊʠʣʝ-
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ɿʝʣʴʜʦʚʠʯʘ ï ű, ʢʦʪʦʨʳʡ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʨʠʚʝʜʝʥʥʦʤʫ ʨʘʜʠʫʩʫ ʢʘʪʘʣʠʟʘʪʦʨʘ: 

 

D

k
R0=j  

 

ʛʜʝ 
0R  ï ʧʨʠʚʝʜʝʥʥʳʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʜʣʷ ʰʘʨʦʦʙʨʘʟʥʳʭ ʯʘʩʪʠʮ 

3
0

R
R = ); k ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ; D ï ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʨʝʘʛʠʨʫʶʱʠʭ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʠ ʧʦʨ. 

ɼʣʷ ʛʘʟʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʠʤʝʝʪ ʧʦʨʷʜʦʢ 0,1 ʩʤ2/ʩ [3]. ʂʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʧʦʨʦʰʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʴʰʝ 0,2 ʤʤ. ʌʘʢʪʦʨ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ï ʩʪʝʧʝʥʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ ï ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʦʪʥʦʰʝʥʠʷ th ű/ű, ʘ ʟʥʘʯʝʥʠʝ th ű ʚʳʯʠʩʣʷʣʠ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ: 

 

[ ]
[ ])exp()exp(

)exp()exp(

jj

jj
j

-+

--
=th  

 

ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʨʠʩʪʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

ʀʟʤʝʥʝʥʠʝ ʬʘʢʪʦʨʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,5 % Ru/ʥʦʩʠʪʝʣʴ* 

ʋʩʣʦʚʠʝ: m (kt) = 0,1 ʛ, t = 120Áʉ, ʈ (ʆ2) = 2,0 ʘʪʤ., ʈ(ʉʅ4) = 4,0ʘʪʤ. 
ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʜʠʘʤʝʪʨʘ ʯʘʩʪʠʮ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʤ ű th ű ɖ 

0,10 0,14 0,15 0,99 

0,20 0,31 0,30 0,98 

0,30 0,47 0,44 0,94 

0,40 0,62 0,55 0,90 

0,80 0,75 0,64 0,84 

1,60 1,56 0,97 0,63 

*ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʳʙʠʨʘʣʩʷ ʥʦʩʠʪʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʤʝʨʘ. 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʯʘʩʪʠʮ 

ʙʦʣʴʰʝ 0,80 ʤʤ ʬʘʢʪʦʨ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 0,84, ʘ ʧʨʠ 1,60 ʤʤ ï 0,63. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ, 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʜʝʛʠʜʨʦʦʢʠʩʣʝʥʠʠ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʨʘʟ-

ʤʝʨʝ ʯʘʩʪʠʮ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʥʝʝ ʜʦ 0,80 ʤʤ.  

ɼʣʷ ʜʝʛʠʜʨʦʦʢʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 0,20 ʤʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʜʝʛʠʨʦʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 3.  

 

ʊʘʙʣʠʮʘ 3 

ɼʝʛʠʨʦʦʢʠʩʣʝʥʠʝ ʤʝʪʘʥʘ ʥʘ ʨʫʪʝʥʠʝʚʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ, ʥʘʥʝʩʝʥʥʦʤ ʥʘʩʪʦʣʙʯʘʪʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʥʪʦʥʠʪ 

ʋʩʣʦʚʠʝ: m (kt) = 2,0 ʛ, t = 240Áʉ, ʆʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʳʨʴʷ 600ʯ-1 
ʈ (ʆ2), ʘʪʤ ʈ (ʉʅ4), ʘʪʤ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ɼʄʕ,% ʂʦʥʚʝʨʩʠʷ ʤʝʪʘʥʘ, % 

0,25 0,25 5,0 10 

0,40 1,60 8,0 25 

0,80 2,50 10,0 40 

1,20 4,00 21,5 51 

1,50 5,50 20,5 46 

 

ʀʟ ʪʘʙʣʠʮʳ 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ɼʄʕ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʧʘʨʮʠ-

ʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʢʠʩʣʦʨʦʜʘ 1,20 ʘʪʤ. ʠ ʤʝʪʘʥʘ 4,00 ʘʪʤ. ɺʳʭʦʜ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 6,0 %. ʆʩ-

ʥʦʚʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʘʥʦʣ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜ. ʆʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʧʦʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ɼʄʕ ʠʟ ʤʝʪʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠ-

ʟʘʪʦʨʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʩʪʦʣʙʯʘʪʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʥʪʦʥʠʪ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ɼʄʕ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʮʝʣʴʶ ʧʦ-

ʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʨʷʶʪ ʢʨʫʛ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 
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Abstract. The article deals with the preparing of carrier with column structure of adsorbing material for get-

ting accelerant at production of methoxymethane from methane. Aluminum compounds are used as polyoxocations. The 

extent of usage the inner side of ruthenium accelerants at dihydrooxidation of methane is determined. 
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ʇʈʀʄɽʅɽʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʊɽʍʅʆʃʆɻʀʀ 

ʉʇɽʂʊʈɸʃʔʅʆɻʆ ʄɽʊʆɼɸ ɸʅɸʃʀɿɸ ɸʈʊɽʈʀɸʃʔʅʓʍ ʆʉʎʀʃʃʆɻʈɸʄʄ 

ɼʃʗ ʀɿʋʏɽʅʀʗ ɸɼɸʇʊɸʎʀʆʅʅʓʍ ʄɽʍɸʅʀɿʄʆɺ ʆʈɻɸʅʀɿʄɸ 
 

 ɼ.ɺ. ɺʘʢʫʣʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʠ 

ɻɺʋɿ çʊʝʨʥʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʗ. ɻʦʨʙʘʯʝʚʩʢʦʛʦ ʄʆɿ ʋʢʨʘʠʥʳè, 

ʋʢʨʘʠʥʘ 
 

ɸʥʥʦʪʘʮʠʷ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣ ʘʢʪʫʘʣʴ-

ʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ. ʄʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʮʝʜʫʨʳ ʠʟʤʝʨʝʥʠʷ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫ-

ʜʦʚ, ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʘʨʪʝʨʠʡ, ʩʝʨʜʝʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʘʢʪʠʚʥʦʩʪʴ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʟʚʝʥʴʝʚ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʢ ʧʨʦʮʝʩʩʫ ʠʟʤʝʨʝʥʠʷ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠʣʠ ʚʥʝʰʥʠʭ ʨʘʟʜʨʘʞʠ-

ʪʝʣʝʡ ʥʘ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʮʝʥʢʠ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʥʘʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʰʢʦʣʴʥʠʢʘʤ 

(ʜʣʷ ʧʦʩʝʱʝʥʠʷ ʫʨʦʢʦʚ ʬʠʟʢʫʣʴʪʫʨʳ) ʠʣʠ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ 

ʩʦʩʫʜʳ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ ʚ ʮʝʣʦʤ ʠ ʪ.ʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʘʨʪʝʨʠʘʣʴʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ. 
 

ɺʩʪʫʧʣʝʥʠʝ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ, ʠʝʨʘʨʭʠ-

ʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʚ ʢʦʪʦʨʦʡ ʜʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʢʫʱʠʤʠ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʦʨʛʘʥʠʟʤʘ [2]. ʆʨʛʘʥʠʟʤ, ʢʘʢ ʮʝʣʦʩʪʥʘʷ ʩʠʩʪʝʤʘ, ʙʫʜʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ. ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʠʦʜʠʢʦʡ ʛʝʥʝʨʠʨʫʝʤʳʭ ʢʦʣʝʙʘʥʠʡ: ʯʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ, ʪʝʤ 

ʜʣʠʥʥʝʝ ʧʝʨʠʦʜ, ʥʠʞʝ ʯʘʩʪʦʪʘ [8]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʤʝʪʦʜʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʨʪʝʨʠʘʣʴʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʮʝʥʢʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ [7]. 

ʊʘʢ, ʤʝʜʣʝʥʥʳʝ (ʥʝʜʳʭʘʪʝʣʴʥʳʝ) ʢʦʣʝʙʘʥʠʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʚʦʣʥʘʤʠ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʧʣʝʪʠʟʤʦʛʨʘʤʤʳ [2]. ʊʘʢʞʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʩʤʝʥʷ-

ʝʤʦʩʪʴ ʨʠʪʤʘ ʩʝʨʜʮʘ) ʧʦ ʯʘʩʪʦʪʘʤ [9]. ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʠʪʤʦʚ ʩʝʨʜʮʘ: ʜʳʭʘʪʝʣʴʥʳʝ (ʠʣʠ ʩʠʥʫ-

ʩʦʚʘʷ ʘʨʠʪʤʠʷ), ʤʝʜʣʝʥʥʳʝ ʠ ʩʚʝʨʭʤʝʜʣʝʥʥʳʝ ʚʦʣʥʳ ʥʝʜʳʭʘʪʝʣʴʥʦʛʦ ʛʝʥʝʟʘ. ʉʠʥʫʩʦʚʘʷ ʘʨʠʪʤʠʷ ï ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ ʏʉʉ, ʥʝ ʚʳʟʚʘʥʳ ʥʘʨʫʰʝʥʠʷʤʠ ʬʫʥʢʮʠʡ ʘʚʪʦʤʘʪʠʟʤʘ, ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʦʟʙʫʜʠʤʦʩʪʠ (Ludwig, 1847), 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʘʨʜʠʦʠʥʪʝʨʚʘʣʦʚ ʧʨʠ ʚʜʦʭʝ ʠ ʫʜʣʠʥʝʥʠʝʤ ʧʨʠ ʚʳʜʦʭʝ ï ʢʘʨʜʠʦ-

ʨʝʩʧʠʨʘʪʦʨʥʘʷ ʘʨʠʪʤʠʷ (Ludwig 1847; ʌʦʛʝʣʴʩʦʥ, 1951; ʂʠʥʛʠʩʝʧʧ, ʕʧʣʝʨ, 1968). 

ʀʩʧʦʣʴʟʫʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʦ ʤʝʪʦʜʫ ʥʝʡʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʠʪʤʦʛʨʘʤʤ ʩʝʨʜʮʘ [9] ʜʣʷ 

ʘʥʘʣʠʟʘ ʦʩʮʠʣʣʦʛʨʘʤʤ, ʤʳ ʧʝʨʝʰʣʠ ʢ ʘʥʘʣʠʟʫ ʙʠʦʨʠʪʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʤʛʥʦʚʝʥʥʦʡ 

ʯʘʩʪʦʪʳ ʠ ʤʛʥʦʚʝʥʥʦʡ ʬʘʟʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ɻʠʣʴʙʝʨʪʘ-ʍʫʘʥʛʘ (ʦʪ 0 ɻʮ ʜʦ 3 ʢɻʮ). 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʚʝʛʝʪʘʪʠʚ-

ʥʦʡ ʨʝʛʫʣʷʮʠʠ ʠ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʜʝʣʝʥʠʠ 

ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʫʤʤʘʨʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʩʦʩʪʘʚʣʝʥʠʷ ʠ ʚʳʯʠʪʘʥʠʝ 

ʘʤʧʣʠʪʫʜ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ [9]. ɺʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʦʪʨʘʞʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʠʩʪʝʤ ʠ ʩʪʝʧʝʥʴ 

ʥʘʧʨʷʞʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ. ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʉʈ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʠʦ-

ʜʠʢʦʡ ʛʝʥʝʨʠʨʫʝʤʳʭ ʢʦʣʝʙʘʥʠʡ: ʯʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʤ ʜʣʠʥʥʝʝ ʧʝʨʠʦʜ ʠ ʥʠʞʝ ʯʘʩʪʦʪʘ. ʇʨʠ ʦʧʪʠ-

ʤʘʣʴʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʫʯʘʩʪʠʝʤ ʚʳʩʰʠʭ ʫʨʦʚʥʝʡ. ʇʨʠ ʥʝʦʧʪʠʤʘʣʴ-

ʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʥʝʦʙʭʦʜʠʤʘ ʘʢʪʠʚʘʮʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ (ɺʉʈ) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫ-

ʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 4 ʫʨʦʚʥʝʡ ʨʝʛʫʣʷʮʠʠ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʧʝʨʠʬʝʨʠʡʥʦʛʦ (ʘʚʪʦʥʦʤʥʦʛʦ), ʚʝʛʝʪʘʪʠʚʥʦʛʦ, ʛʠʧʦ-

ʪʘʣʘʤʦ-ʛʠʧʦʬʠʟʘʨʥʦ ʠ ʚʳʩʰʝʛʦ ï ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʏʝʤ ʩʠʣʴʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ, ʪʝʤ ʚʳʰʝ 

ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʫʯʘʩʪʚʫʝʪ ʚ ʫʧʨʘʚʣʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʪʦʨʤʦʟʷʪ ʘʢʪʠʚʥʦʩʪʴ ʥʠʟʰʠʭ [2]. 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʘʨʪʝʨʠʘʣʴʥʦʡ ʦʩʮʠʣʣʦʛʨʘʤʤʳ (ʩʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʵʣʝʢʪʨʦʢʘʨʜʠʦʩʠʛʥʘʣʘ [9]) ʧʨʦ-

ʚʝʜʝʥ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʧʝʢʪʨʘ ʚ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ 0,003-0,4 ɻʮ: ʚʳʩʦʢʠʭ (HF, 0,15-0,40 ɻʮ) ʥʠʟ-
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ʢʠʭ (LF, 0,04-0,15 ɻʮ), ʩʚʝʨʭʥʠʟʢʠʭ ʯʘʩʪʦʪ (VLF, 0,003-0,04 ɻʮ), Total (ʊʈ <0,40 ɻʮ;) ʠ k = LF / HF. ʉʦʛʣʘʩʥʦ 

ʧʨʠʥʮʠʧʘʤ ʥʝʡʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [2] ʠʟʫʯʝʥʦ ʪʘʢʞʝ ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʚ ʩʣʝʜʫʶʱʠʭ ʜʠʘʧʘʟʦʥʘʭ: ɼʝʣʴʪʘ 

0,4-4 ɻʮ, ʊʝʪʘ 4-8 ɻʮ, ɸʣʴʬʘ 8-13 ɻʮ, ɹʝʪʘ 13-25 ɻʮ, 25 ɻʮ ʠ ʙʦʣʝʝ. 

