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Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 61:004.651(075.8) 
 

ʂɸʏɽʉʊɺɽʅʅʓʁ ɸʅɸʃʀɿ ʉʀʉʊɽʄʓ ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺʆɻʆ ʀʄʄʋʅʀʊɽʊɸ 

ʅɸ ʆʉʅʆɺɽ ʂʃɸʉʉʀʌʀʂɸʎʀʆʅʅʓʍ ʇʈɸɺʀʃ 
 

 
ʀ.ɽ. ɸʥʜʨʫʱʘʢ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʃʫʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʥʘ ʦʩʥʦ-

ʚʝ ʤʫʣʴʪʠʚʘʨʠʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ, ʚʢʣʶʯʘʶʱʠʡ ʘʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʇʨʠ ʵʪʦʤ ʥʘ ʚʳʭʦʜʝ 

ʧʦʣʫʯʘʝʤ ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʦʨʤʳ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʜ-

ʭʦʜ ʜʦʚʝʜʝʥ ʜʦ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʘʢʝʪʝ Java-ʢʣʘʩʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʠʤʤʫʥʠʪʝʪ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝ-

ʥʠʷ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʧʨʘʚʠʣʘ. 
 

ʇʨʘʚʠʣʘ ʜʣʷ ʢʣʠʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (clinical decision rules) ï ʵʪʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʮʝʣʴʶ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʠʩʪʘʤ-ʤʝʜʠʢʘʤ ʧʨʠ ʧʨʠʥʷʪʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ [Stiell, 1999]. ʊʘʢʦʝ ʧʨʘʚʠʣʦ ʦʙʦʟʥʘʯʘʶʪ ʢʘʢ ç... ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʩʣʝʜʫ-

ʝʪ ʠʟ ʨʝʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʜʝʨʞʠʪ 3 ʠ ʙʦʣʝʝ ʧʝʨʝʤʝʥʥʳʭ ʧʦ ʠʩʪʦʨʠʠ ʧʘʮʠʝʥʪʘ, ʬʠʟʠʢʘʣʴʥʳʭ ʦʙʩʣʝʜʦʚʘ-

ʥʠʡ ʠʣʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʟʦʚè [Laupacis, 1997]. 

çʀʥʩʪʨʫʤʝʥʪè ʧʦʤʦʛʘʝʪ ʢʣʠʥʠʮʠʩʪʘʤ ʧʨʝʦʜʦʣʝʚʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʧʨʠʥʷʪʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʨʝʰʝ-

ʥʠʡ ʠ ʫʣʫʯʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʵʢʦʥʦʤʠʢʝ ʤʝʜʠ-

ʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʠ.  

ɹʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʘʚʠʣ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʥʘʚʳʢʦʚ ʚʨʘʯʘʤʠ ʦʙʱʝʡ ʧʨʘʢʪʠʢʠ 

[Stiell, 1999] ʠ ʚʨʘʯʘʤʠ ʤʝʜʠʮʠʥʳ ʥʝʦʪʣʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ [Essex, 1994].  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʯʴ ʧʦʡʜʝʪ ʦ ʧʦʩʪʨʦʝʥʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʚ ʩʠʩʪʝʤʝ ʧʨʦʪʠʚʦʦʧʫ-

ʭʦʣʝʚʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʠʩʭʦʜʷ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ 

ʠʤʝʥʥʦ ʢ ʧʨʦʙʣʝʤʝ ʧʨʠʥʷʪʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ.  

ʉʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʘʨʘʤʝʪʨʦʚ ʩʢʦʨʦʩʪʥʳʝ ʢʦʥʩʪʘʥʪʳ ʠ ʥʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʢʣʝʪʦʢ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʠʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʫʣʴʪʠʚʘʨʠʘʪʠʚʥʠʡ ʤʝʪʦʜ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʫʩʣʦʚʠʷ ʥʘ ʢʦʤʙʠʥʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʠʩʪʝʤʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʠʪʝʪʘ.  

ʉʢʦʨʦʩʪʥʳʝ ʢʦʥʩʪʘʥʪʳ ʦʙʳʯʥʦ ʩʯʠʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʧʫʣʷʮʠʡ ʢʣʝʪʦʢ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ, ʪʠʧʘ ʢʣʝʪʦʢ 

ʠ ʜʨ. ɺ ʨʘʙʦʪʝ [Koch, 2013] ʧʨʝʜʣʦʞʝʥ ʤʫʣʴʪʠʚʘʨʠʘʪʠʚʥʠʡ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ, ʠʩʩʣʝʜʫʶʱʠʡ ʪʦʣʴ-

ʢʦ ʚʣʠʷʥʠʝ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʩʠʩʪʝʤʘʭ ʆɼʋ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʢʦʥʩʪʘʥʪʘʭ. ɺ ʨʝʘʣʴʥʳʭ 

ʤʦʜʝʣʷʭ ʨʝʜʢʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʧʦ ʣʠʪʝʨʘʪʫʨʝ, ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʭ ʠʟ-

ʤʝʨʠʪʴ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘʭʦʜʷʪ ʠʭ ʦʮʝʥʢʠ, ʠʩʭʦʜʷ ʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʢʦʥʮʝʥʪʘʮʠʡ ʧʦʧʫʣʷʮʠʡ ʢʣʝʪʦʢ.  

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʫʣʴʪʠʚʘʨʠʘʪʠʚʥʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ ʧʨʦʪʠ-

ʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʢʦʪʦʨʳʡ ʩʚʦʜʠʪʩʷ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʘʚʠʣ ʠ ʫʯʠʪʳʚʘʝʪ ʢʘʢ ʩʢʦʨʦʩʪʥʳʝ ʢʦʥ-

ʩʪʘʥʪʳ, ʪʘʢ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. 

ʄʫʣʴʪʠʚʘʨʠʘʪʠʚʥʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. ɿʘʜʘʯʝʡ ʤʝʪʦʜʘ ʷʚʣʷ-

ʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʤʦʜʝʣʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʠʪʝʪʘ.  

ʆʙʱʠʝ ʠʜʝʠ ʤʝʪʦʜʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʨʘʙʦʪʝ [Koch, 2013] ʜʣʷ ʩʣʫʯʘʷ ʆɼʋ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʤ 

ʧʦʜʭʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʫʯʘʡʥʦʡ ʛʝʥʝʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʩʪʨʦʝʥʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʦ-

ʜʝʣʠ ʌɼʋ. ɼʘʣʝʝ ʧʨʠʤʝʥʷʶʪ ʘʣʛʦʨʠʪʤ ʠʥʜʫʢʮʠʠ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ. ɿʘʤʝʪʠʤ, ʯʪʦ ʤʝʪʦʜ ʨʘʙʦʪʳ [Koch, 2013] 

ʧʨʠʤʝʥʷʣʩʷ ʪʦʣʴʢʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʩʠʩʪʝʤʳ ʌɼʋ. ɺ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ ʤʝʪʦʜ ʙʫʜʝʪ ʨʘʟʚʠʪ ʚ ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ʀʪʘʢ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʌɼʈ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠ ʩʢʦʨʦʩʪʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʠʟ ʟʘʜʘʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ: 
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x a t t m= - - - -,                                         (2) 

 

( )
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r m hg= - + ,                                   (3) 
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dt
s m= - ,                                 (4) 

 

ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠ:[ ,0] :t tÍ -  
 

0 0 0( ) , ( ) , ( ) , ( ) 0.V t V F t F C t C m t= = = = 
 

ɿʜʝʩʴ ŬL ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ; ɗL ï ʞʠʟʥʝʥʥʘʷ ʝʤʢʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʦʧʫʭʦʣʝ-

ʚʳʭ ʢʣʝʪʦʢ;
 
ɔL ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʡʪʨʘʣʠʟʘʮʠʠ (ʨʘʟʨʫʰʝʥʠʷ) ʦʧʫʭʦʣʝʚʦʡ ʢʣʝʪʢʠ ʘʥ-

ʪʠʪʝʣʦʤ; Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʩʪʨʝʯʠ ʘʥʪʠʛʝʥ-ʘʥʪʠʪʝʣʦ; ɛL ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʙʨʘʪʥʳʡ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʣʘʟʤʦʢʣʝʪʦʢ; ɟ ï ʩʢʦʨʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʥʪʠʪʝʣ ʦʜʥʦʡ ʧʣʘʟʤʦʢʣʝʪʢʦʡ; ɛf ïʢʦʵʬʬʠʮʠʝʥʪ, ʦʙ-

ʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʚʨʝʤʝʥʠ ʨʘʩʧʘʜʘ ʘʥʪʠʪʝʣ;
 
ɖ ï ʯʠʩʣʦ ʘʥʪʠʪʝʣ, ʪʨʝʙʫʝʪʩʷ ʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʦʜʥʦʛʦ ʘʥ-

ʪʠʛʝʥʘ; ů ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʢʦʨʦʩʪʴ ʛʠʙʝʣʠ ʢʣʝʪʦʢ ʟʘ ʩʯʝʪ ʧʦʚʨʝʞʜʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʘʥʪʠʛʝʥʘ; ɛm 
ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʦʨʛʘʥʘ; ɝ(m) ï ʥʝʧʨʝʨʳʚʥʘʷ ʥʝʚʦʟʨʘʩ-

ʪʘʶʱʘʷ ʬʫʥʢʮʠʷ; (0 ( ) 1mx¢ ¢), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʥʘʨʫʰʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʤʤʫʥʥʦʡ ʩʠ-

ʩʪʝʤʳ ʯʝʨʝʟ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʦʨʛʘʥʘ-ʤʠʰʝʥʠ. 
 

ʇʘʨʘʤʝʪʨʳ: 
min max{( , , , , , , , , , ) : ,L L L C f m L L Lp P a q g a m r m h s m a a aÍ = ¢ ¢  

min max min max min max min max
, , , ,L L L L L L C C Cq q q g g g a a a m m m¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 

min max min max min max min max, , , ,f f fr r r m m m h h h s s s¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 

min max 10
} ,m m m Rm m m¢ ¢ Ë

 
 

ʘ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 
 

min max min max

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0( , , , ) {( , , , ) : , ,L F C m X L F C m L L L F F FÍ = ¢ ¢ ¢ ¢ 

min max min max 4

0 0 0 0 0 0, } .C C C m m m R¢ ¢ ¢ ¢ Ë 
 

ɼʘʣʝʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʛʝʥʝʨʠʨʫʝʤ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦ-

ʨʳʝ ʧʨʠʥʘʜʣʝʞʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʘʙʦʨʦʚ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ (1) ï (4) ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʘʝʢʪʦʨʠʡ. ʂ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ 

ʜʘʣʴʰʝ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʠʥʜʫʢʮʠʠ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ ʩ ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʰʘʙʣʦʥʦʚ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  

ʀʪʘʢ, ʚ ʮʝʣʦʤ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʷʪʴ ʰʘʛʦʚ. 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʦʚ ʪʨʘʝʢʪʦʨʠʡ ʩʠʩʪʝʤʳ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʠʤʝʶʪ ʜʝʣʦ ʩ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʬʦʨʤʘʤʠ ʧʦʚʝʜʝʥʠʷ, ʯʪʦʙʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʭ ʧʦʥʷʪʠʷʤʠ 

çʥʝʫʩʪʦʡʯʠʚʦʩʪʴè ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʙʝʛʥʫʪʴ ʢ ʘʥʘʣʠʟʫ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠʣʠ ʵʢʩʧʦʥʝʥʪ ʃʷʧʫʥʦʚʘ ʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʬʦʨʤ ʧʨʦʮʝʩʩʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʜʘʪʴ ʚ ʢʦʤʧʝʪʝʥ-

ʮʠʶ ʵʢʩʧʝʨʪʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʘʤʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ: ʩʫʙ-

ʢʣʠʥʠʯʝʩʢʘʷ, ʦʩʪʨʘʷ, ʭʨʦʥʠʯʝʩʢʘʷ, ʣʝʪʘʣʴʥʘʷ. ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʢʣʘʩʩʘ ʪʨʘʝʢʪʦʨʠʠ ʚʚʦʜʠʪʩʷ ʘʪʨʠʙʫʪ ʢʣʘʩʩʘ C, 

ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʦʜʥʦ ʠʟ 4-ʭ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ:1,4.CÍ  

2. ɻʝʥʝʨʘʮʠʷ ʤʘʪʨʠʮʳ ʩʣʫʯʘʡʥʳʭ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦ-

ʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʛʝʥʝʨʘʮʠʠ ʢʣʘʩʩʦʚ ʪʨʘʝʢʪʦ-

ʨʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ, ʛʝʥʝʨʠʨʫʝʪʩʷ ʤʘʪʨʠʮʘ ʩʣʫʯʘʡʥʳʭ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʧʦʣʘʛʘ-

ʝʤ, ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʩʢʦʨʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʥʘ ʠʥʪʝʨʚʘʣʘʭ. ʂʘʞʜʳʡ ʩʪʦʣ-

ʙʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʫ ʟʥʘʯʝʥʠʡ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʠʣʠ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʠʣʠ ʩʢʦʨʦʩʪʥʦʡ ʧʘʨʘʤʝʪʨ. 

ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʜʥʦʛʦ ʟʘʧʫʩʢʘ 

ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʌɼʋ: 
 

 

1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 0 0 0

2 2 2 2 2 2 2 2 2 2 2 2 2 2 14
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3. ɿʘʧʫʩʢ ʤʦʜʝʣʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʙʦʨʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʂʘʞʜʳʡ ʥʘʙʦʨ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ 

ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʥʘ ʚʪʦʨʦʤ ʰʘʛʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʘ ʜʣʷ ʤʦʜʝʣʠ ʧʨʦʪʠʚʦ-

ʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. ʏʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɸʜʘʤʩʘ 

[ʍʘʡʨʝʨ, ʅʝʨʩʝʪ]. ɺʳʭʦʜʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʝʚ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʥʘ ʧʝʨʚʦʤ 

ʰʘʛʝ. ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʥʘʙʦʨʘʤ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʧʠʩʳ-

ʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʪʨʠʙʫʪʳ ʢʣʘʩʩʦʚ. 

4. ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮʳ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʥʳʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ. ʄʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʣʷ ʬʦʨʤʳ ʪʨʘʝʢʪʦʨʠʡ ʩʠʩʪʝʤʳ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝ-

ʥʠʷʤʠ ʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘʤʥʦʛʦ ʚʘʞʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʇʦʵʪʦ-

ʤʫ ʩʪʨʦʠʪʩʷ ʤʘʪʨʠʮʘ, ʚʢʣʶʯʘʶʱʘʷ ʠʥʬʦʨʤʘʮʠʶ ʚ ʢʘʪʝʛʦʨʠʨʦʚʘʥʥʳʭ ʢʦʜʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ 

ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʥʘ ʰʘʛʝ 2: 
 
 

ɿʜʝʩʴ:                                              

0,

( , ) ( , ) 1, ,

2,

if u v

x u v p u v if u v

if u v

<ë
î

= = =ì
î >í

  

1,4
l

C Í  ï ʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʘ ʢʣʘʩʩʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʦʨʤʘʤʠ ʪʨʘʝʢʪʦʨʠʡ.   

ʀʪʘʢ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʥʩʬʦʨ-

ʤʠʨʫʶʪʩʷ ʚ ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʘʪʨʠʙʫʪʦʚ ʥʘʙʦʨʦʚ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. ʇʦʩʢʦʣʴʢʫ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʚʝʥʩʪʚʘ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ ʤʘʪʨʠʮʘ D ʚʳʛʣʷʜʠʪ ʩʚʦʝʛʦ ʨʦʜʘ çʙʠʥʘʨʠʟʘʮʠʝʡè ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʘʯʘʣʴ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʊʦʛʜʘ ʤʘʪʨʠʮʘ D ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ 0 ʠ 2.  

5. ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʩʦʦʪʥʦʰʝʥʠʷʤ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʄʘʪʨʠʮʘ ʙʠʥʘʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ D, ʧʦʩʪʨʦʝʥʘʷ ʥʘ ʰʘʛʝ 4, 

ʷʚʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʕʪʦʪ ʥʘʙʦʨ ʢʣʘʩʩʠʬʠʢʘʮʠ-

ʦʥʥʳʭ ʧʨʘʚʠʣ ʩʦʜʝʨʞʠʪ ʧʨʦʚʝʨʢʫ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʩʢʦʨʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ 

ʘʥʪʝʮʝʜʝʥʪ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʩʝʢʚʝʥʪʘ ʧʨʘʚʠʣ ʙʫʜʫʪ ʢʣʘʩʩʳ ʪʨʘʝʢʪʦʨʠʡ ʤʦʜʝʣʠ1,4.CÍ  

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʫʣʴʪʠʚʘʨʠʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʤʦʜʝʣʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʠ-

ʪʝʪʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʨʘʟʨʘʙʦʪʘʥ ʧʘʢʝʪ Java-ʢʣʘʩʩʦʚ rule.model. ɺ ʩʦʩʪʘʚ ʧʘʢʝʪʘ ʚʭʦʜʷʪ ʢʣʘʩʩʳ (ʨʠʩ. 1): 

beans-ʢʣʘʩʩʳ Attribute, Attribute_for_list ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʘʙʣʠʮ ʠ Rule ï ʜʣʷ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʘʚʠʣ. SQL-ʟʘʧʨʦʩʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʢʣʘʩʩʘʭ Attribute 

List Peer ʠ Tuples Peer. 

ɺ ʢʣʘʩʩʝ Rule_set ʭʨʘʥʠʪʩʷ ʥʘʙʦʨ ʫʯʝʙʥʳʭ ʧʨʘʚʠʣ. ʂ ʪʦʤʫ ʞʝ ʜʘʥʥʳʡ ʢʣʘʩʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʘʣʠʟʫʝʪ 

ʘʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʂʣʘʩʩ ʩʦʜʝʨʞʠʪ ʯʣʝʥʳ: ʤʝʥʝʜʞʝʨ ʜʘʥʥʳʭ m_dataManager, ʭʵʰ-ʪʘʙʣʠʮʳ 

ʥʘʙʦʨʦʚ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ m_htTuples, ʚʩʝʭ ʘʪʨʠʙʫʪʦʚ ʩ ʠʭ ʚʦʟʤʦʞʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ m_htAtt_vals ʠ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ m_htRule_set.  

ɺ ʢʦʥʩʪʨʫʢʪʦʨʝ ʢʣʘʩʩʘ Rule_set ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʭʝʰ-ʪʘʙʣʠʮ m_htTuples ʠ m_htAtt_vals, ʘ 

ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ï ʯʝʨʝʟ ʚʳʟʦʚ ʤʝʪʦʜʘ Sequential_covering 

(m_htTuples, m_htAtt_vals). ʇʦʣʫʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ ʚʳʚʦʜʠʪʩʷ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ.  

ʂʣʘʩʩ Rule ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʘʚʠʣ. ɽʛʦ ʯʣʝʥʘʤʠ ʢʣʘʩʩʘ ʷʚʣʷʶʪʩʷ ʜʚʝ ʭʝʰ-

ʪʘʙʣʠʮʳ: m_htAntecedent ï ʜʣʷ ʭʨʘʥʝʥʠʷ ʘʥʪʝʩʝʜʝʥʪʫ ʧʨʘʚʠʣʘ ʠ m_htConsequent ï ʜʣʷ ʢʦʥʩʝʢʚʝʥʪ.  

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ public void conjunctCondition (Attribute_for_list attribute, String sAttribute_value) ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʲʶʥʢʮʠʷ ʥʦʚʦʛʦ ʫʩʣʦʚʠʷ ʧʨʘʚʠʣʫ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ public Rule copy() ʩʦʟʜʘʝʪʩʷ çʛʣʫʙʦʢʘʷè 

ʢʦʧʠʷ ʧʨʘʚʠʣʘ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ JOS (Java Object Serialization).  

ʇʦʜʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʯʝʙʥʳʭ ʥʘʙʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʤʝʪʦʜʘʭ 

ʢʣʘʩʩʘ TuplesPeer. 
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ʈʠʩ. 1. ʇʘʢʝʪ rule.model 

 

ɺ ʢʣʘʩʩʝ fde.MultiVariateMethod (ʨʠʩ.2) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

(ʰʘʛ 2): 

M_x0 = dm.getRandomInitialValues(); 

M_rateConstants = dm.getRandomRateConstants(); 
 

ɼʘʣʝʝ ʟʘʧʫʩʢʘʝʪʩʷ ʘʧʧʣʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʌɼʋ. ʇʨʠ ʵʪʦʤ ʵʢʩʧʝʨʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʳʙʦʨ ʬʦʨʤʳ 

ʧʦʣʫʯʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʰʘʛ 3). ʇʦʩʣʝ ʵʪʦʛʦ ʟʘʧʫʩʢʘʝʪʩʷ ʰʘʛ ʛʝʥʝʨʘʮʠʠ ʤʘʪʨʠʮʳ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʘʨʘʤʝʪʨʦʚ 

(ʰʘʛ 4). ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ 2ï4 ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʥʦʛʦ ʨʘʟ. ɺ ʣʶʙʦʡ ʤʦ-

ʤʝʥʪ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʧʫʩʪʠʪʴ ʘʣʛʦʨʠʪʤ ʠʥʜʫʢʮʠʠ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ (ʰʘʛ 5): 
 

rule.model.Rule_set rule_set = new rule.model.Rule_set(rule_dataManager, sql0, rules_file_url); 

 

 
 

ʈʠʩ. 2. UML-ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʘ MultiVariateMethod 
 

ɹʘʟʘ ʜʘʥʥʳʭ fde, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʧʘʢʝʪʝ, ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʉʋɹɼ MySQL. ʆʥʘ ʚʢʣʶʯʘʝʪ ʪʘʢʠʝ ʪʘʙʣʠʮʳ:  

attribute ï ʦʧʠʩʘʥʠʝ ʘʪʨʠʙʫʪʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣ, ʪ. ʝ. ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʥʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ; 

categorized_data ï ʫʯʝʙʥʳʝ ʥʘʙʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʘʣʛʦʨʠʪʤʝ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʘʣʛʦʨʠʪʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ D ʥʘ ʯʝʪʚʝʨʪʦʤ ʰʘʛʝ;  

init_values_values ï ʤʘʪʨʠʮʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ: 
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0 0 0 0
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³
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æ ö
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æ ö
ç ÷

 

 

initial_values ï ʦʧʠʩʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʚʢʣʶʯʘʷ ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ);  

parameter_kind ï ʚʠʜ ʧʘʨʘʤʝʪʨʘ;  

rate_constants ï ʦʧʠʩʘʥʠʝ ʩʢʦʨʦʩʪʥʳʭ ʢʦʥʩʪʘʥʪ (ʚʢʣʶʯʘʷ ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ);  

rate_constants_values ï ʤʘʪʨʠʮʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʩʢʦʨʦʩʪʥʳʭ ʢʦʥʩʪʘʥʪ: 

 
1 1 1 1 1 1 1 1 1 1

2 2 2 2 2 2 2 2 2 2 10
.
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ʉʫʱʝʩʪʚʫʝʪ ʥʝʤʘʣʦ ʨʝʘʣʠʟʘʮʠʡ ʘʣʛʦʨʠʪʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥ-

ʥʳʭ ʧʨʘʚʠʣ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʧʨʦʛʨʘʤʤ Mathcad, StatSoft Statistica ʠ ʜʨ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʜʘʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʨʘʟʚʠʪ ʚ ʠʥʪʝʨʥʝʪ-ʧʨʦʝʢʪ, ʛʜʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʯʝʙʥʳʭ ʥʘʙʦʨʦʚ 

ʧʨʠʚʣʝʢʘʶʪʩʷ ʵʢʩʧʝʨʪʳ ʩ ʀʥʪʝʨʥʝʪ-ʜʦʩʪʫʧʦʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʠ ʙʘʣʘʥʩʠʨʫʝʪ ʤʥʦʞʝʩʪʚʦ ʫʯʝʙʥʳʭ 

ʥʘʙʦʨʦʚ. 
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ʆ ʂʆʕʌʌʀʎʀɽʅʊʅʆʄ ʌʋʅʂʎʀʆʅɸʃɽ ɻɸʈʄʆʅʀʏɽʉʂʆɻʆ ɸɺʊʆʄʆʈʌʀɿʄɸ ʂʈʋɻɸ 
 

 
ʄ.ɸ. ʆʩʠʧʮʝʚ

1
, ɸ.ʄ. ʐʝʠʥʘ

2 

1 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

2 
ʩʪʫʜʝʥʪ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

 ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ (ʉʘʨʘʪʦʚ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʮʝʥʢʘ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʢʨʫʛʘ ʚ ʩʝʙʷ. ɺʘʨʠʘʮʠ-

ʦʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʇ. ɼʶʨʝʥʦʤ, ʦʮʝʥʠʚʘʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʟʥʦʩʪʠ ʥʘʯʘʣʴʥʳʭ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʚʪʦʤʦʨʬʠʟʤʘ ʢʨʫʛʘ. ʆʧʠʩʳʚʘʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ, ʤʘʢʩʠʤʠʟʠʨʫʶʱʝʝ ʜʘʥʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʦʪʦʙʨʘʞʝʥʠʷ, ʚʘʨʠʘʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʦʙʣʘʩʪʠ. 

 

ʇʫʩʪʴ Ὂ ï ʟʘʤʳʢʘʥʠʝ ʩʝʤʝʡʩʪʚʘ ʦʜʥʦʣʠʩʪʥʳʭ, ʩʦʭʨʘʥʷʶʱʠʭ ʦʨʠʝʥʪʘʮʠʶ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʦʪʦʙʨʘʞʝʥʠʡ 

ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ Ὗ ᾀȡ ȿᾀȿ ρ ʥʘ ʩʝʙʷ. ʊʦʛʜʘ Ὢ ‭ Ὂ ʠʤʝʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
 

                                                                                  Ὢ  ὧᾀ  ὧᾀ                                                                              ρ 

 

ɺ ʨʘʙʦʪʘʭ [1ï4] ʚʘʨʠʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʠ ʤʝʪʦʜʦʤ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʢʦʵʬʬʠ-

ʮʠʝʥʪʥʳʭ ʦʮʝʥʦʢ ʜʣʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʦʪʦʙʨʘʞʝʥʠʡ ʢʨʫʛʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʙʠʥʘʮʠʶ ʦʙʦʠʭ ʤʝʪʦ-

ʜʦʚ, ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʬʫʥʢʮʠʦʥʘʣʘ ὒὪ ὙὩὧ  ὧ  ʜʣʷ Ὢ ‭ Ὂ. 

