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ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʦʙʩʲʜʝʥ ʠ ʥʘʩʦʯʝʥ ʟʘ ʟʘʱʠʪʘ ʦʪ ʂʘʪʝʜʨʝʥʠʷ ʩʲʚʝʪ 

ʥʘ ʢʘʪʝʜʨʘ Ăʍʠʜʨʦʘʝʨʦʜʠʥʘʤʠʢʘ ʠ ʭʠʜʨʘʚʣʠʯʥʠ ʤʘʰʠʥʠñ ʢʲʤ 

ɽʥʝʨʛʦʤʘʰʠʥʦʩʪʨʦʠʪʝʣʝʥ ʬʘʢʫʣʪʝʪ ʥʘ ʊʋ-ʉʦʬʠʷ ʥʘ ʨʝʜʦʚʥʦ ʟʘʩʝʜʘʥʠʝ, 

ʧʨʦʚʝʜʝʥʦ ʥʘ 10.07.2018 ʛ.. 

ʇʫʙʣʠʯʥʘʪʘ ʟʘʱʠʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʱʝ ʩʝ ʩʲʩʪʦʠ ʥʘ 06.11.2018 ʛ. 

oʪ 15:00 ʯʘʩʘ ʚ ʂʦʥʬʝʨʝʥʪʥʘʪʘ ʟʘʣʘ ʥʘ ɹʀʎ ʥʘ ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï 

ʉʦʬʠʷ ʥʘ ʦʪʢʨʠʪʦ ʟʘʩʝʜʘʥʠʝ ʥʘ ʥʘʫʯʥʦʪʦ ʞʫʨʠ, ʦʧʨʝʜʝʣʝʥʦ ʩʲʩ ʟʘʧʦʚʝʜ ˉ 

ʆɾ-252 / 19.07.2018 ʛ. ʥʘ ʈʝʢʪʦʨʘ ʥʘ ʊʋ-ʉʦʬʠʷ ʚ ʩʲʩʪʘʚ: 

1. ɼʦʮ. ʜ-ʨ ʠʥʞ. ʈʦʩʠʮʘ ɺʝʣʠʯʢʦʚʘ ï ʧʨʝʜʩʝʜʘʪʝʣ  

2. ɼʦʮ. ʜ-ʨ ʠʥʞ. ɽʤʘʥʫʠʣ ɸʛʦʥʮʝʚ ï ʥʘʫʯʝʥ ʩʝʢʨʝʪʘʨ 

3. ʇʨʦʬ. ʜ.ʪ.ʥ. ʠʥʞ. ʇʝʪʲʨ ʉʪʘʥʢʦʚ  

4. ʇʨʦʬ. ʜ.ʪ.ʥ. ʠʥʞ. ʀʚʘʥ ɸʥʪʦʥʦʚ 

5. ʇʨʦʬ. ʜ-ʨ ʄʠʣʯʦ ɸʥʛʝʣʦʚ 

 

 

ʈʝʮʝʥʟʝʥʪʠ: 

1. ʇʨʦʬ. ʜ.ʪ.ʥ. ʠʥʞ. ʀʚʘʥ ɸʥʪʦʥʦʚ 

2. ɼʦʮ. ʜ-ʨ ʠʥʞ. ʈʦʩʠʮʘ ɺʝʣʠʯʢʦʚʘ 

 

 

ʄʘʪʝʨʠʘʣʠʪʝ ʧʦ ʟʘʱʠʪʘʪʘ ʩʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʠʥʪʝʨʝʩʫʚʘʱʠʪʝ ʩʝ ʚ 

ʢʘʥʮʝʣʘʨʠʷʪʘ ʥʘ ɽʥʝʨʛʦʤʘʰʠʥʦʩʪʨʦʠʪʝʣʝʥ ʬʘʢʫʣʪʝʪ ʥʘ ʊʋ-ʉʦʬʠʷ, ʙʣʦʢ ˉ2, 

ʢʘʙʠʥʝʪ ˉ 2340. 

 

ɼʠʩʝʨʪʘʥʪʲʪ ʝ ʨʝʜʦʚʝʥ ʜʦʢʪʦʨʘʥʪ ʢʲʤ ʢʘʪʝʜʨʘ Ăʍʠʜʨʦʘʝʨʦʜʠʥʘʤʠʢʘ ʠ 

ʭʠʜʨʘʚʣʠʯʥʠ ʤʘʰʠʥʠñ ʥʘ ɽʥʝʨʛʦʤʘʰʠʥʦʩʪʨʦʠʪʝʣʝʥ ʬʘʢʫʣʪʝʪ . 

ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʧʦ ʜʠʩʝʨʪʘʮʠʦʥʥʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʩʘ ʥʘʧʨʘʚʝʥʠ ʦʪ ʘʚʪʦʨʘ ʠ ʩʘ 

ʧʨʦʚʝʜʝʥʠ ʚ ʥʘʫʯʥʦ-ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʣʘʙʦʨʘʪʦʨʠʷ Ăʎʝʥʪʲʨ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʤʠʢʨʦʢʣʠʤʘʪ, ʝʥʝʨʛʠʷ ʠ ʦʢʦʣʥʘ ʩʨʝʜʘ ï ʉɽʈɼɽʉɽʅò ʧʨʠ ʊʝʭʥʠʯʝʩʢʠ 

ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ. ʅʷʢʦʠ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʩʘ ʧʦʜʢʨʝʧʝʥʠ ʦʪ 

ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʨʦʝʢʪʠ. 

 

 

ɸʚʪʦʨ: ʤʘʛ. ʠʥʞ. ʀʩʢʨʘ ʉʠʤʦʚʘ 
ɿʘʛʣʘʚʠʝ: Ăʉʠʤʫʣʘʮʠʦʥʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʚ ʚʝʥʪʠʣʠʨʘʥʠ 

ʧʦʤʝʱʝʥʠʷ ʠ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʤʫ ʚʲʨʭʫ ʟʜʨʘʚʝʪʦ ʥʘ ʯʦʚʝʢʘñ 

ʊʠʨʘʞ: 30 ʙʨʦʷ 

ʆʪʧʝʯʘʪʘʥʦ ʚ ʀʇʂ ʥʘ ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ 
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I. ʆɹʑɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʅɸ ɼʀʉɽʈʊɸʎʀʆʅʅʀʗ ʊʈʋɼ 1  

ɸʢʪʫʘʣʥʦʩʪ ʥʘ ʧʨʦʙʣʝʤʘ 

ɺ ʜʥʝʰʥʦ ʚʨʝʤʝ ʩʲʚʨʝʤʝʥʥʠʷʪ ʯʦʚʝʢ ʚ ʨʘʟʚʠʪʠʪʝ ʩʪʨʘʥʠ ʧʨʝʢʘʨʚʘ ʥʘʜ 90% ʦʪ ʚʨʝʤʝʪʦ ʥʘ 
ʟʘʢʨʠʪʦ (ʪʝʟʠ ʜʘʥʥʠ ʩʘ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʩʪʫʜʝʥ ʠ ʫʤʝʨʝʥ ʢʣʠʤʘʪ ʠ ʤʦʛʘʪ ʜʘ ʚʘʨʠʨʘʪ ʚ ʪʦʧʲʣ 
ʢʣʠʤʘʪ). ɽʪʦ ʟʘʱʦ, ʩʨʝʜʘʪʘ ʥʘ ʢʦʷʪʦ ʝ ʠʟʣʦʞʝʥ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʥʝʛʦʚʠʪʝ 
ʢʦʤʬʦʨʪ, ʙʣʘʛʦʩʲʩʪʦʷʥʠʝ ʠ ʟʜʨʘʚʝ. ɺʣʠʷʥʠʝʪʦ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʚʲʨʭʫ ʦʙʠʪʘʪʝʣʠʪʝ ʩʝ 
ʦʩʲʱʝʩʪʚʷʚʘ ʥʘ ʜʚʝ ʥʠʚʘ, ʬʠʟʠʦʣʦʛʠʯʥʦ ʠ ʧʩʠʭʦʣʦʛʠʯʥʦ, ʠ ʧʦ ʥʷʢʦʣʢʦ òʢʘʥʘʣʘò. 

ɺ̡ ʧʨʦʩʲʪ ʟʘ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ ʠ ʙʣʘʛʦʩʲʩʪʦʷʥʠʝ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʝ ʤʥʦʛʦ 
ʩʣʦʞʝʥ. ʄʥʦʛʦ ʩʘ ʚʟʘʠʤʦʩʚʲʨʟʘʥʠʪʝ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʦʧʨʝʜʝʣʷʪ ʝʜʥʘ ʚʲʪʨʝʰʥʘ ʩʨʝʜʘ ʢʘʪʦ 
ʜʦʙʨʘ ʠʣʠ ʣʦʰʘ.  

ɺʨʲʟʢʘʪʘ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ/ʤʠʢʨʦʢʣʠʤʘʪ ʠ ʦʙʠʪʘʪʝʣʠʪʝ ʝ 
ʠʟʩʣʝʜʚʘʥʘ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʜʝʩʝʪʠʣʝʪʠʷ ʦʪ ʤʥʦʞʝʩʪʚʦ ʫʯʝʥʠ ʠ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʙʲʜʝ ʦʙʝʢʪ ʥʘ 
ʠʥʪʝʨʝʩ ʩ ʛʦʣʷʤʦ ʩʦʮʠʘʣʥʦ ʠ ʠʢʦʥʦʤʠʯʝʩʢʦ ʟʥʘʯʝʥʠʝ. ʅʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʪʦʚʘ ʥʘʧʨʘʚʣʝʥʠʝ 
ʫʩʪʘʥʦʚʷʚʘʪ, ʯʝ ʧʨʦʙʣʝʤʠ ʩ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʩʛʨʘʜʠ ʚʲʟʜʝʡʩʪʚʘʪ ʜʠʨʝʢʪʥʦ 
ʚʲʨʭʫ ʢʦʤʬʦʨʪʘ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʠ ʟʜʨʘʚʝʪʦ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ. ʇʫʙʣʠʢʘʮʠʠʪʝ ʩʦʯʘʪ, ʯʝ 
ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʠ ʙʣʘʛʦʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʭʦʨʘʪʘ ʝ ʩʣʦʞʥʘ ʠ 
ʤʦʞʝ ʜʘ ʠʤʘ ʢʘʢʪʦ ʢʨʘʪʢʦʪʨʘʝʥ, ʪʘʢʘ ʠ ʜʲʣʛʦʪʨʘʝʥ ʝʬʝʢʪ ʚʲʨʭʫ ʩʫʙʝʢʪʠʪʝ: ʦʪ ʣʝʢ ʦʙʱ 
ʜʠʩʢʦʤʬʦʨʪ, ʧʨʝʟ ʨʘʟʜʨʘʟʥʝʥʠʝ ʥʘ ʣʠʛʘʚʠʮʠʪʝ, ʧʦʥʠʞʝʥʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʬʦʢʫʩʠʨʘʥʝ ʠ 
ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʦʩʪʘʚʝʥʠ ʟʘʜʘʯʠ, ʛʣʘʚʦʙʦʣʠʝ, ʯʝʩʪʠ ʨʝʩʧʠʨʘʪʦʨʥʠ ʠʥʬʝʢʮʠʠ, ʜʦ ʭʨʦʥʠʯʥʠ 
ʟʘʙʦʣʷʚʘʥʠʷ ʠ ʚ ʢʨʘʡʥʘ ʩʤʝʪʢʘ, ʯʝʩʪʠ ʦʪʩʲʩʪʚʠʷ ʦʪ ʨʘʙʦʪʘ. 

ʅʘʣʠʯʠʝʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʤʝʞʜʫʥʘʨʦʜʥʠ ʩʪʘʥʜʘʨʪʠ ʠ ʥʘʫʯʥʠ ʧʫʙʣʠʢʘʮʠʠ ʧʦʜʯʝʨʪʘʚʘʪ 
ʜʦʧʲʣʥʠʪʝʣʥʦ ʚʘʞʥʦʩʪʪʘ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʟʘ ʢʦʤʬʦʨʪʘ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʠ 

ʟʜʨʘʚʝʪʦ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ .͛ 

 

ʎʝʣ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ, ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ 

ʎʝʣʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʝ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʚ 
ʚʝʥʪʠʣʠʨʘʥʠ ʧʦʤʝʱʝʥʠʷ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ ʢʘʪʦ ʠʥʜʠʢʘʪʦʨ ʟʘ 
ʪʷʭʥʦʪʦ ʟʜʨʘʚʝ. 

ɿʘ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʧʦʩʪʘʚʝʥʘʪʘ ʮʝʣ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʩʣʝʜʥʠʪʝ ʟʘʜʘʯʠ: 

¶ ɼʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʢʦʤʧʣʝʢʪ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʩʪʫʜʝʥʪʠ 
ʠ ʠʥʞʝʥʝʨʠ, ʢʦʠʪʦ ʠʟʚʲʨʰʚʘʪ ʠʥʪʝʥʟʠʚʥʘ ʫʤʩʪʚʝʥʘ ʨʘʙʦʪʘ; 

¶ ɼʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʢʦʤʧʣʝʢʪ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠ 
ʦʪ ʚʲʟʨʘʩʪʦʚʘ ʛʨʫʧʘ 8-12 ʛʦʜʠʥʠ; 

¶ ɼʘ ʩʝ ʧʨʦʝʢʪʠʨʘ ʢʦʥʪʨʦʣʠʨʘʥʘ ʚʲʪʨʝʰʥʘ ʪʦʧʣʠʥʥʘ ʩʨʝʜʘ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʯʠʩʣʝʥʦ 
ʩʠʤʫʣʘʮʠʦʥʥʦ ʠʟʩʣʝʜʚʘʥʝ; 

¶ ɼʘ ʩʝ ʧʨʦʚʝʜʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʧʨʠ ʢʦʥʪʨʦʣʠʨʘʥʠ ʫʩʣʦʚʠʷ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʩʪʫʜʝʥʪʠ; 

¶ ɼʘ ʩʝ ʠʟʩʣʝʜʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠ ʦʪ ʚʲʟʨʘʩʪʦʚʘ ʛʨʫʧʘ 8-12 ʛʦʜʠʥʠ; 

                                                 
1  
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¶ ɼʘ ʩʝ ʩʲʟʜʘʜʝ ʙʘʟʘ ʜʘʥʥʠ ʦʪ ʩʫʙʝʢʪʠʚʥʠʪʝ ʦʮʝʥʢʠ ʠ ʦʙʝʢʪʠʚʥʦ ʠʟʤʝʨʝʥʘʪʘ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ ʥʘ ʮʝʣʝʚʠʪʝ ʛʨʫʧʠ ʩʫʙʝʢʪʠ ï ʩʪʫʜʝʥʪʠ, ʠʥʞʝʥʝʨʠ, ʫʯʝʥʠʮʠ; 

¶ ɼʘ ʩʝ ʧʨʦʚʝʜʝ ʧʠʣʦʪʥʦ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʦʙʝʢʪʠʚʥʦ ʦʮʝʥʷʚʘʥʝ ʥʘ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʜʦʢʪʦʨʘʥʪʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʯʨʝʟ ʬʠʟʠʦʣʦʛʠʯʥʦ ʠʟʤʝʨʚʘʥʝ ʥʘ 
ʤʦʟʲʯʥʘʪʘ ʠʤ ʘʢʪʠʚʥʦʩʪ ʧʦʩʨʝʜʩʪʚʦʤ ʝʜʥʦʪʦʯʢʦʚʘ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤʘ; 

¶ ɼʘ ʩʝ ʠʟʩʣʝʜʚʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʯʠʩʣʝʥ ʝʢʩʧʝʨʠʤʝʥʪ, ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʛʝʥʝʨʠʨʘʥʠʷ ʦʪ 
ʦʙʠʪʘʪʝʣʠʪʝ CO2  ʚʲʚ ʚʝʥʪʠʣʠʨʘʥʠ ʧʦʤʝʱʝʥʠʷ, ʧʨʦʝʢʪʠʨʘʥʠ ʜʘ ʦʩʠʛʫʨʷʚʘʪ ʠ 
ʧʦʜʜʲʨʞʘʪ ʟʘʜʘʜʝʥʘ ʪʦʧʣʠʥʥʘ ʩʨʝʜʘ. 

 

ʅʘʫʯʥʘ ʥʦʚʦʩʪ 

ɺ ʜʠʩʝʨʪʘʮʠʦʥʥʠ ʪʨʫʜ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʠ ʚʧʦʩʣʝʜʩʪʚʠʝ ʧʨʠʣʦʞʝʥʠ ʥʦʚʠ ʠʥʩʪʨʫʤʝʥʪʠ ʠ 
ʧʨʦʮʝʜʫʨʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ 
ʦʙʠʪʘʪʝʣʠʪʝ ʢʘʪʦ ʠʥʜʠʢʘʪʦʨ ʟʘ ʪʷʭʥʦʪʦ ʟʜʨʘʚʝ.  

ʉʲʟʜʘʜʝʥʠ ʩʘ ʥʦʚʠ ʠʟʯʠʩʣʠʪʝʣʥʠ ʧʨʦʮʝʜʫʨʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ 
ʥʘ ʚʲʟʜʫʭʦʦʙʤʝʥʘ ʠ ʪʦʧʣʠʥʥʠʷ ʢʦʤʬʦʨʪ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ ʚʲʚ ʚʝʥʪʠʣʠʨʘʥʠ ʧʦʤʝʱʝʥʠʷ ʧʨʠ 
ʨʘʟʣʠʯʥʠ ʛʝʦʤʝʪʨʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʝʥʪʠʣʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʢʘʢʪʦ ʠ ʠʟʯʠʩʣʠʪʝʣʥʘ 
ʧʨʦʮʝʜʫʨʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʛʝʥʝʨʠʨʘʥʠʷ ʦʪ ʦʙʠʪʘʪʝʣʠʪʝ ʉʆ2 ʚʲʚ ʚʝʥʪʠʣʠʨʘʥʠ 
ʧʦʤʝʱʝʥʠʷ. 

 

ʇʨʘʢʪʠʯʝʩʢʘ ʧʨʠʣʦʞʠʤʦʩʪ 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʠ ʨʘʟʨʘʙʦʪʢʠʪʝ ʚ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʤʦʛʘʪ ʫʩʧʝʰʥʦ ʜʘ 
ʙʲʜʘʪ ʧʨʠʣʦʞʝʥʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʟʜʨʘʚʦʩʣʦʚʝʥ ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʦʙʠʪʘʝʤʠ ʥʝʠʥʜʫʩʪʨʠʘʣʥʠ 
ʧʦʤʝʱʝʥʠʷ.  

ɺʘʞʝʥ ʬʦʢʫʩ ʩʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʨʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʚ ʢʣʘʩʥʠ ʠ 
ʣʝʢʮʠʦʥʥʠ ʟʘʣʠ, ʚ ʢʦʠʪʦ ʝ ʩʪʘʥʜʘʨʪʥʘ ʧʨʘʢʪʠʪʢʘ ʜʘ ʩʝ ʦʙʫʯʘʚʘʪ ʛʦʣʷʤ ʙʨʦʡ ʛʲʩʪʦ 
ʨʘʟʧʨʝʜʝʣʝʥʠ ʦʙʠʪʘʪʝʣʠ ï ʫʯʝʥʠʮʠ ʠ ʩʪʫʜʝʥʪʠ.  

ʈʘʟʨʘʙʦʪʝʥʠʪʝ ʚ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʪʝʩʪʦʚʝ ʠ ʧʨʦʮʝʜʫʨʠ ʩʘ ʛʦʪʦʚ ʠʥʩʪʨʫʤʝʥʪ ʢʦʡʪʦ 
ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʠʣʦʞʝʥ (ʠ ʘʜʘʧʪʠʨʘʥ ʧʨʠ ʥʫʞʜʘ) ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʩʫʙʝʢʪʠ, ʠʟʚʲʨʰʚʘʱʠ ʠʥʪʝʥʟʠʚʥʘ ʫʤʩʪʚʝʥʘ ʨʘʙʦʪʘ: ʦʬʠʩ-ʩʣʫʞʠʪʝʣʠ, 
ʠʥʞʝʥʝʨʠ, ʫʯʘʱʠ ʠ ʜʨ.  

 

ɸʧʨʦʙʘʮʠʷ 

ʆʩʥʦʚʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʩʣʝʜʥʠʪʝ ʬʦʨʫʤʠ: 

1. ʅʘʫʯʥʘ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦ ʫʯʘʩʪʠʝ ɽʄʌ 2012, ñɽʥʝʨʛʠʷ-ɽʢʦʣʦʛʠʷ-ʂʦʤʬʦʨʪ-
ʉʘʤʦʯʫʚʩʪʚʠʝñ, 16-19 ʩʝʧʪʝʤʚʨʠ 2012ʛ., ʉʦʟʦʧʦʣ, ɹʲʣʛʘʨʠʷ 

2. ʅʘʫʯʥʘ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦ ʫʯʘʩʪʠʝ ʥʘ ʈʫʩʝʥʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʉʲʶʟʘ ʥʘ 
ʫʯʝʥʠʪʝ ï ʈʋ&ʉʋô14, ʆʢʪʦʤʚʨʠ 2014ʛ., ʈʫʩʝ, ɹʲʣʛʘʨʠ ̫

3. ʅʘʫʯʥʘ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦ ʫʯʘʩʪʠʝ ʥʘ ʈʫʩʝʥʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʉʲʶʟʘ ʥʘ 
ʫʯʝʥʠʪʝ ï ʈʋ&ʉʋô15, ʆʢʪʦʤʚʨʠ 2015ʛ, ʈʫʩʝ, ɹʲʣʛʘʨʠʷ 

4. ʅʘʫʯʥʘ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦ ʫʯʘʩʪʠʝ ʥʘ ʈʫʩʝʥʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʉʲʶʟʘ ʥʘ 
ʫʯʝʥʠʪʝ ï ʈʋ&ʉʋô16, ʆʢʪʦʤʚʨʠ 2016ʛ., ʈʫʩʝ, ɹʲʣʛʘʨʠʷ 
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ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʠ ʧʦʩʪʠʞʝʥʠʷ ʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ 

ʚ 5 ʥʘʫʯʥʠ ʧʫʙʣʠʢʘʮʠʠ, ʦʪ ʢʦʠʪʦ 1 ʩʘʤʦʩʪʦʷʪʝʣʥʘ 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʝʤ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʚ ʦʙʝʤ ʦʪ (171) ʩʪʨʘʥʠʮʠ, ʢʘʪʦ ʚʢʣʶʯʚʘ 

ʧʨʝʜʛʦʚʦʨ, (5) ʛʣʘʚʠ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʬʦʨʤʫʣʠʨʘʥʠʪʝ ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ, 

ʟʘʢʣʶʯʝʥʠʝ, ʩʧʠʩʲʢ ʥʘ ʦʩʥʦʚʥʠʪʝ ʧʨʠʥʦʩʠ, ʩʧʠʩʲʢ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʧʦ 

ʜʠʩʝʨʪʘʮʠʷʪʘ ʠ ʠʟʧʦʣʟʚʘʥʘ ʣʠʪʝʨʘʪʫʨʘ. ʎʠʪʠʨʘʥʠ ʩʘ ʦʙʱʦ (160) ʣʠʪʝʨʘʪʫʨʥʠ 

ʠʟʪʦʯʥʠʮʠ, ʢʘʪʦ (147)  ʩʘ ʥʘ ʣʘʪʠʥʠʮʘ ʠ (3)  ʥʘ ʢʠʨʠʣʠʮʘ, ʘ ʦʩʪʘʥʘʣʠʪʝ ʩʘ 

ʠʥʪʝʨʥʝʪ ʘʜʨʝʩʠ. ʈʘʙʦʪʘʪʘ ʚʢʣʁ ʯʚʘ ʦʙʱʦ (119) ʬʠʛʫʨʠ ʠ (33) ʪʘʙʣʠʮʠ. 

