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1ɼʠʙʘʯ ʆ. ʄ., 1ɻʦʥʪʘʨ ʖ. ʄ., 1ɺʝʩʝʣʦʚ ɭ. ɺ. 

 
1ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʮʝʥʪʨ ʟ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

 

ʅʆʈʄɸʊʀɺʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʊɸ ɽʂʉʇɽʈʊʅɯ ʆʎɯʅʂʀ ɹɽɿʇɽʂʀ 

ɽʂʉʇʃʋɸʊɸʎɯɰ ʂʆʄʇʃɽʂʉʋ ʅʆɺʆɻʆ ɹɽɿʇɽʏʅʆɻʆ ʂʆʅʌɸʁʅʄɽʅʊʋ  

ʊɸ ʆɹôɭʂʊɸ çʋʂʈʀʊʊʗè ɺ ʋʄʆɺɸʍ ɺɯʁʉʔʂʆɺʀʍ ɿɸɻʈʆɿ 

1 . ɺʧʣʠʚ ʚʽʡʩʴʢʦʚʠʭ ʟʘʛʨʦʟ ʥʘ ʙʝʟʧʝʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ 

ɹʝʟʧʝʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʅʦʚʦʛʦ ʙʝʟʧʝʯʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʫ ʪʘ ʦʙôʻʢʪʘ 

çʋʢʨʠʪʪʷè (ʜʘʣʽ ï ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ) ʟ ʧʦʯʘʪʢʦʤ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʘʛʨʝʩʽʾ ʨʦʩʽʡʩʴʢʦʾ 

ʬʝʜʝʨʘʮʽʾ, ʷʢ ʽ ʙʝʟʧʝʢʘ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʦʚʦʜʞʝʥʥʷ 

ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ (ʜʘʣʽ ï ʈɸɺ) ʚ ʋʢʨʘʾʥʽ, ʦʧʠʥʠʣʘʩʷ ʧʽʜ ʟʘʛʨʦʟʦʶ ʚʽʡʩʴʢʦʚʠʭ 

ʚʧʣʠʚʽʚ, ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʦʙôʻʢʪʽʚ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʦʚʦʜʞʝʥʥʷ ʟ ʈɸɺ, ʟʦʢʨʝʤʘ ʨʘʢʝʪʥʠʭ ʘʪʘʢ ʽ ʫʜʘʨʽʚ ʙʝʟʧʽʣʦʪʥʠʤʠ 

ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ (ʜʘʣʽ ï ɹʇʃɸ). 

ɺʽʡʩʴʢʦʚʽ ʚʧʣʠʚʠ, ʘ ʪʘʢʦʞ ʦʢʫʧʘʮʽʷ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʦʙôʻʢʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʈɸɺ, ʻ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʠʧʫʩʪʠʤʠʤʠ ʟ ʦʛʣʷʜʫ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʨʘʜʽʘʮʽʡʥʽ 

ʥʘʩʣʽʜʢʠ ʜʣʷ ʧʝʨʩʦʥʘʣʫ, ʥʘʩʝʣʝʥʥʷ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ ʤʘʻ 

ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʽʟʦʣʷʮʽʶ ʟʘʣʠʰʢʽʚ 

ʟʨʫʡʥʦʚʘʥʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ˉ 4 ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ɸɽʉ ʽ ʤʽʩʪʠʪʴ ʧʘʣʠʚʦʚʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ 

(ʜʘʣʽ ï ʇɺʄ) ʪʘ ʽʥʰʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʚʽʡʩʴʢʦʚʽ ʚʧʣʠʚʠ ʩʪʚʦʨʶʶʪʴ ʥʝ 

ʣʠʰʝ ʣʦʢʘʣʴʥʫ ʟʘʛʨʦʟʫ, ʘ ʡ ʨʠʟʠʢʠ ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʤʘʩʰʪʘʙʫ. 

ɺʽʡʩʴʢʦʚʽ ʚʧʣʠʚʠ ʤʘʶʪʴ ʩʠʩʪʝʤʥʠʡ ʽ ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʟʘʛʨʦʟʣʠʚʠʡ ʭʘʨʘʢʪʝʨ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʮʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʧʦʚʪʦʨʶʚʘʥʠʭ ʚʪʨʘʪʘʭ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, 

ʧʨʠʟʫʧʠʥʝʥʥʽ ʨʝʛʣʘʤʝʥʪʥʠʭ ʨʦʙʽʪ ʥʘ ʢʦʤʧʣʝʢʩʽ, ʘ ʪʘʢʦʞ ʫ ʚʽʜʢʣʘʜʝʥʥʽ ʨʦʙʽʪ ʽʟ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʦʙôʻʢʪʘ çʋʢʨʠʪʪʷè (ʜʘʣʽ ï ʆʋ) ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʫ ʩʠʩʪʝʤʫ. ʆʢʨʝʤʫ ʥʝʙʝʟʧʝʢʫ 

ʩʪʘʥʦʚʠʪʴ ʩʠʩʪʝʤʘʪʠʯʥʝ ʧʦʨʫʰʝʥʥʷ ʟʘʙʦʨʦʥʠ ʧʦʣʴʦʪʽʚ ʥʘʜ ʧʨʦʤʠʩʣʦʚʠʤ ʤʘʡʜʘʥʯʠʢʦʤ 

ɼʉʇ ʏɸɽʉ. ʇʦʧʨʠ ʥʦʨʤʘʪʠʚʥʽ ʦʙʤʝʞʝʥʥʷ, ʥʘʜ ɼʉʇ ʏɸɽʉ ʥʝʦʜʥʦʨʘʟʦʚʦ ʬʽʢʩʫʚʘʣʠʩʷ 

ʧʨʦʣʴʦʪʠ ɹʇʃɸ, ʱʦ ʩʪʚʦʨʶʻ ʧʨʷʤʫ ʟʘʛʨʦʟʫ ʜʣʷ ʮʽʣʽʩʥʦʩʪʽ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ. 

ʂʨʠʪʠʯʥʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʨʝʘʣʴʥʦʩʪʽ ʪʘʢʠʭ ʨʠʟʠʢʽʚ ʻ ʙʝʟʧʨʝʮʝʜʝʥʪʥʘ ʧʦʜʽʷ  

14 ʣʶʪʦʛʦ 2025 ʨʦʢʫ, ʢʦʣʠ ʚʥʘʩʣʽʜʦʢ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʘʪʘʢʠ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ ʚʽʜʙʫʣʦʩʷ 

ʧʨʷʤʝ ʚʣʫʯʘʥʥʷ ɹʇʃɸ ʚ ɸʨʢʫ ʅɹʂ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʧʦʰʢʦʜʞʝʥʦ ʙʣʠʟʴʢʦ 15 ʤĮ 

ʟʦʚʥʽʰʥʴʦʾ ʦʙʰʠʚʢʠ, ʯʘʩʪʢʦʚʦ ʧʦʰʢʦʜʞʝʥʦ ʚʥʫʪʨʽʰʥʷ ʦʙʰʠʚʢʘ, ʘ ʪʘʢʦʞ ʟʘʟʥʘʣʦ 

ʧʦʰʢʦʜʞʝʥʴ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʢʠ, ʟʦʢʨʝʤʘ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ 

ʦʩʥʦʚʥʠʭ ʢʨʘʥʽʚ (ʜʘʣʽ ï ʉʆʂ). ʇʦʰʠʨʝʥʥʷ ʧʦʞʝʞʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʣʫʯʘʥʥʷ ɹʇʃɸ ʧʨʠʟʚʝʣʦ 

ʜʦ ʚʠʛʦʨʷʥʥʷ ʛʝʨʤʝʪʠʟʫʶʯʦʾ ʤʝʤʙʨʘʥʠ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʩʪʘʣʘ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʷ ʢʽʣʴʮʝʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʪʘ ʦʩʥʦʚʥʦʛʦ ʦʙôʻʤʫ ʅɹʂ, ʱʦ ʫʥʝʤʦʞʣʠʚʠʣʦ ʜʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʧʨʦʻʢʪʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʟʥʘʯʝʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʧʨʠʟʚʝʣʠ ʜʦ ʧʦʨʫʰʝʥʥʷ ʫʤʦʚ 

ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ ʪʘ ʟʫʤʦʚʠʣʠ ʧʝʨʝʭʽʜ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ ʜʦ 

ʩʪʘʥʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ.  

ʋ ʮʠʭ ʫʤʦʚʘʭ ʚʽʜ ʦʨʛʘʥʫ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʚʠʤʘʛʘʻʪʴʩʷ ʧʨʠʡʥʷʪʪʷ ʨʝʛʫʣʷʪʦʨʥʠʭ ʨʽʰʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʠʭ ʨʠʟʠʢʽʚ ʪʘ ʩʪʘʥʫ ʅɹʂ-

ʆʋ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ ʡʦʛʦ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ʋ 

ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʚʘ ʘʩʧʝʢʪʠ ʮʽʻʾ ʜʽʷʣʴʥʦʩʪʽ ï ʥʦʨʤʘʪʠʚʥʠʡ ʪʘ ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʜʦ ɼʉʇ ʏɸɽʉ, ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʜʝʨʞʘʚʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʷʢʠʭ 

ʟʘʣʫʯʘʻʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʝʛʫʣʶʶʯʦʛʦ ʦʨʛʘʥʫ ɼʅʊʎ ʗʈɹ. 
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2 . ʅʦʨʤʘʪʠʚʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ 

ʆʩʥʦʚʥʠʤ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʤʝʪʫ, ʢʨʠʪʝʨʽʾ, ʧʨʠʥʮʠʧʠ ʪʘ 

ʧʨʘʚʠʣʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ      

ʅɹʂ-ʆʋ, ʻ ʅʇ 306.4.244-2024 çɺʠʤʦʛʠ ʙʝʟʧʝʢʠ ʢʦʤʧʣʝʢʩʫ ʢʦʥʬʘʡʥʤʝʥʪʘ ʪʘ ʦʙôʻʢʪʘ 

"ʋʢʨʠʪʪʷ"è. ɺʦʜʥʦʯʘʩ ʦʢʨʝʤʽ ʧʦʣʦʞʝʥʥʷ ʮʴʦʛʦ ʜʦʢʫʤʝʥʪʘ ʧʦʪʨʝʙʫʶʪʴ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦʩʪʽ 

ʾʭ ʜʦʪʨʠʤʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ ʧʽʩʣʷ ʚʽʡʩʴʢʦʚʠʭ 

ʚʧʣʠʚʽʚ. ʇʨʠ ʮʴʦʤʫ ʡʜʝʪʴʩʷ ʥʝ ʧʨʦ ʧʝʨʝʛʣʷʜ ʩʘʤʠʭ ʚʠʤʦʛ, ʘ ʧʨʦ ʦʮʽʥʢʫ ʤʦʞʣʠʚʦʩʪʽ ʾʭ 

ʚʠʢʦʥʘʥʥʷ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʦʢʨʝʤʽ ʙʘʨôʻʨʠ, ʩʠʩʪʝʤʠ, ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʣʠ 

ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʽ ʚʥʘʩʣʽʜʦʢ ʚʦʻʥʥʠʭ ʜʽʡ. 

ɿʦʢʨʝʤʘ, ʧʦʪʨʝʙʫʶʪʴ ʘʥʘʣʽʟʫ: 

1) ʚʠʤʦʛʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ ʛʘʟʦ-ʘʝʨʦʟʦʣʴʥʠʭ 

ʚʠʢʠʜʽʚ ï ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ ʧʽʩʣʷ 

ʚʠʢʦʥʘʥʥʷ ʪʝʨʤʽʥʦʚʠʭ ʟʘʭʦʜʽʚ;  

2) ʚʠʤʦʛʠ ʱʦʜʦ ʩʪʽʡʢʦʩʪʽ ʩʧʦʨʫʜ ʅɹʂ ɯ ʢʘʪʝʛʦʨʽʾ ʧʽʜ ʯʘʩ ʚʧʣʠʚʽʚ ʟʦʚʥʽʰʥʽʭ 
ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ ʧʦʜʽʡ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 10-4/ʨʽʢ ʽ ʚʠʱʝ, ʘ ʪʘʢʦʞ ʧʽʜ 

ʯʘʩ ʚʧʣʠʚʽʚ ʩʤʝʨʯʫ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 10-6/ʨʽʢ ʽ ʚʠʱʝ ï ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʨʦʻʢʪʥʘ ʩʪʽʡʢʽʩʪʴ 

ʩʧʦʨʫʜ ʜʦ ʦʢʨʝʤʠʭ ʚʧʣʠʚʽʚ, ʟʦʢʨʝʤʘ ʜʦ ʚʧʣʠʚʫ ʩʤʝʨʯʫ, ʤʦʞʝ ʙʫʪʠ ʥʝ ʚʽʜʥʦʚʣʝʥʘ; ʫ ʟʚôʷʟʢʫ 

ʟ ʮʠʤ ʜʦʮʽʣʴʥʠʤ ʻ ʨʦʟʛʣʷʜ ʩʮʝʥʘʨʽʾʚ ʘʚʘʨʽʡ ʽʟ ʨʫʡʥʫʚʘʥʥʷʤ ʧʦʢʨʽʚʣʽ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʜʦʪʨʠʤʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʙʝʟʧʝʢʠ;  

3) ʚʠʤʦʛʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʧʝʨʝʚʠʱʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ 10-7/ʨʽʢ ʥʝʥʘʚʤʠʩʥʦʛʦ 

ʧʘʜʽʥʥʷ ʥʘ ʅɹʂ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʟʘʭʠʩʥʦʾ ʩʧʦʨʫʜʠ 

ʅɹʂ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʥʘ ʷʢʠʭ ʧʨʦʞʠʚʘʻ ʘʙʦ ʥʘ ʷʢʠʭ ʟʘʧʣʘʥʦʚʘʥʝ ʧʨʦʞʠʚʘʥʥʷ 

ʥʘʩʝʣʝʥʥʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʠʭ ʟʘʛʨʦʟ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʻʢʪʥʽ 

ʧʝʨʝʜʫʤʦʚʠ ʧʦʨʫʰʫʶʪʴʩʷ ʜʝʨʞʘʚʦʶ-ʘʛʨʝʩʦʨʦʤ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʟʘʭʦʜʽʚ 

ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʪʘʢʠʭ ʚʧʣʠʚʽʚ; 

4) ʚʠʤʦʛʠ ʱʦʜʦ ʩʪʽʡʢʦʩʪʽ ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʢʠ ʩʠʩʪʝʤ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ɯ ʢʘʪʝʛʦʨʽʾ 

ʅɹʂ ʧʽʜ ʯʘʩ ʚʧʣʠʚʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʟʦʚʥʽʰʥʽʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʪʘ 

ʪʝʭʥʦʛʝʥʥʠʭ ʧʦʜʽʡ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 10-4/ʨʽʢ ʽ ʚʠʱʝ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʚʧʣʠʚʽʚ ʩʤʝʨʯʫ ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ 10-6/ʨʽʢ ʽ ʚʠʱʝ, ï ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʪʝʥʮʽʡʥʠʭ ʚʽʜʤʦʚ ʪʘ, ʫ ʨʘʟʽ ʧʦʪʨʝʙʠ, 

ʨʦʟʨʦʙʣʝʥʥʷʤ ʢʦʤʧʝʥʩʫʶʯʠʭ ʟʘʭʦʜʽʚ ʥʘ ʚʠʧʘʜʦʢ ʥʝʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʥʦʾ 

ʮʽʣʽʩʥʦʩʪʽ ʧʦʢʨʽʚʣʽ.  

ʆʢʨʝʤʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʨʝʙʫ ʚ ʢʦʨʠʛʫʚʘʥʥʽ ʩʪʨʘʪʝʛʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʦʙôʻʢʪʘ, ʟʦʢʨʝʤʘ ʧʝʨʝʛʣʷʜʫ ʩʪʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʅɹʂ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʩʢʦʨʝʥʥʷ 

ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʚʦʣʦʛʽʩʥʦʛʦ ʨʝʞʠʤʫ, ʘ ʪʘʢʦʞ ʛʨʘʬʽʢʽʚ ʜʝʤʦʥʪʘʞʫ 

ʥʝʩʪʘʙʽʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʆʋ, ʚʠʣʫʯʝʥʥʷ ʇɺʄ ʽ ʜʦʩʷʛʥʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʩʪʘʥʫ. 

3 . ɽʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ 

ɺʽʜʥʦʚʣʝʥʥʷ ʧʨʦʻʢʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʣʽʟʘʮʽʶ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ, ʧʦʝʪʘʧʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʤʘʻ ʦʭʦʧʣʶʚʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʦʰʢʦʜʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ, ʚʠʢʦʥʘʥʥʷ ʪʝʨʤʽʥʦʚʠʭ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʢʨʠʪʪʷ ʦʪʚʦʨʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʣʘʥʫ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ/ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ, ʘ ʪʘʢʦʞ ʚʥʝʩʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥ ʜʦ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻ ʙʝʟʧʝʯʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʢʦʤʧʣʝʢʩʫ    

ʅɹʂ-ʆʋ. 

ʉʪʨʘʪʝʛʽʷ ʫʩʫʥʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʚʣʫʯʘʥʥʷ ɹʇʃɸ ʚ ɸʨʢʫ ʅɹʂ ʧʦʜʽʣʝʥʘ ʥʘ ʯʽʪʢʽ ʝʪʘʧʠ: 

1) ʅʝʚʽʜʢʣʘʜʥʽ ʪʠʤʯʘʩʦʚʽ ʟʘʭʦʜʠ 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʘʢʨʠʪʪʷ ʦʪʚʦʨʽʚ ʽ ʟʘʟʦʨʽʚ ʧʽʜ ʪʦʨʮʝʚʠʤʠ ʩʪʽʥʘʤʠ ʪʘ ʚ ʤʽʩʮʷʭ 

ʧʦʰʢʦʜʞʝʥʥʷ ʦʙʰʠʚʢʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʙʘʟʦʚʦʛʦ ʢʦʥʪʫʨʫ. ʊʘʢʽ ʨʦʙʦʪʠ ʧʣʘʥʫʻʪʴʩʷ 

ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʦʻʢʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʜʝʨʞʘʚʥʽʡ 

ʝʢʩʧʝʨʪʠʟʽ ʟ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ.  

2) ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʦʙʤʝʞʝʥʥʷ 
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ɼʦ ʟʘʢʨʠʪʪʷ ʢʦʥʪʫʨʫ ʚ ʦʩʥʦʚʥʦʤʫ ʦʙôʻʤʽ ʢʦʤʧʣʝʢʩʫ ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ 

ʧʣʘʥʦʚʠʭ ʧʦʞʝʞʦʥʝʙʝʟʧʝʯʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʨʦʙʽʪ, ʱʦ ʤʦʞʫʪʴ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ 

ʫʪʚʦʨʝʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʘʝʨʦʟʦʣʽʚ ʘʙʦ ʧʠʣʫ.  

3) ʆʥʦʚʣʝʥʥʷ ʜʦʢʫʤʝʥʪʘʮʽʾ 

ʇʝʨʝʜʙʘʯʝʥʦ ʨʦʟʨʦʙʣʝʥʥʷ ʦʥʦʚʣʝʥʦʾ ʨʝʜʘʢʮʽʾ ʜʦʢʫʤʝʥʪʘ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻ ʙʝʟʧʝʯʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʥʝʤʦʞʣʠʚʦʩʪʽ 

ʜʦʪʨʠʤʘʥʥʷ ʦʢʨʝʤʠʭ ʧʝʨʚʠʥʥʠʭ ʧʨʦʻʢʪʥʠʭ ʚʠʤʦʛ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ.  

4) ɼʦʚʛʦʩʪʨʦʢʦʚʝ ʚʽʜʥʦʚʣʝʥʥʷ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʷ 

ʎʝʡ ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʦʙʣʝʥʥʷ ʇʣʘʥʫ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʽʚ ʽʟ 

ʚʽʜʥʦʚʣʝʥʥʷ/ʤʦʜʠʬʽʢʘʮʽʾ ʅɹʂ, ʜʝʪʘʣʴʥʦʾ ʜʦʨʦʞʥʴʦʾ ʢʘʨʪʠ, ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʟʚʽʪʫ ʟ ʧʝʨʝʦʮʽʥʢʠ 

ʙʝʟʧʝʢʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʨʽʰʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʠʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʦʙôʻʢʪʘ ʽ ʧʨʠʡʥʷʪʠʭ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ.  

ɽʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʜʦʢʫʤʝʥʪʽʚ, ʚʠʢʦʥʘʥʽ ʫ ʤʝʞʘʭ ʚʽʜʥʦʚʣʝʥʥʷ/ʤʦʜʠʬʽʢʘʮʽʾ ʢʦʤʧʣʝʢʩʫ 

ʅɹʂ-ʆʋ, ʩʪʦʩʫʶʪʴʩʷ, ʟʦʢʨʝʤʘ, ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

3.1. ʈʽʰʝʥʥʷ çʑʦʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʥʦʚʦʛʦ ʙʝʟʧʝʯʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʫ ʪʘ 

ʦʙôʻʢʪʘ çʋʢʨʠʪʪʷè ʚ ʫʤʦʚʘʭ ʯʘʩʪʢʦʚʠʭ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ      

ʇʂ-1 ʅɹʂè 

ʋ ʟʚôʷʟʢʫ ʟ ʥʝʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʅɹʂ 

ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʮʠʤ ʨʽʰʝʥʥʷʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʠʤʯʘʩʦʚʽ ʟʤʽʥʠ ʨʝʞʠʤʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ.  

ɽʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʡʥʷʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʪʠʤʯʘʩʦʚʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ. 

3.2.  ʊʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ çʑʦʜʦ ʚʠʢʦʥʘʥʥʷ ʥʝʚʽʜʢʣʘʜʥʠʭ ʪʠʤʯʘʩʦʚʠʭ ʟʘʭʦʜʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚʣʫʯʘʥʥʷ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ 

ʘʧʘʨʘʪʫ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ɸʨʢʠ ʅʦʚʦʛʦ ʙʝʟʧʝʯʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘè 

ʎʠʤ ʨʽʰʝʥʥʷʤ ʧʝʨʝʜʙʘʯʝʥʦ: 

- ʨʦʟʨʦʙʣʝʥʥʷ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʨʤʽʥʦʚʠʭ ʪʠʤʯʘʩʦʚʠʭ 
ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ɸʨʢʠ 

ʅɹʂ; 

- ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʥʘ 
ʝʪʘʧʘʭ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʨʝʤʦʥʪʫ ʧʦʰʢʦʜʞʝʥʠʭ ʦʩʥʦʚʥʠʭ ʽ ʚʪʦʨʠʥʥʠʭ ʤʝʪʘʣʝʚʠʭ 
ʢʦʥʩʪʨʫʢʮʽʡ ɸʨʢʠ ʚ ʤʽʩʮʽ ʧʦʰʢʦʜʞʝʥʥʷ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʨʝʤʦʥʪʫ ʧʦʰʢʦʜʞʝʥʠʭ ʦʩʥʦʚʥʠʭ ʽ ʚʪʦʨʠʥʥʠʭ ʥʝʩʫʯʠʭ 
ʢʦʥʩʪʨʫʢʮʽʡ ʜʘʭʫ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʰʠʚʢʠ ʛʘʨʘʞʘ ʉʆʂ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʨʝʤʦʥʪʫ ʟʦʚʥʽʰʥʴʦʾ ʦʙʰʠʚʢʠ ɸʨʢʠ ʚ ʤʽʩʮʽ ʧʦʰʢʦʜʞʝʥʥʷ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʨʝʤʦʥʪʫ ʧʦʰʢʦʜʞʝʥʠʭ ʤʝʤʙʨʘʥ ʛʝʨʤʝʪʠʟʘʮʽʾ. 

ɽʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʝʨʝʚʽʨʢʫ ʜʦʩʪʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʾʭ ʧʨʠʡʥʷʪʥʽʩʪʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʷʜʝʨʥʦʾ 

ʽ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

3.3.  ʈʽʰʝʥʥʷ çʑʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʫ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 25/10 ʪ ʪʘ ʜʚʦʩʪʫʣʢʦʚʦʛʦ ʣʶʢʫ ITS-ARH-MGA-DR-503 ɻʊʆ ʉʆʂ 

ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋè 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʨʤʽʥʦʚʠʭ ʟʘʭʦʜʽʚ ʟ ʨʝʤʦʥʪʫ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʟʘʢʨʠʪʪʷ 

ʦʪʚʦʨʫ ʚ ɸʨʮʽ ʅɹʂ ʫ ʤʽʩʮʽ ʧʦʰʢʦʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʩʪʦʚʠʡ ʢʨʘʥ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 25/10 ʪ ʪʘ ʜʚʦʩʪʫʣʢʦʚʠʡ ʣʶʢ ʛʘʨʘʞʘ ʉʆʂ. ʎʠʤ ʨʽʰʝʥʥʷʤ ʧʝʨʝʜʙʘʯʝʥʦ: 

- ʧʝʨʝʚʽʨʢʫ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʫ ʪʘ ʜʚʦʩʪʫʣʢʦʚʦʛʦ ʣʶʢʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
ʽʥʩʪʨʫʢʮʽʡ ʟ ʧʝʨʝʚʽʨʢʠ ʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʚʘʞʣʠʚʦʛʦ ʜʣʷ ʙʝʟʧʝʢʠ ʢʦʤʧʣʝʢʩʫ    

ʅɹʂ-ʆʋ; 

- ʢʦʤʧʣʝʢʩʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʫ ʪʘ ʜʚʦʩʪʫʣʢʦʚʦʛʦ 
ʣʶʢʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʩʪʨʫʢʮʽʡ ʟ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ, 

ʚʘʞʣʠʚʦʛʦ ʜʣʷ ʙʝʟʧʝʢʠ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ; 
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- ʧʦʚʽʜʦʤʣʝʥʥʷ ɼʝʨʞʘʪʦʤʨʝʛʫʣʶʚʘʥʥʷ ʱʦʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʚʽʨʢʠ, ʚʠʧʨʦʙʫʚʘʥʥʷ, 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʫ ʽ ʜʚʦʩʪʫʣʢʦʚʦʛʦ ʣʶʢʘ. 

ɽʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʝʨʝʚʽʨʢʫ ʤʦʞʣʠʚʦʩʪʽ  ʙʝʟʧʝʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

3.4 . ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʥʝʩʝʥʥʷ 

ʟʤʽʥ ʜʦ ʊʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ, ʟʦʢʨʝʤʘ ʱʦʜʦ: 

- ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʉʆʂ; 

- ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʦʩʥʦʚʥʦʛʦ ʦʙôʻʤʫ ʪʘ ʢʽʣʴʮʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʅɹʂ; 

- ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʦʤ ʅɹʂ-ʆʋ. 

ɽʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʝʨʝʚʽʨʢʫ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʽ ʧʨʠʡʥʷʪʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʚ ʫʤʦʚʘʭ 

ʬʘʢʪʠʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʢʦʤʧʣʝʢʩʫ. 

ɺʠʩʥʦʚʢʠ 

ʇʨʷʤʝ ʚʣʫʯʘʥʥʷ ɹʇʃɸ ʚ ɸʨʢʫ ʅɹʂ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ ʪʘ ʧʝʨʝʭʦʜʫ ʦʙôʻʢʪʘ ʜʦ ʩʪʘʥʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ. 

ʇʦʰʢʦʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ɸʨʢʠ, ʝʣʝʤʝʥʪʽʚ ʛʝʨʤʝʪʠʟʘʮʽʾ ʪʘ ʩʠʩʪʝʤ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʢʠ, 

ʩʪʚʦʨʠʣʦ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʜʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʧʨʦʻʢʪʥʠʭ ʬʫʥʢʮʽʡ ʅɹʂ-ʆʋ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ 

ʩʪʘʣʦ ʥʝʤʦʞʣʠʚʠʤ. 

ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʧʦʪʨʝʙʫʻ ʨʝʘʣʽʟʘʮʽʾ ʧʦʝʪʘʧʥʦʛʦ, ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʦʭʦʧʣʶʻ ʥʝʚʽʜʢʣʘʜʥʽ 

ʢʦʤʧʝʥʩʫʶʯʽ ʟʘʭʦʜʠ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʦʙʤʝʞʝʥʴ, ʧʝʨʝʛʣʷʜ ʫʤʦʚ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʝ ʚʽʜʥʦʚʣʝʥʥʷ 

ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʶ ʢʦʤʧʣʝʢʩʫ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʤʘʻ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʙʘʨôʻʨʥʠʭ ʬʫʥʢʮʽʡ, ʦʙʤʝʞʝʥʥʷ ʨʠʟʠʢʽʚ ʜʦʜʘʪʢʦʚʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʧʽʜʪʨʠʤʘʥʥʷ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʦʧʨʠ ʩʫʪʪʻʚʽ ʧʦʪʦʯʥʽ ʚʠʢʣʠʢʠ, ʩʪʨʘʪʝʛʽʯʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʘ ʤʝʪʘ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ï ʮʝ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʆʋ ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʫ 

ʩʠʩʪʝʤʫ ʰʣʷʭʦʤ ʜʝʤʦʥʪʘʞʫ ʥʝʩʪʘʙʽʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʚʠʣʫʯʝʥʥʷ ʇɺʄ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʈʽʰʝʥʥʷ çʑʦʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʥʦʚʦʛʦ ʙʝʟʧʝʯʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʫ ʪʘ 
ʦʙ'ʻʢʪʘ çʋʢʨʠʪʪʷè ʚ ʫʤʦʚʘʭ ʯʘʩʪʢʦʚʠʭ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ           

ʇʂ-1 ʅɹʂè ˉ 02-25-ʎɽʆʋ(ʅɹʂ) ʚʽʜ 21.03.2025 ʨ., ʧʦʛʦʜʞʝʥʝ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ 

ɼʝʨʞʘʪʦʤʨʝʛʫʣʶʚʘʥʥʷʤ. 

2. ʊʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ çʑʦʜʦ ʚʠʢʦʥʘʥʥʷ ʥʝʚʽʜʢʣʘʜʥʠʭ ʪʠʤʯʘʩʦʚʠʭ ʟʘʭʦʜʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚʣʫʯʘʥʥʷ ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ 

ʚ ʢʦʥʩʪʨʫʢʮʽʾ ɸʨʢʠ ʅʦʚʦʛʦ ɹʝʟʧʝʯʥʦʛʦ ʂʦʥʬʘʡʥʤʝʥʪʫè ˉ 6200/93-04-ɯʎ ʚʽʜ 28.05.2025 ʨ., 

ʧʦʛʦʜʞʝʥʝ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ ɼʝʨʞʘʪʦʤʨʝʛʫʣʶʚʘʥʥʷʤ. 

3. ʈʽʰʝʥʥʷ çʑʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʫ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 25/10ʪ ʪʘ ʜʚʦʩʪʫʣʢʦʚʦʛʦ ʣʶʢʫ ITS-ARH-MGA-DR-503 ɻʊʆ ʉʆʂ 

ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋè ˉ 04-25-ʎɽʆʋ(ʅɹʂ), ʧʦʛʦʜʞʝʥʝ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ 

ɼʝʨʞʘʪʦʤʨʝʛʫʣʶʚʘʥʥʷʤ. 

4. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʣʝʢʩʫ çʅɹʂ-ʆʋè. 

1ɽ-ʉ-ʅɹʂ-ʆʋ. 

5. ɿʚʽʪ ʟ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʢʦʤʧʣʝʢʩʫ ʅɹʂ-ʆʋ, 2021. 
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ʋɼʂ 621.039.58:661.96 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ɼʦʣʠʥʢʝʚʠʯ ɺ. ʄ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʌʽʣʘʪʦʚ ɺ. ɯ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʁʄʆɺɯʈʅɯʉʅɸ ʆʎɯʅʂɸ ʈʀɿʀʂɯɺ ɯʅʊɽɻʈʆɺɸʅʆɰ ʉʀʉʊɽʄʀ ɺʀʈʆɹʅʀʎʊɺɸ 

ɺʆɼʅʖ ʅɸ ɹɸɿɯ ɸɽʉ  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʫʯʘʩʥʘ ʷʜʝʨʥʘ ʝʥʝʨʛʝʪʠʢʘ ʩʪʠʢʘʻʪʴʩʷ ʟ 

ʚʠʢʣʠʢʘʤʠ ʥʠʟʴʢʦʾ ʤʘʥʝʚʨʝʥʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ʚʝʣʠʢʦʶ 

ʯʘʩʪʢʦʶ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ). ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʻ 

ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʜʝ ʥʘʜʣʠʰʢʦʚʘ ʪʝʧʣʦʚʘ ʪʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ɸɽʉ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʝʣʝʢʪʨʦʣʽʟʫ (HTEF). 

ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʝʥʝʨʛʦʙʣʦʢʘ ʚ ʙʘʟʦʚʦʤʫ ʨʝʞʠʤʽ, ʘ ʡ ʚʠʨʦʙʣʷʪʠ 

çʨʦʞʝʚʠʡè ʚʦʜʝʥʴ ʟ ʚʠʩʦʢʦʶ ʜʦʜʘʥʦʶ ʚʘʨʪʽʩʪʶ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚ ʛʘʣʫʟʽ ʷʜʝʨʥʦ-ʚʦʜʥʝʚʦʾ ʽʥʪʝʛʨʘʮʽʾ 

ʘʢʪʠʚʥʦ ʟʘʡʤʘʶʪʴʩʷ Idaho National Laboratory (INL) ʪʘ Sandia National Laboratories ʫ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʠ LWRS (Light Water Reactor Sustainability). ʋ ʧʨʘʮʷʭ Vedros K., Christian R. ʪʘ 

Smith C. [1, 3] ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʤʦʜʝʣʽ ʧʦʻʜʥʘʥʥʷ ʨʝʘʢʪʦʨʽʚ PWR ʪʘ BWR ʟ 

ʫʩʪʘʥʦʚʢʘʤʠ ʝʣʝʢʪʨʦʣʽʟʫ ʧʦʪʫʞʥʽʩʪʶ 100ï1150 ʄɺʪ. ʆʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʘʥʘʣʽʟʫ ʻ 

ʪʝʨʤʦʛʽʜʨʘʚʣʽʯʥʠʡ ʚʧʣʠʚ ʩʠʩʪʝʤʠ ʚʽʜʙʦʨʫ ʧʘʨʠ (HES) ʪʘ ʦʮʽʥʢʘ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʢʨʠʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ɸɽʉ. ɺ ʋʢʨʘʾʥʽ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʧʦʜʽʙʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʝʨʝʙʫʚʘʻ ʥʘ 

ʩʪʘʜʽʾ ʥʘʫʢʦʚʠʭ ʜʠʩʢʫʩʽʡ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ 

ʽʤʦʚʽʨʥʽʩʥʦʾ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʜʣʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ çɸɽʉïHTEFè, ʱʦ ʚʢʣʶʯʘʻ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʥʦʚʠʭ ʽʥʽʮʽʶʶʯʠʭ ʧʦʜʽʡ, ʤʦʜʝʣʶʚʘʥʥʷ ʢʘʩʢʘʜʥʠʭ ʚʽʜʤʦʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʧʦʢʣʘʜʝʥʦ ʧʦʻʜʥʘʥʥʷ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʛʦ ʪʘ 

ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʽʚ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʙʝʟʧʝʢ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ FMEA (Failure Mode 

and Effects Analysis), ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʚʽʜʤʦʚʠ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʾʭʥʴʦʶ 

ʪʷʞʢʽʩʪʶ ʪʘ ʯʘʩʪʦʪʦʶ. ʄʦʜʝʣʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ SAPHIRE 8, ʜʝ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʠʬʽʯʥʽ ʜʝʨʝʚʘ ʧʦʜʽʡ (Event Trees) ʪʘ ʜʝʨʝʚʘ 

ʚʽʜʤʦʚ (Fault Trees). 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. 1.ʆʧʠʩ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʚʽʜʙʦʨʫ ʧʘʨʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ HTEF ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʚʽʜʙʦʨʫ ʧʘʨʠ (HES), ʽʥʪʝʛʨʦʚʘʥʘ ʚ 

ʜʨʫʛʠʡ ʢʦʥʪʫʨ ɸɽʉ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʻ ʩʭʝʤʘ ʚʽʜʙʦʨʫ 

ʧʘʨʠ ʟ ʛʦʣʦʚʥʦʛʦ ʧʘʨʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ [4]. ʊʘʢʘ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʻ: 

ï ɼʚʽ ʧʦʩʣʽʜʦʚʥʽ ʽʟʦʣʶʶʯʽ ʟʘʩʫʚʢʠ (IV-1, IV-2), ʱʦ ʽʤʽʪʫʶʪʴ ʣʦʛʽʢʫ ʨʦʙʦʪʠ ʛʦʣʦʚʥʠʭ 

ʧʘʨʦʚʠʭ ʽʟʦʣʶʶʯʠʭ ʢʣʘʧʘʥʽʚ (MSIV). 

ï ʊʝʧʣʦʦʙʤʽʥʥʠʢʠ-ʚʠʧʘʨʥʠʢʠ (HES-EHX-1, HES-EHX-2), ʱʦ ʧʝʨʝʜʘʶʪʴ ʝʥʝʨʛʽʶ ʚ 

ʪʨʝʪʽʡ (ʚʦʜʥʝʚʠʡ) ʢʦʥʪʫʨ. 

ʈʦʟʨʠʚ ʙʫʜʴ-ʷʢʦʛʦ ʟ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʤʝʞʘʤʠ ʛʝʨʤʦʦʙʦʣʦʥʢʠ ʩʪʚʦʨʶʻ ʨʠʟʠʢ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʚʠʪʦʢʫ ʧʘʨʠ, ʱʦ ʚʝʜʝ ʜʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʪʘ 

ʧʦʟʠʪʠʚʥʦʛʦ ʚʥʝʩʢʫ ʨʝʘʢʪʠʚʥʦʩʪʽ. 

2. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʥʝʙʝʟʧʝʢ ʪʘ FMEA-ʘʥʘʣʽʟ. 

ʋ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʚʠʷʚʣʝʥʦ ʧʦʥʘʜ 10 ʩʧʝʮʠʬʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ (ʪʘʙʣ. 1). 

ʆʩʥʦʚʥʠʤ ʚʥʫʪʨʽʰʥʽʤ ʬʘʢʪʦʨʦʤ ʻ ʚʽʜʤʦʚʘ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʙʦʨʫ ʧʘʨʠ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʨʘʥʟʽʻʥʪʽʚ ʧʦʪʫʞʥʦʩʪʽ. ɿʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘʚʢʦʣʦ ʜʝʪʦʥʘʮʽʾ 

ʚʦʜʥʶ. 
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ʊʘʙʣʠʮʷ 1 ï ʄʘʪʨʠʮʷ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʥʝʙʝʟʧʝʢ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ (ʥʘ ʦʩʥʦʚʽ [2]) 

ɼʞʝʨʝʣʦ 

ʥʝʙʝʟʧʝʢʠ 
ʇʦʪʝʥʮʽʡʥʠʡ ʥʘʩʣʽʜʦʢ ɺʧʣʠʚ ʥʘ ɸɽʉ ʉʪʘʪʫʩ ʚ ɯɸɹ  

ʉʠʩʪʝʤʘ 

ʚʽʜʙʦʨʫ ʪʝʧʣʘ 

(HES) 

ʈʦʟʨʠʚ ʧʘʨʦʧʨʦʚʦʜʫ ʟʘ 

ʉʂ ʊɻ (Steam Line 

Break) 

ʇʦʨʫʰʝʥʥʷ ʪʝʧʣʦʚʽʜʚʦʜʫ ʯʝʨʝʟ 

ʜʨʫʛʠʡ ʢʦʥʪʫʨ 
ɺʢʣʶʯʝʥʦ 

ʋʩʪʘʥʦʚʢʘ 

ʝʣʝʢʪʨʦʣʽʟʫ 

(HTEF) 

ɼʝʪʦʥʘʮʽʷ ʚʦʜʥʝʚʦʾ 

ʭʤʘʨʠ ʘʙʦ ʩʪʨʫʤʝʥʷ 

ʚʦʜʥʶ 

ʋʜʘʨʥʘ ʭʚʠʣʷ ʥʘ ɺʈʇ 

(switchyard);ʚʪʨʘʪʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ (LOOP) 

ɺʢʣʶʯʝʥʦ 

ʊʝʧʣʦʦʙʤʽʥʥ

ʠʡ ʚʫʟʦʣ 

ʊʝʯʘ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʽ 

ʈʘʜʽʦʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʫʨʫ 

ʚʦʜʥʝʚʦʾ ʫʩʪʘʥʦʚʢʠ 

ɺʠʢʣʶʯʝʥʦ 

(ɽʢʦʥʦʤʽʯʥʠʡ 

ʨʠʟʠʢ) 

 

3. ʄʦʜʝʣʶʚʘʥʥʷ ʜʝʪʦʥʘʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʪʘ ʜʠʩʪʘʥʮʽʡʥʠʡ ʘʥʘʣʽʟ. 

ʂʨʠʪʠʯʥʠʤ ʝʣʝʤʝʥʪʦʤ PSA ʻ ʦʮʽʥʢʘ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʚʠʙʫʭʫ ʚʦʜʥʶ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʘʚʘʨʽʡ ɸɽʉ, ʜʝʪʦʥʘʮʽʷ ʥʘ HTEF ʻ ʽʤʦʚʽʨʥʽʩʥʦʶ ʧʦʜʽʻʶ, ʯʘʩʪʦʪʘ ʷʢʦʾ ()%) 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚʠʪʦʢʽʚ: 

 

ὍὉ Ὢ Ͻὖ Ͻὖ ͺ ȟ                                               (1) 

 

ʜʝ Ὢ ī ʨʽʯʥʘ ʯʘʩʪʦʪʘ ʚʠʪʦʢʽʚ ʚʦʜʥʶ; 

ὖ ï ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʧʘʣʶʚʘʥʥʷ; 

ὖ ͺ  ï ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʘʚʘʨʽʡʥʦʾ ʚʝʥʪʠʣʷʮʽʾ; 

ɼʣʷ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʥʮʝʧʮʽʶ çʢʨʠʚʠʭ ʢʨʠʭʢʦʩʪʽè (fragility curves), 

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʽʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ɸɽʉ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ 

ʫʜʘʨʥʦʾ ʭʚʠʣʽ (ʨʠʩ. 1). ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ ʻ ʦʧʦʨʠ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ (ʨʠʩ. 2).  

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽʡ ʘʚʘʨʽʾ (ʚʛʦʨʽ) ʪʘ 

ʟʘʛʘʣʴʥʦʾ ʚʨʘʟʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ɺʈʇ (ʚʥʠʟʫ) ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʫʩʪʘʥʦʚʢʦʶ ʝʣʝʢʪʨʦʣʽʟʫ ʪʘ 

ʝʥʝʨʛʦʙʣʦʢʦʤ ɸɽʉ [4] 
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ʈʠʩʫʥʦʢ 2 ï ʂʨʠʚʘ ʢʨʠʭʢʦʩʪʽ ʦʧʦʨʠ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ [4] 

 

4. ʈʝʛʫʣʷʪʦʨʥʽ ʘʩʧʝʢʪʠ ʪʘ ʢʨʠʪʝʨʽʾ ʧʨʠʡʥʷʪʥʦʩʪʽ. 

ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ NRC (RG 1.174) ʪʘ ʫʢʨʘʾʥʩʴʢʠʤʠ ʥʦʨʤʘʤʠ (ʅʇ 306.2.141-2008), 

ʙʫʜʴ-ʷʢʘ ʟʤʽʥʘ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʝʥʝʨʛʦʙʣʦʢʘ ʻ ʧʨʠʡʥʷʪʥʦʶ, ʷʢʱʦ ʚʦʥʘ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʨʠʟʠʢʫ. ɼʣʷ ɸɽʉ ʟ ʨʝʘʢʪʦʨʘʤʠ LWR ʚʩʪʘʥʦʚʣʝʥʦ ʪʘʢʽ ʦʨʽʻʥʪʠʨʠ: 

ï ʇʨʠʨʽʩʪ ʯʘʩʪʦʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ȹCDF ʤʘʻ ʙʫʪʠ ʤʝʥʰʠʤ ʟʘ 10-6 ʥʘ ʨʽʢ; 

ï ʏʘʩʪʦʪʘ ʚʝʣʠʢʦʛʦ ʨʘʥʥʴʦʛʦ ʚʠʢʠʜʫ ȹLERF ï ʤʝʥʰʝ 10-7 ʥʘ ʨʽʢ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚ SAPHIRE ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʠʪʠ ʮʽ ʫʤʦʚʠ ʜʣʷ ʨʽʟʥʠʭ 

ʩʮʝʥʘʨʽʾʚ ʨʦʟʤʽʱʝʥʥʷ HTEF (ʚʽʜ 100 ʜʦ 1000 ʤʝʪʨʽʚ ʚʽʜ ʨʝʘʢʪʦʨʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ). 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʥʘ ʙʘʟʽ ɸɽʉ ʻ ʙʝʟʧʝʯʥʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʽʤʦʚʽʨʥʽʩʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʟʘ ʫʤʦʚʠ ʜʦʪʨʠʤʘʥʥʷ ʟʘʭʠʩʥʠʭ ʜʠʩʪʘʥʮʽʡ (ʥʝ ʤʝʥʰʝ 500 ʤ ʜʣʷ ʚʽʜʢʨʠʪʠʭ 

ʤʘʡʜʘʥʯʠʢʽʚ). 

1. ɿʘʩʪʦʩʫʚʘʥʥʷ FMEA-ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʠʣʦ ʚʠʜʽʣʠʪʠ ʨʦʟʨʠʚ ʣʽʥʽʡ ʪʝʧʣʦʚʦʾ ʽʥʪʝʛʨʘʮʽʾ 

ʷʢ ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʫ ʚʥʫʪʨʽʰʥʶ ʽʥʽʮʽʶʶʯʫ ʧʦʜʽʶ. 

2. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʜʝʨʝʚʘ ʧʦʜʽʡ, ʷʢʝ ʧʦʻʜʥʫʻ 
ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ ɸɽʉ ʽʟ ʽʤʦʚʽʨʥʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʩʪʽ ʚʦʜʥʝʚʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

3. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʥʘ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʦʜʥʝʚʠʭ ʟʘʚʦʜʽʚ, ʢʦʣʦʢʦʚʘʥʠʭ ʟ ɸɽʉ ʋʢʨʘʾʥʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ 

ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Vedros K. G., Christian R., Glover A., & Smith C. L. (2022). Probabilistic risk 

assessment of a light water reactor coupled with a high-temperature electrolysis hydrogen 

production plant ï Part 2: Hazards assessment and PRA. In Proceedings of the 16th Probabilistic 

Safety Assessment and Management Conference (PSAM 16). Honolulu, HI. 

2. Vedros K. G., Christian R., Glover A., & Smith C. L. (2022). Probabilistic risk 

assessment of a light water reactor coupled with a high-temperature electrolysis hydrogen 

production plant ï Part 1: Hazards analysis. In Proceedings of the 16th Probabilistic Safety 

Assessment and Management Conference (PSAM 16). Honolulu, HI. 

3. Christian R., Otani C. M. Y. H., Vedros K. G., & Glover A. M. (2023). Probabilistic 

risk assessment of a light water reactor coupled with a high-temperature electrolysis hydrogen 

production plant (Report No. INL/CON-22-70198-Revision-0). Idaho National Laboratory. 

4. Vedros K. G., Christian R., & Otani C. (2022). Flexible plant operation and generation: 

Probabilistic risk assessment of a light-water reactor coupled with a high-temperature electrolysis 

hydrogen production plant (Report No. INL/EXT-20-60104, Revision 1). Idaho National 

Laboratory. U.S. Department of Energy. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɽʈʉʇɽʂʊʀɺʀ ʄʄʈ ɺ ʋʄʆɺɸʍ ʇɯʉʃʗɺʆɭʅʅʆɰ ɺɯɼɹʋɼʆɺʀ ʋʂʈɸɰʅʀ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʦʰʢʦʜʞʝʥʥʷ ʦʙᾷʻʢʪʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʫʥʘʩʣʽʜʦʢ ʚʦʻʥʥʠʭ ʜʽʡ ʚ ʋʢʨʘʾʥʽ ʚʠʷʚʠʣʠ ʚʠʩʦʢʫ ʚʨʘʟʣʠʚʽʩʪʴ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʾ ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ. 

ɺʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʝʥʝʨʛʝʪʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʋʢʨʘʾʥʠ ʟʘʟʥʘʣʘ ʟʥʘʯʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ. ɿʘ ʜʘʥʠʤʠ ʤʽʞʥʘʨʦʜʥʦʾ ʦʮʽʥʢʠ UNDP ʪʘ ʉʚʽʪʦʚʦʛʦ ʙʘʥʢʫ, ʛʝʥʝʨʫʶʯʘ 

ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ ʩʢʦʨʦʪʠʣʘʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 61 %, ʘ ʜʦʩʪʫʧʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʟʤʝʥʰʠʣʘʩʷ ʟ 36 ɻɺʪ ʜʦ 13,9 ɻɺʪ. ʏʘʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʦʙᾷʻʢʪʽʚ, ʟʦʢʨʝʤʘ ɿʘʧʦʨʽʟʴʢʘ ɸɽʉ ʧʦʪʫʞʥʽʩʪʶ ʙʣʠʟʴʢʦ 6 ɻɺʪ, ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, 

ʱʦ ʪʠʤʯʘʩʦʚʦ ʥʝ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʋʢʨʘʾʥʦʶ [2, ʩ.4]. 

ɺ ʫʤʦʚʘʭ ʧʽʩʣʷʚʦʻʥʥʦʾ ʚʽʜʙʫʜʦʚʠ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ, 

ʘʚʪʦʥʦʤʥʠʭ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʜʞʝʨʝʣ ʛʝʥʝʨʘʮʽʾ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʝ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ 

ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʣʠʭ ʤʦʜʫʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ (ʄʄʈ), ʱʦ ʧʦʻʜʥʫʶʪʴ 

ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ, ʤʦʜʫʣʴʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʚ ʽʟʦʣʴʦʚʘʥʠʭ ʨʝʞʠʤʘʭ. 

ɺ ʦʛʣʷʜʽ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʨʦʟʚʠʪʢʫ ʤʘʣʠʭ ʤʦʜʫʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ 

ʄʄʈ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤ. ɿʘʚʜʷʢʠ ʤʝʥʰʽʡ ʚʩʪʘʥʦʚʣʝʥʽʡ ʧʦʪʫʞʥʦʩʪʽ, ʤʦʜʫʣʴʥʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʦʝʪʘʧʥʦʛʦ ʚʚʝʜʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ, ʄʄʈ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʘʙʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʦʢʨʝʤʘ ʚ 

ʨʝʛʽʦʥʘʭ ʟ ʧʦʰʢʦʜʞʝʥʦʶ ʘʙʦ ʦʙʤʝʞʝʥʦʶ ʛʝʥʝʨʘʮʽʻʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [3]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʧʠʪʘʥʥʷ 

ʨʦʟʚʠʪʢʫ ʤʘʣʠʭ ʤʦʜʫʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʦʛʣʷʜʽ ʄɸɻɸʊɽ 

çAdvances in Small Modular Reactor Technology Developmentsè (2020). ʋ ʟʚʽʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʧʦʥʘʜ 70 ʧʨʦʻʢʪʽʚ ʄʄʈ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʧʨʷʤʽʚ (ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʽ, ʰʚʠʜʢʽ 

ʥʝʡʪʨʦʥʥʽ, ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʛʘʟʦʦʭʦʣʦʜʞʫʚʘʥʽ, ʨʝʘʢʪʦʨʠ ʥʘ ʨʦʟʧʣʘʚʘʭ ʩʦʣʝʡ ʪʦʱʦ), ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʨʦʟʨʦʙʢʠ ʪʘ ʣʽʮʝʥʟʫʚʘʥʥʷ [1]. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʫ ʟʚʽʪʽ ʧʝʨʝʚʘʞʥʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʛʣʦʙʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʄʄʈ, ʪʦʜʽ ʷʢ 

ʧʠʪʘʥʥʷ ʾʭ ʩʠʩʪʝʤʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʝʨʞʘʚ ʽʟ ʧʽʜʚʠʱʝʥʠʤʠ ʨʠʟʠʢʘʤʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʥʘʫʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʣʠʭ ʤʦʜʫʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʧʽʩʣʷʚʦʻʥʥʦʾ ʚʽʜʙʫʜʦʚʠ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʛʽʜʥʦ ʟʽ ʟʚʽʪʦʤ ʄɸɻɸʊɽ çAdvances in Small Modular Reactor 

Technology Developmentsè (2020), ʩʫʯʘʩʥʽ ʄʄʈ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʧʨʷʤʽʚ: ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨʝʘʢʪʦʨʠ (iPWR), 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʛʘʟʦʦʭʦʣʦʜʞʫʚʘʥʽ ʨʝʘʢʪʦʨʠ (HTGR), ʰʚʠʜʢʽ ʨʝʘʢʪʦʨʠ (SFR, LFR), ʘ 

ʪʘʢʦʞ ʨʝʘʢʪʦʨʠ ʥʘ ʨʦʟʧʣʘʚʘʭ ʩʦʣʝʡ (MSR). ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤʠ ʜʦ ʢʦʤʝʨʮʽʡʥʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʻ ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʄʄʈ, ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʠʭ ʧʝʨʝʜʙʘʯʘʻ 

ʨʦʟʤʽʱʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʥʘʩʦʩʽʚ) ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, 

ʱʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. ʄɸɻɸʊɽ ʚʽʜʟʥʘʯʘʻ, ʱʦ 

ʤʦʜʫʣʴʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʚʦʜʩʴʢʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʣʶʯʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʟʚʦʣʷʶʪʴ 
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ʩʢʦʨʦʪʠʪʠ ʩʪʨʦʢʠ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʫʧʦʚʝ ʥʘʨʦʱʫʚʘʥʥʷ ʛʝʥʝʨʫʶʯʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ.  

ɺ ʫʤʦʚʘʭ ʧʽʩʣʷʚʦʻʥʥʦʾ ʚʽʜʙʫʜʦʚʠ ʋʢʨʘʾʥʠ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤʠ ʚʠʛʣʷʜʘʶʪʴ 

ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʄʄʈ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʷʭ, ʙʣʠʟʴʢʠʭ ʜʦ 

ʪʨʘʜʠʮʽʡʥʠʭ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ. ʎʝ ʩʧʨʦʱʫʻ ʘʜʘʧʪʘʮʽʶ 

ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʪʘ ʧʽʜʛʦʪʦʚʢʫ ʧʝʨʩʦʥʘʣʫ. ʇʦʪʝʥʮʽʡʥʠʤʠ ʤʘʡʜʘʥʯʠʢʘʤʠ ʨʦʟʤʽʱʝʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʪʝʨʠʪʦʨʽʾ ʽʩʥʫʶʯʠʭ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʷʢ ʜʦʜʘʪʢʦʚʽ ʝʥʝʨʛʦʙʣʦʢʠ ʤʝʥʰʦʾ 

ʧʦʪʫʞʥʦʩʪʽ), ʘ ʪʘʢʦʞ ʧʨʦʤʠʩʣʦʚʽ ʨʝʛʽʦʥʠ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 

ʪʝʧʣʘ: 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣʘʩʪʴ ï ʮʝʥʪʨ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʪʘ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ; 

ɿʘʧʦʨʽʟʴʢʠʡ ʧʨʦʤʠʩʣʦʚʠʡ ʚʫʟʦʣ ï ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʥʝʨʛʦʻʤʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ; 

ʂʨʠʚʦʨʽʟʴʢʠʡ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʨʝʛʽʦʥ; 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʪʘ ʆʜʝʩʴʢʠʡ ʨʝʛʽʦʥʠ ï ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʨʝʙ ʫ ʩʪʘʙʽʣʴʥʦʤʫ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʽ ʧʦʨʪʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʚʽʪʫ ʄɸɻɸʊɽ (2020), ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʄʄʈ (integral 

Pressurized Water Reactors ï iPWR) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷʤ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ. ɼʦ ʩʢʣʘʜʫ ʽʥʪʝʛʨʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʭʦʜʷʪʴ: 

ʘʢʪʠʚʥʘ ʟʦʥʘ ʨʝʘʢʪʦʨʘ, ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʽ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ, ʛʦʣʦʚʥʽ ʮʠʨʢʫʣʷʮʽʡʥʽ ʥʘʩʦʩʠ 

(ʘʙʦ ʧʨʠʨʦʜʥʘ ʮʠʨʢʫʣʷʮʽʷ ʪʝʧʣʦʥʦʩʽʷ), ʢʦʤʧʝʥʩʘʪʦʨ ʪʠʩʢʫ ʪʘ ʩʠʩʪʝʤʠ ʧʘʩʠʚʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ 

ʪʝʧʣʘ. ʊʘʢʘ ʢʦʤʧʦʥʦʚʢʘ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚʝʣʠʢʦʛʦ 

ʜʽʘʤʝʪʨʘ ʪʘ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʚʝʣʠʢʠʭ ʨʦʟʨʠʚʽʚ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʠʭ ʄʄʈ ʘʥʘʣʦʛʽʯʥʠʡ ʪʨʘʜʠʮʽʡʥʠʤ ʨʝʘʢʪʦʨʘʤ 

ʪʠʧʫ ɺɺɽʈ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ: ʫ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʽ ʩʧʦʚʽʣʴʥʶʚʘʯʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʦʜʘ ʧʽʜ ʪʠʩʢʦʤ, ʷʢʘ ʥʝ ʢʠʧʠʪʴ ʫ ʧʝʨʰʦʤʫ ʢʦʥʪʫʨʽ ʪʘ ʧʝʨʝʜʘʻ ʪʝʧʣʦ ʯʝʨʝʟ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʫ ʜʨʫʛʠʡ ʢʦʥʪʫʨ. ʉʘʤʝ ʮʷ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʧʘʜʢʦʚʽʩʪʴ ʨʦʙʠʪʴ ʽʥʪʝʛʨʘʣʴʥʽ ʄʄʈ 

ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤʠ ʜʦ ʽʩʥʫʶʯʠʭ ʚ ʋʢʨʘʾʥʽ ʪʝʭʥʦʣʦʛʽʡ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ. ʇʨʠʢʣʘʜ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʢʦʤʧʦʥʦʚʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1ï2. 

 

ʈʠʩʫʥʦʢ 1 ï ʂʦʤʧʦʥʦʚʢʘ ʨʝʘʢʪʦʨʥʦʛʦ ʤʦʜʫʣʷ NuScale (integral PWR) [1] 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʦʛʦ ʄʄʈ (ʥʘ ʧʨʠʢʣʘʜʽ NuScale) [1] 

 

ɺʠʩʥʦʚʢʠ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʩʠʩʪʝʤʥʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ 

ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʠʭ ʄʄʈ ʷʢ ʝʣʝʤʝʥʪʫ ʧʽʩʣʷʚʦʻʥʥʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʧʦʜʽʙʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʠʭ ʄʄʈ ʜʦ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʧʦʪʝʥʮʽʡʥʫ ʩʫʤʽʩʥʽʩʪʴ ʽʟ ʥʘʷʚʥʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʪʘ ʨʝʛʫʣʷʪʦʨʥʦʶ ʙʘʟʦʶ. ʄʦʜʫʣʴʥʽʩʪʴ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʧʽʜʚʠʱʫʶʪʴ ʨʽʚʝʥʴ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʢʣʠʢʠ ʧʽʩʣʷʚʦʻʥʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ, 

ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʄʄʈ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. IAEA. Advances in Small Modular Reactor Technology Developments. 2020 Edition. 
Vienna: International Atomic Energy Agency, 2020. 

2. Ukraine Energy Damage Assessment: Executive Summary. United Nations 

Development Programme (UNDP), World Bank Group. March 2023. 

3. Global Situation of Small Modular Reactor Development and Deployment. Jakarta: 
ERIA, 2021. 
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ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʑʦʢʽʥ ɺ. ɼ. 

ĭ ʇʨʦʬ., ʜ.ʪ.ʥ. ʍʘʡʨʥʘʩʦʚ ʉ. ʄ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɯɼɺʀʑɽʅʅʗ ɸɺʊʆʅʆʄʅʆʉʊɯ ʉʀʉʊɽʄ ʂʆʅʊʈʆʃʖ ɸɽʉ ɿ ɺɺɽʈ-1000  

ʅɸ ɹɸɿɯ ʊɽʈʄʆɽʃɽʂʊʈʀʏʅʆɰ ʈɽʂʋʇɽʈɸʎɯɰ ʊɽʇʃɸ  

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ɸɽʉ) ʧʦʪʨʝʙʫʶʪʴ 

ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʞʠʚʣʝʥʥʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʦʙᾷʻʢʪʽʚ ʧʨʠ ʧʦʚʥʦʤʫ ʟʥʝʩʪʨʫʤʣʝʥʥʽ (Station Blackout). ʆʜʥʦʯʘʩʥʦ 

ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʨʝʘʢʪʦʨʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʚʠʤʘʛʘʶʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʚʫʟʣʽʚ ʜʣʷ ʚʽʙʨʦʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʦʥʪʨʦʣʶ 

ʚʠʪʦʢʽʚ. ʆʨʛʘʥʽʟʘʮʽʷ ʥʦʚʠʭ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ ʚʩʝʨʝʜʠʥʽ ʛʝʨʤʦʦʙʦʣʦʥʢʠ (ʢʦʥʪʝʡʥʤʝʥʪʫ) ʻ 

ʝʢʦʥʦʤʽʯʥʦ ʪʘ ʪʝʭʥʽʯʥʦ ʥʝʜʦʮʽʣʴʥʦʶ ʯʝʨʝʟ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʛʝʨʤʦʧʨʦʭʦʜʦʢ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʪʯʠʢʽʚ ʽʟ ʭʽʤʽʯʥʠʤʠ ʙʘʪʘʨʝʷʤʠ ʥʝʤʦʞʣʠʚʝ ʯʝʨʝʟ ʨʘʜʽʘʮʽʡʥʫ ʜʝʛʨʘʜʘʮʽʶ 

ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʾʭ ʟʘʤʽʥʠ ʧʽʜ ʯʘʩ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʘʚʪʦʥʦʤʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʜʣʷ ʙʝʟʜʨʦʪʦʚʠʭ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ (ʊɽɻ), ʱʦ 

ʫʪʠʣʽʟʫʶʪʴ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʰʪʘʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ɸɽʉ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʗʢ ʦʧʪʠʤʘʣʴʥʝ ʜʞʝʨʝʣʦ ʚʠʩʦʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʝʥʦ ʩʠʩʪʝʤʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʜʫʚʘʥʥʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ (ʩʠʩʪʝʤʘ 

ʊʂ) (ʨʠʩ. 1). ʅʘ ʜʽʣʷʥʮʽ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʦ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʊʂ80W01 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʨʽʚʥʽ 270ï280 ÁC ʧʨʠ ʨʦʙʦʯʦʤʫ ʪʠʩʢʫ 

~16 ʄʇʘ [1]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʌʨʘʛʤʝʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʩʠʩʪʝʤʠ ʧʨʦʜʫʚʘʥʥʷ ʇɻ (ʊʂ) ʟ ʧʦʟʥʘʯʝʥʥʷʤ 

ʟʦʥʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʦʪʠ 
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ɼʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʤʠʩʣʦʚʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʦʜʫʣʽ ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ (ὄὭὝὩ). ʂʨʠʪʠʯʥʠʤ ʘʩʧʝʢʪʦʤ 
ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʛʝʨʤʦʟʦʥʽ ʻ ʾʭʥʷ ʨʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ. ɸʥʘʣʽʟ 

ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʦʜʠʪʴ [2], ʱʦ ʧʨʠ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 250 ÁC ʰʚʠʜʢʽʩʪʴ 

ʪʝʨʤʽʯʥʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʾʭ 

ʫʪʚʦʨʝʥʥʷ ʧʽʜ ʜʽʻʶ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʝʬʝʢʪ in-situ annealing). 

ɹʽʣʴʰʝ ʪʦʛʦ, ʚʧʣʠʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʜʘʪʝʥ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ɼʝʬʝʢʪʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʜʽʶʪʴ ʷʢ ʮʝʥʪʨʠ ʨʦʟʩʽʶʚʘʥʥʷ ʬʦʥʦʥʽʚ, 

ʟʥʠʞʫʶʯʠ ˇʨʘʪʢʦʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ʆʮʽʥʢʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʜʦʙʨʦʪʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʚʽʜʦʤʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

 

ὤὝ  
Ͻ
ϽὝȟ                                                                       (1) 

 

ʜʝ  ‌ ï ʢʦʝʬʽʮʽʻʥʪ ɿʝʻʙʝʢʘ, ɺ/ʂ; „ ï ʧʠʪʦʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ, ʉʤ/ʤ;                     

Ὧ ï ʟʘʛʘʣʴʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ɺʪ/(ʤĿʂ); Ὕ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

ɿʥʠʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ Ὧ ʚʥʘʩʣʽʜʦʢ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʙʝʟ 

ʩʫʪʪʻʚʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʫʤʘʨʥʦ ʧʽʜʚʠʱʫʻ ʙʝʟʨʦʟʤʽʨʥʫ ʜʦʙʨʦʪʥʽʩʪʴ ZT, 

ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʂʂɼ ʛʝʥʝʨʘʪʦʨʘ [3]. ʊʘʢ, ʥʘʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʚʠʨʦʙʣʷʻʪʴʩʷ ʊɽɻ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ, ʧʽʜʚʠʱʠʣʘʩʴ ʟ 120 ʤɺʪ ʜʦ 

200 ʤɺʪ ʥʘʧʨʦʪʷʟʽ 20 ʜʽʙ ʨʦʙʦʪʠ ʨʝʘʢʪʦʨʫ ʧʽʩʣʷ ʡʦʛʦ ʟʘʧʫʩʢʫ.  

ʆʢʨʽʤ ʩʠʩʪʝʤʠ ʊʂ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʛʝʥʝʨʘʮʽʶ ʚ ʨʝʞʠʤʽ ʙʘʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʜʣʷ ʩʮʝʥʘʨʽʾʚ ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ (SBO) ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʠʩʪʝʤʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʥʘ ʚʠʭʣʦʧʥʠʭ ʢʦʣʝʢʪʦʨʘʭ ʨʝʟʝʨʚʥʠʭ ʜʠʟʝʣʴ-

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʈɼɽʉ). ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ (350ï450ÁC) ʜʦʟʚʦʣʷʻ 

ʛʝʥʝʨʫʚʘʪʠ ʧʽʢʦʚʫ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʟʘʨʷʜʫ ʩʪʘʨʪʝʨʥʠʭ ʙʘʪʘʨʝʡ ʪʘ 

ʞʠʚʣʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʘʚʪʦʤʘʪʠʢʠ ʢʦʤʽʨʢʠ ʈɼɽʉ. ɻʦʣʦʚʥʠʤ ʽʥʞʝʥʝʨʥʠʤ ʚʠʢʣʠʢʦʤ ʫ ʜʘʥʦʤʫ 

ʩʮʝʥʘʨʽʾ, ʷʢʠʡ ʚʠʥʦʩʠʪʴʩʷ ʷʢ ʥʘʧʨʷʤ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʻ ʨʦʟʨʦʙʢʘ 

ʚʽʙʨʦʽʟʦʣʷʮʽʡʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ ʢʨʠʭʢʠʭ ʢʝʨʘʤʽʯʥʠʭ ʤʦʜʫʣʽʚ ʚʽʜ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ 

ʚʽʙʨʘʮʽʡ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ. 

ɺʠʩʥʦʚʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʨʝʢʫʧʝʨʘʪʦʨʽʚ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

ʩʠʩʪʝʤʠ ʧʨʦʜʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʽ ʚʫʟʣʠ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚ 

ʛʝʨʤʦʟʦʥʽ. ɽʥʝʨʛʽʾ ʫ 5ï8 ɺʪ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʞʠʚʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʪʘ 

ʙʝʟʜʨʦʪʦʚʠʭ ʧʝʨʝʜʘʚʘʯʽʚ (ʩʪʘʥʜʘʨʪʫ ZigBee/Wi-Fi). ʎʝ ʚʠʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʢʣʘʜʘʥʥʷ 

ʥʦʚʠʭ ʢʘʙʝʣʴʥʠʭ ʪʨʘʩ ʪʘ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʨʝʘʢʪʦʨʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʚ ʨʝʞʠʤʘʭ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʠ ʘʚʘʨʽʷʭ ʟʽ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʊʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ ʨʝʘʢʪʦʨʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ɺɺɽʈ-1000 ʟ ʈʋ ɺ-320. ʏʘʩʪʠʥʘ 2. 

ɼʦʧʦʤʽʞʥʽ ʩʠʩʪʝʤʠ : ʥʘʚʯ. ʧʦʩʽʙ. / ɹʘʣʘʢʦʚʩʴʢʘ ɸɽʉ. ɹʘʣʘʢʦʚʦ, 1995. 248 ʩ. 

2. Thermoelectric Power Generation in the Core of a Nuclear Reactor / N. Kempf [et al.]. 

Idaho National Laboratory (INL). 2022. P. 1ï15. 

3. Ion Beam Irradiation Effect on Thermoelectric Properties of Bi2Te3 and Sb2Te3 Thin 

Films / G. Fu [et al.]. Materials Science & Technology. 2018. P. 1ï25. 
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ʋɼʂ 621.039.58 

ĭ ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ ʃʷʭʦʨ ɼ. ʆ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʂʦʥʴʰʠʥ ɺ. ɯ. 

  https://scholar.google.com.ua/citations?user=G8kKS2MAAAAJ&hl 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄɽʊʆɼʀʂɸ ʋʅɯʌɯʂɸʎɯɰ ʂʆʄʇʃɽʂʉʋ ɼɸʅʀʍ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ 

ʈɸɼɯɸʎɯʁʅʆɻʆ ʄʆʅɯʊʆʈʀʅɻʋ ɼʃʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ʋ ʉʀʉʊɽʄɸʍ 

ʇɯɼʊʈʀʄʂʀ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʨʘʤʢʘʭ ʂʦʥʚʝʥʮʽʾ ʧʨʦ ʦʧʝʨʘʪʠʚʥʝ 

ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ ʷʜʝʨʥʫ ʘʚʘʨʽʶ, ʋʢʨʘʾʥʘ ʤʘʻ ʟʦʙʦʚᾷʷʟʘʥʥʷ ʟ ʦʧʝʨʘʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʨʘʜʽʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʾʾ ʪʝʨʠʪʦʨʽʷ ʟʘʟʥʘʣʘ, ʘʙʦ 

ʤʦʞʝ ʟʘʟʥʘʪʠ, ʬʽʟʠʯʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʨʘʜʽʘʮʽʡʥʦʾ ʘʚʘʨʽʾ [1]. 

ʂʦʤʧʽʣʷʮʽʷ, ʦʙʤʽʥ ʪʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʫ ʚʠʧʘʜʢʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʥʝ ʫʩʢʣʘʜʥʶʶʪʴʩʷ ʟʘʚʜʷʢʠ ʘʜʘʧʪʘʮʽʾ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʬʦʨʤʘʪʫ IRIX, ʷʢʘ 

ʧʨʠʙʠʨʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʚʝʨʪʫʚʘʪʠ ʪʘ ʪʨʘʥʩʢʨʠʙʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʤʽʞ ʨʽʟʥʠʤʠ 

ʬʦʨʤʘʪʘʤʠ [2]. 

ʄʦʥʽʪʦʨʠʥʛ ʨʘʜʽʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʋʢʨʘʾʥʽ ʧʨʦʚʦʜʠʪʴʩʷ 

ʩʫʙᾷʻʢʪʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙᾷʻʢʪʦʚʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ. ʆʪʨʠʤʘʥʥʶ ʫʟʘʛʘʣʴʥʝʥʦʾ 

ʪʘ ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʾ 

ʤʝʪʦʜʦʣʦʛʽʾ, ʥʘʣʝʞʥʦʛʦ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʫʯʘʩʥʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ 

ʽ ʨʝʩʫʨʩʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʦʧʝʨʘʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʜʦ 

ʮʝʥʪʨʽʚ ʾʾ ʦʙʨʦʙʢʠ ʪʘ ʥʘʣʽʟʫ ʚ ʻʜʠʥʦʤʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʬʦʨʤʘʪʽ ʦʙʤʽʥʫ ʜʘʥʠʤʠ [3]. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʫʥʽʬʽʢʘʮʽʾ ʜʘʥʠʭ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʦʟʙʘʚʠʚʰʠʩʴ ʚʧʣʠʚʫ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʧʦʚᾷʷʟʘʥʽ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʡʜʘʥʯʠʢʽʚ ʨʦʟʤʽʱʝʥʥʷ ɸʉʂʈʉ ʪʘ ʚʠʢʦʥʘʥʥʷʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʋʩʧʽʰʥʝ 

ʩʪʚʦʨʝʥʥʷ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʝ ʥʘ ʩʪʨʘʪʝʛʽʯʥʫ ʤʝʪʫ ʋʢʨʘʾʥʠ ï ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʫ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʠʷʚʣʷʪʠ ʨʘʜʽʘʮʽʡʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʟʘʛʨʦʟʠ ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʚʠʧʘʜʢʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʨʘʜʽʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ [3, 4]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʨʘʤʢʘʭ ʞʫʨʥʘʣʫ Radiation Protection Dosimetry ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʢʘʟʽʚ 

ʜʝʪʝʢʪʦʨʽʚ, ʜʣʷ ʯʦʛʦ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʧʽʜʭʽʜ çʽʜʝʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘè [5]. 

ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ European Joint Programme for the Integration of Radiation Protection 

Research ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʽʩʮʝʚʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʝʪʝʢʪʦʨʽʚ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʥʷ ʜʦʟʠ [6]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʈʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʫʥʽʬʽʢʘʮʽʾ ʜʘʥʠʭ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʘʜʽʘʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʪʘ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʦʮʽʥʦʢ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟ ʩʠʩʪʝʤʘʤʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʨʘʤʢʘʭ ʇʦʨʷʜʢʫ ʩʪʚʦʨʝʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʥʪʝʛʨʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ [6], ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʪʦʯʥʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʪʘ 

ʤʝʪʝʦʨʦʣʦʛʽʾ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʦʾ ʜʠʩʧʝʨʩʽʾ, ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʣʴʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʘ 
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ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʦʥʘ 

ʤʘʻ ʥʘʟʚʫ çʫʥʽʬʽʢʘʮʽʷ ʜʘʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫè. 

ʋʥʽʬʽʢʘʮʽʷ ʜʘʥʠʭ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʨʷʜ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʝʪʘʧʽʚ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʘʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʟʙʠʨʘʶʪʴʩʷ ʟ ʤʘʡʜʘʥʯʠʢʽʚ ʜʝʪʝʢʪʦʨʽʚ ʪʘ ɸʉʂʈʉ, 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʫʶʪʴʩʷ ʧʝʨʚʠʥʥʽ ʜʘʥʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʚ 

ʢʨʠʟʦʚʦʤʫ ʮʝʥʪʨʽ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʾʭ ʦʙʨʦʙʢʘ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʧʝʥʩʘʮʽʶ ʥʝʪʦʯʥʦʩʪʝʡ, 

ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʡʜʘʥʯʠʢʫ ʨʦʟʤʽʱʝʥʥʷ ʜʝʪʝʢʪʦʨʘ, ʥʘʙʣʠʞʫʶʯʠ ʾʭ ʜʦ 

ʧʦʪʝʥʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ çʽʜʝʘʣʴʥʦʛʦè ʜʝʪʝʢʪʦʨʘ, ʷʢʙʠ ʚʽʥ ʩʪʦʷʚ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʨʝʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ.  

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʠʡʤʘʶʪʴʩʷ ʧʝʨʚʠʥʥʽ ʜʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʽ 

ʤʝʪʝʦʨʦʣʦʛʽʾ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʙʨʘʥʫ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ JRodos, 

ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʦʾ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʠʥʦʢ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ. ʈʝʟʫʣʴʪʘʪ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʯʢʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʟʚʦʜʠʪʴʩʷ ʜʦ ʢʦʦʨʜʠʥʘʪ 

ʨʦʟʤʽʱʝʥʥʷ ʤʘʡʜʘʥʯʠʢʽʚ ʜʝʪʝʢʪʦʨʽʚ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʧʝʨʰʦʤʫ ʪʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʘʭ. ʗʢʱʦ ʮʽ ʜʘʥʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ - ʫʥʽʬʽʢʘʮʽʷ 

ʜʘʥʠʭ ʚʚʘʞʘʻʪʴʩʷ ʟʘʚʝʨʰʝʥʦʶ, ʽ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʦʜʘʣʴʰʠʭ ʟʘʚʜʘʥʥʷʭ. 

ʗʢʱʦ ʞ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʦʙʨʘʥʦʤʫ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ, ʥʘʩʪʫʧʥʠʡ ʝʪʘʧ 

ʧʝʨʝʜʙʘʯʘʻ ʨʝʢʦʥʬʽʛʫʨʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʪʘ ʤʦʜʝʣʽ ʘʪʤʦʩʬʝʨʥʦʾ ʜʠʩʧʝʨʩʽʾ. 

ʇʽʩʣʷ ʯʦʛʦ, ʧʦʚʪʦʨʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʜʨʫʛʠʡ ʪʘ ʪʨʝʪʽʡ ʝʪʘʧ, ʽʪʝʨʫʶʯʠ ʤʝʪʝʦʨʦʣʦʛʽʶ ʪʘ ʜʞʝʨʝʣʦ 

ʚʠʢʠʜʫ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʘʜʦʚʦʣʴʥʠʪʴ ʦʙʨʘʥʦʤʫ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʪʨʠ ʝʪʘʧʠ ʫʥʽʬʽʢʘʮʽʾ: ʟʙʽʨ ʪʘ ʦʙʨʦʙʢʫ 

ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ, ʨʦʟʨʘʭʫʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʉʇʇʈ ʪʘ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ʋʥʽʬʽʢʘʮʽʷ ʜʘʥʠʭ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʧʝʨʝʦʮʽʥʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʦʾ ʜʠʩʧʝʨʩʽʾ ʚ ʉʇʇʈ, 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʶʯʠ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʟʚʝʩʪʠ ʜʘʥʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜ 

ʤʽʞʥʘʨʦʜʥʠʡ ʬʦʨʤʘʪ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʢʨʠʟʦʚʠʭ ʮʝʥʪʨʽʚ ʋʢʨʘʾʥʠ ʫ ʚʠʧʘʜʢʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʅɸ ɹɽɿʇɽʂʋ ɽʅɽʈɻʆɹʃʆʂʋ ˉ2 ʍɸɽʉ ɺʀʍɯɼʅʀʍ ʇʆɼɯʁ 

ʅɸ ʄɸʁɼɸʅʏʀʂʋ ɺʆɼʅɽɺʆɰ ʉʊɸʅʎɯɰ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʩʚʽʪʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʦʜʥʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʷʢ 

ʢʣʶʯʦʚʦʛʦ ʝʣʝʤʝʥʪʘ çɭʚʨʦʧʝʡʩʴʢʦʛʦ ʟʝʣʝʥʦʛʦ ʢʫʨʩʫè. ɯʥʪʝʛʨʘʮʽʷ ʚʦʜʥʝʚʠʭ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ 

ʫʩʪʘʥʦʚʦʢ (ʚʦʜʥʝʚʠʭ ʩʪʘʥʮʽʡ ï ɺʉ) ʫ ʩʪʨʫʢʪʫʨʫ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ (ɸɽʉ) 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʰʣʷʭ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʇʨʦʪʝ, ʟ ʦʛʣʷʜʫ ʥʘ ʩʧʝʮʠʬʽʯʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʥʶ, ʘ ʩʘʤʝ ʚʠʩʦʢʫ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʰʚʠʜʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʨʦʟʤʽʱʝʥʥʷ ʪʘʢʠʭ ʦʙᾷʻʢʪʽʚ 

ʫ ʤʝʞʘʭ ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʦʾ ʟʦʥʠ (ʉɿɿ) ɸɽʉ ʩʪʚʦʨʶʻ ʥʦʚʽ ʚʠʢʣʠʢʠ ʜʣʷ ʙʝʟʧʝʢʠ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʘʚʘʨʽʡ ʥʘ ɺʉ ʥʘ ʮʽʣʽʩʥʽʩʪʴ ʢʨʠʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ. 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʦʛʦ ʨʘʥʽʰʝ ʟʘʚʜʘʥʥʷ. ʇʦʧʨʠ ʥʘʷʚʥʽʩʪʴ ʟʘʛʘʣʴʥʠʭ ʤʝʪʦʜʠʢ 

ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙᾷʻʢʪʽʚ, ʧʠʪʘʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʩʧʝʮʠʬʽʯʥʠʭ ʚʠʭʽʜʥʠʭ ʧʦʜʽʡ 

(ɺʇ) ʥʘ ʚʦʜʥʝʚʽʡ ʩʪʘʥʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʽʤʦʚʽʨʥʽʩʥʽʡ ʤʦʜʝʣʽ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʢʦʥʢʨʝʪʥʠʭ 

ʝʥʝʨʛʦʙʣʦʢʽʚ, ʟʦʢʨʝʤʘ ˉ2 ʍɸɽʉ, ʟʘʣʠʰʘʣʦʩʴ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʚʽʪʣʝʥʠʤ. ʇʦʪʨʝʙʫʻ 

ʜʝʪʘʣʽʟʘʮʽʾ ʤʝʭʘʥʽʟʤ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʪʝʭʥʦʛʝʥʥʠʭ ʚʧʣʠʚʽʚ ʚʽʜ ɺʉ ʷʢ ʽʥʽʮʽʶʶʯʠʭ 

ʧʦʜʽʡ, ʱʦ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʜʥʦʶ ʟ ʦʩʥʦʚʥʠʭ ʨʦʙʽʪ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʪʘʪʪʶ 

ʘʚʪʦʨʘ Eduard Diaz-Pescador [1] ʪʘ ʛʨʫʧʠ ʥʘʫʢʦʚʮʽʚ ʽʟ ʊʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ɼʨʝʟʜʝʥʘ, ʱʦ 

ʧʨʠʩʚʷʯʝʥʘ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʽʥʪʝʛʨʘʮʽʾ ʪʠʧʦʚʦʾ ʫʩʪʘʚʢʠ ɺʉ ʟ ʧʨʦʪʦʥ ʦʙʤʽʥʥʠʤʠ (PEM) 

ʝʣʝʢʪʨʦʣʽʟʝʨʘʤʠ ʧʦʪʫʞʥʽʩʪʶ 40 ʄɺʪ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʈʽʚʥʝʥʩʴʢʦʾ ɸɽʉ. ɸʚʪʦʨʘʤʠ ʩʪʘʪʪʽ 

ʚʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʧʨʠ ʚʠʙʫʭʘʭ ʪʘ ʯʘʩʪʦʪʠ ʽʥʽʮʽʶʶʯʠʭ ʧʦʜʽʡ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʷʪʠ ʨʠʟʠʢ ʜʣʷ ʨʽʟʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ɸɽʉ. 

ɺ ʫʢʨʘʾʥʩʴʢʦʤʫ ʥʘʫʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʚʘʞʣʠʚʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʨʦʙʢʫ ʩʮʝʥʘʨʽʾʚ ʚʟʘʻʤʦʜʽʾ 

ʍɸɽʉ ʪʘ ɺʉ ʟʨʦʙʣʝʥʦ ʫ ʤʝʞʘʭ ʧʨʦʻʢʪʥʠʭ ʨʦʙʽʪ ʆʣʝʢʩʘʥʜʨʘ ʄʘʟʫʨʢʘ [2]. ʇʨʦʪʝ, ʧʦʧʨʠ 

ʥʘʷʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʈɸɽʉ, ʧʠʪʘʥʥʷ ʘʜʘʧʪʘʮʽʾ ʮʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʝʥʝʨʛʦʙʣʦʢʫ ˉ2 

ʍʤʝʣʴʥʠʮʴʢʦʾ ɸɽʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʡʦʛʦ ʽʤʦʚʽʨʥʽʩʥʦʾ ʤʦʜʝʣʽ ʙʝʟʧʝʢʠ ʧʦʪʨʝʙʫʻ 

ʦʢʨʝʤʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʽ ʟʫʤʦʚʣʶʻ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʠʙʫʭʫ 

ʥʘ ʚʦʜʥʝʚʽʡ ʩʪʘʥʮʽʾ ʥʘ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʫ ˉ2 ʍʤʝʣʴʥʠʮʴʢʦʾ ɸɽʉ, ʘ ʩʘʤʝ ʥʘ 

ʯʘʩʪʦʪʫ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ (ʏʇɸɿ) ʪʘ ʯʘʩʪʦʪʫ ʛʨʘʥʠʯʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ 

ʚʠʢʠʜʫ (ʏɻɸɺ). 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʮʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʙʘʛʘʪʦʨʽʚʥʝʚʠʡ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ 

ʧʽʜʭʽʜ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜʥʝʚʦʾ ʩʪʘʥʮʽʾ. 

ʄʝʪʦʜʠʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʙʝʟʧʝʢ HAZID [3] ʙʫʣʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʮʝʥʘʨʽʾʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʝʥʝʨʛʦʙʣʦʢ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʜʚʽ ʢʨʠʪʠʯʥʽ ʟʦʥʠ: ʢʦʥʪʝʡʥʝʨʥʠʡ ʙʣʦʢ ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʪʘ ʙʫʬʝʨʥʠʭ 

ʨʝʟʝʨʚʫʘʨ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ. 

ʂʣʶʯʦʚʦʶ ʤʝʪʦʜʠʯʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʧʨʷʤʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦʛʦ 

ʥ̔ʽʮʽʘʪʦʨʘ çɺʠʙʫʭ ʥʘ ɺʉè ʫ ʜʽʶʯʫ ʽʤʦʚʽʨʥʽʩʥʫ ʤʦʜʝʣʴ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʫ ˉ2 ʍɸɽʉ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʦʮʽʥʦʢ, ʮʝʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʨʘʭʫʥʦʢ ʯʘʩʪʦʪʠ ʚʠʭʽʜʥʦʾ ʧʦʜʽʾ ʟ 
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ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʦʚʠʭ ʯʘʩʪʦʢ ʟʥʘʭʦʜʞʝʥʥʷ ʙʣʦʢʫ ʚ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʪʘʥʘʭ (ɽʉ), ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʢʦʤʧʣʝʢʩ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʚʧʣʠʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʦʜʥʝʚʦʾ ʩʪʘʥʮʽʾ ʥʘ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʫ ˉ2 

ʍɸɽʉ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʦʶ ʚʠʭʽʜʥʦʶ ʧʦʜʽʻʶ ʚ ʤʝʞʘʭ ʤʘʡʜʘʥʯʠʢʘ ɺʉ ʻ 

ʬʽʟʠʯʥʠʡ ʨʦʟʨʠʚ ʙʫʬʝʨʥʦʛʦ ʨʝʟʝʨʚʫʘʨʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ, ʯʘʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ 

ʩʪʘʥʦʚʠʪʴ 2.25E-07 1/ʨʽʢ. ʆʩʢʽʣʴʢʠ ʟʘʟʥʘʯʝʥʠʡ ʧʦʢʘʟʥʠʢ ʧʝʨʝʚʠʱʫʻ ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʥʦʨʤʘʪʠʚʥʠʡ ʢʨʠʪʝʨʽʡ ʚʽʜʩʽʚʫ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʪʝʭʥʦʛʝʥʥʠʭ ʚʧʣʠʚʽʚ (1.00E-07 1/ʨʽʢ), ʮʷ ʧʦʜʽʷ 

ʙʫʣʘ ʜʝʪʘʣʴʥʦ ʽʥʪʝʛʨʦʚʘʥʘ ʚ ʽʤʦʚʽʨʥʽʩʥʫ ʤʦʜʝʣʴ ʷʢ ʽʥʽʮʽʘʪʦʨ ʘʚʘʨʽʾ. 

ʈʦʟʨʘʭʫʥʢʠ ʬʽʟʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʟʦʢʨʝʤʘ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʫʜʘʨʥʦʾ ʭʚʠʣʽ, ʭʽʤʽʯʥʠʡ ʪʘ 

ʬʽʟʠʯʥʠʡ ʚʠʙʫʭʠ, ʩʪʽʡʢʽʩʪʴ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʤʝʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʝʥʝʨʛʦʙʣʦʢʫ, ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʮʝʥʘʨʽʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʙʫʭʫ ʥʘ ɺʉ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʠʯʥʦʾ ʚʽʜʩʪʘʥʽ ʜʦ ʢʨʠʪʠʯʥʠʭ ʩʧʦʨʫʜ ʝʥʝʨʛʦʙʣʦʢʫ, ʚʠʥʠʢʘʻ ʥʘʜʣʠʰʢʦʚʠʡ 

ʪʠʩʢ, ʟʜʘʪʥʠʡ ʧʦʪʝʥʮʽʡʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʟʦʚʥʽʰʥʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ. ɿʦʢʨʝʤʘ, ʫ ʤʦʜʝʣʽ 

ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʰʢʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʟʘʧʽʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʢʦʤʧʝʥʩʘʪʦʨʘ 

ʪʠʩʢʫ (ɯɿʇ ʂʊ) ʪʘ ʦʮʽʥʝʥʦ ʨʠʟʠʢʠ ʜʣʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʇʦʧʨʠ ʮʝ, ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʽʥʽʤʘʣʴʥʠʭ ʧʝʨʝʪʠʥʽʚ ʚʽʜʤʦʚ (ʄʇɺ) ʚʠʷʚʠʚ, ʱʦ ʧʦʜʽʷ çʚʠʙʫʭ 

ʥʘ ɺʉè ʬʽʛʫʨʫʻ ʚ ʘʚʘʨʽʡʥʠʭ ʣʘʥʮʶʞʢʘʭ ʣʠʰʝ ʥʘ ʝʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʴʢʠʭ ʨʽʚʥʷʭ ʽʤʦʚʽʨʥʦʩʪʽ 

ï ʧʦʨʷʜʢʫ 10 ĭĭ.  

ɯʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʨʠʟʠʢʫ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʚʠʩʦʢʫ ʧʨʦʻʢʪʥʫ ʩʪʽʡʢʽʩʪʴ ʝʥʝʨʛʦʙʣʦʢʫ 

ʜʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʪʠʧʫ ʚʧʣʠʚʫ. ʂʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʯʘʩʪʦʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʪʘ 

ʯʘʩʪʦʪʠ ʛʨʘʥʠʯʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʚʠʢʠʜʫ ʧʽʩʣʷ ʚʨʘʭʫʚʘʥʥʷ ʧʦʜʽʡ ʥʘ ɺʉ ʟʘʣʠʰʠʣʠʩʷ 

ʥʝʟʤʽʥʥʠʤʠ ï ʥʘ ʨʽʚʥʽ 1.31E-06 1/ʨʽʢ ʪʘ 3.08E-07 1/ʨʽʢ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʱʦ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʈʽʚʥʝʥʩʴʢʦʾ ɸɽʉ, ʜʝ ʨʦʟʛʣʷʜʘʣʦʩʷ ʨʦʟʤʽʱʝʥʥʷ ɺʉ ʧʦʪʫʞʥʽʩʪʶ 40 ʄɺʪ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʝʞʘʭ ʟʘʭʠʱʝʥʦʾ ʟʦʥʠ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʜʦʚʞʠʥʠ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʚʠʱʽ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʜʣʷ ʙʫʜʽʚʝʣʴ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ. ʋʤʦʚʠ ʍʤʝʣʴʥʠʮʴʢʦʾ ɸɽʉ ʟʘ ʨʘʭʫʥʦʢ ʩʧʝʮʠʬʽʢʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙᾷʻʢʪʽʚ (ɺʉ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ʤʝʞʘʤʠ ʦʩʥʦʚʥʦʾ ʟʦʥʠ, ʤʽʞ ʥʝʶ ʪʘ 

ʝʥʝʨʛʦʙʣʦʢʦʤ ˉ2 ʽʩʥʫʶʪʴ ʧʨʠʨʦʜʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʙʘʨᾷʻʨʠ, ʪʘʢʽ ʷʢ ʚʽʜʢʨʠʪʠʡ ʧʨʦʩʪʽʨ, 

ʜʦʧʦʤʽʞʥʽ ʙʫʜʽʚʣʽ) ʪʘ ʽʩʥʫʶʯʠʭ ʙʘʨᾷʻʨʽʚ (ʛʝʨʤʦʦʙʦʣʦʥʢʘ, ʟʘʭʠʩʥʽ ʩʧʦʨʫʜʠ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ) 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʝʥʴ ʟʘʭʠʱʝʥʦʩʪʽ, ʟʘ ʷʢʦʛʦ ʚʥʝʩʦʢ ʚʦʜʥʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʫʤʘʨʥʠʡ ʨʠʟʠʢ ʻ 

ʥʝʭʪʦʚʥʦ ʤʘʣʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʙʝʟʧʝʯʥʽʩʪʴ ʧʦʪʦʯʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʽʥʪʝʛʨʘʮʽʾ ɺʉ ʫ ʩʪʨʫʢʪʫʨʫ ʍɸɽʉ. 

ɺʠʩʥʦʚʢʠ. ɺʧʝʨʰʝ ʜʣʷ ʫʤʦʚ ʍɸɽʉ ʧʨʦʚʝʜʝʥʦ ʽʥʪʝʛʨʘʮʽʶ ʧʦʜʽʡ ʥʘ ʚʦʜʥʝʚʽʡ ʩʪʘʥʮʽʾ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʘʢʪʫʘʣʽʟʦʚʘʥʫ (ʩʪʘʥʦʤ ʥʘ 2022 ʨ.) ʽʤʦʚʽʨʥʽʩʥʫ ʤʦʜʝʣʴ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʫ 

ˉ2. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʬʽʟʠʯʥʠʡ ʚʠʙʫʭ ʙʫʬʝʨʥʦʛʦ ʨʝʟʝʨʚʫʘʨʫ ʻ ʜʦʤʽʥʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʨʠʟʠʢʫ 

ʩʝʨʝʜ ʧʦʜʽʡ ʥʘ ɺʉ. ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʠʧʦʚʦʾ 

ʚʦʜʥʝʚʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʫ, ʦʩʢʽʣʴʢʠ ʚʥʝʩʦʢ ɺʉ ʫ ʯʘʩʪʦʪʫ 

ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʻ ʤʽʥʽʤʘʣʴʥʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʽʥʽʮʽʶʶʯʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʨʦʟʤʽʱʝʥʥʷ ʚʦʜʥʝʚʠʭ 

ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʤʘʡʜʘʥʯʠʢʘʭ ɸɽʉ ʋʢʨʘʾʥʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʂʆʄʇᾷʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʌɽʅʆʄɽʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ,  

ʑʆ ʉʋʇʈʆɺʆɼɾʋʖʊʔ ʈʆɿɺʀʊʆʂ ɸɺɸʈɯʁ ʅɸ ʈɽɸʂʊʆʈʅɯʁ ʋʉʊɸʅʆɺʎɯ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ 

ʨʦʟʚʠʪʢʫ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʣʠʭ ʤʦʜʫʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ (ʄʄʈ), ʱʦ 

ʚʠʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ, ʢʦʤʧʘʢʪʥʽʩʪʶ ʪʘ ʝʢʦʥʦʤʽʯʥʦʶ ʜʦʮʽʣʴʥʽʩʪʶ. 

ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʧʘʩʠʚʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʄʄʈ 

ʧʦʢʦʣʽʥʴ III/III+ ʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʙʝʟ ʟʦʚʥʽʰʥʴʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ 

ʯʠʥʥʠʢʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʘʢʪʦʨʽʚ ʚ ʫʤʦʚʘʭ ʘʚʘʨʽʡ, ʟʦʢʨʝʤʘ 

ʫ ʚʠʧʘʜʢʫ ʚʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ (LOCA). 

ʌʝʥʦʤʝʥʦʣʦʛʽʷ ʧʨʦʮʝʩʽʚ ʫ ʄʄʈ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʦʮʝʩʽʚ ʫ ʨʝʘʢʪʦʨʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʯʝʨʝʟ ʾʭʥʽ ʧʨʠʥʮʠʧʦʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ. 

ɺʽʜʧʦʚʽʜʥʦ, ʬʝʥʦʤʝʥʠ, ʷʢʽ ʥʝ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʧʦʚʥʦʤʘʩʰʪʘʙʥʠʭ ʨʝʘʢʪʦʨʽʚ, 

ʧʦʪʨʝʙʫʶʪʴ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʄʄʈ. 

ɼʦ ʦʜʥʦʛʦ ʟ ʪʘʢʠʭ ʬʝʥʦʤʝʥʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʨʘʪʠʬʽʢʘʮʽʷ ʦʭʦʣʦʜʞʫʶʯʦʾ 

ʚʦʜʠ ʚ ʦʭʦʣʦʜʞʫʶʯʦʤʫ ʙʘʩʝʡʥʽ (ʜʠʚ. ʧ. 4.2.6 [1]), ʷʢʘ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʄʄʈ ʟ 

ʢʦʥʪʘʡʤʝʥʪʦʤ ʟʘʥʫʨʝʥʠʤ (ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ) ʫ ʙʘʩʝʡʥ ʟ ʦʭʦʣʦʜʞʫʶʯʦʶ ʚʦʜʦʶ 

(ʥʘʧʨʠʢʣʘʜ, NuScale Power Module, LDR-50). 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʮʽʣʝʡ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʽʚ ʙʝʟʧʝʢʠ ʚ ʦʩʥʦʚʥʦʤʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʜʥʦʤʽʨʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʢʦʜʠ (RELAP5 [6], MELCOR [5], ATHLET [7] ʪʘ 

ʽʥ.), ʷʢʽ ʻ ʢʦʜʘʤʠ ʫʩʝʨʝʜʥʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʌʝʥʦʤʝʥʦʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʄʄʈ ʟ 

ʧʘʩʠʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʙʝʟʧʝʢʠ ʽʟ ʧʨʠʨʦʜʥʴʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʥʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʪʝʧʣʦʚʦʾ ʩʪʨʘʪʠʬʽʢʘʮʽʾ ʫ ʚʝʣʠʢʠʭ ʙʘʩʝʡʥʘʭ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʫ ʥʦʚʠʭ ʢʦʥʮʝʧʮʽʡ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʫʤʦʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʧʨʠʥʘʡʤʥʽ ʜʣʷ ʣʦʢʘʣʴʥʠʭ ʜʝʪʘʣʴʥʠʭ ʘʥʘʣʽʟʽʚ) 

ʪʨʠʚʠʤʽʨʥʠʭ ʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʢʦʜʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ (CFD). 

ʋ ʤʝʞʘʭ ʦʛʣʷʜʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʨʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʫ ʢʣʶʯʦʚʠʭ ʪʦʯʢʘʭ ʙʘʩʝʡʥʫ, ʚ ʷʢʠʡ ʟʘʥʫʨʝʥʠʡ ʫ 

ʟʤʝʥʰʝʥʦʤʫ ʤʘʩʰʪʘʙʽ ʢʦʥʪʘʡʤʝʥʪ ʄʄʈ ʟ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʘʤʠ [2]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʚ 

ʢʦʥʪʝʢʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʝʥʦʤʝʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʨʘʪʠʬʽʢʘʮʽʾ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʘʣʽʜʘʮʽʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʨʘʪʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʥʘ 

ʟʤʝʥʰʝʥʦʤʫ ʫ ʤʘʩʰʪʘʙʽ ʩʪʝʥʜʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʄʄʈ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʛʨʘʜʽʻʥʪʽʚ ʪʝʧʣʦʥʦʩʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʣʽʜʦʚʘʥʦʾ ʤʦʜʝʣʽ ʚ ʫʤʦʚʘʭ ʚʘʞʢʦʾ ʘʚʘʨʽʾ ʟ ʚʪʨʘʪʦʶ 

ʮʽʣʽʩʥʦʩʪʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ. ʈʝʘʣʽʟʘʮʽʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʜʦʟʚʦʣʠʪʴ ʧʦʜʦʣʘʪʠ ʤʦʞʣʠʚʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʦʜʥʦʤʽʨʥʠʭ ʢʦʜʽʚ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʦʛʦ ʬʝʥʦʤʝʥʫ ʧʽʜ ʯʘʩ ʚʘʞʢʠʭ ʘʚʘʨʽʡ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʨʦʻʢʪ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʄʄʈ ʟ ʚʦʜʦʶ ʧʽʜ ʪʠʩʢʦʤ. ʋ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʝʛʢʘ ʚʦʜʘ. ʈʝʘʢʪʦʨʥʘ 

ʫʩʪʘʥʦʚʢʘ ʤʘʻ ʪʝʧʣʦʚʫ ʧʦʪʫʞʥʽʩʪʴ 160 ʄɺʪ, ʽ ʨʝʘʢʪʦʨ ʧʦʚʥʽʩʪʶ ʟʘʥʫʨʝʥʠʡ ʫ ʟʘʧʦʚʥʝʥʠʡ 

ʚʦʜʦʶ ʙʘʩʝʡʥ. ʎʷ ʢʦʥʩʪʨʫʢʮʽʷ ʻ ʩʧʨʦʱʝʥʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʣʝʛʢʦʚʦʜʥʠʤʠ 

ʨʝʘʢʪʦʨʘʤʠ ʧʽʜ ʪʠʩʢʦʤ ʽ ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʣʽʟʘʮʽʶ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʨʦʜʥʦʾ 
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ʮʠʨʢʫʣʷʮʽʾ ʪʝʧʣʦʥʦʩʽʷ ʫ ʚʩʽʭ ʨʝʞʠʤʘʭ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʅɽ), ʧʦʨʫʰʝʥʥʷʭ 

ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʇʅɽ) ʪʘ ʘʚʘʨʽʡʥʠʭ [3]. 

ʆʜʥʠʤ ʽʟ ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʭ ʧʠʪʘʥʴ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʪʘʢʠʭ ʨʝʘʢʪʦʨʽʚ ʻ 

ʬʝʥʦʤʝʥ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʨʘʪʠʬʽʢʘʮʽʾ ʚʦʜʠ ʫ ʙʘʩʝʡʥʽ ʨʝʘʢʪʦʨʘ. 

ʋ ʤʝʞʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʪʴʩʷ ʯʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʩʪʨʘʪʠʬʽʢʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ CFD-ʢʦʜʫ ANSYS CFX ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʫʤʦʚʘʭ ʘʚʘʨʽʾ. 

ɼʣʷ ʮʽʣʝʡ ʚʘʣʽʜʘʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ  ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ [2], ʦʪʨʠʤʘʥʽ ʚ ʤʝʞʘʭ ʧʨʦʻʢʪʫ ELSMOR. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʚʽʜʪʚʦʨʶʻ ʤʦʜʝʣʴ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʄʄʈ ʫ ʤʘʩʰʪʘʙʽ 1/20. 

ʊʝʧʣʦ ʛʝʥʝʨʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʤ ʝʣʝʢʪʨʠʯʥʠʤ ʥʘʛʨʽʚʘʯʝʤ, ʧʝʨʝʜʘʻʪʴʩʷ ʩʪʽʥʢʘʤ ʩʪʘʣʝʚʦʛʦ 

ʢʦʥʪʘʡʤʝʥʪʘ, ʘ ʜʘʣʽ ʚʽʜʚʦʜʠʪʴʩʷ ʫ ʚʦʜʫ ʙʘʩʝʡʥʫ. ʅʘʛʨʽʪʘ ʚʦʜʘ ʧʽʜʽʡʤʘʻʪʴʩʷ ʚʛʦʨʫ ʚʟʜʦʚʞ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥʦʢ, ʘ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʙʘʩʝʡʥʽ ʪʝʨʤʦʧʘʨʠ ʬʽʢʩʫʶʪʴ ʜʠʥʘʤʽʢʫ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʨʘʪʠʬʽʢʘʮʽʾ ʪʝʧʣʦʥʦʩʽʷ ʦʙʨʘʥʦ ʰʽʩʪʴ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ, 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1,ʘ. ʇʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʪʝʩʪʽʚ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ (ʜʠʚ. 

ʪʘʙʣ. 1) ʽʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʟʙʦʨʦʤ ʜʘʥʠʭ [2]. ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʫ ʮʠʭ ʪʦʯʢʘʭ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʧʨʦʬʽʣʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʫ CFD-ʤʦʜʝʣʽ (ʜʠʚ. ʨʠʩ. 1,ʙ). 

 

 
 ͊

 
 ͋

ʈʠʩʫʥʦʢ 1 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ: 

ʘ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ; ʙ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ 

 

ɼʣʷ ʮʽʣʝʡ ʚʘʣʽʜʘʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʘ ʚʘʨʽʘʥʪʠ (ʪʘʙʣ. 1): ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʽʜʚʝʜʝʥʠʤ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ. ʊʘʢʦʞ, ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʯʘʩʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʠʰʝ 1/8 ʯʘʩʪʠʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʽʟ 

ʟʘʜʘʥʥʷʤ ʧʝʨʽʦʜʠʯʥʠʭ ʫʤʦʚ ʥʘ ʛʨʘʥʠʮʷʭ ʤʦʜʝʣʽ. ʋ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʧʨʠʢʣʘʜʝʥʦ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʙʽʯʥʽ 

ʩʪʽʥʢʠ ʪʘ ʜʥʠʱʝ ʙʘʩʝʡʥʫ ʚʚʘʞʘʶʪʴʩʷ ʘʜʽʘʙʘʪʥʠʤʠ. ʊʝʧʣʦʦʙʤʽʥ ʚʩʝʨʝʜʠʥʽ ʨʽʜʠʥʠ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʈʘʜʽʘʮʽʡʥʠʡ 

ʪʝʧʣʦʦʙʤʽʥ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʡʦʛʦ ʥʝʟʥʘʯʥʫ ʯʘʩʪʢʫ. 

ʋ ʤʦʜʝʣʽ ʦʙʨʘʥʦ ʪʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ, ʦʩʢʽʣʴʢʠ ʦʮʽʥʝʥʝ ʯʠʩʣʦ ʈʝʣʝʷ ʧʝʨʝʚʠʱʫʻ 109, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʦʪʦʢʫ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʘʨʽʘʥʪʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʙʨʘʥʦ ʜʚʽ 

ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ k-Ů, ʷʢʘ ʜʦʙʨʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʘ ʩʝʙʝ ʜʣʷ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ [8], ʭʦʯʘ ʤʘʻ 

ʦʙʤʝʞʝʥʥʷ ʫ ʧʨʠʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ, ʪʘ SST [4]. 

ʆʙʯʠʩʣʝʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʘʜʘʧʪʠʚʥʠʤ ʯʘʩʦʚʠʤ ʢʨʦʢʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʫ 

ʦʙʨʦʙʢʫ ʷʢ ʩʪʘʙʽʣʴʥʠʭ, ʪʘʢ ʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ ʪʝʧʣʦʦʙʤʽʥʫ.  

ʋ ʤʦʜʝʣʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ ʚʚʘʞʘʶʪʴʩʷ ʟʤʽʥʥʠʤʠ. ɿʤʽʥʫ ʛʫʩʪʠʥʠ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʻ ʚʘʞʣʠʚʦʶ ʚʝʣʠʯʠʥʦʶ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʚʠʥʠʢʥʝʥʥʷ 

ʧʨʠʨʦʜʥʦʾ ʢʦʥʚʝʢʮʽʾ. 
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ʊʘʙʣʠʮʷ 1 ï ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ 
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1 1 1597,19 25 25 64 183,8 

2 4 6388,76 29,5 25 64 402,5 

 

ʆʪʨʠʤʘʥʽ ʫ ʚʘʣʽʜʘʮʽʡʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʤʘʶʪʴ ʟʘʜʦʚʽʣʴʥʫ 

ʟʙʽʞʥʽʩʪʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ.  

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʘʣʽʜʘʮʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʫ 

ANSYS CFX ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʟʘʟʥʘʯʝʥʦʛʦ ʢʦʜʫ ʜʣʷ ʮʽʣʝʡ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʨʘʪʠʬʽʢʘʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʘʣʽʜʘʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ (ʚ ʯʘʩʪʠʥʽ ʧʨʠʡʥʷʪʠʭ ʥʘʣʘʰʪʫʚʘʥʴ) 

ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʪʝʧʣʦʥʦʩʽʷ ʫ ʙʘʩʝʡʥʽ ʨʝʘʢʪʦʨʘ ʚ ʫʤʦʚʘʭ 

ʚʘʞʢʦʾ ʘʚʘʨʽʾ ʽʟ ʚʪʨʘʪʦʶ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʋʂʈɸɰʅʆʎɽʅʊʈʀʏʅɸ ʄɽʊʆɼʀʂɸ ʇɯɼɺʀʑɽʅʅʗ ʉʊɯʁʂʆʉʊɯ 

ɽʅɽʈɻʆɹʃʆʂʋ ɺɺɽʈ-1000 ɼʆ ɿɹʋʈɽʅʔ ɽʅɽʈɻʆʉʀʉʊɽʄʀ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʦʜʽʾ 2022ï2023 ʨʦʢʽʚ ʚ ʆʙôʻʜʥʘʥʽʡ 

ʝʥʝʨʛʦʩʠʩʪʝʤʽ (ʆɽʉ) ʋʢʨʘʾʥʠ ʩʫʧʨʦʚʦʜʞʫʚʘʣʠʩʷ ʩʠʩʪʝʤʥʠʤʠ ʟʙʫʨʝʥʥʷʤʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʛʣʠʙʦʢʠʤʠ ʥʘʜʠʨʘʤʠ ʯʘʩʪʦʪʠ ʪʘ ʥʘʧʨʫʛʠ, ʧʦʚʪʦʨʥʠʤʠ ʚʪʨʘʪʘʤʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʨʠʟʠʢʦʤ ʧʝʨʝʭʦʜʫ ʜʦ ʩʮʝʥʘʨʽʾʚ ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ. 

ʋ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʩʪʘʥʜʘʨʪʥʽ ʘʣʛʦʨʠʪʤʠ ʘʚʪʦʤʘʪʠʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɺɺɽʈ-1000, 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʢʣʘʩʠʯʥʽ ʧʨʦʻʢʪʥʽ ʨʝʞʠʤʠ, ʚʠʷʚʠʣʠ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʯʘʩʫ ʚʚʝʜʝʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ. 

ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʥʝ ʣʠʰʝ ʛʣʠʙʠʥʘ ʥʘʜʠʨʽʚ ʧʘʨʘʤʝʪʨʽʚ, ʘʣʝ ʡ ʜʠʥʘʤʽʢʘ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʫʩʢʫ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʽʚ (ɼɻ), ʭʘʨʘʢʪʝʨ ʧʨʠʡʥʷʪʪʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʣʦʛʽʢʘ ʧʦʚʪʦʨʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ. ɺʢʘʟʘʥʽ ʬʘʢʪʦʨʠ ʧʦʪʨʝʙʫʶʪʴ 

ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʪʘ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʙʣʝʤʘʪʠʢʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʽʚ 

ɸɽʉ ʪʨʘʜʠʮʽʡʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʘʥʘʣʽʟʫ ʩʮʝʥʘʨʽʾʚ ʚʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ / ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʫʩʪʘʚʦʢ ʘʚʪʦʤʘʪʠʢʠ [1,3]. ʇʽʩʣʷ 

ʘʚʘʨʽʾ ʥʘ ɸɽʉ çʌʫʢʫʩʽʤʘ-ɼʘʾʯʽè ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʧʠʪʘʥʥʷʤ ʨʝʟʝʨʚʫʚʘʥʥʷ ʜʞʝʨʝʣ 

ʞʠʚʣʝʥʥʷ, ʤʦʙʽʣʴʥʠʤ ɼɻʋ ʪʘ ʧʨʦʮʝʜʫʨʥʠʤ ʟʘʭʦʜʘʤ ʟ ʫʧʨʘʚʣʽʥʥʷ ʚʘʞʢʠʤʠ ʘʚʘʨʽʷʤʠ[4]. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʘʭ (ʯʘʩʪʦʪʘ, 

ʥʘʧʨʫʛʘ, ʯʘʩ ʧʫʩʢʫ ɼɻ) ʙʝʟ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʪʘ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʩʧʝʮʠʬʽʢʠ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʩʠʩʪʝʤʥʠʭ ʟʙʫʨʝʥʴ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ 

ʫʤʦʚ ʋʢʨʘʾʥʠ 2022ï2023 ʨʦʢʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʈʦʟʨʦʙʣʝʥʥʷ ʫʢʨʘʾʥʦʮʝʥʪʨʠʯʥʦʾ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʫ ɺɺɽʈ-1000 ʜʦ ʟʙʫʨʝʥʴ ʚ ʆɽʉ ʥʘ ʦʩʥʦʚʽ ʽʤʽʪʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʘʩʪʦʩʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʽʤʽʪʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ: 

ï ʘʥʘʣʽʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʜʽʡ 2022ï2023 ʨʦʢʽʚ [2]; 

ï ʤʦʜʝʣʶʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʚʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ / ʧʦʚʥʦʛʦ 

ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʥʘ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʤʫ ʪʨʝʥʘʞʝʨʽ ɺɺɽʈ-1000; 

ï ʧʦʨʽʚʥʷʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ çʜʦ/ʧʽʩʣʷè ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ; 

ï ʩʪʘʪʠʩʪʠʯʥʫ ʧʝʨʝʚʽʨʢʫ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʭʽʜ ʚʽʜ ʨʝʘʢʪʠʚʥʦʾ ʧʦʨʦʛʦʚʦʾ ʣʦʛʽʢʠ ʜʦ 

ʽʥʪʝʛʨʘʣʴʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʭʽʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʙʣʦʢʠ: 

A. ʇʨʝʚʝʥʪʠʚʥʘ ʣʦʛʽʢʘ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ. 

ʈʽʰʝʥʥʷ ʧʨʦ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʫʢʫʧʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʛʣʠʙʠʥʫ ʥʘʜʠʨʽʚ ʪʘ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ. 

B. ʆʧʪʠʤʽʟʘʮʽʷ ʧʫʩʢʫ ɼɻ. 

ʈʝʘʣʽʟʦʚʘʥʦ ʧʦʩʪʫʧʦʚʠʡ ʩʪʘʨʪ (staggered-start), ʚʫʟʴʢʽ ʚʽʢʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ (Synch-

Check) ʪʘ ʚʠʢʣʶʯʝʥʥʷ çʧʝʨʝʛʦʥʽʚè ʘʚʪʦʤʘʪʠʢʠ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʚʚʝʜʝʥʥʷ ɼɻ ʜʦ 88,6 ʩ (ȹ å ī45,5 ʩ). 

 

 



 25 

C. ʂʝʨʦʚʘʥʝ ʧʨʠʡʥʷʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɿʘʩʪʦʩʦʚʘʥʦ ʩʪʫʧʽʥʯʘʩʪʝ/ʧʣʘʚʥʝ (ramp/step-load) ʧʽʜʢʣʶʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ 

ʢʦʥʪʨʦʣʝʤ ʥʘʜʠʨʽʚ ʯʘʩʪʦʪʠ ʪʘ ʥʘʧʨʫʛʠ. 

D. ɺʠʪʨʠʤʢʘ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ (ride-through) ʪʘ ʚʫʟʴʢʽ ʚʽʢʥʘ 

ʧʦʚʝʨʥʝʥʥʷ. 

ɺʧʨʦʚʘʜʞʝʥʦ ʣʦʛʽʢʫ ʚʠʪʨʠʤʢʠ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ ʪʘ ʦʙʤʝʞʝʥʽ 

ʢʦʨʠʜʦʨʠ ʧʦʚʪʦʨʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʦʚʪʦʨʥʠʭ ʚʽʜʢʣʶʯʝʥʴ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʥʦʨʤʦʚʘʥʠʡ 

ʧʦʢʘʟʥʠʢ ʩʪʽʡʢʦʩʪʽ S, ʱʦ ʘʛʨʝʛʫʻ: 

ï ʟʙʝʨʝʞʝʥʥʷ ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ (%FS), 

ï ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʙʘʞʘʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ (NUT), 

ï ʤʽʥʽʤʘʣʴʥʠʡ ʟʘʧʘʩ ʩʪʘʥʫ (SOCmin), 

ï ʥʘʜʠʨʠ ʯʘʩʪʦʪʠ ʪʘ ʥʘʧʨʫʛʠ (Fnadir, Umin). 

ʅʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʙôʻʜʥʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʚ ʻʜʠʥʦʤʫ ʢʨʠʪʝʨʽʾ. 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʬʦʨʤʫʻʪʴʩʷ ʷʢ ʥʦʨʤʦʚʘʥʘ ʟʚʘʞʝʥʘ ʩʫʤʘ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ: 

 

Ὓ ύ ẗὊὛ ύ ẗρ ὔὟὝ ύ ẗὛὕὅ ȟ ύ ẗὊ ȟ ύ ẗὟ ȟ        (1) 

 

ʜʝ ύ ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ (Вύ ρ); ὊὛ ï ʥʦʨʤʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʟʙʝʨʝʞʝʥʥʷ 

ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ; ὔὟὝ ï ʥʦʨʤʦʚʘʥʘ ʯʘʩʪʦʪʘ ʥʝʙʘʞʘʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ; 

Ὓὕὅ ȟï ʥʦʨʤʦʚʘʥʠʡ ʤʽʥʽʤʘʣʴʥʠʡ ʟʘʧʘʩ; Ὂ ȟ, Ὗ ȟ ï ʥʦʨʤʦʚʘʥʽ ʥʘʜʠʨʠ ʯʘʩʪʦʪʠ ʪʘ 

ʥʘʧʨʫʛʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 12 ʧʘʨʥʠʭ ʧʨʦʛʦʥʽʚ ʚʩʪʘʥʦʚʣʝʥʦ: 

ï ʟʥʠʞʝʥʥʷ NUT ʜʦ 0; 

ï ʧʽʜʚʠʱʝʥʥʷ %FS ʜʦ 99,68 %; 

ï ʟʨʦʩʪʘʥʥʷ SOCmin ʜʦ 84,7 %. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʘʣʽʟʘʮʽʾ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ 

ʝʥʝʨʛʦʙʣʦʢʫ ʧʨʠ ʟʙʫʨʝʥʥʷʭ ʚ ʆɽʉ, ʨʦʟʨʦʙʣʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʘʣʛʦʨʠʪʤʽʚ AïD (A. ʇʨʝʚʝʥʪʠʚʥʘ 

ʣʦʛʽʢʘ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ, B. ʆʧʪʠʤʽʟʘʮʽʷ ʧʫʩʢʫ ɼɻ, C. ʂʝʨʦʚʘʥʝ ʧʨʠʡʥʷʪʪʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, D. ɺʠʪʨʠʤʢʘ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʧʨʦʚʘʣʽʚ ʥʘʧʨʫʛʠ) ʪʘ ʚʧʝʨʰʝ ʚʠʢʦʥʘʥʦʤʫ ʾʭ 

ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʧʦʨʽʚʥʷʥʥʽ ʚ ʫʤʦʚʘʭ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʩʠʩʪʝʤʥʠʭ ʚʧʣʠʚʽʚ ʆɽʉ ʋʢʨʘʾʥʠ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʫʢʨʘʾʥʦʮʝʥʪʨʠʯʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ 

ʝʥʝʨʛʦʙʣʦʢʫ ɺɺɽʈ-1000 ʜʦ ʟʙʫʨʝʥʴ ɺ ʆɽʉ ʰʣʷʭʦʤ ʢʦʤʧʣʝʢʩʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ 

ʧʫʩʢʫ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʣʦʛʽʢʠ ʧʦʚʝʨʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʨʝʞʠʤʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʠʡ ʜʣʷ ʽʥʰʠʭ ʪʠʧʽʚ ʝʥʝʨʛʦʙʣʦʢʽʚ ʪʘ 

ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

ʄʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʪʘ ʘʥʘʣʽʪʠʯʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠ ʘʥʘʣʽʟʽ ʘʚʘʨʽʡ ʚ ʆɽʉ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆɻʃʗɼ ʉʋʏɸʉʅʆɻʆ ʉʊɸʅʋ ʄɽʊʆɼʆʃʆɻɯɰ ɸʅɸʃɯɿʋ ʅɸɼɯʁʅʆʉʊɯ 

ʇɽʈʉʆʅɸʃʋ ʇʈʀ ɹɸɻɸʊʆɹʃʆʂʆɺʀʍ ɸɺɸʈɯʗʍ  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʤʝʪʦʜʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ 

ʙʘʛʘʪʦʙʣʦʢʦʚʦʛʦ ɯɸɹ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. ʆʜʥʠʤ ʽʟ ʥʘʡʢʨʠʪʠʯʥʽʰʠʭ ʘʩʧʝʢʪʽʚ ʫ ʮʴʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʻ ʥʘʜʽʡʥʽʩʪʴ ʜʽʡ ʧʝʨʩʦʥʘʣʫ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨ 

ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʡ, ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʢʝʨʽʚʥʠʮʪʚ ʽʟ ʫʧʨʘʚʣʽʥʥʷ ʚʘʞʢʠʤʠ ʘʚʘʨʽʷʤʠ. 

ɼʦʩʚʽʜ ʘʚʘʨʽʾ ʥʘ ɸɽʉ çʌʫʢʫʩʽʤʘè ʥʘʦʯʥʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ ʚ ʫʤʦʚʘʭ ʦʜʥʦʯʘʩʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʥʘ ʢʽʣʴʢʦʭ ʝʥʝʨʛʦʙʣʦʢʘʭ ʣʶʜʩʴʢʽ ʨʝʩʫʨʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʽ 

ʤʘʩʰʪʘʙʦʤ ʘʚʘʨʽʾ. ʎʝ ʧʦʨʦʜʞʫʻ ʧʠʪʘʥʥʷ ʱʦʜʦ ʘʜʝʢʚʘʪʥʦʩʪʽ ʥʘʷʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʘʥʘʣʽʟʫ 

ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ International Atomic 

Energy Agency (IAEA), ʦʮʽʥʢʘ ʙʝʟʧʝʢʠ ʙʘʛʘʪʦʙʣʦʢʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʽʥʪʝʛʨʘʣʴʥʦ. ʋ ʈʦʟʜʽʣʽ II ʜʦʢʫʤʝʥʪʘ IAEA Safety Standards Series No. 96 [1] ʟʘʟʥʘʯʝʥʦ, ʱʦ 

ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʝʥʝʨʛʦʙʣʦʢʘʤʠ, ʩʧʽʣʴʥʽ ʩʠʩʪʝʤʠ, ʩʧʽʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ 

ʬʘʢʪʦʨʠ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʚ ʤʝʞʘʭ ʻʜʠʥʦʾ ʤʦʜʝʣʽ ʦʮʽʥʢʠ ʨʠʟʠʢʫ. 