ɼʣʷ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʩʧʝʢʪʨʘ ʧʦ ʢʨʠʪʝʨʠʷʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠʥʷʪʳʤʠ ʚ ʕʂɻ [10, 11], ʧʨʠʤʝʥʝʥʳ 

ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʦʪ 0 ɻʮ ʜʦ 60 ɻʮ (ɿʙʦʨʦʚʩʢʠʡ, ɽ.ʀ., 1971; ɹʦʨʦʥʦʝʚʘ, ɺ.ɺ. 1999; ʏʘʱʠʥ ɸ.ɺ. 2014). ɼʣʷ 

ʢʨʠʚʦʡ ʦʪʨʘʞʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʪʝʥʢʠ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʧʨʝʩʩʠʠ ʧʣʝʯʘ, ʢʨʦʤʝ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 0 ɻʮ ʜʦ 60 ɻʮ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʠʣʴʙʝʨʪʘ-ʍʫʘʥʛʘ ʦʪ 0 ɻʮ ʜʦ 

3 ʢɻʮ. ɼʣʷ ʦʮʝʥʢʠ ʩʘʤʦʧʦʜʦʙʠʷ ʬʨʘʛʤʝʥʪʦʚ (ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ) ʦʩʮʠʣʣʷʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʍʸʨʩʪʘ (Hurst 

HE, 1951). ɸʥʘʣʠʟ ʦʩʮʠʣʣʦʛʨʘʤʤ ʧʦ ʤʝʪʦʜʫ ɻʠʣʴʙʝʨʪʘ-ʍʫʘʥʛʘ ʠʩʧʦʣʴʟʦʚʘʥʦ ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʤʛʥʦʚʝʥʥʦʡ ʯʘʩʪʦʪʳ 

ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʝʡ ɼʝʣʴʪʘ 0,4-4 ɻʮ, ʊʝʪʘ 4-8 ɻʮ, ɸʣʴʬʘ 8-13 ɻʮ, ɹʝʪʘ 13-25 ɻʮ, 25-60 ɻʮ, 60 ɻʮ ʠ ʙʦʣʴʰʝ ʚ 

ʨʘʟʥʳʝ ʬʘʟʳ ʢʦʤʧʨʝʩʩʠʠ ʧʣʝʯʘ ʤʘʥʞʝʪʦʡ. ɺ ʵʪʠʭ ʩʘʤʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʨʘʩʩʯʠʪʘʥ ʧʣʦʱʘʜʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʤʛʥʦʚʝʥʥʦʡ ʬʘʟʳ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʞʝ ʘʨʪʝʨʠʘʣʴʥʫʶ ʦʩʮʠʣʣʦʛʨʘʤʤʫ. ʇʦ ʫʨʦʚʥʶ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ (-1-1) ʧʦʢʘʟʘʪʝʣʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ 10 ʢʘʪʝʛʦʨʠʡ (ʦʪ -5 ʜʦ -1 ʠ ʦʪ 1 ʜʦ 5). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʘʜʘʧ-

ʪʠʨʦʚʘʪʴʩʷ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʮʠʣʣʦʛʨʘʤʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʫ 38 ʯʝʣʦʚʝʢ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʣʠ ʞʘʣʦʙ ʥʘ ʟʜʦʨʦʚʴʝ, 

ʧʦʢʘʟʘʣ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʚʳʟʳʚʘʶʪ ʥʘʧʨʷʞʝʥʠʝ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳʰʝ-

ʥʠʶ ʧʨʦʮʝʥʪʘ ʥʠʟʢʠʭ ʠ ʩʚʝʨʭʥʠʟʢʠʭ ʯʘʩʪʦʪ ʚ ʦʙʱʝʤ ʩʧʝʢʪʨʝ ʯʘʩʪʦʪ. ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʨʘʟʜʨʘʞʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʫ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʟʜʦʨʦʚʳʭ ʣʠʮ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʳʩʪʨʦʝ ʚʦʟʚʨʘʱʝʥʠʝ ʠʭ ʢ ʠʩʭʦʜʥʦʤʫ 

ʫʨʦʚʥʶ, ʚ ʦʪʜʝʣʴʥʳʭ (ˉ18) ï ʥʝʩʢʦʣʴʢʦ ʟʘʤʝʜʣʝʥʦ. ɺ ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ˉ10 ʜʠʥʘʤʠʢʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ (ʨʠʩʫʥʦʢ 1). 
 

    
ʘ)                                                                                        ʙ) 

 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ VLF 

38 ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʣʠʮ: ʘ ï ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʙʳ ʈʫʬʴʝ; ʙ ï ʢ ʥʘʛʨʫʟʢʝ ʠ ʧʦʩʣʝ 2 ʤʠʥʫʪ ʦʪʜʳʭʘ ʧʦʩʣʝ ʥʘʛʨʫʟʢʠ* 
 

*  ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʢ ʥʘʛʨʫʟʢʝ, ʧʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʷ ï ʧʦʩʣʝ ʥʘʛʨʫʟʢʠ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʨʪʝʨʠʘʣʴʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʢʘʟʘʪʝ-

ʣʠ, ʧʨʠʩʫʱʠʝ ʘʥʘʣʠʟʫ ʵʣʝʢʪʨʦʢʘʨʜʠʦʩʠʛʥʘʣʦʚ [1, 2, 6]. ʀʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʦʥʫʩʘ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʟʚʝʥʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚ-

ʥʦʡ ʩʠʩʪʝʤʳ ʠ ʨʦʩʪʫ ʫʨʦʚʥʷ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ɺʦʟʚʨʘʪ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʢ ʠʩʭʦʜʥʦʤʫ ʫʨʦʚʥʶ ʫʞʝ ʯʝʨʝʟ 2 ʤʠʥʫʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʠʦʢʘʨʜʠʘʣʴʥʦʛʦ-

ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʳʩʦʢʦʡ ʘʜʘʧʪʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʨʛʘʥʠʟʤʘ ʦʙʩʣʝʜʦʚʘʥ-

ʥʳʭ. ɽʛʦ ʟʘʤʝʜʣʝʥʠʝ ï ʦ ʩʥʠʞʝʥʠʠ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʥʠʟʢʫʶ ʩʪʨʝʩʩʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʟʤʘ 

ʷʚʣʷʝʪʩʷ ʚʝʛʝʪʘʪʠʚʥʳʤ ʢʦʨʨʝʣʷʪʦʨʦʤ ʪʨʝʚʦʛʠ (ʄʠʭʘʡʣʦʚ ɺ.ʅ., 2002) [7]. ʇʦʭʦʞʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʪʘ-ʚʦʣʥ (5-7 ɻʮ), ʭʦʪʷ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʪʝʥʜʝʥʮʠʠ ʢ ʚʦʟʚʨʘʱʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʦʩʣʝ ʧʨʦ-

ʙʳ ʈʫʬʴʝ ʧʦʥʘʜʦʙʠʣʦʩʴ 5 ʤʠʥʫʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʫʶ ʠʥʝʨʪʥʦʩʪʴ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʥʘ ʫʨʦʚʥʝ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩʫʥʦʢ 2). 
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ʋʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʪʘ-ʚʦʣʥ ʧʦʩʣʝ ʥʘʛʨʫʟʢʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʯʘʩʪʠʠ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ 

ʟʚʝʥʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʉʝʚʝʨ ɼ., 2001), 

(ʢʦʣʠʯʝʩʪʚʦ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 30 ʯʝʣʦʚʝʢ). 

ʋʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʪʘ-ʚʦʣʥ ʯʝʨʝʟ 5 ʤʠʥʫʪ ʧʦʩʣʝ 

ʧʨʠʩʝʜʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʫʯʘʩʪʠʷ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʝʛʫʣʷʮʠʠ 

ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʟʚʝʥʘ ʚʝʛʝʪʘʪʠʚʥʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʢʦʣʠʯʝʩʪʚʦ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 30 ʯʝʣʦʚʝʢ). 

 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʮʠʣʣʦʛʨʘʤʤ ʪʝʪʘ-ʚʦʣʥ (5-7 ɻʮ) 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʙʳ ʈʫʬʴʝ (ʜʦ ʧʨʠʩʝʜʘʥʠʷ, ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʠʩʝʜʘʥʠʷ ʠ ʯʝʨʝʟ 5 ʤʠʥʫʪ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʙʳ)* 
 

*  ʇʨʝʨʳʚʠʩʪʳʡ ʛʨʘʬʠʢ ï ʜʦ ʥʘʛʨʫʟʢʠ, ʛʨʘʬʠʢ, ʦʪʨʘʞʝʥʥʳʡ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ, ï ʧʦʩʣʝ ʥʝʝ. 
 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʤʦʱʥʦʩʪʠ ʩʧʝʢʪʨʘ ʶʥʦʰʠ ʂ, ˉ18, 18 ʣʝʪ, ʟʜʦʨʦʚ. ʇʘʮʠʝʥʪʫ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝ-

ʥʠʝ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠ ʧʦʩʣʝ 30 ʧʨʠʩʝʜʘʥʠʡ ʟʘ 45 ʩʝʢʫʥʜ (ʧʨʦʙʘ ʈʫʬʴʝ). 

ʅʘ ʨʠʩʫʥʢʝ 3, ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʩʧʝʢʪʨʘ ʢ ʥʘʛʨʫʟʢʝ, ʥʘ ʨʠʩʫʥʢʝ 3, ʙ 

ï ʧʦʩʣʝ ʥʘʛʨʫʟʢʠ, ʥʘ ʨʠʩʫʥʢʝ 3, ʚ. ï ʯʝʨʝʟ 2 ʤʠʥʫʪʳ ʧʦʩʣʝ ʥʘʛʨʫʟʢʠ. ɼʦ ʥʘʛʨʫʟʢʠ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʙʳʩʪʨʳʭ ʚʦʣʥ HF 62 % (ʠʥʜʠʢʘʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʧʘʨʘʩʠʤʧʘʪʠʯʝʩʢʦʡ ʟʚʝʥʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ), ʧʦʩʣʝ 

ʥʘʛʨʫʟʢʠ ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ HF ʩʥʠʟʠʣʘʩʴ ʜʦ 30 %. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʦʣʷ ʤʝʜʣʝʥʥʳʭ ʚʦʣʥ (LF) ʚ ʦʙʱʝʤ ʩʧʝʢʪʨʝ 

ʯʘʩʪʦʪ ʚʳʨʦʩʣʘ ʦʪ 26 ʜʦ 54 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʘʜʘʧʪʘʮʠʷ ʢ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ 

ʧʦʚʳʰʝʥʠʝʤ ʪʦʥʫʩʘ ʩʠʤʧʘʪʠʯʝʩʢʦʛʦ ʟʚʝʥʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʏʝʨʝʟ 2 ʤʠʥʫʪʳ ʧʦʩʣʝ ʥʘʛʨʫʟʢʠ 

ʥʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʚʦʟʚʨʘʱʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʘʜʘʧʪʘʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʢ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ. 
 

 
ʘ)                                                                                            ʙ) 

 

 
ʚ) 

 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʩʧʝʢʪʨʘ: 

ʘ) ï ʢ ʥʘʛʨʫʟʢʝ ʠ ʙ) ʧʦʩʣʝ ʥʘʛʨʫʟʢʠ (30 ʧʨʠʩʝʜʘʥʠʡ) ʚ) ï ʯʝʨʝʟ 2 ʤʠʥʫʪʳ ʧʦʩʣʝ ʥʘʛʨʫʟʢʠ 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʜʠʥʘʤʠʢʘ ʤʦʱʥʦʩʪʠ ʩʧʝʢʪʨʘ HF, ʨʘʩʩʯʠʪʘʥʥʦʡ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʦʩʮʠʣ-

ʣʦʛʨʘʤʤʳ ʢ ʚʳʧʦʣʥʝʥʠʶ ʧʨʦʙʳ ʈʫʬʴʝ ʠ ʩʨʘʟʫ ʧʦʩʣʝ ʝʝ ʚʳʧʦʣʥʝʥʠʷ, ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʦʤ (ʨʠʩʫʥʦʢ 3). ʋʢʘʟʘʥ-

ʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
 

 
 

ʈʠʩ. 4. ʄʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʙʳʩʪʨʳʭ ʚʦʣʥ HF, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ 38 ʯʝʣʦʚʝʢ ʜʦ ʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʙʳ ʈʫʬʴʝ* 

 

* ʇʨʝʨʳʚʠʩʪʳʡ ʛʨʘʬʠʢ ï ʜʦ ʥʘʛʨʫʟʢʠ, ʛʨʘʬʠʢ, ʦʪʨʘʞʝʥʥʳʡ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ, ï ʧʦʩʣʝ ʥʝʝ. 

 

ɺʳʚʦʜʳ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ, ʚʨʝʤʝʥʥʦʛʦ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʩʮʠʣʣʦʛʨʘʤʤ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʮʝʜʫʨʳ ʠʟʤʝʨʝʥʠʷ ʘʨʪʝ-

ʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ [3, 4]. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘ-

ʮʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ, ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʘʨʪʝʨʠʡ, ʩʝʨʜʝʯʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʘʢʪʠʚʥʦʩʪʴ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʟʚʝʥʴʝʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʨʛʘʥʠʟʤʘ ʢ ʧʨʦʮʝʩʩʫ ʠʟʤʝʨʝʥʠʷ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠʣʠ ʚʥʝʰʥʠʭ ʨʘʟ-

ʜʨʘʞʠʪʝʣʝʡ ʥʘ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʮʝʥʢʠ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʥʘʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʰʢʦʣʴ-

ʥʠʢʘʤ (ʜʣʷ ʧʦʩʝʱʝʥʠʷ ʫʨʦʢʦʚ ʬʠʟʢʫʣʴʪʫʨʳ) ʠʣʠ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʧʝʨʠʬʝ-

ʨʠʯʝʩʢʠʝ ʩʦʩʫʜʳ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ ʚ ʮʝʣʦʤ ʠ ʪ. 
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THE USE OF INFORMATION TECHNOLOGY OF SPECTRAL METHOD OF ARTERIAL 

TRACE ANAL YSIS FOR THE STUDY OF ADAPTATION MECHANISMS OF THE ORGANISM  
 

D.V. Vakulenko, Candidate of Technical Sciences, Associate Professor of Medical Informatics Department 

I. Horbachevsky Ternopil State Medical University of the Ministry of Health of Ukraine, Ukraine 

 

Abstract. An analysis of the literature and our own research has confirmed the relevance of studying the state 

of peripheral vessels. Method of spectral analysis can significantly extend the information capabilities of the procedure 

of blood pressure measurement using an electronic measuring instrument. This information makes it possible to assess 

the state of peripheral vascular smooth muscle of the arteries, heart function, activity and interaction of the various 

parts of the nervous system, adaptability of the organism in the process of blood pressure measurement. These algo-

rithms can be used to assess the influence of internal or external stimuli on the group of patients, for example to evalu-

ate the physical destination objectivity school groups (for visiting physical education), or to assess the effect of drugs on 

peripheral vessels, and the cardiovascular system in general etc. 

Keywords: information technology, spectral analysis, arterial trace. 
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ʋɼʂ 579.61 

 

ʇʈʀʂʃɸɼʅʓɽ ɸʉʇɽʂʊʓ ʉʆɺʈɽʄɽʅʅʆʁ ɻɽʃʀʆɹʀʆʃʆɻʀʀ 
 

 ʉ.ʅ. ɼʘʨʦʚʩʢʠʭ1, ʖ.ʉ. ʐʠʰʢʦʚʘ2, ʅ.ɺ. ɺʜʦʚʠʥʘ3, ʀ.ɸ. ʂʦʤʘʨʦʚʘ4 
1 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ, 2 ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

3 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 4 ʩʪʫʜʝʥʪ 
1, 3 ʌɻɹʆʋ ɺʇʆ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʅʀʋ) (ʏʝʣʷʙʠʥʩʢ), 

2, 4 ʌɻɹʆʋ ɺʇʆ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʏʝʣʷʙʠʥʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʙʩʫʞʜʘʝʪʩʷ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʉɺʏ ʜʠʘʧʘʟʦʥʘ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʚ ʦʨʛʘʥʠʟʤʘʭ ʠ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʘʨʫʰʝʥʠʷʭ. ʇʨʠʚʝʜʝʥʦ ʦʧʠ-

ʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʜʝʟʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ. ʈʝʟʫʣʴʪʘ-

ʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʝʟʘʛʨʝʛʘʮʠʠ 

ʵʨʠʪʨʦʮʠʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʫʣʫʯʰʝʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʣʠʦʙʠʦʣʦʛʠʷ, ʠʟʣʫʯʝʥʠʝ, ʵʨʠʪʨʦʮʠʪʳ, ʜʝʟʘʛʨʝʛʘʮʠʷ. 

 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʣʠʦʙʠʦʣʦʛʠʠ, ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʣʦʞʝʥʦ 

ʩʦʚʝʪʩʢʠʤ ʫʯʝʥʳʤ ɸ.ʃ. ʏʠʞʝʚʩʢʠʤ [9], ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʘʢʪʠʚʥʦʩʪʠ 

ʉʦʣʥʮʘ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʚ ʦʨʛʘʥʠʟʤʘʭ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʝʛʦ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʘʨʫʰʝʥʠʷʭ.  

