
 

 

 
 

 

ʋʅʀɺɽʈɿʀʊɽʊ ʋ ʂʈɸɻʋɱɽɺʎʋ 

ʌɸʂʋʃʊɽʊ ʀʅɾɽɳɽʈʉʂʀʍ ʅAʋKɸ  
 

 

 

 

ɹʨʘʥʠʤʠʨ ɲ. ʄʠʣʦʩʘʚˀʝʚʠ˂ 
  

 

 

 

ʄʆɼɽʃʀʈɸɳɽ ɸɽʈʆɿɸɻɸɫɽɳɸ  

ʆɼ ɼʈʋʄʉʂʆɻ ʉɸʆɹʈɸɴɸɱɸ - 

ʀɼɽʅʊʀʌʀʂɸʎʀɱɸ ʋʊʀʎɸɱʅʀʍ 

ʇɸʈɸʄɽʊɸʈɸ ʀ ʀɿɹʆʈ ʄʆɼɽʃɸ 
 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

 

 

 

ʄʝʥʪʦʨ 

ʜʨ ʈʘʜʠʚʦʿʝ ʇʝʰʠ,˂ ʨʝʜ. ʧʨʦʬ. 

 

 

 

 

ʂʨʘʛʫʿʝʚʘʮ, 2015. 



 

 

ʀɼɽʅʊʀʌʀʂɸʎʀʆʅɸ ʉʊʈɸʅʀʎɸ  

ɼʆʂʊʆʈʉʂɽ ɼʀʉɽʈʊɸʎʀɱɽ  

 
I  ɸʫʪʦʨ  

ʀʤʝ ʠ ʧʨʝʟʠʤʝ: ɹʨʘʥʠʤʠʨ ɲ. ʄʠʣʦʩʘʚˀʝʚʠ˂ 

ɼʘʪʫʤ ʠ ʤʝʩʪʦ ʨʦʹʝˁʘ: 21.03.1974. ʛʦʜʠʥʝ, ʊʨʩʪʝʥʠʢ 

ʉʘʜʘʰˁʝ ʟʘʧʦʩʣʝˁʝ: ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʤʘʰʠʥʩʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ 

ʩʪʫʜʠʿʘ ʊʨʩʪʝʥʠʢ, ʩʪʨʫʯʥʠ ʩʘʨʘʜʥʠʢ ʠʟ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ 

 II  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ʅʘʩʣʦʚ: ʄʦʜʝʣʠʨʘˁʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ - 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʫʪʠʮʘʿʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʠʟʙʦʨ ʤʦʜʝʣʘ 

ɹʨʦʿ ʩʪʨʘʥʠʮʘ: 229 

ɹʨʦʿ ʩʣʠʢʘ: 55 

ɹʨʦʿ ʪʘʙʝʣʘ: 91 

ɹʨʦʿ ʙʠʙʣʠʦʛʨʘʬʩʢʠʭ ʧʦʜʘʪʘʢʘ: 290 

ʋʩʪʘʥʦʚʘ ʠ ʤʝʩʪʦ ʛʜʝ ʿʝ ʨʘʜ ʠʟʨʘʹʝʥ: ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, ʂʨʘʛʫʿʝʚʘʮ 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ (ʋɼʂ): 629.3 ʄʘʰʠʥʩʪʚʦ - ʄʦʪʦʨʥʘ ʚʦʟʠʣʘ - ɼʨʫʤʩʢʠ 

ʩʘʦʙʨʘ˂ʘʿ 

ʄʝʥʪʦʨ: ʜʨ ʈʘʜʠʚʦʿʝ ʇʝʰʠ˂, ʨʝʜ. ʧʨʦʬ. 

III  ʆʮʝʥʘ ʠ ʦʙʨʘʥʘ 

ɼʘʪʫʤ ʦʜʦʙʨʝˁʘ ʪʝʤʝ ʠ ʤʝʥʪʦʨʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: 22.12.2011. ʛʦʜʠʥʝ 

ɹʨʦʿ ʦʜʣʫʢʝ ʠ ʜʘʪʫʤ ʧʨʠʭʚʘʪʘˁʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: ʆʜʣʫʢʘ ʦ 

ʧʨʦʜʫʞʝʪʢʫ ʨʦʢʘ ʟʘ ʟʘʚʨʰʝʪʘʢ ʠ ʦʜʙʨʘʥʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʨʦʿ:  

01-1/4278-9 ʦʜ 18.11.2014. ʛʦʜʠʥʝ. 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʧʦʜʦʙʥʦʩʪʠ ʪʝʤʝ ʠ ʢʘʥʜʠʜʘʪʘ: ʜʨ ɼʨʘʛʦˀʫʙ ʈʘʜʦˁʠ˂, 

ʨʝʜ. ʧʨʦʬ., ʜʨ ʈʘʜʠʚʦʿʝ ʇʝʰʠ˂ ʨʝʜ. ʧʨʦʬ., ʜʨ ɱʦʚʘʥʢʘ ʃʫʢʠ˂ ʨʝʜ. ʧʨʦʬ., ʜʨ. 

ʅʝʙʦʿʰʘ ʃʫʢʠ˂ ʨʝʜ. ʧʨʦʬ., ʜʨ ʉʥʝʞʘʥʘ ʇʝʪʢʦʚʠ˂, ʚʘʥʨ. ʧʨʦʬ. 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ:  

 

 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʜʙʨʘʥʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ:  

 

 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ ʜʠʩʝʨʪʘʮʠʿʝ: 

 

 

 

 

 

 



 

 

 
 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʨʝʟʫʣʪʘʪ ʤʦʿʠʭ  

ʚʠʰʝʛʦʜʠʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʘʿ ʩʫ ʧʦʤʦʛʥʫʪʘ 

ʦʜ ʩʪʨʘʥʝ ʤʥʦʛʠʭ ˀʫʜʠ ʠ ʚʠʰʝ ʠʥʩʪʠʪʫʮʠʿʘ ʠ ʦʨʛʘʥʠʟʘʮʠʿʘ, 

ʧʘ ʠʤ ʩʝ ʦʚʠʤ ʧʫʪʝʤ ʟʘʭʚʘˀʫʿʝʤ. 

 

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ  

ʤʝʥʪʦʨʫ ʧʨʦʬ. ʜʨ ʈʘʜʠʚʦʿʫ ʇʝʰʠ˂ʫ  

ʟʘ ʨʘʟʫʤʝʚʘˁʝ, ʧʦʜʨʰʢʫ ʠ ʧʦʤʦ˂  

ʢʦʿʘ ʿʝ ʙʠʣʘ ʦʜ ʥʝʧʨʦʮʝˁʠʚʝ ʚʨʝʜʥʦʩʪʠ  

ʫ ʩʚʠʤ ʬʘʟʘʤʘ ʠʟʨʘʜʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

ɿʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ  

ʧʨʦʬ. ʜʨ ɱʦʚʘʥʢʠ ʃʫʢʠ˂  

ʥʘ ʧʦʤʦ˂ʠ ʠ ʩʚʠʤ ʩʘʚʝʪʠʤʘ  

ʢʦʿʠ ʩʫ ʤʠ ʧʦʤʦʛʣʠ ʪʦʢʦʤ ʨʘʜʘ ʥʘ ʜʠʩʝʨʪʘʮʠʿʠ. 

 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ  

ʦʩʪʘʣʦʤ ʥʘʩʪʘʚʥʦʤ ʦʩʦʙˀʫ ʩʘ 

ʂʘʪʝʜʨʝ ʟʘ ʤʦʪʦʨʥʘ ʚʦʟʠʣʘ ʠ ʤʦʪʦʨʝ  

ʥʘ ʧʦʜʨʰʮʠ ʠ ʧʦʤʦ˂ʠ, ʧʦʩʝʙʥʦ ʪʦʢʦʤ ʬʠʥʘʣʠʟʘʮʠʿʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʩʚʠʤ ʢʦʣʝʛʘʤʘ ʩʘ 

ɺʠʩʦʢʝ ʤʘʰʠʥʩʢʝ ʰʢʦʣʝ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʊʨʩʪʝʥʠʢ, 

ʘ ʧʦʩʝʙʥʦ ʂʘʪʝʜʨʠ ʟʘ ʜʨʫʤʩʢʠ ʩʘʦʙʨʘ˂ʘʿ ʥʘ ʯʝʣʫ ʩʘ ʧʨʦʬ. ʜʨ ʈʘʜʦʰʝʤ ʇʘʥʪʠ˂ʝʤ,  

ʥʘ ʨʘʟʫʤʝʚʘˁʫ ʠ ʥʝʩʝʙʠʯʥʦʿ ʧʦʤʦ˂ʠ ʢʦʿʫ ʩʫ ʤʠ ʧʨʫʞʠʣʠ ʫ ʮʠˀʫ ʠʟʨʘʜʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ  

ʆʜʝˀʝˁʫ ʩʘʦʙʨʘ˂ʘʿʥʝ ʧʦʣʠʮʠʿʝ ʫ ʂʨʘˀʝʚʫ,  

ɻʨʘʜʩʢʦʤ ʟʘʚʦʜʫ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ɹʝʦʛʨʘʜ ʠ ɸʫʪʦ-ʤʦʪʦ ʢʣʫʙʫ ʊʨʩʪʝʥʠʢ 

ʙʝʟ ʯʠʿʝ ʘʩʠʩʪʝʥʮʠʿʝ ʠ ʧʦʤʦ˂ʠ ʥʝ ʙʠ ʙʠʣʦ ʤʦʛʫ˂ʝ ʨʝʘʣʠʟʦʚʘʪʠ ʥʝʦʧʭʦʜʥʝ ʝʢʩʧʝʨʠʤʝʥʪʝ. 

 

ʀ ʥʘ ʢʨʘʿʫ ʩʘʤ ʙʝʩʢʨʘʿʥʦ ʟʘʭʚʘʣʘʥ ʩʚʦʿʦʿ ʧʦʨʦʜʠʮʠ. 

ʅʠʰʪʘ ʥʝ ʙʠ ʙʠʣʦ ʤʦʛʫ˂ʝ ʙʝʟ ˁʠʭʦʚʝ ʧʦʜʨʰʢʝ, ʨʘʟʫʤʝʚʘˁʘ ʠ ʚʝʨʝ ʢʦʿʫ ʩʫ ʠʤʘʣʠ ʫ ʤʝʥʝ. 

 

ɸʫʪʦʨ 

 



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

 

 

ʄʆɼɽʃʀʈɸɳɽ ɸɽʈʆɿɸɻɸɫɽɳɸ ʆɼ ɼʈʋʄʉʂʆɻ ʉɸʆɹʈɸɴɸɱɸ - 

ʀɼɽʅʊʀʌʀʂɸʎʀɱɸ ʋʊʀʎɸɱʅʀʍ ʇɸʈɸʄɽʊɸʈɸ ʀ ʀɿɹʆʈ ʄʆɼɽʃɸ 

 

 

ʈʝʟʠʤʝ 

 

 
ʆʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʫʣʪʘʪ ʚʠʰʝʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʠ ˁʝʥʝ 

ʜʠʩʧʝʨʟʠʿʝ ʫʥʫʪʘʨ ʛʨʘʜʩʢʠʭ ʦʙʣʘʩʪʠ. ʊʦʢʦʤ ʧʦʤʝʥʫʪʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʚʦʟʥʠ ʧʘʨʢ 

ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʠʤʘ ʚʝ˂ʠ ʧʨʦʮʝʥʘʪ ʚʦʟʠʣʘ ʢʦʿʘ ʚʝʦʤʘ ʟʘʛʘʹʫʿʫ ʦʢʦʣʥʫ ʩʨʝʜʠʥʫ ʥʝʛʦ ʰʪʦ ʿʝ ʪʦ 

ʩʣʫʯʘʿ ʩʘ ʚʦʟʥʠʤ ʧʘʨʢʦʚʠʤʘ ʟʝʤʘˀʘ ʫ ʦʢʨʫʞʝˁʫ. ɼʦʜʘʪʥʦ, ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʜʦʜʝˀʝʥʠ ʟʝʤˀʘʤʘ 

ʟʘʧʘʜʥʦʛ ɹʘʣʢʘʥʘ ʦʜ ʩʪʨʘʥʝ ɽʚʨʦʧʩʢʝ ʘʛʝʥʮʠʿʝ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʜʦ ʜʘʥʘʩ ʥʠʩʫ ʙʠʣʠ 

ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʥʘʰʦʿ ʟʝʤˀʠ, ʚʝ˂ ʩʫ ʧʨʠʣʠʢʦʤ ʧʨʦʨʘʯʫʥʘ ʥʘʮʠʦʥʘʣʥʠʭ ʝʤʠʩʠʿʘ ʫʩʚʘʿʘʥʠ 

ʙʝʟ ʧʨʦʚʝʨʝ. ʉʚʝ ʿʝ ʪʦ ʫʩʣʦʚʠʣʦ ʨʝʘʣʠʟʘʮʠʿʫ ʯʝʪʠʨʠ ʥʝʟʘʚʠʩʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ (ʤʝʨʝˁʝ ʝʤʠʩʠʿʝ, 

ʙʨʦʿʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ, ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʠ ʤʝʨʝˁʝ ʠʤʠʩʠʿʝ) ʠ ʪʝʩʪʠʨʘˁʝ ʚʠʰʝ ʧʦʣʫʝʤʧʠʨʠʿʩʢʠʭ 

ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʠ ʫʟʨʦʮʠ ʧʦʚʝ˂ʘʥʝ ʝʤʠʩʠʿʝ, ʧʨʝʮʠʟʠʨʘʣʠ ʨʝʘʣʥʠ ʝʤʠʩʠʦʥʠ 

ʬʘʢʪʦʨʠ ʚʦʟʥʦʛ ʧʘʨʢʘ ʥʘʰʝ ʟʝʤˀʝ ʠ ʜʘʦ ʦʜʛʦʚʦʨ ʥʘ ʧʦʿʝʜʠʥʘ ʘʢʪʫʝʣʥʘ ʧʠʪʘˁʘ ʥʘʫʯʥʝ ʟʘʿʝʜʥʠʮʝ 

ʦʢʦ ʜʦʧʨʠʥʦʩʘ ʠ ʫʪʠʮʘʿʘ ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʝ ʢˀʫʯʥʦ ʫʪʠʯʫ ʥʘ ʢʚʘʣʠʪʝʪ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ.      

ʅʘ ʧʦʯʝʪʢʫ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʦʩʥʦʚʥʘ ʭʠʧʦʪʝʟʘ ʢʦʿʘ ʿʝ ʟʘ ʮʠˀ ʠʤʘʣʘ ʧʨʦʚʝʨʫ 

ʧʠʪʘˁʘ:,, ɼʘ ʣʠ ʙʦˀʝ ʦʮʝˁʝʥʠ ʤʦʜʝʣ ʟʘ ʧʨʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʿʝʜʥʝ ʩʧʝʮʠʬʠʯʥʝ ʛʨʘʜʩʢʝ 

ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʩʪʘʚˀʘ ʢʚʘʣʠʪʝʪʘʥ ʠ ʧʦʫʟʜʘʥ ʩʠʤʫʣʘʮʠʦʥʠ ʘʣʘʪ ?ñ. ɿʘ ʪʦ ʿʝ ʙʠʣʦ ʥʝʦʧʭʦʜʥʦ ʫ 

ʧʨʝʛʣʝʜʫ ʣʠʪʝʨʘʪʫʨʝ ʿʘʩʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʝʢʦʣʦʰʢʝ ʧʨʦʙʣʝʤʝ ʿʝʜʥʝ ʩʘʚʨʝʤʝʥʝ ʛʨʘʜʩʢʝ ʩʨʝʜʠʥʝ, ʩʘ 

ʥʘʛʣʘʩʢʦʤ ʥʘ ʰʪʝʪʥʫ ʝʤʠʩʠʿʫ ʚʦʟʠʣʘ. ʄʘʪʝʨʠʿʘʣ ʠ ʤʝʪʦʜ ʪʝʦʨʠʿʩʢʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʝʤʠʩʠʿʝ 

ʚʦʟʠʣʘ ʠ ˁʝʥʝ ʜʠʩʧʝʨʟʠʿʝ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʯʠʥʝ ʚʘʞʥʫ ʦʢʦʩʥʠʮʫ ʪʨʝ˂ʝʛ ʧʦʛʣʘʚˀʘ, ʧʨʠ 

ʯʝʤʫ ʩʫ ʦʙʿʘʰˁʝʥʝ ʠ ʩʪʘʪʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʨʘʜʠ ʢʘʩʥʠʿʝʛ ʜʦʢʘʟʠʚʘˁʘ ʥʘʚʦʜʘ ʠʟ ʦʩʥʦʚʥʝ ʠ ʜʚʝ 

ʨʘʜʥʝ ʭʠʧʦʪʝʟʝ. ʊʘʢʦʹʝ ʩʫ ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʦʙʿʘʰˁʝʥʠ ʫʩʣʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʩʪʘʚʢʠ, 

ʢʘʦ ʠ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʤʝʨʥʝ ʦʧʨʝʤʝ. ɿʘʪʠʤ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʝʤʠʩʠʿʝ, ʘ 

ʧʨʠʤʝʥʦʤ ʙʠʥʦʤʥʝ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ ʥʘ ʤʝʨʥʦʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʪʘʨʦʩʪ 

ʚʦʟʠʣʘ ʿʝʩʪʝ ʥʘʿʫʪʠʮʘʿʥʠʿʘ ʧʨʦʤʝʥˀʠʚʘ ʥʘ ʧʦʚʝ˂ʘˁʝ ʝʤʠʩʠʿʝ, ʜʘ ʩʫ ʥʘʿʚʝ˂ʠ ʟʘʛʘʹʠʚʘʯʠ ʜʦʤʘ˂ʘ 

ʚʦʟʠʣʘ, ʘ ʫ ʦʧʰʪʦʿ ʦʮʝʥʠ ʪʦ ʩʫ ʚʦʟʠʣʘ ʤʘʣʝ ʩʥʘʛʝ ʤʦʪʦʨʘ.  

ɺʝʦʤʘ ʿʝ ʚʘʞʥʦ ʜʘ ʿʝ ʰʪʝʪʥʘ ʝʤʠʩʠʿʘ ʧʦʜ ʢʦʥʪʨʦʣʦʤ ʪʦʢʦʤ ʯʠʪʘʚʦʛ ʚʝʢʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ 

ʚʦʟʠʣʘ ʠ ʫ ʩʚʝʪʫ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥ ʧʨʠʩʪʫʧ ʟʘ ʨʝʰʘʚʘˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʿʝʩʪʝ ʧʨʦʛʨʘʤ ʠʥʩʧʝʢʮʠʿʝ ʠ 

ʦʜʨʞʘʚʘˁʘ ʢʦʠʿ ʤʦʞʝ ʫ ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʢʦʤ ʧʝʨʠʦʜʫ ʝʣʠʤʠʥʠʩʘʪʠ ʝʤʠʩʠʦʥʦ ʥʝʠʩʧʨʘʚʥʘ ʠ/ʠʣʠ 

ʚʦʟʠʣʘ ʢʦʿʘ ʚʝʦʤʘ ʟʘʛʘʹʫʿʫ ʦʢʦʣʥʫ ʩʨʝʜʠʥʫ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʦʥ ʥʝ ʧʨʠʤʝˁʫʿʝ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ, 

ʧʨʠʧʨʝʤʘ ʠ ʫʚʦʹʝˁʝ ʿʝʜʥʦʛ ʪʘʢʚʦʛ ʧʨʦʛʨʘʤʘ ʙʠʣʠ ʙʠ ʤʥʦʛʦ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʫʢʦʣʠʢʦ ʙʠ ʩʝ ʟʘ ˁʝʛʦʚʫ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʠʩʢʦʨʠʩʪʠʣʠ ʟʘʢˀʫʯʮʠ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ.  

ʉ ʦʙʟʠʨʦʤ ʜʘ ʜʦ ʜʘʥʘʩ ʥʝʤʘ ʿʘʩʥʠʭ ʜʦʢʘʟʘ ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʜʘ ʩʣʦʞʝʥʠʿʠ ʤʦʜʝʣʠ ʩʠʩʪʝʤʘʪʩʢʠ 

ʙʦˀʝ ʦʧʝʨʠʰʫ ʫ ʧʦʛʣʝʜʫ ʧʨʦʛʥʦʟʝ ʛʨʝʰʢʝ ʦʜ ʤʘˁʝ ʩʣʦʞʝʥʠʭ ʤʦʜʝʣʘ, ʪʝʩʪʠʨʘʥʘ ʿʝ ʧʨʚʘ ʨʘʜʥʘ 

ʭʠʧʦʪʝʟʘ ʢʦʿʘ ʿʝ ʜʘʣʘ ʦʜʛʦʚʦʨ ʥʘ ʧʠʪʘˁʝ ʦ ʙʦˀʦʿ ʧʨʦʮʝʥʠ ʠʤʠʩʠʿʝ ʠʟʤʝʹʫ ʿʝʜʥʦʛ ʩʣʦʞʝʥʦʛ ʠ 

ʜʨʫʛʦʛ, ʤʘˁʝ ʩʣʦʞʝʥʦʛ, ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ. ʇʨʠ ʪʦʤʝ ʿʝ ˁʠʭʦʚʘ ʧʨʝʮʠʟʥʦʩʪ ʧʨʦʮʝʥʝ ʦʛʨʘʥʠʯʝʥʘ 
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ʪʘʯʥʦʰ˂ʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʘ ʪʦ ʩʫ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ, ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʮʠ, ʙʨʟʠʥʘ ʚʦʟʠʣʘ ʠ 

ʧʨʦʮʝʥʘʪ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ. ɸʥʘʣʠʟʘ ʿʝ ʧʦʢʘʟʘʣʘ ʙʦˀʝ ʧʨʦʮʝʥʝ ʩʣʦʞʝʥʠʿʝʛ ʤʦʜʝʣʘ, 

ʤʝʹʫʪʠʤ, ʧʦʰʪʦ ʿʝ ʥʘʿʙʦˀʠ ʨʝʟʫʣʪʘʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʧʨʦʮʝˁʝʥʠʭ ʠ ʨʝʘʣʥʠʭ 

ʠʤʠʩʠʿʘ 0,65, ʤʦʞʝʤʦ ʨʝ˂ʠ ʜʘ ʿʝ ʿʦʰ ʫʚʝʢ ʧʨʠʩʫʪʥʦ 35% ʥʝʧʦʟʥʘʪʠʭ ʫʪʠʮʘʿʘ. ʊʘʢʦʹʝ, ʘʥʘʣʠʟʘ ʿʝ 

ʧʦʢʘʟʘʣʘ ʜʘ ʩʣʦʞʝʥʠʿʠ ʤʦʜʝʣ ʥʝ ʫʟʠʤʘ ʜʦʚʦˀʥʦ ʜʦʙʨʦ ʫ ʦʙʟʠʨ ʨʝʞʠʤʝ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʥʘ 

ʢʦʣʠʯʠʥʫ ʝʤʠʩʠʿʝ ʫ ʦʙʣʘʩʪʠ ʩʠʛʥʘʣʠʩʘʥʠʭ ʨʘʩʢʨʩʥʠʮʘ. ʋʢʦʣʠʢʦ ʩʝ ʠʟʜʚʦʿʝ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʧʨʠ 

ʫʩʣʦʚʠʤʘ ʜʝʣʦʚʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʧʦʜ ʫʛʣʦʤ ʤʘˁʠʤ ʦʜ 30Á ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ, 

ʧʨʦʩʪʠʿʠ ʤʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ ʠʤʘ ʙʦˀʝ ʧʨʦʮʝʥʝ.   

ʅʘʢʦʥ ʠʟʙʦʨʘ ʠ ʘʜʘʧʪʘʮʠʿʝ ʩʣʦʞʝʥʠʿʝʛ ʤʦʜʝʣʘ, ʦʜʥʦʩʥʦ ʜʦʢʘʟʠʚʘˁʘ ʜʨʫʛʝ ʨʘʜʥʝ ʠ ʦʩʥʦʚʥʝ 

ʭʠʧʦʪʝʟʝ, ʫʩʚʦʿʝʥʠ ʩʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʧʦʩʪʫʧʢʦʤ 

ʜʝʜʫʢʮʠʿʝ. ʆʚʘʢʘʚʠʤ ʧʨʠʩʪʫʧʦʤ ʠʟʙʝʛʘʚʘʿʫ ʩʝ ʩʢʫʧʘ ʠ ʢʦʤʧʣʠʢʦʚʘʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʟʘʭʪʝʚʘʿʫ 

ʚʝʣʠʢʘ ʤʘʪʝʨʠʿʘʣʥʘ ʩʨʝʜʩʪʚʘ, ʜʦʩʪʘ ʚʨʝʤʝʥʘ, ʢʘʦ ʠ ʩʣʦʞʝʥʫ ʤʝʨʥʫ ʦʧʨʝʤʫ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ 

ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʝ ʯʝʩʪʦ ʧʨʦʮʝˁʫʿʝ ʟʘ ʥʘʮʠʦʥʘʣʥʝ ʪʝʨʠʪʦʨʠʿʝ, ʪʦ ʙʠ ʛʨʝʰʢʝ ʥʝʧʨʝʮʠʟʥʦ ʫʩʚʦʿʝʥʠʭ 

ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʙʠʣʝ ʿʦʰ ʠʟʨʘʞʝʥʠʿʝ ʫʩʣʝʜ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʩʘʛʣʝʜʘʚʘˁʘ ʩʚʠʭ ʧʨʦʤʝʥˀʠʚʠʭ 

ʧʨʠʣʠʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʤʝʨʝˁʘ.   

ʅʘ ʢʨʘʿʫ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʩʠʤʫʣʘʮʠʿʦʤ ʠʤʠʩʠʿʝ ʠʟʚʨʰʝʥʦ ʨʘʥʛʠʨʘˁʝ ʧʨʦʮʝʥʪʫʘʣʥʦʛ 

ʫʪʠʮʘʿʘ ˁʝʥʠʭ ʢʦʤʧʦʥʝʥʪʠ (ʧʦʿʝʜʠʥʘʯʥʠʭ ʠ ʟʜʨʫʞʝʥʠʭ), ʧʨʠ ʯʝʤʫ ʿʝ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʬʦʨʤʠʨʘʪʠ 

ʧʦʪʧʫʥʝ ʚʠʰʝʬʘʢʪʦʨʩʢʝ ʧʣʘʥʦʚʝ ʠ ʧʨʠʤʝʥʠʪʠ ʤʝʪʦʜʦʣʦʛʠʿʫ ʦʜʟʠʚʘ ʧʦʚʨʰʠʥʝ. ʊʠʤʝ ʿʝ ʧʨʫʞʝʥ 

ʜʝʦ ʦʜʛʦʚʦʨʘ ʫ ʦʢʚʠʨʫ ʘʢʪʫʝʣʥʝ ʧʦʣʝʤʠʢʝ ʥʘʫʯʥʝ ʟʘʿʝʜʥʠʮʝ ʦʢʦ ʫʪʠʮʘʿʘ ʠ ʜʦʧʨʠʥʦʩʘ ʢʦʤʧʦʥʝʥʪʠ 

ʠʤʠʩʠʿʝ. 
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MODELING OF AIR POLLUTION FROM ROAD TRANSPORT - 

IDENTIFICATION OF INFLUENTIAL PARAMETERS AND MODELS  SELECTION  

 

 

Summary 

 

This study resulted from the years-long research on vehicle emission and its dispersion within 

streets canyons. During the mentioned research it was found that a fleet of Republic of Serbia has a 

higher percentage of high polluting vehicles than is the case with the fleets of neighboring countries. In 

addition, emission factors assigned to the Western Balkan countries by the European Agency for 

Environmental Protection, have not been the subject of research in our country and that produce that 

calculated national emissions were adopted without checking. All that caused the realization of four 

independent experiments (emission measurement, traffic counting, vehicle speed measurement and 

immission measurement) and test more semi-empirical dispersion model to determine the causes of 

increased emissions, refine real emission factors of the Republic of Serbia fleet and gave a response to 

current questions of the scientific community about the contribution and impact of the key components 

that affect the quality of urban atmosphere. 

In the general outlines of the dissertation, the Introduction presents the null hypothesis which 

aimed at reviewing questions referring to whether better estimated model for air quality assessment in a 

specific urban structure represents a high quality and reliable simulation tool. Thus it was necessary that 

the literature review clearly presents environmental problems of a modern urban area, with special 

emphasis on harmful vehicle emissions. Materials and methods of theoretical study on vehicle emission 

and its dispersion within street canyons make an important backbone of the third chapter, where 

statistical methods are also explained in order to prove the assumptions from null hypothesis and two 

working hypotheses. Also this chapter explains the experimental setup conditions, as well as the 

specification of the used measuring equipment. The very beginning of the fourth chapter presents the 

results of emission measurements, and by applying the binomial logistic regression model to the 

measuring set of data, it was found that the vehicle age is the most influential variable for emissions 

increase, that domestic vehicles are the biggest polluters, and in general assessment they are vehicles 

with low-power engines. 

It is very important to minimize harmful emissions throughout entire vehicle lifetime and the 

approach for solving this problem worldwide is inspection and maintenance program because it can, in a 

relatively short period, eliminate highly polluting vehicles. This program is still not applicable in the 

Republic of Serbia, so the preparation and introduction of such a program would be much easier for its 

implementation if conclusions of this study were applied.  

So far there is no clear evidence that complex models systematically operate better in terms of 

error prediction compared to less complex models, so we tested the first working hypothesis which gave 

an answer to the question related to better immission assessment between the complex dispersion model 

and the less complex one. Also it must be noted that their estimated accuracy is limited by accuracy of 
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input data, such as emission factors, meteorological data, vehicle speed and the percentage of cold-start 

engines. Analysis showed better concurrence of complex model with real immission, but since the best 

determination result of estimated and actual immissions is 0,65, we can say that 35% of variability is still 

unknown in the real immissions results. Therefore, if we take measurements position into account, we can 

conclude that complex model does not consider sufficiently the influence of vehicles regimes on the 

emissions quantity, especially in terms of light-controlled intersections area. If we distinguish the results 

obtained when background wind blows at an angle less than 30Á relative to the street centerline, the less 

complex model, has a better estimation. 

 After the selection and adaptation of complex model, that is after proving the null hypothesis and 

second working hypothesis, we adopted realistic emission factors of the Republic of Serbiaôs vehicle fleet 

by deduction process. This approach avoids expensive and complicated studies that require significant 

financial resources, a lot of time as well as complex measuring equipment. As emission estimations are 

often determined for the national territory, errors of inaccurately adopted emission factors would be even 

bigger due to inability to comprehend all variables in experimental measurement. 

At the end of this research the immission simulation was carried out in order to rank the 

immission components by influence percentages (individual and corporate), and for that purpose it was 

necessary to form full multi-factor plans and implement the response surface methodology. This provided 

some of the answers within actual polemics of wider scientific community about the impact of the 

immissions components. 

  

Keywords: vehicle emissions, street canyon, dispersion of pollutants emission, binominal logistic 

regression, response surface methodology 
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ʉʇʀʉɸʂ ʆɿʅɸʂɸ 

 

 

 

ʆʟʥʘʢʘ ʅʘʟʠʚ ɱʝʜʠʥʠʮʘ 

═╜ ʇʦʚʝ˂ʘˁʝ ʝʤʠʩʠʿʝ ʧʦ ʢʠʣʦʤʝʪʨʫ    

As ɸʨʩʝʥ  

║╜ ʅʠʚʦ ʝʤʠʩʠʿʝ ʚʦʟʥʦʛ ʧʘʨʢʘ ʥʦʚʠʭ ʚʦʟʠʣʘ  

╫ ɽʤʧʠʨʠʿʩʢʘ ʢʦʥʩʪʘʥʪʘ ʘʝʨʦʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪ ʦʪʧʦʨʘ  

╫╬░ȟ▓ ʌʘʢʪʦʨ ʩʤʘˁʝˁʘ ʧʘʨʘʤʝʪʨʘ ♫░ȟ▓, ʦʜʥʦʩʥʦ ʜʝʣʘ ʧʫʪʘ ʢʦʿʠ ʿʝ ʧʨʝʹʝʥ ʩʘ 

ʭʣʘʜʥʠʤ ʤʦʪʦʨʦʤ ʠʣʠ ʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʢʦʿʠ ʨʘʜʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʦʿ 

ʦʜ ʨʘʜʥʝ ʟʘ ʰʪʝʪʥʫ ʤʘʪʝʨʠʿʫ i ʠ ʪʝʭʥʦʣʦʛʠʿʫ ʚʦʟʠʣʘ k (ʟʘ ʤʦʪʦʨʝ ɽʫʨʦ 1 

ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ, ʧʘ ʥʘʚʠʰʝ) 

 

{ʉ} ɿʘʿʝʜʥʠʮʘ ʩʚʠʭ ʝʣʝʤʝʥʝʪʘ ʫ ʩʢʫʧʫ ʉ  

╒ ʍʦʰʤʝʨ-ʃʝʤʝʰʦʚˀʝʚʘ ʩʪʘʪʠʩʪʠʢʘ  

╒╡ ɼʦʧʨʠʥʦʩ ʦʙʣʘʩʪʠ  ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʘʝʨʦʟʘʛʘʹʝˁʘ  

╒╫ ɼʦʧʨʠʥʦʩ ʘʝʨʦʟʘʛʘʹʝˁʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ  

╒▀ ɼʠʨʝʢʪʘʥ ʜʦʧʨʠʥʦʩ ʘʝʨʦʟʘʛʘʹʝˁʘ ʥʘ ʨʝʣʘʮʠʿʠ ʠʟʚʦʨ-ʤʝʩʪʦ ʤʝʨʝˁʘ  

╒□
ᶻ ɺʨʝʜʥʦʩʪ ʤʦʜʝʣʠʨʘʥʝ ʠʤʠʩʠʿʝ  

╒▫
ᶻ ɺʨʝʜʥʦʩʪ ʠʟʤʝʨʝʥʝ ʠʤʠʩʠʿʝ  

╒▫ z ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʠʟʤʝʨʝʥʠʭ ʠʤʠʩʠʿʘ  

╒□
ᶻ ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʤʦʜʝʣʠʨʘʥʠʭ ʠʤʠʩʠʿʘ  

C6H6 ɹʝʥʟʝʥ  

Cd ʂʘʜʤʠʿʫʤ  

CH4 ʄʝʪʘʥ  

CO ʋʛˀʝʥ-ʤʦʥʦʢʩʠʜ  

Co ʂʦʙʘʣʪ  

CO2 ʋʛˀʝʥ-ʜʠʦʢʩʠʜ  

COb ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ [mgĿm
-3
] 

Cr  ʍʨʦʤ  

Cu ɹʘʢʘʨ  

╬▓ ɹʨʦʿ ʢʦʚʘʨʠʿʘʪʥʠʭ ʦʙʨʘʟʘʮʘ ʫ k ʜʝʮʠʣʫ  

╬▼ ɼʦʧʨʠʥʦʩ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʥʠʚʦʫ ʫʣʠʮʝ  

╓▀▫◑ ɻʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʪʝʩʪ ʩʘʛʣʘʩʥʦʩʪʠ ʂʦʣʤʦʛʦʨʦʚ-ʉʤʠʨʥʦʚʘ  

dr ɼʫʞʠʥʘ ʨʘʟʫʹʝʥʦʩʪʠ (ʨʘʩʝʜ) ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʟʛʨʘʜʘ [m] 

d ɼʫʞʠʥʘ ʢʣʘʩʝ ʠʥʪʝʨʚʘʣʘ ʚʘʨʠʿʘʮʠʿʝ  

╔ ʌʠʰʝʨʦʚʘ ʠʥʬʦʨʤʘʪʠʚʥʘ ʤʘʪʨʠʮʘ  

╔̓ ̏̐̌̏Ƞ░ȟ▓ȟ► ʊʦʧʣʘ ʝʤʠʩʠʿʘ ʤʘʪʝʨʠʿʝ i, ʚʦʟʠʣʘ ʪʝʭʥʦʣʦʛʠʿʝ k ʥʘ ʧʫʪʫ ʪʠʧʘ r (ʛʨʘʜʩʢʠ, 

ʚʘʥʛʨʘʜʩʢʠ, ʘʫʪʦ-ʧʫʪ) 

[g] 

╔̔ ̋̔̐̎̏ ʋʢʫʧʥʘ ʝʤʠʩʠʿʘ [g] 

╔̖ ̌́̅̎̏Ƞ░ȟ▒ ɽʤʠʩʠʿʘ ʤʘʪʝʨʠʿʝ i ʪʝʭʥʦʣʦʛʠʿʝ k ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ [g] 

╔╕░ȟ▒ȟ▓ ʊʝʭʥʦʣʦʰʢʠ ʩʧʝʮʠʬʠʯʥʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʤʘʪʝʨʠʿʝ i ʟʘ ʚʦʟʠʣʦ 

ʢʘʪʝʛʦʨʠʿʝ j ʪʝʭʥʦʣʦʛʠʿʝ k 

[g (vozĿkm)
-1
] 

╔╕░ȟ▒ȟ□ ʉʧʝʮʠʬʠʯʥʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨ ʤʘʪʝʨʠʿʝ i ʟʘ ʢʘʪʝʛʦʨʠʿʫ ʚʦʟʠʣʘ j ʠ ʚʨʩʪʫ 

ʛʦʨʠʚʘ m 

[gĿkg
-1
] 

╔░ ɽʤʠʩʠʿʘ ʤʘʪʝʨʠʿʝ i [g] 

╔▬ ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨ ʫ ʛʨʘʤʠʤʘ ʤʘʪʝʨʠʿʝ ʧʨʝʤʘ ʟʘʧʨʝʤʠʥʩʢʦʿ ʿʝʜʠʥʠʮʠ 

(ʣʠʪʨʫ) ʫʪʨʦʰʝʥʦʛ ʛʦʨʠʚʘ  

Ç,  

▄̓̏̐̌Ƞ́░ȟ▓ȟ► ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨ ʤʘʪʝʨʠʿʝ i, ʟʘ ʚʦʟʠʣʘ ʪʝʭʥʦʣʦʛʠʿʝ k ʥʘ ʧʫʪʫ ʪʠʧʘ r [gĿkm
-1
] 

▄♫ ɽʢʩʧʦʥʝʥʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʙʠʥʦʤʥʝ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ  
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▄̖̌́̅̎̏▄░ȟ▓
̓̏̐̌̏ϳ  ʆʜʥʦʩ ʝʤʠʩʠʿʝ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʠ ʪʦʧʣʝ ʝʤʠʩʠʿʝ ʟʘ ʤʘʪʝʨʠʿʫ i ʠ 

ʚʦʟʠʣʦ ʪʝʭʥʦʣʦʛʠʿʝ k 
 

╕ ɼʝʦ ʤʘʪʝʨʠʿʝ ʢʦʿʠ ʮʠʨʢʫʣʠʰʝ ʫʥʫʪʘʨ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ  

(ʤʦʜʝʣ CPBM) 

 

╕● ʂʫʤʫʣʘʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʦʪʢʘʟʘ  

╕░● ʌʫʥʢʮʠʿʘ ʦʪʢʘʟʘ  

╕̃ ̖̉̏̑ ʇʨʦʧʦʨʮʠʦʥʘʣʥʘ ʢʦʥʩʪʘʥʪʘ ʜʠʩʧʝʨʟʠʿʝ (ʤʦʜʝʣ OSPM)  

╕̪ ̵́̑̏̌ ɽʤʧʠʨʠʿʩʢʘ ʢʦʥʩʪʘʥʪʘ ʜʠʩʧʝʨʟʠʿʝ (ʤʦʜʝʣ OSPM)  

╕╒▄̓̏ ̐̌̏ȟ░ȟ▓ȟ► ʌʘʢʪʦʨ ʪʦʧʣʝ ʝʤʠʩʠʿʝ, ʢʦʨʠʛʦʚʘʥ ʫʩʣʝʜ ʫʧʦʪʨʝʙʝ ʨʝʬʦʨʤʫʣʠʩʘʥʦʛ 

ʛʦʨʠʚʘ ʟʘ ʤʘʪʝʨʠʿʫ i, ʫ ʚʦʟʠʣʫ ʪʝʭʥʦʣʦʛʠʿʝ k, ʢʦʿʝ ʩʝ ʢʨʝ˂ʝ ʥʘ ʧʫʪʫ ʪʠʧʘ r 

 

╕╒▒ȟ□ ʇʦʪʨʦʰˁʘ m ʚʨʩʪʝ ʛʦʨʠʚʘ ʚʦʟʠʣʘ ʢʘʪʝʛʦʨʠʿʝ i [kg] 

╕╒▫►►░ȟ▓ȟ̄̏̑̉̃̏ ʂʦʨʝʢʮʠʿʘ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʟʘ ʤʘʪʝʨʠʿʫ i, ʪʝʭʥʦʣʦʛʠʿʫ ʚʦʟʠʣʘ k ʟʘ 

ʨʘʩʧʦʣʦʞʠʚʘ ʛʦʨʠʚʘ ʧʦʙʦˀʰʘʥʦʛ ʢʚʘʣʠʪʝʪʘ 

 

╕╒▫►►░ȟ▓ȟ̏̒̎̏̃̎̏ ʂʦʨʝʢʮʠʿʘ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʟʘ ʤʘʪʝʨʠʿʫ i ʟʘ ʛʦʨʠʚʦ ʦʩʥʦʚʥʦʛ ʢʚʘʣʠʪʝʪʘ, 

ʪʝʭʥʦʣʦʛʠʿʝ ʚʦʟʠʣʘ k 

 

█ ʌʘʢʪʦʨ ʢʦʨʝʢʮʠʿʝ ʝʤʠʩʠʦʥʦʛ ʬʘʢʪʦʨʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʟʘ ʚʦʟʠʣʘ ʢʦʿʘ 

ʠʩʧʫˁʘʚʘʿʫ ɽʫʨʦ 3 ʩʪʘʥʜʘʨʜ ʝʤʠʩʠʿʝ  

 

█● ʌʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʦʪʢʘʟʘ  

█ ʂʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʫʪʠʮʘʿʘ ʧʝʰʘʯʢʦʛ ʪʦʢʘ  

█ ʂʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʫʪʠʮʘʿʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ  

█ ʂʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʫʪʠʮʘʿʘ ʩʪʨʫʢʪʫʨʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ  

█ ʂʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʫʪʠʮʘʿʘ ʚʝʣʠʯʠʥʝ ʛʨʘʜʘ  

╖ ɻʫʩʪʠʥʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ [vozĿkm
-1
] 

╗  ʇʦʯʝʪʥʘ ʚʠʩʠʥʘ ʜʠʩʧʝʨʟʠʿʝ (ʤʦʜʝʣ CPBM)  

HC ʋʛˀʦʚʦʜʦʥʠʮʠ  

Hg ɾʠʚʘ  

Hʫʟʚʦʜʥʦ ɺʠʩʠʥʘ ʫʟʚʦʜʥʝ ʟʛʨʘʜʝ [m] 

▐▫ ʀʥʠʮʠʿʘʣʥʘ ʚʠʩʠʥʘ ʢʦʤʝʰʘˁʘ ʛʘʩʦʚʠʪʠʭ ʤʘʪʝʨʠʿʘ [m] 

i ɹʨʦʿ ʢʣʘʩʘ  

╚ Eʤʧʠʨʠʿʩʢʠ ʢʦʥʩʪʘʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʝʨʦʟʘʛʘʹʝˁʘ (ʤʦʜʝʣ STREET)  

╚░ ʂʘʧʘʮʠʪʝʪ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ ʠʣʠ ʛʨʫʧʝ ʪʨʘʢʘ ʥʘ ʧʨʠʣʘʟʫ ʨʘʩʢʨʩʥʠʮʝ 

ʦʧʨʝʤˀʝʥʝ ʩʚʝʪʣʦʩʥʠʤ ʩʠʛʥʘʣʠʤʘ 

[vozĿh
-1
] 

k ɹʨʦʿ ʤʝʨʥʠʭ ʚʝʣʠʯʠʥʘ ʫ ʚʠʰʝʬʘʢʪʦʨʥʦʤ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘ  

╛♫  ʌʫʥʢʮʠʿʘ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ  

╛  ɹʘʟʥʠ ʤʦʜʝʣ ʬʫʥʢʮʠʿʝ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ  

╛► ʐʠʨʠʥʘ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ [m] 

╛○ ɼʫʞʠʥʘ ʚʠʭʦʨʘ [m] 

L t, Ls1, L s2 ʉʪʨʘʥʠʮʝ ʪʨʘʧʝʟʘ ʫ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ (ʤʦʜʝʣ OSPM) [m] 
~LN ɸʧʨʦʢʩʠʤʘʪʠʚʥʦ log-ʥʦʨʤʘʣʥʦʿ ʨʘʩʧʦʜʝʣʠ  

■◄►░▬ ʇʨʦʩʝʯʥa ʜʫʞʠʥa ʧʫʪʦʚʘˁʘ [m] 

╜̄̏̑ ʄʦʣʘʨʥʘ ʤʘʩʘ ʛʦʨʠʚʘ [gĿmol
-1
] 

╜╒╬ȟ░ ʂʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʧʨʝʹʝʥʦʛ ʧʫʪʘ ʟʘ ʜʘʪʠ ʧʨʝʹʝʥʠ ʧʫʪ ʠ ʤʘʪʝʨʠʿʫ i  

╜╦▬ ʄʦʣʘʨʥʘ ʤʘʩʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ [gĿmol
-1
] 

╜▒ȟ▓ ʇʨʦʩʝʯʘʥ ʛʦʜʠʰˁʠ ʧʨʝʹʝʥʠ ʧʫʪ ʚʦʟʠʣʘ ʢʘʪʝʛʦʨʠʿʝ j ʪʝʭʥʦʣʦʛʠʿʝ k [kmĿvoz] 

╜▓ȟ► ʇʨʦʩʝʯʘʥ ʛʦʜʠʰˁʠ ʧʨʝʹʝʥʠ ʧʫʪ ʚʦʟʠʣʘ ʪʝʭʥʦʣʦʛʠʿʝ k ʥʘ ʧʫʪʫ ʪʠʧʘ r [kmĿvoz
-1
] 

ộ╜▒ȟ▓Ớ ʋʢʫʧʘʥ ʛʦʜʠʰˁʠ ʧʨʝʹʝʥʠ ʧʫʪ ʩʚʠʭ ʚʦʟʠʣʘ ʢʘʪʝʛʦʨʠʿʝ i ʪʝʭʥʦʣʦʛʠʿʝ k [vozĿkm] 

Mn  ʄʘʥʛʘʥ   

□░ ɹʨʦʿ ʘʧʩʦʣʫʪʥʠʭ ʬʨʝʢʬʝʥʮʠʿʘ ʢʣʘʩʝ i  

N ɹʨʦʿ ʪʨʘʢʘ ʠʩʪʠʭ ʥʘʤʝʥʘ ʫ ʤʝʪʦʜʠ ʢʨʠʪʠʯʥʦʛ ʪʦʢʘ  

~N ɸʧʨʦʢʩʠʤʘʪʠʚʥʦ ʥʦʨʤʘʣʥʦʤ ʟʘʢʦʥʫ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʘ  

╝̃ ̏̈ ʉʘʦʙʨʘ˂ʘʿʥʠ ʧʨʦʪʦʢ [vozĿh
-1
] 

╝╞●╫ ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ [ʈgĿm-3
] 



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

 

 

╝▒ȟ▓ ɹʨʦʿ ʚʦʟʠʣʘ ʢʘʪʝʛʦʨʠʿʝ j ʪʝʭʥʦʣʦʛʠʿʝ k [voz] 

╝▓ ɹʨʦʿ ʚʦʟʠʣʘ ʪʝʭʥʦʣʦʛʠʿʝ k [voz] 

N2O ɸʟʦʪ-ʩʫʙʦʢʩʠʜ  

NH3 ɸʤʦʥʠʿʘʢ  

Ni ʅʠʢʣ  

NO Aʟʦʪ-ʤʦʥʦʢʩʠʜ  

NO2 Aʟʦʪ-ʜʠʦʢʩʠʜ  

NOx Oʢʩʠʜʠ ʘʟʦʪʘ  

▪▓
ȟ
 ʋʢʫʧʘʥ ʙʨʦʿ ʩʫʙʿʝʢʘʪʘ ʫ k ʛʨʫʧʠ HL GOF ʩʪʘʪʠʩʪʠʢʝ  

O3 Oʟʦʥ  

▫▓ ɹʨʦʿ ʝʣʝʤʝʥʘʪʘ ʤʝʹʫ ὧ ʢʦʚʘʨʠʿʘʪʥʠʭ ʦʙʨʘʟʘʮʘ  

P ɺʝʨʦʚʘʪʥʦ˂ʘ ʜʦʛʘʹʘʿʘ  

Pb ʆʣʦʚʦ  

PM2,5-10 ʏʚʨʩʪʝ ʯʝʩʪʠʮʝ ʚʝʣʠʯʠʥʝ 2,5 ï 10 ʈÍ [ʈm] 

╟▫ ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʤʘʪʝʨʠʿʝ ʫ ʠʟʜʫʚʥʦʿ ʝʤʠʩʠʿʠ ʤʦʪʦʨʘ [%vol] 

╟╧ ● ɺʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʩʣʫʯʘʿʥʘ ʧʨʦʤʝʥˀʠʚʘ x ʫʟʝʪʠ ʚʨʝʜʥʦʩʪ ʠʟ ʦʙʝʣʝʞʿʘ X  

╠▼ ɹʨʦʿ ʜʝʮʠʣʘ (ʤʘʢʩʠʤʘʣʥʦ ʠʭ ʤʦʞʝ ʙʠʪʠ 10)  

Q ɽʤʠʪʦʚʘʥʘ ʢʦʣʠʯʠʥʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ  [gĿm
-1
Ŀs

-1
] 

▲ ʇʨʦʪʦʢ ʚʦʟʠʣʘ [vozĿh
-1
] 

R ʈʘʟʤʘʢ ʚʘʨʠʿʘʮʠʿʝ ʦʙʝʣʝʞʿʘ  

╡● ʂʫʤʫʣʘʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ  

╡░● ʌʫʥʢʮʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ  

╡╕░ȟ▓ ʉʤʘˁʝˁʝ ʝʤʠʩʠʿʝ ʟʘ ʧʫʪʥʠʯʢʝ ʘʫʪʦʤʦʙʠʣʝ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʜʠʟʝʣ ʢʦʿʘ 

ʟʘʜʦʚʦˀʘʚʘʿʫ Eʫʨʦ 5 ʠ Eʫʨʦ 6 ʩʪʘʥʜʘʨʜʝ ʝʤʠʩʠʿʝ 

[%] 

╡╝ ʂʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʅʘʛʝʣʢʝʨʢʝʘ  

╡╬▼ ʂʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʂʦʭʘ ʠ ʐʥʝʣʘ  

╡▀ ɼʦʧʨʠʥʦʩ ʠʟʚʘʥ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ (ʤʦʜʝʣ OSPM)  

► ʌʘʢʪʦʨ ʙʨʟʠʥʝ ʚʝʪʨʘ (ʧʨʝʜʩʪʘʚˀʘ ʩʥʘʛʫ ʚʠʭʦʨʘ)  

╢ ʇʦʚʨʰʠʥʘ ʢʦʿʫ ʟʘʫʟʠʤʘ ʿʝʜʥʦ ʚʦʟʠʣʦ [m
2
] 

Sb ɸʥʪʠʤʦʥ  

╢♫░ ʉʪʘʥʜʘʨʜʥʘ ʛʨʝʰʢʘ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ  

SO2 ʉʫʤʧʦʨ-ʜʠʦʢʩʠʜ  

╢̏ ɺʨʝʜʥʦʩʪ ʥʝʦʤʝʪʘʥʦʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ (ʨʘʜʥʠ ʧʨʦʪʦʢ ʚʦʟʠʣʘ) [vozĿh
-1
] 

╢╬ ʇʦʚʨhʠʥʘ ʧʨʝʩʝʢʘ ʢʘˁʦʥʘ [m
2
] 

╢░ ɿʘʩʠ˂ʝʥʠ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ i ʩʠʛʥʘʣʥʝ ʛʨʫʧʝ (ʤʝʪʦʜ ʢʨʠʪʠʯʥʦʛ ʪʦʢʘ) [vozĿh
-1
] 

Tl  ʊʘʣʠʿʫʤ  

◄ ɺʨʝʤʝ ʪʨʘʥʩʧʦʨʪʘ ʤʘʪʝʨʠʿʘ (ʤʦʜʝʣ CPBM) [s] 

ta ʊʝʤʧʝʨʘʪʫʨʘ ʘʤʙʠʿʝʥʪʘ [ᴈ] 

◄▼ ɺʨʝʤʝ ʪʨʘʿʘˁʘ ʜʦʧʨʠʥʦʩʘ ʨʝʮʠʨʢʫʣʘʮʠʿʝ (ʤʦʜʝʣ CPBM)  

◊ ɹʨʟʠʥʘ ʚʝʪʨʘ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʧʨʘʚʮʫ [mĿs
-1
] 

◊╫ ɹʨʟʠʥʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ [mĿs
-1
] 

◊╬○ ʇʦʧʨʝʯʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ ʫʥʫʪʘʨ ʢʘˁʦʥʘ (ʤʦʜʝʣ CPBM) [mĿs
-1
] 

◊◄ ɹʨʟʠʥʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ (ʧʨʠ ʚʨʭʫ ʢʘˁʦʥʘ) [mĿs
-1
] 

V ɹʨʟʠʥʘ ʚʦʟʠʣʘ [kmĿh
-1
] 

╦░ ɺʦʣʜʦʚʘ ʩʪʘʪʠʩʪʠʢʘ  

◌╬ ʉʘʜʨʞʘʿ ʫʛˀʝʥʠʢʘ ʫ ʛʦʨʠʚʫ [kgĿkg
-1
] 

◌░ ʀʥʪʝʨʚʘʣ ʚʘʨʠʿʘʮʠʿʝ  

◌▒ ɹʨʟʠʥʘ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ ʧʨʠ ʚʨʭʫ ʢʘˁʦʥʘ (ʤʦʜʝʣ CPBM) [mĿs
-1
] 

╧  ʅʦʨʤʠʨʘʥʘ ʚʨʝʜʥʦʩʪ ʬʠʢʪʠʚʥʦʛ ʧʘʨʘʤʝʪʨʘ ʫ ʬʘʢʪʦʨʩʢʠʤ ʧʣʘʥʦʚʠʤʘ  

●▼░ ʉʨʝʜʠʥʘ ʢʣʘʩʝ i  

● ɸʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ x  

●░ ʍʦʨʠʟʦʥʪʘʣʥʦ ʨʘʩʪʦʿʘˁʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ i ʦʜ ʤʝʩʪʘ ʤʝʨʝˁʘ [m] 

╨ ɿʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʫ ʙʠʥʦʤʥʦʿ ʣʦʛʠʩʪʠʯʢʦʿ ʨʝʛʨʝʩʠʿʠ  
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╨░◊ ʀʟʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ ʩʠʩʪʝʤʘ ʟʘ ʬʘʢʪʦʨ i  

◑ ɹʨʦʿ ʢʣʘʩʘ  

◑ ɺʠʩʠʥʘ ʥʝʨʘʚʥʦʩʪʠ ʛʨʘʜʩʢʝ ʦʙʣʘʩʪʠ [m] 

◑○ ʈʘʩʪʦʿʘˁʝ ʜʫʞ ʚʝʨʪʠʢʘʣʥʝ ʦʩʝ (ʤʦʜʝʣ CAL4) [m] 

♪ ʂʦʝʬʠʮʠʿʝʥʪ ʤʝʭʘʥʠʯʢʝ ʪʫʨʙʫʣʝʥʮʠʿʝ  

ɓ ʇʨʝʹʝʥʠ ʧʫʪ ʩʘ ʭʣʘʜʥʠʤ ʠʣʠ ʜʝʣʠʤʠʯʥʦ ʟʘʛʨʝʿʘʥʠʤ ʤʦʪʦʨʦʤ [km] 

♫░ȟ▓ ɼʝʦ ʧʨʝʹʝʥʦʛ ʧʫʪʘ ʢʦʿʠ ʿʝ ʧʨʝʹʝʥ ʩʘ ʭʣʘʜʥʠʤ ʤʦʪʦʨʦʤ ʠʣʠ ʩʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʢʦʿʠ ʨʘʜʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʦʿ ʦʜ ʨʘʜʥʝ ʟʘ ʤʘʪʝʨʠʿʫ i ʠ 

ʪʝʭʥʦʣʦʛʠʿʫ ʚʦʟʠʣʘ k 

[km] 

♫░ ʂʦʝʬʠʮʠʿʝʥʪʠ ʧʘʨʘʤʝʪʘʨʘ ʨʝʛʨʝʩʠʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʨʠʟʠʯʥʦʛ ʬʘʢʪʦʨʘ ὼ  

♫░▒ ʂʦʝʬʠʮʠʿʝʥʪʠ ʧʘʨʘʤʝʪʘʨʘ ʨʝʛʨʝʩʠʿʝ ʜʚʦʬʘʢʪʦʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʬʘʢʪʦʨʘ i 

ʠ ʿ 

 

♫░▒▓ ʂʦʝʬʠʮʠʿʝʥʪʠ  ʧʘʨʘʤʝʪʘʨʘ ʨʝʛʨʝʩʠʿʝ ʪʨʦʬʘʢʪʦʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʬʘʢʪʦʨʘ i, 

 ʿʠ k 

 

♫░▒▓■ ʂʦʝʬʠʮʠʿʝʥʪʠ  ʧʘʨʘʤʝʪʘʨʘ ʨʝʛʨʝʩʠʿʝ ʯʝʪʚʦʨʦʬʘʢʪʦʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ 

ʬʘʢʪʦʨʘ i, ,ʿ k ʠ l 

 

♫  ʉʣʦʙʦʜʘʥ ʯʣʘʥ ʨʝʛʨʝʩʠʦʥʝ ʿʝʜʥʘʯʠʥʝ  

╒╞╫ ʀʥʪʝʨʚʘʣ ʢʣʘʩʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ [mgĿm
-3
] 

Ў▲░ ʀʥʪʝʨʚʘʣ ʢʣʘʩʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ  [vozĿh
-1
] 

ȿ╕░ȿ ʈʘʟʣʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ ʪʝʦʨʠʿʩʢʠʭ ʬʫʥʢʮʠʿʘ ʦʪʢʘʟʘ ʟʘ ʢʣʘʩʫ i  

╝╞●╫ ʀʥʪʝʨʚʘʣ ʢʣʘʩʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ [ʈgĿm-3
] 

◕◊╫ ʀʥʪʝʨʚʘʣ ʢʣʘʩʝ ʙʨʟʠʥʝ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ [mĿs
-1
] 

 ʇʨʘʚʘʮ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (ʩʠʥʦʥʠʤ ʩʠʤʙʦʣʘ ū) [Á] 

ⱦ ʆʜʥʦʩ ʪʨʘʿʘˁʘ ʧʨʠʧʘʜʘʿʫ˂ʝʛ ʟʝʣʝʥʦʛ ʠʥʪʝʨʚʘʣʘ (ᾀ ʠ ʮʠʢʣʫʩʘ (ὅ)  ʫ 

ʤʝʪʦʜʠ ʢʨʠʪʠʯʥʦʛ ʪʦʢʘ 

 

ⱦ╟  ʂʨʠʪʠʯʥʘ ʚʨʝʜʥʦʩʪ (ʢʨʠʪʝʨʠʿʫʤʘ) ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʠʚʦʘ ʟʥʘʯʘʿʥʦʩʪʠ  

ɚp ʂʦʥʩʪʘʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪʠ (ʤʦʜʝʣ OSPM)  

Ⱬ ɺʝʨʦʚʘʪʥʦ˂ʘ ʜʦʛʘʹʘʿʘ  

Ⱬ● Oʯʝʢʠʚʘʥʘ ʚʨʝʜʥʦʩʪ (ʚʝʨʦʚʘʪʥʦ˂ʘ) ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʟʘ ʜʘʪʫ 

ʥʝʟʘʚʠʩʥʫ ʧʨʦʤʝʥˀʠʚʫ x 

 

Ⱬ▓ ʇʨʦʩʝʯʥʘ ʦʮʝˁʝʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ HL GOF ʩʪʘʪʠʩʪʠʢʝ  

ⱬ█ ɻʫʩʪʠʥʘ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ [kgĿm
-3
] 

ⱬ  Mc Faden ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ  

Ɑ□ ʉʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ ʤʦʜʝʣʠʨʘʥʝ ʠʤʠʩʠʿʝ  

Ɑ▫ ʉʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ ʠʟʤʝʨʝʥʝ ʠʤʠʩʠʿʝ  

Ɑ◊ ʉʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ ʧʦʧʨʝʯʥʝ ʙʨʟʠʥʝ ʚʝʪʨʘ ʫʥʫʪʘʨ ʫʣʠʮʝ ʦʙʣʠʢʘ 

ʢʘˁʦʥʘ 

 

Ɑ◌ ʌʣʫʢʪʫʘʮʠʿʘ ʙʨʟʠʥʝ ʚʝʨʪʠʢʘʣʥʝ ʪʫʨʙʫʣʝʥʮʠʿʝ (ʤʦʜʝʣ OSPM)  

Ɑ◌▫ ʊʫʨʙʫʣʝʥʮʠʿʘ ʚʘʟʜʫʭʘ ʠʟʘʟʚʘʥʘ ʚʦʟʠʣʠʤʘ ʫ ʧʦʢʨʝʪʫ (ʤʦʜʝʣ OSPM)  

Ɑ◌◄ ɹʨʟʠʥʘ ʧʨʦʚʝʪʨʘʚʘˁʘ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ [mĿs
-1
] 

Ɑ● ʉʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ x  

Ɑ◐ ʉʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʫ ʧʦʧʨʝʯʥʦʤ ʧʨʘʚʮʫ (ʤʦʜʝʣ CAL4) [m] 

Ɑ◑ ʉʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ [m] 

Ɑ◑ ʇʘʨʘʤʝʪʘʨ ʚʝʨʪʠʢʘʣʥʝ ʜʠʩʧʝʨʟʠʿʝ ʦʙʣʘʢʘ ʛʘʩʦʚʠʪʠʭ ʤʘʪʝʨʠʿʘ  

Ⱳ ɹʨʟʠʥʘ ʚʝʪʨʘ ʫʥʫʪʘʨ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ (ʜʝʬʠʥʠʩʘʥʘ ʘʜʚʝʢʪʠʚʥʠʤ ʠ 

ʜʠʬʫʟʠʦʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ: † ̉ †) (ʘʜʚʝʢʮʠʿʘ -  ʧʨʝʥʦʩ ʘʪʤʦʩʬʚʝʨʩʢʦʛ 

ʩʚʦʿʩʪʚʘ ʧʦˀʝʤ ʚʝʪʨʘ ʢʘʦ ʰʪʦ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪ, ʚʨʪʣʦʞʥʦʩʪ 

ʠʪʜ.) 

[mĿs
-1
] 

F ʋʛʘʦ ʧʨʠʣʘʟʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ  [Á] 

ꜚ◑ ʃʘʧʣʘʩʦʚʘ ʬʫʥʢʮʠʿʘ  

Ⱶ  ʍʠ ʢʚʘʜʨʘʪ  
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ʊʝʨʤʠʥ ʠʣʠ 

ʩʢʨʘ˂ʝʥʠʮʘ  
ɽʥʛʣʝʩʢʠ / English ʉʨʧʩʢʠ / Serbian 

ACEA  European Automobile 

ManufacturersôAssociation 

ʋʜʨʫʞʝˁʝ ʝʚʨʦʧʩʢʠʭ ʧʨʦʠʟʚʦʹʘʯʘ ʘʫʪʦʤʦʙʠʣʘ 

ADB  Asian Development Bank ʈʘʟʚʦʿʥʘ ʙʘʥʢʘ ɸʟʠʿʝ 

ADEME  (fra. Agence de l'Environnement et de la 

Ma´trise de l'£nergie), (eng. 

Environment and Energy Management 

Agency) 

ɸʛʝʥʮʠʿʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʝʥʝʨʛʝʪʩʢʠʤ ʨʝʩʫʨʩʠʤʘ ʠ 

ʟʘʰʪʠʪʦʤ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ 

AEOLIUS  Assessing the Environment Of Locations 

In Urban Streets 

ʇʨʦʮʝʥʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʫʥʫʪʘʨ ʫʣʠʮʘ 

ʦʙʣʠʢʘ ʢʘˁʦʥʘ (ʤʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ) 

AEROMOD  ɸɽRO MODeling  Mʦʜʝʣʠʨʘˁʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ (ʤʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ) 

AEROPOL   ɸɽRO POLlution ɿʘʛʘʹʝˁʝ ʚʘʟʜʫʭʘ (ʤʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ) 

ARB Air Resources Board ʆʜʙʦʨ ʟʘ ʨʝʩʫʨʩʝ ʚʘʟʜʫʭʘ 

ARTEMIS  Assessment and Reliability of Transport 

Emission Models and Inventory Systems 

ʇʨʦʮʝʥʘ ʠ ʫʪʚʨʹʠʚʘˁʝ ʧʦʫʟʜʘʥʦʩʪʠ ʤʦʜʝʣʘ 

ʝʤʠʩʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʩʠʩʪʝʤʘ ʘʞʫʨʠʨʘˁʘ ʧʦʜʘʪʘʢʘ 

AUC Area Under the Curve ʇʦʚʨʰʠʥʘ ʠʩʧʦʜ ROC ʢʨʠʚʝ 

BOX model  ʄʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ ʢʦʿʠ ʛʝʥʝʨʠʰʝ ʜʦʜʘʪʥʝ ʫʪʠʮʘʿʝ 

ʧʦʨʝʢʣʦʤ ʦʜ ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʩʝ ʢʨʝ˂ʫ ʫ ʧʦˀʫ 

ʨʝʮʠʨʢʫʣʘʮʠʿʝ 

BTS Bureau of Transportation Statistics ʉʪʘʪʠʩʪʠʯʢʠ ʟʘʚʦʜ ʟʘ ʪʝʭʥʦʣʦʛʠʿʝ ʪʨʘʥʩʧʦʨʪʘ 

CAFE Clean Air for Europe  

CAL4  CALifornia LINE Source Dispersion 

Model, version 4 

ʂʘʣʠʬʦʨʥʠʿʩʢʠ ʤʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ ʛʘʩʦʚʠʪʠʭ 

ʤʘʪʝʨʠʿʘ ʧʦʨʝʢʣʦʤ ʠʟ ʣʠʥʠʿʩʢʠʭ ʠʟʚʦʨʘ (ʚʝʨʟʠʿʘ 4) 

CALPUFF   CALifornia PUFF model ʂʘʣʠʬʦʨʥʠʿʩʢʠ ʤʦʜʝʣ ʧʨʦʮʝʥʝ ʘʝʨʦʟʘʛʘʹʝˁʘ 

CAR-FMI  Contaminants in the Air from a Road- 

Finnish Meteorological Institute 

ʄʦʜʝʣ ʧʨʦʮʝʥʝ ʟʘʛʘʹʝˁʘ ʚʘʟʜʫʭʘ ʦʜ ʩʪʨʘʥʝ ʚʦʟʠʣʘ 

ʥʘ ʧʫʪʫ (ʧʨʦʠʟʚʦʜ ʌʠʥʩʢʦʛ ʠʥʩʪʠʪʫʪʘ ʟʘ 

ʤʝʪʝʦʨʦʣʦʛʠʿʫ) 

CDRH Center for Devices and Radiological 

Health 

ʎʝʥʪʘʨ ʟʘ ʘʧʘʨʘʪʝ ʠ ʨʘʜʠʦʣʦʛʠʿʫ  

CFD Computational fluid dynamics ʂʦʤʧʿʫʪʝʨʩʢʠ ʩʠʤʫʣʠʨʘʥʘ ʜʠʥʘʤʠʢʘ ʬʣʫʠʜʘ 

CMAQ  Chemistry Transport ʤodel  

CMEM  Comprehensive Modal Emission Model  

COPERT COmputer Programme to calculate 

Emissions from Road Transport 

ʂʦʤʧʿʫʪʝʨʩʢʠ ʧʨʦʛʨʘʤ ʟʘ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ 

ʧʦʨʝʢʣʦʤ ʠʟ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ 

CoREMED Choice of Regression Equation of 

Multifactor Experiment Design with and 

without Repeating 

ʀʟʙʦʨ ʨʝʛʨʝʩʠʦʥʝ ʿʝʜʥʘʯʠʥʝ ʚʠʰʝʬʘʢʪʦʨʥʠʭ 

ʧʣʘʥʠʨʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʧʦʥʘʚˀʘˁʝʤ ʠ ʙʝʟ 

ʧʦʥʘʚˀʘˁʘ 

CORINAIR  CORe INventory to the AIR  

CPBM Canyon Plume Box Model  

cutpoint  ʆʧʪʠʤʘʣʥʘ ʪʘʯʢʘ ʧʨʝʢʠʜʘ ʣʠʥʠʿʘ ʩʝʥʟʠʪʠʚʥʦʩʪʠ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʪʝʩʪʘ 

D  ʉʣʫʯʘʿʥʘ ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʧʦʨʝʢʣʦ ʚʦʟʠʣʘ ʫ ɹʃʈ ʤʦʜʝʣʫ 

D(1)  ʅʝʟʘʚʠʩʥʝ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ 

ʛʨʫʧʠ ʜʦʤʘ˂ʠʭ ʚʦʟʠʣʘ ʫ ɹʃʈ ʤʦʜʝʣʫ 
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DEP Department of Environmental Protection ɼʝʧʘʨʪʤʘʥ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ 

DoE Design of Experiments ʇʣʘʥʠʨʘˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ 

Downwind 

building  

 ʅʠʟʚʦʜʥʘ ʟʛʨʘʜʘ 

E  ʀʩʪʦʢ 

EC European Commission ɽʚʨʦʧʩʢʘ ʢʦʤʠʩʠʿʘ 

EC European Council ɽʚʨʦʧʩʢʠ ʩʘʚʝʪ 

ECMT  European Conference of Ministers of 

Transport 

ɽʚʨʦʧʩʢʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ʤʠʥʠʩʪʘʨʘ ʩʘʦʙʨʘ˂ʘʿʘ 

EEC European Economic Community ɽʚʨʦʧʩʢʘ ʝʢʦʥʦʤʩʢʘ ʟʘʿʝʜʥʠʮʘ 

EIG  Emission Inventory Guidebook ɺʦʜʠʯ ʟʘ ʢʘʪʘʩʪʘʨ ʝʤʠʩʠʿʘ 

EMEP  European Monitoring and Evaluation 

Programme 

ʇʨʦʛʨʘʤ ʩʘʨʘʜˁʝ ʫ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʧʨʦʮʝʥʝ ʜʘʣʝʢʦʩʝʞʥʦʛ ʧʨʝʥʦʩʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ 

ʚʘʟʜʫʭʫ ʫ ɽʚʨʦʧʠ 

EUROPIA  European Petroleum Industry 

Association 

ʋʜʨʫʞʝˁʝ ʝʚʨʦʧʩʢʝ ʥʘʬʪʥʝ ʠʥʜʫʩʪʨʠʿʝ 

FB Fractional Bias ʆʜʩʪʫʧʘˁʝ ʬʨʘʢʮʠʿʘ (ʩʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨ 

ʩʣʘʛʘˁʘ ʠʟʤʝʨʝʥʠʭ ʠ ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ), 

ʧʦʞʝˀʥʦ |FB|<0,3 

FFD Full Factorial Design ʇʦʪʧʫʥʠ ʬʘʢʪʦʨʥʠ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘ 

FI   ʉʣʫʯʘʿʥʘ ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʪʠʧ ʥʘʧʘʿʘˁʘ ʚʦʟʠʣʘ ʫ ɹʃʈ ʤʦʜʝʣʫ 

FI(1)  ʅʝʟʘʚʠʩʥʝ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ 

ʛʨʫʧʠ ʚʦʟʠʣʘ ʢʦʿʘ ʧʦʩʝʜʫʿʫ ʢʘʨʙʫʨʘʪʦʨʩʢʠ ʩʠʩʪʝʤ 

ʥʘʧʘʿʘˁʘ ʛʦʨʠʚʦʤ ʫ ɹʃʈ ʤʦʜʝʣʫ 

FTP Federal Test Procedure  

GOF Goodnes Of Fit ʂʨʠʪʝʨʠʿʫʤ ʩʘʛʣʘʩʥʦʩʪʠ 

GPS  Global Positioning System  

GV Geometric Variance ɻʝʦʤʝʪʨʠʿʩʢʘ ʜʠʩʧʝʨʟʠʿʘ (ʩʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨ 

ʩʣʘʛʘˁʘ ʠʟʤʝʨʝʥʠʭ ʠ ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ).  

H  ʆʧʰʪʘ ʚʠʩʠʥʘ ʟʛʨʘʜʘ ʦʢʦ ʫʣʠʮʝ 

HBEFA  Handbook Emission Factors for Road 

Transport 

ʇʨʠʨʫʯʥʠʢ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʟʘ ʜʨʫʤʩʢʘ ʚʦʟʠʣʘ 

HEPA Ho Chi Minh environmental protection 

agency 

ɸʛʝʥʮʠʿʘ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʍʦ ʐʠ 

ʄʠʥʘ 

HH model Hotchkiss and Harlow model ʄʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ 

Hit ratio   ʇʨʦʮʝʥʘʪ ʪʘʯʥʦ ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʦʜʛʦʚʦʨʘ 

HIWAY2  HIghWAY ʇʦʣʫʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ 

HL GOF  Hosmer and Lemeshow Goodnes Of Fit ʍʦʰʤʝʨ-ʃʝʤʝʰʦʚˀʝʚ ʢʨʠʪʝʨʠʿʫʤ ʩʘʛʣʘʩʥʦʩʪʠ 

I/M programs  Inspection and Maintance programs ʇʨʦʛʨʘʤʠ ʠʥʩʧʝʢʮʠʿʝ ʠ ʦʜʨʞʘʚʘˁʘ 

IA  Index of agreement ʀʥʜʝʢʩ ʩʣʘʛʘˁʘ (ʩʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨ ʩʣʘʛʘˁʘ 

ʠʟʤʝʨʝʥʠʭ ʠ ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ), ʧʦʞʝˀʥʘ 

ʰʪʦ ʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʙʣʠʞʘ ʿʝʜʠʥʠʮʠ. 