ʗʢ ʧʨʠʢʣʘʜ ʫ ʟʘʟʥʘʯʝʥʦʤʫ ʜʦʢʫʤʝʥʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ɯɸɹ ʨʽʚʥʷ 1 ʜʣʷ ʜʚʦʭ 

4-ʢʦʥʪʫʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ Westinghouse PWR ʟʽ ʩʧʽʣʴʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʪʘ ʩʠʩʪʝʤʘʤʠ 

(ʜʠʚ. ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 ï ɿʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ (ʏʇɸɿ) ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʙʘʛʘʪʦʙʣʦʢʦʚʦʛʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ (ɯɸɹ) ɸɽʉ [1] 

ʅʘʟʚʘ ʘʥʘʣʽʟʫ ʅʘʟʚʘ ʧʦʢʘʟʯʠʢʘ ɿʥʘʯʠʤʝ, 1/ʨʽʢ 

ɯɸɹ ʝʥʝʨʛʦʙʣʦʢʘ ˉ1 ʏʇɸɿ ʦʜʥʦʛʦ ʝʥʝʨʛʦʙʣʦʢʘ 2.3E-04 

ɯʥʪʝʛʨʦʚʘʥʠʡ ɯɸɹ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ˉ1,2 

ʏʇɸɿ ʦʜʥʦʛʦ ʝʥʝʨʛʦʙʣʦʢʘ 4.0E-04 

ʏʇɸɿ, ʙʘʛʘʪʦʙʣʦʢʦʚʘ  3.2E-05 

ʏʇɸɿ ʤʘʡʜʘʥʯʠʢʘ 4.3E-04 

 

ʎʝʡ ʧʨʠʢʣʘʜ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʨʠʟʠʢ ʥʘ ʨʽʚʥʽ ʤʘʡʜʘʥʯʠʢʘ ʥʝ ʻ ʧʨʦʩʪʦʶ ʘʨʠʬʤʝʪʠʯʥʦʶ 

ʩʫʤʦʶ ʨʠʟʠʢʽʚ ʦʢʨʝʤʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ. ʄʽʞʙʣʦʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʫʪʴ ʷʢ ʟʙʽʣʴʰʫʚʘʪʠ, ʪʘʢ ʽ 

ʟʤʝʥʰʫʚʘʪʠ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʨʠʟʠʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʩʧʽʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʘʛʫʚʘʥʥʷ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʢʦʥʮʝʧʮʽʾ ʙʘʛʘʪʦʙʣʦʢʦʚʦʛʦ ɯɸɹ ʚʽʜʦʙʨʘʞʝʥʦ ʪʘʢʦʞ ʫ 

ʜʦʢʫʤʝʥʪʘʭ OECD Nuclear Energy Agency (OECD/NEA) [2], ʜʝ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ: 

ï ʩʧʽʣʴʥʠʭ ʽʥʽʮʽʶʶʯʠʭ ʧʦʜʽʡ; 

ï ʩʧʽʣʴʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ; 

ï ʩʧʽʣʴʥʠʭ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ; 

ï ̔ ʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʠʟʠʢʫ ʜʣʷ ʤʘʡʜʘʥʯʠʢʘ. 

ɸʥʘʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʧʽʜʪʨʠʤʫʶʪʴʩʷ U.S. Nuclear Regulatory Commission (US NRC) ʫ 

ʤʝʞʘʭ ʧʦʩʪʬʫʢʫʩʽʤʩʴʢʠʭ ʧʨʦʛʨʘʤ ʧʝʨʝʛʣʷʜʫ ʨʠʟʠʢ-ʽʥʬʦʨʤʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ɸʅʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʧʨʠ 

ʙʘʛʘʪʦʙʣʦʢʦʚʠʭ ʘʚʘʨʽʷʭ ʥʘ ʨʽʚʥʽ ʤʘʡʜʘʥʯʠʢʘ. 
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ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɸʥʘʣʽʟ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ (ɸʅʇ) ʻ ʥʝʚʽʜᾷʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ɯɸɹ ʪʘ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʦʢ ʧʝʨʩʦʥʘʣʫ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ 

ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ.  

ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ɸʅʇ, ʟʦʢʨʝʤʘ THERP (Swain & Guttmann, NUREG/CR-1278), ASEP 

(NUREG/CR-4772), SPAR-H (NUREG/CR-6883), HEART (Human Reliability Assessment 

Methods (RR679), ʨ. 48-52), CREAM (Hollnagel), ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʦʜʥʦʙʣʦʢʦʚʦʛʦ ɯɸɹ ʪʘ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʽʜʥʦʩʥʫ ʽʟʦʣʴʦʚʘʥʽʩʪʴ ʝʥʝʨʛʦʙʣʦʢʫ. 

ʋ ʙʘʛʘʪʦʙʣʦʢʦʚʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʠʥʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʫʩʢʣʘʜʥʶʶʯʽ ʬʘʢʪʦʨʠ: 

ï ʦʜʥʦʯʘʩʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡ ʥʘ ʢʽʣʴʢʦʭ ʙʣʦʢʘʭ. 

ï ʦʙʤʝʞʝʥʽʩʪʴ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ. 

ï ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʽʣʴʢʦʤʘ ʮʝʥʪʨʘʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ï ʢʦʥʢʫʨʝʥʮʽʷ ʟʘ ʩʧʽʣʴʥʽ ʩʠʩʪʝʤʠ ʪʘ ʤʦʙʽʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ï ʤʽʞʙʣʦʢʦʚʠʡ ʨʘʜʽʘʮʽʡʥʠʡ ʚʧʣʠʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʣʘʩʠʯʥʽ ɸʅʇ-ʤʦʜʝʣʽ ʥʝ ʦʭʦʧʣʶʶʪʴ ʧʦʚʥʠʡ ʩʧʝʢʪʨ ʬʘʢʪʦʨʽʚ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʙʘʛʘʪʦʙʣʦʢʦʚʠʭ ʘʚʘʨʽʡ. 

ɼʦʩʣʽʜʞʝʥʥʷ [2-3] ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʫʤʦʚʘʭ ʙʘʛʘʪʦʙʣʦʢʦʚʦʾ ʘʚʘʨʽʾ ʜʦʩʪʫʧʥʽʩʪʴ 

ʧʝʨʩʦʥʘʣʫ ʪʘ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʜʽʡ ʧʝʨʩʦʥʘʣʫ ʩʪʘʻ ʢʣʶʯʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʤʦʜʝʣʽ ɸʅʇ. 

ʆʩʦʙʣʠʚʦ ʢʨʠʪʠʯʥʠʤʠ ʻ: 

ï ʢʽʣʴʢʽʩʪʴ ʧʝʨʩʦʥʘʣʫ, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʥʘʷʚʥʽʩʪʴ ʦʩʽʙ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ; 

ï ʯʘʩ ʤʦʙʽʣʽʟʘʮʽʾ ʘʚʘʨʽʡʥʠʭ ʙʨʠʛʘʜ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʤʽʞʥʘʨʦʜʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʘʢʝ: 

ʄʽʞʥʘʨʦʜʥʽ ʦʨʛʘʥʽʟʘʮʽʾ (IAEA, OECD/NEA, US NRC) ʚʠʟʥʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʙʘʛʘʪʦʙʣʦʢʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ. 

1. ɹʘʛʘʪʦʙʣʦʢʦʚʠʡ ɯɸɹ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʯʘʩʪʠʥʽ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʝʡ ʜʽʡ 
ʧʝʨʩʦʥʘʣʫ ʨʽʟʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʚ ʫʤʦʚʘʭ ʦʜʥʦʯʘʩʥʠʭ ʘʚʘʨʽʡ. 

2. ʇʠʪʘʥʥʷ ʙʘʛʘʪʦʙʣʦʢʦʚʦʛʦ ɸʅʇ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʬʦʨʤʘʣʽʟʦʚʘʥʠʤ. 

3. ɺʽʜʩʫʪʥʷ ʽʥʪʝʛʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʻ: 

ï ʟʘʣʝʞʥʦʩʪʽ ʜʽʡ ʧʝʨʩʦʥʘʣʫ ʨʽʟʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʚ ʫʤʦʚʘʭ ʦʜʥʦʯʘʩʥʠʭ ʘʚʘʨʽʡ; 

ï ʜʦʩʪʘʪʥʽʩʪʴ ʨʝʩʫʨʩʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʝʨʩʦʥʘʣ ʚ ʫʤʦʚʘʭ ʙʘʛʘʪʦʙʣʦʢʦʚʠʭ 

ʘʚʘʨʽʡʥʠʭ ʩʮʝʥʘʨʽʾʚ; 

ï ʤʦʜʝʣʶʚʘʥʥʽ ʟʨʦʩʪʘʥʥʷ ʢʦʛʥʽʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʩʪʨʝʩʦʚʠʭ ʬʘʢʪʦʨʽʚ; 

ï ʚʢʣʶʯʝʥʥʽ ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʦʜʥʦʛʦ ʙʣʦʢʫ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʜʽʡ ʥʘ ʽʥʰʦʤʫ ʙʣʦʮʽ; 

ï ʟʘʧʨʦʚʘʜʞʝʥʥʽ ʤʝʭʘʥʽʟʤʫ ʢʦʨʠʛʫʚʘʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʦʢ ʧʝʨʩʦʥʘʣʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʛʘʪʦʙʣʦʢʦʚʦʛʦ ʢʦʥʪʝʢʩʪʫ. 
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ASSESSMENT OF CRITICALITY POTENTIAL IN LARGE VERTICAL FLOW  

OF FUEL-CONTAINING MATERIALS AT CHORNOBYL NPP  

 

Statement of the problem and its relevance. The beyond design basis accident at the 

Chornobyl NPP (ChNPP) in 1986 led to the destruction of Unit 4. The installation of New Safe 

Confinement (NSC) arch in the design position above the Shelter at the end of 2016 terminated 

atmospheric precipitation access to the Shelter. This, together with the completion of NSC 

commissioning in 2019 and the isolation of the Shelter from the environment, formed a unique 

dynamic system of two facilities, which received the name ñthe complex of the New Safe 

Confinement and the Shelter Objectò. 

The state of nuclear safety of the NSC-Shelter Complex is assessed by regular 

measurements of neutron flux density (NFD) characterizing the clusters of fuel-containing 

materials (FCM). The highest absolute value of the NFD in the Shelter is registered by the DU 

No. 5 located directly in the the cluster in the 4th steam dump valve (SDV) in the southwestern 

part of the base plate of the reactor shaft. The main component of this cluster is brown lava-like 

FCM (LFCM), formed by corium interaction with serpentinite of the backfill of the lower 

biological shield of the reactor core and dumped in the southwestern sector of room 305/2 during 

the active stage of the accident [1, 2]. This cluster experienced a 1.5-fold increase in NFD in 2019 

and continued growth in 2020, sparking discussions about its nuclear safety. 

Analysis of the latest research. In 1991, the bulk density of the fuel in the 4th SDV was 

estimated using the calibrated source method [3]. According to these estimates, the volume density 

of nuclear fuel was 0.5Ñ0.1 g/cm3 resulting in ~ a 20 % mass fraction of uranium in FCM. 

In 1997, neutronic characteristics of fuel-containing materials based on simplified one-

dimensional models were calculated [4]. The obtained dependences of Keff on the water content in 

the neutron breeding medium (NBM) indicate the subcriticality and the presence of a specific 

water-uranium ratio where Keff reaches its maximum. However, as the authors pointed out, the 

one-dimensional model is well suited for the FCM layer, which can be represented in the form of 

a parallelepiped, while for the FCM in SDV, which has a more complex shape of NBM and 

reflectors, it is necessary to use a three-dimensional physical model. 

In the early 2000s, criticality calculations were performed for a physical model with a 

heterogeneous NBM and periodic boundary conditions (calculation for an infinite NBM) in the 

MCNP4B and SCALE 4.4a program codes [5, 6]. The calculations indicated that the physical 

model, assuming a fuel content of up to 18 % and a fuel burnup of 10 MWĀday/kg, remains deeply 

subcritical yielding a Keff of approximately 0.449. 

However, due to limited data, including the reliance on a theoretical isotopic chemical 

composition and the reconstruction of cluster geometry based on indirect indicators, this cluster 

was classified as potentially hazardous, considering the possibility of a hypothetical composition 

in which criticality could, in principle, occur. 

Goal formulation. The purpose of this study is to simulate the LFCM cluster in the 4th 

SDV, taking into account current knowledge, as well as to determine the minimum fuel 

concentration to achieve the critical mass in the volume of the SDV due to the admixture of fuel 

pellets into the brown LFCM. 



 29 

Main part.  The simulation was performed with the MCNP6 program code, and the 

parameters of criticality and the possibility of its achievement were determined. For the modelling 

purpose, the weighted average concentration of the leading chemical elements in brown LFCM, 

given in [7] was used (see Table 1). 

Table 1 ï Weighted average concentration of the main chemical elements in brown LFCM 

Chemical element U Si Al  Mg Ca Na Zr Fe 

Mass fraction, % 9.7 32.2 3.3 5.2 4.5 3.1 4.5 1.0 

Note: Oxygen takes the rest of the mass fraction. 

The geometric model is based on known data on the design of the RBMK-1000 SDV. The 

geometric parameters are presented in Figure 1: a cylindrical cluster with a height of 3.7 m and a 

diameter of 1.5 m. 

 

Figure 1 ï Physical model of the cluster of brown LFCM 

Based on findings in [8, 9, 10], an averaged porosity range of 20 ï 50 % was adopted for 

calculations. 

In this physical model the heterogeneity was executed in the delineation of separate 

volumes for water and FCM. Since the relaxation length of a neutron with an energy of 2 MeV in 

water is 2.88 cm, the lattice step interval of the model was chosen conservatively in the range of 

2ï4 cm associated with a maximum Keff values at the optimal water-uranium ratio. 

The average uranium concentration in brown LFCM in room 210/7 was previously 

sampled at 9.7 % [7]. According to experimental estimates [3] uranium concentration in the 4th 

SDV results in ~20 %. However, since there is a hypothetical possibility of inclusion in the stream 

of brown LFCM fragments of the reactor core and fuel pellets, calculations were also performed 

for compositions with uranium content up to 50 %. 

Estimates of fuel burnup in brown LFCM were conducted in the work [11]. Calculated fuel 

burnup yielded a value of 12.5 Ñ 1.4 MWĿday/kg of U corresponds to an equivalent enrichment 

from 1.24 % to 1.13 % in 235U, accounting for the presence of 240Pu. 

Based on the developed physical model described above, an input file was specified for 

simulations using the Monte-Carlo program MCNP6. To determine the impact of water on the 

NFD and criticality, Keff was calculated as a function of the water content (CH2O) in the NBM of 

brown LFCM (Figure 2). 
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Figure 2 ï Calculated Keff as a function of the level of volume content of water in the NBM 

(CH2O) of brown LFCM for different enrichments (% of 235U), uranium contents (%U) and 

porosity: 

 ʘ ï Porosity of NBM ï 20 %; b-d ï Porosity of NBM ï 50 % 

Figure 2 presents the model parameters in the following sequence: mass content of 9.7 % 

of U (e.g. 9.7 %U); fuel enrichment (e.g. 1.13 % of 235U); modelling grid step (e.g. 2 cm). The 

critical mass in the volume of the 4th SDV is reached with a mass content of 45 % of uranium in 

brown LFCM, which is 10.8 tons of uranium. As a result, the cluster of brown LFCM in the 

4th SDV with the chemical composition determined by sampling brown LFCM and considering 

experimental estimates of fuel density is deeply subcritical (see Fig. 2,a and Fig. 2,b). Safety limits 

are exceeded, and criticality is achieved only in a conservative hypothetical cluster model with 

uranium content of 40 % and 45 %, respectively (see Fig. 2,c and Fig. 2,d). 

At porosity levels exceeding 20 %, low enriched NBM exhibits a specific (optimal) water-

uranium ratio at which Keff reaches its maximum, while the water content in the NBM remains 

lower than its maximum possible value. This implies that as water exits from the so-called 

ñoverwettedò NBM (with porosity exceeding 20 %), Keff will increase until the optimal water 

content is reached. Once this optimum is surpassed, further water loss will result in a decrease in 

Keff (see Fig. 2,c and Fig. 2,d). 

Conclusions. By combining Monte-Carlo simulations using MCNP6 and experimental 

observations, it can be concluded that the fuel containing material cluster in the 4th steam dump 

valve at ChNPP Unit 4 has been and will continue to stay subcritical. It was determined that the 

fuel containing material cluster in the 4th steam pump valve can reach a critical mass with a fuel 

content of at least 45 %. In practice, achieving such a fuel concentration in this location is unlikely 

to occur. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʇʊʀʄɯɿɸʎɯʗ ʗɼɽʈʅʆɻʆ ʇɸʃʀɺʅʆɻʆ ʎʀʂʃʋ ʋʂʈɸɰʅʀ ʐʃʗʍʆʄ 

ɺʇʈʆɺɸɼɾɽʅʅʗ ʊɽʍʅʆʃʆɻɯʁ ɿɸʄʂʅɽʅʆɻʆ ʎʀʂʃʋ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ 

ʘʪʦʤʥʘ ʝʥʝʨʛʝʪʠʢʘ ʻ ʢʣʶʯʦʚʠʤ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ [1]. ɼʣʷ ʋʢʨʘʾʥʠ, ʟ ʾʾ 

ʟʥʘʯʥʠʤ ʷʜʝʨʥʠʤ ʧʘʨʢʦʤ, ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʻ ʧʦʜʦʣʘʥʥʷ ʚʠʢʣʠʢʽʚ ʱʦʜʦ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʽʤʧʦʨʪʫ ʧʘʣʠʚʘ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ (ɺʗʇ) [2, 3]. ʆʧʪʠʤʽʟʘʮʽʷ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʥʦʛʦ ʮʠʢʣʫ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʟʘʤʢʥʝʥʦʛʦ ʪʠʧʫ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʝʨʝʨʦʙʢʫ ɺʗʇ ʪʘ ʨʝʮʠʢʣʽʥʛ ʤʘʪʝʨʽʘʣʽʚ, ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʩʷʛʽʚ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ ʪʘ ʟʤʽʮʥʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʜʝʨʞʘʚʠ [4].  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʠʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʥʦʛʦ ʮʠʢʣʫ (ʗʇʎ) 

ʪʘ ʧʝʨʝʭʦʜʫ ʜʦ ʡʦʛʦ ʟʘʤʢʥʝʥʦʾ ʤʦʜʝʣʽ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʧʨʦʚʽʜʥʠʤʠ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʟʦʢʨʝʤʘ ʄɸɻɸʊɽ ʪʘ ʆɽʉʈ/ɸʗɽ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʥʠʟʴʢʫ ʨʝʩʫʨʩʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʚʽʜʢʨʠʪʠʭ ʮʠʢʣʽʚ [1, 3]. ʋ ʧʨʘʮʷʭ ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ, ʪʘʢʠʭ ʷʢ 

C. Forsberg ʪʘ R. Taylor, ʦʙˇʨʫʥʪʦʚʘʥʦ ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ ʨʝʮʠʢʣʽʥʛʫ 

ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ [4]. ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ 

ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ NFCSS, ʤʝʪʦʜʦʣʦʛʽʷ ʷʢʦʛʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʚ ʪʝʭʥʽʯʥʠʭ ʟʚʽʪʘʭ 

ʄɸɻɸʊɽ [5, 6]. ɺ ʋʢʨʘʾʥʽ ʩʪʨʘʪʝʛʽʯʥʽ ʚʝʢʪʦʨʠ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʜʠʚʝʨʩʠʬʽʢʘʮʽʶ ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʝʣʝʤʝʥʪʽʚ ʚʣʘʩʥʦʛʦ ʮʠʢʣʫ, ʚʠʟʥʘʯʝʥʽ ʚ 

ɽʥʝʨʛʝʪʠʯʥʽʡ ʩʪʨʘʪʝʛʽʾ ʜʦ 2050 ʨʦʢʫ [2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʦʧʪʠʤʽʟʘʮʽʾ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʥʦʛʦ ʮʠʢʣʫ ʋʢʨʘʾʥʠ ʰʣʷʭʦʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʚʽʜʢʨʠʪʦʾ ʜʦ ʟʘʤʢʥʝʥʦʾ ʤʦʜʝʣʽ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʢʽʣʴʢʽʩʥʦʤʫ ʦʮʽʥʶʚʘʥʥʶ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

NFCSS ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʮʝʥʘʨʽʾʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʫʨʘʥʦʚʦʛʦ ʧʘʣʠʚʘ (UOX) ʪʘ 

ʯʘʩʪʢʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʰʘʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʧʘʣʠʚʘ (MOX), ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ 

ʨʝʩʫʨʩʥʦʾ ʘʚʪʦʥʦʤʥʦʩʪʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ɼʣʷ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʦʧʪʠʤʽʟʘʮʽʾ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʥʦʛʦ ʮʠʢʣʫ (ʗʇʎ) ʋʢʨʘʾʥʠ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʴʦʭ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʦ 2060 ʨʦʢʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ NFCSS: 

1.  (ɯʩʥʫʶʯʠʡ ʧʘʨʢ): ʇʨʦʜʦʚʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ 15 ʝʥʝʨʛʦʙʣʦʢʽʚ (ɺɺɽʈ-1000/440) ʫ 

ʤʝʞʘʭ ʚʽʜʢʨʠʪʦʛʦ ʮʠʢʣʫ ʙʝʟ ʧʝʨʝʨʦʙʢʠ ɺʗʇ. 

2.  (ɺʧʨʦʚʘʜʞʝʥʥʷ MOX-ʧʘʣʠʚʘ): ʏʘʩʪʢʦʚʝ ʟʘʤʠʢʘʥʥʷ ʮʠʢʣʫ ʟ 2030 ʨʦʢʫ ʰʣʷʭʦʤ 

ʧʝʨʝʨʦʙʢʠ ɺʗʇ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ 20 % ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʽʚ ɺɺɽʈ ʟʤʽʰʘʥʠʤ 

ʦʢʩʠʜʥʠʤ ʧʘʣʠʚʦʤ. 

3.  (ʇʦʚʥʠʡ ʮʠʢʣ + ʈʐʅ): ɯʥʪʝʛʨʘʮʽʷ ʟ 2032 ʨʦʢʫ ʨʝʘʢʪʦʨʘ ʥʘ ʰʚʠʜʢʠʭ ʥʝʡʪʨʦʥʘʭ (ʥʘ 

ʧʨʠʢʣʘʜʽ ʧʨʦʻʢʪʫ TerraPower) ʫ ʧʦʻʜʥʘʥʥʽ ʟ 20 % ʚʠʢʦʨʠʩʪʘʥʥʷʤ MOX-ʧʘʣʠʚʘ ʚ 

ʨʝʘʢʪʦʨʘʭ ɺɺɽʈ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʥʘ 2060 ʨʽʢ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1 ʪʘ ʥʘ ʨʠʩ. 

1ï3.  
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ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʥʘ 2060 ʨʽʢ 

ʇʦʢʘʟʥʠʢ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 

ʉʮʝʥʘʨʽʡ 1 

(ɺʽʜʢʨʠʪʠʡ) 

ʉʮʝʥʘʨʽʡ 2 (ʟ ʯʘʩʪʢʦʚʦʶ 

ʧʝʨʝʨʦʙʢʦʶ) 

ʉʮʝʥʘʨʽʡ 3 

(ʧʦʚʥʠʡ ʮʠʢʠʣ) 

ʇʦʪʨʝʙʘ ʚ ʧʨʠʨʦʜʥʦʤʫ 

ʫʨʘʥʽ (Nat U), ʪ 
257,224 186,234 181,755 

ʆʙʩʷʛ ʥʘʢʦʧʠʯʝʥʦʛʦ 

ɺʗʇ (SF Storage), ʪ 
10102,2 3706,5 2365,6 

ʆʙʩʷʛ ʧʝʨʝʨʦʙʢʠ 

(Reprocess), ʪ 
_ 198,7 248,4 

ʈʝʛʝʥʝʨʦʚʘʥʠʡ ʫʨʘʥ 

(Rep U Stock), ʪ 
_ 186,3 231,1 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ (ʉʮʝʥʘʨʽʡ 1) ʥʘ ʢʽʥʝʮʴ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ 

(2025-2060ʨ.) 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ (ʉʮʝʥʘʨʽʡ 2) ʥʘ ʢʽʥʝʮʴ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ 

(2025-2060ʨ.) 

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ (ʉʮʝʥʘʨʽʡ 3) ʥʘ ʢʽʥʝʮʴ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ 

(2025-2060ʨ.) 
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ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʘʢʪʦʨʘ ʥʘ ʰʚʠʜʢʠʭ ʥʝʡʪʨʦʥʘʭ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʟʥʠʟʠʪʠ 

ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʫ ʥʘ 29,3 % ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʩʮʝʥʘʨʽʻʤ, ʘʣʝ ʡ ʨʘʜʠʢʘʣʴʥʦ 

(ʫ 4,2 ʨʘʟʘ) ʟʤʝʥʰʠʪʠ ʦʙʩʷʛʠ ɺʗʇ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ (ʟ 10,1 ʪʠʩ. ʪ ʜʦ 

2,3 ʪʠʩ. ʪ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ ʫʨʘʥʫ (Rep U) ʦʙʩʷʛʦʤ 231,1 ʪ ʩʪʚʦʨʶʻ ʩʪʘʙʽʣʴʥʠʡ 

ʚʥʫʪʨʽʰʥʽʡ ʨʝʩʫʨʩ ʜʣʷ ʬʘʙʨʠʢʘʮʽʾ ʥʦʚʦʛʦ ʧʘʣʠʚʘ. 

ɺʠʩʥʦʚʢʠ. 

ï ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 
NFCSS ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

ï ʊʝʦʨʝʪʠʯʥʠʡ ʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ: ʈʦʟʨʘʭʫʥʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʟʘ ʫʤʦʚʠ 

ʫʩʧʽʰʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʟʘʤʢʥʝʥʦʛʦ ʮʠʢʣʫ ʪʘ ʨʝʘʢʪʦʨʽʚ ʥʘ ʰʚʠʜʢʠʭ ʥʝʡʪʨʦʥʘʭ 

(ʈʐʅ), ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʧʨʠʨʦʜʥʦʤʫ ʫʨʘʥʽ ʜʦ 30 % ʧʦʨʽʚʥʷʥʦ ʟ 

ʽʩʥʫʶʯʦʶ ʤʦʜʝʣʣʶ. ʇʨʦʪʝ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʨʠʪʠʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʽʚ 

ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʾ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʝʘʢʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ. 

ï ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʠʢʣʠʢʠ: ʈʦʟʛʣʷʥʫʪʠʡ ʩʮʝʥʘʨʽʡ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʨʝʘʢʪʦʨʘ ʪʠʧʫ 
Natrium (TerraPower) ʥʘʨʘʟʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʧʨʦʪʝ 

ʚʽʥ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ ʫ ʩʚʽʪʽ, ʦʩʢʽʣʴʢʠ 

ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʙʫʚʘʻ ʥʘ ʩʪʘʜʽʾ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ï ɽʢʦʥʦʤʽʯʥʽ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʦʙʤʝʞʝʥʥʷ: ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʟʠʪʠʚʥʫ ʜʠʥʘʤʽʢʫ 
ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ (ʟʦʢʨʝʤʘ ʩʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʽʚ ʥʘʢʦʧʠʯʝʥʦʛʦ ɺʗʇ ʥʘ 76%), ʧʝʨʝʭʽʜ ʜʦ 

ʟʘʤʢʥʝʥʦʛʦ ʮʠʢʣʫ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʚʘʨʪʽʩʥʦʾ ʪʘ ʩʢʣʘʜʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟ ʧʝʨʝʨʦʙʢʠ ʧʘʣʠʚʘ ʪʘ ʬʘʙʨʠʢʘʮʽʾ MOX-ʢʦʤʧʦʟʠʮʽʡ. ɽʢʦʥʦʤʽʯʥʘ 

ʜʦʮʽʣʴʥʽʩʪʴ ʪʘʢʠʭ ʧʨʦʻʢʪʽʚ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʟʘʣʠʰʘʻʪʴʩʷ ʜʠʩʢʫʩʽʡʥʦʶ ʪʘ ʧʦʪʨʝʙʫʻ 

ʧʦʜʘʣʴʰʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʽ ʨʠʟʠʢʽʚ. 

ï ʉʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ: ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʘʥʘʣʽʪʠʯʥʝ 
ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ. ɺʦʥʠ 

ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʫʧʦʚʦʛʦ ʚʠʚʯʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʘʣʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʥʘʜʽʡʥʦʩʪʽ ʧʦʪʦʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʨʢʫ ʨʝʘʢʪʦʨʽʚ ɺɺɽʈ. 
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BUILDING NUCLEAR FUTURES TOGETHER: THE NUCTALKS INITIATIVE  

 OF THE BLACK SEA WOMEN IN NUCLEAR NETWORK  

 

Statement of the problem and its relevance. Russiaôs war on Ukraine has created new 

challenges and exposed serious gaps for both Ukraine and the wider Black Sea region, with 

far-reaching global consequences. The nuclear field has become a major area of concern: threats 

to nuclear safety and security, as well as the rapid spread of nuclear-related disinformation, have 

underscored the need to raise awareness and provide accurate information on these issues. 

Traditional formats, such as large conferences or closed expert meetings, often remain inaccessible 

or too formal to encourage open dialogue, particularly for younger experts. After the Covid-19 

pandemic highlighted the risks of an isolated society and disrupted in-person exchanges, webinars 

emerged as an effective way to sustain knowledge-sharing and foster dialogue online. 

Analysis of the latest research. NucTalks is an educational and networking initiative 

established by the Black Sea Women in Nuclear (BSWN) network in August 2022. Since then, the 

series has hosted around twenty webinars on nuclear security, non-proliferation, arms control, 

womenôs leadership, and related topics, bringing together experts and early-career professionals 

from across the Black Sea region and beyond. This work will emphasize the importance of the 

initiative and its development. 

Goal formulation. The goal of NucTalks is to support professionals in the nuclear field, 

raise awareness, counter disinformation, and provide a platform for people from the Black Sea 

region and other interested communities. Because it is open to any professional, regardless of their 

level of knowledge, area of expertise, or country of origin or residence, it has become an inclusive 

space for dialogue and learning in a less formal atmosphere. 

Main part.  NucTalks has addressed a wide spectrum of contemporary nuclear challenges, 

ranging from strategic stability and regional crises to emerging technologies and the human 

dimension of nuclear policy. The series has brought together senior practitioners and researchers 

to discuss, among other issues, the deployment of Russian tactical nuclear weapons in Belarus and 

its implications for escalation risks and the global non-proliferation regime, as well as the 

universalisation of the Convention on the Physical Protection of Nuclear Material and its 

Amendment and the practical benefits and challenges of its implementation for national regulators 

and operators. Other events have focused on nuclear security fundamentals and radiation 

protection, exploring what professionals and the broader public need to know in an oversaturated 

information space and how to distinguish accurate technical information from disinformation and 

fear-based narratives. 

Several NucTalks have highlighted the strategic and geopolitical context of nuclear issues. 

Sessions have examined USïRussia relations and their consequences for Ukraineôs security and 

future, and analysed how crises in the Middle East, such as IranïIsrael escalation affect regional 

stability, non-proliferation norms, and nuclear security arrangements. High-level speakers, 

including former U.S. Ambassador Laura Holgate, have discussed topics such as small modular 

reactors, their potential contribution to decarbonisation, and the specific safety, security, and 

safeguards questions they raise, helping audiences to critically assess both the promises and risks 

of new reactor technologies. Another webinar addressed artificial intelligence at the nuclear 

crossroads, looking at how AI tools may influence nuclear weapons decision-making, verification, 

and security, and what governance frameworks are needed to mitigate new risks. 
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NucTalks has also devoted particular attention to the human and ethical dimensions of the 

nuclear field. A special history session centred on the testimony of an atomic-bomb survivor, 

linking diplomatic debates on disarmament to lived experience and intergenerational memory, 

while another event honoured Marie Skğodowska-Curie and examined her life as a lens on 

discrimination and barriers faced by women in science. The series regularly features discussions 

on womenôs leadership in nuclear professions, bringing together experts from international 

organisations, national regulatory bodies, academia, and industry to share leadership experiences, 

career challenges, and strategies for making nuclear institutions more diverse and inclusive. Taken 

together, these webinars show how NucTalks connects technical, political, and societal 

perspectives, providing participants with both substantive knowledge and a supportive 

professional community. 

Building on the success of the online series, NucTalks has also evolved into in-person 

formats, the workshop ñRegional Perspectives on Non-Proliferation, Radiological and Nuclear 

Securityò held at the Vienna Center for Disarmament and Non-Proliferation on 9ï11 February. 

This meeting brought together experts from across the Black Sea region, with a particularly strong 

representation from Ukraine, including academics, regulators, nuclear industry specialists, and 

civil society leaders from institutions such as Odesa I. I. Mechnikov National University, 

Energoatom, George Kuzmycz Training Center for Physical Protection, Control and Accounting 

of Nuclear Material, the State Scientific and Technical Center for Nuclear and Radiation Safety, 

the Ukrainian Nuclear Society, and youth and professional networks. By deliberately inviting 

many Ukrainian participants and creating space for them to present research and share wartime 

experiences, the in-person NucTalks workshop strengthened regional collaboration, amplified 

Ukrainian expertise, and translated the online community into concrete joint projects and 

professional ties. 

Due to the webinars all members were able to get in touch with many important 

orhganizations in nuclear field, some examples are: James Martin Center for Nonproliferation 

Studies (CNS-MIIS), George Kuzmycz Training Center for Physical Protection, Control and 

Accounting of Nuclear Material, Vienna Center for Disarmamanet and Non-Proliferation 

(VCDNP), TSU Andronikashvili Institute of Physics, World Institute for Nuclear Security 

(WINS), Institute for Peace Research and Security Policy at the University of Hamburg (IFSH), 

Odesa Center for Nonproliferation (OdCNP), Odesa I. I. Mechnikov National University, 

Ukrainian Nuclear Society, CNE Cernavoda in Romania, National Agency for Regulation of 

Nuclear and Radiological Activities (NARNRA) in Moldova. 

As the regular moderator of NucTalks, I can also share my personal experience with this 

initiative. After the start of the war on Ukraine, I lost my job and was unsure how to continue my 

professional path. Taking on a leadership role in NucTalks helped me regain confidence in my 

future and in the importance of my voice. Leading the series allows me to learn every day, expand 

my network, and strengthen my belief in my own capabilities. Such initiatives should be widely 

promoted among young professionals, as they can help people discover their interests, meet 

like-minded colleagues, and build lasting friendships. 

Conclusions. In summary, webinars are an important tool for developing strong 

professional connections and generating new ideas for research, collaboration, and exchange. As 

no one can make the world safer alone, meaningful change requires a community of colleagues 

working together, and the Black Sea Women in Nuclear network embodies this principle by using 

its initiatives as practical tools. By combining accessible online formats with active engagement, 

NucTalks helps to demystify complex nuclear issues and creates entry points for those who might 

otherwise remain outside specialized expert circles. Looking ahead, we plan to integrate NucTalks 

more closely with conference activities by organising dedicated panels and side events, as well as 

to launch several webinars in Ukrainian in order to engage a broader range of professionals from 

Ukraine.



 
 

 
 

38 

ʋɼʂ 621.039 

ĭ ʄʦʣ. ʚʯʝʥʠʡ ʉʘʤʩʦʥʝʥʢʦ ɸ. ɺ.; Į ʘʩʠʩʪ. ʆʩʪʘʧʝʥʢʦ ɯ. ɸ. 

ĭ ɸʩʠʩʪ., ʢ.ʬ.-ʤ.ʥ. ɼʨʘʧʝʡ ʉ. ʉ. 

   

 

ĭ ɯʥʩʪʠʪʫʪ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ 

Į ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɻɸʃʀʅʀ ʋ ʇʈɸɺʆɺʆʄʋ ʈɽɻʋʃʖɺɸʅʅɯ ʌɯɿʀʏʅʆɻʆ ɿɸʍʀʉʊʋ ɼɾɽʈɽʃ 

ɯʆʅɯɿʋʖʏʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ʊɸ ʈɸɼɯʆɸʂʊʀɺʅʀʍ ɺɯɼʍʆɼɯɺ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʌʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɼɯɺ) ʪʘ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ (ʈɸɺ) ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʝʨʞʘʚʥʦʛʦ ʨʝʞʠʤʫ ʷʜʝʨʥʦʾ ʪʘ 

ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʟʘʭʠʩʪ ʞʠʪʪʷ, ʟʜʦʨʦʚôʷ ʪʘ ʜʦʚʢʽʣʣʷ. ʅʦʨʤʘʪʠʚʥʘ ʙʘʟʘ 

ʋʢʨʘʾʥʠ ʚʢʣʶʯʘʻ ʟʘʢʦʥʠ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ ʡ ʨʘʜʽʘʮʽʡʥʫ ʙʝʟʧʝʢʫ, 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʈɸɺ, ʟʘʭʠʩʪ ʣʶʜʠʥʠ ʚʽʜ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʤʽʞʥʘʨʦʜʥʽ 

ʟʦʙʦʚôʷʟʘʥʥʷ ʱʦʜʦ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʷʜʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʨʦʪʝ ʚʽʜʩʫʪʥʽʡ ʦʢʨʝʤʠʡ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʡ ʘʢʪ ï çʇʨʘʚʠʣʘ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ ʪʘ ʈɸɺè, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʻʜʠʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ ʽ ʧʦʨʫʰʫʻ ʧʨʠʥʮʠʧ ʩʠʩʪʝʤʥʦʩʪʽ ʧʨʘʚʦʚʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ. 

ʆʙôʻʢʪ ʽ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʙôʻʢʪ ï ʧʫʙʣʽʯʥʦ-ʧʨʘʚʦʚʽ ʚʽʜʥʦʩʠʥʠ ʫ ʩʬʝʨʽ 

ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ ʽ ʈɸɺ; ʧʨʝʜʤʝʪ ï ʩʠʩʪʝʤʘ ʧʨʘʚʦʚʠʭ ʥʦʨʤ, ʧʨʠʥʮʠʧʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ 

ʨʝʘʣʽʟʘʮʽʾ ʚʠʤʦʛ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. 

ʄʝʪʦʜʦʣʦʛʽʷ. ɺʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʥʠʡ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʪʘ ʧʦʨʽʚʥʷʣʴʥʦ-ʧʨʘʚʦʚʠʡ 

ʧʽʜʭʦʜʠ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʠʥʮʠʧʽʚ ʙʝʟʧʝʢʦʚʦʛʦ ʧʨʘʚʘ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʨʦʙʣʝʤʘ ʥʘʙʫʚʘʻ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʠʭ ʟʘʛʨʦʟ, ʛʽʙʨʠʜʥʠʭ 

ʨʠʟʠʢʽʚ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʽʤʦʚʽʨʥʦʩʪʽ ʜʠʚʝʨʩʽʡʥʠʭ ʽ ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʧʦʩʷʛʘʥʴ ʥʘ ʦʙôʻʢʪʠ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʙʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ɼɯɺ ʽ ʈɸɺ. ʇʦʰʢʦʜʞʝʥʥʷ ʯʠ ʥʝʟʘʢʦʥʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʤʘʩʰʪʘʙʥʽ ʩʦʮʽʘʣʴʥʽ, ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʥʘʩʣʽʜʢʠ, 

ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʦʢʨʝʤʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʩʪʘʥʦʚʣʷʪʴ ʟʘʛʨʦʟʫ ʥʘʮʽʦʥʘʣʴʥʽʡ ʙʝʟʧʝʮʽ. 

ʂʨʽʤ ʪʦʛʦ, ʘʢʪʠʚʥʘ ʽʥʪʝʛʨʘʮʽʷ ʋʢʨʘʾʥʠ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʧʨʘʚʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 

ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʘʨʤʦʥʽʟʘʮʽʾ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʟ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʫ ʩʬʝʨʽ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʽʩʥʦʛʦ, 

ʩʠʩʪʝʤʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʘʢʪʘ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʻʜʥʽʩʪʴ ʧʨʘʚʦʟʘʩʪʦʩʦʚʥʦʾ ʧʨʘʢʪʠʢʠ, 

ʧʽʜʚʠʱʠʪʠ ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʣʽʮʝʥʟʽʘʪʽʚ ʽ ʟʤʽʮʥʠʪʠ ʽʥʩʪʠʪʫʮʽʡʥʫ 

ʩʧʨʦʤʦʞʥʽʩʪʴ ʜʝʨʞʘʚʠ ʫ ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ɼɯɺ ʪʘ ʈɸɺ. 

ʊʝʦʨʝʪʠʢʦ-ʧʨʘʚʦʚʽ ʘʩʧʝʢʪʠ ʧʨʦʙʣʝʤʠ 

1. ʌʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ʷʢ ʩʧʝʮʽʘʣʴʥʠʡ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʡ ʨʝʞʠʤ 

ʌʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ɼɯɺ ʽ ʈɸɺ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʧʝʮʽʘʣʴʥʠʡ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʧʨʘʚʦʚʠʡ ʨʝʞʠʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ: 

ï ̔ ʤʧʝʨʘʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʨʝʛʫʣʶʚʘʥʥʷ; 

ï ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʜʝʨʞʘʚʥʦʛʦ ʢʦʥʪʨʦʣʶ; 

ï ʦʙʤʝʞʝʥʥʷʤ ʜʠʩʢʨʝʮʽʾ ʩʫʙô̒ ʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ; 

ï ʧʨʝʚʝʥʪʠʚʥʦʶ ʩʧʨʷʤʦʚʘʥʽʩʪʶ. 

ɺʦʜʥʦʯʘʩ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʥʝ ʬʦʨʤʫʻ ʮʽʣʽʩʥʦʾ ʢʦʥʮʝʧʮʽʾ ʮʴʦʛʦ ʨʝʞʠʤʫ ʷʢ ʦʢʨʝʤʦʛʦ 

ʽʥʩʪʠʪʫʪʫ ʧʨʘʚʘ, ʱʦ ʟʫʤʦʚʣʶʻ ʬʨʘʛʤʝʥʪʘʨʥʽʩʪʴ ʥʦʨʤ. 

2. ʇʦʨʫʰʝʥʥʷ ʧʨʠʥʮʠʧʫ ʩʠʩʪʝʤʥʦʩʪʽ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ɿ ʧʦʟʠʮʽʾ ʪʝʦʨʽʾ ʧʨʘʚʘ ʝʬʝʢʪʠʚʥʝ ʧʨʘʚʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʧʨʠʥʮʠʧʘʤ: 
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ï ʩʠʩʪʝʤʥʦʩʪʽ; 

ï ʚʥʫʪʨʽʰʥʴʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ; 

ï ̔ ʻʨʘʨʭʽʯʥʦʩʪʽ; 

ï ʧʨʘʚʦʚʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʌʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ɼɯɺ ʪʘ ʈɸɺ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʨʦʟʧʦʨʦʰʝʥʠʤʠ ʥʦʨʤʘʤʠ ʨʽʟʥʦʾ 

ʶʨʠʜʠʯʥʦʾ ʩʠʣʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʛʦ ʩʠʩʪʝʤʦʫʪʚʦʨʶʶʯʦʛʦ ʘʢʪʫ ʧʦʨʫʰʫʻ ʧʨʠʥʮʠʧ 

ʩʠʩʪʝʤʥʦʩʪʽ ʪʘ ʫʩʢʣʘʜʥʶʻ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʧʨʘʚʦʟʘʩʪʦʩʦʚʥʦʾ ʧʨʘʢʪʠʢʠ. 

ɸʥʘʣʽʟ ʯʠʥʥʠʭ ʥʦʨʤ ʟʘʩʚʽʜʯʫʻ ʬʨʘʛʤʝʥʪʘʨʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ: ʚʠʤʦʛʠ ʚʠʢʣʘʜʝʥʽ ʚ 

ʨʽʟʥʠʭ ʟʘʢʦʥʘʭ ʽ ʧʽʜʟʘʢʦʥʥʠʭ ʘʢʪʘʭ, ʚʽʜʩʫʪʥʽʡ ʢʦʤʧʣʝʢʩʥʠʡ ʘʢʪ ʽʟ ʜʝʪʘʣʴʥʠʤʠ ʧʨʘʚʠʣʘʤʠ 

ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ ʽ ʈɸɺ [1ï4]. 

ʅʘʮʽʦʥʘʣʴʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ: ʚʽʜʩʫʪʥʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʢʘʪʝʛʦʨʠʟʘʮʽʷ ʟʘʛʨʦʟ, ʫʥʽʬʽʢʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ 

ʚʨʘʟʣʠʚʦʩʪʽ ʡ ʨʠʟʠʢʫ ʜʣʷ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ ɼɯɺ ʪʘ ʈɸɺ [5,6]. 

ʇʨʦʩʪʝʞʫʶʪʴʩʷ ʥʝʯʽʪʢʽ ʤʝʞʽ ʢʦʤʧʝʪʝʥʮʽʾ ʤʽʞ ʨʝʛʫʣʶʶʯʠʤ ʦʨʛʘʥʦʤ, ʣʽʮʝʥʟʽʘʪʘʤʠ ʡ 

ʽʥʰʠʤʠ ʩʫʙôʻʢʪʘʤʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʱʦ ʧʦʨʫʰʫʻ ʧʨʠʥʮʠʧ ʶʨʠʜʠʯʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ 

ʫʩʢʣʘʜʥʶʻ ʢʦʦʨʜʠʥʘʮʽʶ ʫ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʧʨʘʚʦʧʦʨʫʰʝʥʴ  (ʽʥʮʠʜʝʥʪʽʚ) ʧʦʚôʷʟʘʥʠʤʠ ʟ  ɼɯɺ 

ʪʘ ʈɸɺ. 

ʏʽʪʢʦ ʥʝ ʚʨʝʛʫʣʴʦʚʘʥʦ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʈɸɺ ʧʽʜ ʯʘʩ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʪʠʤʯʘʩʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʜʽʡ ʷʢʽ ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫ ʨʘʟʽ ʥʘʩʪʘʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʘʙʦ ʢʨʠʟʦʚʦʾ ʩʠʪʫʘʮʽʡ. 

ʉʫʯʘʩʥʽ ʟʘʛʨʦʟʠ (ʢʽʙʝʨ ʚʪʨʫʯʘʥʥʷ, ʚʥʫʪʨʽʰʥʽʡ ʧʨʘʚʦʧʦʨʫʰʥʠʢ) ʥʝ ʦʪʨʠʤʘʣʠ 

ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʘʚʦʚʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʚʠʤʦʛʘʭ ʱʦʜʦ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʱʦ ʩʪʚʦʨʶʻ 

ʨʦʟʨʠʚ ʤʽʞ ʜʦʢʪʨʠʥʘʣʴʥʠʤ ʨʦʟʚʠʪʢʦʤ ʙʝʟʧʝʢʦʚʦʛʦ ʧʨʘʚʘ ʪʘ ʧʨʘʢʪʠʯʥʠʤʠ ʥʦʨʤʘʤʠ. 

ʂʦʜʝʢʩ ʧʦʚʝʜʽʥʢʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʡ ʟʙʝʨʝʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʜʞʝʨʝʣ 

ʟʘʪʚʝʨʜʞʝʥʠʡ ʈʘʜʦʶ ʋʧʨʘʚʣʷʶʯʠʭ ʄɸɻɸʊɽ ʫ ʚʝʨʝʩʥʽ 2003 ʨʦʢʫ ʡ ʥʘʜʨʫʢʦʚʘʥʠʡ ʫ ʩʽʯʥʽ 

2004 ʨʦʢʫ. ʂʦʜʝʢʩ ʻ ʧʝʨʰʠʤ ʤʽʞʥʘʨʦʜʥʠʤ ʜʦʢʫʤʝʥʪʦʤ, ʷʢʠʡ ʩʪʦʩʫʻʪʴʩʷ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ 

ɼɯɺ.  

ʂʦʜʝʢʩ ʧʦʚʝʜʽʥʢʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʜʞʝʨʝʣ ʨʘʜʽʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʷʚʣʷʪʠ ʩʦʙʦʶ 

ʨʝʘʣʴʥʠʡ ʨʠʟʠʢ ʜʣʷ ʦʢʨʝʤʠʭ ʦʩʽʙ, ʩʫʩʧʽʣʴʩʪʚʘ ʡ ʜʦʚʢʽʣʣʷ (ʜʞʝʨʝʣʘ ʢʘʪʝʛʦʨʽʡ 1 ï 3) [7].  

ʂʦʜʝʢʩ ʥʝ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʷʜʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʡ ɼɯɺ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʚʽʡʩʴʢʦʚʠʭ ʯʠ ʦʙʦʨʦʥʥʠʭ ʧʨʦʛʨʘʤʘʭ. 

ʂʦʜʝʢʩ ʟʘʙʝʟʧʝʯʫʻ ʜʝʨʞʘʚʥʽ ʦʨʛʘʥʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʟ ʪʘʢʠʭ ʧʠʪʘʥʴ: 

ï ɼʦʩʷʛʥʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʘ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʡ ʟʙʝʨʝʞʝʥʦʩʪʽ ɼɯɺ. 

ï ɿʘʧʦʙʽʛʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʜʦʩʪʫʧʫ ʜʦ ɼɯɺ, ʟʘʚʜʘʚʘʥʥʷ ʾʤ ʰʢʦʜʠ, ʾʭ ʚʪʨʘʪʠ, 
ʚʠʢʨʘʜʝʥʥʷ, ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʾ ʧʝʨʝʜʘʯʽ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʚʠʧʘʜʢʦʚʦʛʦ 

ʰʢʽʜʣʠʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʪʘʢʠʤʠ ʜʞʝʨʝʣʘʤʠ ʯʠ ʟʣʦʚʤʠʩʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʶ ʪʘʢʠʭ ʜʞʝʨʝʣ 

ʜʣʷ ʥʘʥʝʩʝʥʥʷ hʢʦʜʠ ʦʢʨʝʤʠʤ ʦʩʦʙʘʤ, ʩʫʩʧʽʣʴʩʪʚʫ ʯʠ ʜʦʚʢʽʣʣʶ. 

ï ʇʦʤô̫ ʢʰʝʥʥʷ ʯʠ ʟʚʝʜʝʥʥʷ ʜʦ ʤʽʥʽʤʫʤʫ ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ ʙʫʜʴ-̫ ʢʦʾ ʘʚʘʨʽʾ ʯʠ 

ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ, ʷʢʽ ʧʦʚô̫ ʟʘʥʽ ʟ ɼɯɺ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ ʟʘʚʜʘʥʴ ʫ ʩʬʝʨʽ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʘ ʩʪʚʦʨʶʻ 

ʚʣʘʩʥʠʡ ʜʝʨʞʘʚʥʠʡ ʨʝʞʠʤ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ. ʋʨʷʜ ʜʝʨʞʘʚʠ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ, ʱʦʙ 

ʫʩʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʦʙʦʚôʷʟʢʠ ʚ ʜʝʨʞʘʚʥʦʤʫ ʨʝʞʠʤʽ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ, ʤʘʣʠ 

ʥʝʦʙʭʽʜʥʽ ʢʦʤʧʝʪʝʥʮʽʾ ʪʘ ʧʦʩʪʽʡʥʦ ʾʭ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ.  

ɼʝʨʞʘʚʘ ʤʘʻ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʫʨʷʜ ʡ ʦʨʛʘʥʽʟʘʮʽʾ, ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʬʽʟʠʯʥʫ ʷʜʝʨʥʫ 

ʙʝʟʧʝʢʫ, ʤʘʪʠʤʫʪʴ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʣʶʜʩʴʢʠʭ, ʬʽʥʘʥʩʦʚʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ 

ʥʘʷʚʥʽʩʪʴ ʫ ʜʝʨʞʘʚʽ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʦʩʽʙ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʩʪʚʦʨʝʥʥʷ, 

ʧʽʜʪʨʠʤʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʞʠʤʫ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ 

ʙʝʟʧʝʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ɼʦʚʝʜʝʥʦ, ʱʦ ʬʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ɼɯɺ ʽ ʈɸɺ ʧʦʚʠʥʝʥ ʨʦʟʛʣʷʜʘʪʠʩʷ 

ʷʢ ʩʘʤʦʩʪʽʡʥʠʡ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʡ ʨʝʞʠʤ ʽʟ ʚʠʟʥʘʯʝʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʪʘ 

ʤʝʭʘʥʽʟʤʘʤʠ ʨʝʘʣʽʟʘʮʽʾ. ɺʠʜʽʣʝʥʦ ʢʦʥʢʨʝʪʥʫ ʧʨʦʛʘʣʠʥʫ ï ʚʽʜʩʫʪʥʽʩʪʴ ʦʢʨʝʤʦʛʦ ʘʢʪʫ 
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çʇʨʘʚʠʣʘ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ ʪʘ ʈɸɺè, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʘʚʦʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʥʘʧʨʷʤʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʙʝʟʧʝʢʦʚʠʭ ʚʠʢʣʠʢʽʚ. 

ɺʠʩʥʦʚʢʠ.  ʉʠʩʪʝʤʘ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ ʪʘ ʈɸɺ ʻ 

ʬʨʘʛʤʝʥʪʘʨʥʦʶ: ʽʩʥʫʶʯʽ ʟʘʢʦʥʠ ʪʘ ʧʽʜʟʘʢʦʥʥʽ ʘʢʪʠ ʥʝ ʬʦʨʤʫʶʪʴ ʻʜʠʥʦʛʦ, ʩʠʩʪʝʤʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʦʢʨʝʤʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʘʢʪʫ çʇʨʘʚʠʣʘ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ ʪʘ ʈɸɺè 

ʩʪʚʦʨʶʻ ʧʨʦʛʘʣʠʥʫ ʚ ʧʨʘʚʦʚʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʽ ʧʽʜʚʠʱʫʻ ʨʠʟʠʢʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ 

ʟʘʢʦʥʦʜʘʚʯʠʤʠ ʥʦʨʤʘʤʠ ʪʘ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʭʦʜʘʤʠ ʙʝʟʧʝʢʠ. 

ʅʝʜʦʩʪʘʪʥʷ ʜʝʪʘʣʽʟʘʮʽʷ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʨʽʚʥʽ 

ʟʘʛʨʦʟ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝʧʦʩʣʽʜʦʚʥʦ, ʘ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ ʪʘ ʟʘʛʨʦʟʠ ʥʝ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ. 

ʅʝʯʽʪʢʝ ʨʦʟʤʝʞʫʚʘʥʥʷ ʧʦʚʥʦʚʘʞʝʥʴ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʤʽʞ ʨʝʛʫʣʶʶʯʠʤʠ 

ʦʨʛʘʥʘʤʠ, ʣʽʮʝʥʟʽʘʪʘʤʠ ʪʘ ʽʥʰʠʤʠ ʩʫʙôʻʢʪʘʤʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ɼɯɺ ʩʪʚʦʨʶʻ ʧʦʪʝʥʮʽʡʥʽ 

ʢʦʥʬʣʽʢʪʠ ʽ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʘʚʦʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʉʫʯʘʩʥʽ ʟʘʛʨʦʟʠ (ʢʽʙʝʨ, ʚʥʫʪʨʽʰʥʽ ʟʘʛʨʦʟʠ, ʛʽʙʨʠʜʥʽ ʨʠʟʠʢʠ) ʥʝ ʚʨʘʭʦʚʘʥʽ  ʯʠʥʥʠʤʠ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʠʤʠ ʘʢʪʘʤʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʝʨʝʛʣʷʜʫ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʚʠʤʦʛ. 

ʇʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ: 

- ʨʦʟʨʦʙʠʪʠ ʦʢʨʝʤʠʡ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʡ ʘʢʪ çʇʨʘʚʠʣʘ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ ʪʘ 

ʈɸɺè; 

- ʟʘʧʨʦʚʘʜʠʪʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʚʠʤʦʛʠ ʟʘʣʝʞʥʦ ʚʽʜ ʢʘʪʝʛʦʨʽʾ ʦʙôʻʢʪʘ ʪʘ ʨʽʚʥʷ 

ʟʘʛʨʦʟʠ; 

- ʯʽʪʢʦ ʚʠʟʥʘʯʠʪʠ ʧʦʚʥʦʚʘʞʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʚʩʽʭ ʩʫʙôʻʢʪʽʚ ʧʦʚʦʜʞʝʥʥʷ ʟ ɼɯɺ 

ʪʘ ʈɸɺ; 

- ̔ ʥʪʝʛʨʫʚʘʪʠ ʩʫʯʘʩʥʽ ʟʘʛʨʦʟʠ ʫ ʥʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ, ʟʦʢʨʝʤʘ ʢʽʙʝʨʟʘʭʠʩʪ ʪʘ ʧʨʦʪʠʜʽʶ 

ʚʥʫʪʨʽʰʥʽʤ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘʤ ʥʘ ʦʙʻʢʪʘʭ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʧʦʚʦʜʞʝʥʥʷ ʟ ɼɯɺ ʪʘ ʈɸɺ; 

- ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʞʚʽʜʦʤʯʫ ʢʦʦʨʜʠʥʘʮʽʶ ʫ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʧʨʘʚʦʧʦʨʫʰʝʥʴ 

(ʽʥʮʠʜʝʥʪʽʚ) ʪʘ ʫʥʽʬʽʢʘʮʽʶ ʧʨʦʮʝʜʫʨ ʦʮʽʥʢʠ ʨʠʟʠʢʫ. 

ʅʘʫʢʦʚʘ ʪʘ ʧʨʘʢʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ: ʨʝʘʣʽʟʘʮʽʷ ʟʘʟʥʘʯʝʥʠʭ ʟʘʭʦʜʽʚ ʩʧʨʠʷʪʠʤʝ 

ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ ʪʘ ʈɸɺ, ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʜʣʷ ʞʠʪʪʷ, 

ʟʜʦʨʦʚôʷ ʪʘ ʜʦʚʢʽʣʣʷ, ʘ ʪʘʢʦʞ ʫʟʛʦʜʞʝʥʥʶ ʥʘʮʽʦʥʘʣʴʥʦʾ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʟ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ ʙʝʟʧʝʢʠ. 
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1 ɼʉʇ çʏʦʨʥʦʙʠʣʴʩʴʢʘ ɸɽʉè 
2 ʉʣʘʚʫʪʠʮʴʢʘ ʬʽʣʽʷ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʌɯɿʀʏʅɸ ʗɼɽʈʅɸ ɹɽɿʇɽʂɸ ʅɸ ɽʊɸʇɯ ɿʅʗʊʊʗ ɿ ɽʂʉʇʃʋɸʊɸʎɯɰ  

ɸʊʆʄʅʀʍ ʉʊɸʅʎɯʁ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʘʚʜʘʥʥʷ  ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ 

(ʌʗɹ) ʥʘ ʝʪʘʧʽ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ  ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʷʜʝʨʥʽ ʪʘ ʽʥʰʽ ʨʘʜʽʦʘʢʪʠʚʥʽ 

ʤʘʪʝʨʽʘʣʠ ʥʝ ʧʦʪʨʘʧʠʣʠ ʜʦ ʥʝʜʝʨʞʘʚʥʠʭ ʩʫʙôʻʢʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʾʭ ʫ ʟʣʦʚʤʠʩʥʠʭ 

ʮʽʣʷʭ. 

ɼʦʛʦʚʽʨ ʧʨʦ ʥʝʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʷʜʝʨʥʦʾ ʟʙʨʦʾ ʧʝʨʝʜʙʘʯʘʻ ʦʙʦʚôʷʟʢʠ, ʷʢʠʭ ʧʦʚʠʥʥʽ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʜʝʨʞʘʚʠ ʱʦʙ ʜʦʚʝʩʪʠ, ʱʦ ʚʩʷ ʷʜʝʨʥʘ ʜʽʷʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʽ ʱʦ ʷʜʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʥʝ ʧʝʨʝʢʣʶʯʘʶʪʴʩʷ ʟ ʤʠʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʷʜʝʨʥʦʾ ʟʙʨʦʾ. ɺ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʮʴʦʛʦ ʧʨʠʥʮʠʧʫ ʛʘʨʘʥʪʽʡ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʢʦʥʮʝʧʮʽʷ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ.  

ʈʘʟʦʤ ʟ ʮʠʤ, ʬʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʟʘʭʠʩʪ ʽʥʪʝʨʝʩʽʚ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ, ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʧʨʠʧʠʥʝʥʥʷ ʜʠʚʝʨʩʽʡ, ʢʨʘʜʽʞʢʠ ʘʙʦ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ 

ʥʝʟʘʢʦʥʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʷʜʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ ʟʤʽʮʥʝʥʥʷ ʨʝʞʠʤʫ ʥʝʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʷʜʝʨʥʦʾ ʟʙʨʦʾ. ɺʩʝ ʪʝ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʩʬʝʨʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ, ʧʽʜʧʘʜʘʻ ʧʽʜ ʜʽʶ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʢʦʥʮʝʧʮʽʾ ʧʨʠʥʮʠʧʫ ʜʝʨʞʘʚʥʦʛʦ ʩʫʚʝʨʝʥʽʪʝʪʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ɺʝʩʪʬʘʣʴʩʴʢʽʡ ʩʠʩʪʝʤʽ ʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʨʦʟʚʠʪʢʫ ʤʽʞʥʘʨʦʜʥʦʾ 

ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʌʗɹ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʚ ʩʬʝʨʽ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʘʪʨʠʙʫʪʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʝʨʞʘʚʥʦʛʦ 

ʩʫʚʝʨʝʥʽʪʝʪʫ ʚ ʩʬʝʨʽ ʌʗɹ ʤʘʻ ʙʫʪʠ ʙʘʟʦʚʘ ʧʨʦʻʢʪʥʘ ʟʘʛʨʦʟʘ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚ ʷʜʝʨʥʦʤʫ ʩʝʢʪʦʨʽ ʚʠʤʘʛʘʻ ʚʽʜ ʜʝʨʞʘʚʠ ʚʟʷʪʠ ʥʘ ʩʝʙʝ ʚʽʜʧʦʚʽʜʘʣʴʥʝ ʧʦʣʽʪʠʯʥʝ 

ʨʽʰʝʥʥʷ. ɺʦʥʦ ʤʦʞʝ ʚʟʷʪʠ ʥʘ ʩʝʙʝ ʦʜʥʦʦʩʽʙʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʘʙʦ ʟʘʩʪʦʩʫʚʘʪʠ ʚʘʨʽʘʥʪ 

ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘ ʫʯʘʩʪʶ ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʪʘ ʦʧʝʨʘʪʦʨʽʚ 

ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʗʋ). 

ʏʠʤ ʥʠʞʯʝ ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ ʥʘ ʷʢʽ ʧʦʛʦʜʞʫʻʪʴʩʷ ʜʝʨʞʘʚʘ, ʪʠʤ  ʤʘʻ ʙʫʪʠ ʚʠʱʠʡ ʨʽʚʝʥʴ 

ʌʗɹ, ʱʦ ʚʠʤʘʛʘʪʠʤʝ ʙʽʣʴʰʠʭ ʚʠʪʨʘʪ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʙʝʟʧʝʢʠ. ʈʽʚʝʥʴ ʧʨʠʡʥʷʪʥʦʛʦ 

ʨʠʟʠʢʫ ʻ ʩʫʛʫʙʦ ʧʦʣʽʪʠʯʥʠʤ ʨʽʰʝʥʥʷʤ ʽ ʚʽʥ ʧʦʚʠʥʝʥ ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʛʣʷʜʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʟʤʽʥʠ ʟʘʛʨʦʟ. ʎʝʡ ʘʩʧʝʢʪ ʥʝʤʦʞʣʠʚʦ ʥʝʜʦʦʮʽʥʶʚʘʪʠ ʦʩʢʽʣʴʢʠ ʚʘʨʪʽʩʪʴ ʙʝʟʧʝʢʠ ʤʦʞʝ 

ʙʫʪʠ ʜʫʞʝ ʟʥʘʯʥʦʶ  ʽ ʪʦʤʫ ʚʦʥʘ ʤʘʻ ʙʫʪʠ ʚʨʘʭʦʚʘʥʦʶ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʝʢʦʥʦʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʧʨʦʻʢʪʽʚ. 

ɹʘʟʦʚʘ ʧʨʦʻʢʪʥʘ ʟʘʛʨʦʟʘ ʧʦʨʷʜ ʟ ʥʝʧʨʠʡʥʷʪʥʠʤʠ ʨʘʜʽʦʣʦʛʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ 

ʦʙʦʚôʷʟʢʦʚʦ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʤʦʞʣʠʚʽ ʩʦʮʽʘʣʴʥʦ-ʧʦʣʽʪʠʯʥʽ ʥʘʩʣʽʜʢʠ ʜʠʚʝʨʩʽʾ ʪʘ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʷʜʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʗʄ). ɸʥʘʣʽʟ ʨʠʟʠʢʽʚ ʤʘʻ ʙʫʪʠ ʦʩʥʦʚʘʥʠʤ 

ʥʘ ʤʘʩʰʪʘʙʘʭ ʥʘʩʣʽʜʢʽʚ ʜʠʚʝʨʩʽʾ ʘʙʦ ʟʘʚʦʣʦʜʽʥʥʷ ʗʄ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʷʜʝʨʥʦʛʦ 

ʚʠʙʫʭʦʚʦʛʦ ʯʠ ʽʤʧʨʦʚʽʟʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʩʮʝʥʘʨʽʾʚ ʧʦʜʽʡ ʧʦʚôʷʟʘʥʠʭ ʟ ʌʗɹ ʤʘʶʪʴ  ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ: 

- ʚʠʢʨʘʜʝʥʥʷ ʷʜʝʨʥʦʾ ʟʙʨʦʾ; 

- ʟʘʚʦʣʦʜʽʥʥʷ ʗʄ ʪʘ ʩʪʚʦʨʝʥʥʷ ʷʜʝʨʥʦʛʦ ʚʠʙʫʭʦʚʦʛʦ ʧʨʠʩʪʨʦʶ; 

- ʜʠʚʝʨʩʽʷ (ʩʘʙʦʪʘʞ) ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʗʋ ʘʙʦ ʧʝʨʝʚʝʟʝʥʥʷ (ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ) 
ʷʜʝʨʥʦʛʦ ʘʙʦ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

- ʟʘʚʦʣʦʜʽʥʥʷ ʗʄ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʤʧʨʦʚʽʟʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ; 
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- ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʜʠʩʧʝʨʛʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ, ʨʘʜʽʘʮʽʡʥʦ ʦʧʨʦʤʽʥʶʶʯʦʛʦ 
ʧʨʠʩʪʨʦʶ ʘʙʦ  ʨʘʜʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʠʭ ʥʘʩʠʣʴʥʠʮʴʢʠʭ ʧʨʦʪʠʧʨʘʚʥʠʭ ʜʽʡ ʜʠʚʝʨʩʽʡʥʦʛʦ 

ʩʧʨʷʤʫʚʘʥʥʷ ʥʘ ɸɽʉ ʽʩʥʫʶʪʴ ʧʽʜʩʪʘʚʠ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʜʠʚʝʨʩʽʾ ʥʘ ʷʜʝʨʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ ʋʢʨʘʾʥʠ ʥʝ ʤʦʞʫʪʴ ʚʚʘʞʘʪʠʩʷ  ʛʽʧʦʪʝʪʠʯʥʠʤʠ ʧʦʜʽʷʤʠ. 

ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘʢʽ ʷʢ ʙʝʟʧʽʣʦʪʥʽ ʣʝʪʘʣʴʥʽ ʩʠʩʪʝʤʠ ʪʘ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʻ 

ʧʠʪʘʥʥʷʤʠ, ʷʢʠʤ  ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʷʪʠ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʽ ʷʢʽ ʚʽʨʦʛʽʜʥʦ ʙʫʜʫʪʴ ʟʘʣʠʰʘʪʠʩʷ 

ʚ ʧʦʣʽ ʟʦʨʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ. ʅʘʧʨʠʢʣʘʜ ʪʝʭʥʦʣʦʛʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ 

ʚʝʣʠʢʠʭ  ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ ʟ ʚʠʷʚʣʝʥʥʷʤ ʧʦʜʽʡ 

ʧʦʚôʷʟʘʥʠʭ ʟ ʌʗɹ, ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʠʭ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ, ʘʣʝ ʽ ʧʦʨʦʜʞʫʶʪʴ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟʣʦʚʤʠʩʥʠʢʘʤʠ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʬʽʟʠʯʥʦʤʫ ʟʘʭʠʩʪʫ. ʊʘʢ, 

ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʌʗɹ ʫʩʪʘʥʦʚʦʢ ʥʝ ʤʘʶʪʴ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʧʨʦʪʠʜʽʾ ɹʇʃɸ, ʘ ʨʝʟʫʣʴʪʘʪʠ 

ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʙʝʟʧʝʢʠ ʢʦʧʤʧôʁ ʪʝʨʥʠʭ ʩʠʩʪʝʤ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʫ ʾʭ 

ʫʨʘʟʣʠʚʽʩʪʴ.   

ʇʦʨʷʜ ʟ ʚʠʨʽʰʝʥʥʷʤ ʧʠʪʘʥʴ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʣʘʥʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ  ʪʨʝʙʘ 

ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʟʨʦʩʪʘʶʯʠʡ ʚʧʣʠʚ ʩʦʮʽʘʣʴʥʠʭ, ʧʦʣʽʪʠʯʥʠʭ, ʧʨʘʚʦʚʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ 

ʘʩʧʝʢʪʽʚ ʟʥʷʪʪʷ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ 

ʮʴʦʛʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʢʣʶʯʘʶʯʠ ʨʝʘʣʽʟʘʮʽʶ ʢʦʥʮʝʧʮʽʾ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ. ɿ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʣʠʚʦ ʧʝʨʝʚʘʛʘ ʧʦʚʠʥʥʘ 

ʥʘʜʘʚʘʪʠʩʷ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʢʨʫʧʥʠʭ ʩʭʦʚʠʱ ʥʽʞ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʘʣʠʭ.  

ɺʠʢʦʨʠʩʪʘʥʥʶ ʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ, ʷʢ ʙʘʛʘʪʴʦʤ ʽʥʰʠʤ ʧʨʦʤʠʩʣʦʚʠʤ ʪʝʭʥʦʣʦʛʽʷʤ, 

ʧʨʠʪʘʤʘʥʥʽ  ʩʧʝʮʠʬʽʯʥʽ ʨʠʟʠʢʠ. ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʷʜʝʨʥʦʾ ʩʬʝʨʠ ʻ ʨʠʟʠʢʠ ʥʘʥʝʩʝʥʥʷ 

ʰʢʦʜʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʚʝʣʠʢʽ ʪʝʨʠʪʦʨʽʾ ʥʝ ʪʽʣʴʢʠ 

ʥʘʚʢʦʣʦ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʘ ʡ ʜʘʣʝʢʦ ʟʘ ʾʾ ʤʝʞʘʤʠ. ʗʜʝʨʥʘ ʛʘʣʫʟʴ ʤʦʞʝ ʙʫʪʠ ʛʦʣʦʚʥʦʶ 

ʮʽʣʣʶ ʥʘʧʘʜʥʠʢʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʯʝʨʝʟ ʤʦʞʣʠʚʽ ʞʘʭʣʠʚʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ, ʪʦʤʫ 

ʥʘʡʛʦʣʦʚʥʽʰʠʤ ʧʠʪʘʥʥʷʤ ʤʘʻ ʙʫʪʠ ʧʨʦʪʠʜʽʷ ʷʜʝʨʥʦʤʫ ʪʝʨʦʨʠʟʤʫ ʚʽʜ ʷʢʦʛʦ ʥʝ ʟʘʩʪʨʘʭʦʚʘʥʘ 

ʞʦʜʥʘ ʢʨʘʾʥʘ ʚ ʩʚʽʪʽ. 

ʅʘʧʝʨʝʜʦʜʥʽ ʙʫʜʴ-ʷʢʠʭ ʟʤʽʥ ʽʥʚʝʥʪʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʗʄ ʪʘ ʽʥʰʦʛʦ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʗʋ ʪʘ ʤʦʜʠʬʽʢʘʮʽʷʤʠ ʦʙʣʘʜʥʘʥʥʷ, ʩʠʩʪʝʤ ʪʘ ʧʨʠʩʪʨʦʾʚ  ʣʽʮʝʥʟʽʘʪ ʤʘʻ ʟʜʽʡʩʥʠʪʠ 

ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʮʠʭ ʟʤʽʥ ʥʘ ʨʽʚʝʥʴ ʥʝʧʨʠʡʥʷʪʥʠʭ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚ ʨʘʟʽ 

ʜʠʚʝʨʩʽʾ. ʇʦʚʠʥʥʘ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʘ ʨʦʙʦʪʘ ʟ ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥ ʽʥʚʝʥʪʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʗʄ, 

ʚʢʣʶʯʘʶʯʠ ʙʫʜʴ-ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʥʠʤʠ ʟʤʽʥʠ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʗʄ ʪʘ ʗʋ, ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʽʚʝʥʴ ʥʝʧʨʠʡʥʷʪʥʠʭ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʪʘ ʢʦʨʝʛʫʚʘʪʠ 

ʟʘʭʦʜʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ (ʌɿ) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷ ʌʗɹ. ɺ ʨʘʟʽ ʟʤʽʥʠ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʗʋ ʦʧʝʨʘʪʦʨ ʤʘʻ ʟʜʽʡʩʥʠʪʠ ʨʦʟʨʦʙʢʫ, ʦʮʽʥʢʫ ʪʘ ʦʥʦʚʣʝʥʥʷ ʧʣʘʥʽʚ, ʧʨʦʮʝʜʫʨ, 

ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ  ʩʪʦʩʦʚʥʦ ʌʗɹ. 

ɿʘʢʣʶʯʥʠʤ ʝʪʘʧʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʗʋ ʻ ʝʪʘʧ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʝʢʩʧʣʫʘʪʫʶʯʘ ʦʨʛʘʥʽʟʘʮʽʷ ʱʝ ʥʘ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʗʋ ʟʘʙʝʟʧʝʯʫʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʻʢʪʫ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʗʋ ʪʘ ʧʨʠʚʝʜʝʥʥʷ ʩʠʩʪʝʤʠ ʌɿ ʫʩʪʘʥʦʚʢʠ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ ʧʨʦʻʢʪʫ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʗʋ. 

ʉʪʘʜʽʷ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʜʽʷʣʴʥʽʩʪʴ, ʷʢʘ ʚ ʢʽʥʮʝʚʦʤʫ ʝʪʘʧʽ ʤʘʻ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʜʘʣʝʥʥʷ ʟ ʗʋ ʚʩʴʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ. ʗʢʱʦ ʥʘ 

ʝʪʘʧʽ ʟʥʷʪʪʷ ʗʋ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʙʝʨʽʛʘʻʪʴʩʷ ʨʠʟʠʢ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʗʄ ʘʙʦ 

ʟʘʛʨʦʟʘ ʟʜʽʡʩʥʝʥʥʷ ʜʠʚʝʨʩʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʨʠʡʥʷʪʥʠʭ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ, 

ʪʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ ʟʘʭʦʜʽʚ ʟ ʌʗɹ ʤʘʻ ʙʫʪʠ ʧʨʦʜʦʚʞʝʥʠʤ, ʤʦʞʣʠʚʦ ʫ ʘʜʘʧʪʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʦʚʦʾ ʧʨʦʝʢʪʥʦʾ ʟʘʛʨʦʟʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʭʘʨʘʢʪʝʨʫ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ,  ʜʝʤʦʥʪʘʞʫ ʪʦʱʦ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʝʪʘʧʫ ʟʥʷʪʪʷ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ ʌʗɹ 

ʻ ʤʦʞʣʠʚʘ ʟʤʽʥʘ ʨʽʚʥʷ ʥʝʧʨʠʡʥʷʪʥʠʭ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʠʚʝʨʩʽʾ, 
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ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʦʙôʻʢʪʦʚʦʾ ʧʨʦʻʢʪʥʦʾ ʟʘʛʨʦʟʠ ʧʦ ʤʽʨʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ ʟʥʷʪʪʷ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʠʧʠʥʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʠʭ ʩʠʩʪʝʤ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ʚʘʞʣʠʚʠʭ ʜʣʷ 

ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʌʗɹ, ʧʝʨʝʤʽʱʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʙʣʘʜʥʘʥʥʷ, ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʪʘ ʟʘʣʫʯʝʥʥʷ ʜʦ ʨʦʙʽʪ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʩʪʦʨʦʥʥʽʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʱʦ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʌʗɹ ʪʦʱʦ.  

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʙʽʪ ʟ ʚʠʚʘʥʪʘʞʝʥʥʷ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ 

ʤʘʻ ʧʝʨʝʜʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʽ ʧʨʠʚʝʜʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ ʚʠʤʦʛ ʟʘʢʦʥʦʜʘʚʩʪʚʘ 

ʜʽʶʯʠʭ ʧʨʦʮʝʜʫʨ ʟ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. ʈʦʟʨʦʙʣʷʶʯʠ ʪʘʢʽ ʧʨʦʮʝʜʫʨʠ, ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ 

ʧʨʠʜʽʣʷʪʠ ʧʨʦʮʝʜʫʨʘʤ ʌɿ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ) ʷʢ ʚ 

ʤʝʞʘʭ ʟʦʥ ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʗʋ, ʪʘʢ ʽ ʧʦʟʘ ʥʠʤʠ. 

ɼʦʨʝʯʥʦ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʜʘʣʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ  ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʫʨʘʟʣʠʚʦʩʪʽ ʗʋ ʪʘ ʗʄ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʟʦʥʘʭ ʦʙʤʝʞʝʥʥʷ 

ʜʦʩʪʫʧʫ ʟ ʧʝʨʽʦʜʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʧʦʩʪʽʡʥʽ ʽ ʩʪʘʶʪʴ ʯʘʩʪʠʥʦʶ ʦʩʥʦʚʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʷʜʝʨʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʱʦ ʧʦʣʝʛʰʫʻ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘʤ ʨʝʘʣʽʟʘʮʽʶ 

ʩʮʝʥʘʨʽʶ ʟʣʦʯʠʥʥʠʭ ʜʽʡ. ʗʄ ʥʘ ʩʪʘʜʽʾ ʡʦʛʦ ʚʠʜʘʣʝʥʥʷ ʟʘ ʤʝʞʽ ʤʘʡʜʘʥʯʠʢʘ ʧʝʨʝʚʦʟʠʪʴʩʷ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʦ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʞ ʤʘʨʰʨʫʪʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʧʨʘʚʦʧʦʨʫʰʥʠʢʦʤ ʜʣʷ 

ʚʯʠʥʝʥʥʷ ʜʠʚʝʨʩʽʾ. 

ʅʘ ʝʪʘʧʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʗʋ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʩʪʘʥ 

ʫ ʧʝʨʩʦʥʘʣʫ ʥʝ ʦʧʪʠʤʽʩʪʠʯʥʠʡ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʩʧʝʢʪʠʚ ʽ ʩʪʘʪʠʩʪʠʢʘ ʩʚʽʜʯʠʪʴ ʱʦ 

ʧʝʨʩʦʥʘʣ, ʯʘʩʪʽʰʝ ʜʦʧʫʩʢʘʻ ʧʦʤʠʣʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʚʦʾʭ ʦʙʦʚôʷʟʢʽʚ, ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʽ 

ʬʘʭʽʚʮʽ, ʚʢʣʶʯʘʶʯʠ ʬʘʭʽʚʮʽʚ ʟ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʟʚʽʣʴʥʷʶʪʴʩʷ ʟ ʨʦʙʦʪʠ. ʉʢʦʨʦʯʝʥʥʷ ʧʦʩʘʜ 

ʩʧʨʠʷʻ ʧʦʷʚʽ ʤʦʪʠʚʘʮʽʾ ʫ ʧʦʪʝʥʮʽʡʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʚʽʜ 

ʣʽʮʝʥʟʽʘʪʘ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʨʠʟʠʢʽʚ 

ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʩʪʘʥ ʌʗɹ. ʃʽʮʝʥʟʽʘʪ ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʥʘ ʩʪʘʥ 

ʌʗɹ ʩʢʦʨʦʯʝʥʥʷ ʰʪʘʪʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʧʽʜʨʷʜʥʠʢʽʚ ʪʘ ʽʥʰʠʭ ʢʘʪʝʛʦʨʽʡ 

ʩʪʦʨʦʥʥʽʭ ʨʦʙʽʪʥʠʢʽʚ, (ʚʨʘʭʫʚʘʥʥʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʢʘʜʨʦʚʠʭ ʨʝʩʫʨʩʽʚ). ʇʨʠ ʮʴʦʤʫ, ʥʝ 

ʟʚʘʞʘʶʯʠ ʥʘ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʧʨʦʝʢʪʥʦʾ ʟʘʛʨʦʟʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʬʫʥʢʮʽʷ ʢʦʥʪʨʦʣʶ 

ʜʦʩʪʫʧʦʤ ʪʘ ʽʥʰʠʭ ʬʫʥʢʮʽʡ ʌʗɹ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʟʽ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʎʽʣʽ ʌʗɹ ʥʘ ʩʪʘʜʽʾ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʶʪʴ ʧʝʨʝʜʙʘʯʘʪʠ ʧʦʚʪʦʨʥʫ ʦʮʽʥʢʫ ʚʠʤʦʛ 

ʌɿ ʫ ʟʚôʷʟʢʫ ʟʽ ʟʤʽʥʦʶ ʽʥʚʝʥʪʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʗʄ ʪʘ ʨʽʚʥʝʤ ʧʦʪʝʥʮʽʡʥʠʭ ʨʘʜʽʦʣʦʛʽʯʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʧʦʚôʷʟʘʥʠʭ ʟ ʜʠʚʝʨʩʽʻʶ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʌʗɹ ʪʘ ʗɹ, 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ʨʝʘʣʽʟʘʮʽʾ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʥʝʛʘʡʥʝ ʘʙʦ ʚʽʜʪʝʨʤʽʥʦʚʘʥʝ 

ʚʠʣʫʯʝʥʥʷ ʗʄ). ʄʦʜʠʬʽʢʘʮʽʶ ʧʦ ʤʽʨʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʭʦʜʽʚ ʌʗɹ ʚ ʩʠʪʫʘʮʽʷʭ ʢʦʣʠ 

ʽʥʚʝʥʪʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʗʄ ʧʝʨʝʤʽʱʫʻʪʴʩʷ (ʧʝʨʝʚʝʟʝʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ), ʚʠʜʘʣʷʻʪʴʩʷ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʘʙʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʩʧʦʩʽʙ. 

ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʨʽʚʥʷ ʌʗɹ ʧʽʜ ʯʘʩ ʚʠʚʘʥʪʘʞʝʥʥʷ ʗʇ ʪʘ ʟʘʙʨʫʜʥʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽʟ 

ʧʨʠʤʽʱʝʥʴ ʗʋ ʤʘʻ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʤ ʥʘ ʦʩʥʦʚʽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. ʇʨʠ ʮʴʦʤʫ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʽ ʟʘʭʦʜʠ ʌɿ ʟ ʫʪʠʣʽʟʘʮʽʾ ʩʧʠʩʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤ ʌɿ, 

ʫʧʨʘʚʣʽʥʥʷ ʟʤʽʥʘʤʠ ʨʦʙʦʯʦʾ ʩʠʣʠ, ʩʢʦʨʦʯʝʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʘʙʦ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʧʣʠʥʫʪʠ ʥʘ ʌʗɹ ʗʋ ʪʘ ʟʘʦʭʦʯʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʩʪʦʩʦʚʥʦ ʢʫʣʴʪʫʨʠ ʟʘʭʠʱʝʥʦʩʪʽ ʚ ʧʝʨʽʦʜ 

ʟʥʷʪʪʷ ʗʋ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʦ ʤʽʨʽ ʟʘʧʦʚʥʝʥʥʷ ʩʭʦʚʠʱʘ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʟʚʽʣʴʥʝʥʥʷ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʽ ʙʘʩʝʡʥʫ ʚʠʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʽʥʛ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 

ʛʦʪʫʚʘʪʠʩʷ ʜʦ ʤʦʞʣʠʚʦʛʦ ʧʝʨʝʛʣʷʜʫ ʟʘʭʦʜʽʚ ʌɿ ʟʚʘʞʘʶʯʠ ʥʘ ʟʤʽʥʫ ʫʤʦʚ ʦʙôʻʢʪʦʚʦʾ 

ʧʨʦʝʢʪʥʦʾ ʟʘʛʨʦʟʠ ʱʦʜʦ ʤʽʩʮʴ ʨʦʟʤʽʱʝʥʥʷ ʗʄ ʪʘ ʤʦʞʣʠʚʫ ʟʤʽʥʫ ʨʽʚʥʷ ʥʝʧʨʠʡʥʷʪʥʠʭ 

ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʠʚʝʨʩʽʾ ʘʙʦ ʨʠʟʠʢʽʚ ʚʠʢʨʘʜʝʥʥʷ ʗʄ, ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʢʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʚ ʟʘʭʦʜʘʭ ʌʗɹ, ʷʢʽ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʠʤ ʯʠʥʦʤ ʚʧʣʠʥʫʪʠ ʥʘ 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʜʠʚʝʨʩʽʾ ʘʙʦ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʗʄ, ʧʝʨʝʜʙʘʯʘʪʠ ʟʤʽʥʫ ʤʝʞ ʟʦʥ 

ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʧʽʩʣʷ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʚ ʢʦʥʬʽʛʫʨʘʮʽʶ ʗʋ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʧʘʜʢʘʭ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʌʗɹ. 
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ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʗʄ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʾʭ 

ʧʝʨʝʚʝʟʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʭ ʩʪʘʥʽʚ ʜʣʷ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ, ʪʦʙʪʦ 

ʨʘʜʽʦʘʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʽ ʧʽʜ ʯʘʩ  ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ. ʈʝʢʦʤʝʥʜʘʮʽʾ ʄɸɻɸʊɽ 

ʥʘ ʙʘʟʽ ʧʦʢʘʟʥʠʢʘ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚʤʽʩʪʫ ʦʜʠʥʠʯʥʦʾ ʫʧʘʢʦʚʢʠ ʚʠʟʥʘʯʘʻ ʪʘʢʽ ʨʽʚʥʽ ʬʽʟʠʯʥʦʛʦ 

ʟʘʭʠʩʪʫ - ʧʨʘʢʪʠʢʘ ʨʦʟʩʫʜʣʠʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʙʘʟʦʚʠʡ ʨʽʚʝʥʴ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ 

ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʣʽʮʝʥʟʽʘʪ ʚʠʟʥʘʯʘʻ ʪʘ ʩʪʚʦʨʶʻ 

ʩʠʩʪʝʤʫ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʾʭ ʧʝʨʝʚʝʟʝʥʥʽ ʥʘ ʝʪʘʧʽ ʧʽʜʛʦʪʦʚʢʠ ʜʦ 

ʧʝʨʝʚʝʟʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʝʪʘʧʘʭ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʧʨʘʚʢʠ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʠʧʠʥʷʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʧʽʩʣʷ ʧʝʨʝʜʘʯʽ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʘʥʪʘʞʦʦʜʝʨʞʫʚʘʯʫ, ʨʦʟʨʦʙʣʷʻ ʽ ʟʜʽʡʩʥʶʻ ʟʘʭʦʜʠ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʜʽʷʣʴʥʦʩʪʽ ʟ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘ ʝʪʘʧʘʭ ʚʠʟʥʘʯʝʥʥʷ, 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʾʭ ʧʝʨʝʚʝʟʝʥʥʽ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  

1.ɿʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ: ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ / 

ɸ. ɺ. ʅʦʩʦʚʩʴʢʠʡ, ɺ. ʂ. ʂʫʯʠʥʩʴʢʠʡ, ɸ. ɯ. ʉʘʚʽʥ, ʄ. ɺ. ʉʘʚʝʣʴʻʚ, ʃ. ʄ. ʉʘʣʽʡ ; ʟʘ ʟʘʛ. ʨʝʜ. 

ɸ. ɺ. ʅʦʩʦʚʩʴʢʦʛʦ. ï ɺʠʜ. 2-ʛʝ (ʚʽʜʨʝʜʘʛ. ʽ ʜʦʧʦʚʥ.). ï ʂʠʾʚ: ʅɸʅ ʋʢʨʘʾʥʠ, ɯʇɹ ɸɽʉ, 2025. 

ï 616 ʩ.  

2. ʉʝʨʽʷ ʚʠʜʘʥʴ ʄɸɻɸʊɽ ʧʦ ʬʽʟʠʯʥʽʡ ʷʜʝʨʥʽʡ ʙʝʟʧʝʮʽ ˉ 26-G, ʇʨʘʢʪʠʯʥʝ 

ʢʝʨʽʚʥʠʮʪʚʦ, çʌʽʟʠʯʥʘ ʙʝʟʧʝʢʘ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽè, 2024 ʨʽʢ. 

3 ʉʝʨʽʷ ʚʠʜʘʥʴ ʄɸɻɸʊɽ ʧʦ ʬʽʟʠʯʥʽʡ ʷʜʝʨʥʽʡ ʙʝʟʧʝʮʽ ˉ 37-G, ʇʨʘʢʪʠʯʥʝ 

ʢʝʨʽʚʥʠʮʪʚʦ, çʉʪʚʦʨʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʛʫʚʘʥʥʷʤ ʥʘ ʧʦʜʽʾ, ʧʦʚôʷʟʘʥʽ 

ʟ ʬʽʟʠʯʥʦʶ ʷʜʝʨʥʦʶ ʙʝʟʧʝʢʦʶè, 2023 ʨʽʢ.
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ĭ ɸʩʧʽʨʘʥʪ ʐʪʝʬʘʥ ɺ. ʄ. 

ĭ ɿʘʚ. ʚʽʜʜʽʣʫ, ʢ.ʪ.ʥ. ɻʨʝʯʘʥʽʥʦʚ ɺ. ʌ. 
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ĭ ɯʇʄʄʉ ʅɸʅ ʋʢʨʘʾʥʠ 

ʈʆɹʆʊʀɿʆɺɸʅɽ ʈɸɼɯɸʎɯʁʅɽ ʂɸʈʊʆɻʈɸʌʋɺɸʅʅʗ ɿʆɺʅɯʐʅʔʆɰ 

ʆɹʐʀɺʂʀ ʅɹʂ ʇɯʉʃʗ ʋɼɸʈʋ ʈʆʉɯʁʉʔʂʆɻʆ ɹʇʃɸ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʈʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʤʤʘʡʜʘʥʯʠʢʘ 

ɸɽʉ, ʾʾ ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʦʾ ʟʦʥʠ (ʉɿɿ) ʪʘ ʟʦʥʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ɿʉ) ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʷʢʝ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʚʢʣʶʯʘʶʯʠ 

ʧʝʨʽʦʜ ʟʫʧʠʥʢʠ ʪʘ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿ ʤʝʪʦʶ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʘʜʽʘʮʽʡʥʦʾ 

ʦʙʩʪʘʥʦʚʢʠ ʫ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʟʦʥʘʭ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ, ʚʢʣʶʯʘʶʯʠ ʘʚʘʨʽʾ 

ʧʨʦʻʢʪʥʦʛʦ ʪʘ ʧʦʟʘʧʨʦʻʢʪʥʦʛʦ ʨʽʚʥʽʚ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʜʦʢʫʤʝʥʪʠ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ 

ʚʠʤʘʛʘʶʪʴ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʨʘʜʽʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ (ɸʉʂʈʆ). 

ʆʢʨʽʤ ʤʦʥʽʪʦʨʠʥʛʫ ʟʦʚʥʽʰʥʴʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʷʢ ʚʩʝʨʝʜʠʥʽ, ʪʘʢ ʽ ʧʦʟʘ ʤʝʞʘʤʠ 

ʧʨʦʤʠʩʣʦʚʦʾ ʪʝʨʠʪʦʨʽʾ ɸɽʉ), ʮʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʷʶʪʴ ʨʽʚʥʽ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ, ʪʘ ʧʝʨʝʜʘʶʪʴ ʩʠʛʥʘʣʠ ʪʨʠʚʦʛʠ ʧʝʨʩʦʥʘʣʫ ɸɽʉ ʯʝʨʝʟ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʢʝʨʫʶʯʽ ʩʠʩʪʝʤʠ (ɯʂʉ) ɸɽʉ, ʘ ʪʘʢʦʞ ʟʦʚʥʽʰʥʽʤ ʩʧʦʞʠʚʘʯʘʤ, ʚʢʣʶʯʘʶʯʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʢʦʤʧʝʪʝʥʪʥʠʭ ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʚ ʧʨʦ ʧʦʛʽʨʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʚʽʜʧʦʚʽʜʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ɺ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʛʘʣʫʟʝʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʋʢʨʘʾʥʠ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʤʝʨʝʞʽ ʩʪʘʥʮʽʡ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ (ʉʈʂ) ʪʘ ɸʉʂʈʆ ʜʣʷ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʪʘʥʮʽʡ ʧʦʙʣʠʟʫ ʘʙʦ ʚ ʤʝʞʘʭ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʟʦʥʽ ʢʦʥʪʨʦʣʶ [1] (ʉɿɿ+ɿʉ). ɺʦʜʥʦʯʘʩ ʘʚʪʦʨʠ [1], 

ʧʦʩʠʣʘʶʯʠʩʴ ʥʘ ʨʦʙʦʪʠ [2, 3], ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʪʘʢʽ ʤʝʨʝʞʽ ʉʈʂ ʪʘ ɸʉʂʈʆ ʙʫʜʫʪʴ 

çʧʨʦʟʦʨʠʤʠè ʜʣʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʚʠʚʽʣʴʥʷʶʪʴʩʷ ʟ ɸɽʉ ʫ ʨʘʟʽ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʧʦʛʦʜʥʠʭ 

ʫʤʦʚ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʰʠʨʝʥʥʷ ʰʣʝʡʬʫ ʚʠʢʠʜʽʚ ʫ ʚʫʟʴʢʦʤʫ ʩʝʢʪʦʨʽ (15ï20 Á) ʘʙʦ ʚ 

ʫʤʦʚʘʭ ʧʨʦʤʤʘʡʜʘʥʯʠʢʘ, ʽ ʨʦʙʣʷʪʴ ʪʨʠʚʦʞʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʞʦʜʥʘ ʟ ʽʩʥʫʶʯʠʭ ʤʝʨʝʞ ʉʈʂ 

ʘʙʦ ɸʉʂʈʆ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʥʝ ʥʘʜʘʻ ʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʨʘʜʽʘʮʽʡʥʫ ʦʙʩʪʘʥʦʚʢʫ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ [1]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.  ʅʝ ʩʪʘʚʣʷʯʠ ʧʽʜ ʩʫʤʥʽʚ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʩʠʩʪʝʤ ʉʈʂ ʪʘ ɸʉʂʈʆ, ʫ ʮʽʡ ʜʦʧʦʚʽʜʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʦʜʝʨʥʽʟʫʚʘʪʠ 

ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʜʦʧʦʚʥʝʥʥʷ ʾʭ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʤʠ ʤʦʙʽʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʤʝʪʦʶ 

ʨʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʦʭʦʧʣʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ɿʉ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʨʦʙʦʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʨʘʜʽʘʮʽʡʥʦʾ ʨʦʟʚʽʜʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʚʽʪʨʷʥʫ ʨʘʜʽʘʮʽʡʥʫ ʨʦʟʚʽʜʢʫ ʟʦʚʥʽʰʥʴʦʾ ʦʙʰʠʚʢʠ 

ʅɹʂ ʧʽʩʣʷ ʫʜʘʨʫ ʨʦʩʽʡʩʴʢʠʤ ɹʇʃɸ.  

ʇʨʦʧʦʥʦʚʘʥʘ ʨʦʙʦʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ɯʇʄʄʉ ʪʘ ɯʇɹ ɸɽʉ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʣʴʰ ʜʝʰʝʚʠʭ ʧʣʘʪʬʦʨʤ, ʪʘʢʠʭ ʷʢ DJI Mavic 2 ʘʙʦ Autel Evo 2, ʘ ʪʘʢʦʞ      

FPV-ʢʦʧʪʝʨʽʚ, ʦʩʥʘʱʝʥʠʭ ʤʦʜʫʣʝʤ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʴʦʪʫ ʪʘ ʚʠʤʽʨʷʥʠʭ ʜʦʟ. ʋ 

ʷʢʦʩʪʽ ʜʝʪʝʢʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʻʚʨʦʧʝʡʩʴʢʽ ʧʨʠʣʘʜʠ ʚʠʷʚʣʝʥʥʷ ʛʘʤʤʘ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ Mirion AccuRad PRD ʪʘ ʫʢʨʘʾʥʩʴʢʽ ɹɼɹɻ-15ʉ-09. ʎʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ ʮʽʥʫ ʪʘ ʧʨʠʡʥʷʪʥʫ ʯʫʪʣʠʚʽʩʪʴ.  

ʊʘʢʝ ʨʽʰʝʥʥʷ ʦʙʤʝʞʫʻ ʜʘʣʴʥʽʩʪʴ ʪʘ ʚʠʩʦʪʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʘʣʝ 

ʜʦʟʚʦʣʷʻ ʤʘʩʦʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦʚʽʪʨʷʥʽ ʜʨʦʥʠ ʟʘ ʥʠʟʴʢʦʾ ʚʘʨʪʦʩʪʽ [3]. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʜʨʦʥʠ 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʜʽʾ, ʱʦ ʤʦʛʣʠ 
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ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ɼʘʥʽ ʧʨʦ ʨʘʜʽʘʮʽʡʥʫ ʦʙʩʪʘʥʦʚʢʫ, ʦʪʨʠʤʘʥʽ ʟ 

ʪʘʢʠʭ ʜʨʦʥʽʚ, ʜʦʟʚʦʣʷʪʴ ʨʦʟʰʠʨʠʪʠ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʉʈʂ ʪʘ ɸʉʂʈʆ. 

 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 1 ï 3D ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʜʨʦʥʫ DJI Mavic 2: 

ʘ ï ʤʦʜʝʣʴ ʜʨʦʥʫ ʟ ʜʝʪʝʢʪʦʨʦʤ Mirion AccuRad PRD; ʙ ï ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ 

 

ʅʘʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʩʪʚʦʨʝʥʦ ʩʠʩʪʝʤʫ ʨʘʜʽʘʮʽʡʥʦʾ ʨʦʟʚʽʜʢʠ ʥʘ ʦʩʥʦʚʽ              

FPV-ʜʨʦʥʫ. ʂʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ ʜʝʪʝʢʪʦʨ Mirion AccuRad PRD, 

ʢʦʤʧôʶʪʝʨ Raspberry Pi Zero, GNSS ʤʦʜʫʣʴ ʜʣʷ ʛʝʦʣʦʢʘʮʽʾ, LoRa ʤʦʜʫʣʴ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʽ ʟʚôʷʟʢʫ ʟ ʦʧʝʨʘʪʦʨʘʤʠ ʩʠʩʪʝʤʠ, ʪʘ ʢʘʤʝʨʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʚʝʜʝʥʦ ʦʙʩʪʝʞʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʦʙʰʠʚʢʠ 

ʅɹʂ, ʧʽʜ ʯʘʩ ʷʢʦʾ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʬʦʪʦ ʟʦʚʥʽʰʥʴʦʾ ʦʙʰʠʚʢʠ ʪʘ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʘʜʽʘʮʽʾ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʴʦʾ ʦʙʰʠʚʢʠ. 

 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʚʽʜʢʠ ʥʘ ʙʘʟʽ FPV-ʜʨʦʥʫ ʟ ʜʝʪʝʢʪʦʨʦʤ Mirion AccuRad PRD: 

ʘ ï ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʜʨʦʥʫ; ʙ ï ʬʦʪʦ ʦʪʨʠʤʘʥʝ ʧʽʜ ʯʘʩ ʦʙʩʪʝʞʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʦʙʰʠʚʢʠ 

ʅɹʂ 

 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʙʫʣʠ ʥʘʥʝʩʝʥʽ ʥʘ ʧʦʚʝʨʭʥʶ  ʅɹʂ ʪʘ ʽʥʪʝʨʧʦʣʴʦʚʘʥʽ ʤʝʪʦʜʘʤʠ ʣʽʥʽʡʥʦʾ 

ʽʥʪʝʨʧʦʣʷʮʽʾ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʜʦʟʚʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʩʦʥʘʣ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʽʪ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʅɹʂ ʧʽʩʣʷ ʫʜʘʨʫ ʽ ʧʦʞʝʞʽ. ɼʘʥʽ ʙʫʣʦ ʧʝʨʝʜʘʥʦ ɯʇɹ ɸɽʉ ʪʘ 

ɼʉʇ ʏɸɽʉ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 
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ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʠ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ  

 

ɺʠʩʥʦʚʢʠ.  ʈʦʟʨʦʙʣʝʥʘ ʨʦʙʦʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʨʘʜʽʘʮʽʡʥʦʾ ʨʦʟʚʽʜʢʠ ʥʘ ʙʘʟʽ 

ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʜʨʦʥʽʚ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʧʨʘʢʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʦʙʩʪʝʞʝʥʥʷ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʪʘ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʜʽʣʷʥʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ɸɽʉ. 

ʇʨʦʚʝʜʝʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʦʙʰʠʚʢʠ ʅɹʂ ʧʽʩʣʷ ʫʜʘʨʫ ɹʇʃɸ ʧʽʜʪʚʝʨʜʠʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʦʪʨʠʤʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʧʨʠʚôʷʟʘʥʠʭ ʜʘʥʠʭ ʧʨʦ ʨʽʚʥʽ 

ʛʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʾʭ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʣʷ ʦʮʽʥʢʠ ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʧʝʨʩʦʥʘʣ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʜʦʨʦʛʠʭ ʧʣʘʪʬʦʨʤ ʽ ʜʦʩʪʫʧʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʨʦʙʠʪʴ ʩʠʩʪʝʤʫ 

ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʤʘʩʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʩʥʫʶʯʽ ʤʝʨʝʞʽ ʉʈʂ ʪʘ ɸʉʂʈʆ, 

ʨʦʟʰʠʨʶʶʯʠ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʫʤʦʚʘʭ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʏʀʉɽʃʔʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇɽʈɽʍɯɼʅʀʍ ʊɽʇʃʆɺʀʍ ʈɽɾʀʄɯɺ ʉʀʉʊɽʄ 

ʉʂʃɸɼʅʆɰ ʂʆʅʉʊʈʋʂʎɯɰ ɿɸ ɼɯɰ ʅɽʉʊɸʎɯʆʅɸʈʅʀʍ ʇʈʆʄɽʅɽɺʀʍ 

ʊɽʇʃʆɺʀʍ ʇʆʊʆʂɯɺ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʩʪʘʥʫ ʻ ʢʣʶʯʦʚʦʶ ʫʤʦʚʦʶ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʩʢʣʘʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ 

ʟʘ ʫʤʦʚ ʜʽʾ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʤʝʥʝʚʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʽ ʟʤʽʥʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʪʝʧʣʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʽ ʮʠʢʣʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ ʽ ʣʦʢʘʣʴʥʠʭ ʧʽʢʦʚʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʽ ʯʘʩʪʦ 

ʚʠʟʥʘʯʘʶʪʴ ʜʦʧʫʩʪʠʤʽ ʨʝʞʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʤʦʛʠ ʜʦ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʙʤʝʞʝʥʥʷ. ʋ ʧʨʘʢʪʠʮʽ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʘʙʦ 

ʫʩʝʨʝʜʥʝʥʠʭ ʧʽʜʭʦʜʽʚ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʜʦʦʮʽʥʢʠ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʝʧʣʦʚʠʭ ʟʘʧʘʩʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʨʠʟʠʢ ʣʦʢʘʣʴʥʠʭ ʧʝʨʝʛʨʽʚʽʚ. ʎʝ 

ʟʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤ ʩʢʣʘʜʥʦʾ ʢʦʤʧʦʥʦʚʢʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ 

ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʩʢʣʘʜʥʫ ʛʝʦʤʝʪʨʽʶ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʦʻʜʥʘʥʥʷ ʧʨʦʤʝʥʝʚʦʛʦ ʪʘ ʢʦʥʜʫʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʘ ʪʘʢʦʞ ʟʤʽʥʥʽʩʪʴ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʫ ʯʘʩʽ [1, 2]. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ 

ʧʨʠʩʚʷʯʝʥʘ ʚʠʟʥʘʯʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʽʚʥʽʚ ʽ ʨʦʟʧʦʜʽʣʽʚ ʫ ʩʠʩʪʝʤʘʭ ʽʟ ʮʠʢʣʽʯʥʠʤ 

ʪʝʧʣʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʦʜʥʘʢ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʘʥʘʣʽʟʫ ʘʤʧʣʽʪʫʜ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ ʽ ʢʨʠʪʝʨʽʷʤ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʜʣʷ ʩʠʩʪʝʤ ʩʢʣʘʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʎʝ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʽʥʞʝʥʝʨʥʦʾ ʦʮʽʥʢʠ ʧʽʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʢʦʨʝʢʪʥʦʛʦ ʚʠʙʦʨʫ ʟʘʭʦʜʽʚ 

ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʪʝʧʣʦʚʠʭ 

ʨʝʞʠʤʽʚ ʩʠʩʪʝʤʠ ʩʢʣʘʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʫʤʦʚ ʜʽʾ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʤʝʥʝʚʠʭ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʽʚ ʽ ʟʤʽʥʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟ ʧʦʜʘʣʴʰʦʶ ʦʮʽʥʢʦʶ ʧʨʦʮʝʩʫ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʢʦʣʠʚʘʥʴ ʽ ʧʽʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ. 

ʂʦʨʦʪʢʠʡ ʦʧʠʩ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʝʪʦʜʽʚ. ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʫʟʣʦʚʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʪʝʧʣʦʚʽ ʟʚᾷʷʟʢʠ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʝʨʤʦʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʦʚʥʽʰʥʽʭ 

ʧʦʚʝʨʭʦʥʴ ʽ ʯʘʩʦʚʫ ʟʤʽʥʥʽʩʪʴ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ɺʥʫʪʨʽʰʥʽ ʪʝʧʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʜʘʚʘʣʠʩʷ 

ʫ ʚʠʛʣʷʜʽ ʯʘʩʦʚʠʭ ʧʨʦʬʽʣʽʚ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʤʽʥʥʠʤ ʨʝʞʠʤʘʤ ʨʦʙʦʪʠ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʦ 

ʩʧʨʦʱʝʥʝ ʧʦʜʘʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʾʭ ʪʝʧʣʦʚʦʾ ʽʥʝʨʮʽʡʥʦʩʪʽ ʪʘ 

ʦʩʥʦʚʥʠʭ ʪʝʧʣʦʚʠʭ ʟʚᾷʷʟʢʽʚ. ɯʥʞʝʥʝʨʥʘ ʩʭʝʤʘ ʪʘ ʢʦʤʧʦʥʦʚʢʘ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʝʧʣʦʚʦʾ ʤʦʜʝʣʽ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 



 
 

 
 

50 

 
ʈʠʩʫʥʦʢ 1 ï ʉʧʨʦʱʝʥʘ ʤʦʜʝʣʴ (ʟʣʽʚʘ) ʪʘ ʚʫʟʣʦʚʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ (ʩʧʨʘʚʘ) ʪʝʧʣʦʚʦʾ 

ʤʦʜʝʣʽ PolyITAN-3-PUT 

 

ʆʩʥʦʚʥʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ 

ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʧʨʦʩʪʦʨʦʚʽ ʨʦʟʧʦʜʽʣʠ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ. ɸʥʘʣʽʟ ʧʨʦʩʪʦʨʦʚʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʡ ʤʦʤʝʥʪ ʮʠʢʣʫ (ʨʠʩ. 2) ʧʦʢʘʟʘʚ ʚʠʨʘʞʝʥʫ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʟʘ 

ʜʽʾ ʧʨʦʤʝʥʝʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʪʘ ʜʦʟʚʦʣʠʚ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʣʦʢʘʣʴʥʽ ʟʦʥʠ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʢʦʥʩʪʨʫʢʮʽʾ PolyITAN-3-PUT 

ʜʣʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʤʦʤʝʥʪʫ ʦʨʙʽʪʘʣʴʥʦʛʦ ʮʠʢʣʫ. ɼʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʟʨʘʭʫʥʢʫ: ʚʽʜ -35,85 ÁC ʜʦ 86,68 ÁC 
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ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʤʝʥʪʽʚ ʟ ʘʢʪʠʚʥʠʤ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʮʠʢʣʽʯʥʠʤ ʭʘʨʘʢʪʝʨʦʤ, ʦʙʫʤʦʚʣʝʥʠʤ ʯʝʨʛʫʚʘʥʥʷʤ ʬʘʟ ʧʽʜʚʠʱʝʥʦʛʦ ʪʘ 

ʟʥʠʞʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʗʢ ʧʨʠʢʣʘʜ ʥʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʦ ʯʘʩʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʝʣʝʤʝʥʪʘ ʟ ʽʤʧʫʣʴʩʥʠʤ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷʤ. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʚʠʨʘʞʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʽʢʽʚ, ʘʩʠʤʝʪʨʽʶ ʧʨʦʮʝʩʽʚ ʥʘʛʨʽʚʘʥʥʷ ʡ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʜʨʝʡʬʫ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʦʨʘ ʧʨʠ ʟʤʽʥʥʠʭ ʨʝʞʠʤʘʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ 

ʩʠʩʪʝʤʠ ʩʢʣʘʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʫʤʦʚʘʭ ʜʽʾ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʤʝʥʝʚʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʽ 

ʟʤʽʥʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʦʢʘʟʘʥʦ ʧʨʦʮʝʩ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʪʘ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʡ 

ʘʤʧʣʽʪʫʜʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ ʻ ʢʣʶʯʦʚʠʤʠ ʽʥʞʝʥʝʨʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʝʧʣʦʚʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤ ʟ ʣʦʢʘʣʴʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʘ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʧʽʜʭʦʜʫ ʜʦ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʯʝʨʝʟ ʘʥʘʣʽʟ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʮʠʢʣʽʚ ʽ ʧʽʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ 

ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʦʙᾷʻʢʪʽʚ ʽ ʧʨʠ ʘʥʘʣʽʟʽ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ ʩʠʩʪʝʤ ʩʢʣʘʜʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʌʆʈʄʋɺɸʅʅʗ ɺɽʅʊʀʃʔʆɺɸʅʆɰ ʂɸɺɽʈʅʀ ʇʈʀ ʊʋʈɹʋʃɽʅʊʅʆʄʋ ʈɽɾʀʄɯ 

ʆɹʊɯʂɸʅʅʗ ɼʀʉʂʆɺʆɻʆ ʂɸɺɯʊɸʊʆʈɸ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʥʠʞʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʢʣʶʯʦʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʫ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤʠ ʮʽ ʧʠʪʘʥʥʷ ʻ ʜʣʷ ʨʫʭʦʤʠʭ ʧʽʜʚʦʜʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʜʝ ʚʠʩʦʢʽ ʚʪʨʘʪʠ ʥʘ ʦʧʽʨ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ. ʆʜʥʠʤ ʽʟ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʤʫʰʝʥʦʾ 

ʢʘʚʽʪʘʮʽʾ. ʆʢʨʽʤ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ, ʮʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʘʚʽʪʘʮʽʡʥʫ ʝʨʦʟʽʶ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʦʙʣʘʜʥʘʥʥʷ [1]. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʦʙᾷʻʤʥʦʾ 

ʨʽʜʠʥʠ (Volume of Fluid, VOF), ʷʢʠʡ ʥʘʜʽʡʥʦ ʚʽʜʩʣʽʜʢʦʚʫʻ ʜʠʥʘʤʽʢʫ ʚʽʣʴʥʠʭ ʤʝʞ ʨʦʟʜʽʣʫ ʬʘʟ 

[2]. ɿʘʤʠʢʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʧʨʠ ʮʴʦʤʫ ʥʘʡʯʘʩʪʽʰʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʜʥʝʨʽʚʥʷʥʥʝʚʦʾ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ Spalart-Allmaras, ʷʢʘ ʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʶ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʪʝʯʽʡ [3].  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʝʟʫʣʴʪʘʪʠ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʤʫʰʝʥʦʾ ʢʘʚʽʪʘʮʽʾ. ɿʦʢʨʝʤʘ, ʜʦʚʝʜʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤ ʥʘ ʩʪʠʩʥʝʥʦʤʫ ʧʦʚʽʪʨʽ ʪʘ ʩʫʧʝʨʢʘʚʽʪʘʮʽʾ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʦʧʽʨ ʧʽʜʚʦʜʥʠʭ 

ʘʧʘʨʘʪʽʚ [4]. ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʪʝʯʽʡ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʬʘʟ ʫ ʧʨʦʮʝʩʽ ʢʘʚʽʪʘʮʽʾ (ʧʝʨʝʭʽʜ ʚʽʜ 

ʧʨʠʨʦʜʥʦʾ ʜʦ ʚʝʥʪʠʣʴʦʚʘʥʦʾ) [5], ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚʦʜʠ ʥʘ ʬʦʨʤʫ 

ʚʝʥʪʠʣʴʦʚʘʥʦʾ ʢʘʚʝʨʥʠ [6]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʤʫʰʝʥʦʾ ʢʘʚʽʪʘʮʽʾ ʥʘʚʢʦʣʦ ʜʠʩʢʦʚʦʛʦ ʢʘʚʽʪʘʪʦʨʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ OpenFOAM [7] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʘʥʘʣʽʟʫ 

ʤʝʭʘʥʽʟʤʽʚ ʟʥʠʞʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʥʝʩʪʠʩʣʠʚʦʛʦ ʜʚʦʬʘʟʥʦʛʦ 

ʧʦʪʦʢʫ (ʚʦʜʘïʧʦʚʽʪʨʷ) ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ incompressibleVoF ʫ ʚʽʩʽ-ʩʠʤʝʪʨʠʯʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ. ʄʝʪʦʜ VOF ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʚᾷʷʟʘʥʥʽ ʨʽʚʥʷʥʴ 

ʅʘʚᾷʻ-ʉʪʦʢʩʘ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʽʥʜʠʢʘʪʦʨʥʦʾ ʬʫʥʢʮʽʾ ʬʘʟʦʚʦʾ ʯʘʩʪʢʠ ‌, ʜʝ ‌ ρ ʚʽʜʧʦʚʽʜʘʻ 
ʚʦʜʽ, ʘ ‌ π ï ʧʦʚʽʪʨʶ. 

 

‬” Ὗᴆ

‬ὸ
Ὗᴆɳᴆ” Ὗᴆ ᴆɳὴ ᴆɳ† „‖ɳᴆ‌ 

                                                               ᴆɳẗὟᴆ π             (1)  

‬‌

‬ὸ
ᴆɳ‌Ὗᴆ ᴆɳὟᴆ‌ρ ‌ π           
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ʈʠʩʫʥʦʢ 1 ï ʇʦʣʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ‌ ʪʘ ʚʝʢʪʦʨʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʥʘʚʢʦʣʦ ʢʘʚʽʪʘʪʦʨʘ 

ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʦʞʥʠʥʠ. 

 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʚʘʚʩʷ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ (ʰʚʠʜʢʽʩʪʴ ʥʘʙʽʛʘʶʯʦʛʦ ʧʦʪʦʢʫ 

ʚʦʜʠ Ὗ   ρπ ̍Ⱦ̒, ʰʚʠʜʢʽʩʪʴ ʚʜʫʚʫ ʧʦʚʽʪʨʷ Ὗ  φ ̍Ⱦ̒) ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʢʚʘʟʽ-

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʪʝʯʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷ ʦʙᾷʻʤʥʦʾ ʯʘʩʪʢʠ ʚʦʜʠ ʪʘ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʢʘʚʽʪʘʪʦʨʦʤ ʫʪʚʦʨʶʻʪʴʩʷ ʚʽʜʨʠʚʥʘ 

ʟʦʥʘ ʩʫʤʽʰʽ ʚʦʜʠ ʽ ʧʦʚʽʪʨʷ. ʋ ʤʝʞʘʭ ʛʘʟʦʚʦʾ ʧʦʨʦʞʥʠʥʠ ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʧʨʘʢʪʠʯʥʦ 

ʥʫʣʴʦʚʘ. ʉʪʘʮʽʦʥʘʨʥʘ ʧʦʨʦʞʥʠʥʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʟʘ t = 1,3 ʩ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʽʩʽ-ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʪʝʯʽʾ, ʧʦʚʝʨʭʥʶ ʨʦʟʜʽʣʫ ʬʘʟ ʙʫʣʦ ʘʧʨʦʢʩʠʤʦʚʘʥʦ 

ʜʚʦʚʠʤʽʨʥʠʤ ʝʣʽʧʩʦʤ, ʷʢʠʡ ʫ 3D-ʚʠʤʽʨʽ ʫʪʚʦʨʶʻ ʝʣʽʧʩʦʾʜ.  

 

                                              
 

ρȢ                                                (2) 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʩʪʘʙʽʣʴʥʦʾ ʯʘʩʪʠʥʠ ʧʦʨʦʞʥʠʥʠ ʩʢʣʘʜʘʻ                 

ςὧ στπ ̍ ,̍ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ὥ σψ ̍ ,̍ ʘ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʜʦʚʞʝʥʥʷ 

‎  
̒

 ρȟφφ. 

 
ʈʠʩʫʥʦʢ 2 ï ʄʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ὅ ʜʣʷ ʪʽʣ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

 

ɸʥʘʣʽʟ ʧʦʣʽʚ ʪʠʩʢʫ ʧʦʢʘʟʘʚ, ʱʦ ʚʩʝʨʝʜʠʥʽ ʚʝʥʪʠʣʴʦʚʘʥʦʾ ʧʦʨʦʞʥʠʥʠ ʪʠʩʢ 

ʨʦʟʧʦʜʽʣʝʥʠʡ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʦ ʽ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʟʥʠʞʝʥʦʤʫ ʨʽʚʥʽ (ʙʣʠʟʴʢʦʤʫ ʜʦ ʪʠʩʢʫ 

ʛʘʟʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ). ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʚʠʷʚʣʷʻʪʴʩʷ ʽʟʦʣʴʦʚʘʥʦʶ 

ʚʽʜ ʨʽʜʠʥʠ. ʗʢ ʥʘʩʣʽʜʦʢ, ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ὅ, ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʪʽʣʘ 
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ʜʽʘʤʝʪʨʦʤ  Ὠ ςὨ  ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʨʦʞʥʠʥʠ ʩʪʘʥʦʚʠʪʴ ὅ πȟωςψυ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʥʘ 
50 % ʤʝʥʰʝ ʧʦʨʽʚʥʷʥʦ ʟ ʦʙʪʽʢʘʥʥʷʤ ʮʴʦʛʦ ʞ ʪʽʣʘ ʣʠʰʝ ʚʦʜʦʶ ʙʝʟ ʚʝʥʪʠʣʷʮʽʾ (ὅ ςȟπςσρ). 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʝ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʜʠʩʢʦʚʠʡ ʢʘʚʽʪʘʪʦʨ ʧʨʠ 

ʟʘʜʘʥʽʡ ʚʠʪʨʘʪʽ ʛʘʟʫ ʛʝʥʝʨʫʻ ʩʪʽʡʢʫ ʟʦʥʫ ʚʽʜʨʠʚʫ, ʚ ʷʢʽʡ ʚʦʜʘ ʟʘʤʽʱʫʻʪʴʩʷ ʛʘʟʦʤ. ʌʦʨʤʫʻʪʴʩʷ 

ʩʪʘʙʽʣʴʥʘ ʛʘʟʦʚʘ ʧʦʨʦʞʥʠʥʘ ʝʣʽʧʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ, ʤʘʢʩʠʤʘʣʴʥʘ ʰʠʨʠʥʘ ʷʢʦʾ ʙʽʣʴʰ ʥʽʞ ʫ 

3 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʜʽʘʤʝʪʨ ʢʘʚʽʪʘʪʦʨʘ. ʇʨʠʤʫʩʦʚʘ ʚʝʥʪʠʣʷʮʽʷ ʜʦʟʚʦʣʷʻ ʽʟʦʣʶʚʘʪʠ ʪʽʣʦ ʚʽʜ 

ʚʦʜʠ, ʱʦ ʟʥʠʞʫʻ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʧʨʠʙʣʠʟʥʦ ʥʘ 50 %. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʢʘʚʝʨʥ ʷʢ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʦʧʦʨʫ ʜʣʷ ʨʫʭʦʤʠʭ 

ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɽʅɽʈɻɽʊʀʏʅʀʁ ʇɯɼʍɯɼ ʋ ɺʀɿʅɸʏɽʅʅɯ ɽʂʆʅʆʄɯɰ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿʋ 

 ʇʈʀ ʁʆɻʆ ɿɸʄɯʑɽʅʅɯ ʅʀɿʔʂʆʂɸʃʆʈɯʁʅʀʄ ɻɸɿʆɺʀʄ ʇɸʃʀɺʆʄ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʡʦʛʦ ʯʘʩʪʢʦʚʝ ʘʙʦ ʧʦʚʥʝ 

ʟʘʤʽʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʛʘʟʦʚʠʤʠ ʧʘʣʠʚʘʤʠ. ʆʜʥʘʢ ʩʫʪʪʻʚʠʤ 

ʦʙʤʝʞʝʥʥʷʤ ʪʘʢʦʛʦ ʟʘʤʽʱʝʥʥʷ ʻ ʾʭ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʽ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʟʦʢʨʝʤʘ ʥʠʞʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʪʘ ʟʥʠʞʝʥʘ ʪʝʦʨʝʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʽʥʥʷ. ʋ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʝʧʣʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʛʨʝʛʘʪʘʭ (ʟʦʢʨʝʤʘ, ʥʘʛʨʽʚʘʣʴʥʠʭ ʧʝʯʘʭ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʨʦʙʦʯʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 1100ï1300 Áʉ) ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʥʠʟʴʢʦʢʘʣʦʨʽʡʥʠʭ ʛʘʟʽʚ ʯʘʩʪʦ ʻ ʩʧʽʚʤʽʨʥʠʤ ʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʧʨʦʮʝʩʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʫʩʢʣʘʜʥʶʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʽʚ [1]. ɺʦʜʥʦʯʘʩ ʽʩʥʫʶʪʴ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ, ʟʜʘʪʥʽ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʘʟʥʘʯʝʥʽ ʦʙʤʝʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʽʜʽʛʨʽʚ ʢʦʤʧʦʥʝʥʪʽʚ 

ʛʦʨʽʥʥʷ, ʫʪʠʣʽʟʘʮʽʷ ʪʝʧʣʦʪʠ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ, ʟʙʘʛʘʯʝʥʥʷ ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ ʙʽʣʴʰ ʢʘʣʦʨʽʡʥʠʤʠ 

ʛʘʟʘʤʠ ʘʙʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʚ ʦʢʠʩʥʶʚʘʯʽ. ʋ ʟʚᾷʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʟʘʜʘʯʘ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʛʘʟʦʚʠʭ 

ʧʘʣʠʚ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʨʦʮʝʩʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʦʙʤʝʞʝʥʴ ʪʘ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʘʛʨʝʛʘʪʽʚ..  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʦʙʣʠʚʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʚʦʜʥʝʚʤʽʩʪʢʽ 

ʝʥʝʨʛʦʥʦʩʽʾ [2] ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʛʘʟʦʚʽ ʧʘʣʠʚʘ [3], ʱʦ ʟʫʤʦʚʣʝʥʦ ʟʨʦʩʪʘʥʥʷʤ ʚʘʨʪʦʩʪʽ 

ʪʨʘʜʠʮʽʡʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʽ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. 

ʇʘʨʘʣʝʣʴʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʛʦʨʽʥʥʷ, ʟʦʢʨʝʤʘ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʢʠʩʥʝʚʦ-ʧʘʣʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʩʧʝʮʽʘʣʴʥʽ ʨʝʞʠʤʠ ʜʣʷ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʋ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʫʢʨʘʾʥʩʴʢʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʟʘʤʽʱʝʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʩʠʥʪʝʟ-ʛʘʟʦʤ [4], ʙʽʦʛʘʟʦʤ [5] ʪʘ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʛʘʟʘʤʠ. ɺʦʜʥʦʯʘʩ 

ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʤʘʶʪʴ ʧʨʠʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʢʨʝʤʽ ʫʩʪʘʥʦʚʢʠ ʘʙʦ 

ʢʦʥʢʨʝʪʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʫʟʘʛʘʣʴʥʝʥʦʾ 

ʤʝʪʦʜʦʣʦʛʽʾ ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʤʽʱʝʥʥʷ ʧʘʣʠʚ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʘʛʨʝʛʘʪʘʭ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʾ ʝʢʦʥʦʤʽʾ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ 

ʧʨʠ ʡʦʛʦ ʟʘʤʽʱʝʥʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʥʠʟʴʢʦʢʘʣʦʨʽʡʥʠʤʠ ʛʘʟʦʚʠʤʠ ʧʘʣʠʚʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʽʥʥʷ, ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʧʘʣʠʚʦ-ʚʠʢʦʨʠʩʪʦʚʫʶʯʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʛʣʷʜʘʶʯʠ  ʧʨʦʙʣʝʤʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʦʥʦʤʽʾ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ 

ʰʣʷʭʦʤ ʡʦʛʦ ʯʘʩʪʢʦʚʦʛʦ ʘʙʦ ʧʦʚʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʥʠʟʴʢʦʢʘʣʦʨʽʡʥʠʤʠ 

ʛʘʟʦʚʠʤʠ ʧʘʣʠʚʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʙʽʦʛʘʟ, ʩʠʥʪʝʟ-ʛʘʟ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʛʘʟʠ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚʘʞʣʠʚʠʤ ʻ ʢʦʨʝʢʪʥʦ ʦʮʽʥʠʪʠ ʨʝʘʣʴʥʫ ʝʢʦʥʦʤʽʶ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. ʅʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʦʮʽʥʢʠ ʨʝʘʣʴʥʦʾ ʝʢʦʥʦʤʽʾ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʟʤʽʰʘʥʽ ʧʘʣʠʚʥʽ ʩʫʤʽʰʽ ʤʘʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ, ʘ ʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ. 
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ʊʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʘ [4], ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʙʘʣʘʥʩʽ ʥʠʞʯʦʾ 

ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ (ʅʊɿ) (ʜʠʚ ʨʽʚʥʷʥʥʷ (1) ʪʘ (2)):  
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ʊʨʘʜʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ʥʝ ʚʨʘʭʦʚʫʻ ʟʤʽʥʠ ʢʦʨʠʩʥʦ ʚʠʢʦʨʠʩʪʘʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ ʪʘ ʨʦʙʦʯʠʭ ʫʤʦʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʚʠʱʝʥʠʭ ʦʮʽʥʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʤʽʱʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʨʽʚʥʦʚʘʞʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʪʘ ʚʨʘʭʦʚʫʻ ʜʨʫʛʠʡ ʟʘʢʦʥ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʟʦʢʨʝʤʘ, ʟʙʝʨʝʞʝʥʥʷ ʢʦʨʠʩʥʦ ʟʘʩʚʦʻʥʦʾ ʪʝʧʣʦʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʪʦʧʢʦʚʽʡ 

ʢʘʤʝʨʽ.  
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(3) 

 

ʊʘʢʠʡ ʧʽʜʭʽʜ (3) ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʧʨʠʜʘʪʥʽʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʛʘʟʦʚʠʭ 

ʧʘʣʠʚ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʂʣʶʯʦʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʦʛʦ, ʱʦ ʨʝʘʣʴʥʘ ʝʢʦʥʦʤʽʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʧʨʠ ʡʦʛʦ ʟʘʤʽʱʝʥʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʧʘʣʠʚʘʤʠ ʻ ʟʥʘʯʥʦ ʥʠʞʯʦʶ, ʥʽʞ 

ʧʝʨʝʜʙʘʯʘʻ ʪʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜ, ʮʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩ. 1, ʜʝ ʥʘʚʝʜʝʥʦ ʝʢʦʥʦʤʽʶ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʧʨʠ ʟʘʤʽʥʽ ʡʦʛʦ ʙʽʦʛʘʟʦʤ. ɹʽʣʴʰʝ ʪʦʛʦ, ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʯʘʩʪʢʠ 

ʥʠʟʴʢʦʢʘʣʦʨʽʡʥʦʛʦ ʛʘʟʫ ʚ ʩʫʤʽʰʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜ 

800 ʜʦ 1200 ÁC) ʝʢʦʥʦʤʽʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟʤʝʥʰʫʻʪʴʩʷ ʱʝ ʙʽʣʴʰʝ. ʎʝ ʧʦʚᾷʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʧʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʘʣʠʚ ʤʘʶʪʴ ʽʥʰʠʡ ʩʢʣʘʜ, ʝʥʪʘʣʴʧʽʶ ʪʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, 

ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʟʘʛʘʣʴʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ɽʢʦʥʦʤʽʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʧʨʠ ʡʦʛʦ ʟʘʤʽʥʽ ʙʽʦʛʘʟʦʤ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʪʢʠ 

ʛʘʟʫ ʚ ʩʫʤʽʰʽ ʟ ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ: 1 ï ʽʩʥʫʶʯʘ (ʪʨʘʜʠʮʽʡʥʘ ʙʘʣʘʥʩʦʚʘ) ʤʝʪʦʜʠʢʘ ʟʘʤʽʱʝʥʥʷ 

ʧʘʣʠʚʘ [4]; 2ï4 ï ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʟʘʤʽʱʝʥʥʷ ʧʘʣʠʚʘ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʙʝʨʝʞʝʥʥʷ 

ʢʦʨʠʩʥʦ ʩʧʨʠʡʥʷʪʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ). ʊʝʭʥʦʣʦʛʽʯʥʘ ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ  tʨʦʙ, ÁC:  

2 ï 800; 3 ï 1000; 4 ï 1200. ʂʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ  ɚ = 1,1. ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: 

ʪʝʤʧʝʨʘʪʫʨʘ çʭʦʣʦʜʥʦʛʦè ʧʘʣʠʚʘ ʪʘ ʧʦʚʽʪʨʷ tʧʘʣ. = tʧʦʚ = 25 Áʉ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʜʦ ʙʫʜʴ-ʷʢʠʭ ʧʘʣʠʚʦ-

ʦʢʠʩʥʶʚʘʣʴʥʠʭ ʩʫʤʽʰʝʡ ʽ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ, 

ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʝʧʣʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʽʜʭʽʜ, ʻ ʙʽʣʴʰ ʪʦʯʥʠʤ ʽ ʨʝʘʣʽʩʪʠʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʟʘʭʦʜʽʚ ʟ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʧʘʣʠʚʥʦʛʦ ʙʘʣʘʥʩʫ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʭʦʯʝʤʦ ʟʘʟʥʘʯʠʪʠ ʱʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʻ  

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʪʘ ʚʨʘʭʦʚʫʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʨʦʮʝʩʫ ʜʦ ʦʮʽʥʢʠ 

ʝʢʦʥʦʤʽʾ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʧʨʠ ʡʦʛʦ ʟʘʤʽʱʝʥʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʥʠʟʴʢʦʢʘʣʦʨʽʡʥʠʤʠ ʛʘʟʘʤʠ 

(ʙʽʦʛʘʟ, ʩʠʥʪʝʟ-ʛʘʟ ʽʟ ʩʦʣʦʤʠ ʯʠ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʝʪʦʜʫ, ʱʦ 

ˇʨʫʥʪʫʻʪʴʩʷ ʣʠʰʝ ʥʘ ʙʘʣʘʥʩʽ ʥʠʞʯʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ, ʚʨʘʭʦʚʘʥʦ ʟʙʝʨʝʞʝʥʥʷ ʢʦʨʠʩʥʦ 

ʟʘʩʚʦʻʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʩʝʨʝʜʠʥʽ ʪʦʧʢʦʚʦʾ ʢʘʤʝʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʨʫʛʦʤʫ ʟʘʢʦʥʫ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʝʘʣʴʥʘ ʝʢʦʥʦʤʽʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟʥʘʯʥʦ ʥʠʞʯʘ, 

ʥʽʞ ʟʘ ʢʣʘʩʠʯʥʠʤ ʧʽʜʭʦʜʦʤ, ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʜʦʣʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʛʘʟʦʚʦʛʦ 

ʧʘʣʠʚʘ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 
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ʄɽʊʆɼʆʃʆɻɯʏʅɯ ɸʉʇɽʂʊʀ CFD-ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɹʆʊʀ ʊʆʇʂʀ ʂʆʊʃɸ 

ʅɸ ɹɯʆʄɸʉɯ ʇʈʀ ɿʄɯʅʅɯʁ ɺʆʃʆɻʆʉʊɯ ʇɸʃʀɺɸ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʽ ʟʤʽʱʝʥʥʷʤ ʫʢʨʘʾʥʩʴʢʦʾ ʝʥʝʨʛʝʪʠʢʠ ʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʧʘʣʠʚʘ, ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ ʥʘ ʢʦʣʦʩʥʠʢʦʚʽʡ ʨʝʰʽʪʮʽ ʥʘʙʫʚʘʻ ʚʩʝ 

ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ. ʇʨʦʪʝ, ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʦʣʦʛʽʩʪʴ ʙʽʦʤʘʩʠ ʻ 

ʥʝʩʪʘʙʽʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʪʦʧʢʦʚʦʤʫ ʦʙᾷʻʤʽ. 

ɿʙʽʣʴʰʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʙʽʦʤʘʩʠ ʟʥʠʞʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ, ʟʤʽʥʶʻ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʛʦʨʽʥʥʷ ʪʘ ʟʙʽʣʴʰʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ. ʊʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʰʫʢ ʰʣʷʭʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʰʣʷʭʦʤ ʨʝʞʠʤʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʙʝʟ 

ʚʪʨʫʯʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʘʛʨʝʛʘʪʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʘʥʘʣʽʟʫ ʩʢʣʘʜʥʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʪʘ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʫʯʘʩʥʽʡ ʪʝʧʣʦʝʥʝʨʛʝʪʠʮʽ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ CFD-ʤʦʜʝʣʶʚʘʥʥʷ. ɿʤʽʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʪʘ 

ʚʪʦʨʠʥʥʦʛʦ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ ʻ ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʚʧʣʠʚʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʪʘ ʧʦʚʥʦʪʫ 

ʟʛʦʨʷʥʥʷ ʧʨʠ ʟʤʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʘʣʠʚʘ. ʇʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʦʧʠʩʫʶʪʴ 

ʘʙʩʪʨʘʢʪʥʽ ʘʙʦ ʩʧʨʦʱʝʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʢʫ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ʜʨʦʩʝʣʴʥʠʭ ʟʘʩʣʽʥʦʢ ʫ ʨʝʘʣʴʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ 3D-ʤʦʜʝʣʽ ʪʦʧʢʠ ʢʦʪʣʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʚʦʣʦʛʦʩʪʽ ʙʽʦʤʘʩʠ ʥʘ ʧʨʦʮʝʩʠ ʛʦʨʽʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʚʦʣʦʛʠ ʚ ʧʘʣʠʚʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʥʠʞʝʥʥʷ ʥʠʞʯʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʨʦʙʦʯʦʾ ʤʘʩʠ. ɼʣʷ ʟʘʜʘʥʥʷ 

ʢʦʨʝʢʪʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʨʝʞʠʤʽʚ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʨʘʭʦʚʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʧʘʣʠʚʘ. ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʧʝʨʝʨʘʭʫʥʦʢ 

ʥʠʞʯʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʟ ʚʽʜʦʤʦʾ ʧʦʯʘʪʢʦʚʦʾ ʚʦʣʦʛʦʩʪʽ ʥʘ ʥʦʚʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʚʦʣʦʛʽʩʪʴ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʝʤʧʽʨʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ [1]:  

ὗ̎
̑

ὗ̎
̑
ςτȟτϽὡ˝ Ͻ

ρππὡ˝

ρππὡ˝
ςτȟτϽὡ˝ȟ (1) 

ʜʝ ὗ̎
̑
ȟὗ̎
̑

 ī ʥʠʞʯʘ ʨʦʙʦʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ (ʢʽʥʮʝʚʽʡ) ʪʘ 

ʧʦʯʘʪʢʦʚʽʡ ʚʦʣʦʛʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ, ʢɼʞ/ʢʛ; ὡ˝ȟὡ˝ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʘ ʧʦʯʘʪʢʦʚʘ ʚʽʜʥʦʩʥʘ 
ʚʦʣʦʛʽʩʪʴ ʨʦʙʦʯʦʾ ʤʘʩʠ ʧʘʣʠʚʘ, %/ 

ʌʽʟʠʢʘ ʧʨʦʮʝʩʫ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ ʥʘ ʢʦʣʦʩʥʠʢʦʚʽʡ ʨʝʰʽʪʮʽ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ 

ʧʦʩʣʽʜʦʚʥʠʭ ʩʪʘʜʽʡ: ʧʽʜʩʫʰʫʚʘʥʥʷ, ʚʠʭʽʜ ʪʘ ʟʘʡʤʘʥʥʷ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, ʘ ʪʘʢʦʞ ʛʦʨʽʥʥʷ 

ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ. ʇʽʜʚʠʱʝʥʘ ʚʦʣʦʛʽʩʪʴ ʟʘʪʷʛʫʻ ʩʪʘʜʽʶ ʧʽʜʩʫʰʫʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʩʫʚʫ ʟʦʥʠ ʘʢʪʠʚʥʦʛʦ ʛʦʨʽʥʥʷ ʚʛʣʠʙ ʨʝʰʽʪʢʠ ʪʘ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʷʜʨʽ ʬʘʢʝʣʘ. 

ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʥʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʝʪʠʢʫ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ 

ʫ ʥʘʜʰʘʨʦʚʦʤʫ (ʪʦʧʢʦʚʦʤʫ) ʧʨʦʩʪʦʨʽ. ɼʣʷ ʧʦʚʥʦʛʦ ʚʠʛʦʨʷʥʥʷ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʪʘ ʫʥʠʢʥʝʥʥʷ 

ʝʤʽʩʽʾ ʯʘʜʥʦʛʦ ʛʘʟʫ (CO) ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʻ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʛʘʟʽʚ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ 

ʟʦʥʽ. ʋ ʙʘʟʦʚʽʡ ʛʝʦʤʝʪʨʠʯʥʽʡ ʤʦʜʝʣʽ ʪʦʧʢʠ ʧʨʠ ʧʘʜʽʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʡ 

ʦʢʠʩʣʝʥʥʷ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ, ʥʘʷʚʥʦʛʦ ʦʙôʻʤʫ ʪʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ 

ʛʘʟʽʚ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʙʝʟ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 
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ʉʘʤʝ ʪʦʤʫ ʢʦʤʧʝʥʩʘʮʽʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʚʦʣʦʛʠ ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʢʝʨʫʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʨʝʞʠʤʦʤ ï h ʣʷʭʦʤ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʝʡ ʧʦʜʘʯʽ 

ʧʝʨʚʠʥʥʦʛʦ ʽ ʚʪʦʨʠʥʥʦʛʦ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ. ʇʽʜʛʦʪʦʚʢʘ ʜʦ CFD-ʨʦʟʨʘʭʫʥʢʫ ʚʢʣʶʯʘʻ 

ʩʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʦʾ ʤʦʜʝʣʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʛʘʟʦʚʦʛʦ ʪʨʘʢʪʫ ʪʦʧʢʠ ʚ SolidWorks ʟ 

ʧʦʜʘʣʴʰʠʤ ʽʤʧʦʨʪʦʤ ʛʝʦʤʝʪʨʽʾ ʜʦ ANSYS Fluent. ʇʦʙʫʜʦʚʘ ʘʜʝʢʚʘʪʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʚʠʤʘʛʘʻ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʷ 1 ï ʆʩʥʦʚʥʽ ʚʠʢʣʠʢʠ ʧʨʠ CFD-ʤʦʜʝʣʶʚʘʥʥʽ ʪʦʧʢʠ ʥʘ ʙʽʦʤʘʩʽ [2, 3] 

ʅʘʟʚʘ ʧʨʦʙʣʝʤʠ ʉʫʪʥʽʩʪʴ ʚʠʢʣʠʢʫ ʇʣʘʥʦʚʘʥʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ 

ɸʜʘʧʪʘʮʽʷ CAD-

ʛʝʦʤʝʪʨʽʾ 

ʅʘʷʚʥʽʩʪʴ ʜʨʽʙʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʱʦ ʧʝʨʝʚʘʥʪʘʞʫʶʪʴ 

ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʽʪʢʫ. 

ʉʧʨʦʱʝʥʥʷ 3D-ʤʦʜʝʣʽ: 

ʚʠʜʘʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʷʢʽ ʩʫʪʪʻʚʦ 

ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʝʨʦʜʠʥʘʤʽʢʫ 

ʛʘʟʦʚʦʛʦ ʪʨʘʢʪʫ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʰʘʨʫ 

ʧʘʣʠʚʘ 

ʉʢʣʘʜʥʽʩʪʴ ʧʨʷʤʦʛʦ 

ʧʨʦʨʘʭʫʥʢʫ ʛʦʨʽʥʥʷ ʱʽʣʴʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʰʘʨʫ ʙʽʦʤʘʩʠ ʥʘ 

ʢʦʣʦʩʥʠʢʦʚʽʡ ʨʝʰʽʪʮʽ. 

ɿʘʤʽʥʘ ʬʽʟʠʯʥʦʛʦ ʰʘʨʫ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʤʘʩʠ ʽ ʪʝʧʣʘ ʥʘ ʦʩʥʦʚʽ 

ʧʦʧʝʨʝʜʥʽʭ ʪʝʧʣʦʚʠʭ ʙʘʣʘʥʩʽʚ. 

ʆʧʪʠʤʽʟʘʮʽʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ 

ʇʦʪʨʝʙʘ ʫ ʚʠʩʦʢʽʡ ʪʦʯʥʦʩʪʽ 

ʙʽʣʷ ʩʦʧʝʣ ʜʫʪʪʷ ʙʝʟ 

ʢʨʠʪʠʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ 

ʢʦʤʧᾷʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

ʇʦʙʫʜʦʚʘ ʛʽʙʨʠʜʥʦʾ ʩʽʪʢʠ ʟ 

ʣʦʢʘʣʴʥʠʤ ʟʛʫʱʝʥʥʷʤ 

(ʫʱʽʣʴʥʝʥʥʷʤ) ʚʠʢʣʶʯʥʦ ʫ 

ʟʦʥʘʭ ʘʢʪʠʚʥʦʛʦ ʛʦʨʽʥʥʷ ʪʘ 

ʟʤʽʰʫʚʘʥʥʷ ʧʦʪʦʢʽʚ. 

ʊʫʨʙʫʣʝʥʪʥʽʩʪʴ ʪʘ ʭʽʤʽʷ 

ʛʦʨʽʥʥʷ 

ʉʢʣʘʜʥʽʩʪʴ ʦʧʠʩʫ ʨʝʘʢʮʽʡ 

ʟʛʦʨʷʥʥʷ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʟ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʦʜʷʥʦʾ ʧʘʨʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʦʚʘʥʠʭ 

ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

 

ʇʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʽʪʢʦʚʦʾ ʤʦʜʝʣʽ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʽʾ ʚʽʨʪʫʘʣʴʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɿʤʽʥʶʶʯʠ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʱʦʜʦ ʚʦʣʦʛʦʩʪʽ ʧʘʣʠʚʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 20% ʜʦ 

50% ʙʫʜʝ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʜʫʪʪʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʧʦʣʷ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʭʽʤʽʯʥʠʡ ʥʝʜʦʧʘʣ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʷʢʦʩʪʽ ʙʽʦʤʘʩʠ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʣʠʚʘʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ʙʽʦʤʘʩʠ ʢʨʠʪʠʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʪʘ ʧʦʚʥʦʪʫ ʟʛʦʨʷʥʥʷ ʚ 

ʪʦʧʢʘʭ ʟ ʢʦʣʦʩʥʠʢʦʚʦʶ ʨʝʰʽʪʢʦʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʤʧʝʥʩʘʮʽʷ ʮʠʭ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʙʝʟ 

ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʪʣʘ ʤʦʞʣʠʚʘ ʟʘ ʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʝʨʚʠʥʥʦʛʦ ʪʘ 

ʚʪʦʨʠʥʥʦʛʦ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ (CFD) ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʢʦʤʧʣʝʢʩʫ ANSYS. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʝʪʘʧʠ ʪʘ ʽʥʞʝʥʝʨʥʽ ʚʠʢʣʠʢʠ ʨʦʟʨʦʙʢʠ 

ʘʜʝʢʚʘʪʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʚʽʜ ʘʜʘʧʪʘʮʽʾ CAD-ʛʝʦʤʝʪʨʽʾ ʜʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʰʘʨʫ ʧʘʣʠʚʘ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʟʚʦʣʠʪʴ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʦʪʨʠʤʘʪʠ ʜʦʩʪʦʚʽʨʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʨʝʞʠʤʥʠʭ ʢʘʨʪ ʢʝʨʫʚʘʥʥʷ ʢʦʪʝʣʴʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

 ɺɯɼɺɽɼɽʅʅʗ ʊɽʇʃɸ ɺɯɼ ɹɸʉɽʁʅʋ ɺʀʊʈʀʄʂʀ ɸɽʉ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɹʝʟʧʝʢʘ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ɸɽʉ) 

ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʘʣʝ ʡ ʚʽʜ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤ 

ʧʨʦʤʽʞʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ (ɺʗʇ). ʇʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʟ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʧʘʣʠʚʥʽ ʟʙʽʨʢʠ (ʊɺɿ) ʧʨʦʜʦʚʞʫʶʪʴ ʛʝʥʝʨʫʚʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʢʦʚʦʛʦ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʙʝʪʘ- ʪʘ ʛʘʤʤʘ-ʨʦʟʧʘʜʫ ʧʨʦʜʫʢʪʽʚ ʧʦʜʽʣʫ ʪʘ ʘʢʪʠʥʦʾʜʽʚ. 

ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʝʘʢʪʦʨʘ, ʷʢʠʡ ʤʦʞʥʘ ʟʘʛʣʫʰʠʪʠ, ʧʨʦʮʝʩ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʫ ɺʗʇ ʻ ʥʝʢʝʨʦʚʘʥʠʤ ʽ ʪʨʠʚʘʣʠʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʪʷʛʦʤ ʨʦʢʽʚ. 

ɹʘʩʝʡʥ ʚʠʪʨʠʤʢʠ (ɹɺ) ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʛʦ ʙʘʨᾷʻʨʘ, ʜʝ ʚʦʜʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʦʜʥʦʯʘʩʥʦ ʩʣʫʛʫʻ ʪʝʧʣʦʥʦʩʽʻʤ, ʙʽʦʣʦʛʽʯʥʠʤ ʟʘʭʠʩʪʦʤ ʪʘ ʩʧʦʚʽʣʴʥʶʚʘʯʝʤ 

ʥʝʡʪʨʦʥʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʢʨʠʪʠʯʥʦʩʪʽ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ 

ʪʨʘʜʠʮʽʡʥʽ ʧʨʦʻʢʪʥʽ ʨʽʰʝʥʥʷ ʧʦʢʣʘʜʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʘʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ 

ʞʠʚʣʷʪʴʩʷ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʤʝʨʝʞ. ɼʦʩʚʽʜ ʚʘʞʢʦʾ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-ɼʘʾʯʽ ʚʠʷʚʠʚ 

ʢʨʠʪʠʯʥʫ ʚʨʘʟʣʠʚʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ: ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʧʦʚʥʦʤʫ ʟʥʝʩʪʨʫʤʣʝʥʥʽ (Station 

Blackout) ʪʘ ʚʽʜʤʦʚʽ ʨʝʟʝʨʚʥʠʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʽʚ ʚʪʨʘʪʘ ʧʨʠʤʫʩʦʚʦʾ ʮʠʨʢʫʣʷʮʽʾ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʚʠʜʢʦʛʦ ʧʨʦʛʨʽʚʫ ʚʦʜʠ, ʾʾ ʟʘʢʠʧʘʥʥʷ ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʇʦʜʘʣʴʰʝ ʦʛʦʣʝʥʥʷ 

ʧʘʣʠʚʘ ʽʥʽʮʽʶʻ ʥʝʟʚʦʨʦʪʥʽ ʜʝʩʪʨʫʢʪʠʚʥʽ ʧʨʦʮʝʩʠ, ʚʢʣʶʯʘʶʯʠ ʧʘʨʦʮʠʨʢʦʥʽʻʚʫ ʨʝʘʢʮʽʶ ʟ 

ʽʥʪʝʥʩʠʚʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʚʦʜʥʶ, ʱʦ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʚʠʙʫʭʦʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʪʘʡʥʤʝʥʪʫ 

ʪʘ ʤʘʩʰʪʘʙʥʦʛʦ ʚʠʢʠʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʋ ʧʦʩʪ-ʬʫʢʫʩʽʤʩʴʢʠʡ ʧʝʨʽʦʜ ʧʦʩʪʘʻ ʛʦʩʪʨʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʝʨʝʛʣʷʜʽ ʩʪʨʘʪʝʛʽʡ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʽ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʧʦʰʫʢʫ ʩʧʦʩʦʙʽʚ ʨʘʮʽʦʥʘʣʴʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʩʢʠʜʥʦʛʦ ʪʝʧʣʘ, ʱʦ ʨʦʙʠʪʴ ʜʘʥʫ ʪʝʤʘʪʠʢʫ 

ʧʨʽʦʨʠʪʝʪʥʦʶ ʜʣʷ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʤʦʛʠ ʜʦ ʙʝʟʧʝʢʠ ʙʘʩʝʡʥʽʚ ʚʠʪʨʠʤʢʠ ʙʝʟʧʝʨʝʨʚʥʦ 

ʝʚʦʣʶʮʽʦʥʫʶʪʴ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʤʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ ʄɸɻɸʊɽ (SSR-4, SSG-15) ʪʘ 

ʜʠʨʝʢʪʠʚʠ WENRA ʜʝʪʘʣʽʟʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʫ ʛʣʠʙʦʢʦʝʰʝʣʦʥʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ʜʦ 

ʦʙᾷʻʢʪʽʚ ʟʙʝʨʽʛʘʥʥʷ ɺʗʇ. ʋ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʧʨʘʚʦʚʦʤʫ ʧʦʣʽ ʋʢʨʘʾʥʠ ʜʽʶʪʴ ʥʦʨʤʠ ʅʇ 

306.2.141-2008 ʪʘ ʇʅɸɽ ɻ-5-006-87, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʠʤʦʛʠ ʜʦ ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ 

ʩʧʦʨʦʞʥʝʥʥʷ ɹɺ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʫ ʢʘʪʝʛʦʨʽʶ ʩʝʡʩʤʦʩʪʽʡʢʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ. ʉʫʯʘʩʥʽ 

ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʞʢʠʭ ʘʚʘʨʽʡ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ (CFD, ʥʘʧʨʠʢʣʘʜ ʫ ʩʝʨʝʜʦʚʠʱʽ ANSYS) ʜʣʷ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʨʦʜʥʦʾ 

ʢʦʥʚʝʢʮʽʾ ʪʘ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʫ ʙʘʩʝʡʥʘʭ. ʆʢʨʽʤ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ, ʥʠʟʢʘ ʦʩʪʘʥʥʽʭ ʧʨʘʮʴ 

ʧʨʠʩʚʷʯʝʥʘ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ɸɽʉ, ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʫʪʠʣʽʟʘʮʽʾ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʦ ʪʝʧʣʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʙʩʦʨʙʮʽʡʥʠʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʝʢʩʧʝʨʪʥʦʛʦ 

ʘʥʘʣʽʟʫ ʩʠʩʪʝʤ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʙʘʩʝʡʥʽʚ ʚʠʪʨʠʤʢʠ ɸɽʉ (ʥʘ ʧʨʠʢʣʘʜʽ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ 

ɺɺɽʈ-1000), ʱʦ ʚʢʣʶʯʘʻ ʦʮʽʥʢʫ ʜʠʥʘʤʽʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʨʦʟʛʣʷʜ 

ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʫʤʦʚʘʭ ʘʚʘʨʽʡʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ. 
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ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʦʭʦʣʦʜʞʝʥʥʷ ɹɺ ʻ ʨʦʟʨʘʭʫʥʦʢ ʧʦʪʫʞʥʦʩʪʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ. ɼʣʷ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ-1000 

ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʚʠʚʘʥʪʘʞʝʥʦʾ ʧʘʨʪʽʾ ʧʘʣʠʚʘ ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʩʧʘʜʘʻ ʚʽʜ 

1000 ʢɺʪ ʫ ʤʦʤʝʥʪ ʟʫʧʠʥʢʠ ʜʦ ʧʨʠʙʣʠʟʥʦ 10,6 ʢɺʪ ʧʽʩʣʷ 50 ʨʦʢʽʚ ʟʙʝʨʽʛʘʥʥʷ. ɼʣʷ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʥʘ ʝʪʘʧʽ ʦʮʽʥʦʢ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʬʦʨʤʫʣʘ ɺʝʷ-ɺʽʛʥʝʨʘ: 

ὖ ὸ πȢπφςςϽὖϽὸ Ȣ ὸ ὸ Ȣ , 

ʜʝ ὖ ὸ ï ʧʦʪʦʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʟʘʣʠʰʢʦʚʦʛʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ὖ ï ʥʦʤʽʥʘʣʴʥʘ ʪʝʧʣʦʚʘ 

ʧʦʪʫʞʥʽʩʪʴ ʜʦ ʟʫʧʠʥʢʠ,  ὸï ʯʘʩ ʨʦʙʦʪʠ ʨʝʘʢʪʦʨʘ, ὸ ï ʯʘʩ ʚʠʪʨʠʤʢʠ. 
ʉʧʝʮʠʬʽʢʦʶ ʨʝʘʢʪʦʨʽʚ ɺɺɽʈ-1000 ʻ ʨʦʟʤʽʱʝʥʥʷ ʙʘʩʝʡʥʫ ʚʠʪʨʠʤʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʩʝʨʝʜʠʥʽ ʛʝʨʤʝʪʠʯʥʦʾ ʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ (ʢʦʥʪʘʡʥʤʝʥʪʫ). ʐʪʘʪʥʘ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʥʝʟʘʣʝʞʥʠʭ ʢʘʥʘʣʽʚ ʘʢʪʠʚʥʦʛʦ ʨʦʟʭʦʣʦʜʞʝʥʥʷ (ʩʠʩʪʝʤʘ TQ), ʢʦʞʝʥ ʟ 
ʷʢʠʭ ʚʢʣʶʯʘʻ ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ, ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʪʘ ʩʠʩʪʝʤʫ ʽʦʥʦʦʙʤʽʥʥʦʛʦ ʦʯʠʱʝʥʥʷ 
ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʩʪʘʣʦʛʦ ʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ (ʚʤʽʩʪ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʙʣʠʟʴʢʦ 16 ʛ/ʢʛ). ʊʝʧʣʦʪʘ 
ʚʽʜ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ɹɺ ʧʝʨʝʜʘʻʪʴʩʷ ʩʠʩʪʝʤʽ ʧʨʦʤʽʞʥʦʛʦ ʢʦʥʪʫʨʫ ʦʭʦʣʦʜʞʝʥʥʷ 
ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʩʧʦʞʠʚʘʯʽʚ. 

ɺʪʨʘʪʘ ʧʨʠʤʫʩʦʚʦʾ ʮʠʨʢʫʣʷʮʽʾ ʚʥʘʩʣʽʜʦʢ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʽʥʽʮʽʶʻ ʧʝʨʝʭʽʜ ʜʦ ʨʝʞʠʤʫ 
ʧʨʠʨʦʜʥʦʾ ʢʦʥʚʝʢʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʘʚʘʨʽʡ ʜʦʚʦʜʷʪʴ, ʱʦ ʪʝʧʣʦʚʦʾ ʽʥʝʨʮʽʾ 
ʚʦʜʥʦʛʦ ʦʙᾷʻʤʫ (ʙʣʠʟʴʢʦ 1700 ʤį ʫ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ) ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʩʪʨʠʤʫʚʘʥʥʷ ʢʨʠʟʠ: 
ʚʦʜʘ ʜʦʩʷʛʘʻ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙᾷʻʤʥʦʛʦ ʢʠʧʽʥʥʷ ʦʨʽʻʥʪʦʚʥʦ ʯʝʨʝʟ 4,44 ʛʦʜʠʥʠ. ʇʨʦʮʝʩ 
ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʝʜʝ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʪʝʧʣʦʥʦʩʽʷ. ʂʨʠʪʠʯʥʦʶ ʪʦʯʢʦʶ ʻ 
ʦʛʦʣʝʥʥʷ ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ʊɺɿ, ʱʦ ʧʨʦʚʦʢʫʻ ʝʢʟʦʪʝʨʤʽʯʥʫ ʧʘʨʦʮʠʨʢʦʥʽʻʚʫ ʨʝʘʢʮʽʶ. 

ɺʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʪʘ ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʚ ʢʦʥʪʘʡʥʤʝʥʪʽ ʟʘʛʨʦʞʫʶʪʴ ʮʽʣʽʩʥʦʩʪʽ ʟʘʭʠʩʥʠʭ 
ʙʘʨᾷʻʨʽʚ. ʆʜʥʘʢ ʯʘʩʦʚʠʡ ʟʘʧʘʩ ʫ ʢʽʣʴʢʘ ʜʽʙ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʻ ʜʦʩʪʘʪʥʽʤ ʜʣʷ 
ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʡ ʢʝʨʫʚʘʥʥʷ ʘʚʘʨʽʷʤʠ (FLEX), ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʤʦʙʽʣʴʥʠʭ 
ʜʠʟʝʣʴ-ʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʽʜʞʠʚʣʝʥʥʷ ʙʘʩʝʡʥʫ ʙʦʨʦʚʘʥʠʤ ʨʦʟʯʠʥʦʤ. 

ɺʨʘʭʦʚʫʶʯʠ ʝʢʩʧʦʥʝʥʮʽʡʥʝ ʧʘʜʽʥʥʷ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʪʨʠʚʘʣʘ ʝʢʩʧʣʫʘʪʘʮʽʷ 
ʧʦʪʫʞʥʠʭ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʥʘʩʦʩʽʚ ʥʘ ʬʽʢʩʦʚʘʥʽʡ ʥʦʤʽʥʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʻ ʝʢʦʥʦʤʽʯʥʦ 
ʥʝʝʬʝʢʪʠʚʥʦʶ. ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʙʩʦʨʙʮʽʡʥʠʭ 
ʙʨʦʤʠʩʪʦʣʽʪʽʻʚʠʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ (ɸɹʊʅ). ɺʠʢʦʨʠʩʪʘʥʥʷ ɸɹʊʅ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʥʦ 
ʫʪʠʣʽʟʫʚʘʪʠ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʝ ʩʢʠʜʥʝ ʪʝʧʣʦ ʙʘʩʝʡʥʫ ʚʠʪʨʠʤʢʠ (35ï50ÁC), ʪʨʘʥʩʬʦʨʤʫʶʯʠ 
ʡʦʛʦ ʜʣʷ ʧʦʪʨʝʙ ʦʧʘʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʘʙʦ ʧʽʜʽʛʨʽʚʫ ʭʽʤʽʯʥʦ ʟʥʝʩʦʣʝʥʦʾ ʚʦʜʠ. 
ɯʥʪʝʛʨʘʮʽʷ ʪʘʢʠʭ ʨʝʢʫʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʜʘʪʥʘ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 
ʙʣʦʢʫ (ʜʦ 8,7%), ʜʝʤʦʥʩʪʨʫʶʯʠ ʧʨʠʡʥʷʪʥʠʡ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʨʽʚʥʽ 19,8 ʨʦʢʽʚ 
ʟʘ ʤʝʪʦʜʦʤ ʜʠʩʢʦʥʪʦʚʘʥʠʭ ʛʨʦʰʦʚʠʭ ʧʦʪʦʢʽʚ. 

ɺʠʩʥʦʚʢʠ. ʉʠʩʪʝʤʠ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʙʘʩʝʡʥʽʚ ʚʠʪʨʠʤʢʠ ʧʦʪʨʝʙʫʶʪʴ 
ʥʘʫʢʦʻʤʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 
ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʟ ʪʨʠʚʠʤʽʨʥʠʤ CFD-ʤʦʜʝʣʶʚʘʥʥʷʤ ʢʨʠʟʦʚʠʭ ʩʪʘʥʽʚ. 
ʊʨʘʜʠʮʽʡʥʘ ʧʘʨʘʜʠʛʤʘ ʚʠʢʣʶʯʥʦ ʘʢʪʠʚʥʦʛʦ, ʝʥʝʨʛʦʟʘʪʨʘʪʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʪʨʝʙʫʻ 
ʤʦʜʝʨʥʽʟʘʮʽʾ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʩʦʙʽʚ ʤʦʙʽʣʴʥʦʛʦ ʧʽʜʞʠʚʣʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʷʤʠ, ʘ 
ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʘʙʩʦʨʙʮʽʡʥʠʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʜʣʷ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ ʻ 
ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʧʽʜʚʠʱʫʻ ʝʢʦʥʦʤʽʯʥʫ 
ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʪʘ ʨʽʚʝʥʴ ʛʣʠʙʦʢʦʝʰʝʣʦʥʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ʩʫʯʘʩʥʠʭ ɸɽʉ ʫ ʧʦʩʪ-
ʌʫʢʫʩʽʤʩʴʢʠʡ ʧʝʨʽʦʜ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɯɼɺʀʑɽʅʅʗ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ʊʈʋɹʆʇʈʆɺʆɼɯɺ ɼʈʋɻʆɻʆ ʂʆʅʊʋʈʋ 

ɸʊʆʄʅʀʍ ɽʃɽʂʊʈʆʉʊɸʅʎɯʁ ʐʃʗʍʆʄ ɿʄɽʅʐɽʅʅʗ ɽʈʆɿɯʁʅʆ-

ʂʆʈʆɿɯʁʅʀʍ ʇʈʆʎɽʉɯɺ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɽʨʦʟʽʡʥʦ-ʢʦʨʦʟʽʡʥʝ ʟʥʦʰʫʚʘʥʥʷ (ɽʂɿ) 

ʦʙʣʘʜʥʘʥʥʷ ʻ ʧʦʰʠʨʝʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɽʂɿ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʜʦʨʦʛʦʚʘʨʪʽʩʥʦʶ ʧʨʦʙʣʝʤʦʶ ʫ ʯʠʩʣʝʥʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʘʭ. ʆʩʦʙʣʠʚʦ ʧʨʠʩʢʽʧʣʠʚʦ 

ʩʣʽʜ ʩʪʘʚʠʪʠʩʷ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʫ ʪʘʢʽʡ ʚʽʜʧʦʚʽʜʘʣʴʥʽʡ ʩʬʝʨʽ ʷʢ ʘʪʦʤʥʘ 

ʝʥʝʨʛʝʪʠʢʘ, ʘʜʞʝ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʙʝʟʧʝʢʘ ʩʘʤʦʾ 

ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘʩʝʣʝʥʥʷ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʪʘʪʠʩʪʠʢʘ ʧʨʠʯʠʥ ʘʚʘʨʽʡ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʯʘʩʪʢʘ 

ʧʨʠʯʠʥ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʧʦʭʦʜʷʪʴ ʽʟ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ (ɼʂ) ɸɽʉ, ʩʪʘʥʦʚʠʪʴ 27 % ʜʣʷ 

ʙʘʛʘʪʦʙʣʦʢʦʚʠʭ ʘʚʘʨʽʡ ʪʘ 47 % - ʜʣʷ ʦʜʥʦʙʣʦʢʦʚʠʭ ʘʚʘʨʽʡ [1]. ɸʥʘʣʽʟ ʘʚʘʨʽʡʥʠʭ ʚʠʧʘʜʢʽʚ ʥʘ 

ʙʣʦʢʘʭ ɸɽʉ (ʉʫʨʨʽ-2, ʄʽʛʘʤʘ-3, ʊʨʦʷʥ), ʷʢʽ ʧʦʚᾷʷʟʘʥʽ ʟ ɼʂ, ʧʦʢʘʟʫʻ, ʱʦ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ 

ʧʨʠʯʠʥ ʾʭʥʴʦʛʦ ʚʠʥʠʢʥʝʥʥʷ ʻ ʟʥʦʩ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ɼʂ ʚʥʘʩʣʽʜʦʢ ɽʂɿ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʅʘʫʢʦʚʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʘ ʦʮʽʥʠʪʠ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ 

ʝʨʦʟʽʡʥʦ-ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ (ɽʂʇ) ʫ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ɼʂ ɸɽʉ; ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʝʪʦʜʠ ʡ 

ʪʝʭʥʽʯʥʽ ʰʣʷʭʠ ʾʭ ʧʨʠʛʥʽʯʝʥʥʷ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʝʛʫʣʶʚʘʥʥʽ ʚʦʜʥʦ-ʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ 

(ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʧʦʢʘʟʥʠʢʘ pH ʪʝʧʣʦʥʦʩʽʷ ʪʦʱʦ) ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ ʪʨʫʙʦʧʨʦʚʽʜʥʠʭ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʦʮʝʩ ɽʂɿ ʧʦʯʘʪʢʦʚʦ ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʢʦʨʦʟʽʻʶ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʫ, ʱʦ ʧʦʩʣʘʙʣʶʻ ʧʦʚʝʨʭʥʶ ʤʝʪʘʣʫ, ʫʪʚʦʨʶʶʯʠ ʦʢʩʠʜʥʠʡ ʰʘʨ. ʆʢʩʠʜʥʘ ʧʣʽʚʢʘ 

ʨʫʡʥʫʻʪʴʩʷ ʧʦʪʦʢʦʤ ʩʝʨʝʜʦʚʠʱʘ ʰʚʠʜʰʝ, ʥʽʞ ʯʠʩʪʠʡ ʤʝʪʘʣ. ʏʘʩʪʠʥʢʠ ʟʨʫʡʥʦʚʘʥʦʛʦ 

ʦʢʩʠʜʥʦʛʦ ʰʘʨʫ, ʟʘʭʦʧʣʝʥʽ ʧʦʪʦʢʦʤ ʩʝʨʝʜʦʚʠʱʘ, ʤʦʞʫʪʴ ʚʜʘʨʷʪʠʩʷ ʦʙ ʩʪʽʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʥʠʞʯʝ ʟʘ ʧʦʪʦʢʦʤ, ʧʨʠʩʢʦʨʶʶʯʠ ʨʫʡʥʫʚʘʥʥʷ ʦʢʩʠʜʥʦʛʦ ʰʘʨʫ ʚ ʽʥʰʠʭ ʡʦʛʦ ʤʽʩʮʷʭ ʽ ʪʘʢʠʤ 

ʯʠʥʦʤ ʧʨʠʩʢʦʨʶʚʘʪʠ ɽʂɿ. ʅʘʦʯʥʦ ʩʭʝʤʘ ɽʂɿ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1 [2]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʝʨʦʟʽʡʥʦ-ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ ʤʝʪʘʣʫ [2] 
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ʅʘ ʫʢʨʘʾʥʩʴʢʠʭ ɸɽʉ ʪʨʫʙʦʧʨʦʚʦʜʠ ɼʂ ʧʦʜʽʣʷʶʪʴ ʥʘ 5 ʙʣʦʢʽʚ ʟʘ ʚʣʘʩʪʠʚʠʤʠ ʾʤ 

ʧʨʦʮʝʩʘʤʠ ɽʂɿ [2]. ɯ, ɯɯ ʪʘ ɯɯɯ ʙʣʦʢʠ  ï ʧʘʨʦʧʨʦʚʦʜʠ ɼʂ, ʨʽʟʥʠʮʷ ʤʽʞ ʷʢʠʤʠ ʧʦʣʷʛʘʻ ʫ ʩʪʫʧʝʥʽ 

ʚʦʣʦʛʦʩʪʽ ʨʦʙʦʯʦʾ ʧʘʨʠ. ɼʣʷ ɯ ʙʣʦʢʫ (ʧʘʨʦʧʨʦʚʦʜʫ ʩʚʽʞʦʾ ʧʘʨʠ) ɽʂɿ ʚʽʜʩʫʪʥʽʡ ʯʝʨʝʟ ʤʘʣʠʡ 

ʩʪʫʧʽʥʴ ʚʦʣʦʛʦʩʪʽ (<1 %); ɯɯ ʙʣʦʢ ʧʘʨʦʧʨʦʚʦʜʽʚ ʧʨʘʮʶʻ ʟ ʙʽʣʴʰ ʚʦʣʦʛʦʶ ʧʘʨʦʶ (1ï2 %), ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʘʧʣʠʥʥʦʛʦ ɽʂɿ; ɯɯɯ ʙʣʦʢ ʧʘʨʦʧʨʦʚʦʜʽʚ ʧʨʘʮʶʻ ʟ ʽʱʝ ʙʽʣʴʰ ʚʦʣʦʛʦʶ ʧʘʨʦʶ 

(ʜʨʝʥʘʞʽ ʦʩʥʦʚʥʦʛʦ ʧʘʨʦʧʨʦʚʦʜʫ, ʪʨʫʙʦʧʨʦʚʦʜʠ ʚʠʧʘʨʫ), ʪʦʞ ʜʦ ʢʨʘʧʣʠʥʥʦʛʦ ɽʂɿ 

ʜʦʜʘʻʪʴʩʷ ʝʨʦʟʽʡʥʦ-ʢʦʨʦʟʽʡʥʝ ʨʦʟʤʠʚʘʥʥʷ (ɽʂʈ). ɯV ʪʘ V ʙʣʦʢʠ ï ʪʨʫʙʦʧʨʦʚʦʜʠ ʦʩʥʦʚʥʦʛʦ 

ʢʦʥʜʝʥʩʘʪʫ ʪʘ ʞʠʚʠʣʴʥʦʾ ʡ ʧʨʦʜʫʚʥʦʾ ʚʦʜʠ ʇɻ ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ IV ʙʣʦʢʫ ʚʣʘʩʪʠʚʠʤʠ ʻ ɽʂʈ 

ʪʘ ʢʘʚʽʪʘʮʽʡʥʠʡ ɽʂɿ; ʜʣʷ V ʙʣʦʢʫ ʚʣʘʩʪʠʚʝ ɽʂʈ. 

ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ɽʂʇ ʫ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ɼʂ ɸɽʉ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ 

ʟʘʣʝʞʥʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʯʠ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʰʚʠʜʢʽʩʪʴ, ʧʦʢʘʟʥʠʢ pH) ʪʘ ʟʘʣʝʞʥʽ ʚʽʜ ʪʨʫʙʦʧʨʦʚʦʜʫ (ʨʦʟʤʽʨʠ, ʤʘʪʝʨʽʘʣ, 

ʢʦʥʬʽʛʫʨʘʮʽʷ).  

ɿʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʩʝʨʝʜʦʚʠʱʘ ʦʜʥʦʟʥʘʯʥʦ ʧʨʦʚʦʢʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ɽʂɿ 

(ʨʠʩ. 2) [3]. ʈʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʦʢʘʟʥʠʢʘ pH, ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʤʘʻ ʩʢʣʘʜʥʠʡ 

ʽ ʥʝʩʪʘʣʠʡ ʚʧʣʠʚ ʥʘ ɽʂʇ. ɿʘ ʩʪʘʣʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʩʧʨʠʯʠʥʷʻ ʧʨʠʩʢʦʨʝʥʥʷ ɽʂʇ, ʘ ʧʽʩʣʷ ï ʩʧʦʚʽʣʴʥʝʥʥʷ [3]. ʉʭʦʞʠʡ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʥʘ ɽʂʇ 

ʤʘʻ ʽ ʧʦʢʘʟʥʠʢ pH [3]. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ɽʂɿ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ. ɯʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʱʦ ʨʽʩʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ 

ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʠʯʠʥʷʻ ʩʧʦʚʽʣʴʥʝʥʥʷ ɽʂʇ ʽ ʤʦʞʝ ʜʦʭʦʜʠʪʠ ʧʨʘʢʪʠʯʥʦ ʜʦ ʥʫʣʷ. 

ɺʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʟʤʽʥʶʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʦʜʠ: ʟʘ 

tʚ = 140 ęʉ ï ʉ0
ʆ2 = 50ï55 ʤʢʛ/ʣ [3]; ʧʨʠ tʚ = 180 ęʉ ï ʉ0

ʆ2 = 25ï30 ʤʢʛ/ʣ [3]. ʎʝʡ ʬʘʢʪ 

ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʷʚʠʱʘ ʟ ʤʝʪʦʶ ʩʫʪʪʻʚʦʛʦ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ɽʂɿ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ɼʂ ɸɽʉ. 

 
                                              ʘ                                                         ʙ 

ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ɽʂɿ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʚʦʜʽ ʢʠʩʥʶ:  

ʘ ï ʧʨʠ 140 Üʉ; ʙ ï ʧʨʠ 180 Üʉ 

 

ʑʦʜʦ ʫʤʦʚ, ʟʘʣʝʞʥʠʭ ʚʽʜ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʧʦʯʘʪʢʫ ɽʂʇ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʤʘʪʝʨʽʘʣʦʤ ʪʨʫʙʦʧʨʦʚʦʜʫ ʙʫʣʘ ʚʫʛʣʝʮʝʚʘ ʘʙʦ ʥʠʟʴʢʦʣʝʛʦʚʘʥʘ ʩʪʘʣʴ [4]. 

ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʘ ʨʽʟʥʠʮʷ ʭʽʤʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʩʪʽʥʢʦʶ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʦʢʩʠʜʥʦʛʦ ʰʘʨʫ [4]. ɿʤʽʥʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʙʽʛ 

ɽʂʇ ʪʦʶ ʤʽʨʦʶ, ʷʢʦʶ ʚʽʥ ʟʙʫʨʶʻ ʧʦʪʽʢ ʩʝʨʝʜʦʚʠʱʘ, ʟʚʽʜʢʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʦʩʥʦʚʥʠʤʠ ʤʽʩʮʷʤʠ ʜʽʾ ɽʂɿ ʻ ʟʛʠʥʠ, ʪʨʽʡʥʠʢʠ, ʜʽʘʬʨʘʛʤʠ, ʢʦʥʬʫʟʦʨʠ, ʪʦʱʦ. 

ɿʘʭʦʜʠ ʱʦʜʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ɽʂɿ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ɼʂ, ʱʦ 

ʟʘʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ ɸɽʉ, ʧʝʨʝʚʘʞʥʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʢʦʥʪʨʦʣʴʥʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʟʘʭʦʜʽʚ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʦʜʥʦ-ʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ɼʂ ʽ 

ʟʘʤʽʥʠ ʤʘʪʝʨʽʘʣʽʚ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʥʘ ʥʝʽʨʞʘʚʽʶʯʽ ʩʪʘʣʽ ʪʘ ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʅʘʡʰʠʨʰʠʤ ʧʦʣʝʤ ʜʣʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ɽʂɿ ʻ ʚʦʜʥʦ-

ʭʽʤʽʯʥʠʡ ʨʝʞʠʤ. ɯʟ ʫʞʝ ʚʧʨʦʚʘʜʞʝʥʠʭ ʟʘʭʦʜʽʚ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʧʝʨʝʭʽʜ ʚʽʜ ʢʦʨʝʢʮʽʡʥʦʾ 

ʦʙʨʦʙʢʠ ʩʝʨʝʜʦʚʠʱʘ ʛʽʜʨʘʟʠʥʦʤ ʜʦ ʦʙʨʦʙʢʠ ʝʪʘʥʦʣʘʤʽʥʦʤ ʪʘ ʤʦʨʬʦʣʽʥʦʤ, ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ pH, ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʚʦʜʽ ʢʠʩʥʶ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ 

ʧʨʠʩʤʦʢʪʫ ʧʦʚʽʪʨʷ ʚ ɼʂ [2].  

ɺʠʩʥʦʚʢʠ. ɽʂɿ ʻ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ɼʂ ɸɽʉ, 

ʥʝʜʦʦʮʽʥʢʘ ʷʢʦʾ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɽʂʇ ʻ ʥʘʩʣʽʜʢʦʤ ʩʠʥʝʨʛʝʪʠʯʥʦʾ ʜʽʾ 

ʧʨʦʮʝʩʽʚ ʝʨʦʟʽʾ ʪʘ ʢʦʨʦʟʽʾ. ʌʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ɽʂɿ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʟʘʣʝʞʥʽ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʘʣʝʞʥʽ ʚʽʜ ʪʨʫʙʦʧʨʦʚʦʜʫ. ʌʘʢʪʦʨʠ, ʟʘʣʝʞʥʽ ʚʽʜ 

ʩʝʨʝʜʦʚʠʱʘ, ʧʝʨʝʚʘʞʥʦ ʤʘʶʪʴ ʥʝʦʜʥʦʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ɽʂɿ. ɿ ʨʦʟʛʣʷʥʫʪʠʭ 

ʬʘʢʪʦʨʽʚ ʣʠʰʝ ʰʚʠʜʢʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʤʘʻ ʦʜʥʦʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʙʽʛʫ ɽʂʇ. 

ʈʝʰʪʘ ʟ ʥʠʭ ʤʘʶʪʴ ʩʢʣʘʜʥʠʡ ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ɽʂɿ. 

ɿʘʭʦʜʠ ʱʦʜʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ɽʂɿ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ɼʂ ʫʢʨʘʾʥʩʴʢʠʭ ɸɽʉ ʧʝʨʝʚʘʞʥʦ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʦʜʥʦ-ʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ɼʂ. ɺʘʞʣʠʚʦ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ 

ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ [3], ʥʝ ʩʧʦʚʽʣʴʥʶʻ 

ɽʂɿ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʘ ʥʘʚʧʘʢʠ ï ʧʨʠʩʢʦʨʶʻ ʡʦʛʦ. ʎʝʡ ʟʘʭʽʜ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʜʝʪʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʤʦʞʣʠʚʦʾ ʢʦʨʝʢʮʽʾ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʪʝʤʦʶ ʤʘʡʙʫʪʥʴʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄɸʂʉʀʄɸʃʔʅɯ ʊɽʇʃʆɺɯ ʇʆʊʆʂʀ ʇʈʀ ʂʀʇɯʅʅɯ ʅɸ ɼʀʉʂʈɽʊʅʆ-

ʅɽɯɿʆʊɽʈʄɯʏʅʀʍ ʇʆɺɽʈʍʅʗʍ ɿ ʂʈɸʇʂʆɺʀʄ ɼɾɽʈɽʃʆʄ ɽʅɽʈɻɯɰ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʾ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ, ʦʩʦʙʣʠʚʦ ʩʪʨʽʤʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʥʘʰʝ ʞʠʪʪʷ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʧʦʪʨʝʙʫʻ ʟʙʽʣʴʰʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɿʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʤʽʢʨʦʩʭʝʤʘʭ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʟʤʝʥʰʝʥʥʽ ʾʭ ʤʘʩʦʛʘʙʘʨʠʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʧʨʠʣʘʜʽʚ. ʇʠʪʦʤʽ ʪʝʧʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʽ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʩʭʝʤ ʤʦʞʝ ʧʝʨʝʚʠʱʠʪʠ ʾʭ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. ʊʦʤʫ ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘʜʘʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʤʘʣʦʛʘʙʘʨʠʪʥʦʾ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ ʧʨʠ 

ʚʽʜʚʝʜʝʥʥʽ ʚʝʣʠʢʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. ɿ ʤʝʪʦʶ ʧʽʜʪʨʠʤʢʠ ʟʘʜʘʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʽʚʥʷ 

ʩʫʯʘʩʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʦʮʝʩʠ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʥʘ 

ʢʨʠʩʪʘʣʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʜʘʥʠʡ ʯʘʩ ʽʜʝ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʧʨʠ ʢʠʧʽʥʥʽ ʥʘ ʧʦʚʝʨʭʥʷʭ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ. ʇʨʦʚʦʜʷʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʢʠʧʽʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʦʙʤʽʥʫ [1]. ʈʦʟʨʦʙʣʷʶʪʴ ʧʦʚʝʨʭʥʽ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʨʘʧʢʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʪʝʧʣʦʦʙʤʽʥʥʫ ʧʦʚʝʨʭʥʶ ʜʝ ʤʘʣʝʥʴʢʽ ʜʽʣʷʥʢʠ ʽʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ 

ʨʦʟʜʽʣʝʥʽ ʤʘʪʝʨʽʘʣʦʤ ʽʟ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ [2].  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʚʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ, 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʢʠʧʽʥʥʽ ʚʦʜʠ ʫ ʚʝʣʠʢʦʤʫ 

ʦʙôʻʤʽ ʥʘ ʜʠʩʢʨʝʪʥʦ-ʥʝʽʟʦʪʝʨʤʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ 

ʜʣʷ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʠʩʦʢʦʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʜʽʣʷʥʦʢ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ, ʷʢʫ ʤʦʞʝ ʚʽʜʚʦʜʠʪʠ ʪʘʢʘ 

ʜʠʩʢʨʝʪʥʦ-ʥʝʽʟʦʤʝʪʨʠʯʥʘ ʧʦʚʝʨʭʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɹʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʪʨʠ ʪʘʢʠʭ ʧʦʚʝʨʭʥ ̔ʟ ʨʽʟʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 

ʜʽʘʤʝʪʨʘ ʢʨʘʧʢʦʚʠʭ ʜʽʣʷʥʦʢ ʜʦ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʠʤʠ d/l = 0,33; 0,37 ʪʘ 0,62 (ʨʠʩ. 1). ʄʽʜʥʽ 

ʜʽʣʷʥʢʠ 1 ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʧʦ ʢʫʪʘʤ ʨʽʚʥʦʙʽʯʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʟ ʜʦʚʞʠʥʦʶ ʩʪʦʨʽʥ l. ʎʝ 

ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʥʘʡʙʽʣʴʰ ʱʽʣʴʥʫ ʫʧʘʢʦʚʢʫ ʪʘ ʦʜʥʘʢʦʚʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʽʣʷʥʢʘʤʠ. ʂʨʘʧʢʦʚʽ 

ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʙʫʣʠ ʨʦʟôʻʜʥʘʥ ̔ʤʽʞ ʩʦʙʦʶ ʤʘʪʝʨʽʘʣʦʤ ʟ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ 2 

(ʩʢʣʦʪʝʢʩʪʦʣʽʪ), ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʷʢʦʛʦ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 0,3 ɺʪ/ʤĿʂ.  

ʂʦʥʩʪʨʫʢʮʽʷ ʪʘʢʠʭ ʜʽʣʷʥʦʢ ʜʦʟʚʦʣʷʣʘ ʬʽʢʩʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʽʚʝʥʴ ʧʦʚʝʨʭʥʽ ʪʘ 

ʛʫʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ. ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ ʨʦʟʨʘʭʫʚʘʚʩʷ ʜʣʷ ʢʦʞʥʦʾ 

ʜʽʣʷʥʢʠ ʢʨʘʧʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʣʦʱ.̔ ʉʝʨʝʜʥʽʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ 

ʜʽʣʷʥʦʢ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʜʠʩʢʨʝʪʥʦ-ʥʝʽʟʦʪʝʨʤʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʩʢʣʘʜʘʚ 1,25Ŀ10-3ʤ. 

ʅʘʛʨʽʚʘʯ 3 ʟʘʧʦʙʽʛʘʚ ʚʽʣʴʥʦʤʫ ʧʽʜʪʦʢʫ ʨʽʜʠʥʠ ʜʦ ʮʝʥʪʨʽʚ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʩʪʚʦʨʶʚʘʚ ʫʤʦʚʠ ʧʨʦʪʷʞʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʽʩʣʷ ʧʦʯʘʪʢʫ ʢʠʧʽʥʥʷ ʧʨʠ ʤʘʣʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʘʭ, 

ʥʘ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʜʽʻ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʮʝʥʪʨʽʚ ʧʘʨʦʫʪʚʦʨʝʥʥʷ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʦʢʨʝʤʽ ʧʘʨʦʚʽ 

ʙʫʣʴʙʘʰʢʠ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʜʦʜʘʪʢʦʚʠʭ ʮʝʥʪʨʽʚ 

ʧʘʨʦʫʪʚʦʨʝʥʥʷ,  ̔ʨʝʞʠʤ ʙʫʣʴʙʘʰʢʦʚʦʛʦ ʢʠʧʽʥʥʷ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʘʜʽʶ ʟʣʠʪʪʷ ʚʩʽʭ ʧʘʨʦʚʠʭ 
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ʙʫʣʴʙʘʰʦʢ ʚ ʦʢʨʝʤʫ ʧʘʨʦʚʫ ʭʤʘʨʫ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʛʝʥʝʨʘʮʽʷ ʧʘʨʦʚʠʭ ʫʪʚʦʨʝʥʴ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʧʣʦʚʽʜʜʘʶʯʠʭ ʜʽʣʷʥʦʢ. 

          
ʈʠʩʫʥʦʢ 1 ï  ʌʦʪʦ ʧʦʚʝʨʭʥʽ ʟ ʜʠʩʢʨʝʪʥʠʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʨʘʧʢʦʚʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ 

(ʚʠʜ ʟʚʝʨʭʫ): 1 ï ʜʽʣʷʥʢʠ ʢʨʘʧʢʦʚʠʭ 

ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ; 2 ï ʩʪʽʥʢʘ ʟ ʥʠʟʴʢʦʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ; 3 ï ʥʘʛʨʽʚʘʯ, ʷʢʠʡ 

ʽʤʽʪʫʻ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʧʨʦʪʷʞʥʦʾ 

ʜʠʩʢʨʝʪʥʦ-ʥʝʽʟʦʪʝʨʤʽʯʥʦʾ ʧʦʚʝʨʭʥʽ 

ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ )( Tfq D=  ʧʨʠ 

ʢʠʧʽʥʥʽ ʚʦʜʠ ʥʘ ʮʝʥʪʨʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ 

ʜʠʩʢʨʝʪʥʦ-ʥʝʽʟʦʪʝʨʤʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ: 

1 ï d/l = 0,33; 2 ï  d/l = 0,37; 3 ï d/l = 0,62; 

4 ï qʢʨ.¤ = 1,2Ö106 ɺʪ/ʤ2 

 

 

ʅʘ ʜʽʣʷʥʮʽ ʟ ʤʘʣʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʮʝʥʪʨʠ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʥʝ ʚʠʥʠʢʘʶʪʴ, ʪʘʢ ʷʢ 

ʨʽʜʠʥʘ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʩʠʯʝʥʥʷ ʧʽʜʪʽʢʘʻ ʟʚʝʨʭʫ ʚʥʠʟ ʪʘ ʨʫʡʥʫʻ ʪʝʧʣʦʚʠʡ ʧʦʛʨʘʥʠʯʥʠʡ 

ʰʘʨ ʥʘ ʥʽʡ. ɼʦ ʜʽʷʣʥʢʠ, ʜʝ ʪʝʧʣʦ ʚʽʜʜʘʻʪʴʩʷ, ʨʽʜʠʥʘ ʧʽʜʪʽʢʘʻ ʟ ʙʦʢʫ ʜʽʣʷʥʦʢ ʟ ʤʘʣʦʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʩʠʯʝʥʥʷ. ʊʦʤʫ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʥʘ ʪʝʧʣʦʚʽʜʜʘʶʯʠʭ ʜʽʣʷʥʢʘʭ ʥʝʦʙʭʽʜʥʦ 

ʟʘʪʨʘʪʠʪʠ ʜʦʜʘʪʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʘ 

ʧʨʦʮʝʩ ʢʠʧʽʥʥʷ ʟʘʭʦʜʠʪʴ ʚ ʦʙʣʘʩʪʴ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫ ̒ʢʨʠʪʠʯʥʠʡ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ʽʟʦʪʝʨʤʽʯʥʽʡ ʧʦʚʝʨʭʥʽ qʢʨ.¤ (ʣʽʥʽʷ 4, ʨʠʩ. 2). ʊʘʢʠʡ ʨʝʞʠʤ ʪʝʧʣʦʦʙʤʽʥʫ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʜʦ ʜʝʷʢʦʛʦ ʟʥʘʯʝʥʥʷ q > qʢʨ.¤ , ʧʨʠ ʷʢʦʤʫ ʚʞʝ ʥʝʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʮʝʥʪʨʽʚ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʥʘ ʪʝʧʣʦʚʽʜʜʘʶʯʠʭ ʜʽʣʷʥʢʘʭ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʣʦʢʘʣʴʥʠʭ ʧʘʨʦʚʠʭ ʧʣʽʚʦʢ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʣʘʚʥʦ ʟʥʠʞʫʻʪʴʩʷ.  

ʅʘʙʣʠʞʝʥʥʷ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʜʽʣʷʥʦʢ ʦʜʥʘ ʜʦ ʦʜʥʦʾ, ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ d/l, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ (ʣʽʥʽʷ 3, ʨʠʩ. 2). ɸʣʝ ʥʘ 

ʮʝʥʪʨʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʚʩʝ ʦʜʥʦ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʝʨʝʚʠʱʫʻ qʢʨ.¤   ʧʨʠʙʣʠʟʥʦ ʫ 4 ʨʘʟʠ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʧʨʦʮʝʩ ʙʫʣʴʙʘʰʢʦʚʦʛʦ ʢʠʧʽʥʥʷ ʚʦʜʠ ʥʘ ʜʠʩʢʨʝʪʥʦ-ʥʝʽʟʦʪʝʨʤʽʯʥʽʡ 

ʧʦʚʝʨʭʥʽ ʫ ʚʝʣʠʢʦʤʫ ʦʙôʻʤʽ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ 

ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ d/l, ʧʨʠ ʷʢʠʭ ʟʘʛʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ʜʠʩʢʨʝʪʥʦ-

ʥʝʽʟʦʪʝʨʤʽʯʥʦʾ ʧʦʚʝʨʭʥʽ qʢʨ.ʜʥʧS ʧʝʨʝʚʠʱʫʻ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʤʦʞʥʘ ʚʽʜʚʝʩʪʠ ʚʽʜ 

ʽʟʦʪʝʨʤʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʦʜʥʘʢʦʚʦʾ ʧʣʦʱʽ qʢʨ.¤  .  
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ʜʝ, qʢʨ.¤  ï  ʢʨʠʪʠʯʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʧʨʠ ʢʠʧʽʥʥʽ ʥʘ ʧʨʦʪʷʞʥʽʡ ʽʟʦʪʝʨʤʽʯʥʽʡ 

ʧʦʚʝʨʭʥʽ; Rʧʤʨ ï ʨʘʜʽʫʩ ʧʦʚʝʨʭʥʽ ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ (ʢʨʘʧʢʦʚʝ ʜʞʝʨʝʣʦ); lʢ ï ʢʘʧʽʣʷʨʥʘ ʩʪʘʣʘ. 
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ʈʠʩʫʥʦʢ 3 ï ʌʦʪʦ ʨʝʞʠʤʫ ʙʫʣʴʙʘʰʢʦʚʦʛʦ 

ʢʠʧʽʥʥʷ ʚʦʜʠ ʥʘ ʜʠʩʢʨʝʪʥʦ-ʥʝʽʟʦʪʝʨʤʽʯʥʽʡ 

ʧʦʚʝʨʭʥʽ ʧʨʠ ʛʫʩʪʠʥʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʾ ʜʽʣʷʥʮʽ 6,4Ö10
6 

ɺʪ/ʤ
2 

 

ʈʠʩʫʥʦʢ 4 ï ʈʦʟʧʦʜʽʣ qʢʨ.ʜʥʧS/ qʢʨ.¤  ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʜʽʣʷʥʦʢ d/l ʟʘ ʨʽʚʥʷʥʥʷʤ: 1 ï ʜʽʘʤʝʪʨ 

ʧʦʚʝʨʭʦʥʴ d = 1,14Ö10-3 ʤ; 2 ï 1,28Ö10-3 ʤ; 

3 ï1,25Ö10-3 ʤ. ʃʽʥʽʾ: a ï ʜʽʘʤʝʪʨ 

ʪʝʧʣʦʚʽʜʜʘʶʯʠʭ ʧʦʚʝʨʭʦʥʴ d = 0,5Ö10-3 ʤ;  

b ï 1,25Ö10-3 ʤ; ʩ ï 3,0Ö10-3 ʤ. 

 

ɿ ʨʠʩ. 4 ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ qʢʨ.ʜʥʧS  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ  d/l ʚʽʜ 

0,5 ʜʦ 0,9. ʊʘʢʦʞ ʯʠʤ ʤʝʥʰʝ ʜʽʘʤʝʪʨ ʪʝʧʣʦʚʽʜʜʘʶʯʦʾ ʜʽʣʷʥʢʠ, ʪʠʤ ʙʽʣʴʰʝ qʢʨ.ʜʥʧS . 

ɺʠʩʥʦʚʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʛʫʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʢʠʧʽʥʥʽ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʟ ʜʠʩʢʨʝʪʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʝʧʣʦʚʽʜʜʘʶʯʠʭ ʜʽʣʷʥʦʢ, ʥʽʞ ʥʘ ʽʟʦʪʝʨʤʽʯʥʦʾ 

ʧʦʚʝʨʭʥʽ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʇʃʀɺ ʂʆɽʌɯʎɯɭʅʊɸ ɿɸʇʆɺʅɽʅʅʗ ʅɸ ʊɽʇʃʆʇɽʈɽɼɸɺɸʃʔʅɯ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɼɺʆʌɸɿʅʀʍ ʊɽʈʄʆʉʀʌʆʅɯɺ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʨʦʙʣʝʤʠ ʟ ʧʽʜʪʨʠʤʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷʤ ʨʽʟʥʦʛʦ ʪʠʧʫ ʦʙʣʘʜʥʘʥʥʷ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʩʪʘʶʪʴ 

ʜʝʜʘʣʽ ʛʦʩʪʨʽʰʠʤʠ ʪʘ ʩʢʣʘʜʥʽʰʠʤʠ, ʱʦ ʚʠʤʘʛʘʻ ʜʝʜʘʣʽ ʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʾʭʥʴʦʛʦ ʚʠʨʽʰʝʥʥʷ. ʎʷ ʧʨʦʙʣʝʤʘ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʫ ʟʚôʷʟʢʫ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʣʘʜʽʚ ʽ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʚʦʜʫ ʟʥʘʯʥʠʭ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʽʚ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʷʢ ʦʭʦʣʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘʢ ʽ ʚʝʣʠʢʠʭ ʦʙôʻʢʪʽʚ. 

ʅʘʧʨʠʢʣʘʜ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʧʨʠʨʝʘʢʪʦʨʥʦʤʫ ʙʘʩʝʡʥʽ ʚʠʪʨʠʤʢʠ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ. ɼʦ ʪʘʢʠʭ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʜʚʦʬʘʟʥʽ ʪʝʨʤʦʩʠʬʦʥʠ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʮʠʢʣʽ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ-ʢʦʥʜʝʥʩʘʮʽʾ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʚʦʬʘʟʥʠʡ ʪʝʨʤʦʩʠʬʦʥ ʻ ʨʽʟʥʦʚʠʜʦʤ ʘʚʪʦʥʦʤʥʠʭ 

ʪʝʧʣʦʧʝʨʝʜʘʶʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʘʢʫʫʤʦʚʘʥʠʡ ʤʝʪʘʣʝʚʠʡ ʢʦʥʪʝʡʥʝʨ, 

ʯʘʩʪʢʦʚʦ ʟʘʧʦʚʥʝʥʠʡ ʪʝʧʣʦʥʦʩʽʻʤ [1]. ʋ ʛʝʨʤʝʪʠʯʥʽʡ ʧʦʨʦʞʥʠʥʽ ʪʝʨʤʦʩʠʬʦʥʘ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʨʦʮʝʩʠ ʢʠʧʽʥʥʷ (ʚʠʧʘʨʦʚʫʚʘʥʥʷ) ʪʝʧʣʦʥʦʩʽʷ, ʢʦʥʜʝʥʩʘʮʽʷ ʪʘ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʠ ʪʘ ʤʘʩʠ ʤʽʞ 

ʜʽʣʷʥʢʘʤʠ ʢʠʧʽʥʥʷ ʽ ʢʦʥʜʝʥʩʘʮʽʾ. ʇʦ ʜʦʚʞʠʥʽ ʡʦʛʦ ʫʤʦʚʥʦ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʜʽʣʷʥʢʠ: ʥʘʛʨʽʚʥʫ 

(ʚʠʧʘʨʥʘ ʟʦʥʘ), ʪʨʘʥʩʧʦʨʪʥʫ ʪʘ ʟʦʥʫ ʢʦʥʜʝʥʩʘʮʽʾ. ʊʨʘʥʩʧʦʨʪʥʘ ʟʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʽʜʩʫʪʥʷ ï ʾʾ 

ʜʦʚʞʠʥʫ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʚʞʠʥʦʶ ʚʠʧʘʨʥʠʢʘ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʇʨʦʮʝʩʠ ʚ ʪʝʨʤʦʩʠʬʦʥʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ, ɦ ʦ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʚʽʜ 

ʦʜʥʽʻʾ ʟʦʥʠ ʜʦ ʽʥʰʦʾ. ʋ ʪʨʘʥʩʧʦʨʪʥʽʡ ʟʦʥʽ ʟʘʟʚʠʯʘʡ ʩʪʚʦʨʶʶʪʴʩʷ ʘʜʽʘʙʘʪʥʽ ʫʤʦʚʠ, ʪʦʙʪʦ 

ʪʝʧʣʦʪʘ ʥʝ ʧʽʜʚʦʜʠʪʴʩʷ ʽ ʥʝ ʚʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʩʪʽʥʢʠ. 

ɺʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʩʠʬʦʥʽʚ ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʠʩʦʢʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʢʠʧʽʥʥʽ ʪʘ ʢʦʥʜʝʥʩʘʮʽʾ ʮʠʨʢʫʣʶʶʯʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 

ʚ ʧʨʦʮʝʩʽ ʧʦʩʣʽʜʦʚʥʠʭ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ [2].  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʬʘʟʥʠʭ ʪʝʨʤʦʩʠʬʦʥʽʚ ʚ ʷʢʦʩʪʽ 

ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʢʫʪʘ ʥʘʭʠʣʫ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʥʘ ʾʭ ʪʝʧʣʦʧʝʨʝʜʘʶʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʚʠʟʥʘʯʝʥʥʶ ʚʧʣʠʚʫ ʢʫʪʘ ʥʘʭʠʣʫ 

ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʦʚʥʝʥʥʷ ʂʟ, ʱʦ ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʦʙ'ʻʤʫ, ʟʘʡʤʘʥʦʛʦ ʪʝʧʣʦʥʦʩʽʻʤ Vʨ ʜʦ 

ʦʙô̒ ʤʫ ʚʩʽʻʾ ʟʦʥʠ ʥʘʛʨʽʚʫ Vʟʥ ʥʘ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ R ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ Qmax, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ. ɼʦʚʞʠʥʘ ʪʝʨʤʦʩʠʬʦʥʫ ʩʢʣʘʜʘʣʘ L=700 ʤʤ, ʜʦʚʞʠʥʘ ʟʦʥʠ ʥʘʛʨʽʚʫ ʪʘ 

ʢʦʥʜʝʥʩʘʮʽʾ: Lʟʥ= Lʟʢ =200 ʤʤ. ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʝʨʤʦʩʠʬʦʥʫ ʩʪʘʥʦʚʠʚ dʟʦʚ=10 ʤʤ, ʘ 

ʚʥʫʪʨʽʰʥʽʡ ï dʚʥ=9 ʤʤ. ʈʦʟʤʽʱʝʥʥʷ ʪʝʨʤʦʩʠʬʦʥʫ ʚ ʧʨʦʩʪʦʨʽ ï ʜʦʚʽʣʴʥʝ. ɺ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ. ʆʙôʻʤ ʟʘʧʦʚʥʝʥʥʷ ʪʝʨʤʦʩʠʬʦʥʫ ʨʦʙʦʯʦʶ ʨʽʜʠʥʦʶ 

ʩʪʘʥʦʚʠʪʴ Vʪʥ=3,8 10-3 ʣ.  

ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʦʚʥʝʥʥʷ ʂʟ ʚʽʜʙʫʚʘʣʘʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʟʦʥʠ ʥʘʛʨʽʚʫ 

ʽ ʩʢʣʘʜʘʣʘ ʚʽʜ 0,3 ʜʦ 1,2. ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʜʣʷ ʢʫʪʽʚ ʥʘʭʠʣʫ ʪʝʨʤʦʩʠʬʦʥʫ 

ʚʽʜ 5Á ʜʦ 90Á (ʨʠʩ. 1). 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʧʫʣʴʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʘʭ 

ʪʝʧʣʦʦʙʤʽʥʫ ʪʝʨʤʦʩʠʬʦʥʽʚ. ʊʘʢʽ ʧʫʣʴʩʘʮʽʾ ʤʘʣʠ ʤʽʩʮʝ ʪʽʣʴʢʠ ʧʽʩʣʷ ʘʢʪʠʚʘʮʽʾ ʧʝʨʰʠʭ ʮʝʥʪʨʽʚ 

ʧʘʨʦʫʪʚʦʨʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʫʪʘ ʥʘʭʠʣʫ ʥʘ ʪʝʧʣʦʧʝʨʝʜʘʶʯʫ ʟʜʘʪʥʽʩʪʴ 

ʜʚʦʬʘʟʥʠʭ ʪʝʨʤʦʩʠʬʦʥʽʚ 

 

ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʚʩʷ ʩʥʘʨʷʜʥʠʡ ʨʝʞʠʤ ʪʝʯʽʾ ʧʘʨʦ-ʨʽʜʠʥʥʦʾ ʩʫʤʽʰʽ ʚʽʜ ʟʦʥʠ ʥʘʛʨʽʚʫ 

ʜʦ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠʚʦʜʠʣʦ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʠʩʢʫ ʚ ʪʝʨʤʦʩʠʬʦʥʽ ʽ ʟʤʝʥʰʝʥʥʽ ʘʤʧʣʽʪʫʜʠ ʧʫʣʴʩʘʮʽʡ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʘʢʝ ʷʚʠʱʝ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʘʞ ʜʦ ʨʽʟʢʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʧʝʨʝʭʦʜʫ ʚʽʜ  ʙʫʣʴʙʘʰʢʦʚʦʛʦ ʜʦ ʧʣʽʚʢʦʚʦʛʦ ʨʝʞʠʤʫ ʢʠʧʽʥʥʷ (ʨʠʩ. 2).  

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʽʥʢʠ ʪʝʨʤʦʩʠʬʦʥʘ ʟ dʚʥ = 9Ŀ10

-3 ʤ ʚʽʜ ʯʘʩʫ ʧʨʠ 

ʟʤʽʥʝʥʥʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ (ʂɿ=0,3) 

 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ ʪʝʨʤʦʩʠʬʦʥʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʤʽʥʠ ʡʦʛʦ ʢʫʪʘ ʥʘʭʠʣʫ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜʚʝʜʝʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ (ʨʠʩ. 3). ʆʜʥʘʢ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ʟʦʥʠ ʥʘʛʨʽʚʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʤʝʥʰʝʥʥʶ ʂɿ, ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʚʠʱʫʶʪʴʩʷ. ʊʘʢ ʜʣʷ ʢʫʪʘ ʥʘʭʠʣʫ 60ʦ ʽ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ  1 105ɺʪ/ʤ2 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʂɿ = 0,3 ʧʨʠʙʣʠʟʥʦ ʫ 1,5 ʨʘʟʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʂɿ = 1,2. 

0

50

100

150

200

0 500 1000 1500 2000 2500ʏʘʩ,ʩ

t,
0
ʉ

35ɺʪ
80ɺʪ

120ɺʪ170ɺʪ

260ɺʪ300ɺʪ

350ɺʪ

430ɺʪ

tʚʭ
tʚʠʭ

ɿʅ

ɿʊ

ɿʂ



 
 

 
 

70 

ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʜʦʚʞʠʥʘ ʟʦʥʠ ʥʘʛʨʽʚʫ, ʧʦ ʷʢʽʡ ʩʪʽʢʘʻ ʧʣʽʚʢʘ ʢʦʥʜʝʥʩʘʪʫ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ 

ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ ʥʘʙʘʛʘʪʦ ʚʠʱʘ ʥʽʞ ʫ ʚʝʣʠʢʦʤʫ ʦʙôʻʤʽ. 

 
 

ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ  ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ ʚʽʜ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʧʨʠ ʨʽʟʥʠʭ ʢʫʪʘʭ ʥʘʭʠʣʫ 

 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʥʘ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ, ʪʦ ʟ ʨʠʩ. 4 ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʟʥʠʞʫʻʪʴʩʷ, ʘ 

ʦʪʞʝ ʪʝʧʣʦʧʝʨʝʜʘʶʯʘ ʟʜʘʪʥʽʩʪʴ ʪʝʨʤʦʩʠʬʦʥʘ ʟʨʦʩʪʘʻ. ʉʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʨʝʞʠʤ 

ʥʝʢʝʨʦʚʘʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʙʫʣʴʙʘʰʢʦʚʦʛʦ ʜʦ ʧʣʽʚʢʦʚʦʛʦ ʨʝʞʠʤʫ ʢʠʧʽʥʥʷ. 

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ 

ʟʘʧʦʚʥʝʥʥʷ 

 

ɸʣʝ, ʦʩʢʽʣʴʢʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʪʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʂʟ ʧʨʠ ʦʜʥʘʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʅʘ ʨʠʩ. 5. ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʢʫʪʘʭ 

ʥʘʭʠʣʫ. ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ, ʧʨʠ ʟʤʝʥʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʨʦʩʪʘʻ. ʊʘʢʦʞ ʽʩʥʫʻ ʜʽʘʧʘʟʦʥ ʢʫʪʽʚ ʥʘʭʠʣʫ ʧʨʠ ʷʢʠʭ 
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ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ Qmax. 

 
 

ʈʠʩʫʥʦʢ 5 ï ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚʽʜ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʠ ʨʽʟʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʘʭ ʟʘʧʦʚʥʝʥʥʷ ʂʟ ʪʝʨʤʦʩʠʬʦʥʘ 

 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʽʩʥʫʻ ʩʫʪʪʻʚʘ ʟʘʣʝʞʥʽʩʪʴ ʚʧʣʠʚʫ 

ʥʘ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʪʝʨʤʦʩʠʬʦʥʽʚ ʷʢ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ, ʪʘʢ ʽ ʢʫʪʘ ʥʘʭʠʣʫ. 

ʊʘʢʦʞ ʧʦʚʥʦʮʽʥʥʘ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʪʝʨʤʦʩʠʬʦʥʽ ʧʦʯʠʥʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟ ʤʦʤʝʥʪʫ 

ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʰʠʭ ʮʝʥʪʨʽʚ ʧʘʨʦʫʪʚʦʨʝʥʥʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʂʆʅʎɽʇʎɯʗ ʇʆɹʋɼʆɺʀ ʄʆɼɽʃɯ ʂɸʇɯʃʗʈʅʆɻʆ ʊʈɸʅʉʇʆʈʊʋ ʈɯɼʀʅʀ 

 ʊɸ ɰɰ ɺʀʇɸʈʆɺʋɺɸʅʅʗ ɿ ʂɸʇɯʃʗʈʅʆɰ ʉʊʈʋʂʊʋʈʀ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʃʦʢʘʣʴʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʤʦʞʫʪʴ 
ʧʝʨʝʚʠʱʫʚʘʪʠ 300 ɺʪ/ʩʤĮ. ʊʨʘʜʠʮʽʡʥʽ ʦʜʥʦʬʘʟʥʽ ʩʠʩʪʝʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ 
ʝʬʝʢʪʠʚʥʠʤʠ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʝʨʝʭʽʜ ʜʦ ʜʚʦʬʘʟʥʦʛʦ ʚʠʧʘʨʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʧʦʨʠʩʪʠʭ 
ʩʪʨʫʢʪʫʨʘʭ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʩʠʩʪʝʤʠ ʟ ʧʘʩʠʚʥʠʤ ʢʘʧʽʣʷʨʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʨʽʜʠʥʠ. 
ʇʦʙʫʜʦʚʘ ʧʨʝʜʠʢʪʠʚʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ 
ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ, ʷʢʘ ʧʦʻʜʥʫʻ ʢʘʧʽʣʷʨʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʜʚʦʬʘʟʥʠʡ 
ʪʝʧʣʦʦʙʤʽʥ ʽ ʬʘʟʦʚʽ ʧʝʨʝʭʦʜʠ [1, 2]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʬʽʣʴʪʨʘʮʽʾ ʨʽʜʠʥʠ ʪʘ 
ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʚ ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ: 
ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʤʽʢʨʦʨʽʚʥʽ ʟ ʷʚʥʠʤ ʚʽʜʪʚʦʨʝʥʥʷʤ ʛʝʦʤʝʪʨʽʾ ʧʦʨ, ʽ ʤʘʢʨʦʩʢʦʧʽʯʥʝ 
ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʙᾷʻʤʥʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ, ʜʝ ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 
ʝʬʝʢʪʠʚʥʠʡ ʢʦʥʪʠʥʫʫʤ ʟ ʫʩʝʨʝʜʥʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʦʩʣʽʜʥʠʢʠ Wang ʪʘ 
Beckermann [3] ʨʦʟʨʦʙʠʣʠ ʜʚʦʬʘʟʥʫ ʤʦʜʝʣʴ ʩʫʤʽʰʽ ʜʣʷ ʦʧʠʩʫ ʪʝʯʽʾ ʩʠʩʪʝʤʠ ʨʽʜʠʥʘïʧʘʨʘ ʪʘ 
ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʥʘ ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʨʽʚʥʽ, 
ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʦʙᾷʻʤʥʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ ʡ ʪʨʘʢʪʫʶʯʠ ʧʦʨʠʩʪʠʡ ʢʘʨʢʘʩ ʷʢ ʝʬʝʢʪʠʚʥʝ 
ʩʝʨʝʜʦʚʠʱʝ ʟ ʧʦʨʠʩʪʽʩʪʶ ʪʘ ʧʨʦʥʠʢʥʽʩʪʶ. Dhavaleswarapu ʟ ʢʦʣʝʛʘʤʠ [4] ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ 
ʩʠʩʪʝʤʠ ʟ ʪʦʥʢʦʧʣʽʚʢʦʚʠʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ, ʜʝ ʨʽʜʠʥʘ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʟʦʥʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 
ʧʘʩʠʚʥʦ ʯʝʨʝʟ ʢʘʧʽʣʷʨʥʽ ʩʠʣʠ ʚ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʘʥʘʣʘʭ, ʱʦ ʧʽʜʪʚʝʨʜʠʣʦ ʚʠʩʦʢʫ 
ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʘʩʠʚʥʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʚʠʧʘʨʥʦʾ ʟʦʥʠ. 

ɼʣʷ ʦʧʠʩʫ ʢʘʧʽʣʷʨʥʦʛʦ ʪʠʩʢʫ ʚ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 
ʥʝʣʽʥʽʡʥʘ ʤʦʜʝʣʴ Van Genuchten-Mualem, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʛʣʘʜʢʫ ʟʘʣʝʞʥʽʩʪʴ ʢʘʧʽʣʷʨʥʦʛʦ 
ʪʠʩʢʫ ʚʽʜ ʥʘʩʠʯʝʥʦʩʪʽ ʪʘ ʚʠʩʦʢʫ ʯʠʩʝʣʴʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʦʮʝʩʽʚ ʬʽʣʴʪʨʘʮʽʾ 
ʨʽʜʠʥʠ ʪʘ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ [5]. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʜʣʷ ʦʧʠʩʫ ʢʽʥʝʪʠʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʨʽʜʠʥʘ-
ʧʘʨʘ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʤʦʜʝʣʷʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʣʘʢʩʘʮʽʡʥʘ ʤʦʜʝʣʴ Lee, ʷʢʘ ʩʪʘʣʘ 
ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʙʘʛʘʪʴʦʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʘʢʝʪʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ [6]. ʇʦʧʨʠ 
ʥʘʷʚʥʽʩʪʴ ʮʠʭ ʦʢʨʝʤʠʭ ʧʽʜʭʦʜʽʚ, ʧʠʪʘʥʥʷ ʾʭʥʴʦʛʦ ʦʙᾷʻʜʥʘʥʥʷ ʚ ʻʜʠʥʫ ʩʪʽʡʢʫ ʪʘ ʫʟʛʦʜʞʝʥʫ 
ʤʝʪʦʜʦʣʦʛʽʶ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʩʠʚʥʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ 
ʚʠʧʘʨʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ. 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʣʠʚʫ ʧʘʩʠʚʥʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʜʚʦʬʘʟʥʦʛʦ 
ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽʾ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʣʦʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʪʫʞʥʠʭ 
ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  ɼʣʷ ʦʧʠʩʫ ʧʘʩʠʚʥʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʦʮʽʣʴʥʦ 
ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʷʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʦʨ ʥʘ ʢʦʨʠʩʪʴ ʤʘʢʨʦʩʢʦʧʽʯʥʦʾ ʤʦʜʝʣʽ 
ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʜʝ ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʨʠʩʪʽʩʪʶ Ů, 
ʝʬʝʢʪʠʚʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ K ʪʘ ʽʥʰʠʤʠ ʝʬʝʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʈʫʰʽʡʥʦʶ ʩʠʣʦʶ 
ʧʘʩʠʚʥʦʛʦ ʧʽʜʥʷʪʪʷ ʨʽʜʠʥʠ ʚ ʪʘʢʽʡ ʤʦʜʝʣʽ ʻ ʛʨʘʜʽʻʥʪ ʢʘʧʽʣʷʨʥʦʛʦ ʪʠʩʢʫ Pc, ʷʢʠʡ ʚʠʥʠʢʘʻ ʥʘ 
ʤʝʞʽ ʨʦʟʜʽʣʫ ʨʽʜʠʥʘ-ʧʘʨʘ ʚ ʧʦʨʘʭ. ʋ ʢʣʘʩʠʯʥʦʤʫ ʧʽʜʭʦʜʽ ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʾ ʃʝʚʝʨʝʪʪʘ 
ʢʘʧʽʣʷʨʥʠʡ ʪʠʩʢ ʟʚ'ʷʟʫʶʪʴ ʽʟ ʥʘʩʠʯʝʥʽʩʪʶ ʨʽʜʠʥʦʶ S ʯʝʨʝʟ ʙʝʟʨʦʟʤʽʨʥʫ ʬʫʥʢʮʽʶ J(S). 
ʋʟʘʛʘʣʴʥʝʥʘ ʬʦʨʤʘ ʪʘʢʦʛʦ ʟʚ'ʷʟʢʫ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ: 
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ὖὛ  „ ὧέί —
‐

ὑ
 ὐὛȟ                                                               ρ 

 
ʜʝ ů ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʅ/ʤ; ɗ ï ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ, ʨʘʜ; Ů ï ʧʦʨʠʩʪʽʩʪʴ; 

K ï ʘʙʩʦʣʶʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʤĮ; J(S) ï ʙʝʟʨʦʟʤʽʨʥʘ ʬʫʥʢʮʽʷ ʃʝʚʝʨʝʪʪʘ. ʋ ʩʫʯʘʩʥʠʭ ʨʦʙʦʪʘʭ 
ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʽ Pc(S) ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʜʠʬʽʢʦʚʘʥʫ ʤʦʜʝʣʴ Van Genuchtenï
Mualem [5, 7]. 

ʂʘʧʽʣʷʨʥʠʡ ʪʠʩʢ ʚʚʦʜʠʪʴʩʷ ʜʦ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʽʤʧʫʣʴʩʫ ʷʢ ʜʦʜʘʪʢʦʚʠʡ 
ʜʞʝʨʝʣʴʥʠʡ ʯʣʝʥ, ʷʢʠʡ ʜʽʻ ʧʨʦʪʠ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ ʪʘ ʚ'ʷʟʢʽʩʥʦʛʦ ʦʧʦʨʫ. ɺ ʟʘʛʘʣʴʥʦʤʫ 
ʚʠʛʣʷʜʽ ʦʙ'ʻʤʥʦ-ʫʩʝʨʝʜʥʝʥʝ ʨʽʚʥʷʥʥʷ ʽʤʧʫʣʴʩʫ ʜʣʷ ʨʽʜʠʥʥʦʾ ʬʘʟʠ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ: 

 
‬

‬ὸ
‎‌”ὺ  ​ ‎‌”ὺὺ  ‎‌​ὴ  Ὓ ȟ                   ς 

 
ʜʝ ɔ ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʨʠʩʪʦʩʪʽ; Ŭq ï ʦʙ'ʻʤʥʘ ʯʘʩʪʢʘ ʬʘʟʠ q; ɟq ï ʛʫʩʪʠʥʘ ʬʘʟʠ q, ʢʛ/ʤį; 

vq ï ʰʚʠʜʢʽʩʪʴ ʬʘʟʠ q, ʤ/ʩ; p ï ʪʠʩʢ, ʇʘ; Ssource ï ʚʨʘʭʦʚʫʻ ʩʢʣʘʜʦʚʽ ʦʧʦʨʫ ʪʘ ʢʘʧʽʣʷʨʥʽ 
ʩʠʣʠ, ʅ/ʤį [3]. 

Ssource ʜʣʷ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʚôʷʟʢʦʛʦ 
ʦʧʦʨʫ ɼʘʨʩʽ, ʽʥʝʨʮʽʡʥʦʛʦ ʦʧʦʨʫ ʌʦʨʭʛʘʡʤʝʨʘ ʪʘ ʢʘʧʽʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ: 

 

Ὓ   
‘

ὑ
ὺ  ὅ” ὺὺ  Ὓ̑ ȟ                                      σ 

 
ʜʝ ɛ ï ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʨʽʜʠʥʠ, ʇʘĿʩ; C  ï ʝʤʧʽʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽʥʝʨʮʽʡʥʦʛʦ ʦʧʦʨʫ 

ʌʦʨʭʛʘʡʤʝʨʘ, ʤ ĭ; SPc = Pɳc ï ʯʣʝʥ, ʱʦ ʚʨʘʭʦʚʫʻ ʜʽʶ ʛʨʘʜʽʻʥʪʘ ʢʘʧʽʣʷʨʥʦʛʦ ʪʠʩʢʫ ʚ ʦʙ'ʻʤʽ 
ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʅ/ʤį [8]. 

ɼʣʷ ʦʧʠʩʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʨʽʜʠʥʠ ʚ ʧʘʨʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʣʘʢʩʘʮʽʡʥʫ ʤʦʜʝʣʴ Lee, ʫ 
ʷʢʽʡ ʦʙô̒ ʤʥʠʡ ʜʞʝʨʝʣʴʥʠʡ ʯʣʝʥ ʤʘʩʠ lv ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʧʝʨʝʛʨʽʚʫ ʚʽʜʥʦʩʥʦ 
ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ: 

  ÒÅÆÆ ‌”
Ὕ  Ὕ

Ὕ
ȟ                                                     τ 

 

ʜʝ Ŭl ï ʦʙô̒ʤʥʘ ʯʘʩʪʢʘ ʨʽʜʠʥʠ; ɟl ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, ʢʛ/ʤį; Tl ï ʣʦʢʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

Tsat ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʠʯʝʥʥʷ, ʂ; reff ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʝʣʘʢʩʘʮʽʾ, ʩ ĭ [6, 9]. 
ʇʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʚʠʧʘʨʦʚʫʚʘʥʥʽ ʚʩʝʨʝʜʠʥʽ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʚʝʨʜʦʾ ʬʘʟʠ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʠ. ʎʝ ʦʙˇʨʫʥʪʦʚʫʻ ʜʦʮʽʣʴʥʽʩʪʴ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʣʦʢʘʣʴʥʦʾ ʪʝʨʤʽʯʥʦʾ ʥʝʨʽʚʥʦʚʘʛʠ, ʫ ʤʝʞʘʭ ʷʢʦʾ ʨʦʟʚᾷʷʟʫʶʪʴʩʷ ʜʚʘ ʦʢʨʝʤʽ 
ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ ï ʜʣʷ ʪʚʝʨʜʦʾ ʪʘ ʨʽʜʠʥʥʦʾ ʬʘʟ: 

 

ρ ‐”ὧȟ
‬Ὕ

‬ὸ
  ​ Ὧ ȟ​Ὕ   Ὤ ὥ Ὕ  Ὕ ȟ                υ 

‐”ὧȟ
‬Ὕ

‬ὸ
  ​ ‐”ὧȟὺὝ  ​ Ὧ ȟ​Ὕ  Ὤ ὥ Ὕ  Ὕ   Ὤȟ            φ 

 
ʜʝ ʽʥʜʝʢʩʠ s ʪʘ f ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʚʝʨʜʽʡ ʪʘ ʨʽʜʠʥʥʽʡ ʬʘʟʘʤ; hsf ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʤɺʪ/(ʤĮĿʂ); asf ï ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʢʦʥʪʘʢʪʫ ʤʽʞ ʨʽʜʢʦʶ ʪʘ ʪʚʝʨʜʦʶ ʬʘʟʘʤʠ, ʤ ĭ; 
hlv ï ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ, ɼʞ/ʢʛ; ɟ ï ʛʫʩʪʠʥʘ, ʢʛ/ʤį; cp ï ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛĿʂ); 
T ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; keff ï ʝʬʝʢʪʠʚʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ɺʪ/(ʤĿʂ) [10]. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 
ʜʦʟʚʦʣʠʚ ʦʙˇʨʫʥʪʫʚʘʪʠ ʧʝʨʝʭʽʜ ʚʽʜ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʤʽʢʨʦʨʽʚʥʽ ʜʦ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙᾷʻʤʥʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ ʜʣʷ ʦʧʠʩʫ ʧʘʩʠʚʥʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ 
ʚʠʧʘʨʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʩʪʘʥʜʘʨʪʥʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʝʨʮʽʡʥʠʭ ʧʘʢʝʪʽʚ 
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ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʠʡ ʦʙʣʽʢ ʨʫʰʽʡʥʦʾ ʩʠʣʠ 
ʢʘʧʽʣʷʨʥʦʛʦ ʧʽʜʥʷʪʪʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʯʣʝʥʘ 

Spc = ɳ Pc ʫ ʨʽʚʥʷʥʥʷ ʽʤʧʫʣʴʩʫ ʟʘ ʬʦʨʤʫʣʦʶ (3). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʣʘʢʩʘʮʽʡʥʘ ʤʦʜʝʣʴ Lee ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 
ʦʙᾷʻʤʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʫʤʦʚʠ ʾʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʛʝʦʤʝʪʨʽʾ 
ʢʘʧʽʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʦʨʝʢʪʥʦʛʦ ʚʠʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʣʘʢʩʘʮʽʾ reff. ʆʢʨʝʤʦ ʧʽʜʢʨʝʩʣʝʥʦ 
ʚʘʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʫ ʣʦʢʘʣʴʥʦʾ ʪʝʨʤʽʯʥʦʾ ʥʝʨʽʚʥʦʚʘʛʠ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ 
ʨʝʘʣʽʩʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʪʚʝʨʜʦʶ ʪʘ ʨʽʜʠʥʥʦʶ ʬʘʟʘʤʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʜʘʥʦʛʦ ʝʪʘʧʫ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʪʝʦʨʝʪʠʯʥʦʤʫ 
ʫʟʘʛʘʣʴʥʝʥʥʽ ʡ ʦʙᾷʻʜʥʘʥʥʽ ʦʢʨʝʤʠʭ ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ ï ʜʚʦʬʘʟʥʦʾ ʩʫʤʽʰʽ ʜʣʷ ʧʦʨʠʩʪʠʭ 
ʩʝʨʝʜʦʚʠʱ [4], ʧʘʩʠʚʥʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʧʽʜʚʝʜʝʥʥʷ ʨʽʜʠʥʠ [4], ʥʝʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʢʘʧʽʣʷʨʥʦʛʦ 
ʪʠʩʢʫ Van Genuchten-Mualem [5] ʪʘ ʨʝʣʘʢʩʘʮʽʡʥʦʾ ʤʦʜʝʣʽ Lee [6] ï ʫ ʻʜʠʥʫ ʢʦʥʮʝʧʮʽʶ 
ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʩʠʚʥʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ ʚʠʧʘʨʥʦʤʫ 
ʦʭʦʣʦʜʞʝʥʥʽ. ʇʨʠ ʮʴʦʤʫ ʘʢʮʝʥʪ ʟʨʦʙʣʝʥʦ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LTNE ʧʽʜʭʦʜʫ ʡ 
ʚʢʣʶʯʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʢʘʧʽʣʷʨʥʦʛʦ ʪʠʩʢʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʨʽʚʥʷʥʥʷ ʽʤʧʫʣʴʩʫ ʯʝʨʝʟ 
ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʚʠʩʥʦʚʢʠ ʽ ʩʬʦʨʤʦʚʘʥʠʡ 
ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʩʣʫʞʘʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʽʥʞʝʥʝʨʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ 
ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʽʟ ʚʠʧʘʨʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʪʘ ʧʘʩʠʚʥʦʶ ʧʦʜʘʯʝʶ 
ʨʽʜʠʥʠ ʚ ʢʘʧʽʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ. ɯʥʪʝʛʨʘʮʽʷ ʟʘʟʥʘʯʝʥʠʭ ʤʦʜʝʣʝʡ ʫ ʩʫʯʘʩʥʝ ʧʨʦʛʨʘʤʥʝ 
ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʘʢʝ ʷʢ Ansys Fluent, ʟʘ ʜʦʧʦʤʦʛʦʶ UDF, ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ ʯʠʩʝʣʴʥʝ 
ʤʦʜʝʣʶʚʘʥʥʷ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʧʽʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʩʠʩʪʤʠ ʧʦʜʘʯʽ 
ʨʽʜʥʠ, ʘ ʪʘʢʦʞ ʢʨʠʪʠʯʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʩʠʭʘʥʥʷ ʢʘʧʽʣʷʨʥʦʭ 
ʩʪʨʫʢʪʫʨʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɺɽɼɽʅʅʗ ʈɽʂʆʅʉʊʈʋʂʎɯɰ ʂʆʊʃɸ HAGOMATIC 5/12  

ʅɸ ʉʇɸʃʖɺɸʅʅʗ ɹɯʆɻɸɿʋ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʤʝʥʰʝʥʥʷ 
ʩʧʦʞʠʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ï ʥʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ 
ʋʢʨʘʾʥʠ [1]. ɺʽʜʪʘʢ, ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʰʪʘʙʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ 
ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʥʦʚʠʪʴ ʥʘʛʘʣʴʥʝ ʟʘʚʜʘʥʥʷ [2]. ɿʘʩʪʦʩʫʚʘʥʥʷ 
ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʧʝʨʝʜʫʩʽʤ ʙʽʦʤʘʩʠ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʋʢʨʘʾʥʠ, ʘʜʞʝ ʜʘʻ 
ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʾʾ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʽʤʧʦʨʪʦʚʘʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ ʪʘ ʧʦʩʠʣʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ 
ʙʝʟʧʝʢʫ [3]. ʊʝʭʥʦʣʦʛʽʷ ʢʦʥʚʝʨʪʘʮʽʾ ʙʽʦʛʘʟʫ ʚ ʙʽʦʤʝʪʘʥ ʩʧʨʠʷʪʠʤʝ ʟʥʘʯʥʦʤʫ ʟʙʽʣʴʰʝʥʥʶ 
ʦʙʩʷʛʽʚ ʚʠʜʦʙʫʪʢʫ ʛʘʟʫ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʯʝʥʥʶ ʽʤʧʦʨʪʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ [4]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ 
ʟ'ʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʩʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ, ʢʨʽʤ ʩʧʘʣʶʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʧʣʘ. 
ʉʝʨʝʜ ʥʠʭ: ʛʝʥʝʨʘʪʦʨʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʢʦʛʝʥʝʨʘʪʦʨʠ, ʷʢʽ 
ʧʨʦʜʫʢʫʶʪʴ ʽ ʪʝʧʣʦ, ʽ ʝʣʝʢʪʨʠʢʫ. ʋ ʚʘʞʢʠʡ ʯʘʩ ʜʣʷ ʋʢʨʘʾʥʠ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ 
ʦʯʠʱʝʥʥʷ ʙʽʦʛʘʟʫ ʜʦ ʙʽʦʤʝʪʘʥʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘʥʦʚʣʝʥʠʤ ʩʪʘʥʜʘʨʪʘʤ. ʇʽʩʣʷ ʦʯʠʱʝʥʥʷ 
ʙʽʦʤʝʪʘʥ ʩʪʘʻ ʘʥʘʣʦʛʦʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʘʚʽʪʴ ʧʝʨʝʚʝʨʰʫʻ ʡʦʛʦ. ɼʘʣʽ 
ʙʽʦʤʝʪʘʥ ʤʦʞʥʘ ʧʦʜʘʚʘʪʠ ʚ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʽ ʤʝʨʝʞʽ [5]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʊʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʦʪʣʘ Hagomatic 5/12 ʧʨʦʚʦʜʠʪʴʩʷ ʟ 
ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʧʝʨʝʚʝʜʝʥʥʷ ʥʘ ʙʽʦʛʘʟ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɹʽʦʛʘʟ ï ʮʝ ʩʫʤʽʰ ʟ 65 % ʤʝʪʘʥʫ, 30 % ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, 
1 % ʩʽʨʢʦʚʦʜʥʶ, ʘ ʪʘʢʦʞ ʜʦʤʽʰʦʢ ʘʟʦʪʫ, ʢʠʩʥʶ, ʚʦʜʥʶ ʽ ʯʘʜʥʦʛʦ ʛʘʟʫ. ɺ 1 ʤ3 ʙʽʦʛʘʟʫ 
ʤʽʩʪʠʪʴʩʷ ʝʥʝʨʛʽʷ, ʝʢʚʽʚʘʣʝʥʪʥʘ 0,6 ʤ3 ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. 

ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʙʽʦʛʘʟʫ, ʧʦʜʽʙʥʦ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʜʫ 
ʧʘʣʠʚʘ, ʻ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʘʙʦ ʥʠʞʯʘ ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ Qʥ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
ʢʽʣʴʢʦʩʪʽ ʤʝʪʘʥʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 18ï25 ʄɼʞ/ʤį. ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 
ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʙʽʦʛʘʟʫ ʩʢʣʘʜʘʻ [6]: 

Qʥ=108[H2]+126,3[CO]+358,2[CH4] + 235[H2S ]. 
ʆʪʞʝ, ʟʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ Qʥ ʜʣʷ ʩʠʨʦʛʦ ʙʽʦʛʘʟʫ, ʱʦ ʤʽʩʪʠʪʴ 

60 % ʤʝʪʘʥʫ, ʜʦʨʽʚʥʶʻ ʙʣʠʟʴʢʦ 22 (ʪʘʙʣ. 1), ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 33ï36 ʄɼʞ/ʤ3 ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ 
ʛʘʟʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʨʽʥʥʷ ʙʽʦʛʘʟʫ, ʷʢ ʧʨʘʚʠʣʦ, ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 2050ï2200 Áʉ, ʟʘʣʝʞʥʦ 
ʚʽʜ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʚʤʽʩʪʫ ʢʣʶʯʦʚʠʭ ʩʢʣʘʜʦʚʠʭ [6]. 

ʊʘʙʣʠʮʷ 1 ï ʋʩʝʨʝʜʥʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʣʘʜʫ ʙʽʦʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ 

ʂʦʤʧʦʥʝʥʪ, % 
ʉʪʽʯʥʽ ʚʦʜʠ ʪʘ ʪʚʝʨʜʽ ʧʦʙʫʪʦʚʽ 
ʚʽʜʭʦʜʠ (ʪʨʘʚʘ, ʣʠʩʪʷ) 

ʆʨʛʘʥʽʯʥʽ ʧʦʙʫʪʦʚʽ 
ʚʽʜʭʦʜʠ 

ʄʝʪʘʥ 45ï60 55ï70 

ɼʚʦʦʢʠʩ ʚʫʛʣʝʮʶ 25ï50 25ï45 

ɺʦʜʝʥʴ 0ï3 0ï1 

ɸʟʦʪ 2ï10 0ï1 

ʂʠʩʝʥʴ 0ï3 0ï0,5 

ʉʽʨʢʦʚʦʜʝʥʴ 0ï1 0,2ï1,5 

ɺʠʱʽ ʛʽʜʨʦʢʘʨʙʦʥʘʪʠ <0,5 <0,5 

ʉʠʣʦʢʩʘʥʠ <0,2 0 

ʆʢʩʠʜ ʚʫʛʣʝʮʶ <0,5 0 
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ʂʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʟʘ ʢʦʞʥʦʶ ʧʦʚʝʨʭʥʝʶ ʥʘʛʨʽʚʫ ʧʽʩʣʷ ʪʦʧʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 
ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷʤ ʜʦ ‌Ὕ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʩʤʦʢʪʽʚ ʧʦʚʽʪʨʷ ȹŬ: 

ɻ ɻ ВЎɻ ρȟρ π ρȟρ. 
ʜʝ i ï ʥʦʤʝʨ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ ʧʽʩʣʷ ʪʦʧʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʧʦ ʭʦʜʫ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ;  

Ŭʪ ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ ʪʦʧʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. 
ʊʝʦʨʝʪʠʯʥʠʡ ʦʙôʻʤ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ 

(ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ Ŭ=1): 

ὠ πȟπτχφ πȟυϽ ὅὕ πȢυ ϽὌ ρȢυὌὛ ά
ὲ

τ
 ϽὅὌ ὕ  

πȟπτχφ πȟυϽ πȟσς πȟυ Ͻπ ρȟυϽπ ρ Ͻωπȟςω ς Ͻςȟψ σ Ͻρȟρ

τ Ͻπȟχυ υ Ͻπȟυτ π ωȟχςυ ̍ Ⱦ̋ .̄ 

ʊʝʦʨʝʪʠʯʥʽ (ʤʽʥʽʤʘʣʴʥʽ) ʦʙôʻʤʠ  ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ, ʷʢʽ ʦʜʝʨʞʘʥʽ ʧʨʠ ʧʦʚʥʦʤʫ 
ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ ʟ ʪʝʦʨʝʪʠʯʥʦ ʥʝʦʙʭʽʜʥʠʤ (Ŭ = 1): 

ï ʪʝʦʨʝʪʠʯʥʠʡ ʦʙôʻʤ ʘʟʦʪʫ: 

ὠ πȟχωὠ πȟχωωȟχςυ
Ȣ
χȟχυ  ̍ Ⱦ̋ ;̄ 

ï ʦʙôʻʤ ʪʨʴʦʭʘʪʦʤʥʠʭ ʛʘʟʽʚ: 

ὠ πȟπρὅὕ ὅὕ ὌὛ ВάὅὌ πȟπρπ πȟσς π ωπȟςω

         ςςȟψ σρȟρ τπȟχυ υπȟυτ ρȟπυςρ ̍ Ⱦ̋ ;̄ 

ï ʪʝʦʨʝʪʠʯʥʠʡ ʦʙôʻʤ ʚʦʜʷʥʦʾ ʧʘʨʠ: 

ὠ πȟπρὌὛ Ὄ
ὲ

ς
 ὅὌ πȟπρςτὨ πȟπρφρ ὠ  

πȟπρπ π  ωπȟςω   ςȟψ  ρρ  πȟχυ   πȟυτ

πȟπρφρ ωȟχςυςȟςρςυ  ̍ Ⱦ̋ .̄ 
ʉʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʚ ʛʘʟʦʭʦʜʽ: 

‌̒ ̑
ȟ ȟ

ρȟς, 

ʜʝ ‌ǋ ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʧʝʨʝʜ ʛʘʟʦʭʦʜʦʤ; ‌ǋǋ ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ 
ʧʦʚʽʪʨʷ ʧʽʩʣʷ ʛʘʟʦʭʦʜʫ. 

ʅʘʜʣʠʰʦʢ ʧʦʚʽʪʨʷ ʜʣʷ ʢʦʞʥʦʛʦ ʛʘʟʦʭʦʜʫ: 

ὠ̎́̅̌ ὠ ‌̒ ̑ ρ ωȟχςυϽρȟς ρ ρȟωτυ̍Ⱦ̋ .̄ 

ɺʠʟʥʘʯʘʻʤʦ ʜʽʡʩʥʠʡ ʦʙôʻʤ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʧʦ ʜʽʣʷʥʢʘʭ ʛʘʟʦʚʦʛʦ 
ʪʨʘʢʪʫ (ʚʨʘʭʦʚʫʶʯʠ ʥʘʜʣʠʰʦʢ ʧʦʚʽʪʨʷ ʜʣʷ ʢʦʞʥʦʛʦ ʛʘʟʦʭʦʜʫ): 

ὠ ὠ ‌̒ ̑ ρ ςȟςτςρȟς ρ ςȟτς ̍ Ⱦ̋ .̄ 

ὠ̄ ὠ ὠ ὠ̎́̅̌ ὠ ρȟπυςρ+7,7597+1,945+2,412 ρσȟρφψ ̍ Ⱦ̋ .̄ 

ɼʣʷ ʧʦʚʝʨʭʦʥʴ ʥʘʛʨʽʚʫ, ʚ ʷʢʠʭ ʥʘʷʚʥʠʡ ʨʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʦʙʤʽʥ (ʝʢʨʘʥʠ ʪʦʧʢʦʚʦʛʦ 
ʧʨʦʩʪʦʨʫ, ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʽ) ʨʦʟʨʘʭʦʚʫʻʤʦ ʪʘʢʦʞ ʦʙôʻʤʥʽ ʯʘʩʪʢʠ ʚʦʜʷʥʠʭ ʧʘʨʽʚ, 
ʪʨʴʦʭʘʪʦʤʥʠʭ ʛʘʟʽʚ ʘ ʪʘʢʦʞ ʾʭ ʩʫʤʘʨʥʫ ʯʘʩʪʢʫ: 

ὶὌὕ
̄

Ȣ

Ȣ
πȟρψυτυ, 

ὶὙὕ
 ̄

Ȣ

Ȣ
πȟπχωψ, 

ὶ ὶὌὕ ὶὙὕ πȟπρψυτυπȟπχωψπȟςφυςυ. 
ɽʥʪʘʣʴʧʽʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙ'ʻʤʫ ʧʦʚʽʪʨʷ ʜʣʷ ʚʩʴʦʛʦ ʚʠʙʨʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ 

(100-2200 Áʉ): 
Ὅ0 = ὠ0 Ā (ὧ,(‮ 

ʜʝ (ὧ̒ôʙʦ ʡʠʥʯʠʪʝʨʦʝʪ ï 0ὠ ;ʷʨʪʽʚʦʧ 3ʤ 1 ʷʽʧʴʣʘʪʥʝ ï ʧ(‮ ʤ ʧʦʚʽʪʨʷ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʛʦʨʽʥʥʷ. 
ɽʥʪʘʣʴʧʽʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙôʻʤʫ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ (Ŭ = 1) ʜʣʷ ʫʩʴʦʛʦ ʚʠʙʨʘʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ: 

Ὅ̄ ὠ Ͻὧ‮ ὠ Ͻὧ‮ ὠ Ͻὧ‮ . 

ρππ Ј#  )̄ 6 ϽÃג 6 ϽÃג 6 ϽÃג 741.27 ʢɼʞ/ʢʛ. 

ςππ Ј#  )̄ 6 ϽÃג 6 ϽÃג 6 ϽÃג σπφωȢτωρρ ʢɼʞ/ʢʛ. 
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ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʤʦ ʜʣʷ ʚʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ (100 Üʉ ï 2200 Üʉ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʥʪʘʣʴʧʽʷ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ: 

Ὅ Ὅ ‌ ρϽὍ̐ Ὅ̈ .̌ 

ωππ Јὅ Ὅ Ὅ ‌ ρϽὍ̐ Ὅ̈̌ ρφφυςȟω ʢɼʞ/ʢʛ. 

ρπππ Јὅ Ὅ Ὅ ‌ ρϽὍ̐ Ὅ̈̌ ρωχφρȟτσ ʢɼʞ/ʢʛ. 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʩʢʣʘʜʘʶʪʴ ʟ ʤʝʪʦʶ ʦʙʯʠʩʣʝʥʥʷ ʂʂɼ ʢʦʪʣʦʘʛʨʝʛʘʪʫ ʽ ʥʝʦʙʭʽʜʥʦʾ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ.  

ʅʘʷʚʥʘ ʪʝʧʣʦʪʘ ʥʘ 1 ʢʛ ʧʘʣʠʚʘ: 

ὗ ὗ̊ Ὥ̐̌ σχπππςςψωρυωψωρ ̋ˑȾ̇̋ .̄ 

ɺʪʨʘʪʘ ʪʝʧʣʦʪʠ ʟ ʚʽʜʭʽʜʥʠʤʠ ʛʘʟʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʝʥʪʘʣʴʧʽʡ ʧʨʦʜʫʢʪʽʚ 

ʟʛʦʨʷʥʥʷ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʽ ʭʦʣʦʜʥʦʛʦ ʧʦʚʽʪʨʷ: 

Ñ ϽρππρππϽ̨̨̃̅̃Ͻ̖̅Ȣ̐ Ͻ ρππϽ
ȟϽ ȢϽȢ

πȟπυωϷ. 

ʉʫʤʘʨʥʘ ʚʪʨʘʪʘ ʪʝʧʣʘ ʚ ʢʦʪʝʣʴʥʦʤʫ ʘʛʨʝʛʘʪʽ: 
ВÑ Ñ Ñ Ñ Ñ Ñ πȢπυωπȟυ π ρȢψ π ςȟσϷ. 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ (ʙʨʫʪʪʦ): 

– ρππВÑ ρππςȢσ ωχȟχϷ. 
ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʢʦʨʠʩʥʦ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʢʦʪʣʦʘʛʨʝʛʘʪʽ: 

ὗ ὈϽὍ Ὅ̇̃ ρȟσψωϽχρωρςχ  ψςς ̋ˏ̓, 
ʜʝ D ï ʚʠʪʨʘʪʘ ʧʘʨʠ, ʢʛ/ʩ; Ὅ ï ʝʥʪʘʣʴʧʽʷ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʢɼʞ/ʢʛ; Ὅ̇  ̃ï ʝʥʪʘʣʴʧʽʷ 

ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ. 

ʆʪʞʝ, ʥʝʦʙʭʽʜʥʘ ʚʠʪʨʘʪʘ ʙʽʦʛʘʟʫ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʧʘʨʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʪʣʘ ʜʣʷ 

ʟʘʤʽʥʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʩʪʘʥʦʚʠʪʠʤʝ: 

ὄ
ὗ

1 Ͻ–

ψςς

πȟπρφφϽωχȟχ
υπφȟψ

̍

̄̏̅
Ȣ 

ɿʚʽʜʢʠ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʧʘʣʴʥʠʢʦʚʘ ʩʠʩʪʝʤʘ ʥʝ ʧʦʪʨʝʙʫʻ ʟʘʤʽʥʠ. 

ɺʠʩʥʦʚʢʠ. ɼʝʪʘʣʴʥʦ ʧʨʦʚʝʜʝʥʦ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ 

Hagomatic 5/12 ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʧʝʨʝʚʝʜʝʥʥʷ ʥʘ ʙʽʦʛʘʟ. ɺʠʢʦʥʘʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʧʽʜʪʚʝʨʜʠʚ ʟʘʟʥʘʯʝʥʫ ʤʦʞʣʠʚʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʦʚʝʨʭʦʥʴ 

ʥʘʛʨʽʚʫ, ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʘ ʪʦʤʫ ʞ 

ʨʽʚʥʽ, ʱʦ ʡ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ. 

ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʚʠʪʨʘʪʘ ʙʽʦʛʘʟʫ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ 

ʧʘʨʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʪʣʘ ʜʣʷ ʟʘʤʽʥʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʩʪʘʥʦʚʠʪʴ 506,8 ʤ3/ʛʦʜ. ʆʪʨʠʤʘʥʽ 

ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʘʣʴʥʠʢʦʚʘ ʩʠʩʪʝʤʘ ʢʦʪʣʘ ʥʝ ʧʦʪʨʝʙʫʻ ʟʘʤʽʥʠ ʯʠ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ. 
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ʋɼʂ 621.43 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ɹʘʣʘʥʜʘ ʆ. ɼ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇɽʈɽɺɽɼɽʅʅʗ ʇɸʈʆɺʆɻʆ ʂʆʊʃɸ 

ʅAGOMATIC 5/12 ʅɸ ʉʇɸʃʖɺɸʅʅʗ ɹɯʆʇɸʃʀɺɸ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʙʽʦʛʘʟʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙôʻʢʪʽ ʩʣʽʜ ʫʨʘʭʦʚʫʚʘʪʠ ʥʠʟʢʫ 

ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ. ɿʦʢʨʝʤʘ, ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʝ ʜʞʝʨʝʣʦ ʙʽʦʛʘʟʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʜʦʧʫʩʪʠʤʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʘ ʪʘʢʦʞ ʛʘʨʘʥʪʫʚʘʪʠ ʡʦʛʦ ʙʝʟʧʝʨʝʙʽʡʥʫ ʧʦʩʪʘʚʢʫ. 

