
 

 

 

ʊɽʍʅʀʏɽʉʂʀ ʋʅʀɺɽʈʉʀʊɽʊ ï ʉʆʌʀʗ 

 
ɽʅɽʈɻʆʄɸʐʀʅʆʉʊʈʆʀʊɽʃɽʅ  ʌɸʂʋʃʊɽʊ 

ʂɸʊɽɼʈɸ ʊʆʇʃʀʅʅɸ ʀ ʍʃɸɼʀʃʅɸ ʊɽʍʅʀʂɸ  

 

 

 

 

ɸʩ. ʤʘʛ. ʠʥʞ. ɻʝʦʨʛʠ ɼʝʣʯʝʚ ʊʦʤʦʚ  

 

 

 

 

ʉʊʈʋʂʊʋʈʅʆ ï ʇɸʈɸʄɽʊʈʀʏɽʅ ɸʅɸʃʀɿ  

ʅɸ ʆʊɺʆʈɽʅɸ ʉʊɽʅɸ ʅɸ ʊʈʆʄɹ 
 

 

 

ɸ ɺ ʊ ʆ ʈ ɽ ʌ ɽ ʈ ɸ ʊ 
ʥʘ ʜʠʩʝʨʪʘʮʠʷ ʟʘ ʧʨʠʜʦʙʠʚʘʥʝ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʠ ʥʘʫʯʥʘ ʩʪʝʧʝʥ 

"ɼʆʂʊʆʈ" 

 

 

ʆʙʣʘʩʪ: 5. ʊʝʭʥʠʯʝʩʢʠ ʥʘʫʢʠ 

 

ʇʨʦʬʝʩʠʦʥʘʣʥʦ ʥʘʧʨʘʚʣʝʥʠʝ: 5.4. ɽʥʝʨʛʝʪʠʢʘ  

 

ʅʘʫʯʥʘ ʩʧʝʮʠʘʣʥʦʩʪ: ɽʥʝʨʛʦʧʨʝʦʙʨʘʟʫʚʘʱʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʠ  

 

 

 

 

ʅʘʫʯʝʥ ʨʲʢʦʚʦʜʠʪʝʣ: ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ʅʠʢʦʣʘ ʂʘʣʦʷʥʦʚ 
 

 

ʉʆʌʀʗ - 2018 ʛ. 
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ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʦʙʩʲʜʝʥ ʠ ʥʘʩʦʯʝʥ ʟʘ ʟʘʱʠʪʘ ʦʪ ʂʘʪʝʜʨʝʥʠʷ ʩʲʚʝʪ 

ʥʘ ʢʘʪʝʜʨʘ Ăʊʍʊñ ʢʲʤ ʌʘʢʫʣʪʝʪ ɽʄʌ ʥʘ ʊʋ-ʉʦʬʠʷ ʥʘ ʨʝʜʦʚʥʦ ʟʘʩʝʜʘʥʠʝ, 

ʧʨʦʚʝʜʝʥʦ ʥʘ 09.05.2018 ʛ. 

ʇʫʙʣʠʯʥʘʪʘ ʟʘʱʠʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʱʝ ʩʝ ʩʲʩʪʦʠ ʥʘ 27.09.2018 ʛ. oʪ 

13:00 ʯʘʩʘ ʚ ʂʦʥʬʝʨʝʥʪʥʘʪʘ ʟʘʣʘ ʥʘ ɹʀʎ ʥʘ ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ 

ʥʘ ʦʪʢʨʠʪʦ ʟʘʩʝʜʘʥʠʝ ʥʘ ʥʘʫʯʥʦʪʦ ʞʫʨʠ, ʦʧʨʝʜʝʣʝʥʦ ʩʲʩ ʟʘʧʦʚʝʜ ˉ ʆɾ-181 / 

29.05.2018 ʛ. ʥʘ ʈʝʢʪʦʨʘ ʥʘ ʊʋ-ʉʦʬʠʷ ʚ ʩʲʩʪʘʚ: 

1. ʇʨʦʬ.ʜ-ʨ.ʅʠʢʦʣʘ ʂʘʣʦʷʥʦʚ ï ʧʨʝʜʩʝʜʘʪʝʣ  

2. ɼʦʮ.  ʜ-ʨ ʎʚʝʪʘʥ ɹʦʞʢʦʚ ï ʥʘʫʯʝʥ ʩʝʢʨʝʪʘʨ 

3. ʇʨʦʬ. ʜ-ʨ ʀʚʘʥ ʂʘʩʘʙʦʚ  

4. ʇʨʦʬ. ʜ-ʨ ʅʠʥʘ ʇʝʥʢʦʚʘ  

5. ɼʦʮ. ʜ-ʨ ɺʘʩʠʣ ʁʦʨʜʘʥʦʚ 

 

ʈʝʮʝʥʟʝʥʪʠ: 

1.  ɼʦʮ.  ʜ-ʨ ʎʚʝʪʘʥ ɹʦʞʢʦʚ  

2.  ɼʦʮ. ʜ-ʨ ɺʘʩʠʣ ʁʦʨʜʘʥʦʚ 

 

 

 

ʄʘʪʝʨʠʘʣʠʪʝ ʧʦ ʟʘʱʠʪʘʪʘ ʩʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʠʥʪʝʨʝʩʫʚʘʱʠʪʝ ʩʝ ʚ 

ʢʘʥʮʝʣʘʨʠʷʪʘ ʥʘ ʌʘʢʫʣʪʝʪ ɽʄʌ ʥʘ ʊʋ-ʉʦʬʠʷ, ʙʣʦʢ ˉ2, ʢʘʙʠʥʝʪ ˉ 2344. 

 

ɼʠʩʝʨʪʘʥʪʲʪ ʝ ʩʚʦʙʦʜʝʥ ʜʦʢʪʦʨʘʥʪ ʢʲʤ ʢʘʪʝʜʨʘ Ăʊʍʊñ ʥʘ ɽʄʌ, ʊʋ-ʉʦʬʠʷ. 

ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʧʦ ʜʠʩʝʨʪʘʮʠʦʥʥʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʩʘ ʥʘʧʨʘʚʝʥʠ ʦʪ ʘʚʪʦʨʘ, ʢʘʪʦ 

ʥʷʢʦʠ ʦʪ ʪʷʭ ʩʘ ʧʦʜʢʨʝʧʝʥʠ ʦʪ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʨʦʝʢʪʠ. 

 

 

 

 

 

 

ɸʚʪʦʨ: ʘʩ. ʤʘʛ. ʠʥʞ. ɻʝʦʨʛʠ ʊʦʤʦʚ  

ɿʘʛʣʘʚʠʝ: Ăʉʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙò 

ʊʠʨʘʞ: 30 ʙʨʦʷ 

ʆʪʧʝʯʘʪʘʥʦ ʚ ʀʇʂ ʥʘ ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ 
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I. ʆɹʑɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʅɸ ɼʀʉɽʈʊɸʎʀʆʅʅʀʗ ʊʈʋɼ  

ɸʢʪʫʘʣʥʦʩʪ ʥʘ ʧʨʦʙʣʝʤʘ 
ʇʘʩʠʚʥʠʪʝ ʩʣʲʥʯʝʚʠ ʩʠʩʪʝʤʠ ʤʦʛʘʪ ʜʘ ʩʧʦʤʦʛʥʘʪ ʟʥʘʯʠʪʝʣʥʦ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ 

ʝʥʝʨʛʠʡʥʠʪʝ ʠ ʝʨʛʦʥʦʤʠʯʥʠ ʧʨʦʙʣʝʤʠ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʩʛʨʘʜʠ, ʥʦ ʣʠʧʩʚʘʪ ʟʘʜʲʣʙʦʯʝʥʠ ʠ 
ʥʘʜʝʞʜʥʠ ʘʥʘʣʠʟʠ ʟʘ ʝʥʝʨʛʠʡʥʘʪʘ ʠ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʠʤ ʝʬʝʢʪʠʚʥʦʩʪ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ 
ɹʲʣʛʘʨʠʷ.  

 
ʎʝʣ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ, ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ 
ʎʝʣʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ ʝ ʜʘ ʙʲʜʝ ʦʮʝʥʝʥ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʟʘ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʠʟʚʝʩʪʥʠ ʢʘʪʦ 
Ăʩʠʤʧʪʦʤʠ ʥʘ ʙʦʣʥʘʪʘ ʩʛʨʘʜʘñ. ʆʩʥʦʚʥʘʪʘ ʤʫ ʟʘʜʘʯʘ ʝ ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʦʧʨʦʩʪʝʥ ʤʦʜʝʣ ʟʘ 
ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʝʥʝʨʛʠʡʥʠʪʝ Ⱬ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʝʞʠʤ ʥʘ ʧʦʜʘʚʘʥʝ ʥʘ 
ʚʲʥʰʝʥ ʚʲʟʜʫʭ ʧʨʠ ʢʣʠʤʘʪʠʯʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ɹʲʣʛʘʨʠʷ. ʄʝʪʦʜʠʪʝ ʟʘ ʠʟʩʣʝʜʚʘʥʝ, 
ʠʟʧʦʣʟʚʘʥʠ ʚ ʨʘʟʨʘʙʦʪʢʘʪʘ, ʩʘ ʯʠʩʣʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʲʩ ʩʦʬʪʫʝʨ ʟʘ ʜʠʥʘʤʠʯʥʦ ʤʦʜʝʣʠʨʘʥʝ 
ʠ ʩʠʤʫʣʠʨʘʥʝ ʠ ʥʘʪʫʨʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʝʜʝʥʠ ʥʘ ʩʧʝʮʠʘʣʥʦ ʠʟʛʨʘʜʝʥʘ ʟʘ ʮʝʣʪʘ ʥʘ 
ʧʣʦʱʘʜʢʘʪʘ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘʪʘ ʙʘʟʘ ʥʘ ʊʋ ï ʉʦʬʠʷ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ.   

 
ʅʘʫʯʥʘ ʥʦʚʦʩʪ, ʧʨʘʢʪʠʯʝʩʢʘ ʧʨʠʣʦʞʠʤʦʩʪ ʠ ʘʧʨʦʙʘʮʠʷ 
ʀʟʚʲʨʰʝʥ ʝ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʘʩʠʚʝʥ ʝʣʝʤʝʥʪ Ăʆʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ 

ʊʨʦʤʙñ ʠ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʬʘʢʪʦʨʠʪʝ ʦʪ ʢʦʠʪʦ ʟʘʚʠʩʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʡ. ʈʘʟʨʘʙʦʪʝʥʘʪʘ 
ʤʝʪʦʜʠʢʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʚ ʨʝʞʠʤ ʧʦʜʘʚʘʥʝ ʥʘ ʚʲʥʰʝʥ 
ʚʲʟʜʫʭ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʨʝʰʘʚʘʪ ʧʨʦʝʢʪʥʠ ʠ ʧʨʦʚʝʨʦʯʥʠ ʟʘʜʘʯʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʧʘʩʠʚʥʠʷ 
ʝʣʝʤʝʥʪ ʟʘ ʨʝʰʘʚʘʥʝ ʧʨʦʙʣʝʤʘ Ăʩʠʥʜʨʦʤ ʥʘ ʙʦʣʥʘʪʘ ʩʛʨʘʜʘñ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʘʪʘ 
ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʩʛʨʘʜʠʪʝ ʚ ɹʲʣʛʘʨʠʷ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʤʥʦʛʦʬʘʢʪʦʨʥʠʪʝ ʯʠʩʣʝʥʠ ʤʦʜʝʣʥʠ 
ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʧʦʪʚʲʨʜʝʥʠ ʩ ʥʘʪʫʨʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠ ʥʘ ʠʟʛʨʘʜʝʥ ʟʘ ʮʝʣʪʘ ʝʢʩʧʝ-
ʨʠʤʝʥʪʘʣʝʥ ʩʪʝʥʜ ʚ ʦʙʝʢʪ Ăʧʘʩʠʚʥʘ ʢʲʱʘñ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʧʣʦʱʘʜʢʘ ʥʘ ʊʋ-ʉʦʬʠʷ. 

 
ʇʫʙʣʠʢʘʮʠʠ 
ʆʩʥʦʚʥʠ ʧʦʩʪʠʞʝʥʠʷ ʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ ʚ ʩʝʜʝʤ ʙʨʦʷ 

ʥʘʫʯʥʠ ʩʪʘʪʠʠ, ʦʪ ʢʦʠʪʦ ʝʜʥʘ ʩʘʤʦʩʪʦʷʪʝʣʥʘ. . 
 
ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʝʤ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ 
ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʚ ʦʙʝʤ ʦʪ 255 ʩʪʨʘʥʠʮʠ, ʢʘʪʦ ʚʢʣʶʯʚʘ 5 ʛʣʘʚʠ: Ăɺʲʚʝʜʝʥʠʝñ, 

Ăʇʘʩʠʚʥʠ ʩʣʲʥʯʝʚʠ ʩʠʩʪʝʤʠñ, Ăʉʪʝʥʘ ʥʘ ʊʨʦʤʙñ, Ăʉʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟñ, 
Ăʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙñ, Ăɿʘʢʣʶʯʝʥʠʝñ; ʩʧʠʩʲʢ ʥʘ 
ʦʩʥʦʚʥʠʪʝ ʧʨʠʥʦʩʠ, ʩʧʠʩʲʢ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʧʦ ʜʠʩʝʨʪʘʮʠʷʪʘ ʠ ʠʟʧʦʣʟʚʘʥʘ ʣʠʪʝʨʘʪʫʨʘ. 
ʎʠʪʠʨʘʥʠ ʩʘ ʦʙʱʦ 205 ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ, ʢʘʪʦ 141 ʩʘ ʥʘ ʣʘʪʠʥʠʮʘ ʠ 7 ʥʘ ʢʠʨʠʣʠʮʘ. 
ʈʘʙʦʪʘʪʘ ʚʢʣʶʯʚʘ ʦʙʱʦ 160 ʬʠʛʫʨʠ ʠ 42 ʪʘʙʣʠʮʠ. ɺ ʘʚʪʦʨʝʬʝʨʘʪʘ ʬʠʛʫʨʠʪʝ ʠ ʪʘʙʣʠʮʠʪʝ ʩʘ 
ʥʦʤʝʨʠʨʘʥʠ ʩʘʤʦʩʪʦʷʪʝʣʥʦ, ʥʦ ʩʲʦʪʚʝʪʥʠʪʝ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ ʦʟʥʘʯʝʥʠʷ ʟʘ ʜʘʜʝʥʠ ʚ ʩʢʦʙʠ. 

 

II. ʉʒɼʒʈɾɸʅʀɽ ʅɸ ɼʀʉɽʈʊɸʎʀʆʅʅʀʗ ʊʈʋɼ 

ɻʃɸɺɸ 1.  ɺʒɺɽɼɽʅʀɽ 

 
ʉʲʚʨʝʤʝʥʥʠʪʝ ʩʛʨʘʜʠ ʪʨʷʙʚʘ ʜʘ ʦʩʠʛʫʨʷʚʘʪ ʢʦʤʬʦʨʪ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ, ʢʘʪʦ 

ʩʲʱʝʚʨʝʤʝʥʥʦ ʩʘ ʝʥʝʨʛʠʡʥʦ ʝʬʝʢʪʠʚʥʠ ʠ ʝʢʦʣʦʛʠʯʥʠ, ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʝ 
ʥʘ ʚʲʟʦʙʥʦʚʷʝʤʘ ʝʥʝʨʛʠʷ. ʇʘʩʠʚʥʠʪʝ ʩʣʲʥʯʝʚʠ ʩʠʩʪʝʤʠ ʩʘ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʠʥʞʝʥʝʨʥʠ 
ʨʝʰʝʥʠʷ, ʢʦʠʪʦ ʦʪʛʦʚʘʨʷʪ ʥʘ ʪʝʟʠ ʫʩʣʦʚʠʷ ï ʝʥʝʨʛʠʡʥʠʪʝ ʠʤ ʨʘʟʭʦʜʠ (ʩʲʧʦʩʪʘʚʝʥʠ ʩ 
ʝʥʝʨʛʠʡʥʠʪʝ ʧʝʯʘʣʙʠ) ʠ ʝʢʦʣʦʛʠʯʥʠʷʪ ʦʪʧʝʯʘʪʲʢ ʟʘ ʮʝʣʠʷ ʠʤ ʞʠʟʥʝʥ ʮʠʢʲʣ ʩʘ ʧʨʝʥʝʙʨʝʞʠʤʦ 
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ʤʘʣʢʠ, ʦʩʚʝʥ ʪʦʚʘ ʩʘ ʠʟʛʨʘʜʝʥʠ ʦʪ ʣʝʩʥʦʜʦʩʪʲʧʥʠ ʝʩʪʝʩʪʚʝʥʠ ʤʘʪʝʨʠʘʣʠ. ɽʜʠʥʩʪʚʝʥʦʪʦ 
ʧʨʝʧʷʪʩʪʚʠʝ ʧʨʝʜ ʧʦ-ʰʠʨʦʢʦʪʦ ʠʤ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝ ʢʨʠʝ ʚ ʪʨʫʜʥʦʩʪʠʪʝ ʟʘ Ăʧʨʝʜʩʢʘʟʚʘʥʝñ 
ʥʘ ʝʬʝʢʪʘ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ, ʪʲʡ ʢʘʪʦ ʣʠʧʩʚʘʪ ʩʨʘʚʥʠʪʝʣʥʦ ʦʧʨʦʩʪʝʥʠ ʤʝʪʦʜʠ ʟʘ ʦʮʝʥʢʘ. 
ɺʩʝʢʠ ʢʦʥʢʨʝʪʝʥ ʚʘʨʠʘʥʪ ʠʟʠʩʢʚʘ ʢʦʤʧʣʝʢʩʝʥ ʘʥʘʣʠʟ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʠ, ʢʦʡʪʦ ʤʦʞʝ 
ʜʘ ʙʲʜʝ ʥʘʧʨʘʚʝʥ ʝʜʠʥʩʪʚʝʥʦ ʯʨʝʟ ʜʠʥʘʤʠʯʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʠʨʘʥʝ ʩ ʥʷʢʦʡ ʦʪ 
ʤʦʱʥʠʪʝ ʩʦʬʪʫʝʨʠ - EnergyPlus, ESP-r ʠ TRNSYS. ʇʨʦʙʣʝʤʲʪ ʝ, ʯʝ ʪʝʟʠ ʧʨʦʜʫʢʪʠ ʩʘ ʩʢʲʧʠ ʠ 
ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʠʟʠʩʢʚʘ ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʧʦʜʛʦʪʦʚʢʘ ʦʪ ʩʪʨʘʥʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ. ʊʦʚʘ 
ʥʘʣʘʛʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʝʚʪʠʥʠ, ʦʧʨʦʩʪʝʥʠ ʠ ʦʙʱʦʜʦʩʪʲʧʥʠ ʤʝʪʦʜʠ ʟʘ ʝʥʝʨʛʠʡʥʠ ʘʥʘʣʠʟʠ. 
ɺʩʠʯʢʦ ʪʦʚʘ, ʩʲʯʝʪʘʥʦ ʩ ʣʠʧʩʘʪʘ ʥʘ ʟʘʜʲʣʙʦʯʝʥʠ ʠ ʥʘʜʝʞʜʥʠ ʘʥʘʣʠʟʠ ʟʘ ʝʥʝʨʛʠʡʥʘʪʘ ʠ 
ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʧʘʩʠʚʥʠ ʩʣʲʥʯʝʚʠ ʩʠʩʪʝʤʠ ʚ ʫʩʣʦʚʠʷʪʘ 
ʥʘ ɹʲʣʛʘʨʠʷ, ʠʟʚʠʢʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʢʘʪʦ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ. 
ʅʘʫʯʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʚ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ ʩʝ ʬʦʢʫʩʠʨʘ ʚʲʨʭʫ ʧʘʩʠʚʥʘʪʘ ʩʣʲʥʯʝʚʘ 

