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 ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʢʦʢʩʘ ʦʪʥʦʩʷʪ ʠʥʜʝʢʩ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ (CRI) ʠ ʧʨʦʯʥʦʩʪʴ ʦʩʪʘʪʢʘ ʢʦʢʩʘ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʩ ʉʆ2 (CSR). ʊʨʝʙʦʚʘʥʠʷ 
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ʤʠ. ʇʝʨʝʭʦʜ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʧʳʣʝʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʮʝʣʴʶ ʟʘʤʝʥʳ ʠʤ ʢʦʢʩʘ ʦʧʨʝʜʝʣʠʣ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʩʣʝʜʥʝʛʦ. ʂʘʯʝʩʪʚʦ ʢʦʢʩʘ ʩʪʘʣʦ ʦʧʨʝʜʝʣʷʶ-
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ʨʳ. 

 

 

                                                           
*
 ɸʚʪʦʨ ʜʣʷ ʧʝʨʝʧʠʩʢʠ 

ɺ 
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ɺʦʧʨʦʩʫ ʦʧʨʝʜʝʣʝʥʠʷ ʩʳʨʴʝʚʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʢʘʟʘʪʝʣʠ CRI 

ʠ CSR ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʘ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʫʜʝʣʷʣʦʩʴ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ [1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ CRI 

ʠ CSR ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʘ ʦʢʘʟʳʚʘʝʪ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʫʛʣʝʡ. ʆ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠ-

ʯʠʷʭ ʨʘʟʥʳʭ ʫʛʣʝʡ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʜʘʞʝ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʦʙʨʘʟ-

ʮʦʚ ʟʦʣʳ (ʨʠʩ. 1). ʉʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʳʤ ʜʘʥʥʳʤ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ï ʠʥʜʝʢʩ ʦʩʥʦʚʥʦʩʪʠ 

ʫʛʣʝʡ (ʰʠʭʪʳ) ʀ0 ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʘ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ CRI Ò 35 % ʠ CSR Ó 50 % 

ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʝʝ 2,5.  
 

 

 
 

 

 
 

 

 
 

 

 
 

 

ʈʠʩ. 1 ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʟʦʣʳ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʡ 
 

 

ɺ ʋʢʨʘʠʥʝ ʦʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩ-

ʪʘʚʘ ʟʦʣʳ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʛ-

ʣʘʩʥʦ ɻʆʉʊ 10538-87 çʊʦʧʣʠʚʦ ʪʚʝʨʜʦʝ. ʄʝ-

ʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳè 
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[3]. ʕʪʦʪ ʤʝʪʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦ-

ʜʘʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʆʥ 

ʥʘʜʝʞʝʥ, ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙ-

ʨʘʟʮʦʚ ʟʦʣ ʫʛʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ ʧʦ 

ɻʆʉʊ 10538-87, ʠʤʝʥʥʦ ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʝ̫ʪʩʷ 

ʘʨʙʠʪʨʘʞʥʳʤ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʘʟʥʦʛʣʘ-

ʩʠʡ. 

ʆʜʥʘʢʦ, ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ ʧʦ ɻʆʉʊ 10538-87 

ʟʘʥʠʤʘʝʪ ʥʝ ʤʝʥʝʝ 2-3 ʩʫʪʦʢ, ʩ ʮʝʣʴʶ ʧʦʚʳ-

ʰʝʥʠʷ ʵʢʩʧʨʝʩʩʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦ-

ʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ ʫʛʦʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʜʣʷ 

ʮʝʥʪʨʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ (ʎʃ) ʏɸʆ çɽɺʈɸɿ 

ʖɾʂʆʂʉè ʧʨʠʦʙʨʝʪʝʥ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ 

ʩʧʝʢʪʨʦʤʝʪʨ iCAP 6000 ʩ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʨʠʩ. 2). 
 

 

 
 

ʈʠʩ. 2 ʕʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ iCAP 

6000 ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 
 

 

ɸʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʩʘ-

ʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʵʢʩʧʨʝʩʩʥʳʡ ʚʳʩʦʢʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝ-

ʩʝʡ ʚ ʛʘʟʦʦʙʨʘʟʥʳʭ, ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʚʝʱʝʩ-

ʪʚʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʚʳʩʦʢʦʯʠʩʪʳʭ.  

ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʠʟ-

ʣʫʯʝʥʠʷ, ʠʩʧʫʩʢʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘʤʠ ʚ ʧʨʦʙʝ, 

ʧʦʤʝʱʝʥʥʦʡ ʚ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʫʶ ʧʣʘʟʤʫ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʧʫʩʢʘʝʤʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

(ʢʘʢʠʝ ʵʣʝʤʝʥʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ) ʩʚʷʟʘʥʘ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ 

ʘʪʦʤʥʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʦʙʨʘʟʝʮ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʜʦʩʪʘʪʦʯʥʳʭ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʜʠʩʩʦʮʠʘʮʠʠ ʥʘ 

ʘʪʦʤʳ, ʥʦ ʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʯʠʩʣʘ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʚʦʟʙʫʞʜʝ-

ʥʠʝ (ʠ ʠʦʥʠʟʘʮʠʶ) ʘʪʦʤʦʚ ʧʨʦʙʳ. ɸʪʦʤʳ ʠ 

ʠʦʥʳ ʚ ʩʦʩʪʦʷʥʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʛʫʪ ʧʫʪʝʤ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ (ʵʤʠʩʩʠʦʥʥʳʭ) 

ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʦʩʪʦʷʥʠʷ ʩ 

ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ. 

ʆʙʨʘʟʝʮ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʧʨʠʙʦʨ ʚ ʚʠʜʝ ʧʦʪʦ-

ʢʘ ʞʠʜʢʦʡ ʧʨʦʙʳ. ɺʥʫʪʨʠ ʧʨʠʙʦʨʘ ʞʠʜʢʦʩʪʴ ʚ 

ʭʦʜʝ ʨʘʩʧʳʣʝʥʠ,̫ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʘʵʨʦʟʦʣʴ ʠ 

ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʧʣʘʟʤʫ, ʛʜʝ ʜʝʩʦʣʴʚʘʪʠʨʫʝʪʩʷ, 

ʠʩʧʘʨʷʝʪʩʷ, ʘʪʦʤʠʟʠʨʫʝʪʩʷ ʠ ʚʦʟʙʫʞʜʘʝʪʩʷ 

ʠ/ʠʣʠ ʠʦʥʠʟʠʨʫʝʪʩʷ ʧʣʘʟʤʦʡ. ɺʦʟʙʫʞʜʝʥʥʳʝ 

ʘʪʦʤʳ ʠ ʠʦʥʳ ʠʩʧʫʩʢʘʶʪ ʭʘʨʘʢʪʝʨʥʦʝ ʠʟʣʫʯʝ-

ʥʠʝ, ʢʦʪʦʨʦʝ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʟʜʝʣʷ-

ʝʪ ʧʦ ʜʣʠʥʘʤ ʚʦʣʥ. ʀʟʣʫʯʝʥʠʝ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʠ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʛʥʘʣʳ, ʢʦʪʦ-

ʨʳʝ ʜʣʷ ʘʥʘʣʠʪʠʢʘ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʠʥʬʦʨʤʘ-

ʮʠʶ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʵʣʝʤʝʥʪʦʚ. 

ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ, ʘ ʪʘʢʞʝ 

ʤʥʦʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩ-

ʢʦʥʪʘʢʪʥʦʛʦ, ʦʧʝʨʘʪʠʚʥʦʛʦ, ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʵʣʝʤʝʥʪʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʤʘʣʦʡ ʤʘʩʩʳ ʧʨʦʙʳ. ʄʝʪʦʜ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʣʠʯʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ (ʨʘʩʪʚʦʨʳ ʩʨʘ-

ʚʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʳ). 
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ʉʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦ-

ʚʝʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

(ʙʦʣʝʝ 30 ʵʣʝʤʝʥʪʦʚ), ʠʤʝʝʪ ʥʠʟʢʠʝ ʧʨʝʜʝʣʳ 

ʦʙʥʘʨʫʞʝʥʠʷ (ʦʪ 0,0001 ʤʛ/ʜʤ
3
) ʠ ʧʨʝʢʨʘʩʥʫʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ. ɺʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʣʠʯʠʷ ʘʣʶʤʠʥʠʷ, ʙʘʨʠʷ, ʙʝʨʠʣʣʠʷ, ʚʠʩʤʫʪʘ, 

ʚʘʥʘʜʠʷ, ʞʝʣʝʟʘ, ʢʘʣʠʷ, ʢʘʜʤʠʷ, ʢʦʙʘʣʴʪʘ, ʣʠ-

ʪʠʷ, ʤʘʛʥʠʷ, ʤʘʨʛʘʥʮʘ, ʤʝʜʠ, ʤʦʣʠʙʜʝʥʘ, ʥʠ-

ʢʝʣʷ, ʦʣʦʚʘ, ʩʝʨʝʙʨʘ, ʩʚʠʥʮʘ, ʩʪʨʦʥʮʠʷ, ʪʠʪʘ-

ʥʘ, ʭʨʦʤʘ, ʮʠʥʢʘ, ʥʘʪʨʠʷ, ʢʘʣʴʮʠʷ, ʤʳʰʴʷʢʘ, 

ʣʘʥʪʘʥʘ, ʩʝʣʝʥʘ, ʨʪʫʪʠ, ʪʘʣʣʠʷ, ʩʝʨʝʙʨʘ, ʚʦʣʴ-

ʬʨʘʤʘ, ʩʫʨʴʤʳ, ʢʨʝʤʥʠʷ, ʪʝʣʣʫʨʘ, ʩʢʘʥʜʠʷ. 

ʀʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʘʷ ʧʣʘʟʤʘ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʰʫʤʦʚ ʠ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ. 

ʇʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ 66 ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚ-

ʣʷʪʁ ʤʝʥʝʝ 1 ʤʢʛ/ʜʤ
3
, ʧʦʣʥʳʡ ʘʥʘʣʠʟ ʧʦʜʛʦ-

ʪʦʚʣʝʥʥʦʡ ʧʨʦʙʳ ʧʨʦʚʦʜʠʪʩʷ ʟʘ 20 ʩ.  

ʇʨʠ ʧʦʩʪʘʚʢʝ ʧʨʠʙʦʨʘ ʧʨʦʚʝʜʝʥʦ ʦʙʫʯʝʥʠʝ 

ʧʝʨʩʦʥʘʣʘ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʘʥ-

ʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʷʚʣʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʄʝʪʦʜʠʢʫ ʧʨʠʰʣʦʩʴ ʫʪʦʯʥʷʪʴ ʠ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʢ ʠʩʧʳʪʫʝʤʳʤ ʧʨʦʜʫʢʪʘʤ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ 

ʫʛʦʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠ ʢʦʢʩʘ ʜʦʤʝʥʥʦʛʦ, 

ʧʨʦʙʳ ʟʦʣʳ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʦʜʠʪʴ 

ʚ ʨʘʩʪʚʦʨ ʩʤʝʩʴʶ ʢʠʩʣʦʪ, ʥʦ ʧʦ ʫʧʨʦʱʝʥʥʦʡ 

ʩʭʝʤʝ, ʠʩʢʣʶʯʘʷ ʧʨʦʮʝʜʫʨʳ ʩʧʣʘʚʣʝʥʠʷ, ʚʳ-

ʧʘʨʠʚʘʥʠʷ, ʚʳʜʝʣʝʥʠʷ ʠ ʦʪʜʝʣʝʥʠʷ ʢʨʝʤʥʠʝ-

ʚʦʡ ʢʠʩʣʦʪʳ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ: 

ï ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʟʤʝʨʝʥʠʷ 

(ʫʪʦʯʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʠ-

ʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʤʝʨʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ); 

ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʨʝʥʠʷ ʤʘʩ-

ʩʦʚʳʭ ʜʦʣʝʡ (ʧʨʦʮʝʥʪʦʚ) ʦʧʨʝʜʝʣʷʝʤʳʭ ʵʣʝ-

ʤʝʥʪʦʚ; 

ï ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʚ ʧʨʘʢʪʠ-

ʢʫ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʫʛʦʣʴʥʳʭ ʢʦʥʮʝ-

ʥʪʨʘʪʦʚ ʠ ʢʦʢʩʘ. 

ʉʦʛʣʘʩʥʦ ʬʘʢʪʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʘʤ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʝ ʫʛʣʝʡ (ʪʘʙʣ. 1) ʧʨʠʛʦ-

ʪʘʚʣʠʚʘʶʪ ʄʕʉʳ (ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʡ ʩʪʘʥʜʘʨ-

ʪʥʳʡ ʨʘʩʪʚʦʨ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʤʦʜʝʣʠʨʦʚʘʥ-

ʥʳʡ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʘ-

ʣʠʙʨʦʚʢʫ ʧʨʠʙʦʨʘ. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ɻʉʆ (ʛʦ-

ʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ) ʵʣʝʤʝ-

ʥʪʦʚ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʄʕʉʦʚ ʧʦʣʫʯʘʝʤ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ,  ʩʚʷ-

ʟʘʥʥʦʝ ʩ ʯʠʩʪʦʪʦʡ ʨʝʘʢʪʠʚʦʚ ʠ ʜʨʫʛʠʤʠ ʬʘʢ-

ʪʦʨʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʢʘʣʠʙʨʦʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘ-

ʟʝʮ ʧʨʝʜʧʨʠʷʪʠʷ (ʉʆʇ) ʰʠʭʪʳ, ʧʨʦʘʥʘʣʠʟʠ-

ʨʦʚʘʥʥʳʡ ʚ ɻʇ çʋʍʀʅè ʧʦ ɻʆʉʊ 10538-87. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʦʨʤʘʣʠʟʘʮʠʷ ʠʟ ʪʘʙʣʠʮʳ ʢʘʯʝʩʪʚʘ ʧʦ ʩʪʘʥʜʘ-

ʨʪʥʦʤʫ ʦʙʨʘʟʮʫ. 

ʇʝʨʝʜ ʢʘʞʜʦʡ ʩʝʨʠʝʡ ʘʥʘʣʠʟʦʚ ʧʨʦʚʦʜʠʪʩʷ 

ʢʘʣʠʙʨʦʚʢʘ ʧʨʠʙʦʨʘ ʧʦ ʄʕʉʘʤ ʠ ʩʪʘʥʜʘʨʪʥʦ-

ʤʫ ʦʙʨʘʟʮʫ ʟʦʣʳ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʚʠʣʴ-

ʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪ ʧʨʠʥʠʤʘʶʪ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝ-

ʩʢʦʝ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʘʥʘʣʠʟʠ-

ʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦ ʢʘʞʜʦʡ ʠʟ ʜʣʠʥ ʚʦʣʥ.  

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ (ɻʆʉʊ 10538-87) ʩʦ ʩʧʝ-

ʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ ʫʛʦʣʴʥʳʭ 

ʢʦʥʮʝʥʪʨʘʪʦʚ (ʰʠʭʪʳ) ʦʯʝʚʠʜʥʳ ʠ ʚʳʨʘʞʝʥʳ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ 

ʤʘʩʩʳ ʥʘʚʝʩʢʠ, ʫʚʝʣʠʯʝʥʠʠ ʩʧʝʢʪʨʘ ʦʧʨʝʜʝʣʷ-

ʝʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʘʥʘʣʠʟʘ.  

ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦ-

ʣʳ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʘʢ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 10538-

87 ʚ ɻʇ çʋʍʀʅè, ʪʘʢ ʠ ʥʘ ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʚ ʎʃ ʏɸʆ 

çɽɺʈɸɿ ʖɾʂʆʂʉè. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 3, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚ ʮʝʣʦʤ, ʜʦʩʪʘʪʦ-

ʯʥʦ ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʦʪ-

ʢʣʦʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ, ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 10538-87. 
 