ʅʦʤʝʨʘʪʘ ʥʘ ʬʠʛʫʨʠʪʝ ʠ ʪʘʙʣʠʮʠʪʝ ʚ ʘʚʪʦʨʝʬʝʨʘʪʘ ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʪʝʟʠ ʚ 

ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ.  
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II. ʉʒɼʒʈɾɸʅʀɽ ʅɸ ɼʀʉɽʈʊɸʎʀʆʅʅʀʗ ʊʈʋɼ 

ɻʃɸɺɸ 1. ʆɹɿʆʈ ʇʆ ʇʈʆɹʃɽʄɸ: ʄʀʂʈʆʂʃʀʄɸʊ ï ʇɸʈɸʄɽʊʈʀ 

ʀ ɺʃʀʗʅʀɽ ɺʒʈʍʋ ʆɹʀʊɸʊɽʃʀʊɽ 
ɺ ʪʘʟʠ ʯʘʩʪ ʝ ʥʘʧʨʘʚʝʥ ʧʨʝʛʣʝʜ ʥʘ ʧʫʙʣʠʢʫʚʘʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ 

ʨʘʟʣʠʯʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ï ʘʪʤʦʩʬʝʨʥʘ ʩʨʝʜʘ, ʪʦʧʣʠʥʥʘ ʩʨʝʜʘ, ʚʠʟʫʘʣʥʘ ʩʨʝʜʘ ʠ 
ʘʢʫʩʪʠʯʥʘ ʩʨʝʜʘ,  ʚʲʚ ʚʝʥʪʠʣʠʨʘʥʠ ʧʦʤʝʱʝʥʠʷ ʚʲʨʭʫ ʢʦʤʬʦʨʪʘ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʠ ʟʜʨʘʚʝʪʦ ʥʘ 
ʦʙʠʪʘʪʝʣʠʪʝ ʥʘ ʥʝʠʥʜʫʩʪʨʠʘʣʥʠ ʩʛʨʘʜʠ. 
ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʥʝʠʥʜʫʩʪʨʠʘʣʥʠ ʧʦʤʝʱʝʥʠʷ ʟʘʚʠʩʠ ʦʪ ʝʤʠʩʠʠʪʝ ʥʘ ʩʪʨʦʠʪʝʣʥʠʪʝ 

ʤʘʪʝʨʠʘʣʠ, ʥʘ ʤʝʙʝʣʠʪʝ, ʥʘ ʦʙʦʨʫʜʚʘʥʝʪʦ ʠ ʦʪ ʧʨʦʜʫʢʪʠʪʝ ʦʪ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ. 
ɺʣʦʰʘʚʘʥʝʪʦ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚʣʠʷʝ ʚʲʨʭʫ ʮʷʣʦʩʪʥʦʪʦ ʚʲʟʧʨʠʷʪʠʝ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ, 
ʧʨʠʯʠʥʷʚʘ ʫʤʦʨʘ, ʛʣʘʚʦʙʦʣʠʝ ʠ ʜʨʫʛʠ ʧʦʜʦʙʥʠ ʩʠʤʧʪʦʤʠ, ʚʣʦʰʘʚʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʠ ʚ ʨʝʟʫʣʪʘʪ 
ʥʘʤʘʣʷʚʘ ʙʣʘʛʦʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʜʦʙʨʦʪʦ ʢʘʯʝʩʪʚʦ ʥʘ ʚʲʟʜʫʭʘ ʤʦʞʝ ʜʘ 
ʙʲʜʝ ʧʦʩʪʠʛʥʘʪʦ ʠ ʧʦʜʜʲʨʞʘʥʦ ʚ ʧʦʜʭʦʜʷʱʘ ʩʠʩʪʝʤʘ ʟʘ ʚʝʥʪʠʣʘʮʠʷ ʠ ʢʣʠʤʘʪʠʟʘʮʠʷ. ʇʨʝʧʦʨʲʢʠ ʟʘ 
ʧʨʦʝʢʪʠʨʘʥʝ ʩʘ ʦʧʠʩʘʥʠ ʚ ʩʪʘʥʜʘʨʪʠʪʝ EN 15251 (2007), ʢʦʡʪʦ ʩʝ ʙʘʟʠʨʘ ʥʘ ʦʮʝʥʢʘ ʥʘ ʙʘʟʘ 
ʚʲʟʧʨʠʷʪʠʝʪʦ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ, ʚʣʠʟʘʱʠ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʠ ASHRAE standard 62.1 (2010), ʢʦʡʪʦ ʜʘʚʘ 
ʦʮʝʥʢʘ ʥʘ ʙʘʟʘ ʚʲʟʧʨʠʷʪʠʝʪʦ ʥʘ ʘʜʘʧʪʠʨʘʥʠ ʩʫʙʝʢʪʠ.  
ʃʦʰʦʪʦ ʢʘʯʝʩʪʚʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʦʙʠʪʘʝʤʠʪʝ ʥʝʠʥʜʫʩʪʨʠʘʣʥʠ ʩʛʨʘʜʠ ʝ ʧʨʠʯʠʥʘ ʟʘ ʚʲʟʥʠʢʚʘʥʝ ʥʘ 

ʩʧʝʮʠʬʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ Ăʉʠʥʜʨʦʤ ʥʘ ʙʦʣʥʘʪʘ ʩʛʨʘʜʘñ, SBS (Sick Building Syndrome) ʠ 
Ăɿʘʙʦʣʷʚʘʥʠʷ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʛʨʘʜʘʪʘñ, BRI (Building related illness). 
ʉʠʤʧʪʦʤʠʪʝ ʥʘ SBS ʟʘʙʦʣʷʚʘʥʠʷʪʘ ʩʘ ʧʨʝʜʠʤʥʦ ʥʝʩʧʝʮʠʬʠʯʥʠ, ʪ.ʝ. ʥʝ ʩʘ ʣʝʩʥʦ ʨʘʟʧʦʟʥʘʚʘʝʤʠ ʟʘ 
ʝʜʥʦ ʟʘʙʦʣʷʚʘʥʝ ʠʣʠ ʝʜʠʥ ʠʟʪʦʯʥʠʢ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝ. ʉʚʝʪʦʚʥʘʪʘ ʟʜʨʘʚʥʘ ʦʨʛʘʥʠʟʘʮʠʷ (ʉɿʆ) 
ʠʟʙʨʦʷʚʘ ʩʣʝʜʥʠʪʝ ʩʠʤʧʪʦʤʠ ʢʘʪʦ ʪʘʢʠʚʘ, ʢʦʠʪʦ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʜʲʣʞʘʪ ʥʘ SBS: ʨʘʟʜʨʘʟʥʝʥʠ ʣʠʛʘʚʠʮʠ 
ï ʥʘ ʦʯʠʪʝ, ʥʘ ʥʦʩʘ, ʥʘ ʛʲʨʣʦʪʦ; ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʠ ʩʫʭʦʪʘ ʥʘ ʣʠʛʘʚʠʮʠʪʝ ʠ ʢʦʞʘʪʘ; ʯʝʩʪʠ 
ʨʝʩʧʠʨʘʪʦʨʥʠ ʠʥʬʝʢʮʠʠ; ʫʤʩʪʚʝʥʘ ʫʤʦʨʘ, ʣʝʪʘʨʛʠʷ; ʛʣʘʚʦʙʦʣʠʝ; ʛʘʜʝʥʝ ʠ ʟʘʤʘʡʚʘʥʝ; ʜʨʝʟʛʘʚʦʩʪ, 
ʭʨʠʧʦʚʝ, ʩʲʨʙʝʞ ʠ ʥʝʫʪʦʯʥʝʥʘ ʩʚʨʲʭʯʫʚʩʪʚʠʪʝʣʥʦʩʪ. 
Ăɿʘʙʦʣʷʚʘʥʠʷʪʘ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʛʨʘʜʘʪʘñ, BRI, ʩʘ ʟʘʙʦʣʷʚʘʥʠʷ, ʧʨʦʠʟʪʠʯʘʱʠ ʦʪ ʠʟʣʘʛʘʥʝ ʥʘ 

ʟʘʤʲʨʩʠʪʝʣʠ ʚ ʧʦʤʝʱʝʥʠʷʪʘ, ʢʦʠʪʦ ʧʨʠʯʠʥʷʚʘʪ ʩʧʝʮʠʬʠʯʥʘ ʠ ʷʩʥʘ ʢʣʠʥʠʯʥʘ ʢʘʨʪʠʥʘ [23]. ɼʦʢʘʪʦ 
SBS ʩʠʤʧʪʦʤʠʪʝ ʠʟʯʝʟʚʘʪ ʩ ʥʘʧʫʩʢʘʥʝʪʦ ʥʘ ʩʛʨʘʜʘʪʘ, ʧʨʠ BRI ʩʠʤʧʪʦʤʠʪʝ ʧʨʦʜʲʣʞʘʚʘʪ ʠ ʥʝ 
ʦʪʰʫʤʷʚʘʪ. ʅʘʡ-ʝʬʝʢʪʠʚʥʘʪʘ ʩʪʨʘʪʝʛʠʷ ʟʘ ʩʤʝʢʯʘʚʘʥʝ BRI, ʝ ʜʘ ʩʝ ʧʨʦʩʣʝʜʠ ʟʘʙʦʣʷʚʘʥʝʪʦ ʜʦ 
ʦʧʨʝʜʝʣʝʥ ʟʘʤʲʨʩʠʪʝʣ ʠ ʜʘ ʩʝ ʧʨʝʤʘʭʥʝ ʠʟʪʦʯʥʠʢʘ ʦʪ ʩʛʨʘʜʘʪʘ. ʇʨʠʤʝʨ ʟʘ ʪʘʢʠʚʘ ʟʘʙʦʣʷʚʘʥʠʷ ʩʘ 
ʧʨʠʯʠʥʷʚʘʥʘʪʘ ʦʪ ʙʘʢʪʝʨʠʷʪʘ ʣʝʛʠʦʥʝʣʘ ʃʝʛʠʦʥʝʨʩʢʘ ʙʦʣʝʩʪ, ʘʣʝʨʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʢʘʪʦ 
ʘʣʝʨʛʠʯʝʥ ʨʠʥʠʪ ʠ ʘʩʪʤʘ.  
ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʪʨʝʰʥʠʷ ʚʲʟʜʫʭ ʝ ʚʘʞʝʥ ʚʲʧʨʦʩ, ʠʤʘʱ ʢʨʘʪʢʦʩʨʦʯʥʦ ʠʣʠ ʜʲʣʛʦʩʨʦʯʥʦ 

ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʟʜʨʘʚʝʪʦ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ, ʢʘʪʦ ʩʝ ʦʪʢʨʦʷʚʘʪ ʜʚʝ ʦʩʥʦʚʥʠ ʩʪʨʘʪʝʛʠʠ ʟʘ 
ʧʦʜʦʙʨʷʚʘʥʝʪʦ ʤʫ ʦʱʝ ʥʘ ʝʪʘʧ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʩʛʨʘʜʠʪʝ: ʯʨʝʟ ʧʦʚʠʰʘʚʘʥʝ ʢʨʘʪʥʦʩʪʪʘ ʥʘ 
ʚʲʟʜʫʭʦʦʙʤʝʥʘ, ʢʘʪʦ ʪʦʚʘ ʱʝ ʥʘʤʘʣʠ ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʥʘ ʚʲʟʜʫʭʘ ʠʣʠ ʯʨʝʟ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 
ʠʟʪʦʯʥʠʮʠʪʝ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝ ʚ ʠ ʠʟʚʲʥ ʩʛʨʘʜʘʪʘ ʩ ʮʝʣ ʜʘ ʩʝ ʨʝʜʫʮʠʨʘ ʧʨʦʷʚʘʪʘ ʠʤ ʚʲʚ ʚʲʪʨʝʰʥʠʷ 
ʚʲʟʜʫʭ. ʀʟʩʣʝʜʚʘʥʠʷ, ʢʦʠʪʦ ʜʦʢʘʟʚʘʪ, ʯʝ ʥʝʧʦʜʭʦʜʷʱʦ ʥʘʩʪʨʦʝʥʘ ʚʝʥʪʠʣʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʦʢʘʟʚʘ 
ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʩʠʤʧʪʦʤʠʪʝ ʥʘ SBS ʠ ʫʤʩʪʚʝʥʘʪʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ ʚ ʦʬʠʩ ʩʛʨʘʜʠ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ ʦʪ 
Park (2011) ʠ Seppanen (1999, 2006), ʘ Shaughnessy (2006), Wargocki (2007), .Haverinen-Shaughnessy 
(2011) ʠ Bako-Biro (2012) ʧʫʙʣʠʢʫʚʘʪ ʘʥʘʣʦʛʠʯʥʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʠ ʚʨʲʟʢʠ ʧʨʠ ʠʟʩʣʝʜʚʘʥʝ 
ʚʣʠʷʥʠʝʪʦ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʪʨʝʰʥʠʷ ʚʲʟʜʫʭ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠ ʚ ʫʯʠʣʠʱʘ. 
ʄʥʦʞʝʩʪʚʦ ʠʟʩʣʝʜʚʘʥʠʷ ʨʘʟʛʣʝʞʜʘʪ ʚʣʠʷʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ CO2 ʚʲʨʭʫ 

ʫʩʝʱʘʥʝʪʦ ʟʘ ʣʦʰʦ ʢʘʯʝʩʪʚʦ ʥʘ ʚʲʟʜʫʭʘ, ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ, ʧʦʚʠʰʘʚʘʥʝ ʥʘ 
ʦʧʣʘʢʚʘʥʠʷ ʢʘʪʦ ʛʣʘʚʦʙʦʣʠʝ ʠ ʨʘʟʜʨʘʟʥʝʥʠʷ ʥʘ ʣʠʛʘʚʠʮʠʪʝ, ʯʝʩʪʠ ʦʪʩʲʩʪʚʠʷ ʦʪ ʨʘʙʦʪʘ ʥʘ ʦʙʠʪʘʪʝʣʠ 
ʥʘ ʦʬʠʩï ʩʛʨʘʜʠ ʠ ʫʯʠʣʠʱʘ (Myhrvold et all., 1996; Seppanen et all., 1999; Shendell et all., 2004; Zhang 
et all., 2015). 
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ʇʨʝʟ 2012 ʛʦʜʠʥʘ Sʘtish ʠ ʢʦʣʝʢʪʠʚ ʧʦʩʪʘʚʷʪ ʚʲʧʨʦʩʘ: Ăɼʘʣʠ ʉʆ2 ʝ ʠʟʪʦʯʥʠʢ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝ ʥʘ 
ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ?ñ ʚ ʠʟʩʣʝʜʚʘʥʝ, ʢʦʝʪʦ ʜʦʢʘʟʚʘ ʜʠʨʝʢʪʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʧʦʥʠʞʘʚʘʥʝ ʥʘ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʦʙʠʪʘʪʝʣʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʥʦ ʥʠʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʉʆ2 (ʜʦ 2500 ppm).  
ʑʦ ʩʝ ʦʪʥʘʩʷ ʜʦ ʪʦʧʣʠʥʥʘʪʘ ʩʨʝʜʘ, ʪʦ ʠʜʝʘʣʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʥʠ ʛʨʘʥʠʮʠ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ 

ʩʘ ʜʦʙʨʝ ʠʟʫʯʝʥʠ. ʊʦʧʣʠʥʥʠʷʪ ʢʦʤʬʦʨʪ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʢʘʞʝ ʩ ʤʦʜʝʣʠʪʝ ʥʘ ʠʥʜʝʢʩʠʪʝ PMV 
(Predicted Mean Vote) ʠ PPD (Predicted Percentage Dissatisfied), ʦʧʠʩʘʥʠ ʚ ISO 7730: 2007 standard, 
(2007). PMV ʠʥʜʝʢʩʲʪ ʩʝ ʤʦʜʝʣʠʨʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʪʦʧʣʠʥʥʠʷ ʙʘʣʘʥʩ ʥʘ ʯʦʚʝʰʢʦʪʦ ʪʷʣʦ. ʊʦʧʣʠʥʥʘʪʘ 
ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʩʝ ʠʟʤʝʨʚʘ ʩʫʙʝʢʪʠʚʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʜʝʤʩʪʝʧʝʥʥʘʪʘ ʩʢʘʣʘ ʥʘ ASHRAE ʠ 
ʧʨʝʜʩʢʘʟʚʘ ʪʦʧʣʠʥʥʘʪʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʥʘ ʛʦʣʷʤʘ ʛʨʫʧʘ ʦʪ ʭʦʨʘ, ʠʟʣʦʞʝʥʠ ʥʘ ʝʜʥʘ ʠ ʩʲʱʘ ʪʦʧʣʠʥʥʘ 
ʩʨʝʜʘ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʪʨʝʰʥʠʷ ʚʲʟʜʫʭ ʯʝʩʪʦ ʧʨʝʚʠʰʘʚʘ ʥʝʫʪʨʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ, 
ʧʨʝʜʧʠʩʘʥʘ ʧʦ ʩʪʘʥʜʘʨʪ. ʃʝʢʦ ʧʦʚʠʰʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʪʨʝʰʥʠʷ ʚʲʟʜʫʭ ʦʪ 26Áʉ ʜʦ 30Áʉ 
ʫʩʪʘʥʦʚʝʥʦ ʧʦʚʠʰʘʚʘ ʤʥʦʛʦ ʦʪ SBS ʩʠʤʧʪʦʤʠʪʝ. ʊʦʟʠ ʝʬʝʢʪ ʩʝ ʧʨʦʷʚʷʚʘ ʚ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʤʠʩʣʝʥʝʪʦ 
ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ, ʢʘʢʪʦ ʠ ʢʘʪʦ ʛʣʘʚʦʙʦʣʠʝ, ʯʫʚʩʪʚʦ ʥʘ ʫʤʦʨʘ, ʩʠʤʧʪʦʤʠ ʥʘ ʨʘʟʜʨʘʟʥʝʥʦʩʪ ʥʘ ʦʯʠʪʝ, 
ʛʲʨʣʦʪʦ ʠ ʥʦʩʘ. 
ɿʘ ʜʘ ʩʘ ʤʘʢʩʠʤʘʣʥʦ ʧʨʦʜʫʢʪʠʚʥʠ ʦʙʠʪʘʪʝʣʠʪʝ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʯʫʚʩʪʚʘʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠ ʦʪ ʪʦʧʣʠʥʥʘʪʘ 
ʩʨʝʜʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ, ʚ ʢʦʝʪʦ ʨʘʙʦʪʷʪ. ʄʥʦʞʝʩʪʚʦ ʥʘʫʯʥʠ ʨʘʟʨʘʙʦʪʢʠ ʠʟʩʣʝʜʚʘʪ ʝʬʝʢʪʘ ʥʘ ʣʝʢʦ 
ʧʦʚʠʰʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʚ ʦʬʠʩ ʩʨʝʜʠ (Wyon et all. 1972, 1974, 2006).  
ʇʨʝʟ 2003 ʛ. Seppanen et al. ʧʫʙʣʠʢʫʚʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ, ʢʦʷʪʦ ʥʝ 

ʧʦʢʘʟʚʘ ʧʨʦʤʷʥʘ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʜʠʘʧʘʟʦʥ ʥʘ ʢʦʤʬʦʨʪʘ 21-25 °C, ʥʦ 
ʫʩʪʘʥʦʚʷʚʘ 2% ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʚʩʝʢʠ ÁC ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 
ʚʲʪʨʝʰʥʠʷ ʚʲʟʜʫʭ ʦʪ 25-32 °C. ʇʦ-ʢʲʩʥʦ, ʦʪʥʦʚʦ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʧʨʝʜʠʰʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʥʦ ʥʘ ʙʘʟʘʪʘ 
ʥʘ ʧʦ-ʤʘʱʘʙʥʦ ʧʨʦʫʯʚʘʥʝ, Seppanen et al. ʦʙʦʙʱʘʚʘ ʘʥʘʣʠʟʠʪʝ ʧʦ ʪʝʤʘʪʘ (ʢʘʪʦ ʠʟʤʝʨʚʘ ʦʬʠʩ 
ʨʘʙʦʪʘ ʚ ʨʝʘʣʥʠ ʦʬʠʩ ʧʦʤʝʱʝʥʠʷ ʠʣʠ ʩʠʤʫʣʠʨʘʥʘ ʦʬʠʩʥʘ ʨʘʙʦʪʘ ʚ ʣʘʙʦʨʘʪʦʨʥʠ ʫʩʣʦʚʠʷ) ʠ 
ʠʟʯʠʩʣʷʚʘ ʧʨʦʮʝʥʪʥʦ ʠʟʤʝʥʝʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʩʪʝʧʝʥ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, 
ʢʦʝʪʦ ʜʘʚʘ ʧʦ-ʪʦʯʝʥ ʘʥʘʣʠʟ ʚ ʜʠʘʧʘʟʦʥʘ 21-24 °C. ʉʧʦʨʝʜ ʘʚʪʦʨʠʪʝ ʠʟʚʝʜʝʥʠʷʪ ʤʦʜʝʣ ʝ 
ʦʙʱʦʚʘʣʠʜʝʥ ʟʘ ʚʩʷʢʘʢʚʘ ʦʬʠʩ ʨʘʙʦʪʘ, ʥʦ ʝ ʩ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʥʘ ʥʝʩʠʛʫʨʥʦʩʪ.  
ɺ ʨʘʟʛʣʝʜʘʥʠʪʝ ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ ʦʧʠʩʚʘʱʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʪʝʩʪʦʚʝ ʟʘ ʦʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ, ʥʦ ʩʘʤʦ Lan ʠ ʢʦʣʝʢʪʠʚ ʥʘʨʝʜ ʩʲʩ ʩʫʙʝʢʪʠʚʥʘʪʘ ʦʮʝʥʢʘ ʥʘ ʩʨʝʜʘ ʠ 
ʢʦʤʧʶʪʲʨʠʟʠʨʘʥʠʪʝ ʪʝʩʪʦʚʝ ʟʘ ʦʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ, ʩʘ ʧʨʦʚʝʣʠ ʠ 
ʬʠʟʠʦʣʦʛʠʯʥʠ ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʧʫʣʩʘ ʠ ʤʦʟʲʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ (ʧʦʩʨʝʜʩʪʚʦʤ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤʘ) 
ʥʘ ʩʫʙʝʢʪʠ, ʩʠʤʫʣʠʨʘʱʠ ʦʬʠʩ ʨʘʙʦʪʘ ʚ ʣʘʙʦʨʘʪʦʨʥʠ ʫʩʣʦʚʠʷ, ʤʘʢʘʨ ʠ ʜʘ ʥʷʤʘ ʝʜʥʦʟʥʘʯʥʦ 
ʪʲʣʢʫʚʘʥʝ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʪʝ ʠʟʤʝʨʚʘʥʠʷ.  
ɺʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʚ ʫʯʠʣʠʱʘʪʘ ʝ ʤʥʦʛʦ ʧʦ-ʩʣʘʙʦ ʠʟʫʯʝʥʘ, ʦʪʢʦʣʢʦʪʦ ʚ ʜʨʫʛʠ ʥʝʠʥʜʫʩʪʨʠʘʣʥʠ 