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʽʦʛʘʟʫ, ʡʦʛʦ ʧʦʯʘʪʢʦʚʘ ʚʘʨʪʽʩʪʴ, ʘ 

ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʩʮʝʚʠʤ ʪʝʭʥʽʯʥʠʤ ʽ ʝʢʦʣʦʛʽʯʥʠʤ ʥʦʨʤʘʪʠʚʘʤ ï ʥʘʩʘʤʧʝʨʝʜ ʱʦʜʦ 

ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (CO ) ʪʘ ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ (SO ) [1ï3]. 
ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʢʨʝʤʦʾ ʫʚʘʛʠ ʧʦʪʨʝʙʫʻ ʘʥʘʣʽʟ ʦʙʩʷʛʽʚ ʧʦʩʪʘʯʘʥʥʷ ʽ 

ʩʧʦʞʠʚʘʥʥʷ ʙʽʦʛʘʟʫ ʚ ʨʦʟʨʽʟʽ ʜʦʙʦʚʦʛʦ, ʪʠʞʥʝʚʦʛʦ ʪʘ ʤʽʩʷʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʦʮʽʣʴʥʦ 

ʪʘʢʦʞ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʝ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʪʘ ʝʢʦʣʦʛʽʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʽʘʥʪʫ ʥʘ ʙʘʟʽ ʙʽʦʛʘʟʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ 

ʦʙôʻʢʪʘ. 

ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʻ ʨʦʟʛʣʷʜ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ ʨʘʟʦʤ ʽʟ 

ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʦʯʠʱʝʥʥʷ ʙʽʦʛʘʟʫ ʘʙʦ 

ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʥʝʦʙʭʽʜʥʽ ʪʝʭʥʽʯʥʽ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʎʝ 

ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʢʦʨʦʯʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʪʨʘʜʠʮʽʡʥʝ ʧʘʣʠʚʦ [1, 4]. 
ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʇʝʨʝʚʽʨʢʘ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʤʽʥʠ ʯʘʩʪʠʥʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʱʦ 

ʩʧʦʞʠʚʘʻʪʴʩʷ ʧʘʨʦʚʠʤ ʢʦʪʣʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʚʠʨʦʙʥʠʮʪʚʘ ɸʊ çɻʘʣʠʯʬʘʨʤè ʥʘ 

ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʛʘʟʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʧʦʚʥʦʛʦ/ʯʘʩʪʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɯʩʥʫʶʯʠʡ ʛʘʟʦʚʠʡ ʢʦʪʝʣ Hagomatic 5/12 ʤʘʻ ʥʦʤʽʥʘʣʴʥʫ ʚʠʪʨʘʪʫ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ Qʛʘʟʫ=380 ʤ3/ʛʦʜ, ʧʨʠ ʮʴʦʤʫ ʥʦʤʽʥʘʣʴʥʘ ʧʘʨʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ D=5 ʪ/ʛʦʜ. 

ʊʦʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʣʘ ʥʘ ʙʽʦʛʘʟʽ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʪʝʧʣʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ. ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʟʘʤʽʥʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʥʦʤʽʥʘʣʴʥʦʾ ʧʘʨʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʩʧʘʣʶʚʘʪʠ 506,8 ʤ3/ʛʦʜ ʙʽʦʛʘʟʫ ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʥʪʝʥʢʫ ʊʇ 902-2-227 

ʅʦʤʝʨ ʪʠʧʦʚʦʛʦ 

ʧʨʦʝʢʪʫ 

ʂʦʨʠʩʥʠʡ 

ʦʙ'ʻʤ, ʤ3 

ɼʽʘʤʝʪʨ, ʤ ɺʠʩʦʪʘ, ʤ 

ɺʝʨʭʥʴʦʛʦ 

ʢʦʥʫʩʘ 

ʎʠʣʽʥʜʨʠʯʥʦʾ 

ʯʘʩʪʠʥʠ 

ʅʠʞʥʴʦʛʦ 

ʢʦʥʫʩʫ 

ʊʇ 902-2-227 1000 12,5 1,9 6,5 2,15 

 

ʈʽʯʥʠʡ ʚʠʭʽʜ ʙʽʦʛʘʟʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʤʽʩʪʫ ʚ ʛʥʦʡʦʚʽʡ 

ʙʽʦʤʘʩʽ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥ: 

ὠʈɯʂ.ɹɯʆɻ = ὖὥ.ὧ.ὴ. Ā ὑ Ā ”, 

ὠʈɯʂ.ɹɯʆɻ = 1960,1 z  1000 z  0,3 z  0,4 = 1 314 206 ʤ3, 

ʜʝ  ὠʈɯʂ.ɹɯʆɻ ï ʨʽʯʥʠʡ ʚʠʭʽʜ ʙʽʦʛʘʟʫ, ʤ3; 

ʈʘ.ʩ.ʨ. ï ʜʦʙʦʚʘ ʘʙʦ ʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ, ʢʛ; 
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ɟ ï ʚʠʭʽʜ ʙʽʦʛʘʟʫ ʟ 1 ʢʛ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʧʨʠʡʤʘʻʤʦ 0,4 ʤ3);  

ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʟʙʨʦʜʞʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ (0,3). 

ʈʽʯʥʠʡ ʚʠʭʽʜ ʙʽʦʛʘʟʫ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʛʽʜʥʦ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʮʝʩʫ ʢʦ-ʬʝʨʤʝʥʪʘʮʽʾ cʪʽʯʥʠʭ 

ʚʦʜ ʪʘ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʪʨʘʚʘ, ʣʠʩʪʷ) ʨʘʟʦʤ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʧʦʙʫʪʦʚʠʤʠ 

ʚʽʜʭʦʜʘʤʠ ʟʛʽʜʥʦ ʧʘʨʘʤʝʪʨʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʽ ɸʊ çɻʘʣʠʯʬʘʨʤè  

ὠʈɯʂ.ɹɯʆɻ = 1 314 206 ʤ3. 

 

ʈʽʯʥʘ ʚʠʪʨʘʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʜʣʷ ʧʦʢʨʠʪʪʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʨʝʙ: 

 
ὗʈɯʂ.ɻɸɿ = ὗɻɸɿ Ŀ 24 Ŀ (ὸʨʽʯʥ ī ὸʟ) = 380 Ŀ 24 Ŀ (365 ï 30) = 3 055 200 ʤ3, 

 

̅̆  ὗɻɸɿ ï ʥʦʤʽʥʘʣʴʥʘ ʛʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ, ʤ
3/ʛʦʜ; ὸʨʽʯʥ  ï ʢʽʣʴʢʽʩʪʴ ʜʥʽʚ ʚ ʨʦʮʽ; 

ὸʟ ï ʢʽʣʴʢʽʩʪʴ ʜʥʽʚ ʧʨʦʩʪʦʶ ʢʦʪʣʘ ʚ ʨʝʤʦʥʪʽ ʜʣʷ ʟʘʤʽʥʠ ʜʝʪʘʣʝʡ. 

 

ʈʽʯʥʘ ʥʝʦʙʭʽʜʥʘ ʚʠʪʨʘʪʘ ʙʽʦʛʘʟʫ ʜʣʷ ʧʦʢʨʠʪʪʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʨʝʙ ʥʘ ʙʽʦʛʘʟʽ: 

 

ὗʈɯʂ.ɹɯʆɻɸɿ = ὗɹɯʆɻɸɿ Ŀ 24 Ŀ (ὸʨʽʯʥ ī ὸʟ) = 506,8 Ŀ 24 Ŀ (365 ï 30) = 4 074 672 ʤ3. 

 

ʏʘʩʪʢʘ ʧʘʣʠʚʘ ʷʢʫ ʟʤʦʞʝ ʟʘʤʽʥʠʪʠ ʙʽʦʛʘʟ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚ ʢʦʪʣʽ 

Hagomatic 5/12 ʜʣʷ ʧʦʢʨʠʪʪʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʨʝʙ: 

 
ʍʈɯʂ.ɹɯʆɻɸɿ = 100% Ŀ (ὠʈɯʂ.ɹɯʆɻ/ὗʈɯʂ.ɹɯʆɻɸɿ) = 100% Ŀ (1 314 206/4 074 672) = 32,25%. 

 

ʆʪʞʝ, ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʧʦʯʝʨʛʦʚʝ, ʘʙʦ ʩʫʤʽʩʥʝ ʩʧʘʣʶʚʘʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʙʽʦʛʘʟʫ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʢʦʥʦʤʽʾ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʫ ʧʨʠʡʤʘʻʤʦ ʦʨʽʻʥʪʦʚʥʫ ʚʘʨʪʽʩʪʴ 

ʙʽʦʛʘʟʫ ʨʦʟʨʘʭʦʚʘʥʫ ʟʛʽʜʥʦ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʮʝʩʫ ʢʦ-ʬʝʨʤʝʥʪʘʮʽʾ cʪʽʯʥʠʭ ʚʦʜ ʪʘ ʪʚʝʨʜʠʭ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʪʨʘʚʘ, ʣʠʩʪʷ) ʨʘʟʦʤ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʧʦʙʫʪʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʟʛʽʜʥʦ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʽ ɸʊ çɻʘʣʠʯʬʘʨʤè ʪʘ ʜʽʶʯʠʡ ʪʘʨʠʬ 

ʥʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʷʢʠʡ ʟʘʢʫʧʦʚʫʻ ʧʽʜʧʨʠʻʤʩʪʚʦ. ʊʘʨʠʬʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʷ 2 ï ʊʘʨʠʬʠ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ 

ʇʘʣʠʚʦ  ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ  ʎʽʥʘ ʟʘ ʦʜʠʥʠʮʶ, ʛʨʥ 

ʇʨʠʨʦʜʥʠʡ ʛʘʟ  ʤ3  42 

ɹʽʦʛʘʟ  ʤ3 7 

 

ɽʢʦʥʦʤʽʷ (ʛʨʥ/ʨʽʢ) ʩʢʣʘʜʘʻ ʨʽʟʥʠʮʶ ʤʽʞ ʚʘʨʪʽʩʪʶ ʟʘʤʽʱʝʥʦʛʦ ʛʘʟʫ ʪʘ ʚʘʨʪʽʩʪʶ ʙʽʦʛʘʟʫ, 

ʪʦʤʫ ʦʢʨʝʤʦ ʨʦʟʨʘʭʦʚʫʻʤʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʨʦʙʦʪʠ ʢʦʪʣʘ: ʚʠʢʣʶʯʥʦ ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ ʪʘ 

ʩʫʤʽʩʥʦʤʫ, ʘʙʦ ʧʦʯʝʨʛʦʚʦʤʫ ʩʧʘʣʶʚʘʥʥʽ ʟ ʙʽʦʛʘʟʦʤ. 

ʈʽʯʥʘ ʚʘʨʪʽʩʪʴ ʨʦʙʦʪʠ ʢʦʪʣʘ Hagomatic 5/12 ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟʛʽʜʥʦ 

ʥʘʚʝʜʝʥʦʛʦ ʪʘʨʠʬʫ: 

ʎʈɯʂ.ɻɸɿ = ὗʈɯʂ.ɻɸɿ Ŀ ʊɻɸɿ = 3 055 200 Ŀ 42 = 128 318 400 ʛʨʥ. 

ʜʝ ʊɻɸɿ ï ʪʘʨʠʬ ʥʘ ʛʘʟ ʟʘ 1 ʤ
3. 

ʈʽʯʥʘ ʚʘʨʪʽʩʪʴ ʨʦʙʦʪʠ ʢʦʪʣʘ Hagomatic 5/12 ʧʨʠ ʩʫʤʽʩʥʦʤʫ/ʧʦʯʝʨʛʦʚʦʤʫ ʩʧʘʣʶʚʘʥʥʽ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʙʽʦʛʘʟʫ ʟʛʽʜʥʦ ʥʘʚʝʜʝʥʦʛʦ ʪʘʨʠʬʫ: 

 

ʎʈɯʂ.ɹɯʆɻɸɿ = ὗʈɯʂ.ɻɸɿ Ŀ ʊɻɸɿ Ŀ (100-ʍʈɯʂ.ɹɯʆɻɸɿ)/100+ὗʈɯʂ.ɹɯʆɻɸɿ Ŀ ʊɹɯʆɻɸɿ Ŀ ʍʈɯʂ.ɹɯʆɻɸɿ/100 =  

= 3 055 200 Ŀ 42 Ŀ 0,6775 + 4 074 672 Ŀ 7 Ŀ 0,3225 = 100 208 960 ʛʨʥ, 
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ʜʝ ʊɹɯʆɻɸɿ ï ʪʘʨʠʬ ʥʘ ʙʽʦʛʘʟ ʟʘ 1 ʤ3. 

 

ɽʢʦʥʦʤʽʷ ʩʢʣʘʜʘʻ: ɽ = ʎʈɯʂ.ɻɸɿ - ʎʈɯʂ.ɹɯʆɻɸɿ = 128 318 400-100 208 960 = 

28 109 440 ʛʨʥ. 

ʇʨʦʻʢʪ ʽʟ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʤʧʣʝʢʪʘʮʽʾ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɸʊ çɻʘʣʠʯʬʘʨʤè ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3. 

 

ʊʘʙʣʠʮʷ 3 ï ʂʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʫ ʧʦ ʚʠʨʦʙʥʠʮʪʚʫ ʙʽʦʛʘʟʫ  

ʇʦʟʠʮʽʷ  ɺʘʨʪʽʩʪʴ, ʛʨʥ 

ʉʢʣʘʜʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 2000000 

ʇʨʠʡʤʘʣʴʥʠʡ ʨʝʟʝʨʚʫʘʨ (ʤʽʰʘʣʢʘ) 4500000 

ʉʝʧʘʨʘʪʦʨ 500000 

ʄʝʪʘʥʪʝʥʢ 5000000 

ɻʘʟʛʦʣʴʜʝʨ 7000000 

ʈʝʟʝʨʚʫʘʨ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʢʦʤʧʦʩʪʫ 2500000 

ɼʝʩʫʣʴʬʫʨʠʟʘʪʦʨ 4000000 

ʉʢʣʘʜʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 2000000 

ʄʦʥʪʘʞʥʽ ʨʦʙʦʪʠ  6000000 

ɿʘʛʘʣʦʤ  33500000 

 

ʇʨʦʩʪʠʡ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʜʘʥʦʛʦ ʟʘʭʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʚʽʜʥʦʰʝʥʥʷ ʟʝʢʦʥʦʤʣʝʥʠʭ 

ʢʦʰʪʽʚ ʜʦ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʽ ʩʪʘʥʦʚʠʪʴ: 

 

˟̨ ˗ˠ˜˚˛˞˟ ˴
ˏ

˒
 

  

  
 ρȟρω ̨̑̏̋̃, 

 

ʜʝ ɺ ï ʟʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʫ ʧʦ ʚʠʨʦʙʥʠʮʪʚʫ 

ʙʽʦʛʘʟʫ ɸʊ çɻʘʣʠʯʬʘʨʤè. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʧʨʦʚʝʜʝʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʛʽʜʥʦ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʮʝʩʫ ʢʦ-ʬʝʨʤʝʥʪʘʮʽʾ cʪʽʯʥʠʭ ʚʦʜ ʪʘ ʪʚʝʨʜʠʭ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʪʨʘʚʘ, ʣʠʩʪʷ) ʨʘʟʦʤ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʧʦʙʫʪʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʟʛʽʜʥʦ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ɸʊ çɻʘʣʠʯʬʘʨʤè 

ʙʫʜʝ ʜʦʮʽʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʩʢʣʘʜʘʻ 1,19 ʨʦʢʽʚ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʛʽʜʥʦ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʮʝʩʫ ʢʦ-ʬʝʨʤʝʥʪʘʮʽʾ 

cʪʽʯʥʠʭ ʚʦʜ ʪʘ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʪʨʘʚʘ, ʣʠʩʪʷ) ʨʘʟʦʤ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʧʦʙʫʪʦʚʠʤʠ 

ʚʽʜʭʦʜʘʤʠ ʟʛʽʜʥʦ ʧʘʨʘʤʝʪʨʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʽ ɸʊ çɻʘʣʠʯʬʘʨʤè 

ʙʫʜʝ ʜʦʮʽʣʴʥʠʤ. ɽʢʦʥʦʤʽʷ ʩʢʣʘʜʘʻ 28 109 440 ʛʨʥ, ʘ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ï 1,19 ʨʦʢʽʚ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Vlasenko O., Nedbailo O., Kovalchuk I., & Balanda O. (2026). Comprehensive 

calculation analysis of the use of biogas as fuel for the "Invest" steam boiler. International Science 

Journal of Engineering & Agriculture, 5(1), 8ï19. https://doi.org/10.46299/j.isjea.20260501.02  

2. ɻʝʣʝʪʫʭʘ ɻ., ʇʽʜʛʦʪʦʚʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʝʢʪʽʚ ʟʘʤʽʱʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ 

ʙʽʦʤʘʩʦʶ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ, ʧʨʘʢʪʠʯʥʠʡ ʧʦʩʽʙ. ʂʠʾʚ, 2015, 71 ʩ. 
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023-27553-6 

 



 
 

 
 

82 

ʋɼʂ 621.165.62 

ĭ ʄʘʛʽʩʪʨ, 1 ʢʫʨʩʫ ʆʣʠʤʝʥʢʦ ɯ. ʆ. 

ʄʘʛʽʩʪʨ, 1 ʢʫʨʩʫ ʆʨʻʭʦʚʘ ʄ. ʆ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʇʝʰʢʦ ɺ. ɸ. 

  https://scholar.google.com.ua/citations?user=biglE98AAAAJ&hl=en 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄɸʃʆɺʀʊʈɸʊʅɯ ʇɯɼʍʆɼʀ ɼʆ ɺɯɼʅʆɺʃɽʅʅʗ ʇʈɸʎɽɿɼɸʊʅʆʉʊɯ 

ʇɸʈʆɺʀʍ ʊʋʈɹɯʅ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɹʽʣʴʰʽʩʪʴ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʪʝʧʣʦʚʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʋʢʨʘʾʥʠ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʧʦʥʘʜ ʧʨʦʻʢʪʥʠʡ (ʧʘʨʢʦʚʠʡ) ʨʝʩʫʨʩ, ʷʢʠʡ ʜʣʷ 

ʘʛʨʝʛʘʪʽʚ ʧʦʪʫʞʥʽʩʪʶ 150ï300 ʄɺʪ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 100ï170 ʪʠʩ. ʛʦʜʠʥ. ɿʘ ʜʘʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [1ï4], ʧʦʜʘʣʴʰʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʘʢʠʭ 

ʤʘʰʠʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʢʘʣʝʥʜʘʨʥʠʤ ʚʽʢʦʤ, ʘ ʨʝʘʣʴʥʠʤ ʩʪʘʥʦʤ ʤʝʪʘʣʫ ʪʘ ʽʩʪʦʨʽʻʶ 

ʥʘʚʘʥʪʘʞʝʥʴ. 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʤʘʥʝʚʨʝʥʦʩʪʽ ʨʦʙʦʪʠ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʧʝʨʝʭʽʜ ʚʽʜ ʨʝʛʣʘʤʝʥʪʥʦʾ ʟʘʤʽʥʠ ʝʣʝʤʝʥʪʽʚ ʜʦ 

ʢʦʥʮʝʧʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʨʝʩʫʨʩʦʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ), ʦʮʽʥʮʽ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʨʠʥʮʠʧʽʚ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ [2, 5]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʇʨʦʚʝʩʪʠ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʨʝʩʫʨʩʦʤ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʪʝʧʣʦʚʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʋʢʨʘʾʥʠ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʘʣʦʚʠʪʨʘʪʥʽ ʤʝʪʦʜʠ ʧʦʜʦʚʞʝʥʥʷ ʾʭʥʴʦʛʦ ʩʪʨʦʢʫ 

ʩʣʫʞʙʠ ʚ ʫʤʦʚʘʭ ʤʘʥʝʚʨʝʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʘʨʢʦʚʠʡ ʨʝʩʫʨʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʦʨʤʘʪʠʚʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ ʘʙʦ 

ʟʘʚʦʜʦʤ-ʚʠʨʦʙʥʠʢʦʤ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʫʩʝʨʝʜʥʝʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʠʧʦʚʦʾ ʩʝʨʽʾ ʪʫʨʙʽʥ. 

ɺʽʥ ʚʨʘʭʦʚʫʻ ʥʘʡʛʽʨʰʠʡ ʩʮʝʥʘʨʽʡ ʨʦʙʦʪʠ ʪʘ ʟʘʢʣʘʜʘʻ ʟʥʘʯʥʠʡ ʟʘʧʘʩ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʽ [1]. 

ʅʘʪʦʤʽʩʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʨʝʩʫʨʩ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ: ʬʘʢʪʠʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʫʩʢʽʚ ʽ ʟʫʧʠʥʦʢ; ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʽʩʪʦʨʽʾ; ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ; ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʤʝʪʘʣʫ; ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʠ ʪʘ 

ʧʦʚʟʫʯʦʩʪʽ. 

ɼʦʩʚʽʜ ʦʙʩʪʝʞʝʥʴ ʝʥʝʨʛʦʙʣʦʢʽʚ 150ï300 ʄɺʪ ʧʦʢʘʟʫʻ, ʱʦ ʬʘʢʪʠʯʥʠʡ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʨʝʩʫʨʩ ʯʘʩʪʦ ʧʝʨʝʚʠʱʫʻ ʧʘʨʢʦʚʠʡ ʫ 1,5ï2 ʨʘʟʠ [3, 4]. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʫʨʙʽʥ ʧʨʘʮʶʚʘʣʘ ʫ ʙʘʟʦʚʦʤʫ ʨʝʞʠʤʽ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʫʩʢʽʚ, ʘ 

ʦʪʞʝ ï ʟ ʤʝʥʰʠʤ ʪʝʤʧʦʤ ʚʪʦʤʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʮʽʥʢʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʨʝʩʫʨʩʫ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʝʨʝʜʯʘʩʥʦʾ 

ʟʘʤʽʥʠ ʜʦʨʦʛʦʚʘʨʪʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʧʝʨʝʡʪʠ ʜʦ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʧʨʦʜʦʚʞʝʥʥʷ 

ʩʪʨʦʢʫ ʩʣʫʞʙʠ. 

ʉʫʯʘʩʥʘ ʩʪʨʘʪʝʛʽʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ ʞʠʚʫʯʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ 

ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʫ ʥʝ ʻ ʘʚʪʦʤʘʪʠʯʥʦʶ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʩʧʠʩʘʥʥʷ ʝʣʝʤʝʥʪʘ. ɺʠʟʥʘʯʘʣʴʥʠʤ 

ʬʘʢʪʦʨʦʤ ʻ ʰʚʠʜʢʽʩʪʴ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥʠ ʪʘ ʟʘʣʠʰʢʦʚʠʡ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ, ʱʦ ʦʮʽʥʶʻʪʴʩʷ 

ʤʝʪʦʜʘʤʠ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ [5]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ: 

1. ɺʪʦʤʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

ʪʦʚʱʠʥʦʶ ʩʦʪʥʽ ʤʽʢʨʦʥ; 

2. ʇʦʰʢʦʜʞʝʥʥʷ ʚʽʜ ʧʦʚʟʫʯʦʩʪʽ ʫ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʭ ʟʦʥʘʭ ʨʽʜʢʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʛʣʠʙʠʥʫ 1ï2 ʤʤ [2, 4]. 

ʎʝ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʤʘʣʦʚʠʪʨʘʪʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʰʣʷʭʦʤ ʤʝʭʘʥʽʯʥʦʛʦ 

ʚʠʜʘʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʦʛʦ ʰʘʨʫ (ʧʨʦʪʦʯʢʘ, ʰʣʽʬʫʚʘʥʥʷ) ʫ ʢʨʠʪʠʯʥʠʭ ʟʦʥʘʭ ï ʛʘʣʪʝʣʷʭ, 
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ʦʩʴʦʚʠʭ ʢʘʥʘʣʘʭ, ʪʝʧʣʦʚʠʭ ʢʘʥʘʚʢʘʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʟʘʨʦʜʢʦʚʽ ʪʨʽʱʠʥʠ ʪʘ 

ʟʥʠʟʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘʧʨʫʞʝʥʴ ʙʝʟ ʟʘʤʽʥʠ ʨʦʪʦʨʘ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʦʛʦ ʤʝʪʘʣʫ ʧʽʜʪʚʝʨʜʞʝʥʘ ʧʨʘʢʪʠʢʦʶ 

ʧʨʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ ʪʫʨʙʽʥ ʩʝʨʽʾ ʂ-200-130 ʪʘ ʘʥʘʣʦʛʽʯʥʠʭ ʘʛʨʝʛʘʪʽʚ [3]. 

ʅʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʫ ʨʦʪʦʨʘʭ ʽ ʢʦʨʧʫʩʘʭ ʪʫʨʙʽʥ 

ʧʦʚôʷʟʘʥʝ ʟ ʜʽʻʶ ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 

ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʩʠʚʥʠʭ ʜʝʪʘʣʝʡ [1, 2]. 

ʇʽʜ ʯʘʩ ʧʫʩʢʫ ʛʘʨʷʯʘ ʧʘʨʘ ʢʦʥʪʘʢʪʫʻ ʟ ʭʦʣʦʜʥʠʤ ʘʙʦ ʯʘʩʪʢʦʚʦ ʧʨʦʛʨʽʪʠʤ ʨʦʪʦʨʦʤ. 

ʇʦʚʝʨʭʥʝʚʽ ʰʘʨʠ ʤʝʪʘʣʫ ʰʚʠʜʢʦ ʨʦʟʰʠʨʶʶʪʴʩʷ, ʪʦʜʽ ʷʢ ʚʥʫʪʨʽʰʥʽ ʟʘʣʠʰʘʶʪʴʩʷ 

ʭʦʣʦʜʥʠʤʠ. ɺʠʥʠʢʘʻ ʟʥʘʯʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ 

ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʟʦʥʽ. 

ʇʨʠ ʧʫʩʢʘʭ ʟ ʛʘʨʷʯʦʛʦ ʩʪʘʥʫ ʤʦʞʣʠʚʠʡ ʟʚʦʨʦʪʥʠʡ ʝʬʝʢʪ: ʧʦʜʘʯʘ ʚʽʜʥʦʩʥʦ ʭʦʣʦʜʥʦʾ 

ʧʘʨʠ ʥʘ ʧʨʦʛʨʽʪʠʡ ʤʝʪʘʣ ʩʧʨʠʯʠʥʷʻ ʩʪʠʩʢʫʶʯʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʫ 

ʛʣʠʙʠʥʽ. ʊʘʢʽ ʪʝʧʣʦʚʽ ʫʜʘʨʠ ʻ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʧʨʠʩʢʦʨʶʶʪʴ ʟʘʨʦʜʞʝʥʥʷ 

ʤʽʢʨʦʪʨʽʱʠʥ [2]. 

ʊʝʨʤʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʬʽʢʩʫʶʪʴʩʷ ʫ ʟʦʥʘʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ: ʛʘʣʪʝʣʽ ʜʠʩʢʽʚ; ʦʩʴʦʚʽ ʢʘʥʘʣʠ; 

ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʽʡʥʽ ʢʘʥʘʚʢʠ; ʧʝʨʝʭʽʜʥʽ ʨʘʜʽʫʩʠ. 

ʋ ʮʠʭ ʤʽʩʮʷʭ ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʫ     

2ï3 ʨʘʟʠ, ʱʦ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʥʘʚʽʪʴ ʧʨʠ ʥʦʤʽʥʘʣʴʥʠʭ ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ [3]. 

ʅʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʘʨʥʦʶ ʜʽʻʶ: ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ 

(ʧʫʩʢʠ-ʟʫʧʠʥʢʠ); ʧʦʚʟʫʯʦʩʪʽ (ʪʨʠʚʘʣʘ ʨʦʙʦʪʘ ʧʨʠ 480ï540 ÁC); ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʟʦʥʘʭ ʪʨʠʚʘʣʠʭ ʥʘʧʨʫʞʝʥʴ. 

ʆʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʯʘʩʪʠʭ ʤʘʥʝʚʨʝʥʠʭ 

ʨʝʞʠʤʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʫʯʘʩʥʦʾ ʨʦʙʦʪʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ [4]. 

ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʚʽʞʦʾ ʧʘʨʠ ʥʘ 20ï25 ÁC ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ 

ʧʦʚʟʫʯʦʩʪʽ ʤʝʪʘʣʫ, ʱʦ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʥʘ ʜʝʩʷʪʢʠ ʚʽʜʩʦʪʢʽʚ [2]. ʅʝʟʥʘʯʥʝ 

ʟʤʝʥʰʝʥʥʷ ʂʂɼ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʧʨʠʨʦʩʪʦʤ ʨʝʩʫʨʩʫ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʟʫʩʠʣʴ ʟʘʪʷʞʢʠ ʰʧʠʣʴʦʢ ʬʣʘʥʮʝʚʠʭ ʟôʻʜʥʘʥʴ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʣʦʢʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʫ ʢʦʨʧʫʩʘʭ ʪʘ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ. 

ʇʽʜ ʯʘʩ ʨʝʤʦʥʪʽʚ ʤʦʞʣʠʚʝ: 

1. ʋʩʫʥʝʥʥʷ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʢʘʥʘʚʦʢ ʰʣʷʭʦʤ ʧʨʦʪʦʯʢʠ ʜʦ ʛʣʘʜʢʦʛʦ ʧʨʦʬʽʣʶ; 

2. ɿʙʽʣʴʰʝʥʥʷ ʨʘʜʽʫʩʽʚ ʛʘʣʪʝʣʝʡ; 

3. ɺʠʜʘʣʝʥʥʷ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʰʢʦʜʞʝʥʦʛʦ ʰʘʨʫ. 

ʊʘʢʽ ʟʘʭʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘʧʨʫʞʝʥʴ ʥʘ 20ï30 % ʽ ʟʙʽʣʴʰʠʪʠ 

ʜʦʧʫʩʪʠʤʫ ʢʽʣʴʢʽʩʪʴ ʧʫʩʢʽʚ [3]. 

ʆʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʤʘʣʦʚʠʪʨʘʪʥʠʭ ʤʝʪʦʜʽʚ ʻ ʟʤʽʥʘ ʩʭʝʤʠ ʧʦʜʘʯʽ ʧʘʨʠ ʥʘ 

ʫʱʽʣʴʥʝʥʥʷ ʧʽʜ ʯʘʩ ʧʫʩʢʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʙʣʠʟʴʢʦʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʝʪʘʣʫ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʩʫʩʽʜʥʴʦʛʦ ʧʨʘʮʶʶʯʦʛʦ ʙʣʦʢʫ), ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʪʝʨʤʽʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʙʽʣʴʰ ʥʽʞ ʥʘ 50 % [4]. ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʚ ʨʦʪʦʨʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ 

ʧʦʪʫʞʥʽʩʪʶ 325 ʄɺʪ ʧʨʠ ʧʫʩʢʫ ʟ ʭʦʣʦʜʥʦʛʦ ʩʪʘʥʫ ʤʝʪʘʣʫ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʧʦʜʘʯʽ ʧʘʨʠ 

[6]. ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʙʘʟʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʡ ʪʝʧʣʦʚʠʡ ʫʜʘʨ ʚʠʥʠʢʘʻ ʚ 

ʟʦʥʽ ʧʝʨʝʜʥʽʭ ʫʱʽʣʴʥʝʥʴ ʯʝʨʝʟ 183 ʭʚʠʣʠʥʠ ʚʥʘʩʣʽʜʦʢ ʢʦʥʜʝʥʩʘʮʽʾ ʛʘʨʷʯʦʾ ʧʘʨʠ. ɺʦʜʥʦʯʘʩ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʝ ʥʘʛʨʽʚʘʥʥʷ ʮʽʻʾ 

ʟʦʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʯʘʩ ʧʫʩʢʫ 

(ʤʘʢʩʠʤʫʤ ʬʽʢʩʫʻʪʴʩʷ ʥʘ 116-ʡ ʭʚʠʣʠʥʽ). 
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ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʦʙʣʘʩʪʽ ʨʦʪʦʨʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʧʦʪʫʞʥʽʩʪʶ 325 ʄɺʪ ʧʨʠ ʧʫʩʢʫ ʟ 

ʭʦʣʦʜʥʦʛʦ ʩʪʘʥʫ ʤʝʪʘʣʫ [6] 

 

ɺʠʩʥʦʚʢʠ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʚ ʋʢʨʘʾʥʽ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʠʤʘʛʘʻ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʨʝʩʫʨʩʦʤ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʻ ʪʝʨʤʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʟʘʛʦʩʪʨʠʣʠʩʷ ʯʝʨʝʟ ʤʘʥʝʚʨʝʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ʧʽʩʣʷ 2022 ʨʦʢʫ. 

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʧʦʰʢʦʜʞʝʥʴ ʤʘʻ ʣʦʢʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʣʦʚʠʪʨʘʪʥʽ ʤʝʪʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ ï ʚʠʜʘʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ʰʘʨʽʚ 

ʤʝʪʘʣʫ, ʦʧʪʠʤʽʟʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʩʭʝʤ. ʈʝʘʣʽʟʘʮʽʷ 

ʪʘʢʠʭ ʟʘʭʦʜʽʚ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ ʪʫʨʙʽʥ, ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʪʘ 

ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʽʥʚʝʩʪʠʮʽʡ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɼʀʅɸʄɯʏʅɸ ʄʆɼɽʃʔ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʉʀʉʊɽʄʀ  

ʉʆʅʗʏʅʆɻʆ ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ɯɿ ʉɽɿʆʅʅʀʄ ˆʈʋʅʊʆɺʀʄ 

ɸʂʋʄʋʃʖɺɸʅʅʗʄ ʊɽʇʃʆʊʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʠʩʪʝʤʠ ʩʦʥʷʯʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽʟ 
ʩʝʟʦʥʥʠʤ ʘʢʫʤʫʣʶʚʘʥʥʷʤ ʪʝʧʣʦʪʠ (Seasonal Thermal Energy Storage, STES) ʨʦʟʛʣʷʜʘʶʪʴʩʷ 
ʷʢ ʦʜʠʥ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʩʝʢʪʦʨʫ, ʧʨʠʯʦʤʫ ʟʘ 
ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ M. Gao ʪʘ ʽʥ. ʜʦʩʷʛʥʫʪʦ ʩʦʥʷʯʥʦʾ ʯʘʩʪʢʠ 42 % ʧʨʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʥʘʢʦʧʠʯʫʚʘʯʘ 0,89 [2, ʩ. 33ï41], ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʚʝʣʠʢʠʭ ʩʝʟʦʥʥʠʭ 
ʘʢʫʤʫʣʷʪʦʨʽʚ ʫ ʩʪʨʫʢʪʫʨʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

ɼʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʻ ʩʝʟʦʥʥʠʡ ˇʨʫʥʪʦʚʠʡ 
ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʪʠ (Borehole Thermal Energy Storage, BTES), ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʦʛʦ 
ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʪʝʤʧʝʨʘʪʫʨ ʫ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ, ʘ ʥʝ ʣʠʰʝ 
ʽʥʪʝʛʨʘʣʴʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʙʘʣʘʥʩʦʤ. 

ɿʘ ʜʘʥʠʤʠ ʄʘʨʪʘʟʽʥʦʚʦʾ ɺ., ʂʠʭʪʝʥʢʘ ʖ., ʐʧʠʛ ɺ. ʨʽʯʥʘ ʩʫʤʘ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚ 
ʋʢʨʘʾʥʽ ʩʪʘʥʦʚʠʪʴ 4170 ʄɼʞ/ʤĮ [7, ʩ. 54ï60], ʪʦʜʽ ʷʢ ʪʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ 
ʦʮʽʥʶʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 1400ï1500 ʢɺʪ ʛʦʜ/ʤĮĿʨʽʢ [9, ʩ. 2], ʱʦ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ 
ʩʝʟʦʥʥʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟ ʤʝʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʨʽʯʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʘʜʘʧʪʘʮʽʾ ʤʦʜʝʣʝʡ   
SDH-ʩʠʩʪʝʤ ʜʦ ʨʝʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʨʘʞʝʥʦʶ 
ʩʝʟʦʥʥʦʶ ʤʽʥʣʠʚʽʩʪʶ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ (ʚʽʜ ī2,1 ÁC ʫ ʩʽʯʥʽ ʜʦ +22,1 ÁC ʫ ʣʠʧʥʽ) ʪʘ 
ʨ̔ ʯʥʦʶ ʩʫʤʦʶ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʙʣʠʟʴʢʦ 4170 ʄɼʞ/ʤĮ (2001ï2020 ʨʨ.) [7, ʩ. 54; 8], ʱʦ 
ʟʫʤʦʚʣʶʻ ʽʩʪʦʪʥʫ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʪʠ ʡ ʧʦʪʨʝʙʫʻ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʟʦʥʥʦʛʦ 
ʘʢʫʤʫʣʶʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʨʦʙʦʪʘʭ Huang B. ʪʘ ʽʥ. [1, ʩ. 6ï9] ʽ Gao M. ʪʘ ʽʥ. 
[2, ʩ. 3ï5] ʟʘʩʪʦʩʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʽ 0D-ʤʦʜʝʣʽ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʙʘʣʘʥʩʽ ʪʘ 
ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʫ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʧʨʦʪʝ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 
ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʫ ˇʨʫʥʪʽ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, Zhao P. ʪʘ ʽʥ. [3, ʩ. 412ï418] ʚʠʢʦʨʠʩʪʘʣʠ ʪʨʠʚʠʤʽʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 
ʪʝʧʣʦʧʝʨʝʥʦʩʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʦʜʥʘʢ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ 
ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʧʨʠ ʨʽʯʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ. 

ʅʘʪʦʤʽʩʪʴ, ʜʦʩʣʽʜʞʝʥʥʷ Basok B., Pavlenko A., Nedbailo O. ʪʘ ʽʥ. [6, ʩ. 274ï281] 
ʜʦʚʦʜʷʪʴ ʘʜʝʢʚʘʪʥʽʩʪʴ ʜʚʦʤʽʨʥʦʛʦ ʦʩʝʩʠʤʝʪʨʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʦʧʠʩʫ ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʚ 
ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʟʘ ʨʘʜʽʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʝʧʣʦʚʦʛʦ ʨʦʟʪʽʢʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʬʽʟʠʯʥʦʶ ʢʦʨʝʢʪʥʽʩʪʶ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 
ʩʦʥʷʯʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽʟ ʩʝʟʦʥʥʠʤ ˇʨʫʥʪʦʚʠʤ ʘʢʫʤʫʣʶʚʘʥʥʷʤ ʪʝʧʣʦʪʠ ʥʘ ʦʩʥʦʚʽ 
ʜʚʦʤʽʨʥʦʛʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ 
ʜʘʥʠʭ ʋʢʨʘʾʥʠ ʪʘ ʯʠʩʝʣʴʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʜʣʷ ʨʽʯʥʦʛʦ ʮʠʢʣʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʋʢʨʘʾʥʠ ʟʘ ʧʝʨʽʦʜ         
2001ï2020 ʨʨ. [7, ʩ. 58ï60] ʪʘ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʎʝʥʪʨʘʣʴʥʦʾ 
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ʛʝʦʬʽʟʠʯʥʦʾ ʦʙʩʝʨʚʘʪʦʨʽʾ ʽʤ. ɹ. ʉʨʝʟʥʝʚʩʴʢʦʛʦ [8], ʱʦ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʯʘʩʦʚʫ 
ʟʘʣʝʞʥʽʩʪʴ ʛʨʘʥʠʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʩʦʥʷʯʥʦʛʦ ʧʦʣʷ ʪʘ ʟʘʜʘʪʠ ʪʝʧʣʦʦʙʤʽʥ ʥʘ 
ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ. 

ʈʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ ʧʨʠʡʥʷʪʦ ʦʩʝʩʠʤʝʪʨʠʯʥʦʶ ʟ ʨʘʜʽʫʩʦʤ 15 ʤ ʪʘ ʛʣʠʙʠʥʦʶ 30 ʤ, 
ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʠʧʦʚʠʤ ʧʘʨʘʤʝʪʨʘʤ ˇʨʫʥʪʦʚʠʭ ʩʝʟʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʘ ʪʝʧʣʦʬʽʟʠʯʥʽ 
ʧʘʨʘʤʝʪʨʠ ˇʨʫʥʪʫ ï ʩʪʘʣʠʤʠ (ɚ = 1.8 ɺʪ/(ʤ ʂ), ɟ = 1800 ʢʛ/ʤį, c = 840 ɼʞ/(ʢʛ ʂ)) [4; 6]. 

ʊʝʧʣʦʧʝʨʝʥʦʩ ʫ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʦʧʠʩʫʻʪʴʩʷ ʜʚʦʤʽʨʥʠʤ ʦʩʝʩʠʤʝʪʨʠʯʥʠʤ 
ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 
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‬ὸ
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‬ὶ
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ὶ ‬ὶ

‬Ὕ

‬ᾀ
ȟ 

(1) 

 

ʜʝ  Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ˇʨʫʥʪʫ (ʤĮ/ʩ), ʱʦ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʯʠʩʝʣʴʥʦ 
ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʟ ʯʘʩʦʚʠʤ ʢʨʦʢʦʤ, ʪʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʽʡʢʽʩʪʴ 
ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʪʷʛʦʤ ʨʽʯʥʦʛʦ ʮʠʢʣʫ. 
 T(r, z, t) ï ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʫ ʪʦʯʮʽ ʟ ʨʘʜʽʫʩʦʤ r, ʛʣʠʙʠʥʦʶ z ʚ ʤʦʤʝʥʪ ʯʘʩʫ t; 

  ï ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʯʘʩʽ (ÁC/ʩ ʘʙʦ K/ʩ); 

  ï ʨʘʜʽʘʣʴʥʘ ʜʠʬʫʟʽʷ ʪʝʧʣʘ, ʪʦʙʪʦ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʨʘʜʽʫʩʫ ʚʽʜ ʮʝʥʪʨʫ 

ʘʢʫʤʫʣʷʪʦʨʘ; 

 
 

 ï ʦʩʝʩʠʤʝʪʨʠʯʥʠʡ ʯʣʝʥ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ, ʱʦ ʧʣʦʱʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʰʘʨʫ ʟʨʦʩʪʘʻ ʟ 

ʨʘʜʽʫʩʦʤ, ʙʝʟ ʷʢʦʛʦ ʤʦʜʝʣʴ ʙʫʣʘ ʙ ʧʨʦʩʪʦ ʧʨʷʤʦʢʫʪʥʦʶ 2D; 

 ï ʚʝʨʪʠʢʘʣʴʥʘ ʜʠʬʫʟʽʷ ʪʝʧʣʘ, ʪʦʙʪʦ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʛʣʠʙʠʥʽ ˇʨʫʥʪʫ. 
 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ ʥʘ ʚʝʨʭʥʽʡ ʤʝʞʽ ʬʦʨʤʫʚʘʣʘʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ ήὸ–Ὃὸ, ʜʝ G(t) ï 

ʩʫʤʘʨʥʘ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ ʚʠʟʥʘʯʝʥʘ ʟ ʪʘʙʣʠʯʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ [7], ʘ ʢʦʝʬʽʮʽʻʥʪ 
ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʪʝʧʣʦʚʫ ʧʨʠʡʤʘʚʩʷ ʨʽʚʥʠʤ – = 0,62. ʥʘ ʥʠʞʥʽʡ ʪʘ 

ʨʘʜʽʘʣʴʥʽʡ ʤʝʞʘʭ ʟʘʜʘʚʘʣʘʩʷ ʫʤʦʚʘ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ. ʅʘ ʥʠʞʥʽʡ ʪʘ ʨʘʜʽʘʣʴʥʽʡ ʤʝʞʘʭ 
ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʷ ʫʤʦʚʘ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ, ʪʦʙʪʦ ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʮʽ ʤʝʞʽ 

( π), ʱʦ ʤʦʜʝʣʶʻ ʽʟʦʣʴʦʚʘʥʝ ʜʥʦ ʪʘ ʩʪʽʥʢʠ ˇʨʫʥʪʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʨʽʯʥʦʾ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʘ ʪʝʧʣʦʚʘ 
ʝʥʝʨʛʽʷ ˇʨʫʥʪʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʧʦ ʦʙôʻʤʫ: 

 

ὗὸ ᷿ʍÃὝ Ὕ Ὠὠȟ (2) 
 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʽ ʦʮʽʥʠʪʠ ʥʘʢʦʧʠʯʝʥʫ 
ʪʝʧʣʦʪʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʥʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʙʝʟ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʤʧʽʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ (ʜʠʚ. ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʈʽʯʥʘ ʜʠʥʘʤʽʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʮʝʥʪʨʽ ˇʨʫʥʪʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ (r = 0, z = 15 ʤ), 

ʦʪʨʠʤʘʥʘ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʧʨʠ ȹt = 0,5 ʜʦʙʠ ʟ ʜʦʙʦʚʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʻʶ 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʽ ʘʢʫʤʫʣʷʪʦʨʘ ʜʦʩʷʛʘʻʪʴʩʷ 

ʥʘʧʨʠʢʽʥʮʽ ʪʝʧʣʦʛʦ ʧʝʨʽʦʜʫ ʨʦʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʘʟʦʚʦʤʫ ʟʩʫʚʫ ʪʝʧʣʦʚʦʾ ʭʚʠʣʽ ʚ ˇʨʫʥʪʽ ʪʘ 

ʧʽʜʪʚʝʨʜʞʫʻ ʘʜʝʢʚʘʪʥʽʩʪʴ ʯʠʩʝʣʴʥʦʾ ʜʚʦʤʽʨʥʦʾ ʤʦʜʝʣʽ ʩʝʟʦʥʥʦʤʫ ʧʨʦʮʝʩʫ ʘʢʫʤʫʣʶʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʧʨʠ ʧʣʦʱʽ ʩʦʥʷʯʥʦʛʦ ʧʦʣʷ 200 ʤĮ 

ʨʽʯʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜʧʦʚʽʜʘʻ ʢʣʽʤʘʪʠʯʥʦʤʫ ʧʦʪʝʥʮʽʘʣʫ ʋʢʨʘʾʥʠ [9, ʩ. 2], ʘ ʨʽʯʥʘ 

ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʩʪʘʥʦʚʠʪʴ 143,6 ʄɺʪĿʛʦʜ ʧʨʠ ʂʂɼ 0,62. 

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʛʦʚʣʝʥʦ, ʱʦ ʜʚʦʤʽʨʥʘ ʦʩʝʩʠʤʝʪʨʠʯʥʘ ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʤʦʜʝʣʴ 

ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʦ ʚʽʜʪʚʦʨʶʻ ʩʝʟʦʥʥʝ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʚ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ, 

ʜʝʤʦʥʩʪʨʫʻ ʦʧʪʠʤʘʣʴʥʠʡ ʙʘʣʘʥʩ ʤʽʞ ʪʦʯʥʽʩʪʶ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ 

ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʧʝʨʝʚʠʱʫʻ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʠʭ 0D-ʤʦʜʝʣʝʡ ʪʘ 

ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʚʠʪʨʘʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʠʚʠʤʽʨʥʠʤ ʧʽʜʭʦʜʦʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʯʠʩʝʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʘʢʫʤʫʣʶʚʘʥʥʷ ʜʦ 78 % ʨʽʯʥʦʛʦ 

ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʦʪʠ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʧʨʠʨʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ 12ï16 ÁC ʜʣʷ ʩʠʩʪʝʤʠ ʧʣʦʱʝʶ 

200 ʤĮ ʪʘ ʜʦʟʚʦʣʠʣʠ ʦʮʽʥʠʪʠ ʨʽʯʥʫ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʧʽʜʪʚʝʨʜʞʫʶʯʠ ʧʨʘʢʪʠʯʥʫ 

ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʟʦʥʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʩʠʩʪʝʤ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀɿʅɸʏɽʅʅʗ ʂɯʅɽʊʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʊɽʈʄɯʏʅʆɰ ʂʆʅɺɽʈʉɯɰ 

ʇɸʃʀɺʅʀʍ ʉʋʄɯʐɽʁ ʇɯʉʅʆɻʆ ɺʋɻɯʃʃʗ ɿ ʈʆʉʃʀʅʅʆʖ ɹɯʆʄɸʉʆʖ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʅʝʨʝʛʫʣʷʨʥʝ ʧʦʩʪʘʯʘʥʥʷ ʘʥʪʨʘʮʠʪʫ ʪʘ ʧʽʩʥʦʛʦ ʚʫʛʽʣʣʷ ʟ 

ɼʦʥʝʮʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʷʢʦʛʦ ʧʝʨʝʙʫʚʘʻ ʥʘ ʪʠʤʯʘʩʦʚʦ ʦʢʫʧʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ, ʟʤʫʰʫʻ ʰʫʢʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʘʣʠʚʥʦʛʦ ʙʘʣʘʥʩʫ 

ʪʝʧʣʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʻ ʯʘʩʪʢʦʚʘ ʟʘʤʽʥʘ ʚʫʛʽʣʣʷ ʤʽʩʮʝʚʦʶ 

ʪʚʝʨʜʦʶ ʙʽʦʤʘʩʦʶ ï ʩʦʣʦʤʦʶ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʪʘ ʣʫʟʛʦʶ ʩʦʥʷʰʥʠʢʫ, ʟʘʧʘʩʠ ʷʢʠʭ ʚ ʋʢʨʘʾʥʽ 

ʦʮʽʥʶʶʪʴʩʷ ʫ 30 ʤʣʥ ʪ ʫ.ʧ./ʨʽʢ [1]. ʂʣʶʯʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ ʩʫʤʽʰʝʡ ʻ ʪʝ, ʱʦ ʾʭʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʢʦʤʙʽʥʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ï ʧʽʜ ʯʘʩ ʩʧʽʣʴʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʩʠʥʝʨʛʝʪʠʯʥʽ ʘʙʦ 

ʘʥʪʘʛʦʥʽʩʪʠʯʥʽ ʝʬʝʢʪʠ ʚʟʘʻʤʦʜʽʾ [2]. ʎʽʣʝʩʧʨʷʤʦʚʘʥʽ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʊɻɸ 

ʜʘʜʫʪʴ ʤʦʞʣʠʚʽʩʪʴ, ʢʽʣʴʢʽʩʥʦ ʦʧʠʩʘʪʠ ʢʽʥʝʪʠʢʫ ʢʦʞʥʦʾ ʩʪʘʜʽʾ ʪʝʨʤʽʯʥʦʾ ʢʦʥʚʝʨʩʽʾ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʩʫʤʽʰʝʡ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʦʤʫ ʩʢʣʘʜʽ 

ʩʫʤʽʰʽ ʚʠʥʠʢʘʻ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ, ʷʢʠʡ ʧʦʢʨʘʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʛʦʨʘʥʥʷ, ʪʦʜʽ ʷʢ 

ʥʝʟʙʘʣʘʥʩʦʚʘʥʽ ʩʫʤʽʰʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʥʝʙʘʞʘʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʨʦʬʽʣʽ ʚ ʢʘʤʝʨʽ 

ʟʛʦʨʷʥʥʷ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʤʽʞʢʦʤʧʦʥʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʯʝʨʝʟ ʛʘʟʦʚʫ ʬʘʟʫ ʪʘ 

ʢʦʥʪʘʢʪʥʠʡ ʚʧʣʠʚ ʯʘʩʪʠʥʦʢ [3ï4]. ɺʦʜʥʦʯʘʩ ʙʽʣʴʰʽʩʪʴ ʥʘʷʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʊɻɸ) ʩʪʦʩʫʻʪʴʩʷ ʜʝʨʝʚʥʦʾ ʙʽʦʤʘʩʠ ʘʙʦ ʧʨʦʤʠʩʣʦʚʠʭ 

ʚʽʜʭʦʜʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤ ʚʫʛʽʣʣʷʤ; ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʜʽʡ ʪʝʨʤʽʯʥʦʾ 

ʢʦʥʚʝʨʩʽʾ ʜʣʷ ʩʫʤʽʰʝʡ ʧʽʩʥʦʛʦ ʚʫʛʽʣʣʷ ʟ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʟʘʣʠʰʢʘʤʠ ï ʩʦʣʦʤʦʶ 

ʟʝʨʥʦʚʠʭ ʪʘ ʣʫʟʛʦʶ ʩʦʥʷʰʥʠʢʫ ï ʫ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣʘʭ ʬʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ. ʅʝ ʚʩʪʘʥʦʚʣʝʥʦ 

ʪʘʢʦʞ, ʷʢ ʭʘʨʘʢʪʝʨ ʽ ʤʘʩʰʪʘʙ ʩʠʥʝʨʛʝʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ 

ʙʽʦʤʘʩʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ ʜʣʷ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʩʧʘʣʶʚʘʥʥʷ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʠʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʜʽʡ ʪʝʨʤʽʯʥʦʾ 

ʢʦʥʚʝʨʩʽʾ ʧʰʝʥʠʯʥʦʾ ʩʦʣʦʤʠ, ʣʫʟʛʠ ʩʦʥʷʰʥʠʢʫ, ʧʽʩʥʦʛʦ ʚʫʛʽʣʣʷ ʪʘ ʾʭʥʽʭ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʩʫʤʽʰʝʡ (50/50 ʟʘ ʤʘʩʦʶ) ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʊɻɸ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʉʪʘʨʽʥʢʘ, ʪʘ ʚʠʢʦʥʘʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʩʠʥʝʨʛʝʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʧʘʣʠʚʥʠʭ ʩʫʤʽʰʝʡ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʧ'ʷʪʴ ʟʨʘʟʢʽʚ: ʧʝʣʝʪʦʚʘʥʘ ʩʦʣʦʤʘ 

ʧʰʝʥʠʮʽ, ʧʝʣʝʪʦʚʘʥʘ ʣʫʟʛʘ ʩʦʥʷʰʥʠʢʫ, ʧʽʩʥʝ ʚʫʛʽʣʣʷ, ʘ ʪʘʢʦʞ ʩʫʤʽʰʽ ʢʦʞʥʦʛʦ ʚʠʜʫ ʙʽʦʤʘʩʠ 

ʟ ʚʫʛʽʣʣʷʤ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 50/50 ʟʘ ʤʘʩʦʶ. ʊɻɸ ʧʨʦʚʝʜʝʥʦ ʥʘ ʫʩʪʘʥʦʚʮʽ Q-50. ʋ ʪʠʛʣʽ 

ʢʦʤʧʦʥʝʥʪʠ ʨʦʟʤʽʱʫʚʘʣʠʩʷ ʧʦʰʘʨʦʚʦ: ʚʫʛʽʣʣʷ ʟʥʠʟʫ, ʙʽʦʤʘʩʘ ʟʚʝʨʭʫ ï ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʝʨʝʚʘʞʥʦ ʛʘʟʦʬʘʟʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚʟʘʻʤʦʜʽʾ [4]. ʄʝʞʽ ʩʪʘʜʽʡ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʪʦʯʢʘʤʠ ʢʨʠʚʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʾ (ɼʊɻ). 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʪʠʢʠ ʛʦʨʽʥʥʷ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʘʧʨʦʢʩʠʤʘʮʽʾ ʉʪʘʨʽʥʢʘ [5]: 

 

ὒὲ Ȣ Ͻ Ȣ  = Ln ὃ
Ȣ

  ρȢπππψ           (1) 

ʜʝ Ŭ ï ʩʪʫʧʽʥʴ ʢʦʥʚʝʨʩʽʾ; T ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; A ï ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʤʥʦʞʥʠʢ, 1/ʩ; 

E ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ, ɼʞ/ʤʦʣʴ; R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ;  ɓ ï ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ, ʂ/c. 

ɻʨʘʬʽʢ ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (1) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʦ 

ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʩʝʨʽʾ ʜʘʥʠʭ ʧʨʷʤʠʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʽʥʝʪʠʯʥʽ ʢʦʥʩʪʘʥʪʠ: ʝʥʝʨʛʽʶ 

ʘʢʪʠʚʘʮʽʾ E, ʚʽʣʴʥʠʡ ʯʣʝʥ, ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʤʥʦʞʥʠʢ A. ʄʝʪʦʜ ʥʝ ʧʦʪʨʝʙʫʻ ʽʪʝʨʘʮʽʡ ʪʘ 

ʩʪʽʡʢʠʡ ʜʦ ʰʫʤʫ ʚ ɼʊɻ-ʢʨʠʚʠʭ. 

 

ʊʘʙʣʠʮʷ 1 ï ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʜʽʡ ʪʝʨʤʽʯʥʦʾ ʢʦʥʚʝʨʩʽʾ 

ʉʪʘʜʽʷ / ʟʨʘʟʦʢ A, 1/ʩ E, ɼʞ/ʤʦʣʴ ʊʝʤʧ. ʽʥʪʝʨʚʘʣ, ÁC 

ɿʥʝʚʦʜʥʝʥʥʷ 

ɺʫʛʽʣʣʷ 5667,595255 36595,93109 33-158 

ʉʦʣʦʤʘ 3487,83305 35557,45404 29-121 

ʃʫʰʧʠʥʥʷ 2685,087942 35690,3791 34-139 

ɺʫʛʽʣʣʷ/ʃʫʰʧʠʥʥʷ 4973,384099 36728,85615 33-135 

ɺʫʛʽʣʣʷ/ʉʦʣʦʤʘ 8684,407269 36230,38717 31-120 

ɺʠʭʽʜ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ 

ɺʫʛʽʣʣʷ 1424294,724 136439,2682 451-761 

ʉʦʣʦʤʘ 10833,03114 68655,79444 122-372 

ʃʫʰʧʠʥʥʷ 8890,632986 67135,46404 140-377 

ɺʫʛʽʣʣʷ/ʃʫʰʧʠʥʥʷ 

(ʬʨʘʢʮʽʷ ʣʫʰʧʠʥʥʷ) 7081,347538 66371,14494 136-373 

ɺʫʛʽʣʣʷ/ʃʫʰʧʠʥʥʷ 

(ʬʨʘʢʮʽʷ ʚʫʛʽʣʣʷ) 125952,9485 120338,72 520-710 

ɺʫʛʽʣʣʷ/ʉʦʣʦʤʘ 

(ʬʨʘʢʮʽʷ ʩʦʣʦʤʠ) 7743,852807 67567,4705 121-376 

ɺʫʛʽʣʣʷ/ʉʦʣʦʤʘ 

(ʬʨʘʢʮʽʷ ʚʫʛʽʣʣʷ) 149974,3654 122257,8256 507-760 

ɺʠʛʦʨʘʥʥʷ ʢʦʢʩʫ 

ɺʫʛʽʣʣʷ - - 762-791 

ʉʦʣʦʤʘ 6111180,505 120596,2624 373-520 

ʃʫʰʧʠʥʥʷ 101745424,9 139255,6179 378-550 

ɺʫʛʽʣʣʷ/ʃʫʰʧʠʥʥʷ 

(ʬʨʘʢʮʽʷ ʣʫʰʧʠʥʥʷ) 220395,7189 105567,4225 374-519 

ɺʫʛʽʣʣʷ/ʃʫʰʧʠʥʥʷ 

(ʬʨʘʢʮʽʷ ʚʫʛʽʣʣʷ) - - 711-791 

ɺʫʛʽʣʣʷ/ʉʦʣʦʤʘ 

(ʬʨʘʢʮʽʷ ʩʦʣʦʤʠ) 2662732,216 117904,5299 377-506 

ɺʫʛʽʣʣʷ/ʉʦʣʦʤʘ 

(ʬʨʘʢʮʽʷ ʚʫʛʽʣʣʷ) - - 761-791 
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ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʝʬʝʢʪʽʚ ʤʽʞʢʦʤʧʦʥʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʞʥʦʾ 

ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ ʟʽʩʪʘʚʣʷʣʠʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʆʩʢʽʣʴʢʠ ʚ ʩʫʤʽʰʘʭ ʩʪʘʜʽʾ ʜʝʚʦʣʘʪʠʣʽʟʘʮʽʾ ʪʘ ʚʠʛʦʨʘʥʥʷ ʢʦʢʩʫ ʧʨʦʷʚʣʷʶʪʴʩʷ ʨʦʟʜʽʣʴʥʦ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʧʘʨʥʦ: ʧʘʨʘʤʝʪʨʠ ʙʽʦʤʘʩʦʚʦʛʦ ʪʘ ʚʫʛʽʣʴʥʦʛʦ 

ʩʫʙʧʨʦʮʝʩʽʚ ʫ ʩʫʤʽʰʽ ï ʽʟ ʧʘʨʘʤʝʪʨʘʤʠ ʪʠʭ ʩʘʤʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʨʦʟʜʽʣʴʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ. 

ʅʘ ʩʪʘʜʽʾ ʩʫʰʢʠ ʚʽʜʭʠʣʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʦʙʦʭ ʩʫʤʽʰʝʡ ʚʽʜ ʘʜʠʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʻ 

ʤʽʥʽʤʘʣʴʥʠʤʠ: ʜʣʷ ʩʠʩʪʝʤʠ ʚʫʛʽʣʣʷ/ʩʦʣʦʤʘ ï 36 230 ɼʞ/ʤʦʣʴ ʧʨʦʪʠ ʘʜʜʠʪʠʚʥʦʛʦ 

36 077 ɼʞ/ʤʦʣʴ, ʜʣʷ ʩʠʩʪʝʤʠ ʚʫʛʽʣʣʷ/ʣʫʰʧʠʥʥʷ ï 36 729 ɼʞ/ʤʦʣʴ ʧʨʦʪʠ 36 143 ɼʞ/ʤʦʣʴ. 

ʆʪʨʠʤʘʥʽ ʚʽʜʭʠʣʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʤʝʪʦʜʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʟʥʘʯʫʱʦʾ ʤʽʞʢʦʤʧʦʥʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʥʘ ʮʽʡ ʩʪʘʜʽʾ. 

ʅʘ ʩʪʘʜʽʾ ʚʠʭʦʜʫ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʢʽʩʥʦ ʨʽʟʥʘ ʧʦʚʝʜʽʥʢʘ ʜʣʷ 

ʙʽʦʤʘʩʦʚʦʛʦ ʪʘ ʚʫʛʽʣʴʥʦʛʦ ʩʫʙʧʨʦʮʝʩʽʚ. ɼʣʷ ʙʽʦʤʘʩʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʦʙʦʭ ʩʫʤʽʰʝʡ 

ʬʽʢʩʫʻʪʴʩʷ ʩʣʘʙʢʠʡ ʧʦʟʠʪʠʚʥʠʡ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ: ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʩʦʣʦʤʠ ʫ ʩʢʣʘʜʽ 

ʩʫʤʽʰʽ ʟʥʠʞʫʻʪʴʩʷ ʟ 68 656 ʜʦ 67 567 ɼʞ/ʤʦʣʴ, ʣʫʟʛʠ ʩʦʥʷʰʥʠʢʫ ï ʟ 67 135 ʜʦ 66 371 

ɼʞ/ʤʦʣʴ. ɿʥʘʯʥʦ ʚʠʨʘʟʥʽʰʝ ʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʚʫʛʽʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ: ʡʦʛʦ ʝʥʝʨʛʽʷ 

ʘʢʪʠʚʘʮʽʾ ʟʥʠʞʫʻʪʴʩʷ ʟ 136 439 ɼʞ/ʤʦʣʴ ʧʨʠ ʨʦʟʜʽʣʴʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 122 258 ɼʞ/ʤʦʣʴ ʫ 

ʩʠʩʪʝʤʽ ʚʫʛʽʣʣʷ/ʩʦʣʦʤʘ ʪʘ ʜʦ 120 339 ɼʞ/ʤʦʣʴ ʫ ʩʠʩʪʝʤʽ ʚʫʛʽʣʣʷ/ʣʫʰʧʠʥʥʷ. ʎʝʡ ʚʠʨʘʞʝʥʠʡ 

ʧʦʟʠʪʠʚʥʠʡ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ ʟʫʤʦʚʣʝʥʠʡ ʚʧʣʠʚʦʤ ʣʝʪʢʠʭ ʧʨʦʜʫʢʪʽʚ ʧʽʨʦʣʽʟʫ ʙʽʦʤʘʩʠ 

ʥʘ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʘʢʪʠʚʫʻ ʪʘ ʧʨʠʩʢʦʨʶʻ ʚʠʜʽʣʝʥʥʷ ʡʦʛʦ 

ʚʣʘʩʥʠʭ ʣʝʪʢʠʭ. 

ʅʘ ʩʪʘʜʽʾ ʚʠʛʦʨʘʥʥʷ ʢʦʢʩʦ-ʟʦʣʴʥʦʛʦ ʟʘʣʠʰʢʫ ʚʫʛʽʣʴʥʠʡ ʢʦʤʧʦʥʝʥʪ ʫ ʩʢʣʘʜʽ ʦʙʦʭ 

ʩʫʤʽʰʝʡ ʥʝ ʫʪʚʦʨʶʻ ʚʠʦʢʨʝʤʣʝʥʦʾ ʩʪʘʜʽʾ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʫ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʡʦʛʦ 

ʦʢʠʩʥʝʥʥʷ ʱʝ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʩʪʘʜʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʙʽʦʤʘʩʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɼʣʷ ʙʽʦʤʘʩʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʝʬʝʢʪʠ ʨʽʟʥʷʪʴʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ: ʢʦʢʩʦ-ʟʦʣʴʥʠʡ ʟʘʣʠʰʦʢ ʩʦʣʦʤʠ ʫ ʩʫʤʽʰʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤ ʟʥʠʞʝʥʥʷʤ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ï ʟ 120 596 ʜʦ 117 905 ɼʞ/ʤʦʣʴ, 

ʪʦʜʽ ʷʢ ʜʣʷ ʣʫʟʛʠ ʩʦʥʷʰʥʠʢʫ ʟʘʬʽʢʩʦʚʘʥʦ ʚʠʨʘʞʝʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ ð 

ʟʥʠʞʝʥʥʷ ʟ 139 256 ʜʦ 105 567 ɼʞ/ʤʦʣʴ. ʈʽʟʥʠʮʷ ʤʽʞ ʜʚʦʤʘ ʩʠʩʪʝʤʘʤʠ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ 

ʟ ʚʠʱʠʤ ʚʤʽʩʪʦʤ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʟʦʣʽ ʣʫʟʛʠ ʩʦʥʷʰʥʠʢʫ, ʷʢʽ ʢʘʪʘʣʽʟʫʶʪʴ 

ʦʢʠʩʥʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʚʫʛʣʝʮʶ. 

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʤʽʞʢʦʤʧʦʥʝʥʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʩʫʤʽʰʘʭ ʙʽʦʤʘʩʠ 

ʟ ʚʫʛʽʣʣʷʤ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʩʪʘʜʽʾ ʪʝʨʤʽʯʥʦʾ ʢʦʥʚʝʨʩʽʾ, ʪʘʢ ʽ ʚʽʜ ʚʠʜʫ ʙʽʦʤʘʩʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ɿʘʬʽʢʩʦʚʘʥʦ ʧʦʟʠʪʠʚʥʠʡ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ ʥʘ ʩʪʘʜʽʷʭ ʚʠʭʦʜʫ ʣʝʪʢʠʭ ʪʘ ʚʠʛʦʨʘʥʥʷ 

ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʧʘʣʠʚʥʠʭ ʩʫʤʽʰʝʡ. ʆʪʨʠʤʘʥʽ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ CFD-ʤʦʜʝʣʝʡ ʬʘʢʝʣʴʥʠʭ ʢʦʪʣʽʚ ʪʘ ʩʣʫʛʫʚʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʽʥʰʽ ʚʠʜʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʙʽʦʤʘʩʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʈʆɿʈɸʍʋʅʆʂ ɻʈɸʅʀʏʅʀʍ ʋʄʆɺ ʊɽʇʃʆʆɹʄɯʅʋ ʇʈʆʊʆʏʅʆɰ ʏɸʉʊʀʅʀ 

ʎʀʃɯʅɼʈɸ ʉɽʈɽɼʅʔʆɻʆ ʊʀʉʂʋ ʊʋʈɹɯʅʀ ʂ-200-130 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʘʨʦʚʘ ʪʫʨʙʽʥʘ ʪʠʧʫ ʂ-200-130 ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʋʢʨʘʾʥʠ ʪʘ ʥʠʥʽ ʧʨʘʮʶʻ ʧʝʨʝʚʘʞʥʦ ʚ 

ʤʘʥʝʚʨʦʚʠʭ ʨʝʞʠʤʘʭ. ʊʘʢʽ ʨʝʞʠʤʠ ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʘʯʥʽ ʪʝʧʣʦʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʝʣʝʤʝʥʪʠ ʪʫʨʙʽʥʠ, ʟʦʢʨʝʤʘ ʥʘ ʨʦʪʦʨ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ, ʷʢʠʡ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ 

ʥʘʚʘʥʪʘʞʝʥʠʭ ʚʫʟʣʽʚ ʽ ʯʘʩʪʦ ʚʠʟʥʘʯʘʻ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʦʮʽʥʢʠ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʪʦʨʘ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʪʝʧʣʦʚʠʡ ʩʪʘʥ, ʱʦ ʧʦʪʨʝʙʫʻ ʜʦʩʪʦʚʽʨʥʦʛʦ 

ʟʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʧʘʨʦʚʠʤ ʧʦʪʦʢʦʤ ʫ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʪʘ ʤʝʪʘʣʦʤ 

ʨʦʪʦʨʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʙʣʝʤʘʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʪʫʨʙʽʥ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʾʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʤʦʥʦʛʨʘʬʽʾ 

ʆ. ʋʩʘʪʦʛʦ [1] ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʚʩʝʨʝʞʠʤʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʪʫʨʙʽʥ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʨʦʟʧʦʜʽʣ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʦʮʽʥʢʠ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʝʣʝʤʝʥʪʽʚ ʪʫʨʙʽʥʠ. 

ʋ ʨʦʙʦʪʽ ʆ. ɸʚʜʻʻʚʦʾ ʪʘ ʽʥ. [2] ʜʦʩʣʽʜʞʝʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʫʧʝʥʽʚ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʪʦʯʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ ʧʘʨʠ 

ʪʘ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʫʨʙʽʥ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʢʨʦʤʦʜʝʣʝʡ 

ʝʣʝʤʝʥʪʽʚ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʙʦʪʽ ʆ. ʋʩʘʪʦʛʦ ʪʘ ʽʥ. [3]. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʫ ʧʘʨʠ. 

ʋ ʨʦʙʦʪʘʭ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʫʨʙʽʥ, ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ 

ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ ʤʘʪʝʨʽʘʣʽʚ ʨʦʪʦʨʽʚ [4ï5]. ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʜʦʩʪʦʚʽʨʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʫ ʧʘʨʠ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʪʫʨʙʽʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʪʦʨʘ 

ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʻ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʦʮʽʥʢʠ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ 

ʪʫʨʙʽʥ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ 

ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130 ʪʘ ʦʮʽʥʢʘ 

ʡʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʨʠ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʮʠʣʽʥʜʨʘ ʩʝʨʝʜʥʴʦʛʦ 

ʪʠʩʢʫ; ʧʨʦʚʝʩʪʠ ʟʦʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʨʦʪʦʨʘ ʟʘ ʫʤʦʚʘʤʠ ʪʝʧʣʦʦʙʤʽʥʫ; ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʣʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ ʨʦʪʦʨʘ; ʩʬʦʨʤʫʚʘʪʠ ʩʠʩʪʝʤʫ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʪʦʨ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130 ʷʚʣʷʻ ʩʦʙʦʶ 

ʩʫʮʽʣʴʥʦʢʦʚʘʥʠʡ ʚʘʣ ʽʟ ʜʠʩʢʘʤʠ ʩʪʫʧʝʥʽʚ, ʥʘ ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ ʨʦʙʦʯʽ ʣʦʧʘʪʢʠ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʪʦʯʥʘ ʯʘʩʪʠʥʘ ʮʠʣʽʥʜʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ       

ʂ-200-130, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʠʥʘʜʮʷʪʠ ʩʪʫʧʝʥʽʚ ʪʠʩʢʫ (ʟ 13 ʧʦ 23), ʤʽʞ ʷʢʠʤʠ ʨʦʟʪʘʰʦʚʘʥʽ 

ʜʽʘʬʨʘʛʤʠ ʟ ʩʦʧʣʦʚʠʤʠ ʘʧʘʨʘʪʘʤʠ ʪʘ ʩʠʩʪʝʤʠ ʫʱʽʣʴʥʝʥʴ. ɻʝʦʤʝʪʨʽʷ ʨʦʪʦʨʘ ʬʦʨʤʫʻ ʜʝʢʽʣʴʢʘ 

ʭʘʨʘʢʪʝʨʥʠʭ ʟʦʥ ʪʝʧʣʦʦʙʤʽʥʫ, ʟʦʢʨʝʤʘ ʤʽʞʣʦʧʘʪʢʦʚʽ ʧʦʚʝʨʭʥʽ ʜʠʩʢʽʚ, ʪʦʨʮʝʚʽ ʧʦʚʝʨʭʥʽ 
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ʩʪʫʧʝʥʽʚ, ʛʘʣʪʝʣʽ ʧʝʨʝʭʦʜʫ ʤʽʞ ʚʘʣʦʤ ʽ ʜʠʩʢʘʤʠ ʪʘ ʜʽʣʷʥʢʠ ʜʽʘʬʨʘʛʤʦʚʠʭ ʫʱʽʣʴʥʝʥʴ. ʋ ʮʠʭ 

ʦʙʣʘʩʪʷʭ ʫʤʦʚʠ ʦʙʪʽʢʘʥʥʷ ʧʘʨʦʚʠʤ ʧʦʪʦʢʦʤ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʱʦ ʟʫʤʦʚʣʶʻ ʨʽʟʥʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʧʘʨʦʶ ʪʘ ʤʝʪʘʣʦʤ ʨʦʪʦʨʘ.  

ʋ ʤʝʞʘʭ ʮʽʻʾ ʯʘʩʪʠʥʠ ʪʫʨʙʽʥʠ ʨʦʟʪʘʰʦʚʘʥʦ ʯʦʪʠʨʠ ʥʝʨʝʛʫʣʴʦʚʘʥʽ ʚʽʜʙʦʨʠ ʧʘʨʠ, ʪʨʠ 

ʟ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ, ʘ ʦʜʠʥ ï ʫ ʚʠʭʣʦʧʥʦʤʫ ʧʘʪʨʫʙʢʫ. 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʮʠʣʽʥʜʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ  

ʪʫʨʙʽʥʠ ʂ-200-130 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʫʤʦʚ ʪʝʧʣʦʦʙʤʽʥʫ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʨʦʪʦʨʘ ʙʫʣʦ 

ʧʦʜʽʣʝʥʦ ʥʘ 65 ʭʘʨʘʢʪʝʨʥʠʭ ʦʙʣʘʩʪʝʡ. 

 
ʈʠʩʫʥʦʢ 2 ï ʍʘʨʘʢʪʝʨʥʽ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʝʧʣʦʦʙʤʽʥʫ  

ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130 

ʊʘʢʝ ʟʦʥʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʪʽʢʘʥʥʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʨʦʪʦʨʘ 

ʧʘʨʦʚʠʤ ʧʦʪʦʢʦʤ. ɺʠʜʽʣʝʥʽ ʦʙʣʘʩʪʽ ʙʫʣʠ ʦʙôʻʜʥʘʥʽ ʫ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ ʛʨʫʧ: 

¶ ʤʽʞʣʦʧʘʪʢʦʚʽ ʧʦʚʝʨʭʥʽ ʜʠʩʢʽʚ ʨʦʪʦʨʘ (ʦʙʣʘʩʪʽ 3, 9, 15, 21, 27, 33, 39, 45, 51, 57, 63 ʨʠʩ. 2); 

¶ ʪʦʨʮʝʚʽ ʧʦʚʝʨʭʥʽ ʜʠʩʢʽʚ ʩʪʫʧʝʥʽʚ (2, 4, 8, 10, 14, 16, 20, 22, 26, 28, 32, 34, 38, 40, 44, 46, 50, 

52, 56, 58, 62, 64); 

¶ ʜʽʣʷʥʢʠ ʜʽʘʬʨʘʛʤʦʚʠʭ ʫʱʽʣʴʥʝʥʴ (6, 12, 18, 24, 30, 36, 42, 48, 54, 60); 

¶ ʣʽʚʽ ʛʘʣʪʝʣʽ ʜʠʩʢʽʚ (1, 7, 13, 19, 25, 31, 37, 43, 49, 55, 61); 

¶ ʧʨʘʚʽ ʛʘʣʪʝʣʽ ʜʠʩʢʽʚ (5, 11, 17, 23, 29, 35, 41, 47, 53, 59, 65). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ ʧʦʜʽʙʥʦʩʪʽ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʝʟʨʦʟʤʽʨʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʪʝʧʣʦʧʝʨʝʥʦʩʫ ï ʯʠʩʝʣ ʅʫʩʩʝʣʴʪʘ, ʈʝʡʥʦʣʴʜʩʘ ʪʘ ʇʨʘʥʜʪʣʷ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʫʚʘʣʠʩʷ 

ʰʚʠʜʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʫ ʧʘʨʠ, ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʫʧʝʥʽʚ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ.  

ɿʦʢʨʝʤʘ, ʜʣʷ ʤʽʞʣʦʧʘʪʢʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʜʠʩʢʽʚ ʨʦʪʦʨʘ (ʦʙʣʘʩʪʽ 3, 9, 15, 21, 27, 33, 39, 

45, 51, 57, 63 ʥʘ ʨʠʩ. 1) ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ ʧʦʜʽʙʥʦʩʪʽ: 

ὔό πȟπρτυὙὩȟ ὖὶȟ Ͻ‍ȟ Ͻὑ Ͻὑ̏ Ͻ̂
Ὤ

ὦ

ȟ

Ͻ
ὸ

ὦ

ȟ

 (1) 

ʜʝ Nu, Re, Pr ï ʯʠʩʣʘ ʧʦʜʽʙʥʦʩʪʽ ʅʫʩʩʝʣʴʪʘ, ʈʝʡʥʦʣʴʜʩʘ ʪʘ ʇʨʘʥʜʪʣʷ 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʨʦʪʦʨʘ 

ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3. 
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ʈʠʩʫʥʦʢ 3 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʨʦʪʦʨʘ 

ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130 
ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟʤʽʥʶʶʪʴʩʷ 

ʚʟʜʦʚʞ ʦʩʽ ʨʦʪʦʨʘ ʽ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʥʠʞʝʥʥʷ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʣʦʧʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 
ʟʤʝʥʰʝʥʥʷʤ ʪʠʩʢʫ ʽ ʛʫʩʪʠʥʠ ʧʘʨʠ ʫ ʧʨʦʮʝʩʽ ʾʾ ʨʦʟʰʠʨʝʥʥʷ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʪʫʨʙʽʥʠ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʫ ʟʦʥʽ ʦʩʪʘʥʥʽʭ ʩʪʫʧʝʥʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʦʢʘʣʴʥʝ ʟʨʦʩʪʘʥʥʷ 
ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ. ʊʘʢʠʡ ʝʬʝʢʪ ʧʦʚôʷʟʘʥʠʡ ʟʽ ʟʤʽʥʦʶ ʛʝʦʤʝʪʨʽʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 
ʪʘ ʧʽʜʚʠʱʝʥʦʶ ʪʫʨʙʫʣʝʥʪʥʽʩʪʶ ʧʦʪʦʢʫ. 

ʆʪʨʠʤʘʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ 
ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʨʦʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ 
ʨʦʟʨʘʭʫʥʢʫ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʝʨʤʦʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʨʦʪʦʨʘ ʪʘ ʦʮʽʥʢʠ 
ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ 
ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130. 

ʇʦʚʝʨʭʥʶ ʨʦʪʦʨʘ ʧʦʜʽʣʝʥʦ ʥʘ 65 ʭʘʨʘʢʪʝʨʥʠʭ ʦʙʣʘʩʪʝʡ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʨʘʭʫʚʘʪʠ 
ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʨʽʟʥʠʭ ʟʦʥʘʭ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. ɼʣʷ ʢʦʞʥʦʾ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʦ 
ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʧʦʜʽʙʥʦʩʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟʤʝʥʰʫʶʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ ʨʦʪʦʨʘ ʚʽʜ ʚʭʦʜʫ 
ʜʦ ʚʠʭʣʦʧʫ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʪʘ ʛʫʩʪʠʥʠ ʧʘʨʠ, ʦʜʥʘʢ ʫ ʟʦʥʽ ʦʩʪʘʥʥʽʭ ʩʪʫʧʝʥʽʚ 
ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʦʢʘʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 
ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʝʨʤʦʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ 
ʨʦʪʦʨʘ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ ʽ ʧʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ ʪʫʨʙʽʥʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʈʆɿʈʆɹʂɸ ʃɸɹʆʈɸʊʆʈʅʆɰ ʋʉʊɸʅʆɺʂʀ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊɽʇʃʆɺʀʍ ʅɸʉʆʉɯɺ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʫʤʦʚʘʭ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʝʢʪʦʨʫ ʋʢʨʘʾʥʠ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ. ɿʥʘʯʥʘ ʯʘʩʪʢʘ ʧʘʣʠʚʥʠʭ ʨʝʩʫʨʩʽʚ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʢʦʤʫʥʘʣʴʥʠʡ ʩʝʢʪʦʨ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʟʥʦʰʝʥʽʩʪʶ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʥʠʟʴʢʦʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʘʣʝʥʥʷ ʡ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʪʘ ʤʘʶʪʴ ʚʠʩʦʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ. ɺ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʦʩʦʙʣʠʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʥʝʦʙʭʽʜʥʦ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʾʭʥʽ ʧʦʢʘʟʥʠʢʠ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ï ʟʘ ʟʤʽʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ, 

ʯʘʩʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚ ʨʝʚʝʨʩʠʚʥʦʤʫ ʨʝʞʠʤʽ. ɸʥʘʣʽʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ 

(COP, EER, SPF) ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʝʞʠʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʘ ʟʤʝʥʰʠʪʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʝʧʣʦʚʠʡ ʥʘʩʦʩ ʻ ʩʫʯʘʩʥʠʤ ʪʝʧʣʦʛʝʥʝʨʫʶʯʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ, ʷʢʝ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚʠʩʦʢʦʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ, ʝʢʦʣʦʛʽʯʥʽʩʪʶ, ʧʨʦʩʪʦʪʦʶ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʟʨʫʯʥʽʩʪʶ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʜʞʝʨʝʣ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʚʽʥ ʻ ʛʥʫʯʢʠʤ ʪʝʭʥʽʯʥʠʤ ʨʽʰʝʥʥʷʤ ʽʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ [1]. 

ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʧʝʨʝʚʘʛ ʟʫʤʦʚʠʣʘ ʘʢʪʠʚʥʝ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ ʚʩʪʘʥʦʚʣʝʥʦ ʡ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʩʦʪʥʽ 

ʤʽʣʴʡʦʥʽʚ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʾʭʥʶ ʧʦʧʫʣʷʨʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʘ ʪʘʢʦʞ 

ʝʥʝʨʛʝʪʠʯʥʫ ʡ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ [2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʪʘ ʩʧʨʠʯʠʥʝʥʦʛʦ ʥʝʶ ʜʝʬʽʮʠʪʫ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʚʠʙʽʨ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ 

ʜʣʷ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʡ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʪʠʧʫ 

çʧʦʚʽʪʨʷ-ʚʦʜʘè ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʠʥʮʠʧ ʜʽʾ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʝʨʝʥʝʩʝʥʥʽ 

ʪʝʧʣʦʪʠ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ ʟ ʥʠʞʯʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʚʠʱʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘ 

ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʮʠʢʣʫ [3]. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ, ʷʢʘ ʧʨʠʚʦʜʠʪʴ ʫ ʜʽʶ ʢʦʤʧʨʝʩʦʨ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʮʠʨʢʫʣʷʮʽʶ ʭʦʣʦʜʦʘʛʝʥʪʫ ʚ ʢʦʥʪʫʨʽ ʩʠʩʪʝʤʠ. ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ 

ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʶ 

ʧʨʠʤʽʱʝʥʴ, ʘ ʪʘʢʦʞ ʧʨʠʛʦʪʫʚʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ, ʧʦʻʜʥʫʶʯʠ ʢʽʣʴʢʘ ʬʫʥʢʮʽʡ ʚ ʦʜʥʦʤʫ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʤʫ ʨʽʰʝʥʥʽ. 

ʇʦʚʽʪʨʷʥʽ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ (ASHP) ʻ ʦʩʦʙʣʠʚʦ ʜʦʮʽʣʴʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʽʩʴʢʠʭ 

ʫʤʦʚʘʭ ʽ ʱʽʣʴʥʽʡ ʟʘʙʫʜʦʚʽ, ʜʝ ʤʦʥʪʘʞ ˇʨʫʥʪʦʚʠʭ ʘʙʦ ʚʦʜʷʥʠʭ ʢʦʥʪʫʨʽʚ ʻ ʪʝʭʥʽʯʥʦ ʩʢʣʘʜʥʠʤ 

ʘʙʦ ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʠʤ [4]. ɺʦʜʥʦʯʘʩ ʾʭʥʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ɿʘ ʫʤʦʚ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʥʠʞʫʻʪʴʩʷ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʜʞʝʨʝʣʦʤ ʽ ʩʧʦʞʠʚʘʯʝʤ ʪʝʧʣʦʪʠ, ʘ 
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ʧʽʜʚʠʱʝʥʘ ʚʦʣʦʛʽʩʪʴ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʦʙʤʝʨʟʘʥʥʷ ʚʠʧʘʨʥʠʢʘ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʦʟʤʦʨʦʞʫʚʘʥʥʷ, ʱʦ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ [5]. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ 

ʩʪʚʦʨʝʥʦ ʣʘʙʦʨʘʪʦʨʥʫ ʫʩʪʘʥʦʚʢʫ. ɰʾ ʢʦʥʩʪʨʫʢʮʽʶ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʧʦʚʽʪʨʷ-ʚʦʜʘ:  

1 ï ʟʦʚʥʽʰʥʽʡ ʙʣʦʢ ʟ ʢʦʤʧʨʝʩʦʨʦʤ ʽʥʚʝʨʪʦʨʥʦʨʛʦ ʪʠʧʫ; 2 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʧʣʘʩʪʠʥʯʘʪʠʡ 

ʬʨʝʦʥ-ʚʦʜʘ; 3 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ; 4 ï ʙʫʬʝʨʥʘ ʻʤʥʽʩʪʴ;5 ï ʟʤʽʰʫʶʯʠʡ ʚʫʟʦʣ; 6 ï 

ʩʧʦʞʠʚʘʯ 

 

ɼʘʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʽ ʟʦʚʥʽʰʥʴʦʛʦ ʙʣʦʢʫ ʩʫʯʘʩʥʦʛʦ 

ʽʥʚʝʨʪʦʨʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʻ ʤʦʜʫʣʴʥʽʩʪʴ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʥʠ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ 

ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʟʤʽʥʶʚʘʪʠ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʤʦʜʝʣʶʚʘʪʠ ʨʽʟʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ 

ʢʦʥʢʨʝʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ.  

ɼʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜ ʽʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

- ʩʧʦʞʠʚʯʘ ʧʦʪʫʞʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ (ʢɺʪ); 

- ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ (ʢɺʪ); 

- ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʷʤʦʛʦ/ʟʚʦʨʦʪʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ (ÁC); 

- ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʤʽʱʝʥʥʽ (ÁC); 

- ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ÁC). 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʪʝʨʤʦʤʝʪʨʽʚ ʽʟ 

ʚʠʥʦʩʥʠʤ ʜʘʪʯʠʢʦʤ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʧʘʨʠ, ʟ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ 0,1 ÁC. ʊʝʨʤʦʤʝʪʨʠ 

ʦʙʨʘʥʦ ʦʜʥʦʛʦ ʪʠʧʫ ʪʘ ʚʠʨʦʙʥʠʢʘ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʦʢʘʟʥʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʠʩʪʝʤʽ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ. ɿʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜʘʯʽ 

ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʩʧʦʞʠʚʘʯʘ ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʰʫʶʯʠʡ ʚʫʟʦʣ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʪʨʴʦʭʭʦʜʦʚʦʛʦ ʢʣʘʧʘʥʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʽʜʤʽʰʫʚʘʪʠ 

ʟʚʦʨʦʪʥʽʡ ʪʝʧʣʦʥʦʩʽʡ ʚ ʩʠʩʪʝʤʫ. ʈʝʛʫʣʶʚʘʥʥʷ ʩʧʦʞʠʚʘʯʘ (ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʩʪʘʪʫ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʦʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʨʠʤʽʱʝʥʥʽ 

ʟ ʪʦʯʥʽʩʪʶ 1,0 ÁC. ʋʩʪʘʥʦʚʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʠʡ ʜʦʩʪʫʧ ʜʦ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʱʦ 

ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʚʠʢʦʥʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʥʘʦʯʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʮʠʨʢʫʣʷʮʽʾ 

ʪʝʧʣʦʥʦʩʽʷ, ʚʟʘʻʤʦʜʽʶ ʬʨʝʦʥʫ ʪʘ ʚʦʜʠ ʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ, ʨʦʙʦʪʫ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʘ, 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʘ ʫ ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ ʪʝʧʣʘ ʯʝʨʝʟ ʟʤʽʰʫʶʯʠʡ ʚʫʟʦʣ 

ʜʦ ʩʧʦʞʠʚʘʯʘ.  
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ʆʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʚ ʨʝʞʠʤʽ ʦʧʘʣʝʥʥʷ ʻ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ (COP) (1): 

#/0  1 Ⱦ 7 

 
(1) 

ʜʝ Qh ï ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ, ʧʝʨʝʜʘʥʘ ʚʦʜʽ (ʢɺʪ); 

     W ï ʩʧʦʞʠʚʘʥʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʘ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʢɺʪ). 

˟̆̐̌̏̃́ ̨̝̐̏̓̔̇̎̒̓ ̘̤̝̠̃̉̈̎́́̓̒ ̘̆̑̆̈ ̐́̑́̍̆̓̑̉ ̃̏̅̉ (2): 

 

1 Ὃ ὅ ὸ̖̃̉ ὸ̃  ̖. (2) 

 

ʜʝ Ὃ ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ (ʢʛ/ʩ); 

ὅ  ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʠ (å 4,19 ʢɼʞ/ʢʛĿʂ); 

   ὸ̖̃̉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ (ÁC); 

ὸ̃  ̖ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʥʘ ʚʭʦʜʽ (ÁC). 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ, ʱʦ ʟʘʢʣʶʯʘʻʪʴʩʷ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 1  ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʧʦʚʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʦʚʽʪʨʷ-ʚʦʜʘ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʪʚʦʨʝʥʥʷ (COP) ʧʨʠ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. ɼʣʷ ʚʠʟʥʘʯʠʝʥʥʷ COP ʧʘʨʘʣʝʣʴʥʦ ʧʨʦʭʦʜʠʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʧʦʞʠʚʯʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘ ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʧʘʨʘʤʝʪʨʠ 

ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ. ɿʘ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜʧʦʚʽʜʘʻ 

ʟʤʽʰʫʶʯʠʡ ʚʫʟʦʣ. ʊʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʫ ʙʫʜʫʪʴ 

ʧʨʦʚʝʜʝʥʽ ʟʘʤʽʨʠ ʧʨʠ ʨʽʟʥʠʭ ʤʘʩʦʚʠʭ ʚʠʪʨʘʪʘʭ ʪʝʧʣʦʥʦʩʽʷ. ʆʩʢʽʣʴʢʠ, ʟʘʚʦʜʩʴʢʝ ʚʠʢʦʥʘʥʥʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʙʣʦʢʫ ʧʝʨʝʜʙʘʯʘʻ ʟʘʧʨʘʚʢʫ ʬʨʝʦʥʦʤ R410A, ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʟʘʧʨʘʚʣʝʥʘ ʙʽʣʴʰ ʩʫʯʘʩʥʠʤ ʪʠʧʦʤ ʬʨʝʦʥʫ R32 ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʽʚ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʄʦʜʫʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʫʩʪʘʥʦʚʢʠ ʪʘʢʦʞ ʨʦʙʠʪʴ ʾʾ ʢʦʨʠʩʥʠʤ ʥʘʚʯʘʣʴʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʪʘ ʬʘʭʽʚʮʽʚ, ʷʢʽ ʚʠʚʯʘʶʪʴ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʪʘ 

ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʪʠʧʫ 

ʧʦʚʽʪʨʷ-ʚʦʜʘ ʚ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ, ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʟʥʠʞʝʥʥʷ ʾʭ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ (ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ COP) ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʠ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.   
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʉʂʃɸɼʋ ʇʈʆɼʋʂʊɯɺ ʇɯʈʆʃɯɿʋ ʋ ɺʅʋʊʈɯʐʅɯʁ ʂɸʄɽʈɯ 

ʄʆɼʀʌɯʂʆɺɸʅʆɻʆ ɻɸɿʀʌɯʂɸʊʆʈɸ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʨʽʩ ʽʥʪʝʨʝʩ ʜʦ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʪʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʩʚʽʪʦʚʦʛʦ ʧʦʧʠʪʫ ʥʘ 

ʝʥʝʨʛʽʶ. ʉʝʨʝʜ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʙʽʦʤʘʩʘ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʘ 

ʜʦʙʨʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ [1]. ʈʦʩʣʠʥʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʤʽʞ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʽ ʚʦʜʦʶ ʧʽʜ ʜʽʻʶ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʰʣʷʭʦʤ 

ʬʦʪʦʩʠʥʪʝʟʫ, ʚʠʨʦʙʣʷʻ ʚʫʛʣʝʚʦʜʠ ï çʙʫʜʽʚʝʣʴʥʽ ʙʣʦʢʠè ʙʽʦʤʘʩʠ [2]. 

ʆʜʝʨʞʘʥʥʷ ʝʥʝʨʛʽʾ ʟ ʙʽʦʤʘʩʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʚʢʣʶʯʘʶʯʠ 

ʚʠʨʦʱʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʩʧʘʣʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʽ ʟʚʘʣʠʱʥʦʛʦ 

ʛʘʟʫ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦ-ʦʣʽʡ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʙʽʦʤʘʩʠ ʚ ʝʥʝʨʛʽʶ ʙʫʣʦ ʟʦʩʝʨʝʜʞʝʥʦ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʥʘ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʷʢʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʢʘʨʙʦʥʽʟʘʮʽʶ, ʟʨʽʜʞʝʥʥʷ, ʧʽʨʦʣʽʟ 

ʪʘ ʛʘʟʠʬʽʢʘʮʽʶ. ʉʝʨʝʜ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʽʨʦʣʽʟʫ ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ 

ʫʚʘʛʠ, ʥʽʞ ʽʥʰʠʤ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʫʤʦʚʠ ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʨʦʣʽʟʥʠʭ 

ʤʘʩʝʣ ʟ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʦʚʫʛʽʣʣʷ ʪʘ ʛʘʟʫ [3]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʽʦʤʘʩʠ ʥʘ 

ʧʘʣʠʚʦ ʥʘʙʫʚʘʶʪʴ ʩʴʦʛʦʜʥʽ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʚʦʥʠ ʚʩʪʘʥʦʚʣʝʥʽ ʧʦʙʣʠʟʫ 

ʤʽʩʮʴ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʽ ʚ ʨʘʡʦʥʘʭ ʙʝʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʋʩʫʚʘʻʪʴʩʷ 

ʧʨʦʙʣʝʤʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʧʦʚôʷʟʘʥʝ ʟ ʮʠʤ ʜʦʜʘʪʢʦʚʝ ʩʧʦʞʠʚʘʥʥʷ 

ʧʘʣʠʚʘ ʪʘ ʚʠʢʠʜʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ [4].  

ʇʝʨʝʪʚʦʨʝʥʥʷ ʩʠʨʦʚʠʥʠ ʟ ʚʽʜʭʦʜʽʚ ʥʘ ʝʥʝʨʛʽʶ ʪʝʨʤʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʥʘʥʦ ʧʦʚʽʣʴʥʠʤ, ʰʚʠʜʢʠʤ, ʘʙʦ ʧʨʦʤʽʞʥʠʤ ʧʽʨʦʣʽʟʦʤ [5, 6, 7]. ʅʘʧʨʠʢʣʘʜ, Yang et al. [8] 

ʧʦʚʽʜʦʤʣʷʣʠ, ʱʦ ʧʨʦʤʽʞʥʠʡ ʧʽʨʦʣʽʟ ʤʦʞʝ ʙʫʪʠ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʰʚʠʜʢʦʤʫ ʪʘ ʧʦʚʽʣʴʥʦʤʫ 

ʧʽʨʦʣʽʟʫ. ʋ ʥʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʩʝʨʝʜʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʦʛʦ ʚʫʛʣʝʮʶ ʽ ʙʽʦ-ʦʣʽʾ. 

ʇʨʦʜʫʢʪ ʧʽʨʦʣʽʟʫ ʙʽʦʤʘʩʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʢʦʥʜʝʥʩʦʚʘʥʠʡ ʦʨʛʘʥʽʯʥʠʡ 

ʧʨʦʜʫʢʪ (ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ), ʚʫʛʽʣʣʷ (ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ) ʪʘ ʥʝʢʦʥʜʝʥʩʦʚʘʥʽ ʛʘʟʠ (CO, CO2, H2, 

CH4) [9]. ɿʘʛʘʣʦʤ, ʩʢʣʘʜ ʩʠʥʪʝʟ-ʛʘʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʨʦʚʠʥʠ, ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʠʬʽʢʘʪʦʨʘ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ, ʷʢ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘʢ ʽ ʯʠʩʣʦʚʠʭ [10, 11], ʘʩʧʝʢʪʽʚ ʧʽʨʦʣʽʟʫ ʙʽʦʤʘʩʠ, ʘʣʝ ʪʦʯʥʠʡ ʤʝʭʘʥʽʟʤ 

ʨʝʘʢʮʽʾ ʪʘ ʢʽʥʝʪʠʢʘ ʨʝʘʢʮʽʾ ʧʽʨʦʣʽʟʫ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʟʥʘʯʝʥʠʤʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɿʘ ʤʝʪʫ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʩʪʘʚʣʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ 

ʩʢʣʘʜʫ ʧʨʦʜʫʢʪʽʚ ʧʽʨʦʣʽʟʫ ʫ ʚʥʫʪʨʽʰʥʽʡ ʢʘʤʝʨʽ ʛʘʟʠʬʽʢʘʪʦʨʘ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʽʨʦʣʽʟʫ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ʛʘʟʠʬʽʢʘʪʦʨʽ ʟ ʥʠʟʭʽʜʥʠʤ ʧʦʪʦʢʦʤ ʙʽʦʤʘʩʘ ʨʫʭʘʻʪʴʩʷ ʨʘʟʦʤ ʟ 

ʛʘʟʦʤ ʽ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʦʥʠ ʩʫʰʽʥʥʷ, ʧʽʨʦʣʽʟʫ, ʦʢʠʩʣʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ. ʇʽʨʦʣʽʟ ʧʝʨʝʜʫʻ 

ʛʘʟʠʬʽʢʘʮʽʾ ʘʙʦ ʩʧʘʣʶʚʘʥʥʶ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ. ʂʦʣʠ ʣʽʛʥʦʮʝʣʶʣʦʟʥʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜʜʘʻʪʴʩʷ 

ʚʧʣʠʚʫ ʛʘʨʷʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʽʥ ʧʽʜʜʘʻʪʴʩʷ ʪʝʨʤʽʯʥʽʡ ʜʝʩʪʨʫʢʮʽʾ ʪʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʣʝʪʢʽ ʛʘʟʠ, ʚʫʛʽʣʣʷ ʪʘ ʟʦʣʴʥʽ ʟʘʣʠʰʢʠ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʨʦʣʽʟʫ ʪʘ ʛʘʟʠʬʽʢʘʮʽʾ ʜʝʨʝʚʠʥʠ ʟʘʛʘʣʦʤ ʥʝʦʙʭʽʜʥʦ ʚʠʨʘʟʠʪʠ 

ʩʢʣʘʜʥʫ ʩʫʤʽʰ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʽʨʦʣʽʟʫ ʜʝʨʝʚʠʥʠ, ʘ ʟʛʦʜʦʤ ʽ 
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ʨʦʟʱʝʧʣʝʥʥʷ ʮʠʭ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, ʯʝʨʝʟ ʢʽʣʴʢʘ ʧʨʦʩʪʠʭ ʛʘʟʦʧʦʜʽʙʥʠʭ ʩʢʣʘʜʦʚʠʭ. ʎʽ 

ʛʘʟʦʧʦʜʽʙʥʽ ʩʢʣʘʜʦʚʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʘʪʦʤʥʠʡ ʙʘʣʘʥʩ ʨʽʟʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʧʨʠʩʫʪʥʽʭ ʫ ʚʠʭʽʜʥʽʡ ʧʦʨʦʜʽ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʦʥʠ ʪʘʢʦʞ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʙʘʣʘʥʩʫ, ʚʨʘʭʦʚʫʶʯʠ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʨʝʘʢʮʽʡ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʧʽʜʭʽʜ ʽ ʨʦʟʛʣʷʜʘʶʯʠ ʣʝʪʢʽ ʨʝʯʦʚʠʥʠ ʫ ʚʠʛʣʷʜʽ 

CO, CO2, H2, H2ʆ, ʣʝʛʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʽ ʩʤʦʣʠ, ʧʨʦʮʝʩ ʧʽʨʦʣʽʟʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

ὅ Ὄ ὕ ᴼὲ ὅ ὲ ὅὕ ὲ ὅὕ ὲ Ὄ  

ὲ Ὄὕ ὲ ὅὌ ὲ ὅὌȢὕȢȟ 
(1) 

ʜʝ ὅ Ὄ ὕ  ï ʭʽʤʽʯʥʘ ʬʦʨʤʫʣʘ ʙʽʦʤʘʩʠ; 

n ï ʯʠʩʣʦ ʤʦʣʽʚ ʨʝʯʦʚʠʥʠ. 
ɺʠʭʽʜ ʣʝʪʢʠʭ ʽʟ ʙʽʦʤʘʩʠ ï ʮʝ ʢʦʤʧʣʝʢʩʥʝ ʷʚʠʱʝ, ʱʦ ʚʢʣʶʯʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ɸʣʝ ʨʽʚʝʥʴ ʩʢʣʘʜʥʦʩʪʽ ʤʦʜʝʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ. ʋ 
ʨʝʘʢʪʦʨʘʭ ʟ ʥʝʨʫʭʦʤʠʤ ʰʘʨʦʤ ʧʘʣʠʚʘ (ʧʘʣʠʚʦ ʥʝ ʧʽʜʽʡʤʘʻʪʴʩʷ ʽ ʥʝ ʢʦʣʠʚʘʻʪʴʩʷ ʷʢ ʚ 
ʢʠʧʣʷʯʦʤʫ ʰʘʨʽ, ʘ ʧʦʩʪʫʧʦʚʦ ʦʧʫʩʢʘʻʪʴʩʷ ʚ ʤʽʨʫ ʧʽʨʦʣʽʟʫ) ʚʠʭʽʜ ʣʝʪʢʠʭ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ 
ʦʜʥʦʩʪʘʜʽʡʥʫ ʛʣʦʙʘʣʴʥʫ ʨʝʘʢʮʽʶ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʘʛʘʪʦʬʘʟʥʘ CFD-ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʛʝʪʝʨʦʛʝʥʥʦʾ ʤʦʜʝʣʽ ɽʡʣʝʨʘ, 
ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʢʨʝʤʠʭ ɽʡʣʝʨʝʚʠʭ ʩʫʤʽʰʝʡ: ʦʜʥʘ ʚʚʘʞʘʻʪʴʩʷ ʪʚʝʨʜʦʶ ʪʘ 
ʜʠʩʧʝʨʩʥʦʶ ʬʘʟʦʶ, ʽʥʰʘ ï ʛʘʟʦʧʦʜʽʙʥʦʶ. ɹʽʦʤʘʩʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʪʚʝʨʜʘ ʬʘʟʘ, ʱʦ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʬʽʢʩʦʚʘʥʦʛʦ ʚʫʛʣʝʮʶ, ʟʦʣʠ ʪʘ ʚʦʣʦʛʠ. ɼʦ 
ʛʘʟʦʧʦʜʽʙʥʦʾ ʬʘʟʠ ʚʽʜʥʦʩʷʪʴʩʷ ʣʝʪʢʽ ʨʝʯʦʚʠʥʠ ʽ ʧʦʚʽʪʨʷ. 

ʈʝʘʢʮʽʷ ʧʽʨʦʣʽʟʫ ʙʽʦʤʘʩʠ ʻ ʛʝʪʝʨʦʛʝʥʥʦʶ, ʽ ʜʦʜʘʪʢʦʚʦ ʟʘʜʘʻʪʴʩʷ ʨʝʘʢʮʽʷ ʚʠʜʘʣʝʥʥʷ 
ʚʦʣʦʛʠ, ʷʢʘ ʧʝʨʝʜʫʻ ʪʝʨʤʽʯʥʽʡ ʜʝʩʪʨʫʢʮʽʾ. ʃʝʪʢʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ 
ʧʝʨʚʠʥʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʜʝʨʝʚʠʥʠ, ʥʝʩʪʘʙʽʣʴʥʽ ʪʘ ʨʦʟʧʘʜʘʶʪʴʩʷ ʥʘ ʨʷʜ ʛʘʟʦʧʦʜʽʙʥʠʭ ʩʧʦʣʫʢ 
ʽ ʩʤʦʣ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʦʪʨʠʤʘʥʦ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʡ 
ʢʦʤʧʦʥʝʥʪʽʚ ʛʘʟʦʚʦʾ ʬʘʟʠ ʚ ʦʩʴʦʚʦʤʫ ʧʝʨʝʨʽʟʽ ʨʝʘʢʪʦʨʘ (ʈʠʩ. 1) ʫ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʅʘ 
ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʦʩʴʦʚʠʡ ʧʝʨʝʨʽʟ ʢʘʤʝʨʠ ʧʽʨʦʣʽʟʫ ʟʘʜʘʥʠʭ ʨʦʟʤʽʨʽʚ (ʤʤ) ʟ ʪʦʯʢʘʤʠ 
ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʨʦʟʧʦʜʽʣ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʝʢʦʥʜʝʥʩʦʚʘʥʠʭ ʛʘʟʽʚ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʣʷ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʝʢʦʥʜʝʥʩʦʚʘʥʠʭ ʛʘʟʽʚ 

 

ɺ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʦ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʦʜʫʢʪʽʚ ʧʽʨʦʣʽʟʫ ʦʩʝʨʝʜʥʝʥʝ ʧʦ 

ʛʨʘʥʠʮʽ ʚʠʭʦʜʫ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, Tar ï ʩʤʦʣʘ, Char ï ʪʚʝʨʜʠʡ ʚʫʛʣʝʮʴ. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʧʦʚʥʠʡ ʩʢʣʘʜ ʧʝʨʝʨʘʭʦʚʘʥʦ ʥʘ ʩʢʣʘʜ ʥʝʢʦʥʜ. ʛʘʟʽʚ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʽʨʦʣʽʟʫ ʜʝʨʝʚʥʦʾ 

ʙʽʦʤʘʩʠ ʫ ʚʥʫʪʨʽʰʥʽʡ ʢʘʤʝʨʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʛʘʟʠʬʽʢʘʪʦʨʘ ʥʠʞʥʴʦʛʦ ʭʦʜʫ ʦʪʨʠʤʘʥʦ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ ʧʽʨʦʣʽʟʫ ʪʘ ʾʭ ʨʦʟʧʦʜʽʣ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ. 
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ʊʘʙʣʠʮʷ 1 ï ʇʨʦʛʥʦʟʦʚʘʥʠʡ ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ ʧʽʨʦʣʽʟʫ 

ʂʦʤʧʦʥʝʥʪ 

ʄʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

(ʤʦʜʝʣʴ) ɼʘʥʽ ʟ 

ʣʽʪʝʨʘʪʫʨʠ [10] 

ɼʘʥʽ ʟ 

ʣʽʪʝʨʘʪʫʨʠ [11] ɺʩʽʭ 

ʢʦʤʧʦʥʝʥʪ 

ʅʝʢʦʥʜ. 

ʛʘʟʽʚ 

ʉʆ 0,174 0,559 0,183 0,514 

CO2 0,105 0,338 0,115 0,416 

H2 0,006 0,0188 0,005 0,003 

CH4 0,042 0,0798 0,047 0,067 

H2ʆ 0,302 - 0,25 - 

Tar 0,02 - 0,2 - 

Char 0,35 - 0,2 - 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʚʨʘʭʦʚʫʻ ʧʨʦʮʝʩʠ 

ʩʫʰʽʥʥʷ ʙʽʦʤʘʩʠ ʪʘ ʚʠʭʦʜʫ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʦʜʥʽʻʾ ʧʦʨʮʽʾ ʩʠʨʦʚʠʥʠ. ʇʦʨʽʚʥʶʶʯʠ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʽ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʚʽʜʭʠʣʝʥʥʷ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 

0,001 ʜʦ 0,18 ʫ ʚʠʧʘʜʢʫ ʧʦʚʥʦʛʦ ʩʢʣʘʜʫ, ʚʽʜ 0,013 ʜʦ 0,078 ʫ ʚʠʧʘʜʢʫ ʥʝʢʦʥʜʝʥʩʦʚʘʥʠʭ ʛʘʟʽʚ. 

ʈʦʟʙʽʞʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʘʙʦ ʧʦʭʠʙʢʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʘʣʝ ʚ ʩʝʨʝʜʥʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʽ ʟʘʜʦʚʽʣʴʥʦ ʫʟʛʦʜʞʫʶʪʴʩʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺʇʈʆɺɸɼɾɽʅʅʗ ʉʊʈʋʄɽʅɽɺʆ-ʅɯʐɽɺʆɰ 

ʊɽʍʅʆʃʆɻɯɰ ɺ ɽʅɽʈɻɽʊʀʏʅɯ ʂʆʊʃʀ ɻʄ-50 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʚʽʪʯʠʟʥʷʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʟʥʦʩʫ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊɽʉ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʢʦʪʝʣʝʥʴ, ʟʦʢʨʝʤʘ ʧʘʨʦʚʠʭ ʢʦʪʣʽʚ ʪʠʧʫ ɻʄ-50, ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʠʭ ʯʘʩʪʦ ʧʝʨʝʚʠʱʫʻ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ. ʊʨʘʜʠʮʽʡʥʽ ʧʘʣʴʥʠʢʦʚʽ ʧʨʠʩʪʨʦʾ ʮʠʭ ʘʛʨʝʛʘʪʽʚ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʦʾ 

ʛʥʫʯʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ, ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ 

(NOx) ʪʘ ʥʝ ʟʘʚʞʜʠ ʛʘʨʘʥʪʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʦʨʽʥʥʷ ʧʨʠ ʟʤʽʥʽ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ 

ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʧʦʩʠʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤ ʚʠʥʠʢʘʻ ʛʦʩʪʨʘ 

ʧʦʪʨʝʙʘ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʘʣʶʚʘʥʥʷ. ʉʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʘ 

ʪʝʭʥʦʣʦʛʽʷ (ʉʅʊ) ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʝʬʝʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘʢʠʭ ʢʦʪʣʽʚ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʘʢʪʠʚʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʪʘ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʬʘʢʝʣ. 

ʇʨʦʪʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʉʅʊ ʧʦʪʨʝʙʫʻ ʜʝʪʘʣʴʥʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʪʘ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʦʧʦʯʥʽʡ ʢʘʤʝʨʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ (CFD-ʤʦʜʝʣʶʚʘʥʥʷ) ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʦʜʝʨʥʽʟʘʮʽʾ, ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʛʨʽʚʫ ʝʢʨʘʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʽ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʘʣʶʚʘʥʥʷ 

ʧʘʣʠʚʘ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʧʨʦʚʽʜʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʫʩʪʘʥʦʚʘʤʠ. ʋ ʧʨʘʮʽ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʉʅʊ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʝ  ʛʦʨʽʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʟ ʥʠʟʴʢʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʥʘʜʣʠʰʢʫ 

ʧʦʚʽʪʨʷ [1]. ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʢʦʤʙʽʥʘʮʽʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʘʣʴʥʠʢʽʚ ʽʟ 

ʤʝʪʦʜʘʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ NOx ʥʘ 60ï70 %. ʇʨʦʪʝ ʩʧʝʮʠʬʽʢʘ 

ʣʦʢʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʢʦʪʣʘʭ ɻʄ-50 ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʉʅʊ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ 

ʚʠʚʯʝʥʥʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʛʨʽʚʫ ʝʢʨʘʥʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ 

ʘʝʨʦʜʠʥʘʤʽʢʠ ʪʘ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʪʦʧʮʽ ʢʦʪʣʘ ɻʄ-50 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʪʘʪʥʠʭ ʧʘʣʴʥʠʢʽʚ ʪʘ 

ʧʘʣʴʥʠʢʽʚ ʉʅʊ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ 

ʧʦʚʝʨʭʦʥʴ ʥʘʛʨʽʚʫ (ʝʢʨʘʥʥʠʭ ʪʨʫʙ) ʪʘ ʧʽʜʪʚʝʨʜʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ (CFD) ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS Student [1]. 

ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʚʢʣʶʯʘʚ ʧʦʙʫʜʦʚʫ ʜʝʪʘʣʴʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ 

ʧʘʣʠʚʥʽ ʢʦʪʣʘ ɻʄ-50 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʘʣʴʥʠʢʽʚ. ʄʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʚôʷʟʘʥʥʽ ʩʠʩʪʝʤʠ ʩʪʘʮʽʦʥʘʨʥʠʭ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ, ʫʩʝʨʝʜʥʝʥʠʭ 

ʟʘ ʈʝʡʥʦʣʴʜʩʦʤ (RANS). ɼʣʷ ʟʘʤʠʢʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʘʥʦ Realizable k-Ů ʤʦʜʝʣʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧʦʪʦʢʽʚ ʽʟ ʩʠʣʴʥʠʤ 

ʚʠʢʨʠʚʣʝʥʥʷʤ ʣʽʥʽʡ ʪʦʢʫ ʪʘ ʚʽʜʨʠʚʘʤʠ [1]. 
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ʈʠʩʫʥʦʢ 1 ï CFD-ʤʦʜʝʣʴ ʧʘʣʴʥʠʢʘ, ʱʦ ʧʦʙʫʜʦʚʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʨʫʤʝʥʝʚʦ-

ʥʽʰʝʚʦʾ ʪʝʭʥʦʣʦʛʽʾ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʤʝʪʘʥʫ ʨʝʘʣʽʟʦʚʘʥʦ ʯʝʨʝʟ 

ʤʦʜʝʣʴ ʧʝʨʝʥʝʩʝʥʥʷ ʨʝʘʛʝʥʪʽʚ (Species Transport) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʤʦʜʝʣʣʶ ʚʠʭʦʨʦʚʦʾ 

ʜʠʩʠʧʘʮʽʾ (Eddy-Dissipation). ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʟʤʽʰʫʚʘʥʥʷ ʥʘ ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ʈʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ 

ʤʦʜʝʣʣʶ ʜʠʩʢʨʝʪʥʠʭ ʦʨʜʠʥʘʪ (DO). ɺʝʨʠʬʽʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʘ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʽʟ ʨʝʘʣʴʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʇɸʊ 

çʂʠʾʚʝʥʝʨʛʦè, ʜʝ ʧʦʭʠʙʢʘ ʟʘ ʢʣʶʯʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʠʪʨʘʪʘ ʧʘʨʠ) ʥʝ 

ʧʝʨʝʚʠʱʠʣʘ 3ï10%, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʙʨʘʥʦʾ ʤʝʪʦʜʠʢʠ. 

ʆʩʥʦʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʪʘʪʥʠʭ 

ʧʘʣʴʥʠʢʽʚ ʪʘ ʧʘʣʴʥʠʢʽʚ ʉʅʊ. ʉʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʘ ʩʠʩʪʝʤʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʦʾ ʚʠʭʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʻ ʾʾ ʧʦʚʥʘ ʤʫʣʴʪʠʧʘʣʠʚʥʽʩʪʴ: ʧʘʣʴʥʠʢʠ ʟʜʘʪʥʽ ʩʪʘʙʽʣʴʥʦ 

ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ, ʙʽʦʛʘʟʽ, ʰʘʭʪʥʦʤʫ ʤʝʪʘʥʽ, ʢʦʢʩʦʚʦʤʫ ʛʘʟʽ ʘʙʦ ʾʭ ʩʫʤʽʰʘʭ ʫ 

ʙʫʜʴ-ʷʢʠʭ ʧʨʦʧʦʨʮʽʷʭ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʫʥʽʢʘʣʴʥʽʡ ʘʝʨʦʜʠʥʘʤʽʮʽ, ʜʝ ʧʘʣʠʚʦ 

ʧʦʜʘʻʪʴʩʷ ʚ ʟʦʥʠ ʨʦʟʨʽʜʞʝʥʥʷ (ʥʽʰʽ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʠʪʪʻʚʝ ʟʘʧʘʣʶʚʘʥʥʷ ʪʘ ʩʪʽʡʢʝ ʛʦʨʽʥʥʷ 

ʥʘʚʽʪʴ ʥʠʟʴʢʦʢʘʣʦʨʽʡʥʠʭ ʛʘʟʽʚ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʪʘʪʥʠʭ ʧʘʣʴʥʠʢʽʚ 

ɻʄɻ-5 ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʷʜʨʽ ʬʘʢʝʣʘ ʩʷʛʘʻ 1800 ÁC, ʱʦ ʧʨʦʚʦʢʫʻ ʽʥʪʝʥʩʠʚʥʝ ʫʪʚʦʨʝʥʥʷ 

çʪʝʨʤʽʯʥʠʭè ʦʢʩʠʜʽʚ ʘʟʦʪʫ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʘʣʴʥʠʢʽʚ ʉʅʊ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʝ 

ʟʘʧʦʚʥʝʥʥʷ ʧʘʣʠʚʥʽ ʬʘʢʝʣʦʤ ʪʘ ʟʥʠʞʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 1400 ÁC [1]. ʆʢʨʽʤ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʝʬʝʢʪʫ, ʪʝʭʥʦʣʦʛʽʷ ʉʅʊ ʟʘʙʝʟʧʝʯʫʻ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ (ʚʽʜ 10 % ʜʦ 100 %) ʙʝʟ ʨʠʟʠʢʫ ʧʝʨʝʙʽʛʫ ʘʙʦ ʚʽʜʨʠʚʫ ʧʦʣʫʤôʷ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʤʘʥʝʚʨʝʥʽʩʪʴ ʢʦʪʣʘ. 

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʩʥʫʶʯʘ ʩʠʩʪʝʤʘ ʩʧʘʣʶʚʘʥʥʷ ʢʦʪʣʘ ɻʄ-50 ʧʦʪʨʝʙʫʻ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʤʽʩʽʾ NOʭ. ʅʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʝʥʦ, 

ʱʦ ʧʝʨʝʭʽʜ ʥʘ ʩʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʫ ʪʝʭʥʦʣʦʛʽʶ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ 20% [1]. ɸʨʛʫʤʝʥʪʦʚʘʥʦ, ʱʦ ʤʫʣʴʪʠʧʘʣʠʚʥʽʩʪʴ ʉʅʊ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʙʝʟ ʜʦʢʦʨʽʥʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʢʦʪʣʘ. ʆʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʢʦʤʫʥʘʣʴʥʦʾ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɹʘʨʘʥʶʢ ʆ. ɺ., ʏʝʨʥʦʫʩʝʥʢʦ ʆ. ʖ., ʈʘʯʠʥʩʴʢʠʡ ɸ. ʖ. CFD-ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʧʘʣʠʚʥʽ ʢʦʪʣʘ ɻʄ-50. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ: ɽʥʝʨʛʝʪʠʯʥʽ ʪʘ 

ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʧʨʦʮʝʩʠ ʡ ʫʩʪʘʪʢʫʚʘʥʥʷ. 2024. ˉ 2(18). ʉ. 37ï45.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀɹɯʈ ɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɹɯʆɻɸɿʆɺʆɰ ʋʉʊɸʅʆɺʂʀ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʦʧʨʠ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 
ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʯʥʦʾ ʩʠʨʦʚʠʥʠ ʥʝ ʫʪʠʣʽʟʫʻʪʴʩʷ ʥʘʣʝʞʥʠʤ 
ʯʠʥʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ. ʋ ʟʚ'ʷʟʢʫ ʟ 
ʛʝʦʧʦʣʽʪʠʯʥʦʶ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʪʘ ʜʝʬʽʮʠʪʦʤ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʢʦʧʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʦʰʫʢ 
ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʩʪʘʻ ʩʪʨʘʪʝʛʽʯʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʟʦʢʨʝʤʘ ʤʦʣʦʯʥʦʾ ʛʘʣʫʟʽ, ʪʘʢ ʷʢ ʤʦʣʦʯʥʽ ʟʘʚʦʜʠ 
ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʘʣʠʚʘ ʜʣʷ ʧʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʩʪʝʨʠʣʽʟʘʮʽʾ, ʱʦ ʧʽʜʚʠʱʫʻ 
ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ɹɻʋ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʭʦʜʠ ʤʦʣʦʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʦʢʘʟʫʶʪʴ ʚʠʩʦʢʫ 
ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʪʘʢʠʭ ʧʨʦʝʢʪʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 
ʧʘʨʘʤʝʪʨʽʚ ɹɻʋ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ, ʘ ʪʘʢʦʞ 
ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʪʝʭʥʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 
ʙʽʦʤʘʩʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʩʢʽʣʴʢʠ ʩʚʽʪʦʚʠʡ ʧʦʧʠʪ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʫ ʝʥʝʨʛʽʶ ʧʨʦʜʦʚʞʫʻ 
ʟʨʦʩʪʘʪʠ, ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ ʩʪʘʣʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʩʪʘʣʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 
ʝʥʝʨʛʽʾ. ʆʜʥʘʢ,   ʜʦʩʪʫʧʥʽʩʪʴ ʩʠʨʦʚʠʥʠ ʟ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʚʘʨʽʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʛʽʦʥʫ. 
ʊʦʤʫ ʨʘʡʦʥʠ ʟ ʦʙʤʝʞʝʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚʽʜʭʦʜʽʚ ʟʽʪʢʥʫʪʴʩʷ ʟ ʧʨʦʙʣʝʤʘʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 
ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ. ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʚʠʤʘʛʘʻ 
ʟʥʘʯʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ, ʘ ʥʝʜʦʩʪʘʪʥʷ ʧʦʣʽʪʠʯʥʘ ʧʽʜʪʨʠʤʢʘ ʤʦʞʝ ʧʝʨʝʰʢʦʜʞʘʪʠ 
ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ. ʅʦʨʤʘʪʠʚʥʽ ʘʢʪʠ ʱʦʜʦ ʧʦʩʪʘʯʘʥʥʷ ʩʠʨʦʚʠʥʠ, ʧʦʚʦʜʞʝʥʥʷ ʟ 
ʚʽʜʭʦʜʘʤʠ ʪʘ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʤʦʞʫʪʴ ʤʘʪʠ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ 
ʧʨʦʝʢʪʫ [1]. 