ʊʘʙʣʠʮʘ 1  
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ɼʠʘʧʘʟʦʥ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʧʨʝʜʝʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʦʢʩʠʜʦʚ,  

ʩʦʩʪʘʚʣʷʶʱʠʭ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ ʫʛʣʝʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʣʝʤʝʥ-

ʪʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʦ ʤʘʩ-

ʩʝ, % 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʢʩʠʜʦʚ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʦ ʤʘʩ-

ʩʝ, % 

Si 0,01-32,0 SiO2 0,01-68,0 

Al  0,01-21,0 Al 2O3 0,01-40,0 

Fe 0,01-28,0 Fe2O3 0,01-40,0 

Ca 0,01-11,0 CaO 0,01-15,0 

Mg 0,01-2,5 MgO 0,01-4,0 

K 0,01-5,0 K2O 0,01-6,0 

Na 0,01-2,5 Na2O 0,01-3,5 

S 0,01-6,0 SO3 0,01-15,0 

P 0,01-1,8 P2O3 0,01-4,0 

ʊʘʙʣʠʮʘ 2  

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ 

ʄʝʪʦʜ 
ʆʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ 

ʆʧʨʝʜʝʣʷʝʤʳʝ 

ʵʣʝʤʝʥʪʳ 

ʇʦʜʛʦʪʦʚʢʘ 

ʧʨʦʙ 

ʄʘʩʩʘ 

ʥʘʚʝʩʢʠ 

ʟʦʣʳ, ʛ 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ 

ʕʣʝʤʝʥʪ ʇʨʠʤʝʥʷʝʤʳʡ ʤʝʪʦʜ 

ɻʆʉʊ 10538-

87 

ɸʥʪʨʘʮʠʪ, 

ʙʫʨʳʝ ʠ 

ʢʘʤʝʥʥʳʝ 

ʫʛʣʠ, ʛʦʨʶ-

ʯʠʝ ʩʣʘʥʮʳ, 

ʪʦʨʬ ʠ ʢʦʢʩ 

SiO2, Fe2O3, 

Al 2O3, MgO, 

CaO, K2O, 

Na2O, P2O5, 

TiO2, SO3, 

Mn3O4 

ʅʘʚʝʩʢʫ 

ʟʦʣʳ ʨʘʟʣʘ-

ʛʘʶʪ ʩʤʝ-

ʩʴʶ ʢʠʩʣʦʪ 

H2SO4 ʠ HF 

ʧʨʠ ʥʘʛʨʝ-

ʚʘʥʠʠ 

1 

SiO2 , 

SO3 
ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ 

Fe2O3, 

Al 2O3, 

CaO, 

MgO 

ʂʦʤʧʣʝʢʩʦʤʝʪʨʠʯʝʩʢʦʝ 

ʪʠʪʨʦʚʘʥʠʝ 

P2O5, 

Mn3O4 
ʌʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ 

Na2O, 

K2O, 

ʇʣʘʤʝʥʥʦ- ʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʠʡ 

ɸʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʘʷ 

ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ʩ ʠʥʜʫʢʪʠʚʥʦ 

ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʦʡ 

ɸʥʪʨʘʮʠʪ, 

ʙʫʨʳʝ ʠ 

ʢʘʤʝʥʥʳʝ 

ʫʛʣʠ, ʛʦʨʶ-

ʯʠʝ ʩʣʘʥʮʳ, 

ʪʦʨʬ, ʢʦʢʩ, 

ʣʠʛʥʠʪʳ 

SiO2, Al2O3, 

Fe2O3, MgO, 

CaO, TiO2, 

K2O, Na2O, 

P2O5, MnO2, 

BaO, SrO, SO3 

ʈʘʟʣʦʞʝʥʠʝ 

ʚ ʩʤʝʩʠ 

ʢʠʩʣʦʪ HF, 

HCL, HNO3 

0,1 

SiO2, 

Al 2O3, 

Fe2O3, 

MgO, 

CaO, 

ʊiO2, 

K2O, 

P2O5, 

Na2O, 

MnO2, 

BaO, 

SrO, 

SO3 

ɸʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ 

ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢ-

ʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟ-

ʤʦʡ (ʀʉʇ ï ɸʕʉ) 
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ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʝ SiO2 ʠ K2O ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʘ Al2O3, Fe2O3, CaO, Na2O ï 

ʚʳʰʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʪʠʭ ʦʢʩʠʜʦʚ ʭʠʤʠʯʝ-

ʩʢʠʤ ʤʝʪʦʜʦʤ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 10538-87. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʯʠʩʪʦʪʦʡ 

ʠʩʭʦʜʥʳʭ ʨʝʘʢʪʠʚʦʚ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ  

ʄʕʉʦʚ ʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʧʨʠ ʠʭ ʧʨʠʛʦʪʦʚʣʝ-

ʥʠʠ (ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʠʚʝʣʠʨʦʚʘʥʦ ʟʘʤʝʥʦʡ 

ʄʕʉʦʚ ʥʘ ɻʉʆ). ɿʥʘʯʝʥʠʷ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ 

MgO ʠ SO3 ʥʝ ʠʤʝʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ. ʆʪʤʝʯʝʥ-

ʥʳʡ ʬʘʢʪ ʧʦʜʣʝʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʠʩʩʣʝ-

ʜʦʚʘʥʠʶ. 

ʊʦʯʥʦʩʪʴ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ ʪʚʝʨ-

ʜʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠʝʤʣʝʤʘ ʜʣʷ ʵʢʩʧʨʝʩʩʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʙʦʣʴʰʦ-

ʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ ʫʛʦʣʴ-

ʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ (ʰʠʭʪʳ) ʦʯʝʚʠʜʥʳ. 

 

ʊʘʙʣʠʮʘ 3 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʛʦʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʇʨʦʙʘ ʄʝʪʦʜ 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ (ʦʢʠʩʣʳ ʵʣʝʤʝʥʪʦʚ), % 

SiO2 Al 2O3 Fe2O3 MgO CaO Na2O K2O SO3 

A 

ɻʆʉʊ 

10538 
48,75 23,15 9,48 2,52 5,78 1,70 1,67 3,70 

ɸʕʉ 50,35 22,50 9,40 2,41 5,13 1,26 1,89 3,28 

B 

ɻʆʉʊ 

10538 
48,96 23,48 7,98 2,27 7,01 1,74 1,86 2,71 

ɸʕʉ 49,77 22,61 7,90 2,35 6,03 1,26 2,05 2,77 

C 

ɻʆʉʊ 

10538 
44,19 23,79 9,23 2,77 7,71 1,67 1,66 5,95 

ɸʕʉ 46,03 22,74 8,73 2,57 7,14 1,18 1,79 5,90 

D 

ɻʆʉʊ 

10538 
49,84 22,83 8,23 2,39 6,31 1,65 1,82 2,93 

ɸʕʉ 51,36 22,16 7,71 2,23 5,53 1,28 2,08 2,73 

E 

ɻʆʉʊ 

10538 
35,72 14,91 18,70 3,65 16,12 1,27 1,26 5,52 

ɸʕʉ 37,55 13,78 18,67 4,06 14,19 0,78 1,38 5,89 

F 

ɻʆʉʊ 

10538 
32,65 14,91 18,45 2,90 14,55 1,26 1,08 10,75 

ɸʕʉ 35,25 13,70 18,33 3,17 12,90 0,82 1,30 11,26 

G 

ɻʆʉʊ 

10538 
37,49 18,40 14,71 2,77 16,12 1,54 1,20 4,35 

ɸʕʉ 39,73 17,93 14,18 2,94 14,83 1,15 1,36 4,95 

H 

ɻʆʉʊ 

10538 
48,55 24,74 8,23 2,52 6,31 1,88 1,47 4,54 

ɸʕʉ 49,06 24,44 7,32 2,39 6,03 1,54 1,65 5,52 
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ɺ ʪʝʯʝʥʠʝ 2015-2016 ʛʦʜʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ 

ʧʦʩʪʫʧʘʶʱʠʭ ʫʛʦʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩʧʝʢʪ-

ʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʪʘʙʣ. 3). ʋʛʣʠ, ʚʭʦ-

ʜʷʱʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ, ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝ-

ʣʠʪʴ ʥʘ ʪʨʠ ʠʟʚʝʩʪʥʳʝ ʛʨʫʧʧʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʰʠʭʪʫ [4]. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʛʦʣʴʥʳʭ ʢʦʥ-

ʮʝʥʪʨʘʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ 

ʰʠʭʪʫ, ʚ ʨʘʤʢʘʭ ʛʨʫʧʧ ʤʘʨʦʢ ʫʜʘʯʥʦ ʣʦʞʠʪʩʷ 

ʚ ʧʨʝʜʣʦʞʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ï ʦʪʦʱʘʶʱʫʶ ï ʚʭʦʜʷʪ 

ʫʛʣʠ, ʠʤʝʶʱʠʝ ʠʥʜʝʢʩ ʦʩʥʦʚʥʦʩʪʠ Ò 2,20, ʘ 

ʠʤʝʥʥʦ: ʫʛʣʠ ʎʆʌ çʈʘʩʧʘʜʩʢʘʷ çɻɾʆè, 

çʂʨʘʩʥʦʙʨʦʜʩʢʠʡ ʫʛʦʣʴʥʳʡ ʨʘʟʨʝʟ çʂʉè, 

çʄʝʞʜʫʨʝʯʝʥʩʢʘʷ çʂʉè, çʇʨʦʤʩʝʨʚʠʩ ʫʛʦʣʴ 

çɻɾʆè. ʋʛʦʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʵʪʦʡ ʛʨʫʧʧʳ 

ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ 

ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʜʘʥʥʳʭ 

ʫʛʣʝʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʰʠʭʪʝ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ: ʜʣʷ ʤʘʨʦʢ çɻɾʆè ï 10-15 %, ʜʣʷ 

çʂʉè ï 25-30 %.  

ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ï ʢʦʢʩʫʶʱʫʶ ï ʚʭʦʜʷʪ 

ʫʛʦʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ, ʠʤʝʶʱʠʝ ʠʥʜʝʢʩ ʦʩ-

ʥʦʚʥʦʩʪʠ 2,20-2,55 (ʫʛʣʠ ʎʆʌ çʄʘʪʶʰʠʥʩʢʘʷ 

çʂè, çɹʝʨʝʟʦʚʩʢʠʡ ʫʛʦʣʴʥʳʡ ʨʘʟʨʝʟ çʂè). ʕʪʠ 

ʫʛʦʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʠʤʝʶʪ ʥʝʚʳʩʦʢʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, ʘʣʶʤʠʥʠʷ ʠ ʥʘʪʨʠʷ. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʰʠʭʪʝ ʜʦʣʷ ʵʪʠʭ ʫʛʣʝʡ 

ʩʦʩʪʘʚʣʷʝʪ 20-30 %.  

ʂ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ï ʩʧʝʢʘʶʱʝʡ ï ʦʪʥʦʩʷʪʩʷ 

ʫʛʦʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ, ʠʤʝʶʱʠʝ ʠʥʜʝʢʩ ʦʩ-

ʥʦʚʥʦʩʪʠ Ó 2,55. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳ ʢʦʥʮʝʥʪ-

ʨʘʪʘʤʠ ʎʆʌ çɸʙʘʰʝʚʩʢʘʷ çɻɾè, çɸʙʘʰʝʚʩ-

ʢʘʷ çɻɾɾè, çɸʙʘʰʝʚʩʢʘʷ çɾè, çʑʝʜʨʫʭʠʥʩ-

ʢʘʷ çɾè, çʂʫʟʥʝʮʢʘʷ çɾè, çʄʝʞʜʫʨʝʯʝʥʩʢʘʷ 

çʆʉè, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʇʦʣʴʰʠ ʠ ʂʘ-

ʥʘʜʳ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ ʜʘʥʥʳʭ ʫʛʣʝʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠ-

ʜʦʚ ʞʝʣʝʟʘ ʠ ʢʘʣʴʮʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʜʘʥʥʳʭ 

ʫʛʦʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʰʠʭʪʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ: ʜʣʷ ʤʘʨʦʢ çɻɾè 

ï 7-15 %, ʜʣʷ çɻɾɾè ï 20-25 %, ʜʣʷ çɾè ï 

10-15 %, ʜʣʷ çʆʉè ï 10-15 %. 

ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʫʛʦʣʴʥʳʝ ʢʦʥʮʝʥʪ-

ʨʘʪʳ ʎʆʌ çɹʝʨʝʟʦʚʩʢʘʷ çʆʉè ʠ çʄʝʞʜʫʨʝ-

ʯʝʥʩʢʘʷ çʆʉè, ʢʦʪʦʨʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʭ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ ʠ ʠʥʜʝʢʩʘ ʦʩʥʦʚʥʦʩʪʠ 

ʥʝ ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʠ ʚ ʦʜʥʫ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʛʨʫʧʧ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʩʣʫʯʘʝ ʎʆʌ çɹʝʨʝ-

ʟʦʚʩʢʘʷ çʆʉè, ʥʝʩʚʦʡʩʪʚʝʥʥʳʤ ʜʣʷ ʢʦʢʩʫʶ-

ʱʝʡʩʷ ʛʨʫʧʧʳ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ 

ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ ʠ ʢʘʣʴʮʠʷ; ʚ ʩʣʫʯʘʝ ʎʆʌ 

çʄʝʞʜʫʨʝʯʝʥʩʢʘʷ çʆʉè ï ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠ-

ʝʤ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʧʦʢʘʟʘʪʝʣʷʭ ʢʘʯʝʩ-

ʪʚʘ ʩʳʨʴʷ (ʨʝʟʫʣʴʪʘʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ, ʧʣʘʩʪʦ-

ʤʝʪʨʠʯʝʩʢʦʛʦ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʩʧʝʢʨʦʤʝ-

ʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʩʪʘʚʣʝ-

ʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʰʠʭʪʳ ʠ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ 

ʥʝʝ ʢʦʢʩʘ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ: 

1. ʇʨʝʠʤʫʱʝʩʪʚʦ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʳ ʫʛʣʝʡ 

(ʰʠʭʪʳ) ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʨʝʩʩʥʦʛʦ, 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʚ ʰʠʨʦʢʦʤ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦ-

ʩʪʴʶ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʙʦʣʴʰʦʡ ʧʦ ʤʘʩʩʝ 

ʥʘʚʝʩʢʠ; 

2. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯ-

ʥʦʩʪʴʶ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ 

ʢʦʢʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩ-

ʯʠʪʘʪʴ ʜʦʣʝʚʦʝ ʫʯʘʩʪʠʝ ʫʛʦʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʪʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʰʠʭʪʝ. 
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ʊʘʙʣʠʮʘ 4  

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʫʛʦʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ˉ 

ʧ/

ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʎʆʌ 

ʄʘʨ-

ʢʘ 

A
d
, 

% 

V
daf

,

% 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ, % 

ʀʥʜʝʢʩ 

ʦʩʥʦʚʥʦʩ-

ʪʠ ʫʛʣʷ, ʀ0 

ɻʨʫʧ-

ʧʘ ʚ 

ʩʦʩʪʘ-

ʚʝ 

ʰʠʭʪʳ 

SiO2 Al2O3 
Fe2O

3 
CaO MgO K2O Na2O SO3 P2O5 

1 
ʇʨʦʤʫʛʦʣʴ-

ʩʝʨʚʠʩ 
ɻɾʆ 7,70 37,33 57,80 28,44 4,70 2,76 1,02 1,19 0,61 0,61 1,12 1,47 

ʦ
ʪ
ʦ
ʱ
ʘ
ʶ
ʱ
ʘ
ʷ

 