ʩʛʨʘʜʠ ʢʘʪʦ ʦʬʠʩʠ, ʚʲʧʨʝʢʠ ʯʝ ʜʝʮʘʪʘ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʚʲʟʨʘʩʪʥʠʪʝ, ʩʘ ʤʥʦʛʦ ʧʦ-ʫʷʟʚʠʤʠ, ʪʝ ʪʨʷʙʚʘ ʜʘ 
ʠʟʧʲʣʥʷʚʘʪ ʟʘʜʲʣʞʠʪʝʣʥʠ ʟʘʜʘʯʠ, ʢʦʠʪʦ ʧʦʯʪʠ ʚʠʥʘʛʠ ʩʘ ʥʦʚʠ ʟʘ ʪʷʭ. ʆʩʚʝʥ ʪʦʚʘ, ʪʝ ʥʝ ʤʦʛʘʪ ʜʘ 
ʚʟʝʤʘʪ ʨʝʰʝʥʠʷ ʦʪʥʦʩʥʦ ʫʯʠʣʠʱʥʘ ʩʨʝʜʘ, ʥʘ ʢʦʷʪʦ ʩʘ ʠʟʣʦʞʝʥʠ ʝʞʝʜʥʝʚʥʦ. ʋʯʝʥʠʮʠʪʝ ʫʯʘʪ ʠʣʠ ʩʝ 
ʟʘʥʠʤʘʚʘʪ ʩ ʥʦʚʠ ʟʘʜʘʯʠ ʚʩʝʢʠ ʜʝʥ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʙʦʪʥʠʮʠʪʝ, ʯʠʷʪʦ ʨʘʙʦʪʘ ʦʙʠʢʥʦʚʝʥʦ ʝ ʨʫʪʠʥʥʘ 
ʠ ʦʙʱʘ. ʊʦʚʘ ʤʦʞʝ ʜʦʚʝʜʝ ʜʦ ʤʥʦʛʦ ʧʦ-ʚʠʩʦʢʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʥʘ ʫʯʝʥʠʮʠʪʝ ʦʪ ʬʘʢʪʦʨʠʪʝ ʥʘ 
ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ. Mendell ʠ Heath ʧʫʙʣʠʢʫʚʘʪ ʦʙʩʪʦʝʥ ʦʙʟʦʨ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʪʲʨʩʝʱʠ ʚʨʲʟʢʘ 

ʤʝʞʜʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʠ ʬʘʢʪʦʨʠʪʝ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ  ͛

ʚʲʟʜʝʡʩʪʚʘʪ ʠ ʩʪʠʛʘʪ ʜʦ ʠʟʚʦʜʘ, ʯʝ ʩʲʱʝʩʪʚʫʚʘʪ ʝʜʚʘ ʥʷʢʦʣʢʦ ʚʥʠʤʘʪʝʣʥʦ ʧʨʦʝʢʪʠʨʘʥʠ 
ʝʢʩʧʝʨʠʤʝʥʪʘ, ʧʫʙʣʠʢʫʚʘʥʠ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ. 
ɺʘʞʥʘ ʯʘʩʪ ʦʪ ʪʝʤʘʪʘ ʟʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ ʝ ʩʦʮʠʘʣʥʦ-

ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʦʮʝʥʢʘ ʥʘ ʚʣʦʰʘʚʘʥʝʪʦ ʠ/ʠʣʠ ʧʦʜʦʙʨʷʚʘʥʝʪʦ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ. 
ʉʦʮʠʘʣʥʦ-ʠʢʦʥʦʤʠʯʝʩʢʠʷʪ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʧʦʥʠʞʝʥʦʪʦ ʢʘʯʝʩʪʚʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʩʝ ʠʟʤʝʨʚʘ ʩ 
ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʦʩʪ, ʧʦʥʠʞʝʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ (ʢʦʷʪʦ ʝ ʠʥʜʠʢʘʪʦʨ ʟʘ ʧʦʪʝʥʮʠʘʣʥʠ ʙʲʜʝʱʠ 
ʟʜʨʘʚʥʠ ʧʨʦʙʣʝʤʠ), ʚʣʦʰʝʥʦ ʢʘʯʝʩʪʚʦ ʥʘ ʞʠʚʦʪ, ʟʘʙʦʣʷʚʘʥʠʷ ʠ ʦʪʩʲʩʪʚʠʝ ʦʪ ʨʘʙʦʪʘ.  
ɺʣʦʞʝʥʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʤʘʪʝʨʠʘʣʠ (ʩʛʨʘʜʠ, ʠʥʩʪʘʣʘʮʠʠ) ʠ ʝʥʝʨʛʠʷ (ʠʥʩʪʘʣʘʮʠʠ), ʢʘʢʪʦ ʠ ʟʘ 

ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʚʲʪʨʝʰʥʘ ʩʨʝʜʘ, ʦʪʛʦʚʘʨʷʱʘ ʥʘ ʩʪʘʥʜʘʨʪʠʪʝ ʩʘ ʦʛʨʦʤʥʠ, ʘ ʚ ʨʝʟʫʣʪʘʪ ʦʱʝ ʥʘ 
ʬʠʟʠʦʣʦʛʠʯʥʦ ʥʠʚʦ ʪʷ ʚʣʠʷʝ ʥʝʛʘʪʠʚʥʦ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ ʧʦʩʨʝʜʩʪʚʦʤ SBS ʩʠʤʧʪʦʤʠ, ʥʘʨʫʰʝʥʘ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ, ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʦʩʪ ʠ ʚ ʢʨʘʡʥʘ ʩʤʝʪʢʘ ʚʦʜʠ ʜʦ ʙʦʣʝʩʪʠ ʠ ʦʪʩʲʩʪʚʠʷ ʦʪ ʨʘʙʦʪʘ. 
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ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʢʣʠʤʘʪʠʟʘʮʠʷ ʠ ʚʝʥʪʠʣʘʮʠʷ ʚ ʩʛʨʘʜʠ ʝ ʜʘ ʦʩʠʛʫʨʷʪ ʫʜʦʙʥʠ ʠ 
ʟʜʨʘʚʦʩʣʦʚʥʠ ʫʩʣʦʚʠʷ ʟʘ ʭʦʨʘʪʘ ʚ ʧʦʤʝʱʝʥʠʷʪʘ, ʢʘʪʦ ʚ ʜʥʝʰʥʦ ʚʨʝʤʝ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʠ 
ʘʥʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʚʩʝ ʧʦʚʝʯʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʲʚʨʝʤʝʥʥʠ ʠʟʯʠʩʣʠʪʝʣʥʠ ʪʝʭʥʠʢʠ, 
ʢʘʪʦ ʀʟʯʠʩʣʠʪʝʣʥʘʪʘ ʤʝʭʘʥʠʢʘ ʥʘ ʬʣʫʠʜʠʪʝ (ʀʄʌ ʠʣʠ CFD).  
ʉʲʚʨʝʤʝʥʥʘʪʘ ʧʨʘʢʪʠʢʘ ʚ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʚʝʥʪʠʣʘʮʠʷ ʥʘ CFD ʝ ʜʦʙʨʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚ REHVA 

Guidebook: Computational Fluid Dynamics in ventilation design. ɺ ʥʘʨʲʯʥʠʢʘ ʩʝ ʧʦʩʦʯʚʘʪ ʦʩʥʦʚʥʠʪʝ 
ʚʘʞʥʠ ʧʫʥʢʪʦʚʝ ʠ ʧʨʝʧʦʨʲʢʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʯʠʩʣʝʥʠ ʩʠʤʫʣʘʮʠʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ 
ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ. 
ʉ ʙʫʨʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʪʝʭʥʠʢʘ, ʀʄʌ (CFD) ʩʝ ʠʟʧʦʣʟʚʘ ʚʩʝ ʧʦ-ʯʝʩʪʦ ʟʘ ʘʥʘʣʠʟʠ, 
ʢʘʩʘʝʱʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ ʟʘ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ 
ʧʦʤʝʱʝʥʠʷʪʘ ʟʘ ʚʩʠʯʢʠ ʚʠʜʦʚʝ ʩʛʨʘʜʠ (ʥʘʧʨʠʤʝʨ ʞʠʣʠʱʥʠ, ʙʦʣʥʠʮʠ, ʤʫʟʝʠ, ʩʧʦʨʪʥʠ ʩʲʦʨʲʞʝʥʠʷ) ʠ 
ʪʦʧʣʠʥʝʥ ʢʦʤʬʦʨʪ ʚ ʩʛʨʘʜʠ ʠ ʨʘʟʣʠʯʥʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ. 
ʇʨʝʜʠʤʩʪʚʘʪʘ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʀʄʌ ʩʘ ʦʛʨʦʤʥʠ ʠ ʙʝʟʩʧʦʨʥʠ, ʪʲʡ ʢʘʪʦ ʯʝʩʪʦ ʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʧʨʦʚʝʜʝ ʧʲʣʥʦʤʘʱʘʙʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʦʩʪʘʚʝʥʠʷ ʧʨʦʙʣʝʤ. 
ʊʦʚʘ ʝ ʦʩʦʙʝʥʦ ʚʷʨʥʦ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʦʤʝʱʝʥʠʷ ʚʲʚ ʬʘʟʘʪʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ. ɼʦʨʠ ʠ ʧʨʠ 
ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ, ʪʦ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʩʠʤʫʣʘʮʠʠʪʝ ʩ ʀʄʌ 
ʩʘ ʤʥʦʛʦ ʧʦ-ʜʝʪʘʡʣʥʠ ʠ ʧʦʣʫʯʘʚʘʥʝʪʦ ʠʤ ʦʪʥʝʤʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʤʘʣʢʦ ʚʨʝʤʝ.  
 
ʀɿɺʆɼʀ 
ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʧʨʦʚʝʜʝʥʘʪʘ ʣʠʪʝʨʘʪʫʨʥʘ ʩʧʨʘʚʢʘ, ʦʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ, 

ʦʢʘʟʚʘʱʠ ʩʲʱʝʩʪʚʝʥʦ ʚʣʠʷʥʠʝ ʢʦʥʢʨʝʪʥʦ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ, ʩʘ 
ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʛʨʘʬʠʯʝʥ ʚʠʜ ʟʘʝʜʥʦ ʩ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʩʠʤʧʪʦʤʠ ʠ ʥʘʯʠʥʠʪʝ ʟʘ ʦʮʝʥʢʘʪʘ ʠʤ 
(ʬʠʛʫʨʘ 1.1.). 
ʆʩʚʝʥ ʪʦʚʘ, ʧʦʣʫʯʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʪʘʟʠ ʩʧʨʘʚʢʘ ʝ ʘʥʘʣʠʟʠʨʘʥʘ ʠ ʢʣʘʩʠʬʠʮʠʨʘʥʘ, ʟʘ ʜʘ 

ʩʝ ʦʥʘʛʣʝʜʠ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ, ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ 
ʝʢʩʧʦʟʠʮʠʷʪʘ ʠ ʦʩʥʦʚʥʠʪʝ ʩʠʤʧʪʦʤʠ ʠ ʝʬʝʢʪʠ ʚʲʨʭʫ ʦʙʠʪʘʪʝʣʠʪʝ. 
 

 
ʌʠʛʫʨʘ 1.1. ɺʨʲʟʢʘ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ 

 
ʆʮʝʥʢʘʪʘ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʚʲʨʰʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ: 

¶ ʆʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ, ʠʟʚʲʨʰʝʥʘ ʦʪ ʠʟʩʣʝʜʦʚʘʪʝʣ ʠʣʠ ʤʦʜʝʨʘʪʦʨ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ, ʢʘʪʦ 
ʙʠʚʘ: 

o ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ; 
o ʯʠʩʣʝʥʦ ʠʟʩʣʝʜʚʘʥʝ. 
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¶ ʉʫʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ, ʠʟʚʲʨʰʝʥʘ ʦʪ ʦʙʝʢʪʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝ (ʩʫʙʝʢʪʠ), ʢʘʪʦ: 
o ʉʫʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ, ʧʦʩʨʝʜʩʪʚʦʤ 
ʚʧ̡ʨʦʩʥʠʮʠ. 

ʉʲʱʝʚʨʝʤʝʥʥʦ, ʚʣʠʷʥʠʝʪʦ ʥʘ ʩʨʝʜʘʪʘ ʚʲʨʭʫ ʦʙʠʪʘʪʝʣʷ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʚʲʨʰʝʥʦ 
ʧʦʩʨʝʜʩʪʚʦʤ: 

¶ ʆʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ, ʠʟʚʲʨʰʝʥʘ ʦʪ ʠʟʩʣʝʜʦʚʘʪʝʣ ʠʣʠ ʤʦʜʝʨʘʪʦʨ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩ 
ʧʦʤʦʱʪʘ ʥʘ ʪʝʩʪʦʚʝ, ʨʘʟʨʘʙʦʪʝʥʠ ʜʘ ʦʮʝʥʷʚʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʣʠ 
ʬʠʟʠʦʣʦʛʠʯʥʘ ʧʨʦʤʷʥʘ ; 

¶ ʉʫʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ, ʩʘʤʦʦʮʝʥʢʘ, ʠʟʚʲʨʰʝʥʘ ʦʪ ʦʙʝʢʪʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝ (ʩʫʙʝʢʪʠ), ʩ 
ʧʦʤʦʱʪʘ ʥʘ ʩʧʝʮʠʘʣʥʦ ʨʘʟʨʘʙʦʪʝʥʠ ʪʝʩʪʦʚʝ. 

ɺʲʧʨʝʢʠ ʤʥʦʞʝʩʪʚʦʪʦ ʮʠʪʠʨʘʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ 
ʚʲʚ ʚʝʥʪʠʣʠʨʘʥʠ ʧʦʤʝʱʝʥʠʷ ʚʲʨʭʫ ʢʦʤʬʦʨʪʘ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʠ ʚʧʦʩʣʝʜʩʪʚʠʝ ï ʟʜʨʘʚʝʪʦ 
ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ, ʚʩʝ ʦʱʝ ʟʥʘʥʠʷʪʘ ʚ ʦʙʣʘʩʪʪʘ ʥʝ ʠʟʯʝʨʧʚʘʪ ʧʨʦʙʣʝʤʘ. ɺʲʧʨʦʩʠ, ʢʦʠʪʦ ʚʩʝ ʦʱʝ 
ʩʪʦʷʪ ʙʝʟ ʦʪʛʦʚʦʨ, ʩʘ: 

¶ ʂʘʢʚʘ ʝ ʚʘʣʠʜʥʦʩʪʪʘ ʥʘ ʤʦʜʝʣʘ ʥʘ Seppanen ʠ ʤʦʞʝ ʣʠ ʜʘ ʩʝ ʧʨʠʣʦʞʠ ʚ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ, 
ʥʘʧʨʠʤʝʨ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʢʣʠʤʘʪʘ ʠ ʢʫʣʪʫʨʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ɹʲʣʛʘʨʠʷ? 

¶ ʂʘʢʚʘ ʝ ʥʘʡ-ʤʘʣʢʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʝʢʩʧʦʟʠʮʠʷʪʘ, ʟʘ ʜʘ ʩʝ ʧʨʦʷʚʠ ʜʘʜʝʥ ʝʬʝʢʪ ʥʘ 
ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʫʙʝʢʪʠ? 

¶ ʄʦʞʝ ʣʠ ʯʨʝʟ ʬʠʟʠʦʣʦʛʠʯʥʠ ʠʟʤʝʨʚʘʥʠʷ (ʧʦ-ʢʦʥʢʨʝʪʥʦ ʯʨʝʟ ʠʟʤʝʨʚʘʥʝ ʥʘ ʤʦʟʲʯʥʘʪʘ 
ʘʢʪʠʚʥʦʩʪ ʧʦʩʨʝʜʩʪʚʦʤ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤʘ) ʜʘ ʩʝ ʦʮʝʥʠ ʦʙʝʢʪʠʚʥʦ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʫʙʝʢʪʠ ʢʘʪʦ ʬʫʥʢʮʠʷ ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ 
ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ? 

¶ ʂʘʢʚʘ ʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʙʲʣʛʘʨʩʢʠʪʝ ʫʯʠʣʠʱʘ ʠ 
ʩʲʧʦʩʪʘʚʠʤ ʣʠ ʝ ʪʘʢʲʚ ʝʢʩʧʝʨʠʤʝʥʪ ʩ ʧʫʙʣʠʢʫʚʘʥʠʪʝ ʜʦ ʤʦʤʝʥʪʘ ʚ ʯʫʞʜʝʩʪʨʘʥʥʘʪʘ 
ʣʠʪʝʨʘʪʫʨʘ? 

 

ɻʃɸɺɸ 2. ʀʅʉʊʈʋʄɽʅʊʀ ɿɸ ʆʎɽʅʂɸ ʅɸ ɺʃʀʗʅʀɽʊʆ ʅɸ 

ɺʒʊʈɽʐʅɸʊɸ ʉʈɽɼɸ (ʄʀʂʈʆʂʃʀʄɸʊ) ɺʒʈʍʋ ʏʆɺɽʂɸ  
ɺ ʪʘʟʠ ʛʣʘʚʘ ʩʘ ʦʧʠʩʘʥʠ ʩʪʲʧʢʠʪʝ ʧʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʪʝʩʪʦʚʝ ʟʘ ʦʮʝʥʢʘ ʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ, ʢʘʢʪʦ ʠ ʦʨʛʘʥʠʟʠʨʘʥʝʪʦ ʠʤ ʚ ʧʨʦʮʝʜʫʨʘ ʟʘ ʦʮʝʥʢʘ ʥʘ 
ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʚʲʨʭʫ ʯʦʚʝʢʘ. ɿʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʦʙʝʢʪʠ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʩʘ 
ʜʚʝ ʮʝʣʝʚʠ ʛʨʫʧʠ, ʢʘʢʪʦ ʩʣʝʜʚʘ: 

¶ ʉʪʫʜʝʥʪʠ/ʠʥʞʝʥʝʨʠ, ʠʟʚʲʨʰʚʘʱʠ ʠʥʪʝʥʟʠʚʥʘ ʫʤʩʪʚʝʥʘ ʨʘʙʦʪʘ/ʢʨʝʘʪʠʚʥʘ ʨʘʙʦʪʘ; 

¶ ʋʯʝʥʠʮʠ ʚ ʥʘʯʘʣʝʥ ʢʫʨʩ, ʟʘ ʢʦʠʪʦ ʨʘʟʙʠʨʘʥʝʪʦ ʠ ʚʲʟʧʨʠʝʤʘʥʝʪʦ ʥʘ ʫʯʝʙʥʠʷ ʤʘʪʝʨʠʘʣ ʝ ʦʪ 
ʠʟʢʣʶʯʠʪʝʣʥʘ ʚʘʞʥʦʩʪ (ʥʘʪʨʫʧʚʘʪ ʩʝ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʟʥʘʥʠʷ ï ʯʝʪʝʥʝ, ʧʠʩʘʥʝ, 
ʧʨʦʩʪʠ/ʦʩʥʦʚʥʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʝʨʘʮʠʠ). 

ʎʝʣʪʘ ʥʘ ʪʘʟʠ ʛʣʘʚʘ ʝ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʷʪ ʪʝʩʪʦʚʝ ʠ ʧʨʦʮʝʜʫʨʘ ʟʘ ʢʦʣʠʯʝʩʪʚʝʥʘ ʦʮʝʥʢʘ ʥʘ 
ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʩʪʫʜʝʥʪʠ, ʠʥʞʝʥʝʨʠ, 
ʦʬʠʩïʩʣʫʞʠʪʝʣʠ ʠ ʫʯʝʥʠʮʠ. ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʪʘʟʠ ʮʝʣ ʝ ʥʝʦʙʭʦʜʠʤʦ: 

¶ ɼʘ ʩʝ ʦʪʩʝʷʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʠʪʦ ʩʘ ʜʦʢʘʟʘʥʦ ʯʫʚʩʪʚʠʪʝʣʥʠ ʢʲʤ 
ʧʨʦʤʷʥʘ ʥʘ ʫʩʣʦʚʠʷʪʘ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ; 

¶ ɼʘ ʩʝ ʥʘʧʨʘʚʠ ʧʦʜʙʦʨ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʪʝʩʪʦʚʝ ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ 
ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʜʚʝʪʝ ʮʝʣʝʚʠ ʛʨʫʧʠ ï ʩʪʫʜʝʥʪʠ (ʠʥʞʝʥʝʨʠ, ʦʬʠʩ-ʩʣʫʞʠʪʝʣʠ) ʠ 
ʫʯʝʥʠʮʠ; 

¶ ʅʘ ʙʘʟʘ ʥʘ ʠʟʙʨʘʥʠʪʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘ ʩʝ ʧʦʜʙʝʨʘʪ ʠ ʘʜʘʧʪʠʨʘʪ 
ʧʦʜʭʦʜʷʱʠ ʟʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʪʝʩʪʦʚʝ, ʧʨʠʣʦʞʠʤʠ ʥʘ ʭʘʨʪʠʷ; 

¶ ɼʘ ʩʝ ʩʲʟʜʘʜʝ ʧʨʦʮʝʜʫʨʘ ʟʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʪʝʩʪʦʚʝ ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ 
ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ; 

¶ ɼʘ ʩʝ ʪʝʩʪʚʘ ʚ ʨʝʘʣʥʠ ʫʩʣʦʚʠʷ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʩʲʟʜʘʜʝʥʘʪʘ ʧʨʦʮʝʜʫʨʘ ʟʘ 
ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ. 
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ɺʲʚ ʚʨʲʟʢʘ ʩ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʚʘʣʠʜʥʘ ʟʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʧʨʦʮʝʜʫʨʘ ʟʘ ʦʮʝʥʢʘ ʥʘ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ (ʦʬʠʩ-ʩʣʫʞʠʪʝʣʠ, ʩʪʫʜʝʥʪʠ ʠ ʫʯʝʥʠʮʠ) ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʠ 
ʘʥʘʣʠʟʠʨʘʥʠ ʧʦʚʝʯʝ ʦʪ 20 ʨʝʮʝʥʟʠʨʘʥʠ ʩʪʘʪʠʠ, ʧʫʙʣʠʢʫʚʘʥʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʠ ʩʧʠʩʘʥʠʷ ʠ 
ʢʦʥʬʝʨʝʥʮʠʠ ʈʘʟʛʣʝʜʘʥʠʪʝ ʩʪʘʪʠʠ ʩʘ ʧʦʜʙʨʘʥʠ ʪʘʢʘ, ʯʝ ʜʘ ʧʨʝʜʩʪʘʚʷʪ ʠʥʬʦʨʤʘʮʠʷ ʠ ʧʦ 
ʚʲʟʤʦʞʥʦʩʪ ʦʧʠʩʘʥʠʝ ʦʪʥʦʩʥʦ ʚʠʜʘ ʠ ʩʲʱʥʦʩʪʪʘ ʥʘ ʢʦʤʧʣʝʢʪʘ ʦʪ ʠʥʩʪʨʫʤʝʥʪʠ, ʪ.ʝ. ʠʟʧʦʣʟʚʘʥʠʪʝ 
ʪʝʩʪʦʚʝ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ ʢʦʠʪʦ ʩʘ ʧʨʠʣʦʞʝʥʠ ʚ ʢʦʥʢʨʝʪʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ, ʢʘʢʪʦ ʠ ʢʦʠ 
ʪʝʩʪʦʚʝ ʧʦʢʘʟʚʘʪ (ʩʪʘʪʠʩʪʠʯʝʩʢʠ) ʟʥʘʯʠʤʘ ʧʨʦʤʷʥʘ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʫʙʝʢʪʠ. 
ɺʩʝʢʠ ʠʟʪʦʯʥʠʢ ʝ ʨʘʟʛʣʝʜʘʥ, ʢʣʘʩʠʬʠʮʠʨʘʥ ʠ ʦʧʠʩʘʥ ʚ ʜʚʝ ʪʘʙʣʠʮʠ ï ʝʜʥʘ, ʢʦʷʪʦ ʪʨʝʪʠʨʘ 