ɹʽʦʛʘʟʦʚʽ ʩʠʩʪʝʤʠ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʝʢʦʥʦʤʽʾ ʢʦʰʪʽʚ ʜʣʷ ʬʝʨʤ, ʤʦʣʦʯʥʠʭ ʟʘʚʦʜʽʚ 
ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʚʽʜʭʦʜʠ ʥʘ ʧʨʠʙʫʪʢʦʚʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ. ɺʽʜʭʦʜʠ ʤʦʞʥʘ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʪʠ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʘʙʦ ʧʘʣʠʚʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 
ʟʘʩʦʙʽʚ, ʟʤʝʥʰʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʽʥʦʟʝʤʥʦʾ ʥʘʬʪʠ, ʟʥʠʞʫʶʯʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, 
ʧʦʢʨʘʱʫʶʯʠ ʷʢʽʩʪʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʽʜʪʨʠʤʫʶʯʠ ʤʽʩʮʝʚʫ ʟʘʡʥʷʪʽʩʪʴ. ʂʨʽʤ 
ʪʦʛʦ, ʙʽʦʛʘʟʦʚʽ ʩʠʩʪʝʤʠ ʟʤʝʥʰʫʶʪʴ ʧʦʪʨʝʙʫ ʚ ʥʘʬʪʦʭʽʤʽʯʥʠʭ ʧʨʦʜʫʢʪʘʭ ʪʘ ʜʦʙʨʠʚʘʭ, ʱʦ 
ʚʠʜʦʙʫʚʘʶʪʴʩʷ, ʽ ʧʨʦʧʦʥʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʨʦʙʣʷʪʠ ʮʽʥʥʽ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ ʥʘʟʘʜ ʫ 
ʧʨʦʜʦʚʦʣʴʯʫ ʩʠʩʪʝʤʫ, ʪʠʤ ʩʘʤʠʤ ʧʦʢʨʘʱʫʶʯʠ ʧʝʨʩʧʝʢʪʠʚʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 
ʩʝʢʪʦʨʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʢʨʘʾʥʠ [2]. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ï ʮʝ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʛʦ 
ʚʨʘʭʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ. ɸʥʘʣʽʟ ʩʠʨʦʚʠʥʠ, ʷʢʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 
ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ, ʪʘ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʩʘʤʦʾ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʯʘʩʪʦ ʻ ʯʘʩʪʠʥʦʶ 
ʧʨʦʮʝʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. 
ʆʙʯʠʩʣʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ: ʜʦʙʦʚʦʛʦ Qʩ ʪʘ ʨʽʯʥʦʛʦ ʚʠʭʦʜʽʚ ʩʫʙʩʪʨʘʪʫ 

Qʩ ʨʽʯʥ, ʡʦʛʦ ʚʦʣʦʛʽʩʪʴ Wʛ, ʚʤʽʩʪ ʩʫʭʠʭ ʨʝʯʦʚʠʥ ὖʘ.ʩ.ʨ., ʚʠʭʽʜ ʙʽʦʛʘʟʫ Vʛ ʨʽʯʥ ʪʘ ʽʥʰʠʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1 [3]. 
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ʊʘʙʣʠʮʷ 1 ï ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ 

 ̄ ʇʘʨʘʤʝʪʨ ʈʦʟʤʽʨʥʽʩʪʴ ɿʥʘʯʝʥʥʷ 

1 Qʩ ʪ 31,79 

2 Qʩ ʨʽʯʥ ʪ 11603,35 

3 Wʛ % 96 

4 Wʩ % 91 

5 ʈʘ.ʨ.ʩ. ʪ 1044,3 

6 ʆʨ ʪ 835,44 

7 Gʜʦʙ ʪ 34,6 

8 Qʜʦʙ ʪ 30,3 

9 Vʢ ʤ3 541,1 

10 Vʛ ʤ3 125316 

11 Ůʙʛʫ ʨʽʯʥ ʄɼʞ 1055610,78 

12 Qʙʛ ʤ3 47982,3 

13 ɖʥ  0,38 

14 ʂʙʛ  0,62 

15 Vʙʛ ʤ3 77695,92 

16 Kʝʬ % 79,5 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ ʦʙʨʘʥʦ ʜʚʘ 

ʤʝʪʘʥʪʝʥʢʠ ʪʠʧʫ CSTR HR-500 (ʪʘʙʣ. 2) [4]. 

 

ʊʘʙʣʠʮʷ 2 ï ʈʝʘʢʪʦʨ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ 

ʄʦʜʝʣʴ ʆʙôʻʤ 

(ʣ) 

ʇʦʪʫʞʥʽʩʪʴ 

ʜʚʠʛʫʥʘ (ʢɺʪ) 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 

ʤʽʰʘʣʢʠ (ʦʙ/ʭʚ) 

ʐʚʠʜʢʽʩʪʴ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ (ʦʙ/ʭʚ) 

HR-500 500 37 0-60 0-80 

ʈʝʘʢʪʦʨ CSRT (ʨʠʩ. 1) ʧʨʘʮʶʻ ʙʝʟʧʝʨʝʨʚʥʦ ʟʽ ʩʪʘʙʽʣʴʥʠʤ ʧʦʪʦʢʦʤ ʨʝʘʛʝʥʪʽʚ ʪʘ 

ʧʨʦʜʫʢʪʽʚ. ʈʝʘʛʝʥʪʠ ʙʝʟʧʝʨʝʨʚʥʦ ʧʦʜʘʶʪʴʩʷ ʚ ʟʤʽʰʫʚʘʣʴʥʠʡ ʨʝʟʝʨʚʫʘʨ, ʘ ʧʨʦʜʫʢʪʠ 

ʙʝʟʧʝʨʝʨʚʥʦ ʚʽʜʚʦʜʷʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʨʝʘʢʮʽʾ. 

ɺʠʟʥʘʯʘʣʴʥʦʶ ʨʠʩʦʶ CSTR ʻ ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʝʨʝʤʽʰʫʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʘʙʦ ʨʦʙʦʯʠʭ ʢʦʣʽʩ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʝʪʝʣʴʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʪʘ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʨʝʘʢʪʦʨʽ. 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʘʢʪʦʨ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

CSTR ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʫʤʦʚʠ ʨʝʘʢʮʽʾ, ʪʘʢʽ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʘʛʝʥʪʽʚ, ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʨʝʘʛʝʥʪʽʚ ʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 
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ʜʦ ʨʝʘʢʪʦʨʘ ʘʙʦ ʟ ʥʴʦʛʦ. ʊʘʢʠʡ ʢʦʥʪʨʦʣʴ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʪʘ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʦʶ ʩʭʝʤʦʶ ʻ ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʚʦʜʦʛʨʽʡʥʦʛʦ ʢʦʪʣʘ, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ 

ʪʝʧʣʦʚʽʡ ʝʥʝʨʛʽʾ, ʦʪʨʠʤʘʥʽʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʛʘʟʫ ʥʘ ʂɻʋ. ɺ ʷʢʦʩʪʽ ʥʘʛʨʽʚʘʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʫ ʚʠʛʣʷʜʽ ʟʤʽʡʦʚʠʢʽʚ, ʩʝʢʮʽʡ ʨʘʜʽʘʪʦʨʽʚ ʘʙʦ 

ʧʘʨʘʣʝʣʴʥʦ ʟʚʘʨʝʥʠʭ ʪʨʫʙ, ʜʝ ʪʝʧʣʦʥʦʩʽʻʤ ʻ ʛʘʨʷʯʘ ʚʦʜʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʙʽʣʷ 60 ęʉ. 

ʊʝʧʣʦʦʙʤʽʥʥʠʢʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʚ ʟʦʥʽ ʜʽʾ ʧʝʨʝʤʽʰʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ 

ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʥʫʪʠ ʦʩʘʜʞʝʥʥʶ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʡʦʛʦ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ [5]. 

ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʚ ʨʝʘʢʪʦʨʽ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ɹɻʋ, ʟʘʧʦʙʽʛʘʻ 

ʦʩʘʜʞʝʥʥʶ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʜʥʦ ʨʝʘʢʪʦʨʘ, ʧʝʨʝʰʢʦʜʞʘʻ ʫʪʚʦʨʝʥʥʶ ʢʽʨʢʠ ʥʘ ʧʦʚʝʨʭʥʽ. 

ɺ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʝ ʙʝʟʧʝʨʝʨʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ  

ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʦ ʜʦ ʥʘʩʪʫʧʥʠʭ ʩʧʦʩʦʙʽʚ: ʤʝʭʘʥʽʯʥʠʤʠ ʤʽʰʘʣʢʘʤʠ, ʙʽʦʛʘʟʦʤ, ʷʢʠʡ 

ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʯʝʨʝʟ ʪʦʚʱʠʥʫ ʩʠʨʦʚʠʥʠ, ʽ ʧʝʨʝʢʘʯʫʚʘʥʥʷʤ ʩʠʨʦʚʠʥʠ ʟ ʚʝʨʭʥʴʦʾ ʟʦʥʠ ʚ 

ʥʠʞʥʶ. ʈʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʤʝʭʘʥʽʯʥʠʭ ʤʽʰʘʣʦʢ ʻ ʰʥʝʢʠ, ʣʦʧʘʪʽ ʽ ʧʣʘʥʢʠ. ɺʦʥʠ ʤʦʞʫʪʴ 

ʧʨʠʚʦʜʠʪʠʩʷ ʚ ʜʽʶ ʚʨʫʯʥʫ, ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʘʙʦ ʚʽʜ ʧʦʚʽʪʨʷʥʦʛʦ ʜʚʠʛʫʥʘ [6]. 

ɺʘʞʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ ʙʽʦʛʘʟʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʋʢʨʘʾʥʽ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʜʽʷʣʴʥʽʩʪʶ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʟʦʢʨʝʤʘ ʤʦʣʦʯʥʦʾ ʛʘʣʫʟʽ. ʇʨʦʮʝʩʠ ʧʝʨʝʨʦʙʢʠ ʤʦʣʦʢʘ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʝʥʝʨʛʦʻʤʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʫʶʪʴ ʩʫʚʦʨʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘ 

ʢʦʞʥʦʤʫ ʝʪʘʧʽ ï ʚʽʜ ʧʘʩʪʝʨʠʟʘʮʽʾ ʜʦ ʦʭʦʣʦʜʞʝʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʗʢ ʟʘʟʥʘʯʘʶʪʴ ʚ [7] ʪʝʧʣʦʚʘ ʦʙʨʦʙʢʘ ʤʦʣʦʢʘ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʦʧʝʨʘʮʽʻʶ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʪʘʢʠʭ ʧʨʦʜʫʢʪʘʭ, ʷʢ ʤʦʣʦʢʦ ʪʘ ʤʦʣʦʯʥʘ ʩʠʨʦʚʘʪʢʘ, ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʨʦʙʦʪʫ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ.  

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʣʦʯʥʘ ʩʠʨʦʚʘʪʢʘ ʪʘ ʽʥʰʽ ʚʽʜʭʦʜʠ ʧʝʨʝʨʦʙʢʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ 

ʝʬʝʢʪʠʚʥʠʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʟʙʨʦʜʞʫʚʘʥʥʷ ʚ ʤʝʪʘʥʪʝʥʢʘʭ. ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʪʝʧʣʦʪʘ, ʷʢʫ ʚʠʨʦʙʣʷʻ ɹɻʋ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʱʝʟʛʘʜʘʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʧʽʜʽʛʨʽʚʫ ʩʠʨʦʚʠʥʠ ʥʘ ʟʘʚʦʜʽ. 
ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʚʧʨʦʚʘʜʞʝʥʥʷ ɹɻʋ ʜʦʟʚʦʣʷʻ ʤʦʣʦʯʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʚʽʜʭʦʜʠ ʥʘ ʧʨʠʙʫʪʢʦʚʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ, ʟʥʠʞʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ 
ʝʥʝʨʛʦʥʦʩʽʾʚ. ɯʥʪʝʛʨʘʮʽʷ ɹɻʋ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʮʠʢʣ ʤʦʣʦʯʥʠʭ ʟʘʚʦʜʽʚ ʋʢʨʘʾʥʠ ʻ 
ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʢʨʦʢʦʤ ʜʦ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʚʠʨʦʙʥʠʮʪʚ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʊɽʇʃʆɻɯɼʈɸɺʃɯʏʅʀʁ ɸʅɸʃɯɿ ʊɸ ɽʂʆʃʆɻʆ-ɽʂʆʅʆʄɯʏʅɸ 

ʆʇʊʀʄɯɿɸʎɯʗ ʉʀʉʊɽʄʀ ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ɯʅɼʀɺɯɼʋɸʃʔʅʆɻʆ 

ɾʀʊʃʆɺʆɻʆ ɹʋɼʀʅʂʋ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʉʫʯʘʩʥʘ ʽʥʞʝʥʝʨʥʘ ʧʨʘʢʪʠʢʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʚʦʜʷʥʦʛʦ ʦʧʘʣʝʥʥʷ 

ʧʝʨʝʚʘʞʥʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʠ ʩʪʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʝʧʣʦʚʪʨʘʪ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʟʘʚʠʱʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ ʪʝʧʣʦʪʠ, 

ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʥʘʩʦʩʽʚ ʪʘ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. ɿʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʰʣʷʭʦʤ ʾʭ ʪʦʯʥʦʛʦ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʻ 

ʢʨʠʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʽʥʞʝʥʝʨʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ. 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʦʛʦ ʨʘʥʽʰʝ ʟʘʚʜʘʥʥʷ. ɺ ʘʣʛʦʨʠʪʤʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʨʦʟʨʠʚ ʤʽʞ ʽʟʦʣʴʦʚʘʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʪʝʧʣʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʙʫʜʽʚʣʽ ʪʘ ʜʠʥʘʤʽʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʝʞʠʤʫ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ 

ʢʦʥʪʫʨʫ. ɺʽʜʩʫʪʥʽʩʪʴ ʽʥʪʝʛʨʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʥʝʣʽʥʽʡʥʠʡ 

ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʽʟ ʢʨʠʪʝʨʽʷʤʠ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ (ʤʽʥʽʤʽʟʘʮʽʷ 

ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʽ ʚʠʢʠʜʽʚ ʝʤʽʩʽʡʥʠʭ ʛʘʟʽʚ), ʟʫʤʦʚʣʶʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ 

ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʟʤʽʥʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʽʚʝʣʴ, ʘ ʪʘʢʦʞ ʚʠʙʦʨʫ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʚ ʧʨʘʮʷʭ 

ʄ.ʌ. ɹʦʞʝʥʢʘ [1, 2]. ɻʽʜʨʘʚʣʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʥʪʫʨʽʚ ʚʦʜʷʥʦʛʦ ʦʧʘʣʝʥʥʷ ʪʘ ʧʨʠʥʮʠʧʠ ʾʭ 

ʢʽʣʴʢʽʩʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʽ ʈ. ʗʨʫʰʦʚʝʪʮʦʤ [3]. ʅʦʨʤʘʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʪʘ ʚʠʤʦʛʠ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʞʦʨʩʪʢʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʜʝʨʞʘʚʥʠʤ 

ʩʪʘʥʜʘʨʪʦʤ ɼɹʅ ɺ.2.5-67:2013 [4]. ʇʨʦʪʝ ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʧʣʦʥʦʩʽʷ ʜʣʷ ʫʤʦʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʦʧʨʘʮʴʦʚʘʥʠʤʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʞʠʪʣʦʚʦʛʦ 

ʙʫʜʠʥʢʫ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʩʫʤʘʨʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʪʘ ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʰʣʷʭʦʤ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʢʦʥʪʫʨʽʚ. 

ʂʦʨʦʪʢʠʡ ʦʧʠʩ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʝʪʦʜʽʚ. ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʧʨʠʤʽʱʝʥʴ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʷ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʠʪʨʘʪ ʪʝʧʣʦʪʠ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʉʫʤʘʨʥʽ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʧʨʠʤʽʱʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

ὗ̃ ̓̑ Вὗ̏̂̄ȟ̑ ὗ̨ ̎̕͵ὸὥὫρ. 

ʊʨʘʥʩʤʽʩʽʡʥʽ ʪʝʧʣʦʚʪʨʘʪʠ Ὥ-ʛʦ ʝʣʝʤʝʥʪʘ ʟʦʚʥʽʰʥʴʦʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ 
ʬʫʥʢʮʽʻʶ ʡʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ: 

ὗ̏ ̂̄̑ȟ

ρ

Ὑ
ὃɝὸ ρ ɼ ὲ ὸ͵ὥὫςȟ 

ʜʝ Ὑ ï ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, (ʤĮĿʂ)/ɺʪ; 

ὃ ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʤĮ; 

ɝὸ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ÁC; 
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ɼ ï ʜʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʫ ʯʘʩʪʢʘʭ ʜʦ ʦʩʥʦʚʥʠʭ; 

ὲ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʦʣʦʞʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʱʦʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. 

ɺʠʪʨʘʪʠ ʪʝʧʣʦʪʠ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ: 

ὗ̨ ̎̕ πȟςψὒʍ̐ὧ̐ ὸ̃̎ ὸ̈ ὸ͵ὥὫσ, 

ʜʝ ὒ ï ʚʠʪʨʘʪʘ ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ, ʤį/ʛʦʜ; 

ʍ̐ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʢʛ/ʤį; 

ὧ̐ ï ʧʠʪʦʤʘ ʤʘʩʦʚʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ, ʢɼʞ/(ʢʛĿʂ); 

ὸ̃ ȟ̎ὸ̈ ï ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜʧʦʚʽʜʥʦ, ÁC. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʨʝʞʠʤ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʢʦʥʪʫʨʫ ʩʠʩʪʝʤʠ ʚʦʜʷʥʦʛʦ ʦʧʘʣʝʥʥʷ 

ʦʧʠʩʫʻʪʴʩʷ ʩʫʤʘʨʥʠʤ ʨʽʚʥʷʥʥʷʤ ʚʪʨʘʪ ʪʠʩʢʫ. ɼʣʷ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʨʝʞʽ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʪʝʨʘʮʽʡʥʠʡ ʧʽʜʙʽʨ ʜʽʘʤʝʪʨʽʚ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʥʽʤʽʟʘʮʽʾ ʧʨʠʚʝʜʝʥʠʭ 

ʚʠʪʨʘʪ: 

ɝὖ ВὙẗὰ ὤ ᴼÍÉÎ͵ὸὥὫτ, 
ʜʝ Ὑ ï ʧʠʪʦʤʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʥʘ ʪʝʨʪʷ, ʇʘ/ʤ; 

ὰ ï ʜʦʚʞʠʥʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʜʽʣʷʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʤ; 

ὤ ï ʚʪʨʘʪʠ ʪʠʩʢʫ ʥʘ ʤʽʩʮʝʚʽ ʦʧʦʨʠ, ʇʘ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʢʦʤʬʦʨʪʫ ʟʛʽʜʥʦ ʟ [3, 5] ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʷ 

ʦʙʤʝʞʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ 1,5 ʤ/ʩ. ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʚʨʘʭʦʚʫʻ ʢʘʧʽʪʘʣʴʥʽ ʚʢʣʘʜʝʥʥʷ ʫ ʤʘʪʝʨʽʘʣʠ 

ʪʘ ʜʠʩʢʦʥʪʦʚʘʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʜʣʷ ʧʦʜʦʣʘʥʥʷ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʮʠʨʢʫʣʷʮʽʡʥʠʤ ʥʘʩʦʩʦʤ. ɿʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʮʠʨʢʫʣʷʮʽʾ ʪʝʧʣʦʥʦʩʽʷ 

ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʬʽʢʘ ɝὸ ʟʤʝʥʰʫʻ ʤʘʩʦʚʫ ʚʠʪʨʘʪʫ Ὃ. ɺʨʘʭʦʚʫʶʯʠ, 
ʱʦ ʚʪʨʘʪʠ ʪʠʩʢʫ ʢʚʘʜʨʘʪʠʯʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʪʨʘʪʠ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʩʦʩʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʤʘʪʝʨʽʘʣʦʻʤʥʽʩʪʴ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʩʠʤʫʣʷʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ ʪʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʽʟ 

ʛʽʜʨʘʚʣʽʯʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʢʽʣʝʮʴ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʩʫʤʘʨʥʦʛʦ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʤʝʨʝʞʽ ʥʘ 12ï15%. ʎʝ ʛʘʨʘʥʪʫʻ ʧʨʦʧʦʨʮʽʡʥʝ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘʩʦʩʥʠʤʠ ʛʨʫʧʘʤʠ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʨʝʣʶʻ ʟʽ ʟʥʠʞʝʥʥʷʤ ʚʠʢʠʜʽʚ 

ʝʢʚʽʚʘʣʝʥʪʘ #/ ʦʙô̒ ʢʪʘʤʠ ʛʝʥʝʨʘʮʽʾ. ʇʝʨʩʧʝʢʪʠʚʦʶ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʘʜʘʧʪʘʮʽʷ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʙʽʚʘʣʝʥʪʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʽʥʪʝʛʨʘʮʽʻʶ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ (ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ) ʪʘ ʛʝʣʽʦʢʦʣʝʢʪʦʨʽʚ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʉʀʉʊɽʄʀ ʋʊʀʃɯɿɸʎɯɰ ʊɽʇʃʆʊʀ ʇɯʂʆɺʆɰ 

ɺʆɼʆɻʈɯʁʅʆɰ ʂʆʊɽʃʔʅɯ ʊɽʎ ɿɸ ʈɸʍʋʅʆʂ ORC-ʋʉʊɸʅʆɺʂʀ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ 

ʝʥʝʨʛʦʥʦʩʽʾʚ ʪʘ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ ʜʦ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʠʭ ʦʙôʻʢʪʽʚ, ʫʪʠʣʽʟʘʮʽʷ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦ ʾʪʝʧʣʦʪʠ ʩʪʘʻ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʊɽʎ. ɼʣʷ 

ʚʝʣʠʢʠʭ ʤʽʩʪ ʋʢʨʘʾʥʠ, ʜʝ ʦʩʥʦʚʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʩʢʣʘʜʘʶʪʴ ʧʦʪʫʞʥʽ ʊɽʎ, ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʧʽʢʦʚʠʭ ʢʦʪʣʽʚ ʪʠʧʫ ʂɺɻʄ-180. ʊʝʤʧʝʨʘʪʫʨʘ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟʘ ʢʦʪʣʦʤ ʜʦʩʷʛʘʻ 160ï180 ÁC, ʱʦ ʩʪʚʦʨʶʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ Organic Rankine Cycle (ORC) ï ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʶʚʘʪʠ 

ʩʢʠʜʥʫ ʪʝʧʣʦʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʪʠ 

ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʩʚʽʪʦʚʠʭ ʨʦʟʨʦʙʦʢ ʫ ʛʘʣʫʟʽ ʙʝʟʚʽʜʭʽʜʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʋ 

ʨʦʙʦʪʽ [1] ʧʨʝʜʩʪʘʚʣʝʥʦ ˇʨʫʥʪʦʚʥʠʡ ʦʛʣʷʜ ʦʨʛʘʥʽʯʥʠʭ ʮʠʢʣʽʚ ʈʝʥʢʽʥʘ, ʜʝ ʜʝʪʘʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʩʫʤʽʩʥʽʩʪʴ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʪʽʣ ʽʟ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʪʠ ʥʠʟʴʢʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʙʽʨ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [2] ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ORC-ʫʩʪʘʥʦʚʦʢ ʽʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʫʪʠʣʽʟʘʮʽʾ. ʆʩʥʦʚʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʜʠʤʦʚʽ ʪʘ ʚʠʭʣʦʧʥʽ 

ʛʘʟʠ. ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʚʘʞʣʠʚʠʤ ʚ ʤʦʜʝʣʴʦʚʘʥʽʡ ʨʦʙʦʪʽ ʟ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʻ ʟʘʧʦʙʽʛʘʥʥʷ 

ʢʦʨʦʟʽʾ. ɸʙʠ ʮʴʦʛʦ ʜʦʩʷʛʪʠ ʩʣʽʜ ʦʙʤʝʞʠʪʠ ʾʭ ʦʭʦʣʦʜʞʝʥʥʷ. ɿʘʟʥʘʯʝʥʦ ʱʦ ʦʧʪʠʤʘʣʴʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʦ ʷʢʦʾ ʩʣʽʜ ʦʭʦʣʦʜʞʫʚʘʪʠ ʜʠʤʦʚʽ ʛʘʟʠ ʻ 120ï130 ÁC. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʛʦ 

ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʪʦʯʢʠ ʟʙʣʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʫ ʪʝʧʣʦʪʠ ɦ ʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʮʠʢʣʫ. ʗʢʱʦ ʪʦʯʥʽʰʝ, ʦʧʠʩʫʻ ʩʢʽʣʴʢʠ ʪʝʧʣʦʪʠ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. Pinch point ï ʮʝ ʤʝʪʦʜ ʘʥʘʣʽʟʫ, ʚ ʭʦʜʽ ʷʢʦʛʦ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʛʨʘʜʽʻʥʪ ʽ ʟʨʦʙʠʪʠ ʦʮʽʥʢʫ ʟʘ ʧʨʦʬʽʣʝʤ ʜʞʝʨʝʣʘ, ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʦʢ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘʩʦʩʘ ʽ ʪʫʨʙʽʥʠ, ʘ ʪʘʢʦʞ ʝʥʝʨʛʽʶ ʧʽʜʚʝʜʝʥʦ ʾʪʝʧʣʦʪʠ ʟʘ ʪʝʧʣʦʚʠʤ ʙʘʣʘʥʩʦʤ. 

ʇʠʪʘʥʥʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʩʠʩʪʝʤʠ ʚʠʩʚʽʪʣʝʥʦ ʫ ʧʨʘʮʽ [3], ʜʝ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʪʫʨʙʽʥ ʜʣʷ ʤʘʣʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʷʢ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ. ɺʠʙʽʨ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʝʜʥʴʦʣʽʥʽʡʥʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʨʦʟʨʦʙʠʪʠ ʪʫʨʙʽʥʫ ʟʘ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʘʢʠʤʠ ʷʢ ʪʠʩʢ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ (ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʨʦʪʦʨʘ ʪʘ ʚʠʩʦʪʠ 

ʣʦʧʘʪʦʢ). ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʚ ʧʨʦʻʢʪʫʚʘʥʥʽ ʻ ʨʦʟʨʘʭʫʥʦʢ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʨʠʢʫʪʥʠʢʽʚ ʰʚʠʜʢʦʩʪʝʡ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʪʦʙʪʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʽʥʝʤʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʽ ʩʦʧʣʦʚʠʡ ʘʧʘʨʘʪ. ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʦʧʦʤʦʞʫʪʴ ʟʨʦʙʠʪʠ ʦʮʽʥʢʫ ʟʘ ʨʽʚʥʷʥʥʷʤ ɽʡʣʝʨʘ. ɸʚʪʦʨ 

ʥʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʧʨʦʧʦʥʫʻ ʚʨʘʭʫʚʘʪʠ ʚʪʨʘʪʠ. ɺ ʩʪʘʪʪʽ ʚʢʘʟʫʶʪʴʩʷ ʧʨʦʬʽʣʴʥʽ ʚʪʨʘʪʠ, 

ʚʪʨʘʪʠ ʯʝʨʝʟ ʚʠʪʦʢʠ (ʨʘʜʽʘʣʴʥʽ ʟʘʟʦʨʠ), ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʥʝ ʚʠʢʦʨʠʩʪʘʣʘʩʷ ʪʘ ʱʝ 

ʜʝʢʽʣʴʢʘ ʚʪʨʘʪ, ʢʦʪʨʽ ʚʘʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʚ ʧʨʦʻʢʪʫʚʘʥʥʽ. ɯ ʥʘ ʟʘʢʣʶʯʝʥʥʷ ʤʝʪʦʶ ʮʴʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʻ ʜʦʩʷʛʥʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʜʣʷ ʯʦʛʦ ʘʚʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜʠ GA 

ʪʘ PSO: ʪʘʢ ʟʚʘʥʠʡ ʛʝʥʝʪʠʯʥʠʡ ʘʥʘʣʽʟ (GA) ʪʘ ʤʝʪʦʜ ʨʦʶ ʯʘʩʪʦʢ (PSO), ʩʪʚʦʨʝʥʽ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʜʘʥʠʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʚʦʨʶʶʪʴʩʷ ʚʘʨʽʘʮʽʾ ʨʦʟʤʽʨʫ ʪʫʨʙʽʥ 

ʽ ʧʝʨʝʙʠʨʘʶʪʴʩʷ ʜʦʪʠ ʜʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʽʜʝʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ. ʄʝʪʦʜ ʨʦʶ ʯʘʩʪʦʢ ʚʨʘʭʦʚʫʻ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʾʭ ʜʣʷ 
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ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʚʠʱʦʛʦ ʂʂɼ. ʉʫʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʘʣʛʦʨʠʪʤʠ ʟʤʽʥʶʶʪʴ ʜʘʥʥʽ ʜʦ ʪʠʭ ʧʽʨ 

ʜʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʂʂɼ. 

ɼʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʜʽʙʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʫʤʽʞʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʦʧʠʩʘʥʦ ʚ [4]. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʯʠʭ ʪʽʣ ʪʘ ʚʠʟʥʘʯʝʥʦ ʥʘʡʢʨʘʱʝ ʜʣʷ 

ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɺ ʨʦʙʦʪʽ ʧʦʨʽʚʥʶʶʪʴʩʷ 3 ʚʠʜʠ ʬʣʶʾʜʽʚ çʩʫʭʽè, ʽʟʦʝʥʪʨʦʧʥʽ ʪʘ 

çʚʦʣʦʛʽè. ɿʘʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʨʠʟʠʢʦʚʘʥʠʤ ʩʪʘʥʝ ʚʠʙʽʨ ʥʘ ʢʦʨʠʩʪʴ çʚʦʣʦʛʠʭè ʨʦʙʦʯʠʭ 

ʪʽʣ, ʪʘʢ ʷʢ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʝ ʙʫʣʦ ʢʦʥʜʝʥʩʘʮʽʾ ʧʽʜ ʯʘʩ ʨʦʟʰʠʨʝʥʥʷ, ʥʝʦʙʭʽʜʥʠʡ ʟʥʘʯʥʠʡ 

ʧʝʨʝʛʨʽʚ ʥʘ ʚʭʦʜʽ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚʠʙʽʨ ʧʨʠʧʘʜʝ ʥʘ çʩʫʭʽè ʨʦʙʦʯʽ ʪʽʣʘ ʯʝʨʝʟ ʪʝ, ʱʦ ʧʘʨʘ 

ʟʘʚʞʜʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʝʨʝʛʨʽʪʦʤʫ ʩʪʘʥʽ, ʯʝʨʝʟ ʱʦ ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ ʤʦʞʣʠʚʝ ʫʩʢʣʘʜʥʝʥʥʷ 

ʚ ʚʠʛʣʷʜʽ ʢʦʨʦʟʽʾ ʯʝʨʝʟ ʧʦʚʥʫ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ, ʥʘʧʨʠʢʣʘʜ n-ʧʝʥʪʘʥ. ɺ ʨʦʙʦʪʽ 

ʚʽʜʤʽʯʝʥʦ ʛʦʨʶʯʽʩʪʴ ʜʘʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ, ʘʣʝ, ʚ ʪʦʡ ʞʝ ʯʘʩ, ʚʽʥ ʤʘʻ 

ʥʫʣʴʦʚʠʡ ʨʽʚʝʥʴ ʨʫʡʥʫʚʘʥʥʷ ʦʟʦʥʫ ʘ ʪʘʢʦʞ ʥʠʟʴʢʠʡ ʇɻʇ (ʧʦʪʝʥʮʽʘʣ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʽʥʥʷ). ʏʝʨʝʟ ʩʚʦʶ ʚʝʣʠʢʫ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ ʦʙʣʝʛʰʝʥʝ ʟôʻʜʥʘʥʥʷ ʟ ʛʝʥʝʨʘʪʦʨʦʤ, ʤʘʻ 

ʥʝ ʥʘʡʙʽʣʴʰʫ ʧʠʪʦʤʫ ʚʘʨʪʽʩʪʴ ʽ ʟʘʛʘʣʦʤ ʡʦʛʦ ʥʘʡʙʽʣʴʰʠʡ ʤʽʥʫʩ ʮʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ 

ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʝʨʤʝʪʠʟʘʮʽʾ . 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʘʭʫʥʦʢ ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʫʨʙʽʥʠ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʪʠ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʢʦʪʣʽʚ 

ʂɺɻʄ-180. ʆʩʥʦʚʥʠʤ ʧʨʠʡʦʤʦʤ ʻ ʽʥʪʝʛʨʘʮʽʷ ORC-ʤʦʜʫʣʷ ʚ ʭʚʦʩʪʦʚʽ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ 

ʢʦʪʣʘ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʦʙʤʝʞʝʥʴ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʢʦʨʦʟʽʾ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʤʘʻ ʙʫʪʠ ʥʝ ʥʠʞʯʝ ʥʽʞ 130 ÁC. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʠʩʪʝʤʘ ʧʨʘʮʶʻ ʟʘ ʟʘʤʢʥʝʥʠʤ ʮʠʢʣʦʤ, ʜʝ ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʦʙʨʘʥʦ 

n-ʧʝʥʪʘʥ. ɿʘʚʜʷʢʠ ʬʽʟʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʮʴʦʛʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʧʨʦʮʝʩ ʨʦʟʰʠʨʝʥʥʷ ʚ 

ʪʫʨʙʽʥʽ ʟʘʚʝʨʰʫʻʪʴʩʷ ʚ ʟʦʥʽ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ, ʱʦ ʫʩʫʚʘʻ ʨʠʟʠʢ ʝʨʦʟʽʾ ʣʦʧʘʪʦʢ. 

ʄʘʩʦʚʫ ʚʠʪʨʘʪʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ Gʛ ʚʠʟʥʘʯʝʥʦ ʯʝʨʝʟ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʢʦʪʣʘ. ʇʨʠ 

ʥʦʤʽʥʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ Qʢʚʛʤ=209 ʄɺʪ ʪʘ ʂʂɼ ɖʢʘ=0,9, ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʟʘ ʧʘʣʠʚʦʤ ʟʘ 

ʬʦʨʤʫʣʦʶ (1) ʩʢʣʘʜʘʻ: 

ὗ̐ ́̌
̋̃̄̍

̋́ ȟ
ςσςȟς ̇ˏ.̓                                               (1) 

ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ ʧʨʠ ʥʠʞʯʽʡ ʪʝʧʣʦʪʽ ʟʛʦʨʷʥʥʷ ʤʘʟʫʪʫ Qʥ
ʨ = 40 ʄɼʞ/ʢʛ ʟʘ 

ʬʦʨʤʫʣʦʶ (2) ʩʪʘʥʦʚʠʪʴ: 

ὄ ̐́̌

̎
̑

ȟ
υȟψ̋ ̄̒ϳȢ                 (2) 

ɽʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʫʨʙʽʥʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3): 

 

ὔ̆ ̌ Ὃ̄ Ͻ˞̑ϽЎ˟ Ͻ–,                   (3) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ Ŭ = 1,15, Gʛ ï ʟʘʛʘʣʴʥʘ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʛʘʟʽʚ. 

ʇʦʢʘʟʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ (ɖ = 0,16): 

ʧʨʠ Gʛ = 70 ʢʛ/ʩ ʪʘ ʊ= 180 ÁC: ὔ̆ ̌ χπϽρȟρϽυπϽπȟρφ φρφ ̋ˏ̓; 
ʧʨʠ Gʛ = 100 ʢʛ/ʩ ʪʘ ʊ= 180 ÁC: ὔ̆ ̌ ρππϽρȟρϽυπϽπȟρφ ψψπ ̋ˏ̓; 
ʧʨʠ Gʛ = 110 ʢʛ/ʩ ʪʘ ʊ= 180 ÁC: ὔ̆ ̌ ρρπϽρȟρϽυπϽπȟρφ ωφψ ̋ˏ̓. 

 

ɼʣʷ ʦʪʨʠʤʘʥʦʾ ʚʠʪʨʘʪʠ ʜʠʤʦʚʠʭ ʛʘʟʽʚ 70, 100, 110 ʢʛ/ʩ ʧʦʙʫʜʦʚʘʥʦ ʜʽʘʛʨʘʤʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʤʦʚʠʭ ʛʘʟʽʚ (ʨʠʩ. 1). 

ʋ ʤʦʜʝʣʶʚʘʥʥʽ ʦʙʨʘʥʦ çʩʫʭʽè ʨʦʙʦʯʽ ʪʽʣʘ (ʟʦʢʨʝʤʘ n-ʧʝʥʪʘʥ), ʧʘʨʘ ʷʢʠʭ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʝʨʝʛʨʽʪʦʶ ʧʽʜ ʯʘʩ ʨʦʟʰʠʨʝʥʥʷ, ʱʦ ʚʠʢʣʶʯʘʻ ʨʠʟʠʢ ʝʨʦʟʽʾ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥʠ. ɻʝʦʤʝʪʨʽʷ 

ʪʫʨʙʽʥʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʘʣʛʦʨʠʪʤʘʤ GA ʪʘ PSO, 

ʷʢʽ ʦʧʪʠʤʽʟʫʶʪʴ ʜʘʥʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ. 
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ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʤʘʩʦʚʠʭ 

ʚʠʪʨʘʪʘʭ ʜʠʤʦʚʠʭ ʛʘʟʽʚ 

 

ɺʠʩʥʦʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʊɽʎ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦʶ ʻ ʨʘʜʽʘʣʴʥʦ-ʜʦʮʝʥʪʨʦʚʘ ʪʫʨʙʽʥʘ ʢʦʪʨʘ ʩʚʦʾʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ʢʦʤʧʘʢʪʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʪʘ ʜʝʰʝʚʠʟʥʘ) ʟʘʙʝʟʧʝʯʫʻ ʂʂɼ ʥʘ ʨʽʚʥʽ 87,3ï88,6 %. ʈʦʟʨʘʭʫʥʦʢ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʦʚʦʨʠʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ORC-ʤʦʜʫʣʽʚ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗ ɻɸɿʋ ʊɸ ʄɸɿʋʊʋ ɼʃʗ ʈʆɹʆʊʀ 

ʇɯʂʆɺʀʍ ɺʆɼʆɻʈɯʁʅʀʍ ʂʆʊʃɯɺ ɺ ɸɺɸʈɯʁʅʀʍ ʈɽɾʀʄɸʍ ʊɽʎ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɽʥʝʨʛʝʪʠʯʥʠʡ  ʩʝʢʪʦʨ ʋʢʨʘʾʥʠ ʟʘʟʥʘʻ 

ʧʦʩʪʽʡʥʠʭ ʚʦʨʦʞʠʭ ʘʪʘʢ. ɺʣʫʯʘʥʥʷ ʜʨʦʥʽʚ ʪʘ ʨʘʢʝʪ ʥʘ ʦʙôʻʢʪʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʘʩʰʪʘʙʥʠʭ ʨʫʡʥʫʚʘʥʴ ʦʩʥʦʚʥʠʭ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ɺʠʚʝʜʝʥʥʷ ʾʭ ʟ ʣʘʜʫ ʩʪʚʦʨʶʻ ʧʨʷʤʠʡ ʜʝʬʽʮʠʪ ʚ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʡ ʧʦʚʥʝ ʧʨʠʧʠʥʝʥʥʷ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʪʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʥʦʤʽʢʠ ʻ ʚʘʞʣʠʚʠʤʠ ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʽ (ʊɽʎ). ɺ ʫʤʦʚʘʭ ʢʦʣʠ 

ʤʦʞʣʠʚʘ ʩʠʪʫʘʮʽʷ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʪʣʽʚ ʪʘ ʪʫʨʙʽʥ, ʘʣʝ ʟʘʣʠʰʠʣʠʩʴ 

ʧʨʘʮʶʶʯʽ ʧʽʢʦʚʽ ʚʦʜʦʛʨʽʡʥʽ ʢʦʪʣʠ, ʘʥʘʣʽʟ ʪʘʢʠʭ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʷʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʩʫʯʘʩʥʦʾ ʫʢʨʘʾʥʩʴʢʦʾ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʊɽʎ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʟʝʨʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʧʨʘʮʷʭ ʥʘʫʢʦʚʮʽʚ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. 

ɿʦʢʨʝʤʘ, ʜʦʩʣʽʜʞʝʥʦ ʨʦʙʦʪʫ ʪʝʧʣʦʬʽʢʘʮʽʡʥʠʭ ʪʫʨʙʽʥ ʪʠʧʫ ʊ-110/120-130 ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʢʦʪʣʽʚ ɽ-500-140-ɻʄ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʊɽʎ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʙʦʪʠ ʧʽʢʦʚʦʛʦ ʚʦʜʦʛʨʽʡʥʦʛʦ ʢʦʪʣʘ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʤʘʟʫʪʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʊɽʎ ï ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʴ, ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʘʨʫ, ʢʦʪʨʫ ʦʪʨʠʤʫʶʪʴ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʦʬʽʢʘʮʽʾ 

ʩʧʦʞʠʚʘʯʽʚ. ʏʘʩʪʠʥʘ ʧʘʨʠ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʚʽʜʙʠʨʘʻʪʴʩʷ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʧʘʨʠ 

ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʫ ʨʫʭ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ ʽ ʧʘʨʘʤʝʪʨʠ ʾʾ ʟʤʝʥʰʘʪʴʩʷ. ɯʥʰʘ 

ʯʘʩʪʠʥʘ ʧʘʨʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʫʨʙʽʥʽ ̔  ʧʦʩʪʫʧʘʻ ʚ ʢʦʥʜʝʥʩʘʪʦʨ. ɺʽʜʽʙʨʘʥʘ ʛʘʨʷʯʘ ʚʦʜʘ ʪʘ 

ʧʘʨʘ ʧʦʩʪʫʧʘʻ ʜʦ ʩʧʦʞʠʚʘʯʽʚ ʩʠʩʪʝʤʦʶ ʪʨʫʙʦʧʨʦʚʦʜʽʚ [1]. 

ʆʩʥʦʚʥʝ ʦʙʣʘʜʥʘʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʢʣʶʯʘʻ: ʢʦʪʝʣʴʥʽ ʡ ʪʫʨʙʽʥʥʽ ʘʛʨʝʛʘʪʠ ʟ 

ʝʣʝʢʪʨʠʯʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʽ ʢʦʥʜʝʥʩʘʪʦʨʦʤ. ɯʩʥʫʻ ʽ ʜʦʧʦʤʽʞʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʩʣʫʞʠʪʴ ʜʣʷ 

ʚʽʜʧʫʩʢʫ ʪʝʧʣʦʪʠ ʩʧʦʞʠʚʘʯʘʤ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʠ ʪʫʨʙʽʥʠ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ 

ʢʦʪʣʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ɼʦ ʥʴʦʛʦ ʚʽʜʥʦʩʠʪʴʩʷ ʦʙʣʘʜʥʘʥʥʷ 

ʩʠʩʪʝʤ ʧʘʣʠʚʦʧʦʩʪʘʯʘʥʥʷ, ʜʝʘʝʨʘʮʽʡʥʦ-ʞʠʚʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʢʦʥʜʝʥʩʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ, 

ʪʝʧʣʦʬʽʢʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʜʣʷ ʊɽʎ), ʩʠʩʪʝʤ ʪʝʭʥʽʯʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 

ʤʘʩʣʦʧʦʩʪʘʯʘʥʥʷ, ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʽʜʽʛʨʽʚʫ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ, ʭʽʤʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʨʦʟʧʦʜʽʣʫ 

ʽ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [2]. 

ɼʣʷ ʧʦʢʨʠʪʪʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʛʘʨʷʯʽʡ ʚʦʜʽ 950 ʄɺʪ, ʊɽʎ 

ʧʦʪʫʞʥʽʩʪʶ 330 ʄɺʪ, ʤʘʪʠʤʝ ʪʘʢʝ ʦʩʥʦʚʥʝ ʦʙʣʘʜʥʘʥʥʷ: ʪʨʠ ʪʝʧʣʦʬʽʢʘʮʽʡʥʽ ʪʫʨʙʽʥʠ              

ʊ-110/120-130, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʥʦʤʽʥʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ 110 ʄɺʪ, ʚ ʢʦʥʜʝʥʩʘʮʽʡʥʦʤʫ  

ʨʝʞʠʤʽ 120 ʄɺʪ, ʧʦʯʘʪʢʦʚʠʡ ʪʠʩʢ 12,75 ʄʇʘ. ɺʠʪʨʘʪʘ ʩʚʽʞʦʾ ʧʘʨʠ ʚ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ 

ʥʘ ʫʩʪʘʥʦʚʢʫ ʩʢʣʘʜʘʻ 485 ʪ/ʛʦʜ, ʥʘ ʪʝʧʣʦʬʽʢʘʮʽʶ ʚʽʜʜʘʻ 206 ʄɺʪ [3]. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʽʜʧʦʚʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʘʨʠ ʪʫʨʙʽʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʢʦʪʣʠ ʪʠʧʫ ɽ-500-140-ɻʄ, 

ʧʘʨʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 500 ʪ/ʛʦʜ. ʊʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʨʠ ʧʽʢʦʚʽ ʚʦʜʦʛʨʽʡʥʽ ʢʦʪʣʠ ʂɺɻʄ-100. 

ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙ.1. [4]. 
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ʊʘʙʣʠʮʷ 1 ï ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʽʢʦʚʦʛʦ ʚʦʜʦʛʨʽʡʥʦʛʦ ʢʦʪʣʘ ʂɺɻʄ-100 

 ̄ ʇʘʨʘʤʝʪʨ ʈʦʟʤʽʨʥʽʩʪʴ ɿʥʘʯʝʥʥʷ 

1 ʇʘʣʠʚʦ - 
ʄʘʟʫʪ ʄ100, 

ɻʘʟ 

2 ʅʦʤʽʥʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʄɺʪ 116,3 

3 ʈʦʙʦʯʠʡ ʪʠʩʢ ʄʇʘ 2,5 

4 ɺʠʪʨʘʪʘ ʚʦʜʠ ʚ ʦʩʥʦʚʥʦʤʫ ʨʝʞʠʤʽ ʪ/ʛʦʜ 1235 

5 ɺʠʪʨʘʪʘ ʚʦʜʠ ʚ ʧʽʢʦʚʦʤʫ ʨʝʞʠʤʽ ʪ/ʛʦʜ 2460 

6 ʅʠʞʯʘ ʨʦʙʦʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʄɼʞ/ʤ3 36,1 

7 ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ 
ʪ/ʛʦʜ 

(ʤ3/ʛʦʜ) 
11,5 

8 ʊʠʧ, ʤʘʨʢʘ ʧʘʣʴʥʠʢʽʚ - ʈɻʄɻ-30 

9 ʂʽʣʴʢʽʩʪʴ ʧʘʣʴʥʠʢʽʚ ʰʪ. 3 

10 ʇʣʦʱʘ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ ʤ2 2710 

11 ʊʝʤʧʝʨʘʪʫʨʘ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ 0ʉ 120 

12 ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʥʘ ʚʭʦʜʽ ʚ ʢʦʪʝʣ 0ʉ 70 

13 ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʪʣʘ 0ʉ 150 

14 ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʂʂɼ % 93 

15 ɼʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ 

% 30-100 

 

ʗʢʱʦ ʦʩʥʦʚʥʽ ʢʦʪʣʠ ʪʘ ʪʫʨʙʽʥʠ ʟʫʧʠʥʝʥʥʽ, ʪʨʠ ʧʽʢʦʚʠʭ ʚʦʜʦʛʨʽʡʥʠʭ ʢʦʪʣʠ ʟʤʦʞʫʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʜʘʪʠ ʚ ʪʝʧʣʦʤʝʨʝʞʫ ʩʫʤʘʨʥʦ 348,9 ʄɺʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʥʘ ʦʧʘʣʝʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʟʘ ʤʝʪʦʜʠʢʦʶ [5]. 

ὄ
ὗʢʦʨ

ὗʥʈẗ–ʂ
ẗρππȟ

̍

̒
́̂̏
̋̄

̒
ȟ (1) 

ʜʝ ὗʢʦʨ̓̆̐̌̏̃̆ ̠̎́̃́̎̓́̇̆̎̎ στψȟω ̇ˏȠ̓ 

–ʂ ωσ ϷȠ 
ὗʥ 
ʈ ̘̎̉̇́ ̓̆̐̌̏̓́ ̠̠̈̄̏̑̎̎ ̐̑̉̑̏̅̎̏̄̏ ̄́̈̔ ̝̒̓́̎̏̃̉̓ στȟυτ ̇ˏ ̓[6]; 

ὗʥ 
ʈ ̘̎̉̇́ ̓̆̐̌̏̓́ ̠̠̈̄̏̑̎̎ ̍́̈̔̓̔ ̝̒̓́̎̏̃̉̓ τπȟυσ ̇ˏ ̓χȠ   

ɺʠʪʨʘʪʘ ʛʘʟʫ: 

ὄ
στψȟω

στȟυτẗωσ
ẗρππρπȟψφς ̍ Ⱦ̒ Ȣ (2) 

ɺʠʪʨʘʪʘ ʟʘ ʛʦʜʠʥʫ:  10,862 ẗσφππσωρπσȟς ̍ Ⱦ̄ ̏ ̅ 
ɺʠʪʨʘʪʘ ʤʘʟʫʪʫ: 

ὄ
στψȟω

τπȟυσẗωσ
ẗρππωȟςυφ ̋ Ⱦ̄̒ Ȣ (3) 

ɺʠʪʨʘʪʘ ʟʘ ʛʦʜʠʥʫ:  ωȟςυφ ẗσφππσσσςρȟφ ̋ Ⱦ̄̄ ̏ ̅Ȣ 
ɽʢʦʥʦʤʽʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʟʘ ʘʢʪʫʘʣʴʥʠʤʠ ʮʽʥʘʤʠ 2026 ʨʦʢʫ: ʚʘʨʪʽʩʪʴ ʛʘʟʫ ʜʣʷ 

ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʝʡ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ ʝʣʝʢʪʨʠʢʫ ʚ ʪʝʧʣʦʬʽʢʘʮʽʡʥʦʤʫ ʮʠʢʣʽ, ʢʦʰʪʫʚʘʪʠʤʝ 

21000 ʛʨʥ ʟʘ 1000 ʢʫʙʦʤʝʪʨʽʚ [8], ʚʘʨʪʽʩʪʴ ʤʘʟʫʪʫ ʄ-100 ʚ ʩʝʨʝʜʥʴʦʤʫ 23000 ʛʨʥ ʟʘ 

ʪʦʥʥʫ [9]. ʎʽʥʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʛʘʟʫ ʟʘ 1 ʛʦʜ: σωȟρπσ ̓̉Ȣ̒̍ ẗςρπππ 821163 ʛʨʥ. ʎʽʥʘ ʧʨʠ 

ʨʦʙʦʪʽ ʥʘ ʤʘʟʫʪʽ ʟʘ 1 ʛʦʜ: σσȟσςρ ̓ẗςσπππ 766383 ʛʨʥ. 

ɺʠʩʥʦʚʢʠ. ɿʘ ʘʢʪʫʘʣʴʥʠʤʠ ʮʽʥʘʤʠ 2026 ʨʦʢʫ, ʚʘʨʪʽʩʪʴ ʨʦʙʦʪʠ ʥʘ ʤʘʟʫʪʽ ʧʨʦʪʷʛʦʤ 

ʦʜʥʽʻʾ ʛʦʜʠʥʠ ʩʪʘʥʦʚʠʪʴ 766383 ʛʨʥ, ʱʦ ʥʘ 54780 ʛʨʥ ʜʝʰʝʚʰʝ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʘʟʫ 821163 ʛʨʥ. ɸʣʝ ʧʦʧʨʠ ʥʠʞʯʫ ʚʘʨʪʽʩʪʴ ʩʘʤʦʛʦ ʤʘʟʫʪʫ, ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ 

ʚʨʘʭʫʚʘʥʥʷ ʩʫʧʫʪʥʽʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʪʘʢʠʭ ʷʢ ʝʥʝʨʛʽʷ ʥʘ ʧʽʜʽʛʨʽʚ ʤʘʟʫʪʦʩʭʦʚʠʱ, 

ʨʦʙʦʪʘ ʥʘʩʦʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʦʪʝʥʮʽʡʥʽ ʝʢʦʣʦʛʽʯʥʽ ʰʪʨʘʬʠ ʟʘ ʚʠʢʠʜʠ. ʍʦʯʘ ʩʧʘʣʶʚʘʥʥʷ 

ʤʘʟʫʪʫ ʜʝʤʦʥʩʪʨʫʻ ʧʨʷʤʫ ʝʢʦʥʦʤʽʯʥʫ ʚʠʛʦʜʫ ʟʘ ʚʘʨʪʽʩʪʶ ʧʘʣʠʚʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ 
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ʛʘʟʫ ʻ ʜʦʮʽʣʴʥʽʰʠʤ ʟ ʦʛʣʷʜʫ ʥʘ ʤʝʥʰʽ ʩʫʧʫʪʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʝʢʦʣʦʛʽʯʥʽ 

ʯʠʥʥʠʢʠ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʈʽʟʥʠʮʷ ʤʽʞ ʊɽʉ ʽ ʊɽʎ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://dovidka.biz.ua/riznitsya-mizh-tes-i-tets.  

2. ʊʠʧʠ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʧʨʠʥʮʠʧ ʾʭ ʨʦʙʦʪʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://energetika.in.ua/ua/books/book-5/part-1/50-entsiklopediya/rozvitok-

teploenergetiki-ta-gidroenergetiki/chasina-1-teploenergetika/rozdil-1-osnovni-ponyattya-u-

teploenergetitsi/125-1-2-tipi-teplovikh-elektrostantsij-ta-printsip-jikh-roboti  

3. ʊʝʭʥʦʣʦʛʽʯʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʢʦʤʙʽʥʦʚʘʥʠʭ ʮʠʢʣʽʚ ʧʘʨʦʛʘʟʦʚʠʭ ʩʪʘʥʮʽʡ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://energy.kpi.ua/article/view/272083/267706  

4. ʂʦʪʣʠ ʚʦʜʦʛʨʽʡʥʽ ʩʝʨʽʾ ʇʊɺʄ ʪʘ ʂɺɻʄ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://energetik.ua/ua/catalog/vodogriyni_kotly/.  

5. ʈʦʟʨʘʭʫʥʦʢ ʪʦʧʢʠ : ʤʝʪʦʜ. ʚʢʘʟʽʚʢʠ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʛʨʘʬʽʯʥʦʾ ʨʦʙʦʪʠ ʟ 

ʜʠʩʮʠʧʣʽʥʠ çʇʘʨʦʚʽ ʢʦʪʣʠè / ʫʢʣʘʜ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ï ʂʠʾʚ : ʅʊʋʋ çʂʇɯè, 2014.  

6. ʄʘʨʞʠʥʘʣʴʥʘ ʮʽʥʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://teplobud-

pcf.com/.  

7. ʄʘʟʫʪ: ʟʘʛʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://sunriselog.com.ua/uk/produktsiya/mazut. 

8. ʋʨʷʜ ʧʽʜʚʠʱʠʚ ʮʽʥʫ ʛʘʟʫ ʜʣʷ ʚʠʨʦʙʥʠʢʽʚ ʝʣʝʢʪʨʠʢʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // 
ʋʢʨʽʥʬʦʨʤ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.ukrinform.ua/rubric-economy/4047129-urad-

pidvisiv-cinu-gazu-dla-virobnikiv-elektriki.html. 

9. ʄʘʟʫʪ: ʮʽʥʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://flagma.ua/uk/products/mazut/page-5/. 

 

https://www.ukrinform.ua/rubric-economy/4047129-urad-pidvisiv-cinu-gazu-dla-virobnikiv-elektriki.html
https://www.ukrinform.ua/rubric-economy/4047129-urad-pidvisiv-cinu-gazu-dla-virobnikiv-elektriki.html
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ʋɼʂ 536.2 

ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʇʨʠʭʦʜʴʢʦ ʅ. ʉ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʈʘʯʠʥʩʴʢʠʡ ɸ. ʖ. 

  https://scholar.google.com/citations?hl=en&user=QSlPFOMAAAAJ 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʂʆʃʆɻɯʏʅʀʍ ʊɸ ɽʅɽʈɻɽʊʀʏʅʀʍ ʇʆʂɸɿʅʀʂɯɺ 

ʉʇɸʃʖɺɸʅʅʗ ʇɽʃɽʊ ʋ ʇʆɹʋʊʆɺʀʍ ʂʆʊʃɸʍ 

ɺʩʪʫʧ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʠʩʪʝʤʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʯʘʩʪʢʘ ʷʢʦʛʦ ʚ ʦʧʘʣʝʥʥʽ ʞʠʪʣʦʚʠʭ ʽ ʢʦʤʫʥʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ ʫ ʜʝʷʢʠʭ ʨʝʛʽʦʥʘʭ ʧʝʨʝʚʠʱʫʻ 90%. ɺ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʪʘ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʧʦʩʪʘʯʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʟʜʘʪʥʠʭ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʜʝʨʞʘʚʠ ʪʘ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʧʘʣʠʚʥʠʭ ʧʝʣʝʪ, ʷʢʽ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʚʽʜʭʦʜʽʚ ʜʝʨʝʚʦʦʙʨʦʙʥʦʾ ʪʘ ʘʛʨʘʨʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʽʜ ʯʘʩ ʾʭ 

ʩʧʘʣʶʚʘʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ CO , ʙʣʠʟʴʢʘ ʜʦ ʪʽʻʾ, ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʨʦʩʣʠʥʘʤʠ ʧʽʜ ʯʘʩ 

ʨʦʩʪʫ, ʪʦʤʫ ʪʘʢʝ ʧʘʣʠʚʦ ʚʚʘʞʘʶʪʴ ʫʤʦʚʥʦ ʚʫʛʣʝʮʝʚʦ-ʥʝʡʪʨʘʣʴʥʠʤ. ʂʨʽʤ ʪʦʛʦ, ʚʠʨʦʙʥʠʮʪʚʦ 

ʘʛʨʦʧʝʣʝʪ ʩʧʨʠʷʻ ʨʘʮʽʦʥʘʣʴʥʽʡ ʫʪʠʣʽʟʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʪʘ ʟʤʝʥʰʝʥʥʶ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 

ʄʝʪʘ ʪʘ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʩʧʘʣʶʚʘʥʥʷ ʰʝʩʪʠ ʪʠʧʽʚ 

ʧʘʣʠʚʥʠʭ ʧʝʣʝʪ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʥʢʫ ʋʢʨʘʾʥʠ, ʫ ʧʦʙʫʪʦʚʦʤʫ ʚʦʜʦʛʨʽʡʥʦʤʫ ʢʦʪʣʽ ʪʠʧʫ 

çʉɽʊ-25è ʧʦʪʫʞʥʽʩʪʶ 25 ʢɺʪ, ʦʙʣʘʜʥʘʥʦʤʫ ʨʝʪʦʨʪʥʠʤ ʧʘʣʴʥʠʢʦʤ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʻ ʧʨʦʮʝʩʠ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ (NO  ʽ CO), ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʧʘʣʠʚʘ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʪʫʧʘʶʪʴ ʝʤʽʩʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʣʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʝʣʝʪ, ʟʦʢʨʝʤʘ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʪʚʝʨʜʠʭ 

ʽ ʭʚʦʡʥʠʭ ʧʦʨʽʜ ʜʝʨʝʚʠʥʠ, ʨʘʧʩʫ, ʘʛʨʦʙʽʦʤʘʩʠ ʪʘ ʜʦʥʥʠʭ ʤʫʣʦʚʠʭ ʚʽʜʢʣʘʜʝʥʴ. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ANSYS Student. ɹʫʣʦ 

ʩʪʚʦʨʝʥʦ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʚʦʜʦʛʨʽʡʥʦʛʦ ʢʦʪʣʘ, ʷʢʫ ʧʝʨʝʚʽʨʝʥʦ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʟ ʧʘʩʧʦʨʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʝʣʝʪ 

ʽʟ ʪʚʝʨʜʠʭ ʧʦʨʽʜ ʜʝʨʝʚʠʥʠ. ɺʽʜʭʠʣʝʥʥʷ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʪʘ ʜʦʚʽʜʢʦʚʠʤʠ ʜʘʥʠʤʠ 

ʩʪʘʥʦʚʠʣʦ ʥʝ ʙʽʣʴʰʝ 2%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʙʽʦʧʘʣʠʚʘ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʪʦ 

ʢʦʝʬʽʮʽʻʥʪ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ 0,76, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʨʝʪʦʨʪʥʦʛʦ ʧʘʣʴʥʠʢʘ ʟ 

ʥʘʜʣʠʰʢʦʚʦʶ ʧʦʜʘʯʝʶ ʧʦʚʽʪʨʷ. ɺʫʛʣʝʮʝʚʝ ʯʠʩʣʦ ʧʘʣʠʚʘ (Fuel Carbon Number) ʧʨʠʡʥʷʪʦ 

ʨʽʚʥʠʤ 1. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ PDF-ʪʘʙʣʠʮʴ ʟʘʩʪʦʩʦʚʘʥʦ ʤʦʜʝʣʴ ʨʽʚʥʦʚʘʞʥʦʾ ʭʽʤʽʾ (Equilibrium 

Chemistry), ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʦʮʝʩʠ ʜʠʩʦʮʽʘʮʽʾ ʪʘ ʪʦʯʥʽʰʝ ʚʠʟʥʘʯʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʣʫʤôʷ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʧʨʦʱʝʥʠʤʠ ʧʽʜʭʦʜʘʤʠ. ʋ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʦʜʝʣʽ ʚʨʘʭʦʚʘʥʦ ʦʩʥʦʚʥʽ 

ʤʝʭʘʥʽʟʤʠ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ: ʪʝʨʤʽʯʥʠʡ ʤʝʭʘʥʽʟʤ (ʤʝʭʘʥʽʟʤ ɿʝʣʴʜʦʚʠʯʘ); ʤʝʭʘʥʽʟʤ 

çʰʚʠʜʢʠʭè NO; ʫʪʚʦʨʝʥʥʷ NO ʯʝʨʝʟ ʧʨʦʤʽʞʥʫ ʩʧʦʣʫʢʫ N O. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʥʘʜʨʽʚʥʦʚʘʞʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʢʪʠʚʥʠʭ ʨʘʜʠʢʘʣʽʚ ʪʘ 

ʩʫʙʨʽʚʥʦʚʘʞʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʢʦʨʠʩʪʘʥʦ ʦʧʮʽʶ Laminar Flameless, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʤʽʩʽʾ NO . 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʧʦʣʫʤôʷ ʧʦʢʘʟʘʚ, ʱʦ 

ʚʠʜʽʣʝʥʥʷ ʣʝʪʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʪʘ ʦʩʥʦʚʥʝ ʚʠʛʦʨʘʥʥʷ ʚʫʛʣʝʮʶ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʚ ʤʝʞʘʭ ʨʝʪʦʨʪʥʦʛʦ ʧʘʣʴʥʠʢʘ. ɼʣʷ ʧʝʣʝʪ ʽʟ ʭʚʦʡʥʠʭ ʧʦʨʽʜ ʜʝʨʝʚʠʥʠ, ʨʘʧʩʫ ʪʘ 

ʜʦʥʥʠʭ ʤʫʣʦʚʠʭ ʚʽʜʢʣʘʜʝʥʴ ʭʘʨʘʢʪʝʨʥʝ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʘʣʠʚʘ ʟ ʦʢʠʩʣʶʚʘʯʝʤ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ 
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ʥʦʤʽʥʘʣʴʥʦʾ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʣʘ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʧʦʪʨʝʙʘ ʫ ʟʙʽʣʴʰʝʥʥʽ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ.ʋʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (CO) ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʫ ʟʦʥʽ ʧʝʨʚʠʥʥʦʛʦ 

ʛʦʨʽʥʥʷ. ʅʘʡʙʽʣʴʰʽ ʣʦʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ CO ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 0,05 ʤʛ/ʤį ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʣʝʪ ʽʟ ʤʽʰʘʥʦʾ ʜʝʨʝʚʠʥʠ ʨʽʟʥʠʭ ʧʦʨʽʜ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʟʦʥʽ ʛʦʨʽʥʥʷ ʪʘ ʧʦʜʘʣʴʰʠʤ ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ ʚʽʜ ʜʦʛʦʨʷʥʥʷ ʮʴʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ. ʈʘʟʦʤ ʽʟ ʪʠʤ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʪʣʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʡʞʝ ʧʦʚʥʝ ʦʢʠʩʥʝʥʥʷ CO ʚ 

ʧʘʣʠʚʥʽʡ ʪʘ ʢʦʥʚʝʢʪʠʚʥʽʡ ʯʘʩʪʠʥʘʭ, ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʡʦʛʦ ʧʦʪʨʘʧʣʷʥʥʷ ʫ ʜʠʤʦʚʽ 

ʛʘʟʠ.ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ (NO ), 

ʨʽʚʝʥʴ ʷʢʠʭ ʩʫʪʪʻʚʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʘʣʠʚʘ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ (ʜʦ 550 ppm) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʩʧʘʣʶʚʘʥʥʷ ʧʝʣʝʪ ʽʟ ʜʦʥʥʠʭ ʤʫʣʽʚ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʘʟʦʪʦʚʤʽʩʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʠʭʽʜʥʽʡ ʩʠʨʦʚʠʥʽ. ʅʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ (ʙʣʠʟʴʢʦ 180 ppm) ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʧʝʣʝʪ ʟ ʪʚʝʨʜʠʭ ʧʦʨʽʜ ʜʝʨʝʚʠʥʠ. ɼʣʷ ʧʝʣʝʪ ʽʟ ʭʚʦʡʥʦʾ ʜʝʨʝʚʠʥʠ, ʨʘʧʩʫ ʪʘ ʘʛʨʦʧʝʣʝʪ 

ʧʦʢʘʟʥʠʢʠ ʝʤʽʩʽʾ NO  ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 220ï320 ppm. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ 

ʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʛʦʨʽʥʥʷ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʙʽʦʧʘʣʠʚ 

ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʫʪʚʦʨʝʥʥʷ NO  ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʠʤ ʚʠʤʦʛʘʤ. 

 

ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʦʩʝʨʝʜʥʝʥʠʭ ʟʘ ʧʣʦʱʝʶ ʜʠʤʘʨʷ ʟʥʘʯʝʥʴ NOx ʚ [ppm] ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʪʠʧʫ ʩʧʘʣʶʚʘʥʠʭ ʧʝʣʝʪ 

 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʝʬʝʢʪʠʚʥʽʩʪʴ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʷʢ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʙʫʪʦʚʠʭ 

ʢʦʪʣʽʚ. ʂʦʪʝʣ ʪʠʧʫ çʉɽʊ-25è ʟʜʘʪʥʠʡ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽ ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʠ 

ʩʧʘʣʶʚʘʥʥʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʙʽʦʧʘʣʠʚʥʠʭ ʧʝʣʝʪ, ʦʜʥʘʢ ʨʽʚʝʥʴ ʝʤʽʩʽʾ NO  ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʘʣʠʚʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 
ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʈʘʯʠʥʩʴʢʠʡ ɸ. ʖ., ɹʘʨʘʥʶʢ ʆ. ɺ. CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʡʥʷʪʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʰʠʨʝʥʠʭ ʥʘ ʨʠʥʢʫ ʋʢʨʘʾʥʠ ʧʝʣʝʪ ʷʢ ʧʘʣʠʚʘ ʜʣʷ ʧʝʣʝʪʥʦʛʦ ʢʦʪʣʘ ʟ ʧʘʣʴʥʠʢʦʤ ʨʝʪʦʨʜʥʦʛʦ 

ʪʠʧʫ. ɺʽʩʥʠʢ ɺʽʥʥʠʮʴʢʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. 2025. ˉ 3. ʉ. 47ï55. 

2. ʈʘʯʠʥʩʴʢʠʡ ɸ. ʖ., ɹʘʨʘʥʶʢ ʆ. ɺ., ʇʽʢʝʥʽʥ ʆ. ʆ., ɹʦʨʜʽʷʥ ɸ. ɯ. ɺʠʢʠʜʠ 

ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ ʧʦʰʠʨʝʥʠʭ ʥʘ ʨʠʥʢʫ ʋʢʨʘʾʥʠ ʧʝʣʝʪ ʷʢ ʧʘʣʠʚʘ 

ʜʣʷ ʧʝʣʝʪʥʦʛʦ ʢʦʪʣʘ ʟ ʧʘʣʴʥʠʢʦʤ ʨʝʪʦʨʜʥʦʛʦ ʪʠʧʫ. ɺʽʩʥʠʢ ɺʽʥʥʠʮʴʢʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ. 2025. ˉ 5. ʉ. 41ï50. 
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ʋɼʂ 621.928 

ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʉʪʝʧʘʥʯʝʥʢʦ ɸ. ɸ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʈʠʥʜʶʢ ɼ. ɺ. 

  https://scholar.google.com.ua/citations?user=SAMbKroAAAAJ&hl=uk 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɭʂʊʋɺɸʅʅʗ ʆʍʆʃʆɼɾʋɺɸʏɸ ɼʃʗ ɻɸɿʆɻɽʅɽʈɸʊʆʈɸ 

 ʄɸʃʆɰ ʇʆʊʋɾʅʆʉʊɯ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ 

ʜʣʷ ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʧʦʪʨʽʙʥʦ ʡʦʛʦ ʦʭʦʣʦʜʠʪʠ. ʇʦʧʝʨʝʜʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟ-ʛʘʟʫ ʧʽʩʣʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 500ï550 Áʉ 

ʟʘʚʠʩʦʢʘ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ɼɺɿ [1]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʙʣʝʤʘʪʠʢʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʘʣʠʚʘ ʪʘ ʧʦʚʽʪʨʷ ʜʦʩʠʪʴ 

ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʽʥʞʝʥʝʨʥʘ ʟʘʜʘʯʘ, ʘʜʞʝ ʙʫʜʴ ʷʢʠʡ ʜʚʠʛʫʥ ɼɺɿ ʧʦʪʨʝʙʫʻ ʧʝʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʘʣʠʚʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʛʦ ʂʂɼ. ɼʣʷ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʟ-ʛʘʟʫ, ʱʦ ʤʘʻ 

ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʮʷ ʧʨʦʙʣʝʤʘ ʻ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦʶ. 

ʊʘʢ ʫ ʨʦʙʦʪʽ [2] ʘʚʪʦʨʘʤʠ ʜʦʚʝʜʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʦʯʠʱʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʛʘʟʠʬʽʢʘʮʽʾ. ʊʘ ʨʦʟʛʣʷʥʫʪʦ ʢʦʥʢʨʝʪʥʽ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʋ ʩʪʘʪʪʽ [3] ʨʦʟʛʣʷʥʫʪʦ ʪʝʭʥʦʣʦʛʽʶ, ʷʢʘ ʦʜʥʦʯʘʩʥʦ ʜʦʟʚʦʣʷʻ ʽ ʦʭʦʣʦʜʠʪʠ ʛʘʟ ʽ 

ʦʯʠʩʪʠʪʠ ʡʦʛʦ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚʩʽʻʾ ʫʩʪʘʥʦʚʢʠ. 

ʋ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ [4] ʦʧʠʩʘʥʦ ʩʪʚʦʨʝʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟ ʘʣʶʤʽʥʽʶ ʜʣʷ ʥʝʚʝʣʠʢʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʪʘ ʜʦʚʝʜʝʥʦ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.  ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʦʻʢʪʫʚʘʥʥʷ ʦʭʦʣʦʜʞʫʚʘʯʘ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʘʟʫ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʦʾ ʢʦʥʚʝʢʮʽʾ ʪʘ ʚʝʨʠʬʽʢʘʮʽʷ ʥʘ ʦʩʥʦʚʽ CFD ʤʦʜʝʣʶʚʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʨʘʭʫʥʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʭ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʤʽʨʽʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʦʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ: 

Ὂ
ὗ

ὑϽЎὸ
 ȟ (1) 

  

ʜʝ F ï ʮʝ ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ, ʤ2; Q ï ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ɺʪ;      

ȹtlog ï ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʤʽʞ ʛʘʨʷʯʠʤ ʛʘʟʦʤ ʪʘ ʭʦʣʦʜʥʠʤ 

ʧʦʚʽʪʨʷʤ, Áʉ; K ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʩʽ ʪʝʨʤʽʯʥʽ ʦʧʦʨʠ, ɺʪ/(ʤ2ĿK).  

ʉʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

Ўὸ
Ў̨̝̙̂̌Ў̙́̍̆̎́

 
Ў̨̝̙̂̌́
Ў̙̍̆̎́

  , (2) 

 

ʜʝ ȹtlog ï ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ (Áʉ); 

Ўὸ̨̝̙̂̌́ ï ʙʽʣʴʰʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʽʾʚ ʥʘ ʦʜʥʦʤʫ ʟ ʢʽʥʮʽʚ ʘʧʘʨʘʪʫ, Áʉ; 

Ўὸ̙̍̆̎́ ï ʤʝʥʰʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʽʾʚ ʥʘ ʽʥʰʦʤʫ ʢʽʥʮʽ ʘʧʘʨʘʪʫ, Áʉ. 

ʈʽʚʥʷʥʥʷ ʧʨʠʨʦʜʥʦʾ (ʪʝʧʣʦʚʦʾ) ʪʷʛʠ ʤʘʻ ʚʠʛʣʷʜ: 

 

Ўὖ̠̓̄̉ὌϽὫϽ”̖ ̏̌ ”̄ ́ ̑ȟ (3) 

 

ʜʝ Ўὖ̠̓̄̉ ï ʪʠʩʢ ʧʨʠʨʦʜʥʦʾ ʪʷʛʠ (ʇʘ); 

     H ï ʨʦʙʦʯʘ ʚʠʩʦʪʘ ʜʠʤʦʭʦʜʫ (ʢʦʞʫʭʘ), ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ (ʤ); 
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     Ὣ ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ (ʤ/ʩ2); 

     ”̖ ̏̌ ï ʛʫʩʪʠʥʘ ʭʦʣʦʜʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʚ ʢʦʞʫʭ; 

     ”̄ ́̑ ï ʛʫʩʪʠʥʘ ʥʘʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʞʫʭʘ (ʢʛ/ʤ
3). 

ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ (CFD) ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SolidWorks Flow 

Simulation. ʉʪʚʦʨʝʥʦ 3D-ʤʦʜʝʣʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʙʘʛʘʪʦʭʦʜʦʚʦʛʦ ʘʧʘʨʘʪʫ (ʨʠʩ. 1). 

ʄʦʜʝʣʶʚʘʥʥʷ ʚʨʘʭʦʚʫʚʘʣʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 773 ʂ ʥʘ ʚʭʦʜʽ ʜʦ ʨʦʙʦʯʠʭ ʟʥʘʯʝʥʴ ʥʘ 

ʚʠʭʦʜʽ. ɺʨʘʭʦʚʘʥʦ ʚôʷʟʢʽʩʪʴ ʩʠʥʪʝʟ-ʛʘʟʫ ʪʘ ʟʤʽʥʫ ʛʫʩʪʠʥʠ ʧʦʚʽʪʨʷ ʚ ʢʦʞʫʩʽ ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ (ʝʬʝʢʪ ʪʷʛʠ). 

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟ-ʛʘʟʫ ʪʘ ʧʦʚʽʪʨʷ ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ 

ʨʦʙʦʪʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

CFD-ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʠʚ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʦʾ ʧʨʠʨʦʜʥʦʾ ʢʦʥʚʝʢʮʽʾ. ʇʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʝʤʧʽʨʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʧʦʢʘʟʘʣʦ ʥʝʚʝʣʠʢʽ ʨʦʟʙʽʞʥʦʩʪʽ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʤʝʞʘʭ ʜʦʧʫʩʢʫ ʜʣʷ ʨʦʙʦʪʠ ɼɺɿ. 

ɺʠʩʥʦʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʩʧʨʦʝʢʪʦʚʘʥʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ 

ʙʘʛʘʪʦʭʦʜʦʚʠʡ ʚʝʨʪʠʢʘʣʴʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʟʜʘʪʥʠʡ ʩʪʘʙʽʣʴʥʦ ʨʦʟʩʽʶʚʘʪʠ ʥʘʜʣʠʰʢʦʚʝ 

ʪʝʧʣʦ ʪʘ ʦʭʦʣʦʜʞʫʚʘʪʠ ʩʠʥʪʝʟ-ʛʘʟ ʜʦ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɻʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʫʩʪʘʥʦʚʢʠ 

ʧʦʣʷʛʘʻ ʚ ʾʾ ʘʙʩʦʣʶʪʥʽʡ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ: ʚʽʜʢʨʠʪʠʡ ʟʦʚʥʽʰʥʽʡ ʢʦʞʫʭ ʧʨʘʮʶʻ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʜʠʤʦʭʦʜʫ ʽ ʩʪʚʦʨʶʻ ʧʦʪʫʞʥʫ ʧʨʠʨʦʜʥʫ ʪʷʛʫ, ʷʢʘ ʟ ʜʦʩʪʘʪʥʽʤ ʟʘʧʘʩʦʤ ʜʦʣʘʻ 

ʚʥʫʪʨʽʰʥʽʡ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʩʠʩʪʝʤʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʥʪʠʣʷʪʦʨʽʚ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1.  Homdoung N., Dussadee N., Sasujita K., Kiatsiriroatb T. and Tippayawongb N. 

Performance Investigation of a Gasifier and Gas Engine System Operated on Municipal Solid 

Waste Briquettes. Journal of Renewable Energy  Development. ˉ 8 (2)  2019 p. 179-184. Doi: 

https://doi.org/10.14710/ijred.   

 2. Gas Cleaning from Gasification for Production of Biofuels and Biochemicals J. Hrbek, 

C. Pfeifer, P. Blanco-Sanchez, R. Baldwin, M. Swanson, J. Strege. Task 33. 2025. URL: 

https://www.ieabioenergy.com/wp-content/uploads/2025/04/Gas-cleaning-from-gasification-for-

production-of-biofuels-and-biochemicals_final.pdf.pdf?utm_source.    

 3. Akhator, P. E. and 2Obanor, A.I. DEVELOPMENT OF A CONVECTIVE SYNGAS 

COOLER FOR SYNGAS CLEANING IN BIOMASS GASIFICATION PROCESS. , Journal of 

Engineering for Development Vol. 15(1). 2023 p. 13ï25 URL: 

https://www.researchgate.net/publication/375635972.  

 4. M. M. Mahadzir and 1M.Hefni. The Design and Fabrication Heat Exchanger for Small 

Downdraft Gasifier in UiTM Pulau Pinang. Journal Of Industrial Engineering Research. ˉ 4(3). 

2018 p. 6-12. URL: https://www.researchgate.net/publication/330776374. 



 
 

 
 

117 

UDC 621.18 

ĭ Luschnig  O., B¿rger C. 

Į Sen. lect., cand.eng.sc. Vlasenko O. V. 

  https://scholar.google.com/citations?user=-Ih8IfYAAAAJ&hl=uk  

 

ĭ Bio-H2-Umwelt GmbH, Jena, Germany 

Į Igor Sikorsky Kyiv Polytechnic Institute 

 

THE IMPORTANCE OF USING BIOGAS TECHNOLOGIES IN UKRAINE  

Statement of the problem and its relevance. In Ukraine, it is more urgent than ever to 

develop biogas technologies and organize their use in industry. This direction is potential for 

creating a new resource and energy saving program, without which the further development of the 

state is impossible in modern political, economic conditions and military situation. Expanding the 

scope of effective use of the potential of organic waste at all stages of product production is an 

important and necessary stage in the development of biogas technologies, which should sooner or 

later become advanced technologies in Ukrainian industry and reduce Ukraine's energy 

dependence on traditional fossil energy resources. The main factor in the effective use of biogas 

is its cost, which can vary widely, and the specific cost of purification methods, which, as a rule, 

add 20 - 100% to the initial price. 

To address the issues of producing heat and electricity from biogas, the Department of Heat 

and Alternative Energy began cooperation with the company Bio-H2-Umwelt GmbH (Germany, 

Jena) within the framework of the EPW-4884 project ñUkraine Energy Autarkò ï a German-

Ukrainian phased model with state support from the Federal Republic of Germany in order to 

improve the professional level, skills and abilities in obtaining renewable energy [1]. 

The experience of the Bio-H2-Umwelt GmbH company is effective in converting biomass 

into electrical and thermal energy by cogeneration plants, and the prospects for using it to generate 

electrical and thermal energy and to meet the biogas plants' own needs for heat and electrical 

energy. As well as using thermal energy for heating and hot water supply of the population [1]. 

Analysis of the latest research. The development of biogas technologies creates positive 

energy, environmental and social effects. The development of the biogas market in Ukraine will 

allow replacing 2.6é18 billion m3 of natural gas per year, which will contribute to strengthening 

the country's energy security, creating new jobs, economic development of regions, will allow 

covering peak loads in the power grid, utilizing crop production waste, as well as some food 

industry waste [2]. 

Biogas is a gas obtained by hydrogen or methane fermentation of biomass. Biogas plants are 

used to produce first-generation biofuels. Their advantage is the possibility of useful utilization of 

organic waste from livestock, crop production, household waste, wastewater, etc. with a positive 

energy, environmental, social and economic effect [3, 4]. Biogas technologies fit into the UN 

doctrine of sustainable development of society. According to this doctrine, waste and by-products 

of one production (livestock, crop production, etc.) are input for a biogas plant. And the waste 

from a biogas plant is used as high-quality fertilizers in agriculture [3]. Biogas technologies can 

become an obligatory element of livestock, agro-processing, and food enterprises. 

Analysis of the prospects for the development of heat supply systems shows that the 

coverage of heat loads will be ensured by burning organic fuel [2]. 

In modern developed countries of the world, the main part of the extracted fuel and energy 

resources is spent on generating electricity and heat of low and medium potential [2]. 

Promising conventional energy technologies have increased energy efficiency, but have not 

improved the environmental situation ï thermal, chemical and radioactive pollution of the 

environment with potentially catastrophic consequences. The negative trend in the development 
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of traditional energy is mainly due to the existence of two factors ï the rapid depletion of natural 

resources and environmental pollution. According to the UN, coal reserves are expected to be 

exhausted between 2082ï2500. In this regard, on the one hand, it is necessary to find opportunities 

for the rational use of traditional energy resources, and on the other hand, it is necessary to develop 

scientific and technical work on the use of non-traditional energy and renewable energy [3]. 

The aggravation of environmental problems, the depletion of non-renewable energy 

resources, and the increase in their prices have led to global interest in the development and use of 

the technology of bioconversion of organic waste for energy production. 

According to scientific and technical forecasts for the future, biomass conversion is the most 

common energy resource among renewable energy sources. 

Goal formulation. The goal of the work is to analyze the efficiency of converting biomass into 

electrical and thermal energy to meet the own needs of enterprises in heat and electrical energy. As well as 

the use of thermal energy for heating and hot water supply of the population of Ukrainian cities. 

Main part. Biogas production is a promising area of renewable energy for Ukraine. It can 

be obtained at biogas plants located near water treatment plants, organic waste landfills and 

agricultural enterprises, and also transported for the needs of large and energy-intensive Ukrainian 

industrial enterprises, especially metallurgical ones. In addition, the production of this energy 

resource is rapidly growing in the EU countries and has good prerequisites and prospects in 

Ukraine, a country characterized by unreasonably high energy consumption compared to world 

indicators; critical dependence on unstable supplies from external markets; high and unstable 

natural gas prices, trends towards their increase for all categories of consumers [5-6]. 

Important information about the raw material can be obtained using the method: Depending 

on the type of laboratory analysis, the following can be determined: - Calculation of the theoretical 

biogas and methane potential directly from the analysis results - Evaluation of the fermentation 

process (e.g. residence time) and potential process problems (inorganic load, e.g. HTK). 

Which substrate analyses are important are shown in table 1. And fig. 1 shows the 

technological platform for biogas production. 

 

Table 1 ï Substrate analyses 

Analyse Goal 

TS/oTS definition Water, dry matter and organic dry matter 

content, among others, to calculate the room 

load. 

Weender Information Technology Analytics Analysis of the content of phosphorus, 

fluorine, potassium in the solution for 

calculating the specific potential of methane 

Chemical Oxygen Demand (COD) Biological 

Oxygen Demand (BOD / BOD5, etc.) 

Analysis of equations for calculating specific / 

Methanogenic potential at 1 kg CSB = 0.35 m3 

CH4 

Determination of the C:N:P:S ratio Balance of macronutrients 

Optima: 

600: 15: 5: 3 

3000: 50: 3: 1 = 900: 15: 1.5: 0.9 

Determination of the content of microelements Balance of microelements in raw materials 

Batch testing according to VDI 4630 Experimental determination of methane 

potential. But: it depends on the inoculum. 
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Figure 1 ï Technological platform 

 

The total potential for biogas production from agricultural waste, food industry, landfills, 

municipal wastewater and industrial enterprises in Ukraine is estimated at 3.2 billion m3 per year 

in methane equivalent [6]. In addition, 3.3 billion m3 can be obtained by growing various types of 

energy crops on relatively small areas. However, to date, there are no examples of biogas production 

for industry in Ukraine, although such technologies have been used for many years in developed 

countries of the world. 

Conclusions. 

The problem of the efficiency of biogas technology is relevant and needs to be solved by 

optimizing the energy and environmental characteristics of various processes during its direct 

combustion to create the necessary temperature regime or generate electricity for industrial needs. 

The choice of the optimal direction for specific conditions of the enterprise is ambiguous. First of 

all, it is necessary to strive to use the energy contained in biogas as efficiently as possible, taking 

into account the peculiarities of the equipment, operating modes and the quality of the gas mixture. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʏʀʉɽʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʂʆʊʃɸ ɻʄ-50 ɺ ɼɯɸʇɸɿʆʅɯ 

ʅɸɺɸʅʊɸɾɽʅʔ 40-100 % ʇʈʀ ʇɽʈɽʍʆɼɯ ɿ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿʋ ʅɸ ɹɯʆɻɸɿ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ 

ʨʦʟʚô̫ ʟʘʥʥʷ ʚʘʞʣʠʚʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ï ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʨʦʚʠʭ ʢʦʪʣʽʚ ʩʝʨʽʾ ɻʄ-50 (ɽ-50-3,9-440ɻʄ) ʧʨʠ ʾʭ ʧʝʨʝʭʦʜʽ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʛʘʟʦʚʽ ʩʫʤʽʰʽ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʙʦʪʠ ʜʠʢʪʫʻʪʴʩʷ ʚʠʤʦʛʘʤʠ ɼʠʨʝʢʪʠʚʠ 2010/75/ɭʉ ʪʘ ʅʘʢʘʟʫ 

ʄʽʥʧʨʠʨʦʜʠ ˉ 541 ʱʦʜʦ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʦʞ ʢʨʠʪʠʯʥʠʤ ʨʽʚʥʝʤ ʟʥʦʩʫ 

ʚʽʪʯʠʟʥʷʥʦʛʦ ʢʦʪʝʣʴʥʦʛʦ ʧʘʨʢʫ. ʄʝʪʘ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʨʝʣʷʮʽʡ ʤʽʞ ʚʠʜʦʤ ʧʘʣʠʚʘ, 

ʨʝʞʠʤʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʤʽʥʘʤʠ ʪʝʧʣʦʬʽʟʠʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʽ ʤʽʮʥʽʩʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʛʨʝʛʘʪʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʟʫʤʦʚʣʝʥʘ ʨʦʟʢʨʠʪʪʷʤ ʨʦʣʽ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʧʨʦʮʝʩʘʭ 

ʬʦʨʤʫʚʘʥʥʷ ʬʘʢʝʣʘ. ɼʦʚʝʜʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ ʤʽʥʽʤʽʟʫʻ ʤʘʢʩʠʤʘʣʴʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʦʩʪʦʨʽ ʧʘʣʠʚʥʽ ʥʘ 100ï150 ÁC, ʱʦ ʩʫʪʪʻʚʦ ʛʘʣʴʤʫʻ ʛʝʥʝʨʘʮʽʶ ʪʝʨʤʽʯʥʠʭ 

NOx. ɺʦʜʥʦʯʘʩ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʨʴʦʭʘʪʦʤʥʠʭ ʛʘʟʽʚ ʧʽʜʩʠʣʶʻ ʧʨʦʤʝʥʠʩʪʠʡ 

ʪʝʧʣʦʦʙʤʽʥ, ʱʦ ʩʧʨʠʷʻ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʢʨʘʥʥʽ ʧʦʚʝʨʭʥʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʘʨʘʙʘʥʽʚ ʢʦʪʣʽʚ ɻʄ-50. ʇʝʨʝʭʽʜ ʥʘ 

ʙʽʦʛʘʟ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʱʘʜʥʠʡ ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʥʘʜʽʡʥʦʾ 

ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʫ ʤʘʥʝʚʨʝʥʠʭ ʛʨʘʬʽʢʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɸʢʪʫʘʣʴʥʽ ʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʫ ʩʬʝʨʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʧʘʣʠʚʘ (ʟʦʢʨʝʤʘ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ 2024ï2025 ʨʨ.) ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʘʭ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʦʜʥʝʚʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʬʘʢʝʣʘ, ʧʨʦʪʝ 

ʩʧʝʮʠʬʽʢʘ ʤʘʥʝʚʨʝʥʦʩʪʽ ʢʦʪʣʽʚ ʪʠʧʫ ɻʄ-50 ʚʠʩʚʽʪʣʝʥʘ ʥʝʜʦʩʪʘʪʥʴʦ. ʉʫʯʘʩʥʽ ʧʨʘʮʽ [1, 2] 

ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʝʪʘʧ ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ (load-falling stage) ʫ ʧʦʪʫʞʥʠʭ 

ʢʦʪʣʦʘʛʨʝʛʘʪʘʭ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʧʝʨʝʭʽʜʥʠʤʠ ʷʚʠʱʘʤʠ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ 

ʛʣʠʙʦʢʦʛʦ CFD-ʘʥʘʣʽʟʫ ʜʣʷ ʥʽʚʝʣʶʚʘʥʥʷ ʪʝʨʤʽʯʥʠʭ ʧʝʨʝʢʦʩʽʚ. ɿʛʽʜʥʦ ʟ ʚʠʩʥʦʚʢʘʤʠ [3], 

ʩʪʚʦʨʝʥʥʷ ʧʨʝʮʠʟʽʡʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʤʠʩʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʙʽʦʤʘʩʽ ʻ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʫ ʟʤʽʥʥʠʭ ʨʝʞʠʤʘʭ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ [4], ʱʦ ʧʨʠ ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʞʘʨʦʪʨʫʙʥʠʭ ʢʦʪʣʽʚ ʫ 

ʜʽʘʧʘʟʦʥʽ 50ï100 % ʧʦʪʫʞʥʦʩʪʽ ʂʂɼ ʤʦʞʝ ʜʝʱʦ ʧʽʜʚʠʱʫʚʘʪʠʩʷ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʽʜʥʠʭ ʛʘʟʽʚ, ʧʨʦʪʝ ʮʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʠʟʠʢʦʤ ʭʽʤʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʥʘʜʪʦʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʝʭʽʜ ʥʘ 

ʙʽʦʛʘʟ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʥʘ 50ï70 % ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʪʘʥʦʤ, ʱʦ ʻ 

ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ Net Zero ʜʦ 2050 ʨʦʢʫ. ɿʦʢʨʝʤʘ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʦʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʪʘʢʠʭ ʟʤʽʥʘʭ ʧʘʣʠʚʥʦʾ ʙʘʟʠ ʜʦʟʚʦʣʷʻ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʙʘʨʘʙʘʥʽʚ-ʩʝʧʘʨʘʪʦʨʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʘ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʪʣʘ ɻʄ-50-1 ʧʨʠ 

ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʧʘʣʠʚʥʦʾ ʙʘʟʠ ʪʘ ʨʦʙʦʪʽ ʥʘ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʽʤʽʪʘʮʽʾ ʤʘʥʝʚʨʝʥʦʩʪʽ ʢʦʪʣʦʘʛʨʝʛʘʪʫ ɻʄ-50 ʨʝʘʣʽʟʦʚʘʥʦ 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʯʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ, ʝʥʝʨʛʽʾ ʪʘ ʽʤʧʫʣʴʩʫ (ʦʩʝʨʝʜʥʝʥʽ ʟʘ ʈʝʡʥʦʣʴʜʩʦʤ 
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ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ ï RANS). ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʧʣʦʚʦʾ 

ʧʦʪʫʞʥʦʩʪʽ 40ï100 % ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʯʝʨʝʟ ʨʦʟʨʦʙʢʫ ʩʝʨʽʾ ʩʮʝʥʘʨʽʾʚ ʟ ʧʨʦʧʦʨʮʽʡʥʠʤ 

ʢʦʨʠʛʫʚʘʥʥʷʤ ʤʘʩʦʚʠʭ ʚʠʪʨʘʪ ʦʢʠʩʥʶʚʘʯʘ ʪʘ ʧʘʣʠʚʘ (ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʽ ʙʽʦʛʘʟʫ). ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʨʝʞʠʤʥʠʭ ʢʘʨʪ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʪʣʽʚ ʪʠʧʫ ɻʄ, ʫ ʤʦʜʝʣʽ 

ʟʘʙʝʟʧʝʯʫʚʘʚʩʷ ʩʪʘʙʽʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ a = 1,05. ɺʭʽʜʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʽʚ 

ʘʜʘʧʪʫʚʘʣʠʩʷ ʜʦ ʩʧʝʮʠʬʽʢʠ ʙʽʦʛʘʟʫ, ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʷʢʦʛʦ ʻ ʟʥʘʯʥʦ ʚʠʱʦʶ ʚʥʘʩʣʽʜʦʢ ʚʤʽʩʪʫ 

ʙʘʣʘʩʪʥʦʛʦ CO2. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʚʽʜʪʚʦʨʠʪʠ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʩʧʘʣʶʚʘʥʥʷ ʥʘ ʟʥʠʞʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʫ ʧʘʣʠʚʥʽ ʢʦʪʣʘ ʚʠʢʦʥʫʚʘʣʦʩʷ ʚ ʩʪʫʜʝʥʪʩʴʢʽʡ ʚʝʨʩʽʾ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS Fluent, ʱʦ ʻ ʙʝʟʢʦʰʪʦʚʥʦʶ ʟ 2015 ʨʦʢʫ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʢʣʘʜ ʙʽʦʛʘʟʫ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ɹʦʨʪʥʠʮʴʢʦʾ 

ʩʪʘʥʮʽʾ ʘʝʨʘʮʽʾ ʚ ʤ. ʂʠʻʚʽ. ʎʝʡ ʙʽʦʛʘʟ ʤʽʩʪʠʪʴ 67,76 % CH4; 31 % CO2; 0,44 % O2; 0,57 % N2; 

0,13 % H2; 0,04 % H2S. 

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʟʘʜʘʯʽ: 

ʘ ï ʟʦʙʨʘʞʝʥʥʷ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʩʽʪʢʠ ʢʦʪʣʘ; ʙ ï ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʩʽʪʢʠ ʧʘʣʴʥʠʢʘ 

ɻʄɻ-5.5; ʚ ï ʧʦʟʜʦʚʞʥʽʡ ʧʝʨʝʨʽʟ ʧʘʣʴʥʠʢʘ ɻʄɻ-5.5, ʱʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʤʦʜʝʣʽ 

 

ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʪʦʧʦʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʢʦʪʣʘ ɻʄ-50 ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʛʽʙʨʠʜʥʫ 

ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʫ ʩʽʪʢʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʦʻʜʥʘʪʠ ʛʝʢʩʘʛʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʫ ʩʪʘʙʽʣʴʥʠʭ 

ʟʦʥʘʭ ʽʟ ʪʝʪʨʘʝʜʨʠʯʥʠʤʠ ʚ ʦʙʣʘʩʪʷʭ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʠʚ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʛʨʘʜʽʻʥʪʽʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʨʘʮʽʦʥʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʟʦʥʘʤ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ: ʣʦʢʘʣʴʥʝ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ 

(Sizing) ʪʘ ʧʘʨʘʤʝʪʨ Relevance Center ʫ ʧʦʣʦʞʝʥʥʽ çFineè ʜʦʟʚʦʣʠʣʠ ʜʝʪʘʣʴʥʦ ʚʽʜʪʚʦʨʠʪʠ 

ʘʝʨʦʜʠʥʘʤʽʢʫ ʧʦʙʣʠʟʫ ʧʘʣʴʥʠʢʽʚ ɻʄɻ-5.5 ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʣʦʧʘʪʢʦʚʠʭ ʟʘʚʠʭʨʶʚʘʯʽʚ. ɼʣʷ 

ʢʦʨʝʢʪʥʦʛʦ ʦʧʠʩʫ ʧʨʠʩʪʽʥʢʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʝʢʨʘʥʘʭ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʭʘʥʽʟʤ Inflation. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʽʪʢʦʚʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʨʽʰʝʥʥʷ (Grid Convergence Study) ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ 

ʦʙʨʘʥʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʙʠʪʪʷ ʟʘʙʝʟʧʝʯʫʻ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡ NOx. ʎʝ ʛʘʨʘʥʪʫʻ ʚʠʩʦʢʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʽʪʴ ʫ ʤʝʞʘʭ ʦʙʤʝʞʝʥʴ 

ʩʪʫʜʝʥʪʩʴʢʦʾ ʚʝʨʩʽʾ ANSYS-Fluent. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʴ 

(40 ï 100 %) ʧʨʦʚʦʜʠʣʦʩʷ ʙʘʛʘʪʦʨʘʟʦʚʝ ʫʪʦʯʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʢʨʦʢʫ ʤʽʞ ʚʫʟʣʘʤʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʨʦʢ 3 ʤʤ ʤʽʞ ʚʫʟʣʘʤʠ ʪʝʪʨʘʝʜʨʠʯʥʦʾ ʩʽʪʢʠ ʻ ʦʧʪʠʤʘʣʴʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʧʦʜʘʣʴʰʝ ʧʦʜʨʽʙʥʝʥʥʷ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʽʣʴʢʽʩʥʦʾ ʘʙʦ ʷʢʽʩʥʦʾ ʟʤʽʥʠ ʨʦʟʧʦʜʽʣʫ 

ʪʝʧʣʦʚʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ. 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʤʦʜʝʣʽ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 200 ʪʠʩ., ʻ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 

ʢʦʨʝʢʪʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʘʣʠʚʥʽ ʢʦʪʣʘ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʧʨʠʡʥʷʪʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ. 
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ʇʨʠ ʨʦʙʦʪʽ ʥʘ ʥʠʟʴʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ (40 %), ʢʦʣʠ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʽʚ ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʥʠʞʫʶʪʴʩʷ, ʦʙʨʘʥʠʡ ʢʨʦʢ ʩʽʪʢʠ 3 ʤʤ 

ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʟʘʬʽʢʩʫʚʘʪʠ ʟʦʥʫ ʟʘʧʘʣʶʚʘʥʥʷ ʪʘ ʧʨʦʬʽʣʴ ʣʦʢʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʙʘʨʘʙʘʥʘ. 

ʈʽʰʝʥʥʷ ʚʚʘʞʘʣʦʩʷ ʥʝʟʘʣʝʞʥʠʤ ʚʽʜ ʩʽʪʢʠ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʚ ʦʙôʻʤʽ 

ʧʘʣʠʚʥʽ ʩʪʘʙʽʣʽʟʫʚʘʣʦʩʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʝʨʠʬʽʢʘʮʽʡʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʟ ʧʦʭʠʙʢʦʶ ʜʦ 

0,008% ʧʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʤʽʩʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜʪʚʝʨʜʠʣʦ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ (ʥʘ 45ï60 %), ʱʦ ʢʦʨʝʣʶʻ ʟ ʜʘʥʠʤʠ [5]. ʇʨʦʪʝ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʰʠʨʶʶʪʴ ʥʘʷʚʥʽ ʫʷʚʣʝʥʥʷ: ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʚʠʭʨʦʚʠʭ ʧʘʣʴʥʠʢʽʚ ɻʄɻ-5.5 ʝʬʝʢʪ 

ʜʝʥʦʢʩʠʬʽʢʘʮʽʾ ʻ ʩʪʘʙʽʣʴʥʠʤ ʥʘʚʽʪʴ ʧʨʠ ʛʣʠʙʦʢʦʤʫ ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʜʦ 40 %. ʎʝ ʩʧʨʦʩʪʦʚʫʻ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʜʝʩʪʘʙʽʣʽʟʘʮʽʶ ʛʦʨʽʥʥʷ ʥʠʟʴʢʦʢʘʣʦʨʽʡʥʠʭ ʛʘʟʽʚ ʧʨʠ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ, 

ʚʠʩʫʥʫʪʽ ʫ ʨʦʙʦʪʽ [3]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ EDC (Eddy Dissipation Concept) ʜʦʟʚʦʣʠʣʦ 

ʜʝʪʘʣʽʟʫʚʘʪʠ ʨʘʜʠʢʘʣʴʥʠʡ ʩʢʣʘʜ ʫ ʟʦʥʽ ʛʦʨʽʥʥʷ, ʟʘʙʝʟʧʝʯʠʚʰʠ ʚʠʱʫ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫ ʝʤʽʩʽʾ 

NOx ʧʦʨʽʚʥʷʥʦ ʟ ʧʽʜʭʦʜʘʤʠ Fast Chemistry. ʆʢʨʝʤʫ ʥʘʫʢʦʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʻ ʝʬʝʢʪ 

çʧʨʦʤʝʥʠʩʪʦʾ ʢʦʤʧʝʥʩʘʮʽʾè: ʧʦʧʨʠ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʦʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ, ʚʠʩʦʢʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʨʠʘʪʦʤʥʠʭ ʛʘʟʽʚ (CO2, H2O) ʧʽʜʩʠʣʶʻ ʨʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʦʙʤʽʥ. ɼʘʥʠʡ ʬʘʢʪ 

ʧʽʜʪʚʝʨʜʞʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʨʠʛʫʚʘʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʂʂɼ, ʷʢʽ ʯʘʩʪʦ 

ʥʝʜʦʦʮʽʥʶʶʪʴ ʚʥʝʩʦʢ ʛʘʟʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʥʘʥʝ ʚ ʨʦʙʦʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʧʨʷʤʫ ʢʦʨʝʣʷʮʽʶ 

ʤʽʞ ʜʝʢʦʥʮʝʥʪʨʘʮʽʻʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʷʜʨʘ ʬʘʢʝʣʘ ʪʘ ʟʥʠʞʝʥʥʷʤ ʝʤʽʩʽʾ NOx, ʘ ʪʘʢʦʞ 

ʟʥʠʞʝʥʥʷ ʧʽʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 100ï150 ÁC ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʙʽʦʛʘʟʫ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ ʧʨʠʛʥʽʯʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʫʪʚʦʨʝʥʥʷ ʘʟʦʪʥʠʭ ʩʧʦʣʫʢ. 

CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʙʽʦʛʘʟ ʦʙôʻʤʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ NOx 

ʩʢʦʨʦʯʫʶʪʴʩʷ ʥʘ 45ï50 %. ʅʘ ʥʦʤʽʥʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʦʩʷʛʘʶʪʴ 

385 ppm, ʧʨʦʪʝ ʧʨʠ ʤʘʥʝʚʨʝʥʦʤʫ ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʜʦ 60 % ʪʘ 40 % ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʜʘʶʪʴ 

ʜʦ 192,6 ppm, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʘʛʨʝʛʘʪʫ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʛʨʘʬʽʢʫ 

ʥʘʚʘʥʪʘʞʝʥʴ. 

çʈʦʟʤʠʪʪʷè ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʽʢʫ ʪʘ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʣʦʢʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʽʚ (ʽʟ ʧʽʢʦʤ ʜʦ 246 472,0 ɺʪ/ʤ2 ʧʨʠ 100 % ʧʦʪʫʞʥʦʩʪʽ) ʟʘʙʝʟʧʝʯʫʶʪʴ çʤôʷʢʠʡè 

ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʝʢʨʘʥʥʠʭ ʪʨʫʙ. ʎʝ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʝʨʤʦʤʝʭʘʥʽʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʙʘʨʘʙʘʥʽ-ʩʝʧʘʨʘʪʦʨʽ ʪʘ ʧʦʜʦʚʞʠʪʠ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʢʦʪʣʘ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʅɽʉʊɸʎɯʆʅɸʈʅʆɰ ɻɸɿʆɼʀʅɸʄɯʂʀ ʊɸ ʈʀɿʀʂɯɺ 

ɺʀʉʆʂʆʎʀʂʃʆɺʆɰ ɺʊʆʄʀ ʈɽɻʋʃʖɺɸʃʔʅʆɻʆ ʂʃɸʇɸʅɸ  

ʊʋʈɹɯʅʀ ʂ-1000-60/3000

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʈʝʛʫʣʶʚʘʣʴʥʘ ʘʨʤʘʪʫʨʘ ʻ ʚʘʞʣʠʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʧʘʨʘ ʫ 

ʰʠʨʦʢʠʭ ʜʽʘʧʘʟʦʥʘʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʬʦʨʦʚʘʥʠʭ ʨʝʰʽʪʦʢ (ʩʠʪ) ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʣʘʧʘʥʽʚ ʩʧʨʷʤʦʚʘʥʝ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʟʘʭʠʩʪʫ ʪʫʨʙʽʥʠ ʚʽʜ ʧʦʪʨʘʧʣʷʥʥʷ ʪʚʝʨʜʠʭ ʘʙʨʘʟʠʚʥʠʭ 

ʯʘʩʪʦʢ ʚʽʜ ʧʘʨʦʛʝʥʝʨʘʪʦʨʫ ʘʙʦ ʧʘʨʦʧʨʦʚʦʜʽʚ (ʟʚʘʨʶʚʘʣʴʥʠʡ ʛʨʘʪ, ʯʘʩʪʠʥʢʠ ʦʢʘʣʠʥ, 

ʝʣʝʤʝʥʪʠ ʫʱʽʣʴʥʝʥʴ), ʘʣʝ ʡ ʥʘ ʨʦʟʧʦʜʽʣ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ, ʟʥʠʞʝʥʥʷ ʨʽʚʥʽʚ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʰʫʤʫ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʦʪʦʢʫ ʧʘʨʠ [1]. 

ʇʨʦʪʝ ʩʢʣʘʜʥʘ ʪʦʧʦʣʦʛʽʷ ʧʦʪʦʢʫ ʚ ʟʦʥʽ ʧʝʨʬʦʨʘʮʽʾ ʩʪʘʻ ʜʞʝʨʝʣʦʤ ʽʥʪʝʥʩʠʚʥʦʾ 

ʛʝʥʝʨʘʮʽʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ. ʎʽ ʧʨʦʮʝʩʠ ʩʪʚʦʨʶʶʪʴ 

ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʥʫʪʨʽʰʥʽ ʝʣʝʤʝʥʪʠ ʢʣʘʧʘʥʘ, ʱʦ ʟʘ ʧʝʚʥʠʭ ʯʘʩʪʦʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʝʨʝʜʯʘʩʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ [2]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʚʽʙʨʘʮʽʡ ʫ ʢʣʘʧʘʥʘʭ ʻ ʚʽʜʨʠʚ ʰʘʨʽʚ ʟʩʫʚʫ ʚʽʜ ʢʨʘʡʦʢ ʦʪʚʦʨʽʚ ʪʘ ʮʠʢʣʽʯʥʠʡ ʟʨʠʚ 

ʚʠʭʦʨʽʚ [3]. ʏʘʩʪʦʪʘ ʟʨʠʚʫ ʚʠʭʦʨʽʚ ʢʦʨʝʣʶʻ ʟ ʯʠʩʣʦʤ ʉʪʨʫʭʘʣʷ, ʷʢʝ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 0,2 [4]. 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʻ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʪʘʢʠʭ ʧʫʣʴʩʘʮʽʡ. ɺʠʩʦʢʦʮʠʢʣʦʚʘ ʚʪʦʤʘ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʚʠʱʫʻ 104 ï 107 [1]. ʋ ʚʠʧʘʜʢʘʭ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ (100ï1000 ɻʮ) 

ʢʨʠʪʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʟʘ ʜʦʩʠʪʴ ʢʦʨʦʪʢʠʡ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʦʣʽʚ ʪʘ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʨʝʛʫʣʶʚʘʣʴʥʦʤʫ ʢʣʘʧʘʥʽ ʂ-1000-60/3000 ʟ 

ʩʠʪʦʤ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʦʥ ʤʘʢʩʠʤʘʣʴʥʦʾ ʟʘʚʠʭʨʝʥʦʩʪʽ ʪʘ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ 

ʚʠʩʦʢʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ ʤʘʪʝʨʽʘʣʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 1) ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʩʪʨʫʤʝʥʽʚ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʢʨʽʟʴ ʦʪʚʦʨʠ ʩʠʪʘ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʩʷʛʘʻ 130 ʤ/ʩ. ʎʝ ʩʪʚʦʨʶʻ ʟʦʥʠ ʟʥʘʯʥʠʭ ʛʨʘʜʽʻʥʪʽʚ 

ʰʚʠʜʢʦʩʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʧʝʨʝʰʢʦʜʦʶ, ʱʦ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʚʠʭʦʨʦʫʪʚʦʨʝʥʥʷ. ʈʦʟʧʦʜʽʣ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ (ʨʠʩ. 2) ʧʦʢʘʟʫʻ ʧʘʜʽʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ 

ʚʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ 6,38 ʄʇʘ ʜʦ ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷ ʙʣʠʟʴʢʦ 5,7 ʄʇʘ. ʃʦʢʘʣʴʥʽ ʟʦʥʠ ʟʥʠʞʝʥʦʛʦ 

ʪʠʩʢʫ ʟʙʽʛʘʶʪʴʩʷ ʟ ʷʜʨʘʤʠ ʚʠʭʦʨʽʚ, ʟʘʬʽʢʩʦʚʘʥʠʤʠ ʚ ʧʦʣʽ ʟʘʚʠʭʨʝʥʦʩʪʽ. 

ɼʣʷ ʦʮʽʥʢʠ ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ 

ʫ ʪʦʯʮʽ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʟʘʚʠʭʨʝʥʽʩʪʶ. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʘʤʧʣʽʪʫʜʥʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 3), ʟʘʬʽʢʩʦʚʘʥʦ ʟʥʘʯʥʠʡ ʧʽʢ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʪʠʩʢʫ ʥʘ ʨʽʚʥʽ 400 ʢʇʘ. ʆʩʥʦʚʥʘ ʝʥʝʨʛʽʷ ʟʙʫʨʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʘ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 

ʜʦ 250 ɻʮ. 
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ʈʠʩʫʥʦʢ 1 ï ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʢʣʘʧʘʥʽ ʪʫʨʙʽʥʠ ʂ-1000-

60/3000 

 

ʈʠʩʫʥʦʢ 2 ï ʈʦʟʧʦʜʽʣ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʢʣʘʧʘʥʽ 

ʪʫʨʙʽʥʠ ʂ-1000-60/3000 

 

  
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʽʢ ʘʤʧʣʽʪʫʜʠ 

ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʪʦʯʮʽ 

ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʽʢ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʪʦʯʮʽ 

 

ɻʨʘʬʽʢ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ (ʨʠʩ. 4) ʚʠʷʚʣʷʻ ʜʦʤʽʥʫʶʯʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʽʢ ʫ ʨʘʡʦʥʽ 90 ɻʮ ʟʽ ʟʥʘʯʝʥʥʷʤ 8Ĭ1010 ʇʘ2/ɻʮ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʚʠʭʨʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʯʘʩʪʦʪʘ ʷʢʠʭ ʤʦʞʝ ʚʭʦʜʠʪʠ ʚ 

ʨʝʟʦʥʘʥʩ ʽʟ ʚʣʘʩʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʝʣʝʤʝʥʪʽʚ ʢʣʘʧʘʥʘ. 

ʇʫʣʴʩʘʮʽʾ ʪʠʩʢʫ ʘʤʧʣʽʪʫʜʦʶ 4 ʙʘʨʠ ʧʨʠ ʯʘʩʪʦʪʽ 90 ɻʮ ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʜʣʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. ɿʘ ʪʘʢʦʾ ʯʘʩʪʦʪʠ ʤʘʪʝʨʽʘʣ ʟʘʟʥʘʻ 360000 ʮʠʢʣʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʦʜʠʥʫ, ʱʦ ʦʟʥʘʯʘʻ ʥʘʢʦʧʠʯʝʥʥʷ 107 ʮʠʢʣʽʚ ʤʝʥʰ ʥʽʞ ʟʘ 30 ʛʦʜʠʥ ʨʦʙʦʪʠ. 

ʆʩʢʽʣʴʢʠ ʚ ʟʦʥʘʭ ʧʝʨʬʦʨʘʮʽʾ ʥʘʷʚʥʽ ʟʥʘʯʥʽ ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʥʘʧʨʫʞʝʥʴ (ʛʦʩʪʨʽ ʢʨʘʡʢʠ 

ʦʪʚʦʨʽʚ), ʣʦʢʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʛʨʘʥʠʮʶ ʚʠʪʨʠʚʘʣʦʩʪʽ ʩʪʘʣʽ ʥʘʚʽʪʴ ʟʘ 

ʫʤʦʚʠ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʩʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʎʝ ʽʥʽʮʽʶʻ ʟʘʨʦʜʞʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ, ʱʦ 

ʟʛʦʜʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʩʠʪʘ [4]. 

ɺʠʩʥʦʚʢʠ. ʋ ʭʦʜʽ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʛʫʣʶʚʘʣʴʥʦʛʦ ʢʣʘʧʘʥʫ ʪʫʨʙʽʥʠ  

ʂ-1000-60/3000 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʪʽʢ ʯʝʨʝʟ ʩʠʪʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ  

(130 ʤ/ʩ) ʪʘ ʽʥʪʝʥʩʠʚʥʦʶ ʟʘʚʠʭʨʝʥʽʩʪʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʩʠʪʦʤ. 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʷʚʠʚ ʧʦʪʫʞʥʝ ʜʞʝʨʝʣʦ ʧʫʣʴʩʘʮʽʡ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʟ 

ʜʦʤʽʥʫʶʯʦʶ ʯʘʩʪʦʪʦʶ 90 ɻʮ ʪʘ ʧʽʢʦʚʦʶ ʘʤʧʣʽʪʫʜʦʶ 400 ʢʇʘ. 
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ʈʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʠʷʚʣʝʥʽ ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ ʻ ʦʩʥʦʚʥʠʤ 

ʬʘʢʪʦʨʦʤ ʚʠʥʠʢʥʝʥʥʷ ʚʠʩʦʢʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ. ɺʝʣʠʢʘ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʥʘ ʬʦʥʽ ʚʠʩʦʢʦʾ 

ʯʘʩʪʦʪʠ ʩʧʨʠʯʠʥʷʻ ʰʚʠʜʢʝ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʠʭ ʮʠʢʣʽʚ ʫ ʤʽʩʮʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ, 

ʱʦ ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʝʜʝ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʝʣʝʤʝʥʪʽʚ ʢʣʘʧʘʥʘ ʧʨʠ ʪʨʠʚʘʣʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʄɽʊʆɼʀ ɺʀɿʅɸʏɽʅʅʗ ʇʋʃʔʉɸʎɯʁ ɺʀʊʈɸʊʀ ɺʋɻɯʃʔʅʆɻʆ ʇʀʃʋ, 

 ʑʆ ʁɼɽ ʅɸ ʇɸʃʔʅʀʂʀ ʂʆʊʃɸ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʈʦʟʨʦʙʢʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʜʽʶʯʠʭ 

ʢʦʪʣʘʭ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʚʠʪʨʘʪʠ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʧʠʣʦʧʦʜʘʯʽ ʻ 

ʟʘʚʜʘʥʥʷʤ ʧʝʨʰʦʨʷʜʥʦʾ ʚʘʞʣʠʚʦʩʪʽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʡʦʛʦ ʧʦ ʧʘʣʴʥʠʢʘʭ ʢʦʪʣʘ. ɿʙʫʨʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ 

ʧʠʣʦʧʦʜʘʯʽ ʚʠʢʣʠʢʘʶʪʴ ʢʦʣʠʚʘʥʥʷ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʚ ʧʘʣʴʥʠʢʘʭ, ʧʽʜʚʠʱʝʥʥʷ ʫʪʚʦʨʝʥʥʷ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʽʥʪʝʥʩʠʬʽʢʫʶʪʴ ʧʨʦʮʝʩʠ ʰʣʘʢʫʚʘʥʥʷ ʪʘ ʘʙʨʘʟʠʚʥʦ-ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ 

ʝʢʨʘʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘʛʨʽʚʘʥʥʷ, ʧʦʛʽʨʰʫʶʪʴ ʨʽʜʢʝ ʰʣʘʢʦʚʠʜʘʣʝʥʥʷ. ʇʨʦʪʷʛʦʤ ʨʷʜʫ ʨʦʢʽʚ 

ʥʘ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ (ʊʧʊɽʉ) ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʧʨʦʚʦʜʠʣʠʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʢʦʥʪʨʦʣʶ ʚʠʪʨʘʪʠ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʥʘ ʧʘʣʴʥʠʢʠ ʢʦʪʣʽʚ ʊʇʇ-210 ɸ 

ʝʥʝʨʛʦʙʣʦʢʽʚ 300 ʄɺʪ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʽ (ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ 

А = 0,5 ʢʛ/ʢʛ ʧʨʠ ʧʠʣʦʧʨʦʚʦʜʽ Dʫ-500 ʤʤ) ʽ ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʽʡ ʧʠʣʦʧʦʜʘʯʽ 

(А = 70 ï 200 ʢʛ/ʢʛ, Dʫ-80 ʤʤ). ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ 

ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʽ ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʴ ʝʥʝʨʛʦʙʣʦʢʫ Nʝ = 240ï 300 ʄɺʪ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʧʘʣʠʚʘ ʧʦ ʧʘʣʴʥʠʢʘʭ ʜʦʩʷʛʘʻ 60 %, ʘ ʢʦʥʪʨʦʣʴ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ, ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʤʝʪʦʜʦʤ ʦʧʪʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤ, 

ʪʝʧʣʦʚʠʤ ʽ ʻʤʥʽʩʥʠʤ ʤʝʪʦʜʘʤʠ ʪʘ ʽʥ [1]. ʄʝʪʦʜʠ ʻ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʠʤʠ, ʥʘʜʽʡʥʠʤʠ ʟ 

ʥʝʩʢʣʘʜʥʠʤ ʧʨʠʣʘʜʦʚʠʤ ʦʩʥʘʱʝʥʥʷʤ, ʥʝʟʥʘʯʥʠʤʠ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷʤ ʽ ʟʨʫʯʥʠʤʠ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʪʣʽʚ ʊɽʉ, ʢʦʞʝʥ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʘʝʨʦʜʠʥʘʤʽʢʠ ʧʠʣʦʧʨʦʚʦʜʽʚ ʇɺʂʊ ʽ ʨʦʙʦʪʠ ʧʘʣʴʥʠʢʽʚ, 

ʧʨʦʚʝʜʝʥʠʭ ʚ ʪʦʤʫ ʯʠʩʣʽ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʥʘ ʢʦʪʣʽ ʙʣʦʢʫ ʂ-300-240 ʊʧʊɽʉ, 

ʚʠʷʚʠʣʠ ʜʚʘ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʭ ʪʠʧʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦʜʘʯʽ ʧʠʣʫ ʚ ʯʘʩʽ: çʚʠʩʦʢʦʯʘʩʪʦʪʥʽè 

ʧʫʣʴʩʘʮʽʾ ʧʨʠ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʥʷʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ (Ű < 10 ʩ) ʽ ʪʨʠʚʘʣʽ ʟʙʫʨʝʥʥʷ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ (Ű > 40 ʩ), ʧʦʚô̫ ʟʘʥʽ ʟ ʛʣʠʙʦʢʠʤʠ ʟʤʽʥʘʤʠ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʅʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʜʘʯʽ ʧʠʣʫ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʚʠʜʽʚ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ʙʫʥʢʝʨʘ ʧʠʣʫ (ʧʨʦʤʙʫʥʢʝʨʘ), ʘʝʨʘʮʽʡʥʠʭ ʧʠʣʦʞʠʚʠʣʴʥʠʢʽʚ ʪʘ ʧʠʣʦʧʨʦʚʦʜʽʚ. ɼʣʷ 

ʫʩʫʥʝʥʥʷ ʪʨʠʚʘʣʠʭ ʟʙʫʨʝʥʴ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʥʘʜʽʡʥʝ ʽ ʙʝʟʽʥʝʨʮʽʡʥʝ ʫʧʨʘʚʣʽʥʥʷ ʽ ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʛʫʣʶʚʘʪʠ ʚʠʪʨʘʪʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ. 