2 ʈʘʩʧʘʜʩʢʘʷ ɻɾʆ 7,74 36,45 54,60 26,94 6,46 3,17 1,40 1,58 0,75 1,04 1,22 2,01 

3 

ʂʨʘʩʥʦʙʨʦʜʩ-

ʢʠʡ  

ʨ-ʟ 

ʂʉ 6,94 26,51 50,08 26,28 9,71 2,82 1,55 1,78 0,40 2,21 1,12 2,04 

4 
ʄʝʞʜʫʨʝ-

ʯʝʥʩʢʘʷ 
ʂʉ 8,56 19,53 45,65 29,86 6,68 4,46 1,89 0,71 1,67 3,75 0,66 2,17 

5 ɹʝʨʝʟʦʚʩʢʠʡ ʨ-ʟ ʂ 8,79 23,63 48,04 27,21 5,99 5,04 2,08 1,62 0,50 3,51 1,27 2,34 

ʢ
ʦ
ʢ
ʩ
ʫ
ʶ
ʱ
ʘ
ʷ

 

6 ʄʘʪʶʰʠʥʩʢʘʷ ʂ 7,75 24,83 45,29 26,88 6,74 5,77 2,24 1,22 0,42 4,22 2,44 2,35 

7 ɹʝʨʝʟʦʚʩʢʠʡ ʨ-ʟ ʆʉ 8,75 18,95 48,37 27,41 6,47 5,30 2,41 1,57 0,88 3,79 1,44 2,38 

8 ʈʘʩʧʘʜʩʢʘʷ ʂʉ 10,20 18,54 51,43 24,14 4,96 4,97 1,79 0,89 2,80 3,49 1,48 2,56 

9 ʇʦʣʴʰʘ ʂ 7,65 24,45 43,77 28,60 9,13 4,40 2,24 1,91 1,64 3,09 1,19 2,65 

ʩ
ʧ
ʝ
ʢ
ʘ
ʶ
ʱ
ʘ
ʷ

 

10 ʂʘʥʘʜʘ ʂ-1 9,62 26,32 49,61 25,46 11,14 2,01 0,55 0,74 0,35 0,48 1,40 2,77 

11 ʑʝʜʨʫʭʠʥʩʢʘʷ ɾ 7,92 34,98 50,24 22,03 8,58 4,12 1,44 1,65 2,53 2,76 1,30 3,10 

12 ɸʙʘʰʝʚʩʢʘʷ ɻɾɾ 8,65 36,27 51,07 24,61 7,42 4,51 2,01 1,85 1,41 2,92 0,97 3,12 

13 
ʄʝʞʜʫʨʝ-

ʯʝʥʩʢʘʷ 
ʆʉ 8,24 20,63 38,57 28,15 6,84 8,33 2,83 0,69 2,44 6,97 1,40 3,39 

14 ɸʙʘʰʝʚʩʢʘʷ ɻɾ 7,6 38,47 45,89 22,71 8,26 7,66 2,39 1,74 1,18 4,90 1,33 3,84 

15 ɸʙʘʰʝʚʩʢʘʷ ɾ 8,81 33,83 50,48 20,24 9,16 6,24 2,49 1,76 1,09 4,89 0,63 3,97 

16 ʂʫʟʥʝʮʢʘʷ ɾ 6,8 36,4 38,63 17,77 10,33 8,22 2,68 1,44 1,11 6,69 0,39 4,51 
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SPECTROMETRICAL ANAL YSIS FOR THE DETERMI NATION OF THE CHEMIC AL 

COMPOSITION OF ASH O F COAL CONCENTRATES (BLENDS) AT PJSC "EVRAZ 

YUZKOKS"  
 

É A.A. Galushko, N.A. Lysik (PJSC "EVRAZ YUZKOKS" ), D.V. Miroshnichenko, Doctor of 

Technical Sciences, O.V. Litvinenko (SE ñUKHINò) 
 

The advantage of spectrometrical analysis for the determination of chemical composi-

tion of ash of coal concentrates (blends) has been shown, which consists in the possibil-

ity of rapid, simultaneous quantitative determination of a large number of elements in a 

wide range of concentrations with acceptable accuracy, using an analytical sample of a 

small mass. 
 

Keywords: coal blend, ash, chemical composition, analysis, spectrometrical method, 

quality of coke, prognosis. 
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 ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʶʪ ʩʚʦʡʩʪʚʘʤ ʢʦʢʩʘ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʪʘʢʠ-

ʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʘʢ ʧʨʦʯʥʦʩʪʴ ʢʦʢʩʘ ʧʦʩʣʝ 

ʨʝʘʢʮʠʠ ʩ ʉʆ2 (CSR) ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʢʦʢʩʘ (CRI) [1]. ʆʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʚ 

ʦʪʥʦʰʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʢʦʢʩʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʢ ʝʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʚʦʡʩʪʚʘʤ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʢʘʯʝ-

ʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʢʩʘ ʚ 

ʢʨʫʧʥʳʭ ʜʦʤʝʥʥʳʭ ʧʝʯʘʭ. 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʢʦʢʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʝʛʦ ʨʘʩʭʦʜʘ ʚ ʜʦʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ, ʪ.ʝ. ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʱʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʢʩʘ ʧʨʠ ʪʦʤ ʞʝ ʦʙʲʝʤʝ ʚʳ-

ʧʣʘʚʢʠ ʯʫʛʫʥʘ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʜʦʣʞʥʦ ʧʨʠ-

ʚʝʩʪʠ ʢ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʢʩʘ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ 

ʦʙʲʝʢʪʠʚʥʳʝ ʠ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʦʢʩʘ. 

ʆʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʚʝʥʴʝʚ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʢʩʘ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʦʢʫʧʘʪʝʣʷ, ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʝʪʝʥʪ-

ʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʠʩʪʝʤʘʪʠ-

ʯʝʩʢʦʝ ʫʯʘʩʪʠʝ ʚ ʤʝʞʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʭ ʜʘʝʪ ʦʙʲʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʠʭ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʆʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʘ ʠʤʝʥʥʦ ï ʜʦʚʝʨʠʝ ʢʣʠʝʥ-

ʪʦʚ ʢ ʣʘʙʦʨʘʪʦʨʠʠ [2]. 
 

 

 
 

ʄʝʞʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʧʦʣʥʷ-

ʶʪ ʩʦʙʩʪʚʝʥʥʳʝ, ʚʥʫʪʨʝʥʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʧʨʦʮʝʜʫʨʳ, ʢʘʩʘʶʱʠʝʩʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝ-

ʩʪʚʦʤ, ʜʘʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ɼʦʚʝʨʠʝ ʢ ʪʦʤʫ, 

ʯʪʦ ʣʘʙʦʨʘʪʦʨʠʷ ʧʦʩʪʦʷʥʥʦ ʧʦʣʫʯʘʝʪ ʜʦʩʪʦ-

ʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʦʙ-

ʩʪʦʷʪʝʣʴʩʪʚʦʤ ʜʣʷ ʪʝʭ, ʢʪʦ ʧʦʢʫʧʘʝʪ ʨʝʟʫʣʴʪʘ-

ʪʳ ʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʋʢʨʘʠʥʝ ʚ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʢʦʢʩ 

ʜʦʤʝʥʥʳʡ ʥʘʯʠʥʘʷ ʩ 2005 ʛ. ʙʳʣʠ ʚʚʝʜʝʥʳ 

ʧʦʢʘʟʘʪʝʣʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʦ-

ʩʣʝʨʝʘʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʦʢʩʘ ʩʦʛʣʘʩʥʦ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ISO 18894:2006, 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʚ ʋʢʨʘʠʥʝ ʩ 01.01.2008 

ʙʳʣ ʚʚʝʜʝʥ ʚ ʜʝʡʩʪʚʠʝ ɼʉʊʋ 4703:2006. ʕʪʦ 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʠʩʪʝʤʘʪʠʯʝ-

ʩʢʠʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʢʦʢʩʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʝʛʦ ʩʚʦʡʩʪʚ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ CRI/CSR ʥʘ ʩʧʝ-

ʮʠʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦ ʤʝʪʦʜʫ ʬʠʨʤʳ Nip-

pon Steel Corporation. 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʮʠʦʥ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ɼʉʊʋ 4703:2006 (ISO 

18894:2006, MOD) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʙʦʪʢʝ 

ʚʳʩʫʰʝʥʥʦʡ ʧʨʦʙʳ ʢʦʢʩʘ ʤʘʩʩʦʡ 200 ʛ ʢʨʫʧ-

ʥʦʩʪʴʶ 19,0-22,4 ʤʤ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʨʝʪʦʨʪʝ 

ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ [3]. 

ʀʥʜʝʢʩ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʢʩʘ (CRI) 

ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʧʦʪʝʨʝ ʤʘʩʩʳ ʧʨʦʙʳ ʚʩʣʝʜ-

ʩʪʚʠʝ ʨʝʘʢʮʠʠ. ʆʩʪʘʪʦʢ ʧʨʦʙʳ ʧʦʩʣʝ ʨʝʘʢʮʠʠ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 600 ʦʙʦ-

ʨʦʪʘʭ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʙʘʨʘʙʘʥʝ ʜʣʠʥʦʡ  

700 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 130 ʤʤ. ɿʥʘʯʝʥʠʝ ʧʦʩʣʝ-

ʨʝʘʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʦʢʩʘ (CSR) ʦʧʨʝʜʝ-

ʣʷʶʪ ʧʦ ʦʩʪʘʪʢʫ ʧʨʦʙʳ (ʥʘʜʨʝʰʝʪʦʯʥʦʤʫ ʧʨʦ-

ʜʫʢʪʫ) ʧʦʩʣʝ ʨʘʩʩʝʚʘ ʥʘ ʩʠʪʝ 9,5 (10,0) ʤʤ. 

ɺ ʋʢʨʘʠʥʝ (ʢʘʢ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ) ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʘʧʧʘ-

ʨʘʪʫʨʳ, ʠʤʝʶʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʘʟʣʠʯʠʷ. 

ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʵʪʠʭ 

ʨʘʟʣʠʯʠʡ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ, ʯʪʦʙʳ 

ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝ-

ʶʱʝʡʩʷ ʘʧʧʘʨʘʪʫʨʳ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʢʦʢʩʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥ-

ɺ 
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ʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʜʦʙʠʪʴʩʷ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʳ ʩʠʩʪʝʤʘ-

ʪʠʯʝʩʢʠʝ ʤʝʞʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʵʪʠʭ 

ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʚ ʤʝʪ-

ʨʦʣʦʛʠʯʝʩʢʠ ʧʦʜʢʦʥʪʨʦʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʘʙʣʠʮʘ 1 

ʆʙʟʦʨ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʢʘʟʘʪʝʣʠ  CRI/CSR [4] 

ˉ ʧ/ʧ ʇʘʨʘʤʝʪʨ CRI CSR 

1 ɼʠʘʤʝʪʨ ʨʝʘʢʮʠʦʥʥʦʡ ʨʝʪʦʨʪʳ + + 

2 
ɺʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʙʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 1100 Áʉ ʧʦʩʣʝ 

ʧʦʤʝʱʝʥʠʷ ʭʦʣʦʜʥʦʡ ʨʝʪʦʨʪʳ ʚ ʧʝʯʴ 
+ + 

3 
ʈʘʟʤʝʨ ʦʪʚʝʨʩʪʠʡ ʩʠʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

CSR 
ï + 

4 ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʢʩʘ + + 

5 ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʙʳ ʜʣʷ ʘʥʘʣʠʟʘ + + 

6 ʏʠʩʪʦʪʘ ʧʨʠʤʝʥʷʝʤʳʭ ʛʘʟʦʚ + + 

ʇʨʠʤʝʯʘʥʠʝ ʢ ʪʘʙʣʠʮʝ: ç+è ï ʚʣʠʷʝʪ; çïè ï ʥʝ ʚʣʠʷʝʪ. 

 

ɺʩʝʛʦ ʚ ʋʢʨʘʠʥʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʨʝ-

ʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʣʘʙʦʨʘʪʦʨʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʣʘʙʦʨʘʪʦʨʠʷ ʏɸʆ çɽɺʈɸɿ ʖɾʂʆʂʉè. ʄʝ-

ʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʘ ɼʉʊʋ 

4703:2006, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʳʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ISO 

18894:2006, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ 

ʨʷʜʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʨʫʛʠʭ ʩʪʨʘʥ, 

ʚ ʯʘʩʪʥʦʩʪʠ ASTM D 5341-99 (ʉʐɸ). ɺʩʝ ʵʪʠ 

ʩʪʘʥʜʘʨʪʳ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ CRI/CSR ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʜʦʧʫʩʢʘʤʠ. ʇʨʘʢʪʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʦʩʣʝʨʝʘʢʮʠ-

ʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʦʜʠʤʳʭ 

ɻʇ çʋʍʀʅè ʩ 2009 ʛʦʜʘ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʠ ʤʝʞʣʘʙʦʨʘʪʦʨʥʦʡ ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ-

ʢʘʟʘʪʝʣʝʡ CRI/CSR, ʨʘʟʨʘʙʦʪʢʝ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʙʨʘʟʮʘ ʢʦʢʩʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠʥ-

ʪʝʨʚʘʣʦʚ ʜʦʧʫʩʢʦʚ (ʧʦ ʩʠʪʦʚʦʤʫ ʩʦʩʪʘʚʫ ʧʦʜ-

ʛʦʪʦʚʣʝʥʥʦʡ ʧʨʦʙʳ, ʯʠʩʪʦʪʝ ʧʨʠʤʝʥʷʝʤʳʭ 

ʛʘʟʦʚ, ʜʠʘʤʝʪʨʫ ʨʝʪʦʨʪʳ, ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 

ʧʨʦʙʳ, ʨʘʟʤʝʨʫ ʦʪʚʝʨʩʪʠʡ ʚ ʩʠʪʘʭ ʠ ʪ.ʜ.) ʧʨʠ-

ʚʦʜʠʪ ʢ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʜʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʝʥʠʝ 

ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ [4] ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʧʦ ʚʣʠʷʥʠʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ CRI/CSR ʢʦʢʩʘ ʧʨʠ ʠʭ 

ʦʧʨʝʜʝʣʝʥʠʠ (ʪʘʙʣ. 1). 

ɸʧʧʘʨʘʪʫʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʦʢʩʘ CRI/CSR, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ɻʇ çʋʍʀʅè 

(ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʇʦʣʴʰʘ) ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʏɸʆ çɽɺʈɸɿ ʖɾʂʆʂʉè (ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ɻʝʨʤʘʥʠʷ) ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʘʩʘʶʱʠʝʩʷ ʨʘʟʤʝ-

ʨʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʨʝʪʦʨʪ. ʊʘʢ, ʜʣʠʥʘ ʨʝʪʦʨʪ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ɻʇ çʋʍʀʅè, ʙʦʣʴʰʝ ʥʘ  

200 ʤʤ ʜʣʠʥʳ ʨʝʪʦʨʪ ʥʘ ʏɸʆ çɽɺʈɸɿ 

ʖɾʂʆʂʉè. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʝ ʨʘʟʣʠʯʠʷ, ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʚ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʠʤʝʶʪ ʭʦʨʦ-

ʰʫʶ ʩʭʦʜʠʤʦʩʪʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʝʞʣʘ-

ʙʦʨʘʪʦʨʥʳʤʠ ʩʨʘʚʥʝʥʠʷʤʠ (ʪʘʙʣ. 2). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ 2017 ʛ. ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʟʘʚʦʜʘ 

ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ CRI/CSR ʢʦʢʩʘ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʤʝʞʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʥʘ ʵʪʦʡ ʫʩʪʘʥʦʚʢʝ, ʧʨʠʚʝʜʝʥʳ ʚ  

ʪʘʙʣ. 3. 
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ʂʦʜʘʤʠ ʣʘʙʦʨʘʪʦʨʠʡ 1 ʠ 2 ʦʙʦʟʥʘʯʝʥʳ ɻʇ 

çʋʍʀʅè ʠ ʣʘʙʦʨʘʪʦʨʠʷ ʏɸʆ çɽɺʈɸɿ 

ʖɾʂʆʂʉè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʞʝ ʚ ʪʘʙʣʠʮʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʦʮʝʥʦʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

Z, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʢʘʞʜʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʜʣʷ 

ʢʘʞʜʦʡ ʣʘʙʦʨʘʪʦʨʠʠ-ʫʯʘʩʪʥʠʢʘ ʧʦ ʬʦʨʤʫʣʝ: 

 

S

Xx
Z i

i

-
=      (1), 

 

ʛʜʝ i ï ʠʥʜʝʢʩ (ʥʦʤʝʨ) ʣʘʙʦʨʘʪʦʨʠʠ-ʫʯʘʩʪʥʠʢʘ; 

ʭi ï ʨʝʟʫʣʴʪʘʪ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʚ i-

ʡ ʣʘʙʦʨʘʪʦʨʠʠ; 

ʍ ï ʩʨʝʜʥʠʡ ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ ʚʩʝʤ ʣʘʙʦʨʘʪʦʨʠʷʤ; 

|ʭi-X| - ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ (ʤʦʜʫʣʴ) ʦʪ-

ʢʣʦʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ i-ʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪ 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ; 

S ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʝʞʝʢʚʘʨʪʘʣʴʥʦʛʦ ʨʘʫʥʜʘ ʩʨʘʚʥʝʥʠʷ (2017 ʛ.) ʦʧʨʝʜʝʣʝʥʠʷ  

ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (CRI) ʠ ʧʦʩʣʝʨʝʘʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ (CSR)  

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʢʦʢʩʘ 

ʂʦʜ ʣʘʙʦʨʘʪʦʨʠʠ 
CRI, % CSR, % 

xi Zi xi Zi 

1 27,3 0,13 63,5 0,41 

2 27,1 0,00 61,5 0,50 

3 29,2 1,31 58,3 1,96 

4 27,2 0,06 63,3 0,32 

5 24,5 1,63 65,3 1,23 

6 25,7 0,88 63,0 0,18 

7 28,7 1,00 63,0 0,18 

X 27,1 62,6 

S 1,6 2,2 

 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ-ʫʯʘʩʪʥʠʢʘʭ. ɺʩʝ 

ʜʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʠʥ-

ʪʝʨʚʘʣʦʚ ʟʥʘʯʝʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʩʦʛʣʘʩʦ-

ʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʦʮʝʥʢʠ. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

Z ʥʝ ʧʨʝʚʳʰʘʶʪ 2, ʯʪʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝ-

ʪʦʜʠʢʦʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʨʘʙʦʪʳ ʚʩʝʭ ʣʘʙʦʨʘʪʦʨʠʡ-

ʫʯʘʩʪʥʠʢʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝ-

ʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʦʩʣʝʨʝʘʢʮʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʢʦʢʩʘ. 
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ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʚʪʦʨʦʛʦ ʝʞʝʢʚʘʨʪʘʣʴʥʦʛʦ ʨʘʫʥʜʘ ʩʨʘʚʥʝʥʠʷ (2017 ʛ.) ʦʧʨʝʜʝʣʝʥʠʷ  

ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (CRI) ʠ ʧʦʩʣʝʨʝʘʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ (CSR) 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʢʦʢʩʘ 

ʂʦʜ ʣʘʙʦʨʘʪʦ-

ʨʠʠ 

CRI, % CSR, % 

xi Zi xi Zi 

1 36,4 0,43 45,2 0,08 

2 37,4 1,00 45,4 0,23 

3 35,8 1,23 47,7 1,53 

4 36,6 0,14 44,5 0,46 

5 36,9 0,29 44,1 0,77 

6 36,1 0,86 45,3 0,15 

7 37,7 1,43 43,8 1,00 

X 36,7 45,1 

S 0,7 1,3 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʞʣʘʙʦʨʘʪʦʨʥʳʭ ʩʨʘʚʥʝ-

ʥʠʡ ʚʳʪʝʢʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʝʜʩʪʚʠʷ ʢʘʢ 

ʜʣʷ ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʢʦʢʩʘ, ʪʘʢ ʠ ʜʣʷ ʝʛʦ ʧʦʢʫ-

ʧʘʪʝʣʝʡ. ʋʩʪʘʥʦʚʣʝʥʠʶ ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʢʘʟʘʪʝʣʝʡ CRI ʠ CSR ʢʦʢʩʘ ʠ ʜʦʧʫʩʪʠʤʦʛʦ 

ʧʨʝʜʝʣʘ ʢʦʣʝʙʘʥʠʡ ʜʦʣʞʥʳ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ 

ʠʟʛʦʪʦʚʠʪʝʣʷ ʠ ʧʦʢʫʧʘʪʝʣʷ. ʆʥʠ ʧʦʟʚʦʣʷʪ 

ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʩʦʚʧʘʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʦʙʝʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʦʛʨʘʥʠʯʠʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʙʫʞʜʘʝʤʳʭ ʨʝʢʣʘ-

ʤʘʮʠʦʥʥʳʭ ʠʩʢʦʚ ʠ ʦʙʝʩʧʝʯʠʪ ʜʣʷ ʧʦʢʫʧʘʪʝʣʷ 

ʧʨʦʜʫʢʪ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʂʘʩʘʪʝʣʴʥʦ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢ-

ʪʦʨʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ CRI/CSR ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [5-9] ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʢʩʘ, ʚ ʪ.ʯ. 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʝʛʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʩʣʝʜʫʶʱʠʝ ʛʣʘʚʥʳʝ ʬʘʢʪʦʨʳ: ʢʦʤʧʣʝʢʩ 

ʩʚʦʡʩʪʚ ʫʛʦʣʴʥʦʡ ʰʠʭʪʳ (ʩʝʨʥʠʩʪʦʩʪʴ, ʟʦʣʴ-

ʥʦʩʪʴ ʠ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʭʦʜ ʣʝ-

ʪʫʯʠʭ ʚʝʱʝʩʪʚ, ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, 

ʧʦʢʘʟʘʪʝʣʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ), ʪʝʭ-

ʥʦʣʦʛʠʷ ʧʦʜʛʦʪʦʚʢʠ ʰʠʭʪʳ ʠ ʝʝ ʢʦʢʩʦʚʘʥʠʷ 

(ʧʝʨʠʦʜ ʢʦʢʩʦʚʘʥʠʷ, ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʦʪʦʧʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʛʨʝ-

ʚʘ ʟʘʩʳʧʠ ʧʦ ʚʳʩʦʪʝ ʠ ʜʣʠʥʝ ʢʘʤʝʨʳ, ʢʦʥʝʯ-

ʥʳʡ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʦʩʠ ʢʦʢʩʦʚʦʛʦ 

ʧʠʨʦʛʘ, ʛʦʪʦʚʥʦʩʪʴ ʢʦʢʩʘ, ʪ.ʝ. ʫʨʦʚʝʥʴ ʫʧʦʨʷ-

ʜʦʯʝʥʥʦʩʪʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ). ʂʘʯʝʩʪʚʝʥʥʳʡ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʢʩ ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʧʪʠ-

ʤʘʣʴʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʳʩʦ-

ʢʫʶ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ. 

ʂʦʢʩ ʠʟ ʰʠʭʪʳ ʩ ʙʦʣʴʰʝʡ ʟʦʣʴʥʦʩʪʴʶ ʠʤʝ-

ʝʪ ʙʦʣʴʰʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʤʝʥʴʰʫʶ ʧʦʩʣʝʨʝʘʢʮʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʠʤ ʚʣʠʷʥʠʝʤ ʥʘ ʧʨʦʮʝʩʩʳ ʛʘʟʠʬʠʢʘʮʠʠ, ʢʦ-

ʪʦʨʦʝ ʦʢʘʟʳʚʘʶʪ ʦʢʩʠʜʳ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ 

ʠ ʩʫʣʴʬʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʟʦʣʝ. ʆʜʥʘʢʦ 

ʤʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ ʫʛʣʷ ʠ ʢʦʢʩʘ ʤʦʞʝʪ ʩʦʜʝʨ-

ʞʘʪʴ ʠ ʦʢʩʠʜʳ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʠʥʛʠʙʠʪʦʨʘʤʠ, ʪʦ ʝʩʪʴ ʟʘʤʝʜʣʷʶʪ ʨʝʘʢʮʠʠ 

ʛʘʟʠʬʠʢʘʮʠʠ. ʇʨʠ ʠʭ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘ-

ʥʠʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʢʩʘ ʤʦ-

ʞʝʪ ʩʥʠʞʘʪʴʩʷ, ʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯ-

ʥʦʩʪʴ ï ʚʦʟʨʘʩʪʘʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʵʪʠ ʧʦ-

ʢʘʟʘʪʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʤʦʞʝʪ ʦʢʘʟʳ-

ʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʟʦʣʴʥʦʩʪʴ ʢʦʢʩʘ, ʥʦ ʠ ʭʠʤʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʢʩʘ ʦʪ ʧʨʦʠʟʚʦʣʴʥʦʛʦ (ʩʨʝʜʥʝʛʦ) ʧʦʢʘʟʘʪʝʣʷ 

ʦʪʨʘʞʝʥʠʷ ʚʠʪʨʠʥʠʪʘ ʠʤʝʝʪ ʚʠʜ ʢʨʠʚʦʡ ʩ ʵʢʩ-

ʪʨʝʤʫʤʦʤ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʣʫʯʰʝ-
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ʤʫ ʩʦʯʝʪʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʢʩʘ, 

ʢʘʢ ʜʦʤʝʥʥʦʛʦ ʪʦʧʣʠʚʘ, ʚ ʠʥʪʝʨʚʘʣʝ ʯʠʩʣʝʥ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʭʦʨʦʰʦ ʩʧʝʢʘʶʱʝʤʫʩʷ ʫʛʣʶ ʤʘʨʦʢ çɾè ʠ 

çʂè. ʇʦʚʳʰʝʥʠʝ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʩʣʦʷ, ʫʣʫʯʰʝʥʠʝ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʰʠʭʪʳ, 

ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʪʨʠʥʠʪʘ ʧʦ 

ʩʪʘʜʠʷʤ ʦʪʨʘʞʝʥʠʷ, ʪʝʭʥʦʣʦʛʠʷ ʫʛʣʝʧʦʜʛʦʪʦʚ-

ʢʠ, ʫʣʫʯʰʘʶʱʘʷ ʩʪʝʧʝʥʴ ʫʩʨʝʜʥʝʥʠʷ ʫʛʣʷ ʠ 

ʰʠʭʪʳ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʠʟʤʝʣʴʯʝʥʠʷ ʰʠʭʪʳ ʚ ʮʝʣʦʤ ʠ ʦʪʜʝʣʴʥʳʭ ʝʝ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʦʩʪʫ ʧʦʩʣʝ-

ʨʝʘʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ɻʇ çʋʍʀʅè [10] ʚʧʝʨʚʳʝ 

ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʧʝʢʘʝʤʦʩʪʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʦʩʪʘʪ-

ʢʘ ʢʦʢʩʘ ʧʦʩʣʝ ʨʝʘʢʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ 

ɼʉʊʋ 4703:2006 (ISO 18894:2006, MOD). ʇʦ-

ʚʳʰʝʥʠʝ ʩʧʝʢʘʝʤʦʩʪʠ ʰʠʭʪʳ ʧʨʠʚʦʜʠʪ ʢ 

ʫʣʫʯʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʢʦʢʩʘ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʧʨʦ-

ʠʟʚʦʣʴʥʦʛʦ (ʩʨʝʜʥʝʛʦ) ʧʦʢʘʟʘʪʝʣʷ ʦʪʨʘʞʝʥʠʷ 

ʚʠʪʨʠʥʠʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʠʥʜʝʢʩʘ ʦʩʥʦʚʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʠʥʝʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʡ s- ʠ d-ʵʣʝʤʝʥʪʦʚ (ʢʘʪʘʣʠʟʘ-

ʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʘ ʢʦʢʩʘ), 

ʚʦʟʨʘʩʪʘʥʠʝ ʟʦʣʴʥʦʩʪʠ ʠ ʩʝʨʥʠʩʪʦʩʪʠ ʰʠʭʪʳ 

ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʫʯʘʩʪʠʠ ʚ ʧʨʦʮʝʩʩʘʭ ʩʧʝʢʘʥʠʷ ʩʝʨʦʩʦʜʝʨ-

ʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʠʜʥʳʭ (ïSï) ʠ ʜʠʩʫʣʴ-

ʬʠʜʥʳʭ (ïSïSï) ʩʚʷʟʝʡ. 

ʇʨʠ ʧʨʘʚʠʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʝʨʠʦʜ ʢʦʢʩʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʢʦʢʩʦʚʘʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʝʨʠʦʜʘ, 

ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʘʤʝʨʝ ʢʦʢ-

ʩʦʚʘʥʠʷ ʠ ʛʦʪʦʚʥʦʩʪʠ ʢʦʢʩʘ ʚʦʟʨʘʩʪʘʝʪ ʝʛʦ 

ʧʦʩʣʝʨʝʘʢʮʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪʩʷ ʨʝ-

ʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ [11]. ɸʥʘʣʦʛʠʯʥʫʶ 

ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʝʪ ʠ ʩʫʭʦʝ ʪʫʰʝʥʠʝ, ʙʣʘʛʦ-

ʜʘʨʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʝ ʚ ʬʦʨʢʘʤʝʨʝ, 

ʧʦʚʳʰʝʥʠʶ ʛʦʪʦʚʥʦʩʪʠ ʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʢʦʢʩʘ [12]. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʫʣʫʯ-

ʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʦʢʩʘ ʧʫʪʝʤ ʝʛʦ ʚʥʝʧʝʯʥʦʡ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʨʘʩʪʚʦʨʘʤʠ ʩʦʝʜʠʥʝʥʠʡ ʨ-ʵʣʝʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʠʥʛʠʙʠʨʫʶʪ ʨʝʘʢʮʠʠ ʛʘʟʠʬʠʢʘʮʠʠ 

ʫʛʣʝʨʦʜʘ ʢʦʢʩʘ [13]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʢʩʘ ʦʧʨʝʜʝʣʷʶ-

ʱʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʰʠʭʪʳ (ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝ-

ʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʩʝʨʥʠʩʪʦʩʪʴ, ʟʦʣʴʥʦʩʪʴ, ʩʧʝʢʘ-

ʝʤʦʩʪʴ), ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʢʦʢʩʦʚʘ-

ʥʠʷ, ʪʝʭʥʦʣʦʛʠʷ ʪʫʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʢʩʘ ʠ 

ʝʛʦ ʧʦʩʣʝʧʝʯʥʘʷ ʦʙʨʘʙʦʪʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ɻʇ çʋʍʀʅè ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʢʦʢʩʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ CRI/CSR ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʧʣʘʥʦʚʦʛʦ ʤʘʨʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʚʥʝʩʝʥʠʝ ʚ ʰʠʭʪʫ ʤʠʥʝʨʘʣʴʥʳʭ ʤʠʢ-

ʨʦʜʦʙʘʚʦʢ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,25-0,5 %. ɺ ʢʘʯʝʩʪʚʝ 

ʪʘʢʠʭ ʧʨʠʩʘʜʦʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦ-

ʢʦʨʫʥʜ ʠ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ [14-15]. 