ʧʫʙʣʠʢʘʮʠʠ ʦʪʥʦʩʥʦ ʦʮʝʥʢʘʪʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʦʬʠʩ-
ʩʣʫʞʠʪʝʣʠ, ʠ ʚʪʦʨʘ, ʢʦʷʪʦ ʨʘʟʛʣʝʞʜʘ ʠʟʪʦʯʥʠʮʠ, ʦʧʠʩʚʘʱʠ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʜʝʮʘ ʠ ʫʯʝʥʠʮʠ. ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʪʦʚʘ ʣʠʪʝʨʘʪʫʨʥʦ ʧʨʦʫʯʚʘʥʝ ʝ 
ʠʟʷʩʥʷʚʘʥʝʪʦ ʥʘ ʚʘʞʥʠ ʚʲʧʨʦʩʠ ʢʘʪʦ: ʂʦʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʣʠʷʷʪ ʚʲʨʭʫ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ; ʂʦʠ ʩʘ ʬʠʟʠʦʣʦʛʠʯʥʠʪʝ ʠ ʧʩʠʭʦʣʦʛʠʯʥʠʪʝ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʧʦʚʣʠʷʚʘʪ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ? ʂʘʢʚʠ ʠ ʢʦʠ ʩʘ ʪʝʩʪʦʚʝʪʝ, 
ʢʦʠʪʦ ʠʟʤʝʨʚʘʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʨʦʤʝʥʠʪʝ ʚ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ? 
ʂʦʠ ʩʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʧʨʠ ʠʥʞʝʥʝʨʠ ï ʩʪʫʜʝʥʪʠ, ʦʙʫʯʘʚʘʥʠ ʟʘ ʠʥʞʝʥʝʨʠ ʠ 
ʠʥʞʝʥʝʨʠ? ʂʦʠ ʩʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʧʨʠ ʫʯʝʥʠʮʠ ʦʪ ʚʲʟʨʘʩʪʦʚʘ ʛʨʫʧʘ 8-12 
ʛʦʜʠʥʠ? 
ʅʘ ʙʘʟʘ ʥʘ ʨʘʟʛʣʝʜʘʥʠʪʝ ʧʫʙʣʠʢʘʮʠʠ ʝ ʦʙʦʙʱʝʥʦ, ʯʝ ʟʘʜʘʯʠ ʩʚʲʨʟʘʥʠ ʩ ʣʦʛʠʯʝʩʢʦ ʤʠʩʣʝʥʝ, 

ʘʨʠʪʤʝʪʠʯʥʠ ʦʧʝʨʘʮʠʠ ʠ ʪʝʩʪʦʚʝ ʟʘ ʢʨʘʪʢʦʪʨʘʡʥʘ ʧʘʤʝʪ ʩʘ ʯʫʚʩʪʚʠʪʝʣʥʠ ʢʲʤ ʧʨʦʤʷʥʘ ʥʘ 
ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʄʘʢʘʨ ʠ ʦʧʠʩʘʥʠ ʢʘʪʦ ʯʘʩʪ ʦʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʠ ʚ ʝʣʝʢʪʨʦʥʝʥ 
ʚʘʨʠʘʥʪ, ʧʦʜʦʙʥʠ ʪʝʩʪʦʚʝ ʣʝʩʥʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʨʘʙʦʪʝʥʠ ʠ ʘʜʘʧʪʠʨʘʥʠ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ 
ʭʘʨʪʠʝʥ ʥʦʩʠʪʝʣ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʜʘ ʦʪʛʦʚʦʨʷʪ ʥʘ ʥʫʞʜʠʪʝ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ. 
ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠ, ʚ ʘʥʘʣʠʟʠʨʘʥʠʪʝ 

ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ, ʩʘ ʦʪʩʝʪʠ ʝʜʚʘ ʪʨʠ ʘʚʪʦʨʩʢʠ ʢʦʣʝʢʪʠʚʘ, ʢʦʠʪʦ ʧʨʝʜʦʩʪʘʚʷʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 
ʢʦʥʢʨʝʪʥʠʪʝ ʪʝʩʪʦʚʝ ʠ ʥʘʯʠʥʘ ʥʘ ʧʨʠʣʘʛʘʥʝʪʦ ʠʤ ʧʨʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ 
ʫʯʝʥʠʮʠ. ʅʝʱʦ ʧʦʚʝʯʝ, ʚ ʪʝʟʠ ʠʟʩʣʝʜʚʘʥʠʷ ʪʝʩʪʦʚʝʪʝ ʧʨʦʩʪʦ ʩʘ ʧʦʩʦʯʝʥʠ ʠ ʠʟʧʦʣʟʚʘʥʠ, ʘ ʥʝ 
ʢʦʥʢʨʝʪʥʦ ʨʘʟʨʘʙʦʪʚʘʥʠ ʟʘ ʧʦʜʦʙʝʥ ʚʠʜ ʥʘʫʯʥʦ ʠʟʩʣʝʜʚʘʥʝ, ʪ.ʝ. ʥʝ ʩʘ ʫʥʠʚʝʨʩʘʣʥʠ ʚ ʪʷʭʥʘʪʘ 
ʧʨʠʣʦʞʠʤʦʩʪ. ʊʦʚʘ ʦʙʫʩʣʦʚʷ ʥʫʞʜʘʪʘ ʥʝ ʩʘʤʦ ʦʪ ʘʜʘʧʪʠʨʘʥʝ ʥʘ ʪʝʩʪʦʚʝʪʝ ʟʘ ʢʦʥʢʨʝʪʥʠʪʝ ʫʩʣʦʚʠʷ 
ʥʘ ʧʣʘʥʠʨʘʥʦʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ (ʟʘ ʩʪʫʜʝʥʪʠ, ʠʟʫʯʘʚʘʱʠ ʠʥʞʝʥʝʨʥʠ ʩʧʝʮʠʘʣʥʦʩʪʠ), 
ʥʦ ʠ ʦʪ ʮʷʣʦʩʪʥʦ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʪʘʢʠʚʘ ʪʝʩʪʦʚʝ ʠ ʤʝʪʦʜʠʢʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ 
ʫʯʝʥʠʮʠ ʦʪ ʚʲʟʨʘʩʪʦʚʘ ʛʨʫʧʘ 8-12 ʛʦʜʠʥʠ, ʦʙʫʯʘʚʘʱʠ ʩʝ ʧʦ ʙʲʣʛʘʨʩʢʘʪʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ. 
ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʚ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʠʟʙʨʘʥʠ ʜʘ ʙʲʜʘʪ ʧʨʦʩʣʝʜʷʚʘʥʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʥʠʚʦ ʥʘ ʙʫʜʥʦʩʪ, ʣʦʛʠʯʝʩʢʦ ʤʠʩʣʝʥʝ, ʢʨʘʪʢʦʪʨʘʡʥʘ ʧʘʤʝʪ ʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʫʤʘ. ɿʘ ʚʩʷʢʘ ʦʪ ʪʷʭ ʝ ʥʘʧʨʘʚʝʥʘ ʠʟʚʘʜʢʘ ʥʘ ʧʦʜʭʦʜʷʱʠ ʪʝʩʪʦʚʝ ʧʨʠʣʦʞʠʤʠ ʥʘ 
ʭʘʨʪʠʷ, ʢʦʠʪʦ ʩʘ ʯʫʚʩʪʚʠʪʝʣʥʠ ʢʲʤ ʧʨʦʤʷʥʘ ʥʘ ʥʷʢʦʡ ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʊʦʚʘ ʩʘ 
ʩʣʝʜʥʠʪʝ ʪʝʩʪʦʚʝ: 
Å ɿʘ ʥʠʚʦ ʥʘ ʙʫʜʥʦʩʪ - Tsai ï Partington test; 
Å ɿʘ ʣʦʛʠʯʝʩʢʦ ʤʠʩʣʝʥʝ ï ʉʫʜʦʢʫ; 
Å ɿʘ ʚʥʠʤʘʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ - ʊʲʨʩʝʥʝ ʥʘ ʜʚʝ ʙʫʢʚʠ (ʛʨʫʧʘ ʦʪ ʜʚʘ ʩʠʤʚʦʣʘ ʩʨʝʜ ʧʦʣʝ ʦʪ 
ʩʠʤʚʦʣʠ); 

Å ɿʘ ʚʠʟʫʘʣʥʦ ʚʲʟʧʨʠʝʤʘʥʝ; 
Å ɿʘ ʢʨʘʪʢʦʪʨʘʡʥʘ ʧʘʤʝʪ; 
Å ɿʘ ʢʨʝʘʪʠʚʥʦ ʤʠʩʣʝʥʝ; 
Å ɿʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʫʤʘ - ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʪʝʩʪʦʚʝ; 
Å ɿʘ ʩʫʙʝʢʪʠʚʥʘ ʩʘʤʦʦʮʝʥʢʘ - NASA TLX. 

ʈʩʧʯʞʝʬʩʡ ʡ ʡʦʪʫʩʬʥʞʦʫʡ ʠʙ ʧʯʞʦʣʙ ʦʙ ʩʙʚʧʫʧʪʨʧʪʧʚʦʧʪʫʫʙ ʦʙ ʪʫʬʝʞʦʫʡ, ʡʦʟʞʦʞʩʡ ʡ ʧʭʡʪ-
ʪʤʬʟʡʫʞʤʡ 
ʊʲʡ ʢʘʪʦ ʪʝʩʪʦʚʝʪʝ ʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ ʱʝ ʩʝ ʧʨʦʚʝʞʜʘʪ ʧʦ ʚʨʝʤʝ ʥʘ ʫʯʝʙʥʠʪʝ ʯʘʩʦʚʝ ʙʝʰʝ 

ʥʫʞʥʦ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʜʦʧʲʣʥʠʪʝʣʥʦ ʬʠʣʪʨʠʨʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱʠʪʝ ʪʝʩʪʦʚʝ, ʢʘʪʦ ʩʝ ʩʲʙʣʶʜʘʚʘ 
ʚʨʝʤʝʪʦ ʟʘ ʧʦʧʲʣʚʘʥʝ ʠ ʷʩʥʘʪʘ ʠʤ ʩʚʲʨʟʘʥʦʩʪ ʩ ʢʦʥʢʨʝʪʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʊʘʢʘ 
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ʙʷʭʘ ʧʦʜʙʨʘʥʠ ʠ ʘʜʘʧʪʠʨʘʥʠ ʩʣʝʜʥʠʪʝ ʪʝʩʪʦʚʝ, ʧʨʠʣʦʞʠʤʠ ʥʘ ʭʘʨʪʠʷ: Tsai ï Partington test, ʤʠʥʠ-
ʩʫʜʦʢʫ ʧʲʟʝʣʠ, ʪʝʩʪ ʟʘ ʢʨʘʪʢʦʪʨʘʡʥʘ ʧʘʤʝʪ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʝʨʘʮʠʠ ï ʩʲʙʠʨʘʥʝ ʥʘ ʯʠʩʣʘ.  
 

  
ʍʡʜʬʩʙ 2.1. ʁʠʜʤʞʝ ʦʙ ʧʫʰʙʪʫʡ ʨʧʨʳʤʦʞʦ Tsai-

Partington ʫʞʪʫ 
ʍʡʜʬʩʙ 2.2. ʁʠʜʤʞʝ ʦʙ ʥʡʦʡ-ʊʬʝʧʣʬ, ʨʧʝʜʧʫʛʞʦʧ ʠʙ 

ʯʞʤʡʫʞ ʦʙ ʡʠʪʤʞʝʛʙʦʞʫʧ 

 
ɿʘʝʜʥʦ ʪʝʩʪʦʚʝʪʝ ʟʘ ʦʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʢʲʤ ʢʦʤʧʣʝʢʪʘ ʠʥʩʪʨʫʤʝʥʪʠ ʝ 

ʚʢʣʶʯʝʥ ʠ NASA Task Load Index (NASA-TLX) ï ʪʝʩʪ ʟʘ ʩʫʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ. 
NASA-TLX ʝ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʩʫʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʥʘʪʦʚʘʨʝʥʦʩʪʪʘ, ʨʘʟʨʘʙʦʪʝʥ ʦʪ ʅɸʉɸ. NASA-TLX 
ʧʦʟʚʦʣʷʚʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʜʘ ʠʟʚʲʨʰʚʘʪ ʩʫʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʥʘ ʦʧʝʨʘʪʦʨʠ, 
ʢʦʠʪʦ ʨʘʙʦʪʷʪ ʩ ʨʘʟʣʠʯʥʠ ʩʠʩʪʝʤʠ ʦʪ ʪʠʧʘ ʯʦʚʝʢ-ʤʘʰʠʥʘ. NASA-TLX ʝ ʝʜʥʘ ʤʥʦʛʦʠʟʤʝʨʥʘ 
ʧʨʦʮʝʜʫʨʘ ʟʘ ʦʮʝʥʢʘ, ʢʦʷʪʦ ʜʘʚʘ ʦʙʱʘ ʦʮʝʥʢʘ ʥʘ ʥʘʪʦʚʘʨʝʥʦʩʪʪʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʩʨʝʜʥʦ ʧʨʝʪʝʛʣʝʥʘ 
ʩʪʦʡʥʦʩʪ ʥʘ ʦʮʝʥʢʠʪʝ ʦʪ ʰʝʩʪ ʧʦʜʩʢʘʣʠ, ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ ʚʠʟʫʘʣʥʦ-ʘʥʘʣʦʛʦʚʘ ʩʢʘʣʘ ʟʘ ʩʘʤʦʦʮʝʥʢʘ 
ʥʘ: ʫʤʩʪʚʝʥʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ, ʬʠʟʠʯʝʩʢʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ, ʩʪʨʝʩ ʦʪ ʚʨʝʤʝʪʦ ʟʘ ʠʟʧʲʣʥʝʥʠʝ, 
ʩʘʤʦʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ, ʫʩʠʣʠʷʪʘ ʠ ʯʫʚʩʪʚʦʪʦ ʥʘ ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʦʩʪ.  
ɿʘ ʚʩʠʯʢʠ, ʦʧʠʩʘʥʠ ʚ ʪʦʯʢʘ 2.2.2., ʪʝʩʪʦʚʝ (ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ NASA-TLX, ʪʲʡ ʢʘʪʦ ʪʦʟʠ ʪʝʩʪ ʝ 

ʝʜʥʘʢʲʚ ʚʩʝʢʠ ʧʲʪ ) ʩʘ ʩʲʟʜʘʜʝʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʝʜʥʦʪʠʧʥʠ 
ʚʘʨʠʘʥʪʠ ʩ ʮʝʣ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʪ. ʥʘʨ. learning effect, ʠʣʠ ʝʬʝʢʪʘ ʥʘ ʟʘʧʦʤʥʷʥʝʪʦ. ʊʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ, 
ʪʲʡ ʢʘʪʦ ʢʦʤʧʣʝʢʪʲʪ ʪʝʩʪʦʚʝ ʟʘ ʦʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʱʝ ʩʝ ʧʦʧʲʣʚʘ ʚ ʥʘʯʘʣʦʪʦ 
ʠ ʢʨʘʷ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʧʝʨʠʦʜ (ʝʜʠʥ ʫʯʝʙʝʥ ʯʘʩ) ʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʜʘʜʝʥʘ ʝʢʩʧʦʟʠʮʠʷ ʪʨʷʙʚʘ ʜʘ ʝ ʩ 
ʝʜʥʘʢʚʘ ʩʪʝʧʝʥ ʥʘ ʪʨʫʜʥʦʩʪ, ʥʦ ʚʩʝ ʧʘʢ ʨʘʟʣʠʯʝʥ ʦʪ ʧʲʨʚʠʷ, ʟʘ ʜʘ ʥʷʤʘ ʝʬʝʢʪ ʥʘ ʟʘʧʦʤʥʷʥʝʪʦ. 
ɺʲʚ ʚʨʲʟʢʘ ʩ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʘʜʝʢʚʘʪʥʘ ʟʘ ʮʝʣʠʪʝ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʧʨʦʮʝʜʫʨʘ ʟʘ 
ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ, ʪʝʩʪʦʚʝʪʝ ʩʘ ʢʦʤʧʣʝʢʪʦʚʘʥʠ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʚ ʪʨʠ ʨʘʟʣʠʯʥʠ ʚʘʨʠʘʥʪʘ, 
ʘ ʚʨʝʤʝʪʦ, ʦʧʨʝʜʝʣʝʥʦ ʟʘ ʧʦʧʲʣʚʘʥʝ ʥʘ ʚʩʝʢʠ ʪʝʩʪ, ʝ ʢʘʢʪʦ ʩʣʝʜʚʘ:  

¶ Tsai ï Partington test (ʊPT)ï 1 min; 

¶ ʉʫʜʦʢʫ ï 5 min; 

¶ ʊʝʩʪ ʟʘ ʢʨʘʪʢʦʪʨʘʡʥʘ ʧʘʤʝʪ / ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʪʝʩʪʦʚʝ ï 2 min; 

¶ NASA-TLX ï 1 min. 
ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʜʚʘ ʪʠʧʘ ʧʨʦʪʦʢʦʣʠ, ʨʘʟʜʝʣʝʥʠ ʥʘ ʝʜʠʥ ʠʣʠ ʩʲʦʪʚʝʪʥʦ ʥʘ ʜʚʘ ʧʝʨʠʦʜʘ ʥʘ 

ʝʢʩʧʦʟʠʮʠʷ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʩʝ ʧʨʦʚʝʞʜʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠ ʫʯʝʙʝʥ ʯʘʩ, ʢʦʡʪʦ ʩʝ ʩʲʩʪʦʠ ʦʪ 
ʜʚʘ ʯʘʩʘ ʧʦ 45 ʤʠʥʫʪʠ ʠ 15 ʤʠʥʫʪʥʘ ʧʦʯʠʚʢʘ ʤʝʞʜʫ ʪʷʭ. ɿʘʪʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʦʨʛʘʥʠʟʠʨʘʪ ʧʨʦʪʦʢʦʣʠ 
ʢʘʢʪʦ ʩʣʝʜʚʘ: ʇʨʦʪʦʢʦʣ 1 90-0-0, ʇʨʦʪʦʢʦʣ 2.1 45-15-45 ʠ ʇʨʦʪʦʢʦʣ 2.2 60-15-30, ʩ ʢʦʠʪʦ ʝ ʚʲʟʤʦʞʥʦ 
ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʦʮʝʥʢʘ ʩʧʦʨʝʜ ʚʨʝʤʝʪʦ ʥʘ ʝʢʩʧʦʟʠʷ. ʊʲʡ ʢʘʪʦ ʥʝ ʝ ʷʩʥʦ ʧʨʠ ʢʘʢʚʘ ʝʢʩʧʦʟʠʮʠʷ ʩʝ 
ʧʨʦʷʚʷʚʘʪ ʝʬʝʢʪʠʪʝ ʦʪ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʧʨʦʮʝʜʫʨʠʪʝ ʚʢʣʶʯʚʘʪ ʧʝʨʠʦʜʠ ʦʪ ʧʦ 30, 45, 
60 ʠ 90 ʤʠʥʫʪʠ. ʇʨʦʪʦʢʦʣʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʘ 2.3.  
ɺʩʠʯʢʠ ʧʨʦʪʦʢʦʣʠ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʪʘʢʘ, ʯʝ ʜʘ ʥʝ ʦʪʥʝʤʘʪ ʧʨʝʢʘʣʝʥʦ ʤʥʦʛʦ ʚʨʝʤʝ ʦʪ ʥʦʨʤʘʣʥʠʷ 

ʫʯʝʙʝʥ ʯʘʩ, ʩ ʮʝʣ ʜʘ ʥʝ ʩʤʫʱʘʚʘʪ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ. 
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ʂʲʤ ʚʩʝʢʠ ʝʜʠʥ ʧʨʦʪʦʢʦʣ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʩʲʙʠʪʠʷʪʘ, ʩʲʧʲʪʩʪʚʘʱʠ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ. ʂʲʤ ʪʘʟʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʩʘ ʜʘʜʝʥʠ ʠ ʧʨʦʛʥʦʟʥʠ ʚʨʝʤʝʥʘ, 
ʥʝʦʙʭʦʜʠʤʠ ʥʘ ʫʯʘʩʪʥʠʮʠʪʝ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʧʦʧʲʣʚʘʥʝ ʥʘ ʚʲʧʨʦʩʥʠʮʠʪʝ. 

 
ʋʙʚʤʡʯʙ Error! No text of specified style in document..1. ʈʩʧʫʧʣʧʤʡ ʠʙ ʨʩʧʛʞʟʝʙʦʞ ʦʙ ʡʠʪʤʞʝʛʙʦʞʫʧ 

ʈʉʇʋʇʃʇʄ ʈɾʉʁʇɽʁ ʆɹ ʁʀʊʄɾɽɻɹʆɾ  ɻʉɾʅɾʋʉɹɾʆɾ ʆɹ ʐɹʊɹ ɻ ʅʁʆʌʋʁ  

1 
1 ʧʝʨʠʦʜ ï ʜʚʝ ʠʟʩʣʝʜʘʥʠʷ ʚ ʥʘʯʘʣʦʪʦ ʠ ʚ ʢʨʘʷ ʥʘ ʯʘʩʘ, 
ʙʝʟ ʧʦʯʠʚʢʘ 

90+0+0 

2 
2 ʧʝʨʠʦʜʘ - ʜʚʝ ʠʟʩʣʝʜʘʥʠʷ ʚ ʥʘʯʘʣʦʪʦ ʠ ʚ ʢʨʘʷ ʥʘ ʯʘʩʘ, ʩ 
ʝʜʥʘ ʧʦʯʠʚʢʘ ʩʧʦʨʝʜ ʥʷʢʦʡ ʦʪ ʧʦʩʦʯʝʥʠʪʝ ʚʘʨʠʘʥʪʠ 

45+15+45 

60+15+30 

 
ɿʘ ʜʘ ʙʲʜʘʪ ʚʘʣʠʜʠʨʘʥʠ ʩʲʟʜʘʜʝʥʠʪʝ ʧʨʦʮʝʜʫʨʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ 

ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʩʪʫʜʝʥʪʠ (ʠʥʞʝʥʝʨʠ ʠ ʦʬʠʩ-ʩʣʫʞʠʪʝʣʠ), ʝ ʧʨʦʚʝʜʝʥʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 
ʪʝʩʪʦʚʦ ʠʟʩʣʝʜʚʘʥʝ ʩʲʩ ʩʪʫʜʝʥʪʠ ʦʪ III ʢʫʨʩ ʢʲʤ ʌʘʢʫʣʪʝʪʘ ʧʦ ʘʥʛʣʠʡʩʢʦ ʠʥʞʝʥʝʨʥʦ ʦʙʫʯʝʥʠʝ 
(ʌɸʀʆ), ʦʙʫʯaʚʘʱʠ ʩʝ ʧʦ ʜʠʩʮʠʧʣʠʥʘ ĂThermodynamics and Heat Transferò (Tʝʨʤʦʜʠʥʘʤʠʢʘ ʠ 
ʪʦʧʣʦʧʨʝʥʘʩʷʥʝ). ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʩʪʦʚʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʧʦʢʘʟʘʭʘ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʩʲʢʨʘʱʘʚʘʥʝ ʥʘ 
ʦʙʝʤʘ ʥʘ ʚʲʧʨʦʩʥʠʮʠʪʝ ʠ ʪʝʩʪʦʚʝʪʝ, ʪʲʡ ʢʘʪʦ ʦʪʥʝʤʘʭʘ ʧʨʝʢʘʣʝʥʦ ʜʲʣʛʦ ʚʨʝʤʝ ʦʪ ʫʯʝʙʥʠʷ ʯʘʩ. 
ʊʘʢʘ, ʢʨʘʡʥʘʪʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ 

ʥʘ ʩʪʫʜʝʥʪʠ, ʠʥʞʝʥʝʨʠ ʠ ʚ ʯʘʩʪʥʦʩʪ ʦʬʠʩ ï ʩʣʫʞʠʪʝʣʠ ʩʝ ʩʲʩʪʦʠ ʚ ʩʣʝʜʥʦʪʦ: 
1. ʉʲʙʠʨʘʥʝ ʥʘ ʧʝʨʩʦʥʘʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʩʫʙʝʢʪʠʪʝ ʧʦʩʨʝʜʩʪʚʦʤ ʚʲʧʨʦʩʥʠʢ (ʧʦʧʲʣʚʘ ʩʝ 
ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʚ ʜʝʥ, ʚ ʢʦʡʪʦ ʥʷʤʘ ʧʣʘʥʠʨʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ); 