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʦʢʘʟʳʚʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤʳ, ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. ɺʧʝʨʚʳʝ ʥʘ ʵʪʫ ʤʘʣʦʠʟʫʯʝʥʥʫʶ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʦʩʦʙʝʥʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʤʦʚ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʠʟʣʫʯʝʥʠʷʤʠ (ʕʄʀ), ʢʦʪʦʨʳʝ ʬʦʨʤʠ-

ʨʫʶʪʩʷ ʚ ʭʨʦʤʦʩʬʝʨʝ ʉʦʣʥʮʘ, ʫʢʘʟʘʣ ɸ.ʉ. ʇʨʝʩʤʘʥ [8].  

ʈʘʙʦʪʳ ɸ.ʃ. ʏʠʞʝʚʩʢʦʛʦ ʠ ɸ.ʉ. ʇʨʝʩʤʘʥʘ ʠʥʠʮʠʠʨʦʚʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʙʠʦʣʦʛʠʠ. ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʟʥʘʥʠʡ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʚʣʠʷʥʠʷ ʕʄʀ ʥʠʟʢʦʡ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘ ʦʨʛʘʥʠʟʤʳ ʚʥʝʩʣʠ ʩʦʚʝʪʩʢʠʝ (ʨʦʩʩʠʡʩʢʠʝ) ʫʯʝʥʳʝ ï ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʘʢʘʜʝʤʠʢʘ ʈɸʅ ʅ.ɼ. ɼʝʚʷʪʢʦʚʘ [7]. ʆʜʥʘʢʦ ʧʘʨʘʜʦʢʩʘʣʴʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠ ʧʨʦʚʦʜʠʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʘ ʩ ʕʄʀ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ (ɚ ᾽ 8 ʤʤ), ʥʝʧʨʦʥʠʮʘʝʤʳʭ 

ʩʢʚʦʟʴ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ. ɺ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʄʀ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʠ ʩʫʙ-

ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʧʨʠʦʨʠʪʝʪʥʘʷ ʨʦʣʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʦʨʛʘʥʠʟʤʦʚ ʩ ʤʠʢʨʦʚʦʣʥʦʚʳʤʠ ʠʟʣʫʯʝʥʠʷ-

ʤʠ ʦʪʚʦʜʠʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʬʘʢʪʦʨʫ ʪʦʣʴʢʦ ʵʥʜʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɼʨʫʛʦʡ ʥʝʜʦʩʪʘʪʦʢ ʫʢʘʟʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʫʯʝʪʘ ʚ ʥʠʭ ʕʄʀ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʌʘʢʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷ-

ʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤʳ ʵʪʠʭ ʠʟʣʫʯʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʧʨʦʬʝʩʩʦʨʘ ʖ.ɻ. ɻʨʠʛʦʨʴʝʚʘ [2] ʠ ʜʨ. 

ʆʮʝʥʢʘ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪʳ ʞʠʚʦʡ ʧʨʠʨʦʜʳ ʠʟʣʫʯʝʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ ʯʝʨʝʟ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʨʘʜʠʦʦʢʥʦ1è, ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʭ ʘʜʝʢʚʘʪʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚ. 

ʄʦʞʥʦ ʥʘʟʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ:  

1. ʥʠʟʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʕʥʝʨʛʠʷ ʪʘ-
ʢʠʭ ʠʟʣʫʯʝʥʠʡ ʥʠʞʝ ʬʦʥʦʚʳʭ ʠʟʣʫʯʝʥʠʡ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (10ï100 ʤʢɺʪ/ʩʤ2);  

2. ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʯʘʩʪʦʪʥʳʭ ʬʣʫʢ-

ʪʫʘʮʠʡ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʩʦʟʜʘʥʠʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʝʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ.  

ʆʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʨʝʰʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʧʦ-

ʩʪʨʦʝʥʠʷ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʡ ʨʦʣʠ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ ʧʨʠʨʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʙʣʠʞʥʝʛʦ ʠ 

ʜʘʣʴʥʝʛʦ ʂʦʩʤʦʩʘ [4, 10]. ʈʝʘʣʠʟʘʮʠʷ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʝ ʚ ʩʦʟʜʘʥʠʠ ʩʝʨʠʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (4,08-4,34) ɻɻʮ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʴʶ ʠʟʣʫʯʝʥʠʷ [1, 3]. ʋʢʘʟʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʘʟʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʉɺʏ ʛʝʥʝʨʘʪʦʨ (ʨʠ-

ʩʫʥʦʢ 1), ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʬʦʨʤʠʨʦʚʘʪʴ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʯʘ-

ʩʪʦʪʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ, ʩʠʤʤʝʪʨʠʯʥʳʝ ʧʦ ʬʦʨʤʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ çʚʩʧʣʝʩʢʠè ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʩʦ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʦʡ 4,2 ɻɻʮ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʦʪ 6 ʄɻʮ ʜʦ 26 ʄɻʮ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ 500 ʤʢɺʪ/ʩʤ2 ʜʦ 

50 ʤʢɺʪ/ʩʤ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 1. ʋʩʪʨʦʡʩʪʚʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (4,08ï4,34) ɻɻʮ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʉɺʏ ʜʠʘʧʘʟʦʥʘ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʩʣʘʙʣʝʥʠʠ ʧʨʦʮʝʩʩʘ ʜʝʣʝʥʠʷ 

ʢʣʝʪʦʢ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʢʦʣʦʥʠʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: ʟʦʣʦʪʠʩʪʳʡ 

ʩʪʘʬʠʣʦʢʦʢʢ ʠ ʢʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ [6, 11]. ʄʝʭʘʥʠʟʤ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʜʦ ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʚ ʦʩʥʦʚʝ ʨʘʟʦʙʱʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʷ ʝʸ ʨʝʟʠʩʪʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʣʝ-

ʞʠʪ çʨʘʜʠʦʚʠʙʨʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪè [5], ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʣ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ 

ʉɺʏ ʜʠʘʧʘʟʦʥʘ ʥʘ ʧʨʦʮʝʩʩ ʜʝʟʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʮʝʣʷʭ ʫʣʫʯʰʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʵʨʠʪʨʦʮʠʪʳ ʚʝʥʦʟʥʦʡ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʧʷʪʠ 

ʫʩʣʦʚʥʦ-ʟʜʦʨʦʚʳʭ ʜʦʥʦʨʦʚ ʚ ʧʷʪʠ ʧʦʚʪʦʨʘʭ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʳʰʝʦʧʠʩʘʥʥʳʡ ʛʝ-

ʥʝʨʘʪʦʨ ʉɺʏ ʢʦʣʝʙʘʥʠʡ (ʨʠʩʫʥʦʢ 1).  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʩʷ ʟʘʙʦʨ 12 ʤʣ ʚʝʥʦʟʥʦʡ ʧʝ-

ʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʚ ʧʨʦʙʠʨʢʠ, ʩʦʜʝʨʞʘʱʠʭ 1,5 ʤʣ ʛʝʧʘʨʠʥʘ. ʂʨʦʚʴ ʜʝʣʠʣʠ ʥʘ ʜʚʝ ʯʘʩʪʠ ʧʦ 6 ʤʣ. ʆʜʥʘ ʯʘʩʪʴ 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʚ ʪʝʯʝʥʠʝ 16 ʤʠʥʫʪ ʤʦʜʝʣʠʨʦʚʘʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʉʦʣʥʮʘ ʉɺʏ ʜʠʘʧʘʟʦʥʘ (ʦʧʳʪ), 

ʚʪʦʨʘʷ ʯʘʩʪʴ ʦʩʪʘʚʘʣʘʩʴ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ (ʢʦʥʪʨʦʣʴ). ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʤʘʟʢʠ ʜʣʷ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʢʦʪʦʨʳʝ ʚʳʩʫʰʠʚʘʣʠ, ʬʠʢʩʠʨʦʚʘʣʠ 96 % ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʦʢʨʘʰʠʚʘʣʠ ʧʦ ʈʦʤʘʥʦʚʩʢʦʤʫ-ɻʠʤʟʘ. ɿʘʪʝʤ ʩ 

ʧʦʤʦʱʴʶ ʠʤʤʝʨʩʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʜʩʯʠʪʳʚʘʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʵʨʠʪʨʦʮʠʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ 

ʵʨʠʪʨʦʮʠʪʦʚ ʩ ʥʦʨʤʘʣʴʥʦʡ ʜʠʩʢʦʠʜʥʦʡ ʬʦʨʤʦʡ ʠ ʩ ʥʘʣʠʯʠʝʤ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʚʳʯʠʩʣʝʥʠʝʤ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ ʝʛʦ ʩʪʘʥʜʘʨʪʥʦʡ ʦʰʠʙʢʠ (ʄ Ñ m) ʩ ʦʢʨʫʛʣʝʥʠʝʤ ʜʦ ʮʝʣʦʛʦ 

ʟʥʘʯʝʥʠʷ (ʪʘʙʣʠʮʘ 1). ʆ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʣʠʯʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧʘʭ ʩʫʜʠʣʠ ʧʦ ʢʨʠʪʝʨʠʶ 

ʄʘʥʥʘ ï ʋʠʪʥʠ. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʨʘʚʥʠʚʘʝʤʳʤʠ ʛʨʫʧʧʘʤʠ ʩʯʠʪʘʣʠ ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʨʠ ʨ Ò 0,05. 

 

ʊʘʙʣʠʮʘ 1 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʨʠʪʨʦʮʠʪʦʚ 
ʇʘʨʘʤʝʪʨʳ ʂʦʥʪʨʦʣʴ ʆʧʳʪ 

ʂʦʣʠʯʝʩʪʚʦ çʩʣʠʧʰʠʭʩʷè ʵʨʠʪʨʦʮʠʪʦʚ 63 Ñ 4 34 Ñ 12, ʨ1-2 < 0,05 

ʂʦʣʠʯʝʩʪʚʦ çʩʚʦʙʦʜʥʦʣʝʞʘʱʠʭè ʵʨʠʪʨʦʮʠʪʦʚ 27 Ñ 6 59 Ñ 16, ʨ1-2 < 0,05 

ʂʦʣʠʯʝʩʪʚʦ ʥʦʨʤʘʣʴʥʳʭ ʵʨʠʪʨʦʮʠʪʦʚ 73 Ñ 14 78 Ñ 11 

ʂʦʣʠʯʝʩʪʚʦ ʘʪʠʧʠʯʥʳʭ ʵʨʠʪʨʦʮʠʪʦʚ 27Ñ14 22 Ñ 11 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1 ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ: 

1. ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʘʥʘʣʦʛ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʉɺʏ ʜʠʘʧʘʟʦʥʘ, ʜʦʩʪʦʚʝʨʥʦ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʵʨʠʪʨʦʮʠʪʦʚ (ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʵʨʠʪʨʦʮʠʪʦʚ); 

2. ʢʦʣʠʯʝʩʪʚʦ ʥʦʨʤʘʣʴʥʳʭ ʠ ʘʪʠʧʠʯʥʳʭ ʵʨʠʪʨʦʮʠʪʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʨʦʚʴ ʥʠʟʢʦʠʥʪʝʥ-
ʩʠʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩ-

ʩʘ ʜʝʟʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʨʦʚʴ ʤʦʜʝʣʠʨʦʚʘʥʥʳʤ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʷʚʣʷʶ-

ʱʠʤʩʷ ʘʥʘʣʦʛʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʉɺʏ ʜʠʘʧʘʟʦʥʘ. ʄʝʭʘʥʠʟʤ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʷʚʣʝʥʠʷ, 
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ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʫʣʫʯʰʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʠ ʤʠʢʨʦʮʠʢʫʣʷʮʠʠ ʢʨʦʚʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ çʨʘʜʠʦ-

ʚʠʙʨʘʮʠʦʥʥʦʛʦè ʵʬʬʝʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʨʠʪʨʦʮʠʪʦʚ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ɺʦʟʙʫʞʜʘʝʤʳʝ ʧʨʠ 

ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʲʝʤʝ ʢʨʦʚʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʜʚʠʛʘ-

ʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʨʠʪʨʦʮʠʪʦʚ, ʢʦʪʦʨʘʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʩʣʠʧʘʥʠʶ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʫʧʨʘʚʣʷʶʱʝʡ ʨʦʣʠ ʧʨʠʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʬʘʢʪʦʨʘ, ʦʩ-

ʥʦʚʘʥʥʳʝ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟ-

ʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʘʨʫʰʝʥʠʷʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ. 

 

ʇʨʠʤʝʯʘʥʠʝ 
1 ʈʘʜʠʦʠʟʣʫʯʝʥʠʝ ʉʦʣʥʮʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʦʪ ɚ = 8 ʤʤ ʜʦ ɚ = 15 ʤ. ʂʦʨʦʪʢʦʚʦʣ-

ʥʦʚʘʷ ʛʨʘʥʠʮʘ ʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝʤ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ H2O ʠ ʢʠʩʣʦʨʦʜʘ O2, ʘ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ï 

ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʠʦʥʦʩʬʝʨʳ. 
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Abstract. The article deals with the idea of using stimulated solar radiation of microwave band for body bal-

ance control and its recovery after various injuries. The experiment description on the evaluation of influence of 

abovementioned radiation on the process of red cell disaggregation is considered. The results of conducted experi-

mental study have shown high efficiency of red cell disaggregation aimed at the improvement of blood rheological 

properties. 
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Abstract. The paper presents the research results on the development of microencapsulated attractants capable 

to dose an active ingredient at a predetermined concentration and time schedule. This feature allows them to solve the 

problem of long-term isolation in doses that ensure effective involvement of insect pests in pheromone traps for their 

subsequent destruction. The data of biological tests show that with the same application rate by microencapsulation the 

duration of attractants effect can be increased several times. This provides a reduction in the consumption of phero-

mones to avoid environmental implications associated with their adverse effects. 

Keywords: pheromones, attractant activity, prolonged action. 

 

Nowadays due to advances in the creation of polymeric materials with specific functional properties, polymer 

systems and devices with controlled release are intensively developed. Such systems when placed in action environment 

release substances at a preset concentration and time schedule. 

Studies on development of such systems are among the most promising and popular areas of science and tech-

nology in the industrialized countries. One of the options of excretory systems are microcapsules (MC), where the en-

capsulated substance is enclosed in a polymeric shell serving as a membrane through which release occurs by the diffu-

sion mechanism. 

The introduction of food reserves security technologies based on microencapsulated biochemistry protection 

means is of great interest. Biochemical microencapsulated forms based on pheromones are able to dose attractant for a 

long length of time in amounts that cause an effective attraction of insect pests in pheromone traps at a constant release 

rate [1]. 

This paper addresses creation of a micro-encapsulated form of the pheromone with sustained (prolonged) re-

lease. This substance (4R, 8R)-4.8-dimetyl decanal is a synthetic analogue of the natural aggregation pheromone de-

signed to combat cucuid beetles and tenebrionid beetles while storage of grain stocks. Synthesis of pheromone is devel-

oped in N.D. Zelinsky Institute of Organic Chemistry [2]. According to the represented data, 4.8-dimetyl decanal is a 

sensitive compound, prone to decomposition when heated to 120-140 ÜC, photochemical oxidation, polymerization. 

Keeping the pheromone in the absence of lighting, as a solution in saturated hydrocarbons, constrains its decomposition. 

Thereby, the most stable form of pheromone is a hexane solution 4.8-dimetyl decanal with a concentration of 10-50 

mg/ml. Maximum attractant activity for T confusum beetles is achieved in the range of daily doses of about 10 

mg/dispenser (Figure 1). 

 

 
 

Fig. 1. Dependence of attraction of T confusum beetles on the dose of the attractant 

 

Preparation of microcapsules was carried out by double dispersion method with obtaining shells from ethyl cel-

lulose [3]. Kaolin granules with carboxymethylcellulose (Na-KMTS) impregnated with dimetyl decanal solution in n-

hexane was microencapsulated. The size of granules, constituting 50-500 microns, determined the size of microcap-

sules. Release of tested MC of 100-200 microns was carried out by fractioning using a standard set of sieves. 
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A distinctive feature of pheromones action is their ability to exercise attractant activity at strong preset concen-

tration of the active substance. Increasing as well as reducing of pheromone doses results in disorientation of species 

and can cause lack of their attraction. In this regard, for MC composition (Table 1) biological tests of pheromone micro-

capsules were carried out to fix an optimal dose of pheromone in capsules (Figure 2). 