 

ɺʳʚʦʜʳ 

1. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʞʣʘʙʦʨʘʪʦʨʥʳʭ ʩʨʘʚ-

ʥʝʥʠʡ ʚʳʪʝʢʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʝʜʩʪʚʠʷ, ʢʘʢ 

ʜʣʷ ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʢʦʢʩʘ, ʪʘʢ ʠ ʜʣʷ ʝʛʦ ʧʦʢʫ-

ʧʘʪʝʣʝʡ. ʋʩʪʘʥʦʚʣʝʥʠʶ ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʢʘʟʘʪʝʣʝʡ CRI ʠ CSR ʢʦʢʩʘ ʠ ʜʦʧʫʩʪʠʤʦʛʦ 

ʧʨʝʜʝʣʘ ʢʦʣʝʙʘʥʠʡ ʜʦʣʞʥʳ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ 

ʠʟʛʦʪʦʚʠʪʝʣʷ ʠ ʧʦʢʫʧʘʪʝʣʷ. ʆʥʠ ʧʦʟʚʦʣʷʪ 

ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʩʦʚʧʘʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʦʙʝʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʦʛʨʘʥʠʯʠʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʙʫʞʜʘʝʤʳʭ ʨʝʢʣʘ-

ʤʘʮʠʦʥʥʳʭ ʠʩʢʦʚ ʠ ʦʙʝʩʧʝʯʠʪ ʜʣʷ ʧʦʢʫʧʘʪʝʣʷ 

ʧʨʦʜʫʢʪ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. 

2. ʅʘ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʧʦʣʫʯʘʝʤʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ CRI/CSR ʢʦʢʩʘ ʚ ʨʘʟʥʳʭ ʣʘʙʦʨʘ-

ʪʦʨʠʷʭ ʤʦʛʫʪ ʚʣʠʷʪʴ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʘʧʧʘʨʘʪʫʨʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʘʢʦ ʧʨʠ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʙʦʚʘʥʠʷʤ ʤʝʪʦ-

ʜʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʘʟʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʨʝʟʫʣʴʪʘʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. 
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3. ɻʣʘʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʣʠʷʥʠʷ ʥʘ ʧʦʢʘʟʘ-

ʪʝʣʠ  CRI/CSR, ʪʘʢ ʞʝ ʢʘʢ ʠ ʥʘ ʜʨʫʛʠʝ ʦʩʥʦʚ-

ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʢʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʦʩʪʘʚ 

ʫʛʦʣʴʥʦʡ ʰʠʭʪʳ ʠ ʩʧʦʩʦʙʳ ʝʝ ʧʦʜʛʦʪʦʚʢʠ, 

ʨʝʞʠʤ ʢʦʢʩʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʳ ʪʫʰʝʥʠʷ ʢʦʢʩʘ, 

ʫʨʦʚʝʥʴ ʟʦʣʴʥʦʩʪʠ ʢʦʢʩʘ, ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʦʡ 

ʯʘʩʪʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ɸʥʜʨʝʡʯʠʢʦʚ ʅ.ʉ. ʆ ʧʝʨʝʭʦʜʝ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʢʦʢʩʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ 

ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʢʦʢʩʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ çʛʦʨʷ-

ʯʝʡè ʧʨʦʯʥʦʩʪʠ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩ 

ʉʆ2 / ʅ.ʉ. ɸʥʜʨʝʡʯʠʢʦʚ, ʉ.ɸ. ʂʦʩʦʛʦʨʦʚ, ɸ.ɸ. 

ʂʘʫʬʤʘʥ [ʠ ʜʨ.] // ʂʦʢʩ ʠ ʭʠʤʠʷ. ï 2005. ï ˉ 

10. ï ʉ. 13-15. 

2. ʂʦʩʝʚʩʢʘ ʄ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʤʝʞʣʘʙʦ-

ʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ CRI/CSR 

ʢʦʢʩʘ / ʄ. ʂʦʩʝʚʩʢʘ, ʂ. ɺʨʫʙʝʣʴʩʢʘ // ʋʛʣʝʭʠ-

ʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 2004. ï ˉ 3-4. ï ʉ. 64-70. 

3. ɼʉʊʋ 4703:2006. ʂʦʢʩ. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥ-

ʥʷ ʽʥʜʝʢʩʫ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʢʩʫ (CRI) ʽ 

ʤʽʮʥʦʩʪʽ ʟʘʣʠʰʢʫ ʢʦʢʩʫ ʧʽʩʣʷ ʨʝʘʢʮʽʾ (CSR). 

4. ʈʦʤʘʥʶʢ ʀ.ɺ. ʇʦʢʘʟʘʪʝʣʠ CRI/CSR ʢʦʢ-

ʩʘ: ʤʝʞʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʬʘʢ-

ʪʦʨʳ ʚʣʠʷʥʠʷ / ʀ.ɺ. ʈʦʤʘʥʶʢ, ʅ.ɸ. ʃʳʩʠʢ, 

ɺ.ʅ. ʈʝʤʢʦ [ʠ ʜʨ.] // ʋʛʣʝʭʠʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

ï 2012. ï ˉ 3-4. ï ʉ. 14-22. 

5. ɻʨʷʟʥʦʚ ʅ.ʉ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʢʦʢʩʦʚʘʥʠʷ 

/ ʅ.ʉ. ɻʨʷʟʥʦʚ. ï ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1976. ï 304 

ʩ. 

6. ʉʳʩʢʦʚ ʂ.ʀ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʦʮʝʥʢʠ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʘ 

/ ʂ.ʀ. ʉʳʩʢʦʚ. ï ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1984. ï 184 

ʩ. 

7. ʉʢʣʷʨ ʄ.ɻ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʢʦʢʩʦʚʘʥʠʷ 

ʠ ʢʘʯʝʩʪʚʦ ʢʦʢʩʘ / ʄ.ɻ. ʉʢʣʷʨ. ï ʄ.: ʄʝʪʘʣ-

ʣʫʨʛʠʷ, 1976. ï 256 ʩ. 

8. ʇʠʥʯʫʢ ʉ.ʀ. ʂʦʥʪʨʦʣʠʨʫʝʤʘʷ ʪʝʭʥʦʣʦ-

ʛʠʷ ʢʦʢʩʦʚʘʥʠʷ / ʉ.ʀ. ʇʠʥʯʫʢ. ï ʂ.: ʊʝʭʥʽʢʘ, 

1994. ï 170 ʩ.  

9. ʌʠʣʘʪʦʚ ʖ.ɺ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʘ 

ʫʣʫʯʰʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ / ʖ.ɺ. ʌʠʣʘʪʦʚ, ɽ.ʊ. 

ʂʦʚʘʣʝʚ, ʀ.ɺ. ʐʫʣʴʛʘ, ʉ.ʀ. ʂʘʫʬʤʘʥ, ɸ.ʀ. 

ʂʦʣʦʤʠʡʯʝʥʢʦ. ï ʂʠʝʚ: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 2011. 

ï 128 ʩ. 

10. ʈʳʱʝʥʢʦ ɸ.ʀ. ɺʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʫʛʣʝʡ 

ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʦʩʣʝʨʝʘʢʮʠ-

ʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʢʦʢʩʘ / ɸ.ʀ. ʈʳʱʝʥʢʦ, ʀ.ɺ. 

ʐʫʣʴʛʘ, ɼ.ɺ. ʄʠʨʦʰʥʠʯʝʥʢʦ, ɺ.ʄ. ʐʤʘʣʴʢʦ 
// ʋʛʣʝʭʠʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 2009. ï ˉ 5-6. ï 

ʉ. 17-22. 

11. ɼʘʚʠʜʟʦʥ ʆ.ʈ. ʅʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦ ʚʽʜʥʦʚʣʝ-

ʥʦʛʦ ʚʫʛʽʣʣʷ ɼʦʥʙʘʩʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʩʦʢʦ-

ʷʢʽʩʥʦʛʦ ʢʦʢʩʫ // ɸʚʪʦʨʝʬ. ʜʠʩ. é ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ 05.17.07. ï ʍʘʨʢʽʚ: ʋʍɯʅ, 2008. ï 20 ʩ. 

12. ʂʦʚʘʣʝʚ ɽ.ʊ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʠʟ ʪʨʘʤʙʦʚʘʥʥʳʭ ʰʠʭʪ ʧʦʥʠʞʝʥʥʦʡ ʩʧʝʢʘʝ-

ʤʦʩʪʠ / ɽ.ʊ. ʂʦʚʘʣʝʚ, ʖ.ʉ. ɺʘʩʠʣʴʝʚ, ɺ.ʄ. 

ʂʫʟʥʠʯʝʥʢʦ [ʠ ʜʨ.] // ʋʛʣʝʭʠʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

ï 2009. ï ˉ 3-4. ï ʉ. 24-30. 

13. ʂʦʣʦʤʠʡʯʝʥʢʦ ɸ.ʀ. ʋʣʫʯʰʝʥʠʝ ʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ CRI/CSR ʜʦʤʝʥʥʦʛʦ 

ʢʦʢʩʘ ʩ ʧʦʤʦʱʴʶ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ / 

ɸ.ʀ. ʂʦʣʦʤʠʡʯʝʥʢʦ, ʀ.ɺ. ɿʦʣʦʪʘʨʝʚ, ɺ.ɸ. 

ʊʘʤʢʦ [ʠ ʜʨ.] // ʋʛʣʝʭʠʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 

2007. ï ˉ 5. ï ʉ. 50-54. 

14. ɿʝʣʝʥʩʢʠʡ ʆ.ʀ. ʂʦʨʫʥʜʦʚʳʝ ʤʠʢʨʦʧʦ-

ʨʦʰʢʠ ï ʥʝʩʧʝʢʘʶʱʠʝʩʷ ʧʨʠʩʘʜʢʠ ʚ ʫʛʦʣʴʥʳʝ 

ʰʠʭʪʳ / ʆ.ʀ. ɿʝʣʝʥʩʢʠʡ // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ ɺɸʊ çʋʢʨʅɼɯ ɺʦʛʥʝʪʨʠʚʽʚ ʽʤ. ɸ.ʉ. ɹʝ-

ʨʝʞʥʦʛʦè. ï 2012. ï ˉ 112. ï ʉ. 278-281. 

15. ɿʝʣʝʥʩʴʢʠʡ ʆ.ɯ. ʇʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʜʦ-

ʤʝʥʥʦʛʦ ʢʦʢʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʧʦʨʦʰʢʽʚ 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ / ʆ.ɯ. ɿʝʣʝʥʩʴʢʠʡ // ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʘ-

ʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ï 2012. ï 

ˉ 48 (954). ï ʉ. 62-66. 

 

ʈʫʢʦʧʠʩʴ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 11.05.2017 

 

 

 



2017 ʋʛʣʝʍʠʤʠʯʝʩʢʠʡ  ʞʫʨʥʘʣ 

 

 

18 
 

 

 
 

COKE REACTIVITY INDE X (CRI)  AND COKE STRENGTH AFTER REACTION (CSR) 

OF THE COKE : INTER -LABORATORY STUDIES  AND IMPACT FACTORS  
 

É A.P. Gorbulya, N.A. Lysik (PJSC çEVRAZ YUZKOKSè), O.I. Zelenskii, PhD in technical 

sciences, I.V. Shulga, PhD in technical sciences (SE ñUKHINò) 
 

The results of inter-laboratory comparisons of coke, annually holding by SE çUKHINè 

and different plants laboratories, including laboratory of PJSC çEVRAZ YUZKOKSè 

are presented in the article. The methodical and technological factors that significantly 

influence at the Coke Reactivity Index (CRI) and Coke Strength after Reaction (CSR) 

are analyzed. 
 

Keywords: coke, Coke Reactivity Index (CRI), Coke Strength after Reaction (CSR), in-

ter-laboratory comparisons. 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʦʧʦʣʥʝʥʠʶ ʮʠʢ-

ʣʘ ʦʙʦʨʦʪʥʦʛʦ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʦʙʨʘʟʮʘʤʠ ʩʚʝʞʝʛʦ ʤʘʩʣʘ ʦʪ ʩʝʤʠ ʨʘʟʣʠʯʥʳʭ 

ʧʦʩʪʘʚʱʠʢʦʚ. ʇʦʜʪʚʝʨʞʜʝʥʦ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʤʘʩʣʘ ʥʘ 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʇʦʜʯʝʨʢʥʫʪʦ ʚʣʠʷʥʠʝ ʫʥʦʩʘ ʧʳʣʝʚʠʜʥʳʭ ʢʣʘʩʩʦʚ 

ʠʟ ʢʘʤʝʨʳ ʢʦʢʩʦʚʘʥʠʷ ʥʘ ʩʢʣʦʥʥʦʩʪʴ ʤʘʩʣʘ ʢ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʨʘʩʭʦʜʥʳʡ ʢʦʬɻ-

ʬʠʮʠʝʥʪ. 

 

ʂʣʶʯʝʚr ʝ ʩʣʦʚʘ: ʧʦʛʣʦʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʨʘʩʭʦʜʥʳʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ. 

************************************************************* 
ʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʦʧʳʪ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʢʘʯʝʩʪʚʦ ʩʚʝʞʝʛʦ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʙʝʥʟʦʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ çʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝè ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʝʥʝʨʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦ-

ʨʦʤ ʢʘʯʝʩʪʚʘ ʦʙʦʨʦʪʥʦʛʦ ʤʘʩʣʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ 

ʜʣʷ ʫʩʣʦʚʠʡ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʯʝʪʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʢʘʯʝʩʪʚʦʤ ʜʦʩʪʫʧʥʦʛʦ ʥʘ ʨʳʥʢʝ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘ-

ʩʣʘ [1-3]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʳʥʢʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʝʜʣʦʞʝʥʠʷ ʦ ʧʦʩʪʘʚʢʘʭ ʤʘʩʣʘ ʦʪ 

ʫʢʨʘʠʥʩʢʠʭ, ʨʦʩʩʠʡʩʢʠʭ ʠ ʯʝʰʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɼʘʞʝ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ ʋʢʨʘʠʥʳ ʩʤʦʣʘ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʘʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠ-

ʯʘʝʪʩʷ ʧʦ ʩʪʝʧʝʥʠ ʧʠʨʦʣʠʟʦʚʘʥʥʦʩʪʠ [4]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʢʦʣʦʥʥʦʡ ʩʭʝʤʳ ʨʝʢʪʠ-

ʬʠʢʘʮʠʠ ʩʤʦʣʳ ʪʘʢʞʝ ʥʘʢʣʘʜʳʚʘʝʪ ʦʪʧʝʯʘʪʦʢ ʥʘ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʧʦʛʣʦʪʠ-

ʪʝʣʴʥʦʛʦ ʤʘʩʣʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʚʣʠʷʥʠʝ ʢʘʯʝʩʪʚʘ ʤʘʩʣʘ ʦʪʜʝʣʴʥʳʭ ʧʦʩʪʘʚ-

ʱʠʢʦʚ ʥʘ ʩʪʝʧʝʥʴ ʫʣʘʚʣʠʚʘʥʠʷ ʙʝʥʟʦʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʢʦʢʩʦʚʦʛʦ ʛʘʟʘ ʠ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɽʱʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʥʳ ʠ ʢʘʯʝʩʪʚʘ ʩʚʝʞʝʛʦ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʨʘʙʦʪʳ ʙʝʥʟʦʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʪʝʯʝʥʠʝ 2014-2016 ʛʛ. ʥʘ ʏɸʆ çɽɺʈɸɿ ʖɾʂʆʂʉè ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʚ ʙʝʥʟʦʣʴʥʦʤ ʦʪʜʝʣʝʥʠʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʤʘʩʣʘ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ ʙʳʣʦ ʜʦʩʪʠʞʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʪʝʨʴ ʙʝʥʟʦʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʦʙʨʘʪʥʳʤ ʢʦʢʩʦʚʳʤ 

ʛʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʤʘʩʣʘ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʢʘʯʝʩʪ-

ʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʛʣʦʪʠʪʝʣʷ ʚ ʦʙʦʨʦʪʝ.  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʦʯʝʨʝʜʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʷ-

ʣʠʩʴ ʧʦʛʣʦʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʧʷʪʠ ʫʢʨʘʠʥʩʢʠʭ ʠ ʜʚʫʭ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʋʩʨʝʜʥʝʥʥʳʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʜʘʥʥʳʤ ʚʭʦʜʷʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1-2. 
 

