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ɸʅʆʊɸʎɯʗ 

 

ʉʝʨʜʝʯʥʠʡ ʇ. ʖ. ʇʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʪʝʨʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

144 ʊʝʧʣʦʝʥʝʨʛʝʪʠʢʘ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, 2025. 

ʋ ʚʩʪʫʧʽ ʜʠʩʝʨʪʘʮʽʾ ʚʠʩʚʽʪʣʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʘ ʟʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʽ ʪʝʤʘʤʠ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ, ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ, ʦʙ'ʻʢʪ, ʧʨʝʜʤʝʪ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʚʠʟʥʘʯʝʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʘʥʽ ʧʨʦ ʘʧʨʦʙʘʮʽʶ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʥʘʷʚʥʽ ʧʫʙʣʽʢʘʮʽʾ ʟ ʦʢʨʝʩʣʝʥʥʷʤ 

ʦʩʦʙʠʩʪʦʛʦ ʚʥʝʩʢʫ ʟʜʦʙʫʚʘʯʘ. 

 ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ˇʨʫʥʪʦʚʥʠʡ 

ʘʥʘʣʽʟ ʥʦʨʤʘʪʠʚʥʠʭ, ʤʝʪʦʜʠʯʥʠʭ ʽ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ ʪʘ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ. ʆʢʨʝʤʫ 

ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʟʘʢʦʥʦʜʘʚʯʽʡ ʙʘʟʽ, ʟʦʢʨʝʤʘ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʝʥʝʨʛʝʪʠʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴè, ʷʢʠʡ ʦʢʨʝʩʣʶʻ ʢʣʶʯʦʚʽ ʧʨʠʥʮʠʧʠ ʩʝʨʪʠʬʽʢʘʮʽʾ, 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. ʈʦʟʛʣʷʥʫʪʦ ʚʽʜʧʦʚʽʜʥʽ 

ʻʚʨʦʧʝʡʩʴʢʽ ʜʠʨʝʢʪʠʚʠ, ʟʦʢʨʝʤʘ 2010/31/ɭʉ ʪʘ ʦʥʦʚʣʝʥʫ 2024/1275/ɭʉ, ʷʢʽ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʧʝʨʝʭʽʜ ʜʦ ʙʫʜʽʚʝʣʴ ʟ ʥʫʣʴʦʚʠʤʠ ʚʠʢʠʜʘʤʠ, ʘ ʪʘʢʦʞ ʥʘʮʽʦʥʘʣʴʥʽ 

ʚʠʤʦʛʠ ʜʦ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʩʪʘʥʜʘʨʪʽʚ nZEB. ʋ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ 

ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʟʦʢʨʝʤʘ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʛʽʜʥʦ ʟ ɼɹʅ ɺ.2.6-31, ɼʉʊʋ 9191, ʘ ʪʘʢʦʞ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʦʨʤ ASHRAE 90.1. ɿʥʘʯʥʫ ʫʚʘʛʫ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʤʝʪʦʜʘʭ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʨʘʥʩʤʽʩʽʻʶ, ʟʦʢʨʝʤʘ ʥʘ ʬʦʨʤʫʣʴʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ 

ʣʽʥʽʡʥʦʛʦ ʪʘ ʪʦʯʢʦʚʦʛʦ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ. ʆʧʠʩʘʥʦ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ 
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ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʦʛʦʨʦʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʢʣʶʯʦʚʽ ʬʦʨʤʫʣʠ ʟ 

ʥʦʨʤʘʪʠʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʟʦʢʨʝʤʘ EN ISO 10211, ʘ ʪʘʢʦʞ ʥʘʜʘʥʦ ʨʦʟôʷʩʥʝʥʥʷ ʱʦʜʦ 

ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʈʦʟʢʨʠʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʦʱʝʥʠʭ ʽ 

ʜʝʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ: ʚʽʜ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʧʦʧʨʘʚʦʢ 

æUtb, ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʜʣʷ ʧʦʧʝʨʝʜʥʽʭ ʦʮʽʥʦʢ, ʜʦ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʚʦ- ʪʘ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʠʢʣʘʜʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʢʣʘʩʫ ɸ (EN ISO 10211) ʽ ʢʣʘʩʫ B (EN ISO 14683) ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ɣ- ̔  ɢ-ʢʦʝʬʽʮʽʻʥʪʽʚ. ʇʽʜʢʨʝʩʣʝʥʦ, ʱʦ ʪʦʯʥʝ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʪʘ ʾʾ ʩʝʨʪʠʬʽʢʘʮʽʾ. ʋ ʨʦʟʜʽʣʽ ʪʘʢʦʞ ʫʟʘʛʘʣʴʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʘʢʪʫʘʣʴʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʧʣʠʚʫ ʪʝʧʣʦʚʠʭ 

ʤʽʩʪʢʽʚ ʥʘ ʨʽʚʝʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʫʟʣʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʧʣʠʚʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʛʝʦʤʝʪʨʽʾ, ʘ ʪʘʢʦʞ 

ʧʽʜʭʦʜʽʚ ʜʦ ʾʭ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ. ɿʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ THERM, COMSOL, Agros2D, TRISCO 

ʪʘ EnergyPlus, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʫʢʦʚʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʜʽʣ ʟʘʢʣʘʜʘʻ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʦʙˇʨʫʥʪʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʛʣʠʙʦʢʦʛʦ ʚʨʘʭʫʚʘʥʥʷ 

ʧʨʠ ʧʨʦʢ̒ʪʫʚʘʥʥʽ, ʦʮʽʥʶʚʘʥʥʽ ʪʘ ʨʝʥʦʚʘʮʽʾ ʙʫʜʽʚʝʣʴʥʦʾ ʦʙʦʣʦʥʢʠ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʨʦʟʛʣʷʥʫʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʚʦʭ 

ʪʠʧʦʚʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ ï ʛʨʦʤʘʜʩʴʢʦʾ ʙʫʜʽʚʣʽ (ʰʢʦʣʠ) 

ʪʘ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ. ʆʙʠʜʚʘ ʦʙôʻʢʪʠ ʙʫʣʠ ʦʙʨʘʥʽ ʷʢ ʭʘʨʘʢʪʝʨʥʽ 

ʧʨʠʢʣʘʜʠ ʩʧʦʨʫʜ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʰʣʷʭʦʤ 

ʧʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʪʝʧʣʦʪʠ 

ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ. ɼʣʷ ʢʦʞʥʦʾ ʙʫʜʽʚʣʽ ʧʦʜʘʥʦ ʨʦʟʛʦʨʥʫʪʠʡ ʦʧʠʩ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʦʢʨʝʤʘ ʛʝʦʤʝʪʨʽʾ, ʤʘʪʝʨʽʘʣʽʚ ʩʪʽʥ, 

ʧʦʢʨʠʪʪʽʚ, ʚʽʢʦʥ ʽ ʜʚʝʨʝʡ, ʪʘ ʽʥ. ʋ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʣʽʥʽʡʥʠʭ (ɣ) ʪʘ ʪʦʯʢʦʚʠʭ (ɢ) ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ɼʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ 
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ʩʫʯʘʩʥʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ, ʚʢʣʶʯʘʶʯʠ THERM, Solido Physibel, HEAT2/HEAT3, 

Flixo Energy, Ansys/Fluent, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʤʦʜʝʣʶʚʘʪʠ 

ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʘʥʘʣʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ, 

ʨʠʟʠʢʠ ʢʦʥʜʝʥʩʘʮʽʾ ʪʘ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ. ʋ ʷʢʦʩʪʽ ʙʘʟʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʨʘʥʦ ʧʨʦʛʨʘʤʫ THERM, ʱʦ ʧʦʻʜʥʫʻ ʟʨʫʯʥʠʡ ʛʨʘʬʽʯʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʟ ʧʦʪʫʞʥʠʤ ʯʠʩʝʣʴʥʠʤ ʷʜʨʦʤ, ʨʝʘʣʽʟʦʚʘʥʠʤ ʟʘ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. 

ʊʘʢʦʞ ʥʘʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʫ THERM, ʚʢʣʶʯʘʶʯʠ 

ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʨʝʘʣʽʟʘʮʽʶ ʤʝʪʦʜʫ ʟʚʘʞʝʥʠʭ ʟʘʣʠʰʢʽʚ, ʘʣʛʦʨʠʪʤ 

ʧʦʙʫʜʦʚʠ ʩʽʪʢʠ Finite Quadtree ʪʘ ʬʦʨʤʫʣʶʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ʇʦʷʩʥʝʥʦ, ʷʢʠʤ 

ʯʠʥʦʤ ʨʝʘʣʽʟʦʚʘʥʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʨʦʟʜʽʣʽ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʩʝʨʝʜ ʷʢʦʛʦ ʚʠʜʽʣʝʥʦ 

DesignBuilder (ʥʘ ʙʘʟʽ EnergyPlus), IDA ICE, IES VE, eQuest, DOE-2. ɼʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʦ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʠʭ ʙʘʣʘʥʩʽʚ ʫ EnergyPlus, ʟʦʢʨʝʤʘ ʬʫʥʢʮʽʶ 

ʧʝʨʝʜʘʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (CTF), ʚʥʫʪʨʽʰʥʽʡ ʽ ʟʦʚʥʽʰʥʽʡ ʪʝʧʣʦʚʽ ʙʘʣʘʥʩʠ 

ʧʦʚʝʨʭʦʥʴ, ʚʽʢʦʥ, ʧʦʚʽʪʨʷ ʟʦʥʠ. ʎʽ ʧʽʜʭʦʜʠ ʩʣʫʛʫʚʘʪʠʤʫʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʙʫʜʽʚʣʽ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʜʽʣʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʨʫʛʠʡ ʨʦʟʜʽʣ ʬʦʨʤʫʻ ʽʥʞʝʥʝʨʥʦ-ʘʥʘʣʽʪʠʯʥʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙôʻʢʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʝʥʦ ʯʠʩʝʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʫ ʚʫʟʣʘʭ ʪʝʨʤʽʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʚʧʣʠʚʫ ʥʘ ʟʘʛʘʣʴʥʽ 

ʪʝʧʣʦʚʪʨʘʪʠ ʙʫʜʽʚʣʽ. ɺʨʘʭʦʚʫʶʯʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ 

ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (nZEB), ʫ 

ʨʦʟʜʽʣʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʢʨʘʱʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʚʫʟʣʽʚ, ʱʦ ʪʨʘʜʠʮʽʡʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʥʘʮʽʦʥʘʣʴʥʠʭ ʥʦʨʤʘʭ ʪʘ 

ʢʘʪʘʣʦʛʘʭ. 
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ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʡʪʠʧʦʚʽʰʽ ʚʫʟʣʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʙʫʜʽʚʝʣʴʥʦʾ ʧʨʘʢʪʠʢʠ 

ʚ ʋʢʨʘʾʥʽ, ʟʦʢʨʝʤʘ: ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʦ ʤʽʞʧʦʚʝʨʭʦʚʠʭ ʧʝʨʝʢʨʠʪʪʽʚ, ʜʦ 

ʙʘʣʢʦʥʥʠʭ ʧʣʠʪ, ʢʫʪʦʚʽ ʩʪʠʢʠ ʩʪʽʥ, ʧʨʠʤʠʢʘʥʥʷ ʜʦ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʜʘʭʫ ʪʘ 

ʧʘʨʘʧʝʪʫ, ʚʫʟʣʠ ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ, ʚʫʟʣʠ ʫ ʟʦʥʽ ʚʽʢʦʥʥʠʭ 

ʧʝʨʝʤʠʯʦʢ, ʧʽʜʚʽʢʦʥʴ ʽ ʨʷʜʦʚʠʭ ʩʧʦʣʫʯʝʥʴ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʚʠʢʦʥʘʥʦ ʧʦʙʫʜʦʚʫ 

2D-ʤʦʜʝʣʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ THERM, ʟ ʧʦʜʘʣʴʰʠʤ ʯʠʩʝʣʴʥʠʤ 

ʨʦʟʨʘʭʫʥʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ. 

ʋ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʙʘʟʦʚʽ ʪʘ ʧʦʢʨʘʱʝʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʚʫʟʣʘ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ ʧʦʨʽʚʥʷʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ 

ɣ-ʬʘʢʪʦʨʘ, ʷʢʽ ʯʘʩʪʦ ʟʤʝʥʰʫʚʘʣʠʩʴ ʥʘ 30ï70 % ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʥʦʩʥʦʛʦ ʤʦʥʪʘʞʫ ʚʽʢʦʥ, ʪʝʨʤʦʨʦʟʨʠʚʽʚ ʪʦʱʦ. ʋ 

ʧʽʜʩʫʤʢʫ, ʨʦʟʜʽʣ ʟʘʢʣʘʜʘʻ ʦʩʥʦʚʫ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ ʥʘ ʨʽʚʝʥʴ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ. 

ʅʘʚʝʜʝʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʠʡ ʫ ʩʫʯʘʩʥʫ ʧʨʦʻʢʪʥʫ ʧʨʘʢʪʠʢʫ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʧʽʜ ʩʪʘʥʜʘʨʪʠ nZEB. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ DesignBuilder ʥʘ ʙʘʟʽ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʷʜʨʘ EnergyPlus. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʩʪʘʣʦ ʢʽʣʴʢʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʟʤʽʥʠ 

ʨʽʯʥʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʩʽʤ ʩʮʝʥʘʨʽʾʚ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʱʦ ʚʽʜʨʽʟʥʷʣʠʩʷ ʨʽʚʥʝʤ ʜʝʪʘʣʽʟʘʮʽʾ ʪʘ ʧʽʜʭʦʜʘʤʠ ʜʦ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ: 

ʚʽʜ ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʫʤʦʚ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ð ʜʦ ʥʘʡʙʽʣʴʰ 

ʜʝʪʘʣʽʟʦʚʘʥʦʛʦ nZEB-ʩʮʝʥʘʨʽʶ. ʎʽ ʩʮʝʥʘʨʽʾ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʣʷ ʜʚʦʭ ʪʠʧʦʚʠʭ 

ʦʙôʻʢʪʽʚ: ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ (ʛʨʦʤʘʜʩʴʢʦʾ ʙʫʜʽʚʣʽ) ʪʘ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ 

ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ. ʇʨʦʚʝʜʝʥʦ ʧʦʚʥʦʮʽʥʥʝ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ (IWEC), ʧʘʨʘʤʝʪʨʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʩʮʝʥʘʨʽʾʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʥʫʪʨʽʰʥʽʭ ʥʘʜʭʦʜʞʝʥʴ ʪʝʧʣʦʪʠ, 
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ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ. ɿ ʤʝʪʦʶ 

ʦʙôʻʢʪʠʚʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʽʟʦʣʶʚʘʪʠ ʚʧʣʠʚ ʚʠʢʣʶʯʥʦ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʦʙʦʣʦʥʢʠ, ʥʝ ʚʨʘʭʦʚʫʶʯʠ 

ʂʂɼ ʦʙʣʘʜʥʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʧʘʣʶʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʙʘʟʦʚʦʤʫ ʩʮʝʥʘʨʽʾ ʟʥʘʯʥʽ ʚʪʨʘʪʠ 

ʪʝʧʣʦʚʦ ʾʝʥʝʨʛʽ ʾʯʝʨʝʟ ʥʝʷʢʽʩʥʽ ʚʫʟʣʠ ʩʧʨʠʯʠʥʷʶʪʴ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʨʽʯʥʦʾ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʦʢʨʘʱʝʥʴ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʥʘ ʦʧʘʣʝʥʥʷ ʜʦ 25ï30%, ʘ ʧʦʚʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ nZEB-ʨʽʚʥʶ ð ɦ ʝ 

ʜʦʜʘʪʢʦʚʦ ʟʤʝʥʰʫʻ ʩʧʦʞʠʚʘʥʥʷ. ʆʜʥʘʢ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʫ nZEB-ʩʮʝʥʘʨʽʷʭ 

ʚʠʷʚʣʷʻʪʴʩʷ ʟʙʽʣʴʰʝʥʝ ʦʭʦʣʦʜʞʫʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʦ +25%), ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʝʬʝʢʪʦʤ ʧʝʨʝʛʨʽʚʫ ʯʝʨʝʟ ʥʘʜʤʽʨʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʶ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʧʦʪʨʝʙʫ 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʝʬʝʢʪʠʚʥʦʛʦ ʣʽʪʥʴʦʛʦ ʢʣʽʤʘʪ-

ʢʦʥʪʨʦʣʶ. 

ʊʘʢʦʞ ʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʧʝʨʘʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʢʦʤʬʦʨʪ ʚ ʧʨʠʤʽʱʝʥʥʷʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʣʴ, ʘʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʝʥʝʨʛʽʷ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʝʧʣʦʚʠʡ ʢʦʤʬʦʨʪ, ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ, nZEB. 
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ABSTRACT 

 

Serdechnyi P.Y. Improvement of the energy performance of building envelope 

structures considering thermal bridges effect. 

Thesis for obtaining the scientific degree of Doctor of Philosophy in specialty 144 

Thermal Power Engineering. - National Technical University of Ukraine "Igor Sikorsky 

Kyiv Polytechnic Institute", Ministry of Education and Science of Ukraine, Kyiv, 2025. 

The introduction of the dissertation outlines the relevance of the research topic at 

the present time and its connection to scientific programs, plans, and themes. The purpose, 

scientific objectives, object, subject, and research methods are formulated. The scientific 

novelty and practical significance of the obtained results are defined. Information is 

provided regarding the dissertationôs approbation and existing publications, with a clear 

indication of the authorôs personal contribution. 

The first chapter of the dissertation presents a comprehensive analysis of the 

regulatory, methodological, and scientific foundations that underlie the assessment of 

building energy efficiency in Ukraine and the European Union. Special attention is paid 

to the legislative framework, in particular the Law of Ukraine ñOn Energy Efficiency of 

Buildingsò, which outlines the key principles of certification, modernization, and 

improvement of energy performance. Relevant European directives, including 

2010/31/EU and the updated 2024/1275/EU, are reviewed, as they regulate the transition 

to zero-emission buildings and define national energy performance requirements, 

particularly the nearly Zero-Energy Building (nZEB) standards. 

The chapter provides an in-depth analysis of the thermal performance of building 

envelopes, including minimum allowable thermal resistance values for different envelope 

elements according to national standards (DBN V.2.6-31, DSTU 9191) and international 

regulations such as ASHRAE 90.1. Emphasis is placed on methods for calculating heat 

transmission, especially the mathematical representation of linear and point thermal 

bridging effects. Key calculation approaches and formulas from standards such as EN 

ISO 10211 are explained and contextualized for practical application. 
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The chapter further explores both simplified and detailed methods for evaluating 

thermal bridgesðfrom correction factors (æUtb) for preliminary estimates to detailed 2D 

and 3D numerical modeling. Applications of Class A (EN ISO 10211) and Class B (EN 

ISO 14683) methods for calculating linear (ɣ) and point (ɢ) thermal transmittance values 

are discussed. The importance of accurately accounting for thermal bridges is highlighted 

as essential for achieving high energy efficiency and successful energy certification. 

Additionally, the chapter synthesizes findings from national and international 

research related to the impact of thermal bridging on building envelope performance. It 

includes analysis of joint details, material influence, and geometry, as well as strategies 

for thermal modernization. Particular attention is given to numerical modeling tools such 

as THERM, COMSOL, Agros2D, TRISCO, and EnergyPlus, affirming the scientific 

relevance of the topic. 

Thus, this chapter lays the scientific and methodological foundation for further 

investigation of thermal bridges and their influence on overall building energy 

performance, justifying the need for their detailed consideration in building design, 

evaluation, and retrofit processes. 

The second chapter characterizes two typical representatives of the Ukrainian 

building stockða public building (school) and a multi-apartment residential building. 

These buildings were selected as representative examples requiring improved thermal 

protection and reduced heat loss through thermal bridges. A detailed overview is provided 

for each building, including geometry, structural components, and engineering systems 

such as walls, roof slabs, windows, and doors. 

The chapter substantiates the need to use specialized software tools for accurately 

determining linear (ɣ) and point (ɢ) thermal transmittance coefficients. State-of-the-art 

simulation tools are reviewed, including THERM, Solido Physibel, HEAT2/HEAT3, 

Flixo Energy, and Ansys Fluent, which are capable of high-precision modeling of 

thermophysical processes, temperature distribution, condensation risks, and heat losses 

in building assemblies. THERM was chosen as the primary tool for further study due to 

its user-friendly interface and robust finite element solver. 
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The mathematical modeling framework used in THERM is presented, including 

the heat conduction equation, weighted residuals method, Finite Quadtree mesh 

generation, and boundary condition formulation. The implementation of 2D steady-state 

heat transfer simulation for inhomogeneous assemblies is also described. 

Additionally, the chapter addresses dynamic building energy modeling tools such 

as DesignBuilder (based on EnergyPlus), IDA ICE, IES VE, eQuest, and DOE-2. A 

detailed explanation is provided for EnergyPlusôs heat balance algorithms, including the 

conduction transfer function (CTF), surface heat balances, window heat exchange, and 

zone air heat dynamics. These methods form the basis for assessing the impact of thermal 

bridges on overall building energy demand in later chapters. In conclusion, Chapter 2 

provides the engineering and analytical basis for subsequent calculations and ensures 

comprehensive coverage of the building models and methodologies used. 

The third chapter of the dissertation presents extensive numerical modeling of 

thermal flows in thermally inhomogeneous building envelope junctions to assess their 

energy performance and contribution to total heat losses. Given the growing importance 

of nZEB design, the need to revise traditional junction solutions from national norms and 

catalogues is justified. The most common thermal bridge-prone junctions found in 

Ukrainian buildings are analyzed, including external wall connections to floor slabs, 

balconies, roof parapets, corner joints, unheated basement floors, and window-to-wall 

joints (at sills, heads, and jambs). Each junction was modeled in THERM using 2D 

geometry, with simulation outputs including temperature field distribution, heat flux 

vectors, and calculated linear thermal transmittance (ɣ-values). 

For each case, both baseline and improved designs are presented, with comparisons 

demonstrating reductions in ɣ-values by 30ï70% due to added insulation, thermal breaks, 

or adjusted installation positions. In some cases (e.g., balcony slabs), baseline ɣ-values 

exceeded 0.7 W/(mĿK), highlighting their critical contribution to heat loss. This chapter 

builds a quantitative basis for further analysis of how thermal bridges affect annual 

heating and cooling energy needs. The modeling methodology and results are suitable for 

direct application in nZEB-aligned design workflows and for the energy modernization 

of existing buildings. 
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Chapter four presents a comprehensive energy analysis using dynamic simulations 

in DesignBuilder (powered by EnergyPlus) to evaluate the impact of thermal bridges on 

building energy performance. The primary goal was to quantify the influence of including 

thermal bridges on annual heating and cooling energy demand. 

Seven simulation scenarios were developed, each varying by the level of detail used 

to account for thermal bridgesðfrom idealized cases (no thermal bridges) to highly 

detailed nZEB-compliant designs. These scenarios were applied to two typical building 

models: a school and a multi-apartment residential building. 

Complete energy models were constructed using IWEC climate data, envelope 

configurations, occupancy patterns, internal gains, ventilation parameters, and HVAC 

assumptions. The simulations isolated the effect of the envelope by excluding system 

efficiencies, ensuring objective comparison across cases. 

Results confirmed that thermal bridges significantly increase heating demand. In 

the baseline cases, poorly detailed joints contributed to elevated annual energy needs. 

Introducing improved junctions lowered heating energy demand by up to 25ï30%, with 

nZEB-level compliance further enhancing savings. However, during the summer period, 

nZEB models exhibited increased cooling loads (up to +25%) due to overheating risks 

associated with excessive insulation, emphasizing the need for proper solar shading and 

ventilation design. 

The chapter also includes operative temperature analysis, visualizing indoor 

comfort shifts across scenarios and confirming that enhanced insulation contributes to 

greater temperature stability in winter, though may require cooling support in summer. 

Keywords: model, analytical model, mathematical modeling, numerical modeling, 

finite element method, energy, energy efficiency, energy modeling, dynamic building 

modeling, energy consumption, building envelope, building envelope, thermal comfort, 

thermally conductive inclusions, temperature, nZEB. 

  



11 

ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

  

1. ɼʝʰʢʦ ɺ. ɯ., ʉʫʭʦʜʫʙ ɯ. ʆ., ʉʝʨʜʝʯʥʠʡ ʇ. ʖ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʝʢʪʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ // 

ɺʽʩʥʠʢ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ. ʉʝʨʽʷ: 

ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. ï 2019. ï ˉ 4 (136). ï ʉ. 86ï96.. https://doi.org/10.30857/1813-

6796.2019.4.9 (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ) 

2. ɼʝʰʢʦ ɺ. ɯ., ɹʽʣʦʫʩ ɯ. ʖ., ɻʦʣʫʙʝʥʢʦ ʆ. ʆ., ʉʝʨʜʝʯʥʠʡ ʇ. ʖ., ʗʨʢʦʚʘ ʅ. 

ɸ. ʆʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʰʢʦʣʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʣʦʢʘʣʴʥʠʭ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ // ɯʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ï 

2024. ï ˉ 1. ï ʉ. 83ï98.. https://doi.org/10.20998/2078-5364.2024.1.08 (ʬʘʭʦʚʝ 

ʚʠʜʘʥʥʷ) 

3. ɯ. ʆ. ʉʫʭʦʜʫʙ, ʇ. ʖ. ʉʝʨʜʝʯʥʠʡ. ɸʥʘʣʽʟ ʩʮʝʥʘʨʽʾʚ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʟ ʽʥʪʝʛʨʘʮʽʻʶ ɺɼɽ [ʊʝʢʩʪ] / 

ʊʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʠʥʽʨʠʥʛ. - 2024. - ˉ 2 (19). - ʉ. 44-56.  

http://dx.doi.org/10.30857/2786-5371.2024.2.5 (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ) 

4. ʉʫʭʦʜʫʙ ɯ. ʆ., ʐʢʣʷʨ ɺ. ɯ., ɼʫʙʨʦʚʩʴʢʘ ɺ. ɺ., ʗʮʝʥʢʦ ʆ. ɯ., ʉʝʨʜʝʯʥʠʡ ʇ. 

ʖ. ʆʮʽʥʢʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ ʟ 

ʪʝʧʣʦʚʠʤʠ ʥʘʩʦʩʘʤʠ ʥʘ ʙʘʟʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ // ɽʥʝʨʛʝʪʠʢʘ ʽ 

ʘʚʪʦʤʘʪʠʢʘ. ï 2024. ï ˉ 0(1). ï ʉ. 142ï156. 

http://dx.doi.org/10.31548/energiya1(71).2024.142 (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ) 

5. ʉʫʭʦʜʫʙ ɯ. ʆ., ʉʝʨʜʝʯʥʠʡ ʇ. ʖ. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʪʝʨʤʽʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʛʨʦʤʘʜʩʴʢʦʾ ʙʫʜʽʚʣʽ // 

ɽʥʝʨʛʝʪʠʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘ. ï 2024. ï ˉ 0(4). ï ʉ. 156ï170. 

http://dx.doi.org/10.31548/energiya4(74).2024.156 (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ) 

6. ʉʝʨʜʝʯʥʠʡ ʇ. ʖ. ɸʥʘʣʽʟ ʩʠʩʪʝʤ ʟʝʣʝʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʣʽ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ // ʄʘʪʝʨʽʘʣʠ ʍɯɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ çɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘè, 7ï8 ʪʨʘʚʥʷ 2020 ʨ., ʤ. ʂʠʾʚ. ï: ɯɽɽ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2020. ï ʉ. 226-234. 



12 

7. ʉʝʨʜʝʯʥʠʡ ʇ. ʖ. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʪʝʨʤʽʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʛʨʦʤʘʜʩʴʢʦʾ ʙʫʜʽʚʣʽ // ɸʩʧʽʨʘʥʪʩʴʢʽ ʯʠʪʘʥʥʷ 

ʽʤʝʥʽ ʧʨʦʬʝʩʦʨʘ ɸʨʪʫʨʘ ɺʝʥʽʘʤʽʥʦʚʠʯʘ ʇʨʘʭʦʚʥʠʢʘ: ʟʙʽʨʥʠʢ ʪʝʟ ʢʦʥʬʝʨʝʥʮʽʾ (ʂʠʾʚ, 

9ï10 ʢʚʽʪʥʷ 2024 ʨ.). ï ʂʠʚʾ: ɯɽɽ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2024. ï ʉ. 31-32. 

  



13 

ɿʄɯʉʊ 

ɸʅʆʊɸʎɯʗ ...................................................................................................................... 2 

ABSTRACT ...................................................................................................................... 7 

ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ ........................ 11 

ɺʉʊʋʇ ............................................................................................................................ 16 

ʈʆɿɼɯʃ 1 ʄɽʊʆɼʆʃʆɻɯʏʅɯ ʆʉʅʆɺʀ ʆʎɯʅʖɺɸʅʅʗ 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɹʋɼɯɺɽʃʔ ʊɸ ɰʍ ʆɻʆʈʆɼɾʋɺɸʃʔʅʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁ ............................................................................................................. 21 

1.1 ʅʦʨʤʘʪʠʚʥʽ ʟʘʩʘʜʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ ʾʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ................................................................................................................. 21 

1.2 ʆʩʪʘʥʥʽ ʚʽʪʯʠʟʥʷʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʮʽʥʢʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʙʫʜʽʚʣʷʭ ....................................................................... 33 

1.3 ʆʩʪʘʥʥʽ ʟʘʢʦʨʜʦʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʮʽʥʢʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʙʫʜʽʚʣʷʭ ....................................................................... 37 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 ............................................................................................... 44 

ʈʆɿɼɯʃ 2 ʆɹôɭʂʊʀ ʄʆɼɽʃʖɺɸʅʅʗ. ʄɽʊʆɼʆʃʆɻɯʏʅɯ ɿɸʉɸɼʀ 

ʏʀʉɽʃʔʅʆɻʆ ɸʅɸʃɯɿʋ ʊɽʇʃʆʇʈʆɺɯɼʅʀʍ ɺʂʃʖʏɽʅʔ ɽʅɽʈɻɽʊʀʏʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ......................................................................................................... 46 

2.1 ɿʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙ'ʻʢʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ...................... 46 

2.1.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʦʤʘʜʩʴʢʦʾ ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ .......................... 47 

2.1.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʪʣʦʚʦʾ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʾ ʙʫʜʽʚʣʽ ..................................... 49 

2.2 ʆʩʥʦʚʥʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ .................................................................................. 50 

2.2.1 ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ THERM

 ...................................................................................................................................... 53 

2.3 ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ....... 55 

2.3.1 ʆʩʦʙʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ EnergyPlus ........................................... 58 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 ............................................................................................... 62 



14 

ʈʆɿɼɯʃ 3 ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ɸʅɸʃɯɿ ʊɽʇʃʆɺʀʍ ʇʆʊʆʂɯɺ ʊɽʈʄɯʏʅʆ 

ʅɽʆɼʅʆʈɯɼʅʀʍ ʆɻʆʈʆɼɾʋɺɸʃʔʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ................................. 64 

3.1 ɸʥʘʣʽʟ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʫʟʣʽʚ ʣʽʥʽʡʥʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ................. 64 

3.1.1 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ ʰʪʫʢʘʪʫʨʢʦʶ ʜʦ 

ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ...................................................................................... 66 

3.1.2 ɺʫʟʦʣ ʢʫʪʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ 

ʰʪʫʢʘʪʫʨʢʦʶ ............................................................................................................... 74 

3.1.3 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʣʘʩʢʦʛʦ ʜʘʭʫ ʜʦ ʩʪʽʥʠ ʪʘ ʧʘʨʘʧʝʪʫ . 82 

3.1.4 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ ʰʪʫʢʘʪʫʨʢʦʶ ʜʦ 

ʙʘʣʢʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ .............................................................................................. 92 

3.1.5 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ .......................... 99 

3.1.6 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ 

ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ ......................................................................................................... 121 

3.1.7 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ 

ʬʘʩʘʜʥʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ........................................................................................ 130 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 ............................................................................................. 140 

ʈʆɿɼɯʃ 4 ɽʅɽʈɻɽʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɽʅɽʈɻʆʇʆʊʈɽɹʀ ʅɸ 

ʆʇɸʃɽʅʅʗ ʊɸ ʆʍʆʃʆɼɾɽʅʅʗ ɿ ɺʈɸʍʋɺɸʅʅʗʄ ʊɽʇʃʆʇʈʆɺɯɼʅʀʍ 

ɺʂʃʖʏɽʅʔ ................................................................................................................. 142 

4.1 ɽʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ................................................................. 144 

4.1.1 ɽʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ............................ 148 

4.1.2 ɽʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʣʽ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ

 .................................................................................................................................... 157 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 ............................................................................................. 164 

ɺʀʉʅʆɺʂʀ ................................................................................................................. 166 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ ................................................................... 168 

ɼʦʜʘʪʦʢ ɸ ..................................................................................................................... 176 

ɼʦʜʘʪʦʢ ɹ ...................................................................................................................... 178 

  



15 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ASHRAE ī American Society of Heating, Refrigerating and Air-Conditioning 

Engineers (ɸʤʝʨʠʢʘʥʩʴʢʝ ʪʦʚʘʨʠʩʪʚʦ ʽʥʞʝʥʝʨʽʚ ʟ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ); 

EN ī European Norms (ɭʚʨʦʧʝʡʩʴʢʽ ʥʦʨʤʠ); 

ISO ī International Organization for Standardization (ʄʽʞʥʘʨʦʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟʽ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ); 

IWEC ī International Weather for Energy Calculations (ʄʽʞʥʘʨʦʜʥʽ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ 

ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ); 

nZEB ī nearly Zero-Energy Building (ʙʫʜʽʚʣʷ ʟ ʤʘʡʞʝ ʥʫʣʴʦʚʠʤ ʩʧʦʞʠʚʘʥʥʷʤ 

ʝʥʝʨʛʽʾ); 

ɻɺʇ ï ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ; 

ɼɹʅ ī ɼʝʨʞʘʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ;  

ɼʉʊʋ īɼʝʨʞʘʚʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ;  

ʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ; 

ʆɺʂ ï ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʷ, ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ; 

ʊɺ ï ʪʝʧʣʦʧʨʦʚʽʜʥʝ ʚʢʣʶʯʝʥʥʷ; 

ʆʂ ï ʦʛʦʨʦʜʞʫʚʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʇʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʻ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. ɺ ʫʤʦʚʘʭ  

ʧʝʨʰ ʟʘ ʚʩʝ ʚʽʡʥʠ, ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ, ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʮʽʣʝʡ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʘʻ ʥʝ ʣʠʰʝ ʪʝʭʥʽʯʥʠʤ, ʘ ʡ ʩʪʨʘʪʝʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɺ ʋʢʨʘʾʥʽ, ʟʛʽʜʥʦ 

ʟ ʥʘʮʽʦʥʘʣʴʥʦʶ ʧʦʣʽʪʠʢʦʶ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ, ʟ 2030 ʨʦʢʫ ʧʣʘʥʫʻʪʴʩʷ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʦʙʦʚôʷʟʢʦʚʠʭ ʚʠʤʦʛ ʜʦ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟʘ ʧʨʠʥʮʠʧʘʤʠ nZEB (ʙʫʜʽʚʝʣʴ ʟ ʤʘʡʞʝ 

ʥʫʣʴʦʚʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ). 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʚʦʾ 

ʦʙʦʣʦʥʢʠ, ʻ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ï ʣʦʢʘʣʴʥʽ ʜʽʣʷʥʢʠ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʯʝʨʝʟ ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝʧʨʦʧʦʨʮʽʡʥʦ ʚʝʣʠʢʽ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʋʢʨʘʾʥʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʩʧʨʦʱʝʥʠʭ ʘʙʦ 

ʟʘʩʪʘʨʽʣʠʭ ʩʭʝʤʘʭ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʘʜʝʢʚʘʪʥʦ ʚʨʘʭʫʚʘʪʠ ʾʭ ʚʧʣʠʚ ʥʘ ʟʘʛʘʣʴʥʝ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʅʘʷʚʥʽ ʚ ʋʢʨʘʾʥʽ ʢʘʪʘʣʦʛʠ ʪʠʧʦʚʠʭ ʚʫʟʣʽʚ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʥʪʘʞʥʠʭ ʩʠʩʪʝʤ (ʟʦʢʨʝʤʘ 

ʚʽʢʦʥʥʠʭ ʽ ʬʘʩʘʜʥʠʭ), ʘ ʪʘʢʦʞ ʥʝ ʦʭʦʧʣʶʶʪʴ ʚʠʤʦʛ ʜʣʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʫ ʩʬʝʨʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʱʝ ʥʝ ʚʨʝʛʫʣʴʦʚʘʥʝ ʧʠʪʘʥʥʷ 

ʦʙʦʚôʷʟʢʦʚʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʠʢʨʠʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʉʘʤʝ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʫ ʚʫʟʣʘʭ ʟ'ʻʜʥʘʥʥʷ ʩʪʽʥ, ʧʝʨʝʢʨʠʪʪ,̫ ʧʽʜʚʘʣʽʚ ʪʘ ʚʽʢʦʥ 

ʯʘʩʪʦ ʩʪʘʶʪʴ ʧʨʠʯʠʥʦʶ ʧʦʷʚʠ ʟʦʥ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ, ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ ʪʘ ʮʚʽʣʽ, 

ʱʦ ʚʧʣʠʚʘʻ ʥʝ ʣʠʰʝ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʘ ʡ ʥʘ ʤʽʢʨʦʢʣʽʤʘʪ ʽ ʟʜʦʨʦʚôʷ ʤʝʰʢʘʥʮʽʚ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʛʣʠʙʦʢʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ ʫ ʪʠʧʦʚʽʡ ʟʘʙʫʜʦʚʽ, ʨʦʟʨʦʙʮʽ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʘ 

ʪʘʢʦʞ ʫ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʾʭ ʚʧʣʠʚʫ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʫʜʽʚʝʣʴ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ (THERM, DesignBuilder, EnergyPlus) 
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ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʪʝʨʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʝʣʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʫʯʘʩʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʽ ʩʪʘʥʜʘʨʪʽʚ nZEB. 

ʅʘʫʢʦʚʽ ʨʦʙʦʪʠ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ, ʟʦʢʨʝʤʘ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʦʙʤʝʞʫʶʪʴʩʷ ʣʦʢʘʣʴʥʠʤ 

ʘʥʘʣʽʟʦʤ ʘʙʦ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʘʙʦ ʪʦʯʢʦʚʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʠ ʮʴʦʤʫ ʧʠʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ 

ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʎʠʤ ʥʘʧʨʘʚʣʝʥʥʷʤ 

ʟʘʡʤʘʣʠʩʷ ʪʘʢʽ ʥʘʫʢʦʚʮʽ ʷʢ ʌʘʨʝʥʶʢ ɻ.ɻ., ɼʝʰʢʦ ɺ.ɯ. , ɹʽʣʦʫʩ ɯ.ʖ., ʐʦʚʢʘʣʶʢ ʄ.ʄ., 

ɻ.ʉ. ʈʘʪʫʰʥʷʢ, Zhang X, Kalle Kuusk, Hua Ge ʪʘ Fuad Baba ʪʘ ʽʥ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ 

ʪʝʨʤʽʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʫʚʘʪʠʤʫʪʴʩʷ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

-  ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʪʘ ʪʦʯʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; 

-  ʨʦʟʨʦʙʠʪʠ ʪʘ ʚʝʨʠʬʽʢʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʪʠʧʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʚʫʟʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʧʦʪʦʯʥʠʭ ʚʠʤʦʛ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʜʦ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʫʜʽʚʝʣʴ nZEB;  

-  ʨʦʟʨʦʙʠʪʠ ʜʠʥʘʤʽʯʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʙʨʘʥʠʭ ʪʠʧʦʚʠʭ ʙʫʜʽʚʝʣʴ 

ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʘ ʚʢʣʶʯʘʪʠʤʝ ʘʨʭʽʪʝʢʪʫʨʥʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ, ʪʝʭʥʽʯʥʽ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ;  
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-  ʚʠʙʨʘʪʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʜʣʷ 

ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʩʘʤʝ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ; 

-  ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʨʦʢ̒ʪʫʚʘʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ̒ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʪʘʥ ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʤʘʪʝʨʽʘʣʽʚ, ʪʦʚʱʠʥʠ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ, ʭʘʨʘʢʪʝʨʫ ʪʝʨʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ̒  ʧʨʦʮʝʩʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʟ ʪʝʧʣʦʧʨʦʚʽʜʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ ʥʘ ʚʠʟʥʘʯʝʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʫ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʣʦ ʯʠʩʝʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (FEM) ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ THERM ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʪʘ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʘʭ. ɼʠʥʘʤʽʯʥʝ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ï ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤ DesignBuilder ʪʘ EnergyPlus. ʄʝʪʦʜʠ ʩʮʝʥʘʨʥʦʛʦ ʪʘ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

- ʧʦʛʣʠʙʣʝʥʦ ʘʥʘʣʽʟ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʪʠʧʦʚʠʭ ʚʫʟʣʽʚ ʪʝʨʤʽʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʪʦʯʥʠʭ ʚʠʤʦʛ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʫʜʽʚʝʣʴ nZEB. 

- ʨʦʟʚʠʥʫʪʦ ʧʽʜʭʦʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 3D-ʤʦʜʝʣʝʡ ʛʨʦʤʘʜʩʴʢʠʭ 

ʪʘ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ 

ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʪʝʧʣʦʚʦʛʦ 

ʟʘʭʠʩʪʫ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ.  

- ʚʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʫʣʘʰʪʫʚʘʥʥʷ ʚʫʟʣʽʚ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ 

ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ THERM ʪʘ ʜʠʥʘʤʽʯʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ DesignBuilder ʟ ʤʝʪʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ  ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ: ʛʨʦʤʘʜʩʴʢʦʾ 

ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʪʘ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʾ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ.. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʽʥʞʝʥʝʨʥʽʡ ʪʘ ʧʨʦʻʢʪʥʽʡ 

ʧʨʘʢʪʠʮʽ ʜʣʷ: 

¶ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʪʘ 

ʧʨʠʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴ ʜʦ ʨʽʚʥʷ nZEB; 

¶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ ʧʨʠ 

ʝʥʝʨʛʦʘʫʜʠʪʽ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʧʨʦʻʢʪʫʚʘʥʥʽ; 

¶ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʦʚʠʭ ʩʮʝʥʘʨʽʾʚ ʜʣʷ BIM-ʤʦʜʝʣʝʡ ʫ ʩʫʯʘʩʥʠʭ ʘʨʭʽʪʝʢʪʫʨʥʦ-

ʽʥʞʝʥʝʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʘʥʘʣʽʟ ʚʫʟʣʽʚ ʫ THERM, 

DesignBuilder, EnergyPlus; 

¶ ʘʜʘʧʪʘʮʽʾ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʧʽʜ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʪʝʭʥʽʯʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ ʫ ʜʠʩʮʠʧʣʽʥʘʭ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ  ʙʫʜʽʚʝʣʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ, ʩʬʦʨʤʦʚʘʥʽ ʩʮʝʥʘʨʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʧʨʦʙʦʚʘʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʨʘʢʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ 

ʦʥʦʚʣʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʦʾ ʙʘʟʠ, ʟʦʢʨʝʤʘ ʧʨʠ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʚʠʤʦʛ ʱʦʜʦ 

ʦʙʦʚôʷʟʢʦʚʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʨʦʟʨʘʭʫʥʢʘʭ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʷ ʻ ʟʘʚʝʨʰʝʥʦʶ ʥʘʫʢʦʚʦʶ ʧʨʘʮʝʶ. 

ɸʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʦʪʨʠʤʘʥʽ ʚʩʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʘʚʝʜʝʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ. ʋ ʜʨʫʢʦʚʘʥʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, 

ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: ʟʜʽʡʩʥʝʥʦ ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʥʦʨʤʘʪʠʚʥʦ-

ʤʝʪʦʜʠʯʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʪʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʟ ʧʠʪʘʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, 
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ʪʝʧʣʦʟʘʭʠʩʪʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʚ ʙʫʜʽʚʣʷʭ; ʧʽʜʽʙʨʘʥʦ 

ʧʨʦʛʨʘʤʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (THERM, 

DesignBuilder, EnergyPlus) [50]; ʚʠʢʦʥʘʥʦ ʟʙʽʨ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ (ʛʨʦʤʘʜʩʴʢʦʾ ʪʘ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ) ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʤʦʜʝʣʽ ʚ ʩʝʨʝʜʦʚʠʱʽ DesignBuilder [71]; ʧʦʙʫʜʦʚʘʥʦ 2D-ʤʦʜʝʣʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ, ʪʘ ʚʠʢʦʥʘʥʦ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ, 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʢʦʝʬʽʮʽʻʥʪʽʚ ɣ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ FEM-ʤʦʜʝʣʶʚʘʥʥʷ; ʨʦʟʨʦʙʣʝʥʦ 

ʩʮʝʥʘʨʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ; ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʧʦʢʨʘʱʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʚʫʟʣʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 

ʧʨʦʻʢʪʥʫ ʧʨʘʢʪʠʢʫ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʣʘʜʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟʦʢʨʝʤʘ: ʥʘ 

VIɯI ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʦʝʬʝʢʪʠʚʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪè, ʤ. ʂʠʾʚ, 2019 ʨʽʢ;  ʍɯɯ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʽʥʩʪʠʪʫʪʫ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ çɽʥʝʨʛʝʪʠʢʘ. ɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘè, ʤ. ʂʠʾʚ 

2020 ʨʽʢ; ʂʦʥʬʝʨʝʥʮʽʷ ɸʩʧʽʨʘʥʪʩʴʢʽ ʯʠʪʘʥʥʷ ʽʤʝʥʽ ʧʨʦʬʝʩʦʨʘ ɸʨʪʫʨʘ 

ɺʝʥʽʘʤʽʥʦʚʠʯʘ ʇʨʘʭʦʚʥʠʢʘ, ʤ. ʂʠʾʚ, 2024 ʨʽʢ. 

ʇʫʙʣʽʢʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 7 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʷʭ: 5 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (5 ʩʪʘʪʪʽ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ), 2 ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʫ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 71 ʥʘʡʤʝʥʫʚʘʥʥ.̫ 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 178 ʩʪʦʨʽʥʦʢ, 76 ʨʠʩʫʥʢʽʚ, 49 ʪʘʙʣʠʮ.ɹ  
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ʈʆɿɼɯʃ 1 ʄɽʊʆɼʆʃʆɻɯʏʅɯ ʆʉʅʆɺʀ ʆʎɯʅʖɺɸʅʅʗ 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɹʋɼɯɺɽʃʔ ʊɸ ɰʍ ʆɻʆʈʆɼɾʋɺɸʃʔʅʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁ 

 

1.1 ʅʦʨʤʘʪʠʚʥʽ ʟʘʩʘʜʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ ʾʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

 

ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʩʫʯʘʩʥʦʾ 

ʋʢʨʘʾʥʠ, ʘʜʞʝ ʚʽʜ ʥʝʾ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʢʦʤʬʦʨʪ ʪʘ ʙʝʟʧʝʢʘ ʣʶʜʝʡ, ʘʣʝ ʡ ʝʢʦʥʦʤʽʯʥʘ 

ʪʘ ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʢʨʘʾʥʽ. ʊʘʢ, ʫ 2017 ʨʦʮʽ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʟʘʢʦʥ çʇʨʦ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴè, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʨʘʚʦʚʽ, ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʩʘʜʠ ʜʽʷʣʴʥʦʩʪʽ ʫ ʩʬʝʨʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʽ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʙʫʜʽʚʣʷʭ [1]. ʊʘʢʠʤ 

ʯʠʥʦʤ ʩʬʦʨʤʦʚʘʥʦ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʜʝʨʞʘʚʥʦʛʦ ʚʧʣʠʚʫ ʚ ʮʽʡ ʦʙʣʘʩʪʽ, ʘ ʩʘʤʝ:  

- ʛʘʨʘʥʪʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʧʨʘʚʠʣ ʽ ʤʝʪʦʜʠʢ ʜʣʷ 

ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ; 

- ʦʮʽʥʢʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʫ ʘʪʤʦʩʬʝʨʫ; 

- ʨʦʟʨʦʙʢʘ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʣʘʥʫ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ 

ʙʫʜʽʚʝʣʴ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ; 

- ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʱʦʜʦ ʽʥʚʝʩʪʠʮʽʡ ʟ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʭʦʜʽʚ ʽʟ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ; 

- ʧʨʦʚʝʜʝʥʥʷ ʨʝʥʦʚʘʮʽʾ ʪʘ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʚʞʝ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [1], ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʦʙôʻʢʪʠ, ʥʘ ʷʢʽ ʥʝ 

ʧʦʰʠʨʶʶʪʴʩʷ ʧʦʣʦʞʝʥʥʷ ʮʴʦʛʦ ʟʘʢʦʥʫ. ʎʝ ʧʨʦʤʠʩʣʦʚʽ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʙʫʜʽʚʣʽ, ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ (ʢʨʽʤ ʚʠʧʘʜʢʽʚ ʦʪʨʠʤʘʥʥʷ ʜʝʨʞʘʚʥʦʾ 

ʜʦʧʦʤʦʛʠ ʥʘ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʶ ʘʙʦ ʩʝʨʪʠʬʽʢʘʮʽʶ ʮʴʦʛʦ ʚʠʜʫ ʙʫʜʽʚʝʣʴ), ʨʝʣʽʛʽʡʥʽ 

ʦʙôʻʢʪʠ ʪʘ ʪʽ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ, ʘ ʪʘʢʦʞ ʦʢʨʝʤʽ ʙʫʜʽʚʣʽ ʟ 
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ʦʧʘʣʶʚʘʣʴʥʦʶ ʧʣʦʱʝʶ ʤʝʥʰ ʷʢ 50 ʢʚʘʜʨʘʪʥʠʭ ʤʝʪʨʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʽʥʰʠʭ 

ʦʙôʻʢʪʽʚ ʩʝʨʪʠʬʽʢʘʮʽʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʨʪʠʬʽʢʘʪʫ ʙʫʜʽʚʣʽ ʻ ʦʙʦʚôʷʟʢʦʚʦʶ, ʘ ʩʘʤʝ ʜʣʷ ʦʙôʻʢʪʽʚ ʥʦʚʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ (ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ), ʙʫʜʽʚʝʣʴ ʜʝʨʞʘʚʥʦʾ ʚʣʘʩʥʦʩʪʽ ʪʘ 

ʙʫʜʽʚʝʣʴ, ʚ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʟʘ ʫʯʘʩʪʶ ʜʝʨʞʘʚʠ. 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʤʦʞʝ ʦʮʽʥʶʚʘʪʠʩʴ ʷʢ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʘʙʦ 

ʬʘʢʪʠʯʥʠʡ ʨʽʯʥʠʡ ʦʙʩʷʛ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʘʣʝʥʥʷ ʧʨʠ 

ʜʦʪʨʠʤʘʥʥʽ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨ, 

ʚʠʟʥʘʯʝʥʠʭ ʫ [2] ʪʘ [3]. ɼʣʷ ʮʴʦʛʦ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

ʦʩʥʦʚʽ ʧʦʢʘʟʥʠʢʘ ʛʨʘʜʫʩʦ-ʜʽʙ (ɻɼ), ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʩʝʨʝʜʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ. ʍʦʯʘ ʮʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʘʜʘʧʪʫʚʘʪʠ ʦʮʽʥʢʠ ʜʦ ʬʘʢʪʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ, ʚʽʥ ʧʦʩʪʫʧʘʻʪʴʩʷ ʪʦʯʥʽʩʪʶ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʤʝʪʦʜʘʤ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʜʠʥʘʤʽʯʥʝ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ 

ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ. 