Inflow rate   ʂʦʣʠʯʠʥʘ ʧʨʠʣʠʚʘ ʩʚʝʞʝʛ ʚʘʟʜʫʭʘ ʧʦ ʿʝʜʠʥʠʮʠ 

ʜʫʞʠʥʝ 

ISF  ʀʥʩʪʠʪʫʪ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʬʘʢʫʣʪʝʪʘ 

J  ɹʨʦʿ ʿʝʜʠʥʩʪʚʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

K   ʉʣʫʯʘʿʥʘ ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʧʨʠʩʫʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʫ ʚʦʟʠʣʫ ʫ ɹʃʈ ʤʦʜʝʣʫ 

K(1)  ʅʝʟʘʚʠʩʥʝ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ 

ʛʨʫʧʠ ʚʦʟʠʣʘ ʢʦʿʘ ʥʝ ʧʦʩʝʜʫʿʫ ʢʘʪʘʣʠʟʘʪʦʨ  

kW   ʉʣʫʯʘʿʥʘ ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʩʥʘʛʫ ʤʦʪʦʨʘ ʚʦʟʠʣʘ ʫ ɹʃʈ ʤʦʜʝʣʫ 
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kW(1)  ʅʝʟʘʚʠʩʥʝ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ 

ʜʨʫʛʦʿ ʧʦʪʢʘʪʝʛʦʨʠʿʠ ʩʥʘʛʝ ʤʦʪʦʨʘ ʚʦʟʠʣʘ  

(41ï70 kW) ʫ ɹʃʈ ʤʦʜʝʣʫ 

kW(2)  ʅʝʟʘʚʠʩʥʝ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ 

ʪʨʝ˂ʦʿ ʧʦʪʢʘʪʝʛʦʨʠʿʠ ʩʥʘʛʝ ʤʦʪʦʨʘ ʚʦʟʠʣʘ  

(>70 kW) ʫ ɹʃʈ ʤʦʜʝʣʫ 

L   ʉʣʫʯʘʿʥʘ ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʫʢʫʧʥʦ ʧʨʝʹʝʥʝ 

ʢʠʣʦʤʝʪʨʘʞʝ ʚʦʟʠʣʘ ʫ ɹʃʈ ʤʦʜʝʣʫ 

Leeward side  ɿʘʚʝʪʨʝʥʘ ʩʪʨʘʥʘ (ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ) 

LEV  Low Emission Vehicle ɺʦʟʠʣo ʤʘʣʝ ʝʤʠʩʠʿʝ 

LL  Likelihood Logarithm ʃʦʛʘʨʠʪʘʤ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ 

LM   ʃʦʢʘʮʠʿʘ ʤʝʨʝˁʘ 

MATZOROS    ʄʦʜʝʣ ʧʨʦʮʝʥʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʫʣʠʮʘʤʘ (ʥʘʟʠʚ ʤʦʜʝʣʘ ʿʝ ʠʤʝ 

ˁʝʛʦʚʦʛ ʪʚʦʨʮʘ) 

MEET  Methodologies to Estimate Emissions 

from Transport 

ʄʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʨʦʮʝʥʫ ʝʤʠʩʠʿʝ ʧʦʨʝʢʣʦʤ ʠʟ 

ʩʘʦʙʨʘ˂ʘʿʘ 

MG  Geometric mean bias ʉʨʝʜˁʝ ʦʜʩʪʫʧʘˁʝ ʛʝʦʤʝʪʨʠʿʩʢʝ ʩʨʝʜʠʥʝ 

(ʩʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨ ʩʣʘʛʘˁʘ ʠʟʤʝʨʝʥʠʭ ʠ 

ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ)  

ML  Maximum Likelihood ʄʘʢʩʠʤʘʣʥʘ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪ 

MLS  Method of Least Squares ʄʝʪʦʜ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ 

MOBILE  MOBILE source emission factor model ʄʦʜʝʣ ʧʨʦʮʝʥʝ ʝʤʠʩʠʿʝ ʥʘ ʙʘʟʠ ʝʤʠʩʠʦʥʠʭ 

ʬʘʢʪʦʨʘ (ʧʦʩʣʝʜˁʘ ʚʝʨʟʠʿʘ ʿʝ 6.2) 

VFEM  Vehicle Fleet Emission Modelling ʄʦʜʝʣʠʨʘˁʝ ʝʤʠʩʠʿʝ ʚʦʟʥʦʛ ʧʘʨʢʘ 

MSE Mean square error ʉʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ 

N  ʉʝʚʝʨ 

n  ɹʨʦʿ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

NAEI  National Atmospheric Emissions 

Inventory 

ʅʘʮʠʦʥʘʣʥʠ ʢʘʪʘʩʪʘʨ ʝʤʠʩʠʿʝ ʘʪʤʦʩʬʝʨʩʢʠʭ 

ʟʘʛʘʹʠʚʘʯʘ 

NCMCE  Nordic Computational Method for Car 

Exhausts 

 

NE  ʉʝʚʝʨʦʠʩʪʦʢ 

NERI  National Environmental Research 

Institute 

ʅʘʮʠʦʥʘʣʥʠ ʠʥʩʪʠʪʫʪ ʠʩʪʨʘʞʠʚʘˁʘ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ 

NFR Nomenclature for reporting ʅʦʤʝʥʢʣʘʪʫʨʘ ʟʘ ʠʟʚʝʰʪʘʚʘˁʝ 

NIAR  Norwegian Institute for Air Research  

NMG  Non-Methane Gases ʅʝʤʝʪʘʥʩʢʠ ʛʘʩʦʚʠ 

NMSE Normalized Mean Square Error ʅʦʨʤʘʣʠʟʦʚʘʥʘ ʩʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ 

(ʩʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨ ʩʣʘʛʘˁʘ ʠʟʤʝʨʝʥʠʭ ʠ 

ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ)  

NMVOC  Non-methane volatile organic 

compounds 

ʅʝʤʝʪʘʥʩʢʘ ʠʩʧʘʨˀʠʚʘ ʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ 

NRMSE Normalized root mean square error ʅʦʨʤʘʣʠʟʦʚʘʥʠ ʢʦʨʝʥ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ 

(ʩʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨ ʩʣʘʛʘˁʘ ʠʟʤʝʨʝʥʠʭ ʠ 

ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ) 

OR Odds Ratio ʆʜʥʦʩ ʰʘʥʩʠ 

OSPM  Operational Street Pollution Model Oʧʝʨʘʪʠʚʥʠ ʤʦʜʝʣ ʟʘʛʘʹʝˁʘ ʫʣʠʮʝ 

OTO  Mʦʪʦʨ ʩʘ ʫʥʫʪʨʘʰˁʠʤ ʩʘʛʦʨʝʚʘˁʝʤ ʢʦʿʠ ʨʘʜʠ ʧʦ 

ʆʊʆ-ʚʦʤ ʮʠʢʣʫʩʫ ʠ ʢʦʨʠʩʪʠ ʤʦʪʦʨʥʠ ʙʝʥʟʠʥ ʠʣʠ 

ʥʝʢʦ ʛʘʩʦʚʠʪʦ ʛʦʨʠʚʦ 

Outflow rate  ʂʦʣʠʯʠʥʘ ʦʜʣʠʚʘ ʚʘʟʜʫʭʘ ʧʦ ʿʝʜʠʥʠʮʠ ʜʫʞʠʥʝ 

PA Percentage Analyses ɸʥʘʣʠʟʘ ʪʘʯʥʦ ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʦʜʛʦʚʦʨʘ 
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PHEM  Passenger car and Heavy-duty 

instantaneous Emission Model 

ʄʦʜʝʣ ʧʨʦʮʝʥʝ ʝʤʠʩʠʿʝ ʟʘ ʧʫʪʥʠʯʢʘ ʠ ʪʝʰʢʘ 

ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ 

PLUME 

model 

 ɻʘʫʩʦʚ ʤʦʜʝʣ ʜʠʩʪʨʠʙʫʮʠʿʝ (ʧʨʦʩʪʠʨʘˁʘ) 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʦʚʠʪʝ ʤʘʪʝʨʠʿʝ 

PM Particulate matter ʏʚʨʩʪʝ ʯʝʩʪʠʮʝ 

R  ʇʠʨʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ (ʩʪʘʪʠʩʪʠʯʢʠ 

ʠʥʜʠʢʘʪʦʨ ʩʣʘʛʘˁʘ ʠʟʤʝʨʝʥʠʭ ʠ ʤʦʜʝʣʠʨʘʥʠʭ 

ʚʨʝʜʥʦʩʪʠ), ʧʦʞʝˀʥʘ ʰʪʦ ʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʙʣʠʞʘ 

ʿʝʜʠʥʠʮʠ. 

RAINS Regional Air pollution Information and 

Simulation 

 

REMS  REMote Sensing ɼʘˀʠʥʩʢʦ ʦʯʠʪʘʚʘˁʝ 

RMSE Root mean square error ʂʦʨʝʥ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ 

ROC curve Receiver Operating Characteristic Curve ɻʨʘʬʠʯʢʠ ʪʝʩʪ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʥʝʟʘʚʠʩʥʠʭ ʥʘ 

ʟʘʚʠʩʥʫ ʧʨʦʤʝʥˀʠʚʫ 

RSM Response Surface Methodology ʄʝʪʦʜʦʣʦʛʠʿʘ ʦʜʟʠʚʘ ʧʦʚʨʰʠʥʝ 

S  ʉʣʫʯʘʿʥʘ ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʩʪʘʨʦʩʪ ʚʦʟʠʣʘ ʫ ɹʃʈ ʤʦʜʝʣʫ 

S  ɱʫʛ 

SCHED   Sealed Housing for Evaporative 

Determination 

 

SCREEN3 Screening Procedures for Estimating the 

Air Quality Impact of Stationary Source 

ɱʝʜʥʦʩʪʘʚʘʥ ʤʦʜʝʣ ʧʨʦʮʝʥʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʠʟ 

ʩʪʘʮʠʦʥʘʨʥʠʭ ʠʟʚʦʨʘ, ʙʘʟʠʨʘʥ ʥʘ ʪʝʭʥʠʢʘʤʘ 

ʨʝʰʝʪʢʝ 

SD Standard deviation ʉʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ 

SE  ɱʫʛʦʠʩʪʦʢ 

SMLRM -TE Selection of Multi-Factor Linear 

Regression Models-Based on Total 

Effect 

ʀʟʙʦʨ ʚʠʰʝʬʘʢʪʦʨʥʦʛ ʨʝʛʨʝʩʠʦʥʦʛ ʤʦʜʝʣʘ ʥʘ 

ʦʩʥʦʚʫ ʫʜʝʣʘ ʩʚʘʢʦʛ ʬʘʢʪʦʨʘ ʫ ʫʢʫʧʥʦʿ ʚʘʨʠʿʘʮʠʿʠ 

SNAP Selective nomenclature for air pollution ʉʝʣʝʢʪʠʚʥʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʟʘ ʘʝʨʦʟʘʛʘʹʝˁʝ 

Step down 

canyon 

 ʉʪʝʧʝʥʘʩʪʦ ʦʧʘʜʘʿʫ˂ʠ ʢʘˁʦʥʠ (ʢʘʜʘ ʿʝ ʧʨʦʩʝʯʥʘ 

ʚʠʩʠʥʘ ʫʟʚʦʜʥʠʭ ʟʛʨʘʜʘ ʚʝ˂ʘ ʦʜ ʧʨʦʩʝʯʥʝ ʚʠʩʠʥʝ 

ʥʠʟʚʦʜʥʠʭ ʟʛʨʘʜʘ) 

Step up  

canyon 

 ʉʪʝʧʝʥʘʩʪʦ ʨʘʩʪʫ˂ʠ ʢʘˁʦʥʠ (ʢʘʜʘ ʿʝ ʧʨʦʩʝʯʥʘ 

ʚʠʩʠʥʘ ʫʟʚʦʜʥʠʭ ʟʛʨʘʜʘ ʤʘˁʘ ʦʜ ʧʨʦʩʝʯʥʝ ʚʠʩʠʥʝ 

ʥʠʟʚʦʜʥʠʭ ʟʛʨʘʜʘ) 

STREET  STanford REsEarch insTitute ʄʦʜʝʣ ʧʨʦʮʝʥʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʫʣʠʮʘʤʘ 

SULEV Super Ultra-Low Emission Vehicle ɺʦʟʠʣʘ ʩʫʧʝʨ ʤʘʣʝ ʝʤʠʩʠʿʝ 

SW  ɱʫʛʦʟʘʧʘʜ 

SW  ʉʝʚʝʨʦʟʘʧʘʜ 

TEE  Traffic Energy and Emissions ʄʦʜʝʣ ʧʨʦʮʝʥʝ ʝʤʠʩʠʿʝ ʠʟ ʚʦʟʠʣʘ 

TKE  Turbulent Kinetic Energy ʅʠʚʦ ʪʫʨʙʫʣʝʥʪʥʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ 

TLEV  Transitional Low-Emission Vehicle  

TRANS Technical Committee on Transportation 

Systems Planning 

 

TRB Transportation Research Board ɹʦʨʜ ʟʘ ʠʩʪʨʘʞʠʚʘˁe ʩʘʦʙʨʘ˂ʘʿa 

TREMOVE  TRansport & MObility leuVEn  

TRENDS TRansport and ENvironment Database 

System 

 

UK-ADMS  UK Atmospheric Dispersion Modelling 

System 

ɿʚʘʥʠʯʥʠ ʤʦʜʝʣ ʋʿʝʜʠˁʝʥʦʛ ʂʨʘˀʝʚʩʪʚʘ ʟʘ 

ʧʨʦʮʝʥʫ ʘʝʨʦʟʘʛʘʹʝˁʘ ʠ ʤʦʜʝʣʠʨʘˁʝ ʜʠʩʧʝʨʟʠʿʝ 

ULEV  Ultra-Low Emission Vehicle ɺʦʟʠʣo ʚʝʦʤʘ ʤʘʣʝ ʝʤʠʩʠʿʝ 

Upwind 

building  

 ʋʟʚʦʜʥʘ ʟʛʨʘʜʘ 
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VEP Vehicle Emissions Prediction  

VERSIT+   ʄʦʜʝʣ ʧʨʦʮʝʥʝ ʝʤʠʩʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ  

VOC Volatile organic compound ʀʩʧʘʨˀʠʚa ʦʨʛʘʥʩʢa ʿʝʜʠˁʝˁʘ 

W  ʐʠʨʠʥʘ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ 

W  ɿʘʧʘʜ 

WHO  World Health Organization ʉʚʝʪʩʢʘ ʟʜʨʘʚʩʪʚʝʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ 

Windward 

side 

 ɺʝʪʨʦʚʠʪʘ ʩʪʨʘʥʘ (ʢʘˁʦʥʘ) 

WRF  Weather Research And Forecasting 

model 

 

ɹʃʄ  ɹʠʥʦʤʥʠ ʣʦʛʠʩʪʠʯʢʠ ʤʦʜʝʣ 

ɹʃʈ  ɹʠʥʦʤʥʘ ʣʦʛʠʩʪʠʯʢʘ ʨʝʛʨʝʩʠʿʘ 

ɹʋʉ  ɸʫʪʦʙʫʩ 

ɺʅʋ  ɺʝʪʘʨ ʫ ʥʠʚʦʫ ʫʣʠʮʝ  

ɺʆʉ  ɺʝʪʘʨ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ 

ɻɿɱɿ ɹʛʜ  ɻʨʘʜʩʢʠ ʟʘʚʦʜ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ɹʝʦʛʨʘʜ 

ɼʄ  ʋʣʠʮʘ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ 

ɼʦʤʘ˂ʘ 

ʚʦʟʠʣʘ 

 ʋʛʣʘʚʥʦʤ ʩʝ ʦʜʥʦʩʠ ʥʘ ʚʦʟʠʣʘ ʧʨʦʠʟʚʦʜˁʝ ʠ ʤʘʨʢʝ 

ɿʘʩʪʘʚʘ ʂʨʘʛʫʿʝʚʘʮ 

ɽ (1ï4)  ʇʨʦʮʝʥʘʪ ʚʦʟʠʣʘ ʯʠʿʘ ʝʤʠʩʠʿʘ ʿʝʩʪʝ ʫ ʛʨʘʥʠʮʘʤʘ 

ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ ɽʫʨʦ 1 ï ɽʫʨʦ 4 

ɽɽɸ European Environment Agency ɽʚʨʦʧʩʢʘ ʘʛʝʥʮʠʿʘ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ 

ɽʌ  ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨ 

ɿʉʊ  ɿʘʩʠ˂ʝʥ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ 

ʀʈ  ʀʥʪʝʥʟʠʚʥʠ ʨʝʞʠʤ (ʧʦʩʪʦʿʠ ʿʘʢʘ ʠʥʪʝʨʘʢʮʠʿʘ ʤʝʹʫ 

ʚʦʟʠʣʠʤʘ) 

ʃʈ  ʃʘʛʘʥ ʨʝʞʠʤ (ʥʝʤʘ ʠʥʪʝʨʘʢʮʠʿʝ ʤʝʹʫ ʚʦʟʠʣʠʤʘ) 

ʃʊɺ  ʃʘʢʦ ʪʝʨʝʪʥʦ ʚʦʟʠʣʦ 

ʄɺ  ʋʣʠʮʘ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ 

ʄʉʉʇ  ʄʝʨʦʜʘʚʥʘ ʩʪʨʫʢʪʫʨʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ 

ʇɸ  ʇʫʪʥʠʯʢʠ ʘʫʪʦʤʦʙʠʣ 

ʇʉ  ʇʦʚʨʰʠʥʩʢʦ ʩʪʨʫʿʘˁʝ ʧʨʝʢʦ ʟʙʠʿʝʥʠʭ ʦʙʿʝʢʘʪʘ 

ʉʀɺ  ʉʪʨʫʿʘˁʝ ʩʘ ʠʥʪʝʨʬʝʨʝʥʮʠʿʦʤ ʚʠʭʦʨʘ 

ʉʀʆ  ʉʪʨʫʿʘˁʝ ʧʨʝʢʦ ʠʟʦʣʦʚʘʥʦʛ ʦʙʿʝʢʪʘ 

ʉʈ  ʉʨʝʜˁʠ ʨʝʞʠʤ ʩʘʦʙʨʘ˂ʘʿʘ (ʧʦʩʪʦʿʠ ʠʥʪʝʨʘʢʮʠʿʘ 

ʤʝʹʫ ʚʦʟʠʣʠʤʘ) 

ʉʉɽ  ʉʠʩʪʝʤ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ 

ʉʉʊ  ʉʣʦʙʦʜʘʥ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ 

ʊRAPOS TRaffic POllution in Streets ɿʘʛʘʹʝˁʝ ʦʜ ʩʘʦʙʨʘ˂ʘʿʘ ʫ ʫʣʠʮʠ 

ʊʅɻ  ʊʝʯʥʠ ʥʘʬʪʥʠ ʛʘʩ 

ʊʉʊ Traffic induce turbulence ʊʫʨʙʫʣʝʥʮʠʿʘ ʚʘʟʜʫʭʘ ʠʟʘʟʚʘʥʘ ʩʘʦʙʨʘ˂ʘʿʝʤ 

ʊʊɺ  ʊʝʰʢʦ ʪʝʨʝʪʥʦ ʚʦʟʠʣʦ 

$  ɼʦʣʘʨ 

(E)OBD  (European Union) On-Board 

Diagnostics 

(ɽʚʨʦʧʩʢʘ) ʜʠʿʘʛʥʦʩʪʠʢʘ ʫ ʚʦʟʠʣʫ 

(UN)ECE (United Nations) Economic Commission 

for Europe 

ɽʢʦʥʦʤʩʢʘ ʢʦʤʠʩʠʿʘ (ʋʿʝʜʠˁʝʥʠʭ ʥʘʮʠʿʘ) ʟʘ 

ɽʚʨʦʧʫ 

(US)EPA  (United States) Environmental 

Protection Agency 

ɸʛʝʥʮʠʿʘ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ 

(ʉʿʝʜʠˁʝʥʠʭ ɸʤʝʨʠʯʢʠʭ ɼʨʞʘʚʘ) 

2W  ʄʦʪʦʮʠʢʣ 
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1. ʋɺʆɼ 

  

ʊʝʭʥʦʣʦʛʠʿʘ ʩʝ ʤʦʞʝ ʫʥʘʧʨʝʜʠʪʠ, ʘʣʠ ʩʝ ʤʦʨʘ ʩʭʚʘʪʠʪʠ ʜʘ 7 ʤʠʣʠʿʘʨʜʠ ˀʫʜʠ ʥʝ ʤʦʞʝ ʞʠʚʝʪʠ ʥʘ 

ʧʣʘʥʝʪʠ ɿʝʤˀʠ, ʘ ʜʘ ʧʨʠ ʪʦʤʝ ʥʝ ʧʦʩʪʦʿʝ ʧʦʩʣʝʜʠʮʝ ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ (Fenger, 2009) [1]. ʊʘʿ 

ʧʨʦʙʣʝʤ ʿʝ ʧʨʝ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʫʢʨʘʪʢʦ ʦʧʠʩʘʥ ʫ ʯʣʘʥʢʫ ĂHuman alteration of Earth is substantial 

and growingò ʯʘʩʦʧʠʩʘ ĂScience ò (Vitousek et al., 1997) [2]. ɱʝʜʘʥ ʮʠʪʘʪ ʢʦʿʠ ʧʦʜʨʞʘʚʘ ʧʨʚʫ 

ʨʝʯʝʥʠʮʫ ʛʣʘʩʠ: ,,ʏʦʚʝʢ ʿʝ ʪʨʘʥʩʬʦʨʤʠʩʘʦ ʠʟʤʝʹʫ ʿʝʜʥʝ ʪʨʝ˂ʠʥʝ ʠ ʿʝʜʥʝ ʧʦʣʦʚʠʥʝ ʧʦʚʨʰʠʥʝ 

ʟʝʤˀʠʰʪʘ; ʢʦʥʮʝʥʪʨʘʮʠʿʘ  ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ ʫ ʘʪʤʦʩʬʝʨʠ ʿʝ ʦʜ ʧʦʯʝʪʢʘ ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʝʚʦʣʫʮʠʿʝ 

ʧʦʚʝ˂ʘʥʘ ʟʘ ʩʢʦʨʦ 30%; ʚʠʰʝ ʦʜ ʧʦʣʦʚʠʥʝ ʜʦʩʪʫʧʥʝ ʩʣʘʪʢʝ ʚʦʜʝ ʢʦʨʠʩʪʠ ʯʦʚʝʢ; ʠ ʦʢʦ ʯʝʪʚʨʪʠʥʘ 

ʧʪʠʯʿʠʭ ʚʨʩʪʘ ʿʝ ʜʦʚʝʜʝʥʦ ʜʦ ʠʩʪʨʝʙˀʝˁʘ. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ, ʘʣʠ ʠ ʜʨʫʛʠʭ ʩʪʘʥʜʘʨʜʘ, ʿʘʩʥʦ ʿʝ ʜʘ 

ʞʠʚʠʤʦ ʥʘ ʧʣʘʥʝʪʠ ʥʘ ʢʦʿʦʿ ʜʦʤʠʥʠʨʘ ʯʦʚʝʢñ.       

 

ʇʨʝʪʭʦʜʥʠ ʧʘʩʫʩ ʠʜʝ ʫ ʧʨʠʣʦʛ ʯʠˁʝʥʠʮʠ ʜʘ ˀʫʜʩʢʘ ʟʘʿʝʜʥʠʮʘ ʰʠʨʦʤ ʧʣʘʥʝʪʝ ʠʤʘ ʩʚʝ ʟʥʘʯʘʿʥʠʿʠ 

ʧʨʦʙʣʝʤ ʩʘ ʢʚʘʣʠʪʝʪʦʤ ʚʘʟʜʫʭʘ, ʦʜʥʦʩʥʦ ʢʚʘʣʠʪʝʪʦʤ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʆʥ ʿʝ ʥʘʿʠʟʨʘʞʝʥʠʿʠ ʫ 

ʛʨʘʜʦʚʠʤʘ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʜʦʟʚʦˀʝʥʠ ʩʪʘʥʜʘʨʜʠ ʧʦʤʝʥʫʪʦʛ ʢʚʘʣʠʪʝʪʘ ʪʘʤʦ ʯʝʩʪʦ ʧʨʝʢʦʨʘʯʫʿʫ. 

 

ʋ ɽʚʨʦʧʠ 80% ʩʪʘʥʦʚʥʠʰʪʚʘ ʞʠʚʠ ʫ ʛʨʘʜʩʢʠʤ ʦʙʣʘʩʪʠʤʘ ʠ ʥʘʿʚʝ˂ʠ ʜʦʧʨʠʥʦʩ ʰʪʝʪʥʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ ʠʤʘ ʩʘʦʙʨʘ˂ʘʿ, ʥʘʨʦʯʠʪʦ ʜʨʫʤʩʢʠ ʩʘʦʙʨʘ˂ʘʿ (Colvile et al., 2001) 

[3]. ʊʝʭʥʦʣʦʰʢʘ ʫʥʘʧʨʝʹʝˁʘ ʠ ʟʘʢʦʥʠ ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʫ ʝʤʠʩʠʿʫ ʜʦʚʝʣʠ ʩʫ ʜʦ ʧʦʿʝʜʠʥʘʯʥʦʛ 

ʩʤʘˁʝˁʘ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ, ʤʝʹʫʪʠʤ, ʧʦʨʘʩʪ ˁʠʭʦʚʦʛ ʙʨʦʿʘ ʫʪʠʯʝ ʥʘ ʪʦ ʜʘ ʩʚʠ ʪʘʢʚʠ ʥʘʧʦʨʠ ʥʠʩʫ 

ʜʦʚʦˀʥʠ ʜʘ ʩʝ ʜʦʩʪʠʛʥʫ ʩʚʝ ʨʝʩʪʨʠʢʪʠʚʥʠʿʠ ʩʪʘʥʜʘʨʜʠ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ. ʆʩʠʤ ʪʦʛʘ, ʫ ʥʝʢʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʥʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ ʧʦʚʝ˂ʘʚʘʿʫ ʝʤʠʩʠʿʫ ʩʧʝʮʠʬʠʯʥʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʧʦʧʫʪ 

ʦʢʩʠʜʘʮʠʦʥʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʣʠ ʧʦʩʝʙʥʠʭ ʬʠʣʪʝʨʘ, ʿʝʨ ʧʦʚʝ˂ʘʚʘʿʫ ʝʤʠʩʠʿʫ ʘʟʦʪ-ʜʠʦʢʩʠʜʘ (Carslaw 

et al., 1996) [4]. ʋ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʦʜ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʤʦʞʝʤʦ ʠʟʜʚʦʿʠʪʠ: ʫʛˀeʥ-

ʤʦʥʦʢʩʠʜ (CO); ʦʢʩʠʜʠ ʘʟʦʪʘ (NOx), ʥʘʿʯʝʰ˂ʝ ʘʟʦʪ-ʤʦʥʦʢʩʠʜ (NO) ʠ ʘʟʦʪ-ʜʠʦʢʩʠʜ (NO2), 

ʫʛʦˀʚʦʜʦʥʠʮʠ (HC); ʯʚʨʩʪʝ ʯʝʩʪʠʮʝ (PM2,5-10) ʠ ʙʝʥʟʝʥ (C6H6) ʢʦʿʠ ʧʨʠʧʘʜʘ ʛʨʫʧʠ ʠʩʧʘʨˀʠʚʠʭ 

ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ (ʝʥʛ. Volatile Organic Compounds - VOCs). 

 

ɹʨʦʿ ʩʪʘʥʠʮʘ ʫ ʛʨʘʜʫ ʟʘ ʢʦʥʪʠʥʫʘʣʥʦ ʧʨʘ˂ʝˁʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʧʨʘʢʪʠʯʥʦ ʿʝ ʦʛʨʘʥʠʯʝʥ ʫʩʣʝʜ 

ʧʦʯʝʪʥʠʭ ʠ ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʦʰʢʦʚʘ, ʚʝʣʠʯʠʥʝ ʠ ʦʙʣʠʢʘ ʦʧʨʝʤʝ, ʤʦʛʫ˂ʥʦʩʪʠ ʥʘʧʘʿʘˁʘ ʠʪʜ. ɿʘʪʦ ʿʝ 

ʚʘʞʥʦ ʦʙʝʟʙʝʜʠʪʠ ʦʧʪʠʤʘʣʥʦ ʠʩʢʦʨʠʰ˂ʝˁʝ ʨʘʩʧʦʣʦʞʠʚʝ ʦʧʨʝʤʝ, ʘ ʪʦ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʜʦʜʘʪʥʠʤ 

ʘʣʪʝʨʥʘʪʠʚʥʠʤ ʤʝʨʘʤʘ ʠ ʪʝʭʥʠʢʘʤʘ ʤʦʜʝʣʠʨʘˁʘ ʨʘʜʠ ʧʦʪʧʫʥʝ ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʠ 

ʫʪʚʨʹʠʚʘˁʘ ʠʟʣʦʞʝʥʦʩʪʠ ʰʪʝʪʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʛʫʩʪʦ ʥʘʩʝˀʝʥʝ ʛʨʘʜʩʢʝ ʧʦʧʫʣʘʮʠʿʝ. ʉʚʘʢʠ ʤʦʜʝʣ 

ʜʠʩʧʝʨʟʠʿʝ ʤʦʨʘ ʫ ʩʝʙʠ ʠʥʢʦʨʧʦʨʠʨʘʪʠ ʫʪʠʮʘʿ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ 

ʧʦʨʝʜ ʢʦʣʦʚʦʟʘ ʠ ʪʦ ʟʘ ʯʠʪʘʚ ʦʧʩʝʛ ʫʣʠʯʥʠʭ ʛʝʦʤʝʪʨʠʿʘ ʠ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠʟ ʦʢʦʣʥʝ 

ʩʨʝʜʠʥʝ. ʊʝʢ ʦʥʜʘ ʧʨʦʮʝʥʝ ʤʦʜʝʣʘ ʤʦʛʫ ʙʠʪʠ ʘʜʝʢʚʘʪʥʦ ʠʩʢʦʨʠʰ˂ʝʥʝ ʫ ʩʪʨʘʪʝʛʠʿʘʤʘ ʫʧʨʘʚˀʘˁʘ 

ʩʘʦʙʨʘ˂ʘʿʝʤ ʠ ʧʨʠʣʠʢʦʤ ʦʜʣʫʯʠʚʘˁʘ ʦ ʢʚʘʣʠʪʝʪʫ ʚʘʟʜʫʭʘ. 
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ʉʚʝʦʙʫʭʚʘʪʥʘ ʧʨʦʮʝʥʘ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʟʘʭʪʝʚʘ ʩʠʤʫʣʪʘʥʘ ʤʝʨʝˁʘ ʢˀʫʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʘʣʠ 

ʪʨʝʥʫʪʥʦ ʧʦʩʪʦʿʠ ʚʝʦʤʘ ʤʘʣʦ ʧʦʫʟʜʘʥʠʭ ʧʦʜʘʪʘʢʘ. ʋ ʦʚʦʿ ʩʪʫʜʠʿʠ, ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʪʝʨʝʥʩʢʘ 

ʠʩʧʠʪʠʚʘˁʘ, ʥʘʧʨʘʚˀʝʥ ʿʝ ʧʦʢʫʰʘʿ ʜʝʬʠʥʠʩʘˁʘ ʫʪʠʮʘʿʘ ʧʘʨʘʤʝʪʘʨʘ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʜʠʩʧʝʨʟʠʿʫ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʠ ʪʦ ʫ ʜʚʝ ʫʣʠʮʝ ʨʘʟʣʠʯʠʪʝ ʛʝʦʤʝʪʨʠʿʝ ʛʨʘʜʘ ʂʨʘˀʝʚʘ. ʀʩʪʦʚʨʝʤʝʥʠ ʤʦʥʠʪʦʨʠʥʛ 

ʧʨʦʩʪʦʨʥʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʜʝʪʘˀʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʧʨʘʚʮʠʤʘ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ 

ʩʨʝʜʠʥʝ, ʫʣʠʯʥʝ ʛʝʦʤʝʪʨʠʿʝ ʠ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ ʠʩʪʨʘʞʠʚʘˁʝ ʟʥʘʯʘʿʘ 

ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʫ ʦʙʣʘʩʪʠ ʦʢʦ ʢʦʣʦʚʦʟʘ.   

 
1.1. ʆʩʥʦʚʥʝ ʭʠʧʦʪʝʟʝ ʦʜ ʢʦʿʠʭ ʩʝ ʧʦʣʘʟʠ ʫ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ 

 

ʀʟʙʦʨʦʤ ʦʧʪʠʤʘʣʥʦʛ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʨʠʤʘʨʥʦ ʥʘʩʪʘʣʦʤ ʦʜ ʜʨʫʤʩʢʦʛ 

ʩʘʦʙʨʘ˂ʘʿʘ, ʤʦ˂ʠ ˂ʝ ʩʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʫʢʫʧʥʘ ʝʤʠʩʠʿʘ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ, ʰʪʦ ʿʝ ʦʜ ʟʥʘʯʘʿʘ ʟʘ ˀʫʜʩʢʦ 

ʟʜʨʘʚˀʝ ʠ ʫʥʘʧʨʝʹʝˁʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʋ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʭʠʧʦʪʝʟʝ ʢʦʿʝ ˂ʝ ʩʝ ʫ ʦʚʦʿ 

ʪʝʟʠ ʦʙʨʘʜʠʪʠ ʠ ʜʦʢʘʟʘʪʠ. ʆʩʥʦʚʥʘ ʭʠʧʦʪʝʟʘ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ: 

 

H0: ʄʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʟʘʿʝʜʥʠʯʢʠ ʫʟʨʦʢʦʚʘʥ ʦʜ ʝʤʠʩʠʿʝ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʠ 

ʨʝʘʣʥʠʭ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʬʣʫʢʪʫʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʢʚʘʣʠʪʝʪʘʥ ʘʣʘʪ ʫ ʩʪʨʘʪʝʛʠʿʠ ʢʦʥʪʨʦʣʝ 

ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʿʝʜʥʝ ʩʨʝʜʠʥʝ. 

 

ʋ ʩʘʚʨʝʤʝʥʦʤ ʜʦʙʫ, ʫʩʣʝʜ ʘʢʫʪʥʦʛ ʫʪʠʮʘʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʥʘ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ ʠ ʚʠʩʦʢʠʭ 

ʪʨʦʰʢʦʚʘ ʧʦʩʪʘʚˀʘˁʘ ʠ ʦʜʨʞʘʚʘˁʘ ʤʦʥʠʪʦʨʠʥʛ ʩʠʩʪʝʤʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʨʘʟʚʠʪʠ ʜʦʚʦˀʥʦ 

ʢʚʘʣʠʪʝʪʥʫ ʧʨʦʮʝʥʫ, ʩʨʝʜʩʪʚʦ ʫʧʨʘʚˀʘˁʘ ʠʣʠ ʪʝʭʥʠʢʫ ʤʦʜʝʣʠʨʘˁʘ ʰʪʝʪʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ. 

ɽʤʧʠʨʠʿʩʢʘ ʤʝʪʦʜʘ ʤʦʞʝ ʙʠʪʠ ʙʘʟʠʨʘʥʘ ʥʘ ʫʢʨʰʪʝʥʦʿ ʢʦʨʝʣʘʮʠʿʠ ʧʨʠʢʫʧˀʝʥʠʭ ʤʝʨʥʠʭ ʧʦʜʘʪʘʢʘ. 

ʆʚʘʿ ʤʝʪʦʜ ʿʝ ʧʦʫʟʜʘʥ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʜʫʛʦʨʦʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʘʪʝʨʠʿʘ (ʠʤʠʩʠʿʘ) ʫ ʘʪʤʦʩʬʝʨʠ. 

 

ʇʦʿʝʜʠʥʘʯʥʝ ʭʠʧʦʪʝʟʝ ʩʫ: 

 

H1: ɺʨʝʜʥʦʩʪʠ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ, ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʘʨʘʤʝʪʨʠ ʠ ʧʘʨʘʤʝʪʨʠ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʫʪʠʯʫ ʥʘ ʠʤʠʩʠʿʫ ʢʦʿʘ ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʠ ʪʘʿ ʫʪʠʮʘʿ ʩʝ ʤʦʞʝ 

ʩʘʛʣʝʜʘʪʠ ʧʨʠʤʝʥʦʤ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ ʤʦʜʝʣʘ. 

 

ɺʝʣʠʯʠʥʘ ʠʤʠʩʠʿʝ ʢʦʿʘ ʚʝ˂ʠʤ ʜʝʣʦʤ ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʟʘʚʠʩʠ ʦʜ ʩʪʨʫʢʪʫʨʝ 

ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʠ ʫʩʣʦʚʘ ʫ ʢʦʿʠʤʘ ʩʝ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ ʬʦʨʤʠʨʘ ʠ ʨʝʘʣʠʟʫʿʝ. ʋ ʫʩʣʦʚʠʤʘ ʛʨʘʜʩʢʝ 

ʚʦʞˁʝ ʚʦʟʠʣʦ ʩʝ ʫʛʣʘʚʥʦʤ ʢʨʝ˂ʝ ʫ ʥʝʧʦʚʦˀʥʠʤ ʨʝʞʠʤʠʤʘ ʩʘ ʘʩʧʝʢʪʘ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ, ʰʪʦ 

ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʝ. ʊʘʢʦʹʝ, ʿʝʜʘʥ ʙʨʦʿ ʚʦʟʠʣʘ ʥʝ ʤʦʞʝ ʙʨʟʦ ʧʦʩʪʠ˂ʠ ʦʧʪʠʤʘʣʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʜʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʰʪʦ ʦʧʝʪ ʧʨʦʫʟʨʦʢʫʿʝ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʝ ʦʜ ʜʦʟʚʦˀʝʥʠʭ 

ʩʪʘʥʜʘʨʜʘ.  



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

3 

 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʘ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘʤʘ ʚʠʰʝʛ ʨʘʥʛʘ ʫʩʣʝʜ ʚʝ˂ʠʭ ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʿʘʚˀʘ ʩʝ ʠ 

ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʘ. ɿʘʪʦ ʿʝ ʧʦʩʝʙʥʦ ʚʘʞʥʦ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʩʚʝ ʫʪʠʮʘʿʥʝ ʧʘʨʘʤʝʪʨʝ ʠ ʧʨʠʤʝʥʦʤ 

ʩʘʚʨʝʤʥʦʛ ʤʦʜʝʣʘ ʩʠʤʫʣʠʨʘʪʠ ʝʤʠʩʠʿʫ. 

 

ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʘʪʤʦʩʬʝʨʠ ʩʝ ʤʦʛʫ ʪʨʝʪʠʨʘʪʠ ʢʘʦ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʩʝ 

ʤʦʛʫ ʩʘʩʚʠʤ ʜʦʙʨʦ ʦʧʠʩʘʪʠ ʛʫʩʪʠʥʦʤ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʘ. ʄʝʹʫʪʠʤ, ʪʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʫ 

ʰʪʝʪʝ ʟʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʘ ʧʦʩʝʙʥʦ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ, ʫʟʨʦʢʦʚʘʥʝ ʥʝ ʩʘʤʦ ʝʢʩʪʨʝʤʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʪʘʢʚʠʭ ʤʘʪʝʨʠʿʘ ʚʝ˂ ʠ ʫʩʪʘˀʝʥʠʤ ʧʨʦʩʝʯʥʠʤ ʚʝʣʠʯʠʥʘʤʘ. ɿʘʪʦ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʠʩʧʠʪʘʪʠ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʛʜʝ ʩʝ ʬʦʨʤʠʨʘ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ (ʛʨʘʜʩʢʠ ʢʦʣʦʚʦʟʠ, ʦʜʥʦʩʥʦ 

ʫʣʠʮʝ ʠʣʠ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʚʠʰʝʛ ʨʘʥʛʘ), ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʝʤʠʩʠʿʘ ʚʦʟʠʣʘ ʫ ʩʘʜʝʿʩʪʚʫ ʩʘ 

ʤʝʪʝʦʨʦʣʦʰʢʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʫʪʠʯʝ ʥʘ ʨʝʟʫʣʪʘʪʝ ʩʘʚʨʝʤʝʥʠʭ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ. 

 

H2: ʈʝʟʫʣʪʘʪ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʢʦʿʠ ʠʤʘ ʥʘʿʙʦˀʝ ʩʣʘʛʘˁʝ ʩʘ ʝʤʧʠʨʠʿʩʢʠ 

ʜʦʙʠʿʝʥʠʤ ʧʦʜʘʮʠʤʘ ʠʤʠʩʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʘʨ ʤʦʜʝʣ ʟʘ ʦʮʝʥʫ ʠ ʧʨʝʜʠʢʮʠʿʫ ʠʤʠʩʠʿʝ. 

 

ʄʦʥʠʪʦʨʠʥʛ ʩʚʠʭ ʧʦʪʝʥʮʠʿʘʣʥʦ ʚʝʣʠʢʠʭ ʝʤʠʪʝʨʘ ʘʝʨʦʟʘʛʘʹʝˁʘ, ʢʘʦ ʠ ʚʝ˂ʠʥʝ ʛʘʩʦʚʠʪʠʭ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʫʪʠʯʫ ʥʘ ʬʦʨʤʠʨʘˁʝ ʠʤʠʩʠʿʝ, ʿʝʩʪʝ ʥʝʧʨʘʢʪʠʯʥʦ. ɸʥʘʣʠʟʦʤ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ ʥʘ 

ʪʝʨʝʥʫ ʠ ʨʘʟʚʦʿʝʤ ʝʤʧʠʨʠʿʩʢʠʭ ʤʦʜʝʣʘ ʢʦʿʠ ʦʙʨʘʹʫʿʫ ʠʤʠʩʠʿʫ, ʿʝʜʥʘ ʣʦʢʘʮʠʿʘ ʫ ʛʨʘʜʫ ʤʦʞʝ ʙʠʪʠ 

ʠʩʢʦʨʠʰ˂ʝʥʘ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʠʤʠʩʠʿʝ ʫ ʜʨʫʛʦʤ ʜʝʣʫ ʛʨʘʜʘ, ʘ ʘʢʦ ʩʝ ʧʨʠ ʪʦʤʝ ʿʘʩʥʦ ʜʝʬʠʥʠʰʫ 

ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ ʠ ʫʩʣʦʚʠ ʦʧʝʨʘʪʠʚʥʦʛ ʨʘʜʘ ʥʘʚʝʜʝʥʦʛ ʤʦʜʝʣʘ, ʨʝʘʣʥʘ ʿʝ ʧʨʝʜʠʢʮʠʿʘ ʠ ʟʘ ʜʨʫʛʘ 

ʥʘʩʝˀʝʥʘ ʤʝʩʪʘ. ʇʨʠʤʝʥʦʤ ʢʚʘʣʠʪʝʪʥʠʭ ʤʦʜʝʣʘ ʤʦʛʫ˂ʝ ʿʝ ʚʨʰʠʪʠ ʘʥʘʣʠʟʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʿ ʤʨʝʞʠ 

ʧʨʦʤʝʥʦʤ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʨʝʞʠʤʘ ʠʣʠ ʠʥʪʝʥʟʠʪʝʪʘ ˁʠʭʦʚʠʭ ʪʦʢʦʚʘ ʩʘ ʧʨʠʤʘʨʥʠʤ ʝʢʦʣʦʰʢʠʤ 

ʮʠˀʝʤ. 

 
1.2. ʇʨʝʜʤʝʪ ʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʘʢʪʫʝʣʥʦʩʪʠ ʫ ʦʙʣʘʩʪʠ 

 
ʉʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʘ ʿʝʜʥʦʛ ʧʦʜʨʫʯʿʘ ʦʙʝʟʙʝʹʫʿʝ ʤʥʦʛʝ ʢʦʨʠʩʪʠ, ʤʝʹʫʪʠʤ, ʩʚʝʫʢʫʧʥʝ ʩʦʮʠʦʣʦʰʢʝ, 

ʝʢʦʥʦʤʩʢʝ ʠ ʝʢʦʣʦʰʢʝ ʫʪʠʮʘʿʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʠ ʧʦʨʝʜ ʥʘʧʨʝʪʢʘ ʜʘʥʘʰˁʝ ʥʘʫʢʝ ʠ 

ʪʝʭʥʦʣʦʛʠʿʝ, ʿʦʰ ʿʝ ʪʝʰʢʦ ʦʮʝʥʠʪʠ ʠ ʧʨʝʜʚʠʜʝʪʠ. ʀʘʢʦ ʜʫʞ ʢʦʣʦʚʦʟʘ ʥʠʚʦ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʤʦʞʝ 

ʙʠʪʠ ʥʝʧʨʦʤʝʥˀʠʚ, ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʜʘ ʚʘʨʠʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʝʧʝʥʘ ʨʘʟʚʦʿʘ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʩʧʝʨʛʦʚʘˁʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʦʢʦʣʥʫ ʩʨʝʜʠʥʫ. ɿʘʪʦ ʤʦʞʝʤʦ ʨʝ˂ʠ ʜʘ ʩʝ ʢʚʘʣʠʪʝʪ 

ʚʘʟʜʫʭʘ ʫʧʨʘʚʦ ʦʜʥʦʩʠ ʥʘ ˁʠʭʦʚʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʫ ʘʪʤʦʩʬʝʨʠ.   

 

ʇʨʝʜʤʝʪ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝʩʪʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʦʮʝʥʘ ʟʥʘʯʘʿʥʦʩʪʠ ʫʪʠʮʘʿʥʠʭ ʚʝʣʠʯʠʥʘ ʥʘ 

ʘʝʨʦʟʘʛʘʹʝˁʝ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ, ʧʨʠ ʯʝʤʫ ˂ʝ ʙʠʪʠ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʧʘʨʘʤʝʪʨʠ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʜʦʤʠʮʠʣʥʦʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ, ʢʘʦ ʠ ʬʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʘʤʙʠʿʝʥʪʘʣʥʦ ʦʢʨʫʞʝˁʝ ʫ ʢʦʿʝʤ ʩʝ 

ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ ʬʦʨʤʠʨʘ ʠ ʨʝʘʣʠʟʫʿʝ. ʇʨʝʜʤʝʪ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝʩʪʝ ʠ ʘʥʘʣʠʟʘ ʧʦʩʪʦʿʝ˂ʠʭ ʤʦʜʝʣʘ ʟʘ 

ʜʠʩʧʝʨʟʠʿʫ ʠʤʠʩʠʿʝ, ʪʘʢʦʹʝ ʧʨʠʤʘʨʥʦ ʫʟʨʦʢʦʚʘʥʫ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ. 
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ʇʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʧʨʝʹʝʥʠʭ ʢʠʣʦʤʝʪʘʨʘ ʩʘʚʨʝʤʝʥʠʭ ʚʦʟʠʣʘ ʫʩʣʦʚʠʣʦ ʿʝ ʧʦʨʘʩʪ ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ 

ʫʧʨʢʦʩ ʧʦʦʰʪʨʘʚʘˁʫ ʤʝʹʫʥʘʨʦʜʥʠʭ ʝʢʦʣʦʰʢʠʭ ʩʪʘʥʜʘʨʜʘ (Bielli et al., 1998; ECMT, 2001) [5], [6]. 

ʉʪʨʫʯʥʝ ʩʪʫʜʠʿʝ ʿʘʩʥʦ ʩʫ ʫʪʚʨʜʠʣʝ ʜʘ ʩʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʤʠʢʨʦʦʢʨʫʞʝˁʫ 

(ʛʨʘʜʩʢʝ ʘʨʪʝʨʠʿʝ, ʧʝʰʘʯʢʝ ʩʪʘʟʝ, ʜʨʫʤʩʢʠ ʢʦʨʠʜʦʨʠ ʠʪʜ.) ʟʥʘʪʥʦ ʨʘʟʣʠʢʫʿʫ ʦʜ ʦʥʠʭ ʢʦʿʝ ʩʝ 

ʨʝʛʠʩʪʨʫʿʫ ʥʘ ʩʪʘʥʠʮʘʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠ ʤʦʥʠʪʦʨʠʥʛ ʚʘʟʜʫʭʘ (Liu et al., 1994; Ott et al., 1994; Karim 

et al., 1996; 1998) [7], [8], [9], [10]. ʊʘʢʦʹʝ, ʥʝʤʘ ʧʦʢʣʘʧʘˁʘ ʨʝʘʣʥʝ ʝʤʠʩʠʿʝ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʝʤʠʩʠʿʝ 

ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ ʪʦʢʦʤ ʭʦʤʦʣʦʛʘʮʠʿʝ ʚʦʟʠʣʘ ʢʦʨʠʰ˂ʝˁʝʤ ʥʦʚʠʭ ʚʦʟʥʠʭ ʮʠʢʣʫʩʘ (BTS, 1997; 

Pickrell, 1999; Bin, 2003; Dabbas, 2010) [11], [12], [13], [14]. 

 

ʋ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ ʚʦʟʠʣʘ ʩʝ ʫʛʣʘʚʥʦʤ ʢʨʝ˂ʫ ʧʦ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘʤʘ ʢʦʿʝ ʩʫ ʦʧʢʦˀʝʥʝ ʚʠʩʦʢʠʤ 

ʟʛʨʘʜʘʤʘ, ʢʦʿʝ ʧʦʧʫʪ ʟʠʜʘ ʦʤʝʪʘʿʫ ʧʨʠʩʪʫʧ ʚʘʟʜʫʰʥʠʤ ʩʪʨʫʿʘʤʘ ʠ ʪʘʢʦ ʦʪʝʞʘʚʘʿʫ ʧʨʦʚʝʪʨʘʚʘˁʝ. 

ɿʘʪʦ ʿʝ ʩʘʩʚʠʤ ʿʘʩʥʦ ʜʘ ʩʝ ʤʦʜʝʣʠ ʜʠʩʧʝʨʟʠʿʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʤʦʨʘʿʫ ʦʮʝˁʠʚʘʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʫʨʙʘʥʠʤ ʫʩʣʦʚʠʤʘ ʠ ʟʘ ʮʝʦ ʦʧʩʝʛ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʩʪʘˁʘ ʫ ʢʦʿʠʤʘ ʩʝ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ ʬʦʨʤʠʨʘ ʠ 

ʨʝʘʣʠʟʫʿʝ. ʋ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, ʢʘʜʘ ʿʝ ʤʘˁʘ ʙʨʟʠʥʘ ʩʪʨʫʿʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, 

ʧʦʿʝʜʠʥʠ ʤʦʜʝʣʠ ʜʠʩʧʝʨʟʠʿʝ ʜʘʿʫ ʜʦʙʨʦ ʩʣʘʛʘˁʝ ʩʘ ʝʤʧʠʨʠʿʩʢʠʤ ʧʦʜʘʮʠʤʘ (Wei and Qin, 2010) 

[15]. 

 

ʆʩʥʦʚʥʠ ʮʠˀ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝʩʪʝ ʘʥʘʣʠʟʘ ʫʪʠʮʘʿʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʩʪʝʧʝʥ ʘʝʨʦʟʘʛʘʹʝˁʘ ʦʜ ʜʨʫʤʩʢʦʛ 

ʩʘʦʙʨʘ˂ʘʿʘ, ʠʟʙʦʨ ʦʧʪʠʤʘʣʥʦʛ ʤʦʜʝʣʘ ʟʘ ʧʨʦʮʝʥʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠ ʧʨʝʜʣʦʟʠ ʟʘ 

ʘʜʘʧʪʘʮʠʿʫ ʤʦʜʝʣʘ ʜʘʪʠ ʢʨʦʟ ʧʦʩʪʫʧʘʢ ʚʘʨʠʿʘʮʠʿʝ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠʭ ʠ ʦʮʝˁʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʠ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʦʢʨʫʞʝˁʘ ʥʘʰʝʛ ʧʦʜʥʝʙˀʘ. 

 

ʀʟʙʦʨʦʤ ʦʧʪʠʤʘʣʥʦʛ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʤʦ˂ʠ ˂ʝ ʩʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʫʢʫʧʥʘ ʝʤʠʩʠʿʘ ʚʦʟʠʣʘ, ʰʪʦ ʿʝ ʦʜ 

ʟʥʘʯʘʿʘ ʟʘ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ. ʀʘʢʦ ʩʫ ʪʝʭʥʦʣʦʰʢʝ ʠʥʦʚʘʮʠʿʝ ʥʘ ʤʦʪʦʨʫ ʜʦʚʝʣʝ ʜʦ ʙʠʪʥʦʛ ʩʤʘˁʝˁʘ 

ʘʝʨʦʟʘʛʘʹʝˁʘ ʦʜ ʩʪʨʘʥʝ ʥʦʚʠʭ ʚʦʟʠʣʘ, ʧʨʦʙʣʝʤ ʩʫ ʦʥʘ ʫʨʘʹʝʥʘ ʧʦ ʩʪʘʨʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ. ɿʘʧʨʘʚʦ, 

ʥʘʰʘ ʟʝʤˀʘ ʧʨʝʜʩʪʘʚˀʘ ʪʝʨʠʪʦʨʠʿʫ ʩʘ ʟʥʘʪʥʠʤ ʫʯʝʰ˂ʝʤ ʪʘʢʚʠʭ ʫ ʫʢʫʧʥʦʤ ʚʦʟʥʦʤ ʧʘʨʢʫ, ʧʘ ʩʫ 

ʥʝʦʧʭʦʜʥʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ ʜʘ ʙʠ ʩʝ ʩʘʟʥʘʣʦ ʢʘʢʦ ʩʝ ʧʦʩʪʦʿʝ˂ʠ ʤʦʜʝʣʠ ʟʘ ʧʨʦʮʝʥʫ ʘʝʨʦʟʘʛʘʹʝˁʘ 

ʩʣʘʞʫ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʤ ʧʦʜʘʮʠʤʘ. ʊʘʢʦʹʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʩʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟʫ ʢʦʿʘ ʙʠ 

ʧʦʢʘʟʘʣʘ ʢʦʿʠ ʩʫ ʪʦ ʫʪʠʮʘʿʥʠ ʧʘʨʘʤʝʪʨʠ ʧʨʝʩʫʜʥʠ ʧʨʠʣʠʢʦʤ ʤʦʜʝʣʠʨʘˁʘ ʘʝʨʦʟʘʛʘʹʝˁʘ ʦʜ 

ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʢʘʢʦ ʩʝ ˁʠʭʦʚʠʤ ʧʨʦʤʝʥʘʤʘ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ. 

 

ʋ ʮʠˀʫ ʢʦʥʪʨʦʣʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ, ʩʚʝʪʩʢʘ ʩʪʨʫʯʥʘ ʿʘʚʥʦʩʪ ʿʝ ʫ ʧʦʩʣʝʜˁʦʿ ʜʝʮʝʥʠʿʠ ʧʨʝʜʫʟʝʣʘ 

ʥʝʢʦʣʠʢʦ ʚʘʞʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦ ʧʠʪʘˁʫ ʜʝʬʠʥʠʩʘˁʘ ʤʦʜʝʣʘ ʠʤʠʩʠʿʝ ʧʨʠʤʘʨʥʦ ʫʟʨʦʢʦʚʘʥʝ 

ʝʤʠʩʠʿʦʤ ʚʦʟʠʣʘ. ʄʝʹʫʪʠʤ, ʥʘʞʘʣʦʩʪ, ʤʝʭʘʥʠʟʤʠ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ 

ʘʪʤʦʩʬʝʨʫ ʠ ʜʝʛʨʘʜʘʮʠʿʫ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʿʦʰ ʥʠʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ ʠ ʩʭʚʘ˂ʝʥʠ ʫ 

ʥʘʰʦʿ ʟʝʤˀʠ ʠ ʫ ʥʘʰʠʤ ʫʩʣʦʚʠʤʘ. 
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1.3. ɺʝʟʘ ʩʘ ʜʦʩʘʜʘʰˁʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠ ʤʝʪʦʜʝ ʢʦʨʠʰ˂ʝʥʝ ʫ ʠʩʪʨʘʞʠʚʘˁʫ 

 

ɼʦ ʩʘʜʘ ʩʫ ʠʟʚʨʰʝʥʘ ʙʨʦʿʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʩʚʝʪʫ ʠʟ ʦʚʝ ʦʙʣʘʩʪʠ. ʈʘʟʚʠʿʝʥʠ ʩʫ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʢʦʤʧʿʫʪʝʨʩʢʠ ʘʣʛʦʨʠʪʤʠ (ʧʨʦʛʨʘʤʠ), ʢʦʿʠ ʩʫ ʧʦʣʘʟʥʘ ʪʘʯʢʘ ʟʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. 

ʂʦʤʧʿʫʪʝʨʩʢʠ ʧʨʦʛʨʘʤʠ ʢʦʿʠ ʩʝ ʜʘʥʘʩ ʥʘʿʚʠʰʝ ʢʦʨʠʩʪʝ ʧʨʠʣʠʢʦʤ ʧʨʦʨʘʯʫʥʘ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʩʫ 

COPERT [European Environment Agency - ɽɽɸ] ʠ MOBILE [United States Environmental Protection 

Agency - US EPA]. ʆʙʘ ʢʦʨʠʩʪʝ ʧʨʦʩʝʯʥʫ ʙʨʟʠʥʫ ʫ ʩʘʦʙʨʘ˂ʘʿʥʦʤ ʪʦʢʫ ʨʘʜʠ ʧʨʦʮʝʥʝ ʝʤʠʩʠʦʥʠʭ 

ʬʘʢʪʦʨʘ. ʇʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘˁʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʦ ʧʠʪʘˁʝ ʟʘ ʠʟʨʘʜʫ ʰʪʦ 

ʢʚʘʣʠʪʝʪʥʠʿʝʛ ʤʦʜʝʣʘ ʧʨʦʮʝʥʝ ʝʤʠʩʠʿʝ (Smith, 2008) [16]. 

 

ʋ ʩʘʜʘʰˁʠʤ ʫʩʣʦʚʠʤʘ, ʝʚʘʣʫʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ ʟʘʭʪʝʚʘ ʧʦʪʧʫʥʦ 

ʨʘʟʫʤʝʚʘˁʝ ʫʟʨʦʢʘ ʠ ʧʦʩʣʝʜʠʮʘ ʘʝʨʦʟʘʛʘʹʝˁʘ, ʧʘ ʩʫ, ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʤʦʜʝʣʠ ʜʠʩʧʝʨʟʠʿʝ ʠʟʫʟʝʪʥʦ 

ʟʥʘʯʘʿʥʠ. ʄʦʜʝʣʠ ɻʘʫʩʦʚʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʟʘ ʧʨʦʮʝʥʫ ʘʝʨʦʟʘʛʘʹʝˁʘ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʩʫ: 

STREET (Johnson et al., 1973) [17], OSPM (Hertel and Berkowitz, 1989) [18], CAL4 (Benson, 1989) 

[19], HIWAY2 [US EPA], CAR-FMI (Luhar and Patil, 1989) [20], CALPUFF (Schulman and Strimaitis, 

2000) [21], AEROPOL (Biggs, 1975) [22], AEROMOD [AMS/US EPA], UK-ADMS (Carruthers and 

Holroy, 1994) [23] ʠ SCREEN3 (US EPA, 1995) [24]. ɹʨʦʿʥʝ ʩʪʫʜʠʿʝ ʩʫ ʧʨʠʟʥʘʣʝ ʧʦʫʟʜʘʥʦʩʪ OSPM-

ʘ (Kukkonen et al., 2000; 2001; 2003; Berkowitz, 2000; Berkowitz et al., 1996; 2002; Alexander et al., 

2002; Bihan et al., 2002; Aquilina and Micallef, 2004; Vardoulakis et al., 2002; 2007; Assael et al., 2008; 

Mensink et al., 2006; Lefebre et al., 2006) [25], [26], [27], [28], [29], [30], [31], [32], [33], [34], [35], 

[36], [37], ʢʘʦ ʠ ʤʦʜʝʣʘ CAL4 (Kerstin et al., 2007; Zhang and Batterman, 2010; Levitin et al., 2005; 

Ann Yura et al., 2007; Holmes and Morawska, 2006) [38], [39], [40], [41], [42]. 

 

ʄʦʥʠʪʦʨʠʥʛ ʠ ʫʟʦʨʢʦʚʘˁʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʦʙʝʟʙʝʹʫʿʫ ʜʦʙʘʨ ʥʘʯʠʥ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʦʩʥʦʚʥʠʭ 

ʧʦʜʘʪʘʢʘ, ʘʣʠ ʩʘʤʦ ʢʘʦ ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʘʨ ʟʘ ʤʦʜʝʣ ʦʧʠʩʠʚʘˁʘ ʧʦʩʪʦʿʝ˂ʝʛ ʩʪʝʧʝʥʘ ʘʝʨʦʟʘʛʘʹʝˁʘ. 

ʄʝʪʦʜʦʣʦʛʠʿʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʪʧʦʩʪʘʚˀʘ ʢʦʥʪʨʦʣʥʝ ʪʘʯʢʝ ʩʘ ʢʦʿʠʭ ʩʝ ʜʦʙʠʿʘʿʫ ʤʝʨʥʠ ʧʦʜʘʮʠ, ʘʣʠ 

ʩʘʤʦ ʟʘ ʥʘʚʝʜʝʥʫ ʣʦʢʘʮʠʿʫ ʠ ʪʨʝʥʫʪʥʦ ʚʨʝʤʝ ʫʟʦʨʢʦʚʘˁʘ. ʅʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʜʚʠʹʘˁʘ 

ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ. ɿʘʪʦ ʩʝ ʯʝʩʪʦ ʤʦʥʠʪʦʨʠʥʛ ʤʦʨʘ ʢʦʨʠʩʪʠʪʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʪʝʭʥʠʢʘʤʘ 

ʟʘ ʦʙʿʝʢʪʠʚʥʫ ʧʨʦʮʝʥʫ, ʫʢˀʫʯʫʿʫ˂ʠ ʤʦʜʝʣʠʨʘˁʝ, ʬʦʨʤʠʨʘˁʝ ʠ ʤʘʧʠʨʘˁʝ ʢʘʪʘʩʪʨʘ ʟʘʛʘʹʠʚʘʯʘ.  

 

ʂʘʜʘ ʩʫ ʧʦʜʘʮʠ ʦ ʜʥʝʚʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʜʦʩʪʫʧʥʠ ʟʘ ʦʜʨʝʹʝʥʠ ʚʨʝʤʝʥʩʢʠ 

ʧʝʨʠʦʜ, ʤʦʛʫ ʩʝ ʬʦʨʤʠʨʘʪʠ ʿʝʜʠʥʩʪʚʝʥʝ ʩʪʘʪʠʩʪʠʯʢʝ ʨʘʩʧʦʜʝʣʝ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʠ ʢʘʦ 

ʪʘʢʚʝ ʥʘʤ ʜʘʪʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʢʚʘʣʠʪʝʪʫ ʚʘʟʜʫʭʘ ʥʘ ʤʥʦʛʦ ʦʨʛʘʥʠʟʦʚʘʥʠʿʠ ʠ ʝʬʠʢʘʩʥʠʿʠ ʥʘʯʠʥ. 

ʆʙʣʠʢʦʚʘˁʝ ʧʦʜʘʪʘʢʘ ʦ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʬʦʨʤʝ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ 

ʦʤʦʛʫ˂ʫʿʝ ʬʠʣʪʨʠʨʘˁʝ ʥʝʧʦʞʝˀʥʠʭ ʝʬʝʢʘʪʘ (ʦʙʠʯʥʦ ʫʩʣʝʜ ʛʨʝʰʢʝ ʤʝʨʝˁʘ ʠʣʠ ʥʝʜʦʚʦˀʥʦ 

ʧʦʫʟʜʘʥʠʭ ʠʥʩʪʨʫʤʝʥʘʪʘ). ɼʝʪʝʨʤʠʥʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʜʘʿʝ ʧʨʦʮʝʥʫ ʢʘʦ ʿʝʜʥʫ ʚʨʝʜʥʦʩʪ, ʙʝʟ 

ʥʝʠʟʚʝʩʥʦʩʪʠ ʦ ʜʦʛʘʹʘʿʫ, ʜʦʢ ʩʪʘʪʠʩʪʠʯʢʠ ʤʦʜʝʣ ʨʘʩʧʦʜʝʣʝ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʮʝʥʝ ʠʟʚʝʩʥʦʩʪʠ 

ʨʝʣʘʪʠʚʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʧʘ ʿʝ, ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʠ ʧʦʫʟʜʘʥʠʿʠ. 
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ɺʠʰʝ ʤʦʜʝʣʘ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ ʠʤʘʣʦ ʿʝ ʧʨʠʣʠʢʫ ʜʘ ʩʝ ʜʦʢʘʞʝ ʢʘʦ ʢʦʨʠʩʪʘʥ ʘʣʘʪ ʫ 

ʧʨʝʟʝʥʪʘʮʠʿʠ ʠʤʠʩʠʿʘ. ʅʘʿʥʦʚʠʿʠ ʪʨʝʥʜʦʚʠ ʨʝʛʫʣʘʪʠʚʥʠʭ ʩʪʘʥʜʘʨʜʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʟʘʭʪʝʚʘʿʫ 

ʫʧʦʪʨʝʙʫ ʠʟʨʘʞʝʥʫ ʫ ʬʦʨʤʠ ,,ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʝʢʦʨʘʯʝˁʘñ ʜʦʟʚʦˀʝʥʠʭ ʛʨʘʥʠʮʘ. ʋ ʧʦʩʣʝʜˁʦʿ 

ʜʝʮʝʥʠʿʠ ʩʪʨʫʯʥʘ ʣʠʪʝʨʘʪʫʨʘ ʦʪʢʨʠʚʘ ʜʘ ʧʦʩʪʦʿʠ ʤʘʣʦ ʩʪʫʜʠʿʘ ʢʦʿʝ ʩʫ ʠʟʥʝʣʝ ʤʝʪʦʜʦʣʦʛʠʿʫ 

ʤʦʜʝʣʠʨʘˁʘ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ. ʊʘʢʚʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʤʦʨʘ ʩʘʜʨʞʘʪʠ ʜʚʘ ʚʘʞʥʘ ʢʦʨʘʢʘ, ʢʘʦ 

ʰʪʦ ʩʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ (ʧʨʝʧʦʟʥʘʚʘˁʝ) ʬʦʨʤʠ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ ʠ ʦʮʝˁʠʚʘˁʝ ʥʝʦʧʭʦʜʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ. ɿʘ ʤʘʣʠ ʙʨʦʿ ʫʟʦʨʘʢʘ ʧʨʠʢʣʘʜʥʘ ʿʝ ʪʝʭʥʠʢʘ ʛʨʘʬʠʢʘ, ʤʝʹʫʪʠʤ, ʢʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʫʟʦʨʘʢʘ ʟʥʘʪʥʦ ʩʫ ʧʨʠʤʝʨʝʥʠʿʝ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʪʝʭʥʠʢʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʩʪʘʪʠʩʪʠʯʢʠʭ ʭʠʧʦʪʝʟʘ. 

 

ʂʘʦ ʰʪʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ ʫ ʜʨʫʛʦʤ ʢʦʨʘʢʫ ʤʦʜʝʣʠʨʘˁʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʮʝˁʠʚʘˁʝ ʫʢˀʫʯʝʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʫ ʬʫʥʢʮʠʿʫ ʨʘʩʧʦʜʝʣʝ. ʂʘʦ ʿʝʜʘʥ ʦʜ ʥʘʿʧʦʛʦʜʥʠʿʠʭ ʪʝʩʪʦʚʘ ʤʦʛʫ ʩʝ ʥʘʚʝʩʪʠ ʤʝʪʦʜʝ ʠʟ 

ʪʝʦʨʠʿʝ ʢʦʨʝʣʘʮʠʿʝ. ɿʘ ʤʦʜʝʣʝ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠʩʢʦʨʠʩʪʠ˂ʝ ʩʝ ʩʘʚʨʝʤʝʥʠ 

ʧʦʣʫʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣʠ. ʋʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ ʯʠʥʠ˂ʝ ʝʤʧʠʨʠʿʩʢʠ ʧʦʜʘʮʠ ʩʘʢʫʧˀʝʥʠ ʥʘ ʦʜʘʙʨʘʥʠʤ 

ʫʣʠʮʘʤʘ ʛʨʘʜʘ ʂʨʘˀʝʚʘ. ʂʘʦ ʟʥʘʯʘʿʥʘ ʯʠˁʝʥʠʮʘ ʦʚʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʝ ʩʝ ʥʘʚʝʩʪʠ ʜʘ ʿʝ ɺʣʘʜʘ 

ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ 2009.ʛʦʜʠʥʝ ʜʘʣʘ ʜʦʟʚʦʣʫ ʟʘ ʧʨʦʿʝʢʘʪ ʄʠʥʠʩʪʘʨʩʪʚʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ 

ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ ʠ ɸʛʝʥʮʠʿʝ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʦ ʘʫʪʦʤʘʪʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʫ 

ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ. ɼʘʥʘʩ ʪʘʢʦ ʨʘʟʚʠʿʝʥʘ ʤʨʝʞʘ ʬʫʥʢʮʠʦʥʠʰʝ ʫ 28 ʩʪʘʥʠʮʘ ʢʦʿʝ ʩʫ ʨʘʩʧʦʨʝʹʝʥʝ ʫ 

23 ʛʨʘʜʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ɱʝʜʘʥ ʦʜ ʪʠʭ ʛʨʘʜʦʚʘ ʿʝ ʛʨʘʜ ʂʨʘˀʝʚʦ (ʧʨʦʛʨʘʤ: 

EuropeAid/124395/D/SUP/YU Supply of Equipment for Air Monitoring). ʆʚʘʢʚʠ ʧʦʜʘʮʠ ʧʨʠʢʫʧˀʝʥʠ 

ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (ʝʥʛ. background) ʿʝʜʘʥ ʩʫ ʦʜ ʙʠʪʥʠʭ ʧʦʜʩʠʩʪʝʤʘ ʧʦʜʨʰʢʝ ʩʘʚʨʝʤʝʥʠʭ 

ʧʦʣʫʝʤʧʠʨʠʿʩʢʠʭ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ.  

 

ʉʪʘʪʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʚʦʟʥʦʛ ʧʘʨʢʘ ʂʨʘˀʝʚʘ ʜʘ˂ʝ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʦ ʝʤʠʩʠʿʠ ʟʘ ʤʦʜʝʣ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ 

ʛʨʘʜʩʢʠʤ ʿʝʟʛʨʠʤʘ, ʜʦʢ ʩʪʘʪʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʚʦʟʥʦʛ ʧʘʨʢʘ ʉʨʙʠʿʝ (ʩʘ ʘʩʧʝʢʪʘ ʟʘʜʦʚʦˀʝˁʘ 

ʧʦʿʝʜʠʥʠʭ ɽʋʈʆ ʧʨʦʧʠʩʘ) ʤʦʞʝ ʜʘ ʧʦʩʣʫʞʠ ʟʘ ʤʦʜʝʣʝ ʢʦʿʠ ʢʘʦ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʦ ʝʤʠʩʠʿʠ ʪʨʝʪʠʨʘʿʫ 

ʛʣʘʚʥʝ ʪʨʘʥʟʠʪʥʝ ʪʦʢʦʚʝ ʩʘʦʙʨʘ˂ʘʿʘ, ʦʜʥʦʩʥʦ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʚʠʰʝʛ ʨʘʥʛʘ. ɺʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʠʤ 

ʚʨʝʜʥʦʚʘˁʝʤ ˂ʝ ʙʠʪʠ ʠʟʚʨʰʝʥʦ ʨʘʥʛʠʨʘˁʝ ʩʚʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʙʠ˂ʝ ʦʜʨʝʹʝʥ ˁʠʭʦʚ 

ʫʪʠʮʘʿ ʫ ʫʩʣʦʚʠʤʘ ʜʦʤʠʮʠʣʥʦʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ. ʉʪʘʪʠʩʪʠʯʢʠʤ ʠʥʜʠʢʘʪʦʨʠʤʘ ʩʣʘʛʘˁʘ ʙʠ˂ʝ 

ʦʮʝˁʝʥʦ ʢʦʿʠ ʦʜ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʠʤʘ ʙʦˀʫ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʝʤʧʠʨʠʿʩʢʠʤ ʧʦʜʘʮʠʤʘ. 

 

ʆʯʝʢʠʚʘʥʠ ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ: 

¶ ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʫʪʠʮʘʿʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʘʝʨʦʟʘʛʘʹʝˁʘ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ; 

¶ ʀʟʙʦʨ ʦʧʪʠʤʘʣʥʦʛ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ; 

¶ ʇʨʠʤʝʥʘ ʦʧʪʠʤʘʣʥʦʛ ʤʦʜʝʣʘ ʠ ˁʝʛʦʚʘ ʢʘʣʠʙʨʘʮʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ; 

¶ ʋʩʚʘʿʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʜʦʤʠʮʠʣʥʦʛ ʚʦʟʥʦʛ ʧʘʨʢʘ; 

¶ ʇʨʝʜʣʦʛ ʤʝʨʘ ʟʘ ʩʤʘˁʝˁʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ. 
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1.4. ʉʪʨʫʢʪʫʨʘ ʠ ʧʨʠʢʘʟ ʜʠʩʝʨʪʘʮʠʿʝ ʧʦ ʧʦʛʣʘʚˀʠʤʘ 

 
ʇʦʛʣʘʚˀʝ 1 ʠʟʣʘʞʝ ʦʩʥʦʚʥʝ ʭʠʧʦʪʝʟʝ ʦʜ ʢʦʿʠʭ ʩʝ ʧʦʣʘʟʠ ʫ ʜʠʩʝʨʪʘʮʠʿʠ, ʧʨʝʜʤʝʪ ʠ ʮʠˀ 

ʠʩʪʨʘʞʠʚʘˁʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʘʢʪʫʝʣʥʦʩʪʠ ʫ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʘˁʘ ʝʤʠʩʠʿʝ ʠ ʢʚʘʣʠʪʝʪʘ 

ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ ʿʝʜʥʝ ʫʨʙʘʥʝ ʩʨʝʜʠʥʝ, ʢʘʦ ʠ ʤʝʪʦʜʝ ʢʦʿʝ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ. 