ʇ 
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ʊʘʙʣʠʮʘ 1 

ʂʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ 

ˉ  

ʦʙʨʘʟʮʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʦʚ, % 

ʬʝʥʦʣ 
ʥʘʬʪʘ-

ʣʠʥ 

ɓ-ʤʝʪʠʣ-

ʥʘʬʪʘ-

ʣʠʥ 

Ŭ-ʤʝʪʠʣ-

ʥʘʬʪʘ-

ʣʠʥ 

ʜʠʬʝʥʠʣ 
ʘʮʝʥʘʬ-

ʪʝʥ 

ʜʠʬʝʥʠ-

ʣʝʥ- 

ʦʢʩʠʜ 

ʬʣʫʦʨʝʥ+ 

ʠʥʜʦʣ 

ʬʝʥʘʥʪʨʝʥ+ 

ʘʥʪʨʘʮʝʥ 

1  15,2 4,8 3,2 11,0 19,8 13,1 12,6 4,1 

2  18,5 5,1 3,4 14,9 23,2 16,1 15,8 1,4 

3 0,94 8,5 19,0 8,6 14,3 17,8 7,2 4,8 0,2 

4 0,62 18,8 6,0 3,7 11,1 17,9 12,1 11,8 4,1 

5 1,40 25,6 6,8 3,8 9,0 17,5 10,5 12,6 1,8 

6 1,06 17,1 6,2 3,8 12,3 18,8 13,1 11,6 1,0 

7 0,56 17,0 13,9 8,1 17,3 18,5 8,1 6,2 0,5 

ʊʘʙʣʠʮʘ 2 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ 

ˉ  

ʦʙʨʘʟ-

ʮʘ 

ʅʘʯʘʣʦ  

ʢʠʧʝʥʠʷ,Áʉ 

ɺʳʭʦʜ ʬʨʘʢʮʠʡ, %, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, 
Á
ʉ 

d20, 

ʛ/ʩʤį 240 250 260 270 280 285 290 300 

1 229 5 22 42 58 73 78 83 93 1,048 

2 241 - 11 32 53 74 83 89 97 1,058 

3 240 4 31 68 85 93 96 97 98 1,045 

4 239 7 15 35 52 68 75 82 94 1,059 

5 234 15 32 50 64 78 83 89 95 1,059 

6 243 3 16 39 63 82 89 93 97 1,06 

7 240 3 28 56 75 86 90 93 95 1,051 
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ɸʥʘʣʠʟ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʘʩʝʣ ʧʦʢʘʟʳ-

ʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʦʜʝʨʞʘʥʠʠ  

ʤʝʪʠʣʛʦʤʦʣʦʛʦʚ ʥʘʬʪʘʣʠʥʘ. ʊʘʢ, ʤʘʩʣʘ ˉ 7 ʠ 3 

ʩʦʜʝʨʞʘʪ ʠʭ ʚ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ (22,0 ʠ 

27,6 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʜʥʘʢʦ ʧʨʦʙʘ ʤʘʩʣʘ ˉ 3 

ʦʪʣʠʯʘʝʪʩʷ ʚʝʩʴʤʘ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʬʪʘ-

ʣʠʥʘ, ʯʪʦ ʜʦʣʞʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʝʝ ʚʳʩʦ-

ʢʦʡ ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʧʘʨʦʚ. ʕʪʦ ʧʨʝ-

ʜʦʧʨʝʜʝʣʷʝʪ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʧʦʛʣʦʪʠʪʝʣʷ 

ʢʘʢ ʩ ʦʯʠʱʝʥʥʳʤ ʢʦʢʩʦʚʳʤ ʛʘʟʦʤ, ʪʘʢ ʠ ʩ ʧʨʦʠʟ-

ʚʦʜʠʤʳʤ ʩʳʨʳʤ ʙʝʥʟʦʣʦʤ. 

ʀʥʜʠʢʘʪʦʨʦʤ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩ-

ʪʘʣʣʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʤʘʩʝʣ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧ-

ʣʫʘʪʘʮʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʢʘʟʘʪʝʣʴ çʩʦʜʝʨʞʘ-

ʥʠʝ ʘʥʪʨʘʮʝʥʘè. ʀʩʭʦʜʷ ʠʟ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘ-

ʚʘ, ʥʘʠʙʦʣʝʝ ʥʠʟʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʣʷ ʤʘʩʝʣ ˉ 7 ʠ 3, ʘ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ï ʜʣʷ ʤʘʩʝʣ ˉ 1 ʠ 4.  

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʤʘʩʝʣ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʪʛʦʥʘ ʜʦ 285 
Á
ʉ (ʊʋ ʋ 322-

00190443-117-97) ʠʣʠ ʜʦ 270 
Á
ʉ (ʜʣʷ ʨʘʙʦʪʘʶʱʝ-

ʛʦ ʤʘʩʣʘ ʩʦʛʣʘʩʥʦ [5]). ʄʘʩʣʦ ˉ 3 ʦʙʣʘʜʘʝʪ ʥʘʠ-

ʚʳʩʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʦʜʝʨʞʘʥʠʷ ʦʪʛʦʥʦʚ ʜʦ 

270 ʠ 285 
Á
ʉ, ʘ ʤʘʩʣʦ ˉ 4 ï ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ. 

ʉʨʘʚʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʤʘʩʝʣ ʧʦ ʬʨʘʢʮʠʦʥʥʦʤʫ 

ʩʦʩʪʘʚʫ ʫʜʦʙʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʤʫ ʩʦʜʝʨʞʘʥʠʶ ʦʪʛʦʥʘ (ʨʠʩʫʥʦʢ).  

 
 

 
 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʬʨʘʢʮʠʦʥʥʳʡ  

ʩʦʩʪʘʚ ʧʨʦʙ ˉ 3 ʠ ˉ 2 
 

 

ʇʨʠʚʝʜʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʢʘʯʝʩ-

ʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʚʝʣʠʯʠʥʝ ʦʪʛʦʥʘ ʜʦ 270 
Á
ʉ. ʊʘʢ, ʤʘʩʣʦ 

ˉ 3 ʷʚʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʬʨʘʢʮʠʡ 250-260 ʠ 240-250 
Á
ʉ, ʘ ʤʘʩʣʦ 

ˉ 2 ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʘʢʮʠʡ 

260-270 ʠ 270-280 
Á
ʉ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣ. 1, 

2), ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʦʞʥʦ 

ʩʦʩʪʘʚʠʪʴ ʨʷʜʳ ʦʙʨʘʟʮʦʚ ʩʚʝʞʝʛʦ ʤʘʩʣʘ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʫʙʳʚʘʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ: 

ï Ŭ+ɓ ʤʝʪʠʣʥʘʬʪʘʣʠʥʦʚ: ˉ 3,7,5,6,4,2,1; 

ï ʘʮʝʥʘʬʪʝʥʘ: ˉ 5, 3, 4, 7, 6, 1, 2; 

ï ʘʥʪʨʘʮʝʥʘ: ˉ 3, 7, 6, 2, 5, 1 ʠ 4; 

ï ʥʘʬʪʘʣʠʥʘ: ˉ 3, 1, 7, 6, 2, 4, 5; 

ï ʦʪʛʦʥʘ ʜʦ 270 
Á
ʉ: ˉ 3, 7, 5, 6, 1, 4, 2; 

ï ʦʪʛʦʥʘ ʜʦ 280 
Á
ʉ: ˉ 3, 7, 2 ʠ 5, 1, 4. 

 
 

 
 

 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʧʦʢʘ-

ʟʘʪʝʣʴ çʩʦʜʝʨʞʘʥʠʝ ʦʪʛʦʥʘ ʜʦ 270 
Á
ʉè ʙʦʣʝʝ ʪʦʯ-

ʥʦ ʦʪʨʘʞʘʝʪ ʧʦʛʣʦʪʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʤʘʩʝʣ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʝʱʝ ʠ ʦʪʨʘʞʘʝʪ ʥʘʣʠʯʠʝ ʬʨʘʢʮʠʡ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʫʧʣʦʪʥʝʥʠʶ (ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʦʚ). 

ʉʨʘʚʥʠʚʘʷ ʢʘʯʝʩʪʚʦ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʧʦ 

ʜʘʥʥʳʤ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʙʨʘʟʮʳ ˉ 3 ʠ 7 ʢʘʢ ʷʚʥʦ ʥʘʠʣʫʯʰʠʝ ʠ ˉˉ 1, 2, 

4 ʢʘʢ ʦʜʥʦʟʥʘʯʥʦ ʥʘʠʭʫʜʰʠʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʤʘʩʣʘ ʚ ʦʙʦʨʦʪʝ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʦʢʘʟʘʪʝʣʷʤ ʪʦʛʦ 
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ʧʦʛʣʦʪʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʣʩʷ ʚ ʜʘʥʥʳʡ ʧʝ-

ʨʠʦʜ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʩʣʝ-

ʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

 
 

 
 

 

ɼʦʙʘʚʣʝʥʠʝ ʚ ʦʙʦʨʦʪ ʤʘʩʝʣ ˉ 1 ʠ 2 ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʫʣʘʚʣʠʚʘʥʠʷ ʙʝʥʟʦʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʢʠʧʷʱʠʭ ʬʨʘʢ-

ʮʠʡ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʨʝʜʥʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ ʤʘʩʣʘ) ʪʨʝʙʫʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʧʘʨʘ ʧʨʠ ʜʠʩʪʠʣʣʷʮʠʠ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʙʝʥʟʦʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʚ ʤʘʩʣʝ ʜʝʙʝʥʟʠʥʝ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʨʘʩʭʦʜʝ 

ʧʘʨʘ [6, 7]. ʆʙʦʨʦʪʥʦʝ ʤʘʩʣʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʥʥʳʭ ʬʨʘʢʮʠʡ ʠ ʧʦʚʳ-

ʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʳʩʦʢʦʢʠʧʷʱʠʭ ʢʦʤʧʦʥʝ-

ʥʪʦʚ. 

ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʙʳʣ ʟʘʤʝʪʝʥ ʧʨʠ ʜʦʙʘʚ-

ʣʝʥʠʠ ʚ ʦʙʦʨʦʪ ʤʘʩʣʘ ˉ 3, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʜʜʝ-

ʨʞʠʚʘʪʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʪʛʦʥʘ ʜʦ 270 
Á
ʉ. 

ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʤʘʩ-

ʣʘ ʚ ʦʙʦʨʦʪʝ, ʫʤʝʥʴʰʠʣʩʷ ʚʳʭʦʜ ʧʦʣʠʤʝʨʦʚ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʭʦʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦ-

ʪʠʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʦʜʝ ʧʨʠʤʝʥʝʥʠʷ ʤʘʩʣʘ  

ˉ 3 ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʦʩʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʩʢʨʫʙʙʝʨʦʚ ʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʘʧʧʘ-

ʨʘʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʢʣʶʯʠʪʴ ʨʷʜ ʧʣʘʥʦʚʳʭ 

ʧʨʦʧʘʨʦʢ ʠ ʧʨʦʤʳʚʦʢ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʮʝʥʫ ʩʚʝʞʝʛʦ 

ʤʘʩʣʘ ˉ 3, ʦʜʥʘʢʦ ʜʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʭʦʪʷ ʙʳ ʵʧʠʟʦʜʠʯʝʩʢʦʛʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʧʨʦʤʳʚʢʠ ʥʘʩʘʜʢʠ ʩʢʨʫʙʙʝʨʦʚ ʠ ʪʨʘʢʪʦʚ ʤʘʩʣʘ 

ʦʪ ʥʘʢʦʧʣʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ.  

ʇʦʧʦʣʥʝʥʠʝ ʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʘ ʤʘʩʣʦʤ ˉ 4, 

ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʢʘʯʝʩʪʚʝʥ-

ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ 

ʧʨʦʮʝʩʩ ʫʣʘʚʣʠʚʘʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʪʦʛʦ ʤʘʩʣʘ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʠʪʴ 

ʦʙʲʝʤ ʧʦʛʣʦʪʠʪʝʣʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʩʢʨʫʙʙʝʨ.r 

ʇʨʠ ʵʪʦʤ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʧʦʣʠ-

ʤʝʨʦʚ ʨʘʩʭʦʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦ-

ʜʫʢʮʠʠ ʫʚʝʣʠʯʠʣʩʷ. 

ʆʙʨʘʟʝʮ ʩʚʝʞʝʛʦ ʤʘʩʣʘ ˉ 5 ʫʩʪʫʧʘʣ ʧʦ ʨʷʜʫ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʤʘʩʣʘʤ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʝʡ, ʦʩʦʙʝʥʥʦ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʥʘʬʪʘʣʠʥʘ ʠ 

ʬʝʥʦʣʦʚ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʝʣʦ ʢ ʢʦʨʨʦʟʠʠ ʪʨʫ-

ʙʦʧʨʦʚʦʜʦʚ ʣʠʥʠʠ ʤʘʩʣʘ çʙʝʥʟʠʥʝè ʥʘ ʫʯʘʩʪʢʝ 

ʧʝʨʝʜ ʙʝʥʟʦʣʴʥʦʡ ʢʦʣʦʥʥʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ-

ʙʣʶʜʘʣʦʩʴ ʧʦʤʫʪʥʝʥʠʝ ʠ ʵʤʫʣʴʛʠʨʦʚʘʥʠʝ ʨʘʩʪ-

ʚʦʨʦʚ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ ʚ ʮʝʭʝ ʩʝʨʦʦʯʠʩʪʢʠ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʦʤ ʧʦ ʛʘʟʦʚʦʤʫ ʪʨʘʢʪʫ ʟʘ ʙʝʥʟʦʣʴʥʳʤʠ 

ʩʢʨʫʙʙʝʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʣʩʷ. ʕʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʫʥʦʩʘ ʤʘʩʣʘ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʳʩʦʢʦʝ ʩʦʜʝ-

ʨʞʘʥʠʝ ʥʘʬʪʘʣʠʥʘ (ʘ ʟʥʘʯʠʪ ʠ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ 

ʧʘʨʦʚ ʤʘʩʣʘ). ʅʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ, 

ʧʨʝʜʧʨʠʷʪʠʝ ʦʪʢʘʟʘʣʦʩʴ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʤʘʩʣʘ  

ˉ 5, ʫʯʠʪʳʚʘʷ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʪʝʭ-

ʥʦʣʦʛʠʡ ʫʣʘʚʣʠʚʘʥʠʷ ʙʝʥʟʦʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʮʝʭʝ ʩʝʨʦʯʠʩʪʢʠ. ʇʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʧʦʛʣʦʪʠʪʝʣʴ ʩ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ-

ʤʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʛʜʝ ʥʝʪ 

ʮʝʭʘ ʩʝʨʦʦʯʠʩʪʢʠ, ʘ ʪʝʧʣʦʦʙʤʝʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʠ 

ʪʨʫʙʦʧʨʦʚʦʜʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʦʨʷʯʝʛʦ ʤʘʩʣʘ ʚ 

ʙʝʥʟʦʣʴʥʦʤ ʦʪʜʝʣʝʥʠʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʢʦʨʨʦʟʠ-

ʦʥʥʦʩʪʦʡʢʠʭ ʤʘʨʦʢ ʩʪʘʣʠ. 