ʄʝʪʦʜʦʣʦʛʽʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʻʚʨʦʧʝʡʩʴʢʠʤ ʩʪʘʥʜʘʨʪʦʤ EN ISO 52016, ʷʢʠʡ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʷʢ [4] ʪʘ [5], ʚʠʟʥʘʯʘʻ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʤʝʪʦʜʫ 

ʦʮʽʥʢʠ ʱʦʨʽʯʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. ʉʪʘʥʜʘʨʪ 

ʦʢʨʝʩʣʶʻ ʜʚʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʦʧʘʣʝʥʥʽ 

ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ: ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʤʝʪʦʜ (ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʪʨʠʚʘʣʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, 

ʤʽʩʷʮʴ ʯʠ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ) ʪʘ ʜʠʥʘʤʽʯʥʠʡ ʤʝʪʦʜ (ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʟʘʟʚʠʯʘʡ ʦʜʥʫ ʛʦʜʠʥʫ). 

ʉʧʨʦʱʝʥʠʡ ʧʦʛʦʜʠʥʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʟʤʽʥʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʱʦ ʧʦʣʝʛʰʫʻ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʫ 

ʧʨʠʤʽʱʝʥʥʽ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʥʘʚʝʜʝʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʦʡ ʘʩʧʝʢʪ, ʱʦ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʩʧʦʞʠʚʘʶʪʴ ʝʥʝʨʛʽʶ, ʪʘʢʽ ʷʢ ʛʘʨʷʯʘ ʚʦʜʘ, 

ʚʝʥʪʠʣʷʮʽʷ ʪʘ ʦʩʚʽʪʣʝʥʥʷ. 

ɹʝʟʧʦʩʝʨʝʜʥʻ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʢʘʟʽʚ [6] ʪʘ [7], ʥʘ ʦʩʥʦʚʽ ʥʘʮʽʦʥʘʣʴʥʦ ʩʪʘʥʜʘʨʪʫ [8], 

ʷʢʠʡ ʛʘʨʤʦʥʽʟʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʚʠʤʦʛ ʫ ʩʬʝʨʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʨʠ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʙʦʚôʷʟʢʦʚʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʽ 
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ʬʘʢʪʦʨʠ, ʷʢ: ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʧʨʠʟʥʘʯʝʥʥʷ ʙʫʜʽʚʣʽ, ʾʾ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ,  ʤʽʢʨʦʢʣʽʤʘʪ ʚʩʝʨʝʜʠʥʽ ʙʫʜʽʚʣʽ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ. 

ɺʠʤʦʛʠ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ 

ʙʫʜʽʚʣʽ, ʟʦʢʨʝʤʘ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ, ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʙʫʜʽʚʝʣʴ 

ʥʘʚʝʜʝʥʦ ʚ [9]. 

ʇʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʆʂ) ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ  

ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼɹʅ ɺ.2.6-31[10]. ɸʢʪʫʘʣʴʥʽ ʚʠʤʦʛʠ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1.1.  

 

ʊʘʙʣʠʮʷ 1.1 ï ʄʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʆʂ Rq.min 

 ̄ ɺʠʜ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ɿʥʘʯʝʥʥʷ Rq.min , ʤ
2ẗʂ/ɺʪ 

ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʦʥʠ 

I II  

1 ɿʦʚʥʽʰʥʽ ʩʪʽʥʦʚʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 4,00 3,50 

2 
ʉʫʤʽʱʝʥʥʽ ʧʦʢʨʠʪʪʷ ʱʦ ʤʝʞʫʶʪʴ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʧʦʚʽʪʨʷʤ 
7,00 6,00 

3 

ʇʦʢʨʠʪʪʷ ʦʧʘʣʶʚʘʣʴʥʠʭ ʛʦʨʠʱ (ʪʝʭʥʽʯʥʠʭ 

ʧʦʚʝʨʭʽʚ), ʤʘʥʩʘʨʜ, ʛʦʨʠʱʥʽ ʧʝʨʝʢʨʠʪʪʷ 

ʥʝʦʧʘʣʶʚʘʣʴʥʠʭ ʛʦʨʠʱ 

6,00 5,50 

4 
ʇʝʨʝʢʨʠʪʪʷ ʱʦ ʤʝʞʫʶʪʴ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ, ʪʘ 

ʥʘʜ ʥʝʦʧʘʣʶʚʘʣʴʥʠʤʠ ʧʽʜʚʘʣʘʤʠ 
5,00 4,00 

5 ʉʚʽʪʣʦʧʨʦʟʦʨʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 0,90 0,70 

6 ɿʝʥʽʪʥʽ ʣʽʭʪʘʨʽ 0,80 0,70 

7 ɿʦʚʥʽʰʥʽ ʜʚʝʨʽ 0,70 0,60 

 

ʉʘʤʝ ʧʦʣʦʞʝʥʥʷ ʚʠʱʝʟʛʘʜʘʥʠʭ ʥʦʨʤ ʚʩʪʘʥʦʚʣʶʶʪʴ ʤʽʥʽʤʘʣʴʥʽ ʚʠʤʦʛʠ, 

ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʧʨʠ ʧʨʦʢ̒ʪʫʚʘʥʥʽ ʪʘ ʙʫʜʽʚʥʠʮʪʚʽ (ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ 

ʪʘ ʢʘʧʽʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ) ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʽʩʮʝʚʠʭ ʢʣʽʤʘʪʠʯʥʠʭ, 

ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ ʪʘ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʙʫʜʽʚʣʽ ʪʘ ʾʾ ʛʝʦʤʝʪʨʠʯʥʠʭ, ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʧʠʪʦʤʦʛʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. ʊʘʢʦʞ ʚ ʥʦʨʤʘʭ [10] ʥʘʚʝʜʝʥʦ 
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ʜʦʧʦʤʽʞʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟ ʤʝʪʦʶ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ.  

ɿʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʡ, ʚʽʜʧʦʚʽʜʥʦ, ʩʢʦʨʦʪʠʪʠ 

ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʻ ʦʜʥʠʤʠ ʟ ʢʣʶʯʦʚʠʭ ʮʽʣʝʡ ɼʠʨʝʢʪʠʚʠ 

2010/31/ɭʉ ʧʨʦ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʝʣʴ, ʷʢʫ ʥʘʰʘ ʢʨʘʾʥʘ 

ʟʦʙʦʚôʷʟʘʣʘʩʴ ʚʠʢʦʥʫʚʘʪʠ ʨʘʟʦʤ ʟ ʛʘʨʤʦʥʽʟʘʮʽʻʶ ʚʽʪʯʠʟʥʷʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʥʦʨʤ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ [11].  

ɼʦʜʘʪʢʦʚʦ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʱʦ ʚ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ ʚʞʝ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʥʦʚʘ 

ɼʠʨʝʢʪʠʚʘ 2024/1275/ɭʉ [12], ʷʢʘ ʧʦʢʠ ʥʝ ʧʨʠʡʥʷʪʘ ʚ ʋʢʨʘʾʥʽ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ 

ʧʦʣʦʞʝʥʴ ʜʠʨʝʢʪʠʚʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʫ "ʙʫʜʽʚʝʣʴ ʟ ʥʫʣʴʦʚʠʤʠ ʚʠʢʠʜʘʤʠ" 

ʜʣʷ ʚʩʽʭ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ: ʟ 2028 ʨʦʢʫ ʜʣʷ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʟ 2030 ʨʦʢʫ ʜʣʷ 

ʽʥʰʠʭ, ʘ ʪʘʢʦʞ ʧʦʩʠʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ. 

ʎʽ ʦʥʦʚʣʝʥʥʷ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʘʛʥʝʥʥʷ ɭʉ ʜʦʩʷʛʪʠ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʜʦ 

2050 ʨʦʢʫ ʪʘ ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʶ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʙʫʜʽʚʝʣʴʥʦʤʫ ʩʝʢʪʦʨʽ. 

ɺ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʜʠʨʝʢʪʠʚ ʚ ʋʢʨʘʾʥʽ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʚʠʤʦʛʠ ʜʦ  

ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (nZEB ï nearly Zero 

Energy Buildings) [13]. ʊʘʢ, ʫ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ (ɭʉ) ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ 

ʩʪʘʥʜʘʨʪʽʚ nZEB ʧʦʯʠʥʘʶʯʠ ʟ 2019 ʨʦʢʫ ʤʘʶʪʴ ʥʦʚʽ ʜʝʨʞʘʚʥʽ ʙʫʜʽʚʣʽ, ʘ ʟ 2021 ʨʦʢʫ 

ʚʩʽ ʥʦʚʽ ʙʫʜʽʚʣʽ. ʋ ʚʽʪʯʠʟʥʷʥʠʭ ʚʠʤʦʛʘʭ ʜʦ ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʝʤ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʦʙʦʚôʷʟʢʦʚʦʶ ʻ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʣʘʩʫ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ çɸè ʜʣʷ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʘ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʣʘʩʫ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ çɺè. ʆʢʨʽʤ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ 

ʚʠʤʦʛʠ ʜʦ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢ ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ ʟ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ; ʯʘʩʪʢʘ ʝʥʝʨʛʽʾ, ʚʠʨʦʙʣʝʥʦʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ; 

ʪʝʧʣʦʪʝʭʥʽʯʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; ʛʝʨʤʝʪʠʯʥʽʩʪʴ 

ʦʙʦʣʦʥʢʠ; ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ. 

ɿʦʢʨʝʤʘ, ʤʽʥʽʤʘʣʴʥʽ ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʥʝ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʽʪʢʠʭ ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, 

ʘ ʯʝʨʝʟ ʤʽʥʽʤʘʣʴʥʫ ʪʦʚʱʠʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 
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ʢʦʥʩʪʨʫʢʮʽʡ, ʘʣʝ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʠʤ 

ʥʽʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʦʨʤʘʤʠ[10]: 

¶ 100 ʤʤ ʜʣʷ ʧʽʜʣʦʛ ʧʦ ˇʨʫʥʪʫ; 

¶ 200 ʤʤ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥʦʚʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; 

¶ 300 ʤʤ ʜʣʷ ʧʦʢʨʠʪʪʷ ʦʧʘʣʶʚʘʥʠʭ ʛʦʨʠʱ (ʪʝʭʥʽʯʥʠʭ ʧʦʚʝʨʭʽʚ), ʤʘʥʩʘʨʜ, 

ʛʦʨʠʱʥʠʭ ʧʝʨʝʢʨʠʪʪʽʚ ʥʝʦʧʘʣʶʚʘʥʠʭ ʛʦʨʠʱ; 

¶ 400 ʤʤ ʜʣʷ ʩʫʤʽʱʝʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʤʝʞʫʶʪʴ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ. 

ɿʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1.2. 

 

 ʊʘʙʣʠʮʷ 1.2 ï ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʙʫʜʽʚʝʣʴ nZEB 

ɺʠʜ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʄʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ R, 

(ʤĮĿʂ)/ɺʪ, ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʦʥʠ 

ʄʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ Uw, 

ɺʪ/(ʤĮĿʂ), ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʟʦʥʠ 

ɯ ɯɯ ɯ ɯɯ 

ʉʚʽʪʣʦʧʨʦʟʦʨʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ 
1,1 1,0 0,9 1,0 

ɿʝʥʽʪʥʽ ʣʽʭʪʘʨʽ 1,0 0,9 1,0 1,1 

ɿʦʚʥʽʰʥʽ ʜʚʝʨʽ 0,8 0,7 1,2 1,4 

ʉʢʣʷʥʽ ʬʘʩʘʜʠ 1,3 1,1 0,8 0,9 

 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘʢʦʞ ʻ ANSI/ASHRAE/IES Standard 90.1 [14]. ʆʜʨʘʟʫ 

ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʘʥʠʡ ʤʽʞʥʘʨʦʜʥʠʡ ʩʪʘʥʜʘʨʪ, ʥʝ ʚʩʪʘʥʦʚʣʶʻ ʤʽʥʽʤʘʣʴʥʽ 

ʚʠʤʦʛʠ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ ʜʣʷ ʥʠʟʴʢʦʧʦʚʝʨʭʦʚʠʭ 

ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ (ʤʝʥʰʝ ʪʨʴʦʭ ʧʦʚʝʨʭʽʚ ʚʠʱʝ ʨʽʚʥʷ ˇʨʫʥʪʫ). ʉʪʘʥʜʘʨʪ 

ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʽʣʴʥʦ ɸʤʝʨʠʢʘʥʩʴʢʦʶ ʘʩʦʮʽʘʮʽʻʶ ʽʥʞʝʥʝʨʽʚ ʟ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ, 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʪʘ ʭʦʣʦʜʠʣʴʥʦʾ ʪʝʭʥʽʢʠ (ASHRAE) ʪʘ ʇʽʚʥʽʯʥʦʘʤʝʨʠʢʘʥʩʴʢʠʤ 
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ʪʦʚʘʨʠʩʪʚʦʤ ʦʩʚʽʪʣʶʚʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ (IES). ʉʪʘʥʜʘʨʪ ʦʥʦʚʣʶʪ̒ʴʩʷ ʢʦʞʥʽ ʪʨʠ ʨʦʢʠ 

ʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʜʝʢʩʽʚ, ʷʢʽ ʧʨʠʡʤʘʶʪʴʩʷ ʰʪʘʪʘʤʠ ʉʐɸ ʪʘ ʽʥʰʠʤʠ 

ʢʨʘʾʥʘʤʠ ʩʚʽʪʫ. ɼʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʘʥʜʘʨʪʫ ASHRAE 90.1 ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʝ: 

Å  ʚʠʤʦʛʠ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʜʠʥʢʫ, ʪʘʢʠʭ ʷʢ 

ʦʙʦʣʦʥʢʘ, ʦʩʚʽʪʣʝʥʥʷ, ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʷ, ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʭʦʣʦʜʠʣʴʥʝ 

ʦʙʣʘʜʥʘʥʥʷ, ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʧʦʞʝʞʥʘ ʙʝʟʧʝʢʘ ʪʦʱʦ; 

Å  ʚʨʘʭʦʚʫʻ ʢʣʽʤʘʪʠʯʥʫ ʟʦʥʫ, ʪʠʧ ʙʫʜʠʥʢʫ, ʪʠʧ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

Å ʤʘʻ ʜʦʜʘʪʢʦʚʠʡ ʨʦʟʜʽʣ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, 

ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʘ ʝʥʝʨʛʝʪʠʢʘ, ʚʽʪʨʦʚʘ ʝʥʝʨʛʝʪʠʢʘ, ʛʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʦʱʦ; 

Å  ʤʘʻ ʜʦʜʘʪʢʦʚʠʡ ʨʦʟʜʽʣ ʧʨʦ ʥʦʨʤʘʪʠʚʠ ʜʣʷ ʮʝʥʪʨʘʣʴʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴ ʙʘʛʘʪʦ ʙʫʜʠʥʢʽʚ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʦʜʥʽʻʶ ʟ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʚʠʢʣʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʠʤʦʛʠ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʽʜʚʠʱʫʶʪʴʩʷ ʟ ʯʘʩʦʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [14] ʂʠʾʚ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʢʣʽʤʘʪʠʯʥʦʾ ʟʦʥʠ 5ɸ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʛʨʘʬʽʢ ʟʤʽʥʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʤʦʛ ʜʦ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ASHRAE 

90.1 ʪʘ ɼɹʅ ɺ.2.6-31 ʜʣʷ ʢʣʽʤʘʪʠʯʥʦʾ ʟʦʥʠ ʂʠʻʚʘ ʚ ʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʚʦʭ 

ʜʝʩʷʪʠʣʽʪʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.1. 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 1.1 ï  ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʪʘʥʜʘʨʪʫ (ʘ) ASHRAE 90.1 ʪʘ (ʙ) ɼɹʅ ɺ.2.6-31 ʚ ʧʝʨʽʦʜ ʟ 2006 ʧʦ 2022 ʨʽʢ. 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 1.1, ʚʠʤʦʛʠ ʜʦ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʛʽʜʥʦ ɼɹʅ ɺ.2.6-31 ʻ ʙʽʣʴʰ 

ʞʦʨʩʪʢʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʥʜʘʨʪʦʤ ʉʐɸ. ʉʪʨʠʙʦʢ ʫ ʚʠʤʦʛʘʭ ʜʦ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʚʽʢʦʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ASHRAE-90.1 ʟʫʤʦʚʣʝʥʠʡ ʟʤʽʥʦʶ ʧʽʜʭʦʜʫ ʜʦ ʚʠʤʦʛ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʨʘʤʠ ʩʚʽʪʣʦʧʨʦʟʦʨʦʾ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

 ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤʠ ʟʘ ʚʧʣʠʚʦʤ ʥʘ ʨʽʚʝʥʴ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʻ ʧʦʢʘʟʥʠʢ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʨʘʥʩʤʽʩʽʻʶ. ʎʝʡ ʧʦʢʘʟʥʠʢ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ (ʩʪʽʥʫ, ʧʽʜʣʦʛʫ, ʜʘʭ ʪʦʱʦ) ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʧʨʠ ʦʜʠʥʠʯʥʽʡ ʨʽʟʥʠʮʽ 
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ʪʝʤʧʝʨʘʪʫʨ ʟ ʦʙʦʭ ʩʪʦʨʽʥ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʦʢʘʟʥʠʢ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʨʘʥʩʤʽʩʽʻʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʡʦʛʦ ʪʦʚʱʠʥʠ, ʬʦʨʤʠ ʪʘ 

ʧʦʚʝʨʭʥʝʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʠʚʝʜʝʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʜʣʷ ʥʝʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Ὗ ρȾὙȟ̐ Σ̑                      (1.1) 

ʜʝ Ὑȟ̐  ̑ï ʧʨʠʚʝʜʝʥʠʡ ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʤ2ϊʂ/ɺʪ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʚʝʜʝʥʠʡ ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [15] ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

Ὑȟ̐̑ В  Ⱦ   В  Ͻ  В  Ͻ 
Σ                   (1.2) 

ʜʝ ὃ ï ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʦʙʯʠʩʣʝʥʘ ʟʘ 

ʚʥʫʪʨʽʰʥʽʤ ʚʠʤʽʨʦʤ ̔ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʣʦ ɦʚʥʫʪʨʽʰʥʽʭ ʫʢʦʩʽʚ ʧʨʦʨʽʟʽʚ ʪʘ ʚʽʜʥʽʤʘʥʥʷʤ 

ʧʣʦ ɦʧʨʦʨʽʟʽʚ, ʤĮ; 

ὃ ï ʧʣʦʱʘ i-ʦ ʾʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʦʾ ʯʘʩʪʠʥʠ ʥʝʧʨʦʟʦʨʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ɦ ʦ ʥʝ 

ʤʽʩʪʠʪʴ ʧʣʦʱʽ ʚʥʫʪʨʽʰʥʽʭ ʫʢʦʩʽʚ ʧʨʦʨʽʟʽʚ ʪʘ ʧʣʦʱʽ ʜʽʣʷʥʦʢ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ 

ʙʫʜʽʚʣʽ, ̫ʢ ̔ʢʦʥʪʘʢʪʫʶʪʴ ʟ ̔ʥʰʠʤʠ ʪʝʧʣʦʧʨʦʚʽʜʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ, ʤĮ; 

Ὑ  ï ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ i-ʦ ʾʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʤĮĿʂ/ɺʪ; 

    ï ʣʽʥʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ m-ʛʦ ʣʽʥʽʡʥʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ, ɺʪ/(ʤĿʂ); 

 ὰ ï ʣʽʥʽʡʥʠʡ ʨʦʟʤʽʨ (ʧʨʦʝʢʮʽʷ) m-ʛʦ ʣʽʥʽʡʥʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ, 

ʤ; 

 ʔ ï ʪʦʯʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ j-ʛʦ ʪʦʯʢʦʚʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ, ɺʪ/ʂ; 

 ὔ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ j-ʠʭ ʪʦʯʢʦʚʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ɦ ʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʟʘʛʘʣʴʥʽʡ ʧʣʦʱʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʣʦ ɦ

ʚʥʫʪʨʽʰʥʽʭ ʫʢʦʩʽʚ ʧʨʦʨʽʟʽʚ, hʪ. 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʬʦʨʤʫʣ, ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʪʝʧʣʦʧʝʨʝʜʘʯʫ 

ʪʨʘʥʩʤʽʩʽʻʶ ʚʯʠʥʷʶʪʴ ʣʽʥʽʡʥʽ ʪʘ ʪʦʯʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ. 
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʠ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ ʤʦʞʥʘ 

ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʜʝʢʽʣʴʢʦʤʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ. ʊʘʢ, ʫ ʤʝʪʦʜʠʮʽ [8] ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʯʠ ʾʾ ʥʝʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʱʦʜʦ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʚʘʞʥʦ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ, 

ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʨʠʛʫʶʯʫ ʧʦʧʨʘʚʢʫ æUtb ʜʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʧʦ ʦʩʥʦʚʥʦʤʫ ʧʦʣʶ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.3. 

 

ʊʘʙʣʠʮʷ 1.3 - ɿʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʝʧʨʦʟʦʨʦʾ ʯʘʩʪʠʥ 

ʢʦʥʩʪʨʫʢʮʽʡ, ɺʪ/(ʤ2Ŀʂ) 

æUtb , ɺʪ/(ʤ
2·ʂ) 

Uop,mn Ó 0,8 0,0 

0,4 Ò Uop,mn Ò 0,8 0,05 

Uop,mn Ò 0,4 0,10 

 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ ʧʦʢʘʟʥʠʢʠ ʜʦʜʘʪʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ 

ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʘʟʚʠʯʘʡ ʩʠʣʴʥʦ ʟʘʚʠʱʫʶʪʴ ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʻ ʜʦʩʠʪʴ ʛʨʫʙʠʤ ʤʝʪʦʜʦʤ ʦʙʯʠʩʣʝʥʥʷ. 

ʄʝʪʦʜ ʚʠʙʦʨʫ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʫʪʝʧʣʝʥʥʷ ʞʠʪʣʦʚʠʭ, 

ʛʨʦʤʘʜʩʴʢʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʧʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʥʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ, ʟʦʢʨʝʤʘ ʟ ʤʝʪʦʶ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ 

ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ [15]. 

ʋ ʜʦʜʘʪʢʘʭ ɻ ʪʘ ɼ ʜʦ [15] ʥʘʚʝʜʝʥʘ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʪʠʧʦʚʠʭ ʚʫʟʣʽʚ ʪʝʨʤʽʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʪʘ ʪʦʯʢʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʚʝʜʝʥʦʛʦ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ.  

ʉʧʨʦʱʝʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʢʨʽʟʴ ʣʽʥʽʡʥʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽ 

ʚʢʣʶʯʝʥʥʷ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʤʽʩʮʷʭ ʟôʻʜʥʘʥʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʣʽ 

ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʚ ʩʪʘʥʜʘʨʪʽ [16], ʧʨʦʪʝ, ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ [16] ʻ ʦʙʤʝʞʝʥʥʷ 
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ʱʦʜʦ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʘʥʘʣʽʟʽ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʚʽʢʦʥʥʠʤʠ ʪʘ ʜʚʝʨʥʠʤʠ ʨʘʤʘʤʠ.  

ʆʩʥʦʚʥʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʜʽʶʯʠʤ ʥʘʮʽʦʥʘʣʴʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʷʢʠʡ ʚʠʟʥʘʯʘʻ 

ʟʘʛʘʣʴʥʽ ʤʝʪʦʜʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʪʝʨʤʽʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʦʢ (ʤʽʩʪʢʽʚ ʭʦʣʦʜʫ) ʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʻ [17]. 

ʉʪʘʥʜʘʨʪ ʚʩʪʘʥʦʚʣʶʻ ʩʧʝʮʠʬʽʢʘʮʽʾ ʜʣʷ 3-D ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʚʫʟʣʘ ʙʫʜʽʚʣʽ ʟ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʤ ʚʢʣʶʯʝʥʥʷʤ, ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ʉʪʘʥʜʘʨʪ ʪʘʢʦʞ ʥʘʜʘʻ 

ʧʨʘʚʠʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʘ ʪʘʢʦʞ 

ʤʽʥʽʤʘʣʴʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ.  

ʄʝʪʦʜ ʦʙʯʠʩʣʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ [17], 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʚ'ʷʟʘʥʥʽ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʤʦʜʝʣʽ ʪʝʧʣʦʚʦʛʦ ʤʦʩʪʫ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ, ʤʝʪʦʜ ʢʦʥʪʨʦʣʴʥʠʭ ʦʙ'ʻʤʽʚ ʪʦʱʦ. 

ʄʝʪʦʜ ʦʙʯʠʩʣʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ̔  ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʘʣʴʥʽ ʧʦʚʝʨʭʥʝʚʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ. ʆʙʯʠʩʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʜʦ ʤʝʞʽ ʨʦʟʜʽʣʫ ʤʽʞ ʩʝʢʮʽʷʤʠ ʤʘʪʝʨʽʘʣʫ ʽ ʧʨʠʣʝʛʣʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ή Σ                      (1.3) 

ʜʝ ή ï ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ2; 

— ï ʟʦʚʥʽʰʥʷ ʘʙʦ ʚʥʫʪʨʽʰʥʷ ʦʧʦʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

— ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʟʦʚʥʽʰʥʽʡ ʘʙʦ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ, ʂ; 

Ὑ ï ʟʦʚʥʽʰʥʽʡ ʘʙʦ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʝʚʠʡ ʦʧʽʨ, ʤ2ϊʂ/ɺʪ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ūi,j ʟ ʩʝʨʝʜʦʚʠʱʘ i ʜʦ 

ʪʝʨʤʽʯʥʦ ʧʨʠʣʝʛʣʦʛʦ ʩʝʨʝʜʦʚʠʱʘ j ʜʦʨʽʚʥʶʻ: 

  ὒȟ— — Σ            (1.4) 

ʜʝ   ï ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ; 

— ï ʪʝʤʧʝʨʘʪʫʨʘ i-ʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ; 
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— ï ʪʝʤʧʝʨʘʪʫʨʘ j-ʛʦ ʪʝʨʤʽʯʥʦ ʧʨʠʣʝʛʣʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ; 

ὒȟ ï ʣʽʥʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʟʚôʷʟʢʫ, ɺʪ/ʤẗʂ; 

ʉʘʤ ʨʦʟʨʘʭʫʥʦʢ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʛʽʜʥʦ ʟ [17] ʟʘ ʬʦʨʤʫʣʦʶ:  

  ὒ В ὟϽὰΣ           (1.5) 

ʜʝ ὒ  ï ʣʽʥʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʟʚôʷʟʢʫ, ̫ ʢʠʡ ʦʪʨʠʤʘʥʦ ʦʙʯʠʩʣʝʥʥʷʤ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ̫ʢʠʡ ʨʦʟʜʽʣʷʻ ʜʚʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘ, ɺʪ/ʤẗʂ; 

Ὗ ï  ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ j, ̫ʢʠʡ ʨʦʟʜʽʣʷʻ ʜʚʘ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘ, ɺʪ/ʤ2ẗʂ;  

ὰ ï  ʜʦʚʞʠʥʘ, ʜʦ ̫ʢʦʾ ʟʘʩʪʦʩʦʚʘʥʦ ʟʥʘʯʝʥʥʷ Ὗ, ʤ. 

 ɿʥʘʯʝʥʥʷ ʪʦʯʢʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὢ ὒ В ὒ Ͻὰ В ὟϽὃΣ                    (1.6) 

ʜʝ ὒ  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʟʚôʷʟʢʫ, ̫ ʢʠʡ ʦʪʨʠʤʘʥʦ ʦʙʯʠʩʣʝʥʥʷʤ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ̫ʢʠʡ ʨʦʟʜʽʣʷʻ ʜʚʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘ, ɺʪ/ʂ.  

ʉʪʘʥʜʘʨʪ [18] ʩʪʦʩʫʻʪʴʩʷ ʣʽʥʽʡʥʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʷʢʽ ʦʙʤʝʞʝʥʦ 

ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʪʝʧʣʦʚʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʨʝʪʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʣʠʰʝ ʟʘ ʫʤʦʚʠ, ʱʦ 

ʪʝʧʣʦʧʨʦʚʽʜʥʝ ʚʢʣʶʯʝʥʥʷ ʧʝʨʝʙʫʚʘʻ ʫ ʪʝʧʣʦʚʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ˇʨʫʥʪʦʤ. ʃʽʥʽʡʥʝ 

ʪʝʧʣʦʧʨʦʚʽʜʥʝ ʚʢʣʶʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʧʝʨʝʨʽʟʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʩʥʦʚʫ 

ʜʚʦʚʠʤʽʨʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʆʩʢʽʣʴʢʠ ʜʚʦʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʻ ʩʧʨʦʱʝʥʥʷʤ ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦ ʨʝʟʫʣʴʪʘʪʠ 

ʦʙʯʠʩʣʝʥʥʷ ʻ ʘʧʨʦʢʩʠʤʘʮʽʷʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʪʨʠʚʠʤʽʨʥʦʶ ʤʦʜʝʣʣʶ ʟʛʽʜʥʦ ʟ [17]. 

ʇʦʭʠʙʢʠ, ʩʧʨʠʯʠʥʝʥʽ ʮʠʤ ʩʧʨʦʱʝʥʥʷʤ, ʩʪʦʩʫʶʪʴʩʷ ʜʦʚʞʠʥʠ ʣʽʥʽʡʥʠʭ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʷʢʫ ʯʘʩʪʦ ʥʝ ʟʘʟʥʘʯʘʶʪʴ. ʄʝʪʦʜʠ ʦʙʯʠʩʣʝʥʥʷ, ʥʘʚʝʜʝʥʽ ʚ 

ʮʴʦʤʫ ʩʪʘʥʜʘʨʪʽ, ʥʘʟʚʘʥʽ ʤʝʪʦʜʘʤʠ çʂʣʘʩʫ ɺè, ʱʦʙ ʚʽʜʨʽʟʥʠʪʠ ʾʭ ʚʽʜ ʤʝʪʦʜʽʚ çʂʣʘʩʫ 

ɸè, ʥʘʚʝʜʝʥʠʭ ʚ [17]. ʍʦʯʘ ʚ ʮʠʭ ʩʪʘʥʜʘʨʪʘʭ ʟʘʩʪʦʩʦʚʘʥʦ ʩʭʦʞʽ ʤʝʪʦʜʠʢʠ 

ʦʙʯʠʩʣʝʥʥʷ, ʚʦʥʠ ʥʝ ʻ ʽʜʝʥʪʠʯʥʠʤʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʧʦʚʝʨʭʥʝʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɼʦ [18] ʧʦʢʣʘʜʝʥʦ ʢʨʠʪʝʨʽʾ, ʷʢʠʤ ʚʽʥ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ, ʱʦʙ ʤʝʪʦʜ 

ʦʙʯʠʩʣʝʥʥʷ ʣʽʥʽʡʥʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʤʦʞʥʘ ʙʫʣʦ ʦʧʠʩʘʪʠ ʷʢ ʤʝʪʦʜ 
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çʂʣʘʩʫ ɺè. ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝʡ ʩʪʘʥʜʘʨʪ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʢʠ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ ʥʘ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʇʨʠ ʪʦʤʫ, ʱʦ ʪʦʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʚʦʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ, ʨʝʘʣʴʥʘ ʤʽʥʽʤʘʣʴʥʘ ʧʦʚʝʨʭʥʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ 

ʙʫʪʠ ʥʠʞʯʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʽʥʰʠʭ ʣʽʥʽʡʥʠʭ ʘʙʦ ʪʦʯʢʦʚʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ 

ʧʦʨʫʯ. 

ɼʦʜʘʪʢʦʚʠʤ ʘʩʧʝʢʪʦʤ, ʷʢʠʡ ʜʝʤʦʥʩʪʨʫʻ ʚʩʝ ʙʽʣʴʰʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʝʪʘʣʴʥʦʛʦ 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʻ ʪʝ, ʱʦ ʚ ʥʘʢʘʟʽ [13] ʚʠʩʫʚʘʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʽʩʪʢʽʚ ʭʦʣʦʜʫ ʚ 

ʙʫʜʽʚʣʷʭ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʝʤ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ: 

 

ʊʘʙʣʠʮʷ 1.4 - ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ 

ɺʠʜ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ  

ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ,  

Ɋm, ɺʪ/(ʤĿʂ) 

ɺʫʟʣʠ ʢʫʪʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ 0,15 

ɺʫʟʣʠ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʽʭ 

ʩʪʽʥ 

0,03 

ɺʫʟʣʠ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʫʤʽʱʝʥʦʛʦ ʧʦʢʨʠʪʪʷ, 

ʱʦ ʤʝʞʫʶʪʴ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ 

0,15 

ɺʫʟʣʠ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ 

ʘʙʦ ʧʽʜʣʦʛʠ ʥʘʜ ʦʧʘʣʶʚʘʥʠʤʠ/ʥʝʦʧʘʣʶʚʘʥʠʤʠ 

ʧʽʜʚʘʣʘʤʠ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ 

ʬʫʥʜʘʤʝʥʪʫ 

0,3 

ɺʫʟʣʠ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʦʣʴʥʦ ʟʘʢʨʽʧʣʝʥʠʭ ʙʘʣʢʦʥʥʠʭ 

ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʽʟ ʟʦʚʥʽʰʥʴʦʶ ʩʪʽʥʦʶ 

0,3 

 

ʊʘʢʦʞ ʚʠʤʦʛʠ ʟ ʚʨʘʭʫʚʘʥʥʷ ʪʝʨʤʽʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʆʂ ʚʧʝʨʰʝ ʟôʷʚʠʣʠʩʴ ʚ 

ʦʩʪʘʥʥʽʡ ʚʝʨʩʽʾ ʦʧʠʩʘʥʦʛʦ ʨʘʥʽʰʝ ʩʪʘʥʜʘʨʪʫ ANSI/ASHRAE/IES Standard 90.1 [14]. 

ʊʘʢ, ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʤʽʥʽʤʽʟʘʮʽʷ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʰʣʷʭʦʤ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʭ ʪʝʭʥʽʢ ʟ ʽʟʦʣʷʮʽʾ ʪʠʧʦʚʠʭ ʟôʻʜʥʘʥʴ ʆʂ, ʪʦʙʪʦ ʧʽʜʭʽʜ 

ʩʭʦʞʠʡ ʟ ʦʧʠʩʘʥʠʤ ʚ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʩʪʘʥʜʘʨʪʽ [15].  

 

1.2 ʆʩʪʘʥʥʽ ʚʽʪʯʠʟʥʷʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʮʽʥʢʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʙʫʜʽʚʣʷʭ 

 

ʋ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʜʠʥ ʟ 

ʢʨʠʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʧʣʦʚʪʨʘʪʠ ʪʘ ʟʘʛʘʣʴʥʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ʙʫʜʽʚʝʣʴ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʟʨʦʩʪʘʻ ʫ ʢʦʥʪʝʢʩʪʽ ʧʝʨʝʭʦʜʫ ʜʦ ʤʘʡʞʝ 

ʥʫʣʴʦʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (nZEB) ʪʘ ʦʥʦʚʣʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʟʛʽʜʥʦ ʟ 

ʜʠʨʝʢʪʠʚʘʤʠ ɭʉ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ 

ʦʮʽʥʢʠ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ (ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ) ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ 

ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʪʝʧʣʦʚʽ 

ʚʪʨʘʪʠ. 

ʊʘʢ, ʫ ʩʪʘʪʪʽ ɻ.ɻ. ʌʘʨʝʥʶʢʘ, ɭ.ɻ. ʌʘʨʝʥʶʢʘ ʪʘ ʄ.ɺ. ʊʠʤʦʬʻʻʚʘ (2024) [19] 

ʟʜʽʡʩʥʝʥʦ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʪʘ ʤʝʪʦʜʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʙʦʨʫ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʫʪʝʧʣʝʥʥʷ ʙʫʜʽʚʝʣʴ, ʱʦ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʥʦʚʦʤʫ 

ʥʦʨʤʘʪʠʚʥʦʤʫ ʜʦʢʫʤʝʥʪʽ ð ɼʉʊʋ 9191:2022. ɸʚʪʦʨʠ ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʟʨʦʩʪʘʥʥʽ 

ʟʥʘʯʫʱʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʧʨʦʢ̒ʪʫʚʘʥʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʻ ʪʝʨʤʽʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʟʘ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ. ɹʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʪʘʨʦʶ ʚʝʨʩʽʻʶ ʩʪʘʥʜʘʨʪʫ (ɼʉʊʋ ɹ ɺ.2.6-189:2013) 

ʪʘ ʥʦʚʦʶ ʨʝʜʘʢʮʽʻʶ (ɼʉʊʋ 9191:2022). ʊʘʢʦʞ ʙʫʣʦ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ 

ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: ʦʜʥʘ ð ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʦʛʦʨʦʜʞʝʥʥʷ ʟ ʫʩʽʤʘ ʚʢʣʶʯʝʥʥʷʤʠ (ʧʝʨʝʢʨʠʪʪʷ, ʫʢʦʩʠ, ʢʫʪʠ), ʜʨʫʛʘ ð ʜʣʷ ʯʘʩʪʢʦʚʦʾ 

ʦʮʽʥʢʠ, ʥʘʧʨʠʢʣʘʜ, ʦʢʨʝʤʠʭ ʟʦʥ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʬʘʩʘʜʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʛʥʫʯʢʦ 

ʪʘ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʪʦʚʱʠʥʫ ʫʪʝʧʣʶʚʘʯʘ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ 

ʦʙʦʣʦʥʢʠ. ʊʘʢʦʞ ʫʟʘʛʘʣʴʥʝʥʦ ʚʠʤʦʛʠ ʱʦʜʦ ʚʨʘʭʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʢʣʽʥʥʷ, 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʦʙʤʽʥʫ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʫ ʪʘ ʢʦʤʧʘʢʪʥʦʩʪʽ ʙʫʜʽʚʣʽ. 

ɺʘʞʣʠʚʦ, ʱʦ ʪʘʢʦʞ ʟʘʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ 

ʣ̔ ʥʽʡʥʠʭ ʽ ʪʦʯʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʫʟʣʽʚ. 
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ʅʘʧʨʠʢʣʘʜ, ʫ ʩʪʘʪʪʽ ʐʦʚʢʘʣʶʢ ʄ.ʄ. ʪʘ ɿʽʤʝʥʢʘ ʉ.ɺ. (2017) [20] ʧʨʦʚʝʜʝʥʦ 

ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʪʫʧʠʣʘ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʘ ʞʠʪʣʦʚʘ ʙʫʜʽʚʣʷ ʟ ʯʘʩʪʢʦʚʦ ʫʪʝʧʣʝʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʩʪʽʥʘʤʠ. ɹʫʣʦ 

ʧʦʨʽʚʥʷʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʢʦʥʘʥʠʭ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ 

ʤʝʪʦʜʘʤʠ: ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʩʪʢʽʚ ʭʦʣʦʜʫ 

ʟʛʽʜʥʦ ʟ ʥʘʮʽʦʥʘʣʴʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ɼʉʊʋ ɹ ɸ.2.2-12:2015 (ʨʦʟʨʦʙʣʝʥʠʤ ʥʘ ʦʩʥʦʚʽ 

EN 13790), ʪʘ ʫʨʘʭʫʚʘʥʥʷʤ ʚʢʣʶʯʝʥʴ ʟʘ ʻʚʨʦʧʝʡʩʴʢʠʤ ʩʪʘʥʜʘʨʪʦʤ EN 12831 (ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ). ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʧʨʦʱʝʥʠʡ 

ʧʽʜʭʽʜ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʤʽʩʪʢʽʚ ʭʦʣʦʜʫ ʟʘʥʠʞʫʻ ʬʘʢʪʠʯʥʽ ʪʝʧʣʦʚʪʨʘʪʠ ʜʦ 14%, ʪʦʜʽ ʷʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ɼʉʊʋ ɹ ɸ.2.2-12:2015 ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʤʝʥʰʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʜʘʥʠʭ 

ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ð ʣʠʰʝ 6,5%. ɭʚʨʦʧʝʡʩʴʢʘ ʤʝʪʦʜʠʢʘ EN 12831, ʷʢʘ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʟʘʛʘʣʴʥʠʭ ʧʦʧʨʘʚʦʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ, ʜʘʣʘ ʟʘʚʠʱʝʥʝ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʽ 

ʚʽʜʭʠʣʝʥʥʷ ʥʘ ʨʽʚʥʽ 14%. ɸʚʪʦʨʠ ʧʽʜʢʨʝʩʣʶʶʪʴ, ʱʦ ʽʛʥʦʨʫʚʘʥʥʷ ʤʽʩʪʢʽʚ ʭʦʣʦʜʫ ʧʽʜ 

ʯʘʩ ʝʥʝʨʛʦʘʫʜʠʪʫ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʢʦʨʝʢʪʥʦʾ ʦʮʽʥʢʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽ ʻ 

ʤʝʪʦʜʦʣʦʛʽʯʥʦ ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʤ. 

ʋ ʩʪʘʪʪʽ ɺ.ɯ. ɼʝʰʢʦ, ɯ.ʖ. ɹʽʣʦʫʩ ʪʘ ʉ.ʆ. ʂʨʘʤʘʨʝʥʢʘ (2020) [21] ʨʦʟʛʣʷʥʫʪʦ 

ʧʨʦʙʣʝʤʫ ʜʦʜʘʪʢʦʚʠʭ ʪʝʧʣʦʚʪʨʘʪ ʫ ʤʽʩʮʷʭ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʠʭ ʨʘʤ ʜʦ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʛʽʜʥʦ ʟ ʘʚʪʦʨʘʤʠ, ʧʨʠ ʧʦʢʨʘʱʝʥʥʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʦʨʦʜʞʝʥʴ ʟʨʦʩʪʘʻ ʟʥʘʯʫʱʽʩʪʴ ʚʧʣʠʚʫ ʣʽʥʽʡʥʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ, ʦʩʦʙʣʠʚʦ ʚ ʟʦʥʘʭ ʩʪʠʢʫ ʚʽʢʦʥ ʟ ʟʦʚʥʽʰʥʽʤʠ ʩʪʽʥʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʜʣʷ ʦʜʥʘʢʦʚʦʾ ʪʦʚʱʠʥʠ ʩʪʽʥʠ ʟ ʚʠʢʦʥʘʥʥʷʤ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠʩʴ ʚʜʚʽʯʽ (R = 6,10 ʤĮĿʂ/ɺʪ ʧʨʦʪʠ 2,96 ʤĮĿʂ/ɺʪ). 

ɺʦʜʥʦʯʘʩ, ʚʨʘʭʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʧʦʛʽʨʰʫʻ ʦʧʽʨ ʩʪʽʥʠ ʟ 

ʮʝʛʣʠ ʥʘ 20%, ʘ ʟ ʛʘʟʦʙʣʦʢʫ ð ʥʘ 33%, ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʫ ʯʫʪʣʠʚʽʩʪʴ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʪʘʢʠʭ ʚʪʨʘʪ. ʊʘʢʦʞ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʢʣʝʥʥʷ (ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʚʽʢʦʥ ʜʦ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʩʪʽʥʠ) ʚʧʣʠʚ 

ʤʽʩʪʢʽʚ ʭʦʣʦʜʫ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ. ɸʚʪʦʨʠ ʨʦʙʣʷʪʴ ʚʠʩʥʦʚʦʢ, ʱʦ ̔ʛʥʦʨʫʚʘʥʥʷ ʝʬʝʢʪʽʚ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʧʽʜ ʯʘʩ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʘʙʦ ʝʥʝʨʛʦʘʫʜʠʪʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʜʦʦʮʽʥʢʠ ʪʝʧʣʦʚʪʨʘʪ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʧʦʤʠʣʢʦʚʠʭ ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ɻ.ʉ. ʈʘʪʫʰʥʷʢʘ, ɸ.ʄ. ʆʯʝʨʝʪʥʦʛʦ ʪʘ ʆ.ʖ. ʄʘʪʝʨʠʥʩʴʢʦʾ (2018) 

[22] ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ 

ʰʣʷʭʦʤ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʚʫʟʣʽʚ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥ ʜʦ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ɸʚʪʦʨʠ ʚʽʜʟʥʘʯʘʶʪʴ, ɦ ʦ ʥʘʚʽʪʴ ʫ ʥʦʚʦʙʫʜʦʚʘʭ, ʷʢʽ ʟʚʝʜʝʥʽ ʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ, ʪʝʧʣʦʚʽʟʽʡʥʝ 

ʦʙʩʪʝʞʝʥʥʷ ʬʘʩʘʜʽʚ ʬʽʢʩʫʻ ʟʥʘʯʥʽ ʪʝʧʣʦʚʪʨʘʪʠ ʩʘʤʝ ʫ ʟʦʥʘʭ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʠʭ 

ʨʘʤ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʽ ʧʨʦ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʚʫʟʣʽʚ. ʇʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʪʠʧʦʚʠʡ ʧʽʜʭʽʜ ʜʦ 

ʟʘʤʽʥʠ ʚʽʢʦʥʥʠʭ ʙʣʦʢʽʚ ʫ ʧʨʦʮʝʩʽ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʯʘʩʪʦ ʥʝ ʚʨʘʭʦʚʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʢʨʘʱʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʫ ʟʦʥʘʭ ʧʨʠʤʠʢʘʥʥʷ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʮʽ 

ʜʽʣʷʥʢʠ ʷʢ ʟʦʥʠ ʣʦʢʘʣʴʥʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ 

ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʫʟʣʽʚ ʧʨʠʤʠʢʘʥʥʷ ʘʚʪʦʨʠ ʪʝʦʨʝʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʭʝʤ ʫʪʝʧʣʝʥʥʷ ʪʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʣʘʩʥʽ ʚʘʨʽʘʥʪʠ ʚʫʟʣʽʚ ʽʟ ʧʦʢʨʘʱʝʥʠʤ ʪʝʨʤʽʯʥʠʤ ʦʧʦʨʦʤ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʧʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ 

ʘʚʪʦʨʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʜʦʩʢʦʥʘʣʝʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʟʦʥʽ ʧʨʠʤʠʢʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʽʜʚʠʱʠʪʠ 

ʪʝʧʣʦʚʠʡ ʢʦʤʬʦʨʪ ʫ ʧʨʠʤʽʱʝʥʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʚʫʟʣʽʚ ʧʨʠʤʠʢʘʥʥʷ 

ʚʽʢʦʥʥʠʭ ʙʣʦʢʽʚ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʧʨʠ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴ.  