2. ɺ ʥʘʯʘʣʦʪʦ ʥʘ ʧʝʨʠʦʜʘ ʥʘ ʝʢʩʧʦʟʠʮʠʷ ʩʫʙʝʢʪʠʪʝ ʨʝʰʘʚʘʪ ʪʨʠ ʪʝʩʪʘ ʟʘ ʦʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʠʤ ʚ ʩʣʝʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ (ʦʙʱʦ ʟʘ 8 ʤʠʥʫʪʠ): 

a. Tsai-Partington Test ï 30 sec; 
b. ʉʫʜʦʢʫ ʧʲʟʝʣʠ ï 5 min; 
c. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʝʨʘʮʠʠ ï ʩʲʙʠʨʘʥʝ ʥʘ 5 ʜʚʫʮʠʬʨʝʥʠ ʯʠʩʣʘï 2 min; 

3. ʋʯʝʙʝʥ ʧʨʦʮʝʩ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 80 min; 
4. ɺ ʢʨʘʷ ʥʘ ʧʝʨʠʦʜʘ ʥʘ ʝʢʩʧʦʟʠʮʠʷ ʩʫʙʝʢʪʠʪʝ ʧʦʧʲʣʚʘʪ: 

a. ʊʝʩʪʦʚʝ ʟʘ ʦʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ, ʘʥʘʣʦʛʠʯʥʠ ʧʦ ʪʨʫʜʥʦʩʪ ʥʘ 
ʪʝʟʠ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʝʢʩʧʦʟʠʮʠʷʪʘ ï TPT, ʉʫʜʦʢʫ ʧʲʟʝʣʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʝʨʘʮʠʠ ï 
ʦʙʱʦ 8 min; 

b. ʊʝʩʪ ʟʘ ʩʫʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʩʧʦʩʦʙʥʦʩʪʪʘ ï NASA TLX ï 1 min; 
c. ɺʲʧʨʦʩʥʠʢ ʟʘ ʩʫʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʠ 
ʪʦʧʣʠʥʥʘʪʘ ʩʨʝʜʘ ï 1 min; 

 
ʈʩʧʯʞʝʬʩʡ ʡ ʡʦʪʫʩʬʥʞʦʫʡ ʠʙ ʡʠʪʤʞʝʛʙʦʞ ʦʙ ʩʙʚʧʫʧʪʨʧʪʧʚʦʧʪʫʫʙ ʦʙ ʬʰʞʦʡʯʡ ʧʫ ʛʳʠʩʙʪʫʧʛʙ 
ʜʩʬʨʙ 8-12 ʜʧʝʡʦʡ 
ʀʟʙʦʨʲʪ ʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʧʦʜʭʦʜʷʱʠ ʪʝʩʪʦʚʝ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʜʝʮʘ 

ʦʧʨʝʜʝʣʝʥʦ ʝ ʜʦʩʪʘ ʧʦ-ʪʨʫʜʥʘ ʟʘʜʘʯʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʩʪʦʚʝʪʝ ʟʘ ʩʪʫʜʝʥʪʠ ʠ ʦʬʠʩ-ʩʣʫʞʠʪʝʣʠ. ʊʦʚʘ 
ʩʝ ʜʲʣʞʠ ʥʘ ʩʣʝʜʥʠʪʝ ʬʘʢʪʠ: 

¶ ʉʲʱʝʩʪʚʝʥʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʙʲʣʛʘʨʩʢʘʪʘ ʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʩʠʩʪʝʤʠ ʚ ʜʲʨʞʘʚʠʪʝ, ʢʲʜʝʪʦ ʩʘ 
ʧʨʦʚʝʞʜʘʥʠ ʧʦʜʦʙʥʠ ʠʟʩʣʝʜʚʘʥʠʷ; 

¶ ʃʠʧʩʘ ʥʘ ʜʦʩʪʘʪʲʯʥʦ ʧʦʜʨʦʙʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪʥʦʩʥʦ ʧʨʠʣʘʛʘʥʠʪʝ ʪʝʩʪʦʚʝ, ʦʧʠʩʘʥʠ ʚ 
ʣʠʪʝʨʘʪʫʨʘʪʘ; 

¶ ʅʝʦʙʭʦʜʠʤʦʩʪ ʪʝʩʪʦʚʝʪʝ ʜʘ ʙʲʜʘʪ ʧʨʝʮʠʟʥʦ ʩʠʥʭʨʦʥʠʟʠʨʘʥʠ ʩʲʩ ʟʥʘʥʠʷʪʘ ʠ ʫʤʝʥʠʷʪʘ ʥʘ 
ʫʯʝʥʠʮʠʪʝ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ ʚʲʟʨʘʩʪ ʪʘʢʘ, ʯʝ ʜʘ ʙʲʜʘʪ ʨʘʟʙʠʨʘʝʤʠ, ʟʘʙʘʚʥʠ ʠ ʨʫʪʠʥʥʠ ʟʘ 
ʜʝʮʘʪʘ. 

ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʙʷʭʘ ʧʦʜʙʨʘʥʠ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʩʲʱʠʪʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʢʘʪʦ ʧʨʠ ʪʝʩʪʦʚʝʪʝ ʟʘ ʩʪʫʜʝʥʪʠ ʠ ʦʬʠʩ-ʩʣʫʞʠʪʝʣʠ, ʘ ʠʤʝʥʥʦ: ʥʠʚʦ ʥʘ ʙʫʜʥʦʩʪ, ʣʦʛʠʯʝʩʢʦ ʤʠʩʣʝʥʝ, 
ʢʨʘʪʢʦʪʨʘʡʥʘ ʧʘʤʝʪ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʫʤʘ. 
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ɿʘ ʜʘ ʙʲʜʘʪ ʧʦʜʙʨʘʥʠ ʧʦʜʭʦʜʷʱʠ ʟʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʪʝʩʪʦʚʝ, ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʢʘʢʪʦ 
ʤʥʦʞʝʩʪʚʦ ʩʘʡʪʦʚʝ ʠ ʢʥʠʛʠ, ʢʦʠʪʦ ʪʨʝʪʠʨʘʪ ʪʝʩʪʦʚʝ ʠ ʠʛʨʠ ʟʘ ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ ʥʘ ʜʝʮʘ, ʪʘʢʘ ʠ 
ʨʘʟʣʠʯʥʠ ʪʝʩʪʦʚʝ ʦʪ ʪʠʧʘ ʚʭʦʜʥʦ/ʠʟʭʦʜʥʦ ʥʠʚʦ ʧʦ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ ʠ ʤʘʪʝʤʘʪʠʢʘ. ɹʷʭʘ ʧʨʦʚʝʜʝʥʠ 
ʤʥʦʞʝʩʪʚʦ ʩʨʝʱʠ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʦʪ ʏʆʋ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠò ï ʉʦʬʠʷ ï ʧʘʨʪʥʴʦʨ ʚ 
ʠʟʩʣʝʜʚʘʥʝʪʦ, ʥʘ ʢʦʠʪʦ ʙʷʭʘ ʜʠʩʢʫʪʠʨʘʥʠ ʨʘʟʣʠʯʥʠ ʚʘʨʠʘʥʪʠ ʥʘ ʪʝʩʪʦʚʝ ʠ ʪʷʭʥʘʪʘ ʧʨʠʣʦʞʠʤʦʩʪ ʟʘ 
ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ.  
ʅʘ ʙʘʟʘ ʥʘ ʦʧʠʩʘʥʠʷ ʠʪʝʨʘʪʠʚʝʥ ʧʦʜʭʦʜ ʠ ʩʲʛʣʘʩʫʚʘʥʝ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʠʪʝ ʦʪ ʏʆʋ Ăʉʚ. ʂʣʠʤʝʥʪ 

ʆʭʨʠʜʩʢʠò, ʙʷʭʘ ʦʪʩʝʪʠ ʠ ʨʘʟʨʘʙʦʪʝʥʠ ʩʣʝʜʥʠʪʝ ʪʝʩʪʦʚʝ, ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʘ 2.4: 
 

ʋʙʚʤʡʯʙ 2.4. ʈʪʡʮʧʤʧʜʡʰʞʪʣʡ ʨʙʩʙʥʞʫʩʡ ʡ ʡʠʚʩʙʦʡ ʫʞʪʫʧʛʞ 

ʈʊʁʎʇʄʇɼʁʐɾʊʃʁ ʈɹʉɹʅɾʋʓʉ ʋɾʊʋʇɻɾ 

I. ʆʡʛʧ ʦʙ 
ʪʳʦʤʡʛʧʪʫ/ʚʬʝʦʧʪʫ 

I.1. TPT(Tsai- Partington Test)  
 

II. ʄʧʜʡʰʞʪʣʧ ʥʡʪʤʞʦʞ 
II.1. ʇʨʝʤʘʭʥʠ ʠʟʣʠʰʥʘʪʘ 
ʜʫʤʘ 

II.2. ʌʠʛʫʨʘʣʝʥ ʪʝʩʪ 
(ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʤʠʩʣʝʥʝ) 

 

III. ʃʧʦʯʞʦʫʩʙʯʡʸ, 
ʛʦʡʥʙʦʡʞ  

III.1. ʆʪʢʨʠʡ ʩʢʨʠʪʠʪʝ ʜʫʤʠ 
III.2. ʅʘʤʝʨʠ ʢʦʤʙʠʥʘʮʠʷʪʘ ʦʪ 
ʙʫʢʚʠ (ʩʠʤʚʦʣʠ) 

 

IV. ɺʬʝʦʧʪʫ ʦʙ ʬʥʙ ð 
ʜʧʫʧʛʦʧʪʫ ʠʙ ʩʙʚʧʫʙ 

IV.1. ʉʲʙʠʨʘʥʝ IV.2. ʀʟʚʘʞʜʘʥʝ 
IV.3 ʉʨʘʚʥʝʥʠʝ ʥʘ 
ʯʠʩʣʘ 

 
ʆʙʥʞʩʞʫʞ ʪʤʞʝʦʙʫʙ ʣʧʥʚʡʦʙʯʡʸ ʧʫ ʚʬʣʛʡ :  ʦ 
                                                                                  ʧ 
                                                                                  ʛ 

 
ʍʡʜʬʩʙ 2.14. ʋʞʪʫ ăʆʙʥʞʩʡ ʣʧʥʚʡʦʙʯʡʸʫʙ ʧʫ ʚʬʣʛʡ (ʪʡʥʛʧʤʡ)ó 

 

ʙ) ʚ) ʛ) 
ʍʡʜʬʩʙ 2.15. ʁʠʛʙʝʣʙ ʧʫ ʫʞʪʫʧʛʞ ʠʙ ʥʙʫʞʥʙʫʡʰʞʪʣʧ ʥʡʪʤʞʦʞ: ʙ) ʪʳʚʡʩʙʦʞ, ʚ) ʡʠʛʙʟʝʙʦʞ. ʛ) ʪʩʙʛʦʞʦʡʞ ʦʙ 

ʰʡʪʤʙ 
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ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʧʨʦʮʝʜʫʨʠʪʝ ʟʘ ʦʮʝʥʢʘ ʥʘ ʢʦʤʬʦʨʪʘ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʩʪʫʜʝʥʪʠ, 
ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʦʬʠʩ-ʩʣʫʞʠʪʝʣʠ, ʧʨʠ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʦʮʝʥʢʘ ʥʘ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠ ʥʝ ʝ ʚʲʟʤʦʞʥʘ ʪʘʢʘʚʘ ʩʪʨʦʡʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʮʝʜʫʨʠ, ʪʲʡ ʢʘʪʦ: 

¶ ɺʩʝʢʠ ʪʝʩʪ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʩʲʦʙʨʘʟʝʥ ʩ ʧʣʘʥ-ʛʨʘʬʠʢʘ ʥʘ ʫʯʝʙʥʠʪʝ ʯʘʩʦʚʝ ʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ 
ʧʨʠʣʘʛʘʥ ʚ ʩʲʦʪʚʝʪʩʪʚʘʱʠʪʝ ʥʘ ʪʝʤʘʪʠʢʘʪʘ ʤʫ ʯʘʩʦʚʝ. 

¶ ʋʯʝʥʠʮʠʪʝ ʥʝ ʙʠʚʘ ʜʘ ʫʩʝʱʘʪ ʜʠʩʢʦʤʬʦʨʪ ʦʪ ʧʨʦʚʝʞʜʘʥʠʪʝ ʪʝʩʪʦʚʝ, ʘ ʪʨʷʙʚʘ ʜʘ ʛʠ ʧʨʠʝʤʘʪ 
ʢʘʪʦ ʥʦʨʤʘʣʥʘ ʯʘʩʪ ʦʪ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ï ʪ.ʝ. ʜʘ ʥʝ ʩʘ ʩʪʨʝʩʠʨʘʥʠ ʠ ʜʘ ʥʝ ʧʨʠʝʤʘʪ ʪʝʩʪʦʚʝʪʝ 
ʢʘʪʦ ʚʠʜ ʦʮʝʥʷʚʘʥʝ ʠʣʠ ʠʟʧʠʪʚʘʥʝ. 

¶ ʇʨʝʜʠʰʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠ ʚ ʐʚʝʮʠʷ (Wargocki et all. 2007a ʠ 2007ʙ) ʧʦʢʘʟʚʘʪ, ʯʝ 
ʫʯʝʥʠʮʠʪʝ ʥʝ ʙʠʚʘ ʜʘ ʧʦʧʲʣʚʘʪ ʧʦʚʝʯʝ ʦʪ ʝʜʠʥ ʪʝʩʪ ʥʘ ʫʯʝʙʝʥ ʯʘʩ ʠ ʧʦʚʝʯʝ ʦʪ 2 ʪʝʩʪʘ ʥʘ 
ʜʝʥ. 

ʇʨʦʚʝʜʝʥʦ ʝ ʠ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʪʝʩʪʦʚʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ, ʮʝʣʷʱʦ ʟʘʧʦʟʥʘʚʘʥʝ ʥʘ 
ʫʯʝʥʠʮʠʪʝ ʩ ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʪʝʩʪʦʚʝ, ʢʘʢʪʦ ʠ ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʥʘ ʪʷʭʥʘʪʘ ʨʝʘʢʮʠʷ ʠ ʚʲʟʧʨʠʝʤʯʠʚʦʩʪ. 
ʊʝʩʪʦʚʝʪʝ ʩʘ ʧʨʦʚʝʜʝʥʠ ʚ ʏʘʩʪʥʦ ʦʩʥʦʚʥʦ ʫʯʠʣʠʱʝ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠò, ʛʨ. ʉʦʬʠʷ ʩ ʫʯʝʥʠʮʠ ʦʪ 
ʚʪʦʨʠ ʢʣʘʩ. ʇʦ ʘʥʘʣʦʛ ʥʘ ʜʨʫʛʠ ʠʟʩʣʝʜʚʘʥʠʷ, (Wargocki et all. 2007a ʠ 2007ʙ) ʫʯʝʥʠʮʠʪʝ ʧʦʧʲʣʚʘʪ 
ʜʚʘ ʪʝʩʪʘ ʥʘ ʜʝʥ, ʚ ʨʘʟʣʠʯʥʠ ʫʯʝʙʥʠ ʯʘʩʦʚʝ. ɺʩʠʯʢʠ ʪʝʩʪʦʚʝ ʩʘ ʩʲʦʙʨʘʟʝʥʠ ʩ ʫʯʝʙʥʘʪʘ ʧʨʦʛʨʘʤʘ, 
ʪʘʢʘ ʯʝ ʜʘ ʩʝ ʧʨʠʧʦʢʨʠʚʘʪ ʪʝʤʘʪʠʯʥʦ ʩʲʩ ʩʲʦʪʚʝʪʥʠʷ ʫʯʝʙʝʥ ʯʘʩ.  
 
ʀʟʚʦʜʠ 
ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ 

ʦʙʠʪʘʪʝʣʠʪʝ ʜʘʪʠʨʘʪ ʦʪ ʢʨʘʷ ʥʘ 60-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ ʜʦ ʜʥʝʩ. ɺʲʧʨʝʢʠ ʪʦʚʘ, 
ʠʥʬʦʨʤʘʮʠʷ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʠʝ ʥʘ ʪʝʩʪʦʚʝʪʝ, ʧʨʦʮʝʜʫʨʠʪʝ ʧʦ ʧʨʠʣʘʛʘʥʝʪʦ ʠʤ ʚ 
ʢʦʥʢʨʝʪʥʠʪʝ ʧʨʦʝʢʪʠ(ʠʟʩʣʝʜʚʘʥʠʷ) ʠʤʘ ʚ ʤʥʦʛʦ ʤʘʣʢʦ ʦʪ ʨʘʟʛʣʝʜʘʥʠʪʝ ʣʠʪʝʨʘʪʫʨʥʠ 
ʠʟʪʦʯʥʠʮʠ. ʑʦ ʩʝ ʦʪʥʘʩʷ ʜʦ ʠʟʩʣʝʜʚʘʥʠʷʪʘ, ʧʨʦʚʝʞʜʘʥʠ ʩ ʜʝʮʘ(ʫʯʝʥʠʮʠ), ʪʦ ʠʥʬʦʨʤʘʮʠʷʪʘ ʩʝ 
ʠʟʯʝʨʧʚʘ ʩ ʝʜʚʘ 3 ʘʚʪʦʨʩʢʠ ʢʦʣʝʢʪʠʚʘ. ʊʦʚʘ ʦʙʫʩʣʘʚʷ ʥʫʞʜʘʪʘ ʦʪ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʪʝʩʪʦʚʝ ʟʘ 
ʮʝʣʠʪʝ ʥʘ ʢʦʥʢʨʝʪʥʦʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ, ʢʘʢʪʦ ʠ ʧʨʦʮʝʜʫʨʠ ʟʘ ʧʨʠʣʘʛʘʥʝʪʦ ʠʤ ʚ 
ʩʧʝʮʠʬʠʯʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ.  
ɼʦʢʘʪʦ ʥʘʙʦʨʲʪ ʦʪ ʠʥʩʪʨʫʤʝʥʪʠ (ʪʝʩʪʦʚʝ) ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ 

ʩʪʫʜʝʥʪʠ ʠ ʦʬʠʩ-ʩʣʫʞʠʪʝʣʠ ʩʝ ʙʘʟʠʨʘ ʥʘ ʠʟʚʝʩʪʥʠ ʪʝʩʪʦʚʝ (ʩʘʤʦ ʘʜʘʧʪʠʨʘʥʠ ʟʘ ʩʧʝʮʠʬʠʢʘʪʘ 
ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ), ʪʦ ʥʘʙʦʨʲʪ ʦʪ ʪʝʩʪʦʚʝ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ 
ʫʯʝʥʠʮʠ ʦʪ ʚʲʟʨʘʩʪʦʚʘ ʛʨʫʧʘ 8-12 ʛʦʜʠʥʠ ʝ ʠʟʮʷʣʦ ʠʥʦʚʘʪʠʚʝʥ ʠ ʫʥʠʢʘʣʝʥ ʟʘ ɹʲʣʛʘʨʠʷ.  
ʉʧʝʮʠʬʠʢʘʪʘ ʥʘ ʧʣʘʥʠʨʘʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ, ʢʘʢʪʦ ʥʘ ʩʪʫʜʝʥʪʠ ʠ 

ʦʬʠʩ-ʩʣʫʞʠʪʝʣʠ, ʠʟʚʲʨʰʚʘʱʠ ʠʥʪʝʥʟʠʚʥʘ ʫʤʩʪʚʝʥʘ ʨʘʙʦʪʘ, ʪʘʢʘ ʠ ʥʘ ʫʯʝʥʠʮʠ ʥʘʯʘʣʝʥ ʢʫʨʩ, 
ʦʙʫʩʣʘʚʷ ʧʦʪʨʝʙʥʦʩʪʪʘ ʦʪ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʦʥʢʨʝʪʥʠ ʧʨʦʮʝʜʫʨʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʠʤ. ʊʝʟʠ 
ʧʨʦʮʝʜʫʨʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʩʲʦʙʨʘʟʝʥʠ ʩ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ï ʢʘʣʝʥʜʘʨʥʠʷ ʛʨʘʬʠʢ ʠ ʜʠʥʘʤʠʢʘʪʘ ʥʘ 
ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʟʘʥʷʪʠʷʪʘ, ʘ ʧʨʠ ʫʯʝʥʠʮʠʪʝ ʠ ʩ ʢʦʥʢʨʝʪʥʘʪʘ ʫʯʝʙʥʘ ʧʨʦʛʨʘʤʘ ʟʘ ʜʝʥʷ. 

 

ɻʃɸɺɸ 3. ʉʒɿɼɸɺɸʅɽ ʅɸ ʂʆʅʊʈʆʃʀʈɸʅɸ ɺʒʊʈɽʐʅɸ ʉʈɽɼɸ 

(ʇʈʆɽʂʊʀʈɸʅɽ ʅɸ ɺʒʊʈɽʐʅɸʊɸ ʉʈɽɼɸ ʉʒʉ ʉʈɽɼʉʊɺɸʊɸ ʅɸ 

ʀʄʌ (CFD)) 
 
ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘ ʟʘ ʚʝʥʪʠʣʘʮʠʷ ʩ ʪʦʧʣʠʥʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʚʲʟʜʫʭʘ, ʢʦʷʪʦ ʠʤʘ ʟʘ ʮʝʣ 

ʜʘ ʦʩʠʛʫʨʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʠ ʜʘ ʦʩʠʛʫʨʠ ʢʦʤʬʦʨʪ 
ʥʘ ʦʙʠʪʘʪʝʣʠʪʝ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʝ ʤʥʦʛʦʩʪʲʧʢʦʚʘ, ʥʝʣʝʢʘ ʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʥʘ ʟʘʜʘʯʘ. ʉ ʧʦʤʦʱʪʘ ʥʘ 
ʤʝʪʦʜʠʪʝ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʤʝʭʘʥʠʢʘ ʥʘ ʬʣʫʠʜʠʪʝ (CFD), ʤʦʞʝ ʩʨʘʚʥʠʪʝʣʥʦ ʙʲʨʟʦ ʜʘ ʩʝ 
ʠʟʩʣʝʜʚʘʪ ʨʘʟʣʠʯʥʠ ʩʭʝʤʠ ʥʘ ʚʝʥʪʠʣʠʨʘʥʝ ʥʘ ʝʜʥʦ ʧʦʤʝʱʝʥʠʝ ʠ ʜʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʘʝʨʦʜʠʥʘʤʠʢʘʪʘ 
ʚ ʦʛʨʦʤʝʥ ʙʨʦʡ ʪʦʯʢʠ ʦʪ ʨʘʟʛʣʝʞʜʘʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. 
ɺ ʪʘʟʠ ʛʣʘʚʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʯʠʩʣʝʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʲʟʜʫʭʦʦʙʤʝʥʘ ʠ ʦʩʥʦʚʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʨʠ ʨʘʟʣʠʯʥʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʥʘ ʩʠʩʪʝʤʘ ʟʘ ʚʝʥʪʠʣʘʮʠʷ ʥʘ 
ʣʘʙʦʨʘʪʦʨʥʘ ʟʘʣʘ 2225, ʢʦʷʪʦ ʩʝ ʥʘʤʠʨʘ ʚ ʊʝʭʥʠʯʝʩʢʠ ʋʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ.  
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ʎʝʣʪʘ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʚ ʥʘʩʪʦʷʱʘʪʘ ɻʣʘʚʘ 3 ʝ ʧʨʘʚʠʣʥʦ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ 
ʨʘʟʣʠʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʚʝʥʪʠʣʘʮʠʷ ʠ ʦʮʝʥʢʘ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ, ʧʨʠ 
ʢʦʠʪʦ ʱʝ ʩʝ ʛʘʨʘʥʪʠʨʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʢʦʥʪʨʦʣʠʨʘʥʠ ʫʩʣʦʚʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ, ʪ.ʝ. ʩʠʩʪʝʤʘʪʘ ʪʨʷʙʚʘ 
ʜʘ ʦʩʠʛʫʨʷʚʘ ʚʲʪʨʝʰʥʘ ʩʨʝʜʘ, ʦʪʛʦʚʘʨʷʱʘ ʥʘ ʩʪʘʥʜʘʨʪʘ EN ISO 7730:2007 ʧʨʠ ʤʘʢʩʠʤʘʣʥʘ 
ʦʙʠʪʘʝʤʦʩʪ ʥʘ ʟʘʣʘʪʘ ʦʪ 24 ʩʪʫʜʝʥʪʘ ʠ 1 ʧʨʝʧʦʜʘʚʘʪʝʣ. 
ɿʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʯʠʩʣʝʥʠʪʝ ʩʠʤʫʣʘʮʠʠ ʩʘ ʦʧʠʩʘʥʠ ʦʛʨʘʞʜʘʱʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ, 