ʄʘʩʣʦ ˉ 7 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʩʣʘʤʠ ʜʨʫʛʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ çʮʝʥʘ ï ʢʘʯʝʩ-
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ʪʚʦè ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʦ ʩʝʙʷ ʩ ʥʘʠʣʫʯʰʝʡ ʩʪʦʨʦ-

ʥʳ. ɿʘ ʚʨʝʤʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʥʠʟʠʣʩʷ ʨʘʩʭʦ-

ʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʚʳʭʦʜʘ ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʤ ʢʘʯʝ-

ʩʪʚʝ ʤʘʩʣʘ ʚ ʦʙʦʨʦʪʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ 

ʢʘʯʝʩʪʚʘ ʤʘʩʝʣ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘ 

ʨʘʙʦʪʫ ʙʝʥʟʦʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʦʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ 

ʨʝʞʠʤʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʴ 

ʛʘʟʘ, ʦʙʲʝʤ ʮʠʨʢʫʣʷʮʠʠ ʧʦʛʣʦʪʠʪʝʣʷ, ʢʘʧʣʝʫʥʦʩ) 

ʥʘ ʨʘʩʭʦʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ 

ʤʘʩʣʘ. ʆʜʥʘʢʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʝʛʦ ʨʦʩʪ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʢʣʘʩʩʘ 0-0,5 ʤʤ ʚ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ 

ʰʠʭʪʝ, ʟʘʛʨʫʞʘʝʤʦʡ ʚ ʢʘʤʝʨʳ ʢʦʢʩʦʚʘʥʠʷ, ʦʩʦ-

ʙʝʥʥʦ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʢʩʫʶʱʠʭʩʷ 

ʫʛʣʝʡ ʤʘʨʢʠ çʂè ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʪʜʝʣʝʥʠʷ ʢʦʥ-

ʜʝʥʩʘʮʠʠ ʠ ʘʧʧʘʨʘʪʫʨʳ ʢʦʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʘʷ ʧʣʦʭʦ ʩʤʘʯʠʚʘʝʤʘʷ ʚʦʜʦʡ 

ʫʛʦʣʴʥʘʷ ʧʳʣʴ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʥʘʩʘʜʢʝ ʙʝʥʟʦʣʴ-

ʥʳʭ ʩʢʨʫʙʙʝʨʦʚ ʠ ʧʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʦʪʣʦʞʝʥʠʡ ʚ 

ʨʘʙʦʯʠʭ ʩʙʦʨʥʠʢʘʭ ʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ. 

ʕʪʠ ʦʪʣʦʞʝʥʠʷ ʩʦʨʙʠʨʫʶʪ ʧʦʛʣʦʪʠʪʝʣʴʥʦʝ ʤʘʩ-

ʣʦ. ʇʨʠ ʧʨʦʧʘʨʢʘʭ ʩʢʨʫʙʙʝʨʦʚ ʠ ʩʙʦʨʥʠʢʦʚ ʪʨʝ-

ʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʦʝ ʦʪʩʪʘʠʚʘʥʠʝ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʢʦʥʜʝʥʩʘʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʪʜʝʣʠʚʰʘʷʩʷ ʦʪ ʚʦʜʥʦʡ 

ʬʘʟʳ ʯʘʩʪʴ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʚ ʦʙʦʨʦʪ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʚʳʜʝʣʝʥʥʦʛʦ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʩʣʘ ʧʦ ʩʚʦʠʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʩʦʩʪʘʚʫ ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʦʜʣʝʞʠʪ ʫʪʠʣʠ-

ʟʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʚ ʰʠʭʪʫ ʜʣʷ ʢʦʢʩʦʚʘʥʠʷ). ʋʯʠ-

ʪʳʚʘʷ ʪʝʢʫʱʫʶ ʥʘʧʨʷʞʝʥʥʫʶ ʩʠʪʫʘʮʠʶ ʥʘ ʨʳʥ-

ʢʝ ʢʦʢʩʫʶʱʠʭʩʷ ʫʛʣʝʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʠʤʧʦʨʪʥʳʭ ʫʛʣʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠ-

ʝʤ ʧʳʣʝʚʠʜʥʳʭ ʢʣʘʩʩʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʫ-

ʱʝʩʪʚʣʝʥ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʦʪʜʝʣʝʥʠʠ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦʛʦ ʜʨʦʙʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʤʠʥʠʤʠ-

ʟʠʨʦʚʘʪʴ ʟʘʰʣʘʤʣʝʥʠʝ ʘʧʧʘʨʘʪʫʨʳ ʙʝʥʟʦʣʴʥʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʮʝʭʘ ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʫʣʘʚʣʠʚʘʥʠʷ ʙʝʥʟʦʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

 

ɺʳʚʦʜʳ 

1. ɼʘʥʥʳʝ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʷʶʪ ʘʜʝ-

ʢʚʘʪʥʦ ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʚʝʞʝʛʦ ʤʘʩʣʘ ʠ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʨʘʚʠ-

ʣʴʥʦ ʚʳʙʠʨʘʪʴ ʥʘʠʣʫʯʰʠʝ ʦʙʨʘʟʮʳ ʧʦʛʣʦʪʠʪʝʣʷ. 

2. ʇʦʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʫʣʘʚʣʠʚʘʥʠʷ ʙʝʥʟʦʣʴ-

ʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʟʘ ʩʯʝʪ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʛ-

ʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥʦ 

ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʧʦʜʘʯʠ ʥʘ ʙʝʥʟʦʣʴʥʳʝ ʩʢʨʫʙʙʝ-

ʨʳ. 

3. ɺʳʙʦʨ ʧʦʩʪʘʚʱʠʢʘ ʩʚʝʞʝʛʦ ʤʘʩʣʘ ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʭʦʜʥʳʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʫʥʦʩ ʩ 

ʦʯʠʱʝʥʥʳʤ ʢʦʢʩʦʚʳʤ ʛʘʟʦʤ ʠ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ 

ʮʝʭʘ ʩʝʨʦʦʯʠʩʪʢʠ. 

4. ʈʘʩʭʦʜ ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʠ ʝʛʦ ʩʢʣʦʥ-

ʥʦʩʪʴ ʢ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʶ ʤʦʛʫʪ ʙʳʪʴ ʩʥʠʞʝʥʳ 

ʟʘ ʩʯʝʪ ʧʦʜʘʚʣʝʥʠʷ ʫʥʦʩʘ ʧʳʣʝʚʠʜʥʳʭ ʢʣʘʩʩʦʚ ʠʟ 

ʢʘʤʝʨ ʢʦʢʩʦʚʘʥʠʷ. 
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INFLUENCE OF QUALITATIVE PARAMETE RS OF THE COAL WASH OIL ON THE 

WORK OF THE BENZENE RECOVERY UNIT PJSC ñEVRAZ YUZKOKSò 
 

É A.S. Mamyko, O.N. Tsebro (PJSC ñEVRAZ YUZKOKSò), L.P. Bannikov, PhD in technical 

sciences, V.A. Panasenko, Doctor of Technical Sciences, V.I. Shustikov, Doctor of Technical 

Sciences (SE çUKHINè) 
 

The article presents the results of an industrial experiment on make-up of recycled wash 

oil with samples of fresh oil from seven different suppliers. The effect of individual oil 

quality indicators on the wash oil specific consumption factor has been confirmed. The 

effect of the entrainment of dust classes from the coking chamber on the tendency of the 

oil to sedimentation and the wash oil consumption coefficient is stressed. 
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ɺ ʩʪʘʪʴʝ ʜʘʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʩʬʝʨʝ ʟʘʱʠʪʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦ-

ʟʜʫʭʘ ʥʘ ʏɸʆ çɽɺʈɸɿ ʖɾʂʆʂʉè, ʜʘʥʳ ʩʚʝʜʝʥʠʷ ʧʦ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʛʨʘʥʠʮʝ ʩʘʥʠʪʘʨ-

ʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʚʳʙʨʦʩʳ, ʩʘʥʠʪʘʨ-

ʥʦ-ʦʭʨʘʥʥʘʷ ʟʦʥʘ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʥʝʜʨʝʥʠʝ. 

************************************************************* 
ʘʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ɿʘʢʦʥ ʋʢʨʘʠʥʳ çʆʙ ʦʭʨʘʥʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘè ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʩʙʝʨʝʞʝʥʠʶ ʠ ʦʙʥʦʚʣʝʥʠʶ ʧʨʠʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʥʠʶ ʙʣʘʛʦʧʨʠ-

ʷʪʥʳʭ ʫʩʣʦʚʠʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ 

ʠ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ [1].  

ʄʦʥʠʪʦʨʠʥʛ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨ-

ʤʘʮʠʠ ʦ ʚʳʙʨʦʩʘʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʜʣʷ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ɺ ɼʠʨʝʢʪʠʚʝ ˉ 2008/50/ɽʉ çʆ ʢʘʯʝʩʪʚʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʤʝʨʘʭ ʝʛʦ ʦʯʠʩʪʢʠè, ʠʤʧʣʝ-

ʤʝʥʪʘʮʠʷ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʋʢʨʘʠʥʝ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʦʪʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʶ ʠ ʙʦʨʴʙʝ ʩ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʦʟʜʫʭ ʚʝʱʝʩʪʚ ʚ ʤʝʩʪʘʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʠʶ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʚʳ-

ʙʨʦʩʦʚ [2]. 

ʏɸʆ çɽɺʈɸɿ ʖɾʂʆʂʉè ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʝʜʧʨʠʷʪʠʷʤ ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴʶ, ʘ ʧʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʧʨʝʜʧʨʠʷ-

ʪʠʡ, ʥʘ ʢʦʪʦʨʳʭ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʜʠʨʝʢʪʠʚʘ-

ʤʠ ɽʉ, ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʷʪʴ ʥʘʠʣʫʯʰʠʝ ʜʦʩʪʫʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʟʘʛʨʟ̫-

ʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʥʝʜʨʷʪʴ ʩʠʩʪʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ [2-4].  

ʈʫʢʦʚʦʜʩʪʚʦ ʠ ʢʦʣʣʝʢʪʠʚ ʏɸʆ çɽɺʈɸɿ ʖɾʂʆʂʉè ʦʯʝʥʴ ʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʰʝ-

ʥʠʶ ʟʘʜʘʯ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʢ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶ-

ʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ʉ ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʏɸʆ çɽɺʈɸɿ 

ʖɾʂʆʂʉè ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʧʨʝʜʧʨʠʷʪʠʝʤ ʚ 2016 ʛʦʜʫ ʙʳʣʘ 

ʚʚʝʜʝʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʇʨʦʝʢʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʆʆʆ çʇʨʦʝʢʪʨʝʤʤʦʥʪʘʞè (ʛ. ʂʨʠʚʦʡ ʈʦʛ) ʥʘ 

ʦʙʴʝʢʪ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ 

ʛʨʘʥʠʮʝ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ (ʉɿɿ) ʏɸʆ çɽɺʈɸɿ ʖɾʂʆʂʉè, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʦʛʣʘʩʦʚʘʥʘ ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ ʧʦ ʫʩʪʘʥʦʚʢʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʩʠʩʪʝʤʘ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʂʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʛʨʘʥʠʮʝ ʉɿɿ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ, 

ʢʨʫʛʣʦʩʫʪʦʯʥʦ, ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. 
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ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʦʧʘʩ-

ʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʛʨʘʥʠʮʝ ʉɿɿ, 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʩʪʦ-

ʚʝʨʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩ-

ʣʝʜʩʪʚʠʡ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʙʲʝʢʪʘʤʠ ʢʦʥʪʨʦʣʷ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤ r ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘè ʷʚʣʷʶʪʩʷ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ (ʪʝʤʧʝʨʘʪʫʨʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʘʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ) ʠ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ (ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʝ ʪʚʝʨʜʳʭ 

ʩʫʩʧʝʥʜʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ, ʜʠʦʢʩʠʜ ʩʝʨʳ, 

ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜ ʘʟʦʪʘ, ʘʤʤʠʘʢ, 

ʩʝʨʦʚʦʜʦʨʦʜ). 

ʀʟʤʝʨʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʪʝʦʨʦʣʦʛʠ-

ʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʦ ʩʣʝʜʫʶʱʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ:  

ï 1 ʨʘʟ ʚ 20 ʤʠʥ., ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʦʣʠ-

ʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ 0 ʜʦ ʫʨʦʚʥʷ ʨʝʛʠʩʪʨʘ-

ʮʠʠ 0,75 ʇɼʂ; 

ï 1 ʨʘʟ ʚ 10 ʤʠʥ., ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʦʣʠ-

ʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʇɼʂ (0,8-

0,95 ʇɼʂ); 

ï 1 ʨʘʟ ʚ 5 ʤʠʥ., ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫ-

ʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʘʚʥʦ ʣʠʙʦ ʧʨʝʚʳʰʘʝʪ ʇɼʂ. 

ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʧʦʩʪʘ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ (ʇɸʅ), ʢʦʪʦʨʳʝ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʥʘ ʛʨʘʥʠʮʝ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʂʘʞʜʳʡ ʇɸʅ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʳ ʠ ʤʝʪʝʦʢʦʤʧʣʝʢʩ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩ ʫʯʝʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. 

 

 
 

 

ʅʘ ʇɸʅ ʬʦʨʤʠʨʫʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʝ ʧʝʨʚʠ-

ʯʥʳʝ ʜʘʥʥʳʝ, ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʩʯʝʪʳ ʨʘʟʦʚʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ɿɺ) ʥʘ 

ʛʨʘʥʠʮʝ ʉɿɿ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥ-

ʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʩʝʨʚʝʨ. 

ɿʥʘʯʝʥʠʷ ʨʘʟʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷ-

ʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʦʪʦʙʨʘʞʘʶʪ-

ʩʷ ʥʘ ʵʢʨʘʥʘʭ ʇʂ ʥʘ ʬʦʥʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ 

ʢʘʨʪʳ ʉɿɿ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʫʨʦʚʥʝʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʦʧʦʚʝʱʝʥʠʝ ʚ ʚʠʜʝ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ.  

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣʦʚ ʦ ʧʨʝʚʳʰʝʥʠʠ 

ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ɿɺ ʥʘ ʵʢʨʘʥʘʭ ʇʂ 

ʚʳʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶ-

ʱʝʛʦ ʚʝʱʝʩʪʚʘ ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʩʪʘ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʛʜʝ ʦʙʥʘʨʫʞʝʥʦ ʧʨʝʚʳʰʝ-

ʥʠʝ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʮʚʝʪʦʚʦʡ ʠ ʟʚʫʢʦʚʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʝʡ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʢʘʢ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʭʝʤʫ, ʠʤʝʶʱʫʶ 
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ʜʚʫʭʫʨʦʚʥʝʚʫʶ (ʥʠʞʥʠʡ ʠ ʚʝʨʭʥʠʡ ʫʨʦʚʥʠ) 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ.  

ʅʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʨʝʘʣʠʟʫʶʪʩʷ ʩʙʦʨ, ʚʚʦʜ 

ʠ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʦʪ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʚ, 

ʧʳʣʝʤʝʨʦʚ ʠ ʤʝʪʝʦʩʪʘʥʮʠʡ, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʦʚ 

ʦʭʨʘʥʥʦʡ ʠ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʡ ʇɸʅ.  
 