ʇʫʩʪʴ ɱ ï ʤʥʦʞʝʩʪʚʦ ʥʝʫʙʳʚʘʶʱʠʭ ʥʝʧʨʝʨʳʚʥʳʭ ʩʧʨʘʚʘ ʬʫʥʢʮʠʡ ʖÔ  Ô ʷʚʣʷʝʪʩʷ 2-́

ʧʝʨʠʦʜʠʯʝʩʢʦʡ, ɱ  ï ʧʦʜʤʥʦʞʝʩʪʚʦ ɱ ʩʪʫʧʝʥʯʘʪʳʭ ʬʫʥʢʮʠʡ ʩ ʥʝ ʙʦʣʝʝ ʯʝʤ n ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʃʝʤʤʘ 1 [4]. ɼʣʷ ʢʘʞʜʦʡ Ὢ ‭ Ὂ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʘʷ ‫ὸ ‭  , ʠ ʜʣʷ ʢʘʞʜʦʡ ‫ὸ ‭   ʩʫʱʝʩʪʚʫ-

ʝʪ Ὢ ‭ Ὂ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʶ 

 

    ὪὩ  Ὡ Ȣ 
 

ɺ ʩʠʣʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (1) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

 

    Ὡ  ὧὩ

 

Ȣ 

 

ʇʫʩʪʴ ‗ὸ ï ʥʝʧʨʝʨʳʚʥʘʷ 2ˊ-ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʘʷ ʬʫʥʢʮʠʷ. ʆʧʨʝʜʝʣʠʤ ʣʠʥʝʡʥʳʡ ʬʫʥʢ-

ʮʠʦʥʘʣ ʥʘ F ʚ ʚʠʜʝ 
 

                                                                              ὒὪ  
ρ

ς“
 ὙὩ ὪὩ ‗ὸὨὸ                                                                        ς 

 

ʅʘʨʷʜʫ ʩ (2) ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣ ʥʘ ɱ 
 

Ὃ‫ ὙὩ ὪὩ ‗ὸὨὸȢ 

 

ʈʘʟʣʘʛʘʷ ‗ὸ ʚ ʨʷʜ ʌʫʨʴʝ, ʟʘʧʠʰʝʤ Ὃ‫  ʚ ʚʠʜʝ 
 

                                                                                    Ὃ‫ ς“ὙὩ ὧὄȢ                                                                                σ 

 

ʃʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ὪὩ  Ὡ , ʪʦ ὒὪ Ὃɺ [4] ʧʦʢʘʟʘʥʘ ʢʦʤʧʘʢʪʥʦʩʪʴ ɱ ʠ ɱ .‫  ʜʣʷ ʢʘʞ-

ʜʦʛʦ n. 

ʇʫʩʪʴ ʢʨʠʚʘʷ Ў ʧʘʨʘʤʝʪʨʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 
 

ὢί  ὄί Ὥ
ὄ

Ὧ
Ὡ Ȣ 

                                                           
 É ʆʩʠʧʮʝʚ ʄ.ɸ., ʐʝʠʥʘ ɸ.ʄ. / Osiptsev M.A., Sheina A.M., 2014 
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ɸʥʘʣʦʛʠʯʥʦ [4] ʦʧʨʝʜʝʣʠʤ ʢʨʠʚʫʶ ὖЎ, ʚʧʠʩʘʥʥʫʶ ʚ Ў, ʝʩʣʠ ʦʥʘ ʧʘʨʘʤʝʪʨʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ ὣί ʩʣʝʜʫ-

ʶʱʠʤ ʩʧʦʩʦʙʦʤ: ὣί ί - 2-́ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʠ ʩʫʱʝʩʪʚʫʝʪ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʠʥʪʝʨʚʘʣʳ Ὅ ὥȟὦ  ʪʘʢʠʝ, 

ʯʪʦ 
 

ὣί  
ὢὥ  

ὢὦ  ὢὥ

ὦ  ὥ
ί  ὥ ȟί ‭ Ὅ

ὢίȟ                                           ί ‭ Ὑ͵ Ὅ

 

 

ὖЎ‫  ï ʢʨʠʚʘʷ, ʚʧʠʩʘʥʥʘʷ ʚ Ў, ʫ ʢʦʪʦʨʦʡ ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʦʪʨʝʟʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʯʘʩʪʢʘʤ ʧʦʩʪʦʷʥʩʪʚʘ 
‭ ɱ ‫ ɽʩʣʠ .‫  , ʪʦ ὖЎ‫  ï ʣʦʤʘʥʘʷ. 

ʊʝʦʨʝʤʘ 1 [2]. ʇʫʩʪʴ ὒ ï ʥʝʧʨʝʨʳʚʥʳʡ ʣʠʥʝʡʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʥʘ Ὂ ʠ Ὢ ʤʘʢʩʠʤʠʟʠʨʫʝʪ Ὂ. ʊʦʛʜʘ ‭  , ‫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ Ὢ, ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

a. ʧʦʩʪʦʷʥʥʘ ʥʘ ʣʶʙʦʤ ʠʥʪʝʨʚʘʣʝ, ʛʜʝ ᴑά‗ὸὩ ‫  ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʡ ʟʥʘʢ; 

b. ɽʩʣʠ ὸ ʠ ὸ  ï ʪʦʯʢʠ ʨʘʟʨʳʚʘ ᷿ ‫ὸ, ʪʦ ᴑά ‗ὸὩ Ὠὸ πȢ 

ʊʝʦʨʝʤʘ 2 [4]. ʇʫʩʪʴ ‫ ‭    ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʬʫʥʢʮʠʦʥʘʣ Ὃʊʦʛʜʘ ὖЎ .‫‫  ʚʳʧʫʢʣʳʡ n-ʫʛʦʣʴʥʠʢ, ʥʝ 

ʙʦʣʝʝ ʯʝʤ ʩ ὲ ʚʝʨʰʠʥʘʤʠ, ʠʤʝʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʩʨʝʜʠ ʚʩʝʭ -ʫʛʦʣʴʥʠʢʦʚ, ʚʧʠʩʘʥʥʳʭ ʚ ῳ. Ὃ‫  ʨʘʚʝʥ 

ʜʣʠʥʝ ὖЎ‫ . 

ʊʝʦʨʝʤʘ 1 ʧʦʟʚʦʣʷʝʪ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʦʪʦʙʨʘ-

ʞʝʥʠʷ, ʘ ʪʝʦʨʝʤʘ 2 ï ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʇʫʩʪʴ Ὢ ‭ Ὂ, ʨʘʩʩʤʦʪʨʠʤ ʣʠʥʝʡʥʳʡ ʬʫʥʢʮʠʦʥʘʣ  

 

ὒὪ ὙὩὧ  ὧὧ Ȣ 
 

ʊʘʢ ʢʘʢ Ὂ ʟʘʤʢʥʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʘʱʝʥʠʡ, ʪʦ ὒὪ  ὙὩὧ ὧ Ȣ 
ʃʝʤʤʘ 2. ʇʫʩʪʴ Ὢ ‭ Ὂ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʬʫʥʢʮʠʦʥʘʣ ὒὪ  ὙὩὧ ὧ Ȣ ʊʦʛʜʘ ‭  , ʩʦʦʪʚʝʪʩʪʚʫ- ‫

ʶʱʘʷ Ὢ, ʷʚʣʷʝʪʩʷ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ ʥʘ [0, 2]́ ʩ ʥʝ ʙʦʣʝʝ ʯʝʤ ʧʷʪʴʶ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʀʟ (3) ʩʣʝʜʫʝʪ, ʯʪʦ ‗ὸ  Ὡ  Ὡ . ɺʳʯʠʩʣʷʝʤ 
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ʋʩʣʦʚʠʝ ὥ ʪʝʦʨʝʤʳ 2 ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ‫ὸ ‫ὸ ʧʦʩʪʦʷʥʥʘ ʚ ʣʶʙʦʡ ʧʦʣʦʩʝ ʤʝʞʜʫ ʧʨʷʤʳʤʠ

ὸ Ὧ“ȟὸ  “. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ,‫ὸʤʦʞʝʪ ʠʤʝʪʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ʧʷʪʴ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʦʪʨʝʟʢʝ [0, 2“] 

ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 

ʀʟ ʣʝʤʤʳ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ  ‭ ɱ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʪʨʝʤʘʣʴʥʦʤʫ ʦʪʦʙʨʘʞʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʘ ‫ 

ὒὪ  ὙὩὧ ὧ , ʪʦ  ‭ ɱ ‫ . 

ʊʝʦʨʝʤʘ 3. ʇʫʩʪʴ Ὢ ‭ Ὂ ʜʦʩʪʘʚʣʷʝʪ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʦʥʘʣʫ ὒὪ  ὙὩὧ ὧ . ʊʦʛʜʘ Ὢ ʦʪʦʙʨʘʞʘ-

ʝʪ Ὗ ʥʘ ʧʷʪʠʫʛʦʣʴʥʠʢ, ʚʧʠʩʘʥʥʳʡ ʚ Ὗ, ʠ ὒὪ “. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʀʟ (3) ‗ὸ  Ὡ  Ὡ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʨʠʚʘʷ ɝ ʧʘʨʘʤʝʪʨʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ 
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ʊʘʢ ʢʘʢ ὄ π, ʪʦ ɝ ï ʟʘʤʢʥʫʪʘʷ ʢʨʠʚʘʷ. ʃʝʤʤʘ 2 ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʤʘʢʩʠʤʠʟʠʨʫʶʱʘʷ Ὃ ,‫‫ , ï ʩʪʫ-

ʧʝʥʯʘʪʘʷ ʬʫʥʢʮʠʷ ʥʘ [0, 2“] ʩ ʥʝ ʙʦʣʝʝ ʯʝʤ ʧʷʪʴʶ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ὖЎ‫  ï ʚʳʧʫʢʣʳʡ 

ʧʷʪʠʫʛʦʣʴʥʠʢ, ʚʧʠʩʘʥʥʳʡ ʚ ɝ. 

ʇʫʩʪʴ ɝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʝʨʰʠʥʳ ὖЎ‫  ʚ ʪʦʯʢʘʭ ὸ. ɺ [4] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʛʣʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʪʦʨʦ-

ʥʘʤʠ ὖЎ‫  ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ɝ ʚ ʪʦʯʢʘʭ  ὸ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʦ ʝʩʪʴ ὖЎ‫  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʧʫʪʴ 

ʣʫʯʘ ʩʚʝʪʘ, ʦʪʨʘʞʸʥʥʦʛʦ ʦʪ ɝ. ʕʢʩʪʨʝʤʘʣʴʥʦʩʪʴ ʜʣʠʥʳ ὖЎ‫  ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʥʮʠʧʘ ʌʝʨʤʘ. 

ɼʣʷ ʟʘʚʝʨʰʝʥʠʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʩʪʘʣʦʩʴ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠ ɝ, ʠ ὖЎ‫  ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʥʠ-

ʤʦʡ ʦʩʠ (ʩʤ. ʨʠʩʫʥʦʢ). 
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ʇʨʦʠʟʚʦʜʷ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʜʣʠʥʘ ὖЎ‫  ʨʘʚʥʘ “. ʀʟ ʪʝʦʨʝʤʳ 1 ʩʣʝʜʫʝʪ, 

ʯʪʦ άὥὼὙὩὧ ὧ  “. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 
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ɺʓʑɽʃɸʏʀɺɸʅʀɽ ʅʀʂɽʃʗ ʀɿ ʆʂʀʉʃɽʅʅʓʍ ʈʋɼ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ɹʋɻɽʊʂʆʃʔ 
 

 
ɽ.ɽ. ɾʘʪʢʘʥʙʘʝʚ

1
, ɾ.ʂ. ɾʘʪʢʘʥʙʘʝʚʘ

2
, ɸ.ʊ. ɾʘʢʠʝʥʦʚʘ

3
  

1 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

2 
ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

3 
ʤʘʛʠʩʪʨʘʥʪ 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ. ʅ. ɻʫʤʠʣʝʚʘ (ɸʩʪʘʥʘ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʠʢʝʣʴ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʩʦʟʜʘʥʠʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ; ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʩʝ ʩʪʘʣʠ ʣʝʛʠʨʫʶʪʩʷ ʥʠʢʝʣʝʤ ʠ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʨʦʯʥʳʭ, ʞʘʨʦʩʪʦʡʢʠʭ, ʢʦʨʨʦʟʠ-

ʦʥʥʦ-ʫʩʪʦʡʯʠʚʳʭ ʩʪʘʣʝʡ ʠ ʯʫʛʫʥʦʚ. ɺ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʝʡ ʧʨʦʜʫʢʮʠʠ, ʩʧʨʦʩ ʥʘ 

ʥʠʢʝʣʴ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ ʷʚʣʷʝʪʩʷ ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [3]. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʥʠʢʝʣʴ, ʢʦʙʘʣʴʪ, ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ, ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ, ɹʫʛʝʪʢʦʣʴ, 

ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ. 

 

ʂʘʟʘʭʩʪʘʥ ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʩʪʨʘʥ, ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʥʠʢʝʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʝʥʥʳʤʠ ʥʠʢʝʣʝʚʳʤʠ ʨʫʜʘʤʠ. ʉʫʤʤʘʨʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʟʘʧʘʩʳ ʥʠʢʝʣʷ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2011 ʛʦʜ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 1,5 ʤʣʥ. ʪʦʥʥ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 1,5ï2,0 % ʦʪ ʦʙʱʝʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʢʝʣʝʚʳʭ ʨʫʜ ʥʘ ʦʩʥʦʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʩʧʦʩʦʙʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ ʥʠʢʝʣʝʚʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʛʝʪʢʦʣʴ [4, 5]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʚʟʷʪʘ ʢʝʨʥʦʚʘʷ ʚʳʝʤʢʘ ʥʠʢʝʣʴ-

ʢʦʙʘʣʴʪʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʛʝʪʢʦʣʴ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʩʦʩʪʘʚʣʷʝʪ 0.93 %, 

ʢʦʙʘʣʴʪʘ ï 0,066 %. ʆʩʦʙʝʥʥʦʩʪʴ ʥʠʢʝʣʝʚʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʛʝʪʢʦʣʴ ʩʦʩʪʦʠʪ ʚ ʠʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦ-

ʩʪʠ, ʚ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ (ʛʣʠʥʳ), ʞʝʣʝʟʘ, ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʩʫʣʴʬʠʜʦʚ, ʯʪʦ ʩʥʠ-

ʞʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʩʭʝʤʝ [1]. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ, ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜʳ ʨʫʜʳ ʥʝʦʙʭʦʜʠʤ ʧʦʠʩʢ ʧʫʪʝʡ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʢʝʣʴ-ʢʦʙʘʣʴʪʦʚʳʭ ʨʫʜ. 

ɸʛʠʪʘʮʠʦʥʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʨʘʩʪʚʦʨʘʤʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ï 24,5; 68,6; 

152; 230; 661,5; 823; 1778 ʛ/ʣ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʚʨʝʤʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʩʪʘʚʠʣʦ 6 ʯʘʩʦʚ, ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʊ:ɾ 1:10, ʤʘʩʩʘ ʥʘʚʝʩʢʠ ʨʫʜʳ 25 ʛ, ʪʝʤʧʝʨʘʪʫʨʘ 20 
0
ʉ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʠʟʚʣʝʯʝʥʠʝ ʥʠʢʝʣʷ ʠʟ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʨʘʩʪʚʦʨ, ʦʩʪʘʪʦʯʥʫʶ ʢʠʩ-

ʣʦʪʥʦʩʪʴ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠ ʢʘʞʜʳʡ ʯʘʩ. ɺ ʪʘʙʣʠʮʝ 1 ʫʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʥʠʢʝʣʷ 

ʩʝʨʥʦʢʠʩʣʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʠʟʚʣʝʯʝʥʠʝ ʥʠʢʝʣʷ 

ʠʟ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʨʘʩʪʚʦʨ, ʦʩʪʘʪʦʯʥʫʶ ʢʠʩʣʦʪʥʦʩʪʴ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠ ʢʘʞʜʳʡ ʯʘʩ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʫʜʳ ʩ ʨʘʩʪʚʦʨʘʤʠ ʢʠʩʣʦʪ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʧʝʥʠʝ ʠ 

ʙʫʨʥʦʝ ʚʳʜʝʣʝʥʠʝ ʛʘʟʘ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʛʣʝʢʠʩʣʦʛʦ), ʧʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʛʘʟʘ ʚ ʪʝʯʝʥʠʝ 

ʧʝʨʚʦʛʦ ʯʘʩʘ ʩʥʠʞʘʝʪʩʷ. 

 

ʊʘʙʣʠʮʘ 1 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨʝ  

ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʩʝʨʥʦʢʠʩʣʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ɺʨʝʤʷ, 

ʯʘʩ 

ʂʦʥʮʝʥʪʨʘʮʠʷ Ni, ʛ/ʣ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ɺʈ ʧʦ ʢʠʩʣʦʪʝ 

0 24,5 ʛ/ʣ 68,6 ʛ/ʣ 151,9 ʛ/ʣ 230 ʛ/ʣ 661,5 ʛ/ʣ 823,2 ʛ/ʣ 1778 ʛ/ʣ 

0 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 

1 0,004 0,000 0,000 0,009 0,067 0,007 0,009 0,000 

2 0,006 0,046 0,024 0,082 0, 1 0,012 0,144 0,055 

3 0,006 0,049 0,006 0,099 0,103 0,016 0,124 0,073 

4 0,005 0,054 0,066 0,121 0,162 0,190 0,237 0,063 

5 0,004 0,052 0,072 0,151 0,198 0,228 0,193 0,060 

6 0,006 0,001 0,073 0,127 0,234 0,198 0,187 0,060 

168 0,004 0,214 0,336 0,488 0,518 0,762 0,693 0,015 

 

                                                           
 É ɾʘʪʢʘʥʙʘʝʚ ɽ.ɽ., ɾʘʪʢʘʥʙʘʝʚʘ ɾ.ʂ., ɾʘʢʠʝʥʦʚʘ ɸ.ʊ. / Zhatkanbaev E.E., Zhatkanbaeva Zh.K., Zhakienova A.T., 2014 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʘʙʣʠʮʝ 1, ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʦʪ 

ʚʨʝʤʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʠʩʣʦʪ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ 661,5 

ʛ/ʣ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,762 ʛ/ʣ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨʝ ʚʧʣʦʪʴ ʜʦ 0. 

ʅʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʪʝʥʜʝʥʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʦʪ ʚʨʝʤʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʜʣʷ 

ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʠʩʣʦʪ:  

ï ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪ ʦʪ 0 ʜʦ 230 ʛ/ʣ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʚ ʪʝʯʝ-

ʥʠʝ 5 ʯʘʩʦʚ, ʧʦʩʣʝ ʦʩʪʘʝʪʩʷ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʣʠʙʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʝʪ;  

ï ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ 661,5 ʛ/ʣ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʩʢʘʯʦʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ t = 4 ʯʘʩʘ ʠ ʧʨʦ-

ʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʠ ʢ 6 ʯʘʩʘʤ ʧʦʩʪʝʧʝʥʥʦ ʧʘʜʘʝʪ;  

ï ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ 823 ʛ/ʣ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʧʝʨʝʤʝʥʥʦʝ ʧʘʜʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʠʢʝʣʷ;  

ï ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 1778 ʛ/ʣ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʧʨʠ t = 2 

ʯʘʩʘ ʠ ʦʩʪʘʝʪʩʷ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ ʯʝʪʳʨʝʭ ʯʘʩʦʚ.  

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙ ʨʫʜʳ ʜʦ ʠ ʧʦʩʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ Ni, Co, Fe 

 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘ ICP ʩʧʝʢʪʨʦʤʝʪʨʝ ʧʦ ʩʦʜʝʨʞʘʥʠʷ Ni, Co, Fe ʚ ʨʫʜʝ ʠ ʧʨʦʙʝ ʧʦʩʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʦʙʳ 
ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, % 

Co Ni Fe 

ʈʫʜʘ 0,0403 0,731 18,21 

ʆʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʄʝ ʚ ʨʫʜʝ ʧʦʩʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘʤʠ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ: 

24,5 ʛ/ʣ 

 

 

0,019 

 

 

0,29 

 

 

11,24 

68,6 ʛ/ʣ 0,026 0,509 15,79 

151,9 ʛ/ʣ 0,013 0,098 8,35 

661,5 ʛ/ʣ 0,0019 0,0099 1,54 

823,2 ʛ/ʣ 0,0025 0,0076 1,54 

1778 ʛ/ʣ 0,018 0,429 9,61 

0 ʛ/ʣ 0,045 0,798 17,56 

 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʚ ʨʫʜʝ ʩʦʩʪʘʚʠʣʦ 0,7645 %.  

ɺ ʨʫʜʝ ʩʦʜʝʨʞʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʦʥʘʪʦʚ, ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ, ʤʘʛʥʠʷ, ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ, ʯʪʦ 

ʚʣʠʷʝʪ ʥʘ ʨʘʩʭʦʜ ʢʠʩʣʦʪʳ.  

ʀʟ ʘʥʘʣʠʟʘ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʦʞʥʦ ʨʘʩʩʯʠ-

ʪʘʪʴ ʨʘʩʭʦʜ ʢʠʩʣʦʪʳ ʥʘ ʢʛ ʨʫʜʳ ʠ ʢʛ ʥʠʢʝʣʷ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 

ʈʘʩʭʦʜ ʢʠʩʣʦʪʳ ʥʘ ʢʛ ʨʫʜʳ ʠ ʢʛ ʥʠʢʝʣʷ  

ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʪʳ 

 ʂʠʩʣʦʪʥʦʩʪʴ ɺʈ, ʛ/ʣ 

ʈʘʩʭʦʜ ʢʠʩʣʦʪʳ (ʢʛ) 24,5 68.6 152 661,5 823 1778 

ʅʘ 1 ʢʛ ʨʫʜʳ 0,25 0,28 0,57 1,35 1,08 3,32 

ʅʘ 1 ʢʛ ʥʠʢʝʣʷ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 100 % ʢʠʩʣʦʪʫ 127,34 88,06 121,37 181,35 159,91 - 

ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ, %  25,68 41,59 61,43 97,37 88,34 0 

 

ɺʳʚʦʜ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʥʠʢʝʣʷ ʠʟ ʦʢʠʩʣʝʥʥʳʭ 

ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʛʝʪʢʦʣʴ ʨʘʩʪʚʦʨʘʤʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ 661,5 ʛ/ʣ, ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨ ʩʦʩʪʘʚʠʣʘ 97,37 %. ʈʘʩʭʦʜ 

ʢʠʩʣʦʪʳ ʥʘ 1 ʢʛ ʨʫʜʳ 1,35 ʛ/ʣ, ʥʘ 1 ʢʛ ʥʠʢʝʣʷ 181,35 ʢʛ, ʧʨʠ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʠ ʥʠʢʝʣʷ ʚ ʨʫʜʝ 0,7645 %. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʨʫʛʠʭ ʨʝʘʛʝʥʪʦʚ (ʢʘʨʙʦʥʘʪʳ, ʘʤʤʦʥʠʡ 

ʠ ʜʨ.). 
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Abstract. Nickel plays an important role in mechanical engineering and creation of military equipment; prac-

tically all steel are alloyed by nickel and other metals for receiving more durable, heat-resistant, corrosion-resistant 

steel and cast iron. Due to the increase in production of nickel-containing production, demand for nickel is growing 

rapidly. One of production methods is the leaching that is object of this study [3]. 
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ʅɽʃʀʅɽʁʅɸʗ ʈɸɼʀʆʏɸʉʊʆʊʅɸʗ ʀɼɽʅʊʀʌʀʂɸʎʀʗ: ʈɽʐɽʅʀʗ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 
 

 
ɸ.ɺ. ɸʥʪʦʥʦʚ, ʘʩʧʠʨʘʥʪ  

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʪʝʭʥʠʢʠ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʘʚʪʦʤʘʪʠʢʠ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ 

ʤʘʨʢʝʨʦʚ ʜʣʷ ʟʘʜʘʯ ʧʦʠʩʢʘ ʧʦʩʪʨʘʜʘʚʰʠʭ ʧʦʜ ʟʘʚʘʣʘʤʠ ʠ ʩʥʝʞʥʳʤʠ ʣʘʚʠʥʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ 

ʧʦʠʩʢʘ ʦʙʲʝʢʪʦʚ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʯʘʩʪʦʪʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ, RFID, ʥʝʣʠʥʝʡʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʷ, ʥʝʣʠʥʝʡʥʳʡ ʤʘʨ-

ʢʝʨ, ʧʦʠʩʢ ʧʦʩʪʨʘʜʘʚʰʠʭ. 

 

ɿʘʜʘʯʘ ʧʦʠʩʢʘ ʧʦʩʪʨʘʜʘʚʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʛʝʥʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʢʣʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʘʢʪʫʘʣʴʥʦʡ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʫʢʨʳʚʘʶʱʠʭ ʥʝʧʨʦʟʨʘʯʥʳʭ ʩʨʝʜʘʭ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʦʩʪʨʘʜʘʚʰʠʭ ʧʦʜ ʟʘʚʘʣʘʤʠ ʠ ʣʘʚʠʥʘʤʠ, ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʥʞʝʥʝʨʦʚ.  

ʉ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʩʠʩʪʝʤʳ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

(RFID, ʦʪ Radio Frequency IDentification). ʅʝʢʦʪʦʨʳʝ ʛʦʨʥʦʣʳʞʥʳʝ ʢʫʨʦʨʪʳ ʠʩʧʦʣʴʟʫʶʪ ʘʢʪʠʚʥʳʝ ʜʘʪʯʠʢʠ 

RFID. 

ʇʦʠʩʢʦʚʳʝ ʧʨʠʙʦʨʳ ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʜʝʣʷʪʩʷ ʥʘ [2]: 

- ʦʧʪʠʯʝʩʢʠʝ; 

- ʘʢʫʩʪʠʯʝʩʢʠʝ; 

- ʪʝʧʣʦʚʠʟʠʦʥʥʳʝ; 

- ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ; 

- ʧʨʠʙʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʘʪʦʨʳ; 

- ʙʠʦʣʦʢʘʮʠʦʥʥʳʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʣʝʧʪʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘ-

ʥʠʟʤʘ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʦʩʥʘʱʝʥʠʠ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʄʏʉ ʈʦʩʩʠʠ ʥʘʭʦʜʷʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʙʦʨʳ ʧʦʠʩʢʘ ʧʦʩʪʨʘʜʘʚʰʠʭ (ʥʘ ʧʨʠʤʝʨʝ ʦʪʨʷʜʘ ʎʝʥʪʨʦʩʧʘʩ): 

- ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ: ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʧʦʠʩʢʦʚʳʝ ʧʨʠʙʦʨʳ ʉɺʂ-3, ɸʈʊ4-8; ʚʠʜʝʦʵʥʜʦʩʢʦʧʳ 

ɺʕ1ɸ-10, ɺɼ2-8; ʨʘʜʠʦʬʠʮʠʨʦʚʘʥʥʘʷ ʢʘʩʢʘ ʩʧʘʩʘʪʝʣʷ ʈʂʉ-01; ʩʠʩʪʝʤʳ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʧʦʠʩʢʘ çʉʠʩʪʝʤʘï1ʂè, 

çʉʠʩʪʝʤʘï1ʈè; 

- ʧʨʠʙʦʨʳ ʥʦʯʥʦʛʦ ʧʦʠʩʢʘ: ʧʨʠʙʦʨ ʥʦʯʥʦʛʦ ʚʠʜʝʥʠʷ çɺʦʨʦʥè, ʧʘʩʩʠʚʥʳʝ ʥʦʯʥʳʝ ʦʯʢʠ ʇʅ63; 

- ʘʢʫʩʪʠʯʝʩʢʦʛʦ (ʩʝʡʩʤʠʯʝʩʢʦʛʦ) ʧʦʠʩʢʘ: ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ çʀʩʢʘʪʝʣʴè, çʇʝʣʝʥʛ 1è, çʇʝʣʝʥʛ 1ʄè, 

TPL 310B, TPL 310D MINI, ɸʇʇ-1, ʚʠʙʨʦʬʦʥ ASB 8a; 

- ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʧʦʠʩʢʘ: ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴʥʳʡ ʧʨʠʙʦʨ ʊʇɺ-1ʄ1; 

- ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ: ʧʨʠʙʦʨ ʧʦʠʩʢʘ ʧʦ ʘʢʪʠʚʥʳʤ ʤʘʨʢʝʨʘʤ ʉʄʇ-1ɸ, ʧʨʠʙʦʨ ʧʦʠʩʢʘ ʧʦ ʧʘʩ-

ʩʠʚʥʳʤ ʤʘʨʢʝʨʘʤ ʉʄʇ-1ʇ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʦʙʥʘʨʫʞʠʪʝʣʴ ʧʦʩʪʨʘʜʘʚʰʠʭ çʈʘʜʘʨ-01è. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʳ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʤʘʨʢʝʨʦʚ. 

ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʩʠʩʪʝʤ RFID ʩ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤʠ ʤʘʨʢʝʨʘʤʠ [5]: 

1. ɸʢʪʠʚʥʳʡ ʤʘʨʢʝʨ. ɺ ʤʘʨʢʝʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʘʪʘʨʝʡʢʘ ʠʣʠ ʘʢʢʫʤʫʣʷʪʦʨ ʜʣʷ ʧʠʪʘʥʠʷ ʩʭʝʤʳ ʤʝʪʢʠ ʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʟʘʧʨʦʩʫ.  

2. ʇʘʩʩʠʚʥʳʡ ʤʘʨʢʝʨ. ʄʘʨʢʝʨ ʧʠʪʘʝʪʩʷ ʦʪ ʵʥʝʨʛʠʠ ʧʨʠʥʷʪʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ ʠ ʦʪʨʘʞʘʝʪ ʩʠʛʥʘʣ ʩʯʠʪʳ-

ʚʘʪʝʣʷ, ʤʦʜʫʣʠʨʫʷ ʝʛʦ.   

3. ʇʦʣʫʘʢʪʠʚʥʳʡ (ʧʦʣʫʧʘʩʩʠʚʥʳʡ) ʤʘʨʢʝʨ. ʀʩʧʦʣʴʟʫʝʪ ʙʘʪʘʨʝʢʫ ʠʣʠ ʘʢʢʫʤʫʣʷʪʦʨ ʜʣʷ ʧʠʪʘʥʠʷ ʪʦʣʴʢʦ 
ʤʠʢʨʦʩʭʝʤʳ ʧʘʤʷʪʠ. ʊʘʢ ʞʝ, ʢʘʢ ʧʘʩʩʠʚʥʳʡ ʤʘʨʢʝʨ, ʦʪʨʘʞʘʝʪ ʩʠʛʥʘʣ ʩʯʠʪʳʚʘʪʝʣʷ, ʤʦʜʫʣʠʨʫʷ ʝʛʦ. 

ʅʘʙʦʣʴʰʫʶ ʜʘʣʴʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʤʝʶʪ ʘʢʪʠʚʥʳʝ ʤʘʨʢʝʨʳ, ʥʘʠʤʝʥʴʰʫʶ ʠʤʝʶʪ ʧʘʩʩʠʚʥʳʝ ʤʘʨ-

ʢʝʨʳ. ʅʦ ʘʢʪʠʚʥʳʝ ʤʘʨʢʝʨʳ, ʘ ʪʘʢʞʝ ʧʦʣʫʘʢʪʠʚʥʳʝ, ʠʤʝʶʪ ʦʜʠʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʚʩʪʨʦʝʥʥʳʡ ʠʩʪʦʯ-

ʥʠʢ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʨʘʟʨʷʜʫ. ʄʦʞʥʦ ʧʦʥʷʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʤʘʨʢʝʨʦʚ ʥʘ ʛʦʨʥʦ-

ʣʳʞʥʳʭ ʢʫʨʦʨʪʘʭ, ʢʦʛʜʘ ʣʶʜʠ ʧʨʠʝʟʞʘʶʪ ʥʘ ʦʜʥʫ-ʜʚʝ ʥʝʜʝʣʠ ʠ ʧʦʣʫʯʘʶʪ ʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʘʢʪʠʚʥʳʡ ʤʘʨʢʝʨ, 

ʘ ʧʨʠ ʚʳʝʟʜʝ ʝʛʦ ʩʜʘʶʪ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʩʣʝʜʠʪ ʟʘ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ: ʟʘʤʝʥʷʪ ʠʣʠ ʧʦʜʟʘʨʷ-

ʞʘʝʪ.  

ɹʦʣʝʝ ʩʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʣʶʜʠ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʩʝʡʩʤʦʦʧʘʩʥʦʡ ʟʦʥʝ. ɺ ʜʘʥ-

                                                           
 É ɸʥʪʦʥʦʚ ɸ.ɺ. / Antonov A.V., 2014 
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ʥʦʤ ʩʣʫʯʘʝ ʩʦʚʝʨʰʝʥʥʦ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʟʘʤʝʥʫ ʙʘʪʘʨʝʝʢ. 

ɺʳʭʦʜʦʤ ʠʟ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʩʩʠʚʥʳʭ ʤʘʨʢʝʨʦʚ. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʘʩʩʠʚʥʳʭ ʤʘʨʢʝʨʦʚ RFID ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʪʘʢʠʭ ʩʣʫʯʘʝʚ ʥʝʣʠʥʝʡʥʳʝ ʤʘʨʢʝʨʳ [1, 3].    

ʅʝʣʠʥʝʡʥʘʷ ʣʦʢʘʮʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʩʢʨʳʪʳʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ, ʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʜʣʷ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʣʶʜʝʡ ʠ ʦʙʲʝʢʪʦʚ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ. 

ɺ ʦʩʥʦʚʫ ʥʝʣʠʥʝʡʥʦʡ ʣʦʢʘʮʠʠ ʧʦʣʦʞʝʥ ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʘ ʚ ʨʘʜʠʦ-

ʵʣʝʢʪʨʦʥʠʢʝ ʵʪʦ ʣʶʙʦʡ ʵʣʝʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ p-n-ʧʝʨʝʭʦʜ), ʬʦʨʤʠʨʦʚʘʪʴ ʛʘʨʤʦʥʠʢʠ ʠʣʠ ʩʫʙʛʘʨʤʦʥʠʢʠ ʯʘʩʪʦʪʳ 

ʦʙʣʫʯʘʶʱʝʛʦ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ. ɿʦʥʜʠʨʫʶʱʠʝ ʩʠʛʥʘʣʳ ʦʙʣʘʜʘʶʪ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʯʝʨʝʟ 

ʫʢʨʳʚʘʶʱʠʝ ʩʨʝʜʳ (ʛʨʫʥʪ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʩʥʝʛ, ʚʦʜʫ), ʧʦʜ ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʦʙʲʝʢʪʳ ʧʦʠʩʢʘ.  

ʉʠʩʪʝʤʳ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ c ʥʝʣʠʥʝʡʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʦʙʣʘʜʘʶʪ ʥʝʦʩʧʦʨʠʤʳʤʠ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʩʠʩʪʝʤ RFID: 

1. ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. ʅʝʣʠʥʝʡʥʳʡ ʤʘʨʢʝʨ ʩʦʩʪʦʠʪ ʠʟ ʘʥʪʝʥʥʳ ʠ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʥʝʡ ʥʝʣʠʥʝʡʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʠʦʜʘ. 

2. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ ʦʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɼʠʦʜ ʣʝʛʯʝ ʟʘʛʝʨʤʝʪʠʟʠʨʦ-

ʚʘʪʴ, ʯʝʤ ʮʝʣʫʶ ʧʣʘʪʫ. 

3. ɹʦʣʴʰʘʷ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʘ. ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʨʘʪʠʪʴ ʵʥʝʨʛʠʶ ʥʘ ʧʠʪʘʥʠʷ ʤʠʢʨʦ-

ʩʭʝʤ. 

4. ɹʳʩʪʨʦʝ ʦʙʥʘʨʫʞʝʥʠʝ. ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʩʪʫʧʠʚʰʫʶ ʩ ʤʘʨʢʝʨʘ ʠʥʬʦʨʤʘʮʠʶ. 

5. ʅʝʪ ʧʨʦʙʣʝʤ ʩ ʢʦʣʣʠʟʠʝʡ. ʅʝʣʠʥʝʡʥʳʡ ʣʦʢʘʪʦʨ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʤʘʨʢʝʨʦʚ. 

6. ɺʳʩʦʢʘʷ ʘʜʘʧʪʘʮʠʷ ʢ ʫʩʣʦʚʠʷʤ ʧʦʠʩʢʘ ʦʙʲʝʢʪʘ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʟʘʧʨʦʩʥʫʶ ʯʘʩʪʦʪʫ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʦʠʩʢʘ [3]. 

7. ɼʝʰʝʚʳʡ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [6].   
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ʆ ɺʆɿʄʆɾʅʆʉʊʀ ʂʋʏʅʆɻʆ ɺʓʑɽʃɸʏʀɺɸʅʀʗ ɿɸɹɸʃɸʅʉʆɺʓʍ ʈʋɼ  

ɺ ʉɽɺɽʈʅʓʍ ʈɸʁʆʅɸʍ ʂʈɸʉʅʆʗʈʉʂʆɻʆ ʂʈɸʗ 
 
 
ʄ.ɸ. ɼʝʤʠʥ

1
, ʉ.ʅ. ʇʣʦʪʥʠʢʦʚ

2
, ʅ.ʉ. ʇʝʨʬʠʣʴʝʚʘ

3
, ɸ.ʂ. ɿʘʙʦʣʦʪʩʢʘʷ

4
, ʉ.ɸ. ʂʠʩʪʘʥʦʚ

5
, ɼ.ɺ. ʉʪʨʠʞʥʝʚ

6
  

1, 4, 6 
ʚʝʜʫʱʠʡ ʠʥʞʝʥʝʨ, 

2 
ʥʘʯʘʣʴʥʠʢ ʫʧʨʘʚʣʝʥʠʷ,  

3 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʤʝʪʘʣʣʫʨʛʠʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, 

5 
ʩʤʝʥʥʳʡ ʤʘʩʪʝʨ 

1 
ʇʊʆ ʋɿʀʌ ɿɸʆ çʇʦʣʶʩè, 

2 
ɿʀʌ ɿɸʆ çʇʦʣʶʩè, 

4 
ʆʊʂ ɿɸʆ çʇʦʣʶʩè, 

5 
ʆʈʇʠʆʈ ɿʀʌ-3 ɿɸʆ çʇʦʣʶʩè, 

6 
ʇʊʆ ɿɸʆ çʇʦʣʶʩè 

ʌɻɸʆʋ ɺʇʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʠʥʩʪʠʪʫʪ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

(ʂʨʘʩʥʦʷʨʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ çɹʣʘʛʦʜʘʪʥʦʝè ʤʝʪʦʜʦʤ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʇʨʠʚʝʜʝʥ ʭʠʤʠʢʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʘʙʘʣʘʥʩʦ-

ʚʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʣʘʛʦʜʘʪʥʦʝè. ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʨʫʛʣʦʛʦʜʠʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʳ ʤʝʪʦʜʦʤ ʢʫʯʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʂɺ) ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʫʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ çɹʣʘʛʦʜʘʪʥʦʝè, ʟʦʣʦʪʦ, ʟʦʣʦʪʦʜʦʙʳʯʘ, ʦʙʦ-

ʛʘʱʝʥʠʝ, ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ, ɿɸʆ çʇʦʣʶʩè, ʢʨʘʡʥʠʡ ʩʝʚʝʨ, ʨʝʢʫʣʴʪʠʚʘʮʠʷ, ʦʨʦʩʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʨʙʮʠʷ, 

ʜʝʩʦʨʙʮʠʷ, ʵʣʝʢʪʨʦʣʠʟ, ʧʣʘʚʢʘ. 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʣʫʯʠʣʘ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʚ ʦʩ-

ʥʦʚʥʦʤ ʚ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ. ʂʫʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʧʦʟʚʦʣʠʚʰʝʝ ʚʦʚʣʝʢʘʪʴ ʚ ʦʪʨʘʙʦʪʢʫ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʩ ʙʝʜʥʳʤʠ (1ï1,5 ʛ/ʪ) ʨʫʜʘʤʠ, ʩʪʘʣʦ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʟʦʣʦʪʦʜʦʙʳʯʠ ʚ ʉʐɸ, ɸʚʩʪʨʘʣʠʠ, ʂʘʥʘʜʝ, 

ʄʝʢʩʠʢʝ, ɹʨʘʟʠʣʠʠ, ʏʠʣʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʠ ʜʘʣʦ ʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘ ʜʚʘʜʮʘʪʴ ʣʝʪ ʚ 2ï3 ʨʘʟʘ ʫʚʝʣʠʯʠʪʴ ʜʦʙʳʯʫ 

ʟʦʣʦʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʚʦʚʣʝʢʘʪʴ ʚ ʦʪʨʘʙʦʪʢʫ ʥʝ ʪʦʣʴʢʦ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ ʙʝʜʥʳʭ ʨʫʜ, ʥʦ ʪʘʢʞʝ ʠ ʚʩʢʨʳʰʥʳʝ ʧʦʨʦʜʳ, ʪʝʭʥʦʛʝʥʥʦʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʝ (ʭʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ 

ʨʫʜ ʮʚʝʪʥʳʭ ʠ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ) ʠ ʥʝʙʦʣʴʰʠʝ ʧʦ ʟʘʧʘʩʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦ-

ʛʨʘʤʤʦʚ ʜʦ 1ï2 ʪ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʤʘʣʦʦʩʚʦʝʥʥʳʭ ʨʘʡʦʥʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ ʪʨʝʪʠ ʤʠʨʦʚʦʡ ʜʦʙʳʯʠ 

ʟʦʣʦʪʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʰʠʨʦʢʦ ʨʘʟʚʠʚʘ-

ʝʪʩʷ ʠ ʚ ʈʦʩʩʠʠ. ʋʩʪʘʥʦʚʢʠ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʟʜʘʶʪʩʷ ʠ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦ-

ʥʘʭ. ʇʨʦʙʣʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜ ʩʫʱʝʩʪʚʫʝʪ ʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ 

ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʂʨʘʷ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʤʦʛʫʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴʩʷ ʨʫʜʳ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʊʘʢ, ʚ ɿɸʆ çʇʦʣʶʩè ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ çɹʣʘʛʦʜʘʪʥʦʝè ʠ çʊʠʪʠʤʫʭʪʘè. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʨʫʜ ʤʝʪʦʜʦʤ ʢʫʯʥʦʛʦ ʚʳ-

ʱʝʣʘʯʠʚʘʥʠʷ.  

ʊʘʢ, ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʣʘʛʦʜʘʪʥʦʝè ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʢʚʘʨʮʦʚʘʥʥʳʤʠ, ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠ ʩʝʨʠʮʠ-

ʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʣʘʥʮʘʤʠ ʢʚʘʨʮ-ʩʣʶʜʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʢʨʘʧʣʝʥʥʦʡ ʠ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠ-

ʥʝʨʘʣʠʟʘʮʠʝʡ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʪʠʧʫ ʣʝʛʢʦʦʙʦʛʘʪʠʤʳʭ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʭ ʤʘʣʦʩʫʣʴʬʠʜʥʳʭ 

ʨʫʜ.  ʅʘʩʳʱʝʥʥʦʩʪʴ ʟʦʥ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ 3ï5 %, ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦ 10ï20 

%. ʉ ʦʢʚʘʨʮʝʚʘʥʠʝʤ ʧʦʨʦʜ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʟʦʥʳ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʥʘʣʠʯʠʝ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɺ 

ʩʦʩʪʘʚʝ ʨʫʜ ʧʨʝʦʙʣʘʜʘʝʪ ʢʚʘʨʮ (40ï60 %), ʤʫʩʢʦʚʠʪ (30ï40 %) ʠ ʧʣʘʛʠʦʢʣʘʟ (5ï15 %), ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʛʨʘ-

ʥʘʪ (ʦʢʦʣʦ 4 %), ʙʠʦʪʠʪ, ʭʣʦʨʠʪ, ʢʘʨʙʦʥʘʪʳ. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʠʭ ʜʦʣʷ ʚ ʨʫʜʘʭ 2ï5 %, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʨʦʪʠʥʦʤ 

(1ï3 %), ʘʨʩʝʥʦʧʠʨʠʪʦʤ (1ï3 %), ʧʠʨʠʪʦʤ ʠ ʤʘʨʢʘʟʠʪʦʤ (0,5ï5 %), ʣʸʣʣʠʥʛʠʪʦʤ (0,3 %). ɺ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠ-

ʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ ʠ ʩʬʘʣʝʨʠʪ. ʉʫʣʴʬʠʜʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ ʚʢʨʘʧʣʝʥʥʦʡ, ʧʨʦʞʠʣʢʦ-

ʚʦʡ, ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʡ, ʤʝʣʢʦ-ʛʥʝʟʜʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʇʦ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʫʜʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʪʦʥʢʦʟʝʨʥʠʩʪʦʤʫ ʚʢʨʘʧʣʝʥʥʦ-ʧʨʦʞʠʣʢʦʚʦʤʫ ʠ ʧʨʦʞʠʣʢʦʚʦʤʫ ʪʠʧʫ.    

ʆʩʥʦʚʥʘʷ ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʚ ʨʫʜʝ ï ʩʚʦʙʦʜʥʦʝ (70ï80 %). ɿʦʣʦʪʦ ʤʝʣʢʦʝ ï ʧʨʝʦʙʣʘʜʘʶʪ ʟʝʨʥʘ 

ʨʘʟʤʝʨʥʦʩʪʴʶ 70ï750 ʤʢʤ (ʦʢʦʣʦ 55 %) ʠ 10ï70 ʤʢʤ (ʦʢʦʣʦ 45 %). ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʦʥʢʦʛʦ ʠ ʤʝʣʢʦʛʦ ʟʦʣʦ-

ʪʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʘʨʩʝʥʠʜʘʭ ʠ ʩʫʣʴʬʠʜʘʭ ʤʳʰʴʷʢʘ, ʛʜʝ ʦʥʦ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʩʨʘʩʪʘʥʠʡ ʣʝʣʣʠʥ-

ʛʠʪʘ ʩ ʘʨʩʝʥʦʧʠʨʠʪʦʤ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʦʪʘ ʥʝʦʜʥʦʨʦʜʥʳʡ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʥʝʤ ʧʨʠʤʝʩʝʡ ʩʝʨʝ-

ʙʨʘ (ʦʪ 8 ʜʦ 35 %), ʨʪʫʪʠ ʠ ʤʝʜʠ. ʉʨʝʜʥʷʷ ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ 869. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʘ ʚ ʨʫʜʥʳʭ ʪʝʣʘʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʝ.  

ʉʨʝʜʥʠʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʣʘʥʮʝʚ, ʩʣʘʛʘʶʱʠʭ ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ ʦʩʥʦʚʥʫʶ ʨʫʜʥʫʶ ʟʦʥʫ, ʦʜʠ-

ʥʘʢʦʚ: 30ï40 % ʢʚʘʨʮʘ, 30ï40 % ʩʣʶʜʳ, 5ï15 % ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, 0ï20 % ʭʣʦʨʠʪʘ, 0ï5 % ʛʨʘʥʘʪʘ, 0,9ï1,5 % 

ʢʘʨʙʦʥʘʪʦʚ, 0,5ï3 % ʩʫʣʴʬʠʜʦʚ ʠ 0ï1 % ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʫʜʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 1, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ï ʚ ʪʘʙʣʠʮʝ 2. 

                                                           
 É ɼʝʤʠʥ ʄ.ɸ., ʇʣʦʪʥʠʢʦʚ ʉ.ʅ., ʇʝʨʬʠʣʴʝʚʘ ʅ.ʉ., ɿʘʙʦʣʦʪʩʢʘʷ ɸ.ʂ., ʂʠʩʪʘʥʦʚ ʉ.ɸ., ʉʪʨʠʞʥʝʚ ɼ.ɺ. / Dyomin M.A., 

Plotnikov S.N., Perfileva N.S., Zabolotskaya A.K., Kistanov S.A., Strizhnev D.V., 2014 
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ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʣʘʛʦʜʘʪʥʦʝè 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʝ ʨʫʜʳ, % 

1 ʆʢʩʠʜ ʢʨʝʤʥʠʷ 61,42 

2 ʆʢʩʠʜ ʘʣʶʤʠʥʠʷ 12,56 

3 ʆʢʩʠʜ ʪʠʪʘʥʘ 0,73 

4 ʆʢʩʠʜ ʢʘʣʴʮʠʷ 0,87 

5 ʆʢʩʠʜ ʤʘʛʥʠʷ 1,43 

6 ʆʢʩʠʜ ʤʘʨʛʘʥʮʘ 0,093 

7 ʋʛʣʝʨʦʜ 0,12 

8 ʉʫʨʴʤʘ 0,001 

9 ɾʝʣʝʟʦ ʦʙʱʝʝ 4,9 

10 ʆʢʩʠʜ ʞʝʣʝʟʘ (III ) 3,35 

11 ɾʝʣʝʟʦ ʩʫʣʴʬʠʜʥʦʝ 1,55 

12 ʉʝʨʘ ʦʙʱʘʷ 1,95 

13 ʉʝʨʘ ʩʫʣʴʬʠʜʥʘʷ 1,45 

14 ʉʝʨʘ ʵʣʝʤʝʥʪʥʘʷ 0,5 

15 ʄʳʰʴʷʢ 0,24 

16 ʂʦʙʘʣʴʪ 0,003 

17 ʄʝʜʴ 0,003 

18 ʎʠʥʢ 0,024 

19 ʉʚʠʥʝʮ 0,003 

20 ʉʝʨʝʙʨʦ, ʛ/ʪ 0,25 

 

ʊʘʙʣʠʮʘ 2 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʣʘʛʦʜʘʪʥʦʝè 

ɻʨʫʧʧʘ ʄʠʥʝʨʘʣ ʉʦʜʝʨʞʘʥʠʝ ʚ ʨʫʜʝ, ʚʝʩ. % ʇʨʠʤʝʯʘʥʠʝ 

ʅ
ʝ
ʨ
ʫ
ʜ
ʥ
ʳ
ʝ
 
ʠ
 

ʧ
ʦ
ʨ
ʦ
ʜ
ʦ
ʦ
ʙ
ʨ
ʘ
ʟ
ʫ
ʶ
ʱ
ʠ
ʝ
 

ʤ
ʠ
ʥ
ʝ
ʨ
ʘ
ʣ
ʳ

 

ʂʚʘʨʮ ~ 40ï45 ɻʣʘʚʥʳʡ 

ɹʠʦʪʠʪ 

~ 40ï45 
ɻʣʘʚʥʳʡ 

ʄʫʩʢʦʚʠʪ ɻʣʘʚʥʳʡ 

ʉʝʨʠʮʠʪ ɻʣʘʚʥʳʡ 

ɻʨʘʥʘʪʳ (ɸʣʴʤʘʥʜʠʥ) < 4 

  

ɺ
ʪ
ʦ
ʨ
ʦ
ʩ
ʪ
ʝ
ʧ
ʝ
ʥ
ʥ
ʳ
ʝ

 

ɸʤʬʠʙʦʣʳ < 1 

ʇʠʨʦʢʩʝʥ < 1 

ʇʣʘʛʠʦʢʣʘʟʳ < 1 

ʂʘʣʠʝʚʳʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ < 1 

ʈʫʪʠʣ ɼʦʣʠ 

ʀʣʴʤʝʥʠʪ ɼʦʣʠ 

ɾ
ʠ
ʣ
ʴ
ʥ
ʳ
ʝ

 ʂʚʘʨʮ ~ 10 ɻʣʘʚʥʳʡ 

ʂʘʣʴʮʠʪ ɼʦ 1 ɻʣʘʚʥʳʡ 

ʇʦʣʝʚʳʝ ʰʧʘʪʳ < 1 

ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ɹʠʦʪʠʪ < 1 

ʄʫʩʢʦʚʠʪ < 1 

ɺ
ʪ
ʦ
ʨ
ʠ
ʯ
ʥ
ʳ
ʝ

 

ʉʝʨʠʮʠʪ ɼʦʣʠ ɻʣʘʚʥʳʡ 

ʍʣʦʨʠʪ ɼʦʣʠ ɻʣʘʚʥʳʡ 

ʉʝʨʧʝʥʪʠʥ ɼʦʣʠ 

ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʃʝʡʢʦʢʩʝʥ ɽʜ.ʟ. 

ʂʘʦʣʠʥʠʪ ɽʜ.ʟ. 

ɿ
ʦ
ʥ
ʳ
 
ʦ
ʢ
ʠ
ʩ
ʣ

ʝ
-

ʥ
ʠ
ʷ 

ʂʘʦʣʠʥʠʪ  

ɻʣʘʚʥʳʝ 
ɻʝʪʠʪ  

ʃʠʤʦʥʠʪ  

ʃʝʧʠʜʦʢʨʦʢʠʪ  

ʇʠʨʠʪ, ʤʘʨʢʘʟʠʪ, ʤʝʣʴʥʠʢʦʚʠʪ  ɺʪʦʨʦʩʪʝʧ. 

ʉʢʦʨʦʜʠʪ ɽʜ.ʟ.  

ʉ
ʘ
ʤʦ
-

ʨ
ʦ
ʜ
ʥ
ʳ
ʝ

 

ɿʦʣʦʪʦ ɽʜ.ʟ. ɻʣʘʚʥʳʡ 

ʕʣʝʢʪʨʫʤ ɽʜ.ʟ. ɿʥʘʯʠʤʳʡ 

ʈ
ʫ
ʜ
ʥ
ʳ
ʝ

 ɸʨʩʝʥʦʧʠʨʠʪ 1,0ï3,0 ɻʣʘʚʥʳʡ 

ʃʸʣʣʠʥʛʠʪ < 0,3 ɻʣʘʚʥʳʡ 

ʇʠʨʨʦʪʠʥ 1,0ï3,0 ɻʣʘʚʥʳʡ 

ʇʠʨʠʪ, ʤʘʨʢʘʟʠʪ, ʛʝʣʴ-ʧʠʨʠʪ < 0,5-5,0 ɺʪʦʨʦʩʪʝʧ. 
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ʂʦʥʜʠʮʠʦʥʥʦʩʪʴ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ ʚ ʨʫʜʝ. ɼʣʷ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜ 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,4 ʜʦ 1,0 ʛ/ʪ. ɿʘʙʘʣʘʥʩʦʚʳʝ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʜʠʮʠʦʥʥʳʭ 

ʨʫʜ ʙʘʣʘʥʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʘʙʦʡ ʩʫʣʴʬʠʜʠʟʘʮʠʝʡ ʠ ʥʠʟʢʦʡ, ʜʦ ʝʜʠʥʠʯʥʳʭ ʤʘʣʦʤʦʱʥʳʭ 

ʞʠʣʦʢ ʠ ʥʠʪʝʚʠʜʥʳʭ ʧʨʦʞʠʣʢʦʚ, ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʢʚʘʨʮʞʠʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʜʦ 2 %). 

ʇʨʦʚʝʜʝʥʥʳʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʫʜʳ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʛʦ ʜʦʩʪʘʪʦʯ-

ʥʦ ʣʝʛʢʦ ʠʟʚʣʝʢʘʝʤʦʛʦ ʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʟʦʣʦʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʚ ʧʫʩʪʦʡ ʧʦʨʦʜʝ ʜʘʥʥʦʡ ʨʫʜʳ ʧʨʠʤʝʩʝʡ, ʙʣʦʢʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʟʦʣʦʪʘ, ʧʦʟʚʦʣʷʝʪ ʩʜʝ-

ʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʤ ʚʦʚʣʝʯʝʥʠʠ ʠʭ ʚ ʧʝʨʝʨʘʙʦʪʢʫ. ʆʜʥʘʢʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʟʘʙʘʣʘʥʩʦʚʳʭ 

ʨʫʜʘʭ ʥʘ ʫʨʦʚʥʝ 0,4ï1 ʛ/ʪ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʠʭ ʧʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʟʚʝʩʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ʆʧʳʪ ʨʷʜʘ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʙʝʜʥʳʭ ʠ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʟʘʪʨʘʪʥʳʤ ʤʝʪʦʜʦʤ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʂɺ) ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʨʷʜʘ ʫʩʣʦʚʠʡ, ʦʩʥʦʚʥʳʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʧʦʢʘʟʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʢʫʯʥʳʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 6-ʤʝʪʨʦʚʳʭ ʢʦʣʦʥʥʘʭ 

ʚ ʧʠʣʦʪʥʦʤ ʤʘʩʰʪʘʙʝ ʥʘ 3 ʪ ʨʫʜʳ. ʇʨʠ ʠʩʭʦʜʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʟʦʣʦʪʘ ʚ ʨʫʜʝ ʥʘ ʫʨʦʚʥʝ 0,67 ʛ/ʪ ʠ ʜʨʦʙʣʝʥʠʠ ʨʫ-

ʜʳ ʜʦ ʢʣʘʩʩʘ -20+0 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʠʟʚʣʝʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 77,3 %, ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʟʦʣʦʪʘ ʚ ʭʚʦʩʪʘʭ 0,15 ʛ/ʪ. ʈʘʩʭʦʜ ʦʩʥʦʚʥʳʭ ʨʝʘʛʝʥʪʦʚ ʩʦʩʪʘʚʠʣ: ʮʠʘʥʠʩʪʦʛʦ ʥʘʪʨʠʷ 0,38 ʢʛ/ʪ, ʛʠʜʨʦʢʩʠʜʘ 

ʥʘʪʨʠʷ 1,39 ʢʛ/ʪ ʠ ʮʝʤʝʥʪʘ 9 ʢʛ/ʪ. 