ʦʪʯʝʪʝʥʠ ʩʘ ʜʘʥʥʠ ʟʘ ʪʦʧʣʦʧʨʦʚʦʜʠʤʦʩʪʪʘ ʥʘ ʛʨʘʥʠʯʥʠʪʝ ʝʣʝʤʝʥʪʠ, ʠʟʪʦʯʥʠʮʠʪʝ ʥʘ ʪʦʧʣʠʥʘ ʠ 
ʨʘʙʦʪʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʝʥʪʠʣʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʦʧʨʝʜʝʣʝʥʠ ʩʘ ʤʦʱʥʦʩʪʠʪʝ ʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʚʝʥʪʠʣʘʮʠʷ ʠ ʪʦʧʣʠʥʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʚʲʟʜʫʭʘ, ʧʨʝʜʚʠʜʝʥʘ ʟʘ 
ʠʟʛʨʘʞʜʘʥʝ ʚ ʣʘʙʦʨʘʪʦʨʥʘ ʟʘʣʘ 2225 ʠ ʪʘʢʘ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʛʨʘʥʠʯʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʘʢʪʠʚʥʠʪʝ 
ʝʣʝʤʝʥʪʠ ʥʘ ʯʠʩʣʝʥʠʪʝ ʤʦʜʝʣʠ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʠʷʪ ʤʦʜʝʣ, ʠʟʧʦʣʟʚʘʥ ʚ ʪʘʟʠ ʛʣʘʚʘ ʚʢʣʶʯʚʘ: ʫʨʘʚʥʝʥʠʝ ʟʘ ʥʝʧʨʝʢʲʩʥʘʪʦʩʪ, 

ʫʨʘʚʥʝʥʠʷ ʟʘ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʜʚʠʞʝʥʠʝ ï ʫʨʘʚʥʝʥʠʷ ʥʘ ʅʘʚʠʝ-ʉʪʦʢʩ, ʫʩʨʝʜʥʝʥʠ ʧʦ ʈʝʡʥʦʣʜʩ ʠ 
ʟʘʪʚʦʨʝʥʠ ʩ k-Ů ʪʫʨʙʫʣʝʥʪʝʥ ʤʦʜʝʣ, ʫʨʘʚʥʝʥʠʝ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷʪʘ, ʫʨʘʚʥʝʥʠʝ ʟʘ ʩʲʩʪʦʷʥʠʝ 
ʥʘ ʠʜʝʘʣʥʠʷ ʛʘʟ ʠ ʤʦʜʝʣ ʟʘ ʣʲʯʠʩʪ ʪʦʧʣʦʦʙʤʝʥ. 
ɿʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʯʠʩʣʝʥʠʪʝ ʤʦʜʝʣʠ ʠ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʠʪʝ 

ʤʨʝʞʠ ʝ ʠʟʧʦʣʟʚʘʥ ʩʦʬʪʫʝʨʝʥ ʧʨʦʜʫʢʪ Gambit 2.4.6., ʢʦʡʪʦ ʝ ʧʨʠʣʦʞʝʥʠʝ ʟʘ ʧʨʝʜ-ʧʨʦʮʝʩʦʨʥʘ 
ʦʙʨʘʙʦʪʢʘ ʚ CFD ʧʘʢʝʪʘ Fluent.  
ʇʨʝʜʚʘʨʠʪʝʣʥʦ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥ ʤʠʢʨʦʢʣʠʤʘʪ ʚ 

ʫʯʝʙʥʘʪʘ ʣʘʙʦʨʘʪʦʨʠʷ 2225, ʙʘʟʠʨʘʥʦ ʥʘ CFD, ʦʧʨʝʜʝʣʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʚʝʥʪʠʣʘʮʠʷʪʘ 
ʨʝʮʠʨʢʫʣʘʮʠʦʥʥʠʪʝ ʢʦʥʚʝʢʪʦʨʠ ʪʠʧ TOSHIBA MMU-AP0092H(4-way Air Discharge Cassette Type), 
ʟʘʝʜʥʦ ʩ 4 ʪʨʘʥʩʬʝʨʥʠ ʨʝʰʝʪʢʠ, ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʟʘʧʘʜʥʘʪʘ ʩʪʝʥʘ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ, ʧʨʝʟ ʢʦʠʪʦ 
ʦʪʨʘʙʦʪʝʥʠʷʪ ʚʲʟʜʫʭ ʧʨʝʤʠʥʘʚʘ ʦʪ ʧʦʤʝʱʝʥʠʝʪʦ ʚ ʢʦʨʠʜʦʨʘ ʥʘ ʩʛʨʘʜʘʪʘ. ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʜʚʝ 
ʨʘʟʧʦʣʦʞʝʥʠʷ ʥʘ ʢʘʩʝʪʠʪʝ: 4 ʢʘʩʝʪʠ, ʰʘʭʤʘʪʥʦ ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʦʚʝʪʝ 

. . 100 x c c cmd =  ʠ . . 80 x c c cmd = (ʌʠʛʫʨʘ 3.3.). 
 

Y

X

100 ʩʤ

Y=1.5 Y=4.4 Y=7.4 Y=10.3

X=2.1

X=3.1

X=2.6

 

Y

X

X=2.3

X=3.1

X=2.7

Y=1.5 Y=4.4 Y=7.4 Y=10.3

80 ʩʤ

 

ʙ) ʚ) 

ʍʡʜʬʩʙ 3.3. ʉʙʠʨʧʤʧʟʞʦʡʞ ʦʙ ʣʙʪʞʫʡʫʞ ð ʙ) . . 100 x c c cmd = ; ʚ) . . 80 x c c cmd =  
 

  
ʙ) ʚ) 

ʍʡʜʬʩʙ 3.4. ʌʰʞʚʦʙ ʠʙʤʙ 2225 ð ʣʧʥʨʧʦʞʦʫʡ ʦʙ ʰʡʪʤʞʦʡʫʞ ʥʧʝʞʤʡ  ð ʙ) ʑʙʮʥʙʫʦʧ ʩʙʠʨʧʤʧʟʞʦʡʞ ð 

. . 100 x c c cmd =
, ʚ) ʑʙʮʥʙʫʦʧ ʩʙʠʨʧʤʧʟʞʦʡʞ ð . . 80 x c c cmd =  
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ʅʘ ʌʠʛʫʨʘ 3.4. ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ ʚʩʠʯʢʠ ʢʦʤʧʦʥʝʥʪʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʜʚʘʪʘ ʯʠʩʣʝʥʠ ʤʦʜʝʣʘ ʥʘ 
ʠʟʩʣʝʜʚʘʥʦʪʦ ʧʦʤʝʱʝʥʠʝ.  
ʇʦ ʚʨʝʤʝ ʥʘ ʯʠʩʣʝʥʦ ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʠʟʚʲʨʰʝʥʠ 10 ʩʠʤʫʣʘʮʠʠ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʜʚʘʪʘ 

ʨʘʟʨʘʙʦʪʝʥʠ ʤʦʜʝʣʘ ʩ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʝʪʠʨʠʧʦʩʦʯʥʠʪʝ ʚʲʟʜʫʭʦʧʦʜʘʚʘʱʠ ʢʘʩʝʪʠ 

. . 100 x c c cmd =  ʠʣʠ . . 80 x c c cmd = , ʧʨʠ ʰʘʭʤʘʪʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʢʘʩʝʪʠʪʝ ʧʦ ʪʘʚʘʥʘ ʩʘ 
ʘʥʘʣʠʟʠʨʘʥʠ ʨʘʟʣʠʯʥʠ ʥʘʢʣʦʥʠ ʥʘ ʥʘʩʦʯʚʘʱʠʪʝ ʣʦʧʘʪʢʠ ʥʘ ʚʭʦʜʦʚʝ ʥʘ ʚʲʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ, 

ʩʲʦʪʚʝʪʥʦ ʥʘ 25°, 30°, 35°, 40° ʠ 45°. ʅʘʢʣʦʥʲʪ ʩʝ ʤʦʜʝʣʠʨʘ ʯʨʝʟ ʧʨʦʤʷʥʘ ʥʘ ʩʢʦʨʦʩʪʥʠʷ ʧʨʦʬʠʣ. 

 
ʏʠʩʣʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʚʢʣʶʯʚʘʪ ʨʧʤʞʫʙ ʦʙ ʫʞʥʨʞʩʙʫʬʩʙ, ʪʣʧʩʧʪʫʦʧʫʧ ʨʧʤʞ ʦʙ ʫʞʰʞʦʡʞʫʧ ʡ 

ʨʧʤʞ ʦʙ ʦʙʤʸʜʙʦʞʫʧ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʪʝʟʠ ʧʘʨʘʤʝʪʨʠ, ʩʝ ʠʟʚʲʨʰʚʘ ʧʦʩʣʝʜʚʘʱʘ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ 
ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʩʮʝʥʘʨʠʠ.  
ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʦʥʘʛʣʝʜʝʥʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʮʚʝʪʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʢʦʥʪʫʨʠʪʝ ʥʘ ʧʦʣʝʪʘʪʘ ʥʘ 
ʧʨʦʤʝʥʣʠʚʠʪʝ ʚ ʩʣʝʜʥʠʪʝ ʨʘʚʥʠʥʠ ʧʦ ʪʨʠʪʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

¶ ɺʲʚ ʚʝʨʪʠʢʘʣʥʦ ʥʘʧʨʘʚʣʝʥʠʝ, Z ï ʚ ʯʝʪʠʨʠ ʨʘʚʥʠʥʠ: Z=0.1 m; Z=0.6 m; Z=1.1. m; Z=1.7 m; 

¶ ʇʦ ʥʘʧʨʘʚʣʝʥʠʝ X ï ʚ ʪʨʠ ʨʘʚʥʠʥʠ: X=2.1 m; X=2.6 m; X=3.1 m; 

¶ ʇʦ ʥʘʧʨʘʚʣʝʥʠʝ Y ï ʚ ʯʝʪʠʨʠ ʨʘʚʥʠʥʠ: Y=1.5 m; Y=4.5 m; Y=7.4 m; Y=10.3 m. 
 

ʘ) 

ʙ) 

ʚ) 

 

ʍʡʜʬʩʙ 3.13. ʋʞʥʨʞʩʙʫʬʩʦʡ ʨʧʤʞʫʙ, =30°, . . 100 x c c cmd =  ð ʙ) X=2.1; ʚ) X=2.6; ʛ) X=3.1 

 
ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʠʟʩʣʝʜʚʘʥʘʪʘ ʣʘʙʦʨʘʪʦʨʥʘ ʟʘʣʘ 2225 ʟʘ ʩʣʫʯʘʷ ʥʘ ʨʘʟʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʮʝʥʪʨʦʚʝʪʝ ʥʘ ʢʣʠʤʘʪʠʯʥʠʪʝ ʢʘʩʝʪʠ . . 100 x c c cmd =  ʠ ʲʛʲʣ ʥʘ ʥʘʧʨʘʚʣʷʚʘʱʠʪʝ ʣʦʧʘʪʢʠ 

=30Á ʝ ʦʪʥʦʩʠʪʝʣʥʦ ʨʘʚʥʦʤʝʨʥʦ ʠ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʲʚ ʚʩʠʯʢʠ ʩʝʯʝʥʠʷ, ʟʘ ʢʦʠʪʦ ʝ ʦʥʘʛʣʝʜʝʥʦ. 

ʉʨʝʜʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʘʨʠʨʘ ʤʝʞʜʫ 24 ʠ 26Áʉ, ʢʦʝʪʦ ʦʪʛʦʚʘʨʷ ʥʘ ʂʘʪʝʛʦʨʠʷ I ʥʘ 
ʚʲʪʨʝʰʥʘʪʘ ʪʦʧʣʠʥʥʘ ʩʨʝʜʘ ʩʧʦʨʝʜ ʠʟʠʩʢʚʘʥʠʷʪʘ, ʟʘʜʘʜʝʥʠ ʧʦ ʩʪʘʥʜʘʨʪ ɹɼʉ EN 15251, ʢʘʪʦ ʩʘ 
ʩʠʤʫʣʠʨʘʥʠ ʣʝʪʥʠ ʢʣʠʤʘʪʠʯʥʠ ʫʩʣʦʚʠʷ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʚ ʩʝʯʝʥʠʝʪʦ ʧʨʠ X=2.6 m ʧʨʠ ʚʠʩʦʯʠʥʠ ʦʪ 
ʧʦʜʘ Z=0.1 m, Z=0.6 m, Z=1.1 m ʩʝ ʥʘʙʣʶʜʘʚʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʟʦʥʘ ʩ ʧʦ-ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ, 
26õ28Áʉ, ʤʝʞʜʫ 3 ʠ 4 ʠ 7 ʠ 8 ʨʝʜ ʨʘʙʦʪʥʠ ʤʘʩʠ (ʬʠʛʫʨʠ 3.13ʙ, 3.15ʘ, ʙ ʠ ʚ). ʊʘʟʠ ʟʘʚʠʰʝʥʘ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʜʲʣʞʠ ʥʘ ʩʧʝʮʠʬʠʢʘʪʘ ʚ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ ï ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ 
ʨʘʙʦʪʥʠʪʝ ʤʘʩʠ ʦʪ ʨʝʜ 4 ʩʲʚʧʘʜʘ ʩ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʜʚʝ ʢʦʣʦʥʠ, ʢʦʠʪʦ ʦʩʚʝʥ ʯʝ 
ʦʢʘʟʚʘʪ ʩʪʝʩʥʷʚʘʱʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʚʲʟʜʫʰʥʦʪʦ ʪʝʯʝʥʠʝ, ʜʝʡʩʪʚʘʪ ʠ ʢʘʪʦ ʧʨʝʛʨʘʜʠ, 
ʚʲʟʧʨʝʧʷʪʩʪʚʘʱʠ ʨʘʚʥʦʤʝʨʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʚʲʟʜʫʰʥʠʪʝ ʩʪʨʫʠ. ʊʦʚʘ ʝ ʚʠʜʠʤʦ ʠ ʥʘ ʬʠʛ. 3.16ʙ, ʥʘ 
ʢʦʷʪʦ ʝ ʚʠʟʫʘʣʠʟʠʨʘʥʦ ʩʢʦʨʦʩʪʥʦʪʦ ʧʦʣʝ. 
 

ʘ) ʙ) ʚ) ʛ) 

 

ʍʡʜʬʩʙ 3.15. ʋʞʥʨʞʩʙʫʬʩʦʡ ʨʧʤʞʫʙ =30°, . . 100 x c c cmd =   ð ʙ) Z=0.1; ʚ) Z=0.6; ʛ) Z=1.1;ʜ) Z=1.7 

 
ʌʠʛʫʨʠ 3.16. ʠ 3.18. ʧʨʝʜʩʪʘʚʷʪ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʧʦʣʝʪʦ ʥʘ ʩʢʦʨʦʩʪʪʘ ʧʨʠ ʥʘʢʣʦʥ ʥʘ 

ʥʘʧʨʘʚʣʷʚʘʱʠʪʝ ʣʦʧʘʪʢʠ =30° ʠ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʝʪʠʨʠʧʦʩʦʯʥʠʪʝ ʢʘʩʝʪʠ . . 100 x c c cmd = . ʇʨʠ 

ʟʘʜʘʜʝʥʠʪʝ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚʠʷ, ʨʝʟʫʣʪʘʪʠʪʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ 
ʚʲʟʜʫʰʥʦʪʦ ʪʝʯʝʥʠʝ ʚ ʦʙʠʪʘʝʤʘʪʘ ʟʦʥʘ, ʫʜʦʚʣʝʪʚʦʨʷʚʘʪ ʧʨʝʜʧʠʩʘʥʠʪʝ ʧʦ ʩʪʘʥʜʘʨʪ ʩʪʦʡʥʦʩʪʠ ï ʟʘ 
ʧʦʤʝʱʝʥʠʷ ʢʘʪʦ ʘʫʜʠʪʦʨʠʠ, ʢʣʘʩʥʠ ʩʪʘʠ, ʦʬʠʩʠ ʠ ʜʨ. ï 0.18 m/s ʟʘ ʂʘʪʝʛʦʨʠʷ Iï ʬʠʛʫʨʠ 3.16 ʠ 3.18. 
ʄʘʣʢʠ ʠʟʢʣʶʯʝʥʠʷ ʦʪ ʂʘʪʝʛʦʨʠʷ I ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʤʝʞʜʫ ʩʨʝʜʥʠʪʝ ʨʘʙʦʪʥʠ ʤʝʩʪʘ ʥʘ ʧʲʨʚʠ ʠ ʚʪʦʨʠ ʠ 
ʰʝʩʪʠ ʨʝʜ ʤʘʩʠ, ʢʲʜʝʪʦ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʲʟʜʫʰʥʦʪʦ ʪʝʯʝʥʠʝ ʦʪʛʦʚʘʨʷ ʥʘ ʂʘʪʝʛʦʨʠʷ II (0.22 m/s) ï 
ʬʠʛʫʨʠ 3.16ʙ, 3.18ʚ. 
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ʘ) 

 ʙ) 

ʚ) 

 

ʍʡʜʬʩʙ 3.16. ʊʣʧʩʧʪʫʦʡ ʨʧʤʞʫʙ ʨʩʡ =30°, . . 100 x c c cmd =   ð ʙ) X=2.1; ʚ) X=2.6; ʛ) X=3.1 

 

ʘ) ʙ) ʚ) ʛ) 

 

ʍʡʜʬʩʙ 3.18. ʊʣʧʩʧʪʫʦʡ ʨʧʤʞʫʙ ʨʩʡ =30°, . . 100 x c c cmd =  ð ʙ) Z=0.1; ʚ) Z=0.6; ʛ) Z=1.1;ʜ) Z=1.7 

 
ʆʩʚʝʥ ʘʥʘʣʠʟ ʥʘ ʚʲʟʜʫʭʦʦʙʤʝʥʘ ʚ ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʣʘʙʦʨʘʪʦʨʠʷ 2225, ʯʘʩʪ ʦʪ ʮʝʣʪʘ ʥʘ 

ʩʠʤʫʣʘʮʠʦʥʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʦʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʪʦʧʣʠʥʝʥ ʢʦʤʬʦʨʪ ʥʘ 
ʦʙʠʪʘʪʝʣʠʪʝ ʚ ʧʦʤʝʱʝʥʠʝʪʦ. ʀʟʯʠʩʣʝʥʠʝʪʦ ʥʘ ʪʝʟʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʙʘʟʠʨʘ ʥʘ ʩʪʘʥʜʘʨʪʘ EN ISO 
7730:2007 -ñErgonomics of the  thermal environment ï Analytical determination and  interpretation of 
thermal comfort using calculation of the  PMV and  PPD indices and  local thermal comfort criteriaò. 
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ʂʘʢʪʦ ʝ ʩʧʦʤʝʥʘʪʦ ʚ ʩʪʘʥʜʘʨʪʘ, ʪʦʧʣʠʥʥʦʪʦ ʫʩʝʱʘʥʝ ʥʘ ʯʦʚʝʢʘ ʝ ʩʚʲʨʟʘʥʦ ʛʣʘʚʥʦ ʩ ʪʦʧʣʠʥʥʠʷ 
ʙʘʣʘʥʩ ʥʘ ʪʷʣʦʪʦ ʢʘʪʦ ʮʷʣʦ. ʊʦʟʠ ʙʘʣʘʥʩ ʩʝ ʚʣʠʷʝ ʦʪ ʬʠʟʠʯʝʩʢʘʪʘ ʘʢʪʠʚʥʦʩʪ, ʦʙʣʝʢʣʦ, ʢʘʢʪʦ ʠ ʦʪ 
ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ, ʨʘʜʠʘʮʠʦʥʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪ ʠ 
ʚʣʘʞʥʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʘ. ʅʘ ʙʘʟʘʪʘ ʥʘ ʪʝʟʠ ʜʘʥʥʠ ʤʦʞʝ ʜʘ ʩʝ ʘʧʨʦʢʩʠʤʠʨʘ ʠ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʠʥʜʝʢʩʘ 
PMV. ʏʨʝʟ ʠʥʜʝʢʩʘ PPD ʩʝ ʧʨʝʜʦʩʪʘʚʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʪʦʧʣʠʥʥʠʷ ʜʠʩʢʦʤʬʦʨʪ ʠʣʠ ʪʦʧʣʠʥʥʦʪʦ 
ʥʝʜʦʚʦʣʩʪʚʦ ʜʠʨʝʢʪʥʦ ʦʪ ʩʪʦʡʥʦʩʪʪʘ ʥʘ PMV. ʊʘʢʘ ʤʦʛʘʪ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘʪ ʧʨʦʮʝʥʪʘ ʥʘ ʭʦʨʘʪʘ, ʢʦʠʪʦ 
ʯʫʚʩʪʚʘʪ, ʯʝ ʝ ʪʚʲʨʜʝ ʪʦʧʣʦ ʠʣʠ ʪʚʲʨʜʝ ʭʣʘʜʥʦ ʚ ʜʘʜʝʥʘ ʩʨʝʜʘ. 
ʊʦʧʣʠʥʥʠʷʪ ʜʠʩʢʦʤʬʦʨʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʠʯʠʥʝʥ ʦʪ ʥʝʞʝʣʘʥʦ ʣʦʢʘʣʥʦ ʦʭʣʘʞʜʘʥʝ ʠʣʠ 

ʟʘʪʦʧʣʷʥʝ ʥʘ ʪʷʣʦʪʦ. ʅʘʡ-ʯʝʩʪʠʪʝ ʣʦʢʘʣʥʠ ʬʘʢʪʦʨʠ ʥʘ ʜʠʩʢʦʤʬʦʨʪʘ ʩʘ: ʣʲʯʠʩʪʘ ʪʝʤʧʝʨʘʪʫʨʥʘ 
ʘʩʠʤʝʪʨʠʷ (ʩʪʫʜʝʥʠ ʠʣʠ ʪʦʧʣʠ ʧʦʚʲʨʭʥʦʩʪʠ), ʪʝʯʝʥʠʝ (ʦʧʨʝʜʝʣʝʥʦ ʢʘʪʦ ʤʝʩʪʥʦ ʦʭʣʘʞʜʘʥʝ ʥʘ ʪʷʣʦʪʦ 
ʦʪ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʚʲʟʜʫʭʘ) ï Draught Rate, DR, ʚʝʨʪʠʢʘʣʥʘ ʘʩʠʤʝʪʨʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ, ʠ 
ʩʪʫʜʝʥ ʠʣʠ ʪʦʧʲʣ ʧʦʜ. 