 

 
 

 

ʂʘʞʜʳʡ ʧʦʩʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʩ 

ʧʨʦʮʝʩʩʦʨʥʳʤ ʤʦʜʫʣʝʤ ʢʦʥʪʨʦʣʣʝʨʘ, ʤʦʜʫʣʝʤ 

ʚʚʦʜʘ/ʚʳʚʦʜʘ ʩʠʛʥʘʣʦʚ, ʧʦʚʪʦʨʠʪʝʣʝʤ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʙʣʦʢʦʤ ʧʠʪʘʥʠʷ, ʵʣʝʤʝʥʪʘʤʠ 

ʢʦʤʤʫʪʘʮʠʠ ʠ ʜʨ. ɺ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ ʇɸʅ 

ʚʭʦʜʠʪ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʯʘʩʪʴ:  

ï ʧʦʩʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ˉ 1 

(ʇɸʅ1): ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʤʝʪʝʦʜʘʥʥʳʭ 

(ʤʝʪʝʦʩʪʘʥʮʠʷ) çWXT520è, ʠʟʤʝʨʠʪʝʣʴ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ 

(ʧʳʣʝʤʝʨ) çɸʕʈʆʂʆʅ-ʉè, ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ 

çSensis-310è, ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ ç621ʕʍ20è, 

ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ ç645ʍʃ10è, ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ 

ç667ʌʌ05è; 

ï ʧʦʩʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ˉ 2 

(ʇɸʅ2): ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʤʝʪʝʦʜʘʥʥʳʭ 

(ʤʝʪʝʦʩʪʘʥʮʠʷ) çWXT520è, ʠʟʤʝʨʠʪʝʣʴ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ 

(ʧʳʣʝʤʝʨ) çɸʕʈʆʂʆʅ-ʉè, ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ 

çSensis-310è; 

ï ʧʦʩʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ˉ 3 

(ʇɸʅ3): ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʤʝʪʝʦʜʘʥʥʳʭ 

(ʤʝʪʝʦʩʪʘʥʮʠʷ) çWXT520è, ʠʟʤʝʨʠʪʝʣʴ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ 

(ʧʳʣʝʤʝʨ) çɸʕʈʆʂʆʅ-ʉè, ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ 

çSensis-310è. 

ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʛʨʘʥʠʮʝ ʉɿɿ 

ʧʨʝʜʧʨʠʷʪʠʷ ʨʝʘʣʠʟʫʝʪ ʟʘʜʘʯʠ ʢʦʥʪʨʦʣʷ, 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ ʩ 

ʦʙʲʝʢʪʦʤ ʢʦʥʪʨʦʣʷ, ʘ ʪʘʢʞʝ ʘʨʭʠʚʠʨʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʯʝʨʝʟ ʩʝʨʚʝʨ. 

 

ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʛʨʘʥʠʮʝ ʉɿɿ ʏɸʆ 

çɽɺʈɸɿ ʖɾʂʆʂʉè ʠ ʇɼʂ ʜʣʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʥʘ ʛʨʘʥʠʮʝ ʉɿɿ, ʤʛ/ʤ
3 
ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝ-

ʥʪʨʘʮʠʷ, ʤʛ/ʤ
3
 

ɼʠʦʢʩʠʜ ʘʟʦʪʘ (NO2) 0,001-0,02 0,04 

ɼʠʦʢʩʠʜ ʩʝʨʳ (SO2) 0,001-0,026 0,05 

ɸʤʤʠʘʢ (NH3) 0,001-0,022 0,04 

ʉʝʨʦʚʦʜʦʨʦʜ (H2S) 0,001-0,0015 0,008 

ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ (CO) 0,001-0,019 0,3 

ɺʝʱʝʩʪʚʘ ʚ ʚʠʜʝ ʩʫʩʧʝʥʜʠʨʦ-

ʚʘʥʥʳʭ ʯʘʩʪʠʮ  (ʧʳʣʴ) 
0,001-0,04 0,15 
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ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ 

ʛʨʘʥʠʮʝ ʉɿɿ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʨʝʜʝʣʴʥʦ-

ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʜʣʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʵʢʦʣʦʛʠʯʝʩ-

ʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫ-

ʱʝʩʪʚʘ: 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʝʨʚʠʯ-

ʥʳʭ ʜʘʥʥʳʭ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟ-

ʜʫʭʘ ʩ ʦʮʝʥʢʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ; 

ï ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʩ ʧʦʣʫ-

ʯʝʥʠʝʤ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ; 

ï ʦʧʝʨʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ, ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʚ 

ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ ʥʦʨʤʘʪʠʚʦʚ ʧʨʝʜʝʣʴʥʦ-

ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʚʳʷʚʣʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʧʨʠʯʠʥ, ʧʨʠʚʝʜʰʠʭ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʥʦʨʤʘʪʠʚʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦ ʢʦʥʢ-

ʨʝʪʥʳʤ ʚʝʱʝʩʪʚʘʤ. 

ʉ ʤʦʤʝʥʪʘ ʚʚʦʜʘ ʩʠʩʪʝʤʳ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʠ ʦʜ-

ʥʦʛʦ ʧʨʝʚʳʰʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʥʘ ʛʨʘʥʠʮʝ ʉɿɿ ʠ ʦʪʩʫʪ-

ʩʪʚʦʚʘʣʠ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. 

ɿʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ 

ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʠʣʠ 2659,00 ʪʳʩ. ʛʨʥ. 

 

ɺʳʚʦʜʳ 

1. ɺʥʝʜʨʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʛʨʘ-

ʥʠʮʝ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ ʧʦʟʚʦʣʷʝʪ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʤʝʪʝʦʜʘʥʥʳʭ, ʦʙ ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ 

ʫʨʦʚʥʷ ʠ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ.  

2. ʉʚʦʝʚʨʝʤʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ 

ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʟʚʦʣʷʝʪ 

ʏɸʆ çɽɺʈɸɿ ʖɾʂʆʂʉè ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘ-

ʛʠʨʦʚʘʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʧʨʠʯʠʥʳ ʚ ʩʣʫʯʘʝ ʧʨʝ-

ʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫ-

ʭʝ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ɿʘʢʦʥ ʋʢʨʘʠʥʳ çʆʙ ʦʭʨʘʥʝ ʘʪʤʦʩʬʝʨʥʦ-

ʛʦ ʚʦʟʜʫʭʘè ʦʪ 16.10. 1992ʛ. (ʩ ʠʟʤʝʥʝʥʠʷʤʠ, 

ʚʥʝʩʝʥʥʳʤʠ ʩʦʛʣʘʩʥʦ ɿʘʢʦʥʘ ˉ 1745-IV ʦʪ 

03.06.2004) / [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: zakon.rada.gov.ua/ 

laws/show/2707-12. 

2. ɼʠʨʝʢʪʠʚʘ ˉ 2008/50/ɽʉ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʧʘʨʣʘʤʝʥʪʘ ʦʪ 28.ʤʘʷ.2008 çʆ ʢʘʯʝʩʪʚʝ ʘʪ-

ʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʤʝʨʘʭ ʝʛʦ ʦʯʠʩʪʢʠè / 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://zakon.rada.gov.ua/laws/show/994_950.  

3. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʂʄ ʋʢʨʘʠʥʳ ˉ 343 ʦʪ 

09.03.1999 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʨʷʜʢʘ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʦʙʣʘʩʪʠ 

ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘè / [ʕʣʝʢʪʨʦʥ-

ʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://zakon3.rada.gov.ua/laws/show/343-99-

%D0%BF.  

4. ɼʠʨʝʢʪʠʚʘ ɽʚʨʦʧʝʡʩʢʦʛʦ ʧʘʨʣʘʤʝʥʪʘ ʠ 

ʉʦʚʝʪʘ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ 2010/75/ɽʉ ʦʪ 
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IMPLEMENTATION OF THE SYSTEM FOR AUTOMATICAL MONITORING OF 

POLLUTANT EMISSIONS AT THE BORDER OF THE SANITARY PROTECTION ZONE OF 

PJSC "EVRAZ YUZKOKS"  
 

É Duka E.N. (PJSC "EVRAZ YUZKOKS" ), Borisenko A.L., PhD in technical sciences, Malysh A.S., 

PhD in technical sciences (SE çUKHINè) 
 

The current situation of protection of atmospheric air at PJSC "EVRAZ YUZKOKS" have been 

analyzed in the article. An Information about the implementation of the system for automatic mon-

itoring of pollutant emissions at the border of the sanitary protection zone has been presented. 
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ʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʴ (ʊʕʎ) ʏɸʆ 

çɽɺʈɸɿ ʖɾʂʆʂʉè ʩʣʫʞʠʪ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʧʘʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʜʣʷ ʦʙʱʝʟʘʚʦʜʩʢʦʛʦ ʩʥʘʙ-

ʞʝʥʠʷ ʧʘʨʦʤ, ʘ ʪʘʢʞʝ ʚʳʨʘʙʘʪʳʚʘʝʪ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʶ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʊʕʎ ʚʢʣʶʯʘʝʪ ʪʫʨʙʠʥʥʦʝ ʦʪʜʝʣʝʥʠʝ, ʢʦʪʝʣʴ-

ʥʫʶ, ʚʦʜʦʧʦʜʛʦʪʦʚʢʫ, ʵʣʝʢʪʨʦʨʝʤʦʥʪʥʳʡ ʫʯʘ-

ʩʪʦʢ. 

ʂʦʤʧʣʝʢʩ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʫʶ ʠ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʢʦʪʣʦʚ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʨʠʩʢʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝ-

ʥʠʡ ʠ ʢʦʨʨʦʟʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʦʤʧʣʝʢʩ ʧʨʦ-

ʮʝʩʩʦʚ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ ʚʦʜʳ ʦʪ ʚʟʚʝʰʝʥʥʳʭ 

ʯʘʩʪʠʮ ʦʩʚʝʪʣʝʥʠʝʤ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʠʣʴ-

ʪʨʘʭ, ʫʜʘʣʝʥʠʝ ʱʝʣʦʯʥʦʩʪʠ ʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʶ 

ʥʘ ʅ-ʢʘʪʠʦʥʠʪʦʚʳʭ ʬʠʣʴʪʨʘʭ ʠ ʜʝʢʘʨʙʦʥʠʟʘ-

ʪʦʨʝ, ʫʤʷʛʯʝʥʠʝ ʚʦʜʳ ʥʘ ʢʘʨʪʨʠʜʞʥʳʭ ʠ Na-

ʢʘʪʠʦʥʠʪʦʚʳʭ ʬʠʣʴʪʨʘʭ (I, II  ʩʪʫʧʝʥʝʡ). ʇʝʨʝ-

ʯʠʩʣʝʥʥʳʝ ʩʪʘʜʠʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʩʦʩʪʘʚʣʷʶʪ 

ʧʦʥʷʪʠʝ ʭʠʤʠʯʝʩʢʦʡ ʚʦʜʦʦʯʠʩʪʢʠ (ʍɺʆ), ʢʦ-

ʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʛʫʶ ʠ ʫʩʧʝʰ-

ʥʫʶ ʨʘʙʦʪʫ ʢʦʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1]. 

ʇʨʠʤʝʩʠ, ʢʦʪʦʨʳʝ ʚʩʝ-ʪʘʢʠ ʠʤʝʶʪʩʷ ʚ ʭʠ-

ʤʠʯʝʩʢʠ ʦʯʠʱʝʥʥʦʡ ʚʦʜʝ ʠ ʧʦʩʪʫʧʘʶʪ ʚ ʢʦʪʝʣ 

ʚʤʝʩʪʝ ʩ ʥʝʡ, ʥʝʧʨʝʨʳʚʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ 

ʚ ʢʦʪʣʝ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʩʳʱʝʥʠʷ 

ʢʦʪʣʦʚʦʡ ʚʦʜʳ ʧʨʠʤʝʩʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʧʨʦʜʫʚʢʘ ï ʚʳʚʦʜ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʮʠʢʣʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʪʣʦ-

ʚʦʡ ʚʦʜʳ ï ʠ ʟʘʤʝʥʘ ʝʝ ʥʘ ʩʚʝʞʫʶ ʭʠʤʠʯʝʩʢʠ 

ʦʯʠʱʝʥʥʫʶ ʚʦʜʫ (ʧʦʜʧʠʪʦʯʥʫʶ). 

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʧʠʪʘʶ-

ʱʝʡ ʚʦʜʳ ʢʦʪʣʦʚ, ʢʦʪʦʨʳʤ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʚʦ ʚʩʝʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠ-

ʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʷʚʣʷʶʪʩʷ ʞʝʩʪʢʦʩʪʴ, ʱʝʣʦ-

ʯʥʦʩʪʴ, ʨʅ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʠ ʩʚʦʙʦʜʥʦʡ ʫʛʣʝʢʠʩʣʦʪʳ. ɿʥʘʯʝ-

ʥʠʷ ʥʦʨʤʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʜʣʷ ʢʦʪʣʦʚ ʥʠʞʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʧʠʪʴʝ-

ʚʦʡ ʚʦʜʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʜʦʧ-

ʨʦʚʦʜʥʫʶ ʚʦʜʫ ʜʣʷ ʧʠʪʘʥʠʷ ʢʦʪʣʦʚ ʙʝʟ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʠ ʟʘʧʨʝʱʝʥʦ [1]. 

ʆʪʜʝʣʝʥʠʝ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʊʕʎ ʏɸʆ 

çɽɺʈɸɿ ʖɾʂʆʂʉè ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʫʜʘ-

ʣʝʥʠʷ ʠʟ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʠ ʨʘ-

ʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ ʜʦ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʜʣʷ ʧʦʜʧʠʪʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʪʣʦʚ. 

 
 

 
 

 

ɺ 2011 ʛʦʜʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʝ ʥʘ ʏɸʆ çɽɺʈɸɿ ʖɾʂʆʂʉè ʫʩʪʘ-

ʥʦʚʢʠ ʍɺʇ ʩ ʮʝʣʴʶ ʟʘʤʝʥʳ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝ-

ʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʦ-

ʨʦʛʦ ʠʩʪʝʢ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʊʕʎ 

ʜʣʷ ʧʘʨʦʚʳʭ ʢʦʪʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʘ ʨʝʢʠ 

ɼʥʝʧʨ. ɼʣʷ ʜʦʚʝʜʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʯʝʥʠʡ ʦʩʫʱʝʩʪʚʠʣʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʫʩʪʘʥʦʚʢʠ ʍɺʇ ʠʩʭʦʜʥʦʡ ʚʦʜʳ 

ʩ ʫʟʣʦʤ ʢʦʥʜʝʥʩʘʪʦʦʯʠʩʪʢʠ. ʊʘʢʞʝ ʙʳʣʘ ʧʦʩʪ-

ʨʦʝʥʘ ʫʩʪʘʥʦʚʢʘ ʫʪʠʣʠʟʘʮʠʠ ʩʪʦʢʦʚ, ʧʨʝʜʥʘʟ-

ʥʘʯʝʥʥʘʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʧʦʩ-

ʣʝʜʫʶʱʠʤ ʚʦʟʚʨʘʪʦʤ ʦʯʠʱʝʥʥʦʡ ʩʪʦʯʥʦʡ ʚʦ-

ʜʳ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ. 

 

ʍʠʤʠʯʝʩʢʘʷ ʚʦʜʦʦʯʠʩʪʢʘ 
ʇʨʦʮʝʩʩ ʍɺʆ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚ-

ʥʳʝ ʩʪʘʜʠʠ:  

1. ʋʜʘʣʝʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ. ʇʨʝʜʚʘʨʠ-

ʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʥʘ ʩʝʪʯʘʪʳʭ ʩʘʤʦʧʨʦʤʳʚʥʳʭ ʬʠʣʴʪʨʘʭ. ɿʘʪʝʤ 

ʚʦʜʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

2. ʋʜʘʣʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ. ɺʨʝ-

ʤʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʨʘʩ-

ʪʚʦʨʝʥʥʳʭ ʚ ʚʦʜʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʠ 

ʤʘʛʥʠʷ Ca(HCO3)2 ʠ Mg(HCO3)2. ʆʥʠ ʞʝ ʚʥʦ-

ʊ 