ʩʠʩʪʝʤʘ Ăʩʪʝʥʘ ʥʘ ʊʨʦʤʙò ï ʚ ʯʘʩʪʥʦʩʪ ʢʲʤ ʦʪʚʦʨʝʥʘʪʘ  ʢʦʥʬʠʛʫʨʘʮʠʷ ʚ ʨʝʞʠʤ ʥʘ ʧʦʜʘʚʘʥʝ 
ʥʘ ʚʲʥʰʝʥ ʚʲʟʜʫʭ ʚ ʧʦʤʝʱʝʥʠʷʪʘ.  
ʎɽʃʊɸ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ ʝ ʜʘ ʙʲʜʝ ʦʮʝʥʝʥ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʟʘ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʠʟʚʝʩʪʥʠ ʢʘʪʦ 
Ăʩʠʤʧʪʦʤʠ ʥʘ ʙʦʣʥʘʪʘ ʩʛʨʘʜʘñ, ʢʘʪʦ ʩʝ ʩʲʟʜʘʜʝ ʦʧʨʦʩʪʝʥ ʤʦʜʝʣ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 
ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʝʥʝʨʛʠʡʥʠʪʝ Ⱬ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʝʞʠʤ ʥʘ ʧʦʜʘʚʘʥʝ ʥʘ ʚʲʥʰʝʥ ʚʲʟʜʫʭ ʧʨʠ 
ʢʣʠʤʘʪʠʯʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ɹʲʣʛʘʨʠʷ. ɽʊɸʇʀʊɽ ʥʘ ʨʘʟʨʘʙʦʪʢʘ ʩʘ: 

 
 ʇʨʦʫʯʚʘʥʝ  
ü ʇʨʝʛʣʝʜ ʥʘ ʧʨʝʜʭʦʜʥʠ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʧʘʩʠʚʥʠ ʩʣʲʥʯʝʚʠ ʩʠʩʪʝʤʠ; ʚʠʜʦʚʝʪʝ 
ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ. 
ü ɸʥʘʣʠʟ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʩʪʘʮʠʦʥʘʨʥʠ ʠ ʜʠʥʘʤʠʯʥʠ ʤʝʪʦʜʠ ʟʘ ʝʥʝʨʛʠʡʥʦ 
ʤʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʠʨʘʥʝ ʥʘ ʧʘʩʠʚʥʠ ʩʣʲʥʯʝʚʠ ʩʠʩʪʝʤʠ  

ü ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʚʣʠʷʝʱʠ ʚʲʨʭʫ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʦʪʚʦʨʝʥʘʪʘ  
 ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʚ ʨʝʞʠʤ ʥʘ ʧʦʜʘʚʘʥʝ ʥʘ ʚʲʥʰʝʥ ʚʲʟʜʫʭ.  
 
 ʉʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ  
ü ʏʠʩʣʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ  ʩʲʩ ʩʦʬʪʫʝʨ ʟʘ ʜʠʥʘʤʠʯʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʠʨʘʥʝ ʥʘ 
ʤʦʜʝʣ ʥʘ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʧʨʠ  ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ, 
ʛʝʦʤʝʪʨʠʯʥʦ ʢʦʥʬʠʛʫʨʠʨʘʥʘ ʩʲʦʙʨʘʟʥʦ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʩʧʝʮʠʘʣʥʦ ʠʟʛʨʘʜʝʥʠʷʪ 
ʦʙʝʢʪ Ăʇʘʩʠʚʥʘ ʢʲʱʘñ ʥʘ ʧʣʦʱʘʜʢʘʪʘ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘʪʘ ʙʘʟʘ ʥʘ ʊʋ ï ʉʦʬʠʷ, 
ʢʦʝʪʦ ʙʠ ʧʦʟʚʦʣʠʣʦ ʩʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʩ ʧʦʩʣʝʜʚʘʱʠ ʥʘʪʫʨʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ.  

ü ʆʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʪʦʧʣʦʬʠʟʠʯʝʩʢʠ ʠ ʦʧʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ 
ʧʨʦʟʨʘʯʥʠʷ, ʘʙʩʦʨʙʠʨʘʱʠʷ ʠ ʘʢʫʤʫʣʠʨʘʱʠʷ ʝʣʝʤʝʥʪʠ ʥʘ ʩʪʝʥʘʪʘ.  

ü ʆʧʪʠʤʠʟʠʨʘʥʝ ʨʝʞʠʤʘ ʥʘ ʨʘʙʦʪʘ ʧʦ ʚʨʝʤʝ (ʥʝʧʨʝʢʲʩʥʘʪ / ʧʦ ʯʘʩʦʚʝ) ʥʘ ʦʪʚʦʨʝʥʘʪʘ 
ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʧʨʠ ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ 

ü ʀʟʛʨʘʞʜʘʥʝ ʥʘ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʩʲʦʙʨʘʟʝʥʘ ʩ ʤʦʜʝʣʘ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ 
ʏʠʩʣʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʨʝʞʠʤʠ ʩ ʝʩʪʝʩʪʚʝʥʘ ʠ 
ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ. 

ü ʅʘʪʫʨʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʠ ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ 
ü ʉ̡ ʧʦʩʪʘʚʢʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʯʠʩʣʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠ ʥʘʪʫʨʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ 

 
 ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ   
ü ʏʠʩʣʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʲʩ ʩʦʬʪʫʝʨ ʟʘ ʜʠʥʘʤʠʯʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʠʨʘʥʝ ʥʘ ʦʪʚʦʨʝʥʘ 
 ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʧʨʠ ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ ʮʠʨʢʫʣʘʮʠʷ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʙʘʟʘ ʜʘʥʥʠ ʩ 
 ʨʝʟʫʣʪʘʪʠ ʟʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ ʚʘʨʠʨʘʥʝ ʥʘ 
 ʛʝʦʤʝʪʨʠʯʥʠʪʝ ʬʘʢʪʦʨʠ (ʨʘʟʤʝʨʠ ʥʘ ʩʪʝʥʘʪʘ: ʚʠʩʦʯʠʥʘ, ʰʠʨʦʯʠʥʘ, ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ 
 ʧʨʦʟʨʘʯʥʠʷ ʠ ʘʢʫʤʫʣʠʨʘʱʠʷ ʝʣʝʤʝʥʪʠ).  
ü ʏʠʩʣʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʲʩ ʩʦʬʪʫʝʨ ʟʘ ʜʠʥʘʤʠʯʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʠʨʘʥʝ ʥʘ ʦʪʚʦʨʝʥʘ 

 ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʧʨʠ ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ ʮʠʨʢʫʣʘʮʠʷ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʙʘʟʘ ʜʘʥʥʠ ʩ 
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 ʨʝʟʫʣʪʘʪʠ ʟʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʚʘʨʠʨʘʥʝ ʥʘ 
 ʢʣʠʤʘʪʠʯʥʠʪʝ ʬʘʢʪʦʨʠ (ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ).  
ü ɹʘʟʦʚ ʤʦʜʝʣ ʟʘ ʦʮʝʥʢʘ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ 

 ʊʨʦʤʙ ʚ ʨʝʞʠʤ ʥʘ ʧʦʜʘʚʘʥʝ ʥʘ ʚʲʥʰʝʥ ʚʲʟʜʫʭ ʟʘ ʧʨʝʜʩʪʘʚʠʪʝʣʥʘ ʛʦʜʠʥʘ  ʟʘ ʢʣʠʤʘʪʠʯʥʘ 
 ʟʦʥʘ ʉʦʬʠʷ: ɿʦʥʘ 5 ʧʦ ʢʣʘʩʠʬʠʢʘʮʠʷʪʘ ʥʘ ASHRAE .  
ü ʈʘʟʰʠʨʝʥ ʤʦʜʝʣ ʟʘ ʦʮʝʥʢʘ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ 
ʥʘ ʊʨʦʤʙ ʚ ʨʝʞʠʤ ʥʘ ʧʦʜʘʚʘʥʝ ʥʘ ʚʲʥʰʝʥ ʚʲʟʜʫʭ ʟʘ ʧʨʝʜʩʪʘʚʠʪʝʣʥʘ ʛʦʜʠʥʘ ʟʘ 
ʢʣʠʤʘʪʠʯʥʠ ʟʦʥʠ ʇʣʝʚʝʥ, ɺʘʨʥʘ, ʇʣʦʚʜʠʚ,  ʠ ʉʘʥʜʘʥʩʢʠ ï ASHRAE ɿʦʥʘ 4. ɸʥʘʣʠʟ ʥʘ 
ʪʦʯʥʦʩʪʪʘ ʥʘ ʈʘʟʰʠʨʝʥʠʷ ʤʦʜʝʣ ʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʤʫ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʭʦʜʷʱʠʪʝ 
ʧʘʨʘʤʝʪʨʠ. ʆʮʝʥʢʘ ʟʘ ʧʨʠʣʦʞʠʤʦʩʪʪʘ ʤʫ.  

ü ʆʙʦʙʱʝʥ ʤʦʜʝʣ ʠ ʄʝʪʦʜʠʢʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʨʘʙʦʪʘ ʥʘ 
ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʚ ʨʝʞʠʤ ʥʘ ʧʦʜʘʚʘʥʝ ʥʘ ʚʲʥʰʝʥ ʚʲʟʜʫʭ ʟʘ ʢʣʠʤʘʪʠʯʥʠʪʝ ʟʦʥʠ 
ʥʘ ɹʲʣʛʘʨʠʷ. 
 

 ɿʘʢʣʶʯʝʥʠʝ  
ü ʆʙʦʙʱʝʥʠʷ  
ü ʇʨʠʣʦʞʠʤʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ  
ü ʅʘʫʯʥʦ-ʧʨʠʣʦʞʥʠ ʠ ʧʨʠʣʦʞʥʠ ʧʨʠʥʦʩʠ   

 
 

ɻʃɸɺɸ 2.  ʇɸʉʀɺʅʀ ʉʃʒʅʏɽɺʀ ʉʀʉʊɽʄʀ 

ɽʥʝʨʛʠʡʥʠ ʠ ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʙʣʝʤʠ  
ʉ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʮʠʚʠʣʠʟʘʮʠʷʪʘ ʥʫʞʜʠʪʝ ʦʪ ʝʥʝʨʛʠʷ ʟʥʘʯʠʪʝʣʥʦ ʠʟʧʨʝʚʘʨʚʘʪ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʟʘʜʦʚʦʣʷʚʘʥʝʪʦ ʠʤ ʧʨʠ ʩʧʘʟʚʘʥʝ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ, ʢʦʝʪʦ 
ʥʘʣʘʛʘ ʢʘʢʪʦ ʢʦʨʝʥʥʦ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʦʜʭʦʜʠ. ʉʣʲʥʮʝʪʦ ʝ ʚ ʦʩʥʦʚʘʪʘ ʥʘ ʠʥʪʝʨʝʩʘ ʢʲʤ 
ʚʲʟʦʙʥʦʚʷʝʤʠʪʝ ʠʟʪʦʯʥʠʮʠ, ʧʦʷʚʠʣ ʩʝ ʩʣʝʜ ʝʥʝʨʛʠʡʥʠʪʝ ʢʨʠʟʠ ʠ ʟʘʧʣʘʭʠʪʝ ʦʪ ʝʢʦʣʦʛʠʯʥʠ 
ʢʘʪʘʩʪʨʦʬʠ.  

 
ʂʘʯʝʩʪʚʦ ʥʘ ʚʲʟʜʫʰʥʘʪʘ ʩʨʝʜʘ   
ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʰʥʘʪʘ ʩʨʝʜʘ  ʚ ʟʘʪʚʦʨʝʥʠ ʧʦʤʝʱʝʥʠʷ (IAQ ï Indoor Air Quolity) ʩʝ 

ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʩʪʝʧʝʥ ʥʘ ʫʜʦʚʦʣʝʪʚʦʨʝʥʦʩʪ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ ʦʪ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʊʦʟʠ 
ʧʦʢʘʟʘʪʝʣ  e ʩʚʲʨʟʘʥ ʢʘʢʪʦ ʩ ʫʩʝʱʘʥʝʪʦ ʟʘ ʩʚʝʞʝʩʪ ʠ ʢʦʤʬʦʨʪ, ʪʘʢʘ ʠ ʩʲʩ ʟʜʨʘʚʝʪʦ ʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʪʨʫʜʘ ʠ ʩʪʘʚʘ ʚʩʝ ʧʦ ʚʘʞʝʥ, ʧʨʝʜʚʠʜ ʪʝʥʜʝʥʮʠʷʪʘ ʞʠʪʝʣʠʪʝ ʥʘ 
ʛʨʘʜʦʚʝʪʝ ʜʘ ʧʨʝʢʘʨʚʘʪ ʤʘʣʢʦ ʚʨʝʤʝ ʥʘ ʦʪʢʨʠʪʦ. ʆʩʦʙʝʥʦ ʫʷʟʚʠʤʠ ʩʘ ʩʧʝʮʠʬʠʯʥʠ ʛʨʫʧʠ ʦʪ 
ʥʘʩʝʣʝʥʠʝʪʦ, ʘ ʠʤʝʥʥʦ: ʜʝʮʘ, ʙʨʝʤʝʥʥʠ ʞʝʥʠ, ʚʲʟʨʘʩʪʥʠ ʭʦʨʘ, ʢʘʢʪʦ ʠ ʪʝʟʠ ʩ ʨʝʩʧʠʨʘʪʦʨʥʠ 
ʠʣʠ ʘʣʝʨʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ɺ  ʧʦʩʣʝʜʥʠʪʝ ʜʚʝ ʜʝʩʝʪʠʣʝʪʠʷ ʦʪ ʤʠʥʘʣʠʷ ʚʝʢ ʚ ʨʘʟʚʠʪʠʪʝ 
ʩʪʨʘʥʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʘʣʝʨʛʠʯʥʠʪʝ ʠ ʘʩʪʤʘʪʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʩʝ ʝ ʫʜʚʦʠʣʦ ï ʩʣʝʜʩʪʚʠʝ 
ʛʣʘʚʥʦ ʥʘ ʚʣʦʰʝʥʦʪʦ ʢʘʯʝʩʪʚʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ, ʧʨʝʜʠʟʚʠʢʘʥʦ ʦʪ ʜʚʘ ʦʩʥʦʚʥʠ 
ʬʘʢʪʦʨʘ: ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʤʥʦʞʝʩʪʚʦ ʥʦʚʠ ʤʘʪʝʨʠʘʣʠ (ʦʩʦʙʝʥʦ ʧʦʣʠʤʝʨʠ) ʠ ʧʦʚʩʝʤʝʩʪʥʦʪʦ 
ʠʟʧʦʣʟʚʘʥʝ  ʥʘ ʝʣʝʢʪʨʦʥʥʠ ʫʩʪʨʦʡʩʪʚʘ; ʧʦʚʠʰʝʥʦʪʦ ʢʘʯʝʩʪʚʦ ʥʘ ʜʦʛʨʘʤʘʪʘ, ʩʚʝʞʜʘʱʦ 
ʠʥʬʠʣʪʨʘʮʠʷʪʘ ʥʘ ʚʲʥʰʝʥ ʚʲʟʜʫʭ ʧʦʯʪʠ ʜʦ ʥʫʣʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʤʥʦʞʝʩʪʚʦ ʥʘʫʯʥʠ 
ʠʟʩʣʝʜʚʘʥʠʷ ʩʚʠʜʝʪʝʣʩʪʚʘʪ ʟʘ ʪʦʚʘ,ʯʝ ʢʨʘʪʥʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʦʦʙʤʝʥʘ ʚ ʟʘʪʚʦʨʝʥʦ 
ʧʦʤʝʱʝʥʠʝ ʦʪ 0.17 ʜʦ 0.62 [1/h] ʥʘʤʘʣʷʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʦʪ ʧʦʷʚʘ ʥʘ ʘʣʝʨʛʠʯʥʠ ʩʠʤʧʪʦʤʠ 
ʥʘʧʦʣʦʚʠʥʘ ʠ ʨʝʜʫʮʠʨʘ ʟʥʘʯʠʪʝʣʥʦ ʨʠʩʢʘ ʦʪ ʟʘʙʦʣʷʚʘʥʝ ʦʪ ʘʩʪʤʘ ï ʬʠʛ.2-1. ʂʘʯʝʩʪʚʦʪʦ ʥʘ 
ʚʲʟʜʫʰʥʘʪʘ ʩʨʝʜʘ ʦʢʘʟʚʘ ʟʥʘʯʠʪʝʣʥʦ ʚʣʠʷʥʠʝ ʠ ʚʲʨʭʫ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ,  ʦʩʦʙʝʥʦ ʱʦ ʩʝ 
ʦʪʥʘʩʷ ʜʦ ʫʤʩʪʚʝʥ ʪʨʫʜ. ʆʪʯʝʪʝʥʘ ʚ ʨʘʟʣʠʯʥʠ ʜʝʡʥʦʩʪʠ, ʢʘʪʦ ʯʝʪʝʥʝ ʠ ʨʝʰʘʚʘʥʝ ʥʘ ʟʘʜʘʯʠ, 
ʧʨʠ ʜʝʮʘ ʜʦ 10 ʛʦʜʠʥʠ ʫʩʧʝʚʘʝʤʦʩʪʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʩ 15%.  
ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʙʲʣʛʘʨʩʢʠʪʝ ʫʯʠʣʠʱʘ ʝ ʣʦʰʦ, ʟʘʱʦʪʦ ʩʘ ʤʘʣʢʦ ʩʛʨʘʜʠʪʝ ʩ 