ʆʜʥʘʢ çʚʠʩʦʢʦʯʘʩʪʦʪʥʽè ʧʫʣʴʩʘʮʽʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʨʦʮʝʩ ʟʛʦʨʷʥʥʷ, ʥʝ ʫʩʫʚʘʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʢʦʥʪʨʦʣʶ ʧʦʜʘʯʽ ʧʠʣʫ. ʊʫʪ ʥʝʦʙʭʽʜʥʦ ʧʽʜʙʠʨʘʪʠ 

ʨʝʞʠʤʠ ʽ ʦʧʪʠʤʽʟʫʚʘʪʠ ʾʭ, ʘ ʪʘʢʦʞ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʝʣʝʤʝʥʪʽʚ ʽ ʩʭʝʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. 1) ʆʜʥʠʤ ʟ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ 

ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʻ ʪʘʢ ʟʚʘʥʠʡ ʪʝʧʣʦʚʠʡ ʤʝʪʦʜ. ʊʝʧʣʦʚʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʠʪʨʘʪʫ 

ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʚ ʧʠʣʦʧʨʦʚʦʜʽ ʟʘ ʩʪʫʧʝʥʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʝ 

ʪʨʘʥʩʧʦʨʪʫʻ ʧʠʣ ʚ ʧʘʣʴʥʠʢ [8, 9]. ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ Bʧʣ (ʢʛ/ʛʦʜ) ʥʘ ʧʘʣʴʥʠʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ 

ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʦʪʨʠʤʘʥʘ ʟ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʧʠʣʦʧʨʦʚʦʜʫ: 

ὄʧʣ = 3600ẗὗʧʪẗὧʧẗ(ὸʛʧ ī ὸʩʤ) ī ὗʚʪὧʧʣẗ(ὸʩʤ ī ὸʧʣ),                       (1) 

ʜʝ cʧ, cʧʣ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʽ ʧʠʣʫ, ʚʽʜʧʦʚʽʜʥʦ, ʢɼʞ/ʢʛ; tʛʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʨʷʯʦʛʦ 

ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ, ʉ̄; tʩʤ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʠʣʦʚʫʛʽʣʴʥʦʾ ʘʝʨʦʩʫʤʽʰʽ, ʉ̄; tʧʣ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ, ʉ̄; Qʚʪ ï ʚʪʨʘʪʠ ʪʝʧʣʘ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʢɼʞ/ʛʦʜ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʦʯʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨ, ʚʠʪʨʘʪʦ  ʁʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʚʪʨʘʪʦ  ʁʪʝʧʣʦʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 
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2) ɺ ʤʝʞʘʭ ʚʠʢʦʥʘʥʥʷ ʢʘʬʝʜʨʦʶ ʊɽʋ ʊ ʪʘ ɸɽʉ (ʊɸɽ) ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʪʝʤʠ [2] ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʫʣʴʩʘʮʽʡ ʩʚʽʪʥʦʩʪʽ ʬʘʢʝʣʽʚ ʫ ʚʠʜʠʤʽʡ ʪʘ 

ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʯʘʩʪʠʥʘʭ ʩʧʝʢʪʨʘ ʟʘ ʜʚʦʤʘ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʦʜʘʯʽ ʧʠʣʫ. ɹʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʧʨʦʤʝʥʠʩʪʦʛʦ ʧʦʪʦʢʫ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʚ ʦʛʣʷʜʦʚʽ ʚʽʢʦʥʮʷ ʪʦʧʢʠ ʥʘ 

ʪʨʴʦʭ ʨʽʚʥʷʭ ʽ çʧʨʦʛʣʷʜʘʣʠè ʾʾ ʦʙôʻʤ ʟʘ ʥʘʧʨʷʤʦʤ ʨʫʭʫ ʬʘʢʝʣʫ ʚ ʪʦʧʮʽ. ɺ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʛʝʨʤʘʥʽʻʚʽ, ʢʨʝʤʥʽʻʚʽ ʪʘ ʘʨʩʝʥʽʜ-ʛʘʣʽʻʚʽ ʬʦʪʦʜʝʪʝʢʪʦʨʠ. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʣʝʢʫʣ ʉʆ2 ʽ ʅ2ʆ ʧʝʨʝʚʘʞʥʦ ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ: ʤʦʣʝʢʫʣʠ ʅ2ʆ ʚʠʧʨʦʤʽʥʶʶʪʴ ʚ ʦʙʣʘʩʪʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ɚ = 0,95; 1,12; 1,45; 

1,87 ʤʢʤ, ʤʦʣʝʢʫʣʠ ʉʆ2 ï ɚ = 4,4 ʤʢʤ; ʩʤʫʛʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ɚ = 2,5 ʽ 3,86 ʤʢʤ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙʦʭ ʤʦʣʝʢʫʣ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʠʛʥʘʣ ʜʘʪʯʠʢʘ ʚ ʤʝʥʰʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʣʦʞʝʥʥʷ ʷʜʨʘ ʬʘʢʝʣʫ ʱʦʜʦ ʧʦʣʷ ʟʦʨʫ ʧʨʠʩʪʨʦʶ, ʪʦʤʫ ʱʦ ʧʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ ʟʘʡʤʘʶʪʴ 

ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʡ ʦʙôʻʤ ʪʦʧʢʠ. ɺʧʣʠʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʧʦʚʝʨʭʦʥʴ ʪʦʧʢʠ ʙʽʣʴʰ ʩʠʣʴʥʠʡ 

ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ, ʥʽʞ ʫ ʚʠʜʠʤʽʡ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ ʦʙʣʘʩʪʷʭ. 

3) ɼʣʷ ʚʠʤʽʨʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʦʤʫ ʧʦʪʦʮʽ ʻʤʥʽʩʥʠʡ 

ʤʝʪʦʜ ʫʧʝʨʰʝ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɻ. ɼʦʪʩʦʥʦʤ [2]. ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʤʽʨʶʚʘʥʥʽ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ. ɺʽʜʦʤʘ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʻʤʥʽʩʥʠʭ ʚʠʪʨʘʪʦʤʽʨʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʬʦʨʤʦʶ ʝʣʝʢʪʨʦʜʽʚ, ʩʭʝʤʘʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʽ, ʩʧʦʩʦʙʘʤʠ ʫʩʪʘʥʦʚʢʠ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ [2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ ʧʫʣʴʩʘʮʽʡ ʚʠʪʨʘʪʠ 

ʘʝʨʘʮʽʡʥʠʭ ʧʠʣʦʞʠʚʠʣʴʥʠʢʽʚ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʛʣʷʜʘʪʠ ʮʝ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʦʩʣʽʜʞʝʥʥʷ ɸʇɾ 

ʪʘ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʫʚʘʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʗʢʽʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʇɾ. ʊʘʢ ʷʢ 

ʢʨʦʢʠ ʚʘʨʽʶʚʘʥʥʷ ʜʣʷ ʟʤʽʥʥʠʭ ʧʨʦʧʦʨʮʽʡʥʦ-ʦʜʥʘʢʦʚʽ, ʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʽʥʦʤʽʚ ʤʦʞʥʘ 

ʦʮʽʥʠʪʠ ʯʘʩʪʢʫ, ʷʢʫ ʚʥʦʩʠʪʴ ʢʦʞʥʠʡ ʟ ʧʘʨʘʤʝʪʨʽʚ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʽʩʥʫʚʘʥʥʷ ɸʇɾ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʬʘʢʪʦʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚʠʤʦʛʠ, ʧʨʦʧʦʥʦʚʘʥʽ ʜʦ ʧʠʣʦʞʠʚʠʣʴʥʠʢʽʚ ʚ ʟʘʜʘʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ. ɿôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ɸʇɾ. 

3. ʈʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘ ʦʜʥʠʤ ʘʙʦ ʢʽʣʴʢʦʤʘ ʦʙʨʘʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʟ ʨʽʟʥʦʛʦ ʨʦʜʫ ʦʙʤʝʞʝʥʥʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ, 

ʱʦ ʦʧʪʠʤʽʟʫʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʦʢʘʟʥʠʢʠ. ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʨʝʛʫʣʶʚʘʪʠ ʧʨʦʮʝʩ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ɸʇɾ, ʱʦ ʤʦʞʝ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʚʠʙʦʨʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʦʚʠʭ ʪʠʧʽʚ 

ʘʝʨʘʮʽʡʥʠʭ ʧʠʣʦʞʠʚʠʣʴʥʠʢʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʥʠʞʝʥʥʷ ʧʫʣʴʩʘʮʽʡ ʧʦʪʦʢʫ ʘʝʨʦʩʫʤʽʰʽ (çʚʠʩʦʢʦʦʯʘʩʪʦʪʥʽè ʢʦʣʠʚʘʥʥʷ ʟ ʯʘʩʪʦʪʦʶ ʚ ʤʝʞʘʭ 

(20ï40) ʭʚ-1) ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʪʠʩʢʫ ʽ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʜʣʷ ʘʝʨʘʮʽʾ 

ʧʠʣʫ ʚ ʢʘʤʝʨʘʭ ɸʇɾ ʽ ʪʨʘʥʩʧʦʨʪʫ ʡʦʛʦ ʜʦ ʧʘʣʴʥʠʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ɸʉʈ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʦʜʘʯʽ ʘʝʨʘʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʥʘ ʢʦʞʥʠʡ 

ʘʝʨʦʧʠʣʦʞʠʚʠʣʴʥʠʢ, ʷʢʘ ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʻ ʨʽʚʝʥʴ ʧʠʣʫ ʚ ʧʨʦʤʙʫʥʢʝʨʽ (ʨʠʩ. 1 ʧ. 15), 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɸʇɾ (ʨʠʩ. 1 ʧ. 5) ʪʘ ʧʦʚôʷʟʘʥʘ ʟ ʥʝʶ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ Õ (ʨʠʩ. 1 ʧ. 

22). ɼʦʜʘʪʢʦʚʦ, ʧʨʠ ʥʘʣʘʛʦʜʞʝʥʥʽ ɸʉʈ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʢʦʞʥʦʾ 

ʥʠʪʢʠ ʧʠʣʦʧʦʜʘʯʽ: ʜʦʚʞʠʥʘ ʧʠʣʦʧʨʦʚʦʜʽʚ 13ï42 ʤ; ʪʨʘʩʫʚʘʥʥʷ ʧʠʣʦʧʨʦʚʦʜʽʚ; ʥʝʨʽʚʥʽ ʫʤʦʚʠ 

ʚʠʪʦʢʫ ʧʠʣʫ ʟ ʧʨʦʤʙʫʥʢʝʨʘ; ʤʽʩʮʷ ʫʩʪʘʥʦʚʢʠ ɸʇɾ ʚ ʪʽʯʢʠ ʙʫʥʢʝʨʘ (ʬʨʦʥʪʦʚʽ, ʪʠʣʦʚʽ 

ʧʘʣʴʥʠʢʠ). 

ɺʠʩʥʦʚʢʠ. ʅʘ çʚʠʩʦʢʦʯʘʩʪʦʪʥʽè ʧʫʣʴʩʘʮʽʾ ʚʠʪʨʘʪʠ ʧʠʣʫ ʚ ɸʇɾ ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ 

ʬʘʢʪʦʨʠ, ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʚ ʦʙʣʘʩʪʽ çʟʨʽʜʞʝʥʥʷè, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʪʨʘʪʠ 

ʧʦʚʽʪʨʷ ʥʘ ʘʝʨʘʮʽʶ, ʚʽʜʢʨʠʪʪʷ ʨʝʛʫʣʶʶʯʦʛʦ ʢʣʘʧʘʥʫ ɸʇɾ ʪʘ ʨʽʚʝʥʴ ʧʠʣʫ ʚ ʙʫʥʢʝʨʽ. ʇʨʠ 

ʟʤʽʥʘʭ ʨʽʚʥʷ ʧʠʣʫ ʚ ʙʫʥʢʝʨʽ ʩʣʽʜ ʟʤʽʥʶʚʘʪʠ ʽ ʪʠʩʢ ʘʝʨʦʩʫʤʽʰʽ ʚ ʢʦʨʧʫʩʽ ɸʇɾ, ʱʦ ʤʘʻ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ɸʉʈ. ʇʨʠ ʮʴʦʤʫ ʜʦ ʤʽʥʽʤʫʤʫ ʟʚʦʜʠʪʴʩʷ ʙʘʨʙʦʪʘʞ ʧʦʚʽʪʨʷ ʚ ʦʙ'ʻʤ ʙʫʥʢʝʨʘ 

ʽ ʚʠʢʣʶʯʘʻʪʴʩʷ ʧʨʠʜʫʰʝʥʥʷ ʧʨʦʮʝʩʫ ʘʝʨʘʮʽʾ ʧʠʣʫ ʚ ʢʘʤʝʨʽ ʟʨʽʜʞʝʥʥʷ ʘʝʨʦʞʠʚʠʣʴʥʠʢʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʦʧʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʢʦʪʣʽʚ ʟ ʇɺʂʪ: 

1 ï ʟʘʛʘʣʴʥʦʢʦʪʣʦʚʠʡ ʨʝʛʫʣʷʪʦʨ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ; 2 ï ʨʦʟʤʥʦʞʫʚʘʯ ʩʠʛʥʘʣʽʚ;  
3 ï ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ; 4 ï ʧʘʣʴʥʠʢ; 5 ï ʨʝʛʫʣʶʶʯʠʡ ʢʣʘʧʘʥ;  

6 ï ʧʨʦʤʙʫʥʢʝʨ; 7 ï ʘʝʨʘʮʽʡʥʠʡ ʧʠʣʦʞʠʚʠʣʴʥʠʢ; 8 ï ʧʠʣʦʧʨʦʚʽʜ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʚʠʩʦʢʦʾ 
ʢʦʥʮʝʥʪʨʘʮʽʾ; 9 ï ʽʥʞʝʢʪʦʨʥʠʡ ʟʤʽʰʫʚʘʯ; 10 ï ʪʨʫʙʦʧʨʦʚʽʜ ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ; 

11 ï ʨʝʛʫʣʷʪʦʨ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʥʘ ʘʝʨʘʮʽʶ; 12 ï ʨʝʛʫʣʶʶʯʠʡ ʢʣʘʧʘʥ ʚʠʪʨʘʪʠ ʘʝʨʫʶʯʦʛʦ 
ʧʦʚʽʪʨʷ; 13 ï ʟʘʛʘʣʴʥʠʡ ʢʦʣʝʢʪʦʨ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ɸʇɾ; 14 ï ʜʘʪʯʠʢ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʥʘ 
ʘʝʨʘʮʽʶ; 15 ï ʜʘʪʯʠʢ ʨʽʚʥʷ ʧʠʣʫ; 16 ï ʜʘʪʯʠʢ ʚʠʪʨʘʪʠ ʚʪʦʨʠʥʥʦʛʦ ʧʦʚʽʪʨʷ; 17 ï ʜʘʪʯʠʢ 
ʚʠʪʨʘʪʠ ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ; 18 ï ʨʝʛʫʣʶʶʯʠʡ ʰʠʙʝʨʥʠʡ ʢʣʘʧʘʥ; 19 ï ʪʨʫʙʦʧʨʦʚʽʜ 
ʚʪʦʨʠʥʥʦʛʦ ʧʦʚʽʪʨʷ; 20 ï ʙʣʦʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʚʪʦʨʠʥʥʦʛʦ ʪʘ ʧʝʨʚʠʥʥʦʛʦ 
ʧʦʚʽʪʨʷ; 21 ï ʜʦʜʘʪʢʦʚʠʡ ʢʦʨʠʛʫʶʯʠʡ ʨʝʛʫʣʷʪʦʨ ʚʪʦʨʠʥʥʦʛʦ ʧʦʚʽʪʨʷ; 22 ï ʻʤʥʽʩʥʠʡ 

ʧʠʣʦʤʽʨ; 23 ï ʧʦʚʽʪʨʷ ʥʘ ʘʝʨʘʮʽʶ 

ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ çʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭè ʢʦʣʠʚʘʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʝʨʦʞʠʚʠʣʴʥʠʢʘ 

ʥʝʦʙʭʽʜʥʦ ʚʠʤʽʨʶʚʘʪʠ ʚʠʪʨʘʪʠ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʥʘ ʧʘʣʴʥʠʢʠ ʢʦʪʣʘ ʟ ʤʽʥʽʤʘʣʴʥʦʶ 

ʽʥʝʨʮʽʡʥʽʩʪʶ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʥʘʧʨʠʢʣʘʜ, ʻʤʥʽʩʥʠʭ 

ʧʠʣʦʤʽʨʽʚ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʪʝʯʢʘʭ ʘʝʨʦʞʠʚʠʣʴʥʠʢʽʚ (ʨʠʩ. 1 ʧ.22), ʘʙʦ ʟʘ ʩʠʛʥʘʣʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʘʝʨʦʩʫʤʽʰʽ [3]. ɺʥʘʩʣʽʜʦʢ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʨʦʙʦʪʠ ʘʝʨʦʞʠʚʠʣʴʥʠʢʽʚ ʪʘ 

ʙʫʥʢʝʨʘ, ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʽ ʜʽʶʯʠʭ ʩʠʩʪʝʤ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ ʧʘʣʠʚʘ 

ʧʨʠ ʇɺʂʊ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʢʦʤʧʣʝʢʩ ï çʙʫʥʢʝʨ ʧʠʣʫ ï ɸʇɾè. ʅʘʣʘʛʦʜʞʫʚʘʣʴʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʦʟʚʦʣʠʣʠ ʟʘʙʝʟʧʝʯʠʪʠ ʧʠʣʦʧʦʜʘʯʫ ʟ 

ʩʪʘʙʽʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʠʣʫ ʧʦ ʧʘʣʴʥʠʢʘʭ ʢʦʪʣʘ. ɸʝʨʦʞʠʚʠʣʴʥʠʢʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʢʦʪʣʽʚ ʊɽʉ, ʱʦ ʩʧʘʣʶʶʪʴ ʥʠʟʴʢʦʨʝʘʢʮʽʡʥʝ ʚʫʛʽʣʣʷ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ // çɽʥʝʨʛʝʪʠʢʘ: ʝʢʦʥʦʤʽʢʘ, ʪʝʭʥʦʣʦʛʽʾ, ʝʢʦʣʦʛʽʷè, 2004. ï ˉ2. 
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ʧʠʣʦʚʫʛʽʣʴʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʚ ʢʦʪʣʘʭ ʟ ʩʠʩʪʝʤʘʤʠ 
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ʧʘʣʴʥʠʢʽʚ ʪʘ ʪʦʧʦʢè (ʜʝʨʞʨʝʻʩʪʨʘʮʽʷ ˉ0102U002). 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʏʀʉɽʃʔʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʉʇɸʃʖɺɸʅʅʗ ʇɸʃʀɺʅʀʍ ɻʈɸʅʋʃ 

(ʇɽʃɽʊ) ɺ ɽʅɽʈɻɽʊʀʏʅʀʍ ʋʉʊɸʅʆɺʂɸʍ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ 

ʜʝʨʝʚʥʽ ʧʝʣʝʪʠ ʩʪʘʣʠ ʢʣʶʯʦʚʠʤ ʚʽʜʥʦʚʣʶʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʚ ɭʚʨʦʧʽ. ʉʪʨʽʤʢʝ 

ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʾʭ ʩʧʦʞʠʚʘʥʥʷ ʟʫʤʦʚʣʝʥʝ ʝʢʦʣʦʛʽʯʥʦʶ ʯʠʩʪʦʪʦʶ ʪʘ ʚʫʛʣʝʮʝʚʦʶ 

ʥʝʡʪʨʘʣʴʥʽʩʪʶ: ʧʨʠ ʩʧʘ ʣʶʚʘʥʥʽ ʧʘʣʠʚʘ ʚ ʘʪʤʦʩʬʝʨʫ ʚʠʢʠʜʘʻʪʴʩʷ ʩʪʽʣʴʢʠ ʞ CO2, ʩʢʽʣʴʢʠ 

ʫʪʚʦʨʠʣʦʩʷ ʙ ʧʽʜ ʯʘʩ ʧʨʠʨʦʜʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʜʝʨʝʚʠʥʠ. ɿʘʚʜʷʢʠ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ, 

ʟʨʫʯʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʧʝʣʝʪʠ ʻ ʻʜʠʥʦʶ 

ʨʝʘʣʴʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ ʚ ʧʦʙʫʪʦʚʦʤʫ ʪʘ ʤʫʥʽʮʠʧʘʣʴʥʦʤʫ ʩʝʢʪʦʨʘʭ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʧʘʣʠʚʘ ʧʦʪʨʝʙʫʻ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ 

ʩʢʣʘʜʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʦʧʢʦʚʽʡ ʢʘʤʝʨʽ. ʂʣʶʯʦʚʦʶ ʥʘʫʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʛʘʟʦʚʦʾ ʬʘʟʠ ʟ ʜʠʩʢʨʝʪʥʦʶ ʬʘʟʦʶ ʯʘʩʪʠʥʦʢ ʚʫʛʣʝʮʶ, ʟ 

ʷʢʠʭ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʛʘʟ ʚʠʜʽʣʷʶʪʴʩʷ ʛʦʨʶʯʽ ʣʝʪʢʽ ʨʝʯʦʚʠʥʠ. ʅʝʦʙʭʽʜʥʦ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ (ʤʦʜʝʣʴ ʧʝʨʝʥʝʩʝʥʥʷ ʨʝʘʛʝʥʪʽʚ ʘʙʦ ʤʦʜʝʣʴ 

ʛʦʨʽʥʥʷ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʤʽʰʫʚʘʥʥʷ) ʜʣʷ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʢʝʣʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʣʽʜʠʨʫʶʯʽ ʧʦʟʠʮʽʾ ʥʘ ʨʠʥʢʫ 

ʧʘʣʠʚʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʽʛʨʽʚʫ ʞʠʪʣʘ, ʛʨʦʤʘʜʩʴʢʠʭ ʫʩʪʘʥʦʚ, ʽ ʧʽʜʽʛʨʽʚʫ ʚʦʜʠ, 

ʟʘʡʤʘʚ ʧʨʠʨʦʜʥʠʡ ʛʘʟ. ɺʩʷ ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ, ʱʦ ʟʙʫʜʦʚʘʥʘ ʫ ʢʨʘʾʥʽ, ʦʨʽʻʥʪʦʚʘʥʘ ʩʘʤʝ ʥʘ 

ʥʴʦʛʦ. ʋ ʜʝʷʢʠʭ ʨʝʛʽʦʥʘʭ, ʤʽʩʪʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʣʘʢʠʪʥʦʛʦ ʧʘʣʠʚʘ ʩʷʛʘʻ 95 % ʚʽʜ ʚʩʴʦʛʦ 

ʨʠʥʢʫ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʘʣʝʞʥʦʩʪʽ ʢʨʘʾʥʠ ʚʽʜ ʧʦʩʪʘʚʦʢ, ʧʦʟʙʘʚʠʣʘ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʜʝʨʞʘʚʠ. 

ʋ 80-ʪʽ ʨʦʢʠ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʧʘʣʠʚʦ, ʱʦ ʦʪʨʠʤʫʶʪʴ ʟ ʙʽʦʣʦʛʽʯʥʦʾ ʩʠʨʦʚʠʥʠ, ʩʪʘʣʦ 

ʟʘʚʦʡʦʚʫʚʘʪʠ ʧʦʧʫʣʷʨʥʽʩʪʴ. ʇʝʨʰʠʤʠ ʡʦʛʦ ʦʮʽʥʠʣʠ ʞʠʪʝʣʽ ʉʢʘʥʜʠʥʘʚʽʾ, ʧʦʪʽʤ ï ʽʥʰʠʭ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʝʨʞʘʚ. ɺ ʋʢʨʘʾʥʽ ʧʦʰʠʨʝʥʥʷ ʧʦʜʽʙʥʦʛʦ ʚʠʜʫ ʧʘʣʠʚʘ ʚʽʜʙʫʣʦʩʷ ʙʣʠʟʴʢʦ        

15-ʪʠ ʨʦʢʽʚ ʪʦʤʫ, ʧʦʩʪʫʧʦʚʦ ʟʘʚʦʡʦʚʫʶʯʠ ʚʩʝ ʙʽʣʴʰʝ ʩʧʦʞʠʚʘʯʽʚ, ʷʢʽ ʙʘʞʘʶʪʴ ʟʘʦʱʘʜʠʪʠ 

[1]. ʅʘ ʩʴʦʛʦʜʥʽ ʙʘʛʘʪʦ ʭʪʦ ʟʥʘʡʦʤʠʡ ʟ ʪʘʢʦʶ ʜʫʤʢʦʶ, ʱʦ çʧʝʨʝʭʽʜ ʥʘ ʪʚʝʨʜʝ ʙʽʦʧʘʣʠʚʦ 

ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʥʘ ʧʣʘʥʝʪʽè. ʊʫʪ ʧʦʪʨʽʙʥʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʽʡʩʥʦ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ɼʦ ʪʦʛʦ ʞ, ʜʣʷ ʡʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʟʥʠʱʫʚʘʪʠ ʜʝʨʝʚʘ. ɺʦʥʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʚʽʜʭʦʜʽʚ 

ʜʝʨʝʚʦʦʙʨʦʙʥʦʾ, ʭʘʨʯʦʚʦʾ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ. ɹʽʣʴʰʝ ʪʦʛʦ, ʧʨʦʪʷʛʦʤ 

ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʽʩʥʫʚʘʣʘ ʧʨʦʙʣʝʤʘ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ 

ʦʣʽʡʥʦ-ʝʢʩʪʨʘʢʮʽʡʥʠʭ ʢʦʤʙʽʥʘʪʘʭ, ʮʝ ʣʫʰʧʠʥʥʷ ʩʦʥʷʰʥʠʢʘ. ɿʘ ʤʘʣʦʾ ʚʘʛʠ ʚʦʥʦ ʤʘʻ ʚʝʣʠʢʽ 

ʦʙôʻʤʠ, ʣʝʛʢʦ ʟʘʧʘʣʶʻʪʴʩʷ, ʚʠʜʽʣʷʻ ʥʝʧʨʠʻʤʥʠʡ ʟʘʧʘʭ. ʇʽʜ ʯʘʩ ʡʦʛʦ ʛʥʠʪʪʷ ʘʢʪʠʚʥʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʚʫʛʣʝʢʠʩʣʠʡ ʪʘ ʽʥʰʽ ʛʘʟʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɿʘʨʘʟ ʣʫʰʧʠʥʥʷ ʩʦʥʷʰʥʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʣʝʪ ʽ 

ʙʨʠʢʝʪʽʚ. ɺʦʥʠ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ, ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʥʝ ʚʠʜʽʣʷʶʪʴ 

ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ. ɸ ʚʠʜʽʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟʥʘʯʥʦ ʤʝʥʰʝ ʥʽʞ ʧʽʜ ʯʘʩ ʾʭ 

ʧʨʠʨʦʜʥʦʛʦ ʛʥʠʪʪʷ. ʊʦʤʫ ʤʦʞʥʘ ʟ ʫʧʝʚʥʝʥʽʩʪʶ ʛʦʚʦʨʠʪʠ, ʱʦ ʪʚʝʨʜʝ ʙʽʦʧʘʣʠʚʦ ʥʝʩʝ ʪʽʣʴʢʠ 

ʢʦʨʠʩʪʴ ʧʣʘʥʝʪʽ. ʗʢ ʟ ʝʢʦʣʦʛʽʯʥʦʾ, ʪʘʢ ʽ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ [2]. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʘʥʘʣʽʟʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʨʦʙʦʪʠ [3], ʫ ʨʘʟʽ ʧʦʻʜʥʘʥʥʷ ʪʚʝʨʜʦʧʘʣʠʚʥʦʛʦ ʢʦʪʣʘ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 
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ʧʘʣʴʥʠʢʘ (ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ï ʜʦ 25 ʢɺʪ) ʤʦʞʥʘ ʩʧʘʣʶʚʘʪʠ ʧʝʣʝʪʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 

ʚ ʰʠʨʦʢʦʤʫ ʘʩʦʨʪʠʤʝʥʪʽ. 

ɺʢʨʘʡ ʚʘʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ ʽ ʚʠʷʚʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʥʽ ʢʘʨʪʠ ʩʧʘʣʶʚʘʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʚʥʦʪʠ ʩʧʘʣʶʚʘʥʥʷ, ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ (Nʆx), ʩʪʨʫʢʪʫʨʠ ʟʦʣʠ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ. ʇʨʠʯʦʤʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʮʽʡ ʨʦʙʦʪʽ, ʨʽʚʝʥʴ ʛʝʥʝʨʘʮʽʾ Nʆx ʧʨʦʪʷʛʦʤ 

12-ʪʠ ʛʦʜʠʥ ʨʦʙʦʪʠ ʢʦʪʣʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 100 ppm. ɺ ʨʦʙʦʪʽ [4] ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ 

ʟʥʘʯʝʥʴ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ 

(ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʤʘʟʫʪʽʚ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʩʧʦʣʫʢ ʩʽʨʢʠ) ʪʘ ʙʽʦʤʘʩʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʧʘʣʠʚʝʥʴ ʢʦʪʣʦʘʛʨʝʛʘʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʧʘʣʠʚʘ. ʇʦʨʽʚʥʶʶʯʠ ʥʝʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʚʠʜʠ ʧʘʣʠʚʘ ʟ ʙʽʦʤʘʩʦʶ, ʦʩʪʘʥʥʷ ʻ 

ʙʝʟʧʝʯʥʽʰʦʶ ʟ ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʦʛʣʷʜʫ. ɿʘʙʝʟʧʝʯʫʶʯʠ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʞʠʤʠ ʩʧʘʣʶʚʘʥʥʷ ʚʠʜʽʚ 

ʧʘʣʠʚʘ ʪʘ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʠʢʠʜʽʚ ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʤʝʪʘʥʫ ʪʘ ʥʝʤʝʪʘʥʦʚʠʭ 

ʣʝʪʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʙʫʜʫʪʴ 

ʙʝʟʧʝʨʝʯʥʠʤʠ.  

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʨʦʙʦʪʽ [5], ʪʘʢʦʞ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʜʝʨʝʚʥʝ ʧʘʣʠʚʦ (ʥʘʩʘʤʧʝʨʝʜ 

ʧʝʣʝʪʠ ʽ ʙʨʠʢʝʪ) ʥʘʡʢʨʘʱʝ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʟʫʪʦʤ 

(ʪʠʤ ʙʽʣʴʰʝ ʟ ʚʫʛʽʣʣʷʤ), ʦʩʢʽʣʴʢʠ ʤʘʻ ʧʨʘʢʪʠʯʥʦ çʥʫʣʴʦʚʠʡ ʝʬʝʢʪè ʟʘ ʚʠʢʠʜʘʤʠ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ, ʥʘʩʘʤʧʝʨʝʜ CO2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʝʨʝʚʥʦʛʦ ʧʘʣʠʚʘ ʷʢ ʝʥʝʨʛʦʥʦʩʽʷ ʧʦʚʥʦʶ ʤʽʨʦʶ 

ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʦʞʝʥʥʷʤ ʂʽʦʪʩʴʢʦʛʦ ʧʨʦʪʦʢʦʣʫ, ʱʦʜʦ ʦʙʤʝʞʝʥʥʷ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʪʘ ʚʟʘʻʤʦʜʽʾ ʬʘʟ, 

ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʦʚʽʨʥʽ ʜʘʥʽ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʬʘʢʝʣʘ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ 

ʧʝʣʝʪʥʠʭ ʧʘʣʴʥʠʢʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʚ 

ʧʣʠʚʥʽ ʘʚʪʦʤʘʪʠʯʥʠʭ ʢʦʪʣʽʚ ʥʘ ʪʚʝʨʜʦʤʫ ʧʘʣʠʚʽ Altep Duo Plus [7] ʪʘ Kotlant ʂɻʇ [8] 

ʧʦʪʫʞʥʽʩʪʶ 20 ʢɺʪ. ɺ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʝʨʝʚôʷʥʠʩʪʽ ʧʝʣʝʪʠ, ʱʦ ʧʦʜʘʚʘʣʠʩʴ 

ʚ ʬʘʢʝʣʴʥʠʡ ʧʘʣʴʥʠʢ ʟ ʚʠʪʨʘʪʦʶ 2 ʢʛ/ʩ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʥʘʛʥʽʪʘʻʤʦʛʦ ʬʝʥʦʤ ʧʦʚʽʪʨʷ 7,5 ʤ/ʩ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 300 Áʉ. 

           

ʘ                 ʙ 

ʈʠʩʫʥʦʢ 1 ï ʇʝʣʝʪʥʠʡ ʧʦʙʫʪʦʚʠʡ ʢʦʪʝʣ:  

ʘ ï Altep Duo Plus ʛʘʙʘʨʠʪʘʤʠ 165Ĭ111Ĭ65 ʩʤ [4];  

ʙ ï Kotlant ʂɻʇ ʛʘʙʘʨʠʪʘʤʠ 163Ĭ120Ĭ105 ʩʤ [3] 
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ʄʝʪʦʜʠʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ CFD-ʧʘʢʝʪʽ ANSYS ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʽʜʭʦʜʽ ɽʡʣʝʨʘ-

ʃʘʛʨʘʥʞʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʜʠʩʢʨʝʪʥʦʾ ʬʘʟʠ (DPM). ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʢʣʶʯʘʶʪʴ: 

¶ ʅʘʛʨʽʚ ʪʘ ʜʝʚʦʣʶʪʠʟʘʮʽʷ: ʤʦʜʝʣʶʻʪʴʩʷ ʪʝʨʤʽʯʥʠʡ ʨʦʟʢʣʘʜ ʧʝʣʝʪ ʽʟ ʚʠʜʽʣʝʥʥʷʤ 
ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, ʰʚʠʜʢʽʩʪʴ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʣʦʢʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ. 

¶ ɯʥʪʝʛʨʘʮʽʷ ʬʘʟ: ʚʠʭʽʜ ʣʝʪʢʠʭ ʚʨʘʭʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʜʞʝʨʝʣʴʥʽ ʯʣʝʥʠ ʫ ʨʽʚʥʷʥʥʷʭ 
ʙʘʣʘʥʩʫ ʤʘʩʠ ʪʘ ʝʥʝʨʛʽʾ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʬʽʟʠʯʥʫ ʢʦʨʝʢʪʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʨʝʯʦʚʠʥʠ. 

¶ ɻʦʨʽʥʥʷ ʣʝʪʢʠʭ: ʨʝʘʢʮʽʾ ʦʧʠʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Species Transport (ʜʣʷ ʜʝʪʘʣʴʥʦʾ 

ʢʽʥʝʪʠʢʠ) ʘʙʦ Non-premixed Combustion (ʜʣʷ ʬʘʢʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ). 

¶ ɺʠʛʦʨʘʥʥʷ ʢʦʢʩʫ: ʧʽʩʣʷ ʜʝʚʦʣʶʪʠʟʘʮʽʾ ʤʦʜʝʣʶʻʪʴʩʷ ʛʝʪʝʨʦʛʝʥʥʝ ʛʦʨʽʥʥʷ 

ʧʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʟʘʣʠʰʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʢʽʥʝʪʠʢʦ-ʜʠʬʫʟʽʡʥʦʛʦ ʦʙʤʝʞʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʩʧʘʣʶʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ 

ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʪʚʦʨʠʪʠ ʩʢʣʘʜʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʛʦʨʽʥʥʷ ʧʝʣʝʪ ʫ ʧʨʦʛʥʦʟʦʚʘʥʫ ʪʘ 

ʢʝʨʦʚʘʥʫ ʽʥʞʝʥʝʨʥʫ ʩʠʩʪʝʤʫ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ ʜʠʩʢʨʝʪʥʦʾ ʪʘ 

ʛʘʟʦʚʦʾ ʬʘʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ: 

¶ ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ: ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʭʦʜʫ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʪʘ 
ʨʝʘʢʮʽʡ ʛʦʨʽʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ ʫʩʪʘʥʦʚʦʢ. 

¶ ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ: ʊʦʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʩʧʨʠʷʻ 

ʤʽʥʽʤʽʟʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ, ʧʽʜʪʨʠʤʫʶʯʠ ʩʪʘʪʫʩ ʧʝʣʝʪ ʷʢ ʚʫʛʣʝʮʝʚʦ-ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʧʘʣʠʚʘ. 

¶ ɽʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ ʧʦʙʫʪʦʚʦʛʦ ʩʝʢʪʦʨʫ: ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘ 
ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ ʨʦʙʠʪʴ ʧʝʣʝʪʠ ʧʦʚʥʦʮʽʥʥʦʶ, ʙʝʟʧʝʯʥʦʶ ʪʘ ʟʨʫʯʥʦʶ 

ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ ʜʣʷ ʦʧʘʣʝʥʥʷ ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʽ ʧʨʠʚʘʪʥʠʭ ʦʙô̒ ʢʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʩʪʘʥʫʪʴ ʥʘʫʢʦʚʠʤ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʧʝʣʝʪʥʠʭ ʧʘʣʴʥʠʢʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʥʘ ʰʣʷʭʫ 

ʜʦ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ɺʊʆʄʅɽ ʇʆʐʂʆɼɾɽʅʅʗ ɼɽʊɸʃɽʁ ʊʋʈɹɯʅ ʏɽʈɽɿ ʅɽʈɯɺʅʆʄɯʈʅɯʉʊʔ 

ʊɽʇʃʆɺʆɻʆ ʇʆʃʗ ʇʈʀ ʇʋʉʂʋ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʤʘʥʝʚʨʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚ ʆʙôʻʜʥʘʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠ ʪʘ 

ʘʢʪʠʚʥʦ ʟʘʣʫʯʘʶʪʴʩʷ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ. ʄʘʥʝʚʨʝʥʽ ʨʝʞʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʨʠʩʢʦʨʝʥʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ ʨʦʟʩʽʷʥʦʛʦ ʚʪʦʤʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʚ 

ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʭ ʜʝʪʘʣʷʭ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʷʚʠ ʪʨʽʱʠʥ ʚʪʦʤʠ 

ʢʨʠʪʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʪʘ ʧʝʨʝʜʯʘʩʥʦʛʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʦʰʢʦʜʞʝʥʥʷ, ʜʝʪʘʣʝʡ ʧʘʨʦʚʠʭ 

ʪʫʨʙʽʥ ʱʦ ʧʨʦʷʚʣʷʻ ʩʝʙʝ ʧʽʜ ʯʘʩ ʧʫʩʢʦʚʠʭ ʦʧʝʨʘʮʽʡ ʻ ʥʘʢʦʧʠʯʝʥʥʷ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ 

[1, 2]. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʮʠʢʣʽʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʣʽʥʽʡʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʟʘ ʛʽʧʦʪʝʟʦʶ 

ʇʘʣʴʤʛʨʝʥʘ-ʄʘʡʥʝʨʘ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʜʝʬʦʨʤʘʮʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʧʫʩʪʠʤʝ ʯʠʩʣʦ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʦʜʝʣʶʚʘʥʥʶ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ 

ʨʦʪʦʨʥʦʾ ʩʪʘʣʽ FB2 ʜʣʷ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʧʨʠʩʚʷʯʝʥʦ ʨʦʙʦʪʫ [1]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ 

ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ (20ï600 ) ʪʘ ʘʤʧʣʽʪʫʜ ʜʝʬʦʨʤʘʮʽʡ (0,8ï1,2 %). 

ɸʚʪʦʨʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʧʫʩʪʠʤʝ ʯʠʩʣʦ ʮʠʢʣʽʚ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʟʘʜʘʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʢʨʠʚʽ ʤʘʣʦʮʠʢʣʦʚʦʾ 

ʚʪʦʤʠ ʩʪʘʣʽ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʠʩʦʢʠʡ ʽʥʪʝʨʝʩ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ 

ʪʫʨʙʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʩʪʘʥʦʚʠʪʠ ʚʝʣʠʯʠʥʫ ʪʘ ʪʝʤʧ ʥʘʢʦʧʠʯʝʥʥʷ ʨʦʟʩʽʷʥʦʛʦ 

ʚʪʦʤʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʚ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽʡ ʯʘʩʪʠʥʽ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ 

ʂ-200-130 ʜʣʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʫʩʢʫ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ 

ʋʢʨʘʾʥʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʘʥʘ ʨʦʙʦʪʘ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʪʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʚ ʝʣʝʤʝʥʪʘʭ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʜʣʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʛʨʽʚʘʥʥʷ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [3, 4]. 

ɼʦʩʣʽʜʞʫʻʪʴʩʷ 2 ʚʽʜʤʽʥʥʠʭ ʧʫʩʢʦʚʠʭ ʛʨʘʬʽʢʠ ʪʫʨʙʽʥʠ ʂ-200-130 ʱʦ ʨʝʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʋʢʨʘʾʥʠ. ʆʧʠʩ ʪʘ ʘʥʘʣʽʟ ʮʠʭ ʛʨʘʬʽʢʽʚ 

ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [3], ʚ ʥʽʡ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʨʦʪʦʨʘ ʪʫʨʙʽʥʠ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺ ʨʦʙʦʪʽ [4] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʧʦʣʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʪʘ ʚʠʟʥʘʯʝʥʦ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽ ʦʙʣʘʩʪʽ ʨʦʪʦʨʘ, ʜʣʷ ʷʢʠʭ 

ʚʘʨʪʦ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ. 

ɺʽʜʥʦʩʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ˜, ʱʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʤʝʪʘʣʽ ʪʫʨʙʽʥʠ ʟʘ ʛʽʧʦʪʝʟʦʶ 
ʇʘʣʴʤʛʨʝʥʘ-ʄʘʡʥʝʨʘ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

˜ ˜̒̓ ˜̗
ὸᴂ

ὸᴂ

ὲᴂ

ὔᴂ
ȟ (1) 

ʜʝ ʇǋʩʪ, ʇǋʮ ï ʩʪʘʪʠʯʥʝ ʪʘ ʮʠʢʣʽʯʥʝ ʧʦʰʢʦʜʞʝʥʥʷ; 

tǋj ï ʯʘʩ ʨʦʙʦʪʠ ʥʘ j-ʦʤʫ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʊǋj ʽ ʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʥʘʧʨʫʞʝʥʴ (ůǋʝj)max; 
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tǋpj ï ʯʘʩ ʜʦ ʥʘʩʪʘʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʧʽʜ ʜʽʻʶ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ (ůǋʝj)max ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʤʝʪʘʣʫ ʊǋj, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʽʘʛʨʘʤʘʤʠ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ; 

nǋl ï ʯʠʩʣʦ ʮʠʢʣʽʚ l-ʛʦ ʪʠʧʫ; 

Nǋpl ï ʯʠʩʣʦ ʮʠʢʣʽʚ ʜʦ ʧʦʷʚʠ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ ʧʽʜ ʜʽʻʶ ʪʽʣʴʢʠ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

l-ʛʦ ʪʠʧʫ; 

qǋ ï ʯʠʩʣʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʪʘʣʠʭ ʨʝʞʠʤʽʚ; 

kǋ ï ʯʠʩʣʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʮʠʢʣʽʚ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʣʦ ʦʙʨʘʥʦ ʛʘʣʪʝʣʴ 

ʪʨʠʥʘʜʮʷʪʦʛʦ ʩʪʫʧʝʥʷ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚ ʮʽʡ 

ʦʙʣʘʩʪʽ ʧʽʜ ʯʘʩ ʧʣʘʥʦʚʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ ʜʽʘʛʥʦʩʪʫʶʪʴʩʷ ʪʨʽʱʠʥʠ, ʘ ʪʘʢʦʞ 

ʥʘʷʚʥʽ ʥʘʡʙʽʣʴʰʽ ʟʘ ʟʥʘʯʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ [4]. 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʚ ʛʘʣʪʝʣʽ 13-ʛʦ ʩʪʫʧʝʥʷ ʜʣʷ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʫʩʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʇʦʤʽʪʥʦ, ʱʦ ʜʣʷ ʙʣʦʢʫ 2 ʥʘʷʚʥʠʡ ʥʘʡʙʽʣʴʰʠʡ 

ʨʽʚʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʧʨʦʪʷʛʦʤ ʮʠʢʣʫ (477 ʄʇʘ) ʪʘ ʟʥʘʯʥʠʡ ʯʘʩ ʧʨʠʢʣʘʜʘʥʥʷ 

ʥʘʧʨʫʞʝʥʴ ʙʽʣʴʰʝ 400 ʄʇʘ (2,72 ʛʦʜ, ʘʙʦ 9800 ʩ). ɼʣʷ ʙʣʦʢʫ 1 ʤʘʢʩʠʤʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʧʨʫʞʝʥʴ ʻ ʜʝʱʦ ʤʝʥʰʠʤ (454 ʄʇʘ), ʘ ʪʘʢʦʞ ʯʘʩ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʧʨʫʞʝʥʴ ʙʽʣʴʰʝ 400 ʄʇʘ 

ʻ ʩʫʪʪʻʚʦ ʢʦʨʦʪʰʠʤ (1,32 ʛʦʜ, ʘʙʦ 4750 ʩ). ɿʘ ʧʨʠʨʦʜʦʶ ʚʩʽ ʚʢʘʟʘʥʽ ʚʠʱʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʜʘʥʽʡ 

ʦʙʣʘʩʪʽ ʻ ʩʪʠʩʢʘʶʯʠʤʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʚ ʛʘʣʪʝʣʽ 13-ʛʦ ʩʪʫʧʝʥʷ ʈʉʊ ʪʫʨʙʽʥʠ  

ʂ-200-130 ʧʨʠ ʧʫʩʢʫ ʟ ʭʦʣʦʜʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʫʩʢʫ: 1 ï ɹʣʦʢ 1; 2 ï ɹʣʦʢ 2 

 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʟʥʘʯʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʚʽʜʥʦʩʥʝ 

ʧʦʰʢʦʜʞʝʥʥʷ ʚ ʛʘʣʪʝʣʽ 13-ʛʦ ʩʪʫʧʝʥʷ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130 (ʨʠʩ. 2). 

ʂʦʥʪʨʦʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʩʢʣʘʜʘʻ 100 %, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ 

ʜʝʪʘʣʽ ʚ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ, ʢʦʣʠ ʡʦʛʦ ʧʦʜʘʣʴʰʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʻ ʥʝʙʝʟʧʝʯʥʦʶ. 

ɼʦʧʫʩʪʠʤʝ ʯʠʩʣʦ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʧʝʨʝʭʦʜʫ ʚ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ ʜʣʷ ʙʣʦʢʫ 1 

ʩʢʣʘʜʘʻ 3840, ʘ ʜʣʷ ʙʣʦʢʫ 2 ï 3320 (ʥʘ 16 % ʤʝʥʰʝ). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ 2000 ʮʠʢʣʽʚ ʧʫʩʢʫ, 

ʱʦ ʯʘʩʪʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʨʝʩʫʨʩʥʠʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʪʫʨʙʽʥ ʂ-200-130 ʥʘʢʦʧʠʯʝʥʝ 

ʧʦʰʢʦʜʞʝʥʥʷ ʣʠʰʝ ʚʽʜ ʜʽʾ ʮʠʢʣʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠ ʧʫʩʢʫ ʩʢʣʘʜʝ 52 % ʜʣʷ ʙʣʦʢʫ 1 ʪʘ 60 % 

ʜʣʷ ʙʣʦʢʫ 2 (ʨʠʩ. 2,ʘ). ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʙʽʣʴʰʫ ʦʧʽʨʥʽʩʪʴ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʜʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ ʧʨʠ ʧʫʩʢʫ ʪʫʨʙʽʥʠ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʱʦ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ 

ʝʥʝʨʛʦʙʣʦʮʽ ˉ 1. ʎʽ ʜʘʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʤʝʥʰʠʤ ʨʽʚʥʝʤ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨ ʧʽʜ ʯʘʩ 

ʧʫʩʢʫ [3] ʪʘ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʤʘʣʦʮʠʢʣʦʚʫ ʚʪʦʤʫ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʨʦʙʦʪʽ ʪʫʨʙʽʥʘ ʟʘʟʥʘʚʘʪʠʤʝ ʚʧʣʠʚʫ ʥʝ ʣʠʰʝ ʮʠʢʣʽʯʥʠʭ, ʘʣʝ ʽ 

ʩʪʘʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʰʢʦʜʞʝʥʥʷ. ʅʘ ʨʠʩ. 2,ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʚ ʛʘʣʪʝʣʽ 13-ʛʦ ʩʪʫʧʝʥʷ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʟ ʚʨʘʭʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʚʽʜ ʧʦʚʟʫʯʦʩʪʽ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʦʩʪʽʡʥʽʡ ʧʦʪʫʞʥʦʩʪʽ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʚʟʫʯʦʩʪʽ, 
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ʚʚʘʞʘʣʦʩʴ ʱʦ ʪʫʨʙʽʥʘ ʧʨʘʮʶʚʘʪʠʤʝ 7 ʜʥʽʚ ʧʽʩʣʷ ʧʫʩʢʫ ʥʘ ʧʦʩʪʽʡʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʜʦ 

ʧʦʜʘʣʴʰʦʾ ʟʫʧʠʥʢʠ, ʦʩʪʠʛʘʥʥʷ ʪʘ ʥʦʚʦʛʦ ʧʫʩʢʫ ʟ ʭʦʣʦʜʥʦʛʦ ʩʪʘʥʫ. 

 

   
ʘ                                      ʙ 

ʈʠʩʫʥʦʢ 2 ï ʅʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʚ ʨʦʪʦʨʽ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʧʽʜ ʯʘʩ ʮʠʢʣʽʚ ʧʫʩʢʫ:  

1 ï ɹʣʦʢ 1; 2 ï ɹʣʦʢ 2. ʘ ï ʣʠʰʝ ʚʽʜ ʜʽʾ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ; ʙ ï ʚʽʜ ʩʫʤʽʩʥʦʾ ʜʽʾ 

ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ ʪʘ ʧʦʚʟʫʯʦʩʪʽ 

 

ɺʨʘʭʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʰʢʦʜʞʝʥʥʷ (ʨʠʩ. 2,ʙ) ʧʨʠʟʚʝʣʦ ʜʦ ʩʫʪʪʻʚʦʛʦ 
ʩʢʦʨʦʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʯʠʩʣʘ ʮʠʢʣʽʚ ʧʫʩʢʫ ʪʫʨʙʽʥʠ ʟ ʭʦʣʦʜʥʦʛʦ ʩʪʘʥʫ: 1360 ï ʜʣʷ ʙʣʦʢʫ 1 
ʪʘ 1290 ï ʜʣʷ ʙʣʦʢʫ 2. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʦʩʥʦʚʥʠʭ 
ʤʝʭʘʥʽʟʤʽʚ ʧʦʰʢʦʜʞʝʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʨʝʩʫʨʩʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ 
ʝʣʝʤʝʥʪʽʚ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʚʦʜʷʪʴ, ʱʦ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʩʧʝʮʽʘʣʴʥʦʛʦ 
ʛʨʘʬʽʢʫ ʧʫʩʢʫ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʪʝʤʧʠ ʥʘʢʦʧʠʯʝʥʥʷ ʨʦʟʩʽʷʥʦʛʦ ʚʪʦʤʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ 
ʟʙʽʣʴʰʠʪʠ ʜʦʧʫʩʪʠʤʝ ʯʠʩʣʦ ʮʠʢʣʽʚ ʧʫʩʢʫ ʪʫʨʙʽʥʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʫ 
ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ. 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʽʚ ʪʫʨʙʽʥʠ ʂ-200-130 ʧʦʢʘʟʘʚ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ 
ʧʨʦʛʨʽʚʘʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʢʦʧʠʯʝʥʥʷ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ ʤʝʪʘʣʫ ʨʦʪʦʨʘ. ʇʨʠ ʜʽʾ 
ʣʠʰʝ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʫʩʢ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʙʣʦʢʫ ˉ1 ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʠʡ ʨʝʩʫʨʩ ʫ 
3840 ʮʠʢʣʽʚ ʧʨʦʪʠ 3320 ʜʣʷ ʙʣʦʢʫ ˉ2. ʂʦʤʧʣʝʢʩʥʝ ʚʨʘʭʫʚʘʥʥʷ ʚʪʦʤʠ ʪʘ ʧʦʚʟʫʯʦʩʪʽ 
ʢʨʠʪʠʯʥʦ ʟʥʠʞʫʻ ʜʦʧʫʩʪʠʤʫ ʢʽʣʴʢʽʩʪʴ ʧʫʩʢʽʚ (ʜʦ 1360 ʪʘ 1290 ʚʽʜʧʦʚʽʜʥʦ). ʎʝ ʜʦʚʦʜʠʪʴ 
ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʦʚ'ʷʟʢʦʚʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ 
ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʛʨʘʬʽʢʽʚ ʧʫʩʢʫ ʜʣʷ ʧʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ ʦʙʣʘʜʥʘʥʥʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆɻʃʗɼ ʉʋʏɸʉʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ʊɸ ʄɸʊɽʈɯɸʃɯɺ ʂɯʅʎɽɺʀʍ ʋʑɯʃʔʅɽʅʔ 

ʊʋʈɹɯʅ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ɽʂʆʅʆʄɯʏʅʆʉʊɯ ʊɸ ɼʆɺɻʆɺɯʏʅʆʉʊɯ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʩʫʯʘʩʥʠʭ 

ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʪʝʧʣʦʚʠʭ ʽ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʙʦʪʦʶ 

ʾʭ ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʢʽʥʮʝʚʠʭ ʽ ʧʨʦʤʽʞʥʠʭ ʫʱʽʣʴʥʝʥʴ ï 

ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʦʢʽʚ ʨʦʙʦʯʦʛʦ ʪʽʣʘ (ʧʘʨʠ) ʽʟ ʟʦʥ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʚ ʟʦʥʠ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʂʂɼ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʫʨʙʽʥʠ [1]. ʆʜʥʦʯʘʩʥʦ ʮʽ 

ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʘʧʦʙʽʛʘʶʯʠ 

ʢʘʪʘʩʪʨʦʬʽʯʥʦʤʫ ʢʦʥʪʘʢʪʫ ʨʦʪʦʨʘ ʽ ʩʪʘʪʦʨʘ ʪʘ ʨʦʟʚʠʪʢʫ ʨʫʡʥʽʚʥʠʭ ʪʨʽʱʠʥ [2]. ʂʣʶʯʦʚʘ 

ʧʨʦʙʣʝʤʘ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʤʧʨʦʤʽʩʫ ʤʽʞ ʛʝʨʤʝʪʠʯʥʽʩʪʶ 

(ʝʢʦʥʦʤʽʯʥʽʩʪʶ) ʪʘ ʤʽʮʥʽʩʪʶ (ʜʦʚʛʦʚʽʯʥʽʩʪʶ). 

ɸʥʘʣ̔ʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ 

ʟʘʣʠʰʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʴ ʫ ʝʥʝʨʛʝʪʠʮʽ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʫʱʽʣʴʥʝʥʴ, ʦʩʢʽʣʴʢʠ ʚʪʨʘʪʠ ʚʽʜ ʚʠʪʦʢʽʚ ʧʘʨʠ ʤʦʞʫʪʴ ʩʷʛʘʪʠ 28ï30 % ʚʽʜ 

ʟʘʛʘʣʴʥʠʭ ʚʪʨʘʪ ʪʫʨʙʽʥʠ [1].  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʪʘ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʢʽʥʮʝʚʠʭ ʫʱʽʣʴʥʝʥʴ ʪʫʨʙʽʥ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʾʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ (ʨʽʚʝʥʴ ʚʠʪʦʢʽʚ) ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ (ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ ʽ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ) ʪʫʨʙʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʢʦʥʩʪʨʫʢʮʽʾ ʢʽʥʮʝʚʠʭ ʫʱʽʣʴʥʝʥʴ 

ʩʫʯʘʩʥʠʭ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʫʱʽʣʴʥʝʥʴ. 

 
ʈʠʩʫʥʦʢ 1 ï ʃʘʙʽʨʠʥʪʦʚʽ ʫʱʽʣʴʥʝʥʥʷ ʜʣʷ ʙʘʥʜʘʞʘ ʨʦʙʦʯʦʾ ʣʦʧʘʪʢʠ: 

 ʘ ï ʣʘʙʽʨʠʥʪʦʚʝ ʫʱʽʣʴʥʝʥʥʷ ʟ ʛʣʘʜʢʦʶ ʟʦʚʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʙʘʥʜʘʞʘ; b ï ʣʘʙʽʨʠʥʪʦʚʝ 

ʫʱʽʣʴʥʝʥʥʷ ʟ ʛʨʝʙʝʥʷʤʠ Hi-Lo (ʩʪʫʧʽʥʯʘʩʪʠʡ ʪʠʧ); c ï ʣʘʙʽʨʠʥʪʦʚʝ ʫʱʽʣʴʥʝʥʥʷ ʟ 

ʧʦʜʚʽʡʥʦʶ ʛʨʝʙʽʥʯʘʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ; d ï ʩʪʫʧʽʥʯʘʩʪʝ ʣʘʙʽʨʠʥʪʦʚʝ ʫʱʽʣʴʥʝʥʥʷ 
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(ʜʨʘʙʠʥʯʘʩʪʦʛʦ ʪʠʧʫ) 

ʃʘʙʽʨʠʥʪʦʚʽ ʫʱʽʣʴʥʝʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʪʠʧʦʤ. ɰʭ ʨʦʙʦʪʘ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʰʣʷʭʦʤ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʜʨʦʩʝʣʶʚʘʥʥʷ ʧʦʪʦʢʫ 

ʯʝʨʝʟ ʧʦʩʣʽʜʦʚʥʽ ʟʘʟʦʨʠ [1]. ʇʦʨʷʜ ʽʟ ʧʨʦʩʪʠʤʠ ʛʣʘʜʢʠʤʠ ʣʘʙʽʨʠʥʪʦʚʠʤʠ ʫʱʽʣʴʥʝʥʥʷʤʠ 

(ʨʠʩ. 1A) ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʪʫʧʽʥʯʘʩʪʽ (ʨʠʩ. 1B), ʘ ʪʘʢʦʞ ʧʦʜʚʽʡʥʽ (ʨʠʩ. 1C) ʪʘ ʧʦʭʠʣʽ ʧʦʜʚʽʡʥʽ 

ʣʘʙʽʨʠʥʪʦʚʽ ʫʱʽʣʴʥʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʢʽʥʮʝʚʠʭ ʫʱʽʣʴʥʝʥʴ ʮʠʣʽʥʜʨʽʚ ʥʠʟʴʢʦʛʦ 

ʪʠʩʢʫ ʟ ʚʝʣʠʢʠʤʠ ʦʩʴʦʚʠʤʠ ʪʝʧʣʦʚʠʤʠ ʨʦʟʰʠʨʝʥʥʷʤʠ. 

ʑʽʪʢʦʚʽ ʫʱʽʣʴʥʝʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʫʯʢʽʚ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʱʝʪʠʥʦʢ (ʜʨʦʪʫ), 

ʟʘʬʽʢʩʦʚʘʥʠʭ ʤʽʞ ʧʝʨʝʜʥʴʦʶ ʪʘ ʟʘʜʥʴʦʶ ʦʙʦʡʤʘʤʠ. ɿʘʚʜʷʢʠ ʥʘʭʠʣʫ ʱʝʪʠʥʦʢ ʫ ʥʘʧʨʷʤʢʫ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ (å 45Á) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʾʭ 

ʯʘʩʪʦ ʚʠʢʦʥʫʶʪʴ ʷʢ ʦʢʨʝʤʠʡ ʩʝʛʤʝʥʪ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʚʩʝʨʝʜʠʥʽ ʣʘʙʽʨʠʥʪʦʚʦʛʦ ʢʘʥʘʣʫ, ʟ 

ʦʧʦʨʥʦʶ ʧʣʘʩʪʠʥʦʶ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʛʠʥʫ ʱʝʪʠʥʦʢ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ [3]. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʚʠʪʦʢʠ ʜʦ 2ï3 ʨʘʟʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʣʘʙʽʨʠʥʪʦʚʠʤʠ ʫʱʽʣʴʥʝʥʥʷʤʠ [4]. 

ʉʦʪʦʚʽ ʫʱʽʣʴʥʝʥʥʷ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʪʦʥʢʦʾ (ʙʣʠʟʴʢʦ 0,05ï0,1 ʤʤ) ʬʦʣʴʛʠ 

ʞʘʨʦʤʽʮʥʠʭ ʥʽʢʝʣʝʚʠʭ ʘʙʦ ʢʦʙʘʣʴʪʦʚʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʟ ʰʝʩʪʠʢʫʪʥʠʭ 

ʯʘʨʫʥʦʢ ʽ ʧʦʪʽʤ ʟ'ʻʜʥʫʶʪʴʩʷ ʜʠʬʫʟʽʡʥʠʤ ʟʚʘʨʶʚʘʥʥʷʤ [5]. ʎʷ ʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʜʣʷ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʫ ʜʠʩʠʧʘʮʽʶ ʝʥʝʨʛʽʾ ʧʦʪʦʢʫ. ɿʘʚʜʷʢʠ 

ʽʥʪʝʥʩʠʚʥʽʡ ʪʫʨʙʫʣʽʟʘʮʽʾ ʧʦʪʦʢʫ ʚ ʯʘʨʫʥʢʘʭ ʩʦʪʦʚʽ ʫʱʽʣʴʥʝʥʥʷ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʥʘʯʥʦ 

ʙʽʣʴʰʝ ʧʦʟʠʪʠʚʥʝ ʜʝʤʧʬʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʛʣʘʜʢʠʤʠ ʣʘʙʽʨʠʥʪʘʤʠ, ʧʨʠʛʥʽʯʫʶʯʠ ʥʝʙʘʞʘʥʽ 

ʢʦʣʠʚʘʥʥʷ ʨʦʪʦʨʘ [6]. 

ɿʥʦʰʫʚʘʥʽ ʫʱʽʣʴʥʝʥʥʷ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʜʽʘʧʘʟʦʥʦʤ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʢʦʤʧʨʝʩʦʨʘʭ (< 400 ÁC) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʠ ʥʘ 

ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʡ-ʢʨʝʤʥʽʶ (Al-Si) ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʦʣʽʤʝʨʥʠʭ ʘʙʦ ʽʥʰʠʭ ʣʝʛʢʦʧʣʘʚʢʠʭ ʬʘʟ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʟʥʦʩʫ [7]. ɼʣʷ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 760 ÁC) ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʽ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ CoNiCrAlY (ʢʦʙʘʣʴʪ-ʥʽʢʝʣʴ-ʭʨʦʤ-ʘʣʶʤʽʥʽʡ-ʽʪʨʽʻʚʠʡ 

ʩʧʣʘʚ), ʜʝ ʧʦʨʠʩʪʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʨʝʛʫʣʶʶʪʴʩʷ ʚʤʽʩʪʦʤ ʣʝʛʫʶʯʠʭ ʜʦʙʘʚʦʢ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ 

ʥʘʧʠʣʝʥʥʷ [8]. ɼʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ (> 760 ÁC) ʦʩʥʦʚʥʠʤ ʨʽʰʝʥʥʷʤ ʻ ʧʦʨʠʩʪʘ 

ʢʝʨʘʤʽʢʘ ʥʘ ʦʩʥʦʚʽ ʽʪʨʽʡ-ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʮʠʨʢʦʥʽʶ (YSZ). ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʨʽʟʘʥʥʷ ʚ ʪʘʢʫ 

ʢʝʨʘʤʽʢʫ ʚʝʨʰʠʥʠ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ ʯʘʩʪʦ ʘʨʤʫʶʪʴ ʘʙʨʘʟʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʢʫʙʽʯʥʠʡ ʥʽʪʨʠʜ ʙʦʨʫ (cBN) ʘʙʦ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ (SiC). 

ɺʧʣʠʚ ʢʦʥʩʪʨʫʢʮʽʾ ʫʱʽʣʴʥʝʥʴ ʥʘ ʜʠʥʘʤʽʢʫ ʨʦʪʦʨʘ ʻ ʢʨʠʪʠʯʥʠʤ. ʇʦʪʽʢ ʫ ʟʘʟʦʨʽ 

ʫʱʽʣʴʥʝʥʥʷ ʛʝʥʝʨʫʻ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʤʘʪʨʠʮʝʶ ʨʦʪʦʨʜʠʥʘʤʽʯʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ (ʞʦʨʩʪʢʽʩʪʴ, ʜʝʤʧʬʫʚʘʥʥʷ, ʧʝʨʝʭʨʝʩʥʽ ʟʚ'ʷʟʢʠ). ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʩʦʪʦʚʽ ʫʱʽʣʴʥʝʥʥʷ, ʟʘʚʜʷʢʠ ʽʥʪʝʥʩʠʚʥʽʡ ʪʫʨʙʫʣʽʟʘʮʽʾ ʧʦʪʦʢʫ ʚ ʯʘʨʫʥʢʘʭ, ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʧʦʟʠʪʠʚʥʝ ʜʝʤʧʬʫʚʘʥʥʷ, ʧʨʠʛʥʽʯʫʶʯʠ ʥʝʙʘʞʘʥʽ ʢʦʣʠʚʘʥʥʷ 

ʨʦʪʦʨʘ [6]. 

ɼʣʷ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʥʝʦʙʭʽʜʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʡ ʘʥʘʣʽʟ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ).  

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ 

ʫʱʽʣʴʥʝʥʴ ʟʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɹʘʟʦʚʽ ʣʘʙʽʨʠʥʪʦʚʽ ʫʱʽʣʴʥʝʥʥʷ ʤʘʶʪʴ ʥʘʡʧʨʦʩʪʽʰʫ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ, ʦʜʥʘʢ ʨʽʚʝʥʴ ʚʠʪʦʢʽʚ ʫ ʥʠʭ ʻ ʥʘʡʚʠʱʠʤ, ʽ ʩʘʤʝ ʾʭ ʧʦʢʘʟʥʠʢʠ ʧʨʠʡʤʘʶʪʴʩʷ 

ʟʘ ʙʘʟʦʚʠʡ ʨʽʚʝʥʴ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ. ɺʧʣʠʚ ʥʘ ʨʝʩʫʨʩ ʨʦʪʦʨʘ ʚʽʜʧʦʚʽʜʘʻ ʙʘʟʦʚʦʤʫ ʨʽʚʥʶ 

ʥʘʧʨʫʞʝʥʴ. 

ʆʧʪʠʤʽʟʦʚʘʥʽ ʣʘʙʽʨʠʥʪʦʚʽ ʫʱʽʣʴʥʝʥʥʷ (ʪʠʧʫ Hi-Lo ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ L/H) ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʦʢʠ ʜʦ 30 % ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤʠ [4]. ɿʘ 

ʜʘʥʠʤʠ ʏʝʨʥʦʫʩʝʥʢʘ ʪʘ ʽʥ. [2], ʧʝʨʝʭʽʜ ʥʘ ʪʘʢʽ ʫʱʽʣʴʥʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʨʦʪʦʨʘ ʥʘ 6,1 % ʟʘʚʜʷʢʠ ʟʥʠʞʝʥʥʶ ʨʽʚʥʷ ʥʘʧʨʫʞʝʥʴ. ʆʜʥʘʢ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʝ ʧʨʠ ʚʝʣʠʢʠʭ ʦʩʴʦʚʠʭ ʪʝʧʣʦʚʠʭ ʨʦʟʰʠʨʝʥʥʷʭ ʯʝʨʝʟ ʨʠʟʠʢ ʢʦʥʪʘʢʪʫ 

ʛʨʝʙʝʥʽʚ ʽʟ ʚʠʩʪʫʧʘʤʠ. 

ʑʽʪʢʦʚʽ ʫʱʽʣʴʥʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʡʢʨʘʱʫ ʛʝʨʤʝʪʠʯʥʽʩʪʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ 
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ʟʤʝʥʰʝʥʥʷ ʚʠʪʦʢʽʚ ʜʦ 65 % ʧʦʨʽʚʥʷʥʦ ʟ ʣʘʙʽʨʠʥʪʦʚʠʤʠ [6]. ɺʦʥʠ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʧʨʠ 

ʚʠʩʦʢʠʭ ʧʝʨʝʧʘʜʘʭ ʪʠʩʢʫ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʟʥʦʩʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʢʦʙʘʣʴʪʦʚʽ ʪʘ 

ʥʽʢʝʣʝʚʽ ʩʧʣʘʚʠ). ʆʜʥʘʢ ʾʭ ʚʧʣʠʚ ʥʘ ʨʝʩʫʨʩ ʨʦʪʦʨʘ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʯʝʨʝʟ 

ʢʦʥʪʘʢʪʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ ʪʘ ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʨʦʪʦʨʥʫ ʜʠʥʘʤʽʢʫ. 

ʉʦʪʦʚʽ ʫʱʽʣʴʥʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʤʝʥʰʝʥʥʷ ʚʠʪʦʢʽʚ ʥʘ 30ï50 % [7] ʽ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ, ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʶʪʴ ʜʝʤʧʬʫʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ, ʧʨʠʛʥʽʯʫʶʯʠ 

ʥʝʙʘʞʘʥʽ ʢʦʣʠʚʘʥʥʷ ʨʦʪʦʨʘ [6]. ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ [2], ʧʝʨʝʭʽʜ ʚʽʜ ʣʘʙʽʨʠʥʪʦʚʠʭ ʜʦ ʩʦʪʦʚʠʭ 

ʫʱʽʣʴʥʝʥʴ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʨʦʪʦʨʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʥʘ 6,1 %, ʘ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʜʦ ʧʨʷʤʦʪʦʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ï ʥʘ 14,4 %. ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʻ ʩʢʣʘʜʥʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠʱʘ ʚʘʨʪʽʩʪʴ. 

ɿʥʦʰʫʚʘʥʽ ʫʱʽʣʴʥʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʦʙʦʯʽ ʟʘʟʦʨʠ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ 

ʧʦʢʨʠʪʪʷ ʩʪʠʨʘʪʠʩʷ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʣʦʧʘʪʢʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʚʠʪʦʢʽʚ ʥʘ 

20 ï 40 %. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʚʨʘʭʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ (ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘ 

ʜʽʘʧʘʟʦʥʘʤʠ ʪʝʤʧʝʨʘʪʫʨ) ʪʘ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ. ɺʧʣʠʚ ʥʘ ʨʝʩʫʨʩ 

ʨʦʪʦʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʝʥʦ ʦʛʣʷʜ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʩʫʯʘʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʢʽʥʮʝʚʠʭ ʫʱʽʣʴʥʝʥʴ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʑʽʪʢʦʚʽ ʫʱʽʣʴʥʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʘʡʢʨʘʱʫ ʛʝʨʤʝʪʠʯʥʽʩʪʴ (ʟʤʝʥʰʝʥʥʷ ʚʠʪʦʢʽʚ ʜʦ 65 %), ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʧʣʠʚʫ ʥʘ ʨʦʪʦʨʥʫ ʜʠʥʘʤʽʢʫ. ʉʦʪʦʚʽ ʫʱʽʣʴʥʝʥʥʷ, ʦʢʨʽʤ ʟʤʝʥʰʝʥʥʷ ʚʠʪʦʢʽʚ, ʩʫʪʪʻʚʦ 

ʧʦʢʨʘʱʫʶʪʴ ʜʝʤʧʬʫʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʪʘ ʤʦʞʫʪʴ ʟʙʽʣʴʰʠʪʠ ʟʘʣʠʰʢʦʚʠʡ 

ʨʝʩʫʨʩ ʨʦʪʦʨʘ ʥʘ 6ï14 % ʟʘʚʜʷʢʠ ʟʥʠʞʝʥʥʶ ʨʽʚʥʷ ʥʘʧʨʫʞʝʥʴ. ɿʥʦʰʫʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ 

ʧʦʢʨʠʪʪʷ ʜʦʟʚʦʣʷʶʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʦʙʦʯʽ ʟʘʟʦʨʠ, ʘʣʝ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʚʨʘʭʫʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʽ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ ʛʽʙʨʠʜʥʠʭ ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʽʥʪʝʛʨʘʮʽʷ 

ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘʟʦʨʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ 

ʧʦʢʨʘʱʝʥʠʤʠ ʪʨʠʙʦʣʦʛʽʯʥʠʤʠ ʪʘ ʝʨʦʟʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 
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ĭ ɸʩʧʽʨʘʥʪ 2 ʢʫʨʩʫ ɹʝʞʠʢ ʆ. ʄ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʇʨʠʪʫʣʘ ʅ. ʆ. 

  https://scholar.google.com.ua/citations?hl=uk&user=VaBr8T0AAAAJ 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿʅʀɾɽʅʅʗ ʍʆʃʆɼʀʃʔʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ ɺɽʅʊʀʃʗʎɯʁʅʆɰ 

ʋʉʊɸʅʆɺʂʀ ʐʃʗʍʆʄ ɸɼɸʇʊʀɺʅʆɻʆ ʈɽɻʋʃʖɺɸʅʅʗ 

 ʈɽʎʀʈʂʋʃʗʎɯɰ ʇʆɺɯʊʈʗ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʽʟ ʚʝʣʠʢʠʤʠ 

ʚʥʫʪʨʽʰʥʽʤʠ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷʤʠ ʚʝʥʪʠʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ ʬʘʢʪʠʯʥʦ ʧʨʘʮʶʻ ʷʢ ʩʠʩʪʝʤʘ 

ʚʽʜʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʪʝʧʣʦʪʠ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʧʨʠʧʘʜʘʻ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʨʦʙʦʪʫ ʭʦʣʦʜʠʣʴʥʦʾ ʩʝʢʮʽʾ ʚʝʥʪʠʣʷʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ [1]. ʆʩʦʙʣʠʚʦ ʮʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ ʽʟ ʟʥʘʯʥʠʤʠ 

ʚʥʫʪʨʽʰʥʽʤʠ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷʤʠ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʝʨʩʦʥʘʣʫ, ʜʝ 

ʚʝʥʪʠʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ ʬʘʢʪʠʯʥʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʚʽʜʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʪʝʧʣʦʪʠ. 

ʋ ʪʨʘʜʠʮʽʡʥʠʭ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʯʘʩʪʢʘ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘʟʚʠʯʘʡ 

ʟʘʜʘʻʪʴʩʷ ʬʽʢʩʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ [2]. ʆʜʥʘʢ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ 

ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʥʫʪʨʽʰʥʽʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʪʘ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ. ʋ ʧʝʨʝʭʽʜʥʽ ʧʝʨʽʦʜʠ ʨʦʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʽʢʩʦʚʘʥʦʾ ʯʘʩʪʢʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʭʦʣʦʜʠʣʴʥʦʾ 

ʩʝʢʮʽʾ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ HVAC-ʩʠʩʪʝʤ ʧʦʢʘʟʫʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʚʝʥʪʠʣʷʮʽʡʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʤʽʥʶʚʘʪʠ ʯʘʩʪʢʫ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ [3]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʯʘʩʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ 

ʧʽʜʢʨʝʩʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʬʽʢʩʦʚʘʥʠʭ ʩʭʝʤ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʜʦ 

ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʝʥʪʠʣʷʮʽʻʶ, ʷʢʽ ʟʜʘʪʥʽ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ [3, 4]. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ 

ʫ ʮʽʡ ʩʬʝʨʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʢʘʤʝʨ ʟʤʽʰʫʚʘʥʥʷ, ʜʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʘ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʥʘʧʝʨʝʜ ʚʩʪʘʥʦʚʣʝʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʢʨʠʪʝʨʽʻʤ, ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʪʝʧʣʦʚʠʭ ʘʙʦ ʭʦʣʦʜʠʣʴʥʠʭ ʚʠʪʨʘʪ 

ʧʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʅʘʡʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʨʽʰʝʥʴ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʧʝʨʝʭʽʜʥʽ ʧʝʨʽʦʜʠ ʨʦʢʫ, ʢʦʣʠ 

ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʫʪʪʻʚʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʢʩʦʚʘʥʠʭ ʨʝʞʠʤʽʚ ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. ɿʘ ʫʤʦʚ ʟʥʘʯʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ 

ʘʜʘʧʪʠʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʜʘʻ ʟʤʦʛʫ ʙʽʣʴʰ ʧʦʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ ʪʘʢ ʟʚʘʥʦʛʦ çʚʽʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷè, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʭʦʣʦʜʠʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ 

ʧʨʠʤʽʱʝʥʥʷʭ [4]. 

ʇʦʧʨʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʥʪʠʣʷʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʘʙʦ ʥʘ ʫʟʘʛʘʣʴʥʝʥʠʭ ʩʭʝʤʘʭ ʢʝʨʫʚʘʥʥʷ, ʘʙʦ ʥʘ 

ʫʤʦʚʥʠʭ ʦʙôʻʢʪʘʭ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʦʜʥʦʯʘʩ ʧʠʪʘʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʜʘʧʪʠʚʥʠʭ ʢʘʤʝʨ ʟʤʽʰʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʝʟʦʥʥʠʭ ʪʘ ʜʦʙʦʚʠʭ ʟʤʽʥ ʨʝʞʠʤʽʚ ʾʭ ʨʦʙʦʪʠ ʚʩʝ ʱʝ ʚʠʩʚʽʪʣʝʥʝ ʥʝʜʦʩʪʘʪʥʴʦ. 
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ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʆʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʟʥʠʞʝʥʥʷ ʭʦʣʦʜʠʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʰʣʷʭʦʤ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʢʠ 

ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ 

ʫʩʪʘʥʦʚʢʘ ʭʘʨʯʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʨʠʩ. 1) ʟ ʚʠʪʨʘʪʦʶ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ 47 900 ʤį/ʛʦʜ, 

ʱʦ ʦʙʩʣʫʛʦʚʫʻ ʚʠʨʦʙʥʠʯʽ ʧʨʠʤʽʱʝʥʥʷ ʬʘʩʫʚʘʥʥʷ ʪʘ ʧʘʢʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ. ʉʫʤʘʨʥʽ 

ʚʥʫʪʨʽʰʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʩʪʘʥʦʚʣʷʪʴ 216,7 ʢɺʪ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʜʣʷ ʨʝʘʣʴʥʦʾ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʭʘʨʯʦʚʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʬʘʢʪʠʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 
ʈʠʩʫʥʦʢ 1 ï ɺʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ, ʱʦ ʻ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʫʩʪʘʥʦʚʢʘ ʦʩʥʘʱʝʥʘ ʚʦʜʷʥʦʶ ʥʘʛʨʽʚʘʣʴʥʦʶ ʩʝʢʮʽʻʶ ʟ ʪʝʧʣʦʥʦʩʽʻʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʬʽʢʘ 80/60 ÁC ʪʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʶ ʩʝʢʮʽʻʶ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʨʦʟʯʠʥʽ 

ʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ 40 % ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ 7/12 ÁC. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʟʘʩʣʽʥʦʢ ʫ ʢʘʤʝʨʽ ʟʤʽʰʫʚʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ, ʚʢʣʶʯʥʦ ʟ ʧʦʚʥʠʤ ʧʝʨʝʢʨʠʪʪʷʤ ʧʦʜʘʯʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʫ ʯʝʨʛʦʚʦʤʫ ʨʝʞʠʤʽ 

ʨʦʙʦʪʠ ʚ ʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ. 

ʇʘʨʘʤʝʪʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʧʨʠʡʥʷʪʦ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʩʘʥʽʪʘʨʥʠʭ ʚʠʤʦʛ: ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ  

+22Ñ2 ÁC, ʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 60 %. ɺʠʜʘʣʷʻʤʝ ʧʦʚʽʪʨʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʨʠʡʥʷʪʦ ʟ ʫʩʝʨʝʜʥʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ 25 ÁC ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 50 %, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʥʦʚʢʠ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. 

ʈʝʞʠʤ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʝʨʝʜʙʘʯʘʻ ʜʚʦʟʤʽʥʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʨʠʚʘʣʽʩʪʶ 

16 ʛʦʜʠʥ ʥʘ ʜʦʙʫ (ʟ 7:00 ʜʦ 23:00). ʋ ʥʝʨʦʙʦʯʠʡ ʯʘʩ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ ʧʝʨʝʭʦʜʠʪʴ ʫ 

ʯʝʨʛʦʚʠʡ ʨʝʞʠʤ, ʧʨʠ ʷʢʦʤʫ ʧʦʜʘʯʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʢʦʤʧʝʥʩʘʮʽʶ ʪʝʧʣʦʚʪʨʘʪ ʧʨʠʤʽʱʝʥʴ ʫ ʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʧʨʠʤʽʱʝʥʴ ʪʘ 

ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʅʝʦʙʭʽʜʥʘ ʭʦʣʦʜʠʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ 

Q = m c  (t  ī t ),                                                            (1) 

ʜʝ m ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʢʛ/ʩ; c  ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ, ʢɼʞ/(ʢʛĿÁC); 

t ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʽʩʣʷ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ, ÁC; t  ï ʥʝʦʙʭʽʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ, ÁC. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ: 

Å ʪʨʘʜʠʮʽʡʥʠʡ ʨʝʞʠʤ ʽʟ ʬʽʢʩʦʚʘʥʦʶ ʯʘʩʪʢʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ; 

Å ʘʜʘʧʪʠʚʥʠʡ ʨʝʞʠʤ, ʫ ʷʢʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ 

ʧʦʚʽʪʨʷ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʦʤʽʩʷʯʥʠʡ ʘʥʘʣʽʟ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʤ. ʃʫʮʴʢ ʧʦʢʘʟʘʚ, ʱʦ ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʥʘʜʣʠʰʦʢ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʧʣʦʪʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 
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ʨʦʢʫ, ʚʢʣʶʯʥʦ ʟ ʭʦʣʦʜʥʠʤ ʧʝʨʽʦʜʦʤ. ʎʝ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʪʘʢ ʟʚʘʥʦʛʦ çʚʽʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷè (free cooling). 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʧʦʛʦʜʠʥʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʜʣʷ ʪʠʧʦʚʠʭ ʜʽʙ ʢʚʽʪʥʷ ʪʘ ʞʦʚʪʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʦʙʤʝʞʝʥʴ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʜʘʯʽ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ ʚʝʥʪʠʣʷʮʽʾ [5]. 

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʧʦʛʦʜʠʥʥʦʾ ʭʦʣʦʜʠʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʝʥʪʠʣʷʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʘʜʘʧʪʠʚʥʦʾ ʪʘ ʪʨʘʜʠʮʽʡʥʦʾ ʩʭʝʤ ʨʦʙʦʪʠ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ. 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʨʽʚʥʷʥʥʷ ʧʦʛʦʜʠʥʥʦʾ ʭʦʣʦʜʠʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʝʥʪʠʣʷʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʘʜʘʧʪʠʚʥʦʾ ʪʘ ʬʽʢʩʦʚʘʥʦʾ ʯʘʩʪʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʪʠʧʦʚʘ ʜʦʙʘ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ): 1, 2 ï ʟ ʬʽʢʩʦʚʘʥʦʶ ʢʘʤʝʨʦʶ ʟʤʽʰʫʚʘʥʥʷ ʫ ʢʚʽʪʥʽ ʪʘ ʞʦʚʪʥʽ 

ʚʽʜʧʦʚʽʜʥʦ; 3, 4 ï ʟ ʘʜʘʧʪʠʚʥʦʶ ʢʘʤʝʨʦʶ ʟʤʽʰʫʚʘʥʥʷ ʫ ʢʚʽʪʥʽ ʪʘ ʞʦʚʪʥʽ ʚʽʜʧʦʚʽʜʥʦ 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ, ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʮʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʭʦʣʦʜʠʣʴʥʘ ʩʝʢʮʽʷ 

ʧʨʘʮʶʻ ʜʦʚʰʝ ʪʘ ʟ ʙʽʣʴʰʦʶ ʧʦʪʫʞʥʽʩʪʶ. ɸʜʘʧʪʠʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ 

ʟʤʝʥʰʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʭʦʣʦʜʠʣʴʥʦʾ ʩʝʢʮʽʾ ʪʘ ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ ʭʦʣʦʜʠʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʫʤʘʨʥʝ ʭʦʣʦʜʠʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʜʘʧʪʠʚʥʦʾ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 

57,2 % ʜʣʷ ʪʠʧʦʚʦʾ ʜʦʙʠ ʢʚʽʪʥʷ ʪʘ ʥʘ 80,4 % ʜʣʷ ʞʦʚʪʥʷ. ʋʟʘʛʘʣʴʥʝʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ ʭʦʣʦʜʫ ʫ ʧʝʨʝʭʽʜʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 40ï55 %. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʽʟ ʟʥʘʯʥʠʤʠ ʚʥʫʪʨʽʰʥʽʤʠ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷʤʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻɽʊʀʏʅʆɰ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʆʊʆʏʅʆɰ ʊʅʉʋ 

 ɿɸ ʈɸʍʋʅʆʂ ɹɸʁʇɸʉʋɺɸʅʅʗ ʊɽʇʃʆɺʆɻʆ ʅɸʉʆʉɸ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʪʦʯʥʠʭ ʟʝʨʥʦʩʫʰʘʨʦʢ ʚ ʤʝʞʘʭ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʟ ʟʝʨʥʘ ʻ ʥʝʦʙʭʽʜʥʠʤ ʥʘʫʢʦʚʠʤ 

ʧʦʰʫʢʦʤ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʷʢ ʩʠʩʪʝʤʠ ʟ ʪʝʧʣʦʚʠʤʠ 

ʥʘʩʦʩʘʤʠ.  ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʝʧʣʦʥʘʩʦʩʥʦʛʦ ʩʫʰʽʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʻ ʙʘʡʧʘʩʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ʆʜʥʘʢ ʧʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʣʷ 

ʫʩʪʘʥʦʚʦʢ ʩʫʰʽʥʥʷ ʟʝʨʥʘ ʻ ʥʝ ʚʠʚʯʝʥʠʤ ʽ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʫʰʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʊʅʉʋ) ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʭʝʤ ʽʟ ʯʘʩʪʢʦʚʠʤ 

ʙʘʡʧʘʩʫʚʘʥʥʷʤ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ (ʉɸ) ʧʦʚʟ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ (ʊʅ), ʱʦ ʻ ʜʦʙʨʝ ʚʠʚʯʝʥʦ ʜʣʷ 

ʧʦʜʽʙʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʫʰʽʥʥʷ ʜʝʨʝʚʠʥʠ [1]. ɹʘʡʧʘʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʦʙôʻʤʥʽ ʧʦʪʦʢʠ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʝ ʦʙʣʘʜʥʘʥʥʷ ʊʅ, ʫʥʠʢʘʶʯʠ ʥʘʜʤʽʨʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʛʘʙʘʨʠʪʽʚ ʫʩʪʘʥʦʚʢʠ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʟʘʛʘʣʴʥʠʡ ʂʂɼ ʩʠʩʪʝʤʠ.  

ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʭʝʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʨʝʣʶʻ ʟ 

ʧʦʢʨʘʱʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [2]. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʉɸ ʪʘ ʙʘʡʧʘʩʫʚʘʥʥʷ ʊʅ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʪʝʧʣʦʥʘʩʦʩʥʦʶ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʝʥʝʨʛʽʾ 

ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ [3]. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʽʥʪʝʛʨʘʮʽʷ ʊʅ ʽʟ ʩʠʩʪʝʤʘʤʠ ʙʘʡʧʘʩʫʚʘʥʥʷ ʚ ʧʨʦʪʦʯʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʻ ʝʢʦʣʦʛʽʯʥʦ ʜʦʮʽʣʴʥʠʤ 

ʪʘ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʧʨʘʚʜʘʥʠʤ ʢʨʦʢʦʤ ʫ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʟʝʨʥʦʧʝʨʝʨʦʙʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʠʢʦʥʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʊʅʉʋ ʜʦʟʚʦʣʠʣʦ ʧʦʢʘʟʘʪʠ ʚʧʣʠʚ ʯʘʩʪʢʦʚʦʛʦ ʙʘʡʧʘʩʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʥʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʪʦʯʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʟʝʨʥʦʩʫʰʘʨʦʢ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ 

ʤʝʪʠ ʨʦʟʨʦʙʣʝʥʦ ʟʘʤʢʥʫʪʫ ʩʠʩʪʝʤʫ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʨʘʟʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ 

ʮʠʢʣ ʫʩʪʘʥʦʚʢʠ ʟ ʧʨʦʮʝʩʦʤ ʩʫʰʽʥʥʷ ʟʝʨʥʘ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʭʝʤʘ ʧʨʦʪʦʯʥʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʫʰʘʨʢʠ ʟʝʨʥʘ ʟ ʯʘʩʪʢʦʚʠʤ 

ʙʘʡʧʘʩʫʚʘʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʦʪʦʯʥʦʾ ʊʅʉʋ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʉɸ ʪʘ ʯʘʩʪʢʦʚʠʤ ʙʘʡʧʘʩʫʚʘʥʥʷʤ ʊʅ 
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ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʫʰʘʨʦʢ ʟʝʨʥʦʚʠʭ ʚ ʯʘʩʪʠʥʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʟ ʟʝʨʥʘ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʪʨʘʯʝʥʦʾ 

ʝʥʝʨʛʽʾ (ʂɺɽ), ʷʢʠʡ ʨʦʟʰʠʨʝʥʦ ʦʧʠʩʘʥʦ ʚ ʧʦʧʝʨʝʜʥʽʭ ʧʨʘʮʷʭ [4]. ɿʘʛʘʣʴʥʠʡ ʚʠʨʘʟ ʂɺɽ ʜʣʷ 

ʊʅʉʋ ʦʧʠʩʫʻʪʴʩʷ ʷʢ 

–̒ ̔
̃̉̐

˟˚
,                                                             (1) 

ʜʝ ὗ̃ ̉ï̐ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ, 

ʢɺʪ; ὒ˟ ï̊ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʢɺʪ. 

ɺʠʢʦʥʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʩʦʚʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʙʘʣʘʥʩʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʧʘʨʘʤʝʪʨʠ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʪʘ ʟʝʨʥʘ ʫ ʚʫʟʣʦʚʠʭ ʪʦʯʢʘʭ ʩʠʩʪʝʤʠ, ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ 

ʚʝʣʠʯʠʥʫ ʂɺɽ ʜʣʷ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʰʽʥʥʷ ʟʝʨʥʘ ʟʘ ʢʽʥʮʝʚʠʤ ʚʠʨʘʟʦʤ  

–̒ ̔
̍Ў̒̋

˗ ́ ̃
‐̓̎ ρȟ                                            (2) 

ʜʝ ὶὸ̍  ï ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʢʨʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ, ʢɼʞ/ʢʛʚʣ; ЎὨ̒  ̋ ï ʟʤʽʥʘ ʚʦʣʦʛʦʩʪʽ ʉɸ ʚ ʉʂ ʊʅʉʋ, ʢʛʚʦʣ/ʢʛʩʘ; ʢʦʝʬʽʮʽʻʥʪ 

ʨʝʮʠʨʢʫʣʷʮʽʾ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ˗ Ὃ̑ ̆Ⱦ̗Ὃ̈ ́̄ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʽʟ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʩʫʰʘʨʢʠ; ʘ ï ʢʦʝʬʽʮʽʻʥʪ ʙʘʡʧʘʩʫʚʘʥʥʷ; Ὤ ï ʝʥʪʘʣʴʧʽʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʉɸ ʧʽʩʣʷ ʩʫʰʠʣʴʥʦʾ ʢʘʤʝʨʠ (ʉʂ), ʢɼʞ/ʢʛʩʘ; Ὤ̃ï ʝʥʪʘʣʴʧʽʷ ʮʴʦʛʦ ʞ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʥʘ 
ʚʠʭʦʜʽ ʟ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʢɼʞ/ʢʛʩʘ; ‐̓  ̎ï ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʊʅ. 

ɺ ʤʝʞʘʭ ʧʨʦʚʝʜʝʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʥʘʪʠ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʦʯʥʠʭ ʩʫʰʘʨʦʢ ʙʝʟ ʙʘʡʧʘʩʫʚʘʥʥʷ 

[4], ʷʢʽ ʙʫʣʦ ʚʠʢʦʥʘʥʽ ʟʘ ʘʥʘʣʦʛʽʯʥʦʶ ʤʝʪʦʜʦʣʦʛʽʻʶ. ɿʘ ʚʠʨʘʟʦʤ (2) ʨʦʟʨʘʭʦʚʘʥʦ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʜʣʷ ʊʅʉʋ ʟ ʯʘʩʪʢʦʚʠʤ 

ʙʘʡʧʘʩʫʚʘʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. 

 
ʘ                                        ʙ                                                ʚ 

ʈʠʩʫʥʦʢ 2 ï ʂʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʊʅʉʋ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʘ 

ʙʘʡʧʘʩʫʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʉɸ 55 ʉ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨʠ ʉɸ ʚ 

ʩʫʰʠʣʴʥʽʡ ʢʘʤʝʨʽ ʪʘ ʯʘʩʪʢʠ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʟ ʟʝʨʥʘ æɤ 

ʘ ï 6 %; ʙ ï 9 %; ʚ ï 12 % 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʙʘʡʧʘʩʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʊʅʉʋ ʟʨʦʩʪʘʻ ʦʩʦʙʣʠʚʦ ʜʣʷ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʴ ҟ  ̟ ʪʘ ʚʠʩʦʢʠʭ 

ʧʝʨʝʧʘʜʘʭ Ўὸ̒,̋ ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʨʦʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʮʠʨʢʫʣʷʮʽʾ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʚ 
ʮʠʢʣʽ ʩʫʰʘʨʢʠ. ʇʨʠ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ ʙʘʡʧʘʩʫʚʘʥʥʷ 1/(1-ʘ)=2 ʪʘ ʚʠʱʝ ʜʣʷ ʚʩʽʭ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʊʅʉʋ ʩʪʘʻ ʤʘʡʞʝ ʽʜʝʥʪʠʯʥʦʶ, ʽ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 
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ʙʘʡʧʘʩʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʚʞʝ ʥʝ ʤʘʻ ʩʝʥʩʫ ʜʣʷ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʎʝ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʟʘ ʮʠʭ ʫʤʦʚ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠʚʦʜʫ ʊʅ ʚ ʩʫʰʠʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʩʫʪʥʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ 

ʉɸ. 

ʆʜʥʘʢ, ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʩʫʰʘʨʦʢ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʦʩʦʙʣʠʚʽʩʪʴ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ  

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ  ʢʦʝʬʽʮʽʻʥʪʘ ʙʘʡʧʘʩʫʚʘʥʥʷ  ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʦʛʦ ʧʝʨʝʛʨʽʚʫ ʉɸ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʊʅ. ɼʘʥʠʡ ʧʝʨʝʛʨʽʚ ʦʙʫʤʦʚʣʝʥʠʡ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʉɸ ʥʘ ʚʭʦʜʽ ʚ ʉʂ ʧʨʠ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʉɸ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʊʅ.  ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3, ʜʝ ʥʘʚʝʜʝʥʦ 

ʟʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂɺɽ ʥʘ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʟʝʨʥʘ ʜʣʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʩʫʰʽʥʥʷ, ʷʢʠʡ ʦʪʨʠʤʘʥʦ ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʙʘʡʧʘʩʫʚʘʥʥʷ ʘ=0,5.  

 
ʈʠʩʫʥʦʢ 3 ï ɿʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ  ʟʥʘʯʝʥʥʷ ʂɺɽ –max ʊʅʉʋ ʧʨʠ ʘ = 0,5 ʪʘ ʂɺɽ 

ʜʣʷ ʊʅʉʋ ʙʝʟ ʙʘʡʧʘʩʫʚʘʥʥʷ ʊʅ (ʘ = 0) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ Ў‫ 

 

ɻʨʘʬʽʢʠ ʥʘ ʨʠʩ. 3 ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʧʣʠʚ ʙʘʡʧʘʩʫʚʘʥʥʷ ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʊʅʉʋ ʜʣʷ ʨʽʟʥʠʭ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʩʫʰʽʥʥʷ ʟʝʨʥʘ ʧʨʠ ʟʤʽʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʫʰʽʥʥʷ æɤ. ɺʠʜʥʦ, ʱʦ ʧʨʠʨʽʩʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʣʴʰ ʟʥʘʯʥʠʡ ʚ ʟʦʥʽ ʥʠʟʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

æɤ ʪʘ ʟʨʦʩʪʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʰʽʥʥʷ.   

ɺʠʩʥʦʚʢʠ. ʏʘʩʪʢʦʚʝ ʙʘʡʧʘʩʫʚʘʥʥʷ ʊʅ ʚ ʮʠʢʣʽ ʊʅʉʋ ʟʝʨʥʘ ʻ ʦʜʥʠʤ ʟ ʟʘʭʦʜʽʚ, ʱʦ 

ʟʘʩʣʫʛʦʚʫʻ ʨʝʪʝʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʩʫʰʠʣʴʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ. ɺ ʧʨʘʢʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʪʘ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ: 

1. ʏʘʩʪʢʦʚʝ ʙʘʡʧʘʩʫʚʘʥʥʷ ʊʅ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʫʰʘʨʢʠ ʧʨʠ ʥʠʟʴʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʫʰʽʥʥʷ.  

2. ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʙʘʡʧʘʩʫʚʘʥʥʷ ʊʅ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʫʤʦʚʘʤʠ ʧʨʦʮʝʩʫ. ʁʦʛʦ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ ʘ = 0,35...0,5, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʢʩʠʤʘʣʴʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʫʰʘʨʢʠ ʜʣʷ ʜʘʥʦʛʦ ʊʅ.  

3. ʇʨʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʂʂɼ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫ ʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʡʦʛʦ ʙʘʡʧʘʩʫʚʘʥʥʷ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʇʃʆʇɽʈɽɼɸʏɯ ʇɯɼ ʏɸʉ 

ʆʉʋʐɽʅʅʗ ʇʆɺɯʊʈʗ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɹʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʟ ʥʠʟʴʢʦʶ ʚʦʣʦʛʽʩʪʶ ʻ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ 

ʦʩʫʰʝʥʥʷ [1, 2]. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʽʞ ʧʦʚʽʪʨʷʤ ʪʘ ʦʭʦʣʦʜʞʫʶʯʦʶ ʨʽʜʠʥʦʶ 

ʧʝʨʝʚʘʞʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʝʙʨʠʩʪʦ-ʪʨʫʙʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ (ʈʊʊ). ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʪʨʫʙ ʘʙʦ ʨʝʙʝʨ ʟ ʙʦʢʫ ʧʦʚʽʪʨʷ ʻ ʥʠʞʯʦʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʯʢʠ ʨʦʩʠ, 

ʪʘʢʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʧʨʘʮʶʶʪʴ ʫ ʚʦʣʦʛʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 

ʢʨʘʧʝʣʴ ʢʦʥʜʝʥʩʘʪʫ ʥʘ ʧʦʚʝʨʭʥʷʭ ʨʝʙʝʨ ʽ ʪʨʫʙʦʢ. ɿʘ ʮʠʭ ʫʤʦʚ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʈʊʊ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʯʝʨʝʟ ʦʜʥʦʯʘʩʥʝ ʧʨʦʪʽʢʘʥʥʷ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʥʠʭ 

ʧʨʦʮʝʩʽʚ: ʟ ʙʦʢʫ ʧʦʚʽʪʨʷ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʫ ʷʚʥʽʡ, ʪʘʢ ʽ ʚ ʧʨʠʭʦʚʘʥʽʡ ʬʦʨʤʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʈʊʊ ʧʽʜ ʯʘʩ ʦʩʫʰʝʥʥʷ ʧʦʚʽʪʨʷ 

ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʚʘ ʤʝʪʦʜʠ: ʝʥʪʘʣʴʧʽʡʥʠʡ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʡ [3]. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʘʭ HVAC, ʘ ʪʘʢʦʞ ʜʣʷ ʧʦʰʫʢʫ ʥʦʚʠʭ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʦʩʫʰʝʥʥʷ, ʚʘʞʣʠʚʦ ʜʝʪʘʣʴʥʦ ʨʦʟʫʤʽʪʠ ʧʨʦʮʝʩʠ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʦʩʫʰʫʚʘʯʽ ï ʢʣʶʯʦʚʦʤʫ ʝʣʝʤʝʥʪʽ ʩʠʩʪʝʤʠ ʦʩʫʰʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʝʥʪʘʣʴʧʽʡʥʦʛʦ ʤʝʪʦʜʫ ʨʽʟʥʠʮʷ ʝʥʪʘʣʴʧʽʡ ʻ 

ʨʫʰʽʡʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥʫ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʈʊʊ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʟʘʛ ʣʦʛ= ,Q UA hD                                                 (1) 

ʜʝ ɸ ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʈʊʊ, ʤ2; ʣʦʛhD - ʣʦʛʘʨʠʬʤʽʯʥʘ ʩʝʨʝʜʥʷ ʨʽʟʥʠʮʷ 

ʝʥʪʘʣʴʧʽʡ, ʢɼʞ/ʢʛ; U ï ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʢʛ/(ʤ2ʩ). 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ  ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʘʣʴʥʽʡ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʭʦʣʦʜʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʪʘ ʚʦʣʦʛʠʤ ʧʦʚʽʪʨʷʤ ʽ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ  

ʟʘʛ ʣʦʛ=Q kA tD ,                                                         (2) 

ʜʝ k ï ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ɺʪ/(ʤĮĿʂ); ʣʦʛtD - ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʘ 

ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ, ʦʉ. 

ʌʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ U ʪʘ k ʥʘʚʝʜʝʥʦ ʫ 

ʧʨʘʮʷʭ [3, 4]. ʇʨʦʪʝ ʥʘʷʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʧʨʘʢʪʠʯʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ HVAC. ɸʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ 

ʽʩʥʫʶʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʜʽʣʷʶʪʴ ʥʝʜʦʩʪʘʪʥʶ ʫʚʘʛʫ ʚʠʟʥʘʯʝʥʥʶ ʟʘʛʘʣʴʥʦʾ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʈʈʊ ʫ ʨʝʞʠʤʘʭ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ, ʪʦʙʪʦ ʧʽʜ ʯʘʩ ʦʩʫʰʝʥʥʷ ʧʦʚʽʪʨʷ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʤʝʪʦʜ 

ʻ ʙʽʣʴʰ ʟʨʫʯʥʠʤ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʤʝʥʰʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʝʥʪʘʣʴʧʽʡʥʠʤ ʧʽʜʭʦʜʦʤ. ɺʦʜʥʦʯʘʩ ʮʝʡ ʤʝʪʦʜ ʥʝ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʤʘʩʦʧʝʨʝʥʦʩʫ 

ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʙʝʨ, ʱʦ ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ ʩʫʪʪʻʚʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʨʝʞʠʤʘʭ ʽʟ ʽʥʪʝʥʩʠʚʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʢʦʥʜʝʥʩʘʪʫ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʆʪʨʠʤʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʘ ʝʥʪʘʣʴʧʽʡʥʠʤ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʤʝʪʦʜʘʤʠ. ʇʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʧʽʜ ʯʘʩ ʦʩʫʰʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʈʊʊ. 

ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʨʦʙʦʯʠʭ ʫʤʦʚ (ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʪʘ ʭʦʣʦʜʠʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ) ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʭʦʣʦʜʥʠʢʘ ʟ ʭʚʠʣʷʩʪʠʤ ʦʨʝʙʨʝʥʥʷʤ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʭʦʣʦʜʦʘʛʝʥʪʽ R32.  
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ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʂʦʥʩʪʨʫʢʮʽʶ ʪʘ ʧʨʠʥʮʠʧ ʜʽʾ ʧʨʠʧʣʠʚʥʦ-ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 1), ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʫ ʩʪʘʪʪʽ [5]. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʦʩʫʰʝʥʥʷ 

ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʩʝʢʮʽʷ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʬʨʝʦʥʦʚʠʤ ʦʭʦʣʦʜʞʫʚʘʯʝʤ 

Aerostar ʩʝʨʽʾ SDC 40-20 ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʦʚʽʪʨʷʥʠʤ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ. ʊʝʧʣʦʦʙʤʽʥʥʘ 

ʧʦʚʝʨʭʥʷ ʈʊʊ SDC 40-20 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʧʣʘʩʪʠʥ ʪʦʚʱʠʥʦʶ 0,1 ʤʤ, ʥʘʪʷʛʥʫʪʠʭ 

ʥʘ ʤʽʜʥʽ ʪʨʫʙʢʠ ʽ ʤʘʻ ʧʣʦʱʫ 8 ʤ2 [6]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ U ʪʘ k ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʟʤʽʥʥʽʡ 

ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ. 

 
 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʫʩʪʘʥʦʚʢʠ: T/RH ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʠ 

ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ ʦʭʦʣʦʜʞʫʚʘʯʘ; DPi ï ʜʘʪʯʠʢ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ; CH1 ï ʬʨʝʦʥʦʚʠʡ 

ʦʭʦʣʦʜʞʫʚʘʯ Aerostar SDC 40-20 [5] 

 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ, ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʧʦʚʽʪʨʷ ʜʦ ʭʦʣʦʜʦʘʛʝʥʪʫ 

ʰʣʷʭʦʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 25 ʜʦ 60 % ʫ ʚʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʧʽʜ ʯʘʩ ʚʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʦʚʝʨʭʥʷ ʨʝʙʝʨ ʟʥʘʭʦʜʠʣʘʩʴ ʫ ʯʘʩʪʢʦʚʦ ʚʦʣʦʛʦʤʫ ʩʪʘʥʽ. ʑʦ 

ʫʩʢʣʘʜʥʶʻ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʈʊʊ ʟʘ ʝʥʪʘʣʴʧʽʡʥʠʤ ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʤʝʪʦʜʘʤʠ. 

 
ʈʠʩʫʥʦʢ 2 ï ɹʘʣʘʥʩ ʧʨʠʭʦʚʘʥʦʾ ʪʘ ʷʚʥʦʾ ʪʝʧʣʦʪʠ ʫ ʈʊʊ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʦʩʫʰʝʥʥʷ ʧʦʚʽʪʨʷ 

 

ɿʥʘʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ 

ʝʥʪʘʣʴʧʽʡ ʤʦʞʥʘ ʟʘ ʨʽʚʥʷʥʥʷʤʠ (1) ʪʘ (2) ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʥʦ ʟʘʛʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ U ʪʘ k: 

ʟʘʛ
ʝʢʩ

ʣʦʛ

;
Q

U
ɸ h
=
D

                                                 (3) 

ʟʘʢ
ʝʢʩ

ʣʦʛ

Q
k

ɸ t
=
D

.                                                       (4) 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʢʽʣʴʢʦʩʪʽ ʨʷʜʽʚ ʪʨʫʙ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʝʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʢʦʤʧʘʥʽʾ 

Aerostar ʜʣʷ ʨʽʟʥʠʭ ʧʦʚʽʪʨʦʦʭʦʣʦʜʞʫʚʘʯʽʚ ʩʝʨʽʾ SDC. ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʧʦʩʪʽʡʥʦʾ 

ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʪʘ ʽʜʝʥʪʠʯʥʠʭ ʚʭʽʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʝʨʝʜ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʤʘʻ ʚʠʪʨʘʪʘ (ʰʚʠʜʢʽʩʪʴ) ʧʦʚʽʪʨʷ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʯʝʨʝʟ ʈʊʊ. 
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ʅʘ ʨʠʩ. 3 ʪʘ 4 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʥʘ 

ʚʭʦʜʽʚ ʚ ʈʊʊ. ʗʢ ʚʠʜʥʦ, ʚʧʣʠʚ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʻ ʩʧʽʚʩʪʘʚʥʠʤ ʜʣʷ ʦʙʦʭ ʚʠʧʘʜʢʽʚ. ʈʽʟʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʧʣʠʚʘʣʘ ʥʘ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, 

ʱʦ ʚʽʜʚʦʜʠʣʘʩʷ ʚʽʜ ʧʦʚʽʪʨʷ, ʘʣʝ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʚʧʣʠʚʘʣʘ ʥʘ ʦʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʜʦʩʣʽʜʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

  

ʈʠʩʫʥʦʢ 3 ï ɺʧʣʠʚ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʥʘ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʧʦʨʘʭʦʚʘʥʠʡ 

ʝʥʪʘʣʴʧʽʡʥʠʤ ʤʝʪʦʜʦʤ 

ʈʠʩʫʥʦʢ 4 ï ɺʧʣʠʚ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʥʘ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʧʦʨʘʭʦʚʘʥʠʡ 

ʯʝʨʝʟ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʜʘʣʦʩʷ ʫʟʘʛʘʣʴʥʠʪʠ ʨʽʚʥʷʥʥʷʤʠ: 
0.61

ʧʦʚ0,023 ;U w=                                              (5) 
0,718

ʧʦʚ37 .k w=                                                  (6) 

ɺʠʩʥʦʚʢʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʽʜ ʯʘʩ ʦʩʫʰʝʥʥʷ 

ʧʦʚʽʪʨʷ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʨʝʙʨʠʩʪʦ-ʪʨʫʙʥʦʤʫ ʦʭʦʣʦʜʞʫʚʘʯʽ ʧʨʷʤʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

(ʭʦʣʦʜʦʘʛʝʥʪ R32). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʩʫʰʝʥʥʷ ʤʘʻ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʨʷʜʽʚ ʪʘ ʭʦʣʦʜʠʣʴʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʽʜ ʯʘʩ ʦʩʫʰʝʥʥʷ. 

ʆʪʨʠʤʘʥʦ ʥʦʚʽ ʧʨʦʩʪʽ ʝʤʧʽʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʟʘʛʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ (5) ʪʘ (6) 

ʜʣʷ ʝʥʪʘʣʴʧʽʡʥʦʛʦ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʦʧʠʩʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʧʦʭʠʙʢʦʶ Ñ2 % ʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʨʝʙʨʠʩʪʦ-ʪʨʫʙʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʟ ʛʝʦʤʝʪʨʽʻʶ, ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʩʝʨʽʾ Aerostar SDC, ʫ 

ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ ʧʦʚʽʪʨʷ ʚʽʜ 1 ʜʦ 3 ʤ/ʩ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʇʃʀɺ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʈɽʂʋʇɽʈɸʊʆʈɸ ʅɸ ɽʌɽʂʊʀɺʅɯʉʊʔ ʈʆɹʆʊʀ 

ʊɽʇʃʆʅɸʉʆʉʅʀʍ ʉʍɽʄ ʇʆɺɯʊʈʗʅʆɻʆ ʆʇɸʃɽʅʅʗ ɯ ɺɽʅʊʀʃʗʎɯɰ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʚʽʪʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʽ 

ʚʠʢʠʜʠ CO  ʟʨʦʩʪʘʶʪʴ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʽ ʧʨʘʛʥʝʥʥʷ ʜʦ ʢʦʤʬʦʨʪʥʽʰʦʛʦ 

ʞʠʪʪʷ [1]. ɺʘʛʦʤʫ ʯʘʩʪʢʫ ʢʽʥʮʝʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʞʠʪʣʦʚʦʤʫ ʩʝʢʪʦʨʽ, 

ʬʦʨʤʫʶʪʴ ʧʦʪʨʝʙʠ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ (ʆɺʂ) [2]. ʅʘ ʪʣʽ 

ʩʢʦʨʦʯʝʥʥʷ ʟʘʧʘʩʽʚ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʨʝʩʫʨʩʽʚ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʢʨʘʾʥ ʧʝʨʝʭʦʜʷʪʴ ʥʘ 

ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ [3]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʆɺʂ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʪʝʧʣʦʥʘʩʦʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʫʪʠʣʽʟʘʮʽʶ ʪʝʧʣʦʪʠ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ, ʦʜʥʘʢ ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʚʽʪʨʷʥʠʭ ʊʅ ʧʘʜʘʻ, ʪʦʤʫ ʧʨʦʧʦʥʫʶʪʴ ʧʦʻʜʥʘʥʥʷ ʊʅ ʟ 

ʨʝʢʫʧʝʨʘʪʦʨʦʤ [4]. ʈʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʩʭʝʤ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʢʫʧʝʨʘʪʦʨʘ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ ʟ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʘʣʝʥʥʷ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ, ʷʢ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʢʫʧʝʨʘʪʦʨʘ ʚʠʟʥʘʯʘʶʪʴ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʧʦʚʽʪʨʷʥʦʛʦ ʦʧʘʣʝʥʥʷ ʟ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ, ʽ 

ʚʩʪʘʥʦʚʠʪʠ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʝ ʩʢʦʨʦʯʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ʢʣʶʯʦʚʠʭ ʨʦʙʦʪʘʭ [5, 6] ʧʦʢʘʟʘʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ ʧʝʨʝʜ ʢʦʥʜʝʥʩʘʪʦʨʦʤ 

ʊʅ (ʨʠʩ. 1), ʘ ʨʝʢʫʧʝʨʘʮʽʷ ʪʝʧʣʦʪʠ ʧʦʢʨʘʱʫʻ ʨʦʙʦʪʫ ʚʠʧʘʨʥʠʢʘ [5, 6]. ʊʦʤʫ ʚʘʞʣʠʚʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʢʫʧʝʨʘʮʽʾ ʨʝʢʫʧʝʨʘʪʦʨʘ –.  
  

 
͊ύ 

 
͋ύ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʟ ʯʘʩʪʢʦʚʦʶ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʪʘ ʨʦʟʤʽʱʝʥʥʷʤ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ 

ʆʇ ʪʘ ɺ ï ʦʙôʻʢʪ ʦʧʘʣʝʥʥʷ ʪʘ ʚʝʥʪʠʣʷʮʽʾ; ʊʅ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ; ʈ ï ʨʝʢʫʧʝʨʘʪʦʨ; 

 ʌ ï ʬʽʣʴʪʨ; ʂɿ ï ʢʘʤʝʨʘ ʟʤʽʰʫʚʘʥʥʷ [5, 6] 

ʘ ï ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʊʅ; ʙ ï ʧʝʨʝʜ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʊʅ:  
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ɺ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʴ-ʷʢʦʛʦ ʨʝʢʫʧʝʨʘʪʦʨʘ ʣʝʞʘʪʴ ʜʚʘ ʙʘʟʦʚʽ ʨʽʚʥʷʥʥʷ: 

1) ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ  

Q kF t= D,                                                                          (1) 

ʜʝ Q ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ, ɺʪ;   

    F  ï ʧʣʦʱʘ ʪʝʧʣʦʧʝʨʝʜʘʶʯʠʭ ʩʪʽʥʦʢ ʨʝʢʫʧʝʨʘʪʦʨʘ, ʤĮ;  

    k ï ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ɺʪ/(ʤĮĿʂ);  

   ȹt ï ʩʝʨʝʜʥʷ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʪʝʧʣʦʥʦʩʽʷʤʠ, ʂ. 

2) ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ: 

1 1 ox 2 ʥ( ) ( )ʨ ʨ oQ Gc t t G c t t= - = -,                                                        (2) 

ʜʝ G1, G2 ï ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʽ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜʧʦʚʽʜʥʦ, ʢʛ/ʩ;  

     ʩʨ ï ʤʘʩʦʚʘ ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ, ɼʞ/(ʢʛĿʂ);   

     t1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʚ ʨʝʢʫʧʝʨʘʪʦʨ, 
ʦʉ;  

     tʦʭ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʝʥʦʛʦ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ, 
ʦʉ;   

     tʥ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʪʦʛʦ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ ʨʝʢʫʧʝʨʘʪʦʨʘ, ʦʉ;  

     tʦ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 
ʦʉ. 

ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʰʫʢʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʻ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ F. 

ʗʢʱʦ Ὃ Ὃ Ὃ, ʪʦ ʧʨʠʨʽʚʥʷʚʰʠ ʨʽʚʥʷʥʥʷ (1) ʪʘ (2) ʚʠʡʜʝ: 

̑ ox
   ʘʙʦ  

̑ ̎
,                                                 (3) 

ʜʝ F/G ï ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʨʝʢʫʧʝʨʘʪʦʨʘ ʥʘ ʦʜʠʥʠʮʶ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ̍ ẗ̒Ⱦ̋  ̄. 
ʅʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ, ʷʢ ʮʷ ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʢʫʧʝʨʘʪʦʨʘ –̑.  

ɼʣʷ ʮʴʦʛʦ ʯʝʨʝʟ –ʨ ʪʨʝʙʘ ʚʠʨʘʟʠʪʠ ʚʝʣʠʯʠʥʠ ὸox, ὸ̎, ῳὸ. 

ὸÏØ ὸ – ὸ ὸ ,                                                            (4) 

ὸͤ ὸ ρ – ὸ ὸ .                                                       (5) 

ʆʪʞʝ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (4) ʪʘ (5), ʩʝʨʝʜʥʷ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʪʝʧʣʦʥʦʩʽʷʤʠ, 

ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

ῳὸ ÏØ ͤ ὸ ὸ ρ –ͪ .                                             (6) 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʨʝʢʫʧʝʨʘʪʦʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ: 

Ὧ Ȣ                                                                        (7) 

ʋ ʚʠʨʘʟʽ (7) ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʚʝʣʠʯʠʥʦʶ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ  ʤʝʪʘʣʝʚʦʾ ʩʪʽʥʢʠ 

ʨʝʢʫʧʝʨʘʪʦʨʘ. ʊʦʜʽ, ʟʘ ʫʤʦʚʠ, ʱʦ Ὃ Ὃ, ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʨʝʢʫʧʝʨʘʪʦʨʘ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ 
‌ ‌ ‌ͨ ͦ,͍ ʘ ʚʠʨʘʟ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜ: 

Ὧ ʧʦʚȢ                                                                         (8) 

ʊʦʤʫ ʚʠʭʦʜʠʪʴ, ʱʦ ʰʫʢʘʥʘ ʟʘʣʝʞʥʽʩʪʴ (3) ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʘʢʦʛʦ ʚʠʨʘʟʫ: 
̒̑ ̑

ʧʦʚ ̑
Ȣ                                                              (9) 

ʆʪʞʝ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3), ʱʦ ʚʠʟʥʘʯʘʻ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʨʝʢʫʧʝʨʘʪʦʨʘ ʥʘ ʦʜʠʥʠʮʶ 

ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ –ͪ ʽ Ŭʧʦʚ: 

Ὢ–ȟ‌ͨ ͦ .͍                                                              (10) 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ F/G ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʢʫʧʝʨʘʪʦʨʘ –ͪʽ Ŭʧʦʚ ʚ 

ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʜʽʘʧʘʟʦʥʘʭ ʟʤʽʥʠ ʮʠʭ ʚʝʣʠʯʠʥ. 

ɻʨʘʬʽʢ (ʨʠʩ. 2,ʘ) ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ –ʨ ʧʦʪʨʽʙʥʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʨʝʢʫʧʝʨʘʪʦʨʘ 

ʨʽʟʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʦʩʦʙʣʠʚʦ ʧʦʥʘʜ 0,6ï0,7), ʘʣʝ ʧʽʜʚʠʱʝʥʥʷ Ŭʧʦʚ ʟʤʝʥʰʫʻ ʥʝʦʙʭʽʜʥʫ ʧʣʦʱʫ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʜʦʟʚʦʣʷʶʯʠ ʩʢʦʨʦʪʠʪʠ ʛʘʙʘʨʠʪʠ ʨʝʢʫʧʝʨʘʪʦʨʘ ʙʝʟ ʚʪʨʘʪʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɻʨʘʬʽʢ (ʨʠʩ. 2,ʙ) ʧʦʢʘʟʫʻ, ʱʦ ʚ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭʧʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʠʡ ʧʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʢʫʧʝʨʘʮʽʾ, ʷʢʠʡ 
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ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʭʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʦʧʘʣʝʥʥʷ. ɻʨʘʬʽʢ 

ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʻ ʢʣʶʯʦʚʠʤ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʨʝʢʫʧʝʨʘʪʦʨʘ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʟ ʚʝʣʠʢʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʢʫʧʝʨʘʮʽʾ. 

 

 
                                             ʘ)                                                                                        ʙ) 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʨʝʢʫʧʝʨʘʪʦʨʘ ʥʘ ʦʜʠʥʠʮʶ ʚʠʪʨʘʪʠ 

ʧʦʚʽʪʨʷ F/G: 

ʘ ï ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʢʫʧʝʨʘʮʽʾ –ʨ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ: 

1-6 Ŭʧʦʚ = 50; 60; 70; 80; 90; 100 ɺʪ/ʤ2ʂ; ʙ ï ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭʧʦʚ ʜʣʷ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʢʫʧʝʨʘʮʽʾ: 1-8 –ʨ = 0,1; 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8. 

 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʥʘʩʦʩʥʦ-ʨʝʢʫʧʝʨʘʪʦʨʥʠʭ 

ʩʭʝʤ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʝʢʫʧʝʨʘʮʽʾ, ʘʣʝ ʚ ʣʽʪʝʨʘʪʫʨʽ ʙʨʘʢʫʻ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʡʦʛʦ ʚʠʙʦʨʫ. ɺʦʜʥʦʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʚʠʱʫʻ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʧʨʦʪʝ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʙʽʣʴʰʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʡ 

ʧʦʛʽʨʰʫʚʘʪʠ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦʤʫ ʨʦʟʨʘʭʫʥʢʠ ʜʘʶʪʴ ʟʤʦʛʫ ʦʙʨʘʪʠ 

ʨʘʮʽʦʥʘʣʴʥʠʡ ʢʦʤʧʨʦʤʽʩ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʆɰ ɽʌɽʂʊʀɺʅʆʉʊɯ 

ʇʆɺɯʊʈʗʅʀʍ ʊɸ ɻɽʆʊɽʈʄɸʃʔʅʀʍ ʊɽʇʃʆɺʀʍ ʅɸʉʆʉɯɺ ɺ ʋʄʆɺɸʍ 

ʈɽɸʃʔʅʆɰ ɽʂʉʇʃʋɸʊɸʎɯɰ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʢʪʠʚʥʠʤ ʧʝʨʝʭʦʜʦʤ ʥʘ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʽ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʜʝ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ). ʊʝʧʣʦʚʽ ʥʘʩʦʩʠ 

(ʊʅ) ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʞʠʪʣʦʚʦʛʦ ʩʝʢʪʦʨʫ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʜʘʪʥʽ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ ʜʦʚʢʽʣʣʷ ʫ 

ʚʠʩʦʢʦʧʦʪʝʥʮʽʡʥʫ ʪʝʧʣʦʪʫ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ɻɺʇ). ɸʢʪʫʘʣʴʥʽʩʪʴ 

ʧʨʦʙʣʝʤʠ ʟʨʦʩʪʘʻ ʥʘ ʪʣʽ ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʠʨʝʢʪʠʚ (ʟʦʢʨʝʤʘ, 2018/844/EU), ʧʨʦʪʝ ʚʠʙʽʨ ʤʽʞ 

ʧʦʚʽʪʨʷʥʠʤʠ ʪʘ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʘʜʞʝ ʾʭʥʷ 

ʬʘʢʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʨʠʪʠʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʝʚʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ɺ ʋʢʨʘʾʥʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʅ ʣʠʰʝ ʥʘʙʫʚʘʻ ʤʘʩʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʪʦʤʫ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʜʘʥʠʭ 

ʧʨʦ ʾʭʥʶ ʨʝʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʻ ʥʝʦʙʭʽʜʥʠʤ ʢʨʦʢʦʤ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʦʢʫʧʥʦʩʪʽ 

ʽʥʚʝʩʪʠʮʽʡ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʄʽʞʥʘʨʦʜʥʠʡ ʜʦʩʚʽʜ ʜʝʤʦʥʩʪʨʫʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ 

ʦʮʽʥʢʠ ʩʝʟʦʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ (SCOP) ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ. ɿʦʢʨʝʤʘ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʫ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ TRNSYS) 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʛʝʦʪʝʨʤʘʣʴʥʽ ʥʘʩʦʩʠ (GSHP) ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʚ 

ʭʦʣʦʜʥʦʤʫ ʢʣʽʤʘʪʽ, ʪʦʜʽ ʷʢ ʧʦʚʽʪʨʷʥʽ (ASHP) ʨʽʟʢʦ ʚʪʨʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʉʫʯʘʩʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʧʽʜʚʠʱʝʥʥʷ 

SCOP, ʚʢʣʶʯʘʶʯʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʥʠʭ ʢʦʤʧʨʝʩʦʨʽʚ, ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʧʦʛʦʜʥʠʭ ʫʤʦʚ (ʟʙʽʣʴʰʝʥʥʷ SCOP ʜʦ 23 %) ʪʘ ʽʥʪʝʛʨʘʮʽʶ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ. ɺʦʜʥʦʯʘʩ, ʜʦʩʣʽʜʞʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʘʚʪʦʨʽʚ ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʟʥʘʯʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʬʘʢʪʠʯʥʦʛʦ ʩʝʟʦʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʣʦʢʘʣʴʥʦʛʦ ʢʣʽʤʘʪʫ [1-4].  

ɹʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʤʝʪʦʜʠʢ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤʘʭ (EN 14511, EN 14825, EN 16147) ʪʘ ʥʦʤʽʥʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʘʭ COP 

(Coefficient of Performance), ʦʪʨʠʤʘʥʠʭ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. ʇʨʦʪʝ ʧʨʷʤʝ ʧʝʨʝʥʝʩʝʥʥʷ 

ʮʠʭ ʩʪʘʥʜʘʨʪʽʚ ʥʘ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʋʢʨʘʾʥʠ ʙʝʟ ʘʜʘʧʪʘʮʽʾ ʯʘʩʪʦ ʜʘʻ ʥʝʢʦʨʝʢʪʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ɺ ʋʢʨʘʾʥʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʤʘʩʰʪʘʙʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʙ ʚʨʘʭʦʚʫʚʘʣʠ 

ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʽʜʪʘʡʢʫ ʚʠʧʘʨʥʠʢʘ ʧʦʚʽʪʨʷʥʠʭ ʊʅ, ʜʠʥʘʤʽʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʠʩʥʘʞʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʪʘ ʨʦʙʦʪʫ ʩʠʩʪʝʤ ʥʘ ʢʦʤʙʽʥʦʚʘʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ɻɺʇ, 

ʙʘʩʝʡʥ, ʦʭʦʣʦʜʞʝʥʥʷ). 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʪʘ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʬʘʢʪʠʯʥʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ (ʩʝʟʦʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, SCOP) ʧʦʚʽʪʨʷʥʦʛʦ 

ʊʅ Viessmann Vitocal 200-S D16 ʪʘ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʊʅ Viessmann Vitocal 300-G C16 ʥʘ 

ʦʩʥʦʚʽ ʨʽʯʥʦʛʦ ʮʠʢʣʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʨʝʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʜʽʶʯʦʤʫ ʦʙôʻʢʪʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʥʜʘʨʪʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ 

ʤʝʪʦʜʠʢʦʶ ʪʝʤʧʝʨʘʪʫʨʥʠʭ çʙʽʥʽʚè ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʦʤ EN 14825, ʷʢʽ ʦʧʝʨʫʶʪʴ 
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ʫʩʝʨʝʜʥʝʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʫ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʩʠʚʠ ʬʘʢʪʠʯʥʠʭ 

ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʙʽʨ ʜʘʥʠʭ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʦʯʥʠʭ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ Viessmann Vitotronic 200 (ʪʠʧ WO1C). ʉʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʨʦʟʛʘʣʫʞʝʥʫ ʤʝʨʝʞʫ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ (ʟʦʢʨʝʤʘ, ʪʠʧʫ NTC 10 ʢʆʤ ʪʘ 

Pt500A), ʱʦ ʙʝʟʧʝʨʝʨʚʥʦ ʬʽʢʩʫʚʘʣʠ ʧʦʢʘʟʥʠʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʧʝʨʚʠʥʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ 

ʢʦʥʪʫʨʫ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʤʘʛʽʩʪʨʘʣʷʭ ʧʦʜʘʯʽ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ʚʪʦʨʠʥʥʦʛʦ 

ʢʦʥʪʫʨʫ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʟʘʣʝʞʥʦʩʪʽ. 

ʄʠʪʪʻʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʝʧʣʦʪʠ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʠʯʥʦʛʦ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫ: 
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ὗ

ὖ

άẗὧẗὝ Ὕ

ὖ
ȟ (1) 

 

ʜʝ ά ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ, ʢʛ/ʩ; 

     ὧ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʢɼʞ/(ʢʛĿʂ); 

    ὝȟὝ ï ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜʘʯʽ ʪʘ ʟʚʦʨʦʪʥʦʾ ʣʽʥʽʾ; 

    ὖ ï ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʘ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʩʝʟʦʥʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʪʠʞʥʝʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʨʦʙʣʝʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ὗ ȟ  ʪʘ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

(Ὁ ȟ) ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ: 

 

SCOP
В ὗ ȟ

В Ὁ ȟ
 (2) 

 

ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʨʝʘʣʴʥʠʭ 

ʨʦʙʦʯʠʭ ʮʠʢʣʽʚ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʪʝʦʨʝʪʠʯʥʘ ʤʝʞʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʜʝʘʣʴʥʦʛʦ ʮʠʢʣʫ 

ʂʘʨʥʦ (ὅὕὖ ). 

ʅʘ ʦʩʥʦʚʽ ˇʨʫʥʪʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʩʠʚʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʧʨʦʪʷʛʦʤ 

ʧʦʚʥʦʛʦ ʨʽʯʥʦʛʦ ʮʠʢʣʫ (ʟ ʚʝʨʝʩʥʷ 2023 ʨʦʢʫ ʧʦ ʚʝʨʝʩʝʥʴ 2024 ʨʦʢʫ), ʚʩʪʘʥʦʚʣʝʥʦ ʬʘʢʪʠʯʥʽ 

ʨʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʦʭ ʪʠʧʽʚ ʩʠʩʪʝʤ ʧʨʠ ʟʤʽʰʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ: 

ɻʝʦʪʝʨʤʘʣʴʥʘ ʩʠʩʪʝʤʘ (Viessmann Vitocal 300-G C16): ʊʝʧʣʦʚʠʡ ʥʘʩʦʩ ʪʠʧʫ çʨʦʟʩʽʣ-

ʚʦʜʘè ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʟ 

ʩʝʨʝʜʥʴʦʨʽʯʥʠʤ ʟʥʘʯʝʥʥʷʤ SCOP = 4,41. ʊʘʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʫʤʦʚʣʝʥʘ ʟʥʘʯʥʦʶ ʪʝʨʤʽʯʥʦʶ 

ʽʥʝʨʮʽʡʥʽʩʪʶ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ: ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʚʠʥʥʦʛʦ ʢʦʥʪʫʨʫ (ʨʦʟʩʦʣʫ) ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ ʟʥʘʭʦʜʠʣʘʩʷ ʫ ʚʫʟʴʢʦʤʫ ʪʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,7 ÁC 

ʜʦ 10,7 ÁC. ʎʝ ʟʘʙʝʟʧʝʯʠʣʦ ʧʽʜʪʨʠʤʘʥʥʷ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ COP ʥʘ ʨʽʚʥʽ ʚʠʱʝ 4,0 ʥʘʚʽʪʴ ʫ 

ʧʝʨʽʦʜʠ ʧʽʢʦʚʠʭ ʟʠʤʦʚʠʭ ʤʦʨʦʟʽʚ, ʫʥʠʢʘʶʯʠ ʢʨʠʪʠʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʢʦʤʧʨʝʩʦʨʘ. ʆʢʨʽʤ 

ʪʦʛʦ, ʩʠʩʪʝʤʘ ʜʦʚʝʣʘ ʩʚʦʶ ʚʠʩʦʢʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ: ʟʘʚʜʷʢʠ ʚʙʫʜʦʚʘʥʦʤʫ 

ʙʣʦʢʫ çnatural coolingè (ʧʘʩʠʚʥʝ ʦʭʦʣʦʜʞʝʥʥʷ) ʫʩʪʘʥʦʚʢʘ ʚʽʜʧʨʘʮʶʚʘʣʘ ʧʦʥʘʜ 1000 ʛʦʜʠʥ, 

ʚʽʜʚʦʜʷʯʠ ʥʘʜʣʠʰʢʦʚʝ ʪʝʧʣʦ ʚʽʜ ʙʫʜʽʚʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ˇʨʫʥʪ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʘ ʚʠʪʨʘʯʘʣʘʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʨʦʙʦʪʫ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʥʘʩʦʩʽʚ. 

ʇʦʚʽʪʨʷʥʘ ʩʠʩʪʝʤʘ (Viessmann Vitocal 200-S D16): ʊʝʧʣʦʚʠʡ ʥʘʩʦʩ ʪʠʧʫ çʧʦʚʽʪʨʷ-

ʚʦʜʘè ʧʦʢʘʟʘʚ ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ SCOP = 3,38. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʡʦʛʦ ʨʦʙʦʪʠ ʩʪʘʣʘ 

ʩʫʪʪʻʚʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʘ ʤʘʣʘ ʧʨʷʤʫ ʥʝʛʘʪʠʚʥʫ ʢʦʨʝʣʷʮʽʶ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʨʠʪʠʯʥʝ ʧʘʜʽʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ 2-ʤʫ ʪʠʞʥʽ 

2024 ʨʦʢʫ: ʧʨʠ ʟʥʠʞʝʥʥʽ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ -15,9 ÁC ʤʠʪʪʻʚʠʡ COP ʩʠʩʪʝʤʠ 

ʦʙʚʘʣʠʚʩʷ ʜʦ ʧʦʢʘʟʥʠʢʘ 2,62. ɸʥʘʣʽʟ ʨʽʯʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʧʦʢʘʟʘʚ, ʱʦ Vitocal 

200-S ʟʘʛʘʣʦʤ ʚʠʨʦʙʠʚ 38 289 ʢɺʪĿʛʦʜ ʪʝʧʣʘ, ʟ ʷʢʠʭ 78,8 % ʙʫʣʦ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʢʦʤʙʽʥʦʚʘʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʙʘʟʦʚʝ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ ʪʘ ʧʦʩʪʽʡʥʠʡ ʧʽʜʽʛʨʽʚ ʙʘʩʝʡʥʫ. ɿʘʛʘʣʴʥʝ 
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ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʠʩʪʝʤʦʶ ʚʠʷʚʠʣʦʩʷ ʚʠʩʦʢʠʤ ʽ ʩʢʣʘʣʦ 11 335 ʢɺʪĿʛʦʜ. ʊʘʢʽ 

ʟʥʘʯʥʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʧʦʷʩʥʶʶʪʴʩʷ ʩʠʥʝʨʛʽʻʶ ʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ: ʪʨʠʚʘʣʦʶ ʨʦʙʦʪʦʶ 

ʢʦʤʧʨʝʩʦʨʘ ʟʘ ʫʤʦʚ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʩʦʢʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʨʝʛʫʣʷʨʥʫ 

ʚʽʜʪʘʡʢʫ ʚʠʧʘʨʥʠʢʘ ʟʦʚʥʽʰʥʴʦʛʦ ʙʣʦʢʫ (ʱʦ ʥʝ ʬʽʢʩʫʻʪʴʩʷ ʽʜʝʘʣʴʥʠʤʠ ʣʘʙʦʨʘʪʦʨʥʠʤʠ 

ʪʝʩʪʘʤʠ), ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ ʜʣʷ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʙʘʩʝʡʥʫ. 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ ʚʝʨʠʬʽʢʦʚʘʥʦ ʨʝʘʣʴʥʠʡ ʨʦʟʨʠʚ ʤʽʞ 

ʪʝʦʨʝʪʠʯʥʠʤʠ (ʟʘʜʝʢʣʘʨʦʚʘʥʠʤʠ ʟʘ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ) ʪʘ ʬʘʢʪʠʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ SCOP ʜʣʷ ʙʽʚʘʣʝʥʪʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ɼʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʥʘ 

ʟʤʽʰʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʽ ʊʅ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘ 30,5 % ʚʠʱʫ ʩʝʟʦʥʥʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʚʽʪʨʷʥʠʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʆʪʨʠʤʘʥʽ ʝʤʧʽʨʠʯʥʽ ʜʘʥʽ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ 

ʧʨʠ ʚʣʘʰʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʜʣʷ ʦʙôʻʢʪʽʚ ʽʟ 

ʧʦʩʪʽʡʥʠʤ ʮʽʣʦʨʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ (ʥʘʧʨʠʢʣʘʜ, ʙʘʩʝʡʥʠ) ʪʘ ʧʦʪʨʝʙʦʶ ʫ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʽ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʩʫʪʪʻʚʦʤʫ ʟʥʠʞʝʥʥʶ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʚ 

ʟʠʤʦʚʽ ʤʘʢʩʠʤʫʤʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʂʆʊɽʃʔʅʆɰ ʋʉʊɸʅʆɺʂʀ ʐʃʗʍʆʄ 

ʆʇʊʀʄɯɿɸʎɯɰ ʇʆɺɯʊʈʗʅʆ-ʇɸʃʀɺʅʆɻʆ ʉʇɯɺɺɯɼʅʆʐɽʅʅʗ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʫʤʦʚʘʭ ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʨʠʟʠ ʪʘ 

ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʦʪʝʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʻ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʧʨʦʤʠʩʣʦʚʦʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ 

ʋʢʨʘʾʥʠ. ʂʦʪʝʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʻ ʟʥʘʯʥʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʽ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʧʦʚʽʪʨʷʥʦ-ʧʘʣʠʚʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʠʭ 

ʚʪʨʘʪ ʪʝʧʣʦʪʠ ʪʘ ʟʨʦʩʪʘʥʥʷ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʧʘʣʠʚʘ [1]. ʎʝ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʯʠʩʣʝʥʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ. ɻ. ʉʘʪʴʷʚʘʜʘ ʪʘ ʉ. ɹʘʣʜʽ 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʛʽʙʨʠʜʥʠʡ ʧʽʜʭʽʜ ʧʝʨʰʦʧʨʠʥʮʠʧʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʢʦʪʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʦʮʽʥʶʚʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ [2]. ɼ. ʄʦʣʽʥʘ ʪʘ ʽʥ. ʟʘʩʪʦʩʫʚʘʣʠ 

ʙʘʛʘʪʦʮʽʣʴʦʚʫ ʦʧʪʠʤʽʟʘʮʽʶ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ, ʜʦʩʷʛʥʫʚʰʠ 

ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ [3]. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʮʽ, ʧʨʦʚʝʜʝʥʽ ʄ. ʉʪʨʫʯʘʻʚʠʤ ʪʘ ʖ. ʇʦʩʪʦʣ, ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʠʟʥʘʯʘʣʴʥʫ 

ʨʦʣʴ ʷʢʦʩʪʽ ʧʦʚʽʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʪʠ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ [4]. ɿʘʛʘʣʴʥʽ 

ʧʠʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʩʚʽʪʣʝʥʦ ʚ ʽʥʰʠʭ 

ʜʞʝʨʝʣʘʭ [5, 6]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷʥʦ-

ʧʘʣʠʚʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʢʦʪʝʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ, ʟ 

ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʢʦʪʣʘ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʚ ʢʦʪʝʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ Ŭ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʬʘʢʪʠʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʪʨʷ ʜʦ ʪʝʦʨʝʪʠʯʥʦ ʥʝʦʙʭʽʜʥʦʛʦ: 

‌
ὒʬʘʢʪ

ὒ
ȟ 

(1) 

ʜʝ ὒʬʘʢʪ ï ʬʘʢʪʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʛʦʨʽʥʥʷ, ʤį/ʤį ʧʘʣʠʚʘ; 

ὒ ï ʪʝʦʨʝʪʠʯʥʦ ʥʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ ʜʣʷ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʦʜʠʥʠʮʽ ʧʘʣʠʚʘ, ʤį/ʤį. 

ʇʨʠ Ŭ < 1 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʧʦʚʥʝ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʟ ʫʪʚʦʨʝʥʥʷʤ CO ʪʘ ʥʝʟʛʦʨʽʣʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʭʽʤʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ. ʅʘ ʨʠʩ.1 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ tʫʭ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ Ŭ ʧʨʠ ʪʨʴʦʭ ʨʽʚʥʷʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʪʣʘ: 50 %, 75 % ʪʘ 100 %. 
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ʈʠʩʫʥʦʢ 1 ï ʊʝʤʧʝʨʘʪʫʨʘ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ tʫʭ, Áʉ ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʢʦʪʣʘ 

 

ɿ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ Ŭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʤʦʥʦʪʦʥʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʚʩʽʭ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʟʨʦʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʽʟ 

ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ. ʇʽʜʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʝ ʣʠʰʝ ʥʘ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʘ ʡ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ. ɿʤʝʥʰʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ ʧʨʠ Ŭ å 1,05 ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʠʢʠʜʽʚ ʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʪʘ ʥʝʟʛʦʨʽʣʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, ʘ ʦʙʤʝʞʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʧʦʚʽʪʨʷ ï ʟʤʝʥʰʝʥʥʶ 

ʦʙôʻʤʫ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʪʨʘʪ ʪʝʧʣʦʪʠ ʟ ʥʠʤʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʷʛʘʻʪʴʩʷ 

ʢʦʤʧʣʝʢʩʥʠʡ ʝʬʝʢʪ: ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʟʥʠʞʝʥʥʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ. 

ʂʦʥʪʨʦʣʴ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ Ŭ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʜʽʣʷʥʮʽ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷ ʜʦ ʧʘʣʴʥʠʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʪʯʠʢʽʚ ʢʠʩʥʶ ʚ ʜʠʤʦʚʠʭ ʛʘʟʘʭ ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ çʛʘʟïʧʦʚʽʪʨʷè. 

ʇʨʠ Ŭ > 1 ʥʘʜʣʠʰʢʦʚʝ ʧʦʚʽʪʨʷ ʦʭʦʣʦʜʞʫʻ ʪʦʧʢʦʚʽ ʛʘʟʠ ʪʘ ʟʙʽʣʴʰʫʻ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʟ 

ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ. ʊʝʧʣʦʚʠʡ ʂʂɼ ʢʦʪʣʘ ɖ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

– ρ Вή ρ ή ή ή ή ή ȟ 
 

– ρ Вή ρ ή ή ή ή ή ȟ 

(2) 

 

ʜʝ ή ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʟ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ; 

 ή ï ʚʪʨʘʪʠ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ; 

 ή ï ʚʪʨʘʪʠ ʚʽʜ ʤʝʭʘʥʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ; 

 ή ï ʚʪʨʘʪʠ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ; 

 ή ï ʚʪʨʘʪʠ ʟ ʬʽʟʠʯʥʦʶ ʪʝʧʣʦʪʦʶ ʰʣʘʢʫ. 

ɿʘʣʝʞʥʽʩʪʴ ʚʪʨʘʪ ʪʝʧʣʦʪʠ ʟ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ή ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ 

ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

ή
‌ ρẗὠẗὧẗὸʫʭ ὸ

ὗ̎
̑ ẗρππϷȟ 

(3) 

ʜʝ ὠ ï ʪʝʦʨʝʪʠʯʥʠʡ ʦʙôʻʤ ʜʠʤʦʚʠʭ ʛʘʟʽʚ; 

ʤį/ʤį; ὧ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʜʠʤʦʚʠʭ ʛʘʟʽʚ;  

ʢɼʞ/(ʤįĿʂ); ὸʫʭ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ; 

Áʉ; ὸ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ; 

Áʉ; ὗ̎
̑
 ï ʥʠʞʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʢɼʞ/ʤį. 
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ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʦʙʦʪʠ 

ʚʦʜʦʛʨʽʡʥʦʛʦ ʢʦʪʣʘ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟʚʝʜʝʥʦ ʜʦ ʪʘʙ. 1. 

ʊʘʙʣʠʮʷ 1 ï ʇʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ 

ʂʦʝʬʽʮʽʻʥʪ 

ʥʘʜʣʠʰʢʫ 

ʧʦʚʽʪʨʷ Ŭ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ὸʫʭ, 

Áʉ 

ɺʪʨʘʪʠ ʟ 

ʜʠʤʦʚʠʤʠ 

ʛʘʟʘʤʠ ή, % 

ɺʪʨʘʪʠ ʚʽʜ 

ʭʽʤʽʯʥʦʛʦ 

ʥʝʜʦʧʘʣʫ ή, % 

ʂʂɼ 

ʢʦʪʣʘ ɖ, 

% 

0,90 158 7,1 3,8 89,1 

0,95 161 7,6 1,9 90,5 

1,05 167 8,4 0,2 91,4 

1,10 172 9,2 0,0 90,8 

1,20 181 10,9 0,0 89,1 

1,30 193 13,1 0,0 86,9 

 

ɿ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘʙʣ. 1 ʚʠʧʣʠʚʘʻ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʂʂɼ ʢʦʪʣʘ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ Ŭ = 

1,05, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʝʟʥʘʯʥʦʤʫ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ, ʜʦʩʪʘʪʥʴʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʪʠ 

ʟʛʦʨʷʥʥʷ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʪʨʘʪʘʭ ʟ ʚʽʜʭʽʜʥʠʤʠ ʛʘʟʘʤʠ. ɿʙʽʣʴʰʝʥʥʷ Ŭ ʧʦʥʘʜ 1,10 ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ή ʪʘ ʟʥʠʞʝʥʥʷ ʂʂɼ. ɿʤʝʥʰʝʥʥʷ Ŭ ʥʠʞʯʝ 1,00 ʚʠʢʣʠʢʘʻ ʨʽʟʢʝ 

ʟʨʦʩʪʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ ή. ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ 

ʢʦʪʣʘ ï ʚʪʨʘʪ ʽʟ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ q , ʚʪʨʘʪ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ q , ʩʫʤʘʨʥʠʭ ʚʪʨʘʪ Ɇq ʪʘ 

ʂʂɼ ɖ ï ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ Ŭ ʚ ʜʽʘʧʘʟʦʥʽ 0,90ï1,30. 

 

ʈʠʩʫʥʦʢ 2 ï ʇʦʢʘʟʥʠʢʠ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʢʦʪʣʘ, ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ Ŭ = 0,90ï1,30 

 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ Ŭ = 1,05 ʟʘʙʝʟʧʝʯʫʻ 

ʤʽʥʽʤʘʣʴʥʽ ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʂʂɼ ʢʦʪʣʘ 91,4 %. ɽʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʰʚʠʜʢʦʶ ʦʢʫʧʥʽʩʪʶ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ. ʅʘʚʽʪʴ ʥʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʥʘ 1ï2 % 
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˽͙͙ͦ͊ͤ͘͟͟ ͔͍͙ͭͨͦ͡ͻ ͍ͭͪ͊ͭ ͦͭ͊͟͡ ͙ͨͪ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ͜ ͙ͤ͊͒͡΄ͯ͟ 
͍ͨͦͭͪ͜Ύ ʰΣ ҈

ǉіΣ ҈ ǉїΣ ҈ ʅǉַײΣ ҈
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ʜʣʷ ʢʦʪʝʣʝʥʴ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʩʫʪʪʻʚʫ ʨʽʯʥʫ ʝʢʦʥʦʤʽʶ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. 

ʂʨʽʤ ʪʦʛʦ, ʩʪʘʙʽʣʽʟʘʮʽʷ ʨʝʞʠʤʫ ʛʦʨʽʥʥʷ ʟʥʠʞʫʻ ʪʝʨʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ, 

ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʩʫʨʩ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ ʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʚʽʪʨʷʥʦ-ʧʘʣʠʚʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʟʘ ʚʤʽʩʪʦʤ O . ʂʦʨʠʛʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ʨʝʛʫʣʶʚʘʣʴʥʦʛʦ 

ʢʣʘʧʘʥʘ ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʟʚʦʨʦʪʥʦʤʫ ʟʚôʷʟʢʫ ʟʘ ʩʠʛʥʘʣʦʤ ʚʽʜ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʘʥʥʷ Ŭ ʫ ʜʽʘʧʘʟʦʥʽ 1,03ï1,07 ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʪʣʘ [1]. 

ɺʠʩʥʦʚʢʠ. ʆʧʪʠʤʽʟʘʮʽʷ ʧʦʚʽʪʨʷʥʦ-ʧʘʣʠʚʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽ 

ʧʦʨʽʚʥʷʥʦ ʤʘʣʦʟʘʪʨʘʪʥʠʤ ʟʘʭʦʜʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʪʝʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʜʪʨʠʤʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʥʘ ʨʽʚʥʽ Ŭ = 1,05 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ ʢʦʪʣʘ 91,4 % ʪʘ ʟʥʠʟʠʪʠ ʧʠʪʦʤʫ ʚʠʪʨʘʪʫ ʛʘʟʫ ʥʘ 

2 ï 4 % ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʨʝʛʫʣʴʦʚʘʥʠʤ ʨʝʞʠʤʦʤ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʙʘʟʽ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʝ ʧʽʜʪʨʠʤʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʛʦʨʽʥʥʷ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɻɯɹʈʀɼʅɯ ʉʀʉʊɽʄʀ ʆʇʈɯʉʅɽʅʅʗ ɺʆɼʀ ɿ ʄɯʅɯʄɸʃʔʅʀʄ 

 ʉʂʀɼɸʅʅʗʄ ʈʆɿʉʆʃʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʨʦʩʪʘʥʥʷ ʜʝʬʽʮʠʪʫ ʧʨʽʩʥʦʾ ʚʦʜʠ 

ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ ʦʧʨʽʩʥʝʥʥʷ ʤʦʨʩʴʢʦʾ ʪʘ ʩʦʣʦʥʫʚʘʪʦʾ ʚʦʜʠ; ʫ ʩʚʽʪʽ ʜʽʶʪʴ ʪʠʩʷʯʽ ʫʩʪʘʥʦʚʦʢ 

ʽʟ ʩʫʤʘʨʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʦʨʷʜʢʫ 142 ʤʣʥ ʤį/ʜʦʙʫ [1]. ɺʦʜʥʦʯʘʩ ʦʧʨʽʩʥʝʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ, ʩʢʠʜʘʥʥʷ ʷʢʦʛʦ 

ʩʪʚʦʨʶʻ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʪʘ ʧʦʩʠʣʶʻʪʴʩʷ ʨʝʛʫʣʷʪʦʨʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ [2]. ʊʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʝʨʝʭʽʜ ʜʦ ʧʽʜʭʦʜʽʚ ʤʽʥʽʤʘʣʴʥʦʛʦ/ʥʫʣʴʦʚʦʛʦ ʩʢʠʜʫ ʨʽʜʠʥʠ, (Minimal/Zero 

Liquid Discharge, MLD/ZLD), ʦʜʥʘʢ ʾʭ ʨʝʘʣʽʟʘʮʽʶ ʩʪʨʠʤʫʻ ʚʠʩʦʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʽ ʚʘʨʪʽʩʪʴ 

ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʭ ʩʪʘʜʽʡ [3]. ʎʝ ʦʙˇʨʫʥʪʦʚʫʻ ʧʦʪʨʝʙʫ ʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʛʽʙʨʠʜʥʠʭ ʩʭʝʤʘʭ, 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʫ ʢʽʥʮʝʚʦʛʦ ʩʢʠʜʫ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ MLD/ZLD ʧʝʨʝʚʘʞʥʦ 

ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʛʽʙʨʠʜʥʠʭ ʩʭʝʤʘʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʯʘʩʪʦ ʤʘʶʪʴ ʢʨʘʱʽ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʥʽʞ ʦʢʨʝʤʦ ʤʝʤʙʨʘʥʥʽ ʘʙʦ ʪʝʨʤʽʯʥʽ ʨʽʰʝʥʥʷ [4]. ɼʣʷ ʤʝʤʙʨʘʥʥʦʛʦ 

ʥʘʧʨʷʤʢʫ ʨʦʟʚʠʚʘʶʪʴ ʚʠʩʦʢʦʥʘʧʽʨʥʠʡ ʟʚʦʨʦʪʥʠʡ ʦʩʤʦʩ, (High-Pressure Reverse Osmosis, 

HPRO) ʪʘ ʩʧʦʨʽʜʥʝʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʨʦʙʦʪʠ ʟ ʙʽʣʴʰ ʩʦʣʦʥʠʤʠ ʨʦʟʩʦʣʘʤʠ, ʘʣʝ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʙʤʝʞʫʶʪʴ ʢʦʤʧʘʢʮʽʷ ʤʝʤʙʨʘʥ, ʧʦʣʷʨʠʟʘʮʽʷ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ [2]. ɺʦʜʥʦʯʘʩ ʢʨʠʩʪʘʣʽʟʘʮʽʷ 

ʣʠʰʘʻʪʴʩʷ çʚʫʟʴʢʠʤ ʤʽʩʮʝʤè ZLD ʯʝʨʝʟ ʚʠʩʦʢʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ, ʪʦʤʫ ʧʨʦʧʦʥʫʶʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʠ ʥʘ ʙʘʟʽ ʟʚʦʣʦʞʝʥʥʷïʦʩʫʰʝʥʥʷ, (HumidificationïDehumidification, HDH): 

ʧʦʢʘʟʘʥʦ HDH-ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʟ 700ï900 ʢɼʞ/ʢʛ ʨʦʟʩʦʣʫ (ʪʝʧʣʦ) ʪʘ 5ï11 ʢɼʞ/ʢʛ 

(ʝʣʝʢʪʨʠʢʘ) [3], ʘ ʪʘʢʦʞ ʤʘʣʽ ʛʽʙʨʠʜʥʽ HDHïRO ʩʠʩʪʝʤʠ ʟ ʥʠʟʴʢʠʤ ʧʠʪʦʤʠʤ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷʤ ʫ ʢʦʥʢʨʝʪʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʷʭ [5]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʙʨʠʜʥʦʾ ʩʭʝʤʠ RO + HDH ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʭʦʜʽʚ MLD/ZLD ʰʣʷʭʦʤ: 

- ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙʤʝʞʝʥʴ RO ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʩʦʣʦʥʦʩʪʽ; 

- ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʘʣʫ HDH ̫ʢ ʩʪʘʜʽʾ ʜʦʫʱʽʣʴʥʝʥʥʷ/ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʢʦʥʮʝʥʪʨʘʪʫ; 

- ʬʦʨʤʫʚʘʥʥʷ ʣʦʛʽʢʠ ʽʥʪʝʛʨʘʮʽʾ RO ʪʘ HDH ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʫ ʢʽʥʮʝʚʦʛʦ ʩʢʠʜʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʚʦʨʦʪʥʠʡ ʦʩʤʦʩ ʻ ʜʦʤʽʥʫʶʯʦʶ ʤʝʤʙʨʘʥʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ 

ʦʧʨʽʩʥʝʥʥʷ. ɼʣʷ RO ʭʘʨʘʢʪʝʨʥʽ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʨʽʚʥʽ 2ï6 ʢɺʪĿʛʦʜ/ʤį (ʜʣʷ 

ʪʠʧʦʚʠʭ ʫʤʦʚ) [6]. ɺʘʞʣʠʚʦ, ʱʦ ʩʪʘʥʜʘʨʪʥʽ RO-ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʟʘ ʩʦʣʦʥʽʩʪʶ 

ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ: ʫʟʘʛʘʣʴʥʝʥʽ ʧʦʨʽʚʥʷʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʥʘʚʦʜʷʪʴ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʦ 

70 ʛ/ʣ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʯʠʥʝʥʠʭ ʨʝʯʦʚʠʥ (Total Dissolved Solids, TDS) ʜʣʷ RO [3]. ʇʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʽ ʩʦʣʦʥʦʩʪʽ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʦʩʤʦʪʠʯʥʠʡ ʪʠʩʢ, ʱʦ ʚʠʤʘʛʘʻ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (Specific Energy 

Consumption, SEC), ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʶʻ ʨʦʙʦʪʫ ʯʝʨʝʟ ʧʦʣʷʨʠʟʘʮʽʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɼʦʜʘʪʢʦʚʦ ʮʝ ʧʽʜʚʠʱʫʻ ʨʠʟʠʢʠ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʥʘʢʠʧʫ ʪʘ ʤʝʤʙʨʘʥʥʦʛʦ 

ʬʘʫʣʽʥʛʫ, ʱʦ ʟʥʠʞʫʻ ʧʨʦʥʠʢʥʽʩʪʴ, ʩʢʦʨʦʯʫʻ ʤʽʞʩʝʨʚʽʩʥʽ ʽʥʪʝʨʚʘʣʠ ʪʘ ʧʽʜʚʠʱʫʻ ʚʠʪʨʘʪʠ ʥʘ 

ʧʨʦʤʠʚʘʥʥʷ ʡ ʧʦʧʝʨʝʜʥʶ ʧʽʜʛʦʪʦʚʢʫ ʚʦʜʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ RO ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʩʪʘʜʽʶ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʣʫʯʝʥʥʷ ʚʦʜʠ, ʪʦʜʽ ʷʢ ʧʦʜʘʣʴʰʝ ʜʦʫʱʽʣʴʥʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʪʫ ʧʦʪʨʝʙʫʻ ʽʥʪʝʛʨʘʮʽʾ ʟ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ʆʩʤʦʪʠʯʥʠʡ ʪʠʩʢ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ ʚʘʥôʪ-ɻʦʬʬʘ: 
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“ ὭὅὙὝ, (1) 

ʜʝ i ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʬʘʢʪʦʨ ʚʘʥôʪ-ɻʦʬʬʘ, C ï ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʦʾ 

ʨʝʯʦʚʠʥʠ ̍̏̌Ⱦ̝̍ , R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ ˑ Ⱦ̇̍̏̌Ͻ̝̠ , T ï ʘʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ K. 

ʆʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ὅ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ TDS, ʦʩʤʦʪʠʯʥʠʡ ʪʠʩʢ ˊ ʟʨʦʩʪʘʻ, 
ʧʦʛʽʨʰʫʶʯʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ RO ʥʘ ʚʠʩʦʢʠʭ ʩʦʣʦʥʦʩʪʷʭ. ʊʦʤʫ RO ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʩʪʘʜʽʶ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʣʫʯʝʥʥʷ ʚʦʜʠ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦ 

~70 ʛ/ʣ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʘ ʽʥʰʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʫʱʽʣʴʥʝʥʥʷ. 

HDH ʻ ʪʝʨʤʽʯʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʧʘʨʦʚʫʚʘʥʥʽ ʚʦʜʠ ʚ ʧʦʪʦʮʽ ʧʦʚʽʪʨʷ 

ʪʘ ʧʦʜʘʣʴʰʽʡ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ RO, HDH ʥʝ ʦʙʤʝʞʝʥʘ ʦʩʤʦʪʠʯʥʠʤ ʪʠʩʢʦʤ ʽ 

ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʤʠ ʨʦʟʩʦʣʘʤʠ. ɼʣʷ ʟʘʜʘʯ ZLD ʦʩʦʙʣʠʚʦ ʮʽʢʘʚʠʤʠ 

ʻ HDH-ʢʦʥʬʽʛʫʨʘʮʽʾ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ; ʜʣʷ HDH-

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʦʢʘʟʘʥʦ ʥʠʟʴʢʽ ʝʣʝʢʪʨʦʚʠʪʨʘʪʠ (~ 4 ʢɺʪĿʛʦʜ/ʤį) ʽ ʧʦʤʽʨʥʽ ʪʝʧʣʦʚʽ ʚʠʪʨʘʪʠ 

(700ï900 ʢɼʞ/ʢʛ ʨʦʟʩʦʣʫ) ʧʨʠ ʨʦʙʦʪʽ ʟ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤʠ ʧʦʪʦʢʘʤʠ [3]. ʎʝ ʨʦʙʠʪʴ HDH 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʩʪʘʜʽʻʶ çʧʽʩʣʷ ROè ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʫ ʟʘʣʠʰʢʦʚʦʛʦ ʨʦʟʩʦʣʫ ʪʘ 

ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʠʣʫʯʝʥʥʷ ʩʦʣʝʡ. ʇʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ HDH ̔  RO ʧʨʠ ʨʽʟʥʽʡ 

ʩʦʣʦʥʦʩʪʽ ʚʦʜʠ ʥʘʚʝʜʝʥʦ ʚ ʊʘʙʣ. 1. 

ʊʘʙʣʠʮʷ ï 1 ʇʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ HDH/RO. 

ʊʠʧ ʚʦʜʠ  
HDH/RO 

ʉʦʣʦʥʽʩʪʴ ʞʠʚʠʣʴʥʦʾ 

ʚʦʜʠ, ppm (TDS), ʤʛ/ʣ 

HDH/RO 

ʈʦʙʦʯʠʡ ʪʠʩʢ, ʄʇʘ 

HDH/RO 

ʇʠʪʦʤʝ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʢɺʪĿʛʦʜ/ʤį HDH/RO 

ʇʦʙʫʪʦʚʘ < 1 000 0,1/0,3ï1 ~4<~0,5ï1,0 

ʉʣʘʙʦʩʦʣʦʥʘ ʚʦʜʘ 1 000 ï 10 000 0,1/1ï2,5 ~4/1ï2,5 

ʄʦʨʩʴʢʘ ʚʦʜʘ 10 000 ï 40 000 0,1/5,5ï8,0 ~4/3ï6 

ʂʦʥʮʝʥʪʨʦʚʘʥʽ 

ʨʦʟʩʦʣʠ 
> 40 000 ï 70 000+ 0,1/7,0ï12,0+ ~4ï5/5ï10+ 

MLD ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʝ ʩʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʫ ʨʦʟʩʦʣʫ ʧʝʨʝʜ ʫʪʠʣʽʟʘʮʽʻʶ, 

ʪʦʜʽ ʷʢ ZLD ʧʝʨʝʜʙʘʯʘʻ ʧʦʚʥʝ ʫʩʫʥʝʥʥʷ ʨʽʜʢʦʛʦ ʩʢʠʜʫ ʟ ʦʪʨʠʤʘʥʥʷʤ ʪʚʝʨʜʦʾ ʩʦʣʽ ʪʘ ʚʦʜʠ, 

ʧʨʠʜʘʪʥʦʾ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ [2]. ʆʛʣʷʜʦʚʽ ʜʘʥʽ ʧʽʜʢʨʝʩʣʶʶʪʴ, ʱʦ ʛʽʙʨʠʜʥʽ 

ʩʠʩʪʝʤʠ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʠʞʯʽ ʟʥʘʯʝʥʥʷ SEC ʽ ʢʨʘʱʫ ʝʢʦʥʦʤʽʢʫ 

ʧʦʨʽʚʥʷʥʦ ʟ çʯʠʩʪʦ ʤʝʤʙʨʘʥʥʠʤʠè ʘʙʦ çʯʠʩʪʦ ʪʝʨʤʽʯʥʠʤʠè ʧʽʜʭʦʜʘʤʠ [4]. ʉʭʝʤʘ ʛʽʙʨʠʜʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʟʥʝʩʦʣʝʥʥʷ ʚʦʜʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʛʽʙʨʠʜʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʥʝʩʦʣʝʥʥʷ ʚʦʜʠ:  

1 ï ʥʘʩʘʜʢʠ; 2 ï ʢʘʤʝʨʘ ʟʚʦʣʦʞʫʚʘʯʘ / ʟʥʝʩʦʣʝʥʥʷ; 3 ï ʢʦʥʜʝʥʩʘʪʦʨ; 4 ï ʞʠʚʠʣʴʥʠʡ 

ʙʘʢ; 5 ï ʬ̔ ʣʴʪʨ ʜʣʷ ʩʦʣʽ; 6, 10, 12, 14 ï ʥʘʩʦʩʠ; 7 ï ʧʦʚʽʪʨʦʥʘʛʨʽʚʘʯ; 8 ï ʚʝʥʪʠʣʷʪʦʨ; 

9 ï ʧʘʢʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ; 11 ï ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ; 13 ï ʤʝʤʙʨʘʥʘ; 

15 ï ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ; ʉʈ ï ʩʦʣʦʥʠʡ ʨʦʟʯʠʥ 
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ʋ ʛʽʙʨʠʜʥʽʡ ʩʭʝʤʽ RO + HDH RO ʚʠʢʦʥʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʩʪʘʜʽʶ ʧʦʧʝʨʝʜʥʴʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ (ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʮʽʣʴʥʦʾ ʤʝʞʽ ʩʦʣʦʥʦʩʪʽ), ʧʽʩʣʷ ʯʦʛʦ HDH ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʫʱʽʣʴʥʝʥʥʷ ʢʦʥʮʝʥʪʨʘʪʫ ʪʘ (ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ) ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʊʘʢʘ ʣʦʛʽʢʘ 

ʽʥʪʝʛʨʘʮʽʾ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʽ ZLD-ʩʪʘʜʽʾ ʪʘ ʟʥʠʟʠʪʠ 

ʦʙʩʷʛ ʢʽʥʮʝʚʦʛʦ ʩʢʠʜʫ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʝʥʝʩʝʥʥʷ çʚʠʩʦʢʦʩʦʣʦʥʦʛʦè ʝʪʘʧʫ ʟ ʤʝʤʙʨʘʥʥʦʾ 

ʯʘʩʪʠʥʠ ʥʘ HDH ʟʤʝʥʰʫʻ ʨʠʟʠʢʠ ʤʝʤʙʨʘʥʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʡ ʬʘʫʣʽʥʛʫ, ʩʪʘʙʽʣʽʟʫʶʯʠ 

ʨʦʙʦʪʫ RO ʫ ʡʦʛʦ ʦʧʪʠʤʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʎʝ ʪʘʢʦʞ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʽʰʝ ʨʦʟʧʦʜʽʣʷʪʠ 

ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʪʦʢʠ: ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʧʝʨʝʚʘʞʥʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ RO, ʪʦʜʽ ʷʢ HDH ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʝ ʘʙʦ ʚʽʜʧʨʘʮʴʦʚʘʥʝ ʪʝʧʣʦ. ʋ ʧʽʜʩʫʤʢʫ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʟʘʛʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʚʦʜʦʚʽʜʥʦʚʣʝʥʥʷ, ʘ ʢʦʥʮʝʥʪʨʘʪ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʙʽʣʴʰ ʢʝʨʦʚʘʥʠʡ 

ʧʦʪʽʢ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʣʫʯʝʥʥʷ ʩʦʣʝʡ ʫ ʤʝʞʘʭ MLD/ZLD. 

ɺʠʩʥʦʚʢʠ. RO ʻ ʜʦʤʽʥʫʶʯʦʶ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʦʧʨʽʩʥʝʥʥʷ ʟ 

ʪʠʧʦʚʠʤ SEC 2ï6 ʢɺʪĿʛʦʜ/ʤį, ʦʜʥʘʢ ʧʨʘʢʪʠʯʥʦ ʦʙʤʝʞʝʥʘ ʩʦʣʦʥʽʩʪʶ ʙʣʠʟʴʢʦ 70 ʛ/ʣ [6]. ɿʽ 

ʟʨʦʩʪʘʥʥʷʤ ʩʦʣʦʥʦʩʪʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʦʩʤʦʪʠʯʥʠʡ ʪʠʩʢ (ˊ = iCRT), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʡ ʝʥʝʨʛʦʚʠʪʨʘʪ RO ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ. 

ɼʦʜʘʪʢʦʚʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʻ ʟʨʦʩʪʘʥʥʷ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʬʘʫʣʽʥʛʫ, ʱʦ ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʟʙʽʣʴʰʫʻ ʧʦʪʨʝʙʫ ʚ ʽʥʪʝʥʩʠʚʥʽʰʽʡ 

ʧʽʜʛʦʪʦʚʮʽ ʚʦʜʠ ʪʘ ʩʝʨʚʽʩʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʤʝʤʙʨʘʥ. HDH ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ 

ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʤʠ ʨʦʟʩʦʣʘʤʠ ʪʘ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʩʪʘʜʽʻʶ 

ʜʦʫʱʽʣʴʥʝʥʥʷ/ʢʨʠʩʪʘʣʽʟʘʮʽʾ; ʜʣʷ HDH-ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʦʢʘʟʘʥʽ 700ï900 ʢɼʞ/ʢʛ ʨʦʟʩʦʣʫ ʪʝʧʣʘ 

ʪʘ 5ï11 ʢɼʞ/ʢʛ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [3]. ɿʘ ʥʘʷʚʥʦʩʪʽ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʦ ʘʙʦ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʪʝʧʣʘ ʪʝʨʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʤʦʞʝ ʙʫʪʠ ʯʘʩʪʢʦʚʦ çʜʝʰʝʚʰʦʶè ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʙʘʣʘʥʩʫ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʧʨʘʢʪʠʯʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ HDH ʫ ʙʣʦʮʽ ʢʝʨʫʚʘʥʥʷ 

ʨʦʟʩʦʣʦʤ. ɻʽʙʨʠʜʠʟʘʮʽʷ RO + HDH ʻ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʰʣʷʭʦʤ ʜʦ MLD/ZLD, ʦʩʢʽʣʴʢʠ 

ʧʦʻʜʥʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʤʙʨʘʥʥʦʾ ʩʪʘʜʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʨʠʜʘʪʥʽʩʪʴ ʪʝʨʤʽʯʥʦʾ ʩʪʘʜʽʾ 

ʜʣʷ ʚʠʩʦʢʠʭ ʩʦʣʦʥʦʩʪʝʡ [4]. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ 

ʽʥʪʝʛʨʘʮʽʾ (ʪʝʧʣʦʚʘ ʨʝʢʫʧʝʨʘʮʽʷ, ʚʠʙʽʨ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ/ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ ʽ ʨʦʟʩʦʣʫ, 

ʨʝʞʠʤʽʚ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ), ʘ ʪʘʢʦʞ ʥʘ ʫʟʛʦʜʞʝʥʥʷ ʙʘʟ ʧʦʨʽʚʥʷʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (ʥʘ 

1 ʤį ʧʨʦʜʫʢʪʫ ʪʘ/ʘʙʦ ʥʘ 1 ʢʛ/ʤį ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʨʦʟʩʦʣʫ) ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʛʽʙʨʠʜʥʠʭ ʩʭʝʤ ʫ MLD/ZLD. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʉʀʉʊɽʄʀ ʋʃʆɺʃɽʅʅʗ ɼɯʆʂʉʀɼʋ ɺʋɻʃɽʎʖ 

 ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɹɯʆɻɸɿʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺʠʢʠʜʠ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ï ʦʜʥʘ ʽʟ 

ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʱʦ ʟʘʛʨʦʞʫʻ ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʮʽ ʫʩʽʭ ʨʝʛʽʦʥʽʚ 

ʩʚʽʪʫ. ʆʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ ʚʠʢʣʠʢʽʚ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ï ʟʤʝʥʰʝʥʥʷ 

ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ ʧʝʨʝʭʽʜ ʜʦ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʟʤʽʥ ʢʣʽʤʘʪʫ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʫʣʦʚʣʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʽʟ ʛʘʟʦʚʠʭ ʧʦʪʦʢʽʚ, ʟʦʢʨʝʤʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʙʩʦʨʙʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʘʩʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ. ʊʝʭʥʦʣʦʛʽʷ ʤʘʻ ʟʥʘʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʩʚʽʪʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʘʢʪʫʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʩʠʩʪʝʤʘʤ ʫʣʦʚʣʝʥʥʷ ʉʆ2, ʟʦʢʨʝʤʘ ʩʠʩʪʝʤʘʤ ʘʙʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʘʤʽʥʽʚ. ɸʚʪʦʨʠ ʚʽʜʤʽʯʘʶʪʴ, ʱʦ ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʣʦʚʣʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ [1]. ʆʜʥʘʢ 

ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʜʣʷ ʨʝʛʝʥʝʨʘʮʽʾ ʨʦʟʯʠʥʫ ʥʝʦʙʭʽʜʥʘ ʟʥʘʯʥʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʱʦ ʨʦʙʠʪʴ ʧʨʦʮʝʩ ʜʦʩʠʪʴ ʝʥʝʨʛʦʻʤʥʠʤ ʽ ʻ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ 

ʪʝʭʥʦʣʦʛʽʾ [2]. ʊʘʢʦʞ, ʫ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʽʦʛʘʟʫ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ, ʧʨʦʪʝ ʡʦʛʦ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʝ ʯʝʨʝʟ 

ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ. ʉʆ2 ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʢʦʨʦʟʽʶ ʦʙʣʘʜʥʘʥʥʷ ʽ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʩʧʘʣʶʚʘʥʥʷ [3]. ʇʨʦʪʝ ʘʚʪʦʨʠ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʫʣʦʚʣʝʥʥʷ 

ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʽʟ ʙʽʦʛʘʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʽʤʽʯʥʦʾ ʘʙʩʦʨʙʮʽʾ, ʟʦʢʨʝʤʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʦʥʦʝʪʘʥʦʣʘʤʽʥʫ. ɺʠʩʦʢʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʘʙʩʦʨʙʝʥʪʽʚ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʙʽʦʤʝʪʘʥ ʽʟ ʜʫʞʝ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʤʝʪʘʥʫ, ʱʦ ʤʦʞʝ ʩʷʛʘʪʠ 99 % [4]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʫʣʦʚʣʝʥʥʷ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʽʤʽʯʥʦʾ ʘʙʩʦʨʙʮʽʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʛʘʟʫ, ʪʘ ʦʮʽʥʢʠ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʠʥʠ ʦʪʨʠʤʘʥʦʛʦ ʙʽʦʤʝʪʘʥʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʦʪʨʝʙ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʧʨʦʮʝʩʫ ʫʣʦʚʣʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʱʦ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. ɺ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʨʝʘʣʽʟʦʚʘʥʦ ʮʠʢʣ ʘʙʩʦʨʙʮʽʾ ʉʆ2 ʽʟ ʨʝʛʝʥʝʨʘʮʽʻʶ 

ʘʙʩʦʨʙʝʥʪʫ. ʆʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʩʭʝʤʠ ï ʘʙʩʦʨʙʝʨ 2, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʣʦʚʣʝʥʥʷ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ, ʽ ʨʝʛʝʥʝʨʘʮʽʡʥʘ ʢʦʣʦʥʘ 4, ʜʝ ʥʘʩʠʯʝʥʠʡ ʉʆ2 ʘʙʩʦʨʙʝʥʪ ʨʝʛʝʥʝʨʫʻ, ʚʽʜʥʦʚʣʶʶʯʠ 

ʩʚʦʶ ʟʜʘʪʥʽʩʪʴ ʧʦʛʣʠʥʘʪʠ ʚʫʛʣʝʮʴ. ʅʘ ʩʭʝʤʽ ʟʦʙʨʘʞʝʥʦ ʜʚʘ ʦʩʥʦʚʥʽ ʢʦʥʪʫʨʠ ï ʚʽʜʢʨʠʪʠʡ 

ʛʘʟʦʚʠʡ ʽ ʟʘʢʨʠʪʠʡ ʨʽʜʠʥʥʠʡ ʢʦʥʪʫʨʠ. ʆʩʦʙʣʠʚʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʧʦʣʷʛʘʻ ʫ 

ʥʘʷʚʥʦʩʪʽ ʢʦʪʣʘ 10, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʧʘʣʶʚʘʪʠ ʧʨʦʜʫʢʪ ʫʣʦʚʣʝʥʥʷ ʉʆ2 ʥʘ ʤʽʩʮʽ, ʪʠʤ ʩʘʤʠʤ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʪʨʝʙʠ ʩʠʩʪʝʤʠ ʨʝʛʝʥʝʨʘʮʽʾ ʘʙʩʦʨʙʝʥʪʫ. 

ʋ ʛʘʟʦʚʦʤʫ ʢʦʥʪʫʨʽ, ʙʽʦʛʘʟ ʽʟ ʩʭʦʚʠʱʘ 1 ʧʦʜʘʻʪʴʩʷ ʜʦ ʘʙʩʦʨʙʝʨʫ 2, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʣʦʚʣʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʪʘʢʪʫ ʙʽʦʛʘʟʫ ʽʟ ʨʽʜʢʠʤ ʘʙʩʦʨʙʝʥʪʦʤ. ʇʽʩʣʷ 

ʘʙʩʦʨʙʝʨʫ, ʦʯʠʱʝʥʠʡ ʙʽʦʛʘʟ(ʙʽʦʤʝʪʘʥ) ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʫ ʦʭʦʣʦʜʞʫʚʘʯʽ 7, ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʩʝʧʘʨʘʪʦʨ 8, ʜʝ ʢʦʥʜʝʥʩʘʪ ʚʽʜʚʦʜʠʪʴʩʷ ʥʘ ʜʨʝʥʘʞ 14. ɼʘʣʽ ʙʽʦʤʝʪʘʥ ʧʦʪʨʘʧʣʷʻ ʜʦ 

ʨʦʟʧʦʜʽʣʶʚʘʯʘ 9, ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʨʦʟʜʽʣʷʻʪʴʩʷ, ʥʘʧʨʘʚʣʷʶʯʠ ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʙʽʦʤʝʪʘʥʫ ʥʘ 

ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʩʠʩʪʝʤʠ ʜʦ ʢʦʪʣʘ 10, ʘ ʨʝʰʪʘ ʧʦʜʘʻʪʴʩʷ ʜʦ ʩʧʦʞʠʚʘʯʘ 15. ʇʽʩʣʷ ʩʧʘʣʶʚʘʥʥʷ, 
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ʧʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ ʙʽʦʤʝʪʘʥʫ ʧʽʜʽʛʨʽʚʘʶʪʴ ʮʠʨʢʫʣʶʶʯʠʡ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 6 ʪʝʧʣʦʥʦʩʽʡ 

ʽ ʚʠʢʠʜʘʶʪʴʩʷ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 16. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʫʣʦʚʣʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ:  

1 ï ʩʭʦʚʠʱʝ ʙʽʦʛʘʟʫ; 2 ï ʘʙʩʦʨʙʝʨ; 3 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʨʽʜʠʥʥʦʛʦ ʢʦʥʪʫʨʫ; 

4 ï ʨʝʛʝʥʝʨʘʮʽʡʥʘ ʢʦʣʦʥʘ; 5 ï ʨʝʙʦʡʣʝʨ; 6 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 7 ï ʦʭʦʣʦʜʞʫʚʘʯ ʙʽʦʤʝʪʘʥʫ; 

8 ï ʩʝʧʘʨʘʪʦʨ; 9 ï ʨʦʟʧʦʜʽʣʶʚʘʯ; 10 ï ʢʦʪʝʣ; 11 ï ʦʭʦʣʦʜʞʫʚʘʯ ʘʙʩʦʨʙʝʥʪʫ; 

12 ï ʢʦʥʜʝʥʩʘʪʦʨ; 13 ï ʫʣʦʚʣʝʥʠʡ ʉʆ2 ; 14 ï ʚʽʜʚʽʜ ʨʽʜʠʥʠ ʥʘ ʜʨʝʥʘʞ; 15 ï ʧʦʜʘʯʘ 

ʙʽʦʤʝʪʘʥʫ ʜʦ ʩʧʦʞʠʚʘʯʘ; 16 ï ʚʠʢʠʜ ʜʠʤʦʚʠʭ ʛʘʟʽʚ  

 

ʋ ʨʽʜʠʥʥʦʤʫ ʢʦʥʪʫʨʽ ʘʙʩʦʨʙʝʥʪ ʮʠʨʢʫʣʶʻ ʤʽʞ ʪʨʴʦʤʘ ʢʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ï 

ʘʙʩʦʨʙʝʨʦʤ 2, ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ 3, ʪʘ ʢʦʣʦʥʦʶ 4. ɿʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ ʧʦʟʥʘʯʝʥʠʡ ʧʦʪʽʢ 

ʥʘʩʠʯʝʥʦʛʦ ʘʙʩʦʨʙʝʥʪʫ, ʘ ʩʠʥʽʤ ï ʧʦʪʽʢ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ. ɸʙʩʦʨʙʝʥʪ, ʥʘʩʠʯʝʥʠʡ 

ʜʽʦʢʩʠʜʦʤ ʚʫʛʣʝʮʶ ʧʽʩʣʷ ʘʙʩʦʨʙʝʨʘ 2, ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 3 ʜʣʷ ʧʽʜʽʛʨʽʚʫ, ʧʽʩʣʷ 

ʯʦʛʦ ʧʦʪʨʘʧʣʷʻ ʜʦ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʣʦʥʠ 4.  ʉʪʽʢʘʶʯʠ ʚʥʠʟ, ʘʙʩʦʨʙʝʥʪ ʚʽʜʥʦʚʣʶʻ ʩʚʦʶ 

ʧʦʛʣʠʥʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʽ ʚʽʜʙʠʨʘʻʪʴʩʷ ʽʟ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʣʦʥʠ ʜʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 3 ʫ 

ʷʢʦʩʪʽ ʛʘʨʷʯʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. ʇʽʩʣʷ ʪʝʧʣʦʦʙʤʽʥʫ ʨʦʟʯʠʥ ʧʦʜʘʻʪʴʩʷ ʜʦ ʦʭʦʣʦʜʞʫʚʘʯʘ 11 ʧʝʨʝʜ 

ʧʦʚʪʦʨʥʠʤ ʚʽʜʧʨʘʮʶʚʘʥʥʷʤ ʫ ʘʙʩʦʨʙʝʨʽ 2. ʊʝʧʣʦʥʦʩʽʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 6 ʟʘʙʝʟʧʝʯʫʻ 

ʨʝʙʦʡʣʝʨ 5 ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʦʪʠ ʜʣʷ ʨʝʛʝʥʝʨʘʮʽʾ ʘʙʩʦʨʙʝʥʪʫ ʫ ʢʦʣʦʥʽ 4. ʇʘʨʠ 

ʨʦʟʯʠʥʫ ʟ ʢʦʣʦʥʠ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 12, ʜʝ ʘʙʩʦʨʙʝʥʪ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʽ ʧʦʜʘʻʪʴʩʷ 

ʥʘʟʘʜ ʫ ʢʦʣʦʥʫ, ʘ ʉʆ2 ʫ ʷʢʦʩʪʽ ʛʘʟʫ ʚʽʜʙʠʨʘʻʪʴʩʷ ʽʟ ʩʠʩʪʝʤʠ ʫ ʪʦʯʮʽ 13. 

ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʷʢʫ 

ʧʦʪʨʽʙʥʦ ʧʽʜʚʝʩʪʠ ʜʦ ʩʠʩʪʝʤʠ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʝʣʝʤʝʥʪʠ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʚʽʜʚʝʩʪʠ 

ʪʝʧʣʦʪʫ. ʊʘʢʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʢʦʥʜʝʥʩʘʪʦʨ, ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʽ ʙʽʦʤʝʪʘʥʫ ʽ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ 

ʨʦʟʯʠʥʫ. ʈʝʙʦʡʣʝʨ ʷʚʣʷʻʪʴʩʷ ʦʩʥʦʚʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʧʦʪʨʝʙʦʶ ʩʠʩʪʝʤʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʝʩʪʠ ʜʦ ʨʝʙʦʡʣʝʨʫ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʧʠʪʦʤʫ 

ʚʠʪʨʘʪʫ ʪʝʧʣʦʪʠ ʥʘ ʨʝʛʝʥʝʨʘʮʽʶ ʘʙʩʦʨʙʝʥʪʫ [5], ʽ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʶ, ʱʦ ʧʦʛʣʠʥʘʻ ʜʝʩʦʨʙʝʨ.  

ʈʦʟʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʨʝʛʝʥʝʨʘʮʽʾ 

ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὗ̑ ̆̂ ά ȟ́̂Ͻ̒ή ̑̆̄ , (1) 

ʜʝ ά ȟ́̂̒ ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚʫʛʣʝʮʶ, ʱʦ ʜʝʩʦʨʙʝʨ ʧʦʛʣʠʥʘʻ ʟʘ 1 ʛʦʜʠʥʫ, ʢʛ/ʛʦʜ; 

ή ̑̆̄ ï ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʥʘ ʨʝʛʝʥʝʨʘʮʽʶ ʘʙʩʦʨʙʝʥʪʫ [5], ʢɼʞ/ʢʛʩʦ2. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ 

ʜʝʩʦʨʙʮʽʾ ʩʢʣʘʣʘ 5,4 ʢɺʪ. ʆʪʞʝ, ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʨʝʙʦʡʣʝʨʫ ʽ ʨʝʛʝʥʝʨʘʮʽʾ ʘʙʩʦʨʙʝʥʪʫ 

ʢʦʪʝʣ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ ʩʠʩʪʝʤʽ 5,4 ʢɺʪ ʪʝʧʣʘ. 
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ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʚʝʩʪʠ ʚʽʜʚʦʜʠʪʠ ʫ ʦʭʦʣʦʜʞʫʶʯʠʭ ʝʣʝʤʝʥʪʘʭ 
ʩʠʩʪʝʤʠ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɼʣʷ ʦʮʽʥʢʠ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʚʝʜʝʥʦʾ 
ʪʝʧʣʦʪʠ ʫ ʦʭʦʣʦʜʞʫʚʘʯʽ 11 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ: 

ὗ̏ ̖ άὧ ὸ̘̏ ὸ̘̏  , (2) 

ʜʝ ά  ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʨʦʟʯʠʥʫ, ʢʛ/ʛʦʜ; ὧ  ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʦʟʯʠʥʫ ʧʦ ʩʝʨʝʜʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʪʦʢʫ, ʢɼʞ/ʢʛʂ; ὸ̏  ̘ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʯʠʥʫ ʥʘ ʚʭʦʜʽ ʜʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ÁC; 

ὸ̏  ̘ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʯʠʥʫ ʥʘ ʚʠʭʦʜʽ ʽʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ÁC. 

ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʚʝʩʪʠ ʫ ʦʭʦʣʦʜʞʫʚʘʯʽ 
11 ʩʢʣʘʣʘ 2,27 ʢɺʪ.  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʚʝʩʪʠ ʫ ʢʦʥʜʝʥʩʘʪʦʨʽ, ʧʦʪʨʽʙʥʦ 
ʚʨʘʭʫʚʘʪʠ ʧʨʠʭʦʚʘʥʫ ʪʝʧʣʦʪʽ ʢʦʥʜʝʥʩʘʮʽʾ ʨʽʜʠʥʠ. ʆʪʞʝ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʧʨʠʭʦʚʘʥʫ 
ʪʝʧʣʦʪʫ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ‗, ʢɼʞ/ʢʛ, ʘ ʪʘʢʦʞ ʤʘʩʦʚʫ ʚʠʪʨʘʪʫ ʢʦʥʜʝʥʩʘʪʫ. ɿʥʘʯʝʥʥʷ 

ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὗ̋ ̏̎̅
̋̏̎Ͻ̅

, (3) 

ʜʝ ά̋ ̏̎̅ ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʢʦʥʜʝʥʩʘʪʫ, ʢʛ/ʛʦʜ. 

ʊʘʢʦʞ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʝʧʣʦʪʘ, ʷʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʬʦʨʤʫʣʽ (1), ʟʘ 
ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʚʝʩʪʠ ʚʽʜ ʢʦʥʜʝʥʩʘʪʦʨʫ ʩʢʣʘʣʘ 
0,9 ʢɺʪ. ɸʥʘʣʦʛʽʯʥʦ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʪʝʧʣʦʪʘ ʦʭʦʣʦʜʞʫʚʘʯʘ 7, ʤʘʻ ʤʽʩʮʝ ʢʦʥʜʝʥʩʘʮʽʷ ʧʘʨʽʚ 
ʚʦʜʠ, ʧʨʠ ʟʘʜʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʚ 0,27 ʢɺʪ ʪʝʧʣʦʪʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʩʠʩʪʝʤʠ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ ʢʦʪʝʣ 9 ʢɺʪ, ʽʟ ʂʂɼ 85 %. 
ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʯʘʩʪʢʠ ʙʽʦʤʝʪʘʥʫ ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʶ 
ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʦʪʠ ʨʝʙʦʡʣʝʨʘ, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʦʾ ʯʘʩʪʢʠ ʙʽʦʤʝʪʘʥʫ ʦʪʨʠʤʘʥʦʛʦ ʧʽʩʣʷ 
ʫʣʦʚʣʝʥʥʷ ʉʆ2. ɼʣʷ ʦʮʽʥʢʠ ʜʦʮʽʣʴʥʦʩʪʽ ʚʽʜʙʦʨʫ ʛʘʟʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ, ʙʫʣʘ 
ʨʦʟʨʘʭʦʚʘʥʘ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʙʽʦʤʝʪʘʥʫ ʽ  ʯʘʩʪʢʘ ʛʘʟʫ ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʦʪʠ ʨʝʙʦʡʣʝʨʘ. 

ʈʦʟʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʙʽʦʤʝʪʘʥʫ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʩʧʘʣʠʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʠʭ 
ʧʦʪʨʝʙ ʩʠʩʪʝʤʠ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὠ
̑̆̂

ὗ̑ ̆̂

–Ͻὗ̎
 ̑ȟ 

(4) 

ʜʝ  ὗ̑ ̆̂ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʝʛʝʥʝʨʘʮʽʾ ʘʙʩʦʨʙʝʥʪʫ, ʢɺʪ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʠ ʚʠʪʨʘʪʽ ʙʽʦʛʘʟʫ 8,8 ʥʤ3/ʛʦʜ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 
ʦʪʨʠʤʘʥʦʛʦ ʙʽʦʤʝʪʘʥʫ ʩʢʣʘʣʘ 6,19 ʥʤ3/ʛʦʜ. ɺʠʪʨʘʪʘ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʩʢʣʘʣʘ 1,04 ʥʤ3/ʛʦʜ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ, 
ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʚʦʜʠʪʠ ʫ ʦʭʦʣʦʜʞʫʚʘʯʘʭ ʩʢʣʘʣʘ 3,44 ʢɺʪ. ʂʽʣʴʢʽʩʪʴ 
ʪʝʧʣʦʪʠ ʱʦ ʧʦʪʨʽʙʥʦ ʧʽʜʚʦʜʠʪʠ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʝʛʝʥʝʨʘʮʽʾ ʘʤʽʥʫ ʩʢʣʘʣʘ 5,4 ʢɺʪ, ʽʟ ʷʢʠʭ 
2,4 ʢɺʪ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʨʝʘʢʮʽʾ ʚʠʚʽʣʴʥʝʥʥʷ ʉʆ2. ɺʽʜʙʽʨ ʛʘʟʫ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʩʢʣʘʜʘʻ 
16,8 % ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʉʆ2 ʽ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʩʠʩʪʝʤʠ, ʟ 1 ʥʤ3/ʛʦʜ ʙʽʦʛʘʟʫ ʦʪʨʠʤʘʻʤʦ 0,59 ʥʤ3/ʛʦʜ 
ʙʽʦʤʝʪʘʥʫ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Jaesu Jang, Gwan Hong Min, Sung Chan Nam, Kibong Lee, Sunghoon Lee. Study of 
CO2 absorption into monoethanolamine solution in a rotating packed bed. Journal of CO2 
Utilization, 2026, 105. 
 2. Mores P. L., Scenna N. J., Mussati S. F. Modeling and optimization of the solvent 
regeneration and CO2 desorption process. Energy, 2012, Vol. 45, Issue 1, 1042ï1058. 
 3. Getu A. M., Nigus G. H., Ababay K. W., Eshetu G. Recent Progress and Future 
Perspective of Biogas-Upgrading techniques. BioEnergy Research, 2025. 
 4. Ryckebosch E., Drouillon M., Vervaeren H. Techniques for transformation of biogas to 
biomethane. Biomass and Bioenergy, 2011, 35(5), 1633ï1645. 
 5. Bui M. et al., Carbon capture and storage (CCS): the way forward. Energy and 
Environmental Science, 2018, 11, 1062ï1176. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻɽʊʀʏʅʆɰ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʆʄʀʉʃʆɺʆ-

ʆʇɸʃʖɺɸʃʔʅʆɰ ʂʆʊɽʃʔʅɯ ʇʈʀ ɺʉʊɸʅʆɺʃɽʅʅɯ ʋʊʀʃɯɿɸʊʆʈɯɺ ʊɽʇʃʆʊʀ 

ɼʀʄʆɺʀʍ ɻɸɿɯɺ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʆʜʥʠʤ ʽʟ ʜʞʝʨʝʣ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʘ 

ʧʦʤʽʨʥʦ-ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ  ʞʠʪʣʦʚʠʭ, ʛʨʦʤʘʜʩʴʢʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ ʻ ʧʨʦʤʠʩʣʦʚʦ-ʦʧʘʣʶʚʘʣʴʥʽ ʢʦʪʝʣʴʥʽ ʟ ʚʦʜʦʛʨʽʡʥʠʤʠ ʪʘ ʧʘʨʦʚʠʤʠ 

ʢʦʪʣʘʤʠ ʪʠʧʽʚ ʂɺ-ɻʄ ʪʘ ɼɽ ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʚʽʜʭʽʜʥʠʭ ʜʠʤʦʚʠʭ ʛʘʟʽʚ.  

ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʭʽʜʥʠʭ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟʘ ʢʦʪʣʘʤʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʧʨʠ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘ ʥʠʤʠ ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʊʋ), ʱʦ ʚ ʮʽʣʦʤʫ ʩʧʨʠʷʪʠʤʝ 

ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʪʝʣʝʥʴ. ʇʦʪʦʢʠ ʫʪʠʣʽʟʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʢʦʨʠʩʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʘʙʦ ʚ ʮʠʢʣʽ ʢʦʪʝʣʴʥʽ, ʘʙʦ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʟʦʚʥʽʰʥʽʭ 

ʩʧʦʞʠʚʘʯʽʚ.  ʊʋ ʤʦʞʫʪʴ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ ʚ ʨʝʞʠʤʘʭ, ʢʦʣʠ ʚʽʜ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚʽʜʚʦʜʷʪʴʩʷ 

ʪʽʣʴʢʠ ʧʦʪʦʢʠ çʷʚʥʦʾè ʪʝʧʣʦʪʠ ʘʙʦ ʽ çʷʚʥʦʾè ʪʘ çʧʨʠʭʦʚʘʥʦʾè. ɼʨʫʛʠʡ ʨʝʞʠʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʤʠʩʣʦʚʦ-ʦʧʘʣʶʚʘʣʴʥʘ ʧʘʨʦʚʦʜʦʛʨʽʡʥʘ ʢʦʪʝʣʴʥʷ, 

ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʤ. ʂʠʻʚʽ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʦʢʨʠʪʪʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʶ 

ʽ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʞʠʪʣʦʚʦʛʦ ʩʝʢʪʦʨʫ, ʘ ʪʘʢʦʞ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʧʘʨʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʬʽʢ 

ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ ʩʢʣʘʜʘʻ (150 / 70) ʦ ʉ, ʘ ʚʦʜʷʥʘ ʧʘʨʘ ʥʘ ʪʝʭʥʦʣʦʛʽʶ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʟ ʪʠʩʢʦʤ 

0,7 ʄʇʘ.  ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʚʦʾ ʩʭʝʤʠ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʚʠʪʨʘʪʠ ʽ ʧʘʨʘʤʝʪʨʠ 

ʪʝʧʣʦʥʦʩʽʾʚ ʟʘ ʚʩʽʤʘ ʧʦʪʦʢʘʤʠ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ ʢʦʪʝʣʴʥʽ ʙʫʣʠ ʦʙʨʘʥʽ 

2 ʚʦʜʦʛʨʽʡʥʽ ʢʦʪʣʠ ʂɺ-ɻʄ-6,5 ʽ 2 ʧʘʨʦʚʽ ʢʦʪʣʠ ɼɽ-6,5-14 ɻʄ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʽʜʭʽʜʥʠʭ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟʘ ʚʦʜʦʛʨʽʡʥʠʤʠ ʢʦʪʣʘʤʠ ʩʪʘʥʦʚʠʪʴ = 153 ʦʉ, ʟʘ ʧʘʨʦʚʠʤʠ  = 155 ʦʉ [1]. 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʪʽʢʘʥʥʷ ʚʦʜʠ ʚ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞʘʭ ʪʘ ʥʝʜʦʧʦʚʝʨʥʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʚ ʢʦʪʝʣʴʥʽ ʧʝʨʝʜʙʘʯʝʥʘ ʭʽʤʽʯʥʘ ʚʦʜʦʧʽʜʛʦʪʦʚʢʘ (ʍɺʇ). ʉʠʨʘ 

ʚʦʜʘ  ʧʝʨʝʜ ʍɺʇ ʚʠʪʨʘʪʦʶ ɆGʩ.ʚ  = 6,1 ʢʛ/ʩ ʥʘʛʨʽʚʘʻʪʴʩʷ ʚ ʦʢʨʝʤʦ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʧʘʨʦ-

ʚʦʜʷʥʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʚʽʜ   = 5 ʦʉ ʜʦ  = 25 ʦʉ.  ʍʽʤʽʯʥʦ ʧʽʜʛʦʪʦʚʣʝʥʘ ʚʦʜʘ 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʧʦʪʦʢʠ: ʦʜʠʥ ʟ ʥʠʭ ʧʽʩʣʷ ʥʘʛʨʽʚʘʥʥʷ ʚ ʦʭʦʣʦʜʥʠʢʫ ʧʨʦʜʫʚʘʣʴʥʦʾ ʚʦʜʠ 

ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʫ ʜʝʘʝʨʘʪʦʨ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ, ʜʨʫʛʠʡ ʧʽʩʣʷ ʧʽʜʽʛʨʽʚʘʥʥʷ ʚ ʦʭʦʣʦʜʥʠʢʫ 

ʜʝʘʝʨʦʚʘʥʦʾ ʚʦʜʠ, ï ʫ ʜʝʘʝʨʘʪʦʨ ʧʽʜʞʠʚʣʶʚʘʣʴʥʦʾ ʚʦʜʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʪʝʣʴʥʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ ʧʝʨʰʦʾ ʯʝʨʛʠ ʾʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʩʪʘʥʦʚʠʪʠ ʟʘ ʦʜʥʠʤ ʟ ʧʘʨʦʚʠʭ ʢʦʪʣʽʚ 

ʧʦʚʝʨʭʥʝʚʠʡ ʫʪʠʣʽʟʘʪʦʨ-ʢʘʣʦʨʠʬʝʨ, ʷʢʠʡ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʩʠʨʦʾ ʚʦʜʠ 

ʧʝʨʝʜ ʍɺʆ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʅʝʦʙʭʽʜʥʘ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʘʣʦʨʠʬʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʥʘʛʨʽʚʘʥʥʷ ʩʠʨʦʾ ʚʦʜʠ, ʢɺʪ [2]: 

                                              ,                                                      (1) 

ʜʝ ʩʚ  - ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʠ, ʢɼʞ/(ʢʛĀʂ). 

ɹʝʨʝʤʦ ʩʚ = 4,19 ʢɼʞ/(ʢʛĀʂ), ʪʦʜʽ ʚʝʣʠʯʠʥʘ Qʢ = 511,2 ʢɺʪ. 

ʛ.ʚt¡ ʛ.ʧt¡
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ʄʘʩʦʚʘ ʚʠʪʨʘʪʘ ʩʫʭʠʭ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʪʣʘ, ʢʛ/ʩ [2]:                                                                                                      

                                                     ,                                                    (2) 

ʜʝ Bʢ ï ʚʠʪʨʘʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʩʧʘʣʶʚʘʥʥʷ ʚ ʢʦʪʣʽ, ʤ
3/ʛʦʜ; 

    - ʤʘʩʘ ʩʫʭʠʭ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ, ʢʛ/ʤ3. 

ɼʣʷ ʢʦʪʣʘ ɼɽ-6,5-14ɻʄ ʚʝʣʠʯʠʥʘ Bʢ = 489 ʤ
3/ʢʛ [1], ʘ ʜʣʷ ʫʩʝʨʝʜʥʝʥʦʛʦ ʩʢʣʘʜʫ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ = 13,42  ʢʛ/ʤ3  [3], ʪʦʜʽ    = 1,82 ʢʛ/ʩ.                                                                                                 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʘʣʦʨʠʬʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʘ ʤʝʪʦʜʠʢʦʶ [4] 

ʦʙʯʠʩʣʶʶʪʴ ʫʤʦʚʥʫ  ʧʠʪʦʤʫ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ ʚʽʜ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʪʝʧʣʦʪʠ, ʢɼʞ/ʢʛ  

                                                     .                                                             (3) 

ʊʦʜʽ ʧʨʠ  = 3,86 ʢɼʞ/ʢʛ ʚʠʟʥʘʯʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ ʟ 

ʢʘʣʦʨʠʬʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ = 40 ʦʉ (ʨʝʞʠʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ï çʤʦʢʨʠʡè) ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʙʘʡʧʘʩʫʚʘʥʥʷ = 0,23 [3]. 

ʇʨʠ ʚʠʙʦʨʽ ʪʠʧʫ ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʦʨʽʻʥʪʫʻʤʦʩʷ ʥʘ ʙʽʤʝʪʘʣʝʚʽ 

ʢʘʣʦʨʠʬʝʨʠ  ʟʽ ʩʧʽʨʘʣʴʥʠʤ ʦʨʝʙʨʝʥʥʷʤ ʤʦʜʝʣʽ ʂʉʢ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʥʘ ʊʋ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʜʠʤʦʚʠʭ ʛʘʟʽʚ Lʢ = (1 - ), 

ʷʢʘ ʩʪʘʥʦʚʠʪʠʤʝ 1,4 ʢʛ/ʩ, ʦʙʠʨʘʻʤʦ 5 ʢʘʣʦʨʠʬʝʨʽʚ ʂʉʢ-3-9 ʪʘ ʚʠʟʥʘʯʘʻʤʦ ʜʽʡʩʥʫ  ʤʘʩʦʚʫ 

ʰʚʠʜʢʽʩʪʴ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʫ ʬʨʦʥʪʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʊʋ  = 3,07 ʢʛ/(ʩĀʤ2). ɿʘ ʪʘʙʣʠʮʝʶ 

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʥʦʪʦʚʫʻʤʦ ʜʽʡʩʥʫ ʧʣʦʱʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʦʜʥʦʛʦ ʟ 

ʥʠʭ Fʜ1 = 23,4 ʤ
2 (ʟʘʛʘʣʴʥʘ Ɇ Fʜ  = 117 ʤ2), ʧʣʦʱʫ ʞʠʚʦʛʦ ʧʝʨʝʨʽʟʫ ʜʣʷ ʚʦʜʠ fw  = 0,00116 ʤ2, ʽ 

ʧʣʦʱʫ ʞʠʚʦʛʦ ʧʝʨʝʨʽʟʫ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ fʞ = 0,189 ʤ2. ɺʩʽ ʢʘʣʦʨʠʬʝʨʠ ʚ ʊʋ 

ʨʦʟʤʽʱʝʥʽ ʧʦʩʣʽʜʦʚʥʦ ʟʘ ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ (N = 1) ʽ ʧʘʨʘʣʝʣʴʥʦ ʟʘ ʥʘʧʨʷʤʢʦʤ 

ʨʫʭʫ ʧʦʪʦʢʫ ʚʦʜʠ (nʢ = 5). 

ɿʘ ʨʽʚʥʷʥʥʷʤ ʩʫʮʽʣʴʥʦʩʪʽ ʚʠʟʥʘʯʘʻʤʦ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʚ ʪʨʫʙʢʘʭ ʢʘʣʦʨʠʬʝʨʽʚ, ʤ2 

                                                        ,                                                            (4) 

ʜʝ rʚ ï ʛʫʩʪʠʥʘ ʚʦʜʠ, ʢʛ/ʤ
3. 

ɹʝʨʝʤʦ rʚ = 1000 ʢʛ/ʤ
3, ʪʦʜʽ ɤʚ = 1,05 ʤ/ʩ. 

ɺʠʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʽʜ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʜʦ ʚʦʜʠ ʧʨʠ ʚʽʜʥʝʩʝʥʥʽ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʦ ʦʨʝʙʨʝʥʦʾ ʧʦʚʝʨʭʥʽ, ɺʪ/(ʤ2Āʂ) [4]: 

                                                    ,                                                 (5) 

ʜʝ aʚʥ  ̔ aʟ ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʪʨʫʙʦʢ 

ʢʘʣʦʨʠʬʝʨʘ, ɺʪ/(ʤ2Āʂ), ʚʽʜʧʦʚʽʜʥʦ; 

j ï ʢʦʝʬʽʮʽʻʥʪ  ʦʨʝʙʨʝʥʥʷ  ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʪʨʫʙʦʢ ʢʘʣʦʨʠʬʝʨʽʚ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ 

ʩʢʣʘʜʘʻ 16,48. 

                                              ,                                    (6) 

ʜʝ  - ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʦ ʉ. 

ʊʦʜʽ ʧʨʠ  = 15 ʦ ʉ ʚʝʣʠʯʠʥʘ aʚʥ  = 4242 ɺʪ/(ʤ2Āʂ). 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ aʟ ʚʠʢʦʨʠʩʪʘʣʠ ʙʝʟʨʦʟʤʽʨʥʝ ʨʽʚʥʷʥʥʷ, ʚ ʷʢʦʤʫ ʚʨʘʭʦʚʫʚʘʣʠ 

ʟʨʦʰʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʨʝʙʨʝʥʠʭ ʪʨʫʙ ʢʦʥʜʝʥʩʘʪʦʤ ʟ ʜʠʤʦʚʠʭ ʛʘʟʽʚ [4]: 
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                                             ,                                                  (7) 

ʜʝ , ͎ , Kʟʨ , Prʛ  ï ʚʽʜʧʦʚʽʜʥʦ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʽ ʈʝʡʥʦʣʴʜʩʘ, ʢʨʠʪʝʨʽʾ ʟʨʦʱʝʥʥʷ ʽ  

ʇʨʘʥʜʪʣʷ 

                 ;   ;   ,                      

ʜʝ dʟ2 ï ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʘʣʶʤʽʥʽʻʚʠʭ ʪʨʫʙʦʢ, ʤ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 0,018 ʤ;  

     - ʰʚʠʜʢʽʩʪʴ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚ ʞʠʚʦʤʫ ʧʝʨʝʨʽʟʽ ʢʘʣʦʨʠʬʝʨʘ, ʤ/ʩ;  

     W ï ʛʫʩʪʠʥʘ ʟʨʦʰʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʨʝʙʨʝʥʠʭ ʪʨʫʙ, ʢʛ/(ʤ2Āʩ);  

     , , - ʚʽʜʧʦʚʽʜʥʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ [ɺʪ/(ʤĿʂ)], ʢʽʥʝʤʘʪʠʯʥʘ [ʤ2/ʩ] ʽ ʜʠʥʘʤʽʯʥʘ 

ʚôʷʟʢʽʩʪʴ ʜʠʤʦʚʠʭ ʛʘʟʽʚ [ʢʛ/(ʤĿʩ)]. 

ɿʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʘʙʣʠʮʷʤʠ ʚʠʟʥʘʯʠʣʠ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʧʨʠ 

ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 97,5 ʦʉ; ʟʘ ʤʝʪʦʜʠʢʦʶ [4] - ʰʚʠʜʢʽʩʪʴ ʜʠʤʦʚʠʭ ʛʘʟʽʚ  = 7,72 ʤ/ʩ  ʪʘ 

ʛʫʩʪʠʥʫ ʟʨʦʰʝʥʥʷ W = 0,000992 ʢʛ/(ʤ2Āʩ) (ʧʨʠ ʟʤʽʥʽ ʚʦʣʦʛʦʚʤʽʩʪʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚʽʜ  

 = 0,13 ʢʛ/ʢʛ ʩ.ʛ ʜʦ  = 0,047 ʢʛ/ʢʛ ʩ.ʛ) , ʧʦʪʽʤ ʚʝʣʠʯʠʥʠ  ʛ = 6524 ʽ Kʟʨ = 0,88, ʟʘ 

ʬʦʨʤʫʣʦʶ (7) ʯʠʩʣʦ   = 53,7  ʽ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ aʟ = 92,5 ɺʪ/(ʤ2Āʂ), ʘ ʟʘ 

ʬʦʨʤʫʣʦʶ (5) ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ Kʦʨ = 68 ɺʪ/(ʤ
2Āʂ).  

ɿʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ ʚʠʟʥʘʯʠʣʠ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʜʣʷ ʧʝʨʝʭʨʝʩʥʦʾ 

ʩʭʝʤʠ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʾʚ Dtʩʨ = 70,3 ʦʉ, ʘ ʟʘ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ï ʥʝʦʙʭʽʜʥʫ ʧʣʦʱʫ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ Fʪ = 106,8 ʤ
2. ɿʘʧʘʩ ʜʽʡʩʥʦʾ ʧʣʦʱʽ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 9 %, ʱʦ ʧʨʘʢʪʠʯʥʦ ʚʽʜʧʦʚʽʜʘʻ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʶ ʮʽʻʾ ʚʝʣʠʯʠʥʠ. 

ɺʠʩʥʦʚʢʠ. ʆʭʦʣʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʢʘʣʦʨʠʬʝʨʥʽʡ 

ʫʩʪʘʥʦʚʮʽ ʩʧʨʠʷʪʠʤʝ ʟʤʝʥʰʝʥʥʶ ʚʪʨʘʪ ʧʦʪʦʢʽʚ ʪʝʧʣʦʪʠ ʟ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ q2  ̔ , ʚʽʜʧʦʚʽʜʥʦ, 

ʟʙʽʣʴʰʝʥʥʶ ʂʂɼ ʢʦʪʣʘ. ʂʽʣʴʢʽʩʪʴ ʫʪʠʣʽʟʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʜʣʷ ʦʜʥʦʛʦ ʧʘʨʦʚʦʛʦ 

ʢʦʪʣʘ  ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʩʝʟʦʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ  ʚ ʧʨʠʤʽʱʝʥʥʷʭ  (tʚʥ = 20 ʦʉ), ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʥʘ 

ʦʧʘʣʝʥʥʷ (tʨ.ʦ = - 22 ʦʉ), ʩʝʨʝʜʥʴʦʾ  ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ 

ʧʝʨʽʦʜ     (tʩʨ.ʦ = - 0,1 
ʦʉ),   ʪʨʠʚʘʣʦʩʪʽ  ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ (nʦ = 176 ʜʽʙ), ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʟʘ ʚʽʜʦʤʦʶ ʟʘʣʝʞʥʽʩʪʶ [2] ʽ ʩʢʣʘʜʝ 3720 ɻɼʞ/ʩʝʟʦʥ. ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ 

ʪʝʧʣʦʪʠ ʧʨʠ ʚʘʨʪʦʩʪʽ ʦʜʠʥʠʮʽ ʪʝʧʣʦʪʠ ʟʘ ʜʘʥʠʤʠ ʂʠʾʚʪʝʧʣʦʝʥʝʨʛʦ 1 654,41 ʛʨʥ/ɻʢʘʣ 

(394,85 ʛʨʥ/ɻɼʞ) ʩʢʣʘʜʝ 1 468 840 ʛʨʥ/ʩʝʟʦʥ. 
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ĭ ɸʩʧʽʨʘʥʪ 1 ʢʫʨʩʫ ɸʣʪʠʥ ɺ. ɯ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʂʆʅʊɸʂʊʅʀʁ ɿɺʆʃʆɾʋɺɸʏ ʇʆɺɯʊʈʗ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ  

ɽʈʃɯʌʊʅʆɻʆ ɽʌɽʂʊʋ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɼʣʷ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʽʩʥʫʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ. ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʠ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʛʠ ʚ 

ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʮʽ: ʚʠʧʘʨʥʝ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʧʦʜʘʯʘ ʚʦʣʦʛʠ ʚ ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʫ ʚʠʛʣʷʜʽ 

ʚʦʜʷʥʦʾ ʧʘʨʠ. ɺʧʦʨʩʢʫʚʘʥʥʷ ʧʘʨʠ ʚʠʤʘʛʘʻ ʩʫʪʪʻʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʪʨʘʪ ʥʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʨʽʜʠʥʠ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʝʮʝʥʟʽʡʥʦʛʦ (ʪʦʯʥʦʛʦ) ʧʽʜʪʨʠʤʘʥʥʷ 

ʟʘʜʘʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ. ɺ ʫʩʽʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʠʧʘʨʥʝ ʟʚʦʣʦʞʝʥʥʷ, ʢʦʣʠ 

ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʢʦʥʪʘʢʪʫʻ ʽʟ ʚʦʜʦʶ ʚ ʨʽʜʢʽʡ ʬʘʟʽ. ʊʝʧʣʦʦʙʤʽʥʥʠʢʠ ʜʣʷ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʬʦʨʩʫʥʦʯʥʦʛʦ ʪʠʧʫ, ʟ ʥʘʩʘʜʢʦʶ, ʥʘ ʷʢʫ ʧʦʜʘʻʪʴʩʷ ʨʽʜʠʥʘ, ʙʘʨʙʦʪʘʞʥʦʛʦ ʪʠʧʫ 

ʪʘ ʽʥʰʽ [1].  

ʇʨʦʧʫʩʢʘʥʥʷ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʰʘʨ ʨʽʜʠʥʠ (ʙʘʨʙʦʪʘʞ) ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦ 

ʦʪʨʠʤʘʪʠ ʥʘʩʠʯʝʥʝ ʧʦʚʽʪʨʷ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʘ.  ʇʨʠ ʮʴʦʤʫ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʢʦʥʪʘʢʪ ʤʽʞ ʧʦʚʽʪʨʷʤ ʪʘ ʚʦʜʦʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʨʽʜʠʥʦʶ ʪʘ ʛʘʟʦʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚ ʤʘʣʦʤʫ 

ʦʙôʻʤʽ [2-3]. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʙʘʨʙʦʪʘʞʥʦʛʦ ʟʚʦʣʦʞʫʚʘʯʘ ʻ ʚʠʩʦʢʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʥʘ ʧʨʠʚʦʜ ʧʦʚʽʪʨʦʜʫʚʢʠ, ʦʩʢʽʣʴʢʠ ʧʨʦʧʫʩʢʘʥʥʷ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʰʘʨ ʨʽʜʠʥʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ  

ʚʠʩʦʢʠʤʠ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʚʪʨʘʪʘʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ. 

ʇʦʰʫʢ ʰʣʷʭʽʚ ʟʤʝʥʰʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʪʨʘʪ ʧʨʠ ʙʘʨʙʦʪʫʚʘʥʥʽ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʚʦʜʫ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʘ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

       
(ʘ)                           (ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʪʘʢʪʥʘ ʢʘʤʝʨʘ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ ʝʨʣʽʬʪʥʦʛʦ ʪʠʧʫ: 

ʘ ï ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ; ʙ ï ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʽ 



 

168 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʩʠʩʪʝʤ ʟ ʥʝʚʝʣʠʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʦ ʚʦʣʦʛʦʤʫ 

ʧʦʚʽʪʨʶ ʚ ʷʢʦʩʪʽ ʟʚʦʣʦʞʫʚʘʯʘ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʥʪʘʢʪʥʫ ʢʘʤʝʨʫ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʝʨʣʽʬʪʥʦʛʦ ʥʘʩʦʩʫ (ʜʠʚ. ʨʠʩ. 1,ʘ) [4-6]. ʇʦʚʽʪʨʷ ʧʽʜ ʥʘʜʣʠʰʢʦʚʠʤ ʪʠʩʢʦʤ ʧʦʜʘʻʪʴʩʷ 

ʯʝʨʝʟ ʰʘʨ ʨʽʜʠʥʠ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʠʞʥʽʡ ʟʦʥʽ ʢʦʥʪʘʢʪʥʦʾ ʢʘʤʝʨʠ. ɺʜʘʨʷʶʯʠʩʴ ʦʙ ʚʦʜʫ, 

ʧʦʪʽʢ ʛʘʟʫ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷʥʠʭ ʙʫʣʴʙʘʰʦʢ ʽ, ʦʩʢʽʣʴʢʠ ʧʦʚʽʪʨʷ ʤʘʻ 

ʤʝʥʰʫ ʛʫʩʪʠʥʫ, ʥʽʞ ʨʽʜʠʥʘ, ʪʦ ʚʦʥʦ ʧʽʜʥʽʤʘʻʪʴʩʷ ʚʛʦʨʫ ʧʦ ʮʝʥʪʨʘʣʴʥʽʡ ʪʨʫʙʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʥʠʢʘʻ ʝʤʫʣʴʛʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟ ʥʘʜʟʚʠʯʘʡʥʦ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ 

ʧʦʚʽʪʨʷʤ ʪʘ ʚʦʜʦʶ. ʆʩʢʽʣʴʢʠ, ʧʠʪʦʤʘ ʚʘʛʘ ʝʤʫʣʴʩʽʾ ʤʝʥʰʘ ʟʘ ʧʠʪʦʤʫ ʚʘʛʫ ʚʦʜʠ, ʱʦ ʾʾ ʦʪʦʯʫʻ, 

ʘ ʪʠʩʢ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʙʽʣʴʰʠʡ ʟʘ ʘʪʤʦʩʬʝʨʥʠʡ, ʪʦ ʝʤʫʣʴʛʦʚʘʥʠʡ ʰʘʨ ʚʦʜʠ ʧʽʜʥʽʤʘʻʪʴʩʷ 

ʚʠʱʝ ʨʽʚʥʷ ʚʦʜʠ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚ ʨʝʟʝʨʚʫʘʨʽ. ʈʫʭ ʚʦʜʠ ʚʛʦʨʫ ʨʘʟʦʤ ʟ ʧʦʚʽʪʨʷʤ ʟ 

ʧʦʜʘʣʴʰʠʤ  ʧʝʨʝʣʠʚʘʥʥʷʤ ʯʝʨʝʟ ʢʨʘʡ ʢʦʥʪʘʢʪʥʦʾ ʢʘʤʝʨʠ ʥʘʟʠʚʘʻʪʴʩʷ ʝʨʣʽʬʪʦʤ. ɼʣʷ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʤʦʞʣʠʚʠʡ ʧʦʧʝʨʝʜʥʽʡ ʥʘʛʨʽʚ ʪʝʧʣʦʥʦʩʽʾʚ (ʧʦʚʽʪʨʷ, ʚʦʜʠ ʘʙʦ ʾ ʭ ʦʙʦʭ). 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʨʦʙʦʪʠ 

ʝʨʣʽʬʪʥʦʾ ʢʘʤʝʨʠ ʚ ʨʝʞʠʤʽ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʣʘʙʦʨʘʪʦʨʥʠʡ 

ʟʨʘʟʦʢ ʢʘʤʝʨʠ ʪʘ ʟʤʦʥʪʦʚʘʥʦ ʾʾ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʽ (ʜʠʚ. ʨʠʩ.1,ʙ). 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɽʨʣʽʬʪʥʽ ʩʠʩʪʝʤʠ ï ʮʝ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʽ 

ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ. ɰʭʥʷ ʨʦʙʦʪʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʤʽʞ ʚʭʦʜʦʤ ʪʘ ʚʠʭʦʜʦʤ ʟ 

ʢʦʥʪʘʢʪʥʦʾ ʢʘʤʝʨʠ, ʘ ʪʘʢʦʞ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʮʽ ʛʫʩʪʠʥ ʝʤʫʣʴʛʦʚʘʥʦʾ ʨʽʜʠʥʠ ʟ 

ʧʦʚʽʪʨʷʥʠʤʠ ʙʫʣʴʙʘʰʢʘʤʠ ʪʘ ʯʠʩʪʦʾ ʨʽʜʠʥʠ. ɼʦʤʽʥʫʶʯʠʤʠ ʩʠʣʘʤʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʦʜʦ-

ʧʦʚʽʪʨʷʥʫ ʩʫʤʽʰ ʚ ʝʨʣʽʬʪʥʽʡ ʢʘʤʝʨʽ, ʻ ʛʨʘʚʽʪʘʮʽʡʥʽ, ʽʥʝʨʮʽʡʥʽ ʪʘ ʩʠʣʠ ʧʣʘʚʫʯʦʩʪʽ. ʉʠʣʘ 

ʧʣʘʚʫʯʦʩʪʽ ʜʽʻ ʷʢ ʧʽʜʡʦʤʥʘ ʩʠʣʘ, ʪʦʜʽ ʷʢ ʩʠʣʘ ʪʷʞʽʥʥʷ ʧʨʦʪʠʩʪʦʾʪʴ ʾʡ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ ʜʽʻ ʥʘ ʚʦʜʫ ʷʢ ʧʦʨʰʝʥʴ. ʏʠʤ ʙʽʣʴʰʦʶ ʻ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʫ ʥʘ ʚʭʦʜʽ ʫ ʚʦʜʫ, ʪʠʤ ʙʽʣʴʰʝ ʫʪʚʦʨʶʻʪʴʩʷ ʙʫʣʴʙʘʰʦʢ ʽ ʪʠʤ ʙʽʣʴʰʦʶ ʩʪʘʻ ʤʽʞʬʘʟʥʘ 

ʧʦʚʝʨʭʥʷ, ʯʝʨʝʟ ʷʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʝʧʣʦ- ʪʘ ʤʘʩʦʦʙʤʽʥ. ʗʢʱʦ ʨʫʰʽʡʥʽ ʩʠʣʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽ, 

ʨʽʜʠʥʘ ʧʽʜʥʽʤʘʻʪʴʩʷ ʚʟʜʦʚʞ ʪʨʫʙʠ ʪʘ ʚʠʢʠʜʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ, ʚʠʱʦʤʫ ʟʘ ʨʽʚʝʥʴ ʟʘʥʫʨʝʥʥʷ. ɺ 

ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʨʽʜʠʥʘ ʧʽʜʥʽʤʘʻʪʴʩʷ ʣʠʰʝ ʜʦ ʨʽʚʥʷ, ʜʝ ʮʽ ʜʽʶʯʽ ʩʠʣʠ ʙʫʜʫʪʴ ʚʨʽʚʥʦʚʘʞʝʥʽ. 

ɽʨʣʽʬʪʥʘ ʢʦʥʪʘʢʪʥʘ ʢʘʤʝʨʘ ʧʨʘʮʶʻ ʟʘʜʦʚʽʣʴʥʦ, ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ [6] 

Pʙ = P  + Pʪʨ + Pʚʠʭ,  

ʜʝ Pʙ ï ʪʠʩʢ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ ʫ ʥʠʞʥʴʦʤʫ ʰʘʨʽ ʝʨʣʽʬʪʥʦʾ ʢʘʤʝʨʠ, ʤʤ ʚʦʜ. ʩʪ.; 

Pʚ ï ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʝʤʫʣʴʛʦʚʘʥʦʛʦ ʰʘʨʫ ʚʦʜʠ, ʤʤ ʚʦʜ.ʩʪ.; Pʪʨ ï ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ ʧʽʜ ʯʘʩ 

ʨʫʭʫ ʝʤʫʣʴʩʽʾ, ʤʤ ʚʦʜ. ʩʪ.; Pʚʠʭ ï ʥʝʦʙʭʽʜʥʠʡ ʟʘʧʘʩ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ ʟ ʝʨʣʽʬʪʥʦʾ ʟʦʥʠ, ʤʤ ʚʦʜ. ʩʪ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ ʬʘʟ, ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʛʘʟʫ, ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥʠ, ʘ ʪʘʢʦʞ ʫʤʦʚ ʧʽʜʚʝʜʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʥʪʘʢʪʥʦʾ ʢʘʤʝʨʠ ʚ ʝʨʣʽʬʪʥʽʡ ʪʨʫʙʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʨʽʟʥʽ ʨʝʞʠʤʠ ʪʝʯʽʾ ʜʚʦʬʘʟʥʦʛʦ 

ʧʦʪʦʢʫ. ʋʦʣʣʽʩ ʚʠʜʽʣʷʻ 5 ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʽʚ ʪʝʯʽʾ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʨʫʙʽ [7], ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ 

ʚʽʜ ʙʫʣʴʙʘʰʢʦʚʦʛʦ ʜʦ ʝʤʫʣʴʩʽʡʥʦʛʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ. ɸ ʩʘʤʝ: 1) ɹʫʣʴʙʘʰʢʦʚʠʡ 

ʨʝʞʠʤ: ʨʽʜʠʥʘ ʧʝʨʝʙʫʚʘʻ ʫ ʚʠʛʣʷʜʽ ʩʫʮʽʣʴʥʦʾ ʬʘʟʠ, ʘ ʛʘʟ ʨʦʟʧʦʜʽʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʙʫʣʴʙʘʰʦʢ 

(ʥʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ); 2) ʉʥʘʨʷʜʥʠʡ (ʧʨʦʙʢʦʚʠʡ) ʨʝʞʠʤ: ʙʫʣʴʙʘʰʢʠ ʟʣʠʚʘʶʪʴʩʷ ʫ ʚʝʣʠʢʽ 

ʩʥʘʨʷʜʠ, ʱʦ ʟʘʡʤʘʶʪʴ ʤʘʡʞʝ ʚʝʩʴ ʧʝʨʝʨʽʟ ʪʨʫʙʠ, ʯʝʨʛʫʶʯʠʩʴ ʽʟ ʧʨʦʤʽʞʢʘʤʠ ʩʫʮʽʣʴʥʦʾ 

ʨʽʜʠʥʠ; 3) ʇʣʽʚʢʦʚʠʡ (ʭʚʠʣʴʦʚʠʡ) ʨʝʞʠʤ: ʨʽʜʠʥʘ ʨʫʭʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʧʦ ʩʪʽʥʢʘʭ ʪʨʫʙʠ ʫ 

ʚʠʛʣʷʜʽ ʧʣʽʚʢʠ, ʘ ʛʘʟ ʧʦ ʮʝʥʪʨʫ ʪʨʫʙʠ; 4) ɼʠʩʧʝʨʩʥʦ-ʢʽʣʴʮʝʚʠʡ ʨʝʞʠʤ: ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʛʘʟʫ ʟʨʠʚʘʻ ʧʣʽʚʢʫ ʨʽʜʠʥʠ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʾ ʥʘ ʢʨʘʧʣʽ, ʷʢʽ ʜʠʩʧʝʨʛʦʚʘʥʽ ʚ ʷʜʨʽ ʧʦʪʦʢʫ, ʘ 

ʪʦʥʢʘ ʧʣʽʚʢʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʩʪʽʥʢʘʭ; 5) ɽʤʫʣʴʩʽʡʥʠʡ ʨʝʞʠʤ: ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, 

ʧʨʠ ʷʢʦʤʫ ʨʽʜʠʥʘ ʜʠʩʧʝʨʛʦʚʘʥʘ ʚ ʛʘʟʽ (ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʫʞʝ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʪʝʯʽʾ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʜʣʷ ʨʦʙʦʪʠ ʝʨʣʽʬʪʥʠʭ ʥʘʩʦʩʽʚ    

[4-5]. ɺʞʝ ʧʦʯʠʥʘʶʯʠ ʟ ʙʫʣʴʙʘʰʢʦʚʦʛʦ ʨʝʞʠʤʫ ʜʚʦʬʘʟʥʠʡ ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʪʘ ʚʦʜʠ ʣʝʛʰʠʡ ʟʘ 

ʦʜʥʦʬʘʟʥʫ ʚʦʜʫ, ʽ ʟôʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪ ʝʨʣʽʬʪʘ. ʉʠʣʘ ʽʥʝʨʮʽʾ ʚʚʝʜʝʥʠʭ ʙʫʣʴʙʘʰʦʢ ʧʦʚʽʪʨʷ 

ʚʠʪʽʩʥʷʻ ʥʘʚʢʦʣʠʰʥʶ ʚʦʜʫ ʪʘ ʧʽʜʥʽʤʘʻ ʾʾ ʥʘ ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ʪʨʫʙʠ. ʇʨʦʪʝ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʨʣʽʬʪʥʠʭ ʥʘʩʦʩʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʩʠʣʠ ʽʥʝʨʮʽʾ ʙʫʣʴʙʘʰʦʢ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ, ʱʦʙ 

ʧʽʜʥʷʪʠ ʚʦʜʫ ʥʘ ʟʥʘʯʥʫ ʚʠʩʦʪʫ. ɹʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʙʫʣʴʙʘʰʢʦʚʠʡ ʧʦʪʽʢ 

ʥʝʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʨʽʜʠʥʠ, ʚʽʥ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʟʘ 

ʚʠʩʦʢʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʥʫʨʝʥʥʷ ʚ ʝʨʣʽʬʪʥʦʤʫ ʥʘʩʦʩʽ [4]. 
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ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʩʥʘʨʷʜʥʦʛʦ ʨʝʞʠʤʫ ʚʝʣʠʢʽ ʙʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ ʜʽʶʪʴ ʷʢ ʧʥʝʚʤʘʪʠʯʥʽ 

ʧʦʨʰʥʽ, ʷʢʽ ʰʪʦʚʭʘʶʪʴ ʚʦʜʫ ʚʚʝʨʭ ʚʟʜʦʚʞ ʚʠʩʭʽʜʥʦʾ ʪʨʫʙʠ. ʇʦʚʽʪʨʷʥʘ ʙʫʣʴʙʘʰʢʘ (ʩʥʘʨʷʜ) 

ʥʝ ʪʽʣʴʢʠ ʰʪʦʚʭʘʻ ʚʦʜʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʩʧʝʨʝʜʫ, ʘʣʝ ʡ ʪʷʛʥʝ ʚʦʜʫ ʟʘ ʩʦʙʦʶ ʟʘʚʜʷʢʠ 

ʧʽʜʩʤʦʢʪʫʚʘʥʥʶ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʰʚʠʜʢʠʤ ʨʫʭʦʤ ʙʫʣʴʙʘʰʦʢ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʝʨʝʢʘʯʫʚʘʥʥʷ 

ʨʽʜʠʥʠ ʪʘʢʠʡ ʨʝʞʠʤ ʻ ʦʧʪʠʤʘʣʴʥʠʤ [4]. 

ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʢʽʣʴʮʝʚʦʛʦ ʨʝʞʠʤʫ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʩʪʘʻ ʜʦʚʦʣʽ ʚʠʩʦʢʦʶ, ʦʩʢʽʣʴʢʠ 

ʩʘʤʝ ʚʦʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʟ ʥʘʧʨʫʞʝʥʥʷʤ ʟʩʫʚʫ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʧʦʚʽʪʨʷ-ʚʦʜʘ ʪʘ 

ʟʤʫʰʫʻ ʚʦʜʫ ʨʫʭʘʪʠʩʷ ʚʛʦʨʫ. ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ 

ʩʠʣʠ ʪʝʨʪʷ, ʱʦʙ ʧʣʽʚʢʘ ʨʽʜʠʥʠ ʨʫʭʘʣʘʩʷ ʚʛʦʨʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʝʨʣʽʬʪʥʠʡ ʥʘʩʦʩ ʜʽʻ ʟ 

ʥʠʟʴʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʝʚʠʩʦʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʨʦʙʦʪʠ ʝʨʣʽʬʪʥʦʛʦ ʥʘʩʦʩʫ 

ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʩʥʘʨʷʜʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʚ ʝʨʣʽʬʪʥʽʡ 

ʢʘʤʝʨʽ ʟ ʤʝʪʦʶ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʥʝʚʠʚʯʝʥʦʶ, ʥʝʚʽʜʦʤʽ ʦʧʪʠʤʘʣʴʥʽ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ. ʎʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ. ʇʨʦʚʝʜʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʦʟʨʦʙʣʝʥʦʤʫ ʩʪʝʥʜʽ ʟ ʨʽʟʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʦʚʽʪʨʷ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʟʚʦʣʦʞʫʚʘʯʘ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ: ʚ ʫʩʽʭ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʽʟ 

ʟʚʦʣʦʞʫʚʘʯʘ ʤʘʣʦ ʪʝʤʧʝʨʘʪʫʨʫ ʙʣʠʟʴʢʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʘ. ʅʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ɽʨʣʽʬʪʥʘ ʢʦʥʪʘʢʪʥʘ ʢʘʤʝʨʘ ʤʘʻ ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʧʨʦʩʪʠʤ ʙʘʨʙʦʪʘʞʝʤ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʦʢʨʝʤʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ 

ʟʚʦʣʦʞʫʚʘʯʘ. ɿʦʢʨʝʤʘ, ʩʪʨʫʢʪʫʨʘ ʝʤʫʣʴʛʦʚʘʥʦʛʦ ʰʘʨʫ ʥʝʦʜʥʦʨʽʜʥʘ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʜʚʦʬʘʟʥʦʛʦ ʧʦʪʦʢʫ; ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ (ʛʘʟʦʚʦʾ ʬʘʟʠ) ʽ ʚʦʜʠ 

ʚʩʝʨʝʜʠʥʽ ʝʤʫʣʴʛʦʚʘʥʦʛʦ ʰʘʨʫ ʧʝʨʝʙʫʚʘʻ ʤʽʞ ʩʦʙʦʶ ʫ ʧʝʚʥʽʡ ʟʘʣʝʞʥʦʩʪʽ; ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ ʝʨʣʽʬʪʥʦʾ ʢʘʤʝʨʠ ʧʝʨʝʙʫʚʘʻ ʫ ʧʨʷʤʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʛʨʽʪʦʾ ʚʦʜʠ. ʎʽ ʧʠʪʘʥʥʷ ʚʘʞʢʦ ʧʽʜʜʘʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʦʤʫ ʘʥʘʣʽʟʫ ʽ ʪʦʤʫ ʦʧʪʠʤʘʣʴʥʠʤ 

ʚʘʨʽʘʥʪʦʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʣʷ ʯʦʛʦ ʡ ʙʫʣʦ ʟʤʦʥʪʦʚʘʥʦ 

ʩʪʝʥʜ ʽʟ ʩʧʝʮʽʘʣʴʥʦ ʚʠʛʦʪʦʚʣʝʥʦʶ ʜʣʷ ʮʴʦʛʦ ʢʘʤʝʨʦʶ ʟʚʦʣʦʞʝʥʥʷ. ɺ ʧʦʜʘʣʴʰʦʤʫ 

ʧʣʘʥʫʻʪʴʩʷ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚʽʜ ʨʝʞʠʤ ʨʫʭʫ ʜʚʦʬʘʟʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʰʘʨ ʨʽʜʠʥʠ ʜʣʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʝʨʣʽʬʪʥʦʾ ʢʘʤʝʨʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄɽʊʆɼʆʃʆɻɯʏʅɯ ʇɯɼʍʆɼʀ ɼʆ ɸʅɸʃɯɿʋ ɾʀʊʊɭɺʆɻʆ ʎʀʂʃʋ (LCA) 

ʉʀʉʊɽʄ ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ʊɸ ɽʅɽʈɻʆʇʆʉʊɸʏɸʅʅʗ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʨʦʮʝʩʠ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʤʘʛʘʶʪʴ ʧʝʨʝʛʣʷʜʫ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʚʧʣʠʚʫ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʡ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ɿʤʝʥʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʢʠʜʽʚ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʨʦʣʽ ʧʨʠʻʜʥʘʥʦʛʦ ʚʫʛʣʝʮʶ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʶ 

ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʢʣʘʜʦʚʦʶ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ 

ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʜʦʚʢʽʣʣʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ 

ʘʥʘʣʽʟʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA) ʷʢ ʽʥʩʪʨʫʤʝʥʪʫ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. ʈʦʙʦʪʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʤʝʞ ʩʠʩʪʝʤʠ, ʚʠʙʦʨʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʜʠʥʠʮʽ, ʤʝʪʦʜʘʭ ʘʣʦʢʘʮʽʾ ʧʦʪʦʢʽʚ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʢʨʝʤʠʡ 

ʥʘʧʨʷʤ  ʩʮʝʥʘʨʥʠʡ ʽ ʜʠʥʘʤʽʯʥʠʡ LCA. ʉʮʝʥʘʨʥʠʡ ʧʽʜʭʽʜ ʤʦʜʝʣʶʻ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʦʩʠʩʪʝʤ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥ ʫ ʙʘʣʘʥʩʽ, ʪʝʭʥʦʣʦʛʽʷʭ ʽ ʧʦʣʽʪʠʢʘʭ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ. ɼʠʥʘʤʽʯʥʠʡ LCA 

ʚʨʘʭʦʚʫʻ ʯʘʩʦʚʽ ʘʩʧʝʢʪʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʽ ʩʪʨʦʢʠ ʩʣʫʞʙʠ ʦʙʣʘʜʥʘʥʥʷ. ɸʜʘʧʪʘʮʽʷ ʮʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦ ʥʘʮʽʦʥʘʣʴʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʦʶ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʪʘ ʘʥʘʣʽʟ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʟʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚ ʛʘʣʫʟʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʦʮʽʥʢʫ ʧʨʠʻʜʥʘʥʦʛʦ ʚʫʛʣʝʮʶ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ 

ʤʝʪʦʜʠʯʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ LCA. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʄʝʪʦʜʦʣʦʛʽʷ ʘʥʘʣʽʟʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʥʦʤʫ 

ʧʽʜʭʦʜʽ ʜʦ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʾʭ ʽʩʥʫʚʘʥʥʷ - ʚʽʜ 

ʚʠʜʦʙʫʪʢʫ ʩʠʨʦʚʠʥʠ ʜʦ ʫʪʠʣʽʟʘʮʽʾ. ɿʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʘʤʠ [1] ʪʘ [2] LCA ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʝʪʘʧʠ: ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʡ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʽʥʚʝʥʪʘʨʠʟʘʮʽʶ, ʦʮʽʥʢʫ 

ʝʢʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʮʽ ʝʪʘʧʠ - ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʪʠ ʪʘ ʦʙʩʷʛʫ, ʽʥʚʝʥʪʘʨʠʟʘʮʽʡʥʠʡ ʘʥʘʣʽʟ, ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ - ʽʟ 

ʧʽʜʢʨʝʩʣʝʥʥʷʤ ʾʭ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʡ ʽʪʝʨʘʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

 
ʈʠʩʫʥʦʢ 1 ī ʉʪʨʫʢʪʫʨʘ ʘʥʘʣʽʟʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʽʚ ISO 14040 ʪʘ 

ISO 14044 

 

ɼʣʷ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʢʣʶʯʦʚʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʩʠʩʪʝʤʠ ʪʘ ʚʠʙʽʨ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʜʠʥʠʮʽ - ʟʘʟʚʠʯʘʡ ʮʝ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʜʦʩʪʘʚʣʝʥʦʾ 
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ʩʧʦʞʠʚʘʯʫ. ʊʨʠʚʘʣʽʩʪʴ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʚʢʣʶʯʥʦ ʟ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʯʘʩʪʦʪʦʶ ʡʦʛʦ ʟʘʤʽʥʠ, ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʽ ʧʨʠʻʜʥʘʥʠʭ ʚʠʢʠʜʽʚ. 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ LCA ʻ ʘʣʦʢʘʮʽʷ - ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʤʽʞ ʨʽʟʥʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʘʙʦ ʬʫʥʢʮʽʷʤʠ ʩʠʩʪʝʤʠ. ʄʝʪʦʜ ʨʦʟʧʦʜʽʣʫ (ʟʘ ʤʘʩʦʶ, ʝʥʝʨʛʽʻʶ, ʝʢʦʥʦʤʽʯʥʦʶ 

ʚʘʨʪʽʩʪʶ ʘʙʦ ʯʝʨʝʟ ʨʦʟʰʠʨʝʥʥʷ ʩʠʩʪʝʤʠ) ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʧʦʪʨʝʙʫʻ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʦʮʽʥʮʽ ʧʨʠʻʜʥʘʥʦʛʦ ʚʫʛʣʝʮʶ (embodied carbon) - 

ʚʠʢʠʜʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʤʦʥʪʘʞʫ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʆʩʥʦʚʥʫ ʯʘʩʪʢʫ ʮʴʦʛʦ ʚʫʛʣʝʮʶ ʜʘʶʪʴ 

ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʠ, ʪʨʫʙʦʧʨʦʚʦʜʠ, ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʪʘ ʜʦʧʦʤʽʞʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

 
ʈʠʩʫʥʦʢ 2 ī ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʽ ʧʨʠʻʜʥʘʥʠʭ ʚʠʢʠʜʽʚ ʧʨʦʪʷʛʦʤ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘ EN 15978:2011 [3] 

 

ɻʨʘʬʽʢ ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʫʻ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʦʪʝʥʮʽʘʣʦʤ ʟʤʝʥʰʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ 

ʪʘ ʪʦʯʥʽʩʪʶ ʦʮʽʥʢʠ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʅʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʜʘʶʪʴ ʨʽʰʝʥʥʷ 

ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʭʦʯʘ ʪʦʯʥʽʩʪʴ ʪʦʜʽ ʥʠʟʴʢʘ. ʅʘ ʧʽʟʥʽʰʠʭ ʩʪʘʜʽʷʭ ʪʦʯʥʽʩʪʴ 

ʟʨʦʩʪʘʻ, ʘʣʝ ʧʦʪʝʥʮʽʘʣ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʟʤʝʥʰʫʻʪʴʩʷ. 

ɿʘ ʤʝʪʦʜʦʣʦʛʽʻʶ [3] ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʤʦʜʫʣʽ AïD, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʦʟʦʨʫ ʩʪʨʫʢʪʫʨʠʟʘʮʽʶ ʚʥʝʩʢʫ ʩʪʘʜʽʡ. ʂʦʥʮʝʧʮʽʷ whole-life carbon ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ 

ʚʧʣʠʚ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʦʯʥʠʭ ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʥʘʩʣʽʜʢʽʚ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ LCA ʧʦʚôʷʟʘʥʠʡ ʽʟ ʩʮʝʥʘʨʥʠʤ ʽ ʜʠʥʘʤʽʯʥʠʤ ʧʽʜʭʦʜʘʤʠ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʟʤʽʥʫ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ, ʪʝʭʥʦʣʦʛʽʡ ʽ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʩʠʩʪʝʤ ʫ 

ʯʘʩʽ, ʚʘʞʣʠʚʫ ʜʣʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ [4, 5]. ʈʠʩ. 3 ʽʣʶʩʪʨʫʻ ʢʦʥʮʝʧʮʽʶ 

ʩʮʝʥʘʨʥʦʛʦ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA) ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʜʝ 

ʧʦʻʜʥʘʥʦ ʩʪʘʥʜʘʨʪʥʫ ʩʪʨʫʢʪʫʨʫ ISO LCA (ʯʦʨʥʽ ʙʣʦʢʠ) ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ 

ʯʘʩʪʠʥʘʤʠ (ʩʠʥʽ ʙʣʦʢʠ). ʉʪʘʥʜʘʨʪʥʽ ʝʪʘʧʠ ʚʢʣʶʯʘʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʦʙʩʷʛʫ, 

ʽʥʚʝʥʪʘʨʠʟʘʮʽʡʥʠʡ ʘʥʘʣʽʟ, ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ. ɼʦ ʥʠʭ ʜʦʜʘʶʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʪʘ ʧʦʪʝʥʮʽʡʥʽ ʜʠʥʘʤʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʪʘʢʽ ʷʢ ʜʠʥʘʤʽʯʥʠʡ ʦʙʩʷʛ, ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ, 

ʩʠʩʪʝʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʜʠʥʘʤʽʯʥʝ ʟʚʘʞʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʯʘʩʦʚʽ 

ʟʤʽʥʠ ʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʙʘʣʘʥʩʽ, ʪʝʭʥʦʣʦʛʽʷʭ ʽ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʩʠʩʪʝʤ [4, 5]. ʎʝ 

ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʠʪʴ ʘʥʘʣʽʟ ʙʽʣʴʰ ʛʥʫʯʢʠʤ ʽ ʪʦʯʥʠʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ 

ʨʦʟʚʠʪʢʫ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. ʄʝʪʦʜʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʝʞ 

ʩʠʩʪʝʤʠ, ʚʠʙʦʨʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʜʠʥʠʮʽ, ʤʝʪʦʜʽʚ ʘʣʦʢʘʮʽʾ ʪʘ ʯʘʩʦʚʦʾ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ 

ʚʠʟʥʘʯʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ LCA ʽ ʻ ʦʢʨʝʤʠʤ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʫ ʪʝʧʣʦʪʝʭʥʽʮʽ. LCA 
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ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʘʥʘʣʽʟʫ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ - ʚʽʜ ʙʽʦʝʥʝʨʛʝʪʠʢʠ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʫ ʫʪʝʧʣʝʥʥʽ ʙʫʜʽʚʝʣʴ [6, 7]. 

 
ʈʠʩʫʥʦʢ 3 ī ʂʦʥʮʝʧʮʽʷ ʩʮʝʥʘʨʥʦʛʦ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ LCA ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ 

 

ɺ ʋʢʨʘʾʥʽ ʤʝʪʦʜʦʣʦʛʽʷ LCA ʧʦʩʪʫʧʦʚʦ ʚʭʦʜʠʪʴ ʫ ʥʘʫʢʦʚʫ, ʦʩʚʽʪʥʶ ʪʘ ʥʦʨʤʘʪʠʚʥʫ 

ʧʨʘʢʪʠʢʫ, ʭʦʯʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʝ. ʉʪʘʥʜʘʨʪʠ ISO [1, 2] ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʦʮʽʥʢʠ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʩʧʦʞʠʚʘʥʥʽ ʝʥʝʨʛʽʾ. 

ʈʦʟʚʠʪʦʢ ʤʝʪʦʜʦʣʦʛʽʾ ʩʪʨʠʤʫʻ ʜʝʬʽʮʠʪ ʜʘʥʠʭ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʧʣʘʪʬʦʨʤ, ʚʦʜʥʦʯʘʩ ʚʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ ʪʘ ʨʝʩʫʨʩʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʉʮʝʥʘʨʥʠʡ ʽ 

ʜʠʥʘʤʽʯʥʠʡ ʧʽʜʭʦʜʠ ʪʘ ʣʦʢʘʣʴʥʽ ʙʘʟʠ ʜʘʥʠʭ ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʽʰʝ ʦʮʽʥʶʚʘʪʠ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ 

ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʬʝʢʪ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʨʦʙʣʷʯʠ LCA ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ. 

