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ɸʅʆʊɸʎɯʗ 

 

ɹʽʣʦʫʩ ɯ.ʖ. ʆʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʾ 

ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʝʜʦʚʠʱʘ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.14.01 ï ɽʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʪʘ ʢʦʤʧʣʝʢʩʠ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ" ʄʆʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, 2019. 

ʋ ʚʩʪʫʧʽ ʥʘʚʝʜʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ, ʜʝ ʦʙʛʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʨʦʟʚʠʪʢʫ 

ʤʝʪʦʜʽʚ ʪʘ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. ʉʬʦʨʤʦʚʘʥʦ ʤʝʪʫ, 

ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ, ʦʙ'ʻʢʪ, ʧʨʝʜʤʝʪ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʥʘʫʢʦʚʫ 

ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʧʨʦ 

ʘʧʨʦʙʘʮʽʶ ʪʘ ʧʫʙʣʽʢʘʮʽʾ, ʦʢʨʝʩʣʝʥʦ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ, ʥʘʚʝʜʝʥʦ ʘʢʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʝʥʝʨʛʦʙʘʣʘʥʩʽ ʢʨʘʾʥʠ ʥʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʩʝʢʪʦʨʫ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʦʥʦʩʽʾʚ, ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʩʢʣʘʜʘʻ ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʚʠʪʨʘʪ. ɼʣʷ ʦʮʽʥʢʠ 

ʧʦʪʝʥʮʽʘʣʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʧʦʪʨʝʙʫʶʪʴ ʘʜʝʢʚʘʪʥʦʾ ʤʦʜʝʣʽ 

ʨʦʟʨʘʭʫʥʢʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʧʦʢʘʟʥʠʢʽʚ, ʘ ʩʘʤʝ ʪʝʧʣʦʬʽʟʠʯʥʽ ʪʘ 

ʪʝʧʣʦʽʥʝʨʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʛʦʨʦʜʞʝʥʴ, ʫʤʦʚʠ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʛʨʘʬʽʢʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʪʘ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʪʦʱʦ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʠʪʦʤʽ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʦʢʘʟʥʠʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ) 

ʙʫʜʽʚʣʽ ʻ ʩʢʣʘʜʥʦʶ ʢʦʤʧʣʝʢʩʥʦʶ ʟʘʜʘʯʝʶ, ʪʦʤʫ ʙʫʜʽʚʣʶ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ ʚ ʢʦʤʧʣʝʢʩʽ ʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʛʦ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʩʧʨʦʱʫʻ / 

ʫʩʢʣʘʜʥʶ̒  ʤʦʜʝʣʴ.  
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ɺ ʙʽʣʴʰʦʩʪʽ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 80% ʙʫʜʽʚʝʣʴ ʚ 

ʋʢʨʘʾʥʽ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʥʦʨʤʘʤ, ʪʦʤʫ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ ʚʞʝ ʜʽʶʯʠʭ ʙʫʜʽʚʝʣʴ, 

ʱʦ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ʉʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʨʘʭʫʥʢʫ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ 

ʙʫʜʽʚʣʽ (ʧʦʢʘʟʥʠʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ) ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʦʚʠʭ 

ʽʥʪʝʨʚʘʣʽʚ (ʥʘʢʧʨʠʢʣʘʜ, ʛʦʜʠʥʘ). ɻʘʨʤʦʥʽʟʘʮʽʷ ʢʨʘʱʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʧʽʜʭʦʜʽʚ ʟ 

ʫʤʦʚʘʤʠ ʋʢʨʘʾʥʠ - ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʢʨʦʢʽʚ. ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʚʽʜʥʠʤʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤʠ ʢʨʘʾʥʘʤʠ ʩʚʽʪʫ, ʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ ʾʭ ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚ. ʊʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʨʽʚʥʷʥʴ ʜʣʷ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ 

ʨʽʟʢʦʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʽʤʘʪʫ (ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʋʢʨʘʾʥʠ) ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʫʣʦ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʪʘ 

ʧʝʨʝʨʘʭʫʥʢʫ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʜʦ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʫ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʷʭ (ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ). ɽʥʝʨʛʦʧʦʪʨʝʙʘ 

ʙʫʜʽʚʝʣʴ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ/ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ( ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʨʽʯʥʠʭ ʽʥʪʝʨʚʘʣʽʚ), ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ (ʧʦʤʽʩʷʯʥʠʭ 

ʽʥʪʝʨʚʘʣʽʚ) ʪʘ ʜʠʥʘʤʽʯʥʠʭ (ʧʦʛʦʜʠʥʥʠʭ ʽʥʪʝʨʚʘʣʽʚ) ʤʝʪʦʜʽʚ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ 

ʽʩʥʫʶʯʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʚʪʦʨʩʴʢʽ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ.  

ɺ ʫʤʦʚʘʭ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʥʦʩʽʾʚ (ʨʝʛʫʣʶʚʘʥʥʷ ʦʧʘʣʝʥʥʷ) 

ʧʦʪʨʝʙʘ ʚ ʦʧʘʣʝʥʥʽ ʧʦʚʠʥʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʛʦʜʠʥʥʦʾ ʟʤʽʥʠ 

ʢʣʽʤʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʥʝ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʤʦʜʝʣʷʭ. 

ɺ ʋʢʨʘʾʥʽ ʚʩʝ ʰʠʨʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʚʘʶʪʴ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʛʦʜʠʥʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʙʘʟʘ ʜʘʥʠʭ ʜʣʷ ʨʽʟʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʫʩʝʨʝʜʥʝʥʥʷ. ɺ ʙʫʜʽʚʝʣʴʥʽʡ 

ʢʣʽʤʘʪʦʣʦʛʽʷ ʋʢʨʘʾʥʠ ʥʘʚʝʜʝʥʦ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʪʘ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʽ, 
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ʱʦ ʻ ʜʦʩʪʘʪʥʽʤ ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʪʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʤʫ ʤʝʪʦʜʽ ʨʦʟʨʘʭʫʥʢʫ. 

ʅʦʨʤʘʪʠʚʥʦʾ ʧʦʛʦʜʠʥʥʦʾ ʢʣʽʤʘʪʦʣʦʛʽʾ ʚ ʋʢʨʘʾʥʽ ʥʝ ʽʩʥʫʻ. ʄʽʞʥʘʨʦʜʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʡ ʬʘʡʣ IWEC ʚʢʣʶʯʘʻ ʚ ʧʦʛʦʜʠʥʥʽ ʜʘʥʽ. ʉʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʘʥʦʤʫ ʬʘʡʣʽ ʧʦʪʨʝʙʫʶʪʴ ʤʝʪʦʜʠʢ ʪʘ ʧʽʜʭʦʜʽʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʽ ʧʦʚʝʨʭʥʽ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʜʣʷ ʤʽʩʪ ʂʠʻʚʘ ʪʘ 

ʆʜʝʩʠ, ʱʦ ʻ ʫʩʝʨʝʜʥʝʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʚʦʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 40% ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʪʘ 30% ʚ ʣʽʪʥʽʡ ʜʣʷ ʂʠʻʚʘ. 

ɼʣʷ ʆʜʝʩʠ ʜʘʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʜʦ 50%.  

ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʝʡ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʨʦʢʫ ʪʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʜʣʷ ʪʝʧʣʦʛʦ ʧʝʨʽʦʜʫ ʨʦʢʫ. 

ʈʦʟʙʽʞʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʟ ʧʝʨʝʚʨ̔ʦʯʥʠʤʠ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 5%, ʱʦ ʻ 

ʘʜʝʢʚʘʪʥʦʶ ʦʮʽʥʢʦʶ ʪʘ ʧʨʠʡʥʷʪʥʦʶ ʨʦʟʙʽʞʥʽʩʪʶ ʜʣʷ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɺ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ 

ʙʫʜʽʚʣʽ ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ. ɺʠʟʥʘʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʠʢ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʫʩʝʨʝʜʥʝʥʥʷ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʚʧʣʠʚʦʚʠʡ ʧʘʨʘʤʝʪʨ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ɽ+ ʪʘ 5R1C (ʧʦʛʦʜʠʥʥʠʡ ʨʦʟʨʘʭʫʥʦʢ) ʜʘʶʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʜʣʷ ʦʧʘʣʝʥʥʷ, ʚʽʜʤʽʥʥʽʩʪʴ ʜʦ 4-8%, ʚ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ ï ʜʦ 

16-18% ʟ ʜʘʥʠʤʠ ʢʣʽʤʘʪʦʣʦʛʽʾ IWEC. ʇʦʨʽʚʥʷʥʥʷ ʮʠʭ ʜʘʥʠʭ ʜʣʷ ʧʝʨʽʦʜʫ ʦʧʘʣʝʥʥʷ 

ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʘ ɼʉʊʋ-ʅ ɹ ɸ.2.2-5:2007 ʪʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʘ 

ɼʉʊʋ ɹ ɸ.2.2-12:2015 ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥ̔ ʙʫʜʽʚʝʣʴʥʦʾ 

ʢʣʽʤʘʪʦʣʦʛʽʾ ʋʢʨʘʾʥʠ, ʜʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʜʦ 15% ʪʘ 15-25%, ʚʽʜʧʦʚʽʜʥʦ, ʘ ʜʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʤ ʤʝʪʦʜʦʤ 20-30%.  

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʯʘʩʦʚʦʾ ʟʤʽʥʠ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʚʠʢʦʥʘʥʦ ʨʷʜ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʶʚʘʥʴ ʚ ʦʙʨʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʚʧʣʠʚʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ (ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʽʪʨʷ. ʅʘ ʦʩʥʦʚʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʯʝʨʛʦʚʦʾ ʟʤʽʥʠ ʦʙʨʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʧʦʙʫʜʦʚʘʥʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 
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ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ/ʘʙʦ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ. 

ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʩʢʣʘʜʘʻ 0,4Áʉ 

ʟ ʦʪʨʠʤʘʥʠʤ ʥʘ ʙʘʟʽ ʽʤʽʪʘʮʽʡʥʦʛʦ, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ 1Áʉ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʣʽʥʽʡʥʦʾ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʤʦʜʝʣʽ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ 

ʩʢʣʘʜʘʻ 0,6Áʉ, ʘ ʤʘʢʩʠʤʘʣʴʥʝ 1,7Áʉ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. 

ʈʦʟʨʦʙʣʝʥʥʽ ʤʝʪʦʜʠʯʥʽ ʦʩʥʦʚʠ ʪʘ ʩʪʚʦʨʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʧʝʨʝʜʽʩʪʦʨʽʾ ʚʧʣʠʚʫ ʯʦʪʠʨʴʦʭ ʛʨʫʧ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʫ. ɼʣʷ ʪʨʴʦʭ ʜʥʽʚ ʧʝʨʝʜʽʩʪʦʨʽʾ ʣʽʥʽʡʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ 

ʧʦʪʨʽʙʫʻ ʚʠʟʥʘʯʝʥʥʷ 13 ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. ʅʝʣʽʥʽʡʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ 

ʨʝʛʨʝʩʽʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ ʢʦʞʥʦʤʫ ʟ ʚʧʣʠʚʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʽʙ ʚʨʘʭʫʚʘʥʥʷ ʧʝʨʝʜʽʩʪʦʨʽʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ, 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʜʦʩʪʘʪʥʴʦ ʧʦ ʦʜʥʦʤʫ ʤʦʜʝʣʴʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ.  

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʨʝʞʠʤʽʚ 

ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ ɺʅɿ ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ ʤ. ʂʠʻʚʽ ʥʘ ʙʘʟʽ ʽʤʽʪʘʮʽʡʥʦʾ ʜʠʥʘʤʽʯʥʦʾ 

ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʚ EnergyPlus. ɺʩʪʘʥʦʚʣʝʥʦ ʝʢʦʥʦʤʽʶ ʚʽʜ ʧʨʦʚʘʜʞʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʽʚʣʽ ʷʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʝʨʝʨʠʚʯʘʩʪʠʤ 

ʦʧʘʣʝʥʥʷʤ (ʧʦʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ). 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʧʦʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ ʜʣʷ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʩʪʘʙʽʣʽʟʘʮʽʷ ʛʨʘʬʽʢʘ ʟʤʽʥʠ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ 6-8 ʜʝʥʴ, ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʧʦʥʠʞʝʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷʤ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ, ʧʨʠ ʮʴʦʤʫ ʟʥʠʞʫʻʪʴʩʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʥʘ 1,5ï2 Áʉ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʧʨʦʩʽʜʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʚ 

ʨʦʙʦʯʽ ʛʦʜʠʥʠ. 

ʇʨʠ ʱʦʜʝʥʥʦʤʫ ʧʦʥʠʞʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʽ ʥʘ {2; 3; 4}Áʉ 

ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ ʜʦʟʚʦʣʷʻ ʟʘʦʱʘʜʠʪʠ {2; 6; 8}% ʪʝʧʣʘ, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ 

ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ ʨʝʞʠʤʽ ʦʧʘʣʝʥʥʷ ʟʘ ʨʦʟʽʛʨʽʚʫ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ 

ʨʦʙʦʯʠʭ ʛʦʜʠʥ ʜʣʷ ʧʦʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 3-4Áʉ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ ʚʽʜ 

ʙʘʟʦʚʦʛʦ, ʜʦʩʷʛʘʻʪʴʩʷ ʝʢʦʥʦʤʽʷ {5; 7; 9}%, ʚʽʜʧʦʚʽʜʥʦ. ɿʘʛʘʣʦʤ ʬʦʨʩʫʚʘʥʥʷ 
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ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʙʦʯʠʭ ʛʦʜʠʥ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʝʢʦʥʦʤʽʶ 

ʥʘ 2% ʚ ʧʦʨʽʚʥʷʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤ ʛʨʘʬʽʢʦʤ ʧʦʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʝʨʦʙʦʯʽ 

ʛʦʜʠʥʠ ʙʝʟ ʬʦʨʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʞ ʦʙ'ʻʢʪʫ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʝ ʚʠʟʥʘʯʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʘ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʚʦʛʦ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ 

ʙʫʜʽʚʣʽ. ʅʘ ʙʘʟʽ ʙʘʛʘʪʦʨʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ (2003-2017 ʨʨ.) ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʜʘʥʽ 

ʧʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʦʛʦ 

ʢʦʨʧʫʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʷ 

ʦʧʘʣʝʥʥʷ. ʉʽʨʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʂʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʧʘʨʘʤʝʪʨ, 

ʷʢʠʡ ʩʢʣʘʜʥʦ ʚʠʟʥʘʯʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʦʤʫ ʥʘ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʦʾ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʪʘ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ, ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʤʦʞʥʘ ʫʪʦʯʥʶʚʘʪʠ 

ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʢʨʘʪʥʽʩʪʴ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʜʽʘʧʘʟʦʥʽ 0,2....2 ʛʦʜ
-1
 ʜʣʷ ʦʙʨʘʥʠʭ ʧʨʠʤʽʱʝʥʴ, ʥʘ 

ʙʘʟʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʽʚ ASHRAE ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʘʥʘʣʦʛʽʯʥʠʡ. 

ɼʣʷ ʛʨʫʧʠ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

(ʥʘ ʦʩʥʦʚʽ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʤʝʪʦʜʫ) ʪʘ ʚʠʭʦʜʷʯʠ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ 

ʧʦʙʫʜʦʚʠ ʰʢʘʣ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʰʢʘʣʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʥʘ 

ʨʦʟʢʠʜ ʤʝʞ ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʣʠʚʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʪʘ 

ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʨʝʧʝʨʥʠʭ ʪʦʯʦʢ ʜʣʷ ʧʦʙʫʜʦʚʠ ʰʢʘʣ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʦʟʤʽʱʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʜʘʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ɼʇ "ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ ʜʦʩʣʽʜʥʠʡ 

ʽʥʩʪʠʪʫʪ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ", ʋʢʨʘʾʥʩʴʢʠʤ ʬʦʥʜʦʤ ʩʦʮʽʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ, 

ʩʣʫʞʙʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʘ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" (ʂʇɯ ʽʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ), ʘ ʪʘʢʦʞ ʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʩʴʢʦʛʦ ʥʘ ʢʘʬʝʜʨʽ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ 
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ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʆʪʨʠʤʘʥʦ ʘʢʪʠ ʚ ʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʩʚʽʜʦʮʪʚʘ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ 

ʥʘ ʤʝʪʦʜʠʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʝʥʝʨʛʦʧʦʪʨʝʙʘ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʙʫʜʽʚʣʽ, ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, ʢʣʽʤʘʪʦʣʦʛʽʷ, ʝʥʝʨʛʝʪʠʯʥʘ ʩʝʨʪʠʬʽʢʘʮʽʷ. 

 

ABSTRACT 

Bilous I.Yu. Estimation of building energy efficiency in conditions of environment 

characteristicsdynamic change. - Manuscript. 

The dissertation on completion of the candidate of technical sciences degree on 

specialty 05.14.01 - Energy systems and complexes. National Technical University of 

Ukraine " Igor Sikorsky Kyiv Polytechnic Institute" Ministry of Education and Science 

of Ukraine, Kyiv, 2019. 

The introduction introduces the relevance of the topic where the feasibility of 

developing methods and approaches for assessing the energy efficiency of buildings is 

substantiated. The purpose, scientific task, object, subject and methods of research have 

been formed, the scientific novelty and practical value of the obtained results have been 

determined, the data on testing and publications are given, the personal contribution of 

the applicant is outlined, the acts of implementation of the results of the dissertation 

work are presented. 

In the first section, an overview of the current trends in the use of mathematical 

modeling of the energy status and the determination of energy efficiency of buildings. 

In the overall energy balance of the country, the housing and utilities sector consumes 

the largest amount of energy, and thermal energy accounts for the bulk of the costs. In 

order to assess the energy efficiency of buildings, an adequate model of calculation, 

taking into account a set of indicators, is needed, in particular, thermophysical and heat-

inertial features of fencing, microclimate conditions, operating schedules, climatic 

conditions, heating and heat supply systems, etc., which influence the specific energy 

characteristics (energy efficiency index) of the building is difficult a complex task, 

therefore the building should be regarded as a complex system in conjunction with the 
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external environment. Mathematical models can have different complexity and time 

intervals of calculation, which simplifies / complicates the model. 

In most developed countries, optimization of energy efficiency indicators of 

buildings is carried out at the design stage. Given that 80% of buildings in Ukraine do 

not meet current standards, the analysis of indicators of energy efficiency is carried out 

at the stage of operation for existing buildings, which has its own characteristics. World 

trends in calculating the specific energy demand of a building (energy efficiency 

indicator) are aimed at reducing time intervals (for example, an hour). Harmonization of 

the best European approaches to the conditions of Ukraine - is one of the main steps. 

Dynamic models based on software products and standards that are widely used by 

leading energy-efficient countries in the world are sufficiently explored for their 

climatic conditions. Such systems of comparison for buildings in the zone of a highly 

contient climate (climate conditions of Ukraine) were not carried out. 

The second section describes the methods for determining the energy demand and 

converting climatic data to the parameters that are taken into account in mathematical 

models (solar heat transfer, multiplicity of air exchange). The energy needs of buildings 

for heating and / or cooling can be determined on the basis of stationary (calculation for 

annual intervals), quasi-stationary (monthly intervals) and dynamic (hourly intervals) 

methods. Existing mathematical models of determination of energy characteristics of 

buildings and proposed author dynamic models are considered in this work. 

In the conditions of efficient use of energy resources (heating regulation), the need 

for heating should be calculated taking into account hourly changes in climatic 

characteristics that can not be realized in stationary models. In Ukraine, more and more 

applications are being acquired by dynamic models for determining the energy 

performance of buildings that require hourly climatic data. 

A comparative analysis of the peculiarities of the application of different climatic 

databases for different averaging intervals has been carried out. In the building climate 

of Ukraine, the average monthly values of the external air temperature and solar heat 

consumption on the vertical and horizontal surfaces are given, which is sufficient in the 

stationary and quasi-stationary method of calculation. Normative hourly climatology in 
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Ukraine does not exist. The IWEC International Climatic File includes hourly data. 

Solar heat supply presented in this file requires methods and approaches for converting 

to vertical surfaces. The paper considers climatic data for the cities of Kiev and Odessa, 

which is averaged characteristic of two temperature zones of Ukraine. The difference is 

about 40% in the winter and 30% in summer for Kyiv. For Odesa this discrepancy is up 

to 50%. 

The adequacy of the models considered in the work is carried out to determine the 

energy demand of the building for the cold period of the year and to determine the 

indoor air temperature in the room for the warm period of the year. The discrepancy of 

the reviewed models with the verifications is less than 5%, which is an adequate 

assessment and acceptable disagreement for their application. 

In the third section, a comparison of the methods for determining the energy 

demand of the building for different temperature zones is made. The peculiarities of the 

use of the considered methods and application of various time intervals of the averaging 

of the initial parameters as an influential parameter on the research results are 

determined. Dynamic methods E + and 5R1C (hourly calculation) give almost the same 

value of the need for heating, the difference to 4-8%, in cooling mode - up to 16-18% 

with climatic data IWEC. Comparison of these data for the heating period with the 

results of stationary according to DSTU-N ɹ ɸ.2.2-5: 2007 and quasi-stationary DSTU 

B ɸ.2.2-12: 2015 calculation methods, in which the data of the Ukrainian climatic data 

are used, gives a difference of up to 15% and 15 -25%, respectively, and for cooling by 

a quasi-stationary method of 20-30%. 

The analysis of temporal changes in climatic data and other parameters, a series of 

simulation simulations in the chosen range of changes in the influence parameters (level 

of heating, solar heat transfer, external temperature, multiplicity of air exchange, which 

essentially affects the internal air temperature) is performed on the basis of simulation 

modeling, alternating change of the selected parameters In the considered range, multi-

factor regression equations for predicting the internal air temperature and / or heating 

level are constructed. the deviation of the internal air temperature is 0.4 Á C with the 

obtained simulation, and the maximum difference of the results to 1 Á C. When using a 
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linear multifactorial model, the average deviation value is 0.6 Á C, and the maximum 1.7 

Á C in comparison with simulation simulation. 

The development of methodological foundations and the creation of mathematical 

models for forecasting and regulating the level of heating on the basis of regression 

analysis and taking into account the background of the influence of the four groups of 

internal and external factors of influence. For the three days of the prehistory, the linear 

multivariable regression model requires the determination of 13 coefficients of the 

regression equation. Nonlinear multifactor regression allows one factor to be used for 

each of the influential parameters irrespective of the number of days into the history of 

the change of the parameter, which is sufficient to determine which one model 

experiment. 

In the fourth section the simulation of intermittent heating modes of the building of 

the university located in Kyiv based on the simulation dynamic model of the building in 

EnergyPlus is considered. Saving from the regulation and features of functioning of the 

building as an energy system with intermittent heating (lowering the air temperature in 

premises during non-working hours) is established. The introduction of constant 

decrease of air temperature during non-working hours for the considered type of 

structures and external conditions stabilizes the schedule of changes in the internal air 

temperature reaches 6-8 days, for the considered range of lowering the level of heating 

during non-working hours, while reducing the internal air temperature by 1.5-2Áʉ. To 

avoid falling air temperature during working hours, it is necessary to increase the 

heating level during working hours. 

With daily lowered room temperature on {2; 3; 4} ÁC during non-working hours 

can save {2; 6; 8}% of heat, respectively. At intermittent heating mode heating of the 

heating system before the start of working hours to reduce the temperature by 3-4 ÁC in 

non-working hours from the base, savings are achieved {5; 7; 9}%, respectively. In 

general, boosting the heating system before working hours allows you to increase the 

economy by 2% compared to a similar schedule of lowering the temperature in non-

working hours without boosting the heating system. 
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For the same object, an experimental and calculation determination of the integral 

and dispersed characteristics of the thermal and energetic state of the building has been 

carried out. On the basis of long-term observations (2003-2017), for the first time, data 

were obtained on the distribution of temperatures in the premises of a multistory 

building of an educational building, depending on their location, use and provision of 

heating. Gray modeling allows you to analyze by combining calculation and 

experimental data. The multiplicity of the air exchange parameter, which is difficult to 

determine experimentally, therefore, the multiplicity of air exchange can be specified on 

the basis of the created multi-factor regression model and the actual values of the 

internal temperature, the level of heating, and solar heat transfer. For the considered 

time interval, the multiplicity of air exchange was in the range of 0.2 .... 2 h
-1
 for the 

selected premises, based on the ASHRAE calculation methods, the range of change is 

similar. 

For the group of public buildings, an analysis of energy efficiency (based on the 

quasi-stationary method) and based on the location and operation features, proposed 

approaches to energy certification and scale construction. When constructing a scale of 

energy certification of buildings, the ratio of actual and normative values of energy 

consumption affects the spread of energy efficiency classes. The approaches of 

determining the reference points for construction of scale of energy certification of 

buildings with consideration of peculiarities of their functioning and placement are 

offered. 

The results were submitted to the use of the State Research Institute of Building 

Structures, the Ukrainian Social Investment Fund, the Energy Management Service of 

Sumy State University and the National Technical University of Ukraine "Igor Sikorsky 

Kyiv Polytechnic Institute", as well as in the educational the process of Igor Sikorsky 

Kyiv Polytechnic Institute at the Department of Heating Engineering and Energy 

Saving. Obtained acts in the proceedings and certificates of copyright in the 

methodology. 

Key words: energy need, energy efficiency, buildings, mathematical model, 

temperature, heat gains, climatology, energy certification.  
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ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

 

1. ɹʽʣʦʫʩ ɯ.ʖ., ɼʝʰʢʦ ɺ.ɯ., ʉʧʣʘʚʩʴʢʘ ɺ.ʆ., ʉʫʭʦʜʫʙ ɯ.ʆ., ʐʝʚʯʝʥʢʦ 

ʆ.ʄ., ʐʦʚʢʘʣʶʢ ʄ.ʄ. ʋʧʨʘʚʣʽʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʶ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ: ʤʦʥʦʛʨʘʬʽʷ / ʧʽʜ ʟʘʛ. ʨʝʜ. ɺ.ɯ. ɼʝʰʢʘ. ʂʠʾʚ: ʅʊʋʋ çʂʇɯè, 

2015. 186ʩ. (ʢʦʣʝʢʪʠʚʥʘ ʤʦʥʦʛʨʘʬʽʷ). (ɿʜʦʙʫʚʘʯ ʧʨʦʚʽʚ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ ʘʙʦ 

ʛʨʫʧʠ ʙʫʜʽʚʝʣʴ) 

2. DESHKO V., SUKHODUB I., BILOUS I. Mathematical models for 

determination of energy need for heating. Journal of New Technologies in 

Environmental Science (JNTES ), 2017. Vol. 2. P. 45-51. (ʽʥʦʟʝʤʥʝ ʚʠʜʘʥʥʷ). 

(ɿʜʦʙʫʚʘʯʫ ʥʘʣʝʞʠʪʴ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ) 

3. Deshko V.I., Bilous I.Yu. Mathematical models for determination of 

specific energy need for heating and cooling of the administrative building. 

International Journal of Engineering & Technology. 2018. Vol. 7 (4.3). P. 325-330. 

(ʽʥʦʟʝʤʥʝ ʚʠʜʘʥʥʷ, ʚʢʣʶʯʝʥʝ ʜʦ ʙʘʟʠ ʜʘʥʠʭ Scopus). (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʜʣʷ ʧʽʚʜʝʥʥʦʛʦ ʨʝʛʽʦʥʫ ʋʢʨʘʾʥʠ) 

4. Bilous I.Yu., Deshko V.I., Sukhodub I.O. Building inside air temperature 

parametric study. Magazine of Civil Engineering. 2016. Vol. 8. P. 65ï75. (ʽʥʦʟʝʤʥʝ 

ʚʠʜʘʥʥʷ, ʚʢʣʶʯʝʥʝ ʜʦ ʙʘʟʠ ʜʘʥʠʭ Scopus). (ɿʜʦʙʫʚʘʯ ʧʨʦʚʽʚ ʧʘʨʘʤʝʪʨʠʯʥʠʡ 

ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʥʫʪʨʽʰʥʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ) 

5. Bilous I.Yu., Deshko V.I., Sukhodub I.O. Parametric analysis of external 

and internal factors influence on building energy performance using non-linear 

multivariate regression models. Journal of Building Engineering. 2018. Vol. 20. P. 

327-336. (ʽʥʦʟʝʤʥʝ ʚʠʜʘʥʥʷ, ʚʢʣʶʯʝʥʝ ʜʦ ʙʘʟʠ ʜʘʥʠʭ Scopus). (ɿʜʦʙʫʚʘʯʝʤ 

ʩʪʚʦʨʝʥʦ ʥʝʣʽʥʽʡʥʫ ʙʘʛʘʪʦʬʘʢʪʦʨʥʫ ʨʝʛʨʝʩʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʪʘ/ʘʙʦ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʙʫʜʽʚʣʽ) 

http://www.jntes.tu.kielce.pl/
http://www.jntes.tu.kielce.pl/
http://www.jntes.tu.kielce.pl/
https://www.sciencedirect.com/science/journal/23527102
https://www.sciencedirect.com/science/journal/23527102/20/supp/C
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6. DESHKO V., SUKHODUB I., BILOUS I. Mathematical models for 

determination of specific energy need for heating used in Ukraine. Journal of New 

Technologies in Environmental Science (JNTES). 2018. Vol. 1. P. 13-25. (ʽʥʦʟʝʤʥʝ 

ʚʠʜʘʥʥʷ). (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʚ ʤ. ʂʠʻʚʽ) 

7. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɻʦʥʯʘʨʫʢ ʉ.ʄ., ɻʫʨʩʴʢʘ ʖ.ɺ. 

ʂʆʄʇʃɽʂʉʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɽʅɽʈɻɽʊʀʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ɹʋɼɯɺʃɯ. The scientific heritage. 2017. Vol. 9. P. 63-68. (ʽʥʦʟʝʤʥʝ ʚʠʜʘʥʥʷ). 

(ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʦʙʤʽʥʫ ʜʣʷ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ʙʫʜʽʚʣʽ ɺʅɿ) 

8. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ ʜʣʷ ʦʮʽʥʢʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ: ʄʽʞʚʽʜʦʤʯʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ 

ʟʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. 2014. ˉ 80. ʉ. 68 ï 72. (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). (ɿʜʦʙʫʚʘʯʝʤ 

ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʙʫʜʽʚʝʣʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʮʽʥʢʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ) 

9. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɻʝʪʤʘʥʯʫʢ ɻ.ʆ. ɹʘʟʠ ʢʣʽʤʘʪʦʣʦʛʽʾ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ. ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ 

çɽʥʝʨʛʝʪʠʢʘ: ʝʢʦʥʦʤʽʢʘ, ʪʝʭʥʦʣʦʛʽʾ, ʝʢʦʣʦʛʽʷè.  2017. ˉ4. ʉ. 67-73. (ʬʘʭʦʚʝ 

ʚʠʜʘʥʥʷ, ʚʢʣʶʯʝʥʝ ʜʦ ʙʘʟʠ ʜʘʥʠʭ Index Copernicus). (ɿʜʦʙʫʚʘʯ ʧʨʦʚʽʚ 

ʧʦʨʽʚʥʷʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ ʜʣʷ ʋʢʨʘʾʥʠ) 

10. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ. ʄʦʥʽʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʘʥʫ 

ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ. ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɽʥʝʨʛʝʪʠʢʘ: ʝʢʦʥʦʤʽʢʘ, ʪʝʭʥʦʣʦʛʽʾ, 

ʝʢʦʣʦʛʽʷè. 2015. ˉ2. ʉ. 24-32. (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ, ʚʢʣʶʯʝʥʝ ʜʦ ʙʘʟʠ ʜʘʥʠʭ Index 

Copernicus). (ɿʜʦʙʫʚʘʯ ʧʨʦʚʽʚ ʟʙʽʨ ʪʘ ʘʥʘʣʽʟ ʬʘʢʪʠʯʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʘ 

ʣʦʢʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʘʥʫ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ) 

11. ɼʝʰʢʦ ɺ.ɯ.,  ʐʝʚʯʝʥʢʦ ʆ.ʄ., ʂʨʘʩʦʚʩʴʢʠʡ ʆ.ʇ., ɹʽʣʦʫʩ ɯ.ʖ. 

ɽʥʝʨʛʝʪʠʯʥʘ ʩʝʨʪʠʬʽʢʘʮʽʷ ʙʫʜʽʚʝʣʴ ʟʘʢʣʘʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ. ʅʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʡ, ʚʠʨʦʙʥʠʯʠʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʞʫʨʥʘʣ çʅʘʫʢʘ ʪʘ 

ʙʫʜʽʚʥʠʮʪʚʦè. 2016. ˉ2. ʉ. 14-20. (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). (ɿʜʦʙʫʚʘʯʝʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʰʢʘʣʫ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ) 

http://www.jntes.tu.kielce.pl/
http://www.jntes.tu.kielce.pl/
http://www.jntes.tu.kielce.pl/
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12. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ʉʫʭʦʜʫʙ ɯ.ʆ. ʄʦʜʝʣʶʚʘʥʥʷ ʩʫʤʽʩʥʦʛʦ 

ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʛʦʨʦʜʞʝʥʴ 

ʙʫʜʽʚʣʽ. ɾʫʨʥʘʣ "ɺʽʩʥʠʢ ʂʅʋʊɼ". 2015. ˉ5(90). ʉ. 24-31. (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ, 

ʚʢʣʶʯʝʥʝ ʜʦ ʙʘʟʠ ʜʘʥʠʭ Ulrichôs Periodical Directory). (ɿʜʦʙʫʚʘʯʝʤ ʜʦʩʣʽʜʞʝʥʦ 

ʩʫʤʽʩʥʠʡ ʚʧʣʠʚ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʪʘ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʽʥ ʥʘ 

ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʛʦʨʦʜʞʝʥʴ) 

13. ɼʝʰʢʦ ɺ.ɯ.,  ɹʫʷʢ ʅ.ɸ.,  ɹʽʣʦʫʩ ɯ.ʖ. ɺʠʙʽʨ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ ʪʘ 

ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʫ ʙʫʜʽʚʣʽ. ɾʫʨʥʘʣ "ɺʽʩʥʠʢ 

ʂʅʋʊɼ". 2015. ˉ5(90). ʉ. 71-80. (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ, ʚʢʣʶʯʝʥʝ ʜʦ ʙʘʟʠ ʜʘʥʠʭ 

Ulrichôs Periodical Directory). (ɿʜʦʙʫʚʘʯʝʤ ʩʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʫ ʙʫʜʽʚʣʽ) 

14. ʉʦʣʦʚʝʡ ʆ.ɯ., ʐʝʚʯʝʥʢʦ ʆ.ʄ., ɹʽʣʦʫʩ ɯ.ʖ. ʆʮʽʥʢʘ ʨʽʚʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʞʠʪʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʥʘ ʧʨʠʢʣʘʜʽ ʛʫʨʪʦʞʠʪʢʽʚ 

ʅʊʋʋ çʂʇɯè). ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ: ʄʽʞʚʽʜʦʤʯʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. 2013. ˉ 77. ʉ. 293-297. (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). (ɿʜʦʙʫʚʘʯʝʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜʭʽʜ ʛʨʫʧʫʚʘʥʥʷ ʧʨʠ ʦʮʽʥʮʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʛʫʨʪʦʞʠʪʢʽʚ) 

15. ʐʦʚʢʘʣʶʢ ʄ.ʄ., ɹʽʣʦʫʩ ɯ.ʖ. ɸʥʘʣʽʟ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʽ ʙʘʣʘʥʩʽʚ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʟ ʨʦʟʨʦʙʢʦʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʭʦʜʽʚ. 

ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ ʞʫʨʥʘʣ "ɽʢʦʣʦʛʽʯʥʽ ʥʘʫʢʠ". 2014. ˉ1(5). ʉ. 108-115. 

(ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). (ɿʜʦʙʫʚʘʯʝʤ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ 

ʚʠʭʦʜʷʯʠ ʟ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʽʚ) 

16. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ. ʄʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʦʧʘʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ. 

ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɽʥʝʨʛʝʪʠʢʘ: ʝʢʦʥʦʤʽʢʘ, ʪʝʭʥʦʣʦʛʽʾ, ʝʢʦʣʦʛʽʷè. 2016. ˉ3 

ʉ. 97-104. (ʚʠʜʘʥʥʷ, ʚʢʣʶʯʝʥʝ ʜʦ ʙʘʟʠ ʜʘʥʠʭ Index Copernicus). (ɿʜʦʙʫʚʘʯʝʤ 

ʧʨʦʚʝʜʝʥʦ ʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʦʧʘʣʝʥʥʷ) 

17. ɼʝʰʢʦ ɺ.ɯ., ʐʦʚʢʘʣʶʢ ʄ.ʄ., ɭʚʪʫʭʦʚ ɺ.ʗ., ɹʽʣʦʫʩ ɯ.ʖ., ʂʨʘʩʦʚʩʴʢʡ 

ʆ.ʇ. ɼʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ ʟ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ "ɽʢʦʥʦʤʽʢʘ ʽ 

ʨʝʛʽʦʥ". 2015. ˉ6(55). ʉ. 59ï63. (ɿʜʦʙʫʚʘʯʝʤ ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 
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ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ ʟ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʜʣʷ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ) 

18. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɾʠʞʘ ʄ.ɯ. ʄʦʜʝʣʶʚʘʥʥʷ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ 

ʩʦʥʷʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʧʨʠʤʽʱʝʥʥʷ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ "ʂʝʨʘʤʠʢʘ: ʥʘʫʢʘ ʠ ʞʠʟʥʴ". 2015. ˉ4(29). ʉ. 34ï

40. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʪʘ 

ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ) 

19. Deshko V.I., Sukhodub I.O., Bilous I.Yu. Mathematical models for 

determination of energy need for heating. II International Scientific-Technical 

Conference ñActual Problems Of Power Engineering, Construction And 

Environmental Engineeringò (23-25 November 2017, Kielce, Poland). Kielce: Kielce 

University of Technology, 2017. P. 33-40. (ɿʜʦʙʫʚʘʯʝʤ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʜʣʷ ʋʢʨʘʾʥʠ) 

20. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɻʝʪʤʘʥʯʫʢ ɻ.ʆ. ɹʘʟʠ ʢʣʽʤʘʪʠʯʥʠʭ ʽ ʧʦʛʦʜʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ. ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çɹʫʜȤʄʘʡʩʪʝʨȤʂʣʘʩȤ2017è 

(28.11-01.12.2017, ʂʠʾʚ). ʂʠʾʚ: ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ 

ʽ ʘʨʭʽʪʝʢʪʫʨʠ, 2017. ʉ. 80-81. (ɿʜʦʙʫʚʘʯʝʤ ʨʦʟʨʦʙʣʝʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʢʽʤʥʘʪʠ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ) 

21. Bilous I., Hetmanchuk H. Use of climatic databases for determinating the 

energy need of heat buildings. International Internet Conference "Scientific Results Of 

2017" (15.12.2017, Vinnitsa). Vinnitsa, 2017. P. 14-16. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʤʝʪʦʜʠʢʠ ʧʝʨʝʨʘʭʫʥʢʫ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʜʦ ʢʽʥʮʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʫ ʚ ʟʦʥʽ 

ʢʽʤʥʘʪʠ) 

22. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɻʫʨʻʻʚ ʄ.ɺ. ɸʥʘʣʽʟ ʟʤʽʥʠ ʝʥʝʨʛʦʧʦʪʨʝʙʠ 

ʙʫʜʽʚʣʽ ʧʨʠ ʟʘʤʽʥʽ ʚʽʢʦʥ. V ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-

ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ ï PEMSô18 (17-19 ʢʚʽʪʥʷ 2018 ʨ., ʤ.ʂʠʾʚ). ʂʠʾʚ: ʂʇɯ ʽʤ.ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, ɯɽɽ, 2018. ʉ. 16. (ɿʜʦʙʫʚʘʯʝʤ ʜʦʩʣʽʜʞʝʥʦ ʨʽʟʥʽ ʪʠʧʠ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʚʽʢʦʥ ʪʘ ʚʧʣʠʚ ʾʭ ʥʘ ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʙʫʜʽʚʣʽ) 
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23. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɻʝʪʤʘʥʯʫʢ ɻ.ʆ. ɺʠʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ʄʽʞʥʘʨʦʜʥʘ 

ʩʪʫʜʝʥʪʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʠʨʦʜʥʠʯʽ ʪʘ ʛʫʤʘʥʽʪʘʨʥʽ ʥʘʫʢʠ. 

ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ.è (26-27 ʢʚʽʪʥʷ 2018 ʨ., ʊʝʨʥʦʧʽʣʴ). ʊʝʨʥʦʧʽʣʴ: ʊʅʊʋ, 2018. 

ʉ. 81-82. (ɿʜʦʙʫʚʘʯʫ ʥʘʣʝʞʠʪʴ ʘʥʘʣʽʟ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ ʙʫʜʽʚʣʽ) 

24. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɻʝʪʤʘʥʯʫʢ ɻ.ʆ. ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʘʩʧʽʨʘʥʪʽʚ, ʤʘʛʽʩʪʨʽʚ, ʩʪʫʜʝʥʪʽʚ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ 

ʥʘʫʢʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠè (24-27 ʢʚʽʪʥʷ 2018 ʨ., ʂʠʾʚ). ʂʠʾʚ: ʂʇɯ ʽʤ. 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʊɽʌ, 2018. ʉ. 184. (ɿʜʦʙʫʚʘʯʝʤ ʜʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʯʥʽ 

ʨʝʞʠʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ) 

25. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɻʦʣʫʙʝʥʢʦ ʆ.ʆ. ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ 

ʨʦʟʨʘʭʫʥʢʫ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʧʦʰʠʨʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʪʝʧʣʝʥʥʷ. ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ "ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ" (10 - 12 ʪʨʘʚʥʷ 2018 ʨ., ʤ. ʏʝʨʥʽʛʽʚ). ʏʝʨʥʽʛʽʚ: ʏʅʊʋ, 2018. 

ʉ. 105-107. (ɿʜʦʙʫʚʘʯʝʤ ʜʦʩʣʽʜʞʝʥʦ ʪʝʧʣʦʽʥʝʨʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʫʪʝʧʣʝʥʥʷ ʜʣʷ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʙʫʜʽʚʝʣʴ ʪʘ ʫʪʝʧʣʶʚʘʯʽʚ) 

26. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʷ ʧʠʪʦʤʦʾ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʙʫʜʽʚʣʽ. 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʊʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʪʨʘʥʩʧʦʨʪʫè (14-16 ʪʨʘʚʥʷ 2018ʨ., ʤ. ʍʘʨʢʽʚ). ʍʘʨʢʽʚ: ʋʢʨɼʋɿʊ, 2018. ʉ. 89-91. 

(ɿʜʦʙʫʚʘʯʝʤ ʩʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʢʽʤʥʘʪʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ ʚ ʦʧʘʣʝʥʥʽ ʪʘ/ʘʙʦ ʦʭʦʣʦʜʞʝʥʥ̔ ʟ ʨʽʯʥʠʤ, ʧʦʤʽʩʷʯʥʠʤ ʪʘ 

ʧʦʛʦʜʠʥʥʠʤ ʢʨʦʢʘʤʠ ʨʦʟʨʘʭʫʥʢʫ) 

27. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɻʫʨʩʴʢʘ ʖ.ɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʭʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ʘʩʧʽʨʘʥʪʽʚ, ʤʘʛʽʩʪʨʽʚ, ʩʪʫʜʝʥʪʽʚ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠè (25-28 ʢʚʽʪʥʷ 2017 ʨ., ʂʠʾʚ). ʂʠʾʚ: ʂʇɯ ʽʤ. ɯʛʦʨʷ 
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ʉʽʢʦʨʩʴʢʦʛʦ, ʊɽʌ, 2017. ʉ. 175. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʠʢ 

ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ ʋʢʨʘʾʥʽ) 

28. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɻʫʨʩʴʢʘ ʖ.ɺ. ʇʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ ʚ ʦʧʘʣʝʥʥʽ. ɯʭ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘè (25-26 ʪʨʘʚʥʷ 2017 ʨ., ʤ.ʂʠʾʚ). 

ʂʠʾʚ: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ɯɽɽ, 2017. ʉ. 129-133. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ) 

29. ɹʘʩʦʢ ɹ.ɯ., ɼʝʰʢʦ ɺ.ɯ., ɻʦʥʯʘʨʫʢ ʉ.ʄ., ɹʽʣʦʫʩ ɯ.ʖ. ɺʧʣʠʚ ʩʦʥʷʯʥʦʾ 

ʨʘʜʽʘʮʽʾ ʥʘ ʪʝʧʣʦʚʠʡ ʩʪʘʥ ʙʫʜʽʚʣʽ. ʇʨʦʤʳʰʣʝʥʥʘʷ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʘ. 2017.ˉ7. ʉ. 

49. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʽʚʝʥʴ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ ʟʦʥʫ ʙʫʜʽʚʣʽ) 

30. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɾʠʞʘ ʄ.ɯ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ 

ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʝʣʴ. ʍɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʘʩʧʽʨʘʥʪʽʚ, 

ʤʘʛʽʩʪʨʽʚ, ʩʪʫʜʝʥʪʽʚ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠè (18-

21 ʢʚʽʪʥʷ 2016 ʨ., ʂʠʾʚ). ʂʠʾʚ: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʊɽʌ, 2016. ʉ. 202. 

(ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʛʣʠʙʠʥʠ ʧʦʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ 

ʢʽʤʥʘʪʽ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ) 

31. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɾʠʞʘ ʄ.ɯ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ 

ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʝʣʴ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʝʪʠʢʘ. 

ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘè (1-3 ʯʝʨʚʥʷ 2016 ʨ., ʤ. ʂʠʾʚ). ʂʠʾʚ: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 

ɯɽɽ, 2016. ʉ. 185-190. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʧʨʠ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʨʝʞʠʤʽʚ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ) 

32. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ʐʝʚʯʝʥʢʦ ʆ.ʄ. ʐʢʘʣʘ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʟʘʢʣʘʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ. ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ "ɽʢʦʣʦʛʦ-ʝʥʝʨʛʝʪʠʯʥʽ 

ʧʨʦʙʣʝʤʠ ʩʫʯʘʩʥʦʩʪʽ" (14 ʢʚʽʪʥʷ 2016 ʨ., ʆʜʝʩʘ). ʆʜʝʩʘ: ʆʅɸʍʊ, 2016. ʉ. 71ï73. 

(ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ) 

33. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ɻʫʨʩʴʢʘ ʖ.ɺ. ɼʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ 
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ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô16è (30 ʪʨʘʚʥʷ-1ʯʝʨʚʥʷ 2016 ʨ., ʤ.ʂʠʾʚ). ʂʠʾʚ: 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ɯɽɽ, ʉ. 77. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʦʚʦʩʪʽ 

ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʛʥʦʟ ʝʥʝʨʛʦʩʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ) 

34. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ. ʌʘʢʪʦʨʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʧʨʠʤʽʱʝʥʴ 

ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʤʝʥʝʜʞʤʝʥʪʽ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ 

ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô 15è (19-21 ʪʨʘʚʥʷ 2015 ʨ., ʤ. ʂʠʾʚ). ʂʠʾʚ: ʂʇɯ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ɯɽɽ, 2015. ʉ. 28. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʧʨʠʤʽʱʝʥʴ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ) 

35. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ., ʉʫʭʦʜʫʙ ɯ.ʆ. ʄʦʜʝʣʶʚʘʥʥʷ ʩʫʤʽʩʥʦʛʦ 

ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʛʦʨʦʜʞʝʥʴ 

ʧʨʠʤʽʱʝʥʥʷ. ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ "ʇʨʦʙʣʝʤʠ ʧʨʦʤʠʩʣʦʚʦʾ ʪʝʧʣʦʪʝʭʥʽʢʠ" 

(20-23 ʞʦʚʪʥʷ 2015 ʨ., ʤ. ʂʠʾʚ). ʂʠʾʚ: ɯʊʊʌ, 2015. ʉ. 110-111. (ɿʜʦʙʫʚʘʯʝʤ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʛʦʨʦʜʞʝʥʴ 

ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ ʚ ʢʽʤʥʘʪʽ) 

36. ɼʝʰʢʦ ɺ.ɯ., ʐʦʚʢʘʣʶʢ ʄ.ʄ., ɭʚʪʫʭʦʚ ɺ.ʗ., ʂʨʘʩʦʚʩʴʢʡ ʆ.ʇ., ɹʽʣʦʫʩ 

ɯ.ʖ. ɼʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ ʟ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʽʥʥʦʚʘʮʽʡʥʦ-ʽʥʚʝʩʪʠʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʨʦʟʚʠʪʢʫ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠè (27 ʣʠʩʪʦʧʘʜʘ 2015 ʨ., ʤ. ʇʦʣʪʘʚʘ). ʇʦʣʪʘʚʘ: ʇʦʣʪʅʊʋ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, 2015. ʉ. 138-139. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʝʢʦʥʦʤʽʾ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚʽʜ ʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ) 

37. ɹʽʣʦʫʩ ɯ.ʖ., ɼʝʰʢʦ ɺ.ɯ., ʐʦʚʢʘʣʶʢ ʄ.ʄ. ʇʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠ̫  çʕʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠ ʪʝʧʣʦʛʘʟʦʩʥʘʙʞʝʥʠʷ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳè (23-22 ʥʦʷʙʨʷ 2013, ʍʘʨʴʢʦʚ). 

ʍʘʨʴʢʦʚ: ʍʅʋɻʍ ʠʤ. ɸ.ʅ.ɹʝʢʝʪʦʚʘ, 2015. ʉ. 90. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʟʘʢʣʘʜʽ) 

38. ɼʝʰʢʦ ɺ.ɯ., ɹʽʣʦʫʩ ɯ.ʖ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ ʜʣʷ ʦʮʽʥʢʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

http://eprints.kname.edu.ua/
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çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʙʫʜʽʚʥʠʮʪʚʽ. ʉʫʯʘʩʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʠʩʪʝʤʠ, ʝʬʝʢʪʠʚʥʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʽʥʞʝʥʝʨʥʝ ʦʙʣʘʜʥʘʥʥʷè(5 ʙʝʨʝʟʥʷ 2014 ʨ., ʤ.ʂʠʾʚ). ʂʠʾʚ: ʅɼɯɹʂ, 

2014. ʉ. 68ï72. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʽʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ) 

39. ʐʦʚʢʘʣʶʢ ʄ.ʄ., ɹʝʣʦʫʩ ʀ.ʖ. ʇʨʘʢʪʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʘʥʘʣʠʟʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʙʘʣʘʥʩʦʚ ʟʜʘʥʠʡ ʫʯʝʙʥʦʛʦ 

ʟʘʚʝʜʝʥʠʷ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʬʦʨʫʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ "GREEN MIND" (15-17 ʦʢʪʷʙʨʷ 2013 ʛ., 

ʂʠʝʚ.). ʂʠʝʚ: ʊʦʨʛʦʚʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ ʧʘʣʘʪʘ ʋʢʨʘʠʥʳ, 2013. ʉ.120. (ɿʜʦʙʫʚʘʯʝʤ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʙʘʣʘʥʩʽʚ ʙʫʜʽʚʣʽ ʜʦ ʪʘ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʟʘʭʦʜʽʚ) 

40. Bilous I., Shovkaluyk M., Shevchenko E. Study level energy efficiency 

for public sector agencies. International Green Energy Conference (IGEC-8) (17-19 

June, 2013., ʂyiv). ʂyiv: NAY, 2013. ʈ.230-231. (ɿʜʦʙʫʚʘʯʝʤ ʜʦʩʣʽʜʞʝʥʦ ʧʽʜʭʦʜʠ 

ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ) 

41. ɹʽʣʦʫʩ ɯ.ʖ., ʐʝʚʯʝʥʢʦ ʆ.ʄ., ʐʦʚʢʘʣʶʢ ʄ.ʄ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ. ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ʘʩʧʽʨʘʥʪʽʚ, ʤʘʛʽʩʪʨʽʚ, ʩʪʫʜʝʥʪʽʚ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʝʪʠʢʠè (16-19 ʢʚʽʪʥʷ 2013 ʨ., ʂʠʾʚ). ʂʠʾʚ: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʊɽʌ, 

2013. ʉ. 162. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʝʥʝʨʛʝʪʠʯʥʫ ʩʝʨʪʠʬʽʢʘʮʽʶ ʙʫʜʽʚʝʣʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ) 

42. ʐʦʚʢʘʣʶʢ ʖ.ɺ., ɹʽʣʦʫʩ ɯ.ʖ. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʥʘ ʧʦʚʽʪʨʷʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʧʦʢʚʘʨʪʠʨʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ. ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ, 

ʤʘʛʽʩʪʨʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ"ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʾ ʪʘ ʛʝʦʪʝʭʥʦʣʦʛʽʾ". (23-25 

ʙʝʨʝʟʥʷ 2011ʨ., ɾʠʪʦʤʠʨ). ɾʠʪʦʤʠʨ. ʉ. 85. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʩʪʘʥ ʧʨʠʤʽʱʝʥʴ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ) 

43. ʐʦʚʢʘʣʶʢ ʄ.ʄ., ɹʽʣʦʫʩ ɯ.ʖ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ. ɺʩʝʫʢʨʘʾʥʩʴʢʘ 

ʩʪʫʜʝʥʪʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʠʨʦʜʥʠʯʽ ʪʘ ʛʫʤʘʥʽʪʘʨʥʽ ʥʘʫʢʠ. 

ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ.è (20 ʙʝʨʝʟʥʷ 2012 ʨ., ʊʝʨʥʦʧʽʣʴ). ʊʝʨʥʦʧʽʣʴ: ʊʅʊʋ, 



20 

2012. ʉ. 111. (ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ) 

44. ʉʚʽʜʦʪʩʪʚʦ ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ. ʅʝʣʽʥʽʡʥʽ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽʡ ʙʫʜʽʚʣʽ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ 

ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ" / ɯ.ʖ. ɹʽʣʦʫʩ, ɺ.ɯ. ɼʝʰʢʦ. ï ˉ 79449; 

ʟʘʷʚʣ. 11.05.2018; ʟʘʨʝʻʩʪʨ. 31.05.2018. (ɿʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ 

ʧʦʙʫʜʦʚʠ ʥʝʣʽʥʽʡʥʠʭ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ) 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

BEM - ʝʥʝʨʛʝʪʠʯʥʽ ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ; 

BEMS - ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʙʫʜʽʚʝʣʴ; 

BIM - ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ; 

CDD - ʦʭʦʣʦʜʞʫʚʘʣʴʥʽ ʛʨʘʜʫʩʦ-ʜʥʽ; 

EN - ɭʚʨʦʧʝʡʩʴʢʽ ʥʦʨʤʠ; 

EP - ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ EnergyPlus; 

HDD - ʦʧʘʣʶʚʘʣʴʥʽ ʛʨʘʜʫʩʦ-ʜʥʽ; 

HVAC - ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ; 

IWEC - ʄʽʜʥʘʨʦʜʥʠʡ ʧʦʛʦʜʥʠʡ ʬʘʡʣ; 

ɺʅɿ - ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ; 

ɻɺʇ - ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ; 

ɼɹʅ - ɼʝʨʞʘʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ; 

ɼʅɿ - ʜʦʰʢʽʣʴʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ; 

ɼʉʊʋ - ɼʝʨʞʘʚʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ; 

ɽʉʂʆ - ʝʥʝʨʛʦʩʝʨʚʽʩʥʘ ʢʦʤʧʘʥʽʷ; 

ɭʉ - ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ; 

ʂʇɯ - ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪʫ; 

ʅɼʈ - ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽ ʨʦʙʦʪʠ; 

ʇʥ - ʧʽʚʥʽʯ; 

ʇʜ - ʧʽʚʜʝʥʴ; 

ʊɽʎ - ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʴ; 

ʋʌʉɯ - ʋʢʨʘʾʥʩʴʢʠʡ ʬʦʥʜ ʩʦʮʽʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ. 

 

 

  



25 

ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɹʣʠʟʴʢʦ 40% ʩʚʽʪʦʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠʧʘʜʘʻ ʥʘ 

ʙʫʜʽʚʣʽ [1]. ʊʦʤʫ ʚ ʫʢʨʘʾʥʩʴʢʠʭ ʩʪʘʥʜʘʨʪʘʭ ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʙʫʜʽʚʣʷʭ. ɸʜʝʢʚʘʪʥʽʩʪʴ ʦʮʽʥʢʠ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ 

ʙʫʜʽʚʣʽ ʷʢ ʩʢʣʘʜʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʦʪʨʝʙʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯ, ʱʦ 

ʚʠʨʽʰʫʶʪʴʩʷ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʦʨʤ ʽ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʽ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ 

ʚ ʋʢʨʘʾʥʽ, ʙʫʜʽʚʣʽ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʩʢʣʘʜʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʚ ʢʦʤʧʣʝʢʩʽ ʟ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ, ʜʞʝʨʝʣʦʤ, ʚʥʫʪʨʽʰʥʽʤ ʪʘ ʟʦʚʥʽʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ. ɼʦ ʢʦʤʧʣʝʢʩʫ ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ 

ʚʽʜʥʦʩʷʪʴ ʝʥʝʨʛʝʪʠʯʥʫ ʦʮʽʥʢʫ ʪʘ ʝʥʝʨʛʦʧʦʪʨʝʙʫ. ʅʘ ʙʘʟʽ ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʧʦʪʨʝʙʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʘ ʦʮʽʥʢʘ ʙʫʜʽʚʣʽ. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ/ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʙʘʟʽ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ, ʷʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʚʠʤʽʨʷʥʘ. ʈʦʟʚʠʪʦʢ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʙʫʜʽʚʣʽ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʘʣʫ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ɺ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʨʦʚʝʜʝʥʦ ʥʠʟʢʫ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʧʨʘʮʷʭ ʽʥʦʟʝʤʥʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ ʖ. ʊʘʙʫʥʱʠʢʦʚ, ɺ. ɹʦʛʦʩʣʦʚʩʴʢʠʡ, W. Perera, M. Mijakowski, 

P. Narowski, L. K. Norford, J.C. Lam, H. C.M. Sam. 

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʧʽʜʭʦʜʽʚ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ 

ʟʨʦʙʠʣʠ ʫʢʨʘʾʥʩʴʢʽ ʥʘʫʢʦʚʮʽ ɻ. ʌʘʨʝʥʶʢ, ʅ. ʌʽʘʣʢʦ, ɺ. ɼʝʰʢʦ, ɺ. ʄʘʣʷʨʝʥʢʦ, 

ɹ. ɹʘʩʦʢ, ɹ. ɼʘʚʠʜʝʥʢʦ, ʉ. ɼʫʙʦʚʩʴʢʠʡ, ʇ. ʂʨʫʢʦʚʩʴʢʠʡ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʫʢʦʚʠʡ 

ʜʦʩʚʽʜ ʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʚʠʨʽʰʝʥʦʶ ʧʨʦʙʣʝʤʘ 

ʘʜʘʧʪʘʮʽʾ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʩʚʽʪʦʚʦʾ ʧʨʘʢʪʠʢʠ ʜʦ ʫʤʦʚ ʋʢʨʘʾʥʠ. 

ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʫʢʦʚʘ ʟʘʜʘʯʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʪʘ 

ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ. 
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ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ 

ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʘʧʨʷʤʢʫ "ɽʥʝʨʛʝʪʠʢʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ" ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ "ʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ 

ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ" ʪʘ ɿʘʢʦʥʽʚ "ʇʨʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ", "ʇʨʦ 

ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ". ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʅɼʈ: "ʈʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʫ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʟʘʢʣʘʜʽʚ 

ʦʩʚʽʪʠ ʄʆʅ ʋʢʨʘʾʥʠ" (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U000313); "ʋʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʦʙ'ʻʢʪʽʚ ʢʦʤʫʥʘʣʴʥʦʾ ʩʬʝʨʠ" (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0117U000469); "ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙôʻʢʪʽʚ ʛʘʣʫʟʽ ʦʩʚʽʪʠ" (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0113U001575), ʛʦʩʧʜʦʛʦʨʽʚʥʠʭ ʅɼʈ: "ʅʘʫʢʦʚʠʡ ʩʫʧʨʦʚʽʜ ʧʨʦʝʢʪʫ ʋʌʉɯ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʩʚʽʪʠ ʧʦʩʣʫʛ ʙʶʜʞʝʪʥʠʭ ʟʘʢʣʘʜʽʚ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʪʘ 

ɺʽʥʥʠʮʴʢʦʾ ʦʙʣ. ʄʝʪʦʜʠʢʘ ʝʥʝʨʛʦʘʫʜʠʪʫ." (ˉ 11 ʚʽʜ 15.12.2014), "ʈʦʟʨʦʙʢʘ 

ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʧʦ ʧʨʦʛʨʘʤʽ ʋʌʉɯ" (ˉ 2 ʚʽʜ 

23.10.2015). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʧʦʜʘʣʴʰʠʡ 

ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʰʣʷʭʦʤ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʨʘʭʫʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʯʘʩʦʚʦʾ ʜʠʥʘʤʽʢʠ ʧʦʛʦʜʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʩʽʪʢʦʚʠʭ ʤʦʜʝʣʷʭ ʙʫʜʽʚʝʣʴ. 

ʈʝʘʣʽʟʘʮʽʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʙʫʜʽʚʝʣʴ; 

- ʨʦʟʨʦʙʠʪʠ ʩʫʢʫʧʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʨʦʚʝʩʪʠ 

ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʜʘʯ ʚ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ 

ʙʫʜʽʚʝʣʴ; 

- ʚʠʟʥʘʯʠʪʠ ʚʘʛʦʤʽʩʪʴ ʚʧʣʠʚʫ ʤʽʥʣʠʚʦʩʪʽ ʩʫʢʫʧʥʦʩʪʽ ʧʦʛʦʜʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʜʠʥʘʤʽʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ; 
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- ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʫ ʜʽʘʛʥʦʩʪʠʢʫ ʣʦʢʘʣʴʥʦʛʦ ʪʘ ʯʘʩʦʚʦʛʦ 

ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʧʣʦʚʠʡ ʢʦʤʬʦʨʪ ʙʫʜʽʚʣʽ; 

- ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʦʾ 

ʽʥʝʨʮʽʡʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ ʤʽʥʣʠʚʦʩʪʽ ʧʦʛʦʜʥʠʭ ʫʤʦʚ; 

- ʟʘʩʪʦʩʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣ ̔ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ 

ʟʘʢʣʘʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʫʤʦʚʘʭ 

ʜʠʥʘʤʽʯʥʦʾ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʽ ʩʧʦʩʦʙʠ ʦʮʽʥʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜʠʯʥʫ ʦʩʥʦʚʫ ʧʨʦʚʝʜʝʥʦʛʦ ʥʘʫʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʣʠ ʪʘʢʽ ʤʝʪʦʜʠ: ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ, ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ, 

ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

ʪʝʦʨʽʾ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʪʘʥʫ ʧʨʠʤʽʱʝʥʴ, ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʧʦʛʦʜʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

- ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʪʘ ʩʪʚʦʨʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʧʦʻʜʥʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʪʦʜʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʣʽ 

ʷʢ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ, ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʽʩʪʦʨʽʾ ʟʤʽʥʠ ʽ ʛʨʫʧʫʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ 

ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʘ 

ʨʝʛʫʣʶʚʘʪʠ ʦʧʘʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʝʨʮʽʡʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʜʦ ʟʤʽʥʠ ʧʦʛʦʜʥʠʭ 

ʫʤʦʚ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʫʜʦʩʢʦʥʘʣʝʥʦ ʥʝʩʪʘʮʽʦʥʘʨʥʫ ʩʽʪʢʦʚʫ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ 

ʙʫʜʽʚʝʣʴ ʟʘ ʨʘʭʫʥʦʢ ʫʪʦʯʥʝʥʥʷ ʨʦʟʜʽʣʝʥʥʷ ʪʝʧʣʦʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʛʦʨʦʜʞʝʥʴ ʙʫʜʽʚʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʦʟʙʽʞʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʫ ʨʝʞʠʤʘʭ ʦʧʘʣʝʥʥʷ ʪʘ/ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʫʤʦʚʘʭ ʢʨʘʾʥ ʟ 

ʨʽʟʢʦʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤ ʢʣʽʤʘʪʦʤ; 
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- ʨʦʟʚʠʥʝʥʦ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʨʝʞʠʤʽʚ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʙʘʚʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʘʣʝʥʥʷ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʜʣʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʛʣʠʙʠʥ ʧʦʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʢʦʤʬʦʨʪʥʠʡ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʽ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʽ ʚʠʟʥʘʯʠʪʠ 

ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʘʭ; 

- ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʨʦʟʚʠʥʫʪʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʛʣʠʙʣʝʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣ,̔ ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʤʽʱʝʥʥʷʭ 

ʙʫʜʽʚʣʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʣʦʢʘʣʴʥʦʛʦ ʪʘ ʯʘʩʦʚʦʛʦ ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʬʘʢʪʠʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʪʘ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ), ʚ 

ʫʤʦʚʘʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ ʟʤʽʥʠ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʝʥʝʨʛʝʪʠʯʥʫ ʰʢʘʣʫ ʥʘ 14 ʢʣʘʩʽʚ ʜʣʷ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʙʫʜʽʚʝʣʴ ʛʨʦʤʘʜʩʴʢʠʭ ʟʘʢʣʘʜʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʥʝʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʪʘ ʩʝʣʘʭ, ʱʦ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʠʭ ʨʝʧʝʨʥʠʭ ʪʦʯʢʘʭ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʪʘ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʧʨʦʝʢʪʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ 

ʝʥʝʨʛʦʩʦʞʠʚʘʥʥʷʤ ʫ ʙʫʜʽʚʣʷʭ. ʈʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʩʪʘʥ 

ʧʨʠʤʽʱʝʥʴ ʪʘ/ʘʙʦ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʛʦʨʦʜʞʝʥʴ ʪʘ ʯʘʩʦʚʦʾ ʤʽʥʣʠʚʦʩʪʽ ʧʦʛʦʜʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. ɺ ʮʽʣʦʤʫ ʜʣʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʩʝʢʪʦʨʫ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʝʯʠʤʽʚ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʧʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʪʠ ʝʢʦʥʦʤʽʾ - ʜʦ 3,6 ʤʣʥ. ɻʢʘʣ. 

ɼʣʷ ʋʢʨʘʾʥʩʴʢʦʛʦ ʌʦʥʜʫ ʉʦʮʽʘʣʴʥʠʭ ɯʥʚʝʩʪʠʮʽʡ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʙʫʜʽʚʝʣʴ ʟʘʢʣʘʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʾʭ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʜʘʥʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 
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ɼʇ çɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡè ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʨʝʧʝʨʥʠʭ 

ʪʦʯʦʢ ʪʘ ʧʦʙʫʜʦʚʠ ʰʢʘʣ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ. ɼʣʷ ʩʣʫʞʙʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʉʫʤɼʋ) 

ʨʦʟʨʦʙʣʝʥʦ ʜʠʥʘʤʽʯʥ ̔ ʤʘʪʝʤʘʪʠʯʥ ̔ ʤʦʜʝʣ ̔ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. ʉʣʫʞʙʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʜʣʷ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ʚʠʢʦʨʠʩʪʘʥʦ 

ʨʦʟʨʦʙʣʝʥʫ ʥʝʣʽʥʽʡʥʫ ʙʘʛʘʪʦʬʘʢʪʦʨʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʪʘ/ʘʙʦ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨʽ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʜʣʷ ʚʠʢʣʘʜʘʥʥʷ ʢʫʨʩʫ "ʄʝʪʦʜʠ ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʝʥʝʨʛʦʘʫʜʠʪʫ" ʪʘ ʜʠʩʮʠʧʣʽʥ "ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʙʫʜʽʚʣʷʭ", "ʄʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ". 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʷ ʻ ʟʘʚʝʨʰʝʥʦʶ ʥʘʫʢʦʚʦʶ ʧʨʘʮʝʶ. 

ɺʩʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʘʚʝʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʦʪʨʠʤʘʥʽ 

ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ. ʋ ʜʨʫʢʦʚʘʥʠʭ ʧʨʘʮʷʭ (ɼʦʜʘʪʦʢ ɸ), ʷʢʽ ʙʫʣʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʧʽʜʭʦʜʽʚ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʫʜʽʚʝʣʴ [1, 8, 38]; ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ [2, 3, 6, 19, 24, 26-28] ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ [9, 20, 21, 29]; 

ʜʦʩʣʽʜʞʝʥʦ ʧʝʨʝʨʠʚʯʘʩʪʽ ʨʝʞʠʤʠ ʦʧʘʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʦ ʨʽʚʝʥʴ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

[16, 30, 31]; ʚʠʢʦʥʘʥʦ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʫ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʪʘ ʩʪʚʦʨʝʥʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʨʝʛʨʝʩʽʡʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ/ʘʙʦ ʨʽʚʥʷ 

ʦʧʘʣʝʥʥʷ [4, 5, 33, 34, 44]; ʜʦʩʣʽʜʞʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʪʘ 

ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʛʦʨʦʜʞʝʥʴ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʽʪʨʷ ʪʘ/ʘʙʦ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʚ ʢʽʤʥʘʪʽ [12, 13, 17, 35]; ʜʦʩʣʽʜʞʝʥʦ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʩʪʘʥ ʧʨʠʤʽʱʝʥʴ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ʪʘ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ [7, 10, 23]; ʟʘʩʪʦʩʦʚʘʥʦ ʜʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ 
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ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʚ 

ʙʫʜʽʚʣʷʭ [14, 15, 22, 25, 37, 39, 41, 42]; ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʰʢʘʣʫ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʦʙ'ʻʢʪʽʚ [11, 18,33, 36, 38, 40, 43].  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʾ, ʙʫʣʠ ʚʠʩʚʽʪʣʝʥʽ ʥʘ ʄʽʞʥʘʨʦʜʥʠʭ ʽ ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʪʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟʦʢʨʝʤʘ: ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʠʨʦʜʥʠʯʽ ʪʘ ʛʫʤʘʥʽʪʘʨʥʽ ʥʘʫʢʠ. ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ.è (ʊʝʨʥʦʧʽʣʴ, 

2012, 2018), ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʬʦʨʫʤʝ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ "Green 

Mind" (ʂʠʾʚ, 2013), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʕʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʪʝʧʣʦʛʘʟʦʩʥʘʙʞʝʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳè (ʍʘʨʢʽʚ, 2013), International Green Energy 

Conference (ʂʠʾʚ, 2013), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ, 

ʤʘʛʽʩʪʨʽʚ, ʩʪʫʜʝʥʪʽʚ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠè 

(ʂʠʾʚ, 2014, 2016, 2017, 2018), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʪʘ ʥʘʚʯʘʣʴʥʦ-

ʤʝʪʦʜʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ ï PEMS" (ʂʠʾʚ, 2015, 2016, 2018), ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʇʨʦʙʣʝʤʠ 

ʧʨʦʤʠʩʣʦʚʦʾ ʪʝʧʣʦʪʝʭʥʽʢʠ" (ʂʠʾʚ, 2015, 2017), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘè (ʂʠʾʚ, 2016, 2017), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ "ɽʢʦʣʦʛʦ-ʝʥʝʨʛʝʪʠʯʥʽ 

ʧʨʦʙʣʝʤʠ ʩʫʯʘʩʥʦʩʪʽ" (ʆʜʝʩʘ, 2016), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʽʥʪʝʨʥʝʪ-

ʢʦʥʬʝʨʝʥʮʽʾ "ʉʫʯʘʩʥʽ ʽʥʥʦʚʘʮʽʡʥʦ-ʽʥʚʝʩʪʠʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʨʦʟʚʠʪʢʫ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʝʢʦʥʦʤʽʢʠ" (ʇʦʣʪʘʚʘ, 2015), II International Scientific-Technical Conference ñActual 

problems of power engineering, construction and environmental engineeringò 

(Poland, 2017), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ 

çɹʫʜ-ʄʘʡʩʪʝʨ-ʂʣʘʩ-2017è (ʂʠʾʚ, 2017),  ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ "ʅʘʫʢʦʚʽ ʧʽʜʩʫʤʢʠ 2017 ʨʦʢʫ" (ɺʽʥʥʠʮʷ, 2017), ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ" (ʏʝʨʥʽʛʽʚ, 2018), ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 
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çʊʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʪʨʘʥʩʧʦʨʪʫè (ʍʘʨʢʽʚ, 2018), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʙʫʜʽʚʥʠʮʪʚʽ. ʉʫʯʘʩʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʠʩʪʝʤʠ, ʝʬʝʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʽʥʞʝʥʝʨʥʝ ʦʙʣʘʜʥʘʥʥʷè (ʂʠʾʚ, 

2014), ɺʩʝʫʢʨʘʾʥʩʴʢʦʤʫ ʢʦʥʢʫʨʩʽ "ʄʦʣʦʜʴ ʝʥʝʨʛʝʪʠʮʽ ʋʢʨʘʾʥʠ: ʚʽʜʢʨʠʪʠʡ ʢʦʥʢʫʨʩ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʢʽʚ" (ʂʠʾʚ, 2010, 2013, 2016). ʇʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʢʦʥʢʫʨʩʽ ʨʦʙʦʪʠ ʟʜʦʙʫʣʠ ʧʨʠʟʦʚʽ ʤʽʩʮʷ. 

ʇʫʙʣʽʢʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʽʜʦʙʨʘʞʝʥʦ ʫ 44 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ï 14 ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (ʟ ʥʠʭ 6 ʚ ʚʠʜʘʥʥʷʭ 

ʽʥʦʟʝʤʥʠʭ ʜʝʨʞʘʚ, ʟ ʥʠʭ 3 ī ʚʥʝʩʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʙʘʟʠ Scopus; 4 ʫ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦʤʝʪʨʠʯʥʠʭ ʙʘʟ), 3 ï ʚ ʽʥʰʠʭ 

ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ (ʟ ʥʠʭ 2 ʫ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ) ʪʘ ʫ ʦʜʥʽʡ ʢʦʣʝʢʪʠʚʥʽʡ ʤʦʥʦʛʨʘʬʽʾ, ʦʜʥʦʤʫ ʩʚʽʜʦʮʪʚʽ ʧʨʦ 

ʨʝʻʩʪʨʘʮʽʶ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʥʘ ʥʘʫʢʦʚʠʡ ʪʚʽʨ, 25 ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʫ ʟʙʽʨʥʠʢʘʭ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ, ʟ ʷʢʠʭ 1 ʫ ʚʠʜʘʥʥ ̔ʽʥʦʟʝʤʥʠʭ ʜʝʨʞʘʚ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛʠ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʽ ʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʜʦʜʘʪʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 236 ʩʪʦʨʽʥʢʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ, 186 ʩʪʦʨʽʥʦʢ 

ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 76 ʨʠʩʫʥʢʽʚ, 9 ʪʘʙʣʠʮʴ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟʽ 198 

ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ 4 ʜʦʜʘʪʢʠ. 
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ʈʆɿɼɯʃ 1 ʉʋʏɸʉʅɯ ʊɽʅɼɽʅʎɯɰ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʉʊɸʅʋ ʊɸ 

ɺʀɿʅɸʏɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɹʋɼɯɺɽʃʔ 

 

ɸʜʝʢʚʘʪʥʘ ʦʮʽʥʢʘ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʷʢ ʩʢʣʘʜʥʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʽʚʝʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʦʤʧʣʝʢʩʫ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʨʝʘʣʽʟʘʮʽʾ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʪʘ ʧʽʜʚʠʱʝʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʻ ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʦʮʽʥʢʠ, ʪʦʤʫ ʚʠʙʽʨ ʪʘ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ 

ʙʫʜʽʚʝʣʴ ʻ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ. 

 

1.1 ʈʽʚʝʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

 

ɿʘ ʩʪʘʪʠʩʪʠʢʦʶ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ 

ʥʘ ʪʨʠ ʚʝʣʠʢʽ ʛʨʫʧʠ: ʧʨʦʤʠʩʣʦʚʽʩʪʴ (ʜʦ 28%), ʪʨʘʥʩʧʦʨʪ (ʜʦ 32%) ʪʘ ʞʠʪʣʦʚʠʡ 

ʩʝʢʪʦʨ (ʧʦʥʘʜ 40%) [1]. ʆʩʦʙʣʠʚʦʩʪʽ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ ʚ 

ʩʪʨʫʢʪʫʨʽ ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚ ʋʢʨʘʾʥʽ ʛʘʟ ʩʪʘʥʦʚʠʪʴ ʜʝʩʴ 41% 

(ʥʘʬʪʘ 18,4%, ʚʫʛʽʣʣʷ 24,3%, ʘʪʦʤʥʘ ʝʥʝʨʛʽʷ ʪʘ ʽʥʰʽ ï 16,3%), ʱʦ ʚʪʨʠʯʽ ʙʽʣʴʰʝ, 

ʥʽʞ ʚ ʩʚʽʪʽ, ʽ ʫʜʚʽʯʽ ï ʥʽʞ ʫ ɭʚʨʦʧʽ. ʇʨʠ ʮʴʦʤʫ, ʩʠʪʫʘʮʽʶ, ʙʝʟʫʤʦʚʥʦ, ʫʩʢʣʘʜʥʶʻ ʪʝ, 

ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʛʘʣʴʥʠʡ ʩʪʝʨʝʦʪʠʧ, ʛʦʣʦʚʥʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʛʘʟʫ ʚ ʋʢʨʘʾʥʽ, 

ʜʦ ʪʦʛʦ ʞ ʫʢʨʘʡ ʥʝʝʬʝʢʪʠʚʥʠʤʠ, ʻ ʥʝ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʥʘʩʝʣʝʥʥʷ, 

ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʪʘ ʊɽʎ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ ʪʝʧʣʦʚʫ ʪʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. 

ʊʘʢ, ʫ 2007 ʨʦʮʽ ʟ 69,8 ʤʣʨʜ. ʢʫʙ. ʤ. ʚ ʋʢʨʘʾʥʽ ʚʝʩʴ ʧʨʦʤʠʩʣʦʚʠʡ ʩʝʢʪʦʨ 

ʚʠʢʦʨʠʩʪʘʚ ʙʣʠʟʴʢʦ 26 ʤʣʨʜ. ʢʫʙ. ʤ ʛʘʟʫ, ʘ ʥʘʩʝʣʝʥʥʷʤ, ʥʝʧʨʦʤʠʩʣʦʚʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʘ ʊɽʎ (ʡʜʝʪʴʩʷ ʧʨʦ ʚʠʨʦʙʽʪʦʢ ʝʣʝʢʪʨʦ- ʪʘ ʪʝʧʣʦʝʥʝʨʛʽʾ ʜʣʷ 

ʥʘʩʝʣʝʥʥʷ) ʩʧʦʞʠʪʦ 35-36 ʤʣʨʜ. ʢʫʙ. ʤ ʛʘʟʫ. [1, 2] 

ʋ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʋʢʨʘʾʥʠ ʩʧʦʞʠʚʘʻʪʴʩʷ 75 ʤʣʥ. ʪ 

ʫʤʦʚʥʦʛʦ ʧʘʣʠʚʘ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 40% ʱʦʨʽʯʥʦʛʦ ʚʠʪʨʘʯʘʥʥʷ ʧʘʣʠʚʘ ʚ 
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ʟʘʛʘʣʴʥʦʤʫ ʝʥʝʨʛʦʙʘʣʘʥʩʽ ʢʨʘʾʥʠ [1-5]. ɾʠʪʣʦʚʠʡ ʬʦʥʜ ʪʘ ʽʥʰʽ ʦʙ'ʻʢʪʠ ʩʦʮʽʘʣʴʥʦʾ 

ʩʬʝʨʠ ʩʧʦʞʠʚʘʶʪʴ 85% ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ ʧʦʪʨʝʙʠ ʦʧʘʣʝʥʥʷ. 