ʠʟʛʨʘʜʝʥʠ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʠʥʩʪʘʣʘʮʠʠ ʠ ʚ ʤʘʩʦʚʠʷ ʩʣʫʯʘʡ ʩʝ ʨʘʟʯʠʪʘ ʥʘ ʝʩʪʝʩʪʚʝʥʘ 
ʚʝʥʪʠʣʘʮʠʷ, ʢʘʪʦ ʥʘʡ-ʯʝʩʪʦ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʠ ʪʝʭʥʠʯʝʩʢʦʪʦ ʦʙʩʣʫʞʚʘʥʝ ʥʝ ʩʘ ʥʘ ʥʠʚʦ.  
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ʌʠʛ.2-1 (2.2-1) ʅʘʤʘʣʷʚʘʥʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʧʦʷʚʘ ʥʘ ʘʣʝʨʛʠʯʥʠ ʩʠʤʧʪʦʤʠ 
          ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʨʘʪʥʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʦʦʙʤʝʥʘ  

 
 

ɻʃɸɺɸ 3.  ʉʊɽʅɸ ʅɸ ʊʈʆʄɹ 

 
ʇʦʜʭʦʜʷʱʦ ʠʥʪʝʛʨʠʨʘʥʘ, ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙ ʤʦʞʝ ʜʘ ʧʨʝʚʲʨʥʝ Ăʦʙʚʠʚʢʘʪʘñ ʥʘ ʩʛʨʘʜʘʪʘ ʦʪ 

ʝʣʝʤʝʥʪ ʩ ʥʝʪʥʠ ʟʘʛʫʙʠ ʚ ʪʘʢʲʚ ʩ ʥʝʪʥʠ ʧʝʯʘʣʙʠ. ʆʩʥʦʚʥʦʪʦ ʧʨʝʜʠʤʩʪʚʦ ʧʨʝʜ ʦʙʠʢʥʦʚʝʥʦʪʦ 
ʦʩʪʲʢʣʷʚʘʥʝ (ʜʠʨʝʢʪʥʠ ʧʝʯʘʣʙʠ) ʝ ʚ ʪʦʚʘ, ʯʝ ʘʢʫʤʫʣʠʨʘʥʘʪʘ ʝʥʝʨʛʠʷ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʤʦʤʝʥʪʠ 
ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪ.  

 

    
ɿʘʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ  ʊʨʦʤʙ      ʆʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ        ʉʪʝʥʘ ʥʘ ʊʨʦʤʙïʄʠʰʝʣ 
 

ʌʠʛ.3-1 (3-1) ʆʩʥʦʚʥʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ï ʧʨʠʥʮʠʧʥʠ ʩʭʝʤʠ 
 

ʇʨʠʥʮʠʧʥʠ ʩʭʝʤʠ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʩʘ ʜʘʜʝʥʠ ʥʘ ʬʠʛ.3-1. 
ʂʦʥʩʪʨʫʢʪʠʚʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙ ʩʘ: ʧʨʦʟʨʘʯʥʦ ʧʦʢʨʠʪʠʝ, ʧʨʝʟ ʢʦʝʪʦ 
ʧʨʝʤʠʥʘʚʘʪ ʩʣʲʥʯʝʚʠʪʝ ʣʲʯʠ; ʘʙʩʦʨʙʠʨʘʱʘ ʧʦʚʲʨʭʥʦʩʪ; ʘʢʫʤʫʣʠʨʘʱʘ ʤʘʩʘ, ʢʦʷʪʦ 
ʩʲʭʨʘʥʷʚʘ ʠ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʦʪʜʘʚʘ ʪʦʧʣʠʥʘ.  ʇʦʛʲʣʥʘʪʘʪʘ ʩʣʲʥʯʝʚʘ ʪʦʧʣʠʥʘ ʤʦʞʝ ʜʘ 
ʜʦʩʪʠʛʥʝ ʜʦ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʧʦ ʜʚʘ ʥʘʯʠʥʘ. ʇʨʠ ʟʘʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ 
ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʤʝʞʜʫ ʧʨʦʟʨʘʯʥʠʷ ʠ ʘʢʫʤʫʣʠʨʘʱʠʷ ʝʣʝʤʝʥʪʠ ʝ ʭʝʨʤʝʪʠʟʠʨʘʥʦ ʠ ʧʦʣʝʟʥʠʷʪ 
ʝʬʝʢʪ ʩʝ ʧʦʣʫʯʘʚʘ ʯʨʝʟ ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ ʧʨʝʟ ʘʢʫʤʫʣʠʨʘʱʠʷ ʝʣʝʤʝʥʪ ʠ ʨʘʜʠʘʮʠʦʥʥʦ ʠ 
ʢʦʥʚʝʢʪʠʚʥʦ ʦʪʜʘʚʘʥʝ ʥʘ ʪʦʧʣʠʥʘʪʘ ʢʲʤ ʦʙʝʤʘ ʨʘʟʧʦʣʦʞʝʥ ʟʘʜ ʩʪʝʥʘʪʘ ï ʦʪʦʧʣʷʝʤʦʪʦ 
ʧʦʤʝʱʝʥʠʝ. ʇʨʠ ʦʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʪʦʧʣʠʥʘʪʘ ʩʝ ʦʪʜʘʚʘ ʦʪ ʘʙʩʦʨʙʠʨʘʱʘʪʘ 
ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʲʟʜʫʰʝʥ ʧʦʪʦʢ ʩʲʟʜʘʜʝʥ ʯʨʝʟ ʝʩʪʝʩʪʚʝʥʘ ʢʦʥʚʝʢʮʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʤʝʞʜʫ 
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            ͟ ͪ͊ͭͤͦͫͭ ͤ͊ ͍Ά͒ͯ͘ͻ͔ͦͦ͋ͣͤ͊   [1/h] 
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ʩʪʝʥʘʪʘ ʠ ʧʨʦʟʨʘʯʥʠʷ ʝʣʝʤʝʥʪ ʧʨʠ ʢʣʘʩʠʯʝʩʢʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʠʣʠ ʤʝʞʜʫ ʟʘʜʥʘʪʘ ʩʪʨʘʥʘ ʥʘ 
ʘʢʫʤʫʣʠʨʘʱʘʪʘ ʩʪʝʥʘ ʠ ʩʪʝʥʘʪʘ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ  ʧʨʠ ʢʦʤʧʦʟʠʪʥʘ ʩʪʝʥʘ (ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ-
ʄʠʰʝʣ). ʈʘʟʥʦʚʠʜʥʦʩʪ ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʝ ʚʝʥʪʠʣʠʨʫʝʤʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ, 
ʢʲʜʝʪʦ ʪʦʧʣʦʦʙʤʝʥʲʪ ʝ ʠʥʪʝʥʟʠʬʠʮʠʨʘʥ ʦʪ ʧʨʠʥʫʜʠʪʝʣʥʦ ʦʙʜʫʭʚʘʥʝ ʥʘ ʘʢʫʤʫʣʠʨʘʱʠʷʪ 
ʝʣʝʤʝʥʪ, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʤʝʭʘʥʠʯʥʠ ʩʲʦʨʲʞʝʥʠʷ (ʚʝʥʪʠʣʘʪʦʨʠ) ʠ ʩʝ ʚʢʘʨʚʘ 
ʜʦʧʲʣʥʠʪʝʣʥʘ ʚʲʥʰʥʘ ʝʥʝʨʛʠʷ.  
ɺ̡ ʟʤʦʞʥʠ ʩʘ ʨʘʟʣʠʯʥʠ ʨʝʞʠʤʠ ʥʘ ʚʝʥʪʠʣʠʨʘʥʝ, ʢʘʢʪʦ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ 

ʥʘ ʚʲʟʜʫʭʦʙʤʝʥʘ, ʪʘʢʘ ʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʜʝʙʠʪʘ ʥʘ ʚʲʟʜʫʭʘ, ʘ ʦʪ ʪʘʤ ï ʥʘ ʩʢʦʨʦʩʪʪʘ ʤʫ ʥʘ 
ʜʚʠʞʝʥʠʝ, ʢʦʷʪʦ ʠʤʘ ʧʨʷʢʦ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʧʨʦʮʝʩʘ ʥʘ ʪʦʧʣʦʦʙʤʝʥ.   

 

  
  

ɸʢʫʤʫʣʘʮʠʷ 
ʥʘ ʪʦʧʣʠʥʘ 

ɿʘʛʨʷʚʘʥʝ 
ʥʘ ʚʲʟʜʫʭʘ ʚ 
ʧʦʤʝʱʝʥʠʝʪʦ 

ʆʪʚʝʞʜʘʥʝ 
ʥʘ ʚʲʟʜʫʭ ʦʪ 
ʧʦʤʝʱʝʥʠʝʪʦ 

ʆʭʣʘʞʜʘʥʝ 
ʥʘ ʬʘʩʘʜʘʪʘ 

ɺʝʥʪʠʣʠʨʘʥʝ 
ʥʘ 

ʧʦʤʝʱʝʥʠʝʪʦ 

 
ʌʠʛ.3-2 (3-2)  ʈʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʧʨʠ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ 

 
ɼʀʅɸʄʀʏʅʆ ʄʆɼɽʃʀʈɸʅɽ ʠ ʉʀʄʋʃʀʈɸʅɽ - ʄʆɼɽʃ ʚ TRNSYS 
ɿʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʯʘʩʪ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʝ ʩʲʟʜʘʜʝʥ ʤʦʜʝʣ ʚ TRNSYS. ʊʦʚʘ ʝ ʝʜʠʥ ʦʪ 

ʥʘʡ-ʩʠʣʥʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʠʨʘʥʝ ʥʘ ʥʝʩʪʘʮʠʦʥʘʨʥʠ ʪʦʧʣʠʥʥʠ ʩʠʩʪʝʤʠ, 
ʯʠʷʪʦ ʦʪʚʦʨʝʥʘ ʤʦʜʫʣʥʘ ʩʪʨʫʢʪʫʨʘ ʛʦ ʧʨʘʚʠ ʠʟʢʣʶʯʠʪʝʣʥʦ ʛʲʚʢʘʚ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 
ʤʦʜʝʣʠʨʘʥʝʪʦ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʩʠʩʪʝʤʠ ʩ ʨʘʟʣʠʯʥʠ ʥʠʚʘ ʥʘ ʩʣʦʞʥʦʩʪ.  ʆʙʱʘ ʩʭʝʤʘ ʥʘ 
ʤʦʜʝʣʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ.3-3. ʄʦʜʝʣʲʪ ʩʝ ʩʲʩʪʦʠ ʦʪ ʥʷʢʦʣʢʦ ʢʦʤʫʥʠʢʠʨʘʱʠ ʧʦʤʝʞʜʫ ʩʠ 
ʢʦʤʧʦʥʝʥʪʠ. ɺ ʦʩʥʦʚʘʪʘ ʝ ʢʦʤʧʦʥʝʥʪ ʦʪ ʩʪʘʥʜʘʨʪʥʠʪʝ ʙʠʙʣʠʦʪʝʢʠ ʥʘ TRNSYS, Type36, ʢʦʡʪʦ 
ʩʲʩʪʘʚʣʷʚʘ ʤʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʪʦʧʣʠʥʥʠʪʝ ʧʦʪʦʮʠ ʠ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʚ 
ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙ. ʂʦʤʧʦʥʝʥʪʲʪ ʝ ʨʘʟʨʘʙʦʪʝʥ ʦʪ ʃʘʙʦʨʘʪʦʨʠʷʪʘ ʧʦ 
ʩʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ ʥʘ ʫʥʠʚʝʨʩʠʪʝʪʘ ʋʠʩʢʦʥʩʠʥ-ʄʘʜʠʩʲʥ. ɺʭʦʜʷʱʠʪʝ ʠ ʠʟʭʦʜʷʱʠ ʧʘʨʘʤʝʪʨʠ 
ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ.3-4. 

 

ʏʀʉʃɽʅʀ ɽʂʉʇɽʈʀʄɽʅʊʀ   

ʆʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʚ ʨʝʞʠʤ ʥʘ ʝʩʪʝʩʪʚʝʥʘ ʠʣʠ ʧʨʠʥʫʜʝʥʘ 
ʮʠʨʢʫʣʘʮʠʷ, ʢʘʪʦ ʩʲʦʪʚʝʪʥʠʪʝ ʦʪʚʦʨʠ ʦʩʠʛʫʨʷʚʘʱʠ ʨʘʙʦʪʘ ʚ ʦʧʨʝʜʝʣʝʥ ʨʝʞʠʤ ʤʦʛʘʪ ʜʘ 
ʙʲʜʘʪ ʩʲʦʨʲʞʝʥʠ ʩ ʢʣʘʧʠ. ʅʘ ʬʠʛ.3-5 ʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʘ ʚʝʥʪʠʣʠʨʫʝʤʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʩ 
ʝʜʠʥ ʚʝʥʪʠʣʘʪʦʨ ʠ ʩ ʦʟʥʘʯʝʥʠʝ ʥʘ ʢʣʘʧʠʪʝ (ʂ1, ʂ2, ʂ3, ʂ4), ʧʨʠ ʢʦʷʪʦ ʚʝʥʪʠʣʘʪʦʨʲʪ ʝ ʚ 
ʢʦʤʧʣʝʢʪ ʩ ʢʣʘʧʠʪʝ ʂ3. ɺʲʟʤʦʞʥʘ ʝ ʢʦʤʙʠʥʘʮʠʷ ʩ 2, ʠ ʧʦʚʝʯʝ ʚʝʥʪʠʣʘʪʦʨʘ 
ʠʥʪʝʥʟʠʬʠʮʠʨʘʱʠ ʧʨʦʮʝʩʠʪʝ ʥʘ ʪʦʧʣʦʦʙʤʝʥ ʚ ʨʘʟʣʠʯʥʠʪʝ ʨʝʞʠʤʠ. ɺ ʩʲʟʜʘʜʝʥʠʷ ʟʘ ʮʝʣʠʪʝ 
ʥʘ ʯʠʩʣʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʤʦʜʝʣ ʚ TRNSYS ʟʘ ʧʨʦʟʨʘʯʝʥ ʝʣʝʤʝʥʪ ʝ ʟʘʣʦʞʝʥʦ ʧʨʦʟʨʘʯʥʦ 
ʩʪʲʢʣʦ (ʝʜʥʦ ʠʣʠ ʜʚʘ ʙʨʦʷ) ʩ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʝʥʝʨʛʦʧʨʝʤʠʥʘʚʘʥʝ ggl=0.8 ʠ ʠʟʣʲʯʚʘʪʝʣʥʘ 
ʩʧʦʩʦʙʥʦʩʪ Ůgl=0.84. ʆʧʪʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʘʙʩʦʨʙʝʨʥʠ ʧʦʢʨʠʪʠʷ ʩʘ ʜʘʜʝʥʠ ʚ 
ʪʘʙʣ.3-1, ʘ ʪʦʧʣʦʬʠʟʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʥʘ ʘʢʫʤʫʣʠʨʘʱʠʷ 
ʝʣʝʤʝʥʪ ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣ.3-2.  
ʄʦʜʝʣʲʪ ʧʦʟʚʦʣʷʚʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʝʥʝʨʛʠʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʞʠʤʠ ʥʘ ʚʝʥʪʠʣʠʨʘʥʝ ʥʘ ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙ ʧʨʠ ʨʘʟʣʠʯʥʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ 
ʫʩʣʦʚʠʷ.  ʏʨʝʟ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʤʥʦʛʦʬʘʢʪʦʨʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ 
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ʥʘʡ-ʩʠʣʥʦ ʚʣʠʷʝʱʠʪʝ ʬʘʢʪʦʨʠ ʠ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʪʷʭʥʦʪʦ ʦʧʪʠʤʠʟʠʨʘʥʝ. ɺ 
ʨʝʟʫʣʪʘʪ ʥʘ ʯʠʩʣʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʣʫʯʘʚʘʤʝ ʜʘʥʥʠ ʟʘ: 

Ūe  Áʉ  ï ʚʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʩʪʲʧʚʘʱʠʷ ʚʲʟʜʫʭ;  
Ūgl Áʉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʧʨʦʟʨʘʯʥʠʷ ʝʣʝʤʝʥʪ;  
ɗ1  Áʉ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʘʢʫʤʫʣʠʨʘʱʘʪʘ ʧʦʚʲʨʭʥʦʩʪ;   
ɗout Áʉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʩʪʲʧʚʘʱʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʲʟʜʫʭ; ɗvent 
ɗ2-ɗ5 Áʉ   - ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʘʢʫʤʫʣʠʨʘʱʘʪʘ ʩʪʝʥʘ, ʧʨʝʟ ı ʦʪ ʜʝʙʝʣʠʥʘʪʘ ʡ 

Qtotal  kWh - ʝʥʝʨʛʠʷʪʘ ʦʪ ʧʲʣʥʦʪʦ ʩʣʲʥʯʝʚʦ ʦʙʣʲʯʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 