 

Table 1 

Composition of microencapsulated form of pheromone based on ethyl cellulose 
N Name of the component Weight content, % 

1. 4.8- dimethyldecanal 0.05 

2. kaolin granules 94.29 

3. ethyl cellulose 5.66 

 

 
 

Fig. 2. Dependence of attraction of T confusum beetles on a dose of pheromone in the composition of a microencapsulated form 

 

Biological tests were carried out in the olfactometer made of organic glass as a parallelepiped 1300 x 200 x 

150 mm. In the middle of the device, there was a through-hole with the diameter of 30 mm. Under the hole there were 

glass cups for gathering attracted insects (traps). The pheromone in a certain dose was placed over the hole of the olfac-

tometer. Attractant activity was determined on a mixed-sex population of Tconfusum adults in the olfactometer at free 

movement of beetles at temperature 25-27 ÜC during the day in the dark. For the reliability of the results obtained six-

time frequency of definitions was carried out. Maximum attractant activity was achieved when the content of phero-

mone was 600 micrograms (MC mass is 1.20 g). That is, taking into account equal rates of the pheromone emission 

from capsules, the optimum concentration was achieved at the established MC weight. 

Capsules with the above composition were prepared taking into account the daily dose of 4.8-dimetyl decanal 

ensuring effective action. So, at the dose of pheromone of 600 mcg the calculated release duration at a constant rate will 

be: 600/10 = 60 days. 

As noted above, 4.8-dimetyl decanal is prone to polymerization, isomerization, oxidation. Figure 3 shows de-

pendence of microencapsulated pheromone in comparison with hexane solution. 

 

 
 

Fig. 3. Dependence of the degree of attraction of T confusum beetles on time for liquid (1) and microencapsulated (2) pheromone 
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Test results indicate that the encapsulated pheromone for 16 days retained 52 % of its activity, whereas the 

standard pheromone completely lost its activity after a week. Obviously, MC shells serve as a protection of the phero-

mone from degradation and chemical transformation. 

CONCLUSION 

These findings of studies of the pheromone in a microencapsulated form show its high efficiency and the pos-

sibility of permanent, sustained release of the attractant with achievement of required emission rate mode. Obviously, 

while adjusting MC particle-size indexes (size, shell thickness, surface area of capsules), and shell permeability (using 

different polymers), the optimal rate of the pheromone release can be obtained. Thus, as can be seen, the duration of the 

pheromone release depends on its initial amount, and release rate. 

The biological tests results evidence the protective effect of MC shells and a substantial increase in the effi-

ciency of the pheromone in the encapsulated form. However, the stability of the original attractant does not enable pro-

longed action to calculated three months yet. 
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ʕʂʆʃʆɻʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ ɿɸʑʀʊʓ ʇʀʑɽɺʓʍ ʇʈʆɼʋʂʊʆɺ 
 

ɸ.ɺ. ɼʠʜʝʥʢʦ1, ɺ.ʉ. ʃʠʪʚʠʰʢʦ2, ʊ.ɺ. ʄʷʩʢʦʚʩʢʘʷ3 

1 ʩʪʫʜʝʥʪ, 2 ʜʦʮʝʥʪ, 3 ʘʩʩʠʩʪʝʥʪ 

ʌʘʢʫʣʴʪʝʪ ʵʢʦʥʦʤʠʢʠ ʪʦʨʛʦʚʣʠ ʠ ʪʦʚʘʨʦʚʝʜʝʥʠʷ, 

ʈʦʩʩʠʡʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ɺ. ʇʣʝʭʘʥʦʚʘ (ʄʦʩʢʚʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ 

ʘʪʪʨʘʢʪʘʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʦʟʠʨʦʚʢʫ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. ʕʪʘ ʠʭ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʜʣʠʪʝʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʚ ʜʦʟʘʭ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʚʣʝʯʝʥʠʝ ʚʨʝʜʠʪʝʣʝʡ-ʥʘʩʝʢʦʤʳʭ ʚ ʬʝʨʦʤʦʥʦʚʳʝ ʣʦʚʫʰʢʠ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩ-

ʪʨʝʙʣʝʥʠʷ. ɼʘʥʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʥʦʨʤʝ ʚʥʝʩʝ-

ʥʠʷ ʟʘ ʩʯʝʪ ʤʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʘʪʪʨʘʢʪʘʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʬʝʨʦʤʦʥʦʚ, ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʨʦʤʦʥʳ, ʘʪʪʨʘʢʪʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʦʣʦʥʛʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ. 
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Abstract. The article focuses on the stages of the formation of clonal structure of forest shrubs on the example 

of such species as Calluna vulgaris (L.) Hull, Vaccinium myrtillus L.,Vaccinium vitis-idaea L. The placement of partial 

bushes of different ontogenetic states inside a clone has been determined, and the ontogenetic indexes have been calcu-

lated. It has been found that these types of dwarf subshrubs accelerate clonal structures corresponding to particular 

theoretical clonal models. 

Keywords: populations, clones, partial bushes, age state. 
 

Clones are an important structural component of the herbaceous and subshrub layer of forest phytocenoses. 

The stability of clones is largely determined by the fact that in the early stages of the ramet formation they receive the 

necessary organic matters from genet and therefore are much more stable than regular shoots and sprouts. Thus, the 

structure of clones, the rate of their formation and stability are not the same [4] in clone plants with different ways of 

vegetative reproduction (rhizomes, mustache, stolons, root sprouts, etc.). 

Wide-spread occurrence of vegetative mobile plants which form clones in forest ecosystems suggests that live 

ground cover of the forests is mosaic, spotted, uneven.  

During his research, population with fewer individuals was believed to thrive because each of them would re-

ceive more resources. That is, population would grow slower when the number of individuals is greater in it and faster 

when the number of individuals is smaller. However, V. Alleeôs research proves that when the population size decreas-

es, the same happens with the number of possible pairs, and therefore the growth is slower. 

The study of the clones of plant populations of forest subshrubs in North-Eastern Ukraine was conducted by to-

tal mapping of the area occupied by a clone. The entire area occupied by a clone was broken into squares (50x50 cm). 

For each square horizontal projection was made, on which the location of partial bushes of the investigated species, 

their number and age state of each were indicated. After that, the litter and surface soil were removed, and the position 

of rhizomes was marked in the scheme, being made. 

A detailed analysis of the clonal formation and structure was made for a model group of subshrubs, such as Cal-

luna vulgaris (L.) Hull, Vaccinium myrtillus L., Vaccinium vitis-idaea L. The list and main features of phytocenoses, in 

which the study of clones of model plants of herbaceous and subshrub layer has been conducted, are given in Table 1. 

Clones are significantly different from each other by the ratio of partial bushes of different age, and the loca-

tion of bushes of different age is not accidental within each clone. To estimate the total age state of clones we have 

developed the three new indexes: the index of recovery (Irecov), the index of aging (ɯag.) and the index of generativity 

(ɯgenerat.), based on the approaches of M. V. Glotova [3].  
 

Table 1 

Brief geobotanical characteristics 

of forest associations with participation of herbaceous and subshrub layer dominants 

Number and name of association 
Stand 

composition 
Stand density 

Average 

stand age, 

year 

Average 

stand height, 

m 

Average 

projective cover 

of dominant % 

Calluna vulgaris 

ɯ. Betuleto-Pinetum callunosʦ-

myrtillosum 
8ʉ2B 0.5 48 20 30 

ɯɯ. Pinetum callunosʦ-hylocomiosum 10Z+BI 0.5 50 21 25 

ɯɯɯ. Querceto-Pinetum callunosʦ-

hylocomiosum 
9ʉ1D 0.4 45 18 35 

Vaccinium myrtillus 

I. Pinetum myrtilloso-hylocomiosum 10Z+D 0.6 64 25 40 

II. Pinetum molinioso-myrtillosum 10ʉ 0.4 57 23 60 

III. Querceto-Pinetum myrtillosum 7ʉ3D 0.7 55 18 50 

IV. Betuletum molinioso-myrtillosum 8B2ʉ 0.5 59 20 55 

V. Betuleto-Pinetum franguloso-

myrtillosum 
7ʉZB+D 0.8 56 21 45 

Vaccinium vitis-idaea 

ɯ. Pinetum vaccinioso-myrtillosum 10Z+BI 0.4 51 22 40 

ɯɯ. Betuleto-Pinetum vaccinioso-

myrtillosum 
6ʉ4B 0.6 50 24 45 

                                                           
É Kovalenko I.N. / ʂʦʚʘʣʝʥʢʦ ʀ.ʅ., 2015 
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End of table 1 
Number and name of association 

Stand 

composition 
Stand density 

Average 

stand age, 

year 

Average 

stand height, 

m 

Average 

projective cover 

of dominant % 

Vaccinium vitis-idaea 

ɯɯɯ. Querceto-Pinetum vaccinioso-

myrtillosum 
8ʉ2D+BI 0.7 55 25 50 

IV. Pinetum vaccinioso-hylocomiosum 9ʉ1D 0.6 48 21 40 

 

Calluna vulgaris. Specific procumbent axial formation (procumbent stem) plays the leading role in making 

subshrub form of C. vulgaris growth in the forest ecosystems. They are usually formed by the development of lateral 

branches. Under the conditions of forest ecosystems in North-Eastern Ukraine, C. vulgaris bushes form on average 3-5 

procumbent stems that grow from a small stem up to 6 cm in length under the soil.  

M.T. Mazurenko and O.P. Khokhryakov [5] define the following phases in the ontogeny of heather: 1) primary 

branch with short offshoots (first 3-5 years); 2) development of elongated offshoots (the lower of which can be growth, 

long, plagiotropic; 3) lodging and rooting of the main branches, sympodial branching; 4) the formation of a clone.  

Under our conditions C. vulgaris is typically vegetative half-creeping, half-sprawl subshrub, the main structur-

al and biological elements of bushes of which are plagiotropic stems. Adventitious roots are formed on the nodes of 

these stems, and axillary buds of vertical stems form a new partial bush. Stems with orthotropic shoots form C. vulgaris 

clones. 

We have managed to distinguish the five clones of heather of different ages in various associations. Under the 

conditions of the National Nature Park, heather clones have a diameter of 7 to 10 m, rarely up to 15-18 m. Partial bush-

es are sparsely arranged in them. Their average density does not exceed 15-20 partial bushes per 1m2. They are usually 

only 8-12 pieces / m2. Within a radius of a clone, partial density of heather bushes is reduced on average from 4.0-4.5 to 

0.5 pieces on the investigated plot.  

Depending on the age of a heather clone, the ratio of partial bushes of different age is not the same within each 

clone. Young clones are characterized by high value of the index of recovery and the reduced index of aging. Their in-

dex of recovery is 56 % and 68 %, index of aging is 0 % and 9 % respectively. In older clones, the index of aging 

reaches 50 % at an even greater decrease in the index of recovery. We have not identified very old clone of heather in 

the investigated associations. 

Based on changes in the density of partial bushes and their age state, the clone area can be divided into the 

three zones: central, intermediate and peripheral. In the middle-aged clone, the central zone consists mainly of partial 

bushes of old generative and post-generative age state (a population of partial bushes of regressive type). The interme-

diate zone consists of partial bushes of generative and old vegetative age state (a population of partial bushes of normal 

type). And the peripheral zone is represented mainly by pre-generative partial bushes (a population of partial bushes of 

invasive type). The boundaries among them, of course, have a fuzzy nature, but the areas are significantly different 

from each other. As in the other investigated clonal plants with vegetative overgrowth, partial heather bushes of differ-

ent age state are quite naturally placed in clones.  

Vaccinium myrtillus. In the forests of North-Eastern Ukraine blueberry is mainly reproduced vegetatively 

through rhizomes. Assimilating shoots that emerge from rhizomes further grow sympodially.  

The eleven blueberry clones of different ages have been distinguished. A detailed analysis has been made for 

the six clones. It shows that the formation of V. myrtillus clone begins with the creation of daughter partial bushes 

around the primary bush, and these daughter partial bushes, in turn, form stems for disseminule, give rise to other partial 

bushes, etc. This process is characterized by changing the type of subpopulations of partial bushes (Zlobin, 1961). 

The above scheme of the formation of blueberry clones corresponds to their overall development in the forests 

of the investigated region. The blueberry clones have a diameter of 15-30 m. With age, their size typically increases. In 

North-Eastern Ukraine the density of clones of partial bushes can reach 150-200 pieces / m2. They are the most densely 

populated clones, in comparison with other clonal plants of herbaceous and subshrub layer. This feature of blueberry 

clones is related to long-term preservation of viable rhizomes, leading to increased physiological integrity of a clone, 

which allows to reallocate resources among ramets. Blueberry clones are characterized by a significant reduction in the 

density of partial bushes from the center to the periphery of a clone. On average, the density decreases from 35-40 piec-

es / bushes on the investigated plots in the center of a clone to 1-3 on its edges. 

The investigated six blueberry clones had different age-related changes. Clone No. 1 can be estimated as 

young. It has the highest index of recovery and the minimum value of the index of aging (65.5 and 11.1 % respectively) 

with the smallest diameter. These clones are characteristic for the association of Querceto-Pinetum myrtillosum. Clone 

No. 6 with Pinetum molinioso-myrtillosum is the oldest, its index of recovery decreased to 24.7 %, while index of aging 

increased to 52.2 %. The clone grows actively in light areas. Other clones can be assessed as middle-aged.  

As a result of generalization of the conducted population studies of V. myrtillus clones in the forests of North-

Eastern Ukraine, the four models of clonal structure were created that differed in the ratio of partial bushes of different 

age condition and their location. 

Vaccinium vitis-idaea. In the forests of North-Eastern Ukraine, the main way of dissemination of V. vitis-idaea 
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populations is vegetative reproduction due to the formation of new individuals from lateral buds located on the rhi-

zomes. Partial bushes and underground horizontal stems together produce V. vitis-idaea clones. Clones of clusterberry 

are loose, often fuse and interpenetrate each other [6]. 

The six clusterberry clones of different age were distinguished. The analysis has shown that the formation of V. 

vitis-idaea clone begins with the creation of daughter partial bushes around the primary bush, and these daughter partial 

bushes, in turn, form stems for disseminule, give rise to other partial bushes, etc. In the investigated forest associations, 

the isolated clusterberry clones had a diameter of 15 to 30 m with more or less rounded-elliptical shape. The density of 

partial bushes in these clones was somewhat different, but on average was at the level of 120-180 pieces / m2. In all 

clones, the density decreased from the center to the periphery of a clone. Aging of clones was different. There were two 

young, two middle-aged and two old clones among the six described and mapped clusterberry clones. Young clones had 

the index of recovery at the level of 54-66 %, and the index of aging of 9-14 %. In older clones, the index of aging was 

at the level of 46 %, and the index of recovery ï 14-17 %. Other clones had intermediate values of these indexes. In the 

forests of the National Nature Park ñDesniansko-Starogutskyò we have not found the clusterberry clones, which are in 

aging degradation. Clusterberry clones ranked ñoldò had the index of generativity not less than 60 %. 

Partial bushes of different age condition were placed quite naturally in each clone area that allowed us to devi-

de clusterberry clones into the three concentric zones: central, intermediate and peripheral. Young V. vitis-idaea clones 

are characterized by the presence of up to 40 % of immature and virginal partial bushes in the central zone, in the mid-

dle-aged clones the population peak of partial bushes is intermediate zone shifted. The old clones are dominated by (30-

60 %) partial bushes of old generative, subsenile and senile age state from the central to the peripheral zone. In the mid-

dle-aged clones the central zone is composed of partial bushes of old generative and post-generative age state. 

The intermediate zone consists of partial bushes of generative and old vegetative age state (subpopulation of 

partial bushes of normal type). Mainly pre-generative partial bushes (subpopulation of partial bushes of invasive type) 

represent the peripheral zone. 