 

ʇʦʛʣʘʚˀʝ 2, ʧʨʝʛʣʝʜʦʤ ʩʘʚʨʝʤʝʥʝ ʣʠʪʝʨʘʪʫʨʝ (ʝʢʩʧʝʨʠʤʝʥʪʠ ʠ ʢʘʤʧʘˁʝ, ʘʥʘʣʠʟʝ ʠ ʟʘʢˀʫʯʮʠ), 

ʭʨʦʥʦʣʦʰʢʠ ʠ ʩʠʩʪʝʤʘʪʠʯʥʦ ʠʟʣʘʞʝ ʨʘʩʪʫ˂ʠ ʧʨʦʙʣʝʤ ʢʦʿʠ ʫʨʙʘʥʘ ʟʘʿʝʜʥʠʮʘ ʠʤʘ ʩʘ ʢʚʘʣʠʪʝʪʦʤ 

ʚʘʟʜʫʭʘ, ʢʘʦ ʠ ʧʨʦʙʣʝʤ ʪhʝʪʥʦʩʪʠ ʧʦ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ ʫʢʦʣʠʢʦ ʩʝ ʧʨʝʢʦʨʘʯʝ ʜʦʟʚʦˀʝʥʠ ʩʪʘʥʜʘʨʜʠ. 

ʊʝʭʥʠʢʝ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʝ ʟʘʫʟʠʤʘʿʫ ʚʘʞʥʦ ʤʝʩʪʦ, ʿʝʨ ʩʫ ʧʦʿʝʜʠʥʝ ʧʦʩʣʫʞʠʣʝ ʨʘʜʠ 

ʫʪʚʨʹʠʚʘˁʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ. ʇʨʠ ʪʦʤʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫ ʦʢʦʣʥʦʿ ʩʨʝʜʠʥʠ ʦʜ ʦʥʠʭ ʢʦʿʝ ʩʫ ʟʘʙʝʣʝʞʝʥʝ ʫʥʫʪʘʨ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ. ʊʘʢʦʹʝ, 

ʧʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʙʠ˂ʝ ʧʨʠʢʘʟʘʥ ʫʪʠʮʘʿ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʠ ʙʠ˂ʝ 

ʧʦʢʘʟʘʥʦ ʢʦʿʠ ʩʫ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʤʦʜʝʣʠ ʝʤʠʩʠʿʝ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʢʚʘʣʠʪʝʪ ʧʨʦʮʝʥʝ ʝʤʠʩʠʿʝ ʩʥʘʞʥʦ 

ʟʘʚʠʩʠ ʦʜ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ, ʘ ʦʥʠ ʦʜ ʫʩʚʦʿʝʥʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ, ʿʝʜʘʥ ʜʝʦ ʧʦʛʣʘʚˀʘ ʘʥʘʣʠʟʠʨʘ˂ʝ 

ʥʘʚʝʜʝʥʝ ʧʘʨʘʤʝʪʨʝ. ʊʦʢʦʤ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʫʪʚʨʹʝʥʘ ʚʝʣʠʢʘ ʩʪʘʨʦʩʪ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ 

ʉʨʙʠʿʝ, (ʦʧʰʪʠʥʘ ʂʨʘʛʫʿʝʚʘʮ, ʂʨʘˀʝʚʦ ʠ ʊʨʩʪʝʥʠʢ), ʧʘ ˂ʝ ʜʝʦ ʧʦʛʣʘʚˀʘ ʙʠʪʠ ʧʦʩʚʝ˂ʝʥ ʧʨʦʛʨʘʤʫ 

ʠʥʩʧʝʢʮʠʿʝ ʠ ʦʜʨʞʘʚʘˁʘ ʢʦʿʠ ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ ʧʦʦʰʪʨʘʚʘˁʫ ʜʦʟʚʦˀʝʥʠʭ ʛʨʘʥʠʮʘ ʝʤʠʩʠʿʝ. 

ʈʘʟʚʠʿʝʥʝ ʟʝʤˀʝ ʜʘʣʝʢʦ ʩʫ ʦʜʤʘʢʣʝ ʫ ʥʘʚʝʜʝʥʦʤ ʧʨʦʛʨʘʤʫ, ʜʦʢ ʥʘʰʘ ʿʦʰ ʥʝʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʠʥʩʪʨʫʤʝʥʝʪʝ ʢʦʿʠʤ ʙʠ ʢʦʥʪʨʦʣʠʩʘʣʠ ʚʦʟʠʣʘ ʢʦʿʘ ʚʝʦʤʘ ʟʘʛʘʹʫʿʫ ʦʢʦʣʥʫ ʩʨʝʜʠʥʫ. ʇʦʩʣʝʜˁʠ ʜʝʦ 

ʧʦʛʣʘʚˀʘ 2 ʦʙʫʭʚʘʪʘ ʧʨʝʛʣʝʜ ʩʘʚʨʝʤʝʥʠʭ ʤʦʜʝʣʘ ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ, ʩʘ 

ʘʢʮʝʥʪʦʤ ʥʘ ʤʦʜʝʣʝ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ.  

 

ʇʦʛʣʘʚˀʝ 3 ʿʝ ʧʦʜʝˀʝʥʦ ʥʘ ʪʝʦʨʠʿʩʢʦ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʪʨʘʞʠʚʘˁʝ. ʅʝʤʦʛʫ˂ʝ ʿʝ ʘʜʝʢʚʘʪʥʦ 

ʫʧʦʟʥʘʪʠ ʪʦʢ ʩʪʨʫʿʘˁʘ ʠ ʜʠʩʧʝʨʟʠʿʫ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫʥʫʪʘʨ ʫʨʙʘʥʠʭ ʩʨʝʜʠʥʘ, ʘʢʦ ʩʝ ʧʨʝʪʭʦʜʥʦ 

ʥʝ ʩʘʛʣʝʜʘʿʫ ʤʝʭʘʥʠʟʤʠ ʠ ʨʝʣʘʮʠʿʝ ʢʦʿʝ ʚʘʞʝ ʫʥʫʪʘʨ ʫʣʠʮʝ. ʊʝʢ ʥʘʢʦʥ ʪʦʛʘ ʩʝ ʤʦʞʝ ʜʝʪʘˀʥʠʿʝ 

ʧʨʠʩʪʫʧʠʪʠ ʪʝʦʨʠʿʩʢʦʤ ʨʘʟʤʘʪʨʘˁʫ ʩʘʚʨʝʤʝʥʠʭ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʫʣʘʟʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ. ʌʦʨʤʫʣʘʮʠʿʘ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ, ʢʘʦ ʠ ʧʦʩʪʫʧʮʠ ʧʨʦʨʘʯʫʥʘ ʝʤʠʩʠʿʝ ʜʨʫʤʩʢʦʛ 

ʩʘʦʙʨʘ˂ʘʿʘ ʤʝʪʦʜʦʤ 1, 2 ʠʣʠ 3, ʟʘʫʟʝ˂ʝ ʟʥʘʯʘʿʥʦ ʤʝʩʪʦ ʫ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʝʦ ˂ʝ 

ʧʦʿʘʩʥʠʪʠ ʤʝʪʦʜʝ ʠ ʤʝʨʥʫ ʦʧʨʝʤʫ ʥʝʦʧʭʦʜʥʫ ʨʘʜʠ ʨʝʘʣʠʟʘʮʠʿʝ ʤʝʨʝˁʘ ʝʤʠʩʠʿʝ ʠ ʫʨʙʘʥʝ ʠʤʠʩʠʿʝ. 

 

ʋ ʧʦʛʣʘʚˀʫ 4 ʙʠ˂ʝ ʧʨʝʜʩʪʘʚˀʝʥʠ ʠ ʫʢʨʘʪʢʦ ʘʥʘʣʠʟʠʨʘʥʠ ʩʣʝʜʝ˂ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ: 1) 

ʄʝʨʝˁʘ ʝʤʠʩʠʿʝ CO ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʤʦʪʦʨʘ; 2) ʉʪʨʫʢʪʫʨʝ ʠ ʧʘʨʘʤʝʪʘʨʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʠ 3) 

ʄʝʪʝʦʨʦʣʦʰʢʠ ʧʘʨʘʤʝʪʨʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʦʿʝʜʠʥʠʭ ʛʘʩʦʚʠʪʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ. 

 

ʇʦʛʣʘʚˀʝ 5 ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʜʝʦ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʠ ʯʝʤʫ ʿʝ ʧʦʜʝˀʝʥʦ ʥʘ ʤʦʜʝʣʠʨʘˁʝ 

ʝʤʠʩʠʿʝ ʠ ʚʨʝʜʥʦʚʘˁʝ ʫʪʠʮʘʿʘ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ. ʊʘʢʦʹʝ ʫ 

ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʿʝ ʠʟʘʙʨʘʥ ʙʦˀʠ ʤʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ, ʧʨʠ ʯʝʤʫ ʿʝ ˁʝʛʦʚʦʤ ʢʘʣʠʙʨʘʮʠʿʦʤ 

ʦʤʦʛʫ˂ʝʥʦ ʫʩʚʘʿʘˁʝ ʢʦʨʝʢʪʥʠʭ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ.   



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

8 

 

2. ʇʈɽɻʃɽɼ ʃʀʊɽʈɸʊʋʈɽ 

 

ɸʝʨʦʟʘʛʘʹʝˁʝ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʧʨʠʩʫʩʪʚʦ ʙʠʣʦ ʢʦʿʝ ʩʫʧʩʪʘʥʮʝ ʠʣʠ ʚʠʰʝ ʩʫʧʩʪʘʥʮʠ ʫ 

ʘʪʤʦʩʬʝʨʠ ʢʦʿʝ ʩʫ ʥʝʧʦʞʝˀʥʝ ʠʣʠ ʰʪʝʪʥʝ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ, ʙʠʣʦ ʩʧʦˀʘ ʠʣʠ ʠʟʥʫʪʨʘ, ʠʣʠ ʢʦʿʘ 

ʩʚʦʿʠʤ ʧʨʠʩʫʩʪʚʦʤ ʜʠʨʝʢʪʥʦ ʠʣʠ ʠʥʜʠʨʝʢʪʥʦ ʥʘʨʫʰʘʚʘ ʜʦʙʨʦʙʠʪ ʯʦʚʝʢʘ (Parker, 1997) [43].  

 

ʋʨʙʘʥʦ ʘʝʨʦʟʘʛʘʹʝˁʝ ʿʝ ʜʫʛʦ ʧʦʩʤʘʪʨʘʥʦ ʢʘʦ ʣʦʢʘʣʥʠ ʧʨʦʙʣʝʤ, ʫʛʣʘʚʥʦʤ ʧʦʚʝʟʘʥ ʩʘ ʝʤʠʩʠʿʘʤʘ 

ʧʦʨʝʢʣʦʤ ʦʜ ʠʥʜʫʩʪʨʠʿʝ ʠ ʠʥʜʠʚʠʜʫʘʣʥʠʭ ʜʠʤˁʘʢʘ. ɼʘʥʘʩ ʪʦ ʥʠʿʝ ʩʣʫʯʘʿ, ʿʝʨ ʩʫ ʧʨʝʪʭʦʜʥʦ 

ʥʘʚʝʜʝʥʝ ʝʤʠʩʠʿʝ ʚʝ˂ʠʥʦʤ ʢʦʥʪʨʦʣʠʩʘʥʝ, ʦʩʠʤ ʢʫ˂ʥʠʭ ʢʦʪʣʘʨʥʠʮʘ. ʉʤʘˁʝˁʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʿʝʩʪʝ 

ʮʠˀ ʢʦʿʠ ʩʝ ʥʝ ʤʦʞʝ ʠʟʦʣʦʚʘʪʠ ʦʜ ʜʨʫʛʠʭ ʿʘʚʥʠʭ ʧʦʣʠʪʠʯʢʠʭ ʮʠˀʝʚʘ. ʇʦʪʨʦʰˁʘ ʧʦʿʝʜʠʥʠʭ 

ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʨʦʠʟʚʦʜʘ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʤʧʨʦʤʠʩʝ ʠ ʩʫʢʦʙʝ ʩʘ ʜʨʫʛʠʤ ʚʘʞʥʠʤ ʜʨʫʰʪʚʝʥʠʤ 

ʢʦʥʢʫʨʝʥʪʥʠʤ ʮʠˀʝʚʠʤʘ. ʊʦ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʧʦʜ ʢʦʥʪʨʦʣʦʤ ʘʝʨʦʟʘʛʘʹʝˁʘ. ʆʚʦ ʧʦʩʝʙʥʦ ʚʘʞʠ ʟʘ 

ʩʘʦʙʨʘ˂ʘʿʥʦ ʘʝʨʦʟʘʛʘʹʝˁʝ. 

  

ʇʨʠʤʘʨʥʠ ʮʠˀ ʿʝʩʪʝ ʜʘ ʜʨʫʤʩʢʘ ʚʦʟʠʣʘ ʝʤʠʪʫʿʫ ʰʪʦ ʤʘˁʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʘʣʠ ʠ ʜʦʙʨʦ ʨʘʟʚʠʿʝʥ 

ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʘ ʫ ʢʦʤʝ ˀʫʜʠ ʠ ʨʦʙʘ ʤʦʛʫ ʙʨʟʦ, ʙʝʟʙʝʜʥʦ ʠ ʿʝʬʪʠʥʦ ʜʘ ʩʝ ʢʨʝ˂ʫ ʜʦ ʨʘʟʣʠʯʠʪʠʭ 

ʜʝʩʪʠʥʘʮʠʿʘ. ʆʚʠ ʮʠˀʝʚʠ ʥʠʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʫʩʢʣʘʹʝʥʠ ʠ ʟʘʭʪʝʚʘʿʫ ʢʦʤʧʨʦʤʠʩʝ. ɿʘʪʦ ʩʝ ʩʤʘˁʝˁʝ 

ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʛʨʘʜʦʚʠʤʘ ʤʦʨʘ ʨʝʘhʚʘʪʠ ʩʠʩʪʝʤʘʪʠʯʥʦ. ʂʦʥʪʨʦʣʘ ʘʝʨʦʟʘʛʘʹʝˁʘ ʿʝʩʪʝ ʩʘʤʦ ʿʝʜʘʥ 

ʦʜ ʤʥʦʛʠʭ ʮʠˀʝʚʘ ʫ ʪʨʘʥʩʧʦʨʪʥʦʿ ʧʦʣʠʪʠʮʠ. ɼʨʫʛʠ ʮʠˀʝʚʠ ʤʦʛʣʠ ʙʠ ʫʢˀʫʯʠʪʠ ʪʨʦʰʢʦʚʝ ʠ ʙʨʟʠʥʫ 

ʪʨʘʥʩʧʦʨʪʘ ʨʦʙʝ, ʫʪʠʮʘʿ ʥʘ ʨʘʟʣʠʯʠʪʝ ʜʨʫʰʪʚʝʥʝ ʠ ʠʥʪʝʨʝʩʥʝ ʛʨʫʧʝ, ʮʝʥʫ ʠ ʦʯʫʚʘˁʝ ʟʝʤˀʠʰʪʘ, 

ʙʝʟʙʝʜʥʦʩʪ, ʚʝʣʠʯʠʥʫ ʠ ʦʙʣʠʢ ʫʨʙʘʥʠʭ ʦʙʣʘʩʪʠ ʠ ʣʦʢʘʮʠʿʫ ʩʪʘʥʦʚʥʠʰʪʚʘ (Shere, 1998) [44]. ʉʚʘʢʘ 

ʧʨʦʤʝʥʘ ʫ ʧʦʣʠʪʠʮʠ ʩʤʘˁʝˁʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ ʤʦʞʝ ʠʤʧʣʠʮʠʨʘʪʠ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ 

ʿʝʜʘʥ ʠʣʠ ʚʠʰʝ ʜʨʫʛʠʭ ʧʦʣʠʪʠʯʢʠʭ ʮʠˀʝʚʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʤʘˁʝˁʝ ʫʪʠʮʘʿʘ ʧʦʣʠʪʠʢʝ ʪʘʢʦʹʝ 

ʤʦʞʝ ʠʤʘʪʠ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʜʨʫʛʝ ʮʠˀʝʚʝ, ʧʦʧʫʪ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʟʘʛʫʰʝˁʘ. ɿʘʪʦ ʩʝ ʩʤʘˁʝˁʝ 

ʘʝʨʦʟʘʛʘʹʝˁʘ ʥʝ ʤʦʞʝ ʨʝʰʘʚʘʪʠ ʠʟʦʣʦʚʘʥʦ ʦʜ ʜʨʫʛʠʭ ʮʠˀʝʚʘ. 

  

ʋ ʦʚʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ, ʧʨʝʛʣʝʜʦʤ ʩʘʚʨʝʤʝʥʝ ʣʠʪʝʨʘʪʫʨʝ, ʙʠ˂ʝ ʭʨʦʥʦʣʦʰʢʠ ʠ ʩʠʩʪʝʤʘʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚˀʝʥ ʮʝʣʦʚʠʪ ʧʨʦʙʣʝʤ ʢʦʿʠ ʫʨʙʘʥʘ ʟʘʿʝʜʥʠʮʘ ʠʤʘ ʩʘ ʧʨʦʙʣʝʤʦʤ ʢʚʘʣʠʪʝʪʘ ʘʪʤʦʩʬʝʨʝ, ʢʦʿʠ 

ʩʫ ʤʝʭʘʥʠʟʤʠ ʠ ʤʝʨʝ ʥʝʦʧʭʦʜʥʠ ʟʘ ˁʝʥʦ ʧʨʘ˂ʝˁʝ ʠ ʢʦʥʪʨʦʣʫ, ʢʘʦ ʠ ʢʦʣʠʢʘ ʿʝ ʰʪʝʪʥʦʩʪ ʧʦ ˀʫʜʩʢʦ 

ʟʜʨʘʚˀʝ ʠʟʘʟʚʘʥʘ ʧʦʿʝʜʠʥʠʤ ʛʘʩʦʚʠʪʠʤ ʰʪʝʪʥʠʤ ʤʘʪʝʨʠʿʘʤʘ. ʊʘʢʦʹʝ, ʧʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʙʠ˂ʝ 

ʧʨʠʢʘʟʘʥʘ ʫʣʦʛʘ, ʟʥʘʯʘʿ ʠ ʫʪʠʮʘʿ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʩʪʝʧʝʥ ʢʚʘʣʠʪʝʪʘ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ ʠ ʢʦʿʠ 

ʩʫ ʪʨʝʥʫʪʥʦ ʤʦʜʝʣʠ ʝʤʠʩʠʿʝ ʥʘʿʚʠʰʝ ʫ ʩʚʝʪʫ ʟʘʩʪʫʧˀʝʥʠ.  

 

ʋ ʧʦʩʣʝʜʝˁʝʤ ʜʝʣʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʨʘʟʤʦʪʨʠ˂ʝ ʩʝ ʤʦʜʝʣʠʨʘˁʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʠ, ʢʘʦ ʫ ʩʣʫʯʘʿʫ 

ʧʨʝʛʣʝʜʘ ʝʤʠʩʠʦʥʠʭ ʤʦʜʝʣʘ, ʙʠ˂ʝ ʧʨʠʢʘʟʘʥʠ ʩʘʚʨʝʤʝʥʠ ʤʦʜʝʣʠ ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ, ʩʘ 

ʘʢʮʝʥʪʦʤ ʥʘ ʤʦʜʝʣʝ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ. 
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2.1. ʂʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ 

 
ʋ ʧʨʦʪʝʢʣʠʭ 60 ʛʦʜʠʥʘ ʫʨʙʘʥʘ ʧʦʧʫʣʘʮʠʿʘ ʿʝ ʨʘʩʣʘ ʥʝʚʝʨʦʚʘʪʥʦʤ ʙʨʟʠʥʦʤ. ʇʨʝʤʘ ʩʪʘʪʠʩʪʠʯʢʠʤ 

ʜʦʢʫʤʝʥʪʠʤʘ ʇʨʦʛʨʘʤʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʋʿʝʜʠˁʝʥʠʭ ʥʘʮʠʿʘ ʠʟ 2006. ʛʦʜʠʥʝ, 1900. ʛʦʜʠʥʝ ʿʝ ʙʠʣʦ 

15 ʩʚʝʪʩʢʠʭ ʛʨʘʜʦʚʘ ʩʘ ʧʦʧʫʣʘʮʠʿʦʤ ʦʜ ʿʝʜʥʦʛ ʤʠʣʠʦʥʘ, 1950. ʛʦʜʠʥʝ 83 ʛʨʘʜʘ, ʘ ʜʘʥʘʩ ʠʤʘ ʚʠʰʝ ʦʜ 

350. ʉʪʘʥʦʚʥʠʰʪʚʦ ʢʦʿʝ ʞʠʚʠ ʫ ʛʨʘʜʩʢʠʤ ʟʦʥʘʤʘ ʯʠʥʠ ʦʢʦ 50% ʫʢʫʧʥʝ ʩʚʝʪʩʢʝ ʧʦʧʫʣʘʮʠʿʝ, ʩʘ 

ʪʝʥʜʝʥʮʠʿʦʤ ʫʙʨʟʘʥʦʛ ʧʦʚʝ˂ʘʘˁ ʠ ʫ ʙʫʜʫ˂ʥʦʩʪʠ. ʋ ɸʟʠʿʠ ʿʝ 2005. ʛʦʜʠʥʝ ʙʠʣʦ 50% ʥʘʿʚʠʰʝ 

ʥʘʩʝˀʝʥʠʭ ʛʨʘʜʦʚʘ ʥʘ ʩʚʝʪʫ (Bang, 2012) [45].  

 

ʇʨʦʮʝʩ ʫʨʙʘʥʠʟʘʮʠʿʝ ʿʝʩʪʝ ʧʦʩʣʝʜʠʮʘ ʨʘʟʚʦʿʘ ʠʥʜʫʩʪʨʠʿʘʣʠʟʘʮʠʿʝ ʠ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ ʰʠʨʦʤ ʩʚʝʪʘ. 

ɲʫʜʝ ʫ ʛʨʘʜʩʢʝ ʩʨʝʜʠʥʝ ʧʨʠʚʣʘʯʠ ʚʠʩʦʢʘ ʩʪʦʧʘ ʝʢʦʥʦʤʩʢʦʛ ʨʘʩʪʘ, ʿʝʨ ʩʫ ʚʝ˂ʝ ʤʦʛʫ˂ʥʦʩʪʠ 

ʟʘʧʦʩʣʝˁʘ ʠ ʦʙʨʘʟʦʚʘˁʘ ʠ ʙʦˀʠ ʢʚʘʣʠʪʝʪ ʞʠʚʦʪʘ. ʄʝʹʫʪʠʤ, ʧʨʦʮʝʩ ʫʨʙʘʥʠʟʘʮʠʿʝ ʠʟʘʟʠʚʘ ʚʝʣʠʢʫ 

ʛʫʩʪʠʥʫ ʫʣʠʯʥʝ ʤʨʝʞʝ, ʟʛʨʘʜʘ, ʩʪʘʥʦʚʥʠʰʪʚʘ ʠ ʦʩʪʘʣʠʭ ʧʨʠʚʨʝʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʦʚʝʟʘʥʝ ʩʘ 

ʚʠʩʦʢʦʤ ʧʦʪʨʦʰˁʦʤ ʬʦʩʠʣʥʦʛ ʛʦʨʠʚʘ, ʿʝʨ ˀʫʜʠ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ ʢʦʨʠʩʪʝ ʚʠʰʝ ʝʥʝʨʛʠʿʝ ʟʘ 

ʢʫʚʘˁʝ, ʢʣʠʤʘʪʠʟʘʮʠʿʫ, ʪʨʘʥʩʧʦʨʪ ʠʪʜ., ʘ ʠʥʜʫʩʪʨʠʿʘ ʢʦʨʠʩʪʠ ʝʥʝʨʛʠʿʫ ʟʘ ʧʨʦʠʟʚʦʜˁʫ (Zarate, 

2007) [46]. ʇʨʠ ʪʦʤʝ ʩʝ ʝʤʠʪʫʿʝ ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʰʪʦ ʠʤʧʣʠʮʠʨʘ ʚʝʣʠʢʝ 

ʝʢʦʣʦʰʢʝ ʧʨʦʙʣʝʤʝ, ʧʦʧʫʪ ʟʘʛʘʹʝˁʘ ʚʘʟʜʫʭʘ ʠ ʚʦʜʝ, ʢʦʤʫʥʘʣʥʝ ʙʫʢʝ, ʢʘʦ ʠ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ.  

   

ʀʘʢʦ ʩʝ ʫ ʮʝʣʦʤ ʩʚʝʪʫ ʪʝʞʠ ʩʤʘˁʝˁʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʪʘʢʦ ʰʪʦ ʣʦʢʘʣʥʝ ʠ 

ʤʝʹʫʥʘʨʦʜʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʫʚʦʜʝ ʦʰʪʨʘ ʟʘʢʦʥʩʢʘ ʦʛʨʘʥʠʯʝˁʘ ʠ ʧʨʦʛʨʘʤʝ ʫʧʨʘʚˀʘˁʘ ʢʚʘʣʠʪʝʪʦʤ 

ʚʘʟʜʫʭʘ, ʘʝʨʦʟʘʛʘʹʝˁʝ ʠ ʜʘʥʘʩ ʿʝʩʪʝ ʿʝʜʘʥ ʦʜ ʥʘʿʦʟʙʠˀʥʠʿʠʭ ʝʢʦʣʦʰʢʠʭ ʧʨʦʙʣʝʤʘ ʫʨʙʘʥʠʭ ʩʨʝʜʠʥʘ. 

ʉʚʝʪʩʢʘ ʟʜʨʘʚʩʪʚʝʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʿʝ ʧʨʦʮʝʥʠʣʘ ʜʘ ʘʝʨʦʟʘʛʘʹʝˁʝ ʫʥʫʪʘʨ ʫʨʙʘʥʠʭ ʩʨʝʜʠʥʘ ʠʟʘʟʠʚʘ 

ʩʤʨʪ ʚʠʰʝ ʦʜ 2 ʤʠʣʠʦʥʘ ˀʫʜʠ ʛʦʜʠʰˁʝ ʫ ʟʝʤˀʘʤʘ ʫ ʨʘʟʚʦʿʫ (WHO, 2005) [47]. ɿʘʪʦ ʩʝ ʫʧʨʘʚˀʘˁʝ 

ʢʚʘʣʠʪʝʪʦʤ ʚʘʟʜʫʭʘ ʤʦʨʘ ʭʠʪʥʦ ʨʘʟʤʦʪʨʠʪʠ ʨʘʜʠ ʟʘʰʪʠʪʝ ˀʫʜʠ.  

 

ɼʦ ʩʘʜʘ  ʩʫ ʨʘʟʚʠʿʝʥʝ ʟʝʤˀʝ ʫʣʦʞʠʣʝ ʚʝʣʠʢʝ ʥʘʧʦʨʝ ʜʘ ʩʝ ʩʤʘˁʝˁʝʤ ʝʤʠʩʠʿʝ ʧʦʙʦˀʰʘ ʢʚʘʣʠʪʝʪ 

ʚʘʟʜʫʭʘ, ʢʘʦ ʥʘ ʧʨʠʤʝʨ: 1) ʂʦʨʠʰ˂ʝˁʝ ,,ʯʠʩʪʠʭñ ʝʥʝʨʛʠʿʘ; 2) ʇʨʠʤʝʥʘ ʥʦʚʠʭ ʧʨʦʧʠʩʘ ʦ ʢʚʘʣʠʪʝʪʫ 

ʚʘʟʜʫʭʘ ʠ 3) ʇʦʤʝʨʘˁʝ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʟʝʤˀʝ ʫ ʨʘʟʚʦʿʫ (Bang, 2012) [45]. ʆʚʘ ʪʨʝ˂ʘ 

ʢʦʥʩʪʘʪʘʮʠʿʘ ʤʦʞʝ ʙʠʪʠ ʟʣʦʥʘʤʝʨʥʘ ʿʝʨ ʧʨʘʢʪʠʯʥʦ ʧʨʝʜʩʪʘʚˀʘ ʠʟʤʝʰʪʘˁʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ 

ʩʠʨʦʤʘʰʥʠʿʝ ʟʝʤˀʝ, ʜʘ ʙʠ ʙʦʛʘʪʠʿʝ ʠʤʘʣʝ ʤʘˁʝ ʰʪʝʪʝ, ʦʜʥʦʩʥʦ ʟʜʨʘʚʠʿʫ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 

 

ɿʘʪʦ ʜʘʥʘʩ ʥʠʿʝ ʚʠʰʝ ʥʦʚʦʩʪ ʜʘ ʰʪʝʪʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʧʦʨʘʩʪʘ ʫ ʛʨʘʜʦʚʠʤʘ 

ʟʝʤʘˀʘ ʫ ʨʘʟʚʦʿʫ, ʿʝʨ ʩʝ ʦʥʝ ʧʨʝʙʨʟʦ ʨʘʟʚʠʿʘʿʫ ʠ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦ ʠʩʧʫʰʪʘʿʫ ʚʠʰʝ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ, ʢʘʦ ʠ ʟʘʪʦ ʰʪʦ ʠʤ ʥʝʜʦʩʪʘʿʫ ʧʦʿʝʜʠʥʠ ʢʦʥʪʨʦʣʥʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʧʦʧʫʪ ʫʧʨʘʚˀʘˁʘ 

ʢʚʘʣʠʪʝʪʦʤ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ. ɱʝʜʥʦ ʦʜ ʪʘʢʚʠʭ ʤʝʨʝˁʘ ʠʟʚʨʰʝʥʦ ʿʝ ʧʨʝʢʦ ʩʪʘʣʥʠʭ ʩʪʘʥʠʮʘ ʟʘ 

ʤʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ, ʯʠʿʠ ʩʫ ʨʝʟʫʪʘʪʠ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 2.1 ʟʘ ʧʨʦʩʝʯʥʝ ʛʦʜʠʰˁʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʟʦʪ-ʜʠʦʢʩʠʜʘ (NO2) ʠ ʤʘʢʩʠʤʘʣʥe ʿʝʜʥʦʯʘʩʦʚʥe ʢʦʥʮʝʥʪʨʘʮʠʿe ʦʟʦʥʘ (O3). 
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ʊʘʙʝʣʘ 2.1 ʀʟʤʝʨʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʟʦʪ-ʜʠʦʢʩʠʜʘ ʠ ʦʟʦʥʘ ʫ ʩʚʝʪʩʢʠʤ ʤʝʪʨʦʧʦʣʘʤʘ  

ɻʨʘʜ ʊʦʢʠʦ ʉʝʫʣ 
ʄʝʢʩʠʢʦ 

ʉʠʪʠ 
ɳʫ ɱʦʨʢ ɹʦʤʙʘʿ ɼʝʣʭʠ 

ʉʘʦ 

ʇʘʦʣʦ 
ʐʘʥʛʘʿ 

ʃʦʩ 

ɸʥʹʝʣʝʩ 

NO2  

[ɛgĿm-3] 
68 60 55 70 39 41 47 73 66 

O3  

[ɛgĿm-3] 
/ / 546 272 / / 403 / 225 

ɻʨʘʜ ʆʩʘʢʘ ʂʘʣʢʫʪʘ 
ɹʫʝʥʦʩ 

ɸʿʨʝʩ 
ʄʦʩʢʚʘ ʇʝʢʠʥʛ 

ʈʠʦ ʜʝ 

ɾʘʥʝʠʨʦ 
ɹʦʛʦʪʘ 

ʍʦ ʐʠ 

ʄʠʥ 

WHO 

(2005) 

(ʜʦʟʚʦˀʝʥʦ) 

NO2  

[ɛgĿm-3] 
63 34 20 80 122 40 39 34 40 

O3  

[ɛgĿm-3] 
/ / / / / / 348 247 160 

ʀʟʚʦʨ: (Baldasano et al., 2003; ADB, 2006; HEPA, 2006) [48], [49], [50]. 

 

ʋ ʩʣʫʯʘʿʫ ʘʟʦʪ-ʜʠʦʢʩʠʜʘ ʨʝʛʠʩʪʨʦʚʘʥʝ ʩʫ ʚʠʩʦʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫ ʛʨʘʜʦʚʠʤʘ ʨʘʟʚʠʿʝʥʠʭ ʟʝʤʘˀʘ ʠ ʫ 

ʛʨʘʜʦʚʠʤʘ ʟʝʤʘˀʘ ʫ ʨʘʟʚʦʿʫ ʛʜʝ ʿʝ ʛʣʘʚʥʠ ʠʟʚʦʨ ʝʤʠʩʠʿʝ ʜʨʫʤʩʢʠ ʩʘʦʙʨʘ˂ʘʿ. ʄʝʹʫʪʠʤ, ʝʤʠʩʠʿʘ 

ʠʟʘʟʚʘʥʘ ʜʨʫʤʩʢʠʤ ʩʘʦʙʨʘ˂ʘʿʝʤ ʫ ʨʘʟʚʠʿʝʥʠʤ ʟʝʤˀʘʤʘ ʿʝʩʪʝ ʤʘˁʝ ʦʧʘʩʥʘ ʦʜ ʝʤʠʩʠʿʘ ʫ ʟʝʤˀʘʤʘ ʫ 

ʨʘʟʚʦʿʫ, ʿʝʨ ʦʥʝ ʢʦʨʠʩʪʝ ʩʘʚʨʝʤʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʥʪʨʦʣʝ ʝʤʠʩʠʿʝ, ʯʠʩʪʠʿʘ ʧʦʛʦʥʩʢʘ ʛʦʨʠʚʘ ʠ ʚʠʰʝ 

ʿʝ ʫ ʫʧʦʪʨʝʙʠ ʿʘʚʥʠ ʪʨʘʥʩʧʦʨʪ. ʋ ʟʝʤˀʘʤʘ ʫ ʨʘʟʚʦʿʫ ʢʦʨʠʩʪʝ ʩʝ ʟʘʩʪʘʨʝʣʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʚʨʣʦ ʤʘʣʦ 

ʩʨʝʜʩʪʚʘ ʿʘʚʥʦʛ ʪʨʘʥʩʧʦʨʪʘ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʪʦʛʘ, ʚʝ˂ʠʥʘ ʛʨʘʜʦʚʘ ʫ ʟʝʤˀʘʤʘ ʫ ʨʘʟʚʦʿʫ, ʢʘʦ ʰʪʦ ʩʫ: 

ʐʘʥʛʘʿ, ɳʫ ɼʝʣʭʠ, ʇʝʢʠʥʛ ʠʪʜ., ʩʘʜʨʞʝ ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢ ʥʠʚʦ ʘʝʨʦʟʘʛʘʹʝˁʘ (Gurjar, 2005) [51].  

 

ʋ ɽʚʨʦʧʠ ʿʝ ʢʚʘʣʠʪʝʪ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ ʨʝʛʫʣʠʩʘʥ ʩʪʘʥʜʘʨʜʠʤʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ. ʆʥʠ ʩʫ 

ʟʘʩʥʦʚʘʥʠ ʥʘ ʨʝʟʫʣʪʘʪʠʤʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʥʘ ˀʫʜʠʤʘ ʠ ʞʠʚʦʪʠˁʘʤʘ, ʦʜʥʦʩʥʦ ʝʧʠʜʝʤʠʦʣʦʰʢʠʤ 

ʩʪʫʜʠʿʘʤʘ, ʢʦʿʝ ʧʨʘʪʠ, ʦʮʝˁʫʿʝ ʠ ʧʫʙʣʠʢʫʿʝ ʫ ʚʠʜʫ ʧʨʠʨʫʯʥʠʢʘ ʉʚʝʪʩʢʘ ʟʜʨʘʚʩʪʚʝʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ   

(WHO, 2000) [52]. ʋ ɽʚʨʦʧʠ ʪʘʢʚʝ ʩʪʘʥʜʘʨʜʝ ʫʩʧʦʩʪʘʚˀʘ ɽʚʨʦʧʩʢʘ ʫʥʠʿʘ, ʤʝʹʫʪʠʤ, ʥʘ ʜʦʟʚʦˀʝʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʧʦʧʫʪ ʩʫʤʧʦʨ-ʜʠʦʢʩʠʜʘ, ʦʢʩʠʜʘ ʘʟʦʪʘ, ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʠʣʠ 

ʯʚʨʩʪʠʭ ʯʝʩʪʠʮʘ, ʤʦʛʫ ʫʪʠʮʘʪʠ ʨʝʜʫʢʦʚʘʥʠ ʩʪʘʥʜʘʨʜʠ ʥʘʮʠʦʥʘʣʥʠʭ ʝʤʠʩʠʿʘ. ʋʧʦʨʠʰʪʝ ʦʚʘʢʚʝ 

ʢʦʥʩʪʘʥʪʘʮʠʿʝ ʤʦʞʝ ʩʝ ʥʘ˂ʠ ʫ ʫʩʚʦʿʝʥʠʤ ʢʦʥʚʝʥʮʠʿʘʤʘ Eʚʨʦʧʩʢʝ ʫʥʠʿʝ (86/277/EEC, 93/361/EEC, 

98/686/EEC, 2001/379/EC, 2003/507/EC, 2004/259/EC). ɼʠʨʝʢʪʠʚʝ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʢʦʿʝ ʨʝʛʫʣʠʰʫ 

ʢʚʘʣʠʪʝʪ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ ʩʫ: 2008/50/ɽC ʟʘ PM, O3, NO2, SO2, CO, Pb ʠ ʙʝʥʟʝʥ ʠ 

2004/107/ɽC ʟʘ ʪʝʰʢʝ ʤʝʪʘʣʝ: As, Cd, Hg ʠ Ni. ɼʠʨʝʢʪʠʚa ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʢʦʿʠʤʘ je ʨʝʛʫʣʠʩʘʥʘ 

ʝʤʠʩʠʿʘ ʘʝʨʦʟʘʛʘʹʠʚʘʯʘ ʿʝ 2001/81/ɽC ʟʘ: PM, O3, NOx, NH3, SO2, CO, ʪʝʰʢe ʤʝʪʘʣe: Cd, Tl, Hg, Sb, 

As, Pb, Cr, Co, Cu, Mn, Ni ʠ VOC. ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ ʿʝ ʫʩʣʦʚʝ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʠ ʟʘʭʪʝʚʝ ʧʨʝʤʘ 

ʢʚʘʣʠʪʝʪʫ ʚʘʟʜʫʭʘ ʨʝʛʫʣʠʩʘʣʘ ʋʨʝʜʙʦʤ ʦʙʿʘʚˀʝʥʫ ʫ ʉʣ. ʛʣʘʩʥʠʢʫ ʈʉ ʿʝ ʙʨʦʿ 11/2010 ʠ 75/2010.  

 

ʇʨʠʣʦʛʘ ɸ ʩʘʜʨʞʠ ʪʘʙʝʣʝ A(1ï11) ʩʘ ʧʦʜʘʮʠʤʘ ʦ ʛʨʘʥʠʯʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ 

ʧʨʝʧʦʨʫʯʝʥʠʭ ʦʜ ʩʪʨʘʥʝ ɽʚʨʦʧʩʢʝ ʘʛʝʥʮʠʿʝ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (ɽɽɸ, 2011) [53], ʉʚʝʪʩʢʝ 

ʟʜʨʘʚʩʪʚʝʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ (WHO, 2006; 2008) [54], [55] ʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ (ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ 

ʦʮʝˁʠʚʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ, ʚʘʣʠʜʥʦʩʪʠ ʫʟʦʨʢʦʚʘˁʘ, ʮʠˀʥʝ, ʜʫʛʦʨʦʯʥʝ ʠ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʪʦʣʝʨʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʛʨʘʥʠʮʝ ʪʦʣʝʨʘʥʮʠʿʝ ʠ ʢʦʣʠʢʝ ʙʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʫ ʢʘʜʘ ʩʝ ʩʪʘʥʦʚʥʠʰʪʚʦ ʤʦʨʘ ʦʙʘʚʝʩʪʠʪʠ, ʦʜʥʦʩʥʦ ʫʧʦʟʦʨʠʪʠ). 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31986D0277:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31993D0361:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31998D0686:EN:NOT
http://europa.eu/legislation_summaries/environment/air_pollution/l28035_en.htm
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32003D0507:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32004D0259:EN:NOT
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2.2. ʄʝʨʝˁʝ ʠʤʠʩʠʿʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ  

 
ʇʨʦʪʝʢʣʠʭ ʛʦʜʠʥʘ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʨʝʛʠʩʪʨʦʚʘˁʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʪʦʣʠʢʦ ʩʫ ʥʘʧʨʝʜʦʚʘʣʠ ʜʘ ʿʝ 

ʜʘʥʘʩ ʫʢʘʟʘʥʦ ʚʝʣʠʢʦ ʧʦʚʝʨʝˁʝ ʧʦʜʘʮʠʤʘ ʜʦʙʠʿʝʥʠʤ ʥʘ ʪʘʢʘʚ ʥʘʯʠʥ. ɹʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ʩʫ ʤʘʥʫʝʣʥʠ 

ʠʣʠ ʘʫʪʦʤʘʪʩʢʠ, ʚʝ˂ʠʥʘ ʘʥʘʣʠʟʘʪʦʨʘ ʿʝ ʧʨʦʿʝʢʪʦʚʘʥʘ ʨʘʜʠ ʫʪʚʨʹʠʚʘˁʘ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʫ ʿʝʜʠʥʠʯʥʦʿ ʟʘʧʨʝʤʠʥʠ ʚʘʟʜʫʭʘ (ʢʦʥʮʝʥʪʨʘʮʠʿʘ). 

 

ʈʘʩʧʦʣʦʞʠʚʝ ʪʝʭʥʠʢʝ ʫʟʦʨʢʦʚʘˁʘ (ʤʝʨʝˁʘ) ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʚʘʟʜʫʭʫ (ʠʤʠʩʠʿʘ) 

ʤʦʛʫ ʩʝ ʧʦʜʝʣʠʪʠ ʫ 3 ʢʘʪʝʛʦʨʠʿʝ (Vardoulakis, 2002) [57]: 

I  ʉʪʘʣʥʘ ʢʦʥʪʨʦʣʘ; 

II  ʊʝʭʥʠʢʘ ʧʨʝʜ-ʢʦʥʮʝʥʪʨʦʚʘˁʘ: 

1. ʧʘʩʠʚʥʦ (ʠʣʠ ʜʠʬʫʟʥʦ) ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ, 

2. ʘʢʪʠʚʥʦ (ʠʣʠ ʧʦʤʦ˂ʫ ʧʫʤʧʝ) ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ.  

III  ʊʝʭʥʠʢʘ ʨʝʰʝʪʢʝ (ʛʨʘʙʫˀʘˁʝ)
 
(ʝʥʛ. grab sampling). 

 

ʊʘʢʦʹʝ, ʧʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʤʦʥʠʪʦʨʠʥʛʘ ʢʚʘʣʠʪʝʪʘ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ (Bang, 2012) [45]:  

I  ɸʫʪʦʤʘʪʩʢʝ;  

II  ʇʦʣʫʘʫʪʦʤʘʪʩʢʝ; 

III  ʈʫʯʥʝ ʤʝʪʦʜʝ. 

 

ʆʜ ʧʨʝʪʭʦʜʥʦ ʥʘʙʨʦʿʘʥʝ ʪʨʠ, ʘʫʪʦʤʘʪʩʢʘ ʤʝʪʦʜʘ ʿʝ ʥʘʿʙʦˀʘ ʿʝʨ ʦʤʦʛʫ˂ʘʚʘ ʤʦʥʠʪʦʨʠʥʛ 

ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ɺʨʰʠ ʩʝ ʧʫʥʦ ʤʝʨʝˁʘ, ʘ ʨʝʛʠʩʪʨʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ ʤʦʛʫ ʢʘʩʥʠʿʝ 

ʠʩʢʦʨʠʩʪʠʪʠ ʨʘʜʠ ʠʟʫʯʘʚʘˁʘ ʝʚʦʣʫʮʠʿʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʝʨʠʦʜʠʤʘ ʠ ʪʦʢʦʤ ʮʝʣʝ 

ʛʦʜʠʥʝ. ʄʝʹʫʪʠʤ, ʤʝʪʦʜʘ ʿʝ ʚʝʦʤʘ ʩʢʫʧʘ ʟʙʦʛ ʩʘʚʨʝʤʝʥʝ ʦʧʨʝʤʝ, ʘ ʦʩʠʤ ʪʦʛʘ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ 

ʨʝʜʦʚʥʠʤ ʦʜʨʞʘʚʘˁʝʤ ʠ ʦʙʫʢʦʤ ʪʝʭʥʠʯʘʨʘ ʟʘ ʨʫʢʦʚʘˁʝ ʤʝʨʥʠʤ ʫʨʝʹʘʿʝʤ (Molina and Molina, 

2002) [58]. ɼʘʥʘʩ ʩʫ ʘʫʪʦʤʘʪʩʢʝ ʠ ʤʘʥʫʝʣʥʝ ʤʨʝʞʝ ʟʘ ʤʝʨʝˁʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʠʥʩʪʘʣʠʨʘʥʝ ʫ ʮʝʣʦʤ 

ʩʚʝʪʫ. ʉʘʤʦ ʿʝ ʫ ɽʚʨʦʧʠ ʠʥʩʪʘʣʠʨʘʥʦ 1.450 ʤʝʨʥʠʭ ʩʪʘʥʠʮʘ ʢʦʿʝ ʧʦʢʨʠʚʘʿʫ 350 ʛʨʘʜʦʚʘ ʰʠʨʦʤ 

ɽʚʨʦʧʝ. ɸʤʝʨʠʯʢʘ ʘʛʝʥʮʠʿʘ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (US EPA) ʫʧʨʘʚˀʘ ʩʪʘʥʠʮʘʤʘ ʢʦʿʠʭ ʠʤʘ 

ʧʨʝʢʦ 1.000 ʫ ʮʝʣʦʿ ɸʤʝʨʠʮʠ (Baldasano et al., 2003) [48], ʫ ʃʘʪʠʥʩʢʦʿ ɸʤʝʨʠʮʠ ʠʤʘ ʚʠʰʝ ʦʜ 4.000 

ʤʦʥʠʪʦʨʠʥʛ ʩʪʘʥʠʮʘ (Belalcazar, 2009) [59], ʜʦʢ ʩʫ ʫ ɸʟʠʿʠ ʩʣʝʜʝ˂ʝ ʟʝʤˀʝ ʠʥʩʪʘʣʠʨʘʣʝ ʘʫʪʦʤʘʪʩʢʝ 

ʤʨʝʞʝ: ʂʠʥʘ, ɱʘʧʘʥ, ʂʦʨʝʿʘ, ʀʥʜʠʿʘ, ʀʥʜʦʥʝʟʠʿʘ, ʊʘʿʣʘʥʜ, ɺʠʿʝʪʥʘʤ ʠʪʜ.  

 

ɺʨʝʤʝ ʦʜʟʠʚʘ, ʦʜʥʦʩʥʦ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʫʟʦʨʢʦʚʘˁʘ, ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʠ ʢʨʠʪʝʨʠʿʫʤ ʟʘ 

ʧʦʜʦʙʥʦʩʪ ʠʟʘʙʨʘʥʝ ʤʝʪʦʜʝ. ʉʪʘʥʜʘʨʜʥʠ ʛʘʩʥʠ ʘʥʘʣʠʟʘʪʦʨʠ ʩʫ ʦʩʝʪˀʠʚʠ ʠ ʜʦʚʦˀʥʦ ʙʨʟʠ ʫ 

ʤʝʨʝˁʠʤʘ ʨʝʘʣʥʦʛ ʚʨʝʤʝʥʘ ʟʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜ, ʦʢʩʠʜʝ ʘʟʦʪʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʦʟʦʥʘ. ʆʜʛʦʚʘʨʘʿʫ˂ʠ 

ʧʨʦʩʝʯʥʠ ʨʝʟʫʣʪʘʪʠ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʫ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ ʠ ʪʘʢʦ ʫʧʦʨʝʜʠʪʠ ʩʘ 

ʨʝʛʫʣʘʪʦʨʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ. 
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ɺʝʦʤʘ ʿʝ ʚʘʞʥʦ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜ ʠ ʙʝʥʟʝʥ ʧʦʜʝʩʥʠʿʠ ʟʘ ʦʪʢʨʠʚʘˁʝ ʧʨʦʩʪʦʨʥʠʭ 

ʛʨʘʜʠʿʝʥʘʪʘ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʛʨʘʜʦʚʠʤʘ. ʂʘʦ ʿʝʜʘʥ ʦʜ ʧʨʠʤʝʨʘ ʤʦʞʝʤʦ ʥʘʚʝʩʪʠ ʜʘ ʿʝ ʫʛˀʝʥ-

ʤʦʥʦʢʩʠʜ ʫʧʦʪʨʝʙˀʝʥ ʢʘʦ ʧʦʢʘʟʘʪʝˀ ʚʝʣʠʢʠʭ ʨʘʟʣʠʢʘ ʫ ʥʠʚʦʠʤʘ ʘʝʨʦʟʘʛʘʹʝˁʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ 

ʫʣʠʮʘ ʮʝʥʪʨʘʣʥʦʛ ʜʝʣʘ ʃʦʥʜʦʥʘ (Croxford et al., 1996) [60]. ʂʦʥʘʯʥʦ, ʜʠʬʫʟʥʦ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ 

ʙʝʥʟʝʥʘ ʠ ʘʣʜʝʭʠʜʘ ʿʝ ʠʩʢʦʨʠʰ˂ʝʥʦ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʿʘʢʠʭ ʛʨʘʜʠʿʝʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘ ʢʨʘ˂ʠʤ 

ʨʘʩʪʦʿʘˁʠʤʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʜʚʘ ʛʨʘʜʘ ʌʨʘʥʮʫʩʢʝ (Gonzalez-Flesca, 1999) [61]. 

 

ɼʠʬʫʟʥʦ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʘʟʦʪ-ʜʠʦʢʩʠʜʘ ʯʝʩʪʦ ʿʝ ʫʧʦʪʨʝʙˀʘʚʘʥʦ ʨʘʜʠ ʫʪʚʨʹʠʚʘˁʘ ʧʨʦʩʪʦʨʥʝ 

ʧʨʦʤʝʥˀ ʠʚʦʩʪʠ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫʥʫʪʘʨ ʫʨʙʘʥʠʭ ʩʨʝʜʠʥʘ (Hewitt, 1991; Monn, 1997) [62], [63]. ɳʝʛʦʚ 

ʥʝʜʦʩʪʘʪʘʢ ʦʛʣʝʜʘ ʩʝ ʫ ʪʦʤʝ ʰʪʦ ʦʥ ʥʠʿʝ ʥʘʿʙʦˀʠ ʠʥʜʠʢʘʪʦʨ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ, ʤʘʜʘ ʩʝ 

ʣʘʢʦ ʧʨʦʚʝʨʘʚʘ ʫʟ ʧʦʤʦ˂ ʧʘʩʠʚʥʠʭ ʮʝʚʠ. ʈʘʟʣʦʛ ʟʘ ʪʦ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʘʟʦʪ-ʜʠʦʢʩʠʜ ʧʨʝʜʩʪʘʚˀʘ 

ʤʘʣʠ ʜʝʦ (ʤʘˁʝ ʦʜ 10 %) ʫʢʫʧʥʠʭ ʦʢʩʠʜʘ ʘʟʦʪʘ ʢʦʿʝ ʜʠʨʝʢʪʥʦ ʝʤʠʪʫʿʝ ʤʦʪʦʨʥʦ ʚʦʟʠʣʦ. ʇʦʨʝʜ ʪʦʛʘ, 

ʦʥ ʿʝ ʚʨʣʦ ʨʝʘʢʪʠʚʘʥ ʧʨʠʣʠʢʦʤ ʧʨʝʥʦʩʘ ʥʘ ʢʨʘ˂ʠʤ ʨʝʣʘʮʠʿʘʤʘ, ʧʘ ʩʝ ʟʘʪʦ ʠ ʥʝ ʦʯʝʢʫʿʝ ʜʘ ʩʝ ʯʚʨʩʪʦ 

ʚʝʞʝ ʟʘ ʜʨʫʛʝ ʿʦʰ ʢʦʥʟʝʨʚʘʪʠʚʥʠʿʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʜʠʬʫʟʥʠ ʫʟʦʨʮʠ ʠʤʘʿʫ 

ʧʨʠʣʠʯʥʦ ʜʫʛʦ ʚʨʝʤʝ ʦʜʟʠʚʘ (1 ʠʣʠ 2 ʜʘʥʘ ʜʦ 4 ʥʝʜʝˀʝ), ʰʪʦ ʠʭ ʯʠʥʠ ʧʨʠʭʚʘʪˀʠʚʠʿʠʤ ʢʦʜ 

ʩʫʧʩʪʘʥʮʠ ʩʘ ʢʫʤʫʣʘʪʠʚʥʠʤ ʝʬʝʢʪʠʤʘ ʧʦ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ ʠʣʠ ʟʘ ʧʨʦʩʪʦʨʥʘ ʤʝʨʝˁʘ ʢʚʘʣʠʪʝʪʘ 

ʚʘʟʜʫʭʘ ʠ ʣʠʯʥʝ ʠʟʣʦʞʝʥʦʩʪʠ, ʧʦʰʪʦ ʩʫ ʦʥʠ ʧʨʝʥʦʩʠʚʠ ʫʨʝʹʘʿʠ (Vardoulakis et al., 2003) [64].  

 

ʇʦʨʝʜ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʪʝʭʥʠʢʝ ʫʟʦʨʢʦʚʘˁʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʧʦʜʝʣʫ ʧʨʝʤʘ ʣʦʢʘʮʠʿʘʤʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ (Vardoulakis, 2002) [57]: 

I  ʃʠʥʠʿʩʢʘ ʤʝʨʝˁʘ - ʤʝʨʝˁʘ ʜʫʞ ʧʦʩʤʘʪʨʘʥʦʛ ʢʦʣʦʚʦʟʘ ʠ ʥʘʿʯʝʰ˂ʝ ʤʝʪʦʜʝ (Platt and 

Perner, 1983) [65] ʩʫ:  

1. ʤʝʨʝˁʝ ʜʠʬʝʨʝʥʮʠʦʥʘʣʥʝ ʦʧʪʠʯʢʝ ʘʧʩʦʨʧʮʠʿʝ ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ; 

2.  ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʘʧʩʦʨʧʮʠʿʘ. 

II  ʊʘʯʢʘʩʪʘ ʤʝʨʝˁʘ - ʫʟʦʨʢʦʚʘˁʝ ʩʘ ʿʝʜʥʦʛ ʤʝʩʪʘ (ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʫʧʦʪʨʝʙˀʝʥʝ ʩʫ 

ʪʘʯʢʘʩʪʝ ʪʝʭʥʠʢʝ ʤʝʨʝˁʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ).    

ʊʨʘʿʥʦ (ʢʦʥʪʠʥʫʘʣʥʝ, ʬʠʢʩʠʨʘʥʝ) ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʩʪʘʥʠʮʝ ʟʘ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ 

ʤʦʛʫ ʩʝ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʜʚʝ ʰʠʨʦʢʝ ʢʘʪʝʛʦʨʠʿʝ (Vardoulakis, 2002) [57]: 

I  ʉʪʘʥʠʮʝ ʦʨʠʿ ʝʥʪʠʩʘʥʝ ʟʘ ʨʝʛʠʩʪʨʦʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ (ʥʘ ʪʨʦʪʦʘʨʫ 

ʙʣʠʞʝ ʠʚʠʯˁʘʢʫ);  

II  ʉʪʘʥʠʮʝ ʟʘ ʨʝʛʠʩʪʨʦʚʘˁʝ ʢʚʘʣʠʪʝʪʘ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ.  

 

ʋʧʦʪʨʝʙʘ ʬʠʢʩʠʨʘʥʠʭ ʤʦʥʠʪʦʨʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʯʝʰ˂ʠ ʧʦʢʘʟʘʪʝˀ ʠʟʣʘʛʘˁʘ ˀʫʜʠ ʰʪʝʪʥʠʤ 

ʤʘʪʝʨʠʿʘʤʘ. ʄʝʹʫʪʠʤ, ʪʘʢʚʝ ʩʪʘʥʠʮʝ ʛʝʥʝʨʘʣʥʦ ʩʫ ʣʦʰʠ ʠʥʜʠʢʘʪʦʨʠ ʿʝʨ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʥʫ ʪʘʯʢʫ 

ʫ ʧʨʦʩʪʦʨʫ ʠ ʦʯʠʛʣʝʜʥʦ ʥʝ ʤʦʛʫ ʧʨʠʢʘʟʘʪʠ ʚʝʣʠʢʠ ʙʨʦʿ ʠʟʣʘʛʘˁʘ, ʘʣʠ ʟʘʪʦ ʤʦʛʫ ʧʨʠʢʘʟʘʪʠ ʦʧʰʪʫ 

ʚʨʝʤʝʥʩʢʫ ʧʨʦʤʝʥʫ. ɻʝʦʛʨʘʬʩʢʘ ʧʨʦʤʝʥʘ ʥʠʚʦʘ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫʥʫʪʘʨ ʦʜʨʝʹʝʥʝ ʛʨʘʜʩʢʝ ʦʙʣʘʩʪʠ 

ʿʝʩʪʝ ʚʝʣʠʢʘ ʠ ʦʥʘ ʤʦʞʝ ʙʠʪʠ 5ï10 ʧʫʪʘ ʚʝ˂ʘ ʫ ʧʨʦʤʝʪʥʦ ʿʫʣʠʮʠ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʫ ʜʚʦʨʠʰʪʠʤʘ ʠʟʘ ʢʘˁʦʥʘ (Jensen, 1999) [66]. ʅʠʚʦʠ ʘʝʨʦʟʘʛʘʹʝˁʘ ʥʘ ʥʝʢʦʿ 



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
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ʣʦʢʘʮʠʿʠ ʦʯʠʛʣʝʜʥʦ ʟʘʚʠʩʝ ʦʜ ʦʙʠʤʘ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ ʫ ʫʣʠʮʠ ʠ ʦʜ ʨʘʩʪʦʿʘˁʘ ʜʦ ʠʟʚʦʨʘ 

ʩʘʦʙʨʘ˂ʘʿʘ. ʆʧʝʪ, ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʜʦʢ ʩʝ ʜʠʬʫʟʥʦ ʫʟʦʨʢʦʚʘˁʝ ʩʤʘʪʨʘ ʝʬʠʢʘʩʥʦʤ ʪʝʭʥʠʢʦʤ ʟʘ 

ʦʧʠʩʠʚʘˁʝ ʧʨʦʩʪʦʨʥʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫʥʫʪʘʨ ʛʨʘʜʘ, ʢʦʥʪʠʥʫʘʣʥʠ ʛʘʩʥʠ ʘʥʘʣʠʟʘʪʦʨʠ  

ʤʦʛʫ ʦʙʝʟʙʝʜʠʪʠ ʧʦʫʟʜʘʥʝ ʢʨʘʪʢʦʨʦʯʥʝ (ʩʚʘʢʦʛ ʩʘʪʘ) ʧʨʦʩʝʯʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (ʥʘ ʧʨʠʤʝʨ: CO, NOx 

ʠ O3) ʥʘ ʦʛʨʘʥʠʯʝʥʦʤ ʙʨʦʿʫ ʢʦʥʪʨʦʣʥʠʭ ʣʦʢʘʮʠʿʘ (Vardoulakis, 2002) [57].   

 

ʋ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʩʚʝ ʚʠʰʝ ʩʝ ʢʦʨʠʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʧʦʤʦ˂ʫ ʧʦʢʨʝʪʥʝ ʤʝʨʥʝ ʦʧʨʝʤʝ ʠ 

ʧʨʠʩʪʫʧ ʤʠʢʨʦʩʨʝʜʠʥʝ (ʩʪʘʣʥʘ ʤʝʨʝˁʘ ʫ ʤʠʢʨʦʩʨʝʜʠʥʠ ʫʩʢʣʘʹʝʥʘ ʩʘ ʦʙʨʘʩʮʝʤ ʚʨʝʤʝʥʩʢʝ 

ʘʢʪʠʚʥʦʩʪʠ ʦʩʦʙʝ). ʅʘʙʨʦʿʘʥʝ ʤʝʪʦʜʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʙʦˀʝ ʧʦʢʘʟʘʪʝˀʝ ʠʟʣʘʛʘˁʘ ˀʫʜʠ ʥʝʛʦ ʧʨʠʤʝʥʘ 

ʬʠʢʩʥʠʭ ʤʦʥʠʪʦʨʘ, ʘʣʠ ʟʙʦʛ ʪʨʦʰʢʦʚʘ ʤʝʨʝˁʘ ʦʥʝ ʩʫ ʦʛʨʘʥʠʯʝʥʝ ʥʘ ʩʪʫʜʠʿʝ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ 

ʩʫʙʿʝʢʘʪʘ (Williams, 1991) [67]. ʂʘʦ ʰʪʦ ʿʝ ʥʘʚʝʜʝʥʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʪʝʢʩʪʫ, ʧʦʩʪʦʿʠ ʧʦʤʘʢ ʢʘ 

ʜʝʪʘˀʥʠʿʦʿ ʧʨʦʮʝʥʠ ʠʟʣʘʛʘˁʘ, ʠ ʨʘʟʚʠʿʝʥʠ ʤʦʜʝʣ ʧʨʘʪʠ ʪʦ ʢʨʝʪʘˁʝ ʪʘʢʦ ʰʪʦ ʩʝ ʟʘ ʧʨʦʮʝʥʫ 

ʧʨʠʤʝˁʫʿʝ ʧʨʠʩʪʫʧ ʤʠʢʨʦʩʨʝʜʠʥʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʤʝʩʪʦ ʩʪʘʥʦʚʘˁʘ ʢʦʨʠʩʪʠ ʢʘʦ ʠʥʜʠʢʘʪʦʨ ʠʟʣʘʛʘˁʘ.   

 

ʋ ʩʢʣʘʜʫ ʩʘ ɼʠʨʝʢʪʠʚʦʤ ɽʚʨʦʧʩʢʦʛ ʧʘʨʣʘʤʝʥʪʘ ʠ ʉʘʚʝʪʘ ʦ ʢʚʘʣʠʪʝʪʫ ʚʘʟʜʫʭʘ (EEC, 2000) [68], 

ʩʪʘʥʠʮʝ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʣʘʟʝ ʪʘʤʦ ʛʜʝ ʿʝ ʥʘʿʚʠʰʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠ 

ʧʦʪʝʥʮʠʿʘʣʥʘ ʠʟʣʦʞʝʥʦʩʪ ˀʫʜʠ. ɿʘʪʚʦʨʝʥʝ ʛʨʘʜʩʢʝ ʦʙʣʘʩʪʠ ʪʨʝʙʘ ʠʟʙʝʛʘʚʘʪʠ, ʿʝʨ ʤʝʨʝˁʘ ʪʨʝʙʘ ʜʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʠʚʦ ʘʝʨʦʟʘʛʘʹʝˁʘ ʦʢʦʣʥʦʛ ʧʦʜʨʫʯʿʘ ʦʜ ʥʘʿʤʘˁʝ 200 m
2
. ɼʨʫʛʘ ʩʤʝʨʥʠʮʘ ʟʘʭʪʝʚʘ ʜʘ 

ʚʠʩʠʥʘ ʤʝʩʪʘ ʤʝʨʝˁʘ ʙʫʜʝ ʠʟʤʝʹʫ 1,5 m (ʟʦʥʘ ʜʠʩʘˁʘ ˀʫʜʠ) ʠ 4 m, ʥʝ ʤʘˁʝ ʦʜ 25 m ʦʜ ʛʣʘʚʥʠʭ 

ʨʘʩʢʨʩʥʠʮʘ ʠ 4 m ʦʜ ʩʨʝʜʠʥʝ ʥʘʿʙʣʠʞʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ. ɿʘ NO2 ʠ CO, ʫʟʦʨʢʦʚʘˁʝ ʙʠ ʪʨʝʙʘʣʦ 

ʙʠʪʠ ʤʘˁʝ ʦʜ 5 m ʦʜ ʫʣʠʯʥʠʭ ʪʨʦʪʦʘʨʘ, ʜʦʢ ʿʝ ʟʘ ʙʝʥʟʝʥ ʥʝʦʧʭʦʜʥʦ ʦʧʨʝʤʫ ʧʦʩʪʘʚʠʪʠ ʫ ʙʣʠʟʠʥʠ 

ʬʘʩʘʜʝ ʟʛʨʘʜʝ (ʘʣʠ ʥʝ ʤʘˁʝ ʦʜ 0,5 m ʦʜ ʥʘʿʙʣʠʞʝʛ ʟʠʜʘ) (Vardoulakis et al., 2002) [69].    

 

ʐʪʦ ʩʝ ʪʠʯʝ ʫʟʦʨʢʦʚʘˁʘ ʫ ʛʨʘʥʠʮʘʤʘ ʫʨʙʘʥʝ ʟʦʥʝ, ʦʧʝʨʘʪʦʨʠ ʤʦʨʘʿʫ ʜʘ ʩʝ ʫʚʝʨʝ ʜʘ ʥʝʤʘ ʬʠʟʠʯʢʠʭ 

ʧʨʝʧʨʝʢʘ (ʟʛʨʘʜʘ, ʙʘʣʢʦʥʘ, ʜʨʚʝ˂ʘ ʠʪʜ.) ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʩʪʨʫʿʘˁʝ ʚʘʟʜʫʭʘ ʦʢʦ ʤʝʩʪʘ ʫʟʦʨʢʦʚʘˁʘ. 

ʆʩʠʤ ʪʦʛʘ, ʫʟʦʨʢʦʚʘˁʝ ʥʝ ʪʨʝʙʘ ʦʙʘʚˀʘʪʠ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʠʟʚʦʨʘ, ʜʘ ʙʠ ʩʝ ʠʟʙʝʛʣʦ 

ʜʠʨʝʢʪʥʦ ʫʟʠʤʘˁʝ ʩʘʤʦ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ. ɼʨʫʛʠ ʬʘʢʪʦʨʠ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʨʘʟʤʦʪʨʠʪʠ ʩʫ 

ʧʨʠʩʪʫʧ ʠ ʩʠʛʫʨʥʦʩʪ ʦʧʨʝʤʝ, ʙʝʟʙʝʜʥʦʩʪ ˀʫʜʠ ʠ ʦʧʝʨʘʪʦʨʘ, ʨʘʟʤʝʰʪʘʿ ʤʝʩʪʘ ʤʝʨʝˁʘ ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ, ʟʘʭʪʝʚʠ ʧʣʘʥʠʨʘˁʘ ʠʪʜ. (Fenger, 1999) [70]. ʅʘʿʟʘʜ, ʪʨʝʙʘ ʙʠʪʠ ʦʧʨʝʟʘʥ ʧʨʠ 

ʧʦʨʝʹʝˁʫ ʧʦʜʘʪʘʢʘ ʤʦʥʠʪʦʨʠʥʛʘ (ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ) ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʛʨʘʜʦʚʘ. ʇʦʜʘʮʠ ʩʫ ʯʝʩʪʦ 

ʟʘʩʥʦʚʘʥʠ ʥʘ ʨʝʟʫʣʪʘʪʠʤʘ ʠʟ ʚʠʰʝ ʤʦʥʠʪʦʨʠʥʛ ʩʪʘʥʠʮʘ, ʩʤʝʰʪʝʥʠʭ ʥʘ ʢʨʠʪʠʯʥʠʤ ʤʝʩʪʠʤʘ ʠ ʪʘʢʦ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʘʤʦ ʤʘʣʠ ʜʝʦ ʞʠʚʦʪʥʦʛ ʦʢʨʫʞʝˁʘ.   

 

ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʩʝ ʤʦʛʫ ʠʟʨʘʟʠʪʠ ʥʘ ʜʚʘ ʥʘʯʠʥʘ. ʇʨʚʦ, ʢʘʦ ʤʘʩʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ 

ʫ ʜʘʪʦʿ ʟʘʧʨʝʤʠʥʠ ʚʘʟʜʫʭʘ, [mgĿm
-3
]
 
ʠʣʠ [ɛgĿm

-3
], ʠʣʠ ʢʘʦ ʦʜʥʦʩ ʟʘʧʨʝʤʠʥʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʠ 

ʟʘʧʨʝʤʠʥʝ ʟʘʛʘʹʝʥʦʛ ʚʘʟʜʫʭʘ, [ppm] ʠʣʠ [ppb]. ʋ ʩʚʝʪʫ ʥʝ ʧʦʩʪʦʿʠ ʩʣʘʛʘˁʝ ʦ ʿʝʜʠʥʠʮʠ ʢʦʿʘ ʩʝ 

ʫʧʦʪʨʝʙˀʘʚʘ.  
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2.3. ʀʟʣʦʞʝʥʦʩʪ ʧʦʧʫʣʘʮʠʿʝ ʰʪʝʪʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʠʟ ʚʘʟʜʫʭʘ   

 
ʐʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʠʟ ʚʘʟʜʫʭʘ ʩʫ ʦʜʛʦʚʦʨʥʝ ʟʘ ʘʢʫʪʥʘ ʠ ʭʨʦʥʠʯʥʘ ʦʙʦˀʝˁʘ ˀʫʜʩʢʦʛ ʦʨʛʘʥʠʟʤʘ 

(WHO, 2000) [52] ʠ ʛʝʥʝʨʘʣʥʦ ʿʝ ʧʨʝʧʦʟʥʘʪʦ ʜʘ ʫʧʨʘʚʦ ʩʫʧʩʪʘʥʮʝ ʧʦʨʝʢʣʦʤ ʦʜ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ 

ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʠʤʘʿʫ ʪʘʢʚʫ ʦʜʛʦʚʦʨʥʦʩʪ (Hoek et al., 2000; Nyberg et al., 2000; Dab et al., 2001) 

[71], [72], [73].  

 

ʆʩʠʤ ʪʦʛʘ, ʠ ʪʨʦʰʢʦʚʠ ʘʝʨʦʟʘʛʘʹʝˁʘ ʤʦʛʫ ʙʠʪʠ ʚʝʦʤʘ ʟʥʘʯʘʿʥʠ. ʄʝʜʠʮʠʥʩʢʘ ʘʩʦʮʠʿʘʮʠʿʘ ʫ 

ʆʥʪʘʨʠʿʫ ʧʨʦʮʝˁʫʿʝ ʜʘ ʪʨʦʰʢʦʚʠ ʟʜʨʘʚʩʪʚʝʥʝ ʟʘʰʪʠʪʝ ʠ ʧʨʝʨʘʥʠʭ ʩʤʨʪʠ ʠʟʘʟʚʘʥʠ ʩʤʦʛʦʤ ʠʟʥʦʩʝ 

ʚʠʰʝ ʦʜ ʿʝʜʥʝ ʤʠʣʠʿʘʨʜʝ $ ʛʦʜʠʰˁʝ (Duffy, 2000; DSS, 2000) [74], [75]. ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, ʩʚʘʢʝ 

ʛʦʜʠʥʝ 13.000 ˀʫʜʠ ʧʦʩʝʪʠ ʰʦʢ ʩʦʙʝ ʫʩʣʝʜ ʧʦʩʣʝʜʠʮʘ ʘʝʨʦʟʘʛʘʹʝˁʘ, 9.800 ʙʠʚʘ ʭʦʩʧʠʪʘʣʠʟʦʚʘʥʦ, ʘ 

47 ʤʠʣʠʦʥʘ ʟʘʧʦʩʣʝʥʠʭ ʩʚʘʢʦʛ ʜʘʥʘ ʩʝ ʦʙʨʘʪʠ ʣʝʢʘʨʫ. ʋ ʆʪʘʚʠ ʚʠʰʝ ʦʜ 100 ˀʫʜʠ ʛʦʜʠʰˁʝ ʫʤʨʝ 

ʟʙʦʛ ʣʦʰʝʛ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ, ʪʨʦʰʢʦʚʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛʘ ʜʦʩʪʠʞʫ ʜʦ 23 ʤʠʣʠʦʥʘ $ ʛʦʜʠʰˁʝ 

ʟʙʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ, ʘ ʥʠʞʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʢʦʰʪʘ ʛʨʘʜ ʦʢʦ 29 ʤʠʣʠʦʥʘ $.   

  

ʇʦʨʝʜ ʪʦʛʘ ʰʪʦ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʚʨʩʪʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʩʚʘʢʘ ʠʤʘ ʩʚʦʿʝ ʩʧʝʮʠʬʠʯʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ˁʠʭʦʚʦ ʧʨʦʫʯʘʚʘˁʝ ʫ ʧʦʜʛʨʫʧʘʤʘ ʥʘ ʦʩʥʦʚʫ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʜ ʠʥʪʝʨʝʩʘ ʠ ʦʣʘʢʰʘʚʘ ʬʦʨʤʫʣʠʩʘˁʝ ʧʨʦʛʨʘʤʘ ˁʠʭʦʚʝ ʢʦʥʪʨʦʣʝ. ʆʥʘ ʦʙʫʭʚʘʪʘ 

(Pfafflin, 2006) [56]: 

 

1. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʨʝʤʘ ʥʘʯʠʥʫ ʫʣʘʩʢʘ ʫ ʘʪʤʦʩʬʝʨʫ - a) ʇʨʠʤʘʨʥʝ 

ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ - ʇʨʠʤʘʨʥʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʩʝ ʝʤʠʪʫʿʫ ʫ ʘʪʤʦʩʬʝʨʫ ʜʠʨʝʢʪʥʦ ʠʟ ʠʟʚʦʨʘ, ʙʝʟ 

ʦʙʟʠʨʘ ʜʘ ʣʠ ʩʝ ʤʦʛʫ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʥʘ ʦʥʦʚʫ ʤʝʭʘʥʠʯʢʠʭ ʠʣʠ ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʪʠʚʥʠʭ ʧʨʦʮʝʩʘ. 