                              ʧʨʦʟʨʘʯʥʠʷ ʝʢʨʘʥ ʟʘ ʢʦʤʝʥʪʠʨʘʥʠʷ ʧʝʨʠʦʜ 

Qabs kWh - ʘʙʩʦʨʙʠʨʘʥʘʪʘ ʟʘ ʢʦʤʝʥʪʠʨʘʥʠʷ ʧʝʨʠʦʜ ʪʦʧʣʠʥʘ 

mal kg/h - ʩʨʝʜʝʥ ʤʘʩʦʚ ʜʝʙʠʪ ʥʘ ʚʲʟʜʫʭʘ ʧʨʝʤʠʥʘʚʘʱ ʧʨʝʟ ʩʪʝʥʘʪʘ ʚ   
     ʨʝʟʫʣʪʘʪ ʥʘ ʝʩʪʝʩʪʚʝʥʘ ʢʦʥʚʝʢʮʠʷ 
 

 
 

ʌʠʛ.3-3  (3.3.2-1)  ʆʙʱʘ ʩʭʝʤʘ ʥʘ ʤʦʜʝʣʘ ʚ TRNSYS  
 
 

 
ʌʠʛ.3-4  (3.3.2-3)  ɺʭʦʜʷʱʠ ʠ ʠʟʭʦʜʷʱʠ ʧʘʨʘʤʝʪʨʠ ʚ ʤʦʜʝʣ ʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ 

TRNSYS 
ʺʿʶˀʥˈʶ˓ˁʶɯ˷˰̏̏̄ 
˅ʭʱʶˀɯ̏˰ɯ̓˰˲̖̑˰ 
ʩ˅ʥˁʶ˓ˁʶɯ̗̔̍̑˳̬̄ 

ˈʭˀ˄ʭ˅ʥˈˋ˅ʶɯ˳ɯ̖̗̠̬̖̈̑̏̔̓̈̄˰ 
ːʥ˅ʥʺˈʭ˅ʶˆˈʶʺʶɯ̏˰ɯ˳̦̂˷ȭɯ̖̒̑̑̈ 
˄˃ʩ˘ʿˁʥˈʥɯɯ̡̦̔̍̏˸˳˰ɯ̓˰˷̄˰̠̬̄ 
ˈ˃˄ʿʶˁˁʶɯ̂˰˴̗˲̄ɯ 
ˈ˃˄ʿʶˁʥɯ˳̦˳ɯ˳̦̂˷ȭ̖̒̑̑̈ 
ˈ˃˄ʿʶˁʥɯ̒̓˸̂ɯ̖̔˸̏˰̖˰ 

 

ːʥ˅ʥʺˈʭ˅ʶˆˈʶʺʶȯ 

ʩʭ˃ˀʭˈ˅ʶ˓ˁʶɯ
ˈ˃˄ʿ˃ˏʶʴʶ˓ˁʶɯ
˃˄ˈʶ˓ˁʶɯ 
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ʌʠʛ.3-5  (3.4-1) ʉʭʝʤʘ ʥʘ ʚʝʥʪʠʣʠʨʫʝʤʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʩ ʝʜʠʥ ʚʝʥʪʠʣʘʪʦʨ. 

 

 
 

ʊʘʙʣ.3-1 (3.4-2) ʆʧʪʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʘʙʩʦʨʙʝʨʥʠ ʧʦʚʲʨʭʥʦʩʪʠ 
 

 

ʊʘʙʣ.3-2  (3.4-3) ʊʦʧʣʦʬʠʟʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ ʥʘ ʘʢʫʤʫʣʠʨʘʱʠʷ ʝʣʝʤʝʥʪ 

 
ɿʘ ʦʮʝʥʢʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝʪʦ ʥʘ ʩʣʲʥʯʝʚʘʪʘ ʝʥʝʨʛʠʷ ʩʘ 

ʜʝʬʠʥʠʨʘʥʠ ʠ ʧʦʣʫʯʝʥʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ʩʣʝʜʥʠʪʝ ʤʝʩʝʯʥʠ (ʟʘ ʧʝʨʠʦʜʘ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 
 

ɽʬʝʢʪʠʚʥʦʩʪ ʥʘ ʘʙʩʦʨʙʠʨʘʥʝ ʥʘ ʪʦʧʣʠʥʘ ʦʪ ʩʠʩʪʝʤʘʪʘ ʢʘʪʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 
ʘʙʩʦʨʙʠʨʘʥʘʪʘ ʟʘ ʤʝʩʝʮʘ ʪʦʧʣʠʥʘ (Qabs) ʠ ʝʥʝʨʛʠʷʪʘ ʦʪ ʧʲʣʥʦʪʦ ʩʣʲʥʯʝʚʦ ʦʙʣʲʯʚʘʥʝ ʥʘ 
ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʧʨʦʟʨʘʯʥʠʷ ʝʢʨʘʥ (Qtotal):  

total

abs
abs

Q

Q
=h      (3-1) 

˴͔ͦͺ͙ͼ͙͔ͤͭ ˿͔͔ͭͨͤ 

ͤ͊ ͎ͨͦ͡Ά΅͔͊ͤ  ͤ͊ ;͔ͪͤͦͭ͊ 

ˤˮ˨ ˹ˢ ˢˣ˿˻˾ˣˮ˾ˢ̋ˢ́ˢ ˽˻ˤ̌˾̆˹˻˿́ͤ͊ ͫ͡Άͤ;͔͍͊ͭ͊ ͙ͪ͊͒͊ͼ͙Ύ͍ ͙ͤͺͪ͊;͔͍͔͙ͪͤΎ ͔ͫͨͭ͟Άͪ

ahb ab

 ͔̉ͪͤ͊ ͙͊ͪͤ͊͟͡ ͋ͦΎ 0.96 0.87

˿͔͔͙͍ͭͤͦ͟͡ ͙͙͔ͨͦͪͭ͟ ό͔ͣ͒ͤͦ ͺ͙ͦͦ͡ ͫ ;͔͔ͪͤ ͻͪͦͣύ 0.95 0.11

˴͔ͦͺ͙ͼ͙͔ͤͭ ˽͡ Άͭͤͦͫͭ ˿͔ͨͼ͙ͺ͙;͔ͤ

˸ˢ́˩˾ˮˢ˶ ͤ͊ ͍ͭͦͨͦͨͪͦͦ͒ͤͦͫͭ͡ ͤ͊ ͔͙͙͔ͣ͊ͭͪ͊͊ͭͦͨͤͤ͡͡ ͊ͨ͊͟ͼ͙͔ͭͭ

˂ͪ ώ²κƳϲYϐ ˊ ώƪƎκƳшϐͫͪ  ώƪWκƪƎϲ/ϐ

 ¢ͯͻ͊͡ π ͙͙ͪͨ͟; 0.75 880 1730

 ́ͯͻ͊͡ π ͙͔ͤͪͤ͟͟͡0͊.85 840 1500

 ́ͯͻ͊͡ π ͙͙ͫ͊ͭͤ͟͡ 1͊.5 840 2000

 ˴͔͊ͣͤͤ͊ ͙͙͒͊ͪ͘Ύ π ͨΎͫΆ;͙ͤ͟1.3 712 2200

 ˴͔͊ͣͤͤ͊ ͙͙͒͊ͪ͘Ύ π ͍͍͙͊ͪͦ͟1.5 720 2180

 ˣ͔ͭͦͤ 1.7 840 2000
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ɽʬʝʢʪʠʚʥʦʩʪ ʥʘ ʫʩʚʦʷʚʘʥʝ ʥʘ ʘʙʩʦʨʙʠʨʘʥʘʪʘ ʪʦʧʣʠʥʘ ʦʪ ʚʝʥʪʠʣʘʮʠʦʥʥʠʷ ʚʲʟʜʫʭ ʢʘʪʦ 
ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʝʪʘʪʘ ʦʪ ʚʝʥʪʠʣʘʮʠʦʥʥʠʷ ʚʲʟʜʫʭ ʪʦʧʣʠʥʘ (Qvent) ʠ ʘʙʩʦʨʙʠʨʘʥʘʪʘ ʟʘ ʤʝʩʝʮʘ 
ʪʦʧʣʠʥʘ (Qabs):               

abs

vent
vent

Q

Q
=h                                            (3-2) 

ɽʬʝʢʪʠʚʥʦʩʪ ʥʘ ʫʩʚʦʷʚʘʥʝ ʥʘ ʧʲʣʥʘʪʘ ʩʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ ʟʘ ʟʘʛʨʷʚʘʥʝ ʥʘ 
ʚʝʥʪʠʣʘʮʠʦʥʥʠʷ ʚʲʟʜʫʭ ʢʘʪʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʝʪʘʪʘ ʦʪ ʚʝʥʪʠʣʘʮʠʦʥʥʠʷ ʚʲʟʜʫʭ ʪʦʧʣʠʥʘ 
(Qvent) ʠ ʝʥʝʨʛʠʷʪʘ ʦʪ ʧʲʣʥʦʪʦ ʩʣʲʥʯʝʚʦ ʦʙʣʲʯʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʧʨʦʟʨʘʯʥʠʷ ʝʢʨʘʥ 
(Qtotal):        

total

vent

thermal
Q

Q
=h                            (3-3) 

ʂʦʝʬʠʮʠʝʥʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʢʘʪʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʩʨʝʜʥʘʪʘ ʤʝʩʝʯʥʘ 
ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ ʥʘ ʟʘʛʨʷʚʘʥʠʷ ʚʝʥʪʠʣʘʮʠʦʥʝʥ ʚʲʟʜʫʭ ʠ ʤʘʢʩʠʤʘʣʥʦ ʚʲʟʤʦʞʥʘʪʘ:  

( )
( ).ʩʨ,e.ʩʨ,1

.ʩʨ,e.ʩʨ,vent

q-q

q-q
=hq  , ʢʲʜʝʪʦ:                (3-4)   

ɗvent,ʩʨ , ʦʉ ï ʩʨʝʜʥʘʪʘ ʤʝʩʝʯʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʢʲʤ  

          ʧʦʤʝʱʝʥʠʝʪʦ ʚʝʥʪʠʣʘʮʠʦʥʝʥ ʚʲʟʜʫʭ;  ɗvent,ʩʨ  = ɗout,ʩʨ   
ɗ1,ʩʨ.,  ʦʉ ï ʩʨʝʜʥʘʪʘ ʤʝʩʝʯʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ɗ1 ʥʘ  ʘʙʩʦʨʙʠʨʘʱʘʪʘ  ʧʦʚʲʨʭʥʦʩʪ 

ʥʘ ʘʢʫʤʫʣʠʨʘʱʘʪʘ ʩʪʝʥʘ;   

ɗʝ,ʩʨ. ,   
ʦʉ ï ʩʨʝʜʥʘʪʘ ʤʝʩʝʯʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ɗʝ ʥʘ ʚʲʥʰʥʠʷ ʚʲʟʜʫʭ. 

 

ʂʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʜʠʥʘʤʠʯʥʠʪʝ ʩʠʤʫʣʘʮʠʠ, ʤʦʜʝʣʲʪ ʜʘʚʘ ʧʦʜʨʦʙʥʘ ʢʘʨʪʠʥʘ ʥʘ ʪʦʧʣʠʥʥʠʷ 

ʙʘʣʘʥʩ ʥʘ ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʜʝʪʘʡʣʥʠ ʘʥʘʣʠʟʠ ʥʘ 

ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ʧʨʠ ʨʘʟʣʠʯʥʠʪʝ ʤʘʪʨʠʮʠ ʥʘ ʬʘʢʪʦʨʥʠʪʝ ʩʪʦʡʥʦʩʪʠ. 

 
ʅɸʊʋʈʅʀ ɽʂʉʇɽʈʀʄɽʅʊʀ 
 

ʅʘʪʫʨʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʧʨʦʚʝʜʝʥʠ ʥʘ ʦʙʝʢʪ Ăʇʘʩʠʚʥʘ ʢʲʱʘñ,  ʥʘʭʦʜʷʱ ʩʝ ʥʘ 
ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩʧʝʮʠʘʣʥʦ ʠʟʛʨʘʜʝʥʘʪʘ ʀʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʙʘʟʘ ʥʘ ʊʋ-ʉʦʬʠʷ, ʢʦʷʪʦ 
ʧʨʝʜʩʪʘʚʣʷʚʘ ʝʜʥʦʝʪʘʞʥʘ ʩʛʣʦʙʷʝʤʘ ʢʲʱʘ ʩ ʦʙʱʘ ʧʣʦʱ 48 m2. ʏʝʪʠʨʠʪʝ ʡ ʬʘʩʘʜʠ ʩʘ 
ʦʨʠʝʥʪʠʨʘʥʠ ʚ ʧʦʩʦʢʠ ʙʣʠʟʢʠ ʜʦ ʠʜʝʘʣʥʠʪʝ ʩʝʚʝʨ, ʶʛ, ʠʟʪʦʢ ʠ ʟʘʧʘʜ. ʖʞʥʘʪʘ ʠ ʟʘʧʘʜʥʘʪʘ 
ʬʘʩʘʜʘ ʥʘ ʛʦʣʷʤʦʪʦ ʧʦʤʝʱʝʥʠʝ ʩʘ ʨʘʟʜʝʣʝʥʠ ʥʘ ʧʦ ʪʨʠ ʩʝʢʮʠʠ ʚʩʷʢʘ. ʉʝʢʮʠʠʪʝ ʩʘ ʩ 
ʧʨʠʙʣʠʟʠʪʝʣʥʠ ʨʘʟʤʝʨʠ ï 2 m ʰʠʨʠʥʘ ʠ 2.8 m ʚʠʩʦʯʠʥʘ ʠ ʩʘ ʧʨʠʛʦʜʝʥʠ ʟʘ ʤʦʥʪʠʨʘʥʝ ʥʘ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʤʦʜʫʣʠ ʥʘ ʨʘʟʣʠʯʥʠ ʧʘʩʠʚʥʠ ʩʣʲʥʯʝʚʠ ʩʠʩʪʝʤʠ. ɺ ʥʘʡ-ʠʟʪʦʯʥʘʪʘ ʩʝʢʮʠʷ 
ʥʘ ʶʞʥʘʪʘ ʬʘʩʘʜʘ ʝ ʠʥʪʝʛʨʠʨʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʤʦʜʫʣ Ăʟʘʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙñ, ʘ ʚ 
ʥʘʡ-ʟʘʧʘʜʥʘʪʘ ʙʝ ʠʟʛʨʘʜʝʥ ʤʦʜʫʣ Ăʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙñ, ʥʘ ʢʦʷʪʦ ʩʘ ʧʨʦʚʝʜʝʥʠ 
ʢʦʤʝʥʪʠʨʘʥʠʪʝ ʚ ʪʘʟʠ ʨʘʙʦʪʘ ʥʘʪʫʨʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ. ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʙʣʠʟʦʩʪ ʜʦ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʩʠʩʪʝʤʘ ï ʥʘʨʠʯʘʥʘ ʧʦ-ʥʘʪʘʪʲʢ Ăʇʘʩʠʚʥʘ ʢʲʱʘò ï ʝ ʨʘʟʧʦʣʦʞʝʥʘ 
ʤʝʪʝʦʨʦʣʦʛʠʯʥʘ ʩʪʘʥʮʠʷ, ʢʦʷʪʦ ʚʢʣʶʯʚʘ ʠ ʩʠʩʪʝʤʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʲʣʥʘʪʘ ʠ ʜʠʬʫʟʥʘʪʘ 
ʩʣʲʥʯʝʚʘ ʨʘʜʠʘʮʠʷ. ɼʘʥʥʠʪʝ ʦʪ ʤʝʪʝʦʨʦʣʦʛʠʯʥʘʪʘ ʩʪʘʥʮʠʷ, ʦʪ ʠʟʤʝʨʚʘʪʝʣʥʠʪʝ ʫʨʝʜʠ ʥʘ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷ ʤʦʜʫʣ ʠ ʦʪ ʠʟʤʝʨʝʥʘʪʘ ʚʲʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʲʱʘʪʘ ʩʝ ʟʘʧʠʩʚʘʪ ʚ 
ʦʙʱʘ ʙʘʟʘ ʜʘʥʥʠ ʥʘ ʚʩʝʢʠ ʧʝʪ ʤʠʥʫʪʠ ʠ ʥʘ ʚʩʝʢʠ ʯʘʩ. ʅʘ  
ʌʠʛ. 3-7ʝ ʧʦʢʘʟʘʥʘ ʦʙʱʘ ʩʭʝʤʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʩʠʩʪʝʤʘ,  ʠʟʛʣʝʜ ʠ ʩʘʪʝʣʠʪʥʘ 

ʩʥʠʤʢʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʧʣʦʱʘʜʢʘ - ʥʘ ʬʠʛ.3-7 ʠ ʥʘ ʬʠʛ.3-8 - ʩʥʠʤʢʠ ʥʘ ʧʘʩʠʚʥʘʪʘ 
ʢʲʱʘ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʥʘʪʘ ʩʪʘʥʮʠʷ ʩʣʝʜ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʤʦʜʫʣʘ Ăʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙñ.  
ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷʪ ʤʦʜʫʣ Ăʦʪʚʦʨʝʥʘ ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙñ ʝ ʩ ʚʠʩʦʯʠʥʘ 2.68 m ʠ ʰʠʨʦʯʠʥʘ 
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1.84 m. ʇʨʦʟʨʘʯʥʠʷʪ ʝʣʝʤʝʥʪ ʝ ʩ 5-ʢʘʤʝʨʥʠ PVC ʧʨʦʬʠʣʠ ʠ ʜʚʦʝʥ ʩʪʲʢʣʦʧʘʢʝʪ ʦʪ 2 ʩʣʦʷ 
ʧʨʦʟʨʘʯʥʦ ʩʪʲʢʣʦ ʩ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʝʥʝʨʛʦʧʨʝʤʠʥʘʚʘʥʝ ggl=0.8 ʠ ʠʟʣʲʯʚʘʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ  
Ůgl=0.84. ɺ ʛʦʨʥʠʷ ʠ ʜʦʣʥʠʷ ʤʫ ʢʨʘʡ, ʧʦ ʮʷʣʘʪʘ ʰʠʨʦʯʠʥʘ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ, ʩʘ ʤʦʥʪʠʨʘʥʠ 
ʧʨʦʬʠʣʠ ʩ ʧʦʜʚʠʞʥʘ ʢʣʘʧʘ, ʦʩʠʛʫʨʷʚʘʱʘ ʧʨʦʮʝʧ ʟʘ ʚʭʦʜ/ʠʟʭʦʜ ʥʘ ʚʲʟʜʫʭʘ ʩ ʤʘʢʩʠʤʘʣʝʥ 
ʨʘʟʤʝʨ ŭ=0.015m. ʂʦʥʩʪʨʫʢʮʠʷʪʘ ʝ ʨʘʟʧʦʣʦʞʝʥʘ ʥʘ ʦʪʩʪʦʷʥʠʝ 0.07m ʧʨʝʜ ʘʢʫʤʫʣʠʨʘʱʠʷ 
ʝʣʝʤʝʥʪ. ɸʢʫʤʫʣʠʨʘʱʠʷʪ ʝʣʝʤʝʥʪ ʝ ʟʠʜ ʩ ʜʝʙʝʣʠʥʘ 0.25m, ʠʟʛʨʘʜʝʥ ʦʪ ʢʣʠʥʢʝʨʥʠ ʪʫʭʣʠ, 
ʠʟʤʘʟʘʥ ʩ ʛʣʘʜʢʘ ʮʠʤʝʥʪʦʚʘ ʤʘʟʠʣʢʘ ʠ ʨʘʟʜʝʣʝʥ ʪʝʨʤʠʯʥʦ ʠ ʘʝʨʦʜʠʥʘʤʠʯʥʦ ʧʦ ʚʝʨʪʠʢʘʣʘʪʘ 
ʥʘ ʜʚʝ ʩʘʤʦʩʪʦʷʪʝʣʥʠ ʩʪʝʥʠ, ʚʩʷʢʘ ʩ ʨʘʟʤʝʨʠ 2.15m x 0.72m. ɺʲʨʭʫ ʝʜʥʘʪʘ (ʦʟʥʘʯʝʥʘ ʚ 
ʨʘʙʦʪʘʪʘ ʩ bp) ʝ ʥʘʥʝʩʝʥ ʩʣʦʡ ʯʝʨʥʘ ʘʢʨʠʣʥʘ ʙʦʷ, ʘ ʚʲʨʭʫ ʜʨʫʛʘʪʘ (sc) ʝ ʟʘʤʦʥʦʣʠʪʝʥ ʣʠʩʪ 
ʧʦʮʠʥʢʦʚʘʥʘ ʣʘʤʘʨʠʥʘ ʧʦʢʨʠʪ ʩʲʩ ʩʝʣʝʢʪʠʚʥʦ ʧʦʢʨʠʪʠʝ - ʤʝʜʥʦ ʬʦʣʠʦ ʩ ʯʝʨʝʥ ʭʨʦʤ. 
ʅʘʧʨʘʚʝʥʘ ʝ ʚʲʪʨʝʰʥʘ ʠʟʦʣʘʮʠʷ ʦʪ SPS ʠʟʦʣʘʮʠʦʥʝʥ ʤʘʪʝʨʠʘʣ ʩ ʜʝʙʝʣʠʥʘ 0.15m ʠ ʢʦʝʬ.ʥʘ 
ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ɚ=0.032 W ù (mK).  

 

 
ʌʠʛ. 3-6  (3.5.1-1) ʆʙʱʘ ʩʭʝʤʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʩʠʩʪʝʤʘ  

 

 
 

ʌʠʛ. 3-7 (3.5.1-2)  ʀʟʛʣʝʜ ʠ ʩʘʪʝʣʠʪʥʘ ʩʥʠʤʢʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʧʣʦʱʘʜʢʘ  
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ʌʠʛ. 3-8 (3.5.1-4) ʄʦʜʫʣʠ Ăʟʘʪʚʦʨʝʥʘ ʩʪʝʥʘñ ʠ Ăʦʪʚʦʨʝʥʘ ʩʪʝʥʘñ ʥʘ ʊʨʦʤʙ 
 

ɻʦʨʥʠʪʝ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʦʪʚʦʨʠ (ʧʦ ʝʜʠʥ ʥʘ ʚʩʷʢʘ ʦʪ ʩʪʝʥʠʪʝ) ʢʲʤ ʧʦʤʝʱʝʥʠʝʪʦ ʩʘ ʩ 
ʬ=0.150mm, ʘ ʜʦʣʥʠʪʝ (ʧʦ 2 ʙʨʦʷ ʟʘ ʚʩʷʢʘ ʦʪ ʩʪʝʥʠʪʝ) ï ʩ ʬ=0.75mm. ɺ ʩʨʝʜʘʪʘ ʥʘ ʚʩʷʢʘ ʦʪ 
ʜʚʝʪʝ ʧʦʣʦʚʠʥʠ ʥʘ ʘʢʫʤʫʣʠʨʘʱʠʷ ʝʣʝʤʝʥʪ ʩʘ ʧʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʦʪʚʦʨʠ, ʧʨʝʟ ʢʦʡʪʦ 
ʧʨʝʤʠʥʘʚʘʪ ʢʘʙʝʣʠʪʝ ʥʘ ʩʝʥʟʦʨʠʪʝ. ʇʣʦʱʪʘ ʥʘ ʚʭʦʜʷʱʠʪʝ ʠ ʠʟʭʦʜʷʱʠ ʚʝʥʪʠʣʘʮʠʦʥʥʠ 
ʦʪʚʦʨʠ ʝ ʢʘʢʪʦ ʩʣʝʜʚʘ ï ɸv,in=0.0112500 mĮ; ɸv,ʦut=0.0176625 mĮ. ʈʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ 
ʚʭʦʜʷʱʠ ʠ ʠʟʭʦʜʷʱʠ ʦʪʚʦʨʠ - ʅv = 2.10 m. ʄʦʥʪʠʨʘʥʠ ʩʘ 2 ʙʨʦʷ ʚʝʥʪʠʣʘʪʦʨʠ  (ʤʘʢʩʠʤʘʣʥʠ  
ʜʝʙʠʪ 180 mį/h ʠ ʥʘʧʦʨ 110 ʈʘ; ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ 30W) ʩ ʨʝʛʫʣʘʪʦʨ ʥʘ ʦʙʦʨʦʪʠʪʝ. 
ʉʭʝʤʘ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷ ʤʦʜʫʣ ʠ ʩʥʠʤʢʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ 
ʫʩʪʘʥʦʚʢʘ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ.3-9 ʠ ʬʠʛ.3-10. 
 

 
ʌʠʛ.3-9 (3.5.1-5)  ʉʭʝʤʘ ʥʘ ʤʦʜʫʣʘ  Ăʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙñ 
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ʌʠʛ.3-10 (3.5.1-6) ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʫʩʪʘʥʦʚʢʘ ʚ ʨʘʙʦʪʥʦʪʦ ʧʦʤʝʱʝʥʠʝ 

 

ɻʃɸɺɸ 4. ʉʊʈʋʂʊʋʈʅʆ-ʇɸʈɸʄɽʊʈʀʏɽʅ ɸʅɸʃʀɿ  

ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʟʘʚʠʩʠ ʦʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʠ, ʢʘʪʦ ʥʘʡ-
ʚʘʞʥʠʪʝ ʩʘ ʩʚʲʨʟʘʥʠ ʩ: ʛʝʦʛʨʘʬʩʢʦʪʦ ʨʘʟʧʦʣʦʞʝʥʠʝ; ʦʨʠʝʥʪʘʮʠʷʪʘ; ʢʦʥʩʪʨʫʢʮʠʷʪʘ; 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʠ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʝʣʝʤʝʥʪʠ; ʨʝʞʠʤʲʪ ʥʘ ʨʘʙʦʪʘ. 

ʏʀʉʃɽʅʀ ɽʂʉʇɽʈʀʄɽʅʊʀ ʇʈʀ ʇʈʀʅʋɼɽʅɸ ʀ ɽʉʊɽʉʊɺɽʅɸ ɺɽʅʊʀʃɸʎʀʗ 

ɹʘʟʦʚʠ (ʢʦʥʩʪʘʥʪʥʠ) ʬʘʢʪʦʨʠ ʥʘ ʤʦʜʝʣʘ:  

¶ ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ï ʛʨ.ʉʦʬʠʷ 

¶ ʅʝʙʝʩʥʘ ʦʨʠʝʥʪʘʮʠʷ ï ʶʛ; ʥʘʢʣʦʥ 90Á; ʘʟʠʤʫʪ 0Á; ʙʝʟ ʚʲʥʰʥʦ ʟʘʩʝʥʯʚʘʥʝ 

¶ ʈʘʟʤʝʨʠ ï H=2.60m; W=1.80m; ʬʘʢʪʦʨ ʥʘ ʨʘʤʢʘʪʘ ï 0.1; Hv=2.50m 
 
ɺʘʨʠʨʘʥʠ ʬʘʢʪʦʨʠ:  

¶ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʟʨʘʯʥʠʷ ʠ ʘʢʫʤʫʣʠʨʘʱʠʷ ʝʣʝʤʝʥʪʠ D (mm) 

¶ ʧʣʦʱ ʥʘ ʚʝʥʪʠʣʘʮʠʦʥʥʠʪʝ ʦʪʚʦʨʠ (ʧʨʠ ʝʩʪʝʩʪʚʝʥʘ ʚʝʥʪʠʣʘʮʠʷ) Av (mĮ) 

¶ ʜʝʙʠʪ ʥʘ ʚʲʟʜʫʭʘ/ʩʢʦʨʦʩʪ (ʟʘ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ) V (mį/h); v (m/s) 

¶ ʤʘʪʝʨʠʘʣ ʥʘ ʘʢʫʤʫʣʠʨʘʱʠʷ ʝʣʝʤʝʥʪ (ʊʠʧ 1 ʜʦ ʊʠʧ 6) 

¶ ʜʝʙʝʣʠʥʘ ʥʘ ʘʢʫʤʫʣʠʨʘʱʠʷ ʝʣʝʤʝʥʪ ï L (mm)  

¶ ʚʠʜ ʥʘ ʧʦʢʨʠʪʠʝʪʦ ï  B (ʯʝʨʥʘ ʙʦʷ); S (ʩʝʣʝʢʪʠʚʥʦ) 
 

ʂʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʚʘʨʠʘʥʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʥʘ ʘʙʩʦʨʙʮʠʦʥʥʦʪʦ ʧʦʢʨʠʪʠʝ ʠ ʙʨʦʷ ʥʘ 
ʧʨʦʟʨʘʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʩʘ ʢʘʢʪʦ ʩʣʝʜʚʘ: 
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ɺ1 ï ʯʝʨʥʘ ʤʘʪʦʚʘ ʙʦʷ, ʝʜʠʥʠʯʥʦ ʦʩʪʲʢʣʝʥʠʝ; 
ɺ2 ï ʯʝʨʥʘ ʤʘʪʦʚʘ ʙʦʷ, ʜʚʦʡʥʦ ʦʩʪʲʢʣʝʥʠʝ; 
S1 ï ʩʝʣʝʢʪʠʚʥʦ ʧʦʢʨʠʪʠʝ, ʝʜʠʥʠʯʥʦ ʦʩʪʲʢʣʝʥʠʝ; 
S2 ï ʩʝʣʝʢʪʠʚʥʦ ʧʦʢʨʠʪʠʝ, ʜʚʦʡʥʦ ʦʩʪʲʢʣʝʥʠʝ. 

ʇʨʠ ʩʠʤʫʣʘʮʠʷʪʘ ʩʘ ʚʘʨʠʨʘʥʠ:  
v   (m/s) ï ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʘ:     v  = 0.5, 1.0, 1.5 m/s;  

Av  (mĮ) ï ʧʣʦʱ ʥʘ ʠʟʭʦʜʷʱʠʪʝ ʚʝʥʪʠʣ. ʦʪʚʦʨʠ   ɸv = 0.00785;  0.02355;  0.07850 mĮ; 
D (mm)  - ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʘʢʫʤ.ʩʪʝʥʘ ʠ ʧʨʦʟʨʘʯʥʠʪʝ ʝʣʝʤʝʥʪʠ   D = 30, 60, 90 mm; 
L (mm) ï ʜʝʙʝʣʠʥʘ ʥʘ ʘʢʫʤʫʣʘʮʠʦʥʥʘʪʘ ʩʪʝʥʘ L=100, 150, 200, 250 mm  
 
ʈɸʅɻ ʅɸ ɿʅɸʏʀʄʆʉʊ ʅɸ ʌɸʂʊʆʈʀʊɽ 

ʈʘʥʛʲʪ ʥʘ ʟʥʘʯʠʤʦʩʪ ʥʘ ʬʘʢʪʦʨʠʪʝ ʝ ʧʦʢʘʟʘʥ ʥʘ ʬʠʛ.4-1 ʠ ʬʠʛ.4-2 ʩʲʦʪʚʝʪʥʦ ʟʘ 
ʨʝʞʠʤʠʪʝ ʥʘ ʧʨʠʥʫʜʝʥʘ ʠ ʝʩʪʝʩʪʚʝʥʘ ʚʝʥʪʠʣʘʮʠʷ. ɼʝʙʝʣʠʥʘ ʥʘ ʘʢʫʤʫʣʘʮʠʦʥʥʘʪʘ ʩʪʝʥʘ (L) 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʚʲʨʭʫ  ʪʝʨʤʠʯʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʟʘ ʦʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ 
ʊʨʦʤʙ ʚ ʨʝʞʠʤ ʥʝʧʨʝʢʲʩʥʘʪʘ ʝʩʪʝʩʪʚʝʥʘ ʠʣʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ.  

 

ʀɿɺʆɼʀ ʀ ɿɸʂʃʖʏɽʅʀʗ ʆʊ ʏʀʉʃɽʅʀʊɽ ɽʂʉʇɽʈʀʄɽʅʊʀ  

ü ʂʦʥʩʪʨʫʢʪʠʚʥʠʷʪ ʤʘʪʝʨʠʘʣ ʥʘ ʘʢʫʤʫʣʠʨʘʱʠʷʪ ʝʣʝʤʝʥʪ (ʩʪʝʥʘ ʪʠʧ 1-6) ʥʝ ʦʢʘʟʚʘ 
ʩʲʱʝʩʪʚʝʥʦ ʚʣʠʷʥʠʝ.  

ü ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʘʢʫʤʫʣʠʨʘʱʠʷ ʝʣʝʤʝʥʪ ʥʝ ʦʢʘʟʚʘ ʩʲʱʝʩʪʚʝʥʦ ʚʣʠʷʥʠʝ.  
ü ʅʘʡ-ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʩʘ ʧʦʣʫʯʝʥʠ ʧʨʠ ʨʘʟʩʪʦʷʥʠʝ D=60mm.  
ü ɿʥʘʯʠʤʠ ʬʘʢʪʦʨʠ ʧʨʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ: ʚʠʜ ʥʘ ʧʦʢʨʠʪʠʝʪʦ ʠ ʙʨʦʡ ʥʘ 
ʧʨʦʟʨʘʯʥʠʪʝ ʝʣʝʤʝʥʪʠ; ʩʢʦʨʦʩʪ ʥʘ ʦʙʜʫʭʚʘʥʝ.  

ü ɿʥʘʯʠʤʠ ʬʘʢʪʦʨʠ ʧʨʠ ʝʩʪʝʩʪʚʝʥʘ ʚʝʥʪʠʣʘʮʠʷ: ʧʣʦʱ ʥʘ ʚʝʥʪʠʣʘʮʠʦʥʥʠʪʝ ʦʪʚʦʨʠ; ʚʠʜ 
ʥʘ ʧʦʢʨʠʪʠʝʪʦ; ʙʨʦʡ ʥʘ ʧʨʦʟʨʘʯʥʠʪʝ ʝʣʝʤʝʥʪʠ; ʨʘʟʩʪʦʷʥʠʝ  D. 

ü ɽʥʝʨʛʠʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ɖthermal ʟʘʚʠʩʠ ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ, ʙʝʟ 
ʟʥʘʯʝʥʠʝ, ʦʪ ʢʘʢʚʦ ʝ ʧʨʝʜʠʟʚʠʢʘʥʦ ʪʦʚʘ ʜʚʠʞʝʥʠʝ ï ʤʝʭʘʥʠʯʥʘ ʩʠʣʘ ʠʣʠ ʝʩʪʝʩʪʚʝʥʘ 
ʢʦʥʚʝʢʮʠʷ, ʢʘʪʦ ʪʘʟʠ ʟʘʚʠʩʠʤʦʩʪ ʠʤʘ ʝʜʠʥ ʠ ʩʲʱ ʭʘʨʘʢʪʝʨ.  

