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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʉʀʉʊɽʄɸ ʆʍʆʃʆɼɾɽʅʅʗ ʂʆʅʊɽʁʅɽʈɯɺ ʉʋʍʆɻʆ ʉʍʆɺʀʑɸ 

ɺɯɼʇʈɸʎʔʆɺɸʅʆɻʆ ʗɼɽʈʅʆɻʆ ʇɸʃʀɺɸ ʅɸ ʆʉʅʆɺɯ ɼɺʆʌɸɿʅʀʍ 

ʊɽʈʄʆʉʀʌʆʅɯɺ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʅʘ ʩʴʦʛʦʜʥʽ ʋʢʨʘʾʥʩʴʢʘ ʝʥʝʨʛʝʪʠʢʘ 

ʧʝʨʝʞʠʚʘʻ ʩʢʨʫʪʥʽ ʯʘʩʠ. ʊʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʚʦʨʦʛ ʙʦʤʙʘʨʜʫʚʘʚ ʥʝ ʷʜʝʨʥʫ ʝʥʝʨʛʝʪʠʯʥʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʗʢ ʥʘʩʣʽʜʦʢ ʟʨʽʩ ʜʝʬʽʮʠʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʘʯʘʥʥʷ ʾʾ ʜʦ 

ʩʧʦʞʠʚʘʯʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʦʢʫʧʘʮʽʶ ʦʜʥʦʛʦ ʟ ʛʦʣʦʚʥʠʭ ʩʭʦʚʠʱ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ 

ʧʘʣʠʚʘ ʥʘ ɿʘʧʦʨʽʟʴʢʽʡ ɸɽʉ ʦʩʥʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʣʷʛʣʦ ʥʘ 

ʨʝʰʪʫ ɸɽʉ ʋʢʨʘʾʥʠ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʻ ʧʠʪʘʥʥʷ ʧʨʦ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ 

ʧʘʣʠʚʘ ʫ ʩʫʭʠʭ ʩʭʦʚʠʱʘʭ. ʊʘʢʦʞ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʪʝʧʣʦʚʽʜʚʦʜʫ ʚʽʜ ʢʦʥʪʝʡʥʝʨʽʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʘʣʠʚʘ. ɺ ʷʢʦʩʪʽ ʦʜʥʦʛʦ ʟ 

ʤʝʪʦʜʽʚ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʜʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʧʘʨʦʚʫʚʘʣʴʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʜʚʦʬʘʟʥʠʭ ʪʝʨʤʦʩʠʬʦʥʽʚ. ʎʝ ʘʚʪʦʥʦʤʥʽ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʽ ʧʨʠʣʘʜʠ, ʷʢʽ 

ʤʘʶʪʴ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʚʠʱʫ ʟʘ ʥʘʡʙʽʣʴʰ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʤʝʪʘʣʽʚ (ʤʽʜʴ, ʩʨʽʙʣʦ ʪʘ ʽʥʰ.). 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʷʚʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʝʡʥʝʨʽʚ ʩʭʦʚʠʱʘ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʋʢʨʘʾʥʽ ʧʨʘʮʶʶʪʴ ʯʦʪʠʨʠ ɸɽʉ, ʥʘ ʷʢʠʭ ʜʽʶʪʴ 15 ʝʥʝʨʛʦʙʣʦʢʽʚ 

ʪʠʧʫ ɺɺɽʈ (ʚʦʜʦ-ʚʦʜʷʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʝʘʢʪʦʨ) ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 13880 ʄɺʪ. ʏʝʨʝʟ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʝ ʚʪʦʨʛʥʝʥʥʷ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʛʝʥʝʨʘʮʽʾ ʥʘ ʽʥʰʠʭ ʪʠʧʘʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

ʟʤʝʥʰʠʣʘʩʴ ʘ ʦʪʞʝ ʟʙʽʣʴʰʠʣʘʩʷ ʡ ʯʘʩʪʢʘ ʝʥʝʨʛʦʛʝʥʝʨʘʮʽʾ ʥʘ ɸɽʉ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʘʪʦʤʥʘ 

ʝʥʝʨʛʝʪʠʢʘ ʩʪʘʣʘ ʦʧʦʨʦʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʨʘʾʥʠ. ɺʟʷʚʰʠ ʜʦ ʫʚʘʛʠ ʘʥʘʣʽʟ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʢʨʘʾʥʠ ʚʨʘʭʦʚʫʶʯʠ ʜʝʬʽʮʠʪ ʥʘ ʚʠʨʦʙʣʝʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʚ ʋʢʨʘʾʥʽ 

ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷ ʧʨʦ ʟʘʤʽʥʫ ʧʦʩʪʘʯʘʣʴʥʠʢʘ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠʜʽʣʠʪʠ ʫʚʘʛʫ ʧʨʦʮʝʜʫʨʽ ʟʙʝʨʽʛʘʥʥʷ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ (ɺʗʇ) ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʠ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʾ ʪʘ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ 

ʋʢʨʘʾʥʠ ʻ ʙʝʟʧʝʯʥʝ ʧʦʚʦʜʞʝʥʥʷ ʟ ɺʗʇ ʫ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʠ. 

ʊʝʭʥʦʣʦʛʽʷ ʧʦʚʦʜʞʝʥʥʷ ʟ ɺʗʇ ʥʘ ɸɽʉ ʟ ʨʝʘʢʪʦʨʘʤʠ ɺɺɽʈ, ʨʦʟʨʦʙʣʝʥʘ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ɸɽʉ, ˇʨʫʥʪʫʚʘʣʘʩʷ ʥʘ ʱʦʨʽʯʥʦʤʫ ʚʠʚʝʟʝʥʥʽ ɺʗʇ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ. ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʦʚʦʜʞʝʥʥʷ ʟ ɺʗʇ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

 ̒ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʧʨʘʚʜʘʥʦʶ ʪʘ ʥʝʤʦʞʣʠʚʦʶ ʜʣʷ ʢʦʤʧʘʥʽʾ ʪʘ ʋʢʨʘʾʥʠ ʟʘʛʘʣʦʤ. 

ʋ ʎʉɺʗʇ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʩʫʭʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ɺʗʇ ʨʝʘʢʪʦʨʽʚ ɺɺɽʈ-1000 ʽ 

ɺɺɽʈ-440 ʢʦʤʧʘʥʽʾ Holtec. ʋ ʧʨʦʝʢʪʽ ʎʉɺʗʇ, ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʢʨʠʪʝʨʽʾʚ, 

ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʦʝʢʪʥʽ ʢʨʠʪʝʨʽʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ɺʗʇ ʨʝʘʢʪʦʨʽʚ ɺɺɽʈ: 

- ʜʦʧʫʩʪʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʦʣʦʥʦʢ ʪʚʝʣʽʚ ʧʨʠ ʩʫʭʦʤʫ ʟʙʝʨʽʛʘʥʥʽ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ: 350 Áʉ - ʧʨʦʪʷʛʦʤ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʽ 450 Áʉ ʧʨʦʪʷʛʦʤ ʥʝ ʙʽʣʴʰʝ 8-

ʤʠ ʛʦʜʠʥ ʧʨʠ ʧʝʨʝʭʽʜʥʠʭ ʽ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ ʦʜʥʦʨʘʟʦʚʦ (ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ 

ʟʙʝʨʽʛʘʥʥʷ); 

- ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʛʣʠʙʠʥʘ ʚʠʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʢʘʩʝʪʽ ʜʣʷ 

ɺɺɽʈ-1000 - 55000 ʄɺʪĬʜʦʙ/ʪU; 
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- ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʤʥʦʞʝʥʥʷ ʥʝʡʪʨʦʥʽʚ (ʂʝʬʬ) ʜʣʷ ʚʩʽʭ ʜʽʣʷʥʦʢ ʦʙʣʘʜʥʘʥʥʷ 
ʧʦʚʦʜʞʝʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ɺʗʇ - ʥʝ ʙʽʣʴʰʝ 0,95 ʚ ʫʤʦʚʘʭ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʧʦʨʫʰʝʥʴ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʷʭ. 

ʂʦʥʪʝʡʥʝʨ ʟʘʧʦʚʥʝʥʠʡ ʛʝʣʽʻʤ ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʪʝʧʣʦʚʽʜʚʽʜ ʚʽʜ ʧʘʣʠʚʘ, ʧʨʦʪʝ ʮʝ 

ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʝʡʥʝʨʘ ʧʦ ʢʽʣʴʢʦʩʪʽ ʢʘʩʝʪ, ʱʦ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ. ʇʨʠ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ, ʪʘʢʠʭ ʷʢ ʚʠʪʽʢ ʛʝʣʽʶ, ʥʝʩʪʘʯʘ ʮʴʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʧʝʨʝʛʨʽʚ. 

ʄʦʞʣʠʚʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʘʢʪʥʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ ʧʘʩʠʚʥʦʛʦ ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʚʽʜʚʦʜʫ 

ʪʝʧʣʦʪʠ ʥʘ ʙʘʟʽ ʜʚʦʬʘʟʥʠʭ ʪʝʨʤʦʩʠʬʦʥʽʚ. ʇʨʠʥʮʠʧ ʾʭ ʨʦʙʦʪʠ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʾ ʪʝʧʣʦʪʠ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʚʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʽ ʚʠʩʦʢʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʢʠʧʽʥʥʽ ʪʘ ʢʦʥʜʝʥʩʘʮʽʾ [1]. ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʪʨʘʜʠʮʽʡʥʠʭ ʩʧʦʩʦʙʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʽ ʪʝʧʣʦʚʦʛʦ 

ʟʘʭʠʩʪʫ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʧʦʢʘʟʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʛʘʣʫʟʽ ʩʠʩʪʝʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʘ ʦʩʥʦʚʽ ʧʨʠʩʪʨʦʾʚ ʚʠʧʘʨʦʚʫʚʘʣʴʥʦ-

ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʠʧʫ (ɺʂʊ), ʘʙʦ ʽʥʘʢʰʝ ï ʚʠʧʘʨʦʚʫʚʘʣʴʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɺʂʉ). 

ɺ ʮʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʜʚʦʬʘʟʥʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ, ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʷʢʦʛʦ ʮʠʨʢʫʣʶʻ ʧʦ ʟʘʤʢʥʫʪʦʤʫ 

ʚʠʧʘʨʦʚʫʚʘʣʴʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʦʤʫ ʢʦʥʪʫʨʫ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʦʬʦʨʤʣʝʥʽ ʚ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʘʙʦ ʟʛʨʫʧʦʚʘʥʠʭ ʚ ʧʘʢʝʪ ʘʚʪʦʥʦʤʥʠʭ ʛʝʨʤʝʪʠʯʥʠʭ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʟʘʤʢʥʫʪʦʛʦ ʚʠʧʘʨʦʚʫʚʘʣʴʥʦ-

ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʮʠʢʣʫ ʽ ʥʘʟʠʚʘʶʪʴʩʷ ʜʚʦʬʘʟʥʠʤʠ ʪʝʨʤʦʩʠʬʦʥʘʤʠ (ɼʊʉ) ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ 

ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʪʝʯʽʾ ʨʽʜʢʦʛʦ ʪʝʧʣʦʥʦʩʽʷ.  

ɺʩʪʘʥʦʚʣʝʥʥʷ ʪʘʢʠʭ ʜʚʦʬʘʟʥʠʭ ʪʝʨʤʦʩʠʬʦʥʽʚ ʜʦʟʚʦʣʠʪʴ ʫʪʨʠʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʨʝʞʠʤ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʧʨʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʜʚʦʬʘʟʥʽ ʪʝʨʤʦʩʠʬʦʥʠ ʜʦʧʦʤʦʞʫʪʴ ʟʘʧʨʦʚʘʜʠʪʠ 

ʤʦʜʠʬʽʢʘʮʽʾ ʜʣʷ ʽʩʥʫʶʯʠʭ ʪʘ ʤʘʡʙʫʪʥʽʭ ʢʦʥʪʝʡʥʝʨʽʚ ʩʭʦʚʠʱʘ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʩʫʭʦʛʦ ʪʠʧʫ. 

ɼʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʻ ʜʦʮʽʣʴʥʦʶ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʢʦʥʪʝʡʥʝʨʫ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʩʝʪ ʚ ʢʦʥʪʝʡʥʝʨʽʚ ʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʩʪʽʡʥʦʩʪʽ ʧʨʠ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Kravets V.Yu. Heat transfer processes in miniature evaporation-condensation cooling 

systems. ï Kyiv : Interservice, 2023. ï 204 p.
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ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʂʦʥʴʰʠʥ ɺ.ɯ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʉʊʈɸʊɽɻɯʗ ɿʄɽʅʐɽʅʅʗ ʈɸɼɯɸʎɯʁʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ ʅɸ ʂʆʈʇʋʉ 

ʈɽɸʂʊʆʈɸ ʊɸ ɺʅʋʊʈɯʐʅʔʆʂʆʈʇʋʉʅɯ ʇʈʀʉʊʈʆɰ ɺɺɽʈ-1000 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʜʦʚʛʦʪʨʠʚʘʣʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ (ɸɽʉ) ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʚʦʥʠ ʟʨʦʙʣʝʥʽ. ʎʝ ʤʘʻ ʢʽʣʴʢʘ 

ʢʨʠʪʠʯʥʠʭ ʥʘʩʣʽʜʢʽʚ: 

- ʧʽʜ ʚʧʣʠʚʦʤ ʥʝʡʪʨʦʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʩʪʘʣʴ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ (ʂʈ) ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʠʭ ʧʨʠʩʪʨʦʾʚ (ɺʂʇ) ʩʪʘʻ ʙʽʣʴʰ ʢʨʠʭʢʦʶ, ʪʘʢ ʟʚʘʥʠʡ ʧʨʦʮʝʩ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʢʨʠʭʯʫʚʘʥʥʷ (ʩʪʘʨʽʥʥʷ); 
- ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʽ ʟʤʽʥʘ ʬʦʨʤʠ ʤʝʪʘʣʫ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʚ ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ ʧʦʨ 
ʽ ʩʢʫʧʯʝʥʴ ʤʽʞʚʫʟʣʦʚʠʭ ʘʪʦʤʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʽ ʨʦʩʪʫʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʩʦʢʠʭ ʜʦʟ 

ʥʝʡʪʨʦʥʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʨʘʜʽʘʮʽʡʥʦʛʦ ʨʦʟʧʫʭʘʥʥʷ. 

ʆʪʞʝ ʮʽ ʷʚʠʱʘ ʩʪʚʦʨʶʶʪʴ ʥʠʟʢʫ ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ ɸɽʉ, ʘ ʪʘʢʦʞ ʥʘʙʫʚʘʶʪʴ ʢʣʶʯʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ 

ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʘ ʫ ʥʘʜʧʨʦʝʢʪʥʠʡ ʧʝʨʽʦʜ. ʊʦʤʫ ʟʘʚʜʘʥʥʷ ʪʦʯʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʬʣʶʝʥʩʫ ʥʝʡʪʨʦʥʽʚ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʟʽ ʟʥʠʞʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʚ ʨʘʤʢʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ 

ʋʢʨʘʾʥʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʦʪʦʯʥʠʡ ʨʽʚʝʥʴ ʬʣʶʝʥʩʫ ʥʝʡʪʨʦʥʽʚ ʥʘ ʩʪʽʥʢʫ 

ʨʝʘʢʪʦʨʘ ʯʝʪʚʝʨʪʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ʈʽʚʥʝʥʩʴʢʦʾ ɸɽʉ ɺɺɽʈ-1000 ʪʘ ʨʦʟʨʦʙʠʪʠ ʩʪʨʘʪʝʛʽʾ ʟʤʝʥʰʝʥʥʷ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʂʈ ʪʘ ɺʂʇ ʜʘʥʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɹʝʟʧʝʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʶ ʬʽʟʠʯʥʠʭ ʙʘʨ'ʻʨʽʚ, ʱʦ ʫʪʨʠʤʫʶʪʴ ʧʨʦʜʫʢʪʠ 

ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʚʽʜ ʧʦʰʠʨʝʥʥʷ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʆʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʙʘʨ'ʻʨʽʚ ʙʝʟʧʝʢʠ ʚ ʨʝʘʢʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ (ʈʋ) ɺɺɽʈ ʻ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ (ʨʠʩ.1).  

  
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ 

ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʂʈ ʻ ʟʙʝʨʝʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʧʽʜ ʯʘʩ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʧʽʜ ʯʘʩ ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʽʜ ʯʘʩ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʫʧʨʦʜʦʚʞ ʫʩʴʦʛʦ 

ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʂʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʪʘ ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʽ ʧʨʠʩʪʨʦʾ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʜʥʦʯʘʩʥʦ 
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ʧʽʜʜʘʶʪʴʩʷ ʷʢ ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʪʘʢ ʽ ʟʤʽʥʘʤ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʂʈ ʽ ɺʂʇ ʧʦʚ'ʷʟʘʥʽ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʘʙʦ ʟʥʠʞʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ, ʟʤʽʥʶʶʪʴʩʷ ʚʠʭʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚ ʧʽʜʩʫʤʢʫ ʟʥʠʞʫʻ ʦʧʽʨ 

ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʦʜʥʦʛʦ ʟ ʥʝʙʝʟʧʝʯʥʠʭ ʚʠʜʽʚ ʨʫʡʥʫʚʘʥʥʷ - ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ [1]. ɺ ʩʚʦʶ 

ʯʝʨʛʫ, ʨʝʩʫʨʩ ʝʥʝʨʛʦʙʣʦʢʘ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʩʫʨʩʦʤ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, 

ʷʢʠʡ ʧʽʜʜʘʻʪʴʩʷ ʩʠʣʴʥʦʤʫ ʨʘʜʽʘʮʽʡʥʦʤʫ ʦʧʨʦʤʽʥʝʥʥʶ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, -  ʦʢʨʠʭʯʝʥʥʶ 

[2].  

ɿʘ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʪʝʧʣʦʥʦʩʽʷ ʚ ʧʝʨʝʭʽʜʥʠʭ ʽ 

ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ ʤʦʞʝ ʩʪʘʪʠʩʷ ʢʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ ʂʈ. ʂʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ 

ʥʝʙʝʟʧʝʯʥʠʤ ʚʠʜʦʤ ʨʫʡʥʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʠʪʪʻʚʦ ʙʝʟ ʧʦʤʽʪʥʦʾ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʟʤʽʥʠ ʨʦʟʚʠʪʢʫ ʜʝʬʦʨʤʘʮʽʡ ʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʚʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʢʦʨʧʫʩʫ. ʊʦʤʫ ʜʘʥʽ ʧʨʦ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʫ ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʫ ʂʈ ʻ 

ʚʘʞʣʠʚʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ.  

ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʧʨʠʡʥʷʪʦ ʪʘʢʠʡ ʧʽʜʭʽʜ, ʟʘ ʷʢʦʛʦ ʫ ʚʠʧʘʜʢʫ ʟʥʘʯʥʦʛʦ ʬʣʶʝʥʩʫ 

ʥʝʡʪʨʦʥʽʚ ʥʘ ʩʪʽʥʢʫ ʨʝʘʢʪʦʨʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʟʘʭʠʩʥʽ ʟʘʭʦʜʠ. ʅʘ ʝʥʝʨʛʦʙʣʦʢʘʭ 

ɸɽʉ ʋʢʨʘʾʥʠ ʷʢ ʧʨʝʚʝʥʪʠʚʥʠʡ ʟʘʭʽʜ ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʜʝʛʨʘʜʘʮʽʾ ʤʝʪʘʣʫ ʂʈ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʡʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʢʨʠʭʯʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʘʣʠʚʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʽ ʟʥʠʞʝʥʠʤ ʚʠʪʦʢʦʤ 

ʥʝʡʪʨʦʥʽʚ (ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʝʥʝʨʛʦʙʣʦʢʽʚ), ʘ ʪʘʢʦʞ ʟʘʭʠʩʥʽ ʢʘʩʝʪʠ-ʝʢʨʘʥʠ 

(ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʝʥʝʨʛʦʙʣʦʢʫ ˉ 1 ʈʽʚʥʝʥʴʢʦʾ ɸɽʉ) [3]. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʘʣʠʚʥʠʭ ʟʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʚʠʪʽʢ 

ʥʝʡʪʨʦʥʽʚ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʤʽʱʝʥʥʷ ʚʠʛʦʨʽʣʦʛʦ ʧʘʣʠʚʘ ʥʘ ʧʝʨʠʬʝʨʽʾ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʽ ʩʚʽʞʦʛʦ ʧʘʣʠʚʘ ʚ ʾʾ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ. 

ʇʘʣʠʚʥʽ ʮʠʢʣʠ ʟʽ ʟʥʠʞʝʥʠʤ ʚʠʪʦʢʦʤ ʥʝʡʪʨʦʥʽʚ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʱʽʣʴʥʽʩʪʴ 

ʧʦʪʦʢʫ ʰʚʠʜʢʠʭ ʥʝʡʪʨʦʥʽʚ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, ʱʦ ʩʧʨʠʷʻ 

ʟʙʽʣʴʰʝʥʥʶ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʨʝʘʢʪʦʨʘ ʽ ʟʥʠʞʝʥʥʶ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʘʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʫʤʦʚ ʦʧʨʦʤʽʥʝʥʥʷ ʂʈ ʪʘ ɺʂʇ ʈʋ 

ɺɺɽʈ ʪʘ ʨʦʟʨʦʙʢʘ ʩʪʨʘʪʝʛʽʡ ʟʽ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ 

ʨʦʙʦʪʠ ʟ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʝʥʝʨʛʦʙʣʦʢʘ ʫ ʥʘʜʧʨʦʻʢʪʥʠʡ ʧʝʨʽʦʜ.  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʂʈ ʥʘʨʘʟʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ 

ʷʢ: 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʢʘʩʝʪ-ʝʢʨʘʥʽʚ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʣʠʚʥʠʭ ʟʘʚʘʥʪʘʞʝʥʴ ʟʽ ʟʥʠʞʝʥʠʤ ʚʠʪʦʢʦʤ ʥʝʡʪʨʦʥʽʚ (ʘʙʦ ʞ ʨʽʟʥʽ 
ʚʘʨʽʘʥʪʠ ʢʦʤʧʦʥʦʚʢʠ ʘʢʪʠʚʥʦʾ ʟʦʥʠ). 

ɺʦʜʥʦʯʘʩ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʧʣʘʥʠ ʝʢʩʧʣʫʘʪʫʶʯʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʋʢʨʘʾʥʠ ʱʦʜʦ 

ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʩʥʫʶʯʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʽ ʥʠʟʴʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʧʫʩʢʫ, 

ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ, ʥʦʚʠʭ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʯʠ ʧʦʪʦʯʥʽ ʪʝʤʧʠ ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʛʣʠʙʣʝʥʝ ʚʠʚʯʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʪʘ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʪʨʘʪʝʛʽʡ 

ʟʽ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʂʈ ʪʘ ɺʂʇ ɺɺɽʈ ʻ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɼʃʗ ʋʇʈɸɺʃɯʅʅʗ ʗɼɽʈʅʀʄʀ 

ʈɽɸʂʊʆʈɸʄʀ  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ) ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʢʣʶʯʘʶʯʠ ʷʜʝʨʥʫ ʝʥʝʨʛʝʪʠʢʫ. 

ʋʧʨʘʚʣʽʥʥʷ ʷʜʝʨʥʠʤʠ ʨʝʘʢʪʦʨʘʤʠ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʚ ʨʝʘʛʫʚʘʥʥʽ ʥʘ ʟʤʽʥʠ ʫ ʨʝʘʢʮʽʷʭ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʫʪʴ ʤʘʪʠ 

ʦʙʤʝʞʝʥʥʷ ʫ ʰʚʠʜʢʦʩʪʽ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʩʠʪʫʘʮʽʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʷʜʝʨʥʠʤʠ ʨʝʘʢʪʦʨʘʤʠ ʤʦʞʝ ʚʠʨʽʰʠʪʠ ʮʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʧʦʢʨʘʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʨʝʘʢʪʦʨʽʚ. ʐɯ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʝʘʢʮʽʾ ʪʘ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʫ ʨʝʘʢʪʦʨʘʭ ʰʚʠʜʰʝ, ʥʽʞ ʮʝ ʤʦʞʝ ʟʨʦʙʠʪʠ 

ʣʶʜʠʥʘ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʠʟʠʢʠ ʪʘ ʚʠʢʣʠʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐɯ 

ʚ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʪʘʢʽ ʷʢ ʙʝʟʧʝʢʘ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʝʪʠʢʘ [1,2].  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʪʝʥʮʽʘʣʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʷʜʝʨʥʠʤʠ ʨʝʘʢʪʦʨʘʤʠ, ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ 

ʧʦʢʨʘʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʷʜʝʨʥʠʤʠ ʨʝʘʢʪʦʨʘʤʠ ʪʨʘʜʠʮʽʡʥʦ 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʽʡ: ʚʽʜ ʨʫʯʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʦʧʝʨʘʪʦʨʘʤʠ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʜʦʚʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʪʦʶ ʨʝʘʢʪʦʨʘ. ʎʽ ʩʠʩʪʝʤʠ ʟʜʘʪʥʽ ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʽʾ, 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʢʨʠʪʠʯʥʽ ʩʠʪʫʘʮʽʾ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʧʨʦʮʝʜʫʨʠ ʘʚʘʨʽʡʥʦʾ ʟʫʧʠʥʢʠ ʨʝʘʢʪʦʨʘ. 

ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ, ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʻ 

ʙʝʟʜʦʛʘʥʥʠʤʠ ʽ ʤʘʶʪʴ ʨʷʜ ʦʙʤʝʞʝʥʴ ʪʘ ʧʨʦʙʣʝʤ: 

- ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ: ʅʘʚʽʪʴ ʫ ʚʠʩʦʢʦʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ 

ʥʝʦʙʭʽʜʥʝ ʨʽʰʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʚ ʢʨʠʪʠʯʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʤʠʣʦʢ 

ʯʝʨʝʟ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ. 

- ʈʝʘʛʫʚʘʥʥʷ ʥʘ ʥʝʧʝʨʝʜʙʘʯʝʥʽ ʩʠʪʫʘʮʽʾ: ʊʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʚʽʜʦʤʽ ʩʮʝʥʘʨʽʾ ʪʘ ʤʦʞʫʪʴ ʥʝ ʝʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʪʠʩʷ ʟ ʨʽʜʢʽʩʥʠʤʠ ʘʙʦ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʧʦʜʽʷʤʠ. 

- ʆʙʤʝʞʝʥʥʷ ʚ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʽ: ɯʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʣʠʰʝ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʚʞʝ ʚʠʥʠʢʣʠ, ʽ ʯʘʩʪʦ ʥʝ ʟʜʘʪʥʽ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʧʝʨʝʜ ʾʭʥʽʤ ʚʠʥʠʢʥʝʥʥʷʤ. 

- ɸʜʘʧʪʠʚʥʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ: ʉʪʘʥʜʘʨʪʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʟʜʘʪʥʽʩʪʴ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʫ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʘʙʦ ʫ ʚʠʤʦʛʘʭ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʘ ʙʝʟ 

ʚʪʨʫʯʘʥʥʷ ʬʘʭʽʚʮʽʚ. 

- ɯʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ: ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʢʪʦʨʦʤ ʚʠʤʘʛʘʻ ʽʥʪʝʛʨʘʮʽʾ ʚʝʣʠʯʝʟʥʦʛʦ 

ʦʙʩʷʛʫ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚ ʫʤʦʚʘʭ ʟʘʩʪʘʨʽʣʠʭ ɯʊ-

ʩʠʩʪʝʤ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ ʷʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʤʘʻ ʧʦʪʝʥʮʽʘʣ 

ʨʘʜʠʢʘʣʴʥʦ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʧʽʜʭʦʜʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ, ʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ ʥʘʜʽʡʥʽʩʪʶ 

ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ. ʐɯ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʘʞʣʠʚʽ ʧʝʨʝʚʘʛʠ ʚ ʪʘʢʠʭ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʘʭ: 

 

- ɸʥʘʣʽʟ ʜʘʥʠʭ 
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- ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ 

- ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʊʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ ʪʘ ʧʦʛʣʠʙʣʝʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʦʙʨʦʙʣʷʪʠ ʪʘ 

ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʘʭ [1]. ʎʝ ʚʢʣʶʯʘʻ 

ʜʘʥʽ ʟ ʜʘʪʯʠʢʽʚ, ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʰʠʭ ʜʞʝʨʝʣ. ɸʣʛʦʨʠʪʤʠ ʐɯ ʤʦʞʫʪʴ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʧʦʤʽʪʥʠʤʠ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʢʘ, ʪʘ 

ʚʠʷʚʣʷʪʠ ʩʠʛʥʘʣʠ ʧʨʦ ʤʦʞʣʠʚʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʘʙʦ ʟʤʽʥʠ ʫ ʨʦʙʦʪʽ ʨʝʘʢʪʦʨʘ. ɸʣʛʦʨʠʪʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʥʘʚʽʪʴ ʧʝʨʝʜ 

ʪʠʤ, ʷʢ ʚʦʥʠ ʩʪʘʥʫʪʴ ʦʯʝʚʠʜʥʠʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʽ 

ʩʠʛʥʘʣʠ, ʤʽʥʽʤʽʟʫʶʯʠ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʽʥʮʠʜʝʥʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʱʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. 

ʐɯ ʤʦʞʝ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʙʘʛʘʪʦ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʷʜʝʨʥʠʤʠ ʨʝʘʢʪʦʨʘʤʠ, ʚʽʜ ʨʫʪʠʥʥʠʭ 

ʦʧʝʨʘʮʽʡ ʜʦ ʩʢʣʘʜʥʠʭ ʨʽʰʝʥʴ ʚ ʝʢʩʪʨʝʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʪʘ ʘʣʛʦʨʠʪʤʠ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʚʯʝʥʽ ʢʝʨʫʚʘʪʠ ʨʝʘʢʪʦʨʦʤ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʡʦʛʦ ʨʦʙʦʪʫ ʪʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ. 

ʐɯ ʤʦʞʝ ʦʙʨʦʙʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʧʝʨʘʪʦʨʘʤ 

ʪʘ ʽʥʞʝʥʝʨʘʤ ʜʦʢʣʘʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ. ɿʜʘʪʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʘʡʙʫʪʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʪʘ ʟʥʦʩ ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʣʘʥʫʚʘʪʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʨʦʙʣʝʤ, ʟʥʠʞʫʶʯʠ ʯʘʩ ʧʨʦʩʪʦʶ. ʐɯ ʤʦʞʝ 

ʰʚʠʜʢʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʧʪʠʤʽʟʫʶʯʠ ʨʦʙʦʪʫ ʨʝʘʢʪʦʨʘ ʧʽʜ ʨʽʟʥʽ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟʥʠʞʫʻ ʨʠʟʠʢ ʧʦʤʠʣʦʢ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʣʶʜʩʴʢʠʤ ʬʘʢʪʦʨʦʤ. 

ɯʥʪʝʛʨʘʮʽʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʷʜʝʨʥʠʤʠ ʨʝʘʢʪʦʨʘʤʠ ʚʽʜʢʨʠʚʘʻ 

ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʆʜʥʘʢ, ʮʝʡ ʧʨʦʮʝʩ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʠʟʢʦʶ ʚʠʢʣʠʢʽʚ ʪʘ ʦʙʤʝʞʝʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʫʩʧʽʰʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʐɯ ʥʝʦʙʭʽʜʥʽ ʚʠʩʦʢʦʷʢʽʩʥʽ ʪʘ ʪʦʯʥʽ ʜʘʥʽ. ɺ 

ʢʦʥʪʝʢʩʪʽ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʮʝ ʦʟʥʘʯʘʻ ʧʦʪʨʝʙʫ ʚ ʪʦʯʥʠʭ ʚʠʤʽʨʘʭ ʟ ʜʘʪʯʠʢʽʚ, ʥʘʜʽʡʥʦʤʫ 

ʟʙʦʨʽ ʪʘ ʦʙʨʦʙʮʽ ʜʘʥʠʭ. ʗʢʱʦ ʚʭʽʜʥʽ ʜʘʥʽ ʻ ʥʝʪʦʯʥʠʤʠ ʘʙʦ ʥʝʧʦʚʥʠʤʠ, ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʥʝʢʦʨʝʢʪʥʠʭ ʚʠʩʥʦʚʢʽʚ ʽ ʨʽʰʝʥʴ ʟ ʙʦʢʫ ʩʠʩʪʝʤ ʐɯ, ʱʦ ʤʦʞʝ ʤʘʪʠ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ 

ʙʝʟʧʝʢʠ ʨʝʘʢʪʦʨʘ. 

ɯʥʪʝʛʨʘʮʽʷ ʐɯ ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɿʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʮʠʭ ʜʘʥʠʭ ʩʪʘʚʣʷʪʴ ʧʽʜ ʟʘʛʨʦʟʫ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʠʭ ʢʽʙʝʨʟʘʛʨʦʟ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʟʘʭʠʩʪʫ 

ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʠʤʘʛʘʻ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ ʢʽʙʝʨʙʝʟʧʝʢʠ. 

ʋʩʧʽʰʥʘ ʽʥʪʝʛʨʘʮʽʷ ʐɯ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʠʩʪʝʤʘʤʠ ʐɯ 

ʪʘ ʦʧʝʨʘʪʦʨʘʤʠ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ. ʆʧʝʨʘʪʦʨʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʤʦʛʫ ʣʝʛʢʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʐɯ, ʘ ʪʘʢʦʞ ʚʪʨʫʯʘʪʠʩʷ ʫ ʨʽʰʝʥʥʷ, ʧʨʠʡʥʷʪʽ ʘʣʛʦʨʠʪʤʘʤʠ. ʎʝ ʚʠʤʘʛʘʻ 

ʨʦʟʨʦʙʢʠ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʜʣʷ ʨʦʙʦʪʠ 

ʟ ʥʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ɹʽʣʴʰʽʩʪʴ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʧʨʘʮʶʶʪʴ ʥʘ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ, ʨʦʟʨʦʙʣʝʥʠʭ 

ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʪʦʤʫ. ɯʥʪʝʛʨʘʮʽʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʐɯ ʚ ʮʽ ʩʠʩʪʝʤʠ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ 

ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʯʝʨʝʟ ʘʨʭʽʪʝʢʪʫʨʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʚʠʢʣʠʢʫ 

ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʟʥʘʯʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʽʩʥʫʶʯʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʘʙʦ ʨʦʟʨʦʙʢʠ ʘʜʘʧʪʠʚʥʠʭ 

ʨʽʰʝʥʴ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʪʘʢʦʞ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʫʧʨʘʚʣʽʥʥʷʤ ʟʘʚʜʘʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʫ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʟ ʥʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʎʝ ʦʟʥʘʯʘʻ ʧʦʪʨʝʙʫ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʜʘʪʢʦʚʠʭ 

ʪʨʝʥʽʥʛʽʚ ʽ ʢʫʨʩʽʚ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʐɯ ʪʘ ʤʝʪʦʜʽʚ ʚʟʘʻʤʦʜʽʾ ʟ ʥʠʤ. 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʷʜʝʨʥʠʤʠ 

ʨʝʘʢʪʦʨʘʤʠ ʚʽʜʢʨʠʚʘʻ ʧʝʨʝʜ ʷʜʝʨʥʦʶ ʝʥʝʨʛʝʪʠʢʦʶ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʨʘʜʠʢʘʣʴʥʦ ʧʦʢʨʘʱʠʪʠ ʙʝʟʧʝʢʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ. 

ʈʦʟʚʠʪʦʢ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʘʥʘʣʽʟʫ ʜʘʥʠʭ, 



 

 10 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʢʨʠʪʠʯʥʠʭ ʫʤʦʚʘʭ. 

ʆʜʥʘʢ, ʧʦʧʨʠ ʟʥʘʯʥʽ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ, ʧʨʦʮʝʩ ʽʥʪʝʛʨʘʮʽʾ ʐɯ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʨʷʜʦʤ ʚʠʢʣʠʢʽʚ ʪʘ ʦʙʤʝʞʝʥʴ. ɺʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʥ̔ʬʦʨʤʘʮʽʾ, ʝʬʝʢʪʠʚʥʘ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʐɯ ʪʘ ʦʧʝʨʘʪʦʨʘʤʠ, ʘʜʘʧʪʘʮʽʷ ʜʦ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʦʪʨʝʙʘ ʫ ʥʘʚʯʘʥʥʽ ʪʘ ʨʦʟʚʠʪʢʫ ʥʘʚʠʯʦʢ ʧʝʨʩʦʥʘʣʫ ʚʠʤʘʛʘʶʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʽʜʭʦʜʫ ʪʘ ʟʥʘʯʥʠʭ ʟʫʩʠʣʴ ʟ ʙʦʢʫ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʨʦʟʨʦʙʥʠʢʽʚ. 

ʈʝʘʣʽʟʘʮʽʷ ʧʦʪʝʥʮʽʘʣʫ ʐɯ ʫ ̫ ʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʚʠʤʘʛʘʻ ʥʝ ʣʠʰʝ ʪʝʭʥʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡ, 

ʘʣʝ ʡ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʨʘʤʦʢ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʜʽʘʣʦʛʫ ʤʽʞ ʫʩʽʤʘ 

ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ. 

ʋʩʧʽʰʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʫ ʷʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʚʽʜʢʨʠʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʘʪʦʤʥʦʾ ʝʥʝʨʛʽʾ, ʟʨʦʙʠʪʴ ʘʪʦʤʥʽ ʩʪʘʥʮʽʾ ʙʽʣʴʰ ʘʜʘʧʪʠʚʥʠʤʠ 

ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʽʜʚʠʱʠʪʴ ʨʽʚʝʥʴ ʾʭʥʴʦʾ ʙʝʟʧʝʢʠ ʪʘ ʟʤʝʥʰʠʪʴ ʨʠʟʠʢʠ ʜʣʷ 

ʜʦʚʢʽʣʣʷ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʛʨʘʮʽʷ ʐɯ ʚ ʷʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʻ ʥʝ ʣʠʰʝ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʚʠʢʣʠʢʦʤ, ʘʣʝ ʡ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʥʘ ʰʣʷʭʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ, ʜʝ ʷʜʝʨʥʘ ʝʥʝʨʛʽʷ 

ʚʽʜʽʛʨʘʚʘʪʠʤʝ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʦʪʨʝʙ ʣʶʜʩʪʚʘ ʚ ʝʥʝʨʛʽʾ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʤ̔ ʥʽʤʽʟʫʚʘʥʥʽ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 
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ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ɻʫʧʘʣʦ ʄ.ɹ. 

ĭ ʇʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ ɺ.ʖ. 

  https://scholar.google.com/citations?user=l8nJrv0AAAAJ&hl 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʊɸ ʈʆɿʈʆɹʂɸ ʊɽʈʄʆʉʀʌʆʅɯɺ ɼʃʗ ʉʀʉʊɽʄʀ 

ʆʍʆʃʆɼɾɽʅʅʗ ɺɯɼʇʈɸʎʔʆɺɸʅʆɻʆ ʗɼɽʈʅʆɻʆ ʇɸʃʀɺɸ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɼʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ɸɽʉ ʟ ʨʝʘʢʪʦʨʦʤ ʪʠʧʫ ɺɺɽʈ-1000 ʚʭʦʜʷʪʴ ʥʘʩʪʫʧʥʽ 

ʩʢʣʘʜʦʚʽ: 

¶ ʥʘʩʦʩʠ ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʷ ɹɺ TG11õ13D01; 

¶ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʷ ɹɺ TG11õ13W01; 

¶ ʚʽʜʩʽʢʠ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʘʣʠʚʘ TG21ɺ01õ03; 

¶ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʢʦʣʦʜʷʟʴ TG21ɺ04; 

¶ ʰʘʭʪʘ ʨʝʚʽʟʽʾ ɺʂʇ TG21ɺ05; 

¶ ʰʘʭʪʘ ʨʝʚʽʟʽʾ ɹɿʊ TG21ɺ06; 

¶ ʪʨʫʙʦʧʨʦʚʦʜʠ; 

¶ ʘʨʤʘʪʫʨʘ; 

¶ ʂɺʇʪʘɸ. 

 ɼʘʥʘ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʫʩʽʭ ʜʽʶʯʠʭ ʙʣʦʢʘʭ ʟ ɺɺɽʈ-1000 ʚ ʋʢʨʘʾʥʽ. 

ʉʠʩʪʝʤʘ ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʷ ʙʘʩʝʡʥʽʚ ʚʠʪʨʠʤʢʠ (ɹɺ), ʟʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʅʇ.306.2.141-

2008, ʻ ʩʠʩʪʝʤʦʶ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʘʞʣʠʚʦʶ ʜʣʷ ʙʝʟʧʝʢʠ, ʷʢʫ ʚʘʞʣʠʚʦ 

ʧʦʢʨʘʱʫʚʘʪʠ [1]. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ï ʮʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʙʫʜʴ-ʷʢʦʾ  ɸɽʉ, 

ʘʢʪʠʚʥʘ ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʫʪʴ ʧʦʣʽʧʰʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. ʇʦʢʨʘʱʠʪʠ ʩʠʩʪʝʤʫ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ 

ʧʘʣʠʚʘ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʘʞʣʠʚʦ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʥʘ ʥʦʚʠʭ ʙʣʦʢʘʭ, ʷʢʽ ʚ 

ʩʢʦʨʽʰʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʧʦʯʥʫʪʴ ʙʫʜʫʚʘʪʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʈʦʟʨʦʙʢʘ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʨʤʦʩʠʬʦʥʥʦʾ ʩʠʩʪʝʤʠ (ʜʦʧʦʤʽʞʥʘ 

ʩʠʩʪʝʤʘ) ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʫ ɺɺɽʈ-1000 ʧʽʜ ʯʘʩ 

ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʾʾ ʧʦʨʫʰʝʥʥʷʭ. ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʧʦʪʦʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʾʭ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʶ ʜʦ ʩʧʝʮʠʬʽʢʠ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʘʣʠʚʘ. ɼʘʥʘ ʨʦʙʦʪʘ ʤʘʻ ʥʘ ʤʝʪʽ 

ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʩʠʬʦʥʽʚ, ʾʭ ʽʥʪʝʛʨʘʮʽʶ ʫ ʩʫʯʘʩʥʽ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʦʮʽʥʢʫ ʾʭʥʴʦʾ ʨʦʙʦʪʠ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ɹʘʩʝʡʥ 

ʚʠʪʨʠʤʢʠ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʘʣʠʚʘ ʧʦʜʽʣʝʥʠʡ ʥʘ ʪʨʠ ʚʽʜʩʽʢʠ TG21B01õ03 ï ʮʝ ʟʤʝʥʰʫʻ 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʽʜʤʦʚʠ ɹɺ ʦʜʥʦʯʘʩʥʦ ʜʣʷ ʫʩʽʭ ʊɺɿ ʽ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʙʦʪʠ ʟ 

ʦʙʩʪʝʞʝʥʥʷ ʯʠ ʨʝʤʦʥʪʫ ʦʢʨʝʤʠʭ ʚʽʜʩʽʢʽʚ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʽʥʰʠʭ. ʂʦʞʝʥ ʟ ʚʽʜʩʽʢʽʚ ʤʘʻ ʩʚʽʡ 

ʘʚʪʦʥʦʤʥʠʡ ʢʘʥʘʣ ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʦʩʘ TG11(12,13)D01, 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ TG11(12,13)W01, ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʟʚôʷʟʢʫ ʽ ʘʨʤʘʪʫʨʠ. ɺʽʜʚʝʜʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʚʠʜʽʣʝʥʴ ʪʝʧʣʘ ʚʽʜ ʊɺɿ ɹɺ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʙʦʨʫ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ 

ʥʘʛʨʽʪʦʾ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʽʜʩʽʢʫ ʚʦʜʠ, ʾʾ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ TG11(12,13)W01 

ʪʝʭʥʽʯʥʦʶ ʚʦʜʦʶ ʛʨʫʧʠ çɸè ʟ ʥʘʩʪʫʧʥʠʤ ʧʦʚʝʨʥʝʥʥʷʤ ʜʦ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʚʽʜʩʽʢʫ ɹɺ 

ʧʨʘʮʶʶʯʠʤ ʥʘʩʦʩʦʤ TG11(12,13)D01. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʦʜʘ ʚ ʢʘʥʘʣʘʭ ʮʠʨʢʫʣʶʻ ʟʘʤʢʥʝʥʠʤ 

ʢʦʣʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʫ ʚʽʜʩʽʢʘʭ ɹɺ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚ ʤʝʞʘʭ 30õ40 ÁC ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʚʠʪʨʘʪʠ ʪʝʭʥʽʯʥʦʾ ʚʦʜʠ ʛʨʫʧʠ çɸè ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʷ ɹɺ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʷ ɹɺ 

 

ʑʦʙ ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʩʽʢʽʚ ɹɺ ʚʽʜ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ 

ʢʘʥʘʣʫ ʩʠʩʪʝʤʠ, ʤʽʞ ʮʠʤʠ ʢʘʥʘʣʘʤʠ ʧʝʨʝʜʙʘʯʝʥʦ ʪʨʫʙʦʧʨʦʚʦʜʠ ʟʚôʷʟʢʫ ʽʟ ʟʘʧʽʨʥʦʶ 

ʘʨʤʘʪʫʨʦʶ, ʱʦ ʩʧʦʣʫʯʘʶʪʴ ʚʩʤʦʢʪʫʚʘʣʴʥʽ ʡ ʥʘʧʽʨʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʥʘʩʦʩʽʚ TG11õ13D01. 

ɹʽʦʣʦʛʽʯʥʠʡ ʟʘʭʠʩʪ ʧʝʨʩʦʥʘʣʫ ʚʽʜ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ɹɺ, 

ʰʘʭʪʘʭ ʨʝʚʽʟʽʾ ɹɿʊ, ɺʂʇ, ʨʝʘʢʪʦʨʘ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʥʘʜ ʥʠʤʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ 

ʚʦʜʠ. ʈʽʚʝʥʴ ʚʦʜʠ ʚ ɹɺ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʊɺɿ ʤʘʻ ʙʫʪʠ ʥʝ ʥʠʞʯʠʡ ʟʘ 803 

ʩʤ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜ ʯʘʩ ʟʥʘʭʦʜʞʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʊɺɿ ʫ ɹɺ ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʘʩʪʫʧʥʽ 

ʚʠʤʦʛʠ: 

¶ ʧʽʜʢʨʠʪʠʯʥʽʩʪʴ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʠʞʯʦʶ ʟʘ 0,05 ʟʘ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʘʚʘʨʽʡʥʠʭ 
ʩʠʪʫʘʮʽʡ; 

¶ ʤʘʻ ʙʫʪʠ ʚʠʢʣʶʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʪʨʘʧʣʷʥʥʷ ʩʪʦʨʦʥʥʽʭ ʧʨʝʜʤʝʪʽʚ ʫ ʊɺɿ; 

¶ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʚʽʜ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʊɺɿ ʤʘʻ ʚʠʢʣʶʯʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʭʥʴʦʛʦ 
ʧʝʨʝʛʨʽʚʘʥʥʷ; 

¶ ʤʘʻ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʦ ʟʘʭʠʩʪ ʧʝʨʩʦʥʘʣʫ ʚʽʜ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ (ʛʘʟʦʚʦʾ, 

ʘʝʨʦʟʦʣʴʥʦʾ, ʛʘʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ); 

¶ ʧʝʨʽʦʜʠʯʥʦ ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ɹɺ; 

¶ ʤʘʻ ʙʫʪʠ ʚʠʢʣʶʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʧʘʜʢʦʚʦʛʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚ ɹɺ; 

¶ ʤʘʻ ʙʫʪʠ ʚʠʢʣʶʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʪʨʘʧʣʷʥʥʷ ʜʦ ɹɺ ʥʝʙʦʨʦʚʘʥʦʾ ʚʦʜʠ ʡ ʚʦʜʠ 
ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʥʠʞʯʝ ʟʘ 16 ʛ/ʜʤ3. 

ɺ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʥʝʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʚʽʜʩʽʢʽʚ ɹɺ 

ʰʪʘʪʥʠʤʠ ʣʽʥʽʷʤʠ TG11õ13 ʟ ʣʦʢʘʣʽʟʫʶʯʦʶ ʘʨʤʘʪʫʨʦʶ, ʧʝʨʝʜʙʘʯʝʥʦ ʘʚʘʨʽʡʥʝ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʘʣʠʚʘ ɹɺ ʰʣʷʭʦʤ ʧʦʜʘʚʘʥʥʷ ʩʧʨʠʥʢʣʝʨʥʠʤʠ ʥʘʩʦʩʘʤʠ ʚʦʜʠ ʟ ɻɸ-201 

ʦʢʨʝʤʠʤʠ ʣʽʥʽʷʤʠ ʙʝʟ ʣʦʢʘʣʽʟʫʚʘʣʴʥʦʾ ʘʨʤʘʪʫʨʠ ʚʠʪʨʘʪʦʶ ʙʣʠʟʴʢʦ 40 ʤ3/ʛʦʜ. 

ʋ ʚʠʧʘʜʢʫ ʧʨʦʻʢʪʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ʥʘʩʦʩʠ TG11õ13D01 ʦʪʨʠʤʫʶʪʴ 

ʞʠʚʣʝʥʥʷ ʚʽʜ ɼɻ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʘʥʘʣʫ ʉɹ. ɿʘ ʫʤʦʚʠ ʪʨʠʚʘʣʦʛʦ (ʜʦ 72 ʛʦʜʠʥ) ʧʦʚʥʦʛʦ 

ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ʡ ʚʪʨʘʪʠ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʜʦ ʢʽʥʮʝʚʦʛʦ ʧʦʛʣʠʥʘʯʘ, ʟ ʤʝʪʦʶ 

ʧʽʜʞʠʚʣʝʥʥʷ ʡ ʦʭʦʣʦʜʞʝʥʥʷ ɹɺ, ʧʝʨʝʜʙʘʯʝʥʦ ʧʦʜʘʚʘʥʥʷ ʜʦ ʥʴʦʛʦ ʟʘ ʜʦʧʦʤʦʛʠ ʄʅʋ ɹɺ 

ʚʦʜʠ ʟ ʙʘʢʽʚ ʊɺ10ɺ01,02, TB30ɺ01,02, TQ10õ30B01 (ɻɸ-201), 0ʊʄ50ɺ01õ04, ʊʍ10õ30ɺ01, 

ʊɺ40ɺ01,02, ʚʦʜʦʧʨʠʡʤʘʣʴʥʦʛʦ ʢʦʚʰʘ ɹʅʉ-2,3 ʚ ʣʽʥʽʾ ʘʚʘʨʽʡʥʦʛʦ ʧʽʜʞʠʚʣʝʥʥʷ ɹɺ ʚʽʜ 

ʩʧʨʠʥʢʣʝʨʥʦʾ ʩʠʩʪʝʤʠ. ɭ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʽʜʞʠʚʣʝʥʥʷ ɹɺ ʥʘʧʽʨʥʽ 
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ʪʨʫʙʦʧʨʦʚʦʜʠ ʥʘʩʦʩʽʚ 0ʊʄ50D01,02,03, ʢʫʜʠ ʄʅʋ ɹɺ ʤʦʞʝ ʧʦʜʘʪʠ ʚʦʜʫ ʟ ʙʘʢʽʚ 

0ʊʄ50ɺ01õ04 [2,3]. 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ. ʊʝʨʤʦʩʠʬʦʥʥʘ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʨʦʙʦʪʫ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʠ ʾʾ ʧʦʨʫʰʝʥʽ. ʂʦʤʙʽʥʦʚʘʥʘ 

ʩʠʩʪʝʤʘ ʪʝʨʤʦʩʠʬʦʥʽʚ ʪʘ ʚʠʱʝ ʟʛʘʜʘʥʦʾ ʜʽʶʯʦʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ɹɺ ʜʦʟʚʦʣʠʪʴ 

ʨʦʟʚʘʥʪʘʞʠʪʠ ʪʘ ʧʦʜʽʣʠʪʠ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʤʽʞ ʩʠʩʪʝʤʘʤʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ 

ʚʠʪʨʘʪʫ ʥʘ ʪʝʧʣʦʦʙʤʽʥʥʠʡ ʘʧʘʨʘʪ ʪʘ ʣʝʛʰʝ ʢʦʨʠʛʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ɹɺ.  

ʇʨʠ ʩʠʪʫʘʮʽʷʭ, ʷʢʽ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ɹɺ ʯʝʨʝʟ ʥʝʩʧʨʘʚʥʽʩʪʴ 

ʥʘʩʦʩʽʚ, ʟʥʝʩʪʨʫʤʣʝʥʽ ʯʠ ʽʥʰʠʭ ʧʦʨʫʰʝʥʥʷʭ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʫʩʝ ʪʝʧʣʦ ʟ ɹɺ 

ʚʽʜʚʦʜʠʪʠʤʝ ʪʝʨʤʦʩʠʬʦʥʥʘ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ. ʉʠʩʪʝʤʘ ʥʝ ʧʦʪʨʝʙʫʻ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, 

ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʧʦʩʪʽʡʥʦ ʦʭʦʣʦʜʞʫʚʘʪʠ ɹɺ. ʇʨʦʻʢʪ ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ 

ʚ ʘʪʤʦʩʬʝʨʫ, ʧʨʦʚʽʚʰʠ ʪʝʨʤʦʩʠʬʦʥʥʫ ʩʠʩʪʝʤʫ ʟʘ ʤʝʞʽ ɻʆ.  

ɺʠʩʥʦʚʢʠ. ɹʝʟʧʝʢʘ ʥʘ ɸɽʉ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ 

ʟʤʫʰʫʻ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ. ʇʦʢʨʘʱʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ 

ʧʦʢʨʘʱʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʨʝʞʠʤʥʽʩʪʴ ʨʦʙʦʪʠ. ɺ ʜʘʥʽʡ ʜʦʧʦʚʽʜʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʩʠʩʪʝʤʫ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ɸɽʉ ʟ ʨʝʘʢʪʦʨʦʤ ʪʠʧʫ ɺɺɽʈ-1000, 

ʧʦʢʨʘʱʝʥʥʷ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʧʦʤʽʞʥʦʾ ʪʝʨʤʦʩʠʬʦʥʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʠ ʧʦʨʫʰʝʥʥʷʭ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʠ 

ʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ. ʅʇ 306.2.141-2008. 

2. ɯʥʩʪʨʫʢʮʽʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʙʘʩʝʡʥʘ ʚʠʪʨʠʤʢʠ. ʉʠʩʪʝʤʘ 

ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʘʞʣʠʚʘ ʜʣʷ ʙʝʟʧʝʢʠ. ɹʣʦʢ ˉ3. 121-3-09-ɽ-ʈʎ-2. 

 3. ɯʥʩʪʨʫʢʮʽʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʠʩʪʝʤʘ ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʷ ʙʘʩʝʡʥʫ ʚʠʪʨʠʤʢʠ. ʉʠʩʪʝʤʘ 

ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʘʞʣʠʚʘ ʜʣʷ ʙʝʟʧʝʢʠ. ɹʣʦʢ ˉ4. 121-4-09-ɽ-ʈʎ-2.
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ʋɼʂ 621.039.4 

ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ɼʘʥʽʣʦʚ ɺ.ʆ. 

ʢ.ʪ.ʥ., ʆʚʜʽʻʥʢʦ ʖ.ʄ. 

 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɯʅʎʀɼɽʅʊ ʅɸ ɸɽʉ ʇɸʂʐ ɺ 2003 ʈʆʎɯ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɸɽʉ ʇʘʢʰ ï ʻʜʠʥʘ ʘʪʦʤʥʘ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚ ʋʛʦʨʱʠʥʽ [1]. ɺ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ, ʪʘʢʽ ʞ 

ʨʝʘʢʪʦʨʠ ʷʢ ʽ ʥʘ ʧʝʨʰʦʤʫ ʪʘ ʜʨʫʛʦʤʫ ʝʥʝʨʛʦʙʣʦʢʘʭ ʈɸɽʉ, ʟ ʻʜʠʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʚ ʪʦʤʫ, ʱʦ 

ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʪʫʞʥʽʩʪʴ ʮʠʭ ʙʣʦʢʽʚ ʙʫʣʘ ʟʙʽʣʴʰʝʥʘ ʜʦ 500 ʄɺʪ 

[2]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʮʽʦʥʘʣʴʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʪʘ ʩʪʘʥʜʘʨʪʽʚ ʄɸɻɸʊɽ, ʙʝʟʧʝʢʘ ɸɽʉ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʣʽʜʦʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʛʣʠʙʦʢʦʝʰʝʣʦʥʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ʽ 

ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʦʶ ʧʦʩʣʽʜʦʚʥʠʭ ʬʽʟʠʯʥʠʭ ʙʘʨôʻʨʽʚ. ʆʪʞʝ, ʙʫʜʴ-

ʷʢʽ ʧʦʜʽʾ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʧʦʨʫʰʝʥʥʷʤ ʮʽʣʽʩʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʙʘʨôʻʨʽʚ ʚʠʤʘʛʘʶʪʴ 

ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʦʜʽʶ, ʱʦ ʚʽʜʙʫʣʘʩʷ ʥʘ ɸɽʉ ʇʘʢʰ ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ 

ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʣʷ ʧʨʦʮʝʩʫ ʧʨʦʤʠʚʢʠ, ʷʢʽ ʧʦʤʠʣʢʠ ʙʫʣʠ ʜʦʧʫʱʝʥʽ ʚ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʽ ʱʦ ʟʨʝʰʪʦʶ ʧʨʠʟʚʝʣʦ ʜʦ ʚʪʨʘʪʠ 30 ʧʘʣʠʚʥʠʭ ʢʘʩʝʪ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʩʣʽʜʢʠ ʪʘ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʽʥʮʠʜʝʥʪʫ 

ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʧʦʜʽʙʥʠʭ ʧʦʤʠʣʦʢ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʪʘ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʦʚʦʜʞʝʥʥʷ ʟ ʷʜʝʨʥʠʤ ʧʘʣʠʚʦʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʜʥʽʻʶ ʟ ʧʝʨʝʜʫʤʦʚ ʽʥʮʠʜʝʥʪʫ ʙʫʣʠ ʧʦʰʢʦʜʞʝʥʽ, ʧʽʜ ʯʘʩ ʨʝʤʦʥʪʫ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʦʢʩʠʜʥʽ ʰʘʨʠ ʥʘ ʪʨʫʙʘʭ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʤʘʛʥʝʪʠʪʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ, 

ʧʦʯʘʣʠ ʦʩʽʜʘʪʠ ʥʘ ʧʘʣʠʚʥʠʭ ʢʘʩʝʪʘʭ. ʏʝʨʝʟ ʮʝ ʟʤʝʥʰʠʣʘʩʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʪʝʧʣʦʥʦʩʽʷ 

ʯʝʨʝʟ ʘʢʪʠʚʥʫ ʟʦʥʫ, ʧʦʛʽʨʰʠʣʘʩʷ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʦʙʦʣʦʥʢʠ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʊɺɽʃ), ʟʙʽʣʴʰʠʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʩʝʪ ʪʘ ʟʥʠʟʠʣʘʩʴ ʧʦʪʫʞʥʽʩʪʴ ʨʝʘʢʪʦʨʘ. ɼʣʷ 

ʦʯʠʱʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ʢʘʩʝʪ ʥʘ ʙʘʟʽ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʘʣʠʚʘ ʊʂ-6, ʢʦʤʧʘʥʽʻʶ 

Siemens ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʦʯʠʩʪʢʠ 7 ʢʘʩʝʪ, ʧʨʦʪʝ ʚʽʜ ʥʴʦʛʦ ʚʽʜʤʦʚʠʣʠʩʷ, ʯʝʨʝʟ 

ʧʦʚʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ. ɹʫʚ ʫʢʣʘʜʝʥʠʡ ʜʦʛʦʚʽʨ ʟ ʬʨʘʥʮʫʟʴʢʦʶ ʢʦʤʧʘʥʽʻʶ Framatome ʧʨʦ 

ʩʪʚʦʨʝʥʥʷ ʙʘʢʫ ʜʣʷ ʦʯʠʩʪʢʠ ʚʽʜʨʘʟʫ 30 ʢʘʩʝʪ.  

ʆʯʠʩʪʢʘ ʧʘʣʠʚʘ ʚʽʜʙʫʚʘʣʘʩʷ ʚ ʜʚʦʭ ʨʝʞʠʤʘʭ: B ʪʘ ʉ. ʈʝʞʠʤ ɺ - ʦʭʦʣʦʜʞʝʥʥʷ ʧʘʣʠʚʘ 

ʚʦʜʦʶ ʟ ʢʦʣʦʜʷʟʷ ˉ1 ʟʘʥʫʨʶʚʘʣʴʥʠʤ ʥʘʩʦʩʦʤ (20 ʪ/ʛʦʜ), ʨʝʞʠʤ ʉ - ʦʯʠʱʝʥʥʷ ʧʘʣʠʚʘ 

ʩʠʩʪʝʤʦʶ AMDA, ʧʦʪʫʞʥʽʩʪʴ ʥʘʩʦʩʫ 250 ʪ/ʛʦʜ. ʈʝʞʠʤ ɺ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʘʩʝʪ, ʨʝʞʠʤ ʉ ʙʫʚ ʦʩʥʦʚʥʠʡ ʜʣʷ ʦʯʠʩʪʢʠ (ʨʠʩ.1). 

ʉʣʽʜ ʚʠʟʥʘʯʠʪʠ ʥʝʜʦʣʽʢʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʨʠʟʚʝʣʠ ʜʦ ʽʥʮʠʜʝʥʪʫ:  

- ʟʘ ʪʘʢʦʾ ʙʫʜʦʚʠ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʥʝʤʦʞʣʠʚʘ ʧʨʠʨʦʜʥʘ ʮʠʨʢʫʣʷʮʽʷ, ʪʘʢ ʷʢ ʭʽʜ 

ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʫʞʝ ʩʢʣʘʜʥʠʡ;  

- ʢʨʠʰʢʘ, ʦʜʷʛʘʣʘʩʷ ʥʘ ʜʚʽ ʥʘʧʨʷʤʥʽ ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʽʩʥʫʚʘʣʘ ʽʤʦʚʽʨʥʽʩʪʴ ʾʾ ʧʝʨʝʢʦʩʫ 

ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ;  

- ʙʘʢ ʤʘʚ ʣʠʰʝ ʦʜʥʫ ʥʘʧʨʘʚʣʷʶʯʫ ʧʣʠʪʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʢʘʩʝʪʠ ʪʘ 

ʥʝʚʣʫʯʘʥʥʽ ʚ ʛʥʽʟʜʦ ʟʥʠʟʫ ʙʘʢʫ ʚʠʥʠʢʘʣʠ ʧʨʦʪʽʯʢʠ; 

- ʥʠʟʴʢʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚ ʙʘʢʫ ʥʝ ʜʘʚʘʣʘ ʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝ, 

ʱʦ ʚʽʜʙʫʚʘʣʦʩʷ ʚʩʝʨʝʜʠʥʽ ʦʯʠʩʥʦʛʦ ʘʛʨʝʛʘʪʫ;  

- ʪʘʢʦʞ ʥʝ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʦʪʚʦʨʠ, ʷʢʽ ʙʫʣʠ ʧʝʨʝʜʙʘʯʝʥʽ ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʘʣʠʚʥʠʭ 

ʢʘʩʝʪ, ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʘʣʠ ʙʘʡʧʘʩʥʽ ʧʨʦʪʽʯʢʠ.  

ʇʦʜʽʾ ʚʽʜʙʫʚʘʣʠʩʷ ʟʘ ʪʘʢʦʶ ʭʨʦʥʦʣʦʛʽʻʶ. 15 ʙʝʨʝʟʥʷ 2003 ʨʦʢʫ ʧʨʠʩʪʨʽʡ ʙʫʚ 

ʚʩʪʘʥʦʚʣʝʥʠʡ. ʉʧʦʯʘʪʢʫ ʙʫʣʦ ʦʯʠʱʝʥʦ ʧʘʣʠʚʦ, ʱʦ ʚʽʜʩʪʦʷʣʦ ʧʝʚʥʠʡ ʯʘʩ ʚ ʙʘʩʝʡʥʽ 

ʚʠʪʨʠʤʢʠ. ɼʘʣʽ ʥʘ ʇʇʈ ʙʫʚ ʟʫʧʠʥʝʥʠʡ ʜʨʫʛʠʡ ʝʥʝʨʛʦʙʣʦʢ, ʚʽʜʧʦʚʽʜʥʦ ʟʘʣʠʰʢʦʚʝ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʢʘʩʝʪ, ʱʦ ʙʫʣʠ ʚʠʡʥʷʪʽ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʙʫʣʦ ʩʫʪʪʻʚʦ ʙʽʣʴʰʝ ʥʽʞ ʚ ʪʠʭ, ʱʦ 
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ʚʽʜʩʪʦʷʣʠ ʚ ʙʘʩʝʡʥʽ, ʧʨʦʪʝ ʾʭ ʚʽʜʨʘʟʫ ʧʦʤʽʩʪʠʣʠ ʚ ʙʘʢ. ʇʝʨʰʽ ʪʨʠ ʧʘʨʪʽʾ ʧʘʣʠʚʘ ʙʫʣʠ ʦʯʠʱʝʥʽ 

ʚʜʘʣʦ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʦʯʠʩʪʢʠ ʯʝʪʚʝʨʪʦʾ ʧʘʨʪʽʾ ʧʘʣʠʚʘ ʫʩʪʘʥʦʚʢʘ AMDA ʙʫʣʘ ʧʝʨʝʚʝʜʝʥʘ 

ʚ ʨʝʞʠʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ɺ.  

 
ʈʠʩ.1 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ 

 

ʏʝʨʝʟ ʇʇʈ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʘ ʤʘʰʠʥʘ ʙʫʣʘ ʟʘʡʥʷʪʘ ʽ ʟʥʷʪʠ ʢʨʠʰʢʫ ʥʝ ʙʫʣʦ ʟʤʦʛʠ. 

ʅʠʟʴʢʘ ʚʠʪʨʘʪʘ ʚ ʨʝʞʠʤʽ B ʩʧʨʠʷʣʘ ʫʪʚʦʨʝʥʥʶ ʟʥʘʯʥʦʛʦ ʙʘʡʧʘʩʥʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʦʪʚʦʨʠ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʦʜʘ ʧʦʯʘʣʘ ʢʠʧʽʪʠ. ʇʝʨʩʦʥʘʣ ʧʨʦ ʮʝ ʥʝ ʟʥʘʚ. ʎʝ ʚʠʷʚʠʣʠ ʣʠʰʝ ʪʦʜʽ ʢʦʣʠ 

ʧʦʯʘʚ ʩʧʨʘʮʴʦʚʫʚʘʪʠ ʘʚʘʨʽʡʥʠʡ ʢʣʘʧʘʥ ʽ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʟʘʣʽ. ɼʘʣʽ ʧʝʨʩʦʥʘʣ ʝʚʘʢʫʶʚʘʣʠ ʪʘ ʧʦʯʘʣʦʩʷ ʧʨʦʚʽʪʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ 

ʚʝʥʪʠʣʷʮʽʾ. ɿʘ ʧʽʜʨʘʭʫʥʢʘʤʠ ʜʦʙʦʚʠʡ (10 ʢʚʽʪʥʷ) ʚʠʢʠʜ ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ ʥʘ ʚʝʥʪʠʣʷʮʽʡʥʽʡ 

ʪʨʫʙʽ  ʩʢʣʘʚ 12,4 ʊɹʢ.  

ɺʞʝ 11 ʢʚʽʪʥʷ ʦ 00:30 ʙʫʚ ʧʦʽʥʬʦʨʤʦʚʘʥʠʡ ʈʝʛʫʣʶʶʯʠʡ ʦʨʛʘʥ ʟ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʋʛʦʨʱʠʥʠ (HAEA). ʇʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ ʧʦʛʽʨʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʙʫʣʦ ʚʠʢʣʠʢʘʥʝ 

ʥʝʱʽʣʴʥʽʩʪʶ ʊɺɽʃʽʚ. ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘʨʘʜʘ, ʥʘ ʷʢʽʡ ʧʨʠʡʥʷʣʠ ʨʽʰʝʥʥʷ ʟʥʷʪʠ ʢʨʠʰʢʫ 

ʢʦʥʪʝʡʥʝʨʘ ʪʘ ʚʠʜʘʣʠʪʠ ʜʝʬʝʢʪʥʫ ʟʙʽʨʢʫ. ʆ 04:20 ʢʨʠʰʢʫ ʩʧʨʦʙʫʚʘʣʠ ʧʽʜʥʷʪʠ, ʧʨʦʪʝ 

ʙʝʟʫʩʧʽʰʥʦ ʪʘʢ ʷʢ ʦʜʠʥ ʟ ʧʽʜʡʦʤʥʠʭ ʪʨʦʩʽʚ ʧʦʰʢʦʜʠʚʩʷ - ʢʨʠʰʢʘ ʧʝʨʝʢʦʩʠʣʘʩʷ.  
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ɿʘ ʰʢʘʣʦʶ INES ʮʽʡ ʧʦʜʽʾ ʩʧʦʯʘʪʢʫ ʙʫʚ ʥʘʜʘʥʠʡ ʩʪʘʪʫʩ ʽʥʮʠʜʝʥʪʫ, ʧʨʦʪʝ ʢʦʣʠ ʚʩʝ ʞ 

ʟʥʷʣʠ ʢʨʠʰʢʫ ʚʠʷʚʠʣʠ ʩʝʨʡʦʟʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʧʘʣʠʚʥʠʭ ʢʘʩʝʪ. ɿʨʝʰʪʦʶ, ʧʦʜʽʾ ʙʫʣʦ ʥʘʜʘʥʦ 

ʪʨʝʪʽʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ, ʘ ʩʘʤʝ ʩʝʨʡʦʟʥʠʡ ʽʥʮʠʜʝʥʪ.  

ʉʪʘʪʫʩ ʘʚʘʨʽʾ ʥʝ ʙʫʚ ʥʘʜʘʥʠʡ, ʪʘʢ ʷʢ ʥʝ ʙʫʣʠ ʧʝʨʝʚʠʱʝʥʽ ʤʝʞʽ ʚʠʢʠʜʽʚ ʥʘ 

ʚʝʥʪʠʣʷʮʽʡʥʽʡ ʪʨʫʙʽ. ɺʘʨʪʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʧʽʜʥʷʪʪʽ ʢʨʠʰʢʠ, ʥʘ 9 ʥʘʡʙʣʠʞʯʠʭ 

ʧʽʜʩʪʘʥʮʽʷʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʷ ɸɽʉ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟʘʤʽʨʠ ʘʢʪʠʚʥʦʩʪʽ ʽ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʩʷʛʥʫʣʦ 100 ʥɿʚ/ʛʦʜ, ʱʦ ʟʘʩʚʽʜʯʫʚʘʣʦ, ʱʦ ʥʦʨʤʫ ʧʝʨʝʚʠʱʝʥʦ ʥʝ ʙʫʣʦ. ʇʽʩʣʷ ʪʦʛʦ 
ʷʢ ʚʩʝ ʙʫʣʦ ʚʨʝʛʫʣʴʦʚʘʥʦ ʥʘ ʤʘʡʜʘʥʯʠʢ ʧʨʠʾʭʘʣʠ ʝʢʩʧʝʨʪʠ ʄɸɻɸʊɽ ʽ ʧʨʦʚʝʣʠ ʩʚʦʾ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʩʪʦʩʫʚʘʣʠʩʷ ʽʥʮʠʜʝʥʪʫ ʽ ʟʨʦʙʠʣʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

- ʤʝʞʽ ʨʽʯʥʦʾ ʥʦʨʤʠ ʧʨʦʬʝʩʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʙʘʟʦʚʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ 

ʄɸɻɸʊɽ ʧʝʨʝʚʠʱʝʥʽ ʥʝ ʙʫʣʠ; 

- ʤʝʞʽ ʨʽʯʥʦʾ ʜʦʟʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʟʛʽʜʥʦ ʙʘʟʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʄɸɻɸʊɽ ʧʝʨʝʚʠʱʝʥʽ ʥʝ 

ʙʫʣʠ [3]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʮʠʜʝʥʪʫ ʙʫʣʦ ʧʦʰʢʦʜʞʝʥʦ 30 ʧʘʣʠʚʥʠʭ ʢʘʩʝʪ. 

ʄʦʞʣʠʚʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ʇʝʨʰ ʟʘ ʚʩʝ, ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʝʛʣʷʜʫ ʧʽʜʭʦʜʽʚ ʜʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʚ ʯʘʩʪʠʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʤʝʭʘʥʽʯʥʦʾ 

ʥʘʜʽʡʥʦʩʪʽ ʧʘʣʠʚʥʠʭ ʢʘʩʝʪ, ʷʢʽ ʙʫʣʠ ʧʝʨʝʤʽʱʝʥʽ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʟʦʢʨʝʤʘ ʚ ʯʘʩʪʠʥʽ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʠʰʢʦʚʦʛʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʠʢʦʥʘʪʠ ʧʝʨʝʦʮʽʥʢʫ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʧʘʩʠʚʥʦʛʦ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʫʤʦʚʘʭ 

ʨʦʙʦʪʠ ʥʘʩʦʩʫ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɿʤʽʥʠʪʠ ʛʝʦʤʝʪʨʽʶ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʪʨʫʙ ʭʦʜʫ ʪʝʧʣʦʥʦʩʽʷ, 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʨʦʜʥʦʾ ʮʠʨʢʫʣʷʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʩʝʨʝʜ ʚʩʽʭ ʧʦʤʠʣʦʢ, ʱʦ ʙʫʣʠ ʜʦʧʫʱʝʥʽ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ: 

- ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʨʦʜʥʦʾ ʮʠʨʢʫʣʷʮʽʾ; 

- ʥʝ ʧʨʠʡʥʷʪʪʷ ʜʦ ʫʚʘʛʠ ʦʪʚʦʨʽʚ ʚ ʯʦʭʣʽ ʧʘʣʠʚʥʦʾ ʢʘʩʝʪʠ; 

- ʙʫʣʘ ʧʝʨʝʜʙʘʯʝʥʘ ʣʠʰʝ ʦʜʥʘ ʪʨʫʙʥʘ ʜʦʰʢʘ; 

- ʤʘʣʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚ ʢʦʥʪʝʡʥʝʨʽ. 

ʆʢʨʽʤ ʥʝʜʦʣʽʢʽʚ ʚ ʧʨʦʻʢʪʫʚʘʥʥʽ, ʚʠʷʚʣʝʥʽ ʧʝʚʥʽ ʧʨʦʛʘʣʠʥʠ ʫ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ 

ʟʘʭʦʜʘʭ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʤʠʚʢʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚʩʽ ʨʦʙʦʪʠ, ʱʦ ʩʪʦʩʫʚʘʣʠʩʷ ʦʯʠʩʪʢʠ ʧʘʣʠʚʘ 

ʙʫʣʠ ʧʝʨʝʜʘʥʽ ʧʨʘʮʽʚʥʠʢʘʤ Framatome, ʷʢʽ ʥʝ ʨʦʟʫʤʽʣʠʩʷ ʥʘ ʩʧʝʮʠʬʽʮʽ ʧʘʣʠʚʘ ɺɺɽʈ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʝʨʝʛʣʷʥʫʪʠ ʷʢ ʚʽʜʧʦʚʽʜʥʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ 

ʜʦʢʫʤʝʥʪʘʮʽʶ, ʪʘʢ ʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʷʜʝʨʥʦ-ʥʝʙʝʟʧʝʯʥʠʭ ʨʦʙʽʪ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɯʅʊɽʅʉʀʌɯʂɸʎɯʗ ʂʆʅɺɽʂʊʀɺʅʆɻʆ ʊɽʇʃʆʆɹʄɯʅʋ ɺ ʋʄʆɺɸʍ 

ʅɸɼɿɺʋʂʆɺʀʍ ʊɽʏɯʁ 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʥʘʜʟʚʫʢʦʚʠʭ ʫʤʦʚʘʭ ʚʽʜʢʨʠʚʘʻ ʙʝʟʣʽʯ 

ʧʝʨʩʧʝʢʪʠʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʩʫʯʘʩʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʤʘʪʠʤʫʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʪʝʧʣʦʦʙʤʽʥʫ 

ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʫʢʘ. 

ʂʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʫ ʥʘʜʟʚʫʢʦʚʠʭ ʫʤʦʚʘʭ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʚʝʣʠʢʽʡ 

ʢʽʣʴʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘʜʟʚʫʢʦʚʽ ʪʝʯʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʜʝʷʢʠʭ ʫʤʦʚʘʭ, ʤʘʶʪʴ 

ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ ʾʭ ʚʧʣʠʚʫ ʥʘ ʪʝʧʣʦʦʙʤʽʥ. 

ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʶʪʴ ʘʢʪʫʘʣʴʥʠʤʠ ʫ ʢʦʥʪʝʢʩʪʽ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʅʘʜʟʚʫʢʦʚʽ ʪʝʯʽʾ ʛʘʟʫ ʚ ʦʙʤʝʞʝʥʠʭ ʦʙôʻʤʘʭ ʧʨʦʜʦʚʞʫʶʪʴ ʽʥʪʝʥʩʠʚʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʚʘʞʣʠʚʠʭ ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʙʣʝʤ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘʚʽʘ-, ʤʘʰʠʥʦ-, ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʽ, ʦʩʢʽʣʴʢʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʜʟʚʫʢʦʚʠʭ ʪʝʯʽʡ ʛʘʟʫ ʚʠʟʥʘʯʘʶʪʴ  ʜʦʤʽʥʫʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʩʦʢʦʥʘʧʽʨʥʠʭ 

ʢʦʤʧʨʝʩʦʨʽʚ, ʩʠʩʪʝʤʘʭ ʦʭʦʣʦʜʞʝʥʥʷ, ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʨʝʘʢʪʠʚʥʠʭ 

ʜʚʠʛʫʥʽʚ. ʊʘʢ, ʰʣʷʭʦʤ ʫʩʧʽʰʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʜʟʚʫʢʦʚʠʭ ʪʝʯʽʡ ʚʠʨʽʰʝʥʦ ʙʘʛʘʪʦ ʚʘʞʣʠʚʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ: ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʝʬʝʢʪ 

ʩʫʪʪʻʚʦʛʦ ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʜʟʚʫʢʦʚʦʛʦ ʩʪʨʫʤʝʥʷ  ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʜʠʥʘʤʽʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ [1-4]. 

ɼʦʙʨʝ ʚʽʜʦʤʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʦʪʨʠʤʘʥʥʷ ʦʭʦʣʦʜʞʝʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʻ ʛʝʥʝʨʘʮʽʷ 

ʥʘʜʟʚʫʢʦʚʦʾ ʪʝʯʽʾ ʧʨʠ ʨʦʟʰʠʨʝʥʥʽ ʛʘʟʫ ʯʝʨʝʟ ʩʦʧʣʦ ʃʘʚʘʣʷ. ʇʨʦʪʝ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʘʻ ʨʷʜ 

ʥʝʜʦʣʽʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟ ʡʦʛʦ ʥʠʟʴʢʦʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ, ʘ ʪʘʢʦʞ ʽʟ 

ʧʨʦʙʣʝʤʦʶ ʫʪʠʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʦʛʦ ʭʦʣʦʜʥʦʛʦ ʧʦʪʦʢʫ, ʦʩʢʽʣʴʢʠ ʥʘʜʟʚʫʢʦʚʠʡ ʩʪʨʫʤʽʥʴ ʜʦʩʠʪʴ 

ʰʚʠʜʢʦ ʚʽʜʥʦʚʣʶʻ ʚʥʠʟ ʟʘ ʧʦʪʦʢʦʤ ʚʠʭʽʜʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʨʠʡʤʘʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʙʫʜʴ-ʷʢʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ 

ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʭʦʣʦʜʫ ʥʘʜʟʚʫʢʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʞʝʢʪʦʨʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʘʢʪʠʚʥʠʤ ʽ ʧʘʩʠʚʥʠʤ 

ʧʦʪʦʢʘʤʠ ʛʘʟʫ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʪʠ ʤʘʩʦʚʫ ʚʠʪʨʘʪʫ ʦʭʦʣʦʜʞʝʥʦʛʦ ʧʦʪʦʢʫ [5]. 

ɺʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʜʠʥʘʤʽʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʛʝʥʝʨʘʮʽʾ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʭʨʦʚʦʛʦ ʨʫʭʫ ʛʘʟʫ ʫ ʪʘʢ ʟʚʘʥʠʭ ʚʠʭʨʦʚʠʭ ʪʨʫʙʢʘʭ ʈʘʥʢʘ-ʍʽʣʰʘ [6]. 

ʄʝʭʘʥʽʟʤ ʫʪʠʣʽʟʘʮʽʾ ʭʦʣʦʜʫ ʫ ʚʠʭʨʦʚʽʡ ʪʨʫʙʮʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʜʽʣʝʥʥʷ 

ʛʝʥʝʨʦʚʘʥʦʛʦ ʚʠʭʨʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʦʭʦʣʦʜʞʝʥʠʡ ʦʩʴʦʚʠʡ ʽ ʛʘʨʷʯʠʡ ʧʝʨʠʬʝʨʽʡʥʠʡ ʧʦʪʦʢʠ 

ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʽ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʚʠʭʨʦʚʠʤʠ ʧʦʪʦʢʘʤʠ. ʆʩʥʦʚʥʘ 

ʧʨʦʙʣʝʤʘ ʚʠʭʨʦʚʠʭ ʪʨʫʙʦʢ ʧʦʣʷʛʘʻ ʫ ʟʥʘʯʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʪʨʘʪʘʭ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 

ʘʢʪʠʚʥʦʛʦ ʛʘʟʫ ʯʝʨʝʟ ʪʘʥʛʝʥʮʽʘʣʴʥʠʡ ʚʭʽʜ ʽ ʩʧʽʨʘʣʝʧʦʜʽʙʥʠʡ ʪʨʘʢʪ ʘʙʦ ʩʠʩʪʝʤʫ ʢʦʩʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʩʦʧʝʣ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʢʨʫʪʢʠ ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʟʘʛʘʣʴʥʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʚʠʭʨʦʚʠʭ ʪʨʫʙʦʢ ʪʘ ʜʦʜʘʪʢʦʚʽ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʝʬʝʢʪʠ, ʟʦʢʨʝʤʘ, 

ʢʦʥʫʩʥʝ ʟʚʫʞʝʥʥʷ ʪʨʫʙʢʠ ʧʦ ʪʠʧʫ ʩʦʧʣʘ ʃʘʚʘʣʷ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʫ, ʝʬʝʢʪʠ 

ʝʞʝʢʮʽʾ ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʧʨʠʻʜʥʘʥʠʭ ʤʘʩ ʛʘʟʫ ʪʘ ʽʥ. [7,8]. 

ʉʧʨʘʚʞʥʽʡ ʧʨʦʛʨʝʩ ʫ ʩʬʝʨʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʥʘʜʟʚʫʢʦʚʠʭ ʫʤʦʚʘʭ 
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ʧʝʨʝʜʙʘʯʘʻ ʚʠʚʯʝʥʥʷ ʩʢʣʘʜʥʠʭ ʬʽʟʠʯʥʠʭ ʷʚʠʱ. ʅʘʜʟʚʫʢʦʚʽ ʪʝʯʽʾ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʱʦ ʚʠʤʘʛʘʻ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʧʨʦʮʝʩʠ ʪʝʧʣʦʦʙʤʽʥʫ. ʎʝ ʚʠʨʽʰʘʣʴʥʦ ʚʘʞʣʠʚʦ ʜʣʷ ʨʦʟʚʠʪʢʫ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʫ ʩʬʝʨʘʭ, 

ʜʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʷʢʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʽʚ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ ʚʢʣʶʯʘʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʚ ʷʢʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʩʢʣʘʜʦʚʘ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʫʤʦʚ ʜʣʷ ʥʘʜʟʚʫʢʦʚʠʭ ʪʝʯʽʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʘʥʘʣʽʟʫ ʾʭ ʚʧʣʠʚʫ ʥʘ ʪʝʧʣʦʦʙʤʽʥ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʘʭ ʬʣʶʾʜʦʜʠʥʘʤʽʢʠ ʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʜʦʟʚʦʣʷʻ ʚʠʚʯʠʪʠ ʪʘ ʧʝʨʝʜʙʘʯʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʘʩʧʝʢʪʠ ʮʠʭ ʧʨʦʮʝʩʽʚ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɹʃɽʄɸʊʀʂɸ ʄʆɼɽʃʖɺɸʅʅʗ ʇɸʉʀɺʅʀʍ ʉʀʉʊɽʄ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ʊɽʇʃʆɻɯɼʈɸɺʃɯʏʅʀʍ ʂʆɼɯɺ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʄʘʣʽ ʤʦʜʫʣʴʥʽ ʨʝʘʢʪʦʨʠ (ʄʄʈ), ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʘʩʠʚʥʽ ʩʪʨʘʪʝʛʽʾ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʥʘ ʩʴʦʛʦʜʥʽ 

ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ 

ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ. ʅʘʨʘʟʽ ʨʦʟʨʦʙʢʘ ʪʘʢʠʭ ʧʨʦʝʢʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʝʪʘʧʽ 

ʝʢʩʧʣʫʘʪʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʘ ʪʘʢʦʞ ʣʽʮʝʥʟʫʚʘʥʥʷ ʽ 

ʙʫʜʫʚʘʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʦʢʨʝʤʠʭ ʧʨʦʝʢʪʽʚ [1]. ɿʘʛʘʣʦʤ, ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʝʷʢʠʤʠ 

ʩʧʽʣʴʥʠʤʠ ʨʠʩʘʤʠ ʟ ʽʩʥʫʶʯʠʤʠ ʨʝʘʢʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʽʥʰʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʜʣʷ ʾʭʥʽʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʨʝʘʢʪʦʨʽʚ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʘʣʽʜʘʮʽʾ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ ʢʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʦʾ 

ʮʠʨʢʫʣʷʮʽʾ, ʥʝʦʙʭʽʜʥʽ ʧʦʜʘʣʴʰʽ ʘʥʘʣʽʟʠ, ʱʦʙ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʾʭ ʤʦʞʣʠʚʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʥʘʷʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʚʠʷʚʠʪʠ ʦʩʥʦʚʥʽ ʰʣʷʭʠ ʩʧʦʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʘʥʘʣʽʟʫ.  

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʯʠʩʝʣʴʥʠʭ ʦʮʽʥʦʢ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʪʠʭ ʯʠ ʽʥʰʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʾʭ ʧʦʢʨʘʱʝʥʥʷ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʽ ʢʦʜʠ TRACE, RELAP5 ʪʘ CATHRAN. ʆʙôʻʢʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʨʠʨʦʜʥʽʡ ʮʠʨʢʫʣʷʮʽʾ ʚ ʨʝʘʢʪʦʨʘʭ NuScale, 

CAREN-25 ʪʘ ʪʝʩʪʦʚʽʡ ʫʩʪʘʥʦʚʮʽ OSU-MASLWR ï ʯʝʨʝʟ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʪʝʭʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  
ʋ ʜʦʩʣʽʜʞʝʥʥʽ [2] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʜʝʣʶʚʘʥʥʷ 

ʫʩʪʘʥʦʚʢʠ OSU-MASLWR ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʜʫ TRACE ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʘʢʪʠʯʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʦʙʨʘʥʠʡ ʟʘʩʽʙ ʜʦʙʨʝ ʧʝʨʝʜʙʘʯʘʻ ʙʽʣʴʰʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʚ ʫʩʪʘʥʦʚʮʽ ʚ ʤʝʞʘʭ 2500 ʩʝʢʫʥʜ, ʧʽʩʣʷ ʯʦʛʦ ʦʮʽʥʢʘ ʧʦʯʘʣʘ ʚʽʜʭʠʣʷʪʠʩʷ ʚ ʙʽʢ 

ʧʝʨʝʙʽʣʴʰʝʥʥʷ. ɺʦʜʥʦʯʘʩ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ ʟ 

ʜʦʩʷʛʥʝʥʥʷʤ ʩʪʽʡʢʦʛʦ ʧʝʨʝʛʨʽʪʦʛʦ ʩʪʘʥʫ, ʥʘʷʚʥʦʛʦ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ 

ʦʩʮʠʣʷʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚ ʢʦʜʽ ʨʦʟʚʠʥʝʥʠʭ ʤʦʜʝʣʝʡ 

ʢʠʧʽʥʥʷ ʪʘ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʠ [3], ʜʦʩʣʽʜʥʠʢʠ ʰʪʫʯʥʦ ʨʝʛʫʣʶʚʘʣʠ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

ʜʦ ʧʦʚʝʨʭʦʥʴ, ʥʝ ʚʢʘʟʘʚʰʠ, ʥʘʞʘʣʴ, ʢʦʥʢʨʝʪʥʫ ʚʝʣʠʯʠʥʫ. ɿʘʛʘʣʦʤ, ʘʚʪʦʨʠ ʜʦʭʦʜʷʪʴ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ çʧʦʢʘʟʫʶʪʴ ʷʢʽʩʥʝ ʫʟʛʦʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚè, ʦʜʥʘʢ, ʜʦ ʧʝʚʥʠʭ ʯʘʩʦʚʠʭ ʤʝʞ. 

ɺ ʚʠʩʥʦʚʢʘʭ ʨʦʙʦʪʠ ʬʽʥʩʴʢʦʛʦ ʜʦʩʣʽʜʥʠʢʘ ɼʞʦʥʘ ɹʝʨʪʨʘʥʘ, ʷʢʘ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ 

ʚʘʣʽʜʘʮʽʾ ʢʦʜʫ TRACE ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʫʩʪʘʥʦʚʢʠ PACTEL, 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ çʇʨʦʩʪʦʨʦʚʘ ʪʘ ʯʘʩʦʚʘ ʟʙʽʞʥʽʩʪʴ TRACE ʧʦʢʘʟʘʣʘ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʦʜʝʣʽ 

ʜʘʶʪʴ ʯʠʩʝʣʴʥʦ ʟʙʽʞʥʽ ʨʦʟʚ'ʷʟʢʠ, ʽ ʚʦʥʠ ʻ ʧʦʚʥʽʩʪʶ ʥʘʜʽʡʥʠʤʠ ʪʘ ʢʦʨʝʢʪʥʠʤʠè [4], ʘʣʝ ʪʘʢʦʞ 

ʟʘʟʥʘʯʘʻ, ʱʦ çʧʨʠ ʥʘʡʙʽʣʴʰʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ ʨʦʟʨʘʭʫʥʢʫ (100 ʤʽʣʽʩʝʢʫʥʜ) 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʤʽʰʽ ʥʘ ʚʠʭʦʜʽ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʤʘʻ ʽʥʰʫ ʧʦʚʝʜʽʥʢʫè. ʗʢ ʚʠʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʘʚʝʣʠʢʠʡ ʯʘʩʦʚʠʡ ʢʨʦʢ ʩʧʦʪʚʦʨʶʻ ʚʠʭʽʜʥʽ ʜʘʥʽ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʟʘʤʘʣʠʡ, ʚʽʜʧʦʚʽʜʥʦ, ʽʩʥʫʻ ʧʦʪʨʝʙʘ 

ʚʠʟʥʘʯʝʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʘʢ ʩʘʤʦ ʥʘ ʚʠʭʽʜʥʽ ʜʘʥʽ 

ʚʧʣʠʚʘʻ ʥʘʜʤʽʨʥʘ ʘʙʦ ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʥʦʜʽʚ. ʆʢʨʝʤʦ ʟʨʦʙʣʝʥʦ ʥʘʛʦʣʦʩ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʽʥʰʠʭ ʬʫʥʢʮʽʡ, ʥʘʧʨʠʢʣʘʜ, CCFL.  

ʅʘʷʚʥʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʩʚʽʪʣʝʥʽ ʪʘʢʦʞ ʫ ʧʨʦʚʝʜʝʥʦʤʫ ʄɸɻɸʊɽ ʜʦʩʣʽʜʞʝʥʥʽ 
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International Collaborative Standard Problem [5], ʫ ʷʢʦʤʫ ʧʨʠʡʥʷʣʠ ʫʯʘʩʪʴ 16 ʢʦʤʘʥʜ 

ʨʦʟʨʦʙʥʠʢʽʚ ʟ 6 ʢʨʘʾʥ. ɺʦʥʦ ʙʫʣʦ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʧʦʰʫʢ ʩʠʣʴʥʠʭ ʪʘ ʩʣʘʙʢʠʭ ʤʽʩʮʴ ʢʦʜʽʚ-

ʫʯʘʩʥʠʢʽʚ: TRACE, MARS, RELAP5 ʪʘ CATHRAN. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʘʣʽʜʘʮʽʾ ʩʪʚʦʨʝʥʠʭ ʨʦʟʨʦʙʥʠʢʘʤʠ ʤʦʜʝʣʝʡ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʫ OSU-MASLWR ʽ ʚʠʷʚʠʣʦ ʰʠʨʦʢʽ ʨʦʟʙʽʞʥʦʩʪʽ ʷʢ ʚ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʘʭ, ʪʘʢ ʽ ʚ ʧʽʜʭʦʜʘʭ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʈʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʠʩʢʫ ʫ ʟʘʭʠʩʥʽʡ ʦʙʦʣʦʥʮʽ ʫʩʪʘʥʦʚʢʠ OSU-MASLWR 

ʧʦʨʽʚʥʷʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ.  

 

ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʨʦʟʙʽʞʥʦʩʪʝʡ ʟʘʟʥʘʯʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʟ ʧʝʨʝʜʙʘʯʝʥʥʷʤ ʧʦʚʝʜʽʥʢʠ 

ʧʝʨʝʛʨʽʪʦʛʦ ʧʘʨʫ ʽ ʜʚʦʬʘʟʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʚ ʮʽʣʦʤʫ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ɦ ʦ ʤʘʶʪʴ ʤʽʩʮʝ ʙʽʣʷ 

ʧʦʚʝʨʭʥʽ ʟʤʽʡʦʚʠʢʽʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʫ. ɼʣʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʘʤ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʙʽʣʴʰʽʩʪʴ ʫʯʘʩʥʠʢʽʚ ICSP ʰʪʫʯʥʦ ʟʙʽʣʴʰʫʚʘʣʠ ʪʝʧʣʦʚʽʜʜʘʯʫ ʚ ʟʤʽʡʦʚʠʢʫ ʥʘ 20-100%. ʊʘʢʦʞ 

ʚʘʛʦʤʠʡ ʚʥʝʩʦʢ ʨʦʙʣʷʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʩʧʨʦʱʝʥʥʷ (ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʥʘʷʚʥʠʭ ʢʦʜʘʭ ʟʘʩʦʙʫ 

ʜʣʷ ʪʦʯʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʟʤʽʡʦʚʠʢʽʚ) ʪʘ ʥʝʦʧʪʠʤʘʣʴʥʘ ʩʽʪʢʘ ʨʦʟʙʠʪʪʷ. ʆʩʪʘʥʥʻ ʤʘʻ 

ʦʙʤʝʞʝʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʢʨʘʱʝʥʥʷ ʯʝʨʝʟ ʦʜʥʦʤʽʨʥʽʩʪʴ ʦʙʨʘʥʠʭ ʢʦʜʽʚ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ, ʧʦʧʨʠ ʦʧʠʩʘʥʽ ʥʝʜʦʣʽʢʠ, ʨʦʟʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʱʝʟʛʘʜʘʥʠʭ 

ʢʦʜʽʚ ʤʦʜʝʣʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʨʠʡʥʷʪʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʘʢʪʠʯʥʠʤʠ 

ʜʘʥʠʤʠ [6] ʪʘ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʦʮʽʥʢʠ [7] ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ 

ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ ʢʦʜʽʚ. ɼʝʷʢʽ ʘʩʧʝʢʪʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʜʞʝʨʝʣʦʤ ʥʝʚʠʟʥʘʯʝʥʥʦʩʪʝʡ, 

ʥʘʧʨʠʢʣʘʜ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ [8] ʘʙʦ ʯʘʩʦʚʠʡ ʢʨʦʢ [4], ʻ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʜʝʢʽʣʴʢʘ ʟʘʚʜʘʥʴ, ʦʧʨʘʮʶʚʘʥʥʷ ʷʢʠʭ 

ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʨʠʨʦʜʥʴʦʾ ʮʠʨʢʫʣʷʮʽʾ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʤʠ ʢʦʜʘʤʠ ʧʦʚʠʥʥʦ 

ʙʫʪʠ ʧʦʢʨʘʱʝʥʝ, ʘ ʩʘʤʝ: ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʟʤʽʡʦʚʠʢʦʚʦʛʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, ʚ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʤʫ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʩʝʥʩʽ, ʦʧʪʠʤʽʟʘʮʽʷ ʩʽʪʢʠ ʨʦʟʙʠʪʪʷ ʪʘ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ, 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʨʝʣʷʮʽʡ ʪʘ ʬʫʥʢʮʽʡ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʛʘʣʴʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʽ ʧʨʠʥʮʠʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ  ʩʠʩʪʝʤ ʟ ʥʘʪʫʨʘʣʴʥʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʪʝʧʣʦʥʦʩʽʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʚʠʤʽʨʥʠʭ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ ʢʦʜʽʚ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ʇʆɺɯʊʈʆʆɹʄɯʅʋ ʅʆɺʆɻʆ ɹɽɿʇɽʏʅʆɻʆ ʂʆʅʌɸʁʅʄɽʅʊʋ ɿ 

ʆʊʆʏʋʖʏʀʄ ʉɽʈɽɼʆɺʀʑɽʄ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʅʦʚʠʡ ɹʝʟʧʝʯʥʠʡ ʂʦʥʬʘʡʥʤʝʥʪ (ʅɹʂ) ʻ 

ʟʘʭʠʩʥʦʶ ʩʧʦʨʫʜʦʶ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʽʟ ʟʨʫʡʥʦʚʘʥʦʛʦ 4-ʛʦ 

ʝʥʝʨʛʦʙʣʦʢʫ ʏɸɽʉ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʷʜʝʨʥʝ ʧʘʣʠʚʦ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʝʨʩʦʥʘʣʫ, 

ʥʘʩʝʣʝʥʥʷ ʽ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘʞʘʣʴ ʅɹʂ ʥʝ ʻ ʧʦʚʥʽʩʪʶ ʛʝʨʤʝʪʠʯʥʠʤ ʚ ʤʽʩʮʷʭ 

ʫʱʽʣʴʥʝʥʥʷ ʤʽʞ ʟʘʭʽʜʥʦʶ ʪʘ ʩʭʽʜʥʦʶ ʩʪʽʥʘʤʠ ʅɹʂ ʽ ʧʦʚʝʨʭʥʷʤʠ ʙʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʡ 

(ʨʠʩ1), ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʨʛʘʥʽʟʦʚʘʥʦʛʦ ʽ ʥʝ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʙôʻʤʫ ʅɹʂ ʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

 

 ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʥʝ ʛʝʨʤʝʪʠʯʥʠʭ 

ʤʽʩʮʴ ʧʽʜ ʟʘʭʽʜʥʦʶ ʪʘ ʩʭʽʜʥʦʶ ʩʪʽʥʘʤʠ 

ʅɹʂ ʽ ʧʦʚʝʨʭʥʷʤʠ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘʷʚʥʽʩʪʴ 

ʥʝʦʨʛʘʥʽʟʦʚʘʥʦʛʦ ʽ ʥʝ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʅɹʂ ʟ ʦʪʦʯʫʶʯʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʯʝʨʝʟ ʥʝʛʝʨʤʝʪʠʯʥʽ ʤʽʩʮʷ 

ʧʨʦʪʽʢʘʥʴ ʧʽʜ ʩʪʽʥʘʤʠ ʅɹʂ ʻ 

ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʪʦʢʫ ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʧʠʣʦʤ ʟʘ ʤʝʞʽ ʅɹʂ. ɼʣʷ 

ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʘʥʫ ʅɹʂ (ʨʠʩ.1), ʚ ʷʢʽʡ ʧʣʦʱʘ ʧʨʦʪʽʯʢʠ ʽ ʚʠʪʨʘʪʠ 

Ὃ ̔ʟ ʢʽʣʴʮʝʚʦʛʦ ʧʨʦʩʪʦʨʫ 2 ʚ ʦʩʥʦʚʥʠʡ ʦʙôʻʤ 1, ʘ ʪʘʢʦʞ ʽʟ ʦʩʥʦʚʥʦʛʦ ʦʙôʻʤʫ 1 ʚ ʦʪʦʯʫʶʯʝ 
ʩʝʨʝʜʦʚʠʱʝ  6  ʟʘʜʘʥʽ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʚʝʥʪʠʣʷʮʽʾ. ɺʠʤʽʨʶʶʪʴʩʷ 

ʧʝʨʝʧʘʜʠ ʪʠʩʢʫ ʤʽʞ ʪʦʯʢʘʤʠ 1 ʽ 2, ʘ ʪʘʢʦʞ ʧʝʨʝʧʘʜʠ ʤʽʞ ʪʦʯʢʦʶ1 ̔  ʟʦʚʥʽʰʥʽʤ ʪʠʩʢʦʤ ʚ ʪʦʯʮʽ 

3 ʪʘ 4.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʠʢʣʘʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʪʦʢʫ ʧʦʚʽʪʨʷ ʟ 

ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʧʠʣʦʤ ʟʘ ʤʝʞʽ ʅɹʂ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [1,2] ʜʣʷ ʦʙʤʝʞʝʥʦʾ  ʢʽʣʴʢʽʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ ʽ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʦʾ ʤʦʜʝʣʽ, ʜʣʷ ʷʢʦʾ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʚʠʤʽʨʶʚʘʪʠ ʩʪʘʪʠʯʥʽ 

ʪʠʩʢʠ ʚ ʪʦʯʢʘʭ 3 ʽ 4, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʦʜʝʨʞʫʶʪʴʩʷ ʟ ʟʥʘʯʥʠʤʠ ʧʦʭʠʙʢʘʤʠ ʜʦ 50%, ʚ  ʥʘʩʣʽʜʦʢ 

ʧʦʨʠʚʽʚ ʚʽʪʨʫ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.  ʈʦʟʨʦʙʢʘ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ ʘʥʘʣʽʟʫ ʥʝʦʨʛʘʥʽʟʦʚʘʥʦʛʦ ʽ ʥʝ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʅɹʂ ʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʪʦʢʫ ʧʦʚʽʪʨʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʧʠʣʦʤ ʟʘ ʤʝʞʽ ʅɹʂ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʩʥʦʚʫ ʤʦʜʝʣʽ ʩʢʣʘʜʘʻ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ [3], ʷʢʝ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʘʭʫʚʘʪʠ ʚʠʪʨʘʪʫ Ὃ  ̨̍ ̇̏̒̎̏̃̎̉̍ ̤̏̂̍̏̍ ̨ ̨̝̖̟́̅̎̏ ̘̟̐̑̏̓̋̏ ̊ˎ ̠ʫ ʚʠʛʣʷʜʽ (1): 

Ὃ ‘ϽὛ Ͻ
Ͻ Ў

 
 ,                    (1) 

ʜʝ: Ўὖ  ï ʧʝʨʝʧʘʜ ʪʠʩʢʽʚ ʤʽʞ ̨̍ ̇̏̒̎̏̃̎̉̍ ̤̏̂̍̏̍ ̨ ̨̝̖̟́̅̎̏ ̘̟̐̑̏̓̋̏ ̊ˎ ̠  ˃= 0,6 

ïʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ [4]; Ὓ χȟω  ̍  ï ʫʤʦʚʥʘ ʧʣʦʱʘ ʧʨʦʪʽʯʢʠ ʤʽʞ ʦʩʥʦʚʥʠʤ ʦʙôʻʤʦʤ 
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 ̨̝ ̨̖̟́̅̎̏ ̨̘̟̐̑̏̓̋̏ ̊ˎ,̠ ʱʦ ʟʥʘʡʜʝʥʘ ʩʧʝʮʽʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ [1]; ɟ ï 

ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ.  

ɺʠʪʨʘʪʘ Ὃ  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽʟ ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ (2),  

Ὃ Ὃ  Ὃ  Ὃ  ,                   (2) 

ʜʝ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ Ὃ, ʱʦ ʥʘʛʥʽʪʘʻʪʴʩʷ ʚ ʢʽʣʴʮʝʚʠʡ ʧʨʦʩʪʽʨ ʽ ʚʠʪʨʘʪʠ  Ὃ, ʱʦ ʚʠʪʷʛʫʻʪʴʩʷ ʽʟ 

ʦʩʥʦʚʥʦʛʦ ʦʙôʻʤʫ ʥʘʟʦʚʥʽ. ɺʦʥʠ ʚʠʤʽʨʶʶʪʴʩʷ ʧʨʠʣʘʜʘʤʠ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ Ὃ  ʽ Ὃ  ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

Ўὖ  (ʨʠʩ.2) ʽ ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ Ὃ ʽ  Ὃ ̃ ʨʽʚʥʷʥʥʷʭ (1) ʽ (2) ʜʣʷ ʥʠʟʢʠ ʚʠʤʽʨʶʚʘʥʴ ʚ ʯʘʩʽ ʥʘ 

ʧʨʦʪʷʟʽ 672 ʛʦʜʠʥ,  ʱʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2 ʽ 3. 

  
ʈʠʩʫʥʦʢ 2 ï ɿʤʽʥʘ ʧʝʨʝʧʘʜʽʚ ʪʠʩʢʫ Ўὖ  ʚʽʜ ʯʘʩʫ 

 

    

ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ ʅɹʂ ʯʝʨʝʟ ʟʘʭʽʜʥʠʡ (ʩʠʥʷ ʣʽʥʽʷ) ʪʘ 

ʩʭʽʜʥʠʡ (ʯʝʨʚʦʥʘ ʣʽʥʽʷ) ʟʘʟʦʨʠ ʚʽʜ ʥʦʤʝʨʫ ʚʠʤʽʨʫ 

ʅʘ ʨʠʩ.3 ʧʦʟʠʪʠʚʥʽ ʟʘ ʟʥʘʢʦʤ ʚʠʪʨʘʪʠ ʦʟʥʘʯʘʶʪʴ ʥʘʧʨʷʤʦʢ ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ ʚ ʩʝʨʝʜʠʥʫ 

ʦʩʥʦʚʥʦʛʦ ʦʙôʻʤʫ ʅɹʂ, ʘ ʥʝʛʘʪʠʚʥʽ ï ʥʘʟʦʚʥʽ, ʷʢʽ ʽ ʻ ʥʝʦʨʛʘʥʽʟʦʚʘʥʠʤ ʽ ʥʝ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ 

ʧʦʚʽʪʨʦʦʙʤʽʥʦʤ ʅɹʂ ʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ɺʠʩʥʦʚʦʢ. ʇʽʜʩʫʤʦʚʫʶʯʠ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʨʦʟʨʦʙʢʘ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ ʘʥʘʣʽʟʫ 

ʥʝʦʨʛʘʥʽʟʦʚʘʥʦʛʦ ʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʅɹʂ ʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʪʦʢʫ ʧʦʚʽʪʨʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʧʠʣʦʤ ʟʘ ʤʝʞʽ 

ʅɹʂ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʎɯʅʂɸ ʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ ɸʈʄɸʊʋʈʀ ɸɽʉ, ʇɽʈɽɺɽɼɽʅʆɰ ɺ ʈɽʄʆʅʊ ɿɸ 

ʊɽʍʅɯʏʅʀʄ ʉʊɸʅʆʄ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʊʨʘʜʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʝʤʦʥʪʫ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ (ɸɽʉ) ʚ ʋʢʨʘʾʥʽ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʧʣʘʥʦʚʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ, ʯʘʩʪʦ ʚʠʷʚʣʷʻʪʴʩʷ 

ʥʝʦʧʪʠʤʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ ʪʘ ʯʘʩʫ, ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʨʝʤʦʥʪ 

ʦʙʣʘʜʥʘʥʥʷ. ʎʝʡ ʪʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʢʘʣʝʥʜʘʨʥʽ ʪʝʨʤʽʥʠ 

ʪʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʽ ʽʥʪʝʨʚʘʣʠ ʤʽʞ ʨʝʤʦʥʪʘʤʠ. ʆʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʩʝ ʱʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ, ʤʦʞʝ ʧʽʜʣʷʛʘʪʠ ʨʝʤʦʥʪʫ ʨʘʥʽʰʝ ʟʘ ʧʦʪʨʝʙʫ, ʪʦʜʽ ʷʢ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʚʠʤʘʛʘʻ ʥʝʛʘʡʥʦʛʦ ʚʪʨʫʯʘʥʥʷ, ʤʦʞʝ ʟʘʣʠʰʘʪʠʩʷ ʙʝʟ ʫʚʘʛʠ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʟʘʧʣʘʥʦʚʘʥʦʛʦ 

ʧʝʨʽʦʜʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʠʚʯʝʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʷ ʤʝʪʦʜʠʢʠ ʧʝʨʝʚʝʜʝʥʥʷ ʘʨʤʘʪʫʨʠ ʚ ʨʝʤʦʥʪ 

ʟʘ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʥʘ ɸɽʉ, ʪʦʯʥʽʰʝ 

ʚʠʟʥʘʯʠʪʠ ʨʝʘʣʴʥʠʡ ʩʪʘʥ ʘʨʤʘʪʫʨʠ ʪʘ ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʾ 

ʨʝʤʦʥʪʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ, ʟʤʝʥʰʫʶʯʠ 

ʨʠʟʠʢ ʚʽʜʤʦʚ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʫʪʨʠʤʘʥʥʷ ʘʨʤʘʪʫʨʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʦʮʽʥʠʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʘʨʤʘʪʫʨʠ ɸɽʉ, ʧʝʨʝʚʝʜʝʥʦʾ ʚ ʨʝʤʦʥʪ 

ʟʘ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʥʘʯʥʠʤʠ ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ, ʢʨʠʪʠʯʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʘʨʤʘʪʫʨʠ, ʱʦ 

ʧʨʠʚʦʜʷʪʴ ʾʾ ʚ  ʩʪʘʥ,  ʧʨʠ  ʷʢʦʤʫ  ʚʦʥʘ  ʥʝ  ʟʜʘʪʥʘ  ʚʠʢʦʥʫʚʘʪʠ  ʭʦʯ  ʙʠ  ʦʜʥʫ  ʟ  ʦʩʥʦʚʥʠʭ  

(ʥʝʦʙʭʽʜʥʠʭ)  ʬʫʥʢʮʽʡ,  ʻ  ʝʬʝʢʪʠ  ʜʝʛʨʘʜʘʮʽʾ,  ʱʦ  ʧʨʦʷʚʣʷʶʪʴʩʷ  ʫ  ʚʠʛʣʷʜʽ  ʜʝʬʝʢʪʫ  ʘʙʦ  

ʥʝʩʧʨʘʚʥʦʩʪʽ,  ʷʢʽ ʤʦʞʥʘ ʢʽʣʴʢʽʩʥʦ ʚʠʤʽʨʷʪʠ ʘʙʦ ʷʢʽʩʥʦ ʦʮʽʥʠʪʠ [1]. ʎʽʣʷʤʠ ʧʨʦʚʝʜʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʨʤʘʪʫʨʠ ʻ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʩʷʛʥʝʥʥʷ ʜʦʤʽʥʫʶʯʠʭ 

ʚʠʟʥʘʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ (ɺʇʊʉ) ʽ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʝʬʝʢʪʽʚ ʜʝʛʨʘʜʘʮʽʾ (ʂɽɼ),  

ʱʦ  ʩʚʽʜʯʘʪʴ  ʧʨʦ  ʥʝʦʙʭʽʜʥʽʩʪʴ  ʚʠʚʝʜʝʥʥʷ  ʘʨʤʘʪʫʨʠ  ʚ ʨʝʤʦʥʪ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ 

ʛʨʘʥʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ.   

ʄʦʥʽʪʦʨʠʥʛ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ  ʘʨʤʘʪʫʨʠ  ʚʠʢʦʥʫʻʪʴʩʷ  ʚ  ʧʨʦʮʝʩʽ  ʝʢʩʧʣʫʘʪʘʮʽʾ,  

ʚʠʧʨʦʙʫʚʘʥʴ (ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ,  ʧʝʨʝʜʨʝʤʦʥʪʥʠʭ  ʽ  ʧʽʩʣʷʨʝʤʦʥʪʥʠʭ),  ʜʽʘʛʥʦʩʪʠʢʠ  ʘʨʤʘʪʫʨʠ  

ʘʙʦ ʦʙʩʪʝʞʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ, ʦʙʨʘʥʦʛʦ ʟ ʛʨʫʧʠ ʦʜʥʦʪʠʧʥʦʾ ʘʨʤʘʪʫʨʠ,  ʦʙʨʘʥʦʾ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʢʠ, ʷʢ ʥʘʡʙʽʣʴʰ ʩʭʠʣʴʥʦʾ ʜʦ ʜʽʾ ʜʝʛʨʘʜʘʮʽʡ, ʚʣʘʩʪʠʚʠʭ ʮʽʡ ʛʨʫʧʽ  

ʦʜʥʦʪʠʧʥʦʾ  ʘʨʤʘʪʫʨʠ,  ʟ  ʚʠʚʝʜʝʥʥʷʤ  ʾʾ  ʚ  ʨʝʤʦʥʪ  ʜʣʷ  ʨʦʟʙʠʨʘʥʥʷ  ʽ  ʦʙʩʪʝʞʝʥʥʷ [2]. 

ʂʽʣʴʢʽʩʥʽ  ʧʦʨʦʛʦʚʽ  ʟʥʘʯʝʥʥʷ  ɺʇʊʉ  ʽ  ʂɽɼ  ʚʠʟʥʘʯʘʶʪʴʩʷ  ʟʘ  ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʶ,  

ʨʝʤʦʥʪʥʦʶ  ʪʘ  ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ  ʜʦʢʫʤʝʥʪʘʮʽʻʶ  ʥʘ  ʚʽʜʧʦʚʽʜʥʫ ʘʨʤʘʪʫʨʫ, ʥʦʨʤʘʪʠʚʥʦʶ 

ʜʦʢʫʤʝʥʪʘʮʽʻʶ, ʜʦʩʚʽʜʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ  ʷʢʦʩʪʽ  ʜʦʤʽʥʫʶʯʠʭ  ɺʇʊʉ  ʘʙʦ  ʂɽɼ  ʧʦʚʠʥʥʽ  

ʚʠʙʠʨʘʪʠʩʷ ʧʘʨʘʤʝʪʨʠ,  ʷʢʽ  ʩʚʽʜʯʘʪʴ  ʧʨʦ  ʧʦʯʘʪʦʢ  ʧʦʨʫʰʝʥʥʷ  ʬʫʥʢʮʽʾ  ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ  

ʘʨʤʘʪʫʨʠ (ʩʠʤʧʪʦʤʠ  ʚʽʜʤʦʚ).  ʊʘʢʠʤʠ  ʩʠʤʧʪʦʤʘʤʠ  ʚʽʜʤʦʚ  ʤʦʞʫʪʴ  ʙʫʪʠ:  ʧʦʷʚʘ  

ʢʨʘʧʝʣʴʥʠʭ ʧʨʦʪʽʢʘʥʴ  ʧʦ  ʬʣʘʥʮʝʚʦʤʫ ʨʦʟ'ʻʤʫ  ʘʨʤʘʪʫʨʠ  çʢʨʠʰʢʘ-ʢʦʨʧʫʩè,  ʧʦ  ʨʫʭʦʤʦʤʫ  

ʨʦʟôʻʤʫ çʰʪʦʢ-ʩʘʣʴʥʠʢè, ʧʦʷʚʘ  ʚʠʪʦʢʫ  ʚ  ʟʘʧʽʨʥʦʤʫ  ʦʨʛʘʥʽ, ʟʤʽʥʘ  ʯʘʩʫ  ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ  

ʘʨʤʘʪʫʨʠ, ʚʠʷʚʣʝʥʥʷ ʥʝʩʫʮʽʣʴʥʦʩʪʝʡ ʟ ʨʦʟʤʽʨʘʤʠ, ʙʣʠʟʴʢʠʤʠ ʜʦ ʧʦʨʦʛʦʚʦ ʜʦʧʫʩʪʠʤʠʭ 

ʪʦʱʦ. 

ɺʠʚʽʜ ʘʨʤʘʪʫʨʠ ɸɽʉ ʟʘ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʜʦʤʽʥʫʶʯʠʭ ɺʇʊʉ. ɻʨʘʥʠʯʥʽ  ʟʥʘʯʝʥʥʷ  ɺʇʊʉ  ʽ  ʂɽɼ  ʧʦʚʠʥʥʽ  ʚʠʟʥʘʯʘʪʠʩʷ  ʪʘʢʠʤ  ʯʠʥʦʤ, 

ʱʦʙ  ʟʘʣʠʰʘʚʩʷ  ʟʘʧʘʩ  ʯʘʩʫ  ʥʘ  ʧʽʜʛʦʪʦʚʢʫ  ʜʦ  ʨʝʤʦʥʪʫ,  ʢʦʣʠ  ʚʩʪʘʥʦʚʣʝʥʦ,  ʱʦ  ʯʝʨʝʟ  

ʧʝʚʥʠʡ  (ʨʦʟʨʘʭʫʥʢʦʚʠʡ)  ʯʘʩ  ʘʨʤʘʪʫʨʘ  ʧʝʨʝʡʜʝ  ʚ  ʥʝʧʨʘʮʝʟʜʘʪʥʠʡ  ʩʪʘʥ. ɼʣʷ  ʮʴʦʛʦ  ʚʽʜ  
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ʜʘʪʠ  ʚʽʨʦʛʽʜʥʦʾ  ʚʽʜʤʦʚʠ ʚʽʜʥʽʤʘʻʪʴʩʷ  ʯʘʩ,  ʥʝʦʙʭʽʜʥʠʡ  ʥʘ  ʧʽʜʛʦʪʦʚʢʫ  ʜʦ  ʨʝʤʦʥʪʫ, 

ʚʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʞʥʦʾ ʘʨʤʘʪʫʨʠ [3],  ʪʦʙʪʦ  ʚʠʟʥʘʯʘʻʪʴʩʷ  ʜʘʪʘ  ʧʦʯʘʪʢʫ  ʚʠʢʦʥʘʥʥʷ  

ʨʝʤʦʥʪʫ  ʜʦ  ʚʠʥʠʢʥʝʥʥʷ  ʚʽʜʤʦʚʠ  (ʧʦʨʫʰʝʥʥʷ  ʬʫʥʢʮʽʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ). 

ʄʦʞʣʠʚʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ʇʝʨʰ ʟʘ ʚʩʝ, ʚʠʟʥʘʯʠʪʠ ɺʇʊʉ ʘʙʦ 

ʩʫʢʫʧʥʽʩʪʴ ɺʇʊʉ ʮʽʻʾ ʘʨʤʘʪʫʨʠ ʪʘ ʟ ʥʠʭ ʦʙʨʘʪʠ ʜʦʤʽʥʫʶʯʽ. ɺʠʟʥʘʯʠʪʠ  ʧʦʨʦʛʦʚʝ ʪʘ ʛʨʘʥʠʯʥʝ 

ʟʥʘʯʝʥʥʷ  ʜʦʤʽʥʫʶʯʠʭ ɺʇʊʉ. ʇʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʜʘʪʠ ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʚ 

ʨʝʤʦʥʪ ʟʘ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʚʠʟʥʘʯʠʚʰʠ ʜʘʪʫ ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʚ ʨʝʤʦʥʪ ʟʘ 

ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʥʝʦʙʭʽʜʥʦ ʧʦʨʽʚʥʷʪʠ ʾʾ ʟ ʜʘʪʦʶ ʧʣʘʥʦʚʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʜʣʷ 

ʨʦʟʨʘʭʦʚʘʥʦʾ ʘʨʤʘʪʫʨʠ. ʆʮʽʥʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʧʣʘʥʦʚʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ ʜʦ ʦʮʽʥʢʠ ʩʪʘʥʫ ʪʝʭʥʽʯʥʦʾ ʘʨʤʘʪʫʨʠ ɸɽʉ ʟʘ ʪʝʭʥʽʯʥʠʤ 

ʩʪʘʥʦʤ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1.    ʅʇ  306.2.210-2017  çɿʘʛʘʣʴʥʽ  ʚʠʤʦʛʠ  ʜʦ  ʫʧʨʘʚʣʽʥʥʷ  ʩʪʘʨʽʥʥʷʤ  ʝʣʝʤʝʥʪʽʚ  ʽ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʽʚ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ. 

2. ʉʆʋ  ʅɸɽʂ  043:2016  çʊʝʭʥʽʯʥʝ  ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  ʪʘ  ʨʝʤʦʥʪ.  ʊʨʫʙʦʧʨʦʚʽʜʥʘ  
ʘʨʤʘʪʫʨʘ. ʂʨʠʪʝʨʽʾ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫè 

3. ʉʆʋ-ʅ ʗɽʂ 1.014-8:2008, ʅʦʨʤʠ ʯʘʩʫ ʥʘ ʨʝʤʦʥʪ ʪʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ ʟ ʨʝʘʢʪʦʨʘʤʠ ɺɺɽʈ-1000
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆɻʃʗɼ ɿɺɯʊʋ ɿ ɸʅɸʃɯɿʋ ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ʇʆɼɯʁ ʅɸ ʋʂʈɸɰʅʉʔʂʀʍ 

ɸʊʆʄʅʀʍ ɽʃɽʂʊʈʆʉʊɸʅʎɯʗʍ ɿɸ 2022 ʈɯʂ 

ʆʛʣʷʜ ʟʚʽʪʫ ʟ ʘʥʘʣʽʟʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʜʽʡ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʟʘ 2022 ʨʽʢ 

ʋ 2022 ʨʦʮʽ ʫʢʨʘʾʥʩʴʢʽ ʘʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʩʪʠʢʘʣʠʩʷ ʟ ʥʠʟʢʦʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʧʦʜʽʡ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʠ ʙʫʣʠ ʚʠʢʣʠʢʘʥʽ ʨʘʢʝʪʥʠʤʠ 

ʦʙʩʪʨʽʣʘʤʠ. ɺʘʞʣʠʚʠʤ ʽʥʪʝʛʨʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʟʽ ʩʪʠʩʣʠʤ ʦʧʠʩʦʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʘ 

ʘʥʘʣʽʟʦʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʜʽʡ  ʻ ʟʚʽʪ ʧʨʦ ʘʥʘʣʽʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʜʽʡ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ 

ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ [1]. ɿʚʽʪ ʩʢʣʘʜʘʻʪʴʩʷ ʩ ʜʚʦʭ ʯʘʩʪʠʥ, ʚ ʷʢʠʭ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʜʽʾ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʽʚʨʽʯʯʷ 2022 ʨʦʢʫ. 

ɸʥʘʣʽʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʜʽʡ ʦʭʦʧʣʶʻ ʥʘʩʪʫʧʥʽ ʦʙʣʘʩʪʽ: 

1) ʘʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʟʚʽʪʽʚ ʪʘ ʟʚʽʪʽʚ ʧʨʦ ʨʦʟʩʣʽʜʫʚʘʥʥʷ (ʜʦʜʘʪʢʦʚʽ ʪʘ ʦʥʦʚʣʝʥʽ ʟʚʽʪʠ) 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʜʽʡ ʥʘ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʋʢʨʘʾʥʠ; 

2) ʩʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ ʪʘ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʜʽʡ ʥʘ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʋʢʨʘʾʥʠ; 

3) ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʝʚʝʣʠʢʽ ʧʦʜʽʾ ʥʘ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʋʢʨʘʾʥʠ; 

4) ʛʣʠʙʠʥʥʠʡ ʘʥʘʣʽʟ ʧʦʜʽʡ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʢʠ, ʱʦ ʚʽʜʙʫʣʠʩʷ ʥʘ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʋʢʨʘʾʥʠ. 

ɺʟʘʛʘʣʽ, ʟʚʽʪ ʚʠʢʦʥʫʻ ʪʨʠ ʟʘʚʜʘʥʥʷ: 

ɿʘʚʜʘʥʥʷ 1 ï ʘʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ/ʜʦʜʘʪʢʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʪʘ ʟʚʽʪʽʚ ʧʨʦ ʨʦʟʩʣʽʜʫʚʘʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʜʽʡ ʥʘ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʋʢʨʘʾʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʪʠʭ, ʱʦ ʧʦʚ'ʷʟʘʥʽ 

ʘʙʦ ʚʧʣʠʥʫʪʽ ʚʦʻʥʥʠʤʠ ʫʤʦʚʘʤʠ. 

ɿʘʚʜʘʥʥʷ 2 ï ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʜʘʥʠʭ ʧʨʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʜʽʾ ʪʘ ʨʦʟʨʦʙʢʘ ʟʚʽʪʫ ʟ 

ʧʝʨʝʣʽʢʦʤ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʘʛʣʷʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ ʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʜʦʩʚʽʜʫ. 

ɿʘʚʜʘʥʥʷ 3 ï ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʫʩʪʨʽʯʝʡ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʩʠʩʪʝʤʠ 

ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʜʽʡ ʽ ʨʦʟʨʦʙʢʘ 

ʢʽʥʮʝʚʦʛʦ ʧʝʨʝʣʽʢʫ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʫ 2022 ʨʦʮʽ ʥʘ ɸɽʉ ʩʪʘʣʦʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ ʯʝʨʝʟ 

ʨʦʩʽʡʩʴʢʫ ʚʽʡʩʴʢʦʚʫ ʘʛʨʝʩʽʶ, ʘ ʾʭ ʧʨʠʯʠʥʠ ʥʝ ʧʦʚ'ʷʟʘʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʦʜʽʾ 

ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʜʚʘ ʪʠʧʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʘʢʪʦʨʽʚ, ʱʦ ʾʭ ʚʠʢʣʠʢʘʣʠ: 

ʊʠʧ ɯ ï ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʜʽʾ, ʱʦ ʩʪʘʣʠʩʷ ʯʝʨʝʟ ʪʨʘʜʠʮʽʡʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʬʘʢʪʦʨʠ 

(ʧʦʚ'ʷʟʘʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ɸɽʉ), ʘ ʩʘʤʝ: ʚʽʜʤʦʚʘ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ, ʧʦʤʠʣʢʠ ʧʝʨʩʦʥʘʣʫ ɸɽʉ 

ʪʘ/ʘʙʦ ʧʽʜʨʷʜʥʠʢʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ɸɽʉ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʬʘʢʪʦʨʠ ʽ ʪ.ʜ. 

ʊʠʧ II ï ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʜʽʾ, ʱʦ ʩʪʘʣʠʩʷ ʯʝʨʝʟ (ʘʙʦ ʙʫʣʠ ʧʽʜ ʚʧʣʠʚʦʤ) ʨʦʩʽʡʩʴʢʦʾ 

ʘʛʨʝʩʽʾ, ʘ ʩʘʤʝ: ʟʘʭʦʧʣʝʥʥʷ ɸɽʉ, ʦʙʩʪʨʽʣ ʪʝʨʠʪʦʨʽʾ ɸɽʉ ʪʘ ʪʝʨʠʪʦʨʽʾ, ʧʨʠʣʝʛʣʦʾ ʜʦ ɸɽʉ, 

ʦʙʩʪʨʽʣ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ, ʷʢʝ ʚʧʣʠʥʫʣʦ ʥʘ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʪʘ ʧʨʠʟʚʝʣʦ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʜʽʡ ʘʙʦ ʤʘʻ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʡ ʚʧʣʠʚ ʚʦʻʥʥʠʭ ʫʤʦʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ɸɽʉ ʋʢʨʘʾʥʠ ʧʨʠ ʟʙʫʨʝʥʥʷʭ ʚ ʆɽʉ 

ʋʢʨʘʾʥʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʚʠʥʠʢʘʣʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʜʽʾ ʯʝʨʝʟ ʧʦʰʢʦʜʞʝʥʥʷ 

ʦʙôʻʢʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʨʘʢʝʪʥʠʭ ʦʙʩʪʨʽʣʽʚ [2 - 7], ʷʢʽ ʧʨʠʟʚʝʣʠ ʜʦ 

ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ 750/330/150-110 ʢɺ ʪʘ ʟʥʘʯʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘʧʨʫʛʠ ʪʘ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ, ʱʦ ʤʘʣʠ ʧʨʠ ʮʴʦʤʫ ʪʘʢʽ 
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ʭʘʨʘʢʪʝʨʥʽ ʦʟʥʘʢʠ: 

- ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʩʧʨʘʮʶʚʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ ʟʘʭʠʩʪʽʚ ʚʽʜ ʩʠʤʝʪʨʠʯʥʠʭ ʂɿ ʫ 
ʟʦʚʥʽʰʥʽʡ ʤʝʨʝʞʽ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʠʭ 

ɸɽʉ ʚ ʤʦʤʝʥʪ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡʥʦʾ ʧʦʜʽʾ; 

- ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʟʤʝʥʰʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʽʡ 

ɸɽʉ ʚ ʤʦʤʝʥʪ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡʥʦʾ ʧʦʜʽʾ. 

- ʝʣʝʢʪʨʠʯʥʽ ʭʠʪʘʥʥʷ ʚ ʤʝʨʝʞʽ (ʢʦʣʠʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ), ʱʦ 
ʩʫʧʨʦʚʦʜʞʫʚʘʣʠʩʴ ʧʦʷʚʦʶ ʛʘʨʤʦʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ 3-ʛʦ ʪʘ 5-ʛʦ ʧʦʨʷʜʢʫ; 

- ʟʨʦʩʪʘʥʥʷ ʜʦ ʘʚʘʨʽʡʥʠʭ ʟʥʘʯʝʥʴ ʨʽʚʥʽʚ ʥʘʧʨʫʛʠ ʥʘ ʰʠʥʘʭ ɺʈʇ-330 ʢɺ/750 ʢɺ ɸɽʉ 

ʪʘ ʰʠʥʘʭ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ɸɽʉ ʧʽʜ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʪʠ ʆɽʉ ʚʥʘʩʣʽʜʦʢ ʚʤʠʢʘʥʥʷʤ 

ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʇʃ-330 ʢɺ ʪʘ/ʘʙʦ 750 ʢɺ ʥʘ ʭʦʣʦʩʪʠʡ ʭʽʜ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʛʣʷʜʫ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʪʘ 

ʚʧʨʦʚʘʜʠʪʠ ʝʬʝʢʪʠʚʥʝ ʙʣʦʢʫʚʘʥʥʷ ʰʚʠʜʢʦʜʽʶʯʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʭʠʩʪʽʚ ʦʙʣʘʜʥʘʥʥʷ 

ʛʦʣʦʚʥʦʾ ʩʭʝʤʠ ɸɽʉ ʚʽʜ ʜʽʡ ʛʘʨʤʦʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ 3-ʛʦ ʽ 5-ʛʦ ʧʦʨʷʜʢʫ ʟ ʤʝʪʦʶ ʾʭ ʟʘʡʚʦʛʦ 

ʩʧʨʘʮʶʚʘʥʥʷ ʪʘ ʚʠʤʢʥʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʚʽʜ ʤʝʨʝʞʽ. ʅʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ ʜʦʜʘʪʢʦʚʠʭ 

ʟʘʭʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ: 

- ʦʩʥʘʱʝʥʥʷ ʚʩʽʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʯʘʩʪʦʪʥʦʶ ʘʚʪʦʤʘʪʠʢʦʶ; 

- ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʯʘʩʪʦʪʥʦʾ ʘʚʪʦʤʘʪʠʢʠ ɸɽʉ ʟ ʤʝʪʦʶ ʥʝʜʦʧʫʱʝʥʥʷ 

ʩʧʨʘʮʶʚʘʥʥʷ ɸɿ ʟʘ ʬʘʢʪʦʨʦʤ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʚ ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʫʧʝʨʝʜʞʝʥʦʛʦ ʚʠʤʢʥʝʥʥʷ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʚʽʜ ʤʝʨʝʞʽ ʪʘ ʧʝʨʝʚʝʜʝʥʥʷ ʾʭ ʨʦʙʦʪʠ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʾ ʘʚʪʦʤʘʪʠʢʠ ʚʠʜʽʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʥʘ ʦʢʨʝʤʠʡ ʨʘʡʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɿôʷʩʦʚʘʥʦ, ʱʦ ʚʘʞʣʠʚʠʤ ʷʚʣʷʻʪʴʩʷ ʫʩʧʽʰʥʘ ʨʦʙʦʪʘ ʦʙʣʘʜʥʘʥʥʷ ʉɸɽ ʢʦʞʥʦʛʦ 

ʝʥʝʨʛʦʙʣʦʢʘ ʥʘ ʚʩʽʭ ɸɽʉ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ʪʘ ʟʘʧʫʩʢʠ ɿʈɼɽʉ ʥʘ 

ʪʠʭ ʝʥʝʨʛʦʙʣʦʢʘʭ ɸɽʉ, ʜʝ ʚʦʥʠ ʧʝʨʝʜʙʘʯʝʥʽ ʧʨʦʻʢʪʦʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʽʪ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʉɸɽ ʪʘ ɿʈɼɽʉ ɸɽʉ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʻʢʪʥʽ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʙʦʨʫ ʪʘ ʢʦʤʧʦʥʦʚʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʱʦʜʦ ʦʙʩʷʛʽʚ ʧʝʨʝʚʽʨʦʢ, 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ ʉɸɽ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Provisions on the Procedure for Investigation and Accounting of NPP Operational 

Events (NP 306.2.235-2021), approved by SNRIU Order No. 411 dated 12 July 2021, registered 

in the Ministry of Justice of Ukraine under No. 38 of 8 September 2022. 

2. ʅ.0.0000.0044 ɼʝʡʩʪʚʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʆʇ ʖʋɸʕʉ ʧʨʠ ʩʠʩʪʝʤʥʦʡ 

ʘʚʘʨʠʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʋʢʨʘʠʥʳ. ʀʥʩʪʨʫʢʮʠʷ. 

3. ʅʇ 306.2.205-2016 ɺʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʢʠ 

ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ.  

4. ɿʚʽʪ 0ʈʆɺ-ʇ23-06-11-22. ɺʽʜʢʣʶʯʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ˉ 1, 2, 3, 4 ʟʽ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷʤ ɸɿ, ʚʥʘʩʣʽʜʦʢ ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ɺʈʋ-

750/330/110 ʢɺ, ʷʢʝ ʟʫʤʦʚʣʝʥʝ ʨʘʢʝʪʥʠʤʠ ʦʙʩʪʨʽʣʘʤʠ ʚʽʡʩʴʢʘʤʠ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ 

ʦʙôʻʢʪʽʚʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ. 

5. ɿʚʽʪ ˉ 1ʍʄɽ-ʇ23-10-11-22. ʇʝʨʝʚʝʜʝʥʥʷ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʝʥʝʨʛʦʙʣʦʢʫ ˉ1 

ʚ ʧʽʜʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʜʽʻʶ ʘʚʘʨʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʯʝʨʝʟ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ, 

ʚʠʢʣʠʢʘʥʦʛʦ ʪʝʨʦʨʠʩʪʠʯʥʠʤʠ ʜʽʷʤʠ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ (ʨʬ) ʟ ʦʙʩʪʨʽʣʫ ʦʙôʻʢʪʽʚ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ. 

6. ɿʚʽʪ ˉ 2ʍʄɽ-ʇ23-11-11-22. ʇʝʨʝʚʝʜʝʥʥʷ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʝʥʝʨʛʦʙʣʦʢʫ ˉ2 

ʚ ʧʽʜʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʜʽʻʶ ʘʚʘʨʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʯʝʨʝʟ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ, 

ʚʠʢʣʠʢʘʥʦʛʦ ʪʝʨʦʨʠʩʪʠʯʥʠʤʠ ʜʽʷʤʠ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ (ʨʬ) ʟ ʦʙʩʪʨʽʣʫ ʦʙôʻʢʪʽʚ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ.  

7. ɿʚʽʪ ʇɸɽʉ ˉ 1ʖʋʂ-ʇ23-07-11-22. ɿʥʝʩʪʨʫʤʣʝʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʝʥʝʨʛʦʙʣʦʢʫ ʟ 

ʟʘʧʫʩʢʦʤ ɸʉʇ 1-ʛʦ ʪʘ 3-ʛʦ ʢʘʥʘʣʽʚ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʯʝʨʝʟ ʚʪʨʘʪʫ ʥʘʧʨʫʛʠ ʥʘ ʰʠʥʘʭ ɺʈʇ-150 

ʢɺ, ɺʈʇ-330 ʢɺ ʚʥʘʩʣʽʜʦʢ ʨʘʢʝʪʥʠʭ ʦʙʩʪʨʽʣʽʚ ʨʦʩʽʡʩʴʢʦʶ ʬʝʜʝʨʘʮʽʻʶ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

ʋʢʨʘʾʥʠ  
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ʋɼʂ 621.039.58 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʇʨʠʛʦʜʘ ʅ.ɸ. 