ʇʨʠʤʝʨʠ ʪʘʢʚʠʭ ʜʠʨʝʢʪʥʠʭ ʧʨʘʞˁʝˁʘ ʦʙʫʭʚʘʪʘʿʫ ʢʦʤʧʣʝʪʥʦ ʠ ʥʝʧʦʪʧʫʥʦ ʩʘʛʦʨʝʚʘˁʝ 

ʫʛˀʦʚʦʜʦʥʠʯʥʠʭ ʛʦʨʠʚʘ ʠʟ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʨʦʮʝʩʘ ʠʣʠ ʉʋʉ ʤʦʪʦʨʘ, ʯʠʤʝ ʩʝ ʜʦʧʨʠʥʦʩʠ ʝʤʠʩʠʿʠ  

CO ʠ CO2 ʠ ʙ) ʉʝʢʫʥʜʘʨʥʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ - ʆʚʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʩʝ ʬʦʨʤʠʨʘʿʫ ʢʘʦ ʨʝʟʫʣʪʘʪ 

ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʫ ʘʪʤʦʩʬʝʨʠ ʠ ʟʘ ʧʦʿʝʜʠʥʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʠʩʫʩʪʚʦ ʩʫʥʯʝʚʝ ʩʚʝʪʣʦʩʪʠ. ʊʘʢʚʝ 

ʨʝʘʢʮʠʿʝ ʩʝ ʜʝʬʠʥʠʰʫ ʢʘʦ ʬʦʪʦʭʝʤʠʿʩʢʝ, ʧʦʧʫʪ ʬʦʪʦʜʠʩʦʮʠʿʘʮʠʿʝ NO2 ʩʘ ʠʤʧʣʠʢʘʮʠʿʦʤ ʥʘ 

ʨʝʧʨʦʜʫʢʮʠʿʫ NO ʠ O3;  

 

2. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʨʝʤʘ ʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ - ʘ) ʆʨʛʘʥʩʢʝ ʰʪʝʪʥʝ 

ʤʘʪʝʨʠʿʝ - ʋ ʦʚʘ ʿʝʜʠˁʝˁʘ ʩʝ ʫʙʨʘʿʘʿʫ ʦʥʘ ʢʦʿʘ ʩʘʜʨʞʝ ʫʛˀʝʥʠʢ, ʚʦʜʦʥʠʢ ʠ ʜʨʫʛʝ ʝʣʝʤʝʥʪʝ. ʇʨʝʤʘ 

ʦʚʦʿ ʜʝʬʠʥʠʮʠʿʠ, ʤʦʞʝʤʦ ʠʩʢˀʫʯʠʪʠ ʿʝʜʥʦʩʪʘʚʥʘ ʿʝʜʠˁʝˁʘ ʧʦʧʫʪ CO ʠ CO2. ʆʥʘ ʩʘʜʨʞʝ ʫʛˀʝʥʠʢ, 

ʘʣʠ ʥʝ ʚʦʜʦʥʠʢ ʠ ʙ) ʅʝʦʨʛʘʥʩʢʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ - ʅʝʦʨʛʘʥʩʢʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʩʝ ʤʦʛʫ 

ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʥʝ ʩʘʜʨʞʝ ʿʝʜʠˁʝˁʘ ʫʛˀʝʥʠʢʘ, ʠʟʫʟʝʚ ʧʦʿʝʜʠʥʠʭ ʢʘʦ ʰʪʦ ʩʫ ʦʢʩʠʜʠ 

ʫʛˀʝʥʠʢʘ (ʧʦʧʫʪ CO ʠ CO2) ʠ ʫʛˀʝʥʠʢ-ʜʠʩʫʣʬʘʪʘ. ʋ ʧʨʘʢʩʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʩʫʩʨʝ˂ʝʤʦ ʩʘ 

ʥʝʦʨʛʘʥʩʢʠʤ ʰʪʝʪʥʠʤ ʤʘʪʝʨʠʿʘʤʘ; 
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3. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʨʝʤʘ ʬʠʟʠʯʢʦʤ ʩʪʘˁʫ - ʘ) ɻʘʩʦʚʠʪʝ ʰʪʝʪʥʝ 

ʤʘʪʝʨʠʿʝ - ɺʝ˂ʠʥʘ ʛʘʩʦʚʠʪʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʦʢʘʟʫʿʝ ʦʩʦʙʠʥʝ ʢʦʿʝ ʧʦʰʪʫʿʫ ʛʘʩʥʝ ʟʘʢʦʥʝ, ʢʘʦ 

ʰʪʦ ʿʝ  ʧʨʝʜʚʠʜˀʠʚ ʦʜʥʦʩ ʠʟʤʝʹʫ ˁʠʭʦʚʦʛ ʧʨʠʪʠʩʢʘ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʟʘʧʨʝʤʠʥʝ. ʅʘ ʤʥʦʛʦ ʥʘʯʠʥʘ 

ʩʝ ʛʘʩʦʚʠʪʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʧʦʥʘʰʘʿʫ ʧʦʧʫʪ ʦʢʦʣʥʦʛ ʚʘʟʜʫʭʘ ʠ ʥʝ ʪʝʞʝ ʜʘ ʩʝ ʩʤʠʨʝ ʠʣʠ ʢʦʥʜʝʥʟʫʿʫ 

ʪʦʢʦʤ ʜʫʞʝʛ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʘ ʠ ʙ) ʐʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʪʠʧʘ ʯʚʨʩʪʠʭ ʯʝʩʪʠʮʘ (ʧʘʨʪʠʢʫʣʝ) - ɹʠʣʦ 

ʢʦʘʿ ʰʪʝʪʥʘ ʤʘʪʝʨʠʿʘ ʢʦʿʠ ʥʠʿʝ ʛʘʩʦʚʠʪʘ ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ ʯʝʩʪʠʮʘ, ʙʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ʧʦʩʪʦʿʠ ʫ 

ʦʙʣʠʢʫ ʧʨʘʰʢʘʩʪʦʛ ʤʘʪʝʨʠʿʘʣʘ ʠʣʠ ʪʝʯʥʦʩʪʠ. ʏʝʩʪʠʮʝ ʥʘʿʤʘˁʠʭ ʜʠʤʝʥʟʠʿʘ (2,5 ɛm) ʧʦʢʘʟʫʿʫ 

ʦʜʨʝʹʝʥʝ ʦʩʦʙʠʥʝ ʛʘʩʦʚʠʪʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʦʩʪʘʿʫ˂ʠ ʥʘ ʜʫʞʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʩʫʩʧʝʥʜʦʚʘʥʝ 

ʫ ʘʪʤʦʩʬʝʨʠ, ʘ ʧʨʠ ʪʦʤʝ ʩʝ ʣʘʢʦ ʪʨʘʥʩʧʦʨʪʫʿʫ ʚʘʟʜʫʰʥʠʤ ʩʪʨʫʿʘʤʘ; 

 

4. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʨʝʤʘ ʧʨʠʨʦʜʠ ʨʠʟʠʢʘ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ - ʂʘʦ ʰʪʦ 

ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʦ, ʧʦʩʪʦʿʝ ʙʨʦʿʥe ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʠ ʩʚʘʢʘ ʤʦʞʝ ʠʤʘʪʠ ʨʘʟʣʠʯʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʠʣʠ 

ʧʘʪʦʣʦʰʢʝ ʝʬʝʢʪʝ. ʄʝʹʫʪʠʤ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʨʘʩʧʦʣʦʞʠʚʫ ʦʧʨʝʤʫ ʠ ʧʦʜʘʪʢʝ ʦ ʰʪʝʪʥʠʤ ʤʘʪʝʨʠʿʘʤʘ 

ʢʦʿʝ ʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʧʨʠʢʫʧʠʪʠ ʠʟ ʣʦʢʘʣʥʠʭ ʤʝʨʥʠʭ ʩʪʘʥʠʮʘ, ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʨʠʤʘʨʥʠ ʮʠ  ˀ

ʠʩʪʨʘʞʠʚʘˁʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜ (CO) ʠ ʦʢʩʠʜʠ ʘʟʦʪʘ (NOx). ɿʘʪʦ ʥʘʨʝʜʥʘ ʧʦʜʝʣʘ ʧʨʝʜʩʪʘʚˀʘ 

ʧʦʤʝʥʫʪʝ ʛʘʩʦʚʠʪʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʠ ʧʨʠʨʦʜʫ ʨʠʟʠʢʘ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ (Shere, 1998) [44]: 

I  ʋʛˀʝʥ-ʤʦʥʦʢʩʠʜ - ʋʛˀʝʥ-ʤʦʥʦʢʩʠʜ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʯʝʰ˂ʠ ʰʪʝʪʥʠ ʛʘʩ ʠ ʧʨʦʠʟʚʦʜʠ 

ʩʝ ʫ ʚʝʣʠʢʠʤ ʢʦʣʠʯʠʥʘʤʘ ʦʜ ʩʪʨʘʥʝ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʦʩʪʨʦʿʝˁʘ ʠ ʉʋʉ ʤʦʪʦʨʘ. ʋʛˀʝʥ-ʤʦʥʦʢʩʠʜ ʿʝ 

ʛʘʩ ʙʝʟ ʤʠʨʠʩʘ, ʣʘʢʰʠ ʿʝ ʦʜ ʚʘʟʜʫʭʘ, ʙʨʟʦ ʩʝ ʘʧʩʦʨʙʫʿʝ ʢʨʦʟ ʧʣʫ˂ʘ ʠ ʚʝʟʫʿʝ ʟʘ ʭʝʤʦʛʣʦʙʠʥ ʫ 

ʮʨʚʝʥʠʤ ʢʨʚʥʠʤ ʟʨʥʮʠʤʘ, ʧʨʠ ʯʝʤʫ ʬʦʨʤʠʨʘ ʢʘʨʙʦʢʩʠʭʝʤʦʛʣʦʙʠʥ. ɸʬʠʥʠʪʝʪ ʭʝʤʦʛʣʦʙʠʥʘ ʧʨʝʤʘ 

ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʫ ʿʝ ʦʢʦ 200ï240 ʧʫʪʘ ʚʝ˂ʠ ʥʝʛʦ ʟʘ ʢʠʩʝʦʥʠʢ. ʊʘʢʦ, ʢʠʩʝʦʥʠʢ ʢʦʿʠ ʠʤʘ ʩʧʦʩʦʙʥʦʩʪ 

ʜʘ ʥʦʩʠ ʭʝʤʦʛʣʦʙʠʥ, ʿʝʩʪʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʩʤʘˁʝʥ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʫ 

ʚʘʟʜʫʭʫ.  

 

ɼʘʢʣʝ, ʠʟʣʦʞʝʥʦʩʪ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʫ ʜʦʚʦʜʠ ʜʦ ʭʠʧʦʢʩʠʿʝ ʪʢʠʚʘ (ʩʪʘˁʝ ʫ ʢʦʿʝʤ ʿʝ ʩʤʘˁʝʥ ʜʦʚʦʜ 

ʢʠʩʝʦʥʠʢʘ ʫ ʪʢʠʚʘ), ʿʝʨ ʩʝ ʤʘˁʘ ʢʦʣʠʯʠʥʘ ʢʠʩʝʦʥʠʢʘ ʪʨʘʥʩʧʦʨʪʫʿʝ ʠʟ ʧʣʫ˂ʘ ʫ ʪʢʠʚʘ. ʈʘʥʠ ʢʣʠʥʠʯʢʠ 

ʟʥʘʮʠ ʠ ʩʠʤʧʪʦʤʠ ʪʨʦʚʘˁʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʦʤ ʩʫ ʢʨʘʪʘʢ ʜʘʭ, ʫʙʨʟʘʥʦ ʜʠʩʘˁʝ, ʛʣʘʚʦʙʦˀʘ, 

ʚʨʪʦʛʣʘʚʠʮʘ, ʢʦʥʬʫʟʠʿʘ ʠ ʥʝʜʦʩʪʘʪʘʢ ʤʦʪʦʨʥʝ ʢʦʦʨʜʠʥʘʮʠʿʝ. ʄʫʯʥʠʥʘ, ʧʦʚʨʘ˂ʘˁʝ ʠ ʜʠʿʘʨʝʿʘ ʤʦʛʫ 

ʩʝ ʧʦʿʘʚʠʪʠ ʢʘʩʥʠʿʝ, ʢʘʦ ʠ ʩʨʯʘʥʝ ʘʨʠʪʤʠʿʝ, ʧʣʫ˂ʥʠ ʝʜʝʤ ʠ, ʥʘ ʢʨʘʿʫ, ʛʫʙʠʪʘʢ ʩʚʝʩʪʠ ʠ ʩʤʨʪ. ʇʦ 

ʧʨʘʚʠʣʫ, ʩʠʧʪʦʤʠ ʪʨʦʚʘˁʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʦʤ ʤʦʛʫ ʧʦʯʝʪʠ ʢʘʜʘ ʟʘʩʠ˂ʝˁʝ ʢʘʨʙʦʢʩʠʭʝʤʦʛʣʦʙʠʥʘ 

ʜʦʩʪʠʛʥʝ 20%, ʘ ʥʝʩʚʝʩʪʠʮʘ ʩʝ ʿʘʚˀʘ ʧʨʠ ʟʘʩʠ˂ʝˁʫ ʦʜ 60%. ʋʜʠʩʘˁʝ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʫ ʪʨʫʜʥʦ˂ʠ 

ʿʝ ʚʝʦʤʘ ʰʪʝʪʥʦ, ʿʝʨ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʢʘʨʙʦʢʩʠʭʝʤʦʛʣʦʙʠʥʘ ʥʘʩʪʘʿʝ ʫ ʬʝʪʫʩʫ, ʘ ʝʣʠʤʠʥʘʮʠʿʘ 

ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʧʦʩʣʝ ʠʟʣʘʛʘˁʘ ʿʝ ʩʧʦʨʠʿʘ ʫ ʬʝʪʫʩʫ (Platt,1999) [66]. 

 

ʃʝʯʝˁʝ ʧʦʜʨʘʟʫʤʝʚʘ ʙʨʟʦ ʩʧʨʝʯʘʚʘˁʝ ʦʙʦʣʝʣʦʛ ʜʘ ʩʝ ʠʟʣʘʞʝ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʫ ʠ ʜʘʚʘˁʝʤ 100% 

ʢʠʩʝʦʥʠʢʘ ʜʘ ʙʠ ʩʝ ʫʙʨʟʘʣʘ ʜʠʩʦʮʠʿʘʮʠʿʘ ʢʘʨʙʦʢʩʠʭʝʤʦʛʣʦʙʠʥʘ ʫ ʭʝʤʦʛʣʦʙʠʥ ʢʦʿʠ ʩʝ ʤʦʞʝ 

ʢʦʤʙʠʥʦʚʘʪʠ ʩʘ ʢʠʩʝʦʥʠʢʦʤ ʠ ʩʘʤʠʤ ʪʠʤ ʠʩʧʨʘʚʠʪʠ ʭʠʧʦʢʩʠʿʘ ʪʢʠʚʘ. ɿʜʨʘʚʠ ʩʪʘʥʦʚʥʠʮʠ ʫʨʙʘʥʠʭ 

ʩʨʝʜʠʥʘ ʤʦʛʫ ʠʤʘʪʠ ʜʦ 0,5% ʢʘʨʙʦʢʩʠʭʝʤʦʛʣʦʙʠʥʘ, ʘʣʠ ʢʦʜ  ʧʫʰʘʯʘ ʪʘʿ ʧʨʦʮʝʥʘʪ ʿʝ 5ï10% (Shere, 
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1998) [44]. ʇʨʝʚʝʥʮʠʿʘ ʪʨʦʚʘˁʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʦʤ ʩʝ ʩʧʨʦʚʦʜʠ ʢʦʥʪʨʦʣʦʤ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʥʘ 

ʩʘʤʦʤ ʠʟʚʦʨʫ, ʪʘʢʦ ʰʪʦ ʩʝ ʩʤʘˁʫʿʝ ˁʝʛʦʚʦ ʦʩʣʦʙʘʹʘˁʝ ʫ ʘʪʤʦʩʬʝʨʫ. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʦʙʣʘʩʪʠʤʘ ʩʘ 

ʚʠʩʦʢʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ ʟʘ ʠʟʣʘʛʘˁʝ, ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʿʝ ʟʥʘʯʘʿʘ ʦʙʝʟʙʝʜʠʪʠ ʯʠʩʪʦ ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ 

ʦʜʨʞʘʚʘˁʝʤ ʝʬʠʢʘʩʥʠʭ ʠʟʜʫʚʥʠʭ ʩʠʩʪʝʤʘ ʠ ʢʘʪʘʣʠʪʠʯʢʦʤ ʦʢʩʠʜʘʮʠʿʦʤ CO ʫ CO2. 

II.  ʆʢʩʠʜʠ ʘʟʦʪʘ (ʩʤʝʰʘ ʘʟʦʪ-ʤʦʥʦʢʩʠʜʘ ʠ ʘʟʦʪ-ʜʠʦʢʩʠʜʘ) - ʆʢʩʠʜʠ ʘʟʦʪʘ ʩʫ 

ʧʨʦʠʟʚʦʜʠ ʧʦʿʝʜʠʥʠʭ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʨʦʮʝʩʘ ʠ ʦʙʠʯʥʦ ʧʦʩʪʦʿʝ ʢʘʦ ʤʝʰʘʚʠʥʝ. ʊʘʢʦʹʝ, ʦʢʩʠʜʠ ʘʟʦʪʘ 

ʩʝ ʩʪʚʘʨʘʿʫ ʥʝʧʦʩʨʝʜʥʦ ʪʦʢʦʤ ʩʘʛʦʨʝʚʘˁʘ ʫ ʮʠʣʠʥʜʨʫ ʤʦʪʦʨʘ, ʫ ʫʩʣʦʚʠʤʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʀʟʜʫʚʥʘ ʝʤʠʩʠʿʘ ʩʘʜʨʞʠ 5ï10% ʘʟʦʪ-ʜʠʦʢʩʠʜʘ ʧʦʤʝʰʘʥʦʛ ʩʘ ʘʟʦʪ-ʤʦʥʦʢʩʠʜʦʤ (Pfafflin and Ziegler, 

2006) [56]. ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʘʟʦʪ-ʜʠʦʢʩʠʜ ʜʘʣʝʢʦ ʚʠʰʝ ʪʦʢʩʠʯʘʥ ʠ ʰʪʝʪʘʥ ʧʦ ˀʫʜʩʢʦ 

ʟʜʨʘʚˀʝ ʫ ʦʜʥʦʩʫ ʥʘ ʘʟʦʪ-ʤʦʥʦʢʩʠʜ.  

 

ɼʘʢʣʝ, ʘʟʦʪ-ʜʠʦʢʩʠʜ ʿʝʩʪʝ ʥʘʿʪʦʢʩʠʯʥʠʿʠ ʛʘʩ ʦʜ ʩʚʠʭ ʦʢʩʠʜʘ ʘʟʦʪʘ, ʠʨʠʪʘʥʪʥʦʛ ʿʝ ʤʠʨʠʩʘ ʠ 

ʮʨʚʝʥʢʘʩʪʦʙʨʘʦʥ ʙʦʿʝ. ɸʢʦ ʩʝ ʫʜʠʰʝ, ʨʘʩʪʚʘʨʘ ʩʝ ʫ ʚʦʜʝʥʦʿ ʩʨʝʜʠʥʠ ʥʦʩʥʝ ʩʣʫʟʥʠʮʝ ʠ ʞʜʨʝʣʘ, ʛʜʝ 

ʙʨʟʦ ʬʦʨʤʠʨʘ ʘʟʦʪ ʠ ʘʟʦʪʥʫ ʢʠʩʝʣʠʥʫ. ʋ ʧʣʫ˂ʠʤʘ ˂ʝ ʧʨʚʘ ʨʝʘʢʮʠʿʘ ʙʠʪʠ ʢʘʰʘˀ, ʜʠʩʧʥʝʘ ʠ 

ʙʨʦʥʭʦʩʧʘʟʘʤ. ɸʢʦ ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʛʘʩʘ ʜʦʧʨʝ ʜʦ ʧʘʨʝʥʭʠʤʘ ʧʣʫ˂ʘ, ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʘʢʫʪʥʦʛ 

ʙʨʦʥʭʠʦʣʠʪʠʩʘ ʠ ʦʰʪʝ˂ʝˁʘ ʘʣʚʝʦʣʘ. ʋʜʠʩʘˁʝ ʚʝ˂ʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʝʜʝʤ ʧʣʫ˂ʘ, ʯʘʢ ʠ 

ʩʤʨʪ.  

 

ɸʢʦ ʨʘʟʤʘʪʨʘʤʦ ʝʢʩʪʨʘʧʫʣʤʦʥʘʨʥʝ ʝʬʝʢʪʝ ʘʟʦʪ-ʜʠʦʢʩʠʜʘ, ʧʨʚʦ ʤʦʞʝʤʦ ʥʘʚʝʩʪʠ ʜʘ ʩʝ ʭʝʤ ʛʚʦʞʹʘ 

ʭʝʤʦʛʣʦʙʠʥʘ ʫ ʮʨʚʝʥʠʤ ʢʨʚʥʠʤ ʟʨʥʮʠʤʘ ʦʙʠʯʥʦ ʦʜʨʞʘʚʘ ʫ ʩʪʘˁʫ ʩʤʘˁʝʥʦʛ ʥʠʚʦʘ ʛʚʦʞʹʘ, ʯʠʤʝ ʩʝ 

ʦʤʦʛʫ˂ʘʚʘ ʬʫʥʢʮʠʿʘ ʧʨʝʥʦʩʘ ʢʠʩʝʦʥʠʢʘ. ʆʚʘʿ ʧʨʦʮʝʩ ʤʦʛʫ ʧʨʝʢʠʥʫʪʠ ʨʘʟʣʠʯʠʪʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ 

ʩʘʜʨʞʝ ʘʟʦʪ ʢʦʿʠ ʦʢʩʠʜʠʨʘ ʛʚʦʞʹʝ ʫ ʜʝʿʩʪʚʫ ʭʝʤʘ ʥʘ ˁʝʛʦʚʦ ʩʪʘˁʝ ʛʚʦʞʹʘ. ʆʚʘ ʧʨʦʤʝʥʘ ʤʦʞʝ 

ʠʟʘʟʚʘʪʠ ʩʪʚʘʨʘˁʝ ʤʝʪʭʝʤʦʛʣʦʙʠʥʘ, ʮʨʥʦʛ ʧʠʛʤʝʥʪʘ ʢʦʿʠ ʩʝ ʥʝ ʤʦʞʝ ʨʝʚʝʨʟʠʙʠʣʥʦ ʢʦʤʙʠʥʦʚʘʪʠ ʩʘ 

ʢʠʩʝʦʥʠʢʦʤ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʝʥʝ ʩʥʘʙʜʝʚʝʥʦʩʪʠ ʪʢʠʚʘ ʢʠʩʝʦʥʠʢʦʤ (ʘʥʝʤʠʯʥʘ ʭʠʧʦʢʩʠʿʘ). ʂʘʜʘ 

ʥʠʚʦ ʤʝʪʭʝʤʦʛʣʦʙʠʥʘ ʜʦʩʪʠʛʥʝ 10% ʫʢʫʧʥʦʛ ʥʠʚʦʘ ʭʝʤʦʛʣʦʙʠʥʘ, ʦʙʦʣʝʣʘ ʦʩʦʙʘ ˂ʝ ʧʦʢʘʟʘʪʠ ʟʥʘʢʝ 

ʮʠʿʘʥʦʟʝ (ʧʣʘʚʢʘʩʪʘ ʙʦʿʘ ʢʦʞʝ ʠʟʘʟʚʘʥʘ ʥʝʜʦʩʪʘʪʢʦʤ ʢʠʩʝʦʥʠʢʘ ʫ ʢʨʚʠ). ʇʨʠ ʚʝ˂ʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʤʝʪʭʝʤʦʛʣʦʙʠʥʘ, ʧʨʝʢʦ 35%, ʧʦʿʘʚˀʫʿʝ ʩʝ ʦʪʝʞʘʥʦ ʜʠʩʘˁʝ, ʩʣʘʙʦʩʪ ʠ ʛʣʘʚʦʙʦˀʘ 

(Shere, 1998) [44].  

 

ʇʦʰʪʦ ʩʠʤʧʪʦʤʠ, ʢʘʦ ʰʪʦ ʩʫ ʫʤʦʨ, ʛʣʘʚʦʙʦˀʘ ʠ ʣʫʧʘˁʝ ʩʨʮʘ, ʥʠʩʫ ʧʘʪʦʛʥʦʤʠʯʥʠ ʠ ʧʦʰʪʦ 

ʤʝʪʭʝʤʦʛʣʦʙʫʣʠʥʝʤʠʿʘ ʤʦʞʝ ʙʠʪʠ ʠʟʘʟʚʘʥʘ ʨʘʟʣʠʯʠʪʠʤ ʘʛʝʥʩʠʤʘ ʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʦʢʦʣʥʦʩʪʠʤʘ, 

ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʨʘʜʠ ʦʟʙʠˀʥʘ ʠ ʜʝʪʘˀʥʘ ʤʝʜʠʮʠʥʩʢʘ ʠʩʪʦʨʠʿʘ (ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʠ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ) ʠ 

ʜʘ ʩʝ ʠʩʪʨʘʞʝ ʨʘʟʣʠʯʠʪʝ ʩʠʪʫʘʮʠʿʝ ʠʟʣʦʞʝʥʦʩʪʠ. ʆʜ ʧʨʠʤʘʨʥʦʛ ʿʝ ʟʥʘʯʘʿʘ ʫʩʪʘʥʦʚʠʪʠ ʛʣʘʚʥʠ 

ʫʟʨʦʯʥʠʢ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʦ ʜʘˀʝ ʠʟʣʘʛʘˁʝ ʩʚʘʢʦʛ ʧʦʿʝʜʠʥʮʘ. ɹʠʦʣʦʰʢʠ ʤʦʥʠʪʦʨʠʥʛ ʦʩʦʙʘ 

ʠʟʣʦʞʝʥʠʭ ʘʟʦʪʥʠʤ ʦʢʩʠʜʠʤʘ ʿʝ ʠʟʚʦʜˀʠʚ, ʿʝʨ ʩʝ ʥʠʚʦ ʤʝʪʭʝʤʦʛʣʦʙʠʥʘ ʫ ʢʨʚʠ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʫ 

ʣʘʙʦʨʘʪʦʨʠʿʠ. ʃʝʯʝˁʝ ʦʙʦʣʝʣʠʭ ʦʩʦʙʘ ʧʦʜʨʘʟʫʤʝʚʘ ʫʢʣʘˁʘˁʝ ʦʜ ʜʘˀʝʛ ʠʟʣʘʛʘˁʘ, ʘʜʤʠʥʠʩʪʨʘʮʠʿʫ 

ʠʣʠ ʜʘʚʘˁʝ 100% ʢʠʩʝʦʥʠʢʘ, ʘ ʫʢʦʣʠʢʦ ʿʝ ʥʠʚʦ ʤʝʪʭʝʤʦʛʣʦʙʠʥʘ ʧʨʝʢʦ 20%, ʩʪʘˁʝ ʦʩʦʙʝ ʩʝ ʩʤʘʪʨʘ 

ʩʠʤʧʪʦʤʘʪʠʯʥʠʤ, ʘ ʘʜʤʠʥʠʩʪʨʘʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʣʘʚʠ ʤʝʪʠʣʝʥ (Shere, 1998) [44]. 
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2.4. ʂʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ ʠ ʝʤʠʩʠʿʘ ʜʨʫʤʩʢʠʭ ʚʦʟʠʣʘ 

 
ɽʤʠʩʠʿʘ ʜʨʫʤʩʢʠʭ ʚʦʟʠʣʘ ʧʨʝʜʩʪʘʚˀʘ ʛʣʘʚʥʠ ʠʟʚʦʨ ʜʠʨʝʢʪʥʦ ʝʤʠʪʦʚʘʥʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ 

ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ (Jo and Park, 2005; Carslaw and Beevers, 2004; Ropkins, 2006) [76], [77], [78] ʠ 

ʫʧʨʢʦʩ ʟʥʘʯʘʿʥʦʤ ʫʥʘʧʨʝʹʝˁʫ ʫ ʪʝʭʥʦʣʦʛʠʿʠ ʤʦʪʦʨʘ ʠ ʢʚʘʣʠʪʝʪʫ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʦʥʘ ʠ ʜʘʥʘʩ 

ʧʨʝʜʩʪʘʚˀʘ ʛʣʘʚʥʠ ʧʨʦʙʣʝʤ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (Fenger, 1999; Colvile et al., 2001) [70], [3]. 

ɻʣʘʚʥʠ ʨʘʟʣʦʟʠ ʥʘʚʝʜʝʥʠʭ ʧʨʦʪʠʚʨʝʯʥʦʩʪʠ ʩʫ: 1) ʇʦʚʝ˂ʘʥ ʙʨʦʿ ʚʦʟʠʣʘ ʥʘ ʢʦʣʦʚʦʟʠʤʘ ʫʩʣʝʜ ʙʦˀʝʛ 

ʞʠʚʦʪʥʦʛ ʩʪʘʥʜʘʨʜʘ ʠ 2) ɺʠh ʠ ʥʠʚʦ ʝʢʦʥʦʤʠʿʝ ʪʝʩʥʦ ʧʦʚʝʟʘʥ ʩʘ ʝʬʠʢʘʩʥʠʤ ʠ ʬʣʝʢʩʠʙʠʣʥʠʤ 

ʪʨʘʥʩʧʦʨʪʥʠʤ ʩʠʩʪʝʤʦʤ. ʆʚʘʿ ʧʨʦʙʣʝʤ ʤʦʞʝʤʦ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʧʨʦʙʣʝʤ ,,ʟʙʠʨʥʝ (ʚʝʣʠʢʝ) 

ʝʤʠʩʠʿʝñ ʢʦʿʫ ʩʪʚʘʨʘ ʮʝʣʦʢʫʧʘʥ ʚʦʟʥʠ ʧʘʨʢ.        

 

ɽʤʠʩʠʿʫ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʚʝ˂ʠʥʦʤ ʧʨʦʫʟʨʦʢʫʿʝ ʩʘʛʦʨʝʚʘˁʝ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ, ʢʘʜʘ ʩʝ ʠʟ 

ʠʟʜʫʚʥʦʛ ʩʠʩʪʝʤʘ ʝʤʠʪʫʿʫ ʨʘʟʥʠ ʝʣʝʤʝʥʪʠ ʠ ʭʝʤʠʿʩʢʘ ʿʝʜʠˁʝˁʘ. ʇʨʠʤʘʨʥʘ ʿʝʜʠˁʝˁʘ ʩʫ: CO2, NOx 

(ʚʠʰʝ ʦʜ 90% ʿʝ ʫ ʦʙʣʠʢʫ NO, ʜʦʢ ʿʝ ʦʩʪʘʪʘʢ NO2), CO, ʢʘʦ ʠ ʩʣʦʞʝʥʠ ʠ ʥʝʩʘʛʦʨʝʣʠ ʫʛˀʦʚʦʜʦʥʠʮʠ, 

ʧʦʧʫʪ ʙʝʥʟʝʥʘ (C6H6) ʠ 1.3-ɹʫʪʘʜʠʝʥʝ, CH4 ʠ ʜʨʫʛʠ. ʋ ʦʩʪʘʣʝ ʧʨʦʜʫʢʪʝ ʩʧʘʜʘʿʫ ʯʚʨʩʪʝ ʯʝʩʪʠʮʝ 

ʨʘʟʣʠʯʠʪʝ ʚʝʣʠʯʠʥʝ ʠ ʩʘʩʪʘʚʘ, ʫʛʣʘʚʥʦʤ ʦʜ ʫʛˀʝʥʠʢʘ, ʢʦʿʝ ʥʘʿʚʠʰʝ ʝʤʠʪʫʿʫ ʚʦʟʠʣʘ ʩʘ ʜʠʟʝʣ 

ʤʦʪʦʨʠʤʘ ʠ ʣʦʰʝ ʦʜʨʞʘʚʘʥʘ ʚʦʟʠʣʘ ʩʘ ʦʪʦ ʤʦʪʦʨʠʤʘ (Vardoulakis et al., 2003) [64]. ɽʤʠʩʠʿʘ 

ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʦʙʫʭʚʘʪʘ ʠ ʜʨʫʛʝ ʧʨʦʮʝʩʝ, ʢʘʦ ʰʪʦ ʿʝ ʜʠʨʝʢʪʥʦ ʠʩʧʘʨʘʚʘˁʝ ʠ ʮʫʨʝˁʝ 

ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʠʟ ʨʝʟʝʨʚʦʘʨʘ, ʭʘʙʘˁʝ ʧʥʝʫʤʘʪʠʢʘ ʠ ʢʦʯʥʠʮʘ, ʠ ʨʝʩʫʩʧʝʥʟʠʿʫ ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ 

ʧʨʦʠʟʚʦʜ ʝʨʦʟʠʿʝ ʢʦʣʦʚʦʟʥʝ ʧʦʚʨʰʠʥʝ (Ropkins, 2006) [79].  

 

ʅʘ ʢʦʣʠʯʠʥʫ ʝʤʠʩʠʿʝ ʫʪʠʯʝ ʥʝʢʦʣʠʢʦ ʧʘʨʘʤʝʪʘʨʘ ʠ ʤʦʜʠʬʠʢʘʮʠʦʥʠʭ ʬʘʢʪʦʨʘ (Namdeo, 1995) [80]: 

1) ɺʨʩʪʘ (ʢʘʪʝʛʦʨʠʿʘ) ʠ ʤʦʜʝʣ ʚʦʟʠʣʘ, ʚʝʣʠʯʠʥʘ ʤʦʪʦʨʘ ʠ ʢʦʥʪʨʦʣʘ ʟʘʛʘʹʝˁʘ, ʛʦʜʠʥʘ 

ʧʨʦʠʟʚʦʜˁʝ, ʧʨʝʹʝʥʘ ʫʢʫʧʥʘ ʠ ʛʦʜʠʰˁʘ ʢʠʣʦʤʝʪʨʘʞʘ ʠ ʦʜʨʞʘʚʘˁʝ ʚʦʟʠʣʘ ʩʫ ʚʘʞʥʠ 

ʬʘʢʪʦʨʠ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʢʚʘʥʪʠʪʝʪ ʠ ʢʚʘʣʠʪʝʪ ʝʤʠʩʠʿʝ. ʇʫʪʥʠʯʢʠ ʘʫʪʦʤʦʙʠʣʠ ʥʘʩʧʨʘʤ 

ʪʝʰʢʠʭ ʪʝʨʝʪʥʠʭ ʚʦʟʠʣʘ ʠʣʠ ʫʧʦʪʨʝʙʘ ʪʨʦʢʦʤʧʦʥʝʥʪʥʦʛ ʢʘʪʘʣʠʟʘʪʦʨʘ ʫ ʠʟʜʫʚʥʦʤ ʩʠʩʪʝʤʫ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʣʝʚʘʥʪʥʝ ʢʣʘʩʠʬʠʢʘʮʠʦʥʝ ʢʨʠʪʝʨʠʿʫʤʝ;  

2) ɺʨʩʪʘ ʠ ʢʚʘʣʠʪʝʪ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ, ʦʜʥʦʩʥʦ ʙʝʥʟʠʥ, ʜʠʟʝʣ, ʊʅɻ ʠʣʠ ʙʠʦʜʠʟʝʣ  ʪʘʢʦʹʝ 

ʠʤʘʿʫ ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʢʦʣʠʯʠʥʠ ʰʪʝʪʥʝ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʤʦʪʦʨʘ; 

3) ʈʝʞʠʤʠ ʚʦʞˁʝ (ʦʙʫʭʚʘʪʘʿʫ ʫʨʙʘʥʫ ʠ ʨʫʨʘʣʥʫ ʚʦʞʫˁ, ʢʘʦ ʠ ʚʦʞˁʫ ʥʘ ʘʫʪʦ-ʧʫʪʝʚʠʤʘ),  

ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ, ʥʠʚʦ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʟʘʛʫʰʝˁʘ, ʜʫʞʠʥʘ ʧʫʪʦʚʘˁʘ, ʧʦʥʘʰʘˁʝ ʚʦʟʘʯʘ 

(ʥʦʨʤʘʣʥʘ, ʧʘʩʠʚʥʘ ʠʣʠ ʘʛʨʝʩʠʚʥʘ ʚʦʞˁʘ), ʤʘʣʦ ʠʣʠ ʚʝʣʠʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʤʦʪʦʨʘ (ʚʦʞˁʘ 

ʫʟʙʨʜʦ ʠʣʠ ʥʠʟʙʨʜʦ, ʦʧʪʝʨʝ˂ʝˁʝ ʚʦʟʠʣʘ ʠʣʠ ʫʧʦʪʨʝʙʘ ʢʣʠʤʘ-ʫʨʝʹʘʿʘ) ʠ Ăʭʣʘʜʥʠ ʩʪʘʨʪò 

ʥʘʩʧʨʘʤ Ăʪʦʧʣʦʛò ʨʘʜʘ ʤʦʪʦʨʘ. ʉʚʘʢʘ ʦʚʘ ʧʨʦʤʝʥˀʠʚʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʨʘʟʣʠʯʠʪʦ ʫʪʠʮʘʪʠ 

ʥʘ ʢʦʣʠʯʠʥʫ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ;  

4) ʉʧʦˀʘʰˁʠ ʬʘʢʪʦʨʠ, ʢʘʦ ʰʪʦ ʩʫ ʩʪʘˁʝ ʢʦʣʦʚʦʟʘ (ʢʚʘʣʠʪʝʪ ʢʦʣʦʚʦʟʥʝ ʧʦʚʨʰʠʥʝ, ʥʘʛʠʙ ʧʫʪʘ 

ʠʪʜ.), ʘʤʙʠʿʝʥʪʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠʪʠʩʘʢ, ʚʣʘʞʥʦʩʪ ʠ ʜʨʫʛʠ ʧʘʨʘʤʝʪʨʠ ʘʤʙʠʿʝʥʪʘʣʥʝ 

ʩʨʝʜʠʥʝ ʪʘʢʦʹʝ ʦʜʨʝʹʫʿʫ ʢʦʣʠʯʠʥʫ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ. 
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ʋ ʧʨʝʛʣʝʜʫ ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʠ ʩʣʝʜʠ ʥʘʿʚʠʰʝ ʧʘʞˁʝ ʿʝ ʫʩʤʝʨʝʥʦ ʥʘ ʨʝʞʠʤʝ ʚʦʞˁʝ ʠ ʥʘ ʪʦ ʢʘʢʦ ʦʥʠ 

ʤʦʛʫ ʜʦʧʨʠʥʝʪʠ ʧʦʚʝ˂ʘʥʠʤ, ʦʜʥʦʩʥʦ ʫʤʘˁʝʥʠʤ ʢʦʣʠʯʠʥʘʤʘ ʝʤʠʩʠʿʝ. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʥʘʰʦʿ ʟʝʤˀʠ ʿʝ 

ʚʝ˂ ʜʫʞʠ ʥʠʟ ʛʦʜʠʥʘ ʘʢʪʫʝʣʘʥ ʧʨʦʙʣʝʤ ʢʚʘʣʠʪʝʪʘ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ, ʧʘ ˂ʝ, ʪʘʢʦʹʝ, ʿʝʜʘʥ ʜʝʦ ʙʠʪʠ 

ʧʦʩʚʝ˂ʝʥ ʪʦʤ ʧʨʦʙʣʝʤʫ (ʟʘʰʪʦ ʿʝ ʚʘʞʥʘ ˁʝʛʦʚʘ ʢʚʘʣʠʪʝʪʥʘ ʬʦʨʤʫʣʘʮʠʿʘ ʠ ʧʦʩʪʦʿʠ ʣʠ ʚʝʟʘ ʠʟʤʝʹʫ 

ʚʨʩʪʝ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ, ʨʝʞʠʤʘ ʚʦʞˁʝ ʠ ʢʦʣʠʯʠʥʝ ʰʪʝʪʥʝ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ).  

 

ʇʨʦʤʝʥˀʠʚʦʩʪ ʧʘʨʘʤʝʪʘʨʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ (ʧʨʦʪʦʢ, ʛʫʩʪʠʥʘ, ʙʨʟʠʥʘ, 

ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʠ ʨʘʩʪʦʿʘˁʝ ʩʣʝʹʝˁʘ), ʦʜʥʦʩʥʦ ʩʪʨʫʢʪʫʨʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ˂ʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ 

ʜʦʚʝʩʪʠ ʜʦ ʨʘʟʣʠʯʠʪʠʭ ʢʦʣʠʯʠʥʘ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ, ʘ ʪʠʤʝ ʠ ʜʦ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʫʥʫʪʘʨ ʛʨʘʜʩʢʠʭ ʦʙʣʘʩʪʠ. ʊʘʢʦʹʝ, ʥʘ ʚʨʝʜʥʦʩʪʠ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ 

ʥʘʯʠʥʠ ʚʦʞˁʝ, ʿʝʨ ʩʫ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʧʦʚʝʟʘʥʝ ʩʘ ʦʜʨʝʹʝʥʠʤ ʫʩʣʦʚʠʤʘ ʫ ʩʘʦʙʨʘ˂ʘʿʥʦʤ ʪʦʢʫ. ʋ 

ʩʪʫʜʠʿʘʤʘ ʦ ʝʤʠʩʠʿʠ, ʫʛʣʘʚʥʦʤ ʩʝ ʧʦʤʠˁʫ ʯʝʪʠʨʠ ʥʘʯʠʥʘ ʚʦʞˁʝ (Boddy, 2005) [81]: 1) ʈʘʜ ʤʦʪʦʨʘ 

ʥʘ ʤʘʣʦʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ (ʧʨʘʟʘʥ ʭʦʜ); 2) ʋʙʨʟʘʝˁ; 3) ɺʦʞˁʘ ʫʿʝʜʥʘʯʝʥʦʤ ʙʨʟʠʥʦʤ ʠ 4) ʋʩʧʦʨʝˁʝ. 

 

ʋʢʦʣʠʢʦ ʩʫ ʫʩʣʦʚʠ ʫ ʩʘʦʙʨʘ˂ʘʿʥʦʤ ʪʦʢʫ ʙʣʠʩʢʠ ʟʘʩʠ˂ʝʥʠʤ ʩʪʘˁʠʤʘ (ɿʉʊ) (ʟʘʩʠ˂ʝʥ ʩʘʦʙʨʘ˂ʘʿʥʠ 

ʪʦʢ), ʦʜʥʦʩʥʦ ʢʘʜʘ ʩʫ ʠʩʧʦʩʪʘʚˀʝʥʠ ʟʘʭʪʝʚʠ ʟʘ ʧʨʦʣʘʩʢʦʤ ʚʦʟʠʣʘ ʙʣʠʩʢʠ ʢʘʧʘʮʠʪʝʪʫ ʧʦʩʤʘʪʨʘʥʝ 

ʜʝʦʥʠʮʝ, ʫʯʝʩʪʘʣʘ ʿʝ ʧʦʿʘʚʘ ʢʦʤʙʠʥʦʚʘʥʠʭ ʥʘʯʠʥʘ ʚʦʞˁʝ, ʧʦʧʫʪ ʨʝʞʠʤʘ ʢʨʝʥʠ-ʩʪʘʥʠ, ʧʦʚʝʟʘʥʠʭ ʩʘ 

ʧʝʨʠʦʜʠʤʘ ʨʘʜʘ ʤʦʪʦʨʘ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʥʘʢʦʥ ʢʦʿʝʛ ʩʣʝʜʠ ʫʙʨʟʘˁʝ (Waters, 1992; Pronello, 1997; 

De Vlieger, 1997; Holmen and Niemeier, 1998; Marsden et al., 2001; Beebe et al., 2003; Midenet et al., 

2004) [82], [83], [84], [85], [86], [87], [88]. ʋ ʨʝʞʠʤʠʤʘ ʩʣʦʙʦʜʥʦʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ (ʉʉʊ), 

ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʝ ʿʝ ʨʝʣʘʪʠʚʥʦ ʤʘʣʘ, ʿʝʨ ʪʘʜʘ ʧʨʝʦʚʣʘʹʫʿʝ ʚʦʞˁʘ ʧʨʠ ʫʿʝʜʥʘʯʝʥʦʿ ʙʨʟʠʥʠ. ʀʧʘʢ, 

ʧʝʨʠʦʜʝ ʧʨʝʣʘʩʢʘ ʠʟ ʉʉʊ-ʘ ʫ ɿʉʊ ʢʘʨʘʢʪʝʨʠʰʫ ʥʝʩʪʘʙʠʣʥʠ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢʦʚʠ ʩʘ ʢʦʤʙʠʥʘʮʠʿʦʤ 

ʩʚʘ ʯʝʪʠʨʠ ʥʘʯʠʥʘ ʚʦʞˁʝ.  

 

ʀʥʪʝʨʝʩʘʥʪʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʩʧʨʦʚʝʦ ʿʝ ʂʝʿʩ (ʝʥʛ. Case, 1982) [89] ʢʘʢʦ ʙʠ ʩʘʛʣʝʜʘo ʨʘʟʣʠʢʝ ʫ 

ʧʦʛʣʝʜʫ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ ʠʟʤʝʹʫ ʜʚʝ ʚʨʩʪʝ ʤʦʪʦʨʘ. ʈʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 

2.2 ʠ ʦʥʘ ʫʿʝʜʥʦ ʠʩʪʠʯʝ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʝ ʝʬʝʢʪʝ ʨʝʞʠʤʘ (ʥʘʯʠʥʝ) ʚʦʞˁʝ. ɹʝʣ ʠ ʦʩʪʘʣʠ (ʝʥʛ. 

Bell et al., 1996) [90] ʩʫ ʢʦʤʝʥʪʘʨʠʩʘʣʠ ʧʦʤʝʥʫʪʝ ʨʝʟʫʣʪʘʪʝ, ʧʨʠ ʯʝʤʫ ʿʝ ʟʘʢˀʫʯʝʥʦ ʜʘ ʨʘʜ ʤʦʪʦʨʘ 

ʥʘ ʧʨʘʟʘʥʦʤ ʭʦʜʫ ʿʝʩʪʝ ʠʟʚʦʨ ʥʘʿʚʝ˂ʝʛ ʟʘʛʘʹʝˁʘ, ʦʜʥʦʩʥʦ ʝʤʠʩʠʿʝ CO ʠ HC, ʘʣʠ ʿʝ ʠʩʪʦ ʪʘʢʦ ʠ ʿʝʜʘʥ 

ʦʜ ʥʘʿʤʘˁʠʭ ʠʟʚʦʨʘ ʝʤʠʩʠʿʝ NOx. ʊʠʤʝ ʿʝ ʜʝʬʠʥʠʩʘʥ ʠ ʢʦʥʘʯʘʥ ʟʘʢˀʫʯʘʢ ʜʘ ʥʝ˂ʝ ʙʠʪʠ ʤʦʛʫ˂ʝ 

ʫʤʘˁʠʪʠ ʥʠʚʦʝ ʩʚʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʩʘʤʦ ʦʜʨʞʘʚʘˁʝʤ ʉʉʊ-ʘ. 

  

ʊʘʙʝʣʘ 2.2 ʋʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʘʯʠʥʘ ʚʦʞˁʝ ʠ ʚʨʩʪʝ ʤʦʪʦʨʘ [89]  

ʊʠʧ  

ʤʦʪʦʨʘ 

ʐʪʝʪʥʘ 

ʤʘʪʝʨʠʿʘ 
ʇʨʘʟʘʥ ʭʦʜ ʋʙʨʟʘʚʘˁʝ 

ʋʿʝʜʥʘʯʝʥʘ 

ʙʨʟʠʥʘ 
ʋʩʧʦʨʘʚʘˁʝ 

ʆʪʦ 

CO 69.000 29.000 27.000 39.000 

HC 5.300 1.600 1.000 10.000 

NOx 30 1.020 650 20 

ɼʠʟʝʣ 

CO ʘ 1.000 ʘ ʘ 

HC 400 200 100 300 

NOx 60 350 240 30 

ʅʘʧʦʤʝʥʘ: ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʿʝ ʜʘʪʘ ʫ [vol ppm]; ʘ - ʫ ʪʨʘʛʦʚʠʤʘ 
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ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʈʘʧʦʥʝ ʠ ʦʩʪʘʣʠ (ʝʥʛ. Rapone et al., 2000) [91] ʩʫ ʧʨʦʫʯʘʚʘʣʠ ʧʦʥʘʰʘˁʝ ʝʤʠʩʠʿʝ 

ʢʦʜ ʘʫʪʦʤʦʙʠʣʘ ʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʩʫ ʿʘʩʥʦ ʧʦʢʘʟʘʣʠ ʜʘ ʧʨʠ ʫʩʣʦʚʠʤʘ ʧʦʚʝ˂ʘʥʝ 

ʛʫʩʪʠʥʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʚʦʟʠʣʦ ʝʤʠʪʫʿʝ ʠ ʜʦ ʜʚʘ ʧʫʪʘ ʚʝ˂ʫ ʠʟʜʫʚʥʫ ʝʤʠʩʠʿʫ CO [gĿkm
-1
] ʥʝʛʦ ʧʨʠ 

ʚʝʣʠʢʠʤ ʙʨʟʠʥʘʤʘ ʫ ʉʉʊ-ʫ. ɽʤʠʩʠʿʘ CO ʤʦʞʝ ʙʠʪʠ ʜʦʜʘʪʥʦ ʫʚʝ˂ʘʥʘ ʫʢʦʣʠʢʦ ʙʝʥʟʠʥʩʢʠ ʤʦʪʦʨʠ 

ʨʘʜʝ ʠʩʧʦʜ ʦʧʪʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʧʫʪ ʭʣʘʜʥʦʛ ʩʪʘʨʪʘ (ʧʦʩʝʙʥʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʢʦʜ ʚʦʟʠʣʘ ʩʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ) (Pegg and Ramsden, 1996) [92]. 

  

ɽʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʥʘʿʚʝ˂ʘ ʿʝ ʦʜʤʘʭ ʥʘʢʦʥ ʩʪʘʨʪʦʚʘˁʘ ʤʦʪʦʨʘ. ʂʘʜʘ ʤʦʪʦʨ ʩʪʘʨʪʫʿʝ, ʦʥ ʿʝ ʫ 

ʭʣʘʜʥʦʤ ʠʣʠ ʫ ʪʦʧʣʦʤ ʧʨʝʣʘʟʥʦʤ ʨʝʞʠʤʫ ʜʦʢ ʩʝ ʥʝ ʧʦʩʪʠʛʥʫ ʩʪʘʙʠʣʥʠ ʨʘʜʥʠ ʫʩʣʦʚʠ. ʊʦʢʦʤ 

ʧʨʝʣʘʟʥʠʭ ʨʝʞʠʤʘ, ʝʤʠʩʠʿʘ ʫʛˀʦʚʦʜʦʥʠʢʘ ʠ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʟʙʦʛ ʙʦʛʘʪʝ ʩʤʝʰʝ ʢʦʿʘ 

ʿʝ ʥʝʦʧʭʦʜʥʘ ʟʘ ʨʘʜ ʭʣʘʜʥʦʛ ʤʦʪʦʨʘ. ʆʩʠʤ ʪʦʛʘ, ʢʘʪʘʣʠʟʘʪʦʨʠ ʩʫ ʤʘˁʝ ʝʬʠʢʘʩʥʠ ʢʘʜʘ 

ʬʫʥʢʮʠʦʥʠʰʫ ʫ ʭʣʘʜʥʠʤ ʫʩʣʦʚʠʤʘ ʠ ʠʤʘʿʫ ʤʘˁʠ ʫʯʠʥʘʢ ʥʘ ʪʨʠ ʧʨʠʤʘʨʥe ʛʘʩʦʚʠʪʝ ʰʪʝʪʥʝ 

ʤʘʪʝʨʠʿʝ (CO, HC, ʠ NOx) ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʧʦʩʪʠʛʥʝ ʪʦʧʣʠ ʩʪʘʙʠʣʥʠ ʨʝʞʠʤ. ɼʦʢ ʩʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʠ ʫʛˀʦʚʦʜʦʥʠʢʘ ʟʥʘʯʘʿʥʦ ʚʝ˂ʝ ʪʦʢʦʤ ʧʨʝʣʘʟʥʠʭ ʨʝʞʠʤʘ, ʝʤʠʩʠʿʘ ʦʢʩʠʜʘ ʘʟʦʪʘ ʩʝ 

ʫʤʝʨʝʥʦ ʧʦʚʝ˂ʘʚʘ, ʿʝʨ ʥʘ ˁʠʭʦʚʫ ʝʤʠʩʠʿʫ ʟʥʘʪʥʦ ʤʘˁʝ ʫʪʠʯʝ ʩʘʩʪʘʚ ʧʦʛʦʥʩʢʝ ʩʤʝʰʝ ʛʦʨʠʚʘ ʠ 

ʚʘʟʜʫʭʘ (Armstrong, 2000) [93].     

 

ɿʘʢˀʫʯʮʠ ʠʟʚʝʜʝʥʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʘʩʫʩʫ ʥʘʿʙʦˀʝ ʩʝ ʤʦʛʫ ʧʦʪʚʨʜʠʪʠ ʧʨʝʢʦ ʚʦʟʥʠʭ ʮʠʢʣʫʩʘ ʢʦʿʠ 

ʩʧʘʜʘʿʫ ʫ ʚʝʦʤʘ ʟʥʘʯʘʿʥʝ ʤʝʪʦʜʝ ʧʨʦʮʝʥʝ ʨʝʘʣʥʝ ʝʤʠʩʠʿʝ. ɸʥʘʣʠʟʘ ʚʨʝʜʥʦʩʪʠ ʧʦʿʝʜʠʥʠʭ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʟʘ ʤʦʪʦʨʥʘ ʚʦʟʠʣʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʪʦʢʩʠʯʥʦʩʪ ʝʤʠʩʠʿʝ ʨʝʛʫʣʠʩʘʥʘ ɽʫʨʦ 2 ʠʣʠ ɽʫʨʦ 3 

ʩʪʘʥʜʘʨʜʦʤ, ʥʝʜʚʦʩʤʠʩʣʝʥʦ ʫʢʘʟʫʿʝ ʥʘ ʚʠʩʦʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʤʠʩʠʿʝ CO (ʚʦʟʠʣʘ ʩʘ ʦʪʦ ʠ ʜʠʟʝʣ 

ʤʦʪʦʨʠʤʘ) ʠ NOx ʝʤʠʩʠʿʝ (ʚʦʟʠʣʘ ʩʘ ʜʠʟʝʣ ʤʦʪʦʨʠʤʘ), ʧʨʠ ʯʝʤʫ ʩʫ ʫʩʣʦʚʠ ʫ ʩʘʦʙʨʘ˂ʘʿʥʦʤ ʪʦʢʫ 

ʦʢʘʨʘʢʪʝʨʠʩʘʥʠ ʢʘʦ ʦʥʠ ʢʦʿʠ ʚʘʞʝ ʟʘ ʧʦʜʨʫʯʿʝ ʨʘʩʢʨʩʥʠʮʝ ʠʣʠ ʩʫ ʙʣʠʩʢʠ ʩʪʘˁʠʤʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʟʘ ʩʘʦʙʨʘ˂ʘʿʥʘ ʟʘʛʫʰʝˁʘ (ʚʦʟʥʠ ʪʝʩʪ: ɸʨʪʝʤʠʩ ʫʨʙʘʥ_3). ʅʘ ʘʫʪʦ-ʧʫʪʫ, ʛʜʝ ʩʫ 

ʜʦʟʚʦˀʝʥʝ ʚʝ˂ʝ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ (ʚʦʟʥʠ ʪʝʩʪ: ɸʨʪʝʤʠʩ ʘʫʪʦ-ʧʫʪ_150_3), ʨʝʛʠʩʪʨʦʚʘʥʝ ʩʫ 

ʚʠʩʦʢʝ ʝʤʠʩʠʿʝ CO, ʜʦʢ ʿʝ ʧʨʠ ʥʝʩʪʘʙʠʣʥʠʤ ʚʝ˂ʠʤ ʙʨʟʠʥʘʤʘ (ʚʦʟʥʠ ʪʝʩʪ: ɸʨʪʝʤʠʩ ʘʫʪʦ-

ʧʫʪ_150_4) ʫʩʪʘʥʦʚˀʝʥʘ ʧʦʚʝ˂ʘʥʘ ʝʤʠʩʠʿʘ NOx ʟʘ ʚʦʟʠʣʘ ʩʘ ʜʠʟʝʣ ʤʦʪʦʨʠʤʘ, ʢʘʦ ʠ ʝʤʠʩʠʿʘ CO ʢʦʜ 

ʚʦʟʠʣʘ ʩʘ ʦʪʦ ʤʦʪʦʨʠʤʘ (Joumard, 2006) [94].  

  

ʂʘʢʦ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʤʦʛʫ ʫʪʠʮʘʪʠ ʩʪʨʘʪʝʛʠʿʝ ʫʧʨʘʚˀʘˁʘ ʩʘʦʙʨʘ˂ʘʿʝʤ, ʘʥʘʣʠʟʠʨʘʦ ʿʝ ʝʥʛʣʝʩʢʠ 

ʠʩʪʨʘʞʠʚʘʯ ʄʝʢʣʝʥʘʥ (ʝʥʛ. Maclennan, 1994) [95]. ʇʨʠ ʪʦʤʝ ʿʝ ʫʟʝʦ ʫ ʦʙʟʠʨ ˁʠʭ ʪʨʠ, ʦʜʥʦʩʥʦ: ʘ) 

ʇʨʠʦʨʠʪʝʪʥʝ ʧʨʘʚʮʝ; ʙ) ʈʝʩʪʨʠʢʮʠʿʫ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʮ) ʋʤʠʨʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ. ʋ ʮʠˀʫ ʘʥʘʣʠʟʝ 

ʨʝʟʫʣʪʘʪʘ ʧʨʚʝ ʩʪʨʘʪʝʛʠʿʝ, ʥʘ ʛʣʘʚʥʠʤ ʧʫʪʝʚʠʤʘ ʫ ʃʦʥʜʦʥʫ ʩʫ ʫʚʝʜʝʥʠ ʧʨʠʦʨʠʪʝʪʥʠ ʧʨʘʚʮʠ ʢʘʢʦ 

ʙʠ ʩʝ ʧʦʙʦˀʰʘʦ ʧʨʦʪʦʢ ʩʘʦʙʨʘ˂ʘʿʘ, ʥʘʨʦʯʠʪʦ ʫʯʝʩʪʘʣʦʩʪ ʿʘʚʥʦʛ ʛʨʘʜʩʢʦʛ ʧʫʪʥʠʯʢʦʛ ʧʨʝʚʦʟʘ. ʆʚʦ ʿʝ 

ʧʦʩʪʠʛʥʫʪʦ ʦʛʨʘʥʠʯʝˁʝʤ ʟʘʫʩʪʘʚˀʘˁʘ, ʫʪʦʚʘʨʘ ʠ ʠʩʪʦʚʘʨʘ ʥʘ ʫʣʠʯʥʠʤ ʧʘʨʢʠʨʘʣʠʰʪʠʤʘ ʠ 

ʫʚʦʹʝˁʝʤ ʚʝ˂ʝʛ ʙʨʦʿʘ ʘʫʪʦʙʫʩʢʠʭ ʪʨʘʢʘ. ʋʪʚʨʹʝʥʘ ʩʫ ʩʤʘˁʝˁʘ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ NOx, CO ʠ VOC, 

ʢʦʿʘ ʩʫ ʫʟʨʦʢʦʚʘʥʘ ʩʤʘˁʝˁʝʤ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʟʘʩʪʦʿʘ ʠ ʙʨʦʿʘ ʟʘʫʩʪʘʚˀʘˁʘ ʚʦʟʠʣʘ. ʊʘʢʦʹʝ ʿʝ ʫ 

ʃʦʥʜʦʥʫ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʠ ʜʨʫʛʘ ʩʪʨʘʪʝʛʠʿʘ, ʦʜʥʦʩʥʦ ʨʝʩʪʨʠʢʮʠʿʘ ʩʘʦʙʨʘ˂ʘʿʘ, ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʦ 
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ˁʝʛʦʚ ʦʙʠʤ ʫ ʮʝʥʪʨʘʣʥʦʤ ʜʝʣʫ ʠ ʧʨʝʫʩʤʝʨʠʦ ʢʘ ʜʨʫʛʠʤ ʧʨʘʚʮʠʤʘ ʦʢʦ ʛʨʘʜʘ. ʋʪʚʨʹʝʥʦ ʿʝ ʩʤʘˁʝˁʝ 

ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ NOx, CO, HC ʠ PM ʦʜ 15%. ʊʨʝ˂ʘ ʧʦʤʝʥʫʪʘ ʩʪʨʘʪʝʛʠʿʘ, ʦʜʥʦʩʥʦ ʩʪʫʜʠʿʘ 

ʫʤʠʨʠʚʘˁʘ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ, ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʫ ʅʝʤʘʯʢʦʿ, ʧʨʠ ʯʝʤʫ ʩʫ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʘʣʠ ʤʘˁʫ 

ʝʤʠʩʠʿʫ ʧʨʠ ʧʨʦʩʝʯʥʦʿ ʙʨʟʠʥʠ ʦʜ 30 kmĿh
-1 
ʥʝʛʦ ʧʨʠ 50 kmĿh

-1
, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʘ 

ʤʠʨʥʠʿʠʭ ʨʝʞʠʤʘ ʚʦʞˁʠ. ʄʝʹʫʪʠʤ, ʘʛʨʝʩʠʚʥʘ ʚʦʞˁʘ ʫ ʥʠʞʠʤ ʩʪʝʧʝʥʠʤʘ ʧʨʝʥʦʩʘ ʧʦʚʝ˂ʘʣʘ ʙʠ 

ʢʦʣʠʯʠʥʫ ʝʤʠʩʠʿʝ. 

 

ʇʨʠʤʝʥʘ ʨʝʬʦʨʤʫʣʠʩʘʥʠʭ ʛʦʨʠʚʘ ʿʝ ʢʦʨʠʩʥʘ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ. ʇʨʝʜʥʦʩʪ ʫ ˁʠʭʦʚʦʿ ʧʨʠʤʝʥʠ 

ʿʝʩʪʝ ʫʪʠʮʘʿ ʥʘ ʫʢʫʧʘʥ ʙʨʦʿ ʚʦʟʠʣʘ ʫ ʦʢʚʠʨʫ ʢʨʘʪʢʦʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ, ʜʦʢ ʿʝ ʟʘ ʧʨʦʤʝʥʝ ʫ 

ʪʝʭʥʦʣʦʛʠʿʠ ʩʤʘˁʝˁʘ ʝʤʠʩʠʿʝ ʧʦʪʨʝʙʥʦ ʚʠʰʝ ʛʦʜʠʥʘ, ʘʢʦ ʥʝ ʠ ʜʝʮʝʥʠʿʘ, ʟʘ ʧʦʩʪʠʟʘˁʝ ʦʯʝʢʠʚʘʥʠʭ 

ʝʬʝʢʘʪʘ. ɼʦʙʘʨ ʧʨʠʤʝʨ ʤʦʞʝ ʙʠʪʠ ʧʨʦʧʠʩ ʢʦʿʠ ˂ʝ ʫʤʘˁʠʪʠ ʠʩʧʘʨˀʠʚʝ ʝʤʠʩʠʿʝ ʧʫʪʝʤ 

ʨʝʜʝʬʠʥʠʩʘˁʘ ʠʩʧʘʨʠˀʚʦʩʪʠ ʙʝʥʟʠʥʘ, ʩʤʘʝˁˁʘ ʢʦʣʠʯʠʥʝ ʩʫʤʧʦʨʘ ʠ ʛʦʨˁʝ ʪʘʯʢʝ ʢˀʫʯʘˁʘ 

ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ.  

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʤʦ ʥʘʚʝʣʠ ʧʘʨʘʤʝʪʨʝ ʠ ʤʦʜʠʬʠʢʘʮʠʦʥʝ ʬʘʢʪʦʨʝ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʢʦʣʠʯʠʥʫ ʝʤʠʩʠʿʝ 

ʩʘʦʙʨʘ˂ʘʿʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʜʨʦʙʥʠʿʝ ʦʙʨʘʟʣʦʞʠʪʠ ʫʩʧʦʨʝʥʠʿʝ ʧʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʫʨʙʘʥʝ 

ʘʪʤʦʩʬʝʨʝ (ʫʟʨʦʢ ʿʝ ,,ʚʝʣʠʢʘ ʝʤʠʩʠʿʘñ), ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʢʦʥʪʨʦʣʝ ʝʤʠʩʠʿʝ ʢʦʿʝ ʫʙʨʟʘʥʦ 

ʥʘʧʨʝʜʫʿʫ. ʋ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʨʘʟʣʦʛʝ ʤʦʞʝʤʦ ʫʙʨʦʿʘʪʠ (Shere, 1998) [44]:  

1) ʇʨʦʮʝʜʫʨʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʝʤʠʩʠʿʝ ʧʦʪʮʝˁʫʿʫ ʝʤʠʩʠʿʫ ʫ ʫʧʦʪʨʝʙʠ;  

2) ɽʢʩʪʨʝʤʥʠ ʩʣʫʯʘʿʝʚʠ ʨʝʞʠʤʘ ʚʦʞˁʝ ʤʥʦʛʦ ʚʠʰʝ ʜʦʧʨʠʥʦʩʝ ʧʨʦʩʝʢʫ ʥʝʛʦ ʰʪʦ ʩʝ ʩʤʘʪʨʘ 

(ʜʦʩʪʘ ʚʦʟʠʣʘ ʩʘ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʤ ʤʦʪʦʨʠʤʘ, ʫʯʝʩʪʘʣʦʩʪ ʨʝʞʠʤʘ ʚʦʞˁʝ ʩʪʘʥʠ-ʢʨʝʥʠ); 

3) ɻʦʨʠʚʦ ʿʝ ʥʝʩʪʘʣʥʦʛ ʢʚʘʣʠʪʝʪʘ ʠ ʯʝʩʪʦ ʥʝ ʦʜʛʦʚʘʨʘ ʩʧʝʮʠʬʠʢʘʮʠʿʠ;  

4) ɽʤʠʩʠʿʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʚʘʥ ʨʘʜʥʝ-ʦʧʪʠʤʘʣʥʝ ʿʝ ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʘʥʜʘʨʜʥʘ 

ʠʩʧʠʪʠʚʘˁʘ (ʭʣʘʜʥʠ ʜʘʥʠ ʟʘ ʫʛˀʝʥ-ʜʠʦʢʩʠʜ ʠ ʠʟʫʟʝʪʥʦ ʪʦʧʣʠ ʜʘʥʠ ʟʘ ʫʛˀʦʚʦʜʦʥʠʢʝ ʠ 

ʦʢʩʠʜʝ ʘʟʦʪʘ); 

5) ʂʚʘʨ, ʥʝʧʨʘʚʠʣʥʦʩʪ ʫ ʨʘʜʫ ʠʣʠ ʥʝʢʦʤʧʝʪʝʥʪʥʦ ʦʜʨʞʘʚʘˁʝ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʢʦʥʪʨʦʣʫ 

ʝʤʠʩʠʿʝ ʜʦʚʦʜʠ ʜʦ ʪʦʛʘ ʜʘ ʜʝʦ ʚʦʟʥʦʛ ʧʘʨʢʘ ʠʤʘ ʚʝʦʤʘ ʚʠʩʦʢ ʥʠʚʦ ʝʤʠʩʠʿʝ.  

 

ʉʚʠ ʥʘʙʨʦʿʘʥʠ ʬʘʢʪʦʨʠ ʫʪʠʯʫ ʜʘ ʝʤʠʩʠʿʘ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʙʫʜʝ ʚʝ˂ʘ ʦʜ ʦʯʝʢʠʚʘʥʝ, ʘʣʠ ʿʝ 

ʧʦʩʣʝʜˁʠ ʫʿʝʜʥʦ ʠ ʥʘʿʚʘʞʥʠʿʠ ʠ ʧʦʪʨʝʙʥʦ ʤʫ ʿʝ ʧʦʩʚʝʪʠʪʠ ʧʘʞˁʫ ʢʨʦʟ ʧʨʦʛʨʘʤʝ ʠʥʩʧʝʢʮʠʿʝ ʠ 

ʦʜʨʞʘʚʘˁʘ (ʀ/ʄ ʧʨʦʛʨʘʤʠ) (ʝʥʛ. Inspection and Maintance programs).  

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʚʦʟʥʠ ʧʘʨʢ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʧʨʦʩʝʯʥʝ ʩʪʘʨʦʩʪʠ ʦʜ 17,5 ʛʦʜʠʥʘ (ʄʋʇ ʈʝʧʫʙʣʠʢʝ 

ʉʨʙʠʿʝ, 2011), ʜʘʪʘ ʿʝ ʢʨʘ˂ʘ ʘʥʘʣʠʟʘ, ʩʘʜʘ ʚʝ˂ ʩʚʝʪʩʢʠ ʧʨʠʟʥʘʪʦʛ, ʧʨʦʛʨʘʤʘ ʢʦʥʪʨʦʣʝ ʝʤʠʩʠʿʝ 

ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ (ʝʥʛ. in-use vehicle). ʇʨʦʛʨʘʤ ʠʥʩʧʝʢʮʠʿʝ ʠ ʦʜʨʞʘʚʘˁʘ ʠʤʘ ʜʚʘ ʮʠˀʘ. ʂʘʦ 

ʧʨʚʠ ʩʝ ʤʦʞʝ ʥʘʚʝʩʪʠ ʜʘ ʦʥʠ ʧʦʤʘʞʫ ʠʜʝʥʪʠʬʠʢʦʚʘˁʫ ʚʦʟʠʣʘ ʫ ʢʦʿʠʤʘ ʧʦʛʦʨʰʘˁʝ ʪʝʭʥʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʠʣʠ ʜʨʫʛʠ ʤʝʭʘʥʠʯʢʠ ʧʨʦʙʣʝʤ, ʠʟʘʟʠʚʘ ʚʝʣʠʢʫ ʝʤʠʩʠʿʫ. ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, ʢʦʜ 

ʩʘʚʨʝʤʝʥʠʭ ʚʦʟʠʣʘ ʢʦʿʘ ʧʦʩʝʜʫʿʫ ʩʠʩʪʝʤ ʟʘ ʢʦʥʪʨʦʣʫ ʝʤʠʩʠʿʝ, ʚʝʣʠʢʠ ʜʝʦ ʫʢʫʧʥʝ ʝʤʠʩʠʿʝ ʿʝʩʪʝ 

ʫʟʨʦʢʦʚʘʥ ʤʘʣʠʤ ʙʨʦʿʝʤ ʚʦʟʠʣʘ ʩʘ ʥʝʧʨʘʚʠʣʥʠʤ ʩʠʩʪʝʤʦʤ ʝʤʠʩʠʦʥʝ ʢʦʥʪʨʦʣʝ. 



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

21 

 

ʀʩʪʨʘʞʠʚʘʯ ɻʝʥʰʣʝʨ (ʝʥʛ. Guensler, 1994) [96] ʿʝ ʜʦʢʘʟʘʦ ʜʘ 5% ʚʦʟʥʦʛ ʧʘʨʢʘ ʫʟʨʦʢʫʿʝ 25% ʫʢʫʧʥʝ 

ʝʤʠʩʠʿʝ, 15% ʚʦʟʥʦʛ ʧʘʨʢʘ ʿʝ ʦʜʛʦʚʦʨʥʦ ʟʘ 43% ʫʢʫʧʥʝ ʝʤʠʩʠʿʝ ʠ 20% ʚʦʟʠʣʘ ʿʝ ʦʜʛʦʚʦʨʥʦ ʟʘ 60% 

ʝʤʠʩʠʿʝ. ʇʨʦʙʣʝʤ ʩʝ ʜʦʜʘʪʥʦ ʧʦʛʦʨʰʘʚʘ ʟʙʦʛ ʩʫʧʝʨʝʤʠʪʝʨʘ (ʚʦʟʠʣʘ ʩʘ ʧʝʪʦʩʪʨʫʢʦ ʠʣʠ ʚʠʰʝ ʚʝ˂ʦʤ 

ʝʤʠʩʠʿʦʤ ʦʜ ʧʨʦʧʠʩʘʥʝ). ɼʨʫʛʠ ʠʩʪʨʘʞʠʚʘʯʠ, ʧʦʧʫʪ ʌʘʠʟʘ ʠ ʦʩʪʘʣʠʭ (ʝʥʛ. Faiz et al., 1996) [97], 

ʜʦʙʠʣʠ ʩʫ ʨʝʟʫʣʪʘʪʝ ʢʦʿʠ ʫʢʘʟʫʿʫ ʜʘ ʩʘʤʦ 20% ʚʦʟʠʣʘ ʠʤʘ ʝʤʠʩʠʿʫ HC ʠʟʥʘʜ 1,2 gĿkm
-1
, ʘʣʠ ʩʫ ʟʘʪʦ 

ʦʜʛʦʚʦʨʥʘ ʟʘ 40% ʫʢʫʧʥʝ HC ʝʤʠʩʠʿʝ. ʀ ʦʩʪʘʣe ʘʥʘʣʠʟʠʨʘʥʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʩʫ ʧʦʢʘʟʘʣʝ ʩʣʠʯʘʥ 

ʦʙʨʘʟʘʮ ʧʦʥʘʰʘˁʘ, ʦʜʥʦʩʥʦ: 10% ʚʦʟʠʣʘ ʿʝ ʦʜʛʦʚʦʨʥʦ ʟʘ 37% ʫʢʫʧʥʝ ʝʤʠʩʠʿʝ PM, 20% ʚʦʟʠʣʘ ʟʘ 

43% ʫʢʫʧʥʝ ʝʤʠʩʠʿʝ CO ʠ 20% ʚʦʟʠʣʘ ʿʝ ʦʜʛʦʚʦʨʥʦ ʟʘ 35% ʫʢʫʧʥʝ ʝʤʠʩʠʿʝ NOx.    