ɺ 70é80-ʭ ʨʦʢʘʭ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʩʝʟʦʥ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʥʘ 1 ʤ
2
 ʞʠʪʣʘ 

ʜʣʷ ʙʫʜʠʥʢʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʨʘʥʽʰʝ, ʩʢʣʘʜʘʣʘ 280 ʢɺʪĀʛʦʜ/ʤ
2
 ʚ ɸʥʛʣʽʾ, 

360 ʢɺʪĀʛʦʜ/ʤ
2
 ʚ ʅʽʤʝʯʯʠʥʽ, 400 ʢɺʪĀʛʦʜ/ʤ

2
 ʚ ʇʦʣʴʱʽ. ɺ 90-ʭ ʨʦʢʘʭ ʍʍ ʩʪʦʣʽʪʪʷ ʚ 

ɿʘʭʽʜʥʽʡ ɭʚʨʦʧʽ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʷʛʘʚ 120 ʢɺʪĀʛʦʜ/ʤ
2
, ʘ ʟʛʽʜʥʦ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ 40 ʘʙʦ 

60 ʢɺʪĀʛʦʜ/ʤ
2
. ɺ ʪʦʡ ʞʝ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ 1 ʤ

2
 

ʞʠʪʣʘ ʩʪʘʥʦʚʠʪʴ ʫ ʙʫʜʠʥʢʘʭ, ʟʚʝʜʝʥʠʭ ʚ ʨʘʜʷʥʩʴʢʠʡ ʧʝʨʽʦʜ, ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ 

ʮʝʛʣʷʥʠʭ ï 400 ʢɺʪĀʛʦʜ/ʤ
2
, ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʧʘʥʝʣʴʥʠʭ ï 600 ʢɺʪĀʛʦʜ/ʤ

2
, 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ï 700 ʢɺʪĀʛʦʜ/ʤ
2
. [1] 

ɺʠʩʥʦʚʦʢ. ɿ ʚʠʱʝ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʜʥʦ, ʱʦ ʙʫʜʽʚʣʽ ʻ ʩʠʛʤʝʥʪʦʤ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʾ ʫʚʘʛʠ. ʅʝʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ɾʂɻ 

ʧʦʪʨʝʙʫʻ ʜʽʻʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʚʧʣʠʚʫ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 

 

1.2 ʅʘʧʨʷʤʢʠ ʚʧʣʠʚʫ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

 

ʇʨʦʙʣʝʤʘʤʠ ʜʣʷ ʋʢʨʘʾʥʠ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʝʬʝʢʪʠʚʥʝ ʩʧʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷʤ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʥʝʥʘʣʝʞʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʧʝʨʝʚʘʞʥʦʾ 

ʙʽʣʴʰʦʩʪʽ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʚ ʦʩʥʦʚʥʽʡ ʤʽʨʽ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʠʟʴʢʠʤ ʪʝʨʤʽʯʥʠʤ 

ʦʧʦʨʦʤ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʦʨʤʠ ʧʦ ʪʝʧʣʦʚʦʤʫ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʚ 

ʋʢʨʘʾʥʽ (ʚ ʈʘʜʷʥʩʴʢʦʤʫ ʉʦʶʟʽ) ʽʩʥʫʶʪʴ ʟ 1921 ʨ. ʧʨʦʪʷʛʦʤ ʮʴʦʛʦ ʯʘʩʫ ʚʦʥʠ 

ʧʽʜʣʷʛʘʣʠ ʙʽʣʴʰʝ ʜʝʩʷʪʠ ʨʝʜʘʢʮʽʷʤ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʟʤʽʥʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʢʨʘʾʥʽ. ɼʦ ʢʽʥʮʷ 80-ʭ ʨʦʢʽʚ ʘʢʮʝʥʪ ʥʘʛʦʣʦʰʫʚʘʚʩʷ ʥʘ ʚʘʨʪʦʩʪʽ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʪʦʙʪʦ ʤʽʥʽʤʽʟʫʚʘʣʠʩʷ ʢʘʧʽʪʘʣʴʥʽ ʟʘʪʨʘʪʠ ʽ ʤʘʡʞʝ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. ʅʘ ʪʦʡ ʯʘʩ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʥʝ ʝʬʝʢʪʠʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʙʫʜʽʚʣʷʭ, ʘ ʦʨʽʻʥʪʫʚʘʣʘʩʷ ʥʘ ʝʢʦʥʦʤʽʶ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʛʽʛʽʻʥʠ ʪʘ ʙʝʟʧʝʢʠ. ɹʽʣʴʰʽʩʪʴ 

ʙʫʜʽʚʝʣʴ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ (ʙʣʠʟʴʢʦ 80%) ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʤʘʩʦʚʦʾ ʟʘʙʫʜʦʚʠ 70-80-ʭ ʨʦʢʽʚ. 
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ʉʠʪʫʘʮʽʷ ʟʤʽʥʠʣʘʩʷ ʧʽʩʣʷ ʥʘʙʫʪʪʷ ʋʢʨʘʾʥʦʶ ʩʪʘʪʫʩʫ ʥʝʟʘʣʝʞʥʦʾ ʜʝʨʞʘʚʠ ʪʘ 

ʧʝʨʝʭʦʜʫ ʜʦ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ. ʇʦʯʠʥʘʶʯʠ ʟ 90-ʭ ʨʦʢʽʚ ʽ ʜʦ ʩʴʦʛʦʜʥʽ ʮʝʡ ʧʝʨʽʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʨʦʩʪʦʤ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʚ ʩʝʨʝʜʠʥʽ ʢʨʘʾʥʠ, ʱʦ ʻ 

ʚʽʜʧʦʚʽʜʜʶ ʥʘ ʘʥʘʣʦʛʽʯʥʽ ʪʝʥʜʝʥʮʽʾ ʫ ʩʚʽʪʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʛʘʟʦʚʦʶ ʢʨʠʟʦʶ ʚ ʋʢʨʘʾʥʽ 

ʧʦʯʠʥʘʶʯʠ ʟ 2014 ʨʦʢʫ, ʷʢʘ ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʧʦʩʪʘʣʘ ʚʟʠʤʢʫ 2017-2018 ʨʦʢʫ, 

ʧʠʪʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ. 

ɿʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʝʥʝʨʛʦʥʦʩʽʾʚ ʥʘ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʝʣʴ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ 

ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. ɺ ʋʢʨʘʾʥʽ ʦʜʠʥ ʟ ʰʣʷʭʽʚ ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʩʪʘʜʽʷʭ ʷʢ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (ʨʠʩ. 1.1). ɼʨʫʛʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʪʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʘʭ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ. ʊʨʝʪʽʡ 

ʥʘʧʨʷʤʦʢ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʙʫʜʽʚʝʣʴ (ʣʦʢʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷʤ). ʏʝʪʚʝʨʪʠʡ ï ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʧʣʠʚʫ ʥʘ ʩʦʮʽʘʣʴʥʠʡ ʬʘʢʪʦʨ, ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽ,ʾ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʝʜʽʥʢʦ  ʁ

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

 

ʈʠʩ. 1.1 ï ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʦʥʦʩʽʾʚ ʥʘ ʦʧʘʣʝʥʥʷ 

ʙʫʜʽʚʝʣʴ 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʰʦʛʦ ʥʘʧʨʷʤʢʫ ʜʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʜʦ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʟ ʯʝʨʚʥʽ 2017 ʨʦʢʫ ʥʘʙʫʚ ʯʠʥʥʦʩʪʽ ɿʘʢʦʥ "ʇʨʦ 
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ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ"   ̄2118-VIII  [6] ʪʘ ʜʽʻ ʨʷʜ ʜʝʨʞʘʚʥʠʭ ʪʘ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʧʽʜʪʨʠʤʢʠ ʥʘʩʝʣʝʥʥʷ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʝʥʝʨʛʦʦʱʘʜʣʠʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ [7, 8].  

ʄʽʞʥʘʨʦʜʥʽ ʽʥʚʝʩʪʠʮʽʡʥʽ ʧʨʦʛʨʘʤʠ ʚ ʋʢʨʘʾʥʽ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʟʦʩʝʨʝʜʞʝʥʥʽ ʥʘ 

ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʛʨʦʤʘʜʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʤʘʡʞʝ ʥʝʙʨʘʣʠ ʜʦ ʫʚʘʛʠ ʞʠʪʣʦʚʽ 

ʙʫʜʠʥʢʠ. ʅʘʧʨʠʢʣʘʜ, ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ "ɺʠʱʘ ʦʩʚʽʪʘ ʋʢʨʘʾʥʠ" ʤʽʞ ʋʢʨʘʾʥʦʶ ʪʘ 

ɭʚʨʦʧʝʡʩʴʢʠʤ ʽʥʚʝʩʪʠʮʽʡʥʠʤ ʙʘʥʢʦʤ ʧʨʦʚʦʜʠʪʴʩʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ. ʊʘʢʽ ʦʙ'ʻʢʪʠ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ, ʘ ʦʪʞʝ ʧʦʪʨʝʙʫʶʪʴ 

ʚʝʣʠʢʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ, ʱʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʧʨʦʛʨʘʤ, ʜʝ ʤʦʞʫʪʴ 

ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʪʘʢʽ ʧʨʦʝʢʪʠ. ɼʣʷ ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʜʽʶʪʴ ʚ 

ʋʢʨʘʾʥʽ, ʥʝʚʝʣʠʢʽ ʩʦʮʽʘʣʴʥʽ ʦʙ'ʻʢʪʠ (ʥʘʧʨʠʢʣʘʜ, ʰʢʦʣʠ, ʜʠʪʷʯʽ ʩʘʜʦʯʢʠ) ʻ ʙʽʣʴʰ 

ʧʨʠʚʘʙʣʠʚʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʣʫʯʝʥʥʷ ʢʦʰʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʋʢʨʘʾʥʩʴʢʠʡ ʬʦʥʜ 

ʩʦʮʽʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʟʘ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʋʨʷʜʫ ʅʽʤʝʯʯʠʥʠ ʨʝʘʣʽʟʫʪʁʴ 

ʧʨʦʝʢʪʠ ʧʦ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʩʦʮʽʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ. ɺ 

ʧʨʦʛʨʘʤʽ ʚʞʝ ʧʨʠʡʥʷʣʠ ʫʯʘʩʪʴ ʤʽʩʪʘ, ʩʤʪ. ʪʘ ʩʝʣʘ ʃʴʚʽʚʩʴʢʦʾ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ, 

ɺʽʥʥʠʮʴʢʦʾ, ɿʘʧʦʨʽʟʴʢʦʾ ʪʘ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʑʝ ʦʜʠʥ ʟ ʥʘʧʨʷʤʢʽʚ ʥʘʙʫʚ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʨʠ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʫ ʙʶʜʞʝʪʥʽʡ ʩʬʝʨʽ, ʟʘʣʫʯʝʥʥʷ ʜʦ ʩʧʽʚʧʨʘʮʽ 

ʝʥʝʨʛʦʩʝʨʚʽʩʥʦʾ ʢʦʤʧʘʥʽʾ ï ɽʉʂʆ. ɽʉʂʆ ʢʦʤʧʘʥʽʷ ʽʥʚʝʩʪʫʻ ʢʦʰʪʠ ʪʘ ʦʪʨʠʤʫʻ 

ʚʽʜʩʦʪʦʢ ʚʽʜ ʦʪʨʠʤʘʥʦʾ ʝʢʦʥʦʤʽʾ, ʫ ʪ.ʯ. ʽ ʟ ʙʶʜʞʝʪʥʠʭ ʢʦʰʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʦʧʣʘʪʠ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ [9].  

ɿ ʞʦʚʪʥʷ 2014 ʨʦʢʫ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʆʉɹɹ ʜʽʻ ʨʦʟʨʦʙʣʝʥʘ 

ɼʝʨʞʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʘ ʋʨʷʜʦʚʘ ʧʨʦʛʨʘʤʘ "ʪʝʧʣʠʭ" ʢʨʝʜʠʪʽʚ. 

ʇʨʦʛʨʘʤʦʶ ʧʝʨʝʜʙʘʯʝʥʦ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʟ ʜʝʨʞʙʶʜʞʝʪʫ ʫ ʪʘʢʠʭ ʨʦʟʤʽʨʘʭ [9]: 

¶ 20% ʩʫʤʠ ʢʨʝʜʠʪʫ ʥʘ ʧʨʠʜʙʘʥʥʷ ʥʝʛʘʟʦʚʠʭ/ʥʝʝʣʝʢʪʨʠʯʥʠʭ ʢʦʪʣʽʚ ʜʣʷ 

ʬʽʟʠʯʥʠʭ ʦʩʽʙ; 

¶ 35% ʩʫʤʠ ʢʨʝʜʠʪʫ ʥʘ ʧʨʠʜʙʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ/ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʬʽʟʠʯʥʠʭ ʦʩʽʙ; 

¶ 40% ʩʫʤʠ ʢʨʝʜʠʪʫ ʜʣʷ ʆʉɹɹ/ɾɹʂ, ʷʢ ʶʨʠʜʠʯʥʠʭ ʦʩʽʙ, ʜʣʷ 

ʟʘʛʘʣʴʥʦʙʫʜʠʥʢʦʚʠʭ ʟʘʭʦʜʽʚ. 
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ɻʨʦʤʘʜʷʥʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʯʘʩʪʢʦʚʫ ʢʦʤʧʝʥʩʘʮʽʶ ʥʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʟʘʭʦʜʠ ʥʝ ʪʽʣʴʢʠ ʟ ʜʝʨʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ, ʘʣʝ ʡ ʜʦʜʘʪʢʦʚʦ ï 15-

20% ï ʟ ʦʙʣʘʩʥʠʭ ʽ ʤʽʩʴʢʠʭ ʙʶʜʞʝʪʽʚ. ɺ ʋʢʨʘʾʥʽ ʜʽʻ 204 ʤʽʩʮʝʚʽ ʧʨʦʛʨʘʤʠ 

ʟʜʝʰʝʚʣʝʥʥʷ "ʪʝʧʣʠʭ" ʢʨʝʜʠʪʽʚ. [9] ʆʜʥʦʯʘʩʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʟʘʭʦʜʽʚ ʟ ʜʝʨʞʘʚʥʦʛʦ ʪʘ ʤʽʩʮʝʚʦʛʦ ʙʶʜʞʝʪʽʚ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨ 

ʢʦʤʧʝʥʩʘʮʽʾ ʜʦ 45% ʚʘʨʪʦʩʪʽ ʧʨʦʝʢʪʫ ʽ ʩʢʦʨʦʪʠʪʠ ʩʪʨʦʢ ʦʢʫʧʥʦʩʪʽ ʙʽʣʴʰʦʩʪʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ. 

ʋʩʴʦʛʦ ʫ 2016ʨ. ʋʨʷʜʦʤ ʙʫʣʦ ʚʠʧʣʘʯʝʥʦ 843 ʤʣʥ. ʛʨʥ. (ʫ 2015ʨ. ï 390 ʤʣʥ. 

ʛʨʥ.) ʙʝʟʧʦʚʦʨʦʪʥʦʾ ʬʽʥʘʥʩʦʚʦʾ ʜʦʧʦʤʦʛʠ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʟʘʭʦʜʠ. ɼʦʤʽʥʫʶʯʠʤ 

ʧʦʧʠʪʦʤ ʢʦʨʠʩʪʫʚʘʣʠʩʷ ñʪʝʧʣʽò ʢʨʝʜʠʪʠ ʥʘ ʧʦʢʫʧʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʚ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʦʟʨʽʟʽ ʧʨʦʛʨʘʤʘ ʥʘʙʫʣʘ 

ʚ ʃʴʚʽʚʩʴʢʽʡ, ʂʠʾʚʩʴʢʽʡ (ʚʢʣʶʯʥʦ ʤ. ʂʠʾʚ), ʉʫʤʩʴʢʽʡ, ɺʽʥʥʠʮʴʢʽʡ, ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʽʡ, ʈʽʚʥʝʥʩʴʢʽʡ ʪʘ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ [7]. 

ʉʝʨʝʜʥʷ ʝʢʦʥʦʤʽʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʟʘʭʦʜʽʚ ʟʘ ʧʨʦʛʨʘʤʦʶ, ʷʢʽ ʟʘʩʪʦʩʫʚʘʣʠ ʆʉɹɹ ʽ ɾɹʂ ʩʢʣʘʣʘ: ʧʨʠ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ 

ʩʪʽʥ ï 24%; ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ 

ʤʽʩʮʷʭ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ï 14%. ʂʨʽʤ ʪʦʛʦ, ʟʘʬʽʢʩʦʚʘʥʘ ʩʫʪʪʻʚʘ ʝʢʦʥʦʤʽʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠ ʦʩʚʽʪʣʝʥʥʽ ʤʽʩʮʴ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ (71%) [8].  

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʠʚʘʪʥʽ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ, ʟʘʚʜʷʢʠ ʫʯʘʩʪʽ ʚ ʧʨʦʛʨʘʤʽ 

(ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʢʦʥ, ʟʘʤʽʥʘ ʟʘʩʪʘʨʽʣʠʭ ʛʘʟʦʚʠʭ ʢʦʪʣʽʚ, ʫʪʝʧʣʝʥʥʷ ʩʪʽʥ ʚ ʦʜʥʦ-

ʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʘʭ), ʟʤʝʥʰʠʣʠ ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʜʦ 43%, ʘ ʧʽʩʣʷ ʟʘʤʽʥʠ ʚʽʢʦʥ, 

ʨʘʜʽʘʪʦʨʽʚ ʫ ʢʚʘʨʪʠʨʘʭ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ ï ʟʘʦʱʘʜʠʣʠ ʜʦ 24% ʪʝʧʣʘ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʨʫʛʦʛʦ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ ʝʥʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʻ ʩʠʩʪʝʤʘ 

ʟʝʣʝʥʠʭ ʪʘʨʠʬʽʚ, ʱʦ ʥʘʙʫʣʘ ʦʩʦʙʣʠʚʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʚ ʧʨʠʚʘʪʥʠʭ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʭ. ɼʣʷ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʧʨʦʝʢʪʠ ʟʝʣʝʥʦʾ 

ʩʝʨʪʠʬʽʢʘʮʽʾ (LEED-ʩʝʨʪʠʬʽʢʘʮʽʷ) [10]. 

ʊʨʝʪʽʡ ʥʘʧʨʷʤʦʢ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʦʙʦʚʠʭ ʪʘ ʩʝʟʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʟʦʚʥʽʰʥʽʭ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʛʨʘʬʽʢʫ ʨʦʙʦʪʠ ʙʫʜʽʚʝʣʴ ʧʝʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [11, 12]. 

ʈʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʴ ʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʤʘʣʦʚʠʪʨʘʪʥʠʤ, ʘʣʝ 
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ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʤʘʻ ʨʷʜ ʧʨʦʙʣʝʤ. ʇʨʠ ʮʴʦʤʫ ʪʝʧʣʦʚʽ 

ʧʨʦʮʝʩʠ ʚ ʙʫʜʽʚʣʽ ʻ ʩʢʣʘʜʥʠʤ ʜʠʥʘʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ. ɸʥʘʣʽʟ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʦʧʘʣʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʽ ʘʜʝʢʚʘʪʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɺ ʦʩʥʦʚʽ ʨʝʛʫʣʶʚʘʥʥʷ ʣʝʞʠʪʴ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʜʦ ʚʠʟʥʘʯʝʥʦʛʦ ʨʽʚʥʷ ʚ ʧʝʨʽʦʜ ʚʽʜʩʫʪʥʦʩʪʽ ʣʶʜʝʡ, ʧʦʪʽʤ ʫ 

ʚʠʟʥʘʯʝʥʠʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʚʤʠʢʘʻʪʴʩʷ ʘʙʦ ʟʙʽʣʴʰʫʻ ʪʝʧʣʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʧʨʦʛʨʽʚʫ ʧʦʚʽʪʨʷ ʜʦ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʤʦʤʝʥʪʫ 

ʧʨʠʭʦʜʫ ʣʶʜʝʡ ʚ ʧʨʠʤʽʱʝʥʥʷ. 

ʇʦʪʝʥʮʽʘʣ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʟʘʪʨʘʪ ʜʦʙʨʝ ʚʠʚʯʝʥʠʡ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ, 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʽ ʥʘ 1Áʉ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʧʣʦʚʪʨʘʪʠ 

ʥʘ 2...5%. ɿʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ 

ʰʣʷʭʦʤ ʟʥʠʞʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʨʽʦʜ ʚʽʜʩʫʪʥʦʩʪʽ ʣʶʜʝʡ ʚ 

ʞʠʪʣʦʚʠʭ ʯʠ ʦʬʽʩʥʠʭ ʙʫʜʽʚʣʷʭ. ɼʦʙʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʟ 

ʦʙʤʝʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʽ 10Áʉ ʧʨʦʪʷʛʦʤ 5 ʨʦʙʦʯʠʭ ʜʥʽʚ 

ʪʠʞʥʷ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʥʘ ʦʧʘʣʝʥʥʷ ʜʦ 14,7% ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʩʪʽʡʥʠʤ ʨʝʞʠʤʦʤ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʦʩʪʽʡʥʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 

10Áʉ ʤʘʻ ʤʽʩʮʝ , ʥʘʧʨʠʢʣʘʜ, ʫ ʩʚʷʪʢʦʚʽ ʧʝʨʽʦʜʠ, ʢʦʣʠ ʧʨʘʮʽʚʥʠʢʠ ʚʽʜʩʫʪʥʽ ʥʘ 

ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ [12]. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʨʦʙʦʯʽ ʛʦʜʠʥʠ 

ʧʽʩʣʷ ʪʨʠʚʘʣʦʛʦ ʧʦʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʧʦʪʨʽʙʥʦ 

ʟʘʚʯʘʩʥʦ ʚʤʠʢʘʪʠ ʦʧʘʣʝʥʥʷ, ʱʦ ʟʤʝʥʰʠʪʴ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ [12]. ɺ ʩʪʘʥʜʘʨʪʽ 

[13] ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʛʣʠʙʠʥʘ ʧʦʥʠʞʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʝ 

ʥʠʞʯʝ 3-4Áʉ ʚʽʜ ʥʦʨʤʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ. 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ "ɺʠʱʘ ʦʩʚʽʪʘ ʋʢʨʘʾʥʠ" - ʜʣʷ ʛʨʦʤʘʜʩʴʢʠʭ 

ʙʫʜʽʚʝʣʴ ʪʘ ʧʨʦʛʨʘʤʠ "ʪʝʧʣʽ ʢʨʝʜʠʪʠ"  - ʜʣʷ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʧʨʠ ʦʙʣʘʰʪʫʚʘʥʥʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʧʫʥʢʪʽʚ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʦʛʦʜʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ, 

ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 10%  [8]. 

ɺʠʩʥʦʚʦʢ. ʈʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʟʥʠʤʠ 

ʥʘʧʨʷʤʘʤʠ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʝʧʣʦʚʠʡ ʟʘʭʠʩʪ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʢʝʨʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, 

ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʪʦʱʦ. ʉʘʤʝ ʪʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʦʧʘʣʝʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʝʬʝʢʪʠʚʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʚʠʚʯʝʥʥʷ 

ʚʧʣʠʚʫ ʮʠʭ ʬʘʢʪʦʨʽʚ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʝʢʦʥʦʤʽʾ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. 

1.3 ɹʫʜʽʚʣʷ ʷʢ ʩʢʣʘʜʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ 

 

ɺ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 05.14.01 ï ɽʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʪʘ ʢʦʤʧʣʝʢʩʠ ʦʩʥʦʚʥʠʤ ʻ 

ʥʘʧʨʷʤ, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ï ʮʝ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʜʦ ʾʭ ʚʠʪʨʘʪ. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʣʝʢʩʦʤ ʯʠ ʩʠʩʪʝʤʦʶ ʚʢʣʶʯʘʶʪʴ ʨʦʟʨʦʙʢʫ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ, ʪʝʭʥʽʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʘʩʧʝʢʪʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʨʦʟʧʦʜʽʣʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʉʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʻ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʠʤ ʥʘʧʨʷʤʢʦʤ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʫ 

ʝʥʝʨʛʦʟʙʝʨʽʟʘʶʯʠʭ ʟʘʭʦʜʽʚ.  

ʉʠʩʪʝʤʘ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʨʘʡʦʥʫ ʘʙʦ ʧʝʚʥʦʛʦ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʚʢʣʶʯʘʻ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ ʨʘʡʦʥʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʚʽʜʚʝʜʝʥʥʷ ʪʘ ʽʥʰʝ. ʂʦʤʧʣʝʢʩ ʙʫʜʽʚʝʣʴ (ʥʘʧʨʠʢʣʘʜ, ʨʘʡʦʥʫ), ʟʛʽʜʥʦ ʟ 

ʤʝʪʦʜʦʣʦʛʽʻʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ [14], ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʠʩʪʝʤʫ (S), ʷʢ 

ʩʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʠʢ, ʧʨʦʮʝʩʽʚ, ʨʝʩʫʨʩʽʚ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɿʘ 

ʚʠʟʥʘʯʝʥʥʷʤ ʩʠʩʪʝʤʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʫʢʨʫʧʥʝʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʧʨʠʥʮʠʧʦʚʦ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʽʩʥʫʚʘʥʥʷ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʩʠʩʪʝʤʠ [14]: 

Ὓ= ὤ,ὛὝὙ,ὝὉὅὌ,ὅὕὔὈ,                                   (1.1) 

ὤ  ʩʫʢʫʧʥʽʩʪʴ ʮʽʣʝʡ; 

ὛὝὙ  ʩʫʢʫʧʥʽʩʪʴ ʩʪʨʫʢʪʫʨ ʨʝʣʽʟʫʶʯʠʭ ʮʽʣʽ (ʥʘʧʨʠʢʣʘʜ, ʚʠʨʦʙʥʠʯʘ, 

ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʪʦʱʦ); 

ὝὉὅὌ  ʩʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʠʢ, ʪʝʭʥʦʣʦʛʽʡ ʪʦʱʦ, ʟʘ ʷʢʠʤʠ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʩʠʩʪʝʤʘ; 
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ὅὕὔὈ  ʫʤʦʚʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʚʨʘʭʫʚʘʥʥʷ ʯʠʥʥʠʢʽʚ (ʟʦʚʥʽʰʥʽ, 

ʚʥʫʪʨʽʰʥʽ), ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɺ ʧʨʘʮʷʭ ɺ.ʅ.ʉʘʜʦʚʩʴʢʦʛʦ ʽ ɭ.ɻ. ʖʜʽʥʘ ʚʟʘʻʤʦʜʽʷ ʩʠʩʪʝʤʠ ʟ ʩʝʨʝʜʠʚʠʱʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʟʥʘʯʝʥʥʷʭ: 1) ʚʦʥʘ ʙʘʟʫʻ ʦʩʦʙʣʠʚʫ ʻʜʥʽʩʪʴ ʟ ʩʝʨʝʜʦʚʠʱʝʤ; 2) ʷʢ 

ʧʨʘʚʠʣʦ,ʙʫʜʴ ʷʢʘ ʨʦʟʛʣʷʥʫʪʘ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ ʙʽʣʴʰ 

ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ; 3) ʝʣʝʤʝʥʪ ʙʫʜʴ ʷʢʦʾ ʨʦʟʛʣʷʥʫʪʦʾ ʩʠʩʪʝʤʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʟʘʟʚʠʯʘʡ ʚʠʩʪʫʧʘʻ ʷʢ ʩʠʩʪʝʤʘ ʙʽʣʴʰ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ [14].  

ʊʦʤʫ, ʥʘ ʧʨʠʢʣʘʜʽ, ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʨʘʡʦʥʫ/ʛʨʫʧʠ ʙʫʜʽʚʝʣʴ ʻ 

ʧʽʜʩʠʩʪʝʤʦʶ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪʘ/ʨʝʛʽʦʥʫ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʜʽʣʝʥʽ ʷʢ ʩʠʩʪʝʤʘ ʥʠʞʯʦʛʦ ʧʦʨʷʜʢʫ (ʥʘʧʨʠʢʣʘʜ, ʙʫʜʽʚʣʷ). ʊʦʤʫ ʧʦʥʷʪʪʷ 

ʧʽʜʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʚʠʜʽʣʝʥʘ ʚʽʜʥʦʩʥʦ ʥʝʟʘʣʝʞʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ 

(ʥʘʧʨʠʢʣʘʜ, ʙʫʜʽʚʣʷ), ʚʦʣʦʜʽʻ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʩʪʝʤʠ, ʤʘʻ ʩʚʦʶ ʮʽʣʴ, ʥʘ 

ʜʦʩʷʛʥʝʥʥʷ ʢ̫ʦʾ ʦʨʽʻʥʪʦʚʘʥʘ ʧʽʜʩʠʩʪʝʤʘ. 

ʇʦ ʜʘʥʠʤ [15] ʚʠʪʨʘʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʧʽʜʪʨʠʤʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 25% ʚ ʝʥʝʨʛʦʙʘʣʘʥʩʽ ʋʢʨʘʾʥʠ. ɻʨʦʤʘʜʩʴʢʽ ʪʘ ʞʠʪʣʦʚʽ 

ʙʫʜʠʥʢʠ ʷʚʣʷʶʪʴʩʷ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚ ʋʢʨʘʾʥʽ. 

ʇʨʘʢʪʠʯʥʦ 80% ʙʫʜʽʚʝʣʴ ʥʠʥʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʛʦʣʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʪʘʢʠʭ ʙʫʜʽʚʝʣʴ 

ʻ ʧʽʜʚʠʱʝʥʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʴ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʥʦʨʤʘʤ ʢʦʤʬʦʨʪʫ.  

ʇʦʥʷʪʪʷ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʟôʷʚʠʣʦʩʷ ʥʘ ʧʦʯʘʪʢʫ 70-ʨʦʢʽʚ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. ʇʨʠʯʠʥʦʶ ʮʴʦʤʫ ʩʪʘʣʘ ʧʝʨʰʘ ʝʥʝʨʛʝʪʠʯʥʘ ʢʨʠʟʘ, ʷʢʘ ʟʤʫʩʠʣʘ 

ʫʚʝʩʴ ʩʚʽʪ ʟʘʤʠʩʣʠʪʠʩʷ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʉʴʦʛʦʜʥʽ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ, ʨʦʟʛʣʷʜʘʶʯʠ ʧʠʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʧʦʤʽʨʥʽʡ ʪʘ ʭʦʣʦʜʥʽʡ ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ, ʦʩʥʦʚʥʠʡ 

ʘʢʮʝʥʪ ʨʦʙʣʷʪʴ ʥʘ ʪʝʧʣʦʩʧʦʞʠʚʘʥʽ ʙʫʜʽʚʝʣʴ, ʦʩʢʽʣʴʢʠ ʮʝ ʻ ʦʩʥʦʚʥʘ ʩʢʣʘʜʦʚʘ 

ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ, ʘ ʪʘʢʦʞ ʩʘʤʝ ʚ ʮʽʡ ʩʬʝʨʽ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘʡʙʽʣʴʰʠʡ 

ʨʝʟʝʨʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʩʪʘʥʜʘʨʪʫ [16], ʙʫʜʽʚʣʷ - ʮʝ ʢʦʥʩʪʨʫʢʮʽʷ ʚ 

ʮʽʣʦʤʫ, ʚʢʣʶʯʘʶʯʠ ʾʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʚʩʽ ʽʥʞʝʥʝʨʥʽ ʩʠʩʪʝʤʠ 
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ʙʫʜʽʚʣʽ, ʜʣʷ ʷʢʠʭ ʝʥʝʨʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ/ʘʙʦ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽ 

ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʽʥʰʠʭ ʧʦʩʣʫʛ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʫʜʽʚʣʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ [16]. ɺ ʩʪʘʥʜʘʨʪʽ [16] ʚʽʜʤʽʯʝʥʦ, ʱʦ ʪʝʨʤʽʥ ʤʦʞʝ ʚʽʜʥʦʩʠʪʠʩʷ 

ʜʦ ʙʫʜʽʚʣʽ ʚ ʮʽʣʦʤʫ ʘʙʦ ʾʾ ʯʘʩʪʠʥ, ʷʢʽ ʙʫʣʠ ʚʠʙʨʘʥʽ ʘʙʦ ʟʤʽʥʝʥʽ ʜʣʷ ʦʢʨʝʤʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɹʫʜʽʚʣʷ ʻ ʩʢʣʘʜʥʦʶ ʻʜʠʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʪʦʤʫ ʜʣʷ ʾʾ 

ʚʠʚʯʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜʦʣʦʛʽʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ. ʗʢ ʻʜʠʥʘ ʝʥʝʨʛʝʪʠʯʥʘ 

ʩʠʩʪʝʤʘ ʙʫʜʽʚʣʽ ʚʢʣʶʯʘʻ ʦʛʦʨʦʜʞʝʥʥʷ, ʜʞʝʨʝʣʘ, ʚʥʫʪʨʽʰʥʻ ʪʘ ʟʦʚʥʽʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʘʢʪʠʚʥʽ ʩʧʦʞʠʚʘʯʽ. [16-19]. ɺʠʟʥʘʯʝʥʥʷ ʙʫʜʽʚʣʽ ʷʢ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʚʚʝʜʝʥʦ ʊʘʙʫʥʱʠʢʦʚʠʤ ʖ.ɸ., ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʽʥ ʚʢʣʶʯʘʻ ʟʦʚʥʽʰʥʽʡ 

ʢʣʽʤʘʪ, ʦʙʦʣʦʥʢʫ ʙʫʜʽʚʣʽ, ʝʥʝʨʛʝʪʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʧʨʠʤʽʱʝʥʥʷʭ. [20] ɼʉʊʋ ɹ EN 

ISO 13790:2011, ɼʉʊʋ ɹ EN 15217:2013, ɼʉʊʋ EN 15603:2013 ʜʦ ʾʾ ʩʢʣʘʜʫ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʚʢʣʶʯʘʶʪʴ ʽʥʞʝʥʝʨʥʽ ʩʠʩʪʝʤʠ ʙʫʜʽʚʣʽ. [16, 17] ɹʫʷʢ ʅ.ɸ. 

ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʙʫʜʽʚʣʽ ʚʢʣʶʯʠʣʘ ʣʶʜʠʥʫ ʷʢ ʽʥʜʠʢʘʪʦʨ ʫʤʦʚ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ [18].  

ʊʦʤʫ ʙʫʜʽʚʣʷ ʷʢ ʩʢʣʘʜʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʣʽʤʘʪʫ, ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ, ʦʙʦʣʦʥʢʠ, ʣʶʜʠʥʠ, ʷʢ ʽʥʜʠʢʘʪʦʨ ʫʤʦʚ 

ʢʦʤʬʦʨʪʥʦʩʪʽ, ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ. 

ɺ ʧʨʘʮʷʭ ʊʘʙʫʥʱʠʢʦʚʘ ʖ.ɸ. [20] ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʫʜʽʚʣʶ ʷʢ ʩʢʣʘʜʥʫ 

ʘʨʭʽʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʟ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʩʢʣʘʜʦʚʠʭ ʾʾ ʝʣʝʤʝʥʪʽʚ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʽʥʞʝʥʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚ ʷʢʠʭ ʧʨʦʪʽʢʘʶʪʴ 

ʨʽʟʥʽ ʧʦ ʬʽʟʠʯʥʽʡ ʩʫʪʽ ʧʨʦʮʝʩʠ ʧʦʛʣʠʥʘʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ. 

ʇʽʜ ʜʽʻʶ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʟʦʚʥʽʰʥʴʦʛʦ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʽ ʩʦʥʷʯʥʦʾ 

ʨʘʜʽʘʮʽʾ ʧʨʠʤʽʱʝʥʥʷ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʟʠʤʦʚʠʡ ʯʘʩ ʚʪʨʘʯʘʻ, ʘ ʚ 

ʣʽʪʥʽʡ ʦʪʨʠʤʫʻ ʪʝʧʣʦʪʫ. ɻʨʘʚʽʪʘʮʽʡʥʽ ʩʠʣʠ, ʜʽʷ ʚʽʪʨʫ ʽ ʚʝʥʪʠʣʷʮʽʷ ʩʪʚʦʨʶʶʪʴ 

ʧʝʨʝʧʘʜʠ ʪʠʩʢʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʪʽʢʘʥʥʷ ʧʦʚʽʪʨʷ ʤʽʞ ʩʧʦʣʫʯʝʥʠʤʠ 

ʧʨʠʤʽʱʝʥʥʷʤʠ ʽ ʜʦ ʡʦʛʦ ʽʥʬʽʣʴʪʨʘʮʽʾ/ʝʢʩʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ ʧʦʨʠ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʥʝʱʽʣʴʥʦʩʪʽ ʦʛʦʨʦʜʞʝʥʴ. ɸʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ, ʚʦʣʦʛʦʚʠʜʽʣʝʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ, 

ʨʽʟʥʠʮʷ ʚʦʣʦʛʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 
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ʚʦʣʦʛʦʦʙʤʽʥʫ ʯʝʨʝʟ ʦʛʦʨʦʞʽ, ʧʽʜ ʚʧʣʠʚʦʤ ʷʢʦʛʦ ʤʦʞʣʠʚʦ ʟʚʦʣʦʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, 

ʥʘʢʦʧʣʝʥʥʷ ʚʦʣʦʛʠ ʚ ʦʛʦʨʦʜʞʝʥʽ ʽ ʧʦʛʽʨʰʝʥʥʷ ʾʭ ʪʝʧʣʦʟʘʭʠʩʪʫ [20]. 

ɿʦʚʥʽʰʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʭʠʱʘʶʪʴ ʧʨʠʤʽʱʝʥʥʷ ʚʽʜ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʚʧʣʠʚʽʚ ʢʣʽʤʘʪʫ, ʩʧʝʮʽʘʣʴʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʧʽʜʪʨʠʤʫʶʪʴ ʫ ʧʨʠʤʽʱʝʥʥʽ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʨʦʢʫ ʧʝʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʉʫʢʫʧʥʽʩʪʴ ʫʩʽʭ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʽ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʘʥʠʡ ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʢʣʽʤʘʪʠʟʘʮʽʾ ʙʫʜʽʚʣʽ [20]. 

ʊʝʧʣʦʚʠʤ ʨʝʞʠʤʦʤ ʙʫʜʽʚʣʽ ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ ʚʩʽʭ ʬʘʢʪʦʨʽʚ ʽ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʝʧʣʦʚʫ ʦʙʩʪʘʥʦʚʢʫ ʧʨʠʤʽʱʝʥʥʷʭ. ʊʝʧʣʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʣʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʥʘ ʢʣʽʤʘʪʠʟʘʮʽʶ, ʚʽʜʥʝʩʝʥʠʤʠ ʜʦ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ.  

ɿʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ ʧʝʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ 

ʷʚʣʷʻ ʩʦʙʦʶ ʦʨʛʘʥʽʟʘʮʽʶ ʚʟʘʻʤʦʜʽʶʯʠʭ ʽ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ 

ʩʢʣʘʜʥʽʡ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʽʡ ʩʠʩʪʝʤʽ ʟ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʩʢʣʘʜʦʚʠʭ ʾʾ 

ʝʣʝʤʝʥʪʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʽʥʞʝʥʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʢʦʞʝʥ ʟ 

ʷʢʠʭ ʻ ʝʥʝʨʛʦʥʦʩʽʻʤ ʽ ʝʥʝʨʛʦʧʝʨʝʜʘʪʯʠʢʦʤ. ʇʨʠʥʮʠʧʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʻ ʪʝ, ʱʦ ʙʫʜʽʚʣʷ ʷʢ ʻʜʠʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ ʥʝ ʧʨʦʩʪʝ 

ʩʫʤʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʘ ʦʩʦʙʣʠʚʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ, ʱʦ ʜʦʜʘʻ ʚʩʽʡ ʩʠʩʪʝʤʽ ʚ ʮʽʣʦʤʫ 

ʥʦʚʦʾ ʧʦʚʝʜʽʥʢʠ/ʷʢʦʩʪʽ, ʷʢʽ ʚʽʜʩʫʪʥʽ ʫ ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʧʦ ʦʜʠʥʮʽ [20]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽ ʨʝʘʣʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʜʦ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʦ ʙʫʜʽʚʣʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜʦʣʦʛʽʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ [20, 21]. 

ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʙʫʜʽʚʣʽ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʝʪʘʧʽʚ [20]: 

1. ɺʠʜʽʣʝʥʥʷ ʽʟ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʶʯʦʾ ʩʠʩʪʝʤʠ ʜʘʥʦʛʦ ʦʙ'ʻʢʪʫ, 

ʥʘʧʨʠʢʣʘʜ, ʚʠʜʽʣʝʥʥʷ ʙʫʜʽʚʣʽ ʟ ʤʽʢʨʦʨʘʡʦʥʫ, ʮʝʭʫ ʚ ʙʫʜʽʚʣʽ ʟʘʚʦʜʫ ʘʙʦ ʦʢʨʝʤʦʛʦ 

ʢʦʨʧʫʩʫ, ʧʨʠʤʽʱʝʥʥʷ ʚ ʞʠʪʣʦʚʦʤʫ ʘʙʦ ʛʨʦʤʘʜʩʴʢʦʤʫ ʙʫʜʠʥʢʫ. 

2. ɿ'ʷʩʫʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʾʭ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʚʠʜʽʚ ʟʚ'ʷʟʢʽʚ 

ʤʽʞ ʥʠʤʠ. 
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3. ʈʦʟʜʽʣʝʥʥʷ ʦʙ'ʻʢʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʜʝʢʦʤʧʦʟʠʮʽʾ ʥʘ ʙʽʣʴʰ ʧʨʦʩʪʽ 

ʝʣʝʤʝʥʪʠ ʽ ʡʦʛʦ ʧʦʜʘʣʴʰʝ ʚʽʜʥʦʚʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʛʨʘʬʽʚ. 

4. ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʣʽ ʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʙʫʜʽʚʣʽ ʚ 

ʮʽʣʦʤʫ. 

ʅʘʫʢʦʚʽ ʦʩʥʦʚʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ [22], ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʘʚʪʦʨʘʤʠ ʊʘʙʫʥʱʠʢʦʚʠʤ ʖ.ɸ ʪʘ ɹʦʨʦʜʘʯʝʤ ʄ.ʄ., ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʦʟʛʣʷʜʽ ʙʫʜʽʚʣʽ ʽ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʷʢ ʻʜʠʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʦ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʪʠʭ, ʱʦ ʧʨʦʝʢʪʫʶʪʴʩʷ, ʚʠʩʫʚʘʶʪʴʩʷ ʚʠʤʦʛʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʦʙʪʦ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʤʘʻ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʠʡ [16]. ʗʢ ʟʛʘʜʫʚʘʣʦʩʴ ʚʠʱʝ, ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʪʝʧʣʦʚʽʡ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʝʧʣʦʚʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ī ʮʝ ʢʦʤʧʣʝʢʩ 

ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʠʪʦʤʠʤʠ ʟʘʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ, 

ʦʭʦʣʦʜʞʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʶ, ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʦʩʚʽʪʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʪʦʱʦ. 

ɼʦ ʢʦʤʧʣʝʢʩʫ ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦʚʦʾ ʝʥʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʚʽʜʥʦʩʠʪʴʩʷ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʝʡʪʠʥʛ, ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʪʦʱʦ. 

ʇʦʪʨʝʙʘ ʚ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʪʝʧʣʦ, ʱʦ 

ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʚʣʝʥʝ ʯʠ ʚʠʜʘʣʝʥʝ ʟ ʢʦʥʜʠʮʽʦʥʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʟʥʘʯʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʜʣʷ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ [23]. ʇʦʪʨʝʙʘ ʚ ʝʥʝʨʛʽʾ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʚʠʤʽʨʷʥʘ, ʪʦʤʫ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʫʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʠʢ, ʤʦʜʝʣʝʡ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʅʘ ʙʘʟʽ 

ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʚʠʟʥʘʯʘʶʪʴ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʝʡʪʠʥʛ. ʇʦʢʘʟʥʠʢ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ - ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʝʡʪʠʥʛ ʧʦʜʽʣʝʥʠʡ ʥʘ 

ʢʦʥʜʠʮʽʦʥʦʚʘʥʫ/ʦʧʘʣʶʚʘʣʴʥʫ ʧʣʦʱʫ 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʨʝʡʪʠʥʛ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʮʽʥʢʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʥʘ ʦʩʥʦʚʽ ʟʚʘʞʝʥʦʾ ʩʫʤʠ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʘʙʦ ʚʠʤʽʨʷʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʦʥʦʩʽʾʚ [17]. ɽʥʝʨʛʝʪʠʯʥʽ ʦʮʽʥʢʠ ʙʫʜʽʚʣʽ ʙʫʚʘʶʪʴ: ʨʦʟʨʘʭʫʥʢʦʚ;̔ ʩʪʘʥʜʘʨʪʥʽ; 

ʧʨʦʝʢʪʥ;̔ ʧʨʠʩʪʦʩʦʚʘʥ;̔ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ. 

ɺʠʩʥʦʚʦʢ. ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʝʥʝʨʛʦʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʢʦʤʧʣʝʢʩʫ ʧʦʢʘʟʥʠʢʽʚ, ʘ ʩʘʤʝ ʪʝʧʣʦʬʽʟʠʯʥʽ ʪʘ ʪʝʧʣʦʽʥʝʨʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 
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ʦʛʦʨʦʜʞʝʥʴ, ʫʤʦʚʠ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʛʨʘʬʽʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʩʠʩʪʝʤʘ 

ʦʧʘʣʝʥʥʷ ʪʘ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʪʦʱʦ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʠʪʦʤʽ ʝʥʝʨʛʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʦʢʘʟʥʠʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ) ʙʫʜʽʚʣʽ ʧʦʪʨʝʙʫʻ ʩʠʩʪʝʤʥʦʛʦ 

ʧʽʜʭʦʜʫ ʻ ʩʢʣʘʜʥʦʶ ʢʦʤʧʣʝʢʩʥʦʶ ʟʘʜʘʯʝʶ. ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʜʘʯ ʧʦʪʨʝʙʫʻ 

ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʫʜʽʚʣʽ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʛʦ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯ, ʱʦ ʩʪʘʚʣʷʪʴʩʷ, ʱʦ ʩʧʨʦʱʫʻ/ʫʩʢʣʘʜʥʶʻ 

ʤʦʜʝʣʴ. 

 

1.4 ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʘ ʧʽʜʚʠʱʝʥʥʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ 

 

ʆʜʥʠʤ ʟ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʦʧʘʣʝʥʥʷ 

ʻ ʧʠʪʦʤʽ ʟʥʘʯʝʥʥʷ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʯʠ/ʘʙʦ ʦʙ'ʻʤʫ. ʊʦʤʫ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʝʪʦʜʘʤ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ, ʥʘ ʙʘʟʽ ʷʢʠʭ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʜʣʷ ʟ'ʷʩʫʚʘʥʥʷ 

ʤʦʞʣʠʚʦʛʦ ʨʽʚʥʷ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʙʫʜʽʚʣʽ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʟʘ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʛʣʷʥʫʪʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʚ ʧ. 1.2, 

ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʨʷʜ ʟʘʜʘʯ, ʷʢʽ ʧʦʪʨʝʙʫʪʁɹ  ʘʜʝʢʚʘʪʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ. 

ʄʦʜʝʣʴ - ʮʝ ʩʧʨʦʱʝʥʝ ʫʷʚʣʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ/ʘʙʦ ʧʨʦʪʽʢʘʶʯʠʭ ʷʚʠʱ, 

ʧʨʦʮʝʩʽʚ. ʆʜʥʽ ʡ ʪʽ ʞ ʧʨʦʮʝʩʠ ʚ ʙʫʜʽʚʣʷʭ ʤʦʞʫʪʴ ʦʧʠʩʫʚʘʪʠʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʤʦʜʝʣʷʤʠ. ʄʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʘʣʛʝʙʨʘʾʯʥʽ, ʩʽʪʢʦʚʽ, ʯʠʩʝʣʴʥʽ ʪʘ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʤʦʜʝʣʽ. ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ - ʻ ʩʠʩʪʝʤʦʶ ʪʘʢʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʟʘʜʘʥʠʤʠ ʡ ʰʫʢʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʚʠʨʘʞʝʥʽ 

ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ. ɰʭ ʨʽʰʝʥʥʷ ʰʫʢʘʶʪʴʩʷ ʚ 

ʟʘʤʢʥʫʪʦʤʫ ʚʠʛʣʷʜʽ, ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. [24] ʈʽʰʝʥʥʷ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ - ʻ ʜʠʩʢʨʝʪʥʠʡ ʨʷʜ ʯʠʩʝʣ ʯʠ ʪʘʙʣʠʮʴ. ʄʦʜʝʣʽ ʫʥʽʚʝʨʩʘʣʴʥʽ, 

ʟʨʫʯʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ, ʘʣʝ ʥʝ ʥʘʦʯʥʽ ʽ ʪʨʫʜʦʤʽʩʪʢʽ ʧʨʠ ʘʥʘʣʽʟʽ ʽ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʪʘʢʽ ʤʦʜʝʣʽ ʨʝʘʣʽʟʫʶʪʴ 

ʚ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ - ʧʘʢʝʪʽʚ ʧʨʦʛʨʘʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ. 
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ʉʽʪʢʦʚʘ ʤʦʜʝʣʴ ï ʤʥʦʞʠʥʘ ʧʦʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʬʽʟʠʯʥʦ ʟʘʣʝʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʦʧʠʩʫ. ʅʘ ʦʩʥʦʚʽ ʩʽʪʢʦʚʠʭ ʤʦʜʝʣʝʡ ʧʦʙʫʜʦʚʘʥʦ ʙʽʣʴʰʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʪʘʢʽ ʤʦʜʝʣʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ. [25] 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ, ʘʥʘʣʽʟ ʬʘʢʪʠʯʥʠʭ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʨʠʚʝʜʝʥʠʭ ʜʦ 

ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ʜʘʥʠʭ ʧʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʶ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [26]. ʅʘ ʨʠʩ. 1.2 

ʥʘʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

 

ʈʠʩ. 1.2 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

 

ɺ ʙʣʦʮʽ 1 ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʦʟʧʦʜʽʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ 

ʙʫʜʽʚʣʽ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʽ ʥʘ ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ɼʣʷ ʚʞʝ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ - ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ/ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ.  

ɺ ʙʣʦʮʽ 2 ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʽʜʭʦʜʠ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʘ ʩʪʘʥʫ 

ʙʫʜʽʚʣʽ ʚ ʯʘʩʽ, ʪʦʙʪʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʨʘʭʫʥʢʫ ʤʦʜʝʣʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʘʮʽʦʥʘʨʥʽ,  ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ (ʥʝʩʪʘʮʽʦʥʘʨʥʽ). 

ʉʪʘʮʽʦʥʘʨʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʋʢʨʘʾʥ,̔ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʚ 

ʦʧʘʣʝʥʽ ʚ ʨʽʯʥʦʤʫ ʨʦʟʨʽʟʽ ʪʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʽʥʝʨʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʽʚʣʽ. 
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ʂʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʠʭ ʙʘʣʘʥʩʽʚ ʜʣʷ 

ʜʦʩʠʪʴ ʪʨʠʚʘʣʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ (ʟʘʟʚʠʯʘʡ ʦʜʠʥ ʤʽʩʷʮʴ ʯʠ ʮʽʣʠʡ ʩʝʟʦʥ), ʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʭʦʜʞʝʥʴ ʪʘ/ʘʙʦ ʚʪʨʘʪ ʧʨʠʡʤʘʶʪʴ ʜʦ ʫʚʘʛʠ ʟʘ ʝʤʧʽʨʠʯʥʦ 

ʚʠʟʥʘʯʝʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʪʘ/ʘʙʦ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɺ ʜʠʥʘʤʽʯʥʠʭ ʤʝʪʦʜʘʭ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ 

ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʤʠ ʯʘʩʦʚʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ (ʟʘʟʚʠʯʘʡ ʦʜʥʘ ʛʦʜʠʥʘ), ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ 

ʦʙʩʷʛ ʪʝʧʣʘ, ʱʦ ʘʢʫʤʫʣʶʻʪʴʩʷ ʚ, ʘʙʦ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʚʽʜ ʤʘʩʠʚʫ ʙʫʜʠʥʢʫ [26].  

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʚ 

ʙʣʦʮʽ 3 ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʨʠ ʪʠʧʠ ʤʦʜʝʣʝʡ: ʤʝʪʦʜ ʯʦʨʥʦʛʦ ʷʱʠʢʫ ("black-box"), 

ʙʽʣʦʛʦ ʷʱʠʢʫ ("white-box") ʪʘ ʩʽʨʽ ʤʦʜʝʣʽ ("grey-box"). [27] ʄʦʜʝʣʽ ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ 

ʥʘ ʙʘʟʽ ʨʽʚʥʷʥʴ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ/ʘʙʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʟʠʚʘʶʪʴ 

"while-box". ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ 

ʘʣʛʦʨʠʪʤʫ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʠʪʠ ʧʦʚʝʜʽʥʢʫ ʦʙôʻʢʪʫ. 

ɯʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ 

ʢʦʤʧôʶʪʝʨʘʭ, ʟ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʱʦ ʽʤʽʪʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʨʝʘʣʴʥʠʭ 

ʦʙ'ʻʢʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʽʤʽʪʫʶʪʴʩʷ ʝʣʝʤʝʥʪʘʨʥʽ ʷʚʠʱʘ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʧʨʦʮʝʩ, ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʾʭ ʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʫ ʯʘʩʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ ʫ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʪʘ ʦʮʽʥʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʠ. ɯʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʟʘʜʘʯʽ, ʥʽʞ 

ʘʥʘʣʽʪʠʯʥʽ. ʄʦʜʝʣʽ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʧʨʦ ʙʫʜʽʚʣʶ ʥʘʟʠʚʘʶʪʴʩʷ "black-box". ʇʦʻʜʥʘʥʥʷ ʬʽʟʠʯʥʠʭ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʣʦ ʥʘʟʚʫ "grey-box" [28-32].  

ɺ ʙʣʦʮʽ 4 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʙʫʜʽʚʝʣʴ ʤʦʜʝʣʽ ʙʫʚʘʶʪʴ ʬʽʟʠʯʥʽ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʽ. ʌʽʟʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʫʪʴ ʚʠʨʽʰʫʚʘʪʠ ʦʜʥʦʚʠʤʽʨʥʽ, 

ʜʚʦʚʠʤʽʨʥʽ ʪʘ ʪʨʠʚʠʤʽʨʥʽ ʟʘʜʘʯʽ. ʉʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠ 

ʘʥʘʣʽʟ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʽ ʪ.ʧ., 

ʪʦʙʪʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʜʝʣʝʡ ʜʘʥʠʭ ʧʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʶ ʤʦʞʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʬʦʨʤʘʣʴʥʽ ʧʽʜʭʦʜʠ Datamodeling [33, 34]. 
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ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝ ʨʦʟʛʣʷʥʫʪʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ 

ʥʘʧʨʷʤʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʙʣʘʩʪʽ ʪʘ ʤʝʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʟʘʜʘʯ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ɽʥʝʨʛʦʧʦʪʨʝʙʘ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚ ʨʽʯʥʦʤʫ [35, 36, 39, 40], ʧʦʤʽʩʷʯʥʦʤʫ [23], 

ʧʦʛʦʜʠʥʥʦʤʫ [23, 37, 38] ʨʦʟʨʽʟʽ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ [23, 37] ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

[23, 32, 37-39] ʙʫʜʽʚʝʣʴ. 

ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʧʦʧʠʪʫ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʚʠʥʠʢʣʘ ʧʨʦʙʣʝʤʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ɭʚʨʦʧʽ. ɯʥʬʦʨʤʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (Building 

Information Modeling - BIM)  - ʮʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʧʨʦʮʝʩ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 3D-

ʤʦʜʝʣʷʭ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ ʜʣʷ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʣʝʶ, ʛʨʫʧʦʶ ʙʫʜʽʚʝʣʴ 

ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʚ ʮʽʣʦʤʫ. BIM ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʘʻ ʨʷʜ ʧʝʨʝʚʘʛ, 

ʚʢʣʶʯʘʶʯʠ: ʙʽʣʴʰ ʪʦʯʥʠʡ ʪʘ ʧʦʚʥʠʡ ʘʥʘʣʽʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʪʦʱʦ [41, 42]. ɺ ʈʦʩʽʾ BIM 

ʧʽʜʭʦʜʠ ʜʦ ʘʥʘʣʽʟʫ ʙʫʜʽʚʝʣʴ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʟ ʢʽʥʮʷ 2016 ʨʦʢʫ. ɯʥʬʦʨʤʘʮʽʡʥʘ 

ʤʦʜʝʣʴ ʙʫʜʽʚʝʣʴ BIM ʙʽʣʴʰ ʰʠʨʦʢʝ ʧʦʥʷʪʪʷ ʪʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (Building Energy Modeling - BEM). ɽʥʝʨʛʝʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ (BEM) ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʛʥʦʟʦʚʘʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʙʫʜʽʚʣʝʶ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʪʘʥʜʘʨʪʥʦʶ 

ʙʘʟʦʚʦʶ ʣʽʥʽʻʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝ ʜʝʤʦʥʩʪʨʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʝʢʪʫ ʚʠʤʦʛʘʤ 

ʟʝʣʝʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ LEED. BEM ʧʨʦʛʥʦʟʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʪʠʧʦʚʦʛʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʨʦʢʫ (Typical Meteorological Year - TMY), ʘ ʪʘʢʦʞ 

ʧʨʠʧʫʱʝʥʴ ʱʦʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ 

ʨʽʟʥʽ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʟʘʭʦʜʠ [41, 42]. BEM ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʮʽʥʢʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ ʜʠʟʘʡʥʝʨʩʴʢʠʭ ʨʽʰʝʥʴ 

ʪʘ ʜʦʧʦʤʘʛʘʻ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘʤ ʧʨʠʡʤʘʪʠ ʥʘʡʢʨʘʱʽ ʨʽʰʝʥʥʷ [41-43, 30]. BEM 

ʧʽʜʭʦʜʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʩʝʨʝʜ 

ʥʠʭ ʮʝ EnergyPlus ʪʘ TRNSYS [44, 45]. BEM ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʚʞʝ 
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ʜʽʶʯʠʭ ʙʫʜʽʚʝʣʴ. ɼʣʷ ʜʽʶʯʦʛʦ ʩʪʘʨʦʛʦ ʬʦʥʜʫ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ ʘʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʥʘ ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʤʫ BEM ʤʦʞʝ ʟʥʘʡʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ. ʅʘ 

ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʉʠʩʪʝʤʠ 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʙʫʜʽʚʣʽ (Building Energy Management Systems - BEMS) 

ʧʦʩʪʽʡʥʦ ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʷʢ ʜʽʻʚʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʙʫʜʽʚʣʽ [29, 46]. ʎʽ 

ʩʠʩʪʝʤʠ ʚ ʜʘʥʠʡ ʯʘʩ ʧʨʘʮʶʶʪʴ ʟ ʢʣʘʩʠʯʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʪʘʢʠʤʠ ʷʢ 

ʚʢʣʶʯʝʥʥʷ-ʚʠʤʢʥʝʥʥʷ, PID-ʨʝʛʫʣʶʚʘʥʥʷ (proportionalïintegralïderivative 

controller) ʪʘ ʦʧʪʠʤʘʣʴʥʽ ʧʨʦʮʝʜʫʨʠ ʟʘʧʫʩʢʫ-ʟʫʧʠʥʢʠ. ʊʝʧʣʦʚʘ ʚʟʘʻʤʦʜʽʷ ʤʽʞ 

ʨʽʟʥʠʤʠ ʟʦʥʘʤʠ ʙʫʜʽʚʣʽ ʪʘ HVAC (Heating, Ventilation and Air-Conditioning - 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʧʦʚʝʜʽʥʢʠ, ʷʢʫ ʥʝ ʤʦʞʥʘ ʪʦʯʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ [29]. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʜʦʩʢʦʥʘʣʝʥʽ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʜʝʢʽʣʴʢʘ ʚʭʦʜʽʚ ʽ ʤʥʦʞʠʥʥʠʭ ʚʠʭʦʜʽʚ, ʻ ʢʨʘʱʠʤ 

ʧʽʜʭʦʜʦʤ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ [29, 46, 47]. ɯʥʪʝʛʨʘʮʽʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ BEM, ʷʢʽ ʤʦʞʫʪʴ ʦʧʠʩʫʚʘʪʠ ʙʫʜʽʚʝʣʴʥʫ ʬʽʟʠʢʫ, ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʚ ʫʩʧʽʰʥʦʤʫ ʢʦʥʪʨʦʣʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʦʣʦʥʢʠ ʜʣʷ ʦʮʽʥʢʠ 

ʛʨʫʧʠ/ʨʘʡʦʥʫ ʙʫʜʽʚʝʣʴ [39, 48, 49], ʜʣʷ ʦʢʨʝʤʠʭ ʙʫʜʽʚʝʣʴ [50], ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ 

ʧʨʠʤʽʱʝʥʴ[20, 51], ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʝʥʝʨʛʦʧʦʪʨʝʙʫ [52, 53]. 

ɼʣʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ ʚʘʞʣʠʚʠʤ ʻ ʧʨʦʛʥʦʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ 

HVAC ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ [38, 49, 31, 32, 48, 49], ʜʣʷ ʧʝʨʽʦʜʫ ʦʧʘʣʝʥʥʷ 

[31, 40, 54] ʪʘ/ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ [40, 54].  

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʙʫʜʽʚʝʣʴ [55-60] ʪʘ ʧʦʙʫʜʦʚʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʡʪʠʥʛʽʚ ʙʫʜʽʚʝʣʴ [56, 61, 62]. 

ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʬʝʨʽ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ 

ʤʘʶʪʴ ʪʘʢʽ ʥʘʧʨʷʤʢʠ: 

- ʧʦʨʽʚʥʷʥʥʷ, ʨʦʟʚʠʪʦʢ ʪʘ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ [63-68]; 

- ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʦʚʦʩʪʽ ʬʘʢʪʦʨʽʚ (ʚʧʣʠʚ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʽʥʰʠʭ 

ʬʘʢʪʦʨʽʚ) [52, 53]; 

- ʨʦʟʨʦʙʢʘ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʪʠʧʽʚ ʪʘ ʰʢʘʣ ʩʝʨʪʠʬʽʢʘʮʽʾ [55-62]. 
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ɺʠʩʥʦʚʢʠ. ɺ ʙʽʣʴʰʦʩʪʽ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʢʘʟʥʠʢʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺ ʋʢʨʘʾʥʽ 

ʞʠʪʣʦʚʠʡ ʪʘ ʛʨʦʤʘʜʩʴʢʠʡ ʬʦʥʜ ʙʫʜʽʚʝʣʴ ʚ ʟʥʘʯʥʽʡ ʩʚʦʾʡ ʤʽʨʽ ʧʦʙʫʜʦʚʘʥʠʡ ʚ ʨʦʢʠ 

ʉʈʉʈ, ʪʦʤʫ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ 

ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ ʚʞʝ ʜʽʶʯʠʭ ʙʫʜʽʚʝʣʴ. ʆʩʥʦʚʥʘ ʧʝʨʝʰʢʦʜʘ ī ʚʽʜʩʫʪʥʽʩʪʴ 

ʘʜʝʢʚʘʪʥʦʾ ʦʮʽʥʢʠ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ ʙʫʜʽʚʣʷʭ ʚ ʋʢʨʘʾʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʢʨʘʾʥ ɭʉ, ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʙʘʟʫ ʧʦʨʽʚʥʷʥʥʷ ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʢʪʦʨʘ ʥʝʨʫʭʦʤʦʩʪʽ ʽ ʚʩʪʘʥʦʚʠʪʠ ʨʝʘʣʽʩʪʠʯʥʽ ʮʽʣʽ ʱʦʜʦ ʡʦʛʦ 

ʟʥʠʞʝʥʥʷ ʚ ʧʝʨʩʧʝʢʪʠʚʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʘʥʘʣʽʟʫ ʙʫʜʽʚʣʽ ʷʢ ʩʢʣʘʜʥʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʤʝʞʽ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʽ ʤʦʜʝʣʝʡ.  

 

1.5 ɺʠʙʽʨ ʪʘ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ 

ʙʫʜʽʚʝʣʴ 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʤʦʜʝʣʽ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ ʙʘʟʽ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʚʪʦʨʩʴʢʽ ʨʦʟʨʦʙʢʠ. 

 

ʄʦʜʝʣʽ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ.  

ɼʣʷ ʘʥʘʣʽʟʫ ʙʫʜʽʚʝʣʴ ʥʘʷʚʥʠʡ ʚʝʣʠʢʠʡ ʩʧʝʢʪʨ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʚʦʥʠ 

ʨʽʟʥʷʪʴʩʷ ʟʘ ʚʘʨʪʽʩʪʶ ʪʘ ʜʦʩʪʫʧʥʽʩʪʶ, ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʜʦʣʦʛʽʯʥʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ: ʷʢ ʙʘʟʠ ʜʘʥʠʭ; ʥʘ ʙʘʟʽ ʬʽʟʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʽʚ, ʨʽʚʥʷʥʴ; ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʦʧʪʠʤʽʟʘʮʽʾ; ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ 

(ʩʪʘʮʽʦʥʘʨʥʠʭ, ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ, ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ) [69]. 

ɹʘʛʘʪʦ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʤʦʞʥʘ ʟʥʘʡʪʠ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ ʷʢ ʫ ʚʽʣʴʥʦʤʫ 

ʜʦʩʪʫʧʽ ʪʘʢ ʽ ʯʝʨʝʟ ʣʽʮʝʥʟʽʡʥʠʡ ʜʦʩʪʫʧ. ɺ ʦʛʣʷʜ̔  ʥʘʚʝʜʝʥʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʪʠ, ʷʢʽ 
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ʜʦʟʚʦʣʷʪʴ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʷʢ ʦʢʨʝʤʦʾ ʙʫʜʽʚʣʽ (ʟʦʥʠ), ʪʘʢ  ʽ ʛʨʫʧʠ ʙʫʜʽʚʝʣʴ/ʨʘʡʦʥʫ 

ʤʽʩʪʘ.  

ɿʘ ʢʣʘʩʦʤ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʜʘʯ ʨʦʟʛʣʷʥʫʪʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʪʠ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ 

ʜʣʷ:  

- ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʤʽʩʪʘʭ ʪʘ ʚʠʟʥʘʯʝʥʽ ʟʙʠʪʢʦʚʦʛʦ ʩʝʢʪʦʨʘ: LEAP, Energy 

PLAN, TRACE [70]; 

- ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ: OSeMOSYS, SUPER, 

MESSAGE [70], EnergyPlus [71], eQUEST [72], TRNSYS [73]; 

- ʦʮʽʥʢʠ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ: MAC Tool, RETSKREEEN, COMPOSE [70]; 

- ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ: COMPOSE, CO2DB, LEAP, MAED, REAP, Energy 

Plus, Energy PLAN, SUPER, TIMES/MARKAL, VACTool, EFFECT [71, 73]; 

- ʦʧʪʠʤʽʟʘʮʽ ʾʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ: Energy PLAN, EnergyPlus, eQUEST, TRNSYS, 

OSeMOSYS, HOMER, Modelica [70, 71, 74]; 

- ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ: ANSYS, FLUENT, SolidWorks 

[75, 76], EnergyPlus [71], eQUEST [72], TRNSYS [73]; 

- ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ: ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʘʩʧʦʨʪ, 

ɼʠʩʧʣʝʡ, EnergyPlus, eQUEST, TRNSYS [35, 77, 71-73]; 

ʇʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʠʭ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1.3, ʻ ʨʽʟʥʠʤʠ ʟʘ 

ʩʢʣʘʜʥʽʩʪʶ, ʜʦʩʪʫʧʥʽʩʪʶ ʪʘ ʽʥʰʠʤʠ ʦʟʥʘʢʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɼʣ̫ ʜʝʷʢʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʥʝ ʻ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ (ʥʘʧʨʠʢʣʘʜ, 

FLUENT), ʩʪʚʦʨʝʥʽ ʙʝʟʢʦʰʪʦʚʥʽ ʘʥʘʣʦʛʠ ʥʘ ʙʘʟʽ Linux (ʥʘʧʨʠʢʣʘʜ, OpenFOAM). 

ʈʦʟʛʣʷʥʫʪʽ ʧʨʦʛʨʘʤʥ̔  ʧʨʦʜʫʢʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʚʝʣʠʢʠʡ ʩʧʝʢʪʨ 

ʟʘʜʘʯ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʘʢʠʭ ʷʢ 

EnergyPlus, eQUEST, TRNSYS, ANSYS / FLUENT, SolidWorks, Modelica ʪʦʱʦ [71-

76]. 
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ʈʠʩ. 1.3 ï ʆʟʥʘʢʠ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ [69] 
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ɿʘʣʝʞʥʦ ʚʽʜ ʟʘʚʜʘʥʴ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʛʨʘʤʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʦʜʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʘʙʦ ʘʥʘʣʽʪʠʯʥʽ. ʇʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ EnergyPlus, 

eQUEST ʪʘ TRNSYS ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʠʥʘʤʽʯʥʠʭ ʤʝʪʦʜʘʭ [71-73]. ʅʝʩʪʘʮʽʦʥʘʨʥʽ 

ʧʽʜʭʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ ANSYS / FLUENT, 

SolidWorks, Modelica, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [74-76]. 

ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʥʘʙʫʚʘʶʪʴ ʧʦʧʫʣʷʨʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ, ʚʞʝ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʨʘʾʥʘʤʠ ɭʚʨʦʧʠ. ɼʠʥʘʤʽʯʥʽ ʧʨʦʛʨʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʥʘ ʙʘʟʽ 

ʩʽʪʢʦʚʠʭ ʤʦʜʝʣʝʡ  EnergyPlus, eQUEST ʪʘ TRNSYS ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜʭʦʜʠ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʽ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʘ ʪʝʨʠʥʘʭ ʋʢʨʘʾʥʠ 

ʦʩʪʘʥʥ̔ ʤ ʯʘʩʦʤ [78-81, 30, 44]. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ EnergyPlus ʻ ʥʘʡʙʽʣʴʰ 

ʨʦʟʚʠʥʝʥʦʶ ʽ ʜʦʢʣʘʜʥʦʶ ʧʨʦʛʨʘʤʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʙʫʜʽʚʣʷʭ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʠʥʘʤʽʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. ɼʣʷ ʫʤʦʚ ʋʢʨʘʾʥʠ ʥʘʡʙʽʣʴʰ 

ʜʦʩʪʫʧʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ EnergyPlus ʟ ʥʘʩʪʫʧʥʠʭ ʧʨʠʯʠʥ: ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʫ 

ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ; ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ; ʜʣʷ 

ʜʚʦʭ ʤʽʩʪ ʋʢʨʘʾʥʠ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʧʦʛʦʜʠʥʥʽ ʢʣʽʤʘʪʠʯʥ ̔ ʬʘʡʣʠ, ʱʦ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʦʛʨʘʤʦʶ [82]. ɿʘʛʘʣʦʤ ʜʣʷ ʋʢʨʘʾʥʠ ʩʪʚʦʨʝʥʦ 41 ʧʦʛʦʜʥʠʡ ʬʘʡʣ. 

ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʥʝ ʤʘʻ ʩʚʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʨʝʜʘʢʪʦʨʫ, ʪʦʤʫ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʽʚ 

ʦʛʦʨʦʜʞʝʥʴ ʤʦʞʥʘ ʟʘʜʘʪʠ ʧʦʢʦʦʨʜʠʥʘʪʥʦ ʘʙʦ ʯʝʨʝʟ ʛʨʘʬʽʯʥʠʡ ʨʝʜʘʢʪʦʨ Google 

SketchUp ʘʙʦ ʣʽʮʝʥʟʽʡʥʫ ʚʝʨʩʽʶ Design Builder. ɿʘʜʘʶʪʴʩʷ ʪʝʧʣʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʦʛʦʨʦʜʞʝʥʥʷ, ʚʽʢʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʦʧʪʠʯʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʢʣʽʥʥʷ, ʽʥʞʝʥʝʨʥʽ ʩʠʩʪʝʤʠ, ʛʨʘʬʽʢ ʨʦʙʦʪʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʘ ʽʥʰʝ. ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʚʨʘʭʦʚʫʻ ʽʥʝʨʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʦʛʦʨʦʜʞʝʥʴ ʪʘ ʩʠʩʪʝʤ ʙʫʜʽʚʣʽ, ʜʠʥʘʤʽʢʫ ʤʽʥʣʠʚʦʩʪʽ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ. ʅʘ ʚʠʭʦʜʽ 

ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ, ʨʘʜʽʘʮʽʡʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʦʥʴ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ/ʦʭʦʣʦʜʞʝʥʥʷ  ʪʘ 

ʚʝʥʪʠʣʷʮʽʶ (HVAC-ʩʠʩʪʝʤʫ), ʪʘ ʽʥʰʝ. EnergyPlus ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʫʥʢʮʽʾ DOE-2 ʪʘ 

BLAST, ʜʦ ʷʢʠʭ ʥʘʙʣʠʞʝʥʽ ʻʚʨʦʧʝʡʩʴʢʽ ʩʪʘʥʜʘʨʪʠ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʚʘʙʣʠʚʠʤ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ [83, 84]. ʉʪʘʪʪʽ [85-88] ʧʨʠʩʚʷʯʝʥʽ ʤʦʜʝʣʶʚʘʥʥ ʁʝʥʝʨʛʦʧʦʪʨʝʙʠ 
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ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʜʣʷ ʨʽʟʥʠʭ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ EnergyPlus. ɺ ʩʪʘʪʪʷʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʙ'ʻʢʪʠ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ, 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʮʠʭ ʦʙ'ʻʢʪʽʚ ʫʧʨʘʚʣʷʻʪʴʩʷ ʪʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʜʝʨʞʘʚʠ, 

ʱʦ ʙʣʠʟʴʢʝ ʜʦ ʧʽʜʭʦʜʽʚ ʨʝʘʣʽʟʦʚʘʥʠʭ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ.  

 

ʄʦʜʝʣʽ ʥʘ ʙʘʟʽ ʩʪʘʥʜʘʨʪʽʚ.  

ʅʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʝʥʝʨʛʽʾ ʙʫʜʽʚʝʣʴ ʚ ʢʦʞʥʽʡ 

ʢʨʘʾʥʽ ʩʚʦʾ, ʥʘʧʨʠʢʣʘʜ, ʽʩʥʫʶʪʴ ʘʤʝʨʠʢʘʥʩʴʢʽ ʩʪʘʥʜʘʨʪʠ ASHRAE, DOE-2 ʪʘ ʩʝʨʽʷ 

ɭʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ EN. [89] ʉʪʘʥʜʘʨʪʠ EN ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ 

ʋʢʨʘʾʥʽ, ʪʦʤʫ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʩʘʤʝ ʮʠʤ ʩʪʘʥʜʘʨʪʘʤ [13, 15, 16, 23].  

ʆʜʠʥ ʟ ʦʮʽʥʦʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʷʢʠʤ ʽ ʜʦʩʽ ʢʦʨʠʩʪʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ, ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʨʤ ʪʘ ʦʧʘʣʶʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɹʽʣʴʰʽʩʪʴ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʙʫʜʽʚʝʣʴ ʤʘʩʦʚʦʾ ʟʘʙʫʜʦʚʠ 60-90-ʭ ʨʦʢʽʚ. ɼʣʷ ʜʘʥʠʭ ʙʫʜʽʚʝʣʴ 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʠʪʦʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʯʝʥʥʷ ʦʧʘʣʝʥʥʷ ʪʘ ʚʝʥʪʠʣʷʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ, ʨʦʢʫ ʟʘʙʫʜʦʚʠ ʪʘ ʦʙ'ʻʤʫ ʙʫʜʽʚʣʽ [90]. ɿʘ ʜʘʥʠʤʠ ʫʢʨʫʧʥʝʥʠʤʠ 

ʦʧʘʣʶʚʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʩʴʦʛʦʜʥʽ ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ ʚ ʋʢʨʘʾʥʽ. 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʤʽʞʛʘʣʫʟʝʚʽ ʥʦʨʤʠ ʥʘ ʧʦʪʨʝʙʫ ʚ ʦʧʘʣʝʥʥ̔ , ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʦʙ'ʻʢʪʫ [91]. 

ɼʦ 2015 ʨʦʢʫ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ ʚʨʘʭʦʚʫʚʘʣʠ ʣʠʰʝ ʨʽʯʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 

ʦʧʘʣʝʥʥʷ ʪʘ ʥʝ ʧʨʠʡʤʘʣʠ ʜʦ ʫʚʘʛʠ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ɻɺʇ) [35, 92]. ɿʛʽʜʥʦ ʟ [35] ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ 

ʧʦʚʠʥʥʘ ʚʠʟʥʘʯʘʪʠʩʷ ʥʘ ʙʘʟʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʘʙʦ ʬʘʢʪʠʯʥʦʾ ʨʽʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʥʘ ʦʧʘʣʝʥʥʷ, ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʩʘʥʽʪʘʨʥʦ-

ʛʽʛʽʻʥʽʯʥʠʭ ʥʦʨʤ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʠʥʢʫ.  

ʉʪʘʥʜʘʨʪ ɼʉʊʋ-ʅ ɹ ɸ.2.2-5:2007 [35], ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʫʢʨʫʧʥʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

[90], ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʽʣʴʰ ʜʝʪʘʣʽʟʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʩʧʦʪʨʝʙʠ ʥʘ 

ʦʩʥʦʚʽ ʛʨʘʜʫʩʦ-ʜʽʙ (ʤʝʪʦʜ ɻɼ). ʄʝʪʦʜ ɻɼ ʻ ʩʪʘʮʽʦʥʘʨʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʨʘʭʫʥʢʫ. 

ʌʽʢʩʦʚʘʥʘ ʪʨʠʚʘʣʽʩʪʴ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʩʫʤʘʨʥʦʾ 
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ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʩʫʤʘʨʥʠʭ ʪʝʧʣʦʚʠʭ ʥʘʜʭʦʜʞʝʥʴ ʧʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʧʝʨʽʦʜʫ [35].  

ɼʘʥʠʡ ʤʝʪʦʜ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʩʢʦʨʠʛʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʨʠʚʘʣʦʩʪʽ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʪʘ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ. [93] ɸʣʝ ʧʨʠ ʨʦʟʛʣʷʜʽ 

ʙʫʜʽʚʣʽ, ʷʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ 

ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʧʦʪʨʝʙʠ ʫ ʝʥʝʨʛʽʾ ʥʘ ɻɺʇ, ʘ ʪʘʢʦʞ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ.  

ɺ ɭʉ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʡʪʠʥʛʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʣʽ EN 

13790, EN 15603, EN 15217[23, 16, 15].  

EN ISO 13790, ʚʚʝʜʝʥʠʡ ʚ ʋʢʨʘʾʥʽ [23], ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʜʽʚʣʽ. ʉʪʘʥʜʘʨʪ [23] ʥʘʜʘʻ ʜʚʘ ʦʩʥʦʚʥʽ 

ʪʠʧʠ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ: 

ï ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽ ʤʝʪʦʜʠ, ʟʘ ʷʢʠʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʟʘ ʨʽʢ ʘʙʦ 

ʩʝʟʦʥ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʤʽʩʷʯʥʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʯʘʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʠʡʥʷʪʠ ʜʦ ʫʚʘʛʠ ʜʠʥʘʤʽʯʥʽ ʝʬʝʢʪʠ ʟʘ ʝʤʧʽʨʠʯʥʦ ʚʠʟʥʘʯʝʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʭʦʜʞʝʥʴ ʪʘ/ʘʙʦ ʚʪʨʘʪ [23, 94]; 

ï ʜʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ, ʟʘ ʷʢʠʤʠ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ 

ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʤʠ ʯʘʩʦʚʠʤʠ ʧʝʨʽʦʜʘʤʠ (ʟʘʟʚʠʯʘʡ ʦʜʥʘ ʛʦʜʠʥʘ), ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ 

ʦʙʩʷʛ ʪʝʧʣʘ, ʱʦ ʘʢʫʤʫʣʶʻʪʴʩʷ ʚ ʘʙʦ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʚʽʜ ʤʘʩʠʚʫ ʙʫʜʠʥʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʜʦ ʚʫʟʣʽʚ [23]. 