ĭ ʉʪ.ʚʠʢʣ., ʢ.ʪ.ʥ. ʉʘʭʥʦ ʆ.ɺ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ʄʆɾʃʀɺʆʉʊɯ ɿʅʀɾɽʅʅʗ ʂʆʅʉɽʈɺɸʊʀɿʄʋ ʈɽɿʋʃʔʊɸʊɯɺ 

ʄʆɼɽʃʖɺɸʅʅʗ ʉʊɸʈɯʅʅʗ ɼʃʗ ʇɽʈɽʆʎɯʅʂʀ ʂɺɸʃɯʌɯʂɸʎɯʁʅʆɻʆ 

ʊɽʈʄɯʅʋ ɸʊʆʄʅʀʍ ɽʃɽʂʊʈʆʉʊɸʅʎɯʁ 

ʋ ʟʚ'ʷʟʢʫ ʟ ʧʦʩʪʽʡʥʠʤ ʨʦʟʚʠʪʢʦʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ ʪʘ ʧʦʩʠʣʝʥʥʷʤ ʚʠʤʦʛ ʱʦʜʦ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ɸɽʉ), ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ ʧʦʰʫʢʫ ʥʦʚʠʭ ʰʣʷʭʽʚ 
ʧʦʩʠʣʝʥʥʷ ʢʦʥʪʨʦʣʶ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ. ʆʩʥʦʚʦʧʦʣʦʞʥʠʤ ʜʣʷ ʮʴʦʛʦ ʻ 
ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ 
ʧʨʠʟʥʘʯʝʥʽ ʬʫʥʢʮʽʾ ʧʽʜ ʯʘʩ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʝʤʣʝʪʨʫʩʽʚ ʪʘ ʧʦʪʝʥʮʽʡʥʠʭ ʘʚʘʨʽʡ. 
ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʯʘ ʦʨʛʘʥʽʟʘʮʽʷ ʚʞʠʚʘʻ ʥʠʟʢʫ ʟʘʭʦʜʽʚ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ, 
ʱʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʘʞʣʠʚʝ ʜʣʷ ʙʝʟʧʝʢʠ, ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ, ʷʢʽ ʥʘ ʥʴʦʛʦ ʧʦʢʣʘʜʝʥʽ. ʆʜʥʠʤ ʽʟ 
ʥʠʭ ʻ ʢʚʘʣʽʬʽʢʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ, ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʢʚʘʣʽʬʽʢʘʮʽʾ ʙʫʣʠ 
ʜʝʪʘʣʽʟʦʚʘʥʽ ʩʪʦʩʦʚʥʦ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʽ ʩʪʘʥʜʘʨʪʠ ʚʠʟʥʘʯʘʶʪʴ ʙʽʣʴʰ 
ʢʦʥʢʨʝʪʥʽ ʢʨʠʪʝʨʽʾ ʪʘ ʤʝʪʦʜʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ.  

ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʥʦʨʤ, ʧʨʘʚʠʣ ʪʘ ʩʪʘʥʜʘʨʪʽʚ ʟ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ [1 ï 
3], ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʙʝʟʧʝʢʠ ʪʘ ʚʠʢʦʥʫʻ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʙʝʟʧʝʢʠ, ʧʦʚʠʥʥʦ 
ʙʫʪʠ ʢʚʘʣʽʬʽʢʦʚʘʥʝ ʜʣʷ ʨʦʙʦʪʠ ʚ "ʞʦʨʩʪʢʠʭ" ʫʤʦʚʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʽʜ ʯʘʩ 
ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʘ. ʋ ʢʚʘʣʽʬʽʢʘʮʽʾ ʥʘ 
ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʥʦʨʤʘʣʴʥʽ, ʪʘʢ ʽ ʝʢʩʪʨʝʤʘʣʴʥʽ ʫʤʦʚʠ, 
ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ. ʎʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʪʘʢʽ 
ʝʣʝʤʝʥʪʠ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʦʣʦʛʽʩʪʴ, ʭʽʤʽʯʥʽ ʘʙʦ ʚʦʜʷʥʽ ʚʧʣʠʚʠ, ʪʠʩʢ, 
ʚʽʙʨʘʮʽʷ ʪʘ ʩʝʡʩʤʽʯʥʠʡ ʨʫʭ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 
ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʻ ʩʫʪʪʻʚʠʤ ʜʣʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʦʙʣʘʜʥʘʥʥʷ 
ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʪʘ ʢʨʠʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʧʣʦʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʫ ʮʠʭ ʝʣʝʤʝʥʪʘʭ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʽʚ ʪʘ/ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʽ 
ʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʻ ʯʫʪʣʠʚʠʤʠ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʨʽʥʥʷ ʧʽʜ ʜʽʻʶ ʮʠʭ 
ʧʘʨʘʤʝʪʨʽʚ. ʅʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʤʦʞʣʠʚʽ ʧʨʦʷʚʠ ʩʪʘʨʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ, ʦʩʢʽʣʴʢʠ ʮʝ 
ʤʦʞʝ ʤʘʪʠ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 
ʇʨʦʜʦʚʞʝʥʥʷ ʨʦʙʦʪʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʜʦʟʚʦʣʠʪʴ ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʦʟʥʘʢʠ ʟʥʦʰʝʥʦʩʪʽ, 
ʜʝʛʨʘʜʘʮʽʾ ʪʘ ʤʦʞʣʠʚʠʭ ʚʘʜ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʜʦʧʦʤʦʞʝ ʫʥʠʢʥʫʪʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ 
ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʧʝʨʩʦʥʘʣʫ ʪʘ ʥʘʩʝʣʝʥʥʷ. 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʚ ʧʦʥʘʜʧʨʦʻʢʪʥʠʡ ʪʝʨʤʽʥ ʝʥʝʨʛʦʙʣʦʢʘ 
ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʠʢʦʥʘʥʥʷ ʟʘʭʦʜʽʚ ʟʽ ʟʙʝʨʝʞʝʥʥʷ ʜʦʩʷʛʥʫʪʦʛʦ ʨʽʚʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ [4 ï 7]. ɿʛʽʜʥʦ 
ʟ ʚʠʤʦʛʘʤʠ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʫ ʨʘʟʽ ʟʘʚʝʨʰʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ 
ʦʙʣʘʜʥʘʥʥʷ ʚʪʨʘʯʘʻ ʩʚʽʡ ʩʪʘʪʫʩ ʢʚʘʣʽʬʽʢʘʮʽʾ, ʪʦʙʪʦ ï ʛʘʨʘʥʪʽʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚ ʫʤʦʚʘʭ 
ʤʦʞʣʠʚʦʾ ʘʚʘʨʽʾ. ʇʨʦʙʣʝʤʘ ʧʦʩʪʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʥʠʟʢʠ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ ʋʢʨʘʾʥʠ, 
ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʡ ʪʝʨʤʽʥ ʟʘʚʝʨʰʫʻʪʴʩʷ ʨʘʥʽʰʝ, ʥʽʞ ʧʝʨʝʜʙʘʯʫʚʘʥʠʡ ʪʝʨʤʽʥ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ. ɼʦ ʪʦʛʦ ʞ,  ʥʘʷʚʥʽ ʧʨʦʛʨʘʤʥʽ ʜʦʢʫʤʝʥʪʠ ʪʘ 
ʩʪʘʥʜʘʨʪʠ ʝʢʩʧʣʫʘʪʫʶʯʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʥʝ ʤʽʩʪʷʪʴ ʜʝʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʙʝʨʝʞʝʥʥʷ 
ʢʚʘʣʽʬʽʢʘʮʽʾ, ʟʦʢʨʝʤʘ, ʧʠʪʘʥʴ ʧʨʦʜʦʚʞʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 
ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʚ ʤʝʞʘʭ ʫʩʪʘʥʦʚʣʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ 
ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ  ʋʢʨʘʾʥʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʽ ʧʨʦʻʢʪʥʽ ʚʠʭʽʜʥʽ 
ʜʘʥʽ, ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʬʘʢʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʙʫʣʠ ʜʦʩʷʛʥʫʪʽ ʟʘ 
ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ 
ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʋʢʨʘʾʥʠ ʟʘ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʌʘʢʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʫʤʦʚ ʥʦʨʤʘʣʴʥʦʾ 



 

 29 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʋʢʨʘʾʥʠ ʻ ʥʠʞʯʠʤʠ ʟʘ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʻʢʪʥʽ 
ʚʠʭʽʜʥʽ ʜʘʥʽ, ʱʦ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʨʽʥʥʷ ʚ ʤʝʞʘʭ ʫʩʪʘʥʦʚʣʝʥʥʷ 
ʢʚʘʣʽʬʽʢʘʮʽʾ [8]. 

ɿ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʥʘʜʤʽʨʥʦʛʦ ʢʦʥʩʝʨʚʘʪʠʟʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʧʝʨʝʦʮʽʥʢʫ 
ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʨʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʜʦʚʞʝʥʥʷ ʡʦʛʦ 
ʨʝʩʫʨʩʫ ʪʘ ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʜʯʘʩʥʽʡ ʟʘʤʽʥʽ ʫ ʟʚôʷʟʢʫ ʽʟ ʟʘʢʽʥʯʝʥʥʷʤ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʜʦʜʘʪʢʦʚʫ ʤʦʪʠʚʘʮʽʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 
ʫʜʦʩʢʦʥʘʣʝʥʴ ʧʨʦʛʨʘʤ ʢʚʘʣʽʬʽʢʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʠʥʝʩʪʠ ʟʥʘʯʥʽ 
ʧʝʨʝʚʘʛʠ, ʘ ʩʘʤʝ: ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ 
(ʚ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʜʦʚʞʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ ʧʝʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 
ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʟʘʤʽʥʫ). 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʤʦʞʣʠʚʽ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʙʫʣʠ ʦʧʠʩʘʥʽ ʨʘʥʽʰʝ, ʚ 
ʨʦʙʦʪʽ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʪʘʨʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ, 
ʚʽʜʧʦʚʽʜʥʦ, ʤʘʶʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʽʜ ʯʘʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʦʛʦ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ. 
ʂʣʶʯʦʚʠʤ ʜʞʝʨʝʣʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʙʫʜʫʪʴ ʩʣʫʛʫʚʘʪʠ ʽʩʥʫʶʯʽ ʪʝʦʨʝʪʠʯʥʽ 
ʢʦʥʮʝʧʮʽʾ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʽʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʬʽʟʠʯʥʦʛʦ ʩʪʘʨʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ 
ʚ ʤʝʞʘʭ ʜʽʷʣʴʥʦʩʪʽ ʟ ʡʦʛʦ ʢʚʘʣʽʬʽʢʘʮʽʾ. ʎʝ ʦʭʦʧʣʶʻ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 
ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʤ ʪʝʨʤʽʥʦʤ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʥʘ ʙʝʟʧʝʢʫ ʦʙ'ʻʢʪʽʚ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, 
ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ  ʨʦʟʨʦʙʢʫ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʜʦʚʞʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ 
ʦʙʣʘʜʥʘʥʥʷ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʙʫʜʝ ʟʦʩʝʨʝʜʞʝʥʝ ʥʘ ʤʝʪʦʜʘʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ 
ʢʚʘʣʽʬʽʢʘʮʽʾ (ʩʪʦʩʦʚʥʦ ʝʪʘʧʫ ʟʙʝʨʝʞʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ) ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ 
ʩʪʘʨʽʥʥʷ ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 
ʤʦʞʥʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʽʶʯʠʭ ɸɽʉ, ʩʝʨʝʜ ʽʥʰʦʛʦ ï ʟ ʤʝʪʦʶ 
ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʾʭ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ 
ʢʚʘʣʽʬʽʢʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 
ʙʝʟʧʝʢʫ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ɸɽʉ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ ʚ 
ʮʽʣʦʤʫ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆɹɻʈʋʅʊʋɺɸʅʅʗ ɿʅʗʊʊʗ ɿ ɽʂʉʇʃʋɸʊɸʎɯɰ ɸɽʉ ɿ ɺɺɽʈ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɹʘʛʘʪʦ ʷʜʝʨʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʟ ɺɺɽʈ 

ʧʦʙʫʜʦʚʘʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʪʦʤʫ ʽ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʢʽʥʮʷ ʩʚʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ. 

ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʚʘʨʽʘʥʪʫ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ 

ʧʽʜ ʯʘʩ ʟʘʢʨʠʪʪʷ ʩʪʘʥʮʽʾ. ɹʘʛʘʪʦ ʢʨʘʾʥ ʨʦʟʛʣʷʜʘʶʪʴ ʟʤʝʥʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʪʦʤʥʦʾ ʝʥʝʨʛʽʾ 

ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ ʫʩʚʽʜʦʤʣʝʥʥʷ ʱʦʜʦ ʨʠʟʠʢʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʩʪʘʣʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʘʡʙʫʪʥʴʦʛʦ. ɺʠʙʽʨ ʚʘʨʽʘʥʪʫ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ 

ʥʘ ʜʦʚʢʽʣʣʷ, ʘ ʪʘʢʦʞ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʘʩʧʝʢʪʽʚ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʧʨʦʮʝʜʫʨʠ ʚʠʚʝʜʝʥʥʷ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɸʢʪʽʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʧʨʦʷʚʣʽʻʪʴʩʷ ʚ ʟʨʦʩʪʘʥʥʷ ʨʠʟʠʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ 

ɸɽʉ ʟ ɺɺɽʈ, ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʟʥʷʪʪʷ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ 

ʚʽʜʭʦʜʘʤʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʦʾ ʧʨʦʙʣʝʤʘʪʠʢʠ ʟ ʧʠʪʘʥʴ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʘʨʽʘʥʪʫ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʟ ɺɺɽʈ ʚʠʩʚʽʪʣʶʶʪʴ ʪʘʢʽ ʧʨʦʚʽʜʥʽ 

ʥʘʫʢʦʚʮʽ, ʷʢ: ɺ.ɯ. ʌʽʣʘʪʦʚ, ʖ.ʄ. ʃʦʙʘʯ, ʄ.ɺ. ʃʠʩʝʥʢʦ, ɺ.ʄ. ʄʘʢʘʨʦʚʩʴʢʠʡ, ɭ.ʄ. 

ʇʠʩʴʤʝʥʥʠʡ, ʅ.ɻ. ɹʦʡʢʦ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʘʨʽʘʥʪʫ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʟ ɺɺɽʈ, ʷʢʠʡ ʙʠ ʚʨʘʭʦʚʫʚʘʚ ʚʩʽ ʘʩʧʝʢʪʠ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʦʮʝʜʫʨʘ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

ʦʭʦʧʣʶʻ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ, ʷʢʽ ʤʘʶʪʴ ʛʘʨʘʥʪʫʚʘʪʠ ʙʝʟʧʝʢʫ ʪʘ ʟʘʭʠʩʪ ʧʝʨʩʦʥʘʣʫ, ʥʘʩʝʣʝʥʥʷ 

ʪʘ ʜʦʚʢʽʣʣʷ ʚʽʜ ʤʦʞʣʠʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʣʦ ʪʘ ʥʘʢʦʧʠʯʠʣʦʩʷ ʚ ʩʠʩʪʝʤʘʭ ʪʘ 

ʦʙʣʘʜʥʘʥʥʽ ʧʨʦʪʷʛʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʥʦʾ ʩʪʘʥʮʽʾ [1]. 

ɺʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʯʠ ʾʾ ʝʥʝʨʛʦʙʣʦʢʫ ʧʝʨʝʜʙʘʯʘʻ 

ʧʦʝʪʘʧʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʭʦʜʽʚ. ɿʤʽʩʪ, ʪʨʠʚʘʣʽʩʪʴ ʽ ʢʽʥʮʝʚʘ ʤʝʪʘ ʢʦʞʥʦʛʦ ʝʪʘʧʫ, ʘ ʪʘʢʦʞ ʚʩʴʦʛʦ 

ʧʨʦʮʝʩʫ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʦʶ ʧʨʘʢʪʠʢʦʶ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ. ʎʽ ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʧʨʠʯʠʥʠ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʧʦʜʘʣʴʰʝ ʧʨʠʟʥʘʯʝʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʪʠʧ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʥʘʷʚʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʾ 

ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ, ʥʘʷʚʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʝʭʥʦʣʦʛʽʡ ʽ ʪʝʭʥʽʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʦʱʦ [2]. 

ɻʦʣʦʚʥʘ ʤʝʪʘ ʚʽʜʢʣʶʯʝʥʥʷ ɸɽʉ ʚʽʜ ʤʝʨʝʞʽ ʧʦʣʷʛʘʻ ʚ ʜʦʩʷʛʥʝʥʥʽ çʟʝʣʝʥʦʛʦ ʣʫʛʫè, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʪʨʝʙ. 

ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʜʝʤʦʥʪʘʞ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ɸɽʉ, ʘ ʪʘʢʦʞ ʦʙʨʦʙʢʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʩʭʦʚʠʱʘʭ. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʠʜʘʣʠʪʠ ʙʫʜʽʚʣʽ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ 

ʦʙʨʦʙʢʠ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ. ɺʪʦʨʠʥʥʽ ʚʽʜʭʦʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ ʪʘ ʚʽʜʥʝʩʝʥʽ ʜʦ 

ʩʧʝʮʽʘʣʴʥʠʭ ʩʭʦʚʠʱ. ʇʽʩʣʷ ʮʴʦʛʦ ʪʝʨʠʪʦʨʽʶ ʩʣʽʜ ʚʽʜʥʦʚʠʪʠ, ʟʥʠʟʠʚʰʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ 

ʜʦ ʙʝʟʧʝʯʥʦʛʦ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʟʘʡʤʝ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʯʘʩʫ, ʥʽʞ ʩʘʤʝ 

ʙʫʜʽʚʥʠʮʪʚʦ ɸɽʉ, ʘ ʫ ʜʝʷʢʠʭ ʩʮʝʥʘʨʽʷʭ ʯʘʩ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʝ ʧʝʨʝʚʠʱʠʪʠ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʘʤʦʛʦ ʦʙôʻʢʪʘ [1]. 

ɺʠʤʢʥʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʘ ɸɽʉ ʤʦʞʝ ʙʫʪʠ ʧʣʘʥʦʚʠʤ ʘʙʦ ʧʦʟʘʧʣʘʥʦʚʠʤ, ʚʢʣʶʯʘʶʯʠ 
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ʘʚʘʨʽʡʥʫ ʟʫʧʠʥʢʫ ʫ ʚʠʧʘʜʢʫ ʩʝʨʡʦʟʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʨʦʜʦʚʞʝʥʥʷ ʡʦʛʦ ʨʦʙʦʪʠ. 

ʗʢʱʦ ʚʠʪʨʘʪʠ ʪʘ ʨʝʩʫʨʩʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ɸɽʉ, ʧʝʨʝʚʠʱʫʶʪʴ 

ʧʨʠʙʫʪʦʢ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʪʝʨʤʽʥʫ, ʱʦ ʧʝʨʝʜʙʘʯʝʥʠʡ 

ʧʨʦʝʢʪʦʤ, ʝʥʝʨʛʦʙʣʦʢ ʤʦʞʝ ʙʫʪʠ ʟʫʧʠʥʝʥʠʡ. ʇʨʦʮʝʩ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʚʠʥʝʥ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʮʝʡ ʧʨʦʮʝʩ. 

ʂʨʽʤ ʪʦʛʦ, ʡʦʤʫ ʩʣʽʜ ʧʝʨʝʜʫʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʘ ʧʽʜʛʦʪʦʚʢʘ, ʚʢʣʶʯʘʶʯʠ 

ʥʘʢʦʧʠʯʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʟʘʛʘʣʦʤ ʨʝʛʫʣʶʻʪʴʩʷ ʥʠʟʢʦʶ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ. ʊʘʢ, 

ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʨʘʜʽʘʮʽʡʥʫ ʙʝʟʧʝʢʫè [3] ʚʠʟʥʘʯʘʻ 

ʧʦʨʷʜʦʢ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ 

ʟʘ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʪʘ ʬʽʥʘʥʩʫʚʘʥʥʷ. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ 

ʚʽʜʭʦʜʘʤʠè [4] ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚ 

ʯʘʩʪʠʥʽ ʜʽʷʣʴʥʦʩʪʽ ʟ ʧʦʚʦʜʞʝʥʥʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʠʪʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠè [5] ʚʠʟʥʘʯʠʚ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʟʜʽʡʩʥʝʥʥʷ 

ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʟʘʢʦʥʫ [5] ʧʨʠʧʠʥʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʝʢʪʫ 

ʟʥʷʪʪʷ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʪʞʝ, ʚʢʣʶʯʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʢʨʘʾʥʩʴʢʠʭ ɸɽʉ ʤʦʞʝ ʩʪʘʪʠ 

ʦʜʥʽʻʶ ʽʟ ʩʢʣʘʜʦʚʠʭ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ. ʎʷ ʩʪʨʘʪʝʛʽʷ, ʟ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʘʥʘʣʦʛʽʯʥʦ ʜʦ çɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʋʢʨʘʾʥʠ ʜʦ 2035 ʨʦʢʫè [6]. 

ʉʪʨʘʪʝʛʽʷ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʋʢʨʘʾʥʠ ʧʦʚʠʥʥʘ ʯʽʪʢʦ ʚʠʟʥʘʯʘʪʠ ʤʝʪʫ ʪʘ 

ʦʩʥʦʚʥʽ ʮʽʣʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. ɺʘʞʣʠʚʽ ʘʩʧʝʢʪʠ ʚʢʣʶʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʦʟʨʘʭʫʥʢʦʚʫ ʪʨʠʚʘʣʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ, ʧʦʧʝʨʝʜʥʽʡ ʧʣʘʥ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʢʨʠʪʝʨʽʾ ʢʽʥʮʝʚʦʛʦ ʩʪʘʥʫ ʤʘʡʜʘʥʯʠʢʘ ʧʽʩʣʷ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ 

ʪʘʢʦʞ ʦʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʥʦʩʠʪʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʠʚʦʜʠʪʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩʣʽʜ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʝʢʪʫ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʨʷʜʦʢ. ʎʝʡ 

ʧʦʨʷʜʦʢ ʧʦʚʠʥʝʥ ʚʠʟʥʘʯʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʦʩʥʦʚʥʠʡ ʟʤʽʩʪ ʢʦʞʥʦʛʦ ʝʪʘʧʫ 

ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʫʤʦʚʠ ʜʣʷ ʩʪʘʥʫ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ. 

ʆʪʞʝ, ʱʦʜʦ ʚʢʘʟʘʥʦʾ ʪʝʤʠ ʤʦʞʝʤʦ ʟʘʟʥʘʯʠʪʠ ʪʘʢʽ ʨʝʢʦʤʝʥʜʘʮʽʾ: 

1. ʇʨʠ ʟʥʷʪʪʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʟ ɺɺɽʈ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʩʽ ʘʩʧʝʢʪʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

2. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʟʥʷʪʪʷʤ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʜʦʚʽ ʤʝʪʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʨʝʪʝʣʴʥʦ ʧʣʘʥʫʚʘʪʠ ʪʘ 

ʚʠʢʦʥʫʚʘʪʠ ʨʦʙʦʪʠ. 

3. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʘʨʪʦʩʪʽ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 
ʦʧʪʠʤʘʣʴʥʽ ʤʝʪʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʟʘʣʫʯʘʪʠ ʜʦ ʨʦʙʦʪʠ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ 

ʬʘʭʽʚʮʽʚ. 

4. ɼʣʷ ʟʛʣʘʜʞʫʚʘʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʥʘʩʣʽʜʢʽʚ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ ʧʨʦʚʦʜʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʨʦʙʦʪʫ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ 

ʩʦʮʽʘʣʴʥʽ ʧʨʦʛʨʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ɿʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʟ ɺɺɽʈ ʻ ʩʢʣʘʜʥʠʤ ʽ ʙʘʛʘʪʦʛʨʘʥʥʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʷʢʝ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʪʘʢʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ, ʷʢʝ ʚʨʘʭʦʚʫʻ ʚʩʽ ʘʩʧʝʢʪʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʚʢʣʶʯʘʶʯʠ ʪʝʭʥʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ, 

ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʩʦʮʽʘʣʴʥʽ ʘʩʧʝʢʪʠ.  
ʇʣʘʥʦʚʘʥʘ ʦʩʪʘʪʦʯʥʘ ʟʫʧʠʥʢʘ ʧʝʨʰʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ ʋʢʨʘʾʥʠ, ʷʢʠʡ ʥʘʨʘʟʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟ ʨʝʘʢʪʦʨʘʤʠ ɺɺɽʈ ʘʙʦ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ɸʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʚʢʘʟʘʥʠʭ ʫ ʩʪʘʪʪʽ, ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʧʨʠʙʣʠʟʥʦ ʜʦ 

2030 ʨʦʢʫ. ʇʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ 5 ʨʦʢʽʚ ʱʝ 5 ʝʥʝʨʛʦʙʣʦʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʪʘʪʦʯʥʦ ʟʫʧʠʥʝʥʽ.  
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ɼʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʮʴʦʛʦ ʚʠʢʦʥʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʽ ʽʥʞʝʥʝʨʥʽ ʪʘ 

ʨʘʜʽʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʧʨʦʝʢʪʠ. ʇʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʟʥʷʪʪʷ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʚʠʥʝʥ ʨʦʟʧʦʯʘʪʠʩʷ ʟʘ 3-4 ʨʦʢʠ ʜʦ ʟʘʧʣʘʥʦʚʘʥʦʾ ʟʫʧʠʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʝʨʝʜʙʘʯʝʥʘ ʜʽʷʣʴʥʽʩʪʴ ʟ ʟʘʢʦʥʦʜʘʚʯʦʛʦ ʪʘ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʘʩʘʤʧʝʨʝʜ, 

ʚʢʣʶʯʘʻ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʟʘʭʦʜʠ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʩʪʘʪʫʩʫ ɸɽʉ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ʇɸʈɸʄɽʊʈɯɺ ɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʉɽʁʉʄɯʏʅʆɰ ʅɽɹɽɿʇɽʂʀ 

ʄɸʁɼɸʅʏʀʂɯɺ ɸɽʉ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʥʦʨʤʘʪʠʚʥʦ ʧʨʘʚʦʚʦʛʦ 

ʘʢʪʫ ñɺʠʤʦʛʠ ʜʦ ʩʝʡʩʤʦʩʪʽʡʢʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʩʝʡʩʤʽʯʥʦʾ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ 

ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ. ʅʇ 306.2.208-2016ò [1] ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷʭ ʙʝʟʧʝʢʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʡ, ʘʣʝ ʡ ʽʤʦʚʽʨʥʽʩʥʠʡ ʧʽʜʭʽʜ. ʅʘʨʘʟʽ ʫ 

ʝʢʩʧʣʫʘʪʫʶʯʦʾ ʦʨʛʘʥʽʟʘʮʽʾ (ɸʊ ñʅɸɽʂ ñɽʥʝʨʛʦʘʪʦʤò) ʚʽʜʩʫʪʥʽʡ ʜʦʩʚʽʜ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ 

ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʥʘ ʤʘʡʜʘʥʯʠʢʘʭ ɸɽʉ ʋʢʨʘʾʥʠ. ɺʠʢʦʥʘʥʥʷ 

ʪʘʢʦʾ ʦʮʽʥʢʠ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʯʽʪʢʽʰʫ ʢʘʨʪʠʥʫ ʱʦʜʦ ʨʽʚʥʷ ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʥʘ 

ʤʘʡʜʘʥʯʠʢʘʭ ɸɽʉ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ɸɽʉ ʋʢʨʘʾʥʠ ʜʦ ʧʝʨʝʜʦʚʦʾ ʤʽʞʥʘʨʦʜʥʦʾ ʧʨʘʢʪʠʢʠ ʫ ʩʬʝʨʽ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʨʘʟʽ ʽʩʥʫʻ ʥʠʟʢʘ ʟʘʢʦʨʜʦʥʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʪʦʩʦʚʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦ ʦʮʽʥʢʠ ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʥʘʧʨʠʢʣʘʜ [2, 

3]. ɸʚʪʦʨʠ ʜʘʥʠʭ ʨʦʙʽʪ ʧʨʦʧʦʥʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ 

ʜʣʷ ʦʙʨʘʭʫʥʢʫ ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʽʤʦʚʽʨʥʽʩʥʠʤ ʰʣʷʭʦʤ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ  ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ, ʱʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʥʘ ʤʘʡʜʘʥʯʠʢʘʭ ɸɽʉ ʥʘʡʙʽʣʴʰʝ ʧʽʜʭʦʜʠʪʴ ʩʘʤʝ R-CRISIS. 

ʌʦʨʤʫʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʢʦʜʫ R-CRISIS ʪʘ ʧʝʨʝʚʽʨʮʽ ʡʦʛʦ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ 

ʥʘ ʤʘʡʜʘʥʯʠʢʘʭ ɸɽʉ. ʇʣʘʥʫʻʪʴʩʷ ʨʝʪʝʣʴʥʝ ʚʠʚʯʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ ʟ ʤʝʪʦʶ 

ʟ'ʷʩʫʚʘʥʥʷ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʦʙʤʝʞʝʥʴ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʩʬʦʨʤʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʧʽʜʭʦʜʠ ʽ 

ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʚʩʽʭ ʤʘʡʜʘʥʯʠʢʘʭ ɸɽʉ ʋʢʨʘʾʥʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʧʦʯʘʪʢʫ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʟʝʤʣʝʪʨʫʩʽʚ ʚʢʘʟʘʥʦʾ ʤʘʛʥʽʪʫʜʠ ʫ ʚʢʘʟʘʥʦʤʫ ʤʽʩʮʽ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʽ N ʨʦʢʽʚ ʽ 

ʮʝ ʙʫʣʦ ʥʘʡʙʽʣʴʰʠʤ ʟʘʛʘʣʴʥʠʤ ʦʧʠʩʦʤ ʩʝʡʩʤʽʯʥʦʩʪʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʤʦʜʝʣʣʶ ɻʫʪʝʥʙʝʨʛʘ-ʈʽʭʪʝʨʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ ʜʣʷ ʟʘʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ. ʈʦʟʨʘʭʫʥʦʢ 

ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʽʤʦʚʽʨʥʠʭ ʩʮʝʥʘʨʽʾʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʫ ʨʦʙʦʪʽ   

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʫʭʫ ʛʨʫʥʪʫ. ɼʘʥʘ ʤʦʜʝʣʴ ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʜʣʷ ʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ, ʘ ʪʘʢʦʞ  ʜʦʟʚʦʣʠʣʘ ʦʮʽʥʠʪʠ ʽʤʦʚʽʨʥʽʩʪʴ 

ʪʘ ʤʦʞʣʠʚʽ ʥʘʩʣʽʜʢʠ ʤʘʡʙʫʪʥʽʭ ʟʝʤʣʝʪʨʫʩʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʦʟʨʦʙʣʝʥʽ ʩʪʨʘʪʝʛʽʾ ʟ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ, ʧʣʘʥʠ ʝʚʘʢʫʘʮʽʾ ʪʘ ʟʘʭʦʜʠ ʟ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʝʤʣʝʪʨʫʩʽʚ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʫʟʘʛʘʣʴʥʝʥʘ ʥʝʧʫʘʩʩʦʥʽʚʩʴʢʘ ʤʦʜʝʣʴ, ʷʢʘ ʻ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʶ ʧʦʜʽʡ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʯʘʩʽ ʘʙʦ ʧʨʦʩʪʦʨʽ ʽ ʥʝ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ 

ʢʣʘʩʠʯʥʦʤʫ ʧʨʦʮʝʩʫ ʇʫʘʩʩʦʥʘ. ʅʘʩʪʫʧʥʠʤ ʧʫʥʢʪʦʤ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʟʘʛʘʣʴʥʦʾ ʤʦʜʝʣʽ 

ʇʫʘʩʩʦʥʘ. ʇʦʜʽʾ, ʷʢʽ ʧʽʜʧʦʨʷʜʢʦʚʫʚʘʣʠʩʷ ʪʘʢʦʤʫ ʨʦʟʨʘʭʫʥʢʫ  ʚʽʜʙʫʚʘʣʠʩʴ ʥʝʟʘʣʝʞʥʦ ʦʜʥʘ 

ʚʽʜ ʦʜʥʦʾ ʚ ʯʘʩʽ ʪʘ ʧʨʦʩʪʦʨʽ. ʇʽʩʣʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʞʝʨʝʣʘ ʧʣʦʱ, ʷʢʽ ʤʦʜʝʣʶʚʘʣʠʩʴ ʷʢ ʧʣʦʱʠʥʠ ʟʘ ʟʘʜʘʥʠʤʠ ʚʝʨʰʠʥʘʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʪʨʴʦʭ ʚʠʤʽʨʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ. ʃʽʥʽʡʥʽ ʜʞʝʨʝʣʘ, ʱʦ ʙʫʜʫʪʴ ʤʦʜʝʣʶʚʘʪʠʩʴ, ʷʢ ʧʦʣʽ ʣʽʥʽʷ ʟ 

ʧʦʩʪʽʡʥʦʶ ʘʙʦ ʟʤʽʥʥʦʶ ʛʣʠʙʠʥʦʶ ʪʘ ʪʦʯʢʦʚʠʤʠ ʜʞʝʨʝʣʘʤʠ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʚʽʜ ʤʽʩʮʷ ʜʦ ʜʞʝʨʝʣʘ ʟʝʤʣʝʪʨʫʩʫ ʽ ʫ ʜʘʥʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʢʦʜʽ ʜʣʷ 

ʮʴʦʛʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ: ʬʦʢʫʩʥʫ ʚʽʜʩʪʘʥʴ, ʝʧʽʮʝʥʪʨʘʣʴʥʫ ʚʽʜʩʪʘʥʴ, ʚʽʜʩʪʘʥʴ ɼʞʦʡʥʝʨʘ ʪʘ 
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ɹʫʨʘ ʽ ʥʘʡʙʽʣʴʰʫ ʚʽʜʩʪʘʥʴ ʜʦ ʟʦʥʠ ʨʦʟʨʠʚʫ. ʇʦʜʘʣʴʰʠʤʠ ʢʨʦʢʘʤʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ 

ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʟʘʪʫʭʘʥʴ ʨʫʭʽʚ ɿʝʤʣʽ, ʧʨʦʮʝʜʫʨʠ ʧʨʦʩʪʦʨʦʚʦʾ  ʽʥʪʝʛʨʘʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ, ʧʦʻʜʥʘʥʥʷ ʤʦʜʝʣʝʡ ʩʝʡʩʤʽʯʥʦʩʪʽ, ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʘ ʤʦʜʝʣʽ 

ʟʘʪʫʭʘʥʥʷ. ʆʩʪʘʥʥʽʤʠ ʧʫʥʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ 

ʥʝʙʝʟʧʝʢʠ, ʣʦʛʽʯʥʽ ʜʝʨʝʚʘ, ʘ ʪʘʢʦʞ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʧʽʜʪʚʝʨʜʞʫʚʘʣʴʥʽ ʪʝʩʪʠ [4, 5]. 

ɺʠʩʥʦʚʢʠ. ɿʘʛʘʣʦʤ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ  ʚʠʩʚʽʪʣʝʥʦ, ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦ ʢʦʜʫ 

R-CRISIS ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʤʦʚʽʨʥʽʩʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʙʝʟʫʤʦʚʥʦ ʜʦʧʦʚʥʠʪʴ 

ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʤ ʤʠ ʢʦʨʠʩʪʫʻʤʦʩʴ ʟʘʨʘʟ, ʘ ʪʘʢʦʞ, ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ 

ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʧʦʤʦʞʝ  ʦʪʨʠʤʘʪʠ ʯʽʪʢʽʰʫ ʢʘʨʪʠʥʫ ʱʦʜʦ ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʥʘ 

ʤʘʡʜʘʥʯʠʢʘʭ ɸɽʉ, ʪʘ ʧʦʢʨʘʱʠʪʴ ʟʘʛʘʣʴʥʝ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ 

ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  
1. ʅʇ 306.2.208-2016 ñɺʠʤʦʛʠ ʜʦ ʩʝʡʩʤʦʩʪʽʡʢʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʩʝʡʩʤʽʯʥʦʾ 

ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ.ò. 

2.Probabilistic Risk Assessment in Central America.pdf.  

3. R-CRISIS v20 Validation and Verification Document.pdf. 

4. PEER 2010-106_Verification of probabilistic seismic hazard analysis computer 

programs.pdf. 

5. PEER 2018-03_Probabilistic seismic hazard analysis code verification.pdf.
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʇʃʀɺ ɽʅɽʈɻʆʅɸɺɸʅʊɸɾɽʅʅʗ ʊɺɿ ɺɺɽʈ ʅɸ ɰɰ ʈɸɼɯɸʎɯʁʅɯ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺʧʣʠʚ ʨʝʞʠʤʫ ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʥʷ ʊɺɿ 
ɺɺɽʈ-1000 ʥʘ ʾʾ ʨʘʜʽʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʚʘʞʣʠʚʦʶ ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ 
ʘʢʪʠʚʥʽʩʪʴ ʽ ʟʘʣʠʰʢʦʚʝ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʙʝʟʧʝʢʫ 
ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ.  

ʈʘʜʽʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʗʇï ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʤʦʞʣʠʚʠʡ ʧʝʨʝʙʽʛ 
ʘʚʘʨʽʡʥʠʭ ʩʮʝʥʘʨʽʾʚ, ʪʘʢ ʽ ʤʦʞʣʠʚʽ ʨʘʜʽʘʮʽʡʥʽ ʥʘʩʣʽʜʢʠ ʘʚʘʨʽʡ ʥʘ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ [1].  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʇʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʣʠʚʫ ʨʝʞʠʤʫ 
ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʥʷ, ʽʩʪʦʨʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʠʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʥʘ ʨʘʜʽʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʊɺɿ ɺɺɽʈ-1000 [2]. ʈʦʟʨʦʙʢʘ ʥʦʚʦʾ ʤʦʜʝʣʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʘʜʽʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊɺɿ 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʜʫ SCALE. ʆʪʨʠʤʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 
ʨʝʘʢʪʦʨʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʟʚʠʚʘʶʪʴʩʷ ʥʦʚʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʜʣʷ ʢʨʘʱʦʛʦ 
ʨʦʟʫʤʽʥʥʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ, ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ, ʢʦʨʦʟʽʡʥʦ-ʭʽʤʽʯʥʠʭ, ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, 
ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʝʨʝʙʫʜʦʚʦʶ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʘʣʠʚʘ ʪʘ ʛʘʟʦʚʠʜʽʣʝʥʥʷʤ ʟ 
ʥʴʦʛʦ. ʎʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʊɺɽʃ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 
ʨʦʙʦʪʠ, ʚʢʣʶʯʘʶʯʠ ʥʦʨʤʘʣʴʥʽ, ʘʚʘʨʽʡʥʽ ʪʘ ʧʝʨʝʭʽʜʥʽ [3]. 

ɯʩʥʫʶʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʘʜʽʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊɺɿ 
ɺɺɽʈ-1000 ʧʦʢʘʟʘʣʠ [4], ʱʦ ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʘʜʽʘʮʽʡʥʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊɺɽʃ. ɿʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ: 

ï ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʝʧʣʦʚʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ ʦʙʦʣʦʥʮʽ ʊɺɽʃ; 
ï ʟʙʽʣʴʰʝʥʥʷ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʟ ʧʘʣʠʚʘ; 
ï ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʨʦʟʧʫʭʘʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʦʙʦʣʦʥʢʠ; 
ï ʟʥʠʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʦʙʦʣʦʥʢʠ; 
ï ʟʙʽʣʴʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʰʢʦʜʞʝʥʥʷ ʦʙʦʣʦʥʢʠ [5]. 
ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ: 
ï ʚʧʣʠʚʫ ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʘʢʪʠʚʥʽʡ 
ʟʦʥʽ ɺɺɽʈ-1000 ʥʘ ʡʦʛʦ ʘʢʪʠʚʥʽʩʪʴ ʽ ʟʘʣʠʰʢʦʚʝ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ; 

ï ʚʧʣʠʚʫ ʚʠʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʥʘ ʧʘʨʘʤʝʪʨʠ ʤʽʮʥʦʩʪʽ ʪʚʝʣʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: 
ï ʤʝʪʦʜ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ 
ʜʦʢʫʤʝʥʪʽʚ ʱʦʜʦ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ɺʗʇ; 
ï ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʢʦʜʫ SCALE; 
ï ʤʝʪʦʜʠ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʢʠ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʪʘ 
ʧʨʦʝʢʪʥʠʭ ʜʘʥʠʭ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ. 
ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʇʽʜ ʯʘʩ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʦʙʽʛʫ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʨʝʘʢʪʦʨʽʚ ɺɺɽʈ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʦʮʽʥʮʽ 
ʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ʪʘʢʠʭ ʷʢ 
ʘʢʪʠʚʥʽʩʪʴ/ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʦʪʫʞʥʽʩʪʴ ʜʦʟʠ, ʟʘʣʠʰʢʦʚʝ 
ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʩʥʫʻ ʙʘʛʘʪʦ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ (ʇɿ) 
ʪʘ ʜʦʚʽʜʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɯʩʥʫʶʯʽ ʜʦʚʽʜʥʠʢʠ ʟ ʨʘʜʽʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʗʇ ʟʘʩʪʘʨʽʣʠ ʯʝʨʝʟ ʟʤʽʥʫ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʜʘʥʠʡ ʯʘʩ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʟʙʽʨʦʢ [4]. ʅʘʧʨʠʢʣʘʜ, ʫ 
ʜʦʚʽʜʥʠʢʫ "ʈʘʜʽʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʦʤʽʥʝʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ" [1] ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʧʨʦ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʣʠʚʘ ʨʝʘʢʪʦʨʽʚ ɺɺɽʈ-440 ʟ ʦʙʤʝʞʝʥʥʷʤ ʟʘ ʛʣʠʙʠʥʦʶ ʚʠʛʦʨʘʥʥʷ 30 
ɻɺʪĀʜʽʙ/ʪU. ʇʨʦʪʝ ʛʣʠʙʠʥʘ ʚʠʛʦʨʘʥʥʷ ʽʩʥʫʶʯʠʭ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʟʙʽʨʦʢ 
ʨʝʘʢʪʦʨʽʚ ɺɺɽʈ-440 ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ 60 ɻɺʪĀʜʽʙ/ʪU. 

ʅʘ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʧʽʜ ʯʘʩ ʟʫʧʠʥʢʠ ʨʝʘʢʪʦʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʣʘʥʦʚʦ-
ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʚʠʢʦʥʫʻʪʴʩʷ ʨʷʜ ʦʧʝʨʘʮʽʡ ʟ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʊɺɿ. ʎʝ ʚʢʣʶʯʘʻ 
ʚʽʟʫʘʣʴʥʠʡ ʦʛʣʷʜ ʪʘ ʟʡʦʤʢʫ ʥʘ ʚʽʜʝʦʢʘʤʝʨʫ, ʢʦʥʪʨʦʣʴ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʊɺɿ ʚ ʮʽʣʦʤʫ. 

ʂʨʽʤ ʪʦʛʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʥʜʽʚ ʽʥʩʧʝʢʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʪʚʝʣʴʥʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ 
ʢʦʥʪʨʦʣʴ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʦʙʦʣʦʥʦʢ, ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʷʢʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊɺɿ, ʘ ʚ 
ʧʝʨʩʧʝʢʪʠʚʽ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʊɺɽʃʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʾʭ ʜʦʚʞʠʥʠ ʪʘ ʜʽʘʤʝʪʨʘ, 
ʧʨʦʚʝʜʝʥʥʷ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ, ʛʘʤʤʘ-ʩʢʘʥʫʚʘʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʦʢʩʠʜʥʦʾ 
ʧʣʽʚʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʦʢ. 

ʊʘʢʠʡ ʢʦʥʪʨʦʣʴ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʊɺɿ, ʊɺɽʃʽʚ ʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 
ʄɸɻɸʊɽ. ʊʦʤʫ ʣʦʛʽʯʥʠʤ ʻ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʥʘ ɸɽʉ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʽʣʴʰ 
ʜʝʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʫ ʟʘʭʠʩʥʠʭ ʢʘʤʝʨʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʘʪʠ ʦʙ'ʻʢʪʠʚʥʠʡ 
ʚʠʩʥʦʚʦʢ ʧʨʦ ʩʪʘʥ ʚʠʨʦʙʽʚ. 

ʋ ʘʪʣʘʩʽ "ʉʪʘʥ ʦʙʦʣʦʥʦʢ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʪʚʝʣʽʚ ɺɺɽʈ" [2] ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʘʪʝʨʽʘʣʠ 
ʧʽʩʣʷʨʝʘʢʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʚʝʣʽʚ ɺɺɽʈ-1000 ʽ ɺɺɽʈ-440 ʟ ʪʨʠʚʘʣʽʩʪʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ 4 ʽ 
5 ʨʦʢʽʚ ʚʽʜʧʦʚʽʜʥʦ (ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘ ʢʦʨʦʟʽʡʥʠʤ ʩʪʘʥʦʤ ʦʙʦʣʦʥʦʢ). ʅʘʢʦʧʠʯʝʥʦ ʟʥʘʯʥʠʡ 
ʦʙʩʷʛ ʜʘʥʠʭ ʟʘ ʧʽʩʣʷʨʝʘʢʪʦʨʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʊɺɿ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʚʘʣʠʩʷ ʧʨʦʪʷʛʦʤ ʙʽʣʴʰ 
ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ (ʜʦ 6 ʨʦʢʽʚ) ʪʘ ʟʘ ʚʠʱʠʭ ʚʠʛʦʨʘʥʴ ʧʘʣʠʚʘ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘ ʩʪʝʥʜʘʭ ʽʥʩʧʝʢʮʽʾ. ʎʝ 
ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʊɺɿ ʪʘ ʊɺɽʃʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʫʞʠʥʥʠʭ ʙʣʦʢʽʚ ʽ ʧʨʫʞʠʥ, ʜʘʥʽ 
ʱʦʜʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʦʙʦʣʦʥʦʢ, ʘ ʪʘʢʦʞ ʜʝʷʢʽ ʜʘʥʽ ʱʦʜʦ ʥʝʛʝʨʤʝʪʠʯʥʠʭ ʪʚʝʣʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʚ ʜʘʥʠʡ ʯʘʩ ʚ ʷʢʦʩʪʽ ʦʙʦʣʦʥʦʢ ʪʚʝʣʽʚ ɺɺɽʈ ʩʧʣʘʚ Zr+1%Nb 
ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ. ʋ ʩʪʘʥʜʘʨʪʥʠʭ ʨʝʞʠʤʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʢʦʨʦʟʽʷ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʻ ʬʨʦʥʪʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ɿʘʟʚʠʯʘʡ ʩʧʦʩʪʝʨʽʛʘʥʘ ʦʢʠʩʥʘ ʧʣʽʚʢʘ ʥʘ 
ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʦʢ ʤʘʻ ʨʽʚʥʦʤʽʨʥʫ ʪʦʚʱʠʥʫ 4-7 ʤʢʤ, ʘ ʚ ʟʦʥʽ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ 
ʟʘʛʣʫʰʦʢ ʊɺɽʃʽʚ ʙʣʠʟʴʢʦ 10 ʤʢʤ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʷʢʽ ʚʽʜʙʫʚʘʣʠʩʷ ʫ ʧʨʘʢʪʠʮʽ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ɺɺɽʈ-1000 ʽ ɺɺɽʈ-440, ʢʦʨʦʟʽʡʥʠʡ ʩʪʘʥ ʦʙʦʣʦʥʦʢ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʧʠʩʘʥʦʛʦ. 

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʘʜʽʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʊɺɿ ɺɺɽʈ-1000 ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 
ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʝ 
ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʫ SCALE, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʜʘʥʽ, ʪʘʢʽ ʷʢ 

ʽʩʪʦʨʽʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʨʝʘʢʪʦʨʘ (ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʥʘ ʨʽʟʥʠʭ 
ʨʽʚʥʷʭ ʧʦʪʫʞʥʦʩʪʽ, ʘʚʘʨʽʡʥʽ ʨʝʞʠʤʠ), ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊɺɿ (ʪʠʧ ʊɺɿ, ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, 
ʤʘʪʝʨʽʘʣʠ), ʜʘʥʽ ʧʨʦ ʨʘʜʽʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊɺɿ (ʘʢʪʠʚʥʽʩʪʴ, ʟʘʣʠʰʢʦʚʝ 
ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ). ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʦʙôʻʤ ʟʥʘʥʴ ʧʨʦ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, 
ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʨʝʘʢʪʦʨʘ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʂʊʀɺʅɯʉʊʔ ɯ ɿɸʃʀʐʂʆɺɽ ɽʅɽʈɻʆɺʀɼɯʃɽʅʅʗ ɺɯɼʇʈɸʎʔʆɺɸʅʆɻʆ 

ʗɼɽʈʅʆɻʆ ʇɸʃʀɺɸ ɺɺɽʈ-1000 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺɺɽʈï1000 (ʚʦʜʥʦ-ʚʦʜʷʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʝʘʢʪʦʨ), ʷʢʠʡ ʻ 

ʜʨʫʛʠʤ ʧʦʢʦʣʽʥʥʷʤ ʣʝʛʢʦʚʦʜʥʠʭ ʨʝʘʢʪʦʨʽʚ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʤʘʻ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ʥʘ ʨʽʚʥʽ 1000 ʄɺʪ ʪʘ ʪʝʧʣʦʚʫ ʧʦʪʫʞʥʽʩʪʴ 3000 ʄɺʪ. ʎʽ ʷʜʝʨʥʽ ʨʝʘʢʪʦʨʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ɿʘʧʦʨʽʟʴʢʽʡ, ʈʽʚʥʝʥʩʴʢʽʡ, ʍʤʝʣʴʥʠʮʴʢʽʡ ʪʘ ʇʽʚʜʝʥʥʦʫʢʨʘʾʥʩʴʢʽʡ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ. ʋ ɺɺɽʈï1000 ʤʽʩʪʠʪʴʩʷ 163 ʪʝʧʣʦʚʠʜʽʣʴʥʠʭ ʟʙʽʨʢʠ (ʊɺɿ) ʟ 

ʪʝʧʣʦʚʠʜʽʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʪʚʝʣʘʤʠ), ʨʦʟʤʽʱʝʥʠʤʠ ʚ ʩʝʨʝʜʠʥʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʟ ʢʨʦʢʦʤ 

20ï25 ʩʤ. ɺʩʽ ʊɺɿ ʤʦʥʪʫʶʪʴʩʷ ʫ ʚʠʛʦʨʦʜʮʽ ʰʘʭʪʠ ʚʥʫʪʨʽʰʥʴʦ-ʢʦʨʧʫʩʥʦʾ (ʐɺʂ). ʅʠʞʥʽʡ 

ʢʽʥʝʮʴ ʊɺɿ ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʩʪʘʢʘʥ ʐɺʂ, ʘ ʚʝʨʭʥʽʡ ʢʽʥʝʮʴ (ʛʦʣʦʚʢʘ) ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʜʦ ɹɿʊ. 

ʉʪʘʢʘʥʠ ʐɺʂ, ʚʠʛʦʨʦʜʢʘ ʽ ɹɿʊ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʪʨʠʤʘʥʥʷ ʊɺɿ ʚ ʧʦʪʨʽʙʥʦʤʫ ʧʦʣʦʞʝʥʥʽ [1]. 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʦʛʦ ʨʘʥʽʰʝ ʟʘʚʜʘʥʥʷ. ɺʽʡʩʴʢʦʚʘ ʘʛʨʝʩʽʷ ʨʬ ʚ ʋʢʨʘʾʥʽ 

ʚʠʢʣʠʢʘʣʘ ʩʠʣʦʚʝ ʟʘʭʦʧʣʝʥʥʷ ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ ʽ ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʾ ʟʘʛʨʦʟʠ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʦʤʫ ʧʨʘʚʠʣʴʥʘ ʦʮʽʥʢʘ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʥʘʣʽʟ ʟʤʽʥʠ ʘʢʪʠʚʥʦʩʪʽ ʽ ʟʘʣʠʰʢʦʚʦʛʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ɺɺɽʈï1000. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʘʤʢʘʭ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʮʠʢʣʫ ɸɽʉ, ʚʘʞʣʠʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʻ ʚʽʜʧʨʘʮʴʦʚʘʥʝ ʷʜʝʨʥʝ ʧʘʣʠʚʦ (ɺʗʇ), ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ 

ʫ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʘʭ. ʊʝʨʤʽʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʫ ʨʝʘʢʪʦʨʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʪʫʧʝʥʝʤ ʚʠʛʦʨʘʥʥʷ ʽʟʦʪʦʧʽʚ, ʱʦ ʨʦʟʜʽʣʷʶʪʴʩʷ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʨʽʚʥʷ 

ʚʠʛʦʨʘʥʥʷ ʷʜʝʨʥʝ ʧʘʣʠʚʦ ʚʠʣʫʯʘʻʪʴʩʷ ʟ ʨʝʘʢʪʦʨʘ ʪʘ ʚʚʘʞʘʻʪʴʩʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ, ʦʩʢʽʣʴʢʠ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʦʪʠ ʚ ʘʢʪʠʚʥʠʭ ʟʦʥʘʭ ʨʝʘʢʪʦʨʽʚ ʚʽʜʧʨʘʮʴʦʚʘʥʝ ʷʜʝʨʥʝ ʧʘʣʠʚʦ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʫ ʙʘʩʝʡʥʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʝʨʝʜ ʨʝʘʢʪʦʨʦʤ, ʜʝ ʚʦʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 4ï

5 ʨʦʢʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʚʠʜʽʣʝʥʥʷ ʝʥʝʨʛʽʾ. ɿʘʣʠʰʢʦʚʝ ʚʠʜʽʣʝʥʥʷ ʝʥʝʨʛʽʾ ï ʮʝ 

ʧʨʦʮʝʩ, ʩʧʨʠʯʠʥʝʥʠʡ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʨʦʟʧʘʜʦʤ ʧʨʦʜʫʢʪʽʚ ʧʦʜʽʣʫ [2]. 

ɼʝʨʞʘʪʦʤʨʝʛʫʣʶʚʘʥʥʷ ʋʢʨʘʾʥʠ ʩʧʽʣʴʥʦ ʟ ɼʝʨʞʪʝʭʥʦʛʝʥʙʝʟʧʝʢʠ ʪʘ ʅɸɽʂ 

çɽʥʝʨʛʦʘʪʦʤè ʨʦʟʨʦʙʠʣʠ ʇʣʘʥ ʜʽʡ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʮʽʣʴʦʚʦʾ ʧʦʟʘʯʝʨʛʦʚʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʙʝʟʧʝʢʠ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʋʢʨʘʾʥʠ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʭ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʟʘʭʦʜʽʚ. ɼʦ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʭ ʟʘʭʦʜʽʚ ʚʽʜʥʝʩʝʥʦ: ï 

ʮʽʣʴʦʚʘ ʧʦʟʘʯʝʨʛʦʚʘ ʦʮʽʥʢʘ ʩʪʘʥʫ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ (ʩʪʨʝʩ-ʪʝʩʪʠ) ʪʘ ʘʚʘʨʽʡʥʦʾ 

ʛʦʪʦʚʥʦʩʪʽ; ï ʧʝʨʝʛʣʷʜ ʪʘ ʜʦʧʦʚʥʝʥʥʷ çʂʦʤʧʣʝʢʩʥʦʾ (ʟʚʝʜʝʥʦʾ) ʧʨʦʛʨʘʤʠ ʧʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʋʢʨʘʾʥʠè; ï ʘʥʘʣʽʟ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʟ ʷʜʝʨʥʦʾ ʪʘ 

ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʨʦʟʨʦʙʢʘ ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʾʾ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ 

ʚʠʤʦʛ ʟ ʙʝʟʧʝʢʠ ʜʣʷ ʜʽʶʯʠʭ ʽ ʥʦʚʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ. 

ɼʦ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʟʘʭʦʜʽʚ ʚʽʜʥʝʩʝʥʦ: ï ʨʝʘʣʽʟʘʮʽʷ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ, ʷʢʽ 

ʚʠʟʥʘʯʝʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʦʮʽʥʢʠ; ï ʦʮʽʥʢʘ ʩʝʡʩʤʽʯʥʦʩʪʽ ʤʘʡʜʘʥʯʠʢʽʚ ɸɽʉ 

ʽ ʩʝʡʩʤʦʩʪʽʡʢʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʩʧʦʨʫʜʞʝʥʴ ɸɽʉ; ï ʨʝʘʣʽʟʘʮʽʷ 

ʟʘʭʦʜʽʚ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʟ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ; ï 

ʨʝʘʣʽʟʘʮʽʷ ʟʘʭʦʜʽʚ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʘʚʘʨʽʡʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʪʘ ʨʝʘʛʫʚʘʥʥʷ. 

ɸʢʪʠʚʥʽʩʪʴ ʽ ʟʘʣʠʰʢʦʚʝ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʤʦʞʣʠʚʠʡ 

ʧʝʨʝʙʽʛ ʘʚʘʨʽʡʥʠʭ ʩʮʝʥʘʨʽʾʚ ʽ ʤʦʞʣʠʚʽ ʨʘʜʽʘʮʽʡʥʽ ʥʘʩʣʽʜʢʠ ʘʚʘʨʽʡ ʥʘ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. 
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ɸʢʪʠʚʥʽʩʪʴ ʽ ʟʘʣʠʰʢʦʚʝ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʤʦʤʝʥʪ ʟʫʧʠʥʢʠ ʷʜʝʨʥʦʛʦ 

ʨʝʘʢʪʦʨʘ ʥʘ ʯʝʨʛʦʚʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢ ʚʠʛʦʨʷʥʥʷ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʚ ʦʢʨʝʤʠʭ ʊɺɿ, ʘ ʪʘʢʦʞ ʛʨʘʬʽʢʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʊɺɿ, ʦʩʦʙʣʠʚʦ ʟʘ ʦʩʪʘʥʥʽʡ 

ʨʽʢ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ ʦʮʽʥʢʠ ʟʤʽʥʠ ʘʢʪʠʚʥʦʩʪʽ ʡ ʟʘʣʠʰʢʦʚʦʛʦ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ɺʗʇ ʷʢ ʧʘʨʘʤʝʪʨʘ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ɺʗʇ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ 

ʚʠʛʦʨʷʥʥʷ ʧʘʣʠʚʘ (ʄɺʪ Ā ʜ/ʢʛU) ʘʙʦ ʧʠʪʦʤʦʛʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ (ʄɺʪ Ā ʜ/ʢʛU). ɼʣʷ ɺɺɽʈï

1000 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʨʝʞʠʤʽʚ ʦʧʨʦʤʽʥʝʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʧʨʦʪʷʛʦʤ 1, 2 ʽ 3 ʧʘʣʠʚʥʠʭ 

ʢʘʤʧʘʥʽʡ ʩʪʘʥʦʚʠʪʴ ʧʠʪʦʤʽʡ ʧʦʪʫʞʥʦʩʪʽ ~44 ʄɺʪ / ʪU, ʪʨʠʚʘʣʦʩʪʽ ʢʦʞʥʦʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ 

~306 ʜʽʙ, ʟʫʧʠʥʢʘ ʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʘʣʠʚʘ ʨʽʚʥʘ ~48 ʜʽʙ, ʘ ʩʫʤʘʨʥʝ ʚʠʛʦʨʷʥʥʷ ʩʪʘʥʦʚʠʪʴ 

40,48 ɻɺʪ Ā ʜ / ʪU. ɿʘʟʚʠʯʘʡ ʧʦʪʫʞʥʽʩʪʴ ʊɺɿ ʚ ʦʩʪʘʥʥʽʡ ʨʽʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 1,5ï2 ʨʘʟʠ ʤʝʥʰʝ, 

ʥʽʞ ʥʘ ʧʝʨʰʠʭ ʧʘʣʠʚʥʠʭ ʟʘʚʘʥʪʘʞʝʥʥʷʭ. 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʛʦʨʷʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʚ ʤʦʜʫʣʽ TRITON ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʯʘʩʪʠʥ: ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʨʽʟʽʚ (CENTRM / PMC ʘʙʦ NITAWL), ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʥʝʩʝʥʥʷ 

ʥʝʡʪʨʦʥʽʚ (NEWT ʘʙʦ KENO) ʽ ʨʦʟʨʘʭʫʥʦʢ ʚʠʛʦʨʷʥʥʷ (COUPLE / ORIGENS). ORIGENS 

ʤʦʜʝʣʶʻ ʚʠʛʦʨʷʥʥʷ ʧʘʣʠʚʘ: ʧʝʨʝʜʙʘʯʘʻ ʥʘ ʟʘʜʘʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʫʢʣʽʜʽʚ, 

ʜʞʝʨʝʣʘ ʥʝʡʪʨʦʥʽʚ ʪʘ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ, ʘʢʪʠʚʥʽʩʪʴ, ʟʘʣʠʰʢʦʚʝ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ. OPUS ï 

ʫʪʠʣʽʪʘ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʝʩʪʠ ʜʘʥʽ ʟ ʚʠʭʽʜʥʠʭ ʬʘʡʣʽʚ ORIGENS, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʚʠʚʝʩʪʠ ʨʝʟʫʣʴʪʘʪ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ ʯʘʩʫ ʪʘ ʩʪʚʦʨʶʻ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ 

ʪʘʙʣʠʮʶ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʘ ʨʠʩ. 1 ʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʤʽʥʫ ʧʨʦʪʷʛʦʤ 200 ʜʽʙ, ʘ ʥʘ ʨʠʩ. 1 ʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʤʽʥʫ 

ʧʨʦʪʷʛʦʤ 30 ʨʦʢʽʚ ʧʠʪʦʤʦʾ ʘʢʪʠʚʥʦʩʪʽ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ɺɺɽʈï1000, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʥʘ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʥʷ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ (ʜʣʷ ʨʝʞʠʤʽʚ S, Q) ʽ ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʚʘʥʪʘʞʝʥʦ ʚ ɹɺ, ʘʙʦ ʫ ʚʠʧʘʜʢʫ ʘʚʘʨʽʡʥʦʛʦ ʚʠʚʘʥʪʘʞʝʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ 

ʚ ɹɺ. ʅʘ ʨʠʩ. 1 ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʤʽʥʫ ʧʨʦʪʷʛʦʤ 200 ʜʽʙ. ʅʘ ʨʠʩ. 1ʘ-ʚ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʟʥʘʯʝʥʥʷ (ʧʨʘʚʘ ʚʽʩʴ) ʚʽʜʥʦʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʧʘʣʠʚʘ ʚ ʨʝʞʠʤʽ S (ʤʘʨʢʝʨ ʢʨʫʞʝʯʦʢ) ʜʦ 

ʘʢʪʠʚʥʦʩʪʽ ʧʘʣʠʚʘ ʚ ʨʝʞʠʤʽ Q (ʤʘʨʢʝʨ ʪʨʠʢʫʪʥʠʢ). 

ʈʠʩʫʥʦʢ 1 - ɸʢʪʠʚʥʽʩʪʴ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ɺɺɽʈï1000 ʧʽʩʣʷ ʟʫʧʠʥʫ ʧʨʦʪʷʛʦʤ 

200 ʜʽʙ ï ʘ), ʘʢʪʠʚʥʽʩʪʴ ɺʗʇ ɺɺɽʈï1000 ʧʽʩʣʷ ʟʫʧʠʥʫ ʧʨʦʪʷʛʦʤ 200 ʜʽʙ ï ʙ) ʪʘ ʘʢʪʠʚʥʽʩʪʴ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ɺɺɽʈï1000 ʧʽʩʣʷ ʟʫʧʠʥʫ ʧʨʦʪʷʛʦʤ 30 ʨʦʢʽʚ ï ʚ 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʟʘ ʦʜʥʘʢʦʚʦʛʦ 

ʚʠʛʦʨʷʥʥʷ ʧʠʪʦʤʘ ʘʢʪʠʚʥʽʩʪʴ: ʥʘ ʢʽʥʝʮʴ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʊɺɿï2 ʤʘʡʞʝ ʫ 2 ʨʘʟʠ ʙʽʣʴʰʘ, 

ʥʽʞ ʫ ʊɺɿï1; ʥʘ 50-ʪʫ ʜʦʙʫ ʙʽʣʴʰʝ ʫ 1,5 ʨʘʟʠ; ʯʝʨʝʟ 1 ʨʽʢ ʙʽʣʴʰʝ ʫ 1,15 ʨʘʟʠ; ʥʘ ʩʴʦʤʠʡ ʨʽʢ 

ʙʽʣʴʰʝ ʪʽʣʴʢʠ ʥʘ ~1%. ʊʽʣʴʢʠ ʟ 8õ10 ʨʦʢʫ ʟʙʝʨʽʛʘʥʥʷ ɺʗʇ ʘʢʪʠʚʥʦʩʪʽ ʽ ʟʘʣʠʰʢʦʚʽ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʊɺɿ ʟ ʦʜʥʘʢʦʚʠʤ ʚʠʛʦʨʷʥʥʷʤ ï 10,7 ɻɺʪ Ā ʜ / ʪU, ʘʣʝ ʨʽʟʥʠʤ ʛʨʘʬʽʢʦʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʜʥʘʢʦʚʠʤʠ. ʊʦʤʫ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʾ ʥʘ ɿʘʧʦʨʽʟʴʢʽʡ ɸɽʉ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʨʝʞʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ, ʱʦ ʧʝʨʝʙʫʚʘʣʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʨʝʜ 

ʟʫʧʠʥʢʦʶ ʾʭ ʫ ʚʝʨʝʩʥʽ 2022 ʨ. 

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʠʪʦʤʘ ʘʢʪʠʚʥʽʩʪʴ, ʘ ʚʽʜʧʦʚʽʜʥʦ 

ʡ ʟʘʛʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ɺɺɽʈï1000, ʧʽʩʣʷ ~1 ʨʦʢʫ 

ʚʠʤʫʰʝʥʦʛʦ ʧʨʦʩʪʦʶ ʝʥʝʨʛʦʙʣʦʢʽʚ ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ, ʟʤʝʥʰʠʣʘʩʷ ʚ ~100 ʨʘʟʽʚ. ʊʦʤʫ 

ʤʦʞʣʠʚʽ ʨʘʜʽʘʮʽʡʥʽ ʥʘʩʣʽʜʢʠ ʚ ʨʘʟʽ ʧʦʰʢʦʜʞʝʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 
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ʘʢʪʠʚʥʠʭ ʟʦʥʘʭ ʘʙʦ ʚʠʚʘʥʪʘʞʝʥʦ ʚ ʙʘʩʝʡʥʠ ʚʠʪʨʠʤʢʠ, ʙʫʜʫʪʴ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ, ʥʽʞ ʫ ʨʘʟʽ 

ʘʚʘʨʽʾ ʥʘ ʧʨʘʮʶʶʯʦʤʫ ʨʝʘʢʪʦʨʽ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ɸʃɻʆʈʀʊʄʋ 

ʋʇʈɸɺʃɯʅʅʗ ɸɺɸʈɯɭʖ "ʊɽʏɸ ɿ ʇɽʈʐʆɻʆ ʂʆʅʊʋʈʋ ɺ ɼʈʋɻʀʁ" ʅɸ 

ʈɽɸʂʊʆʈʅɯʁ ʋʉʊɸʅʆɺʎɯ ɿ ʈɽɸʂʊʆʈʆʄ ɺɺɽʈ-10 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʛʽʜʥʦ ʧʨʦʝʢʪʥʠʭ ʦʩʥʦʚ , ʧʽʜʪʚʝʨʜʞʝʥʠʭ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʈʋ) ʟ ʨʝʘʢʪʦʨʘʤʠ ʪʠʧʫ ɺɺɽʈ, ʧʨʠʯʠʥʘʤʠ 

ʚʠʥʠʢʥʝʥʥʷ ʪʝʯʽ ʟ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʜʦ ʜʨʫʛʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʢʨʠʰʢʠ 

ʢʦʣʝʢʪʦʨʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʘʙʦ ʨʦʟʨʠʚ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙʦʢ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʧʽʜ ʯʘʩ ʪʝʯʽ ʽʟ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʚ ʜʨʫʛʠʡ ʽʩʥʫʻ ʜʝʬʽʮʠʪ ʙʝʟʧʝʢʠ, ʟʫʤʦʚʣʝʥʠʡ 

ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʢʠʜʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʚ ʘʪʤʦʩʬʝʨʫ 

ʯʝʨʝʟ ʧʘʨʦʩʢʠʜʥʽ ʧʨʠʩʪʨʦʾ ʘʚʘʨʽʡʥʦʛʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ (ʇʉʇ ɸʇɻ). 

ʉʧʝʮʠʬʽʢʦʶ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʻʶ ʟ ʪʝʯʝʶ ʪʝʧʣʦʥʦʩʽʷ ʟ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʚ ʜʨʫʛʠʡ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʜʽʡ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ 

ʯʘʩʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʽʩʥʫʶʯʦʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʟ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʷʤʠ (ɯʃɸ) ʜʣʷ 

ɺɺɽʈ-1000/ɺ-320 ʮʽ ʜʽʾ ʤʘʶʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʦʧʝʨʘʪʠʚʥʠʤ ʧʝʨʩʦʥʘʣʦʤ, ʦʜʥʘʢ, ʚʨʘʭʦʚʫʶʯʠ 

ʩʪʨʽʤʢʽʩʪʴ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʤʘʣʠʡ ʨʝʟʝʨʚ ʯʘʩʫ, ʥʘʜʽʡʥʽʩʪʴ ʫʩʧʽʰʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʜʽʡ ʻ ʥʝʧʨʠʡʥʷʪʥʦ ʥʠʟʴʢʦʶ [1]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʆʙˇʨʫʥʪʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʻʶ çʊʝʯʘ ʪʝʧʣʦʥʦʩʽʷ ʟ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʚ ʜʨʫʛʠʡè ʥʘ ʨʝʘʢʪʦʨʥʽʡ 

ʫʩʪʘʥʦʚʮʽ ʟ ʨʝʘʢʪʦʨʦʤ ɺɺɽʈ-1000. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʽʜ ʯʘʩ ʤʽʞʢʦʥʪʫʨʥʦʾ ʪʝʯʽ ʪʝʧʣʦʥʦʩʽʡ ʟ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ 

ʥʘʜʭʦʜʠʪʴ ʫ ʜʨʫʛʠʡ ʢʦʥʪʫʨ ɸʇɻ, ʘ ʜʘʣʽ ʧʦ ʧʘʨʦʧʨʦʚʦʜʘʭ ʫ ʚʠʛʣʷʜʽ ʧʘʨʠ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʪʫʨʙʽʥʠ. ʇʨʠ ʮʴʦʤʫ ʪʠʩʢ ʫ ʧʝʨʰʦʤʫ ʢʦʥʪʫʨʽ ʟʥʠʞʫʻʪʴʩʷ. ʇʦʚʝʜʽʥʢʘ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘ ʨʦʙʦʪʘ ʦʙʣʘʜʥʘʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ 

ʤʽʞʢʦʥʪʫʨʥʦʾ ʪʝʯʽ. 

ʇʨʠ ʤʽʞʢʦʥʪʫʨʥʽʡ ʪʝʯʽ ʟ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʽʘʤʝʪʨʦʤ 30õ100 ʤʤ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ 

ʚ ʧʝʨʰʦʤʫ ʢʦʥʪʫʨʽ ʩʧʨʘʮʴʦʚʫʶʪʴ ʟʘʭʠʩʥʽ ʩʠʛʥʘʣʠ - ɸɿ (ʧʨʠ ʫʤʦʚʽ çʊʠʩʢ ʫ ʧʝʨʰʦʤʫ ʢʦʥʪʫʨʽ 

<150 ʢʛʩ/ʩʤ2 ʟʘ ʧʦʪʫʞʥʦʩʪʽ >75%Nʥʦʤè) ʪʘ ʉɸʆɿ (ʧʨʠ ʫʤʦʚʽ çȹʊs1ʂÒ10ÁCè). ʎʝ ʩʧʨʠʯʠʥʷʻ 

ʚʚʝʜʝʥʥʷ ʨʦʟʯʠʥʫ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ (ʈɹʂ) ʚ ʧʝʨʰʠʡ ʢʦʥʪʫʨ ʯʝʨʝʟ ʉɸʆɿ ɺʊ TQ13(23,33). 

ʗʢʱʦ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʪʝʯʽ ʤʝʥʰʝ 20 ʤʤ ʘʙʦ ʻ ʨʦʟʨʠʚ ʦʜʥʽʻʾ ʘʙʦ ʜʚʦʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙʦʢ ʇɻ, ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʧʝʨʰʦʤʫ ʢʦʥʪʫʨʽ ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ 

ʨʦʙʦʪʦʶ ʪʨʫʙʯʘʪʠʭ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʽʚ ʢʦʤʧʝʥʩʘʪʦʨʘ ʪʠʩʢʫ (ʊɽʅ ʂʊ). ʎʝ ʜʦʟʚʦʣʷʻ 

ʝʥʝʨʛʦʙʣʦʢʫ ʧʨʦʜʦʚʞʫʚʘʪʠ ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʦʪʫʞʥʦʩʪʽ, ʘʣʝ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʪʨʘʪʘ 

ʧʽʜʞʠʚʣʝʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʯʝʨʝʟ ʚʪʨʘʪʫ ʪʝʧʣʦʥʦʩʽʷ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʫ ʂʊ. ʗʢʱʦ ʨʽʚʝʥʴ ʫ ʂʊ ʟʥʠʟʠʪʴʩʷ ʜʦ ʧʝʚʥʠʭ ʫʩʪʘʚʦʢ, ʩʧʨʘʮʶʶʪʴ ʟʘʭʠʩʪʠ, ʚʢʣʶʯʘʶʯʠ 

ɸɿ ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ ʊɽʅ ʂʊ. ʎʝ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʩʧʨʘʮʶʚʘʥʥʷ ʽʥʰʠʭ ʟʘʭʠʩʪʽʚ, ʟʦʢʨʝʤʘ 

ʉɸʆɿ, ʱʦ ʟʫʤʦʚʠʪʴ ʧʦʜʘʯʫ ʈɹʂ ʚ ʧʝʨʰʠʡ ʢʦʥʪʫʨ. ɿʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʫ ʘʚʘʨʽʡʥʦʤʫ ʇɻ ʜʦ 

620 ʤʤ ʘʙʦ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʧʝʨʝʜ ʛʦʣʦʚʥʦʶ ʧʘʨʦʚʦʶ ʟʘʩʫʚʢʦʶ (ɻʇɿ) ʜʦ 52 ʢʛʩ/ʩʤ2 ʩʧʨʠʯʠʥʷʻ 

ʟʘʢʨʠʪʪʷ ʩʪʦʧʦʨʥʦ-ʨʝʛʫʣʶʶʯʠʭ ʢʣʘʧʘʥʽʚ (ʉʈʂ) ʪʫʨʙʽʥʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʠʩʢʫ ʚ ʛʦʣʦʚʥʦʤʫ ʧʘʨʦʚʦʤʫ ʢʦʣʝʢʪʦʨʽ (ɻʇʂ) ʪʘ ʚʚʝʜʝʥʥʷ ʚ ʜʽʶ ʰʚʠʜʢʦʜʽʶʯʦʾ ʨʝʜʫʢʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʩʢʠʜʘʥʥʷ ʧʘʨʫ ʚ ʢʦʥʜʝʥʩʘʪʦʨ (ʐʈʋ-ʂ) ʟʘ ʩʠʛʥʘʣʦʤ ʟ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ (ɽɻʉʈ) "ʉʢʠʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ" ʟʽ ʩʢʠʜʘʥʥʷʤ ʪʝʧʣʦʥʦʩʽʷ ʜʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʫ. 

ʈʦʙʦʪʘ ʉɸʆɿ ɺʊ TQ13(23,33) ʫ ʨʘʟʽ ʪʝʯʽ ʫ ʇɻ ʚʝʜʝ ʜʦ ʥʘʧʦʚʥʝʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʇɻ, 
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ʧʘʨʦʧʨʦʚʦʜʫ ɸʇɻ ʪʘ ʥʝʧʨʦʝʢʪʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʐʈʋ-ʂ ʟ ʚʠʪʽʢʘʥʥʷʤ ʧʘʨʦʚʦʜʷʥʦʾ 

ʩʫʤʽʰʽ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʽʜʤʦʚʠ ʐʈʋ-ʂ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʟ ʧʦʣʦʞʝʥʴ ï ʚʽʜʢʨʠʪʦʤʫ, 

ʟʘʢʨʠʪʦʤʫ ʯʠ ʧʨʦʤʽʞʥʦʤʫ. ɿʘʧʦʚʥʝʥʥʷ ʩʠʩʪʝʤʠ çʧʝʨʰʠʡ ʢʦʥʪʫʨ ï ʘʚʘʨʽʡʥʠʡ ʇɻè ʚʦʜʦʶ ʪʘ 

ʤʦʞʣʠʚʘ ʚʽʜʤʦʚʘ ʐʈʋ-ʂ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʚʠʢʠʜ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʯʝʨʝʟ ʩʧʨʘʮʶʚʘʥʥʷ ʇʉʇ ɸʇɻ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʮʠʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ, 

ʥʝʦʙʭʽʜʥʦ ʚʞʠʪʠ ʩʚʦʻʯʘʩʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʘʚʘʨʽʻʶ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʻʶ ʟ ʤʽʞʢʦʥʪʫʨʥʦʶ 

ʪʝʯʝʶ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʜʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʣʦʢʘʣʽʟʘʮʽʶ ɸʇɻ 

ʪʘ ʧʝʨʝʚʝʜʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ʫ ʩʪʘʙʽʣʴʥʠʡ ʙʝʟʧʝʯʥʠʡ ʩʪʘʥ ʙʝʟ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʇʉʇ ʜʨʫʛʦʛʦ 

ʢʦʥʪʫʨʫ ʘʙʦ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʮʠʢʣʽʚ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 

(ʈɸʈ) (ʱʦ ʚʠʢʠʜʘʶʪʴʩʷ) ʫ ʨʘʟʽ ʜʦʜʘʪʢʦʚʠʭ ʚʽʜʤʦʚ ʦʙʣʘʜʥʘʥʥʷ [2]. 

ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʫʻ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʚʠʢʣʶʯʘʻʪʴʩʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʇʉʇ ɸʇɻ ʪʘ ʚʠʢʠʜ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ 
ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; 

- ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʧʽʜʞʠʚʣʝʥʥʷ ʪʘ ʙʦʨʫʚʘʥʥʷ ʧʝʨʰʦʛʦ 

ʢʦʥʪʫʨʫ, ʚʠʢʣʶʯʘʻʪʴʩʷ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ; 

- ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ "ʫʤʦʚʥʘ" ʩʪʘʙʽʣʽʟʘʮʽʷ ʩʪʘʥʫ ʝʥʝʨʛʦʙʣʦʢʫ ʪʦʙʪʦ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 
ʘʚʪʦʤʘʪʠʯʥʝ ʧʝʨʝʚʝʜʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ʫ ʩʪʘʥ ʟʽ ʟʥʠʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 1-ʛʦ ʪʘ 2-

ʛʦ ʢʦʥʪʫʨʽʚ ʪʘ ʣʦʢʘʣʽʟʘʮʽʷ ʤʽʞʢʦʥʪʫʨʥʦʾ ʪʝʯʽ ʚ ʤʝʞʘʭ ɸʇɻ, ʚʢʣʶʯʘʶʯʠ ʩʪʚʦʨʝʥʥʷ 

ʫʤʦʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʇʉʇ ɸʇɻ; 

- ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʽʜʤʦʚʠ ʘʣʛʦʨʠʪʤʫ ʧʨʠ ʥʘʢʣʘʜʝʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʚʠʭʽʜʥʠʭ 
ʧʦʜʽʡ ʘʚʘʨʽʾ (ɺʇɸ) ʘʙʦ ʧʨʠ ʚʽʜʤʦʚʽ ʝʣʝʤʝʥʪʽʚ ʘʣʛʦʨʠʪʤʫ;  

- ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʨʠʡʥʷʪʥʽ ʥʘʩʣʽʜʢʠ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʨʘʟʽ çʧʦʤʠʣʢʦʚʦʛʦè 
ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ. 

ɺʠʩʥʦʚʢʠ. ɿʘʛʘʣʦʤ ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʟ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʻʶ 

ʚʠʢʣʶʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʽʡ ʦʧʝʨʘʪʠʚʥʠʤ ʧʝʨʩʦʥʘʣʦʤ ʥʘ ʝʪʘʧʽ 

ʧʝʨʝʚʝʜʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ʫ ʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ. ɸʚʪʦʤʘʪʠʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʽʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʩʪʘʙʽʣʽʟʘʮʽʷ ʘʚʘʨʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʩʪʚʦʨʶʻʪʴʩʷ ʜʦʩʪʘʪʥʽʡ ʟʘʧʘʩ ʯʘʩʫ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʦʧʝʨʘʪʠʚʥʠʤ ʧʝʨʩʦʥʘʣʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ ʟ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʭʦʣʦʜʞʝʥʥʷ ʈʋ ʪʘ 

ʧʝʨʝʚʝʜʝʥʥʷ ʚ ʨʝʞʠʤ çʟʫʧʠʥ ʜʣʷ ʨʝʤʦʥʪʫè. ɼʘʥʽ ʜʽʾ ʧʝʨʩʦʥʘʣʫ ʟ ʧʝʨʝʚʝʜʝʥʥʷ ʈʋ ʽʟ 

ʜʦʩʷʛʥʫʪʦʛʦ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʘʥʫ ʚ ʨʝʞʠʤ çʟʫʧʠʥ ʜʣʷ ʨʝʤʦʥʪʫè ʤʘʶʪʴ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʽ ʚ ɯʃɸ, 

ʩʢʦʨʠʛʦʚʘʥʠʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʂʦʤʧʣʝʢʩʥʘ (ʟʚʝʜʝʥʘ) ʧʨʦʛʨʘʤʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ 
ʋʢʨʘʾʥʠ. ʈʦʟʜʽʣ 2. ʇʝʨʝʣʽʢ ʟʘʭʦʜʽʚ ʜʣʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ɺɺɽʈ-1000/ɺ-320. ɿʘʭʽʜ 12401 

çʈʦʟʨʦʙʢʘ ʽ ʨʝʘʣʽʟʘʮʽʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʟ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʻʶ: ʪʝʯʘ 

ʪʝʧʣʦʥʦʩʽʷ ʟ 1-ʛʦ ʢʦʥʪʫʨʫ ʚ 2-ʠʡ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʧʝʨʝʪʠʥʦʤ ɼʫ 100è. 

2. ʍʤʝʣʴʥʠʮʢʘʷ ɸʕʉ. ʕʥʝʨʛʦʙʣʦʢ ˉ 1. ʈʘʟʨʘʙʦʪʢʘ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʘʨʠʝʡ çʪʝʯʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʟ 1-ʛʦ ʢʦʥʪʫʨʘ ʚʦ 2-ʡè. 

ʕʪʘʧ 2. ʊʝʭʥʠʯʝʩʢʠʡ ʦʪʯʝʪ. 02/2017/2-124-11-17-06667.200.ʆɼ.1. 2018.
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ĭ ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ ʌʝʜʦʪʦʚ ɺ.ɺ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʂʣʝʚʮʦʚ ʉ.ɺ. 

  https://scholar.google.com.ua/citations?user=NAul3_MAAAAJ&hl=ru 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ʅɸɼɯʁʅʆʉʊɯ ʇɽʈʉʆʅɸʃʋ ʇʈʀ ɽʂʉʇʃʋɸʊɸʎɯɰ ɸʊʆʄʅʀʍ 

ɽʃɽʂʊʈʆʉʊɸʅʎɯʁ 

ɸʥʘʣʽʟ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ (ɸʅʇ) ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʦʮʽʥʮʽ ʪʘ ʟʤʝʥʰʝʥʥʽ 

ʨʠʟʠʢʫ, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʣʶʜʩʴʢʠʤʠ ʧʦʤʠʣʢʘʤʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

(ɸɽʉ). ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʛʣʷʜ ʤʝʪʦʜʦʣʦʛʽʾ, ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ 

ʧʝʨʩʦʥʘʣʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʡ ʧʝʨʩʦʥʘʣʫ ʧʨʠ ʘʚʘʨʽʷʭ ʥʘ ɸɽʉ. 

ɺʠʩʚʽʪʣʶʶʪʴʩʷ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʜʝʬʽʮʠʪʦʤ ʜʘʥʠʭ ʽ ʧʦʰʠʨʝʥʥʷʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ 

ɸʅʇ, ʘ ʪʘʢʦʞ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ. 

ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ ʽʥʞʝʥʝʨʽʾ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ 

ɸɽʉ. 

ɸʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ɸɽʉ) ʻ ʩʢʣʘʜʥʠʤʠ ʩʦʮʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʜʝ 

ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʯʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʃʶʜʩʴʢʽ ʧʦʤʠʣʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ, ʚʢʣʶʯʘʶʯʠ ʧʦʰʢʦʜʞʝʥʥʷ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʨʘʜʽʦʘʢʪʠʚʥʽ ʚʠʢʠʜʠ ʽ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ɸʅʇ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ (ɯɸɹ) ʜʣʷ ɸɽʉ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʷʚʣʝʥʥʷ, ʦʮʽʥʢʠ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʽʤʦʚʽʨʥʦʩʪʽ ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʘʚʘʨʽʡ ʘʙʦ ʚʠʥʠʢʥʫʪʠ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʘʚʘʨʽʷʤʠ [1 - 3]. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʠʥʮʠʧʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʟʛʽʜʥʦ ɿʘʛʘʣʴʥʠʭ ʧʦʣʦʞʝʥʴ 

ʙʝʟʧʝʢʠ ɸɽʉ ʋʢʨʘʾʥʠ ʅʇ 306.2.141-2008 [4]. 

ʌʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʣʶʜʠʥʠ 

ʅʘ ʥʘʜʽʡʥʽʩʪʴ ʣʶʜʠʥʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʚʧʣʠʚʘʻ ʙʝʟʣʽʯ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚ ʩʫʢʫʧʥʦʩʪʽ 

ʚʽʜʦʤʽ ʷʢ ʬʘʢʪʦʨʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (ʌʌʇ). ʎʽ ʬʘʢʪʦʨʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʚʥʫʪʨʽʰʥʽ ʌʌʇ, ʪʘʢʽ ʷʢ ʚʽʢ, ʜʦʩʚʽʜ ʽ ʧʽʜʛʦʪʦʚʢʘ, ʽ ʟʦʚʥʽʰʥʽ ʌʌʇ, ʚʢʣʶʯʘʶʯʠ ʨʦʙʦʯʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʧʦʩʪʘʥʦʚʢʫ ʟʘʚʜʘʥʴ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʢʫʣʴʪʫʨʫ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʘ ʌʌʇ [5], ʷʢʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʣʶʜʠʥʠ, 

ʟʦʢʨʝʤʘ ʫʚʘʛʘ, ʧʘʤ'ʷʪʴ, ʩʧʨʠʡʥʷʪʪʷ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʢʦʤʫʥʽʢʘʮʽʷ ʪʘ ʩʪʨʝʩ. ʆʮʽʥʢʘ ʮʠʭ 

ʌʌʇ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʤʝʪʦʜʽʚ, ʷʢ ʘʥʢʝʪʫʚʘʥʥʷ, ʽʥʪʝʨʚ'ʶ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʞʝ ʜʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ 

ʩʧʨʷʤʫʚʘʪʠ ʨʦʟʨʦʙʢʫ ʩʪʨʘʪʝʛʽʡ ʧʦʤ'ʷʢʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ. 

ʆʮʽʥʢʘ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʧʝʨʩʦʥʘʣʫ 

ʎʝʥʪʨʘʣʴʥʠʤ ʘʩʧʝʢʪʦʤ ɸʅʇ ʻ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʧʝʨʩʦʥʘʣʫ (ɯʇʇ) 

ʜʣʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ ʽ ʜʽʡ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʧʝʨʩʦʥʘʣʦʤ ɸɽʉ. ɼʣʷ ʦʮʽʥʢʠ ɯʇʇ ʚ ɯɸɹ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ (THERP), ʤʝʪʦʜ ʢʦʛʥʽʪʠʚʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʘʥʘʣʽʟʫ ʧʦʤʠʣʦʢ (CREAM), ʘ 

ʪʘʢʦʞ ʤʝʪʦʜ ʦʮʽʥʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ (HEART) [5]. 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʚ ʦʮʽʥʮʽ ɯʇʇ ʻ ʥʝʩʪʘʯʘ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʣʶʜʩʴʢʠʡ 

ʬʘʢʪʦʨ ʥʘ ɸɽʉ. ɸʥʘʣʽʪʠʢʠ ʯʘʩʪʦ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʜʘʥʽ, ʝʢʩʪʨʘʧʦʣʴʦʚʘʥʽ ʟ ʪʘʢʠʭ ʜʞʝʨʝʣ, ʷʢ 

ʜʠʥʘʤʽʯʥʽ ʩʠʤʫʣʷʪʦʨʠ, ʧʨʦʤʠʩʣʦʚʽ ʧʨʦʮʝʩʠ ʘʙʦ ʨʦʙʦʯʽ ʩʠʪʫʘʮʽʾ ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ, ʘ ʪʘʢʦʞ 

ʚʽʡʩʴʢʦʚʽ ʩʮʝʥʘʨʽʾ, ʷʢʽ ʧʩʠʭʦʣʦʛʽʯʥʦ ʧʦʜʽʙʥʽ ʜʦ ʟʘʚʜʘʥʴ ʥʘ ɸɽʉ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʽ ʧʦʣʴʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ, ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʩʧʨʠʷʪʠ ʦʮʽʥʮʽ ɯʇʇ ʭʦʯʘ ʽ ʟ ʧʦʪʝʥʮʽʡʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʚ ʫʟʘʛʘʣʴʥʝʥʥʽ. 
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ʇʦʰʠʨʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ɸʅʇ 

ʈʝʟʫʣʴʪʘʪʠ ɸʅʇ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʻ ʥʝʚʠʟʥʘʯʝʥʠʤʠ ʯʝʨʝʟ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʙʨʘʢ ʜʘʥʠʭ ʪʘ ʦʙʤʝʞʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʦʰʠʨʝʥʥʷ ʮʠʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʤʘʻ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʜʽʡʥʠʭ ʦʮʽʥʦʢ ʨʠʟʠʢʽʚ ʪʘ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʧʦʰʠʨʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ɸʅʇ, ʚʢʣʶʯʘʶʯʠ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʟʛʦʨʪʢʫ, ʤʝʪʦʜ ʤʦʤʝʥʪʽʚ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʤʝʞ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʪʝʨʤʽʥʫ ʚʽʜʤʦʚʠ 

ʜʝʨʝʚʘ ʧʦʜʽʡ ɸʅʇ. ɺʠʙʽʨ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʥʘʷʚʥʽʩʪʴ ʜʘʥʠʭ, 

ʩʢʣʘʜʥʽʩʪʴ ʜʝʨʝʚʘ ʧʦʜʽʡ ɸʅʇ ʽ ʙʘʞʘʥʠʡ ʨʽʚʝʥʴ ʢʦʥʩʝʨʚʘʪʠʟʤʫ. 

ʇʨʦʮʝʜʫʨʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʦʮʽʥʢʠ ɯʇʇ 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ, ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʦʮʽʥʮʽ 

ʧʩʠʭʦ-ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʜʽʡʥʠʭ ʦʮʽʥʦʢ ʚʽʜ ʝʢʩʧʝʨʪʽʚ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʨʽʟʥʽ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʶʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʧʦʧʘʨʥʽ ʧʦʨʽʚʥʷʥʥʷ, ʨʘʥʞʫʚʘʥʥʷ, 

ʯʠʩʣʦʚʝ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʥʝʧʨʷʤʝ ʯʠʩʣʦʚʝ ʦʮʽʥʶʚʘʥʥʷ. 

ɺʠʙ̔ʨ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʶʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʥʝʦʙʭʽʜʥʘ 

ʪʦʯʥʽʩʪʴ, ʥʘʷʚʥʽ ʨʝʩʫʨʩʠ ʪʘ ʭʘʨʘʢʪʝʨ ʧʦʜʽʡ, ʱʦ ʦʮʽʥʶʶʪʴʩʷ. ʇʘʨʥʽ ʧʦʨʽʚʥʷʥʥʷ ʪʘ 

ʨʘʥʞʫʚʘʥʥʷ/ʨʝʡʪʠʥʛ, ʷʢ ʧʨʘʚʠʣʦ, ʚʚʘʞʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʤʠ ʪʘ ʥʘʜʽʡʥʠʤʠ 

ʧʨʦʮʝʜʫʨʘʤʠ, ʘʣʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʩʫʨʩʦʤʽʩʪʢʠʤʠ, ʪʦʜʽ ʷʢ ʧʨʦʮʝʜʫʨʠ ʯʠʩʣʦʚʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʤʝʥʰ ʪʦʯʥʽ, ʘʣʝ ʙʽʣʴʰ ʧʨʘʢʪʠʯʥʽ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɯʥʞʝʥʝʨʽʷ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ 

ʋ ʪʦʡ ʯʘʩ ʷʢ ɸʅʇ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʥʽʡ ʦʮʽʥʮʽ ʣʶʜʩʴʢʠʭ ʧʦʤʠʣʦʢ, ʽʥʞʝʥʝʨʽʷ 

ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ (ɯʃʌ) ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʦʟʨʦʙʢʫ ʩʠʩʪʝʤ ʽ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʣʶʜʩʴʢʠʤ ʤʦʞʣʠʚʦʩʪʷʤ ʽ ʦʙʤʝʞʝʥʥʷʤ, ʪʠʤ ʩʘʤʠʤ ʟʥʠʞʫʶʯʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʦʢ ʽ 

ʧʽʜʚʠʱʫʶʯʠ ʟʘʛʘʣʴʥʫ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤ. 

ʇʦʩʽʙʥʠʢ ʟ ɸʅʇ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ɯʃʌ ʽ ʥʘʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʮʽʥʢʠ 

ʧʨʦʻʢʪʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʤʝʪʦʜʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ. 

ɺʧʨʦʚʘʜʞʫʶʯʠ ʧʨʠʥʮʠʧʠ ɯʃʌ ʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʩʠʩʪʝʤ, ɸɽʉ ʤʦʞʫʪʴ 

ʚʠʨʽʰʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʣʶʜʩʴʢʠʤ ʬʘʢʪʦʨʦʤ, ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʙʝʟʧʝʢʫ 

[5][6]. 

ɺʥʝʩʦʢ ʧʦʤʠʣʦʢ ʧʝʨʩʦʥʘʣʫ ʫ ʨʦʟʚʠʪʦʢ ʘʚʘʨʽʾ 

ɺ ʨʘʤʢʘʭ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ɯɸɹ ʦʜʥʽʻʾ ʟ ɸɽʉ ʋʢʨʘʾʥʠ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʠʭ 

ʚʥʝʩʦʢ ʫ ʯʘʩʪʦʪʫ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʧʦʤʠʣʦʢ ʧʝʨʩʦʥʘʣʫ. ʊʘʢ, ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʯʘʩʪʦʪʫ 

ʘʚʘʨʽʾ çʩʝʨʝʜʥʷ ʪʝʯʽʷ ʟ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʫ ʜʨʫʛʠʡè ʚʥʦʩʷʪʴ ʧʨʦʪʽʢʘʥʥʷ ʘʚʘʨʽʾ ʽʟ ʧʦʤʠʣʢʘʤʠ 

ʧʝʨʩʦʥʘʣʫ (ʙʽʣʴʰʝ 48% ʚʽʜ ʫʩʽʭ ʘʚʘʨʽʡʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ). ʆʩʥʦʚʥʠʤʠ ʧʦʤʠʣʢʘʤʠ ʜʽʡ 

ʧʝʨʩʦʥʘʣʫ (ɼʇ) ʻ: ɼʇ ʧʦ ʚʢʣʶʯʝʥʥʶ ʩʠʩʪʝʤʠ ʧʽʜʞʠʚʣʝʥʥʷ-ʧʨʦʜʫʚʢʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʨʦʟʭʦʣʦʜʞʝʥʥʷ, ɼʇ ʧʦ ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʯʝʨʝʟ ʜʨʫʛʠʡ ʢʦʥʪʫʨ ʫ ʨʝʞʠʤʽ ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʷ, ʪʘ 

ɼʇ ʧʦ ʟʘʧʦʚʥʝʥʥʶ ʙʘʢʘ ʧʨʠʷʤʢʫ. 

ɺʠʩʥʦʚʦʢ 

ɸʥʘʣʽʟ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʦʮʽʥʮʽ ʪʘ ʟʤʝʥʰʝʥʥʽ ʨʠʟʠʢʫ, 

ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʧʦʤʠʣʢʘʤʠ ʧʝʨʩʦʥʘʣʫ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽ ʘʚʘʨʽʷʭ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʷʜ ʤʝʪʦʜʦʣʦʛʽʡ, ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʤʝʪʦʜʽʚ, ɸʅʇ ʜʘʻ ʟʤʦʛʫ ʚʩʝʙʽʯʥʦ ʦʮʽʥʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʣʶʜʠʥʠ ʪʘ ʾʾ ʚʧʣʠʚ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ ɸɽʉ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʜʝʬʽʮʠʪʦʤ ʜʘʥʠʭ ʽ ʧʦʰʠʨʝʥʥʷʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, 

ɸʅʇ ʥʘʜʘʻ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʨʦʮʝʩʘʭ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʤʦʜʠʬʽʢʘʮʽʻʶ ʧʨʦʝʢʪʫ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ, 

ʘʥʘʣʽʟʦʤ ʙʝʟʧʝʢʠ ʪʘ ʜʦʪʨʠʤʘʥʥʷʤ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ. 

ʂʨʽʤ ʪʦʛʦ, ʽʥʪʝʛʨʘʮʽʷ ɸʅʇ ʟ ʧʨʠʥʮʠʧʘʤʠ ʽʥʞʝʥʝʨʽʾ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʧʨʦʧʦʥʫʻ 

ʮʽʣʽʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʣʶʜʩʴʢʠʤ ʬʘʢʪʦʨʦʤ, ʩʧʨʠʷʶʯʠ 

ʨʦʟʚʠʪʢʫ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʧʽʜʚʠʱʝʥʥʶ ʟʘʛʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʠʤʠʡ ʚʥʝʩʦʢ ʧʦʤʠʣʦʢ ʧʝʨʩʦʥʘʣʫ ʫ ʨʦʟʚʠʪʦʢ 

ʧʨʦʻʢʪʥʠʭ ʘʚʘʨʽʡ ʥʘ ɸɽʉ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ʄʆɾʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʇʈɺ ɼʃʗ ʇɽʈɽʈʆɹʂʀ ʊɸ 

ʇɯɼɻʆʊʆɺʂʀ ɼʆ ʇʆʍʆɺɸʅʅʗ ʈɸɺ ʋʊɺʆʈɽʅʀʍ ʇʈʀ ɿʅʗʊʊɯ ɿ 

ɽʂʉʇʃʋɸʊɸʎɯɰ ɸɽʉ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ɸɽʉ) ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʫ ʩʫʩʧʽʣʴʩʪʚʽ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʯʝʨʝʟ ʧʦʚ'ʷʟʘʥʽ ʟ ʮʠʤ ʨʠʟʠʢʠ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʎʝ ʟʘʚʜʘʥʥʷ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʦʭʦʧʣʶʻ ʪʝʭʥʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ, 

ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʈʦʟʛʣʷʜ ʚʘʞʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʈʦʟʛʣʷʥʫʪʠ ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʚʠʚʝʜʝʥʥʷ ɸɽʉ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʩʘʤʝ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʫ ʜʝʤʦʥʪʘʞʫ. ʊʘʢʦʞ ʫ ʜʦʧʦʚʽʜʽ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʽʚ ʧʦ ʧʝʨʝʨʦʙʮʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʾʭ ʦʙʩʷʛʫ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʚʠʤʘʛʘʻ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʪʝʭʥʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ. 

ʉʢʣʘʜʥʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʧʨʦʮʝʩʽʚ ʜʝʤʦʥʪʘʞʫ ʝʥʝʨʛʦʙʣʦʢʽʚ. ʎʽ ʧʨʦʮʝʩʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʨʦʟʙʠʨʘʥʥʷ ʪʘ 

ʚʠʜʘʣʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʫ ʨʝʘʢʪʦʨʥʦʤʫ ʚʽʜʜʽʣʝʥʥʽ, ʘ ʪʘʢʦʞ 

ʨʦʟʙʠʨʘʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʶ ʨʝʘʢʪʦʨʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʝʟʧʝʢʫ ʧʨʘʮʽʚʥʠʢʽʚ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʢʠʜʠ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʚʠʢʦʥʘʪʠ ʚʠʤʦʛʠ ʟʙʝʨʝʞʝʥʥʷ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʜʝʤʦʥʪʘʞʫ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʨʘʜʽʘʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʝʟʧʝʯʥʝ ʟʘʚʝʨʰʝʥʥʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ɸɽʉ. 

ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʥʷʪʪʷ ʥʝʦʙʭʽʜʥʦ ʟʘʚʯʘʩʥʦ 

ʧʨʦʚʝʩʪʠ ʧʽʜʛʦʪʦʚʢʫ ʜʦ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ. ʉʘʤʝ ʮʷ ʧʽʜʛʦʪʦʚʢʘ ʦʩʥʦʚʘ ʫʩʧʽʰʥʦʛʦ ʪʘ 

ʙʝʟʧʝʯʥʦʛʦ ʟʘʢʨʠʪʪʷ ʩʪʘʥʮʽʾ. ʇʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʥʘʢʦʧʠʯʝʥʥʷ ʢʦʰʪʽʚ, 

ʨʦʟʨʦʙʢʫ ʢʦʥʮʝʧʮʽʾ ʪʘ ʧʨʦʻʢʪʫ ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʝʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʟʘʭʦʜʽʚ.  

ʆʜʥʽʻʶ ʽʟ ʩʢʣʘʜʦʚʠʭ ʪʘʢʠʭ ʧʽʜʛʦʪʦʚʯʠʭ ʟʘʭʦʜʽʚ ʻ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʽʟʥʦʛʦ ʫʞʝ ʽʩʥʫʶʯʦʛʦ ʥʘ ɸɽʉ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʝʪʦʶ ʩʧʨʦʩʪʠʪʠ ʪʘ ʟʜʝʰʝʚʠʪʠ ʧʨʦʮʝʩ 

ʜʝʤʦʥʪʘʞʫ ʝʥʝʨʛʦʙʣʦʢʫ. ʇʫʥʢʪ 2 ʨʦʟʜʽʣʫ 2 ʅʇ 306.2.230-2020 [1] ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʗʋ)  ʥʘʷʚʥʽʩʪʴ ʽʥʰʠʭ ʗʋ 

ʪʘ/ʘʙʦ ʦʙôʻʢʪʽʚ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʦʚʦʜʞʝʥʥʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ (ʈɸɺ). 

ʋ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʢʦʤʧʣʝʢʩ ʧʦ ʧʝʨʝʨʦʙʮʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ (ʂʇʈɺ). ʄʝʪʦʶ ʩʪʚʦʨʝʥʥʷ 

ʂʇʈɺ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʫʞʝ ʽʩʥʫʶʯʠʭ ʈɸɺ ʽ ʈɸɺ ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʥʝʨʛʦʙʣʦʢʽʚ, ʘ ʪʘʢʦʞ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʈɸɺ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʪʠʤʯʘʩʦʚʦʛʦ ʪʘ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ ʜʦ ʤʽʩʮʷ ʧʦʭʦʚʘʥʥʷ [2]. ɼʘʥʽ 

ʢʦʤʧʣʝʢʩʠ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ɿʘʧʦʨʽʟʴʢʽʡ ɸɽʉ ʪʘ ʥʘ ʈʽʚʥʝʥʩʴʢʽʡ ɸɽʉ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ. ʇʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʟʘʧʫʩʢʫ ʢʦʤʧʣʝʢʩʫ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ ʧʦʜʽʙʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ 

ʍʤʝʣʴʥʠʮʴʢʽʡ ɸɽʉ. 
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ʂʇʈɺ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʫʩʪʘʥʦʚʦʢ: 

¶ ʫʩʪʘʥʦʚʢʘ ʚʠʣʫʯʝʥʥʷ; 

¶ ʫʩʪʘʥʦʚʢʘ ʬʨʘʛʤʝʥʪʘʮʽʾ ʽ ʩʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ; 

¶ ʫʩʪʘʥʦʚʢʘ ʩʧʘʣʝʥʥʷ (ʥʘ ʦʨʛʘʥʽʯʥʦʤʫ ʧʘʣʠʚʽ); 

¶ ʫʩʪʘʥʦʚʢʘ ʧʨʝʩʫʚʘʥʥʷ (ʩʫʧʝʨʢʦʤʧʘʢʪʦʨ); 

¶ ʫʩʪʘʥʦʚʢʘ ʮʝʤʝʥʪʫʚʘʥʥʷ; 

¶ ʫʩʪʘʥʦʚʢʘ ʚʠʤʽʨʫ ʘʢʪʠʚʥʦʩʪʽ; 

¶ ʫʩʪʘʥʦʚʢʘ ʜʝʟʘʢʪʠʚʘʮʽʾ ʤʝʪʘʣʫ ʪʘ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʨʦʻʢʪʥʘ ʧʦʪʫʞʥʽʩʪʴ [3] ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʪʘʥʦʚʠʪʴ: 

¶ ʪʚʝʨʜʽ ʈɸɺ ï 750 ʤ3/ʨʽʢ; 

¶ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʪʠʣʘ ï 40 ʤ3/ʨʽʢ.  

ʇʝʨʝʣʽʢ ʫʩʪʘʥʦʚʦʢ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʟʜʘʪʥʠʡ ʧʨʦʚʝʩʪʠ ʧʦʚʥʦʮʽʥʥʫ ʧʝʨʝʨʦʙʢʫ ʚʽʜʭʦʜʽʚ 

ʱʦ ʙʫʜʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʧʽʜ ʯʘʩ ʜʝʤʦʥʪʘʞʫ ɸɽʉ. ʆʜʥʘʢ, ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʜʝʤʦʥʪʘʞʫ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ ʥʝ 

ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫʩʪʘʥʦʚʢʘ ʚʠʣʫʯʝʥʥʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʜʘʥʘ ʫʩʪʘʥʦʚʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʚʠʣʫʯʝʥʥʷ ʈɸɺ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʢʦʤʽʨʢʘʭ/ʚʽʜʩʽʢʘʭ ʩʭʦʚʠʱʘ ʪʚʝʨʜʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʚʽʜʭʦʜʽʚ (ʍʊʈɺ). ʍʊʈɺ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʪʠʤʯʘʩʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʽ ʙʫʜʝ ʧʫʩʪʠʤ, ʷʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʽʦʜʫ ʚʠʪʨʠʤʢʠ 

ʫ 30 ʨʦʢʽʚ [4], ʧʝʨʝʜ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʧʦʯʘʪʢʦʤ ʜʝʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ. 

ʆʢʨʽʤ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʜʦ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʽʟʥʽ ʫʩʪʘʥʦʚʢʠ. 

ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʚʝʨʜʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ (ʊʈɺ) ʱʦ ʫʪʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʧʽʜ ʯʘʩ 

ʜʝʤʦʥʪʘʞʫ ʦʙʣʘʜʥʘʥʥʷ ʙʫʜʫʪʴ ʤʝʪʘʣʝʚʠʤʠ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʬʨʘʛʤʝʥʪʘʮʽʾ ʽ 

ʩʦʨʪʫʚʘʥʥʷ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 4,5 ʤ3 ʟʘ ʜʝʥʴ, ʪʦʜʽ ʷʢ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʝʟʘʢʪʠʚʘʮʽʾ 

ʤʝʪʘʣʫ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʜʦ 200 ʤ3/ʛʦʜ. ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʫ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʦʢʨʝʤʠʭ ʫʩʪʘʥʦʚʦʢ, ʘʙʦ ʙʫʜʽʚʥʠʮʪʚʘ ʜʦʜʘʪʢʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʧʨʠʰʚʠʜʰʠʪʠ 

ʧʨʦʮʝʩ. ʄʦʞʣʠʚʽʩʪʴ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʦʙôʻʢʪʽʚ ʜʣʷ ʧʦʚʦʜʞʝʥʥʷ ʟ ʈɸɺ ʧʝʨʝʜʙʘʯʝʥʘ ʚ 

ʧʫʥʢʪʽ 3 ʨʦʟʜʽʣʫ 2 ʅʇ 306.2.230-2020 [1]. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʧʠʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʪʘ 

ʜʦʮʽʣʴʥʦʩʪʽ ʜʘʥʠʭ ʤʦʜʝʨʥʽʟʘʮʽʡ ʂʇʈɺ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʚ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʅʇ 306.2.230-2020. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʙʝʟʧʝʢʠ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʠʭ 

ʫʩʪʘʥʦʚʦʢ. ʅʘʢʘʟ ɼʝʨʞʘʚʥʦʾ ʽʥʩʧʝʢʮʽʾ ʷʜʝʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜ 28.10.2020 ˉ 440. 

 2. ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ʜʦ ʧʨʦʝʢʪʫ ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ 

çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʦʝʢʪʫ "ɹʫʜʽʚʥʠʮʪʚʦ ʢʦʤʧʣʝʢʩʫ ʧʦ ʧʝʨʝʨʦʙʮʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ 

ʈʽʚʥʝʥʩʴʢʦʾ ɸɽʉ"è: ʅʘʢʘʟ ʤʽʥʽʩʪʨʘ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʚʽʜ 

23.10.2013 ʨ. 

 3. ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʦʝʢʪʫ "ɹʫʜʽʚʥʠʮʪʚʦ ʢʦʤʧʣʝʢʩʫ ʧʦ ʧʝʨʝʨʦʙʮʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʚʽʜʭʦʜʽʚ ʈʽʚʥʝʥʩʴʢʦʾ ɸɽʉ": ʈʦʟʧʦʨʷʜʞ. ʂʘʙ. ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 07.11.2013 ʨ. ˉ 935-ʨ. 

URL: https://zakon.rada.gov.ua/laws/show/935-2013-ʨ#Text (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 12.03.2024). 

 4. ʂʦʥʮʝʧʮʽʷ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʽʶʯʠʭ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʋʢʨʘʾʥʠ. ʅʘʢʘʟ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʧʘʣʠʚʘ ʪʘ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ ʚʽʜ 12.05.2004 ˉ 249.
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ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʆʩʪʘʧʦʚʝʮʴ  ʄ.ʆ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʐʝʚʝʣʴ ɭ.ɺ. 

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

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʂɺɸʃɯʌɯʂɸʎɯʗ ʉʀʉʊɽʄ ɹɽɿʇɽʂʀ ɺ ɽʂʉʊʈɽʄɸʃʔʅʀʍ ʋʄʆɺɸʍ 

ɽʂʉʇʃʋɸʊɸʎɯɰ ʗɼɽʈʅʀʍ ʋʉʊɸʅʆɺʆʂ ɯɿ ʈɽɸʂʊʆʈɸʄʀ ɺɺɽʈ-1000  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʙʝʟʧʝʢʠ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʟ ʨʝʘʢʪʦʨʘʤʠ ʪʠʧʫ ɺɺɽʈ-1000 ʻ ʢʨʠʪʠʯʥʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʭ ʦʙ'ʻʢʪʽʚ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʎʷ ʧʨʦʙʣʝʤʘ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʥʠʟʢʦʶ 

ʧʦʜʽʡ, ʪʘʢʠʭ ʷʢ ʘʚʘʨʽʷ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ, ʘʚʘʨʽʷ ʥʘ ʌʫʢʫʰʽʤʩʴʢʽʡ ɸɽʉ, ʘ ʪʘʢʦʞ ʽʥʰʽ 

ʽʥʮʠʜʝʥʪʠ ʪʘ ʘʚʘʨʽʾ, ʱʦ ʩʪʘʣʠʩʷ ʥʘ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ [1]. ɸʥʘʣʽʟ ʮʠʭ 

ʧʦʜʽʡ ʧʽʜʢʨʝʩʣʠʚ ʚʘʞʣʠʚʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʘʡʚʠʱʦʛʦ ʨʽʚʥʷ ʟʘʭʠʩʪʫ ɸɽʉ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʩʦʙʣʠʚʫ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʤʘʻ ʜʘʥʘ ʪʝʤʘ ʩʴʦʛʦʜʥʽ, ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ, ʘʜʞʝ ʚʝʜʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ ʧʦʙʣʠʟʫ ʤʘʡʜʘʥʯʠʢʽʚ 

ɸɽʉ ʥʝʩʝ ʥʘʜʟʚʠʯʘʡʥʫ ʟʘʛʨʦʟʫ ʙʝʟʧʝʮʽ ʩʘʤʽʡ ɸɽʉ, ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʪʘ ʣʶʜʩʪʚʫ 

ʚ ʮʽʣʦʤʫ. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʛʦ ʻ ʦʢʫʧʘʮʽʷ ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ ʽ ʯʠʩʣʝʥʥʽ ʧʦʨʫʰʝʥʥʷ ʫ ʾʾ 

ʨʦʙʦʪʽ ʧʨʦʪʷʛʦʤ ʚʽʡʥʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʎʝʡ ʥʘʧʨʷʤʦʢ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʜʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʠʭ ʟʘʛʨʦʟ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʟʘʭʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ. ʎʝʡ ʥʘʧʨʷʤʦʢ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʘʥʘʣʽʟ 

ʧʦʪʝʥʮʽʡʥʠʭ ʩʮʝʥʘʨʽʾʚ ʘʚʘʨʽʡ, ʨʦʟʨʦʙʢʫ ʤʦʜʝʣʝʡ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤ ʪʘ ʧʨʦʮʝʩʽʚ ʫ ʨʘʟʽ 

ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʡ, ʘ ʪʘʢʦʞ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʽ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʷʜʝʨʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʟ ʨʝʘʢʪʦʨʘʤʠ ʪʠʧʫ ɺɺɽʈ-1000 ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʚ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ʩʫʯʘʩʥʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʢʨʘʾʥʩʴʢʠʭ 

ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʦʩʦʙʣʠʚʦ ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ) ʚʥʘʩʣʽʜʦʢ ʟʦʚʥʽʰʥʽʭ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ 

ʩʪʘʣʠʩʷ ʜʝʩʷʪʢʠ ʘʚʘʨʽʡʥʠʭ ʟʫʧʠʥʦʢ ʝʥʝʨʛʦʙʣʦʢʽʚ ʯʝʨʝʟ ʧʦʚʥʝ ʘʙʦ ʯʘʩʪʢʦʚʝ ʟʦʚʥʽʰʥʻ 

ʟʥʝʩʪʨʫʤʣʝʥʥʷ. ʇʦʚʥʝ ʪʨʠʚʘʣʝ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʘʪʦʤʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʩʪʘʣʦ ʦʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʷʜʝʨʥʠʭ (ʚʘʞʢʠʭ) ʪʘ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ ʽʟ ʢʘʪʘʩʪʨʦʬʽʯʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ 

ʥʘʩʣʽʜʢʘʤʠ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʫ 2011 ʨ [2]. ʇʨʦʚʝʜʝʥʠʡ ʨʘʥʽʰʝ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʘʥʘʣʦʛʽʯʥʦʾ ʘʚʘʨʽʾ ʟ ʧʦʚʥʠʤ ʪʨʠʚʘʣʠʤ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟ ʨʝʘʢʪʦʨʘʤʠ ɺɺɽʈ-

1000 ʚʩʪʘʥʦʚʠʚ ʥʝʤʠʥʫʯʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʷʜʝʨʥʦʾ ʘʚʘʨʽʾ ʟʘ ʫʤʦʚ ʧʝʨʝʚʠʱʝʥʥʷ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʦʣʦʥʦʢ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʦʶ ʻ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʪʨʘʪʝʛʽʡ ʪʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʷʤʠ ʟ ʧʦʚʥʠʤ 

ʪʨʠʚʘʣʠʤ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ ʝʥʝʨʛʦʙʣʦʢʽʚ ʽʟ ɺɺɽʈ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʷʤʠ ʟ ʧʦʚʥʠʤ 

ʪʨʠʚʘʣʠʤ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ ʷʜʝʨʥʠʭ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʞʠʚʠʣʴʥʦʛʦ 

ʥʘʩʦʩʘ (ɸɾʅ) ʟ ʧʘʨʦʧʨʠʚʦʜʦʤ ʚʽʜ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʢʚʘʣʽʬʽʢʘʮʽʷ ʮʴʦʛʦ ʥʘʩʦʩʫ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʨʠ ʘʚʘʨʽʷʭ ʟ 

ʧʦʚʥʠʤ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ. 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʝʨʚʘʪʠʚʥʦʾ ʪʝʧʣʦʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ çʨʝʘʢʪʦʨ ï 

ʧʘʨʦʛʝʥʝʨʘʪʦʨ ï ʘʚʘʨʽʡʥʠʡ ʞʠʚʠʣʴʥʠʡ ʥʘʩʦʩ ʟ ʧʘʨʦʧʨʠʚʦʜʦʤè ʚʠʟʥʘʯʝʥʦ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-

ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ ɸɾʅ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʢʨʠʪʝʨʽʷʤ ʪʘ ʫʤʦʚʘʤ 

ʢʚʘʣʽʬʽʢʘʮʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ɸɾʅ ʦʙˇʨʫʥʪʦʚʘʥʘ ʧʨʠ ʪʠʩʢʫ ʧʘʨʠ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʙʽʣʴʰʝ 0,3 ʄʇʘ. ʇʨʠ ʤʝʥʰʠʭ ʪʠʩʢʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʧʘʩʠʚʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʧʨʠʨʦʜʥʦʶ ʮʠʨʢʫʣʷʮʽʻʶ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 
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ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʡ ʪʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʷʤʠ ʟ ʧʦʚʥʠʤ ʪʨʠʚʘʣʠʤ 

ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ ʘʪʦʤʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ, ʘ ʪʘʢʦʞ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʩʭʝʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʜʘʯʽ ʚʦʜʠ ɸɾʅ ʫ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʚʽʜ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʦʚʥʦʾ ʘʙʦ ʯʘʩʪʢʦʚʦʾ ʚʪʨʘʪʠ ʞʠʚʣʝʥʥʷ, 

ʚʘʨʽʘʥʪʠ ʟʘʞʠʚʣʝʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʞʠʚʠʣʴʥʦʛʦ ʥʘʩʦʩʘ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʙʘʢʽʚ 

ʭʽʤʽʯʥʦʾ ʟʥʝʩʦʣʝʥʦʾ ʚʦʜʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʟʘʧʘʩʫ ʚʦʜʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ. 

ɺʠʩʥʦʚʢʠ. ɿʛʽʜʥʦ ʟ ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʫʢʨʘʾʥʩʴʢʠʭ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʟʦʢʨʝʤʘ ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ, ʩʪʠʢʘʻʪʴʩʷ ʟ ʨʠʟʠʢʦʤ ʘʚʘʨʽʡʥʠʭ ʟʫʧʠʥʦʢ 

ʫʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ. ʇʦʚʥʝ ʪʨʠʚʘʣʝ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʷʜʝʨʥʽ ʘʚʘʨʽʾ ʟ ʢʘʪʘʩʪʨʦʬʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ, ʧʦʜʽʙʥʽ ʜʦ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʫ 2011 

ʨʦʮʽ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʪʨʘʪʝʛʽʡ ʪʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʷʤʠ ʩʪʘʻ ʘʢʪʫʘʣʴʥʦʶ, ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸɾʅ ʚʽʜ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ 

ʚʠʟʥʘʯʠʣʘ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʮʽʻʾ ʩʠʩʪʝʤʠ, ʚʢʘʟʫʶʯʠ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʠʩʢʫ 

ʧʘʨʠ ʙʽʣʴʰʝ 0,3 ʄʇʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʥʘʩʦʩʘ. 

ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʜʦʢʫʤʝʥʪʘʮʽʾ ʜʽʡ ʧʝʨʩʦʥʘʣʫ ʟʘ ʜʘʥʠʤʠ ʩʭʝʤʘʤʠ, ʫ ʨʘʟʽ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʨʥʽʟʘʮʽʡ 

ʥʘ ʘʪʦʤʥʠʭ ʝʥʝʨʛʦʙʣʦʢʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ ʪʘ ʚʠʢʣʠʢʽʚ 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀʈʆɹʅʀʎʊɺʆ ɺʆɼʅʖ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɸʊʆʄʅʆɰ ɽʅɽʈɻɽʊʀʂʀ 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʪʽʡʢʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ ʚʘʞʣʠʚʦ ʟʘʧʦʙʽʛʪʠ ʟʤʽʥʽ ʢʣʽʤʘʪʫ. 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʻ ʟʜʘʪʥʽʩʪʴ ʚʫʛʣʝʮʶ ʧʦʛʣʠʥʘʪʠ ʪʘ ʚʠʧʫʩʢʘʪʠ 

ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʟʘʪʨʠʤʫʻ ʪʝʧʣʦ. ɸʣʝ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʻ ʚʘʞʣʠʚʦʶ 

ʯʘʩʪʠʥʦʶ ʮʠʢʣʫ ʞʠʪʪʷ, ʙʝʟ ʥʴʦʛʦ ʨʦʩʣʠʥʠ ʥʝ ʙʫʜʫʪʴ ʨʦʟʚʠʚʘʪʠʩʷ, ʱʦ ʧʦʨʫʰʠʪʴ ʙʽʦʣʦʛʽʯʥʠʡ 

ʭʘʨʯʦʚʠʡ ʣʘʥʮʶʛ. ʊʘʢʦʞ ʧʝʨʝʭʽʜ ʜʦ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʝʢʦʥʦʤʽʢʠ ʤʘʻ ʟʘʧʦʙʽʛʪʠ ʛʣʦʙʘʣʴʥʦʤʫ 

ʧʦʪʝʧʣʽʥʥʶ. ʇʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʦʜʥʶ ʦʪʨʠʤʫʻʪʴʩʷ ʯʠʩʪʘ ʚʦʜʘ ʪʘ ʝʥʝʨʛʽʷ. ɯʩʥʫʻ ʢʽʣʴʢʘ 

ʩʧʦʩʦʙʽʚ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʘʣʝ ʜʝʷʢʽ ʟ ʥʠʭ ʻ ʥʝ ʝʢʦʣʦʛʽʯʥʠʤʠ.  

ʄʽʞʥʘʨʦʜʥʝ ʘʛʝʥʪʩʪʚʦ ʟ ʘʪʦʤʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻ ʰʽʩʪʴ ʤʝʪʦʜʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʘʪʦʤʥʘ ʝʥʝʨʛʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ: ʷʜʝʨʥʠʡ ʨʠʬʦʨʤʽʥʛ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ; ʘʪʦʤʥʘ ʛʘʟʠʬʽʢʘʮʽʷ ʚʫʛʽʣʣʷ; ʪʝʨʤʦʭʽʤʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʽʦʤʘʩʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʜʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʪʝʨʤʦʭʽʤʽʯʥʝ ʨʦʟʱʝʧʣʝʥʥʷ ʚʦʜʠ; ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʝʣʝʢʪʨʦʣʽʟ (LTE); ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʘʨʦʚʠʡ ʝʣʝʢʪʨʦʣʽʟ (ɺʊʉɽ) [1]. 

ʋ ʧʝʨʰʠʭ ʪʨʴʦʭ ʤʝʪʦʜʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʧʣʦ, ʷʢʝ ʚʠʨʦʙʣʷʻʪʴʩʷ ʘʪʦʤʥʦʶ 

ʝʥʝʨʛʽʻʶ (ʧʝʨʝʚʘʞʥʦ ʫ ʬʦʨʤʽ ʧʘʨʠ), ʱʦʙ ʟʤʝʥʰʠʪʠ ʧʦʪʨʝʙʫ ʚ ʪʝʧʣʽ, ʷʢʝ ʚʠʨʦʙʣʝʥʝ 

ʚʠʢʦʧʥʠʤ ʧʘʣʠʚʦʤ, ʱʦ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʫ ʚʦʜʥʶ. 

ɯʩʥʫʻ ʩʫʯʘʩʥʘ ʪʝʭʥʦʣʦʛʽʷ: ʝʣʝʢʪʨʦʣʽʟ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ (PEM), ʷʢʫ 

ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʝʣʝʢʪʨʦʣʽʟʦʤ ʥʘ ʧʨʦʪʦʥʦʦʙʤʽʥʥʽʡ ʤʝʤʙʨʘʥʽ. ɽʣʝʢʪʨʦʣʽʟ PEM ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʝʣʝʢʪʨʦʣʽʟʝʨ. ɼʝ ʪʚʝʨʜʘ ʧʦʣʽʤʝʨʥʘ ʝʣʝʢʪʨʦʣʽʪʥʘ ʤʝʤʙʨʘʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʨʦʟʜʽʣʴʥʠʢ 

ʤʽʞ ʜʚʦʤʘ ʝʣʝʢʪʨʦʜʘʤʠ ʟʘʤʽʩʪʴ ʣʫʞʥʦʛʦ ʨʦʟʯʠʥʫ ʝʣʝʢʪʨʦʣʽʪʫ. PEM ð ʮʝ ʪʦʥʢʘ 

ʧʨʦʪʦʥʦʧʨʦʚʽʜʥʘ ʤʝʤʙʨʘʥʘ, ʚʠʛʦʪʦʚʣʝʥʘ ʟʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʪʠʧʫ ʧʦʣʽʤʝʨʫ, ʯʘʩʪʦ ʥʘ ʦʩʥʦʚʽ 

ʧʝʨʬʪʦʨʩʫʣʴʬʦʥʦʚʦʾ ʢʠʩʣʦʪʠ. ʎʷ ʤʝʤʙʨʘʥʘ ʧʨʦʧʫʩʢʘʻ ʯʝʨʝʟ ʩʝʙʝ ʣʠʰʝ ʧʨʦʪʦʥʠ H+, 

ʙʣʦʢʫʶʯʠ ʧʨʦʭʦʜʞʝʥʥʷ ʽʥʰʠʭ ʽʦʥʽʚ ʽ ʝʣʝʢʪʨʦʥʽʚ. ʅʘ ʘʥʦʜʥʫ ʩʪʦʨʦʥʫ ʝʣʝʢʪʨʦʣʽʟʝʨʘ 

ʧʦʜʘʻʪʴʩʷ ʚʦʜʘ, ʘ ʥʘ ʝʣʝʢʪʨʦʜʠ ʧʦʜʘʻʪʴʩʷ ʟʦʚʥʽʰʥʽʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ. ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ 

ʥ̔ʽʮʽʶʻ ʨʝʘʢʮʽʾ ʥʘ ʘʥʦʜʽ ʪʘ ʢʘʪʦʜʽ. ʂʦʣʠ ʚʦʜʘ ʜʠʩʦʮʽʶʻ ʥʘ ʘʥʦʜʽ, ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʦʪʦʥʠ H+, 

ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ PEM ʜʦ ʢʘʪʦʜʥʦʾ ʩʪʦʨʦʥʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ. ɽʣʝʢʪʨʦʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʽʜ ʯʘʩ ʨʝʘʢʮʽʾ, ʥʝ ʤʦʞʫʪʴ ʧʨʦʡʪʠ ʯʝʨʝʟ PEM ʽ ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽʡ ʢʦʥʪʫʨ, 

ʱʦʙ ʜʦʩʷʛʪʠ ʢʘʪʦʜʘ. ʅʘ ʩʪʦʨʦʥʽ ʢʘʪʦʜʘ ʧʨʦʪʦʥʠ ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʝʣʝʢʪʨʦʥʘʤʠ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ 

ʢʦʥʪʫʨʫ, ʫʪʚʦʨʶʶʯʠ ʛʘʟʦʧʦʜʽʙʥʠʡ ʚʦʜʝʥʴ. ʊʠʤ ʯʘʩʦʤ ʥʘ ʘʥʦʜʽ ʫʪʚʦʨʶʻʪʴʩʷ ʢʠʩʝʥʴ. PEM 

ʝʬʝʢʪʠʚʥʦ ʚʽʜʦʢʨʝʤʣʶʻ ʚʦʜʝʥʴ ʽ ʢʠʩʝʥʴ, ʟʘʧʦʙʽʛʘʶʯʠ ʾʭ ʟʤʽʰʫʚʘʥʥʶ ʚ ʝʣʝʢʪʨʦʣʽʟʝʨʽ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʯʠʩʪʦʪʠ ʦʪʨʠʤʘʥʦʛʦ ʚʦʜʥʶ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʜʦʜʘʪʢʦʚʽ ʝʪʘʧʠ ʦʯʠʱʝʥʥʷ. 

ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʝʤʙʨʘʥʠ ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʣʷʪʠ ʚʦʜʝʥʴ ʧʨʠ ʪʠʩʢʫ ʜʦ 20 ʄʇʘ (ʪʘʢʠʤ ʯʠʥʦʤ 

ʫʥʠʢʘʶʯʠ ʘʙʦ ʟʤʝʥʰʫʶʯʠ ʝʥʝʨʛʦʻʤʥʝ ʩʪʠʩʥʝʥʥʷ ʛʘʟʫ). 

ɼʣʷ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʧʝʚʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʧʦʪʨʽʙʝʥ ʚʦʜʝʥʴ ʚʠʩʦʢʦʾ 

ʯʠʩʪʦʪʠ, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʠʩʘʥʦʾ ʚʠʱʝ ʪʝʭʥʦʣʦʛʽʾ. ɽʣʝʢʪʨʦʣʽʟʝʨʠ PEM 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʩʦʢʫ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʧʦʪʫʞʥʦʩʪʽ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʤʠ ʛʽʙʨʠʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʘʪʦʤʥʦʾ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ. ʇʨʦʮʝʩ ʝʣʝʢʪʨʦʣʽʟʫ PEM ʤʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ, ʷʢ ʰʚʠʜʢʠʡ 

ʯʘʩ ʚʽʜʛʫʢʫ, ʚʠʱʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʢʦʤʧʘʢʪʥʠʡ ʜʠʟʘʡʥ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʴ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʥʘ ʚʠʤʦʛʫ ʪʘ ʧʦʨʪʘʪʠʚʥʦʩʪʽ. 

ʆʩʢʽʣʴʢʠ ʻʜʠʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʜʣʷ ʩʠʩʪʝʤ LTE ʻ ʝʣʝʢʪʨʠʢʘ, ʝʣʝʢʪʨʠʢʘ ʻ ʪʦʯʢʦʶ 

ʽʥʪʝʛʨʘʮʽʾ. ʋ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽʡ ʷʜʝʨʥʦ-ʚʽʜʥʦʚʣʶʚʘʥʽʡ ɻɽʉ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʤʦʞʝ ʚʠʨʦʙʣʷʪʠʩʷ 

ʘʙʦ ʟ ʚʽʜʥʦʚʣʶʚʘʥʦʾ, ʘʙʦ ʟ ʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ, ʘʙʦ ʟ ʦʙʦʭ ʦʜʥʦʯʘʩʥʦ. PEM-ʝʣʝʢʪʨʦʣʽʟ ʤʦʞʫʪʴ 
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ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʛʥʫʯʢʽʩʪʴ ʽ ʨʝʟʝʨʚʠ ʥʘ ʚʠʧʘʜʦʢ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʩʠʪʫʘʮʽʡ. ɽʣʝʢʪʨʦʣʽʟʝʨʠ PEM 

ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʥʪʨʦʣʴ ʯʘʩʪʦʪʠ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʟʘʚʜʷʢʠ ʩʚʦʾʡ 

ʟʜʘʪʥʦʩʪʽ ʜʫʞʝ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ. ʂʨʽʤ ʪʦʛʦ, ʝʣʝʢʪʨʦʣʽʟʝʨʠ PEM ʤʦʞʥʘ ʰʚʠʜʢʦ 

ʧʦʚʥʽʩʪʶ ʚʠʤʢʥʫʪʠ ʪʘ ʰʚʠʜʢʦ ʟʘʧʫʩʪʠʪʠ; ʪʘʢʠʤ ʯʠʥʦʤ, ʚʦʥʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʽʡʥʦʛʦ 

ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʣʽʟʝʨʠ ʻ ʤʦʜʫʣʴʥʠʤʠ, ʚʠʨʦʙʥʠʯʠʡ 

ʧʨʦʮʝʩ ʤʦʞʥʘ ʤʘʩʰʪʘʙʫʚʘʪʠ. ʊʘʢʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʘʣʦʡʤʦʚʽʨʥʦ ʜʣʷ ʪʝʨʤʦʭʽʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ [1]. 

ɸʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʩʝʨʝʜ ʚʘʨʽʘʥʪʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ, ʤʘʶʪʴ ʚʠʱʫ ʪʝʧʣʦʚʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʤʝʥʰʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɯʩʥʫʻ ʢʽʣʴʢʘ 

ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʢʦʛʝʥʝʨʘʮʽʾ ʟ ʘʪʦʤʥʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ: ʤʝʥʰʽ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ, ʘʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʠʤʘʛʘʶʪʴ ʤʘʣʦ ʤʽʩʮʷ ʧʦʨʽʚʥʷʥʦ ʟ ʪʝʧʣʦʚʠʤʠ ʪʘ 

ʛʘʟʦʪʫʨʙʽʥʥʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ ʪʽʻʾ ʞ ʧʦʪʫʞʥʦʩʪʽ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʢʦʛʝʥʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ ʤʘʶʪʴ ʨʷʜ 

ʧʝʨʝʚʘʛ: ʘʪʦʤʥʽ ʩʪʘʥʮʽʾ ʜʦʨʦʞʯʽ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, ʥʽʞ ʊɽʉ; ʚʽʜʭʦʜʠ ʻ 

ʰʢʽʜʣʠʚʠʤʠ ʽ ʧʦʪʨʝʙʫʶʪʴ ʨʝʪʝʣʴʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ; 

ʦʩʢʽʣʴʢʠ ʧʘʣʠʚʦ ʨʘʜʽʦʘʢʪʠʚʥʝ, ʢʦʥʩʪʨʫʢʮʽʷ ʨʝʘʢʪʦʨʘ ʽ ʧʦʪʨʝʙʫʻ ʢʽʣʴʢʦʭ ʨʽʚʥʽʚ ʟʘʭʠʩʪʫ [2]. 

ʊʝʭʥʽʯʥʦ, ʙʫʜʴ-ʷʢʠʡ ʪʠʧ ʨʝʘʢʪʦʨʘ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʝʚʥʦʾ ʬʦʨʤʠ 

ʢʦʛʝʥʝʨʘʮʽʾ, ʷʢʱʦ ʚʽʥ ʚʠʨʦʙʣʷʻ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʝ ʪʝʧʣʦ. ʆʩʥʦʚʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʷʢʠʡ ʪʠʧ ʨʝʘʢʪʦʨʘ ʙʽʣʴʰʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʽʟʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʻ: ʪʝʧʣʦʥʦʩʽʡ ʨʝʘʢʪʦʨʘ ʪʘ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɸʪʦʤʥʘ ʝʥʝʨʛʝʪʠʢʘ ʻ ʦʩʥʦʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ 

ʋʢʨʘʾʥʽ (ʟʘ ʩʪʘʪʠʩʪʠʢʦʶ 2022 ʨʦʢʫ, ʜʦʣʷ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 60%). 

ʋʢʨʘʾʥʘ ʪʘʢʦʞ ʤʘʻ ʥʘʫʢʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʦʜʥʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʘ ʦʩʪʘʥʥʻ 

ʜʝʩʷʪʠʣʽʪʪʷ ʥʘʜ ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʽʪʥʽʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʦʪʨʝʙ ʚʦʜʥʝʚʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʧʨʘʮʶʚʘʚ ʨʷʜ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ ʅɸʅ ʋʢʨʘʾʥʠ. 

ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ ʤʘʻ ʧʣʘʥ ʜʝʢʘʨʙʦʥʽʟʫʚʘʪʠ ʝʢʦʥʦʤʽʢʫ ʜʦ 2050 ʨʦʢʫ. ɺʠʨʦʙʥʠʮʪʚʦ 

ʚʦʜʥʶ ʻ ʦʜʥʠʤ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʙʽʣʴʰʽʩʪʴ ʚʠʨʦʙʣʝʥʦʛʦ ʚʦʜʥʶ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʧʥʦʤʫ ʧʘʣʠʚʽ, ʘʣʝ ʢʦʤʝʨʮʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ 

ʚʫʛʣʝʮʶ ʥʘ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʤʦʞʝ ʚʠʨʽʰʠʪʠ ʮʶ ʢʦʥʢʨʝʪʥʫ ʧʨʦʙʣʝʤʫ. ʅʘ ʜʫʤʢʫ 

ʥʘʰʠʭ ʟʘʨʫʙʽʞʥʠʭ ʧʘʨʪʥʝʨʽʚ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʋʢʨʘʾʥʘ ʻ ʥʘʡʢʨʘʱʦʶ ʢʨʘʾʥʦʶ ʚ ɭʚʨʦʧʽ ʜʣʷ 

ʟʘʧʦʯʘʪʢʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ. ʆʩʢʽʣʴʢʠ ʚʦʥʘ ʟʜʘʪʥʘ ʟʜʽʡʩʥʠʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʪʘ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʭʽʜ ʜʦ ʟʝʣʝʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ. ʆʩʢʽʣʴʢʠ ʻ ʤʽʩʮʝʚʠʡ ʧʦʧʠʪ ʽ ʜʦʩʪʘʪʥʴʦ ʤʽʩʮʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʪʘ ʧʘʣʠʚʘ 

ʥʘ ʦʩʥʦʚʽ ʚʦʜʥʶ. 