 

 
a) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

 
ʜ) 

 

ʌʠʛʫʨʘ 3.25. DR, ʟʘ ʨʘʚʥʠʥʘ Z=1.1m ʦʪ ʧʦʜʘ, . . 100x c c cmd = ï ʘ) 25o; ʙ) 30o; ʚ) 35o; ʛ) 40o; ʜ) 45o 

 

 
a) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

 
ʜ) 

 

ʌʠʛʫʨʘ 3.31. PMV, ʟʘ ʨʘʚʥʠʥʘ Z=1.1m ʦʪ ʧʦʜʘ,. . 100 x c c cmd = ï ʘ) 25o; ʙ) 30o; ʚ) 35o; ʛ) 40o; ʜ)45o 
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a) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

 
ʜ) 

 

ʌʠʛʫʨʘ 3.35. PPD, ʟʘ ʨʘʚʥʠʥʘ Z=1.1m ʦʪ ʧʦʜʘ,. . 100 x c c cmd = ï ʘ) 25o; ʙ) 30o; ʚ) 35o; ʛ) 40o; ʜ)45o 

 
ʀʟʚʦʜʠ 
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ ʢʦʤʧʶʪʲʨʥʠ ʩʠʤʫʣʘʮʠʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʦʜʙʦʨʲʪ ʥʘ 

ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʚʝʥʪʠʣʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʫʜʘʯʝʥ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ 
ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʪʦʧʣʠʥʥʠʷ ʢʦʤʬʦʨʪ ʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ.  
ɺʲʧʨʝʢʠ ʪʦʚʘ, ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʢʘʩʝʪʠʪʝ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ, ʢʘʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ 

ʧʨʦʤʝʥʣʠʚʠʪʝ  ʧʨʠ ʦʪʤʝʩʪʚʘʥʝ ʦʪ ʮʝʥʪʨʦʚʝʪʝ ʥʘ ʢʦʥʚʝʢʪʦʨʠʪʝ ʩ . . 100 x c c cmd = ʝ ʧʦ-
ʨʘʚʥʦʤʝʨʥʦ.  
ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʲʛʣʠ ʥʘ ʥʘʩʦʯʚʘʱʠʪʝ ʣʦʧʘʪʢʠ, ʥʘʡ-ʙʣʘʛʦʧʨʠʷʪʥʠ ʩʘ 

ʫʩʣʦʚʠʷʪʘ ʚ ʦʙʠʪʘʝʤʘʪʘ ʟʦʥʘ ʧʨʠ =25° ʠ =30°. 

 

 

ɻʃɸɺɸ 4. ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʆ ʀɿʉʃɽɼɺɸʅɽ ʅɸ ɺʃʀʗʅʀɽʊʆ ʅɸ 

ɺʒʊʈɽʐʅɸʊɸ ʉʈɽɼɸ (ʄʀʂʈʆʂʃʀʄɸʊ) ɺʒʈʍʋ 

ʆɹʀʊɸʊɽʃʀʊɽ/ʏʆɺɽʂɸ 
ʎʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʚ ɻʣʘʚʘ 4 ʝ ʜʘ ʙʲʜʝ ʧʨʦʚʝʨʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʚʘʣʠʜʥʦʩʪʪʘ ʥʘ 

ʤʦʜʝʣʘ ʥʘ Seppanen ʦʪʥʦʩʥʦ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ 
ʩʪʫʜʝʥʪʠ. ʇʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʪʦʟʠ ʤʦʜʝʣ ʥʝ ʩʘ ʩʲʱʝʩʪʚʫʚʘʣʠ ʜʘʥʥʠ ʦʪʥʦʩʥʦ ʚʣʠʷʥʠʝʪʦ ʥʘ 
ʚʲʛʣʝʨʦʜʥʠʷ ʜʠʦʢʩʠʜ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʭʦʨʘʪʘ ʚ ʥʝʠʥʜʫʩʪʨʠʘʣʥʘ ʨʘʙʦʪʥʘ ʩʨʝʜʘ. 
ɿʘ ʪʘʟʠ ʮʝʣ ʝ ʧʨʦʚʝʜʝʥ ʝʜʥʦʬʘʢʪʦʨʝʥ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʢʦʥʪʨʦʣʠʨʘʥʠ ʜʨʫʛʠ ʫʩʣʦʚʠʷ (ʝʜʥʘʢʚʠ 

ʧʘʨʘʤʝʪʨʠ ʥʘ ʘʢʫʩʪʠʯʥʘʪʘ ʠ ʩʚʝʪʣʠʥʥʘʪʘ ʩʨʝʜʘ ʠ ʢʘʯʝʩʪʚʦ ʥʘ ʚʲʟʜʫʭʘ) ʦʪʥʦʩʥʦ ʚʣʠʷʥʠʝʪʦ ʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ (ʠʟʚʲʥ ʢʦʤʬʦʨʪʥʘʪʘ ʟʦʥʘ, ʫʜʦʚʣʝʪʚʦʨʷʚʘʱʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʢʘʪʝʛʦʨʠʷ I ʥʘ ʩʪʘʥʜʘʨʪ 
ɹɼʉ EN 15251) ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʩʪʫʜʝʥʪʠ ʠ ʭʦʨʘ, ʠʟʚʲʨʰʚʘʱʠ ʠʥʪʝʥʟʠʚʥʘ ʫʤʩʪʚʝʥʘ 
ʨʘʙʦʪʘ. ʆʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʢʦʥʪʨʦʣʠʨʘʥʠ ʫʩʣʦʚʠʷ ʩʘ ʩʪʫʜʝʥʪʠ ʦʪ ʊʝʭʥʠʯʝʩʢʠ 
ʫʥʠʚʝʨʩʠʪʝʪ-ʉʦʬʠʷ, ʦʙʫʯʘʚʘʥʠ ʥʘ ʙʲʣʛʘʨʩʢʠ ʠ ʘʥʛʣʠʡʩʢʠ ʝʟʠʢ ʧʦ Ăʄʝʭʘʥʠʢʘ ʥʘ ʬʣʫʠʜʠʪʝñ ʠ 
Ăʊʦʧʣʦʪʝʭʥʠʢʘñ, ʢʘʢʪʦ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠʪʝ ʧʦ ʩʲʦʪʚʝʪʥʠʪʝ ʜʠʩʮʠʧʣʠʥʠ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʩʝ ʧʨʦʚʝʞʜʘ ʚ 
ʟʘʣʘʪʘ ʩ ʢʦʥʪʨʦʣʠʨʘʥ ʤʠʢʨʦʢʣʠʤʘʪ 2225, ʚ ʢʦʷʪʦ ʝ ʠʟʛʨʘʜʝʥʘ ʩʠʩʪʝʤʘ ʟʘ ʚʝʥʪʠʣʘʮʠʷ, ʧʨʦʝʢʪʠʨʘʥʘ ʠ 
ʦʧʠʩʘʥʘ ʚ ɻʣʘʚʘ 3 ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ. ɽʣʝʤʝʥʪʠʪʝ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ ʚ ʟʘʣʘ 2225, ʯʠʝʪʦ 
ʚʣʠʷʥʠʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʦʥʪʨʦʣʠʨʘʥʦ, ʥʘʧʲʣʥʦ ʠʣʠ ʯʘʩʪʠʯʥʦ, ʠ ʜʘ ʙʲʜʝ ʦʮʝʥʷʚʘʥʦ ʥʘ ʙʘʟʘʪʘ ʥʘ 
ʠʟʤʝʨʚʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠʪʝ ʛʦ ʬʠʟʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʠ ʩʘ: ʘʢʫʩʪʠʯʥʘ ʩʨʝʜʘ ï ʯʘʩʪʠʯʝʥ ʢʦʥʪʨʦʣ, 
ʠʟʤʝʨʚʘʥ ʧʘʨʘʤʝʪʲʨ ï ʟʚʫʢʦʚʦ ʥʘʣʷʛʘʥʝ; ʚʲʟʜʫʰʥʘ ʩʨʝʜʘ ï ʧʦʯʪʠ ʧʲʣʝʥ ʢʦʥʪʨʦʣ, ʠʟʤʝʨʚʘʥʠ 
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ʧʘʨʘʤʝʪʨʠ ï ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʠ ʦʙʝʤʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʚʲʛʣʝʨʦʜʥʠʷ ʜʠʦʢʩʠʜ; ʩʚʝʪʣʠʥʥʘ 
ʩʨʝʜʘ ï ʯʘʩʪʠʯʝʥ ʢʦʥʪʨʦʣ, ʠʟʤʝʨʚʘʥ ʧʘʨʘʤʝʪʲʨ ï ʦʩʚʝʪʝʥʦʩʪ; ʪʦʧʣʠʥʥʘ ʩʨʝʜʘ ï ʧʦʯʪʠ ʧʲʣʝʥ 
ʢʦʥʪʨʦʣ, ʠʟʤʝʨʚʘʥʠ ʧʘʨʘʤʝʪʨʠ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ, ʧʦʩʦʯʥʘ ʠ ʩʨʝʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 
ʦʙʣʲʯʚʘʥʝ, ʩʢʦʨʦʩʪ ʥʘ ʚʲʟʜʫʭʘ ʠ ʩʪʝʧʝʥ ʥʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪ. ɺ ʧʦʤʝʱʝʥʠʝʪʦ ʩʘ ʦʨʛʘʥʠʟʠʨʘʥʠ 24 
ʨʘʙʦʪʥʠ ʤʝʩʪʘ.  
ɿʘ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʨʘʙʦʪʥʘʪʘ ʩʨʝʜʘ ʧʦ ʚʨʝʤʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʠʟʤʝʨʚʘʥʠ ʩʣʝʜʥʠʪʝ 

ʛʨʫʧʠ ʦʪ ʧʘʨʘʤʝʪʨʠ: 

¶ ʇʘʨʘʤʝʪʨʠ ʥʘ ʚʲʥʰʥʘʪʘ ʩʨʝʜʘ: ʘʪʤʦʩʬʝʨʥʦ ʥʘʣʷʛʘʥʝ; ʪʝʤʧʝʨʘʪʫʨʘ; ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ; 
ʦʙʝʤʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ CO2.  

¶ ʇʘʨʘʤʝʪʨʠ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ: ʪʝʤʧʝʨʘʪʫʨʘ; ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ; ʥʘʣʷʛʘʥʝ; ʦʙʝʤʥʘ 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ CO2; ʩʢʦʨʦʩʪ ʥʘ ʚʲʟʜʫʭʘ ʠ ʪʫʨʙʫʣʝʥʪʥʘ ʠʥʪʝʥʟʠʚʥʦʩʪ; ʧʦʩʦʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 
ʠʟʣʲʯʚʘʥʝ ʥʘ ʦʛʨʘʞʜʝʥʠʷʪʘ; ʰʫʤ; ʦʩʚʝʪʝʥʦʩʪ. 
ɿʘ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʘ, ʢʘʢʪʦ ʠ ʟʘ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʧʦʩʦʯʥʘʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʙʣʲʯʚʘʥʝ ʦʪ ʦʛʨʘʞʜʝʥʠʷʪʘ, ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʧʨʦʮʝʜʫʨʘ, ʙʘʟʠʨʘʥʘ ʥʘ ʩʪʘʥʜʘʨʪʘ ISO 
7730. 
ɿʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʫʯʘʩʪʥʠʮʠʪʝ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʪʝʩʪʦʚʝʪʝ 

ʠ ʧʨʦʮʝʜʫʨʘʪʘ, ʨʘʟʨʘʙʦʪʝʥʠ ʠ ʦʧʠʩʘʥʠ ʚ ɻʣʘʚʘ 2 (ʌʠʛʫʨʘ 4.12).  
ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʩ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ 6 ʩʝʜʤʠʮʠ, ʚ ʢʦʠʪʦ ʝ ʠʟʩʣʝʜʚʘʥʦ 

ʚʣʠʷʥʠʝʪʦ ʥʘ 7 ʪʝʤʧʝʨʘʪʫʨʥʠ ʠʥʪʝʨʚʘʣʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʩʪʫʜʝʥʪʠʪʝ: [19-20]Áʉ, [20-
21]Áʉ, [23-24]Áʉ ʠ [24-25]Áʉ [25-26]Áʉ, [26-27]Áʉ ʠ [27-28]Áʉ. 
ɼʘʥʥʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʩʲʙʨʘʥʠ ʠ ʚʲʚʝʜʝʥʠ ʚ ʙʘʟʘ-ʜʘʥʥʠ, 

ʢʦʷʪʦ ʩʝ ʩʲʩʪʦʠ ʦʪ ʩʣʝʜʥʠʪʝ ʪʘʙʣʠʮʠ: 
1. ɼʘʥʥʠ ʦʪ ʪʝʩʪʦʚʝʪʝ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʩʪʫʜʝʥʪʠ; 
2. ɼʘʥʥʠ ʟʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ; 
3. ɼʘʥʥʠ ʟʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʲʥʰʥʘʪʘ ʩʨʝʜʘ. 
ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʘʥʘʣʠʟʠʨʘʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʨʦʛʨʘʤʥʠʪʝ ʧʨʦʜʫʢʪʠ MS Excell ʠ SPSS. 
 

˹͊;͊ͦ͡ 
                    

 
  

˽ͦ;͙͍͊͟ 

  
                    

 
  

   TPT ͔́ͫͭн ¢͔ͫͭо 

2min 

 
̂;͔͔͋ͤ ͨͪͦͼ͔ͫ 

TPT Teͫ ͭн T͔ ͫͭо N-TLX ˴ ˤ ͙ ́˿ 

1min 

  

˽ͪͦ͒Ά͙͔͗ͭͤͦͫͭ͡͡  30sec 5min 30sec 5min 5min 1min   

                       

  7.30 min  8.30min 1min   

  

          

 
  

       90min 15min 

͙͙̅͘;͔͙ͫ͟ 
͙͔͍͙ͣͪ͊ͤ͘Ύ 

                    
 

  

  

ˤΆͤ΄ͤ͊ ͔ͫͪ͒͊  ˹͔͔ͨͪ͟Άͫͤ͊ͭͦ  

͙́ͦͨͤͤ͊͡ ͔ͫͪ͒͊ 1 2 3 4 1 2 3 4 1 2 3 4 

˴ͦͤͼ͔ͤͭͪ͊ͼ͙Ύ ͤ͊ 
CO2 

 ˹͔͔ͨͪ͟Άͫͤ͊ͭͦ 

ˤ͙ͯ͊ͤ͊͘͡ ͔ͫͪ͒͊ All All All All All All All All All All  All 

˹͙͍ͦ ͤ͊ ͍ͯ͊͘͟ 1 1 1 1 1 1 1 1 1 1  1 
 

ʍʡʜʬʩʙ 4.12. ʈʩʧʫʧʣʧʤ ʦʙ ʨʩʧʯʞʝʬʩʙʫʙ 

 
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʩʪʦʚʝʪʝ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʚ ʥʘʯʘʣʦʪʦ ʠ ʚ ʢʨʘʷ ʥʘ ʧʨʦʩʣʝʜʝʥʠʷ 

ʧʝʨʠʦʜ ʩʘ ʦʮʝʥʝʥʠ ʧʦ ʩʣʝʜʥʠʪʝ ʜʚʘ ʧʨʠʟʥʘʢʘ: 
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¶ ʂʘʯʝʩʪʚʝʥʦ ï ʙʨʦʡ ʚʷʨʥʦ ʧʦʧʲʣʥʝʥʠ/ʨʝʰʝʥʠ ʝʣʝʤʝʥʪʠ ʦʪ ʪʝʩʪʦʚʝʪʝ, ʯʝʩʪʦ ʪʦʟʠ ʧʨʠʟʥʘʢ ʩʝ 
ʥʘʨʠʯʘ Ăʢʘʯʝʩʪʚʦñ ʥʘ ʧʦʧʲʣʚʘʥʝ/ʨʝʰʘʚʘʥʝ; 

¶ ʂʦʣʠʯʝʩʪʚʝʥʦ ï ʧʨʦʜʫʢʪʠʚʥʦʩʪ ï ʪʦʚʘ ʝ ʦʙʱʠʷʪ ʙʨʦʡ ʧʦʧʲʣʥʝʥʠ/ʨʝʰʝʥʠ ʟʘʜʘʯʠ ʟʘ ʝʜʠʥʠʮʘ 
ʚʨʝʤʝ. 

 

ʍʡʜʬʩʙ 4.14. ɼʩʬʨʧʛʡ ʩʞʠʬʤʫʙʫʡ ʛ ʦʙʰʙʤʧʫʧ ʡ ʛ ʣʩʙʸ ʦʙ ʨʞʩʡʧʝʙ ʦʙ ʞʣʪʨʧʠʡʯʡʸ, ʨʩʞʝʪʫʙʛʞʦʡ ʣʙʫʧ 
ʧʫʦʧʱʞʦʡʞ ʥʞʟʝʬ ʣʙʰʞʪʫʛʧʫʧ ʦʙ ʨʧʨʳʤʞʦʡʫʞ ʫʞʪʫʧʛʞ ʡ ʚʩʧʸ ʡʠʛʳʩʱʞʦʡ ʧʨʞʩʙʯʡʡ (ʣʧʤʡʰʞʪʫʛʧ) 

 

ɻʨʫʧʦʚʠʷʪ ʨʝʟʫʣʪʘʪ ʥʘ ʚʩʠʯʢʠ ʫʯʘʩʪʥʠʮʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʨʘʟʧʨʝʜʝʣʝʥ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʠ 
ʠʥʪʝʨʚʘʣʠ ʠ ʠʟʯʠʩʣʝʥ ʟʘ ʥʘʯʘʣʦʪʦ ʠ ʢʨʘʷ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʧʝʨʠʦʜ ʝ ʧʨʝʜʩʪʘʚʝʥ ʢʘʪʦ ʦʪʥʦʰʝʥʠʝ 
ʤʝʞʜʫ ʢʘʯʝʩʪʚʦʪʦ (ʙʨʦʡ ʚʝʨʥʠ) ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʠʟʚʲʨʰʝʥʠ ʦʧʝʨʘʮʠʠ ʦʪ ʪʝʩʪʦʚʝʪʝ 
(ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ) ï ʌʠʛʫʨʘ 4.14. 
ɿʘ ʚʩʝʢʠ ʠʟʩʣʝʜʚʘʥ ʪʝʤʧʝʨʘʪʫʨʝʥ ʠʥʪʝʨʚʘʣ ʝ ʘʥʘʣʠʟʠʨʘʥʦ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʲʨʭʫ 

ʨʘʟʣʠʯʥʠʪʝ ʧʨʦʩʣʝʜʷʚʘʥʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʝ ʦʥʘʛʣʝʜʝʥʦ ʛʨʘʬʠʯʥʦ. 
ʆʩʚʝʥ ʧʦʧʲʣʚʘʥʝʪʦ ʥʘ ʪʝʩʪʦʚʝ ʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ, ʫʯʘʩʪʥʠʮʠʪʝ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘ ʦʮʝʥʷʚʘʪ ʠ 

ʩʫʙʝʢʪʠʚʥʦ, ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʟʫʘʣʥʦ-ʘʥʘʣʦʛʦʚʠ ʩʢʘʣʠ ʩʣʝʜʥʠʪʝ ʜʚʝ ʛʨʫʧʠ ʧʘʨʘʤʝʪʨʠ: 
1. ʆʮʝʥʢʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʠ ʥʘ ʪʦʧʣʠʥʥʘʪʘ ʩʨʝʜʘ; 
2. ʉʘʤʦʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʯʨʝʟ NASATLX. 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʩʪʦʚʝʪʝ ʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ, ʚ ʥʘʯʘʣʦʪʦ ʠ ʢʨʘʷ ʥʘ ʚʩʝʢʠ ʚʨʝʤʝʚʠ ʧʝʨʠʦʜ, ʩʝ 
ʠʟʩʣʝʜʚʘʪ ʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʦʬʪʫʝʨʥʠʷ ʧʘʢʝʪ SPSS (Statistical 
Package for the Social Sciences). ɺʩʷʢʘ ʛʨʫʧʘ, ʟʘ ʚʩʝʢʠ ʪʝʤʧʝʨʘʪʫʨʝʥ ʠʥʪʝʨʚʘʣ, ʩʝ ʪʝʩʪʚʘ, ʟʘ ʜʘ ʩʝ 
ʦʧʨʝʜʝʣʠ ʚʠʜʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʩʪʘ ʟʘ ʧʨʦʚʝʨʢʘ ʟʘ ʥʦʨʤʘʣʥʦ 
ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ Shapiro - Wilk. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʩʪʘ ʥʘ Shapiro-Wilk ʧʦʢʘʟʚʘʪ, ʯʝ ʧʦʣʫʯʝʥʠʪʝ ʦʪ 
ʝʢʩʧʝʨʠʤʝʥʪʘ ʜʘʥʥʠ, ʥʷʤʘʪ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ, ʭʠʧʦʪʝʟʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ 
ʪʝʩʪʚʘʪ ʩʘʤʦ ʩ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠ ʪʝʩʪʦʚʝ ʢʘʪʦ ʟʥʘʢʦʚʠʷʪ ʨʘʥʛʦʚ ʪʝʩʪ ʥʘ Willcoxon, ʠʟʧʦʣʟʚʘʥ ʜʘ 
ʦʧʨʝʜʝʣʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʚʩʠʯʢʠ ʪʝʩʪʦʚʝ ʟʘ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ ʚ ʥʘʯʘʣʦʪʦ ʠ ʢʨʘʷ ʥʘ ʧʝʨʠʦʜʘ ʥʘ ʝʢʩʧʦʟʠʮʠʷ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʩʪʚʘʥʘʪʘ ʭʠʧʦʪʝʟʘ 
ʩʘ ʧʦʤʝʩʪʝʥʠ ʚ ʪʘʙʣʠʮʘ 4.2: 
ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʤʝʞʜʫ [19-20]°C ʦʢʘʟʚʘ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ 

ʥʠʚʦʪʦ ʥʘ ʙʫʜʥʦʩʪ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʫʤʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʫʙʝʢʪʠ, ʥʦ ʚʦʜʠ ʜʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦ 
ʟʥʘʯʠʤʦ ʧʦʜʦʙʨʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʣʦʛʠʯʝʩʢʦ ʤʠʩʣʝʥʝ. ʂʘʯʝʩʪʚʦʪʦ ʧʨʠ ʨʝʰʘʚʘʥʝ ʥʘ ʟʘʜʘʯʠʪʝ ʦʪ ʪʝʩʪʘ, ʠʟʩʣʝʜʚʘʱ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ 
ʥʘ ʫʤʘ ʥʘʤʘʣʷʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ [20-21]°ʉ ʠ [23-24]°ʉ. ʉ ʜʨʫʛʠ ʜʫʤʠ ʩʝ 
ʥʘʙʣʶʜʘʚʘ ʥʘʨʘʩʪʚʘʥʝ ʚ ʙʨʦʷ ʜʦʧʫʩʥʘʪʠ ʛʨʝʰʢʠ ʧʨʠ ʨʝʰʘʚʘʥʝ ʥʘ ʟʘʜʘʯʠʪʝ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 
ʦʩʪʘʥʘʣʠʪʝ ʜʚʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʷʤʘ ʟʥʘʯʠʤʘ ʧʨʦʤʷʥʘ. 
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ʋʙʚʤʡʯʙ 4.2. ʊʫʙʫʡʪʫʡʰʞʪʣʡ ʠʦʙʰʡʥʡ ʩʞʠʬʤʫʙʫʡ 

 ʁʀʊʄɾɽɻɹʆʁ ʈʊʁʎʇʄʇɼʁʐɾʊʃʁ ʎɹʉɹʃʋɾʉʁʊʋʁʃʁ 

ʋɾʅʈɾʉɹʋʌʉɾ
ʆ ʁʆʋɾʉɻɹʄ 

ʆʁɻʇ ʆɹ ɺʌɽʆʇʊʋ ʄʇɼʁʐɾʊʃʇ ʅʁʊʄɾʆɾ ʈʉʇʁʀɻʇɽʁʋɾʄʆʇʊʋ ʆɹ ʌʅɹ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʙʨ. ʛʨʝʰʢʠ 

(ʢʘʯʝʩʪʚʦ) 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʙʨ. ʛʨʝʰʢʠ/ 

(ʢʘʯʝʩʪʚʦ) 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʙʨ. ʛʨʝʰʢʠ 

(ʢʘʯʝʩʪʚʦ) 