ʅʘ ʦʩʥʦʚʽ ʜʘʥʦʛʦ ʩʪʘʥʜʘʨʪʫ [23] ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʦʧʘʣʝʥʥʽ, ʦʭʦʣʦʜʞʝʥʥʽ, ʚʝʥʪʠʣʷʮʽʾ, ʦʩʚʽʪʣʝʥʥʽ ʪʘ ɻɺʇ [94]. 

ɺʠʢʦʨʠʩʪʘʥʘ ʚ ʮʠʭ ʩʪʘʥʜʘʨʪʘʭ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʙʫʜʽʚʣʶ ʥʘ ʜʝʢʽʣʴʢʘ 

ʟʦʥ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ, ʪʠʤ ʩʘʤʠʤ ʜʦʩʷʛʪʠ ʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʫ. ʅʘ ʟʤʽʥʫ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ-ʅ ɹ ɸ.2.2-5:2007 [35] ʚʚʝʜʝʥʠʡ ʤʝʪʦʜ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94], ɦ ʦ ʻ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʤʫ 

ʧʽʜʭʦʜ ̔ ʟ ʩʪʘʥʜʘʨʪʫ [23] ʪʘ ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ, 

ʦʭʦʣʦʜʞʝʥʥʷ, ɻɺʇ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʽ ʤʽʩʷʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 
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(ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ). ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʦʪʨʠʤʘʚ ʨʦʟʚʠʪʦʢ ʩʪʘʥʜʘʨʪ 

ɼɹʅ ɺ.2.6-31:2006 [92], ʚʚʝʜʝʥʦ ʩʪʘʥʜʘʨʪ ɼɹʅ ɺ.2.6-31:2016 [95]. ʅʦʨʤʘʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʥʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʛʨʫʧ ʙʫʜʽʚʝʣʴ, ʪʘʢʦʞ 

ʧʝʨʝʛʣʷʥʫʪʦ, ʚʦʥʠ ʪʝʧʝʨ ʚʢʣʶʯʘʶʪʴ ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʥʘ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ 

ɻɺʇ [95].  

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɼʨʫʛʠʡ ʧʽʜʭʽʜ 

ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʩʪʘʥʜʘʨʪʫ [23] ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʧʨʦʱʝʥʦʤʫ ʧʦʛʦʜʠʥʥʦʤʫ ʤʝʪʦʜʽ 

ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɺ ʩʪʘʥʜʘʨʪʽ [23] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ï ʧ'ʷʪʴ 

ʦʧʦʨʽʚ, ʦʜʥʘ ʻʤʥʽʩʪʴ (5R1C). ɼʘʥʠʡ ʤʝʪʦʜ ʥʝ ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ ʚ ʋʢʨʘʾʥʠ   ʽ 

ʧʦʪʨʝʙʫʻ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʜʦʩʚʽʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ . 

ʇʦʥʷʪʪʷ "ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʠʥʢʫ" ʪʘ "ʢʣʘʩʠʬʽʢʘʮʽʷ ʙʫʜʠʥʢʽʚ ʟʘ ʧʦʢʘʟʥʠʢʦʤ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ" ʚʚʽʡʰʣʠ ʜʦ ʪʝʨʤʽʥʦʣʦʛʽʾ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʋʢʨʘʾʥʠ ʟ 

ʥʘʙʫʪʪʷʤ ʯʠʥʥʦʩʪʽ ɼɹʅ ɺ.2.6-31:2006. ɺʠʟʥʘʯʝʥʥʷ "ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʘ ʦʙʦʣʦʥʢʘ 

ʙʫʜʽʚʣʽ" - ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʻʜʠʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʞʝ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʧʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʶ [96]. 

ɿʤʽʥʠ ʜʦ ɼɹʅ ɺ.2.6-31:2006 ʚʥʝʩʝʥʥʽ ʚ ʣʠʧʥʽ 2013 ʨʦʢʫ [92] ʪʘ ʨʦʟʜʽʣʷʻ ʪʝʨʠʪʦʨʽʶ 

ʋʢʨʘʾʥʠ ʥʘ ʜʚʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʦʥʠ, ʥʘ ʟʤʽʥʫ ʯʦʪʠʨʴʦʤ. ʅʘ ʟʤʽʥʫ ɼɹʅ ɺ.2.6-31:2006 

ʟ ʟʤʽʥʦʶ 2013 ʨʦʢʫ ʚʚʝʜʝʥʠʡ ɼɹʅ ɺ.2.6-31:2016 [95], ʜʝ ʧʽʜʚʠʱʝʥʦ ʤʽʥʽʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʠʡ ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʝʥʴ ʙʫʜʽʚʝʣʴ [95]. 

ʆʜʥʠʤ ʟ ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʱʦ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʪʘ ʥʘʙʫʚʘʻ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʡ ʚ ʋʢʨʘʾʥʽ ʻ 

ʝʥʝʨʛʝʪʠʯʥʘ ʩʝʨʪʠʬʽʢʘʮʽʷ ʙʫʜʽʚʝʣʴ, ʷʢʘ ʻ ʦʩʪʘʥʥʽʤ ʢʨʦʢʦʤ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʤʽʥ ʚ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɿ ʚʚʝʜʝʥʥʷʤ ʚ ʜʽʶ ɼʠʨʝʢʪʠʚʠ 2002/91/ɽʉ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʧʘʨʣʘʤʝʥʪʫ ʪʘ ʈʘʜʠ 

ʱʦʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ [97] ʝʥʝʨʛʝʪʠʯʥʘ ʩʝʨʪʠʬʽʢʘʮʽʷ ʙʫʜʽʚʝʣʴ 

ʙʫʣʘ ʧʦʰʠʨʝʥʘ ʥʘ ʚʩʽ ʢʨʘʾʥʠ-ʯʣʝʥʠ, ʘ ʟ 2009 ʨʦʢʫ ʩʪʘʣʘ ʦʙʦʚôʷʟʢʦʚʦʶ. ʄʝʪʦʶ [97] 

ʩʪʘʣʦ ʩʧʨʠʷʥʥʷ ʧʦʢʨʘʱʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʦʚʥʽʰʥʽʭ ʢʣʽʤʘʪʠʯʥʠʭ ʪʘ ʚʠʤʦʛ ʱʦʜʦ ʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʷʭ, ʧʨʠ ʮʴʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʤʦʛʠ ʜʦ ʟʘʛʘʣʴʥʦʾ ʩʭʝʤʠ ʤʝʪʦʜʦʣʦʛʽʾ ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ 
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ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʤʦʛ ʩʪʦʩʦʚʥʦ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ; ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʪʦʱʦ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʣʦʞʝʥʴ [97] ʚ ɭʉ ʨʦʟʨʦʙʣʝʥʦ ʥʠʟʢʫ ʩʪʘʥʜʘʨʪʽʚ, ʟʦʢʨʝʤʘ: 

EN 15316-2-1:2007 [98], ʱʦ ʥʦʨʤʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ; 

ɼʉʊʋ EN 15217:2013 [15], ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʝʪʦʜʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʷʢ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʚ 

ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ, ʪʘʢ ʽ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʚ ʧʝʨʽʦʜ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʩʠʩʪʝʤ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ, ʦʩʚʽʪʣʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʦʮʽʥʢʠ ʩʪʫʧʝʥʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʦʮʽʥʢʠ ʟʘʭʠʩʪʫ ʚʽʜ 

ʽʥʩʦʣʷʮʽʾ; EN 15232:2007 [99], ʱʦ ʚʠʟʥʘʯʘʻ ʚʠʤʦʛʠ ʜʦ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʝʣʴ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ; EN 12831:2003 [13], ʱʦ ʤʽʩʪʠʪʴ 

ʧʦʨʷʜʦʢ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤ ʚʦʜʷʥʦʛʦ ʦʧʘʣʝʥʥʷ; EN 13829 

[100], EN 14501 [101], EN 13779 [102] ï ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʘʜʝʢʚʘʪʥʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ ʾʭ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʝʨʪʠʬʽʢʘʮʽʾ; ʟʘ EN 7730 [103] ʧʨʦʚʦʜʠʪʴʩʷ ʥʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʴ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʧʨʠʤʽʱʝʥʴ, 

ɼʉʊʋ EN 15603:2013 [16], ʥʘʚʦʜʠʪʴ ʤʝʪʦʜʦʣʦʛʽʶ ʦʮʽʥʢʠ ʟʘʛʘʣʴʥʦʛʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʝʶ ʪʘ ʪʠʧʠ ʨʝʡʪʠʥʛʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ɼʉʊʋ EN 15217:2013 [15], 

ʥʘʚʦʜʠʪʴ ʤʝʪʦʜʦʣʦʛʽʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ 

ʧʦʙʫʜʦʚʠ ʰʢʘʣ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʤʘʻ ʧʣʘʚʘʶʯʠʡ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ 

ʤʽʞ ʢʣʘʩʘʤʠ, ʤʝʞʽ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʧʨʠʟʥʘʯʝʥʥʷ ʙʫʜʽʚʣʽ. 

ɼʉʊʋ EN 15217:2013 [15] ʚʚʝʜʝʥʠʡ ʚ ʋʢʨʘʾʥʽ, ʘʣʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʟʚ'ʷʟʢʫ ʟ 

ʩʢʣʘʜʥʦʱʘʤʠ ʦʪʨʠʤʘʥʥʷ ʬʘʢʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʠʧʽʚ ʙʫʜʽʚʝʣʴ 

ʜʣʷ ʫʤʦʚ ʋʢʨʘʾʥʠ [104].  

ʋ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʘʭ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʜʫʨʫ ʪʘ ʧʦʨʷʜʦʢ 

ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʚʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʷʢ ʥʦʚʠʭ, ʪʘʢ ʽ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ. ʋ ʟʚôʷʟʢʫ ʟ 

ʮʠʤ ʫ ɼʉʊʋ EN 15603:2013 [16] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʪʠʧʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʮʽʥʦʢ 

ʙʫʜʽʚʝʣʴ: ʧʝʨʰʘ ï ʨʦʟʨʘʭʫʥʢʦʚ,̔ ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʘʭ ʦʯʽʢʫʚʘʥʦʛʦ 
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ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʝʶ ʜʣʷ ʧʦʪʨʝʙ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ, 

ʦʭʦʣʦʜʞʝʥʥʷ, ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ɻɺʇ) ʪʘ ʦʩʚʽʪʣʝʥʥʷ ʽ ʜʨʫʛʘ ï 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʦʮʽʥʢʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʘʢʪʠʯʥʠʭ ʚʠʤʽʨʷʥʠʭ ʚ ʙʫʜʽʚʣʽ ʜʘʥʠʭ.  

ʈʦʟʨʘʭʫʥʢʦʚʘ ʦʮʽʥʢʘ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥ ̔ ʪʘ ʧʨʠʩʪʦʩʦʚʘʥʽ ʦʮʽʥʢʠ. 

ʉʪʘʥʜʘʨʪʥʘ ʦʮʽʥʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʮʝʜʫʨʫ ʨʦʟʨʘʭʫʥʢʫ ʚ ʤʝʞʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʚʝʜʽʥʢʠ ʤʝʰʢʘʥʮʽʚ, 

ʬʘʢʪʠʯʥʠʭ ʧʦʛʦʜʥʠʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʫʤʦʚ ʢʣʽʤʘʪʫ. ɼʘʥʘ ʦʮʽʥʢʘ ʤʦʞʝ ʙʫʪʠ 

ʩʬʦʨʤʦʚʘʥʘ ʜʣʷ ʙʫʜʽʚʝʣʴ ʧʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʥʦʚʠʭ ʯʠ ʽʩʥʫʶʯʠʭ 

ʙʫʜʽʚʝʣʴ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʫ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʽ 

ʨʝʡʪʠʥʛ ʩʪʘʻ ʧʨʠʩʪʦʩʦʚʘʥʠʤ. ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ 

ʨʝʡʪʠʥʛ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʩʥʫʶʯʠʭ ʛʨʦʤʘʜʩʴʢʠʭ ʪʘ ʢʦʤʝʨʮʽʡʥʠʭ ʙʫʜʽʚʝʣʴ, ʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ï ʜʣʷ ʤʘʣʠʭ, ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʚʩʽʭ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ [104]. 

ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚ̔  ʦʮʽʥʢʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ ʥʘ 

ʧʝʨʝʜʧʨʦʝʢʪʥʽʡ ʪʘ ʢʽʥʮʝʚʠʭ ʩʪʘʜʽʷʭ ʙʫʜʽʚʥʠʮʪʚʘ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʚʩʽʻʾ ʥʝʦʙʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʪʘ ʨʝʞʠʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ. ʅʠʟʢʘ ʮʠʭ ʩʪʘʥʜʘʨʪʽʚ ʚʞʝ ʚʚʝʜʝʥʘ [15, 16, 23], ʘʣʝ  

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʥʝ ʚʠʟʥʘʯʝʥʥʽ/ ʥʝ ʧʨʠʡʥʷʪʽ ʚ 

ʋʢʨʘʾʥʽ. 

ɺʠʩʥʦʚʢʠ. ʅʦʨʤʘʪʠʚʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʽ 

ʟʤʝʥʰʝʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʨʘʭʫʥʢʫ  ̒ʥʦʚʽ ʜʣʷ ʫʤʦʚ ʋʢʨʘʾʥʠ ʪʘ ʧʦʪʨʝʙʫʶʪʴ 

ʘʥʘʣʽʟʫ ʽ ʧʦʨʽʚʥʷʥʥʷ. 

 

ɸʚʪʦʨʩʴʢʽ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ. 

ʂʨʽʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʥʘ ʙʘʟʽ 

ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʟʥʘʡʰʣʠ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʘʚʪʦʨʩʴʢʽ ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʦʜʝʣʽ.  

ʇʦʰʠʨʝʥʽ ʩʪʘʮʽʦʥʘʨʥʽ ʪʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽ ʧʽʜʭʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʚ ʨʽʯʥʦʤʫ/ʩʝʟʦʥʥʦʤʫ ʯʠ ʤʽʩʷʯʥʦʤʫ ʨʦʟʨʽʟʽ [35, 94]. ɯʥʝʨʮʽʡʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʦʛʦʨʦʜʞʝʥʴ ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʦʩʠʪʴ ʫʢʨʫʧʥʝʥʦ ʘʙʦ ʡ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʟʦʚʩʽʤ. ʊʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʛʦʜʠʥʥʠʭ ʟʥʘʯʝʥʴ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʙʫʪʠ 
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ʜʠʥʘʤʽʯʥʦʶ. ʋ ʨʦʙʦʪʘʭ ʊʘʙʫʥʱʠʢʦʚʘ ʖ.ɸ. ʪʘ ɹʦʛʦʩʣʦʚʩʴʢʦʛʦ ɺ.ʅ. [20, 22, 105] 

ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʙʫʜʽʚʝʣʴ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʾʭ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʘ 

ʜʠʥʘʤʽʯʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ [105, 

20]. ʆʜʥʘʢ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ [105, 20] ʧʦʪʨʝʙʫʶʪʴ ʧʨʦʛʨʘʤʥʦʾ 

ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʾʭ ʨʝʘʣʽʟʘʮʽʾ.  

ʄʦʜʝʣʽ ʥʘ ʙʘʟʽ ʩʪʘʥʜʘʨʪʽʚ [23] ʦʪʨʠʤʘʣʠ ʨʦʟʚʠʪʦʢ , ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʚ 

ʜʦʩʣʽʜʞʝʥʥʷʭ [63-68]. ɼʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦ ʚ ʻʚʨʦʧʝʡʩʴʢʦʤʫ 

ʩʪʘʥʜʘʨʪʽ EN ISO 13790, ʷʢʠʡ ʚʚʝʜʝʥʠʡ ʚ ʋʢʨʘʾʥ ̔ ʟ 2013 ʨʦʢʫ [23], ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ 5R1C. ɺ ʩʪʘʪʪʷʭ [106-111] ʧʨʦʚʝʜʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʜʣʷ ʨʽʟʥʠʭ ʢʨʘʾʥ ɭʚʨʦʧʠ. ʄʦʜʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ 

5R1C ʥʘʚʝʜʝʥʥʽ ʚ ʩʪʘʪʪʷʭ [63-68], ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʜʽʣʝʥʥʷ ʚʫʟʣʘ ʚʝʥʪʠʣʷʮʽʾ ʥʘ 

ʧʨʠʨʦʜʥʫ ʪʘ ʤʝʭʘʥʽʯʥʫ. Rouvel ʽ Zimmermann [112] ʨʦʟʜʽʣʠʣʠ ʙʫʜʽʚʝʣʴʥʽ ʝʣʝʤʝʥʪʠ 

ʥʘ ʩʠʤʝʪʨʠʯʥʽ ʪʘ ʘʩʠʤʝʪʨʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ, ʷʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʚʥʫʪʨʽʰʥʽ ʧʝʨʝʛʦʨʦʜʢʠ ʪʘ ʟʦʚʥʽʰʥʽ ʩʪʽʥʠ ʚʽʜʧʦʚʽʜʥʦ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʨʦʟʧʦʜʽʣʴʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʜʚʦʭ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥ ɹʥʘʙʫʚ ʯʠʥʥʦʩʪʽ ʚ ʅʽʤʝʯʯʠʥʽ ʚ 

ʩʪʘʥʜʘʨʪʽ VDI 6007-1 [37], ʜʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚʫʟʣʦʚʘ ʤʦʜʝʣʴ 7R2C. ɺ ʩʪʘʪʪʽ [68] 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ 5R1C, 7R2C ʟ ʤʦʜʝʣʣʶ, ʨʝʘʣʽʟʦʚʘʥʦʶ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ TRNSIS ʜʣʷ ʤʽʩʪ ʇʘʣʝʨʥʦ, ɺʝʥʝʮʽʾ, ɺʽʜʥʷ ʪʘ ʍʝʣʴʩʽʥʢʽ ʜʣʷ 

ʧʦʪʨʝʙ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. ʈʦʟʙʽʞʥʽʩʪʴ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 

9% ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʤʽʩʪ, ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ - ʜʦ 27%, ʱʦ ʩʪʘʣʦ ʧʽʜʩʪʘʚʦʶ 

ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʦʧʦʨʽʚ ʪʘ ʻʤʥʦʩʪʝʡ ʚ ʥʦʚʦʤʫ ʩʪʘʥʜʘʨʪʽ [68], ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʪʦʯʥʽʰʝ ʚʠʟʥʘʯʠʪʠ ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʠʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʝʣʝʤʝʥʪʽʚ 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʪʘ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ [113-121]. ʅʘ ʦʩʥʦʚʽ ʥʘʢʦʧʠʯʝʥʥʷ 

ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʧʦ ʬʘʢʪʦʨʘʤ ʚʧʣʠʚʫ ʽ ʧʦ ʩʧʦʞʠʚʘʥʥʶ ʝʥʝʨʛʽʾ ʩʢʣʘʜʘʻʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʧʝʨʝʜʙʘʯʘʪʠ ʨʽʟʥʽ 

ʘʩʧʝʢʪʠ ʧʦʚʝʜʽʥʢʠ ʙʫʜʽʚʣʽ ʷʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ [59, 29], ʪʦʙʪʦ ʬʦʨʤʘʣʴʥʠʡ 

ʧʽʜʭʽʜ Data modeling.  
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ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʣʽ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰʝ ʯʘʩʫ ʪʘ ʨʦʟʰʠʨʝʥʦʛʦ ʧʘʢʝʪʫ ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʴ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʻ ʛʘʨʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʧʦ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʧʨʦʩʪʦʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ [123, 124, 31, 32, 38]. ʅʘʢʦʧʠʯʝʥʽ ʬʘʢʪʠʯʥʽ ʜʘʥʽ ʥʝʩʫʪʴ 

ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʦʢʨʝʤʠʪʠ ʚʧʣʠʚ ʢʦʞʥʦʛʦ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʘʥʘʣʽʟ ʪʘ ʟʤʝʥʰʫʻ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. ʄʦʜʝʣʽ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʪʘ ʰʪʫʯʥʦʤʫ ʽʥʪʝʣʝʢʪʽ, ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʥʘʢʦʧʠʯʝʥʠʭ ʜʘʥʠʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

[124]. ʈʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ 

ʨʽʟʥʠʭ ʨʽʚʥʷʭ.  

ʄʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʯʠ ʤʝʪʦʜʠ ʤʝʪʘʤʦʜʝʣʶʚʘʥʥʷ (Machine learning 

models or metamodeling methods) ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʽ ʚ [32, 31, 38, 39, 

48, 49] ʜʣʷ ʧʨʦʛʥʦʟʫ ʨʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʯʘʩʦʚʽ 

ʽʥʪʝʨʚʘʣʠ ʨʦʟʨʘʭʫʥʢʫ, ʙʫʜʽʚʝʣʴ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ.  

ɼʝʷʢʽ ʟ ʥʠʭ ʧʨʠʩʚʷʯʝʥʽ ʢʦʨʦʪʢʦʪʝʨʤʽʥʦʚʦʤʫ ʧʨʦʛʥʦʟʫ (24 ʛʦʜʠʥʥʠʡ ʧʨʦʛʥʦʟ) ʽ 

ʫʣɹʪʨʘ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ (1 ʛʦʜʠʥʫ) ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʠʩʪʝʤʠ HVAC ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ʇʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʝʥʦʛʦ ʧʝʨʽʦʜʫ ʝʢʦʥʦʤʽʷ ʤʦʞʝ ʦʮʥ̔ʶʚʘʪʠʩʴ ʜʦ 48% ʜʣʷ ʦʧʘʣʝʥʥʷ 

ʪʘ 39% - ʦʭʦʣʦʜʞʝʥʥʷ [31] ʧʨʦʛʥʦʟ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʧʦʯʘʪʢʫ ʜʦʙʠ ʪʘ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʠʡ ʦʧʪʠʤʽʟʘʪʦʨ ʽ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʧʨʠ ʟʥʘʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ 

ʧʦʧʝʨʝʜʥʽʡ ʧʝʨʽʦʜ.  

ʂʦʨʦʪʢʦʯʘʩʥʽ (24 ʛʦʜʠʥʠ ʚʧʝʨʝʜ) ʪʘ ʫʣʴʪʨʘʢʦʨʦʪʢʦʯʘʩʥʽ (1 ʛʦʜʠʥʘ) ʧʨʦʛʥʦʟʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʨʦʟʛʣʷʥʫʪʽ ʚ ʩʪʘʪʪʽ [38], ʚʠʟʥʘʯʝʥʦ ʜʦʩʪʘʪʥʽʤ 

ʚʨʘʭʦʚʫʚʘʪʠ 8-ʤʠ ʛʦʜʠʥʫ ʧʝʨʝʜʽʩʪʦʨʽʶ ʟʤʽʥʠ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʣʷ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʘ ʨʽʚʥʷ ʤʘʩʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ ʚʝʣʠʯʠʥʘ ʟʙʫʨʝʥʴ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʾʭ ʚʧʣʠʚ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʟʥʘʯʥʠʤ. ʈʦʙʽʥʟʦʥ ʪʘ ʽʥ. ʘʚʪʦʨʠ [32] 

ʘʥʘʣʽʟʫʶʪʴ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʟ ʦʛʣʷʜʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʢʦʤʝʨʮʽʡʥʠʭ ʙʫʜʽʚʝʣʴ, ʱʦ 

ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ/ʚʽʜʤʽʥʥʦʩʪʝʡ, ʘʚʪʦʨʘʤʠ 

ʦʪʨʠʤʘʥʦ ʦʮʽʥʢʫ R
2
=0,82. ɺ ʩʪʘʪʪʷʭ [48, 49] ʨʦʟʛʣʷʥʫʪʽ ʧʽʜʭʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ 
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ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʠʥʢʫ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (machine learning).  

ɺ ʩʪʘʪʪʽ [50] ʨʦʟʛʣʷʥʫʪʘ ʦʮʽʥʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʙʫʜʽʚʣʷʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʘʜʘʧʪʠʚʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʩʧʣʘʡʥʽʚ, 

ʤʘʰʠʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʛʽʙʨʠʜʥʠʭ ʤʦʜʝʣʝʡ MARS (Multivariate 

Adaptive Regression Splines) and ELM (Extreme Learning Machine). ɺ ʩʪʘʪʪʽ [50] 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧ̔ ʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʜʽʚʣʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ. ʇʨʦʛʥʦʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʦʩʥʦʚʽ 8 ʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ, ʪʘʢʠʭ ʷʢ ʚʽʜʥʦʩʥʘ 

ʢʦʤʧʘʢʪʥʽʩʪʴ, ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʧʣʦʱʘ ʩʪʽʥ, ʧʣʦʱʘ ʜʘʭʫ, ʟʘʛʘʣʴʥʘ ʚʠʩʦʪʘ, 

ʦʨʽʻʥʪʘʮʽʷ, ʧʣʦʱʘ ʟʘʩʢʣʝʥʥʷ, ʨʦʟʧʦʜʽʣ ʧʣʦʱ ʟʘʩʢʣʝʥʥʷ ʧʦ ʦʨʽʻʥʪʘʮʽʷʤ. ɺ ʽʩʥʫʯʁʠʭ 

ʙʫʜʽʚʣʷʭ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʷ ʚʠʥʠʢʘʻ ʽʥʰʠʡ ʨʷʜ ʚʘʛʦʤʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʥʘʤʽʯʥʽ ʨʝʞʠʤʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʙʫʜʽʚʣʷʭ. 

ɺ ʩʪʘʪʪʽ [39] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʨʝʛʨʝʩʽʡʥʘ ʘʜʘʧʪʠʚʥʘ ʤʦʜʝʣʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʩʪʘʨʠʭ ʰʚʝʜʩʴʢʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʟʘ ʨʝʛʨʝʩʽʡʥʦ ʁ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʨʘʜʠʮ̔ ʡʥʦʤʫ 

ʤʝʪʦʜʫ ʛʨʘʜʫʩʦ-ʜʽʙ (HDD - heating degree days). ɺ ʚʠʧʘʜʢʫ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʙʫʜʽʚʝʣʴ ʪʘ ʤʘʡʞʝ ʥʫʣʴ ʝʥʝʨʛʽʾ ʙʫʜʽʚʝʣʴ ʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʽʣʴʢʘ ʨʦʢʽʚ ʪʨʠʚʘʶʪʴ ʘʥʦʤʘʣʴʥʽ ʧʦʛʦʜʥʽ ʫʤʦʚʠ 

ʘʙʦ ʘʥʘʣʽʟʫʶʪʴʩʷ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʽʥʞʝʥʝʨʥ ̔ ʦʙ'ʻʢʪʠ, ʪʘʢʽ ʷʢ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʯʠ 

ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ.  

ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [54] ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʱʦʨʽʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ɺ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʙʫʜʽʚʣʷʭ 

ʣʽʥʽʡʥʽ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ, ʦʧʠʩʘʥʽ ʚ [40], ʜʦʟʚʦʣʷʶʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʯʥʫ ʧʦʪʨʝʙʫ ʚ 

ʝʥʝʨʛʽʾ ʜʣʷ ʥʘʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʩʝʤʠ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ. ʆʪʨʠʤʘʥʘ 

ʧʦʤʠʣʢʘ ʩʪʘʥʦʚʠʪʴ 10-15%, ʘ R
2
=0.9.  

ɺ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʜʣʷ ʨʽʯʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 
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ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʮʝ ʨʦʙʠʪʴ ʥʝ ʤʦʞʣʠʚʠʤ ʾʭ ʧʝʨʝʥʝʩʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʤʝʥʰʠʭ ʚʽʜʨʽʟʢʽʚ ʯʘʩʫ ( ʜʦʙʘ, ʛʦʜʠʥʘ). 

ʑʦʙ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʽʨʽ ʤʦʜʝʣʽ, 

ʟʛʘʜʘʥʽ ʚʠʱʝ [125, 33]. ʋ ʨʦʙʦʪʽ [125] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʣʽʥʽʡʥʽ ʨʝʛʨʝʩʠʚʥʽ 

ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ 6 ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʧʝʨʝʜʽʩʪʦʨʽʶ 

ʟʤʽʥʠ ʬʘʢʪʦʨʽʚ. ɺʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʜʽʩʪʦʨʽʾ ʚʧʣʠʚʫ ʤʦʞʣʠʚʘ ʫ ʚʠʧʘʜʢʫ ʧʦʩʪʽʡʥʦʛʦ 

ʧʨʦʬʽʣʶ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʜʽʚʣʽ, ʷʢʠʡ ʚ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ ʚʘʞʢʦ ʜʦʩʷʛʪʠ. ɸʚʪʦʨʘʤʠ 

[125] ʨʦʟʨʦʙʣʝʥʽ ʣʽʥʽʡʥʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʙʘʟʽ ʜʘʥʠʭ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ EnergyPlus ʜʣʷ ʪʨʴʦʭ 

ʪʠʧʦʚʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʪʨʴʦʭ ʤʽʩʪ, ʱʦ ʻ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʽʟʥʠʭ ʢʣʽʤʘʪʦʣʦʛʽʡ. 

ʈʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘʢʦʛʦ ʪʠʧʫ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʧʨʦʩʪʠʡ ʪʘ 

ʜʝʰʝʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʟʫ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʽ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ [125]. ʉʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʨʝʛʨʝʩʽʾ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ 

ʽʤʽʪʘʮʽʾ ʩʢʣʘʜʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʙʫʜʽʚʣʽ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʫʜʽʚʣʽ ʷʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ [33, 36, 125-129]. 

ʄʦʜʝʣʽ ʨʝʛʨʝʩʽʾ - ʮʝ ʧʨʦʩʪʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʠʡ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʧʝʚʥʦʾ ʙʫʜʽʚʣʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ [33]. ɺ ʩʪʘʪʪʽ [33] ʥʝʣʽʥʽʡʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʨʝʛʨʝʩʽʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʛʦʜʠʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʥʘ 

ʦʩʥʦʚʽ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB ʚʠʟʥʘʯʝʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʪʘ ʧʦʢʘʟʥʠʢʠ ʩʪʝʧʝʥʷ. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʽʥʞʝʥʝʨʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, 

ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʟʤʽʥʠ ʬʘʢʪʦʨʽʚ ʟʘ ʧʦʧʝʨʝʜʥʶ ʛʦʜʠʥʥʫ. ʋ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʟʘ ʧʦʧʝʨʝʜʥʽ ʛʦʜʠʥʠ ʙʫʣʘ ʚʠʱʘ/ʥʠʞʯʘ 

ʥʦʨʤʘʪʠʚʥʦ ʟʘʧʣʘʥʦʚʘʥʦʾ - ʮʝ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʤʦʜʝʣʣʶ, ʱʦ ʦʙʤʝʞʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʛʨʝʩʽʾ ʚ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʨʝʞʠʤʘʭ ʦʧʘʣʝʥʥʷ. ɺ ʩʪʘʪʪʽ [126] 

ʨʦʟʨʦʙʣʝʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʦʬʽʩʥʠʭ ʙʫʜʽʚʣʷʭ, ʚʧʣʠʚʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʘʥʦ 17, ʷʢʽ 

ʦʜʥʦʪʠʧʥʽ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʚ [50, 130]. ɺ ʨʦʙʦʪʽ [131] ʨʦʟʛʣʷʥʫʪʦ 

ʣʽʥʽʡʥʽ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʪʨʴʦʭ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ 
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(ʛʦʜʠʥʘ, ʜʝʥʴ, ʤʽʩʷʮʴ) ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯ ʧʨʦʛʥʦʟʫ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʦʜʥʘ ʟ ʧʨʦʩʪʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʩʧʦʞʠʚʘʥʥʷ 

ʦʧʘʣʝʥʥʷ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ [131].  

ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʧʨʦʛʥʦʟʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʚ ʩʪʘʪʪʽ [132] ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʨʝʛʨʝʩʽʾ ʜʣʷ ʦʮʽʥʢʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʩʫʧʝʨʤʘʨʢʝʪʽ ɸʥʛʣʽʾ ʚʽʜ ʪʘʢʠʭ 

ʬʘʢʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ 

(ʩʝʨʝʜʥʴʦʜʦʙʦʚʽ ʟʥʘʯʝʥʥʷ). ɼʘʥʘ ʤʦʜʝʣʴ ʤʘʻ ʨʷʜ ʦʙʤʝʞʝʥʴ ʪʘ ʥʝ ʚʨʘʭʦʚʫʻ ʩʦʥʷʯʥʫ 

ʨʘʜʽʘʮʽʶ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʧʨʷʤ ʚʽʪʨʫ ʪʘ ʥʝ ʚʨʘʭʦʚʫʻ ʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ ʚ ʦʙʦʣʦʥʮʽ 

ʙʫʜʽʚʣʽ [132].  

ɿʥʘʯʥʘ ʫʚʘʛʘ ʜʦʩʣʽʜʥʠʢʽʚ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʽʥʽʡʥʠʭ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʯʝʨʝʟ ʾʭ ʧʨʦʩʪʦʪʫ, ʥʝʣʽʥʽʡʥʽ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʨʝʛʨʝʩʽʾ ʚʠʚʯʝʥʽ ʤʘʣʦ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʫʤʦʚ ʾʭ ʧʦʙʫʜʦʚʠ, ʪʦʤʫ ʟʘʟʚʠʯʘʡ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʷʤ 

ʥʘʚʯʘʥʥʷ (ʤachine learning models), ʷʢʽ ʜʦʩʠʪʴ ʪʦʯʥʽ, ʩʘʤʦʥʘʚʯʘʶʯʽ, ʘʣʝ ʤʘʶʪʴ 

ʦʙʤʝʞʝʥʥʷ ʚ ʘʥʘʣʽʟʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʽ, ʜʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ.  

ʊʘʢʦʞ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʷʢʽʩʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ 

ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ [133]. ʊʘʢʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʧʦʛʦʜʠʥʥʠʭ 

ʥʘʢʦʧʠʯʝʥʠʭ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʘʙʦ ʜʘʥʠʭ ʤʦʜʝʣʶʚʘʥʥʷ. [29] ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝʩʫʪʴ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʘʥʘʣʽʟ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ ʦʢʨʝʤʦ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʴ 

ʨʝʛʨʝʩʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʷʜʽ ʨʝʟʫʣʴʪʘʪʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [134].  

ɺʠʩʥʦʚʢʠ. ʉʫʯʘʩʥʽ ʻʚʨʦʧʝʡʩʴʢʽ ʩʪʘʥʜʘʨʪʠ ʚ ʩʬʝʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʘʢʪʠʚʥʦ ʛʘʨʤʦʥʽʟʫʶʪʴʩʷ ʪʘ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʋʢʨʘʾʥʽ. ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ 

ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʦʩʣʽʜʥʠʢʘʤʠ ʧʨʦʚʽʜʥʠʤʠ ʢʨʘʾʥʘʤʠ ʩʚʽʪʫ, ʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ ʾʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ʊʘʢʦʾ ʙʘʟʠ ʧʦʨʽʚʥʷʥʥʷ ʜʣʷ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʢʣʽʤʘʪʠʯʥʽʡ ʟʦʥʽ ʨʽʟʢʦʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʽʤʘʪʫ ʋʢʨʘʾʥʠ, ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʫʣʦ. 

ʆʩʥʦʚʥʘ ʧʝʨʝʰʢʦʜʘ ī ʚʽʜʩʫʪʥʽʩʪʴ ʘʜʝʢʚʘʪʥʦʾ ʦʮʽʥʢʠ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ ʙʫʜʽʚʣʷʭ ʚ 

ʋʢʨʘʾʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʨʘʾʥ ɭʉ, ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ 
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ʙʘʟʫ ʧʦʨʽʚʥʷʥʥʷ ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʢʪʦʨʘ ʥʝʨʫʭʦʤʦʩʪʽ ʽ 

ʚʩʪʘʥʦʚʠʪʠ ʨʝʘʣʽʩʪʠʯʥʽ ʮʽʣʽ ʱʦʜʦ ʡʦʛʦ ʟʥʠʞʝʥʥʷ ʚ ʧʝʨʩʧʝʢʪʠʚʽ. ʇʦʛʣʠʙʣʝʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʘʥʘʣʽʟʫ ʙʫʜʽʚʝʣɹ, ʷʢ ʩʢʣʘʜʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʠ ʨʝʘʣʴʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʠ ʪʝʧʣʦʚʦʛʦ 

ʩʪʘʥʫ ʚ ʯʘʩ, ʤʽʥʣʠʚʽʩʪʴ ʧʦʛʦʜʥʠʭ ʜʘʥʠʭ ʪʘ ʽʥʰʝ. 

 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘ ʰʣʷʭʫ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʋʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ. 

ʆʮʽʥʦʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʽʟ ʟʤʝʥʰʝʥʥʷ ʨʽʯʥʦʾ ʧʦʪʨʝʙʠ 

ʪʽʣʴʢʠ ʥʘ ʦʧʘʣʝʥʥʷ ʞʠʪʣʦʚʠʭ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʠʥʢʽʚ ʚ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘʻ ʥʘ ʨʽʚʥʽ 

800 ʤʣʥ. ɻɼʞ [2]. 

ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ 

ʧʦʢʘʟʥʠʢʽʚ, ʘ ʩʘʤʝ ʪʝʧʣʦʬʽʟʠʯʥʽ ʪʘ ʪʝʧʣʦʽʥʝʨʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʛʦʨʦʜʞʝʥʴ, ʫʤʦʚʠ 

ʤʽʢʨʦʢʣʽʤʘʪʫ, ʛʨʘʬʽʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʪʘ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʪʦʱʦ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʠʪʦʤʽ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʧʦʢʘʟʥʠʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ) ʙʫʜʽʚʣʽ ʻ ʩʢʣʘʜʥʦʶ ʢʦʤʧʣʝʢʩʥʦʶ ʟʘʜʘʯʝʶ, ʪʦʤʫ 

ʙʫʜʽʚʣʶ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʢʣʘʜʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ ʚ ʢʦʤʧʣʝʢʩʽ ʟ 

ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʜʘʯ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ. ʄʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʛʦ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ ʚ ʯʘʩʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯ, ʱʦ ʩʪʘʚʣʷʪʴʩʷ, ʱʦ ʩʧʨʦʱʫʻ/ʫʩʢʣʘʜʥʶ̒  ʤʦʜʝʣʴ.  

ɺ ʙʽʣʴʰʦʩʪʽ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺ ʋʢʨʘʾʥʽ ʞʠʪʣʦʚʠʡ ʪʘ ʛʨʦʤʘʜʩʴʢʠʡ 

ʬʦʥʜ ʙʫʜʽʚʝʣʴ ʚ ʟʥʘʯʥʽʡ ʩʚʦʾʡ ʤʽʨʽ ʧʦʙʫʜʦʚʘʥʠʡ ʚ ʨʦʢʠ ʉʈʉʈ, ʪʦʤʫ ʘʥʘʣʽʟ 

ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʣʷ ʚʞʝ ʜʽʶʯʠʭ ʙʫʜʽʚʝʣʴ. ɻʘʨʤʦʥʽʟʘʮʽʷ ʢʨʘʱʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʧʽʜʭʦʜʽʚ ʟ ʫʤʦʚʘʤʠ 

ʋʢʨʘʾʥʠ - ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʢʨʦʢʽʚ. ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʠʭ 
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ʧʨʦʜʫʢʪʽʚ ʪʘ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʚʽʜʥʠʤʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤʠ ʢʨʘʾʥʘʤʠ ʩʚʽʪʫ, ʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ ʾʭ ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚ. ʊʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʨʽʚʥʷʥʴ ʜʣʷ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ 

ʨʽʟʢʦʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʽʤʘʪʫ (ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʋʢʨʘʾʥʠ) ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʫʣʦ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʷʢ ʢʽʥʮʝʚʠʡ ʧʦʢʘʟʥʠʢ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʥʝʨʛʝʪʠʯʥʫ ʩʝʨʪʠʬʽʢʘʮʽʶ. ʇʽʜʭʦʜʠ ʜʦ ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʧʦʙʫʜʦʚʠ 

ʰʢʘʣ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʧʦʪʨʝʙʫʶʪʴ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙ'ʻʢʪʽʚ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʯʠ ʫ ʧʨʦʚʽʥʮʽʡʥʠʭ ʤʽʩʪʝʯʢʘʭ ʋʢʨʘʾʥʠ. 

ʇʦʪʨʝʙʫʶʪʴ ʨʦʟʚʠʪʢʫ ʪʘ ʘʥʘʣʽʟʫ ʧʠʪʘʥʥʷ ʘʜʘʧʪʘʮʽʾ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʋʢʨʘʾʥʠ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ, ʘ ʩʘʤʝ: 

1) ʟʤʝʥʰʝʥʥʷ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʦʩʝʨʝʜʥʝʥʥʷ ʽ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ 

ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ ʟ ʦʨʽʻʥʪʠʨʦʤ ʥʘ ʧʝʨʝʜʽʩʪʦʨʽʶ ʟʤʽʥʠ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ 

ʻ ʚʘʛʦʤʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʤʘʩʠʚʥʠʭ ʦʛʦʨʦʜʞʝʥʴ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ. 

2) ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ ʪʘ ʫʤʦʚ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʟ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʫʤʦʚ ʋʢʨʘʾʥʠ. 

3) ʨʦʟʚʠʪʦʢ ʽ ʧʦʨʽʚʥʷʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʷʢ ʦʩʥʦʚʘ ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ ʥʘ ʙʘʟʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

4) ʛʘʨʤʦʥʽʟʘʮ̔ʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʦʤʽʨʥʠʭ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʰʢʘʣ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ.  
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ʈʆɿɼɯʃ 2 ʈʆɿʈʆɹʂɸ ʄʆɼɽʃɽʁ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ʊɽʇʃʆɺʆɻʆ 

ʉʊɸʅʋ ʊɸ ɽʅɽʈɻʆʇʆʊʈɽɹʀ ɹʋɼɯɺɽʃʔ 

 

ʈʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʪʦʱʦ. ʗʢ ʟʛʘʜʫʚʘʣʦʩʴ ʨʘʥʽʰʝ, ʱʦ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʦʜʝʣʽ. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʦʮʽʥʢʠ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ ʜʦʩʪʘʪʥʽʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɺ ʫʤʦʚʘʭ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʦʙ'ʻʢʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʠʥʘʤʽʯʥʽ 

ʤʦʜʝʣʽ. ʊʦʤʫ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʦʙ'ʻʢʪʠ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʤʦʜʝʣʽ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʠ ʧʝʨʝʨʘʭʫʥʢʫ ʧʝʨʚʠʥʥʠʭ ʧʦʛʦʜʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʢʽʥʮʝʚʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʟʦʥʽ 

ʙʫʜʽʚʣʽ/ʢʽʤʥʘʪʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʷʭ. 

 

2.1 ʆʙ'ʻʢʪʠ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʦʜʠʚʩʷ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʛʨʦʤʘʜʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʨʦʢʫ ʧʦʙʫʜʦʚʠ, ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʙʫʜʽʚʝʣʴ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʨʦʙʦʪʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʪʘ ʥʘʫʢʠ: ʰʢʦʣʠ, ʜʠʪʷʯʽ 

ʥʘʚʯʘʣʴʥʽ ʟʘʢʣʘʣʠ (ɼʅɿ), ʚʠʱʽ ʥʘʚʯʘʣʴʥʽ ʟʘʢʣʘʜʠ (ɺʅɿ). ʅʘ ʨʠʩ. 2.1 ʥʘʚʝʜʝʥʦ 

ʟʘʛʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʙ'ʻʢʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʨʠ ʦʮʽʥʮʽ ʪʘ ʘʥʘʣʽʟʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙ'ʻʢʪʫ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʢʨʽʤ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʨʷʜ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʦʙ'ʻʢʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʥʝʚʝʣʠʯʢʠʭ ʤʽʩʪʘʭ ʪʘ/ʘʙʦ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʤʘʶʪʴ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʦ ʚʽʜʤʽʥʥʽ ʚʽʜ ʪʠʧʦʚʠʭ ʧʨʦʝʢʪʽʚ ʙʫʜʽʚʝʣʴ ʤʘʩʦʚʦʾ 

ʟʘʙʫʜʦʚʠ ʤʽʩʪ. ʊʦʤʫ ʧʨʠ ʘʥʘʣʽʟʽ ʦʢʨʝʤʦ ʨʦʟʛʣʷʜʘʣʠʩʷ ʦʙ'ʻʢʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʤʽʩʪʘʭ ʪʘ ʚ ʥʝʚʝʣʠʢʠʭ ʧʨʦʚʽʥʮʽʡʥʠʭ ʤʽʩʪʝʯʢʘʭ.  
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ʈʠʩ. 2.1 ïʆʙ'ʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ çʉʧʨʠʷʥʥʷ ʨʦʟʚʠʪʢʫ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠè 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʬʦʥʜʫ ʩʦʮʽʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʟʘ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʋʨʷʜʫ 

ʅʽʤʝʯʯʠʥʠ ʙʫʣʦ ʦʙʨʘʥʦ ʙʽʣʴʰ ʥʽʞ 60 ʙʫʜʽʚʝʣʴ ʦʙ'ʻʢʪʽʚ ʙʶʜʞʝʪʥʠʭ ʫʩʪʘʥʦʚ 

ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʥʝʚʝʣʠʯʢʠʭ ʤʽʩʪʘʭ ʪʘ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ 

ɺʽʥʥʠʮʴʢʦʾ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʪʘ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʎʝ ʪʠʧʦʚʽ ʥʝʚʝʣʠʢʽ ʦʙ'ʻʢʪʠ, 

ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. ɹʽʣʴʰʽʩʪʴ ʙʫʜʽʚʝʣʴ ʧʦʙʫʜʦʚʘʥʘ 

ʚ ʧʝʨʽʦʜ 1955ï1990 ʨʨ., ʜʝʷʢʽ ʙʫʜʽʚʣʽ ʟʙʫʜʦʚʘʥʽ ʥʘʚʽʪʴ ʥʘʧʨʠʢʽʥʮʽ ʍVIIɯ ʩʪʦʨʽʯʯʷ. 

ɹʽʣʴʰʽʩʪʴ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʨʦʟʛʣʷʜʘʣʠʩʴ ʚ ʨʘʤʢʘʭ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ, ï ʮʝ ʰʢʦʣʠ 

ʪʘ ɼʅɿ. ʆʙ'ʻʢʪʠ ʯʘʩʪʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʦʾ ʧʣʦʱʽ, ʱʦ ʧʦʚ'ʷʟʘʥʝ ʟʽ ʟʤʝʥʰʝʥʦʶ 

ʚʽʜʥʦʩʥʦ ʧʨʦʝʢʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʽʣʴʢʽʩʪʶ ʜʽʪʝʡ. ɼʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʣʦʱ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʚʠʪʨʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʘ ʦʪʞʝ, - ʥʘʜʤʽʨʥʠʭ 

ʚʠʪʨʘʪ ʚ ʙʶʜʞʝʪʥʽʡ ʩʬʝʨʽ. 

ɼʦ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʚ ʨʦʟʛʣʷʥʫʪʽʡ ʛʨʫʧʽ ʙʫʜʽʚʝʣʴ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʩʝʨʝʜʥʽʡ 

ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʟʦʚʥʽʰʥʽʭ ʥʝʧʨʦʟʦʨʠʭ ʦʛʦʨʦʜʞʝʥʴ ʩʪʘʥʦʚʠʚ 0,8ï1,5 ʤ
2
ʂ/ɺʪ. ʅʘ 

ʨʦʟʛʣʷʥʫʪʠʭ ʦʙ'ʻʢʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʘʩʪʘʨʽʣʽ ʢʦʪʣʠ, ʜʝʷʢʽ ʙʫʜʽʚʣʽ ʦʧʘʣʶʶʪʴʩʷ 
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ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʯʝʡ (ʛʨʫʙʦʢ). ʆʩʥʦʚʥʠʡ ʚʠʜ ʧʘʣʠʚʘ ï ʮʝ ʚʫʛʽʣʣʷ ʪʘ ʜʨʦʚʘ, ʪʘʢ ʷʢ ʚ 

ʜʘʥʠʭ ʨʝʛʽʦʥʘʭ ʚʽʜʩʫʪʥʽʡ ʛʘʟ. [135] ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙ'ʻʢʪʽʚ ʥʘʚʝʜʝʥʘ ʚ ɼʦʜʘʪʢʫ ɹ. 

ɺ ʤʽʩʪʽ ʂʠʾʚ ʚ ʨʘʤʢʘʭ ʩʧʽʚʧʨʘʮʽ ʉʦʣʦʤ'ʷʥʩʴʢʦʾ ʨʘʡʦʥʥʦʾ ʜʝʨʞʘʚʥʦʾ 

ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʪʘ ɯʥʩʪʠʪʫʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʧʨʦʚʦʜʠʣʠʩʴ 

ʝʥʝʨʛʝʪʠʯʥʽ ʘʫʜʠʪʠ ʜʣʷ ʰʢʽʣ ʪʘ ɼʅɿ ʜʘʥʦʛʦ ʨʘʡʦʥʫ. ɺʩʽ ʦʙ'ʻʢʪʠ ʚʽʜʥʦʩʠʣʠʩ ɹʜʦ 

70-80-ʪʠʭ ʨʦʢʽʚ ʤʘʩʦʚʦʾ ʟʘʙʫʜʦʚʠ ʟ ʢʣʘʩʠʯʥʠʤʠ ʘʨʭʽʪʝʢʪʫʨʥʠʤʠ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ 

ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʨʽʰʝʥʥʷʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʢʘʤ ʟʘʙʫʜʦʚʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʚʠʱʝ ʨʦʟʛʣʷʥʫʪʦʾ ʛʨʫʧʠ ʙʫʜʽʚʝʣʴ, ʜʘʥʽ ʙʫʜʽʚʣʽ ʧʦʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʣʦʱʫ 

ʟʘʙʫʜʦʚʠ ʪʘ ʚ 3-4 ʨʘʟʠ ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʦʙ'ʻʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙ'ʻʢʪʽʚ ʥʘʚʝʜʝʥʘ ʚ 

ɼʦʜʘʪʢʫ ɺ. 

ʅʘʩʪʫʧʥʠʤ ʙʣʦʢʦʤ ʘʥʘʣʽʟʫ (ʨʠʩ. 2.1) ʙʫʣʠ ʙʫʜʽʚʣʽ ɺʅɿ. ɺ ʘʥʘʣʽʟʽ ʙʫʜʽʚʣʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤ. ʂʠʻʚʽ, ʆʜʝʩʽ ʪʘ ʉʫʤʘʭ. ʈʦʟʛʣʷʥʫʪʽ ʤʽʩʪʘ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ: ʂʠʾʚ ʪʘ ʉʫʤʠ - ɯ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʦʥʘ; ʆʜʝʩʘ ʜʦ ɯɯ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʦʥʠ.  

ɺʅɿ ʤ. ʂʠʻʚʘ ʨʦʟʛʣʷʥʫʪʦ ʥʘ ʧʨʠʢʣʘʜʽ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ 

ʢʦʨʧʫʩʫ ˉ 22. ʎʝ 7-ʧʦʚʝʨʭʦʚʘ ʙʫʜʽʚʣʷ ʟ ʪʝʭʥʽʯʥʠʤ ʧʦʚʝʨʭʦʤ, ʟʙʫʜʦʚʘʥʘ ʚ 1974ʨ., 

ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʩʪʘʥʦʚʠʪʴ 16030ʤ2. ɺ ʙʫʜʽʚʣʽ ʟʥʘʭʦʜʷʪʴʩʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ 

ʧʨʠʤʽʱʝʥʥʷ - 8%, ʥʘʚʯʘʣʴʥʽ ʘʫʜʠʪʦʨʽʾ - 38,5%, ʢʦʤʧôʶʪʝʨʥ ̔ʢʣʘʩʠ - 5%, ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʽ ʣʘʙʦʨʘʪʦʨʽʾ - 19%, ʙʫʬʝʪ, ʧʽʜʩʦʙʥʽ ʧʨʠʤʽʱʝʥʥʷ - 15%, ʅɼɯ ʪʘ ʥʘʚʯʘʣʴʥʽ 

ʮʝʥʪʨʠ - 14,5%. ʇʣʦʱʘ ʟʘʩʢʣʝʥʥʷ ï 4055ʤ2 (ʙʣʠʟʴʢʦ 45% ʧʣʦʱʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ). 

ɹʫʜʽʚʣʷ ʤʘʻ ʬʦʨʤʫ ʚʠʪʷʛʥʫʪʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ ʟʦʨʽʻʥʪʦʚʘʥʦʛʦ ʬʘʩʘʜʘʤʠ ʥʘ ʧʽʚʥʽʯ 

ʪʘ ʧʽʚʜʝʥʴ. ɺʝʥʪʠʣʷʮʽʷ - ʧʨʠʨʦʜʥʘ [136]. 

ʊʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʨʘʡʦʥʥʠʭ ʤʝʨʝʞ. ʉʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ 

ʥʝʟʘʣʝʞʥʘ ʦʜʥʦʪʨʫʙʥʘ ʨʘʜʽʘʪʦʨʥʘ (ʨʘʜʽʘʪʦʨʠ ʄ-140) ʟ ʚʝʨʭʥʽʤ ʨʦʟʚʝʜʝʥʥʷʤ ʧʦ 53 

ʩʪʦʷʢʘʤ,ʧʽʜʢʣʶʯʝʥʘ ʜʦ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ ʯʝʨʝʟ ʧʣʘʩʪʠʥʯʘʪʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 

ʂʦʤʝʨʮʽʡʥʠʡ ʦʙʣʽʢ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʣʽʯʠʣʴʥʠʢ, ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʥʘ ʚʚʦʜʽ ʚ ʙʫʜʽʚʣʶ. ɺ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʪʝʧʣʦʚʽ ʤʝʨʝʞʽ ʥʝ 

ʜʦʪʨʠʤʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʬʽʢ ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ ʚʽʜʥʦʩʥʦ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ. (ʜʠʚ. 

ʧ.4.1-4.3 ʘʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʨʪ ʪʘ ʧʦʛʦʜʠʥʥʦʾ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʧʦʚʽʪʨʷ). ʇʽʜʭʦʜʠ ʜʦ ʚʠʙʦʨʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʥʘʚʝʜʝʥʽ ʜʘʣʽ. 

ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʧʨʠʤʽʱʝʥʥʷ ɺʅɿ ʤ. ʆʜʝʩʠ ʦʙʨʘʥʦ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʛʦʨʦʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ.  

ɺʅɿ ʚ ʤ. ʉʫʤʠ ʦʙʨʘʥʦ ʧʨʠʤʽʱʝʥʥʷ ʟ ʢʨʘʱʠʤʠ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʦʛʦʨʦʜʞʝʥʴ, ʚʽʢʦʥʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʪʘ ʤʝʥʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʩʢʣʝʥʥʷ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ 

ʟʤʽʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʦʙʨʘʥʦʛʦ ʦʙ'ʻʢʪʫ. ɿʘ ʫʤʦʚ ʚʠʢʣʶʯʥʦ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ ʢʨʽʤ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʤʘʻ ʤʽʩʮʝ ʚʽʜʯʫʪʥʠʡ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ, ʨʽʟʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʢʣʝʥʥʷ ʪʘ ʩʪʘʥ ʚʽʢʦʥ, ʚʧʣʠʚ ʨʘʜʽʘʮʽʾ ʪʘ ʽʥʬʽʣʴʪʨʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʛʣʷʜʘʪʠ ʙʫʜʽʚʣʶ ʚ ʷʢʦʩʪʽ ʦʙ'ʻʢʪʘ ʚʧʣʠʚʫ ʩʫʢʫʧʥʦʩʪʽ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ. 

ʅʘʫʢʦʚʮʽ ʙʣʠʟʴʢʦʛʦ ʟʘʨʫʙʽʞʞʷ ʊʘʙʫʥʱʠʢʦʚ ʖ.ɸ., ɹʦʛʦʩʣʦʚʩʴʢʠʡ ɺ.ʅ. [20, 

105] ʪʘ ʜʘʣʝʢʦʛʦ ʟʘʨʫʙʽʞʞʷ [51] ʚ ʩʚʦʾʭ ʧʨʘʮʷʭ ʧʨʠ ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ 

ʜʠʥʘʤʽʯʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʜʦʩʪʘʪʥʽʤ ʻ 

ʨʦʟʛʣʷʜʘʪʠ ʥʝ ʙʫʜʽʚʣʶ ʚ ʮʽʣʦʤʫ, ʘ ʦʢʨʝʤʫ ʾʾ ʟʦʥʫ (ʦʬʽʩ), ʜʘʥʽ ʧʨʠʤʽʱʝʥʥʷ ʷʢʠʭ ʻ 

ʦʜʥʦʪʠʧʥʠʤʠ ʽ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʦʞʥʘ ʧʦʚʪʦʨʠʪʠ ʘʥʘʣʦʛʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ. 

ɺʠʜʽʣʝʥʥʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʜʣʷ ʦʢʨʝʤʠʭ 

ʟʦʥ ʪʘ ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʦʙ'ʻʢʪʫ ʚ 

ʮʽʣʦʤʫ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʩʪʘʪʪʝʡ [20, 51], ʘ ʪʘʢʦʞ 

ʥʘ ʦʩʥʦʚʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʨʪ ʙʫʣʠ ʦʙʨʘʥʽ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʧʨʠʤʽʱʝʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʫʜʽʚʝʣʴ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʧʨʠʤʽʱʝʥʥʷ ʙʫʣʠ ʦʙʨʘʥʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʧʦʚʝʨʭʦʚʦʩʪʽ ʙʫʜʽʚʣʽ. ʂʫʪʦʚʽ ʧʨʠʤʽʱʝʥʥʷ ʨʦʟʛʣʷʜʘʣʠʩʷ 

ʦʢʨʝʤʦ, ʚʨʘʭʦʚʫʶʯʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʷʞʥʦʩʪʽ ʙʫʜʽʚʣʽ, ʜʘʥʽ 

ʧʨʠʤʽʱʝʥʥʷ ʻ ʥʝ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʙʫʜʽʚʣʽ ʚ ʮʽʣʦʤʫ[136]. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʚ ʤ. ʂʠʻʚʽ ʪʘ ʆʜʝʩʽ ʦʙʨʘʥʦ ʢʽʤʥʘʪʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʇʥ ʪʘ 

ʇʜ (ʜʣʷ ʦʮʽʥʢʠ ʘʥʘʣʽʟʫ ʢʨʘʡʥʽʭ ʚʧʣʠʚʽʚ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ) ʪʘ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 



68 

ʨʽʟʥʠʭ ʧʦʚʝʨʭʘʭ (ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʚ ʙʫʜʽʚʣʽ). ʈʦʟʤʽʨʠ ʢʽʤʥʘʪʠ 

5,5 ʤ ʭ 6,1ʤ, ʚʠʩʦʪʘ ʧʨʠʤʽʱʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 3,2 ʤ. ʂʽʤʥʘʪʘ ʤʘʻ ʦʜʥʫ ʟʦʚʥʽʰʥʶ 

ʩʪʽʥʫ (5,5 ʤ) ʟ ʚʽʢʥʦʤ (5ʭ2,5 ʤ). ʂʦʥʩʪʨʫʢʮʽʷ ʙʫʜʽʚʣʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʟʘʙʫʜʦʚʠ 

70-ʭ ʨʦʢʽʚ. ɿʦʚʥʽʰʥʷ ʩʪʽʥʘ ʟ ʪʝʨʤʽʯʥʠʤ ʦʧʦʨʦʤ 1 ʤ
2
ʂ/ɺʪ. ɺʽʢʥʦ ʟ ʧʦʜʚʽʡʥʠʤ 

ʟʘʩʢʣʝʥʥʷʤ ʫ ʜʝʨʝʚ'ʷʥʠʭ ʩʧʘʨʝʥʠʭ ʧʣʝʪʽʥʥʷʭ. ɺʥʫʪʨʽʰʥʽ ʩʪʽʥ ï ʮʝʛʣʷʥʘ ʢʣʘʜʢʘ ʚ 

ʧʽʚ-ʮʝʛʣʠ. ʇʝʨʝʢʨʠʪʪʷ ʥʘʜ ʦʧʘʣʶʚʘʣʴʥʠʤʠ ʧʨʠʤʽʱʝʥʥʷʤʠ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ï 20 ʩʤ. 

ɺʝʥʪʠʣʷʮʽʷ - ʧʨʠʨʦʜʥʘ. 

ɺ ʤ. ʉʫʤʠ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʫʜʠʪʦʨʽʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʨʧʫʩʫ 

ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʐʠʨʠʥʘ ʢʽʤʥʘʪʠ ʙʝʟ ʨʘʭʫʚʘʥʥʷ ʩʪʽʥ ʩʪʘʥʦʚʠʪʴ 8,52 ʤ, ʜʦʚʞʠʥʘ 6,08 ʤ, ʚʠʩʦʪʘ 

ʢʽʤʥʘʪʠ - 2,72 ʤ. ʂʽʤʥʘʪʘ ʤʘʻ ʪʨʠ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥʠ ʪʘ ʦʜʥʫ ʟʦʚʥʽʰʥʶ ʩʪʽʥʫ. 

ʆʧʘʣʶʚʘʥʘ ʧʣʦʱʘ ʢʽʤʥʘʪʠ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 51,8 ʤ
2
.  ʇʝʨʝʢʨʠʪʪʷ ʟʘʛʘʣʴʥʦʶ 

ʪʦʚʱʠʥʦʶ 250 ʤʤ ʚʠʢʦʥʘʥʝ ʟ ʤʦʥʦʣʽʪʥʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ʟʘʚʪʦʚʰʢʠ 220 ʤʤ, 

ʧʦʢʨʠʪʘ ʙʝʪʦʥʦʤ ʥʘ ʟʦʣʴʥʦʤʫ ʛʨʘʚʽʶ ʪʦʚʱʠʥʦʶ 30 ʤʤ. ʄʽʩʮʷʤʠ ʧʽʜʣʦʛʘ ʧʦʢʨʠʪʘ 

ʧʣʠʪʢʦʶ ʟʘʚʪʦʚʰʢʠ 5 ʤʤ, ʥʘ ʙʝʪʦʥʥʽʡ ʩʪʷʞʮʽ ʪʦʚʱʠʥʦʶ 15 ʤʤ. ɺʥʫʪʨʽʰʥʽ ʩʪʽʥʠ, 

ʩʪʝʣʷ ʪʘ ʧʽʜʣʦʛʘ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʧʨʠʤʽʱʝʥʥʷʤʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʫ ʷʢʦʤʫ ʥʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʥʝ ʙʽʣʴʰʝ 

ʷʢ ʥʘ 3Áʉ. ɹʫʜʽʚʣʷ ʤʘʻ ʜʚʦʪʨʫʙʥʫ ʚʝʨʪʠʢʘʣʴʥʫ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʟ ʥʠʞʥʽʤ 

ʨʦʟʧʦʜʽʣʦʤ ʪʝʧʣʦʥʦʩʽʷ. ʆʙôʻʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ï 146,12 ʤ
3
. ʊʦʚʱʠʥʘ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ï 0,8 ʤ, ʦʙôʻʤ ï 19,32 ʤ
3
, ʧʣʦʱʘ ï 24,15 ʤ

2
. ʊʦʚʱʠʥʘ ʚʥʫʪʨʽʰʥʽʭ 

ʩʪʽʥ - 0,18 ʤ,  ʦʙôʻʤ ï 9,66 ʤ
3
, ʧʣʦʱʘ -  56,25 ʤ

2
. ʂʽʤʥʘʪʘ ʤʘʻ ʪʨʠ ʚʽʢʥʘ ʟ 

ʦʜʥʦʢʘʤʝʨʥʠʤ ʩʢʣʦʧʘʢʝʪʦʤ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʦʙ'ʻʢʪʽʚ ʟ ʨʽʟʥʠʤ 

ʥʘʙʦʨʦʤ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʩʦʙʣʠʚʽʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʘʜʘʯ, ʱʦ ʩʪʘʚʣʷʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʙʫʜʽʚʣʽ ʷʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʜʝʪʘʣʽʟʘʮʽʾ, ʘ ʦʪʞʝ ʽ ʩʢʣʘʜʥʦʩʪʽ. 
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2.2 ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʥʘ 

ʦʧʘʣʝʥʥʷ 

 

ɺʠʟʥʘʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʙʘʟʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʝʩʫʪʴ 

ʚ ʩʦʙʽ ʨʷʜ ʥʘʙʣʠʞʝʥʴ ʪʘ ʥʝʪʦʯʥʦʩʪʝʡ, ʪʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʯʥʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ 

ʜʣʷ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʝʣʴ ʜʦʮʽʣʴʥʦ ʦʪʨʠʤʫʚʘʪʠ ʥʘ ʙʘʟʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʽʜʭʦʜʽʚ. 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ, ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ.  

 

ʈʦʟʨʘʭʫʥʦʢ ʟʘ ʫʢʨʫʧʥʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ ʥʦʨʤʘʤʠ 

 

ɹʽʣʴʰʽʩʪʴ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ ʟʙʫʜʦʚʘʥʘ ʜʦ 2000-ʭ ʨʦʢʽʚ ʚ ʧʝʨʽʦʜ ʤʘʩʦʚʦʾ 

ʟʘʙʫʜʦʚʠ. ɼʣʷ ʜʘʥʠʭ ʙʫʜʽʚʝʣʴ ʚʩʪʘʥʦʚʣʝʥʦ ʧʠʪʦʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʯʝʥʥʷ 

ʦʧʘʣʝʥʥʷ ʪʘ ʚʝʥʪʠʣʷʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ, ʨʦʢʫ ʟʘʙʫʜʦʚʠ ʪʘ ʦʙ'ʻʤʫ 

ʙʫʜʽʚʣʽ [90]. ɿʘ ʫʢʨʫʧʥʝʥʠʤʠ ʦʧʘʣʶʚʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʘʥʜʘʨʪʫ ʂʊʄ-

2004 [90] ʽ ʩʴʦʛʦʜʥʽ ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ ʚ ʋʢʨʘʾʥʽ. ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʤʽʞʛʘʣʫʟʝʚʽ 

ʥʦʨʤʠ ʜʣʷ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʥʘ ʧʦʪʨʝʙʫ ʚ ʦʧʘʣʝʥʥ̔ , ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʦʙ'ʻʢʪʫ. [91] 

ὗ̏
̨̑̋

= ὗ̏άὥὼ
—Ὥὲὸ —ὧ̑.̏

—Ὥὲὸ —̑ .̏
ὲέϽ24,    (2.1) 

ὗ̏
̨̑̋

 ʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʚ ʦʧʘʣʝʥʥ̔ , ʢɺʪ ʛʦʜ/ʨʽʢ, 

ὗ̏άὥὼ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʥʘ ʦʧʘʣʝʥʥʷ, ʢɺʪ, 

—Ὥὲὸ  ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ 

ʧʝʨʽʦʜ, Áʉ, 

—̒ .̑̏  ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ, Áʉ, 

—̑.̏  ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ, Áʉ, 

ὲέ ʪʨʠʚʘʣʽʩʪʴ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ, ʜʽʙ, 

24 ï ʯʘʩ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʛʦʜ. 

ὗ̏άὥὼ= ‌ή0ὠ̈—Ὥὲὸ —̑.̏ Ͻ10 3,   (2.2) 
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‌ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʽʜʤʽʥʥʽʩʪʴ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʠʭ, 

ή0  ʧʠʪʦʤʘ ʦʧʘʣʶʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʜʽʚʝʣʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ —̑.̏ = 30Ј˞, (ɺʪ ʤ3
)/ʂ, 

ὠ̈  ʟʦʚʥʽʰʥʽʡ ʦʙ'ʻʤ ʙʫʜʽʚʣʽ, ʤ
3
. 

 

ʄʝʪʦʜ ʛʨʘʜʫʩʦ-ʜʽʙ 

 

ʄʝʪʦʜ ʛʨʘʜʫʩʦ-ʜʽʙ (ɻɼ) ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ, ʷʢ 

ʩʪʘʮʽʦʥʘʨʥʠʡ ʤʝʪʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʥʘ ʦʧʘʣʝʥʥʷ (Heating 

Degree Day - HDD) ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ (Cooling Degree Day - CDD) [137]. ʄʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʢʦʨʝʛʫʚʘʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʦ ʙʘʟʦʚʠʭ ʫʤʦʚ. 

ʇʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʨʽʟʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, 

ʢʽʣʴʢʽʩʪʴ ʦʧʘʣʶʚʘʣʴʥʠʭ ʜʽʙ ʪʘ ʽʥʰʝ. ʉʧʨʦʱʝʥʠʡ ʚʘʨʽʘʥʪ ʤʝʪʦʜʫ ɻɼ ʟʥʘʡʰʦʚ ʩʚʦʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʩʪʘʥʜʘʨʪʽ ɼʉʊʋ-ʅ ɹ ɸ.2.2-5:2007 [35]. 

ʌʽʢʩʦʚʘʥʘ ʪʨʠʚʘʣʽʩʪʴ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʩʫʤʘʨʥʦʾ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʩʫʤʘʨʥʠʭ ʪʝʧʣʦʚʠʭ ʥʘʜʭʦʜʞʝʥʴ ʧʨʦʪʷʛʦʤ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ [35].  

ὗ̏
̨̑̋

= ὗὸὶ ὗὭὲὸ+ ὗί ,    (2.3) 

ὗὸὶ  ʟʘʛʘʣʴʥʽ ʪʝʧʣʦʚʪʨʘʪʠ ʙʫʜʠʥʢʫ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʫ ʦʙʦʣʦʥʢʫ ʙʫʜʠʥʢʫ, 

ʢɺʪĀʛʦʜ/ʨʽʢ, 

ὗὭὲὸ  ʧʦʙʫʪʦʚʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ, 

ʢɺʪĀʛʦʜ/ʨʽʢ, 

ὗί  ʪʝʧʣʦʚʽ ʥʘʜʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʚʽʢʥʘ ʚʽʜ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʧʨʦʪʷʛʦʤ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ, ʢɺʪĀʛʦʜ/ʨʽʢ. 

ὗὸὶ= …1ὯὦὈὨὊВ,     (2.4) 

…1 ʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, 

Ὧὦ  ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʝʧʣʦʽʟʦʣʷʮʽʥʦʾ ʦʙʦʣʦʥʢʠʙʫʜʠʥʢʫ, 

ɺʪ/(ʤ
2
ʂ), 

ὈὨ  ʢʽʣʴʢʽʩʪʴ ʛʨʘʜʫʩʦ-ʜʽʙ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ,  
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ὊВ  ʚʥʫʪʨʽʰʥʷ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʯʘʩʪʠʥʠ 

ʙʫʜʠʥʢʫ, ʱʦ ʦʧʘʣʶʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʢʨʠʪʪʷ/ʧʝʨʝʢʨʠʪʪʷ ʚʝʨʭʥʴʦʛʦ ʧʦʚʝʨʭʫ 

ʪʘ ʧʽʜʣʦʛʠ, ʤ
2
. 

Ὧὦ= Ὧὸὶ+ ὯὺὩ,     (2.5) 

Ὧὸὶ  ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, 

ɺʪ/(ʤ
2
ʂ), 

ὯὺὩ  ʫʤʦʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʫʜʠʥʢʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʚʪʨʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʽʥʬʽʣʴʪʨʘʮʽʾ ʪʘ ʚʝʥʪʠʣʷʮʽʾ, ɺʪ/(ʤ
2
ʂ). 

 

ɼʘʥʠʡ ʤʝʪʦʜ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʩʢʦʨʠʛʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʨʠʚʘʣʦʩʪʽ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʪʘ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ [93]. ʄʦʜʝʣʴ 

ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Microsoft Excel. 

ʈʦʟʨʘʭʫʥʦʢ ʟʘ ʫʢʨʫʧʥʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ ʥʦʨʤʘʤʠ, ʤʝʪʦʜ ʛʨʘʜʫʩʦ-ʜʽʙ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʝʡ ʩʪʚʦʨʝʥʠʭ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ɽnergyʈlus, 

ʩʧʨʦʱʝʥʦʛʦ ʧʦʛʦʜʠʥʥʦʛʦ ʤʝʪʦʜʫ ʟʘ EN 13790 (5R1C) ʪʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʤʝʪʦʜʫ ʟʘ EN 13790 ʜʣʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ɺʅɿ ʤʽʩʪ ʂʠʻʚʘ ʪʘ ʆʜʝʩʠ. 

 

ʂʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʤʝʪʦʜ ʟʘ EN 13790 

 

ʅʘ ʟʤʽʥʫ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ-ʅ ɹ ɸ.2.2-5:2007 [35] ʚʚʝʜʝʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94], ʱʦ ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ, 

ʦʭʦʣʦʜʞʝʥʥʷ, ɻɺʇ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʤʽʩʷʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

(ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟ ʩʪʘʥʜʘʨʪʫ EN 13790 [23]). ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 

ʦʪʨʠʤʘʚ ʨʦʟʚʠʪʦʢ ʩʪʘʥʜʘʨʪ [92], ʚʚʝʜʝʥʦ ʩʪʘʥʜʘʨʪ [95]. ʅʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ 

ʧʠʪʦʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʥʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʛʨʫʧ ʙʫʜʽʚʝʣʴ, ʪʘʢʦʞ ʧʝʨʝʛʣʷʥʫʪʦ, 

ʚʢʣʶʯʘʶʪʴ ʧʦʪʨʝʙʫ ʥʘ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ɻɺʇ [94].  

ʈʽʯʥʘ ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʙʫʜʠʥʢʫ ʚ ʪʝʧʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

ὗ̏
̨̑̋

= В ὗὌ.ὲὨ.Ὥ
ὲ
Ὥ= 1 ,      (2.6) 
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Ὥ ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʤʽʩʷʮʷ,  

ὲ  ʢʽʣʴʢʽʩʪʴ ʦʧʘʣʶʚʘʣʴʥʠʭ ʤʽʩʷʮʽʚ, 

ὗὌ.ὲὨ  ʤʽʩʷʯʥʘ ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʦʧʘʣʝʥʥʷ, ʢɺʪĀʛʦʜ. 

ὗὌ.ὲὨ= ὗὌ.ὸὶ –Ὄ.ὫὲὗὌ.Ὣὲ,    (2.7) 

ὗὌ.ὸὶ  ʤʽʩʷʯʥʘ ʩʫʤʘʨʥʘ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʪʨʘʥʩʤʽʩʽʻʶ ʪʘ ʚʝʥʪʠʣʷʮʽʻʶ, ʢɺʪĀʛʦʜ, 

ὗὌ.Ὣὲ  ʤʽʩʷʯʥʽ ʩʫʤʘʨʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ ʨʝʞʠʤʽ ʦʧʘʣʝʥʥʷ, ʢɺʪȚʛʦʜ, 

–Ὄ.Ὣὲ ʙʝʟʨʦʟʤʽʨʥʠʡ ʤʽʩʷʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʭʦʜʞʝʥʴ. 

ὗ̊ .Ὤὶ= ὗὸὶ+ ὗὺὩ,     (2.8) 

ὗὸὶ  ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʪʨʘʥʩʤʽʩʽʻʶ ʧʦ ʤʽʩʷʮʷʤ, ʢɺʪĀʛʦʜ, 

ὗὺὩ  ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʚʝʥʪʠʣʷʮʽʶʻ, ʢɺʪĀʛʦʜ. 

ὗ̊ .Ὣὲ= ὗὭὲὸ+ ὗίέὰ,     (2.9) 

ὗὭὲὸ  ʩʫʤʘ ʚʥʫʪʨʽʰʥʽʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʧʨʦʪʷʛʦʤ ʜʘʥʦʛʦ ʧʝʨʽʦʜʫ, ʢɺʪȚʛʦʜ, 

ὗίέὰ  ʩʫʤʘ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʧʨʦʪʷʛʦʤ ʜʘʥʦʛʦ ʧʝʨʽʦʜʫ, ʢɺʪȚʛʦʜ. 

ὗὸὶ= ὌὬὶ—Ὥὲὸ —Ὡὸ,    (2.10) 

Ὄὸὶ ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʨʘʥʩʤʽʩʽʻʶ ʟʦʥʠ, ʢɺʪ/ʂ, 

—Ὥὲὸ  ʟʘʜʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʥʠ ʙʫʜʽʚʣʽ ʜʣʷ ʦʧʘʣʝʥʥʷ, Áʉ, 

—Ὡ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, Áʉ, 

ὸ  ʪʨʠʚʘʣʽʩʪʴ ʤʽʩʷʮʶ ʜʣʷ ʷʢʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ, ʛʦʜ. 

ὗὺὩ= ὌὺὩ—Ὥὲὸ —Ὡὸ,    (2.11) 

ὌὺὩ  ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʝʥʪʠʣʷʮʽʻʶ, ɺʪ/ʂ. 

ɯʥʝʨʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʛʦʨʦʜʞʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ 

ʯʦʪʠʨʴʦʭ ʪʠʧʽʚ ʤʘʩʠʚʥʦʩʪʝʡ [23]. ɼʣʷ ʤʘʩʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ ʚ ʩʪʘʥʜʘʨʪʽ 

[94] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

(ʉ=80 ɺʪĿʛʦʜ/(ʤ
2
Ŀʂ)), ɦ ʦ ʜʝʱʦ ʥʽʚʝʣʶʻ ʽʥʝʨʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴ.  

ʄʦʜʝʣʴ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Microsoft Excel. 

ʂʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʤʝʪʦʜ ʟʘ EN 13790 ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʦʜʝʣʝʡ ʩʪʚʦʨʝʥʠʭ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ɽnergyʈlus, ʩʧʨʦʱʝʥʦʛʦ 

ʧʦʛʦʜʠʥʥʦʛʦ ʤʝʪʦʜʫ ʟʘ EN 13790 (5R1C) ʜʣʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ɺʅɿ 



73 

ʤʽʩʪ ʂʠʻʚʘ ʪʘ ʆʜʝʩʠ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʦ 

ʪʘ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʰʢʽʣ ʪʘ ɼʅɿ ʤ. ʂʠʻʚʘ ʪʘ ʽʥʰʠʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. 

 

ɼʠʥʘʤʽʯʥʠʡ ʤʝʪʦʜ ʟʘ EN 13790 

 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʘ ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ 

ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʶ ʪʝʧʣʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ [139-145, 105, 20]. ʑʝ ʦʜʠʥ ʟ 

ʧʽʜʭʦʜʽʚ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʩʪʘʥʜʘʨʪʫ [23], ʱʦ ʧʨʠʡʥʷʪʦ ʚ ʋʢʨʘʾʥʽ, ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʩʧʨʦʱʝʥʦʤʫ ʧʦʛʦʜʠʥʥʦʤʫ ʤʝʪʦʜʽ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ. ɺ ʩʪʘʥʜʘʨʪʽ [23] 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʽʪʢʦʚʘ ʤʦʜʝʣʴ ï ʧ'ʷʪʴ ʦʧʦʨʽʚ, ʦʜʥʘ ʻʤʥʽʩʪʴ (5R1C), ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʤʦʜʝʣʴ ʫ ʩʧʨʦʱʝʥʦʤʫ ʪʨʴʦʭ ʚʫʟʣʦʚʦʤʫ ʧʦʛʦʜʠʥʥʦʤʫ ʤʝʪʦʜʽ. ɼʘʥʠʡ 

ʧʽʜʭʽʜ ʧʦʪʨʝʙʫ ̒ʥʘʧʠʩʘʥʥʷ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʜʘʥʦʛʦ ʤʝʪʦʜʫ. ʅʘ ʨʠʩ. 2.2 ʥʘʚʝʜʝʥʦ ʩʧʨʦʱʝʥʫ ʩʭʝʤʫ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ.  