ʅʘʚʽʪʴ ʧʦʚʥʦʤʘʩʰʪʘʙʥʝ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ ʥʝ ʚʽʜʤʽʥʷʻ ʥʘʰ ʨʦʟʚʠʪʦʢ ʚ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ. ʅʘʧʨʠʢʣʘʜ, ʥʘʚʝʩʥʽ 2023 ʨʦʢʫ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʍʤʝʣʴʥʠʮʴʢʦʾ ɸɽʉ 

ʚʽʜʙʫʣʘʩʷ ʟʫʩʪʨʽʯ ʟ ʬʘʭʽʚʮʷʤʠ ʛʘʣʫʟʽ ʪʘ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ çFramatomeè (ʬʨʘʥʮʫʟʴʢʠʡ 

ʘʪʦʤʥʠʡ ʨʝʘʢʪʦʨʥʠʡ ʙʽʟʥʝʩ). ʆʩʥʦʚʥʦʶ ʪʝʤʦʶ ʦʙʛʦʚʦʨʝʥʥʷ ʩʪʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʚʦʜʥʶ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʨʽʚʥʽ ʧʦʙʣʠʟʫ ʽʩʥʫʶʯʠʭ ɸɽʉ. çFramatomeè 

ʧʨʝʜʩʪʘʚʠʚ ʻʚʨʦʧʝʡʩʴʢʠʡ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʧʨʦʝʢʪ, ʧʨʠʩʚʷʯʝʥʠʡ ʚʠʨʦʙʥʠʮʪʚʫ ʚʦʜʥʶ ʟ 

ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʧʽʜ ʥʘʟʚʦʶ NPHyCo, ʷʢʠʡ ʧʣʘʥʫʻ ʦʮʽʥʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʦʜʥʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʩʥʫʶʯʦʾ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ ʨʦʟʨʘʭʫʚʘʪʠ ʚʘʨʪʽʩʪʴ ʪʘʢʦʛʦ 

ʧʨʦʝʢʪʫ. ʂʨʽʤ ʪʦʛʦ, ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʧʦʪʝʥʮʽʡʥʽ ʤʽʩʮʷ ʜʣʷ ʧʽʣʦʪʥʦʛʦ ʧʨʦʝʢʪʫ [3]. 

ɺʦʜʝʥʴ ʻ ʯʠʩʪʠʤ ʽ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʝʥʝʨʛʦʥʦʩʽʻʤ, ʷʢʠʡ ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ 

ʧʝʨʝʭʦʜʽ ʜʦ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ 

ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ, ʽ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʧʝʨʝʜʙʘʯʘʻ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʦ ʫ ʚʝʣʠʢʠʭ 

ʤʘʩʰʪʘʙʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠʩʚʷʯʝʥʽ ʦʧʠʩʫ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʚʦʜʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʚʠʨʦʙʣʝʥʫ ʥʘ ɸɽʉ. ɯʥʪʝʛʨʫʶʯʠ ʘʪʦʤʥʫ 

ʝʥʝʨʛʝʪʠʢʫ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʚʦʜʥʶ, ʤʠ ʤʦʞʝʤʦ ʩʪʚʦʨʠʪʠ ʥʘʜʽʡʥʫ ʪʘ ʩʪʽʡʢʫ ʝʥʝʨʛʝʪʠʯʥʫ 

ʩʠʩʪʝʤʫ, ʟʜʘʪʥʫ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʡ ʛʣʦʙʘʣʴʥʠʡ ʧʦʧʠʪ ʥʘ ʝʥʝʨʛʽʶ, 

ʤʽʥʽʤʽʟʫʶʯʠ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʌɯɿʀʏʅɸ ʗɼɽʈʅɸ ɹɽɿʇɽʂɸ ʇɯɼ ʏɸʉ ɿɹʈʆʁʅʀʍ ʂʆʅʌʃɯʂʊɯɺ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ.  
ɺʪʦʨʛʥʝʥʥʷ ʨʦʩʽʡʩʴʢʠʭ ʚʽʡʩʴʢʦʚʠʭ ʚ ʋʢʨʘʾʥʫ ʪʘ ʥʘʧʘʜʠ ʥʘ ʷʜʝʨʥʽ ʫʩʪʘʥʦʚʢʠ ʫ 2022 

ʨʦʮʽ ʩʧʨʠʯʠʥʠʣʠ ʥʦʚʽ ʚʠʢʣʠʢʠ ʫ ʩʬʝʨʽ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ, ʟʘʭʠʱʝʥʦʩʪʽ ʪʘ ʛʘʨʘʥʪʽʡ ʜʣʷ 

ʧʝʨʩʦʥʘʣʫ ʦʙôʻʢʪʽʚ, ʫʢʨʘʾʥʩʴʢʦʾ ʚʣʘʜʠ ʪʘ ʩʚʽʪʦʚʦʾ ʩʧʽʣʴʥʦʪʠ.  

ɼʦ ʮʴʦʛʦ ʯʘʩʫ ʞʦʜʝʥ ʚʽʡʩʴʢʦʚʠʡ ʥʘʧʘʜ ʥʝ ʙʫʚ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʝʣʠʢʫ, ʜʽʶʯʫ ʘʪʦʤʥʫ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʶ ʟʽ ʟʥʘʯʥʠʤʠ ʟʘʧʘʩʘʤʠ ʦʧʨʦʤʽʥʝʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ. ʎʽ ʚʠʢʣʠʢʠ ʟ ʚʝʣʠʢʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʤʘʪʠʤʫʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʤʽʞʥʘʨʦʜʥʠʡ ʨʝʞʠʤ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʚ 

ʧʦʜʘʣʴʰʦʤʫ. ɺʦʥʠ ʚʠʤʘʛʘʪʠʤʫʪʴ ʨʝʪʝʣʴʥʦʛʦ ʦʙʛʦʚʦʨʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʘʩʧʝʢʪʽʚ ʽʩʥʫʶʯʦʾ 

ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʘʜʟʚʠʯʘʡʥʠʤʠ ʧʦʜʽʷʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʚʽʡʥʦʶ.  

ʅʘ ʩʴʦʛʦʜʥʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʤʽʞʥʘʨʦʜʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʄɸɻɸʊɽ ʥʝ ʚʠʟʥʘʯʝʥʦ 

ʷʢʠʤ ʯʠʥʦʤ ʩʫʙôʻʢʪʠ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʤʘʶʪʴ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʥʦʚʽ ʚʠʢʣʠʢʠ 

ʪʘ ʟʘʛʨʦʟʠ, ʩʧʨʠʯʠʥʝʥʽ ʘʪʘʢʘʤʠ ʥʘ ʷʜʝʨʥʽ ʦʙôʻʢʪʠ, ʷʢʽ ʤʽʞʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʧʦʧʝʨʝʜʠʪʠ ʪʘʢʦʛʦ ʨʦʜʫ ʥʘʧʘʜʠ ʪʘ ʯʠ ʩʣʽʜ ʢʦʨʝʛʫʚʘʪʠ ʩʚʽʪʦʚʠʡ ʨʝʞʠʤ ʬʽʟʠʯʥʦʾ 

ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʚʞʝ ʟʘʨʘʟ ʚʠʭʦʜʷʯʠ ʽʟ ʥʦʚʠʭ ʟʘʛʨʦʟ. 

ʎʽ ʧʠʪʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʚʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʄɸɻɸʊɽ ʟ ʤʝʪʦʶ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʚʠʥʠʢʥʝʥʥʷ ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʷʜʝʨʥʠʭ ʦʙôʻʢʪʘʭ ʚ ʧʦʜʘʣʴʰʦʤʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʚ ʢʦʥʪʝʢʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʨʦʟ 

ʜʣʷ ʷʜʝʨʥʠʭ ʦʙôʻʢʪʽʚ, ʄɸɻɸʊɽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʨʤʽʥ  çʧʨʦʝʢʪʥʘ ʟʘʛʨʦʟʘè. çʇʨʦʝʢʪʥʘ 

ʟʘʛʨʦʟʘè ʮʝ ʜʦʢʫʤʝʥʪ, ʷʢʠʡ ʦʧʠʩʫʻ ʧʦʪʝʥʮʽʡʥʫ ʟʘʛʨʦʟʫ ʪʦʙʪʦ ʧʦʨʫʰʥʠʢʘ, ʧʨʦʪʠ ʷʢʦʛʦ 

ʩʠʩʪʝʤʘ ʽ ʟʘʭʦʜʠ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ, ʚʢʣʶʯʘʶʯʠ ʬʽʟʠʯʥʠʡ ʟʘʭʠʩʪ, ʤʘʶʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʭʠʩʪ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤʠ [1].  

ɽʢʩʧʣʫʘʪʫʶʯʘ ʦʨʛʘʥʽʟʘʮʽʷ ʤʘʻ ʟʘʧʨʦʚʘʜʠʪʠ ʪʘʢʫ ʩʠʩʪʝʤʫ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ, 

ʷʢʘ ʙ ʜʦʟʚʦʣʷʣʘ ʟʘʭʠʩʪʠ ʷʜʝʨʥʠʡ ʦʙôʻʢʪ ʜʣʷ ʙʘʛʘʪʴʦʭ ʩʮʝʥʘʨʽʾʚ ʜʽʡ ʧʦʨʫʰʥʠʢʘ, ʚʠʟʥʘʯʝʥʠʭ 

ʫ çʧʨʦʝʢʪʥʽʡ ʟʘʛʨʦʟʽè. ʇʽʜ ʯʘʩ ʥʘʜʟʚʠʯʘʡʥʠʭ ʧʦʜʽʡ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʧʨʦʪʠʜʽʶ ʟʘʛʨʦʟʘʤ 

ʷʜʝʨʥʠʤ ʦʙôʻʢʪʘʤ, ʷʢʽ ʥʝ ʧʝʨʝʜʙʘʯʝʥʽ çʧʨʦʝʢʪʥʦʶ ʟʘʛʨʦʟʦʶè, ʥʝʩʝ ʜʝʨʞʘʚʘ [2].  

ɿʚʠʯʘʡʥʦ, ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʯʘ ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʧʦʤʘʛʘʪʠʤʝ ʜʝʨʞʘʚʽ ʫ 

ʙʦʨʦʪʴʙʽ ʽʟ ʟʘʛʨʦʟʘʤʠ ʜʝʨʞʘʚʥʦʛʦ ʨʽʚʥʷ ʽ ʦʙʦʚôʷʟʢʠ çʦʧʝʨʘʪʦʨʘè ʧʽʜ ʯʘʩ ʥʘʜʟʚʠʯʘʡʥʠʭ ʧʦʜʽʡ 

ʥʝ ʧʨʠʧʠʥʷʪʴʩʷ.  

ɺʦʜʥʦʯʘʩ, ʟʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ʄɸɻɸʊɽ, ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʝʢʩʧʣʫʘʪʫʶʯʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʩʝ ʞ ʪʘʢʠ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ çʧʨʦʝʢʪʥʦʾ ʟʘʛʨʦʟʠè, ʱʦ ʧʦʟʙʘʚʣʷʻ ʾʾ ʣʝʛʘʣʴʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʦʪʠʜʽʾ ʪʘʢ ʟʚʘʥʠʤ çʟʘʧʨʦʝʢʥʠʤ ʟʘʛʨʦʟʘʤè. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.  ɺ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʣʘʩʴ, ʦʯʝʚʠʜʥʦ, ʱʦ ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʫ 

ʥʘʧʨʘʮʶʚʘʥʥʽ ʧʽʜʭʦʜʫ ʜʦ ʧʣʘʥʫʚʘʥʥʷ ʜʽʡ ʩʫʙôʻʢʪʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʫ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʘʙʦ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʘʛʨʦʟʠ ʬʽʟʠʯʥʽʡ ʷʜʝʨʥʽʡ ʙʝʟʧʝʮʽ, ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ 

çʧʨʦʝʢʪʥʦʾ ʟʘʛʨʦʟʠè. ʅʘʧʨʘʮʶʚʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʦʪʨʝʙʫʻ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʠʟʢʠ ʧʨʠʧʫʱʝʥʴ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʦ-ʧʝʨʰʝ, ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʪʠ, ʱʦ ʥʘʜʟʚʠʯʘʡʥʽ ʧʦʜʽʾ, ʷʢʽ ʤʘʶʪʴ 

ʩʝʨʡʦʟʥʠʡ ʚʧʣʠʚ ʥʘ ʬʽʟʠʯʥʫ ʷʜʝʨʥʫ ʙʝʟʧʝʢʫ, ʤʦʞʫʪʴ ʥʝ ʤʽʩʪʠʪʠ ʟʘʛʨʦʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʥʝʶ. 

ɿʛʽʜʥʦ ʚʠʟʥʘʯʝʥʥʷ ʄɸɻɸʊɽ ʟʘʛʨʦʟʘ ʫ ʩʬʝʨʽ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʮʝ ʦʩʦʙʘ ʘʙʦ 

ʛʨʫʧʘ ʦʩʽʙ, ʷʢʽ ʤʘʶʪʴ ʤʦʪʠʚʘʮʽʶ, ʥʘʤʽʨ ʽ ʤʦʞʣʠʚʽʩʪʴ ʚʯʠʥʠʪʠ ʟʣʦʯʠʥʥʽ ʘʙʦ ʥʘʚʤʠʩʥʽ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʜʽʾ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʷʜʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʽʥʰʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 
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ʧʦʚ`ʷʟʘʥʠʭ ʟ ʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʘʙʦ ʧʦʚôʷʟʘʥʦʶ ʟ ʥʠʤʠ ʜʽʷʣʴʥʽʩʪʶ, ʘʙʦ ʽʥʰʽ ʜʽʾ, ʷʢʽ, ʟʘ 

ʚʠʟʥʘʯʝʥʥʷʤ ʜʝʨʞʘʚʠ, ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʬʽʟʠʯʥʫ ʷʜʝʨʥʫ ʙʝʟʧʝʢʫ [1]. 

ʇʦ ʩʫʪʽ, ʟʘʛʨʦʟʘ - ʮʝ ʧʦʨʫʰʥʠʢ, ʜʣʷ ʧʨʦʪʠʜʽʾ ʷʢʦʤʫ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ 

[3]. ʅʘʜʟʚʠʯʘʡʥʽ ʧʦʜʽʾ, ʪʘʢʽ ʷʢ ʧʘʥʜʝʤʽʷ Covid-19 ʘʙʦ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʘ ʧʨʠʨʦʜʥʘ 

ʢʘʪʘʩʪʨʦʬʘ (ʥʘʧʨʠʢʣʘʜ, ʟʝʤʣʝʪʨʫʩ ʟ ʧʦʜʘʣʴʰʠʤ ʮʫʥʘʤʽ), ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ 

ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ, ʘʣʝ ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʥʘʷʚʥʽʩʪʴ ʧʦʨʫʰʥʠʢʘ ʫ ʨʦʟʤʽʥʥʽ ʬʽʟʠʯʥʦʾ 

ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ [4]. ɸʥʘʣʦʛʽʯʥʦ ʧʽʜ ʯʘʩ ʟʙʨʦʡʥʦʛʦ ʢʦʥʬʣʽʢʪʫ, ʥʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʬʘʢʪʫ 

ʥʘʧʘʜʫ ʥʘ ʷʜʝʨʥʠʡ ʦʙôʻʢʪ, ʚʩʝ ʦʜʥʦ ʪʘʢʽ ʜʽʾ ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʬʽʟʠʯʥʫ 

ʷʜʝʨʥʫ ʙʝʟʧʝʢʫ. ʅʘʧʨʠʢʣʘʜ, ʧʦʰʢʦʜʞʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʷʜʝʨʥʦʾ 

ʫʩʪʘʥʦʚʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʣʠʰʝ ʟʘʛʨʦʟʠ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʫ çʧʨʦʝʢʪʥʽʡ ʟʘʛʨʦʟʽè, ʤʦʞʫʪʴ ʤʘʪʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʬʽʟʠʯʥʫ ʷʜʝʨʥʫ ʙʝʟʧʝʢʫ. 

ʇʦ-ʜʨʫʛʝ, ʩʣʽʜ ʚʠʟʥʘʪʠ, ʱʦ ʥʝ ʣʠʰʝ ʟʙʨʦʡʥʽ ʢʦʥʬʣʽʢʪʠ ʤʦʞʫʪʴ ʥʝʩʪʠ ʟʘʛʨʦʟʫ ʷʜʝʨʥʽʡ 

ʙʝʟʧʝʮʽ. ʂʨʽʤ ʚʽʡʥʠ ʤʽʞ ʜʝʨʞʘʚʘʤʠ, ʧʨʠʢʣʘʜʠ ʪʘʢʠʭ ʩʮʝʥʘʨʽʾʚ ʚʢʣʶʯʘʶʪʴ ʨʦʟʧʘʜ ʜʝʨʞʘʚʠ 

(ʪʦʙʪʦ ʢʨʘʭʫ ʜʝʨʞʘʚʠ) ʽ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʽ ʛʨʦʤʘʜʷʥʩʴʢʽ ʟʘʚʦʨʫʰʝʥʥʷ. ɯʥʮʠʜʝʥʪʠ, ʧʦʚôʷʟʘʥʽ 

ʟ ʟʘʛʨʦʟʘʤʠ, ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ çʧʨʦʝʢʪʥʦʾ ʟʘʛʨʦʟʠè, ʩʣʽʜ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʾʭʥʽʤ 

ʤʘʩʰʪʘʙʦʤ, ʦʩʢʽʣʴʢʠ ʤʘʩʰʪʘʙ ʚʠʟʥʘʯʘʪʠʤʝ ʟʘʣʫʯʝʥʠʭ ʫʯʘʩʥʠʢʽʚ ʽ, ʦʪʞʝ, ʨʦʟʧʦʜʽʣ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. ʆʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʻ ʢʣʘʩʠʬʽʢʘʮʽʷ ʽʥʮʠʜʝʥʪʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʜʝʨʥʫ 

ʙʝʟʧʝʢʫ, ʷʢ ʤʽʞʥʘʨʦʜʥʽ ʘʙʦ ʥʘʮʽʦʥʘʣʴʥʽ. ʄʽʞʥʘʨʦʜʥʽ ʽʥʮʠʜʝʥʪʠ ʚʢʣʶʯʘʪʠʤʫʪʴ, ʥʘʧʨʠʢʣʘʜ, 

ʤʽʞʥʘʨʦʜʥʽ ʟʙʨʦʡʥʽ ʢʦʥʬʣʽʢʪʠ, ʪʦʙʪʦ ʚʦʨʦʞʥʝʯʫ ʤʽʞ ʜʚʦʤʘ ʯʠ ʙʽʣʴʰʝ ʜʝʨʞʘʚʘʤʠ. 

ʅʘʮʽʦʥʘʣʴʥʽ ʽʥʮʠʜʝʥʪʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʟʠʯʥʫ ʷʜʝʨʥʫ ʙʝʟʧʝʢʫ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʝʤʽʞʥʘʨʦʜʥʠʤʠ ʟʙʨʦʡʥʠʤʠ ʢʦʥʬʣʽʢʪʘʤʠ, ʪʦʙʪʦ ʙʦʡʦʚʠʤʠ ʜʽʷʤʠ ʤʽʞ ʜʝʨʞʘʚʦʶ ʪʘ 

ʥʝʜʝʨʞʘʚʥʠʤʠ ʟʙʨʦʡʥʠʤʠ ʛʨʫʧʘʤʠ ʘʙʦ ʣʠʰʝ ʤʽʞ ʥʝʜʝʨʞʘʚʥʠʤʠ ʟʙʨʦʡʥʠʤʠ ʛʨʫʧʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ ʫ ʩʮʝʥʘʨʽʷʭ ʟʘʚʦʨʫʰʝʥʴ ʘʙʦ ʨʦʟʧʘʜʫ ʜʝʨʞʘʚʠ [5]. 

ʇʦ-ʪʨʝʪʻ, ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʝʞʠʤʫ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʟʙʨʦʡʥʠʭ 

ʢʦʥʬʣʽʢʪʽʚ ʤʘʻ ʙʫʪʠ ʟʘʧʦʙʽʛʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʚʠʢʠʜʘʤ ʽ ʥʝʜʦʧʫʱʝʥʥʷ ʚʠʭʦʜʫ ʷʜʝʨʥʠʭ ʪʘ 

ʽʥʰʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ-ʧʽʜ ʨʝʛʫʣʶʶʯʦʛʦ ʢʦʥʪʨʦʣʶ. ʇʨʠ ʧʣʘʥʫʚʘʥʥʽ ʟʘʭʦʜʽʚ ʽʟ 

ʧʨʦʪʠʜʽʾ ʟʘʛʨʦʟʘʤ ʟʙʨʦʡʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ. ʅʘʧʨʠʢʣʘʜ, 

ʧʦʨʫʰʥʠʢ ʤʦʞʝ ʥʘʚʤʠʩʥʦ ʩʧʨʠʯʠʥʠʪʠ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʚʠʢʠʜ ʥʘ ʘʪʦʤʥʽʡ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʪʦʜʽ 

ʷʢ ʚʽʡʥʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʘʛʘʣʴʥʽ ʧʝʨʝʙʦʾ ʚ ʣʘʥʮʶʛʘʭ ʧʦʩʪʘʯʘʥʥʷ ʘʙʦ ʜʦʩʪʫʧʥʦʩʪʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʷʜʝʨʥʦʤʫ ʦʙôʻʢʪʽ. ʅʘ ʝʪʘʧʽ ʧʣʘʥʫʚʘʥʥʷ ʜʝʨʞʘʚʘ ʤʘʻ ʚʠʨʽʰʠʪʠ, ʯʠ ʧʦʚʠʥʥʘ 

ʝʢʩʧʣʫʘʪʫʶʯʘ ʦʨʛʘʥʽʟʘʮʽʷ ʥʝʩʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʥʝ ʣʠʰʝ ʟʘ ʧʨʦʪʠʜʽʶ ʥʘʧʘʜʫ ʧʦʨʫʰʥʠʢʘ, 

ʘ ʽ ʟʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʽʥʰʠʭ ʥʘʩʣʽʜʢʽʚ ʚʝʜʝʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ (ʥʘʧʨʠʢʣʘʜ, 

ʪʨʠʚʘʣʠʭ ʧʝʨʝʙʦʾʚ ʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ ʟʟʦʚʥʽ). 

ɯ ʥʘ ʦʩʪʘʥʥʻ, ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʥʘʜʽʡʥʫ ʩʠʩʪʝʤʫ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʽ ʩʮʝʥʘʨʽʾ, ʚʠʟʥʘʯʝʥʽ ʚʠʱʝ: ʥʘʜʟʚʠʯʘʡʥʽ ʧʦʜʽʾ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʟʠʯʥʫ ʷʜʝʨʥʫ 

ʙʝʟʧʝʢʫ, ʘʣʝ ʥʝ ʻ ʟʘʛʨʦʟʘʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ (ʥʘʧʨʠʢʣʘʜ, ʧʘʥʜʝʤʽʷ ʘʙʦ 

ʩʪʠʭʽʡʥʝ ʣʠʭʦ), ʤʽʞʥʘʨʦʜʥʽ ʟʙʨʦʡʥʽ ʢʦʥʬʣʽʢʪʠ ʽ ʥʝʤʽʞʥʘʨʦʜʥʽ (ʚʥʫʪʨʽʰʥʴʦʜʝʨʞʘʚʥʽ) 

ʟʙʨʦʡʥʽ ʢʦʥʬʣʽʢʪʠ. ʊʘʢʝ ʧʣʘʥʫʚʘʥʥʷ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʧʝʚʥʦʶ ʤʽʨʦʶ ʚ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ, ʘʣʝ ʮʝ 

ʥʝ ʻ ʧʦʰʠʨʝʥʠʤ ʷʚʠʱʝʤ. 

ɺʠʩʥʦʚʢʠ. ʋ ʧʽʜʩʫʤʢʫ ʤʦʞʥʘ ʽʟ ʚʧʝʚʥʝʥʽʩʪʶ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ 

ʧʦʪʨʝʙʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʫʪʦʯʥʝʥʥʽ ʜʽʡ ʚʩʽʭ ʩʫʙôʻʢʪʽʚ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʝʢʩʧʣʫʘʪʫʶʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʧʽʜ ʯʘʩ ʪʘʢʠʭ ʧʦʜʽʡ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʨʝʞʠʤ ʬʽʟʠʯʥʦʾ 

ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʧʦʚʠʥʝʥ ʧʝʨʝʜʙʘʯʘʪʠ, ʷʢʠʤ ʯʠʥʦʤ ʝʢʩʧʣʫʘʪʫʶʯʘ ʦʨʛʘʥʽʟʘʮʽʷ ʤʘʻ 

ʚʠʢʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʪʨʠ ʬʫʥʢʮʽʾ ʧʽʜ ʯʘʩ ʥʘʜʟʚʠʯʘʡʥʠʭ ʧʦʜʽʡ: ʚʠʢʦʥʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ 

ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʥʘʜʘʚʘʪʠ ʜʦʧʦʤʦʛʫ ʜʝʨʞʘʚʽ ʫ ʧʨʦʪʠʜʽʾ ʟʘʛʨʦʟʘʤ, ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ 

çʧʨʦʝʢʪʥʠʭ ʟʘʛʨʦʟè, ʘ ʪʘʢʦʞ ʥʘʜʘʚʘʪʠ ʜʦʧʦʤʦʛʫ ʜʝʨʞʘʚʽ ʫ ʧʦʤôʷʢʰʝʥʥʽ ʥʘʩʣʽʜʢʽʚ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʧʦʜʽʡ. ɯ ʄɸɻɸʊɽ ʤʘʻ ʟʤʦʛʫ ʥʘʜʘʚʘʪʠ ʜʝʨʞʘʚʘʤ ʜʦʧʦʤʦʛʫ ʚ ʨʦʟʨʦʙʮʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʂʆʇʄʃɽʂʉ ʇʈʆʊʀɼɯɰ ɹʇʃɸ ɺ ʉʂʃɸɼɯ ʉʀʉʊɽʄʀ ʌɯɿʀʏʅʆɻʆ ɿɸʍʀʉʊʋ 

ɸʊʆʄʅʀʍ ɽʃɽʂʊʈʀʏʅʀʍ ʉʊɸʅʎɯʁ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ɿʙʨʦʡʥʠʭ ʩʠʣʘʭ ʋʢʨʘʾʥʠ ʧʽʜ ʪʝʨʤʽʥʦʤ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʘ ʙʦʨʦʪʴʙʘ (ʈɽɹ) ʨʦʟʫʤʽʶʪʴ [1, 2] ʩʫʢʫʧʥʽʩʪʴ ʫʟʛʦʜʞʝʥʠʭ ʟʘ ʤʝʪʦʶ, 

ʟʘʚʜʘʥʥʷʤʠ, ʤʽʩʮʝʤ ʽ ʯʘʩʦʤ ʦʜʥʦʯʘʩʥʠʭ ʽ ʧʦʩʣʽʜʦʚʥʠʭ ʜʽʡ ʟ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚʽʡʩʴʢʘʤʠ ʪʘ ʟʙʨʦʻʶ ʧʨʦʪʠʚʥʠʢʘ ʽ ʟʘʭʦʜʽʚ ʱʦʜʦ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ 

ʟʘʭʠʩʪʫ ʈɽɿ ʩʚʦʾʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʚʘʛʠ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ. ʇʨʦʙʣʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ɹʇʃɸ ʜʣʷ ʟʣʦʯʠʥʥʠʭ ʜʽʡ 

ʩʪʦʾʪʴ ʛʦʩʪʨʦ, ʪʦʞ ʤʝʪʦʜʠ ʙʦʨʦʪʴʙʠ ʧʦʪʨʽʙʥʦ ʪʘʢʦʞ ʨʦʟʚʠʚʘʪʠ. ʇʦʚʥʦʮʽʥʥʠʡ ʢʦʤʧʣʝʢʩ ʈɽɹ 

ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ɸɽʉ ʪʦʤʫ ʱʦ ʥʝʚʽʜʦʤʽ ʥʘʩʣʽʜʢʠ ʚʧʣʠʚʫ ʪʘʢʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʙʝʟʧʝʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʦʾ ʩʪʘʥʮʽʾ. ʈʽʰʝʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʟʘʭʠʩʪʫ ʤʘʣʦʧʦʪʫʞʥʠʭ, ʩʧʨʷʤʦʚʘʥʠʭ ʜʞʝʨʝʣ ʨʘʜʽʦ-ʟʘʚʘʜ [3].  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʙʦʨʦʪʴʙʠ ʟ ɹʇʃɸ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʝʣʠʢʽ, ʧʦʪʫʞʥʽ 

ʪʘ ʢʦʰʪʦʚʥʽ ʢʦʤʧʣʝʢʩʠ ʈɽɹ [4]. 

ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʢʦʤʧʣʝʢʩʠ ʚʠʧʨʦʤʽʥʶʶʪʴ ʨʘʜʽʦ-ʟʘʚʘʜʫ ʫ ʚʩʽ ʩʪʦʨʦʥʠ ʨʽʚʥʦʤʽʨʥʦ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ. ɺ ʢʦʤʧʣʝʢʩ ʤʘʻ ʚʭʦʜʠʪʠ ʩʠʩʪʝʤʘ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʢʦʪʨʽ ʚʠʧʨʦʤʽʥʶʻ ʯʠ ʦʪʨʠʤʫʻ ɹʇʃɸ, ʮʝ ʦʨʛʘʥʽʟʦʚʫʶʪʴ ʦʢʨʝʤʠʤ 

ʢʦʰʪʦʚʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʨʘʜʽʦʨʦʟʚʽʜʢʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʙʝʟʧʝʯʥʦʾ, ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʟʘʚʘʜʠ, ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʩʧʨʷʤʫʚʘʪʠ ʟʘʚʘʜʫ ʪʘ 

ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʥʘ ʽʥʰʽ ʩʠʩʪʝʤʠ ʷʢʠʤʠ ʢʦʨʠʩʪʫʶʪʴʩʷ ʥʘ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʷʭ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʪʨʫʢʪʫʨʫ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʠʪʴ ʚʠʤʦʛʠ ʜʦ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɹʇʃɸ ï ɹʝʟʧʽʣʦʪʥʠʡ ʃʽʪʘʣʴʥʠʡ ɸʧʘʨʘʪ, ʜʨʦʥ, ʢʚʘʜʨʦʢʦʧʪʝʨ 

ʪʦʱʦ. 

ɭ ʢʽʣʴʢʘ ʩʮʝʥʘʨʽʾʚ ʢʝʨʫʚʘʥʥʷ ɹʇʃɸ ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʤʦʞʥʘ ʧʝʨʝʨʚʘʪʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʚʧʣʠʚʦʤ: 

- ʆʧʝʨʘʪʦʨ ɹʇʃɸ ʢʝʨʫʻ ʘʧʘʨʘʪʦʤ ʟ ʧʫʣʴʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽ ʦʪʨʠʤʫʻ ʚʽʜʝʦʩʠʛʥʘʣ ʟ 
ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʢʦʨʝʛʫʚʘʪʠ ʧʦʣʽʪ. 

- ʆʧʝʨʘʪʦʨ ɹʇʃɸ ʧʨʦʛʨʘʤʫʻ ʧʦʣʴʦʪʥʝ ʟʘʚʜʘʥʥʷ ʽ ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʥʽʷʢ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 
ʧʦʣʽʪ, ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʢʦʨʝʛʫʻ ʧʦʣʽʪ ʢʦʨʠʩʪʫʶʯʠʩʴ ʩʫʧʫʪʥʠʢʦʚʦʶ ʤʝʨʝʞʝʶ 

ʜʣʷ ʥʘʚʽʛʘʮʽʾ. 

ɯʥʰʽ ʩʮʝʥʘʨʽʾ ʩʢʣʘʜʥʽʰʽ ʪʝʭʥʽʯʥʦ, ʜʦʨʦʞʯʽ ʪʘ ʤʝʥʰ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʟʣʦʯʠʥʥʠʭ ʜʽʡ, ʷʢ ʧʨʠʢʣʘʜ ʽʥʝʨʮʽʡʥʘ ʩʠʩʪʝʤʘ ʥʘʚʽʛʘʮʽʾ ʟʘʭʠʱʝʥʘ ʚʽʜ ʈɽɹ, ʘʣʝ ʚʦʥʘ ʥʝ 

ʜʦʟʚʦʣʠʪʴ ʪʘʢ ʪʦʯʥʦ ʧʦʟʠʮʽʦʥʫʚʘʪʠ ɹʇʃɸ ʚ ʧʨʦʩʪʦʨʽ. 

ɿʛʽʜʥʦ ʚʠʱʝ ʚʠʢʣʘʜʝʥʠʤ ʩʮʝʥʘʨʽʷʤ, ʢʦʤʧʣʝʢʩ ɹʇʃɸ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʫʣʴʪʘ ʢʝʨʫʚʘʥʥʷ, 

ʦʢʫʣʷʨʽʚ ʯʠ ʤʦʥʽʪʦʨʫ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜʝʦ ʟ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ, ʘʙʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ 

ʱʦ ʦʙʣʘʜʥʘʥʠʡ ʩʠʩʪʝʤʦʶ ʩʫʧʫʪʥʠʢʦʚʦʾ ʥʘʚʽʛʘʮʽʾ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʣʴʦʪʥʦʛʦ ʟʘʚʜʘʥʥʷ ʙʝʟ 

ʦʧʝʨʘʪʦʨʘ. ʆʪʞʝ ʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʙʫʪʠ ʚʧʣʠʚ ʥʘ ʢʘʥʘʣʠ ʧʨʠʡʦʤʫ ʽʥʬʦʨʤʘʮʽʾ ɹʇʃɸ 

ʘʙʦ ʦʧʝʨʘʪʦʨʘ. ʇʨʦʩʪʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʻ ʧʦʩʪʘʥʦʚʘ ʨʘʜʽʦ ʟʘʚʘʜʠ ʚ ʜʽʘʧʘʟʦʥʘʭ ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧʣʝʢʩʠ ɹʇʃɸ. 

ʑʦʙ ʧʨʦʪʠʜʽʷʪʠ ʧʦʪʨʽʙʥʦ ʪʦʯʥʦ ʟʥʘʪʠ ʷʢ ʩʘʤʝ ï ʪʦʞ ʧʝʨʝʜ ʪʠʤ ʷʢ ʟʘʩʪʦʩʫʚʘʪʠ ʨʘʜʽʦ 

ʟʘʚʘʜʫ, ʧʦʪʨʽʙʥʦ ʾʾ ʩʬʦʨʤʫʚʘʪʠ. ʑʦʙ ʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʫʚʘʪʠ ʨʘʜʽʦ ʟʘʚʘʜʫ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʚ 

ʷʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʦʥʘ ʙʫʜʝ ʝʬʝʢʪʠʚʥʦ ʧʨʦʪʠʜʽʷʪʠ ʢʝʨʫʚʘʥʥʶ ɹʇʃɸ. 
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ɺʠʟʥʘʯʠʪʠ ʷʢʫ ʟʘʚʘʜʫ ʧʦʪʨʽʙʥʦ ʬʦʨʤʫʚʘʪʠ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʷʢʱʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʩʠʛʥʘʣ ʱʦ ʚʠʧʨʦʤʽʥʶʻ ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ, ʘʙʦ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ. ʂʦʣʠ 

ʣʽʪʘʣʴʥʠʤ ʘʧʘʨʘʪʦʤ ʢʝʨʫʶʪʴ ʟ ʧʫʣʴʪʘ ʤʦʞʥʘ ʧʝʨʝʭʦʧʠʪʠ ʢʝʨʫʚʘʥʥʷ, ʘʙʦ ʟʘʚʘʜʠʪʠ ɹʇʃɸ 

ʦʪʨʠʤʘʪʠ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʫʥʝʤʦʞʣʠʚʠʪʴ ʢʝʨʫʚʘʥʥʷ, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʣʽʪʘʣʴʥʠʡ 

ʘʧʘʨʘʪ ʚʠʧʨʦʤʽʥʶʻ ʩʠʛʥʘʣ ʜʣʷ ʥʘʚʽʛʘʮʽʾ ʽ ʦʪʨʠʤʫʻ ʚʽʜʛʫʢ ʚʽʜ ʤʝʨʝʞʽ ʩʫʧʫʪʥʠʢʽʚ, ʩʠʛʥʘʣ ʷʢʠʡ 

ʚʠʧʨʦʤʽʥʶʻ ɹʇʃɸ ʪʘʢʦʞ ʤʦʞʥʘ ʟʘʬʽʢʩʫʚʘʪʠ [5]. 

ʆʪʞʝ ʧʝʨʰʦʶ ʩʢʣʘʜʦʚʦʶ ʢʦʤʧʣʝʢʩʫ ʤʘʻ ʙʫʪʠ ʘʥʪʝʥʥʠʡ ʧʦʩʪ ʟ ʧʨʠʡʦʤʥʠʤʠ 

ʘʥʪʝʥʘʤʠ, ʪʦʯʥʽʰʝ ʢʽʣʴʢʘ ʘʥʪʝʥʥʠʭ ʧʦʩʪʽʚ, ʦʙôʻʜʥʘʥʠʭ ʚ ʦʜʥʫ ʤʝʨʝʞʫ ʮʝʥʪʨʦʤ ʦʙʨʦʙʢʠ. 

ʊʘʢʠʡ ʘʥʪʝʥʥʠʡ ʧʦʩʪ ʧʦʚʠʥʝʥ ʧʨʠʡʤʘʪʠ ʩʠʛʥʘʣ ʚ ʜʫʞʝ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ʊʘʢʦʞ 

ʮʽ ʘʥʪʝʥʠ ʥʽʷʢ ʥʝ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʙʦʪʫ ʽʥʰʠʭ ʩʠʩʪʝʤ, ʪʘʢ ʷʢ ʚʦʥʠ ʧʘʩʠʚʥʽ, ʪʘ ʪʽʣʴʢʠ 

ʧʨʠʡʤʘʶʪʴ ʩʠʛʥʘʣ ʥʽʯʦʛʦ ʥʝ ʚʠʧʨʦʤʽʥʶʶʯʠ. ʏʠʤ ʙʽʣʴʰʝ ʘʥʪʝʥ ʙʫʜʝ ʚ ʩʠʩʪʝʤʽ - ʪʠʤ ʪʦʯʥʽʰʝ 

ʤʦʞʥʘ ʙʫʜʝ ʧʦʟʠʮʽʦʥʫʚʘʪʠ ʚ ʧʨʦʩʪʦʨʽ ɹʇʃɸ, ʟʘʜʽʷʚʰʠ ʤʝʪʦʜ ʪʨʠʘʥʛʫʣʷʮʽʾ. 

ɼʨʫʛʘ ʩʢʣʘʜʦʚʘ ʮʝ ʢʝʨʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ ʢʦʪʨʠʡ 

ʙʫʜʝ ʧʨʦʪʠʜʽʷʪʠ ɹʇʃɸ. ʅʘʧʨʘʚʣʝʥʘ ʚʠʧʨʦʤʽʥʶʶʯʘ ʘʥʪʝʥʘ, ʘʙʦ ʢʽʣʴʢʘ ʘʥʪʝʥ, ʘ ʪʘʢʦʞ 

ʧʦʚʦʨʦʪʥʘ ʧʣʘʪʬʦʨʤʘ. ʇʦʚʦʨʦʪʥʘ ʧʣʘʪʬʦʨʤʘ ʦʙʦʚ`ʷʟʢʦʚʦ ʦʙʤʝʞʫʻʪʴʩʷ ʬʽʟʠʯʥʦ ʚ ʩʚʦʙʦʜʽ 

ʨʫʭʽʚ, ʪʘʢ ʱʦʙ ʚʠʧʨʦʤʽʥʶʚʘʯ ʙʫʣʦ ʥʝ ʤʦʞʣʠʚʦ ʧʦʚʝʨʥʫʪʠ ʚ ʩʪʦʨʦʥʫ ʪʝʨʠʪʦʨʽʾ ʘʪʦʤʥʦʾ 

ʩʪʘʥʮʽʾ, ʟʘʣʠʰʠʚʰʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʧʨʦʤʽʥʝʥʥʷ ʪʽʣʴʢʠ ʥʘʟʦʚʥʽ. 

 

 
ʈʠʩʫʥʦʢ 1 - ɼʽʘʛʨʘʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʧʨʘʚʣʝʥʦʾ ʘʥʪʝʥʠ. 

 

ʊʨʝʪʷ ʩʢʣʘʜʦʚʘ ʮʝ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʦʤ ʈɽɹ. ʇʦʪʨʽʙʥʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʨʦʙʦʪʫ ʢʦʤʧʣʝʢʩʫ, ʜʣʷ ʰʚʠʜʢʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ɹʇʃɸ, ʧʦʙʫʜʦʚʠ ʧʝʨʝʰʢʦʜʠ 

ʪʘ ʥʘʧʨʘʚʣʝʥʥʷ ʾʾ ʥʘ ɹʇʃɸ ʘʙʦ ʥʘ ʦʧʝʨʘʪʦʨʘ. ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʤʝʪʦʜʦʤ ʙʦʨʦʪʴʙʠ ʻ 

ʧʝʨʝʭʦʧʣʝʥʥʷ ʢʝʨʫʚʘʥʥʷ ʜʨʦʥʦʤ, ʘʣʝ ʮʝ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, ʥʘʧʨʠʢʣʘʜ 

ʷʢʱʦ ʮʝ ɹʇʃɸ FPV ʥʘ ʙʘʟʽ ʚʽʜʢʨʠʪʦʛʦ ʥʝ ʢʦʤʝʨʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʧʨʦʪʦʢʦʣʘʤʠ ʢʝʨʫʚʘʥʥʷ. ʗʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʰʠʬʨʦʚʘʥʠʡ ʩʠʛʥʘʣ ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ ʰʚʠʜʢʦ 

ʨʦʟʰʠʬʨʫʚʘʪʠ ʪʦ ʚ ʜʽʶ ʤʘʻ ʚʩʪʫʧʠʪʠ ʽʥʰʠʡ ʧʨʦʪʦʢʦʣ ʧʨʦʪʠʜʽʾ, ʟʘʚʘʜʘ ʫ ʚʠʛʣʷʜʽ çʙʽʣʦʛʦ 

ʰʫʤʫè, ʷʢʘ ʧʨʦʩʪʦ ʫʥʝʤʦʞʣʠʚʠʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ ʜʣʷ ɹʇʃɸ. ʋ ʚʠʧʘʜʢʫ ʣʽʪʘʶʯʦʛʦ 

ʘʧʘʨʘʪʫ ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʨʦʙʦʪʠ ʩʫʧʫʪʥʠʢʦʚʫ ʥʘʚʽʛʘʮʽʶ ï ʜʦʩʪʘʪʥʴʦ ʧʦʩʪʘʚʠʪʠ ʟʘʚʘʜʫ 

ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ GPS [6]. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʦʙ`ʻʢʪʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ ʘʪʦʤʥʽ 

ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ ʫʨʘʟʣʠʚʽ ʜʦ ʰʢʽʜʣʠʚʠʭ ʜʽʡ ʷʢʽ ʤʦʞʫʪʴ ʚʯʠʥʠʪʠ ʟʣʦʯʠʥʮʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʘʜʽʦʢʝʨʦʚʘʥʽ ɹʇʃɸ. ɹʝʟʧʝʯʥʠʤ ʤʝʪʦʜʦʤ ʙʦʨʦʪʴʙʠ ʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʚʧʣʠʚ. ʉʪʚʦʨʝʥʥʷ ʢʝʨʦʚʘʥʦʾ ʟʘʚʘʜʠ ʤʘʣʦʧʦʪʫʞʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʨʘʜʽʦ-ʝʣʝʢʪʨʦʥʥʦʾ ʙʦʨʦʪʴʙʠ 

ʻ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʥʘ ʽʥʰʽ ʩʠʩʪʝʤʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼʆʃʆɻɯɰ ʈʆɿʈɸʍʋʅʂʋ ɯɸɹ ɼʃʗ ʆʎɯʅʂʀ 

ɺʈɸɿʃʀɺʆʉʊɯ ʉʀʉʊɽʄʀ ʌɯɿʀʏʅʆɻʆ ɿɸʍʀʉʊʋ ʅɸ ɽʊɸʇɯ ɰɰ 

ʇʈʆɽʂʊʋɺɸʅʅʗ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ.  

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʷʜʝʨʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʛʣʦʙʘʣʴʥʫ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʬʦʥʽ 

ʤʽʞʥʘʨʦʜʥʠʭ ʛʝʦʧʦʣʽʪʠʯʥʠʭ ʢʦʥʬʣʽʢʪʽʚ, ʧʠʪʘʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʗʋ ʻ 

ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ.  

ʂʣʶʯʦʚʫ ʨʦʣʴ ʫ  ʨʝʘʣʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʪʘ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ ʚʽʜʽʛʨʘʻ ʩʘʤʝ 

ʘʪʦʤʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʆʧʝʨʘʪʦʨ (ʚʽʜʧʦʚʽʜʥʦ ʣʽʮʝʥʟʽʘʪ), ʷʢʠʡ ʝʢʩʧʣʫʘʪʫʻ ʙʽʣʴʰʽʩʪʴ ʷʜʝʨʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʜʝʨʞʘʚʠ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʜʘʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʮʽʣʝʡ,  ʨʦʙʠʪʴ ʥʘʩʪʫʧʥʽ 

ʢʨʦʢʠ [1]: 

- ʫʢʣʘʜʘʥʥʷ ʫʛʦʜʠ ʤʽʞ ɸʊ ʅɸɽʂ çɽʥʝʨʛʦʘʪʦʤè ʪʘ ʘʤʝʨʠʢʘʥʩʴʢʦ  ʁʢʦʤʧʘʥʽʻ  ʁçHoltec 

Internationalè ʧʨʦ ʙʫʜʽʚʥʠʮʪʚʦ ʚ ʋʢʨʘʾʥʽ ʜʦ 20 ʘʪʦʤʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟ ʤʘʣʠʤʠ 

ʤʦʜʫʣʴʥʠʤʠ ʨʝʘʢʪʦʨʘʤʠ SMR-160.  

- ʫʢʣʘʜʘʥʥʷ ʤʝʤʦʨʘʥʜʫʤʫ ʤʽʞ ɸʊ ʅɸɽʂ çɽʥʝʨʛʦʘʪʦʤè ʪʘ ʘʤʝʨʠʢʘʥʩʴʢʦ  ʁʢʦʤʧʘʥʽʻʶ 

çWestinghouse Electricè ʱʦʜʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ ʥʦʚʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟʘ 

ʪʝʭʥʦʣʦʛʽʻʶ AP-1000.  

- ʧʽʜʧʠʩʘʥʥʷ ʜʚʦʩʪʦʨʦʥʥʽʭ ʢʦʥʪʨʘʢʪʽʚ ʱʦʜʦ ʨʦʟʰʠʨʝʥʥʷ ʩʧʽʚʧʨʘʮʽ ʫ ʩʬʝʨʽ ʷʜʝʨʥʦʛʦ 
ʧʘʣʠʚʘ ʤʽʞ ɸʊ ʅɸɽʂ çɽʥʝʨʛʦʘʪʦʤè ʪʘ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʫʨʘʥʦʚʠʭ ʢʦʤʧʘʥʽʡ ʩʚʽʪʫ 

çCamecoè.  

- ʨʝʘʣʽʟʘʮʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʣʽʥʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʟʙʽʨʦʢ ʜʣʷ ʷʜʝʨʥʠʭ 

ʨʝʘʢʪʦʨʽʚ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ Westinghouse ʥʘ ʧʦʪʫʞʥʦʩʪʷʭ ɸʊ ʅɸɽʂ çɽʥʝʨʛʦʘʪʦʤè ʚ 

ʋʢʨʘʾʥʽ. 

- ʜʦʙʫʜʦʚʘ ʝʥʝʨʛʦʙʣʦʢʽʚ ˉ3 ʪʘ ˉ4 ʍʤʝʣʴʥʠʮʴʢʦʾ ɸɽʉ ʟʘ ʧʽʜʪʨʠʤʢʠ ʢʨʘʾʥ ɽʉ. 

ʊʦʤʫ, ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ ʜʣʷ ʽʩʥʫʶʯʠʭ ʘ ʪʘʢʦʞ ʤʘʡʙʫʪʥʽʭ ʉʌɿ 

ʗʋ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʢʝʨʽʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ ʄɸɻɸʊɽ [2], ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ 

ʚʨʘʟʣʠʚʦʩʪʽ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʤʝʪʦʜʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢ ʽ ʥʘʩʪʽʣʴʥʠʭ 

ʚʧʨʘʚ, ʱʦ ʧʨʦʛʥʦʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʉʌɿ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʩʚʽʪʽ ʽʩʥʫʻ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʧʨʦʛʨʘʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʨʦʟʨʘʭʫʥʦʢ 

ʚʨʘʟʣʠʚʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʉʌɿ ʙʫʜʴ-ʷʢʦʛʦ ʦʙôʻʢʪʘ. ɼʦ ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʚʽʜʥʦʩʷʪʴʩʷ [3]: 

- ASSESS (Analytic System and Software for Evaluating Safeguards and Security) 

- EASI (Estimate of Adversary Sequence Interruption)  

- SAFE (Safeguards Automated Facility Evaluation) 

ʂʝʨʽʚʥʠʮʪʚʦ ʄɸɻɸʊɽ [4]  ʟʘʩʪʝʨʽʛʘʻ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʩʠʤʫʣʷʮʽʡ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʤʦʞʫʪʴ ʥʝ ʚʽʜʦʙʨʘʞʘʪʠ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʨʝʘʛʫʚʘʥʥʷ ʽ ʤʦʞʫʪʴ ʫʧʫʩʪʠʪʠ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ 

ʩʮʝʥʘʨʽʾʚ ʥʘʧʘʜʫ. ʇʦʙʫʜʦʚʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʦʜʝʣʝʡ (ʜʝʨʝʚ ʧʦʜʽʡ) ʟʘ 

ʤʝʪʦʜʦʣʦʛʽʻʶ ɯɸɹ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʽʟʫ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʘ ʜʣʷ ʦʢʨʝʤʦ 

ʚʟʷʪʦʾ ʉʌɿ ʤʦʞʝ ʙʫʪʠ ʥʘʙʘʛʘʪʦ ʝʬʝʢʪʠʚʥʽʰʠʤʠ ʽ ʜʝʪʘʣʽʟʦʚʘʥʠʤʠ ʧʽʜʭʦʜʦʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʷʢʽ ʟʘʢʣʘʜʝʥʽ ʫ ʘʣʛʦʨʠʪʤʘʭ ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʱʝ 
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ʧʨʦʛʨʘʤ. ɹʽʣʴʰ ʪʦʛʦ, ʮʝʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʠʡ ʫ ʢʦʤʧʣʝʢʩʥʠʡ ɯɸɹ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɯʥʪʝʛʨʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ɯɸɹ ʫ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ 

ʚʨʘʟʣʠʚʦʩʪʽ ʉʌɿ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʦʙôʻʢʪʠʚʥʠʭ ʽ ʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʥʷ ʜʘʥʦʾ ʦʮʽʥʢʠ 

ʰʣʷʭʦʤ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʽ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʤʦʩʪʽ ʚʧʣʠʚʫ ʥʘʷʚʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʂʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʘʥʘʣʽʟʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʉʌɿ ʻ ʦʮʽʥʢʘ 

ʾʾ ʚʨʘʟʣʠʚʦʩʪʽ. ʇʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʉʌɿ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʾʾ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ (ʈʠʩ. 1)  
ʧʦʚʠʥʝʥ ʧʨʦʚʦʜʠʪʠʩʷ ʧʦʩʣʽʜʦʚʥʦ, ʚʠʚʘʞʝʥʦ ʪʘ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ [5]: 

1. ɺʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʜʦ ʉʌɿ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

- ʦʧʠʩʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʨʝʞʠʤʠ ʪʘ ʫʤʦʚʠ ʨʦʙʦʪʠ ʦʙôʻʢʪʘ 

- ʚʠʟʥʘʯʠʪʠ ʩʧʝʢʪʨ ʟʘʛʨʦʟ 

- ʚʠʟʥʘʯʠʪʠ ʮʽʣʽ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ 

- ʚʠʟʥʘʯʠʪʠ ʥʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ 

2. ʈʦʟʨʦʙʢʘ ʉʌɿ. ɺʠʟʥʘʯʝʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʙʘʨôʻʨʽʚ, ʜʘʪʯʠʢʽʚ, ʧʨʦʮʝʜʫʨ, 

ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ, ʩʠʣ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʫ ʉʌɿ, ʷʢʘ ʤʦʞʝ ʟʘʜʦʚʽʣʴʥʠʪʠ ʚʠʤʦʛʘʤ 

ʟʘʭʠʩʪʫ ʚ ʨʘʤʢʘʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ, ʙʝʟʧʝʢʦʚʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʦʙôʻʢʪʘ. 

ʂʦʤʙʽʥʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʩʣʘʙʢʽ ʽ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

3. ʆʮʽʥʢʘ ʉʌɿ. ʇʝʨʝʚʽʨʢʘ ʥʝʦʙʭʽʜʥʠʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ, ʪʘʢʠʭ ʷʢ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʚʭʦʜʦʤ, ʟʘʪʨʠʤʢʘ ʜʦʩʪʫʧʫ, ʢʦʤʫʥʽʢʘʮʽʾ ʫ ʚʽʜʧʦʚʽʜʴ ʪʘ ʩʠʣʠ ʨʝʘʛʫʚʘʥʥʷ. 

4. ɼʦʦʧʨʘʮʶʚʘʥʥʷ ʧʨʦʝʢʪʫ. ɸʥʘʣʽʟ ʜʦʦʧʨʘʮʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʚʦʜʠʪʴʩʷ ʜʦ ʧʦʢʠ 

ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʧʦʢʘʞʫʪʴ, ʱʦ ʉʌɿ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʟʘʭʠʩʪʫ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ ʉʌɿ 

ɼʘʥʘ ʨʦʙʦʪʘ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʝʪʘʧʽʚ ʧʨʦʚʝʜʝʥʥʷ 

ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ:  

- ʨʦʟʨʦʙʢʘ ʛʽʧʦʪʝʪʠʯʥʦʛʦ ʷʜʝʨʥʦʛʦ ʦʙô̒ ʢʘ ï ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʩʭʦʚʠʱʝ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ (ʷʜʝʨʥʠʡ ʤʘʪʝʨʽʘʣ ʜʨʫʛʦʾ ʢʘʪʝʛʦʨʽʾ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʛʨʘʬʽʯʥʠʭ, 

ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʙʝʟʧʝʢʦʚʠʭ ʫʤʦʚ ʨʝʛʽʦʥʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ 
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ʉʌɿ. ɸʥʘʣʽʟʫ ʨʝʩʫʨʩʽʚ ʪʘ ʤʦʜʝʣʝʡ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ ʽ ʾʭ ʚʨʘʟʣʠʚʠʭ ʮʽʣʝʡ 

ʩʪʦʩʦʚʥʦ ʜʘʥʦʛʦ ʦʙôʻʢʪʫ ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʤʦʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ ʾʭ ʜʽʡ. 

- ʨʦʟʨʦʙʢʘ ʉʌɿ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ ʜʘʥʦʛʦ ʦʙôʻʢʪʫ 
ʟ ʫʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʩʧʝʮʽʬʽʢʠ ʡʦʛʦ ʨʦʙʦʪʠ. 

- ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ ʉʌɿ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʜʽʶʯʦʛʦ ʅʘʢʘʟʫ ɼɯʗʈʋ ˉ169 

ʚʽʜ 30.11.2010 [6] ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʯʘʩʦʚʠʭ ʨʘʤʦʢ ʥʘ ʥʝʡʪʨʘʣʽʟʘʮʽʶ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ ʟʘ 

ʢʣʘʩʠʯʥʠʤ ʩʮʝʥʘʨʽʻʤ. 

- ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʽʰʦʛʦ ʤʘʨʰʨʫʪʫ ʜʽʡ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ ʟʘ ʤʝʪʦʜʦʣʦʛʽʻʶ 
ɯɸɹ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʢʦʜʫ SAPHIRE ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʧʦʪʝʥʮʽʡʥʦ 

ʤʦʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʪʘ ʥʘʩʣʽʜʢʽʚ. 

- ʘʥʘʣʽʟ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ (ʧʦʙʫʜʦʚʘ ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ). 

- ʨʦʟʨʘʭʫʥʦʢ ʚʝʣʠʯʠʥʠ ʜʦʧʫʩʪʠʤʦʛʦ ʨʠʟʠʢʫ ʜʣʷ ʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʽʰʦʛʦ ʩʮʝʥʘʨʽʶ ʜʽʡ 
ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ, ʚʠʟʥʘʯʝʥʦʛʦ ʟʘ ʤʝʪʦʜʦʣʦʛʽʻʶ ɯɸɹ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ 

ʧʝʨʩʦʥʘʣʫ ʚ ʨʘʤʢʘʭ ʮʴʦʛʦ ʩʮʝʥʘʨʽʶ. 

- ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʧʫʩʪʠʤʦʛʦ ʨʠʟʠʢʫ ʚ ʧʨʦʮʝʩʽ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʉʌɿ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʪʚʝʨʜʞʝʥʦʾ ʨʝʛʫʣʶʶʯʠʤ ʦʨʛʘʥʦʤ ʦʙôʻʢʪʦʚʦʾ ʟʘʛʨʦʟʠ 

ʜʣʷ ʦʙʦʭ ʚʘʨʽʘʥʪʽʚ ʧʨʦʚʝʜʝʥʦʾ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ (ʟʘ ʤʝʪʦʜʦʣʦʛʽʻʶ ɯɸɹ ʪʘ ʟʘ ʢʣʘʩʠʯʥʠʤ 

ʧʽʜʭʦʜʦʤ ʨʦʟʨʘʭʫʥʢʫ) 

ʄʦʞʣʠʚʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʪʦʡ ʬʘʢʪ ʱʦ ʢʦʤʧʣʝʢʩʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʷʢ: ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʢʦʥʪʨʦʣʴ ʥʘʜ ʚʭʦʜʦʤ, ʟʘʪʨʠʤʢʘ 

ʜʦʩʪʫʧʫ, ʢʦʤʫʥʽʢʘʮʽʾ ʫ ʚʽʜʧʦʚʽʜʴ ʪʘ ʩʠʣʠ ʨʝʘʛʫʚʘʥʥʷ ʉʌɿ - ʥʘʚʽʪʴ ʧʨʠ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʘʭ 

ʾʭ ʥʘʜʽʡʥʦʩʪʽ ʥʝ ʻ ʧʘʥʘʮʝʻʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʟʘʭʠʩʪʫ ʚ ʫʤʦʚʘʭ ʽʩʥʫʚʘʥʥʷ 

ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʷʢ ʟʽ ʩʪʦʨʦʥʠ ʦʧʝʨʘʪʦʨʘ ʉʌɿ ʪʘʢ ʽ ʟʽ ʩʪʦʨʦʥʠ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ 

ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ (ʱʦ ʻ ʥʝʚʨʘʭʦʚʘʥʦʶ ʬʫʥʢʮʽʻʶ ʧʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʉʌɿ) - ʜʣʷ 

ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʉʌɿ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʙʝʟʧʝʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʘ ʻ ʥʝʦʙʭʽʜʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚ 

ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʠʭ ʩʠʩʪʝʤ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʮʽʥʢʘ ʧʨʦʝʢʪʫ 

ʚʠʷʚʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʨʘʟʣʠʚʽʩʪʴ (ʩʣʘʙʢʽ ʤʽʩʮʷ) ʉʌɿ, ʘʣʝ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʴ ʚʘʛʦʤʽʩʪʴ ʚʧʣʠʚʫ 

ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʘ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʘʙʦ ʥʝ ʜʦʩʷʛʥʝʥʥʷ ʩʠʩʪʝʤʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʚʠʤʦʛ ʜʦ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. 
ɺʠʩʥʦʚʢʠ. ʉʠʩʪʝʤʘʪʠʯʥʘ ʦʮʽʥʢʘ ʧʦʜʽʡ ʚ ʨʘʤʢʘʭ ʩʮʝʥʘʨʽʾʚ ʦʙôʻʢʪʦʚʦʾ ʟʘʛʨʦʟʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʝʨʝʚʦ ʧʦʜʽʡ ʘʙʦ ʧʦʜʽʙʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʨʦʟʨʦʙʢʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʜʽʡ, ʤʦʞʝ 

ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʉʌɿ. ɺʨʘʭʦʚʫʶʯʠ ʜʠʥʘʤʽʯʥʠʡ ʪʘ ʟʘʣʝʞʥʠʡ 

ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʧʦʜʽʷʤʠ, ʜʠʥʘʤʽʯʥʽ ʜʝʨʝʚʘ ʧʦʜʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ 

ʽʥʽʮʽʶʚʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʜʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʶʜʩʴʢʦʛʦ 

ʯʠʥʥʠʢʘ ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʣʴʰ ʢʦʨʠʩʥʠʤʠ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʠʡ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʘʚʘʨʽʡʥʠʭ 

ʩʮʝʥʘʨʽʾʚ ʜʣʷ ʧʦʜʽʡ ʫ ʩʬʝʨʽ ʙʝʟʧʝʢʠ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ɸʊ ʅɸɽʂ ɽʥʝʨʛʦʘʪʦʤ URL: 

https://www.energoatom.com.ua/ua/all-news/1/category/2 

2. IAEA Nuclear Security Series No. 10, Development, Use and Maintenance of the 

Design Basis. URL: https://www.iaea.org/publications/8097/development-use-and-maintenance-

of-the-design-basis-threat 

3. ʂʫʨʩ ʣʝʢʮʽʡ çʋʧʨʘʚʣʽʥʥʷ ʬʽʟʠʯʥʦʶ ʷʜʝʨʥʦʶ ʙʝʟʧʝʢʦʶ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʘ 
ʦʙôʻʢʪʦʚʦʤʫ ʨʽʚʥʷʭè ɯʥʩʪʠʪʫʪ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʤʝʥʽ ɼʞ.ʂʫʟʴʤʠʯʘ 

4. IAEA Nuclear Security Series No. 4, Engineering Safety Aspects of the Protection of 

NP against Sabotage. URL: https://www.iaea.org/publications/7574/engineering-safety-aspects-

of-the-protection-of-nuclear-power-plants-against-sabotage 

5. ʂʫʨʩ ʣʝʢʮʽʡ çʆʮʽʥʢʘ ʚʨʘʟʣʠʚʦʩʪʽ ʷʜʝʨʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠè 

ʉʝʨʘʬʽʥ ʈ.ɯ / ɯɸʊɽ ʅʊʋʋ ʂʠʾʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ ɯʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ  

6. ʅʘʢʘʟ ɼɯʗʈʋ ˉ169 ʚʽʜ 30.11.2010 ʨʦʢʫ https://zakon.rada.gov.ua/laws/show/z1309-

10#Text
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ʋɼʂ 621.039.526.2:341.42 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʇʦʜʫʩʪʦʚ ʆ.ʄ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɹʽʙʠʢ ʊ.ɺ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄɽʊʆɼʆʃʆɻɯʗ ɺʀɿʅɸʏɽʅʅʗ ʏɸʉʋ ɿɸʊʈʀʄʂʀ ʇʈɸɺʆʇʆʈʋʐʅʀʂɸ 

ʉʀʉʊɽʄɸʄʀ ʌɯɿʀʏʅʆɻʆ ɿɸʍʀʉʊʋ ɸɽʉ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ.  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ: 

ɺ ʢʦʥʪʝʢʩʪʽ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ɸɽʉ), ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ ʩʠʩʪʝʤʘʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. ʌʽʟʠʯʥʠʡ 

ʟʘʭʠʩʪ ɸɽʉ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʘʙʦ ʽʥʰʠʭ ʟʣʦʯʠʥʥʠʭ 

ʘʢʪʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʥʘʥʝʩʝʥʥʷ ʰʢʦʜʠ ʘʙʦ ʚʪʨʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʷʜʝʨʥʠʤʠ ʨʝʘʢʪʦʨʘʤʠ, ʱʦ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʞʠʪʪʷ, ʜʦʚʢʽʣʣʷ ʪʘ ʝʢʦʥʦʤʽʢʠ [1]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ: 

1. ɿʘʛʨʦʟʘ ʪʝʨʦʨʠʟʤʫ: ɿʨʦʩʪʘʶʯʘ ʟʘʛʨʦʟʘ ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʛʨʫʧ ʪʘ ʽʥʰʠʭ ʟʣʦʯʠʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚʠʤʘʛʘʻ ʧʦʩʠʣʝʥʥʷ ʟʘʭʦʜʽʚ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɸɽʉ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʜʣʷ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʩʪʘʻ ʢʨʠʪʠʯʥʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʟʘʭʠʩʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

2. ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʠʢʣʠʢʠ: ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʧʦʪʝʥʮʽʡʥʠʤ ʟʘʛʨʦʟʘʤ 

ʟʜʽʡʩʥʶʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʽ ʘʪʘʢʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ 

ʟʘʭʠʩʪʫ ʧʦʚʠʥʥʽ ʧʦʩʪʽʡʥʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦʚʠʭ ʩʮʝʥʘʨʽʾʚ ʟʘʛʨʦʟ ʪʘ ʟʙʽʣʴʰʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ 

ʨʝʘʢʮʽʾ. 

3. ɺʧʣʠʚ ʥʘ ʛʣʦʙʘʣʴʥʫ ʙʝʟʧʝʢʫ: ɸɽʉ ʻ ʢʣʶʯʦʚʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʛʣʦʙʘʣʴʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʽ ʙʫʜʴ-ʷʢʠʡ ʽʥʮʠʜʝʥʪ ʤʦʞʝ ʤʘʪʠ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʙʝʟʧʝʢʠ ʪʘ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ. ʆʧʪʠʤʽʟʘʮʽʷ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ ʤʦʞʝ 

ʚʽʜʽʛʨʘʚʘʪʠ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʦʧʝʨʝʜʞʝʥʥʽ ʧʦʜʽʙʥʠʭ ʽʥʮʠʜʝʥʪʽʚ. 

4. ɽʢʦʥʦʤʽʯʥʽ ʚʪʨʘʪʠ: ɯʥʮʠʜʝʥʪʠ ʥʘ ɸɽʉ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ 

ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ ʷʢ ʥʘ ʨʽʚʥʽ ʢʦʥʢʨʝʪʥʠʭ ʢʦʤʧʘʥʽʡ, ʪʘʢ ʽ ʥʘ ʨʽʚʥʽ ʢʨʘʾʥ ʪʘ ʛʣʦʙʘʣʴʥʠʭ 

ʨʠʥʢʽʚ. ɽʬʝʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʧʪʠʤʘʣʴʥʠʡ ʯʘʩ 

ʟʘʪʨʠʤʢʠ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ, ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ. 

ʆʪʞʝ, ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ ʩʪʘʻ ʘʢʪʫʘʣʴʥʦʶ 

ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʨʘʪʝʛʽʡ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʚʠʱʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ɸɽʉ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.  

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʽ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ 

ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ ʩʠʩʪʝʤʘʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɸɽʉ ʟ ʤʝʪʦʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʠʤ ʪʝʨʦʨʠʩʪʠʯʥʠʤ ʘʙʦ ʽʥʰʠʤ 

ʟʣʦʯʠʥʥʠʤ ʘʢʪʘʤ, ʱʦ ʤʦʞʫʪʴ ʩʪʘʪʠ ʟʘʛʨʦʟʦʶ ʜʣʷ ʛʣʦʙʘʣʴʥʦʾ ʙʝʟʧʝʢʠ, ʣʶʜʩʴʢʦʛʦ ʞʠʪʪʷ, 

ʜʦʚʢʽʣʣʷ ʪʘ ʝʢʦʥʦʤʽʢʠ [2].  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ɸʥʘʣʽʟ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ: 

- ɺʠʚʯʝʥʥʷ ʩʮʝʥʘʨʽʾʚ ʤʦʞʣʠʚʠʭ ʟʘʛʨʦʟ ʜʣʷ ɸɽʉ, ʚʢʣʶʯʘʶʯʠ ʪʝʨʦʨʠʩʪʠʯʥʽ ʘʢʪʠ, 

ʢʽʙʝʨʘʪʘʢʠ, ʚʥʫʪʨʽʰʥʽ ʽʥʮʠʜʝʥʪʠ ʪʦʱʦ. 

- ʆʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʢʦʞʥʦʾ ʟ ʮʠʭ ʟʘʛʨʦʟ ʪʘ ʾʭ ʧʦʪʝʥʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

2. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ: 
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- ʆʛʣʷʜ ʽ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ɸɽʉ. 

- ʆʮʽʥʢʘ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʜʘʪʥʦʩʪʽ ʚʠʷʚʣʷʪʠ ʪʘ ʟʫʧʠʥʷʪʠ ʧʦʪʝʥʮʽʡʥʠʭ 
ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ. 

3. ʄʦʜʝʣʶʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʽʥʮʠʜʝʥʪʽʚ: 

- ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʽʥʮʠʜʝʥʪʽʚ, 
ʚʢʣʶʯʘʶʯʠ ʥʘʧʘʜʠ ʥʘ ɸɽʉ. 

- ɺʨʘʭʫʚʘʥʥʷ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʯʘʩ ʨʝʘʢʮʽʾ, ʰʚʠʜʢʽʩʪʴ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʪʦʱʦ. 

4. ʆʧʪʠʤʽʟʘʮʽʷ ʯʘʩʫ ʟʘʪʨʠʤʢʠ: 

- ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ 

ʟʘʪʨʠʤʢʠ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ. 

- ʈʦʟʨʦʙʢʘ ʩʪʨʘʪʝʛʽʡ ʨʝʘʛʫʚʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʜʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ. 

5. ɺʘʣʽʜʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʇʝʨʝʚʽʨʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʩʪʨʘʪʝʛʽʡ ʪʘ ʦʧʪʠʤʘʣʴʥʠʭ ʯʘʩʽʚ ʟʘʪʨʠʤʢʠ 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʫʣʷʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʨʝʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

- ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʢʦʨʝʢʮʽʷ ʩʪʨʘʪʝʛʽʡ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ. 

6. ʈʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ: 

- ʉʪʚʦʨʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘ ɸɽʉ ʥʘ 
ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

- ʌʦʨʤʫʣʶʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʨʝʛʫʣʷʪʦʨʥʠʭ ʦʨʛʘʥʽʚ ʪʘ ʝʢʩʧʣʫʘʪʫʶʯʠʭ 

ʢʦʤʧʘʥʽʡ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʷʜʝʨʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ʊʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʣʽʜʞʝʥʽ ʪʘʢʽ ʘʩʧʝʢʪʠ: 

1. ʊʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ: 

- ɸʥʘʣʽʟ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ: ʆʮʽʥʢʘ ʪʘ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ 

ʟʘʭʠʩʪʫ ʥʘ ɸɽʉ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭʥʶ ʟʜʘʪʥʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʪʨʠʤʢʫ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ. 

- ɺʠʚʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ: ɼʦʩʣʽʜʞʝʥʥʷ ʜʦʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ, ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʪʘ ʟʘʪʨʠʤʢʠ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ. 

2. ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʘʩʧʝʢʪʠ: 

- ɸʥʘʣʽʟ ʧʨʦʮʝʜʫʨ ʽ ʨʝʞʠʤʽʚ ʙʝʟʧʝʢʠ: ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʜʦʩʪʘʪʥʦʩʪʽ 

ʽʩʥʫʶʯʠʭ ʧʨʦʮʝʜʫʨ ʪʘ ʨʝʞʠʤʽʚ ʙʝʟʧʝʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ. 

- ɺʠʚʯʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ: ɼʦʩʣʽʜʞʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʫʧʨʘʚʣʽʥʥʷ ʬʽʟʠʯʥʠʤ ʟʘʭʠʩʪʦʤ ʥʘ ɸɽʉ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʤʦʞʣʠʚʠʭ ʪʦʯʦʢ ʚʨʘʟʣʠʚʦʩʪʽ. 

3. ʉʪʨʘʪʝʛʽʯʥʽ ʘʩʧʝʢʪʠ: 

- ɸʥʘʣʽʟ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ: ʆʮʽʥʢʘ ʩʮʝʥʘʨʽʾʚ ʪʘ ʪʠʧʽʚ ʟʘʛʨʦʟ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ɸɽʉ, ʚʢʣʶʯʘʶʯʠ ʪʝʨʦʨʠʩʪʠʯʥʽ ʘʪʘʢʠ ʪʘ ʢʽʙʝʨʟʣʦʯʠʥʥʽʩʪʴ. 

- ʈʦʟʨʦʙʢʘ ʩʪʨʘʪʝʛʽʡ ʧʨʦʪʠʜʽʾ: ʈʦʟʨʦʙʢʘ ʩʪʨʘʪʝʛʽʡ ʪʘ ʧʣʘʥʽʚ ʜʽʡ ʜʣʷ ʧʨʦʪʠʜʽʾ 

ʧʦʪʝʥʮʽʡʥʠʤ ʟʘʛʨʦʟʘʤ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ. 

4. ʊʝʭʥʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ: 

- ɼʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ: ɺʠʚʯʝʥʥʷ ʪʘ ʦʮʽʥʢʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ 

ʤʦʞʫʪʴ ʧʦʣʽʧʰʠʪʠ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʚʠʷʚʣʷʪʠ ʪʘ ʟʘʪʨʠʤʫʚʘʪʠ 

ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ. 

- ɺʠʚʯʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ: ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʚʠʢʣʠʢʽʚ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʽʥʪʝʛʨʘʮʽʻʶ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʢʣʘʜʽ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. 

5. ʉʦʮʽʘʣʴʥʽ ʘʩʧʝʢʪʠ: 

- ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʥʘ ʛʨʦʤʘʜʩʴʢʫ ʜʫʤʢʫ: ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʚʧʨʦʚʘʜʞʝʥʠʭ ʟʘʭʦʜʽʚ ʥʘ ʛʨʦʤʘʜʩʴʢʫ ʜʫʤʢʫ ʪʘ ʩʧʨʠʡʥʷʪʪʷ ʙʝʟʧʝʢʠ ɸɽʉ ʫ ʩʫʩʧʽʣʴʩʪʚʽ. 

ɺʠʩʥʦʚʢʠ.  

ɺʠʩʥʦʚʢʠ ʟ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ɸɽʉ) ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʠʤ ʪʝʨʦʨʠʩʪʠʯʥʠʤ ʘʙʦ ʽʥʰʠʤ ʟʣʦʯʠʥʥʠʤ 



 

 64 

ʘʢʪʘʤ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʟʘʛʨʦʟʫ ʜʣʷ ʛʣʦʙʘʣʴʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ. 

ʆʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʚʢʣʶʯʘʶʪʴ: 

1. ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ: ʉʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɸɽʉ 

ʧʦʚʠʥʥʽ ʧʦʩʪʽʡʥʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʨʦʩʪʘʶʯʠʭ ʟʘʛʨʦʟ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

2. ɺʘʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ: ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʮʝʜʫʨ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ ʚ ʻʜʠʥʫ 

ʩʪʨʘʪʝʛʽʶ ʙʝʟʧʝʢʠ. 

3. ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʘʥʘʣʽʟʫ: ʇʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʘʥʘʣʽʟ 

ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ ʜʦʟʚʦʣʷʻ ʚʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʚʨʘʟʣʠʚʦʩʪʽ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʝʬʝʢʪʠʚʥʽ ʟʘʭʦʜʠ 

ʧʨʦʪʠʜʽʾ. 

4. ʈʦʣʴ ʛʨʦʤʘʜʩʴʢʦʩʪʽ: ɺʘʞʣʠʚʦ ʟʘʣʫʯʘʪʠ ʛʨʦʤʘʜʩʴʢʽʩʪʴ ʜʦ ʧʨʦʮʝʩʫ ʦʮʽʥʢʠ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʪʨʠʤʢʫ ʪʘ ʜʦʚʽʨʫ ʩʫʩʧʽʣʴʩʪʚʘ. 

5. ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʪʨʝʥʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ: ʅʘʚʯʘʥʥʷ ʪʘ 

ʪʨʝʥʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʯʘʩʥʦ ʪʘ ʝʬʝʢʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ, ʮʽ ʚʠʩʥʦʚʢʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɸɽʉ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʩʪʽʡʢʦʩʪʽ ʷʜʝʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʚ 

ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʠʭ ʟʘʛʨʦʟ ʪʘ ʰʚʠʜʢʦ ʟʤʽʥʶʶʯʦʛʦʩʷ ʩʚʽʪʦʚʦʛʦ ʢʦʥʪʝʢʩʪʫ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. International Atomic Energy Agency (IAEA) - ʆʨʛʘʥʽʟʘʮʽʷ ʆʙ'ʻʜʥʘʥʠʭ ʅʘʮʽʡ ʟ 

ʘʪʦʤʥʦʾ ʝʥʝʨʛʽʾ https://www.iaea.org/ 

2. RAND Corporation https://rand.org/
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ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʐʪʠʣʴ ʆ.ɺ. 

ĭ ɸʩʠʩʪ. ʆʩʪʘʧʝʥʢʦ ɯ.ɸ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʂʆʅʊʈʆʃʔ ʊɸ ʆɹʃɯʂ ʈɸɼɯʆɸʂʊʀɺʅʀʍ ɺɯɼʍʆɼɯɺ ʋ ɺʀɻʃʗɼɯ 

ɺɯɼʇʈɸʎʔʆɺɸʅʀʍ ɼɾɽʈɽʃ ɯʆʅɯɿʋʖʏʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ.  

ʈʘʜʽʦʘʢʪʠʚʥʽ ʚʽʜʭʦʜʠ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʚʠʜʽʚ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʘʚʜʘʪʠ ʟʥʘʯʥʦʾ ʰʢʦʜʠ ʟʜʦʨʦʚ'ʶ ʣʶʜʠʥʠ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ. ɺʽʜʧʨʘʮʴʦʚʘʥʽ 

ʜʞʝʨʝʣʘ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʜʘʣʽ ï ɺɼɯɺ) ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ, ʚʘʞʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʝʜʠʮʠʥʠ ʪʘ ʥʘʫʢʠ. ɺʦʥʠ ʤʽʩʪʷʪʴ ʨʽʟʥʽ 

ʨʘʜʽʦʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʽʦʥʽʟʫʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʅʝʦʙʭʽʜʥʦ 

ʙʝʟʧʝʯʥʦ ʟʙʝʨʽʛʘʪʠ ʪʘ ʫʪʠʣʽʟʫʚʘʪʠ ɺɼɯɺ, ʱʦʙ ʥʝ ʜʦʧʫʩʪʠʪʠ ʾʭ ʚʠʢʠʜʽʚ ʫ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ.  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʦʙʫʤʦʚʣʝʥʘ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʽ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʫʩʪʘʥʦʚʘʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ 

ʋʢʨʘʾʥʽ. ɺʠʥʠʢʥʝʥʥʷ ɺɼɯɺ ʻ ʥʝʤʠʥʫʯʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʭʦʜʽ ʾʭʥʴʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʟ ʧʣʠʥʦʤ ʯʘʩʫ, ʚʪʨʘʯʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʧʦʢʣʘʜʝʥʽ ʥʘ ʥʠʭ ʬʫʥʢʮʽʾ, 

ʧʽʩʣʷ ʯʦʛʦ ʧʦʪʨʝʙʫʶʪʴ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʦ ʤʽʩʮʷ ʟʙʝʨʽʛʘʥʥʷ. 

ʉʠʩʪʝʤʘ ʦʙʣʽʢʫ ʽ ʢʦʥʪʨʦʣʶ ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ɺɼɯɺ ʪʘ ʟʘʧʦʙʽʛʘʪʠ ʾʭ ʧʦʪʨʘʧʣʷʥʥʶ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʨʠʡʥʷʪʥʠʭ ʥʘʩʣʽʜʢʽʚ.  ʂʦʥʪʨʦʣʴ ʪʘ ʦʙʣʽʢ ʥʘ ʦʙôʻʢʪʽ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ 

ʩʢʣʘʜʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʪʘ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ 

ʫʪʠʣʽʟʘʮʽʾ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.  
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ɺɼɯɺ, ʦʪʨʠʤʘʥʥʷ, ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ, ʟʙʝʨʝʞʥʦʩʪʽ ʜʘʥʠʭ ʱʦʜʦ ɺɼɯɺ 

(ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ ʚʠʧʘʜʢʫ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ), ʚʠʜʘʯʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʩʦʨʪʫʚʘʥʥʷ ɺɼɯɺ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʙôʻʢʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʷʚʣʷʻʪʴʩʷ çʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʩʭʦʚʠʱʝ ʜʣʷ  

ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷè 

(ʎʉɺɼɯɺ) ʢʦʤʧʣʝʢʩʫ ʚʠʨʦʙʥʠʮʪʚ çɺʝʢʪʦʨè, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʧʨʠʡʦʤʫ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ, 

ʩʦʨʪʫʚʘʥʥʶ, ʦʙʨʦʙʢʠ, ʢʦʤʧʣʝʢʪʘʮʽʾ, ʧʘʢʫʚʘʥʥʷ, ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʜʽʣʴʥʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ (ʜʦ 50 ʨʦʢʽʚ) ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʜʞʝʨʝʣ ʘʣʴʬʘ-, ʙʝʪʘ-, ʛʘʤʤʘ- ʪʘ ʥʝʡʪʨʦʥʥʦʛʦ (Ŭ, ɓ, 

ɔ, ɖ) ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʜʦ ʾʭ ʧʝʨʝʜʘʯʽ ʾʭ ʚ ʧʦʜʘʣʴʰʦʤʫ ʥʘ ʟʘʭʦʨʦʥʝʥʥʷ. 

ʊʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʎʉɺɼɯɺ ʧʝʨʝʜʙʘʯʘʻ ʧôʷʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʪʦʢʽʚ [1]. 

ɿʘʛʘʣʴʥʘ ʦʯʽʢʫʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ɺɼɯɺ 174 000 ʰʪʫʢ. ʉʫʤʘʨʥʘ ʘʢʪʠʚʥʽʩʪʴ ɺɼɯɺ ʩʢʣʘʜʘʻ 

ʧʨʠʙʣʠʟʥʦ 1,15ɽ+16 ɹʢ. ʅʘ ʜʘʥʥʠʡ ʤʦʤʝʥʪ ʚ ʎʉɺɼɯɺ ʟʙʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰʝ 50 ʪʠʧʽʚ ɺɼɯɺ ʚ 

ʢʽʣʴʢʦʩʪʽ 22352.  

ʈʦʟʨʦʙʢʘ ʙʘʟʠ ʜʘʥʠʭ (ʜʘʣʽ ï ɹɼ) ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ 

ʦʙʣʽʢʫ ɺɼɯɺ ʥʘ ʎʉɺɼɯɺ [2]. 

ɹʘʟʘ ʜʘʥʠʭ ʦʙʣʽʢʫ ʽ ʢʦʥʪʨʦʣʶ ɺɼɯɺ, ʷʢʽ ʧʨʠʡʤʘʶʪʴʩʷ ʥʘ ʧʝʨʝʨʦʙʢʫ ʽ ʟʙʝʨʽʛʘʥʥʷ ʜʦ 

ʎʉɺɼɯɺ, ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʬʫʥʢʮʽʡ: 

 - ʦʙʣʽʢ ɺɼɯɺ, ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ ʥʘ ʎʉɺɼɯɺ, ʟ ʟʘʥʝʩʝʥʥʷʤ ʜʦ ɹɼ ʚʩʽʭ ʜʘʥʠʭ ʧʘʩʧʦʨʪʽʚ 

ʥʘ ʧʘʨʪʽʶ ɺɼɯɺ; 
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- ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʟʥʘʭʦʜʞʝʥʥʷ ɺɼɯɺ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʥʠʤʠ (ʚ ʧʨʠʤʽʱʝʥʥʽ ʪʠʤʯʘʩʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʧʨʠʡʥʷʪʠʭ ɺɼɯɺ, ʚ ʢʦʥʢʨʝʪʥʽʡ 

ʛʘʨʷʯʽʡ ʢʘʤʝʨʽ ɸ, ɺ ʪʘ ʉ ʪʘ ʚ ʢʦʥʢʨʝʪʥʠʭ ʤʽʩʮʷʭ ʢʦʞʥʦʾ ʢʘʤʝʨʠ (ʚ ʩʝʡʬʘʭ, ʢʘʧʩʫʣʘʭ ʪʦʱʦ), 

ʚ ʨʘʜʽʘʮʽʡʥʦ-ʟʘʭʠʩʥʦʤʫ ʙʦʢʩʽ, ʘ ʪʘʢʦʞ ʚ ʢʦʥʢʨʝʪʥʠʭ ʤʽʩʮʷʭ ʟʦʥʠ ʟʙʝʨʽʛʘʥʥʷ ʫʧʘʢʦʚʦʢ 

ɺɼɯɺ); 

- ʦʙʣʽʢ ɺɼɯɺ, ʥʘʢʦʧʠʯʝʥʠʭ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ;  

- ʦʙʣʽʢ ɺɼɯɺ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʟʙʝʨʽʛʘʥʥʷ; 

- ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʭʘʨʘʢʪʝʨʠʟʘʮʽʾ ɺɼɯɺ ʥʘ ʎʉɺɼɯɺ ʟ ʜʘʥʠʤʠ ʧʘʩʧʦʨʪʽʚ ʪʘ 

ʚʠʜʘʯʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʙʽʞʥʦʩʪʽ/ʨʦʟʙʽʞʥʦʩʪʽ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʢʨʠʪʝʨʽʷʤ; 

- ʧʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺɼɯɺ ʟ ʢʨʠʪʝʨʽʷʤʠ ʩʦʨʪʫʚʘʥʥʷ ʪʘ ʚʠʜʘʯʘ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʱʦʜʦ ʨʦʟʤʽʱʝʥʥʷ ɺɼɯɺ ʫ ʧʝʚʥʫ ʢʘʧʩʫʣʫ/ʫʧʘʢʦʚʢʫ; 

- ʚʽʜʩʪʝʞʝʥʥʷ ʩʫʤʘʨʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘʢʦʧʠʯʝʥʠʭ ɺɼɯɺ; 

- ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʤ ʟʤʽʥʘʤ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɼ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ 

ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʩʢʣʘʜʫ ʟʘʚʜʘʥʴ ʙʝʟ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʩʠʩʪʝʤʠ. 

ɺʠʤʦʛʠ ʜʦ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʤʽʩʪʷʪʴ ʫ ʩʦʙʽ ʪʨʠ 

ʫʟʘʛʘʣʴʥʝʥʽ ʧʨʦʮʝʜʫʨʠ: 

- ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʘ; 

- ʚʝʜʝʥʥʷ ʟʘʧʠʩʫ ʯʘʩʫ ʚʭʦʜʫ ʚ ʩʠʩʪʝʤʫ ʪʘ ʢʦʨʠʩʪʫʚʘʯʘ; 

- ʯʽʪʢʝ ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʠʥʥʦ ʤʘʪʠ ʛʥʫʯʢʠʡ ʧʦʰʫʢ ʪʘ ʩʦʨʪʫʚʘʥʥʷ ʟʘ ʨʽʟʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ ɹɼ. ʅʘʧʨʠʢʣʘʜ ʧʦʰʫʢ ʟʘ ʜʘʪʦʶ, ʘʙʦ ʜʽʘʧʘʟʦʥʦʤ ʜʘʪ, ʚʠʙʽʨʢʘ ʧʦ ʪʠʧʫ ʥʫʢʣʽʜʫ 

ʘʙʦ ʧʦʰʫʢ ʟʘ ʘʢʪʠʚʥʽʩʪʶ ʽ ʪ.ʜ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʨʦʧʦʟʠʮʽʷ ʧʦʢʨʘʱʝʥʴ: ʚʠʷʚʠʪʠ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʫ ʨʦʙʦʪʽ ʙʘʟʠ ʦʙʣʽʢʫ ʜʘʥʠʭ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ. 

ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʚʞʠʪʠ ʟʘʭʦʜʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʝʬʝʢʪʠʚʥʦʛʦ 

ʦʙʣʽʢʫ ʪʘ ʢʦʥʪʨʦʣʶ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʠ ʤʝʪʦʜʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʽʚ 

ʙʝʟʧʝʢʠ. 

ɺʠʩʥʦʚʢʠ.  
ʎʷ ʙʘʟʘ ʜʘʥʠʭ ʤʘʻ ʚʠʨʽʰʫʚʘʪʠ ʨʷʜ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ, ʚʢʣʶʯʘʶʯʠ ʦʙʣʽʢ ʧʨʠʡʥʷʪʠʭ 

ʥʘ ʧʝʨʝʨʦʙʢʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʞʝʨʝʣ, ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʢʦʥʪʨʦʣʴ ʘʢʪʠʚʥʦʩʪʽ ʜʞʝʨʝʣ, ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ 

ʧʘʩʧʦʨʪʥʠʤʠ ʜʘʥʠʤʠ, ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʇʦʪʨʽʙʥʦ ʪʘʢʦʞ ʚʨʘʭʫʚʘʪʠ ʛʥʫʯʢʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ 

ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʡ ʙʝʟ ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʠʜʽʣʝʥʘ ʟʘʭʦʜʘʤ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʜʦʩʪʫʧʫ, ʚʢʣʶʯʘʶʯʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʝʜʝʥʥʷ ʞʫʨʥʘʣʫ ʚʭʦʜʫ ʪʘ ʨʦʟʤʝʞʫʚʘʥʥʷ 

ʧʨʘʚ ʜʦʩʪʫʧʫ. 

ɿʘʛʘʣʦʤ, ʨʦʟʨʦʙʢʘ ʙʘʟʠ ʜʘʥʠʭ ʜʣʷ ʦʙʣʽʢʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʞʝʨʝʣʘʤʠ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚ ʨʘʤʢʘʭ ʎʉɺɼɯɺ ʢʦʤʧʣʝʢʩʫ "ɺʝʢʪʦʨ". 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʩʭʦʚʠʱʝ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // ʏʦʨʥʦʙʠʣʴʩʴʢʠʡ ɯʥʩʪʠʪʫʪ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʚʠʪʢʫ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://chornobyl.institute/ua/news/2020/10/22/80/view 

2. International Atomic Energy Agency, 2018. | Guidance on the Management of Disused 

Radioactive Sources [p. 94] 
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ĭ ɸʩʧʽʨʘʥʪ 3 ʢʫʨʩʫ ʉʘʤʩʦʥʝʥʢʦ ɸ.ɺ. 

ĭ ʇʨʦʬ., ʜ.ʪ.ʥ. ʇʠʩʴʤʝʥʥʠʡ ɭ.ʄ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʎɯʅʂɸ ɿɸɻʈʆɿ ʗʂ ʉʂʃɸɼʆɺɸ ʌɯɿʀʏʅʆɰ ʗɼɽʈʅʆɰ ɹɽɿʇɽʂʀ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʙʝʟ ʯʽʪʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʨʦʟʠ 

ʜʣʷ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʥʝ ʤʦʞʣʠʚʦ. ʋ ʚʠʜʘʥʥʽ ʄɸɻɸʊɽ ʽʟ ʉʝʨʽʾ ʚʠʜʘʥʴ ʟ ʬʽʟʠʯʥʦʾ 

ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ˉ 10 çDevelopment, Use and Maintenance of the Design Basis Threatè 

(çʈʦʟʨʦʙʣʝʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʧʨʦʝʢʪʥʦʾ ʟʘʛʨʦʟʠè) çʟʘʛʨʦʟʘè ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʷʢ çʦʩʦʙʘ ʯʠ ʦʨʛʘʥʽʟʘʮʽʷ, ʱʦ ʤʘʻ ʤʦʪʠʚʠ, ʥʘʤʽʨʠ ʡ ʢʚʘʣʽʬʽʢʘʮʽʶ ʜʣʷ ʚʯʠʥʝʥʥʷ ʟʣʦʚʤʠʩʥʠʭ 

ʜʽʡè [1], ʫ ɻʣʦʩʘʨʽʡ ʄɸɻɸʊɽ çIAEA Nuclear Safety and Security Glossaryè 2022 ʨ çɿʘʛʨʦʟʘ - 

ʦʩʦʙʘ ʘʙʦ ʛʨʫʧʘ ʦʩʽʙ, ʷʢʽ ʤʘʶʪʴ ʤʦʪʠʚʘʮʽʶ, ʥʘʤʽʨʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʯʠʥʠʪʠ ʟʣʦʚʤʠʩʥʽ ʜʽʾè. 

ʅʦʩʽʷʤʠ ʟʘʛʨʦʟ ʜʣʷ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʻ ʧʨʘʚʦʧʦʨʫʰʥʠʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʧʨʦʝʢʪʥʽʡ ʟʘʛʨʦʟʽ, ʢʦʞʥʦʶ ʜʝʨʞʘʚʦʶ ʦʢʨʝʤʦ.  

ʆʩʥʦʚʦʶ ʧʨʦʝʢʪʥʦʾ ʟʘʛʨʦʟʠ ʻ ʤʦʜʝʣʴ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʙʫʜʫʻʪʴʩʷ 

ʤʦʜʝʣʴ ʟʘʛʨʦʟʠ. ʄʦʜʝʣʴ  ʤʘʻ ʤʽʩʪʠʪʠ ʚʠʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʦʙôʻʢʪʘ. ɸʥʘʣʦʛʽʯʥʽ  ʧʽʜʭʦʜʠ ʚ ʦʮʽʥʮʽ ʟʘʛʨʦʟ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. 

ɺ ɿʘʢʦʥʽ ʋʢʨʘʾʥʠ çʇʨʦ ʬʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ, ʽʥʰʠʭ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷè [2] ʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʝ 

ʚʠʟʥʘʯʝʥʥʷ: çʧʨʦʝʢʪʥʘ ʟʘʛʨʦʟʘ - ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʝʥʮʽʡʥʠʭ 

ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ, ʜʽʾ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʯʠʥʝʥʥʷ ʜʠʚʝʨʩʽʾ, ʢʨʘʜʽʞʢʠ ʘʙʦ 

ʙʫʜʴ-ʷʢʝ ʽʥʰʝ ʥʝʧʨʘʚʦʤʽʨʥʝ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʣʷ ʧʨʦʪʠʜʽʾ ʷʢʠʤ 

ʩʪʚʦʨʶʻʪʴʩʷ ʩʠʩʪʝʤʘ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫè. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʫʢʨʘʾʥʩʴʢʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʟ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʦʩʦʙʠ, ʱʦ ʟʜʽʡʩʥʠʣʠ 

ʩʧʨʦʙʫ ʚʯʠʥʝʥʥʷ ʟʣʦʯʠʥʥʠʭ ʜʽʡ ʯʠ ʚʯʠʥʠʣʠ ʟʣʦʯʠʥʽ ʜʽʾ ʱʦʜʦ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ ʫʩʪʘʥʦʚʦʢ, ʥʘʟʠʚʘʶʪʴʩʷ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘʤʠ. ʇʨʘʚʦʧʦʨʫʰʥʠʢʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ (ʨʠʩ. 1). 

ʇʦʪʨʽʙʥʦ ʫʩʚʽʜʦʤʠʪʠ, ʱʦ ʧʨʦʝʢʪʥʘ ʟʘʛʨʦʟʘ ʥʝ ʦʧʠʩʫʻ ʞʦʜʥʠʭ ʢʦʥʢʨʝʪʥʠʭ 

ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ, ʾʭ ʦʟʥʘʢ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʽ ʪʠʭ ʱʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ, ʥʽ ʪʠʭ,  ʱʦ ʤʦʞʫʪʴ 

ʙʫʪʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ. ʇʨʦʝʢʪʥʘ ʟʘʛʨʦʟʘ ʤʽʩʪʠʪʴ ʫʟʘʛʘʣʴʥʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ, ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʧʽʜʩʪʘʚʽ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʠʭ ʟʘʛʨʦʟ, ʷʢ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʠʭ, 

ʪʘʢ ʽ ʜʦʩʪʦʚʽʨʥʦ ʤʦʞʣʠʚʠʭ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʨʤʽʥʦʣʦʛʽʾ ʄɸɻɸʊɽ ʦʮʽʥʢʘ ʟʘʛʨʦʟʠ ï ʮʝ ʦʮʽʥʢʘ ʥʘʷʚʥʠʭ ʥʦʩʽʾʚ 

ʟʘʛʨʦʟʠ, ʱʦ ʟʘʟʚʠʯʘʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʦʮʽʥʮʽ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʜʘʥʠʭ, ʷʢʘ ʦʧʠʩʫʻ ʤʦʪʠʚʠ, 

ʥʘʤʽʨʠ ʽ ʤʦʞʣʠʚʦʩʪʽ ʮʠʭ ʥʦʩʽʾʚ ʟʘʛʨʦʟʠ ʱʦʜʦ ʤʦʞʣʠʚʦʛʦ ʚʯʠʥʝʥʥʷ ʥʠʤʠ ʧʨʦʪʠʧʨʘʚʥʠʭ ʜʽʡ 

[3]. 

ɼʣʷ ʦʮʽʥʢʠ ʟʘʛʨʦʟʠ, ʧʝʨʰ ʟʘ ʚʩʝ, ʥʝʦʙʭʽʜʥʦ ʟʽʙʨʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʚʩʽʭ ʥʘʷʚʥʠʭ ʽ 

ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ, ʷʢʽ ʽʩʥʫʶʪʴ ʫ ʢʨʘʾʥʽ ʡ ʧʦʟʘ ʾʾ ʤʝʞʘʤʠ, ʪʦʙʪʦ ʟʽʙʨʘʪʠ ʜʘʥʽ ʧʨʦ 

ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ, ʾʭ ʤʦʪʠʚʘʮʽʾ, ʥʘʤʽʨʠ ʡ ʤʦʞʣʠʚʦʩʪʽ. ɼʝʨʞʘʚʘ ʧʨʠʟʥʘʯʘʻ ʢʦʤʧʝʪʝʥʪʥʠʡ 

ʦʨʛʘʥ ʟ ʦʮʽʥʢʠ ʟʘʛʨʦʟʠ, ʢʫʜʠ ʩʪʽʢʘʶʪʴʩʷ ʜʘʥʽ ʧʨʦ ʟʘʛʨʦʟʠ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʨʛʘʥ, ʷʢʠʡ ʫ 

ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʨʦʟʨʦʙʣʷʪʠ ʧʨʦʝʢʪʥʫ ʟʘʛʨʦʟʫ, ʘ ʤʦʞʝ ʡ ʥʽ. 

ɼʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʛʨʦʟʠ ï ʮʝ ʤʘʪʝʨʽʘʣʠ ʩʣʫʞʙ ʨʦʟʚʽʜʢʠ, ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ 

ʦʨʛʘʥʽʚ, ʚʽʜʧʦʚʽʜʥʽ ʫʨʷʜʦʚʽ ʜʦʢʫʤʝʥʪʠ, ʧʦʚʽʜʦʤʣʝʥʥʷ ʝʢʩʧʣʫʘʪʫʶʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, 

ʨʝʟʫʣʴʪʘʪʠ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʪʘ ʽʥʰʠʭ ʟʘʭʦʜʽʚ ʟ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ, 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʩʧʝʮʩʣʫʞʙ ʽʥʰʠʭ ʜʝʨʞʘʚ, ʧʽʜʪʚʝʨʜʞʝʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘʩʦʙʽʚ ʤʘʩʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʘʛʨʦʟʠ ʩʪʦʩʫʻʪʴʩʷ ʚʩʽʭ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʠʭ 
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ʘʙʦ ʮʽʣʢʦʤ ʤʦʞʣʠʚʠʭ ʟʘʛʨʦʟ ʢʨʘʾʥʽ, ʥʘʩʝʣʝʥʥʶ, ʢʝʨʽʚʥʠʮʪʚʫ ʢʨʘʾʥʠ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʊʠʧʠ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ 

 

ɼʣʷ ʦʮʽʥʢʠ ʟʘʛʨʦʟʠ, ʧʝʨʰ ʟʘ ʚʩʝ, ʥʝʦʙʭʽʜʥʦ ʟʽʙʨʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʚʩʽʭ ʥʘʷʚʥʠʭ ʽ 

ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ, ʷʢʽ ʽʩʥʫʶʪʴ ʫ ʢʨʘʾʥʽ ʡ ʧʦʟʘ ʾʾ ʤʝʞʘʤʠ, ʪʦʙʪʦ ʟʽʙʨʘʪʠ ʜʘʥʽ ʧʨʦ 

ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ, ʾʭ ʤʦʪʠʚʘʮʽʾ, ʥʘʤʽʨʠ ʡ ʤʦʞʣʠʚʦʩʪʽ. ɼʝʨʞʘʚʘ ʧʨʠʟʥʘʯʘʻ ʢʦʤʧʝʪʝʥʪʥʠʡ 

ʦʨʛʘʥ ʟ ʦʮʽʥʢʠ ʟʘʛʨʦʟʠ, ʢʫʜʠ ʩʪʽʢʘʶʪʴʩʷ ʜʘʥʽ ʧʨʦ ʟʘʛʨʦʟʠ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʨʛʘʥ, ʷʢʠʡ ʫ 

ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʨʦʟʨʦʙʣʷʪʠ ʧʨʦʝʢʪʥʫ ʟʘʛʨʦʟʫ, ʘ ʤʦʞʝ ʡ ʥʽ. 

ɼʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʛʨʦʟʠ ï ʮʝ ʤʘʪʝʨʽʘʣʠ ʩʣʫʞʙ ʨʦʟʚʽʜʢʠ, ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ 

ʦʨʛʘʥʽʚ, ʚʽʜʧʦʚʽʜʥʽ ʫʨʷʜʦʚʽ ʜʦʢʫʤʝʥʪʠ, ʧʦʚʽʜʦʤʣʝʥʥʷ ʝʢʩʧʣʫʘʪʫʶʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, 

ʨʝʟʫʣʴʪʘʪʠ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʪʘ ʽʥʰʠʭ ʟʘʭʦʜʽʚ ʟ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ, 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʩʧʝʮʩʣʫʞʙ ʽʥʰʠʭ ʜʝʨʞʘʚ, ʧʽʜʪʚʝʨʜʞʝʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘʩʦʙʽʚ ʤʘʩʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʘʛʨʦʟʠ ʩʪʦʩʫʻʪʴʩʷ ʚʩʽʭ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʠʭ 

ʘʙʦ ʮʽʣʢʦʤ ʤʦʞʣʠʚʠʭ ʟʘʛʨʦʟ ʢʨʘʾʥʽ, ʥʘʩʝʣʝʥʥʶ, ʢʝʨʽʚʥʠʮʪʚʫ ʢʨʘʾʥʠ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. 

ʋ ʨʘʟʽ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʛʨʦʟʠ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʻ ʦʮʽʥʢʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʮʽʻʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʇʦʪʨʽʙʥʦ ʚʠʨʘʭʦʚʫʚʘʪʠ ʩʪʫʧʽʥʴ ʜʦʚʽʨʠ ʜʦ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ. ʗʢʱʦ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʽʥʬʦʨʤʘʮʽʶ ʟ ʽʥʰʠʭ ʜʞʝʨʝʣ, ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʧʝʨʰʦʜʞʝʨʝʣʦ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʉʴʦʛʦʜʥʽʰʥʽ ʧʦʜʽʾ ʚ ʋʢʨʘʾʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʛʨʦʟʠ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ. ʇʦʷʚʘ 

ʥʦʚʠʭ ʟʘʛʨʦʟ, ʷʢʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʙʫʜʫʪʴ ʥʝʦʜʥʦʨʘʟʦʚʦ ʦʮʽʥʝʥʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʘʪʠʤʝ 

ʚʧʣʠʚ ʥʘ ʬʽʟʠʯʥʫ ʷʜʝʨʥʫ ʙʝʟʧʝʢʫ ʚ ʮʽʣʦʤʫ ʥʘ ʨʽʚʥʽ ʜʝʨʞʘʚʠ, ʪʘʢ ʽ ʥʘ ʨʽʚʥʽ ʟʘʭʠʱʝʥʦʩʪʽ 

ʦʙôʻʢʪʽʚ.  

ɿʙʽʨ ʪʘ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʛʨʦʟʠ, ʷʢʽ ʚʠʥʠʢʣʠʠ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʚʪʦʨʛʥʝʥʥʷ ʢʣʶʯʦʚʝ ʧʠʪʘʥʥʷ, ʥʘ ʷʢʝ ʤʘʻ ʙʫʪʠ ʥʘʧʨʘʚʣʝʥʦ ʟʫʩʠʣʣʷ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʬʽʟʠʯʥʦʾ 

ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ.  
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PULSATING HEAT PIPE SENSITIVITY TO SPACE ORIENTATION: ZONE LENGTH 

AND HEAT CARRIER INFLUENCE  

Statement of the problem and its relevance. The rapid technical development of high 

powered electronic devices along with their miniaturization presents a serious challenge to their 

thermal management. The adoption of highly efficient passive cooling devices such as pulsating 

heat pipe (PHP) invented by Akachi [1] is necessary to address this problem. These devices are 

very promising because of simple design, high heat transfer characteristics and possibility of 

working at any space orientation. Nevertheless, PHP's original functionality is compromised when 

employed across different orientations due to a multitude of reasons that fall into three categories: 

physical, geometrical, and regime. Numerous attempts have been made in the past to use 

innovative PHP designs to balance the forces of vapor pressure and capillary action, making PHP 

function independent of orientation and lessening the effect of gravity. Examining the impact of 

heat carrier type and heating zone length on PHP thermal performance is one such endeavours. 

Analysis of the latest research. Heat carrier selection is an important question for PHP 

designing. Water is commonly used as heat carrier because of its high thermal properties. But 

although low latent heat fluids are more likely to dry out at high heat flux, they do have better 

oscillation and start-up properties [2]. Methanol is thought to be the ideal working fluid for 

horizontal operations because of its high thermal conductivity [3]. Srikrishna et al. [4] examined 

the impact on closed-loop PHP using deionized (DI) water and methanol. At 70% filling ratio 

(FR), methanol showed better heat transfer performance than DI water. Consequently, it is advised 

to employ large latent heat fluids for high heat flux applications and small latent heat fluids for 

low heat flux applications. 

Decreasing heating zone length improved heat transfer characteristics [5, 6]. Despite 

promising findings, there is a limited research on the effects of heating zone length. The few 

studies that are available either only examine the vertical bottom heating mode or show results that 

are inconsistent with previous literature [7]. The combined influence of length of the heating zone 

and working fluid at various orientations must therefore be observed. 

Goal formulation. The goal of is work is experimental investigation of heat carrier type 

and heating zone (HZ) length complex influence on PHP heat transfer characteristics. 

Main part. To achieve this goal, investigations were made at three different HZ lengths 

ð 10, 30 and 50 mm with water and methanol as heat carriers.  

The other parameters of experimental PHP sample were: internal/outer diameter - 1.1/2.1 

mm; condensing zone (CZ) length - 100 mm; overall PHP length ï 150 mm, FR - 50Ñ0.5%. The 

PHP was mounted on a metal plate together with an ohmic heater on HZ and a cooler on CZ. The 

metal plate was able to be adjusted to inclination angles: +90Á (vertical bottom heating mode), 

+45Á, 0Á (horizontal mode), -45Á, and -90Á (vertical top heating mode) by means of levelling 

screws. A DC power supply was used to power the heater. A digital wattmeter was used to control 

the heater's electric power. The thermostat attached to the cooler maintained a steady cooling water 

temperature equal to 22ÁC. Temperature measurement system consisted of: ten T-type 

thermocouples mounted on the outer wall of PHP, a multichannel data acquisition module, an 

interface converter and a personal computer. 

The results of the investigation are displayed in figure 1 depicting dependence between 
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PHP thermal resistance and supplied heat flux density at different orientation for a varied heating 

zone length. PHP didnôt start to work at inclination angles -45Á and -90Á. 

 

  

(a) (b) 

 

(c) 

Figure 1- Influence of the heating zone length and heat carrier on thermal resistance across 

different orientations: 50 mm (a), 30 mm (b), 10 mm (c) 

 

Methanol appears to be a good choice at lower heat flux and in the vertical bottom heating 

mode, however water appears to perform best at larger heat flux and in all other orientations when 

it comes to thermal resistance. The findings are in line with most previous studies, which shows 

that thermal resistance rises as the heating zone's length decreases for both heat carriers. However, 

at lower heat fluxes, methanol produces lower thermal resistance; at horizontal positions, water is 

always a good option. Experimental results also shows that water is the best option for maximum 

transmitted heat flux. 

On the other hand, methanol appears to be a useful choice for quickly starting pulsation at 

reduced heat flux. With a 50 mm heating zone length, its minimum start-up temperature (tstart) is 

34.79ÁC, while it is 61ÁC for water (figure 2a). In general, start-up temperature is strongly affected 

by inclination angle and HZ length. For water at horizontal mode the lowest start-up temperature 

was observed at 30 mm HZ length. For inclination angles +90Á and +45Á start-up temperature 

decreases with HZ length increasing for both heat carriers. 

The ratio of thermal resistance in horizontal position (Rh) to the thermal resistance in the 

bottom heating mode (Rvb) was chosen in this study as degree of PHP sensitivity to space 

orientation. If this ratio equals to 1 at the main PHP operational mode (pulsating mode), then PHP 
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can be assumed as insensible to space orientation. As it can be seen from figure 2b, this ratio is 

much stronger affected by HZ length for methanol than for water but for both heat carriers it has 

the lowest values at 10 mm HZ length. Also this ratio is higher than 1 for both heat carriers at all 

investigated HZ lengths and inclination angles. 

 

  
(a) (b) 

Figure 2 - PHP performance parameters: (a) variation of start-up temperature with 

heating zone length; (b) sensitivity ration as a function of heat flux density 
Conclusions. It can be summarized as follows: 
1. Methanol provides lower thermal resistance, but PHP with water transfers higher heat 

flux. 
2. At inclination angles +90Á and +45Á, increasing of HZ length leads to increasing of 

thermal resistance and decreasing of start-up temperature. 
3. In horizontal position, PHP with water has the lowest start-up temperature at HZ length 

30 mm and the only HZ length at which PHP with methanol works is 10 mm. 
4. PHP has the lowest sensitivity to space orientation at HZ length 10 mm for both heat 

carriers. For this point of view such Hz length is perspective for further development of PHP 
insensible to space orientation but it is necessary to solve problems with high thermal resistance 
and start-up temperature. 

References: 
1. Akachi, H. (1990). U.S. Patent No. 4,921,041. Washington, DC: U.S. Patent and 

Trademark Office. 
2. Han H., Cui X., Zhu Y., Sun S.  A comparative study of the behavior of working fluids 

and their properties on the performance of pulsating heat pipes (PHP). Int. J. Therm. Sci. 2014. 
V.82, ̄  9. P. 138-147.  

3. Saha M., Feroz C. M., Ahmed F., Mujib T. Thermal performance of an open loop closed 
end pulsating heat pipe. Heat Mass Transf. 2012. V.48. P. 259-265. 

4. Shrikrishna P., Siddharth N., Reddy S.U.M., Narasimham G. S.V.L. Experimental 
investigation of flat plate closed loop pulsating heat pipe. Heat Mass Tranf.  2019. V.55, ̄  9. P. 
2637-2649.  

5. Charoensawan P., Terdtoon P. Thermal performance of horizontal closed-loop 
oscillating heat pipes. 2008. V.28, ̄  (5-6). P. 460-466. 

6. Zhan J., Chen X., Ji Y., Zheng P., Duan W.: Experimental study of ethane pulsating heat 
pipe with varying evaporator lengths based on pulse tube refrigerator. Int. J. Refrig. 2023. V. 145.  
P. 40ï49. 

7. Kargarsharifabad H., Mamouri S.J., Shafii M.B., Rahni M.T.: Experimental 
investigation of the effect of using closed-loop pulsating heat pipe on the performance of a flat 
plate solar collector. J. Renew. Sustain. Energy. 2013. V.5, ̄  1. P. 013106. 

0

20

40

60

80

100

120

0 20 40 60

t S
T

A
R

T
, 
 0
C

HEATING ZONE LENGTH (MM)

90 degree_Methanol 45 degree_Methanol

0 degree_Methanol 90 degree_Water

45 degree_water 0 degree_Water

0

2

4

6

8

10

0 2000 4000 6000 8000 10000

R
H
/R

V
B

HEAT FLUX DENSITY (W/M2)

50 mm_water 50 mm_Methanol

30 mm_Water 30 mm_Methanol

10 mm_Water 10 mm_Methanol



 
 

 
 

73 

ʋɼʂ 536.242 

ĭ ɸʩʧʽʨʘʥʪ 3 ʢʫʨʩʫ ʃʽʧʥʽʮʴʢʠʡ ʃ.ɺ.; ĭ ʄʦʣ. ʚʯʝʥʠʡ ʄʝʣʴʥʠʢ ʈ.ʉ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʃʝʙʝʜʴ ʅ.ʃ. 

  https://scholar.google.com.ua/citations?user=MepHHW4AAAAJ&hl=uk 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺɯɿʋɸʃɯɿɸʎɯʗ ʇʈʆʎɽʉʋ ʌʆʈʄʋɺɸʅʅʗ ʊɽʇʃʆɺʆɻʆ ʊɸ 

ɻɯɼʈʆɼʀʅɸʄɯɺʏʅʆɻʆ ʇʈʀʄɽɾʆɺʆɻʆ ʐɸʈʋ ɺ ʋʄʆɺɸʍ ɺɯʃʔʅʆɰ 

ʂʆʅɺɽʂʎɯɰ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʨʦʩʪʘʥʥʷ ʪʝʤʧʽʚ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʽʢʠ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʽʡʥʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘʩʦʙʽʚ ʪʘ ʤʝʪʦʜʽʚ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ ʫ ʟʚ'ʷʟʢʫ ʟʽ 
ʟʨʦʩʪʘʥʥʷʤ ʧʠʪʦʤʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʱʦ ʩʧʨʠʯʠʥʝʥʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ 
ʟʨʦʩʪʘʥʥʷʤ ʾʭ ʧʦʪʫʞʥʦʩʪʽ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 
ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ ʻ ʩʠʩʪʝʤʠ ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʚʦʬʘʟʥʠʭ ʪʝʧʣʦʧʝʨʝʜʘʶʯʠʭ 
ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʪʝʨʤʦʩʠʬʦʥʠ, ʪʝʧʣʦʚʽ ʪʨʫʙʠ, ʧʘʨʦʚʽ ʢʘʤʝʨʠ ʪʘ ʽʥ.  

ʉʝʨʝʜ ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʝʨʤʦʩʠʬʦʥʠ ʻ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤʠ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽ 
ʚʽʜʧʦʚʽʜʥʦ ʥʘʡʙʽʣʴʰ ʜʝʰʝʚʠʤʠ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ 
ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʦ ʚ ʧʨʦʩʪʦʨʽ (ʮʠʚʽʣʴʥʽ ʩʠʩʪʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʽʥ) ʘʙʦ ʞ ʟ 
ʥʝʚʝʣʠʢʠʤʠ ʧʝʨʽʦʜʠʯʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ (ʝʣʝʢʪʨʦʥʽʢʘ ʥʘ ʢʦʨʘʙʣʷʭ ʯʠ ʩʠʩʪʝʤʘʭ 
ʨʘʜʽʦʣʦʢʘʮʽʾ), ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʩʠʬʦʥʽʚ ʻ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
ʪʝʨʤʦʩʠʬʦʥʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʘ ʧʽʜʭʦʜʠ, ʘ ʩʘʤʝ: ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʟʤʽʥʠ 
ʛʝʦʤʝʪʨʽʾ (ʢʘʥʘʚʢʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ [1], ʥʘʨʽʟʘʥʥʷ ʨʽʟʴʙ [2], ʥʘʨʦʱʫʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʧʠʣʝʥʥʷ); ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʯʠ ʟʤʝʥʰʝʥʥʷ 
ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ (ʥʘʧʠʣʝʥʥʷ ʥʝʟʤʦʯʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʭʽʤʽʯʥʘ ʦʙʨʦʙʢʘ 
ʧʦʚʝʨʭʦʥʴ, ʤʝʪʦʜʦʤ LIPSS [3]). ɹʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷʭ 
ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʝʥʪʨʽʚ ʧʘʨʦʫʪʚʦʨʝʥʥʷ, ʥʝ ʙʝʨʫʯʠ 
ʜʦ ʫʚʘʛʠ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ, 
ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʪʘ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ 
ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʜʦʟʚʦʣʷʪʴ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʽ ʟʦʥʠ 
ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʠʟʥʘʯʠʪʠ ʜʦʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ 
ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿ ʮʽʣʣʶ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ 
ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʚʦʬʘʟʥʠʭ ʪʝʨʤʦʩʠʬʦʥʽʚ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ, ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʷʢʦʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ 

ʦʧʪʠʯʥʠʤ ʤʝʪʦʜʦʤ. 
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ʅʘ ʰʪʘʪʠʚʽ 1 ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ 2. ʇʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʢʦʣʽʤʘʪʦʨʥʫ 
ʜʽʘʬʨʘʛʤʫ 3, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʤʽʪʘʮʽʷ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ, ʩʚʽʪʣʦʚʠʡ 
ʧʦʪʽʢ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʣʦʩʢʦ ʧʘʨʘʣʝʣʴʥʫ ʢʶʚʝʪʫ 4 ʟ ʨʦʙʦʯʦʶ ʨʽʜʠʥʦʶ 5. ʂʶʚʝʪʘ 
ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʽʡ ʧʽʜʩʪʘʚʮʽ 6. ɯʤʽʪʘʪʦʨ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʟʘʢʨʽʧʣʝʥʦ 
ʥʘ ʢʶʚʝʪʫ, ʥʘ ʨʠʩʫʥʢʫ ʥʝ ʧʦʢʘʟʘʥʦ. ɿʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʝʢʨʘʥʽ 7, ʪʘ 
ʬʦʪʦʛʨʘʬʫʚʘʣʦʩʴ. ʈʦʟʤʽʨʠ ʢʶʚʝʪʠ ʩʢʣʘʜʘʣʠ 10ʭ10ʤʤ, ʟ ʚʠʩʦʪʦʶ 40ʤʤ. ʇʨʠ ʮʴʦʤʫ ʫ ʷʢʦʩʪʽ 
ʪʝʧʣʦʥʦʩʽʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʝʪʠʣʦʚʠʡ ʩʧʠʨʪ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʚʠʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʟʦʙʨʘʞʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 
ʬʨʦʥʪʫ ʟʤʽʥʠ ʛʫʩʪʠʥʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (ʨʠʩ.2).  

 

     
ʘ) ʙ) ʚ) ʛ) ʜ) 
ʈʠʩʫʥʦʢ 2 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʦʩʪʫʧʦʚʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʚ 

ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʽʡ ʢʶʚʝʪʽ ʧʨʠ ʧʽʜʚʝʜʝʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʮʽ 2ɺʪ, ʟ ʧʝʨʽʦʜʦʤ ʚ 20 
ʩʝʢʫʥʜ. 

ɿ ʨʠʩʫʥʢʫ ʜʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʬʨʦʥʪ ʤʘʻ ʬʦʨʤʫ ʟ ʜʚʦʤʘ ʧʽʢʘʤʠ, ʦʜʠʥ ʟ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ 
ʙʣʠʞʯʝ ʜʦ ʜʥʘ, ʽʥʰʠʡ ʥʘ ʚʠʩʦʪʽ ʙʣʠʟʴʢʦ 2/3 ʚʠʩʦʪʠ ʟʦʥʠ ʥʘʛʨʽʚʫ. 

ɿʘʩʚʽʯʝʥʘ ʦʙʣʘʩʪʴ ʥʘ ʨʠʩʫʥʢʫ ʻ ʤʝʞʦʶ ʟʤʽʥʠ ʛʫʩʪʠʥʠ ʨʽʜʠʥʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʤʽʥʽ 
ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʥʶʻʪʴʩʷ ʢʫʪ ʟʘʣʦʤʣʝʥʥʷ ʩʚʽʪʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʩʢʨʽʟʴ ʥʝʾ. ʊʘʢʠʤ ʯʠʥʦʤ 
ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʷʢ ʪʝʧʣʦʚʠʡ ʧʨʠʤʝʞʦʚʠʡ ʰʘʨ (ʟʘʩʚʽʯʝʥʘ ʦʙʣʘʩʪʴ), ʪʘʢ ʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ 
(ʧʨʠ ʣʽʚʽʡ ʩʪʽʥʮʽ ʯʽʪʢʦ ʚʠʜʥʦ ʟʘʪʝʤʥʝʥʫ ʦʙʣʘʩʪʴ).  

ɺʠʩʥʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʘ ʬʦʨʤʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʦʙʣʘʩʪʴ ʧʨʠ 
ʜʥʽ ʻ ʙʽʣʴʰ ʧʝʨʝʛʨʽʪʦʶ, ʯʝʨʝʟ ʤʘʣʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʽʜʠʥʠ. ʊʘʢʦʞ ʮʝ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠ, 
ʯʦʤʫ ʧʽʜ ʯʘʩ çʟʘʧʫʩʢʫè ʪʝʨʤʦʩʠʬʦʥʫ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʨʽʜʠʥʠ ʟʦʥʠ ʥʘʛʨʽʚʫ ʟʘʢʠʜʘʻʪʴʩʷ ʫ 
ʟʦʥʫ ʦʭʦʣʦʜʞʝʥʥʷ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ʄʆɾʃʀɺʆʉʊɽʁ ʄʆɼɽʈʅɯɿɸʎɯɰ ʂʆʊʃɸ ɻʄ-50-14 ɿ ʄɽʊʆʖ 

ɿʄɽʅʐɽʅʅʗ ʋʊɺʆʈɽʅʅʗ ʆʂʉʀɼɯɺ ɸɿʆʊʋ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʝʨʝʭʽʜ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʋʢʨʘʾʥʠ 

ʥʘ ʻʚʨʦʧʝʡʩʴʢʽ ʩʪʘʥʜʘʨʪʠ ʨʦʙʦʪʠ ʘʢʪʫʘʣʽʟʫʻ ʧʠʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʢʦʪʣʽʚ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ ʊɽʉ, ʊɽʎ ʪʘ ɸɽʉ. ɽʥʝʨʛʝʪʠʢʘ ʋʢʨʘʾʥʠ ʻ ʙʘʟʦʚʦʶ ʛʘʣʫʟʟʶ ʝʢʦʥʦʤʽʢʠ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ ʻ ʊɽʎ ʽ ʊɽʉ, ʥʘ ʷʢʽ ʧʨʠʧʘʜʘʻ 

ʜʦ 60% ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʫ ʩʚʽʪʽ ʪʘ ʜʦ 35% ʚ ʋʢʨʘʾʥʽ [1-3]. ʋ ʩʚʦʶ ʯʝʨʛʫ, 

ʫʢʨʘʾʥʩʴʢʽ ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʪʣʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ 

ʪʘ ʤʘʟʫʪʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʥʘ ʷʢʽ ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ 17,8% 

ʚʩʽʻʾ ʚʠʨʦʙʣʝʥʦʾ ʝʥʝʨʛʽʾ [1-3]. ʅʘʨʘʟʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟʤʝʥʰʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʫ ʫ ʟʚ'ʷʟʢʫ ʟ ʝʢʦʥʦʤʽʯʥʦʶ ʪʘ ʧʦʣʽʪʠʯʥʦʶ ʩʠʪʫʘʮʽʻʶ, ʘʣʝ ʚ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ, ʟʛʽʜʥʦ ʟ 

ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʻ ʦʩʥʦʚʥʠʤ ʚʠʜʦʤ 

ʧʘʣʠʚʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʧʨʘʢʪʠʮʽ ʙʽʣʴʰʽʩʪʴ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʮʽ ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʚʠʱʫʻ [4]. ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʻ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ [4]: 

1. ʄʘʣʦʪʦʢʩʠʯʥʽ ʧʘʣʴʥʠʢʠ 

2. ʊʨʠʩʪʫʧʽʥʯʘʩʪʝ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ (ʚʽʜʥʦʚʥʠʢ ï ʚʫʛʽʣʣʷ); 

3. ʊʨʠʩʪʫʧʽʥʯʘʩʪʝ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ (ʚʽʜʥʦʚʥʠʢ ï ʧʨʠʨʦʜʥʠʡ ʛʘʟ); 

4. ʉʪʫʧʝʥʝʚʝ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ; 

5. ʈʝʮʠʨʢʫʣʷʮʽʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ; 

6. ʉʝʣʝʢʪʠʚʥʝ ʥʝʢʘʪʘʣʽʪʠʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ (ʉʅʂɺ); 

7. ʉʝʣʝʢʪʠʚʥʝ ʢʘʪʘʣʽʪʠʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ (ʉʂɺ). 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɿʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʨʦʟʧʦʜʽʣ ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʚʠʩʦʪʽ ʪʦʧʢʠ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʪʨʷ ʧʦ ʷʨʫʩʘʭ ʧʘʣʴʥʠʢʽʚ 

(ʩʪʝʧʝʥʝʚʝ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ). ɼʣʷ ʘʥʘʣʽʟʫ  ʨʦʙʽʪ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʪʣʽʚ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʤʦʜʝʨʥʽʟʘʮʽʷ (ʥʘʣʘʰʪʫʚʘʥʥʷ) ʧʘʣʴʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʽʩʥʫʶʯʠʭ ʢʦʪʣʘʭ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷ ʤʽʞ ʜʚʦʤʘ  ʷʨʫʩʘʤʠ ʧʘʣʴʥʠʢʽʚ 

(ʦʨʛʘʥʽʟʘʮʽʾ ʩʪʫʧʝʥʝʚʦʛʦ ʩʧʘʣʶʚʘʥʥʷ) ʜʣʷ ʢʦʪʣʘ ɻʄ-50-14. 

ʇʨʠ ʧʦʩʪʽʡʥʽʡ ʨʽʚʥʦʤʽʨʥʽʡ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦʚʽʪʨʷ ʤʽʞ ʜʚʦʤʘ 

ʷʨʫʩʘʤʠ ʧʘʣʴʥʠʢʽʚ. ʄʘʪʨʠʮʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣʠʮʽ 1.  ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʘʢʪʠʚʥʦʛʦ ʛʦʨʽʥʥʷ (ʤʽʞʬʘʢʝʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ) ʧʦʚʽʪʨʷ ʟ 

ʥʠʞʥʴʦʛʦ ʷʨʫʩʫ ʯʘʩʪʢʦʚʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʝʨʭʥʽʡ ʷʨʫʩ. ɿʘ ʨʘʭʫʥʦʢ ʥʝʧʦʚʥʦʪʠ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ 

ʧʝʨʰʦʛʦ ʷʨʫʩʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ɿɸɻ ʟʥʠʞʫʻʪʴʩʷ ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʧʦʚʽʪʨʷʥʠʭ NOx. 
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ʊʘʙʣʠʮʷ 1 ï ʄʘʪʨʠʯʥʽ ʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦʚʽʪʨʷ ʧʦ ʷʨʫʩʘʤ ʧʘʣʴʥʠʢʽʚ ʽʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʩʦʧʣʘʤʠ ʪʨʝʪʠʥʥʦʛʦ ʧʦʚʽʪʨʷ 

 
ˉ ʄʘʪʨʠʯʥʽ ʟʥʘʯʝʥʥʷ 

1

1 

2

2 

3

3 

1

4 

2

5 

3

6 

4

7 

5

8 

6

9 

1

10 

1

11 

ʗʨʫʩ ʧʘʣʴʥʠʢʽʚ ʂʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ 

#1 1,05 1,0 0,95 0,9 0,85 0,8 0,75 0,7 0,65 0,6 0,55 

#2 1,05 1,1 1,1 1,1 1,1 1,1 1,1 1,1 1,0 1,0 0,95 

ʉʦʧʣʘ 

ʪʨʝʪʠʥʥʦʛʦ ʧʦʚʽʪʨʷ 

- - 0,05 0,1 0,15 0,2 0,25 0,3 0,45 0,5 0,6 

 

ʊʘʙʣʠʮʷ 2 ï ʄʘʪʨʠʯʥʽ ʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦʚʽʪʨʷ ʧʦ ʷʨʫʩʘʤ ʧʘʣʴʥʠʢʽʚ ʽʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʩʦʧʣʘʤʠ ʪʨʝʪʠʥʥʦʛʦ ʧʦʚʽʪʨʷ 

 
 ̄ ʄʘʪʨʠʯʥʽ ʟʥʘʯʝʥʥʷ 

12 13 14 15 16 17 18 19 

ʗʨʫʩ ʧʘʣʴʥʠʢʽʚ ʂʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ 

#1 0,,9 0,875 0,85 0,825 0,8 0,775 0,725 0,7 

#2 0,9 0,875 0,85 0,825 0,8 0,775 0,725 0,7 

ʉʦʧʣʘ 

ʪʨʝʪʠʥʥʦʛʦ ʧʦʚʽʪʨʷ 

0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,7 

 

 

 
           ʈʠʩʫʥʦʢ 1 ï ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʣʘ 

(ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʪʨʠʮʴ 1-11) 
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ʈʠʩʫʥʦʢ 2 ï ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʣʘ 

(ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʪʨʠʮʴ 12-19) 

 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟʫʶʯʠ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʽ ʜʣʷ ʤʘʪʨʠʯʥʠʭ ʜʘʥʠʭ ˉ1-11, ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʣʘ, ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ 

ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ, ʪʘ ʧʨʠ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʜʣʠʰʢʫ ʥʘ ʷʨʫʩʘʭ ʧʘʣʴʥʠʢʽʚ, ʫʪʚʦʨʝʥʥʷ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʢʦʞʥʦʤʫ 

ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʷʨʫʩʽ ʧʘʣʴʥʠʢʽʚ, ʽ ʚ ʮʽʣʦʤʫ ʟʦʥʠ ʘʢʪʠʚʥʦʛʦ ʛʦʨʽʥʥʷ. 

ʇʨʠ ʧʦʩʪʫʧʦʚʦʤʫ ʟʤʝʥʰʝʥʥʽ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʥʘ ʥʠʞʥʽʡ ʷʨʫʩ, ʜʦ ʛʨʘʥʠʯʥʦʛʦ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʠʡ ʧʝʨʝʧʘʜ ʽʟ ʟʤʝʥʰʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʽ ʪʘʢʦʞ ʧʨʠ ʨʽʟʢʦʤʫ 

ʟʨʦʩʪʘʥʥʽ ʭʽʤʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʢʨʠʪʠʯʥʠʤ ʥʘʜʣʠʰʢʦʤ ʧʦʚʽʪʨʷ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʦʶ ʥʝʧʦʚʥʦʪʦʶ ʟʤʽʰʫʚʘʥʥʷ ʛʘʟʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʚ ʟʦʥʽ ʘʢʪʠʚʥʦʛʦ 

ʛʦʨʽʥʥʷ. 

ɼʣʷ ʜʝʪʘʣʴʥʽʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʙʫʣʦ ʜʦʜʘʥʦ ʜʦʜʘʪʢʦʚʽ ʤʘʪʨʠʯʥʽ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ, ʱʦ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 0,7-0,75. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. E.U. Parliament, Directive 2010/75/EU of the European Parliament and of the Council 

of 24 November 2010 on industrial emissions (integrated pollution prevention and control), Off. 

J. Eur. Union 334 (2010) 17. 

 2. I. Volchyn, N. Dunaievska, L. Haponych, M. Cherniavskyi, O. Topal, Y. Zasiadko, 

Prospects for the Introduction of Clean Coal Technologies in the Energy Sector of Ukraine, Coal 

Energy Technology Institute, Kyiv, Ukraine, 2013, p. 308, 978-966-8840-97-5. 

 3. Lohvyniuk M., Novakivskyi Y. "CFD modeling of thermal processes in the firebox and 

heat load distribution on the screen surface firebox." Heliyon (2024). 

 4. M. Lohvyniuk, Y. Novakivskyi, Decreasing NOx emissions by way of the staged fuel 

combustion, NTU "KhPI" Bull.: Power Heat Eng. Processes Equip. 3 (2021) 18ï23, 

https://doi.org/10.20998/2078-774X.2021.03.03
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʈʆɿʈʆɹʃɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ɺʀʈʆɹʅʀʎʊɺɸ ʐʊʋʏʅʆɻʆ ʄɽʊɸʅʋ ɿ 

ɺɯɼʍʆɼɯɺ ʊɸ ɹɯʆʄɸʉʀ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʦʰʫʢ ʩʪʽʡʢʠʭ ʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʩʧʦʥʫʢʘʚ ʜʦ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʙʽʦʤʘʩʠ ʚ ʮʽʥʥʝ ʧʘʣʠʚʦ. 

ʇʝʨʝʭʽʜ ʜʦ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʟʜʘʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʚʽʜʭʦʜʠ ʙʽʦʤʘʩʠ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʧʘʣʠʚʘ. ʋ ʮʽʡ ʨʦʙʦʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʝʜʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʰʪʫʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʥʫ, ʱʦ ʧʦʻʜʥʫʻ ʛʘʟʠʬʽʢʘʮʽʶ 

ʢʠʩʥʝʤ ʟ ʨʝʘʢʮʽʻʶ ʉʘʙʘʪʴʻ ʽ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʝʤʧʽʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ[1]. ʋ 

ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʽʥʥʦʚʘʮʽʾ ʚ ʢʠʩʥʝʚʽʡ ʛʘʟʠʬʽʢʘʮʽʾ ʷʢ ʟʘʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʰʪʫʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʥʫ, ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʶ ʛʨʘʥʠʯʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʛʦʨʽʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʘʣʶʚʘʥʥʷ ʩʫʤʽʰʽ CO ʽ CO2 ʽ ʟʘʩʪʦʩʫʚʘʥʥʶ ʨʝʘʢʮʽʾ 

ʉʘʙʘʪʴʻ ʚ ʩʠʩʪʝʤʘʭ ʢʠʩʥʝʚʦʾ ʛʘʟʠʬʽʢʘʮʽʾʾ.  

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚʩʝ ʙʽʣʴʰʝ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʽʜʭʦʜʽʚ ʙʽʦʤʘʩʠ ʫ ʚʽʜʥʦʚʣʶʚʘʥʽ ʚʠʜʠ ʧʘʣʠʚʘ. ʊʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʤʝʪʘʥʫ ʟʥʘʯʥʦ ʧʨʦʩʫʥʫʣʘʩʷ ʚʧʝʨʝʜ, ʦʩʦʙʣʠʚʦ ʟʘʚʜʷʢʠ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ. 

ʇʦʪʦʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʠʩʥʶ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʝʧʣʦʪʚʦʨʥʫ ʟʜʘʪʥʽʩʪʴ ʩʠʥʪʝʟ-ʛʘʟʫ ʽ ʧʦʣʝʛʰʫʻ 

ʧʦʜʘʣʴʰʫ ʨʝʘʢʮʽʶ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʤʝʪʘʥʫʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʟʨʦʙʣʝʥʥʷ ʢʠʩʥʝʚʦʛʦ ʛʘʟʠʬʽʢʘʪʦʨʘ, ʱʦ ʧʨʘʮʶʻ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʯʘʩʪʢʦʚʦʛʦ ʦʢʠʩʣʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʚʠʢʦ ʨʠʙʥʠʮʪʚʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʧʘʣʠʚ  ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʠʩʪʠʡ ʢʠʩʝʥʴ ʟʘʤʽʩʪʴ ʧʦʚʽʪʨʷ, ʱʦ 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʠʥʪʝʟ-

ʛʘʟʫ ʽ ʤʽʥʽʤʽʟʘʮʽʾ ʨʦʟʚʝʜʝʥʥʷ ʘʟʦʪʦʤ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʠʟʥʘʯʘʶʪʴ ʦʧʪʠʤʘʣʴʥʽ ʤʝʞʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʦʨʽʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʣʠʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʧʨʦʩʫʥʫʪʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ. 

ʊʦʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʠʭʽʜ ʩʠʥʪʝʟ-

ʛʘʟʫ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʮʽʣʽʩʥʦʩʪʽ ʧʘʣʠʚʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʛʘʟʠʬʽʢʘʪʦʨʘ ʥʠʟʭʽʜʥʦʛʦ ʧʦʪʦʢʫ, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ [2] (ʜʠʚ. ʨʠʩ 1). ʄʦʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʻ ʣʘʙʦʨʘʪʦʨʥʠʡ  ʢʠʩʥʝʚʠʡ ʛʘʟʠʬʽʢʘʪʦʨ. ʋʩʪʘʥʦʚʢʘ ʩʧʨʦʝʢʪʦʚʘʥʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʠʬʽʢʘʮʽʾ, ʢʨʠʪʠʯʥʠʭ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʠʨʦʚʠʥʠ ʟ 

ʙʽʦʤʘʩʠ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʇʦʢʨʘʱʝʥʠʡ 

ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʩʠʥʪʝʟ-ʛʘʟʫ. 

ʉʧʘʣʶʚʘʥʥʷ ʨʝʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʩʫʤʽʰʽ CO ʦʪʨʠʤʘʥʦʾ ʚ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ, 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʮʽʡʥʦʾ ʢʘʤʝʨʠ, ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʨʝʘʢʮʽʾ 

ʉʘʙʘʪʴʻ. ɿʘ ʨʘʭʫʥʦʢ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ CO ʽ CO2 ʚ ʤʝʪʘʥ ʽ ʚʦʜʫ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʩʪʝʤʘ ʥʝ ʪʽʣʴʢʠ ʧʦʢʨʘʱʫʻ ʚʠʭʽʜ ʤʝʪʘʥʫ, ʘʣʝ ʽ ʩʧʨʠʷʻ ʟʘʛʘʣʴʥʽʡ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʠʬʽʢʘʪʦʨʘ, ʚʢʣʶʯʘʶʯʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʫʛʣʝʮʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʭʦʣʦʜʥʦʛʦ ʛʘʟʫ, ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʣʘʩʷ. 