ʋ ʱʝ ʦʜʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ɻ.ʉ. ʈʘʪʫʰʥʷʢʘ, ʆ.ʖ. ɻʦʨʶʥ ʪʘ ɸ.ʆ. ʃʷʣʶʢʘ (2020)  

[23] ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʫ ʚʫʟʣʽ ʧʨʠʤʠʢʘʥʥʷ 

ʚʽʢʦʥʥʦʛʦ ʙʣʦʢʫ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʷʢ ʦʜʥʦʛʦ ʟ ʪʠʧʦʚʠʭ ʣʽʥʽʡʥʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʽ ʚʫʟʣʠ ʻ ʜʞʝʨʝʣʦʤ ʜʦʜʘʪʢʦʚʠʭ ʪʝʧʣʦʚʪʨʘʪ ʽ ʟʥʘʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʩʪʚʦʨʶʻ ʨʠʟʠʢʠ 

ʢʦʥʜʝʥʩʘʮʽʾ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʫ. ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ 
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ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʛʦ ʙʣʦʢʫ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʘʚʪʦʨʠ 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʥʦʚʫ ʩʭʝʤʫ ʫʪʝʧʣʝʥʥʷ ʚʫʟʣʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʝʨʦʛʝʣʝʚʦʛʦ 

ʫʪʝʧʣʶʚʘʯʘ, ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʰʪʫʢʘʪʫʨʢʠ, ʘʨʤʫʚʘʣʴʥʦʾ ʩʽʪʢʠ, ʰʧʘʢʣʽʚʢʠ ʪʘ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʰʘʨʫ. 

ʋ ʩʪʘʪʪʽ ʥʘʫʢʦʚʮʽʚ ʖ.ɯ. ɹʦʜʥʘʨʘ ʪʘ ʄ.ɺ. ɹʦʩʝʮʴʢʦʛʦ (2024) [24] ʟʜʽʡʩʥʝʥʦ 

ʛʣʠʙʦʢʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ (ʤʽʩʪʢʽʚ ʭʦʣʦʜʫ) ʥʘ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʟ 

ʤʦʥʦʣʽʪʥʠʤ ʢʘʨʢʘʩʦʤ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʟʦʩʝʨʝʜʞʝʥʦ ʫʚʘʛʫ ʥʘ ʚʫʟʣʘʭ ʩʪʽʥ, ʱʦ 

ʤʽʩʪʷʪʴ ʪʠʧʦʚʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ: ʜʶʙʝʣʽ ʢʨʽʧʣʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ, ʚʽʢʦʥʥʽ 

ʫʢʦʩʠ, ʤʽʞʧʦʚʝʨʭʦʚʽ ʪʘ ʙʘʣʢʦʥʥʽ ʧʝʨʝʢʨʠʪʪʷ, ʢʦʣʦʥʠ ʪʘ ʢʫʪʦʚʽ ʧʨʠʤʠʢʘʥʥʷ. ɼʣʷ 

ʘʥʘʣʽʟʫ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Agros2D. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʪʘ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ, ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʦʚʘʥʦ ʣʽʥʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ (Ɋ) ʢʦʞʥʦʛʦ ʪʠʧʫ ʚʢʣʶʯʝʥʥʷ. ʊʘʢ, ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʤʘʶʪʴ ʙʘʣʢʦʥʥʽ ʧʝʨʝʢʨʠʪʪʷ, ʯʘʩʪʢʘ ʷʢʠʭ ʫ ʟʘʛʘʣʴʥʠʭ ʪʨʘʥʩʤʽʩʽʡʥʠʭ 

ʪʝʧʣʦʚʪʨʘʪʘʭ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 12,5%. ɯʥʰʽ ʪʠʧʠ ʚʢʣʶʯʝʥʴ ð ʚʽʢʦʥʥʽ ʫʢʦʩʠ, 

ʤʽʞʧʦʚʝʨʭʦʚʽ ʧʝʨʝʢʨʠʪʪʷ, ʢʫʪʠ ʟ ʢʦʣʦʥʘʤʠ ð ʪʘʢʦʞ ʯʠʥʷʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ. ʆʢʨʝʤʫ 

ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʢʽʣʴʢʽʩʥʽʡ ʦʮʽʥʮʽ ʚʥʝʩʢʫ ʢʦʞʥʦʛʦ ʪʠʧʫ ʚʢʣʶʯʝʥʥʷ ʚ ʟʘʛʘʣʴʥʽ 

ʚʪʨʘʪʠ. ʅʘʧʨʠʢʣʘʜ, ʙʦʢʦʚʠʡ ʫʢʽʩ ʚʽʢʥʘ ʩʪʘʥʦʚʠʚ 3,4% ʚʥʝʩʢʫ, ʢʫʪʠ ʟ ʢʦʣʦʥʘʤʠ ð 

4,3%, ʘ ʙʘʣʢʦʥʥʽ ʧʝʨʝʢʨʠʪʪʷ ð ʜʦ 9,8ï12,5%. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʪʨʝʙʫ ʚ 

ʘʨʭʽʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʫʟʣʽʚ ʧʨʠʤʠʢʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʆ.ɼ. ʇʘʥʢʝʚʠʯ, ɺ.ɺ. ʄʠʢʦʣʘʻʥʢʘ ʪʘ ɺ.ɺ. ʇʘʥʢʝʚʠʯʘ (2020) [25] 

ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʝ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʚʫʟʣʦʚʠʭ 

ʟôʻʜʥʘʥʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʟʘʛʘʣʴʥʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. 

ɸʚʪʦʨʠ ʧʽʜʢʨʝʩʣʶʶʪʴ, ʱʦ ʚʫʟʣʠ ʪʠʧʫ çʩʪʽʥʘ-ʧʝʨʝʢʨʠʪʪʷè, çʩʪʽʥʘ-ʚʽʢʦʥʥʠʡ ʧʨʦʨʽʟè, 

çʟʦʚʥʽʰʥʽʡ ʢʫʪè ʪʘ çʩʪʽʥʘ-ʮʦʢʦʣʴè ʚʠʩʪʫʧʘʶʪʴ ʜʞʝʨʝʣʘʤʠ ʽʥʪʝʥʩʠʚʥʠʭ ʪʝʧʣʦʚʪʨʘʪ, 

ʟʫʤʦʚʣʝʥʠʭ ʥʘʷʚʥʽʩʪʶ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʱʦ ʽʩʪʦʪʥʦ ʟʥʠʞʫʶʪʴ ʟʥʘʯʝʥʥʷ 

ʧʨʠʚʝʜʝʥʦʛʦ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ɸʥʘʣʽʟʫʻʪʴʩʷ ʥʠʟʢʘ ʟʘʧʘʪʝʥʪʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʽʥ ʽʟ ʧʦʢʨʘʱʝʥʠʤʠ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤʠ 
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ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʢʦʥʩʪʨʫʢʮʽʡ ʟʽ ʟʤʽʥʥʦʶ ʪʦʚʱʠʥʦʶ ʰʘʨʽʚ, ʟ 

ʪʝʧʣʦʽʥʝʨʮʽʡʥʠʤʠ ʪʘ ʪʝʧʣʦʚʠʤʠ ʙʘʨôʻʨʘʤʠ, ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʨʤʦʚʢʣʘʜʠʰʽʚ ʪʘ 

ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʢʨʝʤʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʪʝʧʣʦʚʽʟʽʡʥʦʤʫ 

ʘʥʘʣʽʟʫ ʪʘ ʧʨʠʢʣʘʜʥʠʤ ʨʽʰʝʥʥʷʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʚʽʪʯʠʟʥʷʥʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ, 

ʟʦʢʨʝʤʘ ʱʦʜʦ ʫʪʝʧʣʝʥʥʷ ʚʫʟʣʽʚ ʩʪʠʢʫ ʧʝʨʝʢʨʠʪʪʷ ʥʘ ʛʦʨʠʱʽ, ʮʦʢʦʣʷ ʪʝʭʥʽʯʥʦʛʦ 

ʧʽʜʧʽʣʣʷ ʪʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʛʦ ʙʣʦʢʫ ʜʦ ʧʨʦʨʽʟʫ. ʋ ʧʽʜʩʫʤʢʫ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ 

ʧʨʦ̒ʢʪʫʚʘʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʚʫʟʣʦʚʠʭ 

ʟôʻʜʥʘʥʴ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʽʚʥʷ ʪʝʧʣʦʟʘʭʠʩʪʫ ʪʘ 

ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʩʪʘʣʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʪʘʢʠʭ ʷʢ 

ɼɹʅ ɺ.2.6-31. 

 

1.3 ʆʩʪʘʥʥʽ ʟʘʢʦʨʜʦʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʦʮʽʥʢʠ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʙʫʜʽʚʣʷʭ 

 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʚʝʜʝʥʦʤʫ Kalle Kuusk, Jarek Kurnitski ʪʘ Targo Kalamees 

(2017) [27] ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʽʜʥʽ 

ʚʢʣʶʯʝʥʥʷ ʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʨʽʟʥʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʦʭʦʧʣʶʻ ʘʥʘʣʽʟ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʽ ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʮʝʜʫʨ ʫ ʜʝʚ'ʷʪʠ ʢʨʘʾʥʘʭ: 

ɸʚʩʪʨʽʾ, ɹʝʣʴʛʽʾ, ʂʽʧʨʽ, ɽʩʪʦʥʽʾ, ʌʨʘʥʮʽʾ, ɻʨʝʮʽʾ, ʈʫʤʫʥʽʾ, ɯʩʧʘʥʽʾ ʪʘ ʐʚʝʮʽʾ. ɸʥʘʣʽʟ 

ʧʦʢʘʟʘʚ, ʱʦ ʽʩʥʫʶʪʴ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ: 

¶ ɼʝʪʘʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ (Ɋ-ʟʥʘʯʝʥʴ). 

¶ ʉʧʨʦʱʝʥʽ ʙʘʟʦʚʽ ʧʨʘʚʠʣʘ (ʷʢ ʫ ɹʝʣʴʛʽʾ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʫʥʠʢʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʟʘ ʫʤʦʚʠ ʜʦʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʨʽʰʝʥʴ. 

¶ ʊʠʧʦʚʽ (ʪʘʙʣʠʯʥʽ) ʟʥʘʯʝʥʥʷ, ʥʘʚʝʜʝʥʽ ʫ ʟʘʢʦʥʦʜʘʚʩʪʚʽ ʘʙʦ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʢʘʣʴʢʫʣʷʪʦʨʘʭ (ʥʘʧʨʠʢʣʘʜ, ɽʩʪʦʥʽʷ, ɸʚʩʪʨʽʷ, ɯʩʧʘʥʽʷ). 

¶ ʋʩʝʨʝʜʥʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʧʣʠʚ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʫ ʈʫʤʫʥʽʾ ʪʘ ʐʚʝʮʽʾ). 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʩʧʝʮʠʬʽʯʥʠʭ 

ʧʨʦʮʝʜʫʨ ʧʝʨʝʚʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ ʥʝʤʘʻ. ʗʢ 
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ʧʨʘʚʠʣʦ, ʢʦʥʪʨʦʣʴ ʦʙʤʝʞʫʻʪʴʩʷ ʝʪʘʧʦʤ ʚʠʜʘʯʽ ʜʦʟʚʦʣʫ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ, ʽ ʥʝ ʦʭʦʧʣʶʻ 

ʟʤʽʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʙʫʪʠʩʷ ʧʽʜ ʯʘʩ ʨʝʘʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. ʃʠʰʝ ʫ ɹʝʣʴʛʽʾ, ʌʨʘʥʮʽʾ 

ʪʘ ʈʫʤʫʥʽʾ ʟʘʧʨʦʚʘʜʞʝʥʦ ʧʝʚʥʽ ʤʝʭʘʥʽʟʤʠ ʢʦʥʪʨʦʣʶ, ʧʦʚ'ʷʟʘʥʽ ʽʟ ʪʝʧʣʦʚʠʤʠ 

ʤʽʩʪʢʘʤʠ. ʋ ʚʠʩʥʦʚʢʘʭ ʘʚʪʦʨʠ ʥʘʛʦʣʦʰʫʶʪʴ, ʱʦ ʚʧʣʠʚ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʥʘ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫ ʚʠʩʦʢʦʽʟʦʣʴʦʚʘʥʠʭ ʙʫʜʽʚʣʷʭ ʤʦʞʝ ʩʷʛʘʪʠ 30% ʽ ʙʽʣʴʰʝ. 

ʆʩʢʽʣʴʢʠ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʻ ʪʝʭʥʽʯʥʦ ʥʝ ʩʢʣʘʜʥʽʰʠʤ ʟʘ ʜʠʥʘʤʽʯʥʝ 

ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʦʢ Ɋ-ʟʥʘʯʝʥʴ 

ʦʙʦʚ'ʷʟʢʦʚʦʶ ʯʘʩʪʠʥʦʶ ʧʨʦʻʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʅʘʷʚʥʽʩʪʴ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ 

ʪʘʙʣʠʯʥʠʭ ʟʥʘʯʝʥʴ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʟʘʙʝʟʧʝʯʫʻ çʩʪʨʘʭʦʚʠʡ ʟʘʧʘʩè ʥʘ ʚʠʧʘʜʦʢ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʪʘʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʜʥʘʢ ʜʝʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʩʫʪʪʻʚʦ 

ʪʦʯʥʽʰʝ ʦʮʽʥʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʣʽ. ɺʘʨʪʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʥʝ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʨʽʯʥʝ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ. 

ʋ ʩʪʘʪʪʽ Bal§zs Nagy, Martin Marosvºlgyi ʪʘ Zsuzsa Szalay (2022) [28] ʟʜʽʡʩʥʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ 

ʫ ʙʫʜʽʚʣʷʭ ʥʘ ʧʨʠʢʣʘʜʽ ʩʫʯʘʩʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʟ ʤʘʡʞʝ ʥʫʣʴʦʚʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʪʠʧʦʚʠʤ ʜʣʷ ʫʛʦʨʩʴʢʦʛʦ ʨʠʥʢʫ. ɹʫʣʦ ʧʦʨʽʚʥʷʥʦ ʩʧʨʦʱʝʥʽ 

ʤʝʪʦʜʠʢʠ, ʥʘʮʽʦʥʘʣʴʥʽ ʢʘʪʘʣʦʛʠ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ, ʜʝʪʘʣʴʥʝ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʪʘ ʢʦʤʙʽʥʦʚʘʥʝ ʪʝʧʣʦ-ʚʦʣʦʛʽʩʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʄʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʮʽʥʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʯʝʨʝʟ ʤʽʩʪʢʠ ʭʦʣʦʜʫ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʣʠʩʷ ʩʧʨʦʱʝʥʽ ʥʘʮʽʦʥʘʣʴʥʽ 

ʧʽʜʭʦʜʠ (TNM Decree 7/2006), ʢʘʪʘʣʦʛ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʟʘ ʩʪʘʥʜʘʨʪʦʤ ISO 

14683:2017, ʥʦʚʠʡ ʫʛʦʨʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʢʘʪʘʣʦʛ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ (2020), ʘ 

ʪʘʢʦʞ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ COMSOL Multiphysics. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʩʧʨʦʱʝʥʠʡ ʧʽʜʭʽʜ TNM ʜʘʻ ʥʘʡʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʪʝʧʣʦʚʪʨʘʪ, ʪʦʜʽ ʷʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʪʘʣʦʛʫ ISO 14683 ð ʥʘʡʚʠʱʽ, ʯʘʩʪʦ ʟʘʚʠʱʫʶʯʠ ʚʪʨʘʪʠ ʥʘ 90% ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ ʫʛʦʨʩʴʢʦʛʦ ʢʘʪʘʣʦʛʫ ʪʝʧʣʦʚʠʭ 

ʤʽʩʪʢʽʚ ʜʘʻ ʨʝʟʫʣʴʪʘʪʠ, ʙʣʠʟʴʢʽ ʜʦ ʜʝʪʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʣʝ ʻ ʟʥʘʯʥʦ ʰʚʠʜʰʠʤ 

ʽ ʧʨʦʩʪʽʰʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʣʽʥʽʡʥʽ ʚʪʨʘʪʠ ʪʝʧʣʘ 

ʩʢʣʘʜʘʶʪʴ ʚʽʜ 12% ʜʦ 32% ʚʽʜ ʧʦʚʝʨʭʥʝʚʠʭ ʚʪʨʘʪ ʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ. 
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ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʨʦʟʨʘʭʫʥʢʘʭ (50% RH) ʟʙʽʣʴʰʫʻ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʥʘ 7ï20% ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʨʦʟʨʘʭʫʥʢʘʤʠ ʜʣʷ ʘʙʩʦʣʶʪʥʦ ʩʫʭʠʭ ʤʘʪʝʨʽʘʣʽʚ (0% RH). ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʻ ʚʘʞʣʠʚʽʩʪʴ ʨʝʪʝʣʴʥʦʛʦ ʚʠʙʦʨʫ ʤʝʪʦʜʦʣʦʛʽʾ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʠʭ 

ʤʽʩʪʢʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʽʣʝʡ ʧʨʦʻʢʪʫ ʪʘ ʙʘʞʘʥʦʾ ʪʦʯʥʦʩʪʽ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ. 

ɸ ʩʪʘʪʪʷ Hua Ge ʪʘ Fuad Baba (2017) [29] ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʚʧʣʠʚ ʪʝʧʣʦʚʠʭ 

ʤʽʩʪʢʽʚ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʽʟ 

ʚʝʣʠʢʦʶ ʪʝʧʣʦʚʦʶ ʽʥʝʨʮʽʻʶ ʫ ʭʦʣʦʜʥʦʤʫ ʢʣʽʤʘʪʽ ʂʘʥʘʜʠ. ɸʚʪʦʨʠ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ, 

ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ, ʪʘʢʽ ʷʢ ʤʝʪʦʜ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ (U-

value), ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʪʝʧʣʦʚʫ ʽʥʝʨʮʽʶ ʤʽʩʪʢʽʚ ʭʦʣʦʜʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʩʫʪʪʻʚʠʭ ʧʦʭʠʙʦʢ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʘ 

ʪʠʧʦʚʘ ʚʠʩʦʪʥʘ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʘ ʙʫʜʽʚʣʷ ʫ ɹʨʠʪʘʥʩʴʢʽʡ ʂʦʣʫʤʙʽʾ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʢʣʶʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʙʫʜʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʨʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʥʘ 38ï42% ʜʣʷ ʤʦʥʦʣʽʪʥʦʛʦ 

ʙʝʪʦʥʫ ʪʘ ʥʘ 24ï28% ʜʣʷ ʮʝʛʣʷʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ɸʚʪʦʨʠ ʟʘʢʣʶʯʘʶʪʴ, ʱʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʙʫʜʽʚʝʣʴ ʽʟ 

ʚʠʩʦʢʦʶ ʪʝʧʣʦʚʦ ʁ̔ ʥʝʨʮʽʻʶ ʜʦʮʽʣʴʥʦ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ, ʘʙʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʝʧʣʦʚʽ ʤʽʩʪʢʠ ʥʘ ʩʪʘʜʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ. ʍʦʯʘ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʻ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʤ, ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʙʫʜʽʚʝʣʴ ʢʣʘʩʫ 

"ʤʘʡʞʝ ʥʫʣʴʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ" (nZEB). 

ʋ ʩʪʘʪʪʽ Simo Ilomets ʪʘ ʩʧʽʚʘʚʪʦʨʽʚ (2017) [30] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʣʽʥʽʡʥʠʭ 

ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʥʘ ʟʘʛʘʣʴʥʽ ʪʝʧʣʦʚʪʨʘʪʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʘʭ, ʷʢʽ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʚ ʧʝʨʽʦʜ 1960ï1990 ʨʦʢʽʚ ʫ ʢʨʘʾʥʘʭ 

ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʢʽʣʴʢʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʚʥʝʩʢʫ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ 

ʫ ʪʝʧʣʦʚʪʨʘʪʠ ʜʦ ʽ ʧʽʩʣʷ ʨʝʥʦʚʘʮʽʾ ʪʘʢʠʭ ʙʫʜʽʚʝʣʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʠʧʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ð ʟʙʽʨʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʮʝʛʣʠ, ʜʝʨʝʚ'ʷʥʠʭ ʟʨʫʙʽʚ ʪʘ ʘʚʪʦʢʣʘʚʦʚʘʥʦʛʦ 

ʛʘʟʦʙʝʪʦʥʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʚʘʣʦʩʷ ʥʘ ʢʦʤʧʣʝʢʩʽ ʧʦʣʴʦʚʠʭ ʦʙʩʪʝʞʝʥʴ, 

ʪʝʧʣʦʚʽʟʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ THERM ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ EN ISO 10211. ɹʫʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʧʝʨʝʜ ʨʝʥʦʚʘʮʽʻʶ ʪʝʧʣʦʚʽ ʤʽʩʪʢʠ ʩʪʘʥʦʚʠʣʠ ʙʣʠʟʴʢʦ 23% ʚʽʜ 

ʟʘʛʘʣʴʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʽʩʣʷ ʨʝʥʦʚʘʮʽʾ (ʧʨʠ ʫʤʦʚʽ 

ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ: ʚʠʥʝʩʝʥʥʽ ʚʽʢʦʥ ʫ ʧʣʦʱʠʥʫ ʫʪʝʧʣʝʥʥʷ ʪʘ ʫʪʝʧʣʝʥʥʽ 

ʘʙʦ ʟʘʤʽʥʽ ʙʘʣʢʦʥʥʠʭ ʧʣʠʪ) ʾʭʥʽʡ ʚʧʣʠʚ ʟʤʝʥʰʫʚʘʚʩʷ ʜʦ 10%. ʆʜʥʘʢ ʟʘ 

ʥʝʜʦʪʨʠʤʘʥʥʷʤ ʧʝʨʝʜʦʚʠʭ ʧʨʘʢʪʠʢ, ʢʦʣʠ ʚʽʢʥʘ ʟʘʣʠʰʘʣʠʩʷ ʫ ʩʪʘʨʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʘ 

ʙʘʣʢʦʥʠ ʥʝ ʫʪʝʧʣʶʚʘʣʠʩʷ, ʯʘʩʪʢʘ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʤʦʛʣʘ ʟʨʦʩʪʠ ʜʦ 34%. 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʽʜʥʝ ʚʢʣʶʯʝʥʥʷ ʧʣʠʪʠ ʙʘʣʢʦʥʫ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʫ ʜʦʩʣʽʜʞʝʥʥʽ P®rez-Carrami¶ana ʪʘ ʩʧʽʚʘʚʪʦʨʽʚ (2024) [31]. ɸʢʮʝʥʪʦʚʘʥʦ ʫʚʘʛʫ ʥʘ 

ʪʦʤʫ, ʱʦ ʯʠʥʥʽ ʽʩʧʘʥʩʴʢʽ ʥʦʨʤʠ ʥʝ ʨʦʟʨʽʟʥʷʶʪʴ ʤʽʩʪʢʠ ʭʦʣʦʜʫ ʤʽʞ ʙʘʣʢʦʥʘʤʠ ʽ 

ʬʘʩʘʜʘʤʠ ʪʘ ʤʽʞ ʧʝʨʝʢʨʠʪʪʷʤʠ ʽ ʬʘʩʘʜʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʾ ʧʦʭʠʙʢʠ ʫ 

ʨʦʟʨʘʭʫʥʢʘʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʝʪʘʧʘʭ: 

1. ʊʝʧʣʦʚʽʟʽʡʥʝ ʦʙʩʪʝʞʝʥʥʷ ʛʨʫʧʠ ʙʫʜʠʥʢʽʚ, ʟʙʫʜʦʚʘʥʠʭ ʫ 2018ï2022 ʨʨ. ʫ ʤʽʩʪʽ 

ɸʣʽʢʘʥʪʝ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʭʘʨʘʢʪʝʨʥʽʰʠʭ ʪʠʧʽʚ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ. 

2. ʇʦʛʣʠʙʣʝʥʠʡ ʘʥʘʣʽʟ ʜʚʦʭ ʦʙʨʘʥʠʭ ʙʫʜʽʚʝʣʴ (9-ʧʦʚʝʨʭʦʚʘ ʪʘ 4-ʧʦʚʝʨʭʦʚʘ) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʽʟʽʡʥʦʾ ʟʡʦʤʢʠ, ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

3. ʂʦʤʧ'ʶʪʝʨʥʽ ʩʠʤʫʣʷʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʦʮʽʥʢʦʶ ʚʧʣʠʚʫ 

ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʥʘ ʟʘʛʘʣʴʥʽ ʱʦʨʽʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʝʧʣʦʚʽ ʤʽʩʪʢʠ ʫ ʤʽʩʮʷʭ ʧʨʠʤʠʢʘʥʥʷ ʙʘʣʢʦʥʽʚ 

ʩʢʣʘʜʘʶʪʴ 24ï26% ʚʽʜ ʫʩʽʭ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʙʫʜʽʚʣʽ ʟʘ ʧʣʦʱʝʶ ʽ ʤʘʶʪʴ ʩʝʨʝʜʥʶ 

ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ 1,3ï1,6ÁC ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʟʦʥʘʤʠ ʬʘʩʘʜʫ. ʃʽʥʽʡʥʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʫ ʮʠʭ ʚʫʟʣʘʭ ʩʷʛʘʻ 0,529ï0,653 ɺʪ/(ʤĿʂ), ʱʦ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢʠ 

ʽʥʰʠʭ ʪʠʧʽʚ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ (ʥʘʧʨʠʢʣʘʜ, ʫ ʤʽʩʮʷʭ ʧʨʠʤʠʢʘʥʥʷ ʧʝʨʝʢʨʠʪʪʽʚ ʜʦ 

ʬʘʩʘʜʽʚ ð 0,320ï0,477 ɺʪ/(ʤĿʂ)). ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʙʘʣʢʦʥʥʽ ʪʝʧʣʦʚʽ 

ʤʽʩʪʢʠ ʩʧʨʠʯʠʥʷʶʪʴ 26%ï38,5% ʫʩʽʭ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʫʜʽʚʣʷʭ. ʋ ʙʫʜʽʚʣʷʭ ʽʟ ʬʘʩʘʜʦʤ ʟ ʮʝʛʣʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʫʪʝʧʣʝʥʥʷʤ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʤʽʩʪʢʽʚ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʬʘʩʘʜʘʤʠ, ʫʪʝʧʣʝʥʠʤʠ 

ʩʠʩʪʝʤʦʶ ETICS. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʽʜʢʨʝʩʣʝʥʦ, ʱʦ ʥʘʷʚʥʘ 
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ʥʦʨʤʘʪʠʚʥʘ ʙʘʟʘ ʚ ɯʩʧʘʥʽʾ ʧʦʪʨʝʙʫʻ ʦʥʦʚʣʝʥʥʷ ʜʣʷ ʪʦʯʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʤʽʩʪʢʽʚ ʥʘ ʙʘʣʢʦʥʘʭ. ʊʦʙʪʦ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʩʧʽʣʴʥʠʡ ʜʣʷ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʬʘʢʪʦʨ, 

ʱʦ ʥʘʷʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʫʟʣʠ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ ʧʦʪʨʝʙʫʶʪʴ ʦʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʫ ʢʘʪʘʣʦʛʘʭ ʚʽʜʧʦʚʽʜʥʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʋ ʩʪʘʪʪʽ Ġadauskienǟ ʪʘ ʩʧʽʚʘʚʪʦʨʽʚ (2022) [32] ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʪʘ 

ʯʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʚʽʢʦʥ ʫ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʰʘʨ ʙʫʜʽʚʝʣʴʥʦʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ. ɸʚʪʦʨʠ ʧʽʜʢʨʝʩʣʶʶʪʴ, ʱʦ ʭʦʯʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʢʦʥ ʫ ʧʣʦʱʠʥʽ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʣʽʥʽʡʥʽ ʤʽʩʪʢʠ, ʧʨʦʪʝ ʚʧʣʠʚ 

ʪʦʯʢʦʚʠʭ ʤʽʩʪʢʽʚ (ʯʝʨʝʟ ʢʨʽʧʠʣʴʥʽ ʝʣʝʤʝʥʪʠ) ʯʘʩʪʦ ʥʝʜʦʦʮʽʥʶʻʪʴʩʷ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ̔ ʟʦʣʷʮʽʡʥʠʭ ʨʘʤ ʽʟ 

ʞʦʨʩʪʢʦʾ ʤʽʥʝʨʘʣʴʥʦʾ ʚʘʪʠ (SWB) ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʣʽʥʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ɊSWB ʜʦ 0.026 ɺʪ/(ʤĿʂ), ʱʦ ʥʘ 80% 

ʤʝʥʰʝ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤ ʨʽʰʝʥʥʷʤ. ʆʜʥʘʢ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ 

ʤʝʪʘʣʝʚʽ ʢʨʽʧʣʝʥʥʷ ʟʙʽʣʴʰʫʻ ʟʘʛʘʣʴʥʝ ɊT ʜʦ 0,078ï0,085 ɺʪ/(ʤĿʂ) ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʧʦʩʦʙʫ ʤʦʥʪʘʞʫ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʝʪʦʜʠʢʠ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʚʽʢʥʘ ʫ ʤʝʞʘʭ 70ï80 

ʤʤ ʚʽʜ ʥʝʩʫʯʦʛʦ ʰʘʨʫ ʩʪʽʥʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʪʝʧʣʦʚʠʭ 

ʚʪʨʘʪ. ʊʦʙʪʦ ʜʣʷ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʙʫʜʽʚʣʷʭ 

ʢʣʘʩʫ nZEB ʽ ʧʘʩʠʚʥʠʭ ʙʫʜʽʚʣʷʭ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʪʦʯʢʦʚʠʭ 

ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʯʝʨʝʟ ʪʨʠʚʠʤʽʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʎʽʢʘʚʠʤ ʚʠʜʘʻʪʴʩʷ ʧʽʜʭʽʜ ʜʦ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʚ ɸʟʽʾ. ʊʘʢ, 

ʫ ʩʪʘʪʪʽ Zhang X., Jung G.-J. ʪʘ Rhee K.-N. (2022) [33] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʩʝʙʽʯʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʫ 

ʙʘʣʢʦʥʥʠʭ ʧʣʠʪʘʭ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ ʚ ʫʤʦʚʘʭ ʂʦʨʝʾ, ʜʝ ʧʦʰʠʨʝʥʽ ʩʠʩʪʝʤʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʫʪʝʧʣʝʥʥʷ ʪʘ ʚʦʜʷʥʦʛʦ ʧʽʜʽʛʨʽʚʫ ʧʽʜʣʦʛʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʦʮʽʥʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʧʣʦʚʠʭ ʨʦʟʨʠʚʽʚ (thermal breaks) ʪʘ ʥʦʚʽʪʥʽʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʽ ʘʨʤʦʚʘʥʦʛʦ ʩʢʣʦʚʦʣʦʢʥʦʤ ʧʦʣʽʤʝʨʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ 

ʙʘʣʢʦʥʥʽ ʧʣʠʪʠ. ʉʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ 12 ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʽʟ 

ʟʦʚʥʽʰʥʴʦʶ ʪʘ ʚʥʫʪʨʽʰʥʴʦʶ ʩʠʩʪʝʤʘʤʠ ʫʪʝʧʣʝʥʥʷ, ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʧʦʚʽʪʨʷʥʦʛʦ ʯʠ ʧʽʜʣʦʛʦʚʦʛʦ ʦʧʘʣʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Physibel-TRISCO ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ TRNSYS-ʩʠʤʫʣʷʮʽʾ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 

ʦʧʘʣʝʥʥʷ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʥʘʩʪʫʧʥʝ: 

¶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʨʦʟʨʠʚʽʚ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ɣ-ʬʘʢʪʦʨ ʥʘ 61ï66%, 

ʪʦʜʽ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʱʝ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ð 

ʜʦ 70ï75% ʟʥʠʞʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʣʢʦʥʘʤʠ ʙʝʟ ʪʝʨʤʦʨʦʟʨʠʚʽʚ. 

¶ ʚ ʫʤʦʚʘʭ ʧʽʜʣʦʛʦʚʦʛʦ ʦʧʘʣʝʥʥʷ ʚʪʨʘʪʠ ʯʝʨʝʟ ʙʘʣʢʦʥʥʽ ʧʣʠʪʠ ʙʫʣʠ ʥʘ 30ï40% 

ʚʠʱʠʤʠ, ʥʽʞ ʧʨʠ ʧʦʚʽʪʨʷʥʦʤʫ ʦʧʘʣʝʥʥʽ ʯʝʨʝʟ ʙʽʣʴʰʠʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʢʨʠʪʠʯʥʫ ʚʘʞʣʠʚʽʩʪʴ ʤʽʥʽʤʽʟʘʮʽʾ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʫ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ. 

¶ ʨʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʨʤʦʨʦʟʨʠʚʫ ʟ 

ʧʦʣʽʤʝʨʦʤ ʟʥʠʞʫʚʘʣʦʩʷ ʥʘ 6ï8% ʧʦʨʽʚʥʷʥʦ ʟ ʚʘʨʽʘʥʪʦʤ ʙʝʟ ʪʝʨʤʦʨʦʟʨʠʚʫ, ʱʦ 

ʜʣʷ ʢʚʘʨʪʠʨʥʦʾ ʙʫʜʽʚʣʽ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʝʢʚʽʚʘʣʝʥʪʥʦ ʟʥʘʯʥʠʤ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʟʘʦʱʘʜʞʝʥʥʷʤ. 

¶ ʩʠʩʪʝʤʠ ʟʦʚʥʽʰʥʴʦʛʦ ʫʪʝʧʣʝʥʥʷ ʚʠʷʚʠʣʠʩʴ ʝʬʝʢʪʠʚʥʽʰʠʤʠ ʫ ʤʽʥʽʤʽʟʘʮʽʾ 

ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʫ ʙʘʣʢʦʥʥʠʭ ʧʣʠʪʘʭ, ʥʽʞ ʩʠʩʪʝʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʫʪʝʧʣʝʥʥʷ. 

ʋ ʩʪʘʪʪʽ Kim M.-Y., Kim H.-G., Kim J.-S. ʪʘ Hong G. (2022) [34] ʪʘʢʦʞ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ ʪʝʧʣʦʚʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ 

ʨʦʟʨʠʚʫ ʜʣʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤ ʢʘʨʢʘʩʦʤ ʫ 

ʇʽʚʜʝʥʥʽʡ ʂʦʨʝʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʨʦʟʨʠʚ ʩʢʣʘʜʘʚʩʷ ʟ ʯʝʨʛʫʶʯʠʭ 

ʤʦʜʫʣʽʚ ʽʟ 150 ʤʤ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʪʘ 50 ʤʤ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʙʝʪʦʥʫ, ʦʙôʻʜʥʘʥʠʭ 

ʘʨʤʫʚʘʥʥʷʤ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 3D-ʨʦʟʨʘʭʫʥʢʠ ʚ 

ʧʨʦʛʨʘʤʽ Physibel (ʟʛʽʜʥʦ ʟ ISO 10211), ʘ ʜʣʷ ʦʮʽʥʢʠ ʨʽʯʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʘʥʦ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ EnergyPlus. ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʨʦʟʨʠʚʫ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟ 0,241 ʜʦ 0,174 ɺʪ/(ʤĮĿʂ). ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʚʫʟʣʽʚ çʩʪʽʥʘ-

ʧʝʨʝʢʨʠʪʪʷè ʧʽʜʚʠʱʠʣʘʩʷ ʟ 14,3ÁC (ʙʝʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʨʦʟʨʠʚʫ) ʜʦ 19,4ÁC (ʟ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤ ʨʦʟʨʠʚʦʤ), ʱʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʣʦ ʨʠʟʠʢ ʢʦʥʜʝʥʩʘʮʽʾ. ɽʥʝʨʛʝʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʨʦʟʨʠʚʫ ʜʦʟʚʦʣʷʻ 
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ʟʤʝʥʰʠʪʠ ʨʽʯʥʽ ʪʝʧʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʘʣʝʥʥʷ ʥʘ 4,5% ʪʘ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʯʝʨʝʟ 

ʩʪʽʥʠ ʥʘ 26,9%. ɺʦʜʥʦʯʘʩ, ʥʝʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʙʣʠʟʴʢʦ 0,7%) ʷʢʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʣʽʪʢʫ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʩʪʽʥʠ ʤʝʥʰ 

ʢʨʠʪʠʯʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʪʝʧʣʦʚʪʨʘʪʘʤʠ ʚʟʠʤʢʫ. ʋ ʚʠʩʥʦʚʢʘʭ ʙʫʣʦ ʧʽʜʢʨʝʩʣʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʨʦʟʨʠʚʽʚ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʫʪʝʧʣʝʥʥʽ ʤʘʻ ʩʫʪʪʻʚʠʡ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ, 

ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʫʯʘʩʥʠʤ 

ʚʠʤʦʛʘʤ ʱʦʜʦ ʤʘʡʞʝ ʥʫʣʴʦʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (nZEB). 

ʋ ʩʪʘʪʪʽ GrudziŒska M. ʪʘ ʩʧʽʚʘʚʪʦʨʽʚ (2024) [35] ʜʦʩʣʽʜʞʝʥʦ ʪʝʧʣʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʥ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟ'ʻʜʥʘʥʴ ʤʽʞ ʜʘʭʦʤ ʽ ʩʪʽʥʘʤʠ ʙʫʜʽʚʝʣʴ, 

ʫʪʝʧʣʝʥʠʭ ʩʫʤʽʰʰʶ ʢʦʥʦʧʝʣʴ ʽ ʚʘʧʥʘ (hempïlime composite). ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʜʚʦʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʫ ʧʨʦʛʨʘʤʽ 

THERM ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ ISO 10211. ɸʥʘʣʽʟ ʦʭʦʧʠʚ ʚʫʟʣʠ ʩʧʦʣʫʯʝʥʥʷ ʩʪʽʥʠ 

ʟ ʜʘʭʦʤ (ʫ ʟʦʥʽ ʤʘʫʝʨʣʘʪʫ) ʪʘ ʚʫʟʣʠ ʫ ʢʦʥʠʢʫ ʜʘʭʫ, ʽʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʮʽʷʤʠ ʧʦʣʦʞʝʥʥʷ 

ʥʝʩʫʯʦʛʦ ʜʝʨʝʚ'ʷʥʦʛʦ ʢʘʨʢʘʩʫ, ʫʭʠʣʘʤʠ ʜʘʭʫ ʪʘ ʽʥʰʠʭ. ʋʩʽ ʟʤʦʜʝʣʴʦʚʘʥʽ ʪʝʧʣʦʚʽ 

ʤʽʩʪʢʠ ʤʘʣʠ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʾ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ ʥʠʞʯʝ 0,10 ɺʪ/(ʤĿʂ), ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɿʤʝʥʰʝʥʥʷ ʫʭʠʣʫ ʜʘʭʫ 

ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʟʨʦʩʪʘʥʥʷ ɣ-ʟʥʘʯʝʥʥʷ ʫ ʟʦʥʽ ʩʪʽʥʠ-ʤʘʫʝʨʣʘʪʫ, ʘʣʝ ʟʤʝʥʰʫʚʘʣʦ 

ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʯʝʨʝʟ ʢʦʥʠʢ. ʉʪʽʥʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʥʝʩʫʯʠʤ ʢʘʨʢʘʩʦʤ, ʨʦʟʪʘʰʦʚʘʥʠʤ 

ʙʽʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʜʝʤʦʥʩʪʨʫʚʘʣʘ ʚʠʱʽ ʚʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʤʽʩʪʢʠ ʭʦʣʦʜʫ 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʘʨʽʘʥʪʦʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʨʢʘʩʫ. ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʚʪʨʘʪ ʪʝʧʣʘ ʯʝʨʝʟ ʫʤʦʚʥʠʡ ʜʚʦʩʭʠʣʠʡ ʜʘʭ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʪʝʧʣʦʚʽ ʤʽʩʪʢʠ ʫ ʟʦʥʽ ʩʪʠʢʫ ʜʘʭʫ ʽ ʩʪʽʥ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 10% ʜʦ 16% ʚʽʜ ʟʘʛʘʣʴʥʠʭ 

ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʯʝʨʝʟ ʜʘʭ, ʟʘʣʝʞʥʦ ʚʽʜ ʫʭʠʣʫ ʪʘ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʾ. ɻʝʦʤʝʪʨʽʷ ʚʫʟʣʽʚ 

(ʦʩʦʙʣʠʚʦ ʢʫʪ ʫʭʠʣʫ ʜʘʭʫ) ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ ʣʽʥʽʡʥʠʭ 

ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ʂʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʥʦʨʤʘʪʠʚʥʠʭ, ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʘʜ 

ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʽʟ ʦʩʦʙʣʠʚʠʤ ʘʢʮʝʥʪʦʤ ʥʘ ʚʧʣʠʚ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ (ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ) ʥʘ ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʚ 

ʋʢʨʘʾʥʽ ʨʝʛʫʣʶʻʪʴʩʷ ʩʫʯʘʩʥʦʶ ʥʦʨʤʘʪʠʚʥʦʶ ʙʘʟʦʶ, ʛʘʨʤʦʥʽʟʦʚʘʥʦʶ ʟ 

ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʜʠʨʝʢʪʠʚʘʤʠ, ʟʦʢʨʝʤʘ ɼʠʨʝʢʪʠʚʘʤʠ 2010/31/ɭʉ ʪʘ 2024/1275/ɭʉ. 

ʅʘ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʽʚʥʽ ʚʧʨʦʚʘʜʞʝʥʦ ʚʠʤʦʛʠ ʱʦʜʦ ʦʙʦʚ'ʷʟʢʦʚʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʦʛʦ ʞʠʪʣʦʚʦʛʦ 

ʬʦʥʜʫ ʪʘ ʨʦʟʙʫʜʦʚʠ ʙʫʜʽʚʝʣʴ ʽʟ ʤʘʡʞʝ ʥʫʣʴʦʚʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ (nZEB). 

ɸʥʘʣʽʟ ʥʘʮʽʦʥʘʣʴʥʠʭ ʽ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʟʘʩʚʽʜʯʫʻ, ʱʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʚʧʣʠʚʫ 

ʾʭ ʪʝʨʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʦ 

ʦʩʥʦʚʥʦʤʫ ʧʦʣʶ ʪʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʥʝʜʦʦʮʽʥʶʚʘʥʥʷ ʬʘʢʪʠʯʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʙʫʜʽʚʝʣʴ. 

ʈʝʪʝʣʴʥʠʡ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, 

ʱʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʫ ʚʫʟʣʘʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ð ʪʘʢʠʭ ʷʢ 

ʩʪʠʢʠ "ʩʪʽʥʘ-ʧʝʨʝʢʨʠʪʪʷ", "ʩʪʽʥʘ-ʚʽʢʦʥʥʠʡ ʧʨʦʨʽʟ", ʢʫʪʠ, ʙʘʣʢʦʥʥʽ ʧʣʠʪʠ ð ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦ 20ï40% ʜʦʜʘʪʢʦʚʠʭ ʪʝʧʣʦʚʪʨʘʪ ʟʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʦʙʣʠʚʦ ʢʨʠʪʠʯʥʠʤ ʻ ʚʧʣʠʚ ʙʘʣʢʦʥʥʠʭ ʧʝʨʝʢʨʠʪʪʽʚ ʪʘ ʟʦʥ 

ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʠʭ ʨʘʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ, 

ʪʝʧʣʦʚʽʟʽʡʥʠʤʠ ʦʙʩʪʝʞʝʥʥʷʤʠ ʪʘ ʯʠʩʝʣʴʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ɺʦʜʥʦʯʘʩ ʚʧʣʠʚ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʨʽʚʝʥʴ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʩʚʽʪʣʝʥʦ ʥʝʜʦʩʪʘʪʥʦɹ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʚʝʜʝʥʦʛʦ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ. 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʤʝʪʦʜʽʚ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʩʧʨʦʱʝʥʽ 

ʧʽʜʭʦʜʠ (ʯʝʨʝʟ ʧʦʧʨʘʚʢʠ æUtb) ʢʨʘʱʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʜʣʷ ʧʦʧʝʨʝʜʥʽʭ ʦʮʽʥʦʢ ʽ 

ʯʘʩʪʦ ʬʘʢʪʠʯʥʽ ʚʪʨʘʪʠ ʪʝʧʣʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʚʠʱʝʥʠʤʠ. ɼʝʪʘʣʴʥʽ 2D- ̔  3D-ʤʦʜʝʣʽ 
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ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʦʟʚʦʣʷʶʪʴ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʤʽʩʪʢʽʚ ʭʦʣʦʜʫ ʽ 

ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ. 

ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʪʦʯʢʦʚʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʥʘʧʨʠʢʣʘʜ, ʢʨʽʧʣʝʥʴ 

ʫʪʝʧʣʶʚʘʯʘ, ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʙʫʜʽʚʝʣʴ ʢʣʘʩʫ nZEB ʽ 

ʧʘʩʠʚʥʠʭ ʙʫʜʽʚʝʣʴ. ʋ ʨʦʙʦʪʘʭ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʘʚʪʦʨʽʚ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ 

ʚʘʞʣʠʚʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʚʫʟʣʽʚ ʧʨʠʤʠʢʘʥʥʷ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʪʝʧʣʦʚʠʭ ʨʦʟʨʠʚʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ (ʥʘʧʨʠʢʣʘʜ, ʘʝʨʦʛʝʣʽʚ ʘʙʦ ʘʨʤʦʚʘʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʢʣʶʯʦʚʽ 

ʚʠʩʥʦʚʢʠ: 

¶ ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʨʽʚʝʥʴ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ. 

¶ ɼʣʷ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ̔  ʨʝʥʦʚʘʮʽʾ ʙʫʜʽʚʝʣʴ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʝʪʘʣʴʥʽ ʯʠʩʝʣʴʥʽ 

ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʫ ʚʫʟʣʘʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

¶ ʅʘʷʚʥʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʽʦʜʠʯʥʦʛʦ ʦʥʦʚʣʶʚʘʥʥʷ ʪʘ 

ʜʦʧʦʚʥʝʥʥʷ ʢʘʪʘʣʦʛʽʚ ʪʠʧʦʚʠʭ ʚʫʟʣʽʚ ʽʟ ʚʢʘʟʘʥʠʤʠ Ɋ- ̔  ɢ-ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ 

ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʝʡ 

ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʜʣʷ 

ʾʭ ʤʽʥʽʤʽʟʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʽʚʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. 
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ʈʆɿɼɯʃ 2 ʆɹôɭʂʊʀ ʄʆɼɽʃʖɺɸʅʅʗ. ʄɽʊʆɼʆʃʆɻɯʏʅɯ ɿɸʉɸɼʀ 

ʏʀʉɽʃʔʅʆɻʆ ɸʅɸʃɯɿʋ ʊɽʇʃʆʇʈʆɺɯɼʅʀʍ ɺʂʃʖʏɽʅʔ 

ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

ɺ ʋʢʨʘʾʥʽ ʙʫʜʽʚʣʽ ʩʪʘʥʦʚʣʷʪʴ ʦʜʠʥ ʽʟ ʥʘʡʙʽʣʴʰʠʭ ʩʝʢʪʦʨʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʝʨʝʚʘʞʥʦ ʟʘʩʪʘʨʽʣʠʤ ʞʠʪʣʦʚʠʤ ʬʦʥʜʦʤ ʽʟ ʥʠʟʴʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ, ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʧʘʣʝʥʥʷ ʪʘ ʚʝʥʪʠʣʷʮʽʾ, ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʚʝʣʠʢʠʤʠ ʚʪʨʘʪʘʤʠ ʪʝʧʣʘ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ. ɹʽʣʴʰʽʩʪʴ ʙʫʜʽʚʝʣʴ ʙʫʣʦ ʟʚʝʜʝʥʦ 

ʜʘʣʝʢʦ ʚʽʜ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʪʝʤʧʠ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʤʠ. ɼʣʷ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʧʦʪʝʥʮʽʘʣ ʟʥʠʞʝʥʥʷ ʢʽʥʮʝʚʦʛʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʜʦ 80% ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʙʫʜʽʚʣʽ ʪʘ ʢʣʘʩʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʩʣʷ ʧʨʦʢ̒ʪʫ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ [36]. ʉʝʢʪʦʨ 

ʞʠʪʣʦʚʠʭ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ ʟʥʘʯʥʫ ʯʘʩʪʢʫ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʬʦʥʜʫ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [37], ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʛʘʨʥʠʤ ʧʨʠʢʣʘʜʦʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʝʣʴ ʜʣʷ 

ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ. 