In the forests of North-Eastern Ukraine, forest subshrubs of Calluna vulgaris (L.) Hull, Vaccinium myrtillus L., 

Vaccinium vitis-idaea L. act as key edificatory species of live ground cover and largely determine the self-recovery of 

forest forming tree species and the stability of the forest ecosystems as a whole. It has been found that these types of 

subshrubs form clonal structures that correspond to one or another of the theoretical clonal models. This is an assess-

ment of aging and clonal structural features of the investigated plant species.  
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ʆʉʆɹɽʅʅʆʉʊʀ ʂʃʆʅʆɺʆʁ ʉʊʈʋʂʊʋʈʓ ɼʆʄʀʅɸʅʊʆɺ 

ʂʋʉʊɸʈʅʀʏʂʆɺʆɻʆ ʗʈʋʉɸ ʃɽʉʅʓʍ ʕʂʆʉʀʉʊɽʄ 
 

ʀ.ʅ. ʂʦʚʘʣʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʵʢʦʣʦʛʠʠ ʠ ʙʦʪʘʥʠʢʠ 

ʉʫʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʦʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʣʝʩʥʳʭ ʢʫʩʪʘʨʥʠʯʢʦʚ 

ʥʘ ʧʨʠʤʝʨʝ ʪʘʢʠʭ ʚʠʜʦʚ: Calluna vulgaris (L.) Hull, Vaccinium myrtillus L., Vaccinium vitis-idaea L. ʆʧʨʝʜʝʣʷʣʠ 

ʨʘʟʤʝʱʝʥʠʝ ʧʘʨʮʠʘʣʴʥʳʭ ʢʫʩʪʦʚ ʨʘʟʥʳʭ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʚʥʫʪʨʠ ʢʣʦʥʘ, ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʷʣʠ ʦʥ-

ʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʠʥʜʝʢʩʳ. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʵʪʠ ʪʠʧʳ ʧʦʣʫʢʫʩʪʘʨʥʠʯʢʦʚ ʬʦʨʩʠʨʫʶʪ ʢʣʦʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤ ʠʣʠ ʠʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʢʣʦʥʦʚʳʤ ʤʦʜʝʣʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʧʫʣʷʮʠʠ, ʢʣʦʥʳ, ʧʘʨʮʠʘʣʴʥʳʝ ʢʫʩʪʳ, ʚʦʟʨʘʩʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
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ʋɼʂ 595.767.18 

 

ʉʆɿʆʃʆɻʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɾʋʂʆɺ ʄɽʈʊɺʆɽɼʆɺ 

(SILPHIDAE , COLEOPTERA) ʎɽʅʊʈɸʃʔʅʆɻʆ ʇʈɽɼʂɸɺʂɸɿʔʗ 
 

 ʉ.ɺ. ʇʫʰʢʠʥ1, ɼ.ʄ. ʄʠʥʘʚ2 
1 ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨ 

ʂʘʬʝʜʨʘ ʙʦʪʘʥʠʢʠ, ʟʦʦʣʦʛʠʠ ʠ ʦʙʱʝʡ ʙʠʦʣʦʛʠʠ, 

ʀʥʩʪʠʪʫʪ ʞʠʚʳʭ ʩʠʩʪʝʤ, 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʪʘʚʨʦʧʦʣʴ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ ʩʦʟʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʘʫʥʳ ʞʫʢʦʚ ʤʝʨʪʚʦʝʜʦʚ ʎʝʥʪʨʘʣʴʥʦʛʦ ʇʨʝʜʢʘʚʢʘʟʴʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʨʠʮʳ ʉʘʢʩʦʥʦʚʘ ʈʦʟʝʥʙʝʨʛʘ. ɺʳʷʚʣʝʥʳ 3 ʚʠʜʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ 

ʚʢʣʶʯʝʥʠʷ ʚ ʨʝʛʠʦʥʘʣʴʥʫʶ ʂʨʘʩʥʫʶ ʢʥʠʛʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʎʝʥʪʨʘʣʴʥʦʝ ʇʨʝʜʢʘʚʢʘʟʴʝ, ʞʫʢʠ-ʤʝʨʪʚʦʝʜʳ (ʉoleoptera; Silphidae). 

 

ʇʨʦʙʣʝʤʘ ʦʪʙʦʨʘ ʚʠʜʦʚ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʨʝʛʠʦʥʘʣʴʥʳʝ ʂʨʘʩʥʳʝ ʢʥʠʛʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʘʢʪʫʘʣʴʥʘ. ɺ ʧʦ-

ʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʙʲʝʢʪʠʚʠʟʘ-

ʮʠʠ ʢʦʥʝʯʥʳʭ ʧʝʨʝʯʥʝʡ ʦʭʨʘʥʷʝʤʳʭ ʚʠʜʦʚ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʩʪʦʠʪ ʧʨʠ ʦʪʙʦʨʝ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ 

ʞʠʚʦʪʥʳʭ ʚ ʩʚʷʟʠ ʩʦ ʩʣʘʙʦʡ ʩʪʝʧʝʥʴʶ ʠʟʫʯʝʥʥʦʩʪʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠ-

ʜʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʘʫʥʫ ʢʦʥʢʨʝʪʥʳʭ ʩʫʙʲʝʢʪʦʚ ʈʌ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʦʟʦʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʳʭ ʬʘʫʥʠʩʪʠʯʝ-

ʩʢʠʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ ʨʝʜʣʠʩʪʠʥʛʝ, ʚʢʣʶʯʘʷ ʚʘʞʥʝʡʰʠʡ ʵʪʘʧ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ (ʠʣʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ) ʧʝʨʝʯʥʷ ʦʭʨʘʥʷʝʤʳʭ ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʩʪʘʪʫʩʘ 

ʚ ʤʘʩʰʪʘʙʝ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ. ɸʨʝʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʯʝʰʫʝʢʨʳʣʳʭ ɽʚʨʦʧʳ ʠ ʋʢʨʘʠʥʳ 

(5,7), ʤʝʪʘʘʥʘʣʠʟ ʨʝʘʣʠʟʦʚʘʥ ʥʘʤʠ ʜʣʷ ʨʷʜʘ ʦʭʨʘʥʷʝʤʳʭ ʥʘʩʝʢʦʤʳʭ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʝʚ, 

ʈʝʩʧʫʙʣʠʢʠ ɸʜʳʛʝʷ, ʢʨʠʪʝʨʠʠ ʄʉʆʇ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ [8] ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ [4] ʜʣʷ ʥʘʩʝʢʦʤʳʭ 

ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ [1] ʜʣʷ ʢʦʛʦʨʪʳ ʦʭʨʘʥʷʝʤʳʭ ʞʝʩʪʢʦʢʨʳʣʳʭ. ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʠʢʠ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʩʚʷʟʘʥʥʳʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʜʝʪʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʶ ʚ ʨʝʛʠʦʥʝ ʠ, ʦʪʯʘʩʪʠ, ʩ ʧʦʯʪʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʙʠʦʪʦʧʘʭ. 

ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʩʦʟʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʟʦ-

ʣʦʛʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʉʘʢʩʦʥʦʚʘ ʈʦʟʝʥʙʝʨʛʘ [10]. 

ʀʥʪʝʛʨʘʣʴʥʘʷ ʩʦʟʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʠʜʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʙʘʣʴʥʦʡ ʦʮʝʥʢʠ ʥʘ ʚʝʩ 

ʧʨʠʟʥʘʢʘ ʩ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʫʯʝʪʦʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʩʦʩʪʦʷʥʠʠ 

ʚʠʜʘ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʚʝʩʘ ʧʨʠʟʥʘʢʘ ʧʨʠʚʝʜʝʥʦ ʚ ʦʪʜʝʣʴʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ [2, 

3, 9]. 

ʌʘʫʥʘ ʞʫʢʦʚ ʤʝʨʪʚʦʝʜʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʇʨʝʜʢʘʚʢʘʟʴʝ ʥʘʩʯʠʪʳʚʘʝʪ 23 ʚʠʜʘ. ɺʩʝ ʚʠʜʳ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʬʘʫʥʳ ʤʝʨʪʚʦʝʜʦʚ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʦ 12 ʢʨʠʪʝʨʠʷʤ ʰʢʘʣʳ [6-9, 11-13]. 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʩʦʟʦʣʦʛʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʚʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʙʘʣʴʥʦʡ ʦʮʝʥʢʠ ʥʘ ʚʝʩ ʧʨʠ-

ʟʥʘʢʘ ʩ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʚʥʦʤʝʨʥʦʡ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʰʢʘʣʳ: ʫʛʨʦʞʘʝʤʳʝ ʚʠʜʳ (ʠʥʪʝʨʚʘʣ 102 ï 136 ʙʘʣʣʦʚ), ʨʝʜʢʠʝ ʚʠʜʳ (68 ï 101) ʠ ʥʝʫʛʨʦʞʘʝʤʳʝ ʚʠʜʳ (ʤʝʥʝʝ 68 

ʙʘʣʣʦʚ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢ ʢʘʪʝʛʦʨʠʠ ʫʛʨʦʞʘʝʤʳʭ ʚʠʜʦʚ ʦʪʥʦʩʠʪʩʷ ʣʠʰʴ ʦʜʠʥ ʚʠʜ 

Nicrophorus germanicus (L., 1758), ʘ Ablattaria laevigata ï ʚʢʣʶʯʝʥ ʚ ʨʝʛʠʦʥʘʣʴʥʳʝ ʢʨʘʩʥʳʝ ʢʥʠʛʠ [6, 8, 9]. ʂ 

ʛʨʫʧʧʝ ʥʝʫʛʨʦʞʘʝʤʳʭ ʚʠʜʦʚ ʦʪʥʝʩʝʥʦ 15 ʚʠʜʦʚ. ʆʩʪʘʣʴʥʳʝ 10 ʚʠʜʦʚ ʤʝʨʪʚʦʝʜʦʚ ʧʦʧʘʜʘʶʪ ʚ ʛʨʫʧʧʫ ʨʝʜʢʠʭ 

ʚʠʜʦʚ, ʧʨʠʯʝʤ 3 ʚʠʜʘ, ʥʘʙʨʘʚʰʠʝ ʙʦʣʝʝ 95 ʙʘʣʣʦʚ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʥʦʤʠʥʘʥʪʦʚ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʂʨʘʩʥʦʡ ʢʥʠʛʠ (Dendroxena quadrimaculata, Nercodes littoralis, Thanatophilus terminates). 
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ʌɸʋʅɸ ʉʊɸʌʀʃʀʅʀɼ (COLEčPTERA, STAPHYLINIDAE) 

ʆʂʈɽʉʊʅʆʉʊɽʁ ʉʊɸɺʈʆʇʆʃʗ (ʉʊɸɺʈʆʇʆʃʔʉʂʀʁ ʂʈɸʁ) 
 

 ʉ.ɺ. ʇʫʰʢʠʥ1, ɼ.ʄ. ʄʠʥʘʚ2 
1 ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨ 

ʂʘʬʝʜʨʘ ʙʦʪʘʥʠʢʠ, ʟʦʦʣʦʛʠʠ ʠ ʦʙʱʝʡ ʙʠʦʣʦʛʠʠ, 

ʀʥʩʪʠʪʫʪ ʞʠʚʳʭ ʩʠʩʪʝʤ, 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʪʘʚʨʦʧʦʣʴ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʙʦʨʦʚ ʞʝʩʪʢʦʢʨʳʣʳʭ ʥʘʩʝʢʦʤʳʭ ʦʢʨʝʩʪʥʦʩʪʝʡ ʛʦʨʦ-

ʜʘ ʉʪʘʚʨʦʧʦʣʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʬʘʫʥʠʩʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʪʘʬʠʣʠʥʠʜ. ʀʟ 350 ʵʢʟʝʤʧʣʷʨʦʚ ʞʫʢʦʚ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘ-

ʥʦ 49 ʚʠʜʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʤ ʢ 26 ʨʦʜʘʤ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʣʝʦʧʪʝʨʦʢʦʤʧʣʝʢʩʘ ʨʘʟʜʝʣʝʥʳ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʛʨʫʧʧʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʬʠʣʠʥʠʜʳ, ʵʢʦʣʦʛʠʷ, ʵʥʪʦʤʦʬʘʫʥʘ, ʉʪʘʚʨʦʧʦʣʴ. 

 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ Staphylinidae ï ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ ʩʝʤʝʡʩʪʚʦ ʧʦʯʚʦʦʙʠʪʘʶʱʠʭ ʞʝʩʪʢʦʢʨʳʣʳʭ ʉʪʘʚʨʦʧʦ-

ʣʴʷ [9, 10]. ʈʦʣʴ ʩʪʘʬʠʣʠʥʠʜ ʢʘʢ ʩʘʤʦʛʦ ʤʥʦʛʦʯʠʩʣʝʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʩʪʘʬʠʣʠʥʦʤʦʨʬʥʳʭ ʞʝʩʪʢʦʢʨʳʣʳʭ ʙʝʟ-

ʫʩʣʦʚʥʦ ʚʝʣʠʢʘ, ʦʜʥʘʢʦ, ʵʪʦ ʦʜʥʘ ʠʟ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʭ ʛʨʫʧʧ ʞʝʩʪʢʦʢʨʳʣʳʭ ʇʨʝʜʢʘʚʢʘʟʴʷ [5, 6, 8]. ʉʪʘʚʨʦ-

ʧʦʣʴ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʪʳʢʝ ʨʘʟʥʳʭ ʙʠʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ [6], ʥʦ ʦʪʩʫʪʩʪʚʠʝ ʪʦʯʥʳʭ ʩʚʝʜʝʥʠʡ ʧʦ ʬʘʫʥʝ 

ʩʪʘʬʠʣʠʥʠʜ ʦʢʨʝʩʪʥʦʩʪʝʡ ʉʪʘʚʨʦʧʦʣʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ ʢʨʫʧʥʝʡʰʝʝ ʩʝʤʝʡʩʪʚʦ ʞʫʢʦʚ ʚ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʩʪʘʥʦʚʣʝʥʠʷ ʵʥʪʦʤʦʬʘʫʥʳ ʚʩʝʛʦ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ [6, 8]. 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʩʙʦʨʳ ʘʚʪʦʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ 2011-2015 ʛ. ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. 

ʉʪʘʚʨʦʧʦʣʷ. ʆʙʨʘʙʦʪʘʥʳ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʢʦʣʣʝʢʮʠʠ ɿʦʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʉʂʌʋ (ʛ. ʉʪʘʚʨʦʧʦʣʴ) ʠ ʣʠʪʝ-

ʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ [1-10]. ʉʦʙʨʘʥʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʭʨʘʥʷʪʩʷ ʚ ʤʫʟʝʝ ʉʂʌʋ. ʅʠʞʝ ʥʘʤʠ ʧʨʠʚʦʜʠʪʩʷ ʚʠʜʦʚʦʡ 

ʩʦʩʪʘʚ. 