 

ʈʠʩ. 2.2 ï ʄʦʜʝʣʴ ʧ'ʷʪʴ ʦʧʦʨʽʚ, ʦʜʥʘ ʻʤʥʽʩʪʴ (5R1C) 

 

ɽʥʝʨʛʦʧʦʪʨʝʙʘ ʥʘ ʦʧʘʣʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʨʦʟʨʘʭʫʥʢʦʤ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʦʧʘʣʝʥʥʷ ʯʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʛʦʜʠʥʠ,Ὄlὅ.ὲὨ, ʱʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʜʘʥʘ ʜʦ, 
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ʘʙʦ ʚʽʜʽʙʨʘʥʘ ʟ ʚʫʟʣʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ,—ὥὭὶ , ʜʣʷ ʧʽʜʪʨʠʤʫʚʘʥʥʷ 

ʧʝʚʥʦʾ ʤʽʥʽʤʘʣʴʥʦʾ ʘʙʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʧʝʨʘʮʽʡʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ —έὴ ʻ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ ʪʘ ʩʝʨʝʜʥʴʦʶ 

ʨʘʜʽʘʮʽʡʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ.  

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʚʝʥʪʠʣʷʮʽʻʶ, ὌὺὩ, ʧʨʷʤʦ ʧʦʚôʷʟʘʥʘ ʟ ʚʫʟʣʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ,—ὥὭὶ, ʪʘ ʚʫʟʣʦʤ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʧʣʠʚʥʦʛʦ 

ʧʦʚʽʪʨʷ, —ίόὴ . ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʪʨʘʥʩʤʽʩʽʻʶ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʯʘʩʪʠʥʫ ʯʝʨʝʟ 

ʩʚʽʪʣʦʧʨʦʟʦʨʽ ʦʪʚʦʨʠ, Ὄὸὶ.ύ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʥʫʣʴʦʚʦʶ ʪʝʧʣʦʚʦʶ ʤʘʩʦʶ, ʪʘ 

ʨʝʰʪʫ ʯʝʨʝʟ Ὄέὴ, ʟ ʪʝʧʣʦʚʦʶ ʤʘʩʦʶ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ: 

Ὄὸὶ.Ὡάʪʘ Ὄὸὶ.άί. ʉʦʥʷʯʥʽ ʪʘ ʚʥʫʪʨʽʰʥʽ ʪʝʧʣʦʚʽ ʥʘʜʭʦʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ 

ʚʫʟʣʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ,—ὥὭὶ, ʮʝʥʪʨʘʣʴʥʠʤ ʚʫʟʣʦʤ, —ί(ʩʫʤʽʰ 

—ὥὭὶʪʘ ʩʝʨʝʜʥʴʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ —ὶ) ʪʘ ʚʫʟʣʦʤ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʤʘʩʠʚ 

ʟʦʥʠ ʙʫʜʽʚʣʽ, —ά. ʊʝʧʣʦʚʘ ʤʘʩʘ ʚʽʜʦʙʨʘʞʫʻʪʴʩʷ ʧʠʪʦʤʦʶ ʪʝʧʣʦʻʤʥʽʩʪʶ, ὅά , 

ʚʠʟʥʘʯʝʥʦʶ ʤʽʞ Ὄὸὶ.άί ʪʘ Ὄὸὶ.Ὡά. ʉʧʦʣʫʯʝʥʥʷ ʧʨʦʚʽʜʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʞ 

ʚʫʟʣʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʮʝʥʪʨʘʣʴʥʠʤ ʚʫʟʣʦʤ. ɺʝʣʠʯʠʥʘ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ,Ὥlὲὸ, ʪʘ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʟʘ ʨʘʭʫʥʦʢ ʩʦʥʮʷ, ίlέὰ, ʧʦʜʽʣʝʥʽ ʤʽʞ ʪʨʴʦʤʘ ʚʫʟʣʘʤʠ: ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ,—ὥὭὶ , ʪʘ ʚʥʫʪʨʽʰʥʽʤʠ ʚʫʟʣʘʤʠ,—ί,—ά. ɼʘʥʘ ʩʭʝʤʘ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʙʘʟʽ ʩʪʘʥʜʘʨʪʽʚ EN 13790, EN 13786 [23, 138]. ʩʪʘʥʜʘʨʪ EN 

13786 [138] ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʽʥʝʨʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʛʦʨʦʜʞʝʥʴ, ʥʘ 

ʚʽʜʤʽʥʥʫ ʚʽʜ ʫʢʨʫʧʥʝʥʠʭ ʧʽʜʭʦʜʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʩʪʘʥʜʘʨʪʽ [23]. 

Ὄὸὶ.Ὥί= ὬὭίὃὸέὸ     (2.12) 

Ὄὸὶ.άί= Ὤάίὃά     (2.13) 

Ὄὸὶ.Ὡά =
1

1

Ὄέὴ

1

Ὄὸὶ.άί

     (2.14) 

Ὄὸὶ.1 =
1

1

ὌὺὩ
+

1

Ὄὸὶ.Ὥί

     (2.15) 

Ὄὸὶ.2 = Ὄὸὶ.1 + Ὄὸὶ.ύ     (2.16) 

Ὄὸὶ.3 =
1

1

Ὄὸὶ.2
+

1

Ὄὸὶ.άί

     (2.17) 
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ὅά = ВὯὮὃὮ      (2.18) 

Ὥlὥ= 0,5 Ὥlὲὸ     (2.19) 

άl =
ὃά

ὃὸέὸ
(0,5 Ὥlὲὸ+ ίlέὰ)   (2.20) 

ίlὸ= (1
ὃά

ὃὸέὸ

Ὄὸὶ.ύ

9,1ὃὸέὸ
)(0,5 Ὥlὲὸ+ ίlέὰ)   (2.21) 

άl.ὸέὸ= άl + Ὄὸὶ.Ὡά—Ὡ+
Ὄὸὶ.3( ίlὸ+Ὄὸὶ.ύ—Ὡ+Ὄὸὶ.1( Ὥlὥ

+ Ὄlὅ.ὲὨ
ὌὺὩ

+—ίόὴ)

Ὄὸὶ.2
  (2.22) 

—ά =
—ά,ὸ+—ά,ὸ 1

2
     (2.23) 

—ά,ὸ=
—ά,ὸ 1(

ὅά
3600

0,5 Ὄὸὶ.3+Ὄὸὶ.Ὡά + άl.ὸέὸ

ὅά
3600

+ 0,5 Ὄὸὶ.3+Ὄὸὶ.Ὡά

    (2.24) 

—ί=
Ὄὸὶ.άί—ά+ ίlὸ+Ὄὸὶ.ύ—Ὡ+Ὄὸὶ.1( Ὥlὥ

+ Ὄlὅ.ὲὨ
ὌὺὩ

+—ίόὴ)

Ὄὸὶ.άί+Ὄὸὶ.ύ+Ὄὸὶ.1
   (2.25) 

—ὥὭὶ=
Ὄὸὶ.Ὥί—ί+ὌὺὩ—ίόὴ+ Ὥlὥ+ Ὄlὅ.ὲὨ

Ὄὸὶ.Ὥί+ὌὺὩ
     (2.26) 

—ὥὭὶ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, Áʉ; 

—ί ï ʪʝʤʧʝʨʘʪʫʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʫʟʣʘ s, Áʉ; 

—ά ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʚʫʟʣʽ m, Áʉ; 

—ίόὴ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ, Áʉ; 

Ὥlὲὸ  ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ, ɺʪ; 

ίlέὰ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜ ʩʦʥʮʷ, ɺʪ; 

Ὥlὥ, άl, ίlὸ  ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʘ ʩʦʥʮʷ ʨʦʟʧʨʠʜʽʣʷʻʪʴʩʷ 

ʤʽʞ 3-ʤʘ ʚʫʟʣʘʤʠ, —ὥὭὶ,—ί,—ά; 

άl.ὸέὸ  ʧʦʚʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ɺʪ; 

Ὄlὅ.ὲὨ  ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜ ʦʧʘʣʝʥʥʷ ʯʠ ʦʭʦʣʦʜʞʝʥʥʷ, ɺʪ; 

ὬὭί- ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʽʞ ʚʫʟʣʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, 

—ὥὭὶ, ʪʘ ʮʝʥʪʨʘʣʴʥʠʤ ʚʫʟʣʦʤ,
sq,  ʟ ʬʽʢʩʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ ὬὭί= 3,45 

ˏ̓
2̍˗

; 

Ὤάί  ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʽʞ ʚʫʟʣʘʤʠ m ʪʘ s, ʟ ʬʽʢʩʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ 

Ὤάί= 9,1 
ˏ̓
2̍˗

; 

ὃά  ʝʬʝʢʪʠʚʥʘ ʤʘʩʦʚʘ ʧʣʦʱʘ, ʤ
2
; 

ὃὮ  ʧʣʦʱʘ j-ʛʦ ʝʣʝʤʝʥʪʘ, ʤ
2
; 
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ὃὸέὸ- ʧʣʦʱʘ ʚʩʽʭ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ ʟʦʥʠ ʙʫʜʽʚʣʽ, ʤ
2
; 

ὅάï ʚʥʫʪʨʽʰʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/ʂ; 

ὯὮ  ʚʥʫʪʨʽʰʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ j-ʛʦ ʝʣʝʤʝʥʪʘ ʙʫʜʽʚʣʽ, ɼʞ/(ʤ
2
Țʂ); 

Ὄὸὶ.άί  ʩʧʦʣʫʯʝʥʥʷ ʧʨʦʚʽʜʥʽʩʪʶ ʤʽʞ ʚʫʟʣʘʤʠ m ʪʘ s, ɺʪ/ʂ; 

Ὄὸὶ.Ὡά  ʩʧʦʣʫʯʝʥʥʷ ʧʨʦʚʽʜʥʽʩʪʶ ʤʽʞ ʚʫʟʣʘʤʠ m ʪʘ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ɺʪ/ʂ; 

Ὄὸὶ.Ὥί  ʩʧʦʣʫʯʝʥʥʷ ʧʨʦʚʽʜʥʽʩʪʶ ʤʽʞ ʚʫʟʣʘʤʠ s ʪʘ ʚʥʫʪʨʽʰʥʽʤ ʧʦʚʽʪʨʷʤ, ɺʪ/ʂ; 

Ὄέὴ  ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʝʧʨʦʟʦʨʠʭ ʝʣʝʤʝʥʪʽʚ 

ʙʫʜʽʚʣʽ, ɺʪ/ʂ; 

Ὄὸὶ.ύ  ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʨʦʟʦʨʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʣʽ, ɺʪ/ʂ; 

Ὄὸὶ.1,Ὄὸὶ.2,Ὄὸὶ.3Ὄὸὶ.3  ʧʨʚʽʜʥʽʩʪʴ ʫʤʦʚʥʠʭ ʚʫʟʣʽʚ 1, 2, 3, ɺʪ/ʤ; 

ὌὺὩ  ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʝʥʪʠʣʷʮʽʻʶ, ɺʪ/ʂ. 

ʄʦʜʝʣʴ ʨʝʘʣʽʟʦʚʘʥʘ  ʚ ʩʝʨʝʜʦʚʠʱʽ Mathcad. 

ɼʠʥʘʤʽʯʥʠʡ ʤʝʪʦʜ ʟʘ EN 13790 ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʧʦʨʽʚʥʷʥʥ ̔ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʝʡ 

ʩʪʚʦʨʝʥʠʭ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ɽnergyʈlus, ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʤʝʪʦʜʫ ʟʘ 

EN 13790 ʜʣʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ɺʅɿ ʤʽʩʪ ʂʠʻʚʘ ʪʘ ʆʜʝʩʠ, ʘ ʪʘʢʦʞ ʧʨʠ 

ʘʥʘʣʽʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʙʘʟ ʢʣʽʤʘʪʦʣʦʛʽʾ. ʉʽʪʢʦʚʘ ʤʦʜʝʣʴ 5R1C ʩʪʚʦʨʝʥʘ ʜʣʷ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʉʫʤɼʋ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ 

ʦʧʘʣʝʥʥʷ.  

 

ɸʚʪʦʨʩʴʢʽ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ʂʨʽʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʘʭ, ʽʩʥʫʶʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʥʘ ʙʘʟʽ ʚʞʝ ʩʪʚʦʨʝʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʬʽʟʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʘʙʦ ʾʭ ʧʦʻʜʥʘʥʥʷ. 
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2.2.1 ʄʦʜʠʬʽʢʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʩʽʪʢʦʚʠʭ ʤʦʜʝʣʝʡ ʟ EN 13790 

 

ʉʽʪʢʦʚʘ ʩʧʨʦʱʝʥʘ ʧʦʛʦʜʠʥʥʘ ʤʦʜʝʣʴ ʩʪʘʥʜʘʨʪʫ EN 13790 [23] ʨʦʟʛʣʷʥʫʪʘ ʚ 

ʩʪʘʪʪʷʭ [106-111]. ʗʢ ʟʛʘʜʫʚʘʣʦʩʴ ʫ ʧ 1.5, 5R1C ʥʘʙʫʣʘ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʩʪʘʪʪʷʭ [63-68, ]. ɿʤʽʥʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʦʟʜʽʣʝʥʥʷʤ ʚʫʟʣʘ ʚʝʥʪʠʣʷʮʽʾ ʥʘ 

ʤʝʭʘʥʽʯʥʫ ʪʘ ʧʨʠʨʦʜʥʫ ʩʢʣʘʜʦʚʫ [63-67], ʘ ʪʘʢʦʞ ʟ ʨʦʟʜʽʣʝʥʥʷʤ ʤʘʩʠʚʫ 

ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ [68]. ʆʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ 

ʜʠʥʘʤʽʯʥʦʾ ʩʽʪʢʦʚʦʾ ʤʦʜʝʣʽ 5R1C ʻ ʚʨʘʭʫʚʘʥʥʷ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʽʥ. ɺ ʜʽʶʯʠʭ ʧʽʜʭʦʜʘʭ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʻ 

ʨ̫ ʜ ʩʧʨʦʱʝʥʴ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʷʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. ɺ [23, 94] ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʜʥʘʢʦʚʘ. 

ʇʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʚʩʷ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ, ʷʢʘ ʧʨʦʭʦʜʷʪʴ ʚ ʙʫʜʽʚʣʶ, ʧʦʛʣʠʥʘʻʪʴʩʷ, ʘ 

ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʡ ʚʣʘʩʥʠʡ ʧʨʦʤʝʥʝʚʠʡ ʪʝʧʣʦʦʙʤʽʥ ʩʪʽʥ. ɺ ʩʪʘʥʜʘʨʪʽ [23] ʧʨʠ 

ʜʝʪʘʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʥʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ 

ʟʘʣʠʰʘʪʠ ʟʦʥʫ ʙʫʜʽʚʣʽ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺʧʣʠʚ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʽʥ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʟʦʚʥʽʰʥʽʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʚʯʝʥʠʡ ʥʝʜʦʩʪʘʪʥʴʦ. ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥ̫  

ʚʨʘʭʫʚʘʥʥʷ ʜʘʥʦʛʦ ʚʧʣʠʚʫ ʩʪʚʦʨʝʥʘ ʩʪʘʮʽʦʥʘʨʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʽʤʥʘʪʠ. 

ʏʘʩʪʠʥʘ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʧʦʪʨʘʧʣʷʻ ʜʦ ʢʽʤʥʘʪʠ, ʧʦʛʣʠʥʘʻʪʴʩʷ 

ʦʛʦʨʦʜʞʝʥʥʷʤʠ, ʘ ʯʘʩʪʠʥʘ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʯʝʨʝʟ ʩʚʽʪʣʦʧʨʦʟʦʨʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʘʪʤʦʩʬʝʨʠ. ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔

ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʨʘʜʽʘʮʽʾ ʚʤʽʱʫʻ: 

ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʢʽʤʥʘʪʠ [146, 147] 

ὗʚ+ὗʟ= ὗʦ+ὗʪʥ+ ὗʨʝʟ.ʚ.2,   (2.27) 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʚʝʥʪʠʣʷʮʽʻʶ 

ὗʚ= ὲὠὧ”(ὸʚʥ ὸʟ),     (2.28) 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ὗʟ= ὗʟ
ǋ+ ὗʟ

ǋǋ,    (2.29) 

ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʥʘ ʟʦʚʥʽ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʠ [146, 147] 

ὗʟ
ǋ= Ὂʟʩ

ὸʟʩὸʟ

ὙŬʟ+Ὑʟʩ
,    (2.30) 
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ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʠ ʚʽʜ ʧʨʠʤʽʱʝʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʪʘ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥ [148, 149] 

ὗʟ
ǋ= Ὂʟʩ

ὸʚ̎ ὸʟʩ

ὙŬʚ
ὗʨʝʟ.ʟʩ.1 ὗʨʝʟ.ʟʩ.2,   (2.31) 

ɸʥʘʣʦʛʽʯʥʽ ʨʽʚʥʷʥʥʷ (2.32), (2.33) ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʚʽʢʥʘ ʟʘ 

ʚʠʥʷʪʢʦʤ ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ  

ὗʟ
ǋǋ= Ὂʚ

ὸʚ ὸʟ

ὙŬʟ+Ὑʚ
,    (2.32) 

ὗʟ
ǋǋ= Ὂʚ

ὸʚʥὸʚ

ὙŬʚ
ὗʨʝʟ.ʚ.1                                   (2.33) 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʜʣʷ ʨʝʟʫʣʴʪʫʶʯʠʭ ʧʦʪʦʢʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʩʪʽʥʠ, ʚʽʢʥʘ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ[148, 149] 

ὗʨʝʟ.ʟʩ.1 = ὗʝʬ.ʟʩ.1 ὗʝʬ.ʚʦ.1Ͻűʚʦʟʩ,   (2.34) 

ὗʨʝʟ.ʚ.1 = ὗʝʬ.ʚ.1 ὗʝʬ.ʚʦ.1Ͻűʚʦʚ,   (2.35) 

ὗʨʝʟ.ʚʦ.1 = ὗʨʝʟ.ʟʩ.1 ὗʨʝʟ.ʚ.1,    (2.36) 

ʊʝʞ ʩʘʤʝ ʜʣʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ[148, 149] 

ὗʨʝʟ.ʟʩ.2 = ὗʝʬ.ʟʩ.2 ὗʝʬ.ʚʦ.2Ͻűʚʦʟʩ,   (2.37) 

ὗʨʝʟ.ʚ.2 = ὗʝʬ.ʚ.2 ὗʝʬ.ʚʦ.2Ͻűʚʦʚ ,   (2.38) 

ὗʨʝʟ.ʚʦ.2 = ὗʨʝʟ.ʟʩ.2 ὗʨʝʟ.ʚ.2,    (2.39) 

ʈʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʧʦʪʦʢʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ 

ʩʪʽʥʠ, ʚʽʢʥʘ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ [148, 149] 

ὗʝʬ.ʟʩ.1 = ὗʨʝʟ.ʟʩ.1(1
1

ɸ1
) +

ὗʝ.ʟʩ.1

ɸ1
 ,    (2.40) 

ὗʝʬ.ʚ.1 = ὗʨʝʟ.ʚ.1(1
1

ɸ1
) +

ὗʝ.ʚ.1

ɸ1
,   (2.41) 

ὗʝʬ.ʚʦ.1 = ὗʨʝʟ.ʚʦ.1(1
1

ɸ1
) +

ὗʝ.ʚʦ.1

ɸ1
,   (2.42) 

ʈʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʧʦʪʦʢʽʚ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ, ʚʽʢʥʘ 

ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ [148, 149] 

ὗʝʬ.ʟʩ.2 = ὗʨʝʟ.ʟʩ.2(1
1

ɸ2
),    (2.42) 

ὗʝʬ.ʚ.2 = ὗʨʝʟ.ʚ.2(1
1

ɼ2

) +
ɯinsὊʚ

ɼ2

,   (2.43) 
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ὗʝʬ.ʚʦ.2 = ὗʨʝʟ.ʚʦ.2(1
1

ɸ2
),    (2.44) 

ʈʽʚʥʷʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʦʢʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ, 

ʚʽʢʥʘ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ [148, 149] 

ὗʝ.ʚ.1 = Ὂʚůɸ1Ὕʚ
4,     (2.45) 

ὗʝ.ʟʩ.1 = Ὂʟʩůɸ1Ὕʟʩ
4,    (2.46) 

ὗʝ.̃ .̏1 = Ὂʚʦůɸ1Ὕʚʥ
4 ,    (2.47) 

ʜʝ ὗ̈  ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ɺʪ; 

ὗʦ  ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʦʧʘʣʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ɺʪ; 

ὗʪʥ  ʜʦʜʘʪʢʦʚʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, ɺʪ; 

ὗʨʘʜ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ɺʪ; 

ὲ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ; 

ὠ  ʦʙ'ʻʤ ʧʨʠʤʽʱʝʥʥʷ, ʤ
3
; 

ὧ,”  ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʘ ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ, ɼʞ/(ʢʛ ʂ), ʢʛ/ʤ
3
; 

ὸʚʥ,ὸʟ - ʚʥʫʪʨʽʰʥʷ ʪʘ ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, Áʉ; 

Ὅins ʽʥʩʦʣʷʮʽʡʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, ɺʪ/ʤ
2
; 

Ὂʚ,Ὂʟʩ,Ὂʚʦ  ʧʣʦʱʘ ʚʽʢʥʘ, ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ, ʤ
2 

ὗʟ
ǋ,ὗʟ
ǋǋ ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʟʦʚʥʽʰʥʶ ʩʪʽʥʫ ʪʘ ʚʽʢʥʦ, ʚʽʜʧʦʚʽʜʥʦ, ɺʪ; 

ὸʟʩ,ὸʚ  ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʪʘ ʚʽʢʥʘ ʟ ʚʥʫʪʨʽʰʥʴʦʾ 

ʩʪʦʨʦʥʠ, Áʉ; 

Ὑʟʩ,Ὑʚ  ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʪʘ ʚʽʢʥʘ, ʤ
2
Áʉ/ɺʪ; 

RŬʚ,RŬʟ  ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠʩʪʽʥʥʦʛʦ ʧʨʦʰʘʨʢʫ, ʤ
2
ʂ/ɺʪ; 

ὗʨʝʟ.ʚ.1,ὗʨʝʟ.ʟʩ.1,ὗʨʝʟ.ʚʦ.1  ʨʝʟʫʣʴʪʫʶʯʠʡ ʧʦʪʽʢ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ, ʚʽʢʥʘ, ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ, ʚʥʫʪʨʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ, ɺʪ; 

ὗʨʝʟ.ʚ.2,ὗʨʝʟ.ʟʩ.2,ὗʨʝʟ.ʚʦ.2  ʨʝʟʫʣʴʪʫʶʯʠʡ ʧʦʪʽʢ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚʽʜ ʚʽʢʥʘ, 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ, ɺʪ; 

ὗʝʬ.ʚ.1,ὗʝʬ.ʟʩ.1,ὗʝʬ.ʚʦ.1  ʝʬʝʢʪʠʚʥʠʡ ʧʦʪʽʢ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ 

ʚʽʢʥʘ, ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ, ɺʪ; 

ὗʝʬ.ʚ.2,ὗʝʬ.ʟʩ.2,ὗʝʬ.ʚʦ.2  ʝʬʝʢʪʠʚʥʠʡ ʧʦʪʽʢ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚʽʢʥʘ, ʟʦʚʥʽʰʥʴʦʾ 

ʩʪʽʥʠ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ, ɺʪ; 
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ὗʝ.ʚ.1,ὗʝ.ʟʩ.1,ὗʝ.ʚʦ.1  ʚʣʘʩʥʠʡ ʧʦʪʽʢ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʚʽʢʥʘ, 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ, ɺʪ; 

ɸ1,ɸ2 ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ ʩʪʽʥʠ ʪʘ ʚʽʢʥʘ ʚʽʜʧʦʚʽʜʥʦ, ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ; 

ɼ2 ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʚʽʢʦʥ ʚ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ; 

ů ʧʦʩʪʽʡʥʘ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ, ů= 5,67Ͻ10 8ɺʪ/ (ʤ2ʂ4); 

ű
ʚʦʟʩ

,ű
ʚʦʚ

ʢʫʪʦʚʽ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ 

ʦʛʦʨʦʜʞʝʥʴ ʥʘ ʟʦʚʥʽʰʥʶ ʩʪʽʥʫ ʪʘ ʚʽʢʥʦ, ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘ ʙʘʟʽ ʮʠʭ ʨʽʚʥʷʥʴ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʢʽʤʥʘʪʠ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

Mathcad, ʷʢʘ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ  ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʩʦʥʷʯʥʦʛʦ ʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚ ʢʽʤʥʘʪʽ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ, 

ʪʦʙʪʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʝʥʝʨʛʦʙʘʣʘʥʩʽ ʢʽʤʥʘʪʠ ʦʮʽʥʠʪʠ ʩʫʢʫʧʥʠʡ ʚʧʣʠʚ ʚʣʘʩʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʛʦʨʦʜʞʝʥʴ ʪʘ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ. 

ʇʦʛʦʜʠʥʥʘ ʤʦʜʝʣʴ 5R1C [23] ʥʘʙʫʣʘ ʨʦʟʚʠʪʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʨʘʭʫʚʘʥʥʷ 

ʩʫʢʫʧʥʦʛʦ ʚʧʣʠʚʫ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʛʦʨʦʜʞʝʥʴ ʪʘ ʩʦʥʷʯʥʦʾ 

ʨʘʜʽʘʮʽʾ. ʅʘ ʨʠʩ. 2.3 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʨʝʘʣʽʟʘʮʽʾ ʩʽʪʢʦʚʦʾ ʤʦʜʝʣʽ 8R2C. 

 

ʈʠʩ. 2.3 ï ʄʦʜʝʣʴ ʚʽʩʽʤ ʦʧʦʨʽʚ, ʜʚʽ ʻʤʥʦʩʪʽ (8R2C) 
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ɼʘʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ ʦʛʦʨʦʜʞʝʥʥʷ, ʘ ʩʘʤʝ 

ʚʠʟʥʘʯʘʪʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ, ʽʥʝʨʮʽʡʥʽʩʪʴ ʪʘ ʚʨʘʭʫʚʘʪʠ ʚʣʘʩʥʝ ʪʝʧʣʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʦʛʦʨʦʜʞʝʥʴ. ɺ ʦʩʥʦʚʽ ʤʦʜʝʣʽ 8R2C ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʪʝʨʤʽʯʥʠʭ ʦʧʦʨʽʚ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʣʝʞʘʪʴ ʨʽʚʥʷʥʥʷ ʘʥʘʣʦʛʽʯʥʽ 2.22-

2.26. ʄʦʜʝʣʴ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʧʝʨʝʜʘʥʘ ʉʫʤɼʋ 

ʜʣʷ ʘʥʘʣʽʟʫ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ. 

2.2.2 ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ EnergyPlus 

 

ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ EnergyPlus (ʜʘʣʽ E+) [71] ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʭ 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ. ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʨʘʱʽ ʧʽʜʭʦʜʠ ʜʚʦʭ ʚʽʜʦʤʠʭ 

ʧʨʦʛʨʘʤ DOE-2 ʪʘ BLAST, ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʷʢʠʭ ʥʘʙʣʠʞʝʥʽ ʜʦ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ [71]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʱʝ ʨʦʟʛʣʷʥʫʪʦʛʦ ʤʝʪʦʜʫ ʜʘʥʠʡ 

ʤʝʪʦʜ ʚʨʘʭʦʚʫʻ ʦʢʨʝʤʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ. ʇʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʩʚʽʪʣʦʧʨʦʟʦʨʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ ɽ+ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʽʜʧʨʦʛʨʘʤʫ ʨʦʟʨʘʭʫʥʢʫ Window [150], ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʽʜʣʦʛʠ ʥʘ 

ʛʨʫʥʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜʧʨʦʛʨʘʤʘ Slab Pre-Processor ʯʝʨʝʟ Openstudio [151], 

ʱʦ ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʽʟʫʚʘʪʠ ʨʦʟʨʘʭʫʥʦʢ.  

ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ɽ+ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʟ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʬʘʡʣʫ IWEC ʜʣʷ ʪʠʧʦʚʦʛʦ ʨʦʢʫ ʧʝʚʥʦʛʦ ʤʽʩʪʘ [82]. ɼʣʷ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʟʥʘʭʦʜʷʪʴʩʷ ʢʣʽʤʘʪʠʯʥʽ IWEC ʬʘʡʣʠ ʪʠʧʦʚʦʛʦ ʨʦʢʫ 

ʜʣʷ ʤʽʩʪ ʂʠʻʚʘ ʽ ʆʜʝʩʠ, ʱʦ ʻ ʫʩʝʨʝʜʥʝʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʦʞʥʦʾ ʟ ʜʚʦʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ. ɺ IWEC 2 ʩʪʚʦʨʝʥʦ ʧʦʛʦʜʥʽ ʬʘʡʣʠ ʜʣʷ 41-ʛʦ ʤʽʩʪʘ ʋʢʨʘʾʥʠ, 

ʘʣʝ ʚʦʥʠ ʻ ʧʣʘʪʥʠʤ ʨʝʩʫʨʩʦʤ, ʱʦ ʦʙʤʝʞʫʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ IWEC 

ʚ ʽʥʰʠʭ ʧʽʜʭʦʜʘʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʷʭ, ʢʨʽʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ EnergyPlus, 

ʤʘʻ ʩʢʣʘʜʥʦʱʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʬʦʨʤʘʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʧʝʨʝʨʘʭʫʥʢʫ 

ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʣʦʞʝʥʥʷ ʩʦʥʮʷ ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʫ 
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ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʪʘ ʡʦʛʦ ʟʤʽʥʠ ʧʨʦʪʷʛʦʤ ʜʦʙʠ. EnergyPlus ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʽʣʴʢʘ 

ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʧʦʚʝʨʭʥʽ. 

ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʩʪʚʦʨʝʥʘ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ EnergPlus 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ 

ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʜʠʥʘʤʽʯʥʦʶ ʪʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʶ ʤʦʜʝʣʷʤʠ ʟʘ EN 13790 ʜʣʷ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ɺʅɿ ʤʽʩʪ ʂʠʻʚʘ ʪʘ ʆʜʝʩʠ, ʘ ʪʘʢʦʞ ʧʨʠ ʘʥʘʣʽʟʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʙʘʟ ʢʣʽʤʘʪʦʣʦʛʽʾ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʨʝʞʠʤʽʚ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ 

ʦʧʘʣʝʥʥʷ. ɺʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʚʢʣʶʯʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ, ʪʝʧʣʦʬʽʟʠʯʥʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɻʝʦʤʝʪʨʽʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ʩʪʚʦʨʶʚʘʣʘʩʴ ʚ 

ʛʨʘʬʽʯʥʦʤʫ ʨʝʜʘʢʪʦʨʽ GoogleSketchup, ʱʦ ʩʠʥʭʨʦʥʽʟʫʻʪʴʩʷ ʯʝʨʝʟ OpenStudio. ʂʨʦʢ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʦʟʨʘʭʥʢʫ ʤʦʞʥʘ ʦʙʨʘʪʠ ʚʽʜ 10 ʭʚ. ʜʦ 1 ʛʦʜ. ʂʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʜʣʷ 

ʨʷʜʫ ʤʽʩʪ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʤʦʞʥʘ ʩʢʘʯʘʪʠ ʥʘ ʩʘʡʪʽ EnergyPlus, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚ ʨʦʟʰʠʨʝʥʥʽ "EPW". ɺ IWEC ʬʘʡʣ ʧʦʛʦʜʠ ʥʘʚʝʜʝʥʥʽ ʧʦʛʦʜʠʥʥʽ ʟʥʘʯʝʥʥʷ.  

ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷ ̒ ʦʪʨʠʤʫʚʘʪʠ ʧʦʛʦʜʠʥʥʠʡ ʣʦʢʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʢʽʤʥʘʪʠ, ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʪʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ, ʽʥʝʨʮʽʡʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʦʛʦʨʦʜʞʝʥʴ. ʇʘʨʘʤʝʪʨʠ ʪʘ ʽʥʪʝʨʚʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ (ʨʽʢ, 

ʩʝʟʦʥ, ʤʽʩʷʮʴ, ʜʦʙʘ, ʛʦʜʠʥʘ), ʷʢʽ ʙʫʜʫʪʴ ʚʠʚʦʜʠʪʴʩʴ ʚ ʪʝʢʩʪʦʚʦʤʫ ʬʘʡʣʽ, 

ʦʙʠʨʘʶʪʴʩʷ/ʟʘʧʨʦʰʫʶʪʴʩʷ ʩʘʤʦʩʪʽʡʥʦ.  

ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʽ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ 

ʧʽʜʭʦʜʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʦʮʽʥʢʠ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ ʰʢʽʣ ʪʘ ɼʅɿ ʪʘ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʰʢʘʣ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʝʥʥ ̫ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦ ʪʘ 

ʧʽʩʣʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ 5R1C ʪʘ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ 

EnergyPlus ʧʦʨʽʚʥʁʚʘʣʠʩʴ ʤʽʞ ʩʦʙʦʶ ʜʣʷ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʤʽʩʪʘʭ 

ʂʠʾʚ ʪʘ ʆʜʝʩʘ ʜʣʷ ʫʤʦʚ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. 

ɼʣʷ ʉʫʤɼʋ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘ ʙʘʟʽ ʩʪʘʥʜʘʨʪʫ EN 13790, ʷʢʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʫ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʘ ʟ ʩʽʪʢʦʚʦʶ ʤʦʜʝʣʣʶ 

ʨʝʘʣʽʟʦʚʘʥʦʶ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ MicroCab [152] ʟ ʘʥʘʣʦʛʽʻʶ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʽʤʥʘʪʠ ʷʢ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ.  
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2.3 ʄʝʪʦʜʠ ʘʜʘʧʪʘʮʽʾ ʜʘʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʙʘʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ 

 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ ʧʦʰʠʨʝʥʠʤʠ ʚ ʋʢʨʘʾʥʽ 

ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʡ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʣʽʤʘʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʛʽʦʥʫ/ʦʙʣʘʩʥʦʛʦ ʮʝʥʪʨʫ, ʘ ʩʘʤʝ ī 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʧʦʢʘʟʥʠʢʠ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽ ʧʦʚʝʨʭʥʽ [94, 153] ʜʣʷ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʤʝʪʦʜʫ 

[94] ʪʘ ʩʝʨʝʜʥʽ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ - ʜʣʷ ʤʝʪʦʜʫ ʛʨʘʜʫʩʦ-ʜʽʙ [35]. ɺʧʣʠʚ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʫ ʚʽʪʨʫ ʚ ʤʦʜʝʣʷʭ ʜʘʥʦʛʦ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʫʢʨʫʧʥʝʥʦ ʯʝʨʝʟ ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ.  

ɺ ʥʦʨʤʘʪʠʚʥʠʭ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʜʽʶʪʴ ʚ ʋʢʨʘʾʥʽ, ʥʘʚʝʜʝʥʦ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʽ, ʱʦ ʻ ʜʦʩʪʘʪʥʽʤ ʧʨʠ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʪʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʤʫ ʤʝʪʦʜʽ ʨʦʟʨʘʭʫʥʢʫ [153]. ʅʦʨʤʘʪʠʚʥʽ 

ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʙʫʣʠ ʦʪʨʠʤʘʥʥʽ ʰʣʷʭʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ 50-ʪʠ 

ʨʽʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɺ ʫʤʦʚʘʭ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʥʦʩʽʾʚ (ʨʝʛʫʣʶʚʘʥʥʷ ʦʧʘʣʝʥʥʷ) 

ʧʦʪʨʝʙʘ ʚ ʦʧʘʣʝʥʥʽ ʧʦʚʠʥʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʛʦʜʠʥʥʦʾ ʟʤʽʥʠ 

ʢʣʽʤʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʥʝ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʤʦʜʝʣʷʭ. 

ɺ ʋʢʨʘʾʥʽ ʚʩʝ ʰʠʨʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʚʘʶʪʴ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʛʦʜʠʥʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ. ʅʦʨʤʘʪʠʚʥʦʾ ʧʦʛʦʜʠʥʥʦʾ ʢʣʽʤʘʪʦʣʦʛʽʾ ʚ ʋʢʨʘʾʥʽ ʥʝ ʽʩʥʫʻ. 

ʌʘʢʪʠʯʥʽ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʤʝʪʝʦʩʘʡʪʽʚ, ʘʣʝ ʜʘʥʠʭ ʧʨʦ ʩʦʥʷʯʥʽ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ ʥʠʭ ʥʝ ʥʘʚʦʜʠʪʴʩʷ. ʌʘʢʪʠʯʥʽ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʥʝʦʙʭʽʜʥʦ 

ʥʘʢʦʧʠʯʫʚʘʪʠ ʟʘ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʘʟʦʚʦʛʦ 

ʨʽʚʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʜʣʷ ʫʤʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɺ ʨʘʤʢʘʭ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʨʦʝʢʪʫ RP-1015 U.S. National Climatic Data Center 

ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʢʣʽʤʘʪʠʯʥʽ ʬʘʡʣʠ ʪʠʧʦʚʦʛʦ ʨʦʢʫ International Weather for Energy 

Calculations (IWEC) ʜʣʷ ʨʷʜʫ ʤʽʩʪ. ʇʨʦʮʝʜʫʨʘ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʙʫʣʘ ʟʘʩʥʦʚʘʥʘ ʥʘ 
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ʚʠʙʦʨʽ ʪʠʧʦʚʦʛʦ ʨʦʢʫ ʧʨʦʪʷʛʦʤ 18-ʨʽʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʛʦʜʥʠʭ ʜʘʥʠʭ. 

ʇʦʛʦʜʠʥʥʽ ʟʥʘʯʝʥʥʷ ʟ ʬʘʡʣʫ IWEC [82] ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʪʝʤʧʝʨʘʪʫʨʫ ʩʫʭʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ, ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʧʨʷʤ ʚʽʪʨʫ, ʙʘʨʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ, 

ʧʦʚʥʫ, ʧʨʷʤʫ (ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ direct normal) ʪʘ ʨʦʟʩʽʷʥʫ (diffuse horizontal) 

ʩʦʥʷʯʥʫ ʨʘʜʽʘʮʽʶ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʪʦʱʦ. ɼʣʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʩʪʚʦʨʝʥʦ ʢʣʽʤʘʪʠʯʥʽ IWEC ʬʘʡʣʠ ʪʠʧʦʚʦʛʦ ʨʦʢʫ ʜʣʷ ʤʽʩʪ ʂʠʻʚʘ ʽ ʆʜʝʩʠ ʫ 

ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ (ʜʦʩʪʫʧʥʠʡ ʚʝʙ-ʩʘʡʪʦʤ DOE ʪʘ EnergyPlus ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʥʝʨʛʽʾ). ɺ IWEC 2 ʩʪʚʦʨʝʥʦ ʧʦʛʦʜʥʽ ʬʘʡʣʠ ʜʣʷ 41-ʛʦ ʤʽʩʪʘ ʋʢʨʘʾʥʠ, ʘʣʝ ʚʦʥʠ ʻ 

ʧʣʘʪʥʠʤ ʨʝʩʫʨʩʦʤ, ʱʦ ʦʙʤʝʞʫʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʧʨʦʜʘʶʪʴʩʷ ʢʦʤʧʘʥʽʻʶ 

ASHRAE) [154]. 

ɯʩʥʫʶʪʴ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʣʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʞʝ ʩʪʚʦʨʝʥʽ ʜʝʪʘʣʽʟʦʚʘʥʽ ʬʘʡʣʠ 

ʢʣʽʤʘʪʦʣʦʛʽʾ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ EnergyPlus ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʢʣʽʤʘʪʠʯʥʠʡ ʬʘʡʣ IWEC [82]. ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ EnergyPlus ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʦʛʦʜʥʠʡ ʬʘʡʣ IWEC ʨʦʟʰʠʨʝʥʥʷ "EPW". ɺʠʢʦʨʠʩʪʘʥʥʷ IWEC ʚ ʽʥʰʠʭ ʧʽʜʭʦʜʘʭ, 

ʢʨʽʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ EnergyPlus, ʤʘʻ ʩʢʣʘʜʥʦʱʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʬʦʨʤʘʪʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʣʦʞʝʥʥʷ ʩʦʥʮʷ ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʪʘ ʡʦʛʦ ʟʤʽʥʠ 

ʧʨʦʪʷʛʦʤ ʜʦʙʠ. EnergyPlus ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʽʣʴʢʘ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʧʦʚʝʨʭʥʽ [155].  

ʅʘʧʨʠʢʣʘʜ, ʚ ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩʽ [156], ʩʪʚʦʨʝʥʦʤʫ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ NASA 

"Atmospheric science data center", ʤʦʞʥʘ ʟʘʜʘʪʠ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʧʦʪʨʽʙʥʠʡ ʨʝʛʽʦʥ ʪʘ ʦʪʨʠʤʘʪʠ ʪʠʧʦʚʽ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ ʧʨʷʤʦʾ, ʨʦʟʩʽʷʥʦʾ, 

ʧʦʚʥʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ, ʢʽʣʴʢʽʩʪʴ ʙʝʟʭʤʘʨʥʠʭ ʜʥʽʚ ʫ 

ʤʽʩʷʮʽ, ʟʥʘʯʝʥʥʷ ʘʟʠʤʫʪʫ ʽ ʪʘʢʝ ʽʥʰʝ. ɼʘʥʽ ʧʨʠʚʝʜʝʥʥʽ ʥʘ ʜʘʥʦʤʫ ʩʘʡʪʽ, ʻ 

ʫʩʝʨʝʜʥʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘ ʦʩʪʘʥʥʽ 22 ʨʦʢʠ.  

ʂʨʽʤ ʧʦʛʦʜʠʥʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʬʘʡʣʽʚ IWEC ʥʘ ʧʣʘʪʥʦʤʫ ɯʥʪʝʨʥʝʪ 

ʨʝʩʫʨʩʽ Meteonorm [157] ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʽʟʦʚʘʥʽ ʧʦʛʦʜʠʥʥʽ ʟʥʘʯʝʥʥʷ 

ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʪʠʧʦʚʦʛʦ ʨʦʢʫ ʘʙʦ ʬʘʢʪʠʯʥʽ ʜʘʥʽ ʚʠʙʨʘʥʦʛʦ ʨʦʢʫ. 

ʆʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʻ ʛʦʣʦʚʥʦʶ ʧʝʨʝʰʢʦʜʦʶ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʚʽʜʧʦʚʽʜʥʽ ʽʥʪʝʨʚʘʣʠ ʫʩʝʨʝʜʥʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ. ʊʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʠ ʫʤʦʚʥʦ 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʦʥʠ. ʂʣʽʤʘʪʠʯʥʽ ʧʦʛʦʜʠʥʥʽ ʟʥʘʯʝʥʥʷ ʪʠʧʦʚʦʛʦ 

ʨʦʢʫ IWEC ʨʦʟʛʣʷʥʫʪʽ ʜʣʷ ʂʠʻʚʘ (ɯ ʢʣʽʤʘʪʠʯʥʘ ʟʦʥʘ) ʪʘ ʆʜʝʩʠ (ɯɯ ʢʣʽʤʘʪʠʯʥʘ 

ʟʦʥʘ) [153]. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʋʢʨʘʾʥʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʝʨʰʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʦʥʠ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʚʥʦʩʠʪʴ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʫ, ʘ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʧʽʜʭʦʜʫ ʫʩʢʣʘʜʥʶʶʪʴ ʧʦʨʽʚʥʷʥʥʷ ʧʽʜʭʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ. 

ɼʣʷ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ [153, 94] ʪʘ 

ʧʦʛʦʜʠʥʥʠʭ ʜʘʥʠʭ ʪʠʧʦʚʦʛʦ ʨʦʢʫ ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʦʛʦʜʥʦʛʦ ʬʘʡʣʫ IWEC [82] 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠʢʠ ʜʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʪʘ ʫʩʝʨʝʜʥʝʥʥʷ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ ʧʘʨʘʤʝʪʨʽʚ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ, ʬʘʢʪʦʨʠ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʧʣʠʚ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʪʘ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʢʽʥʮʝʚʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʚ ʟʦʥʽ ʢʽʤʥʘʪʠ, ʘ ʩʘʤʝ ʱʦʛʦʜʠʥʥʽ 

ʘʙʦ ʱʦʜʦʙʦʚʽ ʟʥʘʯʝʥʥʷ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʪʘ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʷʜʫ ʢʣʽʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ. ʇʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʟʘ ʜʽʶʯʠʤʠ ʚ ʋʢʨʘʾʥʽ ʤʝʪʦʜʠʢʘʤʠ ʩʝʨʝʜ ʢʣʽʤʘʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʫʨʘʭʦʚʫʻʪʴʩʷ ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʪʘ ʩʦʥʷʯʥʽ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʢʨʘʪʥʽʩʪʴ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ, ʥʘʧʨʷʤʫ, ʝʪʘʞʥʦʩʪʽ ʽ ʪ.ʜ. ʜʣʷ 

ʧʨʠʨʦʜʥʦʾ ʚʝʥʪʠʣʷʮʽʾ [94, 35].  

ɺ ʩʧʨʦʱʝʥʠʡ ʧʦʛʦʜʠʥʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʙʘʟʽ 

ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʩʪʘʥʜʘʨʪʫ EN 13790 [23], ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʫ ʩʚʦʾʭ ʨʦʟʨʘʭʫʥʢʘʭ 

ʧʦʛʦʜʠʥʥʽ ʩʫʤʘʨʥʽ ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ, ʜʘʥʽ ʤʦʞʫʪʴ 

ʦʙʠʨʘʪʠʩʷ ʟ IWEC. ʇʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ 

ʪʠʧʦʚʦʛʦ ʨʦʢʫ IWEC (ʥʘʧʨʠʢʣʘʜ, EnergyPlus) ʤʽʩʪʷʪʴ ʚʙʫʜʦʚʘʥʽ ʤʝʪʦʜʠʢʠ 

ʧʝʨʝʨʘʭʫʥʢʫ ʜʝʪʘʣʽʟʦʚʘʥʠʭ ʜʦ ʩʧʨʦʱʝʥʠʭ.  

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʝʨʝʨʘʭʫʥʢʫ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʟʘ ʧʽʜʭʦʜʘʤʠ, 
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ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʚ ʧʨʘʮʷʭ ɼʘʬʬʽ [158, 159] ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨ ʟʦʚʥʽ ʽ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ 

[160-162] ʥʘʚʝʜʝʥʦʶ ʥʠʞʯʝ. ɼʣʷ ʪʠʧʦʚʠʭ ʜʣʷ ʂʠʻʚʘ ʫʤʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʷʢʽʩʥʠʤ ʧʦʛʦʜʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʨʠʡʥʷʪʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʚʝʜʝ ʩʝʙʝ ʘʥʘʣʦʛʽʯʥʦ ʷʢ ʽ ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʘʙʦ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʜʘʥʴ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ. 

 

ʇʝʨʝʨʘʭʫʥʦʢ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ 

ʉʭʠʣʝʥʥʷ ʉʦʥʮʷ ʚ ʧʝʚʥʠʡ ʜʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

284
23 45 360

365

n
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+å õ
= æ ö

ç ÷,    (2.48) 

ʜʝ n - ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʜʥʷ, ʚʽʜʨʘʭʦʚʘʥʠʡ ʚʽʜ 1 ʩʽʯʥʷ.  

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʝʥʥʷ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʧʝʚʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʰʠʨʦʪʽ j (ʜʣʷ ʂʠʻʚʘ 50Á27Ë, ʜʣʷ 

ʆʜʝʩʠ 46Á 28Ë). 

ɺʝʣʠʯʠʥʘ ʧʠʪʦʤʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ q,̔ ɺʪĿʛʦʜ/ʤ
2
, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ 1 ʤ

2
 

ʧʽʚʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ i-ʪʫ ʛʦʜʠʥʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

i B D B B D

cos( s )cos cos sin( s )sin
q H H H R H

cos cos cos sin sin

j d w j d

j d w j d

- + -
= + = Ö +

+
, (2.49) 

ʜʝ Hɺ ʽ HD, ɺʪ/ʤ
2  
ï ʧʠʪʦʤʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʧʨʷʤʦʛʦ ʪʘ ʨʦʟʩʽʷʥʦʛʦ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʘʜʘʻ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ, ʥʘ ʰʠʨʦʪʽ ʥʘʩʝʣʝʥʦʛʦ 

ʧʫʥʢʪʫ ʧʨʠ ʙʝʟʭʤʘʨʥʦʤʫ ʥʝʙʽ; 

Rɺ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʨʘʭʫʥʢʫ ʧʨʷʤʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦʭʠʣʫ ʧʦʚʝʨʭʥʶ ʟ 

ʧʽʚʜʝʥʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ; 

s ï ʢʫʪ ʥʘʭʠʣʫ ʧʦʚʝʨʭʥʽ ʜʦ ʛʦʨʠʟʦʥʪʫ (s=90Á).  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘ ʬʦʨʤʫʣʦʶ (2.49) ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʣʠʰʝ ʟʥʘʯʝʥʥʷ, ʷʢʽ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ:  

( )( )0
( )90 ; ; 0ʉ ɿ Barccos tg s tg Rw w w j d< < = - - Ö >,  (2.50) 

ʜʝ wʉ(ɿ).- ʛʦʜʠʥʥʠʡ ʢʫʪ ʩʭʦʜʫ (ʟʘʭʦʜʫ) ʩʦʥʮʷ ʥʘ ʧʦʭʠʣʫ ʧʦʚʝʨʭʥʶ. 
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ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʪʦ, ʱʦ ʥʘ ʧʽʚʥʽʯʥʫ ʧʦʚʝʨʭʥʶ ʧʦʪʨʘʧʣʷʻ ʣʠʰʝ ʨʦʟʩʽʷʥʘ 

ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ. ɺ ʜʘʥʽʡ ʤʝʪʦʜʠʮʽ ʨʦʟʨʘʭʫʥʢʫ ʭʤʘʨʥʽʩʪʴ ʚʨʘʭʦʚʘʥʘ ʰʣʷʭʦʤ 

ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʨʷʤʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ. ɺ IWEC ʬʘʡʣʽ ʧʦʢʘʟʥʠʢ ʭʤʘʨʥʦʩʪʽ 

ʥʘʚʝʜʝʥʠʡ. 

ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

sol i ʚ ʧʨ ʟʪQ q F k k=
,      (2.51) 

ʜʝ Qsol - ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜ ʩʦʥʮʷ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ, ɺʪ; 

qi - ʧʠʪʦʤʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʧʦʚʝʨʭʥʶ 

ʚʽʜʧʦʚʽʜʥʦʾ ʦʨʽʻʥʪʘʮʽʾ, ɺʪ/ʤ
2
; 

Fʚ - ʧʣʦʱʘ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʤ
2
; 

kʧʨ - ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ; 

kʟʪ - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʟʘʪʽʥʷʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

ɺʠʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨ 

ʟʦʚʥʽ ʽ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ 

 

ɿʘʟʚʠʯʘʡ, ʫ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ 

ʚʝʥʪʠʣʷʮʽʡʥʘ ʩʢʣʘʜʦʚʘ (ʧʦʚʽʪʨʦʦʙʤʽʥ) ʟʘʜʘʻʪʴʩʷ ʯʝʨʝʟ ʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ. ʇʦʚʽʪʨʦʦʙʤʽʥ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʅʘʚʽʪʴ ʧʨʠ 

ʦʜʥʘʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʚʽʢʦʥ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ, ʧʨʠʨʦʜʥʽʤ ʯʠʥʦʤ 

ʚ ʧʨʠʤʽʱʝʥʥʷ ʧʦʪʨʘʧʣʷʻ ʨʽʟʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ. ʇʦʚʽʪʨʦʦʙʤʽʥ ʚ ʧʨʠʤʽʱʝʥʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ ʷʢ ʟʦʚʥʽʰʥʽʭ ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʽʭ. ɸʚʪʦʨʘʤʠ ʩʪʘʪʝʡ [160-

162] ʨʦʟʛʣʷʥʫʪʠʡ ʧʦʰʠʨʝʥʠʡ ʧʽʜʭʽʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʽ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ. 

ʈʽʟʥʠʮʷ ʪʠʩʢʽʚ ʚ ʙʫʜʽʚʣʽ ʩʪʚʦʨʶʻʪʴʩʷ ʪʨʴʦʤʘ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ: ʝʬʝʢʪ ʩʪʝʢʘ 

(stack effect), ʪʠʩʢʫ ʚʽʪʨʫ, ʧʨʠʤʫʩʦʚʠʡ ʪʠʩʢ ʚʝʥʪʠʣʷʪʦʨʘ ʤʝʭʘʥʽʯʥʦʾ ʚʝʥʪʠʣʷʮʽʾ. 

ɿʘʛʘʣʴʥʠʡ ʪʠʩʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.52) ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʫ ʧʨʦʬʽʣʽʚ 

ʟʤʽʥʠ ʜʘʥʠʭ ʪʠʩʢʽʚ ʧʦ ʚʠʩʦʪʽ ʥʘ ʨʠʩ. 2.4. 

inftot s w v vʈ ʈ ʈ ʈ ʈ ʈD =D +D +D =D +D,   (2.52)
 

totʈD - ʟʘʛʘʣʴʥʘ ʨʽʟʥʠʮʷ ʪʠʩʢʽʚ, ʇʘ; 
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sʈD - ʨʽʟʥʠʮʷ ʪʠʩʢʽʚ ʚʽʜ ʝʬʝʢʪʫ ʩʪʝʢʘ, ʇʘ; 

wʈD  - ʨʽʟʥʠʮʷ ʪʠʩʢʫ ʚʽʜ ʚʽʪʨʫ, ʇʘ; 

vʈD  - ʨʽʟʥʠʮʷ ʪʠʩʢʽʚ ʚʽʜ ʧʨʠʤʫʩʦʚʦʾ ʚʝʥʪʠʣʷʮʽʾ, ʇʘ; 

infʈD - ʽʥʬʽʣʴʪʨʘʮʽʡʥʘ ʨʽʟʥʠʮʷ ʪʠʩʢʽʚ, ʇʘ. 

 

 

ʈʠʩ. 2.4 ï ʇʨʠʢʣʘʜ ʧʽʜʩʫʤʫʚʘʥʥʷ ʧʨʦʬʽʣʽʚ ʨʽʟʥʠʮʽ ʪʠʩʢʫ [160] 

 

ɽʬʝʢʪ ʩʪʝʢʘ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʝʬʝʢʪ ʧʣʘʚʫʯʦʩʪʽ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʨʽʟʥʠʮʝʶ 

ʛʫʩʪʠʥ ʤʽʞ ʪʝʧʣʠʤ ʽ ʭʦʣʦʜʥʠʤ ʧʦʚʽʪʨʷʤ. ɿʥʠʞʝʥʥʷ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʟ ʚʠʩʦʪʦʶ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.53): 

( ) ( ) ( )s e i e iʈ ʈ z ʈ z z gr rD = - = -
,   (2.53) 

z - ʚʠʩʦʪʘ ʚʽʜ ʦʧʦʨʥʦʾ ʪʦʯʢʠ, ʤ; 

,e ir r - ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʢʛ/ʤ
3
. 

ʅʘ ʨʠʩ. 2.5 ʥʘʚʝʜʝʥʦ ʚʠʩʦʪʘ z=0, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʡʪʨʘʣʴʥʠʤ ʪʠʩʢʦʤ (PNPL) 

ʧʨʠ ʷʢʦʤʫ ʚʥʫʪʨʽʰʥʽʡ ʪʘ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢʠ ʦʜʥʘʢʦʚʽ, ʟʘʟʚʠʯʘʡ, ʮʝʡ ʨʽʚʝʥʴ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʝʨʝʜʥʴʦʤʫ ʧʦʚʝʨʩʽ ʙʫʜʽʚʣʽ (ʅ/2).  
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ʈʠʩ. 2.5 ï ɺʝʣʠʯʠʥʘ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʚʽʜ ʨʽʚʥʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʪʠʩʢʫ [160] 

 

ɺʽʜ ʨʽʚʥʷ ʥʝʡʪʨʘʣʴʥʠʭ ʪʠʩʢʽʚ ʚ ʩʪʦʨʦʥʫ ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ ʨʽʟʥʠʮʷ ʪʠʩʢʽʚ 

ʜʦʜʘʪʥʷ, ʚ ʩʪʦʨʦʥʫ ʦʩʪʘʥʥɹ ʦʛʦ ʧʦʚʝʨʭʫ - ʚʽʜ'ʻʤʥʘ. ʇʨʠʡʥʷʚʰʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʧʦʚʽʪʨʷ ʮʝ ʽʜʝʘʣʴʥʠʡ ʛʘʟ ʬʦʨʤʫʣʘ (2.54) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

1 1
3456 ( )s

e i

ʈ z
T T

D = Ö -
,    (2.54) 

,e iT T  - ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʚʽʜʧʦʚʽʜʥʦ, ʂ. 

ɺʽʪʨʷʥʠʡ ʪʠʩʢ ʩʪʚʦʨʶʻʪʴʩʷ, ʢʦʣʠ ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʝʨʝʰʢʦʜʫ. 

ɺʝʣʠʯʠʥʘ ʚʽʪʨʷʥʦʛʦ ʪʠʩʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʬʦʨʤʠ ʧʝʨʝʰʢʦʜʠ 

(ʥʘʚʽʪʨʷʥʘ, ʧʽʜʚʽʪʨʷʥʘ ʩʪʦʨʦʥʘ ʽ ʪ.ʜ.).  

ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʠʩʢʫ ʚʽʪʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʨʽʚʥʽʩʪʴ (2.55) [160, 162]: 

2

( )
2

met
w h p

U
P C ʉ

r
qD =

     (2.55)
 

wPD - ʚʽʪʨʷʥʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʇʘ; 

r- ʛʫʩʪʠʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʢʛ/ʤ
3
; 

metU - ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʟ ʥʘʡʙʣʠʞʯʦʾ ʤʝʪʝʦʩʪʘʥʮʽʾ, ʤ/ʩ; 

hC - ʢʦʝʬʽʮʽʻʥʪ ʪʠʩʢʫ ʚʽʪʨʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʦʚʝʨʭʦʚʽʩʪʴ. 

2
2 2
02

( ) ʘʥ
h

refmet

U H
C A

HU
= =

    (2.56) 

ʥU - ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʚ ʥʘʡʚʠʱʽʡ ʪʦʯʮʽ ʦʙ'ʻʢʪʫ, ʤ/ʩ; 
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0A - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʫʢʨʠʪʪʷ ʚʽʜ ʚʽʪʨʫ ʜʣʷ ʧʝʚʥʦʾ ʤʽʩʮʝʚʦʩʪʽ. (the 

wind shelter coefficient); [160] 

H - ʚʠʩʦʪʘ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʦʚʝʨʭʫ ʙʫʜʽʚʣʽ ʚʽʜ ʨʽʚʥʷ ʟʝʤʣʽ, ʤ; 

refH - ʚʠʩʦʪʘ ʥʘ ʷʢʽʡ ʤʝʪʝʦʩʪʘʥʮʽʷ ʤʽʨʷʻ ʰʚʠʜʢʽʩʪʴ, ʤ; 

a - ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʫʢʨʠʪʪʷ ʚʽʜ ʚʽʪʨʫ ʜʣʷ ʜʘʥʦʾ 

ʤʽʩʮʝʚʦʩʪʽ [160]. 

ʉʘʤʘ ʦʩʦʙʣʠʚʽʩʪʴ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʚʨʘʭʦʚʘʥʦ ʢʦʝʬʽʮʽʻʥʪʦʤ ʉʨ. ʂʦʝʬʽʮʽʻʥʪ 

ʚʽʪʨʷʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʧʝʚʥʦʛʦ ʢʫʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.57). 

2 1/4 2 3/4

2 2 2

1
( ) {[ (0 ) (180 )] (cos ( )) [ (0 ) (180 )] (cos ( ))

2

[ (90 ) (270 )] (sin ( )) [ (90 ) (270 )] (sin ( ))} (2.57)

p p p p p

p p p p

ʉ ʉ ʉ ʉ ʉ

ʉ ʉ ʉ ʉ

q q q

q q

= ¯ + ¯ Ö + ¯ - ¯ Ö +

+ ¯ + ¯ Ö + ¯ + ¯ Ö
 

( )pʉ q - ʢʦʝʬʽʮʽʻʥʪ ʪʠʩʢʫ ʚʽʪʨʫ, 

q - ʚʝʣʠʯʠʥʘ ʢʫʪʘ ʚʽʪʨʫ ʚʽʜʥʦʩʥʦ ʥʦʨʤʘʣʽ, Á. 

ʅʘ ʨʠʩ. 2.6 ʟʦʙʨʘʞʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʫʪʘ ʚʽʜʥʦʩʥʦ ʥʦʨʤʘʣʽ ʪʘ 

ʦʙʨʘʭʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʚʽʪʨʷʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʦʨʽʻʥʪʘʮʽʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ. 

 

 

ʈʠʩ. 2.6 ï ɺʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ɗ ʪʘ  ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʪʠʩʢʫ 

ʚʽʪʨʫ ʜʣʷ ʚʩʽʭ ʦʛʦʨʦʜʞʝʥʴ [160] 

 

ʆʪʞʝ, ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʢʽʤʥʘʪʫ ʯʝʨʝʟ ʥʝʱʽʣʴʥʽʩʪʴ ʟʘ 

ʧʨʠʡʥʷʪʠʭ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

inf inf( )pG ʉ P= D   ʘʙʦ  
inf

inf
.

p

ʚ
ʧʦʚʧʨʦʥ

P
G F

R

D
=  (2.58) 
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ʜʝ infG - ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʠʤʽʱʝʥʥʷ ʯʝʨʝʟ ʥʝʱʽʣʴʥʦʩʪʽ, 

ʢʛ/ʛʦʜ; 

ʉ, p - ʜʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʘ ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ 

ʙʫʜʽʚʣʽ [160, 162]; 

.ʧʦʚʧʨʦʥR - ʦʧʽʨ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʚʽʢʥʘ, (ʤ
2
ĀʛʦʜĀʇʘ

2/3
)/ʢʛ [163]; 

ʚF  - ʧʣʦʱʘ ʚʽʢʥʘ, ʤ
2
. 

ʂʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ ʧʨʠʤʽʱʝʥʽ ʷʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʫʟʣʘ ʚʝʥʪʠʣʷʮʽʾ ʫ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [162]: 

infG
ʧ

Vr
=

     (2.59)

 

V - ʦʙ'ʻʤ ʧʨʠʤʽʱʝʥʥʷ, ʤ
3
; 

ʧ- ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʛʦʜ
-1
. 

 

2.4 ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʢʣʽʤʘʪʦʣʦʛʽʾ IWEC ʽ ʜʽʶʯʦʾ ʚ ʋʢʨʘʾʥʽ ʢʣʽʤʘʪʦʣʦʛʽʾ 

 

ʗʢ ʟʛʘʜʫʚʘʣʦʩʴ ʫ ʧ 2.2, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʙʫʜʽʚʝʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʽʥʪʝʨʚʘʣʠ ʫʩʝʨʝʜʥʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʜʽʶʯʦʾ ʚ ʋʢʨʘʾʥʽ ʢʣʽʤʘʪʦʣʦʛʽʾ ʪʘ ʧʦʛʦʜʠʥʥʦʛʦ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʬʘʡʣʫ IWEC, ʱʦ ʻ ʪʠʧʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟʤʽʥʠ ʧʦʛʦʜʠ ʜʣʷ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʤʽʩʪʘ, ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʚʝʜʝʥʥʽ ʚʠʱʝ ʤʝʪʦʜʠʢʠ ʧʝʨʝʨʘʭʫʥʢʫ 

ʧʦʛʦʜʠʥʥʠʭ ʟʥʘʯʝʥʴ ʩʫʤʘʨʥʠʭ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ 

ʧʦʚʝʨʭʥʽ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʢʨʘʡʥʽ ʚʠʧʘʜʢʠ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʜʣʷ ʇʜ ʪʘ ʇʥ ʦʨʽʻʥʪʘʮʽʾ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʢʣʽʤʘʪʦʣʦʛʽʡ 

ʚʩʪʘʥʦʚʣʝʥʦ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ (ʥʘ ʨʠʩ. 2.7) ʜʣʷ ʜʚʦʭ ʤʽʩʪ ʋʢʨʘʾʥʠ (ʂʠʾʚ ʪʘ ʆʜʝʩʘ) [164].  

ɿʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʟʘ ʜʚʦʤʘ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʤʠ ʙʘʟʘʤʠ ʤʘʡʞʝ ʥʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ʉʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʨʠʡʥʷʪʠʭ ʚ 
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ʋʢʨʘʾʥʽ ʚʝʣʠʯʠʥ. ɺʽʜʤʽʥʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 40% ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʪʘ 30% ʚ 

ʣʽʪʥʽʡ ʜʣʷ ʂʠʻʚʘ. ɼʣʷ ʆʜʝʩʠ ʜʘʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʜʦ 50%. ʉʦʥʷʯʥʽ 

ʪʝʧʣʦʥʘʭʦʜʞʝʥʥʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ 5-10% [164]. 

 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 2.7 ī ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʟ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ 

ʋʢʨʘʾʥʠ (ʢʣʽʤʘʪʦʣʦʛʽʷ) ʪʘ ʄʽʞʥʘʨʦʜʥʦʛʦ ʧʦʛʦʜʥʦʛʦ ʬʘʡʣʫ(IWEC) ʜʣʷ ʤ. ʂʠʻʚʘ (ʘ) 

ʪʘ ʤ. ʆʜʝʩʠ (ʙ) [164] 

 

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ,ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʙʘʟʽ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʋʢʨʘʾʥʠ 

(ʢʣʽʤʘʪʦʣʦʛʽʷ) ʪʘ ʄʽʞʥʘʨʦʜʥʦʛʦ ʧʦʛʦʜʥʦʛʦ ʬʘʡʣʫ (IWEC) ʟ ʧʝʨʝʨʘʭʫʥʢʦʤ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢʠ ɼʘʬʬʽ ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ 

ʚʧʣʠʚ ʥʘ ʮʶ ʨʦʟʙʽʞʥʽʩʪʴ ʥʝʚʨʘʭʫʚʘʥʥʷ ʚ ʤʝʪʦʜʽ ɼʘʬʬʽ ʚʽʜʙʠʪʪʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ 

ʚʜ̔ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ. [158] 
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ɺ ʢʣʘʩʠʯʥʽʡ ʤʝʪʦʜʠʮʽ ʧʝʨʝʨʘʭʫʥʢʫ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʨʽʟʥʠʭ ʦʨʽʻʥʪʘʮʽʡ ʥʘʚʝʜʝʥʽʡ ʚ ʧʨʘʮʷʭ ɼʘʬʬʽ [158] 

ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʚʩʷ ʜʠʬʫʟʥʘ ʩʢʣʘʜʦʚʘ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʦʜʥʘʢʦʚʦ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʩʽ ʧʦʚʝʨʭʥʽ ʪʘ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʙʠʪʘ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ. ʊʦʤʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʨʦʱʝʥʦʛʦ ʧʦʛʦʜʠʥʥʦ ʤʝʪʦʜʫ 5R1C 

ʜʘʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʝʨʝʨʘʭʫʥʢʫ IWEC ʜʘʥʠʭ ʤʦʞʝ ʚʥʦʩʠʪʠ ʨʦʟʙʽʞʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʽ. [164] 

ʅʘ ʧʨʠʢʣʘʜʽ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʤ. ʂʠʻʚʘ ʜʣʷ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʤʝʪʦʜʠʢ 

ʧʝʨʝʨʘʭʫʥʢʫ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʬʘʡʣʫ IWEC ʜʣʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ 

E+. ɺ ʩʪʚʦʨʝʥʽʡ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ E+ ʚʠʢʦʨʠʩʪʘʥʦ ʜʝʪʘʣʽʟʦʚʘʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ 

ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ "Full interior and exterior with reflection" ʱʦ ʚʨʘʭʦʚʫʻ 

ʚʽʜʙʠʪʪʷ ʚʽʜ ʧʦʚʝʨʭʦʥʴ ʪʘ ˇʨʫʥʪʫ. ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʟʘ 

ʢʣʘʩʠʯʥʦʶ ʧʦʛʦʜʠʥʥʦʶ ʤʝʪʦʜʠʢʦʶ ʨʦʟʨʘʭʫʥʢʫ ɼʘʬʬʽ [158] ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ EnergyPlus ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ, ʩʝʨʝʜʥʷ 

ʚʽʜʤʽʥʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 5%, ʤʘʢʩʠʤʘʣʴʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ 

ʩʢʣʘʣʘ 8%, ʫ ʣʽʪʥʽʡ ī ʜʦ 15% (ʨʠʩ. 2.7). ʇʝʨʝʚʽʨʢʘ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʤ. ʆʜʝʩʘ ʜʘʣʘ 

ʘʥʘʣʦʛʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʽʜʤʽʥʥʦʩʪʝ ʤʝʪʦʜʠʢ ʧʝʨʝʨʘʭʫʥʢʫ. [164] 

ʅʘ ʨʠʩ. 2.8 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʽ ʧʦʚʝʨʭʥʽ, ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʴ IWEC [82] ʟʘ ʤʝʪʦʜʠʢʦʶ 

ɼʘʬʬʽ (ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ: ʇʜ IWEC, ʇʥ IWEC) ʪʘ ʟ ʥʘʮʽʦʥʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94] (ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʇʜ ʢʣʽʤʘʪʦʣʦʛʽʷ, ʇʥ 

ʢʣʽʤʘʪʦʣʦʛʽʷ), ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʦʛʨʘʤʥʠʤ ʧʨʦʜʫʢʪʦʤ ɽ+ ʥʘ 

ʙʘʟʽ ʜʘʥʠʭ IWEC (ʇʜ ɽ+, ʇʥ ɽ+). [164] 
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ʈʠʩ. 2.8 ï ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʦʥʷʯʥʽ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ 

 

ʇʨʦʙʣʝʤʠ ʚʠʢʣʠʢʘʥʽ ʥʝ ʣʠʰʝ ʚʽʜʤʽʥʥʽʩʪʶ ʚʠʭʽʜʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ, ʘʣʝ ʡ 

ʥʝ ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʚ ɹʫʜʽʚʝʣʴʥʽʡ 

ʢʣʽʤʘʪʦʣʦʛʽʾ ʋʢʨʘʾʥʠ [153] ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʧʦʛʦʜʠʥʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥʽ. [164] 

ʅʘ ʨʠʩ. 2.9 ʥʘʚʝʜʝʥʦ ʧʦʛʦʜʠʥʥʫ ʟʤʽʥʥʫ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʪʘ ʟʦʚʥʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʜʣʷ ʜʚʦʭ ʤʽʩʪ ʋʢʨʘʾʥʠ 

ʟʘ IWEC. ɺʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʜʦʟʚʦʣʷʻ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʤʽʩʮʝʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʫʥʠʢʥʫʪʠ ʧʝʨʝʪʦʧʽʚ ʫ ʧʝʨʽʦʜʠ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʟʠʤʦʚʽ ʧʝʨʽʦʜʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʬʦʨʪʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʣʽʪʥʽʡ ʧʝʨʽʦʜ. ɺʣʽʪʢʫ ʮʝ ʨʦʙʠʪʴ ʘʚʪʦʤʘʪʠʢʘ ʢʦʥʜʠʮʽʦʥʝʨʘ [164].  
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1 ī ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ; 2 ī ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʦʜʞʝʥʥʷ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ 

ʈʠʩ. 2.9 ī ʇʦʛʦʜʠʥʥʘ ʟʤʽʥʘ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ 

ʧʦʚʝʨʭʥʶ (2) ʪʘ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ (1) ʜʣʷ ʤ. ʂʠʻʚʘ (ʘ) ʪʘ ʤ. ʆʜʝʩʠ 

(ʙ) ʟʘ ʢʣʽʤʘʪʠʯʥʠʤ ʬʘʡʣʦʤ IWEC [164] 

 

2.5 ʊʝʩʪʫʚʘʥʥʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʷ ʤʦʜʝʣʝʡ 

 

ɿʘ ʽʻʨʘʨʭʽʯʥʠʤ ʨʷʜʦʤ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʜʝʷʢʽ ʟ ʥʠʭ ʻ ʙʽʣʴʰ ʫʢʨʫʧʥʝʥʠʤʠ, 

ʪʦʤʫ ʙʽʣʴʰ ʜʝʪʘʣʴʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʷʢ ʝʪʘʣʦʥʥʽ ʤʦʜʝʣʽ ʜʣʷ ʧʝʨʝʚʽʨʢʠ.  

ɺʠʭʦʜʷʯʠ ʟ ʨʦʟʛʣʷʥʫʪʦʛʦ ʨʷʜʫ ʤʦʜʝʣʝʡ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ 

ʟʘʢʦʨʜʦʥʥʠʭ ʘʚʪʦʨʽʚ ʚ ʩʪʘʪʪʷʭ [68, 151, 155] ʝʪʘʣʦʥʥʦʶ ʤʦʜʝʣʶʶ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ EnergyPlus. 

ɺʝʨʠʬʽʢʘʮʽʶ ʩʧʨʦʱʝʥʦʛʦ ʧʦʛʦʜʠʥʥʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʥʜʘʨʪʫ EN 13790 [23] 

ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʩʽʪʢʦʚʦʾ ʤʦʜʝʣʽ 5R1C ʧʨʦʚʝʜʝʥʦ ʟ ʤʦʜʝʣʣʶ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ EnergyPlus (ʨʠʩ. 2.10, ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ɽʈ). 
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ʇʝʨʝʚʽʨʢʘ ʤʦʜʝʣʝʡ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʧʨʠʤʽʱʝʥʥʷ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʇʜ ʪʘ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʤ. ʂʠʻʚʽ. ʇʦʛʦʜʠʥʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʧʨʦʚʝʜʝʥʠʡ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʢʽʤʥʘʪʠ ʦʧʠʩʘʥʦʾ ʚ ʧ. 2.1. ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʧʦʩʪʽʡʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ 18Áʉ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

 

ʈʠʩ. 2.10 ï ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʜʣʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ 

ʧʨʠʤʽʱʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʤ. ʂʠʻʚʽ ʟʘ ʤʦʜʝʣʣʶ ʩʪʘʥʜʘʨʪʫ EN 13790( 5R1C) ʪʘ 

ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʠ EnergyPlus (EP) 

 

ɺʽʜʤʽʥʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʩʽʪʢʦʚʠʤʠ ʤʦʜʝʣʷʤʠ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 

5%, ʘ ʜʝʱʦ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʤʦʜʝʣʣʶ 5R1C ʧʦʷʩʥʶʶʪʴʩʷ ʩʧʽʣʴʥʠʤ 

ʚʫʟʣʦʤ ʽʥʝʨʮʽʡʥʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ, ʜʘʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʤʦʜʝʣʽ 

ʤʦʞʝ ʜʘʚʘʪʠ ʙʽʣʴʰʫ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ. ɺ ʨʦʟʛʣʷʥʫʪʠʭ 

ʤʦʜʝʣʷʭ ʚʠʢʦʥʘʥʦ ʧʦʛʦʜʠʥʥʠʡ ʨʦʟʨʘʭʫʥʦʢ. ɼʣʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʦʙ'ʻʢʪʫ 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʤ. ʂʠʻʚʽ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʚʦʭ ʤʦʜʝʣʝʡ ʦʮʽʥʢʘ ʥʘ ʦʩʥʦʚʽ 

ʩʢʦʨʠʛʦʚʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 = 0,968. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʨʝʛʫʣʶʚʘʥʥʷ ʘʙʦ ʧʽʜʪʨʠʤʘʥʥʷ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʜʦʩʣʽʜʥʠʢʠ ʙʣʠʟʴʢʦʛʦ ʟʘʨʫʙʽʞʞʷ [20], ʧʨʦʚʦʜʷʪʴ ʨʦʟʨʘʭʫʥʢʠ ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ 

ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʨʠʤʽʱʝʥʽ. ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 5R1C 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʘʥʫ ʧʨʠʤʽʱʝʥʥʷ ʟ ʨʦʙʦʪʘʤʠ ʘʚʪʦʨʽʚ [20, 166], 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʤʽʞʥʦʛʦ ʧʦʚʝʨʭʫ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ ʚ ʤ. ʅʘʚʦʽ 

[20, 165]. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʣʽʪʥʴʦʾ ʜʦʙʠ. ʆʙ'ʻʤ 

ʧʨʠʤʽʱʝʥʥʷ 46,6 ʤ
3
. ɿʦʚʥʽʰʥʷ ʩʪʽʥʘ ʚʠʢʦʥʘʥʦ ʟ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ (ɟ=1200 ʢʛ/ʤ

3
, 



97 

ŭ=0,3 ʤ); ʚʥʫʪʨʽʰʥʷ - ʽʟ ʙʝʪʦʥʫ (ɟ=1200 ʢʛ/ʤ
3
, ŭ=0,14 ʤ); ʧʝʨʝʢʨʠʪʪʷ - 

ʟʘʣʽʟʦʙʝʪʦʥʥʘ ʧʣʠʪʘ (ɟ=2500 ʢʛ/ʤ
3
, ŭ=0,25 ʤ). ɺʽʢʥʦ ʧʣʦʱʝʶ 3,45 ʤ

2
 ʤʘʻ ʦʜʠʥʘʨʥʝ 

ʟʘʩʢʣʝʥʥʷ (ʢo=5,59 ɺʪ/(ʤ
2
Āʂ)) ʽ ʦʙʣʘʜʥʘʥʝ ʟʦʚʥʽʰʥʽʤ ʩʦʥʮʝʟʘʭʠʩʥʠʤ ʧʨʠʩʪʨʦʻʤ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʦʧʫʩʢʘʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ 0,3. ʇʦʚʽʪʨʦʦʙʤʽʥ ʧʨʠʤʽʱʝʥʥʷ ʟ 

ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ ʧʨʠʡʥʷʪʠʡ ʦʜʥʘʢʦʚʠʤ ʧʨʦʪʷʛʦʤ ʜʦʙʠ,ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 

15. ʊʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘʥʝʩʝʥʘ 

ʥʘ ʨʠʩ. 2.11 ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʢʨʦʢ ʧʦ ʯʘʩʫ 2 ʛʦʜ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʚʪʦʨʽʚ 

[20, 165] ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʩʧʽʚʧʘʜʘʶʪʴ, ʘ ʨʦʟʙʽʞʥʽʩʪʴ ʚ 1,2Áʉ ʚʚʘʞʘʻʪʴʩʷ ʥʝ 

ʟʥʘʯʥʦʶ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʚʝʨʜʞʝʥʴ ʚ ʨʦʙʦʪʽ [165]. 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʧʣʠʚʫ ʧʝʨʝʜʽʩʪʦʨʽʾ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

ʧʦʯʘʪʢʦʚʘ ʪʦʯʢʘ ʧʦʯʘʪʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ. ɼʣʷ ʥʽʚʝʣʶʚʘʥʥʷ 

ʚʧʣʠʚʫ ʩʪʘʨʪʦʚʦʾ ʪʦʯʢʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʜʦʙʘ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ ʟʤʦʜʝʣʴʦʚʘʥʘ 6 ʜʥʽʚ 

ʧʦʩʧʽʣʴ. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʠʪʴ ʜʦʙʨʝ ʩʭʦʜʠʪʴʩʷ ʟ ʜʚʦʚʠʤʽʨʥʦʶ ʤʦʜʝʣʣʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʚ ʧʨʘʮʷʭ ʊʘʙʫʥʱʠʢʦʚʘ ʖ.ɸ. [20] ʪʘ ʜʝʱʦ ʙʽʣʴʰʫ ʚʽʜʤʽʥʥʽʩʪʴ 

ʤʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʚ ʧʨʘʮʷʭ ʊʘʜʣʽ [165]. ʈʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʤʦʜʝʣʣʶ 5R1C ʤʝʥʰʘ 1Áʉ (ʜʦ 5%) ʟ ʤʦʜʝʣʣʶ 

ʊʘʙʫʨʱʠʢʦʚʘ ʖ.ɸ. [165]. ʄʦʜʝʣʴ ʊʘʙʫʨʱʠʢʦʚʘ ʖ.ɸ. ʦʙʨʘʥʘ ʷʢ ʧʝʨʝʚʽʨʦʯʥʘ, 

ʩʢʦʨʠʛʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 ʜʣʷ ʤʦʜʝʣʽ ʊʘʜʣʽ [165] ʩʪʘʥʦʚʠʪʴ 0,993, 

ʜʣʷ 5R1C [23]- 0,992.  