[19-20] - - ʇʦʜʦʙʨʝʥʠʝ 

p=0,015 

- - - 

[20-21] - - - - - ʅʘʤʘʣʷʚʘʥʝ  

p=0,035 

[23-24] - - - - - ʅʘʤʘʣʷʚʘʥʝ  

p=0,018 

[24-25] - - ʇʦʜʦʙʨʝʥʠʝ  

p=0,031 

- - ʅʘʤʘʣʷʚʘʥʝ 

p=0,0005 

[25-26] - - ʇʦʜʦʙʨʝʥʠʝ  

p=0,006 

ʇʦʜʦʙʨʝʥʠʝ  

p=0,006 

- - 

[26-27] ʇʦʜʦʙʨʝʥʠʝ 

p=0,014 

- ʇʦʜʦʙʨʝʥʠʝ   

p=0,006 

- ʇʦʜʦʙʨʝʥʠʝ  

p=0,017 

ʅʘʤʘʣʷʚʘʥʝ 

p=0,001 

[27-28] - - ʇʦʜʦʙʨʝʥʠʝ 

p=0,002 

ʇʦʜʦʙʨʝʥʠʝ  

p=0,002 

- - 

 

ʊʝʤʧʝʨʘʪʫʨʥʠʷʪ ʠʥʪʝʨʚʘʣ [24-25]°ʉ ʚʣʠʷʝ ʥʝʛʘʪʠʚʥʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʚʲʨʭʫ ʙʨʦʷʪ 
ʜʦʧʫʩʥʘʪʠ ʛʨʝʰʢʠ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʦʧʝʨʘʮʠʠ, ʜʦʢʘʪʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʨʝʰʝʥʠ ʩʫʜʦʢʫ ʧʲʟʝʣʠ ʝ 
ʟʥʘʯʠʪʝʣʥʦ ʧʦʚʝʯʝ. [25-26]°ʉ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʩʪʠʤʫʣʠʨʘ ʣʦʛʠʯʝʩʢʦʪʦ 
ʤʠʩʣʝʥʝ ʥʘ ʩʪʫʜʝʥʪʠʪʝ ʠ ʢʘʯʝʩʪʚʝʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʦ, ʢʘʪʦ ʧʦʜʦʙʨʝʥʠʝʪʦ ʚ ʢʨʘʷ ʥʘ ʧʝʨʠʦʜʘ ʥʘ 
ʝʢʩʧʦʟʠʮʠʷ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ. ɿʘ ʜʨʫʛʠʪʝ ʜʚʘ ʧʨʦʩʣʝʜʷʚʘʱʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ 
ʧʘʨʘʤʝʪʲʨʘ ï ʥʠʚʦ ʥʘ ʙʫʜʥʦʩʪ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʫʤʘ, ʥʷʤʘ ʝʜʥʦʟʥʘʯʥʠ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ 
ʧʨʦʤʷʥʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʦʜʦʙʨʝʥʠʝ ʚ ʢʦʣʠʯʝʩʪʚʝʥʘʪʘ ʦʮʝʥʢʘ ʠ ʥʘ ʪʨʠʪʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ - ʥʠʚʦ ʥʘ ʙʫʜʥʦʩʪ, ʣʦʛʠʯʝʩʢʦ ʤʠʩʣʝʥʝ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʫʤʘ ʩʝ ʦʪʯʠʪʘ ʧʨʠ 
ʠʥʪʝʨʚʘʣ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʪʨʝʰʥʠʷ ʚʲʟʜʫʭ [26-27]°C, ʜʦʢʘʪʦ ʩʲʱʘʪʘ ʪʦʧʣʠʥʥʘ 
ʩʨʝʜʘ ʦʢʘʟʚʘ ʥʝʛʘʪʠʚʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʣʦʛʠʯʝʩʢʦʪʦ ʤʠʩʣʝʥʝ ʠ ʙʨʦʷʪ 
ʛʨʝʰʢʠ, ʜʦʧʫʩʥʘʪʠ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʦʧʝʨʘʮʠʠ. ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʦʜʦʙʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ 
ʥʘ ʫʤʘ ʠ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ ʨʷʟʲʢ ʩʧʘʜ ʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ ʥʠʚʦ ʥʘ ʙʫʜʥʦʩʪ, ʢʦʛʘʪʦ 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʝ ʠʟʤʝʥʷ ʚ ʠʥʪʝʨʚʘʣʘ [27-28]°C. ɺ ʪʦʟʠ ʪʝʤʧʝʨʘʪʫʨʝʥ ʠʥʪʝʨʚʘʣ, ʦʙʘʯʝ, ʝ ʜʦʢʘʟʘʥʦ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦ ʟʥʘʯʠʤʦ ʧʦʜʦʙʨʝʥʠʝ ʚ ʣʦʛʠʯʝʩʢʦʪʦ ʤʠʩʣʝʥʝ ʥʘ ʩʫʙʝʢʪʠʪʝ, ʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ.  

 
ɺ ʪʘʟʠ ʛʣʘʚʘ ʝ ʦʧʠʩʘʥʦ ʦʱʝ ʠ ʫʞʪʫʛʙʦʞ ʦʙ ʨʩʧʯʞʝʬʩʙʫʙ ʠʙ ʧʯʞʦʣʙ ʦʙ ʛʤʡʸʦʡʞʫʧ ʦʙ 

ʥʡʣʩʧʣʤʡʥʙʫʙ ʛʳʩʮʬ ʩʙʚʧʫʧʪʨʧʪʧʚʦʧʪʫʫʙ ʦʙ ʬʰʞʦʡʯʡ ʧʫ ʛʳʠʩʙʪʫʧʛʙ ʜʩʬʨʙ 8-12 ʜʧʝʡʦʡ. 
ʊʝʩʪʚʘʥʝʪʦ ʥʘ ʨʘʟʨʘʙʦʪʝʥʘʪʘ ʠ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʚ ɻʣʘʚʘ 2 ʟʘ ʦʮʝʥʢʘ ʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠ ʩʝ ʧʨʦʚʝʞʜʘ ʩ ʫʯʝʥʠʮʠ ʥʘ ʏʘʩʪʥʦ ʦʩʥʦʚʥʦ ʫʯʠʣʠʱʝ Ă ʉʚ. ʂʣʠʤʝʥʪ 
ʆʭʨʠʜʩʢʠñ ʚ ʉʦʬʠʷ. 
ʀʟʙʨʘʥʘʪʘ ʛʨʫʧʘ ʫʯʝʥʠʮʠ ʩʘ ʥʘ ʚʲʟʨʘʩʪ 8-9 ʛʦʜʠʥʠ, ʫʯʘʱʠ ʚʲʚ 2-ʨʠ ʢʣʘʩ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʠʤ 

ʩʪʝʧʝʥ. ɺ ʠʟʙʨʘʥʘʪʘ ʟʘ ʮʝʣʠʪʝ ʥʘ ʪʝʩʪʚʘʥʝʪʦ ʢʣʘʩʥʘ ʩʪʘʷ ʥʷʤʘ ʦʨʛʘʥʠʟʠʨʘʥʘ ʚʝʥʪʠʣʘʮʠʦʥʥʘ 
ʩʠʩʪʝʤʘ. ʇʨʦʚʝʪʨʷʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʩʘʤʦ ʯʨʝʟ ʦʪʚʘʨʷʥʝ ʥʘ ʚʨʘʪʠ ʠ ʧʨʦʟʦʨʮʠ. ʂʣʘʩʥʘʪʘ ʩʪʘʷ ʩʝ 
ʦʪʦʧʣʷʚʘ ʯʨʝʟ ʮʝʥʪʨʘʣʥʦ ʦʪʦʧʣʝʥʠʝ. ʂʣʘʩʥʘʪʘ ʩʪʘʷ ʩʲʜʲʨʞʘ ʦʙʱʦ 10 ʨʘʙʦʪʥʠ ʤʝʩʪʘ ʟʘ ʫʯʝʥʠʮʠʪʝ ʠ 
ʝʜʥʦ ʤʷʩʪʦ ʟʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 
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ʋʙʚʤʡʯʙ 4.4. ʈʩʧʯʞʝʬʩʙ ʠʙ ʨʩʡʤʙʜʙʦʞ ʦʙ ʫʞʪʫʧʛʞʫʞ ʨʩʡ ʬʰʞʦʡʯʡ 

ʌʐɾɺɾʆ ʈʉɾɽʅɾʋ ʋɾʊʋ 

ɺʳʤʜʙʩʪʣʡ ʞʠʡʣ 
TPT(Tsai- Partington Test) 
ʇʨʝʤʘʭʥʠ ʠʟʣʠʰʥʘʪʘ ʜʫʤʘ 

ɹʦʜʤʡʢʪʣʡ ʞʠʡʣ 
TPT(Tsai- Partington Test) 

ʅʘʤʝʨʠ ʢʦʤʙʠʥʘʮʠʷʪʘ ʦʪ ʙʫʢʚʠ (ʩʠʤʚʦʣʠ) 

ʅʙʫʞʥʙʫʡʣʙ 
TPT(Tsai- Partington Test) 

ʉʲʙʠʨʘʥʝ 

 
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩ ʫʯʝʥʠʮʠ ʩʘ ʦʨʛʘʥʠʟʠʨʘʥʠ ʚ ʙʘʟʘ ʜʘʥʥʠ, ʧʦʜʦʙʥʘ ʥʘ 

ʙʘʟʘʪʘ ʜʘʥʥʠ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʚ ʢʦʥʪʨʦʣʠʨʘʥʘ ʩʨʝʜʘ ʩʲʩ ʩʪʫʜʝʥʪʠ. ɹʘʟʘʪʘ ʜʘʥʥʠ 
ʧʨʠ ʫʯʝʥʠʮʠʪʝ ʝ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ ʯʘʩʪʠ: 

¶ ɼʘʥʥʠ, ʩʚʲʨʟʘʥʠ ʩ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ; 

¶ ɼʘʥʥʠ ʟʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ. 
ɺ ʙʘʟʘʪʘ ʜʘʥʥʠ, ʩʚʲʨʟʘʥʘ ʩ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʦʤʝʨʘ ʥʘ ʨʘʙʦʪʥʦʪʦ ʤʷʩʪʦ, 

ʯʘʩʘ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʩʪʦʚʝʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʦʮʝʥʢʘ. ʇʨʠ ʫʯʝʥʠʮʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʘ ʚʠʜʘ 
ʪʝʩʪʦʚʝ Tsai-Partington test ʠ ʚʪʦʨʠ ʚʠʜ ʪʝʩʪ, ʢʦʡʪʦ ʩʝ ʧʦʜʙʠʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʦʚʝʞʜʘʥʠʷ ʫʯʝʙʝʥ 
ʯʘʩ. ɺ ʙʘʟʘʪʘ ʜʘʥʥʠ ʩʘ ʧʦʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ ʫʯʝʥʠʮʠʪʝ ʚ ʥʘʯʘʣʦʪʦ ʠ ʢʨʘʷ ʥʘ ʯʘʩʘ, ʢʘʪʦ ʟʘ 
ʦʮʝʥʷʚʘʥʝ ʥʘ Tsai-Partington test ʩʝ ʦʪʯʠʪʘʪ ʦʙʱʠʷ ʙʨʦʡ ʩʚʲʨʟʘʥʠ ʣʠʥʠʠ ʠ ʦʙʱʠʷ ʙʨʦʡ ʚʝʨʥʠ ʣʠʥʠʠ. 
ʇʨʠ ʦʮʝʥʷʚʘʥʝ ʥʘ ʚʪʦʨʠʷ ʚʠʜ ʪʝʩʪ ʩʝ ʙʨʦʷʪ ʦʙʱʦ ʨʝʰʝʥʠʪʝ ʧʨʠʤʝʨʠ ʠ ʦʙʱʦ ʚʝʨʥʠʪʝ ʧʨʠʤʝʨʠ. 

 
ʋʙʚʤʡʯʙ 4.5. ɽʙʦʦʡ ʠʙ ʨʙʩʙʥʞʫʩʡʫʞ ʦʙ ʛʳʫʩʞʱʦʙʫʙ ʪʩʞʝʙ 

ɽɾʆ ɻʉɾʅɾ CO2, PPM T, OC RH, % B, hPA 

1 10:15-10:50 1213,28 24.5 40,80 952 

1 13:30-14:05 1269,83 25,08 30,85 952 

 
ʇʨʠ ʜʘʥʥʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʩʨʝʜʘ, ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʧʦʢʘʟʘʥʠʷʪʘ ʥʘ 

IAQM PS33, ʦʪʯʠʪʘʥʠ ʧʦ ʚʨʝʤʝ ʥʘ ʪʝʩʪʦʚʦʪʦ ʠʟʩʣʝʜʚʘʥʝ. ɺ ʪʘʙʣʠʮʘ 4.5. ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʨʝʜʥʠʪʝ 
ʩʪʦʡʥʦʩʪʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ CO2, ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʠ ʥʘʣʷʛʘʥʝʪʦ ʚ 
ʧʦʤʝʱʝʥʠʝʪʦ ʟʘ ʩʲʦʪʚʝʪʥʠʷ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ. 
ɿʘʝʜʥʦ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʟʘʜʘʯʠ, ʫʯʝʥʠʮʠʪʝ ʧʦʧʲʣʚʘʪ ʠ Tsai-Partington test, ʢʘʪʦ ʨʝʟʫʣʪʘʪʠʪʝ 

ʦʪ ʥʝʛʦ ʧʦʢʘʟʚʘʪ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ, ʢʘʪʦ ʥʷʤʘ ʠʟʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʦʪʦ, ʪʲʡ ʢʘʪʦ ʥʷʤʘ 
ʥʠʪʦ ʝʜʥʘ ʜʦʧʫʩʥʘʪʘ ʛʨʝʰʢʘ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʫʤʩʪʚʝʥʘʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʧʘʜ ʥʘ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʚ ʢʨʘʷ ʥʘ ʫʯʝʙʥʠʷ ʜʝʥ (ʰʝʩʪʠ ʫʯʝʙʝʥ ʯʘʩ) ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʚʪʦʨʠʷ ʯʘʩ, ʢʘʢʪʦ ʠ 
ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʙʨʦʷ ʜʦʧʫʩʥʘʪʠ ʛʨʝʰʢʠ. ʊʦʟʠ ʨʝʟʫʣʪʘʪ ʣʝʩʥʦ ʤʦʞʝ ʜʘ ʩʝ ʠʥʪʝʨʧʨʝʪʠʨʘ, ʢʘʪʦ ʩʝ 
ʥʘʧʨʘʚʠ ʩʧʨʘʚʢʘ ʟʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʢʣʘʩʥʘʪʘ ʩʪʘʷ ï ʪʘʙʣʠʮʘ 4.5. ʇʨʘʚʠ 
ʚʧʝʯʘʪʣʝʥʠʝ, ʯʝ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ CO2 ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʝ ʤʥʦʛʦ ʥʘʜ ʜʦʧʫʩʪʠʤʠʪʝ ʩʪʦʡʥʦʩʪʠ ʧʦ 
ʩʪʘʥʜʘʨʪ, ʢʦʝʪʦ ʜʦʢʘʟʘʥʦ ʚʦʜʠ ʜʦ ʚʣʦʰʘʚʘʥʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʢʘʪʦ ʮʷʣʦ.  

 
ɺ ʢʨʘʷ ʥʘ ɻʣʘʚʘ 4 ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʨʡʤʧʫʦʧ ʡʠʪʤʞʝʛʙʦʞ ʦʙ ʧʯʞʦʣʙʫʙ ʦʙ ʩʙʚʧʫʧʪʨʧʪʧʚʦʧʪʫʫʙ 

ʦʙ ʝʧʣʫʧʩʙʦʫʡ ʡ ʨʩʞʨʧʝʙʛʙʫʞʤʡ ʰʩʞʠ ʞʝʦʧʫʧʰʣʧʛʙ ʞʤʞʣʫʩʧʞʦʯʞʭʙʤʧʜʩʙʥʙ (ɾɾɼ). 
ʋʯʘʩʪʥʠʮʠ ʚ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʜʦʢʪʦʨʘʥʪʠ ʠ ʘʩʠʩʪʝʥʪʠ ʚ ʊʝʭʥʠʯʝʩʢʠ ʋʥʠʚʝʨʩʠʪʝʪ ʉʦʬʠʷ. 

ɹʠʜʝʡʢʠ ʧʠʣʦʪʥʦ, ʪ.ʝ. ʦʛʨʘʥʠʯʝʥʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠʟʩʣʝʜʚʘʥʝ, ʫʯʘʩʪʥʠʮʠʪʝ ʚ ʥʝʛʦ ʩʘ ʝʜʚʘ 5 ï ʪʨʠʤʘ 
ʜʦʢʪʦʨʘʥʪʠ ʥʘ ʚʲʟʨʘʩʪ 20 ï 30 ʛʦʜʠʥʠ ʠ ʜʚʘʤʘ ʘʩʠʩʪʝʥʪʠ. ʇʠʣʦʪʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʧʨʦʚʝʜʝʥʦ ʚ 
ʣʘʙʦʨʘʪʦʨʠʷʪʘ ʩ ʢʦʥʪʨʦʣʠʨʘʥ ʤʠʢʨʦʢʣʠʤʘʪ, 2225 ʥʘ ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ, ʩʲʱʘʪʘ, ʚ 
ʢʦʷʪʦ ʝ ʧʨʦʚʝʜʝʥʦ ʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ 
ʩʪʫʜʝʥʪʠ. ʇʦ ʚʨʝʤʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʝ ʠʟʤʝʨʚʘʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʬʠʟʠʯʝʩʢʘʪʘ ʩʨʝʜʘ ʠ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʩʲʱʠʪʝ ʧʨʦʮʝʜʫʨʠ , ʦʧʠʩʘʥʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʲʩ ʩʪʫʜʝʥʪʠ. 



25 

 

ɿʘ ʨʝʛʠʩʪʨʠʨʘʥʝ ʥʘ ʤʦʟʲʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʩʝ ʠʟʧʦʣʟʚʘ ʫʩʪʨʦʡʩʪʚʦʪʦ NeuroSky MindWaveTM, ʢʦʝʪʦ 
ʩʣʝʜʠ ʝʣʝʢʪʨʠʯʝʩʢʠʪʝ ʩʠʛʥʘʣʠ, ʛʝʥʝʨʠʨʘʥʠ ʦʪ ʤʦʟʲʯʥʘʪʘ ʜʝʡʥʦʩʪ. ʋʩʪʨʦʡʩʪʚʦʪʦ ʥʘʧʦʜʦʙʷʚʘ 
ʩʣʫʰʘʣʢʘ ʠ ʩʝ ʧʦʩʪʘʚʷ ʥʘ ʛʣʘʚʘʪʘ. ʉʲʩʪʘʚʝʥʦ ʝ ʦʪ ʣʝʥʪʘ ʟʘ ʛʣʘʚʘ, ʱʠʧʢʘ ʟʘ ʫʭʦ, ʢʦʷʪʦ ʠʟʤʝʨʚʘ 
ʧʫʣʩʘ ʠ ʩʝʥʟʦʨʥʦ ʨʘʤʦ, ʢʦʝʪʦ ʩʲʜʲʨʞʘ ɽɽɻ ʝʣʝʢʪʨʦʜ. ʇʦʟʠʮʠʷʪʘ ʥʘ ʩʝʥʟʦʨʥʦʪʦ ʨʘʤʦ ʪʨʷʙʚʘ ʜʘ 
ʦʪʛʦʚʘʨʷ ʥʘ FP1 ʧʦʟʠʮʠʷʪʘ ʥʘ ʯʝʣʦʪʦ ʥʘʜ ʦʢʦʪʦ (ʩʧʦʨʝʜ ʩʠʩʪʝʤʘʪʘ 10-20 ʟʘ ʧʦʩʪʘʚʷʥʝ ʥʘ 
ʝʣʝʢʪʨʦʜʠʪʝ ʥʘ American Electroencephalographic Society). ʉʨʝʜ ʦʩʥʦʚʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ 
ʫʩʪʨʦʡʩʪʚʦʪʦ ʩʘ ʥʝʛʦʚʘʪʘ ʣʝʢʦʪʘ, ʜʦʩʪʲʧʥʦʩʪ, ʥʝʥʘʪʨʘʧʯʠʚʦʩʪ, ʫʜʦʙʩʪʚʦ ʠ ʣʝʩʥʘ ʫʧʦʪʨʝʙʘ. 
ɿʘʧʠʩʘʥʠʷʪ ʥʝʦʙʨʘʙʦʪʝʥ ʩʠʛʥʘʣ ʦʪ ʩʣʫʰʘʣʢʘʪʘ NeuroSky MindWaveTM ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʙʨʘʙʦʪʝʥ 

ʯʨʝʟ ʩʦʬʪʫʝʨʘ ʟʘ ʦʙʨʘʙʦʪʢʘ Neuroskylab, ʢʦʡʪʦ ʝ ʯʘʩʪ ʦʪ ʧʘʢʝʪʘ ʢʲʤ ʫʩʪʨʦʡʩʪʚʦʪʦ. ʊʦʟʠ ʩʦʬʪʫʝʨ ʝ 
ʦʛʨʘʥʠʯʝʥ, ʘ ʧʨʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʜʘʥʥʠʪʝ ʩʘ ʜʦʙʘʚʝʥʠ ʥʷʢʦʣʢʦ ʧʨʦʤʝʥʠ ʠ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʥʦʚʘ 
ʧʨʦʮʝʜʫʨʘ ʟʘ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʟʘʧʠʩʚʘʥʠʷ ʩʠʛʥʘʣ. 
ʇʨʝʦʙʨʘʟʫʚʘʥʠʷʪ ʩʠʛʥʘʣ ʦʪ MindWaveTM e ʦʢʦʥʯʘʪʝʣʥʦ ʦʙʨʘʙʦʪʝʥ ʚ MS Excel. ɿʘʧʠʩʘʥʠʪʝ ʢʘʪʦ 

ʝʥʝʨʛʠʷ ʧʦʢʘʟʘʥʠʷ ʥʘ ʤʦʟʲʯʥʠʪʝ ʚʲʣʥʠ ʚ ɛV2 ʠ ʩʫʤʘʪʘ ʥʘ 5-ʪʝ ʪʠʧʘ ʤʦʟʲʯʥʠ ʚʲʣʥʠ (ʘʣʬʘ, ʪʝʪʘ, 
ʙʝʪʘ, ʜʝʣʪʘ ʠ ʛʘʤʘ) ʧʦʢʘʟʚʘʪ ʦʙʱʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʤʦʟʲʯʥʠʪʝ ʚʲʣʥʠ. ʉʣʝʜ ʪʦʚʘ ʟʘ ʚʩʝʢʠ ʧʦʧʲʣʥʝʥ ʪʝʩʪ 
ʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ ʩʝ ʠʟʯʠʩʣʷʚʘ ʮʷʣʦʩʪʥʦʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ, ʢʦʷʪʦ ʝ ʦʧʠʩʘʥʘ ʢʘʪʦ 
ʝʥʝʨʛʠʷ ʚ ʩʝʢʫʥʜʘ - ɛV2/s. 
ʀʟʩʣʝʜʚʘʥʠ 4 ʩʣʫʯʘʷ ʧʨʠ ʨʘʟʣʠʯʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʲʪʨʝʰʥʠʷ ʚʲʟʜʫʭ ʚ ʧʦʤʝʱʝʥʠʝʪʦ. 
ʅʘ ʬʠʛʫʨʘ 4.38 ʝ ʥʘʧʨʘʚʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʤʦʟʲʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʜʚʘʤʘ ʜʫʰʠ ʟʘ ʚʩʷʢʘ 

ʟʘʜʘʯʘ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʪʝʩʪʦʚʠʷ ʧʝʨʠʦʜ. 
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TPT (AL-ʥʠʚʦ ʥʘ ʙʫʜʥʦʩʪ) 

  
ʄʠʥʠ ʩʫʜʦʢʫ ʧʲʟʝʣʠ (LT-ʣʦʛʠʯʝʩʢʦ ʤʠʩʣʝʥʝ) 

  
ʉʲʙʠʨʘʥʝ ʥʘ ʯʠʩʣʘ (MP-ʇʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʫʤʘ) 

 
ʌʠʛʫʨʘ 4.38. ʄʦʟʲʯʥʘ ʘʢʪʠʚʥʦʩʪ, ʦʪʥʝʩʝʥʘ ʢʲʤ ʪʝʩʪʦʚʝʪʝ ʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ. 

 