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʫʯʥʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʨʫʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 0,54 ʛ/ʪ. ʆʧ-

ʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʨʫʜʳ ʧʨʠ ʜʨʦʙʣʝʥʠʠ ʩʪʘʣ ʢʣʘʩʩ -10+0 ʠʣʠ -5+0, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʚʣʝʯʝʥʠʝ 

ʩʦʩʪʘʚʠʣʦ 60,1ï60,34 %. ʇʨʠ ʵʪʦʤ ʨʘʩʭʦʜ ʦʩʥʦʚʥʳʭ ʨʝʘʛʝʥʪʦʚ ʩʦʩʪʘʚʠʣ: ʮʠʘʥʠʜʘ ʥʘʪʨʠʷ 0,5ï0,6 ʢʛ/ʪ, ʛʠʜʨʦʢʩʠ-

ʜʘ ʥʘʪʨʠʷ 1,4 ʢʛ/ʪ ʠ ʮʝʤʝʥʪʘ 9 ʢʛ/ʪ.  ʅʘʠʙʦʣʴʰʝʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʜʨʦʙʣʝʥʠʠ ʨʫʜʳ ʜʦ 

ʢʣʘʩʩʘ -2+0 ʠ ʩʦʩʪʘʚʠʣʦ 77,27 %. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʚʳʟʚʘʥʦ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʥʠʟ-

ʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ ʚ ʠʩʭʦʜʥʦʡ ʨʫʜʝ, ʥʦ ʠ ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʨʫʜʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʢʘʨʴʝʨʘ. ʆʙʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠʟ ʟʘʙʘ-

ʣʘʥʩʦʚʳʭ ʨʫʜ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ.   

 ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʷ ʚ ʧʠʣʦʪʥʦʤ ʤʘʩʰʪʘʙʝ ʥʘ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʢʫʯʝ ʤʘʩʩʦʡ 50 ʪʳʩ. ʪ ʨʫ-

ʜʳ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʣʘʛʦʜʘʪʥʦʝè ʠ ʭʠʤʠʯʝʩʢʦʤʫ 

ʘʥʘʣʠʟʫ ʨʫʜʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʟʦʣʦʪʘ ʠʟ 

ʟʘʙʘʣʘʥʩʦʚʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʟʦʣʦʪʘ. ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʨʝʛʣʘʤʝʥʪʘ ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʚʦʚʣʝʯʝʥʠʶ ʟʘʙʘʣʘʥʩʦʚʦʡ ʨʫʜʳ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʢʫʯʥʳʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʨʫʜʳ ʠ ʬʘʢʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦ-

ʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʚ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʜʣʷ ʟʘʙʘʣʘʥʩʦʚʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ.  

ɿʘ ʛʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʷ ʂɺ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʘʩʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʧʝʰʥʦ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʫʩʪʘʥʦʚʢʠ ʂɺ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 4ï5 ʤʝʩʷʮʝʚ, ʧʨʠ ʩʣʦʞʥʦʤ ʨʝʣʴʝʬʝ ʤʝʩʪʥʦʩʪʠ ʠ ʥʘʭʦʜʷʩʴ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ (ʚʙʣʠʟʠ ʨʳʙʦʦʭʨʘʥʥʳʭ ʚʦʜʦʝʤʦʚ). ʆʛʨʦʤʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʦ ʢʫʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʟʦ-

ʣʦʪʘ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʢʨʫʛʣʦʛʦʜʠʯʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʝʜʥʳʭ ʠ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʚʝʨʥʳʭ ʫʩʣʦʚʠ-

ʷʭ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ.  

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʘʙʘʣʘʥʩʦ-

ʚʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʂʨʘʷ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʫʢʨʫʧʥʝʥʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʩ ʦʙʲʸʤʦʤ ʨʫʜʥʦʛʦ ʰʪʘʙʝʣʷ 50 ʪʳʩ. ʪ. 

ɺ ʮʝʣʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʢʨʫʛʣʦʛʦʜʠʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʳ ʤʝʪʦʜʦʤ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠ-

ʚʘʥʠʷ (ʂɺ) ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ: 

1. ʈʫʜʦʧʦʜʛʦʪʦʚʢʘ (ʜʨʦʙʣʝʥʠʝ, ʛʨʦʭʦʯʝʥʠʝ, ʰʠʭʪʦʚʢʘ, ʦʢʦʤʢʦʚʘʥʠʝ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ). 

2. ɺʳʙʦʨ ʠ ʧʦʜʛʦʪʦʚʢʘ ʧʣʦʱʘʜʢʠ ʧʦʜ ʂɺ (ʩʥʷʪʠʝ ʧʣʦʜʦʨʦʜʥʦʛʦ ʩʣʦʷ, ʧʣʘʥʠʨʦʚʢʘ). 

3. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘʛʦʨʥʦʡ ʢʘʥʘʚʳ ʜʣʷ ʧʝʨʝʭʚʘʪʘ ʠ ʦʪʚʦʜʘ ʣʠʚʥʝʚʳʭ ʩʪʦʢʦʚ ʠ ʪʘʣʳʭ ʚʦʜ. 

4. ʇʦʜʚʝʜʝʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʡ (ʃʕʇ, ʧʦʜʩʪʘʥʮʠʷ, ʤʘʛʠʩʪʨʘʣʠ ʜʣʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʧʝʨʝʢʘʯʢʠ ʨʘʩʪʚʦ-

ʨʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʝʟʜʳ). 

5. ʇʦʜʛʦʪʦʚʢʘ ʧʣʦʱʘʜʢʠ ʩ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ. ʆʪʩʳʧʢʘ ʛʣʠʥʦʡ, (ʩʫʛʣʠʥʢʦʤ), ʧʝʩ-

ʢʦʤ, ʫʧʣʦʪʥʝʥʠʝ, ʤʦʥʪʘʞ ʧʣʸʥʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʦʪʩʳʧʢʘ ʜʨʝʥʘʞʥʦʛʦ ʩʣʦʷ ʠ ʤʦʥʪʘʞ ʜʨʝʥʘʞʥʳʭ ʪʨʫʙ ʠ ʢʦʣʣʝʢ-

ʪʦʨʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʊʝʧʣʦʠʟʦʣʷʮʠʷ ʥʘʨʫʞʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

6. ʋʢʣʘʜʢʘ ʨʫʜʳ ʚ ʰʪʘʙʝʣʴ (ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʟʘʜʘʥʥʳʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ 

ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʪʝʯʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʨʦʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ). 

7. ʄʦʥʪʘʞ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʦʨʦʰʝʥʠʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʊʝʧʣʦʠʟʦʣʷʮʠʷ ʥʘʨʫʞʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ.  
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8. ʆʨʦʰʝʥʠʝ ʨʫʜʥʦʛʦ ʰʪʘʙʝʣʷ (ʚʦʜʦʥʘʩʳʱʝʥʠʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ). 

9. ʅʘʢʦʧʣʝʥʠʝ ʠ ʦʪʩʪʘʠʚʘʥʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʧʨʫʜʝ (ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ï ʚ ʟʘʱʠʱʸʥʥʳʭ ʸʤ-

ʢʦʩʪʷʭ). 

10. ʀʟʚʣʝʯʝʥʠʝ ʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ (ʩʦʨʙʮʠʷ, ʜʝʩʦʨʙʮʠʷ, ʵʣʝʢʪʨʦʣʠʟ, ʧʣʘʚʢʘ). 

11. ʆʙʝʟʚʨʝʞʠʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʨʫʜʥʳʭ ʰʪʘʙʝʣʝʡ. 

12. ʈʝʢʫʣʴʪʠʚʘʮʠʷ ʟʝʤʝʣʴ. 

ɺʦʚʣʝʯʝʥʠʝ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʥʝ ʪʦʣʴʢʦ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʜʥʳʭ ʨʫʜ, ʥʦ ʪʘʢʞʝ ʠ ʟʘʙʘʣʘʥʩʦʚʳʭ 

ʨʫʜ ʠ ʥʝʙʦʣʴʰʠʭ ʧʦ ʟʘʧʘʩʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ, ʥʦʩʠʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʜʣʷ ʢʦʤʧʘʥʠʠ 

ɿɸʆ çʇʦʣʶʩè ʚ ʩʚʷʟʠ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʩʳʨʴʝʚʦʡ ʙʘʟʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʠ ʫʢʨʝʧʠʪʴ ʧʦʟʠ-

ʮʠʠ ʂʦʤʧʘʥʠʠ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʘʭ. 

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 05.11.14. 
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Abstract. The possibility of unpayable ores processing of the field "Blagodatnoe" by the heap leaching method 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊɸ ɼʀʉʉʀʇɸʎʀʀ ʕʅɽʈɻʀʀ  

ɺ ʂɸʏɽʉʊɺɽ ʂʈʀʊɽʈʀʗ ʆɹʈɸɹɸʊʓɺɸɽʄʆʉʊʀ ʄɸʊɽʈʀɸʃʆɺ ʈɽɿɸʅʀɽʄ 
 

 
ʀ.ɺ. ɽʨʰʦʚʘ

1
, ʂ.ʂ. ʉʥʝʛʠʨʝʚʘ

2 

1 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʢʠ  

2 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʘʣʣʦʚ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʌʠʣʠʘʣ ʉʝʚʝʨʥʦʛʦ (ɸʨʢʪʠʯʝʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʉʝʚʝʨʦʜʚʠʥʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʛʦʚʦʨʠʪʩʷ ʦ ʚʳʜʚʠʥʫʪʦʡ ʘʚʪʦʨʘʤʠ ʛʠʧʦʪʝʟʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʠʟʫʯʝʥʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʨʝʟʘʥʠʝʤ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ʀʩʩʣʝ-

ʜʦʚʘʥʠʝ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʠ 

ʦʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʜʘʥʥʦʡ ʩʚʷʟʠ ʧʨʝʜʧʦʣʘʛʘ-

ʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ, ʦʮʝʥʠʚʘʶʱʝʛʦ ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʯʠʩʪʦʚʳʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʨʝʟʘʥʠʝʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʣʦʢʘʣʠʟʘʮʠʷ ʜʝʬʦʨʤʘʮʠʠ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʥʦʩʦ-

ʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʦʙʣʝʤʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠ ʨʝʟʘʥʠʠ ʪʨʫʜʥʦʦʙʨʘ-

ʙʘʪʳʚʘʝʤʳʭ ʩʧʣʘʚʦʚ ʧʦʩʪʝʧʝʥʥʦ ʫʭʦʜʠʪ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ. ʇʝʨʚʦʩʪʝʧʝʥʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʜʦʩʪʠʞʝʥʠʷ 

ʥʘʠʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʨʘʟʤʝʨʦʚ, ʚʦʟʥʠʢʘʶʱʠʡ ʚʩʣʝʜʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ. 

ʊʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʟʘʚʝʨʰʘʶʱʠʭ, ʯʠʩʪʦʚʳʭ ʦʧʝʨʘʮʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʆʪ ʟʥʘʯʝʥʠʡ ʝʛʦ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʚʠʩʷʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʪʘʣʝʡ ʠ ʥʘʜʸʞʥʦʩʪʴ 

ʚʩʝʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝʥʠʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦ-

ʩʪʠʞʝʥʠʷ ʪʘʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʝʧʝʥʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ ʦʩʥʦʚʥʦʡ 

ʩʣʦʞʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʸʪʘ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ ʚʨʝʤʷ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʤʝʪʘʣʣʦʨʝʞʫʱʝʤ ʩʪʘʥʢʝ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʙʦʙʱʝʥʥʦ ʦʮʝʥʠʚʘʶʱʝʛʦ ʩʪʝʧʝʥʴ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʨʦʮʝʩ-

ʩʘ ʨʝʟʘʥʠʷ. ʊʘʢʦʛʦ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ɖ, ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 

ʩʫʤʤʘʨʥʦʤ ʜʝʡʩʪʚʠʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ [1].  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʩʫʱʝʩʪʚʫʝʪ 

ʣʠ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣ-

ʣʦʚ ʠ ʩʧʣʘʚʦʚ ʨʝʟʘʥʠʝʤ.  

ʉʫʪʴ ʚʳʜʚʠʥʫʪʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʛʠʧʦʪʝʟʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʩʦʦʙ-

ʱʘʝʤʘʷ ʤʘʪʝʨʠʘʣʫ ʦʪ ʩʪʘʥʢʘ ʯʝʨʝʟ ʠʥʩʪʨʫʤʝʥʪ, ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʘʪʝ-

ʨʠʘʣʝ, ʝʛʦ ʜʝʬʦʨʤʘʮʠʶ ʠ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ. ʏʝʤ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʨʘʩʩʝʠʚʘʝʪʩʷ, ʪʝʤ ʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝ-

ʣʷʝʪʩʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʝ. ɺ ʪʝʦʨʠʠ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʵʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘ-

ʝʪʩʷ ʧʦʪʝʨʝʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʟʦʥʝ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʜʚʦʜʠʤʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʩʦ-

ʩʨʝʜʦʪʦʯʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʨʝʞʫʱʝʤ ʣʝʟʚʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʨʘʩʭʦʜʦʚʘʪʴʩʷ ʥʘ ʩʥʷʪʠʝ ʩʪʨʫʞʢʠ, ʪ. ʝ. ʧʨʦʮʝʩʩ 

ʨʝʟʘʥʠʷ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʪʦ ʜʦʣʞʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʦʛʣʘʩʥʦ [1], ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ɖ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʘʩʩʝʠ-

ʚʘʪʴ ʵʥʝʨʛʠʶ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʞʝ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘ-

ʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʡʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʦ ʧʦ ʚʝʣʠʯʠʥʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ 

ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʝ ʫʩʣʦʚʠʷ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠʝʤ [1, 3]. 

ʉʣʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢ ʫʩʣʦʚʠʷʤ ʨʝʟʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʨʝʟʘʥʠʠ ʩʢʦʨʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʚʳʰʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʠ ʚ ʪʦʤ, ʠ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚ-

ʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ. 

ʇʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʝʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʪʝ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ, ʪ. ʝ. ʩʦʯʝʪʘʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʢʠ ʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʨʘʚʥʦʤʝʨʥʦ ʜʝʬʦʨʤʠʨʦʚʘʪʴ ʤʘʪʝʨʠ-

                                                           
 É ɽʨʰʦʚʘ ʀ.ɺ., ʉʥʝʛʠʨʝʚʘ ʂ.ʂ. / Ershova I.V., Snegiryova K.K., 2014 
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ʘʣ. ɼʣʷ ʨʝʟʘʥʠʷ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʩʘʤʳʤ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ, ʠ 

ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʝʪ ʪʘʢʦʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʦʥʝ ʨʝ-

ʟʘʥʠʷ, ʪ. ʝ. ʤʠʥʠʤʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʟʥʘʯʠʪ, ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ 

ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ [2]. ʌʘʢʪʠʯʝʩʢʠ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʠʥʠʤʠʟʘ-

ʮʠʠ ʟʦʥʳ ʨʝʟʘʥʠʷ, ʧʦʣʫʯʘʝʪʩʷ ʪʦʪ ʞʝ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʱʘʪʝʣʴʥʦ ʟʘʪʦʯʝʥʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʚʦʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʯʠʩʪʦʚʳʭ ʣʝʟʚʠʡʥʳʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ 

ʩʪʘʥʢʘʭ ʤʦʞʥʦ, ʠʩʧʦʣʴʟʫʷ ʟʘʪʦʯʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʟʘʜʘʚʘʷ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʫʞʝʥʠʶ ʟʦʥʳ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʨʝʟʘʥʠʠ. 
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Abstract. The article deals with the hypothesis proposed by the authors about the possibility of use of energy 

parameter in studying of the machinability of metals and alloys by cutting. The study consisted in definition of existence 

of dependence between dissipation factor of the energy and one of quality index of the processed surface. In case of 

detection of this relation it was supposed to use dissipation factor of the energy as the criterion estimating degree of 

efficiency of course of finishing operations of processing by cutting. 
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ɺ.ɸ. ɿʫʝʚ

1
, ʅ.ɺ. ʂʘʣʠʥʠʥʘ

2
 

1 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʂʦʨʘʙʣʝʩʪʨʦʝʥʠʝ ʠ ʘʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘè 

2
 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʂʦʨʘʙʣʝʩʪʨʦʝʥʠʝ ʠ ʘʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘè 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʣʝʜʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʣʝʜʷʥʦʛʦ ʧʦ-

ʢʨʦʚʘ ʧʣʘʪʬʦʨʤʘʤʠ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʜʷʥʦʡ ʧʦʢʨʦʚ, ʣʝʜʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʨʘʟʨʫʰʝʥʠʝ ʣʴʜʘ, ʧʣʘʪʬʦʨʤʳ ʥʘ ʚʦʟʜʫʰʥʦʡ 

ʧʦʜʫʰʢʝ.   

 

ʋʥʠʚʝʨʩʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʦʜʣʝʥʠʷ ʥʘʚʠʛʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʣʝʜʦʢʦʣʴʥʳʭ ʨʘʙʦʪ ʷʚʣʷʶʪʩʷ ʣʝʜʦʢʦʣʳ. 

ʅʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʣʝʜʦʢʦʣʦʚ ʠʤʝʝʪʩʷ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡ-

ʩʪʚʠʷ; ʚʳʩʦʢʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʫʰʝʥʠʝ 

ʣʴʜʘ. ʇʦʵʪʦʤʫ ʧʦʩʪʦʷʥʥʦ ʚʝʜʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʨʘʟʨʫʰʝʥʠʷ ʣʴʜʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ 

ʷʚʣʷʶʪʩʷ ʣʝʜʦʢʦʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ (ʃʇɺʇ). ʇʨʠʤʝʥʝʥʠʝ ʃʇɺʇ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʨʝʜʩʪʚ ʧʨʦʜʣʝʥʠʷ ʥʘʚʠʛʘʮʠʠ. ʃʇɺʇ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʤʝʣʢʦʚʦʜʥʳʭ ʫʯʘʩʪʢʘʭ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʰʝʣʴʬʘ ʠ ʚ ʫʩʪʴʷʭ ʢʨʫʧʥʳʭ ʨʝʢ, ʛʜʝ ʧʨʠʤʝʥʝʥʠʝ ʦʙʳʯʥʳʭ ʣʝʜʦʢʦʣʦʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʀʟʚʝʩʪʥʦ ʜʚʘ ʩʧʦʩʦʙʘ ʨʘʟʨʫʰʝʥʠʷ ʣʴʜʘ ʩʫʜʘʤʠ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ: ʜʘʚʣʝʥʠʝʤ ʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ 

ʢʨʠʪʠʯʝʩʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ (ʨʝʟʦʥʘʥʩʥʳʡ). 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʩʧʦʩʦʙ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʣʝʜ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʡ 

ʪʷʞʝʩʪʠ, ʘ ʥʝ ʟʘ ʩʯʝʪ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʥʝʤʫ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʩʦ ʩʪʦʨʦʥʳ ʩʫʜʥʘ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʃʇɺʇ ʩ ʤʘ-

ʣʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʜʦ ʣʴʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʚʦʟʜʫʰʥʘʷ ʧʦʣʦʩʪʴ, ʠ ʚʦʜʘ ʧʝʨʝʩʪʘʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʣʝʜʷʥʦʡ ʧʦʢʨʦʚ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʟʤʝʨʘʭ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ ʚ ʧʣʘʥʝ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʴʜʘ ʠ ʝʛʦ 

ʪʦʣʱʠʥʳ, ʣʝʜ ʥʘʯʠʥʘʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʨʘʟʨʫʰʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʷʞʝʩʪʠ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʃʇɺʇ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʣʝʜʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ. ɼʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʣʝʜʦʢʦʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ ʚ 

ʩʧʣʦʰʥʦʤ ʣʝʜʷʥʦʤ ʧʦʢʨʦʚʝ ʪʦʣʱʠʥʦʡ h ʠ ʩʢʦʨʦʩʪʴʶ v. ʃʝʜ ʩʯʠʪʘʝʤ ʦʜʥʦʨʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʧʣʘʩʪʠʥʦʡ ʧʦʩʪʦ-

ʷʥʥʦʡ ʪʦʣʱʠʥʳ. ɼʣʷ ʨʘʟʨʫʰʝʥʠʷ ʣʴʜʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʃʇɺʇ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʜʘʚʣʝʥʠʝ ʚ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ 

ʙʳʣʦ ʥʝ ʤʝʥʝʝ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʬʦʨʤʫʣʝ [1]: 
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ʛʜʝ ɺʇp ï ʜʘʚʣʝʥʠʝ ʚ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ (ɺʇ); 
ɺʇS  ï ʧʣʦʱʘʜʴ ɺʇ; L ,B ï ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ɺʇ; 
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ʚ
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Eh
r

rm)( -
=  ï ʭʘʨʘʢʪʝʨʥʳʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʧʨʠ ʠʟʛʠʙʝ ʣʝʜʷʥʦʡ ʧʣʘʩʪʠʥʳ;  E, m ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʜʣʷ ʣʴʜʘ; ʚrï ʧʣʦʪʥʦʩʪʴ ʣʴʜʘ ʠ ʚʦʜʳ; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ
2
; 

pk ï 

ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʨʘʟʨʫʰʝʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ [2]: pk = 1300 ° 50 ʢʇʘ; 11=k  ʧʨʠ 

L/B = 0,8;  801 ,=k  ʧʨʠ L/B=1,0;  111 ,=k  ʧʨʠ L/B = 1,2.  

ɼʚʠʞʝʥʠʝ ʃʇɺʇ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʣʴʜʘ ʜʘʚʣʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ 

(ʜʦ 10·12 ʢʤ/ʯ), ʚʳʩʦʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ ʚ ɺʇ (ʜʦ 12 ʢʇʘ) ʠ ʥʠʟʢʠʤ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ (º 30·50 ʤ
3
/ʩ). ʕʪʠ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʥʝʙʨʝʯʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʠʤʧʫʣʴʩʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʧʦʣʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ R ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

 

                                                                                   R=Rʨ+Rʦʙʣ + Rʚ,                                                                             (2) 

 

ʛʜʝ Rʨ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʣʴʜʘ, ʘ ʪʘʢʞʝ ʪʨʝʥʠʝʤ ʛʠʙʢʦʛʦ ʦʛʨʘʞ-

ʜʝʥʠʷ (ɻʆ) ʦ ʥʝʨʘʟʨʫʰʝʥʥʳʡ ʣʝʜʷʥʦʡ ʧʦʢʨʦʚ; Rʦʙʣ ï ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʜʥʘ ʩ 

ʦʙʣʦʤʢʘʤʠ ʙʠʪʦʛʦ ʣʴʜʘ; Rʚ ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠ-

ʝʤ ʩ ʦʢʨʫʞʘʶʱʝʡ ʚʦʜʦʡ. 

                                                           
 É ɿʫʝʚ ɺ.ɸ., ʂʘʣʠʥʠʥʘ ʅ.ɺ. / Zuev V.A., Kalinina N.V., 2014 
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ʈʘʩʩʤʦʪʨʠʤ ʧʣʦʩʢʫʶ ʟʘʜʘʯʫ ʜʚʠʞʝʥʠʷ ʃʇɺʇ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʧʦ-

ʩʪʘʥʦʚʢʝ, ʩʯʠʪʘʷ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪ ʨʘʟʨʫʰʝʥʠʷ ʣʴʜʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ. ʀʟʤʝ-

ʥʝʥʠʝ ʧʦʩʘʜʢʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘʜ ʣʝʜʷʥʳʤ ʧʦʢʨʦʚʦʤ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʠʣʠʡ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ Rʨ ʚʳʜʝʣʠʤ ʥʘ ʢʦʥʪʫʨʝ ɻʆ, ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ 

ʢʦʪʦʨʦʛʦ pʚʧ , ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʣʦʱʘʜʢʫ dS ʩ ʚʥʝʰʥʝʡ ʥʘʜʧʠʩʴʶ n  ʠ ʨʘʜʠʫʩ ʚʝʢʪʦʨʦʤ r . 

ʕʣʝʤʝʥʪʘʨʥʳʝ ʩʠʣʘ ʠ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʪʫ ʧʣʦʱʘʜʢʫ, ʟʘʧʠʰʫʪʩʷ ʪʘʢ: 

 

SnpSpR n ddd -== ; 

 

                                                                           SpnrRrm ddd -== .                                                                  (3) 

 

ʋʯʠʪʳʚʘʷ ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʦʪ ʠʟʙʳʪʦʯʥʳʭ ʜʘʚʣʝ-

ʥʠʡ, ʧʦʣʫʯʠʤ: 
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ʛʜʝ S ï ʧʦʚʝʨʭʥʦʩʪʴ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ AmB; S1 ïʧʦʚʝʨʭʥʦʩʪʴ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ CB. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ: 

 

                                                           
ññ -=

1

1ʚɺʇʨ
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SxnzgSxnpR d),cos(d),cos( r                                              (5) 

 

ʠʣʠ, ʫʯʠʪʳʚʘʷ, ʯʪʦ xSxnS d),cos(d = , 

                                                                      ññ -=
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1ʚɺʇʨ

xx s

x

s

x SzgSpR dd r ,                                                       (6) 

 

ñ 1xSzd  ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʚʥʳʡ S1zCx. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 
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p
h
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zzBpR AB

ʚ

ɺʇ
2

ʚ

2

ɺʇɺʇʨ
22

ɺʇɺʇ +--= ,                                        (7) 

 

ʛʜʝ g ï ʫʛʦʣ ʥʘʢʣʦʥʘ ɻʆ ʢ ʛʦʨʠʟʦʥʪʫ, f  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʨʘʚʥʳʡ ʧʨʠʤʝʨʥʦ 0,12; )( AB zz -  ï 

ʨʘʟʥʠʮʘ ʘʧʧʣʠʢʘʪ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢ:  

 

                                                                             hk
g

p
zz wAB -=-

ʚ

ɺʇ

r
;                                                                (8) 

 

wk  ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʟʨʫʰʝʥʠʷ 

ʣʴʜʘ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ [2], wk  = 0,28 ʤ
1/2

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rʨ, ʩʚʷʟʘʥʥʦʝ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ɻʆ ʩʦ ʣʴʜʦʤ ʧʨʠ ʥʘʧʦʣ-

ʟʘʥʠʠ ʥʘ ʥʝʛʦ, ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʜʘʚʣʝʥʠʷ ʚ ɺʇ, ʪʦʣʱʠʥʳ ʣʴʜʘ ʠ ʨʘʟʥʦʩʪʠ ʘʧʧʣʠʢʘʪ ʪʦʯʝʢ ɸ ʠ ɺ. ʇʨʠʯʝʤ ʢʦʦʨ-

ʜʠʥʘʪʘ ʪʦʯʢʠ ɺ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʠʥʦʡ ʚʦʟʜʫʰʥʦʡ ʚʧʘʜʠʥʳ hʚʧ, ʘ ʪʦʯʢʘ A ï ʜʝʬʦʨʤʘʮʠʝʡ ʣʝʜʷʥʦʛʦ 

ʧʦʢʨʦʚʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʧʨʠ ʥʘʜʚʠʞʝʥʠʠ ʃʇɺʇ ʥʘ ʣʝʜ, ʜʝʬʦʨʤʘʮʠʷ ʧʦʩʣʝʜʥʝʛʦ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ, ʯʪʦ ʠ ʧʨʠʚʝʜʝʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ɽʩʣʠ ʣʝʜ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ, ʪʦ ʧʨʦʛʠʙ ʢʨʦʤʢʠ ʣʴʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ [1]. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ɻʆ ʦ ʣʝʜ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
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ʛʜʝ ʇ ï ʧʝʨʠʤʝʪʨ ʃʇɺʇ, ʢʦʪʦʨʳʡ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʨʘʚʝʥ ʇ = 2(Lɺʇ + Bɺʇ). 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ Rʪʨ ʫʯʪʝʥʦ, ʯʪʦ ʢʦʥʪʘʢʪ ɻʆ ʩʦ ʣʴʜʦʤ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʃʇɺʇ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʩʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ɻʆ, ʘ ʧʦ ʙʦʢʦʚʦʡ ʠ ʟʘʜʥʝʡ ï ʧʦ ʯʘʩʪʠ ʧʝʨʠʤʝʪʨʘ ʇ ʥʘ ʧʣʦʱʘʜʠ ʇ
)-(

ʚ

ʣʚ h
r

rr . 