ɺʳʷʚʣʝʥʥʳʝ ʚʠʜʳ: Emus hirtus Linnaeus, 1758; Philonthus succiola Thomson, 1880; Ph. varians Paykull, 

1789; Ph. corruscus Gravenhorst, 1802; Ph. caucasicus Nordman, 1837; Ph. decorus Gravenhorst, 1802; Platydracus 

chalcocephalus Fabricius, 1801; Staphylinus caesareus Cederhjeim, 1798; S. erythropterus Linnaeus, 1758; Ontholestes 

murinus Linne 1758; Creophilus maxillosus Linnaeus, 1758; Ocypus nitens (Schrank, 1781); O. forficularius 

Motschulsky 1860; Quedius (Raphirus) limbatus Heer, 1839; Q. suramensis Eppelsheim, 1880; Q. fuliginosus Graven-

horst, 1802; Paederus fuscipes Curtis, 1826; Stenus argutus Puthz, 1972; S. biguttatus Linnaeus, 1758; S. comma Le 

Conte, 1863; Sepedophilus marshami (Stephens, 1832); S. testaceus (Fabricius, 1792); Tachyporus chrysomelinus Lin-

naeus, 1758; T. nitidulus (Fabricius, 1781); Lordithon thoracicus Fabricius, 1777; Anotylus sculptyratus Gravenhorst, 

1802; A. intricatus (Erichson, 1840); Oxytelus piceus (Linnaeus, 1767); Gyrophaena boleti (Linnaeus, 1758); Aleochara 

curtula (Goeze, 1777); A. (Isochara) tristis Gravenhorst, 1806; A. (Polychara) lanuginosa Gravenhorst, 1802; A. (P.) 

cuniculorum Kraatz, 1858; A. (Aleochara) lata Gravenhorst, 1802; A. laevigata Gyllenhal, 1810; Oxypoda caucasica 

Bernhauer, 1902; O. opaca (Gravenhorst, 1802); O. acuminata (Stephens, 1832); Atheta britanniae Bernhauer & 

Scheerpeltz, 1926; Ath. pseudotenera Cameron, 1933; Ath. castanoptera (Mannerheim, 1830); Ath. fungi (Gravenhorst, 

1806); Pycnota paradoxa (Mulsant & Rey, 1861); Haploglossa villosula (Stephens, 1832); H. nidicola (Fairmaire, 

1852); Nehemitropia lividipennis (Mannerheim, 1830). 

ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʥʘʠʙʦʣʴʰʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʩʪʘʬʠʣʠʥʳ ʜʦʩʪʠʛʘʶʪ ʚ ʨʷʜʝ ʵʬʝ-

ʤʝʨʥʳʭ ʩʫʙʩʪʨʘʪʦʚ (ʢʦʧʨʦ- ʠ ʥʝʢʨʦʙʠʦʥʪʳ), ʘ ʪʘʢʞʝ ʚ ʧʦʯʚʝ ʠ ʥʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʵʬʝ-

ʤʝʨʥʳʝ ʩʫʙʩʪʨʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʥʫʟʠʠ ʩʦ ʩʣʦʞʥʳʤʠ ʢʦʥʩʦʨʮʠʦʥʥʳʤʠ ʩʚʷʟʷʤʠ. ɺ ʪʨʦʬʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʜʦʤʠ-

ʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʷʣʠ ʟʦʦʬʘʛʠ (34 ʚʠʜʘ) ʠ ʩʭʠʟʦʬʘʛʠ (6 ʚʠʜʦʚ). ʀʟ ʠʟʚʝʩʪʥʳʭ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʚʠʜʦʚ: ʢʨʠʧʪʦʙʠʦʥʪʳ, ʩʢʚʘʞʥʠʢʠ ʠ ʩʠʤʬʠʣʳ. ʂ ʙʝʛʘʶʱʠʤ ʩʢʚʘʞʥʠʢʘʤ ʦʪʥʦʩʠʪʩʷ 26 ʚʠʜʦʚ. ʅʘʠʙʦʣʴ-

ʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʪʘʬʠʣʠʥʠʜʳ ʜʦʩʪʠʛʘʶʪ ʚ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʝ, ʘ ʪʘʢʞʝ ʚʦʟʣʝ ʚʦʜʦʝʤʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʩʪʘʬʠʣʠʥʠʜʳ ï ʥʘʟʝʤʥʘʷ ʛʨʫʧʧʘ ʞʝʩʪʢʦʢʨʳʣʳʭ, ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ ʛʫʤʠʜʥʳʤ ʤʝʩʪʦʦʙʠʪʘʥʠʷʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʧʝʨʚʳʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʞʫʢʦʚ ʩʪʘʬʠʣʠʥʠʜ 

ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ [1, 2, 4, 6, 7] ʬʘʫʥʘ Staphylinidae ʦʢʨʝʩʪʥʦʩʪʝʡ ʉʪʘʚʨʦʧʦ-

ʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 104 ʚʠʜʘʤʠ, 41 ʨʦʜʦʤ. ʈʝʜʢʠʤʠ ʚʠʜʘʤʠ ʷʚʣʷʶʪʩʷ Coprophilus striatulus, Philontus sordidus, 

Staphylinus pubescens. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʂʘʜʘʩʪʨʦʚ; ʘ ʪʘʢʞʝ ʧʨʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʂʨʘʩʥʳʭ ʢʥʠʛ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʦʭʨʘʥʷʝʤʳʭ ʚʠʜʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʩʪʘʬʠʣʠʥʠʜʳ. 
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Abstract. Results of collecting of coleopterous Beetles of Stavropol suburb are given in this article. The faunis-

tic review of road beetles is submitted. Out of 350 bugs 49 types are identified, belonging to 26 genera. Representatives 

of cole·ptera are divided into ecological groups. 
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ɺʓɹʆʈ ʆʇʊʀʄɸʃʔʅʆɻʆ ʉʈʆʂɸ ʕʂʉʇʃʋɸʊɸʎʀʀ ʀɿɼɽʃʀʁ ʄɸʐʀʅʆʉʊʈʆɽʅʀʗ 
 

 ʈ.ʍ. ɻʫʙʘʡʜʫʣʠʥʘ1, ʉ.ʀ. ʇʝʪʨʫʰʠʥ2, ɸ.ɺ. ʃʠʭʦʣʘʪ3 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 2ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 3 ʩʪʫʜʝʥʪ 

ʖʨʛʠʥʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʇʦʩʪʘʚ-

ʣʝʥʳ ʪʨʠ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʳ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦ-

ʜʠʢʘ ʦʧʪʠʤʠʟʘʮʠʠ ʵʪʘʧʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠʟʜʝʣʠʡ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠʟʜʝʣʠʡ, ʵʢʩʧʣʫ-

ʘʪʘʮʠʷ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 

 

ʇʝʨʝʭʦʜ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʫʪʴ ʧʦʩʪʘʚʠʣ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʝʨʝʜ ʧʨʦ-

ʙʣʝʤʦʡ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ [2] ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠʟʜʝʣʠʷ ʥʘ ʧʨʠʤʝʨʝ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʩʷ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʨʝʤʝʥʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʰʠʥʳ, ʢʘʢ 

çʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠʟʜʝʣʠʷè (ɾʎʀ), ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʝʪʩʷ ʧʦʣʥʳʡ ʧʝʨʠʦʜ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʡ 

ʵʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ [2, 4]. ɺ ʢʦʥʮʝʧʮʠʠ ɾʎʀ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʟ-

ʜʝʣʠʝ ʚʥʘʯʘʣʝ ʚʦʟʥʠʢʘʝʪ ʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʚ ʚʠʜʝ ʦʙʱʝʡ ʠʜʝʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʚʦʧʣʦʱʘʝʪ-

ʩ̫  ʚ ʢʦʤʧʣʝʢʪ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʨʝʰʘʝʪʩʷ ʧʝʨʚʘʷ ʟʘ-

ʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠʟʜʝʣʠʷ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ɾʎʀ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʘʜʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʰʠʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʝʨʠʡʥʦʩʪʴʶ 

ʚʳʧʫʩʢʘ. ʇʨʠ ʵʪʦʤ ʚʩʪʘʝʪ ʚʪʦʨʘʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʩʝʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ 

ʠʟʜʝʨʞʝʢ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʧʝʨʝʭʦʜ ʢ ʚʳʧʫʩʢʫ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ʇʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʠʟʜʝʣʠʷ ʥʘ ʨʳʥʢʝ ʥʘʩʪʫʧʘʝʪ ʵʪʘʧ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫ ʧʦʪʨʝʙʠʪʝʣʷ, ʠʥʪʝʨʝʩʳ ʢʦʪʦʨʦʛʦ 

ʪʨʝʙʫʶʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʨʝʪʴʝʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ï ʤʠʥʠʤʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʫʩʪʘʥʦʚʣʝ-

ʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʢʦʪʦʨʦʛʦ ʠʟʜʝʣʠʝ ʧʦʜʣʝʞʠʪ ʟʘʤʝʥʝ ʥʘ ʥʦʚʦʝ ʠ ʧʨʦʠʩʭʦ-

ʜʠʪ ʝʛʦ ʫʪʠʣʠʟʘʮʠʷ.  

ʇʦʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʪʨʠ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ɾʎʀ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʝʨʘʚʥʦʟʥʘʯ-

ʥʳ. ʆʜʥʘʢʦ, ʪʨʝʪʴʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ (ʦʧʪʠʤʠʟʘʮʠʷ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʠ ʦʧʨʝʜʝʣʷʶ-

ʱʝʡ ʚ ʩʦʟʜʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ, ʘ ʜʚʝ ʧʝʨʚʳʝ ï ʥʦʩʷʪ ʧʦʜʯʠʥʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʪʨʝʙʠʪʝʣʴ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʣʫʯʘʝʪ ʧʦʣʝʟʥʳʡ ʵʬʬʝʢʪ ʦʪ ʝʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʥʝʩʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, ʢʦʪʦʨʳʝ ʜʝʣʷʪʩʷ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠ ʪʝ-

ʢʫʱʠʝ [3]. ʂ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʧʦʪʨʝʙʠʪʝʣʷ ʦʪʥʦʩʷʪʩʷ ʩʪʦʠʤʦʩʪʴ ʠʟʜʝʣʠʷ (ʝʛʦ ʮʝʥʘ) ʠ ʠʟʜʝʨʞʢʠ, ʥʝʦʙ-

ʭʦʜʠʤʳʝ ʥʘ ʤʦʥʪʘʞ ʠ ʟʘʧʫʩʢ ʠʟʜʝʣʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʊʝʢʫʱʠʝ ʠʟʜʝʨʞʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ ʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʪʦʧʣʠʚʦ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʟʘ-

ʧʘʩʥʳʝ ʯʘʩʪʠ ʠ ʪ.ʧ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʟʜʝʣʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʦʙʱʝ-

ʠʟʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ ʛʦʜʦʚʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ [3]: 

 

                                                                      ɿ ʉ ɽ ʂ= + Ö, ʛʦʜʨʫʙ/ ,                                                            (1) 

 

ʛʜʝ ʉ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ, ʛʦʜʨʫʙ/ ; ʂ ï ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʥʘ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʠʟʜʝʣʠʷ, ʨʫʙ.; ɽ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦ-

ʞʝʥʠʡ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʜʦʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʢʘʣʝʥʜʘʨʥʳʡ ʛʦʜ ʠ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʛʦʜ/1 , ʪʦ ʝʩʪʴ ʦʥ ʦʙʨʘʪ-

ʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʤ, ʯʪʦ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ ʠʟʤʝʨʷʝʪʩʷ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ ʚʨʝʤʝʥʠ 

( )... ʚʝʫ , ʘ ʜʝʥʝʞʥʳʝ ʨʘʩʭʦʜʳ ï ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ ʩʪʦʠʤʦʩʪʠ ( )... ʩʝʫ . 
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ɽʩʣʠ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʝʥ, ʬʦʨʤʫʣʫ (1) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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+=
t
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ʉɿ , 
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...

ʚʝʫ

ʩʝʫ
,                                                                     (2) 

 

ʛʜʝ ʯʝʨʝʟ t ʦʙʦʟʥʘʯʝʥ ʪʝʢʫʱʠʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ... ʚʝʫ . ɺ ʟʥʘʤʝʥʘʪʝʣʴ ʚʪʦʨʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʫʨʘʚʥʝʥʠʷ (2) 

ʜʦʙʘʚʣʝʥʘ ʝʜʠʥʠʮʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ( )0=t  ʧʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘ-

ʮʠʶ ʨʘʚʥʷʣʠʩʴ ʮʝʥʝ ʧʨʠʦʙʨʝʪʘʝʤʦʛʦ ʠʟʜʝʣʠʷ. 

ɺ ʚʳʨʘʞʝʥʠʠ (2) ʚʝʣʠʯʠʥʘ ʉ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʫʜʝʣʴʥʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ, 
ʧʨʠʭʦʜʷʱʫʶʩʷ ʥʘ ʫʩʣʦʚʥʫʶ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ t. ʇʦʩʪʦʷʥʥʦʡ 
ʚʦ ʚʨʝʤʝʥʠ ʦʥʘ ʙʫʜʝʪ ʣʠʰʴ ʚ ʪʦʤ ʥʝʨʝʘʣʴʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʟʜʝʣʠʝ ʧʦ ʤʝʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʪʘʝʪʩʷ ʩ ʥʝʠʟʤʝʥ-

ʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʠʤʝʤ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʘ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪ. ʝ. 

 

                                                                          tÖ= ʇCC , .../... ʚʝʫʩʝʫ ,                                                                  (3) 

 

ʛʜʝ ʯʝʨʝʟ ʇʉ  ʦʙʦʟʥʘʯʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʠʤʝʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʴ 
2.)../(... ʚʝʫʩʝʫ .  

ʇʦʩʣʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʠʩʠʤʦʩʪʠ (3) ʬʦʨʤʫʣʘ (2) ʧʨʠʤʝʪ ʚʠʜ 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ (1) ʚʳʨʘʞʝʥʠʝ (4) ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʘʙʩʦʣʶʪʥʳʝ (ʛʦʜʦʚʳʝ), ʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʳʝ (ʪʝʢʫʱʠʝ) ʧʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʟʜʝʣʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʟʘʚʠʩʠʤʦʩʪʠ (4) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʂ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ 2.)../(...200 ʚʝʫʩʝʫʉʇ= . 

 

 
 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʢʫʱʠʭ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʟʜʝʣʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʮʝʥʘʭ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʚʩʝ ʢʨʠʚʳʝ ʠʤʝʶʪ ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʫʜʝʣʴʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ ʧʦʪʨʝʙʠ-

ʪʝʣʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʨʦʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ. ʆʙʦʟʥʘʯʠʤ ʚʝʣʠʯʠʥʫ ʵʪʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʯʝʨʝʟ ʕʊ  ʠ 

ʥʘʟʦʚʸʤ ʝʸ çʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳè (ʕʆʉʉ) [2, 4], ʧʦʜ ʢʦʪʦʨʳʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʪʘʢʦʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ, ʧʦ ʠʩʪʝʯʝʥʠʶ ʢʦʪʦʨʦʛʦ ʫʜʝʣʴʥʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʦʪʨʝʙʠʪʝʣʷ 

ʜʦʩʪʠʛʘʶʪ ʩʚʦʝʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɼʘʣʴʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʠʟʜʝʣʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʨʝʥʪʘʙʝʣʴʥʦʡ, ʠ 

ʦʥʦ ʧʦʜʣʝʞʠʪ ʟʘʤʝʥʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʝ. 

ɿʥʘʯʝʥʠʝ ʕʊ  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ (4), ʚʟʷʚ ʦʪ ʥʝʛʦ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʚʨʝʤʝʥʠ t ʠ ʧʨʠʨʘʚʥʷʚ 

ʝʝ ʢ ʥʫʣʶ: 
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ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʤʠʥʠʤʘʣʴʥʳʭ ʫʜʝʣʴʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʟʜʝʣʠʷ ʨʘʚʥʘ 

 

                                                                       
1

min
+

+Ö=
ʕ

ʕʇ
ʊ

ʂ
ʊʉɿ , 

...

...

ʚʝʫ

ʩʝʫ .                                                        (6) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ʪʦʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʧʣʘʥʦʚʳʤʠ ʠ ʬʘʢʪʠʯʝʩʢʠʤʠ ʫʜʝʣʴʥʳʤʠ ʪʝʢʫʱʠʤʠ 

ʟʘʪʨʘʪʘʤʠ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʟʜʝʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʙʘʣʘʥʩʫ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʦʚ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʪʘʢ ʠ 

ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʜʘʝʪ ʧʨʠʝʤʣʝʤʳʡ (ʦʧʪʠʤʘʣʴʥʳʡ) ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʦʙʦʠʭ. 