ʆʪʨʠʤʘʥʠʡ ʤʝʪʘʥ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ, ʧʦʢʘʟʘʚ ʨʽʚʥʽ 

ʯʠʩʪʦʪʠ, ʷʢʽ ʨʦʙʣʷʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʢʦʤʝʨʮʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢ ʧʝʨʝʜʙʘʯʘʻ ʤʦʜʝʣʴ 

ʧʽʨʦʣʽʟʫ ʧʦʣʫʤ'ʷ ʉʘʨʘʚʘʥʘʢʫʤʘʨʘ [3]. ɯʥʪʝʛʨʘʮʽʷ ʛʘʟʠʬʽʢʘʮʽʾ ʢʠʩʥʝʤ ʽ ʨʝʘʢʮʽʾ ʉʘʙʘʪʴʻ, ʷʢ 
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ʧʦʢʘʟʘʥʦ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ [4] ʽ [5] , ʷʚʣʷʻ ʩʦʙʦʶ ʥʦʚʠʡ ʩʠʥʪʝʟ ʊʝʭʥʦʣʦʛʽʡ, ʷʢʠʡ ʟʙʽʣʴʰʫʻ 

ʚʠʨʦʙʥʠʮʪʚʦ ʤʝʪʘʥʫ. ʇʦʤʽʪʥʦ ʟʥʠʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʩʤʦʣ ʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʟʘʟʚʠʯʘʡ 

ʧʦʚ'ʷʟʘʥʠʭ ʟʽ ʟʚʠʯʘʡʥʦʶ ʛʘʟʠʬʽʢʘʮʽʻʶ ʧʦʚʽʪʨʷ. ʂʨʽʤ ʪʦʛʦ, ʚʠʜʘʣʝʥʥʷ ʘʟʦʪʫ ʟ ʛʘʟʠʬʽʢʫʶʯʦʛʦ 

ʘʛʝʥʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʩʠʥʪʝʟ-ʛʘʟʫ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʦʣʝʛʰʫʻ ʧʦʜʘʣʴʰʝ ʚʠʨʦʙʥʠʮʪʚʦ ʤʝʪʘʥʫ ʧʦ ʨʝʘʢʮʽʾ ʉʘʙʘʪʴʻ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʪʦʛʦ ʢʠʩʥʶ 

ʟʘʤʽʩʪʴ ʧʦʚʽʪʨʷ ʷʢ ʛʘʟʠʬʽʢʫʶʯʦʛʦ ʘʛʝʥʪʘ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʨʦʟʚʝʜʝʥʥʷ ʘʟʦʪʫ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʩʤʦʣʠ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʨʦʙʣʷʪʠ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʠʜʽʚ 

ʙʽʦʤʘʩʠ, ʚʢʣʶʯʘʶʯʠ ʥʦʚʠʡ ʛʽʙʨʠʜʥʠʡ ʤʽʩʢʘʥʪʫʩ, ʱʦ ʨʦʟʤʥʦʞʫʻʪʴʩʷ ʥʘʩʽʥʥʷʤ, ʷʢʠʡ ʤʘʻ 

ʩʧʨʠʷʪʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʠʬʽʢʘʮʽʾ. 

 
ʈʠʩʫʥʦʢ 1 ï  ʉʭʝʤʘʪʠʯʥʠʡ ʚʠʛʣʷʜ ʛʘʟʠʬʽʢʘʪʦʨʘ ʟ ʨʫʭʦʤʠʤ ʰʘʨʦʤ ʙʝʟ ʛʦʨʣʦʚʠʥʠ ʟ 

ʥʠʟʭʽʜʥʠʤ ʧʦʪʦʢʦʤ (ʟʣʽʚʘ) ʟ ʛʨʘʜʽʻʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʚʠʩʦʪʽ (ʧʨʘʚʦʨʫʯ) 

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʤʽʩʪʠʪʠ ʟʥʘʯʥʫ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʚ ʛʘʣʫʟʽ 

ʝʥʝʨʛʝʪʠʢʠ, ʪʘ ʙʫʜʫʪʴ ʥʘʫʢʦʚʠʤ ʧʨʦʨʠʚʦʤ ʚ ʦʙʣʘʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʟ 

ʙʽʦʤʘʩʠ. ʆʧʪʠʤʽʟʫʶʯʠ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʦʨʽʥʥʷ ʙʫʜʝ ʨʦʟʨʦʙʣʝʥʦ ʢʠʩʥʝʚʠʡ ʛʘʟʠʬʽʢʘʪʦʨ ʥʘ ʦʩʥʦʚʽ ʨʝʘʢʮʽʾ ʉʘʙʘʪʴʻ, ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʰʪʫʯʥʦʛʦ ʤʝʪʘʥʫ.  

ɺʠʩʥʦʚʢʠ. ɯʥʥʦʚʘʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʛʘʟʠʬʽʢʘʮʽʾ ʙʽʦʤʘʩʠ ʢʠʩʥʝʤ ʻ ʥʘʨʽʞʥʠʤ ʢʘʤʝʥʝʤ 

ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʯʠʩʪʠʡ ʢʠʩʝʥʴ ʟʘʤʽʩʪʴ ʧʦʚʽʪʨʷ, ʧʦʢʨʘʱʫʻʪʴʩʷ ʧʨʦʮʝʩ 

ʛʘʟʠʬʽʢʘʮʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʫʻʪʴʩʷ ʩʠʥʪʝʟ-ʛʘʟ ʟ ʚʠʱʦʶ ʢʘʣʦʨʽʡʥʽʩʪʶ ʪʘ ʟʥʠʞʝʥʠʤ 

ʚʤʽʩʪʦʤ ʘʟʦʪʫ. ʎʝ ʥʝ ʪʽʣʴʢʠ ʧʦʢʨʘʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʥʫ, ʘʣʝ ʡ ʩʧʨʠʷʻ 

ʟʘʛʘʣʴʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʨʦʙʦʪʠ ʻ ʨʝʪʝʣʴʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨ ʛʦʨʽʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʰʠʨʝʥʠʡ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʡ 

ʘʥʘʣʽʟ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʙʫʜʫʪʴ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʟ ʙʽʦʤʘʩʠ ʪʘ ʚʽʜʭʦʜʽʚ. ʊʘʢʘ ʪʦʯʥʽʩʪʴ ʢʦʥʪʨʦʣʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʢʩʠʤʽʟʫʻ ʚʠʭʽʜ ʩʠʥʪʝʪʠʯʥʦʛʦ ʛʘʟʫ, ʟʙʝʨʽʛʘʶʯʠ ʮʽʣʽʩʥʽʩʪʴ ʧʘʣʠʚʘ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʮʽʾ ʉʘʙʘʪʴʻ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʦ ʢʦʥʪʨʦʣʴ ʟʛʦʨʷʥʥʷ ʩʫʤʽʰʽ ʉʆ ʪʘ ʉʆ2, 

ʦʪʨʠʤʘʥʦʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʘʟʠʬʽʢʘʮʽʾ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Khan, Z. et al. (2022) Design, instrumentation, and operation of a standard downdraft, 

laboratory-scale gasification testbed utilising novel seedpropagated hybrid Miscanthus pellets. 

Applied Energy.  

2. 2020 Design, construction and operation of a low-tar biomass (LTB) gasifier for power 

applications MD Mashiur Rahman, Ulrik Birk Henriksen, Jesper Ahrenfeldt, Maria Puig Arnavat. 

3. Flaming pyrolysis model of the fixed bed cross draft long-stick wood gasifier A. 

Saravanakumar a, T.M. Haridasan b , Thomas B. Reed. 

4. Experimental investigation of a ñthroatlessò downdraft gasifier with palm kernel shell 

A. Kuhe, H. A. Iortyer, and E. I. Kucha. 

5. CFD analysis of biomass gasification using downdraft gasifier Bhoopendra Pandey, K. 

Yogesh Prajapati a , N. Pratik Sheth.



 
 

 
 

80 

ʋɼʂ 536.24.08 

ĭ ʄʦʣ. ʚʯʝʥʠʡ ʐʝʧʝʣʴ ɻ.ʉ. 

ĭ ʇʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ ɺ.ʖ. 

  https://scholar.google.com.ua/citations?hl=uk&user=l8nJrv0AAAAJ 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʇʃʀɺ ɻɽʆʄɽʊʈʀʏʅʀʍ ʌɸʂʊʆʈɯɺ ʅɸ ʊɽʇʃʆʇɽʈɽɼɸɺɸʃʔʅɯ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɼɺʆʌɸɿʅʆɻʆ ʊɽʈʄʆʉʀʌʆʅʋ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʧʽʜʚʠʱʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠʣʘʜʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʚʠʱʝʥʠʡ ʾʭʥʽʡ ʙʝʟʧʝʯʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ. ʎʝ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʝʣʝʤʝʥʪʽʚ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʚʽʜʚʦʜʷʪʴ ʟʥʘʯʥʽ ʪʝʧʣʦʚʽ 

ʧʦʪʦʢʠ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʪʘʢʠʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʻ ʪʝʧʣʦʚʽ ʪʨʫʙʠ ʽ ʪʝʨʤʦʩʠʬʦʥʠ [1ï2]. ʎʝ ʘʚʪʦʥʦʤʥʽ ʧʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʚʠʧʘʨʦʚʫʚʘʣʴʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʠʡ ʩʧʦʩʽʙ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ. ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʚʠʤʦʛ ʜʦ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʜʘʚʘʪʠ ʟʥʘʯʥʽ ʧʠʪʦʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʠʭ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ. ʊʘʢʠʤ ʷʢʦʩʪʷʤ ʧʦʚʥʽʩʪʶ 

ʚʜ̔ʧʦʚʽʜʘʶʪʴ ʪʝʧʣʦʚʽ ʪʨʫʙʠ ʽ ʪʝʨʤʦʩʠʬʦʥʠ. ʆʜʥʘʢ ʪʝʨʤʦʩʠʬʦʥʠ ʧʨʦʩʪʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽ 

ʤʘʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʝʢʚʽʚʘʣʝʥʪʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʝʧʣʦʚʠʤʠ ʪʨʫʙʘʤʠ. 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʚʝʜʫʪʴ ʧʦʰʫʢ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ ʪʝʨʤʦʩʠʬʦʥʽʚ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʙ ʚʽʜʧʦʚʽʜʘʣʠ ʟʘʜʘʥʠʤ ʨʝʞʠʤʘʤ ʨʦʙʦʪʠ ʫʩʪʘʪʢʫʚʘʥʥʷ. ɺʠʚʯʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʪʝʨʤʦʩʠʬʦʥʘʭ ʟʘʛʘʣʦʤ ʜʘʻ ʨʦʟʫʤʽʥʥʷ ʨʦʙʦʪʠ ʢʦʥʢʨʝʪʥʠʭ ʚʘʨʽʘʮʽʡ 

ʧʨʠʣʘʜʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʘ ʪʘʢʦʞ ʾʭʥʽʭ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʩʠʬʦʥʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. 
ʇʝʨʰʠʡ ʧʘʪʝʥʪ ʥʘ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʬʘʟʥʦʛʦ 

ʪʝʨʤʦʩʠʬʦʥʫ ʦʪʨʠʤʘʥʠʡ ʱʝ 1892 ʨʦʢʫ ï ʪʨʫʙʢʘ ʇʝʨʢʽʥʩʘ, ʘ ʥʘ ʧʦʯʘʪʢʫ ʍʍ ʩʪʦʨʽʯʯʷ ʧʝʨʰʽ 

ʜʚʦʬʘʟʥʽ ʪʝʨʤʦʩʠʬʦʥʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʥʘʛʨʽʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʫ ʧʝʯʘʭ ʭʣʽʙʦʧʝʢʘʨʥʽ [3]. 

ʅʘʨʘʟʽ ʪʝʨʤʦʩʠʬʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʠʩʪʨʦʷʭ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʬʝʨʘʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʦʙʫʪʫ. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦ-ʤʘʩʦʧʝʨʝʥʦʩʫ 

ʜʣʷ ʪʝʨʤʦʩʠʬʦʥʽʚ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʟ ʷʢʠʭ ʚʽʜʦʤʦ, ʱʦ ʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʫʤʦʚ ʾʭʥʴʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʦ ʥʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʚôʷʟʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, ʨʝʞʠʤʠ ʢʠʧʽʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʚʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʘʙʦ ʟʘʭʣʠʥʘʥʥʷ ʚ ʟʦʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʪʦʱʦ. ʗʢʱʦ ʦʙôʻʤ 

ʪʝʧʣʦʥʦʩʽʷ ʙʫʜʝ ʤʝʥʰʠʤ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦ ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜʚʝʩʪʠ ʧʦʪʨʽʙʥʠʡ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʯʘʩʪʢʦʚʝ ʯʠ ʧʦʚʥʝ ʦʩʫʰʝʥʥʷ ʟʦʥʠ ʥʘʛʨʽʚʫ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ 

ʧʝʨʝʛʨʽʚʫ ʧʦʚʝʨʭʥʽ ʟʦʥʠ ʧʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʪʝʨʤʦʩʠʬʦʥʫ ʪʘ ʧʦʪʝʥʮʽʡʥʦʤʫ ʨʫʡʥʫʚʘʥʥʶ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʠ ʥʠʟʴʢʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʘʭ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʘʪʦʧʣʝʥʥʶ ʟʦʥʠ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʨʤʦʩʠʬʦʥʽʚ [4]. ʇʨʠ ʚʠʩʦʢʠʭ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʘʭ, ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʧʽʜʙʦʨʽ ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʡʦʛʦ ʦʙôʻʤʫ, ʪʘ ʥʝʩʧʽʚʤʽʨʥʠʭ ʜʦ ʥʠʭ ʨʦʟʤʽʨʘʭ 

ʟʦʥʠ ʥʘʛʨʽʚʫ, ʧʨʦʮʝʩ ʢʠʧʽʥʥʷ ʩʪʘʻ ʥʝʩʪʽʡʢʠʤ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʘʚʘʨʽʡʥʦʾ ʨʦʙʦʪʠ 

ʪʝʨʤʦʩʠʬʦʥʽʚ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʜʦʚʞʠʥʠ ʟʦʥʠ 

ʥʘʛʨʽʚʫ ʪʝʨʤʦʩʠʬʦʥʫ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 9ʤʤ ʥʘ ʡʦʛʦ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʦ ʦʩʥʦʚʥʠʭ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʧʘʨʦʚʫʚʘʣʴʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ʪʝʧʣʦʚʽ ʪʨʫʙʠ, ʪʝʨʤʦʩʠʬʦʥʠ) ʚʽʜʥʦʩʷʪʴʩʷ 

ʤʽʥʽʤʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ Rmin ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʝʨʝʜʘʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ Qmax.  

ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ ʜʦʚʞʠʥʠ ʟʦʥʠ ʥʘʛʨʽʚʫ ʥʘ ʟʘʣʝʞʥʽʩʪʴ 
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ʚʝʣʠʯʠʥʠ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ R ʚʽʜ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ Q, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, ʤʽʜʥʦʛʦ 

ʪʝʨʤʦʩʠʬʦʥʫ ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ dʚʥ = 9 ʤʤ ʽ ʜʦʚʞʠʥʦʶ 500 ʤʤ. ɼʦʚʞʠʥʘ ʟʦʥʠ 

ʢʦʥʜʝʥʩʘʮʽʾ ʙʫʣʘ 200 ʤʤ, ʘ ʟʦʥʘ ʥʘʛʨʽʚʫ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ 50ʤʤ ʜʦ 200 ʤʤ ʟ ʢʨʦʢʦʤ 50 ʤʤ. ɺ 

ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʚʦʜʘ. ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ ʂʟ, ʱʦ ʜʦʨʽʚʥʶʻ 

ʚʽʜʥʦʰʝʥʥʶ ʦʙ'ʻʤʫ, ʟʘʡʤʘʥʦʛʦ ʪʝʧʣʦʥʦʩʽʻʤ Vʨ ʜʦ ʦʙ'ʻʤʫ ʚʩʽʻʾ ʟʦʥʠ ʥʘʛʨʽʚʫ Vʟʥ, ʩʪʘʥʦʚʠʚ ʚʽʜ 

0,3 ʜʦ 1,2. ɿʦʥʘ ʢʦʥʜʝʥʩʘʮʽʾ ʦʤʠʚʘʣʘʩʷ ʚʦʜʦʶ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 200ʉÑ0,50ʉ ʽ ʧʦʩʪʽʡʥʦʶ 

ʚʠʪʨʘʪʦʶ 0,8Ö10-3 ʢʛ/ʩ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ 

ʪʝʨʤʦʩʠʬʦʥʘ. ʊʝʤʧʝʨʘʪʫʨʫ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʪʝʨʤʦʩʠʬʦʥʘ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʜʴ-

ʢʦʥʩʪʘʥʪʘʥʦʚʠʭ ʪʝʨʤʦʧʘʨ, ʷʢʽ ʙʫʣʠ ʧʨʠʧʘʷʥʽ ʜʦ ʡʦʛʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʢʠ. ʉʠʛʥʘʣ ʚʽʜ 

ʪʝʨʤʦʧʘʨ ʧʦʜʘʚʘʚʩʷ ʥʘ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʽ ʜʘʣʽ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʡ 

ʢʦʤʧ'ʶʪʝʨ. ʉʠʩʪʝʤʘ ʦʧʠʪʫʚʘʥʥʷ ʧʦʢʘʟʘʥʴ ʪʝʨʤʦʧʘʨ ʜʘʚʘʣʘ ʟʤʦʛʫ ʬʽʢʩʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʯʘʩʪʦʪʦʶ 1ɻʮ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ (ʈʠʩ. 1), ʱʦ ʜʣʷ ʚʩʽʭ ʜʦʚʞʠʥ ʟʦʥ ʥʘʛʨʽʚʫ ʪʝʨʤʽʯʥʠʡ 

ʦʧʽʨ ʪʝʨʤʦʩʠʬʦʥʘ ʤʦʥʦʪʦʥʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʜʝʷʢʦʛʦ ʩʪʘʙʽʣʴʥʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

(ʧʨʠʙʣʠʟʥʦ ʜʦ 0,08 ʂ/ɺʪ). ʇʨʠ ʤʘʣʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʘʭ (ʜʦ  30 ɺʪ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʙʣʘʩʪʴ, 

ʜʝ ʟʥʘʯʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʧʝʨʝʚʠʱʫʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʧʨʠʙʣʠʟʥʦ ʥʘ ʧʦʨʷʜʦʢ. ʎʷ ʦʙʣʘʩʪʴ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʚ ʨʽʜʠʥʽ ʽ ʧʦʯʘʪʢʫ 

ʙʫʣʴʙʘʰʢʦʚʦʛʦ ʢʠʧʽʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʝʨʽʦʜʠʯʥʽ ʧʫʣʴʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʪʽʥʢʠ ʪʝʨʤʦʩʠʬʦʥʘ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ, ʷʢʽ ʜʦʩʷʛʘʶʪʴ 20ʦʉ ʽ ʙʽʣʴʰʝ. ʇʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʫʣʴʩʘʮʽʡ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʥʘ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʟʢʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʽʥʢʠ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ ʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ, ʱʦ ʻ ʦʟʥʘʢʦʶ ʧʦʷʚʠ ʧʘʨʦʚʦʾ ʧʣʽʚʢʠ ʽ ʟʤʝʥʰʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʮʽʡ ʟʦʥʽ. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʚʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʝʨʤʦʩʠʬʦʥʫ ʚʽʜ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ (ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ: 1 ï 1,2; 2 ï 0,6; 3 ï 0,4; 4 ï 0,3)  

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ.1 ʤʽʥʽʤʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʜʣʷ ʚʩʽʭ ʂʟ ʤʘʻ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ 

ʟʥʘʯʝʥʥʷ. ʆʜʥʘʢ ʤʘʢʩʠʤʘʣʴʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ Qmax ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʟʦʥʠ ʥʘʛʨʽʚʫ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ ʂʟ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʜʦʚʞʠʥʠ ʟʦʥʠ ʥʘʛʨʽʚʫ ʥʘ Qmax ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʪʠʤ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ʊʘʢ ʧʨʠ ʜʦʚʞʠʥʽ ʟʦʥʠ ʥʘʛʨʽʚʫ 200ʤʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʂʟ=0,3, ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ Qmax ʜʦʨʽʚʥʶʻ 40,4ʢɺʪ/ʤ
2, ʘ ʢʦʣʠ ʤʘʻʤʦ 

ʜʦʚʞʠʥʫ ɿʥ=50 ʤʤ ʪʦ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦ ʪʦʢʫ ʧʨʠ Qmax ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʫ ʪʨʠ 

ʨʘʟʠ ʽ ʜʦʨʽʚʥʶʻ 120,0 ʢɺʪ/ʤ2. ʊʦʤʫ, ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʢʨʠʟʠ ʢʠʧʽʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʧʘʨʦʚʦʾ ʧʣʽʚʢʠ ʫ ʟʦʥʽ ʥʘʛʨʽʚʫ ʧʨʠ ʤʘʣʽʡ ʾʾ ʜʦʚʞʠʥʽ ʙʫʜʝ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ, ʥʽʞ ʧʨʠ ʟʥʘʯʥʦ 

0

0,2

0,4

0,6

0,8

1

0.0 5.0 10.0 15.0 20.0 25.0

˭ͤҐнллͣͣ ˭ͤҐмрлͣͣ ˭ͤҐмллͣͣ ˭ͤҐрлͣͣ

R,˴ κˤͭ

Q,ʕ ͭ

1 2
43



 
 

 
 

82 

ʙʽʣʴʰʽʡ ʜʦʚʞʠʥʽ. ʆʜʥʘʢ ʟʥʘʯʝʥʥʷ Qmax ʧʨʠ ʜʦʚʞʠʥʘʭ ʟʦʥ ʥʘʛʨʽʚʫ 50 ʤʤ ʽ 200 ʤʤ 

ʚ̔ ʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʫ 1,5 ʨʘʟʠ (ʈʠʩ. 2). ʎʝ ʟʥʘʯʠʪʴ, ʱʦ ʻ ʱʝ ʜʦʜʘʪʢʦʚʽ ʚʧʣʠʚʘʶʯʽ 

ʬʘʢʪʦʨʠ, ʷʢʽ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʪʝʨʤʦʩʠʬʦʥʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʦ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʥʦʩʽʷ ʫ ʪʝʨʤʦʩʠʬʦʥʽ, ʘ ʪʘʢʦʞ ʪʝ, ʱʦ ʧʨʠ ʚʝʣʠʢʠʭ ʜʦʚʞʠʥʘʭ ʟʦʥʠ ʥʘʛʨʽʚʫ ʧʦ ʯʘʩʪʠʥʽ ʾʾ 

ʧʦʚʝʨʭʥʽ ʩʪʽʢʘʻ ʧʣʽʚʢʘ ʨʽʜʠʥʠ ʽʟ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ, ʷʢʘ ʤʦʞʝ ʚʠʧʘʨʦʚʫʚʘʪʠʩʷ ʽ ʥʝ ʜʦʩʷʛʘʪʠ 

ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʟʦʥʠ ʥʘʛʨʽʚʫ. ʊʦʤʫ ʚʠʥʠʢʥʝʥʥʷ ʪʘʤ ʜʝʬʽʮʠʪʫ ʪʝʧʣʦʥʦʩʽʷ ʤʦʞʝ ʧʨʠʚʝʩʪʠ 

ʜʦ ʢʨʠʟʦʚʠʭ ʷʚʠʱ ʧʨʠ ʤʘʣʠʭ ʛʫʩʪʠʥʘʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʪʝʨʤʦʩʠʬʦʥʘ 

 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʜʦʚʞʠʥʘ ʟʦʥʠ ʥʘʛʨʽʚʫ 

ʪʝʨʤʦʩʠʬʦʥʘ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 9 ʤʤ ʽ ʜʦʚʞʠʥʦʶ 500 ʤʤ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. ɸʣʝ ʜʦʩʠʪʴ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʮʴʦʛʦ ʬʘʢʪʦʨʫ ʻ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʨʤʦʩʠʬʦʥʽʚ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ. ʊʘʢʠʭ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʜʦʚʞʠʥ ʟʦʥ ʥʘʛʨʽʚʫ ʽ ʢʦʥʜʝʥʩʘʮʽʾ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʡʦʛʦ ʪʝʧʣʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀɿʅɸʏɽʅʅʗ ʇʃʆʑ ʇʈʆʊɯʏʆʂ ʇʆɺɯʊʈʗ ʅɸɿʆɺʅɯ ʅʆɺʆɻʆ ɹɽɿʇɽʏʅʆɻʆ 

ʂʆʅʌɸʁʅʄɽʅʊʋ ʏɸɽʉ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʅʦʚʠʡ ɹʝʟʧʝʯʥʠʡ ʂʦʥʬʘʡʥʤʝʥʪ (ʅɹʂ) ʻ 

ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ ʤʘʻ ʟʘʭʠʩʥʝ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʫ ʩʝʙʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʟʨʫʡʥʦʚʘʥʦʛʦ 4-ʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ʏɸɽʉ, ʱʦ ʤʽʩʪʷʪʴ ʷʜʝʨʥʝ ʧʘʣʠʚʦ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʧʨʠ ʮʴʦʤʫ ʙʝʟʧʝʢʫ ʧʝʨʩʦʥʘʣʫ, ʥʘʩʝʣʝʥʥʷ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʨʫʡʥʦʚʘʥʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ʚ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʫ ʩʠʩʪʝʤʫ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʝʟʧʝʢʫ ʧʝʨʩʦʥʘʣʫ, ʥʘʩʝʣʝʥʥʷ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʅɹʂ ʤʘʻ ʟʦʚʥʽʰʥʶ ʽ 

ʚʥʫʪʨʽʰʥʶ ʦʙʦʣʦʥʢʠ, ʷʢʽ ʥʝ ʻ ʧʦʚʥʽʩʪʶ ʛʝʨʤʝʪʠʯʥʠʤʠ. ʊʘʢʦʞ ʤʽʩʮʷ ʫʱʽʣʴʥʝʥʥʷ ʧʽʜ 

ʟʘʭʽʜʥʦʶ ʪʘ ʩʭʽʜʥʦʶ ʩʪʽʥʘʤʠ ʅɹʂ, ʘ ʪʘʢʦʞ ʙʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʮʠʤʠ ʩʪʽʥʘʤʠ, ʥʝ ʻ 

ʧʦʚʥʽʩʪʶ ʛʝʨʤʝʪʠʯʥʠʤʠ. ʆʩʢʽʣʴʢʠ ʚ ʢʽʣʴʮʝʚʦʤʫ ʧʨʦʩʪʦʨʽ (ʂʇ) ʅɹʂ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ (5-20 ʇʘ), ʘ ʚ ʦʩʥʦʚʥʦʤʫ ʦʙôʻʤʽ (ʆʆ) ð ʥʝʛʘʪʠʚʥʠʡ ʪʠʩʢ (ʤʽʥʫʩ 5-10 ʇʘ), 

ʪʦ ʦʩʥʦʚʥʽ ʧʨʦʪʽʯʢʠ ʧʦʚʽʪʨʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʘʝʨʦʟʦʣʷʤʠ (ʈɸ) ʩʪʘʣʠ ʥʘʩʣʽʜʢʦʤ 

ʧʨʦʥʠʢʥʝʥʥʷ ʧʦʚʽʪʨʷ ʟ ʆʆ ʧʽʜ ʩʪʽʥʘʤʠ ʅɹʂ ʽ ʯʘʩʪʢʦʚʦ ʯʝʨʝʟ ʦʙʦʣʦʥʢʠ ʅɹʂ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʠʢʣʘʜʠ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱ ʧʨʦʪʽʯʦʢ ʧʦʚʽʪʨʷ ʥʘʟʦʚʥʽ 

ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʧʠʣʦʤ ʟʘ ʤʝʞʽ ʅɹʂ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [1]. ʍʘʨʘʢʪʝʨ ʮʠʭ ʧʣʦʱ ʧʨʦʪʽʯʦʢ ï 

ʮʝ ʱʽʣʠʥʠ ʚ ʤʽʩʮʷʭ ʟôʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʣʠʩʪʽʚ ʦʙʰʠʚʢʠ. 

ɺ ʟʘʟʥʘʯʝʥʠʭ ʨʦʙʦʪʘʭ ʧʨʦʨʘʭʦʚʫʚʘʣʠʩʴ ʩʪʘʨʽ ʚʠʙʽʨʢʠ ʚʠʤʽʨʶʚʘʥʴ, ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʴ 

ʧʦʨʠ ʨʦʢʫ ʧʨʠ ʦʙʨʦʙʮʽ ʜʘʥʠʭ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʩʥʦʚʢʽʚ ʟʘʙʫʜʦʚʥʠʢʘ, ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʅɹʂ ʮʽ ʧʣʦʱʽ ʙʫʜʫʪʴ ʟʙʽʣʴʰʫʚʘʪʠʩʴ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʦʚʽʪʨʷ ʥʘʟʦʚʥʽ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʎʽʣʴ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʦʮʽʥʮʽ ʧʣʦʱ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʛʦ 

ʚʠʪʦʢʫ ʧʦʚʽʪʨʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʘʝʨʦʟʦʣʷʤʠ ʚ ʩʝʨʝʜʠʥʫ ʪʘ ʟʘ ʤʝʞʽ ʅɹʂ ʫ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʧʽʜ ʩʪʽʥʘʤʠ ʅɹʂ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺʠʟʥʘʯʝʥʥʷ ʧʣʦʱ ʧʨʦʪʽʯʦʢ ʧʦʚʽʪʨʷ ʥʘʟʦʚʥʽ ʚ ʮʠʭ ʦʙʣʘʩʪʷʭ (ʈʠʩ. 

1), ʚʦʥʠ ʻ ʚʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʪʦʢʽʚ. ʎʽ ʧʣʦʱʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʽ ʷʢ ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʣʦʱʽ ʧʨʦʪʽʯʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʘʥʫ ʅɹʂ. 

ʅʘ ʩʭʝʤʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʨʽʟʫ (ʈʠʩ.1) ʧʦʢʘʟʘʥʽ ʤʽʩʮʷ ʟʘʭʽʜʥʠʭ ʽ ʩʭʽʜʥʠʭ ʧʨʦʪʽʯʦʢ 

ʤʽʞ ʩʪʽʥʘʤʠ ʅɹʂ ʽ ʙʫʜʽʚʝʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ. 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʅɹʂ ʚ 

ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʧʝʨʝʨʽʟʽ. ʅʘ 

ʨʠʩʫʥʢʫ: 1 ï ʦʩʥʦʚʥʠʡ ʦʙôʻʤ; 2 ï 

ʢʽʣʴʮʝʚʠʡ ʧʨʦʩʪʽʨ; 3 ï ʟʘʭʽʜʥʘ 

ʧʨʦʪʽʯʢʘ; 4 ï ʩʭʽʜʥʘ ʧʨʦʪʽʯʢʘ; 5 

ï ʥʘʛʥʽʪʘʥʥʷ ʚ ʢʽʣʴʮʝʚʠʡ 

ʧʨʦʩʪʽʨ ʪʘ ʦʩʥʦʚʥʠʡ ʦʙôʻʤ; 6 ï 

ʚʠʪʷʞʢʘ ʟ ʦʩʥʦʚʥʦʛʦ ʦʙôʻʤʫ 
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ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʣʦʱ ʧʨʦʪʽʯʦʢ ʅɹʂ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʩʪʘʥʽ ʅɹʂ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ. 

ʊʘʢʘ ʤʦʜʝʣʴ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɯʥʩʪʠʪʫʪʦʤ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ (ɯʊʊʌ) [2]. 

ʆʩʥʦʚʫ ʮʽʻʾ ʤʦʜʝʣʽ ʩʪʘʥʦʚʣʷʪʴ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ [3], ʷʢʽ ʤʦʜʠʬʽʢʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʤʦʛ ʨʦʟʨʘʭʫʥʢʽʚ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʘʥʫ ʅɹʂ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

Ὃ ‘ϽὛϽ
ϽȿЎȿ
ϽЎὖ;                      (1) 

ʜʝ G ï ʚʠʪʨʘʪʘ;  

      ˃ =0,6 ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ;  

      S ï ʫʤʦʚʥʘ ʧʣʦʱʘ ʧʨʦʪʽʯʢʠ ʤʽʞ ʚʠʙʨʘʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʅɹʂ ʽ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ; 

      ɟ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ; 

     ȹʈ ï ʧʝʨʝʧʘʜ ʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ. 

ʈʽʚʥʷʥʥʷ ʤʦʜʝʣʽ ʚʽʜʥʦʩʥʦ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʪʠʩʢʽʚ ʈ ʚ ʦʙôʻʤʘʭ ʂʇ ʽ ʆʆ ʚʠʪʽʢʘʶʪʴ 

ʟ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ G ʤʽʞ ʦʙôʻʤʘʤʠ ʅɹʂ ʽ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ:  

ὖ̋̐
̋̐̏ Ͻ̏̏ ̏ ̋̐

̋̐̏̏
;                      (2) 

 

ὖ̏̏
̋̐̏Ͻ̏̋ ̐ ̏̏̈ Ͻ̐̈ ̐ ̏̏̒ Ͻ̐̒ ̐ ̏̏ ̏̏

̋̐̏̏ ̏̏̈ ̐ ̏̏̒ ̐
;              (3) 

 

ʜʝ G+ ʽ G- ï ʚʠʪʨʘʪʠ ʥʘʛʥʽʪʘʶʯʠʭ ʽ ʚʠʪʷʞʥʠʭ ɺʋ ʚ ʂʇ ʽ ʆʆ. 

ʉʠʩʪʝʤʘ ʜʚʦʭ ʨʽʚʥʷʥʴ (2)-(3) ʟʘʧʠʩʫʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʽ=1,é, n 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʅɹʂ, ʽ ʦʜʥʦʯʘʩʥʦ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʈʢʧ ʽ  ʈʦʦ  (2)-(3) ʜʣʷ ʚʩʽʭ 

ʚʠʤʽʨʶʚʘʥʴ n, ʦʜʝʨʞʘʥʠʭ ʚʽʜ ʏɸɽʉ.  

ɺʠʟʥʘʯʝʥʥʷ ʫʤʦʚʥʠʭ ʧʣʦʱ ʧʨʦʪʽʯʦʢ S ʤʽʞ ʦʙôʻʤʘʤʠ ʅɹʂ ʽ ʤʽʩʮʷʤʠ ʧʨʦʪʽʯʦʢ ʤʽʞ ʆʆ 

ʽ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ [4], ʟʛʽʜʥʦ ʟ ʷʢʠʤ 

ʟʥʘʭʦʜʷʪʴʩʷ ʪʘʢʽ  ʟʥʘʯʝʥʥʷ S, ʜʣʷ ʷʢʠʭ  ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ F ʚ (4) 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ Ўὖȟ
̍̏̅  ̨ ̨̖̈́̍̑̆̎̉ Ўὖȟ

̃̉̍ ʧʝʨʝʧʘʜʽʚ ʪʠʩʢʫ ʩʪʘʥʝ ʤʝʥʰʝ ʟʘ  ‏: 

Ὂ   В
В Ў ȟ

̃̉ ̍ Ў ȟ
̍

 
   Ⱦ ὓ   (4)           ,   ‏ 

 

ʜʝ Ўὖȟ
̃̉̍  ʚʠʤʽʨʝʥʠʡ, ʘ  Ўὖȟ

̍ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʝʧʘʜʠ ʪʠʩʢʽʚ ʜʣʷ ʽïʛʦ ʚʠʤʽʨʶʚʘʥʥʷ (ʽ=1,...,N) 

j-ʛʦ ʜʘʪʯʠʢʘ (j=1,...,M), ʂʇ-ʆʆ, ʆʆ-ɿʇ ʪʘ ʆʆ-Cʇ.  

     N-ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, ʄ-ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ;  

  .ʩʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʧʘʜʽʚ ʪʠʩʢʫ (ʧʨʠʡʥʷʪʘ 1,5 ʇʘ) - ‏     

ʋʤʦʚʘ (4) ʚʽʜʦʙʨʘʞʘʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʜʝʣʽ (1)-(3) ʨʝʘʣʴʥʦʤʫ ʦʙ'ʻʢʪʫ ʅɹʂ, ʦʩʢʽʣʴʢʠ 

ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʠʡ ʙʘʣʘʥʩ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʝʨʝʧʘʜʠ ʪʠʩʢʽʚ, ʱʦ 

ʙʣʠʟʴʢʽ ʜʦ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʚʠʤʽʨʷʥʠʭ ʚ ʅɹʂ. 

ɹʫʣʠ ʟʥʘʡʜʝʥʽ ʧʣʦʱʽ ʧʨʦʪʽʯʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʘʥʫ ʅɹʂ: S1-2= 7,94 ʤ
2; S1-3= 2,84 ʤ2; S1-4= 1,90 ʤ2. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱ ʧʨʦʪʽʯʦʢ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʣʷ ʚʠʙʽʨʢʠ ʚʠʤʽʨʶʚʘʥʴ ʚ ʯʘʩʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʘʥʫ 

ʅɹʂ ʫ ʚʠʛʣʷʜʠ ʛʨʘʬʽʢʽʚ ʜʣʷ ʂʇ-ʆʆ ʪʘ ʂʇ-ʆʉ (ʈʠʩ. 2 ʽ 3): 
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ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʧʝʨʝʧʘʜʽʚ ʪʠʩʢʽʚ ʂʇ-ʆʆ ʚʽʜ ʯʘʩʫ. ʉʠʥʷ ʣʽʥʽʷ ï 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʜʘʥʽ ʏɸɽʉ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʤʦʜʝʣʴ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʧʣʦʱʘʤʠ ʧʨʦʪʽʯʦʢ 

 

ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʧʝʨʝʧʘʜʽʚ ʪʠʩʢʽʚ ʆʆ-ʆʉ ʚʽʜ ʯʘʩʫ. ʉʠʥʷ ʣʽʥʽʷ ï 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʜʘʥʽ ʏɸɽʉ, ʯʝʨʚʦʥʘ ʣʽʥʽʷ ï ʤʦʜʝʣʴ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʧʣʦʱʘʤʠ ʧʨʦʪʽʯʦʢ 

 

ɼʘʥʘ ʚʠʙʽʨʢʘ ʻ ʧʨʠʢʣʘʜʦʤ ʣʠʰ ʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʽ ʜʘʥʽ ʏɸɽʉ 

ʥʘʜʩʠʣʘʻ ʜʦʩʪʘʪʥʴʦ ʯʘʩʪʦ, ʱʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʩʪʘʥʦʤ ʅɹʂ. ʇʦʰʫʢ ʧʣʦʱ 

ʧʨʦʪʽʯʦʢ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʆʩʢʽʣʴʢʠ ʟʤʽʥʘ ʧʣʦʱ ʧʨʦʪʽʯʦʢ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʫ ʧʦʚʽʪʨʷ ʨʘʟʦʤ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʧʠʣʦʤ ʽʟ 

ʦʩʥʦʚʥʦʛʦ ʦʙôʻʤʫ ʟ ʅɹʂ ʥʘʟʦʚʥʽ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʘʥʫ ʅɹʂ, ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʥʦʚʽ ʟʥʘʯʝʥʥʷ ʧʣʦʱ 

ʧʨʦʪʽʯʦʢ. ʎʝ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʨʦʙʦʪʦʶ, ʦʩʢʽʣʴʢʠ ʅɹʂ ʻ ʟʘʭʠʩʥʦʶ ʩʧʦʨʫʜʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʙʝʟʧʝʢʫ ʧʝʨʩʦʥʘʣʫ, ʥʘʩʝʣʝʥʥʷ ʽ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1.ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʦʙʣʝʤʠ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʽʚ ʷʜʝʨʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘè INUDECO 2017-2023, ʉʣʘʚʫʪʠʯ, 

ʋʢʨʘʾʥʘ, https://inudeco.pro/ 

 2. ʉʢʣʷʨʝʥʢʦ ɼ.ɯ, ʂʨʫʢʦʚʩʴʢʠʡ ʇ.ɻ, ɼʷʜʶʰʢʦ ɭ.ɺ. ʄʦʜʝʣʴ ʚʽʪʨʦʚʦʛʦ ʦʙʪʽʢʘʥʥʷ ʪʘ 

ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʽʚ ʥʘ ʧʦʚʝʨʭʥʷʭ ʅʦʚʦʛʦ ʙʝʟʧʝʯʥʦʛʦ ʢʦʥʬʘʡʥʤʝʥʪʘ ʏɸɽʉ // Vɯɯ ʤʽʞʥʘʨʦʜʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʦʙʣʝʤʠ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘè INUDECO, 27ï28 ʢʚʽʪʥʷ, 2022 ʨ., ʤ. ʉʣʘʚʫʪʠʯ, ʋʢʨʘʾʥʘ. ï ʩ.79-

81. 

 3. ʊ.ʄ. ɹʘʰʪʘ. ɻʠʜʨʦʧʨʠʚʦʜ ʠ ʛʠʜʨʦʧʥʝʚʤʦʘʚʪʦʤʘʪʠʢʘ // ʢʥʠʛʘ ʧʦ ʪʨʝʙʦʚʘʥʠʶ.ï ʄ: 

ʠʟʜ-ʚʦ çɪɪ ʄʝʜʠʘè. ï 2012. ï 317ʩ. 

 4. ʂʨʫʢʦʚʩʢʠʡ ʇ.ɻ. ʆʙʨʘʪʥʳʝ ʟʘʜʘʯʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ (ʦʙʱʠʡ ʠʥʞʝʥʝʨʥʳʡ 

ʧʦʜʭʦʜ). ï ʂʠʝʚ, ʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʪʝʧʣʦʬʠʟʠʢʠ ʅɸʅ ʋʢʨʘʠʥʳ, 1998. ï 218 ʩ.
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ʋɼʂ 621.1 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ɼʞʘʙʙʦʨʦʚ ɺ.ɸ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʌʽʣʘʪʦʚ ɺ.ɯ. 

  https://scholar.google.com.ua/citations?user=biglE98AAAAJ&hl=en 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿʅʀɾɽʅʅʗ ɺʀʂʀɼɯɺ NOX ɿɸ ɼʆʇʆʄʆɻʆʖ ʉʇɽʎɯɸʃʔʅʀʍ ʇɸʃʔʅʀʂɯɺ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʫʤʦʚʘʭ ʘʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ ʤʠ ʟʽʪʢʥʫʣʠʩʷ ʽʟ ʧʨʦʙʣʝʤʦʶ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʛʽʜʥʦ  ʜʦ ʚʠʤʦʛ ɼʠʨʝʢʪʠʚʠ 2001/80/ɭC ʧʨʦ ʦʙʤʝʞʝʥʥʷ 

ʚʠʢʠʜʽʚ ʜʝʷʢʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʷ ʚʽʜ ʚʝʣʠʢʠʭ ʩʧʘʣʶʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʜʘʣʽ 

ï ɼʠʨʝʢʪʠʚʘ 2001/80/ɭC).  ʆʙʤʝʞʝʥʥʷ  ʚʠʢʠʜʽʚ  ʦʢʩʠʜʽʚ  ʘʟʦʪʫ  ʚʭʦʜʠʪʴ ʜʦ   ʮʠʭ  ʟʦʙʦʚôʷʟʘʥʴ. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ, ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ ʋʢʨʘʾʥʽ ʚ 

2020 ʨʦʮʽ ʩʢʣʘʣʠ 621,2 ʪʠʩ. ʪʦʥ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘʜʤʽʨʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʠʜʽʚ 

NOx ʢʨʘʾʥʘ ʧʦʯʘʣʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ  ʟʘʥʠʞʝʥʥʷ  ʦʢʩʠʜʽʚ  ʘʟʦʪʫ  ʧʨʠ 

ʩʧʘʣʶʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ  ʧʘʣʠʚʘ ʚ ʢʦʪʣʘʭ ʤʦʞʣʠʚʦ ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ  ʟʘʩʪʦʩʫʚʘʥʥʷ  

ʢʦʤʧʣʝʢʩʥʠʭ ʦʯʠʩʥʠʭ  ʫʩʪʘʥʦʚʦʢ, ʪʘʢ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ   ʨʝʞʠʤʥʦ ï ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ  ʟʘʭʦʜʽʚ, 

ʷʢʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ  ʙʝʟʧʦʩʝʨʝʜʥʴʦ  ʥʘ  ʢʦʪʣʽ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʉʧʝʮʽʘʣʴʥʽ ʧʘʣʴʥʠʢʠ ʷʢ ʨʝʞʠʤʥʦ ï ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʟʘʭʽʜ ʤʘʻ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ. ʎʽ ʧʘʣʴʥʠʢʠ ʤʘʶʪʴ ʢʦʥʩʪʨʫʢʮʽʶ, ʷʢʘ ʦʧʪʠʤʽʟʫʻ ʧʨʦʮʝʩ ʛʦʨʽʥʥʷ, 

ʱʦʙ ʟʤʝʥʰʠʪʠ ʫʪʚʦʨʝʥʥʷ NOx. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʘʣʴʥʠʢʠ ʟ ʧʦʧʝʨʝʜʥʽʤ ʟʤʽʰʫʚʘʥʥʷʤ ʧʘʣʠʚʘ ʪʘ 

ʧʦʚʽʪʨʷ, ʧʘʣʴʥʠʢʠ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʜʠʤʦʚʠʭ ʛʘʟʽʚ, ʧʘʣʴʥʠʢʠ ʟ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʠʤ ʛʦʨʽʥʥʷʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʧʘʣʴʥʠʢʠ ʤʘʨʢʠ Saacke LONOX UCC, 

SOLEX COMBUSTION SYSTEM. 

       ɹʘʛʘʪʦ ʢʦʥʢʫʨʝʥʪʽʚ ʚʧʨʦʚʘʜʞʫʶʪʴ ʟʘʭʦʜʠ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ NOx, ʘʣʝ ʮʽ 

ʤʝʪʦʜʠ ʯʘʩʪʦ ʤʘʶʪʴ ʪʘʢʽ ʥʝʜʦʣʽʢʠ: ʥʘʜʣʠʰʦʢ O2 (ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʠʩʥʶ, ʱʦ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʥʫʪʠ ʥʘ ʧʨʦʮʝʩ ʛʦʨʽʥʥʷ ʪʘ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ), 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ CO (ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʯʘʜʥʦʛʦ ʛʘʟʫ, ʷʢʠʡ ʻ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʟʜʦʨʦʚ'ʷ 

ʣʶʜʝʡ). ɿʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʦʢʩʠʜʫ ʘʟʦʪʫ ʯʘʩʪʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʘʜʠʮʽʡʥʠʭ ʘʙʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ: SCR (ʩʝʣʝʢʪʠʚʥʝ ʢʘʪʘʣʽʪʠʯʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ): ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʘʪʘʣʽʟʘʪʦʨ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ NOx ʥʘ ʘʟʦʪ ʽ ʚʦʜʫ, 

SNCR (ʩʝʣʝʢʪʠʚʥʝ ʥʝʢʘʪʘʣʽʪʠʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ): ʚʧʦʨʩʢʫʻ ʨʝʘʛʝʥʪ, ʷʢʠʡ ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ ʟ 

NOx, ʫʪʚʦʨʶʶʯʠ ʘʟʦʪ ʽ ʚʦʜʫ. ɸʣʴʪʝʨʥʘʪʠʚʠ: ʉʠʩʪʝʤʘ SAACKE LONOX UCC: ʝʬʝʢʪʠʚʥʘ ʪʘ 

ʝʢʦʥʦʤʽʯʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʥʝ ʧʦʪʨʝʙʫʻ SCR ʘʙʦ SNCR, ʧʘʣʴʥʠʢ SOLEX: ʜʦʩʷʛʘʻ 5 ppm 

ʚʠʢʠʜʽʚ NOx, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʘʣʠʚʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʯʽ. 

       ʆʜʥʘʢ ʚʩʽ ʮʽ ʦʧʮʽʾ ʟʙʽʣʴʰʫʶʪʴ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ, ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʧʨʠʩʘʜʦʢ ʟʘ ʨʘʭʫʥʦʢ ʦʧʝʨʘʪʦʨʘ. ʋ ʢʘʪʘʣʽʪʠʯʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ ʨʦʙʦʪʠ 

ʢʘʪʘʣʽʟʘʪʦʨʘ, ʪʘʢʦʞ ʚʠʤʘʛʘʶʪʴʩʷ ʜʦʨʦʛʽ ʢʘʪʘʣʽʟʘʪʦʨʠ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʽʦʜʠʯʥʦʾ ʟʘʤʽʥʠ ʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʨʝʘʛʝʥʪʠ ʜʣʷ ʦʯʠʱʝʥʥʷ SCR. ʑʦ ʜʦ 

ʥʝʢʘʪʘʣʽʪʠʯʥʠʭ ʚʽʜʥʦʚʣʝʥʴ ʩʠʪʫʘʮʽʷ ʩʭʦʞʘ: ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʧʦʨʩʢʫʚʘʥʥʷ ʨʝʘʛʝʥʪʫ, ʚʠʤʘʛʘʻʪʴʩʷ ʨʝʘʛʝʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʨʦʛʠʤʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ 

ʪʘ ʦʙʩʷʛʫ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʧʦʨʩʢʫʚʘʥʥʷʤ ʪʘ ʟʙʝʨʽʛʘʥʥʷʤ 

ʨʝʘʛʝʥʪʫ. 

       ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ, ʩʠʩʪʝʤʘ SAACKE LONOX UCC (Ultra Clean Burning) ʟʘʩʥʦʚʘʥʘ 

ʥʘ ʧʝʨʝʚʽʨʝʥʽʡ ʽ ʧʝʨʝʚʽʨʝʥʦʾ ʥʘ ʧʨʘʢʪʠʮʽ ʪʝʭʥʦʣʦʛʽʾ(ʈʠʩ. 1).  
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ʈʠʩʫʥʦʢ 1 ï ʇʘʣʴʥʠʢ SAACKE LONOX UCC 

 

       ʇʘʣʴʥʠʢ ʝʢʦʥʦʤʽʯʥʦ ʽ ʝʬʝʢʪʠʚʥʦ ʩʧʘʣʶʻ ʚʩʽ ʩʪʘʥʜʘʨʪʥʽ ʚʠʜʠ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 30 ʤʛ/ʤ3 NOx ʥʘ ʦʩʥʦʚʽ 3,0% ʩʫʭʦʛʦ O2 ï ʽ ʚʩʝ ʮʝ ʧʨʠ 

ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʨʝʮʠʨʢʫʣʷʮʽʾ ʜʠʤʦʚʠʭ ʛʘʟʽʚ < 25%[1]. ʎʝ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʽʤʝʮʴʢʠʤ 

T¦V (ʆʨʛʘʥʦʤ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ) ʥʘ ʦʩʥʦʚʽ ʥʝʟʘʣʝʞʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɺʽʥ ʦʩʥʘʱʝʥʠʡ 

ʦʜʥʽʻʶ ʛʘʟʦʚʦʶ ʤʘʛʽʩʪʨʘʣʣʶ.  

       ɼʦʪʨʠʤʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʢʦʥʦʤ ʤʝʞ ʚʠʢʠʜʽʚ ʤʦʞʣʠʚʝ ʟʘʚʜʷʢʠ ʩʧʝʮʽʘʣʴʥʽʡ 

ʟʘʢʨʫʯʝʥʽʡ ʛʝʦʤʝʪʨʽʾ ʧʦʣʫʤôʷ (ʟʘʚʜʷʢʠ ʟʘʢʨʫʯʝʥʽʡ ʬʦʨʤʽ ʧʦʣʫʤ'ʷ ʧʘʣʠʚʦ ʟʛʦʨʷʻ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʚʠʢʠʜʠ NOx), ʘ ʪʘʢʦʞ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽʡ ʩʠʩʪʝʤʽ ʢʦʥʪʨʦʣʶ 

ʧʦʣʫʤôʷ (ʮʷ ʩʠʩʪʝʤʘ ʦʧʪʠʤʽʟʫʻ ʧʨʦʮʝʩ ʛʦʨʽʥʥʷ, ʛʘʨʘʥʪʫʶʯʠ ʝʢʦʥʦʤʥʝ ʪʘ ʝʢʦʣʦʛʽʯʥʝ 

ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ). ɿʘʚʜʷʢʠ ʽʥʥʦʚʘʮʽʡʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ ʧʘʣʴʥʠʢ SAACKE LONOX UCC 

ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʩʫʚʦʨʽʰʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ï ʮʝ ʨʦʙʠʪʴ ʡʦʛʦ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʚʠʙʦʨʦʤ. 

      ʇʘʣʴʥʠʢ SOLEX ʤʦʞʝ ʜʦʩʷʛʘʪʠ 5 ppm ʚʠʢʠʜʽʚ NOx ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ ʧʘʣʠʚʘ 

(ʧʘʣʴʥʠʢ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʘʣʠʚʘ, ʚʢʣʶʯʘʶʯʠ ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʙʽʦʛʘʟ, 

ʟʨʽʜʞʝʥʠʡ ʥʘʬʪʦʚʠʡ ʛʘʟ ʪʘ ʽʥʰʽ.) ʪʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʯʽ. ʇʘʣʴʥʠʢ ʨʦʟʨʦʙʣʝʥʦ ʟ 

ʜʚʦʤʘ ʟʥʘʯʥʠʤʠ ʟʦʥʘʤʠ ʟʛʦʨʷʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʨʽʚʥʽʚ ʚʠʢʠʜʽʚ ʚʽʜ ʟʘʧʫʩʢʫ ʜʦ ʧʦʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʟ ʤʽʥʽʤʘʣʴʥʽ ʚʠʢʠʜʠ CO. ʂʨʽʤ ʪʦʛʦ, ʢʦʤʧʘʢʪʥʘ ʜʦʚʞʠʥʘ ʧʦʣʫʤôʷ ʧʘʣʴʥʠʢʘ 

ʚʠʨʽʰʫʻ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ, ʪʝʭʥʦʣʦʛʽʾ ʧʘʣʴʥʠʢʘ ʟ ʥʘʜʥʠʟʴʢʠʤ ʚʠʢʠʜʦʤ NOx ʦʙʣʠʯʯʷ ʥʘ ʨʠʥʢʫ 

ʩʴʦʛʦʜʥʽ[2]. ʎʷ ʩʠʩʪʝʤʘ ʤʘʻ ʧʝʨʝʚʘʛʠ ʫ ʥʘʜʽʡʥʦʩʪʽ (ʩʪʘʙʽʣʴʥʝ ʪʘ ʝʬʝʢʠʠʚʥʝ ʛʦʨʽʥʥʷ ʧʨʠ 

ʙʫʜʴ-ʷʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʝʯʽ), ʝʢʦʣʦʛʽʯʥʽʩʪʽ (ʟʘʭʠʩʪ ʜʦʚʢʽʣʣʷ ʟʘ ʨʘʭʫʥʦʢ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʢʠʜʽʚ 

NOx) ʽ ʝʢʦʥʦʤʽʾ (ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʧʣʘʪʝʞʽ).  

ɺʠʩʥʦʚʢʠ. ʉʠʩʪʝʤʠ SAACKE LONOX UCC, SOLEX COMBUSTION SYSTEM ï ʮʝ 

ʥʝ ʪʽʣʴʢʠ ʥʠʟʴʢʽ ʚʠʢʠʜʠ NOx ʽ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʩʫʨʦʚʽʰʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ, ʘʣʝ ʡ ʤʘʻ 

ʥʠʟʴʢʽ ʽʥʚʝʩʪʠʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʝʢʦʥʦʤʽʶ ʧʘʣʠʚʘ, ʥʠʟʴʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʰʚʠʜʢʫ 

ʦʢʫʧʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʇʘʣʴʥʠʢʠ Saacke LONOX UCC   https://empireltd.com.ua/gorelki-saacke-lonox-ucc/    

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 21.03.2024). 

2. John Zink Hamworthy Combustion. URL: https://www.johnzinkhamworthy.com/wp-

content/uploads/JZH_SOLEX_Burner_Flyer_04-22_FINAL.pdf  (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 21.03.2024). 



 
 

 
 

88 

ʋɼʂ 662.76:662.61 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʇʘʚʣʘʯʠʢ ɺ.ʉ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɺʦʨʦʙʡʦʚ ʄ.ɺ. 

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

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɹʆʊʀ ɺʆɼʆɻʈɯʁʅʆɻʆ ʂʆʊʃɸ ʅɸ ɻɸɿʆɺʀʍ 

ʇɸʃʀɺɸʍ ʈɯɿʅʆɻʆ ʇʆʍʆɼɾɽʅʅʗ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ 

ʪʘ ʧʦʩʠʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʚʦʜʦʛʨʽʡʥʠʭ ʢʦʪʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʘʣʝʥʥʷ ʞʠʪʣʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʨʠʤʽʱʝʥʴ. ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʥʦʚʠʭ ʚʠʜʽʚ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʝʢʦʥʦʤʥʝ ʪʘ ʝʢʦʣʦʛʽʯʥʝ 

ʩʧʘʣʶʚʘʥʥʷ. ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʷʢʠʡ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʚʦʜʦʛʨʽʡʥʠʭ ʢʦʪʣʘʭ, ʨʦʙʠʪʴ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʩʝ ʙʽʣʴʰ ʟʘʪʨʘʪʥʦʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ, ʪʘʢʠʭ ʷʢ ʙʽʦʛʘʟ, ʟʚʘʣʠʱʥʠʡ, ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʠʡ, 

ʜʦʤʝʥʥʠʡ, ʢʦʢʦʩʦʚʠʡ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʧʘʣʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʨʘʜʠʮʽʡʥʦ ʜʣʷ ʦʧʘʣʝʥʥʷ ʞʠʪʣʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʨʠʤʽʱʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʦʜʦʛʨʽʡʥʽ ʢʦʪʣʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ. ʇʨʦʪʝ, 

ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʪʘ ʧʦʩʠʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʨʦʙʣʷʪʴ ʘʢʪʫʘʣʴʥʠʤ 

ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ. ɼʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʛʘʟʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʚʦʜʦʛʨʽʡʥʠʭ ʢʦʪʣʘʭ, ʚʽʜʥʦʩʷʪʴʩʷ: ʟʚʘʣʠʱʥʠʡ ʛʘʟ [1], 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʠʡ [2], ʜʦʤʝʥʥʠʡ ʪʘ ʢʦʢʩʦʚʠʡ ʛʘʟʠ [3].  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʠʢʦʥʘʥʥʷ ʦʮʽʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʪʠ ʚʦʜʦʛʨʽʡʥʦʛʦ ʢʦʪʣʘ ʧʨʠ 

ʡʦʛʦ ʨʦʙʦʪʽ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʛʘʟʦʚʠʭ ʧʘʣʠʚʘʭ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  
1. ɺʠʙʽʨ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʣʠʚ: 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʦʪʠʨʠ ʪʠʧʠ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ: 

Å ɿʚʘʣʠʱʥʠʡ ʛʘʟ: ʧʨʦʜʫʢʪ ʘʥʘʝʨʦʙʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʟʚʘʣʠʱʘʭ 

ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. 

Å ɻʘʟʦʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ: ʧʘʣʠʚʦ, ʷʢʝ ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ 

(ʚʫʛʽʣʣʷ, ʙʽʦʤʘʩʠ). 

Å ɼʦʤʝʥʥʠʡ ʪʘ ʢʦʢʩʦʚʠʡ ʛʘʟ: ʧʘʣʠʚʥʽ ʛʘʟʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʽ ʛʘʟʠ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. 

2. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ: ɹʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʪʝʦʨʝʪʠʯʥʠʡ ʤʝʪʦʜ. ʎʝʡ ʤʝʪʦʜ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʽʜʦʤʠʭ ʟʘʢʦʥʘʭ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʘʝʨʦʜʠʥʘʤʽʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʪʝʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ ʨʦʙʽʪ: 

Å ɺʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʞʥʦʛʦ ʚʠʜʫ ʧʘʣʠʚʘ (ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ, ʩʢʣʘʜ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʽʥʥʷ). 

Å ʈʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʣʘ ʥʘ ʢʦʞʥʦʤʫ ʚʠʜʽ ʧʘʣʠʚʘ (ʂʂɼ, 

ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ, ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, ʝʤʽʩʽʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ). 

 Å ʇʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʣʘ ʥʘ ʨʽʟʥʠʭ ʚʠʜʘʭ ʧʘʣʠʚʘ. 

3. ʂʨʠʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

Å ɽʤʽʩʽʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ: ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. 
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ʇʣʘʥʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʧʦʚʽʨʢʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʨʦʙʦʪʠ ʚʦʜʦʛʨʽʡʥʦʛʦ ʢʦʪʣʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ 

ʨʽʟʥʠʭ ʚʠʜʘʭ ʛʘʟʦʚʠʭ ʧʘʣʠʚ ʥʘ ʧʨʠʢʣʘʜʽ ʞʘʨʦʪʨʫʙʥʦʛʦ ʢʦʪʣʘ ʂʆʃɺɯ-600 (ʨʠʩ.1.) 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʘʟʦʚʠʡ ʚʦʜʦʛʨʽʡʥʠʡ ʢʦʪʝʣ ʂʆʃɺɯ-600. 

1. ʂʦʨʧʫʩ; 2. ɼʚʝʨʮʷʪʘ ʪʦʧʢʠ; 3. ʂʦʨʦʙ ʜʠʤʦʚʠʭ ʛʘʟʽʚ; 4. ʆʧʦʨʘ; 5.  ʊʝʧʣʦʽʟʦʣʷʮʽʷ; 

6. ɺʠʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 7. ɺʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 8. ɾʘʨʦʚʘ ʪʨʫʙʘ; 9. ʐʣʶʟ ʯʠʱʝʥʥʷ ʢʦʨʦʙʘ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ; 10. ʇʘʣʴʥʠʢ; 11. ʋʱʽʣʴʥʝʥʥʷ; 12. ʐʥʫʨ ʫʱʽʣʴʥʶʚʘʣʴʥʠʡ; 13. ɼʨʝʥʘʞʥʠʡ 

ʧʘʪʨʫʙʦʢ; 14. ʆʛʣʷʜʦʚʝ ʚʽʢʥʦ; 15. ʊʫʨʙʫʣʽʟʘʪʦʨʠ; 16. ʇʘʪʨʫʙʦʢ ʜʨʝʥʘʞʫ ʢʦʥʜʝʥʩʘʪʫ;  

17. ɿʘʧʦʙʽʞʥʠʡ ʚʠʙʫʭʦʚʠʡ ʢʣʘʧʘʥ. 

 

ʇʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʢʦʪʣʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1 

 

ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʚʦʛʦ ʚʦʜʦʛʨʽʡʥʦʛʦ ʢʦʪʣʘ ʂʆʃɺɯ-600. 

ʇʘʨʘʤʝʪʨʠ ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ɿʥʘʯʝʥʥʷ 

ʅʦʤʽʥʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʂʚʪ 698 

ɺʠʪʨʘʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʤ. ʢʫʙ/ʛʦʜ 81,0 

ɺʠʪʨʘʪʘ ʜʠʟʧʘʣʠʚʘ ʢʛ/ʛʦʜʠʥʫ 62,1 

ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʚʦʜʠ ɿ 115 

ʇʦʚʝʨʭʥʷ ʥʘʛʨʽʚʫ ʤ. ʢʚ. 13,02 

ʂʂɼ % 92 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʪʠʩʢ ʚʦʜʠ ɹʘʨ 5 

ʄʘʩʘ ʢʦʪʣʘ ʂʛ 1570 

ʆʙʻʤ ʚʦʜʠ ʚ ʢʦʪʣʽ ʃ 800 

 

ɺʠʩʥʦʚʢʠ. ɺʠʙʽʨ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ, ʜʦʩʪʫʧʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʚʽʨʢʦʚʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʢʦʪʣʘ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʛʘʟʘʭ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʇʷʪʥʠʯʢʦ, ɸ.ʀ., ɾʫʢ, ɻ.ɺ. (2010). ʈʝʟʫʣʴʪʘʪ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʛʦʥʦʚ ʊɹʆ 

ʋʢʨʘʠʥʳ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠ ʩʦʩʪʘʚʘ ʙʠʦʛʘʟʘ. // ʊʝʭʥʠʯʝʩʢʠʝ ʛʘʟʳ, ˉ2. ï 

ʉ. 63-66. 

2. ɸʥʪʦʱʫʢ ʊ.ɸ., ʇʴʷʥʳʭ ʂ. ɽ. (2010) ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ. // ɽʥʝʨʛʝʪʠʢʘ, ˉ 4. - ʉ. 43-50. 

3. Soroka B. (2013) Development of Combined Power and Environmental Fundamentals 

of Natural Gas Substitution for Alternative Combustible Gases // International Journal of 

Energyfor a ʉlean Environment (IJECE). Vol. 14, No 2ï3. ï P. 91ï11 
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ʋɼʂ 536.24 

ĭ ɹʘʢʘʣʘʚʨʘʥʪ 2 ʢʫʨʩʫ ɸʥʜʨʻʻʯʢʽʥ ɸ.ɸ.; ĭ ɹʘʢʘʣʘʚʨʘʥʪ 2 ʢʫʨʩʫ ʇʣʝʪʝʥʴ ʄ.ɼ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɻʘʚʨʠʰ ɸ.ʉ. 

  https://scholar.google.com.ua/citations?user=FNHVtwYAAAAJ&amp;amp;hl=ru 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʀʅʎʀʇ ʆʊʈʀʄɸʅʅʗ ɯ ʇɽʈʉʇɽʂʊʀɺʀ ʇʈɸʂʊʀʏʅʆɻʆ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ʉʋʇɽʈɻɯɼʈʆʌʆɹʅʀʍ ʇʆɺɽʈʍʆʅʔ ʇʈʀ ʂʆʅɼɽʅʉɸʎɯɰ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ.  
ʂʦʥʜʝʥʩʘʮʽʷ ʥʘʣʝʞʠʪʴ ʜʦ ʚʠʩʦʢʦ ʽʥʪʝʥʩʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ. ɺʦʜʷʥʘ ʧʘʨʘ ʽ 

ʚʦʜʘ ʻ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʪʝʧʣʦʥʦʩʽʷʤʠ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ, ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʘ, ʤʝʪʘʣʫʨʛʽʷ, ʙʫʜʽʚʥʠʮʪʚʦ, ʪʨʘʥʩʧʦʨʪ ʪʘ ʽʥ. ʆʢʨʽʤ ʧʝʨʝʚʘʛ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʽʩʥʫʻ ʨʷʜ ʩʫʧʫʪʥʽʭ ʧʠʪʘʥʴ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʫʚʘʛʠ. 

ʅʘʧʨʠʢʣʘʜ, ʥʘʷʚʥʽʩʪʴ ʢʦʨʦʟʽʡʥʦ-ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʦʙʣʘʜʥʘʥʥʷ [1]. ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ, ʦʧʨʽʩʥʶʚʘʣʴʥʽ ʪʘ ʭʦʣʦʜʠʣʴʥʽ ʫʩʪʘʥʦʚʢʠ, 

ʢʦʥʜʠʮʽʦʥʝʨʠ, ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ ʽʥʰʽ, ʧʦʪʨʝʙʫʶʪʴ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʥʘʜʽʡʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʟʜʘʪʥʠʭ ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʟʘʪʨʘʪ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ ʥʦʚʽʪʥʽʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʪʝʧʣʦʦʙʤʽʥʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʢʦʥʪʨʦʣʶ ʽ ʢʝʨʫʚʘʥʥʷ ʢʦʥʜʝʥʩʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽʟ ʦʜʥʦʯʘʩʥʠʤ ʟʘʧʦʙʽʛʘʥʥʷʤ 

ʤʦʞʣʠʚʠʭ ʥʝʛʘʪʠʚʥʠʭ ʩʫʧʫʪʥʽʭ ʷʚʠʱ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ.  
ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʫʢʦʚʮʽʚ ʚ ʩʚʽʪʽ ʚʩʝ ʙʽʣʴʰʝ ʟʦʩʝʨʝʜʞʫʶʪʴ ʫʚʘʛʫ ʥʘ ʩʪʠʢʫ 

ʨʽʟʥʠʭ ʥʘʫʢ. ʅʘʧʨʠʢʣʘʜ, ʽʥʬʦʨʤʘʮʽʷ ʫ ʛʘʣʫʟʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʚʢʘʟʫʻ 

ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʽ ʧʽʜʪʨʠʤʘʥʥʷ ʩʫʧʝʨ ʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʘʢʝ ʷʚʠʱʝ, ʷʢ ʩʫʧʝʨ 

ʛʽʜʨʦʬʦʙʥʽʩʪʴ, ʥʘʜʘʻ ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʝʬʝʢʪʠʚʥʦʛʦ ʜʦʚʛʦ ʪʨʠʚʘʣʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʝʞʠʤʫ ʢʨʘʧʣʠʥʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʽʟ ʦʜʥʦʯʘʩʥʠʤ ʟʘʭʠʩʪʦʤ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜ ʢʦʨʦʟʽʾ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʧʽʣʴʥʦ ʟ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ (ʇɸʈ) 

ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʪʝʧʣʦʦʙʤʽʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʥʘʜʘʻ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʜʣʷ 

ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʧʝʨ ʛʽʜʨʦʬʦʙʥʠʭ 

ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʩʫʪʪʻʚʦ ʽʥʪʝʥʩʠʬʽʢʫʶʪʴ ʪʝʧʣʦʦʙʤʽʥ ʽʟ ʦʜʥʦʯʘʩʥʠʤ ʟʘʭʠʩʪʦʤ ʚʽʜ 

ʢʦʨʦʟʽʡʥʦ-ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʠ ʮʴʦʤʫ, ʪʘʢʦʞ, ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʪʝʧʣʦʦʙʤʽʥʫ ʬʦʨʤʫʶʪʴʩʷ ʚʦʜʦ ʚʽʜʰʪʦʚʭʫʶʯʽ ʧʦʢʨʠʪʪʷ ʽʟ ʚʣʘʩʪʠʚʽʩʪʶ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʽ 

ʩʘʤʦʦʯʠʱʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʨʦʙʢʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʩʫʯʘʩʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʩʰʪʘʙʽ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ 

ʩʴʦʛʦʜʝʥʥʷ [2]. ʅʘʥʦʪʝʭʥʦʣʦʛʽʾ ʥʘʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʩʠʥʪʝʟʫʚʘʪʠ ʥʦʚʽ ʢʦʤʧʦʟʠʮʽʾ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʦʚʽʪʥʽʭ ʧʦʢʨʠʪʪʽʚ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʾʭʥʶ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʨʦʟʽʡʥʦ-ʝʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʭʠʩʪ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʩʧʨʠʷʶʪʴ ʩʘʤʦʦʯʠʱʝʥʥʶ ʪʘ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʶ. ɺʩʝ ʮʝ ʚ 

ʢʦʤʧʣʝʢʩʽ ʽʥʪʝʥʩʠʬʽʢʫʻ ʪʝʧʣʦʦʙʤʽʥ ʽ ʧʦʜʦʚʞʫʻ ʪʝʨʤʽʥʠ ʜʽʾ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʘ 

ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʨʝʛʣʘʤʝʥʪʥʽ ʨʦʙʦʪʠ ʽ ʩʧʝʢʪʨ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

ʇʨʠʥʮʠʧ ʩʫʧʝʨ ʛʽʜʨʦʬʦʙʥʦʩʪʽ ʪʽʩʥʦ ʧʝʨʝʧʣʽʪʘʻʪʴʩʷ ʽʟ ʪʝʦʨʽʻʶ ʢʨʘʧʣʠʥʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦʾ ʙʘʛʘʪʴʤʘ ʚʯʝʥʠʤʠ, ʟʦʢʨʝʤʘ ʧʨʦʬʝʩʦʨʦʤ ʈʦʫʟʦʤ [3]. ʉʫʧʝʨ 

ʛʽʜʨʦʬʦʙʥʠʤʠ ʚʚʘʞʘʶʪʴʩʷ ʧʦʚʝʨʭʥʽ ʟ ʢʨʘʡʦʚʠʤʠ ʢʫʪʘʤʠ ʟʤʦʯʫʚʘʥʥʷ ʚʽʜ 148-150 ʜʦ 

ʛʨʘʥʠʯʥʠʭ 180 ʢʫʪʦʚʠʭ ʛʨʘʜʫʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʛʽʩʪʝʨʝʟʠʩ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ - 
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ʩʪʘʪʠʯʥʦʛʦ, ʥʘʪʽʢʘʥʥʷ ʽ ʚʽʜʪʽʢʘʥʥʷ - ʤʘʻ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ, ʘ ʚ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ - 

ʥʫʣʴʦʚʠʤ.  

ʉʫʧʫʪʥʽʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʷʚʠʱʘ ʩʫʧʝʨ ʛʽʜʨʦʬʦʙʥʦʩʪʽ ʻ ʝʬʝʢʪ ʩʘʤʦʦʯʠʱʝʥʥʷ, ʷʢʠʡ ʤʘʻ 

ʥʘʟʚʫ ñɽʬʝʢʪ ʃʦʪʦʩʘò [4]. ɺʩʝ ʚʠʱʝʥʘʚʝʜʝʥʝ ʚʽʜʢʨʠʚʘʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʮʽ.  

ʐʘʨ ʩʫʧʝʨ ʛʽʜʨʦʬʦʙʥʦʛʦ ʧʦʢʨʠʪʪʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʪʨʝʪʴʦʛʦ ʪʽʣʘ ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʘʜʛʝʟʽʻʶ (ʤʽʮʥʽʩʪʶ ʟʚôʷʟʢʽʚ ʟ ʦʩʥʦʚʦʶ) ʽ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ. ʊʨʝʪʻ ʪʽʣʦ ʷʚʣʷʻ ʩʦʙʦʶ ʥʦʚʠʡ ʤʦʥʦ- ʘʙʦ ʧʦʣʽʢʨʠʩʪʘʣ, ʷʢʠʡ ʟʜʘʪʝʥ ʤʽʮʥʦ 

ʫʪʨʠʤʫʚʘʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʚʫʛʣʝʚʦʜʥʝʚʽ ʣʘʥʢʠ ʇɸʈ (ʜʠʚ. ʈʠʩʫʥʦʢ 1). 

 

 

ʘ) ʥʘʥʝʩʝʥʥʷ ʇɸʈ ʪʘ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ: 1 ï ʚʫʛʣʝʮʝʚʽ ʛʨʫʧʠ; 2 ï 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ; 3 ï ʘʢʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʇɸʈ; 4 ï ʤʝʪʘʣʝʚʘ 

ʧʦʚʝʨʭʥʷ 

 

 

ʙ) ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ - ʰʘʨʫ ʪʨʝʪʴʦʛʦ ʪʽʣʘ: 1 ï ʯʘʩʪʠʥʢʠ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʚʠʜʘʣʷʶʪʴʩʷ; 2 ï ʚʫʛʣʝʚʦʜʥʝʚʽ ʢʦʤʧʦʥʝʥʪʠ; 3 ï ʟʘʭʠʩʥʠʡ ʰʘʨ; 4 ï 

ʧʦʚʝʨʭʥʷ ʪʝʧʣʦʦʙʤʽʥʫ 

 

 

ʚ) ʩʬʦʨʤʦʚʘʥʘ ʪʨʠʙʦ ʩʠʩʪʝʤʘ: 1 ï ʚʫʛʣʝʮʝʚʽ ʛʨʫʧʠ; 2 ï ʪʨʝʪʻ ʪʽʣʦ; 3 ï ʤʝʪʘʣʝʚʘ 

ʧʦʚʝʨʭʥʷ 

ʈʠʩʫʥʦʢ 1 ï ʌʦʨʤʫʚʘʥʥʷ ʪʨʠʙʦ ʩʠʩʪʝʤʠ 
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ʊʨʠʙʦʩʠʩʪʝʤʘ ʚ ʪʝʧʣʦʪʝʭʥʽʮʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʦʥʷʪʪʷ, ʷʢʝ ʦʧʠʩʫʻ ʚʟʘʻʤʦʜʽʶ ʪʨʴʦʭ 

ʩʢʣʘʜʦʚʠʭ: ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ, ʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ ʪʘ ʩʠʩʪʝʤʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʨʠʙʦʩʠʩʪʝʤʘ ʚ ʪʝʧʣʦʪʝʭʥʽʮʽ ʚʨʘʭʦʚʫʻ ʥʝ 

ʣʠʰʝ ʩʘʤ ʧʨʦʮʝʩ ʢʦʥʚʝʨʪʘʮʽʾ ʝʥʝʨʛʽʾ, ʘ ʡ ʚʧʣʠʚ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʘʣʴʥʫ 

ʨʦʙʦʪʫ ʮʽʻʾ ʩʠʩʪʝʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʨʠʙʦʪʝʭʥʽʢʠ. ʅʘʷʚʥʽʩʪʴ ʚ ʪʝʧʣʦʥʦʩʽʾ ʧʝʚʥʦʾ ʥʘʜʣʠʰʢʦʚʦʾ 

ʢʽʣʴʢʦʩʪʽ ʇɸʈ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʧʨʠ ʧʦʚʝʨʭʥʝʚʠʡ ʢʚʘʟʽʨʦʟʨʽʜʞʝʥʠʡ ʰʘʨ. ɿʜʘʪʥʽʩʪʴ 

ʮʴʦʛʦ ʰʘʨʫ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʴ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʥʘʥʦʢʝʨʘʤʽʢʫ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʦʥʦʚʣʶʚʘʪʠ ʫʰʢʦʜʞʝʥʫ ʧʦʚʝʨʭʥʶ. 

ʇʨʠ ʮʴʦʤʫ ʇɸʈ ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʝʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: 

- ʙʫʪʠ ʭʽʤʽʯʥʦ-ʥʝʡʪʨʘʣʴʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ; 

- ʙʫʪʠ ʽʥʽʮʽʘʪʦʨʦʤ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʩʪʨʫʢʪʫʨʫ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʟʜʘʪʥʘ 

ʩʘʤʦʦʨʛʘʥʽʟʦʚʫʚʘʪʠʩʷ; 

- ʧʨʠ ʧʝʨʝʭʦʜʽ ʫ ʚʞʝ ʩʬʦʨʤʦʚʘʥʠʡ ʤʽʢʨʦ-, ʘʙʦ ʥʘʥʦ ʰʘʨ, ʚʦʣʦʜʽʪʠ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ. 

ʄʦʣʝʢʫʣʷʨʥʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʘ ʩʠʩʪʝʤʘ ʇɸʈ, ʪʦʚʱʠʥʦʶ ʜʦ 100 ʥʤ, ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʢʦʤʧʣʝʢʩ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʜʝ ʘʪʦʤʠ ʘʢʪʠʚʥʦʛʦ ʚʫʛʣʝʮʶ ʚʩʪʫʧʘʶʪʴ ʚ ʭʽʤʽʢʦ-ʬʽʟʠʯʥʽ 

ʟʚ'ʷʟʢʠ ʟ ʘʪʦʤʘʤʠ ʤʝʪʘʣʽʚ, ʫʪʚʦʨʶʶʯʠ ʫʥʽʢʘʣʴʥʝ ʪʨʝʪʻ ʪʽʣʦ, ʷʢ ʟʘʭʠʩʥʠʡ ʰʘʨ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʪʨʠʙʦʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʝ ʜʦʪʨʠʤʘʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʧʨʠʪʦʢʦʤ ʝʥʝʨʛʽʾ ʪʘ 

ʾʾ ʚʽʜʜʘʯʝʶ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʊʨʠʙʦʩʠʩʪʝʤʘ ʻ ʚʽʜʢʨʠʪʦʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ 

ʩʠʩʪʝʤʦʶ. ɸʢʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʧʦʟʠʮʽʾ ʚ ʥʘʩʣʽʜʦʢ ʪʨʠʙʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʫʪʚʦʨʶʶʪʴ 

ʦʩʦʙʣʠʚʫ ʤʦʜʠʬʽʢʘʮʽʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʘʥʽʟʦʪʨʦʧʽʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʥʦʚʦ 

ʩʬʦʨʤʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ - ʧʨʦʰʘʨʢʫ ʪʨʝʪʴʦʛʦ ʪʽʣʘ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʦʩʥʦʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʦʟʠʪʠʚʥʠʡ ʛʨʘʜʽʻʥʪ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ 

ʟʘʙʝʟʧʝʯʫʻ ʷʚʠʱʝ ʩʫʧʝʨ ʛʽʜʨʦʬʦʙʥʦʩʪʽ. ʗʢʱʦ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʨʫʰʫʻʪʴʩʷ ʙʘʣʘʥʩ, ʪʦ 

ʩʠʩʪʝʤʘ ʥʘ ʮʝ ʚʽʜʨʝʘʛʫʻ ʚʣʘʩʪʠʚʽʩʪʶ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. ʊʦʙʪʦ, ʪʨʠʙʦʩʠʩʪʝʤʘ ʘʙʦ ʨʫʡʥʫʻ ʩʪʘʨʽ 

ʟʚ`ʷʟʢʠ, ʘʙʦ ʫʪʚʦʨʶʻ ʥʦʚʽ, ʰʣʷʭʦʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ.  

ɺʠʩʥʦʚʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʧʝʨ ʛʽʜʨʦʬʦʙʥʽ ʧʦʢʨʠʪʪʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʻ ʜʽʻʚʠʤ 

ʩʧʦʩʦʙʦʤ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʽ ʟʘʭʠʩʪʫ ʾʭ ʚʽʜ ʢʦʨʦʟʽʾ. ʇʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʪʨʠʙʦ ʩʠʩʪʝʤʥʠʭ ʧʦʢʨʠʪʪʽʚ ʨʦʟʢʨʠʚʘʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʮʠʢʣʽʚ ʽ ʢʝʨʫʚʘʥʥʷ ʧʝʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʢʦʥʜʝʥʩʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʻ ʚʝʣʴʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʽ ʤʦʞʫʪʴ ʟʨʦʙʠʪʠ ʟʥʘʯʥʠʡ 

ʢʦʤʧʣʝʢʩʥʠʡ ʚʥʝʩʦʢ ʫ ʚʠʨʽʰʝʥʥʷ ʚ ʨʷʜʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʙʣʝʤ. 

 ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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4. ʇʽʤʽʥʦʚ ʆ.ʌ. ʇʦʥʷʪʪʷ ʧʨʦ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽʩʪʴ URL: 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʉʅʆɺʅɯ ɿɸʂʆʅʆʄɯʈʅʆʉʊɯ ʄɽʍɸʅɯɿʄʋ ʇʈʆʎɽʉʋ ʂʆʅɼɽʅʉɸʎɯɰ. ʂʈʀɺɯ 

ʂʆʅɼɽʅʉɸʎɯɰ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʂʦʥʜʝʥʩʘʮʽʷ ʥʘʣʝʞʠʪʴ ʜʦ ʚʠʩʦʢʦ 

ʽʥʪʝʥʩʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ. ɰʾ ʜʦʩʣʽʜʞʝʥʥʷ ʚʝʜʫʪʴ ʟʘ ʜʝʢʽʣʴʢʦʤʘ ʦʩʥʦʚʥʠʤʠ 

ʥʘʧʨʷʤʢʘʤʠ . ʆʜʥʠʤ ʽʟ ʮʠʭ ʥʘʧʨʷʤʢʽʚ ʻ ʧʦʙʫʜʦʚʘ ʽ ʚʠʚʯʝʥʥʷ ʢʨʠʚʠʭ ʢʦʥʜʝʥʩʘʮʽʾ, ʤʝʭʘʥʽʟʤʫ 

ʧʨʦʮʝʩʫ ʽ ʫʤʦʚʥʦʛʦ ʮʠʢʣʫ ʢʦʥʜʝʥʩʘʮʽʾ. ʇʝʨʝʭʽʜ ʚʽʜ ʧʣʽʚʢʦʚʦʾ ʜʦ ʢʨʘʧʣʠʥʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ 

ʧʦʢʘʟʫʻ, ʱʦ ʦʜʥʘʢʦʚʦ ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠʩʴ ʜʣʷ ʨʽʟʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʷʢ ʧʣʘʩʪʠʥʯʘʩʪʠʭ, ʪʘʢ ʪʨʫʙʥʠʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʝʬʝʢʪʠʚʥʽ 

ʪʝʧʣʦʦʙʤʽʥʥʽ ʧʦʚʝʨʭʥʽ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ (ʇɸʈ) ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʠʥ ʽʟ ʥʘʜʽʡʥʠʭ ʰʣʷʭʽʚ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʚʽʜ 

ʧʣʽʚʢʦʚʦʛʦ ʜʦ ʢʨʘʧʣʠʥʥʦʛʦ ʽ ʥʘʚʧʘʢʠ. ʇʨʠ ʮʴʦʤʫ, ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʧʨʦʩʪʦ ʽ 

ʥʘʜʽʡʥʦ ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʭʠʩʪ ʧʦʚʝʨʭʦʥʴ ʚʽʜ ʢʦʨʦʟʽʡʥʦï

ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʩʝ ʮʝ ʟʥʘʭʦʜʠʪʴ ʩʚʦʻ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʚ ʢʨʠʚʠʭ ʢʦʥʜʝʥʩʘʮʽʾ ʽ ʫʤʦʚʥʦʤʫ 

ʮʠʢʣʽ ʧʨʦʮʝʩʫ. 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʜʥʝ ʟ ʧʝʨʰʠʭ ʜʝʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʨʠʚʠʭ 

ʢʦʥʜʝʥʩʘʮʽʾ ʙʫʣʦ ʚʠʢʦʥʘʥʝ ʷʧʦʥʩʴʢʠʤʠ ʚʯʝʥʠʤʠ, ʷʢʠʭ ʦʯʦʣʶʚʘʚ ʧʨʦʬ. ʁ. ʋʪʘʢʘ [1]. ɼʣʷ 

ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʽʚ ʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ ʪʘ ʝʪʠʣʝʥʛʣʽʢʦʣʶ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʛʫʩʪʠʥ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʧʦʨʽʚ ʧʘʨʘ-ʩʪʽʥʢʘ ʟ 

ʢʦʥʢʨʝʪʠʟʘʮʽʻʶ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʧʨʦʮʝʩʫ. ɿʛʦʜʦʤ ʚʠʢʦʥʘʥʝ ʧʦʨʽʚʥʷʥʥʷ ʽʟ ʢʨʠʚʠʤʠ 

ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ. ɺ ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʦʙʤʽʥʫ, ʟʦʢʨʝʤʘ ʚ ʢʦʥʜʝʥʩʘʪʦʨʘʭ, 

ʢʨʠʚʽ ʢʦʥʜʝʥʩʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʡ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʽʟʥʽ ʫʤʦʚʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʦʣʘ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʜʘʯ. ɼʦʧʦʚʥʝʥʥʷ ʟʥʘʥʴ ʧʨʦ ʢʨʠʚʽ ʧʨʦʮʝʩʫ ʜʦʮʽʣʴʥʦ ʩʫʧʨʦʚʦʜʠʪʠ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʫʤʦʚʥʠʡ ʮʠʢʣ ʢʦʥʜʝʥʩʘʮʽʾ. ʂʦʤʧʣʝʢʩʥʽ ʟʥʘʥʥʷ ʧʨʦ ʮʽ ʬʘʢʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ 

ʦʧʝʨʘʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʢʦʥʜʝʥʩʘʮʽʻʶ ʽ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʭʽʜ ʤʽʞ ʨʽʟʥʠʤʠ 

ʨʝʞʠʤʘʤʠ ʧʨʦʮʝʩʫ, ʷʢ ʧʣʘʚʥʦ, ʪʘʢ ʽ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʧʨʦʮʝʩʫ ʢʦʥʜʝʥʩʘʮʽʾ 

ʚʽʜʜʟʝʨʢʘʣʶʻʪʴʩʷ ʢʨʠʚʠʤʠ ʢʦʥʜʝʥʩʘʮʽʾ ʽ ʫʤʦʚʥʠʤ ʮʠʢʣʦʤ ʧʨʦʮʝʩʫ. ʅʘʷʚʥʽʩʪʴ ʚʠʯʝʨʧʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʫʤʦʚʠ ʚʠʥʠʢʥʝʥʥʷ ʽ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʧʽʜʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦ ʽʥʪʝʥʩʠʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʢʦʥʜʝʥʩʘʮʽʾ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ 

ʦʭʦʣʦʜʞʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʂʦʥʜʝʥʩʘʮʽʷ ʥʘʩʠʯʝʥʦʾ, ʘʙʦ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ʥʘ ʪʚʝʨʜʽʡ ʧʦʚʝʨʭʥʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʤʝʥʰʝ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ ʧʨʠ 

ʟʘʜʘʥʦʤʫ ʪʠʩʢʫ. ʇʝʨʰʠʡ ʚʠʜ ʢʦʥʜʝʥʩʘʮʽʾ, ʢʦʣʠ ʨʽʜʢʘ ʩʢʦʥʜʝʥʩʦʚʘʥʘ ʬʘʟʘ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʚʠʛʣʷʜʽ ʩʪʽʡʢʦʾ ʧʣʽʚʢʠ (ʜʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ - ʛʽʜʨʦʬʽʣʴʥʘ 

ʧʦʚʝʨʭʥʷ), ʤʘʻ ʥʘʟʚʫ çʧʣʽʚʢʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷè, ʘ ʜʨʫʛʠʡ - ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʢʨʘʧʝʣʴ (ʜʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ - ʛʽʜʨʦʬʦʙʥʘ ʧʦʚʝʨʭʥʷ) ï çʢʨʘʧʣʠʥʥʘè. ʅʘ 
ʪʝʧʣʦʦʙʤʽʥʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʥʜʝʥʩʘʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ ʚʞʝ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʽ 

0,01 ï 0,05 ʂ. ʇʨʠ ʧʦʯʘʪʢʦʚʦʤʫ ʢʦʥʪʘʢʪʽ ʧʘʨʠ ʟ ʧʝʨʝʦʭʦʣʦʜʞʝʥʦʶ ʚʽʜʥʦʩʥʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʩʠʯʝʥʥʷ ʩʪʽʥʢʦʶ ʥʘ ʥʽʡ ʫʪʚʦʨʠʪʴʩʷ ʧʝʨʚʠʥʥʠʡ ʰʘʨ ʨʽʜʠʥʠ. ʎʝʡ ʧʝʨʚʠʥʥʠʡ ʰʘʨ ʨʽʜʠʥʠ ʚ 

ʧʨʦʮʝʩʽ ʢʦʥʜʝʥʩʘʮʽʾ ʤʦʞʝ ʨʦʟʚʠʚʘʪʠʩʴ ʟʘ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʰʣʷʭʘʤʠ. ʅʘ ʛʽʜʨʦʬʽʣʴʥʽʡ 

ʧʦʚʝʨʭʥʽ ʚʽʥ ʟʨʦʩʪʘʻ ʽ ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʷʞʽʥʥʷ ʧʦʯʠʥʘʻ ʩʪʽʢʘʪʠ ʧʦʚʝʨʭʥʝʶ ʫ ʚʠʛʣʷʜʽ ʩʫʮʽʣʴʥʦʾ 

ʧʣʽʚʢʠ. ʎʝ ï ʧʣʽʚʢʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷ, ʚʦʥʘ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʟʘ ʫʤʦʚʠ, ʱʦ ʨʽʜʠʥʘ ʟʤʦʯʫʻ ʧʦʚʝʨʭʥʶ 
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ʧʨʠ ʢʨʘʡʦʚʠʭ ʢʫʪʘʭ Ū < 90Á . ɺʦʜʷʥʘ ʧʘʨʘ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʯʠʩʪʠʭ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʥʷʭ 

ʜʘʻ ʧʣʽʚʢʦʚʫ ʢʦʥʜʝʥʩʘʮʽʶ, ʜʣʷ ʷʢʦʾ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ ʦʧʠʩʘʥʽ ʨʽʚʥʷʥʥʷʤ, 

ʷʢʝ ʦʪʨʠʤʘʚ ʥʽʤʝʮʴʢʠʡ ʚʯʝʥʠʡ ʅʫʩʩʝʣʴʪ ʚ 1916 ʨʦʮʽ [2]. 

ʅʘ ʛʽʜʨʦʬʦʙʥʽʡ ʧʦʚʝʨʭʥʽ ʟʘʨʦʜʢʦʚʘ ʢʦʥʜʝʥʩʘʮʽʡʥʘ ʧʣʽʚʢʘ ʧʨʠ ʢʨʘʡʦʚʠʭ ʢʫʪʘʭ 

ʟʤʦʯʫʚʘʥʥʷ Ū > 90Á ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ʚʞʝ ʟʘʨʦʜʢʦʚʽ ʢʨʘʧʣʠʥʠ ʧʽʜ ʜʽʻʶ ʩʠʣ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. ɿʨʦʩʪʘʶʯʽ ʢʨʘʧʣʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʝʚʥʦʛʦ ʚʽʜʨʠʚʥʦʛʦ 

ʨʦʟʤʽʨʫ ʧʦʯʠʥʘʶʪʴ ʚʠʜʘʣʷʪʠʩʴ ʟ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʷʞʽʥʥʷ, ʜʠʥʘʤʽʯʥʦʾ ʜʽʾ 

ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʫ, ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ, ʪʦʱʦ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘ ʨʝʰʪʠ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ, 

ʧʨʠ ʢʨʘʧʣʠʥʥʽʡ ʢʦʥʜʝʥʩʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ 

ʧʣʽʚʢʦʚʽʡ. ɹʘʣʘʥʩ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʜʣʷ ʢʦʥʜʝʥʩʘʪʥʠʭ ʫʪʚʦʨʝʥʴ ʚʧʣʠʚʘʻ ʥʘ ʪʝ, ʷʢʠʤ 

ʯʠʥʦʤ ʨʽʜʠʥʘ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ï ʜʠʚ. ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 - ʂʨʘʡʦʚʽ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ: ʘ) ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʧʣʽʚʢʦʚʽʡ 

ʢʦʥʜʝʥʩʘʮʽʾ, ʙ) ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʢʨʘʧʣʠʥʥʽʡ ʢʦʥʜʝʥʩʘʮʽʾ. 
 

ɺ ʙʽʣʴʰʦʩʪʽ ʽʩʥʫʶʯʠʭ ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʨʝʘʣʽʟʦʚʘʥʠʡ ʨʝʞʠʤ ʧʣʽʚʢʦʚʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʣʷ ʧʣʽʚʢʦʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ 

ʜʦʟʚʦʣʷʶʪʴ ʥʝʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ɸʣʴʪʝʨʥʘʪʠʚʦʶ 

ʪʘʢʦʤʫ ʧʽʜʭʦʜʫ ʻ ʟʤʽʥʘ ʨʝʞʠʤʫ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʧʣʽʚʢʦʚʦʛʦ ʥʘ ʢʨʘʧʣʠʥʥʠʡ. ʊʨʠʚʘʣʘ ʧʽʜʪʨʠʤʢʘ 

ʷʢʽʩʥʦʾ ʚʠʩʦʢʦ ʽʥʪʝʥʩʠʚʥʦʾ ʢʨʘʧʣʠʥʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘ ʪʝʧʣʦʦʙʤʽʥʥʽʡ ʧʦʚʝʨʭʥʽ 

ʻ ʚʝʣʴʤʠ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʢʨʘʧʣʠʥʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ 

ʟʘ ʜʝʢʽʣʴʢʦʤʘ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ, ʷʢ ʥʘ ʤʽʢʨʦ, ʪʘʢ ʽ ʥʘ ʤʘʢʨʦ ʨʽʚʥʽ. ʇʝʨʰʠʡ ʟ ʥʠʭ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʚʠʚʯʝʥʥʷʤ ʫʤʦʚʥʦʛʦ ʮʠʢʣʫ ʧʨʦʮʝʩʫ. ɼʨʫʛʠʡ ï ʟ ʢʨʠʚʠʤʠ ʢʦʥʜʝʥʩʘʮʽʾ. 

ʋʤʦʚʥʠʡ ʮʠʢʣ ʢʦʥʜʝʥʩʘʮʽʾ ʦʧʠʩʫʻ ʨʦʟʚʠʪʦʢ ʢʦʥʜʝʥʩʘʪʥʠʭ ʫʪʚʦʨʝʥʴ ʚ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ 

ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ Rʢʨ ʜʦ ʚʽʜʨʠʚʥʦʛʦ ʨʦʟʤʽʨʫ Rʚʽʜʨ ï ʨʠʩʫʥʦʢ 2. ʉʝʨʝʜʥʴʦ ʩʪʘʪʠʩʪʠʯʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ Ű0. ɺʽʥ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʝ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʚ ʜʠʥʘʤʽʮʽ ʢʨʘʧʝʣʴ ʽ ʣʦʢʘʣʴʥʠʭ 

ʧʣʽʚʦʢ ʨʽʟʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʽ ʝʬʝʢʪ ʾʭ ʟʣʠʪʪʷ ï ʤʘʣʽ ʧʽʜ ʮʠʢʣʠ ʟ ʧʦʪʦʯʥʠʤ ʯʘʩʦʤ Ű. ɼʣʷ 

ʧʝʚʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʢʦʥʜʝʥʩʘʪʫ (10-100 ʤʢʤ) ʥʘ ʩʫʧʝʨ ʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʥʷʭ ʪʘʢʦʞ 

ʟ'ʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪ ʚʽʜʩʢʦʢʫ ʢʨʘʧʣʠʥ ï jumping drop effect (ʟʦʙʨʘʞʝʥʠʡ ʟʠʛʟʘʛʘʤʠ). ʇʽʩʣʷ 

ʚʽʜʨʠʚʫ ʽ ʚʠʜʘʣʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ (ʧʽʢ ʢʨʠʚʦʾ) ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ 

(ʘʚʪʦʤʦʜʝʣʴʥʘ ʦʙʣʘʩʪʴ ʛʨʘʬʽʢʫ), ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʽʥʽʮʽʘʮʽʾ ʥʦʚʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʮʠʢʣʫ. 

    R/Rʚʜ̔ʨ   
 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 - ʆʧʦʩʝʨʝʜʢʦʚʘʥʘ ʢʘʨʪʠʥʘ ʫʤʦʚʥʦʛʦ ʮʠʢʣʫ ʢʦʥʜʝʥʩʘʮʽʾ 
 

ʋʤʦʚʥʠʡ ʮʠʢʣ ʢʦʥʜʝʥʩʘʮʽʾ ʨʘʟʦʤ ʟ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʢʦʥʜʝʥʩʘʪʥʠʭ ʫʪʚʦʨʝʥʴ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚ 

ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʤʘʢʨʦ ʨʽʚʥʽ ʚʝʜʝʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʨʠʚʠʭ ʢʦʥʜʝʥʩʘʮʽʾ [3], ʷʢʽ ʙʫʜʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʘʩʠʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, 



 
 

 
 

95 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʣʘʥʩʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʽ ʦʙʨʦʙʢʠ ʬʦʪʦ- ʽ ʚʽʜʝʦ ʤʘʪʝʨʽʘʣʽʚ. 

ʉʧʽʚʽʩʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʢʦʥʜʝʥʩʘʮʽʾ ʚʽʜʜʟʝʨʢʘʣʶʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʦʙʣʘʩʪʽ ʢʨʠʚʠʭ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʢʨʠʚʫ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʛʨʘʬʽʢʫ ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩʫʥʦʢ 3), ʜʝ: 

¶ ʟʦʥʘ ɸ ï ʢʨʘʧʣʠʥʥʘ ʢʦʥʜʝʥʩʘʮʽʷ (ʂʂ); 

¶ ʟʦʥʘ ɺ ï ʧʩʝʚʜʦ-ʢʨʘʧʣʠʥʥʘ ʢʦʥʜʝʥʩʘʮʽʷ (ʇʂʂ); 

¶ ʟʦʥʘ ʉ ï ʧʩʝʚʜʦ-ʧʣʽʚʢʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷ (ʇʇʂ); 

¶ ʟʦʥʘ D ï ʧʣʽʚʢʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷ (ʇʂ); 

¶ ʟʦʥʘ ɽ ï ʢʦʥʜʝʥʩʘʮʽʷ ʥʘ ʧʣʘʩʪʽ ʢʨʠʛʠ (ʂʇʣʂʨ). 

 

 
ʈʠʩʫʥʦʢ 3 - ʇʨʠʢʣʘʜ ʢʨʠʚʦʾ ʢʦʥʜʝʥʩʘʮʽʾ 

ʋ ʟʦʥʽ ʂʂ ʯʽʪʢʦ ʚʠʨʘʞʝʥʽ ʢʨʘʧʣʠʥʠ, ʘʜʞʝ ʧʦʚʝʨʭʥʷ ʻ ʥʝʟʤʦʯʫʚʘʥʦʶ. ʋ ʧʝʨʝʭʽʜʥʠʭ 

ʧʩʝʚʜʦ ʟʦʥʘʭ (ʇʂʂ, ʇʇʂ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʠʥʘʤʽʮʽ ʟʣʠʪʪʷ ʢʨʘʧʣʠʥ ʽ ʣʦʢʘʣʴʥʠʭ ʧʣʽʚʦʢ ʘʞ ʜʦ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʟʘʣʠʪʪʷ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʇʂ, ʢʦʣʠ ʫʪʚʦʨʶʻʪʴʩʷ ʩʫʮʽʣʴʥʘ ʧʣʽʚʢʘ 

ʢʦʥʜʝʥʩʘʪʫ. ɼʣʷ ʚʦʜʠ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʧʨʠ ʚʝʣʠʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʝʨʝʧʘʜʘʭ (ʜʦ 2000) 

ʤʦʞʣʠʚʦ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʧʣʘʩʪʽ ʢʨʠʛʠ. ʆʩʥʦʚʥʠʤʠ ʟʦʥʘʤʠ ʢʨʠʚʠʭ ʢʦʥʜʝʥʩʘʮʽʾ ʻ 

ʟʦʥʠ ɸ ʽ D ʜʣʷ ʂʂ ʽ ʇʂ. ʗʢʱʦ ʛʽʜʨʦʬʦʙʥʝ ʧʦʢʨʠʪʪʷ, ʥʘʥʝʩʝʥʝ ʥʘ ʪʝʧʣʦʦʙʤʽʥʥʫ ʧʦʚʝʨʭʥʶ, 

ʚʠʤʠʚʘʻʪʴʩʷ ʘʙʦ ʨʫʡʥʫʻʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʟʽʡʥʦ-ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʦ ʢʨʠʚʘ ʢʦʥʜʝʥʩʘʮʽʾ 

ʚʠʨʦʜʞʫʻʪʴʩʷ ʽ ʧʣʽʚʢʦʚʘ ʢʦʥʜʝʥʩʘʮʽʷ (ʟʦʥʘ D) ʨʦʟʧʦʚʩʶʜʠʪʴʩʷ ʽ ʥʘ ʽʥʰʽ ʟʦʥʠ (ɸ, ɺ, ʉ). ʇʨʠ 

ʧʣʘʚʥʽʡ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʢʨʠʚʘ ʢʦʥʜʝʥʩʘʮʽʾ ʧʨʦʭʦʜʠʪʴʩʷ ʚ ʧʨʷʤʦʤʫ ʽ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʘʭ ʪʘʢʦʞ ʧʣʘʚʥʦ. ʇʨʠ ʩʪʨʠʙʢʦʧʦʜʽʙʥʽʡ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʛʽʩʪʝʨʝʟʠʩ ʢʨʠʚʦʾ, ʷʢʠʡ ʧʦʢʘʟʫʻ ʩʪʨʠʙʦʢ ʽʟ ʟʦʥʠ ʂʂ ʚ ʇʂ ʧʨʠ ʧʨʷʤʦʤʫ ʭʦʜʽ, ʽ ʟ ʟʦʥʠ ʇʂ ʚ 

ʂʂ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʮʝʩ ʢʦʥʜʝʥʩʘʮʽʾ ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʠʪʠ ʫ ʚʠʛʣʷʜʽ ʢʨʠʚʠʭ ʥʘ ʤʘʢʨʦʨʽʚʥʽ ʽ 

ʫʤʦʚʥʦʛʦ ʮʠʢʣʫ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʤʽʢʨʦ ʨʽʚʥʽ. ʆʙʠʜʚʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʻ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʤʠ ʤʽʞ 

ʩʦʙʦʶ. ʈʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʘʥʠʡ ʧʨʦʮʝʩ, ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ 

ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʘʜʽʡʥʦ ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʽ 

ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʭʠʩʥʠʭ ʛʽʜʨʦʬʦʙʥʠʭ ʧʦʢʨʠʪʪʽʚ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ. ʈʦʟʨʘʭʫʥʦʢ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʣʷ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʢʦʥʜʝʥʩʘʪʥʠʭ ʫʪʚʦʨʝʥʴ ʽ ʤʦʞʣʠʚʦʛʦ 

ʚʽʜʩʢʦʢʫ ʢʨʘʧʝʣʴ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʤʦʚʥʦʛʦ ʮʠʢʣʫ ʢʦʥʜʝʥʩʘʮʽʾ ʽ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʦʧʠʩʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ ʢʦʥʜʝʥʩʘʮʽʾ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿɸʄɯʑɽʅʅʗ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿʋ ʅɸ ɹɯʆʄɸʉʋ ʐʃʗʍʆʄ ɰɰ ʉʇɸʃʖɺɸʅʅʗ 

ʋ ɺʀʍʈʆɺʆʄʋ ʇɽʈɽɼʊʆʇʂʋ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʠʡ ʯʘʩ, ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ ʋʢʨʘʾʥʠ ʻ ʜʦʩʷʛʥʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʘʤʦʜʦʩʪʘʪʥʦʩʪʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʢʨʘʾʥʠ. ɿʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʫʱʠʡ ʚʥʝʩʦʢ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʛʘʣʫʟʽ ʫ ʝʢʦʥʦʤʽʢʫ 

ʢʨʘʾʥʠ, ʘʢʪʫʘʣʴʥʠʤ ʽ ʚʠʛʽʜʥʠʤ ʟ ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʦʛʣʷʜʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʠʟʴʢʦʩʦʨʪʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʻ ʚʽʜʭʦʜʘʤʠ ʜʘʥʦʛʦ ʩʝʢʪʦʨʘ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʩʧʘʣʶʚʘʥʥʷ ʮʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʚ ʢʦʪʣʘʭ ʽ ʚʠʭʨʦʚʠʭ ʪʦʧʢʘʭ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʽʤʧʦʨʪʦʚʘʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʧʨʠʟʚʝʩʪʠ ʢʨʘʾʥʫ ʜʦ 

ʩʪʘʪʫʩʫ ʝʥʝʨʛʝʪʠʯʥʦ ʥʝʟʘʣʝʞʥʦʾ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʦʧʢʠ 

ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ ʪʘ ʧʘʣʠʚʥʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʦʙʣʘʜʥʘʥʽ ʨʝʰʽʪʢʘʤʠ. ʎʽ ʨʝʰʽʪʢʠ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʚʦʣʦʛʦʩʪʽ ʟ ʚʠʩʦʢʦʶ 

ʟʦʣʴʥʽʩʪʶ. 

ʋ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʧʢʠ ʽʟ ʚʽʙʨʘʮʽʡʥʦʶ ʯʠ ʦʙʝʨʪʦʚʦʶ 

ʨʝʰʽʪʢʦʶ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʭʦʜʽʚ. ʉʧʘʣʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʧʘʣʠʚ ʪʘ ʧʘʣʠʚʥʠʭ ʚʽʜʭʦʜʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʦʪʣʘʭ ʨʽʟʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʢʠʧʣʷʯʠʤ ʰʘʨʦʤ, ʧʽʩʣʷ ʾʭʥʴʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʙʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [1]. 

ɼʣʷ ʩʧʘʣʶʚʘʥʥʷ ʚʦʣʦʛʠʭ ʜʝʨʝʚʥʠʭ ʚʽʜʭʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʘʭʪʥʽ ʪʦʧʢʠ ʟ 

ʥʝʨʫʭʦʤʦʶ ʧʦʭʠʣʦʶ ʨʝʰʽʪʢʦʶ, ʘʣʝ ʚʦʥʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʫʩʢʣʘʜʥʝʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʯʝʨʝʟ ʟʥʘʯʥʠʡ ʦʙ'ʻʤ ʚʦʣʦʚʦʛʦ ʧʘʣʠʚʘ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʦʧʢʠ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʚ ʢʠʧʣʷʯʦʤʫ 

ʰʘʨʽ ʟ ʚʠʭʨʦʚʠʤ ʩʧʘʣʶʚʘʥʥʷʤ ʫ ʥʘʜʰʘʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ʎʽ ʪʦʧʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʽʜʪʨʠʤʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʣʷʯʦʛʦ ʰʘʨʫ, ʱʦ ʩʧʨʠʷʻ 

ʧʦʢʨʘʱʝʥʥʶ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ [2]. 

ʉʫʯʘʩʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʚʠʨʦʙʣʷʻ ʢʦʤʝʨʮʽʡʥʽ ʢʦʪʣʠ ʟ ʢʠʧʣʷʯʠʤ ʰʘʨʦʤ, ʪʘʢʽ ʷʢ ʢʦʪʣʠ 

ʟ ʢʠʧʣʷʯʠʤ ʰʘʨʦʤ ʪʘ ʢʦʪʣʠ ʽʟ ʟʦʚʥʽʰʥʴʦʶ ʪʘ ʚʥʫʪʨʽʰʥʴʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʢʠʧʣʷʯʦʛʦ ʰʘʨʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʢʠʧʣʷʯʦʛʦ ʰʘʨʫ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ 

ʜʝʨʝʚʥʠʭ ʚʽʜʭʦʜʽʚ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʻ ʝʬʝʢʪʠʚʥʠʤ. ʇʨʦʪʝ, ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʨʝʞʠʤʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʜʨʽʙʥʦʬʨʘʢʮʽʡʥʦʛʦ ʜʝʨʝʚʥʦʛʦ ʧʘʣʠʚʘ ʚʘʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʰʘʨʦʫʪʚʦʨʶʚʘʣʴʥʠʡ ʽʥʝʨʪʥʠʡ ʤʘʪʝʨʽʘʣ [3]. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʢʠʧʣʷʯʦʛʦ ʰʘʨʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʝ: 

1. ɽʨʦʟʽʷ ï ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʦʩʫ ʪʨʫʙ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʪʣʘ; 

2. ʉʢʫʧʯʝʥʥʷ ʟʦʣʠ ï ʚʦʥʘ ʤʦʞʝ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʰʘʨʽ, ʟʤʝʥʰʝʶʯʠ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʪʘ 

ʫʪʚʦʨʶʶʯʠ ʰʣʘʢ, ʷʢʠʡ ʤʦʞʝ ʧʦʰʢʦʜʠʪʠ ʢʦʪʝʣ; 

3. ɿʘʙʨʫʜʥʝʥʥʷ ï ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ ʧʠʣ, ʦʢʩʠʜʠ ʘʟʦʪʫ ʪʘ ʩʽʨʢʠ, 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ. 

4. ʐʫʤ ï ʢʦʪʣʠ ʟ ʢʠʧʣʷʯʠʤ ʰʘʨʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʰʫʤʥʠʤʠ, ʪʦʤʫ ʚʦʥʠ ʧʦʪʨʝʙʫʶʪʴ 

ʰʫʤʦʽʟʦʣʷʮʽʾ. 

ɼʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʜʨʽʙʥʦʛʦ ʧʘʣʠʚʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʧʢʠ ʰʚʠʜʢʽʩʥʦʛʦ ʛʦʨʽʥʥʷ, ʪʘʢʽ ʷʢ ʮʠʢʣʦʥʥʽ ʪʘ ʚʠʭʨʦʚʽ ʪʦʧʢʠ, ʷʢʽ 
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ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʘʣʠʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʧʨʦʩʪʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʘ ʥʠʟʴʢʦʶ ʤʝʪʘʣʦʻʤʥʽʩʪʶ. 

ʉʧʘʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ ʚ ʪʘʢʠʭ ʪʦʧʢʘʭ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʧʦʰʘʨʦʚʦʶ ʧʦʜʘʯʝʶ ʧʦʚʽʪʨʷ ʽ ʧʘʣʠʚʘ, ʘ 

ʪʘʢʦʞ ʚʠʛʦʨʘʥʥʷʤ ʯʘʩʪʠʥʦʢ ʧʘʣʠʚʘ ʧʨʠ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ʪʘ ʦʙʤʝʞʝʥʦʤʫ ʦʙ'ʻʤʽ ʪʦʧʢʠ. 

ʆʩʪʘʥʥʽʤʠ ʯʘʩʘʤʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʭʨʦʚʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ ʝʥʝʨʛʝʪʠʢʫ ʪʘ ʩʠʩʪʝʤʠ ʘʩʧʽʨʘʮʽʾ. ɺʠʭʨʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʦʣʽʧʰʠʪʠ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʩʪʽʡʢʽʩʪʴ ʩʧʘʣʘʭʫʚʘʥʥʷ ʪʘ ʛʦʨʽʥʥʷ 

ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʙʽʦʧʘʣʠʚʘ(ʈʠʩʫʥʦʢ 1). 

ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʪʨʘʜʠʮʽʡʥʽ ʢʘʤʝʨʥʽ ʪʦʧʢʠ ʟʘ ʨʘʭʫʥʦʢ ʾʭʥʴʦʾ 

ʤʦʜʝʨʥʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʦʙ'ʻʤ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʪʘ ʧʦʣʽʧʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʧʘʣʶʚʘʥʥʷ [4] . 

 
ʈʠʩʫʥʦʢ 1 - ɺʠʭʨʦʚʠʡ ʧʘʣʴʥʠʢ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʾ ʩʫʤʽʰʽ ʟ ʧʦʚʽʪʨʷʤ 

ʋ ʚʠʭʨʦʚʠʭ ʧʝʨʝʜʪʦʧʢʘʭ ʧʘʣʠʚʦ ʫʪʨʠʤʫʻʪʴʩʷ ʫ ʧʦʚʽʪʨʽ ʟʘʚʜʷʢʠ ʩʠʣʴʥʠʤ ʚʠʭʦʨʘʤ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ, ʥʝ ʜʦʟʚʦʣʷʶʯʠ ʥʘʚʽʪʴ ʚʝʣʠʢʠʤ ʯʘʩʪʢʘʤ ʧʘʣʠʚʘ ʚʠʧʘʜʘʪʠ (5 - 10 ʤʤ ʽ ʙʽʣʴʰʝ). 

ʉʫʯʘʩʥʽ ʚʠʭʨʦʚʽ ʪʦʧʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ ʰʤʘʪʢʽʚ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʨʦʟʤʽʨʦʤ 2 - 10 

ʤʤ, ʧʨʠ ʮʴʦʤʫ ʧʦʚʽʪʨʷ ʧʦʜʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 30 - 150 ʤ/ʩ. ʎʽ ʧʝʨʝʜʪʦʧʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʘʙʦ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʮʠʢʣʦʥʥʠʤʠ, ʧʨʦʪʝ ʚʝʨʪʠʢʘʣʴʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʜʰʝ. ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʮʠʢʣʦʥʥʽ ʧʝʨʝʜʪʦʧʢʠ ʤʘʶʪʴ ʜʽʘʤʝʪʨ ʚʽʜ 1 ʜʦ 4 ʤʝʪʨʽʚ, ʽ ʚʽʜʥʦʰʝʥʥʷ 

ʾʭ ʜʦʚʞʠʥʠ ʜʦ ʜʽʘʤʝʪʨʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,5 - 1,6 [5]. 

ɿʦʣʴʥʽʩʪʴ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʢʦʚʦʛʦ ʟʦʣʠ ʫ ʧʘʣʠʚʽ ʧʽʩʣʷ ʡʦʛʦ ʟʛʦʨʷʥʥʷ. 

ɿʦʣʴʥʽʩʪʴ ʧʘʣʠʚʘ ʚʘʞʣʠʚʘ ʜʣʷ ʚʠʭʨʦʚʠʭ ʪʦʧʦʢ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʯʠʩʪʦʪʫ 

ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʽ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʫʪʚʦʨʝʥʥʷ ʟʦʣʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʣʘʜʝʥʘ ʥʘ ʩʪʽʥʢʘʭ 

ʪʦʧʢʠ ʘʙʦ ʜʠʤʦʚʠʭ ʛʘʟʦʚʠʭ ʪʨʫʙʘʭ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʘʢʠʧʫ ʪʘ ʽʥʰʠʭ 

ʧʨʦʙʣʝʤ. ɿʦʣʴʥʽʩʪʴ ʧʘʣʠʚʘ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʩʢʣʘʜʫ ʪʘ ʜʞʝʨʝʣʘ, ʽ 

ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʦʪʢʦʚʠʤ ʚʤʽʩʪʦʤ ʟʦʣʠ ʚ ʧʘʣʠʚʽ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʧʦʢʘʟʫʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʘʩʠ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʤʽʱʝʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ. ɺʠʭʨʦʚʽ ʧʝʨʝʜʪʦʧʢʠ ʤʦʞʫʪʴ ʩʧʘʣʶʚʘʪʠ ʧʘʣʠʚʦ ʨʽʟʥʦʾ 

ʟʦʣʴʥʦʩʪʽ, ʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʪʣʘ ʟ ʢʠʧʣʷʯʠʤ ʰʘʨʦʤ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ ʙʫʜʝ ʚʠʛʽʜʥʦ ʷʢ ʟʽ 

ʩʪʦʨʦʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʘʢ ʽ ʟʽ ʩʪʦʨʦʥʠ ʨʝʤʦʥʪʫ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿɸʄɯʑɽʅʅʗ ɸʅʊʈɸʎʀʊʋ ɺ ʇɸʈʆɺʆʄʋ ʂʆʊʃɯ ʅɸ ɸʃʔʊɽʈʅɸʊʀɺʅʀʁ ɺʀɼ 

ʊɺɽʈɼʆɻʆ ʇɸʃʀɺɸ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ ɸʥʪʨʘʮʠʪ ʚ ʋʢʨʘʾʥʽ ʚ ʧʘʨʦʚʠʭ ʢʦʪʣʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʛʦ ʯʘʩʫ ʽ ʮʝ ʙʫʣʦ ʚʠʧʨʘʚʜʘʥʦ. ʅʘ ʤʦʤʝʥʪ 2014 ʨʦʢʫ 

ʧʨʠʙʣʠʟʥʦ 40% ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʚʠʨʦʙʣʷʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʪʨʘʮʠʪʫ [1]. ʎʝ, ʟʘ 

ʩʘʤʠʤʠ ʤʽʥʽʤʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʩʢʣʘʜʘʣʦ ʧʨʠʙʣʠʟʥʦ 400000 ʢʦʪʣʽʚ. ʎʝ ʙʫʣʦ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʛʽʜʥʦ, ʘʜʞʝ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʠʩʦʢʫ ʮʽʥʫ, ʘʥʪʨʘʮʠʪ ʤʘʻ ʚʠʩʦʢʫ ʪʝʧʣʦʪʚʦʨʥʫ ʟʜʘʪʥʽʩʪʴ, 

ʥʠʟʴʢʠʡ ʚʤʽʩʪ ʚʦʣʦʛʠ ʪʘ ʟʦʣʠ, ʪʘ ʜʦʙʫʚʘʚʩʷ ʚ ʥʘʰʠʭ ʰʘʭʪʘʭ ʥʘ ʩʭʦʜʽ. ʆʜʥʘʢ ʟ ʧʦʯʘʪʢʦʤ 

ʨʦʩʽʡʩʴʢʦʾ ʘʛʨʝʩʽʾ ʚ 2014 ʨʦʮʽ ʪʘ ʟʘʭʦʧʣʝʥʥʷʤ ʥʘʰʠʭ ʪʝʨʠʪʦʨʽʡ ï ʤʠ ʚʪʨʘʪʠʣʠ ʜʦʩʪʫʧ ʜʦ 

ʥʘʰʠʭ ʨʦʜʦʚʠʱ ʪʘ ʙʫʣʠ ʚʠʤʫʰʝʥʽ ʟʘʢʫʧʦʚʫʚʘʪʠ ʡʦʛʦ ʧʦ ʟʘʚʠʱʝʥʽʡ ʮʽʥʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʥʪʨʘʮʠʪʫ ʩʪʘʚʘʣʦ ʚʩʝ ʙʽʣʴʰ ʥʝʚʠʛʽʜʥʠʤ. ʉʠʪʫʘʮʽʷ ʩʪʘʣʘ ʱʝ ʛʽʨʰʦʶ ʟ ʧʦʯʘʪʢʦʤ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ. ɼʦʩʪʫʧ ʜʦ ʘʥʪʨʘʮʠʪʫ ʙʫʚ ʚʪʨʘʯʝʥʠʡ. ʂʦʪʣʠ, ʷʢʽ ʥʘ ʥʴʦʤʫ 

ʧʨʘʮʶʚʘʣʠ - ʧʨʦʩʪʦʶʚʘʣʠ ʧʦ 2ï3 ʤʽʩʷʮʽ ʧʦʩʧʽʣʴ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʤʘʨʦʢ 

ʚʫʛʽʣʣʷ, ʘʜʞʝ ʧʝʨʝʚʝʩʪʠ ʢʦʪʝʣ ʥʘ ʽʥʰʠʡ ʚʠʜ ʧʘʣʠʚʘ, ʥʘʧʨʠʢʣʘʜ, ʛʘʟ ʻ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, 

ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʨʦʙʣʶʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʢʦʪʣʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ 

ʥʝʜʦʮʽʣʴʥʠʤ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʜʠʥ ʟʽ ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ï ʟʘʤʽʱʝʥʥʷ ʘʥʪʨʘʮʠʪʫ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʪʚʝʨʜʝ ʧʘʣʠʚʦ ï ʛʘʟʦʧʦʜʽʙʥʝ.  

 ɻʘʟʦʧʦʜʽʙʥʝ ʚʫʛʽʣʣʷ ʚʠʢʣʠʢʘʻ ʚʩʝ ʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ. ʆʩʥʦʚʥʽ ʡʦʛʦ 

ʧʝʨʝʚʘʛʠ: 

-ʚʦʥʦ ʻ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʠʤ ʽ ʩʧʨʠʷʻ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ, 

ʱʦ ʧʦʣʽʧʰʫʻ ʷʢʽʩʪʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

- ʮʝ ʚʫʛʽʣʣʷ ï ʪʚʝʨʜʝ, ʪʦʤʫ ʥʝʤʘ ʧʦʪʨʝʙʠ ʚ ʧʦʚʥʽʡ ʧʝʨʝʨʦʙʮʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʪʣʘ; 

- ʛʘʟʦʧʦʜʽʙʥʝ ʚʫʛʽʣʣʷ ʜʝʰʝʚʰʝ ʥʽʞ ʘʥʪʨʘʮʠʪ; 

- ʮʝ ʚʫʛʽʣʣʷ ʚʠʜʦʙʫʚʘʻʪʴʩʷ ʚ ʥʘʰʠʭ ʨʦʜʦʚʠʱʘʭ ʫ ɺʦʣʠʥʩʴʢʦʤʫ ʪʘ ɼʥʽʧʨʦʚʩʴʢʦʤʫ 

ʙʘʩʝʡʥʘʭ, ʪʦʤʫ ʡʦʛʦ ʥʝ ʧʦʪʨʽʙʥʦ ʢʫʧʫʚʘʪʠ ʟʘ ʢʦʨʜʦʥʦʤ; 

- ʚʦʥʦ ʤʘʻ ʤʝʥʰʠʡ ʚʤʽʩʪ ʩʽʨʢʠ ʪʘ ʙʽʣʴʰʠʡ ʚʤʽʩʪ ʛʦʨʶʯʠʭ ʨʝʯʦʚʠʥ, ʯʝʨʝʟ ʱʦ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʙʽʣʴʰʝ ʪʝʧʣʘ.         

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʗʢ ʜʣʷ ʧʨʠʢʣʘʜʫ, ʨʦʟʛʣʷʥʝʤʦ ʇʨʠʜʥʽʧʨʦʚʩʴʢʫ ʊɽʉ. ʋ 2018 ʨʦʮʽ 

ʚʦʥʘ ʧʦʚʥʽʩʪʶ ʧʝʨʝʡʰʣʘ ʟ ʘʥʪʨʘʮʠʪʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ ʤʘʨʢʠ çɻè, ʪʦʙʪʦ 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʚʫʛʽʣʣʷ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʽʤʧʦʨʪʫ ʥʘ 700 000 ʪʦʥ [2]. ʎʝʡ 

ʧʝʨʝʭʽʜ ʩʪʦʩʫʻʪʴʩʷ ʯʦʪʠʨʴʦʭ ʝʥʝʨʛʦʙʣʦʢʽʚ, ʢʦʞʝʥ ʧʦʪʫʞʥʽʩʪʶ 150 ʄɺʪ. ɿʘ ʩʝʨʝʜʥʴʦʶ 

ʮʽʥʦʶ $105-110 ʟʘ ʪʦʥʥʫ, ʮʝ ʧʨʠʟʚʝʣʦ ʜʦ ʝʢʦʥʦʤʽʾ ʙʣʠʟʴʢʦ $75 ʤʣʥ. ʅʘʧʝʨʝʜʦʜʥʽ 2014 ʨʦʢʫ 

ɼʊɽʂ ʤʘʚ ʯʦʪʠʨʠ ʘʥʪʨʘʮʠʪʦʚʽ ʩʪʘʥʮʽʾ. ʅʘʡʤʝʥʰʘ ʟ ʥʠʭ ï ʄʠʨʦʥʽʚʩʴʢʘ ʊɽʉ, ʷʢʘ ʙʫʣʘ 

ʧʝʨʝʚʝʜʝʥʘ ʥʘ ʛʘʟʦʧʦʜʽʙʥʝ ʧʘʣʠʚʦ ʫ 2017 ʨʦʮʽ. ʋ 2021 ʨʦʮʽ ʱʝ ʦʜʥʘ ʙʫʣʘ ʧʝʨʝʚʝʜʝʥʘ ʥʘ 

ʛʘʟʦʧʦʜʽʙʥʝ ʚʫʛʽʣʣʷ. ʅʘʨʘʟʽ ʧʝʨʝʭʽʜ ʽʥʰʠʭ ʩʪʘʥʮʽʡ ʻ ʫʩʢʣʘʜʥʝʥʠʤ ʯʝʨʝʟ ʙʦʡʦʚʽ ʜʽʾ.  

ʇʝʨʝʚʝʜʝʥʥʷ ʩʪʘʥʮʽʡ ʥʘ ʛʘʟʦʧʦʜʽʙʥʝ ʚʫʛʽʣʣʷ ʪʘʢʦʞ ʻ ʧʣʶʩʦʤ, ʘʜʞʝ ʜʘʻ ʨʦʙʦʪʫ 

ʫʢʨʘʾʥʩʴʢʠʤ ʰʘʭʪʘʨʷʤ. ɿʘ ʜʘʥʠʤʠ ɼʊɽʂ, ʧʝʨʝʚʝʜʝʥʥʷ ʩʪʘʥʮʽʡ ʥʘ ʛʘʟʦʧʦʜʽʙʥʝ ʚʫʛʽʣʣʷ 

ʜʦʟʚʦʣʠʣʦ ʟʙʽʣʴʰʠʪʠ ʚʠʜʦʙʫʪʦʢ ʥʘ ʰʘʭʪʘʭ, ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʽʪʢʠ ʽʩʥʫʶʯʠʭ ʣʘʚ 

ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʜʽʣʷʥʦʢ. ʊʽʣʴʢʠ ʚ 2017 ʨʦʮʽ ʚʠʜʦʙʫʪʦʢ ʟʨʽʩ ʥʘ 1,7 ʤʣʥ ʪʦʥ ï ʜʦ ʤʘʡʞʝ 

23 ʤʣʥ ʪʦʥ.   

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ - ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʤʘʨʢʠ çɸè (ʘʥʪʨʘʮʠʪʦʚʘ ʛʨʫʧʘ) ʩʢʣʘʜʘʶʪʴ 440ï450 
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ʛʨʥ ʥʘ 1 ʢɺ/ʛʦʜ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 1 ʢɺ/ʛʦʜ ʥʘ ʚʫʛʽʣʣʽ ʤʘʨʢʠ çɻè ʪʨʝʙʘ: ʥʘ 

ʙʣʦʢʘʭ ʧʦʪʫʞʥʽʩʪʶ 150 ʄɺʪ ï 404ï410 ʛʨʥ, ʥʘ ʙʣʦʢʘʭ 200 ʄɺʊ ï 400 ʛʨʥ, ʥʘ ʙʣʦʢʘʭ 300 

ʄɺʪ ï 385 ʛʨʥ.  

ɺ ʮʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʪʦʧʢʠ ʢʦʪʣʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

[3]. ɹʫʚ ʧʨʦʚʝʜʝʥʠʡ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ɹʂɿ-75-39 ʌɹ ʷʢʠʡ ʧʨʘʮʶʻ 

ʥʘ ʘʥʪʨʘʮʠʪʽ ʪʘ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʮʴʦʛʦ ʞ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ 

ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʚʫʛʽʣʣʽ. ɼʣʷ ʢʨʘʱʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʘ ʟʘʜʘʥʘ ʫʤʦʚʘ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ï ʦʜʥʘʢʦʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʧʦʨʽʚʥʷʥʽ ʟʥʘʯʝʥʥʷ 

(ʜʠʚ. ʨʠʩʫʥʦʢ 1-3):  

  

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ, ʢʛ/c 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʦʟʧʦʜʽʣʴʥʘ ʪʝʧʣʦʪʘ ʧʘʣʠʚʘ, ʢɼʞ/ʢʛ 
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ʈʠʩʫʥʦʢ 3 ï ʊʝʧʣʦʩʧʨʠʡʥʷʪʪʷ ʪʦʧʢʠ, ʢɼʞ/ʢʛ 

  

ɺʠʩʥʦʚʢʠ. ɿʘʤʽʱʝʥʥʷ ʘʥʪʨʘʮʠʪʫ ʚ ʧʘʨʦʚʦʤʫ ʢʦʪʣʽ ʥʘ ʛʘʟʦʧʦʜʽʙʥʝ ʻ ʤʦʞʣʠʚʠʤ 

ʢʨʦʢʦʤ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ 

ʘʥʪʨʘʮʠʪʫ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʚ ʘʪʤʦʩʬʝʨʫ ʪʘ ʦʪʨʠʤʘʪʠ ʢʨʘʱʽ ʪʝʧʣʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʪʦʧʮʽ ʧʨʠ ʤʝʥʰʽʡ ʚʠʪʨʘʪʽ ʧʘʣʠʚʘ, ʧʨʠ ʮʴʦʤʫ, ʥʝ ʢʫʧʫʶʯʠ ʡʦʛʦ ʟʘ 

ʢʦʨʜʦʥʦʤ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  

1. ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʋʢʨʘʾʥʠ. URL: 

https://ukrstat.gov.ua. (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 04.03.2024). 

2. ɯ. ʂʦʚʘʣʴ. ʇʝʨʝʭʽʜ ʟ ʘʥʪʨʘʮʠʪʫ ʥʘ ʛʘʟʦʚʝ ʚʫʛʽʣʣʷ: ʷʢ ɼʊɽʂ ʧʨʦʚʦʜʠʪʴ 

ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ. Mind. URL:https://mind.ua/publications/20191262-perehid-z-antracitu-na-

gazove-vugillya-yak-dtek-provodit-pereobladnannya. (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 09.03.2024). 

3. ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʢʦʪʣʦʚ. ʅʦʨʤʘʪʠʚʥʳʡ ʤʝʪʦʜ, ʠʟʜ. 3-ʝ. ʉ. - ʇ., 1998. -258 ʩ. 
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ʋɼʂ 662.761 

ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ɭʚʪʫʰʦʢ ɺ.ɸ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʅʦʚʘʢʽʚʩʴʢʠʡ ɭ.ɺ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʈɽʎʀʈʂʋʃʗʎɯɰ ɻɸɿɯɺ ɺ ʇɸʈʆɺʀʍ ʂʆʊʃɸʍ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʢʦʪʝʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ ʻ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʯʠʩʪʦʪʠ ʧʦʚʽʪʨʷʥʦʛʦ ʙʘʩʝʡʥʫ. ɺʘʞʣʠʚʽʩʪʴ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ 

ʥʘʧʨʷʤʽ ʦʙʫʤʦʚʣʝʥʘ ʟʨʦʩʪʘʶʯʠʤʠ ʚʠʤʦʛʘʤʠ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.  ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʚʠʢʠʜʘʤʠ ʊɽʉ ʽ ʢʦʪʝʣʝʥʴ ʻ ʚʠʢʠʜʠ NOx. ɿʤʝʥʰʝʥʥʷ 

ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʻ ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʢʦʪʝʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʘ ʜʘʥʠʤʠ  ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ, 

ʦʧʨʠʣʶʜʥʝʥʠʤʠ ʚ 2021 ʨʦʮʽ, ʚ ʘʪʤʦʩʬʝʨʫ ʙʫʣʦ ʚʠʢʠʥʫʪʦ ʙʣʠʟʴʢʦ 200 ʪʠʩ. ʪʦʥʥ ʦʢʩʠʜʫ ʽ 

ʜʽʦʢʩʠʜʫ ʘʟʦʪʫ [1]. ɿʘʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ɼʠʨʝʢʪʠʚʠ 2010/75/EU, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 1, 

ʥʝʦʙʭʽʜʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʜʘʪʥʠʭ ʟʤʝʥʰʠʪʠ ʚʤʽʩʪ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOx ʚ ʜʠʤʦʚʠʭ ʛʘʟʘʭ ʜʦ 50-80% ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʦʨʤ ɭʉ [2]. 

  

 ʊʘʙʣʠʮʷ 1 - ɯʩʥʫʶʯʠʡ ʨʽʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʥʘ ʊɽʉ ʋʢʨʘʾʥʠ 

ʪʘ ʚʠʤʦʛʠ ɼʠʨʝʢʪʠʚʠ 2010/75/EU 

ɿʘʙʨʫʜʥʶʶʯʘ ʨʝʯʦʚʠʥʘ ɯʩʥʫʶʯʠʡ ʩʪʘʥ, ʤʛ/ʥʤ3 ɼʠʨʝʢʪʠʚʘ 2010/75/EU, 

ʤʛ/ʥʤ3 

ʊʚʝʨʜʽ ʯʘʩʪʢʠ 600-3200 20 

ɼʽʦʢʩʠʜ ʩʽʨʢʠ SO2 2000-7000 200 

ʆʢʩʠʜʠ ʘʟʦʪʫ NOx 500-1800 200 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʢʦʪʝʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʆʜʠʥ ʽʟ ʪʘʢʠʭ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʝʮʠʨʢʫʣʷʮʽʾ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟ 

ʧʦʜʘʣʴʰʠʤ ʟʥʠʞʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOx. ɼʘʥʥʘ ʪʝʭʥʦʣʦʛʽʷ ʰʠʨʦʢʦ 

ʨʦʟʧʦʚʩʶʜʠʣʘʩʴ ʱʝ ʚ 70-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʩʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  
ʇʨʦʮʝʩ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʽʜʙʦʨʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʧʽʩʣʷ ʚʦʜʷʥʦʛʦ 

ʝʢʦʥʦʤʘʡʟʝʨʘ ʩʧʝʮʽʘʣʴʥʠʤ ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʤ ʜʠʤʦʩʦʩʦʤ ʚ ʢʽʣʴʢʦʩʪʽ ʜʦ 20% ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 300é400 ʦʉ. ɺʽʜʽʙʨʘʥʽ ʧʨʦʜʫʢʪʠ ʟʛʦʨʘʥʥʷ ʧʦʜʘʶʪʴ ʚ ʪʦʧʢʦʚʫ ʢʘʤʝʨʫ, ʱʦ 

ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʛʦʨʽʥʥʷ ʚ ʪʦʧʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʢʦʪʣʘ ʥʘ 120é130 ʦʉ. ʇʨʠ 

ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʠʞʫʻʪʴʩʷ ʽ ʚʤʽʩʪ ʢʠʩʥʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʛʦʨʽʥʥʷ ʽ ʫʪʚʦʨʝʥʥʷ ʧʘʣʠʚʥʠʭ NOx. ʇʨʠ ʮʴʦʤʫ ʂʂɼ ʢʦʪʣʘ ʟʥʠʞʫʻʪʴʩʷ ʥʝʟʥʘʯʥʦ  

(0,01é0,03% ʥʘ 1% ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʭ ʛʘʟʽʚ) [3]. 

ɺʚʝʜʝʥʥʷ ʚʽʜʽʙʨʘʥʠʭ ʛʘʟʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʪʦʧʢʠ, ʯʝʨʝʟ ʰʣʽʮʠ ʧʽʜ 

ʧʘʣʴʥʠʢʘʤʠ, ʫ ʧʦʚʽʪʨʦʧʨʦʚʽʜ ʛʘʨʷʯʦʛʦ ʧʦʚʽʪʨʷ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʘʣʴʥʠʢ ʚ ʦʜʠʥ ʽʟ 

ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʘʙʦ ʤʽʞ ʧʦʪʦʢʘʤʠ ʧʦʚʽʪʨʷ, ʚ ʧʘʣʴʥʠʢ ʫ ʧʦʪʽʢ ʧʘʣʠʚʘ. [4]. ʅʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʶ ʻ ʨʝʮʠʨʢʫʣʷʮʽʷ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʟ ʧʘʣʠʚʦʤ (ʧʨʠʙʣʠʟʥʦ ʚ 1,5 ʨʘʟʠ ʙʽʣʴʰʝ, 

ʥʽʞ ʟ ʧʦʚʽʪʨʷʤ). ɼʦʩʣʽʜʠ ɯʥʩʪʠʪʫʪʫ ʛʘʟʫ ʅɸʅ ʋʢʨʘʾʥʠ  ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʨʝʮʠʨʢʫʣʷʮʽʾ 25 % 

ʧʨʦʜʫʢʪʽʚ ʛʦʨʽʥʥʷ ʟ ʛʘʟʦʚʠʤ ʧʘʣʠʚʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ NOx  ʜʦ 45 % (ʨʠʩ. 1). 

ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʽʚ ʛʘʟʽʚ ʨʝʮʠʨʢʫʣʷʮʽʾ ʟʤʝʥʰʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʠʩʥʶ ʫ ʩʫʤʽʰʽ 

ʥʠʞʯʝ 17,5% ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ Ŭ = 1,2 [5].  

ʈʝʮʠʨʢʫʣʷʮʽʶ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʨʘʜʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʥʘʷʚʥʠʭ ʩʧʝʮʽʘʣʴʥʠʭ 
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ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʘʣʴʥʠʢʘʭ, ʷʢʽ ʱʝ ʥʘʟʠʚʘʶʪʴ ʧʘʣʴʥʠʢʘʤʠ ʩʪʘʜʽʡʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ. ʊʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ  ʧʣʦʩʢʦʧʦʣʫʤôʷʥʽ ʧʘʣʴʥʠʢʠ ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʛʘʟʽʚ, ʱʦ ʤʘʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ 800é1200 ʦʉ ʧʦ ʬʨʦʥʪʫ ʟʘʡʤʘʥʥʷ ʽ ʜʦʟʚʦʣʷʶʪʴ ʥʘ 40...50 % ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ [4].  

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʚʠʭʦʜʫ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʙʘʣʘʩʪʫ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ 

ʪʘ ʩʧʦʩʦʙʽʚ ʡʦʛʦ ʧʦʜʘʯʽ ʚ ʟʦʥʫ ʛʦʨʽʥʥʷ: 1 ï ʧʽʜʤʽʰʫʚʘʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʜʦ ʜʫʪʪʴʦʚʦʛʦ 

ʧʦʚʽʪʨʷ; 2 - ʧʽʜʤʽʰʫʚʘʥʥʷ ʉʆ2 ʜʦ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ; 3 ï ʧʽʜʤʽʰʫʚʘʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʜʦ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʧʘʣʴʥʠʢʫ; 4 ï ʧʦʜʘʯʘ ʩʫʤʽʰʽ N2 ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ; 5- ʧʦʜʘʯʘ ʩʫʤʽʰʽ 

ʉʆ2 ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ; Vʙ - ʦʙôʻʤ ʙʘʣʘʩʪʫ, ʥʤ
3;  VCH4 - ʦʙôʻʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʥʤ

3. 

 

ɺʠʩʥʦʚʢʠ. ɿʘʛʘʣʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʜʠʤʦʚʠʭ 

ʛʘʟʽʚ ʩʘʤʘ ʧʦ ʩʦʙʽ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʷʛʪʠ ʙʘʞʘʥʦʛʦ ʟʤʝʥʰʝʥʥʷ NOx. ɼʦ ʪʦʛʦ ʞ, ʥʘʜʤʽʨʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʽʚ ʛʘʟʫ ʨʝʮʠʨʢʫʣʷʮʽʾ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʛʦʨʽʥʥʷ, ʚʠʥʦʩʫ 

ʬʘʢʝʣʘ ʚ ʢʦʥʚʝʢʪʠʚʥʫ ʯʘʩʪʠʥʫ ʢʦʪʣʘ, ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʽʜʥʠʭ ʛʘʟʽʚ. ɼʦʮʽʣʴʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʦʜʨʘʟʫ ʢʽʣʴʢʦʭ ʩʧʦʩʦʙʽʚ 

ʟʥʠʞʝʥʥʷ NOx, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʘ, ʥʘʚʝʜʝʥʠʭ ʨʘʥʽʰʝ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʘʣʴʥʠʢʽʚ, ʪʦʧʢʦʚʦʛʦ ʧʦʷʨʫʩʥʦʛʦ ʩʪʫʧʝʥʝʚʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʪʘ ʽʥ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɯʅʊɽʅʉʀʌɯʂɸʎɯʗ ʊɽʇʃʆʆɹʄɯʅʋ ɺ ɻɸɿʆ-ʈɯɼʀʅʅʀʍ ʊɽʇʃʆʆɹʄɯʅʅʀʂɸʍ 

ɹʂɿ-75-39-ʌɹ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʊʝʧʣʦʦʙʤʽʥʥʝ ʦʙʣʘʜʥʘʥʥʷ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ, ʥʘʬʪʦʭʽʤʽʯʥʽʡ, ʤʝʪʘʣʫʨʛʽʡʥʽʡ, 

ʭʘʨʯʦʚʽʡ, ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ 

ʪʝʧʣʦʦʙʤʽʥʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ.  ɺ  ʨʝʟʫʣʴʪʘʪʽ  ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ  ʧʨʦʮʝʩʽʚ  ʪʝʧʣʦʦʙʤʽʥʫ  ʤʦʞʥʘ  ʜʦʩʷʛʪʠ  

ʩʫʪʪʻʚʦʛʦ  ʟʤʝʥʰʝʥʥʷ  ʤʘʩʠ  ʽ ʛʘʙʘʨʠʪʽʚ  ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ  ʦʙʣʘʜʥʘʥʥʷ,  ʘ ʪʘʢʦʞ  ʟʘʙʝʟʧʝʯʠʪʠ  

ʟʘʜʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʽʚʝʥʴ ʝʣʝʤʝʥʪʽʚ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

 ɼʣʷ ʛʘʟʦʪʨʫʙʥʠʭ ʚʦʜʦʛʨʽʡʥʠʭ ʢʦʪʣʽʚ ʧʨʦʙʣʝʤʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʘ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʟʘʣʝʞʠʪʴ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʪʘ ʩʝʨʝʜʦʚʠʱ, ʱʦ ʥʘʛʨʽʚʘʶʪʴʩʷ ʚʽʜʭʽʜʥʠʤʠ ʛʘʟʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʝʬʝʢʪʠʚʥʘ 

ʨʦʙʦʪʘ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʢʦʪʝʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʫ ʧʨʠʨʦʜʥʦʛʦ 

ʧʘʣʠʚʘ ʪʘ ʧʽʜʚʠʱʫʻ ʾʾ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ [1]. ɿʘʤʽʥʘ ʟʘʩʪʘʨʽʣʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ ʩʧʨʷʞʝʥʘ ʟʽ ʟʥʘʯʥʠʤʠ ʢʘʧʽʪʘʣʴʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ, ʪʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʘʮʶʶʯʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʘʢʪʫʘʣʴʥʫ ʧʨʦʙʣʝʤʫ ʜʣʷ ʋʢʨʘʾʥʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤ ʩʧʦʩʦʙʦʤ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʧʣʘʩʪʠʥʠ, ʩʧʽʨʘʣʴʥʽ ʜʨʦʪʦʚʽ ʚʩʪʘʚʢʠ, ʩʢʨʫʯʝʥʽ ʤʝʪʘʣʝʚʽ ʧʣʘʩʪʠʥʠ ʪʘ ʽʥ. (ʨʠʩ.1). ɺʦʥʠ ʤʦʞʫʪʴ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʙʝʟ ʟʥʘʯʥʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ. 

 

ʈʠʩʫʥʦʢ 1ï ɯʥʪʝʥʩʠʬʽʢʘʪʦʨʠ ʪʝʧʣʦʦʙʤʽʥʫ: ʘ) ʧʣʘʩʪʠʥʘ; ʙ) ʩʢʨʫʯʝʥʘ ʩʪʨʽʯʢʘ; ʚ) 
ʜʨʦʪʦʚʘ ʚʩʪʘʚʢʘ; ʛ) ʩʢʨʫʯʝʥʠʡ ʜʨʽʪ; ʜ) ʟʽʛʥʫʪʘ ʧʣʘʩʪʠʥʘ; ʝ) ʚʩʪʘʚʢʘ ʟ ʧʨʷʤʦʢʫʪʥʠʤʠ 

ʱʽʣʠʥʘʤʠ; ʞ) ʚʩʪʘʚʢʘ ʟ ʢʨʫʛʣʠʤʠ ʦʪʚʦʨʘʤʠ [1] 

ɺ [2] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʛʘʟʦʪʨʫʙʥʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʠ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʟʘʢʨʫʯʫʚʘʥʥʷ ʽ ʟʛʠʥʘʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʢʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ, ʘ 

ʪʘʢʦʞ ʰʥʝʢʦʧʦʜʽʙʥʽ ʩʢʨʫʯʝʥʽ ʤʝʪʘʣʝʚʽ ʧʣʘʩʪʠʥʠ. 

 ɺʢʘʟʘʥʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʫʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʚ 1,5...4 ʨʘʟʠ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʝʞʠʤʫ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʽʚ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʥʝ ʜʣʷ ʚʩʽʭ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʽʩʥʫʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʦʮʽʥʢʠ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ, ʟʦʢʨʝʤʘ ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ. ʅʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʚʧʣʠʚʘʻ ʚʽʜʥʦʩʥʠʡ ʢʨʦʢ ʟʘʢʨʫʯʫʚʘʥʥʷ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʘ, ʘ ʪʘʢʦʞ 
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ʨʝʞʠʤ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʷ. ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʨʦʙʦʪʽ [3], ʚ ʣʘʤʽʥʘʨʥʦʤʫ ʧʦʪʦʮʽ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʤʘʢʨʦʜʽʾ ʥʘ ʚʝʩʴ ʧʦʪʽʢ, ʟʘ ʨʘʭʫʥʦʢ ʧʦʨʫʰʝʥʥʷ ʫʩʽʻʾ 

ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʫ. ɼʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʻ ʪʫʨʙʫʣʽʟʘʮʽʷ ʧʨʠʩʪʽʥʥʦʛʦ ʣʘʤʽʥʘʨʥʦʛʦ ʧʨʦʰʘʨʢʫ. ʈʝʞʠʤ ʨʫʭʫ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʚʦʜʦʛʨʽʡʥʠʭ ʢʦʪʣʽʚ ʟʜʝʙʽʣʴʰʦʛʦ ʣʘʤʽʥʘʨʥʠʡ ʘʙʦ 

ʧʝʨʝʭʽʜʥʠʡ. ʊʦʤʫ ʥʘʡʙʽʣʴʰ ʜʽʻʚʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚ 

ʢʦʥʚʝʢʪʠʚʥʽʡ ʯʘʩʪʠʥʽ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʽʚ, ʱʦ ʪʫʨʙʫʣʽʟʫʶʪʴ ʷʜʨʦ ʧʦʪʦʢʫ. 

ɽʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʛʘʟʦ-ʨʽʜʠʥʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ 

ʘʧʘʨʘʪʽʚ ʻ ʦʙʨʝʙʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʧʣʦʦʙʤʽʥʫ. ʗʢʱʦ ʦʙʨʝʙʨʝʥʥʷ ʟʘʜʘʥʝ ʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʣʷ ʦʙʨʝʙʨʝʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʦʤʝ, ʪʦ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʯʝʨʝʟ ʨʝʙʨʠʩʪʫ ʩʪʽʥʢʫ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʟʘʪʨʫʜʥʝʥʴ [4].  

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʠʜʠ ʨʝʙʝʨ 

(ʧʣʘʩʪʠʥʯʘʩʪʽ ʨʝʙʨʘ, ʥʘʩʘʜʞʝʥʽ ʥʘ ʪʨʫʙʠ; ʨʝʙʨʘ, ʥʘʚʠʪʽ ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʯʦʢ; ʨʝʙʨʘ, ʥʘʢʘʪʘʥʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʨʫʙ) ʽ ʰʧʠʣʴʦʢ ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʧʣʦʦʙʤʽʥʫ ʩʣʫʞʘʪʴ ʥʘʩʪʫʧʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʦʩʥʦʚʫ ʨʝʙʨʘ; ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʙʨʘ.  

ʇʽʜ ʝʬʝʢʪʠʚʥʽʩʪʶ ʨʝʙʨʘ ʨʦʟʫʤʽʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʜʽʡʩʥʦ 

ʚʽʜʚʝʜʝʥʦʛʦ ʨʝʙʨʦʤ, ʜʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʙʫʣʦ ʙ ʚʽʜʚʝʜʝʥʦ ʨʝʙʨʦʤ ʟ ʪʘʢʠʤʠ ʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʽ 

ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʽʚʥʦʶ ʪʝʤʧʝʨʘʪʫʨʽ ʫ ʦʩʥʦʚʽ ʨʝʙʨʘ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʝʙʨʘ ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʨʦʟʤʽʨʽʚ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʽ ʚʠʩʦʪʠ ʨʝʙʨ [5].  

ʆʙʨʘʥʥʷ ʩʧʦʩʦʙʫ ʦʨʝʙʨʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʙʘʟʽ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʦʨʝʙʨʝʥʴ, 

ʧʦʧʝʨʝʜʥʽʭ ʪʝʧʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʪʘʢʦʛʦ, ʷʢʝ ʽʟ ʤʦʞʣʠʚʠʭ ʚʠʜʽʚ ʢʨʘʱʝ 

ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʚʦʜʠʪʠ ʥʝʦʙʭʽʜʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ.   

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʛʘʟʦ-ʨʽʜʠʥʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʤʦʜʝʣʽ ɹʂɿ-75-39-ʌɹ, ʪʘ ʦʙʨʘʥʥʷ ʩʧʦʩʦʙʫ ʡʦʛʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʨʦʙʦʪʠ. 

ɺʠʩʥʦʚʢʠ.  ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʠʙʦʨʽ ʥʘ ʧʨʘʢʪʠʮʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʜʦʚʦʜʠʪʴʩʷ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʘʤʦʾ ʧʦʚʝʨʭʥʽ, 

ʘʣʝ ʽ ʾʾ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʣʷ ʨʽʟʥʠʭ ʦʜʥʦʬʘʟʥʠʭ ʽ ʜʚʦʬʘʟʥʠʭ ʪʝʧʣʦʥʦʩʽʾʚ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʟʙʽʨʢʠ ʘʧʘʨʘʪʫ, ʚʠʤʦʛʠ ʥʘ ʤʽʮʥʽʩʪʴ, ʟʘʛʨʷʟʥʷʻʤʽʩʪʴ 

ʧʦʚʝʨʭʥʽ, ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʪ.ʜ.. ɺʩʽ ʮʽ ʦʙʩʪʘʚʠʥʠ ʽʩʪʦʪʥʦ ʟʥʠʞʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʙʦʨʫ ʦʜʥʦʛʦ ʟ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʥʩʽʬʽʢʘʮʽʾ [5]. ʊʠʤ ʥʝ ʤʝʥʰ, 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ, ʟʙʽʣʴʰʠʪʠ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʽʟʥʠʭ ʡʦʛʦ 

ʝʣʝʤʝʥʪʽʚ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʌɯɿʀʂʆ-ʍɯʄɯʏʅɯ ɯ ʂʆʅʉʊʈʋʂʎɯʁʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ɸʅɸɽʈʆɹʅʆɻʆ 

ɹʈʆɼɯʅʅʗ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ 

ʦʙʤʝʞʝʥʦʩʪʽ ʚʠʢʦʧʥʠʭ ʧʘʣʠʚ, ʯʝʨʝʟ ʮʝ ʚʯʝʥʽ ʰʫʢʘʶʪʴ ʚʩʝ ʙʽʣʴʰʝ ʘʣʴʪʝʨʥʘʪʠʚ ʜʣʷ ʟʘʤʽʥʠ 

ʧʨʠʨʦʜʥʴʦʛʦ ʧʘʣʴʥʦʛʦ ʥʘ ʰʪʫʯʥʝ ʚʠʜʦʙʫʚʘʥʥʷ çʟʝʣʝʥʦʛʦè ʧʘʣʠʚʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚʯʝʥʽ ʦʧʪʠʤʽʟʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ, ʜʦʩʷʛʘʶʯʠ ʚʩʝ ʙʽʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ʙʽʦʧʘʣʠʚʘ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʝʨʦʙʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʧʦʟʙʫʪʠʩʴ ʽ ʧʝʨʝʨʦʙʠʪʠ 

ʚʽʜʭʦʜʠ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʛʘʟʫ, ʷʢʠʡ ʙʫʜʝ ʩʣʫʛʫʚʘʪʠ ʟʘʤʽʥʦʶ ʧʨʠʨʦʜʥʴʦʛʦ ʧʘʣʠʚʘ, ʽ ʜʦʙʨʠʚʦʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʄʝʪʘʥʪʝʥʢʠ ʧʦʜʽʣʷʶʪʴ ʥʘ 3 ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʪʠʧʠ:  

ʂʨʠʪʘ ʣʘʛʫʥʘ ʘʙʦ ʢʨʠʪʠʡ ʚʽʜʩʪʽʡʥʠʢ (ʨʠʩ. 1 [5]) ï ʅʘʡʧʨʦʩʪʽʰʘ ʪʝʭʥʦʣʦʛʽʷ 

ʘʥʘʝʨʦʙʥʦʛʦ ʢʦʪʣʘ, ʪʫʪ ʩʠʨʦʚʠʥʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʧʽʜʟʝʤʥʠʭ ʢʦʥʪʝʡʥʝʨʘʭ ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʨʝʘʢʪʦʨʦʤ ʪʘʢ ʽ ʩʭʦʚʠʱʝʤ ʜʣʷ ʚʽʜʭʦʜʽʚ, ʢʦʥʪʝʡʥʝʨʠ ʧʨʠʢʨʠʪʽ 

ʛʘʟʦʥʝʧʨʦʥʠʢʥʦʶ ʛʥʫʯʢʦʶ ʢʨʠʰʢʦʶ. ɯʥʦʜʽ ʢʨʠʪʽ ʚʽʜʩʪʽʡʥʠʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦ 

ʟôʻʜʥʘʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ. ʇʝʨʰʠʡ ʢʦʥʪʝʡʥʝʨ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʨʝʘʢʪʦʨʘ ʜʣʷ ʚʠʜʦʙʫʪʢʫ 

ʙʽʦʛʘʟʫ, ʜʨʫʛʠʡ ʢʦʥʪʝʡʥʝʨ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʩʭʦʚʠʱʘ ʤʝʪʘʥʪʝʥʢʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʨʦʙʢʠ. 

ʎʽ ʤʝʪʘʥʪʝʥʢʠ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʪʝʧʣʠʭ ʨʝʛʽʦʥʽʚ, ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʜʦʩʪʘʪʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʙʨʦʜʞʫʚʘʥʥʷ. ʉʠʨʦʚʠʥʘ ʟ 

ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ (0,5-2%) ʻ ʦʧʪʠʤʘʣʴʥʦʶ ʜʣʷ ʮʴʦʛʦ ʪʠʧʫ ʤʝʪʘʥʪʝʥʢʽʚ. 

ʊʠʧʦʚʘ ʪʨʠʚʘʣʽʩʪʴ ʟʙʨʦʜʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 30-45 ʜʥʽʚ [1]. 

ʇʦʚʥʝ ʟʤʽʰʫʚʘʥʥʷ (ʨʠʩ. 2 [5]) ï ʮʝ ʥʘʟʝʤʥʠʡ ʨʝʟʝʨʚʫʘʨ ʟʽ ʩʪʘʣʽ ʘʙʦ ʽʟʦʣʴʦʚʘʥʦʛʦ 

ʙʝʪʦʥʫ. ɾʦʨʩʪʢʘ ʘʙʦ ʛʥʫʯʢʘ ʢʨʠʰʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʚʠʨʦʙʣʝʥʦʛʦ ʙʽʦʛʘʟʫ, 

ʷʢʠʡ ʧʦʪʽʤ ʟʙʠʨʘʻʪʴʩʷ ʯʝʨʝʟ ʛʘʟʦʟʙʽʨʥʽ ʪʨʫʙʠ. ʊʝʧʣʦʦʙʤʽʥʥʠʢʠ ʧʽʜʪʨʠʤʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʟʙʨʦʜʞʫʚʘʥʥʷ, ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʄʝʪʘʥʪʝʥʢʠ ʟ ʧʦʚʥʠʤ ʟʤʽʰʫʚʘʥʥʷʤ 

ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʥʝʦʜʥʦʨʽʜʥʫ ʩʠʨʦʚʠʥʫ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʪʚʝʨʜʦʾ ʬʘʟʠ (3-10%) ʽ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʨʠʚʘʣʽʩʪʴ ʟʙʨʦʜʞʫʚʘʥʥʷ ʚ ʥʠʭ 

ʥʠʞʯʘ, ʥʽʞ ʫ ʢʨʠʪʦʤʫ ʚʽʜʩʪʽʡʥʠʢʫ, ʽ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 10 ʜʦ 25 ʜʥʽʚ. 

 
ʈʠʩʫʥʦʢ 1 ï ʂʨʠʪʘ ʣʘʛʫʥʘ 

 

ʇʦʪʦʢʦʚʠʡ ʤʝʪʘʥʪʝʥʢ (ʨʠʩ. 3 [5]) ï ʧʨʘʮʶʻ ʧʦʜʽʙʥʦ ʜʦ ʤʝʪʘʥʪʝʥʢʽʚ ʧʦʚʥʦʛʦ 

ʟʤʽʰʫʚʘʥʥʷ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ ʱʦ ʨʝʯʦʚʠʥʘ ʥʝ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʤʝʭʘʥʽʯʥʦ. ʇʨʦʪʦʯʥʠʡ 

ʤʝʪʘʥʪʝʥʢ - ʮʝ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʨʝʘʢʪʦʨ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ, ʚ ʷʢʠʡ ʩʠʨʦʚʠʥʘ ʥʘʜʭʦʜʠʪʴ ʟ 

ʦʜʥʦʛʦ ʢʽʥʮʷ, ʘ ʜʠʛʝʩʪʘʪ ʚʠʭʦʜʠʪʴ ʟ ʽʥʰʦʛʦ ʢʽʥʮʷ. ʉʠʨʦʚʠʥʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ, ʚʠʰʪʦʚʭʫʻ 

ʨʽʚʥʫ ʢʽʣʴʢʽʩʪʴ ʩʫʙʩʪʨʘʪʫ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʟʙʨʦʜʞʫʚʘʥʥʷ. ʄʝʪʘʥʪʝʥʢʠ ʟ 
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ʧʨʦʪʦʯʥʠʤ ʤʝʪʘʥʪʝʥʢʦʤ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʛʣʠʙʣʝʥʽ ʚ ʟʝʤʣʶ ʽ ʥʘʢʨʠʪʽ ʛʥʫʯʢʠʤ ʢʦʞʫʭʦʤ. ɺʤʽʩʪ 

ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ ʫ ʩʠʨʦʚʠʥʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʩʦʢʠʤ (<10-15%), ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʨʫʭ ʨʽʜʠʥʠ 

ʯʝʨʝʟ ʨʝʘʢʪʦʨ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʚʥʝ ʟʤʽʰʫʚʘʥʥʷ 

 
ʈʠʩʫʥʦʢ 3 ï ʇʦʪʦʢʦʚʠʡ ʤʝʪʘʥʪʝʥʢ 

 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʤʝʪʘʥʪʝʥʢʘʭ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ, ʚʽʜ  55-60 ʜʦ 35-40 oC. ʇʨʦʮʝʩ 

ʙʨʦʜʽʥʥʷ ʧʨʠ ʧʝʨʰʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʘʻ ʥʘʟʚʫ çʊʝʨʤʦʬʽʣʴʥʝ ʟʙʨʦʜʞʫʚʘʥʥʷè - ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʦʟʚʦʣʷʻ ʰʚʠʜʰʝ ʚʠʨʦʙʣʷʪʠ ʙʽʦʛʘʟ ʦʜʥʘʢ ʧʨʦʮʝʩ ʩʪʘʻ ʥʝʩʪʘʙʽʣʴʥʠʤ. ɼʽʘʧʘʟʦʥ ʜʨʫʛʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘʟʠʚʘʻʪʴʩʷ çʄʝʟʦʬʽʣʴʥʝ ʙʨʦʜʽʥʥʷè - ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʮʝʩ ʩʪʘʻ 

ʩʪʘʙʽʣʴʥʠʤ ʘʣʝ ʟʘʪʨʘʪʠ ʯʘʩʫ, ʥʘ ʚʠʜʦʙʫʪʦʢ ʛʘʟʫ, ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ H (ʚʦʜʥʶ) ʪʝʞ ʥʝʦʜʥʦʟʥʘʯʥʝ. ʄʝʪʘʥʦʛʝʥʠ ʧʨʘʮʶʶʪʴ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʧʨʠ 7 pH, ɻʽʜʨʦʣʽʪʠʯʥʽ ʪʘ ʘʮʠʜʦʛʝʥʥʽ ʙʘʢʪʝʨʽʾ ʧʨʘʮʶʶʪʴ ʢʨʘʱʝ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ 

5,5-6,5 pH. ʋ ʧʨʦʮʝʩʽ ʧʝʨʝʚʘʨʶʚʘʥʥʷ pH ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʽ ʮʝ ʻ ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʷʢʽ 

ʚʠʨʽʰʫʶʪʴ ʚʯʝʥʽ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʯʝʨʝʟ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʦʛʦ ʡʦʛʦ ʚʠʚʯʝʥʥʷ 

[3]. 

ɽʪʘʧʠ ʟʙʨʦʜʞʫʚʘʥʥʷ ʜʽʣʷʪʴ ʥʘ 4 ʝʪʘʧʠ [2]: 

ɻʽʜʨʦʣʽʟ ï ʪʫʪ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʛʽʜʨʦʣʽʟ ʮʝʣʶʣʦʟʠ ʽ ʚʠʜʽʣʝʥʥʷ ʛʽʜʨʦʛʝʥʫ (H2). 

ɸʮʠʪʦʛʝʥʝʟ ï ʮʝ ʩʪʘʜʽʷ ʙʨʦʜʽʥʥʷ, ʜʝ ʫʪʚʦʨʝʥʽ ʩʧʦʣʫʢʠ ʚʽʜ ʧʝʨʰʦʛʦ ʝʪʘʧʫ 

ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʥʘ ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ (CO2) ʽ ʛʽʜʨʦʛʝʥ (H2) ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʢʪʝʨʽʡ. 

ɸʮʝʪʦʛʝʥʝʟ ï ɺʠʢʦʥʫʻʪʴʩʷ ʚʠʚʽʣʴʥʝʥʥʷ ʛʽʜʨʦʛʝʥʫ (H2). 

ʄʝʪʘʥʦʛʝʥʝʟ ï ɹʘʢʪʝʨʽʾ ʧʝʨʝʪʚʦʨʶʶʪʴ ʦʮʪʦʚʫ ʢʠʩʣʦʪʫ (CH3COOH) ʽ ʛʽʜʨʦʛʝʥ (H2) ʚ 

ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ (CO2) ʽ ʤʝʪʘʥ (CH4). 

ɺʠʩʥʦʚʢʠ. ʋ ʧʽʜʩʫʤʢʫ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʱʦ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʘʝʨʦʙʥʦʛʦ 

ʟʙʨʦʜʞʫʚʘʥʥʷ ʚʧʣʠʚʘʻ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ ʥʘ ʷʢʽ ʪʨʝʙʘ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʚ ʦʩʦʙʣʠʚʦʩʪʽ ʜʦ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʠʪʠ ʮʝʡ ʧʨʦʮʝʩ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʇʃʆɺʆɻʆ ʊɸ ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʆɻʆ 

ʉʊɸʅʋ ʈʆʊʆʈɸ ʉɽʈɽɼʅʔʆɻʆ ʊʀʉʂʋ ʊʋʈɹɯʅʀ ʂ-200-130 ʇʈʀ ʇʋʉʂʋ ɿ 

ʍʆʃʆɼʅʆɻʆ ʉʊɸʅʋ ʄɽʊɸʃʋ 

 

ʍʘʨʘʢʪʝʨʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʻ ʧʝʨʝʚʘʥʪʘʞʝʥʽʩʪʴ 

ʙʘʟʦʚʠʤʠ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʪʘ ʟʥʘʯʥʘ ʥʝʩʪʘʯʘ ʛʥʫʯʢʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʝʥʝʨʛʦʙʣʦʢʠ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 200 ʜʦ 300 ʄɺʪ, ʷʢʽ ʩʧʦʯʘʪʢʫ ʙʫʣʠ 

ʩʧʨʦʝʢʪʦʚʘʥʽ ʜʣʷ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʽ ʙʘʟʦʚʦʛʦ ʘʙʦ ʥʘʧʽʚʙʘʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʽʢʽʚ ʪʘ ʧʨʦʚʘʣʽʚ ʫ ʩʧʦʞʠʚʘʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ[1]. 

ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʾ ʨʦʙʦʪʠ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʫʩʢʽʚ ʽ ʟʫʧʠʥʦʢ ʝʥʝʨʛʦʦʙʣʘʜʥʘʥʥʷ. 

ʇʽʜ ʯʘʩ ʜʘʥʠʭ ʧʨʦʮʝʩʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʩʢʣʘʜʥʽʰʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘʜʞʝ 

ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʽʥʪʝʥʩʠʚʥʽ ʩʪʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʩʧʝʮʠʬʽʯʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʚʪʦʤʥʝ ʧʦʰʢʦʜʞʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʪʦʨʘ, ʘ ʩʘʤʝ ʚʘʣʽʚ, ʜʠʩʢʽʚ, ʣʦʧʘʪʦʢ[2]. 

ɺʘʞʣʠʚʠʤ ʻ ʪʝ ʱʦ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʩʢʣʘʜʥʦʛʦ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʫʩʢ, ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʘ ʟʫʧʠʥʢʘ ʪʦʱʦ) ʢʨʠʪʠʯʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʚʠʾʤʢʠ ʪʘ ʢʘʥʘʚʢʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʩʭʠʣʴʥʽ ʜʦ ʧʦʰʢʦʜʞʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʚʟʘʻʤʦʜʽʻʶ ʧʦʚʟʫʯʦʩʪʽ ʪʘ ʚʪʦʤʠ. ʂʨʽʤ ʪʦʛʦ, ʟʨʦʩʪʘʶʯʘ ʜʦʣʷ ʧʫʩʢʽʚ-ʟʫʧʠʥʦʢ ʦʙʣʘʜʥʘʥʥʷ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʪʘʢʦʞ, ʚʠʢʣʠʢʘʻ ʟʘʥʝʧʦʢʦʻʥʥʷ ʱʦʜʦ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ 

ʨʦʪʦʨʽʚ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ[3] 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʪʦʨ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ ʂ-200-130. 

ʆʩʢʽʣʴʢʠ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʦʶ ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʶ ʦʙʣʘʩʪʶ ʜʘʥʥʦʛʦ ʨʦʪʦʨʘ ʻ ʟʦʥʘ 

ʨʝʛʫʣʶʶʯʦʛʦ ʩʪʫʧʝʥʷ, ʡʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ ʙʫʣʦ ʩʢʦʨʦʯʝʥʦ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʯʘʩʪʠʥʘ 

ʨʦʪʦʨʘ ʚʽʜ ʩʝʨʝʜʠʥʠ ʰʠʡʢʠ ʚʘʣʫ ʚ ʟʦʥʽ ʦʧʦʨʥʦ-ʫʧʦʨʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʜʦ ʜʠʩʢʫ 5-ʛʦ ʩʪʫʧʝʥʷ. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʨʦʪʦʨʽ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ, 

ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʘ ʨʽʚʥʷʥʥʷʤ: 

ὨὭὺ‗Ὕ ὫὶὥὨὝ ὧὝ ‎Ὕ  ,               (1) 

ʜʝ ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʘʣʽ, c ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɔ ï ʧʠʪʦʤʘ ʚʘʛʘ, 

ʱʦ ʻ ʬʫʥʢʮʽʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ T ʽ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ T0 = T(r, z, ɗ, 0),  r, z, ɗ 

ï ʮʠʣʽʥʜʨʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ, Ű ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ. 

ɼʘʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʚ ʙʫʜʴ ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʨʦʪʦʨʘ. 

ʆʩʢʽʣʴʢʠ ʨʦʪʦʨ ʻ ʦʩʝʩʠʤʝʪʨʠʯʥʠʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʪʝʧʣʦʚʦʛʦ ʪʘ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʠʢʦʥʘʥʦ ʫ ʜʚʦʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʨʦʪʦʨʘ ʙʫʣʘ ʜʠʩʢʨʝʪʠʟʦʚʘʥʘ ʥʘ 55 ʪʠʩ. ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʪʨʠʢʫʪʥʦʛʦ ʪʠʧʫ. ɯ ʙʫʣʦ ʦʙʨʘʥʦ ʭʘʨʘʢʪʝʨʥʽ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ 

ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʚ ʨʦʪʦʨʽ : 1 ï ʰʠʡʢʘ ʚʘʣʫ ʚ ʦʙʣʘʩʪʽ ʧʝʨʰʦʾ ʢʘʤʝʨʠ ʫʱʽʣʴʥʝʥʴ ʟ 

ʙʦʢʫ ʧʘʨʦʚʧʫʩʢʫ, 2 ï ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʽʡʥʘ ʢʘʥʘʚʢʘ ʤʽʞ ʜʨʫʛʠʤ ʪʘ ʪʨʝʪʽʤ ʩʝʛʤʝʥʪʦʤ 

ʧʝʨʝʜʥʴʦʛʦ ʢʽʥʮʝʚʦʛʦ ʫʱʽʣʴʥʝʥʥʷ, 3 ï ʨʘʜʽʫʩʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʩʝʛʤʝʥʪʽʚ ʢʽʥʮʝʚʠʭ ʫʱʽʣʴʥʝʥʴ 

ʜʦ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʪʫʨʙʽʥʠ, 4 ï ʭʚʦʩʪʦʚʝ ʢʨʽʧʣʝʥʥʷ ʨʝʛʫʣʶʶʯʦʛʦ ʩʪʫʧʝʥʷ, 5 ï ʛʘʣʪʝʣʴ 

ʨʝʛʫʣʶʶʯʦʛʦ ʩʪʫʧʝʥʷ ʟʽ ʩʪʦʨʦʥʠ ʥʘʩʪʫʧʥʦʛʦ ʩʪʫʧʝʥʷ, 6 ï ʦʩʴʦʚʠʡ ʦʪʚʽʨ ʨʦʪʦʨʘ ʧʽʜ 
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ʨʝʛʫʣʶʶʯʠʤ ʩʪʫʧʝʥʝʤ. 

ɿʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʫʩʢʫ ʪʫʨʙʽʥʠ ʟ ʭʦʣʦʜʥʦʛʦ ʩʪʘʥʫ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ɹʫʨʰʪʠʥʩʴʢʽʡ ʊɽʉ ʩʢʣʘʜʘʻ (8700 ʩ). ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʭʘʨʘʢʪʝʨʥʠʭ ʦʙʣʘʩʪʷʭ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ  ʧʨʦʪʷʛʦʤ ʧʫʩʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʦʙʣʘʩʪʷʭ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ 

ʪʫʨʙʽʥʠ ʂ-200-130 ʧʨʠ ʧʫʩʢʫ ʟ ʛʘʨʷʯʦʛʦ ʩʪʘʥʫ 

 

ʇʨʠ ʧʫʩʢʫ ʟ ɻʉ ʤʝʪʘʣʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʮʽʢʘʚʘ ʦʙʩʪʘʚʠʥʘ ï ʟʘʭʦʣʦʜʞʫʚʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʦʙʣʘʩʪʽ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ 3000 ʩ ʧʫʩʢʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʥʘ ʧʦʯʘʪʢʦʚʠʭ 

ʝʪʘʧʘʭ ʧʫʩʢʫ ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ ʨʦʪʦʨʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʧʨʦʪʽʢʘʥʥʷʤʠ ʫʱʽʣʴʥʶʶʯʦʾ ʧʘʨʠ ʚ 

ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ, ʘ ʧʦʪʽʤ ʟʥʘʯʥʦ ʜʨʦʩʝʣʴʦʚʘʥʦʶ ʩʚʽʞʦʶ ʧʘʨʦʶ ʚ ʦʨʛʘʥʘʭ 

ʧʘʨʦʨʦʟʧʦʜʽʣʝʥʥʷ ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʝʪʘʣʫ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʤʦʤʝʥʪʫ ʩʪʘʙʽʣʽʟʘʮʽʾ. 

 

 
ʈʠʩ. 2. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʦʙʣʘʩʪʷʭ ʨʦʪʦʨʘ 

ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130 ʧʨʠ ʧʫʩʢʫ ʟ ʛʘʨʷʯʦʛʦ ʩʪʘʥʫ 
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ʅʘʡʙʽʣʴʰʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦʤʽʪʥʘ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ 2800-3500 

ʩ ʜʣʷ ʚʩʽʭ ʦʙʣʘʩʪʝʡ ʜʦʩʣʽʜʞʝʥʥʷ ʦʢʨʽʤ ʦʩʴʦʚʦʛʦ ʦʪʚʦʨʫ ʨʦʪʦʨʘ (ʪ. 6). ɺʠʥʷʪʢʦʤ ʻ ʨʘʜʽʫʩʥʠʡ 

ʧʝʨʝʭʽʜ ʚʽʜ ʩʝʛʤʝʥʪʽʚ ʢʽʥʮʝʚʠʭ ʫʱʽʣʴʥʝʥʴ ʜʦ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʪʫʨʙʽʥʠ ʜʝ ʟʥʘʯʥʠʤʠ ʻ 

ʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 100-2800 ʩ.  ʅʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʛʨʘʜʽʻʥʪʽʚ 

ʪʝʤʧʝʨʘʪʫʨ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʦʙʣʘʩʪʝʡ ʢʽʥʮʝʚʠʭ ʫʱʽʣʴʥʝʥʴ ʨʦʪʦʨʘ (ʪ. 1-3 ), ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ 

ʟʥʘʯʥʠʤ ʜʨʦʩʝʣʶʚʘʥʥʷʤ ʧʘʨʠ ʚ ʩʝʛʤʝʥʪʘʭ ʫʱʽʣʴʥʝʥʴ. ʆʪʨʠʤʘʥʠʡ ʨʦʟʧʦʜʽʣ ʛʨʘʜʽʻʥʪʽʚ 

ʪʝʤʧʝʨʘʪʫʨ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʧʝʨʽʦʜʠ ʥʘʡʙʽʣʴʰʦʛʦ ʚʧʣʠʚʫ ʥʘʧʨʫʞʝʥʴ ʚʽʜ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʟʘʛʘʣʴʥʠʡ ʩʢʣʘʜʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ ʨʦʪʦʨʘ. 

 

 
ʈʠʩ. 3. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʦʙʣʘʩʪʷʭ ʨʦʪʦʨʘ 

ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130 ʧʨʠ ʧʫʩʢʫ ʟ ʛʘʨʷʯʦʛʦ ʩʪʘʥʫ 

 

ʅʘʡʙʽʣʴʰʽ ʟʘ ʤʦʜʫʣʝʤ ʥʘʧʨʫʞʝʥʥʷ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʦʙʣʘʩʪʝʡ 2(ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʽʡʥʘ 

ʢʘʥʘʚʢʘ ʤʽʞ ʜʨʫʛʠʤ ʪʘ ʪʨʝʪʽʤ ʩʝʛʤʝʥʪʦʤ ʧʝʨʝʜʥʴʦʛʦ ʢʽʥʮʝʚʦʛʦ ʫʱʽʣʴʥʝʥʥʷ) ʪʘ 3 (ʨʘʜʽʫʩʥʠʡ 

ʧʝʨʝʭʽʜ ʚʽʜ ʩʝʛʤʝʥʪʽʚ ʢʽʥʮʝʚʠʭ ʫʱʽʣʴʥʝʥʴ ʜʦ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʪʫʨʙʽʥʠ) ʪʘ ʩʢʣʘʜʘʶʪʴ 250 

ʄʇʘ. ɺ ʮʽʣʦʤʫ, ʚʠʩʦʢʽ ʥʘʧʨʫʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʫʩʽʭ ʪʝʧʣʦʚʠʭ ʢʘʥʘʚʢʘʭ ʫʱʽʣʴʥʝʥʴ ʪʘ 

ʛʘʣʪʝʣʷʭ ʩʪʫʧʝʥʽʚ ʪʫʨʙʽʥʠ. ʎʽ ʦʙʣʘʩʪʽ ʻ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʤʠ ʟʦʥʘʤʠ ʟʘʨʦʜʞʝʥʥʷ ʢʽʣʴʮʝʚʠʭ 

ʪʨʽʱʠʥ ʧʽʜ ʯʘʩ ʧʫʩʢʦʚʠʭ ʦʧʝʨʘʮʽʡ ʪʫʨʙʽʥʠ. 

ʋ ʮʽʣʦʤʫ, ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʠʭ ʪʦʯʦʢ ʫ ʯʘʩʽ ʤʘʶʪʴ ʢʽʣʴʢʘ ʩʧʽʣʴʥʠʭ ʨʠʩ: 

ʥʝʚʝʣʠʢʽ ʥʘʧʨʫʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʛʨʽʚʫ ʨʦʪʦʨʘ, ʾʭ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʧʽʜ ʯʘʩ 

ʟʘʧʫʩʢʫ ʪʫʨʙʽʥʠ ʜʦ ʨʝʞʠʤʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʪʘ ʧʦʩʣʽʜʦʚʥʝ ʟʤʝʥʰʝʥʥʷ ʟ ʟʘʚʝʨʰʝʥʥʷʤ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʧʽʩʣʷ ʧʫʩʢʫ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʽ ʥʘʧʨʫʞʝʥʴ ʚ ʨʦʪʦʨʽ ʩʝʨʝʜʥʴʦʛʦ 

ʪʠʩʢʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʪʫʨʙʽʥʠ ʂ-200-

130 ʪʘ ʧʨʦʜʦʚʞʝʥʥʷ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʥʘʜ ʥʦʨʤʘʪʠʚʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʇʃʀɺ ʇʈʀʊʀʉʂʅʀʍ ɿʋʉʀʃʔ ɺ ʌʃɸʅʎʗʍ ʊʋʈɹɯʅʀ ʅɸ ʅɸʇʈʋɾɽʅʆ-

ɼɽʌʆʈʄʆɺɸʅʀʁ ʉʊɸʅ

ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʜʣʷ ʢʦʨʧʫʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʚʟʘʻʤʦʜʽʾ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʩʠʣ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʧʘʨʦʚʦʛʦ ʪʠʩʢʫ, ʪʘ ʨʝʘʢʮʽʡ 

ʦʧʦʨʫ. ɿʘʙʝʟʧʝʯʫʶʯʠ ʧʘʨʦʚʫ ʱʽʣʴʥʽʩʪʴ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥ ʢʦʨʧʫʩʫ, ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʬʣʘʥʮʝʚʝ ʟôʻʜʥʘʥʥʷ ʮʠʭ ʯʘʩʪʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʧʠʣʴʦʢ. ʇʽʜ ʯʘʩ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ 

ʪʘ ʧʣʘʥʦʚʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ, ʧʨʠ ʟʘʪʷʛʫʚʘʥʥʽ ʰʧʠʣʴʦʢ, ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʥʘʯʥʽ 

ʟʫʩʠʣʣʷ, ʷʢʽ ʜʦʩʷʛʘʶʪʴ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ. ʉʘʤʝ ʮʽ ʟʫʩʠʣʣʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʦʚ'ʷʟʢʦʚʦ 

ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʦʮʽʥʮʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʨʧʫʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʢʦʨʧʫʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʫʨʙʽʥʠ. 

ʆʮʽʥʢʫ ʪʝʧʣʦʚʦʛʦ ʪʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʨʧʫʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʝ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʪʫʨʙʽʥʽ ʂ-800-240-2. ʇʨʠ ʨʦʟʨʦʙʮʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʨʧʫʩʫ 

ʮʠʣʽʥʜʨʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʚʨʘʭʦʚʘʥʦ ʧʦʰʢʦʜʞʝʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʫ ʟʦʥʽ ʪʨʽʱʠʥ, ʰʣʷʭʦʤ 

ʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʦʥ ʧʦʟʥʘʯʝʥʥʷ ʚʠʙʽʨʦʢ ʤʝʪʘʣʫ.  

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʱʦ ʫ ʧʦʯʘʪʢʦʚʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ ʫ ʟʦʥʽ ʨʦʟʪʦʯʢʠ ʧʽʜ ʧʝʨʰʦʶ ʦʙʦʡʤʦʶ ʜʽʘʬʨʘʛʤʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʨʧʫʩʫ 159 ʄʇʘ. ɿ ʯʘʩʦʤ ʮʽ ʥʘʧʨʫʞʝʥʥʷ ʧʦʩʣʘʙʣʶʶʪʴʩʷ ʽ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ ʥʘ 

ʨʽʚʥʽ ů 67,1 ʄʇʘ ʧʨʠ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ʇʽʜ ʯʘʩ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʫʨʙʦʘʛʨʝʛʘʪʫ ʥʘ 

ʧʦʪʫʞʥʽʩʪʴ 120 ʄɺʪ ʥʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʠʤʠ ʟʦʥʘʤʠ ʩʪʘʶʪʴ ʧʝʨʝʜʥʽ ʪʘ ʟʘʜʥʽ ʢʽʥʮʝʚʽ 

ʫʱʽʣʴʥʝʥʥʷ, ʤʽʩʮʷ ʢʨʽʧʣʝʥʥʷ ʧʝʨʰʦʾ ʩʪʫʧʝʥʽ ʪʠʩʢʫ ʪʘ ʦʙʣʘʩʪʴ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʨʧʫʩʫ, ʜʝ 

ʦʩʥʦʚʥʠʡ ʧʦʪʽʢ ʧʘʨʠ ʟʘʟʥʘʻ ʨʦʟʚʦʨʦʪʫ (ʨʠʩ.1). ʅʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʠʤ ʧʝʨʽʦʜʦʤ ʧʽʜ ʯʘʩ 

ʟʘʧʫʩʢʫ ʟ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʻ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʫʨʙʦʘʛʨʝʛʘʪʫ ʜʦ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ 800 ʄɺʪ ʧʽʩʣʷ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʧʦʪʫʞʥʦʩʪʽ 360 ʄɺʪ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ 

ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚ ʦʙʣʘʩʪʽ ʧʝʨʝʜʥʽʭ ʢʽʥʮʝʚʠʭ ʫʱʽʣʴʥʝʥʴ (ůʽ=317,1 ʄʇʘ). 

ʆʜʥʘʢ ʽʟ ʟʘʚʝʨʰʝʥʥʷʤ ʧʨʦʮʝʩʫ ʟʘʧʫʩʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ ʟʤʝʥʰʫʻʪʴʩʷ ʽ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ůʽ=110,7 ʄʇʘ ʜʣʷ ʮʽʻʾ ʟʦʥʠ. 

 

ʈʠʩʫʥʦʢ 1 ï ʅɼʉ ʢʦʨʧʫʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 300 ʩ 

 

ɺʨʘʭʫʚʘʥʥʷ ʨʝʘʣʴʥʦʛʦ ʧʦʪʦʯʥʦʛʦ ʟʫʩʠʣʣʷ ʟʘʪʷʞʢʠ ʰʧʠʣʴʦʢ ʚʥʦʩʠʪʴ ʚʘʛʦʤʽ ʟʤʽʥʠ ʜʦ 
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ʅɼʉ ʢʦʨʧʫʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʙʽʣʴʰʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ ʥʘ 17,7% ʚ ʟʦʥʽ 

ʟʘʜʥʽʭ ʢʽʥʮʴʦʚʠʭ ʫʱʽʣʴʥʝʥʴ. ɼʣʷ ʨʝʰʪʠ ʦʙʣʘʩʪʝʡ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʽʩʮʝʚʠʭ ʥʘʧʨʫʞʝʥʦʩʪʝʡ. ɼʣʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ 

ʚʨʘʭʫʚʘʥʥʷ ʟʫʩʠʣʴ ʟʘʪʷʛʫʚʘʥʥʷ ʰʧʠʣʴʦʢ ʩʧʨʠʯʠʥʠʣʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʥʘʧʨʫʞʝʥʴ ʚ ʦʙʣʘʩʪʷʭ ʧʨʠʣʷʛʘʥʥʷ ʚʠʭʣʦʧʥʠʭ ʧʘʪʨʫʙʢʽʚ ʥʘ 14ï16 %, ʘ ʪʘʢʦʞ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚ ʩʘʤʦʤʫ ʬʣʘʥʮʝʚʦʤʫ ʟôʻʜʥʘʥʥʽ, ʯʝʨʝʟ ʧʦʷʚʫ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʦʩʪʝʡ ʤʝʪʘʣʫ ʬʣʘʥʮʽʚ ʟ 

ʛʘʡʢʘʤʠ ʰʧʠʣʴʦʢ (70ï80 %). 

ʋ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥʘʭ ʟ ʧʦʯʘʪʢʦʚʠʤ ʪʠʩʢʦʤ ʧʘʨʠ 23,6 ʄʇʘ ʟʜʝʙʽʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʰʧʠʣʴʢʠ ʟ ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ 25ʍ2ʄ1ʌ. ʇʦʪʦʯʥʽ ʟʫʩʠʣʣʷ ʟʘʪʷʛʫʚʘʥʥʷ ʜʣʷ 

ʢʦʞʥʦʾ ʛʨʫʧʠ ʰʧʠʣʴʦʢ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʽ ʩʪʘʥʦʚʣʷʪʴ ʧʨʠʙʣʠʟʥʦ Qz=3ï4 ʄʅ. 

ɺʨʘʭʫʚʘʥʥʷ ʟʫʩʠʣʴ ʟʘʪʷʛʫʚʘʥʥʷ ʰʧʠʣʴʦʢ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʟʽ ʟʥʘʯʝʥʥʷ ůʽ=136,4 ʄʇʘ (ʨʠʩ.2) ʜʦ ůʽ=160,6 ʄʇʘ (ʥʘ 17,7%), 

ʧʨʠʯʦʤʫ ʟʦʥʦʶ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʟʘʣʠʰʘʶʪʴʩʷ ʟʘʜʥʽ 

ʢʽʥʮʝʚʽ ʫʱʽʣʴʥʝʥʥʷ. ɼʣʷ ʽʥʰʠʭ ʦʙʣʘʩʪʝʡ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʚʝʣʠʢʝ (2-

4%) ʤʽʩʮʝʚʝ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ. ʑʦʜʦ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ, ʚʨʘʭʫʚʘʥʥʷ ʟʫʩʠʣʴ 

ʟʘʪʷʛʫʚʘʥʥʷ ʰʧʠʣʴʦʢ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʘʧʨʫʞʝʥʴ ʚ ʦʙʣʘʩʪʷʭ 

ʧʨʠʣʷʛʘʥʥʷ ʚʠʭʣʦʧʥʠʭ ʧʘʪʨʫʙʢʽʚ ʥʘ 14ï16%, ʘ ʪʘʢʦʞ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʘʤʦʤʫ ʬʣʘʥʮʝʚʦʤʫ 

ʟ'ʻʜʥʘʥʥʽ ʯʝʨʝʟ ʧʦʷʚʫ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʤʝʪʘʣʫ ʬʣʘʥʮʽʚ ʟ ʛʘʡʢʘʤʠ ʰʧʠʣʴʦʢ.  

 

ʈʠʩʫʥʦʢ 2 ï ʅɼʉ ʢʦʨʧʫʩʫ ʎɺʊ ʪʫʨʙʽʥʠ ʂ-800-240-2 ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʫʩʠʣʴ ʟʘʪʷʛʫʚʘʥʥʷ 

ʰʧʠʣʴʦʢ ʥʘ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ɺʠʩʥʦʚʢʠ. ɿʜʘʪʥʽʩʪʴ ʟʤʝʥʰʠʪʠ ʚʝʣʠʯʠʥʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʰʣʷʭʦʤ 

ʦʙʤʝʞʝʥʥʷ ʚʧʣʠʚʫ ʟʫʩʠʣʴ ʟʘʪʷʛʫʚʘʥʥʷ ʰʧʠʣʴʦʢ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʘʨʦʚʦʾ ʱʽʣʴʥʦʩʪʽ ʤʦʞʝ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʝʩʫʨʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʧʫʩʫ ʽ ʤʘʻ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʘ ʷʢ ʤʝʪʦʜ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʣʠʰʢʦʚʠʤ ʨʝʩʫʨʩʦʤ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʇʃʀɺ ʇʋʉʂʆɺʆɻʆ ɻʈɸʌɯʂɸ ɽʅɽʈɻʆɹʃʆʂɸ ʅɸ ʊɽʇʃʆɺʀʁ ʉʊɸʅ ʈʆʊʆʈɸ 

ʇɸʈʆɺʆɰ ʊʋʈɹɯʅʀ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʥʝʚʨʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ɺʠʩʦʢʦʶ 

ʤʘʥʝʚʨʝʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʽʜʨʦʘʢʫʤʫʣʶʶʯʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ ʛʘʟʦʪʫʨʙʽʥʥʽ 

ʫʩʪʘʥʦʚʢʠ. ʆʜʥʘʢ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʪʘʢʠʭ ʷʢ ʂʠʪʘʡ, ʉʐɸ, ʋʢʨʘʾʥʘ, 

ʤʘʶʪʴ ʥʝʜʦʩʪʘʪʥʽʡ ʚʽʜʩʦʪʦʢ ʪʘʢʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫ ʩʚʦʻʤʫ ʙʘʣʘʥʩʽ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ, 

ʝʥʝʨʛʦʙʣʦʢʠ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʊɽʉ) ʯʘʩʪʦ ʟʘʣʫʯʘʶʪʴʩʷ ʜʦ ʨʦʙʦʪʠ ʚ ʧʽʢʦʚʽʡ ʪʘ 

ʥʘʧʽʚʧʽʢʦʚʽʡ ʯʘʩʪʠʥʽ ʛʨʘʬʽʢʘ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʆʜʥʘʢ, ʪʘʢʘ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷʤ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ [1]. ʊʦʤʫ ʨʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʭʘʨʘʢʪʝʨʫ ʧʫʩʢʦʚʦʛʦ 

ʛʨʘʬʽʢʘ ʪʫʨʙʽʥʠ ʥʘ ʪʝʧʣʦʚʠʡ ʩʪʘʥ ʾʾ ʥʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʠʭ ʨʦʪʦʨʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ 

ʩʘʤʝ ʪʝʧʣʦʚʠʡ ʩʪʘʥ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʽ ʪʘ 

ʟʘʛʘʣʴʥʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ [2]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʠ ʧʣʘʥʫʚʘʥʥʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʘʥʝʚʨʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ, ʙʘʛʘʪʦ ʘʚʪʦʨʽʚ ʚʽʜʤʽʯʘʶʪʴ ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʬʘʢʪʦʨ ʥʘʢʦʧʠʯʝʥʥʷ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ ʫ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ʦʙʣʘʜʥʘʥʥʷ [1ï4]. ɿʦʢʨʝʤʘ ʚ ʨʦʙʦʪʽ [2] ʚʠʢʦʥʘʥʦ ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʘʣʴʥʦʛʦ ʛʨʘʬʽʢʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʘʨʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʧʦʪʫʞʥʽʩʪʶ 400 ʄɺʪ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʜʘʣʦʩʴ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʮʠʢʣʽʯʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʧʘʨʦʚʦʾ ʪʘ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ʧʨʠ ʨʦʙʦʪʽ. 

ʈʘʟʦʤ ʟ ʮʠʤ ʚʽʜʤʽʯʘʻʪʴʩʷ ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʝʨʝʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʪʘ ʙʽʣʴʰ ʧʣʘʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫʩʪʘʥʦʚʦʢ. ʆʜʥʘʢ ʩʫʤʘʨ-

ʥʽ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʨʦʙʦʪʽ ʧʦ ʦʧʪʠʤʽʟʦʚʘʥʦʤʫ ʛʨʘʬʽʢʫ ʻ ʤʝʥʰʠʤʠ. 

ʄʦʜʝʣʶʚʘʥʥʶ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ ʨʦʪʦʨʥʦʾ ʩʪʘʣʽ FB2 ʜʣʷ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ 

ʧʨʠʩʚʷʯʝʥʦ ʨʦʙʦʪʫ [3]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ (20-

600 ) 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 [4]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʜʚʦʭ ʨʝʘʣʴʥʦ-ʽʩʥʫʶʯʠʭ 

ʧʫʩʢʦʚʠʭ ʛʨʘʬʽʢʽʚ ʝʥʝʨʛʦʙʣʦʢʘ 200 ʄɺʪ ʥʘ ʪʝʧʣʦʚʠʡ ʩʪʘʥ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-

130, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʠ ʦʮʽʥʮʽ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ, ʷʢʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʊʝʧʣʦʚʠʡ ʩʪʘʥ ʨʦʪʦʨʘ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʦʪʨʠʤʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʜ: 

ὨὭὺ‗Ὕ ὫὶὥὨὝ ὧὝ ‎Ὕ  
‬Ὕ

‬†
 (1) 

ʜʝ ɚ, ʩ, ɔ ï ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʫʤʦʚʽ T0=T(x, y, z, 0)=f0(x, y, z) 

ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ I, II , III , IV ʨʦʜʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʝʧʣʦʦʙʤʽʥʫ ʻ ʦʢʨʝʤʦʶ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʙʫʣʘ 

ʚʠʢʦʥʘʥʘ ʘʚʪʦʨʘʤʠ ʨʘʥʽʰʝ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʛʨʘʬʽʢʠ ʧʫʩʢʫ ʟ ʭʦʣʦʜʥʦʛʦ ʩʪʘʥʫ (ʍʉ) ʤʝʪʘʣʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 
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ʥʘ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʠʭ ʝʥʝʨʛʦʙʣʦʢʘʭ ʧʦʪʫʞʥʽʩʪʶ 200 ʄɺʪ (ʨʠʩ. 1). ʇʫʩʢ ʟ ʍʉ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʤʝʪʘʣʫ ʚ ʦʙʣʘʩʪʽ ʨʝʛʫʣʶʶʯʦʛʦ ʩʪʫʧʝʥʷ ʪʫʨʙʽʥʠ tʤ<150 ÁC. ʊʘʢʠʡ ʧʫʩʢ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʢʦʚʟʘʶʯʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʘʨʠ. 

 

     
ʘ                             ʙ 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʽʢ ʧʫʩʢʫ ʝʥʝʨʛʦʙʣʦʢʘ 200 ʄɺʪ: 

ʘ ï ɹʣʦʢ 1, ʙ ï ɹʣʦʢ 2. N ï ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʙʣʦʢʘ, n ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, 

Tis ï ʪʝʤʧʝʨʘʪʫʨʥʘ ʧʨʦʤʧʝʨʝʛʨʽʚʫ 

 

ʆʩʥʦʚʥʠʤʠ ʝʪʘʧʘʤʠ ʧʫʩʢʫ ʜʣʷ ʪʫʨʙʽʥʥʦʾ ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ (ʨʠʩ. 1): I ï 

ʧʦʧʝʨʝʜʥʽʡ ʧʨʦʛʨʽʚ ʧʘʨʦʧʨʦʚʦʜʽʚ ʪʘ ʧʦʜʘʣʴʰʠʡ ʧʨʦʛʨʽʚ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, II ï ʧʦʰʪʦʚʭ 

ʪʫʨʙʽʥʠ ʜʦ ʚʠʭʦʜʫ ʥʘ ʭʦʣʦʩʪʠʡ ʭʽʜ (ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʽʚ ʟ ʯʘʩʪʦʪʦʶ 50 ɻʮ), III ï ʩʠʥʭʨʦʥʽʟʘʮʽʷ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʟ ʝʣʝʢʪʨʦʤʝʨʝʞʦʶ, IV ï ʥʘʙʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

200 ʄɺʪ, V ï ʩʪʘʙʽʣʽʟʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ʊʨʠʚʘʣʽʩʪʴ ʨʝʞʠʤʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʝ 

ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʪʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʜʝʢʽʣʴʢʘ ʛʦʜʠʥ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʛʨʘʬʽʢʽʚ ʧʫʩʢʫ 

ʙʣʦʢʫ ˉ1 ʪʘ ˉ2 ʨʝʞʠʤ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʨʠʚʘʻ ʜʦ ʩʴʦʤʦʾ ʛʦʜʠʥʠ ʧʫʩʢʫ ʪʘ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥ-

ʢʘʭ ʥʝ ʚʨʘʭʦʚʫʚʘʚʩʷ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʽʩʣʷ ʚʠʭʦʜʫ ʝʥʝʨʛʦʙʣʦʢʫ ʥʘ ʧʦʪʫʞʥʽʩʪʴ 

200 ʄɺʪ ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʚ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙʣʘʩʪʷʭ ʨʦʪʦʨʘ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʟʤʽʥʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʪʫʨʙʽʥʠ ʻ ʦʜʥʽʻʶ 

ʟ ʧʨʠʯʠʥ ʧʦʷʚʠ ʚʠʩʦʢʠʭ ʥʘʧʨʫʞʝʥʴ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨ 

ʙʫʣʦ ʦʙʨʘʥʦ ʭʘʨʘʢʪʝʨʥʽ ʦʙʣʘʩʪʽ ʨʦʪʦʨʘ (ʨʠʩ. 2), ʚ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʥʘʧʨʫʞʝʥʴ ʘʙʦ ʧʦʷʚʘ ʢʽʣʴʮʝʚʠʭ ʪʨʽʱʠʥ. 

ʇʦʨʽʚʥʶʶʯʠ ʟʘʛʘʣʴʥʫ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 3), ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, 

ʱʦ ʥʘʡʙʽʣʴʰʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʧʘʜʘʻ ʥʘ ʧʝʨʽʦʜ ʧʦʰʪʦʚʭʫ ʨʦʪʦʨʽʚ ʚʽʜ 5 

ʦʙ/ʭʚ ʜʦ 3000 ʦʙ/ʭʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ II ʝʪʘʧʫ ʥʘ ʧʫʩʢʦʚʠʭ ʛʨʘʬʽʢʘʭ (ʨʠʩ. 2). ɺ ʮʽ ʤʦʤʝʥʪʠ ʯʘʩʫ 

ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ ʚʠʪʨʘʪʘ ʧʘʨʠ ʥʘ ʪʫʨʙʦʫʩʪʘʥʦʚʢʫ, ʱʦ ʟʙʽʣʴʰʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ 

ʤʽʞ ʧʘʨʦʶ ʪʘ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʦʙʦʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʧʦʜʽʙʥʽ ï 

gradT1 = 4080 K/m ʪʘ gradT2 = 4060 K/m. ʄʘʢʩʠʤʫʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʚʠʙʽʨʢʠ 

ʪʨʽʱʠʥʠ ʚ ʛʘʣʪʝʣʴʥʦʤʫ ʩʢʨʫʛʣʝʥʥʽ ʤʽʞ 1 ʩʝʛʤʝʥʪʦʤ ʫʱʽʣʴʥʝʥʥʷ ʽ 13 ʩʪʫʧʝʥʝʤ ʪʘ ʧʨʠʧʘʜʘʻ 

ʥʘ ʤʦʤʝʥʪ ʧʦʰʪʦʚʭʫ ʨʦʪʦʨʫ ʜʦ ʯʘʩʪʦʪʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʧʽʩʣʷ ʚʠʪʨʠʤʢʠ ʥʘ ʯʘʩʪʦʪʽ 1200 

ʦʙ/ʭʚ, ʢʦʣʠ ʚʠʪʨʘʪʘ ʧʘʨʠ ʟʨʦʩʪʘʻ ʥʘʡʙʽʣʴʰ ʩʪʨʽʤʢʦ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. 

 
ʈʠʩʫʥʦʢ 2 ï ʆʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʦʪʦʨʽ ʪʫʨʙʽʥʠ 
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ʈʠʩʫʥʦʢ 3 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʦʙʣʘʩʪʷʭ ʨʦʪʦʨʘ 

ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʟ ʍʉ ʟʘ ʨʽʟʥʠʤʠ ʛʨʘʬʽʢʘʤʠ: ʘ ï ɹʣʦʢ 1, ʙ ï ɹʣʦʢ 2. 

 

ɼʣʷ ʨʝʰʪʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙʣʘʩʪʝʡ ʧʦʤʽʪʥʠʡ ʩʫʪʪʻʚʦ ʤʝʥʰʠʡ ʨʽʚʝʥʴ ʛʨʘʜʽʻʥʪʽʚ 

ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʝʥʝʨʛʦʙʣʦʢʫ ˉ 2 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ˉ 1, ʘ ʪʘʢʦʞ ʤʝʥʰ ʟʥʘʯʥʝ ʢʦʣʠʚʘʥʥʷ ʮʽʻʾ 

ʚʝʣʠʯʠʥʠ. ʇʨʠʯʠʥʦʶ ʧʦʢʨʘʱʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʙʣʦʢʫ ˉ 2 ʩʣʫʛʫʻ 

ʙʽʣʴʰ ʪʨʠʚʘʣʠʡ ʝʪʘʧ ʧʨʦʛʨʽʚʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠ ʧʫʩʢʫ (ʝʪʘʧ I ʥʘ ʨʠʩ. 2). 

ɯʟ ʟʘʢʽʥʯʝʥʥʷʤ ʧʫʩʢʦʚʦʛʦ ʨʝʞʠʤʫ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʟʤʝʥʰʫʻʪʴʩʷ ʜʣʷ ʦʙʦʭ ʝʥʝʨʛʦʙʣʦʢʽʚ. 

ɼʦʜʘʪʢʦʚʦ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʪʘʢʽ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨ ʚ ʫʩʽʭ 

ʦʙʣʘʩʪʷʭ ʧʦʚôʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʚʦʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ. ɿʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʽʚ 

ʪʝʤʧʝʨʘʪʫʨ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʶʪʴʩʷ ʜʣʷ ʛʣʠʙʰʠʭ ʰʘʨʽʚ ʤʝʪʘʣʫ ʪʘ ʻ ʜʦʩʪʘʪʥʴʦ ʨʽʚʥʦʤʽʨʥʠʤʠ 

ʜʣʷ ʦʩʴʦʚʦʛʦ ʦʪʚʦʨʫ ʪʫʨʙʽʥʠ (ʟʦʥʘ 1 ʥʘ ʨʠʩ. 2). ʇʨʦʪʝ ʚ ʪʦʡ ʞʝ ʯʘʩ, ʚʝʨʭʥʽ ʰʘʨʠ ʤʝʪʘʣʫ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʥʘʡʚʠʱʠʡ ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚ ʥʠʭ ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʢʨʦ ʧʦʰʢʦʜʞʝʥʥʷ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʭʘʨʘʢʪʝʨʫ ʧʫʩʢʦʚʦʛʦ 

ʛʨʘʬʽʢʘ ʥʘ ʪʝʧʣʦʚʠʡ ʩʪʘʥ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ. ʅʘʡʙʽʣʴʰʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʝʪʘʧʽ ʧʦʰʪʦʚʭʫ ʪʫʨʙʽʥʠ ʜʦ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʪʘ ʧʽʜ ʯʘʩ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʛʝʥʝʨʘʪʦʨʘ ʟ ʤʝʨʝʞʝʶ. ʈʽʟʥʘ ʪʨʠʚʘʣʽʩʪʴ ʝʪʘʧʽʚ ʧʨʦʛʨʽʚʘʥʥʷ ʪʘ ʚʽʜʤʽʥʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʾ ʧʘʨʠ ʬʦʨʤʫʶʪʴ ʨʽʟʥʫ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨ. 

ɿʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʨʽʚʝʥʴ 

ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʽ ʪʘ ʫʧʦʚʽʣʴʥʠʪʠ ʪʝʤʧʠ ʥʘʢʦʧʠʯʝʥʥʷ ʤʘʣʦʮʠʢʣʦʚʦʾ 

ʚʪʦʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʜʠʥ ʟ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʦʤ, ʱʦ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʇʈʆɺɸɼɾɽʅʅʗ ɸʄɯɸʏʅʆɻʆ ʇɸʃʀɺɸ ɺ ɽʅɽʈɻɽʊʀʂʋ 

ʋʂʈɸɰʅʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿ ʯʘʩʽʚ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ 

ʩʧʘʣʶʚʘʥʥʷ ʙʫʣʦ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

ʚʢʣʶʯʘʶʯʠ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʪʨʘʥʩʧʦʨʪ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʮʽ ʩʝʢʪʦʨʠ 

ʧʨʦʜʦʚʞʫʶʪʴ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʢʣʘʜʘʪʠʩʷ ʥʘ ʚʫʛʣʝʚʦʜʥʝʚʝ ʧʘʣʠʚʦ [1]. ʅʘʡʙʽʣʴʰʠʡ 

ʘʙʩʦʣʶʪʥʠʡ ʧʨʠʨʽʩʪ ʚʠʢʠʜʽʚ ʜʽʦʢʩʠʜʽʚ ʚʫʛʣʝʮʶ (CO2) ʫ 2022 ʨʦʮʽ ʙʫʚ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ [2]. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 

ʥʘ 2,7%, ʚʠʢʠʜʠ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ ʟʨʦʩʣʠ ʥʘ 1,8% (ʘʙʦ 261 ʄʪ), ʜʦʩʷʛʥʫʚʰʠ 

ʽʩʪʦʨʠʯʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʚ 14,6 ɻʪ (ʈʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ɻʣʦʙʘʣʴʥʽ ʚʠʢʠʜʠ CO2 ʟʘ ʩʝʢʪʦʨʘʤʠ, 2019ï2022 [2] 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʚʠʢʠʜʽʚ CO2 ʚʠʨʦʙʣʷʻʪʴʩʷ ʯʝʨʝʟ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ, 

ʱʦ ʻ ʛʦʣʦʚʥʠʤ ʚʠʥʫʚʘʪʮʝʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ, ʧʽʜʨʠʚʘʶʯʠ ʙʦʨʦʪʴʙʫ ʟʽ ʟʤʽʥʦʶ 

ʢʣʽʤʘʪʫ. 

ʄʘʡʙʫʪʥʻ ʙʝʟʚʫʛʣʝʮʝʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ, ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʘʙʦ ʙʝʟʚʫʛʣʝʮʝʚʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʷʢʽ 

ʤʦʞʫʪʴ ʟʘʜʦʚʦʣʴʥʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʝʥʝʨʛʽʾ, ʤʽʥʽʤʽʟʫʶʯʠ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. 

ɸʥʘʣ̔ʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɸʤʽʘʢʫ (NH3) ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʘ ʫʚʘʛʘ ʷʢ ʦʜʥʦʤʫ 

ʟ ʥʘʡʧʨʠʚʘʙʣʠʚʽʰʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ ʯʝʨʝʟ ʡʦʛʦ ʙʝʟʚʫʛʣʝʮʝʚʫ ʧʨʠʨʦʜʫ ʪʘ ʩʪʚʦʨʝʥʫ ʥʘʜʽʡʥʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʫ. 

ʉʧʦʯʘʪʢʫ ʘʤʽʘʢ ʨʦʟʛʣʷʜʘʚʩʷ ʷʢ ʥʦʩʽʡ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢ ʚʦʜʥʝʚʦʾ ʝʥʝʨʛʽʾ, ʣʽʥʽʷ ʧʦʜʘʯʽ ʚ 

ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʢʣʶʯʘʻ ʡʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʥʘ ʚʦʜʝʥʴ ʽ ʘʟʦʪ ʚ ʪʦʯʮʽ ʜʦʩʪʘʚʢʠ [3]. ʆʜʥʘʢ ʚ 

ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʤʽʘʢʫ ʪʝʧʝʨ ʚʢʣʶʯʘʻ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʷʢʦʩʪʽ ʧʘʣʠʚʘ [4ï7]. 

ɸʤʽʘʢ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʛʦʨʽʪʠ ʽ, ʦʩʢʽʣʴʢʠ ʤʦʣʝʢʫʣʘ NH3 ʥʝ ʤʽʩʪʠʪʴ ʚʫʛʣʝʮʶ, ʛʦʨʠʪʴ ʙʝʟ 

ʚʠʢʠʜʽʚ CO2, ʪʘʢʠʤ ʯʠʥʦʤ ʩʪʚʦʨʶʶʯʠ ʽʥʪʝʨʝʩ ʜʦ ʘʤʽʘʢʫ ʷʢ ʧʘʣʠʚʘ. ʎʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟʽ 
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ʩʪʨʽʤʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʩʧʘʣʶʚʘʥʥʷʤ ʘʤʽʘʢʫ, ʧʽʩʣʷ 

ʦʛʣʷʜʦʚʦʾ ʩʪʘʪʪʽ Hideaki Kobayashi ʪʘ ʽʥ. [4]. 

ʅʘ ʪʦʡ ʯʘʩ ʚ ʗʧʦʥʽʾ ʚʞʝ ʨʦʟʛʣʷʜʘʣʠ ʨʦʙʦʪʫ ʧʘʣʠʚʦʩʧʘʣʶʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʤʽʘʢʫ. ɯʥʩʪʠʪʫʪ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʌʫʢʫʩʽʤʠ ʧʦʚʽʜʦʤʠʚ ʧʨʦ 

ʫʩʧʽʰʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʪʫʨʙʽʥʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʧʨʘʮʶʻ ʥʘ 

ʯʠʩʪʦʤʫ ʘʤʽʘʢʫ [5]. ɼʦʩʣʽʜʥʠʮʴʢʘ ʛʨʫʧʘ ɯʥʩʪʠʪʫʪʫ ʧʨʦʚʝʣʘ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ 

ʨʦʙʦʪʠ ʥʘʜ ʛʘʟʦʚʦʶ ʪʫʨʙʽʥʦʶ ʽ ʧʦʩʪʘʯʘʥʥʷʤ ʘʤʽʘʢʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʩʪʚʦʨʠʣʘ ʛʘʟʦʚʫ 

ʪʫʨʙʽʥʫ ʧʦʪʫʞʥʽʩʪʶ 41,8 ʢɺʪ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʤʽʘʢ ʦʩʥʦʚʥʠʤ ʧʘʣʠʚʦʤ, ʪʘ ʧʨʦʚʝʣʘ 

ʜʝʤʦʥʩʪʨʘʮʽʡʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʮʽʣʷʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʣʦ ʟʙʝʨʝʞʝʥʥʷ 

ʩʫʤʽʩʥʦʩʪʽ ʟ ʽʩʥʫʶʯʦʶ ʩʠʩʪʝʤʦʶ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ 

ʘʟʦʪʫ (NOx). 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɿʚʘʞʘʶʯʠ ʥʘ ʧʦʩʠʣʝʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʘʤʽʘʢʫ ʪʘ ʦʢʨʝʩʣʝʥʫ ʧʨʦʙʣʝʤʫ 

ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ, ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʩʚʽʪʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʤʽʘʢʫ ʷʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʟʘʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚʠ ʪʘ ʧʦʩʠʣʝʥʥʷ 

ʙʦʨʦʪʴʙʠ ʟ ʧʘʨʥʠʢʦʚʠʤʠ ʛʘʟʘʤʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɸʤʽʘʢ ʻ ʚʘʞʣʠʚʠʤ ʚʝʢʪʦʨʦʤ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʨʽʟʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʝʢʪʦʨʽʚ ʢʽʥʮʝʚʠʭ ʩʧʦʞʠʚʘʯʽʚ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʤʽʘʢ ʚʦʣʦʜʽʻ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʦʨʽʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ 

ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʧʘʣʠʚʘ, ʽ ʚʘʞʣʠʚʦ ʟʨʦʟʫʤʽʪʠ, ʯʠʤ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʤʝʪʘʥʫ ʯʠ ʚʦʜʥʶ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʫ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʪʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʽʥʥʷ 

ʘʤʽʘʢʫ ʪʘ ʽʥʰʠʭ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ [4]. 

ʊʘʙʣʠʮʷ 1 ï ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʤʽʘʢʫ ʪʘ ʽʥʰʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʘʣʠʚ 

ʇʘʣʠʚʦ NH3 H2 CH4 C3H8 

ʅʠʞʯʘ ʪʝʧʣʦʪʚʦʨʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʄɼʞ/ʢʛ 
18,6 120 50 46,4 

ʄʝʞʘ ʟʘʡʤʠʩʪʦʩʪʽ 

(ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ 

ʧʘʣʠʚʘ) 

0,63ï1,4 0.1ï7,1 0,5ï1,7 0,51ï2,5 

ɸʜʽʘʙʘʪʠʯʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʫʤôʷ, ÁC 
1800 2110 1950 2000 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 

ʣʘʤʽʥʘʨʥʦʛʦ ʛʦʨʽʥʥʷ, ʤ/ʩ 
0,07 2,91 0,37 0,43 

ʄʽʥʽʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʘʤʦʟʘʡʤʘʥʥʷ, ÁC 
650 520 630 450 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 1, ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʣʘʤʽʥʘʨʥʦʛʦ 

ʛʦʨʽʥʥʷ ʯʠʩʪʦʛʦ ʘʤʽʘʯʥʦ-ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʣʫʤôʷ ʜʫʞʝ ʥʠʟʴʢʽ ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʧʦʚʠʤ 

ʚʫʛʣʝʚʦʜʥʝʚʠʤ ʧʘʣʠʚʦʤ. ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʉʆ2 ʚ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʷʥʥʷ ʘʤʽʘʢʫ, ʨʘʜʽʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʠʟʴʢʽ ʚʽʜʥʦʩʥʦ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʧʦʣʫʤôʷ. 

ʋ ʛʘʣʫʟʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘʢʦʨʜʦʥʦʤ ʚʠʚʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʦʨʽʥʥʷ ʘʤʽʘʢʫ ʪʘ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʛʘʟʦʚʠʭ ʪʫʨʙʽʥʘʭ ʽ ʚʫʛʽʣʴʥʠʭ ʢʦʪʣʘʭ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ, ʦʯʽʢʫʻʪʴʩʷ, 

ʱʦ ʚʝʣʠʢʽ ʛʘʟʦʚʽ ʪʫʨʙʽʥʠ ʤʘʪʠʤʫʪʴ ʩʫʚʦʨʽʰʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʨʦʟʤʽʨʫ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʜʣʷ 

ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʘʤʽʘʢʫ ʪʘ ʩʢʣʘʜʥʽʰʠʡ ʢʦʥʪʨʦʣʴ NOx ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʛʦʨʽʥʥʷ. ʂʦʤʧʘʥʽʷ Mitsubishi Power ʦʛʦʣʦʩʠʣʘ ʧʨʦ ʧʦʯʘʪʦʢ ʨʦʟʨʦʙʢʠ ʘʤʽʘʯʥʦʾ ʛʘʟʦʚʦʾ 

ʪʫʨʙʽʥʠ ʧʦʪʫʞʥʽʩʪʶ 40 ʄɺʪ ʫ ʙʝʨʝʟʥʽ 2021 ʨʦʢʫ ʪʘ ʤʘʻ ʥʘ ʤʝʪʽ ʚʠʚʝʩʪʠ ʾʾ ʥʘ ʢʦʤʝʨʮʽʡʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʫ 2025 ʨʦʮʽ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʛʦʨʽʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ [6]. ʊʝʭʥʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʧʘʣʶʚʘʥʥʷ NH3 ʻ ʫʪʚʦʨʝʥʥʷ NOx ʯʝʨʝʟ ʘʟʦʪʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʧʘʣʠʚʘ, ʽ Mitsubishi ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʚʦʾ 

ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʘʤʽʘʢʫ ʫ ʛʘʟʦʚʽʡ ʪʫʨʙʽʥʽ ʩʝʨʽʾ H-25 ʪʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʽʪʠʯʥʦʛʦ 
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ʚʽʜʥʦʚʣʝʥʥʷ (ʉʂɺ) ʧʽʩʣʷ ʥʝʾ. 

ʋ ʪʦʡ ʯʘʩ ʢʦʣʠ ʚ ʛʘʟʦʚʠʭ ʪʫʨʙʽʥʘʭ ʜʦʩʣʽʜʞʫʶʪʴ ʯʠʩʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʤʽʘʯʥʦʛʦ 

ʧʘʣʠʚʘ, ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʪʣʘʭ ʨʦʟʛʣʷʜʘʶʪʴ ʚʘʨʽʘʥʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʤʽʘʢʫ ʫ ʩʫʤʽʰʽ ʧʘʣʠʚ. 

ʂʦʤʧʘʥʽʷ Chugoku Electric Power ʩʧʨʦʙʫʚʘʣʘ ʧʦʙʫʜʫʚʘʪʠ ʚʫʛʽʣʴʥʦ-ʘʤʽʘʯʥʫ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʶ ʥʘ 2-ʤʫ ʙʣʦʮʽ ʷʧʦʥʩʴʢʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ Mizushima (ʧʦʪʫʞʥʽʩʪʴ 156 ʄɺʪ) 

[7]. ʋ ʮʴʦʤʫ ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʤʫ ʪʝʩʪʽ ʚʠʢʠʜʠ CO2 ʙʫʣʠ ʟʤʝʥʰʝʥʽ ʟʘ ʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ 

ʘʤʽʘʢʫ, ʱʦ ʩʧʘʣʶʻʪʴʩʷ ʨʘʟʦʤ ʟ ʚʫʛʽʣʣʷʤ, ʽ ʥʝ ʙʫʣʦ ʞʦʜʥʠʭ ʟʤʽʥ ʫ ʪʝʤʧʝʨʘʪʫʨʽ ʤʝʪʘʣʫ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. ɸʤʽʘʯʥʝ ʧʘʣʠʚʦ ʧʦʚʥʽʩʪʶ ʟʛʦʨʘʣʦ ʽ ʥʝ ʚʠʢʠʜʘʣʦʩʷ ʥʘʟʦʚʥʽ. ɹʫʣʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʝʢʦʣʦʛʽʯʥʽ ʩʪʘʥʜʘʨʪʠ ʙʫʣʠ ʟʘʜʦʚʦʣʝʥʽ ʙʝʟ ʙʫʜʴ-ʷʢʦʾ ʨʽʟʥʠʮʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʪʝʭʥʦʣʦʛʽʶ ʩʧʽʣʴʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʡ ʘʤʽʘʢʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʚ ʢʦʤʝʨʮʽʡʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢ ʟʘʩʽʙ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 

ʋ ʚʽʪʯʠʟʥʷʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʘʛʦʤʠʡ ʚʥʝʩʦʢ ʩʪʦʩʦʚʥʦ ʘʤʽʘʢʫ ʷʢ ʙʝʟʚʫʛʣʝʮʝʚʦʛʦ 

ʤʘʡʙʫʪʥʴʦʛʦ ʋʢʨʘʾʥʠ ʟʨʦʙʣʝʥʦ ɯʥʩʪʠʪʫʪʦʤ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʦʢʨʝʤʘ, ʦʜʥʝ ʟ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʩʚʷʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤ ʚʠʨʦʙʥʠʮʪʚʘ ʟʝʣʝʥʦʛʦ ʘʤʽʘʢʫ ʜʣʷ ʋʢʨʘʾʥʠ [8]. 

ʅʘʚʦʜʠʪʴʩʷ ʟʝʣʝʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʝʨʝʭʽʜ ʋʢʨʘʾʥʠ ʜʦ 2050 ʨʦʢʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʥʠʟʢʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ, ʚʢʣʶʯʘʶʯʠ ʜʝʢʘʨʙʦʥʽʟʘʮʽʶ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʝʥʦ ʦʮʽʥʢʫ 

ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʝʣʝʥʦʛʦ ʘʤʽʘʢʫ ʩʪʘʥʦʤ ʥʘ 2020 ʨʽʢ. 

ʇʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʮʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ: ʜʣʷ ʨʽʯʥʦʛʦ ʚʠʨʦʙʽʪʢʫ 

5 ʤʣʥ ʪ NH3 ʩʧʦʞʠʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 55 ʤʣʨʜ ʢɺʪĿʛʦʜ. 

ɺʠʩʥʦʚʢʠ. ʊʝʧʣʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʚʫʛʽʣʴʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ ʛʘʟʦʚʽ 

ʪʫʨʙʽʥʠ, ʻ ʚʝʣʠʢʠʤ ʜʞʝʨʝʣʦʤ ʚʠʢʠʜʽʚ CO2, ʽ ʝʬʝʢʪ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ ʤʦʞʝ ʙʫʪʠ 

ʤʘʢʩʠʤʽʟʦʚʘʥʠʡ, ʷʢʱʦ ʚ ʩʠʩʪʝʤʘʭ ʩʧʘʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʤʽʘʢ. 

ʑʦʙ ʩʧʨʠʷʪʠ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʤʽʘʢʫ ʷʢ ʧʘʣʠʚʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘʙʦ ʟʤʽʰʘʥʦʛʦ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʧʘʣʠʚʘ, ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ. ɿʘʚʜʷʢʠ 

ʜʦʙʨʝ ʥʘʣʘʛʦʜʞʝʥʽʡ ʚʠʨʦʙʥʠʯʽʡ ʽ ʪʨʘʥʩʧʦʨʪʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʘʤʽʘʢ ʻ ʧʨʠʚʘʙʣʠʚʠʤ 

ʩʪʽʡʢʠʤ ʝʥʝʨʛʦʥʦʩʽʻʤ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʤʽʘʢʫ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʥʝ ʧʦʟʙʘʚʣʝʥʝ ʧʨʦʙʣʝʤ, 

ʚʢʣʶʯʘʶʯʠ ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ ʧʦʣʫʤôʷ, ʚʫʟʴʢʽ ʤʝʞʽ ʟʘʡʤʠʩʪʦʩʪʽ, ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

NOx. 

ʆʩʢʽʣʴʢʠ ʩʧʘʣʶʚʘʥʥʷ ʘʤʽʘʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤʠ ʚʠʢʠʜʘʤʠ NOx ʽ ʥʠʟʴʢʦʶ 

ʩʪʘʙʽʣʴʥʽʩʪʶ ʧʦʣʫʤôʷ, ʧʦʪʨʽʙʥʝ ʨʝʪʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʧʝʨʝʜ 

ʰʠʨʦʢʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʤʽʘʢʫ ʫ ʧʘʣʠʚʦʩʧʘʣʶʶʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ɯɸʊɽ - ɸɽʇ 

 

ɯɼɽʅʊʀʌɯʂɸʎɯʗ ɻɸɿʆɺʆɻʆ ʌɸʂɽʃʋ ɿɸʉʆɹɸʄʀ ʁ ʄɽʊʆɼɸʄʀ 

ʂʆʄʇ'ʖʊɽʈʅʆɻʆ ɿʆʈʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʨʦʙʣʝʤʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʫ 

ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʩʧʘʣʝʥʥʷ ʛʘʟʽʚ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʪʣʘʭ 

ʙʽʣʴʰʝ ʪʨʠʜʮʷʪʠ ʨʦʢʽʚ. ʏʝʨʝʟ ʘʛʨʝʩʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚʩʝʨʝʜʠʥʽ ʬʘʢʝʣʘ, ʷʢʝ ʩʧʨʠʯʠʥʝʥʝ 

ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʥʘʷʚʥʽʩʪʶ ʦʢʠʩʥʠʢʽʚ, ʙʝʟʧʦʩʝʨʝʜʥʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʥʘʣʽʟʘʪʦʨʽʚ ʚ 

ʧʦʣʫʤôʾ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʥʝ ʻ ʤʦʞʣʠʚʠʤ. ʏʝʨʝʟ ʮʝ, ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʽʟ ʚʪʦʨʠʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʽ ʷʢ: ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ ʚ ʜʠʤʦʚʠʭ ʛʘʟʘʭ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʤʦʚʠʭ ʛʘʟʽʚ; ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʜʥʦʛʦ ʛʘʟʫ; ʪʦʱʦ, ʷʢʽ ʤʘʶʪʴ ʽʥʝʨʪʥʠʡ ʭʘʨʘʢʪʝʨ 

ʧʦʨʽʚʥʷʥʦ ʟ ʩʘʤʠʤ ʰʚʠʜʢʦʧʣʠʥʥʠʤ ʧʨʦʮʝʩʦʤ ʩʧʘʣʝʥʥʷ. ɿʘʩʦʙʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘʬʽʢʩʫʚʘʪʠ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʩʧʘʣʝʥʥʷ ʤʘʡʞʝ ʤʠʪʪʻʚʦ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ 

ʷʢʽʩʥʦʛʦ ʨʝʞʠʤʫ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʪʘ ʧʨʦʜʫʢʪʽʚ ʩʧʘʣʝʥʥʷ ʥʘ ʡʦʛʦ ʚʽʟʫʘʣʴʥʽ ʧʨʦʷʚʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʩʴʦʛʦʜʥʽ, ʧʨʦʮʝʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʣʫʤôʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʘʨʫʙʽʞʥʠʤʠ ʚʯʝʥʠʤʠ ʟ 

ɺʝʣʠʢʦʾ ɹʨʠʪʘʥʽʾ, ʇʽʚʜʝʥʥʦʾ ʂʦʨʝʾ, ʂʠʪʘʶ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥ. ʊʘʢ, ʚ [1] ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʧʨʦʧʘʥʦʚʦʛʦ ʬʘʢʝʣʫ. ʊʝʤʘ 

ʨʦʙʦʪʠ ʬʘʢʪʠʯʥʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʱʦ ʧʨʦʚʦʜʠʪʴʩʷ ʤʥʦʶ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʫʤʦʚ 

ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ.  

ɺ ʜʦʩʣʽʜʞʝʥʥʽ [1] ʥʘʦʯʥʦ ʧʨʠʚʝʜʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʤʽʨʫ 

ʬʘʢʝʣʘ, ʡʦʛʦ ʬʦʨʤʠ, ʚʽʜ ʨʝʞʠʤʫ ʟʛʦʨʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʈʠʩʫʥʢʫ 1. 

 

 

ʈʠʩʫʥʦʢ 1 - ɿʘʣʝʞʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʘʢʝʣʫ ʧʨʦʧʘʥʫ ʚʽʜ ʷʢʦʩʪʽ ʟʛʦʨʘʥʥʷ  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. . ʆʩʢʽʣʴʢʠ ʥʘ ʧʨʦʮʝʩ ʩʧʘʣʝʥʥʷ ʧʘʣʠʚʘ (ʛʘʟʫ) ʚʧʣʠʚʘʻ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʧʨʦʮʝʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʘʢʝʣʫ, ʡʦʛʦ ʨʝʞʠʤʽʚ ʛʦʨʽʥʥʷ, ʻ ʫʥʽʢʘʣʴʥʠʤ ʜʣʷ 

ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʦʙôʻʢʪʫ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʷʚʣʝʥʽ ʟʘʩʦʙʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʡ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʮʝʩʫ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʩʧʘʣʝʥʥʷ ʛʘʟʫ (ʧʘʣʠʚʘ). ɸ ʪʘʢʦʞ, ʚ ʧʦʜʘʣʴʰʦʤʫ, ʚʠʚʝʩʪʠ 

ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ.. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʗʢ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʥʘ ʧʨʦʮʝʩ ʩʧʘʣʝʥʥʷ ʛʘʟʫ ʚʧʣʠʚʘʻ ʙʘʛʘʪʦ 

ʧʘʨʘʤʝʪʨʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ ʧʦʜʘʯʽ ʛʘʟʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ, ʬʦʨʤʠ ʩʦʧʣʘ, ʪʠʩʢʫ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʣʠʚʦ/ʧʦʚʽʪʨʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʪʦʨʦʥʥʽʭ ʨʝʯʦʚʠʥ ʧʦʚʝʜʽʥʢʘ ʬʘʢʝʣʫ ʪʘ 

ʡʦʛʦ ʚʽʟʫʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʨʽʟʥʠʪʠʩʴ. ʇʨʦʪʝ, ʟʘʚʜʷʢʠ ʩʪʘʣʦʩʪʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 
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ʧʘʣʠʚʘ, ʚʽʜʩʫʪʥʦʩʪʽ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʜʠʤʦʚʠʭ ʛʘʟʘʭ, ʪʘ ʽʥʰʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴ ʛʘʟʦʧʦʜʽʙʥʝ ʧʘʣʠʚʦ ʚʽʜ ʽʥʰʠʭ ʡʦʛʦ ʚʠʜʽʚ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʫ 

ʧʨʦʩʪʽʰʘ ʚ ʙʘʛʘʪʴʦʭ ʘʩʧʝʢʪʘʭ.  

ɼʦʩʠʪʴ ʜʝʪʘʣʴʥʦ, ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [2]. 

ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʘʢʝʣʘ ʥʦʩʠʪʴ ʩʫʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ, 

ʜʦʮʽʣʴʥʠʤ ʙʫʜʝ ʥʘʚʝʩʪʠ ʩʪʨʫʢʪʫʨʫ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ. ʉʪʚʦʨʝʥʘ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʢʘʤʝʨʘ ʩʧʘʣʝʥʥʷ ʘʥʘʣʦʛʽʯʥʘ ʜʦ ʪʦʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʚ ʨʦʙʦʪʽ [1], 

ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ. ʇʨʦʪʝ ʤʘʻ ʥʘʩʪʫʧʥʽ ʚʽʜʤʽʥʥʦʩʪʽ: ʨʫʯʥʠʡ ʧʽʜʧʘʣ, ʫʱʽʣʴʥʝʥʽ 

ʜʚʝʨʮʷʪʘ ʽʟ ʚʝʣʠʢʠʤ ʦʛʣʷʜʦʚʠʤ ʚʽʢʥʦʤ, ʙʽʣʴʰʫ ʧʦʪʫʞʥʽʩʪʴ ʧʦʣʫʤôʷ (1-2,5 ʢɺʪ). 

 

 
ʈʠʩʫʥʦʢ 2 - ʉʪʨʫʢʪʫʨʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ  

 

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ ʦʪʨʠʤʘʥʥʷ ʥʘʙʦʨʫ ʟʦʙʨʘʞʝʥʴ ʛʘʟʦʚʦʛʦ 

ʬʘʢʝʣʫ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʛʦʨʽʥʥʷ ʧʨʠ ʨʽʟʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʩʧʘʣʝʥʥʷ. ɺʽʜʧʨʘʮʶʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʚʽʜʜʽʣʝʥʥʷ ʬʘʢʝʣʫ ʚʽʜ ʬʦʥʫ [3] ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʚʽʟʫʘʣʴʥʠʤʠ 

ʧʨʦʷʚʘʤʠ ʬʘʢʝʣʘ ʪʘ ʡʦʛʦ ʷʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ [1, 4]. 

ɺʠʩʥʦʚʢʠ. ɿʘʛʘʣʦʤ, ʟʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʨʽʡʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʨʽʟʥʷʪʴʩʷ ʚʽʜ ʦʙôʻʢʪʘ ʜʦ ʦʙôʻʢʪʘ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʘʢʝʣʘ ʻ 

ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʪʘ ʦʙʦʚôʷʟʢʦʚʠʭ ʢʨʦʢʽʚ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʘʣʝʥʥʷ, ʱʦ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʘʩʦʙʘʭ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʂɯʃʔʂɯʉʅɯ ʇʆʂɸɿʅʀʂʀ ʐʂɯɼʃʀɺʀʍ ɺʀʂʀɼɯɺ ʇʈʀ ʉʇɸʃʖɺɸʅʅɯ 

ɺʀʂʆʇʅʆɻʆ ʇɸʃʀɺɸ

ɽʣ-ɹʅʽʥʴʡʦ, ʚʫʛʣʝʮʝʚʘ ʥʝʡʪʨʘʣʴʥʽʩʪʴ, çʟʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾè, eco-friendly  ï ʚʩʽ ʮʽ 

ʝʢʟʦʪʠʯʥʽ ʩʣʦʚʘ ʤʠ ʯʫʣʠ ʭʦʯʘ ʙ ʨʘʟ ʫ ʥʘʰʦʤʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ. ɿʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ 

ʚʦʥʠ ʩʪʘʣʠ ʥʘʩʪʽʣʴʢʠ ʧʦʰʠʨʝʥʠʤʠ, ʱʦ ʞʦʜʝʥ ʚʠʧʫʩʢ ʚʩʝʩʚʽʪʥʴʦ ʚʽʜʦʤʠʭ ʥʦʚʠʥʥʠʭ 

ʞʫʨʥʘʣʽʚ ʥʝ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ ʥʠʭ. ɯ ʥʝ ʜʘʨʤʘ. ʃʶʜʩʪʚʦ ʚʩʝ ʙʽʣʴʰʝ ʧʦʯʠʥʘʻ ʨʦʟʫʤʽʪʠ, ʱʦ 

ʧʝʨʝʭʽʜ ʜʦ ʙʽʣʴʰ ʯʠʩʪʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ï ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʠʡ. ɿʚʽʩʥʦ, ʰʚʠʜʢʦ ʟʜʽʡʩʥʠʪʠ 

ʧʝʨʝʭʽʜ ʚʽʜ ʚʫʛʣʝʮʝʚʦʾ ʽʥʜʫʩʪʨʽʾ ʜʦ ʚʫʛʣʝʮʝʚʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʥʝ ʚʜʘʩʪʴʩʷ.  

ʅʝ ʦʤʠʥʫʪʴ ʮʽ ʟʤʽʥʠ ʽ ʋʢʨʘʾʥʫ. ɿʛʽʜʥʦ ɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʜʦ 2035 ʨʦʢʫ: 

çɹʝʟʧʝʢʘ, ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʂʦʥʢʫʨʝʥʪʥʦʩʧʨʦʤʦʞʥʽʩʪʴè (ʟʘʪʚʝʨʜʞʝʥʘ ʂʘʙʤʽʥʦʤ 18 

ʩʝʨʧʥʷ 2017 ʨʦʢʫ) ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʫʛʽʣʣʷ ʤʘʻ ʟʤʝʥʰʠʪʠʩʴ ʟ 30,3% (2015 ʨ.) ʜʦ 12,5% 

(2035 ʨ.); ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ï ʟʙʽʣʴʰʠʪʠʩʴ ʟ 28,9% ʜʦ 30,2%; ʘʪʦʤʥʦʾ ʝʥʝʨʛʽʾ ï ʟʤʝʥʰʠʪʠʩʴ ʟ 

25,5% ʜʦ 25%; ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ï ʟʤʝʥʰʠʪʠʩʴ ʟ 11,8% ʜʦ 7,3%; ʙʽʦʤʘʩʠ, ʙʽʦʧʘʣʠʚʘ ʪʘ 

ʚʽʜʭʦʜʽʚ ï ʟʙʽʣʴʰʠʪʠʩʴ ʟ 2,3% ʜʦ 11,5%; ʩʦʥʷʯʥʦʾ ʪʘ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʽʾ ï ʟʙʽʣʴʰʠʪʠʩʴ ʟ 0,1 ʜʦ 

10,4%. ʇʦʤʽʪʥʦ, ʱʦ  ʩʪʨʘʪʝʛʽʷ ʷʚʥʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʦ ʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʝʥʝʨʛʝʪʠʢʠ. ɺʞʝ ʩʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ 2019 ʨʦʢʫ ʟʘʛʘʣʴʥʘ ʯʘʩʪʢʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ɺɽʉ, ʉɽʉ, ʙʽʦʧʘʣʠʚʘ (ʙʽʦʤʘʩʘ, ʙʽʦʛʘʟ ʽ ʪ.ʜ.) ʩʪʘʥʦʚʠʣʘ ʤʘʡʞʝ 4%. 

ɿ ʫʩʴʦʛʦ ʚʠʱʝ ʩʢʘʟʘʥʦ ʚʠʜʥʦ ï ʥʝ ʤʦʞʣʠʚʦ ʰʚʠʜʢʦ ʽ ʧʦʚʥʽʩʪʶ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ 

ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʆʜʥʘʢ ʤʦʞʣʠʚʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʟʘʨʘʟ. 

 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʽʢʠ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟʛʽʜʥʦ ʅʇʉɺ 
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ɿʛʽʜʥʦ ʅʇʉɺ (ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʣʘʥ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʚʽʜ ʚʝʣʠʢʠʭ ʩʧʘʣʶʚʘʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ) ʋʢʨʘʾʥʘ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʠʣʫ, ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ ʪʘ ʦʢʩʠʜʽʚ 

ʘʟʦʪʫ ʽ ʜʦʤʦʛʪʠʩʷ ʛʨʘʥʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʠʢʠʜʽʚ ʮʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. ʅʘ ʨʠʩ.1 ʧʦʤʽʪʥʘ 

ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʫʩʽʭ ʟʛʘʜʘʥʠʭ ʫ ʅʘʮʧʣʘʥʽ. ʊʘʢ, ʦʧʝʨʘʪʦʨʠ ʊɽʉ, ʊɽʎ ʪʘ 

ʚʝʣʠʢʠʭ ʢʦʪʝʣʝʥʴ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʽʜʢʦʥʪʨʦʣʴʥʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʽ ʤʘʶʪʴ 

ʟʦʙʦʚôʷʟʘʥʥʷ ʩʪʦʩʦʚʥʦ ʱʦʨʽʯʥʦʛʦ ʧʣʘʥʦʚʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ 

ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ, ʤʠʥʫʣʦʛʦ ʨʦʢʫ ʟʜʽʡʩʥʠʣʠ ʝʤʽʩʽʶ 40,1 ʪʠʩ. ʪ ʧʠʣʫ, 203,7 ʪʠʩ. ʪ 

ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ ʪʘ 34,5 ʪʠʩ. ʪ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 47,1%, 43,3% ʪʘ 56,1% ʤʝʥʰʝ 

ʜʦʟʚʦʣʝʥʠʭ ʛʨʘʥʠʯʥʠʭ ʦʙʩʷʛʽʚ.  
ʆʪʞʝ ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ 

ï ʦʜʠʥ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ. ʆʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʴ ʻ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ. 

ʆʩʢʽʣʴʢʠ ʚʠʢʠʜʠ ʜʽʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚʧʣʠʚʘʻ ʥʝ ʣʠʰʝ ʥʘ ʧʨʠʨʦʜʫ, ʘʣʝ ʡ ʥʘ ʣʶʜʠʥʫ 

ʥʘʧʨʷʤʫ. ʆʢʩʠʜʠ ʘʟʦʪʫ (NOx) ʫʪʚʦʨʶʶʪʴ ʩʤʦʛ ʽ ʢʠʩʣʦʪʥʽ ʜʦʱʽ. NOx ʨʝʘʛʫʻ ʟ ʘʤʽʘʢʦʤ, 

ʚʦʣʦʛʦʶ ʪʘ ʽʥʰʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʫʪʚʦʨʶʶʯʠ ʧʘʨʠ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ 

ʯʘʩʪʠʥʢʠ. ɺʧʣʠʚ NOx ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ ʚʢʣʶʯʘʻ ʧʦʰʢʦʜʞʝʥʥʷ ʣʝʛʝʥʝʚʦʾ ʪʢʘʥʠʥʠ, 

ʫʪʨʫʜʥʝʥʝ ʜʠʭʘʥʥʷ ʪʘ ʨʝʩʧʽʨʘʪʦʨʥʽ ʧʨʦʙʣʝʤʠ. 

ʆʢʩʠʜ ʘʟʦʪʫ (NO) ʥʝ ʚʚʘʞʘʻʪʴʩʷ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʟʘ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʜʥʘʢ ʥʘʜʣʠʰʦʢ ʦʢʩʠʜʫ ʘʟʦʪʫ ʪʘ ʡʦʛʦ ʧʨʦʜʫʢʪʽʚ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʨʝʩʧʽʨʘʪʦʨʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʛʝʤʘʪʦʣʦʛʽʯʥʽ ʧʦʙʽʯʥʽ ʝʬʝʢʪʠ, ʧʦʨʫʰʝʥʥʷ 

ʤʝʪʘʙʦʣʽʟʤʫ, ʥʠʟʴʢʠʡ ʢʨʦʚ'ʷʥʠʡ ʪʠʩʢ, ʥʫʜʦʪʫ, ʙʣʶʚʦʪʫ ʪʘ ʜʽʘʨʝʶ. 

ɼʽʦʢʩʠʜ ʘʟʦʪʫ (NO2) ʫ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʚʠʢʣʠʢʘʻ ʟʘʧʘʣʝʥʥʷ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ. 

ɺʜʠʭʘʥʥʷ ʚʠʩʦʢʠʭ ʨʽʚʥʽʚ NO2 ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʨʝʩʧʽʨʘʪʦʨʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ: 

ʭʨʠʧʽʚ, ʢʘʰʣʶ, ʟʘʩʪʫʜʠ, ʛʨʠʧʫ ʪʘ ʙʨʦʥʭʽʪʫ. ʃʶʜʠ ʟ ʘʩʪʤʦʶ ʩʭʠʣʴʥʽ ʜʦ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʭ 

ʥʘʧʘʜʽʚ. ʊʨʠʚʘʣʠʡ ʚʧʣʠʚ ʚʠʩʦʢʠʭ ʨʽʚʥʽʚ NO2 ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʥʝʟʚʦʨʦʪʥʽ ʧʦʰʢʦʜʞʝʥʥʷ 

ʜʠʭʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ɭ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʨʽʚʥʷʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʜʦ ʩʧʝʮʠʬʽʯʥʦʛʦ 

 

ʅʘ ʨʠʩ. 2 ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʩʧʘʣʶʚʘʥʥʷ, ʘ ʩʘʤʝ: ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʫ ʎʂʐ (ʮʠʨʢʫʣʶʶʯʠʡ ʢʠʧʣʷʯʠʡ ʰʘʨ) 

ï 70 ʛ/ɻɼʞ; ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʘʥʪʨʘʮʠʪʫ ʟ ʨʽʜʢʠʤ ʰʣʘʢʦʚʠʜʘʣʝʥʥʷʤ ï 250 ʛ/ɻɼʞ; ʧʨʠ 

ʩʧʘʣʶʚʘʥʥʽ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʟ ɻʎʊ (ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʮʠʢʣʦʥʥʦʶ ʪʦʧʢʦʶ) ï 480 ʛ/ɻɼʞ; 

ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟʘ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʣʘ <300 ʄɺʪ ï 100 ʛ/ɻɼʞ;  ʧʨʠ 
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ʩʧʘʣʶʚʘʥʥʽ ʛʘʟʫ ʫ ʢʘʤʝʨʽ ʟʛʦʨʘʥʥʷ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ï 120 ʛ/ɻɼʞ; ʧʨʠ ʬʘʢʝʣʴʥʦʤʫ ʩʧʘʣʶʚʘʥʥʽ 

ʛʘʟʫ (ʟʘ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʣʘ <300 ʄɺʪ) ï 150 ʛ/ɻɼʞ; ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʤʘʟʫʪʫ (ʟʘ 

ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʣʘ <300 ʄɺʪ) ï 140 ʛ/ɻɼʞ; ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʤʘʟʫʪʫ ʫ ʢʘʤʝʨʽ 

ʟʛʦʨʘʥʥʷ ʛʘʟʦʚʦʾ ʪʫʨʙʽʥʠ ï 150 ʛ/ɻɼʞ; ʧʨʠ ʬʘʢʝʣʴʥʦʤʫ ʩʧʘʣʶʚʘʥʥʽ ʤʘʟʫʪʫ (ʟʘ ʪʝʧʣʦʚʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʣʘ 300 ʄɺʪ) ï 200 ʛ/ɻɼʞ. 

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʩʘʤʝ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʫʛʽʣʣʷ ʚ ɻʎʊ (ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʮʠʢʣʦʥʥʘ ʪʦʧʢʘ) 

ʧʨʠʩʫʪʥʽʡ ʥʘʡʚʠʱʠʡ ʧʦʢʘʟʥʠʢ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, 

ʷʢʘ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʮʠʢʣʦʥʥʽʡ ʢʘʤʝʨʽ (1700ï1800 Áʉ). 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʧʘʣʶʚʘʥʥʷ ʚ ɻʎʊ ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

¶ ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪʠ ʟ ʬʽʟʠʯʥʠʤ ʪʝʧʣʦʤ ʰʣʘʢʫ; 

¶ ʧʽʜʚʠʱʝʥʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʥʘ ʜʫʪʪʷ. 

ɼʦ ʧʝʨʝʚʘʛ ʚʽʜʥʦʩʷʪʴʩʷ: 

¶ ʚʠʩʦʢʘ ʦʙôʻʤʥʘ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ; 

¶ ʟʜʘʪʥʽʩʪʴ ʨʦʙʦʪʠ ʟ ʤʘʣʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 
ʚʪʨʘʪʠ ʪ-ʪʠ ʟ ʚʽʜʭʽʜʥʠʤʠ ʛʘʟʘʤʠ. 

ʅʘʡʤʝʥʰʠʡ ʧʦʢʘʟʥʠʢ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʦʪʨʠʤʫʻʤʦ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʪʚʝʨʜʦʛʦ 

ʧʘʣʠʚʘ ʚ ʮʠʨʢʫʣʶʶʯʦʤʫ ʢʠʧʣʷʯʦʤʫ ʰʘʨʽ (ʎʂʐ). ʎʝ, ʥʘʩʘʤʧʝʨʝʜ, ʧʦʚôʷʟʘʥʦ ʽʟ 

ʪʝʭʥʦʣʦʛʽʻʶ ʩʧʘʣʶʚʘʥʥʷ ï ʚʦʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʛʘʨʷʯʦʤʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ, ʚ ʷʢʠʡ 

ʧʦʚʽʪʨʷ ʜʣʷ ʛʦʨʽʥʥʷ ʚʚʦʜʠʪʴʩʷ ʚ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʪʦʧʢʠ. ʗʢ ʤʘʪʝʨʽʘʣ ʢʠʧʣʷʯʦʛʦ ʰʘʨʫ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʩʦʢ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʫʩʢʫ. ʐʘʨ, ʱʦ ʚʢʣʶʯʘʻ ʧʘʣʠʚʦ (ʚʽʜ 1% ʜʦ 

3% ʤʘʪʝʨʽʘʣʫ ʰʘʨʫ), ʟʦʣʫ ʪʘ ʩʦʨʙʝʥʪʠ, ʧʩʝʚʜʦʟʨʽʜʞʫʻʪʴʩʷ ʧʦʚʽʪʨʷʤ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟʥʠʟʫ 

ʚʛʦʨʫ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʰʘʨʫ ʟʘʙʝʟʧʝʯʫʻ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ. ɿʘʚʜʷʢʠ ʪʝʤʧʝʨʘʪʫʨʘʤ ʛʦʨʽʥʥʷ 

ʧʨʠʙʣʠʟʥʦ ʚʽʜ 750 ʜʦ 950 Áʉ ʪʘ ʪʨʠʚʘʣʦʤʫ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ, ʩʪʫʧʽʥʴ ʚʠʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʜʫʞʝ 

ʚʠʩʦʢʠʡ ʽ ʪʦʤʫ ʚʽʜʧʦʚʽʜʥʽ ʚʠʢʠʜʠ ʧʨʦʜʫʢʪʽʚ ʛʦʨʽʥʥʷ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽ. 

ʇʝʨʝʚʘʛʠ ʩʧʘʣʶʚʘʥʥʷ ʚ ʢʠʧʣʷʯʦʤʫ ʰʘʨʽ: 

¶ ʥʠʟʴʢʘ ʝʤʽʩʽʷ NOx, ʤʦʞʣʠʚʽʩʪʴ ʟʚôʷʟʫʚʘʥʥʷ ʟôʻʜʥʘʥʴ ʩʽʨʢʠ ʚʘʧʥʷʢʦʤ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʩʧʘʣʶʚʘʥʥʷ ʧʦʜʨʽʙʥʝʥʦʛʦ ʚʫʛʽʣʣʷ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʜʦ 25 ʤʢʤ. 

ʅʝʜʦʣʽʢʠ ʪʝʭʥʦʣʦʛʽʾ: 

¶  ʚʠʩʦʢʘ ʥʝʧʦʚʥʦʪʘ ʛʦʨʽʥʥʷ; 

¶  ʚʠʩʦʢʠʡ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ; 

¶  ʚʽʜʥʦʩʥʦ ʚʫʟʴʢʠʡ ʷʢʽʩʥʠʡ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʪʣʘ. 

ɺʠʩʥʦʚʢʠ. ɺʩʝ ʙʽʣʴʰʝ ʦʟʥʘʢ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʬʽʢʩʫʶʪʴ ʫʯʝʥʽ. ʗʢ ʚʽʜʦʤʦ, ʧʽʜ 

ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚʠʜʽʣʷʶʪʴʩʷ ʙʘʛʘʪʦ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ï ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, 

ʦʢʩʠʜʠ ʘʟʦʪʫ ʽ ʪ.ʜ. ʅʘʨʘʟʽ, ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʧʠʣʦʚʫʛʽʣʴʥʦʛʦ ʧʘʣʠʚʘ 

ʜʦ ʛʘʟʫ. ʊʦʞ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʩʧʘʣʶʚʘʥʥʷ ʛʘʟʫ, ʧʦʢʨʘʱʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʽ 

ʚʪʦʨʠʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʤʘʻ ʩʪʘʪʠ ʧʨʽʦʨʠʪʝʪʦʤ ʨʦʟʚʠʪʢʫ ʮʽʻʾ ʛʘʣʫʟʽ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʉʊɸɹɯʃɯɿɸʎɯɰ ʇʆʃʋʄ'ʗ ɺ ʉʊʈʋʄɽʅɽɺʆ-ʅɯʐʆɺɯʁ 

ʉʀʉʊɽʄɯ ɻʆʈɯʅʅʗ ʇɸʃʀɺɸ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺ ʩʫʯʘʩʥʦʤʫ ʽʥʞʝʥʝʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʦʩʦʙʣʠʚʦ ʫ ʛʘʣʫʟʽ 

ʝʥʝʨʛʝʪʠʢʠ, ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʠʪʘʥʥʷʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ "ʟʨʠʚʫ" ʧʦʣʫʤ'ʷ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʫʤʦʚʠ ʜʣʷ ʡʦʛʦ 

ʩʪʘʙʽʣʽʟʘʮʽʾ, ʪʦʙʪʦ ʧʦʩʪʽʡʥʝ ʟʘʡʤʘʥʥʷ ʛʦʨʶʯʦʾ ʩʫʤʽʰʽ ʫ ʬʽʢʩʦʚʘʥʠʭ ʜʽʣʷʥʢʘʭ ʪʦʧʢʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ. ʑʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ, ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʫʩʪʘʪʢʫʚʘʥʥʷ [1, 3]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʛʦʨʽʥʥʶ ʚ ʧʦʪʦʮʽ, ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ 

ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ ʬʨʦʥʪʫ ʧʦʣʫʤ'ʷ. 

ʇʝʨʰʠʡ ʩʧʦʩʽʙ ʧʦʣʷʛʘʻ ʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʚʝʜʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʾ ʜʽʾ, ʪʘʢʦʛʦ ʷʢ ʯʝʨʛʦʚʠʡ ʬʘʢʝʣ ʘʙʦ ʬʦʨʩʘʞʥʘ ʢʘʤʝʨʘ. ɼʨʫʛʠʡ 

ʩʧʦʩʽʙ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʝʜʝʥʥʷ ʝʥʝʨʛʽʾ ʟ ʟʦʥʠ ʛʦʨʽʥʥʷ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʟʘʢʨʫʯʝʥʥʷ ʧʦʪʦʢʫ ʟʘ ʩʠʩʪʝʤʦʶ ʧʦʛʘʥʦ ʦʙʪʽʯʥʠʭ ʪʽʣ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʘʙʦ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʝʯʽʡ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʝʥʝʨʛʽʷ ʧʦʜʘʻʪʴʩʷ ʟʟʦʚʥʽ, ʚ ʜʨʫʛʦʤʫ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʥʫʪʨʽʰʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʟʦʥʽ ʛʦʨʽʥʥʷ. ʆʙʠʜʚʘ ʩʧʦʩʦʙʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʬʨʦʥʪʫ ʧʦʣʫʤ'ʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʛʦʨʽʥʥʷ ʛʦʨʶʯʦʾ ʩʫʤʽʰʽ. 

ɽʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤôʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ 

ʩʠʩʪʝʤʠ ʩʪʨʫʤʝʥʽʚ ʨʘʟʦʤ ʟ ʥʽʰʝʚʦʶ ʧʦʨʦʞʥʠʥʦʶ. ʎʝʡ ʧʽʜʭʽʜ ʤʘʻ ʜʝʢʽʣʴʢʘ ʧʝʨʝʚʘʛ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʧʦʛʘʥʦ ʦʙʪʽʯʥʠʤʠ ʪʽʣʘʤʠ. ʇʦ-ʧʝʨʰʝ, ʚʽʥ ʜʦʟʚʦʣʷʻ ʧʣʘʚʥʦ 

ʨʝʛʫʣʶʚʘʪʠ ʬʽʟʠʯʥʽ ʨʦʟʤʽʨʠ ʪʘʢ ʟʚʘʥʦʛʦ çʩʪʨʫʤʝʥʝʚʦʛʦ ʝʢʨʘʥʫè. ʇʦ-ʜʨʫʛʝ ï 

ʘʚʪʦʤʦʜʝʣʴʥʽʩʪʶ ʧʨʦʮʝʩʽʚ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʚ ɿɿʉ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʟʘʪʽʥʝʥʽʡ ʟʦʥʽ ʝʢʨʘʥʫ ʽ 

ʟʦʥʠ ʮʠʨʢʫʣʷʮʽʾ ʚ ʥʽʰʽ ʥʘ ʧʫʩʢʦʚʠʭ ʨʝʞʠʤʘʭ [1, 2]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʦʮʝʩʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤôʷ ʚ 

ʩʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʽʡ ʩʠʩʪʝʤʽ ʩʧʘʣʶʚʘʥʥʷ (ʉʅʉ). 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. 
ʆʩʥʦʚʥʠʤ ʤʽʩʮʝʤ ʛʦʨʽʥʥʷ ʧʨʠ ʟʘʧʫʩʢʫ ʻ ʟʦʥʘ ʮʠʨʢʫʣʷʮʽʾ ʚ ʥʽʰʽ, ʘ ʧʨʠ ʛʦʨʽʥʥʽ - 

ʟʘʛʘʣʴʥʘ ʚʽʭʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʦʭʦʧʣʶʻ ʥʽʰʫ ʪʘ ʦʙʣʘʩʪʴ ʚ ʧʽʜʩʪʨʫʤʝʥʝʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʊʝʧʣʦʚʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤôʷ ʚ ʉʅʉ, ʜʝ: Qɿɿʉ ï ʪʝʧʣʦ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʚ ɿɿʉ (ɿɿʉ ï  ʟʦʥʘ ʟʚʦʨʦʪʥʠʭ ʩʪʨʫʤʝʥʽʚ); Qʌ ï ʪʝʧʣʦ ʬʘʢʝʣʫ; Qʩʪ ï ʪʝʧʣʦ ʱʦ 

ʡʜʝ ʥʘ ʧʽʜʽʛʨʽʚ ʩʪʽʥʦʢ; Qɻ ï ʪʝʧʣʦ ʚʽʜ ʛʘʟʫ 

 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʛʦʨʽʥʥʷ ʚ ʉʅʉ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʜʚʘ ʚʠʜʠ ʧʦʯʘʪʢʦʚʦʾ 

ʟʦʥʠ ʬʘʢʝʣʘ. ʇʝʨʰʠʡ ï ʮʝ ʣʦʢʘʣʽʟʘʮʽʷ ʧʦʣʫʤ'ʷ ʚ ʥʽʰʝʚʽʡ ʧʦʨʦʞʥʠʥʽ, ʘ ʧʦʪʽʤ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʬʘʢʝʣʘ ʚʟʜʦʚʞ ʧʦʪʦʢʫ (ʨʠʩ. 2ʘ). ʇʦʩʪʫʧʦʚʦ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʚʠʭʽʜʥʦʛʦ ʛʘʟʫ, ʚʠʥʠʢʘʻ ʜʨʫʛʠʡ ʨʝʞʠʤ ï "ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʦʣʫʤ'ʷ ʥʘ ʩʪʨʫʤʝʥʷʭ" (ʨʠʩ. 2ʙ). ʎʝʡ 

ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷʤ ʬʘʢʝʣʘ ʜʦ ʛʘʟʦʧʦʜʘʚʘʣʴʥʠʭ ʦʪʚʦʨʽʚ, ʧʫʣʴʩʘʮʽʷʤʠ 

ʧʦʣʫʤ'ʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʰʫʤʫ. "ʉʪʘʙʽʣʽʟʘʮʽʷ ʥʘ ʩʪʨʫʤʝʥʷʭ" ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʽ ʧʨʠ 

ʟʥʠʞʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʦʢʠʩʣʶʚʘʯʘ. ʎʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ʇʨʠ ʧʝʚʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʘʣʠʚʘ ʧʦʣʫʤ'ʷ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʟʘ ʩʠʩʪʝʤʦʶ ʩʪʨʫʤʝʥʽʚ, 

ʚʠʭʦʜʷʯʠ ʟʘ ʤʝʞʽ ʥʽʰʝʚʦʾ ʧʦʨʦʞʥʠʥʠ. 

 

 
ʘ)       ʙ) 

ʈʠʩʫʥʦʢ  2 ï ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚ ʉʅʉ 
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ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʻ ʚʝʣʠʯʠʥʘ ʜʘʣʝʢʦʙʽʡʥʦʩʪʽ ʧʘʣʠʚʥʠʭ ʩʪʨʫʤʝʥʽʚ hc, ʧʨʠ ʷʢʽʡ 

ʧʦʯʠʥʘʻʪʴʩʷ ʧʝʨʝʙʫʜʦʚʘ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʝʯʽʾ. ɻʦʨʽʥʥʷ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʥʝ ʣʠʰʝ ʚ 

ʥʽʰʽ, ʘʣʝ ʡ ʟʘ ʩʠʩʪʝʤʦʶ ʩʪʨʫʤʝʥʽʚ, ʱʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʙʽʣʽʟʘʪʦʨʘ 

ʧʦʣʫʤôʷ. ʇʝʨʝʙʫʜʦʚʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʩʪʽʡʢʦʛʦ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʨʫʭʫ ʚ ʥʽʰʽ ʚ 

ʩʢʣʘʜʥʫ ʚʠʭʨʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʦʭʦʧʣʶʻ ʥʝ ʣʠʰʝ ʥʽʰʫ, ʘʣʝ ʡ ʫʚʝʩʴ ʧʽʜʩʪʨʫʤʝʥʝʚʠʡ ʧʨʦʩʪʽʨ. 

ɿʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʛʘʟʦʧʦʜʘʶʯʠʭ ʦʪʚʦʨʽʚ ʚ ʉʅʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʱʝʥʥʷ ʟʦʥʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤôʷ ʚ ʙʽʢ ʙʘʛʘʪʦʛʦ ʟʨʠʚʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ʩʪʫʧʝʥʷ ʧʦʜʨʽʙʥʝʥʥʷ 

ʩʪʨʫʤʝʥʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʯʝʨʝʟ ʦʪʚʦʨʠ ʜʽʘʤʝʪʨʦʤ ʙʽʣʴʰʝ 3,0 ʤʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʛʘʟʦʧʦʜʘʚʘʣʴʥʦʛʦ ʢʦʣʝʢʪʦʨʫ ʚʽʜ ʟʨʠʚʥʦʾ 

ʢʨʦʤʢʠ ʥʽʰʽ ʙʽʣʴʰʝ 60 ʤʤ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʛʦʤʦʛʝʥʽʟʫʚʘʪʠ ʛʦʨʶʯʫ ʩʫʤʽʰ ʜʦ ʚʭʦʜʫ ʫ 

ʥʽʰʝʚʫ ʧʦʨʦʞʥʠʥʫ. ɿʤʽʥʠ ʚ ʛʝʦʤʝʪʨʽʾ ʉʅʉ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʛʦʨʽʥʥʷ: ʥʘʧʨʠʢʣʘʜ, 

ʜʽʘʤʝʪʨʠ ʩʪʨʫʤʝʥʽʚ ʙʽʣʴʰʝ 3,0 ʤʤ ʟʥʘʯʥʦ ʟʤʽʱʫʶʪʴ ʟʦʥʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤôʷ ʚ ʙʽʢ ʙʘʛʘʪʦʛʦ 

ʟʨʠʚʫ. ɼʦʚʞʠʥʘ ʥʽʰʽ ʪʘʢʦʞ ʚʘʞʣʠʚʘ: ʥʽʰʘ ʜʦʚʞʠʥʦʶ 23 ʤʤ ʤʘʻ ʰʠʨʰʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʪʠ 

ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤôʷ ʥʘ ʩʪʨʫʤʝʥʷʭ, ʥʽʞ ʢʦʨʦʪʰʽ ʥʽʰʽ. ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʛʣʠʙʠʥʠ ʥʽʰʽ 

ʧʦʢʘʟʘʣʘ ʤʝʥʰʫ ʯʫʪʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ. ɿʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʩʪʘʙʽʣʽʟʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʉʅʉ, ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʽʰʝʚʫ ʧʦʨʦʞʥʠʥʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ L/H=4ï6 ʽ ʦʙʠʨʘʪʠ ʮʽ ʟʥʘʯʝʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʾ 

ʘʜʘʧʪʘʮʽʾ ʉʅʉ ʜʦ ʛʝʦʤʝʪʨʽʾ ʧʘʣʴʥʠʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ, ʜʝ, ʦʯʝʚʠʜʥʦ, ʜʦʚʞʠʥʘ ʽ ʛʣʠʙʠʥʘ ʥʽʰʽ 

ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʤʝʞʘʭ 20ï25 ʤʤ ʪʘ 4ï7 ʤʤ ʚʽʜʧʦʚʽʜʥʦ [2, 4]. 

ɺʠʩʥʦʚʦʢ. ɿ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦʩʪʽ ʛʦʨʽʥʥʷ ʫ ʩʪʨʫʤʝʥʝʚʦ-ʥʽʝhʚʽʡ ʩʠʩʪʝʤʽ ʚʠʧʣʠʚʘʻ, 

ʱʦ ʽʩʥʫʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʠ ʧʦʯʘʪʢʦʚʦʾ ʟʦʥʠ ʬʘʢʝʣʘ: ʣʦʢʘʣʽʟʘʮʽʷ ʧʦʣʫʤ'ʷ ʚ ʥʽʰʝʚʽʡ 

ʧʦʨʦʞʥʠʥʽ ʪʘ "ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʦʣʫʤ'ʷ ʥʘ ʩʪʨʫʤʝʥʷʭ". ʇʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ ʨʝʞʠʤʫ ʜʦ ʽʥʰʦʛʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʛʘʟʫ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɿʙʽʣʴʰʝʥʥʷ 

ʜʽʘʤʝʪʨʘ ʛʘʟʦʧʦʜʘʚʘʣʴʥʠʭ ʦʪʚʦʨʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʱʝʥʥʷ ʟʦʥʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤ'ʷ, 

ʚʘʞʣʠʚʦʶ ʻ ʪʘʢʦʞ ʛʣʠʙʠʥʘ ʪʘ ʜʦʚʞʠʥʘ ʥʽʰʝʚʦʾ ʧʦʨʦʞʥʠʥʠ. ʈʘʮʽʦʥʘʣʴʥʘ ʛʝʦʤʝʪʨʽʷ ʉʅʉ 

ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʽʰʦʤʫ ʛʦʨʽʥʥʶ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤ'ʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʏʀʉɽʃʔʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʄɯʎʅʆʉʊɯ 

ʇʃɸʉʊʀʅʏɸʉʊʆɻʆ ʊɽʇʃʆʆɹʄɯʅʅʆɻʆ ɸʇɸʈɸʊʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ.  
ʇʣʘʩʪʠʥʯʘʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ 

ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ ʤʽʞ ʪʝʧʣʦʥʦʩʽʷʤʠ. ɰʭʥʻ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʚʽʜ ʤʽʮʥʦʩʪʽ ʾʭʥʽʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʽʜʦʤʦ, ʱʦ ʚʥʫʪʨʽʰʥʽ 

ʪʘ ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʤʽʮʥʽʩʪʴ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ. ɺ 

ʚʽʜʦʤʽʡ ʣʽʪʝʨʘʪʫʨʽ ʤʘʡʞʝ ʥʝ ʧʨʦʚʦʜʷʪʴʩʷ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʽ ʪʘ ʤʽʮʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ 

ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ ʚʘʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʘʧʘʨʘʪʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʟ ʮʽʻʾ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʴ [1] 

ʧʦʢʘʟʫʶʪʴ, ʱʦ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ 

ʨʦʙʦʪʠ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʥʘʜʘʻ ʙʘʟʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʣʘʩʪʠʥʯʘʩʪʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʟ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʧʨʦʬʽʣʷʤʠ ʤʽʞʧʣʘʩʪʠʥʯʘʩʪʠʭ ʢʘʥʘʣʽʚ, ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʧʨʦʚʦʜʠʪʠ ʽʥʞʝʥʝʨʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʚʥʦʩʠʪʠ ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʠ ʜʦ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʚ ʮʽʣʦʤʫ ʩʧʨʦʱʫʻ ʪʘ ʧʨʠʩʢʦʨʶʻ ʚʝʩʴ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʠʟʥʘʯʠʪʠ ʤʽʮʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ  ʟʘ ʜʦʧʦʤʦʛʦʶ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ANSYS-Fluent ʩʪʫʜʝʥʪʩʴʢʦʾ ʚʝʨʩʽʾ, ʢʦʪʨʘ ʽʟ 2015 ʨʦʢʫ ʻ 

ʙʝʟʢʦʰʪʦʚʥʦʶ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʨʦʙʣʝʥʘ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ, ʢʦʪʨʘ ʙʫʣʘ ʚʝʨʠʬʽʢʦʚʘʥʘ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʠʭ, ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʘ ʤʽʮʥʦʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ 

ʧʣʘʩʪʠʥʯʘʩʪʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʦʤʫ ʘʧʘʨʘʪʽ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʧʦʪʦʢʽʚ ʚʩʝʨʝʜʠʥʽ ʘʧʘʨʘʪʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʩʽʪʢʠ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʩʧʨʠʷʻ ʪʦʯʥʽʰʦʤʫ ʚʽʜʪʚʦʨʝʥʥʶ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫʩʝʨʝʜʠʥʽ ʧʨʠʩʪʨʦʶ. ʈʦʟʚ'ʷʟʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʘʭ, ʱʦ ʚʢʣʶʯʘʶʪʴ 

ʫ ʩʝʙʝ ʫʩʝʨʝʜʥʝʥʽ ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʪʫʨʙʫʣʝʥʪʥʽ ʤʦʜʝʣʽ ʜʣʷ ʙʽʣʴʰ 

ʪʦʯʥʦʛʦ ʦʧʠʩʫ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʽʚ.  

ʉʪʚʦʨʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʽʪʢʠ ʚʩʝʨʝʜʠʥʽ ʤʽʞʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʢʘʥʘʣʫ. ɺʘʨʪʦ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʟʜʦʚʞ ʫʩʴʦʛʦ ʧʝʨʠʤʝʪʨʫ ʦʙ'ʻʤʫ, ʱʦ ʤʦʜʝʣʶʻ ʧʦʪʦʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʨʦʟʪʘʰʦʚʘʥʘ ʦʙʣʘʩʪʴ Boundary Layer, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 20 ʦʩʝʨʝʜʢʽʚ ʫ ʬʦʨʤʽ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ. ʆʢʨʽʤ ʮʴʦʛʦ, ʟʘ ʤʝʞʘʤʠ ʟʦʥʠ Boundary Layer, ʧʨʦʩʪʽʨ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʦʙʣʘʩʪʽ ʟʘʧʦʚʥʝʥʠʡ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʽʪʢʦʶ, ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʷʢʦʾ ʤʘʻ 

ʬʦʨʤʫ ʪʝʪʨʘʝʜʨʘ. ʎʝʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʢʣʘʜʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʙʫʣʦ ʫʩʧʽʰʥʦ ʚʠʨʽʰʝʥʦ ʫ ʩʪʘʮʽʦʥʘʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ, 

ʟʘʙʝʟʧʝʯʠʚʰʠ ʥʝʟʘʣʝʞʥʽʩʪʴ ʨʽʰʝʥʥʷ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. ʅʘ ʚʭʦʜʽ ʜʦ 

ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʫ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʪʨʘʪ ʽ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʩʝʨʝʜʦʚʠʱ, 

ʱʦ ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ ʪʝʧʣʦʦʙʤʽʥʫ. ʅʘ ʚʠʭʦʜʽ ʟ ʘʧʘʨʘʪʫ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ ʩʪʘʣʽʩʪʴ 

ʚʠʪʨʘʪ ʩʝʨʝʜʦʚʠʱ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʯʝʨʝʟ ʥʴʦʛʦ. ɺʩʽ ʮʽ ʧʨʦʮʝʩʠ ʤʦʜʝʣʶʚʘʣʠʩʷ ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ANSYS-Fluent, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʷʛʪʠ ʪʦʯʥʠʭ ʪʘ 

ʥʘʜʽʡʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʣʷ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʧʦʪʨʽʙʥʦ ʚʠʚʯʠʪʠ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʧʨʫʛ ů̔ ʪʘ ʜʝʬʦʨʤʘʮʽʡ Ů̔. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʥʘ ʨʠʩ. 1, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʚ ʢʦʨʧʫʩʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʷʢʠʡ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟʽ ʩʪʘʣʽ 3. 

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʛ (ʘ) ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ (ʙ) ʫ 

ʪʝʧʣʦʦʙʤʽʥʥʦʤʫ ʘʧʘʨʘʪʽ 

 

ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ɻʆʉʊ ʈ 52857.1-2007, ʧʨʠ ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

150 Áʉ, ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʥʘʧʨʫʛʘ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʩʪʘʣʽ 3 ʩʢʣʘʜʘʪʠʤʝ [ů] = 145 ʄʇʘ. 

ɼʣʷ ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʯʝʪʚʝʨʪʫ ʝʥʝʨʛʝʪʠʯʥʫ ʪʝʦʨʽʶ ʤʽʮʥʦʩʪʽ. 

ʎʷ ʪʝʦʨʽʷ, ʪʘʢʦʞ ʚʽʜʦʤʘ ʷʢ ʪʝʦʨʽʷ ʥʘʡʙʽʣʴʰʦʾ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʬʦʨʤʦʟʤʽʥʠ, ʚʦʥʘ 

ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʬʦʨʤʦʟʤʽʥʠ, ʥʘʢʦʧʠʯʝʥʦʾ ʥʘ ʤʦʤʝʥʪ ʥʘʩʪʘʥʥʷ 

ʥʝʙʝʟʧʝʯʥʦʛʦ ʩʪʘʥʫ (ʥʘʧʨʠʢʣʘʜ, ʪʝʢʫʯʦʩʪʽ ʤʘʪʝʨʽʘʣʫ), ʦʜʥʘʢʦʚʘ ʷʢ ʧʨʠ ʩʢʣʘʜʥʦʤʫ 

ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ, ʪʘʢ ʽ ʧʨʠ ʧʨʦʩʪʦʤʫ ʨʦʟʪʷʛʫʚʘʥʥʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʧʨʠ ʦʙôʻʤʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɻ.ʉ. ʇʠʩʘʨʝʥʢʘ[2], ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ: 

, 

(1) 

ʜʝ ů1, ů2, ů3 ï ʦʩʥʦʚʥʽ ʥʘʧʨʫʛʠ. 

ɯʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʱʦ ůʧʨ=ůu=120 ʄʇʘ< 

[ů] = 145 ʄʇʘ. ʋʤʦʚʘ ʤʽʮʥʦʩʪʽ ʟʘ ʯʝʪʚʝʨʪʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʪʝʦʨʽʻʶ ʚʠʢʦʥʫʻʪʴʩʷ. 

ɺʠʩʥʦʚʢʠ. ʉʫʯʘʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʘʟʦʤ ʽʟ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ  ʽʥʞʝʥʝʨʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʫ ʩʬʝʨʽ 

ʨʦʟʨʦʙʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʩʧʨʠʷʶʯʠ ʰʚʠʜʢʦʤʫ,  

ʪʦʯʥʦʤʫ ʪʘ ʢʨʝʘʪʠʚʥʦʤʫ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɹɯʆɻɸɿʋ ɺ ɽʅɽʈɻɽʊʀʎɯ ʋʂʈɸɰʅʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʙʽʦʝʥʝʨʛʝʪʠʢʠ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʋʢʨʘʾʥʠ ʚʽʜ ʜʦʨʦʛʠʭ ʽʤʧʦʨʪʦʚʘʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ ʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʦʛʦ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʇʝʨʝʭʽʜ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʘʩʠ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʫ ʤʽʩʮʝʚʦʾ ʝʢʦʥʦʤʽʢʠ 

ʟʘʚʜʷʢʠ ʥʘʜʭʦʜʞʝʥʥʶ ʧʦʜʘʪʢʽʚ ʽ ʟʙʦʨʽʚ, ʘ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʧʨʠʚʝʜʝ ʜʦ ʧʦʣʽʧʰʝʥʥʷ 

ʪʦʨʛʽʚʝʣʴʥʦ-ʧʣʘʪʽʞʥʦʛʦ ʙʘʣʘʥʩʫ ʢʨʘʾʥʠ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʽʤʧʦʨʪʫ ʝʥʝʨʛʦʥʦʩʽʾʚ. 