 

 
 

ʌʠʛ.4-1 (4.3.1.ɸ-15ʘ)    ʈʘʥʛ ʥʘ ʟʥʘʯʠʤʦʩʪ ʥʘ ʬʘʢʪʦʨʠʪʝ ʧʨʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ 
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ʌʠʛ.4-2  (4.3.2ɸ-16ʘ)  ʈʘʥʛ ʥʘ ʟʥʘʯʠʤʦʩʪ ʥʘ ʬʘʢʪʦʨʠʪʝ ʧʨʠ ʝʩʪʝʩʪʚʝʥʘ ʚʝʥʪʠʣʘʮʠʷ 
 
 

 
 

ʌʠʛ.4-3  (4.3.3-1)   ɽʥʝʨʛʠʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ 
ʧʨʠ ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ - ɖthermal = f(v) 

y = 0.11ln(x) + 0.5499
wч Ґ лΦффум
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y = 0.1096ln(x) + 0.5894
wч Ґ лΦфуср
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y = 0.1047ln(x) + 0.6318
wч Ґ лΦфтфт
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Log. (Series1)

y = 0.0978ln(x) + 0.4435
wч Ґ лΦффрф
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ʅɸʊʋʈʅʀ ɽʂʉʇɽʈʀʄɽʅʊʀ ʇʈʀ ɽʉʊɽʉʊɺɽʅɸ ʀ ʇʈʀʅʋɼɽʅɸ ɺɽʅʊʀʃɸʎʀʗ 
 
ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷʪ ʤʦʜʫʣ Ăʦʪʚʦʨʝʥʘ ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙñ ʝ ʩ ʛʘʙʘʨʠʪʥʠ ʨʘʟʤʝʨʠ ʚʠʩʦʯʠʥʘ 

2.68 m ʠ ʰʠʨʦʯʠʥʘ 1.84 m ʚʝʨʪʠʢʘʣʥʦ ʨʘʟʜʝʣʝʥʘ ʪʝʨʤʠʯʥʦ ʠ ʘʝʨʦʜʠʥʘʤʠʯʥʦ, ʢʦʝʪʦ 
ʦʙʦʩʦʙʷʚʘ ʜʚʝ ʩʘʤʦʩʪʦʷʪʝʣʥʠ ʩʝʢʮʠʠ, bp - ʩ ʘʙʩʦʨʙʠʨʘʱʦ ʧʦʢʨʠʪʠʝ  ʯʝʨʥʘ ʘʢʨʠʣʥʘ ʙʦʷ ʠ sc 
- ʩʲʩ ʩʝʣʝʢʪʠʚʥʦ ʧʦʢʨʠʪʠʝ - ʤʝʜʥʦ ʬʦʣʠʦ ʩ ʯʝʨʝʥ ʭʨʦʤ. ɺʩʷʢʘ ʦʪ ʩʝʢʮʠʠʪʝ ʝ ʩ ʨʘʟʤʝʨʠ 2.15m 
x 0.72m, ʢʘʪʦ ʚ ʛʦʨʥʠʷ ʠ ʜʦʣʥʠʷ ʠʤ ʢʨʘʡ, ʧʦ ʮʷʣʘʪʘ ʰʠʨʦʯʠʥʘ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ, ʝ ʤʦʥʪʠʨʘʥ 
ʩʧʝʮʠʘʣʝʥ ʧʨʦʬʠʣ ʩ ʧʦʜʚʠʞʥʘ ʢʣʘʧʘ, ʦʩʠʛʫʨʷʚʘʱʘ ʧʨʦʮʝʧ ʟʘ ʚʭʦʜ/ʠʟʭʦʜ ʥʘ ʚʲʟʜʫʭ. ʉʝʥʟʦʨʠ 
ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘ ʤʦʥʪʠʨʘʥʠ ʥʘ ʚʠʩʦʯʠʥʘ  1.94; 1.50; 1.08; 0.65; 0.22m ʧʦ ʚʝʨʪʠʢʘʣʥʠʪʝ ʦʩʠ 
ʥʘ ʚʩʷʢʘ ʦʪ ʩʝʢʮʠʠʪʝ, 2 ʙʨʦʷ - ʩʠʤʝʪʨʠʯʥʦ ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʭʦʨʠʟʦʥʪʘʣʥʦ ʥʠʚʦ 0.65m.  

 

 
 

ʊʘʙʣ.4-1 (4.4-1) ʇʘʨʘʤʝʪʨʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ 

ʇɽʈʀʆɼ ʈɽɾʀʄ ɼɸʅʅʀ 

 
ʊɽʄʇɽʈɸʊʋʈʅʆ 
ʇʆʃɽ ʅɸ 
ʉʊɽʅɸʊɸ 

ʇɸʈɸʄɽʊʈʀ 
ʅɸ ɺʒɿɼʋʍɸ 

 
2017 ʛʦʜ. ʥʘ ʨʘʙʦʪʘ 

ʦʪ ʢʣʠʤʘʪʠʯʥʘʪʘ 
ʩʪʘʥʮʠʷ 

Ūw-sc      Ūw-bp 
ʩʨʝʜʥʘ 
ʩʢʦʨʦʩʪ 

ʩʨʝʜʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘ 

08.02 ʜʦ 
12.02 

ʝʩʪʝʩʪʚʝʥʘ 
ʢʦʥʚʝʢʮʠʷ 

Ūout 
(Áʉ)      

SVT 
(kJ/mĮ) 

2 ʭ 7 ʪʦʯʢʠ  
Vsc (m/s)     Vbp  
(m/s) 

Ūsc (ÁC)    
    Ūbp (ÁC) 

12.02 ʜʦ 
20.02 

ʝʩʪʝʩʪʚʝʥʘ 
ʢʦʥʚʝʢʮʠʷ 

Ūout 
(Áʉ)      

SVT 
(kJ/mĮ) 

- 
Vsc (m/s)     Vbp  
(m/s) 

Ūsc (ÁC)    
    Ūbp (ÁC) 

20.02 ʜʦ 
27.02 

ʝʩʪʝʩʪʚʝʥʘ 
ʢʦʥʚʝʢʮʠʷ 

Ūout 
(Áʉ)      

SVT 
(KkJ/mĮ) 

2 ʭ 7 ʪʦʯʢʠ  
Vsc (m/s)     Vbp  
(m/s) 

Ūsc (ÁC)   
    Ūbp (ÁC) 

10.03 ʜʦ  
04.04 

ʧʨʠʥʫʜʝʥʘ 
ʚʝʥʪʠʣʘʮʠʷ 

Ūout 
(Áʉ)      

SVT 
(kJ/mĮ) 

2 ʭ 4 ʪʦʯʢʠ  
Vsc (m/s)     Vbp  
(m/s) 

Ūsc (ÁC)    
    Ūbp (ÁC) 

 
ʊʘʙʣ.4-2  (4.4-2) ʈʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʠ ʠʟʤʝʨʚʘʥʠ ʧʘʨʘʤʝʪʨʠ 

 
ɺʲʚ ʚʝʥʪʠʣʘʮʠʦʥʥʠʪʝ ʢʘʥʘʣʘ ʢʲʤ ʧʦʤʝʱʝʥʠʝʪʦ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʧʦ 2 ʙʨʦʷ ʢʦʤʙʠʥʠʨʘʥʠ 

ʩʝʥʟʦʨʠ ʟʘ ʩʢʦʨʦʩʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʉʪʦʡʥʦʩʪʠʪʝ ʦʪ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʘ ʟʘʧʠʩʚʘʥʠ ʘʚʪʦʤʘʪʠʯʥʦ 
ʥʘ ʚʩʝʢʠ 5 ʤʠʥʫʪʠ ʠ ʫʩʨʝʜʥʝʥʠ ʧʦ ʯʘʩʦʚʝ, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩʲʩ ʩʢʦʨʦʩʪʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʝʥ 
ʧʨʦʬʠʣʠ ʚʲʚ ʚʲʟʜʫʭʦʚʦʜʘ. ʇʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʪʝʥʘʪʘ ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣ.4-1. ʀʟʤʝʨʚʘʥʠʷʪʘ ʩʘ 
ʥʘʧʨʘʚʝʥʠ ʚ 4 ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣʘ ʟʘ 2 ʨʝʞʠʤʘ ʥʘ ʨʘʙʦʪʘ ï ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ 
ʚʝʥʪʠʣʘʮʠʷ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ.4-2.  

ɽʉʊɽʉʊɺɽʅɸ ɺɽʅʊʀʃɸʎʀʗ  

ɺ ʩʣʝʜʩʪʚʠʝ ʥʘ ʝʩʪʝʩʪʚʝʥʘʪʘ ʢʦʥʚʝʢʮʠʷ ʧʦ ʩʪʝʥʘʪʘ ʩʝ ʬʦʨʤʠʨʘ ʚʝʨʪʠʢʘʣʝʥ ʚʲʟʭʦʜʷʱ 
ʧʦʪʦʢ, ʢʘʪʦ ʜʝʙʠʪʲʪ ʝ ʚ ʧʨʷʢʘ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʩʪʝʥʘʪʘ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 
ʧʦʤʝʱʝʥʠʝʪʦ ʠ ʚʲʥʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ 
ʚʲʟʜʫʭ ʝ ʚ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʩʪʝʥʘʪʘ (ʦʧʨʝʜʝʣʷʱʘ ʟʘ  

                     ˴ͦͤͫͭͪͯ͟ͼ͙Ύ ͤ͊ ͔ͫͭͤ͊ͭ͊ ˸͔͙͊ͭͪ͊͡ ͤ͊ ͔͙͙ͫͭͤ͊ͭ͊ͫ͊ͭͤ͊͟͡ ͭͯͻ͊͡ 

˹͊ͦͤ͟͡ ʲ 90ϲ ˨͔͔͙͋ͤ͊͡ ͤ͊ ͔ͫͭͤ͊ͭ͊ Lp 0.25 m

ˢ͙ͣͯͭ͘ 0ϲ ˴͔ͦͺΦͤ͊ ͍ͭͦͨͦͨͪͦͦ͒ͤͦͫͭ͡˂ 2.7 kJ/(hr.mK)

ˤ͙ͫͦ;͙ͤ͊ ͙ ΄͙͙ͪͤ͊ ͤ͊ ͣͦ͒ͯ͊͡ ˹ ͻ ² 2.15 x 0.72 m˿͔ͨͼΦ ͔͔ͦ͋ͣͤ ͭͦͨ͡Φ͊ͨ͊͟ͼΦŎˊ 1522 kJ/(m3K)

ˣ͚ͪͦ ͤ͊ ͨͪͦͪ͘Φ ͔͔͔͙ͣͤͭ͡N 2 ˤ͙͒ ͤ͊ ͙͙͔ͨͦͪͭͭͦ͟ мbp ͔͚ͣ͊͊͟͡͡;͔͔ͪͤ ͣ͊ͭ

˾͊ͫͭͦ͘Ύ͙͔ͤ ͔ͣ͗͒ͯ ͦͫͭΆ͔͙͔ͤͭͦ͟͡ ͙ ͔ͫͭͤ͊ͭ͊ 50.07 m ˤ͙͒ ͤ͊ ͙͙͔ͨͦͪͭͭͦ͟ нsc ͔ͣ͒ͤͦ ͙͊͒ͣͪ͊ͤͦ͟

˩͔͎ͤͪͦͨͪͦͨΦ ͤ͊ ͔͔͔ͣͤͭ͊͡ggl 0.8 ˽͎ͦ͡Ά΅Φ ͫͨͦͫͦ͋ͤͦͫͭsh,w bp  0.96 sc  0.95

ˮ͘͡Ά;͍͔͊ͭͤ͊͡ ͫͨͦͫͦ͋ͤͦͫͭgʁl 0.84 ˮ͘͡Ά;͍͔͊ͭͤ͊͡ ͫͨͦͫͦ͋ͤͦͫͭwʁ bp  0.87 sc  0.11
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ʌʠʛ.4-4  (4.4.1.3-3)  ʉʨʝʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʝʥʘʪʘ ʟʘ ʧʝʨʠʦʜʘ 

 

 
 

ʌʠʛ.4-5  (4.4.1.2-4)   ʉʪʝʧʝʥ ʥʘ ʫʩʚʦʷʚʘʥʝ ʥʘ ʪʦʧʣʠʥʘʪʘ  ʦʪ ʩʣʲʥʮʝʪʦ 
 

ʦʪʜʘʜʝʥʘʪʘ ʪʦʧʣʠʥʘ) ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʥʰʥʠʷ ʚʲʟʜʫʭ ʠ 
ʜʝʙʠʪʘ. ʂʦʣʠʯʝʩʪʚʦʪʦ ʪʦʧʣʠʥʘ, ʦʪʜʘʜʝʥʦ ʦʪ ʩʪʝʥʘʪʘ ʢʲʤ ʧʦʜʘʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʲʟʜʫʭ 
ʟʘ ʝʜʠʥ ʯʘʩ ʩʝ ʠʟʯʠʩʣʷʚʘ ʧʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 
 

Qv = Cp.v.æŪʘ      kWh             (4-1)  
Cp ï ʩʧʝʮʠʬʠʯʝʥ ʪʦʧʣʠʥʝʥ ʢʘʧʘʮʠʪʝʪ ʥʘ ʚʲʟʜʫʭʘ (kJ/kgÁC) 

v ï ʤʘʩʦʚ ʜʝʙʠʪ ʥʘ ʚʲʟʜʫʭʘ (kg/h) 
æŪʘ ï ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʚʭʦʜʷʱʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʠ ʚʲʥʰʥʠʷ ʚʲʟʜʫʭ (ÁC). 

 

ɽʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʧʨʦʮʝʩʘ ʟʘ ʨʘʟʛʣʝʞʜʘʥ ʧʝʨʠʦʜ ʝ:  

ÔÈÅÒÍÁÌ
В

В  
 %      (4-2) 
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ễQv     kWh ï ʦʙʱʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʥʘ ʧʨʝʤʠʥʘʣʦ ʚʲʚ ʚʝʥʪʠʣʘʮʠʦʥʥʠʷ ʚʲʟʜʫʭ  
ễSVTwall   kWh  - ʦʙʱʦʪʦ ʟʘ ʧʝʨʠʦʜʘ ʢʦʣʠʯʝʩʪʚʦ ʩʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ ʟʘ ʮʷʣʘʪʘ ʩʪʝʥʘ 
 
ʉʨʝʜʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʜʚʝʪʝ ʩʝʢʮʠʠ ʥʘ ʩʪʝʥʘʪʘ ʟʘ ʝʜʠʥ ʦʪ ʧʝʨʠʦʜʠʪʝ ʝ ʧʦʢʘʟʘʥʘ ʥʘ 

ʬʠʛ.4-4. ʋʩʚʦʝʥʘʪʘ ʟʘ ʜʨʫʛ ʧʝʨʠʦʜ ʪʦʧʣʠʥʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ.4-5, ʢʲʜʝʪʦ ʝ ʥʘʧʨʘʚʝʥʘ 
ʩʲʧʦʩʪʘʚʢʘ ʩ ʧʘʜʥʘʣʘʪʘ ʚʲʨʭʫ ʩʪʝʥʘʪʘ ʩʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ. 

 

 

 
 

ʌʠʛ.4-6  (4.4.2-4)  ʉʨʝʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʝʥʘʪʘ ʟʘ ʧʝʨʠʦʜ ʩ ʠʥʪʝʥʟʠʚʥʦ ʩʣʲʥʯʝʚʦ ʛʨʝʝʥʝ 

 

 
 

ʌʠʛ.4-7  (4.4.2-8)    ʉʪʝʧʝʥ ʥʘ ʫʩʚʦʷʚʘʥʝ ʥʘ ʪʦʧʣʠʥʘʪʘ  ʦʪ ʩʣʲʥʮʝʪʦ 
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ʇʈʀʅʋɼɽʅɸ  ɺɽʅʊʀʃɸʎʀʗ  

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʝʩʪʝʩʪʚʝʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ, ʢʲʜʝʪʦ ʜʚʠʞʝʱʘʪʘ ʩʠʣʘ ʝ ʚʲʪʨʝʰʥʘ ʟʘ 
ʩʠʩʪʝʤʘʪʘ ʠ ʝ ʩʣʝʜʩʪʚʠʝ ʥʘ ʝʩʪʝʩʪʚʝʥʘʪʘ ʢʦʥʚʝʢʮʠʷ, ʪʦ ʧʨʠ ʧʨʠʥʫʜʝʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʪʷ ʝ 
ʚʲʥʰʥʘ, ʥʘʡ-ʯʝʩʪʦ ʤʝʭʘʥʠʯʥʘ. ɺʩʷʢʘ ʦʪ ʩʝʢʮʠʠʪʝ ʠʤʘ ʚʝʥʪʠʣʘʮʠʦʥʝʥ ʦʪʚʦʨ ʧʨʝʟ 
ʘʢʫʤʫʣʠʨʘʱʘʪʘ ʩʪʝʥʘ, ʚ ʢʦʡʪʦ ï ʦʪʢʲʤ ʩʪʨʘʥʘʪʘ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ ï ʩʘ ʤʦʥʪʠʨʘʥʠ ʜʚʘ ʙʨʦʷ 
ʝʜʥʦʪʠʧʥʠ ʚʝʥʪʠʣʘʪʦʨʘ (ʬ150; ʤʘʢʩʠʤʘʣʥʠ  ʜʝʙʠʪ 180 mį/h; ʥʘʧʦʨ 110 ʈʘ; eʣ.ʤʦʱʥʦʩʪ 30W) 
ʩ ʦʙʱ ʨʝʛʫʣʘʪʦʨ ʥʘ ʤʦʱʥʦʩʪʪʘ (ʦʙʦʨʦʪʠʪʝ). ʅʘ ʬʠʛ.4-6 ʩʘ ʧʦʢʘʟʘʥʠ ʩʨʝʜʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ 
ʥʘ ʜʚʝʪʝ ʩʝʢʮʠʠ ʥʘ ʩʪʝʥʘʪʘ ʟʘ ʧʝʨʠʦʜ ʩ ʠʥʪʝʥʟʠʚʥʦ ʛʨʝʝʥʝ, ʘ ʥʘ ʬʠʛ.4-7 ï ʫʩʚʦʝʥʘʪʘ ʟʘ 
ʮʝʣʠʷ ʧʝʨʠʦʜ ʪʦʧʣʠʥʘ. 

 
ʆɹʆɹʑɽʅʀ ʈɽɿʋʃʊɸʊʀ ʆʊ ʅɸʊʋʈʅʀʊɽ ɽʂʉʇɽʈʀʄɽʅʊʀ  
 

ʇʘʨʘʣʝʣʥʦ ʩ ʥʘʪʫʨʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʧʨʦʚʝʜʝʥʠ ʠ ʯʠʩʣʝʥʠ ʪʘʢʠʚʘ ʧʨʠ ʧʘʨʘʤʝʪʨʠʪʝ 
ʥʘ ʨʝʘʣʥʘʪʘ ʩʪʝʥʘ, ʥʦ ʩʲʩ ʟʘʣʦʞʝʥʠʪʝ ʚ ʊRNSYS ʧʘʨʘʤʝʪʨʠ ʥʘ ʢʣʠʤʘʪʘ. ʆʙʦʙʱʝʥʠʪʝ 
ʨʝʟʫʣʪʘʪʠ ʟʘ ʝʩʪʝʩʪʚʝʥʘ ʚʝʥʪʠʣʘʮʠʷ (ʧʝʨʠʦʜ 8-27.02) ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʧʨʠʥʫʜʝʥʘ 
ʚʝʥʪʠʣʘʮʠʷ (10.03-04.04) ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʪʘʙʣ.4-3 ʠ ʪʘʙʣ.4-4 ʩʲʦʪʚʝʪʥʦ ʟʘ bp ʠ sc.  