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʀ/ʄ ʧʨʦʛʨʘʤ ʤʦʞʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ 10ï20% ʚʦʟʠʣʘ ʢʦʿʘ ʚʝʦʤʘ ʟʘʛʘʹʫʿʫ ʦʢʦʣʥʫ 

ʩʨʝʜʠʥʫ, ʜʨʫʛʠ ʚʘʞʥʠ ʮʠˀ ʥʘʚʝʜʝʥʦʛ ʧʨʦʛʨʘʤʘ ʪʨʝʙʘʣʦ ʙʠ ʙʠʪʠ ʫʪʚʨʹʠʚʘˁʝ ʪʝʭʥʠʯʢʠʭ 

ʥʝʧʨʘʚʠʣʥʦʩʪʠ (ʢʚʘʨʦʚʘ) ʠ ʩʧʨʝʯʘʚʘˁʝ ʥʝʧʨʘʚʠʣʥʝ ʫʧʦʪʨʝʙʝ ʦʧʨʝʤʝ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ, ʪʘʢʦ ʜʘ 

ʩʝ ʝʬʠʢʘʩʥʦʩʪ ʩʠʩʪʝʤʘ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ (ʉʉɽ) ʧʨʦʜʫʞʠ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʚʦʟʠʣʘ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʿʦʤ ʚʦʟʠʣʘ ʢʦʿʘ ʠʤʘʿʫ ʧʨʦʙʣʝʤʘ ʩʘ ʦʜʨʞʘʚʘˁʝʤ ʠ ʟʘʭʪʝʚʘʿʫ ʧʦʧʨʘʚʢʫ, ʝʬʠʢʘʩʥʠ ʀ/ʄ 

ʧʨʦʛʨʘʤ ʤʦʞʝ ʩʤʘˁʠʪʠ ʧʨʦʩʝʯʥʫ ʝʤʠʩʠʿʫ ʫ ʨʘʩʧʦʥʫ 30ï50%. ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, ʫʢʦʣʠʢʦ 

ʘʥʘʣʠʟʠʨʘʤʦ ʚʦʟʠʣʘ ʢʦʿʘ ʥʝʤʘʿʫ ʉʉɽ, ʨʘʟʣʠʢʘ ʫ ʝʤʠʩʠʿʠ HC ʠ CO ʤʦʞʝ ʜʦʩʪʠ˂ʠ ʬʘʢʪʦʨ 4 ʧʘ ʠ 

ʚʠʰʝ, ʫʢʦʣʠʢʦ ʿʝ ʚʦʟʠʣʦ ʦʨʜʞʘʚʘʥʦ ʠʣʠ ʥʠʿʝ. ʉ ʪʠʤ ʫ ʚʝʟʠ, ʩʢʦʨʦ ʥʝʚʝʨʦʚʘʪʘʥ ʧʦʜʘʪʘʢ ʠʟʥʝʣʠ ʩʫ 

ʇʦʪʝʨ ʠ ʉʝʚʘ˅ (ʝʥʛ. Potter and Savage, 1986) [98] ʜʘ ʝʤʠʩʠʿʘ CO ʤʦʞʝ ʧʦʨʘʩʪʠ ʜʦ 400% ʠʟʤʝʹʫ 

ʨʝʜʦʚʥʠʭ ʩʝʨʚʠʩʘ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʫʢʦʣʠʢʦ ʩʘʚʨʝʤʝʥʘ ʚʦʟʠʣʘ ʩʘ ʩʠʩʪʝʤʦʤ ʟʘ ʢʦʥʪʨʦʣʫ ʝʤʠʩʠʿʝ 

ʠʤʘʿʫ ʦʰʪʝ˂ʝʥʠ ʢʘʪʘʣʠʟʘʪʦʨ ʠʣʠ ʧʦʢʚʘʨʝʥʫ ʣʘʤʙʜʘ ʩʦʥʜʫ, ʦʥʘ ʤʦʛʫ ʧʦʚʝ˂ʘʪʠ ʝʤʠʩʠʿʫ HC ʠ CO ʟʘ 

ʬʘʢʪʦʨ 20 ʠʣʠ ʚʠʰʝ, ʘ ʜʘ ʧʨʠ ʪʦʤ ʥʝʤʘ ʟʥʘʯʘʿʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʚʦʟʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʊʘʢʦʹʝ, ʩʣʠʯʥʠ 

ʢʚʘʨʦʚʠ ʤʦʛʫ ʧʦʚʝ˂ʘʪʠ ʝʤʠʩʠʿʫ NOx ʦʜ 3 ʜʦ 5 ʧʫʪʘ. ʂʦʜ ʚʦʟʠʣʘ ʩʘ ʜʠʟʝʣ ʤʦʪʦʨʠʤʘ, ʠʩʪʨʦʰʝʥ ʠʣʠ 

ʦʰʪʝ˂ʝʥ ʩʠʩʪʝʤ ʫʙʨʠʟʛʘʚʘˁʘ ʛʦʨʠʚʘ ʤʦʞʝ ʥʘʿʤʘˁʝ ʜʚʦʩʪʨʫʢʦ ʧʦʚʝ˂ʘʪʠ ʝʤʠʩʠʿʫ ʯʚʨʩʪʠʭ ʯʝʩʪʠʮʘ.   

   

ʆʙʠʤʘʥ ʧʨʦʛʨʘʤ ʠʥʩʧʝʢʮʠʿʝ ʠ ʦʜʨʞʘʚʘˁʝ ʟʘʭʪʝʚʘ ʩʣʝʜʝ˂ʝ ʝʣʝʤʝʥʪʝ (Faiz et al., 1996) [97]:  

1) ʆʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʦʮʝʜʫʨʝ ʠʩʧʠʪʠʚʘˁʘ ʢʦʿʝ, ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʪʦ ʥʝʦʧʭʦʜʥʦ, ʜʦʧʫˁʫʿʫ 

ʠʥʩʧʝʢʮʠʿʝ ʩʠʩʪʝʤʘ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ; 

2) ʆʙʨʘ˂ʘˁʝ ʧʘʞˁʝ ʥʘ ʧʨʦʮʝʜʫʨʝ ʧʦʧʨʘʚʢʠ ʠ ʦʙʫʢʝ ʤʝʭʘʥʠʯʘʨʘ;  

3) ʈʝʜʦʚʥʘ ʢʦʥʪʨʦʣʘ ʢʚʘʣʠʪʝʪʘ;  

4) ʉʧʨʦʚʦʹʝˁʝ ʧʨʦʛʨʘʤʘ ʠʥʩʧʝʢʪʦʨʘ ʠ ʤʝʭʘʥʠʯʘʨʘ (ʥʘʨʦʯʠʪʦ ʫ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʠʤ 

ʧʨʦʛʨʘʤʠʤʘ) ʟʘ ʚʦʟʠʣʘ ʢʦʿʘ ʠʤʘʿʫ ʠʥʜʝʥʪʠʬʠʢʦʚʘʥʝ ʥʝʜʦʩʪʘʪʢʝ;  

5) ʇʝʨʠʦʜʠʯʥʠ ʧʨʝʛʣʝʜ ʢʘʢʦ ʙʠ ʩʝ ʠʜʝʥʪʠʬʠʢʦʚʘʣʘ ʧʨʦʙʣʝʤʘʪʠʯʥʘ ʧʦʜʨʫʯʿʘ ʠ ʥʘʰʣʘ ʨʝʰʝˁʘ;   

6) ʄʠʥʠʤʠʟʠʨʘˁʝ ʪʨʦʰʢʦʚʘ ʧʦʧʨʘʚʢʠ ʠ ʠʩʢˀʫʯʝˁʘ ʚʦʟʠʣʘ.  

 

ʅʝʦʧʭʦʜʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʫʧʦʪʨʝʙʘ ʚʦʟʠʣʘ ʥʝ ʩʪʚʘʨʘ ʩʘʤʦ ʝʤʠʩʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʚʝ˂ ʠ 

ʧʨʦʙʣʝʤʝ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʟʘʛʫʰʝˁʘ, ʥʘʨʦʯʠʪʦ ʫ ʛʨʘʜʩʢʠʤ ʟʦʥʘʤʘ. ʉʪʨʘʪʝʛʠʿʝ ʢʦʿʝ ʨʝʜʫʢʫʿʫ ʝʤʠʩʠʿʫ 

ʯʝʩʪʦ ʩʤʘˁʫʿʫ ʠ ʧʨʦʙʣʝʤʝ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʟʘʛʫʰʝˁʘ, ʰʪʦ ʠʤʧʣʠʮʠʨʘ ʜʚʝ ʜʨʫʰʪʚʝʥʝ ʢʦʨʠʩʪʠ.  
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ɿʘ ʝʧʠʜʝʤʠʦʣʦʰʢʝ ʩʪʫʜʠʿʝ ʚʝʦʤʘ ʿʝ ʢʦʨʠʩʥʦ ʢʘʜʘ ʿʝʜʘʥ ʠʥʜʠʢʘʪʦʨ ʠʜʝʥʪʠʬʠʢʫʿʝ ʘʝʨʦʟʘʛʘʹʝˁʝ, ʿʝʨ 

ʩʝ ʫʧʨʘʚʦ ʦʥ ʤʦʞʝ ʫʧʦʪʨʝʙʠʪʠ ʟʘ ʩʘʛʣʝʜʘʚʘˁʝ ʦʧʰʪʠʭ ʥʠʚʦʘ ʠʟʣʦʞʝʥʦʩʪʠ ʛʨʘʜʩʢʝ ʧʦʧʫʣʘʮʠʿʝ 

(Kingham et al., 2000) [99]. ʂʘʜʘ ʩʫ ʜʘʪʝ ʧʨʘʢʪʠʯʥʝ ʧʨʝʜʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝˁʘ ʨʘʟʣʠʯʠʪʠʭ ʪʝʭʥʠʢʘ 

ʢʦʥʪʨʦʣʝ ʢʚʘʣʠʪʝʪʘ ʘʤʙʠʿʝʥʪʘʣʥʝ ʩʨʝʜʠʥʝ, ʣʘʢʰʝ ʿʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʥʠʟ ʤʦʛʫ˂ʠʭ ʠʥʜʠʢʘʪʦʨʘ 

ʘʝʨʦʟʘʛʘʹʝˁʘ, ʘ ʜʘ ʧʨʠ ʪʦʤ ʩʚʘʢʠ ʦʜ ˁʠʭ ʟʘʜʦʚʦˀʠ ʩʚʦʿʝ ʧʦʪʨʝʙʝ. ʆʜʘʙʨʘʥʘ ʿʝʜʠˁʝˁʘ ʪʨʝʙʘ ʜʘ 

ʧʦʪʠʯʫ ʠʟ ʠʩʪʠʭ ʠʟʚʦʨʘ (ʥʘ ʧʨʠʤʝʨ: ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢʦʚʠ) ʠ ʜʘ ʠʤʘʿʫ ʠʩʪʫ ʩʫʜʙʠʥʫ ʩʘ ʛʨʫʧʦʤ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ. ʆʚʦ ʩʝ ʤʦʞʝ ʧʨʦʚʝʨʠʪʠ ʧʨʦʮʝʥʦʤ ʿʘʯʠʥʝ ʚʝʟʝ ʠʟʤʝʹʫ ʙʠʣʦ 

ʢʦʛ ʤʦʛʫ˂ʝʛ ʠʥʜʠʢʘʪʦʨʘ ʩʘ ʙʨʦʿʝʤ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʜʨʫʛʠʭ ʫʟʦʨʘʢʘ ʩʘ ʨʘʟʣʠʯʠʪʠʭ ʣʦʢʘʮʠʿʘ.  

 

ɼʚʘ ʠʥʜʠʢʘʪʦʨʘ ʢʦʿʘ ʩʝ ʦʙʠʯʥʦ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʮʝʥʫ ʘʝʨʦʟʘʛʘʹʝʥʦʩʪʠ ʧʨʦʫʟʨʦʢʦʚʘʥʫ ʩʘʦʙʨʘ˂ʘʿʥʠʤ 

ʪʦʢʦʚʠʤʘ ʩʫ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜ ʠ ʙʝʥʟʝʥ (Mukherjee and Viswanathan, 2001) [100]. ʈʘʟʣʦʛ ʟʘ ʪʦ ʿʝʩʪʝ 

ʰʪʦ ʦʥʠ ʫʛʣʘʚʥʦʤ ʧʦʪʠʯʫ ʦʜ ʝʤʠʩʠʿʘ ʚʦʟʠʣʘ ʠ ʟʙʦʛ ʩʚʦʿʠʭ ʦʩʦʙʠʥʘ ʤʦʛʫ ʜʫʞʝ ʦʧʩʪʘʪʠ ʫʥʫʪʘʨ 

ʫʣʠʮʘ. ɻʝʥʝʨʘʣʥʦ, ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ ʦʜʥʦʩʠ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʠ ʙʝʥʟʝʥʘ ʦʩʪʘʿʫ ʧʨʠʙʣʠʞʥʦ 

ʠʩʪʠ ʩʚʝ ʜʦʢ ʥʝʤʘ ʙʠʪʥʠʭ ʧʨʦʤʝʥʘ ʫ ʪʝʭʥʦʣʦʛʠʿʠ ʚʦʟʠʣʘ ʠ ʧʦʛʦʥʩʢʦʤ ʛʦʨʠʚʫ, ʩʘʩʪʘʚʫ ʚʦʟʥʦʛ ʧʘʨʢʘ, 

ʨʝʞʠʤʠʤʘ ʩʘʦʙʨʘ˂ʘʿʘ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʠ ʘʤʙʠʿʝʥʪʘ.   

 

ʋ ʥʘʨʝʜʥʠʤ ʜʝʮʝʥʠʿʘʤʘ, ʜʨʫʤʩʢʠ ʩʘʦʙʨʘ˂ʘʿ ˂ʝ ʚʝʨʦʚʘʪʥʦ ʦʩʪʘʪʠ ʚʝʣʠʢʠ ʠ ʜʦʤʠʥʘʥʪʘʥ 

ʘʝʨʦʟʘʛʘʹʠʚʘʯ, ʥʘʨʦʯʠʪʦ ʫʥʫʪʘʨ ʫʨʙʘʥʠʭ ʦʙʣʘʩʪʠ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʯʠʥʝ ʚʝʣʠʢʠ ʥʘʧʦʨʠ ʫ ʮʠˀʫ 

ʩʤʘʝˁˁʘ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ ʠ ʦʥʠ ʫʢˀʫʯʫʿʫ (European Commission White Paper, 2011a) [101]: 1) ʅʦʚʝ 

ʧʦʛʦʥʩʢʝ ʩʠʩʪʝʤʝ ʠ ʫʥʘʧʨʝʹʝˁʝ ʪʝʭʥʦʣʦʛʠʿʝ ʚʦʟʠʣʘ; 2) ʈʝʬʦʨʤʫʣʠʩʘʥʘ ʛʦʨʠʚʘ; 3) ʆʧʪʠʤʠʟʘʮʠʿʫ 

ʫʧʨʘʚˀʘˁʘ ʩʘʦʙʨʘ˂ʘʿʝʤ ʫʥʫʪʘʨ ʛʨʘʜʦʚʘ ʠ 4) ʀʤʧʣʝʤʝʥʪʘʮʠʿʫ ʩʪʨʦʞʠʭ ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ.  

 

ɼʨʫʛʠ ʧʨʠʟʥʘʪʠ ʘʫʪʦʨʠ, ʧʦʧʫʪ ʉʧʝʨʣʠʥʛʘ ʠ ʦʩʪʘʣʠʭ (ʝʥʛ. Sperling et al., 1995) [102], ʥʘʚʦʜʝ ʜʘ ʩʝ 

ʝʤʠʩʠʿʘ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʤʦʞʝ ʩʤʘˁʠʪʠ ʧʦʤʦ˂ʫ ʯʝʪʠʨʠ ʤʝʪʦʜʝ: 1) ɸʣʪʝʨʥʘʪʠʚʥʘ ʧʦʛʦʥʩʢʘ 

ʛʦʨʠʚʘ; 2) ʉʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣʫ ʝʤʠʩʠʿʝ; 3) ʉʤʘˁʝˁʝ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʠ 4) ɺʝ˂ʠ ʫʜʝʦ ʿʘʚʥʦʛ 

ʪʨʘʥʩʧʦʨʪʘ. ʇʨʚʝ ʪʨʠ ʤʝʪʦʜʝ ʦʙʫʭʚʘʪʘʿʫ ʪʝʭʥʠʯʢʘ ʠ ʠʥʞʝˁʝʨʩʢʘ ʨʝʰʝˁʘ. ʇʦʩʣʝʜˁʘ ʤʝʪʦʜʘ 

ʦʙʫʭʚʘʪʘ ʧʨʦʤʝʥʫ ʧʦʥʘʰʘˁʘ ʫ ʚʦʞˁʠ (ʧʨʝʚʦʟʫ). 

 

2.4.1. ʉʪʘʥʜʘʨʜʠ ʠ ʨʝʛʫʣʘʪʠʚʝ ʟʘ ʝʤʠʩʠʿʫ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ 
 
ɽʤʠʩʠʿʘ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʤʦʞʝ ʩʝ ʝʬʠʢʘʩʥʦ ʩʤʘˁʠʪʠ ʧʨʦʿʝʢʪʦʚʘˁʝʤ ʚʦʟʠʣʘ ʢʦʿʘ ʠʤʘʿʫ ʤʘʣʫ 

ʝʤʠʩʠʿʫ. ʅʘʧʨʝʜʥʠ ʩʠʩʪʝʤʠ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ ʤʦʛʫ ʨʝʜʫʢʦʚʘʪʠ ʝʤʠʩʠʿʫ HC ʠ CO ʟʘ ʚʠʰʝ ʦʜ 

95%, ʘ ʝʤʠʩʠʿʫ NOx ʟʘ 80% ʠ ʚʠʰʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʤ ʝʤʠʩʠʿʦʤ (Faiz et al., 1996) 

[97]. ɹʫʜʫ˂ʠ ʜʘ ʧʦʤʝʥʫʪʠ ʩʠʩʪʝʤʠ ʫʚʝ˂ʘʚʘʿʫ ʪʨʦʰʢʦʚʝ ʠ ʩʣʦʞʝʥʦʩʪ ʧʨʦʿʝʢʪʦʚʘˁʘ, ʧʨʦʠʟʚʦʹʘʯʠ 

ʚʦʟʠʣʘ ʠʟʙʝʛʘʚʘʿʫ ˁʠʭʦʚʦ ʫʚʦʹʝˁʝ. ɿʙʦʛ ʪʦʛʘ ʟʘʢʦʥʦʜʘʚʮʠ ʤʦʨʘʿʫ ʧʨʝʜʫʟʝʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʨʝ ʢʦʿʝ 

ʤʦʛʫ ʦʙʫʭʚʘʪʠʪʠ ʦʙʘʚʝʟʥʝ ʩʪʘʥʜʘʨʜʝ, ʝʢʦʥʦʤʩʢʝ ʧʦʜʩʪʠʮʘʿʝ ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʫ. ʀʘʢʦ ʦʙʘʚʝʟʥʠ 

ʩʪʘʥʜʘʨʜʠ ʠʤʘʿʫ ʠʟʚʝʩʥʝ ʥʝʜʦʩʪʘʪʢʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʝʢʦʥʦʤʩʢʠʤ ʧʦʜʩʪʠʮʘʿʠʤʘ, ʚʝ˂ʠʥʘ ʥʘʜʣʝʞʥʠʭ 

ʦʨʛʘʥʘ ʙʠʨʘ ˁʠʭ ʢʘʦ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʘ ʢʦʥʪʨʦʣʝ ʝʤʠʩʠʿʝ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ.  
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ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʦʙʨʘʹʝʥʘ ʜʚʘ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʦʨʝʢʣʦʤ ʦʜ 

ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ, ʘ ʢʦʿʠ ʩʝ ʥʘʿʚʠʰʝ ʢʦʨʠʩʪʝ ʫ ɽʚʨʦʧʠ, ʦʜʥʦʩʥʦ ʉɸɼ-ʫ, ʥʘʨʝʜʥʠ ʧʘʩʫʩʠ 

ʘʥʘʣʠʟʠʨʘ˂ʝ ʝʚʨʦʧʩʢʝ, ʦʜʥʦʩʥʦ ʘʤʝʨʠʯʢʝ ʧʨʦʧʠʩʝ ʦ ʝʤʠʩʠʿʠ ʚʦʟʠʣʘ. ɸʢʮʝʥʘʪ ʿʝ ʥʘ ʧʫʪʥʠʯʢʠʤ 

ʚʦʟʠʣʠʤʘ, ʿʝʨ ʫʧʨʘʚʦ ʦʥʘ ʯʠʥʝ ʩʢʦʨʦ 80% ʫ ʦʙʨʘʹʝʥʦʿ ʩʪʨʫʢʪʫʨʠ ʛʨʘʜʩʢʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ 

(ʩʣʠʢʘ 4.13), ʘ ʢʘʜʘ ʩʝ ʪʦʿ ʯʠˁʝʥʠʮʠ ʧʨʠʜʦʜʘʿʫ ʠ ʚʝʣʠʢʠ ʝʤʠʪʝʨʠ ʧʦʧʫʪ ʩʪʘʨʠʭ ʠʣʠ ʣʦʰʝ 

ʦʜʨʞʘʚʘʥʠʭ ʧʫʪʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʟʥʘʯʘʿ ˁʠʭʦʚʝ ʝʤʠʩʠʿʝ ʿʝ ʚʝʣʠʢʠ ʫ ʫʢʫʧʥʦʿ ʝʤʠʩʠʿʠ. 

 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʥʘʚʝʜʝʥʦ, ʫ ɽʚʨʦʧʠ ʩʫ ʨʝʛʫʣʘʪʠʚʝ ʟʘ ʝʤʠʩʠʿʫ ʚʦʟʠʣʘ ʜʦʥʝʪʝ ʥʝʰʪʦ ʢʘʩʥʠʿʝ ʥʝʛʦ ʫ 

ʉɸɼ (ʇʝʰʠ˂ ʠ ʦʩʪʘʣʠ, 2008) [103]. ʊʘʢʦ ʿʝ ʟʘ ʧʫʪʥʠʯʢʘ ʠ ʣʘʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ ʨʝʛʫʣʘʪʠʚʘ ɽCɽ 

15.00 ʜʦʥʝʪʘ 1971. ʛʦʜʠʥʝ ʦʜ ʩʪʨʘʥʝ ɽʚʨʦʧʩʢʝ ʢʦʤʠʩʠʿʝ ʟʘ ʋʿʝʜʠˁʝʥʝ ʥʘʮʠʿʝ (UN ECE). ɸʤʘʥʜʤʘʥ 

01 (ɽCɽ 15.01) ʿʝ ʜʦʥʝʪ 1975. ʛʦʜʠʥʝ ʠ ˁʝʛʦʚʝ ʛʨʘʥʠʮʝ ʩʫ ʠʟʥʦʩʠʣʝ: 32 gĿkm
-1
 ʟʘ CO ʠ 11 gĿkm

-1
 ʟʘ 

HC+NOx. ɺʨʝʤʝʥʦʤ ʩʫ ʫʚʦʹʝʥʠ ʥʦʚʠ ʘʤʘʥʜʤʘʥʠ (ʩʚʝ ʜʦ ECE 15.04 ʠ ECE R 83/03) ʠ ʛʨʘʥʠʮʝ 

ʧʦʩʪʘʿʘʣʝ ʩʚʝ ʦʰʪʨʠʿʝ. ɼʘʥʘʩ ʧʨʦʧʠʩʝ ʦ ʝʤʠʩʠʿʠ ʜʦʥʦʩʠ ɽʚʨʦʧʩʢʘ ʫʥʠʿʘ. ɿʘ ʧʫʪʥʠʯʢʘ ʠ ʜʦʩʪʘʚʥʘ 

ʚʦʟʠʣʘ ʧʨʦʧʠʩʠ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʙʘʟʥʦʤ ɼʠʨʝʢʪʠʚʦʤ 70/220/ɽɽC ʫ ʪʘʙʝʣʠ 2.3 (ʇʝʰʠ˂ ʠ ʦʩʪʘʣʠ, 

2008) [103], ʢʦʿʘ ʿʝ ʯʝʩʪʦ ʤʝˁʘʥʘ. ʅʝʢʝ ʦʜ ʚʘʞʥʠʿʠʭ ʠʟʤʝʥʘ ʩʫ: 

¶ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜ (ʧʦʟʥʘʪ ʢʘʦ EC 93) - ɼʠʨʝʢʪʠʚʘ 91/441/ɽɽC (ʩʘʤʦ ʟʘ ʧʫʪʥʠʯʢʘ ʚʦʟʠʣʘ) ʠʣʠ 

93/59/EEC (ʧʫʪʥʠʯʢʘ ʠ ʜʦʩʪʘʚʥʘ ʚʦʟʠʣʘ); 

¶ ɽʫʨʦ 2 ʩʪʘʥʜʘʨʜ (ʧʦʟʥʘʪ ʢʘʦ ɽC 96) - ɼʠʨʝʢʪʠʚʘ 94/12/EC ʠʣʠ 96/69/EC; 

¶ Euro 3/4 ʩʪʘʥʜʘʨʜ (2000/2005) - ɼʠʨʝʢʪʠʚʘ 98/69/ɽC, ʜʦʢ ʩʫ ʢʘʩʥʠʿʠ ʘʤʘʥʜʤʘʥʠ ʫ 

2002/80/ɽC; 

¶ ɽʫʨʦ 5/6 ʩʪʘʥʜʘʨʜ (2009/2014) - ɽʫʨʦ 5/6 ʫʚʦʜʠ ʨʝʛʫʣʘʪʠʚʝ (Regulation 715/2007) ʦʜ 20. ʿ ʫʥʘ 

2007. ʛʦʜʠʥʝ, ʪʘʢʦ ʩʝ ʧʨʦʧʠʩʠ ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʫ ʠ ʧʨʝʪʭʦʜʥʝ ,,ʜʠʨʝʢʪʠʚʝñ (ʢʦʿʝ ʤʦʨʘʿʫ ʜʘ 

ʙʫʜʫ ʫʛʨʘʹʝʥʝ ʫ ʩʚʝ ʥʘʮʠʦʥʘʣʥʝ ʟʘʢʦʥʝ) ʥʘʜʘˀʝ ˂ʝ ʙʠʪʠ ʟʘʤʝˁʝʥʝ ,,ʨʝʛʫʣʘʪʠʚʘʤʘñ ʢʦʿʝ ʩʝ 

ʥʝʧʦʩʨʝʜʥʦ ʧʨʠʤʝˁʫʿʫ ʦʜʤʘʭ ʥʘʢʦʥ ʜʦʥʦʰʝˁʘ.  

 

ʊʘʙʝʣʘ 2.3 ɻʨʘʥʠʮʝ ʟʘ ʝʤʠʩʠʿʫ ʧʫʪʥʠʯʢʠʭ ʚʦʟʠʣʘ ʫ ɽʚʨʦʧʠ [gĿkm
-1
] [103] 

ɻʦʜ. 
CO  HC+NOx HC NOx PM 

ɹʝʥʟʠʥ ɼʠʟʝʣ  ɹʝʥʟʠʥ ɼʠʟʝʣ  ɹʝʥʟʠʥ ɼʠʟʝʣ  ɹʝʥʟʠʥ ɼʠʟʝʣ  ɹʝʥʟʠʥ ɼʠʟʝʣ  

2000. 

ɽʫʨʦ 3 
2,3 0,64  0,56 0,2  0,15 0,5  0,05 

2005. 

ɽʫʨʦ 4 
1,0 0,50  0,30 0,10  0,08 0,25  0,025 

2009. 

ɽʫʨʦ 5 
1,0 0,50  0,23 0,10

a 
 0,06 0,18 0,005 0,005 

2014. 

ɽʫʨʦ 6 
1,0 0,50  0,17 0,10

a 
 0,06 0,08 0,005 0,005 

ʅʘʧʦʤʝʥʘ: 
ʘ
 - ʥʝʤʝʪʘʥʩʢʠ ʠʩʧʘʨˀʠʚʠ ʫʛˀʦʚʦʜʦʥʠʮʠ 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʤʝʨʝʥʘ ʠʟʜʫʚʥʘ ʝʤʠʩʠʿʘ ʚʦʟʠʣʘ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʥʘʚʝʩʪʠ ʪʝʭʥʠʢʝ ʫʟʦʨʢʦʚʘˁʘ ʢʦʿʝ ʩʫ ʪʘʢʦʹʝ ʨʝʛʫʣʠʩʘʥʝ EC ʩʪʘʥʜʘʨʜʠʤʘ. ʋʚʦʹʝˁʝʤ ʨʝʛʫʣʘʪʠʚʝ 

ɽʫʨʦ 3 ʧʨʦʤʝˁʝʥʘ ʿʝ ʪʝʭʥʠʢʘ ʫʟʦʨʢʦʚʘˁʘ ʛʘʩʦʚʘ, ʢʦʿʝ ʧʦʯʠˁʝ ʦʜʤʘʭ ʥʘʢʦʥ ʩʪʘʨʪʦʚʘˁʘ ʤʦʪʦʨʘ, ʘ ʥʝ 

40 ʩʝʢʫʥʜʠ ʧʦʩʣʝ ʩʪʘʨʪʘ, ʢʘʢʦ ʿʝ ʪʦ ʜʦ ʪʘʜʘ ʙʠʣʦ ʧʨʦʧʠʩʘʥʦ. ʆʚʠ ʪʝʩʪʦʚʠ ʧʦʜʨʘʟʫʤʝʚʘʿʫ: 
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I ʇʨʦʙʘ - ʄʝʨʝˁʝ ʝʤʠʩʠʿʝ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʧʦ ʚʦʟʥʦʤ ʪʝʩʪʫ; 

II ʇʨʦʙʘ - ʄʝʨʝˁʝ ʝʤʠʩʠʿʝ CO ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʠ ʠʟʥʘʜ 2.000 min
-1
; 

III ʇʨʦʙʘ - ʄʝʨʝˁʝ ʝʤʠʩʠʿʝ ʠʟ ʢʘʨʪʝʨʘ; 

IV ʇʨʦʙʘ - ʄʝʨʝˁʝ ʠʩʧʘʨʘʚʘˁʘ ʠʟ ʚʦʟʠʣʘ ʧʦ SCHED ʪʝʩʪʫ (ʥʦʚʘ ʛʨʘʥʠʮʘ 2 g ʧʦ ʪʝʩʪʫ); 

V ʇʨʦʙʘ - ʊʨʘʿʥʦʩʪ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʨʦʣʫ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʫ ʪʦʢʫ 80.000 km ʩʘ ʬʘʢʪʦʨʦʤ 

ʧʦʛʦʨʰʘˁʘ ʟʘ CO ʠ HC+NOx ʦʜ 1,2; 

VI ʇʨʦʙʘ - ʂʦʥʪʨʦʣʘ ʝʤʠʩʠʿʝ ʭʣʘʜʥʦʛ ʩʪʘʨʪʘ ʧʨʠ -7 ᴈ ʟʘ ʚʦʟʠʣʘ ʩʘ ʦʪʦ ʤʦʪʦʨʠʤʘ (ʫʚʝʜʝʥʘ 

2002. ʛʦʜʠʥʝ). ɻʨʘʥʠʮʘ ʟʘ HC ʠʟʥʦʩʠ 1,8 gĿkm
-1
, ʘ ʟʘ CO 15 gĿkm

-1
. ʂʘʦ ʚʦʟʥʠ ʪʝʩʪ ʢʦʨʠʩʪʠ 

ʩʝ ʤʦʜʠʬʠʢʦʚʘʥʠ ʮʠʢʣʫʩ ECE R 15 ʩʘ ʫʟʦʨʢʦʚʘˁʝʤ ʛʘʩʦʚʘ ʦʜʤʘʭ ʥʘʢʦʥ ʩʪʘʨʪʘ; 

VII ʇʨʦʙʘ - ʀʩʧʠʪʠʚʘˁʝ ʬʫʥʢʮʠʦʥʠʩʘˁʘ EOBD-ʘ (European On-Board Diagnostics). 

 

ʆʚʠʤ ʠʟʤʝʥʘʤʘ ʧʨʦʧʠʩʘ ʥʘʧʠʩʘʥʠ ʩʫ ʧʨʦʿʝʢʪʥʠ ʟʘʜʘʮʠ ʠʥʞeˁ ʝʨʠʤʘ. ʋ ɸʤʝʨʠʮʠ ʬʝʜʝʨʘʣʥʝ 

ʧʨʦʧʠʩʝ ʜʦʥʦʩʠ EPA (Environmental Protection Agency), ʜʦʢ ʧʨʦʧʠʩʝ ʟʘ ʂʘʣʠʬʦʨʥʠʿʫ ʜʦʥʦʩʠ ARB 

(Air Resources Board). ʆʜ 1994. ʛʦʜʠʥʝ ʫʚʝʜʝʥ ʿʝ ʧʨʦʧʠʩ ʟʘ ʢʦʥʪʨʦʣʫ ʝʤʠʩʠʿʝ ʥʘ ʥʠʩʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʂʣʠʤʘʪʠʟʘʮʠʿʘ ʠ ʠʩʧʠʪʠʚʘˁʝ ʚʦʟʠʣʘ ʚʨʰʠ ʩʝ ʥʘ -7 ᴈ, ʚʦʟʥʠ ʪʝʩʪ ʿʝ ʭʣʘʜʥʘ ʬʘʟʘ 

FTP (Federal Test Procedure) ʪʝʩʪʘ (ʧʨʚʠʭ 505 ʩʝʢʫʥʜʠ), ʘ ʜʦʟʚʦˀʝʥʘ ʝʤʠʩʠʿʘ ʟʘ CO ʠʟʥʦʩʠ 10 

gĿmile
-1
. ʉʪʘʥʜʘʨʜʠ ʤʝʪʦʜʝ 1 (ʝʥʛ. Tier) ʩʫ ʫʚʦʹʝʥʠ ʧʨʦʛʨʝʩʠʚʥʦ ʠʟʤʝʹʫ 1994. ʠ 1997. ʛʦʜʠʥʝ, ʜʦʢ 

ʩʝ ʩʪʘʥʜʘʨʜʠ ʤʝʪʦʜʝ 2 ʬʘʟʥʦ ʫʚʦʜʝ ʫ ʧʝʨʠʦʜʫ ʦʜ 2004. ʜʦ 2009. ʛʦʜʠʥʝ.   

 

ʇʨʝʜʣʦʛ LEV II ʩʪʘʥʜʘʨʜʘ ʟʘ ʂʘʣʠʬʦʨʥʠʿʫ ʜʘʪ ʿʝ ʫ ʪʘʙʝʣʠ 2.4 (ʇʝʰʠ˂ ʠ ʦʩʪʘʣʠ, 2008) [103]. 

ɻʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʠʩʪʝ ʟʘ ʧʫʪʥʠʯʢʘ ʚʦʟʠʣʘ ʠ ʩʘ ʜʠʟʝʣ ʠ ʩʘ ʙʝʥʟʠʥʩʢʠʤ ʤʦʪʦʨʠʤʘ, ʠ ʪʦ ʪʦʢʦʤ 

ʯʠʪʘʚʦʛ ʚʝʢʘ ʚʦʟʠʣʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʚʦʟʥʠ ʪʝʩʪ FTP 75. ʄʦʜʝʣʠ ʧʦʩʣʝ 2003. ʛʦʜʠʥʝ ʠʤʘʿʫ ʩʤʘˁʝʥʫ 

ʝʤʠʩʠʿʫ HC ʟʘ 50% ʫ ʦʜʥʦʩʫ ʥʘ 2000. ʛʦʜʠʥʫ. ʇʨʠ ʤʝʨʝˁʫ ʝʤʠʩʠʿʝ ʥʘ 10 ᴈ (50 ᴌ), ʬʘʢʪʦʨ 

ʤʫʣʪʠʧʣʠʢʘʮʠʿʝ ʟʘ SULEV (Super Ultra-Low Emission Vehicle) ʿʝ 2 ʠ ʥʘ ʪʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʘʥʠʮʘ ʟʘ 

CO je 10 gĿmile
-1
. ʆʜ 2004. ʛʦʜʠʥʝ ʤʦʜʝʣʠ ʚʦʟʠʣʘ ʟʘʜʦʚʦˀʘʚʘʿʫ LEV ʠ ULEV (Ultra-Low Emission 

Vehicle) ʩʪʘʥʜʘʨʜʝ ʩʘ 0,05 gĿmile
-1
 ʟʘ NOx ʠ ʪʦ ʫ ʪʨʠ ʬʘʟʝ ʢʨʦʟ ʧʝʨʠʦʜ ʦʜ 3 ʛʦʜʠʥʝ: 40% ʤʦʜʝʣʘ ʫ 

ʧʨʚʦʿ ʤʦʜʝʣʩʢʦʿ ʛʦʜʠʥʠ (2004.), 80% ʫ ʜʨʫʛʦʿ (2005.) ʠ 100% ʫ ʪʨʝ˂ʦʿ ʛʦʜʠʥʠ (2006.).   

 

ʊʘʙʝʣʘ 2.4 ʇʨʝʜʣʦʛ LEV II ʟʘ ʝʤʠʩʠʿʫ ʧʫʪʥʠʯʢʠʭ ʚʦʟʠʣʘ ʫ ʂʘʣʠʬʦʨʥʠʿʠ [gĿmile
-1
] [103] 

ʂʘʪʝʛʦʨʠʿʘ 

ʝʤʠʩʠʿʝ 

ɺʝʢ ʉʉɽ-ʘ 

(ʧʨʝʹʝʥʦ ʤʠˀʘ)
ʘ
 

NMG CO NOx PM 

TLEV 
50.000 0,125 3,4 0,4  

120.000 0,156 4,2 0,6 0,04 

LEV 
50.000 0,075 3,4 0,05  

120.000 0,090 4,2 0,07 0,01 

ULEV 
50.000 0,040 1,7 0,05  

120.000 0,050 2,1 0,07 0,01 

SULEV 120.000 0,010 1,0 0,02 0,01 

ʅʘʧʦʤʝʥʘ: TLEV (Transitional Low-Emission Vehicle); NMG - ʥʝʤʝʪʘʥʩʢʠ ʛʘʩʦʚʠ; ʉʉɽ - ʩʠʩʪʝʤ ʟʘ 

ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ; ʘ - ʟʘ ʥʘʚʝʜʝʥʫ ʤʠˀʘʞʫ ʧʨʦʠʟʚʦʹʘʯ ʛʘʨʘʥʪʫʿʝ ʝʤʠʩʠʿʫ 

 

ʋ ʪʘʙʝʣʠ 2.5 ʧʨʠʢʘʟʘʥʠ ʩʫ ʝʚʨʦʧʩʢʠ ʠ ʩʚʝʪʩʢʠ  ʩʪʘʥʜʘʨʜʠ  ʜʦʟʚʦˀʝʥʝ ʝʤʠʩʠʿʝ CO ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ 

ʟʘ ʧʫʪʥʠʯʢʘ ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ ʩʘ ʦʪʦ ʤʦʪʦʨʠʤʘ. 
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ʊʘʙʝʣʘ 2.5  ʉʚʝʪʩʢʠ ʠ ʝʚʨʦʧʩʢʠ ʩʪʘʥʜʘʨʜʠ ʝʤʠʩʠʿʝ CO ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʤʦʪʦʨʘ 

ɼʨʞʘʚʘ 

Eʤʠʩʠʿʘ CO ʧʨʠ ʨʘʜʫ ʆʊʆ ʤʦʪʦʨʘ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ 

ʟʘ ʧʫʪʥʠʯʢʘ ʚʦʟʠʣʘ ʢʦʿʘ ʩʫ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ 

(ʩʘ ʧʦʿʝʜʠʥʠʤ ʧʦʜʘʮʠʤʘ ʦ ʩʪʘʨʦʩʪʠ ʚʦʟʠʣʘ ʥʘ ʢʦʿʫ ʩʝ ʛʨʘʥʠʮʘ ʦʜʥʦʩʠ) 

[%vol] 

ʉɸɼ 

(ʜʨʞʘʚʘ ʆʨʝʛʦʥ) 

¶ < 1975.ʛʦʜʠʥʝ: ʥʝ ʧʨʦʚʝʨʘʚʘ ʩʝ 

¶ 1975 ï1980 (ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ): Ò 2,5 

¶ 1975ï1980 (ʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ): Ò 1,0 

¶ Ó1981.ʛʦʜʠʥʝ: Ò 1,0 

ʅʘʨʦʜʥʘ ʈʝʧʫʙʣʠʢʘ ʂʠʥʘ 
¶ Ò 01.07.1995.ʛʦʜʠʥʝ : < 4,5 

¶ Ó 01.07.1995.ʛʦʜʠʥʝ: < 4,5 

ʅʝʧʘʣ 
¶ Ò 1980.ʛʦʜʠʥʝ: Ò 4,5 

¶ Ó 1981.ʛʦʜʠʥʝ: Ò 3,0 

ʀʥʜʦʥʝʟʠʿʘ 

¶ ʂʘʨʙʫʨʘʪʦʨʩʢʠ: 

o Ò 1985.ʛʦʜʠʥʝ: Ò 4,0 

o 1986ï1995.ʛʦʜʠʥʝ: Ò 3,5 

o Ó 1996.ʛʦʜʠʥʝ: Ò 3,0 

¶ ʉʘ ʫʙʨʠʟʛʘʚʘˁʝʤ: 

o 1986ï1995.ʛʦʜʠʥʝ: Ò 3,0 

o Ó 1996.ʛʦʜʠʥʝ: Ò 2,5 

ɹʦʩʥʘ ʠ ʍʝʨʮʝʛʦʚʠʥʘ 

(ʫʩʢʣʘʹʝʥʦ ʧʨʝʤʘ 2003/26/EC) 

¶ ʉʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʙʝʟ ʣʘʤʙʜʘ ʩʦʥʜʝ: 

o Ò 01.10.1986.ʛʦʜʠʥʝ: Ò 4,5 

o >01.10.1986.ʛʦʜʠʥʝ: Ò 3,5 

¶ ʉʘ ʪʨʦʢʦʤʧʦʥʝʥʪʥʠʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ: 

o ʇʨʠ ʤʘʣʦʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ ʤʦʪʦʨʘ : Ò 0,5 

o ʇʨʠ ʚʝ˂ʝʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ (ʤʠʥ. 2.000 min
-1
): Ò 0,3 

ʊʘʿʣʘʥʜ 

(ʫʩʢʣʘʹʝʥʦ ʧʨʝʤʘ 

70/220/ɽC ʟʘ EURO 4) 

¶ ʄʘʣʠ ʙʨʦʿ ʦʙʨʪʘʿʘ ʤʦʪʦʨʘ: < 3,5 

¶ ɺʝʣʠʢʠ ʙʨʦʿ ʦʙʨʪʘʿʘ ʤʦʪʦʨʘ: < 4,5 

ɽʋ 

ɹʘʟʥʘ ʜʠʨʝʢʪʠʚʘ 

70/220/EC 
< 3,5 

ɼʠʨʝʢʪʠʚʘ 92/55/EEC 

¶ ɹʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ: < 3,5 

¶ ʉʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ:  

o ʇʨʠ ʤʘʣʦʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ 

ʤʦʪʦʨʘ: < 0,5 

o ʇʨʠ ʚʝ˂ʝʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ 

(ʤʠʥ. 2.000 min
-1
): < 0,3 

ɼʠʨʝʢʪʠʚʘ 96/96/EC 

¶ ɹʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ: <4,5 

¶ ʉʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ:  

o ʇʨʠ ʤʘʣʦʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ 

ʤʦʪʦʨʘ: < 0,5 

o ʇʨʠ ʚʝ˂ʝʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ 

(ʤʠʥ. 2.000 min
-1
): < 0,3 

ʉʨʙʠʿʘ 

(ʨʝʛʠʩʪʨʦʚʘʥʘ ʧʨʚʠ ʧʫʪ) 

¶ < 01.03.2014.ʛʦʜʠʥʝ: < 4,5 

¶ Ó 01.03.2014.ʛʦʜʠʥʝ: 

o ʉʘ ʢʘʨʙʫʨʘʪʦʨʦʤ: Ò 3,5 

o ʉʘ ʫʙʨʠʟʛʘʚʘˁʝʤ:  

Á ʇʨʠ ʤʘʣʦʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ ʤʦʪʦʨʘ: Ò 0,3 

Á ʇʨʠ ʚʝ˂ʝʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ (ʤʠʥ. 2.000 min
-1
): Ò 0,2 
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2.4.2. ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ 

 
ʈʘʟʚʦʿ ʢʘʪʘʩʪʨʘ ʟʘʛʘʹʠʚʘʯʘ ʿʝʩʪʝ ʚʘʞʘʥ ʨʘʜʠ ʦʧʠʩʠʚʘˁʘ ʝʤʠʩʠʿʘ ʠ ʨʘʜʠ ʫʧʨʘʚˀʘˁʘ ʢʚʘʣʠʪʝʪʦʤ 

ʚʘʟʜʫʭʘ (Moussiopoulos, 2003) [104]. ʀʥʬʦʨʤʘʮʠʿʝ ʠʟ ʢʘʪʘʩʪʨʘ ʟʘʛʘʹʠʚʘʯʘ ʥʘʤ ʧʦʤʘʞʫ ʜʘ ʩʭʚʘʪʠʤʦ 

ʠʟʚʦʨʝ ʝʤʠʩʠʿʘ ʠ ʝʤʠʩʠʦʥʝ ʪʦʢʦʚʝ ʫ ʜʦʤʝʥʫ ʠʟʫʯʘʚʘˁʘ. ʀʟʚʦʨʠ ʝʤʠʩʠʿʝ ʩʫ ʛʨʫʧʠʩʘʥʠ ʫ ʪʨʠ 

ʢʘʪʝʛʦʨʠʿʝ (Ranjeet and Kitwiroon, 2008) [105]:  

I  ʄʦʙʠʣʥʠ ʠʟʚʦʨʠ (ʥʘ ʧʨʠʤʝʨ: ʜʨʫʤʩʢʠ ʩʘʦʙʨʘ˂ʘʿ);  

II  ʇʨʦʩʪʦʨʥʠ ʠʣʠ ʦʙʣʘʩʥʠ ʠʟʚʦʨʠ (ʥʘ ʧʨʠʤʝʨ: ʧʦˀʦʧʨʠʚʨʝʜʥʠ, ʧʨʠʨʦʜʥʠ);  

III  ʉʪʘʮʠʦʥʘʨʥʠ ʠʟʚʦʨʠ (ʥʘ ʧʨʠʤʝʨ: ʠʥʜʫʩʪʨʠʿʘ).  

 

ʉʚʠ ʤʦʜʝʣʠ ʜʠʩʧʝʨʟʠʿʝ ʟʘʭʪʝʚʘʿʫ ʧʨʦʮʝʥʝ ʝʤʠʩʠʿʝ, ʢʦʿʝ, ʪʘʢʦʹʝ, ʟʘʭʪʝʚʘʿʫ ʰʪʦ ʧʨʝʮʠʟʥʠʿʝ 

ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ (ɽʌ). ɻʝʥʝʨʘʣʥʦ, ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʤʧʠʨʠʿʩʢʠ ʬʫʥʢʮʠʦʥʘʣʥʝ 

ʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʝʤʠʩʠʿʝ ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʘ ʿʝ ʫʟʨʦʢʫʿʝ (Vicente et al., 2013) [106]. ɸʢʦ ʙʠʩʤʦ 

ʞʝʣʝʣʠ ʧʨʝʮʠʟʥʠʿʝ ʜʘ ʠʭ ʜʝʬʠʥʠʰʝʤʦ, ʟʘ ʜʨʫʤʩʢʘ ʚʦʟʠʣʘ ʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʬʫʥʢʮʠʦʥʘʣʥʝ 

ʨʝʣʘʮʠʿʝ ʢʦʿʝ ʧʨʝʜʚʠʹʘʿʫ ʢʦʣʠʯʠʥʫ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʝʤʠʪʦʚʘʥʫ ʧʦ ʧʨʝʹʝʥʦʤ ʨʘʩʪʦʿʘˁʫ (ɽʌ-ʠ 

ʤʝʪʦʜʝ 2 ʠ ʤʝʪʦʜʝ 3), ʧʦʪʨʦʰʝʥʦʿ ʝʥʝʨʛʠʿʠ ʠʣʠ ʧʦʪʨʦʰʝʥʦʿ ʢʦʣʠʯʠʥʠ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ (ɽʌ-ʠ 

ʤʝʪʦʜʝ 1). ʇʦ ʪʨʝ˂ʦʿ ʜʝʬʠʥʠʮʠʿʠ, ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨ ʩʝ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʢʘʦ ʩʪʦʧʘ ʧʨʦʩʝʯʥʝ ʝʤʠʩʠʿʝ 

ʦʜʨʝʹʝʥe ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʟʘ ʦʜʨʝʹʝʥʫ ʢʘʪʝʛʦʨʠʿʫ ʚʦʟʠʣʘ (Faiz et al., 1996) [97]. ʀʟʚʝʜʝʥʘ ʤʝʨʥʘ 

ʿʝʜʠʥʠʮʘ ʟʘ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ ʤʝʪʦʜʝ 2 ʠ ʤʝʪʦʜʝ 3 ʿʝ ʜʘʪʘ ʢʘʦ ʢʦʣʠʯʠʥʘ ʛʨʘʤʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʧʦ 

ʿʝʜʥʦʤ ʢʠʣʦʤʝʪʨʫ ʧʦ ʿʝʜʥʦʤ ʚʦʟʠʣʫ [gĿkm
-1
], ʜʦʢ ʩʫ ʟʘ ʤʝʪʦʜʫ 1 ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʜʘʪʠ ʢʘʦ ʛʨʘʤʠ 

ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʧʦ ʿʝʜʥʦʤ ʢʠʣʦʛʨʘʤʫ ʫʪʨʦʰʝʥʦʛ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ [gĿkg
-1
]. ɺʘʞʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ 

ʤʝʪʦʜʝ 1, 2 ʠ 3 ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʪʫʧʢʝ ʧʨʦʨʘʯʫʥʘ ʝʤʠʩʠʿʝ, ʘ ʠʟʙʦʨ ʤʝʪʦʜʝ ʟʘʚʠʩʠ ʦʜ ʧʦʜʘʪʘʢʘ 

ʢʦʿʠʤʘ ʩʝ ʨʘʩʧʦʣʘʞʝ.   

 

ʆʧʰʪʝ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʠʟʚʦʨʘ ʥʝʩʠʛʫʨʥʦʩʪʠ, 

ʦʜʥʦʩʥʦ ʥʝʦʜʨʝʹʝʥʦʩʪʠ ʫ ʤʦʜʝʣʠʨʘˁʫ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ (K¿hlwein and Friedrich, 2000) 

[107]. ɼʦʜʘʪʥʠ ʧʨʦʙʣʝʤ ʿʝʩʪʝ ʰʪʦ ʚʝ˂ʠʥʘ ʤʦʜʝʣʘ ʧʨʦʮʝʥʝ ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ (ʤʦʜʝʣʠ ʝʤʠʩʠʿʝ) 

ʢʦʨʠʩʪʠ ʨʘʟʣʠʯʠʪʝ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ ʢʦʿʠ ʚʘʞʝ ʩʘʤʦ ʟʘ ʦʜʨʝʹʝʥʝ ʫʩʣʦʚʝ ʠ ʧʨʠʤʝˁʫʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʢʦʨʝʢʪʠʚʥʝ ʬʘʢʪʦʨʝ ʥʘ ʩʚʦʿʝ ʦʩʥʦʚʥʝ ʧʨʦʨʘʯʫʥʝ (Ropkins, 2006) [79]. ʇʫʥʦ je 

ʧʨʦʤʝˁʠʚʠʭ ʢʦʝʿ ʫʪʠʯʫ ʥʘ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ (ʪʠʤʝ ʠ ʝʤʠʩʠʿʫ) ʧʦʧʫʪ (Faiz et al., 1996) [97]: 

I  ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʦʟʠʣʘ ʠ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ - ɺʨʩʪʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʤʦʪʦʨʘ; ʋʙʨʠʟʛʘʚʘˁʝ 

ʛʦʨʠʚʘ, ʪʫʨʙʦ ʧʫˁʝˁʝ ʠ ʜʨʫʛʝ ʢʦʥʩʪʨʫʢʮʠʦʥʝ ʦʩʦʙʠʥʝ ʤʦʪʦʨʘ; ɺʨʩʪʘ ʪʨʘʥʩʤʠʩʠʿʝ; ʀʟʜʫʚʥʠ 

ʛʘʩʦʚʠ, ʢʘʨʪʝʨ ʠ ʝʤʠʩʠʿʘ ʠʩʧʘʨʘʚʘˁʘ ʤʦʨʘʿʫ ʙʠʪʠ ʢʦʥʪʨʦʣʠʩʘʥʠ (ʢʘʪʘʣʠʪʠʯʢʠ ʢʦʥʚʝʨʪʦʨʠ, 

ʨʝʮʠʨʢʫʣʘʮʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ, ʫʙʨʠʟʛʘʚʘˁʝ ʚʘʟʜʫʭʘ); ʄʝʭʘʥʠʯʢʦ ʩʪʘˁʝ ʤʦʪʦʨʘ ʠ 

ʘʜʝʢʚʘʪʥʦ ʦʜʨʞʘʚʘˁʝ; ʂʣʠʤʘ-ʫʨʝʹʘʿ, ʚʫʯʘ ʧʨʠʢʦʣʠʮʝ ʠ ʦʩʪʘʣʠ ʜʦʜʘʪʥʠ ʧʨʠʙʦʨ; ʆʩʦʙʠʥʝ ʠ 

ʢʚʘʣʠʪʝʪ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ (ʪʘʣʦʟʠ, ʩʫʤʧʦʨ, ʜʝʩʪʠʣʘʮʠʦʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʩʘʩʪʘʚ (ʥʧʨ. 

ʘʨʦʤʘʪʠ, ʩʘʜʨʞʘʿ ʦʣʝʬʠʥʦʤʘ), ʘʜʠʪʠʚʠ, ʩʘʜʨʞʘʿ ʦʢʩʠʛʝʥʘʪʘ, ʦʢʪʘʥʠ ʙʝʥʟʠʥʘ, ʮʝʪʘʥʠ ʜʠʟʝʣ 

ʛʦʨʠʚʘ); ɸʣʪʝʨʥʘʪʠʚʥʘ ʛʦʨʠʚʘ; ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʭʘʙʘˁʘ ʠ ʩʪʘʨʝˁʘ ʦʧʨʝʤʝ ʟʘ ʩʤʘˁʝˁʝ 

ʝʤʠʩʠʿʝ; ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʛʨʘʤʘ ʠʥʩʧʝʢʮʠʿʝ ʠ ʦʜʨʞʘʚʘˁʘ; 
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II  ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʦʟʥʦʛ ʧʘʨʢʘ - ʂʦʤʙʠʥʘʮʠʿʘ ʚʦʟʠʣʘ (ʢʘʪʝʛʦʨʠʿʘ ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ); 

ʋʧʦʪʨʝʙʘ ʚʦʟʠʣʘ (ʢʠʣʦʤʝʪʘʨʘ ʧʦ ʚʦʟʠʣʫ ʛʦʜʠʰˁʝ) ʧʦ ʢʘʪʝʛʦʨʠʿʠ ʚʦʟʠʣʘ; ʉʪʘʨʦʩʥʠ ʧʨʦʬʠʣ 

ʚʦʟʥʦʛ ʧʘʨʢʘ; ʂʦʤʙʠʥʘʮʠʿʝ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʩʠʪʫʘʮʠʿʘ, ʦʜʥʦʩʥʦ ʠʟʙʦʨ ʥʘʯʠʥʘ ʢʨʝʪʘˁʘ 

ʧʫʪʥʠʢʘ ʠʣʠ ʨʦʙʝ; ɺʘʞʝ˂ʠ ʩʪʘʥʜʘʨʜʠ ʝʤʠʩʠʿʝ ʠ ʩʪʠʤʫʣʘʮʠʿʘ ʠʣʠ ʜʝʩʪʠʤʫʣʘʮʠʿʘ ʟʘ 

ʢʫʧʦʚʠʥʫ ʝʤʠʩʠʦʥʦ ʯʠʩʪʠʿʠʭ ʚʦʟʠʣʘ; ɸʜʝʢʚʘʪʥʦʩʪ ʠ ʧʦʢʨʠʚʝʥʦʩʪ ʧʨʦʛʨʘʤʘ ʟʘ ʦʜʨʞʘʚʘˁʝ 

ʚʦʟʥʦʛ ʧʘʨʢʘ; ʇʨʦʛʨʘʤʠ ʟʘ ʯʠʩʪa ʧʦʛʦʥʩʢʘ ʛʦʨʠʚʘ; 

III  ʈʘʜʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ - ʅʘʜʤʦʨʩʢʘ ʚʠʩʠʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ (ʟʘ ʝʤʠʩʠʦʥʝ 

ʬʘʢʪʦʨʝ ʦʢʩʠʜʘ ʘʟʦʪʘ); ʅʘʯʠʥ ʫʧʦʪʨʝʙʝ ʚʦʟʠʣʘ (ʙʨʦʿ ʠ ʜʫʞʠʥʘ ʧʫʪʦʚʘˁʘ, ʙʨʦʿ ʭʣʘʜʥʠʭ 

ʩʪʘʨʪʦʚʘ, ʙʨʟʠʥʘ, ʦʧʪʝʨʝ˂ʝˁʝ, ʘʛʨʝʩʠʚʥʦ ʧʦʥʘʰʘˁʝ ʫ ʚʦʞˁʠ); ʉʪʝʧʝʥ ʩʘʦʙʨʘ˂ʘʿʥʦʛ 

ʟʘʛʫʰʝˁʘ, ʢʘʧʘʮʠʪʝʪ ʠ ʢʚʘʣʠʪʝʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʢʦʣʦʚʦʟʘ ʠ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʝ ʩʘʦʙʨʘ˂ʘʿʘ; 

ʇʨʦʛʨʘʤʠ ʫʧʨʘʚˀʘˁʘ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʭʪʝʚʠʤʘ. 

 

ʆʜʨʝʹʠʚʘˁʝ ʪʘʯʥʠʭ ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ (ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʧʦ ʢʘʪʝʛʦʨʠʿʘʤʘ 

ʚʦʟʠʣʘ ʠ ʧʦʢʨʠʚʝʥʦʩʪʠ ʨʝʣʝʚʘʥʪʥʠʭ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʠ ʫʩʣʦʚʘ ʩʨʝʜʠʥʝ) ʿʝʩʪʝ ʠʟʘʟʦʚʘʥ ʧʦʩʘʦ ʢʦʿʠ 

ʟʘʭʪʝʚʘ ʠʥʪʝʥʟʠʚʥʦ ʠʩʧʠʪʠʚʘˁʝ ʚʦʟʠʣʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʠʩʧʠʪʠʚʘˁʝ ʝʤʠʩʠʿʝ ʿʝʩʪʝ ʚʝʦʤʘ ʩʢʫʧʦ, ʘ 

ʧʨʠ ʪʦʤʝ ʩʝ ʥʝ ʠʩʧʠʪʫʿʫ ʩʚʠ ʤʦʜʝʣʠ ʚʦʟʠʣʘ ʫ ʮʠˀʫ ʤʦʜʝʣʠʨʘˁʘ ʝʤʠʩʠʿʝ. ʆʜʘʙʨʘʥʘ ʪʝʭʥʠʢʘ ʤʝʨʝˁʘ 

ʟʘʿʝʜʥʦ ʩʘ ʜʨʫʛʠʤ ʩʧʝʮʠʬʠʯʥʦʩʪʠʤʘ ʩʚʘʢʝ ʢʘʤʧʘˁʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʢʨʠʪʝʨʠʿʫʤʝ ʠʟʙʦʨʘ ʚʦʟʠʣʘ ʠ 

ʫʩʣʦʚʘ ʚʦʞˁʝ, ʠʤʘʿʫ ʫʪʠʮʘʿ ʥʘ ʢʚʘʣʠʪʝʪ ʢʘʩʥʠʿʝ ʠʟʚʝʜʝʥʠʭ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ. ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ 

ʠ ˁʠʭʦʚʘ ʟʘʚʠʩʥʦʩʪ ʦʜ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʤʦʛʫ ʩʝ ʤʝʨʠʪʠ ʫ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ 

(ʜʠʥʘʤʦʤʝʪʘʨ) ʠʣʠ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʢʘʦ ʰʪʦ ʿʝ: 1) ʋ ʪʫʥʝʣʫ (ʝʥʛ. Tunnels study); 2) ɼʘˀʠʥʩʢʠʤ 

ʦʯʠʪʘʚʘˁʝʤ (REMS) (ʝʥʛ. REMote Sensing); 3) ʅʘ ʧʫʪʫ (ʝʥʛ. ʆn-Road) ʠ 4) ɸʧʘʨʘʪʫʨʦʤ ʫ ʚʦʟʠʣʫ 

(ʝʥʛ. On-Board).   

  

ʋʩʣʝʜ ʚʠʩʦʢʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʪʨʦʰʢʦʚʘ ʠ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ 

ʢʦʿʝ ʫʪʠʯʫ ʥʘ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ, ʨʘʟʚʠʿʝʥʠ ʩʫ ʢʦʤʧʿʫʪʝʨʩʢʠ ʧʨʦʛʨʘʤʠ ʟʘ ˁʠʭʦʚ ʙʨʞʠ ʠ ʧʨʝʮʠʟʥʠʿʠ 

ʧʨʦʨʘʯʫʥ. ɼʚʘ ʥʘʿʥʘʧʨʝʜʥʠʿʘ ʩʫ ʘʤʝʨʠʯʢʠ MOBILE6.2 (US EPA, 2002) [108] ʠ ʝʚʨʦʧʩʢʠ COPERT4 

ʧʨʦʛʨʘʤ (EEA, 2004) [109]. ʆʙʘ ʧʨʦʛʨʘʤʘ ʢʦʨʠʩʪʝ ʩʪʘʪʠʩʪʠʯʢʠ ʦʙʨʘʹʝʥʝ ʨʝʟʫʣʪʘʪʝ ʢʦʿʠ ʩʫ 

ʙʘʟʠʨʘʥʠ ʥʘ ʭʠˀʘʜʘʤʘ ʠʩʧʠʪʠʚʘˁʘ ʝʤʠʩʠʿʝ ʥʦʚʠʭ ʠ ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ. ʆʩʠʤ ʩʪʘʥʜʘʨʜʥʠʭ 

ʫʩʣʦʚʘ ʪʝʩʪʠʨʘˁʘ, ʤʥʦʛʘ ʚʦʟʠʣʘ ʩʫ ʠʩʧʠʪʘʥʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʘʤʙʠʿʝʥʪʘʣʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʩʘ 

ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʠ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʚʦʟʥʠʤ ʮʠʢʣʫʩʠʤʘ. ʈʘʟʚʠʿʝʥʠ ʩʫ ʦʜʥʦʩʠ 

ʟʘ ʚʦʟʠʣʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʩʠʩʪʝʤʠʤʘ ʟʘ ʢʦʥʪʨʦʣʫ ʝʤʠʩʠʿʝ ʜʦ ʧʨʝʜʚʠʹʘˁʘ ʟʘ ʙʫʜʫ˂ʘ ʚʦʟʠʣʘ ʤʘʣʠʭ 

ʝʤʠʩʠʿʘ. ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʜʝʬʠʥʠʩʘʥʠ ʧʦʤʦ˂ʫ COPERT4 ʧʨʦʛʨʘʤʘ ʚʝʨʦʚʘʪʥʦ ʩʫ ʙʦˀʠ 

ʧʨʝʜʩʪʘʚʥʠʮʠ ʫʩʣʦʚʘ ʩʘʦʙʨʘ˂ʘʿʘ ʫ ʟʝʤˀʘʤʘ ʫ ʨʘʟʚʦʿʫ (ʢʘʦ ʰʪʦ ʿʝ ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ), ʤʘʜʘ ʧʦʩʪʦʿʠ 

ʟʥʘʯʘʿʥʦ ʚʘʨʠʨʘˁʝ ʠʟʤʝʹʫ ʤʝʨʝˁʘ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ, ʯʘʢ ʠ ʟʘ ʩʣʠʯʥʘ ʚʦʟʠʣʘ ʠ ʩʣʠʯʥʝ ʫʩʣʦʚʝ 

ʠʩʧʠʪʠʚʘˁʘ. ʆʚʘʢʚʦ ʚʘʨʠʨʘˁʝ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʚʘʞʥʦ ʰʪʦ ʩʝ ʧʨʦʮʝʥʘ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʚʠʰʝ 

ʟʘʩʥʠʚʘ ʥʘ ʨʝʘʣʥʦ ʠʟʤʝʨʝʥʦʿ ʝʤʠʩʠʿʠ ʚʦʟʥʦʛ ʧʘʨʢʘ, ʘ ʤʘˁʝ ʩʝ ʦʩʣʘˁʘ ʥʘ ʧʦʜʘʪʢʝ ʠʣʠ ʝʤʠʩʠʿʫ ʠʟ 

ʜʨʫʛʠʭ ʠʟʚʦʨʘ. ʆʚʦ ʦʙʝʟʙʝʹʫʿʝ ʥʝ ʩʘʤʦ ʪʘʯʥʝ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ ʚʝ˂ ʠ ʚʘʞʥʫ ʙʘʟʫ ʢʦʿʦʤ ʩʝ ʤʦʞʝ 

ʤʝʨʠʪʠ ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʛʨʘʤʘ ʟʘ ʢʦʥʪʨʦʣʫ ʝʤʠʩʠʿʝ.  



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

28 

 

ʀʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ ʠ/ʠʣʠ ʤʝʪʦʜʝ ˁʝʥʦʛ ʧʨʦʨʘʯʫʥʘ ʿʝʩʪʝ ʟʥʘʯʘʿʘʥ ʿʝʨ ʩʫ ʤʦʜʝʣʠ 

ʧʨʦʮʝʥʝ ʠ ʧʨʝʜʚʠʹʘˁʘ ʩʢʦʨʦ ʣʠʥʝʘʨʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʜʦ ʧʨʦʮʝˁʝʥʠʭ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ. ɿʘʪʦ 

ʿʝ ʥʝʦʧʭʦʜʥʦ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʝ ʦʥʠ ʤʦʨʘʿʫ ʨʝʜʦʚʥʦ ʘʞʫʨʠʨʘʪʠ (Stedman et al., 2001) [110] ʢʘʢʦ ʙʠ 

ʦʩʣʠʢʘʚʘʣʠ ʧʨʦʤʝʥʝ ʫ:  

¶ ʉʪʘʥʜʘʨʜʠʤʘ ʧʦʛʦʥʩʢʠʭ ʛʦʨʠʚʘ; 

¶ ʉʘʩʪʘʚʫ ʬʣʦʪʠʣʝ ʚʦʟʠʣʘ;  

¶ ʊʝʭʥʦʣʦʛʠʿʠ ʤʦʪʦʨʘ.  

 

ʊʘʢʦ ʿʝ ʥʘ ʧʨʠʤʝʨ ʐʚʘʿʮʘʨʩʢʠ ʬʝʜʝʨʘʣʥʠ ʦʜʩʝʢ ʞʠʚʦʪʥe ʩʨʝʜʠʥʝ ʿʦʰ ʧʨʝ 20 ʛʦʜʠʥʘ ʦʜʦʙʨʠʦ 

ʨʘʟʚʦʿ ʙʘʟʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʟʘ ʢʦʥʪʨʦʣʠʩʘʥʝ ʠ ʥʝʢʦʥʪʨʦʣʠʩʘʥʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ. ʋ ʙʘʥʮʠ ʧʦʜʘʪʘʢʘ 

ʜʦʩʪʫʧʥʝ ʩʫ ʠʥʬʦʨʤʘʮʠʿʝ ʟʘ 300 ʨʘʟʣʠʯʠʪʠʭ ʿʝʜʠˁʝˁʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʩʧʝʮʠʬʠʯʥʝ ʫʛˀʦʚʦʜʦʥʠʢʝ, 

ʘʣʜʝʭʠʜʝ, ʬʝʥʦʣʝ, ʧʦʣʠʮʠʢʣʠʯʥʝ ʘʨʦʤʘʪʠʯʥʝ ʫʛˀʦʚʦʜʦʥʠʢʝ ʠ ʥʝʢʦʣʠʢʦ ʥʝʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ 

(Brunner et al., 1994) [111]. ʋ ʙʘʟʠ ʩʝ ʚʝ˂ ʧʦʩʣʝ ʜʚʝ ʛʦʜʠʥʝ ʥʘʣʘʟʠʣʦ ʥʝʢʦʣʠʢʦ ʭʠˀʘʜʘ ʝʤʠʩʠʦʥʠʭ 

ʬʘʢʪʦʨʘ, ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʫ ʩʝʜʘʤ ʢʘʪʝʛʦʨʠʿʘ. 

 

ʋ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ ʧʨʚʝ ʢʦʨʘʢʝ ʿʝ ʥʘʯʠʥʠʦ ʂʘʩʝʣ ʉʪʝʥ˅ʝʨ ʫ ʩʘʨʘʜˁʠ ʩʘ ɸɽɸ ʊʝʭʥʦʣʦʰʢʠʤ 

ʠʥʩʪʠʪʫʪʦʤ. ʊʘʢʦ ʿʝ ʟʘʿʝʜʥʠʯʢʠʤ ʩʥʘʛʘʤʘ ʟʘ ʧʦʪʨʝʙʝ ɼʝʧʘʨʪʤʘʥʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ 

ʋʿʝʜʠˁʝʥʦʛ ʂʨʘˀʝʚʩʪʚʘ (U.K. Department of the Environment) ʨʘʟʚʠʿʝʥ ʤʦʜʝʣ ʧʨʦʨʘʯʫʥʘ 

ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ NOx, ʫ ʮʠˀʫ ʧʦʤʦ˂ʠ ʣʦʢʘʣʥʠʤ ʚʣʘʩʪʠʤʘ ʧʨʠ ʠʩʧʠʪʠʚʘˁʫ ʠ 

ʧʨʦʮʝʥʠ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ. ʄʝʹʫʪʠʤ, ʟʘ ʧʨʦʮʝʥʫ ʩʣʦʞʝʥʠʭ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʚʝ˂ʠʥʝ 

ʨʝʛʫʣʠʩʘʥʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʋʿʝʜʠˁʝʥʦʤ ʂʨʘˀʝʚʩʪʚʫ, ɹʘʢʣʝʥʜ ʠ ʄʠʜʣʪʦʥ (ʝʥʛ. Buckland and 

Middleton, 1999) [112] ʩʫ ʜʝʬʠʥʠʩʘʣʠ ʧʦʩʝʙʘʥ ʅʦʤʦʛʨʘʤ. ʄʝʪʦʜʦʣʦʛʠʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʨʝʪʭʦʜʥʦ 

ʜʝʬʠʥʠʩʘʥʠʤ ʝʤʠʩʠʦʥʠʤ ʬʘʢʪʦʨʠʤʘ ʩʧʝʮʠʬʠʯʥʠʤ ʟʘ ʩʚʘʢʫ ʢʘʪʝʛʦʨʠʿʫ ʚʦʟʠʣʘ, ʦʜʥʦʩʥʦ ʥʘ ʦʩʥʦʚʫ 

ʧʦʜʘʪʘʢʘ ʦ ʩʪʨʫʢʪʫʨʠ ʚʦʟʥʦʛ ʧʘʨʢʘ ʠʟʚʦʜʠ ʩʝ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ ʟʘ ʜʝʦ ʧʫʪʘ ʢʦʿʠ ʥʘʩ ʠʥʪʝʨʝʩʫʿʝ. 

ʂʦʥʘʯʥʦ, ʦʙʨʥʫʪʦ ʤʦʜʝʣʠʨʘˁʝ ʤʦʞʝ ʙʠʪʠ ʧʨʠʤʝˁʝʥʦ ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʝ ʪʨʝʥʫʪʥʝ ʝʤʠʩʠʿʝ 

ʚʦʟʠʣʘ, ʠ ʪʦ ʪʘʢʦ ʰʪʦ ʩʝ ʧʨʚʦ ʧʦʤʦ˂ʫ ʦʧʝʨʘʪʠʚʥʦʛ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʠʟʤʝʨʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʦʨʝʜ ʢʦʣʦʚʦʟʘ (Palmgren et al., 1999) [113].  