ɼʣʷ ʃʇɺʇ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʚ ʧʣʘʥʝ 
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ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʣʦʤʢʦʚ Rʦʙʣ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʃʇɺʇ ʩʦʩʪʘʚʣʷʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚ ʦʙʱʝʤ ʙʘʣʘʥ-

ʩʝ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʫʩʠʣʠʚʘʝʪʩʷ ʚ (10), ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʪʫ ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʝ ʫʯʠʪʳʚʘʝʤ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʜʳ Rʚ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʫʯʝʩʪʴ, ʩʯʠʪʘʷ, ʯʪʦ ʵʪʘ ʩʦʩʪʘʚʣʷʶʱʘʷ ʙʣʠʟʢʘ ʢ ʦʮʝʥʢʝ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʚ [3]. ɹʦʣʝʝ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʚʝʜʝʥʦ ʚ [4]: 
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ʚ 400 ,
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʘʭ 2, 3, 4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʟʘʚʠʩʠʤʦ-

ʩʪʷʤ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ [1, 5, 6, 7] ʜʣʷ ʧʣʘʪʬʦʨʤ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ ɸʉʊ-100 

(ʜʚʘ ʚʘʨʠʘʥʪʘ ʥʘʛʨʫʞʝʥʠʷ) ʠ 107ʇ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʀʟ ʘʥʘʣʠʟʘ ʨʠʩʫʥʢʦʚ 2, 3 ʠ 4 ʚʠʜʥʦ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʣʠ ʫʜʦʚʣʝʪʚʦ-

ʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʠ ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʣʝʜʦʢʦʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʥʘ ʚʦʟ-

ʜʫʰʥʦʡ ʧʦʜʫʰʢʝ. 
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ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʃʇɺʇ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʉʊ-100 (ʚʘʨʠʘʥʪ 1) ɸʉʊ-100 (ʚʘʨʠʘʥʪ 2) 107ʇ 

ɺʦʜʦʠʟʤʝʱʝʥʠʝ D, ʪ 229 314 252 

ɼʘʚʣʝʥʠʝ ʚ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ 
ɺʇp , ʢʇʘ 6,22 8,2 8,75 

ʐʠʨʠʥʘ ʧʣʘʪʬʦʨʤʳ 
ɺʇB , ʤ 16,8 17,2 18,7 

 

 
 

ʈʠʩ. 2. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʃʇɺʇ çɸʉʊ-100è (ʚʘʨʠʘʥʪ 1): 

_____ ï ʨʘʩʯʝʪʥʘʷ ʢʨʠʚʘʷ ʜʣʷ h = 0,38 ʤ; ¶ ï ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ 
 

 
 

ʈʠʩ. 3. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʃʇɺʇ çɸʉʊ-100è (ʚʘʨʠʘʥʪ 2): 

_____ ï ʨʘʩʯʝʪʥʘʷ ʢʨʠʚʘʷ ʜʣʷ h = 0,86 ʤ; ¶ ï ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ 
 

 
 

ʈʠʩ. 4. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʃʇɺʇ ç107ʇè: 

_____ ï ʨʘʩʯʝʪʥʘʷ ʢʨʠʚʘʷ ʜʣʷ h = 0,55 ʤ; ¶ ï ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ 
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ʂ.ɺ. ʂʘʣʷʛʠʥʘ

1
, ɼ.ʂ. ɻʘʣʢʠʥʘ

2
 

1 
ʤʘʛʠʩʪʨʘʥʪ,

 2 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʉʝʨʠʢʙʘʝʚʘ (ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ), 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʪʘʥʜʘʨʪʦʚ ɻʆʉʊ ISO/IEC 17065-2013 ʠ  

ʉʊ ʈʂ ʀʉʆ/ʄʕʂ 65-2001. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ ʢ ʩʫʱʝʩʪʚʫ-

ʶʱʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʨʛʘʥʦʚ ʧʦ ʧʦʜʪʚʝʨʞʜʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ. ʆʧʨʝʜʝʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝ-

ʩʤʦʪʨʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʘʢʪʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʮʝʩʩʫ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʩʝʨʪʠʬʠʢʘʮʠʷ, ʦʨʛʘʥ ʧʦ ʧʦʜʪʚʝʨʞʜʝʥʠʶ ʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ, ʩʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʘ, ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʩʪʴ. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʟʘʱʠʪʳ 

ʦʙʱʝʩʪʚʘ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʄʝʭʘʥʠʟʤʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʙʝʩʧʝʯʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʵʪʠʤʠ ʧʨʦ-

ʮʝʩʩʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʧʨʦʜʫʢʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʶ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʝʝ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʠʷ. 

ʅʘʰʝ ʛʦʩʫʜʘʨʩʪʚʦ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʥʘʜʣʝʞʘʱʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʥʦʚʣʷʶʪʩʷ ʪʨʝʙʦ-

ʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ. ʊʘʢ, ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʜʝʡʩʪʚʦʚʘʣ ʥʘʮʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʉʊ ʈʂ ʀʉʆ/ʄʕʂ 65-2001 çʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʘʤ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʧʨʦʜʫʢʮʠʠè, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣ ʦʪʤʝʥʝʥ ʠ ʟʘʤʝʥʝʥ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ɻʆʉʊ ISO/IEC 

17065-2013 çʆʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʘʤ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ, ʧʨʦʮʝʩʩʦʚ ʠ ʫʩʣʫʛè, 

ʚʚʝʜʝʥʥʳʤ ʚ ʜʝʡʩʪʚʠʝ ʩ 1 ʘʚʛʫʩʪʘ 2014 ʛʦʜʘ. ɼʣʷ ʩʫʙʲʝʢʪʦʚ ʘʢʢʨʝʜʠʪʘʮʠʠ, ʘ ʠʤʝʥʥʦ ʜʣʷ ʦʨʛʘʥʦʚ ʧʦ ʧʦʜʪʚʝʨ-

ʞʜʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʠʷ (ʆʇʉ) ʧʨʦʜʫʢʮʠʠ, ʵʪʦ ʷʚʠʣʦʩʴ ʥʝʢʦʪʦʨʦʡ ʧʨʦʙʣʝʤʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝ-

ʭʦʜʘ [4] ʚʩʝʭ ʆʇʉ ʧʨʦʜʫʢʮʠʠ ʜʦ 15 ʩʝʥʪʷʙʨʷ 2015 ʛʦʜʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʥʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ. 

ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʜʝʣʦʚ ɻʆʉʊ ISO/IEC 17065 ʠ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  

ʉʊ ʈʂ ʀʉʆ/ʄʕʂ 65, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʥʝ ʪʦʣʴʢʦ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʜʦʢʫ-

ʤʝʥʪʘʮʠʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʆʇʉ, ʥʦ ʠ ʚ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʘʢʪ (ʅʇɸ), ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʦʮʝʩʩʫ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ. 

ʅʝʢʦʪʦʨʳʤʠ ʘʚʪʦʨʘʤʠ ʫʞʝ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʩʨʘʚʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ ʀʉʆ/ʄʕʂ 

17065 ʠ ʈʫʢʦʚʦʜʩʪʚʘ ʀʉʆ/ʄʕʂ 65, ʷʚʣʷʶʱʠʭʩʷ ʙʘʟʦʚʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʢ ʚʳʰʝʫʢʘʟʘʥʥʳʤ. 

ʊʘʢ, ʚ ʩʪʘʪʴʝ ʍʦʭʣʷʚʠʥʘ ʉ.ɸ. [7] ʧʦʢʘʟʘʥʘ ʨʘʙʦʯʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ ʀʉʆ/ʄʕʂ 17065, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚ 

ʠʪʦʛʝ ʠʟʤʝʥʝʥʘ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʩʪʘʥʜʘʨʪʘ. ʆʜʥʘʢʦ, ʫʞʝ ʦʧʠʨʘʷʩʴ ʥʘ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʧʨʦ-

ʝʢʪʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʦʚʳʡ ʩʪʘʥʜʘʨʪ ʧʦʩʪʨʦʝʥ ʥʘ ʧʨʠʥʮʠʧʘʭ ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʩʪʠ, ʢʦʤʧʝʪʝʥʪʥʦ-

ʩʪʠ, ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʞʘʣʦʙʳ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʦʪʢʨʳʪʦʩʪʠ, ʢʦʪʦʨʳʝ çʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ 

ʙʘʟʠʩʘ ʜʣʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè. 

ɽʱʝ ʦʜʠʥ ʘʢʮʝʥʪ ʥʘ ʧʨʠʥʮʠʧʝ ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʩʪʠ ʩʪʘʚʠʪʩʷ ʚ ʩʪʘʪʴʝ çɹʝʩʧʨʠʩʪʨʘʩʪʥʘʷè ʦʮʝʥʢʘ ʩʦʦʪʚʝʪ-

ʩʪʚʠʷè [1]. ɿʜʝʩʴ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ ʝʝ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʮʝʜʫʨʳ ʘʢʢʨʝʜʠʪʘʮʠʠ ʆʇʉ. ɸ ʚ ʨʘʙʦʪʝ [2] ʧʨʠ-

ʚʦʜʠʪʩʷ ʜʝʪʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʨʘʟʜʝʣʦʚ ʠ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ çʚ ʩʪʘʥʜʘʨʪʝ ʀʉʆ/ʄʕʂ 17065 ʩʦʜʝʨʞʠʪʩʷ 

ʙʦʣʴʰʝ ʪʨʝʙʦʚʘʥʠʡ, ʯʝʤ ʚ ʈʫʢʦʚʦʜʩʪʚʝ 65è. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʚʨʘʱʘʷʩʴ ʢ ʘʥʘʣʠʟʫ ɻʆʉʊ ISO/IEC 17065 ʠ ʉʊ ʈʂ ʀʉʆ/ʄʕʂ 65, ʥʝʦʙʭʦʜʠʤʦ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʩʪʘʥʜʘʨʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠ ʠʭ ʨʘʟ-

ʜʝʣʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʥʝʠʜʝʥʪʠʯʥʳʝ. ʆʜʥʘʢʦ, ʦʧʠʨʘʷʩʴ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʨʘʟʜʝʣʦʚ ʠ ʧʫʥʢʪʦʚ, ʤʝʞʜʫ ʥʠʤʠ 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʠ ʚʳʷʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ (ʪʘʙʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʦʚ  

ɻʆʉʊ ISO/IEC 17065-2013 ʠ ʉʊ ʈʂ ʀʉʆ/ʄʕʂ 65-2001 

ʊʨʝʙʦʚʘʥʠʷ 

ɻʆʉʊ ISO/IEC 17065 

ʊʨʝʙʦʚʘʥʠʷ 

ʉʊ ʈʂ ʀʉʆ/ʄʕʂ 65 

ʉʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ɻʆʉʊ ISO/IEC 17065 ʩʪʘʥʜʘʨʪʫ 

ʉʊ ʈʂ ʀʉʆ/ʄʕʂ 65 

1 ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 1 ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 
ʅʝ ʩʦʜʝʨʞʠʪ ʧʦʜʨʦʙʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʩʭʝʤʘʤ ʇʉ 

2 ʅʦʨʤʘʪʠʚʥʳʝ ʩʩʳʣʢʠ 2 ʅʦʨʤʘʪʠʚʥʳʝ ʩʩʳʣʢʠ 
ʉʦʜʝʨʞʘʪʩʷ ʩʩʳʣʢʠ ʥʘ ISO/IEC ʩʝʨʠʠ 

17000 

3 ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 3 ʆʧʨʝʜʝʣʝʥʠʷ ʇʨʠʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʨʤʠʥʳ  

4 ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ï ï 

4.1 ʖʨʠʜʠʯʝʩʢʠʝ ʠ ʜʦʛʦʚʦʨʥʳʝ ʚʦ-

ʧʨʦʩʳ 

14 ʇʨʠʤʝʥʝʥʠʝ ʩʦʛʣʘʰʝʥʠʡ ʧʦ ʩʝʨʪʠ-

ʬʠʢʘʮʠʠ, ʩʝʨʪʠʬʠʢʘʪʦʚ ʠ ʟʥʘʢʦʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʷ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ.4.1.2 ʠ ʧ. 

4.1.3) 

ʅʝʪ ʩʦʦʪʚʝʪʩʪʚʠʷ: 

4.1.1 ʖʨʠʜʠʯʝʩʢʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

4.2 ʄʝʥʝʜʞʤʝʥʪ ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʩʪʠ ï ʅʝʪ ʩʦʦʪʚʝʪʩʪʚʠʷ 

4.3 ʆʙʷʟʘʪʝʣʴʩʪʚʘ ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ï ʅʝʪ ʩʦʦʪʚʝʪʩʪʚʠʷ 

4.4 ʀʩʢʣʶʯʝʥʠʝ ʜʠʩʢʨʠʤʠʥʘʮʠʠ 4.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʉʦʦʪʚʝʪʩʪʚʫʝʪ 

4.5 ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ 4.10 ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘ-

ʥʠʝ ʶʨʠʜʠʯʝʩʢʠ ʟʘʢʨʝʧʣʝʥʥʳʭ ʦʙʷʟʘ-

ʪʝʣʴʩʪʚ ʆʇʉ 

4.6 ʆʙʱʝʜʦʩʪʫʧʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 4.8 ɼʦʢʫʤʝʥʪʘʮʠʷ  ʏʘʩʪʠʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

5 ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʪʨʫʢʪʫʨʝ ï ï 

5.1 ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ 

ʚʳʩʰʝʝ ʨʫʢʦʚʦʜʩʪʚʦ 
4.2 ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʊʨʝʙʦʚʘʥʠʷ ʜʦʧʦʣʥʝʥʳ. ʉʦʜʝʨʞʘʪʩʷ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʠʪʝʪʘʤ, ʢʦʪʦʨʳʝ ʚʦ-

ʚʣʝʯʝʥʳ ʚ ʧʨʦʮʝʩʩ ʩʝʨʪʠʬʠʢʘʮʠʠ 

5.2 ʄʝʭʘʥʠʟʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʨʠ-

ʩʪʨʘʩʪʥʦʩʪʠ 
ï ʅʝʪ ʩʦʦʪʚʝʪʩʪʚʠʷ 

6 ʊʨʝʙʦʚʘʥʠʷ ʢ ʨʝʩʫʨʩʘʤ ï ï 

6.1 ʇʝʨʩʦʥʘʣ ʦʨʛʘʥʘ ʧʦ ʩʝʨʪʠʬʠʢʘ-

ʮʠʠ 
5 ʇʝʨʩʦʥʘʣ ʦʨʛʘʥʘ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ɼʦʧʦʣʥʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʝʪʝʥʪ-

ʥʦʩʪʠ ʠ ʟʘʢʣʶʯʘʝʤʳʤ ʢʦʥʪʨʘʢʪʘʤ ʩ 

ʧʝʨʩʦʥʘʣʦʤ  

6.2 ʈʝʩʫʨʩʳ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ 

ʧ. 6.2.2 çɺʥʝʰʥʠʝ ʨʝʩʫʨʩʳ (ʘʫʪʩʦʨ-

ʩʠʥʛ)è ʯʘʩʪʠʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 4.4 

çɿʘʢʣʶʯʝʥʠʝ ʢʦʥʪʨʘʢʪʦʚ ʩ ʩʫʙʧʦʜʨʷʜ-

ʯʠʢʘʤʠè 

ɼʦʧʦʣʥʝʥʦ ʧʫʥʢʪʦʤ 6.2.1 ɺʥʫʪʨʝʥʥʠʝ 

ʨʝʩʫʨʩʳ 

7 ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʮʝʩʩʫ ï ï 

7.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 4.3 ʆʧʝʨʘʮʠʠ 
ʇʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘ-

ʥʠʝ 

7.2 ɿʘʷʚʢʘ 8 ɿʘʷʚʢʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʈʝʢʦʤʝʥʜʦʚʘʥ ʧʝʨʝʯʝʥʴ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ 

ʚ ʟʘʷʚʢʝ 

7.3 ɸʥʘʣʠʟ ʟʘʷʚʢʠ 9 ʇʦʜʛʦʪʦʚʢʘ ʢ ʦʮʝʥʢʝ ʊʨʝʙʦʚʘʥʠʷ ʜʦʧʦʣʥʝʥʳ 

7.4 ʆʮʝʥʠʚʘʥʠʝ 10 ʆʮʝʥʢʘ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʦʞʝʥʠʷ, ʦʪʥʦʩʷʱʠʝ-

ʩʷ ʢ ʫʧʨʘʚʣʝʥʠʶ ʚʥʝʰʥʠʤʠ ʠ ʚʥʫʪʨʝʥ-

ʥʠʤʠ ʨʝʩʫʨʩʘʤʠ 

7.5 ɸʥʘʣʠʟ ʜʘʥʥʳʭ 11 ʆʪʯʝʪ ʦʙ ʦʮʝʥʢʝ 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʠʩʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʣʠʮʘʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʘʥʘʣʠʟ ʜʘʥ-

ʥʳʭ 

7.6 ʈʝʰʝʥʠʝ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ 12 ʈʝʰʝʥʠʝ ʦ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʇʨʠʚʝʜʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʩʪʠ ʟʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʧʦ ʩʝʨʪʠ-

ʬʠʢʘʮʠʠ 

7.7 ɼʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʝʨʪʠʬʠʢʘʮʠʠ 

4.6 ʋʩʣʦʚʠʷ ʠ ʧʨʦʮʝʜʫʨʳ ʚʳʜʘʯʠ, ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʷ, ʧʨʦʜʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʠ 

ʘʥʥʫʣʠʨʦʚʘʥʠʷ ʩʝʨʪʠʬʠʢʘʪʘ  

ʇʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘ-

ʥʠʝ 

7.8 ʈʝʝʩʪʨ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦ-

ʜʫʢʮʠʠ 
ï ʅʝʪ ʩʦʦʪʚʝʪʩʪʚʠʷ 

7.9 ʀʥʩʧʝʢʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ 13 ʅʘʜʟʦʨ ʊʨʝʙʦʚʘʥʠʷ ʜʦʧʦʣʥʝʥʳ 

7.10 ʀʟʤʝʥʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʝʨ-

ʪʠʬʠʢʘʮʠʶ 

6 ʀʟʤʝʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝ-

ʤʳʭ ʧʨʠ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʠʟʤʝʥʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʝʨʪʠʬʠʢʘ-

ʮʠʶ, ʪʨʝʙʫʝʤʳʭ ʩʭʝʤʦʡ ʠʣʠ ʠʥʠʮʠʠ-

ʨʦʚʘʥʥʳʭ ʟʘʢʘʟʯʠʢʦʤ 

7.11 ʇʨʠʦʩʪʘʥʦʚʣʝʥʠʝ, ʦʪʤʝʥʘ ʠʣʠ 

ʧʨʝʢʨʘʱʝʥʠʝ ʩʝʨʪʠʬʠʢʘʮʠʠ 

4.6 ʋʩʣʦʚʠʷ ʠ ʧʨʦʮʝʜʫʨʳ ʚʳʜʘʯʠ, ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʷ, ʧʨʦʜʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʠ 

ʘʥʥʫʣʠʨʦʚʘʥʠʷ ʩʝʨʪʠʬʠʢʘʪʘ 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘ-

ʥʠʝ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 

ʊʨʝʙʦʚʘʥʠʷ 

ɻʆʉʊ ISO/IEC 17065 

ʊʨʝʙʦʚʘʥʠʷ 

ʉʊ ʈʂ ʀʉʆ/ʄʕʂ 65 

ʉʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ɻʆʉʊ ISO/IEC 17065 ʩʪʘʥʜʘʨʪʫ 

ʉʊ ʈʂ ʀʉʆ/ʄʕʂ 65 

7.12 ɿʘʧʠʩʠ ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 4.9.1 ʊʨʝʙʦʚʘʥʠʷ ʜʦʧʦʣʥʝʥʳ 

7.13 ɾʘʣʦʙʳ ʠ ʘʧʝʣʣʷʮʠʠ 
7 ɸʧʝʣʣʷʮʠʠ, ʞʘʣʦʙʳ ʠ ʩʧʦʨʥʳʝ ʩʠʪʫ-

ʘʮʠʠ 

ʇʨʠʚʝʜʝʥʳ ʜʝʪʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦ-

ʮʝʩʩʫ ʧʦʣʫʯʝʥʠʷ, ʦʮʝʥʠʚʘʥʠʷ ʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʞʘʣʦʙ ʠ ʘʧʝʣʣʷʮʠʡ 

8 ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʤʝʥʝʜʞ-

ʤʝʥʪʘ 
4.5 ʉʠʩʪʝʤʘ ʢʘʯʝʩʪʚʘ 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ 2 ʚʘʨʠʘʥʪʘ: 

ï ʚʘʨʠʘʥʪ ɸ (ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʫʥʢʪʘʭ 8.1-

8.8); 

ï ʚʘʨʠʘʥʪ ɺ 

(ʦʩʥʦʚʘʥ ʥʘ ISO 9001) 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʜʦʧʦʣʥʝʥʠʠ ɻʆʉʊ ISO/IEC 17065 ʪʨʝʙʦʚʘ-

ʥʠʷʤʠ ʢ ʤʝʥʝʜʞʤʝʥʪʫ ʠ ʤʝʭʘʥʠʟʤʫ ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʠʟʤʝʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ ʤʝʥʝʜʞʤʝʥ-

ʪʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʟʥʘʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʆʇʉ.  

ʕʪʘʧʳ ʧʨʦʮʝʩʩʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ (ʩʝʨʪʠʬʠʢʘʮʠʠ) ʧʨʦʜʫʢʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʠʣʠʩʴ. 

ʅʦ ʧʨʠ ʚʥʠʤʘʪʝʣʴʥʦʤ ʦʟʥʘʢʦʤʣʝʥʠʠ ʩ ʢʘʞʜʳʤ ʠʟ ʥʠʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʜʦʧʦʣʥʝʥʠʷ ʩ ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ. 

ʅʘʧʨʠʤʝʨ, ʢ ʥʝʦʙʭʦʜʠʤʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʫʢʘʟʳʚʘʝʤʦʡ ʚ ʟʘʷʚʢʝ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ISO/IEC 17065, 

ʦʪʥʦʩʠʪʩʷ: 

- ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʢʘʟʯʠʢʘ (ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʩʭʝʤʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ), ʘ ʪʘʢʞʝ ʣʶʙʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʘʚʦʚʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ; 

- ʠʥʬʦʨʤʘʮʠʷ ʦʙʦ ʚʩʝʭ ʧʨʦʮʝʩʩʘʭ, ʧʝʨʝʜʘʥʥʳʭ ʥʘ ʘʫʪʩʦʨʩʠʥʛ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʢʘʟʯʠʢʦʤ, ʢʦʪʦʨʳʝ 
ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ; 

- ʜʨʫʛʘʷ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʝʨʪʠʬʠʢʘʮʠʠ, ʪʘʢʘʷ ʢʘʢ ʠʥʬʦʨʤʘ-

ʮʠʷ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ, ʥʘʧʨʠʤʝʨ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥ-

ʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʠ ʢʦʥʪʘʢʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʵʪʠʭ ʤʝʩʪʘʭ [3]. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʇʦʩʪʘʥʦʚʣʝʥʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʪ 4 ʬʝʚ-

ʨʘʣʷ 2008 ʛʦʜʘ ˉ 90 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ çʇʨʦʮʝʜʫʨʳ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷè 

ʬʦʨʤʳ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʶʪ ʚʩʶ ʩʧʝʮʠʬʠʢʫ ʪʨʝʙʦ-

ʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ ɻʆʉʊ ISO/IEC 17065 ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʨʘʙʦʪʘʥʳ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ: 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ ɻʆʉʊ ISO/IEC 17065 ʙʦʣʝʝ ʣʦʛʠʯʥʦ ʚʳʩʪʨʦʝʥʳ ʠ ʜʝʪʘ-

ʣʠʟʠʨʦʚʘʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉʊ ʈʂ ʀʉʆ/ʄʕʂ 65; 

- ʦʙʥʘʨʫʞʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ 

ʆʇʉ ʧʨʦʜʫʢʮʠʠ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ, ʥʝʩʦʤʥʝʥʥʦ, ʧʦʚʳʩʠʪ ʜʦʚʝʨʠʝ ʢ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

- ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʨʘʙʦʪʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʫʶʱʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʆʇʉ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʩʠʩʪʝʤʳ 
ʤʝʥʝʜʞʤʝʥʪʘ ʆʇʉ, ʥʦ ʠ ʚʥʝʩʪʠ ʧʦʧʨʘʚʢʠ ʚ ʅʇɸ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʧʨʦʮʝʩʩ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʧʨʦʜʫʢʮʠʠ. 
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ʉʆɺʈɽʄɽʅʅʓʁ ʇʆɼʍʆɼ ʂ ɸʅɸʃʀɿʋ ʋʗɿɺʀʄʆʉʊɽʁ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ 

 
 
ɺ.ʇ. ʂʦʪʣʷʨʦʚ

1
, ʂ.ɸ. ʗʜʳʤʝʥʢʦ

2 

1 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

2 
ʘʩʧʠʨʘʥʪ, ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʌɻɹʆʋ ɺʇʆ çʂʦʤʩʦʤʦʣʴʩʢʠʡ-ʥʘ-ɸʤʫʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʢʠ ʫʷʟʚʠʤʦʩʪʝʡ ʟʘ 2014 ʛʦʜ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫ-

ʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʫʷʟʚʠʤʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʩʧʝʮʠʘʣʠ-

ʩʪʘʤʠ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʮʝʥʠʚʘʶʪʩʷ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʫʷʟʚʠʤʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʟ ʫʷʟʚʠʤʦʩʪʝʡ, ʵʢʩʧʣʦʡʪ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ, ʩʢʘʥʝʨ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. 

 

ʇʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʥʝʩʣʦ ʥʝ ʪʦʣʴʢʦ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʫʩʢʦʨʝʥʠʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʫʜʘʣʝʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʣʦ ʯʠʩʣʦ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʦʢʨʘʱʝʥʠʶ ʨʘʩʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʦʩʪʘʚʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʥʘ ʨʳʥʢʝ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʢʦʥʢʨʝʪʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʨʝʘʣʠʟʘʮʠʷ ʫʛʨʦʟ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʫʱʝʨʙʫ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʘʪʘʩʪʨʦʬʝ ʠ ʜʘʞʝ ʢ ʛʠʙʝʣʠ ʣʶʜʝʡ. 

ʋʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʫʷʟʚʠʤʦʩʪʷʤʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʨʘʙʦʪʫ. ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʫ ʢʦʤʧʘʥʠʠ çCoverityè, 

ʢʦʪʦʨʘʷ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʟʘ 2011 ʛʦʜ ʥʘ 

1000 ʩʪʨʦʢ ʢʦʜʘ ʧʨʠʭʦʜʠʪʩʷ 1 ʦʰʠʙʢʘ, ʘ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʨʦʝʢʪʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʩʦʩʪʘʚʣʷʝʪ 

832000 ʩʪʨʦʢ ʢʦʜʘ, ʧʨʦʧʨʠʝʪʘʨʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 7500000 ʩʪʨʦʢ ʢʦʜʘ [3]. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ 

ʵʪʠ ʜʘʥʥʳʝ, ʣʝʛʢʦ ʧʦʜʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʦ 832 ʠ 7500 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʫʛʨʦʟ ʚʝʣʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʪʘʢʠ: 1) ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚ ʧʨʠʦʙʨʝʪʝʥʠʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 2) ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ 

ʜʝʡʩʪʚʠʡ ʤʘʣʦʚʝʨʦʷʪʥʦ; 3) ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʦʠʩʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʫʷʟʚʠʤʦʩʪʝʡ; 4) ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʬʠʟʠʯʝʩʢʦʤ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ; 5) ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʫ ʫʷʟʚʠʤʦʩʪʴ, ʢʦʪʦʨʫʶ ʧʨʦʱʝ ʨʝʘʣʠʟʦʚʘʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ. 

C ʢʘʞʜʳʤ ʛʦʜʦʤ ʯʠʩʣʦ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʚʩʝʨʴʝʟ ʟʘʙʦʪʷʪʩʷ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʚʦʠʭ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʩʠʩʪʝʤ ʚʦʟʨʘʩʪʘʝʪ. ɹʦʣʴʰʫʶ ʨʦʣʴ ʟʜʝʩʴ ʠʛʨʘʶʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʥʦʨʤʘʪʠʚʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʥʘʜʟʦʨʥʳʝ ʬʫʥʢʮʠʠ (ʌʉʊʕʂ, ʌʉɹ). ɺ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʘʭ ʨʝʛʫʣʷʪʦʨʦʚ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʪ. ʧ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʫʛʨʦʟʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʫʷʟʚʠʤʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʭʘʨʘʢ-

ʪʝʨʥʳʝ ʜʣʷ 2014 ʛʦʜʘ. ʈʝʡʪʠʥʛ ʫʷʟʚʠʤʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ 

ʟʘʙʣʦʢʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʘʤʠ ɿɸʆ çʃʘʙʦʨʘʪʦʨʠʷ ʂʘʩʧʝʨʩʢʦʛʦè ʵʢʩʧʣʦʡʪʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ 

ʢʘʢ ʚ ʘʪʘʢʘʭ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ, ʪʘʢ ʠ ʧʨʠ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʣʦʢʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [2]. 
 

 
 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʣʦʡʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʘʪʘʢʘʭ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʧʦ ʪʠʧʘʤ ʘʪʘʢʫʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ 
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ISSN 2311-2158. The Way of Science. 2014. ˉ 9 (9). Vol. I.  

 

 

39 

 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʚʠʜʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʧʳʪʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʷʟʚʠʤʦʩʪʝʡ (53 %) ʧʨʠ-

ʰʣʦʩʴ ʥʘ ʦʰʠʙʢʠ ʚ ʙʨʘʫʟʝʨʘʭ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʢʩʧʣʦʡʪʦʚ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʫʷʟʚʠʤʦʩʪʝʡ Internet Ex-

plorer [2]. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ Java-ʫʷʟʚʠʤʦʩʪʠ. ʏʠʩʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Java-ʵʢʩʧʣʦʡʪʦʚ ʫʧʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2013 

ʛʦʜʦʤ (90,5 %). ɺ ʧʝʨʚʦʤ ʢʚʘʨʪʘʣʝ 2014 ʛʦʜʘ ʥʘ ʫʷʟʚʠʤʦʩʪʠ Java ʧʨʠʰʣʦʩʴ 54 % ʚʩʝʭ ʧʦʧʳʪʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʫʷʟʚʠʤʦʩʪʝʡ, ʘ ʚʦ ʚʪʦʨʦʤ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʛʨʘʬʠʢʘ, ʪʦʣʴʢʦ 29 %. ʅʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʵʢʩʧʣʦʡʪʳ ʜʣʷ ʫʷʟʚʠʤʦʩʪʝʡ ʚ 

Adobe Reader.  

ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʪʠʩʪʠʢʫ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʦʜʫʢʪʦʚ ɿɸʆ çʃʘʙʦʨʘʪʦʨʠʷ ʂʘʩʧʝʨʩʢʦʛʦè 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɼʘʥʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʆʉ Windows ʧʦ ʚʝʨʩʠʷʤ 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʝʨʩʠʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Windows 7. ʆʜʥʘʢʦ 

ʥʘ ʜʦʣʶ Windows XP ʚʩʝ ʝʱʝ ʧʨʠʭʦʜʠʪʩʷ 12,5 % ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʨʧʦʨʘʮʠʷ Mi-

crosoft ʧʨʝʢʨʘʪʠʣʘ ʧʦʜʜʝʨʞʢʫ Windows XP. ɺʝʨʦʷʪʥʦ, ʩʦ ʚʨʝʤʝʥʝʤ ʚ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʙʫʜʫʪ ʦʙʥʘ-

ʨʫʞʝʥʳ ʥʦʚʳʝ ʫʷʟʚʠʤʦʩʪʠ, ʫʩʪʨʘʥʠʪʴ ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʦʙʥʦʚʣʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʞʝ ʥʝ ʧʦʣʫʯʠʪʩʷ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʚʠʜʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʫʷʟʚʠʤʳʝ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʟʥʘʯʠʪ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʫʛʨʦʟʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʥʘʣʠʟ ʫʷʟʚʠʤʦʩʪʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʤʝʨʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʥʦʨʤʘ-

ʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʌʉʊʕʂ: ʇʨʠʢʘʟ ʌʉʊʕʂ ʈʦʩʩʠʠ ʦʪ 11 ʬʝʚʨʘʣʷ 2013 ʛ. ˉ17 çʆʙ ʫʪʚʝʨʞʜʝ-

ʥʠʠ ʊʨʝʙʦʚʘʥʠʡ ʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʪʘʡʥʫ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭè, ʇʨʠʢʘʟ ʌʉʊʕʂ ʈʦʩʩʠʠ ʦʪ 18 ʬʝʚʨʘʣʷ 2013 ʛ. ˉ21 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 

ʉʦʩʪʘʚʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭè, ʇʨʠʢʘʟ ʌʉʊʕʂ ʈʦʩʩʠʠ ʦʪ 14 ʤʘʨʪʘ 

2014 ʛ. ˉ31 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʊʨʝʙʦʚʘʥʠʡ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʙʲʝʢʪʘʭ, ʧʦʪʝʥʮʠʘʣʴ-

ʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ, ʘ ʪʘʢʞʝ ʦʙʲʝʢʪʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʧʦʚʳʰʝʥʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ 

ʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳè. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʘʥʘʣʠʟ ʫʷʟʚʠʤʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥ-

ʪʦʤ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʧʨʘʚʦʚʦʤ ʧʦʣʝ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ (ʫʨʦʚʥʷ) ʟʘʱʠʱʝʥʥʦʩʪʠ ʠ ʤʦʜʝʣʠ ʫʛʨʦʟ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ʨʝʛʫʣʷʪʦʨʦʚ, ʨʝ-

ʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʫʷʟʚʠʤʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʘʥʘʣʠʟʘ ʫʷʟʚʠʤʦʩʪʝʡ ʥʘ ʧʨʘʢʪʠ-

ʢʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʘʫʜʠʪʦʨʳ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʢʘʥʝʨʦʚ ʫʷʟʚʠʤʦʩʪʝʡ. 

ʉʢʘʥʝʨ ʫʷʟʚʠʤʦʩʪʝʡ (ʩʢʘʥʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ) ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʘʥʘʣʠʟʘ ʫʟʣʦʚ ʩʝʪʠ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʠʟʚʝʩʪʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʘʫʜʠʪʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʧʫʣʷʨʥʳʡ ʩʝʛʦʜʥʷ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʫʷʟʚʠʤʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ï ʪʝʩʪʠʨʦʚʘ-

ʥʠʝ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ï ʵʪʦ ʤʝʪʦʜ ʦʮʝʥʢʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠ-

ʩʪʝʤʳ ʠʣʠ ʩʝʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʤʠʪʘʮʠʠ ʜʝʡʩʪʚʠʡ ʚʥʝʰʥʝʛʦ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ (ʥʝ ʦʙʣʘʜʘʶʱʝʛʦ ʧʨʘʚʘʤʠ ʥʘ 

ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ) ʠʣʠ ʠʥʩʘʡʜʝʨʘ (ʦʙʣʘʜʘʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ ʜʦʩʪʫʧʘ) [1]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʥʝʰʥʠʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʣʘʜʝʝʪ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʩʪʨʫʢʪʫʨʝ ʩʝʪʠ, ʪʠʧʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʧʧʘ-

ʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʫ ʥʝʛʦ ʥʝʪ ʧʨʘʚ ʥʘ ʜʦʩʪʫʧ ʚ ʩʠʩʪʝʤʫ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʩʪʝʤʫ ʧʦ ʤʝʪʦʜʫ çʯʝʨʥʦʛʦ ʷʱʠʢʘè ʠ ʠʟʫʯʘʝʪ ʨʝʘʢʮʠʶ ʩʠʩʪʝʤʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʢʮʠʠ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʦʥ ʩʪʨʦʠʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʩʝʪʠ ʠ ʦ ʧʫʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʘʪʘʢʠ. ʀʥʩʘʡʜʝʨ 

ʥʘʧʨʦʪʠʚ ʚʣʘʜʝʝʪ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʠ ʤʦʞʝʪ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʪʘʢʠ. ʊʘʢʞʝ, ʟʘʯʘʩʪʫʶ ʠʥʩʘʡʜʝʨ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʧʨʘʚʘ 
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ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 

ʆʙʳʯʥʦ ʚ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʝʤʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʨʠʤʝʥʷʝ-

ʤʳʝ ʥʘʩʪʦʷʱʠʤʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ. ʅʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʤʝʪʦʜʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʥʝ 

ʦʧʨʝʜʝʣʝʥʘ, ʧʦʵʪʦʤʫ ʦʙʳʯʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʢʘʢʠʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʧʨʝʩʣʝʜʫʶʪ ʚʣʘ-

ʜʝʣʴʮʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɺʝʩʴ ʧʨʦʮʝʩʩ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 4 ʵʪʘʧʘ: 

1. ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʮʝʣʝʡ ʠ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ; 

2. ʧʦʠʩʢ ʫʷʟʚʠʤʦʩʪʝʡ; 

3. ʵʢʩʧʣʫʘʪʘʮʠʷ ʫʷʟʚʠʤʦʩʪʝʡ; 

4. ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʝʜʳ-

ʜʫʱʝʤ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʘʫʜʠʪʦʨ ʚʳʧʦʣʥʷʝʪ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʠʪʴ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʩʣʝʜʫʝ-

ʤʦʡ ʩʝʪʠ: ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʨʦʡʩʪʚ, ʠʭ ʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʘʜʨʝʩʘ, ʥʦʤʝʨʘ ʦʪʢʨʳʪʳʭ ʧʦʨʪʦʚ, ʪʠʧ ʦʧʝʨʘʮʠʦʥ-

ʥʦʡ ʩʠʩʪʝʤʳ ʠ ʟʘʧʫʱʝʥʥʳʝ ʩʣʫʞʙʳ. ʏʘʩʪʦ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʩʢʘʥʝʨʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘ-

ʢʠʝ ʢʘʢ Nmap ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʢʘʥʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʎʝʣʴ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ï ʧʦʠʩʢ ʫʷʟʚʠʤʦʩʪʝʡ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʢʘʥʝʨ 

ʫʷʟʚʠʤʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ çNessusè, çʈʝʚʠʟʦʨ ʩʝʪʠ 2.0è, çXSpiderè, çʉʢʘʥʝʨ-ɺʉè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʫʜʠʪʦʨ ʧʦʣʫʯʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʷʟʚʠʤʦʩʪʷʭ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘ, ʝʱʝ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʚʳʷʚʣʝʥʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ.  

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʘʫʜʠʪʦʨ ʧʨʝʜʧʨʠʥʠʤʘʝʪ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʷʚʣʝʥʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʜʣʷ ʥʘʨʫʰʝ-

ʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʮʝʣʴʶ ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʝʟʘʱʠʱʝʥʥʦʩʪʠ. ɺʘʞʥʦ, ʯʪʦʙʳ ʘʫʜʠʪʦʨ ʠʩʧʦʣʴʟʦ-

ʚʘʣ ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʞʜʦʡ ʦʙʥʘʨʫʞʝʥʥʦʡ ʫʷʟʚʠʤʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʫʜʠʪʦʨ 

ʤʦʞʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʟʘʢʘʟʯʠʢʫ, ʢʘʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʨʝʘʣʴʥʘʷ ʘʪʘʢʘ. ʅʘʧʨʠʤʝʨ, 

ʘʫʜʠʪʦʨ ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʪʦʨʦʡ ʫʷʟʚʠʤʦʩʪʠ ʩʤʦʛ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʢʦʥʩʦʣʠ ʩ ʧʨʘʚʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɿʘʪʝʤ, ʠʩ-

ʧʦʣʴʟʫʷ ʜʨʫʛʫʶ ʫʷʟʚʠʤʦʩʪʴ, ʦʥ ʩʤʦʛ ʨʘʩʰʠʨʠʪʴ ʩʚʦʠ ʧʦʣʥʦʤʦʯʠʷ ʠ ʫʞʝ ʨʘʙʦʪʘʝʪ ʚ ʩʠʩʪʝʤʝ ʩ ʧʨʘʚʘʤʠ ʘʜʤʠʥʠ-

ʩʪʨʘʪʦʨʘ ʠʣʠ, ʯʪʦ ʝʱʝ ʦʧʘʩʥʝʝ ʩ ʧʨʘʚʘʤʠ system (ʆʉ Windows) ʠʣʠ root (ʆʉ Linux). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʨʘʟ-

ʚʠʪʠʠ ʩʦʙʳʪʠʡ ʫʛʨʦʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʨʘʡʥʝ ʚʳʩʦʢʘ. ɿʣʦʫʤʳʰʣʝʥʥʠʢ ʚ ʩʣʫʯʘʝ ʫʩʧʝʰ-

ʥʦʡ ʘʪʘʢʠ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʣʶʙʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʥʘʨʫʰʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ), ʠʟʤʝʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʮʝ-

ʣɹ ʶ ʝʝ ʠʩʢʘʞʝʥʠʷ (ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ), ʫʜʘʣʠʪʴ ʝʝ ʠʣʠ ʚʳʢʣʶʯʠʪʴ ʩʝʨʚʝʨ (ʥʘʨʫʰʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ).  

ʇʦʩʣʝʜʥʠʡ ʵʪʘʧ ï ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʬʦʨʤʣʷʝʪʩʷ ʧʨʦʪʦ-

ʢʦʣ, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʰʘʛʝ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʚʩʝʡ ʨʘʙʦʪʳ ʚ ʮʝʣʦʤ ʠ ʩʦʩʪʘʚʣʷʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʦʙʥʘʨʫʞʝʥʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ï 

ʩʢʘʥʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʦʚʦʜʠʪʴ ʩʢʘʥʠʨʦʚʘʥʠʝ ʜʠʘʧʘʟʦʥʘ ip-ʘʜʨʝʩʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʦʙʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʧʦʣʥʷʪʴ ʘʥʘʣʠʟ ʫʷʟʚʠʤʦʩʪʝʡ, ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʪʯʝʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʚʦʝʡ ʨʘʙʦʪʳ, ʘ ʚ ʥʝʢʦ-

ʪʦʨʳʭ ʩʣʫʯʘʷʭ ʝʱʝ ʠ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʦʙʥʘʨʫʞʝʥʥʳʝ ʫʷʟʚʠʤʦʩʪʠ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʳʧʦʣʥʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʢʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʘʫʜʠʪʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʫʷʟʚʠʤʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠ-

ʩʪʝʤ ï ʵʪʦ ʨʫʯʥʘʷ ʧʨʦʚʝʨʢʘ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʉʫʪʴ ʧʨʦʚʝʨʢʠ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʩʧʝʮʠʘʣʠʩʪ (ʵʢʩʧʝʨʪ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ) ʚʨʫʯʥʫʶ ʧʨʦʚʝʨʷʝʪ ʚʩʝ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʣʠʪʠʢ ʠ ʩʠ-

ʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʩʪʨʦʡʢʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ (ʤʘʨʰʨʫʪʠ-

ʟʘʪʦʨʳ, ʢʦʤʤʫʪʘʪʦʨʳ, ʤʝʞʩʝʪʝʚʳʝ ʵʢʨʘʥʳ ʠ ʪ. ʧ.). ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʘʫʜʠʪʦʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʠ-

ʨʘʝʪʩʷ ʥʘ ʩʚʦʠ ʟʥʘʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʫʯʥʦʡ ʧʨʦʚʝʨʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʬʦʨʤʣʷʝʪʩʷ ʦʪʯʝʪ ʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷʭ, ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥ-

ʪʘ ʧʨʦʚʝʨʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʠʣʴʥʳʝ 

ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʘ ʪʘʢʞʝ ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʏʘʩʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʠ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʫʷʟʚʠʤʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ï ʵʢʩ-

ʧʝʨʪʥʳʡ ʦʧʨʦʩ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʦʣʥʳʡ ʩʧʠʩʦʢ ʫʷʟʚʠʤʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʟ ʥʠʭ ʬʦʨʤʠʨʫʶʪʩʷ ʦʧʨʦʩʥʳʝ ʣʠʩʪʳ ʜʣʷ ʵʢʩʧʝʨʪʦʚ. ɿʘʪʝʤ ʛʨʫʧʧʘ 

ʵʢʩʧʝʨʪʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʦʙʳʯʥʦ ʚʭʦʜʷʪ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʟʘʧʦʣʥʷʝʪ ʦʧʨʦʩʥʳʝ ʣʠʩʪʳ, ʪ. ʝ. ʜʘʝʪ ʩʚʦʶ ʦʮʝʥʢʫ ʪʦʡ ʠʣʠ ʠʥʦʡ ʫʷʟʚʠʤʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʷʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʘʥʥʦʡ ʫʷʟʚʠʤʦʩʪʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ, ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʧʧʦʚʳʭ ʦʪʚʝʪʦʚ ʥʘ ʢʘʞʜʳʡ ʚʦʧʨʦʩ. ɺ 

ʠʪʦʛʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʠ ʫʷʟʚʠʤʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʥʝʥʠʠ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʫʷʟʚʠʤʦʩʪʝʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ 

ʠ ʚ ʜʦʧʦʣʥʝʥʠʝ ʜʨʫʛ ʢ ʜʨʫʛʫ.  

ʈʘʩʩʤʦʪʨʠʤ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʫʷʟʚʠʤʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠ-

ʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʫʷʟʚʠʤʦʩʪʝʡ 
ˉ 

ʧ/ʧ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʘ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʈʫʯʥʘʷ ʧʨʦʚʝʨʢʘ 

ʢʦʥʬʠʛʫʨʘʮʠʠ 
ʕʢʩʧʝʨʪʥʳʡ ʦʧʨʦʩ 

1 
ʈʝʟʫʣʴʪʘʪ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʬʦʨʤʝ 
- - + 

2 ʃʝʛʢʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʦʮʝʥʢʠ + + - 

3 ʊʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʘʫʜʠʪʦʨʘ + + + 

4 ɼʝʤʦʥʩʪʨʠʨʫʝʪ ʫʷʟʚʠʤʦʩʪʴ ʥʘʛʣʷʜʥʦ + - - 

5 
ɼʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʩʣʝʜʩʪʚʠʷ ʦʪ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʥʢʨʝʪʥʦʡ ʫʷʟʚʠʤʦʩʪʠ 
+ - - 

6 ʆʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ + - - 

7 
ʆʪʩʫʪʩʪʚʫʶʪ ʨʠʩʢʠ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ 
- + + 

 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʵʢʩʧʝʨʪʥʦʛʦ ʦʧʨʦʩʘ ʟʘʢʣʶʯʘʝʪʩʷ  ʚ ʪʦʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʡ ʬʦʨʤʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥ ʧʨʠʛʦʜʝʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʧʦ-

ʤʦʯʴ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʪʦʨʷʝʤʦʩʪʴ 

ʦʮʝʥʢʠ ʧʦʪʦʤʫ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʪʝʩʪʳ, ʘ ʟʥʘʯʠʪ ʠ ʨʝʘʢʮʠʷ ʥʘ ʥʠʭ, ʧʨʠ ʫʩʣʦʚʠʠ 

ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʲʝʢʪʘ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʤʝʥʷʪʴʩʷ ʥʝ ʙʫʜʝʪ. ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʨʫʯʥʦʡ ʧʨʦʚʝʨʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʪʝʭ ʞʝ ʩʦʦʙʨʘʞʝʥʠʡ. ʕʢʩʧʝʨʪʥʳʡ ʦʧʨʦʩ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʨʠ ʫʩʣʦʚʠʠ 

ʩʦʭʨʘʥʝʥʠʷ ʩʦʩʪʘʚʘ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ, ʥʦ ʜʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʣʴʟʷ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʦʚʪʦʨʥʦʡ ʦʮʝʥ-

ʢʠ ʩʦʚʧʘʜʫʪ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ɺʩʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʫʷʟʚʠʤʦʩʪʝʡ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʘʫʜʠʪʦ-

ʨʘ, ʘ ʟʥʘʯʠʪ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʩʧʝʮʠʘʣʠʩʪʦʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʀʟ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʪʦʣʴʢʦ ʪʝʩʪʠʨʦ-

ʚʘʥʠʝ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩʧʦʩʦʙʥʦ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʫʷʟʚʠʤʦʩʪʠ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʦʪ ʝʝ ʨʝʘʣʠʟʘ-

ʮʠʠ. ʅʦ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʦʙʲʝʢʪʠʚʥʦ, ʪ. ʝ. ʥʝ ʟʘʚʠ-

ʩʠʪ ʦʪ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ, ʥʘʚʳʢʦʚ ʠ ʦʧʳʪʘ. ʅʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʣʝʞʘʪ ʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʏʘʩʪʦ ʵʪʠ ʤʝʪʦʜʳ ʥʝʙʝʟʦʧʘʩʥʳ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʢʘʟʫ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʥʘʨʫʰʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʪ. ʧ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʫʷʟʚʠʤʦʩʪʝʡ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʦʙʲʝʢʪʠʚʥʦ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʢʦʥʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʙʝʟ ʨʠʩʢʘ ʥʘʨʫʰʝʥʠʷ ʝʝ ʨʘʙʦ-

ʪʦʩʧʦʩʦʙʥʦʩʪʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ ʠ ʩʦ ʚʨʝʤʝʥʝʤ ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʩʪʠ, ʧʦ-

ʵʪʦʤʫ ʧʦʠʩʢ ʝʝ ʘʜʝʢʚʘʪʥʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘ-
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1, 2 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

3 
ʘʩʧʠʨʘʥʪ 

1, 3 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ (ʄɻʋʇʉ-ʄʀʀʊ), ʈʦʩʩʠʷ 

2 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʙʦʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʙʦʨʠʨʦʚʘʥʠʷ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠ ʣʦʛʠʢʠ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʙʦʨʠʜʥʳʭ ʩʣʦʝʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʦʣʫʯʝʥʠʝ ʜʦ-

ʩʪʦʚʝʨʥʳʭ (R
2 
> 0.95) ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʦʨʠʨʦʚʘʥʠʝ, ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʨʬʦʣʦʛʠʷ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʩʥʠʞʝʥʠʝ ʭʨʫʧʢʦʩʪʠ, ʤʦ-

ʜʝʣʴ ʨʦʩʪʘ, ʢʠʥʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

 

ɹʦʨʠʨʦʚʘʥʥʳʝ ʠ ʙʦʨʠʜʥʳʝ ʩʣʦʠ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʦʤ ʫʥʠʢʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ: ʚʳʩʦ-

ʢʦʡ ʪʚʝʨʜʦʩʪʴʶ; ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ; ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʨʷʜʝ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ; ʪʝʧʣʦʧʨʦʯʥʦ-

ʩʪʴʶ ʜʦ 700
0
ʉ; ʦʢʘʣʠʥʦʩʪʦʡʢʦʩʪʴʶ ʜʦ 800

0
ʉ. 

ɹʦʨʠʨʦʚʘʥʠʶ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʪʘʣʠ ʠ ʩʧʣʘʚʳ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʦʙʳʯʥʦ ʩʦʚʤʝʱʘʶʪ ʩ ʥʘʛʨʝʚʦʤ ʧʦʜ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʚʠʜʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ: ʟʘʢʘʣʢʫ, ʚʳʩʦʢʠʡ ʦʪʧʫʩʢ, ʩʪʘʨʝʥʠʝ, ʦʪʞʠʛ ʠ ʥʦʨʤʘʣʠʟʘʮʠʶ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʝʪ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʘ-

ʛʨʘʤʤʦʡ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʙʦʨʠʨʦʚʘʥʠʠ ʞʝʣʝʟʘ ʚ ʩʨʝʜʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʶ ʙʦʨʘ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʝʝ 8,34 % ʧʦ ʤʘʩʩʝ, ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʠ ʥʘ ʦʩʥʦʚʝ Fe2ɺ + Ŭ ʪʚ. ʨ-ʨʘ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʙʦʨʘ ʦʪ 

8,34 ʜʦ 16,25 % - ʩʣʦʠ ʥʘ ʦʩʥʦʚʝ FeB + Fe2ɺ +  ʧʦʜʩʣʦʡ. ʉʣʦʠ ʥʘ ʦʩʥʦʚʝ Ŭ - ʪʚ. ʨ-ʨʘ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ ʥʘ 

ʞʝʣʝʟʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ < 0,02 % ɺ ʧʦ ʤʘʩʩʝ. 