 

 
 

ʊʘʙʣ.4-3  (4.4.3-3)  ʆʙʦʙʱʝʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʯʠʩʣʝʥʠʪʝ ʠ ʥʘʪʫʨʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ - 
ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ, bp 

 

ʇʨʠ ʘʥʘʣʠʟʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʠ ʠʟʚʦʜʠ ʟʘ ʧʨʝʜʠʤʩʪʚʘʪʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ ʨʝʞʠʤʠʪʝ ʥʘ 
ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ ʝ ʨʝʜʥʦ ʜʘ ʩʝ ʦʪʯʝʪʘʪ ʨʘʟʭʦʜʘ ʥʘ ʝʥʝʨʛʠʷ ʟʘ 
ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʧʨʠʥʫʜʝʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ. ɺ ʪʘʙʣ.4-5 ʩʘ ʧʦʢʘʟʘʥʠ ʨʝʜʫʮʠʨʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 
ʟʘ ʜʚʘʪʘ ʨʝʞʠʤʘ, ʢʘʪʦ ʝ ʚʠʜʥʦ, ʯʝ ʨʝʟʫʣʪʘʪʠʪʝ ʠʤ ʟʘ ʪʝʨʤʠʯʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʩʝ ʩʙʣʠʞʘʚʘʪ 
ʜʦ ʨʘʟʣʠʢʠ ʚ ʨʘʤʢʠʪʝ ʥʘ 6%. ʉʲʱʝʚʨʝʤʝʥʥʦ ʝ ʚʠʜʥʘ ʛʦʣʷʤʘʪʘ ʨʘʟʣʠʢʘ ʚ ʧʦʣʫʯʝʥʠʷ ʜʝʙʠʪ 
ʚʲʟʜʫʭ ʚ ʧʦʣʟʘ ʥʘ ʧʨʠʥʫʜʝʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ, ʩʲʱʝʚʨʝʤʝʥʥʦ ʧʦ-ʤʘʣʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʥʘ 
ʨʘʟʣʠʢʘ ʥʘ ʟʘʛʨʘʷʚʘʥʝ ʥʘ ʚʲʥʰʥʠʷ ʚʲʟʜʫʭ ʜʦ ʧʦʜʘʚʘʥʝʪʦ ʤʫ ʚ ʧʦʤʝʱʝʥʠʝʪʦ.   
 

 
 

ʊʘʙʣ.4-4  (4.4.3-4)  ʆʙʦʙʱʝʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʯʠʩʣʝʥʠʪʝ ʠ ʥʘʪʫʨʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ  - 
ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ, sc 

      ˻ˣ˻ˣ̋˩˹ˮ ˾˩˭̂˶́ˢ́ˮ ͦͭ ;͙͔͙ͫͤ͡ ͙ ͙ͤ͊ͭͯͪͤ ͔͔͙͔͙ͫͨͪͣͤͭ͟                          08.02-27.02 - bp             10.03-04.04 - bp

͔͔͍͔ͫͭͫͭͤ͊κ͙͔ͨͪͤͯ͒ͤ͊ ͍͔͙ͤͭ͊͡ͼ͙Ύ͔͔͍͔͍͔͙ͫͭͫͭͤ͊ͤͭ͊͡ͼ͙Ύ͙͔ͨͪͤͯ͒ͤ͊ ͍͔͙ͤͭ͊͡ͼ͙Ύ

ōǇ π ͙͙͔ͨͦͪͭ͟ ;͔ͪͤ͊ ͋ͦΎ ;͙͔ͫͤ͡ ͤ͊ ͔ͭͯͪ;͙͔ͤͫͤ͡ ͤ͊ ͔ͭͯͪͤ

  ́˩˸˽˩˾ˢ́̂˾ˢ ˹ˢ ˽˻˨ˢˤˢ˹ˮ̒ ˤ̌˭˨̂̆ʻǾ ϲ˿ 13.3 18.1 10.7 15.3

  ˤ̌˹̊˹ˢ ́˩˸˽˩˾ˢ́̂˾ˢ ʻ͔ ϲ˿ 1.1 2.2 6.8 9.4

  ˿̂˸ˢ˾˹ˢ ˿˶̌˹̉˩ˤˢ ˩˹˩˾˥ˮ̒ ͊͘ ͔ͫͭͤ͊ͭ͊᷾vǎƻƭΣǿkWh 69.6 92.7 86.8 123.4

  ˽̌˶˹ˢ ˿˶̌˹̉˩ˤˢ ˾ˢ˨ˮˢ̇ˮ̒ Qsol Wh/mч 106.7 135.1 91.7 138.4

  ˿̂˸ˢ˾˹ˢ ́˻˽˶ˮ˹ˢ ˭ˢ ˤ˩˹́ˮ˶ˢ̇ˮ̒ ᷾vǾΣōǇkWh 20.3 23.8 37.1 51.7

  ˨˩ˣˮ́ ˹ˢ ˤ̌˭˨̂̆ˢ π ͍ͣ͊ͫͦἨav kg/h 12.7 13.5 56.6 52.6

  ˨˩ˣˮ́ ˹ˢ ˤ̌˭˨̂̆ˢ π ͔͔ͦ͋ͣͤVɦav mшκƘ 10.2 10.8 45.3 42.1

  ˿˴˻˾˻˿́ ͤ͊ ͦ͋͒ͯͻ͍͔͊ͤ ͤ͊ ͔ͫͭͤ͊ͭ͊vw,av m/s 0.056 0.060 0.250 0.232

  ́˩˾˸ˮ̉˹ˢ ˩̅˩˴́ˮˤ˹˻˿́ ́thermal % 29.2% 25.7% 42.7% 41.9%

      ˻ˣ˻ˣ̋˩˹ˮ ˾˩˭̂˶́ˢ́ˮ ͦͭ ;͙͔͙ͫͤ͡ ͙ ͙ͤ͊ͭͯͪͤ ͔͔͙͔͙ͫͨͪͣͤͭ͟                          08.02-27.02 - sc             10.03-04.04 - sc

͔͔͍͔ͫͭͫͭͤ͊κ͙͔ͨͪͤͯ͒ͤ͊ ͍͔͙ͤͭ͊͡ͼ͙Ύ͔͔͍͔͍͔͙ͫͭͫͭͤ͊ͤͭ͊͡ͼ͙Ύ͙͔ͨͪͤͯ͒ͤ͊ ͍͔͙ͤͭ͊͡ͼ͙Ύ

ǎŎ π ͔͔͙͍ͫͭͤͦ͟͡ ͙͙͔ͨͦͪͭ͟ ;͙͔ͫͤ͡ ͤ͊ ͔ͭͯͪ;͙͔ͤͫͤ͡ ͤ͊ ͔ͭͯͪͤ

  ́˩˸˽˩˾ˢ́̂˾ˢ ˹ˢ ˽˻˨ˢˤˢ˹ˮ̒ ˤ̌˭˨̂̆ʻǾ ϲ˿ 17.8 18.4 11.0 14.6

  ˤ̌˹̊˹ˢ ́˩˸˽˩˾ˢ́̂˾ˢ ʻ͔ ϲ˿ 1.1 -0.6 6.8 9.4

  ˿̂˸ˢ˾˹ˢ ˿˶̌˹̉˩ˤˢ ˩˹˩˾˥ˮ̒ ͊͘ ͔ͫͭͤ͊ͭ͊᷾vǎƻƭΣǿkWh 69.6 92.7 86.8 123.4

  ˽̌˶˹ˢ ˿˶̌˹̉˩ˤˢ ˾ˢ˨ˮˢ̇ˮ̒ Qsol Wh/mч 106.7 135.1 91.7 138.4

  ˿̂˸ˢ˾˹ˢ ́˻˽˶ˮ˹ˢ ˭ˢ ˤ˩˹́ˮ˶ˢ̇ˮ̒ ᷾vǾΣǎŎkWh 26.0 30.5 50.3 61.1

  ˨˩ˣˮ́ ˹ˢ ˤ̌˭˨̂̆ˢ π ͍ͣ͊ͫͦἨav kg/h 13.5 15.7 69.7 72.1

  ˨˩ˣˮ́ ˹ˢ ˤ̌˭˨̂̆ˢ π ͔͔ͦ͋ͣͤVɦav mшκƘ 10.8 12.5 55.7 57.7

  ˿˴˻˾˻˿́ ͤ͊ ͦ͋͒ͯͻ͍͔͊ͤ ͤ͊ ͔ͫͭͤ͊ͭ͊vw,av m/s 0.059 0.069 0.307 0.318

  ́˩˾˸ˮ̉˹ˢ ˩̅˩˴́ˮˤ˹˻˿́ ́thermal % 37.3% 32.9% 57.9% 49.6%
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ʊʘʙʣ.4-5  (4.4.3-5)  ʈʝʜʫʮʠʨʘʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʥʘʪʫʨʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ï 

ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ; bp  ʠ sc  ʚʘʨʠʘʥʪʠ 

ʀɿɺʆɼʀ ʀ ɿɸʂʃʖʏɽʅʀʗ ʆʊ ʅɸʊʋʈʅʀʊɽ ɽʂʉʇɽʈʀʄɽʅʊʀ 
 

ü ʅʘʪʫʨʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʪʚʲʨʜʠʭʘ ʘʜʝʢʚʘʪʥʦʩʪʪʘ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʠʪʝ ʤʦʜʝʣʠ ʚ 

TRNSYS ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʯʠʩʣʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ; 

ü ʂʦʥʩʪʨʫʢʮʠʷʪʘ ʩʲʩ ʩʝʣʝʢʪʠʚʥʦ ʧʦʢʨʠʪʠʝ ʝ ʧʦ-ʝʬʝʢʪʠʚʥʘ ʦʪ ʪʘʟʠ ʩ ʙʦʷʜʠʩʘʥ ʩ ʯʝʨʥʘ ʙʦʷ 

ʘʙʩʦʨʙʝʨ ʚ ʨʘʤʢʠʪʝ ʥʘ 6% (2-3% ʧʦ-ʤʘʣʢʦ, ʦʪʢʦʣʢʦʪʦ ʧʨʠ ʠʜʝʘʣʥʠʷ ʩʣʫʯʘʡ ʥʘ ʯʠʩʣʝʥʠʪʝ 

ʝʢʩʧʝʨʠʤʝʥʪʠ); ʇʨʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʜʝʙʠʪʘ ʠ ʫʩʚʦʝʥʘʪʘ ʪʦʧʣʠʥʘ ʩʘ 

ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʜʦʙʨʠ, ʢʘʪʦ ʪʝʨʤʠʯʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ (ʦʪʯʠʪʘʡʢʠ ʧʦʪʨʝʙʝʥʘʪʘ ʝʥʝʨʛʠʷ) ʝ ʚ 

ʨʘʤʢʠʪʝ ʥʘ 6% ʧʦ-ʚʠʩʦʢʘ;  

ü ɺʠʩʦʢʠʪʝ ʜʝʙʠʪʠ, ʢʦʠʪʦ ʧʦʩʪʠʛʘ ʧʨʠʥʫʜʝʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ, ʩʘ ʥʘʧʲʣʥʦ ʧʦʩʪʠʞʠʤʠ ʦʪ 

ʝʩʪʝʩʪʚʝʥʘʪʘ ʚʝʥʪʠʣʘʮʠʷ ʧʨʠ ɸv/Aw = 0.09  ʟʘ bp ʠ 0.07 ʟʘ  sc;  

ü ɽʩʪʝʩʪʚʝʥʘʪʘ ʢʦʥʚʝʢʮʠʷ ʝ ʩʘʤʦʨʝʛʫʣʠʨʘʱ ʩʝ ʬʠʟʠʯʝʩʢʠ ʧʨʦʮʝʩ, ʧʨʠ ʢʦʡʪʦ ʜʝʙʠʪʘ ʥʘ 

ʚʲʟʜʫʭʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʩʣʲʥʯʝʚʦʪʦ ʛʨʝʝʥʝ, ʥʝ ʠʟʠʩʢʚʘ ʚʲʥʰʥʘ ʝʥʝʨʛʠʷ ʠ ʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʙʝʟʰʫʤʥʘ. ɺʩʠʯʢʦ ʪʦʚʘ ʝ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʧʨʠʦʨʠʪʝʪʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʝʩʪʝʩʪʚʝʥʘʪʘ 

ʚʝʥʪʠʣʘʮʠʷ ʧʨʠ ʨʝʞʠʤ Ăʧʦʜʘʚʘʥʝ ʥʘ  ʚʲʥʰʝʥ ʚʲʟʜʫʭñ.    

 
 

ɻʃɸɺɸ 5. ʆʎɽʅʂɸ ʅɸ ʇɸʈɸʄɽʊʈʀʊɽ ʅɸ ʆʊɺʆʈɽʅɸ ʉʊɽʅɸ ʅɸ ʊʈʆʄɹ 
 

ɹɸɿʆɺ ʄʆɼɽʃ  

ʄʦʜʝʣʲʪ ʝ ʙʘʟʠʨʘʥ ʥʘ  ʩʠʤʫʣʘʮʠʠ ʚ TRNSYS ʟʘ ʧʝʨʠʦʜʘ ʦʪ ʥʦʝʤʚʨʠ ʜʦ ʤʘʨʪ ʟʘ 
ʢʣʠʤʘʪʠʯʥʘ ʟʦʥʘ ʉʦʬʠʷ - ɿʦʥʘ 5 ʧʦ ʢʣʘʩʠʬʠʢʘʮʠʷʪʘ ʥʘ ASHRAE. ʆʙʦʙʱʝʥʠ ʩʘ ʧʦ ʤʝʩʝʮʠ 
ʧʦʯʘʩʦʚʠ ʨʝʟʫʣʪʘʪʠ ʟʘ:  
Ūe (ɗe)[ Áʉ] - ʚʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ;  
Ūw (ɗ1) [Áʉ] - ʩʨʝʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʘʢʫʤʫʣʠʨʘʱʘʪʘ ʧʦʚʲʨʭʥʦʩʪ;  
Ūv (ɗout) [Áʉ] -ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʩʪʲʧʚʘʱʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʲʟʜʫʭ;  

Qsol* (Qtotal) [kWh] - ʝʥʝʨʛʠʷʪʘ ʥʘ ʧʲʣʥʦʪʦ ʩʣʲʥʯʝʚʦ ʦʙʣʲʯʚʘʥʝ ʥʘ  ʧʦʚʲʨʭʥʦʩʪʪʘ 

                       ʥʘ ʩʪʝʥʘʪʘ ʟʘ ʢʦʤʝʥʪʠʨʘʥʠʷ ʧʝʨʠʦʜ;  
Qv (Qve) [kWh] - ʫʩʚʦʝʥʘ ʦʪ ʚʲʟʜʫʭʘ ʪʦʧʣʠʥʘ (ʟʘ ʧʝʨʠʦʜa);  
 (mal) [kg/h] ï ʩʨʝʜʝʥ ʤʘʩʦʚ ʜʝʙʠʪ ʥʘ ʚʲʟʜʫʭʘ ʧʨʝʤʠʥʘʚʘʱ ʧʨʝʟ ʩʪʝʥʘʪʘ;  

 

ʀʟʯʠʩʣʝʥʠ ʩʘ ʧʘʨʘʤʝʪʨʠʪʝ:   
ɖthermal = Qv/ Qsol [%];    
 [kg/h] - ʩʨʝʜʥʠʷ ʟʘ ʤʝʩʝʮʘ  ʤʘʩʦʚ ʜʝʙʠʪ ʥʘ ʚʲʟʜʫʭʘ;  

Qv [kWh] - ʫʩʚʦʝʥʘʪʘ ʦʪ ʚʲʟʜʫʭʘ ʪʦʧʣʠʥʘ (ʟʘ ʧʝʨʠʦʜʘ); 
 

         ˾˩˨̂̇ˮ˾ˢ˹ˮ ˾˩˭̂˶́ˢ́ˮ ͦͭ ͙͔ͤ͊ͭͯͪͤͭ ͔͔͙͔͙ͫͨͪͣͤͭ͟                           08.02-27.02 - bp             10.03-04.04 - bp

                 ͔͔͍͔ͫͭͫͭͤ͊κ͙͔ͨͪͤͯ͒ͤ͊ ͍͔͙ͤͭ͊͡ͼ͙Ύ     ͔͔͍͔͍͔͙ͫͭͫͭͤ͊ͤͭ͊͡ͼ͙Ύ  ͙͔ͨͪͤͯ͒ͤ͊ ͍͔͙ͤͭ͊͡ͼ͙Ύ

                                      bp/sc  bp sc bp sc

  ˽̌˶˹ˢ ˿˶̌˹̉˩ˤˢ ˾ˢ˨ˮˢ̇ˮ̒ Qsol Wh/mч 135.1 135.1 138.4 138.4

  ˿̂˸ˢ˾˹ˢ ˿˶̌˹̉˩ˤˢ ˩˹˩˾˥ˮ̒ ͊͘ ͔ͫͭͤ͊ͭ͊᷾vǎƻƭΣǿkWh 92.7 92.7 123.4 123.4

  ˿̂˸ˢ˾˹ˢ ́˻˽˶ˮ˹ˢ ˭ˢ ˤ˩˹́ˮ˶ˢ̇ˮ̒ ᷾vǾΣōǇkWh 23.8 30.5 51.7 61.1

  ˨˩ˣˮ́ ˹ˢ ˤ̌˭˨̂̆ˢ π ͍ͣ͊ͫͦἨav kg/h 13.5 15.7 52.6 72.1

  ˨˩ˣˮ́ ˹ˢ ˤ̌˭˨̂̆ˢ π ͔͔ͦ͋ͣͤVɦav mшκƘ 10.8 12.5 42.1 57.7

  ˿˴˻˾˻˿́ ͤ͊ ͦ͋͒ͯͻ͍͔͊ͤ ͤ͊ ͔ͫͭͤ͊ͭ͊vw,av m/s 0.060 0.069 0.232 0.318

  ́˩˸˽˩˾ˢ́̂˾˹ˢ ˾ˢ˭˶ˮ˴ˢ ˹ˢ ˤ̌˭˨̂̆ˢɲ̒ Ǿ ϲ˿ 15.9 19.0 6.0 5.2

  ́˩˾˸ˮ̉˹ˢ ˩̅˩˴́ˮˤ˹˻˿́ ́thermal % 25.7% 32.9% 41.9% 49.6%

  ͙͍ͨͦ͊ͤ͊͘͘͡ ͍Άͤ΄ͤ͊ ͔͔͎͙ͤͪΎ όснм Ƙ Ȅ нл ²ύ ᷾˩Ǿ kWh 0 0 12.4 12.4

  ͔ͪ͊ͤͦ͡ ͔ͫͨ;͔͔ͤ͊͡ ͔͔͎͙ͤͪΎ ɲ˩ kWh 23.8 30.5 39.3 48.7

  ͔ͪ͒ͯͼ͙ͪ͊ͤ͊ ό͔ͪ͊ͤ͊͡ύ ͔ͺ͔͙͍ͭͤͦͫͭ͟ʹⱧ thermal % 25.7% 32.9% 31.8% 39.5%
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ʅʘʤʝʨʝʥʠ ʩʘ ʟʘʚʠʩʠʤʦʩʪʠ: 
* = f(Qsol; Av/Aw)        (5-1) 