  

ʊʘʯʥʝ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʩʫ ʚʝʦʤʘ ʚʘʞʥʝ ʧʨʠʣʠʢʦʤ ʤʦʜʝʣʠʨʘˁʘ ʝʤʠʩʠʿʘ, ʘ ʧʦʪʦʤ ʠ 

ʧʣʘʥʠʨʘˁʘ ʤʝʨʘ ʩʘ ʧʨʠʤʘʨʥʠʤ ʝʢʦʣʦʰʢʠʤ ʮʠˀʝʤ. ʋʧʨʘʚʦ ʪʦ ʩʫ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʪʘʪʠ ʩʪʫʜʠʿʝ 

ʩʧʨʦʚʝʜʝʥʝ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ɹʘʨʩʝʣʦʥʝ ʠ ʄʘʜʨʠʜʘ (Gon­alv et. Al., 2009) [114], ʘ ʩʚʝ ʢʘʢʦ ʙʠ ʩʝ 

ʫʪʚʨʜʠʦ ʧʨʦʮʝʥʘʪ ʩʤʘˁʝˁʘ ʘʝʨʦʟʘʛʘʹʝˁʘ ʟʘ ʚʠʰʝ ʩʮʝʥʘʨʠʿʘ ʟʘʤʝʥʝ ʧʦʿʝʜʠʥʠʭ ʜʝʣʦʚʘ ʩʪʨʫʢʪʫʨʝ 

(ʢʘʪʝʛʦʨʠʿʘ) ʚʦʟʥʦʛ ʧʘʨʢʘ. ʆʜʛʦʚʦʨ ʥʘ ʪʦ ʧʠʪʘˁʝ ʜʘʦ ʿʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʆʿʣʝʨʦʚ ʤʦʜʝʣ 

ʩʠʤʫʣʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ ʧʦʜ ʥʘʟʠʚʦʤ WRF-ARW/HERMES/CMAQ (WRF-

ARF - weather research and forecasting model, HERMES - model for estimate the emission of gas and 

particulate matter pollutants, CMAQ - chemistry transport model). ɼʝʪʘˀʠ ʤʦʜʝʣʠʨʘʥʠʭ ʩʮʝʥʘʨʠʿʘ ʩʫ: 

(ɽ1) ʉʮʝʥʘʨʠʦ 1. ɿʘʤʝʥʘ 100% ʛʨʘʜʩʢʠʭ ʘʫʪʦʙʫʩʘ ʩʘ ʊʅɻ-ʦʤ; (ɽ2) ʉʮʝʥʘʨʠʦ 2. ɿʘʤʝʥʘ 50% ʪʘʢʩʠ 

ʚʦʟʠʣʘ ʩʘ ʊʅɻ-ʦʤ; (ɽ3) ʉʮʝʥʘʨʠʦ 3. ɿʘʤʝʥʘ 50% ʤʝʹʫʛʨʘʜʩʢʠʭ ʘʫʪʦʙʫʩʘ ʩʘ ʊʅɻ-ʦʤ; (ɽ4) 
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ʉʮʝʥʘʨʠʦ 4. ɿʘʤʝʥʘ 50% ʣʘʢʠʭ ʢʦʤʝʨʮʠʿʘʥʠʭ ʚʦʟʠʣʘ (ʃʂɺ) ʩʘ ʊʅɻ-ʦʤ; (ɽ5) ʉʮʝʥʘʨʠʦ 5. ɿʘʤʝʥʘ 

10% ʧʨʠʚʘʪʥʠʭ ʘʫʪʦʤʦʙʠʣʘ ʩʘ ʊʅɻ-ʦʤ; (ɽ6) ʉʮʝʥʘʨʠʦ 6. ɿʘʤʝʥʘ 100% ʪʝʰʢʠʭ ʪʝʨʝʪʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʦʟʠʣʘ ʩʘ ʊʅɻ-ʦʤ; (ɽ7) ʉʮʝʥʘʨʠʦ 7. ʂʦʤʙʠʥʦʚʘʥʠ ʩʮʝʥʘʨʠʦ. ɸʢʦ ʩʝ ʧʨʠʤʝʥʠ 

ʉʮʝʥʘʨʠʦ ɽ4 ʥʘ ɹʘʨʩʝʣʦʥʫ (ʟʘʤʝʥʘ 50% ʃʂɺ-ʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʊʅɻ), ʨʝʟʫʣʪʘʪ ʿʝ ʥʘʿʝʬʝʢʪʠʚʥʠʿʠ 

ʩʮʝʥʘʨʠʦ ʨʝʜʫʢʮʠʿʝ, ʪʿ. ʩʤʘˁʝˁʝ NOx (-15%), CO (-15%) ʠ PM10 (-24%), ʜʦʢ ʿʝ ʫ ʄʘʜʨʠʜʫ 

ʥʘʿʝʬʝʢʪʠʚʥʠʿʠ ʩʮʝʥʘʨʠʦ ɽ5 (ʟʘʤʝʥʘ 10% ʧʨʠʚʘʪʥʠʭ ʘʫʪʦʤʦʙʠʣʘ), ʰʪʦ ʠʤʧʣʠʮʠʨʘ ʩʤʘˁʝˁʝ 

ʝʤʠʩʠʿʝ NOx (-11%) ʠ CO (-17%). ʋʢʦʣʠʢʦ ʩʝ ʟʘʤʝʥʝ ʩʚʠ ʘʫʪʦʙʫʩʠ ʿʘʚʥʦʛ ʧʨʝʚʦʟʘ, ʠʣʠ 50% ʪʘʢʩʠ 

ʚʦʟʠʣʘ, ʠʣʠ ʩʚʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ ʫʚʝʜʫ ʊʅɻ ʢʘʦ ʧʦʛʦʥʩʢʦ ʛʦʨʠʚʦ, ʨʝʜʫʢʮʠʿʘ ʿʝ ʟʘ 5% ʤʘˁʘ ʫ ʦʙʝ 

ʛʨʘʜʩʢʝ ʦʙʣʘʩʪʠ.   

 

ʉʠʩʪʝʤ ʜʘˀʠʥʩʢʦʛ ʦʯʠʪʘʚʘˁʘ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʧʦʩʣʫʞʠʦ ʿʝ ʄʘʟʦʣʝʥʠʿʫ ʠ ʦʩʪʘʣʠʤʘ (ʝʥʛ. Mazzoleni 

et al., 2004) [115] ʜʘ ʫʪʚʨʜʝ ʧʦʩʪʦʿʠ ʣʠ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʜʦʙʠʿʝʥʠʭ ʥʘ ʦʩʥʦʚʫ 

ʧʦʪʨʦʰˁʝ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ. ʊʦʢʦʤ ʜʚʘʜʝʩʝʪʦʜʥʝʚʥʝ ʢʘʤʧʘˁʝ ʥʘ ʦʪʚʦʨʝʥʦʤ ʧʫʪʫ ʫ ʙʣʠʟʠʥʠ ʃʘʩ 

ɺʝʛʘʩʘ (ʉɸɼ) ʫʟʦʨʢʦʚʘʥʦ ʿʝ ʫʢʫʧʥʦ 61.207 ʚʦʟʠʣʘ ʩʘ ʆʊʆ ʠ 1.180 ʚʦʟʠʣʘ ʩʘ ɼʀɿɽʃ ʤʦʪʦʨʦʤ. 

ɼʨʫʛʠ ʮʠˀ ʧʨʦʠʟʠʣʘʟʠʦ ʿʝ ʠʟ ʧʨʚʦʛ, ʿʝʨ ʩʝ ʞʝʣʝʣʦ ʩʘʟʥʘʪʠ ʜʘ ʣʠ ɽʌ CO ʠ HC ʤʦʛʫ ʙʠʪʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʬʘʢʪʦʨʦʤ ʧʦʚʝʟʘʥʠ ʩʘ ɽʌ NO ʠ PM. ɼʦʢʘʟʘʥʘ ʿʝ ʚʝʦʤʘ ʩʣʘʙʘ ʚʝʟʘ ʠʟʤʝʹʫ 

ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʥʘ ʦʩʥʦʚʫ ʧʦʿʝʜʠʥʘʯʥʦʛ ʚʦʟʠʣʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʚʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʦʥʠʭ 

ʬʘʢʪʦʨʘ ʟʘ ʿʝʜʥʫ ʠʣʠ ʚʠʰʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʥʝ ʤʦʛʫ ʧʨʝʜʚʠʜʝʪʠ ʚʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʦʥʠʭ 

ʬʘʢʪʦʨʘ ʟʘ ʦʩʪʘʣʝ. ɱʘʯʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʚʝʟʝ ʧʦʩʪʘʿʫ ʦʯʠʛʣʝʜʥʝ ʪʝʢ ʥʘʢʦʥ ʫʩʨʝʜˁʘʚʘˁʘ ʝʤʠʩʠʦʥʠʭ 

ʬʘʢʪʦʨʘ ʥʘ ʦʩʥʦʚʫ ʨʘʥʛʠʨʘˁʘ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʧʦʿʝʜʠʥʘʯʥe ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ. ʊʘʢʦʹʝ, ʫ 10% 

ʥʘʿʚʝ˂ʠʭ ʝʤʠʪʝʨʘ
 
ʦʪʢʨʠʚʝʥʦ ʿʝ ʩʣʘʙʦ ʧʨʝʢʣʘʧʘˁʝ ʟʘ CO, HC, NO ʠ PM. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʿʘʩʥʦ 

ʧʨʝʧʦʨʫʯʫʿʫ ʜʘ ʩʝ ʫ ʀ/ʄ ʧʨʦʛʨʘʤʫ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʦʥʘ ʫ ʧʨʦʛʨʘʤʫ ʯʠʩʪʦʛ ʩʢʨʠʥʠʥʛʘ (ʧʨʦʛʨʘʤ 

ʠʟʫʟʝ˂ʘ ʚʦʟʠʣʘ ʠʟ ʢʦʥʪʨʦʣʝ ʝʤʠʩʠʿʝ ʟʙʦʛ ʚʝʣʠʢʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʘ ˂ʝ ʧʨʦ˂ʠ ʪʝʩʪ), ʤʦʨʘʿʫ ʤʝʨʠʪʠ ʩʚe 

ʯʝʪʠʨʠ ʥʘʚʝʜʝʥe ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ. 

 

ʊʘʢʦʹʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʝ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʧʦʿʝʜʠʥʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ (ʥʘ ʧʨʠʤʝʨ: 

ɽʌ CO ʠ HC) ʟʥʘʪʥʦ ʧʦʚʝ˂ʘʚʘʿʫ ʧʨʠ ʥʠʩʢʠʤ ʘʤʙʠʿʝʥʪʘʣʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʜʦʢ ʩʝ ˁʝʥʠʤ 

ʧʦʚʝ˂ʘˁʝʤ, ʧʦʚʝ˂ʘʚʘ ʝʤʠʩʠʿʘ VOC. ʅʠʚʦʠ ʝʤʠʩʠʿʝ ʟʘ 4ï7 ʛʦʜʠʥʘ ʩʪʘʨʦ ʧʫʪʥʠʯʢʦ ʚʦʟʠʣʦ (ʩʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ) ʦʙʠʯʥʦ ʩʝ ʨʘʟʣʠʢʫʿʫ 10ï20% ʦʜ ʧʫʪʥʠʯʢʦʛ ʚʦʟʠʣʘ ʩʪʘʨʦʩʪʠ 1ï3 ʛʦʜʠʥʝ (DEP, 2004) 

[116].   

   

ɱʘʩʥʦ ʜʝʬʠʥʠʩʘʥʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʥʝ ʧʦʩʪʦʿʝ ʟʘ ʚʦʟʥʠ ʧʘʨʢ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ 

ʜʘ ʥʠʿʝ ʙʠʣʦ ʥʠ ʧʦʢʫʰʘʿʘ ˁʠʭʦʚʦʛ ʧʨʝʮʠʟʥʦʛ ʦʜʨʝʹʠʚʘˁʘ. ʊʝʢ ʥʝʜʘʚʥʦ, 2010. ʛʦʜʠʥʝ ʿʝ ʀʥʩʪʠʪʫʪ 

ʉʘʦʙʨʘ˂ʘʿʥʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʧʨʦʮʝʥʠʦ ʥʘʮʠʦʥʘʣʥʫ ʝʤʠʩʠʿʫ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʦʨʝʢʣʦʤ ʦʜ 

ʝʤʠʩʠʿʝ ʜʨʫʤʩʢʠʭ ʚʦʟʠʣʘ (ʤʝʪʦʜʦʤ 3), ʘʣʠ ʩʫ ʧʨʠ ʪʦʤʝ ʫʩʚʦʿʝʥʝ ʧʨʝʧʦʨʫʢʝ EEA ʧʦ ʧʠʪʘˁʫ 

ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ. ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ ʿʝ ʩʚʨʩʪʘʥʘ ʫ ʛʨʫʧʫ ʟʝʤʘˀʘ ʩʘ ɹʘʣʢʘʥʘ (ʝʥʛ. 

Balkan Countries - BC) ʠ ʚʨʝʜʥʦʩʪʠ ɽʌ-ʘ ʠʟ ʤʝʪʦʜʝ 1 ʩʫ ʧʨʠʣʦʞʝʥʝ ʫ ʧʨʠʣʦʛʫ ɸ (ʪʘʙʝʣʘ A12), ʜʦʢ 

ʩʝ ʚʨʝʜʥʦʩʪʠ ɽʌ-ʘ ʠʟ ʤʝʪʦʜʝ 2 ʥʘʣʘʟʝ ʫ ʣʠʪʝʨʘʪʫʨʠ EEA ʠʟ 2009. ʛʦʜʠʥʝ (ɽɽɸ, 2009) [128]. 



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

30 

 

2.5. ʄʦʜʝʣʠʨʘˁʝ ʝʤʠʩʠʿʝ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʫʪʠʮʘʿ ʙʨʟʠʥʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ  

 
ɼʨʫʤʩʢʠ ʩʘʦʙʨʘ˂ʘʿ ʿʝ ʰʠʨʦʤ ʩʚʝʪʘ ʧʦʩʪʘʦ ʜʦʤʠʥʘʥʪʘʥ ʘʥʪʨʦʧʦʛʝʥʠ ʠʟʚʦʨ ʫʨʙʘʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ 

(Fenger, 1999) [70] ʠ ʟʘʪʦ ʩʝ ˁʝʛʦʚʘ ʝʤʠʩʠʿʘ ʤʦʨʘ ʧʦʫʟʜʘʥʦ ʠʟʨʘʯʫʥʘʪʠ, ʦʜʥʦʩʥʦ ʤʦʜʝʣʠʨʘʪʠ. 

ʄʦʜʝʣʠʨʘˁʝ ʝʤʠʩʠʿʝ ʦʤʦʛʫ˂ʘʚʘ ʩʘʦʙʨʘ˂ʘʿʥʠʤ ʧʨʦʿʝʢʪʘʥʪʠʤʘ ʧʨʦʮʝʥʫ ʝʢʦʣʦʰʢʝ ʠʤʧʣʠʢʘʮʠʿʝ 

ʘʣʪʝʨʥʘʪʠʚʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʪʨʘʥʩʧʦʨʪʘ ʠ ʪʠʤʝ ʧʦʤʘʞʫ ʜʦʥʦʩʠʦʮʠʤʘ ʦʜʣʫʢʘ ʧʨʠʣʠʢʦʤ ʠʟʙʦʨʘ 

ʥʘʿʠʩʧʣʘʪʠʚʠʿʝ ʩʪʨʘʪʝʛʠʿʝ ʫʥʘʧʨʝʹʝˁʘ ʢʚʘʣʠʪʝʪʘ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ. ɿʘʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʧʦʩʪʦʿʠ 

ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʘ ʠ ʿʘʢʘ ʚʝʟʘ ʠʟʤʝʹʫ ʧʣʘʥʠʨʘˁʘ ʪʨʘʥʩʧʦʨʪʘ, ʤʦʜʝʣʠʨʘˁʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʠ 

ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ.  

 

ʄʦʜʝʣʠʨʘˁʝ ʝʤʠʩʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʩʣʦʞʝʥʫ ʧʨʦʮʝʜʫʨʫ ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʚʠʰʝ ʜʝʣʦʚʘ. ɻʝʥʝʨʘʣʥʦ, 

ʝʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʿʝ ʥʘʿʣʘʢʰʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ, ʘ ʩʭʦʜʥʦ ʪʦʤʝ, ʠ ʟʘ ʧʨʝʮʠʟʥʦ ʤʦʜʝʣʠʨʘˁʝ. ʉ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʢʦʝʿ ʩʝ ʝʤʠʪʫʿʫ ʠʟ ʜʨʫʛʠʭ ʤʝʩʪʘ ʥʘ ʚʦʟʠʣʫ (ʠʩʧʘʨʘʚʘˁʝ ʛʦʨʠʚʘ ʪʦʢʦʤ 

ʧʫˁʝˁʘ ʨʝʟʝʨʚʦʘʨʘ, ʜʥʝʚʥʝ ʧʘʫʟʝ ʫ ʚʦʞˁʠ, ʨʘʜ ʭʣʘʜʥʦʛ ʠʣʠ ʪʦʧʣʦʛ ʤʦʪʦʨʘ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʠʣʠ 

ʟʙʦʛ ʚʦʞˁʝ ʚʦʟʠʣʘ, ʪʿ. ʟʙʦʛ ʭʘʙʘˁʘ ʢʦʯʥʠʮʘ ʠ ʧʥʝʫʤʘʪʠʢʘ) ʥʝ ʤʦʛʫ ʩʝ ʣʘʢʦ ʢʚʘʥʪʠʬʠʢʦʚʘʪʠ ʠ ʟʙʦʛ 

ʪʦʛʘ ʩʝ ʣʦʠhʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʦʢʦʤ ʤʦʜʝʣʠʨʘˁʘ ʝʤʠʩʠʿʝ. ɼʦ ʜʘʥʘʩ ʿʝ ʦʙʿʘʚˀʝʥʦ ʜʦʩʪʘ ʨʘʜʦʚʘ ʢʦʿʠ 

ʩʫ ʘʥʘʣʠʟʠʨʘʣʠ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʫ ʤʘʪʝʨʠʿʫ, ʧʘ ʦʜ ʥʝʢʠʭ ʥʦʚʠʿʝʛ ʜʘʪʫʤʘ ʤʦʞʝʤʦ ʠʟʜʚʦʿʠʪʠ: 

Boulter and McCrae, 2007; Esteves-Booth et al., 2002; Abo-Qudais and Qdais, 2005 [117], [118], [119]. 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʧʫʪʦʚʘˁʝ ʚʘʞʥʘ ʜʝʪʝʨʤʠʥʘʥʪʘ ʧʨʦʨʘʯʫʥʘ ʝʤʠʩʠʿʝ, ʧʦʩʪʦʿʘʦ ʿʝ ʧʨʦʙʣʝʤ ʰʪʦ ʩʫ 

ʤʦʜʝʣʠ ʫʧʨʘʚˀʘˁʘ ʩʘʦʙʨʘ˂ʘʿʝʤ ʚʝ˂ʠʥʦʤ ʨʘʟʚʠʿʘʥʠ ʦʜʚʦʿʝʥʦ ʦʜ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ ʠ ʜʦ ʥʝʜʘʚʥʦ ʿʝ 

ʧʦʩʪʦʿʘʣʘ ʩʥʘʞʥʘ ʧʦʪʨʝʙʘ ʟʘ ˁʠʭʦʚʦʤ ʙʦˀʦʤ ʠʥʪʝʛʨʘʮʠʿʦʤ. ɼʘʥʘʩ ʧʦʩʪʦʿʝ ʢʦʤʧʘʪʠʙʠʣʥʠʿʠ ʤʦʜʝʣʠ 

ʫʧʨʘʚˀʘˁʘ ʩʘʦʙʨʘ˂ʘʿʝʤ ʨʘʜʠ ʜʦʙʠʿʘˁʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʥʝʦʧʭʦʜʥʠʭ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʤʦʜʝʣʘ 

ʝʤʠʩʠʿʝ (Smith et al., 2008) [16]. ʄʝʹʫʪʠʤ, ʩʘ ʚʝʣʠʯʠʥʦʤ ʧʫʪʥʝ ʤʨʝʞʝ ʧʦʚʝ˂ʘʚʘ ʩʝ ʠ ʧʦʪʨʝʙʘ ʟʘ 

ʩʨʝʜʩʪʚʠʤʘ (ʪʨʦʰʢʦʚʠ, ʨʘʜ, ʚʨʝʤʝ ʨʘʜʘ ʨʘʯʫʥʘʨʘ) ʨʘʜʠ ʧʨʠʢʫʧˀʘˁʘ, ʦʙʨʘʜʝ ʠ ʘʥʘʣʠʟʝ 

ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʧʦʜʘʪʘʢʘ. ɿʘ ʚʝʣʠʢʝ ʫʣʠʯʥʝ ʤʨʝʞʝ, ʤʦʜʝʣʠ ʫʧʨʘʚˀʘˁʘ ʧʨʦʠʟʚʦʜʝ, ʫʛʣʘʚʥʦʤ, 

ʤʘʢʨʦʩʢʦʧʩʢʝ ʧʦʜʘʪʢʝ (ʥʘ ʧʨʠʤʝʨ: ʚʝʣʠʯʠʥʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ) ʠ ʪʦ ʟʘ ʩʚʘʢʫ ʚʝʟʫ ʘʥʘʣʠʟʠʨʘʥʝ 

ʪʨʘʥʩʧʦʨʪʥʝ ʤʨʝʞʝ (Brindle, 2000) [120].   

 

ʋ ʣʠʪʝʨʘʪʫʨʠ, ʤʦʜʝʣʠ ʝʤʠʩʠʿʝ ʩʝ ʯʝʩʪʦ ʩʚʨʩʪʘʚʘʿʫ ʫ ʜʚʝ ʰʠʨʦʢʝ ʢʘʪʝʛʦʨʠʿʝ: ʤʘʢʨʦ ʤʦʜʝʣʠ ʠ ʤʠʢʨʦ 

ʤʦʜʝʣʠ (Andr® et al., 2006; Zachariadis and Samaras, 1997) [121], [122]. ʄʘʢʨʦ ʤʦʜʝʣʠ ʧʨʦʮʝˁʫʿʫ 

ʝʤʠʩʠʿʫ ʫ ʚʝʣʠʢʦʿ ʦʙʣʘʩʪʠ (ʛʨʘʜʩʢʘ ʠʣʠ ʥʘʮʠʦʥʘʣʥʘ ʪʝʨʠʪʦʨʠʿʘ, ʥʘ ʥʠʚʦʫ ʚʦʟʥʦʛ ʧʘʨʢʘ), ʜʦʢ ʤʠʢʨʦ 

ʤʦʜʝʣʠ ʤʦʛʫ ʧʨʦʮʝʥʠʪʠ ʝʤʠʩʠʿʫ ʥʘ ʥʠʚʦʫ ʿʝʜʥʝ ʠʣʠ ʚʠʰʝ ʫʣʠʮʘ. ʉʚʘʢʘʢʦ, ʨʘʟʣʠʯʠʪʝ ʩʚʨʭʝ ˁʠʭʦʚʝ 

ʫʧʦʪʨʝʙʝ ʟʘʭʪʝʚʘʿʫ ʨʘʟʣʠʯʠʪʝ ʥʠʚʦʝ ʜʝʪʘˀʥʦʩʪʠ ʠ ʪʘʯʥʦʩʪʠ. ʄʝʹʫʪʠʤ, ʧʦ ʜʨʫʛʠʤ ʘʫʪʦʨʠʤʘ (Smit et 

al., 2008a; Smit and McBroom, 2009) [123], [124] ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʘʥ ʩʪʝʧʝʥ ʧʨʝʢʣʘʧʘˁʘ ʧʨʠʣʠʢʦʤ ʫʞʝ 

ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ, ʧʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʨʠʩʪʫʧʘ ʤʦʜʝʣʠʨʘˁʫ, ʫʢʫʧʥʦ ʜʝʬʠʥʠʩʘʥʠʭ 

(ʦʜʨʝʹʝʥʠʭ) ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ, ʢʘʦ ʠ ʩʣʦʞʝʥʦʩʪʠ ʧʨʦʨʘʯʫʥʘ ʝʤʠʩʠʿʝ, ʦʥʠ ʤʦʛʫ ʛʨʫʧʠʩʘʪʠ ʫ ʿʝʜʥʫ 

ʦʜ ʩʣʝʜʝ˂ʠʭ ʧʦʜʝʣʘ: 
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1. ɸʛʨʝʛʘʮʠʦʥʠ ʤʦʜʝʣʠ - ʤʦʜʝʣʠ ʦʚʦʛ ʪʠʧʘ ʬʫʥʢʮʠʦʥʠʰʫ ʥʘ ʥʘʿʝʿʜʥʦʩʪʘʚʥʠʿʝʤ ʥʠʚʦʫ, ʛʜʝ 

ʩʘʤʦ ʿʝʜʘʥ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨ ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʝʙʥʦ ʰʠʨʦʢʫ ʢʘʪʝʛʦʨʠʿʫ ʚʦʟʠʣʘ ʠ ʫʦʙʠʯʘʿʝʥʝ 

ʫʩʣʦʚʝ ʚʦʞˁʝ (ʫʣʠʮʝ, ʧʫʪʝʚʠ ʠ ʘʫʪʦ-ʧʫʪʝʚʠ). ʊʠʧʠʯʥʠ ʧʨʝʜʩʪʘʚʥʠʮʠ ʩʫ ʤʦʜʝʣʠ NAEI ʠ 

MOBILE ʠ ʪʦ ʥʘ ʩʨʝʜˁʝʤ ʥʠʚʦʫ ʫʧʦʪʨʝʙʝ, ʠʘʢʦ ʥʘ ʜʝʪʘˀʥʠʿʝʤ ʥʠʚʦʫ ʦʚʘ ʜʚʘ ʤʦʜʝʣʘ ʤʦʛʫ 

ʩʣʝʜʠʪʠ ʧʨʠʩʪʫʧ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ (ʚʠʰʝ ʩʝ ʦʜʥʦʩʠ ʥʘ MOBILE); 

2. ʄʦʜʝʣʠ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ - ʦʚʦ ʩʫ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʤʦʜʝʣʠ, ʢʦʿʠ ʩʫ ʟʘʩʥʦʚʘʥʠ ʥʘ 

ʧʨʝʪʧʦʩʪʘʚʮʠ ʜʘ ʧʨʦʩʝʯʥʝ ʝʤʠʩʠʿʝ ʪʦʢʦʤ ʧʫʪʦʚʘˁʘ ʚʘʨʠʨʘʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʩʝʯʥʝ 

ʙʨʟʠʥʝ ʪʦʢʦʤ ʧʫʪʦʚʘˁʘ, ʦʜʥʦʩʥʦ ʜʘ ʩʫ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ [gĿkm
-1
] ʫ ʬʫʥʢʮʠʿʠ ʩʨʝʜˁʝ 

ʙʨʟʠʥʝ ʚʦʞˁʝ. ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʦ ʛʦʜʠʰˁʦʿ ʢʠʣʦʤʝʪʨʘʞʠ ʠ ʧʨʦʩʝʯʥʠʤ ʙʨʟʠʥʘʤʘ ʜʦʙʠʿʘʿʫ ʩʝ 

ʠʟ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʤʦʜʝʣʘ ʠʣʠ ʪʝʨʝʥʩʢʠʭ ʤʝʨʝˁʘ. ɼʦʙʨʦ ʧʦʟʥʘʪʠ ʧʨʠʤʝʨʠ ʦʚʦʛ ʪʠʧʘ ʿʝʩʫ 

COPERT, MOBILE, EMFAK, ARCôC VEMP ʠ ARTEMIS; 

3. ʄʦʜʝʣʠ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʩʠʪʫʘʮʠʿʘ - ʦʚʘʿ ʧʨʠʩʪʫʧ ʫʿʝʜʠˁʫʿʝ ʧʨʦʤʝʥˀʠʚʦʩʪ ʙʨʟʠʥʝ ʠ ʨʝʞʠʤ 

ʚʦʞˁʝ ʫ ʧʨʦʮʝʩʫ ʤʦʜʝʣʠʨʘˁʘ ʝʤʠʩʠʿʝ, ʦʜʥʦʩʥʦ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ [gĿkm
-1
] ʦʜʨʝʹʝʥʝ 

ʦʧʠʩʠʚʘˁʝʤ ʩʧʝʮʠʬʠʯʥʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʩʠʪʫʘʮʠʿʝ ʠ ʪʦ ʢʚʘʣʠʪʘʪʠʚʥʦ ʥʘ ʦʩʥʦʚʫ ʪʠʧʘ ʧʫʪʘ ʠ 

ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʫʩʣʦʚʘ (ʚʦʞˁʘ ʥʘ ʘʫʪʦ-ʧʫʪʫ, ʩʠʪʫʘʮʠʿʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʟʘʛʫʰʝˁʘ, ʚʦʞˁʘ 

Ăʩʪʘʥʠ-ʢʨʝʥʠò, ʛʨʘʜʩʢʘ ʚʦʞˁʘ). ʄʦʜʝʣʠ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʩʠʪʫʘʮʠʿʘ ʟʘʭʪʝʚʘʿʫ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 

ʛʦʜʠʰˁʦʿ ʢʠʣʦʤʝʪʨʘʞʠ ʧʦ ʩʠʪʫʘʮʠʿʠ ʠ ʦʥʠ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʠʟ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʤʦʜʝʣʘ. ɼʦʙʨʠ 

ʧʨʠʤʝʨʠ ʩʫ HBEFA ʠ ARTEMIS ʠ ʦʚʘʿ ʧʨʠʩʪʫʧ ʪʘʢʦʹʝ ʩʣʝʜʠ ʠ MOTôS VFEM ʤʦʜʝʣ;  

4. ʄʦʜʝʣʠ ʧʨʦʤʝʥˀʠʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ - ʫ ʦʚʠʤ ʤʦʜʝʣʠʤʘ ʩʝ ʝʤʠʩʠʦʥʠ 

ʬʘʢʪʦʨʠ [gĿkm
-1
] ʦʜʨʝʹʫʿʫ ʧʦʤʦ˂ʫ ʧʨʦʤʝʥˀʠʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ, ʧʦʧʫʪ 

ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ ʠ/ʠʣʠ ʛʫʩʪʠʥʝ ʩʘʦʙʨʘ˂ʘʿʘ, ʜʫʞʠʥʝ ʨʝʜʦʚʘ ʠʩʧʨʝʜ ʨʘʩʢʨʩʥʠʮʘ ʩʘ 

ʩʝʤʘʬʦʨʠʤʘ, ʢʘʦ ʠ ʩʠʛʥʘʣʥʠʤ ʧʦʜʝʰʘʚʘˁʠʤʘ (ʧʨʝʨʘʩʧʦʜʝʣʘ ʝʬʝʢʪʠʚʥʠʭ ʟʝʣʝʥʠʭ ʚʨʝʤʝʥʘ 

ʫʥʫʪʘʨ ʮʠʢʣʫʩʘ), ʘ ʚʝ˂ʠʥʘ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʠʟ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʤʘʢʨʦ ʠ/ʠʣʠ ʤʠʢʨʦ ʤʦʜʝʣʘ. 

ɼʦʙʨʠ ʧʨʠʤʝʨʠ ʦʚʦʛ ʪʠʧʘ ʩʫ TEE ʠ MATZOROS ʤʦʜʝʣ; 

5. ʄʦʜʝʣʠ ʧʨʦʤʝʥˀʠʚʠʭ ʚʨʝʜʥʦʩʪʠ ʚʦʟʥʠʭ ʮʠʢʣʫʩʘ - ʢʦʜ ʦʚʘʢʚʠʭ ʤʦʜʝʣʘ ʝʤʠʩʠʦʥʠ 

ʬʘʢʪʦʨʠ (ʜʘʪʠ ʫ [gĿkm
-1
] ʠʣʠ ʢʘʦ ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ) ʩʫ ʫ ʬʫʥʢʮʠʿʠ 

ʨʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʚʨʝʜʥʦʩʪʠ ʪʦʢʦʤ ʚʦʟʥʠʭ ʮʠʢʣʫʩʘ (ʧʨʘʟʘʥ ʭʦʜ ʤʦʪʦʨʘ, ʧʨʦʩʝʯʥʘ 

ʙʨʟʠʥʘ, ʧʦʟʠʪʠʚʥʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ). ʆʚʘʢʚʠ ʤʦʜʝʣʠ ʫʛʣʘʚʥʦʤ ʟʘʭʪʝʚʘʿʫ ʜʝʪʘˀʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʢʨʝʪʘˁʫ ʚʦʟʠʣʘ (ʪʨʝʥʫʪʥʠ ʧʦʜʘʮʠ ʦ ʙʨʟʠʥʠ, ʫʙʨʟʘˁʫ ʠ ʥʘʛʠʙʫ ʧʫʪʘ) ʠ ʤʦʛʫ 

ʩʝ ʜʦʙʠʪʠ ʠʟ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʤʠʢʨʦ ʤʦʜʝʣʘ ʠʣʠ ʧʦʤʦ˂ʫ GPS (Global Positioning System) 

ʦʧʨʝʤʝ. ɼʦʙʨʠ ʧʨʠʤʝʨʠ ʦʚʦʛ ʪʠʧʘ ʩʫ MEASURE ʠ VERSIT+; 

6. ʄʦʜʘʣʥʠ ʤʦʜʝʣʠ - ʤʦʜʝʣʠ ʦʚʦʛ ʪʠʧʘ ʬʫʥʢʮʠʦʥʠʰʫ ʥʘ ʥʘʿʚʠʰʝʤ ʥʠʚʦʫ ʩʣʦʞʝʥʦʩʪʠ. ʆʥʠ 

ʚʠʰʝ ʥʝ ʧʦʢʫʰʘʚʘʿʫ ʜʘ ʠʟʨʘʯʫʥʘʿʫ ʧʨʦʩʝʯʥʝ ʝʤʠʩʠʿʝ ʧʨʠʣʠʢʦʤ ʧʫʪʦʚʘˁʘ, ʚʝ˂ ʜʦʜʝˀʫʿʫ 

ʢʦʣʠʯʠʥʫ ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʩʚʘʢʦʿ ʩʠʤʫʣʪʘʥʦʿ ʢʦʤʙʠʥʘʮʠʿʠ ʜʚʝ ʧʨʦʤʝʥˀʠʚʝ 

ʚʨʝʜʥʦʩʪʠ, ʪʠʧʠʯʥʦ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ ʿʝʜʥʝ ʩʝʢʫʥʜʝ. ɱʝʜʥʘ ʦʜ ʧʨʦʤʝʥˀʠʚʠʭ ʿʝʩʪʝ ʪʨʝʥʫʪʥʘ 

ʙʨʟʠʥʘ, ʘ ʜʨʫʛʘ, ʚʨʝʜʥʦʩʪ ʫʙʨʟʘˁʘ ʠʣʠ ʧʨʦʠʟʚʦʜ ʙʨʟʠʥʝ ʠ ʫʙʨʟʘˁʘ. ɿʘʩʥʦʚʘʥʠ ʩʫ ʥʘ 

ʧʨʠʥʮʠʧʫ ʜʘ ʩʥʘʛʘ ʤʦʪʦʨʘ ʦʜʨʝʹʫʿʝ ʢʦʣʠʯʠʥʫ ʝʤʠʩʠʿʝ ʠ ʜʘ ʧʦʪʨʝʙʥʘ ʩʥʘʛʘ ʟʘʚʠʩʠ ʦʜ ʙʨʟʠʥʝ 

ʠ ʚʨʝʜʥʦʩʪʠ ʫʙʨʟʘˁʘ. ʇʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ ʧʦʿʝʜʠʥʠ ʥʦʚʠʿʠ ʤʦʜʝʣʠ ʩʣʝʜʝ ʤʦʜʫʩ ʟʘʩʥʦʚʘʥ ʥʘ 
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ʩʥʘʟʠ ʤʦʪʦʨʘ (Boulter and McCrae, 2007) [125]. ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʩʫ ʜʘʪʠ ʫ ʠʟʚʝʜʝʥʦʿ 

ʤʝʨʥʦʿ ʿʝʜʠʥʠʮʠ ʢʘʦ ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʠʣʠ ʛʨʘʤʠʤʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ 

ʧʦ ʤʦʜʫ. ɼʦʙʘʨ ʧʨʠʤʝʨ ʦʚʠʭ ʤʦʜʝʣʘ ʩʫ PHEM ʠ CMEM.  

 

ʂʚʘʣʠʪʝʪ ʧʨʠʤʝʥʝ ʙʠʣʦ ʢʦʿʝʛ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ ʟʥʘʯʘʿʥʦ ʟʘʚʠʩʠ ʦʜ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʝʤʠʩʠʦʥʠʭ 

ʬʘʢʪʦʨʘ ʢʦʿʝ ʤʦʜʝʣ ʩʘʜʨʞʠ. ʊʦ ʩʝ ʦʜʥʦʩʠ ʥʘ ʪʘʯʥʦʩʪ ʢʦʿʦʤ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨ ʤʦʞʝ ʦʧʠʩʘʪʠ 

ʪʨʝʥʫʪʥʠ ʥʠʚʦ ʝʤʠʩʠʿʝ ʦʜʨʝʹʝʥʝ ʢʘʪʝʛʦʨʠʿʝ ʚʦʟʠʣʘ ʠ ʫʩʣʦʚʘ ʚʦʞˁʝ (Vicente et al., 2013) [106]. 

ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨ ʟʘʩʥʦʚʘʥ ʥʘ ʩʨʝʜˁʦʿ ʙʨʟʠʥʠ ʚʦʟʠʣʘ ʤʦʞʝ ʙʠʪʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʘʥ 

ʟʘ ʧʨʦʮʝʥʫ ʥʘʮʠʦʥʘʣʥʝ ʝʤʠʩʠʿʝ, ʤʝʹʫʪʠʤ, ˁʝʛʦʚʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪ ʤʦʞʝ ʙʠʪʠ ʩʤʘˁʝʥʘ ʢʘʜʘ ʩʝ 

ʧʦʢʫʰʘ ʧʨʦʮʝʥʠʪʠ ʫʪʠʮʘʿ ʣʦʢʘʣʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʤʝʨʘ (ʣʦʢʘʣʥʘ ʩʘʦʙʨʘ˂ʘʿʥʘ ʠʥʪʝʨʚʝʥʮʠʿʘ ʤʦʞʝ 

ʩʥʘʞʥʦ ʫʪʠʮʘʪʠ ʥʘ ʚʦʞˁʫ ,,ʩʪʘʥʠ-ʢʨʝʥʠñ, ʘʣʠ ʧʨʠ ʪʦʤʝ ʟʥʘʯʘʿʥʦ ʥʝ ʫʪʠʯʝ ʥʘ ʧʨʦʩʝʯʥʫ ʙʨʟʠʥʫ 

ʚʦʟʠʣʘ).  

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝʜʘʥ ʦʜ ʘʥʘʣʠʟʠʨʘʥʠʭ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ, OSPM, ʟʘʭʪʝʚʘ ʤʥʦʛʦʙʨʦʿʥʝ ʫʣʘʟʥʝ 

ʧʦʜʘʪʢʝ ʥʝʦʧʭʦʜʥʝ ʧʨʦʨʘʯʫʥʫ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ, ʦʜʥʦʩʥʦ COPERT4 ʧʨʦʛʨʘʤʫ, ʦʥ ˂ʝ ʫ ʜʘˀʝʤ 

ʪʝʢʩʪʫ ʙʠʪʠ ʫʢʨʘʪʢʦ ʦʙʿʘʰˁʝʥ. ʊʘʢʦʹʝ, ʫ ʦʢʚʠʨʫ ʪʦʛʘ, ʙʠ˂ʝ ʜʘʪ ʦʩʚʨʪ ʥʘ ʧʨʦʙʣʝʤ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ 

ʧʦʿʝʜʠʥʠʭ ʢʘʪʝʛʦʨʠʿʘ ʚʦʟʠʣʘ, ʿʝʨ ʧʨʝʮʠʟʥa ʧʨoʮʝʥʘ ʙʨʟʠʥʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʿʝʩʪʝ ʢˀʫʯʥa ʟʘ 

ʜʦʙʠʿʘˁʝ ʧʦʫʟʜʘʥʠʿʠʭ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ (Smith, 2008) [16], ʦʜʥʦʩʥʦ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ. 

   

ɽʚʨʦʧʩʢʘ ʘʛʝʥʮʠʿʘ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (ɽɽɸ) ʿʝ ʫ ʩʚʦʤ ɺʦʜʠʯʫ ʟʘ ʢʘʪʘʩʪʘʨ ʝʤʠʩʠʿʘ (EIG) 

(ʝʥʛ. ɽmission Inventory Guidebook) (EMEP/EEA, 2009) ʧʨʝʜʣʦʞʠʣʘ ʪʨʠ ʤʝʪʦʜʝ ʟʘ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ 

ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ. ʀʟʙʦʨ ʤʝʪʦʜʝ 1, ʤʝʪʦʜʝ 2 ʠʣʠ ʤʝʪʦʜʝ 3 ʟʘʚʠʩʠ ʦʜ ʧʦʜʘʪʘʢʘ ʢʦʿʠʤʘ ʩʝ 

ʨʘʩʧʦʣʘʞʝ, ʘ ʧʦʩʪʫʧʘʢ ʠʟʙʦʨʘ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 2.1 (ɽɽɸ, 2009) [128]. ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʤʝʪʦʜʘ 3 

ʥʘʿʩʣʦʞʝʥʠʿʘ ʤʝʪʦʜʘ, CORINAIR (CORe INventory to the AIR) ʨʘʜʥʘ ʛʨʫʧʘ ʿʝ ʧʦʜ ʧʦʢʨʦʚʠʪʝˀʩʪʚʦʤ 

ɽɽɸ, ʘ ʫ ʦʢʚʠʨʫ ʘʢʪʠʚʥʦʩʪʠ ɽʚʨʦʧʩʢʦʛ ʪʝʤʘʪʩʢʦʛ ʮʝʥʪʨʘ ʟʘ ʚʘʟʜʫʭ ʠ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ (ʝʥʛ. 

European Topic Centre on Air and Climate Change) (Ntziachristos and Samaras, 2000) [127], ʨʘʟʚʠʣʘ 

ʤʝʪʦʜʦʣʦʛʠʿʫ ʠ ʢʦʤʧʿʫʪʝʨʩʢʠ ʧʨʦʛʨʘʤ ʟʘ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ (COPERT) 

(COmputer Programme to calculate Emissions from Road Transport). ʊʠʤʝ ʿʝ ʧʨʘʢʪʠʯʥʦ ʤʝʪʦʜʘ 3 

ʧʦʩʪʘʣʘ ʩʠʥʦʥʠʤ ʟʘ COPERT ʤʝʪʦʜʦʣʦʛʠʿʫ, ʢʦʿʘ ʿʝ ʜʘʥʘʩ ʿʝʜʥʘ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʠ 

ʧʨʠʟʥʘʪʠʭ ʤʝʪʦʜʦʣʦʛʠʿʘ ʤʦʜʝʣʠʨʘˁʘ ʝʤʠʩʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ ʫ ʝʚʨʦʧʩʢʦʤ ʢʦʥʪʝʢʩʪʫ, ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʝʤʠʩʠʦʥʠʤ ʬʘʢʪʦʨʠʤʘ (Eggleston et al., 1993) [126].   

    

ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʧʦʩʣʝʜˁʘ ʚʝʨʟʠʿʘ ʢʦʤʧʿʫʪʝʨʩʢʦʛ ʧʨʦʛʨʘʤʘ COPERT ʤʝʪʦʜʦʣʦʛʠʿʝ, 

ʦʜʥʦʩʥʦ ʧʨʦʛʨʘʤ COPERT4, ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʩʧʫˁʘʚʘ ʟʘʭʪʝʚʝ ʧʨʦʨʘʯʫʥʘ ʫ ʩʚʠʤ ʥʘʚʝʜʝʥʠʤ 

ʜʦʢʫʤʝʥʪʠʤʘ ʠ ʤʝʪʦʜʦʣʦʛʠʿʘʤʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʠʟʨʘʜʫ ʪʨʘʥʩʧʘʨʝʥʪʥʠʭ, ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠʭ ʠ 

ʫʧʦʨʝʜʠʚʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʠ ʧʨʦʮʝʜʫʨʘ ʠʟʚʝʰʪʘʚʘˁʘ ʦ ʝʤʠʩʠʿʠ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʘ ʫ ʩʘʛʣʘʩʥʦʩʪʠ 

ʩʘ ʤʝʹʫʥʘʨʦʜʥʠʤ ʩʧʦʨʘʟʫʤʠʤʘ ʠ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ. ɼʝʪʘˀʥʠʿʝ ʦʙʿʘʰˁʝˁʝ ʤʝʪʦʜʝ 1, 

2 ʠ 3 ʙʠ˂ʝ ʜʘʪʦ ʫ ʧʦʛʣʘʚˀʫ 3 ʫ ʦʢʚʠʨʫ ʪʝʦʨʠʿʩʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ.  
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ʇʨʚʘ ʚʝʨʟʠʿʘ ʧʦʤʝʥʫʪʦʛ ʧʨʦʛʨʘʤʘ ʙʠʦ ʿʝ COPERT 85 (1989), ʟʘʪʠʤ COPERT 90 (1993), COPERT II 

(1997) ʠ COPERT III (1999). ɹʘʟʘ ʧʦʜʘʪʘʢʘ COPERT III ʧʨʦʛʨʘʤʘ ʠʩʢʦʨʠʰ˂ʝʥʘ ʿʝ ʫ VEP (Vehicle 

Emissions Prediction) ʧʨʦʛʨʘʤʫ ʜʘ ʙʠ ʩʝ ʫʥʘʧʨʝʜʠʣʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʟʘ ʪʝʰʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ ʠ 

ʧʨʠʣʠʢʦʤ ʧʨʦʨʘʯʫʥʘ ʭʣʘʜʥʝ ʝʤʠʩʠʿʝ. ʀʩʪʫ ʤʝʪʦʜʦʣʦʛʠʿʫ ʿʝ 1998. ʛʦʜʠʥʝ ʫʩʚʦʿʠʣʘ ʨʘʜʥʘ ʛʨʫʧʘ 

 

 
ɼʘ ʣʠ ʩʫ ʜʦʩʪʫʧʥʠ 

ʧʦʜʘʮʠ ʦ 
ʪʝʭʥʦʣʦʛʠʿʠ 

ʚʦʟʠʣʘ ? 

 

ɼʘ ʣʠ ʿʝ ʦʚʦ 

ʢˀʫʯʥʘ 

ʢʘʪʝʛʦʨʠʿʘ ? 

 

ʋʧʦʪʨʝʙʠʪʠ ʤʝʪʦʜʫ 3 ʟʘʩʥʦʚʘʥʫ ʥʘ 

ʘʢʪʠʚʥʦʩʪʠ ʚʦʟʠʣʘ  

(ʥʘ ʧʨʠʤʝʨ COPERT). 

 

ʋʧʦʪʨʝʙʠʪʠ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ ʠʟ ʤʝʪʦʜʝ 2, 

ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʧʨʝʹʝʥʦʤ ʧʫʪʫ ʚʦʟʠʣʘ. 

 

ɼʘ ʣʠ ʩʫ ʜʦʩʪʫʧʥʠ 

ʧʦʜʘʮʠ ʦ ʧʨʝʹʝʥʦʤ 

ʧʫʪʫ ʠ ʧʨʦʩʝʯʥʦʿ 

ʙʨʟʠʥʠ ʚʦʟʠʣʘ ? 

ʇʦʯʝʪʘʢ 

ʇʨʠʤʝʥʠʪʠ ʤʝʪʦʜʫ 1 ʩʘ ʫʩʚʦʿʝʥʠʤ ʝʤʠʩʠʦʥʠʤ 

ʬʘʢʪʦʨʠʤʘ ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʧʦʪʨʦʰˁʠ ʧʦʛʦʥʩʢʦʛ 

ʛʦʨʠʚʘ. 

 

ʇʨʠʢʫʧʠʪʠ ʧʦʜʘʪʢʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʦʣʠʯʠʥʝ 

ʛʦʨʠʚʘ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʚʦʟʠʣʘ ʟʘ 

ʩʚʘʢʫ NFR ʰʠʬʨʫ, ʢʘʦ ʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʨʝʹʝʥʦʛ 

ʧʫʪʘ ʚʦʟʠʣʘ ʟʘ ʩʚʘʢʫ ʧʦʪʢʘʪʝʛʦʨʠʿʫ. 

ʅɽ 

ʅɽ 

ɼɸ 

ɼɸ 

ʅɽ 

ɼɸ 

ʉʣʠʢʘ 2.1  ɸʣʛʦʨʠʪʘʤ ʠʟʙʦʨʘ ʤʝʪʦʜʝ ʟʘ ʧʨʦʮʝʥʫ ʝʤʠʩʠʿʘ ʚʦʟʠʣa [128] 
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ADEME (Agence De l'Environnement et de la Ma´trise de l'Energie) ʨʘʜʠ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ ʫʪʠʮʘʿʘ 

ʝʤʠʩʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ ʢʦʿʠ ʢʚʘʥʪʠʬʠʢʫʿʝ ʧʦʪʨʦʰˁʫ ʛʦʨʠʚʘ ʠ ʘʪʤʦʩʬʝʨʩʢʘ ʠʟʜʘˁʘ ʫ ʦʜʨʝʹʝʥʦʿ ʛʦʜʠʥʠ 

ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʌʨʘʥʮʫʩʢʝ (Vardoulakis et al., 2003) [64].  

 

COPERT4 ʧʨʦʮʝˁʫʿʝ ʝʤʠʩʠʿʫ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ (CO, NOx, VOC, PM, NH3, SO2) ʠ 

ʧʦʿʝʜʠʥʠʭ ʪʝʰʢʠʭ ʤʝʪʘʣʘ ʢʦʿʫ ʝʤʠʪʫʿʫ ʨʘʟʣʠʯʠʪʝ ʢʘʪʝʛʦʨʠʿʝ ʚʦʟʠʣʘ (ʧʫʪʥʠʯʢʘ, ʣʘʢʘ ʠ ʪʝʰʢʘ 

ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ, ʤʦʧʝʜʠ ʠ ʤʦʪʦʮʠʢʣʠ). ʇʨʦʛʨʘʤ ʦʤʦʛʫ˂ʘʚʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʦʜʥʦʩʘ NO/NO2, 

ʝʣʝʤʝʥʪʘʨʥʦʛ ʫʛˀʝʥʠʢʘ ʠ ʦʨʛʘʥʩʢʠʭ ʯʝʩʪʠʮʘ ʠ ʥʝʤʝʪʘʥʩʢʠʭ ʠʩʧʘʨˀʠʚʠʭ ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ 

(NMVOC) (ʝʥʛ. Non-ʄethane Volatile Organic Compounds) ʪʦʢʦʤ ʨʘʜʘ ʤʦʪʦʨʘ ʥʘ ʩʪʘʙʠʣʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʪʦʧʣʘ ʝʤʠʩʠʿʘ), ʝʤʠʩʠʿʫ ʢʦʿʘ ʩʝ ʿʘʚˀʘ ʧʨʠʣʠʢʦʤ ʧʦʢʨʝʪʘˁʘ ʤʦʪʦʨʘ (ʭʣʘʜʘʥ ʩʪʘʨʪ), 

ʢʘʦ ʠ ʝʤʠʩʠʿʫ NMVOC ʧʨʦʫʟʨʦʢʦʚʘʥʫ ʠʩʧʘʨʘʚʘˁʝʤ ʛʦʨʠʚʘ. ʋʢʫʧʥʘ ʝʤʠʩʠʿʘ ʩʝ ʧʨʦʨʘʯʫʥʘʚʘ ʥʘ 

ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ, ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʠʢʫʧʠʪʠ, ʠ ʧʨʠʣʦʞʝʥʠʭ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ. 

 

COPERT ʿʝ ʜʦʜʘʪʥʦ ʨʘʟʚʠʦ ʤʝʪʦʜʦʣʦʛʠʿʫ ʢʦʨʝʢʮʠʿʝ ʪʦʧʣʝ ʝʤʠʩʠʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʢʫʧʥʦ ʧʨʝʹʝʥʝ 

ʢʠʣʦʤʝʪʨʘʞʝ ʚʦʟʠʣʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ. ɿʘ ʪʝʰʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ ʠʟʚʝʜʝʥʠ ʩʫ 

ʬʘʢʪʦʨʠ ʢʦʨʝʢʮʠʿʝ ʜʘ ʙʠ ʩʝ ʫʟʝʣʠ ʫ ʦʙʟʠʨ ʝʬʝʢʪʠ ʦʧʪʝʨʝ˂ʝʥʦʩʪʠ ʚʦʟʠʣʘ ʠ ʫʩʣʦʚʠ ʢʘʜʘ ʿʝ ʢʦʣʦʚʦʟ 

ʧʦʜ ʥʘʛʠʙʦʤ. ɿʘ ʚʦʟʠʣʘ ʩʘ ʆʊʆ ʤʦʪʦʨʠʤʘ ʧʦʩʪʦʿʝ ʜʚʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ ʧʨʦʮʝʥʫ ʝʤʠʩʠʿʝ VOC. 

ʇʨʝʤʘ ʧʨʚʦʿ, ʧʨʦʨʘʯʫʥ ʫʢʫʧʥe ʝʤʠʩʠʿe VOC ʿʝʩʪʝ ʨʝʟʫʣʪʘʪ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʤʝʪʦʜʦʣʦʛʠʿʝ, ʜʦʢ ʙʠ 

ʜʨʫʛʘ ʤʦʛʣʘ ʙʠʪʠ ʦʛʨʘʥʠʯʝʥʘ ʨʘʩʧʦʣʦʞʠʚʦʰ˂ʫ ʜʝʪʘˀʥʠʿʠʭ ʧʦʜʘʪʘʢʘ. ʂʘʦ ʠ ʢʦʜ ʜʨʫʛʠʭ ʤʦʜʝʣʘ, ʠ 

COPERT ʤʝʪʦʜʦʣʦʛʠʿʘ ʧʨʦʮʝʥʝ ʝʤʠʩʠʿʝ ʯʝʩʪʠʮʘ ʿʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʥʝʧʦʫʟʜʘʥʘ (Wang and 

McGlinchy, 2009) [129], ʘ ʥʘʨʦʯʠʪʦ ʩʫ ʥʝʧʨʝʮʠʟʥʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʦʜʨʝʹʝʥʠ ʟʘ ʭʘʙʘˁʝ 

ʧʦʚʨʰʠʥʝ ʢʦʣʦʚʦʟʘ.   

    

COPERT ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝ ʠʩʢʦʨʠʰ˂ʝʥʘ ʟʘ ʧʨʦʮʝʥʫ ʧʨʦʩʝʯʥʠʭ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʩʚʘʢʝ ʢʘʪʝʛʦʨʠʿʝ 

ʚʦʟʠʣʘ ʠ ʢʦʣʠʯʠʥe ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ [gĿh
-1
] ʫʥʫʪʘʨ ʿʝʜʥʝ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʫ ʅʘʥʪʫ 

(Favale, 2007) [130]. ʅʘ ʦʩʥʦʚʫ ʤʝʨʝˁʘ ʚʨʝʤʝʥʘ ʢʦʿʝ ʿʝ ʚʦʟʠʣʫ ʥʝʦʧʭʦʜʥʦ ʜʘ ʧʨʝʹʝ ʜʫʞʠʥʫ 

ʧʦʩʤʘʪʨʘʥʝ ʫʣʠʮʝ, ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʚʦʟʠʣʘ. ʊʦʤ ʧʨʠʣʠʢʦʤ ʩʫ ʟʘʙʝʣʝʞʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʙʨʟʠʥʘ ʫ ʦʧʩʝʛʫ 20ï30 kmĿh
-1
. ʋʟ ʧʦʤʦ˂ ʧʦʜʘʪʘʢʘ ʦ ʚʦʟʥʦʤ ʧʘʨʢʫ ʠʟ 2004. ʛʦʜʠʥʝ ʠ ʚʨʝʜʥʦʩʪʠ 

ʙʨʟʠʥʘ ʦʜ 20 kmĿh
-1
, ʠʟʨʘʯʫʥʘʪʠ ʩʫ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʟʘ CO: ʧʫʪʥʠʯʢʘ ʚʦʟʠʣʘ - 10,3 gĿkm

-1
, 

ʤʦʪʦʮʠʢʣʠ - 17,4 gĿkm
-1
 ʠ ʦʩʪʘʣʘ 5,3 gĿkm

-1
.  

 

ʀʩʪʘ ʛʨʫʧʘ ʥʘʫʯʥʠʢʘ (Murena et al., 2008) [131] ʿʝ ʫ ʧʨʦʰʠʨʝʥʦʤ ʩʘʩʪʘʚʫ ʩʧʨʦʚʝʣʘ ʠʩʪʨʘʞʠʚʘˁʝ ʦ 

ʢʚʘʣʠʪʝʪʫ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ ʫ ʅʘʧʫˀʫ, ʧʨʠ ʯʝʤʫ ʿʝ ʫʟʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO ʢʘʦ ʛʣʘʚʥʠ 

ʧʘʨʘʤʝʪʘʨ ʦʮʝʥʝ. ɱʝʜʥʘ ʦʜ ʧʦʩʤʘʪʨʘʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ ʿʝ ʟʘʫʟʠʤʘʣʘ ʧʦʟʠʮʠʿʫ ʚʘʥ ʫʨʙʘʥʠʟʦʚʘʥʝ 

ʟʦʥʝ ʩʘ ʩʘʦʙʨʘ˂ʘʿʥʠʤ ʪʦʢʦʚʠʤʘ ʫʤʝʨʝʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ, ʜʦʢ ʩʫ ʩʝ ʜʨʫʛʝ ʜʚʝ ʧʨʦʪʝʟʘʣʝ ʜʫʞ ʫʣʠʮʘ 

ʦʙʣʠʢʘ ʢʘˁʦʥʘ. COPERT ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝ ʧʨʦʮʝʥʠʣʘ ʝʤʠʩʠʿʫ ʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʨʝʣʘʪʠʚʥʦ 

ʩʣʘʙʫ ʚʝʟʫ ʠʟʤʝʹʫ ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ. ʈʘʟʣʦʛʘ ʟʘ ʪʦ ʠʤʘ ʚʠʰʝ. 

ʇʨʚʠ ʿʝ, ʩʚʘʢʘʢʦ, ʫʩʨʝʜˁʘʚʘˁʝ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʚʨʩʪʫ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ, 



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

35 

 

ʟʘʧʨʝʤʠʥʫ ʤʦʪʦʨʘ ʠʣʠ ʩʪʘʨʦʩʪ ʚʦʟʠʣʘ. ʇʨʦʙʣʝʤ ʧʦʩʪʘʿʝ ʿʘʩʥʠʿʠ ʘʢʦ ʩʝ ʩʘʛʣʝʜʘ ʜʘ ʩʫ ʫ ʝʤʠʩʠʦʥʦʿ 

ʙʘʟʠ COPERT-ʘ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʧʨʠʣʦʞʝʥʠ ʫ ʦʧʩʝʛʫ 1ï40 gĿkm
-1
, ʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʜʝʬʠʥʠʩʘʥʠʭ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʉʪʦʛʘ, ʫʩʚʦʿʝʥʘ ʧʨʦʮʝʜʫʨʘ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʩʨʝʜˁʠʤ ʚʨʝʜʥʦʩʪʠʤʘ 

ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ, ʧʨʝʜʩʪʘʚˀʘ ʛʨʫʙʫ ʧʨʦʮʝʥʫ ʨʝʘʣʥʠʭ ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʝ ʠ ʦʥʘ ʿʝ ʧʦʫʟʜʘʥʘ ʢʘʜʘ 

ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʘ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʚʦʟʠʣʘ ʫ ʜʫʞʝʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. ʋʢʦʣʠʢʦ ʩʫ ʚʨʝʤʝʥʩʢʝ 

ʧʨʦʮʝʥʝ ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ ʜʘʪʝ ʫ ʤʠʥʫʪʘʤʘ, ʦʥʘ ʚʝʦʤʘ ʟʘʚʠʩʠ ʦʜ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʚʦʟʠʣʘ ʢʦʿʘ 

ʧʨʦʣʘʟʝ ʫʣʠʮʦʤ. ʀʜʝʘʣʥʦ ʙʠ ʙʠʣʦ ʜʘ ʩʝ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʟʘ ʜʘʪʦ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʟʘʩʥʠʚʘʿʫ ʥʘ 

ʤʝʨʝˁʫ ʝʤʠʩʠʿʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛ ʫʟʦʨʢʘ ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ ʫ ʥʘʚʝʜʝʥʦʿ ʦʙʣʘʩʪʠ. ʄʝʹʫʪʠʤ, 

ʧʨʠʢʫʧˀʘˁʝ ʪʘʢʚʠʭ ʧʦʜʘʪʘʢʘ ʿʝʩʪʝ ʩʢʫʧʦ ʠ ʟʘʭʪʝʚʘ ʦʙʿʝʢʪʝ ʠ ʫʨʝʹʘʿʝ ʢʦʿʝ ʧʦʩʝʜʫʿʝ ʤʘʣʠ ʙʨʦʿ 

ʟʝʤʘˀʘ.   

 

ʋ ʤʦʜʝʣʠʤʘ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ, ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʿʘʢʦ ʟʘʚʠʩʝ ʦʜ ʚʨʝʜʥʦʩʪʠ ʩʨʝʜˁʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ, 

ʧʘ ʪʘʢʦ ʧʨʦʛʨʘʤ COPERT4  ʟʘ ʫʨʙʘʥʫ ʚʦʞˁʫ ʜʝʬʠʥʠʰʝ ʙʨʟʠʥʫ ʦʜ 25  kmĿh
-1
, ʟʘ ʨʫʨʘʣʥʫ 75 kmĿh

-1
 

ʠ ʟʘ ʚʦʞˁʫ ʧʦ ʘʫʪʦ-ʧʫʪʫ 100 kmĿh
-1
 (Faiz et al., 1996) [97]. ʄʝʹʫʪʠʤ, ʧʨʠ ʦʜʘʙʠʨʫ ʪʠʧʘ ʚʦʞˁʝ ʤʦʨʘ 

ʩʝ ʟʥʘʪʠ ʜʘ ʿʝ ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʚʘʞʥʘ ʫ ʤʦʜʝʣʠʨʘˁʫ ʝʤʠʩʠʿʝ, ʿʝʨ ʦʥʘ ʟʘʚʠʩʠ ʦʜ ʙʨʟʠʥʝ ʥʘ 

ʥʝʣʠʥʝʘʨʘʥ ʥʘʯʠʥ (Andre and Hammarstrom, 2000) [132]. ʇʦʰʪʦ ʿʝ ʫ ʤʦʜʝʣʠʨʘˁʫ ʝʤʠʩʠʿʝ ʚʘʞʥʦʩʪ 

ʜʘʪʘ ʙʨʟʠʥʠ ʠ ʦʩʝʪˀʠʚʦʩʪʠ ˁʝʥʝ ʧʨʦʤʝʥʝ, ʤʦʛʫ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʜʚʘ ʟʘʭʪʝʚʘ:  

1. ʀʟʨʘʯʫʥʘʪʠ ʰʪʦ ʧʦʫʟʜʘʥʠʿʝ ʙʨʟʠʥʝ ʥʘ ʦʜʩʝʮʠʤʘ, ʦʜʥʦʩʥʦ ʜʝʦʥʠʮʘʤʘ;  

2. ʋʧʦʪʨʝʙʘ ʧʨʦʤʝʥˀʠʚʝ Ăʙʨʟʠʥʝò ʤʦʨʘ ʙʠʪʠ ʰʪʦ ʨʝʘʣʥʠʿʘ.  

 

ʄʥʦʛʦ ʬʘʢʪʦʨʘ ʿʝ ʜʦʧʨʠʥʝʣʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʿ ʫʧʦʪʨʝʙʠ ʤʦʜʝʣʘ ʝʤʠʩʠje ʢʦʜ ʢʦʿʠʭ ʩʫ ʧʨʦʮʝʥʝ 

ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʨʦʩʝʯʥʦʿ ʙʨʟʠʥʠ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ. ʊʘʢʚʠ ʤʦʜʝʣʠ ʩʫ ʨʝʣʘʪʠʚʥʦ ʣʘʢʠ ʟʘ ʫʧʦʪʨʝʙʫ ʠ 

ʧʦʩʪʦʿʠ ʧʨʠʙʣʠʞʥʦ ʧʦʜʫʜʘʨʘˁʝ ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʪʨʘʞʝʥʦʛ ʤʦʜʝʣʘ ʠ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ 

ʢʦʨʠʩʥʠʮʠʤʘ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ. ʄʝʹʫʪʠʤ, ʧʦʩʪʦʿʝ ʥʝʢʘ ʚʘʞʥʘ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʩʝ ʧʦʚʝʟʫʿʫ ʩʘ 

ʤʦʜʝʣʠʤʘ ʦʚʝ ʚʨʩʪʝ (Boulter and McCrae, 2007; Pronello and Andr®, 2007) [117], [133].  

 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʠʩʪʘʢʥʫʪʦ, ʥʘʿʚʘʞʥʠʿʘ ʟʘʙʨʠʥʫʪʦʩʪ ʿʝʩʪʝ ʪʘ ʜʘ ʩʝ ʠʩʪʘ ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʤʦʞʝ 

ʧʦʩʪʠ˂ʠ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʥʘʯʠʥʠʤʘ ʚʦʞˁʝ, ʘ ʰʪʦ ʤʦʞʝ ʠʤʘʪʠ ʧʨʠʣʠʯʥʦ ʨʘʟʣʠʯʠʪʝ ʢʦʣʠʯʠʥʝ 

ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ. ʊʦ ʥʘʨʦʯʠʪʦ ʚʘʞʠ ʟʘ ʤʘˁʝ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ. ʊʘʢʚʫ ʢʦʥʩʪʘʥʪʘʮʠʿʫ 

ʧʦʪʚʨʜʠʣʦ ʿʝ ʠ ʠʩʪʨʘʞʠʚʘˁʝ ʥʘ ʪʝʨʝʥʫ (Armstrong, 2000) [93], ʦʜʥʦʩʥʦ ʟʘʢˀʫʯʘʢ ʜʘ ʩʝ ʝʤʠʩʠʿʘ NOx 

ʨʘʧʠʜʥʦ ʧʦʚʝ˂ʘʚʘ ʠʟʥʘʜ 88 kmĿh
-1
, ʜʦʢ ʿʝ ʧʦʨʘʩʪ CO ʠ HC ʝʤʠʩʠʿʝ ʧʦʩʪʝʧʝʥ. ʉʫʧʨʦʪʥʦ ʪʦʤʝ, CO ʠ 

HC ʥʠʚʦʠ ʧʨʠ ʙʨʟʠʥʠ ʦʜ 105 kmĿh
-1
 ʦʩʪʘʿʫ ʠʩʧʦʜ ʝʤʠʩʠʦʥʠʭ ʥʠʚʦʘ ʢʦʿʠ ʩʫ ʜʦʩʪʠʛʥʫʪʠ ʧʨʠ 4 kmĿh

-1
.  

 

ʉʣʠʯʥʝ ʨʝʟʫʣʪʘʪʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʫʣʘʟʥʝ ʫʩʣʦʚʝ ʩʫ ʜʦʙʠʣʠ ɸʿʨʝʩʦʥ ʠ ʦʩʪʘʣʠ (ʝʥʛ. Ireson et al., 1992) 

[134] ʠ ɽʥʜʝʨʩʦʥ ʠ ʦʩʪʘʣʠ (ʝʥʛ. Anderson et al., 1996) [135], ʩ ʪʠʤ ʰʪʦ ʩʫ ɽʥʜʝʨʩʦʥ ʠ ʦʩʪʘʣʠ 

ʜʦʜʘʪʥʦ ʫʪʚʨʜʠʣʠ ʜʘ ʩʝ ʥʘʿʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ ʨʝʛʠʩʪʨʫʿʫ ʥʘ ʥʘʿʦʧʪʝʨʝ˂ʝʥʠʿʠʤ ʢʦʣʦʚʦʟʠʤʘ. 

ʊʘʢʦʹʝ ʿʝ ʜʦʢʘʟʘʥʦ ʜʘ ʿʝ ʝʤʠʩʠʿʘ NOx ʚʠʩʦʢʘ ʥʘ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘʤʘ ʚʠʰʝʛ ʨʘʥʛʘ ʥʘ ʢʦʿʠʤʘ ʿʝ 

ʜʦʟʚʦˀʝʥʦ ʚʦʟʠʪʠ ʚʝʣʠʢʦʤ ʙʨʟʠʥʦʤ. ʆʚʘ ʦʪʢʨʠ˂ʘ ʿʘʩʥʦ ʦʜʨʘʞʘʚʘʿʫ ʥʝʣʠʥʝʘʨʥʠ ʦʜʥʦʩ ʠʟʤʝʹʫ 
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ʙʨʟʠʥʝ ʚʦʞˁʝ ʠ ʝʤʠʩʠʿʝ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʚʝʣʠʢʠʤ ʢʦʣʠʯʠʥʘʤʘ ʝʤʠʩʠʿʝ ʥʘ ʜʦˁʠʤ ʠ ʛʦʨˁʠʤ 

ʢʨʘʿʝʚʠʤʘ ʩʧʝʢʪʨʘ ʙʨʟʠʥʘ. ʆʩʠʤ ʪʦʛʘ, ʥʦʚʠʿʝ ʠʩʪʨʘʞʠʚʘˁʝ (Haobo and McGlinchy, 2009) [129] ʿʝ 

ʧʦʢʘʟʘʣʦ ʜʘ ʿʝ ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʤʘˁʝ ʧʦʫʟʜʘʥ ʠʥʜʠʢʘʪʦʨ ʝʤʠʩʠʿʝ ʢʦʿʫ ʛʝʥʝʨʠʰʫ ʚʦʟʠʣʘ ʥʦʚʠʿʝ 

ʛʝʥʝʨʘʮʠʿʝ. ʊʦ ʿʝ ʟʘʪʦ ʰʪʦ ʩʫ ʝʤʠʩʠʿʝ ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ ʥʦʚʠʿʘ ʚʦʟʠʣʘ (ʦʧʨʝʤˀʝʥʘ ʩʘʚʨʝʤʝʥʠʤ 

ʫʨʝʹʘʿʠʤʘ ʟʘ ʦʙʨʘʜʫ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ) ʦʩʝʪˀʠʚʠʿʝ ʥʘ ʨʘʜʥʝ ʦʧʝʨʘʮʠʿʝ ʚʦʟʠʣʘ (ʥʧʨ. ʧʨʦʤʝʥʘ ʙʨʟʠʥʘ 

ʥʘ ʤʝˁʘʯʫ ʠ ʚʝʣʠʢʦ ʫʙʨʟʘˁʝ). ʇʦʨʝʜ ʪʦʛʘ, ʤʦʜʝʣʠ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ ʥʝ ʦʤʦʛʫ˂ʫʿʫ ʜʝʪʘˀʥʫ 

ʧʨʦʩʪʦʨʥʫ ʨʝʟʦʣʫʮʠʿʫ ʧʨʠʣʠʢʦʤ ʧʨʦʮʝʥʝ ʝʤʠʩʠʿʝ. ʆʚʦ ʤʦʞʝ ʙʠʪʠ ʚʘʞʘʥ ʥʝʜʦʩʪʘʪʘʢ ʪʦʢʦʤ 

ʤʦʜʝʣʠʨʘˁʘ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʘ ʢʦʿʠ ʩʝ ʩʤʘˁʫʿʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʧʨʝʮʠʟʥʦʩʪʠ ʪʘʯʥʝ 

ʙʨʟʠʥʝ ʧʦ ʢʘʪʝʛʦʨʠʿʘʤʘ ʚʦʟʠʣʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʩʘʦʙʨʘ˂ʘʿʥʦʤ ʪʦʢʫ. 

 

ʂʦʣʠʢʦ ʤʦʞʝ ʙʠʪʠ ʚʘʞʥʘ ʰʪʦ ʧʨʝʮʠʟʥʠʿʘ ʧʨʦʮʝʥʘ ʙʨʟʠʥʝ ʚʦʟʠʣʘ, ʧʦʢʘʟʘo ʿʝ ʝʢʩʧʝʨʠʤʝʥʪ 

ʘʤʝʨʠʯʢʦʛ ɹʦʨʜʘ ʟʘ ʠʩʪʨʘʞʠʚʘˁe ʩʘʦʙʨʘ˂ʘʿa (TRB) (ʝʥʛ. Transportation Research Board) (Chatterjee 

et al., 1997) [136] ʧʨʠʣʠʢʦʤ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʝʤʠʩʠʦʥʦʛ ʤʦʜʝʣʘ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ. ɼʦʢʘʟʘʥʦ ʿʝ 

ʜʘ ʥʘ ʘʫʪʦ-ʧʫʪʫ ʛʨʝʰʢʘ ʙʨʟʠʥʝ ʦʜ 5 kmĿh
-1 
ʠʟʘʟʠʚʘ ʨʘʟʣʠʢʫ ʦʜ 42% ʫ ʧʨʦʮʝʥʠ ʝʤʠʩʠʿʝ CO ʫ ʦʜʥʦʩʫ 

ʥʘ ʨʝʘʣʥʫ. ʅʘʿʙʠʪʥʠʿʠ ʨʘʟʣʦʛ ʚʝʣʠʢʦʛ ʥʝʩʣʘʛʘˁʘ ʠʟʤʝʨʝʥʠʭ ʠ ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʿʝʩʪʝ ʫʧʨʘʚʦ 

ʥʝʣʠʥʝʘʨʥʠ ʦʜʥʦʩ ʠʟʤʝʹʫ ʝʤʠʩʠʿʝ ʠ ʙʨʟʠʥʝ.  