 

2.1 ɿʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙ'ʻʢʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ʉʝʨʝʜ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʟʥʘʯʥʫ 

ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʧʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʯʝʨʝʟ ʨʽʟʥʦʛʦ ʨʦʜʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ. ɽʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʨʤʽʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʦʩʥʦʚʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʫʜʽʚʣʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʨʽʚʥʷ  ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ, ʘ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʟʤʽʥʦʶ ʨʽʚʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʧʨʠ ʟʤʽʥʽ ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ɼʣʷ ʦʭʦʧʣʝʥʥʷ ʙʽʣʴʰʦʛʦ ʩʧʝʢʪʨʫ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ 

ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʛʨʦʤʘʜʩʴʢʫ ʙʫʜʽʚʣʶ, ʘ ʩʘʤʝ ʥʘʚʯʘʣʴʥʠʡ 

ʟʘʢʣʘʜ, ʪʘ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ.  
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2.1.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʦʤʘʜʩʴʢʦʾ ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ 

 

ʆʜʥʠʤ ʟ ʦʙôʻʢʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʻ 

ʩʝʨʝʜʥʷ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʷ ʰʢʦʣʘ ʤ. ʂʠʻʚʘ. ɹʫʜʽʚʣʷ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ɯ ʪʝʤʧʝʨʘʪʫʨʥʽʡ 

ʟʦʥʽ. ʐʢʦʣʘ ʧʦʙʫʜʦʚʘʥʘ ʫ 1963 ʨʦʮʽ ʟʘ ʪʠʧʦʚʠʤ ʧʨʦʢ̒ʪʦʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʟʘʢʣʘʜʽʚ 

ʦʩʚʽʪʠ ʫ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʠ. ɹʫʜʽʚʣʷ ʟʘʢʣʘʜʫ ʦʩʚʽʪʠ  ʤʘʻ ʅ-ʧʦʜʽʙʥʫ ʬʦʨʤʫ ʟ 

ʦʜʥʽʻʶ ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʦʶ ʪʘ ʜʚʦʤʘ  ʦʜʥʦʧʦʚʝʨʭʦʚʠʤʠ ʩʝʢʮʽʷʤʠ çɸè, çBè ʪʘ çCè 

ʚʽʜʧʦʚʽʜʥʦ, ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.1. 

 

 

ʈʠʩʫʥʦʢ 2.1 ï Cʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʷ ʧʦ ʩʪʦʨʦʥʘʤ ʩʚʽʪʫ ʦʙôʻʢʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ 

 

 ʋ ʩʝʢʮʽʾ çɸè ʨʦʟʤʽʱʝʥʽ ʥʘʚʯʘʣʴʥʽ ʢʣʘʩʠ, ʫʯʠʪʝʣʴʩʴʢʽ ʢʽʤʥʘʪʠ, ʙʽʙʣʽʦʪʝʢʘ, 

ʤʫʟʝʡ, ʤʝʪʦʜʠʯʥʽ ʢʘʙʽʥʝʪʠ. ʋ ʩʝʢʮʽʾ çɺè ʟʥʘʭʦʜʠʪʴʩʷ ʚʭʽʜʥʘ ʛʨʫʧʘ ʜʦ ʙʫʜʽʚʣʽ, ʨʦʙʦʯʝ 

ʤʽʩʮʝ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʚʝʣʠʢʠʡ ʮʝʥʪʨʘʣʴʥʠʡ ʭʦʣ, ʷʢʠʡ ʩʧʦʣʫʯʘʻ ʩʦʙʦʶ 

ʩʝʢʮʽʶ ʟ ʥʘʚʯʘʣʴʥʠʤʠ ʢʣʘʩʘʤʠ ʪʘ ʧʨʠʤʽʱʝʥʥʷ ʾʜʘʣʴʥʽ, ʘʢʪʦʚʦʾ ʟʘʣʠ ʪʦʱʦ. ʋ ʩʝʢʮʽʾ 

çʉè ʨʦʟʪʘʰʦʚʘʥʠʡ ʭʘʨʯʦʚʠʡ ʙʣʦʢ ʟ ʾʜʘʣʴʥʝʶ, ʘʢʪʦʚʘ ʟʘʣʘ, ʩʧʦʨʪʠʚʥʘ ʟʘʣʘ, 

ʨʦʟʜʷʛʘʣʴʥʽ ʪʘ ʧʽʜʩʦʙʥʽ ʧʨʠʤʽʱʝʥʥʷ.  

ʋ ʰʢʦʣʽ ʥʘʚʯʘʻʪʴʩʷ ʪʘ ʧʨʘʮʶʻ ʙʣʠʟʴʢʦ 600 ʫʯʥʽʚ ʪʘ 70 ʨʦʙʽʪʥʠʢʽʚ ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʙʫʜʽʚʣʽ ʩʪʘʥʦʚʠʪʴ 7386,8 ʤĮ, ʘ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʩʪʘʥʦʚʠʪʴ 

23399,7 ʤ3. ʉʝʨʝʜʥʷ ʚʠʩʦʪʘ ʧʦʚʝʨʭʫ ʩʪʘʥʦʚʠʪʴ 3,0 ʤ. ʉʪʽʥʠ ʙʫʜʽʚʣʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʢʝʨʘʤʽʯʥʦʾ ʧʦʨʦʞʥʠʩʪʦʾ ʮʝʛʣʠ ʥʘ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʤʫ-ʨʦʟʯʠʥʽ, ʟʩʝʨʝʜʠʥʠ ʦʟʜʦʙʣʝʥʽ 

ʰʘʨʦʤ ʰʪʫʢʘʪʫʨʢʠ ʪʘ ʧʦʬʘʨʙʦʚʘʥʽ, ʨʽʟʥʠʭ ʪʦʚʱʠʥ ʟʘ ʚʠʩʦʪʦʶ ʙʫʜʽʚʣʽ, 690 ʪʘ 540 

ʤʤ ʚʽʜʧʦʚʽʜʥʦ. ɿʦʚʥʽʰʥʽ ʩʪʽʥʠ ʥʝ ʫʪʝʧʣʝʥʽ, ʚʠʜʠʤʠʭ ʧʦʰʢʦʜʞʝʥʴ ʟʦʚʥʽʰʥʴʦʾ 
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ʦʙʦʣʦʥʢʠ ʥʝʤʘʻ.  

ʋ ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʦʾ ʩʝʢʮʽʾ ʥʘʷʚʥʠʡ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʧʦʚʝʨʭ. ɼʘʭ  ╖  

ʧʦʭʠʣʘ ʢʨʽʚʣʷ, ʛʽʜʨʦʽʟʦʣʷʮʽʷ ʷʢʦʾ ʚʠʢʦʥʘʥʘ ʣʠʩʪʦʚʠʤ ʨʫʙʝʨʦʡʜʦʤ ʫ ʜʚʘ (ʤʽʩʮʷʤʠ ï 

ʪʨʠ) ʰʘʨʠ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʜʘʭʫ ʦʜʥʦʧʦʚʝʨʭʦʚʠʭ ʩʝʢʮʽʡ, ʪʦ ʚʽʥ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜ ʦʧʘʣʶʚʘʣʴʥʠʤʠ ʧʨʠʤʽʱʝʥʥʷʤʠ (ʩʫʤʽʱʝʥʝ ʧʦʢʨʠʪʪʷ) ʪʘ 

ʚʠʢʦʥʘʥʠʡ  ʟ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ, ʧʦʢʨʠʪʠʭ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʶ ʩʪʷʞʢʦʶ.  

ʇʽʜ ʩʝʢʮʽʻʶ çɸè ʨʦʟʪʘʰʦʚʘʥʠʡ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʽʜʚʘʣ, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʪʠʨ, ʛʘʨʜʝʨʦʙ ʪʘ ʧʨʠʤʽʱʝʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʟʘʢʣʘʩʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɿʛʽʜʥʦ 

ʧʨʦ̒ʢʪʫ, ʚʽʢʥʘ ʟ ʧʦʜʚʽʡʥʠʤ ʩʢʣʽʥʥʷʤ ʪʘ ʜʝʨʝʚôʷʥʠʤʠ ʨʘʤʘʤʠ. ʄʘʡʞʝ ʧʦʣʦʚʠʥʘ ʚʽʢʦʥ 

ʟʘʤʽʥʝʥʘ ʥʘ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ ʟ ʦʜʥʦ- ʪʘ ʜʚʦʢʘʤʝʨʥʠʤ ʩʢʣʦʧʘʢʝʪʦʤ. ʊʘʢʦʞ ʚ ʷʢʦʩʪʽ 

ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ  ʩʢʣʦʙʣʦʢʠ (ʟʦʥʠ ʩʭʦʜʽʚ, ʩʧʦʨʪʠʚʥʦʾ 

ʟʘʣʠ). 

ʆʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʦʜʘʶʪʴʩʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ. ʉʠʩʪʝʤʘ 

ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ ʟʘʢʨʠʪʘ, ʦʜʥʦʪʨʫʙʥʘ ʟ ʚʝʨʭʥʽʤ ʨʦʟʚʝʜʝʥʥʷʤ ʪʝʧʣʦʥʦʩʽʷ, 

ʪʝʧʣʦʚʽʜʜʘʯʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʯʘʚʫʥʥʠʭ ʨʘʜʽʘʪʦʨʽʚ. ʊʝʨʤʦʩʪʘʪʠʯʥʽ ʢʨʘʥʠ ʥʘ 

ʧʨʠʣʘʜʘʭ ʦʧʘʣʝʥʥʷ ʚʽʜʩʫʪʥʽ. ɿʘ ʧʝʨʝʚʘʞʥʦʶ ʙʽʣʴʰʽʩʪʶ ʨʘʜʽʘʪʦʨʽʚ ʨʦʟʤʽʱʝʥʦ 

ʨʝʬʣʝʢʪʦʨʠ. ʇʦʜʘʯʘ ʪʝʧʣʦʥʦʩʽʷ ʧʦ ʩʪʦʷʢʘʤ ʦʧʘʣʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ  ʨʦʟʙʘʣʘʥʩʦʚʘʥʦ, 

ʥʘʷʚʥʦ ʙʘʛʘʪʦ ʧʦʚʽʪʨʷʥʠʭ ʢʘʨʤʘʥʽʚ. ʊʨʫʙʦʧʨʦʚʽʜ ʪʝʧʣʦʤʝʨʝʞʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʥʝʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ, ʪʘ ʧʦʪʨʝʙʫʻ ʟʘʤʽʥʠ. ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʫʥʢʪ (ɯʊʇ) 

ʙʫʣʦ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʦ, ʩʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ ï ʟʘʣʝʞʥʘ, ʟ ʪʨʠʭʦʜʦʚʠʤ ʢʣʘʧʘʥʦʤ ʪʘ 

ʮʠʨʢʫʣʷʮʽʡʥʠʤʠ ʥʘʩʦʩʘʤʠ ʥʘ ʧʦʜʘʚʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ. ʄʝʨʝʞʝʚʘ ʚʦʜʘ ʚ ʩʠʩʪʝʤʽ 

ʦʧʘʣʝʥʥʷ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʬʽʢ 95-70ÁC. ɺ ɯʊʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜʘʚʘʣʴʥʦʾ ʚʦʜʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʽ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʟ ʧʦʛʦʜʦʟʘʣʝʞʥʠʤ ʢʦʥʪʨʦʣʝʨʦʤ. ʋʩʽ ʧʝʨʝʜʙʘʯʝʥʽ ʧʨʦʢ̒ʪʦʤ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʫʶʪʴ, ʪʨʫʙʦʧʨʦʚʦʜʠ ʚ ʪʝʧʣʦʧʫʥʢʪʽ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʽ. 

ʋ ʙʫʜʽʚʣʽ ʥʘʷʚʥʝ ʭʦʣʦʜʥʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ. ʇʦʜʘʯʘ ʚʦʜʠ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʟ ʟʘʛʘʣʴʥʦʤʽʩʴʢʠʭ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʤʝʨʝʞ. ʊʦʯʢʠ ʟʘʙʦʨʫ ʚʦʜʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʧʨʘʚʥʦʤʫ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ, ʧʨʦʪʽʢʘʥʴ ʥʝʤʘʻ. 

ɺʝʥʪʠʣʷʮʽʷ ʧʨʠʤʽʱʝʥʴ ʟʘʧʨʦʢ̒ʪʦʚʘʥʘ ʟ ʧʨʠʤʫʩʦʚʠʤ ʚʠʜʘʣʝʥʥʷʤ ʪʘ 
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ʥʘʛʥʽʪʘʥʥʷʤ ʧʦʚʽʪʨʷ, ʧʨʦʪʝ ʯʝʨʝʟ ʟʘʩʪʘʨʽʣʠʡ ʩʪʘʥ ʥʝ ʬʫʥʢʮʽʦʥʫʻ. ɺʝʥʪʠʣʷʮʽʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ (ʧʨʦʚʽʪʨʶʚʘʥʥʷ, ʽʥʬʽʣʴʪʨʘʮʽʷ ʯʝʨʝʟ ʥʝʱʽʣʴʥʦʩʪʽ). 

 

2.1.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʪʣʦʚʦʾ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʾ ʙʫʜʽʚʣʽ 

 

ʑʝ ʦʜʥʠʤ ʟ ʦʙôʻʢʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʧôʷʪʠʧʦʚʝʨʭʦʚʠʡ ʞʠʪʣʦʚʠʡ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʡ ʙʫʜʠʥʦʢ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʟ ʪʝʭʥʽʯʥʠʤ ʧʽʜʧʽʣʣʷʤ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʚʢʘʟʘʥʦʾ ʚ ʧʨʦʢ̒ʪʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʦʙôʻʢʪʫ [38], ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʢʚʘʨʪʠʨ ʫ ʙʫʜʠʥʢʫ ʩʪʘʥʦʚʠʪʴ 45. ɹʫʜʽʚʣʷ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ɯ ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʟʦʥʽ. 

ʆʩʥʦʚʥʽ ʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʘ ʪʘʢʽ: ʢʦʥʜʠʮʽʦʥʦʚʘʥʘ ʧʣʦʱʘ 

ʙʫʜʽʚʣʽ ð 2371,5 ʤĮ, ʢʦʥʜʠʮʽʦʥʦʚʘʥʠʡ ʦʙôʻʤ ð 6317,7 ʤį. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʟʦʚʥʽʰʥʽʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʘʥʦʚʠʪʴ 2591,2 ʤĮ. ɿ ʥʠʭ ʧʣʦʱʘ ʩʪʽʥ, ʱʦ ʤʝʞʫʶʪʴ 

ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ ð 1085,4 ʤĮ. ʇʣʦʱʘ ʚʽʢʦʥ ʽ ʜʚʝʨʝʡ ð 466,80 ʤĮ. ʇʣʦʱʘ 

ʛʦʨʠʱʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ð 474,3 ʤĮ, ʘ ʧʝʨʝʢʨʠʪʪʷ ʥʘʜ ʧʽʜʚʘʣʦʤ ð 474,3 ʤĮ. 

ʆʨʽʻʥʪʘʮʽʷ ʙʫʜʽʚʣʽ ð ʟʘ ʩʪʦʨʦʥʘʤʠ ʩʚʽʪʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.2. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï Cʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʷ ʧʦ ʩʪʦʨʦʥʘʤ ʩʚʽʪʫ ʦʙôʻʢʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ 

ɿʦʚʥʽʰʥʽ ʩʪʽʥʠ ʙʫʜʽʚʣʽ ʚʠʢʦʥʘʥʽ ʟ ʧʫʩʪʦʪʽʣʠʭ ʢʝʨʘʤʽʯʥʠʭ ʙʣʦʢʽʚ ʪʦʚʱʠʥʦʶ 380 

ʤʤ ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʦʧʦʨʷʜʞʝʥʥʷʤ ʰʪʫʢʘʪʫʨʢʦʶ (20 ʤʤ). ʏʘʩʪʠʥʘ ʚʽʢʦʥ ʽ ʙʘʣʢʦʥʥʠʭ 

ʜʚʝʨʝʡ ʟʘʤʽʥʝʥʘ ʤʝʰʢʘʥʮʷʤʠ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʇɺʍ-ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʜʚʦʢʘʤʝʨʥʠʤʠ 
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ʩʢʣʦʧʘʢʝʪʘʤʠ. 

ɻʦʨʠʱʥʝ ʧʝʨʝʢʨʠʪʪʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ, ʰʘʨʫ ʰʣʘʢʫ ʟ 

ʢʝʨʘʤʟʠʪʦʤ, ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʾ ʩʪʷʞʢʠ ʪʦʚʱʠʥʦʶ 50 ʤʤ. ʇʝʨʝʢʨʠʪʪʷ ʥʘʜ ʧʽʜʚʘʣʦʤ 

ð ʟʘʣʽʟʦʙʝʪʦʥʥʘ ʧʣʠʪʘ. ʎʦʢʦʣʴ ʙʫʜʽʚʣʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʙʝʪʦʥʥʠʤʠ ʙʣʦʢʘʤʠ ʌɹʉ 

ʪʦʚʱʠʥʦʶ 500 ʤʤ ʪʘ ʮʝʛʣʷʥʠʤʠ ʙʣʦʢʘʤʠ ʪʦʚʱʠʥʦʶ 380 ʤʤ ʽʟ ʦʙʣʠʮʶʚʘʥʥʷʤ 

ʢʝʨʘʤʽʯʥʦʶ ʧʣʠʪʢʦʶ. 

ɯʥʞʝʥʝʨʥʽ ʩʠʩʪʝʤʠ ʙʫʜʽʚʣʽ ʚʢʣʶʯʘʶʪʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜ ʤʽʩʴʢʠʭ ʪʝʧʣʦʤʝʨʝʞ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʡ ʚʫʟʦʣ. ʉʠʩʪʝʤʘ ʙʝʟ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. 

ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʧʘʣʶʚʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʦʮʽʥʶʻʪʴʩʷ ʷʢ ʥʝʟʘʜʦʚʽʣʴʥʠʡ. 

ʆʧʘʣʝʥʥʷ ʧʽʜʚʘʣʴʥʦʛʦ ʨʽʚʥʷ ʥʝ ʧʝʨʝʜʙʘʯʝʥʝ. 

ɺʥʫʪʨʽʰʥʷ ʤʝʨʝʞʘ ʦʧʘʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦʶ ʦʜʥʦʪʨʫʙʥʦʶ ʩʠʩʪʝʤʦʶ ʟ 

ʚʝʨʭʥʽʤ ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʥʦʩʽʷ. ʋʩʪʘʥʦʚʣʝʥʽ ʦʧʘʣʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ð ʯʘʚʫʥʥʽ 

ʩʝʢʮʽʡʥʽ ʨʘʜʽʘʪʦʨʠ. ʋ ʨʷʜʽ ʩʪʦʷʢʽʚ ʚʽʜʩʫʪʥʽ ʦʙʚʽʜʥʽ ʜʽʣʷʥʢʠ, ʧʽʜʢʣʶʯʝʥʥʷ ʟʜʽʡʩʥʝʥʦ 

ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʙʝʟ ʘʨʤʘʪʫʨʠ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʽʜʜʘʯʽ. ʈʦʟʧʦʜʽʣʴʯʽ 

ʪʨʫʙʦʧʨʦʚʦʜʠ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʪʝʭʥʽʯʥʠʡ ʪʘ ʧʽʜʚʘʣʴʥʠʡ ʨʽʚʥʽ, ʚʠʛʦʪʦʚʣʝʥʽ ʟʽ 

ʩʪʘʣʝʚʠʭ ʚʦʜʦʛʘʟʦʧʨʦʚʽʜʥʠʭ ʪʨʫʙ. ɯʟʦʣʷʮʽʡʥʠʡ ʰʘʨ ʚʠʢʦʥʘʥʦ ʟ ʤʽʥʝʨʘʣʦʚʘʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʦʢʨʠʪʪʷʤ, ʘʣʝ ʡʦʛʦ ʩʪʘʥ ʟʜʝʙʽʣʴʰʦʛʦ ʥʝʟʘʜʦʚʽʣʴʥʠʡ. 

ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ ð ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʟ ʧʨʠʨʦʜʥʠʤ ʩʧʦʥʫʢʘʥʥʷʤ. 

ʇʦʚʽʪʨʦʦʙʤʽʥ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʢʨʠʚʘʥʥʷ ʚʽʢʦʥ ʽ ʜʚʝʨʝʡ. ɻʘʨʷʯʝ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ: ʚʦʜʘ ʛʦʪʫʻʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʙʫʜʠʥʢʫ, ʮʠʨʢʫʣʷʮʽʷ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤ ʜʞʝʨʝʣʦʤ. 

 

2.2 ʆʩʥʦʚʥʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ (ɣ-

ʢʦʝʬʽʮʽʻʥʪʽʚ), ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʻ ʥʝʦʙʭʽʜʥʠʤ ʟ ʢʽʣʴʢʦʭ ʧʨʠʯʠʥ. ʇʦ-ʧʝʨʰʝ, ʛʝʦʤʝʪʨʽʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʚʫʟʣʽʚ ʯʘʩʪʦ ʻ ʩʢʣʘʜʥʦʶ, ʱʦ ʨʦʙʠʪʴ ʨʫʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʥʝʪʦʯʥʠʤʠ ʯʝʨʝʟ 



51 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʧʨʦʱʝʥʥʷ ʤʦʜʝʣʽ. ʇʦ-ʜʨʫʛʝ, ʨʫʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʪʝʧʣʦʚʠʭ 

ʚʪʨʘʪ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʪʨʫʜʦʤʽʩʪʢʠʤ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʽ ʚʘʨʽʘʮʽʷʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʇʦ-ʪʨʝʪʻ, ʣʠʰʝ ʧʨʦʛʨʘʤʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʽʜʦʙʨʘʟʠʪʠ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʩʪʠʢʫ, ʚʠʷʚʠʪʠ ʪʝʧʣʦʚʽ ʤʦʩʪʠ ʪʘ ʦʮʽʥʠʪʠ ʨʠʟʠʢ 

ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʘʙʦ ʧʨʦʤʝʨʟʘʥʥʷ. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʻ ʥʝ ʣʠʰʝ ʜʦʮʽʣʴʥʠʤ, ʘʣʝ ʡ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʪʦʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʩʫʯʘʩʥʦʤʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʤʫ ʧʨʦʻʢʪʫʚʘʥʥʽ. 

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʽ ʧʦʧʫʣʷʨʥʠʭ ʧʨʦʛʨʘʤ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʽ: 

THERM, Ansys Fluent, Solido Physibel, HEAT2/HEAT3 ʪʘ Flixo Energy. 

ʇʨʦʛʨʘʤʘ THERM ʨʦʟʨʦʙʣʝʥʘ ʅʘʮʽʦʥʘʣʴʥʦʶ ʣʘʙʦʨʘʪʦʨʽʻʶ ʃʦʫʨʝʥʩʘ ɹʝʨʢʣʽ 

(ʉʐɸ) ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ [39]. ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ, ʧʦʚʝʨʭʥʝʚʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, 

ʢʦʝʬʽʮʽʻʥʪʠ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʧʣʦʚʠʡ 

ʨʝʞʠʤ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʠʥʢʫ. ʇʨʦʛʨʘʤʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʨʠʟʠʢʫ 

ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʷʭ. THERM ʤʘʻ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ 

ʩʪʚʦʨʶʚʘʪʠ ʽ ʨʝʜʘʛʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʟʘʜʘʚʘʪʠ 

ʤʘʪʝʨʽʘʣʠ, ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʪʦʱʦ. ʇʨʦʛʨʘʤʘ ʪʘʢʦʞ ʤʘʻ ʙʘʛʘʪʦ 

ʩʪʘʥʜʘʨʪʥʠʭ ʙʽʙʣʽʦʪʝʢ ʤʘʪʝʨʽʘʣʽʚ, ʬʦʨʤ ʽ ʪʠʧʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʪʝʧʣʦʟʘʭʠʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʦʢʨʝʤʘ ʚʽʢʦʥ, ʜʚʝʨʝʡ ʽ ʬʘʩʘʜʥʠʭ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʦʨʽʜʥʝʥʫ ʜʦ THERM ʧʨʦʛʨʘʤʫ WINDOW. ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʪʦʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ (U-value). 

ʇʨʦʛʨʘʤʘ Ansys Fluent CFD analysis - ʮʝ ʧʦʪʫʞʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʷʚʠʱʘ ʚ ʦʙʣʘʩʪʽ ʨʽʜʠʥʥʦʾ 

ʜʠʥʘʤʽʢʠ [40]. CFD - Computational Fluid Dynamics, ʘʙʦ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʨʽʜʠʥʥʘ 

ʜʠʥʘʤʽʢʘ. ʎʝ ʛʘʣʫʟʴ ʥʘʫʢʠ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʴ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʨʽʜʠʥ, ʛʘʟʽʚ, ʪʚʝʨʜʠʭ ʪʽʣ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʶ. ʇʨʦʛʨʘʤʘ Ansys 

Fluent CFD analysis ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʪʘʢʽ ʷʚʠʱʘ, ʷʢ: 

Å  ʧʦʪʦʢʠ ʨʽʜʠʥ ʽ ʛʘʟʽʚ ʚ ʢʘʥʘʣʘʭ, ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʥʘʩʦʩʘʭ, ʪʫʨʙʽʥʘʭ, ʪʦʱʦ; 
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Å ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʽ ʤʘʩʠ ʚ ʨʽʜʠʥʘʭ, ʛʘʟʘʭ, ʪʚʝʨʜʠʭ ʪʽʣʘʭ, ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʘʭ, 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ; 

Å ʚʟʘʻʤʦʜʽʶ ʨʽʜʠʥ ʽ ʛʘʟʽʚ ʟ ʪʚʝʨʜʠʤʠ ʪʽʣʘʤʠ, ʧʦʚʝʨʭʥʷʤʠ, ʩʪʨʫʢʪʫʨʘʤʠ, 

ʜʝʬʦʨʤʘʮʽʷʤʠ. 

ʇʨʦʛʨʘʤʘ Solido ʚʽʜ ʢʦʤʧʘʥʽʾ Physibel ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʽ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ 

ʘʥʘʣʽʟʫʚʘʪʠ ʪʝʧʣʦʚʽ ʤʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʪʘ ʜʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʪʝʧʣʘ ʚ ʩʢʣʘʜʥʠʭ 

ʚʫʟʣʘʭ [41]. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʨʘʭʫʥʦʢ ʣʽʥʽʡʥʠʭ (ɣ) ʪʘ ʪʦʯʢʦʚʠʭ (ɢ) ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ EN ISO 10211. ʇʨʦʛʨʘʤʘ ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ, ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʽ ʽʟʦʪʝʨʤ, ʘ ʪʘʢʦʞ 

ʦʮʽʥʠʪʠ ʨʠʟʠʢʠ ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʚ ʤʽʩʮʷʭ ʧʦʥʠʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɿʘʚʜʷʢʠ 

ʧʽʜʪʨʠʤʮʽ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʽʤʧʦʨʪʫ ʤʦʜʝʣʝʡ ʟ CAD-

ʧʨʦʛʨʘʤ, Solido ʻ ʟʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʽʥʞʝʥʝʨʽʚ ʽ ʜʦʩʣʽʜʥʠʢʽʚ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ HEAT2 ʽ HEAT3, ʨʦʟʨʦʙʣʝʥʝ ʰʚʝʜʩʴʢʦʶ ʢʦʤʧʘʥʽʻʶ 

BUILDTECH, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʪʦʯʥʦʛʦ ʜʚʦʚʠʤʽʨʥʦʛʦ (HEAT2) ʪʘ ʪʨʠʚʠʤʽʨʥʦʛʦ 

(HEAT3) ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ [42, 43]. 

ɿʘʚʜʷʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ EN ISO 10211, ʧʨʦʛʨʘʤʠ ʘʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʧʨʦʻʢʪʫʚʘʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ ʽ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ. HEAT2 ʚʠʢʦʥʫʻ ʘʥʘʣʽʟ ʫ ʧʣʦʱʠʥʽ (2D) ̔ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʚʫʟʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʪʦʜʽ ʷʢ HEAT3 ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʩʢʣʘʜʥʽ 

ʧʨʦʩʪʦʨʦʚʽ ʚʫʟʣʠ, ʚʢʣʶʯʘʶʯʠ ʩʪʠʢʠ ʪʨʴʦʭ ʧʣʦʱʠʥ ð ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʪʠʥʠ ʩʪʽʥ, 

ʧʝʨʝʢʨʠʪʪʽʚ ʽ ʧʦʢʨʽʚʝʣʴ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʚʠʢʦʨʠʩʪʘʥʥʷ HEAT2/HEAT3 ð ʮʝ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʥʘʜʽʡʥʽ ʪʘ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ, ʱʦ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʨʫʯʥʫ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʦʛʨʘʤʠ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʛʨʘʬʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʢʨʠʪʠʯʥʽ ʜʽʣʷʥʢʠ ʧʦʪʝʥʮʽʡʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ 

ʘʙʦ ʟʦʥʠ ʧʨʦʤʝʨʟʘʥʥʷ. 

Flixo Energy ð ʮʝ ʧʨʦʬʝʩʽʡʥʘ ʧʨʦʛʨʘʤʘ ʜʣʷ ʜʚʦʚʠʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ 

ʤʦʜʝʣʶʚʘʪʠ ʪʝʧʣʦʚʽ ʤʦʩʪʠ ʪʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ [44]. ʈʦʟʨʦʙʣʝʥʘ ʰʚʝʡʮʘʨʩʴʢʦʶ ʢʦʤʧʘʥʽʻʶ 

INFOMIND, ʧʨʦʛʨʘʤʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ EN ISO 10211 

ʪʘ EN ISO 13788, ʱʦ ʨʦʙʠʪʴ ʾʾ ʧʨʠʜʘʪʥʦʶ ʷʢ ʜʣʷ ʧʨʦʻʢʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʪʘʢ ʽ ʜʣʷ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, Passive 

House). ʋ ʧʨʦʛʨʘʤʽ ʯʫʜʦʚʦ ʨʝʘʣʽʟʦʚʘʥʦ ʚʽʟʫʘʣʽʟʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ, ʽʟʦʪʝʨʤ ʽ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ð ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ, 

ʧʨʦʤʝʨʟʘʥʥʷ ʪʘ ʥʝʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ. ʇʨʦʛʨʘʤʘ ʤʘʻ ʬʫʥʢʮʽʾ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʽʚ ʽ ʛʨʘʬʽʢʽʚ, ʱʦ ʧʦʣʝʛʰʫʻ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʪʝʭʥʽʯʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʙʫʣʦ ʦʙʨʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ THERM ʯʝʨʝʟ ʪʝ, ʱʦ ʚʽʥ ʻ 

ʜʫʞʝ ʧʦʰʠʨʝʥʠʤ ʩʝʨʝʜ ʥʘʫʢʦʚʮʽʚ ʪʘ ʽʥʞʝʥʝʨʽʚ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ, ʤʘʻ ʟʨʫʯʥʠʡ 

ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʪʘ ʻ ʙʝʟʢʦʰʪʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ. 

 

2.2.1 ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

THERM 

 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʫ ʤʝʪʦʜʽ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ ʧʦʙʫʜʦʚʘ ʩʽʪʢʠ. ʎʷ ʩʽʪʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʧʝʨʝʢʨʠʚʥʠʭ ʧʽʜʦʙʣʘʩʪʝʡ, ʚʽʜʦʤʠʭ ʷʢ 

ʝʣʝʤʝʥʪʠ, ʱʦ ʧʦʢʨʠʚʘʶʪʴ ʚʩʶ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ. ʈʫʯʥʝ ʩʪʚʦʨʝʥʥʷ ʷʢʽʩʥʦʾ ʩʽʪʢʠ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤ 

ʧʨʦʮʝʩʦʤ. ʋ ʧʨʦʛʨʘʤʽ THERM ʮʝʡ ʝʪʘʧ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ ð Finite Quadtree [45]. 

ɻʝʥʝʨʘʪʦʨ ʩʽʪʢʠ Finite Quadtree ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʮʝʜʫʨʽ ʧʨʦʩʪʦʨʦʚʦʾ 

ʜʝʢʦʤʧʦʟʠʮʽʾ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʛʝʦʤʝʪʨʠʯʥʫ ʦʙʣʘʩʪʴ ʷʢ ʥʘʙʽʨ ʥʝʧʝʨʝʢʨʠʚʥʠʭ 

ʢʚʘʜʨʘʪʽʚ, ʪʘʢ ʟʚʘʥʠʭ ʢʚʘʜʨʘʥʪʽʚ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʽʻʨʘʨʭʽʯʥʦʛʦ ʜʝʨʝʚʘ. 

ʆʙ'ʻʢʪ, ʱʦ ʧʽʜʣʷʛʘʻ ʨʦʟʙʠʪʪʶ ʥʘ ʩʽʪʢʫ, ʨʦʟʤʽʱʫʻʪʴʩʷ ʫ ʢʚʘʜʨʘʪʥʽʡ ʦʙʣʘʩʪʽ, ʷʢʘ 

ʧʦʚʥʽʩʪʶ ʡʦʛʦ ʦʭʦʧʣʶʻ. ʎʝʡ ʢʚʘʜʨʘʪ ʚʚʘʞʘʻʪʴʩʷ çʙʘʪʴʢʽʚʩʴʢʠʤè ʢʚʘʜʨʘʥʪʦʤ ʽ 

ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʯʦʪʠʨʠ çʜʦʯʽʨʥʽè ʢʚʘʜʨʘʥʪʠ. ʇʦʜʘʣʴʰʝ ʨʦʟʛʘʣʫʞʝʥʥʷ ʜʝʨʝʚʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʝʢʫʨʩʠʚʥʦ ʰʣʷʭʦʤ ʧʦʜʽʣʫ ʧʨʠʢʦʨʜʦʥʥʠʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʢʚʘʜʨʘʥʪʽʚ 
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ʜʦʪʠ, ʜʦʢʠ ʚʩʽ ʧʽʜʦʙʣʘʩʪʽ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʛʝʦʤʝʪʨʽʾ ʦʙôʻʢʪʘ. ʈʦʟʧʦʜʽʣ ʪʨʠʚʘʻ ʜʦ 

ʪʦʛʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʢʦʞʝʥ ʢʚʘʜʨʘʥʪ ʤʽʩʪʠʪʴ ʣʠʰʝ ʦʜʠʥ ʤʘʪʝʨʽʘʣ. ʇʘʨʘʤʝʪʨ 

ʢʝʨʫʚʘʥʥʷ ʩʽʪʢʦʶ ʚʠʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʣʽʚ, ʷʢʽ ʚʠʢʦʥʫʻ ʘʣʛʦʨʠʪʤ 

Quadtree. ʏʠʤ ʙʽʣʴʰʠʤ ʻ ʮʝʡ ʧʘʨʘʤʝʪʨ, ʪʠʤ ʤʝʥʰʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ 

ʝʣʝʤʝʥʪʽʚ ʫ ʢʽʥʮʝʚʽʡ ʩʽʪʮʽ. ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʜʝʨʝʚʘ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʫʩʽ ʢʽʥʮʝʚʽ 

(ʪʝʨʤʽʥʘʣʴʥʽ) ʢʚʘʜʨʘʥʪʠ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʨʽʟʥʠʮʷ ʨʽʚʥʽʚ ʜʝʨʝʚʘ ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ ʦʜʥʦʛʦ ð ʮʝ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʟʥʘʯʥʦʛʦ ʢʦʥʪʨʘʩʪʫ ʚ 

ʨʦʟʤʽʨʘʭ ʩʫʤʽʞʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʩʪʘʥʥʽʤ ʢʨʦʢʦʤ ʘʣʛʦʨʠʪʤʫ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ quadtree ʥʘ ʢʦʤʙʽʥʘʮʽʶ ʜʦʙʨʝ ʩʬʦʨʤʦʚʘʥʠʭ ʯʦʪʠʨʠʢʫʪʥʠʢʽʚ ʽ 

ʪʨʠʢʫʪʥʠʢʽʚ. ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ ʚʦʥʘ ʧʝʨʝʜʘʻʪʴʩʷ ʤʦʜʫʣʶ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ [46]. 

ʈʦʟʚôʷʟʫʚʘʯ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʧʨʦʛʨʘʤʽ THERM ʧʽʜ 

ʥʘʟʚʦʶ Conrad, ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤʘʭ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ TOPAZ2D 

ʪʘ FACET [47,48,49]. ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʱʦ ʻ 

ʦʩʥʦʚʥʠʤ ʜʣʷ ʮʴʦʛʦ ʤʝʪʦʜʫ, ʚʠʚʦʜʠʪʴʩʷ ʟ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʣʘʥʩʫ ʟʘ ʫʤʦʚʠ ʩʪʘʣʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʘʻ ʚʠʛʣʷʜ ʯʘʩʪʠʥʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʥʘʚʝʜʝʥʦʛʦ ʫ ʬʦʨʤʫʣʽ (2.1). 

Ὧ ή πΣ          (2.1) 

ʜʝ Ὧ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ɺʪ/ʤϊʂ; 

Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

ὼȟώ ï ʧʨʦʩʪʦʨʦʚʽ ʢʦʦʨʜʠʥʘʪʠ; 

ή ï ʚʥʫʪʨʽʰʥʷ ʪʝʧʣʦʛʝʥʝʨʘʮʽʷ, ɺʪ/ʤ2. 

ʇʨʠ ʜʦʪʨʠʤʘʥʥʽ ʥʘʩʪʫʧʥʦʛʦ ʥʘʙʦʨʫ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ: 

ή π ï ʘʜʽʘʙʘʪʥʘ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ; 

T= f(x,y) ï ʪʝʤʧʝʨʘʪʫʨʥʘ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ; 

ή ή ï ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʚʽʜʦʤʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; 

ή̒  ὬὝ Ὕ  ï ʢʦʥʚʝʢʪʠʚʥʘ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ; 

ή  ‐„Ὕ ‌Ὄ ï ʨʘʜʽʘʮʽʡʥʘ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ; 
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ɺʽʜʧʦʚʽʜʥʦ, ʫʟʘʛʘʣʴʥʝʥʘ ʬʦʨʤʘ ʟʘʢʦʥʫ ʌʫʨ'ʻ ʜʣ ̫ʦʙʯʠʩʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʦʚʝʨʭʥʽ (ʛʨʘʥʠʮʽ), ̔ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʴʦʭ 

ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ: 

ή ή ή Ὧ ὲ ὲ Σ         (2.2) 

ʄʘʪʝʤʘʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (FEM), ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʚ 

ʧʨʦʛʨʘʤʽ THERM, ̒ ʟʦʢʨʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʟʚʘʞʝʥʠʭ ʟʘʣʠʰʢʽʚ (Weighted 

Residuals Method): 

Ḁ ὡὙὨὼὨώπΣ         (2.3) 

ʜʝ ɱ ï ʦʙʣʘʩʪʴ ʨʦʟʨʘʭʫʥʢʫ; 

ὡ ï ʚʘʛʦʚʘ ʬʫʥʢʮʽʷ; 

Ὑ ï ʟʘʣʠʰʢʦʚʘ ʬʫʥʢʮʽʷ (ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʝʘʣʴʥʦʤʫ ʨʦʟʚôʷʟʢʫ). 

ɯʜʝʷ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʥʝ ʚ ʪʦʤʫ, ɦ ʦʙ ʟʘʣʠʰʦʢ R ʜʦʨʽʚʥʶʚʘʚ ʥʫʣ ʁʚʩʶʜʠ, ʘ ʚ 

ʪʦʤʫ, ɦ ʦʙ ʡʦʛʦ ʩʝʨʝʜʥʻ (ʟʚʘʞʝʥʝ) ʧʦ ʦʙʣʘʩʪʽ ʙʫʣʦ ʤʽʥʽʤʘʣʴʥʠʤ, ɦ ʦ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ̔ʩʪʠʥʥʦʛʦ ʨʦʟʚôʷʟʢʫ. ʈʝʟʫʣʴʪʘʪ ʧʽʜʩʪʘʥʦʚʢʠ ʪʘ ̔ʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘʚʝʜʝʥʦ ʫ ʬʦʨʤʫʣʽ 2.4: 

ὯḀ  ὡή ὨὼὨώ ᷿ ὡὬ Ὕ Ὕ Ὠῲ  ᷿ ὡήὨῲ 

 ᷿ ὡ ‐„τὝ σὝ ‌Ὄ Ὠῲ  π                                (2.4) 

ʌʦʨʤʫʣʘ 2.4 ï ʮʝ ʚʘʨʽʘʮʽʡʥʘ ʬʦʨʤʘ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ: 

ῐ ʜʞʝʨʝʣ ʪʝʧʣʘ ή ʫ ʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ; 

ῐ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʛʨʘʥʠʮʷʭ ῲ; 

ῐ ʟʘʜʘʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʛʨʘʥʠʮʷʭ ῲ; 

ῐ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʛʨʘʥʠʮʷʭ ῲ, ʟ ʫʨʘʭʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʟʘ ʟʘʢʦʥʦʤ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ. 

 

2.3 ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ʅʘʡʙʽʣʴʰ ʜʝʪʘʣʴʥʽʰʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʝʣʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʤʝʪʦʜʽʚ [50, 51, 52]. 
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ʏʝʨʝʟ ʜʦʩʪʘʪʥʶ ʩʢʣʘʜʥʽʩʪʴ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʩʝʨʝʜ ʥʘʫʢʦʚʮʽʚ ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠ ʘʥʘʣʽʟʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. ʉʪʘʥʦʤ ʥʘ ʟʘʨʘʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʪʘ 

ʧʦʧʫʣʷʨʥʠʤʠ ʥʘʩʪʫʧʥʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ: IDA ICE, IES VE, DesignBuilder, eQuest, 

EnergyPlus, DOE-2. 

ɼʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʘʥʘʣʽʟʫʚʘʪʠ ʟʥʘʯʥʠʡ ʩʧʝʢʪʨ ʧʦʢʘʟʥʠʢʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʫ ʙʫʜʽʚʣʷʭ ʪʘ ʣʝʛʢʦ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ 

ʨʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ ʬʘʢʪʦʨʽʚ. 

ɼʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʧʨʦʛʨʘʤ ʟ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʧʘʩʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʙʫʜʽʚʣʽ, ʪʘʢʠʭ ʷʢ ʟʘʪʽʥʝʥʥʷ ʚʽʢʦʥ [53] ʪʘ ʽʥ. 

DOE-2 ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʙʝʟʢʦʰʪʦʚʥʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʜʽʚʝʣʴ. ʎʝʡ 

ʽʥʩʪʨʫʤʝʥʪ ʟʜʘʪʥʠʡ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʽʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʚʠʪʨʘʪʠ ʜʣʷ ʙʫʜʴ-

ʷʢʦʛʦ ʪʠʧʫ ʙʫʜʽʚʣʽ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʪʘʣʽʟʦʚʘʥʠʡ ʦʧʠʩ ʧʣʘʥʫ ʙʫʜʽʚʣʽ, 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʛʨʘʬʽʢʽʚ ʨʦʙʦʪʠ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ (ʆɺʂ, 

ʦʩʚʽʪʣʝʥʥʷ ʽ ʪ. ʜ.) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʦʛʦʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʛʦʜʠʥʥʠʭ 

ʤʦʜʝʣʶʚʘʥʴ ʨʽʚʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ. ʆʩʦʙʣʠʚʽʩʪʶ DOE-2 ̒ ʪʝ, ʱʦ ʮʷ 

ʧʨʦʛʨʘʤʘ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʜʦʩʚʽʜʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʾʾ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʥʘʜʘʻ ʜʦʩʣʽʜʥʠʢʘʤ ʽ ʝʢʩʧʝʨʪʘʤ ʚʽʜʧʦʚʽʜʥʦ ʟʥʘʯʥʫ 

ʛʥʫʯʢʽʩʪʴ [54]. 

eQUEST, ʷʢ ʧʦʚʥʦʮʽʥʥʘ ʽʥʪʝʨʘʢʪʠʚʥʘ ʨʝʘʣʽʟʘʮʽʷ DOE-2, ʚʠʨʽʟʥʷʻʪʴʩʷ ʟʨʫʯʥʠʤ 

ʛʨʘʬʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʩʢʣʘʜʥʽ 

ʟʘʚʜʘʥʥʷ ʪʘ ʩʧʨʦʱʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʢʦʨʠʩʪʫʚʘʯʘ ʟ DOE-2. ʇʨʦʛʨʘʤʘ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʽʤʧʦʨʪʫ ʛʝʦʤʝʪʨʽʾ ʙʫʜʽʚʣʽ ʟ ʛʦʪʦʚʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʤʦʜʝʣʝʡ ʘʙʦ 

ʩʪʚʦʨʝʥʥʷ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʚʣʘʩʥʦʨʫʯ. ʇʨʦʛʨʘʤʘ ʜʘʻ ʟʤʦʛʫ ʚʚʦʜʠʪʠ ʜʘʥʽ ʫ 

ʩʧʨʦʱʝʥʦʤʫ ʪʘ ʜʝʪʘʣʴʥʦʤʫ ʬʦʨʤʘʪʽ [55]. 

EnergyPlus, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʨʘʱʠʭ ʧʽʜʭʦʜʘʭ ʤʦʜʝʣʶʚʘʥʥʷ DOE-2 ʪʘ BLAST, 

ʻ ʧʨʦʛʨʘʤʥʠʤ ʧʨʦʜʫʢʪʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʽʟʠʯʥʦ ʟʘʩʥʦʚʘʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʫ 

ʪʝʧʣʦʚʦʛʦ ʪʘ ʤʘʩʦʚʦʛʦ ʙʘʣʘʥʩʫ ʚ ʙʫʜʽʚʣʽ. ʂʦʞʥʘ ʧʨʦʛʨʘʤʘ ʚʢʣʶʯʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 
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ʧʽʜʧʨʦʛʨʘʤ, ʷʢʽ ʩʧʽʣʴʥʦ ʧʨʘʮʶʶʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʫ 

ʙʫʜʽʚʣʽ. EnergyPlus ʟʜʽʡʩʥʶʻ ʢʦʤʧʣʝʢʩʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʤʦʜʫʣʴ ʪʝʧʣʦʚʦʛʦ ʽ ʤʘʩʦʚʦʛʦ ʙʘʣʘʥʩʫ, ʤʦʜʫʣʴ ʩʠʤʫʣʷʮʽʾ 

ʩʠʩʪʝʤ ʙʫʜʽʚʣʽ ʪʘ ʩʪʦʨʦʥʥʽʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʙʫʜʽʚʣʽ [56, 57]. 

IDA ICE - ʮʝ ʢʦʤʧʣʝʢʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʜʝʣʶʚʘʪʠ ʪʘ 

ʩʠʤʫʣʶʚʘʪʠ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʙʫʜʽʚʝʣʴʥʦʾ ʬʽʟʠʢʠ, ʚʢʣʶʯʘʶʯʠ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, 

ʦʭʦʣʦʜʞʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ. ɺʦʥʦ ʚʢʣʶʯʘʻ ʜʝʪʘʣʴʥʽ 

ʪʝʧʣʦʚʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʮʽʥʢʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʣʽʤʘʪʫ, ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʙʫʜʽʚʝʣʴ. ʂʨʽʤ ʪʦʛʦ, IDA ICE ʧʽʜʪʨʠʤʫʻ ʧʘʨʘʤʝʪʨʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʮʽʥʥʠʤ ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʥʘʜ ʜʠʟʘʡʥʦʤ ʩʪʘʣʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʘʥʘʣʽʟʦʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ [58]. 

IES VE - ʮʝ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ ʜʣʷ ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʡʦʛʦ 

ʤʦʞʣʠʚʦʩʪʝʡ ʦʢʨʽʤ ʚʞʝ ʪʠʧʦʚʦʛʦ ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ 

ʚʘʨʪʦ ʚʠʦʢʨʝʤʠʪʠ ʦʮʽʥʢʫ ʽʥʪʝʛʨʘʮʽʾ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʚʠʢʠʜʽʚ 

ʚʫʛʣʝʮʶ ʪʘ ʘʥʘʣʽʟʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʊʘʢʦʞ ʜʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʢʽʣʴʢʘ ʩʮʝʥʘʨʽʾʚ ʧʨʦʢ̒ʪʫ ʪʘ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ 

ʜʦ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ [59]. 

DesignBuilder ʻ ʧʨʦʛʨʘʤʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʠʡ ʦʧʝʨʫʻ ʥʘ ʷʜʨʽ ʩʠʤʫʣʷʪʦʨʘ 

EnergyPlus, ʩʝʨʝʜ ʬʫʥʮʽʦʥʘʣʫ ʷʢʦʛʦ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʟʜʘʪʥʽʩʪʴ ʘʥʘʣʽʟʫ ʚʠʢʠʜʽʚ 

ʚʫʛʣʝʮʶ, ʨʽʚʥʽʚ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʢʦʤʬʦʨʪʫ, ʘ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʴ ʨʽʚʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. DesignBuilder ʧʦʨʽʚʥʶʻ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʝʣʴ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʰʚʠʜʢʠʡ ʩʧʦʩʽʙ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʬʫʥʢʮʽʷʭ ʪʘ ʤʝʪʦʜʽ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʽʟʥʠʭ ʘʥʘʣʽʟʽʚ. DesignBuilder ʧʦʻʜʥʫʻ ʰʚʠʜʢʝ ʪʨʠʚʠʤʽʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʟ ʜʠʥʘʤʽʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʝʥʝʨʛʽʾ [60].  

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʘʤʝ 

ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ DesignBuider, ʱʦ ʤʘʻ ʨʦʟʨʘʭʫʥʢʦʚʝ ʷʜʨʦ EnergyPlus. 
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2.3.1 ʆʩʦʙʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ EnergyPlus 

 

ʂʣʶʯʦʚʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʧʽʜʭʦʜʦʤ ʫ ʧʨʦʛʨʘʤʽ EnergyPlus, ɦʦ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʤʦʜʝʣʶʚʘʪʠ ʪʝʧʣʦʧʝʨʝʥʦʩ ʫ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʘʭ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʙʝʨʽʛʘʪʠ ʚʩʶ ʽʩʪʦʨʽʶ ʪʝʤʧʝʨʘʪʫʨ ʫ ʤʘʩʠʚʽ ʻ ʤʝʪʦʜ ʦʙʯʠʩʣʝʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (Conduction Transfer 

Function, CTF) [61]. ʄʝʪʦʜ CTF ʦʧʠʩʫʻ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʙʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

(ʥʘʧʨʠʢʣʘʜ, ʩʪʽʥʫ), ʷʢ ʬʫʥʢʮʽʶ ʧʦʧʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʟ ʦʙʦʭ ʙʦʢʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

(ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ), ʘ ʪʘʢʦʞ ʽʩʪʦʨʽʾ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. ɿʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʫ ʬʦʨʤʫʣʽ 2.5.  

ή ὸ В ὢὝȟ В ὣὝȟ Σ         (2.5) 

ʜʝ ή ὸ ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ʧʦʚʝʨʭʥʽ ɺʪ/ʤ2; 

Ὕȟ ȟ  Ὕȟ  ï ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʂ; 

ὢȟὣ ï ʢʦʝʬʽʮʽʻʥʪʠ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ CTF; 

ʌʦʨʤʫʣʠ 2.6 ̔ 2.7 ʦʧʠʩʫʶʪʴ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣ ̫ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ 

ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʦʥʴ ʚʽʜʧʦʚʽʜʥʦ: 

ή ὸ ὤὝȟ В ὤὝȟ ὣὝȟ В ὣὝȟ В   ή ȟ  Σ   (2.6) 

ή ὸ ὣὝȟ В ὣὝȟ ὢὝȟ В ὢὝȟ  В   ή ȟ , (2.7) 

ʜʝ Ὕȟ Σ Ὕȟ  ï ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ (ʧʦʪʦʯʥʘ ʪʘ ̔ ʩʪʦʨʠʯʥʽ) 

ʨʦʟʨʘʭʫʥʢʫ, ʂ; 

Ὕȟ Σ Ὕȟ  ï ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʨʦʟʨʘʭʫʥʢʫ, ʂ; 

ή ȟ  ȟή ȟ  ï ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʪʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʷʭ ʫ 

ʧʦʧʝʨʝʜʥʽ ʤʦʤʝʥʪʠ, ɺʪ/ʤ2; 

  ï ʢʦʝʬʽʮʽʻʥʪ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʦʚʦʛʦ ʤʝʪʦʜʫ 

ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ (Finite Difference Method), ʷʢʠʡ ʜʽʣʠʪʴ ʩʪʽʥʫ ʥʘ ʥʝʚʝʣʠʢʽ ʝʣʝʤʝʥʪʠ 

ʽ ʨʦʟʨʘʭʦʚʫʻ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʢʦʞʝʥ ʟ ʥʠʭ. 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʧʨʦʛʨʘʤʽ EnergyPlus ð 

ʦʜʠʥ ʽʟ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʙʫʜʽʚʣʽ. ʌʦʨʤʫʣʘ 2.8 
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ʚʠʟʥʘʯʘʻ, ʱʦ ʩʫʤʘ ʚʩʽʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ, ʤʘʻ ʙʫʪʠ 

ʚʨʽʚʥʦʚʘʞʝʥʦʶ (ʨʽʚʥʦʶ ʥʫʣʶ): 

ή   ή   ή   ή πΣ         (2.8) 

ʜʝ ή   ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʧʦʛʣʠʥʝʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʧʨʷʤʝ + 

ʨʦʟʩʽʷʥʝ), ɺʪ/ʤ2; 

ή  ï ʯʠʩʪʝ ʪʝʧʣʦʚʝ ʜʦʚʛʦʭʚʠʣʴʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʘ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ɺʪ/ʤ2; 

 ή  ï ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʘ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ, 

ɺʪ/ʤ2; 

ή  ï ʪʝʧʣʦʧʨʦʚʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ɦʦ ʥʘʜʭʦʜʠʪʴ ʫ ʪʦʚʱʫ ʩʪʽʥʠ ʟ ʧʦʚʝʨʭʥʽ, 

ɺʪ/ʤ2; 

ʗʢ ʚʠʜʥʦ, ʫʩ ̔ʜʦʜʘʥʢʠ ʚʚʘʞʘʶʪʴʩʷ ʜʦʜʘʪʥʠʤʠ, ̫ ʢʱʦ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ 

ʥʘʧʨʘʚʣʝʥʠʡ ʜʦ ʧʦʚʝʨʭʥʽ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ̫ʢʘ ʪʨʘʜʠʮʽʡʥʦ ʚʚʘʞʘʻʪʴʩʷ 

ʜʦʜʘʪʥʴʦʶ, ̫ʢʱʦ ʥʘʧʨʷʤ ʧʦʪʦʢʫ ð ʟʟʦʚʥʽ ʚʩʝʨʝʜʠʥʫ ʩʪʽʥʠ. 

ʋ ʩʠʩʪʝʤʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ EnergyPlus ʚʥʫʪʨʽʰʥʽʡ ʪʝʧʣʦʚʠʡ 

ʙʘʣʘʥʩ (Inside Heat Balance) ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʨʦʟʧʦʜʽʣ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʤʝʞʘʭ ʦʢʨʝʤʦʾ 

ʟʦʥʠ (ʥʘʧʨʠʢʣʘʜ, ʢʽʤʥʘʪʠ ʘʙʦ ʧʨʠʤʽʱʝʥʥʷ). ʎʝʡ ʙʘʣʘʥʩ ʚʨʘʭʦʚʫʻ ʚʩʽ ʜʞʝʨʝʣʘ ʪʘ 

ʰʣʷʭʠ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʚʝʨʭʥʶ ʟʩʝʨʝʜʠʥʠ ʙʫʜʽʚʣʽ, ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ.  

ɿʘʛʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʥʘʚʝʜʝʥʦ ʫ ʬʦʨʤʫʣʽ 2.9 ʪʘ 

ʚʢʣʶʯʘʻ ʰʽʩʪʴ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʦʙʤʽʥ ʜʦʚʛʦʭʚʠʣʴʦʚʠʤ ʪʝʧʣʦʚʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʟʦʥʠ, ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ 

ʜʞʝʨʝʣ ʦʩʚʽʪʣʝʥʥʷ, ʜʦʚʛʦʭʚʠʣʴʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʘ 

(ʦʙʣʘʜʥʘʥʥʷ, ʣʶʜʠ), ʧʨʦʚʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʢʨʽʟʴ ʩʪʽʥʫ, ʩʦʥʷʯʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʽʢʥʘ ʪʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ, ʘ ʪʘʢʦʞ 

ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʘ ʧʦʚʽʪʨʷʤ ʧʨʠʤʽʱʝʥʥʷ. 

ή   ή   ή   ή ή   ή πΣ         (2.9) 

ʜʝ ή   ï ʦʙʤʽʥ ʜʦʚʛʦʭʚʠʣʴʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʚʩʝʨʝʜʠʥʽ 
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ʟʦʥʠ, ɺʪ/ʤ2; 

ή   ï ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ, ̫ ʢʝ 

ʜʦʩʷʛʘʻ ʧʦʚʝʨʭʥʽ, ɺʪ/ʤ2; 

ή   ï ʜʦʚʛʦʭʚʠʣʴʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʦʙʣʘʜʥʘʥʥʷ ʯʠ ʣʶʜʝʡ, ɦ ʦ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ, ɺʪ/ʤ2; 

ή   ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ (ʧʨʦʚʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ) ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʽʶ, ɺʪ/ʤ2; 

ή  ï ʧʝʨʝʜʘʥʝ ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ̫ ʢʝ ʧʦʪʨʘʧʠʣʦ ʯʝʨʝʟ ʚʽʢʥʘ ʪʘ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ, ɺʪ/ʤ2; 

ή  ï ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʘ ʧʦʚʽʪʨʷʤ ʧʨʠʤʽʱʝʥʥ,̫ 

ɺʪ/ʤ2. 

ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ EnergyPlus ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʚʽʢʥʘ 

(Window Heat Balance Calculation) ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʟʘʛʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʙʫʜʽʚʣʽ. ɺʽʥ ʦʭʦʧʣʶʻ ʜʝʪʘʣʴʥʝ ʚʨʘʭʫʚʘʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʦʙʤʽʥʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʘ ʪʘʢʦʞ ʢʦʥʚʝʢʮʽʾ ʯʝʨʝʟ ʢʦʞʝʥ ʰʘʨ 

ʩʢʣʽʥʥʷ ʪʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ʄʦʜʝʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʘʢʠʭ ʧʨʠʧʫʱʝʥʥʷʭ: 

- hʘʨʠ ʩʢʣʘ ʚʚʘʞʘʶʪʴʩʷ ʥʘʩʪʽʣʴʢʠ ʪʦʥʢʠʤʠ, ʱʦ ʾʭ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʥʝʭʪʫʚʘʥʘ; 

- ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʚʽʢʥʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʜʥʦʚʠʤʽʨʥʘ ʪʘ ʥʦʨʤʘʣʴʥʘ ʜʦ ʧʦʚʝʨʭʥʽ; 

- ʢʦʞʝʥ ʰʘʨ ʤʘʻ ʜʚʽ ʘʢʪʠʚʥʽ ʧʦʚʝʨʭʥʽ, ʜʣʷ ʷʢʠʭ ʬʦʨʤʫʶʪʴʩʷ ʦʢʨʝʤʽ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ. 

ɼʣʷ ʚʽʢʥʘ ʟ N hʘʨʘʤʠ ʩʢʣʘ ʙʫʜʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʟ 2N ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ: ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʽʞ ʰʘʨʘʤʠ, ʜʦʚʛʦ- ʪʘ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʙʤʽʥ ʪʝʧʣʦʤ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʧʦʚʽʪʨʷʤ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʝʨʰʦʾ ʧʦʚʝʨʭʥʽ ʩʢʣʘ ʨʽʚʥʷʥʥʷ ʤʘʪʠʤʝ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʫ 

ʬʦʨʤʫʣʽ 2.10. 

Ὁ‐  ‐„—  Ὧ — — Ὤ Ὕ — Ὓ πȟ       (2.10) 

ʜʝ Ὁ‐  ï ʚʣʘʩʥʝ ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ; 

‐„— ɀ ʨʘʜʽʘʮʽʡʥʘ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʤʽʞ ʮʽʻʶ ʧʦʚʝʨʭʥʝʶ ʪʘ ̔ʥʰʠʤʠ (ʥʘʧʨʠʢʣʘʜ, 

ʩʫʩʽʜʥʽʤ hʘʨʦʤ ʩʢʣʘ ʘʙʦ ʞʘʣʶʟʽ); 

Ὧ — —  ɀ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʢʨʽʟʴ h ʘʨ ð ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʤʽʞ ʜʚʦʤʘ 

ʩʫʩʽʜʥʽʤʠ ʧʦʚʝʨʭʥʷʤʠ (ʚʥʫʪʨʽʰʥʷ ʪʘ ʟʦʚʥʽʰʥʷ ʩʪʦʨʦʥʠ hʘʨʫ ʩʢʣʘ); 
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Ὤ Ὕ —  ɀ ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ 

(ʧʦʚʽʪʨʷʤ ʘʙʦ ʛʘʟʦʤ ʤʽʞ hʘʨʘʤʠ);  

ho ð ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʢʮʽʾ;  

To ð ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʘʙʦ ʛʘʟʦʚʦʛʦ hʘʨʫ; 

Ὓ ɀ ʧʦʛʣʠʥʝʥʝ ʩʦʥʷʯʥʝ ʪʘ ʜʦʚʛʦʭʚʠʣʴʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʜʘʥʽʡ ʧʦʚʝʨʭʥʽ, 

ʷʢʝ ʚʢʣʶʯʘʻ ʩʦʥʷʯʥʫ ʨʘʜʽʘʮʽʶ, ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʝ ʚʽʜ ʦʩʚʽʪʣʝʥʥʷ, ʪʘ ʜʦʚʛʦʭʚʠʣʴʦʚʝ 

ʚʽʜ ʣʶʜʝʡ ʯʠ ʧʨʠʣʘʜʽʚ. 

ʋ ʧʨʦʛʨʘʤʽ EnergyPlus ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʧʦʚʽʪʨʷ ʚ ʟʦʥʽ ʚʠʟʥʘʯʘʻ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʘ, ʪʝʧʣʦʦʙʤʽʥʫ ʟ 

ʧʦʚʝʨʭʥʷʤʠ ʪʘ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʎʝʡ ʙʘʣʘʥʩ ʻ ʮʝʥʪʨʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʢʦʤʬʦʨʪʫ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʆʩʥʦʚʥʝ 

ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚʠʛʣʷʜʘʻ ʪʘʢ: 

˞ В ὗ В Ὤὃ Ὕ Ὕ В άὅ Ὕ Ὕ

ά ὅ Ὕ Ὕ ὗ , (2.11) 

 

ɼʝ ˞  ï ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʥʠ ʟ ʯʘʩʦʤ, ʜʝ: 

˞ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʦʥʠ (ɼʞ/ʂ); 

Ὕ ïʪʝʤʧʝʨʘʪʫʨʘ ʟʦʥʠ (ÁC); 

В ὗ ï ʩʫʤʘ ʚʥʫʪʨʽʰʥʽʭ ʪʝʧʣʦʚʠʭ ʥʘʜʭʦʜʞʝʥʴ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ 

ʧʨʠʣʘʜʠ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʣʶʜʠ; 

В Ὤὃ Ὕ Ὕ 
 ï ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʚʽʜ ʧʦʚʝʨʭʦʥʴ ʟʦʥʠ, ʜʝ: 

Ὤ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʣʷ ʧʦʚʝʨʭʥʽ  ̔(ɺʪ/ʤ2ʂ); 

ὃ ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ  ̔(ʤ2); 

Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ  ̔(ÁC); 

В άὅ Ὕ Ὕ  ï ʪʝʧʣʦʦʙʤʽʥ ʧʨʠ ʤʽʞʟʦʥʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʧʦʚʽʪʨʷ, 

ʜʝ:  ά ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʟ ʟʦʥʠ  ̔(ʢʛ/ʩ); 

  ὅ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ (ɼʞ/ʢʛĿʂ); 

  Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʟʦʥʽ  ̔(ÁC); 
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ά ὅ Ὕ Ὕ  ï ʪʝʧʣʦʚʽʜʜʘʯʘ ʟʘ ʨʘʭʫʥʦʢ ʽʥʬʽʣʴʪʨʘʮʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, 

ʜʝ:  ά  ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ (ʢʛ/ʩ); 

  Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ÁC); 

ὗ  ï ʪʝʧʣʦʪʘ ʚʽʜ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʦʧʘʣʝʥʥʷ, ʷʢʽ ʜʦʜʘʶʪʴ ʘʙʦ 

ʚʽʜʥʽʤʘʶʪʴ ʪʝʧʣʦʪʫ ʚʽʜ ʟʦʥʠ, ɺʪ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

ʋ ʤʝʞʘʭ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʦʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

ʛʨʦʤʘʜʩʴʢʫ ʙʫʜʽʚʣʶ (ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ ʫ ʤ. ʂʠʻʚʽ) ʪʘ ʞʠʪʣʦʚʠʡ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʡ 

ʙʫʜʠʥʦʢ. ʆʙʠʜʚʘ ʦʙôʻʢʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʠʧʦʚʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʽʩʥʫʶʯʦʛʦ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʪʝʧʣʦʽʟʦʣʷʮʽʶ, ʥʝʝʬʝʢʪʠʚʥʽ ʽʥʞʝʥʝʨʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʥʘʷʚʥʽʩʪʴ ʯʠʩʣʝʥʥʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ. 

ɼʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʝʣʴ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʪʠʧʠ ʟʘʩʪʦʩʦʚʘʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʾʭʥʽʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʢʦʥʩʪʨʫʢʮʽʾ ʦʛʦʨʦʜʞʝʥʥʷ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʜʦ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʽ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʝʥʦ ʘʥʘʣʽʟʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʪʘ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ. 

ɿ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴʥʠʭ ʚʫʟʣʽʚ ʽʟ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʦ ʨʷʜ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ð THERM, Solido, 

HEAT2/HEAT3, Flixo Energy, Ansys Fluent, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʣʽʥʽʡʥʽ (ɣ) ʪʘ 

ʪʦʯʢʦʚʽ (ɢ) ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʽʾ ʚʫʟʣʽʚ, ʤʘʪʝʨʽʘʣʽʚ, 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʽʜʢʨʝʩʣʝʥʦ ʧʝʨʝʚʘʛʠ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʠ THERM ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʘʥʘʣʽʟʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ 2D-ʩʝʨʝʜʦʚʠʱʽ. 

ʋ ʜʨʫʛʽʡ ʯʘʩʪʠʥʽ ʨʦʟʜʽʣʫ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʤʘʪʝʤʘʪʠʯʥʫ ʙʘʟʫ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ THERM ð ʟʦʢʨʝʤʘ, ʨʝʘʣʽʟʘʮʽʶ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʣʛʦʨʠʪʤ 

ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ, ʘ ʪʘʢʦʞ ʚʘʨʽʘʮʽʡʥʫ ʬʦʨʤʫ ʨʽʚʥʷʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʅʘʚʝʜʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʟʚʘʞʝʥʠʭ ʟʘʣʠʰʢʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ. 

ʊʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʚʽʜʤʽʥʥʦʩʪʽ ʜʠʥʘʤʽʯʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʦʛʨʘʤ EnergyPlus, DesignBuilder, IDA ICE, 

IES VE ʪʘ ʽʥʰʠʭ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʧʘʨʘʪʫ EnergyPlus: 

ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (CTF), ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ 

ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ, ʚʽʢʦʥ, ʘ ʪʘʢʦʞ ʤʦʜʝʣʽ ʧʦʚʽʪʨʷʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʫ ʟʦʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʦʜʽʚ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʤʝʞʘʭ ʮʴʦʛʦ ʨʦʟʜʽʣʫ, ʬʦʨʤʫʶʪʴ 

ʪʝʦʨʝʪʠʯʥʝ ʪʘ ʤʝʪʦʜʦʣʦʛʽʯʥʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʝʨʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʪʘ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ. 
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ʈʆɿɼɯʃ 3 ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ɸʅɸʃɯɿ ʊɽʇʃʆɺʀʍ ʇʆʊʆʂɯɺ 

ʊɽʈʄɯʏʅʆ ʅɽʆɼʅʆʈɯɼʅʀʍ ʆɻʆʈʆɼɾʋɺɸʃʔʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚ ʋʢʨʘʾʥʽ ʰʠʨʦʢʦʾ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʟ ʧʠʪʘʥʴ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʷʢʘ ʙʫʣʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʚ 

ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʚʽʜʩʫʪʥʷ ʫʥʽʬʽʢʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʫʟʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʙ ʚʽʜʧʦʚʽʜʘʣʠ ʟʘʪʚʝʨʜʞʝʥʠʤ ʚʠʤʦʛʘʤ [13] ʜʦ ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ 

ʜʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʝʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (nZEB). ʉʫʯʘʩʥʽ ʧʨʦʻʢʪʠ ʯʘʩʪʦ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʥʦʚʽʪʥʽʭ ʚʠʜʽʚ ʩʢʣʽʥʥʷ, ʢʦʤʙʽʥʦʚʘʥʠʭ ʬʘʩʘʜʥʠʭ ʩʠʩʪʝʤ ʪʘ ʨʽʰʝʥʴ, ʚʫʟʣʽʚ ʢʨʽʧʣʝʥʥʷ 

ʚʝʥʪʠʣʴʦʚʘʥʠʭ ʬʘʩʘʜʽʚ ʪʦʱʦ. ʊʘʢʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʥʝ ʟʥʘʭʦʜʷʪʴ ʥʘʣʝʞʥʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʪʠʧʦʚʠʭ ʢʘʪʘʣʦʛʘʭ ʚʫʟʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [15], ʱʦ 

ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʘʥʘʣʽʪʠʯʥʫ ʨʦʙʦʪʫ ʟ ʦʮʽʥʢʠ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʮʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɣ ʪʘ ɢ, ʘ ʦʪʞʝ ʽ ʚ ʮʽʣʦʤʫ ʫʩʢʣʘʜʥʶʻ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʪʝʧʣʦʚʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʝʣʴ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʥʽ, ʧʝʨʝʚʽʨʮʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʥʦʚʠʭ 

ʧʨʦ̒ʢʪʥʠʭ ʨʽʰʝʥʴ ʪʘ ʧʽʜʭʦʜʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʯʠʩʝʣʴʥʦʤʫ ʘʥʘʣʽʟʽ, ʚʘʣʽʜʘʮʽʾ ʯʝʨʝʟ 

ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʘʜʘʧʪʘʮʽʾ ʥʘʡʢʨʘʱʠʭ ʧʨʘʢʪʠʢ ʜʦ ʫʤʦʚ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 

ɺʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʨʦʚʦʜʠʣʦʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʝʪʦʜʠʢʠ ʦʧʠʩʘʥʦʾ ʚ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʚ [17] 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ THERM. 

 

3.1 ɸʥʘʣʽʟ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʫʟʣʽʚ ʣʽʥʽʡʥʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʷʢʽ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʙʫʜʽʚʝʣʴ ʋʢʨʘʾʥʠ. ɸ ʩʘʤʝ: 

¶ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ 

ʰʪʫʢʘʪʫʨʢʦʶ ʜʦ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ; 
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¶ ʚʫʟʦʣ ʢʫʪʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ 

ʰʪʫʢʘʪʫʨʢʦʶ;  

¶ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʣʘʩʢʦʛʦ ʜʘʭʫ ʜʦ ʩʪʽʥʠ ʪʘ 

ʧʘʨʘʧʝʪʫ; 

¶ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ 

ʰʪʫʢʘʪʫʨʢʦʶ ʜʦ ʙʘʣʢʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

¶ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʫ ʟʦʥʽ (ʟʦʥʠ 

ʧʝʨʝʤʠʯʢʠ, ʧʽʜʚʽʢʦʥʥʷ, ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ); 

¶ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ ʜʦ 

ʩʪʽʥʠ ʮʦʢʦʣʷ; 

¶ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ 

ʬʘʩʘʜʥʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ 

ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠʡʤʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʦʜʘʪʢʫ ɸ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʫ [15] ʟʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ çɹè ʪʘ ʥʘʚʝʜʝʥʽ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʷʢʱʦ ʥʝ ʟʘʟʥʘʯʝʥʦ ʽʥʰʝ. ʇʘʨʘʤʝʪʨʠ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʦʚʘʥʠʭ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1. ɼʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʠʡʤʘʣʠʩʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟʛʽʜʥʦ ɼʦʜʘʪʢʫ ɹ 

[15], ʘ ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ ʟʘʜʘʚʘʣʠʩʴ ʟʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ɯʥʩʪʠʪʫʪʫ 

ʇʘʩʠʚʥʦʛʦ ɹʫʜʠʥʢʫ ʉʐɸ (PHIUS) [62]. 

 

ʊʘʙʣʠʮʷ 3.1 ï ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʦ 

ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʊʠʧ ʢʦʥʩʪʨʫʢʮʽʾ 

ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ, 

ɺʪ/(ʤ2 Ŀ ʂ) 

ʊʝʤʧʝʨʘʪʫʨʘ, 

 

 ɺʝʨʪʠʢʘʣʴʥʘ, ʩʪʽʥʘ (ʟʟʦʚʥʽ) 23 -22,0 

 ɺʝʨʪʠʢʘʣʴʥʘ, ʩʪʽʥʘ (ʚʩʝʨʝʜʠʥʽ) 8,7 +20,0 

 ɻʦʨʠʟʦʥʪʘʣʴʥʘ, ʧʽʜʣʦʛʘ (ʚʩʝʨʝʜʠʥʽ) 5,9 +20,0 

 ɻʦʨʠʟʦʥʪʘʣʴʥʘ, ʩʪʝʣʷ (ʚʩʝʨʝʜʠʥʽ) 10 +20,0 

 ʂʦʥʪʘʢʪ ʟ ˇʨʫʥʪʦʤ 99999 +5,0 

 ɺʽʩʴ ʩʠʤʝʪʨʽʾ (ʘʜʽʘʙʘʪʘ) - - 
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3.1.1 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ 

ʰʪʫʢʘʪʫʨʢʦʶ ʜʦ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

 

ʅʘ ʨʠʩʫʥʢʫ 3.1 ʥʘʚʝʜʝʥʦ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ 

ʦʧʦʨʷʜʞʝʥʥʷʤ ʰʪʫʢʘʪʫʨʢʦʶ ʜʦ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ. ɺ ʪʘʙʣʠʮʽ 3.2 ʥʘʚʝʜʝʥʦ 

ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ. 

ʅʘʚʝʜʝʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

THERM. ʅʘ ʨʠʩʫʥʢʘʭ 3.2 ʪʘ 3.3 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ. 

  

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʦ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ 

ʧʝʨʝʢʨʠʪʪʷ 
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ʊʘʙʣʠʮʷ 3.2 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʦ 

ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ 

ɚ, 

ɺʪ/ʤĿʂ 

ɟ, 

ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 
ɼʝʨʝʚôʷʥʝ ʧʦʢʨʠʪʪʷ ʧʽʜʣʦʛʠ (ʜʫʙ, ʧʦʧʝʨʝʢ 

ʚʦʣʦʢʦʥ) 
0,23 700 

5 ɽʢʩʪʨʫʜʦʚʘʥʠʡ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ 0,037 35 

6 ɿʘʣʽʟʦʙʝʪʦʥ 2,04 2500 

 

 

  
             ʘ)                                        ʙ) 

ʈʠʩʫʥʦʢ 3.2 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM; ʙ) 

ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 
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ʘ)                            ʙ) 

ʈʠʩʫʥʦʢ 3.3 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ; ʙ) ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

 

ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ, ʚʠʢʣʘʜʝʥʦʶ ʚ ʨʦʟʜʽʣʽ 1, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʦʢʨʽʤ ʪʝʧʣʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ (2D ʤʦʜʝʣʴ) ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʚʠʟʥʘʯʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʦʢ/ʝʣʝʤʝʥʪʽʚ ʷʢʽ ʬʦʨʤʫʶʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ɼʣʷ ʜʘʥʦʛʦ 

ʚʫʟʣʘ ʪʘʢʘ ʜʽʣʷʥʢʘ (ʢʦʤʧʦʥʝʥʪ ɸ) ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.4.  

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʦʜʥʦʨʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʦʜʥʘʢʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʪʠʧ ʫʪʝʧʣʝʥʥʷ, ʪʦʚʱʠʥʠ, ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ) ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʚʫʟʣʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʪʦʤʫ ʟʘʜʣʷ ʫʥʠʢʥʝʥʥʷ ʜʫʙʣʷʞʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʙʫʜʝ 

ʟʘʫʚʘʞʝʥʦ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʞʝ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʛʣʷʥʫʪʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʜʥʦʨʽʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ.  
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   ʘ)          ʙ) 

ʈʠʩʫʥʦʢ 3.4 ï ʄʦʜʝʣʴ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʨʦʟʧʦʜʽʣ 

ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; ʙ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨ 

 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʫʟʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʪʘ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʣʽʥʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʽʜʥʝ 

ʚʢʣʶʯʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʜʣʷ ʮʽʣʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʦ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ: 

¶ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʫʟʣʘ ʟʘ ʚʥʫʪʨʽʰʥʽʤʠ ʦʙʤʽʨʘʤʠ:  

Uʚʫʟʣʘ.ʚʥʫʪʨ = 0,1615 ɺʪ/ʤĮĿʂ; 

¶ ʜʦʚʞʠʥʘ ʚʽʜʧʦʚʽʜʥʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʜʽʣʷʥʢʠ: lʚʫʟʣʘ ʚʥʫʪʨ. =  4,0 ʤ; 

¶ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʫʟʣʘ ʟʘ ʟʦʚʥʽʰʥʽʤʠ ʦʙʤʽʨʘʤʠ: 

Uʚʫʟʣʘ.ʟʦʚʥ = 0,2760 ɺʪ/ʤĮĿʂ; 

¶ ʜʦʚʞʠʥʘ ʚʽʜʧʦʚʽʜʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʜʽʣʷʥʢʠ: lʚʫʟʣʘ ʟʦʚʥ. =  2,34 ʤ; 
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¶ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ȹT=42,0 ʂ; 

¶ ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ:  ̃ ̎̔̓̑ =  ̈ ̏̃̎ = 27,13 ɺʪ/ʤẗʂ. 

ɺʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʚʫʟʣʘ 

(ʢʦʤʧʦʥʝʥʪ ɸ): 

¶ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʫʟʣʘ ʟʘ ʚʥʫʪʨʽʰʥʽʤʠ ʪʘ ʟʦʚʥʽʰʥʽʤʠ  ʦʙʤʽʨʘʤʠ:  

Uʚʫʟʣʘ.ʚʥʫʪʨ = Uʚʫʟʣʘ.ʟʦʚʥ = 0,2732 ɺʪ/ʤĮĿʂ; 

¶ ʜʦʚʞʠʥʘ ʚʽʜʧʦʚʽʜʥʦʾ ʜʽʣʷʥʢʠ: lʚʫʟʣʘ ʚʥʫʪʨ. = lʚʫʟʣʘ ʟʦʚʥ = 2,0 ʤ; 

¶ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ȹT=42,0 ʂ. 

¶ ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ:  ̃ ̎̔̓̑ =  ̈ ̏̃̎ = 22,95 ɺʪ/ʤẗʂ. 

ʆʪʞʝ: 

ὒ  
ȟ
  πȟφτυφ ˏ /̓ʤẗʂ,  

  ὒ ВὟϽὰ  πȟφτυφ  πȟςχσςϽ ς πȟρππ ɺʪ/ʤẗʂ. 

ɼʣ ̫ʟʨʫʯʥʦʩʪʽ, ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ  ʙʫʣʠ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʶ 3.3. 

 

ʊʘʙʣʠʮʷ 3.3 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ 

ʩʪʽʥ ʟ ʮʝʛʣʠ ʜʦ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 
ʇʦʭʠʙʢʘ, % 

2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,1615 42,0 4,00 27,13 1,48% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,2760 42,0 2,34 27,13 1,48% 

ʂʦʤʧʦʥʝʥʪ A, 

ʦʜʥʦʨʽʜʥʠʡ 
     

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2732 42,0 2,00 22,95 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2732 42,0 2,00 22,95 0,00% 

   

 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 
L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, (ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,6456 0,5464 0,100 
0,100 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,6456 0,5464 0,100 
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ʗʢ ʚʠʜʥʦ ʟ ʦʜʝʨʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʢʦʨʝʣʶʻʪʴʩʷ ʟ ʢʘʪʘʣʦʞʥʠʤ [15] 0,090 ɺʪ/ʤẗʂ, ʘ ʤʦʞʣʠʚʘ ʨʦʟʙʽʞʥʽʩʪʴ 

ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʪʝʨʽʘʣʽʚ (ʮʝʛʣʘ, ʝʢʩʪʨʫʜʦʚʘʥʠʡ 

ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ). ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʚʧʝʚʥʠʪʠʩʴ ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʧʽʜʽʙʨʘʥʽ ʚʽʨʥʦ, ʘ ʧʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ THERM ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ.  

ɼʣʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʫʜʽʚʣʷʭ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʝʤ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ (nZEB) ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʧʦʪʨʝʙʫʻ ʧʦʢʨʘʱʝʥʥʷ. ɼʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʙʽʣʴʰʠʪʠ ʪʦʚʱʠʥʫ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʜʦ 200 ʤʤ (ʚʠʤʦʛʠ nZEB  ʚ ʋʢʨʘʾʥʽ), ʘ ʪʘʢʦʞ ʚʠʥʝʩʪʠ ʮʝʛʣʷʥʫ ʢʣʘʜʢʫ 

ʥʘ 50 ʤʤ ʥʘʜ ʟʘʣʽʟʦʙʝʪʦʥʥʦʶ ʧʣʠʪʦʶ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ (ʨʠʩʫʥʦʢ 3.5).  

 

 
ʈʠʩʫʥʦʢ 3.5 ï ʉʭʝʤʘ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʦ 

ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 
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ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ THERM ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʘʭ 3.6 ʪʘ 3.7. 

  
             ʘ)                                   ʙ) 

ʈʠʩʫʥʦʢ 3.6 ï ʄʦʜʝʣʴ ʧʦʢʨʘʱʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ 

FEM; ʙ) ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

 

  
ʘ)                           ʙ) 

ʈʠʩʫʥʦʢ 3.7 ï ʄʦʜʝʣʴ ʧʦʢʨʘʱʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʽʥʬʨʘʯʝʨʚʦʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ; ʙ) ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 



73 

ɿ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʜʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʙʽʣʴʰ ʨʦʟʩʽʷʥʘ ʫ ʤʽʩʮʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʘʛʣʠʙʣʝʥʥʷ ʽʟʦʣʷʮʽʾ, ʘ ʥʘ ʡʦʛʦ ʧʝʨʠʬʝʨʽʾ 

ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʟʦʪʝʨʤ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʦʶ ʧʣʦʱʝʶ 

ʢʦʥʪʘʢʪʫ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʟ ʮʝʛʣʦʶ. 

ʆʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ (ʢʦʤʧʦʥʝʥʪ ɸ) ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 3.8. 

 

  
       ʘ)         ʙ) 

ʈʠʩʫʥʦʢ 3.8 ï ʄʦʜʝʣʴ ʧʦʢʨʘʱʝʥʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: 

ʘ) ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; ʙ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ 

 

ʗʢ ʚʠʜʥʦ, ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨ 

ʟʘʣʠʰʠʚʩʷ ʤʘʡʞʝ ʥʝʟʤʽʥʥʠʤ, ʱʦ ʻ ʣʦʛʽʯʥʠʤ, ʘʜʞʝ ʚ ʦʜʥʦʨʽʜʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʪʦʚʱʠʥʘ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʟʙʽʣʴʰʠʣʘʩʷ ʣʠʰʝ ʥʘ 50 ʤʤ. 
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ʈʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʢʨʘʱʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʧʦʚʥʽʡ ʘʥʘʣʦʛʽʾ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ. ʈʝʟʫʣʴʪʘʪʠ ʟʚʝʜʝʥʽ 

ʜʦ ʪʘʙʣʠʮʽ 3.4. 

 

ʊʘʙʣʠʮʷ 3.4 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʜʦ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 

ʇʦʭʠʙʢʘ, 

% 

2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,1251 42,0 4,00 21,02 1,48% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,2138 42,0 2,34 21,01 1,48% 

ʂʦʤʧʦʥʝʥʪ A, ʦʜʥʦʨʽʜʥʠʡ      

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2146 42,0 2,00 18,03 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2146 42,0 2,00 18,03 0,00% 

   

 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

  

L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ

) 

Ɋ, 

(ɺʪ/ʤẗʂ
) 

Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,5004 0,4292 0,071 
0,071 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,5003 0,4292 0,071 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ ʟʤʝʥʰʠʣʦʩʷ ʥʘ 

29%, ʟ 0,100 ʜʦ 0,071 ɺʪ/(ʤĿʂ). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ 

ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʢʣʶʯʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʚʧʨʦʚʘʜʞʝʥʠʭ ʫʜʦʩʢʦʥʘʣʝʥʴ, ʟʦʢʨʝʤʘ ð 

ʧʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʫ ʟʦʥʽ ʧʨʠʤʠʢʘʥʥʷ. ʆʪʨʠʤʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʫʟʣʘ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʪʝʨʤʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

 

3.1.2 ɺʫʟʦʣ ʢʫʪʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ 

ʰʪʫʢʘʪʫʨʢʦʶ 
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ʅʘ ʨʠʩʫʥʢʫ 3.9 ʟʦʙʨʘʞʝʥʦ ʚʫʟʦʣ ʢʫʪʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ 

ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ ʰʪʫʢʘʪʫʨʢʦʶ. ʉʪʽʥʠ ʫʪʝʧʣʝʥʽ ʤʽʥʝʨʘʣʴʥʦʶ ʚʘʪʦʶ ʪʦʚʱʠʥʦʶ 150 

ʤʤ. ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.5. 

 

 

ʈʠʩʫʥʦʢ 3.9 ï ʉʭʝʤʘ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʢʫʪʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ 

 

ʊʘʙʣʠʮʷ 3.5 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʢʫʪʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ 

ʩʪʽʥ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ ɚ, ɺʪ/ʤĿʂ 

ɟ, 

ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

 

ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ THERM. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.10 ʪʘ 3.11. 
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         ʘ)                                                       ʙ) 

ʈʠʩʫʥʦʢ 3.10 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM; ʙ) 

ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

 

  
    ʘ)                              ʙ) 

ʈʠʩʫʥʦʢ 3.11 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ; ʙ) ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 
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ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʤʽʪʥʦ, ʱʦ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʢʫʪʽ ʢʦʥʩʪʨʫʢʮʽʾ (ʚ 

ʟʦʥʽ ʟ'ʻʜʥʘʥʥʷ ʩʪʽʥ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʦʢʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ 

ʧʦʟʥʘʯʝʥʦ ʞʦʚʪʠʤ ʽ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʘʤʠ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚʠʨʘʞʝʥʦʛʦ 

ʤʽʩʪʢʘ ʭʦʣʦʜʫ. ʅʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʩʷʛʘʶʪʴ ʧʦʥʘʜ 25 ɺʪ/ʤĮ, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʚʫʟʣʘ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʽ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʠʟʠʢʫ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʥʩʪʨʫʢʮʽʾ.  

ʅʘ ʨʠʩʫʥʢʫ 3.12 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʠʭ 

ʜʽʣʷʥʦʢ (ʢʦʤʧʦʥʝʥʪʠ ɸ, ɹ) ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

 
ʘ)  

 
ʙ) 

ʈʠʩʫʥʦʢ 3.12 ï ʄʦʜʝʣʴ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʨʦʟʧʦʜʽʣ 

ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; ʙ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨ 
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ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʫʟʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʪʘ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʣʽʥʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʟʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʶ 3.6. 

 

ʊʘʙʣʠʮʷ 3.6 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʢʫʪʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 
ʇʦʭʠʙʢʘ, % 

 2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 

0,3639 42,0 2,00 30,57 3,68% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 

0,2332 42,0 3,12 30,56 3,68% 

ʂʦʤʧʦʥʝʥʪ A, 

ʦʜʥʦʨʽʜʥʠʡ 
     

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2732 42,0 1,00 11,47 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2732 42,0 1,00 11,47 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ, ʦʜʥʦʨʽʜʥʠʡ      

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2732 42,0 1,00 11,47 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2732 42,0 1,00 11,47 0,00% 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  
L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, (ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,7278 0,5464 0,181 
0,181 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,7276 0,5464 0,181 

 

ʅʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʚʫʟʣʽ ʢʫʪʦʚʦʛʦ 

ʟ'ʻʜʥʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʫʪʝʧʣʝʥʥʷʤ ʤʽʥʝʨʘʣʦʚʘʪʥʦʶ ʧʣʠʪʦʶ ʪʦʚʱʠʥʦʶ 150 ʤʤ 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ = 0,181 ɺʪ/(ʤĿʂ). 

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚʠʨʘʞʝʥʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʫ ʢʫʪʦʚʽʡ ʟʦʥʽ, 

ʱʦ ʟʫʤʦʚʣʝʥʦ ʛʝʦʤʝʪʨʠʯʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʜʦʩʪʘʪʥʶ ʪʦʚʱʠʥʫ ʫʪʝʧʣʝʥʥʷ, ʢʫʪʦʚʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʩʧʨʠʯʠʥʷʻ ʟʦʩʝʨʝʜʞʝʥʥʷ 
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ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʫʟʣʘ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ 

ʪʝʧʣʦʚʪʨʘʪ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɼʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʙʽʣʴʰʠʪʠ ʪʦʚʱʠʥʫ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʜʦ 200 ʤʤ (ʨʠʩʫʥʦʢ 3.13). 

 

ʈʠʩʫʥʦʢ 3.13 ï ʉʭʝʤʘ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʦ 

ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

 

ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʘʨʘʤʝʪʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʛʣʷʥʫʪʦʾ ʨʘʥʽʰʝ ʪʘ ʚʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʷʭ 3.1 

ʽ 3.5. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ THERM ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʘʭ 3.14 ʪʘ 3.15. 
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         ʘ)                                          ʙ) 

ʈʠʩʫʥʦʢ 3.14 ï ʄʦʜʝʣʴ ʧʦʢʨʘʱʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ 

FEM; ʙ) ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

 

  
ʘ)                            ʙ) 

ʈʠʩʫʥʦʢ 3.15 ï ʄʦʜʝʣʴ ʧʦʢʨʘʱʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʽʥʬʨʘʯʝʨʚʦʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ; ʙ) ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

 

ɿ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʜʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ  ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʽ ʜʣʷ ʨʘʜʠʢʘʣʴʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 
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ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʪʦʚʱʠʥʫ ʽʟʦʣʷʮʽʾ ʩʘʤʝ ʚ ʢʫʪʽ, 

ʱʦ ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʪʘ ʥʝʪʠʧʦʚʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʘ 

ʦʩʦʙʣʠʚʦ, ʽʩʥʫʶʯʠʭ. 

ʆʜʥʦʨʽʜʥʽ ʜʽʣʷʥʢʠ (ʢʦʤʧʦʥʝʥʪʠ ɸ ʽ ɹ) ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩʫʥʢʫ 3.16. 

 

 
                ʘ)   

 
ʙ) 

ʈʠʩʫʥʦʢ 3.16 ï ʄʦʜʝʣʴ ʧʦʢʨʘʱʝʥʦʛʦ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʫʟʣʘ: ʘ) ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; ʙ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʢʨʘʱʝʥʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʟʚʝʜʝʥʽ ʜʦ ʪʘʙʣʠʮʽ 3.7. 

 

ʊʘʙʣʠʮʷ 3.7 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʦ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 
ʇʦʭʠʙʢʘ, % 

2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2921 42,0 2,00 24,54 4,09% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,1814 42,0 3,22 24,53 4,09% 

ʂʦʤʧʦʥʝʥʪ A, ʦʜʥʦʨʽʜʥʠʡ      

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2146 

42,0 

1,00 9,01 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2146 

42,0 
1,00 9,01 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ, ʦʜʥʦʨʽʜʥʠʡ      

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 

0,2146 42,0 1,00 9,01 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 

0,2146 42,0 1,00 9,01 0,00% 

   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  

  

L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,5842 0,4292 0,155 
0,155 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,5841 0,4292 0,155 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʜʦ 200 ʤʤ ʚ ʟʦʥʽ ʢʫʪʦʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʩʧʨʠʷʣʦ 

ʟʤʝʥʰʝʥʥʶ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ ʥʘ 14,4 % ʟ 0,181 ʜʦ 0,155 

ɺʪ/(ʤĿʂ). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʫʟʣʘ. ʗʢ ʚʠʜʥʦ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰʦʾ ʪʦʚʱʠʥʠ ʫʪʝʧʣʶʚʘʯʘ ʮʝ ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʽʜ ʟʥʠʞʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ. 

 

3.1.3 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʣʘʩʢʦʛʦ ʜʘʭʫ ʜʦ ʩʪʽʥʠ ʪʘ 

ʧʘʨʘʧʝʪʫ 
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ʅʘ ʨʠʩʫʥʢʫ 3.17 ʥʘʚʝʜʝʥʦ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʣʘʩʢʦʛʦ ʜʘʭʫ 

ʜʦ ʩʪʽʥʠ ʪʘ ʧʘʨʘʧʝʪʫ. ʉʪʽʥʠ ʫʪʝʧʣʝʥʽ ʤʽʥʝʨʘʣʴʥʦʶ ʚʘʪʦʶ ʪʦʚʱʠʥʦʶ 150 ʤʤ. ʏʘʩʪʠʥʘ 

ʜʘʭʫ ʫʪʝʧʣʝʥʘ ʰʘʨʦʤ ʤʽʥʝʨʘʣʴʥʦʾ ʚʘʪʠ 300 ʤʤ. ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.8. 

 

 

ʈʠʩʫʥʦʢ 3.17 ï ʉʭʝʤʘ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʣʘʩʢʦʛʦ ʜʘʭʫ 

ʜʦ ʩʪʽʥʠ ʪʘ ʧʘʨʘʧʝʪʫ 
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ʊʘʙʣʠʮʷ 3.8 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʧʣʘʩʢʦʛʦ ʜʘʭʫ ʜʦ ʩʪʽʥʠ ʪʘ ʧʘʨʘʧʝʪʫ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ 

ɚ, 

ɺʪ/ʤĿʂ 
ɟ, ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 
ɹʝʪʦʥ ʥʘ ʛʨʘʚʽʾ ʘʙʦ ʱʝʙʥʽ ʟ ʧʨʠʨʦʜʥʦʛʦ 

ʢʘʤʝʥʶ  
1,86 2400 

5 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,053 200 

6 ɿʘʣʽʟʦʙʝʪʦʥ 2,04 2500 

 

ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʙʘʟʦʚʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ THERM. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 

3.18 ʪʘ 3.19. 

 

  
           ʘ)                                     ʙ) 

ʈʠʩʫʥʦʢ 3.18 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM; ʙ) 

ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 
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ʘ)                                        ʙ) 

ʈʠʩʫʥʦʢ 3.19 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ; ʙ) ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʜʥʦ, ʱʦ ʻ ʥʘʷʚʥʽʩʪʴ ʚʠʨʘʞʝʥʦʛʦ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ, ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʦʩʷʛʘʶʪʴ ʧʦʥʘʜ 80 ɺʪ/ʤĮ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢʠ ʜʣʷ 

ʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʉʝʨʝʜ ʧʨʠʯʠʥ ʧʦʷʚʠ ʤʽʩʪʢʘ 

ʭʦʣʦʜʫ ʻ ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʚ ʟʦʥʽ ʧʨʠʤʠʢʘʥʥʷ 

ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʨʤʦʨʦʟʨʠʚʫ ʤʽʞ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ.   

ʅʘ ʨʠʩʫʥʢʫ 3.20 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʦʾ 

ʜʽʣʷʥʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ï ʢʦʤʧʦʥʝʥʪ ɸ (ʜʘʭ). 
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ʘ)  

 

 
ʙ) 

ʈʠʩʫʥʦʢ 3.20 ï ʄʦʜʝʣʴ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʨʦʟʧʦʜʽʣ 

ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; ʙ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨ 

 

ɯʥʰʘ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ 

ɹ (ʩʪʽʥʘ) ð ̒ ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʫʟʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʪʘ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʣʽʥʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʟʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʶ 3.9. 
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ʊʘʙʣʠʮʷ 3.9 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ 

ʧʝʨʝʢʨʠʪʪʷ ʧʣʘʩʢʦʛʦ ʜʘʭʫ ʜʦ ʩʪʽʥʠ ʪʘ ʧʘʨʘʧʝʪʫ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 
ʇʦʭʠʙʢʘ, % 

 2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,4522 42 2,00 37,98 7,93% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,2057 42 4,40 37,98 7,93% 

ʂʦʤʧʦʥʝʥʪ A, 

ʦʜʥʦʨʽʜʥʠʡ 
     

ɼʘʭ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,1681 

42,0 

1,00 7,06 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,1681 

42,0 
1,00 7,06 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ, 

ʦʜʥʦʨʽʜʥʠʡ 
     

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2732 

42,0 

1 11,47 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2732 

42,0 
1,00 11,47 0,00% 

   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  

  

L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,9044 0,4413 0,463 
0,463 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,9043 0,4413 0,463 

 

ʅʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʚʫʟʣʽ ʧʨʠʤʠʢʘʥʥʷ 

ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʣʘʩʢʦʛʦ ʜʘʭʫ ʜʦ ʩʪʽʥʠ ʪʘ ʧʘʨʘʧʝʪʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ 

ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ = 0,463 ɺʪ/(ʤĿʂ). ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʫʟʦʣ ʫ ʪʘʢʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʥʘʣʝʞʥʦʛʦ 

ʪʝʧʣʦʟʘʭʠʩʪʫ, ʩʪʚʦʨʶʶʯʠ ʫʤʦʚʠ ʜʣʷ ʤʦʞʣʠʚʦʛʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ɣ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʟʙʽʣʴʰʝʥʫ ʟʦʚʥʽʰʥʶ ʪʝʧʣʦʽʟʦʣʷʮʽʶ, ʪʝʨʤʦʽʟʦʣʷʮʽʡʥʽ ʚʩʪʘʚʢʠ 

ʘʙʦ ʝʣʝʤʝʥʪʠ ʟʥʠʞʝʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʜʽʣʷʥʮʽ ʩʪʠʢʫ (ʨʠʩʫʥʦʢ 3.21). 
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ʈʠʩʫʥʦʢ 3.21 ï ʉʭʝʤʘ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʣʘʩʢʦʛʦ 

ʜʘʭʫ ʜʦ ʩʪʽʥʠ ʪʘ ʧʘʨʘʧʝʪʫ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʽʟʦʣʷʮʽʾ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʪʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜ ʧʝʨʝʢʨʠʪʪʷʤ ʜʦ 200 ʤʤ ʪʘ 400 ʤʤ ʚʽʜʧʦʚʽʜʥʦ, ʚʠʢʦʨʠʩʪʘʥʦ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʙʣʦʢ ʟ ʧʽʥʦʩʢʣʘ ʤʽʞ ʮʝʛʣʷʥʦʶ ʢʣʘʜʢʦʶ ʧʘʨʘʧʝʪʫ ʪʘ ʧʣʠʪʦʶ 

ʧʝʨʝʢʨʠʪʪʷ, ʘ ʪʘʢʦʞ ʜʦʜʘʥʘ ʪʝʧʣʦʚʘ ʽʟʦʣʷʮʽʶ ʟ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʧʘʨʘʧʝʪʫ. 

ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 3.10, ʧʘʨʘʤʝʪʨʠ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʛʣʷʥʫʪʦʾ ʨʘʥʽʰʝ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.22 ʪʘ 3.23. 
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ʊʘʙʣʠʮʷ 3.10 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʧʣʘʩʢʦʛʦ ʜʘʭʫ ʜʦ ʩʪʽʥʠ ʪʘ ʧʘʨʘʧʝʪʫ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ 

ɚ, 

ɺʪ/ʤĿʂ 
ɟ, ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 
ɹʝʪʦʥ ʥʘ ʛʨʘʚʽʾ ʘʙʦ ʱʝʙʥʽ ʟ ʧʨʠʨʦʜʥʦʛʦ 

ʢʘʤʝʥʶ 
1,86 2400 

5 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,053 200 

6 ɿʘʣʽʟʦʙʝʪʦʥ 2,04 2500 

7 ɹʣʦʢ ʟ ʧʽʥʦʩʢʣʘ 0,051 120 

 

 

  
          ʘ)                                            ʙ) 

ʈʠʩʫʥʦʢ 3.22 ï ʄʦʜʝʣʴ ʧʦʢʨʘʱʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ 

FEM; ʙ) ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 
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ʘ)                            ʙ) 

ʈʠʩʫʥʦʢ 3.23 ï ʄʦʜʝʣʴ ʧʦʢʨʘʱʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʽʥʬʨʘʯʝʨʚʦʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ; ʙ) ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʧʘʨʘʧʝʪʫ ʜʦ ʧʣʠʪʠ 

ʧʝʨʝʢʨʠʪʪʷ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʩʫʪʪʻʚʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʑʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʤʝʥʰʠʣʘʩʴ ʙʽʣʴʰ ʥʽʞ ʫʪʨʠʯʽ, ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 23 ɺʪ/ʤĮ. ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʩʪʘʣʦ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʤ, ʙʝʟ 

ʟʦʩʝʨʝʜʞʝʥʠʭ ʟʦʥ ʚʪʨʘʪ ʡ, ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʽ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʫʪʚʦʨʝʥʥʷ. 

ʅʘ ʨʠʩʫʥʢʫ 3.24 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʦʾ 

ʜʽʣʷʥʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ï ʢʦʤʧʦʥʝʥʪ ɸ (ʜʘʭ). 
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ʘ)  

 

 
ʙ) 

ʈʠʩʫʥʦʢ 3.24 ï ʄʦʜʝʣʴ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʨʦʟʧʦʜʽʣ 

ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; ʙ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨ 

 

ɯʥʰʘ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ 

ɹ (ʩʪʽʥʘ) ð ̒ ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʫʟʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʪʘ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʣʽʥʽʡʥʦʛʦ 
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ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʟʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʶ 3.11. 

 

ʊʘʙʣʠʮʷ 3.11 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʨʘʝɦʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ 

ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʣʘʩʢʦʛʦ ʜʘʭʫ ʜʦ ʩʪʽʥʠ ʪʘ ʧʘʨʘʧʝʪʫ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 
ʇʦʭʠʙʢʘ, % 

 2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2399 

42,0 

2,00 20,15 6,37% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,1018 

42,0 

4,44 18,97 6,37% 

ʂʦʤʧʦʥʝʥʪ A, ʦʜʥʦʨʽʜʥʠʡ      

ɼʘʭ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,1276 

42,0 

1,00 5,36 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,1276 

42,0 
1,00 5,36 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ, ʦʜʥʦʨʽʜʥʠʡ      

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2146 

42,0 

1 9,01 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2146 

42,0 
1,00 9,01 0,00% 

   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  
L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,4798 0,3422 0,138 
0,124 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,4516 0,3422 0,109 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʽʟʦʣʷʮʽʾ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʪʘ ʥʘʜ 

ʧʝʨʝʢʨʠʪʪʷʤ ʜʦ 200 ʤʤ ʪʘ 400 ʤʤ ʚʽʜʧʦʚʽʜʥʦ, ʚ ʢʦʤʧʣʝʢʩʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʙʣʦʢʫ ʤʽʞ ʮʝʛʣʷʥʦʶ ʢʣʘʜʢʦʶ ʧʘʨʘʧʝʪʫ ʪʘ ʧʣʠʪʦʶ ʧʝʨʝʢʨʠʪʪʷ, ʪʘ  

ʜʦʜʘʪʢʦʚʘ ʪʝʧʣʦʚʘ ʽʟʦʣʷʮʽʷ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʧʘʨʘʧʝʪʫ ʟʤʝʥʰʠʣʠ ʣʽʥʽʡʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ ʥʘ 72,3% ʟ 0,463 ʜʦ 0,124 ɺʪ/(ʤĿʂ). 

 

3.1.4 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ 

ʰʪʫʢʘʪʫʨʢʦʶ ʜʦ ʙʘʣʢʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 
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ʅʘ ʨʠʩʫʥʢʫ 3.25 ʥʘʚʝʜʝʥʦ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ 

ʦʧʦʨʷʜʞʝʥʥʷʤ ʰʪʫʢʘʪʫʨʢʦʶ ʜʦ ʙʘʣʢʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ. ɺ ʪʘʙʣʠʮʽ 3.12 ʥʘʚʝʜʝʥʦ 

ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ .  

 

 

ʈʠʩʫʥʦʢ 3.25 ï ʉʭʝʤʘ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʦ ʙʘʣʢʦʥʥʦʛʦ 

ʧʝʨʝʢʨʠʪʪʷ 

 

ʊʘʙʣʠʮʷ 3.12 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʜʦ 

ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ 

ɚ, 

ɺʪ/ʤĿʂ 
ɟ, ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 
ɼʝʨʝʚôʷʥʝ ʧʦʢʨʠʪʪʷ ʧʽʜʣʦʛʠ (ʜʫʙ, ʧʦʧʝʨʝʢ 

ʚʦʣʦʢʦʥ) 
0,23 700 

5 ɽʢʩʪʨʫʜʦʚʘʥʠʡ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ 0,037 35 

6 ɿʘʣʽʟʦʙʝʪʦʥ 2,04 2500 
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ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ THERM. ʅʘ ʨʠʩʫʥʢʘʭ 3.26 ʪʘ 3.27 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

 
ʘ) 

 
                                      ʙ) 

ʈʠʩʫʥʦʢ 3.26 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM; ʙ) 

ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 
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ʘ)                                                                   ʙ) 

ʈʠʩʫʥʦʢ 3.27 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ; ʙ) ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʙʘʣʢʦʥʥʦʾ ʧʣʠʪʠ ʜʦ ʟʦʚʥʽʰʥʴʦʾ 

ʩʪʽʥʠ ʧʦʢʘʟʘʣʠ ʥʘʷʚʥʽʩʪʴ ʜʦʩʠʪʴ ʽʥʪʝʥʩʠʚʥʦʛʦ ʤʽʩʪʢʘ ʭʦʣʦʜʫ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ 

ʚʠʩʦʢʽ ʣʦʢʘʣʴʥʽ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ (ʧʦʥʘʜ 170 ɺʪ/ʤĮ) ʪʘ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʝʥʥʷ.  

ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒ ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʫʟʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʪʘ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʣʽʥʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʟʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʶ 3.13. 
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ʊʘʙʣʠʮʷ 3.13 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ ʰʪʫʢʘʪʫʨʢʦʶ ʜʦ ʙʘʣʢʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 
ʇʦʭʠʙʢʘ, % 

 2D ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,3221 

42,0 

4,00 

54,1

1 7.35% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,2789 

42,0 

4,62 

54,1

2 7.35% 

ʂʦʤʧʦʥʝʥʪ A, ʦʜʥʦʨʽʜʥʠʡ      

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2733 

42,0 

2,00 

22,9

6 0.00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2733 

42,0 
2,00 

22,9

6 
0.00% 

   

  ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 
L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 1,2884 0,5466 0,742 
0,742 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 1,2885 0,5466 0,742 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʙʘʣʢʦʥʥʦʾ ʧʣʠʪʠ ʜʦ 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ɣ = 0,742 ɺʪ/(ʤĿʂ), ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ 

ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʟʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʜʣʷ ʙʫʜʽʚʝʣʴ nZEB. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʽ 

ʜʦʜʘʪʢʦʚʽ ʪʝʧʣʦʚʪʨʘʪʠ, ʩʧʨʠʯʠʥʝʥʽ ʧʝʨʝʨʠʚʘʥʥʷʤ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʪʘ 

ʚʽʜʩʫʪʥʽʩʪʶ ʪʝʨʤʦʨʦʟʨʠʚʫ ʚ ʟʦʥʽ ʧʨʦʭʦʜʞʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ʢʨʽʟʴ ʦʙʦʣʦʥʢʫ 

ʙʫʜʽʚʣʽ. ɼʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ 

ʜʦʜʘʪʢʦʚʫ ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʙʘʣʢʦʥʥʦʾ ʧʣʠʪʠ ʪʦʚʱʠʥʦʶ 100 ʤʤ ʟ ʪʨʴʦʭ ʙʦʢʽʚ, ʽ ʪʘʢʦʞ 

ʟʙʽʣʴʰʠʪʠ ʪʦʚʱʠʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʜʦ 200 ʤʤ. 

ʇʦʢʨʘʱʝʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.27. 
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ʈʠʩʫʥʦʢ 3.27 ï ʉʭʝʤʘ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʙʘʣʢʦʥʥʦʾ ʧʣʠʪʠ ʜʦ 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ 

 

ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʘʨʘʤʝʪʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʛʣʷʥʫʪʦʾ ʨʘʥʽʰʝ ʪʘ ʚʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʷʭ 3.1 

ʽ 3.12. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ THERM ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʘʭ 3.28 ʪʘ 3.29. 
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                                  ʘ)                                                            ʙ) 

ʈʠʩʫʥʦʢ 3.28 ï ʄʦʜʝʣʴ ʧʦʢʨʘʱʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ 

FEM; ʙ) ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

 

  

    
ʘ)                           ʙ) 

ʈʠʩʫʥʦʢ 3.29 ï ʄʦʜʝʣʴ ʧʦʢʨʘʱʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʽʥʬʨʘʯʝʨʚʦʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ; ʙ) ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʫʟʣʘ 

ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʙʘʣʢʦʥʫ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʧʨʠʟʚʝʣʦ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʢʨʠʪʠʯʥʠʭ ʟʦʥʘʭ ð ʟ ʧʦʥʘʜ 170 ʜʦ ʤʝʥʰʝ 60 ɺʪ/ʤĮ.  
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ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒ ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʢʨʘʱʝʥʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʟʚʝʜʝʥʽ ʜʦ ʪʘʙʣʠʮʽ 3.14. 

 

ʊʘʙʣʠʮʷ 3.14 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ 

ʙʘʣʢʦʥʥʦʾ ʧʣʠʪʠ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 
ʇʦʭʠʙʢʘ, % 

 2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2001 42,0 4,00 33,62 8,49% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,1696 42,0 4,72 33,62 8,49% 

ʂʦʤʧʦʥʝʥʪ A, 

ʦʜʥʦʨʽʜʥʠʡ 
     

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2149 42,0 2,00 18,05 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2149 42,0 2,00 18,05 0,00% 

   

ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ  

  

L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, (ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,8004 0,4298 0,371 
0,371 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,8005 0,4298 0,371 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ 

ʧʣʠʪʠ ʙʘʣʢʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ ʩʪʘʥʦʚʠʪʴ 0,371 ɺʪ/(ʤĿʂ). ʇʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ ʚʫʟʣʘ, ʜʝ 

ɣ ʩʪʘʥʦʚʠʚ 0,742 ɺʪ/(ʤĿʂ), ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʥʘ 50 %. 

ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʘʥʠʭ ʫʜʦʩʢʦʥʘʣʝʥʴ. ʇʦʜʘʣʴʰʝ 

ʟʥʠʞʝʥʥʷ ɣ-ʬʘʢʪʦʨʘ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʨʦʟʨʠʚʽʚ. 

 

3.1.5 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ 
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ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʜʝʣʶʚʘʣʠʩʴ ʚʫʟʣʠ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ, ʧʽʜʚʽʢʦʥʥʷ, ʘ ʪʘʢʦʞ ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ. ɹʘʟʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫʪʝʧʣʝʥʘ ʤʽʥʝʨʘʣʴʥʦʶ ʚʘʪʦʶ ʪʦʚʱʠʥʦʶ 150 ʤʤ ʟ ʤʦʥʪʘʞʝʤ ʚʽʢʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʮʝʛʣʷʥʫ ʢʣʘʜʢʫ ʘʙʦ ʟʘʣʽʟʦʙʝʪʦʥʥʫ ʧʝʨʝʤʠʯʢʫ. ʇʦʢʨʘʱʝʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʫʟʣʠ ʨʦʟʛʣʷʜʘʣʠʩʴ ʟ ʙʽʣʴʰ ʪʦʚʩʪʠʤ ʰʘʨʦʤ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʟʦʚʥʽʰʥʽʭ 

ʩʪʽʥ 200 ʤʤ ʪʘ ʚʠʥʦʩʥʠʤ ʤʦʥʪʘʞʝʤ ʚʽʢʥʘ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤ ʧʨʦʬʽʣʝʤ ʚʠʩʦʢʦʾ 

ʱʽʣʴʥʦʩʪʽ [63]. ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʧʦʢʨʘʱʝʥʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝ ʟʤʽʥʶʚʘʣʠʩʴ ʪʘ ʟʘʣʠʰʘʣʠʩʴ ʪʘʢʠʤʠ ʞ, ʷʢ ʽ ʚ ʙʘʟʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʚʽʢʥʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ WINDOW, ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʛʦ 

ʻ ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʟʚôʷʟʮʽ ʟ ʧʨʦʛʨʘʤʦʶ THERM ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʨʘʤʠ 

ʪʘ ʩʢʣʦʧʘʢʝʪʫ ʚ 2D ʩʝʨʝʜʦʚʠʱʽ. ʂʦʥʩʪʨʫʢʮʽʷ ʚʽʢʦʥʥʦʛʦ ʙʣʦʢʫ ʚʠʢʦʥʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʢʘʤʝʨʥʦʛʦ ʇɺʍ-ʧʨʦʬʽʣʶ ʟ ʛʝʨʤʝʪʠʯʥʠʤʠ ʫʱʽʣʴʥʝʥʥʷʤʠ ʪʘ ʜʚʦʢʘʤʝʨʥʠʤ 

ʩʢʣʦʧʘʢʝʪʦʤ ʟʘʧʦʚʥʝʥʠʤ ʩʫʤʽʰʰʶ: ʧʦʚʽʪʨʷ-10% ʪʘ ʘʨʛʦʥʫ-90% (ʨʠʩʫʥʦʢ 3.30). 

 

 

ʈʠʩʫʥʦʢ 3.30 ï ʉʭʝʤʘ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 
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ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.15.  ʅʘʚʝʜʝʥʠʡ 

ʚʠʱʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ THERM 

ʟʛʽʜʥʦ ʤʝʪʦʜʠʢ EN ISO 10077 ʪʘ ANSI/NFRC-100-2023 [64, 65, 66]. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.31. 

 

ʊʘʙʣʠʮʷ 3.15 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ 

ɚ, 

ɺʪ/ʤĿʂ 

1 ʉʠʣʽʢʦʥ 0,35 

2 ʇʦʣʽʫʨʝʪʘʥʦʚʘ ʧʽʥʘ 0,05 

3 ʇɺʍ/ɺʽʥʽʣ (ʪʚʝʨʜʠʡ)  0,17 

4 
ʇʦʚʽʪʨʷʥʠʡ ʧʨʦʰʘʨʦʢ  

(ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʤʫʣʷʮʽʷ ʚ THERM) 
- 

5 ɹʫʪʠʣʦʚʠʡ ʢʘʫʯʫʢ 0,24 

6 ʆʩʫʰʫʚʘʯ (ʤʦʣʝʢʫʣʷʨʥʝ ʩʠʪʦ) 0,10 

7 ɼʠʩʪʘʥʮʽʡʥʘ ʨʘʤʢʘ (ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ) 160,0 

8 ɻʘʟʦʚʘ ʩʫʤʽʰ (10% ʧʦʚʽʪʨʷ, 90% ʘʨʛʦʥ) 0,00986 

9 ʉʢʣʦ 1,0 

 

  
     ʘ)                                                  ʙ) 

ʈʠʩʫʥʦʢ 3.31 ï ʄʦʜʝʣʴ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ: ʘ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ; ʙ) ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ 

ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟ ʢʦʥʪʘʢʪʫ ʟ ʝʣʝʤʝʥʪʘʤʠ ʦʙʦʣʦʥʢʠ 

ʙʫʜʽʚʝʣʴ ʟʚʝʜʝʥʽ ʜʦ ʪʘʙʣʠʮʽ 3.16. 

 

ʊʘʙʣʠʮʷ 3.16 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ 
U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 

ʇʦʭʠʙʢʘ, 

% 

ɺʽʢʥʦ (2D). 

ɿʦʥʘ 

ʧʝʨʝʤʠʯʢʠ 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 1,2846 42,0 0,242 13,07 7,26% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 1,2196 42,0 0,255 13,07 
7,26% 

  

ɺʽʢʥʦ (2D). 

ɿʦʥʘ 

ʧʽʜʚʽʢʦʥʥʷ 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 1,2853 42,0 0,243 13,07 7,77% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 1,2497 
42,0 

0,243 12,78 7,77% 

       

ɺʽʢʥʦ (2D). 

ɿʦʥʘ 

ʨʷʜʦʚʦʛʦ 

ʩʧʦʣʫʯʝʥʥʷ 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 1,2660 42,0 0,242 12,88 7,84% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 1,2020 42,0 0,255 12,88 7,84% 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʚʪʨʘʪʠ ʪʝʧʣʘ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʟʦʥʽ ʜʠʩʪʘʥʮʽʡʥʦʾ ʨʘʤʢʠ ʩʢʣʦʧʘʢʝʪʘ. ɿʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʜʦʩʷʛʘʻ 6223,9 ɺʪ/ʤĮ. ʊʘʢʽ ʚʪʨʘʪʠ ʧʦʷʩʥʶʶʪʴʩʷ 

ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʤʝʪʘʣʝʚʦʾ ʨʘʤʢʠ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʨʠʚʫ ʚ ʾʾ 

ʟʦʥʽ. ɼʽʣʷʥʢʠ ʇɺʍ-ʧʨʦʬʽʣʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʡʥʷʪʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʘʛʘʪʦʢʘʤʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ. 

 

3.1.5.1 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʫ ʟʦʥʽ 

ʧʝʨʝʤʠʯʢʠ  

 

ʅʘ ʨʠʩʫʥʢʫ 3.32 ʥʘʚʝʜʝʥʦ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ. ɺ ʪʘʙʣʠʮʽ 3.17 ʥʘʚʝʜʝʥʦ ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ .  
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ʈʠʩʫʥʦʢ 3.32 ï ʉʭʝʤʘ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ 

 

ʊʘʙʣʠʮʷ 3.17 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ 

ɚ, 

ɺʪ/ʤĿʂ 

ɟ, 

ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 ɿʘʣʽʟʦʙʝʪʦʥ 2,04 2500 

5 ɺʽʢʦʥʥʘ ʢʦʥʩʪʨʫʢʮʽʷ (ʜʠʚ. ʨʦʟʜʽʣ 3.1.5)   

 

ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ THERM. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.33 ʪʘ 3.34. 



104 

 

        ʘ)                                                 ʙ) 

ʈʠʩʫʥʦʢ 3.33 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM; ʙ) 

ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʽʡ ʜʽʣʷʥʮʽ ʚʽʢʥʘ 

 

ʗʢ ʚʠʜʥʦ, ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʧʨʷʤʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʟʦʥʽ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʚʽʢʦʥʥʦʛʦ ʧʨʦʬʽʣʶ. ɺʝʢʪʦʨʥʝ 

ʧʦʣʝ ʯʽʪʢʦ ʜʝʤʦʥʩʪʨʫʻ ʣʦʢʘʣʽʟʘʮʽʶ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʚ ʟʦʥʽ ʜʠʩʪʘʥʮʽʡʥʦʾ 

ʨʘʤʢʠ, ʷʢʘ ʤʘʻ ʚʠʩʦʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ʅʘʡʙʽʣʴʰʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʧʝʨʠʤʝʪʨʫ ʩʢʣʦʧʘʢʝʪʘ ð ʩʘʤʝ ʪʫʪ ʩʪʨʽʣʢʠ ʚʝʢʪʦʨʽʚ ʱʽʣʴʥʦ ʟʛʫʱʝʥʽ 

ʡ ʩʧʨʷʤʦʚʘʥʽ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʟʦʚʥʽʰʥʴʦʾ, ʤʠʥʘʶʯʠ ʙʽʣʴʰ 

ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʽ ʟʦʥʠ ʇɺʍ-ʧʨʦʬʽʣʶ. ʇʦʜʘʣʴʰʘ ʛʨʘʬʽʯʥʘ ʜʝʤʦʥʩʪʨʘʮʽʷ ʨʦʟʧʦʜʽʣʫ 

ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʚʩʴʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ ʥʝ ʻ ʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʪʠʚʥʦʶ 

ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʝʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʜʫʞʝ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ 

(ʜʠʩʪʘʥʮʽʡʥʘ ʨʘʤʢʘ).  
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ʈʠʩʫʥʦʢ 3.34 ï ɯʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʤʦʜʝʣʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ 

 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʜʥʦ, ʱʦ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻ 

ʟʘʜʦʚʽʣʴʥʫ ʪʝʨʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʧʨʦʪʝ ʥʘʡʙʽʣʴʰ ʜʝʬʦʨʤʦʚʘʥʽ ʽʟʦʪʝʨʤʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʟʦʥʽ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʨʘʤʠ ʜʦ ʩʪʽʥʠ, ʦʩʦʙʣʠʚʦ ʙʽʣʷ ʥʠʞʥʴʦʾ 

ʯʘʩʪʠʥʠ. ʊʦʙʪʦ ʟʦʥʘ ʩʪʠʢʫ ʚʽʢʥʘ ʟʽ ʩʪʽʥʦʶ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ.   

ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒ ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. ɯʥʰʘ ʯʘʩʪʠʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʫʟʣʘ ï ʚʽʢʥʦ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʠʩʪʫʧʘʪʠʤʝ ʷʢ 

ʢʦʤʧʦʥʝʥʪ ɹ (ʪʘʙʣʠʮʷ 3.16). 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʫʟʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʣʽʥʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʶ 3.18. 



106 

 

ʊʘʙʣʠʮʷ 3.18 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 
ʇʦʭʠʙʢʘ, % 

 2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,4391 42,0 1,65 30,52 8,87% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,4806 42,0 1,51 30,52 8,87% 

ʂʦʤʧʦʥʝʥʪ A, ʦʜʥʦʨʽʜʥʠʡ      

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2732 42,0 1,10 12,62 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2732 42,0 1,10 12,62 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ      

ɺʽʢʥʦ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 1,2846 42,0 0,242 13,07 7,26% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
1,2196 42,0 0,255 13,07 

7,26% 

   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 
L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,7267 0,6116 0,115 
0,115 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,7266 0,6116 0,115 

 

ʅʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʚʫʟʣʽ ʧʨʠʤʠʢʘʥʥʷ 

ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ 

ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ = 0,115 ɺʪ/(ʤĿʂ). ʆʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ nZEB ʙʫʜʽʚʝʣʴ. 

 ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ɣ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʟʙʽʣʴʰʝʥʫ ʟʦʚʥʽʰʥʶ 

ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʩʪʽʥʠ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʚʠʥʦʩʥʠʤ ʤʦʥʪʘʞʝʤ ʚʽʢʥʘ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤ 

ʧʨʦʬʽʣʝʤ (ʨʠʩʫʥʦʢ 3.35). 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʽʟʦʣʷʮʽʾ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʜʦ 200 ʤʤ, ʘ 

ʢʨʽʧʣʝʥʥʷ ʚʽʢʥʘ ʟʨʦʙʠʪʠ ʤʝʪʦʜʦʤ ʚʠʥʦʩʥʦʛʦ ʤʦʥʪʘʞʫ ʥʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʧʨʦʬʽʣʴ 
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ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ. ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 3.19. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.36. 

 

 

ʈʠʩʫʥʦʢ 3.35 ï ʉʭʝʤʘ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ 

 

ʊʘʙʣʠʮʷ 3.19 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ ɚ, ɺʪ/ʤĿʂ 

ɟ, 

ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 ɿʘʣʽʟʦʙʝʪʦʥ 2,04 2500 

5 ʇʨʦʬʽʣʴ blaugelbÈ Triotherm+ [63] 0,040 200 

6 ɺʽʢʦʥʥʘ ʢʦʥʩʪʨʫʢʮʽʷ (ʜʠʚ. ʨʦʟʜʽʣ 3.1.5)   
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ʘ)                                                                  ʙ) 

ʈʠʩʫʥʦʢ 3.36 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM; ʙ) 

ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʫʟʣʘ ʚʽʢʦʥʥʠʡ ʙʣʦʢ 

ʨʦʟʤʽʱʫʻʪʴʩʷ  ʚ ʧʣʦʱʠʥʽ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʩʪʽʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʧʨʠ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ 

ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ. 

ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒ ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. ɯʥʰʘ ʯʘʩʪʠʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʫʟʣʘ ï ʚʽʢʥʦ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʠʩʪʫʧʘʪʠʤʝ ʷʢ 

ʢʦʤʧʦʥʝʥʪ ɹ (ʪʘʙʣʠʮʷ 3.16). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʶ 3.20. 
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ʊʘʙʣʠʮʷ 3.20 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ 

ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 
ʇʦʭʠʙʢʘ, % 

2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,3207 42,0 1,75 23,60 5,79% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,3785 42,0 1,48 23,60 5,79% 

ʂʦʤʧʦʥʝʥʪ A, 

ʦʜʥʦʨʽʜʥʠʡ 
     

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2146 42,0 1,10 9,91 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2146 42,0 1,10 9,91 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ      

ɺʽʢʥʦ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 1,2846 42,0 0,242 13,07 7,26% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
1,2196 42,0 0,255 13,07 

7,26% 

   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  

  

L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0.5619 0.5472 0.015 
0,015 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0.5619 0.5472 0.015 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ 

ʧʦʢʨʘʱʝʥʥʷ ʧʦʩʧʨʠʷʣʦ ʟʥʘʯʥʦʤʫ ʟʤʝʥʰʝʥʥʶ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʜʦ ʨʽʚʥʷ 0,015 ɺʪ/(ʤĿʂ). ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʚʠʥʦʩʥʝ ʨʦʟʤʽʱʝʥʥʷ 

ʨʘʤʠ ʫ ʧʣʦʱʠʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʣʽʥʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ ̔ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʥʘ ʚʥʫʪʨʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʎʝ ʻ ʜʦʮʽʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʙʫʜʽʚʝʣʴ, ʱʦ 

ʧʨʦ̒ʢʪʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʤʘʡʞʝ ʥʫʣʴʦʚʦʛʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (nZEB). 

 

3.1.5.2 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʫ ʟʦʥʽ 

ʧʽʜʚʽʢʦʥʥʷ  
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ʅʘ ʨʠʩʫʥʢʫ 3.37 ʥʘʚʝʜʝʥʦ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʫ ʟʦʥʽ ʧʽʜʚʽʢʦʥʥʷ. ɺ ʪʘʙʣʠʮʽ 3.21 ʥʘʚʝʜʝʥʦ ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ .  

 

ʈʠʩʫʥʦʢ 3.37 ï ʉʭʝʤʘ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʽʜʚʽʢʦʥʥʷ 

 

ʊʘʙʣʠʮʷ 3.21 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʽʜʚʽʢʦʥʥʷ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ 

ɚ, 

ɺʪ/ʤĿʂ 

ɟ, 

ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 ɺʽʢʦʥʥʘ ʢʦʥʩʪʨʫʢʮʽʷ (ʜʠʚ. ʨʦʟʜʽʣ 3.1.5)   
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ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ THERM. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.38. 

 

 
ʘ)                                                                  ʙ) 

ʈʠʩʫʥʦʢ 3.38 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM; ʙ) 

ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ       

 

ʅʘ ʟʦʙʨʘʞʝʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʟʦʥʽ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʛʦ ʙʣʦʢʫ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ 

ʚ ʦʙʣʘʩʪʽ ʧʽʜʚʽʢʦʥʥʷ. ɸʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʣʦʢʘʣʴʥʦʛʦ ʚʠʢʨʠʚʣʝʥʥʷ ʽʟʦʪʝʨʤ ʧʦʙʣʠʟʫ ʤʦʥʪʘʞʥʦʛʦ ʰʚʘ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ. 

ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒ ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. ɯʥʰʘ ʯʘʩʪʠʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʫʟʣʘ ï ʚʽʢʥʦ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʠʩʪʫʧʘʪʠʤʝ ʷʢ 

ʢʦʤʧʦʥʝʥʪ ɹ (ʪʘʙʣʠʮʷ 3.16). 
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ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʫʟʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʣʽʥʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʶ 3.22. 

ʊʘʙʣʠʮʷ 3.22 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʽʜʚʽʢʦʥʥʷ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 

ʇʦʭʠʙʢʘ, 

% 

2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,4366 42,0 1,65 30,34 5,47% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,4778 42,0 1,51 30,34 5,47% 

ʂʦʤʧʦʥʝʥʪ A, ʦʜʥʦʨʽʜʥʠʡ      

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2732 42,0 1,10 12,62 0,00% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,2732 42,0 1,10 12,62 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ      

ɺʽʢʥʦ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 1,2853 

42,0 

0,243 13,07 7,77% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 1,2497 42,0 0,243 12,78 7,77% 

   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  
L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,7225 0,6117 0,111 
0,114 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,7224 0,6048 0,118 

 

ʅʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʚʫʟʣʽ ʧʨʠʤʠʢʘʥʥʷ 

ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ 

ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ = 0,114 ɺʪ/(ʤĿʂ). ʆʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ nZEB ʙʫʜʽʚʝʣʴ. 

 ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ɣ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʟʙʽʣʴʰʝʥʫ ʟʦʚʥʽʰʥʶ 

ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʩʪʽʥʠ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʚʠʥʦʩʥʠʤ ʤʦʥʪʘʞʝʤ ʚʽʢʥʘ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤ 

ʧʨʦʬʽʣʝʤ (ʨʠʩʫʥʦʢ 3.39). 
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ʈʠʩʫʥʦʢ 3.39 ï ʉʭʝʤʘ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʽʜʚʽʢʦʥʥʷ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʽʟʦʣʷʮʽʾ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʜʦ 200 ʤʤ, ʘ 

ʪʘʢʦʞ ʢʨʽʧʣʝʥʥʷ ʚʽʢʥʘ ʤʝʪʦʜʦʤ ʚʠʥʦʩʥʦʛʦ ʤʦʥʪʘʞʫ ʥʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʧʨʦʬʽʣʴ 

ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ. ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 3.23. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.40 . 

 

ʊʘʙʣʠʮʷ 3.23 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʽʜʚʽʢʦʥʥʷ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ ɚ, ɺʪ/ʤĿʂ 

ɟ, 

ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 ʇʨʦʬʽʣʴ blaugelbÈ Triotherm+ [63] 0,040 200 

5 ɺʽʢʦʥʥʘ ʢʦʥʩʪʨʫʢʮʽʷ (ʜʠʚ. ʨʦʟʜʽʣ 3.1.5)   
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ʘ)                                                                  ʙ) 

ʈʠʩʫʥʦʢ 3.40 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM; ʙ) 

ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ       

 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʚʠʧʘʜʢʫ ʧʨʠʤʠʢʘʥʥʷ ʚ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ, ʚʽʢʦʥʥʠʡ ʙʣʦʢ 

ʨʦʟʤʽʱʫʻʪʴʩʷ  ʚ ʧʣʦʱʠʥʽ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʩʪʽʥʠ, ʤʽʥʽʤʽʟʫʶʯʠ ʚʧʣʠʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʽʜʚʽʢʦʥʥʷ. 

ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒ ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. ɯʥʰʘ ʯʘʩʪʠʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʫʟʣʘ ï ʚʽʢʥʦ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʠʩʪʫʧʘʪʠʤʝ ʷʢ 

ʢʦʤʧʦʥʝʥʪ ɹ (ʪʘʙʣʠʮʷ 3.16). 

 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʶ 3.24. 
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ʊʘʙʣʠʮʷ 3.24 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ 

ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʽʜʚʽʢʦʥʥʷ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 

ʇʦʭʠʙʢʘ, 

% 

2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,3677 42,0 1,55 23,90 9,81% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,3833 42,0 1,48 23,90 9,81% 

ʂʦʤʧʦʥʝʥʪ A, ʦʜʥʦʨʽʜʥʠʡ      

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2146 42,0 1,10 9,91 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2146 42,0 1,10 9,91 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ      

ɺʽʢʥʦ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 1,2853 

42,0 

0,243 13,07 7,77% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
1,2497 

42,0 
0,243 12,78 7,77% 

   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  

  

L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,5691 0,5472 0,022 
0,025 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,5691 0,5403 0,029 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ 

ʧʦʢʨʘʱʝʥʥʷ ʧʦʩʧʨʠʷʣʦ ʟʥʘʯʥʦʤʫ ʟʤʝʥʰʝʥʥʶ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʜʦ ʨʽʚʥʷ 0,025 ɺʪ/(ʤĿʂ). ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʚʠʥʦʩʥʝ ʨʦʟʤʽʱʝʥʥʷ 

ʨʘʤʠ ʫ ʧʣʦʱʠʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʻ ʜʦʮʽʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʙʫʜʽʚʝʣʴ, ʱʦ ʧʨʦʢ̒ʪʫʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʤʘʡʞʝ ʥʫʣʴʦʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (nZEB). 

 

3.1.5.3 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʫ ʟʦʥʽ 

ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ 

  

ʅʘ ʨʠʩʫʥʢʫ 3.41 ʥʘʚʝʜʝʥʦ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʫ ʟʦʥʽ ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ. ɺ ʪʘʙʣʠʮʽ 3.25 ʥʘʚʝʜʝʥʦ ʪʝʧʣʦʪʝʭʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ .  
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ʈʠʩʫʥʦʢ 3.41 ï ʉʭʝʤʘ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ 

 

ʊʘʙʣʠʮʷ 3.25 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ ɚ, ɺʪ/ʤĿʂ 

ɟ, 

ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 ɺʽʢʦʥʥʘ ʢʦʥʩʪʨʫʢʮʽʷ (ʜʠʚ. ʨʦʟʜʽʣ 3.1.5)   

 

ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ THERM. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.42. 
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ʘ)                                                                  ʙ) 

ʈʠʩʫʥʦʢ 3.42 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM; ʙ) 

ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ     

   

ʅʘ ʟʦʙʨʘʞʝʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʟʦʥʽ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʛʦ ʙʣʦʢʫ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ 

ʚ ʦʙʣʘʩʪʽ ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ. ɸʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʣʦʢʘʣʴʥʦʛʦ ʚʠʢʨʠʚʣʝʥʥʷ ʽʟʦʪʝʨʤ ʧʦʙʣʠʟʫ ʤʦʥʪʘʞʥʦʛʦ ʰʚʘ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ. 

ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒ ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. ɯʥʰʘ ʯʘʩʪʠʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʫʟʣʘ ï ʚʽʢʥʦ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʠʩʪʫʧʘʪʠʤʝ ʷʢ 

ʢʦʤʧʦʥʝʥʪ ɹ (ʪʘʙʣʠʮʷ 3.16). 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʫʟʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʣʽʥʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʶ 3.26. 
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ʊʘʙʣʠʮʷ 3.26 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 
ʇʦʭʠʙʢʘ, % 

 2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,4203 42,0 1,65 29,21 9,28% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,4600 42,0 1,51 29,21 9,28% 

ʂʦʤʧʦʥʝʥʪ A, 

ʦʜʥʦʨʽʜʥʠʡ 
     

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2732 42,0 1,10 12,62 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2732 42,0 1,10 12,62 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ      

ɺʽʢʥʦ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 1,2660 
42,0 

0,242 12,88 7,84% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
1,2020 42,0 0,255 12,88 7,84% 

   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  
L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,6955 0,6070 0,089 
0,095 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,6955 0,5932 0,102 

 

ʅʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʚʫʟʣʽ ʧʨʠʤʠʢʘʥʥʷ 

ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ 

ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ = 0,095 ɺʪ/(ʤĿʂ). ʆʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ nZEB ʙʫʜʽʚʝʣʴ. 

 ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ɣ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʟʙʽʣʴʰʝʥʫ ʟʦʚʥʽʰʥʶ 

ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʩʪʽʥʠ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʚʠʥʦʩʥʠʤ ʤʦʥʪʘʞʝʤ ʚʽʢʥʘ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤ 

ʧʨʦʬʽʣʝʤ (ʨʠʩʫʥʦʢ 3.43). 
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ʈʠʩʫʥʦʢ 3.43 ï ʉʭʝʤʘ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ  

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʽʟʦʣʷʮʽʾ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʜʦ 200 ʤʤ, 

ʢʨʽʧʣʝʥʥʷ ʚʽʢʥʘ ʤʝʪʦʜʦʤ ʚʠʥʦʩʥʦʛʦ ʤʦʥʪʘʞʫ ʥʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʧʨʦʬʽʣʴ ʚʠʩʦʢʦʾ 

ʱʽʣʴʥʦʩʪʽ. ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 3.27. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.44 . 

 

ʊʘʙʣʠʮʷ 3.27 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ 

ɚ, 

ɺʪ/ʤĿʂ 

ɟ, 

ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 ʇʨʦʬʽʣʴ blaugelbÈ Triotherm+ [63] 0,040 200 

5 ɺʽʢʦʥʥʘ ʢʦʥʩʪʨʫʢʮʽʷ (ʜʠʚ. ʨʦʟʜʽʣ 3.1.5)   
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ʘ)                                                                  ʙ) 

ʈʠʩʫʥʦʢ 3.44 ï ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʟʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM; ʙ) 

ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ       

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʫʟʣʘ ʚʽʢʦʥʥʠʡ ʙʣʦʢ 

ʨʦʟʤʽʱʫʻʪʴʩʷ  ʚ ʧʣʦʱʠʥʽ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʩʪʽʥʠ, ʤʽʥʽʤʽʟʫʶʯʠ ʚʧʣʠʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʨʷʜʦʚʦʛʦ 

ʧʨʠʤʠʢʘʥʥʷ. 

ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒ ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. ɯʥʰʘ ʯʘʩʪʠʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʫʟʣʘ ï ʚʽʢʥʦ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʠʩʪʫʧʘʪʠʤʝ ʷʢ 

ʢʦʤʧʦʥʝʥʪ ɹ (ʪʘʙʣʠʮʷ 3.16). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʶ 3.28. 
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ʊʘʙʣʠʮʷ 3.28 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ 

ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʫ ʟʦʥʽ ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 

ʇʦʭʠʙʢʘ, 

% 

2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,3194 42,0 1,75 23,51 9,82% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,3770 42,0 1,48 23,51 9,82% 

ʂʦʤʧʦʥʝʥʪ A, ʦʜʥʦʨʽʜʥʠʡ      

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2146 42,0 1,10 9,91 0,00% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,2146 42,0 1,10 9,91 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ      

ɺʽʢʥʦ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 1,2660 
42,0 

0,242 12,88 7,84% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 1,2020 42,0 0,255 12,88 7,84% 

   

 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  
L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,5596 0,5427 0,017 
0,017 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,5597 0,5427 0,017 

 

ɺʠʜʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʧʦʢʨʘʱʝʥʥʷ ʧʦʩʧʨʠʷʣʦ ʟʥʘʯʥʦʤʫ ʟʤʝʥʰʝʥʥʶ 

ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʦ ʨʽʚʥʷ 0,017 ɺʪ/(ʤĿʂ). ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʚʠʥʦʩʥʝ ʨʦʟʤʽʱʝʥʥʷ ʨʘʤʠ ʫ ʧʣʦʱʠʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʻ ʝʬʝʢʪʠʚʥʠʤ, 

ʟʤʝʥʰʫʶʯʠ ʣʽʥʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ ̔  ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʎʝ ʻ 

ʜʦʮʽʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʙʫʜʽʚʝʣʴ, ʱʦ ʧʨʦʢ̒ʪʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʤʘʡʞʝ ʥʫʣʴʦʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ (nZEB). 

 

3.1.6 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ 

ʧʽʜʚʘʣʦʤ ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ 

 

ʅʘ ʨʠʩʫʥʢʫ 3.45 ʥʘʚʝʜʝʥʦ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʥʘʜ 

ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ. ɿʦʚʥʽʰʥʷ ʮʝʛʣʷʥʘ ʩʪʽʥʘ ʫʪʝʧʣʝʥʘ 

ʤʽʥʝʨʘʣʴʥʦʶ ʚʘʪʦʶ ʪʦʚʱʠʥʦʶ 150 ʤʤ. ʏʘʩʪʠʥʘ ʮʦʢʦʣʶ ʫʪʝʧʣʝʥʘ ʰʘʨʦʤ 
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ʝʢʩʪʨʫʜʦʚʘʥʦʛʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʪʦʚʱʠʥʦʶ 100 ʤʤ ʜʦ ʨʽʚʥʷ ˇʨʫʥʪʫ. ʇʝʨʝʢʨʠʪʪʷ ʤʽʞ 

ʦʧʘʣʶʚʘʣʴʥʠʤ ʧʦʚʝʨʭʦʤ ʪʘ ʧʽʜʚʘʣʦʤ ʟʘʣʽʟʦʙʝʪʦʥʥʝ, ʪʦʚʱʠʥʦʶ 220 ʤʤ, ʤʘʻ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʫ ʧʦʜʫʰʢʫ ʟ ʝʢʩʪʨʫʜʦʚʘʥʦʛʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʪʦʚʱʠʥʦʶ 30 ʤʤ. 

ʇʘʨʘʤʝʪʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʦʚʘʥʠʭ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1. 

ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 

3.29. 

 

 

ʈʠʩʫʥʦʢ 3.45 ï ʉʭʝʤʘ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʽʜʣʦʛʠ ʥʘʜ 

ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ 

 

ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ THERM. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.46 ʪʘ 3.47. 
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ʊʘʙʣʠʮʷ 3.29 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ 

ɚ, 

ɺʪ/ʤĿʂ 

ɟ, 

ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 
ɼʝʨʝʚôʷʥʝ ʧʦʢʨʠʪʪʷ ʧʽʜʣʦʛʠ (ʜʫʙ, ʧʦʧʝʨʝʢ 

ʚʦʣʦʢʦʥ) 
0,23 700 

5 ɽʢʩʪʨʫʜʦʚʘʥʠʡ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ 0,037 35 

6 ɿʘʣʽʟʦʙʝʪʦʥ 2,04 2500 

7 
ʇʦʚʽʪʨʷʥʠʡ ʧʨʦʰʘʨʦʢ  

(ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʤʫʣʷʮʽʷ ʚ THERM) 
- - 

8 
ɹʝʪʦʥ ʥʘ ʛʨʘʚʽʾ ʘʙʦ ʱʝʙʥʽ ʟ ʧʨʠʨʦʜʥʦʛʦ 

ʢʘʤʝʥʶ  
1,86 2400 

9 ʇʽʩʦʢ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ  0,58 1600 

10 ʨ̂ʫʥʪ 2,00 - 

 

 

ʈʠʩʫʥʦʢ 3.46 ï ɿʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM ʫ ʤʦʜʝʣʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ 
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ʈʠʩʫʥʦʢ 3.47 ï ɯʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʫ ʬʨʘʛʤʝʥʪʽ 

ʢʦʥʪʘʢʪʫ ʮʦʢʦʣʷ ʽ ˇʨʫʥʪʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʚʠʨʘʞʝʥʝ ʪʝʧʣʦʧʨʦʚʽʜʥʝ ʚʢʣʶʯʝʥʥʷ: ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʚʠʢʨʠʚʣʝʥʥʷ ʽʟʦʪʝʨʤ 

ʫ ʟʦʥʽ ʩʪʠʢʫ ʮʦʢʦʣʷ ʪʘ ˇʨʫʥʪʫ. ɯʟʦʪʝʨʤʘ +10 ÁC ʧʨʦʭʦʜʠʪʴ ʧʦʙʣʠʟʫ ʚʥʫʪʨʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʮʦʢʦʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʱʦ ʩʪʚʦʨʶʻ ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʋ ʥʘʧʨʷʤʢʫ ʜʦ ʥʝʦʧʘʣʶʚʘʥʦʛʦ ʧʽʜʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʢʨʠʪʠʯʥʠʭ 

ʟʥʘʯʝʥʴ, ʘ ʚ ʟʦʥʽ ˇʨʫʥʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʯʝ 0 ÁC, ɦʦ ʚʢʘʟʫʻ ʥʘ 

ʟʥʘʯʥʽ ʪʝʧʣʦʚʪʨʘʪʠ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʪʘʢʦʾ ʩʠʪʫʘʮʽʾ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʧʝʨʝʨʚʥʦʾ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʥʘ ʨʽʚʥʽ ʛʣʠʙʰʝ ʟʘ ʚʽʜʤʽʪʢʫ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ. 

ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒ ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. 

ʅʘ ʨʠʩʫʥʢʫ 3.48 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʦʾ 

ʜʽʣʷʥʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ï ʢʦʤʧʦʥʝʥʪ ɹ (ʧʣʠʪʘ ʧʝʨʝʢʨʠʪʪʷ). 
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ʘ)  

 
ʙ) 

ʈʠʩʫʥʦʢ 3.48 ï ʄʦʜʝʣʴ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʨʦʟʧʦʜʽʣ 

ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; ʙ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨ 

 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʫʟʣʘ ʪʘ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʶ 3.30. 
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ʊʘʙʣʠʮʷ 3.30 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 

ʇʦʭʠʙʢʘ, 

% 

2D ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,3175 42,0 4,48 59,74 8,59% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,1047 42,0 13,59 59,76 8,59% 

ʂʦʤʧʦʥʝʥʪ A, ʦʜʥʦʨʽʜʥʠʡ      

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2732 42,0 1,00 11,47 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2732 42,0 1,00 11,47 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ, ʦʜʥʦʨʽʜʥʠʡ      

ʇʣʠʪʘ 

ʧʝʨʝʢʨʠʪʪʷ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,4945 15,0 3,50 25,96 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,4945 15,0 3,50 25,96 0,00% 

   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 
L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 1,4224 0,89 0,531 
0,531 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 1,4229 0,89 0,532 

 

ʅʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʚʫʟʣʽ ʧʨʠʤʠʢʘʥʥʷ 

ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ ʙʫʣʦ 

ʨʦʟʨʘʭʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ = 0,531 ɺʪ/(ʤĿʂ), ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʝʧʣʦʚʪʨʘʪ ʫ ʮʽʡ ʟʦʥʽ. ʊʘʢʠʡ ʧʦʢʘʟʥʠʢ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ ʽ ʧʽʜʪʚʝʨʜʞʫʻ 

ʥʘʷʚʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ɣ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʙʽʣʴʰʠʪʠ ʫʪʝʧʣʝʥʥʷ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʜʦ 200 ʤʤ, ʜʦʜʘʪʠ 150 ʤʤ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʜʦ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ, ʘ ʫʪʝʧʣʝʥʥʷ ʮʦʢʦʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʟʙʽʣʴʰʠʪʠ ʜʦ 150 ʤʤ ʪʘ ʟʘʛʣʠʙʠʪʠ ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʩʪʽʥʠ ʧʽʜʚʘʣʫ ʜʦ ʨʽʚʥʷ 

ʬʫʥʜʘʤʝʥʪʥʦʾ ʧʦʜʫʰʢʠ (ʨʠʩʫʥʦʢ 3.49). ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʚʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 3.31. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.50 ʪʘ 3.51. 
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ʈʠʩʫʥʦʢ 3.49 ï ʉʭʝʤʘ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʽʜʣʦʛʠ 

ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ 

 

ʊʘʙʣʠʮʷ 3.31 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ 

ɚ, 

ɺʪ/ʤĿʂ 

ɟ, 

ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 
ɼʝʨʝʚôʷʥʝ ʧʦʢʨʠʪʪʷ ʧʽʜʣʦʛʠ (ʜʫʙ, ʧʦʧʝʨʝʢ 

ʚʦʣʦʢʦʥ) 
0,23 700 

5 ɽʢʩʪʨʫʜʦʚʘʥʠʡ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ 0,037 35 

6 ɿʘʣʽʟʦʙʝʪʦʥ 2,04 2500 

7 
ʇʦʚʽʪʨʷʥʠʡ ʧʨʦʰʘʨʦʢ (ʘʚʪʦʤʘʪʠʯʥʘ 

ʩʠʤʫʣʷʮʽʷ ʚ THERM) 
- - 

8 
ɹʝʪʦʥ ʥʘ ʛʨʘʚʽʾ ʘʙʦ ʱʝʙʥʽ ʟ ʧʨʠʨʦʜʥʦʛʦ 

ʢʘʤʝʥʶ  
1,86 2400 

9 ʇʽʩʦʢ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ  0,58 1600 

10 ʨ̂ʫʥʪ 2,00 - 

11 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,053 200 
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ʈʠʩʫʥʦʢ 3.50 ï ɿʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM ʫ ʤʦʜʝʣʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ 

 

 

 

ʈʠʩʫʥʦʢ 3.51 ï ɯʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʫ ʬʨʘʛʤʝʥʪʽ 

ʢʦʥʪʘʢʪʫ ʮʦʢʦʣʷ ʽ ˇʨʫʥʪʫ 
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ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʫʪʪʻʚʝ ʧʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ. ɯʟʦʪʝʨʤʠ ʚ ʟʦʥʽ ʩʪʠʢʫ 

ʤʘʶʪʴ ʙʽʣʴʰ ʧʣʘʚʥʠʡ ʽ ʨʽʚʥʦʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʽʜʥʝ ʚʢʣʶʯʝʥʥʷ. ɺʽʜʤʽʯʘʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʢʨʘʱʝʥʥʷ 

ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʚ ʧʨʠʤʽʱʝʥʥʽ. 

ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒  ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. ʅʘ ʨʠʩʫʥʢʫ 3.52 ʟʦʙʨʘʞʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ï ʢʦʤʧʦʥʝʥʪ ɹ (ʧʣʠʪʘ ʧʝʨʝʢʨʠʪʪʷ). 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʫʟʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʪʘ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʣʽʥʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʟʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʶ 3.32. 

 

  
   ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 3.52 ï ʄʦʜʝʣʴ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʨʦʟʧʦʜʽʣ 

ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; ʙ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨ 
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ʊʘʙʣʠʮʷ 3.32 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 

ʇʦʭʠʙʢʘ, 

% 

 2D ʤʦʜʝʣ ɹ

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,1624 42,0 4,48 30,56 8,45% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,0538 42,0 13,54 30,59 8,45% 

ʂʦʤʧʦʥʝʥʪ A, 

ʦʜʥʦʨʽʜʥʠʡ 
     

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2146 42,0 1,00 9,01 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2146 42,0 1,00 9,01 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ, ʦʜʥʦʨʽʜʥʠʡ      

ʇʣʠʪʘ 

ʧʝʨʝʢʨʠʪʪʷ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2054 15,0 3,50 10,78 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2054 15,0 3,50 10,78 0,00% 

   

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  
L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 1,4224 0,89 0,531 
0,257 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 1,4229 0,89 0,532 

 

 ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ = 0,257 ɺʪ/(ʤĿʂ) 

ʜʣʷ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʧʦʨʽʚʥʷʥʦ ʟ 

ʙʘʟʦʚʠʤ ʚʘʨʽʘʥʪʦʤ, ʜʣʷ ʷʢʦʛʦ ɣ ʩʪʘʥʦʚʠʣʦ 0,531 ɺʪ/(ʤĿʂ). ɿʤʝʥʰʝʥʥʷ ʥʘ 51,6 % 

ʚʢʘʟʫʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ. ʇʦʢʨʘʱʝʥʠʡ ʚʫʟʦʣ ʜʝʤʦʥʩʪʨʫʻ 

ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʫ ʢʨʠʪʠʯʥʽʡ ʟʦʥʽ ʩʪʠʢʫ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʟ ʟʦʚʥʽʰʥʴʦʶ ʩʪʽʥʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʠʬʽʢʘʮʽʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʠʤ ʚʠʤʦʛʘʤ nZEB ʚ ʋʢʨʘʾʥʽ ʪʘ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʚ ʙʫʜʽʚʣʷʭ ʽʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʨʽʚʥʷ ʪʝʧʣʦʟʘʭʠʩʪʫ. 

 

3.1.7 ɺʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ 

ʟ ʬʘʩʘʜʥʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ 
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ʅʘ ʨʠʩʫʥʢʫ 3.53 ʥʘʚʝʜʝʥʦ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʬʘʩʘʜʥʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ. 

 

ʈʠʩʫʥʦʢ 3.53 ï ʉʭʝʤʘ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʜʦ ʟʦʚʥʽʰʥʽʭ 

ʩʪʽʥ ʟ ʬʘʩʘʜʥʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ 

 

ɿʦʚʥʽʰʥʷ ʮʝʛʣʷʥʘ ʩʪʽʥʘ ʫʪʝʧʣʝʥʘ ʤʽʥʝʨʘʣʴʥʦʶ ʚʘʪʦʶ ʪʦʚʱʠʥʦʶ 150 ʤʤ. 

ʌʫʥʜʘʤʝʥʪʥʘ ʩʪʽʥʘ ʫʪʝʧʣʝʥʘ ʰʘʨʦʤ ʝʢʩʪʨʫʜʦʚʘʥʦʛʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʪʦʚʱʠʥʦʶ 

100 ʤʤ ʥʘ ʜʦʚʞʠʥʫ 1 ʤ. ʇʣʠʪʘ ʤʽʞ ʦʧʘʣʶʚʘʣʴʥʠʤ ʧʦʚʝʨʭʦʤ ʪʘ ˇʨʫʥʪʦʤ 

ʟʘʣʽʟʦʙʝʪʦʥʥʘ, ʪʦʚʱʠʥʦʶ 120 ʤʤ, ʤʘʻ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʫ ʧʦʜʫʰʢʫ ʟ ʝʢʩʪʨʫʜʦʚʘʥʦʛʦ 

ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʪʦʚʱʠʥʦʶ 30 ʤʤ. ʇʘʨʘʤʝʪʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʦʚʘʥʠʭ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1. ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.33. 
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ʊʘʙʣʠʮʷ 3.33 ï ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʫʟʣʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʬʘʩʘʜʥʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ 

ʋʤʦʚʥʽ 

ʧʦʟʥʘʢʠ 
ʄʘʪʝʨʽʘʣ 

ɚ, 

ɺʪ/ʤĿʂ 

ɟ, 

ʢʛ/ʤį 

1 ʈʦʟʯʠʥ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʡ 0,93 1800 

2 ʋʪʝʧʣʶʚʘʯ ʤʽʥʝʨʘʣʦʚʘʪʥʠʡ 0,050 150 

3 ʎʝʛʣʷʥʘ ʢʣʘʜʢʘ (ʢʝʨʘʤʽʯʥʘ) 0,81 1800 

4 
ɼʝʨʝʚôʷʥʝ ʧʦʢʨʠʪʪʷ ʧʽʜʣʦʛʠ (ʜʫʙ, ʧʦʧʝʨʝʢ 

ʚʦʣʦʢʦʥ) 
0,23 700 

5 ɽʢʩʪʨʫʜʦʚʘʥʠʡ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ 0,037 35 

6 ɿʘʣʽʟʦʙʝʪʦʥ 2,04 2500 

10 ʨ̂ʫʥʪ 2,00 - 

 

ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ THERM. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.54 ï 3.56. 

 

 

ʈʠʩʫʥʦʢ 3.54 ï ɿʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM ʫ ʤʦʜʝʣʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ 
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ʈʠʩʫʥʦʢ 3.55 ï ʈʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʫ ʤʦʜʝʣʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ 

 

 

 

ʈʠʩʫʥʦʢ 3.56 ï ɯʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʫ ʤʦʜʝʣʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ 
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ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʨʦʛʨʘʤʽ THERM 

ʜʣʷ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ, ʥʝʦʙʭʽʜʥʦ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʽʟʦʪʝʨʤʠ ʟʛʫʱʫʶʪʴʩʷ ʙʽʣʷ ʩʪʠʢʫ ʫʪʝʧʣʶʚʘʯʘ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʟ 

ʧʣʠʪʦʶ ʧʽʜʣʦʛʠ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʣʦʢʘʣʽʟʦʚʘʥʽ ʪʝʧʣʦʚʪʨʘʪʠ. ʅʘʧʨʷʤʢʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, ʚʽʟʫʘʣʽʟʦʚʘʥʽ ʚʝʢʪʦʨʥʦʶ ʜʽʘʛʨʘʤʦʶ, ʪʘʢʦʞ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʽʜʩʠʣʝʥʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʫ ʜʽʣʷʥʮʽ ʩʪʠʢʫʚʘʥʥʷ ʩʪʽʥʠ ʪʘ ʧʽʜʣʦʛʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʰʘʨʫ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʥʘ 

ʟʦʚʥʽʰʥʽʡ ʩʪʽʥʽ, ʷʢʠʡ ʝʬʝʢʪʠʚʥʦ ʪʨʠʤʘʻ ʟʦʥʠ ʟʥʠʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʘʣʽ ʚʽʜ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʤʽʱʝʥʥʷ. 

ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒  ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. ʅʘ ʨʠʩʫʥʢʫ 3.57 ʟʦʙʨʘʞʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ï ʢʦʤʧʦʥʝʥʪ ɹ (ʧʣʠʪʘ ʧʽʜʣʦʛʠ). 

 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 3.57 ï ʄʦʜʝʣʴ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ: ʘ) ʨʦʟʧʦʜʽʣ 

ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; ʙ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨ 
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ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʫʟʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʪʘ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʣʽʥʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʟʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʶ 3.34. 

 

ʊʘʙʣʠʮʷ 3.34 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ 

ʧʦ ˇʨʫʥʪʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʬʘʩʘʜʥʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 
ʇʦʭʠʙʢʘ, % 

2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,3928 42 2,00 33,00 9,78% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 0,0734 42 10,70 32,99 9,78% 

ʂʦʤʧʦʥʝʥʪ A, 

ʦʜʥʦʨʽʜʥʠʡ 
     

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2732 42,0 1,00 11,47 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,2732 42,0 1,00 11,47 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ, 

ʦʜʥʦʨʽʜʥʠʡ 
     

ʇʣʠʪʘ 

ʧʽʜʣʦʛʠ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,8421 15,0 1,00 12,63 0,00% 

ɿʦʚʥʽʰʥʽ 

ʦʙʤʽʨʠ 
0,8419 15,0 1,00 12,63 0,00% 

   

ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ  

L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,7856 0,5740 0,212 
0,212 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,7854 0,5739 0,212 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ THERM ʜʣʷ 

ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ = 0,212 ɺʪ/(ʤĿʂ). ɺʘʨʪʦ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʦʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʠʤ 

ʚʠʤʦʛʘʤ ʧʨʠʡʥʷʪʠʤ ʋʢʨʘʾʥʽ ʜʣʷ ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ.  
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ɹʘʟʦʚʠʡ ʚʫʟʦʣ ʙʫʣʦ ʧʦʢʨʘʱʝʥʦ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʫʪʝʧʣʝʥʥʷ 

ʟʦʚʥʽʰʥʴʦʾ ʮʝʛʣʷʥʦʾ ʪʘ ʬʫʥʜʘʤʝʥʪʥʦʾ ʩʪʽʥ (ʨʠʩʫʥʦʢ 3.58). 

 

 

ʈʠʩʫʥʦʢ 3.58 ï ʉʭʝʤʘ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʬʘʩʘʜʥʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ 

 

ʊʦʚʱʠʥʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʙʫʣʘ ʟʙʽʣʴʰʝʥʘ ʜʦ 200 ʤʤ, 

ʘ ʬʫʥʜʘʤʝʥʪʥʦʾ ʩʪʽʥʠ ʜʦ 150 ʤʤ. ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʠʰʘʶʪʴʩʷ 

ʪʘʢʠʤʠ, ʷʢ ʽ ʚ ʙʘʟʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 3.33. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.59 ï 3.61. 
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ʈʠʩʫʥʦʢ 3.59 ï ɿʘʩʪʦʩʦʚʘʥʘ ʩʽʪʢʘ FEM ʫ ʤʦʜʝʣʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ 

 

 

ʈʠʩʫʥʦʢ 3.60 ï ʈʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʫ ʤʦʜʝʣʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ 
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ʈʠʩʫʥʦʢ 3.61 ï ɯʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʫ ʤʦʜʝʣʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʫʟʣʘ 

 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ THERM 

ʜʣʷ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ, ʥʝʦʙʭʽʜʥʦ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʝʣʠʢʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝ 

ʚʠʷʚʣʷʻʪʴʩʷ. ɯʟʦʪʝʨʤʠ  ʪʘʢʦʞ ʟʛʫʱʫʶʪʴʩʷ ʙʽʣʷ ʩʪʠʢʫ ʫʪʝʧʣʶʚʘʯʘ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʟ 

ʧʣʠʪʦʶ ʧʽʜʣʦʛʠ. ɿ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚʠʜʥʦ, ʱʦ ʚʽʜʙʫʚʩʷ ʥʝʟʥʘʯʥʠʡ ʟʩʫʚ 

ʧʨʠʯʠʥʦʶ ʷʢʦʤʫ ʻ ʟʙʽʣʴʰʝʥʘ ʪʦʚʱʠʥʘ ʪʝʧʣʦʽʟʦʣʷʮʽʾ. 

ʊʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʘ ʜʽʣʷʥʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ð ʢʦʤʧʦʥʝʥʪ ɸ 

(ʩʪʽʥʘ) ð ̒  ʽʜʝʥʪʠʯʥʦʶ ʪʽʡ, ʱʦ ʨʦʟʛʣʷʥʫʪʘ ʚ ʧ. 3.1.1. ʅʘ ʨʠʩʫʥʢʫ 3.62 ʟʦʙʨʘʞʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ï ʢʦʤʧʦʥʝʥʪ ɹ (ʧʣʠʪʘ ʧʽʜʣʦʛʠ). ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ 

ʟʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʶ 3.35. 
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ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 3.62 ï ʄʦʜʝʣʴ ʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʫʟʣʘ: ʘ) ʨʦʟʧʦʜʽʣ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; ʙ) ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ 

 

ʊʘʙʣʠʮʷ 3.35 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ 

ʧʦ ˇʨʫʥʪʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʬʘʩʘʜʥʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ 

 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ 

ʚʫʟʦʣ 

U, 

(ɺʪ/ʤ2ẗʂ) 
ȹT, K l, ʤ 

ū, 

ɺʪ/ʤ 

ʇʦʭʠʙʢʘ, 

% 

 2D 

ʤʦʜʝʣʴ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,3623 42,0 2,00 30,43 4,47% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,0680 42,0 10,65 30,42 4,47% 

ʂʦʤʧʦʥʝʥʪ A, ʦʜʥʦʨʽʜʥʠʡ       

ʉʪʽʥʘ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,2146 42,0 1,00 9,01 0,00% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,2146 42,0 1,00 9,01 0,00% 

ʂʦʤʧʦʥʝʥʪ ɹ, ʦʜʥʦʨʽʜʥʠʡ      

ʇʣʠʪʘ 

ʧʽʜʣʦʛʠ 

ɺʥʫʪʨʽʰʥʽ 

ʦʙʤʽʨʠ 0,8491 15,0 1,00 12,74 0,00% 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,8488 15,0 1,00 12,73 0,00% 

   

 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  
L2D, 

(ɺʪ/ʤẗʂ) 

Uẗl, 
(ɺʪ/ʤẗʂ) 

Ɋ, 

(ɺʪ/ʤẗʂ) 
Ɋ-ʩʝʨʝʜʥʻ, 

(ɺʪ/ʤẗʂ) 

ɺʥʫʪʨʽʰʥʽ ʦʙʤʽʨʠ 0,7246 0,5179 0,207 
0,207 

ɿʦʚʥʽʰʥʽ ʦʙʤʽʨʠ 0,7242 0,5177 0,206 

ʅʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʨʘʱʝʥʦʛʦ ʚʫʟʣʘ ʧʨʠʤʠʢʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ, ʫ ʷʢʦʤʫ ʪʦʚʱʠʥʫ 



140 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʠ ʟʙʽʣʴʰʝʥʦ ʜʦ 200 ʤʤ, ʘ ʜʣʷ ʬʫʥʜʘʤʝʥʪʥʦʾ 

ʩʪʽʥʠ ð ʜʦ 150 ʤʤ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ 

= 0,207 ɺʪ/(ʤĿʂ). ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʩʚʽʜʯʠʪʴ ʧʨʦ  ʥʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʝʧʣʦʚʪʨʘʪ ʫ ʟʦʥʽ ʩʪʠʢʫʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʱʦ ʪʘʢʦʞ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʽʟʦʪʝʨʤʽʯʥʽʡ ʢʘʨʪʽ. 

ʆʩʥʦʚʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʫ ʪʦʚʱʽ ˇʨʫʥʪʫ, ʘ ʟʦʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ 

ʟʘʣʠʰʠʣʘʩʷ ʨʽʚʥʦʤʽʨʥʦ ʪʝʧʣʦʶ, ʙʝʟ ʟʥʘʯʥʠʭ ʣʦʢʘʣʴʥʠʭ ʧʝʨʝʦʭʦʣʦʜʞʝʥʴ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʜʘʥʠʡ ʚʫʟʦʣ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʽ ʧʘʩʠʚʥʠʭ ʙʫʜʽʚʣʷʭ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʩʠʩʪʝʤʥʠʡ 

ʘʥʘʣʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟ ʣʽʥʽʡʥʠʤʠ ʪʝʧʣʦʧʨʦʚʽʜʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʽ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʩʝʨʝʜʦʚʠʱʽ THERM ʟ ʤʝʪʦʶ 

ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʮʠʭ ʚʫʟʣʽʚ ʥʘ ʟʘʛʘʣʴʥʽ ʪʝʧʣʦʚʪʨʘʪʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʣʽʥʽʡʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ɣ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʦʭʦʧʣʶʚʘʣʦ ʪʠʧʦʚʽ ʚʫʟʣʠ, ʪʘʢʽ ʷʢ: ʧʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ 

ʜʦ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ, ʟʦʥʫ ʢʫʪʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʩʪʽʥ, ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪ 

ʧʝʨʝʢʨʠʪʪʷ ʜʘʭʽʚ ʽ ʙʘʣʢʦʥʽʚ ʜʦ ʩʪʽʥʠ, ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʧʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʜʦ ʩʪʽʥ (ʟʦʥʘ ʧʝʨʝʤʠʯʢʠ, ʧʽʜʚʽʢʦʥʥʷ ʪʘ ʨʷʜʦʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ), 

ʧʨʠʤʠʢʘʥʥʷ ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ ʪʘ ʧʨʠʤʠʢʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ. ɼʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʷʢ ʙʘʟʦʚʫ, ʪʘʢ 

ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʧʦʢʨʘʱʝʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʨʽʰʝʥʴ: 

ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʫʪʝʧʣʶʚʘʯʘ, ʚʠʥʦʩʥʠʡ ʤʦʥʪʘʞ ʚʽʢʦʥ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ: 
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¶ ʟʥʘʯʝʥʥʷ ɣ-ʬʘʢʪʦʨʽʚ ʫ ʙʘʟʦʚʠʭ ʚʫʟʣʘʭ ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʜʣʷ ʙʫʜʽʚʝʣʴ ʟ ʤʘʡʞʝ 

ʥʫʣʴʦʚʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ (nZEB), ʱʦ ʚʢʘʟʫʻ ʥʘ ʩʫʪʪʻʚʽ ʣʦʢʘʣʴʥʽ 

ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ; 

¶ ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚʫʟʣʽʚ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʟʥʘʯʝʥʥʷ ɣ ʜʦ ʨʽʚʥʷ 

ʥʘ 30ï70 % ʥʠʞʯʝ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʪʘ ʧʽʜʭʦʜʽʚ; 

¶ ʥʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʧʦʢʨʘʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʣʽʢʚʽʜʘʮʽʾ 

ʩʫʮʽʣʴʥʠʭ ʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʝʨʝʨʠʚʘʶʪʴ ʪʝʧʣʦʽʟʦʣʷʮʽʶ 

(ʙʘʣʢʦʥ-ʩʪʽʥʘ, ʧʘʨʘʧʝʪ-ʩʪʽʥʘ), ʪʘ ʧʨʠ ʟʤʽʱʝʥʥʽ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚ 

ʟʦʥʫ ʫʪʝʧʣʶʚʘʯʘ (ʚʠʥʦʩʥʠʡ ʤʦʥʪʘʞ); 

¶ ʫ ʟʦʥʘʭ ʢʫʪʦʚʠʭ ʩʪʠʢʽʚ ʪʘ ʧʨʠʤʠʢʘʥʴ ʧʣʠʪ ʙʘʣʢʦʥʽʚ/ʧʝʨʝʢʨʠʪʪʽʚ ʥʘʚʽʪʴ 

ʥʝʟʥʘʯʥʽ ʧʦʨʫʰʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʫʪʝʧʣʝʥʥʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʽʟʢʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; 

¶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ THERM ʜʦʟʚʦʣʠʣʦ ʥʝ ʣʠʰʝ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʪʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʧʨʦʙʣʝʤʥʽ ʟʦʥʠ, ʘʣʝ ʡ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʽ 

ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʦʙôʻʢʪʠʚʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʨʽʰʝʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʫʟʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ, ʘ ʪʘʢʦʞ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʘʶʪʴ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʚʫʟʣʽʚ ʫ 

ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʣʷʭ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʦ, 

ʪʘʢʦʞ ʟʘʩʚʽʜʯʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʾ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʟ 

ʢʘʪʘʣʦʞʥʠʤʠ ʜʘʥʠʤʠ ʚʫʟʣʽʚ ʪʘ ʟʥʘʯʝʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʭʥʦʣʦʛʽʡ ʽ ʚʠʤʦʛ nZEB. 
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ʈʆɿɼɯʃ 4 ɽʅɽʈɻɽʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɽʅɽʈɻʆʇʆʊʈɽɹʀ ʅɸ 

ʆʇɸʃɽʅʅʗ ʊɸ ʆʍʆʃʆɼɾɽʅʅʗ ɿ ɺʈɸʍʋɺɸʅʅʗʄ ʊɽʇʃʆʇʈʆɺɯɼʅʀʍ 

ɺʂʃʖʏɽʅʔ  

ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʩʪʘʻ ʘʢʪʫʘʣʴʥʝ ʧʠʪʘʥʥʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ, ʚʠʟʥʘʯʝʥʠʭ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɺ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʜʦʮʽʣʴʥʽʰʝ ʨʦʟʛʣʷʜʘʪʠ ʨʽʯʥʫ ʝʥʝʨʛʝʪʠʯʥʫ 

ʧʦʪʨʝʙʫ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʘ ʥʝ ʟʘʛʘʣʴʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʻ ʤʝʪʦʜʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʽʟʦʣʶʚʘʪʠ ʚʧʣʠʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʚʽʜ ʚʪʨʘʪ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʨʦʙʦʪʦʶ 

ʽʥʞʝʥʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʯʠʩʪʦʪʫ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ 

ʪʝʨʤʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʙʫʜʽʚʣʽ, ʜʝ ʻʜʠʥʦʶ ʟʤʽʥʥʦʶ ʻ ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɽʥʝʨʛʝʪʠʯʥʘ ʧʦʪʨʝʙʘ ʻ ʙʽʣʴʰ ʥʘʦʯʥʦʶ ʤʝʪʨʠʢʦʶ ʫ 

ʢʦʥʪʝʢʩʪʽ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʢ̒ʪʥʠʭ ʨʽʰʝʥʴ ʽʟ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʤʽʩʪʢʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʫ ʟʤʽʥʫ ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʙʫʜʽʚʣʶ ʙʝʟ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ (ʪʠʧʫ ʂʂɼ ʩʠʩʪʝʤ ʘʙʦ 

ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ). 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʝʥʝʨʛʝʪʠʯʥʝ 

ʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ DesignBuilder, ʦʩʥʦʚʥʽ 

ʧʝʨʝʚʘʛʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ ʙʫʣʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʚ ʨʦʟʜʽʣʽ 2 (ʧʫʥʢʪ 3).  

ʃʦʛʽʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʝʥʝʨʛʦʧʦʪʨʝʙʫ 

ʙʫʜʽʚʝʣʴ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ DesignBuilder ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 

4.1.  

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʚʘ ʪʠʧʠ ʙʫʜʽʚʝʣʴ: ʙʫʜʽʚʣʷ 

ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ (ʛʨʦʤʘʜʩʴʢʘ ʙʫʜʽʚʣʷ) ʪʘ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ (ʊɺ) ʚ ʫʤʦʚʘʭ ʨʽʟʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  

ʋ ʙʣʦʢ "ɺʭʽʜʥʽ ʜʘʥʽ" ʚʽʜʥʦʩʷʪʴʩʷ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ: ʢʣʽʤʘʪ 

(ʤʝʪʝʦʜʘʥʽ), ʛʝʦʤʝʪʨʽʷ ʙʫʜʽʚʣʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʆʂ), 

ʽʥʞʝʥʝʨʥʽ ʤʝʨʝʞʽ, ʛʨʘʬʽʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʥʫʪʨʽʰʥʽ ʪʝʧʣʦʥaʜʭʦʜʞʝʥʥʷ ʪʦʱʦ. ʎʝʡ 
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ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʩʪʠʯʥʝ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʦʚʥʦʤʫ 

ʧʨʦʬʽʣʽ ʙʫʜʽʚʣʽ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʙʫʜʽʚʣʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʩʮʝʥʘʨʽʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʪʘ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʆʂ, ʚʠʟʥʘʯʝʥʦʛʦ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʩʥʫʶʯʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʚʽʪʯʠʟʥʷʥʠʭ ʤʝʪʦʜʠʢ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 1.1. ʉʬʦʨʤʦʚʘʥʽ ʩʮʝʥʘʨʽʾ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.1. 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ  
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ʊʘʙʣʠʮʷ 4.1 ï ʈʝʟʫʣʴʪʘʪʠ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

 ̄ ʉʮʝʥʘʨʽʡ ʆʧʠʩ ʩʮʝʥʘʨʽʶ 

1 ɹʘʟʦʚʠʡ ʙʝʟ ʊɺ 

ʍʘʨʘʢʪʝʨʠʟʫʻ ʽʩʥʫʶʯʠʡ (ʬʘʢʪʠʯʥʠʡ) ʩʪʘʥ ʪʝʧʣʦʚʦʾ 

ʦʙʦʣʦʥʢʠ, ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ. ɺʥʫʪʨʽʰʥʽ ʫʤʦʚʠ ʢʦʤʬʦʨʪʥʦʩʪʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʠʥʥʠʤ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ. 

2 
ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʙʝʟ 

ʊɺ 

ʇʦʢʨʘʱʝʥʠʡ ʨʽʚʝʥʴ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ  ʧʦ ʦʩʥʦʚʥʦʤʫ ʧʦʣʶ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʠʭ ʚʠʤʦʛ [10], ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ. ʅʘʷʚʥʘ ʩʠʩʪʝʤʘ 

ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʫ ʩʠʩʪʝʤʽ ʤʝʭʘʥʽʯʥʦʾ ʚʝʥʪʠʣʷʮʽʾ 

ʙʫʜʽʚʣʽ (ʰʢʦʣʠ). 

3 ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ æUtb 

ɸʥʘʣʦʛʽʯʥʠʡ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʮʝʥʘʨʽʡ, ʘʣʝ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʣʷ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [8]. 

4 
ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ Ɋ, ɢ 

ïɼʉʊʋ 9191 

ʇʦʢʨʘʱʝʥʠʡ ʨʽʚʝʥʴ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʫ ɼʦʜʘʪʢʘʭ ɻ ʪʘ 

ɼ ʜʦ [15]. 

5 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ Ɋ, ɢ 

ï ɼʉʊʋ 9191 ʽ 

ʜʝʪʘʣʽʟʦʚʘʥʝ ʚʽʢʥʦ 

ɸʥʘʣʦʛʽʯʥʠʡ ʜʦ 4-ʛʦ, ʩʮʝʥʘʨʽʡ ʚʨʘʭʦʚʫʻ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʟ ɼʦʜʘʪʢʽʚ ɻ ʪʘ ɼ [15] 

ʨʘʟʦʤ ʟ ʜʝʪʘʣʽʟʦʚʘʥʠʤʠ ʪʝʧʣʦʪʝʭʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʽʢʥʘ, ʷʢʽ ʟʘʜʘʶʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ 

ʩʢʣʦʧʘʢʝʪʘ ʪʘ ʚʽʢʦʥʥʦʾ ʨʘʤʠ. 

6 
ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ Ɋ, ɢ 

ï ISO 10211 

ʉʮʝʥʘʨʽʡ ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ 

ʙʘʟʦʚʠʭ ʚʫʟʣʽʚ ʆʂ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʫ ʨʦʟʜʽʣʽ 3 ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʤʦʛ [18]. 

7 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ Ɋ, ɢ 

ï ISO 10211, nZEB 

ʨʽʚʝʥʴ 

ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʂ ʪʘ ʧʦʢʘʟʥʠʢʽʚ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʙʫʣʠ ʧʦʢʨʘʱʝʥʥʽ ʜʦ ʨʽʚʥʷ 

nZEB. ʊʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʫ 

ʨʦʟʜʽʣʽ 3 ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʚʠʤʦʛ [18].  

 

4.1 ɽʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ 

ʟ ʤʽʞʥʘʨʦʜʥʦʾ ʙʘʟʠ International Weather for Energy Calculations (IWEC) [67], 

ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʦʾ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʎʷ ʙʘʟʘ ʜʘʥʠʭ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʦʩʪʦʚʽʨʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʽ ʟʘʙʝʟʧʝʯʫʻ 
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ʢʦʤʧʣʝʢʩʥʠʡ ʥʘʙʽʨ ʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʬʦʨʤʘʪʽ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʪʘ 

ʛʦʜʠʥʥʠʭ ʟʥʘʯʝʥʴ, ʘ ʩʘʤʝ: 

- ʪʝʤʧʝʨʘʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʤʘʢʩʠʤʘʣʴʥʽ, 

ʤʽʥʽʤʘʣʴʥʽ ʪʘ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ), ʘ ʪʘʢʦʞ ʧʦʛʦʜʠʥʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʨʠʚʽ; 

- ʧʦʢʘʟʥʠʢʠ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʱʦʤʽʩʷʯʥʦʤʫ ʪʘ 

ʧʦʛʦʜʠʥʥʦʤʫ ʬʦʨʤʘʪʽ; 

- ʢʦʤʧʦʥʝʥʪʠ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ (ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʾ), ʘʜʘʧʪʦʚʘʥʽ 

ʜʦ ʨʽʟʥʠʭ ʦʨʽʻʥʪʘʮʽʡ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; 

- ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʫ ʱʦʤʽʩʷʯʥʦʤʫ ʪʘ 

ʧʦʛʦʜʠʥʥʦʤʫ ʚʠʨʘʟʽ;  

- ʨʽʚʝʥʴ ʭʤʘʨʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʢʠ ʧʦʢʨʠʪʪʷ ʥʝʙʘ ʭʤʘʨʘʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʘʟʠ IWEC ̒ ʚʠʧʨʘʚʜʘʥʠʤ ʟʘʚʜʷʢʠ ʾʾ ʚʠʩʦʢʽʡ ʪʦʯʥʦʩʪʽ, 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʘʣʴʥʠʤ ʢʣʽʤʘʪʠʯʥʠʤ ʫʤʦʚʘʤ ʽ ʰʠʨʦʢʦʤʫ ʚʠʟʥʘʥʥʶ ʚ ʛʘʣʫʟʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ. ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʢʣʽʤʘʪʠʯʥʠʭ 

ʜʘʥʠʭ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ [68ï70]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʘ ʜʘʥʠʭ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʫ [3], ʦʩʥʦʚʥʽ ʢʣʽʤʘʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʡʦʥʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʢʘʟʘʥʽ ʫ ʪʘʙʣʠʮʽ 4.2. 

 

ʊʘʙʣʠʮʷ 4.2 ï ʂʣʽʤʘʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʫ 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ 20 

Áʉ 

ʌʘʢʪʠʯʥʘ ʩʝʨʝʜʥʷ ʚʥʫʪʨʽʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ 20 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ  -22 

ʉʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʨʽʢ 8 

ʉʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ -0,1 

ʊʨʠʚʘʣʽʩʪʴ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ 176 ʜʽʙ 

ʇʝʨʝʚʘʞʥʠʡ ʥʘʧʨʷʤ ʚʽʪʨʫ ʇʥ - 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʦʥʘ ʨʝʛʽʦʥʫ I 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʥʷ ʤʽʩʷʯʥʘ, Áʉ 

I II III IV V VI VII VIII IX X XI XII 

-4,7 -3,6 1,0 9,0 15,2 18,3 19,8 19,0 13,9 8,1 1,9 -2,5 
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ɿʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʫʟʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʨʘʭʦʚʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʤʦʛ [13] ʪʘ [18], ʷʢʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʚ ʨʦʟʜʽʣʽ 3 ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪʽʚ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʟ 

ʜʦʜʘʪʢʽʚ ɻ ʪʘ ɼ ʩʪʘʥʜʘʨʪʫ [15] ʫʟʘʛʘʣʴʥʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.3. 
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ʊʘʙʣʠʮʷ 4.3 ï  ʃʽʥʽʡʥʽ ʪʘ ʪʦʯʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʆʂ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʚʫʟʣʘ 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ɼʦʜʘʪʦʢ ɻ  

(ɼʉʊʋ 

9191) 

ɹʘʟʦʚʠʡ 

ʚʫʟʦʣ  

(ISO 

10211) 

ʇʦʢʨʘʱʝ-

ʥʠʡ ʚʫʟʦʣ 

(ISO 

10211) 

 

ʇʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ 

ʦʧʦʨʷʜʞʝʥʥʷʤ ʰʪʫʢʘʪʫʨʢʦʶ ʜʦ 

ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

0,090 0,100 0,071 

ʃ
ʽ
ʥ
ʽ
ʡ
ʥ
ʠ
ʡ

 Ɋ
 
,
 

ɺ
ʪ
/
ʤ
ẗʂ

 

ʂʫʪʦʚʝ ʩʧʦʣʫʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ 

ʮʝʛʣʠ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ ʰʪʫʢʘʪʫʨʢʦʶ 
0,135 0,181 0,155 

ʇʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʧʣʘʩʢʦʛʦ ʜʘʭʫ ʜʦ ʩʪʽʥʠ ʪʘ ʧʘʨʘʧʝʪʫ 
0,329 0,463 0,124 

ʇʨʠʤʠʢʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʮʝʛʣʠ ʟ 

ʦʧʦʨʷʜʞʝʥʥʷʤ ʰʪʫʢʘʪʫʨʢʦʶ ʜʦ 

ʙʘʣʢʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 

0,789 0,742 0,371 

ʇʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʫ ʟʦʥʽ ʧʝʨʝʤʠʯʢʠ 
0,081 0,115 0,015 

ʇʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʫ ʟʦʥʽ ʧʽʜʚʽʢʦʥʥʷ 
0,064 0,114 0,025 

ʇʨʠʤʠʢʘʥʥʷ ʚʽʢʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʫ ʟʦʥʽ ʨʷʜʦʚʦʛʦ 

ʩʧʦʣʫʯʝʥʥʷ 

0,071 0,095 0,017 

ʇʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ 

ʜʦ ʩʪʽʥʠ ʮʦʢʦʣʷ* 

- 0,531 0,257 

ʇʨʠʤʠʢʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʣʦʛʠ ʧʦ 

ˇʨʫʥʪʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʬʘʩʘʜʥʦʶ 

ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ 

0,980 0,212 0,207 

ɺʫʟʦʣ ʫʣʘʰʪʫʚʘʥʥʷ ʧʣʘʩʪʠʢʦʚʦʛʦ 

ʜʶʙʝʣʶ ʟ ʤʝʪʘʣʝʚʠʤ ʩʪʨʠʞʥʝʤ ʜʣʷ 

ʢʨʽʧʣʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ   

ʚ ʬʘʩʘʜʥʽʡ ʩʠʩʪʝʤʽ ʟ ʦʧʦʨʷʜʞʝʥʥʷʤ 

ʰʪʫʢʘʪʫʨʢʦʶ 

0,005 0,005** 0,005** 

ʊ
ʦ
ʯ
ʢ
ʦ
ʚ
ʠ
ʡ

 

ɢ
,
 
ɺ
ʪ
/
ʂ

 

*ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʚ ʜʦʜʘʪʢʫ ɻ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʪʽʥ ʟ ʦʩʥʦʚʦʶ 

ʟ ʤʝʪʘʣʝʚʦʛʦ ʧʨʦʬʽʣʶ, ʱʦ ʟʦʚʩʽʤ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʛʣʷʥʫʪʠʤ ʢʦʥʩʪʨʫʢʮʽʷʤ ʦʙôʻʢʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ 

** ʪʦʯʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʧʨʠʡʥʷʪʠʡ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ɼʦʜʘʪʢʫ ɼ ɼʉʊʋ 9191 
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4.1.1 ɽʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ 

 

ɼʣʷ ʮʽʣʝʡ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʤʝʪʨʽʷ ʙʫʜʽʚʣʽ ʙʫʣʘ ʚʽʜʪʚʦʨʝʥʘ ʥʘ 

ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʟ ʪʝʭʥʽʯʥʦʛʦ ʧʘʩʧʦʨʪʘ ʦʙôʻʢʪʫ. ɺʽʟʫʘʣʽʟʘʮʽʶ ʤʦʜʝʣʽ, ʩʪʚʦʨʝʥʦʾ ʚ 

ʩʝʨʝʜʦʚʠʱʽ DesignBuilder, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 4.2ï4.3.  

 

 

ʈʠʩʫʥʦʢ 4.2 - ʄʦʜʝʣʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʫʜʽʚʣʽ ʰʢʦʣʠ ʫ DesignBuilder 

 

 
ʈʠʩʫʥʦʢ 4.3 - ʇʨʠʢʣʘʜ ʟʦʥʫʚʘʥʥʷ ʤʦʜʝʣʽ  ʙʫʜʽʚʣʽ ʰʢʦʣʠ ʫ DesignBuilder 
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ɽʥʝʨʛʝʪʠʯʥʘ ʤʦʜʝʣʴ ʙʫʜʽʚʣʽ ʰʢʦʣʠ ʙʫʣʘ ʚʝʨʠʬʽʢʦʚʘʥʘ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟ ʬʘʢʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʫ 

ʜʦʩʣʽʜʞʝʥʥʷʭ [50, 71]. ɿʘʛʘʣʴʥʠʡ ʦʧʠʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ ʥʘʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ 

(ʰʢʦʣʠ) ʥʘʚʝʜʝʥʦ ʨʘʥʽʰʝ ʚ ʧʫʥʢʪʽ 2.1.1. ɼʝʪʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʘʢʪʠʯʥʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.4. 

 

ʊʘʙʣʠʮʷ 4.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʰʢʦʣʠ 

(ʬʘʢʪʠʯʥʠʡ ʩʪʘʥ) 

ʊʠʧ ʆʂ ʄʘʪʝʨʽʘʣ ŭ, ʤ 

ɚ, 

ɺʪ/ 

(ʤĿʂ) 

R0, 

ʤĮĿʂ/ɺ

ʪ 

Uo,  

ɺʪ/ʤĮĿ

ʂ 

ʇʣʦʱʘ, 

ʤĮ 

1 2 3 4 7 8 9 

ɿʦʚʥʽʰʥʷ ʩʪʽʥʘ 

ʈʦʟʯʠʥ ʮ/ʧ 0,03 0,93 

1,150* 0,868 3069,4 
ʎʝʛʣʘ ʢʝʨʘʤʽʯʥʘ 

ʧʫʩʪʦʪʽʣʘ. ʥʘ 

ʮ/ʧ 

0,5/0,

613 
0,58 

ʇʝʨʝʢʨʠʪʪʷ 

ʥʝʦʧʘʣʶʚʘʣʴʥʦʛʦ  

ʛʦʨʠʱʘ 

ɿʘʣʽʟʦʙʝʪʦʥ 0,22 2,04 

1,410 0,709 978,9 
ɻʨʘʚʽʡ 

ʢʝʨʘʤʟʠʪʦʚʠʡ 
0,15 0,14 

ʈʦʟʯʠʥ ʮ/ʧ 0,025 0,81 

ʉʫʤʽʱʝʥʝ 

ʧʦʢʨʠʪʪʷ 

ɿʘʣʽʟʦʙʝʪʦʥ 0,22 2,04 

0,432 2,315 1117,2 
ʈʦʟʯʠʥ ʮ/ʰ 0,05 0,64 

ʈʦʟʯʠʥ ʮ/ʧ 0,05 0,81 

ʈʫʙʝʨʦʡʜ 0,007 0,17 

ʇʝʨʝʢʨʠʪʪʷ 

ʥʝʦʧʘʣʶʚʘʣʴʥʦʛ

ʦ ʧʽʜʚʘʣʫ 

ɿʘʣʽʟʦʙʝʪʦʥ 0,22 2,04 

0,760 1,314 396,2 
ʈʦʟʯʠʥ ʮ/ʧ 0,05 0,81 

ʂʝʨʘʤʟʠʪʦʙʝʪʦʥ 0,1 0,41 

ʇʘʨʢʝʪ 0,015 0,23 

ʉʚʽʪʣʦʧʨʦʟʦʨʽ 

ʢʦʥʩʪʨʫʢʮʽʾ  

ʄʝʪʘʣʦʧʣʘʩʪʠʢ, 

ʜʝʨʝʚʦ, 

ʩʢʣʦʙʣʦʢʠ 

- - 0,350* 2,857 1089,4 

ɺʭʽʜʥʽ ʜʚʝʨʽ 
ʄʝʪʘʣʝʚʽ, 

ʜʝʚôʷʥʽ 
- - 0,470* 2,128 23,0 

ʆʧʘʣʶʚʘʣʴʥʠʡ 

ʧʽʜʚʘʣ (ʩʪʽʥʠ) 
ʉʝʢʮʽʷ ɸ ï 2,390 0,419 978,9 

ʇʽʜʣʦʛʘ ʜʦ 

ˇʨʫʥʪʫ 
ʉʝʢʮʽʷ ɺ  0,713 

1,403 
388,3 

*ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʟʘ ʧʣʦʱʝʶ ʧʦʢʘʟʥʠʢ 
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ɺ ʪʘʙʣʠʮʽ 4.5 ʥʘʚʝʜʝʥʦ ʦʧʠʩ ʧʨʠʡʥʷʪʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʽʚ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʝʡ, ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʣʽ ʰʢʦʣʠ ʷʢʽ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʧʨʠ ʝʥʝʨʛʝʪʠʯʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ. 

ʊʘʙʣʠʮʷ 4.5 ï ʇʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʽʚ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ 

ʙʫʜʽʚʣʽ ʰʢʦʣʠ 

ʇʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ 

 
ɿʘʩʪʦʩʦʚʘʥʦ ʜʦ ʚʩʽʭ ʩʮʝʥʘʨʽʾʚ 

ʤʦʜʝʣʶʚʘʥʥʷ 

1 2 

ʑʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ ʣʶʜʴʤʠ, ʣʶʜʝʡ/ʤ2 0,095 

ʌʘʢʪʦʨ ʧʨʠʚʝʜʝʥʦʾ ʤʝʪʘʙʦʣʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ 
0,9 - ʣʝʛʢʘ ʦʬʽʩʥʘ ʨʦʙʦʪʘ 

ɯʟʦʣʷʮʽʷ ʦʜʷʛʫ ʚʟʠʤʢʫ/ʚʣʽʪʢʫ, clo 1/0,5 

ɹʘʟʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʙʫʜʽʚʣʽ ʫ ʧʝʨʽʦʜ 

ʨʦʙʦʪʠ, Áʉ 
20 

ɹʘʟʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʙʫʜʽʚʣʽ ʫ ʥʝʨʦʙʦʯʠʡ 

ʯʘʩ, Áʉ 
17 

ɹʘʟʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʞʠʤʫ ʦʭʦʣʦʜʞʝʥʥʷ, 

Áʉ 
24 

ʊʝʤʧʝʨʘʪʫʨʘ ʯʝʨʛʦʚʦʛʦ ʨʝʞʠʤʫ 

ʦʭʦʣʦʜʞʝʥʥʷ, Áʉ 
27 

ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ, 

ɺʪ/ ʤ2 
6 

ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ, 

ɺʪ/ ʤ2 
7 

ʅʦʨʤʘʪʠʚʥʝ ʩʧʦʞʠʚʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ, 

ʣ/(ʤ2Ŀʜʝʥʴ) 
0,896 

ʂʦʝʬ̔ʮʽʻʥʪ ʩʝʟʦʥʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ɻɺʇ 
0,85 

ʅʦʨʤʘʪʠʚʥʘ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 

ʩʠʩʪʝʤʠ ʤʝʭʘʥʽʯʥʦʾ ʚʝʥʪʠʣʷʮʽʾ, ʛʦʜ-1 
1,5 

ʂʦʝʬʽʮʽʻʥʪ ʩʝʟʦʥʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ 
0,85 

ʂʦʝʬ̔ʮʽʻʥʪ ʩʝʟʦʥʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʦʭʦʣʦʜʞʝʥʥʷ 
2,25 

ʂʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʢʫʧʝʨʘʮʽʾ ʷʚʥʦʾ 

(sensible) ʪʝʧʣʦʪʠ 
0,65 (ʦʢʨʽʤ ʙʘʟʦʚʦʛʦ ʩʮʝʥʘʨʽʶ) 

 



151 

 ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʨʠʚʝʜʝʥʠʭ ʦʧʦʨʽʚ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʢʨʝʤʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʝʤʠ 

ʩʮʝʥʘʨʽʾʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʠʡ ʨʽʚʝʥʴ ʫʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 4.6, ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʾ (ʟʦʚʥʽʰʥʽ ʩʪʽʥʠ, 

ʧʝʨʝʢʨʠʪʪʷ, ʚʽʢʥʘ ʪʦʱʦ) ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ Uʧʨ, 

ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʘʙʦ ʽʛʥʦʨʫʶʪʴ ʚʧʣʠʚ ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ. 

¶ ɹʘʟʦʚʠʡ ʙʝʟ ʊɺ: ʚ ʮʴʦʤʫ ʚʘʨʽʘʥʪʽ ʪʝʧʣʦʚʘ ʦʙʦʣʦʥʢʘ ʚʽʜʦʙʨʘʞʘʻ ʬʘʢʪʠʯʥʠʡ 

ʩʪʘʥ ʥʝʟʘʜʦʚʽʣʴʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ, ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ, 

ʘ ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʧʣʦʩʢʦʾ ʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʣʘʩʪʠʚʦʩʪʽ ʬʘʢʪʠʯʥʠʭ ʆʂ ʙʫʣʠ ʟʘʟʥʘʯʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 4.4. 

¶ ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʙʝʟ ʊɺ: ʤʦʜʠʬʽʢʦʚʘʥʘ ʪʝʧʣʦʚʘ ʦʙʦʣʦʥʢʘ ʟ ʦʧʦʨʦʤ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʦ ʦʩʥʦʚʥʦʤʫ ʧʦʣʶ ʆʂ ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʠʤ ʚʠʤʦʛʘʤ 

[10]. ɹʝʟ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ. 

¶ ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ȹUtb: ʧʝʨʰʠʡ ʩʮʝʥʘʨʽʡ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʯʝʨʝʟ ʜʦʜʘʚʘʥʥʷ ʢʦʨʠʛʫʚʘʣʴʥʦʾ ʧʦʧʨʘʚʢʠ ς 0.10 

ɺʪ/ʤĮĿʂ [8] ʜʦ ʦʩʥʦʚʥʠʭ ʆʂ ʙʫʜʽʚʣʽ (ʟʦʚʥʽʰʥʽ ʩʪʽʥʠ, ʜʘʭ, ʧʽʜʣʦʛʘ). ʎʝʡ ʤʝʪʦʜ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʘʙʦ ʥʝʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ. 

¶ ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ Ɋ,ɢ ï ɼʉʊʋ 9191: ʚʨʘʭʦʚʫʶʪʴʩʷ ʣʽʥʽʡʥʽ ʪʘ ʪʦʯʢʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ (ʪʘʙʣʠʮʷ 4.3) ʟʛʽʜʥʦ ʜʦʜʘʪʢʽʚ ɻ ʪʘ ɼ [15]. 

ʅʝʜʦʣʽʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʣʽʥʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʻ ʾʭ ʟʥʘʯʥʝ 

ʦʙʤʝʞʝʥʥʷ ʦʭʦʧʣʝʥʥʷ ʪʠʧʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ. ʊʘʢ, ʜʣʷ ʚʫʟʣʘ 

ʧʨʠʤʠʢʘʥʥʷ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʽʜʣʦʛʠ ʥʘʜ ʥʝʦʧʘʣʶʚʘʥʠʤ ʧʽʜʚʘʣʦʤ ʜʦ ʩʪʽʥʠ 

ʮʦʢʦʣʷ, ʥʝ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʯʝʨʝʟ ʪʝ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʫ ʩʪʘʥʜʘʨʪʽ ʢʦʥʩʪʨʫʢʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʟ ʤʝʪʘʣʝʚʠʤ ʧʨʦʬʽʣʝʤ ʽ 

ʞʦʜʥʠʤ ʯʠʥʦʤ ʥʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʤʠ ʪʠʧʘʭ 

ʙʫʜʽʚʝʣʴ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʮʝʛʣʠ. ɸ ʚʫʟʦʣ ʧʨʠʤʠʢʘʥʥʷ ʛʦʨʠʱʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ 
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ʜʦ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʚʟʘʛʘʣʽ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʜʦʜʘʪʢʫ ɻ. ɼʣʷ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʨʠʛʫʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʮʝʥʘʨʽʶ. 

¶ ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ Ɋ,ɢ ï ɼʉʊʋ 9191 ʽ ʜʝʪʘʣʽʟʦʚʘʥʝ ʚʽʢʥʦ: ʚʩʽ ʨʦʟʨʘʭʦʚʘʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʘʣʠʰʘʶʪʴʩʷ ʯʠʥʥʠʤʠ ʽ ʜʣʷ ʮʴʦʛʦ ʩʮʝʥʘʨʽʶ, ʧʨʦʪʝ 

ʚʠʢʦʥʫʻʪʴʩʷ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʽʰʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʚʽʢʥʦ, 

ʚʨʘʭʦʚʫʶʯʠ ʧʽʜʚʠʱʝʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʥʘ ʩʪʠʢʫ ʩʢʣʘ ʟ ʨʘʤʢʦʶ. ɺ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ DesignBuilder ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʢʨʝʤʦ ʨʘʤʠ (UPVC) ʪʦʚʱʠʥʦʶ 6 ʩʤ ʟ Uï3,476 ɺʪ/ʤĮĿʂ ʪʘ Uï1,000 ɺʪ/ʤĮĿʂ 

ʜʣʷ ʩʢʣʦʧʘʢʝʪʫ. ɸ ʚʽʜʥʦʰʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʢʨʘʶ ʩʢʣʦʧʘʢʝʪʫ ʜʦ ʡʦʛʦ 

ʮʝʥʪʨʘʣʴʥʦʾ ʟʦʥʠ ʩʢʣʘʣʦ 1,2. 

¶ ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ Ɋ,ɢ ï ISO 10211: ʥʘʡʙʽʣʴʰ ʜʝʪʘʣʽʟʦʚʘʥʠʡ ʩʮʝʥʘʨʽʡ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʦʛʘʭ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ISO 10211. ʇʝʨʝʜʙʘʯʘʻ 

ʜʝʪʘʣʴʥʝ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʛʝʦʤʝʪʨʽʾ ʚʫʟʣʽʚ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ (ʨʦʟʜʽʣ 3 ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ). 

¶ ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ Ɋ,ɢ ï ISO 10211, nZEB ʨʽʚʝʥʴ: ʟʙʝʨʝʞʝʥʽ ʧʽʜʭʦʜʠ ʟ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʮʝʥʘʨʽʶ, ʧʨʦʪʝ ʨʽʚʝʥʴ ʽʟʦʣʷʮʽʾ ʆʂ ʧʽʜʚʠʱʝʥʠʡ ʜʦ ʚʠʤʦʛ 

ʙʫʜʽʚʝʣʴ ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ: 200 ʤʤ ʫʪʝʧʣʶʚʘʯʘ 

ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ, 300 ʤʤ ʜʣʷ ʥʝʦʧʘʣʶʚʘʣʴʥʠʭ ʛʦʨʠʱ, 400 ʤʤ ʜʣʷ ʩʫʤʽʱʝʥʦʛʦ 

ʧʝʨʝʢʨʠʪʪʷ ʪʘ 100 ʤʤ ʜʣʷ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ. ʊʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜʚʠʱʝʥʦ ʜʦ 0,9 ɺʪ/ʤĮĿʂ. 

ʆʙʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʚʩʽʭ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʩʮʝʥʘʨʽʾʚ ʙʫʣʦ 

ʫʟʘʛʘʣʴʥʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.6. 
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ʊʘʙʣʠʮʷ 4.5 ï ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʆʂ ʜʣʷ ʩʮʝʥʘʨʽʾʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʣʽ ʰʢʦʣʠ 

ʉʮʝʥʘʨʽʡ 
ɹʘʟʦʚʠʡ 

ʙʝʟ ʊɺ 

ɿʘʧʨʦʧʦʥʦ-

ʚʘʥʠʡ ʙʝʟ 

ʊɺ 

ɿʘʧʨʦʧʦʥʦʚʘ-

ʥʠʡ æUtb 

ɿʘʧʨʦʧʦʥʦʚʘ-

ʥʠʡ 

Ɋ, ɢ ïɼʉʊʋ 

9191 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

Ɋ, ɢ ï ɼʉʊʋ 

9191 ʽ 

ʜʝʪʘʣʽʟʦʚʘʥʝ 

ʚʽʢʥʦ 

ɿʘʧʨʦʧʦʥʦʚʘ-

ʥʠʡ 

Ɋ, ɢïISO 

10211 

ɿʘʧʨʦʧʦʥʦʚʘ-

ʥʠʡ 

Ɋ, ɢïISO 

10211, 

nZEB ʨʽʚʝʥʴ 

ʊʠʧ ʆʂ Uop, 

ɺʪ/ʤĮĿʂ 

Uop,  

ɺʪ/ʤĮĿʂ 

Uop+æUtb, 
ɺʪ/ʤĮĿʂ 

Uʧʨ,  

ɺʪ/ʤĮĿʂ 

Uʧʨ,  

ɺʪ/ʤĮĿʂ 

Uʧʨ,  

ɺʪ/ʤĮĿʂ 

Uʧʨ,  

ɺʪ/ʤĮĿʂ 

ɿʦʚʥʽʰʥʽ ʩʪʽʥʠ 0,868 0,250 0,350 0,379 0,379 0,390 0,269 

ʉʪʽʥʠ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʧʽʜʚʘʣʫ 

0,419 0,289 0,289 0,289 0,289 

0,289 0,289 

ʇʝʨʝʢʨʠʪʪʷ 

ʥʝʦʧʘʣʶʚʘʣʴʥʦ

ʛʦ ʛʦʨʠʱʘ 

0,709 0,167 0,267 0,267 0,267 

0,267 0,267 

ʉʫʤʽʱʝʥʝ 

ʧʝʨʝʢʨʠʪʪʷ 
2,315 0,143 0,243 0,174 0,174 

0,187 0,155 

ʇʝʨʝʢʨʠʪʪʷ 

ʥʝʦʧʘʣʶʚʘʣʴʥʦ

ʛʦ ʧʽʜʚʘʣʫ 

1,314 0,200 0,300 0,300 0,300 

0,257 0,228 

ʉʚʽʪʣʦʧʨʦʟʦʨʽ 

ʢʦʥʩʪʨʫʢʮʽʾ 
2,857 1,111 1,111 1,111 

3,476  

(UPVC ʨʘʤʘ) 

1,000 

 (ʩʢʣʦʧʘʢʝʪ) 

1,111 

0,900 

ɺʭʽʜʥʽ ʜʚʝʨʽ 2,128 1,111 1,111 1,111 1,111 1,111 
0,900 

ʇʽʜʣʦʛʘ ʜʦ 

ˇʨʫʥʪʫ 
1,403 0,369 0,469 0,533 0,533 

0,405 0,404 



154 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʷʮʽʾ ʨʽʯʥʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʪʨʝʙʠ ʥʘ 

ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʙʘʟʦʚʦʛʦ ʩʮʝʥʘʨʽʶ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.4. 

 
ʈʠʩʫʥʦʢ 4.4 - ɽʥʝʨʛʦʧʦʪʨʝʙʘ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʙʘʟʦʚʦʛʦ ʩʮʝʥʘʨʽʶ 

 

ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʜʥʦ, ʱʦ ʦʧʘʣʶʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʻ 

ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʣʽ. ʋ ʙʘʟʦʚʦʤʫ ʩʮʝʥʘʨʽʾ 

ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʙʫʜʽʚʣʽ ʽʩʪʦʪʥʦ ʟʫʤʦʚʣʝʥʘ ʟʥʘʯʥʠʤʠ ʪʝʧʣʦʚʪʨʘʪʘʤʠ ʯʝʨʝʟ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ. ɺ ʪʘʙʣʠʮʽ 4.6 ʪʘ ʥʘ ʨʠʩʫʥʢʫ 4.5 ʟʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʯʥʦʛʦ 

ʨʽʚʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ ʽʥʰʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʩʮʝʥʘʨʽʾʚ. 

 

ʊʘʙʣʠʮʷ 4.6 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʙʫʜʽʚʣʽ ʰʢʦʣʠ 

 ɽʥʝʨʛʦʧʦʪʨʝʙʘ  

ʥʘ ʦʧʘʣʝʥʥʷ,  

ʪʠʩ. ʢɺʪẗʛʦʜ/ʨʽʢ 

ɽʥʝʨʛʦʧʦʪʨʝʙʘ  

ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ,  

ʪʠʩ. ʢɺʪẗʛʦʜ/ʨʽʢ 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ; ʙʝʟ ʊɺ 113,6 88,5 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ; æUtb 141,2 79,1 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ;  Ɋ, ɢ ï ɼʉʊʋ 9191 136,1 78,1 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ;  Ɋ, ɢ ï ɼʉʊʋ 9191 ʽ 

ʜʝʪʘʣʽʟʦʚʘʥʝ ʚʽʢʥʦ 
140,0 66,6 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ;  Ɋ, ɢ ï ISO 10211 143,1 79,9 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ;  Ɋ, ɢ ï ISO 10211, nZEB 

ʨʽʚʝʥʴ 
110,4 89,6 
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ʈʠʩʫʥʦʢ 4.5 - ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʙʫʜʽʚʣʽ ʰʢʦʣʠ 

 

ʅʘ ʦʩʥʦʚʽ ʛʨʘʬʽʢʘ ʪʘ ʪʘʙʣʠʮʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ 

ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʪʝʧʣʦʚʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʰʢʦʣʠ, 

ʯʽʪʢʦ ʚʠʜʥʦ, ʱʦ ʥʘʡʚʠʱʠʡ ʧʦʢʘʟʥʠʢ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʟʘʬʽʢʩʦʚʘʥʦ ʜʣʷ ʩʮʝʥʘʨʽʶ "Ɋ,ɢ 

ï ISO 10211" ð 143,1 ʪʠʩ. ʢɺʪĿʛʦʜ/ʨʽʢ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʜʝʪʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʪʘ ʾʭ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ. ʈʽʟʥʠʮʷ ʜʣʷ ʦʧʘʣʝʥʥʷ ʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʩʮʝʥʘʨʽʻʤ ʙʝʟ ʊɺ ʩʪʘʥʦʚʠʪʴ 25,3%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʠʡ 

ʚʧʣʠʚ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. 

ʅʘʡʥʠʞʯʠʡ ʧʦʢʘʟʥʠʢ ð 110,4 ʪʠʩ. ʢɺʪĿʛʦʜ/ʨʽʢ ð ʫ ʩʮʝʥʘʨʽʾ "Ɋ,ɢ ï ISO 10211, nZEB 

ʨʽʚʝʥʴ". ʎʝ ʥʘ 2,8% ʤʝʥʰʝ ʟʘ ʧʦʢʘʟʥʠʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʦʙʦʣʦʥʢʠ ʚʽʜʧʦʚʽʜʥʦʾ 

ʤʽʥʽʤʘʣʴʥʠʤ ʚʠʤʦʛʘʤ [10], ʜʝ ʊɺ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʴ. ʊʦʙʪʦ ʧʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʚʦʾ 

ʦʙʦʣʦʥʢʠ ʜʦ ʚʠʤʦʛ nZEB ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʆʂ ʚʠʨʽʰʘʣʴʥʠʤ 

ʦʙʨʘʟʦʤ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʪʝʧʣʦʚʪʨʘʪ ʙʫʜʽʚʣʽ.  

ɸʥʘʣʽʟʫʶʯʠ ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʜʥʦ, ʱʦ ʥʘʡʚʠʱʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʝʤʦʥʩʪʨʫʻ ʩʮʝʥʘʨʽʡ (nZEB) ʨʽʚʥʷ ð 89,6 ʪʠʩ. ʢɺʪĿʛʦʜ/ʨʽʢ, ʘ ʥʘʡʥʠʞʯʝ ð 66,6 ʪʠʩ. 

ʢɺʪĿʛʦʜ/ʨʽʢ ʩʮʝʥʘʨʽʡ (Ɋ,ɢ ï ɼʉʊʋ 9191 ʽ ʜʝʪʘʣʽʟʦʚʘʥʝ ʚʽʢʥʦ). ʈʽʟʥʠʮʷ ʮʠʤʠ 

ʩʮʝʥʘʨʽʷʤʠ ʩʪʘʥʦʚʠʪʴ 25,7%. ʇʨʠʯʠʥʦʶ ʮʴʦʤʫ ʻ ʪʝ, ʱʦ ʥʘʜʣʠʰʢʦʚʘ ʽʟʦʣʷʮʽʷ 
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ʩʧʨʠʯʠʥʷʻ ʧʝʨʝʛʨʽʚʘʥʥʷ ʧʨʠʤʽʱʝʥʴ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ. ʊʦʙʪʦ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʙʘʣʘʥʩ ʤʽʞ ʦʧʘʣʝʥʥʷʤ ʽ ʦʭʦʣʦʜʞʝʥʥʷʤ, ʱʦʙ ʥʝ ʜʦʧʫʩʪʠʪʠ ʥʘʜʤʽʨʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʩʫʢʫʧʥʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ (ʦʧʘʣʝʥʥʷ + ʦʭʦʣʦʜʞʝʥʥʷ), ʦʯʝʚʠʜʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʪʘʢʦʞ ʻ ʩʮʝʥʘʨʽʡ "Ɋ,ɢ ï ISO 10211, nZEB 

ʨʽʚʝʥʴ", ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟʘʛʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 200,0 ʪʠʩ. ʢɺʪĿʛʦʜ/ʨʽʢ. ʉʮʝʥʘʨʽʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʬʘʢʪʦʨʫ ʜʝʤʦʥʩʪʨʫʻ ʙʽʣʴʰʠʡ ʧʦʢʘʟʥʠʢ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ, ʥʽʞ ʨʦʟʨʘʭʫʥʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʪʘʣʦʞʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʟ ɼʉʊʋ-9191, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʜʦʮʽʣʴʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʘ ʙʽʣʴʰ ʪʦʯʥʘ ʦʮʽʥʢʘ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ISO 10211 ʪʘ ʢʦʥʮʝʧʮʽʾ nZEB ʫ ʧʨʦʢ̒ʪʫʚʘʥʥʽ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʩʫʪʪʻʚʦʛʦ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ, ʦʩʦʙʣʠʚʦ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ.  

ʅʘ ʨʠʩʫʥʢʫ 4.6 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʧʦʜʽʣʫ ʦʧʝʨʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

(ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʪʘ ʨʘʜʽʘʮʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ) 

ʚʧʨʦʜʦʚʞ ʨʦʢʫ ʜʣʷ ʩʮʝʥʘʨʽʾʚ Ɋ,ɢ ï ISO 10211. 

 

 
ʈʠʩʫʥʦʢ 4.6 - ʈʦʟʧʦʜʽʣ ʦʧʝʨʘʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ ʰʢʦʣʠ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ (01.01 ï 01.03; 01.11 ï 31.12) ʦʙʠʜʚʘ 

ʩʮʝʥʘʨʽʾ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʣʘʚʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʜʝʥʥʠʡ ʯʘʩ ʟ ʜʦʙʦʚʠʤʠ 

ʢʦʣʠʚʘʥʥʷʤʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʫ ʚʘʨʽʘʥʪʽ nZEB ʻ ʩʪʘʙʽʣʴʥʦ ʚʠʱʦʶ ʥʘ å0,2ÁC, ʱʦ ʚʢʘʟʫʻ 

ʥʘ ʧʦʢʨʘʱʝʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ. 

ʇʝʨʽʦʜ ʚʝʩʥʘïʣʽʪʦ (01.04 ï 01.09) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʨʽʤʢʠʤ ʟʨʦʩʪʘʥʥʷʤ ʧʦʢʘʟʥʠʢʫ 

ʦʧʝʨʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʢʚʽʪʥʷ ʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʽʢʦʚʠʭ ʟʥʘʯʝʥʴ ʫ ʣʠʧʥʽïʩʝʨʧʥʽ 

(å37 ÁC), ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ ʱʦ ʰʢʦʣʘ ʧʝʨʝʙʫʚʘʻ ʥʘ ʢʘʥʽʢʫʣʘʭ ʽ ʥʦʨʤʘʪʠʚʥʠʡ ʨʝʞʠʤ 

ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʥʝ ʧʽʜʪʨʠʤʫʻʪʴʩʷ. ʆʩʽʥʥʶ (01.09 ï 01.11) ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʙʘʟʦʚʠʭ ʟʠʤʦʚʠʭ ʨʽʚʥʽʚ. ɿʘʛʘʣʦʤ, ʦʧʝʨʘʪʠʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚ nZEB-ʩʮʝʥʘʨʽʾ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʱʫ ʽʥʝʨʮʽʡʥʽʩʪʴ ʽ ʷʢʽʩʥʽʰʫ ʪʝʧʣʦʟʘʭʠʩʥʫ ʦʙʦʣʦʥʢʫ, 

ʧʨʦʪʝ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʣʽʪʥʴʦʛʦ ʢʦʤʬʦʨʪʫ. 

 

4.1.2 ɽʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʣʽ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʞʠʪʣʦʚʦʛʦ 

ʙʫʜʠʥʢʫ 

 

ɼʣʷ ʮʽʣʝʡ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʤʝʪʨʽʷ ʙʫʜʽʚʣʽ ʙʫʣʘ ʚʽʜʪʚʦʨʝʥʘ ʥʘ 

ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʟ ʘʣʴʙʦʤʫ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ [72]. ɺʽʟʫʘʣʽʟʘʮʽʶ ʤʦʜʝʣʽ, ʩʪʚʦʨʝʥʦʾ 

ʚ ʩʝʨʝʜʦʚʠʱʽ DesignBuilder, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 4.7ï4.8.  

 

 

ʈʠʩʫʥʦʢ 4.7 - ʄʦʜʝʣʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʫʜʽʚʣʽ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʫ DesignBuilder 
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ʈʠʩʫʥʦʢ 4.8 - ʇʨʠʢʣʘʜ ʟʦʥʫʚʘʥʥʷ ʤʦʜʝʣʽ  ʙʫʜʽʚʣʽ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ ʫ 

DesignBuilder 

 

ɿʘʛʘʣʴʥʠʡ ʦʧʠʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ ʥʘʚʝʜʝʥʦ 

ʨʘʥʽʰʝ ʚ ʧʫʥʢʪʽ 2.1.2. ɼʝʪʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʢʪʠʯʥʠʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.7. 

 

ʊʘʙʣʠʮʷ 4.7 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ (ʬʘʢʪʠʯʥʠʡ ʩʪʘʥ) 

ʊʠʧ ʆʂ ʄʘʪʝʨʽʘʣ ŭ, ʤ 
ɚ, ɺʪ/ 

(ʤĿʂ) 

R0, 

ʤĮĿʂ/ɺʪ 

Uo,  

ɺʪ/ʤĮĿʂ 

ʇʣʦʱʘ,  

ʤĮ 

1 2 3 4 7 8 9 

ɿʦʚʥʽʰʥʷ ʩʪʽʥʘ 

ʈʦʟʯʠʥ ʮ/ʧ 0,02 0,93 

0,911 1,098 1085,4 ʎʝʛʣʘ ʢʝʨʘʤʽʯʥʘ 

ʧʫʩʪʦʪʽʣʘ. ʥʘ ʮ/ʧ 
0,380 0,52 

ʇʝʨʝʢʨʠʪʪʷ 

ʥʝʦʧʘʣʶʚʘʣʴʥʦʛʦ  

ʛʦʨʠʱʘ 

ɿʘʣʽʟʦʙʝʪʦʥ 0,22 2,04 

1,143 0,875 474,3 
ɻʨʘʚʽʡ 

ʢʝʨʘʤʟʠʪʦʚʠʡ 
0,10 0,14 

ʈʦʟʯʠʥ ʮ/ʧ 0,5 0,81 

ʇʝʨʝʢʨʠʪʪʷ 

ʥʝʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʧʽʜʚʘʣʫ 

ɿʘʣʽʟʦʙʝʪʦʥ 0,22 2,04 

0,395 2,532 474,3 
ʈʦʟʯʠʥ ʮ/ʧ 0,015 0,93 

ʇʣʠʪʠ ʢʝʨʘʤʽʯʥʽ 

ʜʣʷ ʧʽʜʣʦʛʠ 
0,02 1,10 

ʉʚʽʪʣʦʧʨʦʟʦʨʽ 

ʢʦʥʩʪʨʫʢʮʽʾ 

(ʚʽʢʥʘ ʪʘ ʜʚʝʨʽ) 

ʄʝʪʘʣʦʧʣʘʩʪʠʢ, 

ʜʝʨʝʚʦ, 

ʩʢʣʦʙʣʦʢʠ 

- 
- 

 
0,518* 1,930 466,8 

*ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʟʘ ʧʣʦʱʝʶ ʧʦʢʘʟʥʠʢ 
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ɺ ʪʘʙʣʠʮʽ 4.8 ʥʘʚʝʜʝʥʦ ʦʧʠʩ ʧʨʠʡʥʷʪʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʽʚ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʝʡ, ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʣʽ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ, ʷʢʽ ʙʫʣʠ 

ʧʨʠʡʥʷʪʽ ʧʨʠ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. 

 

ʊʘʙʣʠʮʷ 4.8 ï ʇʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʽʚ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ 

ʙʫʜʽʚʣʽ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ 

ʇʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ 

 ɿʘʩʪʦʩʦʚʘʥʦ ʜʦ ʚʩʽʭ ʩʮʝʥʘʨʽʾʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʑʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ ʣʶʜʴʤʠ, ʣʶʜʝʡ/ʤ2 0,023 

ɯʟʦʣʷʮʽʷ ʦʜʷʛʫ ʚʟʠʤʢʫ/ʚʣʽʪʢʫ, clo 1/0,5 

ɹʘʟʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʙʫʜʽʚʣʽ ʫ ʧʝʨʽʦʜ ʨʦʙʦʪʠ, Áʉ 20 

ɹʘʟʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʙʫʜʽʚʣʽ ʫ ʥʝʨʦʙʦʯʠʡ ʯʘʩ, Áʉ 17 

ɹʘʟʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʞʠʤʫ ʦʭʦʣʦʜʞʝʥʥʷ, Áʉ 26 

ʊʝʤʧʝʨʘʪʫʨʘ ʯʝʨʛʦʚʦʛʦ ʨʝʞʠʤʫ ʦʭʦʣʦʜʞʝʥʥʷ, Áʉ 26 

ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ, ɺʪ/ ʤ2 2 

ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ, ɺʪ/ ʤ2 2 

ʅʦʨʤʘʪʠʚʥʝ ʩʧʦʞʠʚʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ, ʣ/(ʤ2Ŀʜʝʥʴ) 1,060 

ʅʦʨʤʘʪʠʚʥʘ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʩʠʩʪʝʤʠ ʤʝʭʘʥʽʯʥʦʾ 

ʚʝʥʪʠʣʷʮʽʾ, ʛʦʜ-1 

0,7 

ʂʦʝʬʽʮʽʻʥʪ ʩʝʟʦʥʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 1 

ʂʦʝʬ̔ʮʽʻʥʪ ʩʝʟʦʥʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ 1 

 

 ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʥʘʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʮʝʥʘʨʽʾʚ 

ʤʦʜʝʣʶʚʘʥʥʷ (ʪʘʙʣʠʮʷ 4.1), ʷʢ ʽ ʜʣʷ ʙʫʜʽʚʣʽ ʰʢʦʣʠ. ɿʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ Uʧʨ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʾ (ʟʦʚʥʽʰʥʽ ʩʪʽʥʠ, ʧʝʨʝʢʨʠʪʪʷ, ʚʽʢʥʘ 

ʪʦʱʦ) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.9. 
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ʊʘʙʣʠʮʷ 4.9 ï ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʆʂ ʜʣʷ ʩʮʝʥʘʨʽʾʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʣʽ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ 

ʙʫʜʠʥʢʫ 

ʉʮʝʥʘʨʽʡ 
ɹʘʟʦʚʠʡ 

ʙʝʟ ʊɺ 

ɿʘʧʨʦʧʦʥʦʚʘ-

ʥʠʡ ʙʝʟ ʊɺ 

ɿʘʧʨʦʧʦʥʦʚʘ-

ʥʠʡ æUtb 

ɿʘʧʨʦʧʦʥʦʚʘ-

ʥʠʡ 

Ɋ, ɢ ïɼʉʊʋ 

9191 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

Ɋ, ɢ ï ɼʉʊʋ 

9191 ʽ 

ʜʝʪʘʣʽʟʦʚʘʥʝ 

ʚʽʢʥʦ 

ɿʘʧʨʦʧʦʥʦʚʘ-

ʥʠʡ 

Ɋ, ɢïISO 

10211 

ɿʘʧʨʦʧʦʥʦʚʘ-

ʥʠʡ 

Ɋ, ɢïISO 

10211, 

nZEB ʨʽʚʝʥʴ 

ʊʠʧ ʆʂ Uop, 

ɺʪ/ʤĮĿʂ 

Uop,  

ɺʪ/ʤĮĿʂ 

Uop+æUtb, 
ɺʪ/ʤĮĿʂ 

Uʧʨ,  

ɺʪ/ʤĮĿʂ 

Uʧʨ,  

ɺʪ/ʤĮĿʂ 

Uʧʨ,  

ɺʪ/ʤĮĿʂ 

Uʧʨ,  

ɺʪ/ʤĮĿʂ 

ɿʦʚʥʽʰʥʽ 

ʩʪʽʥʠ 
1.098 0,250 0,350 0,487 0,487 0,636 0,344 

ʇʝʨʝʢʨʠʪʪʷ 

ʥʝʦʧʘʣʶʚʘʣʴʥ

ʦʛʦ ʛʦʨʠʱʘ 

0,875 0,167 0,267 0,267 0,267 0,267 0,267 

ʇʝʨʝʢʨʠʪʪʷ 

ʥʝʦʧʘʣʶʚʘʣʴʥ

ʦʛʦ ʧʽʜʚʘʣʫ 

2.532 0,200 0,300 0,300 0,300 0,267 0,232 

ʉʚʽʪʣʦʧʨʦʟʦʨʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʜʚʝʨʽ 

1.93 1,111 1,111 1,111 

3,476 

(UPVC ʨʘʤʘ) 

1,000 

(ʩʢʣʦʧʘʢʝʪ) 

1,111 0,900 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʷʮʽʾ ʨʽʯʥʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʪʨʝʙʠ ʥʘ 

ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʙʘʟʦʚʦʛʦ ʩʮʝʥʘʨʽʶ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.9. 

 
ʈʠʩʫʥʦʢ 4.9 - ɽʥʝʨʛʦʧʦʪʨʝʙʘ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʙʘʟʦʚʦʛʦ ʩʮʝʥʘʨʽʶ 

 

 ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʘ ʜʦ ʰʢʦʣʠ, ʪʘ ʮʽʣʢʦʤ 

ʣʦʛʽʯʥʘ ʪʝʥʜʝʥʮʽʷ ʨʽʚʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʽʢʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʚ ʟʠʤʦʚʽ ʤʽʩʷʮʽ (ʛʨʫʜʝʥʴ, ʩʽʯʝʥʴ, ʣʶʪʠʡ), ʜʝ ʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʦʩʷʛʘʻ ʙʣʠʟʴʢʦ 2000 ʢɺʪĿʛʦʜ/ʜʝʥʴ. ɿʘʛʘʣʴʥʘ ʨʽʯʥʘ ʧʦʪʨʝʙʘ ʚ 

ʪʝʧʣʦʚʽʡ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 230 000 ʢɺʪĿʛʦʜ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʝʧʣʦʚʪʨʘʪ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ. ʅʘʡʙʽʣʴʰʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʧʨʠʧʘʜʘʻ ʥʘ ʣʽʪʥʽ ʤʽʩʷʮʽ (ʣʠʧʝʥʴ ʪʘ ʩʝʨʧʝʥʴ), ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʶʪʴʩʷ ʫ ʤʝʞʘʭ 

ʚʽʜ -500 ʜʦ -800 ʢɺʪĿʛʦʜ/ʜʝʥʴ (ʥʝʛʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʥʘ ʛʨʘʬʽʢʫ). ʈʽʯʥʘ ʝʥʝʨʛʦʧʦʪʨʝʙʘ 

ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 17 000 ʢɺʪĿʛʦʜ, ʱʦ ʩʫʪʪʻʚʦ ʤʝʥʰʝ ʧʦʨʽʚʥʷʥʦ ʟ 

ʦʧʘʣʝʥʥʷʤ (~1:14), ʱʦ ʪʘʢʦʞ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ, ʜʝ 

ʦʧʘʣʶʚʘʣʴʥʠʡ ʩʝʟʦʥ ʪʨʠʚʘʻ ʜʦʚʰʝ ʪʘ ʤʘʻ ʙʽʣʴʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ. 

ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʜʥʦ, ʱʦ ʦʧʘʣʶʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʻ 

ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʣʽ. ʋ ʙʘʟʦʚʦʤʫ ʩʮʝʥʘʨʽʾ 

ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʙʫʜʽʚʣʽ ʽʩʪʦʪʥʦ ʟʫʤʦʚʣʝʥʘ ʟʥʘʯʥʠʤʠ ʪʝʧʣʦʚʪʨʘʪʘʤʠ ʯʝʨʝʟ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 
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ʚʢʣʶʯʝʥʴ. ɺ ʪʘʙʣʠʮʽ 4.10 ʪʘ ʥʘ ʨʠʩʫʥʢʫ 4.10 ʟʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʽʯʥʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ ʽʥʰʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʩʮʝʥʘʨʽʾʚ. 

 

ʊʘʙʣʠʮʷ 4.10 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʙʫʜʽʚʣʽ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ 

 ɽʥʝʨʛʦʧʦʪʨʝʙʘ  

ʥʘ ʦʧʘʣʝʥʥʷ,  

ʪʠʩ. ʢɺʪẗʛʦʜ/ʨʽʢ 

ɽʥʝʨʛʦʧʦʪʨʝʙʘ  

ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ,  

ʪʠʩ. ʢɺʪẗʛʦʜ/ʨʽʢ 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ; ʙʝʟ ʊɺ 117,2 35,0 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ; æUtb 129,4 32,4 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ;  Ɋ, ɢ ï ɼʉʊʋ 9191 140,1 30,8 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ;  Ɋ, ɢ ï ɼʉʊʋ 9191 ʽ 

ʜʝʪʘʣʽʟʦʚʘʥʝ ʚʽʢʥʦ 134,5 35,5 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ;  Ɋ, ɢ ï ISO 10211 151,4 29,6 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ;  Ɋ, ɢ ï ISO 10211, nZEB 

ʨʽʚʝʥʴ 121,3 35,5 

 

ʈʠʩʫʥʦʢ 4.10 - ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʙʫʜʽʚʣʽ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ 
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ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʜʘʥʠʭ ʫ ʪʘʙʣʠʮʽ 4.10 ʪʘ ʥʘ ʨʠʩʫʥʢʫ 

4.10, ʚʠʜʥʦ, ʱʦ ʥʘʡʤʝʥʰʘ ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʥʘ ʧʦʪʨʝʙʠ ʦʧʘʣʝʥʥʷ, ʩʝʨʝʜ ʩʮʝʥʘʨʽʾʚ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ "Ɋ,ɢ ï ISO 

10211, nZEB ʨʽʚʝʥʴ" ï 121,3 ʪʠʩ. ʢɺʪĿʛʦʜ/ʨʽʢ. ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ï 151,4 ʪʠʩ. 

ʢɺʪĿʛʦʜ/ʨʽʢ ï ʦʪʨʠʤʘʥʦ ʜʣʷ ʩʮʝʥʘʨʽʶ "Ɋ,ɢ ï ISO 10211", ʱʦ ʚʢʘʟʫʻ ʥʘ ʟʥʘʯʥʠʡ ʚʧʣʠʚ 

ʪʝʧʣʦʚʠʭ ʤʽʩʪʢʽʚ ʥʘ ʨʽʚʝʥʴ ʝʥʝʨʛʦʧʦʪʨʝʙʠ. ʊʘʢ, ʨʽʟʥʠʮʷ ʤʽʞ ʜʘʥʠʤʠ ʩʮʝʥʘʨʽʷʤʠ 

ʩʪʘʥʦʚʠʪʴ ʩʫʪʪʻʚʠʭ 24,7%. ʉʮʝʥʘʨʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʟʛʽʜʥʦ ʟ ɼʉʊʋ9191 (ʚʢʣʶʯʘʶʯʠ 

ʜʝʪʘʣʽʟʘʮʽʶ ʚʽʢʥʘ) ʧʦʢʘʟʫʶʪʴ ʧʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ ï 134,5ï140,1 ʪʠʩ. ʢɺʪĿʛʦʜ/ʨʽʢ, ʱʦ 

ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʻ ʚʽʜʯʫʪʥʠʡ ʚʧʣʠʚ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ. 

 ʇʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʤʝʥʰ ʚʘʨʽʘʪʠʚʥʽ, ʪʘʢ, ʥʘʡʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ï 29,6 ʪʠʩ. ʢɺʪĿʛʦʜ/ʨʽʢ ï ʤʘʻ ʩʮʝʥʘʨʽʡ ʟ ʜʝʪʘʣʽʟʦʚʘʥʠʤ Ɋ,ɢ ʟʘ ISO 10211, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʟʥʠʞʝʥʥʷ ʥʝʙʘʞʘʥʦʛʦ ʧʝʨʝʛʨʽʚʫ ʚʥʘʩʣʽʜʦʢ ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʧʨʠʙʣʠʟʥʦ ʥʘ 30% ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 

ʩʮʝʥʘʨʽʻʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʪʘʣʦʞʥʠʭ ʜʘʥʠʭ [15]. ʅʘʡʙʽʣʴʰʝ ʩʧʦʞʠʚʘʥʥʷ ï 35,5 ʪʠʩ. 

ʢɺʪĿʛʦʜ/ʨʽʢ ï ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʮʝʥʘʨʽʾ ʙʝʟ ʊɺ ʪʘ nZEB. 

 ʆʧʝʨʘʪʠʚʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.11. 

 

 
ʈʠʩʫʥʦʢ 4.11 - ʈʦʟʧʦʜʽʣ ʦʧʝʨʘʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ 
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ʗʢ ʚʠʜʥʦ, ʫ ʩʮʝʥʘʨʽʾ ʟ nZEB-ʨʽʚʥʝʤ ʦʧʝʨʘʪʠʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʟʥʘʯʥʦ ʚʠʱʘ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʨʦʢʫ (å0,3ï0,4 ÁC, ʤʽʩʮʷʤʠ 0,6ï1,2 ÁC), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʢʨʘʱʫ 

ʪʝʧʣʦʟʘʭʠʩʥʫ ʦʙʦʣʦʥʢʫ, ʷʢʘ ʟʤʝʥʰʫʻ ʚʪʨʘʪʠ ʪʝʧʣʘ ʪʘ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʪʝʧʣʦʚʦʛʦ 

ʢʦʤʬʦʨʪʫ ʫ ʧʨʠʤʽʱʝʥʥʷʭ. ɿʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ (01.01ï31.03; 01.11ï31.12) ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʪʘʙʽʣʴʥʦ ʪʨʠʤʘʶʪʴʩʷ ʚ ʤʝʞʘʭ 17,5ï19,5 ÁC, ʟ ʤʝʥʰʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʚ nZEB-

ʩʮʝʥʘʨʽʾ ð ʮʝ ʚʘʞʣʠʚʦ ʜʣʷ ʢʦʤʬʦʨʪʫ ʚ ʫʤʦʚʘʭ ʤʽʥʽʤʘʣʴʥʦʛʦ ʦʧʘʣʝʥʥʷ. ɺ ʧʝʨʽʦʜ 

ʚʝʩʥʘïʣʽʪʦ (01.04ï01.09) ʫ nZEB-ʚʘʨʽʘʥʪʽ ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʜʝʱʦ ʰʚʠʜʰʝ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʝʩʥʽ, ʘ ʚʣʽʪʢʫ ʜʦʩʷʛʘʻ ʧʽʢʽʚ å29 ÁC. ʎʝ ʤʦʞʝ 

ʩʪʚʦʨʶʚʘʪʠ ʨʠʟʠʢʠ ʧʝʨʝʛʨʽʚʫ, ʦʩʦʙʣʠʚʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʦʥʮʝʟʘʭʠʩʪʫ ʯʠ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʦʞ ʢʨʠʚʘ nZEB-ʩʮʝʥʘʨʽʶ ʛʣʘʜʢʽʰʘ, ʟ ʤʝʥʰʦʶ 

ʘʤʧʣʽʪʫʜʦʶ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʱʫ ʽʥʝʨʮʽʡʥʽʩʪʴ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʦʙʪʦ, nZEB-ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʩʝʨʝʜʥʴʦʨʽʯʥʫ 

ʦʧʝʨʘʪʠʚʥʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʱʦ ʻ ʧʝʨʝʚʘʛʦʶ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ, ʦʜʥʘʢ ʤʦʞʝ ʧʦʪʨʝʙʫʚʘʪʠ 

ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʟ ʦʭʦʣʦʜʞʝʥʥʷ ʚʣʽʪʢʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʾ ʙʫʜʽʚʣʽ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʚʦʭ 

ʪʠʧʽʚ ʙʫʜʽʚʝʣʴ ï ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʪʘ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ï ʟ 

ʤʝʪʦʶ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ (ʊɺ) ʥʘ ʨʽʯʥʫ 

ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʽ 

ʩʮʝʥʘʨʽʾ ʪʝʧʣʦʚʦʾ ʦʙʦʣʦʥʢʠ, ʱʦ ʚʨʘʭʦʚʫʚʘʣʠ ʷʢ ʬʘʢʪʠʯʥʠʡ ʩʪʘʥ, ʪʘʢ ʽ ʧʦʢʨʘʱʝʥʽ 

ʚʘʨʽʘʥʪʠ, ʚʢʣʶʯʘʶʯʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʪʘ ʜʝʪʘʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʊɺ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɼʉʊʋ 9191 ʽ ɼʉʊʋ ISO-10211. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʊɺ ʥʘ 

ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɿʦʢʨʝʤʘ, ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʙʘʟʦʚʦʛʦ 

ʩʮʝʥʘʨʽʶ ʙʝʟ ʊɺ ʜʦ ʥʘʡʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʩʮʝʥʘʨʽʶ ʟ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʚʫʟʣʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʯʥʦʾ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ 
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ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 10% ʫ ʛʨʦʤʘʜʩʴʢʽʡ ʙʫʜʽʚʣʽ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʪʘ ʜʦ 

16% ʜʣʷ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ. ʅʘʡʛʽʨʰʠʡ ʧʦʢʘʟʥʠʢ ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ ʫ ʩʮʝʥʘʨʽʷʭ, ʱʦ 

ʚʢʣʶʯʘʣʠ ʣʠʰʝ ʙʘʟʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʊɺ ʙʝʟ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ, ʜʝ 

ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʧʽʜʚʠʱʫʚʘʣʘʩʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 20ï30% ʚʠʱʠʤʠ. ʎʝ ʜʝʤʦʥʩʪʨʫʻ 

ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʫ ISO 10211 ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ. 

ʑʦʜʦ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʟʚʦʨʦʪʥʫ 

ʪʝʥʜʝʥʮʽʶ: ʫ ʚʠʧʘʜʢʫ ʥʘʜʤʽʨʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʥʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʨʦʩʪʘʥʥʷʤ ʨʠʟʠʢʫ ʧʝʨʝʛʨʽʚʫ ʫ 

ʣʽʪʥʽʡ ʧʝʨʽʦʜ. ʅʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʬʽʢʩʦʚʘʥʦ ʫ 

ʩʮʝʥʘʨʽʾ ʟ ʜʝʪʘʣʽʟʦʚʘʥʠʤ ʚʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪ ʯʝʨʝʟ ʚʽʢʥʘ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʘ ʡ ʦʧʪʠʤʽʟʘʮʽʶ ʽʥʩʦʣʷʮʽʾ ʪʘ ʚʝʥʪʠʣʷʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʦʧʝʨʘʪʠʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʤʽʱʝʥʥʷʭ 

ʙʫʣʘ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʶ ʽ ʢʦʤʬʦʨʪʥʦʶ ʫ ʩʮʝʥʘʨʽʷʭ ʟ ʧʦʢʨʘʱʝʥʠʤ ʪʝʧʣʦʟʘʭʠʩʪʦʤ, 

ʦʩʦʙʣʠʚʦ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ. ʇʨʠ ʮʴʦʤʫ, ʜʣʷ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʟ 

nZEB-ʨʽʚʥʝʤ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʦʟʥʘʢʠ ʧʦʪʝʥʮʽʡʥʦʛʦ ʧʝʨʝʛʨʽʚʫ ʚʣʽʪʢʫ, ʱʦ ʚʠʤʘʛʘʻ 

ʜʦʜʘʪʢʦʚʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʽ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ (ʩʦʥʮʝʟʘʭʠʩʪ, ʢʝʨʦʚʘʥʘ ʚʝʥʪʠʣʷʮʽʷ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʚʘʜʣʠʚʽʩʪʴ ʛʣʠʙʦʢʦʛʦ ʚʨʘʭʫʚʘʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʧʨʠ ʦʮʽʥʮʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. ʅʘʡʢʨʘʱʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʪʠ ʧʨʠ ʘʥʘʣʽʟʽ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʤʦʛ ɼʉʊʋ ISO 10211 ʽ ʚʧʨʦʚʘʜʞʝʥʥʽ ʧʨʠʥʮʠʧʽ nZEB, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʷʢ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ, ʪʘʢ ʽ ʧʦʢʨʘʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʝʟʦʥʥʦʾ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʴ. 
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ɺʀʉʅʆɺʂʀ 

 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʪʝʨʤʽʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʦʢ (ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ) ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

1. ɹʫʣʦ ʛʣʠʙʦʢʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʪʘ ʪʦʯʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʋʢʨʘʾʥʽ. 

2. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʝʨʠʬʽʢʦʚʘʥʦ ʪʝʧʣʦʚʽ ʤʦʜʝʣʽ ʪʠʧʦʚʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʧʦʪʦʯʥʠʭ ʚʠʤʦʛ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʫʜʽʚʝʣʴ nZEB.  

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ THERM ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʟʦʥʠ ʥʘʡʙʽʣʴʰʠʭ 

ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʦʢʨʘʱʝʥʴ, ʟʦʢʨʝʤʘ: 

o ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʪʝʧʣʦʽʟʦʣʷʮʽʾ; 

o ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʥʦʩʥʦʛʦ ʤʦʥʪʘʞʫ ʚʽʢʦʥ; 

o ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʨʤʦʨʦʟʨʠʚʽʚ ʫ ʚʫʟʣʘʭ; 

o ʦʧʪʠʤʽʟʘʮʽʷ ʛʝʦʤʝʪʨʽʾ ʟ'ʻʜʥʘʥʴ. 

3. ʊʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʯʠʥʷʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʟʘʛʘʣʴʥʽ 

ʪʝʧʣʦʚʪʨʘʪʠ ʙʫʜʽʚʣʽ, ʟʥʠʞʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʦʢʨʘʱʝʥʽ ʚʫʟʣʠ, ʟʤʦʜʝʣʴʦʚʘʥʽ ʟʘ ʤʝʪʦʜʠʢʦʶ ISO 

10211, ʤʘʶʪʴ ʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʥʽʞ ʙʘʟʦʚʽ ʚʫʟʣʠ. ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʫ ʟʥʠʞʝʥʥʽ 

ʪʝʧʣʦʚʪʨʘʪ. ʅʘʡʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ɣ-ʬʘʢʪʦʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʩʢʣʘʜʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʠʢʽʚ, ʜʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʯʠ 

ʪʝʨʤʦʨʦʟʨʠʚʽʚ ʜʘʣʦ ʚʽʜʯʫʪʥʠʡ ʝʬʝʢʪ. ʅʘʡʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʦʩʷʛʥʫʪʦ ʚ ʚʫʟʣʘʭ ʟ ʧʦʪʝʥʮʽʡʥʦ ʥʘʡʚʠʱʠʤʠ ʪʝʧʣʦʚʪʨʘʪʘʤʠ ð 
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ʙʘʣʢʦʥʥʽ ʧʣʠʪʠ, ʧʘʨʘʧʝʪʠ, ʚʫʟʣʠ ʚʽʢʦʥ. ʊʘʢ, ʟʥʘʯʝʥʥʷ ɣ ʜʦʩʷʛʘʣʠ 0,742 ɺʪ/(ʤĿʂ) ʜʣʷ 

ʙʘʣʢʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʧʦʢʨʘʱʝʥʽ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʟʥʠʟʠʪʠ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʜʦ 0,371 ɺʪ/(ʤĿʂ), ʱʦ ʩʪʘʥʦʚʠʪʴ ʟʤʝʥʰʝʥʥʷ ʥʘ 50%. ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʡ 

ʝʬʝʢʪ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʻ ʨʽʰʝʥʥʷ ʟ ʚʠʥʦʩʥʠʤ 

ʤʦʥʪʘʞʝʤ ʚʽʢʥʘ, ʪʘʢ ʱʦ ʟʥʘʯʝʥʥʷ ɣ ʟʤʝʥʰʠʣʠʩʴ ʧʨʠʙʣʠʟʥʦ ʥʘ 80%. 

4. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʥʝʨʛʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʫ DesignBuilder ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ 7 ʩʮʝʥʘʨʽʾʚ ʜʣʷ ʜʚʦʭ ʪʠʧʽʚ ʙʫʜʽʚʝʣʴ (ʰʢʦʣʘ ʪʘ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ) ʟ 

ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʧʦʢʘʟʥʠʢʘ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ 

ʷʢʦʛʦ ʧʨʦʚʦʜʠʚʩʷ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ. 

5. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ ɦ ʦ ʽʛʥʦʨʫʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʘʥʠʞʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʫ ʨʦʟʨʘʭʫʥʢʘʭ, 

ʜʦ 30%. ʋ ʙʘʟʦʚʠʭ ʩʮʝʥʘʨʽʷʭ ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʥʘ ʦʧʘʣʝʥʥʷ ʙʫʣʘ ʟʘʚʠʱʝʥʘ ʚʥʘʩʣʽʜʦʢ 

ʥʝʧʨʦʜʫʤʘʥʠʭ ʚʫʟʣʽʚ. ɼʝʪʘʣʽʟʘʮʽʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ nZEB-ʩʮʝʥʘʨʽʷʭ 

ʜʦʟʚʦʣʠʣʘ ʟʤʝʥʰʠʪʠ ʨʽʯʥʫ ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʥʘ ʦʧʘʣʝʥʥʷ ʥʘ 25ï30%. 

6. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʤʦʜʝʣʽ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚʣʽʪʢʫ ʜʦ 25%, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʝʬʝʢʪʦʤ 

ʧʝʨʝʛʨʽʚʫ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʚʘʞʣʠʚʽʩʪʴ ʙʘʣʘʥʩʫʚʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʽʟ ʟʘʭʦʜʘʤʠ 

ʣʽʪʥʴʦʛʦ ʢʣʽʤʘʪ-ʢʦʥʪʨʦʣʶ. 

7. ɸʥʘʣʽʟ ʦʧʝʨʘʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʚʽʜʯʠʪʴ, ʱʦ ʧʦʢʨʘʱʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʩʧʨʠʷʻ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʫ ʟʠʤʦʚʠʡ 

ʧʝʨʽʦʜ, ʧʨʦʪʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʫʣʽʪʢʫ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʛʨʽʚʫ. 

8. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʠ ʩʝʨʪʠʬʽʢʘʮʽʾ, ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ, 

ʬʦʨʤʫʚʘʥʥʽ BIM-ʤʦʜʝʣʝʡ ʪʘ ʦʥʦʚʣʝʥʥʽ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʱʦʜʦ ʚʨʘʭʫʚʘʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ. 
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