ɖthermal = f(v; Qsol)       (5-2) 
* (kg/h.mĮ) -  ʜʝʙʠʪ ʥʘ ʚʲʟʜʫʭʘ ʟʘ 1 mĮ ʧʣʦʱ ʥʘ ʩʪʝʥʘʪʘ: * = /W (kg/h.mĮ)  

Av/Aw  - ʙʝʟʨʘʟʤʝʨʝʥ ʬʘʢʪʦʨ  
Av (mĮ) - ʧʣʦʱ ʥʘ ʦʪʚʦʨʠʪʝ (ʧʦ-ʤʘʣʢʘʪʘ ʦʪ ʚʭʦʜʷʱʘʪʘ ʠ ʠʟʭʦʜʷʱʘʪʘ) 
Aw (mĮ) - ʧʣʦʱ ʥʘ ʩʪʝʥʘʪʘ,   Aw = H.W   (mĮ) 

v (m/s)  - ʩʢʦʨʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʚʲʟʜʫʭʘ,  v = V→/Ag (m/s), ʢʲʜʝʪʦ: 
  V→  (mį/s) - ʦʙʝʤʝʥ ʜʝʙʠʪ ʥʘ ʚʲʟʜʫʭʘ,   V→ = /3600.ɟʚ 
  ɸg  (mĮ) ï ʧʣʦʱ ʥʘ ʧʨʦʮʝʧʘ, ʚ ʢʦʡʪʦ ʩʝ ʜʚʠʞʠ ʚʲʟʜʫʭʘ ɸg=W.D (mĮ) 

 ȹŪv (Áʉ) - ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ ʥʘ ʚʝʥʪʠʣʘʮʠʦʥʥʠʷ ʚʲʟʜʫʭ ȹŪv = Ūv - Ūe  (Áʉ) 
ȹŪʘ (Áʉ) - ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ ʥʘ ʚʲʟʜʫʭʘ ʚʲʪʨʝ-ʚʲʥ   ȹŪʘ= Ūint - Ūe  (Áʉ) 
v (m/s)   -  ʩʢʦʨʦʩʪ ʥʘ ʦʙʪʠʯʘʥʝ ʥʘ ʩʪʝʥʘʪʘ      
 

ɹʘʟʦʚʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʦʜʝʣʘʠʪʝ:  

¶ ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ï ʛʨ.ʉʦʬʠʷ; 

¶ ʅʝʙʝʩʥʘ ʦʨʠʝʥʪʘʮʠʷ ï ʶʛ; ʥʘʢʣʦʥ 90Á; ʘʟʠʤʫʪ 0Á; ʙʝʟ ʚʲʥʰʥʦ ʟʘʩʝʥʯʚʘʥʝ; 

¶ ʤʘʪʝʨʠʘʣ ʥʘ ʘʢʫʤʫʣʠʨʘʰʠʷ ʝʣʝʤʝʥʪ ï ʩʠʣʠʢʘʪʥʘ ʪʫʭʣʘ (ʪʘʙʣ.3.4-3); 

¶ ʜʝʙʝʣʠʥʘ ʥʘ ʘʢʫʤʫʣʠʨʘʱʠʷ ʝʣʝʤʝʥʪ ï L = 240 mm; 

¶ ʧʨʦʟʨʘʯʝʥ ʝʣʝʤʝʥʪ: ʜʚʦʡʥʦ ʦʩʪʲʢʣʝʥʠʝ ggl=0.8; Ůgl=0.84; 

¶ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʟʨʘʯʥʠʷ ʝʣʝʤʝʥʪ ʠ ʩʪʝʥʘʪʘ D=0.060 m; 

¶ ʠʟʦʣʘʮʠʷ ŭ=0.150 m;  ɚ=0.032 W/m.K. 
 

ɺʘʨʠʨʘʥʠ ʬʘʢʪʦʨʠ:  

¶ ʩʨʝʜʝʥ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʧʲʣʥʘʪʘ ʩʣʲʥʯʝʚʘ ʨʘʜʠʘʮʠʷ ʧʦ ʚʝʨʪʠʢʘʣʥʠ  ʧʦʚʲʨʭʥʦʩʪʠ ʩ 
ʦʨʠʝʥʪʘʮʠʷ ʶʛ ï Qsol,  W/mĮ; 

¶ ʩʨʝʜʥʘ ʚʲʥʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ - Ūe (ʊʚʥ),   Áʉ;  

¶ ʧʣʦʱ ʥʘ ʩʪʝʥʘʪʘ: ɸw = 2; 3; 4 mĮ; 

¶ ʚʠʩʦʯʠʥʘ H = 0.5; 1.0; 1,5; 2.0; 2.5; 3.0; 3.5; 4.0 m; 

¶ ʰʠʨʦʯʠʥʘ W = 0.5; 0.57; 0.67; 0.80; 1.0; 1.33; 1.5; 2.0; 2.5; 3.0; 4.0 m; W = Aw/H  m;   

¶ ʧʣʦʱ ʥʘ ʚʝʥʪʠʣ. ʦʪʚʦʨʠ Av ( mĮ):0.017663; 0.035325; 0.07065; 0.2; 0.2826; 0.5 mĮ 

¶ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʥʪʠʣ. oʪʚʦʨʠ Hv = H ï Av/W (m)  

¶ ʚʠʜ ʥʘ ʧʦʢʨʠʪʠʝʪʦ ï  bp (ʯʝʨʥʘ ʙʦʷ); sc (ʩʝʣʝʢʪʠʚʥʦ ʧʦʢʨʠʪʠʝ)  
 

ɹʘʟʦʚ ʜʝʙʠʪ ἒ♅*(kg/h) ʠ ʙʘʟʦʚʘ ʝʬʝʢʪʠʚʥʦʩʪ ɖאלthermal (%)                              
 

ʅʘʧʨʘʚʝʥʠ ʩʘ ʪʨʠʤʝʨʥʠ ʛʨʘʬʠʢʠ ʥʘ ʨʝʰʝʥʠʷ ʥʘ (5-1b-bp),  (5-1b-sc), (5-2b-bp) ʠ (5-2b-sc), 
ʢʘʪʦ ʥʘ ʬʠʛ.5-1 ʠ ʬʠʛ.5-2 ʩʘ ʧʦʢʘʟʘʥʠ ʩʲʦʪʚʝʪʥʠʪʝ ʟʘ ʚʠʩʦʯʠʥʘ ʥʘ ʩʪʝʥʘʪʘ 2.0 ʤʝʪʨʘ - 
ʚʘʨʠʘʥʪ ʩ ʧʦʢʨʠʪʠʝ ʯʝʨʥʘ ʙʦʷ ʠ   ʩʝʣʝʢʪʠʚʥʦ ʧʦʢʨʠʪʠʝ.  
ʅʘʤʝʨʝʥʠ ʩʘ ʘʧʨʦʢʩʠʤʘʮʠʦʥʥʠ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘ ʚʩʷʢʘ ʚʠʩʦʯʠʥʘ ʥʘ ʩʪʝʥʘʪʘ H (m), 

ʦʪʜʝʣʥʦ ʟʘ ʧʦʢʨʠʪʠʝ ʩ ʯʝʨʥʘ ʙʦʷ (bp) ʠ ʟʘ ʩʝʣʝʢʪʠʚʥʦ ʧʦʢʨʠʪʠʝ (sc), ʧʦ ʤʝʩʝʮʠ ʦʪ ʥʦʝʤʚʨʠ 
ʜʦ ʤʘʨʪ, ʢʘʪʦ ʢʨʠʪʝʨʠʠʪʝ, ʟʘ ʜʘ ʙʲʜʝ ʠʟʙʨʘʥʦ ʝʜʥʦ ʠʣʠ ʜʨʫʛʦ ʫʨʘʚʥʝʥʠʝ ʩʘ ʩʣʝʜʥʠʪʝ: 
ʟʘʧʘʟʚʘʥʝ ʚʠʜʘ ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ ʧʨʠ ʚʩʠʯʢʠ ʠʟʚʘʜʢʠ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʚʠʩʦʯʠʥʠ ʥʘ ʩʪʝʥʘʪʘ (ʪʦʚʘ 
ʛʘʨʘʥʪʠʨʘ ʨʘʚʥʦʤʝʨʥʦʩʪ ʥʘ ʧʦʣʝʪʦ ʧʨʠ ʛʨʘʥʠʯʥʠ ʩʪʦʡʥʦʩʪʠ); ʟʘʧʘʟʚʘʥʝ ʜʦʩʪʘʪʲʯʥʦ ʚʠʩʦʢʘ 
ʪʦʯʥʦʩʪ ʧʨʠ ʚʩʠʯʢʠ ʠʟʚʘʜʢʠ; ʤʘʢʩʠʤʘʣʥʠ ʦʪʢʣʦʥʝʥʠʷ ʥʘ ʨʝʰʝʥʠʝʪʦ ʦʪ ʜʝʡʩʪʚʠʪʝʣʥʠʪʝ 
ʩʪʦʡʥʦʩʪʠ ʜʘ ʩʘ ʚ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʧʨʝʜʝʣʝʥʠ ʛʨʘʥʠʮʠ.  

 
*bp,i = f(Qsol.i; Av/Aw) (kg/h.mĮ);      (5-1b-bp) 

 

*sc,i = f(Qsol,i; Av/Aw) (kg/h.mĮ)     (5-1b-sc) 
 

       Z = a+b.X+c.ln(Y)+d.XĮ+ e. ln(Y)Į+f.X.ln(Y)+g.Xį+h.ln(Y)į+i.X.ln(Y)Į+j.XĮ.ln(Y)]     
     ʂʦʝʬʠʮʠʝʥʪʠʪʝ (ʘ,b,c,d,e,f,g,h,i, j) ï ʩʘ ʨʘʟʣʠʯʥʠ ʟʘ ʚʩʷʢʦ H(m) ʠ ʧʦʢʨʠʪʠʝ bp, sc 
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Z ſ *i;   ʍ ſ Qsol,i;  Y ſ (Av/Aw);   
i ï ʠʥʜʝʢʩ ʦʟʥʘʯʘʚʘʱ ʤʝʩʝʮʠʪʝ ʦʪ ʥʦʝʤʚʨʠ ʜʦ ʤʘʨʪ (noe; dec, jan; feb; mar) 
 

 ɖⱲthermal,bp-i = f(vbp-i; Qsol,i)      (5-2b-bp) 
 

  Z=  a+b.ln(X)+c.Y+d.(lnX)Į+e.YĮ+f.Y.ln(X)+g.(lnX)į+h.Yį+ i.YĮ.lnX+j.Y.(lnX)Į    
       ʂʦʝʬʠʮʠʝʥʪʠʪʝ (ʘ,b,c,d,e,f,g,h,i, j)  ʩʘ ʨʘʟʣʠʯʥʠ ʟʘ ʚʩʷʢʦ H(m)  

 

Z ſ ɖthermal,i;   ʍ ſ vbp-i ;  Y ſ (Av/Aw);   

i ï ʠʥʜʝʢʩ ʦʟʥʘʯʘʚʘʱ ʤʝʩʝʮʠʪʝ ʦʪ ʥʦʝʤʚʨʠ ʜʦ ʤʘʨʪ (noe; dec, jan; feb; mar) 
 

ɖthermal,sc-i = f(vsc-i; Qsol,i)        (5-2b-sc) 
 

Z= a+b/X+c.ln(Y)+d/XĮ+e.(ln(Y))Į+f.ln(Y)/X+g/Xį+h.(ln(Y))į+i.(ln(Y))Į/X+j.ln(Y)/XĮ 
ʂʦʝʬʠʮʠʝʥʪʠʪʝ (ʘ,b,c,d,e,f,g,h,i, j)  ʩʘ ʨʘʟʣʠʯʥʠ ʟʘ ʚʩʷʢʦ H(m)  
 

Z ſ ɖthermal,i;   ʍ ſ vsc-i ;  Y ſ (Av/Aw);   

i ï ʠʥʜʝʢʩ ʦʟʥʘʯʘʚʘʱ ʤʝʩʝʮʠʪʝ ʦʪ ʥʦʝʤʚʨʠ ʜʦ ʤʘʨʪ (noe; dec, jan; feb; mar) 
 

ʉʲʩʪʘʚʝʥʠ ʩʘ ʛʨʘʬʠʢʠ ʥʘ  ʨʝʰʝʥʠʷʪʘ ʟʘ (1b-bp), (1b-sc), (2b-bp), (2b-sc) ʟʘ ʚʩʝʢʠ ʦʪ 
ʤʝʩʝʮʠʪʝ ʦʪ ʧʝʨʠʦʜʘ ʥʦʝʤʚʨʠ ï ʤʘʨʪ, ʢʘʪʦ ʧʨʠʤʝʨʠ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ.5-3 ʠ ʬʠʛ.5-4, ʘ 
ʧʲʣʥʠʷʪ ʥʘʙʦʨ ʝ ʚ ʇʨʠʣʦʞʝʥʠʝ 1 ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ. 

ʆʪʯʠʪʘʥʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ñDò ʠ ʦʨʠʝʥʪʘʮʠʷʪʘ ʥʘ ʩʪʝʥʘʪʘ  

ʇʨʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ɹʘʟʦʚʠʷ ʤʦʜʝʣ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʛʝʦʤʝʪʨʠʯʥʦ ʨʘʟʣʠʯʥʠ  ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ 
D=60mm ʠ ʦʨʠʝʥʪʘʮʠʷ ʶʛ. ɿʘ ʜʘ ʙʲʜʝ ʧʨʦʚʝʨʝʥʦ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʝʟʠ ʧʘʨʘʤʝʪʨʠ ʚʲʨʭʫ 
ʤʦʜʝʣʘ ʝ ʥʘʧʨʘʚʝʥʘ ʠʟʚʘʜʢʘ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠʪʝ ʟʘ ʚʩʷʢʦ ʅ=0.5; 1.0; 1.5; 2.0; 2.5; 3.0; 3.5 ʠ 
4.0m, ʟʘ ʢʦʠʪʦ ɸv/Aw ʝ ʚ ʜʠʘʧʘʟʦʥʘ 0.01 ʜʦ 0.1m (ʧʦ 325 ʙʨʦʷ ʟʘ ʚʩʷʢʦ ʧʦʢʨʠʪʠʝ).  

 
ʌʠʛ.5-1 (5.1.2-2) ʊʨʠʤʝʨʥʘ ʛʨʘʬʠʢʘ ʥʘ * = f(Qsol; Av/Aw) ï bp, H=2.0m 

 
Kʦʥʬʠʛʫʨʘʮʠʠʪʝ ʩʘ ʩʠʤʫʣʠʨʘʥʠ ʟʘ bp ʠ sc ʧʨʠ D=50; 60; 70mm (ʦʨʠʝʥʪʘʮʠʷ ʶʛ), ʢʘʪʦ 

ʚʘʨʠʘʥʪʲʪ ʩ D=60mm ʩʝ ʧʨʠʝʤʘ ʟʘ ʙʘʟʦʚ, ʩʣʝʜ ʢʦʝʪʦ ʩʘ ʚʘʨʠʨʘʥʠ ʦʨʠʝʥʪʘʮʠʠ ʠʟʪʦʢ ʠ ʟʘʧʘʜ 
(ʧʨʠ  D=60mm), ʢʲʜʝʪʦ ʟʘ ʙʘʟʘ ʝ ʧʨʠʝʪʘ ʦʨʠʝʥʪʘʮʠʷ Ăʶʛñ. 
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= Km,D. ʂm,ɣ. *.Aw        (kg/h) 

ɖthermal = f(v; Qsol) = Kɖ,D. ʂɖ,ɣ. ɖⱲthermal       %    

          
ʂm,D = f(D; Av/Aw);  ʂm,ɣ = f(Qsol/Q sol);    ʂɖ,D = f(Av/Aw);     ʂɖ,ɣ = f(Qsol/Qsol) 
 
ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʢʦʨʝʢʮʠʦʥʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ Km,D ʠ ʂɖ ; Kɖ,D ʠ ʂɖ,ɣ ʩʘ ʧʦʢʘʟʘʥʠ 

ʩʲʦʪʚʝʪʥʦ ʥʘ ʪʘʙʣ.5-1 ʠ ʪʘʙʣ.5-2. 

 
ʌʠʛ.5-2 (5.1.2-10) ʊʨʠʤʝʨʥʘ ʛʨʘʬʠʢʘ ʥʘ ɖthermal = f(v; Qsol) ï sc,  H=2.0m   

 

 

 
 

ʌʠʛ.5-3  (5.1.2-6)     ɻʨʘʬʠʢʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ  * sc ʟʘ ʤʝʩʝʮ ʤʘʨʪ 