 

ɹʠʣʦ ʿʝ ʧʦʢʫʰʘʿʘ ʫʥʘʧʨʝʹʝˁʘ ʧʨʦʮʝʥʝ ʩʨʝʜˁʠʭ ʙʨʟʠʥʘ ʫ ʦʢʚʠʨʫ ʤʘʢʨʦʩʢʦʧʩʢʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ 

ʤʦʜʝʣʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʠʩʢʦʨʠʰ˂ʝʥʠ ʩʘʦʙʨʘ˂ʘʿʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʨʝʣʘʪʠʚʥʦ ʣʘʢʦ ʜʦʙʠʿʘʿʫ (Dowling 

and Skabardonis, 1992; Nesamani et al., 2007) [137], [138]. ʇʨʦʨʘʯʫʥʠ ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ ʝʤʠʩʠʿʘ CO, 

HC, NOx, PM10 ʠ CO2 ʧʦʚʝ˂ʘʚʘ ʜʦ 9% ʥʘʢʦʥ ʧʨʠʤʝʥʝ ʨʘʩʧʦʜʝʣʝ ʩʨʝʜˁʠʭ ʙʨʟʠʥʘ ʥʘ ʯʠʪʘʚʦʿ ʤʨʝʞʠ, 

ʘʣʠ ʜʘ ʩʪʚʘʨʥʦ ʧʦʚʝ˂ʘˁʝ (ʫ ʿʝʜʥʦʤ ʩʣʫʯʘʿʫ ʠ ʩʤʘˁʝˁʝ) ʫʢʫʧʥʝ ʝʤʠʩʠʿʝ ʟʘʚʠʩʠ ʦʜ ʠʩʢʦʨʠʰ˂ʝʥʦʛ 

ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ ʠ ʘʥʘʣʠʟʠʨʘʥʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ. ʂʘʜʘ ʩʝ ʨʝʟʫʣʪʘʪʠ ʜʝʪʘˀʥʠʿʝ ʘʥʘʣʠʟʠʨʘʿʫ, 

ʦʜʥʦʩʥʦ ʥʘ ʥʠʚʦʫ ʧʦʜʤʨʝʞʝ (ʫʨʙʘʥʘ ʩʨʝʜʠʥʘ, ʨʫʨʘʣʥʘ ʩʨʝʜʠʥʘ, ʘʫʪʦ-ʧʫʪ) ʠ ʟʘ ʦʩʥʦʚʥʝ ʢʘʪʝʛʦʨʠʿʝ 

ʚʦʟʠʣʘ (ʣʘʢʦ ʪʝʨʝʪʥʦ, ʪʝʰʢʦ ʪʝʨʝʪʥʦ), ʫʪʠʮʘʿʠ ʟʥʘʯʘʿʥʦ ʚʘʨʠʨʘʿʫ, ʦʜ -4% ʜʦ +24%. ɺʝʣʠʯʠʥʘ ʠ 

ʧʨʘʚʘʮ ʫʪʠʮʘʿʘ ʿʝ ʫ ʬʫʥʢʮʠʿʠ ʦʜ:  

¶ ʐʪʝʪʥʝ ʤʘʪʝʨʠʿʝ;  

¶ ɺʨʩʪʝ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ;  

¶ ʆʙʣʠʢʘ ʠ ʩʣʦʞʝʥʦʩʪʠ ʢʨʠʚʝ ʟʘʚʠʩʥʦʩʪʠ ʝʤʠʩʠʦʥʦʛ ʬʘʢʪʦʨʘ ʠ ʩʨʝʜˁʝ ʙʨʟʠʥʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ 

ʪʦʢʘ;  

¶ ʇʨʦʤʝʥʘ ʨʘʩʧʦʜʝʣʝ ʛʦʜʠʰˁʝ ʢʠʣʦʤʝʪʨʘʞʝ ʧʦ ʢʘʪʝʛʦʨʠʿʘʤʘ ʚʦʟʠʣʘ ʠ ʩʨʝʜˁʝ ʙʨʟʠʥʝ 

ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ.  

 

2.6. ʄʦʜʝʣʠʨʘˁʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ 

 
ʅʘʧʦʨʝʜʦ ʩʘ ʩʪʨʦʞʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʠ ʩʤʘˁʝˁʝʤ ʝʤʠʩʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ, ʨʘʩʣʦ ʿʝ ʠʥʪʝʨʝʩʦʚʘˁʝ 

ʩʪʨʫʯʥʝ ʿʘʚʥʦʩʪʠ ʟʘ ʨʘʟʫʤʝʚʘˁʝʤ ʬʠʟʠʯʢʠʭ ʠ ʭʝʤʠʿʩʢʠʭ ʧʨʦʮʝʩʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʧʦʥʘʰʘˁʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ. ʇʦʜ ʪʘʢʚʠʤ ʠʥʩʪʨʫʤʝʥʪʠʤʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʩʠʩʪʝʤʘʪʩʢʠ ʤʦʥʠʪʦʨʠʥʛ 
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ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʠ ˁʝʛʦʚʦ ʤʦʜʝʣʠʨʘˁʝ. ʄʝʹʫʪʠʤ, ʢʘʤʧʘˁʝ ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʛʫ ʙʠʪʠ ʚʝʦʤʘ ʩʢʫʧʝ ʠ 

ʜʫʛʦʪʨʘʿʥʝ ʫʢʦʣʠʢʦ ʪʨʝʙʘ ʧʦʩʪʠ˂ʠ ʜʝʪʘˀʥʝ ʠ ʧʨʝʮʠʟʥʝ ʨʝʟʫʣʪʘʪʝ. ɿʙʦʛ ʪʦʛʘ ʩʫ ʧʨʦʪʝʢʣʠʭ ʛʦʜʠʥʘ 

ʚʠʰʝ ʨʘʟʚʠʿʘʥʠ ʤʦʜʝʣʠ ʧʨʦʮʝʥʝ ʪʨʝʥʫʪʥʠʭ ʠ ʙʫʜʫ˂ʠʭ ʢʚʘʣʠʪʝʪʘ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ, ʦʜʥʦʩʥʦ 

ʚʨʝʤʝʥʩʢʠʭ ʠ ʧʨʦʩʪʦʨʥʠʭ ʚʘʨʠʿʘʮʠʿʘ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʪʦʧʦʛʨʘʬʠʿʘ ʠ ʫʩʣʦʚʘ ʤʦʥʠʪʦʨʠʥʛʘ 

(Sharma and Khare, 2001) [139].  

 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʥʘʧʨʝʪʢʫ ʢʦʤʧʿʫʪʝʨʩʢʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʧʦʿʘʚʠ ʥʦʚʠʭ ʤʘʪʝʤʘʪʠʯʢʠʭ ʘʣʘʪʘ, ʥʘʿʥʦʚʠʿʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʚʠʰʝ ʦʢʨʝʥʫʪʘ ʢʘ ʯʚʨʩʪʠʤ ʯʝʩʪʠʮʘʤʘ, ʫʛˀʦʚʦʜʦʥʠʮʠʤʘ ʠ ʦʩʪʘʣʠʤ ʩʫʧʩʪʘʥʮʘʤʘ, ʘ 

ʤʘˁʝ ʧʨʝʤʘ ʢʣʘʩʠʯʥʠʤ ʿʝʜʠˁʝˁʠʤʘ ʩʫʤʧʦʨʘ ʠ ʘʟʦʪʘ. ʈʘʟʣʦʛ ʪʦʛʘ ʣʝʞʠ ʫ ʥʝʧʨʝʩʪʘʥʦʤ ʨʘʟʚʦʿʫ ʠ 

ʥʘʧʨʝʪʢʫ ʪʝʭʥʦʣʦʛʠʿʘ ʩʤʘˁʝˁʘ ʟʘʛʘʹʝˁʘ ʥʘ ʩʘʤʦʤ ʠʟʚʦʨʫ (ʝʤʠʪʝʨʫ).  

 

ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ ʘʝʨʦʟʘʛʘʹʝˁʘ ʤʦʛʫ ʩʝ ʫʧʦʨʝʜʠʪʠ ʩʘ ʬʫʥʢʮʠʿʦʤ ʧʨʝʥʦʩʘ ʛʜʝ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ 

ʩʘʯʠˁʘʚʘʿʫ ʢʦʤʙʠʥʘʮʠʿʝ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ ʠ ʫʢʫʧʥʝ ʝʤʠʩʠʿʝ ʦʜ ʠʟʚʦʨʘ ʟʘʛʘʹʝˁʘ, ʜʦʢ ʠʩʭʦʜ 

ʧʨʝʜʩʪʘʚˀʘ ʥʠʚʦ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʦʩʤʘʪʨʘʥʠʭ ʫ ʚʨʝʤʝʥʫ ʠ ʧʨʦʩʪʦʨʫ. 

ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʥʝ ʨʘʟʤʘʪʨʘ ʩʘʤʦ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘ ʤʝʩʪʫ ʤʝʨʝˁʘ ʠ ʧʨʠʨʦʜʫ ʠʟʚʦʨʘ (ʙʠʣʦ ʜʘ 

ʩʫ ʣʠʥʠʿʩʢʠ ʠʟʚʦʨʠ ʠʣʠ ʪʘʯʢʘʩʪʠ) ʚʝ˂ ʠ ʘʪʤʦʩʬʝʨʩʢʝ ʧʨʦʮʝʩʝ ʪʦʢʦʤ ʧʨʝʪʚʘʨʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ 

ʠʟʚʦʨʫ ʝʤʠʩʠʿʝ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʦʯʝʥʝ ʥʘ ʤʝʩʪʫ ʤʝʨʝˁʘ. ʋ ʪʘʢʚʝ ʧʨʦʮʝʩʝ ʩʧʘʜʘʿʫ (Shere, 1998) 

[44]:  

1. ʌʦʪʦʭʝʤʠʿʩʢʘ ʜʝʿʩʪʚʘ;  

2. ɸʜʩʦʨʧʮʠʿʘ ʥʘ ʘʝʨʦʩʦʣʠʤʘ ʠ ʦʙʿʝʢʪʠʤʘ ʥʘ ʟʝʤˀʠ;  

3. ɼʠʩʧʝʨʟʠʿʘ ʤʘʪʝʨʠʿʘ ʫʩʣʝʜ ʜʝʣʦʚʘˁʘ ʚʠʭʦʨʘ (ʝʥʛ. eddy dispersion). 

  

ʇʫʥʦ ʧʘʞˁʝ ʩʝ ʧʦʩʚʝ˂ʫʿʝ ʤʦʜʝʣʠʤʘ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʮʠˀʫ ʫʨʙʘʥʦʛ ʧʣʘʥʠʨʘˁʘ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʘ 

ʨʝʛʫʣʘʪʦʨʥʠʭ ʩʪʘʥʜʘʨʜʘ. ɱʝʜʥʦʩʪʘʚʥʦ, ʤʦʜʝʣ ʤʦʞʝ ʧʨʫʞʠʪʠ ʠʥʬʦʨʤʘʮʠʿʝ ʜʘ ʣʠ ʦʜʨʝʹʝʥʠ ʢʦʣʦʚʦʟ 

ʪʨʝʙʘ ʠʟʛʨʘʜʠʪʠ ʘ ʜʘ ʥʠʚʦʠ ʘʝʨʦʟʘʛʘʹʝˁʘ ʥʝ ʨʘʩʪʫ ʠʟʥʘʜ ʨʝʛʫʣʘʪʦʨʥʠʭ ʤʘʢʩʠʤʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠʣʠ 

ʜʘ ʣʠ ʿʝ ʠʟʚʦʜˀʠʚʦ ʜʦʙʠʪʠ ʥʦʚʠ ʨʝʛʫʣʘʪʦʨʥʠ ʩʪʘʥʜʘʨʜ ʫ ʜʦʟʚʦˀʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʦʢʚʠʨʫ. 

ʇʦʿʝʜʠʥʠ ʩʘʚʨʝʤʝʥʠ ʤʦʜʝʣʠ ʦʙʫʭʚʘʪʘʿʫ ʤʝʪʝʦʨʦʣʦʰʢʦ ʧʨʝʜʚʠʹʘˁʝ ʜʘ ʙʠ ʩʝ ʩʘʚʣʘʜʘʣʘ ʿʝʜʥʘ ʦʜ 

ʛʣʘʚʥʠʭ ʧʨʝʧʨʝʢʘ ʢʦʿʫ ʠʤʘʿʫ ʧʨʦʩʪʠʿʠ ʤʦʜʝʣʠ: ʧʨʝʪʧʦʩʪʘʚˀʘˁʝ ʧʨʦʩʝʯʥʠʭ ʙʨʟʠʥʘ ʠ ʧʨʘʚʘʮʘ 

ʜʝʣʦʚʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, ʢʘʦ ʠ ʘʤʙʠʿʝʥʪʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ.  

 

ʄʦʜʝʣʠ ʫʨʙʘʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʧʨʦʮʝʥʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʪʘʢʦ ʰʪʦ ʧʦʚʝʟʫʿʫ ʧʨʦʤʝʥʝ ʢʦʣʠʯʠʥʝ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ 

ʠʟʚʦʨʘ ʩʘ ʤʝʪʝʦʨʦʣʦʰʢʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʠ ʨʝʛʠʩʪʨʦʚʘʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠʟ 

ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ. ʄʥʦʛʠ ʤʦʜʝʣʠ ʩʝ ʢʦʨʠʩʪʝ (Shere, 1998) [44] ʟʘ:  

1. ɽʚʘʣʫʘʮʠʿʫ ʧʦʩʪʠʟʘˁʘ ʠ ʦʜʨʞʘʚʘˁʘ ʩʪʘʥʜʘʨʜʘ ʦ ʢʚʘʣʠʪʝʪʫ ʚʘʟʜʫʭʘ;  

2. ʋʨʙʘʥʦ ʧʣʘʥʠʨʘˁʝ;  

3. ɸʥʘʣʠʟʫ ʫʪʠʮʘʿʘ ʧʦʩʪʦʿʝ˂ʠʭ ʠʣʠ ʥʦʚʠʭ ʠʟʚʦʨʘ;  

4. ʇʨʝʜʚʠʹʘˁʘ ʝʧʠʟʦʜʘ ʫʨʙʘʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ.  
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ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʫʨʙʘʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ ʩʘʩʪʦʿʠ ʩʝ ʦʜ 4 ʦʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ (Pfafflin, 2006) [56]:  

I  ʂʘʪʘʩʪʨʘ ʟʘʛʘʹʠʚʘʯʘ - ʤʦʨʘʿʫ ʩʝ ʟʥʘʪʠ ʤʘʪʝʨʠʿʘʣʠ, ˁʠʭʦʚ ʙʨʦʿ, ʩʘ ʢʦʛ ʤʝʩʪʘ ʠ ʫ ʢʦʿʦʿ 

ʢʦʣʠʯʠʥʠ ʩʝ ʝʤʠʪʫʿʫ ʫ ʘʪʤʦʩʬʝʨʫ, ʢʘʦ ʠ ʢʦʣʠʯʠʥʘ ʢʦʿʘ ʿʝ ʜʦʥʝʪʘ ʧʨʝʢʦ ʛʨʘʥʠʮʘ ʧʦʩʤʘʪʨʘʥʝ 

ʟʘʿʝʜʥʠʮʝ;  

II  ʄʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʝʨʦʟʘʛʘʹʝˁʘ - ʫʟʦʨʢʦʚʘˁʝ ʥʘ ʦʜʨʝʹʝʥʦʤ ʤʝʩʪʫ, ʚʨʝʤʝʥʫ ʠ ʫ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʤ ʜʝʣʦʚʠʤʘ ʛʨʘʜʘ; 

III  ʄʝʪʝʦʨʦʣʦʰʢʝ ʤʨʝʞʝ; 

IV  ʄʝʪʝʦʨʦʣʦʰʢʠ ʘʣʛʦʨʠʪʤʠ ʠʣʠ ʤʘʪʝʤʘʪʠʯʢʝ ʬʦʨʤʫʣʝ - ʦʧʠʩʫʿʫ ʢʘʢʦ ʩʝ ʠʟʚʦʨʥʠ ʧʦʜʘʮʠ 

ʤʝˁʘʿʫ ʫ ʨʝʛʠʩʪʨʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘ ʤʝʩʪʫ ʤʝʨʝˁʘ.  

 

ʇʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʫ ʧʨʝʛʣʝʜʫ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʹʝ ʥʘ ʤʦʜʝʣʠʨʘˁʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ 

ʢʘˁʦʥʘ, ʦʜʥʦʩʥʦ ʩʪʨʘʪʝʛʠʿʫ ʢʦʥʪʨʦʣʝ ʠ ʨʝʛʫʣʠʩʘˁʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫ ʟʦʥʠ ʫʣʠʮʝ, ʧʦʪʨʝʙʥʦ ʿʝ 

ʦʩʚʨʥʫʪʠ ʩʝ ʥʘ ʨʝʛʠʦʥʘʣʥʝ ʠ ʥʘʮʠʦʥʘʣʥʝ ʩʪʨʘʪʝʛʠʿʝ ʢʦʿʝ, ʪʘʢʦʹʝ, ʟʘʭʪʝʚʘʿʫ ʧʨʦʮʝʩʝ ʤʦʜʝʣʠʨʘˁʘ. ʉ 

ʦʙʟʠʨʦʤ ʜʘ ʥʘʰʘ ʟʝʤˀʘ ʛʝʦʛʨʘʬʩʢʠ ʧʨʠʧʘʜʘ ,,ʩʪʘʨʦʤñ ʢʦʥʪʠʥʝʥʪʫ ʠ ʜʘ ʥʘʤ ʩʠʛʫʨʥʦ ʧʨʝʜʩʪʦʿʠ 

ʫʩʘʛʣʘʰʘʚʘˁʝ ʠ/ʠʣʠ ʫʩʚʘʿʘˁʝ ʝʚʨʦʧʩʢʠʭ ʨʝʛʫʣʘʪʠʚʘ, ʩʪʘʥʜʘʨʜʘ ʠ ʩʪʨʘʪʝʛʠʿʘ ʢʦʥʪʨʦʣʝ 

ʘʤʙʠʿʝʥʪʘʣʥʝ ʩʨʝʜʠʥʝ, ʫʢʨʘʪʢʦ ˂ʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥʝ ʥʘʿʚʘʞʥʠʿʝ ʝʚʨʦʧʩʢʝ ʩʪʨʘʪʝʛʠʿʝ ʩʤʘˁʝˁʘ 

ʝʤʠʩʠʿʘ, ʩʘ ʘʢʮʝʥʪʦʤ ʥʘ ʝʤʠʩʠʿʫ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ.  

 

ʂʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʫ ʚʝ˂ʠʥʠ ʝʚʨʦʧʩʢʠʭ ʟʝʤʘˀʘ ʿʦʰ ʫʚʝʢ ʿʝ ʣʦʰ ʠ ʟʘʪʦ ʩʪʨʘʪʝʛʠʿʝ ʪʨʘʥʩʧʦʨʪʘ ʪʨʝʙʘ 

ʜʘ ʠʤʘʿʫ ʟʘ ʮʠˀ ʢʦʥʪʨʦʣʫ ʨʘʩʪʘ ʦʙʠʤʘ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʧʦʜʩʪʠʮʘˁʝ ʦʜʨʞʠʚʠʭ ʚʠʜʦʚʘ ʪʨʘʥʩʧʦʨʪʘ 

(ɽɽɸ, 2006ʘ; 2006b) [140] [141]. ʋʪʠʮʘʿ ʝʚʨʦʧʩʢʠʭ ʩʪʨʘʪʝʛʠʿʘ ʩʤʘˁʝˁʘ ʝʤʠʩʠʿʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ 

ʧʦʤʦ˂ʫ ʨʝʛʠʦʥʘʣʥʠʭ ʤʦʜʝʣʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ (Simpson et al., 2003) [142]. ʊʠʧʠʯʥʘ ʧʨʦʩʪʦʨʥʘ 

ʨʝʟʦʣʫʮʠʿʘ ʪʘʢʚʠʭ ʤʦʜʝʣʘ ʜʘʣʝʢʦ ʧʨʝʚʘʟʠʣʘʟʠ ʧʨʦʩʝʯʥʫ ʚʝʣʠʯʠʥʫ ʛʨʘʜʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʥʝ ʤʦʛʫ ʩʝ 

ʦʜʨʝʜʠʪʠ ʫʦʯʝʥʝ ʨʘʟʣʠʢʝ ʫ ʛʨʘʜʩʢʠʤ ʧʦʜʨʫʯʿʠʤʘ (ʥʧʨ. ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʠ ʦʥʠʭ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʠʟʥʘʜ ʠʥʪʝʥʟʠʚʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ). ɿʙʦʛ 

ʪʦʛʘ ʩʝ ʟʘʭʪʝʚʘ ʨʘʟʚʦʿ ʜʦʩʣʝʜʥʝ ʠ ʬʣʝʢʩʠʙʠʣʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʦʜʨʝʹʠʚʘˁʘ ʥʠʚʦʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ 

ʫ ʛʨʘʜʩʢʦʿ ʟʦʥʠ ʠ ʟʦʥʠ ʫʣʠʮʝ.  

 

ʅʘʿʚʘʞʥʠʿʝ ʨʝʛʠʦʥʘʣʥʝ ʠ ʥʘʮʠʦʥʘʣʥʝ ʩʪʨʘʪʝʛʠʿʝ (Giannouli et al., 2011) [143], ʦʜʥʦʩʥʦ ʤʦʜʝʣʠ 

ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʩʫ: 

1. CAFE ʧʨʦʿʝʢʘʪ (Clean Air For Europe) (EEA, 2005a; 2005b) [144], [145] - ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ 

ʧʨʦʿʝʢʘʪʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʦ ʢʚʘʣʠʪʝʪʫ ʚʘʟʜʫʭʘ ʢʦʿʠ ʧʦʩʪʘʚˀʘ ʥʘʫʯʥʫ ʦʩʥʦʚʫ ʟʘ ʜʝʬʠʥʠʩʘˁʝ 

ɽʚʨʦʧʩʢʝ ʩʪʨʘʪʝʛʠʿʝ ʦ ʘʝʨʦʟʘʛʘʹʝˁʫ ʫʩʚʦʿʝʥʫ 2005. ʛʦʜʠʥʝ. CAFE ʧʨʦʿʝʢʘʪ ʩʪʘʚˀʘ ʘʢʮʝʥʘʪ 

ʥʘ ʧʨʦʮʝʥʫ ʫʪʠʮʘʿʘ ʝʚʨʦʧʩʢʠʭ ʩʪʨʘʪʝʛʠʿʘ ʥʘ ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʫ ʛʨʘʜʫ, ʧʨʝ ʩʚʝʛʘ ʧʦʤʦ˂ʫ 

SityDelta ʤʦʜʝʣʠʨʘˁʘ (Cuvelier et al., 2007; Thunis et al., 2007; Vautard et al., 2007) [146], 

[147], [148];  

2. RAINS ʤʦʜʝʣ (Regional Air pollution Information and Simulation) (Cofala et al., 2005) [149] - 

ʟʘʜʘʪʘʢ ʦʚʦʛ ʤʦʜʝʣʘ ʿʝʩʪʝ ʜʘʚʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʨʝʛʠʦʥʘʣʥʦʤ ʘʝʨʦʟʘʛʘʹʝˁʫ ʠ ˁʝʛʦʚʦ 

ʤʦʜʝʣʠʨʘˁʝ; 
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3. SNAP ʩʝʢʪʦʨ (Selected Nomenclature on Air Pollution) (EEA, 2006b) [150] - ʦʜʘʙʨʘʥʦʤ 

ʥʦʤʝʥʢʣʘʪʫʨʦʤ ʦ ʘʝʨʦʟʘʛʘʹʝˁʫ ʠʟʨʘʯʫʥʘʪʠ ʩʫ ʬʘʢʪʦʨʠ ʩʤʘˁʝˁʘ ʫʨʙʘʥʝ ʝʤʠʩʠʿʝ ʜʦ 2030.; 

4. EMEP ʤʦʜʝʣ (European Monitoring and Evaluation Programm) - ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʝʣ ʭʝʤʠʿʩʢʦʛ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʨʘʯʫʥʘ ʘʝʨʦʢʦʥʮʝʥʪʨʘʮʠʿʘ ʠ ʩʝʜʠʤʝʥʘʪʘ ʢʠʩʝʣʠʭ ʿʝʜʠˁʝˁʘ ʠ ʿʝʜʠˁʝˁʘ 

ʝʫʪʨʦʬʠʢʘʮʠʿʝ (ʩʫʤʧʦʨ, ʘʟʦʪ), ʧʨʠʟʝʤʥʦʛ ʦʟʦʥʘ ʠ ʯʚʨʩʪʠʭ ʯʝʩʪʠʮʘ ʚʝʣʠʯʠʥʝ 2,5 ʠ 10 Õm. 

ʊʘʢʦʹʝ, ʤʦʛʫ˂ʝ ʿʝ ʧʨʦʮʝʥʠʪʠ  ˁʠʭʦʚ ʪʦʢ ʠ ʪʨʘʥʩʧʦʨʪ ʚʘʥ ʥʘʮʠʦʥʘʣʥʠʭ ʛʨʘʥʠʮʘ; 

5. TRENDS ʤʦʜʝʣ (TRansport and ENvironment Database System) (Giannouli et al., 2006) [151] - 

ʦʚʘʿ ʤʦʜʝʣ ʩʘʜʨʞʠ ʜʝʪʘˀʥʫ ʙʘʟʫ ʧʦʜʘʪʘʢʘ ʦ ʙʨʦʿʫ ʚʦʟʠʣʘ, ʥʦʚʠʤ ʨʝʛʠʩʪʨʘʮʠʿʘʤʘ ʚʦʟʠʣʘ, 

ʩʪʘʪʠʩʪʠʮʠ ʢʦʨʠʰ˂ʝˁʘ ʝʚʨʦʧʩʢʠʭ ʚʦʟʠʣʘ ʫ ʧʝʨʠʦʜʫ 1970ï1996. ʛʦʜʠʥʝ, ʘ ʦʙʿʘʚˀʝʥʠ ʩʫ ʠ 

ʧʦʜʘʮʠ ʦ ʘʢʪʠʚʥʦʩʪʠʤʘ ʠ ʩʘʩʪʘʚʫ ʚʦʟʥʦʛ ʧʘʨʢʘ ʟʘ 15 ʟʝʤʘˀʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ (1995.ï2004.); 

6. TREMOVE  ʤʦʜʝʣ (De Ceuster et al., 2005) [152] - ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʝʣ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ 

ʝʤʠʩʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʨʘʟʣʠʯʠʪʝ ʧʣʘʥʦʚʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʪʨʘʥʩʧʦʨʪʘ. ʋʿʝʜʥʦ, ʤʦʜʝʣ 

ʧʨʦʮʝˁʫʿʝ ʘʢʪʠʚʥʦʩʪʠ ʧʫʪʥʠʯʢʦʛ ʠ ʪʝʨʝʪʥʦʛ ʩʘʦʙʨʘ˂ʘʿʘ.  

 

2.7. ʄʦʜʝʣʠʨʘˁʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫʥʫʪʘʨ ʫʣʠʮʘ 

 
ʀʟʣʘʛʘˁʝ ʞʠʚʠʭ ʙʠ˂ʘ ʤʦʞʝ ʙʠʪʠ ʠʟʨʘʞʝʥʦ ʧʨʦʠʟʚʦʜʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠ 

ʧʨʦʚʝʜʝʥʠʤ ʚʨʝʤʝʥʦʤ ʫ ʩʧʝʮʠʬʠʯʥʦʤ ʤʠʢʨʦʦʢʨʫʞʝˁʫ (ʩʧʘʚʘ˂ʘ ʩʦʙʘ, ʢʘʥʮʝʣʘʨʠʿʘ, ʘʫʪʦʤʦʙʠʣ, 

ʧʘʨʢʠʥʛ ʛʘʨʘʞʘ ʠ ʦʩʪʘʣʦ), ʧʨʠ ʯʝʤʫ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ˁʠʭʦʚʘ ʫʿʝʜʥʘʯʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ (Colls and 

Micallef, 1997) [153]. ʀʟ ʥʘʚʝʜʝʥʦʛ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʫʢʫʧʥʦ ʠʟʣʘʛʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʩʫʤʫ ʩʚʠʭ 

ʪʘʢʚʠʭ ʧʨʦʠʟʚʦʜʘ. ʄʝʹʫʪʠʤ, ʧʨʝʪʧʦʩʪʘʚʢʘ ʫʥʠʬʦʨʤʥʦʛ ʧʨʦʩʪʦʨʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ ʤʦʞʝ ʙʠʪʠ 

ʧʦʛʨʝʰʥʘ ʟʘ ʦʜʨʝʹʝʥʝ ʤʠʢʨʦʩʨʝʜʠʥʝ ʫʥʫʪʘʨ ʛʨʘʜʘ, ʛʜʝ ʩʫ ʯʝʩʪʦ ʚʝ˂ʠ ʛʨʘʜʠʿʝʥʪʠ ʧʨʦʩʪʦʨʥʝ ʠ 

ʚʨʝʤʝʥʩʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʩʝ ʧʨʦʨʘʯʫʥ ʠʟʣʘʛʘˁʘ ʞʠʚʠʭ ʙʠ˂ʘ ʤʦʞʝ 

ʠʟʨʘʯʫʥʘʪʠ ʧʦʜʝʣʦʤ ʩʧʝʮʠʬʠʯʥʦʛ ʤʠʢʨʦʦʢʨʫʞʝˁʘ ʥʘ ʥʝʢʦʣʠʢʦ ʦʙʣʘʩʪʠ, ʧʨʠ ʯʝʤʫ ʪʨʝʙʘ ʦʙʨʘʪʠʪʠ 

ʧʘʞˁʫ ʥʘ ʧʝʰʘʯʢʝ ʟʦʥʝ, ʙʠʮʠʢʣʠʩʪʠʯʢʝ ʩʪʘʟʝ ʠʣʠ ʦʙʿʝʢʪʝ ʩʪʘʥʦʚʘˁʘ.   

 

ʋ ʮʠˀʫ ʩʤʘˁʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʪʨʦʢhʦʚʘ (ʢʘʤʧʘˁʝ, ʦʧʨʝʤʘ, ˀʫʜʩʪʚʦ ʠʪʜ.) ʠ ʨʘʜʠ ʣʘʢʰʝʛ 

ʤʘʥʠʧʫʣʠʩʘˁʘ ʧʨʠʢʫʧˀʝʥʠʤ ʧʦʜʘʮʠʤʘ, ʧʦʞʝˀʥʦ ʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʢʚʘʣʠʪʝʪʫ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ 

ʜʦʙʠʪʠ ʧʨʝʢʦ ʩʘʚʨʝʤʝʥʠʭ ʫʧʨʘʚˀʘʯʢʠʭ ʘʣʘʪʘ, ʦʜ ʢʦʿʠʭ ʿʝ ʩʚʘʢʘʢʦ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʤʘʪʝʤʘʪʠʯʢʦ-

ʩʪʘʪʠʩʪʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʜʠʩʧʝʨʟʠʿʝ. ʄʦʜʝʣʠ ʜʠʩʧʝʨʟʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ ʩʣʦʞʝʥʦʩʪʠ ʤʦʛʫ ʙʠʪʠ 

ʠʩʢʦʨʠʰ˂ʝʥʠ ʥʘ ʫʩʢʦ ʜʝʬʠʥʠʩʘʥʦʤ ʧʦʜʨʫʯʿʫ ʨʘʜʠ ʢʘʪʝʛʦʨʠʟʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʘʤʙʠʿʝʥʪʘʣʥʦʛ 

ʚʘʟʜʫʭʘ ʠ ʢʘʦ ʧʦʜʨʰʢʘ ʧʨʠʣʠʢʦʤ ʦʜʣʫʯʠʚʘˁʘ ʢʦʿʠ ʿʝ ʥʘʿʙʦˀʠ ʩʮʝʥʘʨʠʦ ʢʦʥʪʨʦʣʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ 

ʩʧʨʝʟʠ ʩʘ ʧʣʘʥʠʨʘˁʝʤ ʩʘʦʙʨʘ˂ʘʿʘ. ʊʘʢʦʹʝ, ʤʦʜʝʣʠʨʘˁʝ ʝʤʠʩʠʿʝ ʠ ˁeʥʝ ʜʠʩʧʝʨʟʠʿʝ ʧʨʝʜʩʪʘʚˀʘ 

ʤʦ˂ʥʦ ʩʨʝʜʩʪʚʦ ʢʦʿʠʤ ʩʝ ʦʜʨʝʹʫʿʝ ʢʦʿʝ ʦʜ hʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ  ʪʨʝʙʘ ʩʤʘˁʠʪʠ ʫ ʦʜʨʝʹʝʥʦʤ ʧʦʜʨʫʯʿʫ 

ʪʘʢʦ ʜʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʙʫʜʫ ʠʩʧʦʜ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠʭ ʛʦʨˁʠʭ ʛʨʘʥʠʮʘ. ɸʥʘʣʠʟʘ ʧʨʝʜʚʠʹʘˁʘ 

ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫ ʦʢʦʣʠʥʠ ʫʣʠʮʝ ʠ ʫʪʠʮʘʿʘ ʦʜʨʝʹʝʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʠ ʤʝʨʘ (EEA, 2006a) [140] 

ʟʘʭʪʝʚʘ ʜʝʪʘˀʥʝ ʧʦʜʘʪʢʝ ʦ: ʣʦʢʘʣʥʦʤ ʩʘʦʙʨʘ˂ʘʿʫ, ʠʟʤʝʨʝʥom ʘʝʨʦʟʘʛʘʹʝˁʫ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, 

ʢʘʦ ʠ ʤʝʪʝʦʨʦʣʦʰʢʝ ʠ ʪʦʧʦʛʨʘʬʩʢʝ ʧʦʜʘʪʢʝ.  



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

40 

 

ʆʙʣʘʩʪʠ ʛʨʘʜʩʢʠʭ ʮʝʥʪʘʨʘ ʯʝʩʪʦ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʦʥʝ ʧʦʚʝ˂ʘʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ. ʇʦʨʝʜ ʪʦʛʘ, ˁʠʭ 

ʢʘʨʘʢʪʝʨʠʰʝ ʠ ʩʧʝʮʠʬʠʯʥʘ ʫʨʙʘʥʘ ʤʦʨʬʦʣʦʛʠʿʘ, ʧʘ ʿʝ ʫ ʮʠˀʫ ʥʘʨʝʜʥʠʭ ʠʟʣʘʛʘˁʘ ʥʝʦʧʭʦʜʥʦ 

ʜʝʬʠʥʠʩʘʪʠ ʦʜʨʝʹʝʥʝ ʧʦʿʤʦʚʝ.  

 

ʋʣʠʮʝ ʢʦʝʿ ʩʘ ʦʙʝ ʩʪʨʘʥʝ ʠʤʘʿʫ ʚʠʩʦʢʝ ʟʛʨʘʜʝ ʥʘʟʠʚʘʿʫ ʩʝ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ (ʝʥʛ. street 

canyons) (Vardoulakis et al., 2003) [64]. ɿʘ ˁʠʭ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʩʤʘˁʝʥʘ ʧʨʠʨʦʜʥʘ ʚʝʥʪʠʣʘʮʠʿʘ, 

ʧʘ ʪʠʤʝ ʘʩʦʮʠʨʘʿʫ ʥʘ ʧʨʠʨʦʜʥʝ ʢʘˁʦʥʝ. ɺʝ˂ ʥʝʢʦ ʚʨʝʤʝ ʩʝ ʦʚʘʢʚʠ ʫʩʣʦʚʠ ʫ ʩʪʨʫʯʥʦʿ ʿʘʚʥʦʩʪʠ 

ʜʝʬʠʥʠʰʫ ʢʘʦ ,,ʝʬʝʢʪʠ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘñ ʠ ʢʦʿʠ ʟʙʦʛ ʧʦʚʝ˂ʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʤʦʛʫ ʫʛʨʦʟʠʪʠ ʟʜʨʘʚˀʝ ˀʫʜʠ. ʇʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ ʿʝ ʜʦʢʫʤʝʥʪʦʚʘʥʦ ʧʦʨʘʩʪʦʤ ʙʨʦʿʘ 

ʭʦʩʧʠʪʘʣʠʟʦʚʘʥʠʭ ʦʩʦʙʘ ʩʘ ʧʨʦʙʣʝʤʠʤʘ ʫ ʬʫʥʢʮʠʦʥʠʩʘˁʫ ʨʝʩʧʠʨʘʪʦʨʥʠʭ ʦʨʛʘʥʘ (Spadaro and 

Rabl, 2001) [154]. ɿʘʪʦ ʣʦʢʘʣʥʝ ʚʣʘʩʪʠ ʥʘʩʪʦʿʝ ʜʘ ʧʨʝʜʚʠʜʝ ʧʦʤʝʥʫʪʝ ʫʪʠʮʘʿʝ ʧʦʩʝʙʥʠʤ ʤʦʜʝʣʠʤʘ ʠ 

ʜʘ ʠʭ ʦʜʨʝʹʝʥʠʤ ʤʝʨʘʤʘ ʧʨʝʜʫʧʨʝʜʝ ʠʣʠ ʘʜʝʢʚʘʪʥʦ ʩʘʥʠʨʘʿʫ. ʋʢʨʘʪʢʦ, ʪʘʢʚʠ ʤʦʜʝʣʠ ʤʦʛʫ 

ʠʟʫʯʘʚʘʪʠ (Vardoulakis et al., 2003) [64]: 1) ʌʠʟʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ ʧʨʦʮʝʩʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʜʠʩʧʝʨʟʠʿʫ 

ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ; 2) ʋʪʠʮʘʿ ʟʛʨʘʜʘ ʠ ʦʩʪʘʣʠʭ ʫʨʙʘʥʠʭ ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʜʠʬʫʟʠʿʫ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠ 3) ʄʦʜʝʣʝ ʘʢʫʤʫʣʘʮʠʿʝ.   

 

ʇʨʦʮʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ, 

ʫʛʣʘʚʥʦʤ ʟʘʚʠʩʠ ʦʜ (Boddy, 2005) [81]:  

1. ʄʝʪʝʦʨʦʣʦʛʠʿʝ;  

2. ɻʝʦʤʝʪʨʠʿʝ ʫʣʠʮʝ;  

3. ʇʦʟʠʮʠʿʝ ʤʝʨʥʦʛ ʤʝʩʪʘ (ʚʠʩʠʥʘ ʤʝʨʝˁʘ ʠ ʥʘ ʢʦʿʦʿ ʿʝ ʩʪʨʘʥʠ ʢʘˁʦʥʘ);  

4. ʇʘʨʘʤʝʪʘʨʘ, ʩʪʨʫʢʪʫʨʝ ʠ ʨʝʞʠʤʘ ʢʨʝʪʘˁʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ;  

5. ʋʩʚʦʿʝʥʠʭ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ.   

 

ʂʘʜʘ ʩʫ ʧʨʝ ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ ʥʘʩʪʘʣʠ ʧʨʚʠ ʤʦʜʝʣʠ ʜʠʩʧʝʨʟʠʿʝ, ʧʨʝʪʧʦʩʪʘʚˀʘʣʦ ʩʝ ʜʘ ʥʝ˂ʝ ʙʠʪʠ 

ʥʝʦʧʭʦʜʘʥ ʢʘʦ ʫʣʘʟʥʠ ʧʦʜʘʪʘʢ ʙʨʟʠʥʘ ʠ ʩʤʝʨ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, ʚʝ˂ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʫʧʦʪʨʝʙʠʪʠ 

ʤʝʪʝʦʨʦʣʦʰʢʝ ʠʥʬʦʨʤʘʮʠʿʝ ʨʝʛʠʩʪʨʦʚʘʥʝ ʥʘ ʘʝʨʦʜʨʦʤʫ ʫ ʙʣʠʟʠʥʠ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʠʟʚʝʜʝʥʠ ʩʫ 

ʝʤʧʠʨʠʿʩʢʠ ʠʟʨʘʟʠ ʟʘ ʦʙʘ ʥʘʚʝʜʝʥʘ ʩʣʫʯʘʿʘ (Johnson et al., 1973) [17]. ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʦʩʝʪˀʠʚʦʩʪ 

ʿʝʜʥʦʛ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ (AEOLIUS) ʟʘ ʧʦʜʘʪʢʝ ʦ ʚʝʪʨʫ ʩʘ ʨʘʟʣʠʯʠʪʠʭ ʣʦʢʘʮʠʿʘ, ʄʝʥʠʥʛ ʠ ʦʩʪʘʣʠ 

(ʝʥʛ. Manning et al, 2000) [155] ʩʫ ʫʦʯʠʣʠ ʜʘ ʩʫ ʤʦʜʝʣʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʙʠʣʝ ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʪʚʘʨʥʝ ʢʘʜʘ ʩʫ ʫʧʦʪʨʝʙˀʝʥʝ ʤʝʪʝʦʨʦʣʦʰʢʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʚʝʪʨʫ ʩʘ ʥʘʿʙʣʠʞʝʛ ʘʝʨʦʜʨʦʤʘ. 

 

ʇʦʟʠʮʠʿʘ ʤʝʨʝˁʘ ʿʝ ʪʘʢʦʹʝ ʚʘʞʥʘ, ʘ ʢʦʣʠʢʦ, ʧʦʢʘʟʘʣʦ ʿʝ ʪʝʨʝʥʩʢʦ ʤʝʨʝˁʝ ʫ ʜʚʝ ʫʣʠʮʝ ʦʙʣʠʢʘ 

ʢʘˁʦʥʘ ʫ ʂʦʧʝʥʭʘʛʝʥʫ (Berkowicz et al., 1996) [29]. ɱʘʩʥʦ ʿʝ ʜʘ ʩʝ ʠʟʤʝʨʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʦʛʫ 

ʜʦʩʪʘ ʨʘʟʣʠʢʦʚʘʪʠ, ʫʛʣʘʚʥʦʤ ʫʩʣʝʜ ʨʘʟʣʠʯʠʪʦʛ ʧʦʣʦʞʘʿʘ ʤʝʨʥʠʭ ʩʪʘʥʠʮʘ ʫʥʫʪʘʨ ʟʦʥʝ ʧʦʩʤʘʪʨʘˁʘ. 

ʋ ʢʘʩʥʠʿʦʿ ʩʪʫʜʠʿʠ, ʉʢʘʧʝʨʜʘʩ ʠ ʂʦʣʚʠʣ (ʝʥʛ. Scaperdas and Colvile) [156] ʫʢʘʟʫʿʫ ʜʘ ʤʝʨʝˁʝ ʥʠʚʦʘ 

ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ (ʥʘ ʨʘʩʢʨʩʥʠʮʘʤʘ ʜʚʝ ʫʣʠʮʝ ʫ ʮʝʥʪʨʫ ʃʦʥʜʦʥʘ) ʟʘʚʠʩʠ ʦʜ ʠʥʪʝʨʘʢʮʠʿʝ ʢʨʝʪʘˁʘ 

ʣʦʢʘʣʥʠʭ ʚʝʪʨʦʚʘ ʠ ʛʝʦʤʝʪʨʠʿʝ ʫʣʠʮʝ, ʦʜʥʦʩʥʦ ʟʛʨʘʜʘ ʦʢʦ ʤʝʨʥʦʛ ʤʝʩʪʘ. 
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ʉʘʦʙʨʘ˂ʘʿʥʠ ʧʦʜʘʮʠ ʥʝʦʧʭʦʜʥʠ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʤʦʞʝʤʦ ʩʘʛʣʝʜʘʪʠ ʢʨʦʟ 

(Vardoulakis et al., 2003) [64]: 1) ʆʙʠʤ ʩʘʦʙʨʘ˂ʘʿʘ; 2) ʉʪʨʫʢʪʫʨʫ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ (ʥʘ ʧʨʠʤʝʨ: 

ʦʜʥʦʩ ʣʘʢʠʭ ʠ ʪʝʰʢʠʭ ʪʝʨʝʪʥʠʭ ʚʦʟʠʣʘ) ʠ 3) ʇʨʦʩʝʯʥʫ ʙʨʟʠʥʫ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ. ɼʝʦ ʦʚʠʭ 

ʧʦʜʘʪʘʢʘ (ʦʙʠʤ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ˁʝʛʦʚʫ ʩʨʝʜˁʫ ʙʨʟʠʥʫ) ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʠʟ ʪʨʘʿʥʦ ʠʣʠ ʧʨʠʚʨʝʤʝʥʦ 

ʧʦʩʪʘʚˀʝʥʠʭ ʘʫʪʦʤʘʪʩʢʠʭ ʜʝʪʝʢʪʦʨʘ. ʄʝʹʫʪʠʤ, ʩʪʨʫʢʪʫʨʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʨʝʪʢʦ ʿʝ ʥʘ 

ʨʘʩʧʦʣʘʛʘˁʫ ʟʘ ʦʜʨʝʹʝʥʠ ʜʝʦ ʧʫʪʘ ʠ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʧʝʨʠʦʜʫ ʠ ʟʙʦʛ ʪʦʛʘ ʩʝ ʠʥʬʦʨʤʘʮʠʿʝ ʤʦʛʫ 

ʜʦʙʠʪʠ ʤʘʥʫʝʣʥʠʤ ʤʦʥʠʪʦʨʠʥʛʦʤ. ʊʘʢʦʹʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʧʨʦʚʝʩʪʠ ʙʘʨ ʥʝʢʦʣʠʢʦ ʢʦʥʪʨʦʣʥʠʭ 

ʙʨʦʿʘˁʘ ʧʨʦʪʦʢʘ ʠ ʢʘʪʝʛʦʨʠʿʘ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʦ ʢʚʘʣʠʪʝʪ ʧʦʜʘʪʘʢʘ 

ʜʦʙʠʿʝʥʠʭ ʩʘ ʘʫʪʦʤʘʪʩʢʦʛ ʙʨʦʿʘʯʘ. 

  

ɼʘ ʙʠ ʤʦʜʝʣʠ ʜʠʩʧʝʨʟʠʿʝ ʧʦʩʪʠʛʣʠ ʩʚʦʿ ʧʫʥ ʧʦʪʝʥʮʠʿʘʣ, ʦʥʠ ʤʦʨʘʿʫ ʧʨʝʮʠʟʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫʪʠʮʘʿ 

ʝʤʠʩʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠʤʠʩʠʿʝ ʧʦʨʝʜ ʢʦʣʦʚʦʟʘ, ʠ ʪʦ ʟʘ ʚʝʣʠʢʠ ʦʧʩʝʛ ʫʣʠʯʥʠʭ ʛʝʦʤʝʪʨʠʿʘ 

ʠ ʧʨʘʚʘʮʘ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ. ɿʘʪʦ ʧʦʿʝʜʠʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠʩʪʠʯʫ ʜʘ ʥʘʚʝʜʝʥʠ ʤʦʜʝʣʠ ʥʠʩʫ 

ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʘʜʝʢʚʘʪʥʦ ʧʨʝʜʩʪʘʚʝ ʚʦʟʥʝ ʮʠʢʣʫʩʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ ʛʨʘʜʩʢʫ ʚʦʞˁʫ ʫʩʣʝʜ 

ʧʦʩʪʦʿʘˁʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʨʘʩʢʨʩʥʠʮʘ. ɹʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ʩʫ ʦʥʝ ʦʧʨʝʤˀʝʥʝ ʩʚʝʪʣʦʩʥʠʤ ʩʠʛʥʘʣʠʤʘ ʘ 

ʧʨʦʧʫʩʥʘ ʤʦ˂ (ʢʘʧʘʮʠʪʝʪ) ʥʝ ʠʩʧʫˁʘʚʘ ʠʩʧʦʩʪʘʚˀʝʥʝ ʟʘʭʪʝʚʝ ʢʦʨʠʩʥʠʢʘ ʟʘ ʧʨʦʣʘʩʢʦʤ (ʩʪʚʘʨʘˁʝ 

ʫʩʣʦʚʘ ʟʘ ʩʘʦʙʨʘ˂ʘʿʥʦ ʟʘʛʫʰʝˁʝ), ʨʘʜ ʤʦʪʦʨʘ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʜʦʧʨʠʥʝ˂ʝ ʧʦʚʝ˂ʘˁʫ ʰʪʝʪʥʝ 

ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʠʟʥʘʜ ʥʠʚʦʘ ʢʦʿʠ ʿʝ ʩʚʦʿʩʪʚʝʥ ɿʉʊ-ʫ. ʊʘʢʦʹʝ, ʨʘʩʢʨʩʥʠʮʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʜʨʫʯʿʘ ʫ 

ʢʦʿʠʤʘ ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʥʘ ʨʘʟʤʝʥʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠʟʤʝʹʫ ʩʧʦʿʝʥʠʭ ʫʣʠʮʘ. ɼʘʢʣʝ, ʤʦʜʝʣ 

ʜʠʩʧʝʨʟʠʿʝ ʤʦʨʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʩʚʝ ʩʧʝʮʠʬʠʯʥʝ ʝʬʝʢʪʝ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʫ ʧʦʜʨʫʯʿʘ ʛʨʘʜʩʢʠʭ 

ʨʘʩʢʨʩʥʠʮʘ, ʦʜʥʦʩʥʦ ʤʦʛʫ˂ʥʦʩʪ ʠʥʪʝʥʟʠʚʥʠʿʝ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ. ʇʦʰʪʦ ʩʝ ʤʝʨʝˁʝ ʠʤʠʩʠʿʝ ʫʥʫʪʘʨ 

ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʯʝʩʪʦ ʩʧʨʦʚʦʜʠ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʠʣʠ ʫʥʫʪʘʨ ʩʘʤʠʭ ʨʘʩʢʨʩʥʠʮʘ, 

ʠʩʧʨʘʚʥʘ ʘʥʘʣʠʟʘ ʨʝʛʠʩʪʨʦʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘʭʪʝʚʘ ʜʝʪʘˀʥʠʿʝ ʨʘʟʫʤʝʚʘˁʝ ʬʠʟʠʯʢʠʭ ʠ 

ʭʝʤʠʿʩʢʠʭ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʝ ʘʥʘʣʠʟʦʤ ʦʙʫʭʚʘʪʘʿʫ (Ott, 1977; Scaperdas and Colvile, 1999) [157], [156].  

 

ʇʦʿʝʜʠʥʠ ʤʦʜʝʣʠ ʜʠʩʧʝʨʟʠʿʝ ʧʨʠʣʠʯʥʦ ʩʫ ʜʦʙʨʦ ʧʨʦʮʝʥʠʣʠ ʜʥʝʚʥʫ ʟʘʩʪʫʧˀʝʥʦʩʪ ʫʛˀʝʥ-

ʤʦʥʦʢʩʠʜʘ ʫʥʫʪʘʨ ʜʚʝ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʫ ʅʘʥʪʫ (ʌʨʘʥʮʫʩʢʘ), ʤʘʜʘ ʿʝ ʫ ʪʨʝ˂ʦʿ ʧʨʦʮʝʥʘ ʙʠʣʘ 

ʣʦʰʠʿʘ ʦʜ ʩʪʚʘʨʥʠʭ ʚʨʝʜʥʦʩʪʠ (ʢʦʥʢʨʝʪʥʦ ʫ ʙʫʣʝʚʘʨʫ ɺʦʣʪʝʨ) (Vardoulakis, 2002) [57]. 

ʅʝʧʦʫʟʜʘʥʠ, ʦʜʥʦʩʥʦ ʥʝʧʨʝʮʠʟʥʦ ʦʜʨʝʹʝʥʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʟʘ CO, ʢʘʦ ʠ ʫʩʨʝʜˁʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʦʛʫ ʙʠʪʠ ʜʝʦ ʨʘʟʣʦʛʘ ʧʦʪʮʝʥʝ ʩʪʚʘʨʥʦ ʠʟʤʝʨʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫ 

ʧʦʤʝʥʫʪʦʤ ʙʫʣʝʚʘʨʫ.  

 

ʋ ʧʨʠʣʦʛ ʦʚʦʤ ʧʦʪʝʥʮʠʿʘʣʥʦʤ ʧʨʦʙʣʝʤʫ, ʤʦʞʝʤʦ ʥʘʚʝʩʪʠ ʠʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʿʝ ʠʩʪʘʢʣʦ ʟʥʘʯʘʿ 

ʫʪʚʨʹʠʚʘˁʘ ʪʘʯʥʝ ʩʪʨʫʢʪʫʨʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʥʘ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʝ CO, ʘ ʪʠʤʝ ʥʝʧʦʩʨʝʜʥʦ ʠ ʥʘ 

ʪʘʯʥʦʩʪ ʧʨʦʮʝʥʝ ˁʝʛʦʚʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ. ʊʘʢʦ ʩʫ, ʥʘ ʧʨʠʤʝʨ, ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫʥʫʪʘʨ ʫʣʠʮʝ ɱʘʛʪʚʝʿ 

(ɼʘʥʩʢʘ) (Berkowicz et al., 2006) [158], ʛʜʝ ʪʝʰʢʠ ʪʝʨʝʪʥʠ ʩʘʦʙʨʘ˂ʘʿ ʯʠʥʠ ʦʢʦ 5%, ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

NOx ʧʦʪʮʝˁʝʥʝ ʟʘ 30%. ɸʫʪʦʨʠ ʥʘʚʦʜʝ ʜʘ ʿʝ ʪʦ ʚʝʨʦʚʘʪʥʦ ʨʝʟʫʣʪʘʪ ʚʝʦʤʘ ʥʠʩʢʝ ʝʤʠʩʠʿʝ ʢʦʿʘ ʩʝ 

ʧʨʠʧʠʩʫʿʝ ʪʝʰʢʦʤ ʪʝʨʝʪʥʦʤ ʩʘʦʙʨʘ˂ʘʿʫ (ʚʦʟʠʣʘ ʩʘ ʜʠʟʝʣ ʤʦʪʦʨʠʤʘ). ʏʘʢ ʠ ʚʝ˂ʝ ʧʦʪʮʝˁʠʚʘˁʝ, ʦʜ 
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ʦʢʦ 60%, ʿʝʩʪʝ ʫʦʯʝʥʦ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO, ʿʝʨ ʿʝ ʦʜʥʦʩ CO/NOx (ʠʟʚʝʜʝʥ ʠʟ ʠʟʨʘʯʫʥʘʪʝ ʝʤʠʩʠʿʝ) 

ʤʥʦʛʦ ʤʘˁʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʤʝʨʝˁʠʤʘ ʫʥʫʪʘʨ ʫʣʠʮʝ. ʇʦʫʟʜʘʥʠ ʧʦʜʘʮʠ ʫʢʫʧʥʝ ʝʤʠʩʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ 

ʦʯʠʛʣʝʜʥʦ ʩʫ ʚʘʞʥʠ ʟʘ ʠʟʨʘʯʫʥʘʪʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʥʘ ʥʠʚʦʫ ʫʣʠʮʝ. ʄʝʹʫʪʠʤ, 

ʚʘʞʥʠʿʘ ʿʝ ʧʨʘʚʘ ʧʨʦʧʦʨʮʠʿʘ ʝʤʠʩʠʿʝ ʢʦʿʘ ʩʝ ʧʨʠʧʠʩʫʿʝ ʨʘʟʣʠʯʠʪʠʤ ʢʘʪʝʛʦʨʠʿʘʤʘ ʚʦʟʠʣʘ. 

ɽʚʘʣʫʘʮʠʿʘ ʝʬʠʢʘʩʥʦʩʪʠ ʙʫʜʫ˂ʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ ʤʦʞʝ ʙʠʪʠ ʟʥʘʯʘʿʥʦ ʧʨʠʩʪʨʘʩʥʘ 

ʘʢʦ ʿʝ ʥʝʪʘʯʥʘ ʧʨʦʧʦʨʮʠʿʘ ʝʤʠʩʠʿʝ ʢʦʿʫ ʠʟʘʟʠʚʘʿʫ, ʥʘ ʧʨʠʤʝʨ, ʧʫʪʥʠʯʢʘ ʚʦʟʠʣʘ ʠ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ. 

     

ʀʘʢʦ ʫ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʫʪʠʮʘʿʘ ʥʘ ʜʠʩʧʝʨʟʠʿʫ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʥʠʩʫ ʩʚʨʩʪʘʥʝ ʩʪʨʫʢʪʫʨʝ ʩʪʨʫʿʘˁʘ 

ʚʘʟʜʫʭʘ ʠʟʥʘʜ ʠ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ (ʨʝʞʠʤʠ ʧʨʦʪʦʢʘ), ʧʦʿʝʜʠʥʠ ʠʩʪʨʘʞʠʚʘʯʠ (Boddy, 

2005) [81] ʥʘʚʦʜʝ ʜʘ ʫʧʨʘʚʦ ʧʦʤʝʥʫʪʝ ʩʪʨʫʢʪʫʨʝ ʤʦʛʫ ʙʠʪʠ ʩʥʘʞʘʥ ʫʟʨʦʢ ʧʨʦʩʪʦʨʥʝ ʠ ʚʨʝʤʝʥʩʢʝ 

ʧʨʦʤʝʥˀʠʚʦʩʪʠ ʥʠʚʦʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʠ ˁʝʥ ʚʘʨʠʿʘʙʠʣʠʪʝʪ ʠʤʘ ʧʦʩʣʝʜʠʮʝ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ. 

ʈʘʟʣʠʢʝ ʠʟʤʝʹʫ ʘʤʙʠʿʝʥʪʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʟʝʤˀʠʰʪʘ ʪʘʢʦʹʝ ʩʫ ʚʘʞʥʠ ʬʘʢʪʦʨʠ ʢʦʿʠ 

ʫʪʠʯʫ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ. ʂʘʜʘ ʿʝ ʟʝʤˀʠʰʪʝ ʭʣʘʜʥʠʿʝ ʦʜ ʚʘʟʜʫʭʘ, ʢʘʞʝ ʩʝ 

ʜʘ ʿʝ ʘʪʤʦʩʬʝʨʘ ʩʪʘʙʠʣʥʘ. ʀ ʦʙʨʥʫʪʦ, ʢʘʜʘ ʿʝ ʟʝʤˀʠʰʪʝ ʪʦʧʣʠʿʝ ʦʜ ʚʘʟʜʫʭʘ, ʢʘʞʝ ʩʝ ʜʘ ʿʝ 

ʘʪʤʦʩʬʝʨʘ ʥʝʩʪʘʙʠʣʥʘ (Reynolds, 1996) [159]. ʀʩʪʨʘʞʠʚʘʯ ʆʢʝ (ʝʥʛ. Oke, 1987) [160] ʿʝ ʠʟʿʘʚʠʦ ʜʘ 

˂ʝ ʩʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʨʘʩʧʨʰʠʪʠ ʙʝʟ ʪʝʰʢʦ˂ʝ ʧʨʠ ʥʝʩʪʘʙʠʣʥʠʤ ʩʪʘˁʠʤʘ ʪʠʧʠʯʥʠʤ ʟʘ ʩʫʥʯʘʥʝ 

ʜʘʥʝ. ʅʘʿʛʦʨʠ ʫʩʣʦʚʠ ʜʠʩʧʝʨʟʠʿʝ ʥʘʩʪʘʿʫ ʢʘʜʘ ʧʦʩʪʦʿʠ ʪʝʤʧʝʨʘʪʫʨʥʘ ʠʥʚʝʨʟʠʿʘ (ʫʟʨʦʢʦʚʘʥʘ ʪʦʧʣʠʤ 

ʚʘʟʜʫʭʦʤ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʠʟʥʘʜ ʭʣʘʜʥʠʿʝʛ ʚʘʟʜʫʭʘ) ʠ ʢʘʜʘ ʿʝ ʘʪʤʦʩʬʝʨʘ ʩʪʘʙʠʣʥʘ. 

 

ʂʘʦ ʦʧʰʪʝ ʧʨʘʚʠʣʦ, ʠʩʪʨʘʞʠʚʘʯʢʠ ʧʨʠʩʪʫʧ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʦʙʫʭʚʘʪʘ 

(Afiq, 2012) [161]: 1) ʄʝʨʝˁʘ ʫ ʜʝʬʠʥʠʩʘʥʦʿ ʦʙʣʘʩʪʠ; 2) ɽʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʤʦʜʝʣʠʤʘ ʫʤʘˁʝʥʠʭ 

ʫʣʠʮʘ ʠ ʟʛʨʘʜʘ; 3) ʆʧʝʨʘʪʠʚʥʦ ʤʦʜʝʣʠʨʘˁʝ ʠ 4) ʂʦʤʧʿʫʪʝʨʩʢʫ ʩʠʤʫʣʘʮʠʿʫ ʜʠʥʘʤʠʢʝ ʬʣʫʠʜʘ (CFD).  

 

ʊʝʭʥʠʢʘ ʪʝʨʝʥʩʢʦʛ ʤʝʨʝˁʘ ʠʟʚʦʜʠ ʩʝ ʧʦʤʦ˂ʫ ʘʥʝʤʦʤʝʪʨʘ (DePaul and Sheih, 1986) [162] ʠ 

ʘʥʘʣʠʟʘʪʦʨʘ ʘʝʨʦʟʘʛʘʹʝˁʘ (Zhang et al., 2003) [163] ʟʘ ʙʨʟʠʥʝ ʩʪʨʫʿʘˁʘ ʚʝʪʨʦʚʘ ʠ ʤʝʨʝˁʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʨʝʩʧʝʢʪʘʙʠʣʥʦ. ʊʠʤʝ ʩʫ ʦʙʝʟʙʝʹʝʥʠ ʥʝʦʧʭʦʜʥʠ ʧʦʜʘʮʠ ʢʦʿʠ 

ʦʙʿʘʰˁʘʚʘʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʩʪʨʫʢʪʫʨʝ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ, ʦʜʥʦʩʥʦ ʨʘʩʧʦʜʝʣʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ. ʆʩʠʤ ʪʦʛʘ, ʪʦʢʦʤ ʜʚʘ ʦʜʚʦʿʝʥʘ ʠʩʪʨʘʞʠʚʘˁʘ (Chan and Kwok, 2000; Zhang et al., 

2003) [164], [163] ʠʟʚʝʜʝʥ ʿʝ ʥʠʟ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʠ ʫʩʧʝʰʥʦ ʿʝ 

ʠʥʜʝʥʪʠʬʠʢʦʚʘʥʘ ʚʨʝʤʝʥʩʢʘ ʨʝʟʦʣʫʮʠʿʘ ʪʦʢʦʤ ʿʝʜʥʦʛ ʜʘʥʘ ʠ ʪʘʢʦ ʦʜʨʝʹʝʥʘ ʚʨʝʤʝʥʩʢʘ 

ʜʠʩʪʨʠʙʫʮʠʿʘ ʨʘʩʧʦʜʝʣʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ.  

 

ʋʧʦʪʨʝʙʦʤ ʠʩʪʠʭ ʘʧʘʨʘʪʘ ʟʘ ʤʝʨʝˁʝ, ʤʦʛʫ ʩʝ ʠʟʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʫʥʫʪʘʨ ʘʝʨʦʜʠʥʘʤʠʯʢʠʭ 

ʪʫʥʝʣʘ ʥʘ ʤʦʜʝʣʠʤʘ ʫʤʘˁʝʥʠʭ ʫʣʠʮʘ ʠ ʟʛʨʘʜʘ. ɳʠʭʦʚʘ ʧʨʝʜʥʦʩʪ ʿʝʩʫ ʢʦʥʪʨʦʣʠʩʘʥʠ ʘʪʤʦʩʬʝʨʩʢʠ 

ʫʩʣʦʚʠ. ʉʝʤ ʪʦʛʘ, ʧʦʩʪʘʚʢʘ ʟʛʨʘʜʘ ʤʦʞʝ ʙʠʪʠ ʢʦʥʬʠʛʫʨʠʩʘʥʘ ʧʨʝʤʘ ʞʝˀʝʥʠʤ ʛʝʦʤʝʪʨʠʿʘʤʘ ʫʣʠʮʘ 

ʠ ʨʘʟʤʝʨʝ ʤʦʛʫ ʚʘʨʠʨʘʪʠ ʦʜ ʤʘˁʠʭ ʜʦ ʚʝ˂ʠʭ ʩʢʘʣʘ. ɺʝ˂ʠʥʘ ʪʘʢʚʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʤʘʣʘ ʿʝ ʟʘ ʮʠˀ 

ʚʘʣʠʜʘʮʠʿʫ ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ. ɹʘʟʘ ʧʦʜʘʪʘʢʘ ʩʘ ɸʨʭʠʪʝʢʪʦʥʩʢʦʛ ʠʥʩʪʠʪʫʪʘ ʫ ɱʘʧʘʥʫ (Architectural 

Institute of Japan) ʠ ʢʦʤʧʠʣʘʮʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʩʨʘʟʤʝʨʥʦ ʫʤʘˁʝʥʠʭ 



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
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ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ (ʝʥʛ. Compilation of Experimental Data for Validation of Microscale Dispersion 

Model) ʦʙʝʟʙʝʜʠʣʠ ʩʫ ʙʨʦʿʥʝ ʧʦʜʘʪʢʝ ʦ ʧʦˀʫ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ ʠ ʜʠʩʧʝʨʟʠʿʠ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʨʠ 

ʨʘʟʣʠʯʠʪʠʤ ʢʦʥʬʠʛʫʨʘʮʠʿʘʤʘ ʩʨʘʟʤʝʨʥʦ ʫʤʘˁʝʥʠʭ ʫʣʠʮʘ.  

 

ʅʝʢʦʣʠʢʦ ʦʧʩʝʞʥʠʭ ʧʨʝʛʣʝʜʘ ʿʝ ʜʦʩʪʫʧʥʦ ʫ ʣʠʪʝʨʘʪʫʨʠ, ʧʦʧʫʪ ɺʘʨʜʦʫʣʘʢʠʩʘ ʠ ʦʩʪʘʣʠʭ (ʝʥʛ. 

Vardoulakis et al., 2003) [64], ɸʭʤʘʜʘ ʠ ʦʩʪʘʣʠʭ (ʝʥʛ. Ahmad et al., 2005) [165], ʃʠʘ ʠ ʦʩʪʘʣʠʭ (ʝʥʛ. 

Li et al., 2006) [166] ʫ ʢʦʿʠʤʘ ʩʝ ʜʝʪʘˀʥʦ ʘʥʘʣʠʟʠʨʘ ʠʩʪʨʘʞʠʚʘʯʢʠ ʧʨʠʩʪʫʧ ʤʦʜʝʣʠʨʘˁʘ ʪʦʢʦʤ 

ʧʨʦʮʝʩʘ ʠʩʧʠʪʠʚʘˁʘ ʜʠʩʧʝʨʟʠʿʝ, ʧʦʧʫʪ ʪʝʨʝʥʩʢʦʛ ʤʝʨʝˁʘ, ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫʥʫʪʘʨ ʘʝʨʦʜʠʥʘʤʠʯʥʦʛ 

ʪʫʥʝʣʘ ʠ CFD ʤʦʜʝʣʠʨʘˁʘ. ʉʚʘʢʠ ʦʜ ʧʦʤʝʥʫʪʠʭ ʧʨʝʛʣʝʜʘ ʦʙʝʟʙʝʹʫʿʝ ʢʦʨʠʩʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʧʦˀʫ 

ʚʝʪʨʦʚʘ ʠ ʧʨʝʥʦʩʫ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʘʣʠ ʠʤ ʥʝʜʦʩʪʘʿʝ ʦʙʿʘʰˁʝˁʝ ʦ ʛʝʥʝʨʠʩʘʥʦʤ ʨʝʞʠʤʫ ʩʪʨʫʿʘˁʘ 

ʚʘʟʜʫʭʘ ʠ ʜʠʩʧʝʨʟʠʿʠ ʤʘʪʝʨʠʿʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʛʝʦʤʝʪʨʠʿʩʢʠʤ ʦʜʥʦʩʠʤʘ (ʚʠʩʠʥʘ ʟʛʨʘʜʘ/ʰʠʨʠʥʘ 

ʫʣʠʮʝ). ʉʪʫʜʠʿʘ ʠʟʚʝʜʝʥʘ ʫ ʿʝʜʥʦʿ ʩʪʘʤʙʝʥʦʿ ʟʦʥʠ ʫ ʆʩʣʫ (Larssen te al., 1993) [167] ʥʘʧʨʘʚʠʣʘ ʿʝ 

ʧʦʢʫʰʘʿ ʢʚʘʥʪʠʬʠʢʘʮʠʿʝ ʠʟʣʦʞʝʥʦʩʪʠ ʧʦʧʫʣʘʮʠʿʝ ʰʪʝʪʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʠʟ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ. 

ʇʨʠ ʪʦʤʝ ʿʝ ʫʚʝʜʝʥ ʢʦʨʝʢʪʠʚʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʩʘ ʮʠˀʝʤ ʜʝʬʠʥʠʩʘˁʘ ʚʘʨʠʿʘʮʠʿʝ ʫ ʠʤʠʩʠʿʘʤʘ ʩʘ 

ʧʨʦʤʝʥʦʤ ʚʠʩʠʥʝ ʩʪʘʥʦʚʘˁʘ, ʜʦʢ ʩʫ ʜʨʫʛʠ ʘʫʪʦʨʠ (Croxford and Penn, 1998) [168] ʧʨʝʜʣʦʞʠʣʠ 

ʫʚʦʹʝˁʝ ʬʘʢʪʦʨʘ ,,ʩʪʨʘʥa ʫʣʠʮʝñ ʫʢʦʣʠʢʦ ʿʝ ʧʨʘʚʘʮ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʥʦʨʤʘʣʘʥ ʠʣʠ ʩʢʦʨʦ 

ʥʦʨʤʘʣʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ.  

 

ʇʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʘ ʩʪʫʜʠʿʘ (Larssen te al., 1993) [167] ʧʨʝʜʩʪʘʚʠʣʘ ʿʝ ʢʦʨʝʢʪʠʚʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʟʘ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʨʦʤʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʩʘ ʧʨʦʤʝʥʦʤ ʚʠʩʠʥʝ ʩʪʘʥʦʚʘˁʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ, 

ʢʦʝʬʠʮʠʿʝʥʪʫ ʿʝ ʜʘʪʘ ʧʨʦʠʟʚʦˀʥʘ ʚʨʝʜʥʦʩʪ 1 ʟʘ ʧʦʜʨʫʤ/ʩʫʪʝʨʝʥ, ʧʨʠʟʝʤˀʝ ʠ ʧʨʚʠ ʩʧʨʘʪ ʟʛʨʘʜʝ 

ʦʢʨʝʥʫʪʝ ʢʘ ʫʣʠʮʠ (ʥʠʟʚʦʜʥʘ ʟʛʨʘʜʘ), ʟʘʪʠʤ ʚʨʝʜʥʦʩʪ 0,5 ʟʘ ʜʨʫʛʠ ʠ ʪʨʝ˂ʠ ʩʧʨʘʪ, ʠ 0,25 ʟʘ ʩʚʝ 

ʥʠʚʦʝ ʠʟʥʘʜ ʪʨʝ˂ʝʛ ʩʧʨʘʪʘ. ʇʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʿʝʜʥʘʯʠʥʝ, ʟʘ ʜʨʫʛʠ ʩʧʨʘʪ ʩʫʧʨʦʪʥʝ ʟʛʨʘʜʝ 

ʜʦʙʠʿʝʥ ʿʝ ʢʦʨʝʢʪʠʚʥʠ ʬʘʢʪʦʨ 0,7, ʟʘ ʪʨʝ˂ʠ ʩʧʨʘʪ 0,6 ʠ ʪʘʢʦ ʜʘˀʝ, ʰʪʦ ʥʘʤ ʧʨʫʞʘ ʬʠʟʠʯʢʠ ʨʝʘʣʥʠʿʫ 

ʧʨʝʜʩʪʘʚʫ ʦ ʧʨʦʬʠʣʫ ʚʝʨʪʠʢʘʣʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ ʥʘ ʬʘʩʘʜʠ ʟʛʨʘʜʝ. ʅʘʚʝʜʝʥʘ ʩʪʫʜʠʿʘ ʿʝ ʜʦʢʘʟʘʣʘ 

ʭʠʧʦʪʝʟʫ ʜʘ ʧʦʧʫʣʘʮʠʿʘ ʢʦʿʘ ʞʠʚʠ ʫ ʟʘʚʝʪʨʝʥʦʿ (ʝʥʛ. leeward) ʟʦʥʠ ʫʣʠʮʝ ʤʦʞʝ ʙʠʪʠ ʠʟʣʦʞʝʥʘ 

ʚʝ˂ʠʤ ʥʠʚʦʠʤʘ ʘʝʨʦʟʘʛʘʹʝˁʘ ʥʝʛʦ ʦʥʘ ʢʦʿʘ ʞʠʚʠ ʫ ʚʝʪʨʦʚʠʪʦʿ (ʝʥʛ. windward) ʟʦʥʠ ʫʣʠʮʝ. ʂʘʦ ʰʪʦ 

ʩʫ ʜʨʫʛʠ ʘʫʪʦʨʠ ʚʝ˂ ʧʨʝʜʣʦʞʠʣʠ (Croxford and Penn, 1998) [169], ʩʪʫʜʠʿʝ ʢʦʿʝ ʧʦʢʫʰʘʚʘʿʫ ʜʘ 

ʧʦʚʝʞʫ ʩʘʦʙʨʘ˂ʘʿʥʦ ʘʝʨʦʟʘʛʘʹʝˁʝ ʠ ʫʪʠʮʘʿ ʥʘ ʟʜʨʘʚˀʝ ˀʫʜʠ ʪʨʝʙʘ ʜʘ ʫʟʤʫ ʫ ʦʙʟʠʨ ʬʘʢʪʦʨ ,,ʩʪʨʘʥa 

ʫʣʠʮʝñ.    

 

ʋʧʨʢʦʩ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʥʫʤʝʨʠʯʢʠʭ ʩʪʫʜʠʿʘ, ʚʨʣʦ ʤʘʣʦ ʿʝ ʝʢʧʝʨʠʤʝʥʘʪʘ ʠʟʚʝʜʝʥʦ ʫ ʨʝʘʣʥʦʿ ʨʘʟʤʝʨʠ. 

ʅʘ ʪʘʢʘʚ ʥʘʯʠʥ ʤʦʛʫ˂ʝ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʩʠʤʫʣʪʘʥʝ ʧʦʜʘʪʢʝ ʩʪʨʫʿʘˁʘ ʚʝʪʨʦʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʘʿ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʤʝʨʝˁʘ ʚʝʪʨʦʚʘ ʠʟ 

ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (ʧʨʘʚʘʮ, ʩʤʝʨ, ʙʨʟʠʥʘ, ʦʜʥʦʩʥʦ ʿʘʯʠʥʘ ʠ ʩʪʨʫʢʪʫʨʘ). ɺʝʦʤʘ ʿʝ ʚʘʞʥʦ ʠʩʪʘ˂ʠ 

ʯʠˁʝʥʠʮʫ ʜʘ ʩʫ ʨʝʘʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʿʝʜʠʥʠ ʧʨʝʜʩʪʘʚʥʠʮʠ ʣʦʢʘʣʥʠʭ ʫʩʣʦʚʘ ʠ ʧʨʠ ʪʦʤʝ ʩʝ ʟʘʭʪʝʚʘ 

ʤʝʨʝˁʝ ʥʘ ʚʠʰʝ ʣʦʢʘʮʠʿʘ (ʫ ʫʣʠʮʠ ʠ ʠʟʚʘʥ ˁʝ) ʨʘʜʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʦʧʰʪʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʘʝʨʦʟʘʛʘʹʝˁʘ (Longley et al., 2004) [170]. 
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2.8. ʉʘʚʨʝʤʝʥʠ ʤʦʜʝʣʠ ʧʨʦʮʝʥʝ ʘʝʨʦʟʘʛʘʹʝˁʘ 

 
ʋ ʩʚʝʪʫ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ, ʘ ʤʝʹʫ 

ˁʠʤʘ ʠʤʘ ʧʦʩʝʙʥʦ ʨʘʟʚʠʿʝʥʠʭ ʟʘ ʧʨʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ.  