ʆʯʽʢʫʻʪʴʩʷ ʪʘʢʦʞ ʧʦʟʠʪʠʚʥʠʡ ʩʦʮʽʘʣʴʥʠʡ ʚʧʣʠʚ, ʧʦʚôʷʟʘʥʠʡ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʨʦʙʦʯʠʭ 

ʤ̔ ʩʮʴ, ʟʥʠʞʝʥʥʷʤ ʪʘʨʠʬʽʚ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʥʘʜʽʡʥʦʩʪʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

ɹʽʦʝʥʝʨʛʝʪʠʢʘ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʩʢʦʨʦʯʝʥʥʽ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʦ ʫ ʟʚôʷʟʢʫ ʟ ʧʨʦʙʣʝʤʦʶ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʪʘ ʟʤʽʥʠ ʢʣʽʤʘʪʫ [1].  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ɹʽʦʝʥʝʨʛʝʪʠʯʥʦʾ ʘʩʦʮʽʘʮʽʾ 

ʋʢʨʘʾʥʠ  ʙʣʠʟʴʢʦ ʜʚʦʭ ʪʨʝʪʠʥ ʙʽʦʛʘʟʫ, ʚʠʨʦʙʣʝʥʦʛʦ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʘ, ʪʨʝʪʠʥʘ ð ʫ ʞʠʪʣʦʚʦʤʫ ʩʝʢʪʦʨʽ. ʅʝʚʝʣʠʢʠʡ ʚʽʜʩʦʪʦʢ 

ʙʽʦʛʘʟʫ ʦʯʠʱʫʚʘʣʠ ʜʦ ʙʽʦʤʝʪʘʥʫ, ʟʘʢʘʯʫʚʘʣʠ ʚ ʛʘʟʦʚʫ ʤʝʨʝʞʫ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ 

ʧʘʣʠʚʦ. ɹʽʦʛʘʟ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʘʤʽʥʠ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʚ ʝʥʝʨʛʝʪʠʮʽ, 

ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʞʠʪʣʦʚʦʤʫ ʩʝʢʪʦʨʽ. ɹʽʦʛʘʟ ʽ ʙʽʦʤʝʪʘʥ ʤʘʶʪʴ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ, ʟʦʢʨʝʤʘ 

ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ɭʚʨʦʧʠ. ʎʽ ʛʘʟʠ ʟʜʽʡʩʥʶʶʪʴ ʚʘʞʣʠʚʠʡ ʚʥʝʩʦʢ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʙʘʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʨʦʙʥʠʮʪʚʘ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ, ʷʢ ʦʜʥʽʻʾ ʟʽ ʩʢʣʘʜʦʚʠʭ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ, ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʤʝʪʘʥʫ ʚ ʝʥʝʨʛʝʪʠʮʽ ʋʢʨʘʾʥʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɹʽʦʛʘʟ ï ʛʘʟ, ʦʪʨʠʤʘʥʠʡ ʟ ʙʽʦʤʘʩʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʧʘʣʠʚʦ. ɺʠʨʦʙʥʠʮʪʚʦ ʝʥʝʨʛʽʾ ʟ ʙʽʦʛʘʟʫ ʥʝ ʰʢʽʜʣʠʚʝ ʜʣʷ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʩʢʽʣʴʢʠ 

ʥʝ ʩʧʨʠʯʠʥʷʻ ʜʦʜʘʪʢʦʚʫ ʝʤʽʩʽʶ  ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ ʉʆ2 ʽ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʯʥʠʭ 

ʚʽʜʭʦʜʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʙʽʦʛʘʟ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʽ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʢʦʧʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʙʽʦʛʘʟ 

ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʜʫʞʝ ʚʝʣʠʢʠʡ ʚʽʜʥʦʚʣʶʚʘʥʠʡ ʧʦʪʝʥʮʽʘʣ. ʈʽʯʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʙʽʦʛʘʟʫ ʚ ʋʢʨʘʾʥʽ ʩʪʘʥʦʚʠʪʴ 3,2 ʤʣʨʜ ʤį [3]. 

ʆʩʥʦʚʦʶ ʙʽʦʤʘʩʠ ʻ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʚʫʛʣʝʮʶ, ʷʢʽ ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʧʨʠ ʟôʻʜʥʘʥʥʽ 

ʟ ʢʠʩʥʝʤ ʚʠʜʽʣʷʶʪʴ ʪʝʧʣʦ. ʇʦʯʘʪʢʦʚʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ çʙʽʦʤʘʩʘðʢʠʩʝʥʴè ʚʠʥʠʢʘʻ ʧʽʜ ʜʽʻʶ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʬʦʪʦʩʠʥʪʝʟʫ, ʱʦ ʻ ʧʨʠʨʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ . ɿʘ ʜʦʧʦʤʦʛʦʶ ʭʽʤʽʯʥʠʭ ʘʙʦ ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʙʽʦʤʘʩʫ ʤʦʞʥʘ 

ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʚ ʽʥʰʽ ʚʠʜʠ ʧʘʣʠʚʘ ʘʙʦ ʚ ʢʽʥʮʝʚʫ ʝʥʝʨʛʽʶ. ʇʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ ʘʙʦ 

ʾʾ ʧʦʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʨʛʘʥʽʯʥʠʡ ʚʫʛʣʝʮʴ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʥʽʡ, ʪʘ ʢʠʩʝʥʴ ʟ ʘʪʤʦʩʬʝʨʠ 

ʚʩʪʫʧʘʶʪʴ ʫ ʨʝʘʢʮʽʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ ʪʘ ʚʦʜʠ. ʇʨʦʮʝʩ ʻ ʮʠʢʣʽʯʥʠʤ, ʦʩʢʽʣʴʢʠ 

ʜʚʦʦʢʠʩ ʚʫʛʣʝʮʶ, ʷʢʠʡ ʚʠʜʽʣʠʚʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ, ʤʦʞʝ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʦʚʦʾ 

ʙʽʦʤʘʩʠ [1]. 

ʆʪʞʝ, ʙʽʦʣʦʛʽʯʥʽ ʚʠʜʠ ʧʘʣʠʚʘ (ʙʽʦʧʘʣʠʚʦ) ï ʪʚʝʨʜʝ, ʨʽʜʢʝ ʪʘ ʛʘʟʦʚʝ ʧʘʣʠʚʦ, 

ʚʠʛʦʪʦʚʣʝʥʝ ʟ ʙʽʦʣʦʛʽʯʥʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ (ʙʽʦʤʘʩʠ), ʷʢʝ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʧʘʣʠʚʦ ʘʙʦ ʢʦʤʧʦʥʝʥʪ ʽʥʰʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ [1]. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʙʽʦʤʝʪʘʥ ð ʮʝ ʛʘʟʦʧʦʜʽʙʥʝ ʧʘʣʠʚʦ, ʦʪʨʠʤʘʥʝ ʟ ʙʽʦʛʘʟʫ, ʢʦʥʮʝʥʪʨʘʮʽʷ 
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ʤʝʪʘʥʫ ʚ ʷʢʦʤʫ ʩʪʘʥʦʚʠʪʴ 95ï98%. ɿʙʘʛʘʯʝʥʠʡ ʙʽʦʤʝʪʘʥ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʫ, ʪʦʤʫ ʡʦʛʦ ʤʦʞʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʟ ʤʽʥʽʤʘʣʴʥʦʶ ʤʦʜʝʨʥʽʟʘʮʽʻʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɹʽʦʤʝʪʘʥ ʤʘʻ ʧʝʨʝʚʘʛʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʟʘʣʠʰʘʶʯʠʩʴ ʧʨʠ ʮʴʦʤʫ 

ʚʫʛʣʝʮʝʚʦ ʥʝʡʪʨʘʣʴʥʠʤ [4]. 

ɽʬʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ ʜʦʧʦʚʥʝʥʥʷ ʪʘ ʟʘʤʽʥʠ ʪʨʘʜʠʮʽʡʥʠʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʻ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʤʝʪʘʥʦʚʦʛʦ ʟʙʨʦʜʞʫʚʘʥʥʷ ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʙʽʦʤʘʩʠ ʽ ʥʘ 60ï70% 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʪʘʥʫ. ɯʥʰʠʤ ʜʞʝʨʝʣʦʤ ʙʽʦʛʘʟʫ ʻ ʟʚʘʣʠʱʘ ʩʤʽʪʪʷ ʥʘ ʧʦʣʽʛʦʥʘʭ ʪʚʝʨʜʠʭ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. ʂʨʽʤ ʮʴʦʛʦ, ʜʞʝʨʝʣʦʤ ʙʽʦʛʘʟʫ ʻ ʩʪʽʯʥʽ ʚʦʜʠ. ʋʪʠʣʽʟʘʮʽʷ ʚʽʜʩʪʦʾʚ ʤʽʩʴʢʠʭ 

ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʟʘʙʝʟʧʝʯʫʻ ʚʠʨʽʰʝʥʥʷ ʚʘʞʣʠʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ 

ʩʦʮʽʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʤʽʩʪ, ʦʩʦʙʣʠʚʦ ʤʝʛʘʧʦʣʽʩʽʚ. ɺʽʜʩʪʦʾ ʤʽʩʴʢʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ 

ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ [3]. 

ɿʘʛʘʣʴʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ ʟ ʚʽʜʭʦʜʽʚ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʊʇɺ, ʩʪʽʯʥʠʭ ʚʦʜ ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ ʧʨʠ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʚ 3,2 

ʤʣʨʜ ʤį ʉʅ4 ʥʘ ʨʽʢ. ʑʝ 3,3 ʤʣʨʜ ʤį ʉʅ4 ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʢʫʢʫʨʫʜʟʠ (ʘʙʦ ʽʥʰʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʫʣʴʪʫʨ) ʥʘ ʧʣʦʱʘʭ 1 ʤʣʥ ʛʘ (3% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ 

ʦʨʥʠʭ ʟʝʤʝʣʴ ʋʢʨʘʾʥʠ)[5]. ʊʘʢʦʞ ʝʢʩʧʝʨʪʠ ɹʽʦʝʥʝʨʛʝʪʠʯʥʦʾ ʘʩʦʮʽʘʮʽʾ ʋʢʨʘʾʥʠ ʦʮʽʥʶʶʪʴ 

ʧʦʪʝʥʮʽʘʣ ʙʽʦʛʘʟʫ ʟ ʩʦʣʦʤʠ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʫ 3,8 ʤʣʨʜ ʤį, ʟ ʩʠʣʦʩʫ ʢʫʢʫʨʫʜʟʠ ð 2,7 ʤʣʨʜ 

ʤį, ʟ ʽʥʰʠʭ ʚʽʜʭʦʜʽʚ ʪʚʘʨʠʥʥʠʮʪʚʘ ʪʘ ʧʝʨʝʨʦʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ð 1,3 ʤʣʨʜ ʤį. ɹʽʣʴʰʽʩʪʴ 

ʙʽʦʛʘʟʦʚʠʭ ʟʘʚʦʜʽʚ ʚ ʋʢʨʘʾʥʽ ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʩʠʨʦʚʠʥʫ ʚʽʜʭʦʜʠ ʪʚʘʨʠʥʥʠʮʪʚʘ ʘʙʦ 

ʞʦʤ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ. ʇʦʪʝʥʮʽʘʣ ʧʦʞʥʠʚʥʠʭ ʨʝʰʪʢʽʚ ʽ ʩʠʣʦʩʫ ʢʫʢʫʨʫʜʟʠ ʥʘʨʘʟʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʢʦʨʠʩʪʘʥʠʤ [4]. 

ɹʽʦʛʘʟ ʟʘ ʩʚʦʾʤ ʩʢʣʘʜʦʤ ʻ ʪʦʪʦʞʥʽʤ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ, ʦʜʥʘʢ ʤʦʞʝ ʧʦʩʪʫʧʘʪʠʩʷ ʘʙʦ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʡʦʛʦ ʟʘ ʪʝʧʣʦʪʚʦʨʥʽʩʪʶ ï ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʥʘʩʪʫʧʥʦʾ 

ʦʯʠʩʪʢʠ. ʇʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ï ʫ ʩʧʦʩʦʙʽ ʦʪʨʠʤʘʥʥʷ, ʘʜʞʝ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʜʦʙʫʚʘʶʪʴ ʽʟ 

ʥʘʜʨ, ʘ ʙʽʦʛʘʟ ï ʟ ʙʽʦʣʦʛʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʘʙʦ ʩʧʝʮʽʘʣʴʥʦ ʚʠʨʦʱʝʥʦʾ ʩʠʨʦʚʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʙʽʦʛʘʟ ʻ ʚʽʜʥʦʚʣʶʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ. ɿʘ ʧʽʜʨʘʭʫʥʢʘʤʠ ʬʘʭʽʚʮʽʚ ʩʚʽʪʦʚʠʭ ʟʘʧʘʩʽʚ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʧʨʠ ʥʠʥʽʰʥʽʭ ʪʝʤʧʘʭ ʩʧʦʞʠʚʘʥʥʷ ʚʠʩʪʘʯʠʪʴ ʱʝ ʥʘ 50 ʨʦʢʽʚ. ʊʦʤʫ ʙʽʦʛʘʟ 

ʤʦʞʝ ʙʫʪʠ ʨʽʚʥʦʮʽʥʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ. ʆʩʦʙʣʠʚʦ ʷʢʱʦ ʦʯʠʩʪʠʪʠ ʡʦʛʦ ʜʦ ʩʪʘʥʫ ʙʽʦʤʝʪʘʥʫ, 

ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʝʪʘʥʫ 95-98% [6]. 

ɿʘ ʜʘʥʠʤʠ ɼʝʨʞʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʜʽʻ 49 ʫʩʪʘʥʦʚʦʢ, ʱʦ 

ʚʠʨʦʙʣʷʶʪʴ ʝʥʝʨʛʽʶ ʟ ʙʽʦʛʘʟʫ ʪʘ ʧʨʘʮʶʶʪʴ ʟʘ ñʟʝʣʝʥʠʤò ʪʘʨʠʬʦʤ. ɿʘʛʘʣʴʥʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ï 86 ʄɺʪ, ʱʦ ʤʘʡʞʝ ʫ 5 ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʥʘʧʨʠʢʽʥʮʽ 2015 ʨʦʢʫ 

(18 ʄɺʪ). ɿ ʥʠʭ 59 ʄɺʪ (21 ʫʩʪʘʥʦʚʢʘ) ʧʨʘʮʶʶʪʴ ʥʘ ʚʽʜʭʦʜʘʭ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

27 ʄɺʪ (28 ʫʩʪʘʥʦʚʦʢ) ï ʥʘ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʘʭ [4].  

ʇʨʦʪʷʛʦʤ 2020 ʨʦʢʫ ʙʫʣʦ ʚʚʝʜʝʥʦ 12 ʄɺʪ ʙʽʦʛʘʟʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ (12 ʫʩʪʘʥʦʚʦʢ), 

ʧʨʦʪʷʛʦʤ 2021 ʨʦʢʫ ï 40 ʄɺʪ (16 ʫʩʪʘʥʦʚʦʢ). ʇʨʠ ʮʴʦʤʫ, ʟʘ ʜʘʥʠʤʠ ʅʂʈɽʂʇ, ʫʧʨʦʜʦʚʞ 

2021 ʨʦʢʫ ʙʽʦʛʘʟʦʚʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʚʠʨʦʙʣʝʥʦ 247 ʤʣʥ ʢɺʪ-ʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʙʽʦʛʘʟʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚ ʋʢʨʘʾʥʽ ʚ 2022 ʨʦʮʽ ʤʘʡʞʝ ʚ 3,5 ʨʘʟʠ 

ʧʝʨʝʚʠʱʠʣʠ ʧʦʢʘʟʥʠʢʠ 2020 ʨʦʢʫ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ ʫ ʮʝʡ ʩʝʢʪʦʨ ʧʨʦʪʷʛʦʤ 

2012ï2019 ʨʦʢʽʚ ï 140 ʤʣʥ ʻʚʨʦ [7].  

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʙʽʦʛʘʟʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʚʠʢʦʧʥʦʛʦ 

ʧʘʣʠʚʘ ʟ ʢʽʥʮʝʚʦʶ ʤʝʪʦʶ ʧʦʤôʷʢʰʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ. ɺʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ 

ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʢʨʘʾʥʠ ʟʘʚʜʷʢʠ ʚʠʨʽʰʝʥʥʶ ʪʨʴʦʭ ʟʘʚʜʘʥʴ. ʇʦ-ʧʝʨʰʝ, 

ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ ʦʜʠʥʠʮʶ ʦʜʝʨʞʫʚʘʥʦʛʦ ʝʥʝʨʛʦʨʝʩʫʨʩʫ. ʇʦ-ʜʨʫʛʝ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʟʝʨʚʫʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ʇʦ-

ʪʨʝʪʻ, ʟʥʠʞʝʥʥʷ ʝʤʽʩʽʾ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʫ (ʤʝʪʘʥʫ, ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ), ʱʦ 

ʟʘʧʦʙʽʛʘʻ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʽʥʥʶ, ʟʤʝʥʰʫʻ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʪʘ ʟʥʠʞʫʻ 

ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʫ ʥʝʙʝʟʧʝʢʫ ʚʽʜ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʭʦʜʽʚ [8]. 

ɺʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ ʪʘ ʙʽʦʤʝʪʘʥʫ ʩʧʨʠʷʻ ʚʠʨʽʰʝʥʥʶ  ʜʚʦʭ ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʙʣʝʤ 

ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ: ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʚʠʨʦʙʣʷʶʪʴʩʷ ʩʫʯʘʩʥʠʤʠ 
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ʩʫʩʧʽʣʴʩʪʚʘʤʠ ʪʘ ʝʢʦʥʦʤʽʢʘʤʠ, ʪʘ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʥʘ ʢʣʽʤʘʪ. 

ʅʘʡʙʽʣʴʰ ʤʘʩʰʪʘʙʥʽ ʙʽʦʛʘʟʦʚʽ ʧʨʦʻʢʪʠ, ʱʦ ʙʫʜʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ, ï ʧʦʪʫʞʥʽʩʪʶ 10ï20 ʄɺʪ, 

ʢʦʰʪʫʶʪʴ 2ï2,5 ʪʠʩ. ʻʚʨʦ/ʢɺʪ. ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʚʢʣʘʜʝʥʴ ʚ ʙʽʦʛʘʟʦʚʽ 

ʧʨʦʻʢʪʠ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʢʦʤʙʽʥʦʚʘʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʻ 

ʚʠʪʨʘʪʠ ʥʘ ʙʣʦʢ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ (30-40%), ʙʫʜʽʚʥʠʮʪʚʦ ʨʝʘʢʪʦʨʽʚ ʪʘ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʩʧʦʨʫʜ (35ï45%), ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ (15ï25%). ʆʢʫʧʥʽʩʪʴ ʙʽʦʛʘʟʦʚʠʭ 

ʧʨʦʻʢʪʽʚ ʚ ʋʢʨʘʾʥʽ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʜʦ 4 ʨʦʢʽʚ, ʥʘʚʽʪʴ ʟʘ ʨʝʘʣʽʟʘʮʽʾ ʣʠʰʝ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʟʘ çʟʝʣʝʥʠʤè ʪʘʨʠʬʦʤ. ɺʪʽʤ, ʧʦʪʝʥʮʽʘʣ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘʢʠʭ ʤʘʩʰʪʘʙʥʠʭ ʧʨʦʻʢʪʽʚ ʻ 

ʦʙʤʝʞʝʥʠʤ, ʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʜʽʶʯʠʭ ʚ ʋʢʨʘʾʥʽ ʙʽʦʛʘʟʦʚʠʭ ʧʨʦʻʢʪʽʚ ʯʘʩʪʦ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 50ï60% (ʟʘ ʂɺɺʇ). ʆʢʫʧʥʽʩʪʴ ʙʽʣʴʰʦʩʪʽ ʙʽʦʛʘʟʦʚʠʭ ʧʨʦʻʢʪʽʚ ʚ ʋʢʨʘʾʥʽ, ʫ 

ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ, ʦʮʽʥʶʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 5-6 ʨʦʢʽʚ, ʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ï ʥʝ 

ʤʝʥʰʝ 7ï8 ʨʦʢʽʚ.  

ɺʠʨʦʙʥʠʮʪʚʦ ʙʽʦʤʝʪʘʥʫ ʟ ʙʽʦʛʘʟʫ ʧʦʚôʷʟʘʥʦ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʨʦʟʜʽʣʝʥʥʷ 

ʤʝʪʘʥʫ ʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʊʦʤʫ ʦʜʠʥʠʮʷ ʝʥʝʨʛʽʾ ʚ ʙʽʦʤʝʪʘʥʽ ʢʦʰʪʫʻ ʜʦʨʦʞʯʝ, ʥʽʞ ʫ ʙʽʦʛʘʟʽ. 

ɹʽʦʛʘʟ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʠʰʝ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʚ ʦʢʨʝʤʠʭ 

ʚʠʧʘʜʢʘʭ ʯʘʩʪʢʦʚʦ ʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʘ. ɺʦʜʥʦʯʘʩ ʜʣʷ ʙʽʦʤʝʪʘʥʫ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ: 

1. ɺʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʪʝʧʣʘ ʟ ʙʽʦʤʝʪʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ. 

2. ɿʙʝʨʽʛʘʥʥʷ ʙʽʦʤʝʪʘʥʫ ʚ ʤʝʨʝʞʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʙʘʣʘʥʩʫʶʯʦʤʫ ʨʠʥʢʫ. 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʝʪʘʥʫ ʷʢ ʤʦʪʦʨʥʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʢʦʤʫʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʪʘ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. 

4. ɿʘʤʽʥʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʙʽʦʤʝʪʘʥʦʤ. 

5. ɽʢʩʧʦʨʪ ʙʽʦʤʝʪʘʥʫ ʚ ɭʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʨʝʻʩʪʨʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʩʧʦʞʠʚʘʥʥʷ ʙʽʦʤʝʪʘʥʫ. 

ʅʘʨʘʟʽ ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʤʝʪʘʥʫ ʚ ʋʢʨʘʾʥʽ ʥʝ ʻ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ ʟ ʨʠʥʢʦʚʦʶ 

ʮʽʥʦʶ ʥʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʪʘ ʧʦʪʨʝʙʫʻ ʧʽʜʪʨʠʤʢʠ [8]. 

ɺʠʩʥʦʚʢʠ. ʆʮʽʥʶʶʯʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ, ʋʢʨʘʾʥʘ ʤʦʞʝ ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʙʫʜʴ-ʷʢʦʶ 

ʢʨʘʾʥʦʶ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʙʽʦʛʘʟʫ ʪʘ ʙʽʦʤʝʪʘʥʫ, ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʘʡʜʝʰʝʚʰʫ ʩʠʨʦʚʠʥʫ, 

ʪʘʢ ʷʢ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʚ ɭʚʨʦʧʽ ʧʣʦʱʫ ʩ/ʛ ʫʛʽʜʴ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʦʜʠʥ ʽʟ ʥʘʡʢʨʘʱʠʭ ʫ ʩʚʽʪʽ 

ʧʦʪʝʥʮʽʘʣʽʚ ʩʠʨʦʚʠʥʠ ʜʣʷ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ. ɯʥʚʝʩʪʠʮʽʾ ʚ ʙʽʦʛʘʟʦʚʽ ʪʘ ʙʽʦʤʝʪʘʥʦʚʽ ʫʩʪʘʥʦʚʢʠ ʟ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʘʡʞʝ ʽʜʝʥʪʠʯʥʽ. ʗʢ ʟʘʟʥʘʯʘʻ ɼʝʨʞʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʧʨʠʡʥʷʪʠʡ ʟʘʢʦʥʦʧʨʦʻʢʪ ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʽʤʧʦʨʪ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʩʧʨʠʷʪʠ 

ʨʦʟʚʠʪʢʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀɼʀ ɺɯɼʍʆɼɯɺ ɼʃʗ ɹɯʆʄɸʉʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʠʪʫʘʮʽʷ ʟ ʨʝʘʣʴʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ 

ʙʽʦʤʘʩʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ  ʪʘ ʙʽʦʧʘʣʠʚ ʚ ʋʢʨʘʾʥʽ ʬʘʢʪʠʯʥʦ ʻ ʧʨʦʪʠʣʝʞʥʦʶ ʩʪʨʫʢʪʫʨʽ 

ʧʦʪʝʥʮʽʘʣʫ. ʇʦʪʫʞʥʦʤʫ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ 

ʚʽʜʭʦʜʽʚ ʚ ʋʢʨʘʾʥʽ ʧʝʨʝʰʢʦʜʞʘʻ ʥʠʟʢʘ ʙʘʨôʻʨʽʚ. ʉʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʤʠ ʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʫ ʘʛʨʦʚʠʨʦʙʥʠʢʽʚ ʪʝʭʥʽʢʠ ʜʣʷ ʟʘʛʦʪʽʚʣʽ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʜʽʚ ʙʽʦʤʘʩʠ, ʩʢʣʘʜʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ  

ʣʘʥʮʶʞʢʘ çʟʘʛʦʪʽʚʣʷðʧʦʩʪʘʚʢʘè, ʟʘʛʘʣʴʥʘ ʥʝʨʦʟʚʠʥʝʥʽʩʪʴ ʨʠʥʢʫ ʙʽʦʧʘʣʠʚʘ (ʚʽʜʩʫʪʥʽʩʪʴ 

ʙʽʦʧʘʣʠʚʥʦʾ ʙʽʨʞʽ) ʪʘ ʜʝʷʢʽ ʽʥʰʽ [1]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʩʧʦʞʠʚʘʥʥʷ ʙʽʦʤʘʩʠ ʜʣʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʘʩʠ 

ʘʛʨʘʨʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʫʣʴʪʫʨ. ʇʘʨʘʣʝʣʴʥʦ ʟ ʮʠʤ ʩʣʽʜ ʟʘʣʫʯʘʪʠ ʜʦ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʜʝʨʝʚʥʫ ʙʽʦʤʘʩʫ ʟ ʪʘʢ ʟʚʘʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ, ʟʦʢʨʝʤʘ ʚʽʜʭʦʜʠ ʚʽʜ ʦʙʨʽʟʫʚʘʥʥʷ 

ʪʘ ʚʠʢʦʨʯʦʚʫʚʘʥʥʷ ʙʘʛʘʪʦʨʽʯʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʥʘʩʘʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʙʽʦʤʘʩʫ ʚʽʜ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ  ʡ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʣʝʟʘʭʠʩʥʠʭ ʪʘ ʽʥʰʠʭ ʟʘʭʠʩʥʠʭ ʣʽʩʦʩʤʫʛ [1]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʩʚʽʪʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʘʥʠʭ ʩʪʦʩʦʚʥʦ 

ʚʽʜʭʦʜʽʚ ʙʽʦʤʘʩʠ, ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʚʪʽʣʶʚʘʪʠ ʚ ʞʠʪʪʷ ʧʨʦʻʢʪʠ, 

ʷʢʽ ʩʴʦʛʦʜʥʽ ʚʞʝ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɹʽʦʤʘʩʘ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʧʨʦʪʝ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʦʙʤʝʞʝʥʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʟʠʪʠʚʥʫ 

ʪʝʥʜʝʥʮʽʶ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ. ʆʩʥʦʚʦʶ ʙʽʦʤʘʩʠ ʻ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʚʫʛʣʝʮʶ, ʷʢʽ ʧʽʜ 

ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʟôʻʜʥʘʥʥʷ ʟ ʢʠʩʥʝʤ ʚʠʜʽʣʷʶʪʴ ʪʝʧʣʦ. ʇʦʯʘʪʢʦʚʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ 

"ʙʽʦʤʘʩʘ-ʢʠʩʝʥʴ" ʚʠʥʠʢʘʻ ʧʽʜ ʜʽʻʶ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʬʦʪʦʩʠʥʪʝʟʫ, ʱʦ ʻ 

ʧʨʠʨʦʜʥʠʤ ʚʘʨʽʘʥʪʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʭʽʤʽʯʥʠʭ ʘʙʦ 

ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʙʽʦʤʘʩʘ ʤʦʞʝ ʙʫʪʠ ʪʨʘʥʩʬʦʨʤʦʚʘʥʘ ʚ ʽʥʰʽ ʚʠʜʠ ʧʘʣʠʚʘ ʘʙʦ ʚ ʢʽʥʮʝʚʫ 

ʝʥʝʨʛʽʶ. ʇʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ ʘʙʦ ʾʾ ʧʦʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʨʛʘʥʽʯʥʠʡ ʚʫʛʣʝʮʴ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ ʥʽʡ, ʪʘ ʢʠʩʝʥʴ ʟ ʘʪʤʦʩʬʝʨʠ ʚʩʪʫʧʘʶʪʴ ʫ ʨʝʘʢʮʽʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ 

ʪʘ ʚʦʜʠ. ʇʨʦʮʝʩ ʻ ʮʠʢʣʽʯʥʠʤ, ʪʦʤʫ ʱʦ ʜʚʦʦʢʠʩ ʚʫʛʣʝʮʶ, ʷʢʠʡ ʚʠʜʽʣʠʚʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ, 

ʤʦʞʝ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʦʚʦʾ ʙʽʦʤʘʩʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʽʦʤʘʩʘ ʻ ʚʽʜʥʦʚʣʶʚʘʥʠʤ 

ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ [1]. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʘʩʠ ʻ ʾʾ 

ʤʫʣʴʪʠʚʘʨʽʘʥʪʥʽʩʪʴ ʷʢ ʟʘ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ, ʪʘʢ ̔  ʟʘ ʩʧʦʩʦʙʘʤʠ ʾʾ ʢʽʥʮʝʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɹʽʦʤʘʩʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʮʽʣʷʭ ʰʣʷʭʦʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʧʘʣʶʚʘʥʥʷ (ʜʝʨʝʚʠʥʘ, ʩʦʣʦʤʘ), ʘ ʪʘʢʦʞ ʫ ʧʝʨʝʨʦʙʣʝʥʦʤʫ ʚʠʛʣʷʜʽ ʨʽʜʢʠʭ 

(ʝʬʽʨʠ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ, ʩʧʠʨʪʠ, ʨʽʜʢʽ ʧʨʦʜʫʢʪʠ ʧʽʨʦʣʽʟʫ) ʘʙʦ ʛʘʟʦʧʦʜʽʙʥʠʭ ʙʽʦʧʘʣʠʚ (ʙʽʦʛʘʟ ʽʟ 

ʚʽʜʭʦʜʽʚ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʨʦʩʣʠʥʥʠʮʪʚʘ, ʦʩʘʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ, ʦʨʛʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ 

ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʧʨʦʜʫʢʪʠ ʛʘʟʠʬʽʢʘʮʽʾ ʪʚʝʨʜʠʭ ʧʘʣʠʚ). ʂʦʥʚʝʨʩʽʷ 

(ʧʝʨʝʪʚʦʨʝʥʥʷ) ʙʽʦʤʘʩʠ ʚ ʽʥʰʽ ʚʠʜʠ ʝʥʝʨʛʦʥʦʩʽʾʚ ʘʙʦ ʢʽʥʮʝʚʫ ʪʝʧʣʦʚʫ ʯʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʬʽʟʠʯʥʠʤʠ, ʭʽʤʽʯʥʠʤʠ ʽ ʙʽʦʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ [1]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʷʜ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʙʽʦʤʘʩʠ ʻ ʢʦʤʝʨʮʽʡʥʠʤʠ ʪʘ 

ʰʠʨʦʢʦ ʘʧʨʦʙʦʚʘʥʠʤʠ. ʎʝ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʩʪʝʨʠʬʽʢʘʮʽʷ ʦʣʽʡʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣɹʪʫʨ (ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʜʠʟʝʣʶ), ʬʝʨʤʝʥʪʘʮʽʷ ʮʫʢʨʦ- ʪʘ ʢʨʦʭʤʘʣʦʚʤʽʩʥʠʭ ʢʫʣʴʪʫʨ 
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(ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʝʪʘʥʦʣʫ), ʧʽʨʦʣʽʟ ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʾ ʙʽʦʤʘʩʠ, ʤʝʪʘʥʦʚʝ ʙʨʦʜʽʥʥʷ 

(ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ). ʈʷʜ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʝʪʘʥʦʣʫ 2-ʛʦ 

ʧʦʢʦʣʽʥʥʷ ʟ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʾ ʩʠʨʦʚʠʥʠ ʯʠ ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʜʠʟʝʣʶ ʟ 

ʤʽʢʨʦʚʦʜʦʨʦʩʪʝʡ, ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ ʽ ʤʦʞʫʪʴ ʟʘʡʥʷʪʠ ʩʚʦʶ ʥʽʰʫ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ [1]. 

ʇʦʭʦʜʞʝʥʥʷ ʙʽʦʤʘʩʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʤ, ʧʦʯʠʥʘʶʯʠ ʟ ʚʽʜʭʦʜʽʚ ʪʘ 

ʟʘʣʠʰʢʽʚ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʦʤʘʰʥʴʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽ 

ʟʘʢʽʥʯʫʶʯʠ ʚʽʜʭʦʜʘʤʠ ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ɼʞʝʨʝʣʦʤ ʙʽʦʤʘʩʠ ʻ ʪʘʢʦʞ ʚʽʜʭʦʜʠ 

ʜʝʨʝʚʠʥʠ ʚ ʣʽʩʦʚʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʜʝʨʝʚʦʦʙʨʦʙʥʽʡ ʪʘ ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʤʘʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʩʧʝʮʽʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʢʫʣʴʪʫʨʠ, ʱʦ 

ʜʘʶʪʴ ʰʚʠʜʢʠʡ ʧʨʠʨʽʩʪ ʤʘʩʠ (ʚʝʨʙʘ, ʪʦʧʦʣʷ, ʧʣʘʪʘʥ), ʘʙʦ ʧʝʚʥʠʭ ʩʦʨʪʽʚ ʪʨʘʚôʷʥʠʩʪʠʭ 

ʨʦʩʣʠʥ (ʤʽʩʢʘʥʪʫʩ, ʧʨʦʩʦ, ʩʦʨʛʦ ʪʘ ʽʥ.). ɼʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʫʣʴʪʫʨ ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʨʽʧʘʢ, ʩʦʥʷʰʥʠʢ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʽʜʢʠʭ ʤʦʪʦʨʥʠʭ ʧʘʣʠʚ. ɿ ʤʝʪʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʝ ʚʠʨʦʱʫʚʘʪʠʩʴ ʽ ʢʫʢʫʨʫʜʟʘ ʪʘ ʩʦʨʛʦ ʷʢ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʚʝʨʜʦʛʦ 

ʙʽʦʧʘʣʠʚʘ ʪʘʢ ʽ ʙʽʦʛʘʟʫ. ɺʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʙʽʦʤʘʩʠ ʻ ʚʽʜʭʦʜʠ ʪʚʘʨʠʥʥʠʮʪʚʘ (ʛʥʦʾʚʢʘ, ʛʥʽʡ, 

ʽʥʰʽ ʚʽʜʭʦʜʠ), ʘ ʪʘʢʦʞ ʚʽʜʭʦʜʠ ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ (ʩʪʽʯʥʽ ʦʩʘʜʠ, ʚʽʜʭʦʜʠ 

ʜʦʤʘʰʥʴʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʦʨʛʘʥʽʯʥʘ ʬʨʘʢʮʽʷ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʪʦʱʦ), ʱʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʚʝʨʜʦʛʦ ʙʽʦʧʘʣʠʚʘ ʪʘ ʙʽʦʛʘʟʫ [2]. 

ʊʘʙʣʠʮʷ 1 ï ʇʦʪʝʥʮʽʘʣ ʝʥʝʨʛʽʾ ʟ ʙʽʦʤʘʩʠ 

ɺʠʜ ʙʽʦʤʘʩʠ 

ʊʝʦʨʝʪʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ, ʤʣʥ. 

ʪʦʥʥ 

ʇʦʪʝʥʮʽʘʣ 

ʜʦʩʪʫʧʥʠʡ ʜʣʷ 

ʝʥʝʨʛʝʪʠʢʠ 

ʏʘʩʪʢʘ 

ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, % 

ʤ

ʣʥ ʪ 

ʥ.ʝ. 

ʉʦʣʦʤʘ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ 32,8 30 3,36 

ʉʦʣʦʤʘ ʨʽʧʘʢʫ 4,9 40 0,68 

ɺʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ ʢʫʢʫʨʫʜʟʠ ʥʘ ʟʝʨʥʦ 

(ʩʪʝʙʣʘ, ʩʪʨʠʞʥʽ) 
46,5 40 3,56 

ɺʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʥʷʰʥʠʢʫ (ʩʪʝʙʣʘ, 

ʢʦʨʟʠʥʢʠ) 
26,9 40 1,54 

ɺʪʦʨʠʥʥʽ ʚʽʜʭʦʜʠ ʩ/ʛ (ʣʫʰʧʠʥʥʷ ʩʦʥʷʰʥʠʢʘ) 2,4 100 1,00 

ɼʝʨʝʚʥʘ ʙʽʦʤʘʩʘ (ʜʨʦʚʘ, ʧʦʨʫʙʢʦʚʽ ʟʘʣʠʰʢʠ, 

ʚʽʜʭʦʜʠ ʜʝʨʝʚʦʦʙʨʦʙʢʠ) 
8,8 96 2,06 

ɼʝʨʝʚʥʘ ʙʽʦʤʘʩʘ (ʩʫʭʦʩʪʽʡ, ʜʝʨʝʚʠʥʘ ʽʟ 

ʟʘʭʠʩʥʠʭ ʣʽʩʦʩʤʫʛ) 
8,8 45 1,02 

ɹʽʦʜʠʟʝʣʴ (ʟ ʨʽʧʘʢʫ) - - 0,39 

ɹʽʦʝʪʘʥʦʣ (ʟ ʢʫʢʫʨʫʜʟʠ ʪʘ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ) - - 0,82 

ɹʽʦʛʘʟ ʟ ʘʛʨʦʚʽʜʭʦʜʽʚ 
1,6 ʤʣʨʜ ʤį 

ʉʅ4 
50 0,68 

ɹʽʦʛʘʟ ʟ ʧʦʣʽʛʦʥʽʚ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ 
0,6 ʤʣʨʜ ʤį 

ʉʅ4 
34 0,18 

ɹʽʦʛʘʟ ʽʟ ʩʪʽʯʥʠʭ ʚʦʜ (ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ 

ʢʦʤʫʥʘʣʴʥʠʭ) 

1,0 ʤʣʨʜ ʤį 

ʉʅ4 
23 0,19 

ɽʥʝʨʛʝʪʠʯʥʽ ʢʫʣʴʪʫʨʠ: ʚʝʨʙʘ, ʪʦʧʦʣʷ, ʤʽʩʢʘʥʪʫʩ 

(1 ʤʣʥ ʛʘ*) 
11,5 100 4,88 

ɽʥʝʨʛʝʪʠʯʥʽ ʢʫʣʴʪʫʨʠ: ʢʫʢʫʨʫʜʟʘ ʥʘ ʙʽʦʛʘʟ (1 

ʤʣʥ ʛʘ*) 

3,0 ʤʣʨʜ ʤį 

ʉʅ4 
100 2,58 

ɺʉʔʆɻʆ 23 
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*ɿʘ ʫʤʦʚʠ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘ 1 ʤʣʥ ʛʘ ʥʝʟʘʜʽʷʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ 

 

ɿʘ ʦʮʽʥʢʦʶ ɹʽʦʝʥʝʨʛʝʪʠʯʥʦʾ ʘʩʦʮʽʘʮʽʾ ʋʢʨʘʾʥʠ, ʩʪʘʥʦʤ ʥʘ 2018 ʨ. ʧʦʪʝʥʮʽʘʣ ʝʥʝʨʛʽʾ ʟ 

ʙʽʦʤʘʩʠ ʩʢʣʘʜʘʻ 23 ʤʣʥ ʪ ʥ.ʝ. 

ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʮʴʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʻ ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʨʦʩʣʠʥʥʠʮʪʚʘ (ʟʘʛʘʣʦʤ 

10 ʤʣʥ ʪ ʥ.ʝ. ʘʙʦ 44% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʙʽʦʤʘʩʠ) ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʢʫʣʴʪʫʨʠ (ʟʘʛʘʣʦʤ 

7,5 ʤʣʥ ʪ ʥ.ʝ. ʘʙʦ 32% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ). 

ɿʛʽʜʥʦ ʟ ʧʨʦʛʥʦʟʘʤʠ UABIO ʫ ʧʝʨʽʦʜ 2020-2050 ʨʦʢʽʚ ʚ ʋʢʨʘʾʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʝʨʝʚʥʦʾ ʙʽʦʤʘʩʠ ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʥʘ ʪʘʢʦʤʫ ʞ ʨʽʚʥʽ, ʧʨʦʪʝ ʟʨʦʩʪʘʪʠʤʝ ʯʘʩʪʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʦʣʦʤʠ, ʩʪʝʙʝʣ, ʣʫʰʧʠʥʥʷ ʩʦʥʷʰʥʠʢʘ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʘʣʠʰʢʽʚ, ʝʥʝʨʛʦʢʫʣʴʪʫʨ, 

ʨʽʜʢʠʭ ʙʽʦʧʘʣʠʚ, ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ. ʊʘʢʠʡ ʧʨʦʛʥʦʟ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʘʭ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʦʪʝʥʮʽʘʣ ʜʝʨʝʚʥʦʾ ʙʽʦʤʘʩʠ ʪʘ ʣʫʰʧʠʥʥʷ 

ʩʦʥʷʰʥʠʢʘ ʚ ʋʢʨʘʾʥʽ ʫ 2020 ʨʦʮʽ ʚʞʝ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘ ʧʦʥʘʜ 90% [3]. 

ɺʠʩʥʦʚʢʠ. ʆʜʥʘ ʽʟ ʛʦʣʦʚʥʠʭ ʮʽʥʥʦʩʪʝʡ ʙʽʦʝʥʝʨʛʝʪʠʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ 

ʧʦʟʠʪʠʚʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ, ʪʘʢ ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʽʦʩʠʨʦʚʠʥʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʠʣʽʟʘʮʽʷ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʟʤʝʥʰʫʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʽʾ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɻ. ɻʝʣʝʪʫʭʘ, ʉ. ɼʨʘʛʥʻʚ, ʇʶ ʂʫʯʝʨʫʢ, ʖ. ʄʘʪʚʻʻʚ. ʇʨʘʢʪʠʯʥʠʡ ʧʦʩʽʙʥʠʢ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʘʩʠ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʫ ʤʫʥʽʮʠʧʘʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ʋʢʨʘʾʥʠ. 27ʩ., 8 ï 9 ʩ., 14-

15 ʩ.   URL: https://uabio.org/wp-content/uploads/2018/01/biofin.pdf 

2. ɭ. ʆʣʽʡʥʠʢ, ɺ. ɸʥʪʦʥʝʥʢʦ, ʉ. ʏʘʧʣʠʛʽʥ, ɺ. ɿʫʙʝʥʢʦ. ʇʽʜʛʦʪʦʚʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʧʨʦʝʢʪʽʚ ʟʘʤʽʱʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʙʽʦʤʘʩʦʶ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ.ï 

6 ʩ. URL: https://rea.org.ua/wp-content/uploads/2020/08/posibnyk-onovlenyi-2016.pdf 

3. ɹʽʦʝʥʝʨʛʝʪʠʯʥʘ ʘʩʦʮʽʘʮʽʷ ʋʢʨʘʾʥʠ, URL: https://uabio.org/bioenergy-transition-in-

ukraine/ 
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ʋɼʂ 621.438.056:662.951. 

ĭ ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ ʈʫʜʠʢ ʄ.ɸ.; ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ɼʦʨʦʩʝʚʠʯ ɺ.ʉ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɹʫʪʦʚʩʴʢʠʡ ʃ.ʉ. 

  https://scholar.google.com.ua/citations?user=AaTBpx0AAAAJ&hl=en 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʉʊɽʅɼʆɺɯ ɺʀʇʈʆɹʋɺɸʅʅʗ ɼɺʆɿʆʅʅʆɰ ʂɸʄɽʈʀ ɿɻʆʈʗʅʅʗ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʧʘʨʦʛʘʟʦʚʠʭ ʽ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʫʩʪʘʥʦʚʦʢ ʻ ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ. ʊʘʢ, ʟʘ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 1300ï

1500 ʉ̄ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʮʠʢʣʫ ʜʦ 45ï50%. ɺ ʪʦʡ ʞʝ ʯʘʩ 

ʩʫʯʘʩʥʽ ʤʝʪʘʣʠ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʽʚ ʪʽʣʴʢʠ ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʥʦʾ 

ʜʦʣʽ ʧʦʚʽʪʨʷ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫʩʪʘʥʦʚʢʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

ʽ, ʧʨʘʢʪʠʯʥʦ ʟʚʦʜʠʪʴ ʥʘʥʽʚʝʮʴ ʚʠʛʨʘʰ ʫ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. ɺʽʜʦʤʦ ʪʘʢʦʞ, ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʦʢʩʠʯʥʠʭ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚ  ʧʨʦʜʫʢʪʘʭ 

ʟʛʦʨʷʥʥʷ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʜʠʬʫʟʽʡʥʠʭ ʢʘʤʝʨ ʟʛʦʨʷʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ, ʱʦ ʦʙʙʽʛʘʶʪʴ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ, ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ çʩʫʭʦʛʦè ʧʦʜʘʚʣʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. ʌʨʦʥʪʦʚʠʡ ʧʨʠʩʪʨʽʡ ʢʘʤʝʨʠ 

ʧʨʘʮʶʻ ʧʨʠ ʟʙʽʣʴʰʝʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʽ ʟʤʝʥʰʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʛʘʟʽʚ ʫ 

ʬʘʢʝʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ  ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ʙʝʟ 

ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʤʦʞʣʠʚʝ 

ʪʽʣʴʢʠ ʧʨʠ ʾʭ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʢʝʨʘʤʽʯʥʠʭ ʽ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʟʥʦʡʤʝʥʥʦʾ ʟʘʢʨʫʪʢʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʦʙʙʽʛʘʻ ʩʪʘʙʽʣʽʟʘʪʦʨ, ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʜʦʚʞʠʥʫ ʚʦʛʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʢʘʤʝʨʠ [1]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʇʨʦʚʝʜʝʥʥʷ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʦʟʦʥʥʦʾ ʤʦʜʝʣʴʥʦʾ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʟ ʢʝʨʘʤʽʯʥʦʶ 

ʞʘʨʦʚʦʶ ʪʨʫʙʦʶ ʽʟ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʽ  ʤʽʢʨʦʬʘʢʝʣʴʥʠʤ ʩʧʘʣʶʚʘʥʥʷʤ ʛʘʟʫ ʧʨʠ ʨʽʟʥʦʡʤʝʥʥʽʡ 

ʟʘʢʨʫʪʮʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʦʙʙʽʛʘʻ ʩʪʘʙʽʣʽʟʘʪʦʨ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʂʘʤʝʨʘ ʟʛʦʨʷʥʥʷ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽ ʚʠʛʦʪʦʚʣʝʥʘ ʥʘ ʢʘʬʝʜʨʽ 

ʪʝʧʣʦʚʦʾ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʂʇɯ ʽʤ.. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʚʦʟʦʥʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ï ʤʽʢʨʦʬʘʢʝʣʴʥʝ 

ʜʠʬʫʟʽʡʥʝ ʛʦʨʽʥʥʽ ʯʘʩʪʠʥʠ ʚʠʪʨʘʪʠ  ʧʘʣʠʚʘ ʚ ʦʜʥʽʡ ʟʦʥʽ ʪʘ  ʩʧʘʣʶʚʘʥʥʷ çʙʽʜʥʦʾè ʛʦʤʦʛʝʥʥʦʾ 

ʛʦʨʶʯʦʾ ʩʫʤʽʰʽ ʚ ʜʨʫʛʽʡ ʟʦʥʽ. 

   
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʜʚʦʟʦʥʥʦʛʦ ʬʨʦʥʪʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ 

1 ï ʢʦʣʝʢʪʦʨ-ʩʪʘʙʽʣʽʟʘʪʦʨ; 2 ï ʨʝʛʽʩʪʨ; 3 ï ʛʘʟʦʧʦʜʘʶʯʽ ʦʪʚʦʨʠ; 4 ï ʮʝʥʪʨʘʣʴʥʝ ʩʦʧʣʦ 
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ɿʘʛʘʣʴʥʠʡ ʬʨʦʥʪʦʚʠʡ ʧʨʠʩʪʨʽʡ ʩʢʣʘʜʘʻʪʴʩʷ, ʬʘʢʪʠʯʥʦ, ʟ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʦ 

ʨʦʟʤʽʱʝʥʠʭ ʽ ʧʘʨʘʣʝʣʴʥʦ ʧʨʘʮʶʶʯʠʭ ʬʨʦʥʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʧʝʨʰʦʾ (1) ʪʘ ʜʨʫʛʦʾ (2) ʟʦʥ. 

ʌʨʦʥʪʦʚʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ ʽʜʝʥʪʠʯʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʢʦʞʝʥ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʽʣʴʮʝʚʦʛʦ 

ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʰʠʨʠʥʦʶ 10 ʤʤ, ʷʢʠʡ ʻ ʦʜʥʦʯʘʩʥʦ ʛʘʟʦʚʠʤ ʢʦʣʝʢʪʦʨʦʤ, ʪʘ ʣʦʧʘʪʦʢ ʜʚʦʭ 

ʨʝʛʽʩʪʨʽʚ ʚʠʩʦʪʦʶ ʧʦ 8 ʤʤ ʟ ʦʙʦʭ ʙʦʢʽʚ ʩʪʘʙʽʣʽʟʘʪʦʨʘ. ʃʦʧʘʪʢʠ ʨʝʛʽʩʪʨʽʚ ʧʦʚʝʨʪʘʶʪʴ 

ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ ʫ ʨʽʟʥʽ ʙʦʢʠ ʧʽʜ ʢʫʪʦʤ 60 .̄ ɻʘʟ ʧʦʜʘʻʪʴʩʷ ʚ ʨʝʮʠʨʢʫʣʷʮʽʡʥʫ ʟʦʥʫ ʟʘ 

ʩʪʘʙʽʣʽʟʘʪʦʨʘʤʠ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʦʪʚʦʨʽʚ ʜʽʘʤʝʪʨʦʤ 2,0 ʤʤ. ʇʨʠ ʨʦʙʦʪʽ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ 

ʨʝʞʠʤʽ ʬʨʦʥʪʦʚʠʡ ʧʨʠʩʪʨʽʡ ʧʝʨʰʦʾ ʟʦʥʠ ʩʣʫʞʠʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ 

ʪʘ ʧʦʜʘʯʽ ʾʾ ʯʝʨʝʟ ʩʦʧʣʦ (3) ʜʽʘʤʝʪʨʦʤ 50,0 ʤʤ ʚ ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʠʥʫ ʢʘʤʝʨʠ. ʌʨʦʥʪʦʚʠʡ 

ʧʨʠʩʪʨʽʡ ʜʨʫʛʦʾ ʟʦʥʠ ʩʣʫʞʠʪʴ ʜʣʷ ʨʦʙʦʪʠ ʧʨʠ ʯʘʩʪʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʪʘ ʟʘʧʘʣʶʚʘʥʥʷ 

ʩʫʤʽʰʽ ʧʝʨʰʦʾ ʟʦʥʠ, ʷʢʘ ʚʠʭʦʜʠʪʴ ʽʟ ʩʦʧʣʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʥʦʪʠ ʟʛʦʨʷʥʥʷ ʧʦʢʘʟʘʥʽ ʥʘ 

ʨʠʩ. 2. ʇʨʠ ʛʦʨʽʥʥʽ ʛʘʟʫ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʛʦʨʽʥʥʷ ʚ ʦʙʦʭ ʟʦʥʘʭ ʟʘʣʝʞʥʽʩʪʴ ʧʦʚʥʦʪʠ ʟʛʦʨʷʥʥʷ 

ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʤʘʻ ʟʚʠʯʘʡʥʠʡ ʚʠʛʣʷʜ ʜʣʷ ʜʠʬʫʟʽʡʥʠʭ ʢʘʤʝʨ ʟʛʦʨʷʥʥʷ 

(ʢʨʠʚʘ 1). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʦʚʥʦʪʘ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʧʨʠ ʧʦʜʘʯʽ ʛʘʟʫ ʚ ʦʙʠʜʚʽ ʟʦʥʠ: 

ʍ=720 ʤʤ; tʧ=250 ʉ̄; 

1 ï ʤʽʢʨʦʜʠʬʫʟʽʡʥʝ ʛʦʨʽʥʥʷ ʟʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘʤʠ ʚ ʦʙʦʭ ʟʦʥʘʭ; 

2 ï ʜʠʬʫʟʽʡʥʝ ʛʦʨʽʥʥʷ ʚ ʜʨʫʛʽʡ ʟʦʥʽ ʽ ʧʦʜʘʯʘ çʙʽʜʥʦʾè ʩʫʤʽʰʽ ʯʝʨʝʟ ʩʦʧʣʦ ʧʝʨʰʦʾ ʟʦʥʠ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʚ ʢʘʤʝʨʽ  

Òh3 ʚ ʢʘʤʝʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ ʚʠʛʦʨʷʥʥʷ ʧʘʣʠʚʘ (ʢʨʠʚʘ 2). 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʽ ʜʘʥʽ ʧʦ ʢʦʤʙʽʥʦʚʘʥʽʡ ʨʦʙʦʪʽ ʟ ʧʦʜʘʯʝʶ ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ 

ʯʝʨʝʟ ʩʦʧʣʦ ʧʝʨʰʦʾ ʟʦʥʠ ʥʘ ʦʜʥʦʤʫ ʟ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʨʫʛʦʾ ʟʦʥʠ (ʰII=2,36, tʧ=250 ʉ̄). ʗʢ 

ʚʠʜʥʦ, ʧʦʩʪʫʧʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʩʫʤʽʰʽ ʟ ʧʝʨʰʦʾ ʟʦʥʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʫʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʽʚ ʙʘʟ ʟʨʦʩʪʘʥʥʷ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʘʞ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ tʧʛ=1250 ʉ̄. 

ʈʽʚʝʥʴ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʩʢʣʘʜʘʻ 11ï12 ʤʛ/ʤ3, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʢʘʟʥʠʢʘʤ ʢʨʘʱʠʭ ʢʘʤʝʨ  

ʟʛʦʨʷʥʥʷ  ʩʫʯʘʩʥʠʭ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʫʩʪʘʥʦʚʦʢ. 
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ʈʠʩʫʥʦʢ 3 ï ɺʠʭʽʜ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʽʡ ʨʦʙʦʪʽ: 

ʰII=2,36, tʧ=250 ʉ̄; 

1 ï ʤʽʢʨʦʜʠʬʫʟʽʡʥʝ ʛʦʨʽʥʥʷ ʚ ʦʙʦʭ ʟʦʥʘʭ; 

2 ï ʤʽʢʨʦʜʠʬʫʟʽʡʥʝ ʛʦʨʽʥʥʷ ʫ ʜʨʫʛʽʡ ʟʦʥʽ, ʧʦʜʘʯʘ çʙʽʜʥʦʾè ʩʫʤʽʰʽ ʟ ʧʝʨʰʦʾ ʟʦʥʠ; ʮʠʬʨʠ ʥʘ 

ʛʨʘʬʽʢʫ ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʫ ʧʝʨʰʽʡ ʟʦʥʽ. 

 

ɺʠʩʥʦʚʢʠ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ, ʥʠʟʴʢʽ ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʛʘʟʽʚ ʜʦ 1250 ʉ̄ ʽ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ 

ʞʘʨʦʚʦʾ ʪʨʫʙʠ ʽʟ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʏʝʨʥʦʫʩʝʥʢʦ ʆ.ʖ., ɹʫʪʦʚʩʴʢʠʡ ʃ.ʉ., ɻʨʘʥʦʚʩʴʢʘ ʆ.ʆ., ʄʦʨʦʟ ʆ.ʉ., ʉʪʘʨʯʝʥʢʦ 
ʆ.ʉ. ɺʧʣʠʚ ʨʽʟʥʦʡʤʝʥʥʦʾ ʟʘʢʨʫʪʢʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʤʝʞʽ ʩʪʘʣʦʾ ʨʦʙʦʪʠ 

ʩʪʘʙʽʣʽʟʘʪʦʨʥʦʛʦ ʧʘʣʴʥʠʢʘ ʧʨʠ ʤʽʢʨʦʜʠʬʫʟʽʡʥʦʤʫ ʩʧʘʣʶʚʘʥʥʽ ʛʘʟʫ / ɺʯʝʥʽ ʟʘʧʠʩʢʠ ʊʅʋ 

ʽʤʝʥʽ ɺ.ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ. ʉʝʨʽʷ: ʪʝʭʥʽʯʥʽ ʥʘʫʢʠ. ʊʦʤ 31 (70). ˉ 4. 2020. ʉ. 155-161. DOI 

https://doi.org/10.32838/2663-41/2020.4/22. 
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ʋɼʂ 662.769.2 

ĭ ɸʩʧʽʨʘʥʪ 2 ʢʫʨʩʫ ʉʪʦʨʦʞʫʢ ʄ.ʉ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʉʽʨʠʡ ʆ.ɸ. 

  https://scholar.google.com.ua/citations?user=FmKF8DsAAAAJ&hl=uk 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ɼʆʄɯʐʂʀ ɺʆɼʅʖ ʅɸ ɻʆʈɯʅʅʗ ʉʋʄɯʐʅʀʍ ɿ 

ɺʆɼʅɽʄ ʇɸʃʀɺ ɺ ʉʊʈʋʄɽʅɽɺʆ-ʅɯʐɽɺʆʄʋ ʉʊɸɹɯʃɯɿɸʊʆʈɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʧʘʣʶʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, 

ʪʘʢʠʭ ʷʢ ʚʫʛʽʣʣʷ, ʥʘʬʪʘ ʪʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʜʦʚʦʣʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʦʪʨʝʙ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. ʆʜʥʘʢ, ʨʘʟʦʤ ʟ ʮʠʤ, ʟʘʟʥʘʯʝʥʽ ʧʨʦʮʝʩʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʚʠʢʠʜʘʤʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʘʪʤʦʩʬʝʨʫ, ʱʦ ʤʘʻ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚʽʜ 

ʩʧʘʣʶʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʻ ʧʨʝʜʤʝʪʦʤ ʧʦʩʪʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ 

ʚʯʝʥʠʤʠ, ʝʢʦʣʦʛʘʤʠ ʪʘ ʧʨʘʚʦʟʘʭʠʩʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ. 

ɿʨʦʩʪʘʶʯʘ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʩʽʨʢʦʚʦʜʥʶ ʪʘ ʽʥʰʠʭ 

ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʘʪʤʦʩʬʝʨʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʽʪʨʷ ʪʘ ʽʥʰʠʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʎʝ ʩʧʦʥʫʢʘʻ ʜʦ ʧʦʰʫʢʫ ʥʦʚʠʭ, ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʜʦ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ. 

ʄʝʪʘʥ, ʷʢʠʡ ʟʙʘʛʘʯʝʥʠʡ ʚʦʜʥʝʤ, ʚʚʘʞʘʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ 

ʧʘʣʠʚʦʤ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʇʘʣʠʚʦ, ʷʢʝ ʤʽʩʪʠʪʴ ʜʦʤʽʰʢʫ ʚʦʜʥʶ, 

ʪʘʢʦʞ ʤʦʞʝ ʤʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʥʘ ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. ʉʧʦʣʫʯʝʥʥʷ ʚʦʜʥʶ ʟ 

ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʾ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʥʶ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʽʥʥʷ ʤʝʪʘʥʫ, 

ʟʙʘʛʘʯʝʥʦʛʦ ʚʦʜʥʝʤ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʦʢʨʝʤʘ, 

ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʣʦʩʪʽ ʛʦʨʽʥʥʷ ʟʙʘʛʘʯʝʥʦʛʦ ʚʦʜʥʝʤ ʧʘʣʠʚʘ ʫ ʧʘʣʴʥʠʢʫ ʟ ʚʠʭʨʦʚʠʤ 

ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ [1]. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʚʦʜʥʶ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʤʝʞʫ ʟʙʽʜʥʝʥʦʛʦ 

ʛʦʨʽʥʥʷ ʧʦʣʫʤ'ʷ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʘʣʶʚʘʥʥʷ ʟʙʘʛʘʯʝʥʦʛʦ 

ʚʦʜʥʝʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʨʘʜʽʘʣʴʥʦ-ʩʪʫʧʽʥʯʘʩʪʦʤʫ ʧʘʣʴʥʠʢʫ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ 

ʜʦʜʘʚʘʥʥʷ ʚʦʜʥʶ ʥʘ ʪʝʨʤʦʘʢʫʩʪʠʯʥʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ [2]. ɺʧʣʠʚ ʟʙʘʛʘʯʝʥʥʷ ʚʦʜʥʝʤ ʥʘ ʚʠʩʦʪʫ 

ʧʽʜʡʦʤʫ ʬʘʢʝʣʘ, ʬʦʨʤʫ ʧʦʣʫʤôʷ ʪʘ ʪʝʨʤʦʘʢʫʩʪʠʯʥʫ ʜʠʥʘʤʽʢʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʫ ʢʘʤʝʨʘʭ 

ʟʛʦʨʷʥʥʷ ʟʽ ʟʙʽʜʥʝʥʦʶ ʩʫʤʽʰʰʶ [3, 4, 5]. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʥʝʦʜʥʦʨʽʜʥʽ ʨʘʜʽʘʣʴʥʽ 

ʨʦʟʧʦʜʽʣʠ ʢʦʝʬʽʮʽʻʥʪʘ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʧʘʣʠʚʘ, ʚʠʢʣʠʢʘʥʽ ʟʤʝʥʰʝʥʥʷʤ ʛʫʩʪʠʥʠ ʚʥʘʩʣʽʜʦʢ 

ʟʙʘʛʘʯʝʥʥʷ ʚʦʜʥʝʤ, ʫ ʧʘʣʴʥʠʢʫ ʟ ʚʠʭʨʦʚʠʤ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ[6], ʘ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʤʝʭʘʥʽʟʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤôʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʟʙʘʛʘʯʝʥʦʛʦ ʚʦʜʥʝʤ ʤʝʪʘʥʫ [7]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.  ʄʘʩʰʪʘʙʥʝ ʧʦʩʪʘʯʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟ ʚʦʜʥʝʚʦʶ ʩʫʤʽʰʰʶ 

ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʥʘʡʢʨʘʱʠʭ ʩʧʦʩʦʙʽʚ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʛʘʟʫ ʪʘ ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ 

ʚʫʛʣʝʮʶ. ɺʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʟʘʜʘʯʝʶ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʩʧʘʣʶʚʘʥʥʷ ʩʫʤʽʰʥʠʭ ʪʨʘʜʠʮʽʡʥʠʭ ʧʘʣʠʚʥʠʭ ʛʘʟʽʚ (ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʧʨʦʧʘʥ-

ʙʫʪʘʥʫ) ʟ ʚʦʜʥʝʤ ʚ ʧʨʷʤʦʪʦʢʦʚʠʭ ʧʘʣʴʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʷʭ ʤʽʢʨʦʜʠʬʫʟʽʡʥʦʛʦ ʪʠʧʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʜʥʽʻʶ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʦʟʨʦʙʦʢ ʂʇɯ, ʚ ʛʘʣʫʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʘʣʠʚ ʻ ʩʪʨʫʤʽʥʝʚʦ-ʥʽʰʝʚʘ ʪʝʭʥʦʣʦʛʽʷ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ (ʉʅʊ). ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʧʘʣʴʥʠʢʽʚ ʉʅʊ ʜʦʩʷʛʘʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʜʘʣʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ 

ʩʪʨʫʤʽʥʝʚʦ-ʥʽʰʝʚʦʾ ʩʠʩʪʝʤʠ (ʉʅʉ) [8] ʥʘ ʘʚʪʦʥʦʤʥʦʤʫ ʢʦʣʝʢʪʦʨʽ-ʧʽʣʦʥʽ. 

ɺʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʧʘʣʴʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʻ 

ʨ̔ ʚʥʽ ʪʝʤʧʝʨʘʪʫʨ ʬʘʢʝʣʫ ʪʘ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ. ɺ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚʠʢʦʥʘʥʦ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʥʶ ʚ ʦʙôʻʤʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʨʽʚʥʽ ʪʝʤʧʝʨʘʪʫʨ 

ʬʘʢʝʣʫ ʚʠʤʽʨʷʥʽ ʥʘ ʦʩʽ ʬʫʪʝʨʦʚʘʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʜʽʣʷʥʢʠ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʠʧʫ ʊʇʇ ʪʘ ʊʍɸ, ʚʪʦʨʠʥʥʠʡ ʧʨʠʣʘʜ 

ʈʝʛʤʠʢ ʀ8. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʦʩʫʶʪʴʩʷ ʛʦʨʽʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʧʨʦʧʘʥ-ʙʫʪʘʥʫ ʽ ʾʭ 

ʩʫʤʽʰʝʡ ʟ ʚʦʜʥʝʤ ʚ ʦʙôʻʤʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 50/50. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʽʚ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʤʧʝʨʘʪʫʨ 

"ʟʘʢʨʠʪʦʛʦ" ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʬʘʢʝʣʘ ʧʦʢʘʟʘʣʠ ʾʭ ʚʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ. ʇʨʠ ʛʦʨʽʥʥʽ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʘʙʦ ʡʦʛʦ ʩʫʤʽʰʽ ʟ ʚʦʜʥʝʤ ʧʨʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʫʤʦʚʘʭ (Ŭ=1,1), ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨ ʤʘʡʞʝ ʦʜʥʘʢʦʚʠʡ. ʆʜʥʘʢ ʧʨʠ "ʟʙʽʜʥʝʥʦʤʫ" ʛʦʨʽʥʥʽ (Ŭ=1,5) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ: ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙʣʘʩʪʽ ʧʦʯʘʪʢʫ ʬʘʢʝʣʘ ʧʽʜʚʠʱʫʶʪʴʩʷ ʥʘ 5%, ʘ ʚ 

"ʭʚʦʩʪʦʚʽʡ" ʯʘʩʪʠʥʽ ʚʦʥʠ ʥʠʞʯʽ ʥʘ 30ï50Áʉ. ʇʝʨʝʭʽʜ ʜʦ ʟʙʽʜʥʝʥʠʭ ʧʘʣʴʥʠʭ ʩʫʤʽʰʝʡ 

ʟʙʽʣʴʰʫʻ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʩʽ ʬʘʢʝʣʘ, ʟ ʨʽʟʥʠʮʝʶ ʚʽʜ 90 ʜʦ 20Áʉ ʚʽʜ ʫʩʪʷ ʧʘʣʴʥʠʢʘ ʜʦ ʭʚʦʩʪʘ 

ʬʘʢʝʣʘ. ʅʘ ʚʠʭʦʜʽ ʟ ʬʫʪʝʨʦʚʘʥʦʾ ʜʽʣʷʥʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʡʦʛʦ ʩʫʤʽʰʽ 

ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʽ. 

 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʩʽ ʬʘʢʝʣʫ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʩʪʨʫʤʽʥʚʦ-

ʥʽʰʝʚʦʛʦ ʩʪʘʙʽʣʽʟʘʪʦʨʫ ʧʨʠ ʫʤʦʚʘʭ Ŭ=1,5ï1,65, N=30 ʢɺʪ 

 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʦʟʧʦʜʽʣ ʜʣʷ ʟʨʽʜʞʝʥʦʛʦ ʧʨʦʧʘʥʫ-ʙʫʪʘʥʫ ʤʘʻ ʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ. ʇʨʠ Ŭ=1,1ï1,5 ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʬʘʢʝʣʘ 

ʚʠʱʽ ʥʘ 45ï85Áʉ, ʘ ʭʚʦʩʪʦʚʘ ʜʽʣʷʥʢʘ ʤʘʻ ʥʠʞʯʽ ʘʙʦ ʧʦʜʽʙʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ "ʯʠʩʪʦʛʦ" ʛʘʟʫ. 

ʇʨʠ Ŭ>1,85 ʤʘʢʩʠʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʱʫʶʪʴʩʷ ʜʦ ʩʪʘʙʽʣʽʟʘʪʦʨʘ, ʟʤʝʥʰʫʶʯʠʩʴ ʧʦ 

ʜʦʚʞʠʥʽ ʬʘʢʝʣʘ ʟ ʨʽʟʥʠʮʝʶ ʫ 12ï17%. ɼʣʷ ʩʫʤʽʰʥʦʛʦ ʟʨʽʜʞʝʥʦʛʦ ʛʘʟʫ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʠʭʦʜʽ ʟ ʬʫʪʝʨʦʚʘʥʦʾ ʜʽʣʷʥʢʠ ʪʘʢʦʞ ʥʠʞʯʘ ʥʘ 25ï40 Áʉ ʫ ʚʩʽʭ ʨʝʞʠʤʘʭ. 

 

ɺʠʩʥʦʚʢʠ.  ɼʦʜʘʚʘʥʥʷ ʚʦʜʥʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʜʦʚʞʠʥʠ ʬʘʢʝʣʘ ʧʨʠʙʣʠʟʥʦ 

ʥʘ 4ï12%, ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʛʦʨʽʥʥʷ ʟʙʽʜʥʝʥʦʾ ʧʘʣʴʥʦʾ ʩʫʤʽʰʽ. ʎʝ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʜʦʤʽʰʦʢ ʚʦʜʥʶ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʶ ʬʘʢʝʣʘ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʧʣʠʚʫ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʘʣʠʚʦʩʧʘʣʶʚʘʣʴʥʦʛʦ 
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ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʽʚ ʛʦʨʽʥʥʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʟʦʥʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ 

ʨʦʟʢʨʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʚʫʛʣʝʮʶ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʩʫʤʽʰʝʚʠʭ ʛʘʟʽʚ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʆʂɸɿʅʀʂʀ ɺʀʂʀɼʋ ʆʂʀʉʃʋ ɺʋɻʃɽʎʖ ʊɸ ʆʂʉʀɼɯɺ ɸɿʆʊʋ ʂʆʊʃɸ 

ʂɺɻʄ-20 ʇʈʀ ɺʀʂʆʈʀʉʊɸʅʅɯ ʉʊʈʋʄɽʅɽɺʆ-ʅɯʐɽɺʆɰ ʊɽʍʅʆʃʆɻɯɰ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ  ʘʢʪʫʘʣʴʥʽʩʪʴ. ɽʥʝʨʛʝʪʠʢʘ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʘʡʤʘʻ ʦʩʥʦʚʥʝ 

ʤʽʩʮʝ ʚ ʥʘʰʦʤʫ ʞʠʪʪʽ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʣʶʜʠʥʽ ʚʘʞʢʦ ʫʷʚʠʪʠ ʩʚʦʻ ʞʠʪʪʷ ʙʝʟ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʚʩʽʭ ʪʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʷʢʽ ʚʦʥʘ ʥʘʤ ʜʘʻ. ʊʘʢ ʷʢ ʧʦʧʠʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 

ʟʨʦʩʪʘʻ ʢʦʞʝʥ ʜʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʥʘʰʦʾ ʢʨʘʾʥʠ ʧʦʪʨʝʙʫʻ ʧʨʦʛʨʝʩʠʚʥʦʛʦ 

ʨʦʟʚʠʪʢʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʧʦʣʷʛʘʻ ʚ ʧʽʜʚʠʱʝʥʥʽ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʠʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʟʨʦʩʪʘʣʘ ʟ ʤʦʤʝʥʪʫ ʦʪʨʠʤʘʥʥʷ 

ʥʝʟʘʣʝʞʥʦʩʪʽ ʽ ʩʚʦʛʦ ʧʽʢʫ ʜʦʩʷʛʣʘ ʟ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʘʛʨʝʩʽʾ ʈʦʩʽʾ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʋʢʨʘʾʥʠ. ʅʘ ʧʦʩʪʽʡʥʽʡ ʦʩʥʦʚʽ ʧʦʯʘʣʠʩʴ ʧʦʛʨʦʟʠ ʧʨʦ ʧʨʠʧʠʥʝʥʥʷ ʧʦʩʪʘʯʘʥʥʷ 

ʨʽʟʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʟʤʫʩʠʣʦ ʥʘʩ ʢʘʨʜʠʥʘʣʴʥʦ ʧʝʨʝʛʣʷʥʫʪʠ ʧʦʛʣʷʜʠ ʥʘ 

ʧʨʦʙʣʝʤʫ, ʷʢʘ ʩʪʦʩʫʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ - ʮʝ ʚʘʛʦʤʠʡ ʚʧʣʠʚ ʥʘ ʽʩʥʫʚʘʥʥʷ ʜʝʨʞʘʚʠ ʚ 

ʮʽʣʦʤʫ. 

ɼʣʷ ʟʘʧʦʨʫʢʠ ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ 

ʥʝʦʙʭʽʜʥʦ ʟʦʩʝʨʝʜʠʪʠ ʩʚʦʶ ʫʚʘʛʫ ʥʘ ʧʽʜʚʠʱʝʥʥʽ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ, 

ʨʦʟʚʠʚʘʪʠ ʟʜʦʨʦʚʫ ʢʦʥʢʫʨʝʥʮʽʶ ʥʘ ʝʥʝʨʛʦʨʠʥʢʫ ʋʢʨʘʾʥʠ ʪʘ ʟʘʣʫʯʘʪʠ ʚʩʝ ʙʽʣʴʰʝ ʽʥʚʝʩʪʠʮʽʡ 

ʜʣʷ ʩʫʯʘʩʥʠʭ, ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʡ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘʰʘ ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʟʘʧʘʩʦʤ ʤʽʮʥʦʩʪʽ, ʷʢ ʝʥʝʨʛʦʤʝʨʝʞ, ʪʘʢ ʽ ʛʝʥʝʨʘʮʽʡ ʽ ʢʨʠʪʠʯʥʦ ʧʦʪʨʝʙʫʻ 

ʛʣʦʙʘʣʴʥʠʭ ʚʽʜʥʦʚʣʝʥʴ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʡ. 

ʋ ʥʠʥʽʰʥʽʡ ʯʘʩ, ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ, ʚʠʥʠʢʘʻ ʚʩʝ ʙʽʣʴʰʝ ʧʝʨʝʧʦʥ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʘ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʷʚʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʪʘʢ ʷʢ ʜʦ ʜʝʷʢʠʭ ʤʠ ʚʪʨʘʪʠʣʠ ʜʦʩʪʫʧ, ʜʝʷʢʽ 

ʧʦʪʨʘʧʠʣʠ ʧʽʜ ʨʫʡʥʘʮʽʶ ʘʙʦ ʚʟʘʛʘʣʽ ʙʫʣʠ ʟʥʠʱʝʥʥʽ. 

ɺʽʡʥʘ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʚʩʽ ʘʩʧʝʢʪʠ ʥʘʰʦʛʦ ʞʠʪʪʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʰʦʾ 

ʢʨʘʾʥʠ. ʅʝʧʦʤʽʨʥʫ ʰʢʦʜʫ ʙʫʣʦ ʥʘʥʝʩʝʥʦ ʝʢʦʥʦʤʽʮʽ ʪʘ ʝʢʦʣʦʛʽʾ, ʩʘʤʝ ʪʦʤʫ ʙʽʣʴʰʽʩʪʴ 

ʚʘʨʽʘʥʪʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʫʩʪʘʥʦʚʦʢ ʥʘʧʨʘʚʣʝʥʦ ʩʘʤʝ ʚ ʜʘʥʫ ʛʘʣʫʟʴ. ʂʦʞʝʥ ʜʝʥʴ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʨʽʟʥʽ ʚʘʨʽʘʮʽʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʙʝʟ 

ʰʢʦʜʠ ʜʣʷ ʧʦʪʫʞʥʦʩʪʽ ʘʛʨʝʛʘʪʽʚ. ʆʜʥʠʤ ʟ ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʻ ʩʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʘ 

ʪʝʭʥʦʣʦʛʽʷ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʘ ʪʝʭʥʦʣʦʛʽʷ ï ʫʥʽʚʝʨʩʘʣʴʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʩʧʘʣʶʚʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ ʚʩʽʭ ʪʠʧʘʭ 

ʛʘʟʦʩʧʘʣʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɺ ʩʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʽʡ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʧʝʚʥʠʭ ʨʝʞʠʤʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʽ 

ʷʢ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ, ʧʦʚʽʪʨʷ, ʪʠʩʢ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʚ ʜʦʩʠʪʴ  ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʝʘʣʽʟʘʮʽʷ ʩʪʽʡʢʠʭ ʪʘ ʣʝʛʢʦʢʝʨʫʻʤʠʭ ʚʠʭʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ ʚʠʩʦʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʪʦʢʽʚ ʧʘʣʶʯʦʛʦ ʪʘ ʦʢʠʩʥʶʚʘʯʘ, ʘ ʪʘʢʦʞ ʟʦʥʘ ʟʚʦʨʦʪʥʠʭ ʧʦʪʦʢʽʚ, ʷʢʘ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʝ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʜʝ ʻ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʧʘʣʠʚʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʩʪʘʙʽʣʽʟʘʮʽʶ ʛʦʨʽʥʥʷ, ʷʢʘ ʻ ʥʘʧʨʦʯʫʜ ʥʘʜʽʡʥʦʶ. ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʦʙôʻʤ 

ʚʠʭʦʨʽʚ ʻ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʤʝʥʰʝ, ʥʽʞ ʫ ʟʚʠʯʥʠʭ  ʚʠʭʨʦʚʠʭ ʇʇ, ʾʭ ʚʧʣʠʚ ʥʘ ʧʫʣʴʩʘʮʽʾ ʚ 

ʪʦʧʮʽ ʢʦʪʣʘ, ʝʨʦʟʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʘʤʙʨʘʟʫʨʫ  ʪʘ ʽʥʰʽ ʚʘʞʣʠʚʽ ʝʣʝʤʝʥʪʠ ʢʦʪʣʘ ʜʦʩʷʛʘʻ ʚʽʜʥʦʩʥʦ 

ʤʘʣʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʄʝʥʰʠʡ ʦʙôʻʤ ʚʠʭʦʨʽʚ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʧʫʩʢ ʪʘ ʧʦʜʘʣʴʰʫ 
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ʝʢʩʧʣʫʘʪʘʮʽʶ ʧʘʣʴʥʠʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʤʝʥʰʦʶ ʚʠʪʨʘʪʦʶ ʛʘʟʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʙʝʟʧʝʯʫʻ 

ʙʝʟʧʝʯʥʽʩʪʴ ʧʫʩʢʫ ʪʘ ʟʚʦʜʠʪʴ ʜʦ ʥʫʣʷ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʚʠʭ ʫʜʘʨʽʚ. ʇʦʣʽʧʰʝʥʥʷ ʟʤʽʰʫʚʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʘʣʴʥʠʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʟʘ ʫʤʦʚʠ  

ʛʨʘʥʠʯʥʦ ʤʘʣʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʟʥʘʯʝʥʴ 

ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʢʝʣʫ ʚ ʧʨʦʩʪʦʨʽ ʪʦʧʢʠ. 

ɺʩʽ ʚʠʱʝʚʢʘʟʘʥʽ ʧʝʨʝʚʘʛʠ ʩʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ 

ʪʝʧʣʦʩʧʨʠʡʥʷʪʪʷ ʨʘʜʽʘʮʽʡʥʦʾ ʯʘʩʪʠʥʠ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʭʽʜʥʠʭ 

ʛʘʟʽʚ, ʪʘʢ ʷʢ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʷʢʝ ʧʝʨʝʜʘʻʪʴʩʷ ʨʘʜʽʘʮʽʡʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚ ʪʦʧʮʽ, 

ʧʨʦʧʦʨʮʽʡʥʝ ʪʝʤʧʝʨʘʪʫʨʽ ʬʘʢʝʣʫ ʚ ʯʝʪʚʝʨʪʦʤʫ ʩʪʫʧʝʥʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʉʅʊ ʥʘ ʧʝʚʥʠʡ ʧʝʨʝʣʽʢ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʘ ʝʢʦʣʦʛʽʶ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʢʦʪʣʦʘʛʨʝʛʘʪʘʭ 

ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɿʘ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʢʦʪʝʣ ʂɺɻʄ-20, ʧʽʩʣʷ ʚʠʤʽʨʫ ʚʩʽʭ 

ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʨʝʞʠʤʥʫ ʢʘʨʪʫ ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ 

ʥʠʞʯʝʟʘʟʥʘʯʝʥʽ ʛʨʘʬʽʢʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʛʨʘʬʽʯʥʫ ʩʢʣʘʜʦʚʫ ʚʠʩʥʦʚʢʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ. 

ɺʦʜʦʛʨʽʡʥʠʡ ʛʘʟʦʤʘʟʫʪʥʠʡ ʢʦʪʝʣ ʂɺɻʄ-20 ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʨʷʯʦʾ 

ʚʦʜʠ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʘ ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʮʽʣʝʡ. 

 

 
ʈʠʩʫʥʦʢ 1 ïɿʘʣʝʞʥʽʩʪʴ ʚʠʢʠʜʫ ʦʢʠʩʣʫ ʚʫʛʣʝʮʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʤʦʚʠʭ ʛʘʟʽʚ 

 

ʅʘ ʜʘʥʦʤʫ ʛʨʘʬʽʢʫ ʚʠʜʥʦ, ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʤʦʚʠʭ  ʛʘʟʽʚ ʚʽʜ 94 ʦʉ 

ʜʦ 190 ʦʉ ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʚʠʢʠʜʽʚ ʦʢʠʩʣʫ ʚʫʛʣʝʮʶ ʩʪʘʥʦʚʠʪʴ 32 ʛ/ɻʢʘʣ. ɺʠʢʠʜʠ CO ʧʨʠ 

ʩʧʘʣʶʚʘʥʥʽ ʧʘʣʠʚʘ ʚ ʢʦʪʣʘʭ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʩʠʪʴ ʚʠʩʦʢʽ, ʷʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʾʭ ʟ 

ʨʦʙʦʪʦʶ ʚʝʣʠʢʠʭ ʢʦʪʣʦʘʛʨʝʛʘʪʽʚ. 

y = 0,2993x + 19,876
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ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʚʠʢʠʜʫ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʤʦʚʠʭ ʛʘʟʽʚ 

 

ʅʘ ʨʠʩʫʥʢʫ ʧʽʜ ʥʦʤʝʨʦʤ 2 ʟʦʙʨʘʞʝʥʘ ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ 

ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʠʤʦʚʠʭ ʛʘʟʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʚʠʤʽʨʽʚ ʦʪʨʠʤʘʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʘʟʦʪʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 190 ʛ/ɻʢʘʣ ʜʦ 

246,8 ʛ/ɻʢʘʣ ʚ ʧʝʨʽʦʜ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚʽʜ 94 ʦʉ ʜʦ 190 ʦʉ. 

ʈʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʧʘʣʶʚʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ 

ʢʦʪʣʦʘʛʨʝʛʘʪʫ ʂɺɻʄ-20. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʽʚʥʶ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʦʢʠʩʣʫ ʚʫʛʣʝʮʶ 

ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɺʠʩʥʦʚʢʠ. ɼʘʥʽ, ʱʦ ʤʠ ʦʪʨʠʤʘʣʠ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʝʚʥʽ ʘʥʘʣʦʛʽʯʥʽ ʪʝʥʜʝʥʮʽʾ ʚ 

ʟʨʦʩʪʘʥʥʽ ʢʽʣʴʢʦʩʪʽ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ, ʷʢ ʽ CO, ʪʘʢ ʽ NOx ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʤʦʚʠʭ 

ʛʘʟʽʚ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʉʅʊ ʟʤʝʥʰʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʚʠʢʠʜʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʧʦʢʨʘʱʠʪʠ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʘʣʴʥʠʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ, ʘ ʡ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʝʢʦʥʦʤʽʯʥʠʡ ʬʘʢʪʦʨ, ʘ ʩʘʤʝ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʩʧʘʣʶʚʘʥʦʛʦ ʧʘʣʠʚʘ ʜʦ 50%. ʉʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʘ ʪʝʭʥʦʣʦʛʽʷ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ ʪʘ ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  

1. ɿʙʽʨʥʠʢ çʇʦʢʘʟʥʠʢʠ ʝʤʽʩʽʾ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷè 

ɼʨʫʛʘ ʨʝʜʘʢʮʽʷ. ʊʦʤ 1ï3. ɼʦʥʝʮʴʢ.ï 2008 ʨ. 

нΦ ʂʘʥʜʠʜʘʪʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ, ʟʘ ʨʝʜ. ʄ.ɿ. ɸʙʜʫʣʽʥʘ.çʉʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʘ ʩʠʩʪʝʤʘ 

ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʦʣʫʤô̫è 

y = 0,5061x + 151,58
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ʋɼʂ 62-622:661.96 

ĭ ɸʩʧʽʨʘʥʪ 3 ʢʫʨʩʫ ʄʽʪʯʝʥʢʦ ɯ.ʆ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʈʦʤʘʥʦʚʘ ʂ.ʆ. 

  https://scholar.google.ru/citations?user=L1WpB4AAAAAJ 

 

ĭ ʅʊʋʋ "ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

 

ʇʈʆʎɽʉʀ ʋʊɺʆʈɽʅʅʗ ʆʂʉʀɼɯɺ ɸɿʆʊʋ ʇʈʀ ʉʇɸʃʖɺɸʅʅɯ ɺʆɼʅɽɺʆɻʆ 

ʇɸʃʀɺɸ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺʦʜʥʝʚʝ ʧʘʣʠʚʦ ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʷʢ ʦʜʥʝ ʟ ʜʞʝʨʝʣ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʧʦʪʨʝʙ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʝ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʝʣʝʢʪʨʦʣʽʟʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʣʠʰʢʫ ʝʥʝʨʛʽʾ ʚ ʧʝʨʽʦʜʠ 

ʥʠʟʴʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʦʜʥʝʚʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʯʘʩʪʠʥʘ 

ʟʘʭʦʜʽʚ ʧʦ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʛʦʨʽʥʥʷ ʯʠʩʪʦʛʦ ʚʦʜʥʶ ʥʝ 

ʫʪʚʦʨʶʻʪʴʩʷ ʞʦʜʥʠʭ ʚʠʢʠʜʽʚ CO ʽ CO2, ʘʣʝ ʤʦʞʫʪʴ ʧʨʦʜʫʢʫʚʘʪʠʩʴ ʦʢʩʠʜʠ ʘʟʦʪʫ NOx. ʉʘʤʝ 

ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʨʤʽʯʥʠʭ NOx ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʦʜʥʶ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ 

ʧʨʦʙʣʝʤ ʜʣʷ ʤʘʩʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ, ʪʘʢ ʷʢ ʮʽ ʚʠʢʠʜʠ ʧʝʨʝʚʠʱʫʶʪʴ 

ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʩʧʘʣʶʻ ʧʨʠʨʦʜʥʠʡ ʛʘʟ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʩʧʘʣʶʚʘʥʥʷ 

ʚʦʜʥʶ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʠʢʠʜʠ NOx ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʥʽʞ ʧʨʠ ʛʦʨʽʥʥʽ ʤʝʪʘʥʫ [1]. ʅʘʧʨʠʢʣʘʜ ʫ 

ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʦʚʝʜʝʥʦʤʫ ʥʘ ʛʘʟʦʚʦʤʫ ʧʘʣʴʥʠʢʫ, ʤʦʜʝʨʥʽʟʦʚʘʥʦʤʫ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ ʚʦʜʥʶ, 

ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ NOʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʠʩʪʦʛʦ ʚʦʜʥʶ ʙʫʚ ʫ 10ï100 ʨʘʟʽʚ ʚʠʱʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʯʠʩʪʠʤ ʤʝʪʘʥʦʤ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ [2]. ʊʘʢ ʩʘʤʦ ʽʥʰʝ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʷʢʦʤʫ ʧʦʨʽʚʥʶʚʘʣʘʩʴ ʩʫʤʽʰ 80% ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ 20% ʚʦʜʥʶ ʟ ʯʠʩʪʠʤ 

ʚʦʜʥʝʤ, ʧʦʢʘʟʘʣʦ ʟʙʽʣʴʰʝʥʥʷ ʝʤʽʩʽʾ NOʭ ʫ 6,5 ʨʘʟʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʯʠʩʪʦʛʦ ʚʦʜʥʶ [3]. 

ʇʨʦʪʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʠʰʘʶʪʴ ʨʷʜ ʧʠʪʘʥʴ ʱʦʜʦ ʟʘʣʝʞʥʦʩʪʽ ʚʠʢʠʜʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʬʘʢʝʣʫ, ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʪʘ ʪʝʧʣʦʚʦʶ ʧʦʪʫʞʥʦʩʪʽ ʫʩʪʘʥʦʚʦʢ, ʪʘʢ ʷʢ ʧʝʨʝʣʽʯʝʥʽ 

ʬʘʢʪʦʨʠ ʤʘʶʪʴ ʢʨʠʪʠʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ [4]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ. ɼʣʷ ʮʴʦʛʦ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʽʟʥʠʭ ʧʘʣʠʚʥʠʭ ʩʫʤʽʰʝʡ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʥʘʜʣʠʰʢʫ 

ʧʦʚʽʪʨʷ ʪʘ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ. ʉʧʦʯʘʪʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʤʘʩʘ ʚʠʨʦʙʣʝʥʦʛʦ NOʭ ʥʘ ʦʜʠʥʠʮʶ ʝʥʝʨʛʽʶ, 

ʚʠʚʽʣʴʥʝʥʫ ʧʘʣʠʚʦʤ ʯʝʨʝʟ ʟʥʘʯʝʥʥʷ ʥʠʞʯʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʘʥʥʷ; ʨʝʟʫʣʴʪʫʶʯʽ ʚʠʢʠʜʠ NOʭ 

ʚʠʨʘʞʝʥʽ ʚ ʥʘʥʦʛʨʘʤʘʭ ʥʘ ʜʞʦʫʣʴ (ʥʛ/ɼʞ) ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʧʘʣʠʚʘ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘʜʣʠʰʢʫ 

ʧʦʚʽʪʨʷ ʪʘ ʘʜʽʘʙʘʪʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ 10ï20 K ʤʦʞʝ ʧʦʚʥʽʩʪʶ 

ʟʤʽʥʠʪʠ ʭʘʨʘʢʪʝʨ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. 

ʆʩʥʦʚʥʠʡ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ  NOʭ - ʮʝ ʤʝʭʘʥʽʟʤ ʌʝʥʽʤʦʨʘ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʝʪʘʧʽʚ: 

#(  .  P  (#.  .,                                                  (1) 

C + N2 ź CN + N ,                                                       (2) 

ʇʝʨʰʘ ʩʪʘʜʽʷ ʨʝʘʢʮʽʾ (1) ʻ ʩʪʘʜʽʻʶ ʦʙʤʝʞʝʥʦʾ ʰʚʠʜʢʦʩʪʽ. ɼʣʷ ʟʙʽʜʥʝʥʦʾ ʧʘʣʠʚʥʦʾ 

ʩʫʤʽʰʽ ʪʝʨʤʽʯʥʠʡ NOʭ ʫʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ HCN ʚ NOʭ ʚ ʯʦʪʠʨʠ ʝʪʘʧʠ: 

(#.  / P  .#/  ( ,                                                 (3) 

.#/  ( P  .(  #/ ,                                                (4) 

.(  ( P  .  ( ,                                                 (5) 

.  /( P  ./  ( .                                                 (6) 
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ʎʽ ʨʝʘʢʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʬʘʢʝʣʽ. ʆʩʢʽʣʴʢʠ HCN ʟʨʝʰʪʦʶ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ NO, 

ʮʶ ʩʧʦʣʫʢʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ ʚʦʜʥʶ ʚ ʧʘʣʠʚʥʽʡ ʩʫʤʽʰʽ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʶ, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ HCN, ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ, ʦʪʞʝ ʩʘʤ ʧʦ ʩʦʙʽ ʚʦʜʝʥʴ ʥʝ ʻ ʧʨʠʯʠʥʦʶ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ.  

ɺʠʢʠʜʠ ʟʨʦʩʪʘʶʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʥʶ ʽ ʻ ʟʥʘʯʥʠʤʠ ʣʠʰʝ ʧʨʠ ʥʠʞʯʦʤʫ ʪʠʩʢʫ 

ʪʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʣʫʤôʷ (ʚʠʱʝ ʥʽʞ 1900 ʂ). ɼʣʷ ʛʦʨʽʥʥʷ ʯʠʩʪʦʛʦ ʚʦʜʥʶ ʦʩʥʦʚʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʻ ʨʝʘʢʮʽʾ 7,8: 

./  (/ P  ./  /( ,                                           (7) 

./  ( P  ./  /(  .                                             (8) 

ʇʨʠʢʣʘʜ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʨʤʯ̔ʥʠʭ NOx ʚ ʧʨʦʮʝʩʽ ʩʧʘʣʶʚʘʥʥʷ ʤʝʪʘʥʫ ʪʘ 

ʚʦʜʥʶ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Ansys Chemkin ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ɺʠʢʠʜʠ NOx ʥʘ ʦʜʠʥʠʮʶ ʪʝʧʣʦʪʠ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʤʝʪʘʥʫ ʪʘ ʚʦʜʥʶ ʟʘ ʩʪʘʣʠʭ 

ʘʜʽʘʙʘʪʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 

 

ɿ ʨʠʩʫʥʢʫ 1 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʢʝʣʫ ʚʽʜ 1900 ʂ ʜʦ 2000 ʂ ʚ 

ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ NOʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʟ 0,11 ʥʛ/ɼʞ-ʤʩ ʜʦ ʧʨʠʙʣʠʟʥʦ 

0,49 ʥʛ/ɼʞ-ʤʩ, ʪʦʙʪʦ ʙʽʣʴʰ, ʥʽʞ ʫ ʯʦʪʠʨʠ ʨʘʟʠ ʽ ʮʝʡ ʚʧʣʠʚ ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʜʦʤʽʥʫʚʘʪʠ ʥʘʜ 

ʚʧʣʠʚʦʤ ʩʢʣʘʜʫ ʧʘʣʠʚʘ. ʎʝ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʦʙʯʠʩʣʝʥʥʷ ʚʠʢʠʜʽʚ NOʭ ʻ ʢʦʤʧʣʝʢʩʥʦʶ 

ʟʘʜʘʯʝʶ, ʱʦ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʣʴʢʦʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʧʦʜʘʣʴʰʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʰʚʠʜʢʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ NOʭ ʩʣʘʙʦ ʧʦʚôʷʟʘʥʘ ʟ ʚʤʽʩʪʦʤ ʚʦʜʥʶ H2, 

ʘ ʦʩʥʦʚʥʫ ʨʦʣʴ ʧʨʠ ʮʴʦʤʫ ʛʨʘʻ ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʢʝʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʽʚʥʷ ʬʘʢʝʣʫ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʥʘʚʽʪʴ 

ʤʝʥhʠʡ, ʥʽʞ ʧʨʦ ʩʧʘʣʶʚʘʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ɸ ʚʦʜʝʥʴ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʞʝʨʝʣʦʤ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ, ʧʨʦʪʝ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʠʭ ʚʩʝʙʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺɯɹʈɸʎɯʁʅɸ ɼɯɸɻʅʆʉʊʀʂɸ ɺʊʆʄʅʀʍ ʇʆʐʂʆɼɾɽʅʔ ʃʆʇɸʊʆʂ ʊʋʈɹɯʅ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɭ ʘʢʪʫʘʣʴʥʠʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ. ʎʽ ʧʠʪʘʥʥʷ ʩʪʦʩʫʶʪʴʩʷ ʥʘʜʽʡʥʦʩʪʽ  

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʟʥʘʻ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʪʘʪʠʯʥʠʭ ʽ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʢʦʨʦʟʽʡʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ʅʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʻ ʚʽʙʨʘʮʽʡʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ 

ʟʦʢʨʝʤʘ ʥʘ ʟʤʽʥʽ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ, ʧʦʷʚʽ ʥʝʣʽʥʽʡʥʠʭ ʨʝʟʦʥʘʥʩʽʚ, ʟʤʽʥʽ ʢʦʣʠʚʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ 

ʪʘ ʽʥʰʽ. ʇʨʦʪʝ ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʻ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʚʠʷʚʣʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʪʠʧʫ ʪʨʽʱʠʥʠ ʚʪʦʤʠ, ʱʦ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʪʨʠʚʘʣʝ 

ʥʘʢʦʧʠʯʝʥʥʷ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʇʝʨʰʠʡ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʰʢʦʜʞʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʥʠʢʥʝʥʥʽ ʥʝʣʽʥʽʡʥʠʭ ʨʝʟʦʥʘʥʩʽʚ (ʩʫʙ- ʽ 

ʩʫʧʝʨʛʘʨʤʦʥʽʡʥʠʭ) ʪʘ ʟʥʘʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʽʜʛʫʢʫ ʧʨʠ ʮʠʭ ʨʝʟʦʥʘʥʩʘʭ. 

ɼʨʫʛʠʡ ï ʥʘ ʪʦʤʫ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʜʦʩʠʪʴ ʧʦʤʽʪʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʧʬʫʚʘʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʥʝ ʪʨʽʱʠʥʦʶ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʦʩʥʦʚʽ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʣʝʞʠʪʴ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʤʝʭʘʥʽʯʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʣʦʢʘʣʴʥʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʘʙʦ ʪʨʽʱʠʥʠ ʟʤʽʥʶʻ 

ʞʦʨʩʪʢʽʩʪʴ ʽ ʜʝʤʧʬʫʶʯʫ ʟʜʘʪʥʽʩʪʴ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. ʎʷ ʟʤʽʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʽʥʬʦʨʤʘʪʠʚʥʘ ʦʟʥʘʢʘ ʧʦʰʢʦʜʞʝʥʥʷ [5]. 

ʅʝʣʽʥʽʡʥʽ ʝʬʝʢʪʠ ʜʫʞʝ ʯʫʪʣʠʚʽ ʜʦ ʪʨʽʱʠʥʠ, ʱʦ ʟʘʢʨʠʚʘʻʪʴʩʷ. ɰʭʥʴʦʶ ʧʨʦʙʣʝʤʦʶ 

ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʻ ʟʥʠʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʪʫʭʘʥʥʷ. ɺʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʜʝʤʧʬʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʥʠʟʠʪʠ ʧʨʦʷʚ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ. ʎʝ ʷʚʠʱʝ 

ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʥʘ (ʈʠʩ. 1) ʟʙʽʣʴʰʝʥʥʷʤ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʜʝʢʨʝʤʝʥʪʫ ʢʦʣʠʚʘʥʴ ʚ ʜʽʘʧʘʟʦʥʽ 

ŭ=0,05ï0,465. 

 
ʈʠʩʫʥʦʢ 1 ï ʏʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʜʛʫʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʽʟ 

ʪʨʽʱʠʥʦʶ, ʱʦ ʟʘʢʨʠʚʘʻʪʴʩʷ ʧʨʠ ʨʽʟʥʦʤʫ ʟʘʪʫʭʘʥʥʽ 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʜʝʤʦʥʩʪʨʘʮʽʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ 

ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʤʧʬʫʚʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 

ʣʦʧʘʪʦʢ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʮʽ ʤʝʪʦʜʠ ʻ ʜʦʩʪʘʪʥʴʦ ʯʫʪʣʠʚʠʤʠ 

ʜʣʷ ʥʘʜʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 
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ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʄʝʪʦʜ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ. ɸʤʧʣʽʪʫʜʠ ʥʝʣʽʥʽʡʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʻ 

ʜʫʞʝ ʤʘʣʠʤʠ, ʪʦʤʫ ʚʦʥʠ ʤʘʣʦʧʨʠʜʘʪʥʽ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʰʢʦʜʞʝʥʴ. ɺʦʜʥʦʯʘʩ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʢʦʣʠʚʘʥʴ ʪʽʣʘ ʟ ʪʨʽʱʠʥʦʶ ʧʨʠ ʩʫʙ- ʪʘ ʩʫʧʝʨʛʘʨʤʦʥʽʯʥʠʭ ʨʝʟʦʥʘʥʩʘʭ, ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʧʦʷʚʽ 

ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʫ ʩʧʝʢʪʨʽ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [2] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʝʣʽʥʽʡʥʝ ʚ'ʷʟʢʝ ʪʘ 

ʛʽʩʪʝʨʝʟʠʩʥʝ ʪʝʨʪʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʝʧʘʨʥʠʭ ʛʘʨʤʦʥʽʢ ʫ ʩʧʝʢʪʨʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʽʜʛʫʢʫ 

ʩʠʩʪʝʤʠ. ɺʦʜʥʦʯʘʩ ʧʦʨʫʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʩʠʣʠ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ 

ʧʘʨʥʠʭ ʛʘʨʤʦʥʽʢ, ʥʘʡʙʽʣʴʰʘ ʟ ʷʢʠʭ, ʜʨʫʛʘ, ʻ ʜʦʩʪʦʚʽʨʥʦʶ ʦʟʥʘʢʦʶ ʟʘʢʨʠʪʪʷ ʪʨʽʱʠʥʠ. 

ʅʝʣʽʥʽʡʥʽʩʪʴ ʩʧʝʢʪʨʘ ʚʽʙʨʦʚʽʜʧʦʚʽʜʽ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʩʧʝʢʪʨʘ ʚʽʙʨʦʚʽʜʧʦʚʽʜʽ ʥʘ ʜʝʬʦʨʤʘʮʽʶ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [3]. 

ʇʨʦʙʣʝʤʘ ʤʝʪʦʜʫ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ, ʟʛʽʜʥʦ ʟ [3], ʩʫʧʝʨʛʘʨʤʦʥʽʡʥʽ 

ʨʝʟʦʥʘʥʩʠ ʥʘʙʘʛʘʪʦ ʚʫʞʯʽ ʟʘ ʛʦʣʦʚʥʠʡ ʨʝʟʦʥʘʥʩ. 

ʗʢ ʚʠʜʥʦ ʟ (ʈʠʩ. 2), ʜʨʫʛʘ ʛʘʨʤʦʥʽʢʘ ʩʧʝʢʪʨʫ ʧʨʠʩʢʦʨʶʚʘʣʴʥʦʾ ʚʽʙʨʦʚʽʜʜʘʯʽ ʧʨʠ 

ʩʫʧʝʨʛʘʨʤʦʥʽʯʥʦʤʫ ʨʝʟʦʥʘʥʩʽ ʜʣʷ ʣʦʧʘʪʽ ʟʽ ʩʧʣʘʚʫ ɽɯ-961 ʜʝʱʦ ʚʠʱʘ, ʥʽʞ ʜʣʷ ʣʦʧʘʪʽ ʟʽ 

ʩʧʣʘʚʫ ɺʊ-3-1, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʪʨʽʱʠʥʘ ʚ ʥʴʦʤʫ ʤʝʥʰʘ. ʊʫʪ ʛʨʘʻ ʨʦʣʴ ʨʽʚʝʥʴ 

ʜʝʤʧʬʫʚʘʥʥʷ: ʯʠʤ ʤʝʥʰʝ ʜʝʤʧʬʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ, ʪʠʤ ʯʫʪʣʠʚʽʰʠʡ ʤʝʪʦʜ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ 

ʜʦ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥʠ. 

 
ʈʠʩʫʥʦʢ 2 ï ʏʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ ʩʧʝʢʪʨʘ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ 

ʩʫʧʝʨʛʘʨʤʦʥʽʡʥʦʤʫ ʨʝʟʦʥʘʥʩʽ ʧʦʨʷʜʢʫ 2/1 ʜʣʷ ʣʦʧʘʪʝʡ 

 

ɼʝʤʧʬʫʚʘʥʥʷ. ɸʤʧʣʽʪʫʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʜʝʢʨʝʤʝʥʪʘ ʢʦʣʠʚʘʥʴ ʜʣʷ 

ʥʝʧʦʰʢʦʜʞʝʥʠʭ ʣʦʧʘʪʦʢ ʽ ʜʣʷ ʜʚʦʭ ʨʽʚʥʽʚ ʧʦʰʢʦʜʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ (ʈʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3 ï ɸʤʧʣʽʪʫʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʜʝʢʨʝʤʝʥʪʫ ʢʦʣʠʚʘʥʴ ʜʣʷ 

ʣʦʧʘʪʝʡ ʟʽ ʩʧʣʘʚʫ ɺʊ-3-1 (ʘ) ʪʘ ɽɯ-961 (ʙ): 

ʥʝʧʦʰʢʦʜʞʝʥʠʡ ʩʪʘʥ ï ʯʦʨʥʽ ʢʨʠʚʽ; ʧʝʨʰʠʡ ʨʽʚʝʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ï ʩʠʥʽ ʢʨʠʚʽ; 
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ʜʨʫʛʠʡ ʨʽʚʝʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ï ʯʝʨʚʦʥʽ ʢʨʠʚʽ. 

ʗʢ ʚʠʜʥʦ, ʥʘʚʽʪʴ ʧʝʨʰʠʡ ʨʽʚʝʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʜʝʤʧʬʫʶʯʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 21- 28% ʚ ʜʽʘʧʘʟʦʥʽ ʘʤʧʣʽʪʫʜ ʥʘʧʨʫʞʝʥʴ ůa=5ï20 ʄʇʘ [1]. 

ɼʨʫʛʠʡ ʨʽʚʝʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ʚ ʪʦʤʫ ʞ ʜʽʘʧʘʟʦʥʽ ʘʤʧʣʽʪʫʜ ʥʘʧʨʫʞʝʥʴ ʟʫʤʦʚʣʶʻ 

ʧʽʜʚʠʱʝʥʥʷ ʜʝʤʧʬʫʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʦʧʘʪʦʢ ʟʽ ʩʧʣʘʚʫ ɺʊ-3-1 ʪʘ ɽɯ-961 ʫ 2,2ï1,7 ʽ 

2,4ï2,2 ʨʘʟʠ ʚʽʜʧʦʚʽʜʥʦ. 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ [4], ʯʫʪʣʠʚʽʩʪʴ ʜʝʤʧʬʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥʠ 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʜʝʤʧʬʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʥʝʧʦʰʢʦʜʞʝʥʦʤʫ ʩʪʘʥʽ. 

ɺʠʩʥʦʚʢʠ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʣʦʧʘʪʦʢ, ʷʢʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ 

ʘʤʧʣʽʪʫʜʠ ʥʘʧʨʫʞʝʥʴ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ ʚ ʩʧʝʢʪʨʽ 

ʜʝʬʦʨʤʘʮʽʡʥʦ-ʧʨʠʩʢʦʨʝʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʨʝʘʢʮʽʾ ʧʨʠ ʩʫʧʝʨʛʘʨʤʦʥʽʡʥʦʤʫ ʨʝʟʦʥʘʥʩʽ ʧʦʨʷʜʢʫ 

2/1 ʜʦ ʥʘʷʚʥʦʩʪʽ ʥʝʚʝʣʠʢʦʾ ʪʨʽʱʠʥʠ. ʄʝʪʦʜ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʚʠʤʘʛʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʯʘʩʫ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʣʦʧʘʪʽ, ʥʽʞ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʧʬʫʚʘʥʥʷ. ɼʣʷ ʩʪʨʫʢʪʫʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟ ʥʠʟʴʢʠʤ ʜʝʤʧʬʫʚʘʥʥʷʤ, ʪʘʢʠʭ ʷʢ ʜʦʩʣʽʜʞʫʚʘʥʽ ʣʦʧʘʪʽ, ʧʦʰʫʢ ʛʦʣʦʚʥʦʛʦ ʽ 

ʩʫʧʝʨʛʘʨʤʦʥʽʡʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʧʦʪʨʝʙʫʻ ʯʘʩʫ. ʂʨʽʤ ʪʦʛʦ, ʨʽʟʢʠʡ ʩʫʧʝʨʛʘʨʤʦʥʽʡʥʠʡ ʨʝʟʦʥʘʥʩ 

ʚʠʢʣʠʢʘʻ ʧʦʤʽʪʥʫ ʧʦʤʠʣʢʫ ʚʠʟʥʘʯʝʥʥʷ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʨʝʘʢʮʽʾ ʧʦʰʢʦʜʞʝʥʦʾ 

ʣʦʧʘʪʽ. ʆʜʥʘʢ ʤʝʪʦʜ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʥʝ ʚʠʤʘʛʘʻ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʥʝʧʦʰʢʦʜʞʝʥʦʾ ʣʦʧʘʪʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʜʝʢʨʝʤʝʥʪʫ ʢʦʣʠʚʘʥʴ ʚʠʤʘʛʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʛʦʣʦʚʥʦʛʦ 

ʨʝʟʦʥʘʥʩʫ, ʟʙʫʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʟʘʜʘʥʦʾ ʘʤʧʣʽʪʫʜʠ ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʧʨʦʮʝʩʫ ʟʘʪʫʭʘʥʥʷ 

ʢʦʣʠʚʘʥʴ. ʁʦʛʦ ʦʙʨʦʙʢʘ ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʦ ʚʠʢʦʥʫʻʪʴʩʷ ʇʂ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʤʧʣʽʪʫʜʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʧʬʫʚʘʥʥʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʨʦʮʝʩ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʰʢʦʜʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʧʬʫʚʘʥʥʷ 

ʻ ʰʚʠʜʰʠʤ ʽ ʣʝʛʰʠʤ ʫ ʨʝʘʣʽʟʘʮʽʾ, ʥʽʞ ʤʝʪʦʜ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ. ʆʜʥʘʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʚôʷʟʘʥʦʾ ʟ ʪʨʽʱʠʥʦʶ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʧʬʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʾʾ ʧʦʯʘʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʝʧʦʰʢʦʜʞʝʥʦʾ ʣʦʧʘʪʽ. 

ɿʘʛʘʣʦʤ ʩʫʧʝʨʛʘʨʤʦʥʽʡʥʠʡ ʨʝʟʦʥʘʥʩ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʜʝʤʦʥʩʪʨʫʻ ʙʽʣʴʰʫ ʯʫʪʣʠʚʽʩʪʴ 

ʜʦ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥʠ, ʥʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʝʤʧʬʫʚʘʥʥʷ.  

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʰʢʦʜʞʝʥʴ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʽʣʴʢʦʭ ʤʝʪʦʜʽʚ ʦʜʥʦʯʘʩʥʦ. ʎʷ ʽʜʝʷ ʱʦʜʦ ʨʦʟʛʣʷʥʫʪʠʭ ʫ ʨʦʙʦʪʽ 

ʤʝʪʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ, ʱʦ ʻ ʧʨʝʜʤʝʪʦʤ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʇʈʆɽʂʊʋɺɸʅʅʗ ɯʅɼʀɺɯɼʋɸʃʔʅʀʍ ʉʀʉʊɽʄ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ɼʃʗ ɾʀʊʃʆɺʀʍ ʊɽʇʃʆɺʀʍ ʇʋʅʂʊɯɺ ʄ. ʂʀɭɺɸ  

 
ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɾʠʪʣʦʚʽ ʪʝʧʣʦʚʽ ʧʫʥʢʪʠ ʤʽʩʪʘ ʂʠʻʚʘ 

ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ ʜʣʷ ʤʝʰʢʘʥʮʽʚ. 

ʇʨʦʪʝ, ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʯʘʩʪʦ ʧʦʪʨʝʙʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʩʪʽ. ʈʦʟʛʣʷʥʝʤʦ ʢʣʶʯʦʚʽ 

ʘʩʧʝʢʪʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ 

ʞʠʪʣʦʚʠʭ ʪʝʧʣʦʚʠʭ ʧʫʥʢʪʽʚ ʤʽʩʪʘ ʂʠʻʚʘ ʪʘ ʟʘʧʨʦʧʦʥʫʻʤʦ ʰʣʷʭʠ ʾʭ ʧʦʣʽʧʰʝʥʥʷ [1]. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʧʦʩʪʽʡʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʫ ʞʠʪʣʦʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʤʽʩʪʘ ʂʠʻʚʘ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʞʠʪʣʦʚʠʭ ʪʝʧʣʦʚʠʭ ʧʫʥʢʪʽʚ. 

ʅʘʷʚʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʩʚʦʾ ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʚʝʣʠʢʽ ʚʪʨʘʪʠ ʪʝʧʣʘ, ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʥʝʜʦʩʪʘʪʥʷ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʟʤʽʥ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʽʥʰʽ ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ [2]. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʠʭ ʚʠʪʨʘʪ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʯʝʨʝʟ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʠʜʽʚ CO2. ɸʢʪʫʘʣʴʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʞʠʪʣʦʚʠʭ ʪʝʧʣʦʚʠʭ ʧʫʥʢʪʽʚ ʤʽʩʪʘ ʂʠʻʚʘ ʦʙʫʤʦʚʣʝʥʘ ʢʽʣʴʢʦʤʘ 

ʬʘʢʪʦʨʘʤʠ. ʇʦ-ʧʝʨʰʝ, ʮʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʟ ʤʝʪʦʶ ʚʠʢʦʥʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ ʥʘ ʦʧʘʣʝʥʥʷ. ʇʦ-ʜʨʫʛʝ, ʮʝ ʧʦʪʨʝʙʘ ʫ ʟʤʝʥʰʝʥʥʽ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ 

ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ CO2 ʪʘ ʽʥʰʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ [3]. ʇʦ-ʪʨʝʪʻ, ʮʝ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʤʬʦʨʪʫ ʜʣʷ ʤʝʰʢʘʥʮʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʦʧʘʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 

ʚʩʴʦʛʦ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʢʦʤʬʦʨʪʫ ʞʠʪʪʷ ʛʨʦʤʘʜʷʥ [4]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʞʠʪʣʦʚʠʭ ʪʝʧʣʦʚʠʭ ʧʫʥʢʪʽʚ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʘʢʪʫʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʾ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʩʤʘʨʪ-ʢʦʥʪʨʦʣʝʨʠ, ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, 

ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʞʠʪʣʦʚʠʭ ʪʝʧʣʦʚʠʭ ʧʫʥʢʪʽʚ. 
ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʝʧʣʦʚʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʙʫʜʽʚʣʽ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʽʟʦʣʷʮʽʾ ʪʘ ʤʽʥʽʤʽʟʘʮʽʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʤʦʞʫʪʴ ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʢʦʤʬʦʨʪʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʞʠʪʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ [5]. 

ʆʧʪʠʤʽʟʘʮʽʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ï ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʚ ʙʫʜʽʚʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝʶ 

ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʩʪʽʥʠ, ʚʽʢʥʘ, ʜʘʭʠ ʪʘ ʜʚʝʨʽ. 

ɯʥʚʝʩʪʠʮʽʾ ʚ ʥʦʚʽ ʧʦʪʫʞʥʦʩʪʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʥʦʚʫ ʨʦʟʧʦʜʽʣʴʯʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʤʘʶʪʴ ʩʢʣʘʩʪʠ 13,2 ʤʣʨʜ ʻʚʨʦ ʜʣʷ 

ʜʞʝʨʝʣ ʪʝʧʣʘ ʪʘ 47,6 ʤʣʨʜ ʻʚʨʦ ʜʣʷ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ ʫ 2030 ʨʦʮʽ. ɯʥʚʝʩʪʠʮʽʾ ʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʡ ʙʫʜʽʚʝʣʴʥʠʡ ʬʦʥʜ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʽ ʤʘʶʪʴ ʩʢʣʘʩʪʠ 427,3 ʤʣʨʜ. 

ʻʚʨʦ ʫ 2030 ʨʦʮʽ [6]. 
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ʈʠʩʫʥʦʢ 1 ï ʆʮʽʥʢʘ ʨʦʟʧʦʜʽʣʫ ʽʥʚʝʩʪʠʮʽʡ ʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 
ʩʮʝʥʘʨʽʶ HRE 2050 [6] 

 

ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʧʦʪʦʢʘʤʠ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʪʝʧʣʦ ʚ ʧʨʠʤʽʱʝʥʥʽ ʚʟʠʤʢʫ 

ʪʘ ʟʙʝʨʽʛʘʪʠ ʧʨʦʭʦʣʦʜʫ ʚʣʽʪʢʫ, ʟʤʝʥʰʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʠʪʨʘʪʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ 

ʧʦʚʽʪʨʷ. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʻ ʦʧʪʠʤʽʟʘʮʽʷ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. ɼʣʷ ʮʴʦʛʦ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʽʡʥʽ 

ʝʣʝʤʝʥʪʠ ʙʫʜʠʥʢʫ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʪʘ ʬʦʨʤʫʣʠ. 

1. ʈʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʩʪʽʥ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʽʚ ʻ ʽʟʦʣʷʮʽʷ ʙʫʜʽʚʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤ ʪʝʧʣʦʚʠʤ ʦʧʦʨʦʤ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʩʪʽʥʠ, ʜʘʭ ʪʘ ʧʽʜʣʦʛʫ. ʆʜʠʥ ʽʟ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʠʡ ʜʦʧʦʤʘʛʘʻ 

ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʟʦʣʷʮʽʾ ʙʫʜʽʚʣʽ ï ʮʝ ʪʝʧʣʦʚʠʡ ʦʧʽʨ Rtotal ʩʪʽʥʠ: 

 

Rtotal =  
 Ў

                         (1) 

 

ʜʝ  ȹt ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤ ʪʘ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʘʤʠ, 

Q ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʩʪʽʥʫ. 

2. ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʻ 

ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʩʪʽʥʫ. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʩʪʽʥʫ ʙʫʜʽʚʣʽ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ ʌʫʨ'ʻ: 

: 

ὗ
ϽϽЎ
ȟ     (2) 

 

ʜʝ  k ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʩʪʽʥʠ, 

A ï ʧʣʦʱʘ ʩʪʽʥʠ, 

ЎὝ ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ, 

d ï ʪʦʚʱʠʥʘ ʩʪʽʥʠ. 

 

3. ʊʝʧʣʦʧʝʨʝʜʘʯʽ ʢʨʽʟʴ ʚʽʢʥʘ 

ɼʣʷ ʚʽʢʦʥ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ: 

 

 ὗ ὯϽὃϽЎὝȟ  (3) 

 

ʜʝ  k ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, 

A ï ʧʣʦʱʘ ʚʽʢʥʘ,  

ȹT ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ. 

ɼʣʷ ʚʪʨʘʪ ʪʝʧʣʘ ʯʝʨʝʟ ʜʚʝʨʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ: 
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ὗ ὯϽὃϽЎὝȟ                                                                  (4) 

 

ʜʝ  k ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, 

A ï ʧʣʦʱʘ ʜʚʝʨʝʡ, 

ȹT ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ. 

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʚʘʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ. ʅʘʧʨʠʢʣʘʜ, ʩʦʥʷʯʥʽ ʢʦʣʝʢʪʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʦʥʷʯʥʠʭ 

ʢʦʣʝʢʪʦʨʽʚ: 

 

 –
Ͻ
 , (5) 

 

ʜʝ  ɖ ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʫ, 

Qsun ï ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʦʪʨʠʤʘʥʘ ʚʽʜ ʩʦʥʷʯʥʦʛʦ ʧʨʦʤʽʥʥʷ, 

A ï ʧʣʦʱʘ ʢʦʣʝʢʪʦʨʘ,  

Isun ï ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʧʨʦʤʽʥʥʷΦ 

5. ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ 

ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ, ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ COP: 

 

 ὅὕὖ , (6) 

 

ʜʝ  Qoutput ï ʪʝʧʣʦʚʠʡ ʚʠʭʽʜ, 

Winput ï ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʩʧʦʞʠʪʘ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ. 

 

ɺʠʩʥʦʚʢʠ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʜʣʷ ʞʠʪʣʦʚʠʭ ʪʝʧʣʦʚʠʭ ʧʫʥʢʪʽʚ ʤʽʩʪʘ ʂʠʻʚʘ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ 

ʚ ʙʫʜʽʚʣʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʬʦʨʤʫʣ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʽʟʦʣʷʮʽʾ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɭʂʊʋɺɸʅʅʗ ɻɸɿʆɻɽʅɽʈɸʊʆʈɯɺ ʄɸʃʆɰ ʇʆʊʋɾʅʆʉʊɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʏʝʨʝʟ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʪʨʘʜʠʮʽʡʥʽ 

ʧʘʣʠʚʥʽ ʝʥʝʨʛʦʨʝʩʫʨʩʠ, ʧʦʩʪʽʡʥʽ ʨʘʢʝʪʥʽ ʦʙʩʪʨʽʣʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʋʢʨʘʾʥʠ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʨʦʤʘʜʷʥ ʪʝʧʣʦʤ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʚʠʩʪʫʧʘʶʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʰʣʷʭʠ ʧʦʜʦʣʘʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʘʣʠʚʽ 

(ʙʝʥʟʠʥʽ, ʛʘʟʽ, ʜʠʟʝʣʽ) ʻ ʜʦʩʠʪʴ ʜʦʨʦʛʠʤ ʯʝʨʝʟ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʮʽʥʠ ʚʥʘʩʣʽʜʦʢ ʧʨʦʙʣʝʤ ʟ 

ʽʤʧʦʨʪʦʤ. ɼʣʷ ʥʝʚʝʣʠʢʠʭ ʧʨʠʚʘʪʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʪʘ ʥʘʩʝʣʝʥʥʷ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ, ʜʝ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɺʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ, ʙʽʦʧʘʣʠʚʦ ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʧʦʧʫʣʷʨʥʽʰʠʤʠ, 

ʦʩʢʽʣʴʢʠ ʙʽʦʤʘʩʘ ʪʘ ʚʽʜʭʦʜʠ ʧʨʦʤʠʩʣʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʟʘʣʠʰʢʠ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ, ʜʝʨʝʚʦʦʙʨʦʙʥʦʾ, ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʢʦʤʫʥʘʣʴʥʠʭ 

ʛʦʩʧʦʜʘʨʩʪʚ, ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʽ ʪʘ ʻ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ, ʽ ʾʭ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʪʽʡʢʽ 

ʨʝʩʫʨʩʠ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʮʝʩ ʪʝʨʤʦʭʽʤʽʯʥʦʾ ʢʦʥʚʝʨʩʽʾ ʙʽʦʤʘʩʠ ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʜʦʩʠʪʴ ʚʽʜʦʤʠʡ ʪʘ ʥʝʦʜʥʦʨʘʟʦʚʦ  ʜʦʩʣʽʜʞʝʥʠʡ [1, 2, 4]. 

ʇʨʦʪʝ ʜʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʩʚʽʪʽ. ɸʣʝ ʚ ʫʤʦʚʘʭ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʨʠʟʠ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʘ ʾʭʥʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʻ 

ʝʢʦʥʦʤʽʯʥʦ ʚʩʝ ʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʡ ʜʣʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ [3]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʙʨʘʢʫ ʯʘʩʫ ʪʘ ʢʦʰʪʽʚ 

ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʽ ʪʘ ʥʝʜʦʨʦʛʽ ʚʘʨʽʘʥʪʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʜʝʰʝʚʦʾ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʦʻʢʪʫʚʘʥʥʷ ʛʘʟʦʛʝʥʝʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ. 

 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɻʘʟʠʬʽʢʘʮʽʷ ï ʮʝ ʧʨʦʮʝʩ, ʧʨʠ ʷʢʦʤʫ ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ 

ʧʽʜʜʘʶʪʴʩʷ ʯʘʩʪʢʦʚʦʤʫ ʦʢʠʩʣʝʥʥʶ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (750 ï1100 ÁC), ʱʦʙ ʫʪʚʦʨʠʪʠ 

ʩʠʥʪʝʟ-ʛʘʟ ï ʛʘʟʦʧʦʜʽʙʥʫ ʩʫʤʽʰ ʽʟ CO, CO2, H2 ʪʘ CH4. ʎʝʡ ʝʥʜʦʪʝʨʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ 

ʚʠʤʘʛʘʻ ʪʝʧʣʘ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʨʝʘʢʮʽʾ, ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ. 

ɻʦʨʽʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʧʘʣʠʚʘ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ (1): 

 

ὅ ὕ ὅὕ ,                                                            (1) 

 

ʜʝ ʦʧʠʩʘʥʦ ʧʦʚʥʝ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ, ʷʢʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ὅὕȢ 
ʈʝʘʢʮʽʷ (2) ʦʧʠʩʫʻ ʥʝʧʦʚʥʝ ʟʛʦʨʘʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʛʦʨʶʯʠʡ ʛʘʟ ï 

ʦʢʩʠʜ ʚʫʛʣʝʮʶ CO. 

 

# / #/ ȟ                                                                (2) 
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ʆʙʠʜʚʘ ʮʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʪʘʢ ʟʚʘʥʽʡ çʟʦʥʽ ʛʦʨʽʥʥʷè ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ʆʢʩʠʜ ʚʫʛʣʝʮʶ ʉʆ ʫʪʚʦʨʶʻʪʴʩʷ ʪʘʢʦʞ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʉʆ2 

ʢʨʽʟʴ ʰʘʨ ʨʦʟʧʝʯʝʥʦʛʦ ʧʘʣʠʚʘ, ɦ ʦ ʦʧʠʩʘʥʦ ʨʽʚʥʷʥʥʷʤ (3): 

 

ὅ ὅὕ ςὅὕ ȟ                                                                σ 

 

ʋ ʧʨʦʮʝʩʽ ʙʝʨʝ ʫʯʘʩʪʴ ʯʘʩʪʠʥʘ ʚʦʣʦʛʠ ʧʘʣʠʚʘ (ʘʙʦ ʚʦʣʦʛʘ, ʧʽʜʚʝʜʝʥʘ ʟʟʦʚʥʽ) ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʉʆ2, ʚʦʜʥʶ ʅ2 ̔  ʧʘʣʴʥʦʛʦ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʉʆ, ɦ ʦ ʦʧʠʩʘʥʦ 

ʫ ʨʽʚʥʷʥʥʷʭ (4) ʽ (5): 

 

ὅ Ὄὕ ὅὕ Ὄ  ,                                                 (4) 

 

ὅὕ Ὄὕ ὅὕ Ὄ  ,                                             (5) 

 

ɿʦʥʫ, ʚ ʷʢʽʡ ʧʨʦʪʽʢʘʶʪʴ ʪʨʠ ʦʧʠʩʘʥʽ ʚʠʱʝ ʨʝʘʢʮʽʾ ʥʘʟʠʚʘʶʪʴ çʟʦʥʦʶ ʚʽʜʥʦʚʣʝʥʥʷè 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʆʙʠʜʚʽ ʟʦʥʠ: ʛʦʨʽʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ï ʥʝʩʫʪʴ ʟʘʛʘʣʴʥʫ ʥʘʟʚʫ çʘʢʪʠʚʥʘ 

ʟʦʥʘ ʛʘʟʠʬʽʢʘʮʽʾè. 

ʆʩʥʦʚʫʶʯʠʩʴ ʥʘ ʥʘʚʝʜʝʥʽʡ ʚ [5] ʤʝʪʦʜʠʮʽ ʪʘ ʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʨʦʚʠʥʠ ʙʫʣʦ 

ʨʦʟʨʘʭʦʚʘʥʦ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʪʘʙʣ. 1). ʗʢ ʧʨʠʢʣʘʜ ʜʘʥʽ ʥʘʚʝʜʝʥʦ ʜʣʷ ʚʽʜʭʦʜʽʚ ʜʝʨʝʚʠʥʠ (ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʱʝʧʘ). 

 

ʊʘʙʣʠʮʷ 1 ï ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʧʦʢʘʟʥʠʢ 
ʇʦʟʥʘʯʝʥʥʷ, ʦʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʥʷ 
ʈʝʟʫʣʴʪʘʪ 

ʅʠʞʯʘ ʪʝʧʣʦʪʚʦʨʥʽʩʪʴ ʨʦʙʦʯʦʾ ʤʘʩʠ 

ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ 
Ὄ̎
̑
 , ʄɼʞ/ʢʛ 15,026 

ɺʤʽʩʪ ʚʫʛʣʝʮʶ ʚ ʛʘʟʽ ˞̄ , ʢʛ/ʤ3ʛʘʟʫ 0,176 

ɺʠʭʽʜ ʩʫʭʦʛʦ ʛʘʟʫ ʟ 1 ʢʛ ʨʦʙʦʯʦʛʦ 

ʧʘʣʠʚʘ 
ὠ̄ , ʤ3/ʢʛ 2,296 

ʇʠʪʦʤʘ ʚʘʛʘ ʩʫʭʦʛʦ ʛʘʟʫ g  ̄, ʢʛ/ʤ3 1,109 

ʂʽʣʴʢʽʩʪʴ ʚʦʣʦʛʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ 1 ʤį 

ʛʘʟʫ 
Ὢ̄ , ʢʛ/ʤ3 0,124 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʛʘʟʽ Ὃ  , ʢʛ/ʢʛ ʧʘʣʠʚʘ 0,285 

ʇʦʪʨʽʙʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ ὒ , ʤ3/ʢʛ 1,427 

ʅʠʞʯʘ ʪʝʧʣʦʪʚʦʨʥʽʩʪʴ ʛʘʟʫ Ὄ  , ʄɼʞ/ʤ3 4,920 

ʂʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ 

ʩʧʘʣʶʚʘʥʥʷ 1 ʤį ʛʘʟʫ 
ὒ , ʤ3ʧʦʚʽʪʨʷ/ʤ3ʛʘʟʫ 1,033 

ɺʠʪʨʘʪʘ ʛʘʟʫ ὗ̄ , ʤ3/ʛʦʜ 13,903 

ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ ʥʘ ʛʦʜʠʥʫ Ὃ  , ʢʛ/ʛʦʜ 6,056 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ Ὣ , ʢʛ/ʢɺʪ 0,650 

ʇʦʪʫʞʥʽʩʪʴ ʯʦʪʠʨʠʪʘʢʪʥʦʛʦ ʜʚʠʛʫʥʘ ὔ  , ʢɺʪ 5,178 

ɼʽʘʤʝʪʨ ʢʘʤʝʨʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ Ὀ̋ , ʤ 0,2 

ɼʽʘʤʝʪʨ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ  

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 
Ὠ̄ , ʤ 0,0689 

ɼʽʘʤʝʪʨ ʬʫʨʤ Ὠ̕  , ʤʤ 3,624 
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ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʛʘʟʦʛʝʥʝʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʨʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɻʘʟʦʛʝʥʝʨʘʪʦʨ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ 

 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ ʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʧʨʠʚʘʪʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʪʘ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦʾ ʪʘ ʥʘʜʽʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʇʨʦʚʝʜʝʥʦ 

ʨʦʟʨʘʭʫʥʦʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʦʛʝʥʝʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʫʩʪʘʥʦʚʢʠ: ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ 6 ʢʛ/ʛʦʜ, ʦʙôʻʤ 

ʩʫʭʦʛʦ ʛʘʟʫ 13,9 ʤ3/ʛʦʜ, ʜʽʘʤʝʪʨ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 200 ʤʤ, ʚʠʩʦʪʘ 400 ʤʤ. ʉʧʨʦʝʢʪʦʚʘʥʠʡ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʩʪʘʯʘʥʥʷ ʧʘʣʠʚʦʤ ʯʦʪʠʨʠʪʘʢʪʥʦʛʦ ʜʚʠʛʫʥʘ ʧʦʪʫʞʥʽʩʪʶ 

4 ʢɺʪ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʇʆɺɯʊʈʗʅʆɻʆ ʎʀʂʃʆʅɸ ɼʃʗ ɻɸɿʆɻɽʅɽʈɸʊʆʈɸ 

ʄɸʃʆɰ ʇʆʊʋɾʅʆʉʊɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɼʣʷ ʥʝʚʝʣʠʢʠʭ ʧʨʠʚʘʪʥʠʭ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʽ ʤʝʰʢʘʥʮʽʚ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ 

ʚ ʫʤʦʚʘʭ ʩʢʣʘʜʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʧʦʣʽʪʠʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʱʦ ʥʘʨʘʟʽ ʤʘʻ ʤʽʩʮʝ ʚ ʋʢʨʘʾʥʽ. ɺ 

ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠʬʽʢʘʮʽʾ ʙʽʦʧʘʣʠʚʘ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʡ ʜʣʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʥʝʦʙʭʽʜʥʝ ʡʦʛʦ ʷʢʽʩʥʝ ʦʯʠʱʝʥʥʷ ʧʝʨʝʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ 

ʩʧʦʩʦʙʦʤ ʦʯʠʩʪʢʠ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʭʠʭ ʤʝʪʦʜʽʚ 

ʦʯʠʩʪʢʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʮʠʢʣʦʥʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʚʘʞʘʶʯʠ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʾ ʤʝʪʦʜʠʢʠ 

ʨʦʟʨʘʭʫʥʢʫ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʮʠʢʣʦʥʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʜʦ 

40 ʤ3/ʛʦʜ), ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ 

ʬʽʣʴʪʨʘʮʽʾ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʚ ʽʥʝʨʮʽʡʥʦʤʫ ʮʠʢʣʦʥʽ ʢʣʘʩʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʦʜʘʣʴʰʠʤ 

ʧʨʦʚʝʜʝʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ  ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʦʩʥʦʚʥʠʭ ʨʦʟʤʽʨʽʚ ʮʠʢʣʦʥʫ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʦʟʛʣʷʜʘʣʘʩʷ ʷʢ ʪʝʯʽʷ ʜʚʦʬʘʟʥʠʭ ʧʦʪʦʢʽʚ ʜʝ ʦʜʥʘ 

ʬʘʟʘ (ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ) ʨʫʭʘʶʪʴʩʷ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʦʣʽ ʧʦʪʦʢʫ ʜʨʫʛʦʾ (ʛʘʟʦʚʦʾ) ʬʘʟʠ. ʇʨʠ ʮʴʦʤʫ 

ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʚʧʣʠʚ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʧʦʪʽʢ ʛʘʟʫ (ʚʢʣʶʯʘʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ) ʻ ʥʝʟʥʘʯʥʠʤ. 

ʊʘʢʦʞ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʪʚʝʨʜʦʾ ʬʘʟʠ (ʯʘʩʪʠʥʦʢ) ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 30% ʚʽʜ 

ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʛʘʟʦʚʦʾ ʬʘʟʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʡ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʚ ʮʠʢʣʦʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʫʩʝʨʝʜʥʝʥʽ ʟʘ ʌʘʚʨʦʤ ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ [1], ʜʝ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʫʩʝʨʝʜʥʝʥʽ ʟʘ ʯʘʩʦʤ ʚʧʣʠʚʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʪʦʢʫ ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ, ʘ ʪʘʢʦʞ ʨʽʚʥʷʥʥʷ 

ʧʝʨʝʥʦʩʫ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ ʾʾ ʜʠʩʠʧʘʮʽʾ (k-Ů ʤʦʜʝʣʴ). ɼʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʜʚʦʬʘʟʥʠʭ ʧʦʪʦʢʽʚ, ʜʝ ʧʦʪʽʢ ʛʘʟʫ ʟʘʙʨʫʜʥʝʥʦ ʯʘʩʪʠʥʢʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʧʽʜʭʽʜ ʃʘʛʨʘʥʞʘ [2]. ʏʘʩʪʠʥʢʠ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʚʘʞʘʣʠʩʷ ʩʬʝʨʠʯʥʠʤʠ ʪʘ ʪʘʢʠʤʠ, ʱʦ 

ʤʘʶʪʴ ʧʦʩʪʽʡʥʫ ʤʘʩʫ. ʊʨʘʻʢʪʦʨʽʾ ʯʘʩʪʠʥʦʢ ʚʠʟʥʘʯʘʣʠʩʷ ʰʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʨʽʚʥʷʥʥʷ (1): 

ά̘ ́̒̓

ὨὟ̘ ́̒̓
ᴆ

Ὠὸ

ρ

ψ
“‘ὨὙὩὅ̏ Ὗ̐ᴆ Ὗ̘ ́̒̓

ᴆ
ρ

φ
“Ὠ ὖɳ ά̘ ́̒Ὣ̓ᴆȟ (1) 

ʜʝ mʯʘʩʪ ï ʤʘʩʘ ʯʘʩʪʠʥʢʠ, Ὗ̘ ́̒̓
ᴆ ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʢʠ, Õ ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ 

ʚôʷʟʢʦʩʪʽ, d ï ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʢʠ, Cʦʧ ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʯʘʩʪʠʥʢʠ, Ὣᴆ ï ʚʝʢʪʦʨ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ 
ʧʨʠʩʢʦʨʝʥʥʷ, Re ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʷʢʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʘʤʝʪʨʘ ʯʘʩʪʠʥʢʠ, ʚʽʜʥʦʩʥʦʾ 

ʰʚʠʜʢʦʩʪʽ, ʛʫʩʪʠʥʠ ʪʘ ʚ'ʷʟʢʦʩʪʽ ʧʦʪʦʢʫ. 

ʂʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʯʘʩʪʠʥʦʢ Cʦʧ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ʍʝʥʜʝʨʩʦʥʘ [3], 

ʦʪʨʠʤʘʥʦʶ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʠʭ, ʨʦʟʨʽʜʞʝʥʠʭ, ʜʦʟʚʫʢʦʚʠʭ (MÒ1) ʣʘʤʽʥʘʨʥʠʭ, ʧʝʨʝʭʽʜʥʠʭ ʽ 

ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʯʘʩʪʠʥʢʠ (2). ʊʘʢʦʞ ʚʨʘʭʦʚʘʥʦ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ 

ʛʝʥʝʨʘʪʦʨʥʠʤ ʛʘʟʦʤ ʽ ʯʘʩʪʠʥʢʦʶ. ʆʙʝʨʪʘʥʥʷ ʯʘʩʪʠʥʦʢ, ʾʭ ʚʟʘʻʤʦʜʽʷ ʦʜʥʘ ʟ ʦʜʥʦʶ ʪʘ 

ʙʨʘʫʥʽʚʩʴʢʠʡ ʨʫʭ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ: 
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ὅ̏ ̐ ςτὙὩ Ὓ τȟσσ
σȟφυρȟυσ

Ὕ̘́̒̓

Ὕ

ρ πȟσυσ
Ὕ̘́̒̓

Ὕ

ÅØÐ πȟςτχ
ὙὩ

Ὓ
ÅØÐ

πȟυὓ

ЍὙὩ
 

 
τȟυ πȟσψπȟπσὙὩ πȟτψЍὙὩ

ρ πȟπσὙὩ πȟτψЍὙὩ
πȟρὓ πȟςὓ ρ ÅØÐ 

πȟυὓ

ЍὙὩ
πȟφὛ 

(2) 

 

ʜʝ M ï ʯʠʩʣʦ ʄʘʭʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʽʜʥʦʩʥʽʡ ʰʚʠʜʢʦʩʪʽ ʤʽʞ ʯʘʩʪʠʥʢʦʶ ʽ ʧʦʪʦʢʦʤ ʛʘʟʫ,  

Ὓ ὓ  ï ʚʽʜʥʦʰʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ɔ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, T ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʫ ʧʦʪʦʮʽ, Tʯʘʩʪ ï ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʩʪʠʥʦʢ. 

ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʯʘʩʪʠʥʢʠ ʤʘʣʦ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ (3): 

 

ά̘ ̘́̒̓́˞ ̒̓

ὨὝ̘́̒̓

Ὠὸ
“ὨϽὯϽὔόὝ Ὕ̘́̒ ̓ȟ (3) 

 

ʜʝ Cʯʘʩʪ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʯʘʩʪʠʥʢʠ, Tʯʘʩʪ ï ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʩʪʠʥʢʠ, k ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

ʛʘʟʫ, Nu ï ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʽʞ ʯʘʩʪʠʥʢʦʶ ʪʘ ʛʘʟʦʤ [4]: 

 

.Õ
ς πȟτυω2Åȟ 0Òȟ

ρ σȟτς
-
2Å0Òς πȟτυω2Åȟ0Òȟ

 (4) 

 

ɺʟʘʻʤʦʜʽʷ ʯʘʩʪʠʥʦʢ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʧʦʚʝʨʭʥʷʤʠ ʩʪʽʥʦʢ ʮʠʢʣʦʥʘ ʚʨʘʭʦʚʫʚʘʣʘʩʷ 

ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʥʝʽʜʝʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ (5). ʅʝʽʜʝʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʚʠʟʥʘʯʘʣʦʩʷ 

ʥʦʨʤʘʣʴʥʠʤ eN ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ eŰ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʽʜʙʠʚʘʥʥʷ ʯʘʩʪʠʥʦʢ:  

 

Ὡ
ὠȟ
ὠȟ
ȟ Ὡ

ὠȟ
ὠȟ
ȟ     (5) 

 

ʜʝ V2,N ʽ V2,Ű ï ʥʦʨʤʘʣʴʥʘ ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʢʠ ʧʽʩʣʷ ʟʽʪʢʥʝʥʥʷ, ʘ 

V1, N ʪʘ V1,Ű ï ʜʦ ʟʽʪʢʥʝʥʥʷ. ʊʘʢʦʞ ʚʨʘʭʦʚʫʚʘʣʘʩʷ ʩʠʣʘ ʪʷʞʽʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʋ ʟʚôʷʟʢʫ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʮʠʢʣʦʥʽʚ ʤʘʣʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʚʝʜʝʥʠʤ 

ʧʦ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʠʢʘʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʽʣʴʪʨʘʮʽʾ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʘʟʫ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ (ʧʠʣ, ʟʦʣʘ ʪʘ ʩʘʞʘ). ɺ ʧʦʜʘʣʴʰʦʤʫ, ʘʚʪʦʨ ʧʣʘʥʫʻ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʦʾ ʤʦʜʝʣʽ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʘʤʝ ʜʣʷ ʮʠʢʣʦʥʽʚ ʤʘʣʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀɿʅɸʏɽʅʅʗ ʆʇʊʀʄɸʃʔʅʀʍ ʂʆʅʉʊʈʋʂʊʀɺʅʀʍ ʇɸʈɸʄɽʊʈɯɺ 

ʇʆɺɯʊʈʗʅʆɻʆ ʎʀʂʃʆʅɸ ɼʃʗ ɻɸɿʆɻɽʅɽʈɸʊʆʈɸ ʄɸʃʆɰ ʇʆʊʋɾʅʆʉʊɯ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʜʦ ʛʘʟʫ 40 ʤ3/ʛʦʜ) ʚʠʥʠʢʘʶʪʴ ʟʥʘʯʥʽ ʧʨʦʙʣʝʤʠ ʟ ʚʠʙʦʨʦʤ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʠʧʦʨʦʟʤʽʨʽʚ ʮʠʢʣʦʥʽʚ. ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʥʝ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʦ ʪʘʢʦʾ 

ʤʘʣʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʚʠʪʨʘʪ ʛʘʟʫ, ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ) ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʥʝ ʜʘʶʪʴ ʘʜʝʢʚʘʪʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʚʪʦʨʦʤ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʚ ʽʥʝʨʮʽʡʥʦʤʫ ʮʠʢʣʦʥʽ ʢʣʘʩʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʧʦʜʘʣʴʰʠʤ ʧʨʦʚʝʜʝʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ  ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʦʩʥʦʚʥʠʭ ʨʦʟʤʽʨʽʚ ʮʠʢʣʦʥʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʙʣʝʤʘ ʦʯʠʩʪʢʠ ʛʘʟʽʚ ʪʘ ʧʦʚʽʪʨʷ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ 

ʜʦʤʽʰʦʢ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʧʝʨʝʜ ʙʘʛʘʪʴʤʘ ʛʘʣʫʟʷʤʠ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ.  

ʊʘʢ ʫ ʧʨʘʮʽ [1] ʘʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʜʝʨʝʚʥʦʛʦ ʧʠʣʫ ʪʘ ʚʠʚʯʝʥʦ ʚʧʣʠʚ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʦʥʘ ʥʘ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʟʘʧʠʣʝʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ. 

ʈʦʟʛʣʷʥʫʪʦ ʮʠʢʣʦʥ ʩʝʨʝʜʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟ ʦʩʥʦʚʥʠʤ ʜʽʘʤʝʪʨʦʤ 600 ʤʤ ʪʘ ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʮʠʢʣʦʥʘ. 

ʈʦʙʦʪʘ [2, 3] ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʯʘʩʪʠʥʠ ʮʠʢʣʦʥʘ, ʛʝʦʤʝʪʨʽʾ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʪʘ ʛʣʠʙʠʥʠ ʟʘʥʫʨʝʥʥʷ ʚʠʭʣʦʧʥʦʾ ʪʨʫʙʠ ʥʘ 

ʦʩʥʦʚʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʘʨʘʪʘ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɸʚʪʦʨʘʤʠ ʧʦʨʽʚʥʷʥʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʽʜʦʤʠʤʠ 

ʪʝʦʨʽʷʤʠ ʧʠʣʦʚʣʦʚʣʝʥʥʷ. ɺʽʜʤʽʯʝʥʦ, ʱʦ ʢʣʘʩʠʯʥʽ ʪʝʦʨʽʾ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʫ ʧʦʚʥʽʡ ʤʽʨʽ 

ʛʝʦʤʝʪʨʽʶ ʮʠʢʣʦʥʘ, ʘ ʨʦʟʛʣʷʜʘʶʪʴ ʨʫʭ ʯʘʩʪʠʥʢʠ ʧʠʣʫ ʪʽʣʴʢʠ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʯʘʩʪʠʥʽ 

ʮʠʢʣʦʥʘ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʘʥʫʨʝʥʥʷ ʚʠʭʣʦʧʥʦʾ ʪʨʫʙʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʘʨʫ ʮʠʢʣʦʥʘ. 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʨʫʭʫ ʧʦʪʦʢʽʚ ʨʽʜʠʥʠ ʘʙʦ ʛʘʟʫ ʻ ʜʦʩʠʪʴ ʟʨʫʯʥʠʤ ʪʘ ʥʘʜʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ʊʘʢ ʚ ʨʦʙʦʪʽ [4] ʚʠʩʚʽʪʣʝʥʦ ʧʽʜʭʽʜ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʚʦʣʦʛʦʛʦ ʧʘʨʘ ʚ ʧʘʨʦʧʨʦʚʦʜʽ ʝʥʝʨʛʦʙʣʦʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʘʧʝʣʴ 

ʨʽʜʢʦʾ ʬʘʟʠ, ʜʝʷʢʽ ʯʘʩʪʠʥʠ ʥʘʚʝʜʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʛʘʟʫ ʚ ʮʠʢʣʦʥʽ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ  ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʦʩʥʦʚʥʠʭ ʨʦʟʤʽʨʽʚ ʮʠʢʣʦʥʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʚʝʜʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ 

ʬʽʣʴʪʨʘʮʽʾ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʚ ʽʥʝʨʮʽʡʥʦʤʫ ʮʠʢʣʦʥʽ. 

ʆʙʠʨʘʻʤʦ ʚ ʷʢʦʩʪʽ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʛʘʟʫ ɖ, % ʚʽʜ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ (ʧʠʣ, ʟʦʣʘ, ʩʘʞʘ) ʚ ʮʠʢʣʦʥʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʦʚʝʜʝʤʦ ʚʠʙʽʨ ʥʝʟʘʣʝʞʥʠʭ ʚʭʽʜʥʠʭ (ʛʝʦʤʝʪʨʠʯʥʠʭ)  

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ: X1 ï ʜʽʘʤʝʪʨ ʮʠʢʣʦʥʫ D, ʤʤ; X2 ï ʚʠʩʦʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʮʠʢʣʦʥʫ 

ʅ1, ʤʤ; X3 ï ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʮʠʢʣʦʥʫ ʅ2 ʜʦ ʜʽʘʤʝʪʨʘ ʮʠʢʣʦʥʫ D; X4 ï 

ʢʫʪ ʥʘʭʠʣʫ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʮʠʢʣʦʥ ɓ, ʛʨʘʜ.; X5 ï ʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʚʠʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ 
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d ʜʦ ʜʽʘʤʝʪʨʘ ʮʠʢʣʦʥʫ D; X6 ï ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʚʠʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ h ʜʦ ʚʠʩʦʪʠ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʮʠʢʣʦʥʫ ʅ1; X7 ï ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʘ ʜʦ ʚʠʩʦʪʠ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʮʠʢʣʦʥʫ ʅ1; X8 ï ʚʽʜʥʦʰʝʥʥʷ ʰʠʨʠʥʠ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʫ b ʜʦ 

ʜʽʘʤʝʪʨʘ ʮʠʢʣʦʥʫ D; X9 ï ʢʫʪ ʥʘʭʠʣʫ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʫ ʜʦ ʛʦʨʠʟʦʥʪʫ ɔ, ʛʨʘʜ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʮʠʢʣʦʥʘ ʪʘ ʦʩʥʦʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʬʘʢʪʦʨʠ 

 

ɺʩʽ ʚʢʘʟʘʥʽ ʬʘʢʪʦʨʠ ʻ ʩʫʤʽʩʥʽ ʤʽʞ ʩʦʙʦʶ ʪʘ ʥʝʟʘʣʝʞʥʠʤʠ ʡ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʻ 

ʩʫʪʪʻʚʠʤʠ. 

ʇʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʛʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʥʘʷʚʥʦʩʪʽ 9 ʬʘʢʪʦʨʽʚ ʻ 

ʟʘʥʘʜʪʦ ʪʨʫʜʦʤʽʩʪʢʠʤ ʪʘ ʪʨʠʚʘʣʠʤ ʧʨʦʮʝʩʦʤ, ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʠʪʠ ʚʽʜʩʽʶʶʯʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʥʝʟʥʘʯʫʱʦʩʪʽ ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ [5]. 

ʉʪʚʦʨʠʤʦ ʨʷʜ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʮʠʢʣʦʥʘ (ʨʠʩ. 2, ʘ) ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʚʘʨʽʶʚʘʥʥʷʤ ʬʘʢʪʦʨʽʚ (ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ) ʪʘ ʧʨʦʚʝʜʝʤʦ ʢʦʤʧʣʝʢʩ 

ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ (ʘ) ʪʘ ʧʨʠʢʣʘʜ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ 

ʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʧʨʠ ʦʜʥʦʤʫ ʟ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ (ʙ) 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʣʘʥʦʚʘʥʠʭ ʜʦʩʣʽʜʽʚ (ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ), ʤʝʪʦʜʦʤ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʟ ʚʠʢʦʥʘʥʥʷʤ ʚʠʤʦʛ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʽʚʥʷʥʥʷ (1) (ʪʘʙʣ. 1) [6]: 

 

ὣ ‌ ‌ὢ ‌ὢὢ ὥὢ ‌ὢ                         ρ 

 

ʜʝ i ï ʥʦʤʝʨ ʬʘʢʪʦʨʫ, j ï ʥʦʤʝʨ ʜʦʩʣʽʜʫ ʟʛʽʜʥʦ ʧʣʘʥʫ ʆʎʂʇ, a ï ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʽʚʥʷʥʥʷ. 

 

ʊʘʙʣʠʮʷ 1 ï ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

a0 a1 a2 a3 a11 a22 a33 a123 

-26.208 0.867 -0.131 3.760 -0.003 0.368 -0.121 3.139 

 

ɺʠʟʥʘʯʠʤʦ ʝʢʩʪʨʝʤʫʤ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ɖ, % ʪʘ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʬʘʢʪʦʨʽʚ 

(ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʦʥʘ) ʚ ʤʝʞʘʭ ʦʙʣʘʩʪʽ ʬʘʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ (100ÒDÒ150; 

2ÒH2/DÒ3; 11ÒɔÒ17) ʦʧʠʩʘʥʦ ʨʽʚʥʷʥʥʽ (2): 

 

ʂ(D, ȟ‎ᴼάὥὼ;                                                            (2) 

Ὀ̏ ̐̓ ρςφ̍̍Ƞ  
Ὄ

Ὀ ̏̐̓ σȠ ‎̏̐̓ ρυȟυ ̄̑́̅Ƞ 

–̏ ̐̓ φπȟτψφϷȢ 
 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʚʽʪʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʽ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʠʢʣʦʥʘ ʷʢʽʩʪʴ ʦʯʠʩʪʢʠ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʫ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʚ ɼɺɿ. ʅʝʦʙʭʽʜʥʘ ʜʚʦʩʪʫʧʝʥʝʚʘ ʩʠʩʪʝʤʘ ʬʽʣʴʪʨʘʮʽʾ ʟ ʬʽʣʴʪʨʦʤ ʪʦʥʢʦʾ 

ʦʯʠʩʪʢʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʋʃʆɺʃɽʅʅʗ ɺʋɻʃɽʂʀʉʃʆɻʆ ɻɸɿʋ ʋ ɺɯɼʎɽʅʊʈʆɺʆʄʋ ɸʇɸʈɸʊɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʨʦʩʪʘʻ ʪʝʥʜʝʥʮʽʷ ʱʦʜʦ 

ʧʝʨʝʭʦʜʫ ʜʦ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ ʚʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʚʽʜ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʠʯʠʥ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ. 

ʊʦʤʫ ʩʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʧʦʚʠʥʥʽ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝ ʣʠʰʝ 

ʚʠʩʦʢʫ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʘ ʡ ʥʠʟʴʢʽ ʚʠʢʠʜʠ ʉʆ2.    

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫʯʝʥʽ ʟʚʝʨʪʘʶʪʴ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʫʚʘʛʠ 

ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʫʣʦʚʣʶʚʘʥʥʷ ʚʫʛʣʝʮʶ, ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʫʣʦʚʣʝʥʥʷ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ: ʚʠʜʘʣʝʥʥʷ ʉʆ2 ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʘʪʤʦʩʬʝʨʠ, ʫʣʦʚʣʝʥʥʷ ʧʽʩʣʷ ʫʩʪʘʥʦʚʦʢ 

ʩʧʘʣʶʚʘʥʥʷ, ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʚʠʜʦʙʫʪʢʫ ʪʘ ʽʥ. ʆʩʪʘʥʥʽʤ 

ʯʘʩʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʡ ʧʝʨʝʭʽʜ ʜʦ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʧʘʣʠʚʘ, ʷʢʝ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ 

ʤʘʻ ʟʥʘʯʥʠʡ ʚʤʽʩʪ ʉʆ2 (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʣʷʭʫ ʦʪʨʠʤʘʥʥʷ ʙʽʦʧʘʣʠʚʘ ʚʤʽʩʪ ʉʆ2 ʤʦʞʝ ʩʷʛʘʪʠ 

40% ʽ ʙʽʣʴʰʝ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʴʢʦʾ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʣʠʚʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ 
ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʆʜʥʠʤ ʽʟ ʧʦʪʝʥʮʽʡʥʠʭ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʻ 

ʫʣʦʚʣʝʥʥʷ ʉʆ2 ʽʟ ʙʽʦʛʘʟʫ ʜʦ ʩʧʘʣʶʚʘʥʥʷ. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʽ ʧʝʨʝʚʘʛʠ ʪʘʢʦʛʦ ʤʝʪʦʜʫ [1]: 

¶ ʇʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʣʠʚʘ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʤʠʩʣʦʚʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ ʫ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʘʭ. 
¶ ʇʦʟʠʪʠʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʘʩʧʝʢʪ, ʦʩʢʽʣʴʢʠ ʚʣʦʚʣʝʥʠʡ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʉʆ2 ʥʝ 

ʧʦʪʨʘʧʣʷʻ ʚ ʘʪʤʦʩʬʝʨʫ, ʱʦ ʩʧʨʠʷʻ ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʽʥʥʷ. 
ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʧʘʨʘʪʽʚ ʜʣʷ ʫʣʦʚʣʶʚʘʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʘʣʝ ʚ 

ʮʽʡ ʨʦʙʦʪʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʴ ʦʙʝʨʪʦʚʽ ʥʘʩʘʜʢʠ. ɺʦʥʠ ʜʦʙʨʝ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʤʝʤʙʨʘʥʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʘʜʞʝ ʤʝʤʙʨʘʥʠ ʤʘʶʪʴ 

ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʪʘ ʥʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʧʦʪʦʢʽʚ ʛʘʟʫ ʚʝʣʠʢʦʛʦ ʦʙôʻʤʫ. ɯʥʰʘ ʪʝʭʥʦʣʦʛʽʷ ï 

ʘʜʩʦʨʙʮʽʷ, ʤʘʻ ʧʝʨʝʚʘʛʫ ʫ ʧʨʦʩʪʦʪʽ ʪʘ ʥʠʟʴʢʽʡ ʚʘʨʪʦʩʪʽ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʚ 

ʦʢʨʝʤʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʧʘʜʢʘʭ ʯʝʨʝʟ ʨʽʟʥʫ ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʜʣʷ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʛʘʟʫ. ʊʨʘʜʠʮʽʡʥʽ ʥʘʩʘʜʢʦʚʽ ʢʦʣʦʥʠ ʪʘʢʦʞ ʜʦʩʠʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʜʣʷ ʫʣʦʚʣʝʥʥʷ ʉʆ2, ʘʣʝ 

ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʘ ʩʘʤʝ ï ʥʠʟʴʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʩʦʦʙʤʽʥʫ, ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ 

ʫʩʪʘʥʦʚʢʠ, ʱʦ ʯʘʩʪʦ ʻ  ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ [2]. 

ʆʙʝʨʪʦʚʽ ʞ ʥʘʩʘʜʢʠ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʢʦʥʢʫʨʝʥʪʘʤʠ, ʘ ʩʘʤʝ ï 

ʢʦʤʧʘʢʪʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʤʝʥʰʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʽ ʛʦʣʦʚʥʝ ï ʮʝ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʦʩʪʽʡʥʦʤʫ ʢʦʥʪʘʢʪʫ 

ʨʽʜʠʥʠ ʽʟ ʛʘʟʦʤ ʫ ʥʘʩʘʜʮʽ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ [3]. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʚʽʜʮʝʥʪʨʦʚʦʛʦ 

ʘʧʘʨʘʪʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.1. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʊʨʘʜʠʮʽʡʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʘʧʘʨʘʪʫ ʤʽʩʪʠʪʴ ʨʦʪʦʨ ʽʟ 

ʥʘʩʘʜʢʦʶ, ʧʘʪʨʫʙʢʠ ʜʣʷ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ ʛʘʟʫ ʪʘ ʨʽʜʠʥʠ, ʨʦʟʧʦʜʽʣʴʥʠʢʠ ʨʽʜʠʥʠ, ʘ ʪʘʢʦʞ 

ʫʱʽʣʴʥʝʥʥʷ ʽ ʢʦʞʫʭ. ʅʘʡʯʘʩʪʽʰʝ ʘʧʘʨʘʪ ʚʠʢʦʥʫʶʪʴ ʟʘ ʧʨʦʪʠʪʝʯʽʡʥʦʶ ʩʭʝʤʦʶ, ʷʢʘ ʽ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. ʈʽʜʠʥʘ ʧʦʪʨʘʧʣʷʻ ʜʦ ʘʧʘʨʘʪʫ ʯʝʨʝʟ ʥʘʩʘʜʢʫ ʨʦʪʦʨʘ, ʪʘ ʢʦʥʪʘʢʪʫʻ ʟ 

ʛʘʟʦʤ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʧʨʦʪʠʪʦʢʦʤ. ʇʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʧʦʣʷ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʙʝʨʪʘʥʥʷ ʥʘʩʘʜʢʠ, ʨʽʜʠʥʘ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʣʽʚʢʠ ʪʘ ʦʢʨʝʤʠʭ ʢʨʘʧʝʣʴ, ʱʦ 

ʨʫʭʘʶʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʤʘʶʪʴ ʚʝʣʠʢʫ ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ ʽʟ ʛʘʟʦʚʦʶ ʬʘʟʦʶ. ʎʝ 



 
 

 
 

162 

ʩʫʪʪʻʚʦ ʽʥʪʝʥʩʠʬʽʢʫʻ ʧʨʦʮʝʩ ʤʘʩʦʦʙʤʽʥʫ ʤʽʞ ʛʘʟʦʤ ʪʘ ʨʽʜʠʥʦʶ, ʘ ʦʪʞʝ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʧʘʨʘʪʫ.  

ʋ ʧʨʦʮʝʩʘʭ ʫʣʦʚʣʶʚʘʥʥʷ ʉʆ2 ʫ ʷʢʦʩʪʽ ʨʽʜʠʥʠ ʚʠʩʪʫʧʘʻ ʨʽʜʢʠʡ ʩʦʨʙʝʥʪ. ʅʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʘʙʩʦʨʙʝʥʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ï ʮʝ NaOH. ɺ ʦʩʪʘʥʥʽ 

ʨʦʢʠ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʪʘʢʽ ʘʙʩʦʨʙʝʥʪʠ ʷʢ ʤʦʥʦ-ʝʪʘʥʦʣ-ʘʤʽʥ 

(MEA), ʧʽʧʝʨʘʟʠʥ (PZ) ʪʘ 2-ʘʤʽʥʦ-2-ʤʝʪʠʣ-ʧʨʦʧʘʥʦʣ (AMP). 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʘʧʘʨʘʪʫ ʽʟ ʥʘʩʘʜʢʦʶ 

 

ɺ ʙʘʛʘʪʴʦʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʘʥʘʣʽʟʫʶʪʴʩʷ ʨʽʟʥʽ ʘʙʩʦʨʙʝʥʪʠ ʪʘ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɯʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʽʜʠʥ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʽʜʤʽʯʘʶʪʴ ʤʦʥʦ-ʝʪʘʥʦʣ-

ʘʤʽʥ (ʄɽɸ), ʫ ʥʴʦʛʦ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ NaOH ʫ ʩʚʦʶ ʯʝʨʛʫ, ʥʘʤʘʛʘʶʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʥʰʝ, ʭʦʯʘ ʚʽʥ ʽ ʜʦʩʽ ʻ ʘʢʪʫʘʣʴʥʠʤ ʘʙʩʦʨʙʝʥʪʦʤ [4]. ʂʣʘʩʠʯʥʘ ʭʽʤʽʯʥʘ 

ʨʝʘʢʮʽʷ ʫʣʦʚʣʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

 

2NaOH + CO2 = Na2CO3 + H2O 

 

ʂʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʣʦʚʣʶʚʘʥʥʷ ʜʣʷ ʩʫʯʘʩʥʠʭ ʘʙʩʦʨʙʝʥʪʽʚ ʤʦʞʝ ʩʷʛʘʪʠ ʚʠʱʝ 

60%. ʈʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ ʘʧʘʨʘʪʫ ʛʥʫʯʢʽ ʫ ʨʝʛʫʣʷʮʽʾ, ʪʘ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʫʤʦʚ. 

ɸʧʘʨʘʪ ʧʨʘʮʶʻ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʪʘ ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 293-323 ʂ. ʆʙôʻʤʥʽ 

ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ ʪʘ ʛʘʟʫ ʚʘʨʽʶʶʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 0,1-0,7 ʣ/ʭʚ ʪʘ 10-70 ʣ/ʭʚ ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ 

ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʥʘʩʘʜʢʠ ʟʘʪʦʧʣʝʥʥʷ ʩʠʩʪʝʤʠ ʤʘʣʦʡʤʦʚʽʨʥʝ, ʩʝʨʝʜʥʷ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʣʦʚʣʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 800-1800 ʦʙ/ʭʚ 

[5]. 

ɺʠʩʥʦʚʢʠ. ʄʦʞʥʘ ʧʽʜʩʫʤʫʚʘʪʠ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʫʣʦʚʣʶʚʘʥʥʷ ʉʆ2 ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʦʙʝʨʪʘʣʴʥʠʭ ʥʘʩʘʜʦʢ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʱʦ ʤʦʞʝ ʧʨʠʡʪʠ ʥʘ ʟʤʽʥʫ 

ʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʥʘʩʘʜʢʦʚʠʤ ʢʦʣʦʥʘʤ ʪʘ ʤʝʤʙʨʘʥʘʤ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇɯɼɯɻʈɯɺʋ ɺʆɼʀ ʊɸ ʇʆɺɯʊʈʗ ɺ ʊɽʈʄɯʏʅɯʁ 

ʆʇʈɯʉʅʖɺɸʃʔʅɯʁ ʋʉʊɸʅʆɺʎɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʅʘʷʚʥʽ ʦʧʨʽʩʥʶʚʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʽ, ʥʝʜʦʣʽʢʘʤʠ ʷʢʠʭ ʻ ʚʝʣʠʯʝʟʥʽ ʧʦʪʨʝʙʠ ʚ ʝʥʝʨʛʽʾ ʪʘ ʤʘʪʝʨʽʘʣʘʭ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʝ ʜʦʩʣʽʜʞʝʥʴ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʦʧʨʽʩʥʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʽʾ (ʦʩʦʙʣʠʚʦ ʩʦʥʷʯʥʦʾ), ʪʘʢʠʭ ʷʢ ʟʚʦʣʦʞʝʥʥʷ-

ʦʩʫʰʝʥʥʷ ʧʦʚʽʪʨʷ (humidification-dehumidification, HDH). 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʦʧʨʽʩʥʝʥʥʷ ʙʘʛʘʪʦ ʥʘʫʢʦʚʮʽʚ ʧʨʦʚʦʜʷʪʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʪʘ ʝʢʩʝʨʛʝʪʠʯʥʽ ʘʥʘʣʽʟʠ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʭʝʤ ʮʠʢʣʫ HDH ʪʘ ʩʧʦʩʦʙʽʚ ʧʽʜʽʛʨʽʚʫ ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ ʚ ʫʩʪʘʥʦʚʮʽ [1]. ɸʥʘʣʽʟ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʥʘʮʽʣʝʥʽ ʥʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʭʝʤ ʟ ʧʽʜʽʛʨʽʚʦʤ ʚʦʜʠ, ʧʨʦʪʝ ʤʘʣʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʭʝʤʘʤ ʟ ʥʘʛʨʽʚʦʤ ʧʦʚʽʪʨʷ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɸʥʘʣʽʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʢʨʠʪʦʛʦ ʮʠʢʣʫ 

ʟʚʦʣʦʞʝʥʥʷ-ʦʩʫʰʝʥʥʷ ʟ ʥʘʛʨʽʚʦʤ ʧʦʚʽʪʨʷ, ʽ ʧʦʨʽʚʥʷʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʽʻʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʛʨʽʚʫ ʚʦʜʠ ʚʽʜʢʨʠʪʦʾ ʩʭʝʤʠ ʟʥʝʩʦʣʝʥʥʷ ʚʦʜʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʭʝʤʫ ʦʧʨʽʩʥʶʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʷʢʘ ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʚʽʜʨʠʪʠʭ ʮʠʢʣʽʚ ʧʦʚʽʪʨʷ ʪʘ ʚʦʜʠ ʪʘ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʾʾ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʦ ʚ [2]. ʄʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ PTC 

Mathcad ʽ ʥʘʚʝʜʝʥʘ ʚ [2]. 

ʈʠʩʫʥʦʢ 1 - ɿʘʣʝʞʥʽʩʪʴ GOR ʽ Gʧʚ ʚʽʜ t2ʧ: 

 1  ï Gʧʚ; 2  ï GOR 

ʈʠʩʫʥʦʢ 2 - ɿʘʣʝʞʥʽʩʪʴ GOR ʽ Gʧʚ ʚʽʜ w1ʧ: 

 1 ï Gʧʚ; 2 ï GOR 

 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ (Gʧʚ) ʪʘ ʾʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ (GOR) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʜʦ ʟʚʦʣʦʞʫʚʘʯʘ t2ʧ. ɺʠʜʥʦ, ʱʦ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ t2ʧ ʟʥʘʯʝʥʥʷ GOR ʟʤʝʥʰʫʻʪʴʩʷ, ʨʘʟʦʤ ʟ ʪʠʤ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʟʨʦʩʪʘʻ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʦʚʣʶʚʘʣʴʥʦʾ (ʙʝʟʢʦʰʪʦʚʥʦʾ) ʝʥʝʨʛʽʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ 

ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʽʩʥʦʾ ʚʦʜʠ ʜʦ ʯʦʪʠʨʴʦʭ ʨʘʟʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʦʚʽʪʨʷ ʫ ʚʠʧʘʨʥʠʢʫ. 

ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʦ ʟʤʽʥʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ (Gʧʚ) ʪʘ ʾʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ (GOR) ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʜʦ ʟʚʦʣʦʞʫʚʘʯʘ (w1ʧ). ʗʢ ʙʘʯʠʤʦ, Gʧʚ 

ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ w1ʧ ̔  ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ w1ʧ = 3 ʤ/ʩ. ʋ ʨʘʟʽ 

ʧʦʜʘʣʴʰʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʨʦʟʧʦʯʥʝʪʴʩʷ ʫʥʝʩʝʥʥʷ ʩʦʣʦʥʦʾ ʚʦʜʠ ʨʘʟʦʤ ʟ 

ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʠʩʪʠʣʷʪʫ ʪʘ ʟʨʦʩʪʘʥʥʷ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ. ɿ 
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ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʤʽʥʽʤʘʣʴʥʠʤ ʽ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤʠ GOR ʜʦʩʠʪʴ ʤʘʣʘ 

(GOR = 0,4-0,5), ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʧʣʽʚʢʦʚʦʛʦ ʩʪʽʢʘʥʥʷ 

ʚʦʜʠ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʫ ʟʚʦʣʦʞʫʚʘʯʽ ʤʘʻ ʩʪʘʥʦʚʠʪʠ å 3 ʤ/ʩ. 

 
ʈʠʩʫʥʦʢ 3 - ɿʘʣʝʞʥʽʩʪʴ GOR ʚʽʜ t1ʧ: ʥʘʛʨʽʚ 

ʧʦʚʽʪʨʷ ï 1; ʚʦʜʠ ï 2 

 
ʈʠʩʫʥʦʢ 4 - ɿʘʣʝʞʥʽʩʪʴ Gʧʚ ʚʽʜ t1ʧ: 

ʥʘʛʨʽʚ ʧʦʚʽʪʨʷ ï 1; ʚʦʜʠ ï 2 

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʫ GOR ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ t1ʧ. 

ɺʠʜʥʦ, ʱʦ ʜʣʷ ʦʙʦʭ ʩʭʝʤ ʟʨʦʩʪʘʥʥʷ t1ʧ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʎʝ 

ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ t1ʧ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʦʜʠʪʠ ʤʝʥʰʝ ʪʝʧʣʦʪʠ ʫ ʩʦʥʷʯʥʦʤʫ 

ʥʘʛʨʽʚʥʠʢʫ Qʥʘʛ ʜʣʷ ʥʘʛʨʽʚʫ ʧʦʚʽʪʨʷ ʘʙʦ ʚʦʜʠ. ɺʦʜʥʦʯʘʩ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʟ ʥʘʛʨʽʚʦʤ 

ʚʦʜʠ ʻ ʢʨʘʱʦʶ (å ʥʘ 70%) ʟʘ ʩʭʝʤʫ ʟ ʧʽʜʽʛʨʽʚʦʤ ʧʦʚʽʪʨʷ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ t1ʧ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʤʽʥʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ Gʧʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ t1ʧ (ʨʠʩ. 4). ʗʢ ʙʘʯʠʤʦ, ʚʠʪʨʘʪʘ ʜʠʩʪʠʣʷʪʫ ʫ ʩʭʝʤʽ ʟ ʥʘʛʨʽʚʦʤ ʚʦʜʠ ʟʨʦʩʪʘʻ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ t1ʧ, ʥʘ ʧʨʦʪʠʚʘʛʫ ʩʭʝʤʽ ʟ ʧʽʜʽʛʨʽʚʦʤ ʧʦʚʽʪʨʷ. ɿʤʝʥʰʝʥʥʷ Gʧʚ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʫ 

ʧʦʚʽʪʨʷ ʟʫʤʦʚʣʝʥʦ ʟʤʽʥʦʶ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ. 

 
ʈʠʩʫʥʦʢ 5 - ɿʘʣʝʞʥʽʩʪʴ RR ʚʽʜ t1ʧ: ʥʘʛʨʽʚ ʧʦʚʽʪʨʷ ï 1; ʚʦʜʠ ï 2 

ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʥʦʚʣʝʥʥʷ RR ʚʽʜ t1ʧ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5. ɺʠʜʥʦ, ʱʦ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ cʠʩʪʝʤʠ ʟ ʧʽʜʽʛʨʽʚʦʤ ʚʦʜʠ ʚ ʫʩʪʘʥʦʚʢʫ ʧʦʪʨʽʙʥʦ ʧʦʜʘʚʘʪʠ ʚ ʜʚʘ ʨʘʟʠ 

ʤʝʥʰʫ ʚʠʪʨʘʪʫ ʩʦʣʦʥʦʾ ʚʦʜʠ Gʩʚ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʧʘʜʢʦʤ ʥʘʛʨʽʚʫ ʧʦʚʽʪʨʷ. ʈʘʟʦʤ ʟ ʮʠʤ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʟ ʧʽʜʽʛʨʽʚʦʤ ʚʦʜʠ ʙʽʣʴʰʘ ʥʘ 65-150% ʚʽʜ ʫʩʪʘʥʦʚʦʢ ʟ ʥʘʛʨʽʚʦʤ 

ʧʦʚʽʪʨʷ ʟʘ ʘʥʘʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʜʠʚ. ʨʠʩ. 4). ʎʝ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ RR ʤʽʥʽʤʫʤ 

ʫ ʧôʷʪʴ ʨʘʟʽʚ ʙʽʣʴʰʝ ʜʣʷ ʩʭʝʤʠ ʟ ʥʘʛʨʽʚʦʤ ʚʦʜʠ. 

ɺʠʩʥʦʚʢʠ. ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʱʦ ʚʽʜʢʨʠʪʘ ʩʭʝʤʘ ʟ ʧʽʜʽʛʨʽʚʦʤ ʚʦʜʠ ʟʘ ʚʩʽʤʘ 

ʧʦʢʘʟʥʠʢʘʤʠ (GOR, MR, RR) ʝʬʝʢʪʠʚʥʽʰʘ ʟʘ ʮʠʢʣ ʟ ʥʘʛʨʽʚʦʤ ʧʦʚʽʪʨʷ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʧʨʦʮʝʩ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ ʙʽʣʴʰ 

ʢʨʫʪʽʰʠʤ. ʊʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʥʘ ʚʭʦʜʽ ʜʦ 

ʟʚʦʣʦʞʫʚʘʯʘ t3ʚ ʟʘ ʦʜʥʦʯʘʩʥʦʛʦ ʧʽʜʽʛʨʽʚʫ ʚʦʜʠ ʽ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʜʦ ʟʚʦʣʦʞʫʚʘʯʘ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɿɸʃɽɾʅʆʉʊɯ 

ʊɽʇʃʆʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʂʆʊʃɸ ʄɸʃʆɰ ʇʆʊʋɾʅʆʉʊɯ ɺɯɼ ʉʂʃɸɼʋ 

ɺʆɼʆɽʄʋʃʔʉɯʁʅʆɻʆ ʇɸʃʀɺɸ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʘʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʥʠʭ 

ʨʝʩʫʨʩʽʚ ʚ ʢʨʠʪʠʯʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʧʽʜʚʠʱʠʣʘʩʴ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʰʫʢʫ ʤʝʥʰ ʟʘʪʨʘʪʥʠʭ ʟʘ ʪʨʘʜʠʮʽʡʥʽ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʷʢʽ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʧʦʙʫʪʦʚʠʭ ʤʘʩʰʪʘʙʘʭ. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦ-ʧʘʣʠʚʥʠʭ ʝʤʫʣʴʩʽʡ (ɺɽʇ), ʷʢʽ ʤʦʞʫʪʴ ʟʘʤʽʥʠʪʠ ʪʨʘʜʠʮʽʡʥʽ ʨʽʜʢʽ ʧʘʣʠʚʘ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʦʜʦʛʨʽʡʥʠʭ ʢʦʪʣʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʦʜʦ-ʧʘʣʠʚʥʘ ʝʤʫʣʴʩʽʷ, ʦʢʨʽʤ ʝʢʦʥʦʤʽʯʥʦʾ ʚʠʛʦʜʠ [1], 

ʤʘʻ ʪʘʢʦʞ ʩʫʪʪʻʚʫ ʝʢʦʣʦʛʽʯʥʫ ʧʝʨʝʚʘʛʫ.  ɹʽʣʴʰʽʩʪʴ ʘʧʘʨʘʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢʦʥʪʨʦʣʶ ʚʠʢʠʜʽʚ 

ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʥʝ ʟʜʘʪʥʽ ʟʤʝʥʰʫʚʘʪʠ ʚʠʢʠʜʠ NOx ʽ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʨʝʛʘʪʫ, ʘʜʞʝ ʚʽʜʦʤʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʜʦʩʷʛʥʫʪʦʾ ʧʽʜ ʯʘʩ ʟʛʦʨʘʥʥʷ, ʟʤʝʥʰʫʻ ʚʠʢʠʜʠ NOx, ʘʣʝ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʚʥʦʤʫ 

ʦʢʠʩʣʝʥʥʶ, ʪʠʤ ʩʘʤʠʤ ʟʙʽʣʴʰʫʶʯʠ ʚʠʢʠʜʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ [2].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦ-ʜʠʟʝʣʴʥʦʾ ʝʤʫʣʴʩʽʾ ʟʤʝʥʰʫʻ ʚʠʢʠʜʠ NOx [3] ʟʘ ʨʘʭʫʥʦʢ 

ʟʥʠʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʢʝʣʫ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ʽ ʚʦʜʥʦʯʘʩ ʧʦʢʨʘʱʫʻ 

ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʨʦʟʧʠʣʝʥʥʷ ʟʘʚʜʷʢʠ ʷʚʠʱʫ ʤʽʢʨʦʚʠʙʫʭʫ, ʱʦ ʟʥʠʞʫʻ ʚʠʢʠʜʠ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ [4]. ʊʘʢʦʞ ʚʘʛʦʤʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʷʢ ʜʣʷ ʚʞʝ 

ʽʩʥʫʶʯʠʭ, ʪʘʢ ʽ ʜʣʷ ʥʦʚʠʭ ʢʦʪʣʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʝ ʧʦʪʨʝʙʫʻ ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ ʚ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʯʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.  ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʠ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʢʦʪʣʘ ʜʣʷ ʢʦʞʥʦʛʦ ʩʢʣʘʜʫ ʟ ʚʽʜʩʦʪʢʦʚʠʤ ʚʤʽʩʪʦʤ ʚʦʜʠ ʚ ʝʤʫʣʴʛʦʚʘʥʦʤʫ ʧʘʣʠʚʽ ʚʽʜ 0 ʜʦ 50% 

ʪʘ ʚʠʟʥʘʯʠʣʠ ʂʂɼ ʢʦʪʣʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʧʘʣʠʚʘ [5]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʽ, 

ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʷʢʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.  

ɺ ʢʦʪʝʣ ʧʦʜʘʻʪʴʩʷ ʧʘʣʠʚʦ ʽʟ ʟʘʜʘʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʩʢʣʘʜʦʤ. ʇʝʨʝʜ 

ʧʦʜʘʯʝʶ ʧʘʣʠʚʦ ʧʨʦʭʦʜʠʪʴ ʦʙʨʦʙʢʫ ʚ ʢʘʚʽʪʘʮʽʡʥʽʡ ʫʩʪʘʥʦʚʮʽ 7, ʜʝ ʩʫʤʽʰ ʚʦʜʠ ʟ ʜʠʟʝʣʝʤ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʫʧʝʨʢʘʚʽʪʫʶʯʠʡ ʥʘʩʦʩ, ʱʦ ʧʝʨʝʢʘʯʫʻ ʪʘ ʦʜʥʦʯʘʩʥʦ ʟʤʽʰʫʻ ʨʽʜʢʽ ʨʝʯʦʚʠʥʠ. 

ʅʘ ʚʠʭʦʜʽ ʟ ʚʫʟʣʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ ʚʦʜʦ-ʜʠʟʝʣʴʥʘ ʝʤʫʣʴʩʽʷ [4,6]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʝʨʝʜʠʥʽ ʢʦʪʣʘ  ʚʠʤʽʨʶʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʦʶ ʪʝʨʤʦʧʘʨʦʶ ʚ ʢʦʤʧʣʝʢʩʽ ʟ 

ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ ʊ4. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʚʠʤʽʨʶʶʪʴʩʷ ʥʘ 

ʧʨʷʤʽʡ ʜʽʣʷʥʮʽ ʛʘʟʦʭʦʜʫ ʪʝʨʤʦʧʘʨʦʶ 9.  

ɺʦʜʘ, ʥʘʛʨʽʪʘ ʚ ʢʦʪʣʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʫ 4 ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʝʚʠʡ ʧʦʚʽʪʨʷʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 3, ʚ ʷʢʦʤʫ ʚʦʥʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʽ ʧʦʚʝʨʪʘʻʪʴʩʷ 

ʟʥʦʚʫ ʚ ʢʦʪʝʣ. ɿôʻʜʥʫʚʘʣʴʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʦʙʣʘʜʥʘʥʽ ʟʘʧʽʨʥʦ-ʨʝʛʫʣʶʚʘʣʴʥʦʶ ʘʨʤʘʪʫʨʦʶ 5 

ʪʘ ʟʘʩʦʙʘʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʚʦʜʠ 2 ʯʝʨʝʟ ʚʦʜʷʥʫ ʧʦʨʦʞʥʠʥʫ ʢʦʪʣʘ ʪʘ ʾʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʟ ʢʦʪʣʘ ʚʽʜʧʦʚʽʜʥʦ ʪʝʨʤʦʤʝʪʨʘʤʠ ʊ1 ʪʘ ʊ2. 
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ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʽ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʪʣʘ ʜʣʷ ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

1 ð ʢʦʪʝʣ; 2ð ʟʘʩʽʙ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ; 3ð ʢʨʘʥʠ; 4ð ʮʠʨʢʫʣʷʮʽʡʥʠʡ 

ʥʘʩʦʩ; 5ð ʪʝʧʣʦʦʙʤʽʥʥʠʢ çʧʦʚʽʪʨʷ-ʚʦʜʘè; 6ð ʪʝʨʤʦʤʝʪʨ; 7- ʢʘʚʽʪʘʪʦʨ. 

 

ɺ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ 

ʙʽʦʜʠʟʝʣʴʥʦʾ ʝʤʫʣʴʩʽʾ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʦʾ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʪʣʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ  

ʝʢʦʥʦʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʪʘ ʟʘʪʨʘʪ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʧʘʣʠʚʘ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɽʅɽʈɻɽʊʀʏʅɸ ɽʌɽʂʊʀɺʅɯʉʊʔ ʋʊʀʃɯɿɸʎɯɰ ʊɽʇʃʆʊʀ ɼʀʄʆɺʀʍ ɻɸɿɯɺ 

ʂʆʊɽʃɽʅʔ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɼʽʻʚʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʪʝʣʝʥʴ, ʷʢʽ ʻ ʦʜʥʠʤ ʟ ʜʞʝʨʝʣ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ,  ʻ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʭʽʜʥʠʭ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟʘ ʧʘʨʦʚʠʤʠ ʪʘ ʚʦʜʦʛʨʽʡʥʠʤʠ ʢʦʪʣʘʤʠ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʨʠʨʦʜʥʦʤʫ 

ʛʘʟʽ, ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘ ʥʠʤʠ ʫʪʠʣʽʟʘʪʦʨʽʚ ʪʝʧʣʦʪʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʂʂɼ, ʘ 

ʪʘʢʦʞ ʢʦʨʠʩʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʫʪʠʣʽʟʦʚʘʥʫ ʪʝʧʣʦʪʫ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʋʪʠʣʽʟʘʪʦʨʠ ʪʝʧʣʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʝʨʭʥʝʚʠʤʠ ʪʘ ʢʦʥʪʘʢʪʥʠʤʠ ʽ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ 

ʚ ʪʘʢ ʟʚʘʥʠʭ çʩʫʭʦʤʫè ʘʙʦ çʤʦʢʨʦʤʫè ʨʝʞʠʤʘʭ.  

ʇʨʠ ʛʣʠʙʦʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʜʠʤʦʚʠʭ ʛʘʟʽʚ (çʤʦʢʨʠʡè ʨʝʞʠʤ)  ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ ʻ ʚʠʢʣʶʯʝʥʥʷ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʠʭ ʧʘʨʽʚ ʚ 

ʛʘʟʦʚʦʤʫ ʪʨʘʢʪʽ ʽ ʜʠʤʦʚʽʡ ʪʨʫʙʽ.  ʆʩʥʦʚʥʽ ʩʧʦʩʦʙʠ ʫʥʠʢʥʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʫʪʚʦʨʝʥʥʷ 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʙʦʪʽ [1]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, 

ʥʘʧʨʠʢʣʘʜ, ʨʦʙʦʪʠ  [2,3], ʦʪʨʠʤʘʥʽ ʦʢʨʝʤʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʙʘʡʧʘʩʫʚʘʥʥʷ (ʜʣʷ 

çʤʦʢʨʦʛʦè ʨʝʞʠʤʫ) ʽ ʧʠʪʦʤʠʭ ʧʦʪʦʢʽʚ ʘʙʦ ʢʽʣʴʢʦʩʪʽ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʭʦʣʦʜʞʝʥʠʭ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʚʝʨʭʥʝʚʠʭ ʢʘʣʦʨʠʬʝʨʽʚ.  
ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʦʪʨʠʤʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʙʘʡʧʘʩʫʚʘʥʥʷ ʪʘ ʧʠʪʦʤʦʾ ʢʽʣʴʢʦʩʪʽ ʫʪʠʣʽʟʦʚʘʥʦʾ ʪʝʧʣʦʪʠ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ 

ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʪʠʣʽʟʘʪʦʨʽʚ ʘʙʦ ʨʝʛʫʣʶʚʘʪʠ ʾʾ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ 

ʪʝʧʣʦʪʠ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʠʪʦʤʫ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ ʚ ʫʪʠʣʽʟʘʪʦʨʽ ʪʝʧʣʦʪʠ, ʢɼʞ/ʢʛ, 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʝʞʠʤʫ ʡʦʛʦ ʨʦʙʦʪʠ  

                                                         qʢ.ʛ = (1 ï 
ʛq) ( ʛh¡ï ʛh¡¡),                                           (1) 

ʜʝ 
ʛq- ʢʦʝʬʽʮʽʻʥʪ ʙʘʡʧʘʩʫʚʘʥʥʷ; ʛh¡ ʪʘ ʛh¡¡ -  ʝʥʪʘʣʴʧʽʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʥʘ ʚʭʦʜʽ ʚ 

ʫʪʠʣʽʟʘʪʦʨ  ʪʘ ʚʠʭʦʜʽ ʟ ʥʴʦʛʦ, ʚʽʜʧʦʚʽʜʥʦ, ʢɼʞ/ʢʛ. 

ʂʦʝʬʽʮʽʻʥʪ ʙʘʡʧʘʩʫʚʘʥʥʷ ʧʽʜʙʠʨʘʣʠ ʪʘʢʠʤ, ʱʦʙʠ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʤʦʚʠʭ ʛʘʟʽʚ (ʘʙʦ ʾʭ 

ʩʫʤʽʰʽ) ʧʝʨʝʜ ʜʠʤʦʩʦʩʦʤ ʧʨʠʙʣʠʟʥʦ ʥʘ 5 ʦʉ ʧʝʨʝʚʠʱʫʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʯʢʠ ʨʦʩʠ tʨ 

ʚʭʽʜʥʠʭ ʛʘʟʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʩʫʤʽʰʽ  ʦʪʨʠʤʘʣʠ ʚʠʨʘʟ ʜʣʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʙʘʡʧʘʩʫʚʘʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʧʦʟʘ ʫʪʠʣʽʟʘʪʦʨʦʤ 

                                                         
ʛq= ( ʩʤ

ʛt ï ʛt¡¡) / ( ʛt¡ï ʛt¡¡),                                         (2) 

ʜʝ ʛt¡ʪʘ ʛt¡¡ - ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʪʣʘ ï ʚʭʦʜʽ ʚ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨ ʽ 

ʥʘ ʚʠʭʦʜʽ ʟ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ, ʦʉ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʘʣʝʞʥʽʩʪʴ [4] 

                                                         hʛ̔ = tʛ̔ + (2500 + 1,97tʛ̔)dʛ̔,                                      (3) 

ʜʝ dʛi - ʚʦʣʦʛʦʚʤʽʩʪ ʜʠʤʦʚʠʭ ʛʘʟʽʚ, ʢʛ/ʢʛ ʩ.ʛ. 

ɼʣʷ ʩʫʭʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʫʪʠʣʽʟʘʪʦʨʽʚ ʙʨʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ  ʥʘ ʚʠʭʦʜʽ 

ʛt¡¡= 60 ʦ ʉ, ʢʦʝʬʽʮʽʻʥʪ ʙʘʡʧʘʩʫʚʘʥʥʷ 
ʛq= 1,  ʽ

   ʜʣʷ ʧʠʪʦʤʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʚʝʜʝʥʦʾ ʚʽʜ ʜʠʤʦʚʠʭ 
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ʛʘʟʽʚ ʪʝʧʣʦʪʠ, ʢɼʞ/ʢʛ, ʦʪʨʠʤʘʣʠ  ʟʘʣʝʞʥʽʩʪʴ 

                                                           ʢ.ʛ
ʢ.ʛ 1,4

ʛ(1 )

q
q

d

¡
=

¡-
,                                                     (4) 

ʜʝ  ʢ.ʛq¡ - ʫʤʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ ʚʽʜ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʪʝʧʣʦʪʠ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʟʘʣʝʞʥʽʩʪʶ (5), ʱʦ ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ);  ʛd¡- 

ʚʦʣʦʛʦʚʤʽʩʪʴ ʜʠʤʦʚʠʭ ʛʘʟʽʚ, ʢʛ/ʢʛ ʩ.ʛ (ʦʜʥʘʢʦʚʘ ʚʝʣʠʯʠʥʘ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʫʪʠʣʽʟʘʪʦʨʘ). 

                                               ʢ.ʛ ʛ1,0331 61,986q t¡ ¡= - .                                                 (5) 

ʇʨʠ ʛʣʠʙʦʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʧʨʠ ʟʚʦʣʦʞʝʥʥʽ ʪʘ ʙʝʟ ʟʚʦʣʦʞʝʥʥʷ 

ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʫʤʦʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʙʘʡʧʘʩʫʚʘʥʥʷ 
ʛq¡ ʪʘ ʫʤʦʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʢ.ʛq¡ʚʽʜ ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʛt¡¡ (ʨʠʩ. 1) 

             

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʦʩʪʽ 
ʛq¡(1) ʽ 

ʢ.ʛq¡(2) ʚʽʜ ʛt¡¡ʧʨʠ ʛʣʠʙʦʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʜʠʤʦʚʠʭ ʛʘʟʽʚ: 

ʘ) ʙʝʟ ʟʚʦʣʦʞʝʥʥʷ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ; ʙ)  ʟʽ ʟʚʦʣʦʞʝʥʥʷʤ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʨʘʭʫʥʢʠ ʜʽʡʩʥʠʭ ʚʝʣʠʯʠʥ 
ʛq ʪʘ qʢ.ʛ ʟʜʽʡʩʥʫʶʪʴ ʟʘ  ʟʘʣʝʞʥʦʩʪʷʤʠ 

(6), (7), ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʪʣʘ - ʚʭʦʜʽ ʚ 

ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨ ʛt¡ 

                                             ʛ ʛ ʛ1 / ( 273)tq q¡ ¡= - + ;                                                          (6)  

                                             
0,85

ʢ.ʛ ʢ.ʛ ʛ( )q q t¡ ¡= .                                                           (7) 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʫʟʘʛʘʣʴʥʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʙʘʡʧʘʩʫʚʘʥʥʷ ʪʘ ʧʠʪʦʤʦʾ ʢʽʣʴʢʦʩʪʽ ʫʪʠʣʽʟʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʽʚ ʥʘ 

ʚʠʭʦʜʽ ʟ ʫʪʠʣʽʟʘʪʦʨʽʚ ʧʨʠ ʛʣʠʙʦʢʦʤʫ ʾʭ ʦʭʦʣʦʜʞʝʥʥʽ ʟʽ ʟʚʦʣʦʞʝʥʥʷʤ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ ʪʘ 

ʙʝʟ ʟʚʦʣʦʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʠʪʦʤʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʚʝʜʝʥʦʾ ʚʽʜ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʪʝʧʣʦʪʠ ʚ çʩʫʭʦʤʫè 

ʨʝʞʠʤʫ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʀʁ ɸʅɸʃɯɿ ʇʈʗʄʆɻʆ ɿɸʍʆʇʃɽʅʅʗ ʇʆɺɯʊʈʗ ɺ 

ʂʃɯʄɸʊʀʏʅʀʍ ʋʄʆɺɸʍ ʋʂʈɸɰʅʀ.

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋʣʦʚʣʝʥʥʷ ʚʫʛʣʝʢʩʠʣʦʛʦ ʛʘʟʫ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʫ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʣʽʤʘʪʫ, 

ʚʨʘʭʦʚʫʶʯʠ ʟʘʛʨʦʟʫ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ, ʚʠʢʣʠʢʘʥʠʭ ʟʨʦʩʪʘʶʯʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʽ. ʂʨʽʤ ʪʦʛʦ, ʪʨʠʚʘʣʘ ʚʽʡʥʘ ʚ ʋʢʨʘʾʥʽ ʩʧʨʠʯʠʥʠʣʘ ʥʘʜʟʚʠʯʘʡʥʝ ʧʦʛʽʨʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʯʝʨʝʟ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʚʠʢʠʜʽʚ CO2 ʫ ʧʦʚʽʪʨʷ. ɿʛʽʜʥʦ ʟ ʦʬʽʮʽʡʥʠʤʠ 

ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ [1], ʥʘʧʘʜ ʈʦʩʽʾ ʥʘ 

ʋʢʨʘʾʥʫ ʧʨʠʟʚʽʚ ʜʦ ʚʠʢʠʜʫ ʱʦʥʘʡʤʝʥʰʝ 33 ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ CO2, ʱʦ ʧʦʛʣʠʙʣʶʻ ʚʞʝ ʥʘʷʚʥʠʡ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʢʣʽʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ ʧʣʘʥʝʪʠ. ʊʦʤʫ ʥʘʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦ, ʧʨʦʚʝʩʪʠ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ direct air capture DAC ʚ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ ʦʩʢʽʣʴʢʠ 

ʮʝ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʣʷ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʘʣʫ, ʦʧʪʠʤʽʟʘʮʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʷʢ ʯʘʩʪʠʥʠ ʥʘʮʽʦʥʘʣʴʥʠʭ ʟʫʩʠʣʴ ʫ ʙʦʨʦʪʴʙʽ ʟʽ ʟʤʽʥʦʶ 

ʢʣʽʤʘʪʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ ʬʫʥʢʮʽʦʥʫʻ 19 ʫʩʪʘʥʦʚʦʢ DAC, ʷʢʽ 

ʨʘʟʦʤ ʫʣʦʚʣʶʶʪʴ 0,01 ʄʪʦʥʥ CO2/year [2]. ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ 

ʙʽʣʴʰʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʬʽʟʠʯʥʠʭ ʪʘ 

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʦʨʙʝʥʪʽʚ [3-4] ʪʘ ʚʠʟʥʘʯʝʥʥʽ Key Performance Indicators [5]. ʆʜʥʘʢ, 

ʤʘʣʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ cʠʩʪʝʤʠ DAC ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ 

ʾʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʂʨʽʤ ʪʦʛʦ, ʙʨʘʢʫʻ ʥʘʣʝʞʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ 

ʨʦʙʦʯʠʭ ʩʦʨʙʝʥʪʽʚ ʪʘ ʚʽʜʩʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫʩʪʘʥʦʚʦʢ DAC ʚ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ DAC ʜʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ 

ʪʚʝʨʜʦʛʦ DAC. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʜʣʷ MOF-177 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʤʦʜʝʣʴʶ 

ɼʫʙʥʽʥʘ-ɸʩʪʘʭʦʚʘ (1) : 

Ñ Ñ ϽÅ ȟ (1) 

ʜʝ Ñ  (̍̍̏̌Ͻ̝̄ ) ï ʛʨʘʥʠʯʥʘ ʘʜʩʦʨʙʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ;  

R (ɼʞϽ̍ ̏̌ Ͻ̝+ ) ï  ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ;  

Ŭ (ɼʞϽ̍ ̏̌ )̝ ʽ ɓ (ɼʞϽ̍ ̏̌ Ͻ̝+ ) ï ʝʥʪʘʣʴʧʽʡʥʠʡ ʪʘ ʽʥʪʨʦʧʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪʠ;  

P0 (ʇa) ï ʪʠʩʢ ʛʘʟʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ n ï ʮʝ ʢʦʥʩʪʘʥʪʘ.  

 

ʇʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʪʴ ʜʣʷ Zeolite13ʍ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʤʦʜʝʣʴʶ ʊʦʪʘ (2): 

Ñ
Ͻ

Ͻ Ⱦ
 , (2) 

ʜʝ Ñ ̍̏̌Ͻ̝̋ ̄  ï ʧʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ Zeolite13x;  

P (ʢʇa) ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ CO2;  

E (ʂ) ï ʤʽʨʘ ʪʝʧʣʦʪʠ ʘʜʩʦʨʙʮʽʾ;  

b ï ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ;  

a ï ʧʘʨʘʤʝʪʨ, ʧʦʚ'ʷʟʘʥʠʡ ʟ b ʪʘ ʻʤʥʽʩʪʶ ʥʘʩʠʯʝʥʥʷ;  

t ï ʧʦʢʘʟʥʠʢ ʽʟʦʪʝʨʤʠ ʊʦʪʘ;  
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ʇʘʨʘʤʝʪʨʠ a, b, t ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ (3) ï (5): 

Â ÂÅ Ⱦ ȟ (3) 

Á ÁÅ Ⱦ ȟ (4) 

Ô Ô ÃȾ4Ȣ (5) 

                   
                        (a)                                                                  (ʙ) 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʽʢ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʦʨʙʝʥʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ  

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ ʨʦʢʫ: 

ʘ ï MOF-177, ʙ ï Zeolite13X. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʦʨʙʝʥʪʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʩʢʦʨʠʩʪʫʻʤʦʩʷ ʢʣʽʤʘʪʠʯʥʠʤʠ ʜʘʥʠʤʠ IWEC ʜʣʷ ʤʽʩʪʘ ʂʠʾʚ (ɯ 

ʢʣʽʤʘʪʠʯʥʘ ʟʦʥʘ) [6]. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʋʢʨʘʾʥʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʝʨʰʦʾ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʦʥʠ. ʄʽʞʥʘʨʦʜʥʽ ʢʣʽʤʘʪʠʯʥʽ ʬʘʡʣʠ ʧʦʛʦʜʠ ʜʣʷ ʤʽʩʪʘ ʂʠʻʚʘ ʤʘʡʞʝ ʥʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʥʦʨʤʘʪʠʚʥʦʾ 

ʢʣʽʤʘʪʦʣʦʛʽʾ ʋʢʨʘʾʥʠ. 

ɿ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʱʦ ʧʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ MOF-177 ʫ 1000 ʨʘʟʽʚ ʤʝʥʰʘ ʥʽʞ 

Zeolite13X. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʦʜʥʘʢʦʚʦʛʦ ʦʙ'ʻʤʫ ʮʠʭ ʩʦʨʙʝʥʪʽʚ ʫ ʢʦʥʪʘʢʪʦʨʽ, MOF-177 

ʫʣʦʚʠʪʴ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʉʆ2 ʟ ʧʦʚʽʪʨʷ ʥʽʞ Zeolite13X. 

ʇʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ t. ʇʨʦʪʷʛʦʤ ʨʦʢʫ ʧʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

Zeolite13X ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,25 ʤʦʣʴ/ʢʛ ʜʦ 0,85 ʤʦʣʴ/ʢʛ (ʥʘ 70,6%), ʘ MOF-177 ʚʽʜ 3,3Ͻ10-4 

ʤʦʣʴ/ʢʛ ʜʦ 3,5Ͻ10-4 ʤʦʣʴ/ʢʛ (ʥʘ 5,7%). ʈʠʩ. 3 ʧʦʢʘʟʫʻ, ʱʦ ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ t, ʧʦʛʣʠʥʘʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʩʦʨʙʝʥʪʽʚ ʟʥʠʞʫʻʪʴʩʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʨʦʢʫ ʧʦʪʨʽʙʥʘ ʤʝʥʰʘ 

ʢʽʣʴʢʽʩʪʴ ʩʦʨʙʝʥʪʽʚ, ʱʦʙ ʫʣʦʚʠʪʠ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʉʆ2 ʧʦʨʽʚʥʷʥʦ ʟ ʪʝʧʣʠʤ ʧʝʨʽʦʜʦʤ. 

   
                   (a)                                                              (ʙ) 

ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʜʝʩʦʨʙʮʽʾ ʩʦʨʙʝʥʪʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ: 

ʘ ï MOF-177, b ï Zeolite13X. 
ɿ ʨʠʩ. 2 ʚʠʜʥʦ, ʱʦ ʯʘʩ ʜʝʩʦʨʙʮʽʾ ʦʙʦʭ ʩʦʨʙʝʥʪʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ. ʏʠʤ ʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʨʙʝʥʪʽʚ, ʪʠʤ ʰʚʠʜʰʝ ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ 

ʤʦʣʝʢʫʣʠ ʉʆ2. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʝʩʪʠ ʜʦ 
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ʧʦʚʽʪʨʷʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʩʦʨʙʝʥʪʽʚ. ɯʩʥʫʻ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʝʩʦʨʙʮʽʾ, ʧʽʩʣʷ ʷʢʦʛʦ ʧʦʜʘʣʴʰʘ ʧʦʜʘʯʘ ʪʝʧʣʘ ʚʪʨʘʯʘʻ ʩʝʥʩ, ʦʩʢʽʣʴʢʠ ʯʘʩ ʜʝʩʦʨʙʮʽʾ  ʥʝ 

ʟʤʝʥʰʫʻʪʴʩʷ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʚʠʚʽʣʴʥʝʥʥʷ ʉʆ2 ʟ MOF-177 ʧʦʪʨʽʙʥʦ ʥʘ 17,4% ʤʝʥʰʝ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʦʨʽʚʥʷʥʦ ʟ Zeolite13X. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʘʜʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ 

MOF-177 ʥʠʞʯʘ, ʥʽʞ ʫ Zeolite13X (ʨʠʩ. 1). ʊʘʢʠʤ ʯʠʥʦʤ, MOF-177 ʟʘʭʦʧʣʶʻ ʤʝʥʰʝ CO2 ʟʘ 

ʮʠʢʣ ʽ ʧʦʪʨʝʙʫʻ ʤʝʥʰʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʜʣʷ ʚʠʜʘʣʝʥʥʷ CO2 ʧʽʜ ʯʘʩ ʜʝʩʦʨʙʮʽʾ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 100 ÁC ʯʘʩ ʜʝʩʦʨʙʮʽʾ ʩʪʘʥʦʚʠʪʴ 2 ʛʦʜʠʥʠ ʜʣʷ 

Zeolite13X ʽ 110 ʩʝʢʫʥʜ (0,03 ʛʦʜʠʥʠ) ʜʣʷ MOF-177. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʟʘ ʦʜʠʥ ʮʠʢʣ 

ʨʦʙʦʪʠ ʟ MOF-177 ʧʦʪʨʽʙʥʦ ʚʠʜʘʣʠʪʠ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ CO2, ʥʽʞ ʟ Zeolite13X. 

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ 

ʥʘ ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʪʚʝʨʜʠʭ ʩʦʨʙʝʥʪʽʚ. ʇʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʜʩʦʨʙʮʽʡʥʘ 

ʟʜʘʪʥʽʩʪʴ ʟʨʦʩʪʘʻ. ʎʝ ʩʧʨʠʷʻ ʦʧʪʠʤʘʣʴʥʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʩʠʩʪʝʤʠ DAC ʚ ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ, ɯ ʢʣʽʤʘʪʠʯʥʘ ʟʦʥʘ).ʅʘ ʦʧʪʠʤʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ DAC 

ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʘʜʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʩʦʨʙʝʥʪʫ, ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʝʩʦʨʙʮʽʾ. ʄʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ 1,5 ʤ3/ʩ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʩʦʨʙʮʽʾ 100 ÁC ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʝʬʝʢʪʠʚʥʝ ʚʠʜʘʣʝʥʥʷ ʉʆ2 ʟ ʧʦʚʽʪʨʷ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʑʆɼʆ ɺʀɿʅɸʏɽʅʅʗ ɿɸɻɸʃʔʅʆɰ ɻʃʀɹʀʅʀ ʉɺɽʈɼʃʆɺʀʅ ɺ ɻʈʋʅʊʆɺʆʄʋ 

ɸʂʋʄʋʃʗʊʆʈɯ ʊɽʇʃʆʊʀ ʉʆʅʗʏʅʆɰ ɯʅʉʆʃʗʎɯɰ ɼʃʗ ʊɽʇʃʆʅɸʉʆʉʅʆɰ 

ʉʀʉʊɽʄʀ ʆʇɸʃɽʅʅʗ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʩʝ ʙʽʣʴʰʝ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ ʥʘʷʚʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ï ʩʦʥʷʯʥʽʡ ʽʥʩʦʣʷʮʽʾ, ʷʢʘ 

ʻ ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʦʶ ʽ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʚʠʱʠʤ ʩʪʘʥʜʘʨʪʘʤ ʝʢʦʣʦʛʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʣʠʚʝ ʯʝʨʝʟ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʣʫʯʝʥʥʷ ʟ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ˇʨʫʥʪʫ 

ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ï ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ (ʉʂ), ʷʢʽ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ 

ʧʣʦʩʢʫ ʬʦʨʤʫ [1-3]. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ 

ʚʟʠʤʢʫ ʜʣʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʚ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ ʻ 

ʤʘʣʦʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽʟ-ʟʘ ʥʠʟʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʟʠʤʦʚʽ ʤʽʩʷʮʽ. 

ʊʦʤʫ ʟʨʦʩʪʘʻ ʽʥʪʝʨʝʩ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ ʣʽʪʥʴʦʾ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ 

ʰʣʷʭʦʤ ʾʾ ʧʦʧʝʨʝʜʥʴʦʾ  ʘʢʫʤʫʣʷʮʽʾ ʚ ʛʨʫʥʪʽ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. ɸʢʫʤʫʣʷʮʽʷ ʪʝʧʣʦʪʠ ʚʣʽʪʢʫ ʽ ʚʠʣʫʯʝʥʥʷ ʾʾ ʟ ʛʨʫʥʪʫ ʚʟʠʤʢʫ ʜʣʷ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʨʪʠʢʘʣʴʥʠʭ ʛʨʫʥʪʦʚʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ (ɺɻʊʆ). ʋʤʦʚʠ ʨʦʙʦʪʠ ɺɻʊʆ ʧʨʠ ʚʠʣʫʯʝʥʥʽ ʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʪʠ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʫʤʦʚ ʨʦʙʦʪʠ ʾʭ ʧʨʠ ʚʠʣʫʯʝʥʥʽ ʧʨʠʨʦʜʥʦʾ ʪʝʧʣʦʪʠ ʟ ʛʨʫʥʪʫ. ʊʦʤʫ 

ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ɺɻʊʆ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʠʭ ʟ ʟʘʛʘʣʴʥʦʶ 

(ʩʫʤʘʨʥʦʶ) ʛʣʠʙʠʥʦʶ ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ ʪʘʢʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ.  

 
ʈʠʩʫʥʦʢ 1 - ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʜʷʥʦʛʦ ʦʧʘʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʫʤʫʣʴʦʚʘʥʦʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ˇʨʫʥʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʋ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʙʨʘʢʫʻ ʜʦʩʪʘʪʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ 

ʨʦʙʦʪʠ ɺɻʊʆ ʚ ʩʢʣʘʜʽ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʫʤʫʣʴʦʚʘʥʦʾ ʚ 

ʛʨʫʥʪʽ ʪʝʧʣʦʪʠ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.   

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʛʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʚ ʤʦʚʘʭ ʚʠʣʫʯʝʥʥʷ ʘʢʫʤʫʣʴʦʚʘʥʦʾ ʚ ʛʨʫʥʪʽ ʪʝʧʣʦʪʠ ʜʣʷ 



 
 

 
 

174 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʦʩʥʦʚʫ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʩʚʝʨʜʣʦʚʠʥ ʙʫʣʠ 

ʧʦʢʣʘʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʫʤʦʚ ʨʦʙʦʪʠ ʛʨʫʥʪʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʝʧʣʦʪʠ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ [4].ɿʘʛʘʣʴʥʘ ʛʣʠʙʠʥʘ ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ ɺɻʊʆ 

ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʚʠʣʫʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟ ˇʨʫʥʪʫ ʽ ʧʝʨʝʜʘʯʽ ʮʽʻʾ 

ʪʝʧʣʦʪʠ ʚ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ 

                                              
1 2ɺɻʊʆ ɺɻʊʆQ Q=                                                     (1) 

ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʩʧʨʠʡʤʘʻ ɺɻʊʆ ʚʽʜ ʛʨʫʥʪʫ  

                                              
1 ʟʘʛɻɺɻʊʆQ q L= Ö  ,                                                     (2) 

ʜʝ ɻq - ʧʠʪʦʤʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ 1 ʤ ʛʣʠʙʠʥʠ ʩʚʝʨʜʣʦʚʥʠ, ɺʪ/ʤ; ʟʘʛL - 

ʟʘʛʘʣʴʥʘ ʛʣʠʙʠʥʘ ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʦʙôʻʢʪʘ ʦʧʘʣʝʥʥʷ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʽʜʜʘʻʪʴʩʷ ʚ ʥʠʞʥʴʦʤʫ ʢʦʥʪʫʨʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

                                  ()
2

ʨ
ʦ ʦʧ cʨ.ʤɺɻʊʆ 0ʩʨ.ʤ

(1 )Q Q f t l= Ö Ö - ,                                     (3) 

ʜʝ ʨʦQ - ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʦʙôʻʢʪʘ ʦʧʘʣʝʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ; () ʧʨ ʩʨ.ʤ.i

0 ʨʩʨ.ʤ
ʧʨ ʦ

t t
f t

t t

-
=

-
 - ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʢʦʞʥʦʛʦ 

ʤʽʩʷʮʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ, ʦʧl - ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʧʠʪʦʤʽ ʟʘʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʾ ʝʥʝʨʛʽʾ (ʥʘ 

ʧʨʠʚʽʜ ʢʦʤʧʨʝʩʦʨʘ ʊʅ ʽ ʥʘʩʦʩʘ ʥʠʞʥʴʦʛʦ ʢʦʥʪʫʨʫ). 

ɯʟ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʨʽʚʥʷʥʴ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʩʥʫ 

ʟʘʛʘʣʴʥʫ ʛʣʠʙʠʥʫ ʩʚʝʨʜʣʦʚʠʥ ʥʘ 1 ʢɺʪ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʦʙôʻʢʪʘ ʦʧʘʣʝʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʟʦʚʥʽʰʥʴʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʤ/ʢɺʪ 
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Q q
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= .                                          (4) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʝʣʠʯʠʥʠ ʨ
ʟʘʛ ʦ/L Q , ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʝʥʩʘʮʽʶ 

ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʙʫʜʽʚʣʽ ʚ ʢʦʞʥʦʤʫ ʤʽʩʷʮʽ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ 

ʚʽʜʧʦʚʽʜʥʽ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ ʪʨʴʦʭ ʚʝʣʠʯʠʥ ()0 ʩʨ.ʤ
f t , ʦʧ cʨ.ʤl  ʽ 

ɻ.cʨ.ʤ
q . ɺ ʪʘʙʣʠʮʽ 1 

ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ ʧʨʠ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʩʨ.ʤt ʚ ʢʦʞʥʦʤʫ ʤʽʩʷʮʽ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ 

ʦʧ.cʨ.ʤl  ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʝʧʣʦʥʦʩʽʷ ʚ ʩʠʩʪʝʤʽ 

ʦʧʘʣʝʥʥʷ 
ʨ 0

ʪ 50t ʉ= , ʘ ʪʘʢʦʞ ʟʘ ʫʤʦʚ ʨʦʙʦʪʠ ʛʨʫʥʪʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʚ ʨʝʞʠʤʽ ʨʦʟʨʷʜʢʠ ʧʦ 

ʜʘʥʠʤ ʨʦʙʦʪʠ [4]. ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ 
ɻ.cʨ.ʤ

q ʙʫʣʠ ʪʘʢʦʞ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ [5] ʚ 

ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʽʱʘʥʠʭ ʛʨʫʥʪʽʚ ʩʝʨʝʜʥʴʦʾ ʚʦʣʦʛʦʩʪʽ [5] ʟʘ ʫʤʦʚʠ 

ʬʽʢʩʦʚʘʥʦʾ ʚ ʨʦʙʦʪʽ [4] ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ɺɻʊʆ ʥʘ ʨʽʚʥʽ 10 Áʉ. ʗʢ ʚʠʜʥʦ ʟ 

ʪʘʙʣʠʮʽ, ʥʝʦʙʭʽʜʥʘ ʟʘʛʘʣʴʥʘ ʛʣʠʙʠʥʘ ʩʚʝʨʜʣʦʚʠʥ ʩʠʣʴʥʦ ʟʨʦʩʪʘʻ ʧʽʜ ʢʽʥʝʮʴ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʩʝʟʦʥʫ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ. ɼʣʷ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʚʠʣʫʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟ ʛʨʫʥʪʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ɺɻʊʆ ʥʝʦʙʭʽʜʥʦ ʟʥʠʞʫʚʘʪʠ ʜʦ ʟʥʘʯʝʥʴ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ 

ʚ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʦʾ ʪʝʧʣʦʪʠ ʛʨʫʥʪʫ (ʙʣʠʟʴʢʦ 3 

Áʉ). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʘ ʟʘʛʘʣʴʥʘ ʛʣʠʙʠʥʘ ʩʚʝʨʜʣʦʚʠʥ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʥʘʯʝʥʥʷʤ 

ʚ ʥʘʡʙʽʣʴʰ ʭʦʣʦʜʥʠʡ ʤʽʩʷʮʴ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ (ʙʣʠʟʴʢʦ 9 ʤ/ʢɺʪ). 
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ʊʘʙʣʠʮʷ 1 - ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʚʧʨʦʜʦʚʞ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʧʝʨʽʦʜʫ 

ʤʽʩʷʮʴ X XI  XII  I II  III  

ʩʨ.ʤt ,Áʉ 9,0 1,9 -3,0 -5,6 -4,3 0,7 

()0 ʩʨ.ʤ
f t  0,262 0,431 0,547 0,61 0,578 0,46 

ʦʧ.cʨ.ʤl  0,148 0,18 0,2 0,21 0,2 0,19 

ɻ.cʨ.ʤ
q , ɺʪ/ʤ 164 103 73,7 53,6 35,6 28,3 

ʨ
ʟʘʛ ʦ/L Q , ʤ/ʢɺʪ 1,36 3,42 6,0 9,0 12,97 13,17 

 

ɺʠʩʥʦʚʢʠ. ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʩʚʝʨʜʣʦʚʠʥ ʚ 

ʛʨʫʥʪʦʚʦʤʫ ʘʢʫʤʫʣʷʪʦʨʽ ʪʝʧʣʦʪʠ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ ʜʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʛʣʠʙʠʥʠ ʩʚʝʨʜʣʦʚʠʥ ʟʘ 

ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʚʠʣʫʯʝʥʥʷ ʪʝʧʣʦʪʠ ʰʣʷʭʦʤ ʧʦʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ 

ʥʘ ʚʭʦʜʽ ʚ ɺɻʊʆ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀɿʅɸʏɽʅʅʗ ɿɸɻɸʃʔʅʆɰ ʇʃʆʑɯ ʉʆʅʗʏʅʀʍ ʂʆʃɽʂʊʆʈɯɺ ɼʃʗ 

ʊɽʇʃʆʅʆʉɸʉʅʆɰ ʉʀʉʊɽʄʀ ʆʇɸʃɽʅʅʗ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ɸʂʋʄʋʃʔʆɺɸʅʆɰ ʉʆʅʗʏʅʆɰ ɯʅʉʆʃʗʎɯɰ ɺ ˆʈʋʅʊɯ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʋʢʨʘʾʥʠ 

ʚʽʜ ʽʤʧʦʨʪʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ ʧʦʪʨʽʙʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʰʠʨʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ 

ʧʘʣʠʚʘ. ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ ʩʦʥʷʯʥʘ ʽʥʩʦʣʷʮʽʷ ʪʘ ʛʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʽʷ, 

ʚʠʢʣʠʢʘʶʪʴ ʜʝʜʘʣʽ ʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʝʡ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʂʦʤʙʽʥʦʚʘʥʘ 

ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ (ʊʅʉ) ʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤ ʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ ʩʧʦʩʦʙʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢʠʡ ʤʦʞʝ ʟʘʤʽʩʪʠʪʠ ʪʨʘʜʠʮʽʡʥʝ ʦʨʛʘʥʽʯʥʝ ʧʘʣʠʚʦ ʧʨʠ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʽ 

ʙʫʜʽʚʣʽ. ɺʦʜʥʦʯʘʩ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʚʽʜʤʽʥʥʽʩʪʴ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ ʪʘ 

ʪʝʧʣʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʜʣʷ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ  ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʊʅʉ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ [1, 2].   

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ 

ʚ ʊʅʉ ʦʧʘʣʝʥʥʷ ʷʢ ʥʠʞʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʚ ʨʦʙʦʪʽ [3]. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʊʅʉ ʦʧʘʣʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

ʧʨʠʨʦʜʥʦʾ ʪʝʧʣʦʪʠ ˇʨʫʥʪʫ ʤʦʞʝ ʙʫʪʠ ʪʽʣʴʢʠ ʚ ʜʝʥʥʠʡ ʯʘʩ. ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ  ʜʘʥʽ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ ˇʨʫʥʪʫ ʙʝʟ ʘʢʫʤʫʣʶʚʘʥʥʷ  ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ (ɺɻʊʆ).  

 

  

                          ʘ)                                                                     ʙ) 

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʚ ʜʝʥʥʠʡ ʯʘʩ (ʘ) ʪʘ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ (ʙ) 

ʤʽʥʽʤʘʣʴʥʠʭ ʧʠʪʦʤʠʭ ʟʘʪʨʘʪ ʟʦʚʥʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʥʘ ʊʅʉ ʦʧʘʣʝʥʥʷ ʚʽʜ ʤʽʩʷʮʷ ʨʦʙʦʪʠ:     

ɸ, ɹ, ɺ ï ʚʝʨʪʠʢʘʣʴʥʠʡ ˇʨʫʥʪʦʚʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʛʣʠʙʠʥʘ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ   Lʩʚ = 20; 50; 

100 ʤ (ʧʨʠ 
ʨ ʦ

ʪ 50 ʉt = ). 1 ï 6 ï ʧʣʦʩʢʠʡ ʩʦʥʷʯʥʠʡ ʢʦʣʝʢʪʦʨ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ 

ʚʠʭʦʜʽ ʟ ʷʢʦʛʦ  
ʚʠʭ

ʉʂt = 10; 11; 12; 13; 14; 15 ʦʉ. 
 

 

ɿ ʨʠʩʫʥʢʘ 1ʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʠʪʦʤʘ ʟʘʪʨʘʪʘ ʟʦʚʥʽʰʥʴʦʾ ʨʦʙʦʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ 

ʦʜʠʥʠʮʽ ʪʝʧʣʦʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʘʣʝʥʥʷ ʚ ʜʝʥʥʠʡ ʯʘʩ, ʟʘʚʞʜʠ ʤʝʥʰʝ ʚʽʜʧʦʚʽʜʥʦʾ ʨʦʙʦʪʠ 
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ʚ ʊʅʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ ˇʨʫʥʪʫ. ʆʜʥʘʢ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʷʢʱʦ ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʥʝ 

ʤʘʻ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʜʞʝʨʝʣʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʚ ʥʽʯʥʠʡ ʯʘʩ, ʪʦ ʪʦʜʽ ʜʣʷ ʮʽʣʦʜʦʙʦʚʦʾ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟ ʪʽʻʶ ʞ ʪʝʧʣʦʚʦʶ ʧʦʪʫʞʥʽʩʪʶ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʟʘʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʾ 

ʝʥʝʨʛʽʾ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʦʪʠ ʚ ʙʘʢʫ-ʘʢʫʤʫʣʷʪʦʨʽ ʜʣʷ ʨʦʙʦʪʠ ʚ ʥʽʯʥʠʡ ʯʘʩ, ʘ ʧʠʪʦʤʫ 

ʟʘʪʨʘʪʫ ʟʦʚʥʽʰʥʴʦʾ ʨʦʙʦʪʠ ʧʝʨʝʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʽ ʤʽʥʽʤʘʣʴʥʽ ʧʠʪʦʤʽ ʟʘʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʥʘ ʊʅʉ ʦʧʘʣʝʥʥʷ ʚʽʜ ʤʽʩʷʮʷ 

ʨʦʙʦʪʠ ʥʘ ʨʠʩʫʥʢʫ 1ʙ:   

( )
min

ʨ ʦʧ

ʽʥʩʦʣ

24
l l

n t
= Ö ,                                                       (1) 

ʜʝ min

ʦʧl ï ʤʽʥʽʤʘʣʴʥʽ ʧʠʪʦʤʽ ʟʘʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʥʘ ʊʅʉ ʦʧʘʣʝʥʥʷ; 

( )ʽʥʩʦʣn t ï ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ ʚʽʜ ʤʽʩʷʮʷ. 

ɿ ʨʠʩʫʥʢʫ 1ʙ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʠʪʦʤʘ ʟʘʪʨʘʪʘ ʟʦʚʥʽʰʥʴʦʾ ʨʦʙʦʪʠ ʩʪʘʻ ʙʽʣʴʰʦʶ, ʥʽʞ ʫ 

ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʊʅʉ ʦʧʘʣʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʪʝʧʣʦʪʠ ˇʨʫʥʪʫ, ʘ ʮʝ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʽʣʴʢʠ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʊʅʉ ʦʧʘʣʝʥʥʷ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʟʘ ʨʘʭʫʥʦʢ ʾʾ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʫ 

ˇʨʫʥʪʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʘʭ ʪʝʧʣʦʪʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʣʦʩʢʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʢʽʣʴʢʦʩʪʽ, ʷʢʽ ʙʫʜʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʪʘʪʥʻ ʥʘʢʦʧʠʯʝʥʥʷ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʚ ˇʨʫʥʪʽ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ 

ʧʝʨʽʦʜ ʚ ʊʅʉ ʦʧʘʣʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  
ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʧʣʦʩʢʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʚʠʢʦʨʠʩʪʘʻʤʦ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ  

                                                            ʟ ʨ

Ű ŰQ Q= ,                                                              (2) 

 ʜʝ ʟ
ŰQ , ʨ

ŰQ  ï  ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʚ ʧʨʦʮʝʩʽ ʟʘʨʷʜʢʠ (ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ), ʪʘ ʚ ʧʨʦʮʝʩʽ 

ʨʦʟʨʷʜʢʠ (ʚ ʟʠʤʥʽʡ ʧʝʨʽʦʜ) ʚʽʜʧʦʚʽʜʥʦ. 

ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ ʟʘʨʷʜʢʠ ˇʨʫʥʪʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ, ʢɺʪ 

    ( )ʟ

Ű ʧʘʜ ʩʢ ʩ.ʨ ʉʂʩ.ʨ
3600 180Q q n Fh= Ö Ö Ö Ö Ö                                       (3) 

ʜʝ ( )ʧʘʜ ʩʢʩ.ʨ
q hÖ ï ʩʝʨʝʜʥʻ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʦʙʫʪʢʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʘʜʘʶʯʦʾ 

ʨʘʜʽʘʮʽʾ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʫ; 
ʩ.ʨn  ï ʩʝʨʝʜʥʷ ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ ʚʽʜ ʤʽʩʷʮʷ; ʉʂF  ï ʧʣʦʱʘ ʧʣʦʩʢʦʛʦ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʨʦʟʨʷʜʢʠ, ʢɺʪ 

() ( )ʨ ʨ ʦʧ

Ű 0 c.ʨ0 ʩʨ.ʤ
1 3600 24 180Q Q lf t= Ö Ö - Ö Ö Ö,                                    (4) 

ʜʝ ʨ
ʦQ  ï ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʙʫʜʠʥʢʦʤ ʜʣʷ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʧʘʣʝʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ; () ʧʨ ʩʨ.ʤ.i

0 ʨʩʨ.ʤ
ʧʨ ʦ

t t
f t

t t

-
=

-
 ï  ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ 

ʢʦʞʥʦʛʦ ʤʽʩʷʮʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ, ʦʧ

c.ʨl  ï  ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʧʠʪʦʤʽ ʟʘʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʾ 

ʝʥʝʨʛʽʾ (ʥʘ ʧʨʠʚʽʜ ʢʦʤʧʨʝʩʦʨʘ ʊʅ ʽ ʥʘʩʦʩ). 

ʇʣʦʱʘ ʚʽʜʥʝʩʝʥʘ ʜʦ ʚʪʨʘʪ ʪʝʧʣʦʪʠ ʥʘ ʦʧʘʣʝʥʥʷ, ʤ2/ʢɺʪ 

()
( )
( )

ʦʧ

c.ʨʉʂ

ʨ

0 ʧʘʜ ʩʢ ʩ.ʨʩ.ʨ0 ʩʨ.ʤ

1 24lF

Q q nf t h

- Ö
=

Ö Ö Ö
.                                       (5) 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 
()
ʉʂ

ʨ

0 0 ʩʨ.ʤ

F

Q f tÖ
, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʝʥʩʘʮʽʶ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ 

ʙʫʜʽʚʣʽ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ()0 ʩʨ.ʤ
f t , ʦʧ

c.ʨl , 

( )ʧʘʜ ʩʢʩ.ʨ
,q hÖ  

ʩ.ʨn . ɺʠʟʥʘʯʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ, ʜʝ

() ʧʨ ʩʨ.ʤ

0 ʨʩʨ.ʤ
ʧʨ ʦ

20 ( 0,22)
0,481

20 ( 22)

t t
f t

t t

- - -
= = =

- - -
 ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ; ( )ʧʘʜ ʩʢʩ.ʨ

234,22q hÖ =  

ɺʪ/ʤ2  ï ʩʝʨʝʜʥʽʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ; 
ʩ.ʨ14,2ʛʦʜn =    ï ʩʝʨʝʜʥʷ 

ʪʨʠʚʘʣʽʩʪʴ ʽʥʩʦʣʷʮʽʾ ʚ ʥʝ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ; ʦʧ

c.ʨ 0,189l =  ï ʩʝʨʝʜʥʽ ʤʽʥʽʤʘʣʴʥʽ ʧʠʪʦʤʽ 

ʟʘʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʥʘ ʊʅʉ ʦʧʘʣʝʥʥʷ  ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʩʝʟʦʥ 

( )ʉʂ

ʨ

2

0

1 0,189 24
5,858 .

( 0,481) 0,234

ʤ

14,2 ʢɺʪ

F

Q

- Ö
= =

Ö Ö
            (6) 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʊʅʉ ʦʧʘʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʢʫʤʫʣʴʦʚʘʥʦʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ˇʨʫʥʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ɺɻʊʆ ʚʠʟʥʘʯʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʣʦʱʽ ʧʣʦʩʢʠʭ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʊɽʈʄʆʄʆɼɽʈʅɯɿɸʎɯʗ ɹʋɼɯɺɽʃʔ - ʉʋʏɸʉʅɯ ɯɿʆʃʗʎɯʁʅɯ ʄɸʊɽʈɯɸʃʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʊʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ - ʮʝ ʧʨʦʮʝʩ 

ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʪʝʧʣʦʪʠ ʪʘ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ. 

ʅʦʚʠʡ ʩʪʘʥʜʘʨʪ ʱʦʜʦ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʝʥʴ ʚʠʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʽ 

ʚʠʤʦʛʠ ʜʦ ʽʟʦʣʷʮʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʪʝʧʣʦʪʠ ʚʩʝʨʝʜʠʥʽ 

ʧʨʠʤʽʱʝʥʴ ʽ ʧʽʜʚʠʱʝʥʥʷ  ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʘʢʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ 

ʥʘ ʦʧʘʣʝʥʥʷ, ʧʽʜʚʠʱʝʥʥʶ ʢʦʤʬʦʨʪʫ ʧʨʦʞʠʚʘʥʥʷ ʪʘ ʟʥʠʞʝʥʥʶ ʚʠʢʠʜʽʚ CO2, ʩʧʨʠʷʶʯʠ 

ʝʢʦʣʦʛʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʬʘʩʘʜʽʚ ʙʫʜʽʚʝʣʴ, ʥʘʧʨʠʢʣʘʜ, 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʨʘʜʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ: ʤʽʥʝʨʘʣʴʥʘ ʚʘʪʘ, ʧʽʥʦʧʦʣʽʩʪʽʨʦʣ, 

ʧʦʣʽʫʨʝʪʘʥ ʪʦʱʦ. 

ɼʦ ʽʥʦʚʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʫʪʝʧʣʝʥʥʷ ʦʛʦʨʦʜʞʝʥʴ ʙʫʜʽʚʝʣʴ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʧʣʘʩʪʤʽʛʨʘʥ, ʪʝʧʣʦʣʴʦʥ, ʬʽʙʨʦʣʽʪ, ʘ ʪʘʢʦʞ ʨʽʜʢʽ ʫʪʝʧʣʶʚʘʯʽ ï ʪʝʧʣʦʬʘʨʙʠ. 

ʇʣʘʩʪʤʽʛʨʘʥ, ʥʘʧʨʠʢʣʘʜ, ʩʪʚʦʨʝʥʠʡ ʥʘ ʙʘʟʽ ʤʽʥʝʨʘʣʴʥʦʾ ʚʘʪʠ ʽ ʧʦʣʽʩʪʠʨʦʣʴʥʦʛʦ ʧʠʣʫ; 

ʪʝʧʣʦʣʴʦʥ ï ʥʘ ʙʘʟʽ ʣʴʥʷʥʦʛʦ ʚʦʣʦʢʥʘ, ʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʬʦʨʤʠ ʜʦ ʚʦʣʦʢʦʥ ʣʴʦʥʫ 

ʜʦʜʘʶʪʴ 15 % ʪʝʨʤʦʩʢʨʽʧʣʶʶʯʦʛʦ ʚʦʣʦʢʥʘ; ʬʽʙʨʦʣʽʪ ï ʥʘ ʙʘʟʽ ʜʝʨʝʚʥʦʛʦ ʚʦʣʦʢʥʘ, ʨʽʜʢʦʛʦ 

ʩʢʣʘ ʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ. 

ʉʝʨʝʜ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʧʽʥʦʩʢʣʦ. ʎʝ ʩʢʣʦ ʟ ʧʦʨʠʩʪʦʶ 

ʢʦʤʽʨʯʘʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʤʘʻ ʥʝʚʝʣʠʢʫ ʛʫʩʪʠʥʫ ʪʘ ʚʠʩʦʢʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʽʥʦʩʢʣʦ ʜʦʩʪʫʧʥʝ ʫ ʚʠʛʣʷʜʽ ʧʣʠʪʦʢ ʘʙʦ ʚʫʟʣʦʚʠʭ ʙʣʦʢʽʚ, ʱʦ ʧʦʣʝʛʰʫʻ ʡʦʛʦ ʤʦʥʪʘʞ, ʚʦʥʦ 

ʩʪʽʡʢʝ ʜʦ ʚʦʣʦʛʠ ʪʘ ʛʥʠʪʪʷ, ʪʘ ʤʘʻ ʚʠʩʦʢʫ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʧʽʥʦʩʢʣʘ ʚʽʜʥʦʩʠʪʴʩʷ 

ʡʦʛʦ ʙʽʣʴʰʘ ʚʘʨʪʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʫʪʝʧʣʶʚʘʯʘʤʠ, ʦʙʤʝʞʝʥʽʩʪʴ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʦʱʦ. 

ʅʦʚʠʤ ʨʽʜʢʠʤ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʻ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʘ ʬʘʨʙʘ. 

ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʘ ʬʘʨʙʘ  - ʮʝ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʬʘʨʙʘ, ʷʢʘ ʚʠʢʦʥʫʻ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʫ 

ʬʫʥʢʮʽʶ ʜʣʷ ʧʨʠʤʽʱʝʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʬʘʨʙʠ ʘʙʩʦʣʶʪʥʦ 

ʘʥʘʣʦʛʽʯʥʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʠʯʘʡʥʦʾ ʬʘʨʙʠ. ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʬʘʨʙʠ ʤʘʶʪʴ ʚ 

ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʩʧʝʮʽʘʣʴʥʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʜʦʤʽʰʢʠ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʢʝʨʘʤʽʢʠ, ʩʠʣʽʢʦʥʫ ʯʠ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʧʦʣʽʤʝʨʽʚ. ʊʝʨʤʦʽʟʦʣʷʮʽʡʥʘ ʬʘʨʙʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦ ʪʝʨʤʦʽʟʦʣʶʻ 

ʧʨʠʤʽʱʝʥʥʷ, ʧʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʾ 1 ʤʤ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʬʘʨʙʠ ʜʦʨʽʚʥʶʻ 

ʧʨʠʙʣʠʟʥʦ 5 ʩʤ ʧʽʥʦʧʣʘʩʪʫ. 

ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʘ ʬʘʨʙʘ ʤʘʻ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ɚʫʪ = 0,002 ɺʪ/(ʤĀʂ), ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ï 60 ʜʦ 100 ʦ ʉ, ʻ ʥʝʛʦʨʶʯʠʤ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʘ ʮʽʻʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʦʮʽʥʮʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʬʘʨʙʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʠʢʣʘʜ ʫʪʝʧʣʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʶ ʬʘʨʙʦʶ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʝʚʷʪʠʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʤ. ʊʝʨʥʦʧʦʣʽ. 

ɿʦʚʥʽʰʥʽ ʩʪʽʥʠ ʚʠʢʦʥʘʥʽ ʟ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ ʥʘ ʚʘʞʢʦʤʫ ʨʦʟʯʠʥʽ ʪʦʚʱʠʥʦʶ d1 = 395 ʤʤ, 

ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʧʝʜʘʯʽ ʩʢʣʘʜʘʻ Rʥ.ʫ = 0,609 (ʤ
2Āʂ)/ɺʪ. ɿʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʩʪʽʥ ʙʫʜʠʥʢʫ 
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ʜʦʨʽʚʥʶʻ 30 ʤ. ɺ ʩʪʽʥʘʭ ʢʦʞʥʦʛʦ ʧʦʚʝʨʭʫ ʨʦʟʤʽʱʝʥʦ ʧʦ 9 ʚʽʢʦʥ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʪʘ ʧʽʚʜʝʥʥʦʤʫ 

ʬʘʩʘʜʽ ʽ ʧʦ 5 ï ʥʘ ʩʭʽʜʥʦʤʫ ʪʘ ʟʘʭʽʜʥʦʤʫ ʚʽʜʧʦʚʽʜʥʦ.  

ɿʛʽʜʥʦ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʘʥʠʤʠ [1] ʤʽʥʽʤʘʣʴʥʝ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʙʫʜʽʚʝʣʴ ʜʣʷ ʧʝʨʰʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ, ʜʦ ʷʢʦʾ 

ʚʽʜʥʦʩʠʪʴʩʷ ʤ. ʊʝʨʥʦʧʽʣʴ, ʩʢʣʘʜʘʻ Rq min = 4 (ʤ
2Āʂ)/ɺʪ. 

ʊʦʚʱʠʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʬʘʨʙʠ, ʤʤ, ʚʠʟʥʘʯʠʣʠ ʟ 

ʨʽʚʥʷʥʥʷ 

                                      ŭʫʪ = (Rq min ï Rʥ.ʫ) ɚʫʪ Ā 10
3 .                                                        (1) 

ɿʛʽʜʥʦ ʟ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʜʘʥʠʤʠ ʪʝʨʤʽʯʥʠʭ ʦʧʦʨʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʫʪʝʧʣʝʥʠʭ ʪʘ 

ʥʝʫʪʝʧʣʝʥʠʭ ʩʪʽʥ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʪʦʚʱʠʥʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʬʘʨʙʠ  ʜʣʷ ʫʪʝʧʣʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʙʫʜʠʥʢʫ ʩʢʣʘʜʝ ŭʫʪ = 7 ʤʤ. 

ɽʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʪʝʧʣʝʥʥʷ ʚʠʟʥʘʯʠʤʦ ʧʦʨʽʚʥʷʥʥʷʤ ʚʪʨʘʪ ʧʦʪʦʢʽʚ ʪʝʧʣʦʪʠ 

ʯʝʨʝʟ ʥʝʫʪʝʧʣʝʥʽ ʪʘ ʫʪʝʧʣʝʥʽ ʩʪʽʥʠ ʢʦʞʥʦʛʦ ʟ ʬʘʩʘʜʽʚ, ʢɺʪ, ʷʢʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

[2] 

                                               Qʩʪ.i  = (1/Ri) Fi (tʚʥ ï tʨ.ʦ) (1 + Ɇɓ/100)i Ā 10
-3 ,                       (2)                  

ʜʝ Ri ï ʪʝʨʤʽʯʥʽ ʦʧʦʨʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʝʥʴ, (ʤ
2Āʂ) / ɺʪ; Fi ï ʧʣʦʱʽ ʦʛʦʨʦʜʞʝʥʴ, 

ʤ2; tʚʥ  ʽ tʨ.ʦ ï ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʦʧʘʣʶʚʘʥʠʭ ʧʨʠʤʽʱʝʥʴ ʽ  ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʥʘ  ʦʧʘʣʝʥʥʷ,  ʚʽʜʧʦʚʽʜʥʦ, ʦ ʉ;  Ɇɓ ïʜʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʫ 

ʚʽʜʩʦʪʢʘʭ ʜʦ ʦʩʥʦʚʥʠʭ. 

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʙʨʘʣʠ tʚʥ = 20 ʦ ʉ, ʘ ʟʘ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʤ. ʊʝʨʥʦʧʦʣʷ 

ʚʠʟʥʘʯʠʣʠ tʨ.ʦ = - 20 ʦ ʉ [3]. ʇʣʦʱʫ ʩʪʽʥ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʚʝʨʭʫ ʙʨʘʣʠ ʧʦ 97,95 ʤ2 (ʜʣʷ 

ʦʩʪʘʥʥʴʦʛʦ ʜʝʚôʷʪʦʛʦ ï 94,98 ʤ2)  ʜʣʷ ʧʽʚʥʽʯʥʦʛʦ ʪʘ ʧʽʚʜʝʥʥʦʛʦ ʬʘʩʘʜʽʚ ʽ ʧʦ 63,35 ʤ2 (ʜʣʷ 

ʦʩʪʘʥʥʴʦʛʦ ʜʝʚôʷʪʦʛʦ ï 61,46 ʤ2) ï ʜʣʷ ʟʘʭʽʜʥʦʛʦ ʪʘ ʩʭʽʜʥʦʛʦ. ɼʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ 

ʙʨʘʣʠ ʚ ʨʦʟʤʽʨʽ 10 % ʜʣʷ ʩʪʽʥ ʟʘʭʽʜʥʦʛʦ ʬʘʩʘʜʫ, ʜʣʷ ʨʝʰʪʠ ï 0 [2]. 

ɺ   ʨʝʟʫʣʴʪʘʪʽ   ʨʦʟʨʘʭʫʥʢʽʚ   ʦʪʨʠʤʘʣʠ  ʧʦʪʦʢʠ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ: ʜʣʷ ʥʝʫʪʝʧʣʝʥʠʭ ʩʪʽʥ  

Qʥ.ʫ = 64,11 ʢɺʪ, ʜʣʷ ʫʪʝʧʣʝʥʠʭ - Qʫʪ  =  9,77 ʢɺʪ.  

ʈʽʯʥʫ ʝʢʦʥʦʤʽʶ ʪʝʧʣʦʪʠ ʥʘ ʦʧʘʣʝʥʥʷ ʙʫʜʠʥʢʫ ʧʨʠ ʫʪʝʧʣʝʥʥʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʶ ʬʘʨʙʦʶ,    ɻɼʞ/ʨʽʢ,  ʚʠʟʥʘʯʘʣʠ  ʟʘ ʬʦʨʤʫʣʦʶ [4]   

                                               ʚʥ ʩʨ.ʦ 3

ʨʽʯ ʥ.ʫ ʫʪ ʦ

ʚʥ ʨ.ʦ

( ) 24 3,6 10
t t

Q Q Q n
t t

-
-
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-

                  (3)                                                                      

ʜʝ   tʩʨ.ʦ  - ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ, ʦ ʉ;  nʦ ï 

ʪʨʠʚʘʣʽʩʪʴ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ, ʜʽʙ.  

ɺʠʩʥʦʚʢʠ. ɿʘ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʤ. ʊʝʨʥʦʧʦʣʷ ʚʠʟʥʘʯʠʣʠ tʩʨ.ʦ  = - 0,2 ʦ ʉ, 

nʦ = 184 ʜʽʙ [3], ʪʦʜʽ ʝʢʦʥʦʤʽʷ ʪʝʧʣʦʪʠ ʥʘ ʦʧʘʣʝʥʥʷ ʩʪʘʥʦʚʠʪʠʤʝ DQʨʽʯ = 436  ɻɼʞ/ʩʝʟʦʥ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʨʪʦʩʪʽ ʦʜʠʥʠʮʽ ʪʝʧʣʦʪʠ ʟʘ ʜʘʥʠʤʠ ʊʝʨʥʦʧʽʣʴʦʙʣʢʦʤʫʥʝʥʝʨʛʦ  2146 ʛʨʥ/ɻʂʘʣ 

(512,17 ʛʨʥ/ɻɼʞ) ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʦʜʥʦʛʦ 

ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʩʪʘʥʦʚʠʪʠʤʝ  223300 ʛʨʥ/ʩʝʟʦʥ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʉʀʉʊɽʄʀ ʇɸʅɽʃʔʅʆ-ʇʈʆʄɽʅɽɺʆɻʆ ʆʇɸʃɽʅʅʗ ɺ 

ɯʅɼʀɺɯɼʋɸʃʔʅʀʍ ɾʀʊʃʆɺʀʍ ɹʋɼʀʅʂɸʍ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺʽʜʦʤʦ, ʱʦ ʙʽʣʷ ʪʨʝʪʠʥʠ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʩʧʦʞʠʚʘʻʪʴʩʷ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʠʤ ʩʝʢʪʦʨʦʤ, ʪʦʤʫ ʧʦʩʪʘʻ ʛʦʩʪʨʘ 

ʧʨʦʙʣʝʤʘ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʧʦʥʦʚʣʶʚʘʥʠʭ 

ʚʠʜʽʚ ʝʥʝʨʛʽʾ ʜʣʷ ʾʭ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ  

ʮʴʦʛʦ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʥʦʚʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʨʦʟʚʠʪʢʫ ʦʧʘʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʫ ʩʚʽʪʽ ʻ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʥʠʭ ʪʘʢʽ 

ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʷʢ ʢʦʥʜʝʥʩʘʮʽʡʥʽ ʢʦʪʣʠ, ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʪʦʰʦ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʨʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ  ʧʘʥʝʣʴʥʦ-ʧʨʦʤʝʥʝʚʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ ʾʭ ʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺʽʜʦʤʦ, ʱʦ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ (ʉʆ) ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʰʪʫʯʥʦʛʦ 

ʥʘʛʨʽʚʫ ʧʨʠʤʽʱʝʥʴ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ʟ ʤʝʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʪʘ 

ʧʽʜʪʨʠʤʘʥʥʷ ʚ ʥʠʭ ʥʦʨʤʦʚʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʉʆ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʤʽʩʮʝʚʽ ʪʘ ʮʝʥʪʨʘʣʴʥʽ, ʘ 

ʩʝʨʝʜ ʦʩʪʘʥʥʽʭ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʥʘ  ʩʴʦʛʦʜʥʽ  ʻ ʚʦʜʷʥʽ, ʧʘʨʦʚʽ, ʧʦʚʽʪʨʷʥʽ, ʢʦʤʙʽʥʦʚʘʥʽ ʪʘ 

ʧʨʦʤʝʥʝʚʽ.  

ʉʠʩʪʝʤʠ ʧʨʦʤʝʥʝʚʦʛʦ ʦʧʘʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʪʠ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ 

ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʧʨʦʤʝʥʝʚʠʤ ʩʧʦʩʦʙʦʤ. ʈʘʜʽʘʮʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʦʥʴ ʚʠʱʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠʤʽʱʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʬʦʨʪʥʽ  ʫʤʦʚʠ 

ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʣʶʜʝʡ ʧʨʠ ʥʠʞʯʽʡ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʚʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ 

ʦʧʘʣʝʥʥʷ) ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ ʚ ʥʴʦʤʫ. 

ʇʨʦʤʝʥʝʚʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʟʘ ʩʚʦʾʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʧʘʥʝʣʴʥʽ, ʛʘʟʦʧʦʚʽʪʨʷʥʽ ʪʘ ʨʘʜʽʘʮʽʡʥʽ. ʈʘʜʽʘʮʽʡʥʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʚʽʩʥʠʤʠ ʘʙʦ 

ʥʘʩʪʽʥʥʠʤʠ. ʊʘʢʽ ʉʆ ʤʦʞʫʪʴ ʙʫʪʠ ʚʣʘʰʪʦʚʘʥʽ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʚʝʨʭʦʥʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ʥʠʟʴʢʽʡ (ʜʦ 70 ʦʉ), ʩʝʨʝʜʥʽʡ (ʚʽʜ 70 ʜʦ 250 ʦʉ) ʪʘ ʚʠʩʦʢʽʡ (ʜʦ 900 ʦʉ). 

ʉʠʩʪʝʤʘ ʧʘʥʝʣʴʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʦʧʘʣʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʧʘʣʶʚʘʣʴʥʠʭ ʧʘʥʝʣʝʡ ʟ 

ʨʦʟʤʽʱʝʥʠʤʠ ʚ ʥʠʭ ʪʝʧʣʦʧʨʦʚʦʜʘʤʠ, ʚ ʷʢʠʭ ʮʠʨʢʫʣʶʻ ʧʝʨʝʛʨʽʪʘ ʚʦʜʘ. 

ɿʘ ʤʽʩʮʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʘʥʝʣʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʪʽʥʦʚʽ, ʧʽʜʣʦʛʦʚʽ ʽ ʩʪʝʣʴʦʚʽ. ʂʨʽʤ 

ʪʦʛʦ ʧʘʥʝʣʽ ʢʣʘʩʠʬʽʢʫʶʪʴ  ʟʘ ʤʘʪʝʨʽʘʣʦʤ: ʤʝʪʘʣʝʚʽ ʪʘ ʙʝʪʦʥʥʽ. 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʧʘʥʝʣʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʛʽʛʽʻʥʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʥʝʣʴʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʦʧʘʣʝʥʥʷ ʻ  ʥʠʟʴʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ (ʙʽʣʷ 25 - 45 Áʉ);  ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ 

ʧʦ ʡʦʛʦ ʚʠʩʦʪʽ;  ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʽʜʣʦʛ (ʜʝʨʝʚʦ, ʢʘʤʽʥʴ ʘʙʦ 

ʢʝʨʘʤʽʢʘ);  ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ; ʛʽʛʽʻʥʽʯʥʽʩʪʴ; 

ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʠʣʫ ʚ ʧʦʚʽʪʨʽ, ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʪʝʧʣʦʚʠʡ ʢʦʤʬʦʨʪ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ  

ʦʧʪʠʤʘʣʴʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʷʭ;  ʝʢʦʥʦʤʽʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʤʦʞʣʠʚʦʩʪʽ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ; ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʣʴʥʦʛʦ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʙʣʠʟʫ ʣʶʜʠʥʠ;  ʚʽʜʩʫʪʥʽʩʪʴ  ʦʧʘʣʶʚʘʣʴʥʠʭ    ʧʨʠʣʘʜʽʚ,   ʱʦ   ʜʘʻ   

ʤʦʞʣʠʚʽʩʪʴ   ʙʽʣʴʰ  ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʣʦʱʫ ʧʨʠʤʽʱʝʥʥʷ, ʪʦʱʦ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʧʘʥʝʣʴʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʦʧʘʣʝʥʥʷ 
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ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʞʠʪʣʦʚʦʤʫ ʦʜʥʦʧʦʚʝʨʭʦʚʦʤʫ ʙʫʜʠʥʢʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʂʠʾʚʩʴʢʽʡ 

ʦʙʣʘʩʪʽ, ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ ʙʣʠʟʴʢʦ 180 ʤ2 (ʦʧʘʣʶʚʘʣʴʥʘ ï 175 ʤ2).  ɿʦʚʥʽʰʥʽ ʩʪʽʥʠ ʚʠʢʦʥʘʥʽ 

ʟ ʛʘʟʦʙʣʦʢʽʚ ʪʦʚʱʠʥʦʶ 300 ʤʤ ʽ ʫʪʝʧʣʝʥʽ ʝʢʩʪʨʫʜʦʚʘʥʠʤ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʦʤ ʪʦʚʱʠʥʦʶ 150 

ʤʤ, ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ rʩʪ = 3,8 (ʤ2Āʂ) / ɺʪ;  ʩʚʽʪʣʦʧʨʦʟʦʨʽ ʢʦʥʩʪʨʫʢʮʽʾ ï 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʡ ʜʚʦʢʘʤʝʨʥʠʡ ʩʢʣʦʧʘʢʝʪ ʟ ʥʘʧʦʚʥʝʥʥʷʤ ʘʨʛʦʥʦʤ ʪʘ ʥʘʧʠʣʝʥʥʷʤ, 

ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ rʚʽʢ = 0,9 (ʤ2Āʂ) / ɺʪ; ʧʦʢʨʽʚʣʷ, ʱʦ ʫʪʝʧʣʝʥʘ ʤʽʥʝʨʘʣʴʥʦʶ 

ʚʘʪʦʶ, ʤʘʻ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ rʧʝʨ = 5,4 (ʤ2Āʂ) / ɺʪ; ʧʽʜʣʦʛʘ ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ ï 

ʥʘ ʛʨʫʥʪʽ  ʟ  ʫʪʝʧʣʶʚʘʯʝʤ, ʪʝʨʤʽʯʥʠʡ  ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ  ʷʢʦʾ  ʩʢʣʘʜʘʻ  

rʧʣ = 4,3 (ʤ2Āʂ) / ɺʪ. 

ɺʪʨʘʪʠ ʧʦʪʦʢʽʚ ʪʝʧʣʦʪʠ ʟʦʚʥʽʰʥʽʤʠ ʦʛʦʨʦʜʞʝʥʥʷʤʠ ʙʫʜʠʥʢʫ, ʢɺʪ, ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʬʦʨʤʫʣʦʶ [1]  

                                           Qʦʙʛ.i  = (1/r i) Fi (tʚʥ ï tʨ.ʦ) (1 + Ɇɓ/100)i ni  Ā 10
-3 ,                      (1)                                

ʜʝ r i ï ʪʝʨʤʽʯʥʽ ʦʧʦʨʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʝʥʴ, (ʤ
2Āʂ) / ɺʪ; Fi ï ʧʣʦʱʽ ʦʛʦʨʦʜʞʝʥʴ, 

ʤ2; tʚʥ  ʽ tʨ.ʦ ï ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʦʧʘʣʶʚʘʥʠʭ ʧʨʠʤʽʱʝʥʴ ʽ  ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʥʘ  ʦʧʘʣʝʥʥʷ  ʚʽʜʧʦʚʽʜʥʦ, ʦ ʉ;  Ɇɓ ï ʜʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʫ ʚʽʜʩʦʪʢʘʭ 

ʜʦ ʦʩʥʦʚʥʠʭ; ni ï ʧʦʧʨʘʚʢʘ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʫ ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ. 

ʊʝʤʧʝʨʘʪʫʨʫ  ʚʥʫʪʨʽʰʥʴʦʛʦ  ʧʦʚʽʪʨʷ  ʙʨʘʣʠ  22 ʦʉ  ʜʣʷ ʩʧʘʣʴʥʠʭ ʪʘ ʞʠʪʣʦʚʠʭ ʢʽʤʥʘʪ,  

24 ʦʉ ï ʜʣʷ ʚʘʥʥʦʾ ʢʽʤʥʘʪʠ ʽ 18 ʦʉ ï ʜʣʷ ʪʝʭʥʽʯʥʠʭ ʧʨʠʤʽʱʝʥʴ. ɿʘ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ 

ʙʨʘʣʠ tʨ.ʦ = - 22 ʦʉ; ʢʦʝʬʽʮʽʻʥʪ ɓ = 0 ʜʣʷ ʚʩʽʭ ʬʘʩʘʜʽʚ ʙʫʜʠʥʢʫ; ʢʦʝʬʽʮʽʻʥʪ n = 0,9 ï ʜʣʷ 

ʧʝʨʝʢʨʠʪʪʷ, ʜʣʷ ʨʝʰʪʠ ʦʛʦʨʦʜʞʝʥʴ n = 1. 

ɺʠʪʨʘʪʠ ʧʦʪʦʢʽʚ ʪʝʧʣʦʪʠ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ, ʢɺʪ, ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʬʦʨʤʫʣʦʶ  [1]  

                                               Qʽʥʬi  = (m/3600) cʧ ɟʧ Fʧ Hʧ (tʚʥ -  tʨ.ʦ),                                  (2) 

 ʜʝ m ï ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʛʦʜ-1 ; cʧ  ï ʧʠʪʦʤʘ ʤʘʩʦʚʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ, 

ʢɼʞ/(ʢʛĀʂ); ɟʧ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ, ʢʛ/ʤ
3, Fʧ ï ʧʣʦʱʘ ʧʽʜʣʦʛʠ ʧʨʠʤʽʱʝʥʴ ʞʠʪʣʦʚʠʭ ʢʽʤʥʘʪ ʪʘ 

ʢʫʭʥʽ, ʤ2; Hʧ ï ʚʠʩʦʪʘ ʧʨʠʤʽʱʝʥʴ. 

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʙʨʘʣʠ m = 0,5 ʛʦʜ-1; cʧ = 1,005 ʢɼʞ/(ʢʛĀʂ); ɟʧ = 1,2 ʢʛ/ʤ
3.  

ɿʘʛʘʣʴʥʽ ʚʪʨʘʪʠ ʧʦʪʦʢʽʚ ʪʝʧʣʦʪʠ ʦʛʦʨʦʜʞʝʥʥʷʤʠ ʜʘʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫ 

ʩʢʣʘʣʠ 10 ʢɺʪ.  

ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʪʨʘʪ ʪʝʧʣʦʪʠ ʫ ʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ 

ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʠʥʢʫ ʙʫʣʦ ʦʙʨʘʥʦ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʝʧʣʦʾ ʧʽʜʣʦʛʠ ʪʘ 

ʪʝʧʣʦʾ ʩʪʽʥʠ.  

ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ [1]  ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʥʪʫʨʠ ʪʝʧʣʦʾ 

ʧʽʜʣʦʛʠ ʪʘ ʢʦʥʪʫʨʠ ʪʝʧʣʠʭ ʩʪʽʥ ʫ ʧʨʠʤʽʱʝʥʥʷʭ, ʜʝ ʥʝʤʦʞʣʠʚʦ ʧʦʢʨʠʪʠ ʚʩʽ ʪʝʧʣʦʚʪʨʘʪʠ 

ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʣʦʛʦʚʦʛʦ ʦʧʘʣʝʥʥʷ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʘʢʦʞ ʚʨʘʭʦʚʘʥʽ ʚʪʨʘʪʠ ʧʦʪʦʢʽʚ 

ʪʝʧʣʦʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ (5 ʢɺʪ) ʪʘ ʪʝʧʣʦʚʪʨʘʪʠ ʚʽʜ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʚ ʛʨʫʥʪ (1,4 ʢɺʪ). 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ ʜʚʘʥʘʜʮʷʪʴ ʢʦʥʪʫʨʽʚ ʪʝʧʣʦʾ ʧʽʜʣʦʛʠ: ʧʦ 

ʦʜʥʦʤʫ ʥʘ ʢʦʞʥʝ ʦʧʘʣʶʚʘʥʝ ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʜʚʘ ʢʦʥʪʫʨʠ ʪʝʧʣʦʾ ʩʪʽʥʠ. ʂʨʦʢ ʧʨʦʢʣʘʜʘʥʥʷ 

ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʪʨʫʙ  ʩʪʘʥʦʚʠʪʴ 100 ʤʤ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʟʨʘʭʫʥʢʽʚ ʻ ʚʠʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʬʽʢ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʧʦʜʘʚʘʣʴʥʽʡ ʽ ʧʦʚʦʨʦʪʥʽʡ ʤʝʨʝʞʘʭ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ  43/37  □ ʉ.  

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʚʠʟʥʘʯʝʥʽ ʚʪʨʘʪʠ ʧʦʪʦʢʽʚ 

ʪʝʧʣʦʪʠ ʟʦʚʥʽʰʥʽʤʠ ʦʛʦʨʦʜʞʝʥʥʷʤʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʫ ʧʨʠʤʽʱʝʥʥʷʭ 

ʦʙʨʘʥʽ ʩʠʩʪʝʤʠ ʧʘʥʝʣʴʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʦʧʘʣʝʥʥʷ (ʪʝʧʣʘ ʧʽʜʣʦʛʘ ʪʘ ʪʝʧʣʘ ʩʪʽʥʘ) ʟ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʐʃʗʍʀ ʇʆɼʆʃɸʅʅʗ ʊɽʍʅɯʏʅʀʍ ɹɸʈ'ɭʈɯɺ ɺʇʈʆɺɸɼɾɽʅʅʗ 

ʊɽʇʃʆʅɸʉʆʉʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʋ ʉʀʉʊɽʄɸʍ ʎɽʅʊʈɸʃɯɿʆɺɸʅʆɻʆ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʜʘʥʠʡ ʯʘʩ ʛʦʩʪʨʦ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ 

ʝʢʦʥʦʤʥʦʛʦ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ. ʈʘʟʦʤ ʟ ʧʨʦʙʣʝʤʘʤʠ 

ʝʥʝʨʛʦʝʢʦʥʦʤʽʾ ʚʘʞʣʠʚʠʤ ʻ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ [1]. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʦʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʚʠʨʽʰʝʥʥʽ ʜʘʥʠʭ ʧʨʦʙʣʝʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʤʫ ʩʝʢʪʦʨʽ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ (ʊʅ) ʻ ʦʜʥʽʻʶ ʟ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʟʘʜʘʯ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ. 

ʊʘʢʦʞ ʚʽʜʦʤʦ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʨʝʟʝʨʚʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʽ ʩʴʦʛʦʜʥʽ ʫ ʩʬʝʨʽ ʥʠʟʴʢʦ 

ʪʘ ʩʝʨʝʜʥʴʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʪʣʦʚʦʛʦ, ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʙʫʜʽʚʝʣʴʥʠʭ ʬʦʥʜʽʚ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʙʽʨ ʢʦʞʥʦʾ ʢʨʘʾʥʠ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʽʟ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʚʥʫʪʨʽʰʥʽʭ 

ʧʦʪʨʝʙ, ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʽʚʥʷ [1]. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʻʚʨʦʧʝʡʩʴʢʠʤʠ 

ʢʨʘʾʥʘʤʠ, ʋʢʨʘʾʥʘ ʚʽʜʩʪʘʻ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ ʟʘʩʪʘʨʽʣʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʝʢʦʥʦʤʽʢʠ. ʇʝʨʝʭʽʜ ʜʦ ʙʫʜʽʚʥʠʮʪʚʘ ʞʠʪʣʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʟ ʥʠʟʴʢʠʤʠ ʚʠʢʠʜʘʤʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ 

ʜʣʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ (ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ, ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ)  ʻ ʚʘʞʣʠʚʦʶ 

ʩʪʨʘʪʝʛʽʯʥʦʶ ʤʝʪʦʶ ʜʣʷ ʋʢʨʘʾʥʠ [2].  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʠʟʥʘʯʝʥʥʷ ʟʘʧʦʙʽʞʥʠʭ ʟʘʭʦʜʽʚ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʫʩʫʥʝʥʥʶ 

ʪʝʭʥʽʯʥʠʭ ʙʘʨôʻʨʽʚ ʪʘ ʧʝʨʝʰʢʦʜ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʊʅ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʜʞʝʨʝʣ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʫ ʩʠʩʪʝʤʫ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ (ʉʎʊ) ʋʢʨʘʾʥʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʊʝʭʥʽʯʥʽ ʙʘʨ'ʻʨʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʊʅ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʛʨʫʧ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʪʝʭʥʽʯʥʠʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤ: ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʊʅ, ʜʞʝʨʝʣʘ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ (ʅʇʊ), ʪʝʧʣʦʚʽ 

ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ [3]. 

ʆʙʤʝʞʝʥʥʷ ʱʦʜʦ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʊʅ: ʩʝʨʝʜʥʴʦ ʩʝʟʦʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʥʝʨʛʽʾ ʚ ʊʅ ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʝʥʰʝ ʟʥʘʯʝʥʴ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1 [4]. 

ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʝ ʪʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʊʅ, 

ʘ ʪʘʢʦʞ ʜʦʧʦʤʽʞʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʥʘʩʘʤʧʝʨʝʜ ʮʠʨʢʫʣʶʶʯʠʤ (ʪʝʧʣʦʥʦʩʽʡ ï ʨʽʜʠʥʘ) 

ʥʘʩʦʩʦʤ ʪʘ ʥʘʛʥʽʪʘʣʴʥʠʤ (ʪʝʧʣʦʥʦʩʽʡ ï ʚʽʜʭʽʜʥʽ ʛʘʟʠ ʘʙʦ ʧʦʚʽʪʨʷ) ʚʝʥʪʠʣʷʪʦʨʦʤ. 

ʊʘʙʣʠʮʽ 1 ï ʄʽʥʽʤʘʣʴʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʘ ʩʝʟʦʥ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

ɼʞʝʨʝʣʦ ʅʇʊ / 

ʚʽʜʚʝʜʝʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʆʧʘʣʝʥʥʷ ʽ ɻɺʇ  

ʜʣʷ ʥʦʚʠʭ ʙʫʜʠʥʢʽʚ 

ʆʧʘʣʝʥʥʷ ʽ ɻɺʇ ʜʣʷ 

ʦʥʦʚʣʝʥʠʭ ʙʫʜʠʥʢʽʚ 
ʉʠʩʪʝʤʘ ɻɺʇ 

ʄʽʥʽʤʘʣʴʥʝ ʈʦʟʨʘʭʫʥʢʦʚʝ ʄʽʥʽʤʘʣʴʥʝ ʈʦʟʨʘʭʫʥʢʦʚʝ ʄʽʥʽʤʘʣʴʥʝ ʈʦʟʨʘʭʫʥʢʦʚʝ 

ʇʦʚʽʪʨʷ / ʚʦʜʘ 2,7 3,0 2,5 2,8 2,3 2,8 

ˆʨʫʥʪ/ʚʦʜʘ 3,5 4,0 3,3 3,7 3,0 3,5 

ɺʦʜʘ/ʚʦʜʘ 3,8 4,5 3,5 4,2 3,2 3,8 
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ʈʽʚʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʥʝʨʛʽʾ ʧʘʨʦʢʦʤʧʨʝʩʽʡʥʦʛʦ ʊʅ (ʉʆʈ) ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʘʮʽʦʥʘʣʴʥʠʤ ʧʦʻʜʥʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʜʞʝʨʝʣʘ ʅʇʊ ʽ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʤʝʨʝʞʽ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʊʅ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʦʜʘʚʘʣʴʥʽʡ ʪʘ ʟʚʦʨʦʪʥʽʡ ʣʽʥʽʷʭ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ 70 ʽ 50 ÁC 

ʚʽʜʧʦʚʽʜʥʦ. 

ʇʝʨʝʰʢʦʜʘʤʠ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʅʇʊ, ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʊʅ ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʉʎʊ ʻ ʾʭ ʩʝʟʦʥʥʽʩʪʴ (ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʘʭ, ˇʨʫʥʪʫ ʜʦ ʥʘʜʤʽʨʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʩʦʥʷʯʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ), ʨʦʟʩʽʷʥʘ ʪʝʧʣʦʪʘ (ʥʠʟʴʢʘ ʧʠʪʦʤʘ ʝʥʝʨʛʝʪʠʯʥʘ 

ʱʽʣʴʥʽʩʪʴ)  ʪʘ ʚʽʜʜʘʣʝʥʽʩʪʴ ʜʞʝʨʝʣ ʅʇʊ ʚʽʜ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ ʉʎʊ. 

ʆʜʠʥ ʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʚʠʙʽʨ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʠʡ ʥʘ ʦʩʥʦʚʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʽʩʪʘʚʣʝʥʥʷ ʚʠʪʨʘʪ 

ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʧʘʣʠʚʘ. ɺʠʟʥʘʯʝʥʦ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ʦʧʘʣʶʚʘʣʴʥʦʾ ʢʦʪʝʣʴʥʽ ʪʘ ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ 

ʢʦʪʣʘ) ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʧʘʣʠʚʘ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. 

ɺʽʜʥʦʩʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʂʂɼ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʧʘʣʠʚʘ ʜʣʷ ʚʢʘʟʘʥʠʭ ʩʠʩʪʝʤ ʪʘ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ [4] 

 

ʂɽʉ ʊʅ0 ʊ
ʊʅʋ

ʂʋ ʊʄ

ɖ ɖ ű
ɖ = ,

ɖ ɖ
                       (1) 

ʜʝʂɽʉɖ  ï ʂʂɼ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ;  

ʊʅɖ  ï ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʊʅ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʽʜʭʠʣʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʮʠʢʣʫ ʚʽʜ ʽʜʝʘʣʴʥʦʛʦ 

ʮʠʢʣʫ ʂʘʨʥʦ; 

ʊű  ï ʪʝʦʨʝʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʊʅ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʽ ʟʚʦʨʦʪʥʦʛʦ ʮʠʢʣʫ 

ʂʘʨʥʦ;  

ʂʋɖ  ï ʂʂɼ ʢʦʪʝʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ; 

ʊʄɖ  ï ʂʂɼ ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ. 

 

  
a) ʙ) 

ʈʠʩʫʥʦʢ 1 ï  ɿʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʂʂɼ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʊʅʋ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ: 1 ï ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ; 2 ï 

ˇʨʫʥʪʫ; 3 ï ʚʦʜʠ; ʘ) ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʦʜʦʛʨʽʡʥʠʤʠ ʢʦʪʣʘʤʠ, ʙ) ʟ ʢʦʥʜʝʥʩʘʮʽʡʥʠʤʠ ʢʦʪʣʘʤʠ. 

 

ɿ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʦʭʦʣʦʜʞʝʥʥʷ 

ʪʝʧʣʦʥʦʩʽʷ (ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ˇʨʫʥʪʫ ʪʘ ʚʦʜʠ) ʫ  ʚʠʧʘʨʥʠʢʫ ʊʅ ʚʽʜʥʦʩʥʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʂʂɼ ʜʣʷ ʚʩʽʭ ʥʘʚʝʜʝʥʠʭ ʚʠʧʘʜʢʽʚ ʙʽʣʴʰʠʡ ʟʘ ʦʜʠʥʠʮʶ 0

ʊʅʉ(ɖ 1)> , ʢʨʽʤ 

ʧʦʨʽʚʥʷʥʥʷ ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʢʦʪʣʘ ʟ ʊʅ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʧʨʘʮʶʻ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʦʪʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ0 *

ʊʅʉ(ɖ 1)<  ï ʥʝʝʬʝʢʪʠʚʥʘ. 
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ɺ ʪʘʙʣʠʮʽ 2 ʫʟʘʛʘʣʴʥʝʥʦ ʪʝʭʥʽʯʥʽ ʙʘʨôʻʨʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʊʅ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʫ ʉʎʊ ʪʘ 

ʥʘʚʝʜʝʥʽ ʟʘʧʦʙʽʞʥʽ ʟʘʭʦʜʠ ʧʦ ʾʭ ʫʩʫʥʝʥʥʶ ʘʙʦ ʟʤʝʥʰʝʥʥʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ [3]. 

 

ʊʘʙʣʠʮʷ 2 - ʊʝʭʥʽʯʥʽ ʙʘʨ'ʻʨʠ ʪʘ ʟʘʭʦʜʠ ʟ ʾʭ ʫʩʫʥʝʥʥʷ 

ʊʝʭʥʽʯʥʽ ʙʘʨôʻʨʠ ɿʘʧʦʙʽʞʥʽ ʟʘʭʦʜʠ 

ʆʙʤʝʞʝʥʥʷ ʱʦʜʦ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ 

ɺʠʙʽʨ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʟ ʚʠʩʦʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʉʆʈ ι 3,5) 

ʆʙʤʝʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʟ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ (65 ï 75 Áʉ) 

ʇʣʘʥʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʽʛʨʽʚʫ ʧʽʜ ʯʘʩ 

ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʞʠʪʣʦʚʠʭ ʤʘʩʠʚʽʚ. 

ʇʨʠʻʜʥʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʜʦ 

ʟʚʦʨʦʪʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʩʠʩʪʝʤʠ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʇʝʨʝʰʢʦʜʠ, ʦʙʫʤʦʚʣʝʥʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʞʝʨʝʣ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ 

ɺʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʞʝʨʝʣʘ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ. ʏʘʩʪʢʦʚʝ 

ʧʦʢʨʠʪʪʷ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʥʰʠʤʠ 

ʪʝʧʣʦʛʝʥʝʨʫʶʯʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ (ʛʽʙʨʠʜʥʽ 

ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ) 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʧʽʜôʻʜʥʘʥʥʷ ʜʦ ʝʣʝʢʪʨʦʤʝʨʝʞʽ 

ʏʘʩʪʢʦʚʘ ʜʝʨʞʘʚʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʚʠʪʨʘʪ ʥʘ 

ʧʽʜôʻʜʥʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʜʦ 

ʝʣʝʢʪʨʦʤʝʨʝʞ 

ʇʝʨʝʰʢʦʜʠ, ʦʙʫʤʦʚʣʝʥʽ ʨʦʟʙʽʞʥʽʩʪʶ ʜʦʙʦʚʠʭ 

ʪʘ ʩʝʟʦʥʥʠʭ ʛʨʘʬʽʢʽʚ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

(ʩʧʦʞʠʚʘʥʥʷ) ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʽ ʤʦʞʣʠʚʦʩʪʝʡ 

ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ 

ɺʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ 

ʨʝʟʝʨʚʥʠʭ ʪʝʧʣʦʛʝʥʝʨʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ɺʽʜʩʫʪʥʽʩʪʴ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʊʅ 
ɼʝʨʞʘʚʥʝ ʩʪʠʤʫʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʊʅ 

ʚ ʋʢʨʘʾʥʽ 

 

ɺʠʩʥʦʚʢʠ. ʂʣʘʩʠʬʽʢʦʚʘʥʦ ʦʩʥʦʚʽ ʛʨʫʧʠ ʪʝʭʥʽʯʥʠʭ ʙʘʨ'ʻʨʽʚ, ʷʢʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 

ʰʠʨʦʢʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʊʅ ʚ ʉʎʊ. ɺʢʘʟʘʥʦ ʟʘʧʦʙʽʞʥʽ ʟʘʭʦʜʠ ʧʦ ʫʩʫʥʝʥʥʶ ʘʙʦ 

ʟʤʝʥʰʝʥʥʶ ʾʭ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʱʝ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʘ ʩʘʤʝ ʚʠʙʽʨ 

ʊʅ ʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʝʧʣʦʪʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ; ʚʠʟʥʘʯʝʥʥʽ ʤʦʞʣʠʚʽ ʟʘʭʦʜʠ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ (ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ) ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʜʦʙʦʚʠʭ ʪʘ ʩʝʟʦʥʥʠʭ ʛʨʘʬʽʢʽʚ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʡ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

(ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʨʝʟʝʨʚʥʠʭ ʪʝʧʣʦʛʝʥʝʨʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ). 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɸɼʄɯʅɯʉʊʈɸʊʀɺʅʆ-

ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʂʆʈʇʋʉʋ ɿɸ ʈɸʍʋʅʆʂ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ɺɯɼʅʆɺʃʖɺɸʃʔʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʦʩʢʽʣʴʢʠ ʟʨʦʩʪʘʶʯʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʥʘʬʪʘ, ʚʫʛʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʛʨʦʟʠ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʤʽʥ ʢʣʽʤʘʪʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, 

ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʘ ʪʘ ʚʽʪʨʦʚʘ ʝʥʝʨʛʽʷ, ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, 

ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʪʘ ʟʥʠʟʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ̔ ʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʙʘʟʦʚʽ ʝʣʝʤʝʥʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʢʨʝʤʠʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʥʝʟʘʣʝʞʥʦʩʪʽ ʜʝʨʞʘʚʠ ʚ ʮʽʣʦʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ 

ʩʦʥʷʯʥʘ, ʚʽʪʨʦʚʘ, ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʘ ʪʘ ʽʥʰʽ, ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʧʦʨʪʫ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʟʤʝʥʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ [1]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʆʧʪʠʤʽʟʘʮʽʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʽʰʝʥʴ 

ʜʣʷ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʨʦʩʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʧʨʘʢʪʠʢ ʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʽ 

ʷʢ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʛʝʦʪʝʨʤʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʪʘ ʤʘʻ ʥʘ ʤʝʪʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ ʪʘ 

ʚʦʜʥʦʯʘʩ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʝ ʡ ʝʢʦʥʦʤʽʯʥʝ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ 

ʜʦʮʽʣʴʥʽʩʪʴ ʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʭʦʜʫ ʜʦ ʙʽʣʴʰ ʩʪʽʡʢʦʾ ʤʦʜʝʣʽ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʧʦʙʫʪʦʚʠʡ ʢʦʨʧʫʩ ʟ ʣʘʙʦʨʘʪʦʨʽʻʶ ʪʘ ʥʘʚʽʩʦʤ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʩʝʣʽ ʄʘʨôʷʥʩʴʢʝ 

ɸʧʦʩʪʦʣʽʩʴʢʦʛʦ ʨʘʡʦʥʫ  ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʚ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʤʝʞʘʭ 

ɿʝʣʝʥʦʜʦʣʴʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ ʥʘ ʫʟʙʝʨʝʞʞʽ ʙʘʣʢʠ ʊʝʨʥʽʚʢʘ (ʟʘʪʦʢʘ ʂʘʭʦʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ). 

ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʧʦʙʫʪʦʚʠʡ ʢʦʨʧʫʩ ʟ ʣʘʙʦʨʘʪʦʨʽʻʶ ʪʘ ʥʘʚʽʩʦʤ ʷʚʣʷʻ ʩʦʙʦʶ 

ʜʚʦʧʦʚʝʨʭʦʚʫ ʙʫʜʽʚʣ,ʁ ʦʧʘʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʪʘ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʷʢʦʾ ʟʘʙʝʟʧʝʯʝʥʝ 

ʜʚʦʤʘ ʛʘʟʦʚʠʤʠ ʢʦʪʣʦʘʛʨʝʛʘʪʘʤʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʥʽʡ, ʘ  ʪʘʢʦʞ 

ʪʚʝʨʜʦʧʘʣʠʚʥʠʤ ʢʦʪʣʦʤ ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʙʨʠʢʝʪʘʭ. ʈʽʢ ʧʦʙʫʜʦʚʠ 2021. 

ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʧʘʩʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘʢʠʤʠ 

ʷʢ ʜʦʜʘʪʢʦʚʘ ʪʝʧʣʦʽʟʦʣʷʮʽ ̫ ʝʣʝʤʝʥʪʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ: 

ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ, ʙʘʟʘʣʴʪʦʚʘ ʤʽʥʝʨʘʣʴʥʘ ʚʘʪʘ, ʮʝʣʶʣʦʟʥʽ ʚʦʣʦʢʥʘ ʪʘ ʽʥʰʽ [2]. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʧʨʦʻʢʪʽ ʙʫʜʽʚʣʽ ʙʫʣʘ ʧʝʨʝʜʙʘʯʝʥʘ ʥʠʟʢʘ 

ʟʘʭʦʜʽʚ ʪʘʢʠʭ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʫʪʝʧʣʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʫʪʝʧʣʶʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʥʝʨʘʣʦʚʘʪʥʠʭ ʧʣʠʪ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʠʭ ʚʽʢʦʥ ʽʟ 

ʧʦʜʚʽʡʥʠʤ ʩʢʣʽʥʥʷʤ. 

ʈʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʜʽʶʯʠʭ ʤʝʪʦʜʠʢ [3] ʪʘ [4] ʢʣʘʩ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ 

ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ ʉ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘ ʜʚʦʩʢʘʪʥʦʤʫ ʜʘʭʫ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʧʦʙʫʪʦʚʦʛʦ ʢʦʨʧʫʩʫ ʟ 

ʣʘʙʦʨʘʪʦʨʽʻʶ ʪʘ ʥʘʚʽʩʦʤ ʪʘ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʣʷ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ PVSol, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ. ʎʝ ʧʨʦʩʪʦʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʚʜʷʢʠ ʚʨʘʭʫʚʘʥʥʶ ʧʨʦʩʪʦʨʦʚʦʾ 

ʦʨʽʻʥʪʘʮʽʾ, ʢʫʪʫ ʥʘʭʠʣʫ ʜʘʭʫ, ʟʘʪʽʥʝʥʥʷ. ʊʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʚʠʭʽʜ ʝʥʝʨʛʽʾ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʦʥʷʯʥʠʭ 

ʫʩʪʘʥʦʚʦʢ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ PVsol ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ 

ʬʽʥʘʥʩʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʮʽʥʠʪʠ ʧʝʨʽʦʜ ʦʢʫʧʥʦʩʪʽ, 

ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ ʽ ʟʘʛʘʣʴʥʫ ʬʽʥʘʥʩʦʚʫ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʧʨʦʝʢʪʫ. 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʨʘʥʽ ʩʦʥʷʯʥʽ ʤʦʜʫʣʽ ʚʠʨʦʙʥʠʮʪʚʘ JA Solar Holdings 

Co, Ltd ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 77 ʦʜʠʥʠʮʴ. ʆʙʨʘʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʛʝʥʝʨʫʚʘʪʠ 46,2 

ʢɺʪ*ʛʦʜ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ʈʠʩ.1). ɻʨʘʬʽʢ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʜʦʩʪʘʪʥʽʩʪʴ ʝʣʝʢʪʨʠʢʠ, ʱʦ 

ʛʝʥʝʨʫʻʪʴʩʷ ʩʦʥʷʯʥʠʤʠ ʧʘʥʝʣʷʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʩʷʛʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʧʦʙʫʪʦʚʦʛʦ ʢʦʨʧʫʩʫ (ʈʠʩ.2). 

 
ʈʠʩʫʥʦʢ 2 ï ʈʽʚʝʥʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 
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ʅʘ ʛʨʘʬʽʢʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʢʠ ʩʦʥʷʯʥʠʤʠ 

ʧʘʥʝʣʷʤʠ ʪʘ ʪʽʻʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ ʟʘʛʘʣʴʥʦʾ ʤʝʨʝʞʽ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽʟ ʩʦʥʷʯʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ 

ʚʠʢʦʥʫʚʘʣʦʩʷ ʧʨʦʛʨʘʤʦʶ T*Sol. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ʦʙʨʘʥʘ ʩʠʩʪʝʤʘ ʽʟ 

ʚʘʢʫʫʤʥʠʤ ʢʦʣʝʢʪʦʨʦʤ  ï Vitasol 050, ʚʠʨʦʙʥʠʮʪʚʘ Viessmann Werke GmbH&CoKG. 

ɻʨʘʬʽʯʥʦ ʧʦʢʘʟʘʥʦ ʯʘʩʪʢʫ, ʷʢʫ ʧʦʢʨʠʚʘʻ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʦʪʨʝʙʠ ʫ ʥʘʛʨʽʚʘʥʥʽ 

ʚʦʜʠ (ʈʠʩ.3). 

 
ʈʠʩʫʥʦʢ 3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʘʢʫʫʤʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ. 

 

ɻʨʘʬʽʢ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʢʫʫʤʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʜʣʷ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʫ ʛʘʨʷʯʽʡ ʚʦʜʽ ʚ ʪʝʧʣʠʡ 

ʧʝʨʽʦʜ ʨʦʢʫ. ɿʽ ʟʤʽʥʦʶ ʧʦʨʠ ʨʦʢʫ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʽʥʩʦʣʷʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʝʥʝʨʛʽʾ ʩʦʥʮʷ, ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʽʟ ʪʨʘʜʠʮʽʡʥʠʭ 

ʜʞʝʨʝʣ. ɸʣʝ ʚ ʟʚôʷʟʢʫ ʽʟ ʢʣʽʤʘʪʠʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʘ ʩʘʤʝ ʩʝʟʦʥʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʨʽʚʥʷ 

ʽʥʩʦʣʷʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʥʝ ʜʦʟʚʦʣʠʪʴ ʧʦʚʥʽʩʪʶ ʚʽʜʤʦʚʠʪʠʩʷ ʷʢ ʚʽʜ 

ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ, ʪʘʢ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ 

ʜʣʷ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʦʧʘʣʝʥʥʷ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ʋɼʂ 620.9 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ɹʻʣʠʢ ʉ.ʈ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʐʢʣʷʨ ɺ.ɯ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɸʃʔʊɽʈʅɸʊʀɺʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ ɼʃʗ 

ɽʅɽʈɻʆɿɸɹɽɿʇɽʏɽʅʅʗ ʃɯʎɽʖ

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʣʽʮʝʶ ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʚʦʣʴʪʘʾʯʥʠʭ 

ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ (ʜʘʣʽ ʌɽʉ) ʥʘ ʟʘʤʽʥʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ.  

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʘʢʣʘʜ ʦʩʚʽʪʠ (ʣʽʮʝʡ) ʚ ʤ. ʏʝʨʥʽʛʽʚ ʤʘʻ ʬʦʨʤʫ ʙʫʢʚʠ çʅè ʪʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʩʝʢʮʽʡ: 2-ʧʦʚʝʨʭʦʚʦʾ, ʧʝʨʝʭʽʜʥʦʾ 2-ʧʦʚʝʨʭʦʚʦʾ ʪʘ 3-ʧʦʚʝʨʭʦʚʦʾ. 

ɺ ʧʨʦʛʨʘʤʽ PVSol ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ [1]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʧʘʥʝʣʽ ʥʘ ʢʨʠʰʽ ʪʨʠʧʦʚʝʨʭʦʚʦʾ ʯʘʩʪʠʥʠ ʙʫʜʽʚʣʽ, ʩʠʩʪʝʤʘ ʟ 

134 ʤʦʜʫʣʽʚ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ 3 ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʧʘʥʝʣʝʡ ʧʽʜ ʢʫʪʦʤ 15 Ü, 30Ü ʪʘ 

45Ü ʪʘ ʨʦʟʚʝʨʥʫʪʠʭ ʥʘ 180Ü ʜʦ ʘʟʠʤʫʪʫ, ʪʦʙʪʦ ʥʘ ʧʽʚʜʝʥʴ. ɿʤʽʥʘ ʢʫʪʘ ʥʘ ʙʽʣʴʰʠʡ ʚʟʠʤʢʫ ʪʨʦʭʠ 

ʧʽʜʚʠʱʫʻ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʅʘʡʢʨʘʱʝ ʧʽʜʚʠʱʫʚʘʪʠ ʢʫʪ ʟ ʚʝʨʝʩʥʷ ʧʦ ʢʚʽʪʝʥʴ ʜʦ 

45Ü, ʘ ʚ ʪʝʧʣʫ ʧʦʨʫ ʨʦʢʫ ʢʦʨʠʛʫʚʘʪʠ ʡʦʛʦ ʥʘ ʨʽʚʥʽ 15Ü, ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʚʘʻ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʟʘʢʣʘʜʫ ʢʦʞʥʦʛʦ ʤʽʩʷʮʷ (ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʧʨʠʡʥʷʪʦ ʟʘ 2021 

ʨʽʢ ʽ ʩʢʣʘʜʘʻ 40178 ʢɺʪĿʛʦʜ). 3-ʧʦʚʝʨʭʦʚʘ ʩʝʢʮʽʷ ʮʝ ʥʘʡʚʠʱʘ ʽ ʥʘʡʤʝʥʰʝ ʟʘʪʽʥʝʥʘ ʧʣʦʩʢʘ 

ʧʦʚʝʨʭʥʷ ʣʽʮʝʶ. ɼʘʥʽ ʧʘʥʝʣʽ ʙʫʜʫʪʴ ʨʦʟʤʽʱʝʥʥʽ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ 3-ʧʦʚʝʨʭʦʚʦʾ ʯʘʩʪʠʥʠ ʜʘʭʫ, 

ʦʢʨʽʤ ʤʽʩʮʴ, ʜʝ ʟʘʪʽʥʝʥʥʷ ʙʫʜʝ ʩʪʘʥʦʚʠʪʠ ʙʽʣʴʰʝ 10 % ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʧʘʥʝʣʝʡ ʙʫʜʝ 

ʜʦʩʪʘʪʥʴʦ ʤʝʥʰʦʶ. ʊʘʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʥʝʣʝʡ ʦʙʨʘʥʘ ʟ ʮʽʣʣʶ ʯʘʩʪʢʦʚʦ ʧʦʢʨʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʦʙʣʘʰʪʫʚʘʥʥʷ ʟʘʢʣʘʜʫ ʦʩʚʽʪʠ ʛʘʨʷʯʠʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ. 

ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʚʦʣʴʪʘʾʯʥʠʭ ʤʦʜʫʣʝʡ ʢʦʤʧʘʥʽʾ JA 

Solar Holdings Co., Ltd., ʘ ʩʘʤʝ ʤʦʜʝʣʴ JAM72S30-530/MR. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʷʢʫ ʧʦʢʨʠʚʘʶʪʴ 

ʧʘʥʝʣʽ ʩʢʣʘʜʘʻ 346,2 ʤ2, ʱʦ ʩʪʘʥʦʚʠʪʴ 45% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʙʫʜʽʚʣʽ. ɼʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʟʤʽʥʥʠʡ ʩʪʨʫʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 2 ʽʥʚʝʨʪʦʨʠ ʚʽʜ 

Huawei Technologies, ʤʦʜʝʣʴ SUN2000-30KTL-M3(440Vac). ɺʘʨʪʽʩʪʴ ʧʘʥʝʣʝʡ JAM72S30-

530/MR ʩʢʣʘʜʘʻ 7595 ʛʨʥ, ʘ ʽʥʚʝʥʪʦʨʘ SUN2000-30KTL-M3(440Vac) ï 120900 ʛʨʥ. ɿʘʛʘʣʴʥʘ 

ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʨʘʟʦʤ ʟ ʚʠʪʨʘʪʘʤʠ ʥʘ ʤʦʥʪʘʞ ʙʫʜʝ ʩʪʘʥʦʚʠʪʠ 1259530 ʛʨʥ. ɹʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʜʘʞʫ ʥʘʜʣʠʰʢʦʚʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʘ ʪʘʨʠʬʦʤ 6,08 ʛʨʥ/ʢɺʪĿʛʦʜ 

ʛʨʦʰʦʚʘ ʝʢʦʥʦʤʽʷ ʟʘ ʨʽʢ ʩʢʣʘʜʝ 244282 ʛʨʥ/ʨʽʢ. ɺ ʜʝʥʥʠʡ ʧʝʨʽʦʜ ʜʦʙʠ ʥʘʜʣʠʰʦʢ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʥʘ ʧʨʦʜʘʚʘʪʠ ʪʘ ʦʪʨʠʤʫʚʘʪʠ  ʜʦʜʘʪʢʦʚʽ ʢʦʰʪʠ ʟʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. 

ʇʝʨʽʦʜ ʦʢʫʧʥʦʩʪʽ ʩʢʣʘʜʘʻ 5,2 ʨʦʢʫ, ʱʦ ʻ ʛʘʨʥʠʤ ʧʦʢʘʟʥʠʢʦʤ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʣʽʮʝʶ ʛʘʨʷʯʦʶ ʚʦʜʦʶ ʨʦʟʛʣʷʥʫʪʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ 

ʢʦʣʝʢʪʦʨʽʚ ʥʘ ʜʘʭ 1 ʢʦʨʧʫʩʫ ʟ ʨʽʟʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟʘʤʽʱʝʥʥʷ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʦʙʨʘʥʦ 

ʪʠʧʦʚʠʡ ʚʘʢʫʫʤʥʠʡ ʩʦʥʷʯʥʠʡ ʢʦʣʝʢʪʦʨ ʚʽʜ ʢʦʤʧʘʥʽʾ Viessmann Werke GmbH & Co KG, 

ʤʦʜʝʣʴ Vitosol 200-T SP2 2m [2]. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʢʫʪʘ ʥʘʭʠʣʫ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, 

ʢʦʣʝʢʪʦʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʽʜ ʢʫʪʦʤ 45Ü. ɺʠʟʥʘʯʠʤʦ ʦʧʪʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʤʽʱʝʥʥʷ ʚ 

ʧʨʦʛʨʘʤʽ TSol. ʇʘʨʘʤʝʪʨʠ, ʷʢʽ ʥʝ ʟʤʽʥʶʶʪʴʩʷ: ʢʫʪ ʥʘʭʠʣʫ ʩʢʣʘʜʘʻ 45Ü, ʢʫʪ ʘʟʠʤʫʪʫ 180Ü. 

ʇʨʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʤʽʱʝʥʥʷ 40 % ʧʦʪʨʽʙʥʦ ʙʫʜʝ 8 ʢʦʣʝʢʪʦʨʽʚ, ʘ 

ʩʠʩʪʝʤʘ ʧʦʢʨʠʚʘʻ 48,7 % (ʈʠʩ. 1, ʘ). 

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʢʦʣʝʢʪʦʨʽʚ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʤʽʱʝʥʥʷ 65 % (14 ʢʦʣʝʢʪʦʨʽʚ) ʩʠʩʪʝʤʘ 

ʧʦʢʨʠʚʘʻ 60,3 %, ʱʦ ʙʽʣʴʰʝ ʟʘ ʧʦʧʝʨʝʜʥʽʡ ʨʝʟʫʣʴʪʘʪ, ʘʣʝ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩʪʠʥʘ ʚʠʨʦʙʣʝʥʦʾ 

ʝʥʝʨʛʽʾ ʣʽʪʥʽʡ ʧʝʨʽʦʜ, ʷʢʘ ʥʝ ʙʫʜʝ ʢʦʨʠʩʥʦ ʚʠʢʦʨʠʩʪʘʥʘ ʣʽʮʝʻʤ (ʈʠʩ. 1, ʙ), ʪʦʙʪʦ, ʟʘʛʘʣʴʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʤʝʥʰʠʪʴʩʷ.  
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ʈʠʩʫʥʦʢ 1  ʇʦʢʨʠʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʛʘʨʷʯʽʡ ʚʦʜʽ: ʘ) ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʤʽʱʝʥʥʷ 40 %; ʙ) 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʤʽʱʝʥʥʷ 60 %; ʚ) ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʤʽʱʝʥʥʷ 80 % 

 

ʇʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʟʘʤʽʱʝʥʥʷ 80 % (20 ʢʦʣʝʢʪʦʨʽ) ʦʪʨʠʤʘʻʤʦ ʣʠʰʝ 65,8 %, ʱʦ ʦʟʥʘʯʘʻ 

ʱʦ ʮʝ ʥʘʡʛʽʨʰʠʡ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ, ʪʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ 

ʟʘʙʘʛʘʪʦ ʝʥʝʨʛʽʾ, ʷʢʫ ʟʘʢʣʘʜ ʥʝ ʙʫʜʝ ʩʧʦʞʠʚʘʪʠ (ʈʠʩ. 1, ʚ). ʂʨʽʤ ʪʦʛʦ ʧʝʨʝʛʨʽʚ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʩʠʩʪʝʤʽ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʡʦʛʦ ʩʪʘʛʥʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ 

ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʢʣʘʜʫ ʦʩʚʽʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʪʘ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ ʻ 

ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦ. ɺ ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ ʢʨʘʱʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʢʫʪ ʥʘʭʠʣʫ ʩʦʥʷʯʥʠʭ 

ʧʘʥʝʣʝʡ ʥʘ ʨʽʚʥʽ 45Ü, ʘ ʚ ʪʝʧʣʫ ʧʦʨʫ ʟʥʠʞʫʚʘʪʠ ʢʫʪ ʜʦ 15Ü, ʪʘʢʽ ʜʽʾ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʧʨʠʨʦʩʪʫ 
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ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʉʠʩʪʝʤʘ ʟ 134 ʬʦʪʦʚʦʣʴʪʘʾʯʥʠʭ ʤʦʜʫʣʽʚ ʛʝʥʝʨʫʻ 78225 ʢɺʪĿʛʦʜ 

ʟ 40178 ʢɺʪĿʛʦʜ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘʣʝ ʟʥʘʯʥʘ ʯʘʩʪʢʘ ʧʨʠʧʘʜʘʻ ʥʘ ʣʽʪʥʶ ʧʦʨʫ 

ʨʦʢʫ, ʢʦʣʠ ʩʧʦʞʠʚʘʥʥʷ ʣʽʮʝʶ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʧʨʦʜʘʚʘʪʠ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ ʢʦʤʝʨʮʽʡʥʠʤ ʩʧʦʞʠʚʘʯʘʤ. ʉʪʨʦʢ ʦʢʫʧʥʦʩʪʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʧʨʦʜʘʞʫ ʥʘʜʣʠʰʢʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʢʣʘʜʘʻ 5,2 ʨʦʢʠ. 

ɹʫʣʦ ʚʠʷʚʣʝʥʦ ʱʦ ʥʘʡʢʨʘʱʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʤʽʱʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʠʤʠ 

ʢʦʣʝʢʪʦʨʘʤʠ ʩʢʣʘʜʘʻ 40 %, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʪʘʢʦʤʫ ʟʘʤʽʱʝʥʽ ʥʝ ʙʫʜʝ ʚʪʨʘʯʘʪʠʩʷ 

ʯʘʩʪʢʘ ʚʠʨʦʙʣʝʥʦʾ ʝʥʝʨʛʽʾ, ʪʠʤ ʩʘʤʠʤ ʂʂɼ ʩʠʩʪʝʤʠ ʙʫʜʝ ʙʽʣʴʰʠʤ. ʉʠʩʪʝʤʘ ʟ 8 ʢʦʣʝʢʪʦʨʽʚ 

ʧʦʢʨʠʚʘʻ 9173 ʢɺʪĿʛʦʜ ʟ 19450 ʢɺʪĿʛʦʜ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʨʽʢ ʥʘ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʣʽʮʝʶ (48,7 %).  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ PV*Sol Premium. URL: https://valentin-

software.com/en/products/pvsol-premium/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 22.03.2024) 

2. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ T*Sol URL: https://valentin-software.com/en/products/tsol/ 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 22.03.2024)/ 
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ʋɼʂ 620.1 

ĭ ɸʩʧʽʨʘʥʪ 1 ʢʫʨʩʫ ʂʨʘʤʘʨʝʥʢʦ ʉ.ʆ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɹʽʣʦʫʩ ɯ.ʖ. 

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

 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆɻʃʗɼ ɹʋɼɯɺɽʃʔ ɿ ʉʊɸʊʋʉʆʄ NZEB ɺ ʈɯɿʅʀʍ ʂʈɸɰʅɸʍ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿʤʽʥʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚʥʘʩʣʽʜʦʢ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʩʪʘʥʦʚʠʪʴ ʟʘʛʨʦʟʫ ʜʣʷ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʻ ʥʘʜʣʠʰʦʢ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʚ ʙʽʣʴʰʦʩʪʽ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ. ʆʩʥʦʚʥʠʤ ʟʘʩʦʙʦʤ 

ʙʦʨʦʪʴʙʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʽʚʥʷ CO2 ʚ ʘʪʤʦʩʬʝʨʽ ʻ ʜʝʢʘʨʙʦʥʽʟʘʮʽʷ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʝʨʝʭʽʜ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʧʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʜʦ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʪʘ ʙʝʟʚʫʛʣʝʮʝʚʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ.  

ʅʘ ʩʝʢʪʦʨ ʙʫʜʽʚʝʣʴ ʧʨʠʭʦʜʠʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 40% ʩʚʽʪʦʚʦʛʦ ʦʙʩʷʛʫ ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ, 

ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʫ ʙʦʨʦʪʴʙʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʽʚʥʷ CO2 [1]. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ 

ʚʫʛʣʝʮʶ ʚʠʢʠʜʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟ ʯʦʛʦ ʧʦʩʪʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ ʧʨʠʢʣʘʜʘʻ ʟʥʘʯʥʠʭ ʟʫʩʠʣʴ ʫ 

ʙʦʨʦʪʴʙʽ ʟ ʢʣʽʤʘʪʠʯʥʠʤʠ ʟʤʽʥʘʤʠ. ʊʘʢ, ɭʚʨʦʧʝʡʩʴʢʠʡ ʇʘʨʣʘʤʝʥʪ ʫʭʚʘʣʠʚ ɼʠʨʝʢʪʠʚʫ 

2010/31, ʚ ʷʢʽʡ ʙʫʣʦ ʚʚʝʜʝʥʦ ʪʝʨʤʽʥ çʙʫʜʽʚʣʽ ʟ ʤʘʡʞʝ ʥʫʣʴʦʚʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾè 

(NZEB) ʪʘ ʚʩʪʘʥʦʚʣʝʥʽ ʚʠʤʦʛʠ ʜʦ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʟʘʣʫʯʝʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ) ʜʣʷ ʥʘʙʫʪʪʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʘʪʫʩʫ. ʂʨʽʤ ʪʦʛʦ 

ʦʟʥʘʯʝʥʘ ʜʠʨʝʢʪʠʚʘ ʟʦʙʦʚôʷʟʫʚʘʣʘ, ʱʦʙ ʚʩʽ ʥʦʚʦʙʫʜʦʚʠ ʚ ɭʉ ʟ 2021 ʨʦʢʫ ʚʽʜʧʦʚʽʜʘʣʠ 

ʚʠʤʦʛʘʤ NZEB [2]. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ɼʠʨʝʢʪʠʚʘ 2010/31 ʥʝ ʚʠʟʥʘʯʘʻ ʻʜʠʥʽ ʥʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ, ʘ 

ʥʘʚʧʘʢʠðʜʝʣʝʛʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ, ʧʽʩʣʷ ʷʢʦʛʦ ʙʫʜʽʚʣʷ ʦʪʨʠʤʫʻ ʩʪʘʪʫʩ NZEB, 

ʢʨʘʾʥʘʤ ʯʣʝʥʘʤ ɭʚʨʦʩʦʶʟʫ, ʘʜʞʝ ʚʦʥʠ ʤʘʶʪʴ ʩʚʦʾ ʫʥʽʢʘʣʴʥʽ ʢʣʽʤʘʪʠʯʥʽ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʇʨʦʪʝ, ɭʚʨʦʧʝʡʩʴʢʘ ʂʦʤʽʩʽʷ ʚʠʧʫʩʪʠʣʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʯʠʩʣʦʚʠʤʠ ʦʨʽʻʥʪʠʨʘʤʠ ʜʣʷ NZEB ʚ ʢʦʞʥʽʡ ʢʣʽʤʘʪʠʯʥʽʡ ʟʦʥʽ [3]. ʏʠʩʣʦʚʠʤ 

ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʙʫʜʽʚʣʶ, ʜʠʨʝʢʪʠʚʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʠʪʦʤʝ ʩʧʦʞʠʚʘʥʥʷ 

ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʨʽʢ (EP) ʥʘ ʧʦʪʨʝʙʠ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ, ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʦʩʚʽʪʣʝʥʥʷ [2]. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʥʦʚʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ EP ʚʘʨʽʶʻʪʴʩʷ 

ʚʽʜ 20 ʢɺʪĿʛʦʜ/ʤ2 (ɹʝʣʴʛʽʷ) ʜʦ 132 ʢɺʪĿʛʦʜ/ʤ2 (ɽʩʪʦʥʽʷ), ʘ ʜʣʷ ʥʝʞʠʪʣʦʚʠʭð ʚʽʜ 30 

ʢɺʪĿʛʦʜ/ʤ2 (ɹʝʣʴʛʽʷ) ʜʦ 176 ʢɺʪĿʛʦʜ/ʤ2 (ʄʘʣʴʪʘ). ɺ ʩʚʦʾʡ ʨʦʙʦʪʽ Delia DôAgostino ʪʘ ʽʥʰʽ [1] 

ʧʦʨʽʚʥʷʣʠ ʯʠʩʣʦʚʽ ʦʨʽʻʥʪʠʨʠ ʟ ʬʘʢʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ EP, ʧʨʠʡʥʷʪʠʤʠ ʚ ʢʨʘʾʥʘʭ ʯʣʝʥʘʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʝ ʧʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ NZEB ʧʝʨʝʚʠʱʫʻ 

ʨʽʚʝʥʴ ʯʠʩʣʦʚʠʭ ʦʨʽʻʥʪʠʨʽʚ ɭʚʨʦʢʦʤʽʩʽʷ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 10% ʚ 24 ʢʨʘʾʥʘʭ ʯʣʝʥʘʭ. ʆʪʨʠʤʘʥʘ 

ʨʦʟʙʽʞʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʨʽʟʥʠʮʝʶ ʚ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʽ ʪ. ʧ., ʘʣʝ ʡ 

ʥʝʩʧʽʚʧʘʜʽʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʠʢ ʪʘ ʚʠʟʥʘʯʝʥʴ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ [1].  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʚʯʝʥʥʷ ʧʠʪʘʥʴ ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ 

ʜʦ ʥʫʣʴʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʪʘ ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʾʭ ʜʦʩʚʽʜʫ ʚ ʫʤʦʚʘʭ 

ʋʢʨʘʾʥʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʧʠʪʦʤʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ, ʯʘʩʪʢʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚ ʝʥʝʨʛʦʙʘʣʘʥʩʽ ʙʫʜʽʚʣʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʨʘʾʥʠ ʜʦ ʢʨʘʾʥʠ. 

ʊʘʢ, ʚ ɯʨʣʘʥʜʽʾ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʪʘʥʦʚʠʪʴ 25%, ʪʦʜʽ ʷʢ ʚ ɻʨʝʮʽʾ ʚʽʥ ʜʦʩʷʛʘʻ 60% [1]. ɼʣʷ 

ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛʠ ʧʦ ʟʘʣʫʯʝʥʥʶ ɺɼɽ ʚ ʫʤʦʚʘʭ ɭʚʨʦʧʠ ʚʠʜʽʣʷʶʪʴ ʯʦʪʠʨʠ ʧʽʜʭʦʜʠ. ʇʝʨʰʠʡ 

ʧʦʣʷʛʘʻ ʚ ʨʦʟʪʘʰʫʚʘʥʥʽ ʥʘ ʜʘʭʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ, ʚʽʪʨʷʢʽʚ, ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʽ ʪ. ʧ. 



 
 

 
 

194 

ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ ʢʦʤʫʥʘʣʴʥʠʭ ʤʝʨʝʞ ʙʫʜʽʚʣʽ. ɼʨʫʛʠʡ ʧʝʨʝʜʙʘʯʘʻ ʪʝ ʩʘʤʝ, ʘʣʝ ʟ 

ʨʦʟʤʽʱʝʥʥʷʤ ʥʘ ʧʨʠʣʝʛʣʽʡ ʪʝʨʠʪʦʨʽʾ ʙʫʜʽʚʣʽ ʷʢ ʧʘʨʢʽʥʛ ʘʙʦ ʙʫʜʴ-ʷʢʝ ʚʽʣʴʥʝ ʤʽʩʮʝ. ʇʨʦʪʝ, ʮʽ 

ʧʽʜʭʦʜʠ ʥʝ ʽʜʝʘʣʴʥʽ, ʘʜʞʝ ʚʠʤʘʛʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʥʝʟʘʪʽʥʝʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʯʦʛʦ ʚ ʫʤʦʚʘʭ 

ʩʫʯʘʩʥʦʛʦ ʤʽʩʪʘ ʚʘʞʢʦ ʜʦʩʷʛʪʠ. ʋ ʪʨʝʪʴʦʤʫ ʧʽʜʭʦʜʽ ʚʠʢʦʨʠʩʪʘʶʪʴ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʪʠʧʠ 

ʧʘʣʠʚʘ, ʷʢʝ ʚʠʨʦʙʣʝʥʦ ʚ ʩʪʦʨʦʥʥʴʦʤʫ ʤʽʩʮʽ, ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ. ɼʦ ʥʴʦʛʦ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʙʽʦʜʠʟʝʣʴ, ʙʽʦʝʪʘʥʦʣ, ʧʝʣʝʪʠ ʪʘ ʜʝʨʝʚôʷʥʘ ʪʨʽʩʢʘ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʦʙʣʝʤʘ ʥʝʩʪʘʯʽ ʧʨʦʩʪʦʨʫ ʧʦʩʪʘʻ ʚ ʤʝʥʰʦʤʫ ʦʙʩʷʟʽ, ʪʘʢ ʷʢ ʢʦʪʝʣ ʥʘ ʙʽʦʧʘʣʠʚʽ ʘʙʦ 

ʢʦʛʝʥʝʨʘʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ ʟʘʡʤʘʶʪʴ ʤʝʥʰʫ ʧʣʦʱʫ ʥʽʞ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʩʠʚ. ɸʣʝ ʪʫʪ 

ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤʠ ʚʠʢʠʜʥʠʭ ʛʘʟʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʫ ʤʽʩʪʘʭ ʟ 

ʘʢʪʠʚʥʠʤ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʬʽʢʦʤ. ʏʝʪʚʝʨʪʠʡ ʧʽʜʭʽʜ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʘʢʫʧʽʚʣʶ ʟ ʟʘʛʘʣʴʥʦʾ 

ʤʝʨʝʞʽ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʚʠʨʦʙʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ɺɼɽ ʧʦʟʘ ʤʝʞʘʤʠ ʙʫʜʽʚʣʽ. ʅʘʧʨʠʢʣʘʜ, 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʚʽʜ ʩʦʥʷʯʥʠʭ ʩʪʘʥʮʽʡ, ʚʽʪʨʷʢʽʚ ʪʘ ʽʥʰʠʭ çʟʝʣʝʥʠʭè ʜʞʝʨʝʣ, ʷʢʽ ʤʘʶʪʴ 

ʛʘʨʘʥʪʽʾ ʧʦʭʦʜʞʝʥʥʷ [4]. 

ɼʝʷʢʽ ʢʨʘʾʥʠ ʯʣʝʥʠ ʧʨʠʡʥʷʣʠ ʨʽʰʝʥʥʷ ʧʨʠʚôʷʟʘʪʠ ʩʪʘʪʫʩ NZEB ʜʦ ʦʜʥʦʛʦ ʟ 

ʥʘʡʢʨʘʱʠʭ ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ A, A+. ɺ ʧʦʻʜʥʘʥʥʽ ʟ ʧʦʢʨʠʪʪʷʤ ʯʘʩʪʢʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɺɼɽ ʜʘʥʠʡ ʧʽʜʭʽʜ ʩʧʨʦʱʫʻ ʨʦʟʫʤʽʥʥʷ ʥʦʚʦʾ ʢʦʥʮʝʧʮʽʾ. 

ʇʨʦʪʝ ʽʩʥʫʶʪʴ ʽ ʚʠʢʣʶʯʝʥʥʷ. ʋ ʌʽʥʣʷʥʜʽʾ ʙʫʜʝ ʜʦʩʪʘʪʥʴʦ ʽ ʢʣʘʩʫ çBè, ʘ ʚ ɽʩʪʦʥʽʾ ʽ ʢʣʘʩʫ C 

ʜʣʷ ʚʞʝ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ [1]. 

ɼʦʩʷʛʥʝʥʥʷ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ çAè ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʫ 

ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ɺʽʥ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʝ ʪʽʣʴʢʠ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʶ ʦʙʦʣʦʥʢʠ 

ʙʫʜʽʚʣʽ, ʘʣʝ ʡ ʛʣʠʙʦʢʝ ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ. ʆʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, 

ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʠʥʥʦ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ, 

ʘ ʡ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʣʽ. ɿʘʣʫʯʝʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʟʚʦʣʠʪʴ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ ʩʪʘʪʫʩʫ NZEB ʟʘʚʜʷʢʠ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʶ ʧʦ ʩʭʝʤʽ ʟʘʧʠʪ-ʨʝʘʢʮʽʷ. ʉʭʝʤʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʩʧʨʷʤʫʚʘʥʥʷ ʧʦʪʦʢʽʚ 

ʝʥʝʨʛʽʾ ʚ ʪʽ ʤʽʩʮʷ, ʜʝ ʚʦʥʠ ʥʝʦʙʭʽʜʥʽ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ, ʽ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʪʘʤ, ʜʝ ʮʝ ʥʝ ʧʨʠʟʚʝʜʝ ʜʦ ʜʠʩʢʦʤʬʦʨʪʫ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʢʦʤʫʥʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʜʘʻ ʟʤʦʛʫ ʧʝʨʝʥʘʧʨʘʚʣʷʪʠ ʥʘʜʣʠʰʢʠ ʚʠʨʦʙʣʝʥʦʾ ʝʥʝʨʛʽʾ ʜʦ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʘʙʦ ʚ 

ʘʢʫʤʫʣʷʪʦʨʠ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʜʘʻ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʽ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʟʤʝʥʰʫʻ ʧʽʢʦʚʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ [2]. 

ʂʦʞʥʘ ʙʫʜʽʚʣʷ, ʥʘʚʽʪʴ ʚʠʢʦʥʘʥʘ ʟʘ ʪʠʧʦʚʠʤ ʧʨʦʝʢʪʦʤ, ʻ ʫʥʽʢʘʣʴʥʦʶ ʚʥʘʩʣʽʜʦʢ ʩʚʦʛʦ 

ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʦʨʽʻʥʪʘʮʽʾ, ʧʨʠʟʥʘʯʝʥʥʷ, ʨʦʟʧʦʜʽʣʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ, 

ʛʨʘʬʽʢʫ ʨʦʙʦʪʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʦʙʦʣʦʥʢʠ. ʉʫʢʫʧʥʽʩʪʴ ʦʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʘʻ ʥʘ 

ʧʨʦʬʽʣʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʥʘʩ ʜʦ ʽʜʝʾ ʨʦʟʨʘʭʫʚʘʪʠ ʦʪʨʠʤʘʥʠʡ 

ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ. ɺʦʥʦ ʜʘʻ 

ʟʤʦʛʫ ʟʘ ʜʝʢʽʣʴʢʘ ʽʪʝʨʘʮʽʡ ʦʧʨʘʮʶʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʩʮʝʥʘʨʽʾ ʽ ʦʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ 

ʚʘʨʽʘʥʪ. ɽʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʥʘ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘʣʝ ʡ 

ʧʨʦʪʷʛʦʤ ʽʥʰʠʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʽʚʣʽ [5]. 

ɺʠʩʥʦʚʢʠ.  ʋʢʨʘʾʥʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʜʦʢʫʤʝʥʪʠ ʱʦʜʦ ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦ 

ʥʫʣʴʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ, ʪʦʤʫ 

ʜʦʩʚʽʜ ʧʝʨʝʜʦʚʠʭ ʢʨʘʾʥ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʚ ʫʩʧʽʰʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʡ ʚ ʫʤʦʚʘʭ 

ʋʢʨʘʾʥʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʋʈʗʏʆɻʆ ʇʆʉʃɯɼʋ ɼʃʗ ɹɯʆɻɸɿʆɺʆɰ ʋʉʊɸʅʆɺʂʀ 

ʇʊɸʍʆʌɸɹʈʀʂʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋʢʨʘʾʥʘ, ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ 

ʢʨʘʾʥ, ʩʪʠʢʘʻʪʴʩʷ ʟ ʚʠʢʣʠʢʘʤʠ ʫ ʩʬʝʨʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ 

ʙʦʨʦʪʴʙʠ ʟ ʝʢʦʣʦʛʽʯʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʪʘ ʚʠʢʠʜʘʤʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, 

ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʝʨʝʨʦʙʮʽ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʚ ʚʽʜʥʦʚʣʶʚʘʣʴʥʫ 

ʝʥʝʨʛʽʶ, ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʽ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʋʢʨʘʾʥʠ [1]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʪʘʭʦʬʘʙʨʠʢʠ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʥʝ ʜʞʝʨʝʣʦ 

ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ɿʦʢʨʝʤʘ, ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʢʫʨʷʯʦʛʦ ʧʦʩʣʽʜʫ, 

ʷʢʽ ʚʦʥʠ ʛʝʥʝʨʫʶʪʴ, ʩʪʘʥʦʚʣʷʪʴ ʜʦʩʠʪʴ ʩʝʨʡʦʟʥʫ ʧʨʦʙʣʝʤʫ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʦʩʢʽʣʴʢʠ ʥʝʧʨʘʚʠʣʴʥʘ ʫʪʠʣʽʟʘʮʽʷ ʧʦʩʣʽʜʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʦʡʤ, ˇʨʫʥʪʫ ʪʘ 

ʧʦʚʽʪʨʷ [2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʮʽʥʢʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʧʪʘʭʦʬʘʙʠʮʽ 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʾ ʧʝʨʝʨʦʙʢʠ ʽ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʛʦʩʪʨʽʰʠʭ ʫ ʩʚʽʪʽ. 

ɹʽʦʛʘʟ ï ʛʘʟʦʚʘ ʩʫʤʽʰ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʘʣʠʚʦ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʪʘʥʫ ʪʘ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʙʽʦʤʘʩʠ ʚ ʧʨʦʮʝʩʽ ʘʥʘʝʨʦʙʥʦʛʦ ʟʙʨʦʜʞʫʚʘʥʥʷ ʫ 

ʩʧʝʮʽʘʣʴʥʠʭ ʨʝʘʢʪʦʨʘʭ (ʈʠʩ.1) [1]. 
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ʅʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʙʨʦʜʽʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʙʽʦʛʘʟʫ ʟʥʘʯʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʶʪʴ 

ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʬʘʢʪʦʨʽʚ: ʙʽʦʣʦʛʽʯʥʽ, ʬʽʟʠʯʥʽ, ʭʽʤʽʯʥʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʯʠʥʥʠʢʠ. ʇʝʨʰʽ ʚʢʣʶʯʘʶʪʴ ʩʢʣʘʜ ʟʙʨʦʜʞʫʚʘʥʦʾ ʙʽʦʤʘʩʠ ʪʘ ʤʽʢʨʦʬʣʦʨʠ, ʫʤʦʚʠ ʜʣʷ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʌʽʟʠʯʥʽ ʯʠʥʥʠʢʠ ʦʭʦʧʣʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʪʠʩʢ 

ʧʨʦʮʝʩʫ, ʭʽʤʽʯʥʽ ï ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʝʯʦʚʠʥ ʫ ʩʝʨʝʜʦʚʠʱʽ ʙʨʦʜʽʥʥʷ ʪʘ ʩʢʣʘʜ ʙʽʦʛʘʟʫ. 

ʆʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʯʠʥʥʠʢʠ ʤʽʩʪʷʪʴ ʚ ʩʦʙʽ ʜʦʟʫʚʘʥʥʷ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʽʦʤʘʩʠ. 

ʋʨʘʭʫʚʘʥʥʷ ʮʠʭ ʯʠʥʥʠʢʽʚ ʻ ʚʘʞʣʠʚʠʤ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʽ ʫʧʨʘʚʣʽʥʥʽ ʙʽʦʛʘʟʦʚʠʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʙʨʦʜʽʥʥʷ [1]. 

ɹʽʦʛʘʟ, ʦʪʨʠʤʘʥʠʡ ʟ ʢʫʨʷʯʦʛʦ ʧʦʩʣʽʜʫ ʫ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ 

ʟʘʤʽʥʠʪʠ ʪʨʘʜʠʮʽʡʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʽ ʚʫʛʽʣʣʷ. ʎʝ ʩʧʨʠʷʻ ʥʝ ʣʠʰʝ 

ʟʤʝʥʰʝʥʥʶ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ, ʘʣʝ ʡ ʥʘʜʘʻ ʜʦʜʘʪʢʦʚʝ ʨʽʰʝʥʥʷ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ 

ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʧʪʘʭʦʬʘʙʨʠʢ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʾʭ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ 

[3]. 

ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ RETScreen ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʽʦʛʘʟʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʪʘʭʦʬʘʙʨʠʮʽ. ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʧʽʩʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʟʘʤʽʥʫ ʛʘʟʦʚʦʤʫ ʢʦʪʣʫ, ʧʝʨʽʦʜ ʦʢʫʧʥʦʩʪʽ ʙʫʜʝ 

ʩʢʣʘʜʘʪʠ 2,1 ʨʦʢʠ, ʱʦ ʻ ʜʦʚʦʣʽ ʥʠʟʴʢʠʤ ʪʝʨʤʽʥʦʤ ʦʢʫʧʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʚʘʨʪʽʩʪʴ ʫʩʪʘʥʦʚʢʠ 

ʩʪʘʥʦʚʠʪʴ 17 200 000 ʛʨʥ, ʩʠʩʪʝʤʘ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʽʦʤʘʩʠ ï 1 200 000 ʛʨʥ, 

ʤʦʥʪʘʞ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 25% ʚʽʜ ʮʽʥʠ ʚʩʽʻʾ ʫʩʪʘʥʦʚʢʠ. ʆʪʞʝ ʧʦʚʥʘ ʚʘʨʪʽʩʪʴ ʙʽʦʛʘʟʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ ʟ ʤʦʥʪʘʞʝʤ ʩʪʘʥʦʚʠʪʠʤʝ 23 000 000 ʛʨʥ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʝʨʽʦʜ ʦʢʫʧʥʦʩʪʽ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ 

 

ɼʦʜʘʪʢʦʚʦ ʜʦ ʝʢʦʥʦʤʽʾ, ʙʽʦʛʘʟʦʚʘ ʫʩʪʘʥʦʚʢʘ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʉʆ2. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʝʟʫʣʴʪʘʪʠ ʚ RetScreen ʱʦʜʦ ʚʠʢʠʜʽʚ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʱʦ ʾʭʥʷ ʢʽʣʴʢʽʩʪʴ 

ʟ 114,7 ʪʉʆ2 ʟʥʠʟʠʣʘʩʷ ʜʦ 102 ʪʉʆ2. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʪʨʠʤʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ ʥʘ ʧʪʘʭʦʬʘʙʨʠʮʽ ʻ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʪʘ ʟʤʝʥʰʫʻ ʰʢʽʜʣʠʚʠʡ 

ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʅɸɺʏɸʃʔʅʆɻʆ ʂʆʈʇʋʉʋ ˉ27 

ʅʊʋʋ "ʂʇɯ ɯʄ. ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆ" ɿɸ ʈɸʍʋʅʆʂ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ɺɯɼʅʆɺʃʖɺɸʃʔʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʻ ʚʘʞʣʠʚʠʤʠ ʢʨʦʢʘʤʠ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʣʽʤʘʪ. 

ʇʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʜʦ ʯʠʩʪʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʤʦʞʝ ʩʧʨʠʷʪʠ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ 

ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʙʝʟʧʝʯʥʝ ʤʘʡʙʫʪʥʻ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ 

ʷʢ ʩʦʥʷʯʥʘ, ʚʽʪʨʦʚʘ, ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʘ ʪʘ ʽʥʰʽ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʩʥʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʦʢʨʝʤʠʭ ʛʘʣʫʟʷʭ ʝʢʦʥʦʤʽʢʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʘʤʦʜʦʩʪʘʪʥʦʩʪʽ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʜʞʝʨʝʣ ʜʦʧʦʤʘʛʘʻ 

ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʽʤʧʦʨʪʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ 

ʧʦʢʨʘʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ [1]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʆʧʪʠʤʽʟʘʮʽʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ 

ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ 

ʧʨʘʢʪʠʢ ʫ ʙʫʜʽʚʥʠʮʪʚʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʪʘ ʛʝʦʪʝʨʤʘʣʴʥʽ 

ʩʠʩʪʝʤʠ, ʤʘʻ ʥʘ ʤʝʪʽ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ CO2 ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʚʘʥʥʷ ʧʝʨʝʚʘʛ ʧʝʨʝʭʦʜʫ ʜʦ ʙʽʣʴʰ ʩʪʽʡʢʦʾ ʤʦʜʝʣʽ 

ʝʥʝʨʛʝʪʠʢʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʥʘʚʯʘʣʴʥʠʡ ʢʦʨʧʫʩ 

ˉ27 ʅʊʋʋ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʤʽʩʪʽ ʂʠʾʚ. 

ʅʘʚʯʘʣʴʥʠʡ ʢʦʨʧʫʩ ˉ27 ʷʚʣʷʻ ʩʦʙʦʶ ʧôʷʪʠʧʦʚʝʨʭʦʚʫ ʙʫʜʽʚʣʶ, ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʝ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ. ʈʽʢ ʧʦʙʫʜʦʚʠ 1991. 

ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʩʠʚʥʠʭ ʤʝʪʦʜʽʚ, 

ʪʘʢʠʭ ʷʢ ʧʦʣʽʧʰʝʥʥʷ ʽʟʦʣʷʮʽʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ. ʎʝ ʦʟʥʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ, ʙʘʟʘʣʴʪʦʚʘ ʤʽʥʝʨʘʣʴʥʘ ʚʘʪʘ, 

ʮʝʣʶʣʦʟʥʽ ʚʦʣʦʢʥʘ ʪʘ ʽʥʰʽ  ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʪʝʧʣʘ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ [2]. 

ʂʣʘʩ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ ɽ [3]. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘ ʧʣʦʩʢʦʤʫ ʜʘʭʫ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩ ˉ27 ʅʊʋʋ çʂʇɯ ʽʤ. 

ɯ.ʉʽʢʦʨʩʴʢʦʛʦè ʪʘ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʣʷ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ PVSol, ʷʢʝ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ. ʁʦʛʦ ʣʝʛʢʽʩʪʴ ʚ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘ  ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʠʪʴ ʡʦʛʦ ʽʜʝʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʭʦʜʫ ʝʥʝʨʛʽʾ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʂʨʽʤ ʪʦʛʦ, ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ PVSol ʜʦʩʪʫʧʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʬʽʥʘʥʩʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʧʝʨʽʦʜ ʦʢʫʧʥʦʩʪʽ, ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʟʘʛʘʣʴʥʫ ʬʽʥʘʥʩʦʚʫ 

ʚʠʛʽʜʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʧʨʦʝʢʪʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʨʘʥʽ ʩʦʥʷʯʥʽ ʤʦʜʫʣʽ 

ʚʠʨʦʙʥʠʮʪʚʘ JA Solar Holdings Co, Ltd ʤʦʜʝʣʽ JAM72D00-355/PR ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 467 

ʦʜʠʥʠʮʴ. ʆʙʨʘʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʛʝʥʝʨʫʚʘʪʠ 165,78 ʢɺʪ*ʛʦʜ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 
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(ʈʠʩ.1). 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. 

 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʩʪʘʪʥʽʩʪʴ ʝʣʝʢʪʨʠʢʠ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʩʦʥʷʯʥʠʤʠ ʧʘʥʝʣʷʤʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʩʷʛʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʧʦʙʫʪʦʚʦʛʦ ʢʦʨʧʫʩʫ (ʈʠʩ.2). 

 
ʈʠʩʫʥʦʢ 2 ï ʈʽʚʝʥʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

 

ʅʘ ʛʨʘʬʽʢʫ ʧʦʢʘʟʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʦʥʷʯʥʠʤʠ 

ʧʘʥʝʣʷʤʠ ʪʘ  ʚʠʢʦʨʠʩʪʘʥʦʾ ʽʟ ʤʝʨʝʞʽ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽʟ ʩʦʥʷʯʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ T*Sol. ɹʫʣʘ ʦʙʨʘʥʘ ʩʠʩʪʝʤʘ ʽʟ ʚʘʢʫʫʤʥʠʤ 

ʢʦʣʝʢʪʦʨʦʤ  ï Vitasol 050, ʚʠʨʦʙʥʠʮʪʚʘ Viessmann Werke GmbH&CoKG. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʢʫʫʤʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ ʜʦʟʚʦʣʷʻ ʤʘʡʞʝ 

ʚʜʚʽʯʽ ʟʤʝʥʰʠʪʠ ʧʦʪʨʝʙʫ ʫ ʛʘʨʷʯʽʡ ʚʦʜʽ ʧʨʦʪʷʛʦʤ ʪʝʧʣʦʾ ʧʦʨʠ ʨʦʢʫ (ʈʠʩ.3). ʇʨʦʪʝ ʟʽ ʟʤʽʥʦʶ 

ʩʝʟʦʥʫ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʦʥʷʯʥʦʛʦ 

ʢʦʣʝʢʪʦʨʘ ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ. 
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ʈʠʩʫʥʦʢ 3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʘʢʫʫʤʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ. 

 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʻ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤ ʽ ʯʠʩʪʠʤ ʩʧʦʩʦʙʦʤ 

ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘʣʝ ʚʦʥʦ ʦʙʤʝʞʝʥʝ ʢʦʣʠʚʘʥʥʷʤʠ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʦʪʨʽʙʥʦ 

ʤʘʪʠ ʩʠʩʪʝʤʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʷʢʽ 

ʚʢʣʶʯʘʶʪʴ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʚʽʪʨʦʝʥʝʨʛʽʷ, 

ʛʽʜʨʦʝʥʝʨʛʽʷ ʘʙʦ ʙʽʦʤʘʩʘ. ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʨʦʟʚʠʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦʙ ʟʨʦʙʠʪʠ ʾʾ ʙʽʣʴʰ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʶ ʽ ʥʘʜʽʡʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ʋɼʂ 620.98 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʆʚʘʜʘ ʅ.ʆ. 

ĭ ʉʪ.ʚʠʢʣ., ʢ.ʪ.ʥ. ɹʫʷʢ ʅ.ɸ. 

  https://scholar.google.com.ua/citations?user=biglE98AAAAJ&hl=en 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʊɸ ʂʆʄʌʆʈʊʅʀʍ ʋʄʆɺ ʃɯʂɸʈʅɯ 

ɿɸ ʈɸʍʋʅʆʂ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺɯɼʅʆɺʃʖɺɸʃʔʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʫ ʣʽʢʘʨʥʷʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ - ʮʝ 

ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʩʪʘʻ ʚʩʝ ʚʘʞʣʠʚʽʰʠʤ ʟʘʚʜʘʥʥʷʤ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʤʦʞʝ ʩʧʨʠʷʪʠ ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʽʶ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʘ ʪʘʢʦʞ ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʯʠʩʪʦʪʠ ʫ ʧʨʠʤʽʱʝʥʥʷʭ 

ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚ, ʧʦʢʨʘʱʫʶʯʠ ʫʤʦʚʠ ʣʽʢʫʚʘʥʥʷ ʪʘ ʟʘʛʘʣʴʥʠʡ ʢʦʤʬʦʨʪ ʧʘʮʽʻʥʪʽʚ ʪʘ 

ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʙʘʟʦʚʽ ʝʣʝʤʝʥʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʢʨʝʤʠʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʥʝʟʘʣʝʞʥʦʩʪʽ ʜʝʨʞʘʚʠ ʚ ʮʽʣʦʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ 

ʩʦʥʷʯʥʘ, ʚʽʪʨʦʚʘ, ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʘ ʪʘ ʽʥʰʽ, ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʧʦʨʪʫ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʟʤʝʥʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ [1]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʫ 

ʣʽʢʘʨʥʷʭ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

ʎʝ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʤʝʜʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʣʠʡ 

ʨʦʟʚʠʪʦʢ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʯʠʩʪʦʪʠ ʫ ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚʘʭ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʜʣʷ ʧʘʮʽʻʥʪʽʚ ʪʘ ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʣʘʜ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʚ ʤʽʩʪʽ ʏʝʨʥʽʛʽʚ. ʈʽʢ 

ʙʫʜʽʚʥʠʮʪʚʘ ï 1989. 

ɹʫʜʽʚʣʷ ʟʘʢʣʘʜ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʤʘʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ, ʟʘʣʝʞʥʫ ʩʠʩʪʝʤʫ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʆʧʘʣʝʥʥʷ ʙʫʜʽʚʝʣʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʢʦʪʝʣʴʥʽ, ʘ ɻɺʇ ʪʘ ʍɺʇ ʚʽʣ 

ʤʘʛʽʩʪʨʘʣʝʡ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʦʩʪʘʯʘʥʥʷ ʢʦʞʥʘ ʟ ʯʘʩʪʠʥ ʙʫʜʽʚʣʽ ʤʘʻ ʩʚʽʡ ʛʽʜʨʦʝʣʝʚʘʪʦʨʥʠʡ 

ʚʫʟʦʣ. ɺʝʥʪʠʣʷʮʽʷ ï ʧʨʠʨʦʜʥʷ.  ʊʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʙôʻʢʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʚʣʘʩʥʦʤʫ, 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʧʫʥʢʪʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ (ɯʊʇ). 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʙʘʯʝʥʦ ʥʠʟʢʘ ʟʘʭʦʜʽʚ ʪʘʢʠʭ ʷʢ 

ʤʦʜʝʨʥʽʟʘʮʽʷ ɯʊʇ, ʟʘʤʽʥʘ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ, ʟʘʤʽʥʘ ʧʨʠʣʘʜʽʚ ʦʧʘʣʝʥʥʷ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʦʾ ʟʘʚʽʩʠ. ʈʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʜʽʶʯʠʭ ʤʝʪʦʜʠʢ [2] ʪʘ 

[3] ʢʣʘʩ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ ʉ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘ ʜʘʭʫ ʣʽʢʫʚʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ʥʘʡʚʠʱʦʾ ʙʫʜʽʚʣʽ (6-ʪʠ ʧʦʚʝʨʭʦʚʦʾ 

ʯʘʩʪʠʥʠ) ʪʘ  ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʢʦʨʧʫʩʫ (4-ʨʠ ʧʦʚʝʨʭʦʚʦʾ ʯʘʩʪʠʥʠ). ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʨʦʟʨʘʭʫʥʦʢ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ PVSol. ʆʙʨʘʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʛʝʥʝʨʫʚʘʪʠ 21,65 ʢɺʪ*ʛʦʜ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ. 

ʇʦʢʨʠʪʪʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʣʽʢʘʨʥʝʶ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʩʦʥʷʯʥʠʤʠ ʧʘʥʝʣʷʤʠ 

ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ (ʈʠʩ.1 ). ɼʣʷ ʧʦʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʦʪʨʝʙʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘ ʟʝʢʦʥʦʤʣʝʥʽ ʢʦʰʪʠ 

ʟʘʢʫʧʠʪʠ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ ʪʘ ʛʽʙʨʠʜʥʽ ʽʥʚʝʨʪʦʨʠ. ʉʪʘʥʮʽʷ ʧʽʜʽʙʨʘʥʘ ʜʣʷ ʧʦʚʥʦʛʦ 
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ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʧʣʦʱʽ ʜʘʭʫ. ɺʩʷ ʧʝʨʝʛʝʥʨʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʘ ʽʥʰʠʤ ʦʙôʻʢʪʘʤ 

ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʣʽʢʘʨʥʽ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʨʫʯ.  ɿʚʽʩʥʦ ʤʝʨʝʞʝʚʘ ʩʦʥʷʯʥʘ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʥʝ ʟʤʦʞʝ ʧʦʢʨʠʪʠ ʚʝʩʴ ʛʨʘʬʽʢ ʧʦʛʦʜʠʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʣʽʢʘʨʥʽ, ʘʣʝ 

ʧʦʢʨʠʪʪʷ ʫ ʤʝʞʘʭ 50-60% ʮʽʣʢʦʤ ʤʦʞʣʠʚʝ.  

 
ʈʠʩʫʥʦʢ 1 ï ʈʽʚʝʥʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

 

ʅʘ ʛʨʘʬʽʢʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʢʠ ʩʦʥʷʯʥʠʤʠ 

ʧʘʥʝʣʷʤʠ ʪʘ ʪʽʻʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ ʟʘʛʘʣʴʥʦʾ ʤʝʨʝʞʽ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽʟ ʩʦʥʷʯʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ 

ʚʠʢʦʥʫʚʘʣʦʩʷ ʧʨʦʛʨʘʤʦʶ T*Sol. ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʨʘʥʦ ʩʠʩʪʝʤʫ ʽʟ ʚʘʢʫʫʤʥʠʤ 

ʢʦʣʝʢʪʦʨʦʤ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʤʽʱʝʥʥʷ 35%  ï Vitosol 200-ʊ SP2A-24, ʚ ʢʽʣʴʢʦʩʪʽ 132 ʰʪʫʢ, 

ʚʠʨʦʙʥʠʮʪʚʘ Viessmann Werke GmbH&CoKG. ɺʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʢʦʣʝʢʪʦʨʽʚ ʩʢʣʘʜʘʻ 

112,49 ʢɺʪ, ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ï 281,16 ʤ2, ʧʦʪʨʝʙʘ ʚ ʝʥʝʨʛʽʾ ʥʘ ɻɺʇ 

ʟʘʤʽʱʝʥʘ ʩʦʥʷʯʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ ï 122 516,32 ʢɺʪĿʛʦʜ, ʘ ʝʥʝʨʛʽʷ ʦʪʨʠʤʘʥʘ ʚʽʜ ʜʦʜʘʪʢʦʚʦʛʦ 

ʥʘʛʨʽʚʘʯʘ 172 456 ʢɺʪĿʛʦʜ. ɻʨʘʬʽʯʥʦ ʧʦʢʘʟʘʥʦ ʯʘʩʪʢʫ, ʷʢʫ ʧʦʢʨʠʚʘʻ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʧʦʪʨʝʙʠ ʫ ʥʘʛʨʽʚʘʥʥʽ ʚʦʜʠ (ʈʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʘʢʫʫʤʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ. 

 

ɻʨʘʬʽʢ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʢʫʫʤʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʜʣʷ ʛʘʨʷʯʦʛʦ 
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ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʣʽʢʘʨʥʽ ʫ ʛʘʨʷʯʽʡ ʚʦʜʽ ʚ 

ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ. ɿʽ ʟʤʽʥʦʶ ʧʦʨʠ ʨʦʢʫ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʽʥʩʦʣʷʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʩʪʘʶʪʴ 

ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʚ ʫʤʦʚʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ʅʘ ʧʨʠʢʣʘʜʽ ʣʽʢʘʨʥʽ ʙʫʜʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʚʧʣʠʚ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʦʛʦʨʦʜʞʝʥʴ ʟʛʽʜʥʦ ʟ ʩʫʯʘʩʥʠʤʠ ʚʠʤʦʛʘʤʠ. 

ʊʝʨʤʽʯʥʠʡ ʦʧʽʨ ʦʛʦʨʦʜʞʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʘʤ, ʷʢʽ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʫ 80-ʭ 

ʨʦʢʘʭ. ɼʣʷ ʦʮʽʥʢʠ ʟʤʽʥʠ ʨʽʚʥʷ ʢʦʤʬʦʨʪʫ ʚʟʷʪʘ ʤʦʜʝʣʴ ʽʟ ʜʚʦʤʘ ʟʦʚʥʽʰʥʽʤʠ ʩʪʽʥʘʤʠ, ʧʘʣʘʪʠ 

ˉ8, ʱʦ ʥʘ 2 ʧʦʚʝʨʩʽ. ʈʽʚʝʥʴ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʢʨʠʪʝʨʽʻʤ PMV, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʫʙ'ʻʢʪʠʚʥʠʭ ʪʘ ʦʙ'ʻʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʤʽʢʨʦʢʣʽʤʘʪʫ. PMV ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʝʪʦʜʦʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʣʶʜʩʴʢʠʤ ʪʽʣʦʤ ʽ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʜʣʷ ʟʤʽʥʥʦʾ ʩʝʨʝʜʥʴʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘ ʧʨʦʪʷʟʽ ʨʦʢʫ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʩʪʽʥʠ ʟʜʽʡʩʥʶʚʘʚʩʷ ʫ Mathcad [4]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ PMV ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ -0,4 ʜʦ -0,3. ɿʤʽʥʘ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʦʛʦʨʦʜʞʝʥʴ 

ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ PMV ʪʘ ʧʦʣʽʧʰʝʥʥʶ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʜʣʷ (ʈʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3 ï ɿʤʽʥʘ PMV ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ 

 

ʆʪʞʝ, ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʢʘʪʝʛʦʨʽʷ ʙʫʜʽʚʣʽ, ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ, ʟʤʽʥʠʪʴʩʷ ʟ ʜʨʫʛʦʾ ʥʘ ʧʝʨʰʫ, ʱʦ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʠʪʴ ʫʤʦʚʠ ʧʝʨʝʙʫʚʘʥʥʷ 

ʧʘʮʽʻʥʪʽʚ. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʱʝ ʽ ʧʽʜʚʠʱʠʪʴ ʢʘʪʝʛʦʨʽʶ 

ʙʫʜʽʚʣʽ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

Į ʟʘʩʪʫʧʥʠʢ ʜʠʨʝʢʪʦʨʘ ʉʣʘʚʫʪʠʮʴʢʦʾ ʬʽʣʽʾ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʂʆʅʎɽʇʎɯʗ ʇɯɼɺʀʑɽʅʅʗ ʈɯɺʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɹʋɼɯɺʃɯ 

ʅʆɺʆʉʊɺʆʈʖʖʏʆɻʆ ʍɸɹʋ ɺ ʄ.ʉʃɸɺʋʊʀʏ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʬʘʭʽʚʮʽʚ ʪʘ ʥʘʫʢʦʚʮʽʚ ʥʝ ʙʫʜʝ ʚʠʨʽʰʝʥʘ ʙʝʟ ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ ʦʙ'ʻʜʥʘʥʥʷ ʟʫʩʠʣʴ ɿɺʆ, 

ʛʘʣʫʟʝʚʠʭ ʅɼɯ, ʆʄʉ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʊʘʢʝ ʦʙ'ʻʜʥʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦ ʨʦʙʠʪʠ ʥʘ 

ʤʘʡʜʘʥʯʠʢʘʭ - ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ 

ʚʦʣʦʜʽʶʪʴ ʫʩʽʻʶ ʥʝʦʙʭʽʜʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʜʣʷ ʷʢʽʩʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʞʠʪʪʷ ʪʘ ʨʦʙʦʪʠ 

ʩʪʫʜʝʥʪʽʚ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ . ɸ ʪʘʢʦʞ ʪʘʤ, ʜʝ ʤʦʞʥʘ ʦʨʛʘʥʽʟʫʚʘʪʠ ʤʽʞʥʘʨʦʜʥʝ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʪʘ ʦʙʤʽʥ ʟʥʘʥʥʷʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʷʤʠ. ɺ ʋʢʨʘʾʥʽ ʪʘʢʠʤ ʧʨʠʨʦʜʥʠʤ 

ʤʘʡʜʘʥʯʠʢʦʤ ʻ ʤʽʩʪʦ ʉʣʘʚʫʪʠʯ, ʘ ʪʘʢʦʞ ʤʘʡʜʘʥʯʠʢ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ɸɽʉ, ʱʦ ʤʘʶʪʴ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ. ʉʣʘʚʫʪʠʯ, ʷʢʠʡ ʤʘʻ ʫʥʽʢʘʣʴʥʫ ʽʩʪʦʨʽʶ ʪʘ ʟʚ'ʷʟʢʠ ʟ ʏʦʨʥʦʙʠʣʴʩʴʢʦʶ ɸɽʉ, 

ʤʦʞʝ ʩʪʘʪʠ ʽʜʝʘʣʴʥʠʤ ʤʽʩʮʝʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʭʘʙʫ, ʟʘʣʫʯʘʶʯʠ ʚʯʝʥʠʭ, ʽʥʞʝʥʝʨʽʚ ʪʘ 

ʩʪʫʜʝʥʪʽʚ. ʅʘʫʢʦʚʠʡ ʭʘʙ ʚ ʉʣʘʚʫʪʠʯʽ ʤʦʞʝ ʩʪʘʪʠ ʮʝʥʪʨʦʤ ʽʥʥʦʚʘʮʽʡ ʫ ʛʘʣʫʟʽ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ 

ʪʘ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʫ ʩʚʽʪʣʽ ʽʩʪʦʨʽʾ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ 

ʢʘʪʘʩʪʨʦʬʠ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʦʾ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ  ʙʫʜʽʚʣʽ ʜʦ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʱʦʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘ ʙʘʟʽ ʷʢʦʾ ʙʫʜʝ 

ʩʪʚʦʨʝʥʠʡ ʩʫʯʘʩʥʠʡ ʝʥʝʨʛʦʽʥʦʚʘʮʽʡʥʠʡ ʭʘʙ ʚ ʛʘʣʫʟʽ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʤ. ʉʣʘʚʫʪʠʯ, ʟʘ ʤʽʥʽʤʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ 

ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʛʦʨʥʫʪʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʭʘʙ - çɯʅʋɼɽʂʆ. ʇʽʚʥʽʯʥʦ-ʫʢʨʘʾʥʩʴʢʠʡ ʷʜʝʨʥʠʡ 

ʥʘʫʢʦʚʠʡ ʭʘʙè. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʜʽʷʣʴʥʦʩʪʽ ʪʘʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʣʷʛʘʪʠʤʝ ʚ ʦʙôʻʜʥʘʥʥʽ 

ʟʫʩʠʣʴ ʘʢʘʜʝʤʽʯʥʠʭ, ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʜʝʨʞʘʚʥʠʭ ʫʩʪʘʥʦʚ, ʩʪʚʦʨʝʥʥʽ ʫʤʦʚ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʾ ʪʘ ʙʽʟʥʝʩ ʝʢʦʩʠʩʪʝʤʠ  ʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʽ ʷʜʝʨʥʦʾ 

ʪʘ ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ.  

ɿʘ ʩʧʨʠʷʥʥʷ ʤʽʩʴʢʦʾ ʚʣʘʜʠ ʪʘ ʤʽʩʴʢʦʛʦ ʛʦʣʦʚʠ ʤ. ʉʣʘʚʫʪʠʯ ʜʣʷ ʥʦʚʦʩʪʚʦʨʶʚʘʥʦʛʦ 

ʭʘʙʫ ʚʠʜʽʣʝʥʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʘ ʙʫʜʽʚʣʷ, ʷʢʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʱʦʜʦ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʠʟʥʘʯʘʻ ʪʝʤʧʠ ʪʘ ʷʢʽʩʪʴ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʪʚʦʨʝʥʦ ʢʦʤʘʥʜʫ ʟ ʥʘʫʢʦʚʮʽʚ, ʧʽʜʧʨʠʻʤʮʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʣʘʥʫ ʷʜʝʨʥʦʛʦ ʭʘʙʫ ʚ ʉʣʘʚʫʪʠʯʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʙʫʜʽʚʣʽ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ. ʆʜʥʽʻʶ ʟ ʩʢʣʘʜʦʚʠʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʭʘʙʫ ʻ ʟʘʧʦʯʘʪʢʫʚʘʥʥʷ ʜʫʘʣʴʥʦʾ ʦʩʚʽʪʠ ʟ ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʤ ʽʥʩʪʠʪʫʪʦʤ 

ʘʪʦʤʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʝʪʠʢ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʨʽʟʥʠʤʠ ʛʨʫʧʘʤʠ 

ʟʘʙʝʟʧʝʯʠʪʴ ʙʘʛʘʪʦʛʨʘʥʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʭʘʙʫ, ʬʫʥʢʮʽʶʚʘʥʥʷ ʷʢʦʛʦ 

ʚʽʜʧʦʚʽʜʘʣʦ ʙ ʷʢ ʘʢʘʜʝʤʽʯʥʠʤ, ʪʘʢ ʽ ʢʦʤʝʨʮʽʡʥʠʤ ʧʦʪʨʝʙʘʤ. ʅʘʫʢʦʚʮʽ ʤʦʞʫʪʴ ʚʥʝʩʪʠ ʩʚʦʾ 

ʟʥʘʥʥʷ ʫ ʷʜʝʨʥʽʡ ʬʽʟʠʮʽ ʪʘ ʽʥʞʝʥʝʨʽʾ, ʧʽʜʧʨʠʻʤʮʽ ï ʨʦʟʨʦʙʣʷʪʠ ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʢʦʤʝʨʮʽʡʥʦʾ 

ʫʩʧʽʰʥʦʩʪʽ, ʘ ʩʪʫʜʝʥʪʠ ï ʚʥʦʩʠʪʠ ʥʦʚʽʪʥʽ ʽʜʝʾ ʪʘ ʽʥʥʦʚʘʮʽʾ.  

ʈʝʘʣʽʟʘʮʽʾ ʽʜʝʾ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʭʘʙʫ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʘ 

ʙʫʜʽʚʣʷ, ʜʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠʤʝ ʭʘʙ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠʤʝ ʚ ʩʦʙʽ ʢʦʥʮʝʧʮʽʶ ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʡ (nZEB) [1]. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ nZEB-ʙʫʜʽʚʝʣʴ ʧʦʪʨʝʙʫʻ ʚʠʢʦʥʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (BEM). ɯʤʽʪʘʮʽʡʥʘ ʜʠʥʘʤʽʯʥʘ ʝʥʝʨʛʝʪʠʯʥʘ 3D-ʤʦʜʝʣʴ 
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ʙʫʜʽʚʣʽ ʩʪʘʥʝ ʦʜʥʠʤ ʽʟ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʝ ʪʽʣʴʢʠ ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘʣʝ ʽ 

ʦʜʥʠʤ ʟ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʭʘʙʫ, ʜʝ 

ʜʝʤʦʥʩʪʨʫʚʘʪʠʤʫʪʴʩʷ ʩʫʯʘʩʥʽ ʨʽʰʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʫʜʽʚʣʶ ʚʣʘʩʥʦʶ ʛʝʥʝʨʘʮʽʻʶ ʧʦʥʘʜ 50% ʚʣʘʩʥʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ 

[2].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʩʠʤʫʣʷʮʽʾ ʨʽʟʥʠʭ 

ʩʮʝʥʘʨʽʾʚ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥ ʫ ʜʠʟʘʡʥʽ, ʤʘʪʝʨʽʘʣʘʭ, ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ 

ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʟʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ-ʧʦʚʝʜʽʥʢʦʚʠʭ ʛʨʘʬʽʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʽʚʣʽ, 

ʤʽʥʣʠʚʦʩʪʽ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʪʦʱʦ. ʉʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʚ 

ʢʦʥʪʝʢʩʪʽ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ [3]:  

-  ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ: ʝʬʝʢʪʠʚʥʘ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʪʦʯʥʦ 

ʚʽʜʪʚʦʨʶʚʘʪʠ ʨʝʘʣʴʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ, ʚʨʘʭʦʚʫʶʯʠ ʚʩʽ ʟʦʚʥʽʰʥʽ ʪʘ ʚʥʫʪʨʽʰʥʽ 

ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʚʥʫʪʨʽʰʥʻ ʦʙʣʘʜʥʘʥʥʷ, ʪʘ ʧʦʚʝʜʽʥʢʘ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

-  ʛʥʫʯʢʽʩʪʴ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ: ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʛʥʫʯʢʦʶ ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʨʽʟʥʠʭ ʩʪʨʘʪʝʛʽʡ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʪʘʢʠʭ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʦʧʪʠʤʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʫʧʨʘʚʣʽʥʥʷ 

ʦʩʚʽʪʣʝʥʥʷʤ; 

-  ̔ʥʪʝʛʨʘʮʽʷ ʟ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʙʫʜʽʚʣʽ: ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʟʜʘʪʥʽʩʪʴ 

ʤʦʜʝʣʽ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʽʩʥʫʶʯʠʤʠ ʘʙʦ ʟʘʧʣʘʥʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʣʝʶ, ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ; 

-  ʘʥʘʣʽʟ ʚʘʨʪʦʩʪʽ ʪʘ ʚʠʛʦʜ: ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʟʜʘʪʥʽʩʪʶ 

ʘʥʘʣʽʟʫʚʘʪʠ ʚʘʨʪʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ ʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʮʽʥʶʚʘʪʠ ʦʢʫʧʥʽʩʪʴ ʮʠʭ 

ʽʥʚʝʩʪʠʮʽʡ; 

- ʟʜʘʪʥʽʩʪʴ ʜʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʾ: ʽʜʝʘʣʴʥʘ ʤʦʜʝʣʴ ʤʘʻ ʙʫʪʠ ʘʜʘʧʪʠʚʥʦʶ 

ʜʦ ʟʤʽʥ ʫ ʜʠʟʘʡʥʽ ʙʫʜʽʚʣʽ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙʘʭ ʘʙʦ ʟʤʽʥʘʭ ʫ ʪʝʭʥʦʣʦʛʽʷʭ. 

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʢʨʠʪʝʨʽʾʚ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ 

ʝʥʝʨʛʝʪʠʯʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ï ʮʝ ʪʘ, ʱʦ ʽʥʪʝʛʨʫʻ ʪʦʯʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ, ʽʥʪʝʛʨʘʮʽʶ ʟ 

ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʜʝʪʘʣʴʥʠʡ ʬʽʥʘʥʩʦʚʠʡ ʘʥʘʣʽʟ, ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʜʦ ʨʽʟʥʠʭ 

ʫʤʦʚ ʪʘ ʧʦʪʨʝʙ.  

ɿʛʽʜʥʦ ʟ ʢʦʥʮʝʧʮʽʻʶ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʚ ʨʘʤʢʘʭ ʾʾ ʩʢʣʘʜʦʚʦʾ ï ʩʪʘʣʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ 

(ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʙʽʦʧʦʟʠʪʠʚʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʙʽʦʩʬʝʨʦʩʫʤʽʩʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ), ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ:  

ī ʟʘʦʱʘʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʤ ʚʠʪʨʘʪʘʤ;  

ī ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ;  

ī ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽʰʠʤ ʩʧʦʩʦʙʦʤ.  

ɺ ʨʘʤʢʘʭ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʙʫʜʽʚʣʽ ʭʘʙʫ ʜʦ ʦʩʥʦʚʥʠʭ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ:  

ī ʧʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ (ʫʪʝʧʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ 

ʩʪʽʥ, ʜʘʭʫ, ʧʽʜʣʦʛʠ, ʬʫʥʜʘʤʝʥʪʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʚʽʢʦʥ, ʜʚʝʨʝʡ, 

ʪʦʱʦ) 

ī ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʪʽʥʶ ʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʝʣʝʤʝʥʪʽʚ 

ʦʛʦʨʦʜʞʝʥʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʨʽʻʥʪʘʮʽʡ ʟʘ ʩʪʦʨʦʥʘʤʠ ʩʚʽʪʫ ʪʘ ʩʝʟʦʥʫ 

(ʦʧʘʣʶʚʘʣʴʥʠʡ ʘʙʦ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʡ); 

ī ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʧʨʠʤʽʱʝʥʴ;  

ī ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʤʝʭʘʥʽʯʥʦʾ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ 

ʪʝʧʣʘ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʤʽʱʝʥʴ/ʟʦʥ ʙʫʜʽʚʣʽ;  

ī ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʭʦʚʦʾ ʉɽʉ; 
ī ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʣʷ ʧʦʪʨʝʙ ɻɺʇ ʙʫʜʽʚʣʽ; 

ī ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʷʢ ʜʞʝʨʝʣʘ ʪʝʧʣʦ ʪʘ ʭʦʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʣʽ; 

ī ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʧʨʠʤʽʱʝʥʴ ʷʢʽ ʥʘʚʯʘʪʠʤʫʪʴʩʷ ʥʘ 
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ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʪʘ ʟʘ ʜʦʧʦʤʦʛʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʷʢ ʻʜʠʥʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʽʷ ʨʝʘʣʽʟʘʮʽʾ ʙʫʜʽʚʣʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʭʘʙʫ ʚ 

ʤ. ʉʣʘʚʫʪʠʯ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʈʝʘʣʽʟʘʮʽʷ ʜʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʙʫʜʽʚʣʽ 

ʤʘʻ ʥʘ ʤʝʪʽ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʣʽ, ʘʣʝ ʽ ʩʪʘʪʠ 

ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʤ ʤʘʡʜʘʥʯʠʢʦʤ ʨʝʘʣʽʟʘʮʽʾ nZEB ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ, ʜʝ ʫʯʘʩʥʠʢʠ ʭʘʙʫ 

ʟʤʦʞʫʪʴ ʥʘʦʯʥʦ ʧʦʙʘʯʠʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʾʭ ʝʢʦʥʦʤʽʥʠʡ ʝʬʝʢʪ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ʇɯɼʍʆɼɯɺ ɼʆ ʆʎɯʅʂʀ ʈɯɺʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

ɻʈʆʄɸɼʉʔʂʆɰ ɹʋɼɯɺʃɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɯʅʉʊʈʋʄɽʅʊɯɺ 

ʄʆɼɽʃʖɺɸʅʅʗ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʴʦʛʦʜʥʽ ʩʚʽʪʦʚʘ ʩʧʽʣʴʥʦʪʘ ʜʦʢʣʘʜʘʻ 

ʚʝʣʠʯʝʟʥʠʭ ʟʫʩʠʣʴ ʜʣʷ ʧʦʰʫʢʫ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʜʝʬʽʮʠʪ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ / ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽ 

ʧʨʦʙʣʝʤʫ ʛʣʦʙʘʣʴʥʦʾ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ʎʷ ʧʨʦʙʣʝʤʘ ʩʪʘʻ ʱʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʋʢʨʘʾʥʠ, 

ʜʝ ʙʦʡʦʚʽ ʜʽʾ ʟʘʚʜʘʶʪʴ ʟʥʘʯʥʦʾ ʰʢʦʜʠ ʢʨʠʪʠʯʥʽʡ ʪʘ ʩʦʮʽʘʣʴʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. ɿʘ ʪʘʢʠʭ 

ʦʙʩʪʘʚʠʥ ʧʠʪʘʥʥʷ ʥʝʛʘʡʥʦʾ ʪʘ ʷʢʽʩʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʮʠʭ ʦʙôʻʢʪʽʚ ʩʪʘʻ ʱʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɯʩʥʫʻ ʙʝʟʣʽʯ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʫ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʩʧʨʦʱʝʥʠʭ ʧʽʜʭʦʜʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʤʽʩʷʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘ ʧʝʨʽʦʜ 

ʦʧʘʣʝʥʥʷ / ʦʭʦʣʦʜʞʝʥʥʷ, ʪʘ ʟʘʢʽʥʯʫʶʯʠ ʜʠʥʘʤʽʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʟ ʢʨʦʢʦʤ ʨʦʟʨʘʭʫʥʢʫ ʚ 

ʦʜʥʫ ʭʚʠʣʠʥʫ. ʅʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʚ ʋʢʨʘʾʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʤʽʩʷʯʥʠʡ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʧʘʣʝʥʥʷ 

ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ [1]. 

ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʠ ʦʙʨʘʥʽ ʥʘʩʪʫʧʥʽ ʧʨʦʛʨʘʤʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ: 

1) ʧʨʦʛʨʘʤʘ RETScreen, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʪʝʭʥʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ 

ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʻʢʪʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʪʘ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʙʘʟʽ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ; 

2) ʧʨʦʛʨʘʤʘ E-Audit [2], ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʛʽʜʥʦ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ [3]; 

3) ʧʨʦʛʨʘʤʘ DesignBuilder, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʟ 

ʜʠʥʘʤʽʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʝʥʝʨʛʽʾ [4]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʨʦʙʠʪʠ ʟʘʭʦʜʠ ʟ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ, ʷʢʽ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʫ ʙʫʜʽʚʣʽ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʦʜʥʦʯʘʩʥʦ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʧʝʚʥʽ ʟʥʘʥʥʷ ʱʦʜʦ ʬʘʢʪʠʯʥʦʛʦ 

ʩʪʘʥʫ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʽʚʣʽ. ʆʪʞʝ, ʨʦʟʛʣʷʥʝʤʦ ʪʘ ʧʦʨʽʚʥʷʻʤʦ ʧʦʪʝʥʮʽʘʣʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʪʘ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʽʯʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ (ɼEM) ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʫʜʽʚʣʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ DesignBuilder ʪʘ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʧʨʦʛʨʘʤʘʭ RETScreen ʪʘ E-Audit. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʘʥʘʣʽʟʫ ʙʫʣʦ ʦʙʨʘʥʦ ʛʨʦʤʘʜʩʴʢʫ ʙʫʜʽʚʣʶ ʚ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ. ɹʫʜʽʚʣʷ ʧʨʘʮʶʻ ʟ 

ʧʦʥʝʜʽʣʢʘ ʧʦ ʧôʷʪʥʠʮʶ ʟ ʚʦʩʴʤʦʾ ʛʦʜʠʥʠ ʨʘʥʢʫ ʜʦ ʯʝʪʚʝʨʪʦʾ ʛʦʜʠʥʠ ʚʝʯʦʨʘ ʪʘ ʥʘʣʽʯʫʻ 159 

ʧʨʘʮʽʚʥʠʢʽʚ. ʋ ʛʨʦʤʘʜʩʴʢʽʡ ʙʫʜʽʚʣʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚʝʣʠʢʘ ʘʢʪʦʚʘ ʟʘʣʘ, ʟʘʣʠ ʜʣʷ ʟʘʩʽʜʘʥʴ ʪʘ 

ʥʘʨʘʜ, ʦʬʽʩʥʽ ʪʘ ʘʨʭʽʚʥʽ ʢʘʙʽʥʝʪʠ, ʘ ʪʘʢʦʞ ʪʫʘʣʝʪʠ. ʅʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʦʙôʻʢʪʽ ʥʘʷʚʥʽ 

ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʽʜʚʘʣ, ʷʢʠʡ ʟʘʡʤʘʻ ʚʩʶ ʧʣʦʱʫ ʧʽʜ ʧʽʜʣʦʛʦʶ ʙʫʜʽʚʣʽ, ʪʘ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʧʦʚʝʨʭ, ʷʢʠʡ ʟʘʡʤʘʻ ʣʠʰʝ ʯʘʩʪʠʥʫ ʧʣʦʱʽ. ɿʘʛʘʣʦʤ ʛʨʦʤʘʜʩʴʢʘ ʙʫʜʽʚʣʷ ʥʘʣʽʯʫʻ 

ʯʦʪʠʨʠ ʧʦʚʝʨʭʠ. ɼʞʝʨʝʣʦʤ ʦʧʘʣʝʥʥʷ ʜʣʷ ʛʨʦʤʘʜʩʴʢʦʾ ʙʫʜʽʚʣʽ ʩʣʫʛʫʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʯʝʨʝʟ ʟʘʩʪʘʨʽʣʠʡ ʪʘ ʟʥʦʰʝʥʠʡ ʪʝʧʣʦʚʠʡ ʧʫʥʢʪ ʟʘ ʟʘʣʝʞʥʦʶ ʩʭʝʤʦʶ 

ʧʽʜʢʣʶʯʝʥʥʷ. ʉʠʩʪʝʤʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʦʙôʻʢʪʽ ʚʽʜʩʫʪʥʷ, ʧʨʦʪʝ 
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ʥʘʷʚʥʘ ʩʠʩʪʝʤʘ ʭʦʣʦʜʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟʘʚʜʷʢʠ ʮʝʥʪʨʘʣʴʥʽʡ ʤʝʨʝʞʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ʉʠʩʪʝʤʘ ʤʝʭʘʥʽʯʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʚ ʛʨʦʤʘʜʩʴʢʽʡ ʙʫʜʽʚʣʽ ʚʽʜʩʫʪʥʷ, ʦʩʢʽʣʴʢʠ ʥʘʷʚʥʽ ʚʝʥʪʠʣʷʮʽʡʥʽ 

ʢʘʥʘʣʠ ʥʝ ʬʫʥʢʮʽʦʥʫʶʪʴ. ʎʝʥʪʨʘʣʴʥʘ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʛʨʦʤʘʜʩʴʢʽʡ ʙʫʜʽʚʣʽ 

ʪʘʢʦʞ ʚʽʜʩʫʪʥʷ ʪʘ ʣʠʰʝ ʯʘʩʪʢʦʚʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʪʦʚʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ. 

ɺʥʫʪʨʽʰʥʻ ʦʩʚʽʪʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʙʫʜʽʚʣʽ ʪʘ ʤʽʩʮʴ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʣʘʤʧ. ʊʝʨʤʽʯʥʽ ʦʧʦʨʠ ʫʩʽʭ ʪʠʧʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʥʘʷʚʥʠʭ ʫ ʛʨʦʤʘʜʩʴʢʽʡ ʙʫʜʽʚʣʽ, ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʪʠʚʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʥʘʚʝʜʝʥʠʤ ʫ [5]. 

ʑʦʙ ʤʘʪʠ ʯʽʪʢʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʠ E-Audit ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʟʛʽʜʥʦ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʤʝʪʦʜʠʢʠ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʙʽʣʴʰʦʾ ʥʘʦʯʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʩʝʢʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ ʫ 

ʚʽʜʩʦʪʢʘʭ (ʈʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʧʣʦʚʽ ʚʪʨʘʪʠ ʯʝʨʝʟ ʽʩʥʫʶʯʽ ʆʂ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʫʜʽʚʣʽ 

 

ɿ ʜʽʘʛʨʘʤʠ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʤʘʡʞʝ ʧʦʣʦʚʠʥʫ ʚʽʜ ʫʩʴʦʛʦ ʙʘʣʘʥʩʫ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ 

ʩʢʣʘʜʘʶʪʴ ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽ ʩʪʽʥʠ, ʪʦʤʫ ʾʭ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʻ ʧʝʨʰʦʯʝʨʛʦʚʠʤ 

ʟʘʚʜʘʥʥʷʤ. ʆʢʨʽʤ ʪʦʛʦ, ʥʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʥʝʜʦʣʽʢʘʤʠ ʫ ʩʠʩʪʝʤʽ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ ʧʽʜʯʘʩ 

ʾʾ ʫʪʝʧʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʚʪʨʘʪʠ ʚʩʽʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʝʨʝʚʘʛ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚ ʨʘʤʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ʚ ʷʢʦʩʪʽ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʫʪʝʧʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ 

ʩʪʽʥ ʪʘ ʮʦʢʦʣʶ, ʫʪʝʧʣʝʥʥʷ ʩʫʤʽʱʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʛʦʨʠʱʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ, ʘ ʪʘʢʦʞ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʫʥʢʪʫ (ɯʊʇ) ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʚʥʫʪʨʽʰʥʴʦʙʫʜʠʥʢʦʚʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. ʄʘʡʞʝ ʫ ʚʩʽʭ ʦʙʨʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʙʝʟʧʝʯʝʥʥʷʭ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʨʠ ʤʦʜʝʣʽ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʩʘʤʝ: 

1) ʬʘʢʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʽʩʥʫʶʯʠʡ ʩʪʘʥ ʙʫʜʽʚʣʽ; 

2) ʙʘʟʦʚʘ ʤʦʜʝʣʴ, ʫ ʷʢʽʡ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʴ ʙʫʣʠ ʧʨʠʚʝʜʝʥʽ ʜʦ 

ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ; 

3) ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʩʪʘʥ ʙʫʜʽʚʣʽ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʙʨʘʥʠʭ 

ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ. 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʩʮʝʥʘʨʽʾʚ ʟʚʝʜʝʤʦ ʚ ʩʪʦʚʧʯʘʩʪʽ ʜʽʘʛʨʘʤʠ, ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ. 

ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʨʠʩʫʥʢʽʚ 2 ʪʘ 3 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1) ʇʦʨʽʚʥʶʶʯʠ ʫʩʝʨʝʜʥʝʥʝ ʟʘ ʪʨʠ ʨʦʢʠ ʽʩʪʦʨʠʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʽ ʬʘʢʪʠʯʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ, ʨʦʟʨʘʭʦʚʘʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʙʘʯʠʤʦ, ʱʦ ʨʽʟʥʠʮʷ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʻ ʥʝʚʝʣʠʢʦʶ, ʪʦʤʫ ʤʦʜʝʣʽ ʻ ʚʝʨʠʬʽʢʦʚʘʥʠʤʠ ʪʘ 

ʧʨʠʜʘʪʥʠʤʠ ʜʦ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ DesignBuilder ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʽʩʪʦʨʠʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʩʢʣʘʜʘʻ 8%, ʘ ʚʽʜ ʽʩʪʦʨʠʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ï 2%. 

2) ʉʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʦʜʝʣʣʶ, ʧʦʙʫʜʦʚʘʥʦʶ ʫ ʪʨʴʦʭ 

ʨʽʟʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ, ʟʥʠʞʫʻʪʴʩʷ ʫ ʙʽʣʴʰʝ ʥʽʞ ʜʚʘ ʨʘʟʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʦʶ 

ʤʦʜʝʣʣʶ, ʘ ʪʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʰʝʥʥʷ ʻ ʜʦʮʽʣʴʥʠʤʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʦʙôʻʢʪʽ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʦʜʝʣʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʾʭ ʦʩʝʨʝʜʥʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʣʷ ʫʩʽʭ ʪʨʴʦʭ ʩʮʝʥʘʨʽʾʚ ʩʢʣʘʜʘʻ ʜʦ 2% ʜʣʷ 
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ʢʦʞʥʦʾ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ. 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʪʨʴʦʭ ʦʙʨʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʙʝʟʧʝʯʝʥʥʷʭ (ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ) 

 

ʈʠʩʫʥʦʢ 3 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʪʨʴʦʭ ʦʙʨʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʙʝʟʧʝʯʝʥʥʷʭ (ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ) 

 

ɺʠʩʥʦʚʢʠ. ʇʦʨʽʚʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʫ ʭʦʜʽ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ, 

ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʜʘʥʽ ʜʝʱʦ ʨʽʟʥʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʘ E-Audit 

ʚʠʢʦʥʫʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʦʩʥʦʚʽ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ 

ɼʉʊʋ ɸ.2.2-12:2015 ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ. ʅʘʪʦʤʽʩʪʴ, RETScreen 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʨʦʱʝʥʠʡ ʧʦʤʽʩʷʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟ ʢʣʽʤʘʪʠʯʥʠʤʠ ʜʘʥʠʤʠ NASA, ʘ 

DesignBuilder ï ʜʠʥʘʤʽʯʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʛʦʜʠʥʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ IWEC ʘʙʦ 

TMY. ʂʨʽʤ ʪʦʛʦ, ʜʚʘ ʦʩʪʘʥʥʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʨʘʭʦʚʫʶʪʴ ʚʩʽ ʩʢʣʘʜʦʚʽ 

ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʟʦʥʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ.  

ʆʢʨʽʤ ʪʦʛʦ, ʽʩʥʫʻ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʫ ʨʝʟʫʣʴʪʘʪʘʭ ʱʝ ʪʦʤʫ, ʱʦ ʜʝʷʢʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ 

ʚʨʘʭʦʚʫʶʪʴ ʜʦ ʘʥʘʣʽʟʫ ʧʝʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʟʘ ʫʚʘʛʦʶ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, RETScreen ʥʝ ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʣʶʜʠʥʠ, ʧʨʦʪʝ ʚʨʘʭʦʚʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʦʜʫ ʧʦ ʟʘʤʽʥʽ ɯʊʇ. ʅʘʪʦʤʽʩʪʴ DesignBuilder ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʛʝʦʤʝʪʨʽʶ 

ʙʫʜʽʚʣʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʘ ʟʦʥʫʚʘʪʠ ʾʾ, ʘ ʪʘʢʦʞ ʚʠʪʨʘʪʠ ʥʘ ʚʝʥʪʠʣʷʮʽʡʥʫ ʩʢʣʘʜʦʚʫ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɼʉʊʋ 9190:2022. ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʽʜ ʯʘʩ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʏʠʥʥʠʡ ʚʽʜ 2023-03-01. ɺʠʜ. ʦʬʽʮ. ʂʠʾʚ, 2022. 156 ʩ. 

 2. E-Audit. Login | ɽ-ɸʫʜʠʪ. URL: https://e-audit.escoua.com (date of access: 22.03.2024). 

 3. ɼʉʊʋ ɹ ɸ.2.2-12:2015. ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʦʧʘʣʝʥʥʽ, ʦʭʦʣʦʜʞʝʥʥʽ, ʚʝʥʪʠʣʷʮʽʾ, ʦʩʚʽʪʣʝʥʥʽ ʪʘ ʛʘʨʷʯʦʤʫ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʽ. ʂ.: ʄʽʥʨʝʛʽʦʥʙʫʜ, 2016. 205 ʩ. 

 4. DesignBuilder Software Ltd - Tutorials. DesignBuilder Software Ltd - Home. URL: 

https://www.designbuilder.co.uk/training/online-learning/tutorials (date of access: 22.03.2024). 

 5. ɼɹʅ ɺ.2.6-31:2021. ʊʝʧʣʦʚʘ ʽʟʦʣʷʮʽʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. ʏʠʥʥʠʡ 

ʚʽʜ 2022-01-09. ɺʠʜ. ʦʬʽʮ. ʂʠʾʚ, 2022. 27 ʩ 
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ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʊʦʯʠʥʩʴʢʠʡ  .ʈ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɹʽʣʦʫʩ  ɯ.ʖ. 

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

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʎɯʅʖɺɸʅʅʗ ɽʅɽʈɻɽʊʀʏʅʆɰ ʅɸɼɯʁʅʆʉʊɯ ɽʅɽʈɻʆɿɸɹɽɿʇɽʏɽʅʅʗ 

ʆɹ'ɭʂʊʋ ʂʈʀʊʀʏʅʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɽʥʝʨʛʝʪʠʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʚʩʝ 

ʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʚ ʢʦʥʪʝʢʩʪʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙô̒ ʢʪʽʚ 

ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʽ ʤʝʜʠʯʥʽ ʟʘʢʣʘʜʠ, ʤʘʶʪʴ ʛʦʣʦʚʥʠʡ 

ʧʨʽʦʨʠʪʝʪ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʾʭ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ, ʦʩʦʙʣʠʚʦ ʚ ʧʝʨʽʦʜ ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ ʪʘ 

ʧʦʩʪʽʡʥʠʭ ʚʽʜʢʣʶʯʝʥʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʢʣʘʜʫ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʜʣʷ ʧʦʢʨʠʪʪʷ ʯʘʩʪʠʥʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ.  

ɿʘʚʜʘʥʥʷ:  

1) ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʣʽʢʘʨʥʽ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ 

çEnergyPlusè; 

2) ʽʤʽʪʘʮʽʡʥʝ ʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʭʦʚʦʾ ʌɽʉ; 

3) ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʣʽʢʘʨʥʷ ʤ. ʏʝʨʥʽʛʽʚ 1989 ʨʦʢʫ 

ʙʫʜʽʚʥʠʮʪʚʘ ʟʘʛʘʣʴʥʠʤ ʦʙô̒ ʤʦʤ 69 375 ʤ3. ʆʨʽʻʥʪʘʮʽʷ ʙʫʜʽʚʣʽ ʟʘ ʧʨʦʤʽʞʥʠʤʠ ʩʪʦʨʦʥʘʤʠ 

ʩʚʽʪʫ. ʋ ʣʽʢʘʨʥʽ ʻ ʚʽʜʜʽʣʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʙʝʟʧʝʨʝʙʽʡʥʦ ʞʠʚʠʪʠʩʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ, ʘ ʩʘʤʝ: 

ʭʽʨʫʨʛʽʯʥʝ, ʨʝʘʥʽʤʘʮʽʡʥʝ, ʨʝʥʪʛʝʥʦʣʦʛʽʯʥʝ ʚʽʜʜʽʣʝʥʥʷ ʪʘ ʣʘʙʦʨʘʪʦʨʽʾ. ʉʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʙʫʜʽʚʣʽ ʩʢʣʘʜʘʻ 713 ʄɺʪĿʛʦʜ/ʨʽʢ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʣʽʢʘʨʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ çDesignBuilderè [1], ̫ ʢʠʡ ʩʪʚʦʨʝʥʠʡ 

ʥʘ ʦʩʥʦʚʽ çEnergyPlusè. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʜʚʽ ʤʦʜʝʣʽ: ʙʘʟʦʚʘ ʪʘ 

ʧʦʢʨʘʱʝʥʘ. ʇʦʢʨʘʱʝʥʘ ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʪʘʢʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʟʘʭʦʜʠ: ʫʪʝʧʣʝʥʥʷ ʩʪʽʥ, 

ʟʘʤʽʥʘ ʚʽʢʦʥ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʽʟ 

ʨʝʢʫʧʝʨʘʮʽʻʶ ʪʝʧʣʘ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʌɽʉ. ʇʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʧʘʣʝʥʥʷ ʙʘʟʦʚʦʾ 

ʤʦʜʝʣʽ ʩʪʘʥʦʚʠʪʴ 5050 ʄɺʪĿʛʦʜ, ʧʦʢʨʘʱʝʥʦʾ ʤʦʜʝʣʽ ï 684,1 ʄɺʪĿʛʦʜ, ʱʦ ʥʘ 86% ʤʝʥʰʝ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʦʢʨʘʱʝʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ, ʱʦ ʥʝ ʫ ʚʩʽʭ ʧʨʠʤʽʱʝʥʥʷʭ ʣʽʢʫʚʘʣʴʥʦʛʦ 

ʟʘʢʣʘʜʫ ʤʦʞʥʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʨʝʢʫʧʝʨʘʮʽʶ ʚ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʽʾ.  

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʌɽʉ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ, ʱʦ ʾʾ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʞʠʚʣʝʥʥʷʤ ʚʽʜʜʽʣʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʙʝʟʧʝʨʝʙʽʡʥʦ ʞʠʚʠʪʠʩʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ.  

ʉʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʙʫʜʽʚʣʽ ʩʢʣʘʜʘʻ 713 ʄɺʪĿʛʦʜ, ʟ ʷʢʠʭ ʭʽʨʫʨʛʽʯʥʝ 

ʚʽʜʜʽʣʝʥʥʷ ʩʧʦʞʠʚʘʻ 65,54 ʄɺʪĿʛʦʜ, ʣʘʙʦʨʘʪʦʨʽʷ ï 1,77 ʄɺʪĿʛʦʜ, ʨʝʘʥʽʤʘʮʽʡʥʝ ʚʽʜʜʽʣʝʥʥʷ ï 

2,2 ʄɺʪĿʛʦʜ, ʨʝʥʪʛʝʥʦʣʦʛʽʯʥʝ ʚʽʜʜʽʣʝʥʥʷ ï 21,9 ʄɺʪĿʛʦʜ. ʆʩʚʽʪʣʝʥʥʷ ʙʫʜʽʚʣʽ ʩʧʦʞʠʚʘʻ 208,4 

ʄɺʪĿʛʦʜ.  

ʉʦʥʷʯʥʽ ʧʘʥʝʣʽ ʥʘ ʜʘʭʫ ʙʫʜʽʚʣʽ ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʨʽʻʥʪʘʮʽʾ ʙʫʜʽʚʣʽ, 

ʾʭʥʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʌɽʉ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 400 ʧʘʥʝʣʝʡ ʪʘ ʤʘʻ 220 ʢɺʪ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʦ ʦʙʨʘʥʦ ʧʘʥʝʣʽ JA Solar JAM72S30 550/MR, ʧʦʪʫʞʥʽʩʪʶ 550 ɺʪ ʪʘ 

ʛʘʙʘʨʠʪʘʤʠ 2 279ʭ1 134.  

ʇʘʥʝʣʽ ʙʫʣʦ ʨʦʟʪʘʰʦʚʘʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʪʽʥʝʥʥʷ ʽʥʰʠʭ ʧʘʥʝʣʝʡ. 

ɺʩʪʘʥʦʚʣʝʥʠʡ ʢʫʪ ʥʘʭʠʣʫï 30ʦ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʚʽʜʩʦʪʦʢ ʨʦʙʦʯʦʾ ʧʣʦʱʽ 

ʧʘʥʝʣʽ, ʱʦ ʩʢʣʘʜʘʻ 95%.  
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ʈʽʯʥʘ ʛʝʥʝʨʘʮʽʷ ʌɽʉ ʚʠʨʦʙʣʷʻ 215,2 ʄɺʪĿʛʦʜ, ʱʦ ʤʦʞʝ ʧʦʢʨʠʪʠ ʩʧʦʞʠʚʘʥʥʷ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʚʽʜʜʽʣʝʥʴ ʪʘ ʯʘʩʪʠʥʫ ʦʩʚʽʪʣʝʥʥʷ. ʈʽʯʥʘ ʛʝʥʝʨʘʮʽʷ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 2. 

 
ʈʠʩʫʥʦʢ 1  ʈʦʟʪʘʰʫʚʘʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ 

 

 
ʈʠʩʫʥʦʢ 2  ʇʦʛʦʜʠʥʥʽ ʟʥʘʯʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʘ ʾʾ ʩʧʦʞʠʚʘʥʥʷ 

ʙʫʜʽʚʣʝʶ  

 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʟʘʢʣʘʜʫ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚô̫  

ʚ ʤ. ʏʝʨʥʽʛʽʚ, ʩʪʚʦʨʝʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ çDesignBuilderè.  

ʉʪʚʦʨʝʥʦ ʙʘʟʦʚʫ ʪʘ ʧʦʢʨʘʱʝʥʫ ʤʦʜʝʣʴ ʦʙô̒ ʢʪʫ. ʇʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ, ʙʫʜʽʚʣʷ 

ʩʢʦʨʦʪʠʪʴ ʩʚʦʾ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʘ ʥʘ 86% ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʙʝʟʧʝʨʝʨʚʥʠʤ ʞʠʚʣʝʥʥʷʤ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʽ ʯʘʩʪʠʥʠ ʙʫʜʽʚʣʽ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. DesignBuilder Software Ltd - Tutorials. DesignBuilder Software Ltd - Home. URL: 

https://www.designbuilder.co.uk/training/online-learning/tutorials (date of access: 22.03.2024). 
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ʋɼʂ 620 

ĭ ɸʩʧʽʨʘʥʪ 3 ʢʫʨʩʫ ɻʫʨʻʻʚ  ʄ.ɺ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɹʽʣʦʫʩ  ɯ.ʖ. 

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

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɼʀʅɸʄɯʏʅɽ ɽʅɽʈɻɽʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ 

ɽʅɽʈɻɽʊʀʏʅʀʍ ɹɸʃɸʅʉɯɺ ɹʋɼɯɺɽʃʔ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʩʪʦʷʪʴ ʧʝʨʝʜ ʙʫʜʽʚʝʣʴʥʦʶ ʛʘʣʫʟʟʶ ʩʫʯʘʩʥʦʩʪʽ. ɿʨʦʩʪʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʙʫʜʽʚʝʣʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʝʤʽʩʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʘʪʤʦʩʬʝʨʫ, ʱʦ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ ʚ ʋʢʨʘʾʥʽ. ʊʘʢʦʞ, ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ ʥʘ 

ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʧʣʘʪʫ ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ʊʦʤʫ, ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʥʘʰʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʽʚ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ. ɼʣʷ 

ʮʴʦʛʦ ʙʫʜʫʪʴ ʚʨʘʭʦʚʘʥʽ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʧʦʚʽʪʨʦʦʙʤʽʥ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, 

ʤʘʩʠʚʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʩʪʽʥ ʪʘ ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʨʦʟʫʤʽʪʠ 

ʚʧʣʠʚ ʮʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʪʝʧʣʦʚʽ ʙʘʣʘʥʩʠ ʪʘ ʪʝʧʣʦʚʽ ʧʝʨʝʪʦʢʠ ʚ ʙʫʜʽʚʣʷʭ ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ ʟ ʚʨʘʭʫʚʘʥʥʷ 

ʤʽʥʣʠʚʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. 

ʆʙô̒ ʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʚʟʷʪʘ ʽʩʥʫʶʯʘ 12 ʧʦʚʝʨʭʦʚʘ ʙʫʜʽʚʣʷ 1993 

ʨʦʢʫ ʟʘʙʫʜʦʚʠ. ʆʙô̒ ʢʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʉʦʣʦʤô̫ ʥʩʴʢʦʤʫ ʨʘʡʦʥʽ ʫ ʤ. ʂʠʻʚʽ. ɹʫʜʽʚʣʷ ʙʫʣʘ 

ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʧʨʦʝʢʪʦʤ. ʋ ʙʫʜʽʚʣʽ 175 ʢʚʘʨʪʠʨ ʟ ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʞʠʪʣʦʚʠʭ ʢʽʤʥʘʪ ï 431 [1].  

ʉʪʽʥʠ ʙʫʜʽʚʣʽ ʩʘʤʦʥʝʩʫʯʽ ʚʠʢʦʥʘʥʽ ʟ ʢʝʨʘʤʽʯʥʦʾ ʧʫʩʪʦʪʽʣʦʾ ʮʝʛʣʠ. ʅʘ ʬʘʩʘʜʽ ʧʨʠʩʫʪʥʻ 

ʢʣʘʧʪʠʢʦʚʝ ʫʪʝʧʣʝʥʥʷ ʧʨʦʚʝʜʝʥʝ ʟʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ ʽʥʽʮʽʘʪʠʚʦʶ ʚʣʘʩʥʠʢʽʚ ʢʚʘʨʪʠʨ. ɺʽʢʥʘ 

ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ ʟ ʧʦʜʚʽʡʥʠʤ ʩʢʣʽʥʥʷʤ ʚ ʩʚʦʾʡ ʙʽʣʴʰʦʩʪʽ (80%) ʧʨʦʪʝ ʚ ʜʝʷʢʠʭ ʢʚʘʨʪʠʨʘʭ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʡ ʦʜʥʦʢʘʤʝʨʥʽ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ ʘʙʦ ʚʽʢʥʘ ʟ ʜʝʨʝʚôʷʥʠʤʠ ʨʘʤʘʤʠ (20%). ʆʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʙʫʜʽʚʣʽ ï 1,12 (ʤĮĿK)/ɺʪ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʧʝʨʝʢʨʠʪʪʷ ʤʽʞ ʢʚʘʨʪʠʨʘʤʠ ʧʨʠʡʥʷʪʦ ʟ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ 220 ʤʤ, 

ʦʰʪʫʢʘʪʫʨʝʥʦʾ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ, ʦʙʣʘʰʪʦʚʘʥʝ ʟʚʫʢʦʽʟʦʣʷʮʽʻʶ ʪʘ ʧʽʜʣʦʛʦʚʠʤ ʧʝʨʝʢʨʠʪʪʷʤ. 

ʆʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʝʨʝʢʨʠʪʪʷ ï 0,572 (ʤĮĿK)/ɺʪ. 

ɺʥʫʪʨʽʰʥʽ ʤʽʞʢʽʤʥʘʪʥʽ ʩʪʽʥʠ ʧʨʠʡʥʷʪʽ ʟ ʮʝʛʣʷʥʦʾ ʢʣʘʜʢʠ, ʪʦʚʱʠʥʦʶ 125 ʤʤ 

(ʧʽʚʮʝʛʣʠ), ʦʰʪʫʢʘʪʫʨʝʥʽ ʟ ʦʙʦʭ ʩʪʦʨʽʥ. ʆʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʝʨʝʢʨʠʪʪʷ ï 0,4 (ʤĮĿK)/ɺʪ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʫ ʢʽʤʥʘʪʫ  ʚ ʦʜʥʽʡ ʽʟ 

ʮʝʥʪʨʘʣʴʥʠʭ ʢʚʘʨʪʠʨ ʥʘ 4-ʤʫ ʧʦʚʝʨʩʽ ʽ ʧʨʠʣʝʛʣʽ ʜʦ ʥʝʾ ʧʨʠʤʽʱʝʥʥʷ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʠʥʘʤʽʯʥʝ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʽʚ ʙʫʜʽʚʝʣʴ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ 

ʪʝʧʣʦʚʽ ʙʘʣʘʥʩʠ ʪʘ ʪʝʧʣʦʚʽ ʧʝʨʝʪʦʢʠ ʚ ʙʫʜʽʚʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʥʘʷʚʥʽʩʪʴ ʫʪʝʧʣʝʥʥʷ, ʷʢʽʩʪʴ ʚʽʢʦʥ, ʪʠʧ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʪʘ ʽʥʰʽ. ɼʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʪʝʧʣʦʬʽʟʠʢʠ ʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ 

ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʙʘʣʘʥʩʠ ʙʫʜʽʚʝʣʴ. 
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 ʘ. ʙ. ʚ. 

ʈʠʩʫʥʦʢ 1 ï ʉʢʣʘʜ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʫʪʨʫʢʮʽʡ ʢʽʤʥʘʪʠ: ʘ ï ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ; ʙ ï 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ; ʚ ï ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥ ʤʽʞ ʢʚʘʨʪʠʨʘʤʠ 

 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʽʚ ʙʫʜʽʚʝʣʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

DesignBuilder [2], ʷʢʠʡ ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʡ ʟ ʧʨʦʛʨʘʤʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ EnergyPlus [3]. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʧʨʦ ʙʫʜʽʚʣʽ ʚ ʋʢʨʘʾʥʽ, ʪʘʢʽ ʷʢ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʨʦʟʤʽʨʠ, ʤʘʪʝʨʽʘʣʠ 

ʩʪʽʥ ʪʘ ʚʽʢʦʥ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʘ ʽʥʰʽ. ɿʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ ʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʥʠʡ ʫ ʙʣʦʢ-ʩʭʝʤʽ ʥʘ ʨʠʩʫʥʢʫ 2 [1].  

 
ʈʠcʫʥʦʢ 2 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʋ ʜʦʩʣʽʜʞʝʥʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦ ʪʝʧʣʦʚʽ ʙʘʣʘʥʩʠ (ʈʠʩ. 3) ʪʘ ʪʝʧʣʦʚʽ ʧʝʨʝʪʦʢʠ 

ʚ ʙʫʜʽʚʣʷʭ. ɼʘʥʽ ʙʫʣʠ ʧʦʨʽʚʥʷʥʽ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʪʘ ʥʦʨʤʘʤʠ, ʱʦ ʜʽʶʪʴ ʚ 

ʋʢʨʘʾʥʽ.  
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ʈʠʩʫʥʦʢ 3 ï ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ 

 

ɺʠʩʥʦʚʢʠ. ɼʠʥʘʤʽʯʥʝ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʽʚ ʙʫʜʽʚʝʣʴ. ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʙʘʣʘʥʩʠ, ʪʘ ʨʦʟʨʘʭʫʚʘʪʠ ʾʭ ʚʧʣʠʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ 

ʙʫʜʽʚʝʣʴ. ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʶʪʴ ʟʤʦʛʫ ʟʨʦʟʫʤʽʪʠ, ʷʢʽ ʬʘʢʪʦʨʠ ʥʘʡʙʽʣʴʰʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʙʘʣʘʥʩʠ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ ʪʘ ʷʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʽʚ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʝʤʽʩʽʶ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʘʪʤʦʩʬʝʨʫ ʪʘ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʧʣʘʪʫ 

ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʢʨʘʾʥʠ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫ ʚ ʙʫʜʽʚʣʷʭ. Technologies and Engineering. 2024. ˉ 1. ʉ. 25ï39. 

URL: https://doi.org/10.30857/2786-5371.2024.1.3 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 24.03.2024). 

 2. ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ Design Builder Energy Simulation Software. URL: 

https://designbuilder.co.uk/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 24.03.2024). 

 3. EnergyPlus Energy Simulation Software. URL: https://energyplus.net (ʜʘʪʘ 
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ɿʄɯʉʊ 

 

ʉɽʂʎɯʗ ˉ1  ɸʊʆʄʅɸ ɽʅɽʈɻɽʊʀʂɸ 

 

ʉʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʩʫʭʦʛʦ ʩʭʦʚʠʱʘ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʜʚʦʬʘʟʥʠʭ ʪʝʨʤʦʩʠʬʦʥʽʚ. 

ɹɽɼɯʂ ɺ.ʆ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʧʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ ɺ.ʖ. 

ʉʪʨʘʪʝʛʽʷ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʽ ʧʨʠʩʪʨʦʾ ɺɺɽʈ-1000. 

ɻʆɼʋʅʆʂ ɹ.ɺ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʂʦʥʴʰʠʥ ɺ.ɯ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʷʜʝʨʥʠʤʠ ʨʝʘʢʪʦʨʘʤʠ  

ɻʆʃʔʆʅʂʆ ʆ.ɺ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʧʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ ɺ.ʖ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʪʝʨʤʦʩʠʬʦʥʽʚ ʜʣʷ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ. 

ɻʋʇɸʃʆ ʄ.ɹ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʧʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ ɺ.ʖ. 

ɯʥʮʠʜʝʥʪ ʥʘ ɸɽʉ ʇʘʢʰ ʚ 2003 ʨʦʮʽ. 

ɼʘʥʽʣʦʚ ɺ.ʆ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ -   ʢ.ʪ.ʥ. ʆʚʜʽʻʥʢʦ ʖ.ʄ. 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʫʢʦʚʠʭ ʪʝʯʽʡ. 

ʂʆʃʆɼɯʁ ʅ.ʆ., ʘʩʧʽʨʘʥʪ 
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ɸʅɼʈɭɭʏʂɯʅ ɸ.ɸ., ʙʘʢʘʣʘʚʨʘʥʪ; ʇʃɽʊɽʅʔ ʄ.ɼ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɻʘʚʨʠʰ ɸ.ʉ. 

ʆʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʝʭʘʥʽʟʤʫ ʧʨʦʮʝʩʫ ʢʦʥʜʝʥʩʘʮʽʾ. ʂʨʠʚʽ ʢʦʥʜʝʥʩʘʮʽʾ. 

ʇʃɽʊɽʅʔ ʄ.ɼ., ʙʘʢʘʣʘʚʨʘʥʪ; ɸʅɼʈɭɭʏʂɯʅ ɸ.ɸ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɻʘʚʨʠʰ ɸ.ʉ. 

ɿʘʤʽʱʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʙʽʦʤʘʩʫ ʰʣʷʭʦʤ ʾʾ ʩʧʘʣʶʚʘʥʥʷ ʫ ʚʠʭʨʦʚʦʤʫ 

ʧʝʨʝʜʪʦʧʢʫ. 

ʂʆʈʗʏʂʆ  ʄ.ɺ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʅʦʚʘʢʽʚʩʴʢʠʡ ɭ.ɺ. 

ɿʘʤʽʱʝʥʥʷ ʘʥʪʨʘʮʠʪʫ ʚ ʧʘʨʦʚʦʤʫ ʢʦʪʣʽ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʚʠʜ ʪʚʝʨʜʦʛʦ 

ʧʘʣʠʚʘ. 
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ɹɽʃʔʄɸʉ ɺ.ɺ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʐʝʚʝʣʴ ɭ.ɺ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ ʚ ʧʘʨʦʚʠʭ ʢʦʪʣʘʭ. 

ɭɺʊʋʐʆʂ ɺ.ɸ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʅʦʚʘʢʽʚʩʴʢʠʡ ɭ.ɺ. 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʛʘʟʦ-ʨʽʜʠʥʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ɹʂɿ-75-39-

ʌɹ. 

ɯɺɸʅʔʂʆ ɼ.ʆ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʧʨʦʬ., ʜ.ʪ.ʥ. ʉʦʨʦʢʦʚʘ ʅ.ʄ. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʘʥʘʝʨʦʙʥʦʛʦ ʙʨʦʜʽʥʥʷ. 

ɻʆʈʐʂʆʃɭʇʆɺ ʗ.ɺ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʅʦʚʘʢʽʚʩʴʢʠʡ ɭ.ɺ. 

 

ʉɽʂʎɯʗ ˉ 4 ʉʋʏɸʉʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʊɽʇʃʆɺɯʁ ʊɸ 

ɸʃʔʊɽʈʅɸʊʀɺʅɯʁ ɽʅɽʈɻɽʊʀʎɯ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʨʦʪʦʨʘ 

ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130 ʧʨʠ ʧʫʩʢʫ ʟ ʭʦʣʦʜʥʦʛʦ ʩʪʘʥʫ ʤʝʪʘʣʫ. 

ʃɯʑʋʂ ʉ.ʈ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʇʝʰʢʦ ɺ.ɸ. 

ɺʧʣʠʚ ʧʨʠʪʠʩʢʥʠʭ ʟʫʩʠʣʴ ʚ ʬʣʘʥʮʷʭ ʪʫʨʙʽʥʠ ʥʘ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ. 

ɼɾɽɾʋʃɽʁ ɺ.ʆ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʇʝʰʢʦ ɺ.ɸ. 

ɺʧʣʠʚ ʧʫʩʢʦʚʦʛʦ ʛʨʘʬʽʢʘ ʝʥʝʨʛʦʙʣʦʢʘ ʥʘ ʪʝʧʣʦʚʠʡ ʩʪʘʥ ʨʦʪʦʨʘ ʧʘʨʦʚʦʾ 

ʪʫʨʙʽʥʠ . 

ʂʆʅʆɺɸʃʖʂ ʆ.ʃ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʇʝʰʢʦ ɺ.ɸ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʤʽʘʯʥʦʛʦ ʧʘʣʠʚʘ ʚ ʝʥʝʨʛʝʪʠʢʫ ʋʢʨʘʾʥʠ. 

ʐɸʍɹɸɿʆɺ ɯ.ʆ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʉʽʨʠʡ ʆ.ɸ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʫ ʟʘʩʦʙʘʤʠ ʡ ʤʝʪʦʜʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ. 

ɸʈɿɯʂʋʃʆɺ ʊ.ʉ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɹʘʛʘʥ ʊ.ɻ. 

ʂʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʠʢʦʧʥʦʛʦ 

ʧʘʣʠʚʘ. 

ɹʋɼʗ ʖ.ʉ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʩʪ.ʚʠʢʣ., ʢ.ʪ.ʥ. ʐʝʣʝʰʝʡ ʊ.ɺ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤ'ʷ ʚ ʩʪʨʫʤʝʥʝʚʦ-ʥʽʰʦʚʽʡ ʩʠʩʪʝʤʽ ʛʦʨʽʥʥʷ 

ʧʘʣʠʚʘ. 

ɼʋʃʔʉʔʂʀʁ ɸ.ɯ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʉʽʨʠʡ ʆ.ɸ. 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʫ. 

ʄɯʊʈʆʐʀʅ ɸ.ɺ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʈʘʯʠʥʩʴʢʠʡ ɸ.ʖ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ ʚ ʝʥʝʨʛʝʪʠʮʽ ʋʢʨʘʾʥʠ. 

ʈɸʂʋʊɸ ɯ.ʆ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʘʩʠʩʪ., ʜ.ʬ.-ʤ.ʥ. ɺʣʘʩʝʥʢʦ ʆ.ɺ. 

ɺʠʜʠ ʚʽʜʭʦʜʽʚ ʜʣʷ ʙʽʦʤʘʩʠ. 

ʈɸʂʋʊɸ ɯ.ʆ., ʙʘʢʘʣʘʚʨʘʥʪ 
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ʂʝʨʽʚʥʠʢ - ʘʩʠʩʪ., ʜ.ʬ.-ʤ.ʥ. ɺʣʘʩʝʥʢʦ ʆ.ɺ. 

ʉʪʝʥʜʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʚʦʟʦʥʥʦʾ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ. 

ʈʋɼʀʂ ʄ.ɸ., ʤʘʛʽʩʪʨʘʥʪ; ɼʆʈʆʉɽɺʀʏ ɺ.ʉ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɹʫʪʦʚʩʴʢʠʡ ʃ.ʉ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʤʽʰʢʠ ʚʦʜʥʶ ʥʘ ʛʦʨʽʥʥʷ ʩʫʤʽʰʥʠʭ ʟ ʚʦʜʥʝʤ ʧʘʣʠʚ 

ʚ ʩʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʦʤʫ ʩʪʘʙʽʣʽʟʘʪʦʨʽ. 

ʉʊʆʈʆɾʋʂ ʄ.ʉ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʉʽʨʠʡ ʆ.ɸ. 

ʇʦʢʘʟʥʠʢʠ ʚʠʢʠʜʫ ʦʢʠʩʣʫ ʚʫʛʣʝʮʶ ʪʘ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʢʦʪʣʘ ʂɺɻʄ-20 ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʨʫʤʝʥʝʚʦ-ʥʽʰʝʚʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʖʈʏʋʂ ɺ.ʉ., ʤʘʛʽʩʪʨʘʥʪ; ʐɽʃɽʐɽʁ ʊ.ɺ., ʤʦʣ. ʚʯʝʥʠʡ 

ʂʝʨʽʚʥʠʢ - ʧʨʦʬ., ʜ.ʪ.ʥ. ɸʙʜʫʣʽʥ ʄ.ɿ. 

ʇʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ. 

ʄɯʊʏɽʅʂʆ ɯ.ʆ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʈʦʤʘʥʦʚʘ ʂ.ʆ. 

ɺʽʙʨʘʮʽʡʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ. 

ʅʆʉɸʃʔ ʆ.ʖ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʧʨʦʬ., ʜ.ʪ.ʥ. ɹʦʚʩʫʥʦʚʩʴʢʠʡ ɸ.ʇ. 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʜʣʷ ʞʠʪʣʦʚʠʭ ʪʝʧʣʦʚʠʭ ʧʫʥʢʪʽʚ ʤ. ʂʠʻʚʘ. 

ʅɯʂʆʃɽʅʂʆ ʄ.ʄ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʘʩʠʩʪ., ʜ.ʬ.-ʤ.ʥ. ɺʣʘʩʝʥʢʦ ʆ.ɺ. 

ʇʨʦʻʢʪʫʚʘʥʥʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʉʊɽʇɸʅʏɽʅʂʆ ɸ.ɸ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʈʠʥʜʶʢ ɼ.ɺ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʚʽʪʨʷʥʦʛʦ ʮʠʢʣʦʥʘ ʜʣʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. 

ʉʊɽʇɸʅʏɽʅʆ ɸ.ɸ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʈʠʥʜʶʢ ɼ.ɺ. 

ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷʥʦʛʦ 

ʮʠʢʣʦʥʘ ʜʣʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʉʊɽʇɸʅʏɽʅʂʆ ɸ.ɸ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʈʠʥʜʶʢ ɼ.ɺ. 

 

ʉɽʂʎɯʗ ˉ5 ʇʈʆɹʃɽʄʀ ʊɽʆʈɽʊʀʏʅʆɰ ɯ ʇʈʆʄʀʉʃʆɺʆɰ 

ʊɽʇʃʆʊɽʍʅɯʂʀ 

 

ʋʣʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʫ ʚʽʜʮʝʥʪʨʦʚʦʤʫ ʘʧʘʨʘʪʽ. 

ɿɸɹʆʃʆʊʅʀʁ ʆ.ɸ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʉʦʣʦʤʘʭʘ ɸ.ʉ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʽʛʨʽʚʫ ʚʦʜʠ ʪʘ ʧʦʚʽʪʨʷ ʚ ʪʝʨʤʽʯʥʽʡ 

ʦʧʨʽʩʥʶʚʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ. 

ʇʆɼʉʊɭɺɸʗ ʊ.ʃ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʉʝʨʝʜʘ ɺ.ɺ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʪʣʘ 

ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʚʦʜʦʝʤʫʣʴʩʽʡʥʦʛʦ ʧʘʣʠʚʘ. 

ʗʈʆʐɽɺʀʏ ʄ.ɺ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʉʦʣʦʤʘʭʘ ɸ.ʉ. 

ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʪʠ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʢʦʪʝʣʝʥʴ. 

ʂɸʄʀʐʅʀʁ ɹ.ʄ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɹʦʞʝʥʢʦ ʄ.ʌ. 
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ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʨʷʤʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ.. 

ʉʂʈʀʇʅʀʂ ʇ.ɺ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʉʝʨʝʜʘ ɺ.ɺ. 

ʑʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʩʚʝʨʜʣʦʚʠʥ ʚ ʛʨʫʥʪʦʚʦʤʫ 

ʘʢʫʤʫʣʷʪʦʨʽ ʪʝʧʣʦʪʠ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ ʜʣʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ. 

ʉʃɯɾɽɺʉʔʂʀʁ ʂ.ɼ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʧʨʦʬ., ʜ.ʪ.ʥ. ɹʝʟʨʦʜʥʠʡ ʄ.ʂ. 

ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʣʷ ʪʝʧʣʦʥʦʩʘʩʥʦʾ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʫʤʫʣʴʦʚʘʥʦʾ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ ʚ 

ˇʨʫʥʪʽ . 

ʉʃɯɾɽɺʉʔʂʀʁ  ʂ.ɼ., ʤʘʛʽʩʪʨʘʥʪ; ʄɸʊʋʉɽɺʀʏ ʍ.ɹ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʇʨʠʪʫʣʘ ʅ.ʆ. 

ʊʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʙʫʜʽʚʝʣʴ - ʩʫʯʘʩʥʽ ʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. 

ʄɽʃʔʅʀʏɽʅʂʆ ɯ.ʆ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɹʦʞʝʥʢʦ ʄ.ʌ. 

ʉʠʩʪʝʤʠ ʧʘʥʝʣʴʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʦʧʘʣʝʥʥʷ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʘʭ. 

ʄɯʊʃɽʅʂʆ ʄ.ɺ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɹʦʞʝʥʢʦ ʄ.ʌ. 

ʐʣʷʭʠ ʧʦʜʦʣʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʙʘʨ'ʻʨʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʠʩʪʝʤʘʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

ʏɽʐʂʆ  ʆ.ʆ., ʙʘʢʘʣʘʚʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʇʨʠʪʫʣʘ ʅ.ʆ. 

 

ʉɽʂʎɯʗ ˉ6 ɽʅɽʈɻɽʊʀʏʅʀʁ ʄɽʅɽɼɾʄɽʅʊ ʊɸ ɯʅɾʀʅɯʈɯʅɻ 

 

ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʨʧʫʩʫ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ɹɸɹɯʏ ʊ.ʄ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʩʪ.ʚʠʢʣ., ʢ.ʪ.ʥ. ɹʫʷʢ ʅ.ɸ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʣʽʮʝʶ. 

ɹɭʃʀʂ ʉ.ʈ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʐʢʣʷʨ ɺ.ɯ. 

ʆʛʣʷʜ ʙʫʜʽʚʝʣʴ ʟ ʩʪʘʪʫʩʦʤ nZEB ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ. 

ʂʈɸʄɸʈɽʅʂʆ ʉ.ʆ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɹʽʣʦʫʩ ɯ.ʖ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʫʨʷʯʦʛʦ ʧʦʩʣʽʜʫ ʜʣʷ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʧʪʘʭʦʬʘʙʨʠʢʠ. 

ʄɸʈʋʑɸʂ ɼ.ɺ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɼʫʙʨʦʚʩʴʢʘ ɺ.ɺ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ˉ27 ʅʊʋʋ "ʂʇɯ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ. 

ʄʀʐʂʆ ɺ.ʄ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʩʪ.ʚʠʢʣ., ʢ.ʪ.ʥ. ɹʫʷʢ ʅ.ɸ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʣʽʢʘʨʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ʆɺɸɼɸ ʅ.ʆ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʩʪ.ʚʠʢʣ., ʢ.ʪ.ʥ. ɹʫʷʢ ʅ.ɸ. 
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ʂʦʥʮʝʧʮʽʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ 

ʥʦʚʦʩʪʚʦʨʶʶʯʦʛʦ ʭʘʙʫ ʚ ʤ.ʉʣʘʚʫʪʠʯ. 

ʇʀʍʊɸʈʔ ʈ.ʄ., ʤʘʛʽʩʪʨʘʥʪ; ʇʀʍʊɸʈ ʄ.ʇ.,  

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɹʽʣʦʫʩ ɯ.ʖ. 

ɸʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʛʨʦʤʘʜʩʴʢʦʾ ʙʫʜʽʚʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʈʆɿʋʄʅɸ ɼ.ʆ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ʉʫʭʦʜʫʙ ɯ.ʆ. 

ʆʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙ'ʻʢʪʫ 

ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʊʆʏʀʅʉʔʂʀʁ  .ʈ., ʤʘʛʽʩʪʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɹʽʣʦʫʩ  ɯ.ʖ. 

ɼʠʥʘʤʽʯʥʝ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʙʘʣʘʥʩʽʚ ʙʫʜʽʚʝʣʴ. 

ɻʋʈɭɭɺ  ʄ.ɺ., ʘʩʧʽʨʘʥʪ 

ʂʝʨʽʚʥʠʢ - ʜʦʮ., ʢ.ʪ.ʥ. ɹʽʣʦʫʩ  ɯ.ʖ. 
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ʇʆʂɸɾʏʀʂ ɸɺʊʆʈɯɺ ɼʆʂʃɸɼɯɺ 

Alekseik Y. 70 

Mane K.V. 70 

ɸʙʜʫʣʽʥ ʄ.ɿ. 141 

ɸʥʜʨʻʻʯʢʽʥ ɸ.ɸ. 90,93 

ɸʨʟʽʢʫʣʦʚ ʊ.ʉ. 119 

ɹʘʙʽʯ ʊ.ʄ. 187 

ɹʘʛʘʥ ʊ.ɻ. 119 

ɹʝʜʽʢ ɺ.ʆ. 4 

ɹʝʟʨʦʜʥʠʡ ʄ.ʂ. 173 

ɹʝʣʴʤʘʩ ɺ.ɺ. 98 

ɹʻʣʠʢ ʉ.ʈ. 190 

ɹʽʙʽʢ ʊ.ɺ. 53,56,62 

ɹʽʣʦʫʩ ɯ.ʖ. 193,204,210,212 

ɹʦʚʩʫʥʦʚʩʴʢʠʡ ɸ.ʇ. 146 

ɹʦʞʝʥʢʦ ʄ.ʌ. 168,179,181 

ɹʦʨʟʝʥʢʦʚ ɺ.ɺ. 53 

ɹʫʜʷ ʖ.ʉ. 121 

ɹʫʪʦʚʩʴʢʠʡ ʃ.ʉ. 135 

ɹʫʷʢ ʅ.ɸ. 187,198,201 

ɺʣʘʩʝʥʢʦ ʆ.ɺ. 129,132,149 

ɺʦʨʦʙʡʦʚ ʄ.ɺ. 78,83,88 

ɺʦʨʦʧʘʻʚ  ɻ.ʆ. 17 

ɻʘʚʨʠʰ ɸ.ʉ. 90,93 

ɻʥʘʪʝʥʢʦ ɸ.ɺ. 83 

ɻʦʜʫʥʦʢ ɹ.ɺ. 6 

ɻʦʣʴʦʥʢʦ ʆ.ɺ. 8 

ɻʦʥʯʘʨʫʢ ɺ.ɻ. 56 

ɻʦʨʰʢʦʣʻʧʦʚ ʗ.ɺ. 105 

ɻʫʧʘʣʦ ʄ.ɹ. 11 

ɻʫʨʻʻʚ  ʄ.ɺ. 212 

ɼʘʥʽʣʦʚ ɺ.ʆ. 14 

ɼʞʘʙʙʦʨʦʚ ɺ.ɸ. 86 

ɼʞʝʞʫʣʝʡ ɺ.ʆ. 111 

ɼʦʨʦʩʝʚʠʯ ɺ.ʉ. 135 

ɼʫʙʨʦʚʩʴʢʘ ɺ.ɺ. 196 

ɼʫʣʴʩʴʢʠʡ ɸ.ɯ. 124 

ɭʚʪʫʰʦʢ ɺ.ɸ. 101 

ɿʘʙʦʣʦʪʥʠʡ ʆ.ɸ. 161 

ɯʚʘʥʴʢʦ ɼ.ʆ. 103 

ʂʘʤʠʰʥʠʡ ɹ.ʄ. 168 

ʂʣʝʚʮʦʚ ʉ.ɺ. 26,42 

ʂʦʟʣʦʚ ɸ.ɭ. 59 

ʂʦʣʦʜʽʡ ʅ.ʆ. 17 

ʂʦʥʦʚʘʣʶʢ ʆ.ʃ. 113 

ʂʦʥʴʰʠʥ ɺ.ɯ. 6,40 

ʂʦʨʥʽʣʦʚ ʆ.ʄ. 19 

ʂʦʨʯʫʥ ɺ.ɺ. 40 

ʂʦʨʷʯʢʦ  ʄ.ɺ. 96 

ʂʨʘʚʝʮʴ ɺ.ʖ. 4,8,11,80 

ʂʨʘʤʘʨʝʥʢʦ ʉ.ʆ. 193 

ʂʨʫʢʦʚʩʴʢʠʡ ɻ.ʇ. 22 

ʃʝʙʝʜʴ ʅ.ʃ. 49,73 

ʃʽʧʥʽʮʴʢʠʡ ʃ.ɺ. 73 

ʃʽʱʫʢ ʉ.ʈ. 108 

ʃʦʛʚʠʥʶʢ ʄ.ʆ. 75 

ʄʘʨʫʱʘʢ ɼ.ɺ. 196 

ʄʘʪʫʩʝʚʠʯ ʍ.ɹ. 176 

ʄʝʣʴʥʠʢ ʈ.ʉ. 73 

ʄʝʣʴʥʠʯʝʥʢʦ ɯ.ʆ. 179 

ʄʠʰʢʦ ɺ.ʄ. 198 

ʄʽʪʣʝʥʢʦ ʄ.ɺ. 181 

ʄʽʪʨʦʰʠʥ ɸ.ɺ. 127 

ʄʽʪʯʝʥʢʦ ɯ.ʆ. 144 

ʅʽʢʦʣʝʥʢʦ ʄ.ʄ. 149 

ʅʦʚʘʢʽʚʩʴʢʠʡ ɭ.ɺ. 75,96,101,105 

ʅʦʚʦʩʘʜ ʖ.ɯ. 78 

ʅʦʩʘʣʴ ʆ.ʖ. 146 

ʅʦʩʦʚʩʴʢʠʡ ɸ.ɺ. 35,37 

ʆʚʘʜʘ ʅ.ʆ. 201 

ʆʚʜʽʻʥʢʦ ʖ.ʄ. 14 

ʆʩʪʘʧʝʥʢʦ ɯ.ɸ. 59,65 

ʆʩʪʘʧʦʚʝʮʴ  ʄ.ʆ. 47 

ʇʘʚʣʘʯʠʢ ɺ.ʉ. 88 

ʇʝʪʨʦʚʩʴʢʠʡ ʄ.ɭ. 24 

ʇʝʯʝʨʠʮʷ ɯ.ʆ. 26 

ʇʝʰʢʦ ɺ.ɸ. 108,111,113 

ʇʠʩʴʤʝʥʥʠʡ ɭ.ʄ. 67 

ʇʠʭʪʘʨ ʄ.ʇ. 204 

ʇʠʭʪʘʨʴ ʈ.ʄ. 204 

ʇʣʝʪʝʥʴ ʄ.ɼ. 90,93 

ʇʦʜʩʪʻʚʘʷ ʊ.ʃ. 164 

ʇʦʜʫʩʪʦʚ ʆ.ʄ. 62 

ʇʨʠʛʦʜʘ ʅ.ɸ. 28 

ʇʨʠʪʫʣʘ ʅ.ʆ. 176,183 

ʈʘʢʫʪʘ ɯ.ʆ. 129,132 

ʈʘʯʠʥʩʴʢʠʡ ɸ.ʖ. 127 

ʈʠʥʜʶʢ ɼ.ɺ. 152,155,157 

ʈʦʟʫʤʥʘ ɼ.ʆ. 207 

ʈʦʤʘʥʦʚʘ ʂ.ʆ. 144 

ʈʫʜʠʢ ʄ.ɸ. 135 

ʉʘʤʩʦʥʝʥʢʦ ɸ.ɺ. 67 

ʉʘʤʯʫʢ ʄ.ɹ. 30 

ʉʘʭʥʦ ʆ.ɺ. 19,28,33 

ʉʝʨʝʜʘ ɺ.ɺ. 164,170 

ʉʽʨʠʡ ʆ.ɸ. 116,124,138 

ʉʢʨʠʧʥʠʢ ʇ.ɺ. 170 

ʉʣʽʞʝʚʩʴʢʠʡ ʂ.ɼ. 173,176 

ʉʦʣʦʤʘʭʘ ɸ.ʉ. 161,166 

ʉʦʨʦʢʦʚʘ ʅ.ʄ. 103 

ʉʪʝʧʘʥʯʝʥʢʦ ɸ.ɸ. 152,155,157 
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ʉʪʝʮʶʢ ɸ.ɹ. 33 

ʉʪʦʨʦʞʫʢ ʄ.ʉ. 138 

ʉʫʭʦʜʫʙ ɯ.ʆ. 207 

ʊʦʧʘʣ ɸ.ʆ. 49 

ʊʦʯʠʥʩʴʢʠʡ  .ʈ. 210 

ʌʝʜʦʪʦʚ ɺ.ɺ. 42 

ʌʽʣʘʪʦʚ ɺ.ɯ. 24,30,45,86 

ʌʦʤʽʥʘ ɯ.ʉ. 35 

ʏʝʰʢʦ  ʆ.ʆ. 183 

ʐʘʭʙʘʟʦʚ ɯ.ʆ. 116 

ʐʘʭʥʶʢ ɽ.ɺ. 45 

ʐʝʚʘʥʦʚ ɸ.ʈ. 37 

ʐʝʚʝʣʴ ɭ.ɺ. 22,47,98 

ʐʝʣʝʰʝʡ ʊ.ɺ. 121,141 

ʐʝʧʝʣʴ ɻ.ʉ. 80 

ʐʢʣʷʨ ɺ.ɯ. 190 

ʐʪʠʣʴ ʆ.ɺ. 65 

ʖʨʯʫʢ ɺ.ʉ. 141 

ʗʨʦʰʝʚʠʯ ʄ.ɺ. 166 
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