ʂʘʞʜʘʷ ʠʟ ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʠ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ɼʚʫʭʬʘʟʥʳʝ ʩʣʦʠ ʩ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ ʜʦ 2200 ʢʛʩ/ʤʤ
2
 (FeB + 

Fe2B) ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʘʙʨʘʟʠʚʥʦʤ ʠʟʥʘʰʠʚʘʥʠʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ, ʦʜʥʦʬʘʟʥʳʝ ʩʣʦʠ ʩ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ ʜʦ I700 ʢʛʩ/ʤʤ
2
 ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫ-

ʟʦʢ ʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤ ʟʘʧʘʩʦʤ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʉʣʦʠ ʥʘ ʦʩʥʦʚʝ Ŭ - ʪʚ. ʨ-ʨʘ 

ʙʦʨʘ ʚ ʞʝʣʝʟʝ ʥʘ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʠ, ʧʨʦʯ-

ʥʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʟʘ ʩʯʸʪ ʚʳʜʝʣʝʥʠʷ ʙʦʨʠʜʦʚ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʩʤʘʟʦʯʥʦ-

ʛʦ ʤʘʪʝʨʠʘʣʘ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʨʠʜʥʳʤʠ ʠ ʙʦʨʠʨʦʚʘʥʥʳʤʠ ʩʣʦʷʤʠ ʩ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤ ʟʘʧʘʩʦʤ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʩʣʦʷʤʠ ʩ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɿʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʙʦʨʠʜʦʚ ʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʪʚʸʨʜʦʤ, ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʠ 

ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʷʭ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʠʬʬʫʟʠʦʥʥʳʡ ʠ ʜʠʬʬʫʟʠʦʥʥʦ-

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʣʠʙʦ ʢʦʤʧʘʢʪʥʳʭ ʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ ʙʦʨʠʜʦʚ, ʣʠʙʦ ʩʣʦʝʚ ʩ ʧʩʝʚʜʦʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʣʠʙʦ ʩʣʦʝʚ ʩ ʦʙʦʩʦʙ-

ʣʝʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʙʦʨʠʜʦʚ [1, ʩ. 117]. 

ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʫʪʝʤ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʜʝʪʘʣʠ, ʩʦʩʪʘ-

ʚʘ ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʙʦʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʩʚʦʡʩʪʚʘʤʠ: 

- ʢʦʤʧʘʢʪʥʳʭ ʦʜʥʦʬʘʟʥʳʭ (Fe2B) ʠʣʠ ʜʚʫʭʬʘʟʥʳʭ (FeB + Fe2B) ʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠ ʥʝʣʝ-

ʛʠʨʦʚʘʥʥʳʭ ʙʦʨʠʜʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʠʛʦʣʴʯʘʪʦʩʪʠ, ʪʦʣʱʠʥʦʡ ʜʦ 0,2 ʤʤ; 

- ʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ Ŭ ï ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʚʢʣʶʯʝʥʠʡ ʙʦʨʠʜʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʵʚʪʝʢʪʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠ-

ʝʤ (ʩ ʟʝʙʨʦʦʙʨʘʟʥʳʤ ʨʠʩʫʥʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ), ʪʦʣʱʠʥʦʡ ~ 1 ʤʤ; 

- ʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ Ŭ ï ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʚʢʣʶʯʝʥʠʡ ʙʦʨʠʜʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʤ 

ʚʠʜʝ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ (ʧʩʝʚʜʦʵʚʪʝʢʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ), ʪʦʣʱʠʥʦʡ 0,5 ï 1,0 ʤʤ; 

- ʩʣʦʝʚ ʩ ʧʦʣʠʢʘʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʦʨʠʜʦʚ ʠʣʠ ʩ ʥʦʚʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʙʦʨʠʜʦʚ ʚ ʚʠʜʝ çʢʠʪʘʡʩʢʠʭ 
ʠʝʨʦʛʣʠʬʦʚè ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʦʣʱʠʥʦʡ ~ 0,3 ʤʤ; 

- ʩʣʦʝʚ ʩ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʦʨʠʜʦʚ ʧʦʩʣʝ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʦʣʱʠ-

ʥʦʡ ~ 0,3 ʤʤ. 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʣʦʝʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʠʛʦʣʴʯʘʪʦʩʪʠ, ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʬʨʘʛ-
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ʤʝʥʪʠʨʦʚʘʥʥʦʩʪʠ ʙʦʨʠʜʦʚ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʙʦʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ.  

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʩʪʨʫʢʪʫʨʘ ʟʘʚʠʩʷʪ ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʥʘʩʳʱʝʥʠʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʙʦʨʠʨʦʚʘʥʠʠ (550ï727
0
ʉ) ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 20ï40 ʯ, ʧʨʠ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨ-

ʥʦʤ (727ï900
0
ʉ) ï 10ï15 ʯ, ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ (> 9000ʉ) ï 1,5ï10 ʯ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʠʨʦ-

ʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ ʜʝ-

ʩʷʪʢʦʚ ʤʠʥʫʪ. 

ʆʙʱʠʤʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʧʫʪʷʤʠ ʩʥʠʞʝʥʠʷ ʭʨʫʧʢʦʩʪʠ ʙʦʨʠʜʥʳʭ ʬʘʟ ʷʚʣʷʝʪʩʷ ʠʭ ʦʧʪʠʤʘʣʴʥʦʝ ʤʠʢ-

ʨʦʣʝʛʠʨʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʠ ʧʫʪʠ ʨʝʘʣʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ [1]: ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝʤ ʩʣʦʷ ʠʟ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʠʟ ʥʘʩʳʱʘʶʱʝʡ 

ʩʨʝʜʳ; ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʣʦʝ ʭʨʫʧʢʦʡ ʚʳʩʦʢʦʙʦʨʠʩʪʦʡ ʬʘʟʳ FeB; ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ; ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʡ; ʧʨʦʚʝʜʝʥʠʝʤ ʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʞʠʤʘ 

ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ; ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ; ʥʘʟʥʘʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʙʦʨʠʜʥʦʛʦ ʩʣʦʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʦʧʫʩʪʠʤʦʤʫ ʝʸ ʟʥʘʯʝʥʠʶ ʜʣʷ ʚʳʙʨʘʥʥʦʡ 

ʤʘʨʢʠ ʩʪʘʣʠ; ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ; ʧʨʦʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʘʝʤʳʭ 

ʙʦʨʠʜʥʳʭ ʩʣʦʸʚ; ʧʨʦʚʝʜʝʥʠʝʤ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʉ ʮʝʣʴʶ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʪʦʣʱʠʥʳ ʩʣʦʷ ʙʦʨʠʜʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʙʦʨʠʜʦʚ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʠʥʝ-

ʪʠʢʠ ʙʦʨʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʚ ʤʦʜʝʣʴ ʚʚʦʜʠʣʦʩʴ ʚʣʠʷʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʛʣʝʨʦʜʘ ʥʘ 

ʪʦʣʱʠʥʫ ʙʦʨʠʜʥʦʛʦ ʩʣʦʷ. ʕʪʦ ʚʣʠʷʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʦʩʪʘ ʙʦʨʠʜʥʳʭ 

ʩʣʦʝʚ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʦ ʚʳʧʣʘʚʣʝʥʥʳʭ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʷʭ. 

ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ: 

 

                                                                                  
axAeyy -= 0  ,                                                                            (1) 

 

ʛʜʝ y  ï ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʥʘ ʩʪʘʣʠ; 

0y  ï ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʘʜʘʯʠ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʙʦ-

ʨʠʜʦʚ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ ʞʝʣʝʟʝ; 

A  ʠ a  ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʟ ʢʠʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʣʠʷʥʠʷ ʦʜʥʦʛʦ ʣʝʛʠʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ; 

x  ï ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʚ % ʧʦ ʤʘʩʩʝ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʥʠʤʘʷ ʫʩʣʦʚʠʷ ʠʭ ʘʜʜʠʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʦʩʪ 

ʙʦʨʠʜʥʦʛʦ ʩʣʦʷ, ʬʦʨʤʫʣʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
 

                                                                      

í
ì
ë

ý
ü
û

= äÔ
=

kk

n

k

n xaAyy
1

0 exp  ,                                                             (2) 

 

ʠʣʠ ʜʣʷ k  ï ʪʦʛʦ ʵʣʝʤʝʥʪʘ: 

 

                                                                           ( )kkkkk xaAyy -= - exp1  ,                                                               (3) 

 

ʛʜʝ k  = 1, 2, 3, éé., n ;  

y k-1  ï ʪʦʣʱʠʥʘ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʘʷ ʦʪ ʧʨʠ ʫʯʝʪʝ ʚʣʠʷʥʠʷ ʧʨʝʜʳʜʫʱʠʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

 

ʉʜʝʣʘʥʥʦʝ ʜʦʧʫʱʝʥʠʝ ʦʙ ʘʜʜʠʪʠʚʥʦʩʪʠ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʚʥʦʩʠʪ ʙɧʣʴʰʠʭ ʧʦʛʨʝʰʥʦ-

ʩʪʝʡ ʚ ʢʦʣʝʙʘʥʠʷ ʪʦʣʱʠʥʳ ʩʣʦʷ ʙʦʨʠʜʦʚ, ʯʝʤ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʘʩʳʱʘʶʱʝʤ ʦʙʲʸʤʝ, 

ʢʦʣʝʙʘʥʠʷ ʩʦʩʪʘʚʘ ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʣʝʙʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʪʘʣʠ ʠ ʜʨʫʛʠʝ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʷ ʜʦʩʪʦʚʝʨʥʫʶ ʨʘʩʩʯʠʪʘʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʙʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘè ʩʨʝʜʳ ʪʦʣ-

ʱʠʥʫ ʙʦʨʠʜʥʦʛʦ ʩʣʦʷ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ 

ʞʝʣʝʟʝ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʨʘʩʩʯʠʪʳʚʘʣʠ ʪʦʣʱʠʥʫ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʫʶ ʟʘ ʟʘʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʥʘ 

ʣʶʙʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʥʠʟʢʦ- ʠʣʠ ʩʨʝʜʥʝʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ. ɺʢʣʶʯʘʷ ʚ ʨʘʩʯʸʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʦʣʱʠʥʳ ʩʣʦʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠ ʨʘʩʯʸʪ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʃʠʙʦ, ʟʘʜʘʚʘʷ 

ʪʦʣʱʠʥʫ ʩʣʦʷ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʩʪʘʣʠ, ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦʡ ʚʳʜʝʨʞʢʠ. ʃʠʙʦ, ʠʤʝʷ ʨʝ-

ʟʫʣʴʪʘʪ ʙʦʨʠʨʦʚʘʥʠʷ ʢʘʢʦʡ-ʪʦ ʩʪʘʣʠ, ʨʝʰʘʣʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ. ʊ. ʝ. ʦʪʩʝʠʚʘʣʠ ʚʣʠʷʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʜʘʥʥʦʡ ʩʪʘʣʠ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʪʦʣʱʠʥʫ ʩʣʦʷ ʥʘ ʜʨʫʛʦʡ ʩʪʘʣʠ ʩ ʜʨʫʛʠʤ ʥʘʙʦʨʦʤ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɺʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1. ʌʦʨʤʫ-

ʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʩʣʦʷ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʚʳʧʣʘʚʣʝʥʥʳʭ ʩʪʘʣʷʭ.  
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ʊʘʙʣʠʮʘ 1 

ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʙʱʫʶ ʪʦʣʱʠʥʫ ʙʦʨʠʜʥʳʭ ʩʣʦʝʚ 
ˉ ʧ/ʧ ʃʝʛʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʌʦʨʤʫʣʘ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

1 C yC = y0 exp (-0,65 xC) 

2 Cr yCr  = yC (1 + 0,65 xCr
3 / yC) exp (- 0,25 xCr) 

3 Si ySi = yCr exp (- 0,06 xSi) 

4 Mo yMo = ySi exp (- 0,22 xMo) 

5 W yW = yMo (1 + 2 xW
2 / yMo) exp (- 0,28 xW) 

6 Ti yTi = yW (1 + 25 xTi
3 / yW) exp (- 0,88 xTi) 

7 V yV = yTi (1 + 40 xV
3 / yTi) exp (- 1,1 xV) 

8 Zr yZr  = yV (1 + 40 xZr
3 / yV) exp (- 1,4 xZr) 

9 Nb yNb  = yZr (1 + 3 xNb
3 / yZr) exp (- 0,43 xNb) 

10 Mn yMn = yNb exp (- 0,02 xMn) 

11 Al  yAl  = yMn (1 + 5 xAl / yMn) exp (- 0,1 xAl) 

12 Cu yCu = yAl exp (-0,2 xCu) 

13 Ni yNi = yCu exp (-0,1 xNi) 
 

ʇʨʠʤʝʯʘʥʠʝ: ʫ ï ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʪʦʣʱʠʥʘ ʙʦʨʠʜʥʦʛʦ ʩʣʦʷ; ʫ0  ï ʪʦʣʱʠʥʘ ʩʣʦʷ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ ʞʝʣʝʟʝ; 

ʭ ï ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʪʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 6 % ʧʦ ʤʘʩʩʝ. 
 

ɺ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʙʦʨʠʨʦʚʘʥʠʷ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʩʳʱʝʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ) ʠ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ. ʇʨʠʚʝʜʝʥʠʝ ʩʣʫʯʘʡʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʷ ʙʦʨʠʜʦʚ ʢ ʝʜʠ-

ʥʳʤ ʫʩʣʦʚʠʷʤ ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʬʦʨʤʫʣʘʤ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʱʠʥʳ ʩʣʦʷ ʙʦʨʠʜʦʚ (y) ʦʪ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʠ (t) ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ (D) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ (T ): 
 

                                                                                        tDy= ;                                                                                (4) 

 

                                                                                        
KbTBeD= .                                                                              (5) 

 

ʛʜʝ -y ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʪʦʣʱʠʥʘ ʙʦʨʠʜʥʦʛʦ ʩʣʦʷ; 

-D ʢʠʥʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʠʜʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ, ʩʦʦʪʥʦʰʝʥʠʷ ʘʪʦʤʥʳʭ 

ʨʘʜʠʫʩʦʚ ʥʘʩʳʱʘʝʤʦʛʦ ʠ ʜʠʬʬʫʥʜʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʣʦʷ ʠ ʫʩʣʦ-

ʚʠʡ ʦʙʨʘʙʦʪʢʠ; 

-kbB ,,  ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʙʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʨʝʜʳ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʣʦʷ 

ʠ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ; 

-T ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʙʦʪʢʠ, 
0
ʉ; -t ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʦʨʠʨʦʚʘʥʠʷ, ʯ. 

ʈʘʩʯʸʪ ʪʦʣʱʠʥʳ ʙʦʨʠʜʥʦʛʦ ʩʣʦʷ, ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʩʳʱʘʶʱʠʭ ʩʨʝʜʘʭ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʵʪʠʭ ʩʨʝʜ, ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (4 ʠ 5) ʜʣʷ ʘʨʤʢʦ-ʞʝʣʝʟʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2. ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʫʨʘʚʥʝʥʠʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ ʙʦʣʝʝ 96 %. 

ʇʦʩʣʝ ʨʘʩʯʸʪʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʪʦʣʱʠʥʫ ʙʦʨʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ 

ʞʝʣʝʟʝ, ʘ ʟʘʪʝʤ ʪʦʣʱʠʥʫ ʩʣʦʷ ʥʘ ʚʳʙʨʘʥʥʦʡ ʩʪʘʣʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʘʙʦʨʦʤ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʩ-

ʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 1.   

ʇʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʸʪ ʪʦʣʱʠʥ ʙʦʨʠʜʥʳʭ ʩʣʦʝʚ ʥʘ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʦ-

ʩʪʘ ʩʣʦʷ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ ʞʝʣʝʟʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʰʠʙʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ. ɼʦʩʪʦʚʝʨʥʳʡ ʨʘʩʯʸʪ ʪʦʣʱʠʥʳ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʥʘʩʳʱʝ-

ʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʩʣʦʷ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʩʪʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ. 
 

ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʘʨʤʢʦ-ʞʝʣʝʟʦ) 
ˉˉ ʧ/ʧ ʉʦʩʪʘʚ ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʳ ʂʦʵʬʬʠʮʠʝʥʪʳ 

B  b  k 

1 100% Na2B4O7 (ʵʣʝʢʪʨʦʣʠʟ, j= 0,25 ɸ/ʩʤ2). 3 - 17 6,2964 

2 70% Na2B4O7, 30% ɺ4ʉ. 5 - 15 5,4708 

3 70% Na2B4O7, 30% SiC. 2 - 18 6,5166 

4 75% Na2B4O7, 25% Caʉ2. 1 - 11 4,3036 

5 70% Na2B4O7, 30% ʂʄ. 3 - 23 8,2191 

6 70% Na2B4O7, 30% ʉʠʤʥ. 4 - 15 5,4975 

7 75% Na2B4O7, 25% ʉʠʮʨ. 3 - 15 5,5531 

8 70% Na2B4O7, 30% ʈ70. 2 - 21 7,6222 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 2 
ˉˉ ʧ/ʧ ʉʦʩʪʘʚ ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʳ ʂʦʵʬʬʠʮʠʝʥʪʳ 

B  b  k 

9 97% ɺ4ʉ, 3% Nʅ4Cl. 7 - 18 6,3728 

10 98,4 ɺ4ʉ, 1,6% AlF3. 3 - 20 7,2045 

11 100% ɺ4ʉ. 8 - 21 7,3821 

12 79,5% Al 2O3, 10% ʂʘʩʠ, 10% ɺ2ʆ3, 0,5% NaF. 1 - 20 7,3314 

13 ɺ2ʅ2/ʅ2 = 1/25 8 - 10 3,7127 

 

ʇʨʠʤʝʯʘʥʠʝ: ʂʄ ï ʢʘʣʴʮʠʝʚʦʤʘʛʥʠʝʚʘʷ ʣʠʛʘʪʫʨʘ; ʉʠʄʥ ï ʩʠʣʠʢʦʤʘʨʛʘʥʝʮ; ʉʠʎʨ ï ʩʠʣʠʢʦʮʠʨʢʦʥʠʡ; 

ʈ70 ï ʣʠʛʘʪʫʨʘ, ʩʦʜʝʨʞʘʱʘʷ 70 % ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ; ʂʘʩʠ ï ʩʠʣʠʢʘʢʘʣʴʮʠʡ. 

 

ʉʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʣʦʝ ʙʦʨʠʜʦʚ, ʧʦʤʠʤʦ ʧʨʠʤʝʥʝʥʠʷ ʦʪʤʝʯʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷ-

ʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʪʘʢʞʝ: ʧʦʣʫʯʝʥʠʝʤ ʩʣʦʷ ʩ ʨʘʟʦʙʱʸʥʥʳʤʠ ʙʦʨʠʜʥʳʤʠ ʠʛʣʘʤʠ; ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʙʦʨʠʜʥʳʭ ʬʘʟ; ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʪʝʧʝʥʴʶ ʪʝʢʩʪʫʨʦʚʘʥʥʦʩʪʠ ʩʣʦʷ ʙʦʨʠʜʦʚ; ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʦʣ-

ʱʠʥʦʡ ʩʧʣʦʰʥʦʛʦ ʩʣʦʷ ʠ ʩʪʝʧʝʥʴʶ ʠʛʦʣʴʯʘʪʦʩʪʠ ʙʦʨʠʜʦʚ (ʧʣʦʪʥʦʩʪʴʶ ʩʣʦʷ ʠ ʩʪʝʧʝʥʴʶ ʟʘʦʩʪʨʝʥʠʷ ʠʛʣ ʙʦʨʠ-

ʜʦʚ). 

ʉʣʫʞʝʙʥʳʝ ʩʚʦʡʩʪʚʘ ʙʦʨʠʨʦʚʘʥʥʳʭ ʩʣʦʸʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʙʦʨʠʜʦʚ ʠ ʧʦʜʩʣʦʷ. 

ʅʘʠʙʦʣʴʰʫʶ ʨʦʣʴ ʧʦʜʩʣʦʡ ʠʛʨʘʝʪ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʙʦʨʠʨʦʚʘʥʥʳʭ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪ ʪʚʸʨʜʫʶ 

ʧʦʜʣʦʞʢʫ ʜʣʷ ʩʣʦʷ ʙʦʨʠʜʦʚ ʠ ʧʨʝʜʦʭʨʘʥʷʝʪ ʝʛʦ ʦʪ ʧʨʦʜʘʚʣʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʜʝʪʘʣʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʧʦʜ ʟʘʢʘʣʢʫ ʩ ʫʯʸʪʦʤ ʠʟʤʝʥʠʚ-

ʰʝʛʦʩʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʩʣʦʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʚʦʡʩʪʚ ʜʝʪʘʣʠ. ʆʧʨʝʜʝʣʸʥ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʝʨʤʦʫʧʨʦʯʥʸʥʥʳʡ ʧʦʜʩʣʦʡ ʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʠʟʥʘʰʠʚʘʥʠʷ. ɿʘ ʩʯʸʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦ-

ʩʪʠ ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʢʘʨʙʦʙʦʨʠʜʦʚ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʧʦʚʳʰʝʥʥʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʜʝʪʘʣʠ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʩʝʨʜʮʝʚʠʥʳ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʩʣʦʷ ʙʦʨʠʜʦʚ. ʇʦʜʩʣʦʡ ʦʢʘʟʳʚʘʝʪ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʪʝʨʤʦʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ ʙʦʨʠʨʦʚʘʥʥʳʭ ʜʝʪʘʣʝʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʧʨʝʛʨʘʜʦʡ ʥʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʩʣʦʷ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʦʡ ʦʪ ʙʦʨʠʜʦʚ ʢ ʩʪʨʫʢʪʫʨʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣ-

ʣʘ, ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʥʘʩʳʱʝʥʠʷ, ʪʘʢ ʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʜʠʬʬʫʟʠʝʡ ʙʦʨʘ ʧʝʨʝʜ ʩʣʦʝʤ ʙʦʨʠʜʦʚ ʠ ʩ ʦʪʪʝʩʥʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʨʘʩʪʫʱʠʤʠ ʙʦʨʠ-

ʜʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʩʳʱʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʤʠ 

ʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ ʩʪʘʣʝʡ ɸʩ1. ʉʪʝʧʝʥʴ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜ ʠʛʣʘʤʠ ʙʦʨʠʜʦʚ ʧʨʝʚʳʰʘʝʪ ʠʩʭʦʜʥʫʶ ʢʦʥʮʝʥʪʨʘ-

ʮʠʶ ʚ ʩʪʘʣʠ ʚ 1,3ï1,5 ʨʘʟ.  

ʃʝʛʠʨʦʚʘʥʥʳʝ ʦʜʥʦʬʘʟʥʳʝ ʩʣʦʠ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʫʧʨʦʯʥʝʥʠʠ ʰʪʘʤʧʦʚ ʜʣʷ 

ʛʦʨʷʯʝʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ, ʧʨʠ ʫʧʨʦʯʥʝʥʠʠ ʚʳʨʫʙʥʳʭ ʰʪʘʤʧʦʚ ʠ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʇʦʚʳʰʝ-

ʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ ʯʝʤ 1,5 ʨʘʟʘ.  
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1 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

2, 3, 4 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʦʯʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʂʘʥʘʣʠʟʘʮʠʦʥʥʘʷ ʦʯʠʩʪʥʘʷ ʩʪʘʥʮʠʷ ʤʦʥʪʠʨʫʝʪʩʷ ʚ ʘʥʛʘʨʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

2400 ʤ
3
/ʩʫʪ ʧʦ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʙʝʟ ʩʚʦʙʦʜʥʦʧʣʘʚʘʶʱʝʛʦ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, ʥʦ ʩ ʧʝʨʚʠʯʥʳʤʠ ʦʪʩʪʦʡʥʠʢʘʤʠ ʠ 

ʫʩʨʝʜʥʠʪʝʣʷʤʠ ʨʘʩʭʦʜʦʚ ʩ ʙʠʦʨʝʘʢʪʦʨʘʤʠ ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ. ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʩʘʜʢʦʚ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʰʥʝʢʦ-

ʚʳʝ ʦʙʝʟʚʦʞʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʙʠʦʢʦʤʧʦʩʪʝʨʳ. ɿʘʢʨʳʪʳʝ ʘʥʛʘʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʫʣʝʚʫʶ ʵʤʠʩʩʠʶ ʦʪʭʦ-

ʜʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʉʣʠʚʥʘʷ ʩʪʘʥʮʠʷ ʦʩʥʘʱʘʝʪʩʷ ʩʦʣʦʤʦʨʝʟʢʦʡ, ʤʠʢʩʝʨʦʤ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ 

ʞʠʞʠ ʠʟ ʩʝʧʪʠʢʦʚ ʠ ʠʟʤʝʣʴʯʸʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʙʠʦʢʦʤʧʦʩʪʝʨʦʤ. ʂʦʤʧʦʩʪ ʦʙʝʟʟʘʨʘʞʝʥ ʠ ʧʨʠʛʦʜʝʥ ʜʣʷ 

ʚʥʝʩʝʥʠʷ ʚ ʧʦʯʚʫ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʥʘʣʠʟʘʮʠʦʥʥʘʷ ʦʯʠʩʪʥʘʷ ʩʪʘʥʮʠʷ, ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʝ ʫʜʦʙʨʝʥʠʝ, ʥʫʣʝʚʘʷ ʵʤʠʩʩʠʷ 

ʦʪʭʦʜʦʚ, ʢʘʪʘʤʘʨʘʥ ʩ ʙʠʦʨʝʘʢʪʦʨʦʤ. 

 

ʇʦʩ. ɺʠʪʷʟʝʚʦ ʩ ʥʘʩʝʣʝʥʠʝʤ ʦʢʦʣʦ 12000 ʯʝʣ. ʯʘʩʪʠʯʥʦ ʥʝ ʢʘʥʘʣʠʟʦʚʘʥ, ʭʦʪʷ ʠ ʧʨʠʥʠʤʘʝʪ ʝʞʝʛʦʜʥʦ ʜʦ 

60000 ʯʝʣ. ʦʪʜʳʭʘʶʱʠʭ. 

ʉʪʦʯʥʳʝ ʚʦʜʳ ʦʪ ʦʪʜʳʭʘʶʱʠʭ ʧʦʩʪʫʧʘʶʪ ʚ ʩʝʧʪʠʢʠ, ʦʪʢʫʜʘ ʧʦʩʣʝ ʦʩʚʝʪʣʝʥʠʷ ʫʭʦʜʷʪ ʚ ʜʨʝʥʘʞ, ʘ ʦʩʘ-

ʜʦʢ ʚʳʚʦʟʷʪ ʘʩʩʝʥʠʟʘʮʠʦʥʥʦʡ ʤʘʰʠʥʦʡ ʥʘ ʩʣʠʚʥʫʶ ʩʪʘʥʮʠʶ. 

ɼʨʝʥʘʞʥʳʝ ʠ ʣʠʚʥʝʚʳʝ ʚʦʜʳ ʧʦʩʪʫʧʘʶʪ ʚ ʣʠʤʘʥ ʠ ʚʳʟʳʚʘʶʪ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʩʠʥʝʟʝʣʸʥʳʭ ʚʦʜʦʨʦʩʣʝʡ. 

ʇʦ ʠʥʠʮʠʘʪʠʚʝ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʧʦʩʸʣʢʘ ʥʘʯʘʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʯʠʩʪʥʦʡ ʩʪʘʥʮʠʠ ʢʘʥʘʣʠʟʘʮʠʠ ʠ ʤʦʜʝʨ-

ʥʠʟʘʮʠʷ ʩʣʠʚʥʦʡ ʩʪʘʥʮʠʠ. ʂʘʥʘʣʠʟʘʮʠʦʥʥʘʷ ʦʯʠʩʪʥʘʷ ʩʪʘʥʮʠʷ ʤʦʥʪʠʨʫʝʪʩʷ ʚ ʘʥʛʘʨʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

2400 ʤ
3
/ʩʫʪ ʧʦ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʙʝʟ ʩʚʦʙʦʜʥʦʧʣʘʚʘʶʱʝʛʦ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, ʥʦ ʩ ʧʝʨʚʠʯʥʳʤʠ ʦʪʩʪʦʡʥʠʢʘʤʠ ʠ 

ʫʩʨʝʜʥʠʪʝʣʷʤʠ [1, 2, 3]
 
ʨʘʩʭʦʜʦʚ ʩ ʙʠʦʨʝʘʢʪʦʨʘʤʠ ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ. ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʩʘʜʢʦʚ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 

ʰʥʝʢʦʚʳʝ ʦʙʝʟʚʦʞʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʙʠʦʢʦʤʧʦʩʪʝʨʳ [4]. 