ɺʠʩʥʦʚʢʠ. LCA - ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʨʝʢʪʥʦʛʦ ʚʠʙʦʨʫ ʤʝʞ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʜʠʥʠʮʽ ʪʘ ʤʝʪʦʜʽʚ ʘʣʦʢʘʮʽʾ. ʄʝʪʦʜʦʣʦʛʽʷ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʩʪʨʘʪʝʛʽʡ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ, ʩʪʚʦʨʶʶʯʠ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʾʾ ʙʽʣʴʰ 

ʰʠʨʦʢʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ɼʃʗ ʂʆʄʇʃɽʂʉʅʆɻʆ 

ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ɹʋɼɯɺɽʃʔ ɿɸʂʃɸɼɯɺ ʆʉɺɯʊʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʯʘʩʪʢʘ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʬʦʥʜʫ ʫ ʙʘʣʘʥʩʽ ʩʚʽʪʦʚʦʛʦ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ ʩʦʨʦʢʘ ʚʽʜʩʦʪʢʽʚ ʪʘ ʪʨʝʪʠʥʠ 

ʛʣʦʙʘʣʴʥʠʭ ʚʠʢʠʜʽʚ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʙʫʜʽʚʣʽ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʥʘʰʦʛʦ 

ʞʠʪʪʷ ʪʘ ʩʪʚʦʨʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʥʠʭ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʘʣʘʥʩʫ ʤʽʞ ʢʦʤʬʦʨʪʦʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʚʧʣʠʚʦʤ ʙʫʜʽʚʝʣʴ ʥʘ ʜʦʚʢʽʣʣʷ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ, ʘ ʡ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʭʥʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʬʽʥʘʥʩʦʚʫ ʜʦʮʽʣʴʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʙʫʜʽʚʣʽ ʻ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʶ ʧʨʦʮʝʜʫʨʦʶ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ 

ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʦʛʨʘʤʠ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʩʠʩʪʝʤʠ ʦʮʽʥʢʠ ʯʠʩʪʦʾ 

ʝʥʝʨʛʽʾ RETScreen, ʩʠʤʫʣʷʪʦʨʠ ʩʦʥʷʯʥʠʭ ʩʪʘʥʮʽʡ PVSol ʪʘ ʢʦʤʧʣʝʢʩʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʠʩʪʝʤ GeoT*SOL, ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʜʠʥʘʤʽʯʥʫ ʩʠʤʫʣʷʮʽʶ ʨʦʙʦʪʠ 

ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ, ʚʨʘʭʦʚʫʶʯʠ ʢʣʽʤʘʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʛʽʦʥʫ [1], ʛʨʘʬʽʢʠ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʨʤʽʥʠ ʦʢʫʧʥʦʩʪʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʽʯʥʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʣʽ ʟʘʢʣʘʜʫ ʦʩʚʽʪʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʢʦʤʧʣʝʢʩʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʙôʻʢʪʦʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʻ ʝʢʦʥʦʤʽʢʦ-ʧʨʘʚʦʚʠʡ ʣʽʮʝʡ 

ˉ1 ʟʘ ʘʜʨʝʩʦʶ: ʤ. ʏʦʨʥʦʤʦʨʩʴʢ, ʚʫʣ. ʐʢʽʣʴʥʘ, 8 (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ɽʢʦʥʦʤʽʢʦ-ʧʨʘʚʦʚʠʡ ʣʽʮʝʡ ˉ 1 ʚ ʤ. ʏʦʨʥʦʤʦʨʩʴʢ 

 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚ ʣʽʮʝʾ ʥʘʚʯʘʶʪʴʩʷ ʪʘ ʧʨʘʮʶʶʪʴ 670 ʦʩʽʙ. ʈʝʞʠʤ ʨʦʙʦʪʠ ʟʘʢʣʘʜʫ 

ʦʩʚʽʪʠ ʟ ʧʦʥʝʜʽʣʢʘ ʧʦ ʧôʷʪʥʠʮʶ ʟ 8:00 ʜʦ 21:30. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʦʙôʻʢʪʫ ʩʢʣʘʜʘʻ 3537,1 ʤ2, 

ʘ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ï 15951,0 ʤ3. ʉʧʦʨʫʜʘ ʥʘʣʽʯʫʻ ʪʨʠ ʧʦʚʝʨʭʠ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʩʦʪʘ ʦʜʥʦʛʦ 
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ʧʦʚʝʨʭʫ ʩʪʘʥʦʚʠʪʴ 3,29 ʤ. ʅʘʷʚʥʠʡ ʨʦʟʜʽʣʴʥʠʡ ʧʽʜʚʘʣ, ʥʝʦʧʘʣʶʚʘʣʴʥʝ ʛʦʨʠʱʝ. ʉʧʦʨʫʜʘ 

ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫ 1963 ʨʦʮʽ. ʉʠʩʪʝʤʘ ɻɺʇ ʚ ʟʘʢʣʘʜʽ ʚʽʜʩʫʪʥʷ. ɺʝʥʪʠʣʷʮʽʷ 

ʧʨʠʤʽʱʝʥʴ ʙʫʜʽʚʣʽ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʟ ʧʨʠʨʦʜʥʠʤ ʩʧʦʥʫʢʘʥʥʷʤ. ɺʠʜʘʣʝʥʥʷ ʧʦʚʽʪʨʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʚʝʥʪʠʣʷʮʽʡʥʽ ʢʘʥʘʣʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 

ʧʨʠʤʽʱʝʥʥʷ ʭʘʨʯʦʙʣʦʢʫ ʦʙʣʘʜʥʘʥʽ ʤʝʭʘʥʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʚʝʥʪʠʣʷʮʽʾ.  

ʂʦʤʧʣʝʢʩʥʝ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʘʣʦʩʷ ʟ ʪʨʴʦʭ ʥʝʟʘʣʝʞʥʠʭ ʝʪʘʧʽʚ. ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ RETScreen Expert [3] ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʙʘʟʦʚʫ 

ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʪʘ ʧʨʦʚʝʜʝʥʦ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ. ʈʦʟʨʘʭʦʚʘʥʦ ʟʘʛʘʣʴʥʝ 

ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ, ʷʢʝ ʩʪʘʥʦʚʠʪʴ å 353 ʄɺʪ*ʛʦʜ/ʨʽʢ . ʋ ʨʘʤʢʘʭ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ: ʫʪʝʧʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʪʘ ʜʘʭʫ ʤʽʥʝʨʘʣʴʥʦʶ ʚʘʪʦʶ, 

ʤʦʜʝʨʥʽʟʘʮʽʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʫʥʢʪʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ 

ʚʝʥʪʠʣʷʮʽʾ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ʪʝʧʣʘ. ʄʦʜʝʣʶʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʢʘʟʘʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ 

ʩʪʘʥʦʚʠʪʠʤʫʪʴ 386 474 ʻʚʨʦ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʨʦʩʪʠʡ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʧʨʦʝʢʪʫ 

ʩʢʣʘʜʝ å 19 ʨʦʢʽʚ, ʱʦ ʻ ʧʨʠʡʥʷʪʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʤʘʩʰʪʘʙʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ 

ʤʫʥʽʮʠʧʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʫ ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ PVSol [4] 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʨʠʚʠʤʽʨʥʫ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʜʣʷ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʘʣʫ ʩʦʥʷʯʥʦʾ 

ʛʝʥʝʨʘʮʽʾ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʟʤʽʱʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ 

 

ʇʨʦʛʨʘʤʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʫʚʘʚ ʨʦʟʤʽʱʝʥʥʷ 78 ʩʦʥʷʯʥʠʭ ʤʦʜʫʣʽʚ ʧʦ 450 ɺʪ   

(56  ï ʥʘ ʧʣʦʩʢʦʤʫ ʜʘʭʫ ʩʧʦʨʪʟʘʣʠ, 22 ï ʥʘ ʩʢʘʪʥʦʤʫ ʧʽʜ ʢʫʪʦʤ 30Ü). ʈʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʷʮʽʾ 

ʧʽʜʪʚʝʨʜʠʣʠ ʛʝʥʝʨʘʮʽʶ 39 738 ʢɺʪĿʛʦʜ/ʨʽʢ. ʆʩʢʽʣʴʢʠ ʤʘʢʩʠʤʫʤ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʧʘʜʘʻ ʥʘ 

ʣʽʪʥʽʡ ʧʝʨʽʦʜ, ʧʝʨʝʜʙʘʯʝʥʦ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʧʘʨʘʣʝʣʴʥʦ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʝʣʝʢʪʨʦʤʝʨʝʞʝʶ: 

ʣʽʪʥʽ ʥʘʜʣʠʰʢʠ ʝʥʝʨʛʽʾ ʝʢʩʧʦʨʪʫʚʘʪʠʤʫʪʴʩʷ ʚ ʤʝʨʝʞʫ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʠʤʦʚʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ. ʊʘʢʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʽʯʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʙʘʣʘʥʩ ʣʽʮʝʶ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʩʦʢʦʚʘʨʪʽʩʥʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ GeoT*SOL [5] ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ GeoT*SOL ʙʫʣʦ ʧʦʨʽʚʥʷʥʦ ʩʠʩʪʝʤʫ ʪʠʧʫ 

ʧʦʚʽʪʨʷ-ʚʦʜʘ ʪʘ ʛʝʦʪʝʨʤʘʣʴʥʫ ʩʠʩʪʝʤʫ ʪʠʧʫ ˇʨʫʥʪ-ʚʦʜʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1. 

 

 



 

176 

 

ʊʘʙʣʠʮʷ 1 ï ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʆɽʉ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʾʾ ʨʦʙʦʪʠ 

ʇʦʢʘʟʥʠʢ ʊʝʧʣʦʚʠʡ ʥʘʩʦʩ ʪʠʧʫ 

ʧʦʚʽʪʨʷ-ʚʦʜʘ 

ʊʝʧʣʦʚʠʡ ʥʘʩʦʩ ʪʠʧʫ 

ˇʨʫʥʪ-ʚʦʜʘ 

ɺʠʨʦʙʣʝʥʘ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʪʝʧʣʦʚʠʤ 

ʥʘʩʦʩʦʤ, ʢɺʪĿʛʦʜ/ʨʽʢ 

201 818 296 624 

ɿʘʛʘʣʴʥʘ ʩʧʦʞʠʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ 

ʩʠʩʪʝʤʦʶ, ʢɺʪĿʛʦʜ/ʨʽʢ 

202 235 125 148 

ʉʝʟʦʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ (ʉʆʈ) 

3,73 4,13 

ʉʝʟʦʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʩʽʻʾ ʩʠʩʪʝʤʠ (ʉʆʈ) (ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʘ) 

1,73 2,81 

ʏʘʩʪʢʘ ʧʦʢʨʠʪʪʷ ʪʝʧʣʦʚʦʾ ʧʦʪʨʝʙʠ 

ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ, % 

58 85 

ʏʘʩʪʢʘ ʧʨʷʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʦʛʨʽʚʫ 

ʩʠʩʪʝʤʦʶ, % 

42 15 

 

ʉʠʤʫʣʷʮʽʷ ʨʦʙʦʪʠ ʧʦʚʽʪʨʷʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʡʦʛʦ ʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʫʤʦʚ ʤʽʩʮʝʚʦʛʦ ʢʣʽʤʘʪʫ: ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʩʠʩʪʝʤʘ ʧʦʢʨʠʚʘʻ ʣʠʰʝ 58 % 

ʨʽʯʥʦʾ ʧʦʪʨʝʙʠ ʫ ʪʝʧʣʽ. ʈʝʰʪʫ 42 % ʧʦʪʨʝʙʠ ʚ ʪʝʧʣʦʚʽʡ ʝʥʝʨʛʽʾ ʟʘʙʝʟʧʝʯʫʻ ʝʣʝʢʪʨʠʯʥʠʡ 

ʥʘʛʨʽʚʘʯ ʧʨʷʤʦʾ ʜʽʾ, ʯʝʨʝʟ ʱʦ ʟʘʛʘʣʴʥʠʡ ʉʆʈ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻ 1,73. ʅʘʪʦʤʽʩʪʴ ʪʝʧʣʦʚʠʡ 

ʥʘʩʦʩ ʛʨʫʥʪ-ʚʦʜʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʝ ʧʦʢʨʠʪʪʷ 85 % ʟʘʛʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʉʆʈ 

ʥʘʩʦʩʘ ʥʘ ʨʽʚʥʽ 4,13 ʪʘ ʟʘʛʘʣʴʥʠʤ ʉʆʈ ʩʠʩʪʝʤʠ ï 2,81. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʫʩʧʽʰʥʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʫʜʽʚʣʽ ʝʢʦʥʦʤʽʢʦ-ʧʨʘʚʦʚʦʛʦ ʣʽʮʝʶ ˉ1 ʤ. ʏʦʨʥʦʤʦʨʩʴʢ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʨʴʦʭ ʥʝʟʘʣʝʞʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʦʟʚʦʣʠʣʦ ʥʝ ʣʠʰʝ ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʘʣʝ ʡ 

ʧʽʜʪʚʝʨʜʠʪʠ ʬʽʥʘʥʩʦʚʫ ʜʦʮʽʣʴʥʽʩʪʴ ʧʨʦʝʢʪʫ ʟʽ ʩʪʨʦʢʦʤ ʦʢʫʧʥʦʩʪʽ ʫ ʜʝʚôʷʪʥʘʜʮʷʪʴ ʨʦʢʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʪʠʧʫ ˇʨʫʥʪ-ʚʦʜʘ ʨʘʟʦʤ ʽʟ ʩʦʥʷʯʥʦʶ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʢʨʠʪʠʯʥʦ 

ʥʝʦʙʭʽʜʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚ ʩʠʩʪʝʤʽ ʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɻʈɸʄʅɯ ɿɸʉʆɹʀ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ɼʃʗ ɸʅɸʃɯɿʋ 

ɽʅɽʈɻʆʉʀʉʊɽʄ ʇʈʆʄʀʉʃʆɺʀʍ ʇɯɼʇʈʀɭʄʉʊɺ: HOMER PRO, TRNSYS, 

TIMES ʊɸ ENERGYPLAN

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʏʦʨʥʘ ʤʝʪʘʣʫʨʛʽʷ ʪʨʘʜʠʮʽʡʥʦ ʥʘʣʝʞʠʪʴ 

ʜʦ ʙʘʟʦʚʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ. ɿʘ ʧʽʜʩʫʤʢʘʤʠ 2024 ʨʦʢʫ ʚʥʝʩʦʢ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʩʝʢʪʦʨʫ ʫ ɺɺʇ ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 7,2 %, ʘ ʯʘʩʪʢʘ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ ʫ ʩʪʨʫʢʪʫʨʽ ʝʢʩʧʦʨʪʫ 

ʪʦʚʘʨʽʚ ï 15,4 % [1]. ʋ 2025 ʨʦʮʽ ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʝʚʦʾ ʧʨʦʜʫʢʮʽʾ ʜʦʩʷʛʣʦ 6,52 ʤʣʥ ʪ, ʘ 

ʚʥʫʪʨʽʰʥʻ ʩʧʦʞʠʚʘʥʥʷ ʟʨʦʩʣʦ ʥʘ 21,7 % ʧʦʨʽʚʥʷʥʦ ʟ 2024 ʨʦʢʦʤ [2]. ɿʘ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʦʮʽʥʢʘʤʠ, ʩʪʘʣʝʣʠʚʘʨʥʠʡ ʩʝʢʪʦʨ ʟʘʙʝʟʧʝʯʫʻ ʙʣʠʟʴʢʦ 20 % ʟʘʛʘʣʴʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʜʦ 8 % ʢʽʥʮʝʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʝʢʦʥʦʤʽʢʠ [5]. ɼʦ 2022 ʨʦʢʫ 

ʤʝʪʘʣʫʨʛʽʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʋʢʨʘʾʥʠ ʬʦʨʤʫʚʘʣʠ ʙʣʠʟʴʢʦ 23 % ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [6]. ɺʠʩʦʢʘ ʯʘʩʪʢʘ ʧʘʣʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʩʢʣʘʜʥʘ ʤʽʞʛʘʣʫʟʝʚʘ ʩʪʨʫʢʪʫʨʘ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʟʥʘʯʥʘ ʨʦʣʴ ʛʘʣʫʟʽ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʦʙʫʤʦʚʣʶʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʾʾ ʚʧʣʠʚʫ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʙʘʣʘʥʩ ʋʢʨʘʾʥʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʠʪʘʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʪʘ 

ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʨʦʙʦʪʘʭ ʂʫʮʘ ɻ.ʆ. ʪʘ 

ʊʝʩʣʝʥʢʘ ʆ.ɯ. [3, 4], ʜʝ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʦʭʦʧʣʶʻ 

ʧʨʷʤʫ ʪʝʭʥʦʣʦʛʽʯʥʫ, ʧʦʚʥʫ ʪʘ ʽʥʪʝʛʨʘʣʴʥʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʚʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʽʩʪʦʪʥʦ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢʠ ʧʨʷʤʦʛʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʢʩʫ, ʘʛʣʦʤʝʨʘʪʫ, ʦʢʘʪʠʰʽʚ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʋ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʧʨʘʢʪʠʮʽ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʠʩʪʝʤ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. 

ɿʦʢʨʝʤʘ, HOMER Pro ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʤʽʢʨʦʤʝʨʝʞ [7], TRNSYS ï ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʩʠʩʪʝʤ [9, 10], TIMES 

ï ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ [13, 14], ʘ 

EnergyPLAN ï ʜʣʷ ʘʥʘʣʽʟʫ ʙʘʣʘʥʩʽʚ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʮʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʪʦʩʦʚʥʦ ʟʘʜʘʯ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʝʜʦʩʪʘʪʥʴʦ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʚʽʜʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ï HOMER Pro, TRNSYS, TIMES ʪʘ 

EnergyPLAN ï ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ 

ʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʩʠʩʪʝʤ ʧʽʜʧʨʠʻʤʩʪʚ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʋʢʨʘʾʥʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. HOMER Pro (Hybrid Optimization of Multiple Energy 

Resources) ï ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʢʦʤʧʘʥʽʾ HOMER Energy (UL Solutions, ʉʐɸ) ʜʣʷ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʦʶ 

ʛʝʥʝʨʘʮʽʻʶ. ɹʘʟʦʚʠʤ ʧʨʠʥʮʠʧʦʤ ʻ ʨʦʟʨʘʭʫʥʦʢ ʧʦʛʦʜʠʥʥʦʛʦ ʙʘʣʘʥʩʫ ʝʥʝʨʛʽʾ ʧʨʦʪʷʛʦʤ ʨʦʢʫ 

(8 760 ʛʦʜʠʥ) ʽʟ ʧʦʜʘʣʴʰʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʾ ʯʠʩʪʦʾ 

ʧʨʠʚʝʜʝʥʦʾ ʚʘʨʪʦʩʪʽ (NPC). ʇʨʦʛʨʘʤʘ ʚʠʢʦʥʫʻ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʟʤʽʥʠ ʪʘʨʠʬʽʚ, ʚʘʨʪʦʩʪʽ 

ʧʘʣʠʚʘ ʪʘ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ [7, 8]. ʇʽʜʭʽʜ ʜʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʻ ʩʧʨʦʱʝʥʠʤ: ʚʽʜʩʫʪʥʻ 

ʛʽʜʨʘʚʣʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ, ʘ ʤʦʜʝʣʴ CHP ʧʨʘʮʶʻ ʥʘ ʬʽʢʩʦʚʘʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʧʦʪʫʞʥʦʩʪʽ [8]. HOMER Pro ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 
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ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʥʪʽʚ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ. ʃʽʮʝʥʟʽʷ ʻ ʩʪʨʦʢʦʚʦʶ (ʟʘʟʚʠʯʘʡ 1 ʨʽʢ); ʜʦʩʪʫʧʥʘ ʘʢʘʜʝʤʽʯʥʘ 

ʚʝʨʩʽʷ. 

TRNSYS (TRaNsient SYStems Simulation) ï ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ 

ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʠʡ ʫ 1970-ʭ ʨʦʢʘʭ ʫ ʃʘʙʦʨʘʪʦʨʽʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ɺʽʩʢʦʥʩʽʥʘïʄʝʜʽʩʦʥ, ʉʐɸ (ʧʦʪʦʯʥʘ ʚʝʨʩʽʷ ï 18.05.0001, 2023). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʙʘʣʘʥʩʥʠʭ ʤʝʪʦʜʽʚ, TRNSYS ʨʝʘʣʽʟʫʻ ʧʦʢʨʦʢʦʚʠʡ ʫ ʯʘʩʽ ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʦʞʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ 

ʧʝʨʝʭʽʜʥʽ ʨʝʞʠʤʠ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʘ [9, 10]. ʉʪʘʥʜʘʨʪʥʘ ʙʽʙʣʽʦʪʝʢʘ ʤʽʩʪʠʪʴ ʙʣʠʟʴʢʦ 

150 ʢʦʤʧʦʥʝʥʪʽʚ: ʢʦʪʣʠ, ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ, ʌɽ-ʤʦʜʫʣʽ, CHP-ʫʩʪʘʥʦʚʢʠ, ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ, 

ʙʘʛʘʪʦʟʦʥʥʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ (Type 56 / TRNBuild). ʇʨʦʛʨʘʤʘ ʻ ʝʪʘʣʦʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ SRCC ʪʘ ENV 12977-2, ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ASHRAE 140 ʽ ASHRAE 90.1. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ GenOpt, MATLAB, 

Python [11, 12]. ʃʽʮʝʥʟʽʷ ʻ ʙʝʟʩʪʨʦʢʦʚʦʶ. 

TIMES (The Integrated MARKAL -EFOM System) ï ʛʝʥʝʨʘʪʦʨ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ 

ʤʦʜʝʣʝʡ, ʨʦʟʨʦʙʣʝʥʠʡ ʫ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ IEA ETSAP (ʢʦʥʩʦʨʮʽʫʤ ʧʦʥʘʜ 20 ʢʨʘʾʥ). ʇʦʪʦʯʥʘ 

ʚʝʨʩʽʷ ï v4.8.1 (2024); ʚʠʭʽʜʥʠʡ ʢʦʜ ʚʽʜʢʨʠʪʠʡ (GPL-3.0, GitHub). TIMES ʤʽʥʽʤʽʟʫʻ ʩʫʤʘʨʥʫ 

ʜʠʩʢʦʥʪʦʚʘʥʫ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʚʝʩʴ ʛʦʨʠʟʦʥʪ ʤʦʜʝʣʶʚʘʥʥʷ (ʜʦ 2100 ʨ.) ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʙʘʣʘʥʩʦʚʠʭ ʦʙʤʝʞʝʥʴ ʽ ʟʘʜʘʥʠʭ ʮʽʣʴʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʯʘʩʪʢʘ ɺɼɽ, ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ 

CO ) [13, 14]. ɸʨʭʽʪʝʢʪʫʨʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘʚʢʦʣʦ ʈʝʬʝʨʝʥʩʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (RES). 

ʇʨʦʛʨʘʤʘ ʧʽʜʪʨʠʤʫʻ ʛʥʫʯʢʫ ʯʘʩʦʚʫ ʜʝʪʘʣʽʟʘʮʽʶ (12ï288 ʟʨʽʟʽʚ ʥʘ ʨʽʢ), ʙʘʛʘʪʦʨʝʛʽʦʥʘʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʛʨʘʥʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ (MAC). ɺ ʋʢʨʘʾʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɯɽʇ ʅɸʅ ʋʢʨʘʾʥʠ ʫ ʚʠʛʣʷʜʽ ʤʦʜʝʣʽ TIMES-Ukraine (ʙʣʠʟʴʢʦ 

2 050 ʪʝʭʥʦʣʦʛʽʡ). ɼʣʷ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʝ ʢʦʤʝʨʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ GAMS ʪʘ ʽʥʪʝʨʬʝʡʩ 

VEDA2.0 (ʘʙʦ ʙʝʟʢʦʰʪʦʚʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ xl2times). 

EnergyPLAN (Advanced Energy System Analysis Computer Model) ï ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʨʽʚʥʽ ʢʨʘʾʥʠ ʘʙʦ ʨʝʛʽʦʥʫ, ʨʦʟʨʦʙʣʝʥʝ ʫ 

1999 ʨʦʮʽ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬ. ɻ. ʃʫʥʜʘ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ ʆʣʴʙʦʨʛʘ, ɼʘʥʽʷ (ʧʦʪʦʯʥʘ ʚʝʨʩʽʷ 

ï 16.3, 2024). ʇʨʦʛʨʘʤʘ ʨʝʘʣʽʟʫʻ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʤʦʜʝʣʴ çʚʭʽʜïʚʠʭʽʜè: ʨʦʟʨʘʭʫʥʦʢ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʙʘʣʘʥʩʽʚ ʜʣʷ ʚʩʽʭ ʩʝʢʪʦʨʽʚ (ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʪʨʘʥʩʧʦʨʪ, Power-to-X) ʫ ʢʦʞʥʽʡ ʟ 8 760 ʛʦʜʠʥ ʨʦʢʫ. 

EnergyPLAN ʥʘʜʘʻ ʚʠʙʽʨ ʤʽʞ ʩʪʨʘʪʝʛʽʷʤʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ: ʪʝʭʥʽʯʥʘ ʪʘ ʨʠʥʢʦʚʘ ʦʧʪʠʤʽʟʘʮʽʷ. 

ʈʦʟʨʘʭʫʥʦʢ ʦʜʥʦʛʦ ʨʽʯʥʦʛʦ ʩʮʝʥʘʨʽʶ ʟʘʡʤʘʻ ʢʽʣʴʢʘ ʩʝʢʫʥʜ. ʇʨʦʛʨʘʤʘ ʧʦʰʠʨʶʻʪʴʩʷ ʷʢ 

ʙʝʟʢʦʰʪʦʚʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʦʥʘʜ 80 ʢʨʘʾʥʘʭ; ʥʘ ʾʾ ʦʩʥʦʚʽ 

ʚʠʢʦʥʘʥʦ ʩʦʪʥʽ ʨʝʮʝʥʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʽʥʪʝʛʨʫʻʪʴʩʷ ʟ EPLANopt ʘʙʦ MATLAB Toolbox for 

EnergyPLAN. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʻ 

ʚʟʘʻʤʦʜʦʧʦʚʥʶʚʘʣʴʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ: HOMER Pro ï ʜʣʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ 

ʚʘʨʽʘʥʪʽʚ ʤʽʢʨʦʤʝʨʝʞʽ ʪʘ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ; TRNSYS ï ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ 

ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽ ʩʠʩʪʝʤ ʙʫʜʽʚʣʽ; TIMES ï ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ; EnergyPLAN ï ʜʣʷ 

ʘʥʘʣʽʟʫ ʤʽʞʩʝʢʪʦʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʽʚ ʥʘ ʨʽʚʥʽ ʨʝʛʽʦʥʫ ʘʙʦ ʢʨʘʾʥʠ. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤ ʧʽʜʧʨʠʻʤʩʪʚ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʜʦʮʽʣʴʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʧʽʜʭʦʜʽʚ: 

TIMES ï ʥʘ ʝʪʘʧʽ ʩʪʨʘʪʝʛʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʬʽʛʫʨʘʮʽʾ; TRNSYS ʘʙʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ʩʠʤʫʣʷʪʦʨʠ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ ï ʥʘ ʝʪʘʧʽ ʜʝʪʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʨʘʥʦʛʦ ʚʘʨʽʘʥʪʫ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʂʆʄʇʃɽʂʉʅɸ ʆʎɯʅʂɸ ʇʆʊɽʅʎɯɸʃʋ ɺʇʈʆɺɸɼɾɽʅʅʗ 

ɺɯɼʅʆɺʃʖɺɸʃʔʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ ɼʃʗ ɼʆʉʗɻʅɽʅʅʗ ʉʊɸʅɼɸʈʊʋ 

NZEB ʅɸ ʇʈʀʂʃɸɼɯ ʅɸɺʏɸʃʔʅʆɻʆ ɿɸʂʃɸɼʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿ 1 ʢʚʽʪʥʷ 2025 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ ʥʘʙʫʣʠ 

ʯʠʥʥʦʩʪʽ ʚʠʤʦʛʠ ʜʦ ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʝʤ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ (nZEB) 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʢʘʟʫ ʄʽʥʨʦʟʚʠʪʢʫ ˉ 168 ʚʽʜ 06.02.2025 [1]. ʂʣʶʯʦʚʘ ʚʠʤʦʛʘ ʥʘʢʘʟʫ ï ʥʦʚʽ 

ʙʫʜʽʚʣʽ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ çɸè, ʘ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʽ ï çɺè. ʊʘʢʦʞ 

ʚʦʥʠ ʧʦʚʠʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦ ʟʥʠʞʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʟ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, 

ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʚʘʪʠ ʩʚʦʾ ʧʦʪʨʝʙʠ ʟʘ ʨʘʭʫʥʦʢ ɺɼɽ. ɺ ʫʤʦʚʘʭ ʻʚʨʦʧʝʡʩʴʢʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʧʦʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʮʷ ʚʠʤʦʛʘ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ: ʧʦʥʘʜ 

70 % ʙʫʜʽʚʝʣʴ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʟʙʫʜʦʚʘʥʦ ʜʦ 1990 ʨ. ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʣʘʩʦʤ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ FïG. ʇʦʪʦʯʥʘ ʧʨʘʢʪʠʢʘ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʰʢʽʣ ʟʜʝʙʽʣʴʰʦʛʦ 

ʦʙʤʝʞʫʻʪʴʩʷ ʟʘʭʦʜʘʤʠ ʱʦʜʦ ʫʪʝʧʣʝʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʻʶ 

ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʪʦʜʽ ʷʢ ʧʠʪʘʥʥʷ ʜʦʩʷʞʥʦʩʪʽ nZEB-ʩʪʘʪʫʩʫ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ 

ʦʙô̒ ʢʪʽʚ ʯʝʨʝʟ ʚʝʨʠʬʽʢʦʚʘʥʝ ʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ɺɼɽ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʜʦʩʣʽʜʞʝʥʠʤ. ʎʝ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʨʝʘʣʴʥʘ ʙʫʜʽʚʣʷ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʩʪʘʥʜʘʨʪʫ nZEB ʪʘ ʷʢʽ ʢʨʦʢʠ ʟʘʣʠʰʘʶʪʴʩʷ ʜʣʷ ʡʦʛʦ ʜʦʩʷʛʥʝʥʥʷ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʈʦʟʨʦʙʢʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʟʘʢʣʘʜʫ ʦʩʚʽʪʠ, 

ʚʝʨʠʬʽʢʦʚʘʥʦʾ ʥʘ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʦʮʽʥʢʦʶ ʪʝʭʥʽʯʥʦʛʦ ʡ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤ ɺɼɽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʥʜʘʨʪʫ nZEB. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʣʽʮʝʡ ˉ 1, ʤ. ʅʦʚʦʚʦʣʠʥʩʴʢ, 

ɺʦʣʠʥʩʴʢʦʾ ʦʙʣ., ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʘ ʙʫʜʽʚʣʷ ʇ ï ʧʦʜʽʙʥʦʾ ʬʦʨʤʠ 1959 ʨ. ʧʦʙʫʜʦʚʠ. 

ʆʧʘʣʶʚʘʥʘ ʧʣʦʱʘ ʩʪʘʥʦʚʠʪʴ 4 275 ʤĮ, ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʙʫʚʘʶʯʠʭ ʣʶʜʝʡ ï 670 ʦʩʽʙ. 

ʇʽʜ ʫʩʽʻʶ ʧʣʦʱʝʶ ʟʥʘʭʦʜʠʪʴʩʷ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʽʜʚʘʣ. 

 ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʫ ʜʚʘ ʝʪʘʧʠ: 

1. ɿʙʽʨ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ: ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʟʘ 2021ï2023 ʨʨ.; ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ. 

2. ʉʪʚʦʨʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ DesignBuilder 

/ EnergyPlus: 3D ï ʛʝʦʤʝʪʨʽʷ, ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘ ʬʘʢʪʠʯʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ, ʨʦʟʨʘʭʫʥʦʢ ʪʨʴʦʭ 

ʩʮʝʥʘʨʽʾʚ. 

ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʣʽʮʝʶ, ʢʦʪʨʽ ʩʫʪʪʻʚʦ 

ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʠʥʥʠʤ ʥʦʨʤʘʤ [2], ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1 ï ʆʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ 

 ʆʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 
ʆʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʤ2Ŀʂ/ɺʪ 

ɹʘʟʦʚʠʡ ʅʦʨʤʘʪʠʚʥʠʡ 

1 ɿʦʚʥʽʰʥʽ ʩʪʽʥʠ 1,2 4 

2 ʉʚʽʪʣʦʧʨʦʟʦʨʽ ʢʦʥʩʪʨʫʢʮʽʾ 0,45 0,9 

3 ɿʦʚʥʽʰʥʽ ʜʚʝʨʽ 0,49 0,7 

4 ɻʦʨʠʱʥʝ ʧʝʨʝʢʨʠʪʪʷ  1,4 6 
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ɺʝʨʠʬʽʢʘʮʽʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɸʥʘʣʽʟ ʨʘʭʫʥʢʽʚ ʟʘ 2021ï2023 ʨʨ. ʚʠʷʚʠʚ ʩʝʨʝʜʥʻ 

ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 433 ɻʢʘʣ/ʨʽʢ, ʝʣʝʢʪʨʠʯʥʦʾ ï 25 757 ʢɺʪĿʛʦʜ/ʨʽʢ. ʍʘʨʘʢʪʝʨʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʦʙô̒ ʢʪʘ ʻ ʨʝʞʠʤ çʥʝʜʦʛʨʽʚʫè, ʪʦʙʪʦ ʬʘʢʪʠʯʥʝ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 25 % ʥʠʞʯʝ 

ʥʦʨʤʘʪʠʚʥʦʛʦ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʛʽʜʨʘʚʣʽʯʥʠʤ ʨʦʟʙʘʣʘʥʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʪʠʤ, ʱʦ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ [3]. ʈʝʟʫʣʴʪʘʪʠ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 2 ï ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 1 %. 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪ ʚʝʨʠʬʽʢʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ 

ʄʦʜʝʣʴ ɯʩʪʦʨʠʯʥʝ Actual Baseline Proposed 

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 

ɸʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ 25 757 25 776,15 99 109,71 99 109,71 

ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ 

ɸʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ 550 041 550 370 689 680 86 357 

ɿʘʛʘʣʴʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ɸʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ 575 798 576 146 788 790 185 467 

ɿʥʠʞʝʥʥʷ ï ï ï 
76 % ʚʽʜ ʙʘʟʦʚʦʛʦ 

68 % ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ 

 

ɺ ʝʥʝʨʛʝʪʠʯʥʽʡ ʤʦʜʝʣʽ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʪʨʠ ʩʮʝʥʘʨʽʾ. ʌʘʢʪʠʯʥʠʡ ï ʧʦʪʦʯʥʠʡ ʩʪʘʥ. 

ɹʘʟʦʚʠʡ ï ʚʽʜʪʚʦʨʶʻ ʥʦʨʤʘʪʠʚʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʤʦʜʝʨʥʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ 

ʦʮʽʥʠʪʠ ʨʝʘʣʴʥʫ ʧʨʦʙʣʝʤʫ ʥʝʜʦʛʨʽʚʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ï ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ: ʫʪʝʧʣʝʥʥʷ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʨʝʢʦʥʩʪʨʫʢʮʽʷ ɯʊʇ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʢʫʧʝʨʘʪʦʨʘ ʪʝʧʣʦʪʠ 

ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʝʞʠʤʫ ʦʧʘʣʝʥʥʷ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʝ 

ʧʦʨʽʚʥʷʥʥʷ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʩʮʝʥʘʨʽʾʚ, ʟ ʟʘʟʥʘʯʝʥʠʤ ʝʬʝʢʪʦʤ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʷ 3 ï ʇʦʝʪʘʧʥʝ ʧʦʨʽʚʥʷʥʥʷ 

ɿʘʭʽʜ ɼʦ, ʢɺʪĿʛʦʜ ʇʽʩʣʷ, ʢɺʪĿʛʦʜ ɽʢʦʥʦʤʽʷ, ʢɺʪĿʛʦʜ/ % 

Actual ï Baseline 

ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʥʦʨʤʘʪʠʚʥʦʾ 

ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ 

550 370 656 140 ï105 770 ï19,22 

ʅʦʨʤʫʚʘʥʥʷ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ 
656 140 590 220 65 920 11,98 

ʅʦʨʤʫʚʘʥʥʷ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ 
590 220 689 680 ï99 460 ï18,07 

ʇʦʨʽʚʥʷʥʥʷ 550 370 689 680 ï139 310 ï25,31 

ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ 

ʅʦʨʤʫʚʘʥʥʷ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ 
25 776,15 99 109,71 ï73 333,56 ï284,71 

Baseline ï Proposed 

ʋʪʝʧʣʝʥʥʷ 689 680 288 829 400 851 72,83 

ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʨʝʢʫʧʝʨʘʪʦʨʘ 
288 829 152 960 135 869 24,69 

ʄʦʜʝʨʥʽʟʘʮʽʷ ɯʊʇ 152 960 115 268 37 692 6,85 

ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ 

ʨʝʞʠʤʫ ʦʧʘʣʝʥʥʷ 

115 268 86 357 28 911 5,25 
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ɯʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʇʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʧʣʦʟʘʭʠʩʪʫ 

ʦʙʦʣʦʥʢʠ ʨʦʟʨʦʙʣʝʥʦ ʜʚʽ ʥʝʟʘʣʝʞʥʽ ʩʠʩʪʝʤʠ ɺɼɽ, ʱʦ ʧʦʢʨʠʚʘʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɺ ʪʘʙʣ. 4 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʶʚʘʥʥʷ. 

ʊʘʙʣʠʮʷ 4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ɺɼɽ  

ʉʠʩʪʝʤʘ ɺɼɽ 
ʇʦʢʨʠʪʪʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʦʚʘʜʞʝʥʥʷ, ʢɺʪĿʛʦʜ 
ʏʘʩʪʢʘ ʧʦʢʨʠʪʪʷ, % 

ʌɽʉ (128,87 ʤ2; 58 ʤʦʜʫʣʽʚ; 

26,1 ʢɺʪ ï ʧʽʢ) 

27 819 (ʛʝʥʝʨʘʮʽʷ) 

10 653 (ʧʦʢʨʠʪʪʷ) 
41,3 

ʊʝʧʣʦʚʠʡ ʥʘʩʦʩ ˇʨʫʥʪ ï ʚʦʜʘ 

(35,5 ʢɺʪ; SPF 4; 14 ʩʢʚʘʞʠʥ)  
112 709 75 

 

ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʧʨʦʚʝʜʝʥʽ ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʛʦ ʦʙôʻʢʪʫ [4] ʤʦʞʥʘ ʜʽʡʪʠ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ, ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʽʥʪʝʛʨʘʮʽʶ ɺɼɽ 

ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʥʫʪʠ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ï çɺè.  

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʜʚʦʩʪʘʜʽʡʥʘ ʤʝʪʦʜʠʢʘ ʟʘʙʝʟʧʝʯʠʣʘ ʚʝʨʠʬʽʢʘʮʽʶ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʟ ʚʽʜʭʠʣʝʥʥʷʤ ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʤʝʥʰʝ ʥʽʞ ʚ ʦʜʠʥ ʚʽʜʩʦʪʦʢ, ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʮʝ ʧʽʜʪʚʝʨʜʞʫʻ ʾʾ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʜʦʩʪʦʚʽʨʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʫ ʚʽʜ ʟʘʭʦʜʽʚ 

ʝʥʝʨʛʦʤʦʜʝʨʥʽʟʘʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʟʘʭʠʩʪʫ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʨʝʢʦʥʩʪʨʫʢʮʽʷ ɯʊʇ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ  ʨʝʢʫʧʝʨʘʪʦʨʽʚ ʪʝʧʣʦʪʠ 

ʚ ʩʠʩʪʝʤʽ ʤʝʭʘʥʽʯʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʝʞʠʤʫ ʦʧʘʣʝʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 76 % ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʦʛʦ ʩʮʝʥʘʨʽʶ. ɯʥʪʝʛʨʘʮʽʷ ʜʚʦʭ 

ʩʠʩʪʝʤ ɺɼɽ: ʌɽʉ ʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ (ˇʨʫʥʪ ï ʚʦʜʘ) ʜʦʟʚʦʣʷʻ ʧʦʢʨʠʪʠ 41,3 % ʧʦʪʨʝʙʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʽ 75 % ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʘʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. 

ɼʦʩʷʛʥʫʪʠʡ ʢʣʘʩ çɺè ʫ ʧʦʻʜʥʘʥʥʽ ʟʽ ʟʥʘʯʥʦʶ ʯʘʩʪʢʦʶ ɺɼɽ ʚʽʜʧʦʚʽʜʘʻ ʢʣʶʯʦʚʽʡ ʚʠʤʦʟʽ 

ʥʘʢʘʟʫ ʄʽʥʨʦʟʚʠʪʢʫ ˉ 168 ʚʽʜ 06.02.2025 ʱʦʜʦ ʩʪʘʥʜʘʨʪʫ nZEB, ʭʦʯʘ ʦʩʪʘʪʦʯʥʝ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʪʘʪʫʩʫ ʧʦʪʨʝʙʫʻ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʤʝʪʦʜʦʣʦʛʽʻʶ ʥʘʢʘʟʫ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɼʝʷʢʽ ʧʠʪʘʥʥʷ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚʠʤʦʛ ʜʦ ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʝʤ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ : ʅʘʢʘʟ ʄ-ʚʘ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜ ʪʘ ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʠ ʚʽʜ 06.02.2025 ˉ 

168 : ʩʪʘʥʦʤ ʥʘ 1 ʢʚʽʪ. 2025 ʨ. URL: https://zakon.rada.gov.ua/laws/show/z0284-25#Text (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 26.02.2026). 

 2. ɼɹʅ ɺ.2.6-31:2021 ʊʝʧʣʦʚʘ ʽʟʦʣʷʮʽʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. ʂ.: ʄʽʥʨʝʛʽʦʥ 

ʋʢʨʘʾʥʠ, 2022. 27 ʩ. 

 3. ɼʇçʋʢʨʅɼʅʎè. ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʽʜ ʯʘʩ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ, ʦʩʚʽʪʣʝʥʥʽ ʪʘ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɼʇçʋʢʨʅɼʅʎè, 2022. 152 ʩ. 

 4. ʃʻʥʢʦʚ ɼ. ɭ., ʗʮʝʥʢʦ ʆ. ɯ. ɿʥʠʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʧʦʪʨʝʙʠ 

ʦʧʘʣʝʥʥʷ ʥʦʚʦʚʦʣʠʥʩʴʢʦʛʦ ʣʽʮʝʶ ˉ 1. ʍʍɯɯ ʤʽʞʥʘʨʦʜʥʦʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠè, 

2025. ï 3 ʩʪ. 

https://zakon.rada.gov.ua/laws/show/z0284-25#Text
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ʋɼʂ 697.1 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʃʻʥʢʦʚ ɼ. ɭ. 

ĭ ʉʪ.ʚʠʢʣ., ʢ.ʪ.ʥ. ʐʝʚʯʝʥʢʦ ʆ. ʄ. 

  https://scholar.google.com/citations?user=7gLsQIwAAAAJ&hl=ru 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʋʅɯɺɽʈʉɸʃʔʅɯ ɿɸʍʆɼʀ ɿ ɽʅɽʈɻʆɿɹɽʈɽɾɽʅʅʗ ɺ ɹʋɼɯɺʃʗʍ: 

ʉʀʉʊɽʄɸʊʀɿɸʎɯʗ ʊɸ ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɾʠʪʣʦʚʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠ ʥʘʣʽʯʫʻ ʧʦʥʘʜ 

180 ʪʠʩ. ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ, ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʷʢʠʭ ʟʙʫʜʦʚʘʥʘ ʜʦ 1990 ʨʦʢʫ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ ʧʠʪʦʤʠʤʠ ʚʠʪʨʘʪʘʤʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʩʪʘʥʦʚʠʪʴ 200ï350 ʢɺʪĿʛʦʜ/ʤĮ ʥʘ ʨʽʢ, ʱʦ ʚʜʚʽʯʽ-ʚʪʨʠʯʽ ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʘʪʠʚʠ ʢʨʘʾʥ ɭʉ [3]. 

ɿ 2019 ʨʦʢʫ ɼʋ çʌʦʥʜ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽè ʨʝʘʣʽʟʫʻ ʧʨʦʛʨʘʤʫ çɽʥʝʨʛʦʜʽʤè, ʷʢʘ ʥʘʜʘʻ 

ʛʨʘʥʪʠ ʆʉɹɹ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ. ʉʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ 2024 ʨʦʢʫ ʧʦ 

437 ʆʉɹɹ ʧʦʚʥʽʩʪʶ/ʯʘʩʪʢʦʚʦ ʟʘʚʝʨʰʝʥʦ ʙʫʜʽʚʝʣʴʥʽ ʨʦʙʦʪʠ, ʘ ʧʦ 218 ʧʨʦʝʢʪʘʭ ʦʪʨʠʤʘʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʜʘʥʽ ʧʨʦ ʝʢʦʥʦʤʽʶ ʝʥʝʨʛʽʾ [1]. ʅʘʷʚʥʽʩʪʴ ʮʴʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʚʽʜʢʨʠʚʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʦʙôʻʢʪʠʚʥʦʾ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʟʘʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʦʛʦ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʜʦʩʚʽʜʫ, ʱʦ ʽ ʚʠʟʥʘʯʘʻ ʤʝʪʫ ʮʽʻʾ ʨʦʙʦʪʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʽʜʢʨʠʪʽ ʜʘʥʽ ɼʋ çʌʦʥʜ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽè: ʟʚʽʪ ʧʨʦ ʜʽʷʣʴʥʽʩʪʴ ʟʘ 2024 ʨʽʢ [1] ʪʘ ʨʝʻʩʪʨ ʧʨʦʝʢʪʽʚ çʇʝʨʰʽ 

ʣʘʩʪʽʚʢʠè [2], ʱʦ ʤʽʩʪʷʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 10 ʧʨʦʝʢʪʽʚ ʧʨʦʛʨʘʤʠ çɽʥʝʨʛʦʜʽʤè ʟ ʜʝʪʘʣʴʥʠʤʠ 

ʟʘʭʦʜʘʤʠ. ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʥʦ ʟʚʝʜʝʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦ 218 ʧʦʚʥʽʩʪʶ ʟʘʚʝʨʰʝʥʠʭ ʽ 

ʚʝʨʠʬʽʢʦʚʘʥʠʭ ʧʨʦʝʢʪʘʭ, ʧʦ ʷʢʠʭ ʥʘʷʚʥʽ ʧʽʜʪʚʝʨʜʞʝʥʽ ʜʘʥʽ ʧʨʦ ʝʢʦʥʦʤʽʶ ʝʥʝʨʛʽʾ. ɿʘʭʦʜʠ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʟʘ ʜʚʦʤʘ ʧʘʢʝʪʘʤʠ ï çɸè (ʙʘʟʦʚʠʡ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ) ʪʘ 

çɹè (ʢʦʤʧʣʝʢʩʥʠʡ, ʚʢʣʶʯʘʻ ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ). ɼʣʷ ʢʦʞʥʦʾ 

ʛʨʫʧʠ ʨʦʟʨʘʭʦʚʘʥʦ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ, ʩʝʨʝʜʥʶ ʚʘʨʪʽʩʪʴ ʧʨʦʝʢʪʫ ʪʘ ʧʠʪʦʤʫ 

ʚʘʨʪʽʩʪʴ ʟʝʢʦʥʦʤʣʝʥʦʛʦ ʢɺʪĿʛʦʜ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʚ 

ʽʩʥʫʶʯʠʭ, ʪʘʢ ʽ ʚ ʥʦʚʠʭ ʙʫʜʽʚʣʷʭ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʛʽʜʥʦ ʟʽ ʟʚʽʪʦʤ ʌʦʥʜʫ [1], ʩʪʘʥʦʤ ʥʘ 31.12.2024 ʧʦ ʟʘʚʝʨʰʝʥʠʭ 

ʪʘ ʚʝʨʠʬʽʢʦʚʘʥʠʭ ʧʨʦʝʢʪʘʭ ʧʨʦʛʨʘʤʠ çɽʥʝʨʛʦʜʽʤè ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 ï  ɿʚʝʜʝʥʽ ʧʦʢʘʟʥʠʢʠ ʟʘʚʝʨʰʝʥʠʭ ʧʨʦʻʢʪʽʚ (ʩʪʘʥʦʤ ʥʘ 23.12.2024) 

ʇʦʢʘʟʥʠʢ ʇʘʢʝʪ ɸ ʇʘʢʝʪ ɹ ʈʘʟʦʤ 

ʂʽʣʴʢʽʩʪʴ ʟʘʚʝʨʰʝʥʠʭ ʧʨʦʝʢʪʽʚ, ʦʜ. 76 124 218 

ʉʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ, % 27,2 35,2 31,8 

ʈʽʯʥʘ ʝʢʦʥʦʤʽʷ ʝʥʝʨʛʽʾ, ʪʠʩ. ʢɺʪĿʛʦʜ/ʨʽʢ 35 259 63 191 98 450 

ʉʝʨʝʜʥʷ ʚʘʨʪʽʩʪʴ ʧʨʦʻʢʪʫ, ʤʣʥ ʛʨʥ 1,16 8,65 ï 

ɸʥʘʣʽʟ ʧʝʨʝʣʽʢʫ ʟʘʭʦʜʽʚ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʨʦʛʨʘʤʦʶ, ʪʘ ʜʘʥʠʭ ʨʝʻʩʪʨʫ çʇʝʨʰʽ 

ʣʘʩʪʽʚʢʠè [2] ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʠʧʦʚʠʡ ʩʢʣʘʜ ʢʦʞʥʦʛʦ ʧʘʢʝʪʫ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʷ 2 ï  ʊʠʧʦʚʽ ʟʘʭʦʜʠ ʟʘ ʧʘʢʝʪʘʤʠ ʧʨʦʛʨʘʤʠ çɽʥʝʨʛʦʜʽʤè ʪʘ ʾʭ ʯʘʩʪʦʪʘ 

ɿʘʭʽʜ ʇʘʢʝʪ ɸ ʇʘʢʝʪ ɹ ʏʘʩʪʦʪʘ  

ɺʩʪʘʥʦʚʣʝʥʥʷ/ʤʦʜʝʨʥʽʟʘʮʽʷ ɯʊʇ + + 9/10 

ʊʝʧʣʦʽʟʦʣʷʮʽʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʦʧʘʣʝʥʥʷ + + 9/10 

ɻʽʜʨʘʚʣʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ + + 8/10 

ɿʘʤʽʥʘ ʟʦʚʥʽʰʥʽʭ ʜʚʝʨʝʡ / ʚʽʢʦʥ ʄɿʂ + + 5/10 

ʊʝʧʣʦʽʟʦʣʷʮʽʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ - + 3/10 

ʊʝʧʣʦʽʟʦʣʷʮʽʷ ʜʘʭʫ ʪʘ ʧʽʜʚʘʣʫ - + 2/10 
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ɹʽʣʴʰ ʥʘʦʯʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʟ ʚʽʜʩʦʪʢʦʤ ʧʦ ʢʦʞʥʦʤʫ ʟʘʭʦʜʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.  

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʧʦʜʽʣ ʟʘʭʦʜʽʚ ʟʘ ʯʘʩʪʦʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʫ ʚʝʨʠʬʽʢʦʚʘʥʠʭ ʧʨʦʻʢʪʘʭ  

 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʪʨʠ ʟʘʭʦʜʠ ʻ ʩʧʨʘʚʜʽ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ: ʤʦʜʝʨʥʽʟʘʮʽʷ 

ɯʊʇ, ʪʝʧʣʦʽʟʦʣʷʮʽʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʛʽʜʨʘʚʣʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ï ʧʨʠʩʫʪʥʽ 

ʫ 80ï90 % ʧʨʦʻʢʪʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʘʢʝʪʫ, ʨʝʛʽʦʥʫ ʪʘ ʪʠʧʫ ʙʫʜʠʥʢʫ. ʉʘʤʝ ʚʦʥʠ ʬʦʨʤʫʶʪʴ 

ʦʩʥʦʚʫ ʧʘʢʝʪʫ çɸè, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʝʨʝʜʥʶ ʝʢʦʥʦʤʽʶ 27,2 % ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʭ 

ʚʠʪʨʘʪʘʭ (~ 1,16 ʤʣʥ ʛʨʥ ʥʘ ʧʨʦʻʢʪ) ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʙʝʟ ʧʨʠʚôʷʟʢʠ ʜʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʫʜʽʚʣʽ. ɼʦʜʘʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ (ʧʘʢʝʪ çɹè) ʧʽʜʚʠʱʫʻ ʩʝʨʝʜʥʽʡ ʝʬʝʢʪ ʜʦ 35,2 %, ʧʨʦʪʝ ʚʘʨʪʽʩʪʴ ʟʨʦʩʪʘʻ ʤʘʡʞʝ 

ʫ 7,5 ʨʘʟʽʚ (ʜʦ 8,65 ʤʣʥ ʛʨʥ ʥʘ ʧʨʦʻʢʪ). 

ʂʣʶʯʦʚʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʧʠʪʦʤʘ ʚʘʨʪʽʩʪʴ ʟʝʢʦʥʦʤʣʝʥʦʾ ʝʥʝʨʛʽʾ: ʜʣʷ 

ʧʘʢʝʪʫ çɸè ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ 2,5 ʛʨʥ/ʢɺʪĿʛʦʜ, ʪʦʜʽ ʷʢ ʜʣʷ ʧʘʢʝʪʫ çɹè ï 20 ʛʨʥ/ʢɺʪĿʛʦʜ, ʪʦʙʪʦ 

ʫ 8 ʨʘʟʽʚ ʙʽʣʴʰʝ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʞʥʘ ʛʨʠʚʥʷ, ʚʢʣʘʜʝʥʘ ʚ ʙʘʟʦʚʫ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʶ 

(ʧʘʢʝʪ çɸè), ʜʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ. ɺʠʙʽʨ ʤʽʞ ʧʘʢʝʪʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʠʥʢʫ ʪʘ ʥʘʷʚʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ: ʜʣʷ ʚʽʜʥʦʩʥʦ ʥʦʚʠʭ ʘʙʦ ʚʞʝ ʯʘʩʪʢʦʚʦ 

ʫʪʝʧʣʝʥʠʭ ʙʫʜʽʚʝʣʴ ʧʘʢʝʪ çɸè ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ, ʪʦʜʽ ʷʢ ʜʣʷ 

ʙʫʜʠʥʢʽʚ, ʟʙʫʜʦʚʘʥʠʭ ʜʦ 1970ïʭ ʨʨ. ʽʟ ʥʝʟʘʜʦʚʽʣʴʥʠʤ ʩʪʘʥʦʤ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʘʢʝʪ çɹè ʻ ʩʪʨʘʪʝʛʽʯʥʦ ʢʨʘʱʠʤ ʚʠʙʦʨʦʤ ʟ ʦʛʣʷʜʫ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʧʽʜʪʚʝʨʜʞʝʥʦʾ ʨʽʯʥʦʾ ʝʢʦʥʦʤʽʾ ʧʦ 218 ʧʨʦʻʢʪʘʭ ʩʪʘʥʦʚʠʪʴ 

98 450 ʪʠʩ. ʢɺʪĿʛʦʜ/ʨʽʢ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ ʚʠʢʠʜʽʚ CO  ʥʘ 28 710 ʪʦʥʥ/ʨʽʢ, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 132 ʪ CO  ʥʘ ʦʜʠʥ ʧʨʦʻʢʪ ʽ ʦʭʦʧʣʶʻ ʧʦʥʘʜ 20 ʪʠʩ. ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ [1]. ʎʝʡ 

ʧʦʢʘʟʥʠʢ ʧʽʜʢʨʝʩʣʶʻ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʽʯʥʫ, ʘ ʡ ʢʣʽʤʘʪʠʯʥʫ ʟʥʘʯʠʤʽʩʪʴ ʤʘʩʰʪʘʙʥʦʾ 

ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ. ɿʘ ʦʮʽʥʢʘʤʠ ʄɽɸ [3], ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʻ ʦʜʥʠʤ 

ʽʟ ʥʘʡʙʽʣʴʰ ʨʝʥʪʘʙʝʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʤʽʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ï ̔  ʫʢʨʘʾʥʩʴʢʽ 

ʜʘʥʽ ʧʨʦʛʨʘʤʠ çɽʥʝʨʛʦʜʽʤè ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʮʶ ʪʝʟʫ ʥʘ ʧʨʘʢʪʠʮʽ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦʝʢʪʫ ʧʨʦʛʨʘʤʠ çɽʥʝʨʛʦʜʽʤè ɼʋ çʌʦʥʜ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽè ʚʩʪʘʥʦʚʣʝʥʦ: 

ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʟʘʭʦʜʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ ʻ ʤʦʜʝʨʥʽʟʘʮʽʷ ɯʊʇ, ʪʝʧʣʦʽʟʦʣʷʮʽʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʛʽʜʨʘʚʣʽʯʥʝ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ï ʚʦʥʠ ʧʨʠʩʫʪʥʽ ʫ 80ï90 % ʨʝʘʣʽʟʦʚʘʥʠʭ ʧʨʦʝʢʪʽʚ, 

ʬʦʨʤʫʶʯʠ ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʧʘʢʝʪʫ çɸè. ʉʝʨʝʜʥʽʡ ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʨʽʚʝʥʴ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ ʫ 
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ʟʘʚʝʨʰʝʥʠʭ ʧʨʦʝʢʪʘʭ ʩʪʘʥʦʚʠʪʴ 31,8 %: ʜʣʷ ʧʘʢʝʪʫ çɸè ï  27,2 %, ʜʣʷ ʧʘʢʝʪʫ çɹè ï  35,2 %. 

ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʰʠʨʝʥʠʡ ʧʘʢʝʪ çɸè ʻ ʝʬʝʢʪʠʚʥʽʰʠʤ: ʧʠʪʦʤʘ ʚʘʨʪʽʩʪʴ 

ʟʝʢʦʥʦʤʣʝʥʦʾ ʝʥʝʨʛʽʾ  (~ 2,5 ʛʨʥ/ʢɺʪĿʛʦʜ) ʤʘʡʞʝ ʫ 8 ʨʘʟʽʚ ʥʠʞʯʘ, ʥʽʞ ʜʣʷ ʧʘʢʝʪʫ çɹè 

(~ 20 ʛʨʥ/ʢɺʪĿʛʦʜ). 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʝʨʰʦʯʝʨʛʦʚʠʭ 

ʟʘʭʦʜʽʚ ʧʨʠ ʨʦʟʨʦʙʮʽ ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɯɼɺʀʑɽʅʅʗ ʈɯɺʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʊɸ ʊɽʇʃʆɺʆɻʆ ʂʆʄʌʆʈʊʋ 

ɹʋɼɯɺʃɯ ɻʆʊɽʃʖ çʉɯʂʆʈʉʔʂʀʁè

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʠʪʘʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʘʶʪʴ ʦʜʥʠʤʠ ʟ ʢʣʶʯʦʚʠʭ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ ʙʫʜʽʚʥʠʮʪʚʦ 

ʛʦʪʝʣʽʚ. ɿʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ, ʧʽʜʚʠʱʝʥʽ ʝʢʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ ʪʘ 

ʧʦʩʠʣʝʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʠʥʢʫ ʩʪʠʤʫʣʶʶʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦ ʧʦʰʫʢʫ ʥʦʚʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʙ 

ʜʦʟʚʦʣʠʣʠ ʟʥʠʟʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ, ʧʦʢʨʘʱʠʪʠ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʢʦʤʬʦʨʪ ʜʣʷ ʛʦʩʪʝʡ ʽ ʧʝʨʩʦʥʘʣʫ [1]. ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ. ɺʠʩʦʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʦʛʦ ʩʝʢʪʦʨʫ ʪʘ ʟʥʘʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʠʢʦʧʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʦʛʦ 

ʬʦʥʜʫ ʙʫʜʽʚʝʣʴ ʽ ʘʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʪʘ ʚʽʪʨʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʚʠʥʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ [2]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ 

ʨʦʣʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ ʟʤʝʥʰʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ɻʝʪʫʥ ʽ ʂʦʰʝʚʘ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʨʦʟʚʠʪʦʢ ʩʦʥʷʯʥʦʾ, ʚʽʪʨʦʚʦʾ ʪʘ 

ʙʽʦʝʥʝʨʛʝʪʠʢʠ ʜʦʟʚʦʣʷʻ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦ ʩʢʦʨʦʪʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ, 

ʧʽʜʚʠʱʠʪʠ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʪʘ ʟʥʠʟʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ [3]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʂʦʟʘʯʫʢʘ ʽ ʇʝʪʨʝʥʢʘ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʫ ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ ʝʢʦʥʦʤʽʢʠ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʶ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʧʦʨʪʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʜʦʩʷʛʥʝʥʥʶ ʢʣʽʤʘʪʠʯʥʠʭ ʮʽʣʝʡ ʋʢʨʘʾʥʠ [4].  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɸʥʘʣʽʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʛʦʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʪʝʧʣʦʚʦʛʦ 

ʢʦʤʬʦʨʪʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʜʘʥʥʦʾ ʙʫʜʽʚʣʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʛʦʩʪʴʦʚʠʡ ʙʫʜʠʥʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ 

ʤʽʩʪʽ ʂʠʻʚʽ, ʥʘ ʧʨʦʩʧʝʢʪʽ ɹʝʨʝʩʪʝʡʩʴʢʦʤʫ, 37 ɹ. ɹʫʜʽʚʣʷ ʟʚʝʜʝʥʘ ʫ 1907 ʨʦʮʽ, ʤʘʻ ʪʨʠ 

ʧʦʚʝʨʭʠ. ʋ ʙʫʜʽʚʣʽ ʚʩʪʘʥʦʚʣʝʥʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʙʝʟ ʘʚʪʦʨʝʛʫʣʶʚʘʥʥʷ. 

ʆʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʦʪʝʣʴʥʦʾ ʙʫʜʽʚʣʽ ʚʠʢʦʥʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʦʾ 

ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʠʪʦʤʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʦʧʘʣʝʥʥʽ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʛʦʪʝʣʴ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ çBè. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʘʜʦʚʽʣʴʥʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ, ʚʦʜʥʦʯʘʩ 

ʽʩʥʫʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʾʾ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʨʽʰʝʥʴ [5]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ GeoT*SOL ʜʣʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʦʙʨʘʥʦ 

ˇʨʫʥʪʦʚʠʡ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ Dimplex SI 70 TUR ʥʦʤʽʥʘʣʴʥʦ å 69,8 ʢɺʪ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʘʻ 

ʚʠʱʠʡ ʩʝʟʦʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʧʦʞʠʚʘʻ ʤʝʥʰʝ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʥʠʞʯʽ ʨʽʯʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʚʽʪʨʷʥʠʤ ʚʘʨʽʘʥʪʦʤ. ʇʦʧʨʠ ʙʽʣʴʰʽ 

ʧʦʯʘʪʢʦʚʽ ʽʥʚʝʩʪʠʮʽʾ, ʪʘʢʝ ʨʽʰʝʥʥʷ ʻ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʽʰʠʤ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ 

ʪʘ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʽʚ ʫ ʧʽʢʦʚʽ ʧʝʨʽʦʜʠ. ʅʘ ʨʠʩ. 1 

ʧʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽʟ ʩʦʥʷʯʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ T*Sol. ɹʫʣʘ ʦʙʨʘʥʘ ʩʠʩʪʝʤʘ ʽʟ ʚʘʢʫʫʤʥʠʤ ʩʦʥʷʯʥʠʤ ʢʦʣʝʢʪʦʨʦʤ Vitosol 200-T 

SD2 2m2 ʟʽ ʩʪʫʧʝʥʝʤ ʟʘʤʽʱʝʥʥʷ 60 %.  
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ʈʠʩʫʥʦʢ 1 ï ɽʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʅʘ ʨʠʩ. 2 ʛʨʘʬʽʯʥʦ ʧʦʢʘʟʘʥʦ ʯʘʩʪʢʫ, ʷʢʫ ʧʦʢʨʠʚʘʻ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʧʦʪʨʝʙʠ ʫ ʥʘʛʨʽʚʘʥʥʽ ʚʦʜʠ. 

 
ʈʠʩʫʥʦʢ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʘʢʫʫʤʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ 

 

ʅʘ ʛʨʘʬʽʢʫ ʚʠʜʥʦ, ʱʦ ʩʠʩʪʝʤʘ ʟ ʚʘʢʫʫʤʥʠʤʠ ʩʦʥʷʯʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʘʙʽʣʴʥʝ ʧʦʢʨʠʪʪʷ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ ʧʦʪʨʝʙ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. ʋ 

ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʛʨʽʚʫ ʚʦʜʠ, ʪʦʜʽ ʷʢ ʫ 

ʭʦʣʦʜʥʽ ʤʽʩʷʮʽ ʟʨʦʩʪʘʻ ʨʦʣʴ ʜʦʧʦʤʽʞʥʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʘ. ʋʨʘʭʫʚʘʥʥʷ ʚʪʨʘʪ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ 

ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʪʝʧʣʘ ʧʽʜʪʚʝʨʜʞʫʻ ʨʝʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ. 

ɿʘʛʘʣʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʦʪʨʝʙʫ ʚ ʪʝʧʣʦʚʽʡ ʝʥʝʨʛʽʾ 

ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʧʨʠʙʣʠʟʥʦ ʚ 2 ʨʘʟʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʣʽ ʪʘ 

ʩʢʦʨʦʯʫʻ ʩʧʦʞʠʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʜʘʭʦʚʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʠʢʦʥʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 

PV*SOL premium. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʦʪʦʤʦʜʫʣʽ ʚʠʨʦʙʥʠʢʘ JA Solar 

Holdings Co., ʤʦʜʝʣʴ JAM 72S20-450/MR. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʪʘʥʮʽʷ ʟʘʙʝʟʧʝʯʫʻ 

ʯʘʩʪʢʦʚʝ ʧʦʢʨʠʪʪʷ ʧʦʪʨʝʙ ʙʫʜʽʚʣʽ: ʦʩʥʦʚʥʘ ʛʝʥʝʨʘʮʽʷ ʧʨʠʧʘʜʘʻ ʥʘ ʚʝʩʥʷʥʦ-ʣʽʪʥʽʡ ʧʝʨʽʦʜ, 

ʢʦʣʠ ʤʦʞʣʠʚʠʡ ʥʘʜʣʠʰʦʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʦʜʽ ʷʢ ʫʟʠʤʢʫ ʧʝʨʝʚʘʞʘʻ ʩʧʦʞʠʚʘʥʥʷ ʟ ʤʝʨʝʞʽ. 
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ʆʪʞʝ, ʽʩʥʫʶʯʘ ʧʦʪʫʞʥʽʩʪʴ ʩʠʩʪʝʤʠ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʘʚʪʦʥʦʤʥʦʩʪʽ ʪʘ 

ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʦʥʷʯʥʠʭ 

ʧʘʥʝʣʝʡ ʥʘ ʜʘʭʫ ʛʦʪʝʣʶ. 

 
ʈʠʩʫʥʦʢ 3 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʾʾ ʨʦʟʧʦʜʽʣ 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʫʻ ʣʠʰʝ ʯʘʩʪʢʦʚʝ ʧʦʢʨʠʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʪʨʝʙʫʻ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʘʚʪʦʥʦʤʥʦʩʪʽ ʙʫʜʽʚʣʽ. ʋ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ ʧʣʘʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʠʢ ʦʮʽʥʢʠ ʨʽʚʥʷ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʙʫʜʽʚʣʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ RETScreen ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʛʦʪʝʣʶ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʥʠʞʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʨʝʢʫʧʝʨʘʮʽʾ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʙʣʠʟʴʢʦ 

60 % ʩʧʨʠʷʶʪʴ ʩʫʪʪʻʚʦʤʫ ʟʤʝʥʰʝʥʥʶ ʪʝʧʣʦʚʪʨʘʪ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʥʠʞʫʻ ʟʘʛʘʣʴʥʝ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ. ʇʨʦʚʝʜʝʥʘ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʜʦʟʚʦʣʠʣʘ ʩʢʦʨʦʪʠʪʠ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʙʽʣʴʰ ʥʽʞ ʥʘ 90 %, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʶ ʚʠʪʨʘʪ.  

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʩʫʪʪʻʚʦ 

ʩʢʦʨʦʯʫʻ ʩʧʦʞʠʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʽ ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʣʽ. 

ɺʦʜʥʦʯʘʩ ʯʝʨʝʟ ʩʝʟʦʥʥʽ ʪʘ ʧʦʛʦʜʥʽ ʢʦʣʠʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢʽ 

ʩʠʩʪʝʤʠ ʥʝ ʤʦʞʫʪʴ ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʝʙʠ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʦʧʘʣʝʥʥʽ ʪʘ ʛʘʨʷʯʦʤʫ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʽ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʨʦʢʫ. ʊʦʤʫ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʧʦʻʜʥʘʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʘʙʦ ʨʝʟʝʨʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ. ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʥʘʜʽʡʥʽʩʪʶ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

SMART ENERGY SYSTEM ɼʃʗ ʋʂʈɸɰʅʀ ɺ ʋʄʆɺɸʍ ɺɯʁʅʀ 

 ʊɸ ʅɽʉʊɸɹɯʃʔʅʆɰ ɻɽʅɽʈɸʎɯɰ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ ʁ ʊɽʇʃɸ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʫʤʦʚʘʭ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʜʣʷ 

ʋʢʨʘʾʥʘ ʨʽʟʢʦ ʟʨʦʩʣʘ ʟʥʘʯʫʱʽʩʪʴ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʨʽʚʥʽ ʤʽʩʪ ʽ ʾʭʥʽʭ ʨʘʡʦʥʽʚ, 

ʦʩʢʽʣʴʢʠ ʨʠʟʠʢʠ ʬʽʟʠʯʥʠʭ ʫʰʢʦʜʞʝʥʴ ʛʝʥʝʨʫʶʯʠʭ ʦʙôʻʢʪʽʚ ʽ ʤʝʨʝʞ ʧʦʻʜʥʫʶʪʴʩʷ ʟ 

ʦʙʤʝʞʝʥʦʶ ʜʦʩʪʫʧʥʽʩʪʶ ʤʘʥʝʚʨʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʢʦʣʠʚʘʥʥʷʤʠ ʛʝʥʝʨʘʮʽʾ. ɿʘ 

ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʦʮʽʥʢʘʤʠ International Energy Agency, ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʟʘʟʥʘʣʘ ʤʘʩʰʪʘʙʥʠʭ 

ʚʪʨʘʪ ʽ ʧʦʰʢʦʜʞʝʥʴ, ʱʦ ʧʽʜʩʠʣʶʻ ʧʦʪʨʝʙʫ ʫ ʰʚʠʜʢʦ ʨʦʟʛʦʨʪʘʥʠʭ, ʤʦʜʫʣʴʥʠʭ ʨʽʰʝʥʥʷʭ, 

ʟʜʘʪʥʠʭ ʧʽʜʪʨʠʤʫʚʘʪʠ ʝʣʝʢʪʨʦ- ʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʽʜ ʯʘʩ ʚʽʜʢʣʶʯʝʥʴ [1].  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʂʦʥʮʝʧʮʽʷ SES, ʨʦʟʚʠʥʫʪʘ ʍ. ʃʫʥʜʦʤ, ʜʦʚʦʜʠʪʴ 

ʧʝʨʝʚʘʛʠ ʤʽʞʩʝʢʪʦʨʘʣʴʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ 4-ʛʦ ʧʦʢʦʣʽʥʥʷ ʥʘʜ ʩʫʪʦ 

ʝʣʝʢʪʨʠʯʥʠʤʠ Smart Grids. ɺ ʋʢʨʘʾʥʽ ɼʝʥʠʩʶʢ ʉ. ʪʘ ɹʻʣʦʭʘ ɻ. ʜʦʩʣʽʜʠʣʠ ʤʦʜʝʣʽ çEnergy 

Smart Communityè ʪʘ ʪʨʘʥcʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʞʠʚʘʯʘʤʠ [2, 3]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʩʴʢʠʭ ʨʘʡʦʥʽʚ ʥʘ ʙʘʟʽ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʫʯʘʩʥʘ ʢʦʥʮʝʧʮʽʷ ʨʦʟʫʤʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ (Smart Energy 

Systems ï SES), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʫʟʴʢʦʩʝʢʪʦʨʘʣʴʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʨʝʞ (Smart Grids), 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʤʽʞʩʝʢʪʦʨʘʣʴʥʦʾ ʩʠʥʝʨʛʽʾ. ʆʩʥʦʚʥʦʶ ʽʜʝʻʶ SES ʻ 

ʛʣʠʙʦʢʘ ʽʥʪʝʛʨʘʮʽʷ ʝʣʝʢʪʨʠʯʥʦʛʦ, ʪʝʧʣʦʚʦʛʦ, ʛʘʟʦʚʦʛʦ ʩʝʢʪʦʨʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ ʩʠʩʪʝʤʠ. ʋ ʨʦʟʨʽʟʽ 

ʤʽʩʴʢʠʭ ʛʨʦʤʘʜ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʭʽʜ ʜʦ ʤʦʜʝʣʽ çʝʥʝʨʛʝʪʠʯʥʦʾ 

ʢʦʤʽʨʢʠè ʨʘʡʦʥʫ, ʷʢʘ ʟʜʘʪʥʘ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ ʫ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʤʝʨʝʞ [2, 4]. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʧʨʠʥʮʠʧʦʤ ʧʦʙʫʜʦʚʠ SES ʻ ʨʦʣʴ ʘʢʪʠʚʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ï ʩʫʙôʻʢʪʘ, 

ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʩʧʦʞʠʚʘʻ ʪʘ ʛʝʥʝʨʫʻ ʝʥʝʨʛʽʶ. ʈʦʟʫʤʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʥʝ ʣʠʰʝ 

ʤʘʢʩʠʤʽʟʫʻ ʚʣʘʩʥʝ ʩʧʦʞʠʚʘʥʥʷ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʘ ʡ ʟʜʽʡʩʥʶʻ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʨʦʜʘʞ ʥʘʜʣʠʰʢʽʚ ʫ ʣʦʢʘʣʴʥʫ ʤʝʨʝʞʫ ʟʘ ʧʨʠʥʮʠʧʦʤ ʪʨʘʥʩʘʢʪʠʚʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ. ʊʝʭʥʦʣʦʛʽʯʥʦ ʮʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʨʦʟʛʦʨʪʘʥʥʷ çɯʥʪʝʨʥʝʪʫ ʝʥʝʨʛʽʾè (IoE), ʜʝ 

ʢʦʞʝʥ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʫʟʦʣ ʤʘʻ ʩʚʽʡ ʧʨʦʛʨʘʤʥʠʡ ʘʛʝʥʪ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ ʽʥʰʠʤʠ ʯʝʨʝʟ 

ʙʣʦʢʯʝʡʥ-ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [5]. 

ɺʧʨʦʚʘʜʞʝʥʥʷ SES ʚ ʋʢʨʘʾʥʽ ʩʪʠʢʘʻʪʴʩʷ ʟ ʢʦʤʧʣʝʢʩʦʤ ʙʝʟʧʨʝʮʝʜʝʥʪʥʠʭ ʚʠʢʣʠʢʽʚ, 

ʟʫʤʦʚʣʝʥʠʭ ʷʢ ʪʝʭʥʽʯʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʪʘʢ ʽ ʥʘʩʣʽʜʢʘʤʠ ʟʙʨʦʡʥʦʾ ʘʛʨʝʩʽʾ. ʇʦ-ʧʝʨʰʝ, 

ʝʥʝʨʛʝʪʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʽʩʪ, ʱʦ ʙʫʣʘ ʩʧʨʦʻʢʪʦʚʘʥʘ ʷʢ ʩʫʚʦʨʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ 

ʨʘʜʷʥʩʴʢʘ ʤʦʜʝʣʴ, ʚʠʷʚʠʣʘʩʷ ʚʢʨʘʡ ʚʨʘʟʣʠʚʦʶ ʜʦ ʪʦʯʢʦʚʠʭ ʫʜʘʨʽʚ: ʨʫʡʥʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʊɽʎ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʜʥʦʯʘʩʥʦʛʦ ʧʨʠʧʠʥʝʥʥʷ ʧʦʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʝʧʣʘ ʪʘ ʚʦʜʠ ʜʣʷ ʩʦʪʝʥʴ 

ʪʠʩʷʯ ʤʝʰʢʘʥʮʽʚ. ʇʨʷʤʽ ʟʙʠʪʢʠ ʩʝʢʪʦʨʫ ʥʘ ʢʽʥʝʮʴ 2024 ʨʦʢʫ ʦʮʽʥʶʶʪʴʩʷ ʫ 

24,8 ʤʣʨʜ ʜʦʣʘʨʽʚ, ʱʦ ʨʦʙʠʪʴ ʧʦʚʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘ ʩʪʘʨʠʤ ʧʨʠʥʮʠʧʦʤ ʝʢʦʥʦʤʽʯʥʦ 

ʥʝʜʦʮʽʣʴʥʠʤ. 

ʊʝʭʥʽʯʥʘ ʩʢʣʘʜʦʚʘ ʧʨʦʙʣʝʤʠ ʧʦʣʷʛʘʻ ʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʄʘʩʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʚʝʨʪʦʨʥʦʾ ʛʝʥʝʨʘʮʽʾ (ʩʦʥʷʯʥʠʭ ʪʘ ʚʽʪʨʦʚʠʭ ʩʪʘʥʮʽʡ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʽʥʝʨʮʽʾ 

ʩʠʩʪʝʤʠ ʪʘ ʧʦʷʚʠ ʚʠʩʦʢʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ (THD). ʎʝ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʜʣʷ ʯʫʪʣʠʚʦʾ 

ʧʦʙʫʪʦʚʦʾ ʪʘ ʤʝʜʠʯʥʦʾ ʪʝʭʥʽʢʠ ʤʝʰʢʘʥʮʽʚ ʨʘʡʦʥʫ. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʚ ʧʝʨʽʦʜʠ ʧʽʢʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ɺɼɽ ʚʠʥʠʢʘʻ ʟʥʘʯʥʠʡ 
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ʥʘʜʣʠʰʦʢ ʝʥʝʨʛʽʾ, ʷʢʠʡ ʪʨʘʜʠʮʽʡʥʽ ʤʝʨʝʞʽ ʥʝ ʟʜʘʪʥʽ ʘʢʫʤʫʣʶʚʘʪʠ ʘʙʦ ʧʝʨʝʜʘʪʠ ʯʝʨʝʟ 

ʦʙʤʝʞʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. ɽʢʦʥʦʤʽʯʥʽ ʙʘʨôʻʨʠ ʚʢʣʶʯʘʶʪʴ ʜʝʬʽʮʠʪ ʧʨʠʚʘʪʥʠʭ 

ʽʥʚʝʩʪʠʮʽʡ ʯʝʨʝʟ ʚʠʩʦʢʽ ʚʦʻʥʥʽ ʨʠʟʠʢʠ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʢʦʥʦʜʘʚʯʦ ʚʨʝʛʫʣʴʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʪʦʨʛʽʚʣʽ ʝʥʝʨʛʽʻʶ ʥʘ ʨʽʚʥʽ ʛʨʦʤʘʜ [3]. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʙʘʨôʻʨʽʚ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʧʽʜʭʽʜ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʶ ʛʝʥʝʨʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ Power-to-Heat (P2H) [6]. ɼʦʚʝʜʝʥʦ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʪʣʽʚ ʫ ʩʠʩʪʝʤʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʦʧʘʣʝʥʥʷ ʷʢ ʤʘʥʝʚʨʝʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʻ ʜʝʰʝʚʰʠʤ ʟʘ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʜʣʷ ʰʚʠʜʢʦʾ ʫʪʠʣʽʟʘʮʽʾ ʥʘʜʣʠʰʢʽʚ ʝʥʝʨʛʽʾ ɺɼɽ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʶʚʘʪʠ çʟʘʡʚʫè ʝʣʝʢʪʨʠʢʫ ʚ ʜʝʰʝʚʝ ʪʝʧʣʦ ʜʣʷ ʛʨʦʤʘʜʠ [6]. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʝʨʝʚʘʛ ʧʝʨʝʭʦʜʫ ʜʦ SES ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʠʤ ʩʪʘʥʦʤ, ʥʠʞʯʝ 

ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʩʴʢʠʭ ʨʘʡʦʥʽʚ. 

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʝʣʝʡ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʩʴʢʠʭ 

ʨʘʡʦʥʽʚ 

ʇʘʨʘʤʝʪʨ 

ʧʦʨʽʚʥʷʥʥʷ 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʈʦʟʫʤʥʘ ʩʠʩʪʝʤʘ ʛʨʦʤʘʜʠ 

ɸʨʭʽʪʝʢʪʫʨʘ ʆʜʥʦʩʧʨʷʤʦʚʘʥʘ, ʽʻʨʘʨʭʽʯʥʘ ɼʚʦʩʧʨʷʤʦʚʘʥʘ, ʢʦʤʽʨʢʦʚʘ (IoE)  

ɼʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ɺʝʣʠʢʽ ʊɽʉ/ɻɽʉ (ʚʠʢʦʧʥʝ 

ʧʘʣʠʚʦ) 

ʈʦʟʦʩʝʨʝʜʞʝʥʘ ʢʦʛʝʥʝʨʘʮʽʷ ʪʘ 

ɺɼɽ  

ʉʪʽʡʢʽʩʪʴ ʜʦ ʘʪʘʢ ʅʠʟʴʢʘ (ʢʘʩʢʘʜʥʽ ʚʽʜʢʣʶʯʝʥʥʷ) ɺʠʩʦʢʘ (ʘʚʪʦʥʦʤʥʽʩʪʴ ʚʫʟʣʽʚ)  

ʈʦʣʴ ʩʧʦʞʠʚʘʯʘ ʇʘʩʠʚʥʠʡ ʘʙʦʥʝʥʪ ɸʢʪʠʚʥʠʡ ʧʨʦʩʶʤʝʨ/ʪʦʨʛʦʚʝʮʴ  

ʋʪʠʣʽʟʘʮʽʷ 

ʥʘʜʣʠʰʢʽʚ 

ʆʙʤʝʞʝʥʥʷ ʛʝʥʝʨʘʮʽʾ (ʚʪʨʘʪʠ) Power-to-Heat ʪʘ ʘʢʫʤʫʣʷʮʽʷ  

ʋʧʨʘʚʣʽʥʥʷ ʈʫʯʥʝ/ʜʠʩʧʝʪʯʝʨʩʴʢʝ ɯʥʪʝʣʝʢʪʫʘʣʴʥʝ (PSO/GA) + 

ɹʣʦʢʯʝʡʥ  

 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ SES ʚ ʋʢʨʘʾʥʽ ʧʦʚôʷʟʘʥʽ ʟ ʛʘʨʤʦʥʽʟʘʮʽʻʶ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʟ 

ɽʥʝʨʛʦʧʘʢʝʪʦʤ ɭʉ ʪʘ ʟʘʣʫʯʝʥʥʷʤ ʤʽʞʥʘʨʦʜʥʠʭ ʛʨʘʥʪʽʚ (UNDP, GIZ) ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʽʣʦʪʥʠʭ çʝʥʝʨʛʦʧʦʟʠʪʠʚʥʠʭè ʨʘʡʦʥʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

EnergyPLAN [7] ʜʦʟʚʦʣʷʻ ʛʨʦʤʘʜʘʤ ʚʞʝ ʟʘʨʘʟ ʨʦʟʨʦʙʣʷʪʠ ʩʮʝʥʘʨʽʾ 100% ʧʝʨʝʭʦʜʫ ʥʘ ɺɼɽ 

ʜʦ 2050 ʨʦʢʫ, ʚʨʘʭʦʚʫʶʯʠ ʩʧʝʮʠʬʽʢʫ ʣʦʢʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ï ʚʽʜ ʙʽʦʛʘʟʫ ʜʦ ʩʢʠʜʥʦʾ ʪʝʧʣʦʪʠ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, Smart Energy System ʩʪʘʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʥʝ ʣʠʰʝ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʡ ʥʘʮʽʦʥʘʣʴʥʦʾ ʚʠʪʨʠʚʘʣʦʩʪʽ ʪʘ ʰʚʠʜʢʦʾ ʧʽʩʣʷʚʦʻʥʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʠʩʥʦʚʢʠ. ʉʪʚʦʨʝʥʥʷ Smart Energy Communities ʚ ʋʢʨʘʾʥʽ ʻ ʥʝ ʣʠʰʝ ʝʢʦʣʦʛʽʯʥʠʤ 

ʪʨʝʥʜʦʤ, ʘ ʩʪʨʘʪʝʛʽʯʥʦʶ ʚʽʜʧʦʚʽʜʜʶ ʥʘ ʚʦʻʥʥʽ ʟʘʛʨʦʟʠ. ʇʦʻʜʥʘʥʥʷ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ 

ʛʝʥʝʨʘʮʽʾ, ʪʝʭʥʦʣʦʛʽʡ P2H ʪʘ ʙʣʦʢʯʝʡʥ-ʧʣʘʪʬʦʨʤ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʦʟʚʦʣʷʻ ʛʨʦʤʘʜʘʤ 

ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʘʚʪʦʥʦʤʽʾ. ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫ ʤʝʞʘʭ ʢʦʥʮʝʧʮʽʾ çɯʥʪʝʨʥʝʪʫ 

ʝʥʝʨʛʽʾè. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿɸʆʑɸɼɾɽʅʅʗ ʊɽʇʃʆɺʆɰ ɽʅɽʈɻɯɰ ʐʃʗʍʆʄ ɺʉʊɸʅʆɺʃɽʅʅʗ 

ʊɽʇʃʆɺʆɻʆ ʅɸʉʆʉʋ ɼʃʗ ɻɸʈʗʏʆɻʆ ɺʆɼʆʇʆʉʊɸʏɸʅʅʗ ʆɹôɭʂʊʋ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ ʻ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, 

ʟʦʢʨʝʤʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ 

ʙʫʜʽʚʣʷʤʠ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʩʦʢʠʭ ʪʘʨʠʬʽʚ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʪʫʘʮʽʶ ʚ ʢʨʘʾʥʽ ʫ ʟʚôʷʟʢʫ ʟ ʚʦʻʥʥʠʤ ʩʪʘʥʦʤ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʜʘʥʦʾ ʪʝʤʠ ʟʨʦʩʪʘʻ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʤʝʥʰʝʥʥʶ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʷʤʠ ʧʨʠʩʚʷʯʝʥʦ 

ʙʘʛʘʪʦ ʨʦʙʽʪ ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘ ʢʦʨʜʦʥʦʤ. ʗʢʽʩʪʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʙʫʜʽʚʝʣʴ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʠʚʥʠʤ ʧʦʢʘʟʥʠʢʘʤ, ʘ ʚʣʽʪʢʫ ʤʘʶʪʴ ʤʽʩʮʝ ʪʨʠʚʘʣʽ ʚʽʜʢʣʶʯʝʥʥʷ 

ʛʘʨʷʯʦʾ ʚʦʜʠ, ʱʦ ʟʤʫʰʫʻ ʤʝʰʢʘʥʮʽʚ ʜʫʤʘʪʠ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʣʽ ʪʘ 

ʰʫʢʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʩʧʦʩʦʙʠ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʜʣʷ ɻɺʇ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʙʫʜʦʚʘʥʠʡ ʫ 1966 ʨʦʮʽ ʪʠʧʦʚʠʡ 

ʜʝʚôʷʪʠʧʦʚʝʨʭʦʚʠʡ ʮʝʛʣʷʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʚ ʤ. ʂʠʻʚʽ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ 

ʦʧʘʣʝʥʥʷ ʪʘ ɻɺʇ. ʊʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʫ ʙʫʜʠʥʢʫ ï ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʊɽʎ 5, ʪʝʧʣʦʥʦʩʽʡ ï ʚʦʜʘ. 

ʊʝʧʣʦʚʠʡ ʧʫʥʢʪ ʟ ʝʣʝʚʘʪʦʨʦʤ. ɸʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʩʫʪʥʻ. ʆʧʘʣʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʫ 

ʢʚʘʨʪʠʨʘʭ ʨʽʟʥʦʛʦ ʪʠʧʫ.  

ɹʫʜʽʚʣʷ ʟʙʫʜʦʚʘʥʘ ʟ ʮʝʛʣʠ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʫʪʝʧʣʝʥʥʷ. ʉʪʽʥʠ ʤʘʶʪʴ ʪʦʚʱʠʥʫ ʙʣʠʟʴʢʦ 

52 ʩʤ. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʙʫʜʽʚʣʽ ʩʪʘʥʦʚʠʪʴ 5550 ʤ2, ʦʙôʻʤ 19867 ʤ3, ʦʧʘʣʶʚʘʣʴʥʘ ʧʣʦʱʘ 

5130 ʤ2. ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʙʫʜʽʚʣʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʥʦʨʤʘʤ. 

ʏʘʩʪʠʥʘ ʚʽʢʦʥ ʟʘʤʽʥʝʥʘ ʥʘ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ, ʘʣʝ ʻ ʱʝ ʡ ʜʝʨʝʚôʷʥʽ (ʄʇ ï 88 %, ɼ ï 12 %), 

ʱʦ ʟʥʠʞʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ʇʦʪʫʞʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 665 ʢɺʪ. ʈʽʚʝʥʴ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ G. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʚʽʜʧʦʚʽʜʥʦ ʩʧʦʞʠʚʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʚʝʩʪʠ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʜʦ ʩʫʯʘʩʥʠʭ 

ʩʪʘʥʜʘʨʪʥʠʭ ʚʠʤʦʛ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ɼɹʅ [1] ʽ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʤʽʩʪʘ ʂʠʻʚʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

RETScreen [2].  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʟʘʭʦʜʽʚ ʟ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʠʥʢʫ ʧʦʪʫʞʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ ʟʤʝʥʰʠʣʘʩʴ ʜʦ 343 ʢɺʪ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʧʘʣʝʥʥʷ ʥʘ 8 ʤʣʥ. ʛʨʥ. 

ʧʨʠ ʟʘʪʨʘʪʘʭ ʥʘ ʫʪʝʧʣʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʫ 40 ʤʣʥ. ʛʨʥ., ʩʪʨʦʢ ʦʢʫʧʥʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʫ ʽʥʬʣʷʮʽʾ ʩʢʣʘʚ ʙʽʣʷ 7 ʨʦʢʽʚ. ʈʽʚʝʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ 

ʧʽʜʚʠʱʠʚʩʷ ʜʦ ʢʣʘʩʫ F. 

ɿ ʦʛʣʷʜʫ ʥʘ ʩʴʦʛʦʜʥʽʰʥʶ ʩʠʪʫʘʮʽʶ ʟ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷʤ ʚ ʤʽʩʪʽ, ʘ ʪʘʢʦʞ ʧʦʩʪʽʡʥʽ 

ʧʨʦʙʣʝʤʠ ʟ ʛʘʨʷʯʠʤ  ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ ʜʦʮʽʣʴʥʦ ʚʩʪʘʥʦʚʠʪʠ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʰʢʘʥʮʽʚ ʙʫʜʠʥʢʫ (108 ʯʦʣʦʚʽʢ) ʛʘʨʷʯʦʶ ʚʦʜʦʶ. ʉʝʨʝʜʥʻ ʪʝʧʣʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ɻɺʇ: 32,2 ʢɺʪ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʣʠʩʷ 2 ʚʘʨʽʘʥʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ˇʨʫʥʪʦʚʦʛʦ ʽ ʧʦʚʽʪʨʷʥʦʛʦ ʥʘʩʦʩʽʚ. 



 

193 

 

ˆʨʫʥʪʦʚʠʡ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʤʘʻ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ, ʘʣʝ ʥʝʤʘʻ 

ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʜʣʷ ʚʣʘʰʪʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ.  

ɼʣʷ ʧʦʢʨʠʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʙʠʨʘʻʤʦ 4 ʥʘʩʦʩʠ ʪʠʧʫ ʧʦʚʽʪʨʷ ï ʚʦʜʘ [3] ʩʧʣʽʪ ʩʠʩʪʝʤʠ 

BEESMART MHCS 045 UBS/NBS ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 45 ʢɺʪ. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʘʥʦʛʦ ʊʅ: ʊʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ï 11,6 ʢɺʪ; ʉʆʈ ï 4,3; ɼʽʘʧʘʟʦʥ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʨʝʞʠʤʽ ʥʘʛʨʽʚʫ:  ʤʽʥʫʩ 25é+45 Áʉ; ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʘʯʽ +55 Áʉ. 

ɿʦʚʥʽʰʥʽ ʙʣʦʢʠ ʊʅ ʟʘʡʤʘʶʪʴ ʤʘʣʦ ʤʽʩʮʷ ʪʘ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʥʝʚʝʣʠʢʽʡ ʜʽʣʷʥʮʽ ʙʽʣʷ 

ʙʫʜʽʚʣʽ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʥʝ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʟʚʦʣʽʚ ʘʙʦ 

ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ, ʘʣʝ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʤʝʨʝʞʽ. 

ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʧʨʦʧʦʥʫʶʪʴʩʷ ʜʚʘ ʪʠʧʠ ʙʘʢʽʚ: 

1) 2 ʙʘʢʠ-ʘʢʫʤʫʣʷʪʦʨʠ ʪʠʧʫ ʊɸ2.800 NEUS 800 ʣ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʪʠ ʚʽʜ 

ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ; 

2) 4 ʢʦʤʙʽʥʦʚʘʥʽ ʙʘʢʠ ï ʙʦʡʣʝʨʠ MT 100/300 HP ʧʦ 400 ʣ, ʚ ʷʢʠʭ ʜʦʜʘʪʢʦʚʠʤ 

ʜʞʝʨʝʣʦʤ ʻ ʝʣʝʢʪʨʠʯʥʠʡ ʊɽʅ. 

ʎʽʥʘ ʦʜʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʧʨʠʙʣʠʟʥʦ 325 ʪʠʩ. ʛʨʥ. 

ʎʽʥʘ ʙʘʢʫ-ʘʢʫʤʫʣʷʪʦʨʫ ʧʨʠʙʣʠʟʥʦ 41 ʪʠʩ. ʛʨʥ. 

ʎʽʥʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʙʘʢʫ ʧʨʠʙʣʠʟʥʦ 82 ʪʠʩ ʛʨʥ. 

ʈʽʯʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ɻɺʇ ʩʪʘʥʦʚʠʪʴ 319 ɻʢʘʣ. 

ʈʽʯʥʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʉʆʈ = 4,3 ʙʫʜʝ 

86397 ʢɺʪĀʛʦʜ = 74 ɻʢʘʣ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ, ʱʦ ʮʽʥʘ ʤʦʥʪʘʞʫ 4-ʦʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʽ 2-ʦʭ ʙʘʢʽʚ ï 1658 ʪʠʩ. ʛʨʥ., 

ʘ ʙʘʟʦʚʘ ʮʽʥʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘʨʠʬʽʚ ʩʪʘʥʦʚʠʪʴ 1654,41 ʛʨʥ. ʪʝʨʤʽʥ 

ʦʢʫʧʥʦʩʪʽ ʩʢʣʘʜʝ 4ī5 ʨʦʢʽʚ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ɻɺʇ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʜʘʭʫ ʙʫʜʽʚʣʽ ʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʩʦʥʷʯʥʠʤʠ ʤʦʜʫʣʷʤʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʊʅ.  

ɺʠʩʥʦʚʢʠ. ʇʽʩʣʷ ʫʪʝʧʣʝʥʥʷ ʙʫʜʽʚʣʽ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʥʠʞʫʶʪʴʩʷ ʜʦ 343 ʢɺʪ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʪʝʧʣʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʨʤʽʯʥʠʭ ʦʧʦʨʽʚ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʩʫʯʘʩʥʠʤ ʙʫʜʽʚʝʣʴʥʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

ɺʘʨʪʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ï 40 ʤʣʥ. ʛʨʠʚʝʥʴ, ʧʨʠ ʮʴʦʤʫ ʨʽʯʥʘ ʝʢʦʥʦʤʽʷ ï 8 ʤʣʥ. ʛʨʠʚʝʥʴ. 

ʊʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ï 7 ʨʦʢʽʚ. 

ʊʘʢʠʡ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʻ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʧʨʦʻʢʪʽʚ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ 

ʞʠʪʣʦʚʦʤʫ ʩʝʢʪʦʨʽ, ʦʩʦʙʣʠʚʦ ʟ ʦʛʣʷʜʫ ʥʘ ʟʨʦʩʪʘʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ. 

ɼʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

4 ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ BEESMART MHCS 045 ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 45 ʢɺʪ. ʎʝ ʜʦʟʚʦʣʷʻ: 

- ʟʤʝʥʰʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʤʝʨʝʞʽ; 

- ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʥʦʚʣʶʚʘʥʫ ʝʥʝʨʛʽʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

- ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʝ ɻɺʇ ʮʽʣʠʡ ʨʽʢ. 

ɼʦʜʘʪʢʦʚʦ ʧʨʦʧʦʥʫʶʪʴʩʷ ʚʘʨʽʘʥʪʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʚʦʜʠ: 

- ʙʘʢʠ-ʘʢʫʤʫʣʷʪʦʨʠ ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ ʪʝʧʣʦʤʝʨʝʞʽ; 

- ʢʦʤʙʽʥʦʚʘʥʽ ʙʘʢʠ ʟ ʝʣʝʢʪʨʦʥʘʛʨʽʚʦʤ ï ʜʣʷ ʘʚʪʦʥʦʤʥʦʩʪʽ. 

ɺʠʪʨʘʪʘ ʥʘ ʩʠʩʪʝʤʫ ɻɺʇ ʟ ʊʅ ʩʢʣʘʜʘʻ 1658 ʪʠʩ. ʛʨʥ., ʘ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ  4ī5 ʨʦʢʽʚ. 

ɿʙʽʣʴʰʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʊʅ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ ʛʘʨʷʯʦʾ 

ʚʦʜʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɼɹʅ ɺ.2.6-31:2021. ʊʝʧʣʦʚʘ ʽʟʦʣʷʮʽʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. ʏʠʥʥʠʡ ʚʽʜ 

2022-09-01. ɺʠʜ. ʦʬʽʮ. ʂʠʾʚ, 2022. 27 ʩ. 

2. RETScreen [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://natural-

resources.canada.ca/maps-tools-publications/tools-applications/retscreen. 

3. ʂʘʣʴʢʫʣʷʪʦʨ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

URL: https://mctn.aclima.ua/ua/. 

 

https://natural-resources.canada.ca/maps-tools-publications/tools-applications/retscreen
https://natural-resources.canada.ca/maps-tools-publications/tools-applications/retscreen
https://mctn.aclima.ua/ua/
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ʋɼʂ 644.1 

ĭ ɸʩʧʽʨʘʥʪ 2 ʢʫʨʩʫ ɯʣʴʯʝʥʢʦ ɼ.ʉ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʉʫʭʦʜʫʙ ɯ.ʆ. 

  https://scholar.google.com.ua/citations?user=sHVLLBgAAAAJ&hl=uk&oi=ao 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʇʊʀʄɯɿɸʎɯʗ ʂʆʅʉʊʈʋʂʊʀɺʅʀʍ ɯ ʈɽɾʀʄʅʀʍ ʇɸʈɸʄɽʊʈɯɺ 

ɺɽʅʊʀʃʗʎɯʁʅʀʍ ʉʀʉʊɽʄ ʆɺʆʏɽʉʍʆɺʀʑ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

 CFD-ʄʆɼɽʃʖɺɸʅʅʗ.

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʙʝʨʽʛʘʥʥʷ ʦʚʦʯʽʚ ʚ ʩʭʦʚʠʱʘʭ ʚʠʤʘʛʘʻ 

ʩʪʘʙʽʣʴʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʜʝ ʚʝʥʪʠʣʷʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʜʘʣʝʥʥʷ CO , ʚʦʣʦʛʠ ʪʘ 

ʪʝʧʣʦʪʠ ʚʽʜ ʨʝʩʧʽʨʘʮʽʾ. ɺʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ ʟʙʝʨʽʛʘʥʥʷ ʦʚʦʯʽʚ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ 

ʧʦʚʽʪʨʷ ʩʪʚʦʨʶʻ çʤʝʨʪʚʽ ʟʦʥʠè ʟ ʛʨʘʜʽʻʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 6 ÁC, ʱʦ ʧʽʜʚʠʱʫʻ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 20ï40 % ʯʝʨʝʟ ʥʘʜʤʽʨʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʯʠ ʥʘʛʨʽʚʘʥʥʷ. ɸʢʪʫʘʣʴʥʽʩʪʴ 

ʧʦʩʠʣʶʻʪʴʩʷ ʝʥʝʨʛʦʢʨʠʟʦʶ ʚ ʋʢʨʘʾʥʽ ʪʘ ʚʠʤʦʛʘʤʠ ɭʉ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʜʝ ʪʨʘʜʠʮʽʡʥʽ 

ʤʝʪʦʜʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʝʥʪʠʣʷʮʽʾ ʥʝʝʬʝʢʪʠʚʥʽ ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʪʦʢʽʚ ʧʦʚʽʪʨʷ. 

ʈʦʙʦʪʘ ʘʚʪʦʨʘ [1] ʚʠʷʚʠʣʘ ʧʦʪʝʥʮʽʘʣ ʦʧʪʠʤʽʟʘʮʽʾ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʘʣʝ ʧʦʪʨʝʙʫʻ CFD-ʘʥʘʣʽʟʫ 

ʜʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʨʝʞʠʤʥʠʭ ʟʤʽʥ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʯʘʩʥʽ ʩʚʽʪʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʦʜʷʪʴ, ʱʦ ʤʝʪʦʜ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ (CFD) ʻ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʫʤʦʚʘʭ. ʈʦʙʦʪʘ ʘʚʪʦʨʽʚ [2] ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʰʪʘʙʝʣʷ ʷʱʠʢʽʚ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʧʦʨʫ ʥʘʩʠʧʫ. Zhen Q. et al. 

[3] ʧʨʦʚʝʣʠ ʢʦʤʧʣʝʢʩʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʯʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʦʣʦʛʦʩʪʽ ʚ ʢʘʨʪʦʧʣʝʩʭʦʚʠʱʘʭ, ʚʘʣʽʜʫʚʘʣʠ CFD-ʤʦʜʝʣʴ ʽ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʫʻ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʘ ʘʙʦ ʥʘʩʠʧʥʦʤʫ 

ʟʙʝʨʽʛʘʥʥʶ, ʘʙʦ ʤʝʥʰʠʤ ʷʱʠʢʘʤ (ʜʦ 0,6 ʤ). ɺʽʜʩʫʪʥʽ ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʘʤʝ ʜʣʷ 

ʫʢʨʘʾʥʩʴʢʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʷʱʠʢʽʚ 1,2Ĭ1,2Ĭ1,6 ʤ ʟ ʦʜʥʦʯʘʩʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʪʘ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʝʥʪʠʣʷʮʽʾ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʯʠʩʝʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ (ʧʘʪʝʨʥ 

ʽ ʟʘʟʦʨʠ ʰʪʘʙʝʣʶʚʘʥʥʷ ʷʱʠʢʽʚ, ʛʝʦʤʝʪʨʽʷ ʧʦʚʽʪʨʦʚʦʜʽʚ ʽ ʜʠʬʫʟʦʨʽʚ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʝʣʘʞʽʚ) 

ʪʘ ʨʝʞʠʤʥʠʭ (ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʮʠʢʣʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʽʚ, ʯʘʩʪʦʪʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ) ʧʘʨʘʤʝʪʨʽʚ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʢʘʨʪʦʧʣʝʩʭʦʚʠʱ ʷʱʠʢʦʚʦʛʦ ʪʠʧʫ ʤʝʪʦʜʦʤ 

CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʽʜʪʨʠʤʘʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʠʧʦʚʝ ʽʩʥʫʶʯʝ ʢʘʨʪʦʧʣʝʩʭʦʚʠʱʝ 

ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʠʧʫ ʟʙʝʨʽʛʘʥʥʷ, ʫ ʷʢʦʤʫ ʧʨʦʜʫʢʮʽʷ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʷʱʠʢʘʭ ʛʘʙʘʨʠʪʘʤʠ 

1,2Ĭ1,2Ĭ1,6 ʤ. ʗʱʠʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʨʷʜʘʤʠ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʤʽʞʨʷʜʥʠʭ ʧʦʚʽʪʨʷʥʠʭ 

ʢʘʥʘʣʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʠʨʢʫʣʷʮʽʶ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʧʨʦʜʫʢʮʽʶ. 

ʂʦʥʪʝʡʥʝʨʥʠʡ ʩʧʦʩʽʙ ʟʙʝʨʽʛʘʥʥʷ ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ (ʛʥʫʯʢʽʩʪʴ ʣʦʛʽʩʪʠʢʠ, ʟʨʫʯʥʽʩʪʴ 

ʩʦʨʪʫʚʘʥʥʷ), ʦʜʥʘʢ ʩʪʚʦʨʶʻ ʩʢʣʘʜʥʫ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʙôʻʤʫ 

ʩʭʦʚʠʱʘ. ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʰʢʦʜ ʫ ʚʠʛʣʷʜʽ ʷʱʠʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ: 

- ʬʦʨʤʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʟʦʥ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ; 

- ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʝʡ ʧʦʚʽʪʨʷ; 

- ʚʠʥʠʢʥʝʥʥʷ ʟʘʩʪʽʡʥʠʭ ʟʦʥ; 

- ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʨʠʤʽʱʝʥʥʷ. 

ʎʽ ʬʘʢʪʦʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʤʽʞ 

ʧʦʚʽʪʨʷʤ ʽ ʧʨʦʜʫʢʮʽʻʶ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʽ ʭʦʣʦʜʠʣʴʥʦʾ 

ʩʠʩʪʝʤ. 
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ɯʥʞʝʥʝʨʥʘ ʩʠʩʪʝʤʘ ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʚʦʯʝʩʭʦʚʠʱʘ ʢʘʨʪʦʧʣʽ ʷʱʠʢʦʚʦʛʦ 

ʪʠʧʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʧʽʜʩʠʩʪʝʤ: ʩʠʩʪʝʤʠ ʤʝʭʘʥʽʯʥʦʾ ʧʨʠʤʫʩʦʚʦʾ 

ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʭʦʣʦʜʠʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦ- ʽ ʤʘʩʦʦʙʤʽʥʫ ʚʩʝʨʝʜʠʥʽ ʷʱʠʢʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ 

ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ɼʘʨʩʽ-ʌʦʨʭʛʝʡʤʝʨʘ ʟ ʧʦʨʠʩʪʽʩʪʶ Ů = 0,36ï0,41 (ʟʘʣʝʞʥʦ ʚʽʜ ʩʦʨʪʫ ʪʘ 

ʩʪʫʧʝʥʷ ʟʘʧʦʚʥʝʥʥʷ) ʪʘ ʽʥʝʨʮʽʡʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʧʦʨʫ C  = 180ï280 ʤ ĭ. ʄʦʜʝʣʽ ʧʦʨʠʩʪʠʭ 

ʩʝʨʝʜʦʚʠʱ ɼʘʨʩʽ-ʌʦʨʭʛʝʡʤʝʨʘ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʫ 

ʧʦʚʽʪʨʷ ʚ ʦʭʦʣʦʜʞʝʥʠʭ ʩʠʧʫʯʠʭ, ʫʧʘʢʦʚʘʥʠʭ ʽ ʫʢʣʘʜʝʥʠʭ ʚ ʰʪʘʙʝʣʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ 

(ʚʢʣʶʯʘʶʯʠ ʦʚʦʯʽ) [4]. ʎʝ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʦʧʽʨ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʢʨʽʟʴ ʰʘʨ ʢʘʨʪʦʧʣʽ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʦʜʝʣʶʚʘʪʠ ʢʦʞʥʫ ʢʘʨʪʦʧʣʠʥʫ ʦʢʨʝʤʦ. ɿʘʟʦʨʠ ʤʽʞ ʷʱʠʢʘʤʠ ʤʦʜʝʣʶʶʪʴʩʷ ʷʢ 

ʚʽʣʴʥʽ ʦʙôʻʤʠ ʟ ʷʚʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʽʚ. 

ʈʦʟʨʘʭʫʥʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʚôʷʟʘʥʥʽ ʨʽʚʥʷʥʴ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ ʪʘ ʽʤʧʫʣʴʩʫ (ʨʽʚʥʷʥʥʷ 

ʅʘʚôʻ-ʉʪʦʢʩʘ), ʜʦʧʦʚʥʝʥʠʭ ʤʦʜʝʣʣʶ ʝʥʝʨʛʽʾ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʧʦʚʽʪʨʷʤ ʪʘ 

ʧʨʦʜʫʢʮʽʻʶ. ɼʣʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʥʘʡʢʨʘʱʝ ʩʝʙʝ ʧʨʦʷʚʠʣʘ ʤʦʜʝʣʴ SST k-ɤ (Shear Stress 

Transport), ʷʢʘ ʜʦʙʨʝ ʧʨʘʮʶʻ ʚ ʟʘʜʘʯʘʭ ʟ ʥʠʟʴʢʦʰʚʠʜʢʽʩʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʧʨʠʩʪʽʥʥʠʤʠ 

ʝʬʝʢʪʘʤʠ, ʚʽʣʴʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ ʪʘ ʚʽʜʨʠʚʥʠʤʠ ʪʝʯʽʷʤʠ ï ʪʠʧʦʚʠʤʠ ʜʣʷ ʷʱʠʢʦʚʠʭ ʩʭʦʚʠʱ.  

ɼʣʷ ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʬʘʢʪʠʯʥʽ ʟʘʤʽʨʠ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʪʘ ʨʽʚʥʷ ʉʆ2 ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʢʘʭ ʦʚʦʯʝʩʭʦʚʠʱʘ. 

ɺʠʩʥʦʚʢʠ. CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʦʚʦʯʝʩʭʦʚʠʱ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʜʝʪʘʣʴʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʚ ʦʙôʻʤʽ 

ʧʨʠʤʽʱʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ ʥʘ ʦʚʦʯʝʩʭʦʚʠʱʘʭ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ ʦʙʩʷʛʽʚ, ʩʧʨʠʷʶʯʠ 

ʧʽʜʚʠʱʝʥʥʶ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ. ʊʘʢʦʞ ʜʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʨʦʚʘʜʞʝʥʽ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʪʘ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʷʱʠʢʦʚʠʭ ʩʭʦʚʠʱ ʚ ʋʢʨʘʾʥʽ. ʇʝʨʩʧʝʢʪʠʚʠ ï ʽʥʪʝʛʨʘʮʽʷ CFD-ʤʦʜʝʣʽ 

ʟ IoT-ʜʘʪʯʠʢʘʤʠ ʪʘ ʤʘʰʠʥʥʠʤ ʥʘʚʯʘʥʥʷʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʜʘʧʪʠʚʥʦʾ çʨʦʟʫʤʥʦʾè ʩʠʩʪʝʤʠ 

ʚʝʥʪʠʣʷʮʽʾ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʉʆɹʃʀɺʆʉʊɯ CFD ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʊɽʇʃʆʆɹʄɯʅʋ 

 ɺ ʊɽʇʃʆɺʀʍ ɸʂʋʄʋʃʗʊʆʈɸʍ ʅɸ ʆʉʅʆɺɯ PCM

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʫ ʩʬʝʨʽ ʝʥʝʨʛʝʪʠʢʠ ʻ ʟʥʘʯʥʠʡ ʨʦʟʨʠʚ ʤʽʞ ʧʝʨʽʦʜʘʤʠ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʯʘʩʦʤ ʾʾ ʩʧʦʞʠʚʘʥʥʷ, ʱʦ ʟʫʤʦʚʣʶʻ ʛʦʩʪʨʫ ʧʦʪʨʝʙʫ ʚ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ 

ʘʢʫʤʫʣʶʚʘʥʥʷ. ʉʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʬʘʟʦʚʠʤ 

ʧʝʨʝʭʦʜʦʤ (PCM) ʤʘʶʪʴ ʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ ʥʘʜ ʩʠʩʪʝʤʘʤʠ ʟ ʯʫʪʣʠʚʦʶ (sensible) ʪʝʧʣʦʪʦʶ 

ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʱʽʣʴʥʦʩʪʽ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʟʜʘʪʥʦʩʪʽ ʧʨʘʮʶʚʘʪʠ ʚ ʢʚʘʟʽʽʟʦʪʝʨʤʽʯʥʦʤʫ 

ʨʝʞʠʤʽ [1]. ɸʢʪʫʘʣʴʥʽʩʪʴ CFD ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʮʽʡ ʩʬʝʨʽ ʦʙʫʤʦʚʣʝʥʘ ʩʢʣʘʜʥʽʩʪʶ ʬʽʟʠʯʥʠʭ 

ʷʚʠʱ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʥʝ ʣʠʰʝ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʨʫʭʫ ʬʨʦʥʪʫ ʧʣʘʚʣʝʥʥʷ, ʘ ʡ ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʝʙʨʝʥʥʷ, ʥʘʥʦʯʘʩʪʠʥʦʢ ʘʙʦ ʤʝʪʘʣʝʚʠʭ ʧʽʥ) ʙʝʟ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʨʦʛʠʭ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [2].  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ CFD ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ PCM ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʧʦʜʦʣʘʥʥʽ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʚʠʢʣʠʢʽʚ: 

ʥʠʟʴʢʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʩʦʢʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʩʠʤʫʣʷʮʽʡ. ɿʥʘʯʥʫ ʯʘʩʪʠʥʫ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʘʶʪʴ ʧʨʠʢʣʘʜʠ ʩʠʤʫʣʷʮʽʾ ʧʨʦʮʝʩʽʚ ʧʣʘʚʣʝʥʥʷ 

ʡ ʟʘʪʚʝʨʜʽʥʥʷ PCM ʚ ʘʢʫʤʫʣʷʪʦʨʘʭ ʪʠʧʫ shell-and-tube. ʊʘʢʽ ʤʦʜʝʣʽ ʻ ʜʦʩʠʪʴ ʧʨʠʤʽʪʠʚʥʠʤʠ, 

ʘʣʝ ʚʦʜʥʦʯʘʩ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʠʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ, ʧʦʢʨʘʱʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʫ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʦʮʝʩ ʟʤʽʥʠ ʬʘʟ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟ ʧʦʜʘʣʴʰʦʶ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʻʶ ʟʥʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ CFD ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʥʘ 

ʦʩʥʦʚʽ PCM ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ANSYS Fluent. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʧʦ ʧʨʦʝʢʪʫʚʘʥʥʶ ʪʝʧʣʦʚʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ ʟ PCM ʙʫʣʘ ʚʘʣʽʜʦʚʘʥʘ CFD ʤʦʜʝʣʴ ʪʠʧʫ shell-and-tube ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʛʦ ʟ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ [3]. ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʪʘ ʧʦʙʫʜʦʚʘʥʦʾ ʤʦʜʝʣʝʡ, ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. 

ɻʨʘʬ̔ʢʠ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʯʘʩʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.  

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʧʦ ʧʝʨʝʨʽʟʫ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ [3] 
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ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬ̔ʢ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʯʘʩʫ ʜʣʷ ʚʠʭʽʜʥʦʾ ʪʘ ʧʦʙʫʜʦʚʘʥʦʾ ʤʦʜʝʣʽ 

 

ʅʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ, ʦʪʨʠʤʘʥʦʛʦ ʚ ʨʘʤʢʘʭ CFD ʤʦʜʝʣʶʚʘʥʥʷ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʚʠʩʚʽʪʣʝʥʦ ʢʣʶʯʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʤʫʣʷʮʽʶ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʚ ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʘʭ. 

ʆʩʥʦʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ CFD ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʻ ʤʝʪʦʜ ʝʥʪʘʣʴʧʽʾ-

ʧʦʨʠʩʪʦʩʪʽ (Enthalpy-Porosity method). ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʤʝʞʘ ʨʦʟʜʽʣʫ ʬʘʟ ʥʝ ʚʽʜʩʪʝʞʫʻʪʴʩʷ 

ʷʚʥʦ, ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʯʘʩʪʢʫ ʨʽʜʢʦʾ ʬʘʟʠ (ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ ɓ) ʫ ʢʦʞʥʽʡ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʢʦʤʽʨʮʽ [4]. ʋ ʤʦʜʝʣʽ ʝʥʪʘʣʴʧʽʾ-ʧʦʨʠʩʪʦʩʪʽ ʧʨʠʭʦʚʘʥʘ ʪʝʧʣʦʪʘ ʟʘʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʨʽʚʥʷʥʥʷʤ: 

ЎὌ ‍ὒȟ (1) 

ʜʝ ‍ π ʟʘ ʫʤʦʚʠ T < Tsolidus; 

‍ ï ʟʘ ʫʤʦʚʠ Tsolidus < T < Tliquidus; 

‍ ρ ʟʘ ʫʤʦʚʠ T > Tliquidus. 

 

ʆʪʞʝ, ʟʥʘʯʝʥʥʷ ʧʨʠʭʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʥʫʣʷ ʜʣʷ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʜʦ ʚʝʣʠʯʠʥʠ L ʜʣʷ ʨʽʜʢʦʛʦ ʩʪʘʥʫ ʨʝʯʦʚʠʥʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʚʦʭ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ: ʟʤʽʥʠ ʛʫʩʪʠʥʠ ʬʘʟʦʧʝʨʝʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʚʝʨʜʦʾ ʬʘʟʠ. ʆʢʨʽʤ ʮʴʦʛʦ, ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʨʽʜʢʦʾ ʪʘ ʪʚʝʨʜʦʾ ʬʘʟ 

ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʝʬʝʢʪ ʯʠʩʝʣʴʥʦʾ ʜʠʬʫʟʽʾ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʨʦʢʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. ʈʦʟʚôʷʟʘʪʠ ʮʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ ʙʘʟʦʚʦʾ 

ʤʝʪʦʜʠʢʠ ʟ ʧʨʦʛʨʝʩʠʚʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʥʘʷʚʥʠʤʠ ʚ ANSYS Fluent, 

ʟʦʢʨʝʤʘ ʤʝʪʦʜʘʤʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʩʽʪʢʠ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʻ ʟʘʜʘʥʥʷ ʪʘʢ ʟʚʘʥʦʾ ʢʦʥʩʪʘʥʪʠ 

ʢʘʰʦʧʦʜʽʙʥʦʾ ʟʦʥʠ (Mushy Zone Constant, Amush), ʷʢʘ ʚʭʦʜʠʪʴ ʫ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ 

ʽʤʧʫʣʴʩʫ. ɺʦʥʘ ʦʧʠʩʫʻ ʧʘʜʽʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ʟʦʥʽ, ʜʝ ʤʘʪʝʨʽʘʣ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʥʘʧʽʚʨʽʜʢʦʤʫ 

ʩʪʘʥʽ. ʍʦʯʘ ʩʪʘʥʜʘʨʪʥʝ ʟʥʘʯʝʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʧʘʢʝʪʘʭ (ʚ ʪʦʤʫ ʯʠʩʣʽ, ANSYS Fluent) ʩʪʘʥʦʚʠʪʴ 

105, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʤʽʥʘ Amush ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 10
4 ʜʦ 108 ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ 

ʧʨʦʬʽʣʴ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʯʘʩ ʧʣʘʚʣʝʥʥʷ [5]. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʘʨʘʤʝʪʨ 

Amush ʚʽʜʽʛʨʘʻ ʢʨʠʪʠʯʥʫ ʨʦʣʴ ʫ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʽʜ ʯʘʩʬʘʟʦʚʠʭ 

ʧʝʨʝʭʦʜʽʚ. ɿʦʢʨʝʤʘ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʴ Amush ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʧʦʚʽʣʴʥʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʣʘʚʣʝʥʥʷ, ʪʦʜʽ ʷʢ ʥʘʜʪʦ ʥʠʟʴʢʽ ʧʦʢʘʟʥʠʢʠ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʧʨʠʯʠʥʷʶʪʴ 

ʬʽʟʠʯʥʦ ʥʝʢʦʨʝʢʪʥʽ ʧʨʦʛʥʦʟʠ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʨʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʧʣʘʚʣʝʥʥʷ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʚʝʨʜʦʬʘʟʥʠʭ ʤʦʜʝʣʝʡ, CFD ʤʦʜʝʣʶʚʘʥʥʷ PCM ʧʦʚʠʥʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʩʠʣʠ ʧʣʘʚʫʯʦʩʪʽ ʚ ʨʽʜʢʽʡ ʬʘʟʽ. ʅʝʭʪʫʚʘʥʥʷ ʢʦʥʚʝʢʮʽʻʶ ʚ CFD ʤʦʜʝʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ 

ʧʦʭʠʙʦʢ (ʜʦ 50 %), ʦʩʢʽʣʴʢʠ ʧʽʩʣʷ ʨʦʟʧʣʘʚʣʝʥʥʷ 15ï20 % ʦʙôʻʤʫ ʤʘʪʝʨʽʘʣʫ ʪʝʧʣʦʧʝʨʝʥʦʩ 
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ʧʦʯʠʥʘʻ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʪʠʩʷ ʨʫʭʦʤ ʨʽʜʠʥʠ, ʘ ʥʝ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ. ɼʣʷ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʟʘʣʝʞʥʦʩʪʽ ʱʽʣʴʥʦʩʪʽ PCM ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʙʣʠʞʝʥʥʷ 

ɹʫʩʩʽʥʝʩʢʘ, ʷʢʝ ʧʦʚôʷʟʫʻ ʟʤʽʥʫ ʛʫʩʪʠʥʠ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ [6]. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ɹʫʩʩʽʥʝʩʢʘ ʻ ʚʽʜʥʦʩʥʦ ʤʘʣʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʦʙôʻʤʫ PCM ʚ ʧʨʦʮʝʩʽ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. ɺʦʜʥʦʯʘʩ, ʟʘʚʜʘʥʥʷ ʣʽʥʽʡʥʦʾ ʘʙʦ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʻ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ 

ʪʘʙʣʠʮʴ ʽʟ ʢʦʥʢʨʝʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ 

ʪʘ ʥʘ ʝʪʘʧʽ ʧʣʘʥʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʻ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʟʘ ʯʘʩʦʤ ʪʘ 

ʩʽʪʢʦʶ. ʏʝʨʝʟ ʚʠʩʦʢʫ ʥʝʣʽʥʽʡʥʽʩʪʴ ʧʨʦʮʝʩʫ, CFD ʤʦʜʝʣʶʚʘʥʥʷ PCM ʧʦʪʨʝʙʫʻ ʜʫʞʝ ʤʘʣʠʭ 

ʢʨʦʢʽʚ ʟʘ ʯʘʩʦʤ (time steps) ï ʯʘʩʪʦ ʧʦʨʷʜʢʫ 0.01é0.1 ʩ ï ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʽʞʥʦʩʪʽ 

ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʢʨʦʢ ʟʘ ʯʘʩʦʤ ʻ ʥʘ ʧʦʯʘʪʢʦʚʠʭ 

ʝʪʘʧʘʭ ʤʦʜʝʣʶʚʘʥʥʷ, ʢʦʣʠ ʧʽʩʣʷ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʦʛʦ ʧʝʨʽʦʜʫ ʢʦʥʜʫʢʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʦ 

ʦʙôʻʤʫ PCM ʧʦʯʠʥʘʻʪʴʩʷ ʬʘʟʘ ʘʢʪʠʚʥʦʛʦ ʧʣʘʚʣʝʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʥʝʚôʷʟʢʠ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʤʽʥʶʶʪʴʩʷ, ʱʦ ʤʦʞʝ ʜʘʚʘʪʠ ʟʥʘʯʥʫ ʧʦʭʠʙʢʫ ʨʦʟʨʘʭʫʥʢʫ. ʊʘʢʦʞ 

ʢʨʠʪʠʯʥʦʶ ʻ ʛʫʩʪʠʥʘ ʩʽʪʢʠ ʧʦʙʣʠʟʫ ʩʪʽʥʦʢ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ, ʜʝ ʛʨʘʜʽʻʥʪʠ ʪʝʤʧʝʨʘʪʫʨ 

ʻ ʤʘʢʩʠʤʘʣʴʥʠʤʠ. 

ɺʠʩʥʦʚʢʠ. ɺ ʭʦʜʽ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ CFD ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʚ 

ʘʢʫʤʫʣʷʪʦʨʘʭ ʥʘ ʦʩʥʦʚʽ PCM ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʙʦʪʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʨʝʢʪʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ. ɼʝʷʢʠʤʠ ʟ ʥʠʭ ʻ 

ʤʝʪʦʜ ʝʥʪʘʣʴʧʽʾ-ʧʦʨʠʩʪʦʩʪʽ, ʧʨʠʨʦʜʥʦʾ ʢʦʥʚʝʢʮʽʾ, ʟʘʚʜʘʥʥʷ ʢʨʦʢʫ ʧʦ ʯʘʩʫ ʪʘ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʽʪʢʠ, ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ ʢʘʰʦʧʦʜʽʙʥʦʾ ʟʦʥʠ. 
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