 

ʈʠʩ.2.11 ï ɼʦʙʦʚʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʣʽʪʥʴʦʛʦ ʧʝʨʽʦʜʫ 

ʧʨʠ ʟʤʽʥ ʟʦʚʥʽʰʥʽʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ 
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ˏ̉̒̎̏̃̋̉ ̅̏ ̨̑̏̈̅̌̔ 

 

1. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʛʨʦʤʘʜʩʴʢʽ ʙʫʜʽʚʣʽ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʩʢʣʘʜʥʦʩʪʽ. ɺ ʨʦʙʦʪʽ ʚʨʘʭʦʚʘʥʘ ʦʩʦʙʣʠʚʦʩʪʽ 

ʘʥʘʣʽʟʫ ʦʙ'ʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʠʭ ʛʨʫʧʠ ʙʫʜʽʚʝʣʴ ʪʘ ʧʨʠʤʽʱʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʜʘʯ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ. ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʚ ʨʘʤʢʘʭ 

ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ ʜʦʩʪʘʪʥʽʤ ʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʮʽʦʥʘʨʥʽ ʽ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʡ ʟʘʭʽʜ 

ʜʣʷ ʷʢʽʩʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʦʧʘʣʝʥʥʷ ʚ ʙʫʜʽʚʣʽ ʟʘ ʫʤʦʚ ʧʦʥʠʞʝʥʥʷ 

ʦʧʘʣʝʥʥʷ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʜʘʯ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʪʘʣʽʟʦʚʘʥʠʡ ʧʦʛʦʜʠʥʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚ ʜʠʥʘʤʽʯʥʠʭ 

ʤʦʜʝʣʷʭ. 

2. ʈʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʙʫʜʽʚʝʣʴ, ʘ ʩʘʤʝ: ʟʘ ʫʢʨʫʧʥʝʥʠʤʠ ʥʦʨʤʘʤʠ, ʤʝʪʦʜ 

ʛʨʘʜʫʩʦ-ʜʽʙ, ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʪʘ ʩʧʨʦʝɦʥʠʡ ʧʦʛʦʜʠʥʥʠʡ ʤʝʪʦʜ ʟʘ EN 13790, 

ʘʚʪʦʨʩʴʢ ̔ʤʦʜʝʣ ̔(ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ EnergyPlus ʪʘ ʩʽʪʢʦʚʘ 

ʤʦʜʝʣʴ 8R2C). 

3. ɺ ʥʦʨʤʘʪʠʚʥʠʭ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʜʽʶʪʴ ʚ ʋʢʨʘʾʥʽ, ʥʘʚʝʜʝʥʦ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʽ, ʱʦ ʻ ʜʦʩʪʘʪʥʽʤ ʧʨʠ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʪʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʤʫ ʤʝʪʦʜʽ ʨʦʟʨʘʭʫʥʢʫ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ/ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʧʦʪʨʽʙʥʽ ʧʦʛʦʜʠʥʥʽ ʢʣʽʤʘʪʠʯʥʽ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʜʠʥʘʤʽʯʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʪʘʣʽʟʦʚʘʥʽ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʟ ʤʽʞʥʘʨʦʜʥʠʭ ʙʘʟ ʜʘʥʠʭ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʦʨʤʘʪʫ (ʥʘʧʨʠʢʣʘʜ IWEC), ʱʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʽʶʯʦʾ ʚ ʋʢʨʘʾʥʽ ʢʣʽʤʘʪʦʣʦʛʽʾ. ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʩʧʽʚʩʪʘʚʣʝʥʥʷ 

ʥʦʨʤʘʪʠʚʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʜʽʶʪʴ ʚ ʋʢʨʘʾʥʽ ʪʘ ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʦʛʦʜʥʦʛʦ 

ʬʘʡʣʫ IWEC, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʷʭ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ 
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ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ. ɸʥʘʣʽʟ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʡʣʽʚ IWEC ʧʨʦʚʝʜʝʥʦ ʜʣʷ 

ʜʚʦʭ ʤʽʩʪ ʋʢʨʘʾʥʠ: ʂʠʾʚ (ɯ ʢʣʽʤʘʪʠʯʥʘ ʟʦʥʘ) ʪʘ ʆʜʝʩʘ (ɯɯ ʢʣʽʤʘʪʠʯʥʘ ʟʦʥʘ), ʱʦ 

ʩʣʫʛʫʶʪʴ ʫʩʝʨʝʜʥʝʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʦʞʥʦʾ ʟ ʜʚʦʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ. 

ʄʽʞʥʘʨʦʜʥʽ ʢʣʽʤʘʪʠʯʥʽ ʬʘʡʣʠ ʧʦʛʦʜʠ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʤʽʩʪ ʋʢʨʘʾʥʠ ʤʘʡʞʝ ʥʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 

ʥʦʨʤʘʪʠʚʥʦʾ ʢʣʽʤʘʪʦʣʦʛʽʾ ʋʢʨʘʾʥʠ. ʉʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ 

ʬʘʡʣʽ IWEC, ʥʝ ʤʦʞʫʪʴ ʦʜʨʘʟʫ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʙʘʟ 

ʜʘʥʠʭ ʘʙʦ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ, ʪʦʤʫ ʚ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ 

ʧʝʨʝʨʘʭʫʥʢʫ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ. ʉʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ ʬʘʡʣʫ IWEC ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʜʽʶʯʦʾ ʚ ʋʢʨʘʾʥʽ ʢʣʽʤʘʪʦʣʦʛʽʾ. ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʚʽʜʤʽʥʥʽʩʪʴ 

ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 40%, ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ī ʜʦ 10%.  

ɺ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʝʥʪʠʣʷʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʟʘʜʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʽʪʨʦʦʙʤʽʥ, 

ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʷʢ ʢʦʤʧʣʝʢʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʧʣʠʚʫ ʯʝʨʝʟ ʢʨʘʪʥʽʩʪʴ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʧʝʨʝʨʘʭʫʥʢʫ ʟʦʚʥʽʰʥʽʭ ʢʣʽʤʘʪʠʯʥʠʭ 

ʜʘʥʠʭ ʥʘ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ,ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ 

ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʧʨʷʤ ʚʽʪʨʫ, ʝʪʘʞʥʽʩʪʴ, ʦʨʽʻʥʪʘʮʽʷ ʢʽʤʥʘʪʠ ( ʥʘʚʽʪʨʷʥʘ ʯʠ ʧʽʜʚʽʪʨʷʥʘ 

ʩʪʦʨʦʥʘ), ʮʽʣʴʥʽʩʪʴ ʚʽʢʦʥ ʪʦʱʦ. 

4. ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʝʡ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʨʦʢʫ ʪʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʜʣʷ ʪʝʧʣʦʛʦ ʧʝʨʽʦʜʫ ʨʦʢʫ. 

ʈʦʟʙʽʞʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʟ ʧʝʨʝʚʨ̔ʦʯʥʠʤʠ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 5%, ʱʦ ʻ 

ʘʜʝʢʚʘʪʥʦʶ ʦʮʽʥʢʦʶ ʪʘ ʧʨʠʡʥʷʪʥʦʶ ʨʦʟʙʽʞʥʽʩʪʶ ʜʣʷ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 3 ɿɸʉʊʆʉʋɺɸʅʅʗ ʄʆɼɽʃɽʁ ɼʆ ɸʅɸʃɯɿʋ ɿʆɺʅɯʐʅɯʍ ʊɸ 

ɺʅʋʊʈɯʐʅɯʍ ʌɸʂʊʆʈɯɺ ɺʇʃʀɺʋ ʅɸ ɽʅɽʈɻɽʊʀʏʅʀʁ ʉʊɸʅ ɹʋɼɯɺʃɯ 

ɼʃʗ ʈɯɿʅʀʍ ʏɸʉʆɺʀʍ ɯʅʊɽʈɺɸʃɯɺ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ 

ʙʫʜʽʚʣʽ ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ. ɺʠʟʥʘʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʠʢ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʫʩʝʨʝʜʥʝʥʥʷ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʚʧʣʠʚʦʚʠʡ ʧʘʨʘʤʝʪʨ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʯʘʩʦʚʦʾ ʟʤʽʥʠ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʚʠʢʦʥʘʥʦ ʨʷʜ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʶʚʘʥʴ ʚ ʦʙʨʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʚʧʣʠʚʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʅʘ ʦʩʥʦʚʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ 

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ/ʘʙʦ 

ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ.  

ɼʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʪʘ 

ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʛʦʨʦʜʞʝʥʴ ʚʧʣʠʚʫ ʥʘ ʚʥʫʪʨʽʰʥʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʪʘ ʥʘ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ. ʈʦʟʚʠʥʝʥʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ 5R1C 

(ʦʧʠʩʘʥʫ ʚ ʨʦʟʜʽʣʽ 2) ʚ 8R2C, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʩʫʤʽʩʥʠʡ ʚʧʣʠʚ ʩʦʥʷʯʥʦʾ 

ʨʘʜʽʘʮʽʾ ʪʘ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʛʦʨʦʜʞʝʥʴ.  

 

3.1 ʇʦʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ 

ʙʫʜʽʚʝʣʴ 

 

ʇʦʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʜʚʦʭ ʤʽʩʪ ʟ ʜʚʦʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ: ʤ. ʂʠʾʚ - ɯ 

ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʦʥʘ, ʤ. ʆʜʝʩʘ - ɯɯ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʦʥʘ.  

ɿʘ ʜʽʶʯʦʶ ʢʣʽʤʘʪʦʣʦʛʽʶ ʚ ʋʢʨʘʾʥʽ [153] ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʜʣʷ ʦʧʘʣʝʥʥʷ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʫ ʚʩʽʭ ʤʽʩʪʘʭ, ʝʥʝʨʛʦʪʨʝʙʘ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʮʽʣʝʡ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʤʽʩʪ ʧʽʚʜʝʥʥʠʭ ʨʝʛʽʦʥʽʚ ʟʘ ʫʤʦʚʠ, ʟʘ ʟʦʚʥʽʰʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚʠʱʘ 21Áʉ. ɿʘ ʥʘʮʽʦʥʘʣʴʥʦʶ ʤʝʪʦʜʠʢʦʶ ʨʦʟʨʘʭʫʥʢʫ 

ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94] ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 



101 

ʫʤʦʚʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʽ ʚʠʱʝ 25Áʉ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʥʦʨʤʘʤʠ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʚ ʜʘʥʦʤʫ ʩʪʘʥʜʘʨʪʽ [94] ʻ ʫʪʦʯʥʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʤʽʱʝʥʴ, ʜʣʷ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ ʜʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 24Áʉ.  

ɺ ʘʥʘʣʽʟʽ ʦʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʧʨʠʤʽʱʝʥʥʷ ɺʅɿ, ʚ 

ʤ. ʂʠʾʚ - ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʥʘʚʯʘʣʴʥʠʡ ʢʦʨʧʫʩ ˉ 22, ʚ ʤ. ʆʜʝʩʽ ʙʫʜʽʚʣʷ ʟ 

ʘʥʘʣʦʛʽʯʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɻʝʦʤʝʪʨʠʯʥʽ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙ'ʻʢʪʫ ʥʘʚʝʜʝʥʥʽ ʚ ʨʦʟʜʽʣʽ 2.1 

ɺʝʥʪʠʣʷʮʽʷ ï ʧʨʠʨʦʜʥʘ. ʂʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 1 ʛʦʜ
-1
. ʇʨʦʝʢʪʥʘ ʚʥʫʪʨʽʰʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 18Áʉ. ʉʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ī ʧʦʚʽʪʨʷʥʘ. ʂʦʝʬʽʮʽʻʥʪ 

ʧʨʦʧʫʩʢʘʥʥʷ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʟʦʥʫ 

ʢʽʤʥʘʪʠ ʩʪʘʥʦʚʠʪʴ 0,56. ɼʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ɽ+ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʫ ʩʢʣʽʥʥʷ ʪʘ ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʧʘʣʝʥʥʷ 

ʧʨʘʮʶʻ ʮʽʣʦʜʦʙʦʚʦ ʪʘ ʩʽʤ ʜʥʽʚ ʥʘ ʪʠʞʜʝʥʴ ʧʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ. 

ʂʦʥʜʠʮʽʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ 8:00 ʜʦ 18:00. ɺ ʟʚ'ʷʟʢʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʝʨʽʦʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʚ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ 

ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʪʨʴʦʭ ʣʽʪʥʽʭ ʤʽʩʷʮʽʚ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʘ ʢʽʤʥʘʪʘ ʨʦʟʛʣʷʥʫʪʘ ʜʣʷ 

ʦʨʽʻʥʪʘʮʽʡ ʥʘ ʧʽʚʜʝʥʴ (ʇʜ) ʪʘ ʧʽʚʥʽʯ (ʇʥ). 

ɽʥʝʨʛʦʧʦʪʨʝʙʘ ʥʘ ʦʧʘʣʝʥʥʷ ʢʽʤʥʘʪʠ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʟʘ ʜʘʥʠʤʠ IWEC [82] ʪʘ 

ʢʣʽʤʘʪʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʜʽʶʪʴ ʚ ʋʢʨʘʾʥʽ ʪʘ ʚʢʣʶʯʘʣʘ ʪʨʘʥʩʤʽʩʽʡʥʽ ʚʪʨʘʪʠ, 

ʧʨʦʝʢʪʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʝʥʪʠʣʷʮʽʶ ʪʘ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ (ʫ 

ʚʩʽʭ ʤʝʪʦʜʠʢʘʭ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʧʝʨʝʨʘʭʫʥʦʢ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʦʜʥʘʢʦʚʦʶ ʤʝʪʦʜʠʢʦʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʚ ɽ+ "Full interior and exterior with reflection"). ʈʦʟʛʣʷʥʫʪʦ ʜʚʘ 

ʢʨʘʡʥʽ ʚʠʧʘʜʢʠ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥ̔  ʜʣʷ ʇʜ ʪʘ ʇʥ ʦʨʽʻʥʪʘʮʽʾ, 

ʪʦʤʫ ʱʦ ʨʽʟʥʠʮʷ ʢʣʽʤʘʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʇʜ ʽ ʇʥ ʩʪʦʨʽʥ 

ʟʥʘʯʥʦ ʟʤʽʥʶʶʪʴ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʚ̔ ʧʨʠʤʽʱʝʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʪʘ 

ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ʄʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʫʢʨʫʧʥʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ (ʂʊʄ-204) [90], 

ʜʝʪʘʣʽʟʦʚʘʥʠʡ ʨʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ɼʉʊʋ-ʅ ɹ ɸ.2.2-5:2007 (ʤʝʪʦʜ ɻɼ) [35] ʪʘ 

ʧʦʤʽʩʷʯʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94] ʝʥʝʨʛʦʧʦʪʝʙʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʩʝʨʝʜʦʚʠʱʽ Microsoft Excel, ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʫ EN 13790 ʪʘ 

EN 13786 [23, 138] ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʙʘʟʽ Mathcad. ɽ+ ï ʮʝ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ ʙʝʟ ʚʣʘʩʥʦʛʦ ʛʨʘʬʽʯʥʦʛʦ 

ʨʝʜʘʢʪʦʨʫ. ɽ+ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʨʘʬʽʯʥʠʡ ʨʝʜʘʢʪʦʨ GoogleSketchup ʘʙʦ 

DesignBuilder, ʱʦ ʩʠʥʭʨʦʥʽʟʫʻʪʴʩʷ ʯʝʨʝʟ OpenStudio. ʅʘʚʝʜʝʥʥʽ ʤʦʜʝʣʽ ʪʘ 

ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʙʽʞʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʨʽʟʥʠʭ ʩʬʝʨ/ʩʧʝʢʪʨʽʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

 

ʇʦʨʽʚʥʷʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ ʤʽʩʪʽ ʂʠʻʚʽ 

 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʨʽʯʥʦʾ ʧʠʪʦʤʦʾ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ (ʂʊʄ-

204, "ʤʝʪʦʜ ɻɼ" ʟʘ ɼʉʊʋ-ʅ ɹ ɸ.2.2-5:2007), ʚ ʧʦʤʽʩʷʯʥʦʤʫ ʨʦʟʨʽʟʽ (ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015), ʚ ʧʦʛʦʜʠʥʥʦʤʫ ʽʥʪʝʨʚʘʣʽ (ɽ+ ʪʘ 

5R1C). ʇʠʪʦʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ 

ʪʝʧʣʦʚʽʡ ʝʥʝʨʛʽʾ ʨʦʟʛʣʷʥʫʪʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.1. ʈʦʟʛʣʷʥʫʪʽ 

ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʚʨʘʭʦʚʫʶʪʴ ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʥʥʷ ʚ ʟʦʥʫ ʙʫʜʽʚʣʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ, ʦʢʨʽʤ ʂʊʄ-204 ʚ ʷʢʦʤʫ ʚ ʦʧʘʣʶʚʘʣʴʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ 

ʚʞʝ ʚʨʘʭʦʚʘʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʧʨʦʪʷʛʦʤ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ. 

ʅʘ ʨʠʩ. 3.1 ʧʨʦʚʝʜʝʥʦ ʥʝ ʣʠʰʝ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʧʠʪʦʤʦʾ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʟʘ ʦʜʥʘʢʦʚʠʭ ʚʭʽʜʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʜʘʥʽ 

IWEC ʟʘ ʤʝʪʦʜʦʤ ʧʝʨʝʨʘʭʫʥʢʫ, ʥʘʚʝʜʝʥʠʤ ɽ+), ʘʣʝ ʡ ʥʘʚʝʜʝʥʦ ʾʭ ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʨʤʘʪʠʚʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʧʨʠʡʥʷʪʽ ʚ ʋʢʨʘʾʥʽ.  
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ʈʠʩ. 3.1 ï ʈʽʯʥʘ ʧʠʪʦʤʘ ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʚ ʦʧʘʣʝʥʥ̔  ʟʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ 

ʙʘʟʘʤʠ ʧʦʛʦʜʥʠʭ ʜʘʥʠʭ [166] 

 

ʈʦʟʨʘʭʫʥʦʢ ʟʘ ʂʊʄ-204 [90] ʚʨʘʭʦʚʫʻ ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ ʧʠʪʦʤʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʧʘʣʝʥʥʷ. ɼʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʠʨʘʶʪʴʩʷ ʟʘ ʪʘʢʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢ ʦʙ'ʻʤ, ʧʨʠʟʥʘʯʝʥʥʷ ʙʫʜʽʚʣʽ ʪʘ ʨʽʢ ʟʘʙʫʜʦʚʠ ʪʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʦʨʽʻʥʪʘʮʽʶ ʧʨʠʤʽʱʝʥʴ, ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʘʚʠʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ ʧʽʚʜʝʥʥʠʭ ʨʝʛʽʦʥʽʚ ʪʘ ʟʘʥʠʞʝʥʥʷ ʜʣʷ 

ʧʽʚʥʽʯʥʠʭ ʨʝʛʽʦʥʽʚ. [166] 

ɿʘ ʧʝʨʝʚʽʨʦʯʥʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʨʦʟʨʘʭʫʥʢʠ 

ʥʘ ʦʩʥʦʚʽ ɽ+ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʨʽʟʥʠʤʠ 

ʧ̔ ʜʭʦʜʘʤʠ. ɼʣʷ ʧʨʠʤʽʱʝʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʇʜ ʩʪʦʨʦʥʫ ʩʚʽʪʫ, ʨʦʟʙʽʞʥʽʩʪʴ 

ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʽʣʴʰʘ ʥʽʞ ʜʣʷ ʧʨʠʤʽʱʝʥʴ ʇʥ ʦʨʽʻʥʪʘʮʽʾ. ʂʊʄ-204 [90] 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʣʽ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʩʝʨʝʜʥʴʦʨʽʯʥʝ ʟʥʘʯʝʥʥʷ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʧʦ ʇʜ ʪʘ ʇʥ ʦʨʽʻʥʪʘʮʽʷʤ. 

ʄʽʞʛʘʣʫʟʝʚʽ ʥʦʨʤʠ [91] ʧʨʠʚʝʜʝʥʽ ʜʣʷ ʚʝʣʠʢʠʭ ʤʽʩʪ ʪʘ ʦʙʣʘʩʥʠʭ ʮʝʥʪʨʽʚ ʋʢʨʘʾʥʠ. 

ʉʝʨʝʜ ʧʨʠʚʝʜʝʥʠʭ ʤʝʪʦʜʽʚ, ʤʽʞʛʘʣʫʟʝʚʽ ʥʦʨʤʠ ï ʜʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʧʠʪʦʤʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ [166].  

ʉʪʘʮʽʦʥʘʨʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ (ʟʘ ʤʽʞʛʘʣʫʟʝʚʠʤʠ ʥʦʨʤʘʤʠ [91], 

ʫʢʨʫʧʥʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʂʊʄ-204 [90] ʪʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʧʦʤʽʩʷʯʥʠʡ ʤʝʪʦʜ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94]) ʜʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʨʦʟʙʽʞʥʽʩʪʴ ʟ ɽ+. 
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ʈʦʟʨʘʭʦʚʘʥʘ ʧʠʪʦʤʘ ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʟʘ ʫʢʨʫʧʥʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ (ʂʊʄ-204 [90]) 

ʜʘʻ ʨʦʟʙʽʞʥʽʩʪʴ ʙʽʣʷ 40%, ʟʘ ʤʽʞʛʘʣʫʟʝʚʠʤ ʥʦʨʤʘʤʠ 60%, ʜʝʪʘʣʽʟʦʚʘʥʠʡ ʤʝʪʦʜ ɻɼ 

ʟʘ ɼʉʊʋ-ʅ ɹ ɸ.2.2-5:2007 [35] ʤʘʻ ʥʘʡʥʠʞʯʝ ʟʥʘʯʝʥʥʷ ʪʘ ʨʦʟʙʽʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 

ʙʽʣʷ 5% ʥʘ ʇʜ, 10% - ʥʘ ʇʥ, ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94] - 12% ʜʣʷ ʧʽʚʥʦʯʽ, 28% - 

ʜʣʷ ʧʽʚʜʥʷ. ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ɽ+[71] ʪʘ 5R1C [23] ʜʘʶʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥ̔  ʚʽʜʤʽʥʥʽʩʪʴ ʤʝʪʦʜʽʚ ʜʦ 7% ʜʣʷ ʚʩʽʭ ʦʨʽʻʥʪʘʮʽʡ [106].  

ʗʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʧʝʨʝʨʘʭʫʥʢʫ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʥʘʚʝʜʝʥʦʶ ʚ ʨʦʟʜʽʣʽ 2.2, ʨʽʯʥʘ 

ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʟʘ 5R1C ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ 4% ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʥʝʨʛʦʧʦʪʨʝʙʦʶ ʟʘ 

5R1C, ʨʦʟʨʘʭʦʚʘʥʦʶ ʜʣʷ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʟʘ ʤʝʪʦʜʠʢʦʶ ɽ+ "Full 

interior and exterior with reflection" [166].  

ʅʘ ʨʠʩ. 3.2 ʥʘʚʝʜʝʥʦ ʧʦʤʽʩʷʯʥʫ ʧʠʪʦʤʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥ̔  ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʤʽʩʷʮʷ.  

 

ʈʠʩ. 3.2 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʤʽʩʷʮʷ [166] 

 

ʅʘʡʥʠʞʯʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʤʽʥʠ ʧʦʤʽʩʷʯʥʦʾ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ 

ʦʧʘʣʝʥʥ̔  ʤʘʶʪʴ ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʦʩʥʦʚʽ ɽ+, ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʝʣʽ 5R1C, ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʢʣʘʜʘʻ 

2 ʢɺʪĀʛʦʜ/ʤ
3
 ʘʙʦ 5% ʜʣʷ ʇʥ ʪʘ ʇʜ. ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94] ʟʘ ʜʘʥʠʤʠ IWEC ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʽ ɽ+ ʩʢʣʘʜʘʻ 3 ʢɺʪĀʛʦʜ/ʤ
3
 (12%) ʥʘ ʇʜ ʪʘ ʇʥ. ɿʘ ʜʘʥʠʤʠ ʟ ʙʫʜʽʚʝʣʴʥʦʾ 
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ʢʣʽʤʘʪʦʣʦʛʽʾ ʨʦʟʙʽʞʥʽʩʪʴ ʙʽʣʴʰʘ ʪʘ ʩʢʣʘʜʘʻ 4-5 ʢɺʪĀʛʦʜ/ʤ
3
 (13%). ʄʝʪʦʜ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94] ʜʘʻ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ 

ʪʝʧʣʦʚʽʡ ʝʥʝʨʛʽʾ ʟʘ ʢʣʽʤʘʪʠʯʥʠʤʠ ʜʘʥʠʤʠ IWEC, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʨʦʟʛʣʷʥʫʪʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ 

ʧʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ ʱʝ ʟʙʽʣʴʰʫʶʪʴʩʷ [166]. 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʜʚʽ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʫ [23] 

5R1C ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ɽ+. ʇʨʠ ʧʦʛʦʜʠʥʥʦʤʫ ʘʥʘʣʽʟʽ ʜʠʥʘʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʝʥʜʝʥʮʽʾ ʚ ʧʦʚʝʜʽʥʮʽ ʛʨʘʬʽʢʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʚ 5R1C ʪʘ ɽ+ ʟʙʝʨʽʛʘʶʪʴʩʷ. ʅʘ ʨʠʩ. 3.3 

ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʛʦʜʠʥʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʠʪʦʤʦʾ ʧʦʪʨʝʙʠ ʥʘ 

ʦʧʘʣʝʥʥʷ ʢʽʤʥʘʪʠ ʦʨʽʻʥʪʦʚʘʥʦʾ ʥʘ ʇʜ ʜʣʷ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʪʘ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ 

ʟʥʘʯʝʥʴ ʟʘ ʤʦʜʝʣʣʶ 5R1C ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʾ 

ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94]. [166] 

 

ʈʠʩ. 3.3 ï ʇʦʛʦʜʠʥʥʘ ʟʤʽʥʘ ʧʠʪʦʤʦʛʦ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʧʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʧʝʨʽʦʜʫ ʜʣʷ ʧʨʠʤʽʱʝʥʥʷ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʇʜ [166] 

 

ʇʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʽ ʧʦʛʦʜʠʥʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʤʽʥʠ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʜʣʷ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʪʘ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʟʥʘʯʝʥʴ t_ext ʪʘ Qsol, ʨʽʯʥʘ ʧʦʪʨʝʙʘ ʚ 

 ʧʦʤʽʩʷʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015, 

ʇʦʛʦʜʠʥʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘ 5R1C: 

 ʧʦ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʤ t_ext ʪʘ Qsol, 

 ʧʦ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʤ t_ext ʪʘ Qsol, 
 ʧʦ ʧʦʛʦʜʠʥʥʠʤ t_ext ʪʘ Qsol, ʫʩʝʨʝʜʥʝʥʦ ʟʘ ʤʽʩʷʮʴ. 
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ʦʧʘʣʝʥʥ̔  ʪʘ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʤʦʜʝʣʣʶ 5R1C ʤʘʡʞʝ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʛʦʜʠʥʥʦʾ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥ̔  ʧʦ ʧʦʤʽʩʷʯʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʟʘ ʤʦʜʝʣʣʶ 5R1C ʤʘʶʪʴ ʧʣʘʚʥʽ ʟʦʥʠ-ʧʝʨʝʭʦʜʠ ʤʽʞ 

ʤʽʩʷʮʷʤʠ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʝʧʣʦ-ʽʥʝʨʮʽʡʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʛʦʨʦʜʞʝʥʴ ʤʦʜʝʣʽ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94]. ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʝ 

ʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʧʦʛʦʜʠʥʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ 

ʦʧʘʣʝʥʥʷ ʧʨʠ ʧʦʛʦʜʠʥʥʽʡ ʟʤʽʥʥʽ ʟʥʘʯʝʥʴ t_ext ʪʘ Qsol, ʤʘʡʞʝ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʧʦʛʦʜʠʥʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʦ ʩʝʨʝʜʥʴʦ ʜʦʙʦʚʠʤ ʽ ʩʝʨʝʜʥʴʦ ʤʽʩʷʯʥʠʤ ʟʥʘʯʝʥʥʷʤ 

t_ext, Qsol, ʘʣʝ ʚ ʦʩʪʘʥʥʽʡ ʤʦʜʝʣʽ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫʚʘʪʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʧʨʦʪʷʛʦʤ ʜʦʙʠ. 

ʇʦʛʦʜʠʥʥʽ ʟʤʽʥʠ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʩʫʪʪʻʚʽ ʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚ 

ʧʦʛʦʜʠʥʥʦʤʫ ʨʝʞʠʤʽ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʻ ʛʦʜʠʥʠ ʨʦʙʦʪʠ, ʢʦʣʠ 

ʧʦʪʨʽʙʥʦ ʚʠʤʠʢʘʪʠ ʦʧʘʣʝʥʥʷ. ʎʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʝʨʽʦʜʫ ʤʽʞʩʝʟʦʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʘʥʦʤʘʣʴʥʦʛʦ ʧʦ ʢʣʽʤʘʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʣʶʪʦʛʦ (ʥʘʡʥʠʞʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʥʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʟʠʤʦʚʠʭ ʤʽʩʷʮʽʚ) [166].  

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ 

ʦʧʘʣʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʩʝʨʝʜʥʽ ʧʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ 

ʜʣʷ ʇʜ ʪʘ ʇʥ ʦʨʽʻʥʪʘʮʽʡ ʪʘ ʧʦʨʽʚʥʷʥʦ ʾʭ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ (ʪʘʙʣ. 3.1). 

ʇʨʠ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʥʦʨʤʘʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ, ʪʦʤʫ ʚ ʪʘʙʣ. 3.1 ʥʘʚʝʜʝʥʦ ʽ ʩʫʯʘʩʥʽ ʥʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʽ ʜʣʷ ʙʫʜʽʚʝʣʴ 

70-ʭ ʨʦʢʽʚ [166].  

 

ʊʘʙʣʠʮʷ 3.1 ï ʇʦʢʘʟʥʠʢ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʦʪʨʠʤʘʥʠʡ ʟʘ 

ʨʽʟʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʨʦʟʨʘʭʫʥʢʫ [166] 
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40 35 42 38 36 31 47 

ʇʠʪʦʤʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʝʶ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚ 

ʮʽʣʦʤʫ ʙʫʜʝ ʜʝʱʦ ʙʽʣʴʰʝ ʥʽʞ ʥʘʚʝʜʝʥʝ ʚ ʪʘʙʣ. 3.1, ʪʘʢ ʷʢ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ 

ʜʣʷ ʧʨʠʤʽʱʝʥʴ, ʷʢʽ ʤʘʶʪʴ ʦʜʥʫ ʟʦʚʥʽʰʥʶ ʩʪʽʥʫ. ʊʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʜʘʭ ʪʘ ʧʽʜʣʦʛʫ 

ʪʘʢʦʞ ʚʥʝʩʫʪʴ ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɼʣʷ ʩʪʘʨʠʭ ʙʫʜʽʚʝʣʴ 

ʥʦʨʤʠ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʠʱʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʯʘʩʥʠʤʠ ʥʦʨʤʘʤʠ, ʱʦ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʚʠʤʦʛʘʤʠ ʜʦ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʦʨʦʜʞʝʥʴ ʧʨʠ 

ʙʫʜʽʚʥʠʮʪʚʽ/ʧʨʦʝʢʪʫʚʘʥʥʽ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʠʥʘʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʢʘʟʥʠʢʠ 

ʧʠʪʦʤʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʜʝʱʦ ʤʝʥʰʽ ʚ ʧʦʨʽʚʥʷʥʽ ʟʽ ʩʪʘʮʽʦʥʘʨʥʠʤʠ, ʟʘ ʚʠʥʷʪʢʦʤ 

ʤʝʪʦʜʫ ɻɼ ʟʘ ɼʉʊʋ-ʅ ɹ ɸ.2.2-5:2007 [35]. [166] 

 

ʇʦʨʽʚʥʷʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ ʤʽʩʪʽ ʆʜʝʩʘ 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʠʢ, ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʧʨʦʚʦʜʠʚʩʷ 

ʜʣʷ ʤʽʩʪʘ ʆʜʝʩʘ ʟ ʧʦʤʽʨʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤ ʢʣʽʤʘʪʦʤ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʦʜʠʪʠ 

ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʨʽʯʥʦʾ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚ 

ʧʦʤʽʩʷʯʥʦʤʫ ʨʦʟʨʽʟʽ (ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94]), ʚ 

ʧʦʛʦʜʠʥʥʦʤʫ ʽʥʪʝʨʚʘʣʽ (ɽ+ ʪʘ 5R1C). ʇʠʪʦʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʨʦʟʛʣʷʥʫʪʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 3.4ʘ ʜʣʷ ʦʧʘʣʝʥʥʷ, ʘ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ - ʥʘ ʨʠʩ. 3.4ʙ [167].  

 

ʘ)        ʙ) 
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ʈʠʩ. 3.4 ï ʈʽʯʥʘ ʧʠʪʦʤʘ ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʥʘ ʦʧʘʣʝʥʥʷ (ʘ) ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ (ʙ) ʜʣʷ 

ʙʫʜʽʚʣʽ ʫ ʤ. ʆʜʝʩʘ ʟʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʙʘʟʘʤʠ ʧʦʛʦʜʥʠʭ ʜʘʥʠʭ [167] 

 

ʅʘ ʨʠʩ. 3.4 ʧʨʦʚʝʜʝʥʦ ʥʝ ʣʠʰʝ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʧʠʪʦʤʦʾ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʟʘ ʦʜʥʘʢʦʚʠʭ ʚʭʽʜʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʜʘʥʽ 

IWEC ʟʘ ʤʝʪʦʜʦʤ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʠʤ ɽ+ ), ʘʣʝ ʡ ʥʘʚʝʜʝʥʦ ʾʭ ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʨʤʘʪʠʚʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʧʨʠʡʥʷʪʽ ʚ ʋʢʨʘʾʥʽ. ɿʘ 

ʧʝʨʝʚʽʨʦʯʥʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ 

ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʦʩʥʦʚʽ ɽ+ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ʨʽʟʥʠʤʠ ʧʽʜʭʦʜʘʤʠ. [167] 

ɼʣʷ ʧʨʠʤʽʱʝʥʥʷ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʇʜ ʩʪʦʨʦʥʫ ʩʚʽʪʫ ʨʦʟʙʽʞʥʽʩʪʴ ʟʥʘʯʝʥʴ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʽʣʴʰʘ ʥʽʞ ʜʣʷ ʧʨʠʤʽʱʝʥʴ ʇʥ ʦʨʽʻʥʪʘʮʽʾ. ʂʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ 

ʧʦʤʽʩʷʯʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94] ʜʘʶʪʴ ʨʦʟʙʽʞʥʽʩʪʴ ʟ 

ɽ+ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ - 4% ʜʣʷ ʧʽʚʥʦʯʽ, 8% - ʜʣʷ ʧʽʚʜʥʷ. ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ɽ+ ʪʘ 

5R1C ʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥ̔ , ʚʽʜʤʽʥʥʽʩʪʴ ʤʝʪʦʜʽʚ ʜʦ 9% ʜʣʷ ʇʜ, ʪʘ 

2%-ʇʥ. ɺ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʨʦʢʫ ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ ʟʦʥʫ ʙʫʜʽʚʣʽ ʩʢʣʘʜʘʶʪʴ 

ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʝʥʝʨʛʦʙʘʣʘʥʩʽ. ɼʣʷ ʨʝʞʠʤʫ ʦʭʦʣʦʜʞʝʥʥʷ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94] ʤʘʻ ʪʘʢʦʞ 

ʥʘʡʙʽʣʴʰʫ ʨʦʟʙʽʞʥʽʩʪʴ ɽ+, ʘʣʝ ʚ ʩʪʦʨʦʥʫ ʟʤʝʥʰʝʥʥʷ, ʱʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʽʜʭʦʜʘʤʠ 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʘʢʫʤʫʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʛʦʨʦʜʞʝʥʴ, ʨʦʟʙʽʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 

18% ʥʘ ʇʜ ʪʘ 28% ʥʘ ʇʥ. ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ɽ+ ʪʘ 5R1C ʤʘʶʪʴ ʨʦʟʙʽʞʥʽʩʪʴ 16-

18% ʧʦ ʚʩʽʭ ʦʨʽʻʥʪʘʮʽʷʭ. ʄʦʜʝʣʴ 5R1C [23] ʤʘʩʠʚʥʽʩʪʴ ʙʫʜʽʚʣʽ ʚʨʘʭʦʚʫʻ ʯʝʨʝʟ 

ʦʜʠʥ ʧʨʠʚʝʜʝʥʠʡ ʚʫʟʦʣ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ɽ+, ʜʝ 

ʦʛʦʨʦʜʞʝʥʥʷ ʨʦʟʜʽʣʝʥʽ. ɿʥʘʯʥʠʡ ʚʽʜʩʦʪʦʢ ʨʦʟʙʽʞʥʦʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʤʦʜʝʣʝʡ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ [167], ʱʦ ʜʽʶʪʴ ʚ ʋʢʨʘʾʥʽ. 

ʅʘ ʨʠʩ. 3.5 ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚ 

ʧʦʤʽʩʷʯʥʦʤʫ ʨʦʟʨʽʟʽ. 
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ʘ) 

 

ʙ) 

ʈʠʩ. 3.5 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʨʦʟʪʘʰʦʚʘʥʦʾ ʫ 

ʤ. ʆʜʝʩʘ ʜʣʷ ʦʧʘʣʝʥʥʷ (ʘ) ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ (ʙ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʩʷʮʷ [167] 

 

ɺ ʮʽʣʦʤʫ ʥʘʡʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ʧʦʤʽʩʷʯʥʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ ʦʧʘʣʝʥʥʷ ʤʘʶʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʦʩʥʦʚʽ ɽ+, ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ 

5R1C, ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʢʣʘʜʘʻ 4-8% ʜʣʷ ʇʥ 

ʪʘ ʇʜ. ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94] ʟʘ 



110 

ʜʘʥʠʤʠ IWEC [82] ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ E+ ʩʢʣʘʜʘʻ 14% 

ʥʘ ʇʥ ʪʘ 30% ʥʘ ʇʜ. ɼʣʷ ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʙʘʟʽ ʙʫʜʽʚʝʣʴʥʦʾ 

ʢʣʽʤʘʪʦʣʦʛʽʾ ʨʦʟʙʽʞʥʽʩʪʴ ʘʥʘʣʦʛʽʯʥʘ ʷʢ ʽ ʜʣʷ ʜʘʥʠʭ IWEC [82]. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʤʘʻ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʟʘ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʜʘʥʠʤʠ IWEC, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʨʦʟʛʣʷʥʫʪʠʤʠ ʤʝʪʦʜʘʤʠ. [167] 

ɺ ʣʽʪʥʽ ʤʽʩʷʮʽ ʨʦʢʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʪʨʝʙʠ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʙʽʞʥʽʩʪʴ 

ʤʝʪʦʜʠʢ ʟ ɽ+ ʩʪʘʥʦʚʠʪʴ 18% ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ 5R1C ʜʣʷ ʇʥ ʪʘ ʇʜ ʦʨʽʻʥʪʘʮʽʾ; 28% 

(ʇʥ) ʪʘ 18% (ʇʥ) - ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94] ʟʘ ʜʘʥʠʤʠ IWEC. ɿʘ ʜʘʥʠʤʠ ʟ 

ʙʫʜʽʚʝʣʴʥʦʾ ʢʣʽʤʘʪʦʣʦʛʽʾ ʨʦʟʙʽʞʥʽʩʪʴ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94] ʙʽʣʴʰʘ ʪʘ 

ʩʢʣʘʜʘʻ 40% ʥʘ ʇʜ, 55% - ʇʥ [167].  

ʇʦʪʨʝʙʘ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʤʝʪʦʜ ̔ʨʦʟʨʘʭʫʥʢʫ [94] ʥʘʡʥʠʞʯʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʽʥʝʨʮʽʡʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʦʛʦʨʦʜʞʝʥʴ ʚ ʢʦʞʥʽʡ ʟ ʤʝʪʦʜʠʢ, ʷʢʽ ʙʫʣʠ  ʧʨʦʧʠʩʘʥʽ ʚʠʱʝ [167]. 

ʗʢ ʧʝʨʰʠʡ ʥʘʧʨʷʤ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʙʫʜʽʚʝʣʴ, ʚʧʣʠʚ ʧʦʜʽʙʥʠʭ ʟʘʭʦʜʽʚ ʥʘ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥ ̫ ʙʫʜʽʚʣʽ ʚʠʟʥʘʯʘʣʠ ʚ ʨʽʯʥʦʤʫ ʨʦʟʨʽʟʽ. ʅʘʩʪʫʧʥʠʡ ʝʪʘʧʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ï ʻ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ 

ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʥʝʨʦʙʦʯʽ 

ʛʦʜʠʥʠ ʘʙʦ ʚ ʛʦʜʠʥʠ ʧʽʢʦʚʦʾ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ 

ʟʘʜʘʯ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʜʚʽ 

ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʫ 5R1C [23] ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ɽ+ [71]. [167] 

ʇʨʠ ʧʦʛʦʜʠʥʥʦʤʫ ʘʥʘʣʽʟʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ 

ʪʝʥʜʝʥʮʽʾ ʚ ʧʦʚʝʜʽʥʮʽ ʛʨʘʬʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʚ 5R1C ʪʘ ɽ+ 

ʟʙʝʨʽʛʘʶʪʴʩʷ. ʅʘ ʨʠʩ. 3.6 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʧʦʛʦʜʠʥʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʤʦʜʝʣʣʶ 

5R1C [23] ʧʠʪʦʤʦʾ ʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʢʽʤʥʘʪʠ ʦʨʽʻʥʪʦʚʘʥʦʾ ʥʘ ʇʜ. 

ʇʦʨʽʚʥʶʶʪʴʩʷ ʧʦʛʦʜʠʥʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ: ʥʘ ʧʦʛʦʜʠʥʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʟ IWEC, ʥʘ ʫʩʝʨʝʜʥʝʥʥʽ ʟ ʮʠʭ ʜʘʥʠʭ ʧʦ ʜʦʙʘʤ ʽ ʥʘ ʤʽʩʷʯʥʠʭ 

ʽʥʪʝʨʚʘʣʘʭ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ, ʟʘ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ ʥʦʨʤʘʤʠ, 

ʱʦ ʜʽʶʪʴ ʚ ʋʢʨʘʾʥʽ. 
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ʈʝʟʫʣʴʪʘʪʠ ʧʦʛʦʜʠʥʥʦʾ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥ̔  ʧʦ ʧʦʤʽʩʷʯʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʤʘʶʪʴ ʧʣʘʚʥʽ ʟʦʥʠ-ʧʝʨʝʭʦʜʠ ʤʽʞ ʤʽʩʷʮʷʤʠ, ʱʦ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʪʝʧʣʦ-ʽʥʝʨʮʽʡʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʛʦʨʦʜʞʝʥʴ ʙʫʜʽʚʣʽ. ʈʦʟʨʘʭʦʚʘʥʽ ʥʘ 

ʙʘʟʽ ʧʦʛʦʜʠʥʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʥʘʯʝʥʥʷ ʨʽʯʥʦʾ ʪʘ ʤʽʩʷʯʥʠʭ ʧʦʪʨʝʙ ʚ ʦʧʘʣʝʥʥ̔  ʜʣʷ 

ʧʦʛʦʜʠʥʥʠʭ, ʩʝʨʝʜʥʴʦ ʜʦʙʦʚʠʭ ʪʘ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʟʥʘʯʝʥʴ t_ext ʪʘ Qsol ʤʘʡʞʝ ʥʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. [167] 

 

 

ʈʠʩ. 3.6 ï ʇʦʛʦʜʠʥʥʘ ʟʤʽʥʘ ʧʠʪʦʤʦʛʦ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʧʨʦʪʷʛʦʤ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʜʣʷ ʧʨʠʤʽʱʝʥʥʷ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʇʜ ʜʣʷ ʤ. ʆʜʝʩʘ ʟʘ 

ʤʦʜʝʣʣʶ 5R1C ʜʣʷ ʨʽʟʥʠʭ ʙʘʟ ʢʣʽʤʘʪʦʣʦʛʽʡ 

 

ʈʦʟʨʘʭʫʥʦʢ ʟʘ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʜʽʶʪʴ ʚ ʋʢʨʘʾʥʽ 

ʤʘʻ ʜʝʱʦ ʚʠʱʽ ʧʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ ʫ ʟʚ'ʷʟʢʫ ʟ ʚʽʜʤʽʥʥʽʩʪʶ ʢʣʽʤʘʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʟ ʜʘʥʠʭ, ʷʢʽ ʘʥʘʣʽʟʫʚʘʣʠʩʷ ʚʠʱʝ. 

ʄʦʜʝʣʴ ʥʘ ʙʘʟʽ ʧʦʛʦʜʠʥʥʠʭ ʟʥʘʯʝʥʴ t_ext ʪʘ Qsol ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ 

ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʽ ʚʨʘʭʦʚʫʚʘʪʠ ʾʾ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʧʨʦʪʷʛʦʤ ʜʦʙʠ. 

ʇʦʛʦʜʠʥʥʽ ʟʤʽʥʠ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʩʫʪʪʻʚʽ. ʊʘʢ ʚ ʛʦʜʠʥʠ ʚʝʣʠʢʦʛʦ ʨʽʚʥʷ ʩʦʥʷʯʥʠʭ 

ʥʘʜʭʦʜʞʝʥʴ ʦʧʘʣʝʥʥʷ ʧʦʥʠʞʫʻʪʴʩʷ ʘʙʦ ʤʦʞʝ ʚʠʤʠʢʘʪʠʩʷ ʚʟʘʛʘʣʽ. ʎʝ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʧʝʨʽʦʜʫ ʤʽʞʩʝʟʦʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦ ʢʣʽʤʘʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʣʶʪʦʛʦ (ʥʘʡʥʠʞʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʥʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʣʷ 

ʟʠʤʦʚʠʭ ʤʽʩʷʮʽʚ) [167].  
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ʅʘ ʦʩʥʦʚʽ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʩʝʨʝʜʥʽ ʜʣʷ ʇʜ ʪʘ ʇʥ ʦʨʽʻʥʪʘʮʽʡ ʧʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʜʣʷ ʣʽʪʥʴʦʛʦ ʪʘ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ ʨʦʢʫ (ʪʘʙʣ. 3.2). ʇʨʠ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʥʦʨʤʘʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ, ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʣʷ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ɯɯ-ʛʽʡ ʢʣʽʤʘʪʠʯʥʽʡ 

ʟʦʥʽ ʥʦʨʤʘʪʠʚʥʘ ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʩʪʘʥʦʚʠʪʴ 28 ʢɺʪĀʛʦʜ/ʤ
3
 [92]. ɼʣʷ 

ʽʩʥʫʶʯʠʭ ʩʪʘʨʠʭ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʥʝ ʧʨʦʡʰʣʠ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʶ ʥʦʨʤʘʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ ʦʙʠʨʘʶʪʴʩʷ ʜʣʷ ʙʫʜʽʚʝʣʴ 70-ʭ ʨʦʢʽʚ [91], ʜʘʥʘ ʚʝʣʠʯʠʥʘ ʩʪʘʥʦʚʠʪʴ 

32 ʢɺʪĀʛʦʜ/ʤ
3
 [167].  

 

ʊʘʙʣʠʮʷ 3.2 ï ʇʦʢʘʟʥʠʢ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʦʪʨʠʤʘʥʠʡ ʟʘ 

ʨʽʟʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʨʦʟʨʘʭʫʥʢʫ [167] 

ʇʠʪʦʤʘ ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʙʫʜʽʚʣʽ, ʢɺʪĀʛʦʜ/ʤ
3
 

ʦʧʘʣʝʥʥʷ ʦʭʦʣʦʜʞʝʥʥʷ 

ɼʉʊʋ ɹ ɸ.2.2-

12:2015 5R1C E+ 

ɼʉʊʋ ɹ ɸ.2.2-

12:2015 5R1C E+ 

30 31 30 5.4 5.7 6.9 

 

ʗʢ ʧʦʢʘʟʫʶʪʴ ʜʘʥʽ ʪʘʙʣʠʮʽ 3.2 ʜʣʷ ʩʪʘʨʠʭ ʙʫʜʽʚʝʣʴ ʥʦʨʤʠ ʩʧʦʞʠʚʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʚʠʱʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʯʘʩʥʠʤʠ ʥʦʨʤʘʤʠ, ʱʦ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʚʠʤʦʛʘʤʠ ʜʦ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʦʨʦʜʞʝʥʴ ʧʨʠ 

ʙʫʜʽʚʥʠʮʪʚʽ/ʧʨʦʝʢʪʫʚʘʥʥʽ. ʅʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚ ʋʢʨʘʾʥʽ ʥʝ ʽʩʥʫʻ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 5R1C [23] ʪʘ E+ [71] 

ʧʦʢʘʟʥʠʢʠ ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʟ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʦʧʘʣʝʥʥʷ ʜʝʱʦ ʚʠʱʽ ʚ 

ʧʦʨʽʚʥʷʥʽ ʟʽ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʤ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 [94], ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʩʧʨʦʱʝʥʥʷʤʠ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʪʝʧʣʦʽʥʝʨʮʽʡʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʛʦʨʦʜʞʝʥʴ. [167] 

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʱʝ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʜʘʯ, ʱʦ 

ʚʠʨʽʰʫʶʪʴʩʷ. ɺ ʨʦʟʨʽʟʽ ʜʦʙʦʚʦʾ ʟʤʽʥʠ ʜʘʥʽ ʧʦ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʤ ʪʘ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦʤʫ ʜʣʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʙʦ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʦʛʦʜʠʥʥʽ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. 

ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ɽ+ ʪʘ 5R1C ʜʘʶʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʜʣʷ 

ʦʧʘʣʝʥʥʷ, ʚʽʜʤʽʥʥʽʩʪʴ ʤʝʪʦʜʽʚ ʜʦ 4-8% ʜʣʷ ʚʩʽʭ ʦʨʽʻʥʪʘʮʽʡ, ʚ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʜʘʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 16-18% ʧʦ ʚʩʽʭ ʦʨʽʻʥʪʘʮʽʷʭ. ʄʦʜʝʣʴ 5R1C ʤʘʩʠʚʥʽʩʪʴ 

ʙʫʜʽʚʣʽ ʚʨʘʭʦʚʫʻ ʯʝʨʝʟ ʦʜʠʥ ʧʨʠʚʝʜʝʥʠʡ ʚʫʟʦʣ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ 

ʦʛʦʨʦʜʞʝʥʴ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ɽ+, ʜʝ ʚʫʟʣʠ ʮʠʭ ʦʛʦʨʦʜʞʝʥʥʷ ʨʦʟʜʽʣʝʥʽ. ɿʥʘʯʥʠʡ 

ʚʽʜʩʦʪʦʢ ʨʦʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʤʦʜʝʣʝʡ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ [23, 94], ʱʦ ʜʽʶʪʴ ʚ ʋʢʨʘʾʥʽ. 

 

3.2 ʄʦʜʝʣ ̔ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʨʘʜʽʘʮʽʾ 

 

ʆʩʥʦʚʦʶ ʧʦʛʣʠʙʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʧʨʠʤʽʱʝʥʴ ʻ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʽ ʟʥʘʥʴ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ. ɺ 

ʜʽʶʯʠʭ ʧʽʜʭʦʜʘʭ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʻ ʨʷʜ ʩʧʨʦʱʝʥʴ, ʱʦ 

ʦʙʤʝʞʫʶʪʴ ʷʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. ɺ [35] ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʜʥʘʢʦʚʘ, ʘ ʚʩʷ ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ, ʷʢʘ 

ʧʨʦʭʦʜʷʪʴ ʚ ʙʫʜʽʚʣʶ, ʧʦʛʣʠʥʘʻʪʴʩʷ ʪʘ ʥʝ ʚʨʘʭʦʚʘʥʦ ʚʣʘʩʥʠʡ ʧʨʦʤʝʥʝʚʠʡ 

ʪʝʧʣʦʦʙʤʽʥ ʩʪʽʥ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ [23] ʧʽʜʙʽʨ ʦʧʘʣʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʦʧʝʨʘʮʽʡʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʱʦ ʻ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʩʝʨʝʜʥʴʦʨʘʜʽʘʮʽʡʥʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʪʦʤʫ ʜʝʪʘʣʴʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʟʚʦʣʠʪʴ ʚʨʘʭʫʚʘʪʠ ʫʤʦʚʠ ʢʦʤʬʦʨʪʥʦʩʪʽ 

ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ. 

ɺʧʣʠʚ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʽʥ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʟʦʚʥʽʰʥʽʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʚʯʝʥʠʡ ʥʝʜʦʩʪʘʪʥʴʦ. ɿ ʤʝʪʦʶ ʚʨʘʭʫʚʘʥʥʷ ʜʘʥʦʛʦ 

ʚʧʣʠʚʫ ʩʪʚʦʨʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʽʤʥʘʪʠ. ʏʘʩʪʠʥʘ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʧʦʪʨʘʧʣʷʻ ʜʦ ʢʽʤʥʘʪʠ, ʧʦʛʣʠʥʘʻʪʴʩʷ ʦʛʦʨʦʜʞʝʥʥʷʤʠ, ʘ 
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ʯʘʩʪʠʥʘ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʯʝʨʝʟ ʩʚʽʪʣʦʧʨʦʟʦʨʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʘʪʤʦʩʬʝʨʠ. 

 

3.2.1 ʄʦʜʝʣʶʚʘʥʥʷ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʨʘʜʽʘʮʽʾ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʦʛʦʨʦʜʞʝʥʴ ʙʫʜʽʚʣʽ 

 

ʈʦʟʤʽʨʠ ʢʽʤʥʘʪʠ 5Ĭ5 ʤ ʪʘ ʚʠʩʦʪʘ 4 ʤ. ʇʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʧʨʠʤʽʱʝʥʥʷ ʤʘʻ 

ʦʜʥʫ ʟʦʚʥʽʰʥʶ ʩʪʽʥʫ ʪʘ ʚʽʢʥʦ (Fʟʩ=6,5 ʤ
2
). ʈʦʟʛʣʷʜʘʣʠʩʷ ʧʦ ʪʨʠ ʚʘʨʽʘʥʪʠ ʟʥʘʯʝʥʴ 

ʦʧʦʨʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʽʥ ʪʘ ʚʽʢʦʥ (Ὑʟʩ= 0,8; 1,2; 1,6 , Ὑʚ=

0,2; 0,5; 0,8  (ʤ
2
Ŀʂ)/ɺʪ). ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 23 

ɺʪ/(ʤ
2
ʂ) ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 8,7 ɺʪ/(ʤ

2
ʂ). ʊʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 

1Áʉ. ʂʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ  1 ʛʦʜ
-1
. ʊʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ 1005 ɼʞ/(ʢʛĀʂ). 

ɻʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ï 1,225 ʢʛ/ʤ
3
. ʂʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥ: ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 0,2; ʪʝʧʣʦʚʦʛʦ ʜʣʷ ʩʪʽʥ ʽ ʚʽʢʥʘ ï 0,9. ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʢʥʘ 0,8. ʂʫʪʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ [168, 169]: 

ű
ʚʦʟʩ

=
Ὂʟʩ

Ὂʚʦ
= 0,059,    ű

ʚʦʚ
=
Ὂʚ

Ὂʚʦ
= 0,123. 

 

ɿʥʘʯʝʥʥʷ ʩʫʤʘʨʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʪʝʧʣʦʚʠʭ ʥʘʜʭʦʜʞʝʥʴ ʪʘ ʦʧʘʣʝʥʥʷ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʟ ʫʤʦʚ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʥʷ 18Áʉ, ʨʽʚʥʷ ʩʦʥʷʯʥʠʭ 

ʥʘʜʭʦʜʞʝʥʴ 35 ɺʪ/ʤ
2
 ʪʘ ʧʨʠʡʤʘʣʠʩʴ ʩʪʘʣʠʤʠ. 

ʆʧʠʩ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʫ ʨʦʟʜʽʣʽ 2.2. ʇʦʨʽʚʥʶʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʟʘ ʜʚʦʤʘ ʤʦʜʝʣʷʤʠ (ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʦʛʦʨʦʜʞʝʥʴ ʪʘ ʙʝʟ). ʇʨʠ ʨʽʟʥʠʭ ʽʥʩʦʣʷʮʽʡʥʠʭ ʥʘʜʭʦʜʞʝʥʥʷʭ ʨʦʟʛʣʷʜʘʣʠ ʥʘʩʪʫʧʥʽ 

ʚʘʨʽʘʥʪʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ: 1) Rʟʩ=const, Rʚ=var; 2) 

Rʚ =const, Rʟʩ =var.  

ʅʘ ʨʠʩʫʥʢʫ 3.7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 
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ʚʣʘʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥ ʪʘ ʙʝʟ ʥʴʦʛʦ ʧʨʠ ʟʤʽʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʽʥʩʦʣʷʮʽʡʥʠʭ ʥʘʜʭʦʜʞʝʥʴ. ɿʥʘʯʝʥʥʷ Rʟʩ=0,8 ʤ
2
ʂ/ɺʪ, Rʚ=0,5. ʤ

2
ʂ/ɺʪ. 

ʅʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʚʣʘʩʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ, ʥʘʪʦʤʽʩʪʴ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ 

ʚʣʘʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 1Áʉ ï ʚʽʢʥʦ ʪʘ 0,5Áʉ ï ʩʪʽʥʘ. 

 

ʈʠʩ. 3.7 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʟʦʚʥʽʰʥʽʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ [168] 

ʅʘ ʨʠʩ. 3.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʤʽʥʘ ʪʝʧʣʦʚʪʨʘʪ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʦʧʦʨʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

 

ʈʠʩ. 3.8 ï ɿʤʽʥʘ ʪʝʧʣʦʚʪʨʘʪ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ [168] 
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ɿ ʨʠʩ. 3.8 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʣʘʩʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥ ʤʝʥʰʝ ʚʧʣʠʚʘʻ ʥʘ ʪʝʧʣʦʚʪʨʘʪʠ. ʅʘ ʨʠʩ. 3.9 

ʥʘʚʝʜʝʥʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʪʘ ʚʽʢʥʘ ʟʘ ʨʘʭʫʥʦʢ 

ʚʨʘʭʫʚʘʥʥʷ ʚʣʘʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʦʧʦʨʘʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

 

ʘ      ʙ 

ʈʠʩ.3.9 ï ɿʤ̔ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʚʣʘʩʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʨʷʤʘ (ʘ) ʪʘ ʧʝʨʝʭʨʝʩʥʘ (ʙ) ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʦʧʦʨʫ ʩʪʽʥ ʪʘ ʚʽʢʦʥ  

ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ [168] 

 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʮʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʜʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʚʣʘʩʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʙʽʣʴʰʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ʩʪʽʥʠ ʥʘ 1ï1,5
ʦ
ʉ ʪʘ ʥʘ 0,5ï0,8

ʦ
ʉ 

ʚʽʢʥʘ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʦʩʣʽʜʞʝʥʦ ʪʘʢʦʞ ʚʧʣʠʚ ʟʤʽʥʠ ʦʧʦʨʫ ʚʽʢʥʘ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʽ ʥʘʚʧʘʢʠ: ʩʪʽʥʠ ʥʘ ʚʽʢʥʦ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʧʽʜ 

ʜʽʻʶ ʪʘʢʦʛʦ ʧʝʨʝʭʨʝʩʥʦʛʦ ʚʧʣʠʚʫ ʝʣʝʤʝʥʪʽʚ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 

ʣʽʥʽʡʥʦʾ ʥʘ ʦʧʫʢʣʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ, ʚʽʢʥʘ ʪʘ 

ʧʦʚʽʪʨʷ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʦʧʦʨʫ ʟʦʚʥʽʰʥʽʭ 

ʦʛʦʨʦʜʞʝʥʴ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʽʥʽʡʥʦʛʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (ʨʽʚʥʷʥʥʷ (3.1)ï(3.3)): 

ὸʚʥ

ὸʚʥ
= 0,662 + 0,326

ɯ

ɯӶ
+ 0,0012

Ὑʟʩ

Ὑʟʩ
+ 0,0104

Ὑʚ

Ὑʚ
, Ὑ2 = 0,986,   (3.1) 
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ὸʚ

ὸʚ
= 0,497 + 0,334

ɯ

ɯӶ
+ 0,0026

Ὑʟʩ

Ὑʟʩ
+ 0,1665

Ὑʚ

Ὑʚ
, Ὑ2 = 0,967,   (3.2) 

ὸʟʩ

ὸʟʩ
= 0,59 + 0,336

ɯ

ɯӶ
+ 0,0638

Ὑʟʩ

Ὑʟʩ
+ 0,0108

Ὑʚ

Ὑʚ
, Ὑ2 = 0,967.   (3.3) 

 

ɿʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʷʚʣʷʶʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʝʣʘʩʪʠʯʥʦʩʪʽ. ɿ ʮʠʭ ʟʥʘʯʝʥʴ ʚʠʜʥʦ, ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʦʥʴ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʤʘʻ ʦʧʽʨ 

ʜʘʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʧʝʨʝʭʨʝʩʥʠʤ ʚʧʣʠʚʦʤ. ʇʦʚʝʜʽʥʢʘ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ 

ʯʝʨʝʟ ʟʦʚʥʽʰʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʻ ʘʥʘʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ [168]. 

 

3.2.2 ʄʦʜʝʣʶʚʘʥʥʷ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʨʘʜʽʘʮʽʾ ʥʘ 

ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʧʨʠʤʽʱʝʥʥʷ 

 

ʆʧʠʩ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʫ ʨʦʟʜʽʣʽ 2.2. ʂʦʝʬʽʮʽʻʥʪ ʟʘʪʽʥʝʥʥʷ ʚʽʢʦʥ ï 0,65, 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï 0,75. ʂʦʝʬʽʮʽʻʥʪ 

ʧʦʛʣʠʥʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥ: ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 0,2; ʪʝʧʣʦʚʦʛʦ ʜʣʷ ʩʪʽʥ ʽ 

ʚʽʢʥʘ ï 0,9. ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʢʥʘ 0,8. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʦʛʦʨʦʜʞʝʥʴ ʜʦ ʧʣʦʱʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʦʛʦʨʦʜʞʝʥʥʷ ʟʤʽʥʶʚʘʣʠ (ʢʟ=
Ὂʚ

Ὂʟʚ
= 0,3; 0,5; 0,7 ). ɿʥʘʯʝʥʥʷ ʩʫʤʘʨʥʠʭ ʚʥʫʪʨʽʰʥʽʭ 

ʪʝʧʣʦʚʠʭ ʥʘʜʭʦʜʞʝʥʴ ʪʘ ʦʧʘʣʝʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʟ ʫʤʦʚ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʠʤʽʱʝʥʥʷ 18Áʉ, ʨʽʚʥʷ ʩʦʥʷʯʥʠʭ ʥʘʜʭʦʜʞʝʥʴ ɯ=[0 ... 50] ɺʪ/ʤ
2
. 

ʇʦʨʽʚʥʶʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʜʚʦʤʘ ʤʦʜʝʣʷʤʠ (ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʛʦʨʦʜʞʝʥʴ ɽʝ  ʪʘ ʙʝʟ). ʇʨʠ ʨʽʟʥʠʭ 

ʽʥʩʦʣʷʮʽʡʥʠʭ ʥʘʜʭʦʜʞʝʥʥʷʭ ʪʘ ʟʘ ʨʽʟʥʦʶ ʧʣʦʱʝʶ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʝʣʝʤʝʥʪʽʚ 

ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ ʨʦʟʛʣʷʜʘʣʠ ʥʘʩʪʫʧʥʽ ʚʘʨʽʘʥʪʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ: 1) Rʟ=const, Rʚ=var; 2) Rʚ=const, Rʟ =var. 

ʅʘ ʨʠʩ. 3.10 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʚʽʜ ʦʧʦʨʫ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ɯ=[0 ... 50] ɺʪ/ʤ
2
.  
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ʈʠʩ. 3.10 ï ʈʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦ ʥʘʜʭʦʜʞʝʥʴ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʧʦʨʫ ʚʽʢʥʘ (ʘ) ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ (ʙ) [169] 

 

ɺʨʘʭʫʚʘʥʥʷ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʟʥʘʯʥʦ ʟʤʽʥʶʻ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ, ʥʘ 

ʨʽʚʥʽ 50 ɺʪ/ʤ
2
ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʧʦʥʘʜ 40%, ʥʘ ʨʽʚʥʽ 35 ɺʪ/ʤ

2
ï ʧʦʥʘʜ 

15% ʜʣʷ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ. ɺʨʘʭʫʚʘʥʥʷ 

ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥ ʟʤʝʥʰʫʻ ʨʦʟʨʘʭʦʚʘʥʫ 

ʚʝʣʠʯʠʥʫ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʥʘ 5 %. ɺʧʣʠʚ ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʨʽʚʝʥʴ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʧʦʨʫ ʚʽʢʦʥ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʦʧʦʨʫ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʘʥʠʡ ʚʧʣʠʚ ʥʘ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʣʠʰʘʻʪʴʩʷ ʥʝ ʟʤʽʥʥʠʡ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ.  

ɿʘ ʜʽʶʯʠʤʠ ʚ ʋʢʨʘʾʥʽ ʥʦʨʤʘʤʠ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʩʪʽʥ ʙʫʜʽʚʝʣʴ, ʱʦ 

ʧʨʦʝʢʪʫʶʪʴʩʷ, ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʠʡ 3 ʤ
2
ʂ/ɺʪ, ʟ ʚʽʜʤʽʥʘʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʟʦʥʠ. ɹʽʣʴʰʽʩʪʴ ʙʫʜʽʚʝʣʴ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ, ʤʘʶʪʴ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʟʦʚʥʽʰʥʽʭ 

ʩʪʽʥ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʪʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʠʡ 1,6 ʤ
2
ʂ/ɺʪ. ʅʘ ʨʠʩ. 3.11 

ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʟʘʣʝʞʥʽʩʪʴ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʚʽʜ ʨʽʟʥʦʾ ʧʣʦʱʽ ʟʘʩʢʣʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ 

ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ. 

ʈʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʣʦʱʽ ʚʽʢʥʘ, 

ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ, ʪʘ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʣʦʱʽ ʚʽʢʥʘ ʧʨʠ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷʭ 50 ɺʪ/ʤ
2
.ɿʙʽʣʴʰʝʥʥʷ 

ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʟʦʚʥʽʰʥʴʦʛʦ ʦʛʦʨʦʜʞʝʥʥʷ ʚʽʜ 1,6 ʜʦ 3 ʤ
2
ʂ/ɺʪ ʜʦʟʚʦʣʷʻ 
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ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʥʘ 50 ɺʪ ʜʣʷ 

ʜʘʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ [169].  

 

ʘ       ʙ 

ʈʠʩ. 3.11 ï ʈʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱʽ ʟʘʩʢʣʝʥʥʷ ʜʣʷ ʩʪʘʨʠʭ ʤʘʩʦʚʠʭ 

ʙʫʜʽʚʝʣʴ ʪʠʧʫ "ʭʨʫʱʚ̔ʢʘ", ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ (ʘ) ʪʘ ʜʣʷ ʙʫʜʽʚʝʣʴ ʟʙʫʜʦʚʘʥʠʭ ʟʘ 

ʩʫʯʘʩʥʠʤʠ ʚʠʤʦʛʘʤʠ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ (ʙ) ʪʘ [169] 

 

ʅʘ ʨʠʩ. 3.12 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʚʽʜ ʨʽʚʥʷ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʜʣʷ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʩʢʣʝʥʥʷ ʪʘ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʟʦʚʥʽʰʥʽʭ 

ʩʪʽʥ.  

 

ʘ       ʙ 

ʈʠʩ. 3.12 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʜʣʷ ʨʽʟʥʦʾ ʧʣʦʱʽ ʟʘʩʢʣʝʥʥʷ ʪʘ ʦʧʦʨʫ ʟʦʚʥʽʰʥʴʦʛʦ ʦʛʦʨʦʜʞʝʥʥʷ 

ʜʣʷ ʙʫʜʽʚʝʣʴ ʪʠʧʫ "ʭʨʫʱʦʚʢʘ"(ʘ) ʪʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ (ʙ) [169] 
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ɺʠʩʥʦʚʢʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʣʦʱʽ ʟʘʩʢʣʝʥʥʷ ʚʝʣʠʯʠʥʘ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ 

ʟʨʦʩʪʘʻ. ʇʨʠ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʷʭ ʙʽʣʷ 30 ɺʪ/ʤ
2
 ʧʣʦʱʘ ʟʘʩʢʣʝʥʥʷ ʤʘʡʞʝ 

ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʜʣʷ ʦʧʦʨʽʚ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ ʙʫʜʽʚʝʣʴ ʪʠʧʫ 

"ʭʨʫʱʽʚʢʘ". ʇʨʠ ʙʽʣʴʰʦʤʫ ʨʽʚʥʽ ʩʦʥʷʯʥʠʭ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʣʦʱʽ ʟʘʩʢʣʝʥʥʷ. ɼʣʷ ʙʫʜʽʚʝʣʴ ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʩʫʯʘʩʥʠʤʠ ʥʦʨʤʘʤʠ 

ʧʨʠ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷʭ ʙʽʣʷ 40 ɺʪ/ʤ
2
 ʥʘ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʥʝ ʚʧʣʠʚʘʻ 

ʧʣʦʱʘ ʟʘʩʢʣʝʥʥʷ.  

ʊʘʢʦʞ, ʘʥʘʣʽʟʫʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʪʘ ʚʽʢʥʘ ʜʣʷ 

ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʩʦʥʷʯʥʠʭ ʥʘʜʭʦʜʞʝʥʴ ʪʘ ʦʧʦʨʫ ʜʘʥʠʭ ʦʛʦʨʦʜʞʝʥʴ ʟʘ ʫʤʦʚʠ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʤʽʱʝʥʥʽ ʩʪʘʣʘ ʪʘ ʨʽʚʥʘ 18Áʉ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʷʚʠʣʠ ʪʘʢʦʞ ʪʘʢʽ ʪʝʥʜʝʥʮʽʾ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʟʨʦʩʪʘʻ ʥʘ 1ï1,5Áʉ ʧʨʠ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ, ʜʣʷ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʦʧʦʨʫ ʩʪʽʥʠ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʽ ʚʽʢʥʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʥʘʜʭʦʜʞʝʥʴ, ʪʦʤʫ ʱʦ ʚ 

ʜʘʥʽʡ ʤʦʜʝʣʽ ʚʽʢʥʘ ʥʝ ʧʦʛʣʠʥʘʶʪʴ ʨʘʜʽʘʮʽʡʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʨʘʭʫʚʘʥʥʷ 

ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʙʽʣʴʰʫʻ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʚʝʨʭʦʥʴ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʥʘ 1ï1,5Áʉ, ʚʽʢʥʘ ï ʥʘ 1,5Áʉ. ʇʝʨʝʭʨʝʩʥʠʡ ʚʧʣʠʚ 

ʟʤʽʥʠ ʦʧʦʨʫ ʝʣʝʤʝʥʪʽʚ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ 

ʦʛʦʨʦʜʞʝʥʥʷ ʚʽʜʩʫʪʥʽʡ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʧʦʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʧʠʚ ʚʣʘʩʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. ɺʧʣʠʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʚʽʢʥʦ ʙʽʣʴʰʠʡ ʥʽʞ ʯʝʨʝʟ ʟʦʚʥʽʰʥʶ ʩʪʽʥʫ. 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʯʘʩʦʚʦʾ ʟʤʽʥʠ ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʧʦʪʨʝʙʫʻ 

ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʦʤʫ ʨʦʟʛʣʷʥʫʪʘ ʩʪʘʮʽʦʥʘʨʥʘ ʤʦʜʝʣʴ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ 

ʚʣʘʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʦʪʨʠʤʘʣʘ ʤʽʩʮʝ ʚ 

ʨʦʟʚʠʪʢʫ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ 8R2C, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʟʜʽʣʠʪʠ ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ 

ʦʛʦʨʦʜʞʝʥʥʷ. 
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3.3 ɹʘʛʘʪʦʬʘʢʪʦʨʥʽ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʦʚʠʭ ʟʤʽʥ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ 

 

ʗʢ ʟʛʘʜʫʚʘʣʦʩʴ ʚ ʨʦʟʜʽʣʽ 1.5 ʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʰʠʨʰʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʜʥʽ ʟ ʥʠʭ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ. ɼʣʷ ʫʤʦʚ ʋʢʨʘʾʥʠ ʷʢʽʩʥʝ ʨʝʛʫʣʶʚʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʟʦʚʥʽʰʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ ʪʘ ʚʨʘʭʦʚʫʻ ʨʷʜ ʽʥʰʠʭ ʚʘʛʦʤʠʭ 

ʬʘʢʪʦʨʽʚ. ɸʚʪʦʨʘʤ ʩʪʘʪʝʡ [39, 31, 33, 40, 50,54, 125, 131] ʩʪʚʦʨʝʥʦ ʨʝʛʨʝʩʽʡʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʚ ʨʽʯʥʦʤʫ [31, 39, 40, 

50, 54, 125], ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʤʫ [131, 38] ʪʘ ʧʦʛʦʜʠʥʥʦʤʫ [131, 33, 31, 38, 125]  

ʨʦʟʨʽʟʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʽʜ 6 ʜʦ 17 ʚʧʣʠʚʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʪʝʧʣʦʬʽʟʠʯʥʽ, 

ʛʝʦʤʝʪʨʠʯʥʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʢʣʽʤʘʪʠʯʥʽ). ɼʣʷ ʢʦʥʢʨʝʪʥʦʾ ʙʫʜʽʚʣʽ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʚʧʣʠʚʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠʩʷ. ɺ 

ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʽ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ/ʘʙʦ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ. 

ɺʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʪʘ/ʘʙʦ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʻ 

ʟʘʣʝʞʥʦʶ ʚʝʣʠʯʠʥʦʶ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ.  

ʈʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫ ʧʦʚʝʜʽʥʢʠ 

ʙʫʜʽʚʣʽ ʷʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ [33, 36, 125-129], ʷʢʽ ʤʦʞʫʪʴ ʙʫʜʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ 

ʥʘʢʦʧʠʯʝʥʠʭ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʘʙʦ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɺ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝʩʫʪʴ ʚ ʩʦʙʽ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʨʷʜʫ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʘʥʘʣʽʟ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʦʚʦʩʪʽ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʫ 

ʦʢʨʝʤʦ. ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʷʜʫ 

ʽʤʽʪʘʮʽʡʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʶʚʘʥʴ  ̔ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʙʨʦʢʠ ʨʝʟʫʣʴʪʘʪʽʚ (ʩʽʨʝ ʤʦʜʝʣʶʚʘʥʥʷ [134, 125, 33]) ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ 

ʚʧʣʠʚʦʚʽʩʪʴ ʬʘʢʪʦʨʽʚ ʪʘ ʧʨʦʚʝʩʪʠ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʦʙʨʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʟʙʫʨʝʥʴ ʬʘʢʪʦʨʽʚ. ɯʥʝʨʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʛʦʨʦʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʯʝʨʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʧʝʨʝʜʽʩʪʦʨʽʾ ʟʤʽʥʠ ʬʘʢʪʦʨʽʚ.  

ʇʨʦʛʥʦʟ ʪʝʤʧʝʨʘʪʫʨʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ 

ʢʦʤʬʦʨʪʥʦʩʪʽ, ʤʘʻ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʨʝʞʠʤʽʚ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ 
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ʧʨʠ ʮʝʥʪʨʘʣʴʥʦʤʫ ʷʢʽʩʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʱʦ ʧʦʢʠ ʱʝ ʻ ʜʦʩʪʘʪʥʴʦ ʪʠʧʦʚʠʤ 

ʜʣʷ ʫʤʦʚ ʋʢʨʘʾʥʠ. ʇʨʠ ʷʢʽʩʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʨʽʚʥʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷʥʘ ʦʧʘʣʝʥʥʷ, 

ʱʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʜʽʶʯʠʭ ʟʘʩʪʘʨʽʣʠʭ ʩʠʩʪʝʤ ʋʢʨʘʾʥʠ, ʜʦʮʽʣʴʥʦ ʷʢ 

ʧʨʘʚʠʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʝʜʥʴʦʜʦʙʦʚʽ ʟʥʘʯʝʥʥʷ. ʊʦʤʫ ʨʦʟʛʣʷʥʫʪʦ ʧʦʙʫʜʦʚʫ 

ʨʽʚʥʷʥʥ ̫ ʨʝʛʨʝʩʽʾ ʥʘ ʨʽʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚʽʜ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚʧʣʠʚʫ. 

 

 

3.3.1 ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʘʛʦʤʠʡ ʚʧʣʠʚ ʥʘ ʟʤʽʥʫ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

 

ɺ ʜʽʶʯʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʘʭ [23] ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʦʧʝʨʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ 

ʚʥʫʪʨʽʰʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ, ʪʦʤʫ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʯʠʥʥʠʢʽʚ 

ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʝʥʴ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʽ. ʉʝʨʝʜ ʯʠʥʥʠʢʽʚ 

ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʫʤʦʚʥʦ ʤʦʞʥʘ ʚʠʜʽʣʠ 

ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ. ɼʦ ʚʥʫʪʨʽʰʥʽʭ ʚʽʜʥʦʩʷʪʴ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ, ʢʨʘʪʥʽʩʪʴ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʝʪʘʞʥʽʩʪʴ, ʽʥʞʝʥʝʨʥʽ ʩʠʩʪʝʤʠ ʽ ʪ.ʜ. ɿʦʚʥʽʰʥʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʢʣʽʤʘʪʠʯʥʠʤʠ ʜʘʥʠʤʠ: ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, 

ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʧʨʷʤ ʚʽʪʨʫ ʽ ʪ.ʜ. ʆʩʥʦʚʥʠʤ ʩʝʨʝʜ ʢʣʽʤʘʪʠʯʥʠʭ ʯʠʥʥʠʢʽʚ ʻ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ɺ ʋʢʨʘʾʥʽ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʛʨʘʬʽʢʦʤ ʧʦʜʘʯʽ ʚʦʜʠ ʚ ʩʠʩʪʝʤʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʘ 

ʜʦʩʣʽʜʞʝʥʥʶ ʜʘʥʦʛʦ ʚʧʣʠʚʫ ʷʢ ʦʢʨʝʤʦ ʪʘʢ ʽ ʚ ʢʦʤʧʣʝʢʩʽ ʟ ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

[34, 124]. ʂʨʽʤ ʷʢʽʩʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʜʦʩʠʪʴ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʽʥʝʨʮʽʡʥʽʩʪʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ, ʪʦʤʫ ʜʦʩʠʪʴ ʚʘʞʣʠʚʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʰʠʭ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ 

ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʧʦʧʝʨʝʜʥʽʭ ʜʽʙ [123]. 
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ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʨʽʚʝʥʴ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ ʟʦʥʫ 

ʢʽʤʥʘʪʠ. ɺʧʣʠʚ ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʻ ʙʽʣʴʰ ʜʠʥʘʤʽʯʥʠʤ ʪʘ ʤʘʡʞʝ ʦʜʨʘʟʫ ʟʤʽʥʶʻ 

ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʤʦʜʝʣʽ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, ʷʢʽ ʧʦʪʨʘʧʠʣʠ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ 

ʥʘʙʫʚʘʶʪʴ ʜʠʬʫʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ [158, 159]. ʉʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʦʨʽʻʥʪʘʮʽʷ ʟʘ ʩʪʦʨʦʥʘʤʠ ʩʚʽʪʫ ʪʘ ʧʣʦʱʘ 

ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʢʦʥ ʪʘ ʥʘʷʚʥʽʩʪʴ 

ʟʘʪʽʥʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʬʘʢʪʠʯʥʽ ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ 

ʬʽʢʩʫʶʪʴʩʷ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦ ʜʚʦʤ ʩʢʣʘʜʦʚʠʤ: ʧʨʷʤʘ ʪʘ ʨʦʟʩʽʷʥʘ 

ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ. ʇʨʠ ʧʝʨʝʨʘʭʫʥʢʫ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ 

ʧʦʚʝʨʭʥʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: ʛʝʦʛʨʘʬʽʯʥʽ ʢʦʦʨʜʠʥʘʪʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʫʜʽʚʣʽ, ʧʦʣʦʞʝʥʥʷ ʩʦʥʮʷ ʜʦ ʛʦʨʠʟʦʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʽʦʜʫ ʨʦʢʫ 

ʪʘ ʜʦʙʦʚʠʡ ʢʫʪ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʦʥʮʷ, ʘ ʪʘʢʦʞ ʟʘʪʝʤʥʝʥʥʷ ʪʘ ʟʘʪʽʥʝʥʥʷ 

[158, 159, 170]. ʋ ʤʽʞʥʘʨʦʜʥʦʤʫ ʢʣʽʤʘʪʠʯʥʦʤʫ ʬʘʡʣʽ International Weather for 

Energy Calculations (IWEC), ʱʦ ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʪʠʧʦʚʦʛʦ ʨʦʢʫ ʧʝʚʥʦʛʦ ʤʽʩʪʘ, ʧʨʷʤʘ 

ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʝ ʯʝʨʝʟ ʧʦʥʷʪʪʷ "direct normal radiation", ʨʦʟʩʽʷʥʘ 

ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ ï ʯʝʨʝʟ "diffuse horizontal" [82]. ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ɽnergyPlus 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ 

ʚʠʟʥʘʯʘʪʠ ʨʽʚʝʥʴ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ,ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ. ɺ ʧʨʦʛʨʘʤʥʦʤʫ 

ʧʨʦʜʫʢʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʦʚʝʨʭʥʷʭ ʪʘ ʨʦʟʧʦʜʽʣʫ ʧʝʨʝʜʘʥʠʭ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ 

ʚʥʫʪʨʽʰʥʽ ʧʦʚʝʨʭʥʽ. 