ɺʳʚʦʜ: ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʜʝʨʞʝʢ ʧʦʪʨʝʙʠʪʝʣʷ ʠʟʜʝʣʠʝ ʢʦʥʢʨʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʘʯʝʩʪʚʘ ʜʦʣʞʥʦ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʩʨʦʢʘ ʝʛʦ ʩʣʫʞʙʳ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʝʣʠʯʠʥʘʤʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʪʝʢʫʱʠʭ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʘʥʥʦʛʦ ʠʟʜʝʣʠʷ. 
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Abstract. The article deals with the analysis of the main stages of life cycle of engineering products. Three tar-

gets of optimization are stated for engineering, production and running of a device. The method of optimization of run-

ning stage is suggested. 
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ʇʈʀɹʆʈ ɼʃʗ ʂʆʅʊʈʆʃʗ ʊɽʇʃʆɺʆɻʆ ʉʆʇʈʆʊʀɺʃɽʅʀʗ 

ʊʈɸʅɿʀʉʊʆʈʆɺ ʀʅɺɽʈʊʆʈɸ ʋʉʊɸʅʆɺʂʀ ʇʆ ʉʀʅʊɽɿʋ ʅɸʅʆʏɸʉʊʀʎ 
 

 ɸ.ɺ. ɿʝʤʩʢʦʚ1, ɼ.ʇ. ʅʦʚʠʢʦʚ2 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʘʩʧʠʨʘʥʪ 

ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʸʚʘ (ʉʘʨʘʥʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʙʨʦʩ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʨʘʚʥʝ ʩ ʨʘʟʙʨʦʩʦʤ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ 

ʪʨʘʥʟʠʩʪʦʨʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʦʜʥʦʡ ʩʠʣʦʚʦʡ ʮʝʧʠ, ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʡ ʥʘʛʨʝʚ ʦʙʨʘʟʮʦʚ ʩ ʭʫʜʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʛʨʝʚʘ ʪʝʧʣʦʦʪʚʦʜʘ ʠ ʢʦʨʧʫʩʘ ʧʨʠʙʦʨʘ. ʂʦʥʪʨʦʣʴ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʥʟʠʩʪʦ-

ʨʦʚ ʥʘ ʵʪʘʧʝ ʩʙʦʨʢʠ ʠʥʚʝʨʪʦʨʘ ʩʧʦʩʦʙʝʥ ʫʚʝʣʠʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʨʦʢ ʩʣʫʞʙʳ. ʇʦʵʪʦʤʫ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ 

ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʙʦʨʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦ-

ʜʠʪʩʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʫʣʫʯʰʝʥʥʳʡ ʧʨʠʙʦʨ, ʦʪʚʝʯʘʶʱʠʡ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʚʝʨʪʦʨ, ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ, ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʠʣʦʚʦʡ ʪʨʘʥʟʠʩʪʦʨ, 

ʥʘʜʝʞʥʦʩʪʴ. 
 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʪʨʝʙʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʳʚʘʪʴ, 

ʧʝʨʝʜʘʚʘʪʴ, ʩʦʭʨʘʥʷʪʴ ʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ. ʋʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʜʦʙʥʳʝ ʬʫʥʢʮʠʠ, ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʥʘ 

ʦʩʦʙʦʤ ʢʣʘʩʩʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʘʭ. ʉʠʣʦʚʳʝ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʣʶʙʦʡ ʜʨʫʛʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʝ, ʛʜʝ ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ ʫʧʨʘʚ-

ʣʝʥʠʷ ʙʦʣʴʰʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. ɺʦʧʨʦʩ ʥʘʜʝʞʥʦʩʪʠ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʧʨʠʙʦʨʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʠʟʤʝʨʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʦʪʜʝʣʴʥʦʝ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʇʦʵʪʦʤʫ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʮʝʣʴ ʩʦʟʜʘʥʠʷ ʧʨʠʙʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʠʣʦ-

ʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠʥʚʝʨʪʦʨʘ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ. 

ʉʫʱʝʩʪʚʫʝʪ ʣʝʚʠʪʘʮʠʦʥʥʦ-ʩʪʨʫʡʥʳʡ ʤʝʪʦʜ ʄ.ʗ. ɻʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ [2, 3]. ɺ ʵʪʦʤ ʤʝʪʦʜʝ 

ʢʘʧʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ ʧʦʜʚʝʰʠʚʘʝʪʩʷ ʚ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʝ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 14 ʤʤ ʠ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 

ʧʣʘʚʣʝʥʠʷ ʠ ʥʘʯʘʣʘ ʠʩʧʘʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (0,44 ʄɻʮ) ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ ʠʥʜʫʢʪʦʨʘ [2]. ʈʝʞʠʤ ʨʘʙʦʪʳ 

ʠʩʪʦʯʥʠʢʘ ʥʘ ʧʨʦʪʠʚʦʪʦʯʥʳʡ ʠʥʜʫʢʪʦʨ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʷʞʝʣʳʤ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʷʟʘʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʥʦʚʝʡʰʝʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʨʘʥʟʠʩʪʦʨʦʚ IGBT ʠ MOSFET, ʘ ʪʘʢʞʝ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʧʨʦʚʝʨʢʫ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʮ. 

ʈʘʟʨʘʙʦʪʘʝʤ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʧʨʠʙʦʨʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠʥʚʝʨʪʦʨʘ 

ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʮ, ʥʘ ʢʦʪʦʨʦʡ ʙʣʦʢʘʤʠ ʦʪʦʙʨʘʟʠʤ ʦʩʥʦʚʥʳʝ ʫʟʣʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ (ʨʠʩ. 1).  

ʀʩʧʳʪʫʝʤʳʡ ʪʨʘʥʟʠʩʪʦʨ ʧʦʤʝʱʘʝʪʩʷ ʦʪʜʝʣʴʥʦ ʦʪ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʩʭʝʤʳ ʥʘ ʩʪʦʡʢʝ ʩ ʨʘʜʠʘʪʦʨʦʤ ʠ ʜʘʪ-

ʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʥʝʦʙʭʦʜʠʤʦ ʥʘʛʨʝʚʘʪʴ ʚ ʪʝʨʤʦʢʘʤʝʨʝ, 

ʧʦʵʪʦʤʫ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʜʚʦʜʷʱʠʝ ʧʨʦʚʦʜʘ ʠ ʜʨʫʛʠʝ ʢʦʨʧʫʩʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʜʙʠʨʘʶʪʩʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʝ ʤʝʥʝʝ 300 ÁC. 

ɹʣʦʢ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ ʚʳʥʦʩʥʦʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʠʜʝ ʪʝʨʤʦʨʝʟʠʩʪʦʨʘ, ʟʘʢʨʝʧ-

ʣʝʥʥʦʛʦ ʤʝʞʜʫ ʪʝʧʣʦʦʪʚʦʜʦʤ ʢʦʨʧʫʩʘ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʤʝʜʥʳʤ ʨʘʜʠʘʪʦʨʦʤ, ʠ ʩʭʝʤʫ ʩʦʛʣʘʩʦʚʘʥʠʷ. 
 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʠʥʚʝʨʪʦʨʘ ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʮ 

                                                           
É ɿʝʤʩʢʦʚ ɸ.ɺ., ʅʦʚʠʢʦʚ ɼ.ʇ. / Zemskov A.V., Novikov D.P., 2015 
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ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʙʣʦʢ ʚʢʣʶʯʘʝʪ ʮʝʧʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʩʧʳʪʫʝʤʦʤ ʪʨʘʥʟʠʩʪʦʨʝ ʠ 

ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʥʝʛʦ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʩʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦ-

ʜʷʱʝʛʦ ʢʘʥʘʣʘ ʦʪʢʨʳʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʝʨʘʪʫʨʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ ʩ ʠʟʤʝʨʠʪʝʣʝʤ ʪʝʤʧʝʨʘʪʫʨʦʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʤʧʝʨʘʪʫʨʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʳʙʨʘʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʷʱʝʛʦ ʢʘʥʘʣʘ ʩʠʣʦ-

ʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʵʪʦʤʫ ʚʢʣʶʯʠʤ ʠʩʧʳʪʫʝʤʳʡ ʪʨʘʥʟʠʩʪʦʨ ʚ ʦʜʥʦ ʠʟ ʧʣʝʯ ʠʟʤʝʨʠʪʝʣʴ-

ʥʦʛʦ ʤʦʩʪʘ [1]. ʈʘʟʲʝʤ XP3 ʜʣʷ ʠʩʧʳʪʫʝʤʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʨʝʟʠʩʪʦʨʳ R10, R11, R15 ʦʙʨʘʟʫʶʪ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʤʦʩʪ (ʨʠʩ. 2). ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʦʢʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʦʩʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʡʥʳʡ ʨʝʛʫʣʷʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦ-

ʢʘ 20 ʤɸ VD1 NSI45020AT1G, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʢʦʨʧʫʩʝ ʜʠʦʜʘ. 

ʈʝʟʠʩʪʠʚʥʳʡ ʜʝʣʠʪʝʣʴ R21, R22 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʩʧʳʪʫʝʤʦʤ ʪʨʘʥʟʠʩʪʦʨʝ 

ʚʝʣʠʯʠʥʦʡ ʙʦʣʝʝ 1 ɺ. ʆʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ DA4.2 LM2904D ʫʩʠʣʠʚʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʩ ʠʩʧʳʪʫʝʤʦʛʦ ʪʨʘʥʟʠ-

ʩʪʦʨʘ ʚ 16 ʨʘʟ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʤʝʥʝʝ 200 ʤɺ. ʉʠʛʥʘʣʳ ʩ ʨʝʟʠʩʪʠʚʥʦʛʦ ʜʝʣʠʪʝʣʷ ʠ 

ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʧʦʜʘʶʪʩʷ ʥʘ ʨʘʟʥʳʝ ʚʭʦʜʳ ɸʎʇ. 

 

 
 

ʈʠʩ. 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʨʘʡʚʝʨʘ ʠʩʧʳʪʫʝʤʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʜʘʪʯʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʦʩʪʘ 

 

ɼʨʘʡʚʝʨ ʪʨʘʥʟʠʩʪʦʨʘ DA1 TC4420 ʠ ʪʨʘʥʟʠʩʪʦʨ VT1 IRFP4368 ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʷʤʦ-

ʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʚ ʥʘʛʨʫʟʦʯʥʦʡ ʮʝʧʠ ʠʩʧʳʪʫʝʤʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʟʤʝʨʝʥʠʡ, ʢʦʛʜʘ ʠʩ-

ʧr ʪʫʝʤʳʡ ʪʨʘʥʟʠʩʪʦʨ ʥʝʦʙʭʦʜʠʤʦ ʛʨʝʪʴ ʙʦʣʴʰʠʤ ʧʦ ʚʝʣʠʯʠʥʝ ʪʦʢʦʤ. 

ɼʨʘʡʚʝʨ ʪʨʘʥʟʠʩʪʦʨʘ DA2 TC4420 ʦʪʢʨʳʚʘʝʪ ʠʩʧʳʪʫʝʤʳʡ ʪʨʘʥʟʠʩʪʦʨ. ɼʠʦʜʳ VD3 ʠ VD4 ʟʘʱʠʪʥʳʝ ʦʪ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʚ ʮʝʧʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʳʪʫʝʤʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ʆʥʠ ʥʝʦʙʭʦʜʠʤʳ, ʧʦʩʢʦʣʴʢʫ ʧʦʜ-

ʚʦʜʷʱʠʝ ʧʨʦʚʦʜʘ ʢ ʢʣʝʤʤʘʤ ʠʩʧʳʪʫʝʤʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʜʣʠʥʫ. 

ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ. ʇʝʨʚʳʡ ʵʪʘʧ ï ʵʪʦ ʧʦʩʪʨʦʝʥʠʝ 

ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʀʩʩʣʝʜʫʝʤʳʡ ʪʨʘʥʟʠʩʪʦʨ ʧʦʤʝʱʘʝʪʩʷ ʚ ʪʝʨʤʦʢʘʤʝʨʫ ʠ ʦʪʢʨʳʚʘʝʪʩʷ, ʯʝʨʝʟ ʥʝʛʦ 

ʥʘʯʠʥʘʝʪ ʪʝʯʴ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʪʦʢ 20 ʤɸ. ɿʘʧʫʩʢʘʝʪʩʷ ʥʘʛʨʝʚ ʪʝʨʤʦʢʘʤʝʨʳ ʜʦ 100 Áʉ ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 60 

ʤʠʥʫʪ. ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʩʥʠʤʘʶʪʩʷ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʧʘʨʳ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʘ-ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʦʢʘ, ʧʦ ʢʦʪʦʨʳʤ ʩʪʨʦʠʪʩʷ ʛʨʘʜʫʠʨʦʚʦʯʥʘʷ ʧʨʷʤʘʷ. 

ɺʪʦʨʦʡ ʵʪʘʧ ï ʵʪʦ ʥʘʛʨʝʚ ʪʨʘʥʟʠʩʪʦʨʘ ʩʠʣʦʚʳʤ ʪʦʢʦʤ ʠ ʚʳʯʠʩʣʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ. ʊʨʘʥʟʠʩʪʦʨ ʚʳʥʠʤʘʝʪʩʷ ʠʟ ʪʝʨʤʦʢʘʤʝʨʳ ʠ ʦʭʣʘʞʜʘʝʪʩʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʘʪʝʤ ʥʘ ʦʪʢʨʳ-

ʪʳʡ ʠʩʩʣʝʜʫʝʤʳʡ ʪʨʘʥʟʠʩʪʦʨ ʧʦʜʘʶʪʩʷ ʠʤʧʫʣʴʩʳ ʩʠʣʦʚʦʛʦ ʪʦʢʘ 1 ʢɻʮ ʩʢʚʘʞʥʦʩʪʴʶ 2. ʀʟʤʝʨʷʝʪʩʷ ʩʨʝʜʥʠʡ ʪʦʢ 
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ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʡ ʪʨʘʥʟʠʩʪʦʨ, ʩʨʝʜʥʝʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʯʠʩʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʪʨʘʥʟʠ-

ʩʪʦʨʝ. ɺ ʧʘʫʟʘʭ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʠʟʤʝʨʷʝʪʩʷ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʪʦʢʘ 20 ʤɸ. ʇʦʩʣʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʨʦʚʥʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 100 Áʉ, ʧʨʠʙʦʨ ʚʳʢʣʶʯʘʝʪʩʷ ʠ ʚʳ-

ʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʬʦʨʤʫʣʝ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʠʟʤʝʨʝʥʥʳʝ ʜʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʨʧʫʩʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʤʦʱʥʦʩʪʠ, ʚʳʜʝʣʷʝʤʦʡ ʥʘ ʥʝʤ, ʘ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠʟʚʝʩʪʝʥ ʜʘʚʥʦ ʠ ʦʙ-

ʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʜʣʷ ʩʥʷʪʠʷ ʧʦʢʘʟʘʥʠʡ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʪʨʝʙʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʣʛʦʝ ʚʨʝʤʷ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʚ ʩʪʘʪʴʝ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʫʣʫʯʰʠʪʴ ʠʟʚʝʩʪʥʳʡ ʥʘʫʢʝ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡ-

ʰʝʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ, ʩʦʢʨʘʪʠʚ ʚʨʝʤʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʠʙʦʨ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʧʨʠ ʧʦʜʙʦʨʝ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚ ʠʥʚʝʨʪʦʨʳ. ʇʦʜʙʦʨ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʧʦ ʚʝʣʠʯʠʥʝ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʧʦʟʚʦʣʠʣ ʚʳʨʦʚʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʨʘʜʠʘʪʦʨʘ ʠ ʩʥʠʟʠʪʴ ʝʸ ʜʦ 10 %. 
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Abstract. The dispersion of thermal resistance value ae well as dispersion of other characteristics in the tran-

sistors, which are switched on in one power circuit, causes the bigger heating of samples with the worst parameters and 

non-uniformity of heating of the heatsink and device case. Thermal resistance control of transistors by the inverter in-

stallation can increase the reliability and service life. Therefore, the development of the instrument for thermal re-

sistance monitoring of transistors was the task of this research work. Creation process of the device with usage of 

known technique of thermal resistance measurement, based on which the improved device meeting the modern require-

ments is developed, is given in this article. 