ɿʘʢʨʳʪʳʝ ʘʥʛʘʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʫʣʝʚʫʶ ʵʤʠʩʩʠʶ ʦʪʭʦʜʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʉʣʠʚʥʘʷ 

ʩʪʘʥʮʠʷ ʦʩʥʘʱʘʝʪʩʷ ʩʦʣʦʤʦʨʝʟʢʦʡ, ʤʠʢʩʝʨʦʤ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ ʞʠʞʠ ʠʟ ʩʝʧʪʠʢʦʚ ʠ ʠʟʤʝʣʴʯʸʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦ-

ʩʪʠ ʠ ʙʠʦʢʦʤʧʦʩʪʝʨʦʤ. ɽʞʝʜʥʝʚʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʦʩʘʜʢʦʚ ʥʘ ʩʣʠʚʥʫʶ ʩʪʘʥʮʠʶ ʦʢʦʣʦ 4 ʤ
3
, ʜʦʙʘʚʢʘ ʨʘʩʪʠʪʝʣʴ-

ʥʳʭ ʦʪʭʦʜʦʚ ʪʦʞʝ 4 ʤ
3
/ʩʫʪ, ʚʳʭʦʜ ʢʦʤʧʦʩʪʘ 2 ʤ

3
/ʩʫʪ. 

ʂʦʤʧʦʩʪ ʦʙʝʟʟʘʨʘʞʝʥ ʠ ʧʨʠʛʦʜʝʥ ʜʣʷ ʚʥʝʩʝʥʠʷ ʚ ʧʦʯʚʫ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ. 

ʉʪʦʠʤʦʩʪʴ ʦʯʠʩʪʥʦʡ ʩʪʘʥʮʠʠ ʩ ʧʨʦʝʢʪʦʤ 70 ʤʣʥ. ʨʫʙ., ʩʣʠʚʥʦʡ ʩʪʘʥʮʠʠ ï 10 ʤʣʥ. ʨʫʙ. 

ɼʣʷ ʣʠʢʚʠʜʘʮʠʠ ʩʠʥʝʟʝʣʸʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʮʚʝʪʝʥʠʷ ʚʦʜʳ ʚ ʣʠʤʘʥʝ ʩʦʟʜʘʸʪʩʷ ʙʠʦʨʝʘʢʪʦʨ ʥʘ ʢʘʪʘʤʘʨʘʥʝ 

(ʈʠʩ. 6), ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʝʚʨʘʱʘʪʴ ʚʦʜʦʨʦʩʣʠ ʚ ʟʦʦʧʣʘʥʢʪʦʥ ï ʢʦʨʤ ʨʳʙʝ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʢʠʩʣʦʨʦʜʥʳʡ ʨʝ-

ʞʠʤ ʚ ʚʦʜʦʸʤʝ [5, 6]. 

ʅʘʣʠʯʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʦʯʠʩʪʥʦʡ ʩʪʘʥʮʠʠ (ʈʠʩ. 1) ʥʘʩʦʩʦʚ-ʩʪʨʠʤʤʝʨʦʚ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʝʨʞʠʚʘʝʤʳʭ ʚʟʚʝʩʝʡ ʚ ʧʝʨʚʠʯʥʳʭ ʦʪʩʪʦʡʥʠʢʘʭ 

ʧʦʟʚʦʣʷʝʪ ʚʜʚʦʝ ʩʥʠʟʠʪʴ ʚʝʣʠʯʠʥʫ ɹʇʂ ʩʪʦʯʥʳʭ ʚʦʜ, ʫʤʝʥʴʰʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʙʠʦʨʝʘʢʪʦʨʳ, ʥʦ ʧʨʠʚʦʜʠʪ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ɹʇʂ ʢ N ʜʦ ʫʨʦʚʥʷ 3 : 1, ʧʦʵʪʦʤʫ ʚ ʜʝʥʠʪʨʠʬʠʢʘʪʦʨʘʭ (ʈʠʩ. 2ʘ) ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʘʣʠʯʠʝ ʙʠʦʮʝʥʦʟʘ 

ʙʘʢʪʝʨʠʡ ʘʥʘʤʤʦʢʩ, ʢʦʪʦʨʳʝ ʫʜʘʣʷʶʪ ʘʟʦʪ ʙʝʟ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ɽʩʣʠ ʰʥʝʢʦʚʳʝ ʦʙʝʟʚʦʞʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʜʦʚʦʜʷʪ ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ ʜʦ 80 %, ʪʦ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʜʦʙʘʚʢʘ ʚ ʦʩʘʜʦʢ ʠʟʤʝʣʴʯʸʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ. ʇʦʜʘʯʫ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʚ ʙʠʦʢʦʤʧʦʩʪʝʨʳ (ʈʠʩ. 4) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʜʫʭʦʜʫʚʢʘ ʩ ʜʘʚʣʝʥʠʝʤ 0,5 ʘʪʤ. ʆʥʘ ʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʜʫʭʦʤ ʠ ʙʘʨʙʦʪʸʨʳ ʨʝʛʝʥʝʨʘʮʠʠ ʝʨ-

ʰʦʚʦʡ ʥʘʩʘʜʢʠ (ʈʠʩ. 2ʙ, 3). ʉʛʫʱʝʥʠʝ ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʭ ʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʝʨʚʠʯʥʳʭ ʦʪʩʪʦʡʥʠʢʘʭ ʚ ʥʦʯʥʦʝ 

ʚʨʝʤʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʧʨʠʪʦʢʝ ʩʪʦʯʥʳʭ ʚʦʜ, ʢʦʛʜʘ ʤʦʞʥʦ ʧʨʝʢʨʘʪʠʪʴ ʧʦʜʘʯʫ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦ ʦʜʥʦʡ ʠʟ ʜʚʫʭ 

ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʣʠʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʨʝʛʝʥʝʨʘʮʠʠ ʝʨʰʝʡ ʠ ʧʝʨʝʢʘʯʢʠ ʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʢʦʡ, ʨʘʚʥʦ ʢʘʢ ʠ ʨʘʙʦʪʘ 

ʩʨʝʜʩʪʚ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʚʦʟʜʫʭʘ. 

                                                           
 É ʂʫʣʠʢʦʚ ʅ.ʀ., ʂʫʣʠʢʦʚʘ ɽ.ʅ., ʇʨʠʭʦʜʴʢʦ ʃ.ʅ., ʂʫʣʠʢʦʚ ɼ.ʅ. / Kulikov N.I., Kulikova E.N., Prikhodko L.N., Kulikov D.N., 2014 
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ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʙʝʟ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʩʚʦʙʦʜʥʦʧʣʘʚʘʶʱʝʛʦ ʘʢʪʠʚʥʦʛʦ ʠʣʘ 
 

1. ʉʘʤʦʪʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʞʠʣʦʛʦ ʤʘʩʩʠʚʘ; 2. ʂʘʥʘʣʠʟʘʮʠʦʥʥʘʷ ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ; 3. ʋʩʨʝʜʥʠʪʝʣʴ 

ʨʘʩʭʦʜʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʥʘʩʦʩʘʤʠ-ʩʪʨʠʤʝʨʘʤʠ; 4. ʇʝʨʚʠʯʥʳʡ ʦʪʩʪʦʡʥʠʢ; 4ô. ʆʩʘʜʦʢ ʧʝʨʚʠʯʥʳʭ ʦʪʩʪʦʡʥʠʢʦʚ;  

5.0. ɹʠʦʨʝʘʢʪʦʨ-ʜʝʥʠʪʨʠʬʠʢʘʪʦʨ; 5.I. ɹʠʦʨʝʘʢʪʦʨ I ʩʪʫʧʝʥʠ; 5.II. ɹʠʦʨʝʘʢʪʦʨ II  ʩʪʫʧʝʥʠ; 5.III. ɹʠʦʨʝʘʢʪʦʨ III  ʩʪʫʧʝʥʠ;  

6. ɹʠʦʨʝʘʢʪʦʨ ʜʦʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ; 7. ʂʦʥʪʘʢʪʥʳʡ ʨʝʟʝʨʚʫʘʨ ʩ ʋʌʆ (7'); 8. ɺʦʜʦʧʨʦʚʦʜʥʘʷ ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ;  

9. ʈʘʩʪʚʦʨʦʤʝʰʘʣʢʘ; 9ô. ɸʧʧʘʨʘʪ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʦʙʝʟʚʦʞʠʚʘʥʠʶ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ; 10. ɹʠʦʢʦʤʧʦʩʪʝʨ;  

11. ʈʝʛʝʥʝʨʘʮʠʦʥʥʘʷ ʚʦʜʘ; 12.ʈʝʘʛʝʥʪʥʦʝ ʭʦʟʷʡʩʪʚʦ ʩ ʨʝʘʛʝʥʪʘʤʠ 12ô; 13. ʈʝʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʚʦʜʘ; 14. ʂʦʤʧʦʩʪ; 

15.ʄʝʰʘʣʢʘ; 16. ɽʨʰʦʚʘʷ ʥʘʩʘʜʢʘ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʦʥ 
 

 
 

ʈʠʩ. 2ʘ. ɹʠʦʨʝʘʢʪʦʨ ʢʦʣʦʥʥʦʛʦ ʪʠʧʘ ï ʜʝʥʠʪʨʠʬʠʢʘʪʦʨ 
 

1. ʂʦʨʧʫʩ ʙʠʦʨʝʘʢʪʦʨʘ; 2. ʂʘʩʩʝʪʘ ʩ ʝʨʰʦʚʦʡ ʥʘʩʘʜʢʦʡ; 3. ʄʝʰʘʣʢʘ; 4. ɹʘʨʙʦʪʸʨʳ ʨʝʛʝʥʝʨʘʮʠʠ;  

5. ʇʦʜʚʦʜ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ 
 

 
 

ʈʠʩ. 2ʙ. ɹʠʦʨʝʘʢʪʦʨ ʢʦʣʦʥʥʦʛʦ ʪʠʧʘ ï ʜʦʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ 
 

1. ʂʦʨʧʫʩ ʙʠʦʨʝʘʢʪʦʨʘ; 2. ʂʘʩʩʝʪʘ ʩ ʝʨʰʦʚʦʡ ʥʘʩʘʜʢʦʡ; 3. ʕʨʣʠʬʪ; 4. ɹʘʨʙʦʪʸʨʳ ʨʝʛʝʥʝʨʘʮʠʠ; 5. ʇʦʜʚʦʜ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ 
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ʈʠʩ 3, 4. ɹʠʦʨʝʘʢʪʦʨ ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ 

 

1. ʇʦʜʜʦʥ 2. ʈʦʪʦʨ 3. ʄʦʪʦʨ-ʨʝʜʫʢʪʦʨ 3ô. ɺʘʣ ʨʦʪʦʨʘ 4. ɽʨʰʦʚʘʷ ʥʘʩʘʜʢʘ 5. ɹʘʨʙʦʪʸʨ ʨʝʛʝʥʝʨʘʮʠʠ  

6. ʇʦʜʚʦʜ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ 7. ʊʨʫʙʦʧʨʦʚʦʜ ʦʧʦʨʦʞʥʝʥʠʷ ʧʦʜʜʦʥʘ 

 

 
ʈʠʩ. 5. ɹʠʦʢʦʤʧʦʩʪʝʨ 

 

1. ʆʙʝʯʘʡʢʘ ʙʠʦʙʘʨʘʙʘʥʘ; 2. ʂʨʳʰʢʘ ʙʠʦʙʘʨʘʙʘʥʘ; 3. ɺʳʜʚʠʞʥʳʝ ʧʣʘʪʬʦʨʤʳ ʙʠʦʙʘʨʘʙʘʥʘ 1;  

4. ʇʣʘʪʬʦʨʤʳ ʙʠʦʙʘʨʘʙʘʥʘ; 5. ʈʦʣʠʢʠ ʚʨʘʱʝʥʠʷ ʙʠʦʙʘʨʘʙʘʥʘ; 6. ʄʦʪʦʨ ï ʨʝʜʫʢʪʦʨ ʚʨʘʱʝʥʠʷ ʨʦʣʠʢʦʚ 5;  

7. ʇʦʜʰʠʧʥʠʢʠ ʚ ʢʨʳʰʢʘʭ 2 ʙʠʦʙʘʨʘʙʘʥʘ; 8. ʃʶʢ ʟʘʛʨʫʟʢʠ ʢʦʤʧʦʩʪʠʨʫʶʱʝʡ ʩʤʝʩʠ;  9. ʃʶʢ ʚʳʛʨʫʟʢʠ ʛʦʪʦʚʦʛʦ ʢʦʤʧʦʩʪʘ; 

10. ɺʦʟʜʫʭʦʚʦʜ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ; 11. ʊʨʫʙʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʙʠʦʙʘʨʘʙʘʥʘ, ʩʢʨʝʙʢʠ; 12. ɿʘʜʚʠʞʢʘ ʥʘ 

ʚʦʟʜʫʭʦʚʦʜʝ; 13. ʄʫʬʪʘ ʩʮʝʧʣʝʥʠʷ ʤʦʪʦʨ ï ʨʝʜʫʢʪʦʨʦʚ ʩ ʨʦʣʠʢʘʤʠ5; 14. ʂʨʳʰʢʘ ʣʶʢʘ 8 ʠʣʠ 9; 15. ʂʘʥʘʣ ʪʨʘʥʩʧʦʨʪʸʨʘ 

ʛʦʪʦʚʦʛʦ ʢʦʤʧʦʩʪʘ; 16. ʃʝʥʪʘ ʪʨʘʥʩʧʦʨʪʸʨʘ 
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ʈʠʩ. 6. ʂʘʪʘʤʘʨʘʥ ʩ ʙʠʦʨʝʘʢʪʦʨʦʤ 
 

1. ʃʝʚʳʡ ʧʦʥʪʦʥ; 2. ʇʨʘʚʳʡ ʧʦʥʪʦʥ; 3. ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʙʘʣʢʠ; 4. ʇʦʜʰʠʧʥʠʢʠ ʚ ʙʘʣʢʘʭ ʜʣʷ ʚʘʣʦʚ 7 ʙʠʦʙʘʨʘʙʘʥʦʚ 5; ʉʝʢʮʠʠ 

ʙʠʦʙʘʨʘʙʘʥʦʚ; 6. ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʤʫʬʪʳ ʚʘʣʦʚ 7 ʩʝʢʮʠʡ ʙʠʦʙʘʨʘʙʘʥʦʚ 5; 7. ɺʘʣʳ ʩʝʢʮʠʡ ʙʠʦʙʘʨʘʙʘʥʦʚ 5; 8. ɽʨʰʦʚʘʷ 

ʥʘʩʘʜʢʘ ʚ ʩʝʢʮʠʷʭ ʙʠʦʙʘʨʘʙʘʥʦʚ; 9. ʂʘʨʢʘʩ ʜʣʷ ʥʘʚʠʚʢʠ ʝʨʰʦʚʦʡ ʥʘʩʘʜʢʠ 8 ʚ ʩʝʢʮʠʠ ʙʠʦʙʘʨʘʙʘʥʦʚ; 10. ɺʠʥʪʳ ʜʚʠʞʠʪʝʣʝʡ 

ʧʦʥʪʦʥʦʚ ʢʘʪʘʤʘʨʘʥʘ 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1.  ʉʧʦʩʦʙ ʙʝʟʦʪʩʪʦʡʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʢʦʤʧʣʝʢʪʥʦ-ʙʣʦʯʥʳʭ ʦʯʠʩʪʥʳʭ ʩʪʘʥʮʠʷʭ 

ʟʘʚʦʜʩʢʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʇʘʪʝʥʪ ʈʌ ˉ 2012133583. ɸʚʪʦʨʳ: ʅ. ʀ. ʂʫʣʠʢʦʚ, ɼ. ʅ. ʂʫʣʠʢʦʚ, ɽ. ʅ. ʂʫʣʠʢʦʚʘ, ʃ. ʅ. 

ʇʨʠʭʦʜʴʢʦ. 

2.  ɹʣʦʯʥʦ-ʤʦʜʫʣʴʥʘʷ ʢʘʥʘʣʠʟʘʮʠʦʥʥʘʷ ʦʯʠʩʪʥʘʷ ʩʪʘʥʮʠʷ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ ʩ ʧʨʦʮʝʩʩʦʤ ʘʥʘʤʤʦʢʩ. ʇʘʪʝʥʪ ˉ 

2010102506. ɸʚʪʦʨʳ: ʅ. ʀ. ʂʫʣʠʢʦʚ, ɼ. ʅ. ʂʫʣʠʢʦʚ, ɽ. ʅ. ʂʫʣʠʢʦʚʘ, ʃ. ʅ. ʇʨʠʭʦʜʴʢʦ, ɼ. ɺ. ʇʦʧʦʚ. 

3.  ʉʧʦʩʦʙ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʬʝʢʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʨʝʟʢʦʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʨʘʩʭʦʜʘʤʠ ʠ ʩʦʩʪʘʚʦʤ. ʇʘʪʝʥʪ ˉ 2011142543. ɸʚʪʦʨʳ: ʅ. ʀ. ʂʫʣʠʢʦʚ, ʄ. ɻ. ɿʫʙʦʚ, ɻ. ʄ. ɿʫʙʦʚ, ɸ. ʅ. ʅʦʞʝʚʥʠʢʦʚʘ, ʖ. ɺ. 

ʃʠʪʪʠ. 

4.  ʋʩʪʘʥʦʚʢʘ ʙʠʦʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ, ʜʦʟʨʝʚʘʥʠʷ ʠ ʩʫʰʢʠ ʦʙʝʟʚʦʞʝʥʥʳʭ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʘʪʝʥʪ ˉ 69858 ʦʪ 
10.01.2008 ʛ. ɸʚʪʦʨʳ: ʅ. ʀ. ʂʫʣʠʢʦʚ, ɽ. ʅ. ʂʫʣʠʢʦʚʘ, ɼ. ʅ. ʂʫʣʠʢʦʚ. 

5.  ʉʧʦʩʦʙ ʜʦʦʯʠʩʪʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ɸʚʪ. ʉʚʠʜ. ʉʉʉʈ ˉ 1783754, ʦʪ 22.08.1992ʛ. ɸʚʪʦʨʳ: 
ʅ.ʀ. ʂʫʣʠʢʦʚ ʠ ʜʨ. 

6.  ɻʣʦʙʘ, ʃ. ʀ. ʆʯʠʩʪʢʘ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ ʛʠʜʨʦʙʠʦʥʪʘʤʠ, ʟʘʢʨʝʧʣʸʥʥʳʤʠ ʥʘ ʚʦʣʦʢʥʠʩʪʳʭ ʥʘʩʘʜʢʘʭ / ʃ. ʀ. ɻʣʦʙʘ, 

ʇ. ʀ. ɻʚʦʟʜʷʢ, ʅ. ɹ. ɿʘʛʦʨʥʘʷ ʠ ʜʨ. // ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʚʦʜʳ. ï 1992. ï ʪ.14. ï ˉ1. ï ʉ. 63ï73. 
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Abstract. The sewer treatment plant is mounted in a hangar on productivity of 2400 cubic meters per day on 

biotechnology without free-flowing biological solids, but with primary settlers and averagers of expenses with bioreac-

tors of rotor type. For processing of rainfall, the screw dewaterers and biopunchers are involved. The closed hangars 

provide zero emissions into the environment. The drain station is equipped with a chaff-cutter, the mixer for composi-

tion of spent slurry from septic tanks and the crushed vegetation and biopuncher. The compost is disinfected and suita-

ble for entering into the soil as fertilizer. 

Keywords: the sewer treatment plant, organo-mineral fertilizer, zero emissions into the environment, catama-

ran ship with the bioreactor. 
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ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ʂʆʅɽʏʅʓʍ ʕʃɽʄɽʅʊʆɺ ɼʃʗ ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ 

ʇʆɺʓʐɽʅʀʗ ʅɸɼɽɾʅʆʉʊʀ ɸɺʊʆɹʋʉʆɺ ʅɸ ʄɸʈʐʈʋʊɸʍ ʉ ʇʆɼʒɽʄɸʄʀ 
 

 
ɸ.ɼ. ʂʫʩʪʠʢʦʚ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ çɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪè  

ʌɻɹʆʋ ɺʇʆ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘè, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ  

ʉɸɸɿï3206 ʛʦʨʦʜʩʢʠʭ ʘʚʪʦʙʫʩʦʚ ʇɸɿï4234 ʥʘ ʤʘʨʰʨʫʪʘʭ ʩ ʧʦʜʲʝʤʘʤʠ. ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʨʪʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʨʝʰʝʥʠʷ 

ʧʦ ʧʦʚʳʰʝʥʠʶ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ, ʤʘʨʰʨʫʪ ʩ ʧʦʜʲʝʤʘʤʠ, ʥʘʜʝʞʥʦʩʪʴ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʢʦʥʩʪʨʫʢʮʠʷ. 

 

ɺʩʝ ʬʘʢʪʦʨʳ ʩʥʠʞʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʘʚʪʦʙʫʩʦʚ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʦʙʝʥʥʦ 

ʷʨʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʘʚʪʦʙʫʩʦʚ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ (ʄʂʇ). ʂ ʩʣʦʚʫ, ʩʝʛʦʜʥʷ ʢʘʞʜʳʡ 

ʪʨʝʪʠʡ ʛʦʨʦʜʩʢʦʡ ʘʚʪʦʙʫʩ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʠʤʝʝʪ ʪʨʘʥʩʤʠʩʩʠʶ ʩ ʄʂʇ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩʤʠʩʩʠʡ ʘʚʪʦʙʫʩʦʚ ʷʚʣʷʝʪʩʷ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ 

ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʚʳʩʦʢʠʤ ʫʜʝʣʴʥʳʤ ʩʠʣʦʚʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. ɿʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʨʘʙʦ-

ʪʘʶʪ ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʩʢʦʨʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ [1, 2, 3]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʥʘʣʠʯʠʝ ʧʦʜʲʝʤʦʚ ʥʘ ʤʘʨʰʨʫʪʝ ʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʙʫʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʱʫʪʠ-

ʤʦʤʫ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩʤʠʩʩʠʠ. ɺʳʟʳʚʘʷ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟ-

ʢʠ ʥʘ ʜʝʪʘʣʠ ʪʨʘʥʩʤʠʩʩʠʠ, ʧʦʜʲʝʤʳ ʥʘ ʤʘʨʰʨʫʪʘʭ ʧʨʠʚʦʜʷʪ ʢ ʯʘʩʪʥʳʤ ʧʦʣʦʤʢʘʤ ʄʂʇ. 

ʅʘ ʘʚʪʦʙʫʩʘʭ ʇɸɿ-4234 ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʤʘʨʰʨʫʪʘʭ ʩ ʧʦʜʲʝʤʘʤʠ ʚ ʛ. ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʙʳʣʠ ʟʘ-

ʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʤʥʦʛʦʢʨʘʪʥʳʝ ʦʪʢʘʟʳ ʢʘʨʪʝʨʦʚ ʄʂʇ. ʆʩʥʦʚʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ: ʠʟʥʦʩ ʧʦʩʘʜʦʯʥʳʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʛʥʸʟʜ ʧʦʜ ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ; ʠʟʥʦʩ ʦʪʚʝʨʩʪʠʡ ʧʦʜ ʦʩʠ ʰʝʩʪʝʨʥʠ ʟʘʜʥʝʛʦ ʭʦʜʘ; ʠʟʥʦʩ ʠʣʠ ʩʨʳʚ 

ʨʝʟʴʙʳ ʚ ʦʪʚʝʨʩʪʠʷʭ; ʪʨʝʱʠʥʳ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ɼʝʤʦʥʩʪʨʘʮʠʷ ʦʪʢʘʟʦʚ ʢʘʨʪʝʨʦʚ ʄʂʇ ʘʚʪʦʙʫʩʦʚ ʇɸɿ-4234 

 

ɺ ʩʚʷʟʠ ʩ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʜʝʬʝʢʪʘʤʠ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʥʘʧʨʷ-

ʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʨʪʝʨʘ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʨʪʝʨʦʚ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʄʂʇ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺʳʙʦʨ ʤʝʪʦʜʘ ʦʙʫʩʣʦʚʣʝʥ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ: 

ï ʦʙʲʝʤʳ ʠʩʩʣʝʜʫʝʤʳʭ ʜʝʪʘʣʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʬʠʛʫʨʳ ʩʦ ʩʣʦʞʥʳʤʠ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ ʛʨʘʥʠ-

ʮʘʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʥʘʙʦʨʦʤ ʜʠʩʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʯʝʤ 

ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʤʝʥʥʳʤʠ; 

ï ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʩʤʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʝʪʘʣʝʡ; 

ï ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʩʧʦʩʦʙ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ [4]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʯʥʦʩʪʥʦʛʦ ʨʘʩʯʝʪʘ ʢʘʨʪʝʨʘ ʄʂʇ ʉɸɸɿ-3206 ʘʚʪʦʙʫʩʘ ʇɸɿ-4234 ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ, ʦʙʲʝʤʦʤ ʚ 492437 ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʆʩʥʦʚʥʦʡ ʠʩʧʦʣʴʟʫʝʤʳʡ ʵʣʝʤʝʥʪ - 

ʪʝʪʨʘʵʜʨ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 10 ʪʦʯʝʢ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʨʠʩ. 2). 

                                                           
 É ʂʫʩʪʠʢʦʚ ɸ.ɼ. / Kustikov A.D., 2014 
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ʈʠʩ. 2. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʢʘʨʪʝʨʘ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ 
 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʜʠʘʣʴʥʳʭ ʫʩʠʣʠʡ ʥʘ ʦʪʚʝʨʩʪʠʷ ʧʦʜ ʧʦʜʰʠʧʥʠʢʠ 

ʚʪʦʨʠʯʥʦʛʦ, ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʘʣʦʚ ʠ ʥʘ ʦʩʴ ʙʣʦʢʘ ʰʝʩʪʝʨʸʥ ʟʘʜʥʝʛʦ ʭʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʠ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ ʟʘʮʝʧʣʝʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. ʈʘʜʠʘʣʴʥʳʝ ʫʩʠʣʠʷ ʚ ʦʪʚʝʨʩʪʠʷʭ 

ʛʥʝʟʜ ʧʦʜʰʠʧʥʠʢʦʚ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʥʘʨʫʞʥʳʤ ʢʦʣʴʮʦʤ ʦʧʦʨ ʚʘʣʦʚ (ʨʠʩ. 3). 
 

 
 

ʇʝʨʝʜʘʯʘ ʟʘʜʥʝʛʦ ʭʦʜʘ                                                   ʇʝʨʚʘʷ ʧʝʨʝʜʘʯʘ 
 

ʈʠʩ. 3. ʅʘʛʨʫʟʢʘ ʥʘ ʢʘʨʪʝʨ ʄʂʇ ʉɸɸɿ-3206 ʘʚʪʦʙʫʩʘ ʇɸɿ-4234 
 

ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʜʣʷ ʢʘʨʪʝʨʘ ʩʣʫʯʘʷ: ʜʚʠʞʝʥʠʝ ʥʘ ʧʝʨʚʦʡ ʧʝʨʝʜʘʯʝ, ʜʚʠʞʝʥʠʝ 

ʥʘ ʧʝʨʝʜʘʯʝ ʟʘʜʥʝʛʦ ʭʦʜʘ (ʨʠʩ. 4). 

ɺʩʣʝʜʩʪʚʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʥʘʯʘʣʝ ʜʚʠʞʝʥʠʷ (ʙʨʦʩʦʢ 

ʩʮʝʧʣʝʥʠʷ) ʵʣʝʤʝʥʪʳ ʪʨʘʥʩʤʠʩʩʠʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʯʸʪʥʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ, ʢʘʨʪʝʨʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʘʩʘ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʝʩʣʠ ʧʦ ʨʘʩ-

ʯʸʪʫ ʧʦʣʫʯʘʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʤʝʥʝʝ 80 ʄʇʘ. 
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