ʑʝ ʦʜʠʥ ʟ ʧʦʢʘʟʥʠʢʽʚ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʢʦʤʬʦʨʪʥʦʩʪʽ ʻ ʧʦʚʽʪʨʦʦʙʤʽʥ. ʗʢʱʦ 

ʛʦʚʦʨʠʪʠ ʧʨʦ ʧʨʠʨʦʜʥʫ ʚʝʥʪʠʣʷʮʽʶ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʻ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʯʠʥʥʠʢʽʚ. ɯʩʥʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʟ ʥʠʭ 

ʚʠʟʥʘʯʘʶʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥ ʯʝʨʝʟ ʨʽʟʥʠʮʶ ʪʠʩʢʽʚ [105, 160-162]. ɯʩʥʫʻ ʪʨʠ 

ʤʝʭʘʥʽʟʤʠ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ: ʩʪʘʢ ʝʬʝʢʪ, ʚʽʪʨʦʚʠʡ ʝʬʝʢʪ ʪʘ ʟ ʤʝʭʘʥʽʯʥʦʶ 

ʚʝʥʪʠʣʷʮʽʻʶ. ʇʝʨʰʠʡ ʤʝʭʘʥʽʟʤ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʮʽ ʛʫʩʪʠʥ 

ʤʽʞ ʪʝʧʣʠʤ ʽ ʭʦʣʦʜʥʠʤ ʧʦʚʽʪʨʷʤ. ɺʽʪʨʷʥʠʡ ʝʬʝʢʪ ʚʨʘʭʦʚʫʻ ʥʘʧʨʷʤ ʪʘ ʰʚʠʜʢʽʩʪʴ 
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ʚʽʪʨʫ, ʦʩʦʙʣʠʚʦʩʪʽ ʟʤʽʥʠ ʧʨʦʬʽʣʶ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʧʦ ʚʠʩʦʪʽ. ʅʘʡʧʨʦʩʪʽʰʠʡ 

ʤʝʭʘʥʽʟʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ï ʧʝʨʝʧʘʜ ʪʠʩʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʤʝʭʘʥʽʯʥʦʾ ʚʝʥʪʠʣʷʮʽʾ. 

ʇʨʦʬʽʣʴ ʟʤʽʥʠ ʪʠʩʢʫ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʜʥʘʢʦʚʠʡ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ 

ʙʫʜʽʚʣʽ. ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ɽnergyPlus ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠʨʦʜʥʫ ʪʘ 

ʤʝʭʘʥʽʯʥʫ ʩʢʣʘʜʦʚʽ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʚʠʟʥʘʯʘʻ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ [71]. ʂʨʘʪʥʽʩʪʴ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʻ ʢʦʤʧʣʝʢʩʥʠʡ ʢʨʠʪʝʨʽʡ ʨʷʜʫ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

ʂʨʽʤ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚʧʣʠʚʘʶʪʴ 

ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʪʝʧʣʦʚʠʜʽʣʝʥʴ ʚ ʧʨʠʤʽʱʝʥʥʽ. ɺʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ 

ʮʠʤʠ ʬʘʢʪʦʨʘʤʠ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʯʝʨʝʟ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʦʧʘʣʝʥʥʷ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʧʨʠ ʟʙʫʨʝʥʽ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʚʥʫʪʨʽʰʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ, ʪʦʤʫ ʚ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʬʘʢʪʦʨʘʤʠ ʷʢ ʬʫʥʢʮʽʶ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. ʇʨʠ ʧʦʪʨʝʙʽ ʾʾ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʦʧʘʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʜʦʮʽʣʴʥʦ ʙʫʜʫʚʘʪʠ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʽʩʪʴ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʥʽ ʢʨʠʪʝʨʽʾ ʨʷʜʫ 

ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ (ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ ʟʦʥʫ 

ʢʽʤʥʘʪʠ, ʨʽʚʝʥʴ ʚʥʫʪʨʽʰʥʽʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ). ɿʘʛʘʣʦʤ ʚʠʜʽʣʝʥʦ ʯʦʪʠʨʠ 

ʢʦʤʧʣʝʢʩʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ 

ʨʦʟʛʣʷʥʫʪʦʾ ʙʫʜʽʚʣʽ, ʘ ʩʘʤʝ ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ʩʦʥʷʯʥʽ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ, ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ. 

ɺʧʣʠʚ ʪʘ ʚʠʦʢʨʝʤʣʝʥʥʷ ʙʽʣʴʰ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ ʜʦʮʽʣʴʥʦ ʚʠʚʯʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. [28-32].  

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʤʽʥʫ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʜʘʥʠʭ IWEC [82] ʜʣʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʩʝʟʦʥʫ ʤ. ʂʠʾʚ. ʆʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʽʪʨʷ ʻ ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ. ɼʘʥʠʡ ʬʘʢʪʦʨ ʟʤʽʥʶʻʪʴʩʷ ʧʦʩʪʫʧʦʚʦ, ʪʨʠʚʘʣʽʩʪʴ 

ʜʘʥʦʾ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʪʨʠʚʘʻ 3-5 ʜʽʙ. ʈʠʩ 3.21 ɺ ʟʠʤʦʚʽ ʤʽʩʷʮʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʜʽʙ ʤʘʻ ʥʝʟʤʽʥʥʠʡ ʨʽʚʝʥʴ, ʚ 

ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʫʪʥʽ ʜʥʽ ʟ ʨʘʟʦʚʠʤ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʦʥʷʯʥʠʭ 
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ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ. ʈʠʩ. 3.21 ɼʘʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ 

ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ.  

ɼʣʷ ʟʠʤʦʚʠʭ ʤʽʩʷʮʽʚ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ 2,7 ʤ/ʩ, ʟʘʭʽʜʥʠʡ ʥʘʧʨʷʤʦʢ. 

ʅʘʧʨʷʤʦʢ ʪʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʟʘ IWEC ʩʧʽʚʧʘʜʘʻ ʟ ʜʽʶʯʦʶ ʚ ʋʢʨʘʾʥʽ 

ʢʣʽʤʘʪʦʣʦʛʽʻʶ. [94, 153] ʅʘʧʨʷʤʦʢ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʜʥʽʚ ʻ 

ʥʝʟʤʽʥʥʠʤ ʪʘ ʪʠʧʦʚʠʤ ʜʣʷ ʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ, ʚ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʫʪʥʽ ʟʤʽʥʥʽ 

ʥʘʧʨʷʤʢʠ ʚʽʪʨʫ, ʷʢʽ ʪʨʠʚʘʶʪʴ ʚʽʜ ʢʽʣʴʢʦʭ ʛʦʜʠʥ ʜʦ ʢʽʣʴʢʦʭ ʜʥʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʦʨʽʻʥʪʘʮʽʾ ʧʨʠʤʽʱʝʥʴ, ʥʘʧʨʷʤ ʚʽʪʨʫ ʧʦ ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʚʝʣʠʯʠʥʫ ʢʨʘʪʥʦʩʪʽ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ(ʥʘʚʽʪʨʷʥʘ, ʧʽʜʚʽʪʨʷʥʘ ʩʪʦʨʦʥʘ). 

ʗʢ ʟʛʘʜʫʚʘʣʦʩʴ ʚʠʱʝ, ʚ ʨʦʙʦʪʽ ʦʙʨʘʥʦ ʯʦʪʠʨʠ ʢʽʥʮʝʚʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ: ʪʨʠ 

ʬʘʢʪʦʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ (ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ 

ʟʦʥʫ ʢʽʤʥʘʪʠ, ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ) ʪʘ ʬʘʢʪʦʨ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʧʣʠʚʫ (ʨʽʚʝʥʴ 

ʦʧʘʣʝʥʥʷ) [123]. 

ɿʘʚʜʘʥʥʷʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʽ ʧʨʠ ʟʙʫʨʝʥʽ ʢʦʞʥʦʛʦ ʟ ʦʙʨʘʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʾʭ ʩʫʢʫʧʥʦʩʪʽ ʚ 

ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɺ ʽʤʽʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʦʢ ʚʩʽʭ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʚʦʜʠʚʩʷ ʟ ʜʝʩʷʪʠ ʭʚʠʣʠʥʥʠʤ ʢʨʦʢʦʤ. ɺ ʫʤʦʚʘʭ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʦʙʦʚʦʾ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʚ ʧʨʠʤʽʱʝʥʥʽ ʟʘʜʘʚʘʣʠ ʟʤʽʥʫ ʦʜʥʦʛʦ ʟ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʚʠʟʥʘʯʘʣʠ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʤʦʩʪʽ ʬʘʢʪʦʨʽʚ ʧʦʯʝʨʛʦʚʦ ʜʦʩʣʽʜʞʫʻʤʦ ʢʦʞʝʥ ʟ ʥʠʭ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʤʽʱʝʥʥʷ ʟ ʨʦʟʛʣʷʥʫʪʠʤʠ ʪʝʧʣʦʬʽʟʠʯʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʩʪʘʨʪʽ ʟ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʚʠʭʦʜʠʪʴ ʥʘ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʨʦʪʷʛʦʤ 20 ʜʥʽʚ ʟʘ ʫʤʦʚʠ 

ʥʝʟʤʽʥʥʠʭ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ.  

ɿʘʛʘʣʦʤ ʜʣʷ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ ʤ.ʂʠʻʚʘ ʤʘʢʩʠʤʘʣʴʥʽ ʤʽʞʜʦʙʦʚʽ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʣʷʪʴ 6...10 Áʉ. ɺ ʩʝʨʝʜʥʴʦʤʫ ʤʽʞ ʜʦʙʦʚʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʪʘʥʦʚʣʷʪʴ 3-4Áʉ [82]. ɸʤʧʣʽʪʫʜʠ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤ. 

ʂʠʻʚʽ ʜʣʷ ʛʨʫʜʥʷ ʣʝʞʘʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ὸʟʚ
ʜʦʙʦʚʝ= [0ȣ 4].  

ɺ ʷʢʦʩʪʽ ʙʘʟʦʚʠʭ ʫʤʦʚ ʦʙʨʘʥʽ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʜʣʷ ʪʠʧʦʚʦʛʦ ʜʥʷ ʛʨʫʜʥʝʚʦʛʦ 

ʤʽʩʷʮʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʟ ʪʠʧʦʚʦʛʦ ʨʦʢʫ IWEC ʜʣʷ ʤʽʩʪʘ ʂʠʻʚʘ. 



126 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʦʙʨʘʥʦʛʦ ʜʥʷ ʙʣʠʟʴʢʽ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʜʘʥʠʭ [94] (ʨʠʩ. 3.13). 

ɼʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤ. ʂʠʻʚʽ ʜʣʷ ʛʨʫʜʥʷ 

ʣʝʞʘʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ὸʟʚ
ʜʦʙʦʚʝ= [0ȣ 5] [94], ʜʘʥʘ ʟʤʽʥʘ ʦʙʨʘʥʘ ʟʘ ʙʘʟʦʚʫ. ʊʦʤʫ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʽ ʧʨʠʡʤʘʣʦʩʷ, ʟʙʫʨʝʥʥʷ ʜʦʙʦʚʠʭ 

ʢʦʣʠʚʘʥʴ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʦʚʽʜʘʣʠ ʟʤʽʥʽ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚ ʜʽʘʧʘʟʦʥʽ ætʟʚ=[-3...3]. ɸʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʟʘʣʠʰʘʣʘʩʴ ʷʢ ʙʘʟʠʩʥʦʤʫ ʜʥʽ. [82] 

 

1 ï ʜʦʙʘ ʟ IWEC ʬʘʡʣʫ[82]; 2 ï ʪʠʧʦʚʠʡ ʜʝʥʴ ʟ [94] 

ʈʠʩ. 3.13 ï ɼʦʙʦʚʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʛʨʫʜʥʝʚʦʛʦ 

ʪʠʧʦʚʦʛʦ ʜʥʷ [123] 

 

ɸʤʧʣʽʪʫʜʘ ʩʫʤʘʨʥʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ 115 ɺʪ/ʤ
2
 

(ʪʠʧʦʚʠʡ ʧʦʭʤʫʨʠʡ ʜʝʥʴ ʜʣʷ ʛʨʫʜʥʷ) [82]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [94] ʨʽʚʝʥʴ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʜʣʷ ʛʨʫʜʥʷ 

ʩʪʘʥʦʚʠʪʴ 22 ɺʪ/ʤ
2  
ʇʨʠʡʥʷʪʽ ʜʣʷ ʙʘʟʦʚʠʭ ʫʤʦʚ ʟʥʘʯʝʥʥʷ ʜʠʬʫʟʥʦʾ ʪʘ ʧʨʷʤʦʾ 

ʥʦʨʤʘʣʴʥʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʚʝʣʠʯʠʥʫ ʟʤʽʥʠ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ ʧʨʠʤʽʱʝʥʥʷ ʧʨʠ ʦʨʽʻʥʪʘʮʽʾ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ ʥʘ ʧʽʚʜʝʥʥʫ 

ʪʘ ʧʽʚʥʽʯʥʫ ʩʪʦʨʦʥʫ ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʽʚʥʽ 0...600 ɺʪ (ʨʠʩ. 3.15). ɿʙʫʨʝʥʥʷ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ (ʨʠʩ. 3.15) ʟʘʜʘʚʘʣʠʩʷ ʯʝʨʝʟ ʟʤʽʥʫ 

ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʧʨʷʤʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ 

ʧʦʚʝʨʭʥʶ, ʟʘʣʠʰʘʶʯʠ ʧʦʚʝʜʽʥʢʫ ʜʦʙʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʦʶ ʞ. ʈʽʚʝʥʴ ʜʦʙʦʚʠʭ 

ʢʦʣʠʚʘʥʴ ʨʦʟʩʽʷʥʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 0...100 ɺʪ/ʤ
2 
(diffuse) 

ʪʘ ʥʝ ʟʙʫʨʶʚʘʚʩʷ. [123] 

ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʩʪʘʥʦʚʠʣʘ 2,7 ʤ/ʩ ʟ ʧʝʨʝʚʘʞʥʠʤ ʟʘʭʽʜʥʠʤ ʥʘʧʨʷʤʦʤ ʚʽʪʨʫ 

[153]. ʂʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʫ ʧʨʠʡʤʘʣʘʩʷ ʨʽʚʥʦʶ 1 ʛʦʜ
-1
. 
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ʈʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʜʣʷ ʙʘʟʦʚʠʭ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʧʽʜʙʠʨʘʚʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʨʽʻʥʪʘʮʽʾ 

ʢʽʤʥʘʪʠ (ʧʽʚʜʝʥʥʘ ʘʙʦ ʧʽʚʥʽʯʥʘ) ʪʘ ʩʪʘʥʦʚʠʚ ʚʽʜʧʦʚʽʜʥʦ 1300 ʽ 1365 ɺʪ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ, ʚʽʜʧʦʚʽʜʥʦ, 62 ʪʘ 65% ʚʽʜ ʧʨʦʝʢʪʥʦʛʦ ʨʽʚʥʷ 2100 ɺʪ.  ɿʘʜʘʥʽ ʚʭʽʜʥʽ ʜʘʥʽ 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʽ ʥʘ ʨʽʚʥʽ 18Áʉ ʚ 

ʨʝʞʠʤʽ ʩʪʘʙʽʣʽʟʘʮʽʾ. 

ɹʘʟʦʚʽ ʜʘʥʽ ʙʫʣʠ ʚʚʝʜʝʥʽ ʚ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʬʘʡʣ IWEC. ʇʦʧʝʨʝʜʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʩʪʘʙʽʣʽʟʘʮʽʷ ʢʦʣʠʚʘʥʴ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʜʦʩʷʛʘʣʘʩʷ 

ʥʘ ʜʚʘʜʮʷʪʠʡ ʜʝʥʴ ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʙʘʟʦʚʠʭ ʫʤʦʚʘʭ. ʅʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʘʮʽʾ IWEC ʬʘʡʣʫ ʟ ʧʦʛʦʜʥʠʤʠ ʜʘʥʠʤʠ ʧʦʯʝʨʛʦʚʦ ʟʤʽʥʶʚʘʣʠ ʚʧʣʠʚ 

ʢʦʞʥʦʛʦ ʟ ʬʘʢʪʦʨʽʚ. ɿʙʫʨʝʥʥʷ ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʷ ʟʤʽʥʦʶ ʘʤʧʣʽʪʫʜʠ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʜʦʙʦʚʦʛʦ ʛʨʘʬʽʢʘ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʋʩʝʨʝʜʥʝʥ ̔ ʟʘ ʜʦʙʫ ʜʘʥʽ ʟʙʫʨʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 3.14ʘ, ʟʙʫʨʝʥʥʷ ʚʥʦʩʠʣʦʩʴ ʥʘ ʧʦʯʘʪʢʫ ʜʦʙʠ. ɺʨʘʭʦʚʫʶʯʠ ʧʦʚʝʜʽʥʢʫ ʟʤʽʥʠ 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ, ʟʙʫʨʝʥʥʷ 

Qsol ʪʨʠʚʘʣʦ ʦʜʥʫ ʜʦʙʫ, ʨʠʩ. 3.14ʙ. 

 

 

    ʘ)     ʙ) 

ʈʠʩ. 3.14 ï ʍʘʨʘʢʪʝʨ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʟʥʘʯʝʥʴ ʧʨʠ ʟʙʫʨʝʥʽ: ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ (ʘ) ʪʘ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ (ʙ) 

 

 

ɿʙʫʨʝʥʥʷ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ (ʨʠʩ. 3.15) ʟʘʜʘʚʘʣʠʩʷ ʯʝʨʝʟ ʟʤʽʥʫ 

ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʧʨʷʤʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ. EnergyPlus ʚʨʘʭʦʚʫʻ ʚʝʣʠʯʠʥʫ ʧʨʷʤʠʭ 



128 

ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ direct normal radiation. ʄʘʢʩʠʤʘʣʴʥʽ 

ʜʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ direct normal radiation ʟʙʫʨʶʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ 0...600 ɺʪ/ʤ
2
 ʟ 

ʢʨʦʢʦʤ 200 ɺʪ/ʤ
2
, ʟʘʣʠʰʘʶʯʠ ʧʦʚʝʜʽʥʢʫ ʜʦʙʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʦʶ ʞ. ʎʝʡ 

ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʪʘ ʦʭʦʧʣʶʻ ʜʣʷ ʫʤʦʚ 

ʋʢʨʘʾʥʠ ʚʽʜ ʥʝ ʩʦʥʷʯʥʠʭ ʜʥʽʚ ʭʦʣʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʨʦʢʫ ʜʦ ʩʦʥʷʯʥʠʭ ʜʥʽʚ ʧʝʨʽʦʜʫ 

ʤʽʞʩʝʟʦʥʥʷ. ʈʽʚʝʥʴ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʨʦʟʩʽʷʥʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ 0...100 ɺʪ/ʤ
2 
(diffuse) ʪʘ ʥʝ ʟʙʫʨʶʚʘʚʩʷ. ɿʙʫʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʤʦʜʝʣʶʚʘʣʠ ʜʣʷ ʪʨʠʚʘʣʦʩʪʽ ʦʜʥʦʛʦ ʜʥʷ (ʪʠʧʦʚʘ ʟʤʽʥʘ ʜʣʷ ʟʠʤʦʚʠʭ ʤʽʩʷʮʽʚ 

ʤ. ʂʠʻʚʘ) ʪʘ ʪʨʴʦʭ [123]. 

 

 

1 ï ʩʝʨʝʜʥʴʦʜʦʙʦʚʽ ʩʦʥʷʯʥʽ ʥʘʜʭʦʜʞʝʥʥʷ 119 ɺʪ (ʙʘʟʦʚʠʡ), 2 ï 344 ɺʪ, 3 ï 608 

ɺʪ, 4 ï 827 ɺʪ, 5ï 67 ɺʪ (ʙʘʟʦʚʠʡ), 6 ï 73 ɺʪ, 7 ï 81 ɺʪ, 8 ï 87 ɺʪ 

ʘ)       ʙ) 

ʈʠʩ. 3.15 ï ʉʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ ʢʽʤʥʘʪʫ ʯʝʨʝʟ ʚʽʢʥʦ ʧʽʚʜʝʥʥʦʾ (a) ʽ 

ʧʽʚʥʽʯʥʦʾ (ʙ) ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ [123] 

 

ɼʣʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʪʘ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʪʘʢʦʞ ʦʙʨʘʥʠʡ ʭʘʨʘʢʪʝʨʥʠʡ 

ʪʠʧ ʟʙʫʨʝʥʴ "ʩʭʦʜʠʥʢʘ" ʷʢ ʽ ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. ɼʽʘʧʘʟʦʥ 

ʟʙʫʨʝʥʴ ʟʤʽʥʠ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ ʧʨʠʤʽʱʝʥʽ ʨʦʟʛʣʷʜʘʚʩʷ ʥʘʨʽʚʥʽ 

0,5...1,5ʛʦʜ
-1
. ɼʽʘʧʘʟʦʥ ʮʠʭ ʟʥʘʯʝʥʴ ʦʙʨʘʥʠʡ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʨʽʟʥʠʮʽ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʝʪʘʞʥʦʩʪʽ ʙʫʜʽʚʣʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʥʘʧʨʷʤʫ ʚʽʪʨʫ [123]. 
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ɿʙʫʨʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʧʨʠʡʤʘʣʠʩʴ ʥʘ ʨʽʚʥʽ -15...+15% ʚʽʜ 

ʧʨʦʝʢʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʜʣʷ ʙʘʟʦʚʦʛʦ ʜʥ ̫[123]. 

ʍʘʨʘʢʪʝʨʥʽ ʜʦʚʛʦʪʨʠʚʘʣʽ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʫ ʮʴʦʤʫ 

ʥʘʙʣʠʞʝʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʧʦʩʣʽʜʦʚʥʝ ʧʨʠʻʜʥʘʥʥʷ ʟʙʫʨʝʥʴ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ - ʷʢ ʥʘʢʣʘʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʮʠʭ ʟʙʫʨʝʥʴ. 

ʄʦʜʝʣʶʚʘʣʠʩʴ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʦʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʈʦʟʨʘʭʫʥʦʢ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ EnergyPlus ʧʨʦʚʦʜʠʚʩʷ ʟ 10-ʪʠ ʭʚʠʣʠʥʥʠʤ ʢʨʦʢʦʤ. 

 

3.3.2 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ 

 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ɺʅɿ 

ʚ ʤ. ʂʠʻʚʽ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʇʥ ʪʘ ʇʜ ʩʪʦʨʦʥʫ ʪʘ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 1-6 ʧʦʚʝʨʩʽ 

(ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʛʣʷʥʫʪʦʛʦ ʦʙ'ʻʢʪʫ ʥʘʚʝʜʝʥʽ ʚ 

ʨʦʟʜʽʣʽ 2.1). 

ɸʣʛʦʨʠʪʤ ʩʭʝʤʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.16 [171]. 

 

ʈʠʩ. 3.16 ï ʉʭʝʤʘ ʘʥʘʣʽʟʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ [171] 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʦʚʦʩʪʽ ʬʘʢʪʦʨʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʪʘ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. ʅʘ ʙʘʟʽ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ, 

ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʚʦʜʠʪʴʩʷ ʨʷʜ ʤʦʜʝʣʶʚʘʥʴ ʢʦʞʥʦʛʦ ʟ ʦʙʨʘʥʠʭ ʬʘʢʪʦʨʽʚ ʚ 

ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʚʝʣʠʯʠʥ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʴ ʦʙʠʨʘʚʩʷ ʚʠʜ 

ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʚʝʣʠʯʠʥʘ ʪʨʠʚʘʣʦʩʪʽ ʚʧʣʠʚʫ ʟʙʫʨʝʥʥʷ. 

ʇʨʠʤʽʱʝʥʥʷ ʟ ʨʦʟʛʣʷʥʫʪʠʤʠ ʪʝʧʣʦʬʽʟʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʭʦʜʠʪʴ ʥʘ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʨʦʪʷʛʦʤ 20 ʜʥʽʚ ʟʘ 

ʫʤʦʚʠ ʥʝʟʤʽʥʥʠʭ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩ. 3.17-3.19). ʊʦʤʫ ʥʘ 20 

ʜʝʥʴ ʚʥʦʩʠʤʦ ʟʙʫʨʝʥʥʷ ʪʘ ʨʦʟʛʣʷʜʘʻʤʦ ʧʦʚʝʜʽʥʢʫ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ. ɿʘ ʩʫʢʫʧʥʠʤ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʽʪʨʷ ʩʢʣʘʜʥʦ ʚʠʟʥʘʯʠʪʠ ʚʘʛʦʤʽʩʪʴ/ʚʧʣʠʚʦʚʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʦʙʨʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʘ 

ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʚʝʜʽʥʢʫ ʙʫʜʽʚʣʽ ʷʢ ʩʠʩʪʝʤʠ ʧʨʠ ʽʥʰʠʭ ʢʦʤʙʽʥʘʮʽʷʭ ʟʙʫʨʝʥʴ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʤʦʩʪʽ ʬʘʢʪʦʨʽʚ ʧʦʯʝʨʛʦʚʦ ʜʦʩʣʽʜʞʫʻʤʦ ʢʦʞʝʥ ʟ ʥʠʭ.  

ʇʨʠ ʦʜʥʦʜʝʥʥʦʤʫ ʪʘ ʪʨʠʜʝʥʥʦʤʫ ʟʙʫʨʝʥʥʽ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʟʤʽʥʘ ʜʦʙʦʚʠʭ 

ʢʦʣʠʚʘʥʴ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʢʘʟʘʥʘ ʜʣʷ ʧʽʚʜʝʥʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʟʦʚʥʽʰʥʴʦʛʦ 

ʦʛʦʨʦʜʞʝʥʥʷ ʥʘ ʨʠʩ.3.17. ʇʨʠ ʮʴʦʤʫ ʜʦʙʦʚʘ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 

ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 2-6Áʉ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʟʙʫʨʝʥʥʷ. ɼʣʷ ʧʨʠʤʽʱʝʥʥʷ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʧʽʚʥʽʯʥʫ ʩʪʦʨʦʥʫ ʜʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʤʘʡʞʝ ʥʝ ʟʤʽʥʠʣʠʩʷ. ɿʨʦʩʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

ʧʦʚ'ʷʟʘʥʝ ʟ ʘʢʫʤʫʣʷʮʽʻʶ ʪʝʧʣʦʪʠ ʚ ʥʝʧʨʦʟʦʨʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʨʠʚʘʣʽʩʪʴ 

ʝʬʝʢʪʫ ʦʜʥʦʜʝʥʥʦʛʦ ʟʙʫʨʝʥʥʷ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ 5-6 ʜʽʙ, ʧʨʠ ʪʨʠʜʝʥʥʦʤʫ 

ʩʪʘʥʦʚʠʪʴ ʙʽʣʷ 10 ʜʽʙ. 

ʅʦʨʤʘʣʽʟʘʮʽʶ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ 

ʧʨʦʚʦʜʠʣʠ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʘʧʘʟʦʥʫ, ʚ ʷʢʦʤʫ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ: ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ tint =[12...24]Áʉ, ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ 

tout= [-10...3]Áʉ, ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ n = [0..1,5] ʛʦʜ
-1
, ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ 

Q= [1100...2000] ɺʪ, ʩʝʨʝʜʥʴʦʜʦʙʦʚʽ ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʷ ʜʦ ʢʽʤʥʘʪʠ 

Qsol= [0...1000] ɺʪ (ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʛʦʜʠʥʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʥʘʚʝʜʝʥʠʤ ʥʘ ʨʠʩ. 3.17. 
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      ʘ) 

 

      ʙ) 

ʈʠʩ. 3.17 ï ɼʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠʤʽʱʝʥʥʷ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʧʽʚʜʝʥʴ ʧʨʠ ʟʙʫʨʝʥʽ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʪʨʠʚʘʣʽʩʪʶ ʦʜʥʘ 

(ʘ) ʪʘ ʪʨʠ ʜʦʙʠ (ʙ) [123] 

 

ɺʨʘʭʦʚʫʶʯʠ ʧʨʠʡʥʷʪʽ ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʟʙʫʨʝʥʥʷ ʚ ʪʝʨʤʽʥʘʭ ʜʦʙʦʚʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʩʝʨʝʜʥʶʚʘʣʠʩʷ ʚ ʤʝʞʘʭ ʜʦʙʠ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʟʙʫʨʝʥʴ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʪʘ 

ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.18-3.19 ʜʣʷ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʟʥʘʯʝʥʴ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʤʘʻʤʦ ʽʥʰʠʡ 

ʭʘʨʘʢʪʝʨ ʟʙʫʨʝʥʥʷ, ʧʽʩʣʷ ʟʙʫʨʝʥʥʷ ʚʝʣʠʯʠʥʘ ʮʠʭ ʬʘʢʪʦʨʽʚ ʥʝ ʧʦʚʝʨʪʘʣʘʩʷ ʜʦ 

ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ. ɺʧʣʠʚ ʟʙʫʨʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʚʝʣʠʯʠʥʠ ʽ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʜʦ 10 

ʜʽʙ. 
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ʈʠʩ. 3.18 ï ʉʝʨʝʜʥʴʦʜʦʙʦʚʘ ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʨʠ ʨʽʟʥʠʭ 

ʟʙʫʨʝʥʥʷʭ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ [123] 

 

 

    ʘ)     ʙ) 

ʈʠʩ. 3.19 ï ʉʝʨʝʜʥʴʦʜʦʙʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʨʽʟʥʠʭ 

ʟʙʫʨʝʥʴ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ (ʘ) ʪʘ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ (ʙ) [123] 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʦʾ ʣʽʥʽʾ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʚʠʭ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʩʠʤʝʪʨʠʯʥʠʭ 

ʟʙʫʨʝʥʥʷʭ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚʝʜʫʪʴ ʩʝʙʝ ʥʝ ʩʠʤʝʪʨʠʯʥʦ. 

 

3.4 ʇʦʙʫʜʦʚʘ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ  

 

ʅʘ ʙʘʟʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʙʨʘʥʠʭ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʫ ʜʣʷ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ, ʚ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ 
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ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ 

ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ. 

3.4.1 ʃ̔ ʥʽʡʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʨʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʝʨʝʜʽʩʪʦʨʽʶ ʟʙʫʨʝʥʥʷ 

ʬʘʢʪʦʨʽʚ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ 

ʦʙʨʘʥʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʫ ʣʽʥʽʡʥʫ ʨʝʛʨʝʩʽʶ, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʅʝʣʽʥʽʡʥʽʩʪʴ ʯʘʩʦʚʦʛʦ ʚʧʣʠʚʫ ʚʨʘʭʦʚʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʬʘʢʪʦʨʽʚ ʜʣʷ ʨʽʟʥʠʭ ʜʽʙ. ʅʦʨʤʘʣʽʟʘʮʽʶ ʟʥʘʯʝʥʴ ʜʣʷ ʨʽʚʥʷʥʴ 

ʨʝʛʨʝʩʽʾ ʧʨʦʚʦʜʠʣʠ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ: ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ætout= 13 Áʉ, 

ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ætint = 12 Áʉ, ʢʨʘʪʥʩ̔ʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ æn = 1,5 ʛʦʜ
-1
, ʨʽʚʝʥʴ 

ʦʧʘʣʝʥʥʷ æQ= 900 ɺʪ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʷ ʜʦ ʢʽʤʥʘʪʠ æQsol=1000 ɺʪ [123]. 

ʅʘ ʧʨʠʢʣʘʜʽ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʚʨʘʭʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʧʝʨʝʜʥʽʭ ʜʽʙ. ʈʦʟʛʣʷʥʫʪʽ ʚʘʨʽʘʥʪʠ ʚʽʜ ʜʦ 1 ʜʦ 5 ʜʽʙ. 

ʈʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʙʫʜʦʚʘʥʘ ʜʣʷ ʨʽʟʥʠʮʽ ʟʦʚʥʽʰʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ 

ʩʫʩʽʜʥʽʤʠ ʜʥʷʤʠ. ɿʙʽʣʴʰʝʥʥʷ ʚʨʘʭʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʽʙ ʧʝʨʝʜʽʩʪʦʨʽʾ ʟʙʽʣʴʰʫʻ 

ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫ, ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʜʽʙ ʧʝʨʝʜʽʩʪʦʨʽʾ ʜʦ ʦʜʥʽʻʾ ʨʝʛʨʝʩʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʙʽʣʴʰ ʩʫʪʪʻʚʦ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʢʨʠʚʦʾ ʦʪʨʠʤʘʥʦʾ ʥʘ ʙʘʟʽ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ (1-2Áʉ). ʈʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʟʤʽʥʠ ʬʘʢʪʦʨʫ ʟʘ 

ʧʦʧʝʨʝʜʥʽ ʪʨʠ ʜʥʽ ʜʦʩʠʪʴ ʪʦʯʥʦ ʦʧʠʩʫʻ ʽʤʽʪʘʮʽʡʥʽ ʜʘʥʽ. ʅʘ ʨʠʩ. 3.19 ʥʘʚʝʜʝʥʦ 

ʧʨʦʛʥʦʟʥʽ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʙʫʨʝʥʴ 

ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʝʨʝʜʽʩʪʦʨʽʶ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʪʨʠ ʜʥʽ. ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʠʭ ʜʣʷ 

ʛʨʫʜʥʷ ʪʠʧʦʚʦʛʦ ʨʦʢʫ. ɼʘʥʽ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ 

ʧʨʦʛʥʦʟʽ ʟʥʘʯʝʥʴ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʜʝʢʽʣʴʢʘ ʜʥʽʚ. ʅʘ ʨʠʩ. 3.20 ʥʘʚʝʜʝʥʦ 
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ʩʝʨʝʜʥʴʦʜʦʙʦʚʽ ʧʨʦʛʥʦʟʥʽ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘ ʪʨʠ ʜʥʽ 

ʧʨʠ ʟʤʽʥʽ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʫʨʘʭʫʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʜʽʩʪʦʨʽʾ ʚʧʣʠʚʫ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʦʙʨʘʥʦ ʧʝʨʝʜʽʩʪʦʨʽʶ ʟʤʽʥʠ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʟʘ ʪʨʠ ʜʥʽ ʪʘ 

ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʟʘ ʧʦʧʝʨʝʜʥʶ ʜʦʙʫ. 

 

 

ʈʠʩ. 3.20 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʛʨʫʜʥʷ [123] 

 

ʆʪʨʠʤʘʥʽ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ [123]:  

- ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ὸǿint .̔ = 0,032 + 1,057ὸǿint .̔ 1 + 0,252 ὸǿout .̔ ὸǿout .̔ 1 + 0,116 ὸǿout .̔ 1 ὸǿout .̔ 2 +
+ 0,083 ὸǿout .̔ 2 ὸǿout .̔ 3 ,  Ὑʥʦʨʤ

2 = 0,999,   (3.4) 

- ʚʽʜ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ 

ὸǿint .̔ = 0,044 + 1,075ὸǿint .̔ 1 + 0,122 ὗsol .̔ ὗsol .̔ 1 +  

+ 0,144 ὗsol .̔ 1 ὗsol .̔ 2 + 0,091 ὗsol .̔ 2 ὗsol .̔ 3 ,  Ὑʥʦʨʤ
2 = 0,961,  (3.5) 

- ʚʽʜ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 

ὸǿint .̔ = 0,027 + 1,058ὸǿὭnt .̔ 1 0,41 ὲ̔ ὲ̔ 1 0,165 ὲ̔ 1 ὲ̔ 2  

0,102 ὲ̔ 2 ὲ̔ 3 , Ὑʥʦʨʤ
2 = 0,967,    (3.6) 

-  ʚʽʜ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ 

ὸǿint .̔ = 0,056 + 1,106ὸǿint .̔ 1 + 0,341 ὗ̔ ὗ̔ 1 + 0,085 ὗ̔ 1 ὗ̔ 2 +  

+ 0,049 ὗ̔ 2 ὗ̔ 3 ,  Ὑʥʦʨʤ
2 = 0,999,   (3.7) 

 

ʜʝ ̔ - ʧʦʨʷʜʢʦʚʽʡ ʥʦʤʝʨ ʜʦʙʠ, 
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ὸǿint - ʩʝʨʝʜʥʴʦʜʦʙʦʚʘ ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, 

ὸǿout - ʩʝʨʝʜʥʴʦʜʦʙʦʚʘ ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, 

ὗsol - ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʢʽʤʥʘʪʠ,  

ὗ  - ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ,  

ὲ - ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ. 

 

ɿʘʛʘʣʴʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ,ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʚʩʽʭ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʠʭ 

ʬʘʢʪʦʨʽʚ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [123]: 

ὸǿint .̔ = 0,031 + 1,059ὸǿint .̔ 1 + 0,251 ὸǿout .̔ ὸǿout .̔ 1 +  

+ 0,116 ὸǿout .̔ 1 ὸǿout .̔ 2 + 0,083 ὸǿout .̔ 2 ὸǿout .̔ 3  

0,41 ὲ̔ ὲ̔ 1 0,164 ὲ̔ 1 ὲ̔ 2 0,101 ὲ̔ 2 ὲ̔ 3 + 

+ 0,119 ὗsol .̔ ὗsol .̔ 1 + 0,142 + + 0,09 ὗsol .̔ 2 ὗsol .̔ 3 +  

+ 0,341 ὗ̔ ὗ̔ 1 + 0,102 ὗ̔ 1 ὗ̔ 2 + 0,071 ὗsol .̔ 1 ὗsol .̔ 2 +  

+ 0,091 ὗsol .̔ 2 ὗsol .̔ 3 ,   Ὑʥʦʨʤ
2 = 0,994,    (3.8) 

 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʚʽʨʝʥʦ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʝʨʝʜʥʷ ʨʦʟʙʽʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʟʥʘʯʝʥʥʷʤʠ ʦʪʨʠʤʘʥʠʤʠ ʟ ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,6 Áʉ, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ 1,7Áʉ, 

ʩʝʨʝʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʩʪʘʥʦʚʠʪʴ 0,013, ʩʝʨʝʜʥʷ ʘʧʨʦʢʩʠʤʘʮʽʡʥʘ ʧʦʤʠʣʢʘ 

Ӷ꜡= 0,45%, F-ʢʨʠʪʝʨʽʡ F =4112 [123]. 

ʅʘ ʨʠʩ. 3.21 ʥʘʚʝʜʝʥʦ ʧʨʦʛʥʦʟʦʚʘʥʫ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨ ̫

ʦʪʨʠʤʘʥʫ ʥʘ ʙʘʟʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʪʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʽʪʨʷ ʦʪʨʠʤʘʥʫ ʟ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʠʧʦʚʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʛʨʫʜʥʷ [123]. 

ʈʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʦʧʠʩʫʶʪʴʩʷ ʢʨʠʚʦʶ ʣʽʥʽʻʶ 

ʦʪʨʠʤʘʥʦʶ ʥʘ ʙʘʟʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. ʇʨʠ ʧʨʦʛʥʦʟʽ ʥʘ ʪʨʠ ʜʥʽ, ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ 

ʙʽʣʴʰʫ ʚʽʜʤʽʥʥʽʩʪʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʞʝ 

ʟʙʽʣʴʰʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʟʤʝʥʰʠʪʠ ʯʠʩʣʦ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ ʨʽʚʥʷʥʥʽ 

ʨʝʛʨʝʩʽʾ (ʥʘ ʚʽʜʤʽʥʥʫ ʚʽʜ ʣʽʥʽʡʥʦʾ) [123]. 
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ʈʠʩ. 3.21 ï ʇʨʦʛʥʦʟʥʝ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʜʣʷ 

ʛʨʫʜʥʷ [123] 

 

3.4.2 ʅʝʣʽʥʽʡʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʨʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

 

ʈʝʛʨʝʩʽʡʥʽ ʥʝʣʽʥʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʽ ʤʘʣʦ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʘʥʘʣʽʟʫ ʪʘ 

ʤʘʶʪʴ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫ.  

 

ʄʝʪʦʜʦʣʦʛʽʷ 

ʄʝʪʦʜʦʣʦʛʽʷ ʧʦʙʫʜʦʚʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʚʨʘʭʦʚʫʻ ʧʝʨʝʜʽʩʪʦʨʽʶ 

ʟʤʽʥʠ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʪʘ ʦʙôʻʜʥʘʥʥʽ ʚʧʣʠʚʽʚ ʚʽʜ 

ʣʦʢʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ. ʅʘ ʨʠʩ. 3.22 ʘ ʥʘʚʝʜʝʥʦ ʨʘʟʦʚʝ ʟʙʫʨʝʥʥʷ 

ʘʨʛʫʤʝʥʪʫ ʍ ʪʘ ʧʦʚʝʜʽʥʢʫ ʦʨʜʠʥʘʪʠ Y ʧʽʜ ʡʦʛʦ ʚʧʣʠʚʦʤ (ʨʠʩ. 3.22 ʙ) [171]. 
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ʈʠʩ. 3.22 ï ɻʨʘʬʽʢ ʟʙʫʨʝʥʥʷ X (ʘ) ʪʘ ʧʦʚʝʜʽʥʢʘ ʛʨʘʬʽʢʫ ʟʤʽʥʠ Y (ʙ) ʧʽʜ 

ʚʧʣʠʚʦʤ ʟʙʫʨʝʥʴ [171] 

 

ɼʣʷ ʦʧʠʩʫ ʽʥʝʨʮʽʾ ʚʧʣʠʚʫ ʫ ʯʘʩʽ ʥʘ ʬʫʥʢʮʽʶ ὣ= Ὢ(ὢ) ʟʤʽʥʠ ʍ, ʷʢʘ ʤʘʻ ʤʽʩʮʝ 

ʚ ʦʢʦʣʠʮʷʭ Ű = Ű0 ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʬʫʥʢʮʽʶ [171]: 

ὣ= ὣ0 + ὃ
Ὠὢ

Ὠ†
Ὢ(†),     (3.9) 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʬʫʥʢʮʽʷ Ὢ(†)  ʤʘʻ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨ, ʪʦʜʽ ʫ 

ʩʽʪʢʦʚʦʤʫ ʚʠʛʣʷʜʽ Ὢ†= Ў† ln (Ὧ), ʜʝ †= Ў† Ὧ, ʘ Ў†  ʽʥʪʝʨʚʘʣ ʯʘʩʫ.  

ʇʨʦʛʥʦʟʦʚʘʥʘ ʚʝʣʠʯʠʥʘ Y i ʚʽʜ ʟʙʫʨʝʥʥʷ X ʚ (i-k)- ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ 3.10 [171]: 

ὣὭ= ὣὭὯ+ ὃ(ὢὭὯ+ 1 ὢὭὯ) ὰὲὭ Ὥ Ὧ+ 1 ,  (3.10) 

ɿʘʧʠʰʝʤʦ ʘʥʘʣʦʛʽʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ (-̔1) ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ (ʬʦʨʤʫʣʘ 3): 

ὣὭ1 = ὣὭὯ+ ὃ(ὢὭὯ+ 1 ὢὭὯ) ὰὲὭ 1 Ὥ Ὧ+ 1 , (3.11) 

ɺʝʣʠʯʠʥʫ ὣὭ ʧʨʠ ʟʙʫʨʝʥʥʽ ʘʨʛʫʤʝʥʪʫ ʍ ʚ (i-k)- ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʧʨʦʛʥʦʟʫʻʤʦ 

ʯʝʨʝʟ ʟʥʘʯʝʥʥʷ ὣὭ1 ʚ ʧʦʧʝʨʝʜʥʽʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ (-̔1): 

ὣὭ= ὣὭ1 + ὃ(ὢὭὯ+ 1 ὢὭὯ) ὰὲ
Ὥ ὭὯ+1

Ὥ1 ὭὯ+ 1
,                   (3.12) 

ʂʦʣʠ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʍ ʚʽʜ Ű ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʥʽ ʍ ʚ ʤʝʞʘʭ ʯʘʩʫ ʚʽʜ Ű0 ʜʦ Ű, 

ʽʥʪʝʛʨʘʣʴʥʠʡ ʚʧʣʠʚ ʟʤʽʥʠ ʍ ʥʘ Y ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʬʫʥʢʮʽʻʶ. 

ὣ= ὣ0 +
ὃ

†᷿

Ὠὢ

Ὠὸ
Ὢ(† ὸ)

†

†0
Ὠὸ,    (3.13) 
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ʅʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʾ (3.13) ʫ ʩʽʪʢʦʚʦʤʫ ʚʠʛʣʷʜʽ ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (3.10-3.12) ʫ 

ʚʠʛʣʷʜʽ (3.14-3.16) ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʙʫʨʝʥʴ ʥʘ ʢʦʞʥʦʤʫ ʜʠʩʢʨʝʪʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ 

1 Ὧ ὲ , ʜʝ n- ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʧʝʨʝʜʽʩʪʦʨʽʾ [171]. 

ὣὭ= ὣὭὯ+ ὃВ (ὢὭὯ+1 ὢὭὯ) ὰὲὭ Ὥ Ὧ+ 1ὲ
Ὧ=1 , (3.14) 

ὣὭ1 = ὣὭὯ+ ὃВ (ὢὭὯ+1 ὢὭὯ) ὰὲὭ 1 Ὥ Ὧ+ 1ὲ
Ὧ=2 , (3.15) 

ὣὭ= ὣὭ1 + ὃ ὢὭ ὢὭ1 ln( Ὥ Ὥ 1 + 1 +  

+  В (ὢὭὯ+ 1 ὢὭὯ) ὰὲ
Ὥ ὭὯ+ 1

Ὥ1 ὭὯ+ 1

ὲ
Ὥ= 1 ,   (3.16) 

ʂʦʣʠ ὣ= Ὢ(ὢ1,ȣ,ὢ̔,ȣ,ὢά) , m - ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ ʚʧʣʠʚʫ, ʟʤʽʥʘ Y ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʝʨʮʽʡʥʦʩʪʽ ʫ ʯʘʩʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʚʧʣʠʚʫ ʍ,̔ ʘ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ɸ ̔ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ. 

ɺ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ Y ʧʨʠ ʧʦʙʫʜʦʚʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʦʙʨʘʥʦ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʣʦʛʽʮʽ ʧʦʙʫʜʦʚʠ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ [23], ʜʝ 

ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʩʪʫʧʘʻ ʷʢ ʟʘʣʝʞʥʠʡ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʬʽʟʠʯʥʠʡ ʧʘʨʘʤʝʪʨ 

ʤʦʜʝʣʽ [171]. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʥʫʪʨʽʰʥʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ. ɸʥʘʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʽʪʨʷ ʤʘʻ ʽ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʪʘ ʟʤʽʥʘ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ. 

ʅʘ ʨʠʩʫʥʢʫ 3.23 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʟʥʘʯʝʥʴ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʦʜʠʥʠʮʷʭ ʚʽʜ ʣʦʛʘʨʠʬʤʫ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʥʦʤʝʨʫ ʜʦʙʠ ʧʽʩʣʷ ʚʥʝʩʝʥʥʷ ʨʽʟʥʠʭ ʟʙʫʨʝʥʴ ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

ʎʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʫ 

ʯʘʩʽ ʧʨʠ ʟʙʫʨʝʥʽ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʻ ʙʣʠʟʴʢʠʤ ʜʦ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ. ʊʦʤʫ 

ʪʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʧʦʙʫʜʦʚʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. ɺ ʨʦʟʜʽʣʽ 3.4.1 

ʨʦʟʛʣʷʥʫʪʦ ʣʽʥʽʡʥʫ ʨʝʛʨʝʩʽʶ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ 

ʚʨʘʭʫʚʘʥʥʷ ʟʘʪʫʭʘʥʥʷ ʚʧʣʠʚʫ ʟʙʫʨʝʥʥʷ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʦʙʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦ ʜʦʙʠ ʟʙʫʨʝʥʥʷ. ʋ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʨʝʛʨʝʩʽʡʥʽʡ ʤʦʜʝʣʽ ʜʘʥʠʡ 
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ʢʦʝʬʽʮʽʻʥʪ ʦʜʥʘʢʦʚʠʡ ʜʣʷ ʢʦʞʥʦʾ ʜʦʙʠ ʟʙʫʨʝʥʥʷ, ʱʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ (ʨʠʩ.3.24). 

 

 

ʈʠʩ. 3.23 ï ʅʦʨʤʘʣʽʟʦʚʘʥʘ ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ 

ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ [171] 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʚʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʨʦʟʛʣʷʥʫʪʠʭ ʟʥʘʯʝʥʴ ʟʙʫʨʝʥʥʷ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʟʦʚʥʽʰʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦʟʚʦʣʠʣʠ 

ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʻʜʠʥʦʛʦ ʩʪʘʣʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ Atout=0,356, ʷʢʝ ʚʨʘʭʦʚʘʥʦ ʚ 

ʨʽʚʥʷʥʥʽ ʨʝʛʨʝʩʽʾ (ʨʠʩ. 3.24). [171] 

 

 

ʈʠʩ. 3.24 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʽʜʥʦʰʝʥʥʷʤ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʦʜʠʥʠʮʷʭ ʜʦ ʣʦʛʘʨʠʬʤʫ ʥʘʪʫʨʘʣʴʥʦʛʦ ʧʦʨʷʜʢʦʚʦʛʦ 

ʥʦʤʝʨʫ ʜʦʙʠ ʟʙʫʨʝʥʥʷ ʪʘ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ[171] 
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ʆʪʞʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ 

ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʟʤʽʥʠ ʚ ʯʘʩʽ ʧʨʠ ʣʽʥʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [171]: 

ὸǿὭὲὸ.̔ = ὸǿὭὲὸ.̔ 1 + ɸὸέόὸ{(ὸǿέόὸ.̔ ὸǿέόὸ.̔ 1) ln 2 +  

+ В (ὸǿέόὸ.Ὦ ὸǿέόὸ.Ὦ 1
ὲ
Ὥ= 1,Ὦ=ὭὯ,Ὧ= 2 ) ln

i j+ 1

i 1 j+ 1
},   (3.17) 

ʜʝ ̔ - ʧʦʨʷʜʢʦʚʽʡ ʥʦʤʝʨ ʜʦʙʠ ʜʣʷ ʷʢʦʾ ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ, 

j - ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʜʦʙʠ ʧʝʨʝʜʽʩʪʦʨʽʾ, 

k - ʥʦʤʝʨ ʜʦʙʠ ʧʝʨʝʜʽʩʪʦʨʽʾ, 

ὸǿὭὲὸ- ʩʝʨʝʜʥʴʦʜʦʙʦʚʘ ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, 

ὸǿέόὸ- - ʩʝʨʝʜʥʴʦʜʦʙʦʚʘ ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ. 

 

ʅʘ ʧʨʠʢʣʘʜʽ ʜʦʚʽʣʴʥʦʾ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʩʽʯʥʷ ʧʨʠʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʨʘʭʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʧʝʨʝʜʥʽʭ ʜʽʙ ʧʝʨʝʜʽʩʪʦʨʽʾ ʚʧʣʠʚʫ, ʨʠʩ. 

3.25. ʈʦʟʛʣʷʥʫʪʽ ʚʘʨʽʘʥʪʠ ʚʽʜ ʜʦ 1 ʜʦ 5 ʜʽʙ. ɺ ʨʝʛʨʝʩʽʶ ʟʘʢʣʘʜʘʣʠʩʴ ʥʦʨʤʘʣʽʟʦʚʘʥʘ 

ʨʽʟʥʠʮʽ ʟʦʚʥʽʰʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʜʥʷʤʠ [171]. 

ʇʨʠ ʚʨʘʭʫʚʘʥʥʽ ʚ ʨʝʛʨʝʩʽʡʥʽʡ ʤʦʜʝʣʽ ʧʝʨʝʜʽʩʪʦʨʽʾ ʧʦʧʝʨʝʜʥʽʭ ʧ'ʷʪʠ ʜʥʽʚ, 

ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦ ʦʧʠʩʫʻ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʽ ʥʘ ʙʘʟʽ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʉʝʨʝʜʥʷ ʨʦʟʙʽʞʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ɽ+ ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʨʽʚʥʷʥʥʷʤ ʨʝʛʨʝʩʽʾ 0,1 Áʉ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,5Áʉ ʧʦ 

ʤʦʜʫʣʶ. ɿ ̔ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʜʽʙ ʧʝʨʝʜʽʩʪʦʨʽʾ ʜʦ ʦʜʥʽʻʾ ʨʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʙʽʣʴʰ ʩʫʪʪʻʚʦ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʢʨʠʚʦʾ ʦʪʨʠʤʘʥʦʾ ʥʘ ʙʘʟʽ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ( ʜʦ 1-2Áʉ) [171]. 

ɸʥʘʣʦʛʽʯʥʦ ʚʠʟʥʘʯʝʥʦ ʩʪʘʣʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʟʙʫʨʝʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʪʘ 

ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʦʚʣʷʪʴ ɸQ=0,418 ʪʘ An=-0,541. ɿʥʘʢ "-

" ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ An ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʢʨʘʪʥʦʩʪʽ 

ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʥʘ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʽ [171]. 
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ʈʠʩ. 3.25 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʦʜʠʥʠʮʷʭ ʧʨʠ ʫʨʘʭʫʚʘʥʥʽ ʨʽʟʥʦʾ 

ʛʣʠʙʠʥʠ ʧʝʨʝʜʽʩʪʦʨʽʾ ʚʧʣʠʚʫ [171] 

 

ɿʙʫʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʶʚʘʣʠ ʜʣʷ ʪʨʠʚʘʣʦʩʪʽ ʦʜʥʦʛʦ ʜʥʷ. ʗʢ 

ʨʘʥʽʰʝ ʟʛʘʜʫʚʘʣʦʩʴ, ʧʦʚʝʜʽʥʢʘ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʽʥʰʠʭ ʚʠʱʝ ʨʦʟʛʣʷʥʫʪʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʤʦʜʝʣʶʚʘʣʠʩʴ ʷʢ ʦʜʥʦʜʝʥʥʽ ʧʽʢʦʚʽ 

ʟʙʫʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʟʠʤʦʚʠʭ ʤʽʩʷʮʽʚ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʨʝʛʽʦʥʫ. ʅʘ ʨʠʩʫʥʢʫ 3.15 ʥʘʚʝʜʝʥʘ ʜʦʙʦʚʘ ʧʦʛʦʜʠʥʥʘ ʟʤʽʥʘ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʝʥʴ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ ʜʣʷ ʧʽʚʜʝʥʥʦʾ ʪʘ ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ, ʘ ʪʘʢʦʞ 

ʧʦʢʘʟʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʩʝʨʝʜʥʴʦʜʦʙʦʚʽ ʩʦʥʷʯʥʽ ʥʘʜʭʦʜʞʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ 67-820 ɺʪ ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʚʠʤ 1-8 [171]. 

ʅʘ ʨʠʩ. 3.26 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʚʽʜ ʥʦʤʝʨʫ ʜʦʙʠ ʜʣʷ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʪʘ 

ʦʨʽʻʥʪʘʮʽʡ. ɼʣʷ ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʟʙʫʨʝʥʴ ʧʨʷʤʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ [171]. 

ɿ ʨʠʩ. 3.26 ʩʣʽʜʫʻ, ʱʦ ʧʨʠ ʦʜʥʦʜʝʥʥʦʤʫ ʟʙʫʨʝʥʽ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʧʦʚʝʜʽʥʢʫ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʩʣʽʜ ʨʦʟʙʠʚʘʪʠ ʥʘ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʚ 

ʧʝʨʰʽ ʪʨʠ ʜʥʽ ʪʘ ʧʦʩʣʽʜʫʶʯʽ. ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʜʘʥʠʡ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʽʥʢʠ. 

ʅʘ ʨʠʩ. 3.27 ʥʘʚʝʜʝʥʦ ʣʽʥʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʣʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ [171]. 
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ʈʠʩ. 3.26 ï ʉʝʨʝʜʥʴʦʜʦʙʦʚʘ ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ 

ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʦʜʠʥʠʮʷʭ ʧʨʠ ʨʽʟʥʦʤʫ ʨʽʚʥʽ ʩʦʥʷʯʥʠʭ ʥʘʜʭʦʜʞʝʥʴ ʜʣʷ ʧʽʚʥʽʯʥʦʾ 

ʪʘ ʧʽʚʜʝʥʥʦʾ ʦʨʽʻʥʪʘʮʽʾ [171] 

 

 

ʈʠʩ. 3.27 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʽʜʥʦʰʝʥʥʷʤ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʦʜʠʥʠʮʷʭ ʜʦ ʣʦʛʘʨʠʬʤʫ ʥʘʪʫʨʘʣʴʥʦʛʦ ʧʦʨʷʜʢʦʚʦʛʦ 

ʥʦʤʝʨʫ ʜʦʙʠ ʟʙʫʨʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ [171] 

 

ʗʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʧʦʚʝʜʽʥʢʘ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʟʙʫʨʝʥʽ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ, ʦʧʠʩʫʻʪʴʩʷ 

ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. ɼʣʷ ʧʝʨʰʠʭ ʪʨʴʦʭ ʜʥʽʚ ʩʪʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʪʽʡʥʠʡ 

ʪʘ ʜʦʜʘʪʥʽʡ (AQsol1=0,197), ʪʦʙʪʦ ʧʨʠ ʟʤʽʥʽ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʪʨʠʚʘʣʽʩʪʶ 

ʦʜʠʥ ʜʝʥʴ ʟʨʦʩʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʨʠʚʘʻ ʜʦ ʪʨʴʦʭ ʜʥʽʚ, ʜʣʷ 

ʥʘʩʪʫʧʥʠʭ ʜʥʽʚ ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʦʷʩʥʶʻ ʟʥʘʢʦʤ "-" ʧʨʠ 

ʢʦʝʬʽʮʽʻʥʪʽ AQsol2=-0,045. ʆʪ ʞʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜ [171]: 
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ὸǿὭὲὸ.̔ = ὸǿὭὲὸ.̔ 1 + ὃὗίέὰ1  (ὗίέὰ.̔ ὗίέὰ.̔ 1 ln 2 + (ὗίέὰ.̔ 1 ὗίέὰ.̔ 2) ln
i

i 1
} +  

+ὃὗίέὰ2В (ὗίέὰ.Ὦ ὗίέὰ.Ὦ 1
ὲ
Ὦ=ὭὯ,Ὧ= 3 ) ln

i j+ 1

i 1 j+ 1
,   (3.18) 

ʜʝ ὗίέὰ  - ʩʝʨʝʜʥʴʦʜʦʙʦʚʽ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʜʦ 

ʢʽʤʥʘʪʠ. 

 

ʇʦʙʫʜʦʚʘ ʫʟʘʛʘʣʴʥʝʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. ʆʪʨʠʤʘʥʽ ʩʪʘʣʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʘ 

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ (3.9-3.10) ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʫʟʘʛʘʣʴʥʝʥʦʾ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʥʝʣʽʥʽʡʥʦ ʾʨʝʛʨʝʩʽ,ʾ ʷʢʘ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [171]: 

ὸǿὭὲὸ.̔ = ὸǿὭὲὸ.̔ 1 + ὃὸέόὸ{(ὸǿέόὸ.̔ ὸǿέόὸ.̔ 1) ln 2 + (ὸǿέόὸ.Ὦ ὸǿέόὸ.Ὦ 1

ὲ

Ὦ=ὭὯ,Ὧ= 2

) ln
i j + 1

i 1 j + 1
} +  

+ὃὗ{(ὗ̔ ὗ̔ 1) ln 2 + (ὗὮ ὗὮ1

ὲ

Ὦ=ὭὯ,Ὧ= 2

) ln
i j + 1

i 1 j + 1
} + ὃὲ{(ὲ̔ ὲ̔ 1) ln 2 +  

+ В (ὲὮ ὲὮ 1
ὲ
Ὦ=ὭὯ,Ὧ= 2 ) ln

i j+ 1

i 1 j+ 1
} + ὃὗίέὰ1  (ὗίέὰ.̔ ὗίέὰ.̔ 1 ln 2 + (ὗίέὰ.̔ 1 ὗίέὰ.̔ 2) ln

i

i 1
} +

+ὃὗίέὰ2В (ὗίέὰ.Ὦ ὗίέὰ.Ὦ 1
ὲ
Ὦ=ὭὯ,Ὧ= 3 ) ln

i j+ 1

i 1 j+ 1
= ὸǿὭὲὸ.̔ 1 + ὃὸέόὸὪ1(ὸǿέόὸ)+ὃὗ(ὗ̔ ὗ̔ 1) ln 2 +

+ὃὗὪ2 ὗ + ὃὲὪ3 ὲ+ὃὗίέὰ1  (ὗίέὰ.̔ ὗίέὰ.̔ 1 ln 2 + (ὗίέὰ.̔ 1 ὗίέὰ.̔ 2) ln
i

i 1
}+ 

+ὃὗίέὰ2Ὢ4(ὗίέὰ),     (3.19) 

ʜʝ ὗ - ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ,  

ὲ - ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, 

f - ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ ʨʦʟʛʣʷʥʫʪʠʭ ʬʘʢʪʦʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʥʣʠʚʦʩʪʽ 

ʧʝʨʝʜʽʩʪʦʨʽʾ ʚʧʣʠʚʫ. 

ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʙʫʜʽʚʣʽ, ʱʦ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʘʩʦʚʦʾ ʟʘʙʫʜʦʚʠ 70-ʭ ʨʦʢʽʚ 

ʋʢʨʘʾʥʠ, ʟʥʘʯʝʥʥʷ ʩʪʘʣʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.3. ɼʣʷ ʽʥʰʦʾ ʙʫʜʽʚʣʽ 

ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʪʘ ʧʽʜʭʦʜʠ ʘʥʘʣʽʟʫ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʩʪʘʣʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʪʘʢʠʤʠ ʞ. 

 

ʊʘʙʣʠʮʷ 3.3 - ɿʥʘʯʝʥʥʷ ʩʪʘʣʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

Atout AQ An AQsol1 AQsol2 

0,356 0,418 -0,541 0,197 -0,045 
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ɸʜʝʢʚʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʦʮʽʥʶʻʪʴʩʷ ʩʢʦʨʝʛʦʚʘʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʪʝʨʤʽʥʘʮʽʾ (R
2
 = 0,981) ʪʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ (F = 1324,3), ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ [171]. 

ʆʪʨʠʤʘʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʧʝʨʝʚʽʨʝʥʦ ʜʣʷ ʜʦʚʽʣʴʥʠʭ ʟʙʫʨʝʥʴ ʪʠʧʦʚʦʛʦ 

ʩʽʯʥʝʚʦʛʦ ʤʽʩʷʮʷ ʜʣʷ ʤʽʩʪʘ ʂʠʾʚ ʟʘ ʜʘʥʠʤʠ IWEC. ʄʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʽ ʩʪʚʦʨʝʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚ ɽnergyPlus. ʅʘ ʨʠʩ. 3.28 

ʥʘʚʝʜʝʥʦ ʧʨʦʛʥʦʟʥʝ ʩʝʨʝʜʥʴʦʜʦʙʦʚʝ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

ʦʪʨʠʤʘʥʝ ʥʘ ʙʘʟʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ 

ʦʜʠʥʠʮʷʭ ʪʘ ʥʦʨʤʘʣʽʟʦʚʘʥʫ ʩʝʨʝʜʥʴʦʜʦʙʦʚʫ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ 

ʦʪʨʠʤʘʥʫ ʟ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʩʽʯʥʝʚʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʪʠʧʦʚʦʛʦ 

ʨʦʢʫ. 

 

ʈʠʩ. 3.28 ï ʇʨʦʛʥʦʟʥʝ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ ʟʦʥʫ 

ʢʽʤʥʘʪʠ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʦʜʠʥʠʮʷʭ ʜʣʷ ʩʽʯʥʝʚʠʭ ʜʘʥʠʭ IWEC ʬʘʡʣʫ [171] 

 

ɼʣʷ ʩʽʯʥʝʚʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʬʘʡʣʫ IWEC ʩʢʦʨʠʛʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʪʘʥʦʚʠʪʴ R
2
 = 0,966. ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʟʥʘʯʝʥʴ ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʨʝʛʨʝʩʽʾ ʩʢʣʘʜʘʻ 0,006. ʉʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʩʢʣʘʜʘʻ 0,4Áʉ ʟ 

ʦʪʨʠʤʘʥʠʤ ʥʘ ʙʘʟʽ ʽʤʽʪʘʮʽʡʥʦʛʦ, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ 1Áʉ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʣʽʥʽʡʥʦʾ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʤʦʜʝʣʽ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ 



145 

ʩʢʣʘʜʘʻ 0,6Áʉ, ʘ ʤʘʢʩʠʤʘʣʴʥʝ 1,7Áʉ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ʅʘ 

ʨʠʩʫʥʢʫ 3.29 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʦʾ (ʟ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ 

EnergyPlus) ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʦʾ (ʟʘ ʨʽʚʥʷʥʥʷʤ ʨʝʛʨʝʩʽʾ) ʩʝʨʝʜʥʴʦʜʦʙʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʦʚʽʪʨʷ [171]. 

 

 

ʈʠʩ. 3.29 ï ʇʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 

ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʟʘ ʨʽʚʥʷʥʥʷʤ ʨʝʛʨʝʩʽʾ ʪʘ ʟʤʦʜʝʣʴʦʚʘʥʝ ʥʘ ʦʩʥʦʚʽ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ 

ʜʣʷ ʩʽʯʥʷ ʟ ʬʘʡʣʫ IWEC [171] 

 

3.4.3 ʅʝʣʽʥʽʡʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʨʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ 

 

ʇʨʠ ʷʢʽʩʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ, ʜʣʷ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ, ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʚʠʥʥʽ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ, ʱʦ ʙʽʣʴʰ ʪʠʧʦʚʝ ʜʣʷ ʤʽʞʥʘʨʦʜʥʦʾ ʧʨʘʢʪʠʢʠ [131, 33, 31, 38, 125]. 

ʅʝʣʽʥʽʡʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʤʦʞʝ ʙʫʪʠ ʪʨʘʥʩʬʦʨʤʦʚʘʥʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʘ  ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ (ʬʦʨʤʫʣʘ 3.20) [171]: 

ὗ̨= ὗ̨ 1
1

ln 2
Ὢ2 ὗ +

1

ὃὗln 2
ὸǿὭὲὸ.̨ ὸǿὭὲὸ.̨ 1

ὃὸέόὸ

ὃὗln 2
Ὢ1(ὸǿέόὸ)

ὃὲ

ὃὗln 2
Ὢ3 ὲ

ὃὗίέὰ1ὃὗln2  (ὗίέὰ.̨ ὗίέὰ.̨ 1ln2+ (ὗίέὰ.̨ī1 ὗίέὰ.̨ 2)lniiī1}+   ὃὗίέὰ2ὃὗln2  

Ὢ4(ὗίέὰ)= =ὗ̨ 1ī1.44Ὢ2ὗ+3.45(ὸὭὲὸ.̨īὸὭὲὸ.̨ 1)ī1.23Ὢ1(ὸέόὸ)+1.87Ὢ3ὲīī0.6

8  (ὗίέὰ.̨ ὗίέὰ.̨ 1 ln 2 + (ὗίέὰ.̨ 1 ὗίέὰ.̨ 2) ln
i

i 1
} + 0.16Ὢ4(ὗίέὰ) . (3.20) 
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ʇʝʨʝʪʚʦʨʝʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʧʝʨʝʚʽʨʝʥʦ ʜʣʷ ʜʦʚʽʣʴʥʠʭ ʟʙʫʨʝʥʴ ʪʠʧʦʚʦʛʦ 

ʩʽʯʥʝʚʦʛʦ ʤʽʩʷʮʷ ʜʣʷ ʤʽʩʪʘ ʂʠʾʚ ʟʘ ʜʘʥʠʤʠ IWEC ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ɽnergyPlus. ʅʘ ʨʠʩ. 3.30 ʥʘʚʝʜʝʥʦ ʧʨʦʛʥʦʟʥʠʡ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʡ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ 

ʦʪʨʠʤʘʥʠʡ ʥʘ ʙʘʟʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ 

ʦʜʠʥʠʮʷʭ ʪʘ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʡ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʟ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʩʽʯʥʝʚʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʪʠʧʦʚʦʛʦ ʨʦʢʫ [82] ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 18Áʉ. 

 

 

ʈʠʩ. 3.30 ï ʇʨʦʛʥʦʟʥʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ ʟʦʥʫ ʢʽʤʥʘʪʠ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ 

ʦʜʠʥʠʮʷʭ ʜʣʷ ʩʽʯʥʝʚʠʭ ʜʘʥʠʭ IWEC ʬʘʡʣʫ 

 

ʇʝʨʝʚʽʨʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʛʨʝʩʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ (3.20) ʜʣʷ ʧʨʦʛʥʦʟʫ ʨʽʚʥʷ 

ʦʧʘʣʝʥʥʷ ʧʨʠ ʪʠʭ ʞʝ ʫʤʦʚʘʭ ʽ ʜʦʪʨʠʤʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʥʘ 

ʨʽʚʥʽ 18
ʦ
ʉ ʟʘʙʝʟʧʝʯʫʻ ʩʢʦʨʠʛʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R

2
 = 0.88 (ʨʠʩ. 3.31). 
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ʈʠʩ. 3.31 ï ʇʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʛʦ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʟʘ 

ʨʽʚʥʷʥʥʷʤ ʨʝʛʨʝʩʽʾ ʪʘ ʟʤʦʜʝʣʴʦʚʘʥʝ ʥʘ ʦʩʥʦʚʽ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʜʘʥʠʭ ʩʽʯʥʷ ʟ 

ʬʘʡʣʫ IWEC 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

1. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʣʠʰʝ ʚ ʢʦʤʧʣʝʢʩʽ ʦʮʽʥʠʪʠ ʨʷʜ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʘʣʝ ʡ ʦʮʽʥʠʪʠ 

ʦʢʨʝʤʦ ʾʭ ʚʧʣʠʚ ʥʘ ʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥ̔ . ɺ ʨʦʙʦʪʽ ʧʦʨʽʚʥʷʥʦ ʧ'ʷʪʴ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʚʽʜ ʫʢʨʫʧʥʝʥʠʭ ʨʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦ ʜʝʪʘʣʽʟʦʚʘʥʠʭ ʧʦʛʦʜʠʥʥʠʭ 

ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ. ʉʪʘʮʽʦʥʘʨʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʶʪʴ ʨʽʯʥʠʡ 

ʧʦʢʘʟʥʠʢ ʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥ̔  ʪʘ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʚ ʜʦʙʦʚʦʤʫ 

ʨʦʟʨʽʟʽ. ʈʦʟʨʘʭʫʥʦʢ ʟʘ ʥʘʮʽʦʥʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʚʽʜʤʽʥʥʽʩʪʴ ʟ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʤʝʪʦʜʘʤʠ ʨʦʟʨʘʭʫʥʢʫ. ʈʦʟʨʘʭʦʚʘʥʘ ʧʠʪʦʤʘ ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʟʘ 

ʫʢʨʫʧʥʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ (ʂʊʄ-204) ʜʘʻ ʨʦʟʙʽʞʥʽʩʪʴ ʙʽʣʷ 40%, ʟʘ ʤʽʞʛʘʣʫʟʝʚʠʤ 

ʥʦʨʤʘʤʠ 60%, ʜʝʪʘʣʽʟʦʚʘʥʠʡ ʤʝʪʦʜ ɻɼ ʟʘ ɼʉʊʋ-ʅ ɹ ɸ.2.2-5:2007 ʤʘʻ ʥʘʡʥʠʞʯʝ 

ʟʥʘʯʝʥʥʷ ʪʘ ʨʦʟʙʽʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʙʽʣʷ 5% ʥʘ ʇʜ, 10% - ʥʘ ʇʥ, ʟʘ ɼʉʊʋ ɹ ɸ.2.2-

12:2015 - 12% ʜʣʷ ʧʽʚʥʦʯʽ, 28% - ʜʣʷ ʧʽʚʜʥʷ. ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ɽnergyPlus ʪʘ 

5R1C ʜʘʶʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥ̔  ʚʽʜʤʽʥʥʽʩʪʴ ʤʝʪʦʜʽʚ ʜʦ 

7% ʜʣʷ ʚʩʽʭ ʦʨʽʻʥʪʘʮʽʡ.  

ʄʦʜʝʣʴ ʥʘ ʙʘʟʽ ʩʪʘʥʜʘʨʪʽʚ 5R1C ʣʝʛʢʦ ʘʜʘʧʪʠʚʥʘ ʜʦ ʥʦʚʠʭ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ (ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʛʦʨʦʜʞʝʥʴ, 
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ʢʣʽʤʘʪʠʯʥʽ ʟʜʘʥʽ) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ɽnergyPlus. ʇʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ ɽ+ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʙʽʣʴʰʠʡ ʩʧʝʢʪʨ ʧʘʨʘʤʝʪʨʽʚ: ʨʦʟʛʣʷʜʘʪʠ ʦʢʨʝʤʦ 

ʘʢʫʤʫʣʷʮʽʶ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ, ʚʨʘʭʦʚʫʚʘʪʠ ʧʝʨʝʪʦʢʠ ʤʽʞ ʟʦʥʘʤʠ, 

ʽʥʝʨʮʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. ɽ+ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʪʠʧʦʚʦʛʦ ʨʦʢʫ, 

ʪʦʤʫ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʪʦʯʥʠʭ ʩʠʪʫʘʮʽʡ ʬʘʡʣ IWEC ʧʦʚʠʥʝʥ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʠʡ 

ʜʦ ʬʘʢʪʠʯʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʱʦ ʥʘʜʘʻ ʜʦʜʘʪʢʦʚʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʥʘ 

ʙʘʟʽ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʤʝʪʝʦʩʘʡʪʘʭ. ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʧʦʛʦʜʠʥʥʠʡ, ʜʦʙʦʚʠʡ ʘʥʘʣʽʟ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ ʦʧʘʣʝʥʥ̔  ʪʘ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʪʘ/ʘʙʦ ʚ ʨʝʞʠʤʽ 

ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ.  

2. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʦʛʦʜʥʠʭ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʠʭ ʟ ʙʫʜʽʚʝʣʴʥʦʾ 

ʢʣʽʤʘʪʦʣʦʛʽʾ ʪʘ ʪʠʧʦʚʦʛʦ ʨʦʢʫ IWEC ʬʘʡʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʝʣʠʯʠʥʫ ʪʘ ʪʨʠʚʘʣʽʩʪʴ 

ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘ ʙʘʟʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ EnergyPlus ʜʣʷ ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʫ ʯʘʩʽ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ 

ʪʝʧʣʦʚʠʡ ʩʪʘʥ ʙʫʜʽʚʣʽ. ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʪʘ ʧʦʛʦʜʥʽ ʫʤʦʚʠ IWEC ʙʫʣʠ 

ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ ʘʙʦ ʾʭ ʩʫʢʫʧʥʦʩʪʽ ʥʘ 

ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʚ ʯʘʩʽ. ʅʘ ʙʘʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʦʙʨʘʥʦ ʩʪʨʫʢʪʫʨʫ ʣʽʥʽʡʥʦʾ ʪʘ ʥʝʣʽʥʽʡʥʦʾ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚʫ ʧʝʨʝʜʽʩʪʦʨʽʾ ʟʤʽʥʠ 

ʬʘʢʪʦʨʽʚ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ. ɺ ʨʦʙʦʪʽ ʦʙʨʘʥʦ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ 

ʢʽʥʮʝʚʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ: ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʝʥʥʷ ʚ ʟʦʥʫ 

ʢʽʤʥʘʪʠ, ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ. ɸʜʝʢʚʘʪʥʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʚʽʨʝʥʦ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʷ 

ʨʦʟʙʽʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʤʦʜʝʣʶʚʘʥʥʷ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʦʪʨʠʤʘʥʠʤʠ ʟ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 0,4Áʉ ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʪʘ 0,6Áʉ - ʜʣʷ ʣʽʥʽʡʥʦʾ, ʘ ʩʝʨʝʥʴʦʢʚʘʜʨʘʪʠʯʥʘ 

ʧʦʭʠʙʢʘ ʩʪʘʥʦʚʠʪʴ 0,006 ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʪʘ 0,013 - ʜʣʷ ʣʽʥʽʡʥʦʾ.  

ɸʜʝʢʚʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʦʮʽʥʶʻʪʴʩʷ 

ʩʢʦʨʝʛʦʚʘʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʪʝʨʤʽʥʘʮʽʾ (R
2
=0,981) ʪʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ 

(F=1324,3), ʱʦ ʚʢʘʟʫʻ ʥʘ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʥʝʣʽʥʽʡʥʦʾ 
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ʨʝʛʨʝʩʽʾ. ʃʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ʤʘʻ ʥʘʩʪʫʧʥʽ ʘʥʘʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ 

R
2
 = 0,994 ʪʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ F = 4112,1. 

ʂʦʝʬʽʮʽʻʥʪʠ ʚ ʨʽʚʥʷʥʥʽ ʨʝʛʨʝʩʽʾ ʧʦʢʘʟʫʶʪʴ ʚʘʛʦʤʽʩʪʴ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ. ɺ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʚʧʣʠʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʨʷʜʫ: ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ, ʟʦʚʥʽʰʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ. 

ʅʝʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ, ʦʮʽʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʧʨʠ ʪʠʭ ʞʝ ʫʤʦʚʘʭ ʽ ʜʦʪʨʠʤʘʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʨʽʚʥʽ 18
ʦ
ʉ ʟʘʙʝʟʧʝʯʫʻ ʩʢʦʨʠʛʦʚʘʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 = 0.88. 

ʉʪʚʦʨʝʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʪʘ ʩʧʨʦʩʪʠʪʠ ʨʷʜ ʧʝʨʝʪʚʦʨʝʥʴ, ʤʦʜʠʬʽʢʘʮʽʡ IWEC ʬʘʡʣʫ 

ʜʦ ʬʘʢʪʠʯʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʟ ʤʝʪʝʦʩʪʘʥʮʽʡ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ɽnergyPlus. ʉʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʙʫʜʽʚʝʣʴ ʜʦʟʚʦʣʠʪʴ ʫʥʠʢʥʫʪʠ ʩʢʣʘʜʥʠʭ ʱʦʜʝʥʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʩʢʦʨʦʪʠʪʴ ʯʘʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʨʽʚʥʷ 

ʦʧʘʣʝʥʥʷ. 
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ʈʆɿɼɯʃ 4 ɺʀɿʅɸʏɽʅʅʗ ʃʆʂɸʃʔʅʀʍ ʊɸ ɯʅʊɽɻʈɸʃʔʅʀʍ 

ʇʆʂɸɿʅʀʂɯɺ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʉʊɸʅʋ ʊɸ ɽʅɽʈɻɽʊʀʏʅʆɰ 

ɽʌɽʂʊʀɺʅʆʉʊɯ ɹʋɼɯɺɽʃʔ 

 

ɺ ʨʦʟʜʽʣʽ 4 ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʨʝʞʠʤʽʚ ʦʧʘʣʝʥʥʷ 

ʙʫʜʽʚʣʽ ɺʅɿ ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ ʤ. ʂʠʻʚʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʝʢʦʥʦʤʽʶ ʚʽʜ ʧʨʦʚʘʜʞʝʥʥʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʽʚʣʽ ʷʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʧʝʨʝʨʠʚʯʘʩʪʠʤ ʦʧʘʣʝʥʥʷʤ. ɼʣʷ ʮʴʦʛʦ ʞ ʦʙ'ʻʢʪʫ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʨʦʟʨʘʭʫʥʢʦʚʝ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʘ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʧʣʦʚʦʛʦ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ.  

ɼʣʷ ʛʨʫʧʠ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʚʠʭʦʜʷʯʠ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʧʦʙʫʜʦʚʠ ʰʢʘʣ. 

ɼʣʷ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ʉʫʤɼʋ ʨʦʟʨʦʙʣʝʥʫ ʨʷʜ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʮʽʥʢʠ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʜʣʷ ʧʦʩʪʽʡʥʠʭ ʪʘ 

ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʨʝʞʠʤʽʚ. 

4.1 ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʙʫʜʽʚʣʽ ʧʨʠ 

ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ ʦʧʘʣʝʥʥ̔ 

 

ʈʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʴ ʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʤʘʣʦʚʠʪʨʘʪʥʠʤ 

ʟʘʭʦʜʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʘʣʝ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʤʘʻ ʨʷʜ ʧʨʦʙʣʝʤ. ɺ ʦʩʥʦʚʽ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʛʨʦʜʩʢɹʠʭ 

ʙʫʜʽʚʝʣʴ ʣʝʞʠʪʴ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ ʪʘ ʚʠʭʽʜʥʽ ʜʥʽ, 

ʧʦʪʽʤ ʫ ʚʠʟʥʘʯʝʥʠʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʚʤʠʢʘʻʪʴʩʷ ʘʙʦ ʟʙʽʣʴʰʫʻ ʪʝʧʣʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʧʨʦʛʨʽʚʫ ʧʦʚʽʪʨʷ ʜʦ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʤʦʤʝʥʪʫ 

ʧʨʠʭʦʜʫ ʣʶʜʝʡ ʚ ʧʨʠʤʽʱʝʥʥʷ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʚ ʙʫʜʽʚʣʽ ʤʘʶʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ 

ʩʢʣʘʜʥʽ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ 

ʬʽʟʠʯʥʠʭ ʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʟʦʚʥʽʰʥʽʭ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ. 

ɺ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʧʦʪʝʥʮʽʘʣ ʝʢʦʥʦʤʽʾ ʚʠʚʯʝʥʠʡ ʜʝʪʘʣʴʥʦ [90, 713]. ɺʝʣʠʢʘ 
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ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʘ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʫ [173, 174], ʘʣʝ ʚ ʩʪʘʥʜʘʨʪʘʭ 

ʋʢʨʘʾʥʠ ʥʝ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ ʜʦʧʫʩʪʠʤʦʾ ʚʝʣʠʯʠʥʠ ʧʦʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ ʦʮʽʥʦʢ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ. ɺ ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʩʪʘʥʜʘʨʪʽ [13] 

ʨʦʟʛʣʷʥʫʪʦ ʜʦʧʫʩʪʠʤʽ ʚʝʣʠʯʠʥʠ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ, ʱʦ ʻ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʪʝʭʥʽʯʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʟʘʭʦʜʫ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ ʚ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʥʘ ʙʘʟʽ 

ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʢʽʤʥʘʪʠ ɺʅɿ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ ʤ. ʂʠʻʚʽ 

ʩʪʚʦʨʝʥʦʾ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ EnergyPlus. ɼʘʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʠʣʘ 

ʨʦʟʛʣʷʜʘʪʠ ʙʫʜʽʚʣʶ ʷʢ ʩʢʣʘʜʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ, ʪʦʙʪʦ ʜʦʟʚʦʣʷʻ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʤʽʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʟʤʽʥʠ ʛʨʘʬʽʢʘ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʥʘ 

ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʤʽʱʝʥʥʷ [174]. 

 

4.1.1 ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ 

 

ɸʥʘʣʽʟ ʧʦ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʽʚʝʣʶʻ 

ʜʦʙʦʚʽ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʚ EnergyPlus 

ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʧʦʚʝʜʽʥʢʫ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʽʟʥʠʭ ʛʨʘʬʽʢʽʚ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʤʦʜʝʣʶʚʘʣʠʩʴ ʪʝʧʣʦʚʽ ʨʝʞʠʤʠ 

ʢʽʤʥʘʪʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʫ ʥʽʯʥʽ ʛʦʜʠʥʠ ʪʘ ʨʦʟʽʛʨʽʚʫ ʧʝʨʝʜ 

ʧʦʯʘʪʢʦʤ ʨʦʙʦʯʦʛʦ ʧʝʨʽʦʜʫ. ɺ ʨʦʟʜʽʣʽ 2.1 ʥʘʚʝʜʝʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʢʦʨʧʫʩʫ 22 ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. 

ʈʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ, ʪʘ ʧʦʯʠʥʘʶʪʴ 

ʚʚʦʜʠʪʠ ʧʝʨʝʨʠʚʯʘʩʪʝ ʦʧʘʣʝʥʥʷ. ʈʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ (20:00 ï 6:00) 

ʧʦʥʠʞʫʚʘʣʠ. ʅʘ ʨʠʩ. 4.1 ʥʘʚʝʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʨʽʟʥʠʭ 

ʨʽʚʥʽʚ ʦʧʘʣʝʥʥʷ.  
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   ʘ)       ʙ) 

ʈʠʩ. 4.1 ï ɼʦʙʦʚʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷʥʘ ʧʦʯʘʪʢʫ 

ʨʝʛʫʣʶʚʘʥʥʷ (ʘ) ʜʣʷ ʨʽʟʥʠʭ ʛʨʘʬʽʢʽʚ ʟʥʠʞʝʥʥʷ ʦʧʘʣʝʥʥʷ (ʙ) [174] 

 

ʅʘ ʨʠʩ. 4.2 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʨʽʟʥʦʾ ʛʣʠʙʠʥʠ 

ʧʨʦʚʘʣʫ ʜʣʷ ʪʦʯʦʢ, ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʽʤʢʦ ʟʤʽʥʶʻ ʩʚʦʾ ʟʥʘʯʝʥʥʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʪʦʯʢʠ: ʧʦʯʘʪʦʢ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ ʧʽʩʣʷ ʥʽʯʥʦʛʦ ʧʨʦʚʘʣʫ (6:00); ʧʽʩʣʷ 

ʧʝʨʰʦʾ ʛʦʜʠʥʠ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʤʽʱʝʥʽ ʩʪʨʽʤʢʦ 

ʟʤʽʥʶʻʪʴʩʷ (7:00); ʢʦʣʠ ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʥʝ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʦʚʘʣʫ (12:00) [174]. 

 

 

ʈʠʩ. 4.2 ï ɿʘʣʝʞʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚʽʜ ʚʝʣʠʯʠʥʠ ʨʽʚʥʷ 

ʧʦʥʠʞʝʥʦʛʦ ʦʧʘʣʝʥʥʷ [174] 

 

ʇʨʠ ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 1080 ɺʪ (ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ) ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

7:00 ʪʘ 6:00 ʩʧʽʚʧʘʜʘʻ, ʱʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʪʘ 

ʦʜʥʘʢʦʚʠʤ ʨʽʚʥʝʤ ʦʧʘʣʝʥʥʷ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʟ 20:00 ʜʦ7:00 ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʱʦ 
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ʚʠʜʥʦ ʟ ʨʠʩ. 4.1,ʘ. ʉʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʟʤʽʥʶʶʪʴ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠʚ ʚ 

ʧʨʠʤʽʱʝʥʥʽ ʚ 12:00 ʥʘ 1Áʉ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʧʨʦʚʘʣʫ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʥʝ ʚʩʪʠʛʘʻ ʜʦʛʨʽʪʠʩʷ ʜʦ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ. ɿʘ ʫʤʦʚʠ ʦʜʥʘʢʦʚʦʾ ʜʦʙʦʚʦʾ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ 

ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʪʨʠʚʘʣʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʢʫ ʟʤʽʥʠ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʧʨʠʟʚʝʜʝ ʜʦ ʧʨʦʩʽʜʘʥʥʷ 

ʛʨʘʬʽʢʘ ʟʤʽʥʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʫ ʨʦʙʦʯʽ ʛʦʜʠʥʠ [174].  

ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʩʪʘʙʽʣʽʟʘʮʽʷ ʛʨʘʬʽʢʘ 

ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ 6-8 ʜʝʥʴ, ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʧʦʥʠʞʝʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷʤ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ, ʧʨʠ ʮʴʦʤʫ ʟʥʠʞʫʻʪʴʩʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʥʘ 1,5ï2 Áʉ.  

ʅʘ ʨʠʩ. 4.3 ʥʘʚʝʜʝʥʦ ʟʤʽʥʫ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʟʥʠʞʝʥʥʷ ʦʧʘʣʝʥʥʷ [174]. 

 

ʈʠʩ. 4.3 ï ʉʝʨʝʜʥʴʦʜʦʙʦʚʘ ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ 

ʜʣʷ ʨʽʟʥʠʭ ʛʨʘʬʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ[174] 

 

ʅʘ ʨʠʩ. 4.4 ʥʘʚʝʜʝʥʦ ʜʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʚʠʧʘʜʢʽʚ ʙʝʟ 

ʨʝʛʫʣʶʚʘʥʥʷ (1080), ʢʦʣʠ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʧʦʯʘʣʠ ʚʚʦʜʠʪʠ (540-1080) 

ʪʘ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ (540-1314) ʜʣʷ ʛʨʘʬʽʢʘ ʟʽ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ 

ʦʧʘʣʝʥʥʷ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ ʜʦ 540 ɺʪ. ʇʨʠ ʧʦʩʪʽʡʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʧʽʜʙʽʨ ʨʽʚʥʷ 

ʦʧʘʣʝʥʥʷ ʦʙʠʨʘʚʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʜʣʷ 

ʙʘʟʠʩʥʦʛʦ ʚʘʨʽʘʥʪʫ ʨʦʟʨʘʭʫʥʢʫ (ʧʦʩʪʽʡʥʽ ʚʥʫʪʨʽʰʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ 

1080 ɺʪ) [174]. 
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ʈʠʩ. 4.4 ï ɼʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ [174] 

 

ʂʦʤʧʝʥʩʘʮʽʷ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʽ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ. ʅʘ ʨʠʩ. 4.5 ʥʘʚʝʜʝʥʦ ʨʽʚʝʥʴ 

ʦʧʘʣʝʥʥʷ ʪʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʜʣʷ ʨʽʟʥʦʾ ʛʣʠʙʠʥʠ ʧʨʦʚʘʣʫ ʚ 

ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ, ʟʘ ʫʤʦʚʠ, ʱʦ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʤʽʱʝʥʥʽ ʙʫʜʝ 

ʪʘʢʘ ʞ ʷʢ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʧʽʜʙʦʨʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʨʽʚʥʷ ʙʘʟʦʚʦʛʦ ʦʧʘʣʝʥʥʷ, ʘ ʩʘʤʝ ʟ 1080 ʜʦ1314 ɺʪ ʧʨʠ ʦʧʘʣʝʥʥ̔  ʚ ʥʽʯʥʦʤʫ ʧʨʦʚʘʣʽ 

540 ɺʪ, ʜʦ 1224 ɺʪ ʧʨʠ 720 ʪʘ 1179 ʧʨʠ 900 ɺʪ [174].  

 

    ʘ)     ʙ) 

ʈʠʩ. 4.5 ï ɼʦʙʦʚʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʘ) ʜʣʷ ʨʽʟʥʠʭ 

ʛʨʘʬʽʢʽʚ ʦʧʘʣʝʥʥʷ (ʙ) ʟ ʧʦʩʪʽʡʥʠʤ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʽʯʥʽ ʛʦʜʠʥʠ [174] 
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4.1.2 ɺʚʝʜʝʥʥʷ ʬʦʨʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʙʦʯʠʭ 

ʛʦʜʠʥ 

 

ʇʨʠ ʧʨʠʡʥʷʪʦʤʫ ʛʨʘʬʽʢʫ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʥʝʨʦʙʦʯʽʡ ʧʝʨʽʦʜ 

ʢʦʤʬʦʨʪʥʠʡ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʜʦʩʷʛʘʻʪʴʩʷ ʟ ʟʘʧʽʟʥʝʥʥʷʤ (ʜʠʚ. 

ʨʠʩ. 4.1). ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʦʛʦ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ 

ʚʚʦʜʠʣʠ ʬʦʨʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. ʅʘ ʨʠʩ. 4.6 ʥʘʚʝʜʝʥʦ ʚʥʫʪʨʽʰʥʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʟ ʥʘʷʚʥʽʩʪʶ ʬʦʨʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. ʇʝʨʝʜ 

ʧʦʚʝʨʥʝʥʥʷʤ ʜʦ ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ 1080 ɺʪ ʧʽʩʣʷ ʥʽʯʥʦʛʦ ʧʨʦʚʘʣʫ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʽʚʥʷ 

ʦʧʘʣʝʥʥʷ ʜʦ1800 ɺʪ ʪʨʠʚʘʣʽʩʪʶ ʚʽʜʧʦʚʽʜʥʦ 1, 2, 3 ʛʦʜ [174]. 

 

    ʘ)       ʙ) 

ʈʠʩ. 4.6 ï ɼʦʙʦʚʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʘ) ʜʣʷ ʨʽʟʥʠʭ 

ʛʨʘʬʽʢʽʚ ʦʧʘʣʝʥʥʷ (ʙ) ʟ ʬʦʨʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ [174] 

 

ɿ ʨʠʩ. 4.6ʘ ʚʠʜʥʦ, ʱʦ ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʽʜ ʯʘʩ ʬʦʨʩʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʤʘʻ ʷʚʥʦ ʚʠʨʘʞʝʥʫ ʤʘʢʩʠʤʘʣʴʥʫ ʪʘ ʤʽʥʽʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ.  

ʈʽʟʥʠʮʷ ʚʽʜʭʠʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʟ ʚʚʝʜʝʥʥʷʤ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜ ʙʘʟʦʚʦʛʦ ʛʨʘʬʽʢʫ ʙʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝʟʥʘʯʥʘ. ʌʦʨʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʰʚʠʜʰʝ ʚʠʡʪʠ ʥʘ ʧʦʪʨʽʙʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ. 

ɿʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʽʦʜʫ ʬʦʨʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʧʨʦʩʽʜʘʥʥʷ ʛʨʘʬʽʢʫ 

ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʦʜʘʣʴʰʽ ʜʥʽ ʧʨʠ ʫʤʦʚʽ ʧʦʩʪʽʡʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ [174]. 
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ʅʘ ʨʠʩ. 4.7 ʨʦʟʛʣʷʥʫʪʽ ʚʘʨʽʘʥʪʠ ʜʣʷ ʬʦʨʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʪʨʠʚʘʣʽʩʪʶ 

3 ʪʘ 4 ʛʦʜ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʧʽʜʚʝʜʝʥʘ ʟʘ ʬʦʨʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 

ʦʜʥʘʢʦʚʘ [174]. 

 

ʘ)     ʙ) 

ʈʠʩ. 4.7 ï ɺʧʣʠʚ ʨʽʟʥʠʭ ʬʦʨʤ ʬʦʨʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ (ʙ) ʥʘ 

ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ (ʘ) [174] 

 

ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʬʦʨʩʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʙʫʣʦ ʩʧʦʞʠʪʦ 5,4 ʢɺʪĀʛʦʜ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʇʨʠ ʨʦʟʽʛʨʽʚʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 4 ʛʦʜʠʥʠ ʟ ʧʦʪʫʞʥʽʩʪʶ 1350 ɺʪ 

ʜʦʩʷʛʥʫʪʦ ʤʝʥʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʽʜ ʯʘʩ 

ʬʦʨʩʫʚʘʥʥʷ [174].  

 

4.1.3 ɺʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ 

ʪʝʧʣʦʥʘʜʞʦʜʞʝʥʴ 

 

ʇʨʠ ʩʪʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ 

ʨʝʞʠʤʫ ʦʧʘʣʝʥʥʷ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ ʜʦ 

540, 720, 900 ɺʪ ʪʘ ʦʜʥʘʢʦʚʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʫʤʦʚʘʤʠ ʚʠʟʥʘʯʝʥʦ ʝʢʦʥʦʤʽʶ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 4.5 ʙ [174]. 

ʇʨʠ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʟ 20:00 ʜʦ 6:00 ʝʢʦʥʦʤʽʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʩʪʘʥʦʚʠʪʠʤʝ: 2% ʜʣʷ ʛʨʘʬʽʢʘ 900-1170 ɺʪ; 6% ï ʜʣʷ 720-1224 ɺʪ; 8,2% ï ʜʣʷ 540-

1314 ɺʪ [174]. 
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ɸʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʝʢʦʥʦʤʽʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʨʦʚʝʜʝʥʦ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʬʦʨʩʫʚʘʥʥʷ ʪʘ ʧʽʜʙʦʨʫ ʛʨʘʬʽʢʽʚ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʜʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ (ʨʠʩ. 4.8). 

 

    ʘ)     ʙ) 

ʈʠʩ. 4.8 ï ɼʦʙʦʚʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʘ) ʜʣʷ ʨʽʟʥʠʭ 

ʛʨʘʬʽʢʽʚ ʦʧʘʣʝʥʥʷ (ʙ) ʟ ʧʦʩʪʽʡʥʠʤ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʽʯʥʽ ʛʦʜʠʥʠ ʪʘ 

ʨʦʟʽʛʨʽʚʦʤ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ [174] 

 

ɽʢʦʥʦʤʽʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʽʯʥʽ ʛʦʜʠʥʠ ʪʘ 

ʬʦʨʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʝʜ ʨʦʙʦʯʠʤʠ ʛʦʜʠʥ ʩʪʘʥʦʚʠʪʴ: 4,6% ʜʣʷ ʛʨʘʬʽʢʫ 720-1620-

1150 ɺʪ; 7,2% ï ʜʣʷ 540-1800-1200 ɺʪ; 8,2% ï ʜʣʷ 540-1620-1350-1200 ɺʪ. 

ɺʠʩʥʦʚʦʢ. ɿ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʫ ʨʽʟʥʠʭ ʛʨʘʬʽʢʽʚ 

ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʧʨʠ ʫʨʘʭʫʚʘʥʥʽ ʽʥʝʨʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ, 

ʢʦʣʠʚʘʥʴ ʧʦʛʦʜʥʠʭ ʫʤʦʚ (ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ) ʪʘ 

ʛʨʘʬʽʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ 

ʦʧʘʣʝʥʥʷ ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʝʢʦʥʦʤʽʾ ʜʦ 9% [174]. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʱʦ 

ʥʠʞʯʝ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʚ ʩʪʘʪʪʽ [172], ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʝʣʠʢʦʶ ʛʣʠʙʠʥʦʶ 

ʧʨʦʚʘʣʫ, ʚʽʜʤʽʥʥʦʶ ʚʽʜ ʻʚʨʦʧʝʡʩʴʢʠʭ ʧʽʜʭʦʜʽʚ [13]. 
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4.2 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʝ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʘ 

ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ɺʅɿ 

 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʟʘʤʽʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʧʨʠʤʽʱʝʥʥʷʭ ʪʘ ʧʦʚʝʨʭʦʥʴ ʨʘʜʽʘʪʦʨʽʚ ʨʦʟʜʽʣʝʥʦ ʤʝʪʦʜʦʤ ʛʨʫʧʫʚʘʥʥʷ ʢʽʤʥʘʪʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʦ ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ 

ʧʨʠʤʽʱʝʥʥʷ. ɼʣʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʛʨʫʧ ʧʨʠʤʽʱʝʥʴ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʧʦʛʦʜʠʥʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʪʨʠʤʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʦʩʝʨʝʜʞʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʥʘ 

ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʦʪʨʠʤʘʥʦʛʦ ʚ ʧ. 3.4.1. 

 

4.2.1 ʆʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʙʫʜʽʚʣʽ 

 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ - ʥʘʚʯʘʣʴʥʠʡ ʢʦʨʧʫʩ ɺʅɿ ʨʦʟʪʘʦhʚʘʥʠʡ ʫ ʤʽʩʪʽ ʂʠʾʚ 

(ʥʘʚʯʘʣʴʥʠʡ ʢʦʨʧʫʩ 22 ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ʧʨʦʚʦʜʠʣʠʩʴ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʨʪ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʧʨʠʤʽʱʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʽʜʭʦʜʽʚ 

[10, 105, 51], ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʧ. 3.1) ʪʘ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʙʘʟʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʢʘʨʪʘ ʙʫʜʽʚʣʽ ï ʮʝ ʪʘʙʣʠʮʷ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ, 

ʦʪʨʠʤʘʥʠʭ ʫ ʚʠʟʥʘʯʝʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʧʨʦʪʷʟʽ ʨʦʙʦʯʠʭ ʛʦʜʠʥ 

ʦʜʥʦʛʦ ʜʥʷ). ʊʝʤʧʝʨʘʪʫʨʥʽ ʢʘʨʪʠ ʙʫʜʫʚʘʣʠʩʴ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʚʝʨʭʫ ʧʦ ʦʢʨʝʤʠʤ 

ʧʨʠʤʽʱʝʥʥʷʤ. ɯʥʬʦʨʤʘʮʽʷ ʟʙʠʨʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʽʥʬʨʘʯʝʨʚʦʥʠʭ 

ʧʽʨʦʤʝʪʨʽʚ. ɺʠʤʽʨʶʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ, ʩʪʝʣʽ, 

ʧʽʜʣʦʛʠ, ʚʽʢʥʘ. ʉʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʤʽʱʝʥʥʷ ʚʠʟʥʘʯʘʣʘʩʴ ʷʢ ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥ, ʱʦ ʥʝ ʻ ʩʫʤʽʞʥʠʤʠ ʟ ʥʝʦʧʘʣʶʚʘʣʴʥʠʤʠ ʧʨʠʤʽʱʝʥʥʷʤʠ, 
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ʚʨʘʭʦʚʫʶʯʠ ʨʝʢʦʤʝʥʜʘʮʽʾ [173, 175]. ʆʪʨʠʤʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʠʤʽʱʝʥʴ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʠʤʽʨʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʧʨʠʣʘʜʦʤ 

VelocityCal, ʘʣʝ ʧʨʦʮʝʜʫʨʘ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʟʘʡʤʘʻ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʝ ʯʘʩʫ. ʊʝʤʧʝʨʘʪʫʨʥʽ ʢʘʨʪʠ ʟ ʬʽʢʩʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʘʜʽʘʪʦʨʽʚ 

ʦʪʨʠʤʫʚʘʣʠ ʧʝʨʽʦʜʠʯʥʦ, 1-2 ʨʘʟʠ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ (ʆʇ). ɺ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʘʥʘʣʽʟʫ ʚʞʝ ʥʘʢʦʧʣʝʥʽ ʜʘʥʽ 2003 - 2010 ʨʨ. ʪʘ ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʦʛʽʯʥʽ ʚʠʤʽʨʠ ʚ 2014-2017 ʨʨ. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʢʘʨʪʠ ʜʘʶʪʴ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠʚ ʧʨʠʤʽʱʝʥʽ ʫ 

ʨʦʙʦʯʽ ʛʦʜʠʥʠ, ʪʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʚʥʠʭ 

(ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ) ʧʨʠʤʽʱʝʥʥʷʭ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ 

ʘʚʪʦʥʦʤʥʽ ʝʣʝʢʪʨʦʥʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ-ʨʝʻʩʪʨʘʪʦʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʊɽʈʄʆʍʈʆʅ 

DS1921 ʘʙʦ DS1922 (ʢʦʥʪʘʢʪʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʛʽʩʪʨʠ ʢʦʨʧʫʩʥʦʛʦ ʚʠʢʦʥʘʥʥʷ 

MicroCAN ʟ ʘʚʪʦʥʦʤʥʠʤ ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʣʽʪʽʻʚʦʾ ʙʘʪʘʨʝʾ) [176]. ɼʘʪʯʠʢʠ DS 1921 

ʤʘʶʪʴ ʜʠʩʢʨʝʪʥʽʩʪʴ 0,5Áʉ, DS1922 ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʦʣʽʧʰʝʥʦ ʁ ʜʠʩʢʨʝʪʥʽʩʪʶ 

ʚʠʤʽʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 0,0625Áʉ. ʊʝʤʧʝʨʘʪʫʨʥʽ ʜʘʪʯʠʢʠ ʙʫʣʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʥʘ 

ʬʽʢʩʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʟ ʽʥʪʝʨʚʘʣʦʤ ʦʜʥʫ ʛʦʜʠʥʫ. ɯʥʬʦʨʤʘʮʽʷ ʟ ʜʘʪʯʠʢʽʚ 

ʟʯʠʪʫʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʙʝʨʽʛʘʣʘʩʷ ʪʘ 

ʦʙʨʦʙʣʷʣʘʩʷ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ. ʊʝʨʤʦʭʨʦʥʥʽ ʜʘʪʯʠʢʠ ʚ ʢʽʣʴʢʦʩʪʽ 10 ʦʜʠʥʠʮʴ 

ʧʝʨʝʚʽʨʷʣʘʩʷ ʥʘ ʦʜʥʘʢʦʚʽʩʪʴ ʧʦʢʘʟʽʚ ʪʝʨʤʦʩʪʘʪʠʯʥʠʤ ʤʝʪʦʜʦʤ. ʇʦʭʠʙʢʘ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʤʝʪʦʜʽʚ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ Ñ0,5
ʦ
ʉ, ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ DS1922 - 0,1Áʉ. 

4.2.2 ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʨʪ 

 

ʏʠʩʣʦ ʚʠʤʽʨʷʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʦʯʦʢ ʟʘ ʚʝʩʴ ʯʘʩ ʚʠʤʽʨʶʚʘʥʴ ʩʢʣʘʜʘʻ ʙʽʣʷ 

1300. ʅʘ ʨʠʩ. 4.9 ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʘʩʪʢʫ ʦʭʦʧʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʚʠʤʽʨʘʤʠ. ʆʪʨʠʤʘʥʽ 

ʜʘʥʽ ʦʭʦʧʣʶʶʪʴ ʧʦʥʘʜ 40% ʧʨʠʤʽʱʝʥʴ[136]. 
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ʈʠʩ. 4.9 ï ʆʭʦʧʣʝʥʥʷ ʛʨʫʧ ʧʨʠʤʽʱʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʚʠʤʽʨʘʤʠ [136] 

 

ʉʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʢʦʨʧʫʩʽ 

ʩʪʘʥʦʚʠʣʘ 15-17
ʦ
ʉ. ʅʘ ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ ʙʫʜʽʚʣʽ ʚʧʣʠʚʘʶʪʴ 

ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʨʝʞʠʤʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʽʚʥʽ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ, ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ, ʜʦʜʘʪʢʦʚʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʽ ʪ.ʧ. ʊʦʤʫ 

ʚʨʘʭʦʚʫʶʯʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʩʽ ʧʨʠʤʽʱʝʥʥʷ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʥʘ 

ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʧʨʠʤʽʱʝʥʥʷ, ʥʘʚʯʘʣʴʥʽ ʘʫʜʠʪʦʨʽʾ, ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʮʴʢʽ ʣʘʙʦʨʘʪʦʨʽʾ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʽ ʢʣʘʩʠ (ʤʝʪʦʜ ʛʨʫʧʫʚʘʥʥʷ). ɺ ʦʢʨʝʤʫ 

ʛʨʫʧʫ ʙʫʣʠ ʦʙ'ʻʜʥʘʥʽ ʜʦʧʦʤʽʞʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʧʨʠʤʽʱʝʥʥʷ. ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʛʨʫʧʘʤ ʧʨʠʤʽʱʝʥʴ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʧʨʠʤʽʱʝʥʥʷ ī 17-22
ʦ
ʉ; ʥʘʚʯʘʣʴʥʽ ʢʣʘʩʠ ī 15-18

ʦ
ʉ; ʣʘʙʦʨʘʪʦʨʥʦ-

ʜʦʩʣʽʜʥʠʮʴʢʽ ʘʫʜʠʪʦʨʽʾ ī13-16 
ʦ
ʉ; ʢʦʤʧ'ʶʪʝʨʥʽ ʢʣʘʩʠ ī 14-16

ʦ
ʉ [136]. 

ʗʢ ʨʘʥʽʰʝ ʟʛʘʜʫʚʘʣʦʩʴ, ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩ ʟ ʚʝʨʭʥʴʦʶ 

ʚʝʨʪʠʢʘʣʴʥʦʶ ʨʦʟʚʦʜʢʦʶ, ʪʦʤʫ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʦʧʘʣʝʥʥʷ ʥʘ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʯʫʪʥʦ ʚʣʠʚʘʻ ʥʦʤʝʨ ʧʦʚʝʨʭʫ. ɿ ʧʦʥʠʞʝʥʥʷʤ ʧʦʚʝʨʭʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʧʨʠʤʽʱʝʥʥʽ ʧʦʥʠʞʫʻʪʴʩʷ ʥʘ 0,5
ʦ
ʉ.ʇʨʠʤʽʱʝʥʥʷ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʟ ʧʽʚʜʝʥʥʦʾ 

ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʤʽʱʝʥʥʷʤ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʧʽʚʥʽʯʥʽʡ ʩʪʦʨʦʥʽ 

ʦʪʨʠʤʫʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʽʥʩʦʣʷʮʽʡʥʠʭ ʥʘʜʭʦʜʞʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʤʽʱʝʥʴ ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ ʧʽʚʜʝʥʥʦʾ ʩʪʦʨʦʥʠ ʙʽʣʴʰʘ ʥʘ 2-3 
ʦ
ʉ. [136] 
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ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʥʘ ʟʤʽʥʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʧʦʛʦʜʥʽ ʬʘʢʪʦʨʠ. ɿʘʟʚʠʯʘʡ ʥʘʡʙʽʣʴʰ 

ʚʘʛʦʤʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʪʝʧʣʦʚʠʡ ʩʪʘʥ ʙʫʜʽʚʣʽ ʧʨʠ ʥʝʚʠʢʦʥʘʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʬʽʢʘ (ʨʠʩ. 4.10,ʘ) [104], ʻ ʟʤʽʥʘ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 

4.10,ʙ). ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʜʽʚʣʽ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʾ ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʨʪ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʠʩ. 4.10,ʙ [136]. ɿ 2014 ʨʦʢʫ ʚ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʚʚʝʜʝʥʦ ʨʫʯʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʥʘʚʯʘʣʴʥʠʭ ʢʦʨʧʫʩʘʭ, ʱʦ ʚʥʦʩʠʣʦ ʟʤʽʥʠ ʚ ʧʦʚʝʜʽʥʢʫ ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʪʦʤʫ ʚ ʘʥʘʣʽʟʽ ʚʠʢʦʨʠʩʪʘʥʦ ʚʠʙʽʨʢʫ ʜʦ 2014 ʨʦʢʫ.  

 

ʘ) 

 

ʙ) 

ʈʠʩ. 4.10 ï ʇʦʨʽʚʥʷʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘ ʬʘʢʪʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʛʨʘʬʽʢʽʚ 

ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ (ʘ) [104] ʪʘ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʚ 

ʨʦʙʦʯʽ ʛʦʜʠʥʠ (ʙ) [136] 

 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʧʨʷʤʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʤʽʱʝʥʥʷ 

ʨʦʟʪʘʰʦʚʘʥʽ ʟ ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ. ʅʘ ʨʠʩ. 4.11 ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʙʣʠʟʴʢʦ 700 

ʟʥʘʯʝʥʴ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ ʟ ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ ʧʨʠ ʚʠʢʣʶʯʝʥʥʽ ʚʧʣʠʚʫ 

ʨʘʜʽʘʮʽʾ. ɼʣʷ ʥʦʨʤʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʧʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʨʠʩ. 4.11 ʚʚʦʜʠʤʦ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʦʉ

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʬʽʢ ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ 

115-70
ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʬʽʢ ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ 

150-70
ʬʘʢʪʠʯʥʠʡ ʪʝʤʧ. ʛʨʘʬʽʢ 2008 ʨʦʢʫ

ʬʘʢʪʠʯʥʠʡ ʪʝʤʧ. ʛʨʘʬʽʢ 2009 ʨʦʢʫ

ʬʘʢʪʠʯʥʠʡ ʪʝʤʧ. ʛʨʘʬʽʢ 2010 ʨʦʢʫ

ʃʠʥʝʡʥʘʷ (ʬʘʢʪʠʯʥʠʡ ʪʝʤʧ. ʛʨʘʬʽʢ 2008 

ʨʦʢʫ)
ʃʠʥʝʡʥʘʷ (ʬʘʢʪʠʯʥʠʡ ʪʝʤʧ. ʛʨʘʬʽʢ 2008 

ʨʦʢʫ)
ʃʠʥʝʡʥʘʷ (ʬʘʢʪʠʯʥʠʡ ʪʝʤʧ. ʛʨʘʬʽʢ 2009 

ʨʦʢʫ)
ʃʠʥʝʡʥʘʷ (ʬʘʢʪʠʯʥʠʡ ʪʝʤʧ. ʛʨʘʬʽʢ 2010 

ʨʦʢʫ)

y = 0,212x + 17,76
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ɿʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʉ
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ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
ὸὭ.ὲ

ὸʩʝʨ.ὲ
 , ʜʝ ὸὭ.ὲ ʪʝʤʧʝʨʘʪʫʨʘ -̔ʛʦ ʧʨʠʤʽʱʝʥʥʷ ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ n-ʡ 

ʜʝʥʴ ʚʠʤʽʨʶʚʘʥʥʷ; ὸʩʝʨ.ὲ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʽʭ ʧʨʠʤʽʱʝʥʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ 

ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ ʚ n-ʡ ʜʝʥʴ ʚʠʤʽʨʶʚʘʥʴ [136]. 

 

 

ʈʠʩ. 4.11 ï ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ 

ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ [136] 

 

ʈʦʟʢʠʜ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ ʚʽʜ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʩʪʘʥʦʚʠʪʴ ʜʦ 30%. [136] 

ʈʦʟʧʦʜʽʣ ʚʽʜʭʠʣʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 

ʘʥʘʣʽʟʫʚʘʚʩʷ ʜʣʷ ʚʩʽʭ ʧʨʠʤʽʱʝʥʴ ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ (ʜʠʚ. ʨʠʩ. 4.11) ʪʘ ʦʢʨʝʤʦ ʧʦ 

ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʛʨʫʧʘʭ ʧʨʠʤʽʱʝʥʴ. ʌʦʨʤʘ ʨʦʟʧʦʜʽʣʫ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʘ ʜʦ 

ʥʦʨʤʘʣʴʥʦʾ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʨʠʩ. 4.12), ʧʨʠ ʪʦʤʫ 

ʨʦʟʢʠʜ ʚʥʫʪʨʽʰʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʤʝʥʰʠʡ ʪʘ ʟʘʚʜʷʢʠ ʙʽʣʴʰʦʤʫ ʨʽʚʥʶ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠʤʽʱʝʥʴ ʮʽʻʾ ʛʨʫʧʠ ʟʤʽʱʝʥʠʡ ʚ ʩʪʦʨʦʥʫ ʟʨʦʩʪʘʥʥʷ. [136] 

ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ (ʜʠʚ. ʨʠʩ. 4.12) ʚʥʦʩʷʪʴ ʚ 

ʦʩʥʦʚʥʽʡ ʤʽʨʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʢʣʘʩʠ, ʘ ʪʘʢʦʞ ʥʘʚʯʘʣʴʥʽ ʘʫʜʠʪʦʨʽʾ. ɺ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʦ-ʥʘʚʯʘʣʴʥʠʭ ʢʣʘʩʘʭ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʚ ʩʪʦʨʦʥʫ ʟʤʝʥʰʝʥʥʷ. [136] 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʨʪ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʙʘʟʽ 

ʧʨʦʚʝʜʝʥʠʭ ʫ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʚʠʤʽʨʽʚ, ʜʦʟʚʦʣʠʚ ʧʦʢʘʟʘʪʠ ʚʧʣʠʚ ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʝʨʝʜʥʶ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʙʫʜʽʚʣʽ, ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 
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ʧʨʠʤʽʱʝʥʴ ʚʽʜ ʧʦʚʝʨʭʫ ʨʦʟʤʽʱʝʥʥʷ, ʦʙˇʨʫʥʪʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʧʨʠʤʽʱʝʥʴ ʥʘ ʛʨʫʧʠ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʚʽʜʤʽʥʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ ʚʽʜ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ.[136] 

 

 

ʈʠʩ. 4.12 ï ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ 

ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ [136] 

 

4.2.3 ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ 

 

ɿ ʧʦʧʝʨʝʜʥʴʦʛʦ ʛʨʫʧʫʚʘʥʥʷ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʧʨʠʤʽʱʝʥʴ. ɺ 

ʢʦʞʥʽʡ ʛʨʫʧʽ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʢʦʥʪʨʦʣʴʥʽ ʧʨʠʤʽʱʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʽʚʥʽʯʥʽʡ ʪʘ 

ʧʽʚʜʝʥʥʽʡ ʩʪʦʨʦʥʽ ʙʫʜʽʚʣʽ ʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʮʽʣʦʜʦʙʦʚʝ ʧʦʛʦʜʠʥʥʝ ʬʽʢʩʫʚʘʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʝʤʧʝʨʘʪʫʨʥʽ ʜʘʪʯʠʢʠ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʝʢʦʤʝʥʜʘʮʽʡ [177]. ɺʠʤʽʨʠ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨ ʢʦʥʪʨʦʣʴʥʠʭ ʧʨʠʤʽʱʝʥʴ, ʷʢʽ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʥʽ ʚ ʞʦʚʪʥʽ-ʣʠʩʪʦʧʘʜʽ 2014 ʨʦʢʫ, ʜʦʟʚʦʣʠʣʠ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʧʣʠʚ ʥʘ 

ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʯʘʩʽ ʪʘʢʠʭ ʯʠʥʥʠʢʽʚ, ʷʢ ʨʝʞʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʤʽʱʝʥʴ 

ʨʽʟʥʠʭ ʛʨʫʧ ʚ ʨʦʙʦʯʽ ʪʘ ʚʠʭʽʜʥʽ ʜʥʽ, ʦʧʘʣʝʥʥʷ, ʩʦʥʷʯʥʽ ʥʘʜʭʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʥʘʧʨʷʤ ʪʘ ʩʠʣʘ ʚʽʪʨʫ. [136] 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʦʧʘʣʝʥʥʷ ʥʘ ʨʠʩ. 4.13, 4.14 ʥʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ  

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʧʨʦʪʷʛʦʤ ʜʥʷ ʜʣʷ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʭ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʦʧʘʣʝʥʥʷ ʪʘ ʟ ʦʧʘʣʝʥʥʷʤ (ʜʦ ʧʦʯʘʪʢʫ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʩʝʟʦʥʫ ʪʘ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʦʧʘʣʝʥʥʷ). ʆʢʨʝʤʦ ʨʦʟʛʣʷʜʘʣʠʩʷ ʨʦʙʦʯʽ ʪʘ ʚʠʭʽʜʥʽ ʜʥʽ. 
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ɼʣʷ ʫʩʝʨʝʜʥʝʥʥʷ ʟʙʠʨʘʣʘʩʴ ʽʥʬʦʨʤʘʮʽʷ ʟ ʜʚʦʭ ʧʨʠʤʽʱʝʥʴ ʦʜʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ 

2-4 ʜʥʽ ʟ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʤʠ ʧʦʛʦʜʥʠʤʠ ʫʤʦʚʘʤʠ(ʩʦʥʷʯʥʽ ʜʥʽ ʟ 

ʩʝʨʝʜʥʴʦʜʝʥʥʦʶ ʟʦʚʥʽʰʥʴʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ +6...+8
0
ʉ) [136]. 

 

 

ʈʠʩ. 4.13 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʘʚʯʘʣʴʥʠʭ ʘʫʜʠʪʦʨʽʷ ʙʝʟ ʪʘ ʟ 

ʦʧʘʣʝʥʥʷʤ ʫ ʚʠʭʽʜʥʽ ʪʘ ʨʦʙʦʯʽ ʜʥʽ ʟ ʧʽʚʜʝʥʥʦʾ ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ [136] 

 

 

ʈʠʩ. 4.14 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʛʨʫʧʘʭ ʧʨʠʤʽʱʝʥʴ ʙʝʟ 

ʪʘ ʟ ʦʧʘʣʝʥʥʷʤ ʫ ʚʠʭʽʜʥʽ ʪʘ ʨʦʙʦʯʽ ʜʥʽ ʟ ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ [136] 

 

ɿʘ ʚʚʽʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 

3...4
ʦ
ʉ. ɺ ʧʨʠʤʽʱʝʥʥʷʭ ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ ʧʽʚʜʝʥʥʦʾ ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ ʚʥʫʪʨʽʰʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 4
ʦ
ʉ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤʠ 
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ʽʥʩʦʣʷʮʽʡʥʠʤʠ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷʤʠ. ɺ ʮʽʣʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ, ʱʦ ʚ 

ʧʨʠʤʽʱʝʥʥʷʭ ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ ʫ ʚʠʭʽʜʥʽ ʜʥʽ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʧʨʦʪʷʟʽ ʜʦʙʠ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʤʘʻ ʤʽʩʮʝ ʟʙʽʣʴʰʝʥʥʷ 1,5...2
ʦ
ʉ 

ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ. ɺ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʚ 

ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 1
ʦ
ʉ ʙʽʣʴʰʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʚʯʘʣʴʥʠʤʠ 

ʘʫʜʠʪʦʨʽʷʤʠ ʟʘ ʨʘʭʫʥʦʢ ʤʝʪʘʙʦʣʽʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʥʘʛʨʽʚʘʯʽʚ; 

ʫ ʚʠʭʽʜʥʽ ʜʥʽ ī ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʦʧʘʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʠʭ ʛʨʫʧʘʭ ʧʨʠʤʽʱʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ. ɺʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʦʧʘʣʝʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʢʨʘʱʠʤ 

ʦʧʘʣʝʥʥʷʤ (ʙʽʣʴʰʘ ʧʠʪʦʤʘ ʧʣʦʱʘ ʦʧʘʣʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ) [136]. 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ ʨʠʩ. 4.15 ʥʘʚʝʜʝʥʘ ʟʤʽʥʘ 

ʚʽʜʭʠʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ ʚʽʜʥʦʩʥʦ 

ʥʦʨʤʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʦʙʦʯʦʛʦ ʜʥʷ ʜʣʷ ʨʽʟʥʠʭ ʦʨʽʻʥʪʘʮʽʡ ʪʘ ʨʽʟʥʠʭ ʫʤʦʚ 

ʭʤʘʨʥʦʩʪʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʧʘʣʝʥʥʷ. ɺ ʪʘʙʣʠʮʽ 4.1 ʥʘʚʝʜʝʥʦ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʜʘʥʠʭ 

ʜʥʽʚ [136]. 

 

 

ʈʠʩ. 4.15 ï ɺʽʜʭʠʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ ʚʽʜ ʥʦʨʤʘʪʠʚʥʦʾ ʜʣʷ ʨʦʙʦʯʦʛʦ ʜʥʷ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚ ʭʤʘʨʥʦʩʪʽ [136] 

 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʽʢ ʟ ʧʽʚʜʝʥʥʦʾ ʩʪʦʨʦʥʠ ʧʨʠʤʽʱʝʥʴ ʚ ʷʩʥʠʡ 

ʜʝʥʴ. ʊʨʝʙʘ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʜʘʥʠʡ ʧʽʢ ʙʽʣʴʰ ʧʨʦʪʷʞʥʠʡ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʜʦ ʚʠʭʽʜʥʠʭ ʜʥʽʚ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʨʦʙʦʯʽ ʜʥʽ ʢʨʽʤ ʩʦʥʷʯʥʠʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʧʨʠʩʫʪʥʽ ʜʦʜʘʪʢʦʚʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ. ɺ ʥʽʯʥʽ ʛʦʜʠʥʠ 
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ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʧʨʠʤʽʱʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʽ ʟ ʧʽʚʜʝʥʥʦʾ ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ 

ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʥʘ 2...3
ʦ
ʉ ʙʽʣʴʰʝ ʥʽʞ ʟʘ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚ ʧʨʠʤʽʱʝʥʥʷ ʧʽʚʥʽʯʥʦʾ 

ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʇʜ ʪʘ ʇʜʉʭ ʥʘʧʨʷʤʢʦʤ ʚʽʪʨʫ. ɺ ʧʦʭʤʫʨʠʡ ʜʝʥʴ 

ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʷʚʠʚʩʷ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʤ, ʷʢʱʦ ʥʝ ʧʨʠʡʤʘʪʠ ʜʦ 

ʫʚʘʛʠ ʚʧʣʠʚʫ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʪʝʧʣʦ ʥʘʜʭʦʜʞʝʥʴ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ [136]. 

ɺ ʥʘʚʯʘʣʴʥʠʭ ʘʫʜʠʪʦʨʽʷʭ ʷʢ ʽ ʚ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʚ ʛʦʜʠʥʠ 

ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʭʦʞʘ ʧʦʚʝʜʽʥʢʘ. ʄʘʶʪʴ ʩʭʦʞʫ ʧʨʦʪʷʞʥʽʩʪʴ ʧʽʢʫ ʚ ʨʦʙʦʯʽ 

ʛʦʜʠʥʠ; ʫ ʚʠʭʽʜʥʽ ʜʥʽ ʧʽʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʠʚʘʻ ʣʠʰʝ ʢʽʣʴʢʘ ʛʦʜʠʥ. ʋ ʥʽʯʥʽ 

ʛʦʜʠʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʟ ʧʽʚʜʝʥʥʦʾ ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʽ ʘʫʜʠʪʦʨʽʾ ʪʘʢʦʞ 

ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʩʫʪʪʻʚʽʰʝ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʴ ʥʘ ʬʦʥʽ 

ʩʫʢʫʧʥʦʾ ʜʽʾ ʨʦʟʛʣʷʥʫʪʠʭ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ. ɹʽʣʴʰ ʪʦʯʥʝ ʚʠʦʢʨʝʤʣʝʥʥʷ ʾʭ 

ʚʧʣʠʚʫ ʥʘʜʘʻ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ [136]. 

 

ʊʘʙʣʠʮʷ 4.1 ï ʇʦʛʦʜʥʽ ʬʘʢʪʦʨʠ ʪʘ ʾʭ ʚʝʣʠʯʠʥʘ [136] 
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4.2.4 ɼʦʙʦʚʽ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʘʥʘʣʽʟ 

 

ɿʘʟʚʠʯʘʡ, ʧʨʠ ʘʥʘʣʽʟʽ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʥʘ ʪʝʧʣʦʚʠʡ ʩʪʘʥ 

ʙʫʜʽʚʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ. ʈʘʟʦʤ ʟ ʪʠʤ ʣʦʢʘʣʴʥʦ ʚʠʤʽʨʷʥʽ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʩʪʘʥ ʤʦʞʫʪʴ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ [176]. ʊʦʤʫ ʧʦʨʷʜ ʟ ʜʦʙʦʚʠʤʠ ʟʤʽʥʘʤʠ ʪʝʤʧʝʨʘʪʫʨ 

ʢʦʥʪʨʦʣʴʥʠʭ ʧʨʠʤʽʱʝʥʴ ʚʠʤʽʨʶʚʘʣʠʩʴ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟ 

ʧʽʚʜʝʥʥʦʾ ʪʘ ʧʽʚʥʽʯʥʦʾ ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʨʤʦʭʥʦʥʥʠʭ ʜʘʪʯʠʢʽʚ, 

ʟʘʭʠʱʝʥʠʭ ʚʽʜ ʚʧʣʠʚʫ ʧʨʷʤʠʭ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ ʪʘ ʜʦʱʫ. ʅʘ ʨʠʩ. 4.16 ʥʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ 

ʭʤʘʨʥʦʩʪʽ [136]. 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʜʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʤʽʨʷʥʘ ʟ ʧʽʚʥʽʯʥʦʾ ʪʘ 

ʧʽʚʜʝʥʥʦʾ ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʚʠʱʘ 

ʥʽʞ ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʝʦʜʘʥʠʭ, ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʭʘʨʘʢʪʝʨ ̔ʜʦʙʦʚʦʾ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʯʘʩʽ. ʇʽʢ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʪʘ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʘʶʪʴ ʟʤʽʱʝʥʥʷ ʚ ʯʘʩʽ, ʱʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʨʦʛʨʽʚʦʤ ʧʦʚʽʪʨʷ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ 

ʩʪʽʥ [136]. 

 

 

ʈʠʩ. 4.16 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʠʤʽʨʷʥʠʭ ʪʘ ʤʝʪʝʦʜʘʥʠʭ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ [136] 
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4.2.5 ʈʦʟʦʩʝʨʝʜʞʝʥʥʷ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ  

 

ʆʙʣʽʢ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ 22 ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ ʚʝʜʝʪʴʩʷ ʥʘ ʚʭʦʜʽ, ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʥʝʟʘʣʝʞʥʘ ʯʝʨʝʟ ʧʣʘʩʪʠʥʯʘʪʠʡ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ. ʉʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʦʜʥʦʪʨʫʙʥʘ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʚʝʨʭʥʴʦʶ 

ʨʦʟʚʦʜʢʦʶ. ɼʣʷ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʣʦʢʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʣʦʢʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚʽʜ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ [182]. 

ʆʩʥʦʚʦʶ ʧʦʛʣʠʙʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʽʚ ʙʫʜʽʚʝʣʴ ʻ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʜʠʥ ʟ ʧʽʜʭʦʜʽʚ 

ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʚʧʣʠʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʟʤʽʥʫ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʚʠʚʯʘʻʪʴʩʷ 

ʤʘʣʦ. ɼʨʫʛʠʡ - ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ 

ʙʫʜʽʚʣʽ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʧʝʨʝʜʙʘʯʘʪʠ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʧʦʚʝʜʽʥʢʠ 

ʙʫʜʽʚʣʽ ʷʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ [34, 69, 177]. ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʧʦʪʨʝʙʫʻ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ (ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʙʽʣʽ ʤʦʜʝʣʽ). 

ɼʨʫʛʠʡ - ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʥʘʢʦʧʠʯʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʯʦʨʥʽ ʤʦʜʝʣʽ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʾʭ ʘʥʘʣʽʟ ʪʘ ʟʤʝʥʰʫʻ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʻʜʥʘʥʥʷ ʜʚʦʭ 

ʚʠʱʝ ʥʘʟʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʦʪʨʠʤʘʣʦ ʩʚʽʡ ʨʦʟʚʠʪʦʢ ʫ ʚʠʢʦʨʠʩʪʘʥʽ ʩʽʨʠʭ ʤʦʜʝʣʝʡ. 

ʇʦʻʜʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʫʜʽʚʣʽ ʜʦʟʚʦʣʠʪʴ ʧʦʻʜʥʘʪʠ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ ʧʨʠʤʽʱʝʥʴ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʉʽʨʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ 

ʫʪʦʯʥʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʘʭʫʥʢʦʚʦ ʾ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ, 

ʚʠʦʢʨʝʤʠʪʠ ʬʘʢʪʠʯʥʠʡ ʚʧʣʠʚ ʦʢʨʝʤʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ [28-32]. 

ɺ ʨʦʟʜʽʣʽ 3.3.1 ʚʠʜʽʣʝʥʦ ʧ'ʷʪʴ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʚʥʫʪʨʽʰʥʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ: ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, 
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ʚʥʫʪʨʽʰʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʧʨʷʤ ʚʽʪʨʫ (ʧʨʝʜʩʪʘʚʣʝʥʽ ʯʝʨʝʟ 

ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ), ʦʧʘʣʝʥʥʷ [182]. 

ʅʘ ʙʘʟʽ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʨʪ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʣʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʧʣʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʤʽʞ ʢʽʤʥʘʪʘʤʠ. ɯʥʪʝʛʨʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʙʫʜʽʚʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʧʦʚʝʨʭʫ 

ʦʪʨʠʤʘʥʘ ʥʘ ʙʘʟʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʨ. ʇʨʠ ʚʠʤʽʨʘʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʨʪ 

ʬʽʢʩʫʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʦʥʴ 

ʨʘʜʽʘʪʦʨʽʚ. ɿ ʧʦʢʘʟʽʚ ʣʽʯʠʣʴʥʠʢʘ ʦʪʨʠʤʘʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʜʘʯʽ ʪʘ ʟʚʦʨʦʪʢʠ ʚ 

ʛʘʨʷʯʦʤʫ ʢʦʥʪʫʨʽ ʪʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʧʫʱʝʥʦʾ ʪʝʧʣʦʪʠ. ʅʦʨʤʘʣʽʟʘʮʽʶ ʟʥʘʯʝʥʴ ʜʣʷ 

ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʧʨʦʚʦʜʠʣʠ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ: ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ætʟʚ= 25 Áʉ, 

ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ætʚʥ = 8 Áʉ, ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ æQ= 1200 ɺʪ, æ(t'-t'')=40ÁC. 

ʉʪʚʦʨʝʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʨʘʜʽʘʪʦʨʘ ʚ 

ʥʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʦʚʝʨʭʫ ʪʘ 

ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʝʨʚʠʥʥʦʤʫ ʢʦʥʪʫʨʽ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʦʜʠʥʠʮʷʭ ʥʘʚʝʜʝʥʘ 

ʥʠʞʯʝ [182]. 

ὸ̑́̅.ά = 0,278 + 0,297ὸ̈̃ 0,221ά+ 0,156(ὸ1
ᴂ ὸ1

ᴂᴂ),  (4.1) 

ʜʝ ὸ̑́̅̓̆̍̐̆̑́̓̔̑́ ̑ ̨́̅́̓̏̑́ ʥʘ ά ʤʫ ʧʦʚʝʨʩ;̔ 

ὸ̈̃ ̨̙̠̈̏̃̎̎ ̓ ̆̍̐̆̑́̓̔̑́ ̐ ̨̠̏̃̓̑; 

ά ̎̏̍̆̑ ̐ ̖̏̃̆̑̔; 

ὸ1
ᴂ,   ὸ1

ᴂᴂ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ʧʝʨʚʠʥʥʦʤʫ ʢʦʥʪʫʨʽ ʫ ʧʦʜʘʚʘʣʴʥʦʤʫ ʪʘ 

ʟʚʦʨʦʪʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. 

 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʨʘʜʽʘʪʦʨʽʚ ʟ 

ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʚʦʜʠʣʠʩʴ ʜʦ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ. 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʘʜʽʘʪʦʨʘ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʦʚʝʨʩʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠ ʨʦʟʧʦʜʽʣʽ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ. ɺʠʟʥʘʯʝʥʫ 

ʧʣʦʱʫ ʨʘʜʽʘʪʦʨʽʚ ʫ ʢʦʞʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʪʘ ʧʦ ʧʦʚʝʨʭʘʤ ʚʠʢʦʨʠʩʪʘʥʥʦ ʧʨʠ 

ʧʝʨʝʨʘʭʫʥʢʫ ʟʘʛʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʽʚʣʽ. ʊʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʤʽʱʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 4.2: 
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ὗὮ=
ὯὮ(ὸ̑ ́̅.ά ὸ̃ .̎Ὦ)

В (Ὧ̃ .̅ά ὸ̑ ́̅.ά ὸ̃ .̎ά
˜̅

+Ὧ̃ .̎ά(ὸ̑ ́̅.ά ὸ̃ .̎ά
˜̎ ))7

ά= 1

ὗ̈ ́̄,  (4.2) 

 

ʜʝ ὗὮ ï ʩʝʨʝʜʥʴʦʜʦʙʦʚʝ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʨʘʜʽʘʪʦʨʽʚ ʚ j-ʪʽʡ ʢʽʤʥʘʪʽ, 

ɺʪ; 

ὯὮ ï ʧʣʦʱʘ ʨʘʜʽʘʪʦʨʘ ʚ j-ʪʽʡ ʢʽʤʥʘʪʽ, ʤ
2
; 

ὸ̑́̅.ά ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʜʽʘʪʦʨʘ ʥʘ m-ʤʫ ʧʦʚʝʨʩʽ, Áʉ; 

ὸ̃ .̎Ὦ ï ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ j-ʪʽʡ ʢʽʤʥʘʪʽ, Áʉ; 

Ὧ̃ .̅ά ,Ὧ̃ .̎ά ï ʧʣʦʱʘ ʨʘʜʽʘʪʦʨʽʚ ʥʘ m-ʤʫ ʧʦʚʝʨʩʽ ʚʽʜʧʦʚʽʜʥʦʾ ʦʨʽʻʥʪʘʮʽʾ, ʤ
2
; 

ὗ̈ ́̄ ï ʟʘʛʘʣʴʥʝ ʩʝʨʝʜʥʴʦʜʦʙʦʚʝ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʽʚʣʽ, ɺʪ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʤʽʞ 

ʢʽʤʥʘʪʘʤʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʟ ʚʠʩʦʪʦʶ ʯʝʨʝʟ 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʜʥʦʪʨʫʙʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ [182]. 

 

4.2.6 ɺʠʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 

 

ʗʢ ʟʛʘʜʫʚʘʣʦʩʴ ʚʠʱʝ, ʩʽʨʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʰʣʷʭʦʤ 

ʧʦʻʜʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʂʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 

ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʩʢʣʘʜʥʦ ʚʠʟʥʘʯʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʦʤʫ ʥʘ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʦʾ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʪʘ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ, ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʤʦʞʥʘ ʫʪʦʯʥʶʚʘʪʠ 

ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ [182]. 

ʇʨʠ ʘʥʘʣʽʟʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ ʙʫʜʽʚʣʽ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʝʦʜʘʥʽ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʥʘʧʨʷʤʫ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ [136, 178, 179], ʘ ʪʘʢʦʞ ʜʘʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ 

ʚʠʤʽʨʷʥʽ ʩʪʚʦʨʝʥʠʤ ʚ ɯʥʩʪʠʪʫʪʽ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʧʨʠʩʪʨʦʻʤ 

ʧʽʨʘʥʦʤʝʪʨʦʤ çʉʈ-ʋ1è, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ ʘʢʪʠʥʦʤʝʪʨʠʯʥʦʾ ʛʨʫʧʠ ʧʨʠʣʘʜʽʚ ʽ 

ʩʣʫʞʠʪʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʜʦʚʛʦʩʪʨʦʢʦʚʠʤ ʙʝʟʧʝʨʝʨʚʥʠʤ 

ʤʦʥʽʪʦʨʠʥʛʦʤ ʨʘʜʽʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʪʤʦʩʬʝʨʠ ʽ ʥʘʢʦʧʠʯʝʥʥʷʤ ʜʘʥʠʭ 
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ʚʠʤʽʨʶʚʘʥʴ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʥʘ ʧʦʭʠʣʫ ʧʦʚʝʨʭʥʶ. ɺʽʥ ʚʠʤʽʨʶʻ 

ʛʫʩʪʠʥʫ ʩʫʤʘʨʥʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʫ ɺʪ/ʤ
2
, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʣʦʱʠʥʫ ʟ ʢʫʪʦʤ 

ʥʘʭʠʣʫ ʜʦ ʛʦʨʠʟʦʥʪʫ ʚʽʜ 0
ʦ
 ʜʦ 90

ʦ
 ʟ ʢʨʦʢʦʤ ʚ 10

ʦ
 [180, 181].  

ɿʘʛʘʣʦʤ ʜʣʷ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ ʤ. ʂʠʻʚʘ ʤʘʢʩʠʤʘʣʴʥʽ ʤʽʞʜʦʙʦʚʽ ʟʤʽʥʠ 

ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʣʷʪʴ 6...10 Áʉ. ɺ ʩʝʨʝʜʥʴʦʤʫ ʤʽʞ ʜʦʙʦʚʽ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʣʷʪʴ 3-4Áʉ [82]. ʐʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʜʣʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʣʘ 2,7 ʤ/ʩ ʟ ʧʝʨʝʚʘʞʥʠʤ ʟʘʭʽʜʥʠʤ ʪʘ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʠʤ  

ʥʘʧʨʷʤʦʤ ʚʽʪʨʫ [153]. [182] 

ʄʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ ʚʽʜʤʽʥʥʽ ʚʽʜ ʪʠʧʦʚʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʦʢʫ. ɿʘʟʚʠʯʘʡ, 

ʧʨʠ ʘʥʘʣʽʟʽ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʥʘ ʪʝʧʣʦʚʠʡ ʩʪʘʥ ʙʫʜʽʚʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʘʢʪʠʯʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ. ʄʝʪʝʦʜʘʥʽ ʱʦʜʦ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʥʘʧʨʷʤʫ ʚʽʪʨʫ, ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʣʠ ʚʟʷʪʽ ʟ ʤʝʪʝʦʩʘʡʪʽʚ [178, 179]. 

ɿʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʜʽʘʧʘʟʦʥʽ -3....+7Áʉ. ʉʝʨʝʜʥʴʦʜʦʙʦʚʽ 

ʟʥʘʯʝʥʥʷ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʢʽʤʥʘʪʫ ʯʝʨʝʟ 

ʩʚʽʪʣʦʧʨʦʟʦʨʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 15 ɺʪ/ʤ
2
 , ʜʣʷ 

ʦʨʽʻʥʪʘʮʽʾ ʚʽʢʦʥ ʥʘ ʧʽʚʥʽʯʥʫ ʩʪʦʨʦʥʫ, ʜʦ 200 ɺʪ/ʤ
2
 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʭʤʘʨʥʦʩʪʽ 

ʜʣʷ ʧʽʚʜʝʥʥʦʾ ʦʨʽʻʥʪʘʮʽʾ [182]. 

ʅʘʢʦʧʠʯʝʥʽ ʬʘʢʪʠʯʥʽ ʜʘʥʽ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʝʩʫʪʴ ʚ ʩʦʙʽ 

ʦʜʥʦʯʘʩʥʠʡ ʚʧʣʠʚ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʚʽʜʦʢʨʝʤʠʪʠ ʚʧʣʠʚ ʢʦʞʥʦʛʦ 

ʬʘʢʪʦʨʫ ʦʢʨʝʤʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʢʽʤʥʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ EnergyPlus, ʷʢʘ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʟʤʽʥʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʨʽʚʥʷ 

ʦʧʘʣʝʥʥʷ ʪʘ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʤʽʱʝʥʥʷ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ 

ʧʦʯʝʨʛʦʚʠʡ ʚʧʣʠʚ ʚʠʜʽʣʝʥʠʭ ʬʘʢʪʦʨʽʚ [71]. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʝ ʧʨʠʤʽʱʝʥʥʷ 

ʤʦʜʝʣʶʚʘʣʦʩʴ ʜʣʷ ʧʽʚʜʝʥʥʦʾ ʪʘ ʧʽʚʥʽʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʥʘ ʨʽʟʥʠʭ ʧʦʚʝʨʭʘʭ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʧʨʠʤʽʱʝʥʴ ʧʝʨʰʦʛʦ ʪʘ ʦʩʪʘʥʥʴʦʛʦ ʧʦʚʝʨʭʫ. ʅʘ ʙʘʟʽ ʟʥʘʯʝʥʴ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʚʦʨʝʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ. ʃʽʥʽʡʥʘ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʥʘʚʝʜʝʥʘ ʚ ʨʦʟʜʽʣʽ 3.4.1, ʬʦʨʤʫʣʘ 3.8 [182]. 
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ɼʘʥʘ ʨʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʨʘʭʦʚʫʻ ʩʝʨʝʜʥʴʦʜʦʙʦʚʽ ʟʤʽʥʠ ʦʧʘʣʝʥʥʷ, 

ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʥʘʧʨʷʤ ʚʽʪʨʫ 

(ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ). 

ɿʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʦʤʫ 

ʚʠʛʣʷʜʽ ʷʚʣʷʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʝʣʘʩʪʠʯʥʦʩʪʽ [182]. 

Ὁʟʚ= 0,251, Ὁὲ= 0,41, Ὁὗίέὰ= 0,142, Ὁὗ= 0,341. 

ɿ ʮʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʥʦʨʤʘʣʽʟʦʚʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʽʪʨʷ ʚ ʢʽʤʥʘʪʽ ʤʘʻ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ [182]. 

ɹʘʛʘʪʦʬʘʢʪʦʨʥʘ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʢʽʤʥʘʪʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʜʣʷ ʦʮʽʥʢʠ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʪʘʢ ʷʢ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʘʪʠ. ʅʘ ʙʘʟʽ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʴ, ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʪʘ ʟʦʚʥʽʰʥʽʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ 

ʚʠʟʥʘʯʝʥʦ ʬʘʢʪʠʯʥʠʡ ʧʦʚʽʪʨʦʦʙʤʽʥ ʦʙʨʘʥʠʭ ʧʨʠʤʽʱʝʥʴ. [182] 

ʋʪʦʯʥʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʦʩʽʥʥʴʦʛʦ ʧʝʨʽʦʜʫ 

(ʞʦʚʪʝʥʴ-ʣʠʩʪʦʧʘʜ 2014 ʨ.), ʢʦʣʠ ʦʧʘʣʝʥʥʷ ʱʝ ʥʝ ʙʫʣʦ ʚʚʽʤʢʥʝʥʝ, ʪʘ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʦʧʘʣʝʥʥʷ [182].  

ʈʦʟʨʘʭʫʥʦʢ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʧʨʦʚʦʜʠʚʩʷ ʜʣʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ 

ʢʽʤʥʘʪ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʨʽʚʝʥʴ ʧʨʠʨʦʜʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʥʷ, ʩʪʘʥʫ ʚʽʢʦʥ ʽ ʪʘʢʝ ʽʥʰʝ): ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ, ʥʘʚʯʘʣʴʥʽ 

ʣʘʙʦʨʘʪʦʨʥʽ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʽ ʘʫʜʠʪʦʨʽʾ. ɼʦʙʦʚʽ ʧʦʛʦʜʠʥʥʽ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʟ ʪʝʨʤʦʭʨʦʥʽʚ ʫʩʝʨʝʜʥʶʚʘʣʠʩʴ. ɸʥʘʣʦʛʽʯʥʦ ʚʠʟʥʘʯʘʣʠʩʴ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʛʦʜʥʠʭ ʫʤʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ, ʰʚʠʜʢʽʩʪʴ, ʥʘʧʨʷʤ 

ʚʽʪʨʫ, ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ) [182]. 

ɺ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʟʘ 

ʧʦʧʝʨʝʜʥʽ ʜʥʽ ʧʨʠʡʤʘʣʦʩʴ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʽ ʥʦʨʤʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ. ɼʣʷ 

ʦʙʨʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʦʚʪʦʨʶʚʘʣʠ ʨʦʟʨʘʭʫʥʢʠ ʟ ʫʪʦʯʥʝʥʥʷʤ 

ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. ɼʘʥʠʡ 

ʧ̔ ʜʭʽʜ ʢʦʨʠʛʫʚʘʚ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʽʩʣʷ ʧʝʨʰʦʾ ʽʪʝʨʘʮʽʾ ʥʘ 0,2-0,3ʛʦʜ
-1
. 

ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʜʽʘʧʘʟʦʥʽ 

0,2....2 ʛʦʜ
-1
 ʜʣʷ ʦʙʨʘʥʠʭ ʧʨʠʤʽʱʝʥʴ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ. 4.17 ʥʘʚʝʜʝʥʦ 



173 

ʨʦʟʨʘʭʦʚʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʨʝʩʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʤʽʥʫ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʦʜʠʥʠʮʷʭ ʜʣʷ ʥʘʚʯʘʣʴʥʠʭ 

ʧʨʠʤʽʱʝʥʴ ʧʽʚʜʝʥʥʦʾ ʪʘ ʧʽʚʥʽʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʩʝʨʝʜʥʽʭ ʧʦʚʝʨʭʘʭ 

ʙʫʜʽʚʣʽ ( 3 ʪʘ 4 ʧʦʚʝʨʭ) [182]. 

 

 

   ʘ)      ʙ) 

ʈʠʩ. 4.17 ï ʈʦʟʨʘʭʫʥʢʦʚʝ ʥʦʨʤʘʣʽʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 

ʜʣʷ ʥʘʚʯʘʣʴʥʠʭ ʘʫʜʠʪʦʨʽʡ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʽʚʜʝʥʥʽʡ (ʘ) ʪʘ ʧʽʚʥʽʯʥʽʡ (ʙ) ʩʪʦʨʦʥʽ 

ʙʫʜʽʚʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ [182] 

 

ʈʦʟʛʣʷʥʫʪʽ ʢʽʤʥʘʪʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʧʽʚʜʝʥʥʫ ʪʘ ʧʽʚʥʽʯʥʫ ʩʪʦʨʦʥʫ ʪʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʩʝʨʝʜʥʴʦʤʫ ʧʦʚʝʨʩʽ ʚ ʩʝʨʝʜʠʥʽ ʙʫʜʽʚʣʽ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʟʜʦʚʞ ʟʦʚʥʽʰʥʴʦʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʩʦʪʠ ʙʫʜʽʚʣʽ (ʧʦʚʝʨʭʫ) ʜʘʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʧʨʦʩʪʝʞʫʚʘʣʘʩʴ ʧʨʠ ʘʥʘʣʽʟʽ ʚʩʽʭ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʴ. ʅʘ ʨʠʩ. 4.18 

ʥʘʚʝʜʝʥʘ ʩʝʨʝʜʥʴʦʜʦʙʦʚʘ ʟʤʽʥʘ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʤʽʥʦʶ 

ʭʘʨʘʢʪʝʨʫ ʚʽʪʨʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʫ [182]. 

ʗʢ ʨʘʥʽʰʝ ʟʛʘʜʫʚʘʣʦʩʴ, ʪʠʧʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʤʽʩʮʝʚʦʩʪʽ 

ʩʪʘʥʦʚʠʪʴ 2,7 ʤ/ʩ. ɿʘ ʬʘʢʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʟʥʘʭʦʜʠʣʘʩʴ ʚ 

ʜʽʘʧʘʟʦʥʽ 0-4 ʤ/ʩ. ɿʘ ʫʤʦʚʠ ʥʘʚʽʪʨʷʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʢʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʙʽʣʷ 4 

ʤ/ʩ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʩʪʘʥʦʚʠʪʴ 2 ʛʦʜ
-1
 (ʨʠʩ. 4.18). ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚʥʦʩʠʪʴ ʩʚʽʡ ʚʧʣʠʚ ʥʘ ʥʘʩʪʫʧʥʽ ʪʨʠ 

ʜʥʽ ʨʦʟʨʘʭʫʥʢʫ, ʜʘʣʽ ʮʝʡ ʚʧʣʠʚ ʟʘʪʫʭʘʻ [182]. 
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    ʘ)      ʙ) 

ʈʠʩ. 4.18 ï ʇʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥʠ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʥʘ ʧʽʚʜʝʥʥʽʡ (ʘ) ʪʘ 

ʧʽʚʥʽʯʥʽʡ (ʙ) ʩʪʦʨʦʥʽ ʙʫʜʽʚʣʽ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʪʨʫ ʪʘ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ 

ʚʩʝʨʝʜʠʥʽ ʪʘ ʟʟʦʚʥʽ ʙʫʜʽʚʣʽ [182] 

 

4.3 ɽʥʝʨʛʝʪʠʯʥʘ ʩʝʨʪʠʬʽʢʘʮʽʷ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ 

 

ʂʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʧʽʜʭʽʜ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ [94] ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʜʦ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʤ. ʂʠʻʚʽ ʪʘ ʽʥʰʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ.  

ʆʜʠʥ ʟ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʻ ʝʥʝʨʛʝʪʠʯʥʘ 

ʩʝʨʪʠʬʽʢʘʮʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʣʘʩ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʥʷʪʪʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʘ ʯʠ ʥʝ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʘ ʙʫʜʽʚʣʷ. 

ʇʠʪʘʥʥʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ 

ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʝ ʫ ʙʶʜʞʝʪʥʽʡ ʩʬʝʨʽ [183-192], ʧʦ-ʧʝʨʰʝ, ʯʝʨʝʟ ʟʥʦʰʝʥʽʩʪʴ 

ʬʦʥʜʫ ʙʫʜʽʚʝʣʴ, ʧʦ-ʜʨʫʛʝ, ʯʝʨʝʟ ʙʨʘʢ ʙʶʜʞʝʪʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ ʥʘ ʧʦʢʨʠʪʪʷ 

ʢʦʤʫʥʘʣʴʥʠʭ ʚʠʪʨʘʪ ʽ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʩʘʥʘʮʽʾ 

ʙʫʜʽʚʝʣʴ [183, 184]. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʦʙôʻʢʪʽʚ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʜʝ 
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ʦʙʩʷʛ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʩʦʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʥʦʛʦ ʞʠʪʝʣʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʫ 1,5ï2 ʨʘʟʠ ʥʠʞʯʠʤ, ʥʽʞ ʫ ʤʽʩʪʘʭ.  

ɹʽʣʴʰʽʩʪʴ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʘ ʩʦʮʽʘʣʴʥʠʤ ʟʘʢʣʘʜʘʤ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʫ ʤʽʩʪʘʭ. 

[183, 184, 186-192] ɿʘʢʣʘʜʠ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʤʘʶʪʴ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ ʧʦʚ'ʷʟʘʥʫ ʟ 

ʦʩʦʙʣʠʚʽʩʪʶ ʤʽʩʮʝʚʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʚ ʧʝʚʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʚʽʜʩʫʪʥʽʡ ʧʨʠʨʦʜʥʽʡ ʛʘʟ, 

ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʻ ʪʚʝʨʜʝ ʧʘʣʠʚʦ (ʜʨʦʚʘ, ʚʫʛʽʣʣʷ), ʘ ʦʧʘʣʶʚʘʣʴʥʘ ʧʣʦʱʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʘʩʪʢʦʚʦ [193]. 

ɯʩʥʫʶʯʘ ʧʨʘʢʪʠʢʘ ʦʧʝʨʫʻ ʣʠʰʝ ʤʽʩʷʯʥʠʤʠ ʧʦʢʘʟʘʤʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʥʦʨʤʘʪʠʚʥʠʭ ʫʤʦʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʫ 

ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʝʣʴ [182]. 

 

4.3.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙ'ʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ 

 

ɺ ʤʽʩʪʽ ʂʠʾʚ ʚ ʨʘʤʢʘʭ ʩʧʽʚʧʨʘʮʽ ʉʦʣʦʤ'ʷʥʩʴʢʦʾ ʨʘʡʦʥʥʦʾ ʜʝʨʞʘʚʥʦʾ 

ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʪʘ ɯʥʩʪʠʪʫʪʦʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʧʨʦʚʦʜʠʣʠʩʴ ʝʥʝʨʛʝʪʠʯʥʽ ʘʫʜʠʪʠ ʜʣʷ ʰʢʽʣ ʪʘ ɼʅɿ ʜʘʥʦʛʦ ʨʘʡʦʥʫ. ɺʩʽ ʦʙ'ʻʢʪʠ 

ʚʽʜʥʦʩʠʣʠ ʜʦ 70-80-ʪʠʭ ʨʦʢʽʚ ʤʘʩʦʚʦʾ ʟʘʙʫʜʦʚʠ ʟ ʢʣʘʩʠʯʥʠʤʠ ʘʨʭʽʪʝʢʪʫʨʥʠʤʠ 

ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʨʽʰʝʥʥʷʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʢʘʤ ʟʘʙʫʜʦʚʠ. 

ɼʦ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʚ ʨʦʟʛʣʷʥʫʪʽʡ ʛʨʫʧʽ ʙʫʜʽʚʝʣʴ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʩʝʨʝʜʥʽʡ 

ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʟʦʚʥʽʰʥʽʭ ʥʝʧʨʦʟʦʨʠʭ ʦʛʦʨʦʜʞʝʥʴ ʩʪʘʥʦʚʠʚ 1ï2,5 ʤ
2
ʂ/ɺʪ 

ɼʝʪʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙ'ʻʢʪʽʚ ʥʘʚʝʜʝʥʘ ʚ ɼʦʜʘʪʢʫ ɺ. ɺʠʪʨʘʪʠ ʥʘ ʦʧʘʣʝʥʥʷ 

ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʽ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʤʽʩʷʯʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ʩʪʘʥʜʘʨʪʦʤ ɼʉʊʋ ɹ ɸ.2.2-12:2015. ɿʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʩʧʦʞʠʚʘʥʥʷ 

ʪʝʧʣʦʪʠ ʥʘ ʦʧʘʣʝʥʥʷ ʜʣʷ ʟʘʢʣʘʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ 50 ʢɺʪĀʛʦʜ/ʤ
3
. 

ʋʢʨʘʾʥʩʴʢʠʡ ʬʦʥʜ ʩʦʮʽʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ (ʋʌʉɯ) ʟʘ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ 

ʋʨʷʜʫ ʅʽʤʝʯʯʠʥʠ ʨʝʘʣʽʟʫʶʪʴ ʧʨʦʝʢʪʠ ʧʦ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʩʦʮʽʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʧʦ 

ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ. ʅʘ ʦʜʥʦʤʫ ʟ ʝʪʘʧʽʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ ʚ ʧʨʦʛʨʘʤʽ ʧʨʠʡʥʷʣʠ 

ʫʯʘʩʪʴ ʤʽʩʪʘ, ʩʤʪ. ʪʘ ʩʝʣʘ ʃʴʚʽʚʩʴʢʦʾ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ, ɺʽʥʥʠʮʴʢʦʾ ʦʙʣʘʩʪʝʡ 
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(ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʥʘʜ 60 ʦʙ'ʢʪʽʚ). ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʙʫʜʽʚʝʣʴ ʦʩʦʙʣʠʚʽ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʘʥʘʣʽʟʫ, ʛʝʦʤʝʪʨʽʾ, ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʛʦʨʦʜʞʝʥʴ, 

ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʘ ʪʠʧʽʚ ʧʘʣʠʚʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙ'ʻʢʪʽʚ 

ʥʘʚʝʜʝʥʘ ʚ ɼʦʜʘʪʢʫ ɹ. ʈʦʟʛʣʷʥʫʪʘ ʛʨʫʧʘ ʙʫʜʽʚʝʣʴ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ. 

ɹʽʣʴʰʽʩʪʴ ʙʫʜʽʚʝʣʴ ʧʦʙʫʜʦʚʘʥʘ ʚ ʧʝʨʽʦʜ 1955ï1990 ʨʨ., ʜʝʷʢʽ ʙʫʜʽʚʣʽ 

ʟʙʫʜʦʚʘʥʽ ʥʘʚʽʪʴ ʥʘʧʨʠʢʽʥʮʽ ʍVIIɯ ʩʪʦʨʽʯʯʷ. ʈʦʟʧʦʜʽʣ ʙʫʜʽʚʝʣʴ ʟʘ ʨʦʢʘʤʠ ʟʘʙʫʜʦʚʠ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.19. 