Keywords: inverter, nanoparticles synthesis, thermal resistance, power transistor, reliability. 
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ʋʉʂʆʈɽʅʅʓɽ ʈɽʉʋʈʉʅʓɽ ʀʉʇʓʊɸʅʀʗ ʉʀʃʆɺʓʍ ʊʈɸʅɿʀʉʊʆʈʆɺ 

ɺʓʉʆʂʆʏɸʉʊʆʊʅʓʍ ʀʅɺɽʈʊʆʈʆɺ ʉʇɽʎʀɸʃʔʅʆɻʆ ʇʈʀʄɽʅɽʅʀʗ 
 

 ɸ.ɺ. ɿʝʤʩʢʦʚ1, ɼ.ʇ. ʅʦʚʠʢʦʚ2, ʇ.ʖ. ʂʘʨʧʫʥʠʥ3 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʘʩʧʠʨʘʥʪ, 3 ʩʪʫʜʝʥʪ 

ʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʸʚʘ (ʉʘʨʘʥʩʢ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʪʙʨʘʢʦʚʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʥʘʜʝʞʥʳʭ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʧʦʟʚʦ-

ʣʷʶʱʝʡ ʫʚʝʣʠʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʠʥʚʝʨʪʦʨʦʚ, ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʉ ʪʦʯ-

ʢʠ ʟʨʝʥʠʷ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʫʩʢʦʨʝʥʥʳʝ ʨʝʩʫʨʩʥʳʝ ʠʩʧʳʪʘʥʠʷ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʩʭʝʤʘ ʠ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʫʩʢʦʨʝʥʥʳʭ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, 

ʦʪʚʝʯʘʶʱʝʡ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʢʘʯʝʩʪʚʝ ʫʩʢʦʨʷʶʱʝʛʦ ʬʘʢʪʦʨʘ ʚʳʩʪʫʧʘʝʪ ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʠʥʚʝʨʪʦʨ, ʩʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ, ʫʩʢʦʨʝʥʥʳʝ ʨʝʩʫʨʩʥʳʝ ʠʩʧʳʪʘ-

ʥʠʷ, ʥʘʜʝʞʥʦʩʪʴ ʪʨʘʥʟʠʩʪʦʨʦʚ. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʪʢʘʟ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʚ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʤʦʤʝʥʪ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥ-

ʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ. ʉʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʤʦʱʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʦʚ, ʚʣʠʷʶʱʠʤ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʚʩʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʧʦ-

ʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ IGBT ʠ MOSFET ʪʨʘʥʟʠʩʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʵʪʠʭ ʪʨʘʥʟʠʩʪʦʨʦʚ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʘ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠʥʚʝʨʪʦʨʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʣʝ-

ʚʠʪʘʮʠʦʥʥʦ-ʩʪʨʫʡʥʳʡ ʤʝʪʦʜ ʄ.ʗ. ɻʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ [3, 4]. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʢʘʧʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦ-

ʛʦ ʥʠʢʝʣʷ ʧʦʜʚʝʰʠʚʘʝʪʩʷ ʚ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʝ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 14 ʤʤ ʠ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʧʣʘʚʣʝʥʠʷ ʠ ʥʘʯʘ-

ʣʘ ʠʩʧʘʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (0,44 ʄɻʮ) ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ ʠʥʜʫʢʪʦʨʘ [3]. ʈʝʞʠʤ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʘ ʥʘ 

ʧʨʦʪʠʚʦʪʦʯʥʳʡ ʠʥʜʫʢʪʦʨ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʷʞʝʣʳʤ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʷʟʘʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦ-

ʚʝʡʰʝʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʨʘʥʟʠʩʪʦʨʦʚ IGBT ʠ MOSFET, ʘ ʪʘʢʞʝ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʧʨʦ-

ʚʝʨʢʫ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʮ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʨʝʩʫʨʩʥʳʝ ʠʩʧʳʪʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ çʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʨʝʩʫʨʩʘè ʧʨʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʘʭ. ʀʩʧʳʪʘʥʠʝ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʘʭ 

ʧʦʟʚʦʣʷʝʪ ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʦʪʦʙʨʘʪʴ ʧʨʠʙʦʨʳ, ʨʝʩʫʨʩ ʢʦʪʦʨʳʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣ, ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʩʫʨʩʘ ʧʨʠʙʦʨʘ ʦʪ ʝʛʦ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟ-

ʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʦʪʙʨʘʢʦʚʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʥʘʜʝʞʥʳʭ ʦʙʨʘʟʮʦʚ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʠʩʧʳʪʘʥʠʡ, 

ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʣʘ ʙʳ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

- ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ; 

- ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ; 

- ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʳʪʫʝʤʳʭ ʧʨʠʙʦʨʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʫʩʢʦʨʝʥʥʳʭ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʠʣʦʚʳʭ 

ʪʨʘʥʟʠʩʪʦʨʦʚ. 
 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʫʩʢʦʨʝʥʥʳʭ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ 

                                                           
É ɿʝʤʩʢʦʚ ɸ.ɺ., ʅʦʚʠʢʦʚ ɼ.ʇ., ʂʘʨʧʫʥʠʥ ʇ.ʖ. / Zemskov A.V., Novikov D.P., Karpunin P.Yu., 2015 
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ʋʩʪʘʥʦʚʢʘ ʫʩʢʦʨʝʥʥʳʭ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩʦʩʪʦʠʪ ʠʟ: ʙʣʦʢʘ ʧʠʪʘʥʠʷ 1, ʙʣʦʢʘ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʜʠʘʪʦʨʘ 2, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 3, ʜʨʘʡʚʝʨʘ ʜʣʷ ʰʝʩʪʠ ʛʨʫʧʧ ʪʨʘʥʟʠʩʪʦʨʦʚ 4, ʙʣʦʢʘ 

ʠʥʜʠʢʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 5, ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ 6. 

ɺ ʢʘʯʝʩʪʚʝ ʫʩʢʦʨʷʶʱʝʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ T = 150 ÁC ʧʫ-

ʪʝʤ ʧʦʤʝʱʝʥʠʷ ʷʯʝʝʢ ʩ ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʚ ʪʝʨʤʦʢʘʤʝʨʫ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 ÁC ʠʟʥʦʩ ʪʨʘʥʟʠʩʪʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʚ 100 ʨʘʟ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 ÁC ʠ ʤʝʥʴʰʝ [5]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʦʜʙʠʨʘʶʪʩʷ ʪʨʘʥ-

ʟʠʩʪʦʨʳ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 150 ÁCï175 ÁC. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳ-

ʪʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʜʠʘʪʦʨʘ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʢʦʪʦʨʘʷ ʩ ʫʯʝʪʦʤ 

ʥʘʛʨʝʚʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 150 ÁC, ʠʥʘʯʝ ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʨʤʦʢʘʤʝʨʝ, ʠʣʠ ʠʩʧʳʪʘʥʠʷ ʧʨʠʦʩʪʘ-

ʥʘʚʣʠʚʘʶʪʩʷ. 

ʈʘʙʦʪʘ ʩʭʝʤʳ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʜʠʘʛʨʘʤʤʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 2. U1 ï ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʯʘ-

ʩʪʦʪʦʡ 1ʢɻʮ. U2-U7 ï ʠʤʧʫʣʴʩʳ ʥʘ ʫʧʨʘʚʣʷʶʱʠʭ ʵʣʝʢʪʨʦʜʘʭ ʩ 1 ʧʦ 6 ʛʨʫʧʧ ʪʨʘʥʟʠʩʪʦʨʦʚ. U8 ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʢʣʝʤʤʘʭ ʧʠʪʘʥʠʷ ʷʯʝʝʢ ʩ ʪʨʘʥʟʠʩʪʦʨʘʤʠ. I ï ʪʦʢ ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʚ. 

 

 
 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʫʩʢʦʨʝʥʥʳʭ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ 

 

ʇʦʩʣʝ ʨʘʟʤʝʱʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚ ʪʝʨʤoʢʘʤʝʨʝ ʧʦʜʘʜʠʤ ʥʘ ʥʠʭ ʠʤʧʫʣʴʩʳ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʦʢʘ ʩ ʯʘʩʪʦ-

ʪʦʡ 1 ʢɻʮ ʠ ʠʟʤʝʥʷʝʤʦʡ ʩʢʚʘʞʥʦʩʪʴʶ, ʧʨʠʯʝʤ ʢʘʞʜʘʷ ʦʪʜʝʣʴʥʘʷ ʷʯʝʡʢʘ ʩ ʪʨʘʥʟʠʩʪʦʨʦʤ ʟʘʧʫʩʢʘʝʪʩʷ ʧʦʩʣʝ 

ʧʨʝʜʳʜʫʱʝʡ. 

ʇʦʦʯʝʨʸʜʥʳʡ ʟʘʧʫʩʢ ʪʨʘʥʟʠʩʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʵʥʝʨʛʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʠʩʧʳʪʘʥʠʡ, ʠʤʠ-

ʪʠʨʦʚʘʪʴ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʵʥʝʨʛʠʠ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʢʘʞʜʦʛʦ ʦʪ-
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ʜʝʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ 

ʫʩʪʘʥʦʚʢʦʡ ʫʩʢʦʨʝʥʥʳʭ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ. 
 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʘʥʦʚʢʠ 

ʫʩʢʦʨʝʥʥʳʭ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ 

 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʥʘ ʨʠʩʫʥʢʝ 3 ʩʦʩʪʘʚʠʤ ʘʣʛʦʨʠʪʤ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʧʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʦʜ-

ʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ: 

1) ʇʨʦʚʝʨʢʘ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ (ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʠʤʧʫʣʴʩʘ ʪʦʢʘ); 

2) ʇʨʦʚʝʨʢʘ ʦʪʩʫʪʩʪʚʠʷ ʪʦʢʘ (ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʠʤʧʫʣʴʩʘ ʪʦʢʘ); 

3) ʇʨʦʚʝʨʢʘ ʫʨʦʚʥʷ ʥʫʣʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʪʧʠʨʘʶʱʝʤ ʵʣʝʢʪʨʦʜʝ ʪʨʘʥʟʠʩʪʦʨʘ (ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʠʤ-

ʧʫʣʴʩʘ, ʧʨʦʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʩʭʝʤ ʜʨʘʡʚʝʨʘ); 

4) ʇʦʜʘʯʘ ʦʪʧʠʨʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ ʵʣʝʢʪʨʦʜ ʪʨʘʥʟʠʩʪʦʨʘ; 

5) ɿʘʜʝʨʞʢʘ ʧo ʚʨʝʤʝʥʠ ʥʘ ʧʦʣʦʚʠʥʫ ʥʘʛʨʫʟʦʯʥʦʛʦ ʧʝʨʠʦʜʘ; 

6) ʇʨʦʚʝʨʢʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʧʨʘʚʣʷʶʱʝʤ ʵʣʝʢʪʨʦʜʝ ʪʨʘʥʟʠʩʪʦʨʘ (ʧʨʦʚʝʨʢʘ ʧʨʦʙʦʷ ʧo ʫʧʨʘʚʣʷʶʱʝʤʫ 

ʧʝʨʝʭʦʜʫ); 

7) ʇʨʦʚʝʨʢʘ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ (ʧʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ); 

8) ʇʨʦʚʝʨʢʘ ʪʦʢʘ ʚ ʥʘʛʨʫʟʦʯʥʦʡ ʮʝʧʠ ʪʨʘʥʟʠʩʪʦʨʘ (ʧʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ); 

9) ɿʘʜʝʨʞʢʘ ʧo ʚʨʝʤʝʥʠ ʥʘ ʧʦʣʦʚʠʥʫ ʥʘʛʨʫʟʦʯʥʦʛʦ ʧʝʨʠʦʜʘ; 

10) ɺʳʢʣʶʯʝʥʠʝ ʦʪʧʠʨʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

11) ɿʘʜʝʨʞʢʘ ʧo ʚʨʝʤʝʥʠ ʥʘ ʧʦʣʦʚʠʥʫ ʧʝʨʠʦʜʘ ʧʘʫʟʳ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʷʯʝʝʢ ʩ 

ʪʨʘʥʟʠʩʪʦʨʘʤʠ; 

12) ʇʨʦʚʝʨʢʘ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ (ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʨʦʚʥʶ ʥʘʧʨʷʞʝʥʠʷ ʙʣʦʢʘ ʧʠ-

ʪʘʥʠʷ, ʠʥʘʯʝ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʨʦʙʦʡ ʪʨʘʥʟʠʩʪʦʨʘ); 

13) ʇʨʦʚʝʨʢʘ ʦʪʩʫʪʩʪʚʠʷ ʪʦʢʘ (ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʦʙʦʷ ʪʨʘʥʟʠʩʪʦʨʘ); 

14) ʇʨʦʚʝʨʢʘ ʫʨʦʚʥʷ ʥʫʣʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʪʧʠʨʘʶʱʝʤ ʵʣʝʢʪʨʦʜʝ ʪʨʘʥʟʠʩʪʦʨʘ (ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʦʙʦʷ 

ʪʨʘʥʟʠʩʪʦʨʘ); 

15) ʇʨʦʚʝʨʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʜʠʘʪʦʨʘ (ʦʩʪʘʥʦʚʢʘ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʩʠʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

ʟʘʜʘʥʥʦʡ); 

16) ʇʝʨʝʭʦʜ ʥʘ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʡ ʷʯʝʡʢʠ ʩ ʪʨʘʥʟʠʩʪʦʨʦʤ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʘʚʠʤ ʙʣʦʢ-ʩʭʝʤʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʩʧʳʪʘʥʠʡ. ʈʘʟʨʘ-

ʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʫʩʢʦʨʝʥʥʳʭ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘ-

ʥʠʡ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʦʪʚʝʯʘʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷʤ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʧʨʦʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʣʫʯʠʚʰʘʷʩʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʪʝʩʪʠʨʦʚʘʪʴ 36 ʪʨʘʥʟʠʩʪʦʨʦʚ, ʘ ʥʘʛʨʫʟʦʯʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʥʝʰʥʠʤ ʩʠʣʦʚʳʤ ʙʣʦʢʦʤ ʧʠʪʘʥʠʷ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʘʚʪʦʨʘʤʠ ʙʳʣʠ 

ʚʟʷʪʳ 36 ʩʣʫʯʘʡʥʳʭ IGBT ʪʨʘʥʟʠʩʪʦʨʦʚ ʦʜʥʦʡ ʧʘʨʪʠʠ ʠ ʩʥʷʪʳ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʨʘʥʟʠʩʪʦʨʳ ʧʦ-

ʩʪʘʚʣʝʥʳ ʥʘ ʫʩʢʦʨʝʥʥʳʝ ʨʝʩʫʨʩʥʳʝ ʠʩʧʳʪʘʥʠʷ ʚ ʪʝʨʤʦʢʘʤʝʨʫ. ʇʦ ʠʪʦʛʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪ-

ʢʘ ʤʝʪʦʜʠʢʠ ʦʪʙʨʘʢʦʚʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʥʘʜʝʞʥʳʭ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ. 
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Abstract. Development of a screening technique of potentially unserviceable power transistors allowing in-

creasing reliability of high-frequency inverters requires carrying out of resource tests. From the point of view of re-

search time, it is expedient to carry out the accelerated resource tests. The diagram and algorithm of the installation 

work of the accelerated resource tests of power transistors meeting the modern requirements is provided in this article. 

For the accelerating factor the increased temperature appears. 

Keywords: high-frequency inverter, power transistors, accelerated resource tests, reliability of transistors. 