ɹʽʣʴʰʽʩʪʴ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʨʦʟʛʣʷʜʘʣʠʩʴ ʚ ʨʘʤʢʘʭ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ, - ʮʝ 

ʰʢʦʣʠ ʪʘ ɼʅɿ. ʆʙ'ʻʢʪʠ ʯʘʩʪʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʦʾ ʧʣʦʱʽ, ʱʦ ʧʦʚ'ʷʟʘʥʝ ʟʽ 

ʟʤʝʥʰʝʥʦʶ ʚʽʜʥʦʩʥʦ ʧʨʦʝʢʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʽʣʴʢʽʩʪʶ ʜʽʪʝʡ. ɼʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʦʱ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʚʠʪʨʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʘ 

ʦʪʞʝ, - ʥʘʜʤʽʨʥʠʭ ʚʠʪʨʘʪ ʚ ʙʶʜʞʝʪʥʽʡ ʩʬʝʨʽ [193]. 

 

 
ʈʠʩ. 4.19 ï ʈʦʟʧʦʜʽʣ ʙʫʜʽʚʝʣʴ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʝʢʪʽ ʋʌʉɯ ʟʘ 

ʨʦʢʘʤʠ ʟʘʙʫʜʦʚʠ [193] 

 

ʅʘ ʨʠʩ. 4.20 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʦʟʧʦʜʽʣ ʦʙ'ʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʙʫʜʽʚʝʣʴ. 

ɼʦ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʚ ʨʦʟʛʣʷʥʫʪʽʡ ʛʨʫʧʽ ʙʫʜʽʚʝʣʴ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ 

ʩʝʨʝʜʥʽʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʟʦʚʥʽʰʥʽʭ ʥʝʧʨʦʟʦʨʠʭ ʦʛʦʨʦʜʞʝʥʴ ʩʪʘʥʦʚʠʚ 0,8ï

1,5 ʤ
2
ʂ/ɺʪ (ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʩʪʽʥ 

3,3 ʤ
2
ʂ/ɺʪ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʜʤʽʨʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ 
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ʥʝʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʴ. ɼʝʨʝʚôʷʥʽ ʚʽʢʦʥʥʽ 

ʙʣʦʢʠ ï ʫ ʥʝʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ, ʜʝʨʝʚʠʥʘ ʟʘ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʩʦʭʣʘʩʷ, 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʝʱʽʣʴʥʦʩʪʽ ʤʽʞ ʨʘʤʦʶ ʪʘ ʩʢʣʦʤ. ɺ ʙʘʛʘʪʴʦʭ ʚʽʢʥʘʭ ʚʽʜʩʫʪʥʻ 

ʦʜʥʝ ʩʢʣʦ ʟ ʜʚʦʭ. 

 
ʈʠʩ. 4.20 ï ʈʦʟʧʦʜʽʣ ʦʙ'ʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ [193] 

 

ʅʘ ʨʦʟʛʣʷʥʫʪʠʭ ʦʙ'ʻʢʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʘʩʪʘʨʽʣʽ ʢʦʪʣʠ, ʜʝʷʢʽ ʙʫʜʽʚʣʽ 

ʦʧʘʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʯʝʡ (ʛʨʫʙʦʢ). ʆʩʥʦʚʥʠʡ ʚʠʜ ʧʘʣʠʚʘ ï ʮʝ ʚʫʛʽʣʣʷ ʪʘ 

ʜʨʦʚʘ, ʪʘʢ ʷʢ ʚ ʜʘʥʠʭ ʨʝʛʽʦʥʘʭ ʚʽʜʩʫʪʥʽʡ ʛʘʟ. 

ɹʘʟʦʚʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʧʦʤʽʩʷʯʥʠʤ ʤʝʪʦʜʦʤ 

ʥʘʚʝʜʝʥʠʤ ʚ ʩʪʘʥʜʘʨʪʽ ɼʉʊʋ ɹ ɸ.2.2-12:2015. 

ɿʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʩʝʨʝʜʥʻ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʪʠ ʥʘ ʦʧʘʣʝʥʥʷ 

ʜʣʷ ʟʘʢʣʘʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʩʪʘʥʦʚʠʪʴ 89 ʢɺʪĀʛʦʜ/ʤ
3
 (333 ʢɺʪĀʛʦʜ/ʤ

2
). ʋ ʟʚ'ʷʟʢʫ 

ʟ ʥʝʩʪʘʯʝʶ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʦʪʨʝʙ ʦʧʘʣʝʥʥʷ ʨʽʚʝʥʴ ʚʠʤʦʛ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʧʨʠʤʽʱʝʥʥʷʭ ʯʘʩʪʦ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʽ ʤʦʞʝ ʙʫʪʠ ʥʠʞʯʠʤ ʟʘ ʥʦʨʤʘʪʠʚʥʠʡ ʥʘ 3ï4Áʉ. 

ɹʫʜʠʥʢʠ ʚ ɭʚʨʦʧʽ ʩʴʦʛʦʜʥʽ ʩʧʦʞʠʚʘʶʪʴ 121ï135 ʢɺʪĀʛʦʜ/ʤ
2 
[194]. 

ʈʦʟʢʠʜ ʟʥʘʯʝʥʴ ʧʠʪʦʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʛʦ ʜʦʩʠʪʴ ʟʥʘʯʥʠʡ ʪʘ 

ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 50%. ʅʘ ʨʠʩ. 4.21 ʧʨʠʚʝʜʝʥʽ ʧʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ. 

ʇʠʪʦʤʝ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʘ ʙʫʜʽʚʝʣʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ 50ï140 ʢɺʪĀʛʦʜ/ʤ
3
. ʈʦʟʤʽʨʠ ʨʦʟʛʣʷʥʫʪʠʭ ʙʫʜʽʚʝʣʴ ʨʽʟʥʽ (ʚʽʜ 50 ʜʦ 

25000 ʤ
3
). ʅʘ ʨʠʩ. 4.22 ʥʘʚʝʜʝʥʠʡ ʨʦʟʧʦʜʽʣ ʦʙ'ʻʢʪʽʚ ʟʘ ʧʠʪʦʤʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. 
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ʈʠʩ. 4.21 ï ʇʠʪʦʤʝ ʩʧʦʞʠʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ [193] 

 

 

ʈʠʩ. 4.22 ï ʉʢʦʨʝʛʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʦʙ'ʻʢʪʽʚ ʟʘ ʧʠʪʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ [193] 

 

ɿʘ ʩʫʯʘʩʥʠʤʠ ʚʠʤʦʛʘʤʠ ʥʦʨʤʘ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʩʪʘʥʦʚʠʪʴ: 

31 ʢɺʪĀʛʦʜ/ʤ
3
 ʜʣʷ ʰʢʽʣ, ɼʅɿ ï 36 ʢɺʪĀʛʦʜ/ʤ

3
; ʟʘʢʣʘʜʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ 

(ʘʤʙʫʣʘʪʦʨʽʾ, ʣʽʢʘʨʥʽ, ʬʝʣʴʰʠʨʩʴʢʦ-ʘʢʫʰʝʨʩʴʢʽ ʧʫʥʢʪʠ (ʌɸʇ)) ï 47 ʢɺʪĀʛʦʜ/ʤ
3
. 

ɿʛʽʜʥʦ ʟ ʥʦʨʤʘʤʠ, ʷʢʽ ʜʽʣ̫ʠ ʚ ʧʝʨʽʦʜ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴ [90, 91], ʥʦʨʤʘ 

ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʛʽʦʥʫ, ʦʙ'ʻʤʫ ʙʫʜʽʚʣʽ, ʨʦʢʫ ʧʦʙʫʜʦʚʠ. 

70% ʨʦʟʛʣʷʥʫʪʠʭ ʙʫʜʽʚʝʣʴ ʧʦʙʫʜʦʚʘʥʽ ʚ ʧʝʨʽʦʜ 1970ï1990 ʨʨ., ʜʝʷʢʽ ʙʫʜʽʚʣʽ 

ʟʙʫʜʦʚʘʥʽ ʥʘʚʽʪʴ ʚ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʍɯʍ ʩʪʦʨʽʯʯʷ [193]. 

ɼʣʷ ʙʶʜʞʝʪʥʠʭ ʟʘʢʣʘʜʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʧʽʩʣʷ 1981 ʨʦʢʫ, ʥʦʨʤʘ ʩʧʦʞʠʚʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʙʽʣʴʰʠʣʘʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʙʫʜʽʚʣʷʤʠ, ʟʚʝʜʝʥʠʤʠ ʜʦ 1980 ʨʦʢʫ. ɿʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʦʙ'ʻʤʫ ʙʫʜʽʚʣʽ ʥʦʨʤʦʚʘʥʝ ʧʠʪʦʤʝ ʟʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʟʤʝʥʰʫʻʪʴʩʷ. ɼʣʷ ʃʴʚʽʚʩʴʢʦʾ ʽ ɺʽʥʥʠʮʴʢʦʾ ʦʙʣʘʩʪʽ ʥʦʨʤʠ ʩʧʦʞʠʚʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʦʜʥʘʢʦʚʽ, ʪʘ ʜʝʱʦ ʙʽʣʴʰʽ ʧʦʨʽʚʥʷʥʦ ʟ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʶ ʦʙʣʘʩʪʶ 
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[90, 91], ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ (ʪʘʙʣ. 4.2). ʇʦʨʽʚʥʷʥʦ ʟ 

ʥʦʚʠʤʠ ʜʽʶʯʠʤʠ ʥʦʨʤʘʤʠ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʩʪʘʨʽ ʥʦʨʤʠ ʙʽʣʴʰʽ ʥʘ 10-

15 ʢɺʪĀʛʦʜ/ʤ
3
. 85% ʨʦʟʛʣʷʥʫʪʠʭ ʙʫʜʽʚʝʣʴ ʩʪʘʥʦʚʣʷʪʴ ʰʢʦʣʠ ʪʘ ɼʅɿ. ʊʦʤʫ 

ʜʦʮʽʣʴʥʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʰʢʘʣʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ɼʅɿ ʪʘ 

ʰʢʦʣʠ [193]. 

 

ʊʘʙʣʠʮʷ 4.2 ï ʅʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ,ʷʢʽ ʜʽʷʣʠ ʚ 

ʧʝʨ̔ʦʜ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴ [91] 

ʇʨʠʟʥʘʯʝʥʥʷ 

ʙʫʜʽʚʣʽ ɼʅɿ ʐʢʦʣʠ 

ʆʙ'ʻʤ ʜʦ 5 ʪʠʩ. ʤ
3
 

ʧʦʥʘʜ 5 ʪʠʩ. 

ʤ
3
 ʜʦ 5 ʪʠʩ. ʤ

3
 5-10 ʪʠʩ. ʤ

3
 

ʧʦʥʘʜ 10 

ʪʠʩ. ʤ
3
 

ʈʽʢ ʧʦʙʫʜʦʚʠ 

ʜʦ 

1980 

ʧʽʩʣʷ 

1980 

ʜʦ 

1980 

ʧʽʩʣʷ 

1980 

ʜʦ 

1980 

ʧʽʩʣʷ 

1980 

ʜʦ 

1980 

ʧʽʩʣʷ 

1980 

ʜʦ 

1980 

ʧʽʩʣʷ 

1980 

 

ʢɺʪĀʛʦʜ/ʤ
3
 

ɺʽʥʥʠʮʴʢʘ ʦʙʣ. 49 52 44 48 45 49 40 44 38 41 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ 

ʦʙʣ. 46 50 41 47 43 47 38 42 36 38 

ʃʴʚʽʚʩʴʢʘ ʦʙʣ. 49 53 44 49 45 49 41 44 38 41 

 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʰʢʽʣ ʫ ʚʠʙʽʨʮʽ 32. ʉʝʨʝʜʥʻ ʧʠʪʦʤʝ ʩʧʦʞʠʚʘʥʥʷ ʜʘʥʦʶ 

ʛʨʫʧʦʶ 84 ʢɺʪĀʛʦʜ/ʤ
3
 (ʨʠʩ. 4.3). ɸʥʘʣʽʟʫʶʯʠ ʰʢʦʣʠ ʟʘ ʨʦʢʘʤʠ ʧʦʙʫʜʦʚʠ, ʪʦ 60% 

ʰʢʽʣ ʧʦʙʫʜʦʚʘʥʽ ʚ ʧʝʨʽʦʜ 1960ï1980 ʨʨ. ʅʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʙʫʜʽʚʝʣʴ 

ʧʦʙʫʜʦʚʘʥʠʭ ʜʦ 1980 ʨʦʢʫ ʤʝʥʰʽ ʥʽʞ ʜʣʷ ʙʫʜʽʚʝʣʴ ʟ 1981 ʨʦʢʫ, ʧʦ ʬʘʢʪʠʯʥʠʤ 

ʜʘʥʠʤ ʢʘʨʪʠʥʘ ʦʙʝʨʥʝʥʘ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʙʫʜʽʚʣʽ ʟʙʫʜʦʚʘʥʽ ʚ ʍɯʍ ʩʪʦʨʽʯʯʽ 

ʤʘʶʪʴ ʢʨʘʱʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʛʦʨʦʜʞʝʥʴ, ʪʘ ʟʤʝʥʰʫʶʪʴ ʟʘʛʘʣʴʥʽ 

ʧʦʢʘʟʥʠʢʠ ʬʘʢʪʠʯʥʦʛʦ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ [193].  

ʆʢʨʝʤʦ ʨʦʟʛʣʷʥʫʪʘ ʛʨʫʧʘ ʦʙ'ʻʢʪʽʚ ɼʅɿ. ʄʘʡʞʝ ʚʩʽ ʧʦʙʫʜʦʚʘʥʽ ʜʦ 1981 ʨʦʢʫ 

(80%). ʉʝʨʝʜʥʻ ʧʠʪʦʤʝ ʩʧʦʞʠʚʘʥʥʷ ʜʘʥʦʶ ʛʨʫʧʦʶ 93 ʢɺʪĀʛʦʜ/ʤ
3
 (ʪʘʙʣ. 4.3). 

ɿʘ ʽʥʚʝʩʪʠʮʽʡʥʠʤ ʧʨʦʝʢʪʦʤ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʭʦʜʠ: ʟʘʤʽʥʘ ʩʪʘʨʠʭ 

ʚʽʢʦʥ ʥʘ ʥʦʚʽ ʜʚʦʢʘʤʝʨʥʽ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ ʚʽʢʥʘ ʟ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤ ʧʦʢʨʠʪʪʷʤ, 

ʫʪʝʧʣʝʥʥʷ ʪʘ ʧʝʨʝʢʨʠʪʪʷ ʜʘʭʫ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ ʩʪʨʦʧʠʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʫʪʝʧʣʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ, ʟʘʤʽʥʘ ʢʦʪʣʽʚ. ʇʽʜ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʠʭ 

ʚʽʢʦʥ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʟʚʝʨʪʘʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʩʪʦʩʦʚʥʦ 
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ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʦ ʟʘ ʨʘʭʫʥʦʢ ʫʣʘʰʪʫʚʘʥʥʷ ʧʨʠʧʣʠʚʥʦ-

ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ʪʝʧʣʦʪʠ [193]. 

 

ʊʘʙʣʠʮʷ 4.3 ï ʌʘʢʪʠʯʥʝ ʧʠʪʦʤʝ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʟʘʢʣʘʜʽʚ 

ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ 

ʈʽʢ ʧʦʙʫʜʦʚʠ ʜʦ 1980 ʟ 1980 

ʆʙ'ʻʤ ʜʦ 5 ʪʠʩ. ʤ3 ʚʽʜ 5 ʪʠʩ. ʤ3 ʜʦ 5 ʪʠʩ. ʤ3 ʚʽʜ 5 ʪʠʩ. ʤ3 

 

ʢɺʪĀʛʦʜ/ʤ
3
 

ʐʢʦʣʠ 85 78 85 77 

ɼʅɿ 94 ï 83 ï 

 

ɸʥʘʣʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʨʦʝʢʪʦʤ, ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘʦʱʘʜʠʪʠ 15% ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɿʘʛʘʣʦʤ ʧʦ 60 ʦʙ'ʻʢʪʘʭ ʙʶʜʞʝʪʥʠʭ 

ʫʩʪʘʥʦʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʛʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ, 

ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʨʦʝʢʪʦʤ, ʟʤʝʥʰʫʻʪʴʩʷ ʩʧʦʞʠʚʘʥʥʷ ʥʘ 647 ʪ.ʫ.ʧ. [193]. 

ʇʽʜ ʯʘʩ ʝʥʝʨʛʝʪʠʯʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʟʘʢʣʘʜʽʚ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʪʘʢʦʞ 

ʜʦʜʘʪʢʦʚʽ ʟʘʭʦʜʠ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʪʠʚʥʦʩʪʽ: ʟʘʤʽʥʘ ʟʘʩʪʘʨʽʣʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʥʘ ʩʫʯʘʩʥʽ, ʧʨʦʤʠʚʢʘ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʚʪʦʤʘʪʠʢʠ ʧʦʛʦʜʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʢʣʽʤʘʪ-ʢʦʥʪʨʦʣʴ ʪʦʱʦ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʚʩʽʭ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʚ ʢʦʤʧʣʝʢʩʽ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ 

ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʦʙôʻʢʪʽʚ (ʥʘ 20ï50%) ʪʘ ʟʥʠʟʠʪʴ ʛʨʦʰʦʚʽ ʚʠʪʨʘʪʠ ʥʘ 

ʫʪʨʠʤʘʥʥʷ ʦʙôʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ. ɻʨʫʧʘ ʙʫʜʽʚʝʣʴ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤ. ʂʠʚ̒ʽ 

ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʟʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʞ ʩʦʙʦʶ ʪʘ ʤʘʶʪʴ ʟʥʘʯʥʦ 

ʚʠʱʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʛʨʫʧʦʶ ʦʙ'ʻʢʪʽʚ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ 

ʋʌʉɯ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʥʠʞʥʽʡ ʛʨʘʥʠʮʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʉʧʝʮʠʬʽʢʫ ʮʠʭ 

ʦʙ'ʻʢʪʽʚ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʝʨʪʠʬʽʢʘʮʽʾ. ʎʝ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʰʢʘʣʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ [193]. 

  



181 

4.3.2 ɿʘʜʘʯʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʦʮʽʥʢʘ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʦʜʽʚ ʟ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

 

ɺ ʋʢʨʘʾʥʽ ʥʘʣʽʯʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 98 ʪʠʩʷʯ ʙʶʜʞʝʪʥʠʭ ʟʘʢʣʘʜʽʚ, ʟʦʢʨʝʤʘ, ʟ ʥʠʭ: 

16,4 ʪʠʩ. ï ʜʦʰʢʽʣʴʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ (ɼʅɿ), 19,7 ʪʠʩ. ï ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʠ, 19,2 ʪʠʩ. ï ʙʽʙʣʽʦʪʝʢ, 8,3 ʪʠʩ. ï ʣʽʢʘʨʩʴʢʠʭ ʘʤʙʫʣʘʪʦʨʥʦ-

ʧʦʣʽʢʣʽʥʽʯʥʠʭ ʟʘʢʣʘʜʽʚ, 2,4 ʪʠʩ. ï ʟʘʢʣʘʜʽʚ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ. [194]  

ʆʜʥʠʤ ʟ ʝʣʝʤʝʥʪʽʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ 

ʻ ʝʥʝʨʛʝʪʠʯʥʘ ʩʝʨʪʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ ï ʩʧʦʞʠʚʘʯʽʚ ʨʝʩʫʨʩʽʚ, ʘʙʦ ʝʥʝʨʛʝʪʠʯʥʘ 

ʩʝʨʪʠʬʽʢʘʮʽʷ, ʷʢ ʮʝ ʧʨʠʡʥʷʪʦ ʚ ʩʚʽʪʦʚʽʡ ʪʝʨʤʽʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ ʚ ʩʪʘʥʜʘʨʪʘʭ ɭʉ. 

[16, 17] ɽʥʝʨʛʝʪʠʯʥʘ ʩʝʨʪʠʬʽʢʘʮʽʷ ʙʫʜʽʚʝʣʴ ð ʮʝ ʤʝʪʦʜ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. ʉʝʨʪʠʬʽʢʘʮʽʷ ʙʫʜʽʚʝʣʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ ʦʮʽʥʢʠ ʪʘ ʧʦʨʽʚʥʷʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴ. ʊʘʢʦʞ ʨʝʡʪʠʥʛʦʚʘ ʩʠʩʪʝʤʘ ʩʣʫʛʫʻ ʦʩʥʦʚʦʶ 

ʜʣʷ ʬʽʥʘʥʩʦʚʦ-ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʟʘʦʭʦʯʝʥʥʷ ʘʙʦ ʧʦʢʘʨʘʥʥʷ, ʘ ʦʪʨʠʤʘʥʥʷ ʢʣʘʩʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʪʘ ʩʪʠʤʫʣʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ 

ʝʢʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ, ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʪʦʱʦ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [16, 17, 92, 95] ʩʝʨʪʠʬʽʢʘʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ 

ʙʫʜʽʚʣʽ ʚʢʣʶʯʘʻ ʝʪʘʣʦʥʥʽ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʽ ʬʘʢʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦʙ 

ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʛʣʠ ʧʦʨʽʚʥʷʪʠ ʽ ʦʮʽʥʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʣʽ, ʪʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʱʦʜʦ ʨʝʥʪʘʙʝʣʴʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʦʩʪʘʥʥʴʦʾ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʠ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʧʨʘʚʠʣʘ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ [92], ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʽʜʭʠʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʡʪʠʥʛʫ ʙʫʜʽʚʣʽ 

ʚʽʜ ʥʦʨʤʘʪʠʚʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥʠʮʶ 

ʦʧʘʣʶʚʘʥʦʾ ʦʙ'ʻʤʫ ʙʫʜʽʚʣʽ. [35] ɺ ʪʘʙʣʠʮʽ 4.4 ʥʘʚʝʜʝʥʦ ʰʢʘʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʽʜʭʦʜʽʚ ʩʪʘʥʜʘʨʪʫ [35]. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʚ 

ʋʢʨʘʾʥʽ, ʱʦ ʥʘʩʪʫʧʘʻ ʧʽʩʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʨʽʚʝʥʴ 
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ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽʩʥʫʶʯʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʬʦʥʜʫ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʘʚʠʣʘ 

ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ EN 15217 [16]. 

 

ʊʘʙʣʠʮʷ 4.4 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʙʫʜʽʚʝʣʴ ʟʘ ʝʥʝʨʛʝʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ [92] 

ʂʣʘʩʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ  

ʙʫʜʠʥʢʫ 

ʈʽʟʥʠʮʷ ʫ % ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʡʪʠʥʛʫ ʙʫʜʽʚʣʽ 

qʙʫʜ, ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ, ɽmax ʘʙʦ 

rR , 

[(qʙʫʜ - ɽmax)/ ɽmax,]
.
100% 

ɸ ʤʽʥʫʩ 50 ʪʘ ʤʝʥʰʝ 

B ʚʽʜ ʤʽʥʫʩ 49 ʜʦ ʤʽʥʫʩ 10 

C ʚʽʜ ʤʽʥʫʩ 9 ʜʦ 0 

D ʚʽʜ 1 ʜʦ 25 

E ʚʽʜ 26 ʜʦ 75  

F 76  ʪʘ ʙʽʣʴʰʝ 

 

ɿʛʽʜʥʦ ʟ [16] ʟʘʛʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʰʢʘʣʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʨʤʘʪʠʚʥʠʭ Rr (ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ ʩʫʯʘʩʥʠʭ ʥʦʨʤ ʜʣʷ ʪʠʧʫ ʙʫʜʽʚʣʽ, ʧʨʠʡʤʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟ ɼɹʅ ɺ.2.6-31) ʪʘ 

ʬʘʢʪʠʯʥʠʭ Rs (ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʤʫ ʬʘʢʪʠʯʥʦʤʫ ʧʦʢʘʟʥʠʢʫ ʪʠʧʫ 

ʙʫʜʽʚʣʽ) ʜʘʥʠʭ ʧʨʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʠʧʦʚʠʭ ʙʫʜʽʚʝʣʴ. [16] 

 

ʊʘʙʣʠʮʷ 4.5 ï ʇʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʙʫʜʽʚʝʣʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ EN 15217 [16] 

ʂʣʘʩʠ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʠʥʢʫ 

ʇʨʘʚʠʣʘ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ 

ʢʣʘʩʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 

ɸ rEP < 0,5R  

ɺ r r0,5 R EP < RÖ ¢  

ʉ r r sR EP 0,5 (R + R )¢ < Ö  

D r s s0,5 (R + R ) EP < RÖ ¢  

E s sR EP <1,25 R¢ Ö  

F s s1,25 R EP <1,5 RÖ ¢ Ö 

G s1,5 R EPÖ ¢  

 

ɿʛʽʜʥʦ ʟ ʪʝʭʥʽʯʥʦʶ ʪʝʨʤʽʥʦʣʦʛʽʻʶ, ʧʨʠʡʥʷʪʦʶ ʫ ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʩʪʘʥʜʘʨʪʽ 

ɼʉʊʋ ɹ EN 15217 [16], ʰʢʘʣʘ ʛʨʘʜʘʮʽʾ (ʚʽʜʥʝʩʝʥʥʷ) ʧʠʪʦʤʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ ʫ ʙʫʜʽʚʣʷʭ ʥʘʣʽʯʫʻ 7 ʢʣʘʩʽʚ - ʚʽʜ çɸè ʜʦ çGè. ʇʨʠ ʮʴʦʤʫ, ʤʝʞʽ 
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ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʨʽʟʥʷʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʙʫʜʽʚʣʽ: ʰʢʦʣʘ, ʜʦʰʢʽʣʴʥʘ ʫʩʪʘʥʦʚʘ, 

ʣʽʢʘʨʥʷ, ʪʦʱʦ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʧʦʙʫʜʦʚʠ ʰʢʘʣ ʥʝ ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ 

ʚʞʠʪʢʫ ʫ ʟʚ'ʷʟʢʫ ʚʽʜʩʫʪʥʽʩʪʶ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʭ ʬʘʢʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʠʧʫ 

ʙʫʜʽʚʣʽ.  

ʊʦʤʫ ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʚʚʝʜʝʥʥʷ ʰʢʘʣ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʚ ʋʢʨʘʾʥʽ ʚ 

2016 ʨʦʮʽ ʚ ʩʪʘʥʜʘʨʪʽ [95] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʦʚʘ ʨʽʚʥʦʤʽʨʥʘ ʰʢʘʣʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʝʨʪʠʬʽʢʘʮʽʾ, ʱʦ ʙʣʠʟʴʢʘ ʟʘ ʧʽʜʭʦʜʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʽʚ ʥʘʚʝʜʝʥʠʭ ʚ ʩʪʘʥʜʘʨʪʽ 

[92] (ʨʽʚʥʦʤʽʨʥʘ), ʘʣʝ ʤʘʻ ʥʘ ʚʽʜʤʽʥʥʫ ʚʽʜ [92] ʥʝ 6, ʘ 7 ʢʣʘʩʽʚ [95], ʘʥʘʣʦʛʽʯʥʘ ʜʦ 

ʢʨʘʾʥ ɭʚʨʦʧʠ. ɺ ʪʘʙʣʠʮʽ 4.6 ʥʘʚʝʜʝʥʦ ʰʢʘʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʽʜʭʦʜʽʚ ʩʪʘʥʜʘʨʪʫ [95]. 

 

ʊʘʙʣʠʮʷ 4.6 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʙʫʜʽʚʝʣʴ ʟʘ ʝʥʝʨʛʝʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ [95] 

ʂʣʘʩʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ  

ʙʫʜʠʥʢʫ 

ʈʽʟʥʠʮʷ ʫ % ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʡʪʠʥʛʫ ʙʫʜʽʚʣʽ ɽʈ, 

ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ, ɽmax ʘʙʦ rR , 

[(ɽʈ - ɽʈmax)/ ɽmax,]
.
100% 

ɸ ʤʽʥʫʩ 50 ʪʘ ʤʝʥʰʝ 

B ʚʽʜ ʤʽʥʫʩ 49 ʜʦ ʤʽʥʫʩ 10 

C ʚʽʜ ʤʽʥʫʩ 9 ʜʦ 0 

D ʚʽʜ 1 ʜʦ 25 

E ʚʽʜ 26 ʜʦ 50  

F ʚʽʜ 51 ʜʦ 75 

G 76 ʪʘ ʙʽʣʴʰʝ 

 

ʋ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʘʭ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʜʫʨʫ ʪʘ ʧʦʨʷʜʦʢ 

ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʚʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʷʢ ʥʦʚʠʭ, ʪʘʢ ʽ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ. ʋ ʟʚôʷʟʢʫ ʟ 

ʮʠʤ ʫ ɼʉʊʋ EN 15603:2013 [17] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʪʠʧʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʡʪʠʥʛʽʚ 

ʙʫʜʽʚʝʣʴ: ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʨʝʡʪʠʥʛ. 

ʇʦʙʫʜʦʚʘ ʰʢʘʣ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʪʨʝʙʫʻ ʟʥʘʯʝʥʴ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ, ʩʝʨʝʜʥʴʦʛʦ ʬʘʢʪʠʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʬʘʢʪʠʯʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʦ ʢʘʪʝʛʦʨʽʾ ʙʫʜʽʚʝʣʴ. ɺʽʜʧʦʚʽʜʥʦ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʛʨʫʥʪʫʻʪʴʩʷ 

ʥʝ ʪʽʣʴʢʠ ʥʘ ʧʨʦʝʢʪʥʠʭ ʜʘʥʠʭ, ʘʣʝ ʡ ʥʘ ʚʨʘʭʦʚʘʥʽ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ï ʚʽʜʩʫʪʥʷ.  
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ɿ ʚʠʱʝ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟʫ ʩʣʽʜʫʻ, ʱʦ ʜʣʷ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʚ ʤ. ʂʠʻʚʽ ʢʣʘʩ ʝʥʝʨʛʦʝʬʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʦʤʽʨʥʦʶ ʰʢʘʣʦʶ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ [95]. ʅʘ ʨʠʩʫʥʢʫ 4.23 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʦʙ'ʻʢʪʽʚ ʧʦ 

ʢʣʘʩʘʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦ ʪʘ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ. 

 

 

ʈʠʩ. 4.23 ï ʈʦʟʧʦʜʽʣ ʦʙ'ʻʢʪʽʚ ʟʘ ʢʣʘʩʘʤʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦ ʪʘ ʧʽʩʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ 

 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʰʢʘʣʠ ʝʥʝʨʛʝʪʠʯʥʦʾʩʝʨʪʠʬʽʢʘʮʽʾ ʟʘ ʧʽʜʭʦʜʘʤʠ [95] ʜʦ 

ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ, ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʋʌʉɯ, ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʢʣʘʩ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ "G". ɿʘʭʦʜʠ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʨʦʟʛʣʷʥʫʪʽ ʚ 

ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ, ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʡʪʠ ʜʦ ʢʣʘʩʫ "F" ʚ ʯʘʩʪʠʥʽ ʙʫʜʽʚʝʣʴ, ʘ ʯʘʩʪʠʥʘ 

ʣʠʰʘʻʪʴʩʷ ʙʝʟ ʟʤʽʥ, ʪʦʤʫ ʜʘʥʽ ʙʫʜʽʚʣʽ ʧʦʪʨʝʙʫʶʪʴ ʽʥʰʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʝʨʪʠʬʽʢʘʮʽʾ. 
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4.7.3 ʇʦʙʫʜʦʚʘ ʰʢʘʣʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʰʢʘʣʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʥʘ ʨʦʟʢʠʜ ʤʝʞ 

ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʣʠʚʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ 

ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʅʘ ʨʠʩ. 4.24 ʥʘʚʝʜʝʥʦ ʚʧʣʠʚ ʥʘ ʟʘʛʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ 

ʰʢʘʣʠ ʪʘ ʨʦʟʧʦʜʽʣ ʰʢʘʣʠ ʥʘ ʽʥʪʝʨʚʘʣʠ ʟʤʽʥʠ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ Rr (ʨʠʩ. 4.24,ʘ) 

ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ/ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ Rs (ʨʠʩ. 4.24,ʙ) ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ 

Rr/Rs = {0,3; 0,5; 0,8}[196]. 

 
ʘ)       ʙ) 

ʈʠʩ.4.24 ï ɺʧʣʠʚ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʴ Rr/Rs ʥʘ ʧʦʣʦʞʝʥʥʷ ʢʣʘʩʽʚ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʥʦʨʤʘʪʠʚʥʠʭ ʜʘʥʠʭ (ʘ) ʪʘ ʧʨʠ 

ʚʘʨʽʶʚʘʥʥʽ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ (ʙ) [196] 

 

ɿ ʨʠʩ. 4.24 ʩʣʽʜʫʻ, ʱʦ ʚʘʨʽʘʮʽʾ ʚʝʣʠʯʠʥʠ Rr ʙʽʣʴʰʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ 

ʽʥʪʝʨʚʘʣʽʚ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʰʢʘʣʠ, ʘ ʟʤʽʥʘ Rs ï ʫ ʥʠʞʥʽʡ. ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʯʠʥʘ Rs 

ʧʨʠ ʟʤʽʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ Rr/Rs ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʛʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʰʢʘʣʠ. 

ʊʦʙʪʦ, ʢʦʣʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Rr/Rs ʧʨʷʤʫʻ ʜʦ ʦʜʠʥʠʮʽ, ʨʦʟʢʠʜ ʰʢʘʣʠ ʟʤʝʥʰʫʻʪʴʩʷ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʽʜʭʦʜʽʚ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʻʚʨʦʧʝʡʩʴʢʠʤ ʩʪʘʥʜʘʨʪʦʤ 

ɼʉʊʋ EN 15217:2013 [16] ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʙʫʜʽʚʝʣʴ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʋʌʉɯ 

ʧʦʪʨʘʧʣʷʻ ʚ ʩʝʨʝʜʠʥʫ ʰʢʘʣʠ (ʢʣʘʩ ɽ, D). ɿʘʭʦʜʠ, ʷʢʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʘ ʦʙ'ʻʢʪʘʭ 

ʥʝ ʟʘʚʞʜʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʘʪʥʴʦ ʟʤʝʥʰʠʪʠ ʧʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʭʽʜ ʟ ʢʣʘʩʫ ʚ ʢʣʘʩ, ʪʦʤʫ ʱʦ ʥʝ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʚʠʢʦʥʘʥʘ 

ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ, ʥʝʜʦʪʨʠʤʘʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʜʦ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ. ɼʣʷ 

ʢʨʘʱʦʾ ʦʮʽʥʢʠ ʚʧʨʦʚʘʜʞʝʥʠʭ ʟʘʭʦʜʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʦʟʙʠʪʠ ʢʦʞʝʥ ʢʣʘʩ ʥʘ 
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ʧʽʜʢʣʘʩʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʽʜʭʦʜʘʤ ʩʪʘʥʜʘʨʪʫ [16]. ʆʪʞʝ, ʰʢʘʣʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʤʘʪʠʤʝ 14 ʢʣʘʩʽʚ.  

ʇʨʦʝʢʪ ʋʌʉɯ ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʩʽʣʴʩʴʢʽʡ 

ʤʽʩʮʝʚʦʩʪʽ. ɺ ʢʦʞʥʦʤʫ ʩʝʣʽ ʻ ʰʢʦʣʘ ʪʘ ɼʅɿ. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʙʫʣʘ ʨʦʟʨʦʙʢʘ 

ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʰʢʘʣʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ. ɿ ʚʠʱʝ ʥʘʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʐʢʽʣ ʪʘ ɼʅɿ ʥʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʘʥʘʣʦʛʽʯʥʦ ʽ ʟ 

ʥʦʨʤʘʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʱʦ ʻ ʧʽʜʩʪʘʚʦʶ, ʨʦʟʛʣʷʜʘʪʠ ʚʩʽ ʦʙ'ʻʢʪʠ ʨʘʟʦʤ.  

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʽʜʭʠʣʝʥʴ ɽʈ (ʧʦʢʘʟʥʠʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ï energy 

performance indicator) ʚʽʜ ʣʽʚʦʾ ʤʝʞʽ ʢʣʘʩʫ ʜʣʷ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ: 1) Rr.ʩʝʨ, Rs. ʩʝʨ; 2) Rr 

ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ (Rr = {31, 36, 47}), Rs. ʩʝʨ; 3) Rr, Rs ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ. ʅʘ ʨʠʩ. 4.25 

ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʦʙ'ʻʢʪʽʚ ʧʦ ʚʽʜʭʠʣʝʥʥʷʤ ʜʣʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. 

 

 

ʈʠʩ. 4.25 ï ɺʽʜʭʠʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʚʽʜ ʣʽʚʦʾ ʛʨʘʥʠʮʽ ʢʣʘʩʫ ʧʨʠ ʫʤʦʚʽ, ʱʦ 

Rr.ʩʝʨ, Rs.ʩʝʨ [196] 

 

ɹʽʣʴʰʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʜʽʘʧʘʟʦʥ ʚʽʜʭʠʣʝʥʴ [3...12). ɼʣʷ ʽʥʰʠʭ 

ʚʘʨʽʘʥʪʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ, ʢʦʪʨʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ [0...3), ʘʣʝ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʨʦʟʛʣʷʥʫʪʠʭ ʦʙ'ʻʢʪʽʚ ʧʦʪʨʘʧʣʷʻ ʚ ʛʨʫʧʫ 

ʚʽʜʭʠʣʝʥʴ [6...9) [196].  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʰʢʘʣʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʢʣʘʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ 

ʥʘ 14 ʢʣʘʩʽʚ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʧʨʘʚʠʣʘʤʠ ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣ. 4.7. 
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ʊʘʙʣʠʮʷ 4.7 ï ʇʦʙʫʜʦʚʘ ʰʢʘʣʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʟ ʨʦʟʙʠʚʢʦʶ ʥʘ 14 

ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʂʣʘʩʠ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʠʥʢʫ 

ʇʨʘʚʠʣʘ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʢʣʘʩʽʚ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ɸ rEP < 0,25R  

ɸ* 0,25 r rR EP <0,5R¢  

B 0,5 r rR EP <0,75R¢  

ɺ* r r0,75 R EP < RÖ ¢  

C r r sR EP 0,75R +0,25R¢ <  

ʉ* r s r s0,75R +0,25R EP 0,5 (R + R )¢ < Ö  

D r s s r0,5 (R + R ) EP 0,25R +0,75RÖ ¢ <  

D*  r s0,25R +0,75R EP < R¢  

E s sR EP <1,125 R¢ Ö  

E* s s1,125R EP <1,25 R¢ Ö  

F s s1,25 R EP <1,375 RÖ ¢ Ö 

F* s s1,375 R EP <1,5 RÖ ¢ Ö 

G s s1,5 R EP <1,625 RÖ ¢ Ö 

G* s1,625 R EPÖ ¢  

 

ʅʘ ʨʠʩ. 4.26 ʥʘʚʝʜʝʥʦ ʰʢʘʣʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ 

ʩʬʝʨʠ.  

 

ʈʠʩ. 4.26 ï ʐʢʘʣʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ [196] 
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ɿʘ ʧʨʦʝʢʪʦʤ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʝʥʝʨʛʦʟʙʽʛʘʶʯʠʭ 

ʟʘʭʦʜʽʚ: ʟʘʤʽʥʘ ʚʽʢʦʥ ʥʘ ʜʚʦʢʘʤʝʨʥʽ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʩʢʣʦʧʘʢʝʪʠ; ʟʘʤʽʥʘ ʚʭʽʜʥʠʭ 

ʜʚʝʨʝʡ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʠʤʠ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʢʫʧʝʨʘʪʦʨʽʚ ʪʝʧʣʦʪʠ ʫ ʢʦʨʠʜʦʨʘʭ, 

ʩʧʦʨʪʠʚʥʠʭ ʪʘ ʘʢʪʦʚʠʭ ʟʘʣʘʭ; ʧʝʨʝʢʨʠʪʪʷ ʜʘʭʫ ʟ ʟʘʤʽʥʦʶ ʩʪʨʦʧʠʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʘ 

ʡʦʛʦ ʫʪʝʧʣʝʥʥʷʤ; ʟʘʤʽʥʘ ʘʙʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʢʦʪʣʽʚ; ʨʝʢʦʥʩʪʨʫʢʮʽʷ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. ʊʘʢʦʞ ʟʘ ʧʨʦʝʢʪʦʤ ʥʘ ʜʝʷʢʠʭ ʦʙ'ʻʢʪʘʭ ʧʝʨʝʜʙʘʯʝʥʦ ʫʪʝʧʣʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʘʣʝʥʥʷ, ʽ ʪ.ʜ. 

ʇʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʨʦʝʢʪʦʤ 

ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʚʽʜʩʦʪʦʢ ʝʢʦʥʦʤʽʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ (ʨʠʩ. 4.27).  

 
 

ʈʠʩ.4.27 ï ʈʽʚʝʥʴ ʝʢʦʥʦʤʽʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʫ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ [196] 

 

ɽʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʟʘʭʦʜʠ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʢʦʤʧʣʝʢʩʽ ʤʘʶʪʴ ʙʽʣʴʰʠʡ 

ʝʬʝʢʪ, ʥʽʞ ʢʦʣʠ ʾʭ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʧʦʦʜʠʥʦʢʦ. ʅʘ ʨʠʩ. 4.18 ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ 

ʧʦʢʘʟʘʥʦ ʜʽʘʧʘʟʦʥ ʝʢʦʥʦʤʽʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʫ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʥʘ ʨʽʟʥʠʭ ʦʙ'ʻʢʪʽʚ. ɺ ʜʽʘʧʘʟʦʥ 15-25% ʦʯʽʢʫʚʘʥʦʾ 

ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʧʦʪʨʘʧʣʷʻ 

ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ [196].  
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ʅʘ ʨʠʩ. 4.28 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʦʙ'ʻʢʪʽʚ ʟʘ ʚʽʜʩʦʪʢʦʤ ʝʢʦʥʦʤʽʾ ʧʽʩʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʨʦʝʢʪʦʤ ʟʘʭʦʜʽʚ. 

 

 
ʈʠʩ.4.28 ï ʈʦʟʧʦʜʽʣ ʦʙ'ʻʢʪʽʚ ʟʘ ʚʽʜʩʦʪʢʦʤ ʝʢʦʥʦʤʽʾ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʠʭ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ [196] 

 

ʅʘ ʨʠʩ. 4.29 ʥʘʚʝʜʝʥʘ ʟʤʽʥʘ ʧʠʪʦʤʦʛʦ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʧʦ ʦʙ'ʻʢʪʘʤ ʜʦ ʪʘ 

ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ (ɽɿɿ). ɻʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ 

ʥʘʥʝʩʝʥʽ ʛʨʘʥʠʮʽ ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

 

 

ʈʠʩ. 4.29 ï ʇʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʜʦ ʪʘ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʥʝʨʛʦʟʙʝʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʪʘ ʤʝʞʽ ʢʣʘʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ [196] 

 

ʅʘ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʢʣʘʩ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʢʨʘʱʫʻʪʴʩʷ 

ʥʘ ʦʜʥʫ ʩʭʦʜʠʥʢʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʰʢʘʣʠ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʢʣʘʩ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʶʜʞʝʪʥʠʭ ʟʘʢʣʘʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʰʢʘʣʘ 
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ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʦʢʨʘʱʝʥʥʷ ʢʣʘʩʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʤʘʣʦʤʫ ʧʦʩʪʫʧʽ ʚʽʜ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ [196]. 

 

4.4 ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʥʷ 

ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ ɺʅɿ 

 

ɹʽʣʴʰʽʩʪʴ ʙʶʜʞʝʪʥʠʭ ʟʘʢʣʘʜʽʚ ʬʫʥʢʮʽʦʥʫʶʪʴ ʟʘ ʨʦʟʢʣʘʜʦʤ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʫ ʥʠʭ ʧʝʨʩʦʥʘʣʫ ʪʘ ʚʽʜʚʽʜʫʚʘʯʽʚ ʧʨʦʪʷʛʦʤ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʝʨʽʦʜʫ ʫʧʨʦʜʦʚʞ ʜʦʙʠ. ʊʦʙʪʦ, ʢʦʤʬʦʨʪʥʽ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʽ 

ʫʤʦʚʠ ʜʣʷ ʾʭ ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʥʘ ʮʝʡ ʧʝʨʽʦʜ ʯʘʩʫ ʽ 

ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʯʝʨʛʦʚʦʛʦ ʛʨʘʬʽʢʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ, 

ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʙʫʜʽʚʣʝʶ ʫ ʥʝ 

ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʟʘʢʣʘʜʫ [152, 197]. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʨʝʞʠʤʽʚ 

ʦʧʘʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝʧʣʦʚʫ ʽʥʝʨʮʽʶ ʦʛʦʨʦʜʞʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʝ ʻ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ ʪʘ ʾʾ ʚʧʣʠʚ ʥʘ ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ [152]. ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʙʫʜʽʚʝʣʴ.  

ɼʣʷ ɺʅɿ ʉʫʤɼʋ ʩʪʚʦʨʝʥʦ ʪʘ ʧʝʨʝʜʘʥʦ ʪʨʠ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ, ʘ ʩʘʤʝ: 5R1C 

(ʨʠʩ. 2.2.), 9R2C (ʨʠʩ. 4.30) ʪʘ 9R2C (ʨʠʩ. 4.31). ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʦʚʠʭ ʤʦʜʝʣʝʡ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʧʣʦʚʦʾ ʩʠʩʪʝʤʠ [20], ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʘʢʪʠʚʥʽ ʪʝʨʤʽʯʥʽ ʦʧʦʨʠ, 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʽ ʫʩʽʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ [198]. 

ʊʝʨʤʽʯʥʠʡ ʦʧʽʨ ʥʝʧʨʦʟʦʨʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʟʥʘʯʝʥʦ ʟʘ 

ʚʠʨʘʟʦʤ (ʢ/ɺʪ): 

Rʦ F

d

l
=
Ö

,    (4.3) 

ʜʝ ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤ ʂ); 

ŭ - ʪʦʚʱʠʥʘ ʦʛʦʨʦʜʞʝʥʥʷ, ʤ. 
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F - ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʝʥʥʷ, ʤ
2
. 

ʂʦʥʚʝʢʪʠʚʥʽ ʦʧʦʨʠ ʪʝʧʣʦʦʙʤʽʥʫ: 

1
Rʢ Fʢa
=

Ö
,          

1
Rʥʩ Fʥʩa
=

Ö
,    (4.4) 

ʜʝ Ŭʢ ʪʘ Ŭʥʩ ï ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʪʘ 

ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʷʭ, ɺʪ/(ʤ
2
 ʂ). 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʥʝʧʨʦʟʦʨʠʭ ʝʣʝʤʝʥʪʽʚ ʦʛʦʨʦʜʞʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

C F cʦ ʦ ʦd r= Ö Ö Ö,     (4.5) 

ʜʝ ɟ0 ʪʘ c0 ï ʛʫʩʪʠʥʘ ʪʘ ʧʠʪʦʤʘ ʤʘʩʦʚʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʦʛʦʨʦʜʞʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʚʽʜʧʦʚʽʜʥʦ ʢʛ/ʤ
3
 ʪʘ ɼʞ/(ʢʛ ʂ). 

ʊʝʧʣʦʚʠʡ ʦʧʽʨ ʚʽʢʦʥʥʠʭ ʪʘ ʜʚʝʨʥʠʭ ʦʪʚʦʨʽʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʟʥʘʯʝʥʥʷ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘ ʚʞʝ ʚʨʘʭʦʚʫʻ ʢʦʥʚʝʢʪʠʚʥʠʡ ʦʧʽʨ ʪʝʧʣʦʦʙʤʽʥʫ 

,
r

Rʦ F
=

      (4.6)
 

r - ʪʠʧʦʚʠʡ ʦʧʽʨ ʦʛʦʨʦʜʞʝʥʥʷ ʟ ʩʪʘʥʜʘʨʪʽʚ [92], (ʂ ʤ2)/ɺʪ,  

ʊʝʧʣʦʻʤʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʉ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ:  

C V cʦ r= Ö Ö,      (4.7) 

ʜʝ V ï ʦʙôʻʤ ʧʦʚʽʪʨʷ ʫ ʢʽʤʥʘʪʽ, ʤ
3
; 

ɟ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ, ʢʛ/ʤ
3
; 

c ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ, ɼʞ/(ʢʛ ʂ). 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟʥʘʯʥʦ ʤʝʥʰʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʦʛʦʨʦʜʞʝʥʥʷʤʠ, ʪʦʤʫ ʜʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ɻʝʦʤʝʪʨʠʯʥʽ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʛʣʷʥʫʪʦʛʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ 

ʧʨʠʤʽʱʝʥʥʷ ʉʫʤɼʋ ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 2.1. ʅʘ ʙʘʟʽ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ ISO EN 
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13790:2011 [23] ʩʪʚʦʨʝʥʘ ʩʽʪʢʦʚʘ ʤʦʜʝʣʴ 5R1C (ʨʠʩ. 2.2) ʜʣʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ 

ʧʨʠʤʽʱʝʥʥʷ. 

ʈʦʟʚʠʥʝʥʦ ʩʽʪʢʦʚʫ ʤʦʜʝʣʴ ʢʽʤʥʘʪʠ, ʜʝ ʨʦʟʜʽʣʝʥʽ ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ 

ʥʝʧʨʦʟʦʨʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 4.30).  

ʄʦʜʝʣʽ ʥʘ ʨʠʩ. 4.30-4.31 ʪʘ 2.2 ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʷʢʽʩʥʝ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʽʜʭʦʜʽʚ ʪʠʧʦʚʠʭ ʜʣʷ ʋʢʨʘʾʥʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʉʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʙʘʣʘʥʩʽ 

ʢʽʤʥʘʪʠ ʤʘʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʚ ʛʦʜʠʥʠ ʧʽʢʦʚʦʾ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʅʘ ʨʠʩ. 4.31 

ʥʘʚʝʜʝʥʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʢʽʤʥʘʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ 

ʪʘ/ʘʙʦ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʟ ʚʨʘʭʫʚʘʥʥʷ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʚ 

ʟʦʥʫ ʢʽʤʥʘʪʠ. ʉʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʤʝʭʘʥʽʟʤ ʨʦʟʧʦʜʽʣʫ: 

ʯʘʩʪʠʥʘ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʶ, ʘ ʯʘʩʪʠʥʥʘ ʜʦ ʤʘʩʠʚʫ 

ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ. 

 

ʈʠʩ. 4.30 ï ʄʦʜʝʣʴ ʜʝʚ'ʷʪʴ ʦʧʦʨʽʚ, ʜʚʽ ʻʤʥʦʩʪʽ (9R2C) 
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ʈʠʩ. 4.31 ï ʄʦʜʝʣʴ ʜʝʚ'ʷʪʴ ʦʧʦʨʽʚ, ʜʚʽ ʻʤʥʦʩʪʽ (9R2C) ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ 

 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʧʨʠʤʽʱʝʥʥʷ, ʧʝʨʽʦʜʫ ʨʦʢʫ ʪʘ ʩʢʣʘʜʥʦʩʪ̔ 

ʬʽʢʩʫʚʘʥʥʷ/ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥ̫ ʦʧʘʣʝʥʥʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʤʦʜʝʣʴ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.30-4.31. 

ɼʠʥʘʤʽʯʥʽ ʩʽʪʢʦʚʽ ʤʦʜʝʣʽ ʢʽʤʥʘʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʙʘʟʽ ʥʘʩʪʫʧʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʜʫʢʪʽʚ: Mathcad, Micro-Cap, MATLAB . ʉʪʚʦʨʝʥʽ ʤʦʜʝʣʽ ʧʝʨʝʜʘʥʽ ʜʦ ʩʣʫʞʙʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʉʫʤɼʋ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʧʦʩʪʽʡʥʠʭ ʪʘ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʨʝʞʠʤʽʚ ʦʧʘʣʝʥʥʷ, ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʪʘʥʫ ʧʨʠʤʽʱʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ɺ ʨʦʟʜʽʣʽ 4 ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʦʙ'ʻʢʪʽʚ: ʥʘʚʯʘʣʴʥʠʡ ʢʦʨʧʫʩ ʂʇɯ ʽʤ. ɯʛʦʨʷ 
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ʉʽʢʦʨʩʴʢʦʛʦ ʪʘ ʉʫʤɼʋ, ʦʙ'ʻʢʪʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤ. ʂʠʻʚʽ 

ʪʘ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ. 

1. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʾ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʤʦʜʝʣʽ ʢʽʤʥʘʪʠ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ EnergyPlus ʦʧʨʘʮʴʦʚʘʥʽ 

ʤʝʪʦʜʠ ʪʘ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ 

ʙʫʜʽʚʝʣʴ, ʥʘ ʧʨʠʢʣʘʜʽ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ɺʨʘʭʦʚʘʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʦʣʦʥʢʠ ʪʘ ʟʤʽʥʠ ʧʦʛʦʜʥʠʭ ʫʤʦʚ.  

ʈʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥ ʪʘ 

ʚʠʟʥʘʯʝʥʦ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʫʤʦʚʠ ʧʦʩʪʽʡʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ 

ʜʦʙʦʚʠʡ ʛʨʘʬʽʢ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʧʦʯʠʥʘʻ ʧʨʦʩʽʜʘʪʠ, ʪʦʤʫ 

ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʛʨʘʬʽʢʘ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ 

ʙʘʟʦʚʦʛʦ ʦʧʘʣʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ ʨʽʚʥʝʤ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʌʦʨʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʝʨʥʝʥʥʷ ʜʦ 

ʢʦʤʬʦʨʪʥʦʛʦ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʙʝʟ ʟʘʧʽʟʥʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʤʝʥʰʝ ʧʨʦʩʽʜʘʥʥʷ ʛʨʘʬʽʢʫ ʜʦʙʦʚʦʾ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ʇʦʪʨʽʙʥʦ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʬʦʨʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʟʘʧʘʩʫ 

ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʪʦʤʫ ʨʽʚʝʥʴ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʝʨʦʙʦʯʽ 

ʛʦʜʠʥʠ ʤʘʻ ʨʷʜ ʦʙʤʝʞʝʥʴ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʛʨʘʬʽʢʽʚ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʨʦʙʦʪʽ 

ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʪʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ 2-9% ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʪʠʧʫ ʙʫʜʽʚʝʣʴ ʤʘʩʦʚʦʾ ʟʘʙʫʜʦʚʠ. 

2. ʆʪʨʠʤʘʥʥʽ ʬʘʢʪʠʯʥʽ ʜʘʥʥʽ ʟʥʘʯʝʥʴ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ 

ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʧʣʠʚʫ ʨʷʜʫ 

ʬʘʢʪʦʨʽʚ. ɺʦʥʠ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʪʝʩʪʫʚʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʶ 

ʧʦ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ, ʟʘ ʧʝʚʥʽ ʧʝʨʽʦʜʠ 2003-2014 ʨʨ. 

ɺʠʟʥʘʯʝʥʦ ʢʽʣʴʢʽʩʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʜʽʘʧʘʟʦʥʫ ʪʘ ʨʽʚʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠʤʽʱʝʥʴ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ, ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʜʣʷ 
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ʙʫʜʽʚʣʽ ʚ ʮʽʣʦʤʫ ʪʘ ʜʣʷ ʦʢʨʝʤʠʭ ʛʨʫʧ ʧʨʠʤʽʱʝʥʴ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ. ʉʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʢʦʨʧʫʩʽ ʢʦʣʠʚʘʣʘʩʴ ʚ ʤʝʞʘʭ 

15-17
ʦ
ʉ, ʘ ʧʦ ʛʨʫʧʘʤ ʧʨʠʤʽʱʝʥʴ: ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ï 17-22

ʦ
ʉ; ʥʘʚʯʘʣʴʥʽ - 15-18

ʦ
ʉ; 

ʣʘʙʦʨʘʪʦʨʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʽ ï 13-16
ʦ
ʉ ; ʢʦʤʧ'ʶʪʝʨʥʽ ʢʣʘʩʠ ï 14-16

ʦ
ʉ. ɿ ʧʦʥʠʞʝʥʥʷʤ 

ʧʦʚʝʨʭʫ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʥʠʭ ʧʨʠʤʽʱʝʥʴ ʧʦʥʠʞʫʻʪʴʩʷ ʥʘ 

0,5
ʦ
ʉ. 

3. ɿʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʜʦʙʦʚʦʾ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʢʦʥʪʨʦʣʴʥʠʭ ʧʨʠʤʽʱʝʥʴ ʜʣʷ 

ʢʦʞʥʦʾ ʛʨʫʧʠ ʚʠʟʥʘʯʝʥʦ ʩʫʢʫʧʥʠʡ ʚʧʣʠʚ ʦʧʘʣʝʥʥʷ, ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʚʥʫʪʨʽʰʥʽʭ 

ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʴ ʥʘ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʪʘ ʢʦʣʠʚʘʥʥʷ ʚ ʯʘʩʽ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʽʱʝʥʴ. 

ɺʽʜʭʠʣʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʚʽʜ ʩʝʨʝʜʥʽʭ ʜʦʙʦʚʠʭ ʟʥʘʯʝʥʴ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʚ ʤʝʞʘʭ 0,5...2,5
ʦ
ʉ ʪʘ ʧʦ ʤʘʢʩʠʤʫʤʫ ï ʜʦ 6

ʦ
ʉ. ɺ ʥʘʚʯʘʣʴʥʠʭ 

ʘʫʜʠʪʦʨʽʷʭ ʪʘ ʚ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʚ ʛʦʜʠʥʠ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʘʻ 

ʤʽʩʮʝ ʩʭʦʞʘ ʧʦʚʝʜʽʥʢʘ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ 

ʧʨʦʪʷʞʥʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʙʦʯʽ ʛʦʜʠʥʠ ʟʥʘʯʥʦ ʙʽʣʴʰʘ (4-5 ʛʦʜʠʥ) ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤʠ ʜʥʷʤʠ,ʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʽʢ ʙʽʣʴʰ ʛʦʩʪʨʠʡ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʟʤʽʥʫ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʥʷ: ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ - 2...4
ʦ
ʉ; ʛʨʘʬʽʢ ʦʧʘʣʝʥʥʷ 

- 2...3
ʦ
ʉ; ʨʝʞʠʤ ʨʦʙʦʪʠ (ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʣʶʜʝʡ) ï 1,5...2

ʦ
ʉ; ʜʦʜʘʪʢʦʚʽ 

ʦʙʽʛʨʽʚʘʯʽ ï 2...3
ʦ
ʉ. 

4. ʃʦʢʘʣʴʥʦ ʚʠʤʽʨʷʥʘ ʟʦʚʥʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʟ ʧʽʚʜʝʥʥʦʾ ʪʘ ʧʽʚʥʽʯʥʦʾ 

ʩʪʦʨʦʥʠ ʙʫʜʽʚʣʽ ʚʠʱʘ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʨʠʤʘʥʦʾ ʟ ʤʝʪʝʦʜʘʥʠʭ, ʱʦ 

ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʬʘʢʪʠʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʙʘʣʘʥʩʠ ʙʫʜʽʚʣʽ ʟʘ ʚʠʤʽʨʷʥʠʤʠ ʜʘʥʠʤʠ. 

5. ʅʘ ʙʘʟʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʬʘʢʪʦʨʠ, ʷʢʽ ʥʘʡʙʽʣʴʰ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʥʫʪʨʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ. ʅʘ ʦʩʥʦʚʽ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ EnergyPlus ʜʦʩʣʽʜʞʝʥʦ ʚʽʜʦʢʨʝʤʣʝʥʠʡ 

ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʫ ʪʘ ʧʦʙʫʜʦʚʘʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. ʅʘ ʙʘʟʽ ʩʪʚʦʨʝʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʧʨʦʚʝʜʝʥʦ ʫʪʦʯʥʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ. ʂʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʻ ʟʘʣʝʞʥʦʶ ʚʝʣʠʯʠʥʦʶ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ: ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ ʚʩʝʨʝʜʠʥʽ ʪʘ ʟʟʦʚʥʽ ʙʫʜʽʚʣʽ, ʰʚʠʜʢʦʩʪʽ ʽ ʥʘʧʨʷʤʫ ʚʽʪʨʫ, 
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ʚʽʪʨʦʚʦʛʦ ʪʠʩʢʫ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 

ʢʦʣʠʚʘʣʘʩʴ ʚ ʜʽʘʧʘʟʦʥʽ 0,2....2 ʛʦʜ
-1
. 

6. ʈʦʟʛʣʷʥʫʪʽ ʛʨʦʤʘʜʩʴʢʽ ʙʫʜʽʚʣʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤ. ʂʠʻʚʽ, ʱʦ ʤʘʶʪʴ 

ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʨʠʩʥʦʾ ʧʣʦʱʽ. ʅʘ ʙʘʟʽ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ [94] ʚʠʟʥʘʯʝʥʦ ʧʠʪʦʤʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʜʦ ʪʘ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʪʘ ʚʠʟʥʘʯʝʥʦ ʢʣʘʩ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʙʘʟʽ ʧʽʜʭʦʜʽʚ [95]. 

ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʪʘʥ ʙʽʣʴʰ ʥʽʞ 60 ʪʠʧʦʚʠʭ ʛʨʦʤʘʜʩʴʢʠʭ 

ʙʫʜʽʚʝʣʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ɺʽʥʥʠʮʴʢʦʾ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʪʘ 

ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʱʦ ʤʘʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙ'ʻʢʪʘʤʠ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚ ʤ. ʂʠʻʚʽ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʮʽʥʝʥʦ 

ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ 

çʉʧʨʠʷʥʥʷ ʨʦʟʚʠʪʢʫ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠè, ʥʘʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʪʠʚʥʦʩʪʽ. ɺʠʚʝʜʝʥʥʷ 

ʧʦʜʽʙʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʨʽʚʝʥʴ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʧʦ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʦʙʩʷʛʽʚ ʬʽʥʘʥʩʫʚʘʥʥʷ, ʷʢʽ ʟʘ ʩʫʯʘʩʥʠʭ ʫʤʦʚ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʙʝʟʧʝʯʝʥʽ ʦʜʥʦʯʘʩʥʦ, ʽ ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ ʙʫʜʫʪʴ ʟôʷʚʣʷʪʠʩʷ ʧʦʝʪʘʧʥʦ. ɺʨʘʭʫʚʘʥʥʷ 

ʮʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʠʪʴ ʩʪʚʦʨʝʥʘ ʩʧʝʮʽʘʣʴʥʘ ʰʢʘʣʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ 

ʜʘʥʦʾ ʛʨʫʧʠ, ʷʢʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʪʝʞʠʪʠ ʪʘ ʫʪʦʯʥʠʪʠ ʢʣʘʩ ʚ ʧʨʦʮʝʩʽ 

ʧʦʝʪʘʧʥʦʾ ʪʝʨʤʦʤʦʜʝʨʥʠʽʟʘʮʽʾ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʮʽʥʝʥʦ ʨʽʚʝʥʴ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʟʘʭʦʜʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʽʜʭʦʜʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʥʝʚʝʣʠʢʠʭ ʤʽʩ ʪʘ ʩʝʣʠʱ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʰʢʘʣʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʧʝʨʝʜʘʥʽ ʜʦ ʬʦʥʜʫ ʋʌʉɯ 

ʪʘ ʩʝʣʠʱʥʠʤ ʪʘ ʤʽʩʴʢʠʤ ʛʨʦʤʘʜʘʤ, ʷʢʽ ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ ʧʨʦʝʢʪʽ. 

7. ɼʣʷ ʉʫʤɼʋ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʜʠʥʘʤʽʯʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʽʟʫ 

ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ ʜʣʷ ʧʦʩʪʽʡʥʠʭ ʪʘ 

ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʨʝʞʠʤʽʚ ʦʧʘʣʝʥʥʷ. ɼʘʥʽ ʤʦʜʝʣʽ ʧʝʨʝʜʘʥʽ ʚ ʩʣʫʞʙʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʫʥʽʚʝʨʩʠʪʝʪʫ.  
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ɺʀʉʅʆɺʂʀ 

 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʤʽʩʪʠʪʴ ʥʦʚʽ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʘʥʘʣʽʟʫ ʙʫʜʽʚʝʣʴ ʷʢ 

ʩʢʣʘʜʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥ ̔ʥʘʩʪʫʧʥʽ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʦʪʨʠʤʘʣʠ ʨʦʟʚʠʪʦʢ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʫʪʦʯʥʝʥʥʷ ʨʦʟʜʽʣʝʥʥʷ ʪʝʧʣʦʽʥʝʨʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʦʨʦʜʞʝʥʴ ʙʫʜʽʚʣʽ, ʟʤʽʥʠ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʨʦʟʙʽʞʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʚ ʫʤʦʚʘʭ ʢʨʘʾʥ ʟ ʨʽʟʢʦʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤ 

ʢʣʽʤʘʪʦʤ. 

2. ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ, 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʫʜʽʚʝʣʴ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʨʘʭʫʥʢʫ.  

ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ɽ+ ʪʘ 5R1C (ʧʦʛʦʜʠʥʥʠʡ ʨʦʟʨʘʭʫʥʦʢ) ʜʘʶʪʴ ʤʘʡʞʝ 

ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʜʣʷ ʦʧʘʣʝʥʥʷ, ʚʽʜʤʽʥʥʽʩʪʴ ʜʦ 4-8%, ʚ ʨʝʞʠʤʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ï ʜʦ 16-18% ʟ ʜʘʥʠʤʠ ʢʣʽʤʘʪʦʣʦʛʽʾ IWEC. ʇʦʨʽʚʥʷʥʥʷ ʮʠʭ ʜʘʥʠʭ ʜʣʷ 

ʧʝʨʽʦʜʫ ʦʧʘʣʝʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʘ ɼʉʊʋ-ʅ ɹ ɸ.2.2-5:2007 ʪʘ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʘ ɼʉʊʋ ɹ ɸ.2.2-12:2015 ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥ̔ ʙʫʜʽʚʝʣʴʥʦʾ ʢʣʽʤʘʪʦʣʦʛʽʾ ʋʢʨʘʾʥʠ, ʜʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʜʦ 15% ʪʘ 15-

25%, ʚʽʜʧʦʚʽʜʥʦ, ʘ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʤ ʤʝʪʦʜʦʤ 20-30%.  

3. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʯʥʽ ʦʩʥʦʚʠ ʪʘ ʩʪʚʦʨʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʧʝʨʝʜʽʩʪʦʨʽʾ ʚʧʣʠʚʫ ʯʦʪʠʨʴʦʭ ʛʨʫʧ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʫ. ɼʣʷ ʪʨʴʦʭ ʜʥʽʚ ʧʝʨʝʜʽʩʪʦʨʽʾ ʣʽʥʽʡʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ 

ʧʦʪʨʽʙʫʻ ʚʠʟʥʘʯʝʥʥʷ 13 ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. ʅʝʣʽʥʽʡʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ 

ʨʝʛʨʝʩʽʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ ʢʦʞʥʦʤʫ ʟ ʚʧʣʠʚʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʽʙ ʚʨʘʭʫʚʘʥʥʷ ʧʝʨʝʜʽʩʪʦʨʽʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ, 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʜʦʩʪʘʪʥʴʦ ʧʦ ʦʜʥʦʤʫ ʤʦʜʝʣʴʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ.  
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4. ʇʨʦʚʝʜʝʥʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʢʣʶʯʝʥʽ 

ʚ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ ʙʫʜʽʚʣʽ, ʪʘ ʚʠʟʥʘʯʝʥʦ ʚʘʛʦʤʽʩʪʴ ʪʘ ʜʠʥʘʤʽʢʫ ʾʭ ʚʧʣʠʚʫ. ɺ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʚʧʣʠʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʨʷʜʫ: ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʨʽʚʝʥʴ ʦʧʘʣʝʥʥʷ, ʟʦʚʥʽʰʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ. 

5. ʋʪʦʯʥʝʥʦ ʨʝʞʠʤʠ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʝʣʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʪʝʧʣʦʽʥʝʨʮʽʡʥʠʭ ʪʘ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ɽʢʦʥʦʤʽʷ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ 

ʛʣʠʙʠʥʠ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʥʝʨʦʙʦʯʽ ʛʦʜʠʥʠ ʤʦʞʝ ʜʦʩʷʛʪʠ ʜʦ 9% 

ʜʣʷ ʪʠʧʦʚʠʭ ʫʤʦʚ ʛʨʫʜʥʷ. ɺ ʮʽʣʦʤʫ ʜʣʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʩʝʢʪʦʨʫ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʯʠʤʽʚ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʦʧʘʣʝʥʥʷ ʧʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʪʠ ʝʢʦʥʦʤʽʾ ï 

ʜʦ 3,6 ʤʣʥ. ɻʢʘʣ. 

6. ʅʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʨʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ 

ʦʪʨʠʤʘʥʦ ʜʘʥʽ ʧʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ 

ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʷ ʦʧʘʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʟʚʠʥʫʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʥʘ 

ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʣʦʢʘʣʴʥʦʛʦ ʪʘ ʯʘʩʦʚʦʛʦ 

ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʬʘʢʪʠʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

7. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʦʙʛʨʫʥʪʦʚʘʥʦ ʥʦʚʫ ʰʢʘʣʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʥʝʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʪʘ ʩʝʣʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʝʥʝʨʛʦʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʝʢʪʽʚ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʽʚ ʰʣʷʭʦʤ ʨʦʟʙʠʪʪʷ ʥʘ ʧʽʜʢʣʘʩʠ. 

8. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʋʢʨʘʾʥʩʴʢʠʤ ʌʦʥʜʦʤ ʉʦʮʽʘʣʴʥʠʭ 

ɯʥʚʝʩʪʠʮʽʡ, ɼʇ çɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡè, ʩʣʫʞʙʘʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʉʫʤɼʋ ʪʘ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨʽ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ.  
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ɼʦʜʘʪʦʢ ɹ 

ʊʘʙʣʠʮʷ ɹ1 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ 

"ʉʧʨʠʷʥʥʷ ʨʦʟʚʠʪʢʫ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ" ʋʌʉɯ 
ʆ
ʙ
ʣ
ʘ
ʩ
ʪ
ʴ

 

ˉ ʤʽʩʪʦ, ʩʝʣʦ 

ʨʽʢ 

ʟʘʙʫʜʦʚʠ 

ʧʨʠʟʥʘʯ

ʝʥʥʷ 

ʧʣʦʱʘ ʦʙ'ʻʤ Rʩʪʽʥ 

ʇʠʪʦʤʝ 

ʩʧʦʞʠʚʘʥʥʷ 

ʤ
2
 ʤ

3
 (ʤ

2
ʂ)/ɺʪ 

ʢɺʪĀʛʦʜ

/ʤ
2
 

ʢɺʪĀʛʦʜ

/ʤ
3
 

ɺ
ʽ
ʥ
ʥ
ʠ
ʮ
ʴ

ʢ
ʘ
 
ʦ
ʙ
ʣ
ʘ
ʩ
ʪ
ʴ

 

1 ʄʘʭʘʨʠʥʮʽ 1976 ʰʢʦʣʘ 1780.52 12321 0.64 230 43.2 

2 ʂʦʨʜʠʰʽʚʢʘ 1980 ɼʅɿ 266 798 0.93 130 43.3 

3 ɺʝʨʥʠʛʦʨʦʜʦʢ 1978 ʰʢʦʣʘ 2126 11476 0.79 290.1 53.7 

4 ʂʦʟʷʪʠʥ 1980 ɼʅɿ 800 4606 0.79 493 85.6 

5 ʂʦʟʷʪʠʥ 1967 ɼʅɿ 1058 4682 0.79 393 88.7 

6 ʂʦʟʷʪʠʥ 1961 ɼʅɿ 1210 5891 0.84 298 61.1 

7 ʇʽʱʘʥʢʘ 1985 ɼʅɿ 1470 6199 0.64 242 57.5 

8 ʉʪʫʜʝʥʘ 1964 ʰʢʦʣʘ 2450 16170 1.29 372 56 

9 ʇʽʱʘʥʢʘ 1982 ʰʢʦʣʘ 5816 17448 0.8 168 56 

11 ɻʘʣʴʜʞʙʽʾʚʢʘ 1965 ɼʅɿ 385 2466 0.83 324 97.3 

12 ʇʨʠʜʥʽʩʪʨʷʥʩʴʢʝ 1963 ʰʢʦʣʘ 677 2358 1.47 240 68.9 

13 ʉʝʚʝʨʠʥʽʚʢʘ 1964 ɼʅɿ 290 

961.9

4 1.17 334 106 

14 ʎʝʢʠʥʽʚʢʘ 1980 ʰʢʦʣʘ 1337 7410 0.89 344 62.01 

15 ɻʦʥʦʨʽʚʢʘ 1897 ʰʢʦʣʘ 743 2600 1 239 68 

16 ɺʽʥʥʠʮʴʢʽ ʭʫʪʦʨʠ 1978 ʰʢʦʣʘ 3897 13675 1.18 352 100.3 

17 ɹʫʰʘ 1913 ʰʢʦʣʘ 2099 7256 0.51 366 105.8 

18 ɹʫʙʥʽʚʢʘ 1978 ʰʢʦʣʘ 1574 5194 0.96 323 98 

19 ʍʤʽʣʴʥʠʢ 1975 ɼʅɿ 2739 9446 1.04 360 104.4 

20 ʂʨʠʱʠʥʮʽ 1956 ɼʅɿ 460 1418 1.81 433 140.7 

23 ʗʣʪʫʰʢʽʚ 1975 ʰʢʦʣʘ 5084 18810 1.1 303 81.9 

24 ɼʘʰʢʽʚʮʽ 1978 ʰʢʦʣʘ 4547 15007 1.18 474 143.7 

25 ɻʦʨʦʜʽʚʢʘ 1987 ʰʢʦʣʘ 3766 13690 0.96 274 75.3 

26 ʂʦʟʷʪʠʥ 1985 ʰʢʦʣʘ 2420 8918 0.763 277 75.3 

27 ʂʦʟʷʪʠʥ 1975 ʰʢʦʣʘ 2959 11133 1.29 356 107.35 

28 ʗʤʧʦʣʴ 1985 ʰʢʦʣʘ 6556 24902 1.13 255 71.3 

29 ʉʝʚʝʨʠʥʽʚʢʘ 1960 ɼʅɿ 420 1260 0.64 281.4 93.8 
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31 ʉʘʩʽʚʢʘ 1974 ʰʢʦʣʘ 2526 4557 0.673 147 81.47 

32 ʏʘʨʽʚʥʝ 1972 ʰʢʦʣʘ 1044 6475 0.89 177 57 

33 ʋʩʪʠʥʽʚʢʘ 1976 ʰʢʦʣʘ 704 2407 0.49 278 112 

34 ʆʣʝʢʩʽʾʚʢʘ 1986 ʰʢʦʣʘ 1801 5832 0.49 391 120 

35 ʂʨʠʥʠʯʫʚʘʪʢʘ 1974 ʰʢʦʣʘ 1897 6331 0.82 337 84 

37 ɹʫʭʦʚʝʮʴʢʝ 1976 ʰʢʦʣʘ 1275 3853 0.89 402 124 

38 ʉʤʦʣʽʥʝ 1974 ɼʅɿ 975 2828 0.86 330 114 

39 ʇʝʪʨʽʚʩʴʢʝ 1983 ʰʢʦʣʘ 2343 8063 0.62 136 44 

40 ʇʝʪʨʽʚʩʴʢʝ 1971 ʰʢʦʣʘ 2032 6674 1.02 375 114 

41 ʂʝʪʨʠʩʘʥʽʚʢʘ 1989 ʰʢʦʣʘ 2976 10015 1.02 318 95 

42 ɺʽʣʴʰʘʥʢʘ 1973 ɼʅɿ 1098 3623 1.03 371 112 

43 ɹʦʙʨʠʥʝʮʴ 1983 ʰʢʦʣʘ 5150 16900 1 234 71 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ ɹ1 
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44 ʆʛʣʷʜʽʚ 1967 ʰʢʦʣʘ 2223 7177 0.74 255.4 79.11 

45 ʅʦʚʠʡ ɺʠʪʢʽʚ 1986 ʰʢʦʣʘ 3351 10507 0.74 252.3 80.47 

46 ʃʦʧʘʪʠʥ 1980 ɼʅɿ 1055 3165 0.77 318.2 106.07 

47 ʂʨʘʩʥʝ 1972 ɼʅɿ 1121 3477 0.76 303 97.69 

48 ɿʫʙʽʚ ʄʽʩʪ 1975 ʰʢʦʣʘ 400 1158 0.73 318.4 109.98 

49 ɿʘʧʠʪʽʚ 1988 ɼʅɿ 676 2234 0.68 221.5 67.03 

50 ʑʫʨʦʚʠʯʽ 1972 ʰʢʦʣʘ 868 3080 0.7 368.8 103.93 

52 ʊʫʨʢʘ 1930 ʰʢʦʣʘ 2820 10337 0.813 253.8 69.24 

54 ʉʪʘʨʠʡ ɼʦʙʨʦʪʚʽʨ 1974 ʰʢʦʣʘ 1847 6680 0.76 275.4 76.15 

55 ʉʪʦʨʦʥʠʙʘʙʠ 1995 ɼʅɿ 501 1503 0.72 360.2 120.07 
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ʊʘʙʣʠʮʷ ɺ1 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʤ.ʂʠʻʚʘ ʚ ʨʘʤʢʘʭ 

ʩʧʽʚʧʨʘʮʽ ʉʦʣʦʤ'ʷʥʩʴʢʦʾ ʨʘʡʦʥʥʦʾ ʜʝʨʞʘʚʥʦʾ ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʪʘ ɯʥʩʪʠʪʫʪʦʤ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ  

ˉ ʅʘʟʚʘ ʟʘʢʣʘʜʫ 

ʨʽʢ 

ʟʘʙʫʜʦʚʠ 

ʧʣʦʱʘ ʦʙ'ʻʤ 

ʢʽʣʴʢʽʩʪʴ 

ʫʯʥʽʚ 

ʢʽʣʴʢʽʩʪʴ 

ʧʨʘʮʽʚʥʠʢʽʚ 

Rʩʪʽʥʠ 

ʇʠʪʦʤʝ 

ʩʧʦʞʠʚʘʥʥʷ 

ʤ
2
 ʤ

3
 (ʤ

2
ʂ)/ɺʪ 

ʢɺʪĀʛʦʜ/

ʤ
3
 

 ʢɺʪĀʛʦʜ

/ʤ
3
 

1 

ʉʧʝʮʽʘʣʽʟʦʚʘʥʘ 

ʰʢʦʣʘ ˉ64  1973 2481 28377 765 71 0.83 57.7 20.9 

2 

Cʧʝʮʽʘʣʽʟʦʚʘʥʘ 

ʰʢʦʣʘ ˉ43 

çɻʨʘʘʣʴè 1952 10509 31528 1262 10 1 34.4 3.2 

3 

ʉʝʨʝʜʥʷ 

ɿʘʛʘʣʴʥʦʦʩʚʽʪʥʷ 

ʐʢʦʣʘ ˉ 26 1960 560 20530 480 50 1 61.7 38.0 

4 

Cʧʝʮʽʘʣʽʟʦʚʘʥʘ 

ʰʢʦʣʘ ˉ159  1976 7290 21871 586 95 0.96 48.5 31.9 

5 ʉʐɼʉ òʉʷʡʚʦò  1976 2700 8073 132 66 1.1 76.9 38.4 

6 ʉɿʐ ˉ121 1957 4539 12000 237 42 2.16 36.0 12.0 

7 ʛʽʤʥʘʟʽʷ ˉ177 1962 14200 46900 712 85 2.9 31.0 12.0 

8 ʉɿʐˉ67 1963 5256 22211 600 80 1.2 32.1 16.6 
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ɼʦʜʘʪʦʢ ɻ 

ɼʦʚʽʜʢʠ ʡ ʘʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʩʚʽʜʦʪʚʘ ʧʨʦ 

ʨʝʻʩʪʨʘʮʽʶ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ 
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