 

ʇʦʿʝʜʠʥʝ ʛʨʫʧʝ ʘʫʪʦʨʘ (Zannetti, 1999; Moussiopoulos et al., 1996; Scaperdas, 2000) [171], [172], 

[173] ʧʨʝʜʩʪʘʚʠʣʝ ʩʫ ʦʧʰʪʫ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʧʨʝʤʘ:   

1) ɿʦʥʠ ʧʨʦʩʪʠʨʘˁʘ (ʦʜ ʣʦʢʘʣʥʝ ʜʦ ʛʣʦʙʘʣʥʝ);  

2) ʌʠʟʠʯʢʠʤ ʠ ʤʘʪʝʤʘʪʠʯʢʠʤ ʧʨʠʥʮʠʧʠʤʘ (ʩʪʘʪʠʩʪʠʯʢʠ, ʛʘʫʩʦʚʠ, CFD ʠʪʜ.);  

3) ʅʠʚʦʫ ʩʣʦʞʝʥʦʩʪʠ (ʝʤʧʠʨʠʿʩʢʠ, ʧʦʣʫʝʤʧʠʨʠʿʩʢʠ, ʥʫʤʝʨʠʯʢʠ ʠʪʜ.);  

4) ɼʦʤʝʥʫ ʜʝʣʦʚʘˁʘ (ʧʦʣʠʪʠʢʘ, ʠʩʪʨʘʞʠʚʘˁʝ ʠʪʜ.).  

 

ʄʝʹʫʪʠʤ, ʟʥʘʪʥʦ ʧʨʝʮʠʟʥʠʿʫ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʜʝʬʠʥʠʩʘo je ɺʘʨʜʦʫʣʘʢʠʩ ʩʘ ʦʩʪʘʣʠʤʘ (ʝʥʛ. 

Vardoulakis et al., 2003) [64], ʧʨʠ ʯʝʤʫ ʩʝ ʨʝʟʫʣʪʘʪʠ ʪʘʢʚʝ ʧʦʜʝʣʝ ʥʘʣʘʟʝ ʫ ʪʘʙʝʣʠ 2.6 (ʩʘ ʥʘʟʠʚʠʤʘ 

ʤʦʜʝʣʘ). ʋʩʣʝʜ ʥʝʜʦʩʪʘʪʢʘ ʪʘʯʥʦʛ ʥʘʟʠʚʘ, ʧʦʿʝʜʠʥʠʤ ʤʦʜʝʣʠʤʘ ʿʝ ʜʦʜʝˀʝʥʦ ʠʤʝ ʘʫʪʦʨʘ.  

 

ʊʘʙʝʣʘ 2.6 ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ 

ʇʘʨʘʤʝʪʘʨʩʢʠ (ʦʧʝʨʘʪʠʚʥʠ) ʅʫʤʝʨʠʯʢʠ 

ɽʤʧʠʨʠʿʩʢʠ ʇʦʣʫʝʤʧʠʨʠʿʩʢʠ ʆʿʣʝʨ 

ʃʘʥʛʨʘʥʞ 
ʉʪʘʪʠʩʪʠʯʢʠ 

ʄʝʩʪʦ 

ʤʝʨʝˁʘ 
ʈʝʰʝʪʢʝ ,,BOXᾷᾷ 

ʋʣʠʮʘ 

ʦʙʣʠʢʘ 

ʢʘˁʦʥʘ 

ɻʘʫʩʦʚʠ 

ʄʠʢʨʦʩʢʘʣʘ 

(CFD 

ʤʦʜʝʣʠʨʘˁʝ) 

ʋʨʙʘʥʘ 

ʩʢʘʣʘ 

ɼʝʨʚʝʥʪ ʠ 
ʄʠʜʜʣʝʪʦʥ 

(1996.) 

COPREM CAR STREET CPBM ADMS - 
Urban 

PHOENICS MEMO GEM 

 ʂʘʨʠʤ ʠ 
ʆʭʥʦ (2000.) 

AEOLIUS MAPS OSPM INDIC 
AIRVIRO 

FLUENT METRAS ɸʜʠʩʦʥ ʠ 
ʦʩʪʘʣʠ (2000.) 

ʉʪʝʜʤʘʥ ʠ 

ʦʩʪʘʣʠ 
(2001.) 

 AEOLIUSQ BOX AEOLIUS TNO - 

Traffic 

STAR - CD CALGRID  

  STREET ʅʠʢʦʣʩʦʥ 

(1975.) 

CALINE4 CAR - FMI CFX - 

TASCflow 

 ɱʠʯʘ ʠ ʦʩʪʘʣʠ 

(2000.) 
  UK DMRB  ʍʦʪʯʢʠʥʩ 

ʠ ʍʘʨʣʦʚ 

(1973.) 

PROKAS - 

V 

PANCHE   

     HIWAY - 2 MERCURE  ʍʠʘ ʠ ʃʝʫʥʛ 

(2001.) 

     CALINE4 CHENSI   

     APRAC MISKAM    

     PUFFER MIMO   

      MITRAS   

      FloVENT   

 

ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʦʚʦ ʩʘʤʦ ʦʩʥʦʚʥʠ ʪʠʧʦʚʠ ʤʦʜʝʣʘ. ɼʦʜʘʪʥʦ ʩʝ ʤʦʜʝʣʠ ʧʨʦʮʝʥʝ 

ʘʝʨʦʟʘʛʘʹʝˁʘ ʤʦʛʫ, ʫʟ ʧʦʰʪʦʚʘˁʝ ʧʨʦʩʪʦʨʥʠʭ ʨʘʟʤʝʨʘ, ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʿʝʜʥʫ ʦʜ ʰʠʨʠʭ 

ʢʘʪʝʛʦʨʠʿʘ, ʦʜʥʦʩʥʦ ʩʘ ʨʘʟʤʝʨʦʤ ʜʫʞʠʥʝ ʦʜ ʧʨʝʢʦ 1.000 km, ʟʘʪʠʤ ʠʟʤʝʹʫ 1 ʠ 1.000 km ʠ ʤʦʜʝʣʠ ʩʘ 

ʨʘʟʤʝʨʦʤ ʜʫʞʠʥʝ ʠʩʧʦʜ 1 km. ʋʢʨʘʪʢʦ ʦʙʿʘʰˁʝʥʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʤʦʜʝʣʘ ʩʣʝʜʠ (ʦʩʠʤ 

ʤʦʜʝʣʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʢʘʩʥʠʿʝ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʧʦʩʝʙʥʦ ʦʧʠʩʘʥʠ) (Vardoulakis et al., 2003) [64]: 
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1) ʇʘʨʘʤʝʪʘʨʩʢʠ (ʠʣʠ ʦʧʝʨʘʪʠʚʥʠ ʤʦʜʝʣ) - ʦʚʦ je ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʢʦʿʠ ʠʟʨʘʞʘʚʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʘʝʨʦʟʘʛʘʹʝˁʘ ʢʘʦ ʬʫʥʢʮʠʿʫ ʥʠʟʘ ʧʨʦʤʝʥˀʠʚʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʫʩʣʦʚʘ ʠ 

ʝʤʧʠʨʠʿʩʢʠ ʠʟʚʝʜʝʥʠʭ ʥʝʧʨʦʤʝʥˀʠʚʠʭ ʚʝʣʠʯʠʥʘ; 

2) ɽʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ - ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʢʦʿʠ ʩʝ ʫʛʣʘʚʥʦʤ ʠʟʚʦʜʠ ʠʟ ʩʪʘʪʠʩʪʠʯʢʠʭ 

ʘʥʘʣʠʟʘ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠʣʠ ʠʟ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ; 

3) ʉʪʘʪʠʩʪʠʯʢʠ ʤʦʜʝʣ - ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʩʪʘʪʠʩʪʠʯʢʠʤ ʪʝʭʥʠʢʘʤʘ (ʥʧʨ. ʨʝʛʨʝʩʠʿʘ, 

ʜʠʩʪʨʠʙʫʮʠʿʘ ʬʨʝʢʬʝʥʮʠʿʘ ʠʪʜ.) ʨʘʜʠ ʘʥʘʣʠʟʝ ʪʨʝʥʜʦʚʘ ʠ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʢʚʘʣʠʪʝʪʘ 

ʚʘʟʜʫʭʘ ʠ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʮʠˀʫ ʧʨʦʛʥʦʟʝ ʝʧʠʟʦʜʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ. ʋ 

ʩʫʰʪʠʥʠ ʿʝ ʦʛʨʘʥʠʯʝʥ, ʿʝʨ ʥʝ ʩʪʚʘʨʘ ʫʟʨʦʯʥʦ-ʧʦʩʣʝʜʠʯʥʝ ʚʝʟʝ. ʄʦʞʝ ʙʠʪʠ ʢʦʨʠʩʪʘʥ ʫ 

ʢʨʘʪʢʦʨʦʯʥʠʤ ʧʨʦʛʥʦʟʘʤʘ; 

4) ʄʦʜʝʣ ʤʝʩʪʘ ʤʝʨʝˁʘ (ʝʥʛ. receptor model) - ʨʘʟʤʘʪʨʘ ʨʝʛʠʩʪʨʦʚʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʩʘ 

ʩʪʘʥʦʚʠʰʪʘ ʤʝʩʪʘ ʤʝʨʝˁʘ ʠ ʧʦʢʫʰʘʚʘ ʜʘ ʨʘʩʧʦʜʝʣʠ ʜʦʧʨʠʥʦʩʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ; 

5) ʇʦʣʫʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ - ʦʚʘ ʢʘʪʝʛʦʨʠʿʘ ʤʦʜʝʣʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʥʝʢʦʣʠʢʦ ʚʨʩʪʘ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʢʦʤʙʠʥʘʮʠʿʠ ʪʝʦʨʠʿʩʢʠʭ ʘʥʘʣʠʟʘ ʠ ʝʤʧʠʨʠʿʩʢʠʭ 

ʧʘʨʘʤʝʪʘʨʘ;  

6) ʄʦʜʝʣ ʥʘ ʙʘʟʠ ɻʘʫʩʦʚʝ ʨʘʩʧʦʜʝʣʝ (ʝʥʛ. Gaussian plume model) - ʝˁʛʦʚʘ ʛʣʘʚʥʘ 

ʧʨʝʪʧʦʩʪʘʚʢʘ ʿʝʩʪʝ ʜʘ ʩʝ ʩʪʨʫʿʘˁʝ (ʪʦʢ, ʧʨʦʩʪʠʨʘˁʝ) ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ 

ʧʨʦʨʘʯʫʥʘʚʘ ʧʨʝʤʘ ɻʘʫʩʦʚʦ ʿʿʝʜʥʘʯʠʥʠ ʜʠʩʧʝʨʟʠʿʝ (ʝʥʛ. Gaussian dispersion equation) 

ʦʙʣʘʢʘ ʛʘʩʦʚʠʪʠʭ ʤʘʪʝʨʠʿʘ (ɾʫʥʠ˂, 2003) [174] (ʥʘʿʯʝʰ˂ʝ ʫʧʦʪʨʝʙˀʘʚʘʥ ʤʦʜʝʣ ʧʨʦʮʝʥʝ 

ʘʝʨʦʟʘʛʘʹʝˁʘ). ʋ ʜʘˀʝʤ ʪʝʢʩʪʫ ˂ʝ ʩʝ ʟʘ ʤʦʜʝʣ ɻʘʫʩʦʚ ʨʘʩʧʦʜʝʣʝ ʢʦʨʠʩʪʠʪʠ ʥʘʟʠʚ 

,,ʤʦʜʝʣ ɻʘʫʩʦʚʝ ʜʠʩʪʨʠʙʫʮʠʿʝñ;  

7) BOX ʤʦʜʝʣ (ʝʥʛ. BOX model) - ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʥʟʝʨʚʘʮʠʿʫ ʤʘʩʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ 

(ɾʫʥʠ˂, 2003) [174] ʠ ʭʦʤʦʛʝʥʦ ʤʝʰʘˁʝ ʢʨʦʟ ʟʘʧʨʝʤʠʥʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʆʿʣʝʨ 

ʂʫʪʠʿʝ, ʢʦʿʘ ʤʦʞʝ ʧʨʝʜʩʪʘʚˀʘʪʠ ʮʝʦ ʛʨʘʜ ʠʣʠ ʩʘʤʦ ʫʣʠʮʫ ʦʙʣʠʢʘ ʢʘˁʦʥʘ;   

8) ʄʦʜʝʣ ʨʝʰʝʪʢʝ - ʿʝʜʥʦʩʪʘʚʘʥ ʤʦʜʝʣ (ʝʤʧʠʨʠʿʩʢʠ ʠʣʠ ʧʦʣʫʝʤʧʠʨʠʿʩʢʠ) ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ 

ʙʨʟ ʧʨʝʛʣʝʜ ʥʠʚʦʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʝʨʦʟʘʛʘʹʝˁʘ. ɿʘʭʪʝʚʘ ʤʘʣʠ ʙʨʦʿ ʫʣʘʟʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʦʙʠʯʥʦ ʧʨʠʭʚʘʪʘ ʧʨʦʩʝʯʥʝ ʤʝʪʝʦʨʦʣʦʰʢʝ ʧʘʨʘʤʝʪʨʝ;  

9) ʅʫʤʝʨʠʯʢʠ ʤʦʜʝʣ (ʤʦʜʝʣ ʧʨʦʨʘʯʫʥʘ) - ʦʚʦ ʿʝ ʥʘʧʨʝʜʥʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʢʦʿʠ 

ʨʝʰʘʚʘ ʥʫʤʝʨʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʛʣʘʚʥʦʛ ʪʦʢʘ ʠ ʜʠʩʧʝʨʟʠʿʫ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʟʘ ʜʘʪʝ 

ʛʨʘʥʠʯʥʝ ʫʩʣʦʚʝ, ʢʦʨʠʩʪʝ˂ʠ ʆʿʣʝʨʦʚ ʠʣʠ ʃʘʛʨʘʥʞ ʧʨʠʩʪʫʧ; 

10) ʆʿʣʝʨʦʚ ʤʦʜʝʣ - ʦʥ ʨʝʰʘʚʘ ʥʫʤʝʨʠʯʢʠ (ʠʣʠ ʘʥʘʣʠʪʠʯʢʠ ʥʘ ʦʩʥʦʚʫ ʧʦʩʝʙʥʠʭ, 

ʫʧʨʦʰ˂ʝʥʠʭ ʧʨʝʪʧʦʩʪʘʚʢʠ) ʿʝʜʥʘʯʠʥʫ ʤʝʰʘˁʘ ʛʘʩʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʘʪʤʦʩʬʝʨʝ 

ʫʩʣʦʚˀʝʥʫ ʤʦʣʝʢʫʣʘʨʥʦʤ ʜʠʬʫʟʠʿʦʤ ʧʦʤʦ˂ʫ ʬʠʢʩʥʦʛ ʨʝʬʝʨʝʥʪʥʦʛ ʩʠʩʪʝʤʘ. ɼʦʤʝʥ 

ʠʟʨʘʯʫʥʘʚʘˁʘ ʿʝ ʧʦʜʝˀʝʥ ʥʘ ʠʟʚʝʩʪʘʥ ʙʨʦʿ ʟʦʥʘ, ʢʦʿʝ ʟʙʦʛ ʦʙʣʠʢʘ ʤʦʞʝʤʦ ʟʚʘʪʠ ʂʫʪʠʿʝ;  

11) ʃʘʛʨʘʥʞ ʤʦʜʝʣ - ʢʘʦ ʘʣʪʝʨʥʘʪʠʚʘ ʆʿ ʣʝʨʦʚʦʤ ʧʨʠʩʪʫʧʫ, ʦʚʘʿ ʤʦʜʝʣ ʦʧʠʩʫʿʝ ʝʣʝʤʝʥʪʝ 

ʬʣʫʠʜʘ (ʟʚʘʥʠʭ ʜʝʦ ʠʣʠ ʯʝʩʪʠʮʘ) ʢʦʿʠ ʧʨʘʪʝ ʪʨʝʥʫʪʥʠ ʪʦʢ ʩʪʨʫʿʘˁʘ. ʂʨʝʪʘˁʝ ʯʝʩʪʠʮʘ ʩʝ 

ʤʦʞʝ ʩʠʤʫʣʠʨʘʪʠ ʧʦʤʦ˂ʫ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʭ ʠ ʩʪʘʪʠʩʪʠʯʢʠʭ ʙʨʟʠʥʘ. ʃʘʛʨʘʥʞ ʤʦʜʝʣ 

ʩʣʝʜʠ ʧʨʦʩʝʯʥʦ ʘʪʤʦʩʬʝʨʩʢʦ ʢʨʝʪʘˁʝ;  
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12) ʄʦʜʝʣ ʢʦʤʧʿʫʪʝʨʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʜʠʥʘʤʠʢʝ ʬʣʫʠʜʘ (CFD) (ʝʥʛ. Computational Fluid 

Dynamics) - ʪʦ ʿʝ ʥʘʧʨʝʜʥʠ ʆʿʣʝʨʦʚ ʤʦʜʝʣ ʢʦʿʠ ʩʝ ʤʦʞʝ ʙʘʚʠʪʠ ʩʣʦʞʝʥʠʤ ʛʨʘʥʠʯʥʠʤ 

ʫʩʣʦʚʠʤʘ ʢʦʨʠʩʪʝ˂ʠ ʥʫʤʝʨʠʯʢʝ ʤʨʝʞʝ ʤʘʣʠʭ ʨʘʟʤʝʨʘ;  

13) ʉʨʘʟʤʝʨʥʦ ʫʤʘˁʝʥ (ʩʢʘʣʠʨʘʥ) ʤʦʜʝʣ - ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʩʚʠʭ ʜʨʫʛʠʭ ʤʘʪʝʤʘʪʠʯʢʠʭ 

ʤʦʜʝʣʘ, ʦʥ ʩʝ ʥʘʟʠʚʘ ʠ ʬʠʟʠʯʢʠʤ ʤʦʜʝʣʦʤ. ɿʘʩʥʠʚʘ ʩʝ ʥʘ ʩʣʝʜʝ˂ʝʤ ʧʨʠʥʮʠʧʫ: 

ʩʤʘˁʝˁʝʤ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʨʘʟʤʝʨʘ ʜʘʪʦʛ ʜʦʤʝʥʘ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ ʠ ʧʦʜʝʰʘʚʘˁʝʤ 

ʨʝʬʝʨʝʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʢʘʦ ʰʪʦ ʿʝ ʥʘ ʧʨʠʤʝʨ ʙʨʟʠʥʘ ʩʪʨʫʿʘˁʘ, ʦʨʠʛʠʥʘʣʥʠ ʫʩʣʦʚʠ 

ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʤʝʩʪʘ ʤʝʨʝˁʘ ʙʠ ʤʦʛʣʠ ʙʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʨʝʧʨʦʜʫʢʦʚʘʥʠ ʫ ʧʫʥʦʿ 

ʤʝʨʠ. ʊʝʭʥʠʢʘ ʢʦʿʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʿʝʩʪʝ ʤʦʜʝʣʠʨʘˁʝ ʫʥʫʪʘʨ ʘʝʨʦʜʠʥʘʤʠʯʢʦʛ 

ʚʘʟʜʫʰʥʦʛ ʪʫʥʝʣʘ.   

 

2.8.1. ʄʦʜʝʣ CPBM 

 
CPBM ʤʦʜʝʣ (ʝʥʛ. Canyon Plume Box Model) (Yamartino and Wiegand, 1986) [175] ʢʦʤʙʠʥʫʿʝ ʤʦʜʝʣ 

ɻʘʫʩʦʚʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʨʘʜʠ ʧʨʦʮʝʥʝ ʜʠʨʝʢʪʥʦʛ ʫʪʠʮʘʿʘ ʝʤʠʩʠʿʝ ʫʥʫʪʘʨ ʫʣʠʮʝ ʠ BOX ʤʦʜʝʣ ʢʦʿʠ 

ʨʘʯʫʥʘ ʜʦʜʘʪʥʦ ʜʝʿʩʪʚʦ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʟʘʨʦʙˀʝʥʠʭ ʚʠʭʦʨʦʤ. ʉʪʨʫʿʘˁʝ ʚʝʪʨʘ ʩʝ ʨʝʧʨʦʜʫʢʫʿʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʪʦʜʦʣʦʛʠʿʝ ʧʨʝʜʣʦʞʝʥʝ ʦʜ ʩʪʨʘʥʝ ʍʦʪʯʢʠʩʘ ʠ ʍʘʨʣʦʚʘ (ʝʥʛ. Hotchkiss and Harlow, 

1973) [176] ʟʘ ʜʚʝ ʪʨʘʥʩʬʝʥʟʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʣʦʛʘʨʠʪʘʤʩʢʠʤ ʠʟʨʘʟʦʤ ʫʟʜʫʞʥʝ ʢʦʤʧʦʥʝʥʪʝ. 

ɽʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʛʝʥʝʨʠʩʘʥʫ ʪʫʨʙʫʣʝʥʮʠʿʫ ʚʝʪʨʘ, ʪʝʨʤʠʯʢʝ ʝʬʝʢʪʝ ʠʟʘʟʚʘʥʝ 

ʩʦʣʘʨʥʦʤ ʨʘʜʠʿʘʮʠʿʦʤ, ʢʘʦ ʠ ʢʦʤʝʰʘˁʝ ʚʘʟʜʫʰʥʝ ʤʘʩʝ ʫʩʣʝʜ ʚʦʟʠʣʘ ʫ ʧʦʢʨʝʪʫ. ʊʘʢʚʠʤ ʧʨʠʩʪʫʧʦʤ 

ʜʦʙʠʿʘ ʩʝ ʩʠʛʤʘ ʧʘʨʘʤʝʪʘʨ ʪʫʨʙʫʣʝʥʮʠʿʝ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʩʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ ʙʨʟʠʥʝ ʧʨʦʪʦʢʘ 

ʦʢʦ ʛʣʘʚʥʝ ʩʪʨʫʿʝ ʚʘʟʜʫʰʥʝ ʤʘʩʝ.  

 

ʆʙʣʘʢ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʛʝʥʝʨʠʩʘʥ ʫʥʫʪʘʨ ʫʣʠʮʝ ʿʝʩʪʝ ʧʦʜʝˀʝʥ ʥʘ ʪʨʠ ʩʝʛʤʝʥʪʘ, ʢʦʿʠ, ʧʦ 

ʧʨʝʪʧʦʩʪʘʚʮʠ, ʧʨʘʪʝ ʪʦʢ ʧʨʦʩʪʠʨʘˁʘ ʧʨʝʤʘ ʤʦʜʝʣʫ ɻʘʫʩʦʚʝ ʜʠʩʪʨʠʙʫʮʠʿʝ. ɺʦʜʝ˂ʠ ʨʘʯʫʥʘ ʦ 

ʫʢʫʧʥʦʿ ʤʘʩʠ ʫʩʢʦʤʝʰʘʥʦʛ ʚʘʟʜʫʭʘ, ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ˁʝʥʦ ʜʝʿʩʪʚʦ ʧʨʝʢʦ ʢʦʤʧʦʥʝʥʪʝ (ʜʦʧʨʠʥʦʩʘ) 

ʨʝʮʠʨʢʫʣʘʮʠʿʝ. ʅʘ ʟʘʚʝʪʨʝʥʦʿ ʩʪʨʘʥʠ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, ʫʢʫʧʘʥ ʫʪʠʮʘʿ ʿʝ ʠʟʨʘʯʫʥʘʪ ʜʦʜʘʚʘˁʝʤ 

ʦʙʣʘʢʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʜʠʨʝʢʪʥʦ ʫ ʬʦʨʤʘʮʠʿʫ ʨʝʮʠʨʢʫʣʘʮʠʿʝ (ʚʠʭʦʨ) ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʜʦʢ ʥʘ 

ʚʝʪʨʦʚʠʪʦʿ ʩʪʨʘʥʠ ʢʘˁʦʥʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʦʧʘʜʘ ʫʩʣʝʜ ʫʣʠʚʘ ʩʚʝʞʝʛ ʚʘʟʜʫʭʘ, 

ʧʦʪʠʩʥʫʪʘ ʜʝʿʩʪʚʦʤ ʚʝʪʨʘ ʢʦʿʠ ʩʪʨʫʿʠ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ.  

 

2.8.2. ʄʦʜʝʣ AEOLIUS  

 
ʄʦʜʝʣ AEOLIUS (Buckland, 1998) [177] ʿʝʩʪʝ ʙʘʟʠʨʘʥ ʥʘ ʢʦʥʮʝʧʪʫ ʠ ʪʝʭʥʠʢʘʤʘ ʧʨʝʪʭʦʜʥʦ 

ʫʧʦʪʨʝʙˀʝʥʠʭ ʟʘ ʨʘʟʚʦʿ ʦʧʝʨʘʪʠʚʥʦʛ ʤʦʜʝʣʘ ʟʘʛʘʹʝˁʘ ʫʣʠʮʝ (OSPM) (ʝʥʛ. Operational Street 

Pollution Model) (Hertel and Berkowicz, 1989a) [178]. ʆʚʘʿ ʧʦʣʫʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ ʚʨʰʠ ʧʨʦʨʘʯʫʥ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʩʘ ʦʙʝ ʩʪʨʘʥʝ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʪʨʠ 

ʜʦʧʨʠʥʦʩʘ: 
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¶ ɼʠʨʝʢʪʥʠ ʜʦʧʨʠʥʦʩ ʝʤʠʩʠʿʝ ʦʜ ʠʟʚʦʨʘ ʜʦ ʤʝʩʪʘ ʤʝʨʝˁʘ;  

¶ ɼʦʧʨʠʥʦʩ ʨʘʰʯʣʘˁʝʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫʩʣʝʜ ʩʧʠʨʘʣʥʦʛ ʢʨʫʞʝˁʘ ʦʢʦ ʚʠʭʦʨʘ ʫ ʟʦʥʠ 

ʨʝʮʠʨʢʫʣʘʮʠʿʝ; 

¶ ɼʦʧʨʠʥʦʩ ʘʝʨʦʟʘʛʘʹʝˁʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ.  

 

ɿʘ ʧʨʦʨʘʯʫʥ ʜʠʨʝʢʪʥʦʛ ʫʪʠʮʘʿʘ ʠʩʢʦʨʠʰ˂ʝʥ ʿʝ ʤʦʜʝʣ ɻʘʫʩʦʚʝ ʜʠʩʪʨʠʙʫʮʠʿʝ, ʜʦʢ BOX ʤʦʜʝʣ ʜʘʿʝ 

ʨʘʰʯʣʘˁʝʥʝ ʢʦʤʧʦʥʝʥʪʝ ʨʝʮʠʨʢʫʣʘʮʠʿʝ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʥʘʚʝʜʝʥʠ ʤʦʜʝʣ ʙʘʟʠʨʘʥ ʥʘ ʠʩʪʦʿ 

ʬʦʨʤʫʣʘʮʠʿʠ ʢʘʦ OSPM, ʥʝ ʤʦʞʝ ʩʝ ʠʩʢˀʫʯʠʪʠ ʤʦʛʫ˂ʥʦʩʪ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʮʝʥʘ ʢʦʿʝ ʤʦʛʫ ʜʘʪʠ 

ʥʘʚʝʜʝʥʠ ʜʦʧʨʠʥʦʩʠ, ʧʨʝ ʩʚʝʛʘ ʟʙʦʛ ʤʦʛʫ˂ʠʭ ʨʘʟʣʠʢʘ ʫ ʧʘʨʘʤʝʪʘʨʠʟʘʮʠʿʠ, ʪʝʭʥʠʢʘʤʘ ʜʦʙʠʿʘˁʘ ʠ 

ʫʧʦʪʨʝʙʠ ʧʦʜʘʪʘʢʘ ʥʝʦʧʭʦʜʥʠʭ ʟʘ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʤʦʜʝʣʘ.  

 

2.8.3. ʄʦʜʝʣ CAL4 

 
ʄʦʜʝʣ CAL4 ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʣʝʜˁʫ ʚʝʨʟʠʿʫ ʂʘʣʠʥʘ ʩʝʨʠʿʝ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ. ɱʝʜʘʥ ʿʝ 

ʦʜ ʥʘʿʚʠʰʝ ʧʦʪʚʨʹʠʚʘʥʠʭ ʠ ʜʦʩʪʫʧʥʠʭ ʤʦʜʝʣʘ ʟʘ ʧʨʦʮʝʥʫ ʫʪʠʮʘʿʘ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʥʘ 

ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʧʦʨʝʜ ʢʦʣʦʚʦʟʘ (Benson, 1989) [19]. ɳʝʛʦʚʘ ʰʠʨʦʢʘ ʫʧʦʪʨʝʙʘ ʫ ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʠ 

ʥʘʫʯʥʠʤ ʢʨʫʛʦʚʠʤʘ ʤʦʞʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥʘ ʢʚʘʣʠʪʝʪʥʠʤ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʤ ʧʨʦʮʝʥʘʤʘ ʫ ʬʫʥʢʮʠʿʠ 

ʫʧʨʘʚˀʘˁʘ ʩʘʦʙʨʘ˂ʘʿʥʠʤ ʪʦʢʦʚʠʤʘ ʥʘ ʘʫʪʦ-ʧʫʪʝʚʠʤʘ (Jones, 2000) [179].  

 

CAL4 ʢʦʨʠʩʪʠ ʤʦʜʝʣ ɻʘʫʩʦʚʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʨʘʜʠ ʧʨʦʨʘʯʫʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ 

ʝʤʠʪʦʚʘʥʠʭ ʦʜ ʣʠʥʠʿʩʢʦʛ ʠʟʚʦʨʘ ʠ ʧʦʜʝˀʝʥʠʭ ʫ ʩʝʨʠʿʝ ʝʣʝʤʝʥʘʪʘ ʤʦʜʝʣʠʨʘʥʠʭ ʢʘʦ ʝʢʚʠʚʘʣʝʥʪ 

ʢʦʥʘʯʥʠʭ ʠʟʚʦʨʘ ʜʫʞ ʧʦʩʤʘʪʨʘʥʝ ʜʝʦʥʠʮʝ ʢʦʿʘ ʿʝ ʥʦʨʤʘʣʥʘ ʥʘ ʧʨʘʚʘʮ ʩʪʨʫʿʘˁʘ ʚʝʪʨʘ. ʆʙʣʘʩʪ 

ʥʝʧʦʩʨʝʜʥʦ ʠʟʥʘʜ ʢʦʣʦʚʦʟʘ, ʧʦʜ ʥʘʟʠʚʦʤ ʟʦʥʘ ʤʝʰʘˁʘ, ʧʨʝʜʩʪʘʚˀʘ ʦʙʣʘʩʪ ʫʥʠʬʦʨʤʥʝ ʝʤʠʩʠʿʝ ʠ 

ʪʫʨʙʫʣʝʥʮʠʿʝ. ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʝ ʫ ʦʢʚʠʨʫ ʧʦʤʝʥʫʪʝ ʟʦʥʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʠ ʤʝʭʘʥʠʯʢʘ 

ʪʫʨʙʫʣʝʥʮʠʿʘ ʚʘʟʜʫʭʘ ʦʜ ʚʦʟʠʣʘ ʫ ʧʦʢʨʝʪʫ, ʢʘʦ ʠ ʪʝʨʤʘʣʥʘ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʰʥʝ ʤʘʩʝ ʫʩʣʝʜ 

ʟʘʛʨʝʿʘʥʦʩʪʠ ʤʦʪʦʨʘ ʠ ʢʘʨʦʩʝʨʠʿʝ (Benson, 1992) [180]. ʀʘʢʦ ʩʝ ʤʦʜʝʣ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʟʘ ʧʨʦʮʝʥʫ 

ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʢʦʣʦʚʦʟʘ, ʨʝʣʘʪʠʚʥʦ ʤʘʣʠ ʙʨʦʿ ʩʪʫʜʠʿʘ ʿʝ ʘʥʘʣʠʟʠʨʘʦ 

ˁʝʛʦʚʫ ʫʧʦʪʨʝʙˀʠʚʦʩʪ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʠ ʫ ʦʙʣʘʩʪʠʤʘ ʢʦʿʝ ʦʙʫʭʚʘʪʘʿʫ ʟʦʥʝ ʛʨʘʜʩʢʠʭ 

ʨʘʩʢʨʩʥʠʮʘ (ʠʘʢʦ ʿʝ ʫ ʩʘʤʦʤ ʤʦʜʝʣʫ ʧʦʥʫʹʝʥʘ ʦʧʮʠʿʘ ʧʨʦʨʘʯʫʥʘ). ʏʘʢ ʩʘʤʠ ʧʨʦʿʝʢʪʘʥʪʠ ʤʦʜʝʣʘ 

ʥʘʚʦʜʝ ʜʘ ʦʥ ʥʠʿʝ ʜʦʚʦˀʥʦ ʠʩʧʠʪʘʥ ʫ ʦʚʘʢʚʦʤ ʦʢʨʫʞʝˁʫ ʠ ʜʘ ʩʫ ʥʝʦʧʭʦʜʥʝ ʜʦʜʘʪʥʝ ʧʨʦʚʝʨʝ.  

 

ɱʝʜʥʘ ʦʜ ʨʝʪʢʠʭ ʩʪʫʜʠʿʘ ʠʟʚʝʜʝʥʘ ʿʝ ʪʦʢʦʤ ʤʦʥʠʪʦʨʠʥʛ ʢʘʤʧʘˁʝ ʫʥʫʪʘʨ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʫ 

ʛʨʘʜʫ ʅʘʥʪʫ (ʌʨʘʥʮʫʩʢʘ) (Vardoulakis, 2002) [57], ʧʨʠ ʯʝʤʫ ʿʝ ʫʩʚʦʿʝʥ ʥʠʟ ʧʦʜʘʪʘʢʘ ʫʢˀʫʯʫʿʫ˂ʠ: 

ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ CO (Buckland and Middleton, 1999) [112], ʧʦʜʘʪʢʝ ʦ ʩʘʦʙʨʘ˂ʘʿʫ, ʤʝʪʝʦʨʦʣʦʰʢʝ 

ʧʘʨʘʤʝʪʨʝ, ʚʠʩʠʥʫ ʤʝʰʘˁʘ ʪʝʨʤʠʯʢʠʭ ʪʫʨʙʫʣʝʥʮʠʿʘ (Benson, 1992) [180] ʠ ʜʦʧʨʠʥʦʩʝ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ. ʇʨʦʮʝˁʝʥʝ ʩʨʝʜˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʧʦ ʩʘʪʠʤʘ ʥʘ ʠʩʪʦʯʥʦʿ ʩʪʨʘʥʠ 

ʢʘˁʦʥʘ ʫʧʦʨʝʹʝʥʝ ʩʫ ʩʘ ʦʥʠʤ ʢʦʿʝ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʝ. ʋʟʦʨʢʦʚʘʥʝ ʜʥʝʚʥʝ ʚʘʨʠʿʘʮʠʿʝ 

ʧʦʢʘʟʘʣʝ ʩʫ ʜʦʙʨʦ ʩʣʘʛʘˁʝ ʩʘ ʧʨʦʮʝˁʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ CAL4 ʤʦʜʝʣʘ.  
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2.8.4. ʄʦʜʝʣ OSPM 

 
ʋ ʮʠˀʫ ʦʙʝʟʙʝʹʝˁʘ ʿʝʜʥʦʩʪʘʚʥʝ ʤʝʪʦʜʝ ʧʨʦʮʝʥʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʥʦʨʜʠʿʩʢʠʤ 

ʛʨʘʜʦʚʠʤʘ, ɺʝ˂ʝ ʤʠʥʠʩʪʘʨʘ ʥʦʨʜʠʿʩʢʠʭ ʟʝʤʘˀʘ (ʝʥʛ. Nordic Council of Ministers) ʬʠʥʘʥʩʠʨʘʣʦ ʿʝ 

1984. ʛʦʜʠʥʝ ʨʘʟʚʦʿ ʤʦʜʝʣʘ ʟʘ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʠʟ ʘʫʪʦʤʦʙʠʣʘ (NCMCE) (ʝʥʛ. 

Nordic Computational Method for Car Exhausts).  

 

ʇʦʯʝʪʥʘ ʚʝʨʟʠʿʘ ʩʝ ʩʘʩʪʦʿʘʣʘ ʦʜ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ ʠ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ, ʩ ʪʠʤ ʰʪʦ ʿʝ ʧʨʚʠ ʥʘʩʪʘʦ ʥʘ 

ʦʩʥʦʚʫ ʧʦʩʪʦʿʝ˂ʝʛ ʠʩʢʫʩʪʚʘ ʩʘ ʝʤʠʩʠʦʥʠʤ ʬʘʢʪʦʨʠʤʘ, ʤʦʜʝʣʠʨʘˁʫ ʠ ʩʪʨʫʢʪʫʠʨʘˁʫ ʩʘʦʙʨʘ˂ʘʿʥʠʭ 

ʪʦʢʦʚʘ, ʜʦʢ ʿʝ ʜʨʫʛʠ ʩʚʦʿʝ ʧʨʦʨʘʯʫʥʝ ʠʤʠʩʠʿʝ ʙʘʟʠʨʘʦ ʥʘ ʚʝ˂ ʨʘʟʚʠʿʝʥʦʤ STREET (STanford 

REsEarch insTitute) ʤʦʜʝʣʫ.  

 

ʇʨʚʝ ʧʨʦʮʝʥʝ ʤʦʜʝʣʘ ʯʠʥʠʣʝ ʩʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ NO2 ʠ CO. ʅʝʜʦʩʪʘʮʠ NCMCE ʤʦʜʝʣʘ, ʢʘʦ ʰʪʦ ʿʝ 

ʨʘʩʠʧʘˁʝ ʧʦʤʝʥʫʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ, ʚʦʜʠʣʠ ʩʫ ʜʦ ʧʦʪʨʝʙʝ ʟʘ ʙʦˀʠʤ ʦʧʠʩʦʤ ʬʝʥʦʤʝʥʘ ʜʠʩʧʝʨʟʠʿʝ 

ʫʥʫʪʘʨ ʫʣʠʮʝ. ʉʘ ʪʘʢʚʠʤ ʨʘʜʦʤ ʟʘʧʦʯʝʪʦ ʿʝ 1987. ʛʦʜʠʥʝ ʫ ɼʘʥʩʢʦʤ ʥʘʮʠʦʥʘʣʥʦʤ ʠʥʩʪʠʪʫʪʫ ʟʘ 

ʠʩʪʨʘʞʠʚʘˁʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (NERI) (ʝʥʛ. National Environmental Research Institute) ʫ ʩʘʨʘʜˁʠ ʩʘ 

ʅʦʨʚʝʰʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʟʘ ʠʩʪʨʘʞʠʚʘˁʝ ʚʘʟʜʫʭʘ (NIAR) (ʝʥʛ. Norwegian Institute for Air Research). 

ʂʘʦ ʨʝʟʫʣʪʘʪ ʟʘʿʝʜʥʠʯʢʦʛ ʨʘʜʘ ʥʘʩʪʘʦ ʿʝ ʥʦʚʠ ʤʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ, ʦʜʥʦʩʥʦ oʧʝʨʘʪʠʚʥʠ ʤʦʜʝʣ 

ʟʘʛʘʹʝˁʘ ʫʣʠʮʝ (OSPM) (ʝʥʛ. Operational Street Pollution Model). ʅʦʚʘ ʚʝʨʟʠʿʘ ʿʝ ʦʙʿʘʚˀʝʥʘ 

1993.ʛʦʜʠʥʝ, ʫ ʢʦʿʦʿ ʩʝ ʜʝʦ ʟʘʜʫʞʝʥ ʟʘ ʧʨʦʨʘʯʫʥ ʜʠʩʧʝʨʟʠʿʝ ʦʩʣʘˁʘʦ ʥʘ OSPM ʤʦʜʝʣ, ʤʝʹʫʪʠʤ, 

ʧʨʝʜʚʠʹʘʦ ʿʝ ʩʘʤʦ ʥʘʿʚʝ˂ʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʟʘʥʝʤʘʨʫʿʫ˂ʠ ʘʢʪʫʝʣʥʝ ʤʝʪʝʦʨʦʣʦʰʢʝ ʫʩʣʦʚʝ (Hertel and 

Berkowicz, 1990) [181]. 

 

ʈʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʩʫ ʥʝʦʧʭʦʜʥʝ ʤʦʜʝʣʫ OSPM ʟʘ ʧʨʦʮʝʥʫ ʘʝʨʦʟʘʛʘʹʝˁ ʘ. ʆʚʠ 

ʧʦʜʘʮʠ ʦʙʫʭʚʘʪʘʿʫ:  

¶ ʄʝʪʝʦʨʦʣʦʰʢʝ ʧʘʨʘʤʝʪʨʝ;  

¶ ɸʝʨʦʟʘʛʘʹʝˁʝ ʠʟ ʦʢʦʣʠʥʝ ʩʨʝʜʠʥʝ;  

¶ ʇʦʜʘʪʢʝ ʦ ʝʤʠʩʠʿʠ ʚʦʟʠʣʘ;  

¶ ʇʦʜʘʪʢʝ ʦ ʩʘʦʙʨʘ˂ʘʿʥʠʤ ʪʦʢʦʚʠʤʘ; 

¶ ʇʦʜʘʪʢʝ ʦ ʢʦʥʬʠʛʫʨʘʮʠʿʠ ʫʣʠʮʝ.  

 

ʂʦʥʬʠʛʫʨʘʮʠʿʘ ʫʣʠʮʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʧʝʮʠʬʠʯʥʝ ʛʝʦʤʝʪʨʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʣʠʮʝ ʠ ʦʢʨʫʞʝˁʘ, ʘ 

ʪʦ ʩʫ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʨʝʛʫʣʠʰʫ ʫʩʣʦʚʝ ʫ ʩʘʦʙʨʘ˂ʘʿʥʦʤ ʪʦʢʫ. ʂʦʥʬʠʛʫʨʘʮʠʿʘ ʫʣʠʮʝ 

ʦʙʫʭʚʘʪʘ:  

¶ ʐʠʨʠʥʫ ʫʣʠʮʝ (W); 

¶ ʆʧʰʪʫ ʚʠʩʠʥʫ ʟʛʨʘʜʘ ʦʢʦ ʫʣʠʮʝ (H); 

¶ ʆʨʠʿʝʥʪʘʮʠʿʫ ʩʠʤʝʪʨʘʣʝ ʫʣʠʮʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʝʚʝʨ; 

¶ ʆʙʣʘʩʪʠ ʩʘ ʟʛʨʘʜʘʤʘ ʢʦʿʝ ʩʝ ʨʘʟʣʠʢʫʿʫ ʦʜ ʦʧʰʪʝ ʚʠʩʠʥʝ ʟʛʨʘʜʘ.  
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ʉʪʫʜʠʿʝ ʚʘʣʠʜʘʮʠʿʝ OSPM ʤʦʜʝʣʘ ʧʦʢʘʟʘʣʝ ʩʫ ʜʦʙʨʦ ʩʣʘʛʘˁʝ ʠʟʤʝʹʫ ʠʟʤʝʨʝʥʠʭ ʠ ʧʨʦʮʝˁʝʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʦʿʝʜʠʥʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫʥʫʪʘʨ ʜʚʝ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʫ ʂʦʧʝʥʭʘʛʝʥʫ 

(ɼʘʥʩʢʘ) (Hertel and Berkowicz, 1989b; 1989c) [182], [183] ʠ ʿʝʜʥʝ ʫ ʆʩʣʫ (ʅʦʨʚʝʰʢʘ) (Berkowicz et 

al., 1997b) [184]. ʊʘʢʦ ʩʫ ʍʝʨʪʝʣ ʠ ɹʝʨʢʦʚʠ˂ ʫ ʧʨʚʦʿ ʧʦʤʝʥʫʪʦʿ ʩʪʫʜʠʿʠ ʜʘʣʠ ʧʦʨʝʹʝˁʝ ʠʟʤʝʨʝʥʠʭ ʠ 

ʤʦʜʝʣʠʨʘʥʠʭ ʩʨʝʜˁʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ NOx ʧʦ ʩʘʪʠʤʘ. ʇʨʠ ʪʦʤʝ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ, 

ʧʦʧʫʪ ʧʨʦʩʝʯʥʦʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʧʦ ʩʘʪʠʤʘ, ʘʝʨʦʟʘʛʘʹʝˁʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʠ 

ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʨʘ, ʟʘʿʝʜʥʦ ʩʘ ʜʝʬʠʥʠʩʘʥʠʤ ʧʦʜʘʮʠʤʘ ʦ ʢʦʥʬʠʛʫʨʘʮʠʿʠ ʫʣʠʮʝ. ʂʨʘʿˁʠ 

ʨʝʟʫʣʪʘʪ ʿʝ ʧʦʢʘʟʘʦ ʜʦʙʨʦ ʩʣʘʛʘˁʝ (R=0,88) ʠʟʤʝʹʫ ʠʟʤʝʨʝʥʠʭ ʠ ʧʨʦʮʝˁʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ NOx. 

 

ʋʩʘʚʨʰʘʚʘˁʝ ʧʘʨʘʤʝʪʘʨʠʟʘʮʠʿʝ ʫʥʫʪʘʨ OSPM-ʘ ʫʥʘʧʨʝʜʠʣʦ ʿʝ ˁʝʛʦʚ ʨʘʜ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʨʘʟʣʠʯʠʪʠʤ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘʤʘ ʫʣʠʮʘ ʠ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʝʦʨʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ. ʄʝʹʫʪʠʤ, ʤʦʨʘ ʩʝ ʠʤʘʪʠ ʥʘ ʫʤʫ 

ʜʘ ʥʠʿʝʜʘʥ ʤʦʜʝʣ ʥʝ ʤʦʞʝ ʦʙʫʭʚʘʪʠʪʠ ʩʚʝ ʤʦʛʫ˂ʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʠ ʥʝ ʤʦʞʝ ʩʠʤʫʣʠʨʘʪʠ ʩʚʝ ʨʝʘʣʥʝ 

ʫʩʣʦʚʝ. ʋʧʨʢʦʩ ʩʚʠʤ ʩʚʦʿʠʤ ʫʧʨʦʰ˂ʘʚʘˁʠʤʘ, OSPM ʙʦˀʝ ʬʫʥʢʮʠʦʥʠʰʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ CPBM 

ʤʦʜʝʣʦʤ (Aquilina and Micallef, 2004) [33].  

 

ʋ ʜʨʫʛʦʤ ʧʦʨʝʹʝˁʫ OSPM-ʘ ʠʩʢʦʨʠʰ˂ʝʥ ʿʝ ʤʦʜʝʣ AEOLIUS ʜʘ ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʝ ʩʨʝʜˁʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʧʦ ʩʘʪʠʤʘ ʫ ʥʠʚʦʫ ʿʝʜʥʝ ʫʣʠʮʝ ʫ ʅʘʥʪʫ (ʌʨʘʥʮʫʩʢʘ). ʀʘʢʦ ʥʠʿʝ ʙʠʣʦ 

ʜʨʘʤʘʪʠʯʥʠʭ ʨʘʟʣʠʢʘ ʫ ʩʪʘʪʠʩʪʠʯʢʦʿ ʘʥʘʣʠʟʠ ʟʘ ʨʘʟʣʠʯʠʪʘ ʪʝʩʪʠʨʘˁʘ, ʤʦʜʝʣ OSPM ʿʝ ʧʨʝʮʠʟʥʠʿʝ 

ʧʨʦʮʝʥʠʦ ʥʠʚʦʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʦʤʝʥʫʪʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʠ ʤʦʜʝʣ (Vardoulakis, 

2002) [57]. OSPM-ʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʿʝ ʠʟʥʦʩʠʦ 0,68ï0,77 ʟʘ 1 ʩʘʪ ʫ ʧʨʦʩʝʢʫ ʠ 0,81ï0,89 ʟʘ 

8 ʩʘʪʠ ʫ ʧʨʦʩʝʢʫ.     

 

ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʥʠʿʝ ʧʨʦʥʘʹʝʥʦ ʧʦʨʝʹʝˁʝ ʠʟʤʝʹʫ ʤʦʜʝʣʘ OSPM ʠ CAL4. ʆʩʠʤ ʪʦʛʘ, ʞʝʣʠ ʩʝ 

ʜʦʜʘʪʥʦ ʧʨʦʚʝʨʠʪʠ ʢʘʢʚʝ ʧʨʦʮʝʥʝ ʤʦʞʝ ʜʘʪʠ CAL4 ʤʦʜʝʣ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʥʝʤʘ ʤʥʦʛʦ ʩʪʫʜʠʿʘ ʢʦʿʝ ʩʫ 

ʚʨʰʠʣʝ ʚʝʨʠʬʠʢʘʮʠʿʫ ʨʝʟʫʣʪʘʪʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʩʘ ʰʫʧˀʠʥʘʤʘ (ʝʥʛ. gap) ʫ ˁʝʛʦʚʠʤ 

ʩʪʨʘʥʠʮʘʤʘ, ʿʝʨ ʩʫ ʪʦ ʧʨʝʪʝʞʥʦ ʙʠʣʝ ʩʪʫʜʠʿʝ ʩʧʨʦʚʝʜʝʥʝ ʫ ʠʜʝʘʣʥʠʤ ʢʘˁʦʥʠʤʘ (ʙʝʟ ʰʫʧˀʠʥʘ, 

ʦʜʥʦʩʥʦ ʦʪʚʦʨʘ). ʇʨʘʢʪʠʯʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʙʝʟ ʦʪʚʦʨʘ ʫ ˁʝʛʦʚʠʤ ʩʪʨʘʥʠʮʘʤʘ 

ʩʝ ʚʝʦʤʘ ʨʝʪʢʦ ʩʫʩʨʝ˂ʫ ʫ ʫʨʙʘʥʦʿ ʤʦʨʬʦʣʦʛʠʿʠ, ʧʘ ʙʠ ʟʘʪʦ ʿʝʜʥʦ ʦʚʘʢʚʦ ʠʩʧʠʪʠʚʘˁʝ ʤʦʛʣʦ 

ʜʦʧʨʠʥʝʪʠ ʙʦˀʝʤ ʨʘʟʫʤʝʚʘˁʫ ʢʦʿʝ ʩʫ ʪʦ ʧʨʝʜʥʦʩʪʠ, ʦʜʥʦʩʥʦ ʥʝʜʦʩʪʘʮʠ ʢʦʿʠ ʧʦʿʝʜʠʥʠ ʤʦʜʝʣʠ 

ʜʠʩʧʝʨʟʠʿʝ ʠʤʘʿʫ. ʉʚʘʢʘʢʦ, ʫ ʩʚʝʤʫ ʪʦʤʝ ʿʝ ʚʘʞʥʦ ʧʨʝʧʦʟʥʘʪʠ ʠ ʦʢʦʣʥʦʩʪʠ, ʦʜʥʦʩʥʦ ʜʘ ʣʠ ʧʦʿʝʜʠʥʠ 

ʫʩʣʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʨʝʟʫʣʪʘʪʝ ʪʝʩʪʘ ʧʦʧʫʪ, ʥʘ ʧʨʠʤʝʨ, ʧʨʘʚʮʘ ʜʝʣʦʚʘˁʘ ʚʝʪʨʘ ʠʟ 

ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ.  

 

ʐʪʦ ʩʝ ʪʠʯʝ OSPM ʤʦʜʝʣʘ, ʪʦ ʿʝ ʜʦʙʨʦ ʧʦʟʥʘʪ ʠ ʚʝʨʠʬʠʢʦʚʘʥ ʤʦʜʝʣ, ʘʣʠ ʜʦ ʩʘʜʘ ʥʠʿʝ ʧʨʠʤʝˁʝʥ ʥʘ 

ʫʣʠʮʘʤʘ ʠ ʚʦʟʥʦʤ ʧʘʨʢʫ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʧʦʤʝʥʫʪʠ ʤʦʜʝʣ ʩʘʜʨʞʠ ʧʨʦʛʨʘʤ 

(COPERT4) ʟʘ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʦʩʣʦˁʝʥ ʥʘ COPERT ʤʝʪʦʜʦʣʦʛʠʿʫ, ʙʠʣʦ ʙʠ ʟʥʘʯʘʿʥʦ 

ʫʪʚʨʜʠʪʠ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ ʥʦʚʦʜʦʙʠʿʝʥʠʭ ɽʌ-ʘ ʠ ʧʨʝʧʦʨʫʯʝʥʠʭ ʫ ʇʨʠʨʫʯʥʠʢʫ ʟʘ ʧʨʦʨʘʯʫʥ 

ʝʤʠʩʠʿʘ (ɽIG, 2009) ʟʘ ʟʝʤˀʝ ʟʘʧʘʜʥʦʛ ɹʘʣʢʘʥʘ. 
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3. ʄɽʊʆɼ ʉʆʇʉʊɺɽʅʀʍ ʀʉʊʈɸɾʀɺɸɳɸ 

 

ʇʨʚʦʙʠʪʥʠ ʤʦʜʝʣʠ ʩʠʤʫʣʘʮʠʿʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʠ ˁʝʥʝ ʜʠʩʧʝʨʟʠʿʝ ʪʨʝʪʠʨʘʣʠ ʩʫ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ ʢʘʦ 

ʩʣʦʙʦʜʘʥ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʪʦʛʘ ʜʘ ʩʫ ʜʘʥʘʩ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʦʥʠ ʟʘʩʪʘʨʝʣʠ, ʦʜʥʦʩʥʦ ʥʝʧʨʘʢʪʠʯʥʠ. 

ɿʘʪʦ ʩʫ ʥʝʦʧʭʦʜʥʠ ʥʦʚʠ ʢʘʢʦ ʙʠ ʩʝ ʨʝʘʣʥʠʿʝ ʩʘʛʣʝʜʘʣʠ ʦʜʥʦʩʠ ʠʟʤʝʹʫ ʩʤʘˁʝʥʦʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ 

ʧʨʦʪʦʢʘ, ʚʝ˂ʝ ʛʫʩʪʠʥʝ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʢʚʘʣʠʪʝʪʘ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ, ʧʨʠ ʯʝʤʫ ʿʝ ʧʨʦʪʝʢʣʠʭ 20 ʛʦʜʠʥʘ 

ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʩʪʨʫʯʥʝ ʿʘʚʥʦʩʪʠ ʙʠʣʘ ʫʩʤʝʨʝʥʘ ʧʨʝʤʘ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʢʘʦ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʚʝʣʠʢʠʤ ʞʘʨʠʰʪʠʤʘ ʘʝʨʦʟʘʛʘʹʝˁʘ.    

 

ʋʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʩʚʦʿʦʤ ʛʝʦʤʝʪʨʠʿʦʤ ʦʤʦʛʫ˂ʘʚʘ ʩʧʝʮʠʬʠʯʥʫ ʤʠʢʨʦʢʣʠʤʫ, ʦʜʥʦʩʥʦ ʫʩʣʦʚʝ 

ʜʠʩʧʝʨʟʠʿʝ, ʤʝʹʫʪʠʤ, ʦʙʘ ʬʘʢʪʦʨʘ ʩʫ ʧʦʜ ʩʥʘʞʥʠʤ ʫʪʠʮʘʿʝʤ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʩʝ 

ʫʨʙʘʥʘ ʨʝʛʠʿʘ ʥʘʣʘʟʠ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʫʣʠʮʘ ʥʘ ʫʨʙʘʥʦʿ ʩʢʘʣʠ ʥʘ ʧʦʩʣʝʜˁʝʤ ʤʝʩʪʫ, ʦʚʦ ʧʠʪʘˁʝ ʿʝ 

ʯʝʩʪʦ ʘʥʘʣʠʟʠʨʘʥʦ ʫ ʦʢʚʠʨʫ ʯʝʪʠʨʠ ʧʨʦʩʪʦʨʥʝ ʟʦʥʝ: ʨʝʛʠʦʥʘʣʥʘ, ʛʨʘʜʩʢʘ, ʟʦʥʘ ʩʫʩʝʜʩʪʚʘ ʠ ʫʣʠʯʥʘ 

ʟʦʥʘ. ʊʝʢ ʦʥʜʘ ʿʝ ʤʦʛʫ˂ʝ ʪʝʦʨʠʿʩʢʠ ʠʩʪʨʘʞʠʪʠ ʩʚʝ ʫʪʠʮʘʿʥʝ ʬʘʢʪʦʨʝ, ʿʝʨ ʧʦʫʟʜʘʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʠʩʧʠʪʠʚʘˁʘ ʤʦʜʝʣʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʨʘʟʫʤʝʚʘˁʘ ʧʨʦʮʝʩʘ ʠ ʢʚʘʣʠʪʝʪʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ.  

 

ɿʘ ʤʦʜʝʣʝ ʧʨʦʮʝʥʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʘʝʨʦʟʘʛʘʹʝˁʘ, ʥʘʿʚʘʞʥʠʿʝ ʫʣʘʟʥʝ ʧʘʨʘʤʝʪʨʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʝʤʠʩʠʦʥʠ ʠ ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʮʠ ʠ ʫʧʨʘʚʦ ˂ʝ ʩʝ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʪʝʦʨʠʿʩʢʠ ʠʩʪʨʘʞʠʪʠ 

ʬʦʨʤʫʣʘʮʠʿʝ ʜʝʬʠʥʠʩʘˁʘ ʝʤʠʩʠʿʝ ʠ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʚʦʿʠʤ ʬʠʟʠʯʢʠʤ ʠ ʭʝʤʠʿʩʢʠʤ ʜʝʣʦʚʘˁʝʤ ʫʪʠʯʫ 

ʥʘ ʜʠʩʧʝʨʟʠʿʫ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ.  

 

ʇʨʠ ʩʚʝʤʫ ʪʦʤʝ ʿʝ ʚʝʦʤʘ ʪʝʰʢʦ ʠʩʧʠʪʠʚʘˁʝ ʫʢʫʧʥʝ ʪʘʯʥʦʩʪʠ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ ʠ ˁʝʥʝ ʜʠʩʧʝʨʟʠʿʝ, 

ʦʜʥʦʩʥʦ ʠʤʠʩʠʿʝ, ʿʝʨ ʩʫ Ăʧʨʘʚʝò ʚʨʝʜʥʦʩʪʠ ʥʝʧʦʟʥʘʪʝ, ʦʜʥʦʩʥʦ ʧʨʘʢʪʠʯʥʦ ʩʝ ʥʝ ʤʦʛʫ ʜʦ ʢʨʘʿʘ 

ʦʜʨʝʜʠʪʠ ʤʝʨʝˁʝʤ. ɿʘ ʧʦʪʧʫʥʫ ʘʥʘʣʠʟʫ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʝʮʠʟʥʦ ʠ ʢʦʥʩʪʘʥʪʥʦ ʤʝʨʝˁʝ ʩʚʠʭ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʫʪʠʮʘʿʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʩʚʠʤ ʚʦʟʠʣʠʤʘ ʫ ʜʘʪʦʤ ʧʝʨʠʦʜʫ ʠ ʜʘʪʦʿ ʦʙʣʘʩʪʠ. ɿʘʪʦ ʿʝ 

ʠʟʚʦʜˀʠʚʘ ʩʘʤʦ ʜʝʣʠʤʠʯʥʘ ʧʨʦʚʝʨʘ ʤʦʜʝʣʘ.  

 

ɻʣʘʚʥʠ ʠʟʚʦʨ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʨʝʛʠʩʪʨʦʚʘʥʠʭ ʠ ʧʨʦʮʝˁʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʿʝʩʫ ʛʨʝʰʢʝ (ʥʝʦʜʨʝʹʝʥʦʩʪʠ) 

ʫ ʧʨʦʨʘʯʫʥʫ ʝʤʠʪʦʚʘʥʝ ʢʦʣʠʯʠʥʝ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʠ ʨʝʟʫʣʪʘʪʘ ʤʦʜʝʣʠʨʘˁʘ ʜʠʩʧʝʨʟʠʿʝ (Kukkonen 

et al., 2001) [26]. ʆʥʝ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʫʦʧʰʪʘʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʣʦʢʘʣʥʝ ʠʣʠ 

ʥʘʮʠʦʥʘʣʥʝ ʤʦʜʝʣʝ ʚʝ˂ʠʭ ʨʘʟʤʝʨʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʪʘʯʥʦʩʪ ʿʝ ʩʤʘˁʝʥʘ ʟʙʦʛ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ 

ʪʠʧʦʚʘ ʛʨʝʰʘʢʘ ʢʦʿʝ ʩʫ ʫʢˀʫʯʝʥʝ ʫ ʩʘʦʙʨʘ˂ʘʿʥʫ ʤʝʪʦʜʦʣʦʛʠʿʫ, ʤʝʪeʦʨʦʣʦʛʠʿʫ ʠ ʧʨʠʢʫʧˀʘˁʝ 

ʧʦʜʘʪʘʢʘ ʦ ʢʚʘʣʠʪʝʪʫ ʚʘʟʜʫʭʘ. 

 

ʄʝʪʦʜʘʤʘ ʩʪʘʪʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʤʦʛʫ˂ʝ ʿʝ ʜʘʪʠ ʦʜʛʦʚʦʨ ʢʦʣʠʢʦ ʿʝ ʠ ʫ ʢʦʤ ʩʤʝʨʫ ʿʝʜʥʘ ʧʨʦʤʝʥˀʠʚʘ 

ʩʘ ʜʨʫʛʦʤ ʧʦʚʝʟʘʥʘ, ʦʜʥʦʩʥʦ ʫ ʢʦʨʝʣʘʮʠʿʠ. ʊʘʢʦʹʝ ʿʝ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ʧʨʦʮʝʥʘʪ ʜʝʪʝʨʤʠʥʠʩʘʥʦʩʪʠ 

ʧʦʟʥʘʪʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʧʦʜ ʫʪʠʮʘʿʝʤ ʿʝʜʥʝ ʠʣʠ ʚʠʰʝ ʜʨʫʛʠʭ ʥʝʟʘʚʠʩʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʘʤʦ ʪʝʦʨʠʿʩʢʠ ʤʦʜʝʣʠ ʤʦʛʫ ʜʦʩʪʠ˂ʠ ʚʠʩʦʢʝ ʢʦʝʬʠʮʠʿʝʥʪʝ 
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ʜʝʪʝʨʤʠʥʘʮʠʿʝ, ʝʤʧʠʨʠʿʩʢʠ ʜʦʙʠʿʝʥʠ ʟʘʢˀʫʯʮʠ ʪʝʩʪʠʨʘˁʘ ʤʦʜʝʣʘ ʠ ʫʪʠʮʘʿʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʝ ʤʦʛʫ 

ʩʝ ʝʬʠʢʘʩʥʦ ʫʧʦʨʝʹʠʚʘʪʠ ʩʘ ʦʥʠʤʘ ʢʦʿʠ ʩʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʜʦʙʠʿʝʥʠ, ʘʣʠ ʿʝ ˁʠʭʦʚ ʟʥʘʯʘʿ 

ʥʝʩʫʤˀʠʚʦ ʚʝʣʠʢʠ, ʿʝʨ ʿʝ ʫʧʨʘʚʦ ʩʪʦʭʘʩʪʠʯʥʦʩʪ ʤʝʭʘʥʠʟʤʘ ʘʪʤʦʩʬʝʨʩʢʝ ʪʫʨʙʫʣʝʥʮʠʿʝ ʟʘʧʨʘʚʦ 

ʧʨʝʜʥʦʩʪ ʝʤʧʠʨʠʿʝ ʢʦʿʫ ʪʝʦʨʠʿʩʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʥʝʤʘʿʫ.   

 

ʇʦʿʝʜʠʥʝ ʩʪʫʜʠʿʝ ʩʫ ʠʟʨʘʟʠʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ, ʦʜʥʦʩʥʦ ʠʩʢˀʫʯʠʚʦ ʟʘʩʥʦʚʘʥʝ ʥʘ ʪʝʨʝʥʩʢʠʤ 

ʤʝʨʝˁʠʤʘ ʫ ʧʫʥʦʤ ʦʙʠʤʫ ʠʣʠ ʥʘ ʤʦʜʝʣʠʤʘ ʫʤʘˁʝʥʠʭ ʨʝʘʣʥʠʭ ʨʘʟʤʝʨʘ (ʩʢʘʣʠʨʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ). 

ɼʨʫʛʝ ʩʫ ʧʦʪʧʫʥʦ ʪʝʦʨʠʿʩʢʝ ʠ ʬʦʢʫʩʠʨʘʥʝ ʥʘ ʠʩʪʨʘʞʠʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʨʝʞʠʤʘ ʩʪʨʫʿʘˁʘ ʚʝʪʨʦʚʘ,  

ʛʝʦʤʝʪʨʠʿʘ ʫʣʠʮʘ ʠ ʦʢʦʣʥʠʭ ʟʛʨʘʜʘ ʧʦʤʦ˂ʫ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ. ʄʝʹʫʪʠʤ, ʩʘʚʨʝʤʝʥʝ ʩʪʫʜʠʿʝ 

ʢʦʤʙʠʥʫʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʘʜ ʠ ʤʘʪʝʤʘʪʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ.  

 

ʋʧʨʘʚʦ ʦʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʪʘʢʘʚ ʧʨʠʤʝʨ, ʧʨʠ ʯʝʤʫ ʫʧʦʪʨʝʙˀʝʥʦ ʤʘʪʝʤʘʪʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʥʝ 

ʠʟʥʦʩʠ ʥʦʚʝ ʬʦʨʤʫʣʘʮʠʿʝ, ʚʝ˂ ʧʦʿʝʜʠʥʝ ʧʦʩʪʦʿʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʠ ʦʜʥʦʩʝ ʤʦʞʝ ʢʦʨʠʛʦʚʘʪʠ ʩʘ ʨʝʘʣʥʦ 

ʜʝʬʠʥʠʩʘʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʢʦʿʠ ʚʘʞʝ ʟʘ ʚʦʟʥʠ ʧʘʨʢ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ (ʥʘ ʧʨʠʤʝʨ: 

ʥʦʚʦʫʩʧʦʩʪʘʚˀʝʥʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʜʦʙʠʿʝʥʠ ʤʝʪʦʜʦʤ ʜʝʜʫʢʮʠʿʝ).    

 

ʀʟ ʩʚʝʛʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ, ʧʦʛʣʘʚˀʝ 3 ʿʝʩʪʝ ʧʦʜʝˀʝʥʦ ʥʘ ʪʝʦʨʠʿʩʢʦ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʠʩʪʨʘʞʠʚʘˁʝ. ʋ ʪʝʦʨʠʿʩʢʦʤ ʜʝʣʫ ʧʘʞˁʘ ʿʝ ʫʩʤʝʨʝʥʘ ʥʘ ʩʘʚʨʝʤʝʥʝ ʠ ʠʩʢʦʨʠʰ˂ʝʥʝ ʤʝʪʦʜʝ ʠ 

ʤʝʪʦʜʦʣʦʛʠʿʝ ʧʨʦʨʘʯʫʥʘ ʝʤʠʩʠʿʝ ʠ ʪʝʦʨʠʿʩʢʝ ʬʦʨʤʫʣʘʮʠʿʝ ʫʧʦʪʨʝʙˀʝʥʠʭ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ. 

ʊʘʢʦʹʝ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʪʘʪʠʩʪʠʯʢʠ, ʦʜʥʦʩʥʦ ʘʥʘʣʠʪʠʯʢʠ ʘʣʘʪʠ ʦʙʨʘʜʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʝʤʠʩʠʿʝ, ʧʦʧʫʪ ʤʦʜʝʣʘ ʙʠʥʦʤʥʝ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ, ˁʝʛʦʚʦ ʩʣʘʛʘˁʝ ʩʘ 

ʫʣʘʟʥʦ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠʤ ʧʨʦʤʝʥˀʠʚʘʤʘ ʠ ʦʩʥʦʚʥʝ ʤʝʨʝ ʧʨʦʮʝʥʝ ʩʣʘʛʘˁʘ ʤʦʜʝʣʘ ʩʘ ʠʟʣʘʟʥʠʤ 

ʧʦʜʘʮʠʤʘ. ʉʚʝ ʧʨʝʪʭʦʜʥʝ ʥʘʚʝʜʝʥʝ ʤʝʨʝ ʠ ʧʨʦʮʝʥʝ ʪʨʝʙʘ ʜʘ ʧʦʤʦʛʥʫ ʧʨʝʮʠʟʠʨʘˁʫ ʦʜʛʦʚʦʨʘ ʥʘ 

ʧʦʩʪʘʚˀʝʥʘ ʧʠʪʘˁʘ ʠʟ ʭʠʧʦʪʝʟʘ 1 ʠ 2 ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ.  

 

ʊʝʦʨʠʿʩʢʦ ʠʩʪʨʘʞʠʚʘˁʝ ʠʤʠʩʠʿʝ ʧʨʝʜʩʪʘʚʠ˂ʝ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʫ ʫʣʠʯʥʫ ʨʘʟʤʝʨʫ ʠ ʤʦʜʝʣʝ 

ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʠʥʪʝʨʝʩʫʿʫ ʦʚʫ ʜʠʩʝʨʪʘʮʠʿʫ, ʘ ʙʠʪʘʥ ʜʝʦ ʧʨʝʜʩʪʘʚˀʘ ʘʥʘʣʠʟʘ 

ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʬʠʟʠʯʢʠʭ ʧʨʦʮʝʩʘ, ʦʜʥʦʩʥʦ ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ ʩʧʝʮʠʬʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʙʝʟ ʢʦʿʠʭ 

ʥʠʿʝʜʘʥ ʤʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ ʥʝ ʙʠ ʤʦʛʘʦ ʜʘ ʬʫʥʢʮʠʦʥʠʰʝ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʘʥʘʣʠʟʘ ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ 

ʥʘ ʠʤʠʩʠʿʫ (ʟʘʿʝʜʥʠʯʢʠ ʫʟʨʦʢʦʚʘʥʫ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ) ʿʝʩʪʝ 

ʠʟʚʝʜʝʥʘ ʧʦʪʧʫʥʠʤ ʯʝʪʚʦʨʦʬʘʢʪʦʨʥʠʤ ʧʣʘʥʦʤ, ʙʠ˂ʝ ʦʙʨʘʟʣʦʞʝʥʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʘ 

ʤʘʪʝʤʘʪʠʯʢʦ-ʩʪʘʪʠʩʪʠʯʢʘ ʬʦʨʤʘ ʠ ʥʝʦʧʭʦʜʥʠ ʟʘʢʦʥʠ ʨʘʩʧʦʜʝʣʝ ʨʘʜʠ ʜʝʬʠʥʠʩʘˁʘ ʛʨʘʥʠʮʘ ʫ 

ʩʣʫʞʙʠ ʧʦʜʨʰʢʝ ʧʣʘʥʩʢʝ ʧʦʩʪʘʚʢʝ.  

 

ʋ ʜʨʫʛʦʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʜʝʣʫ, ʿʘʩʥʦ ˂ʝ ʩʝ ʦʙʿʘʩʥʠʪʠ ʤʝʪʦʜʦʣʦʛʠʿʘ ʠ ʫʩʣʦʚʠ ʫʟʦʨʢʦʚʘˁʘ 

ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʤʦʪʦʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʦʿʝʜʠʥʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʩʨʝʜˁʝ 

ʙʨʟʠʥʝ ʧʦʿʝʜʠʥʠʭ ʢʘʪʝʛʦʨʠʿʘ ʚʦʟʠʣʘ ʫ ʩʘʦʙʨʘ˂ʘʿʥʦʤ ʪʦʢʫ ʠ ʪʝʭʥʠʯʢʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʠ ʦʛʨʘʥʠʯʝˁʘ 

ʫʧʦʪʨʝʙˀʝʥʝ ʤʝʨʥʝ ʦʧʨʝʤʝ.    
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3.1. ʊʝʦʨʠʿʩʢʘ ʠʩʪʨʘʞʠʚʘˁʘ 

 
3.1.1. ʄʘʪʝʨʠʿʘʣ ʠ ʤʝʪʦʜ ʪʝʦʨʠʿʩʢʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʝʤʠʩʠʿʝ   

 
ʆʩʥʦʚʝ ʝʤʧʠʨʠʿʩʢʠʭ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʘʝʨʦʟʘʛʘʹʝˁʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʧʦʩʪʘʚˀʝʥʝ 

ʩʫ ʿʦʰ ʧʨʝ ʚʠʰʝ ʜʝʮʝʥʠʿʘ (Watkins, 1972; Colwill and Hickman, 1981) [185], [186]. ʄʝʹʫʪʠʤ, ʩʚʝ ʜʦ 

60-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛʘ ʚʝʢʘ, ʰʪʝʪʥʦʩʪʠ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʤʦʪʦʨʘ ʩʤʘʪʨʘʥʠ ʩʫ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʤ 

ʧʨʦʙʣʝʤʦʤ. ʇʨʝ ʪʦʛ ʧʝʨʠʦʜʘ, ʩʚʝʩʪ ʿʘʚʥʦʩʪʠ ʿʝ ʫʛʣʘʚʥʦʤ ʙʠʣʘ ʫʦʧʰʪʝʥʘ ʦ ʧʨʦʙʣʝʤʫ ʜʚʘ ʝʤʠʩʠʦʥʘ 

ʬʘʢʪʦʨʘ ʠ ʧʦʩʝʙʥʦ ʧʨʝʤʘ ʥʝʢʠʤ ʦʩʦʙʠʥʘʤʘ ʆʊʆ ʤʦʪʦʨʘ (Eran, 1998) [44], ʦʜʥʦʩʥʦ:  

¶ ʀʟʜʫʚʥʠ ʛʘʩʦʚʠ ʤʦʪʦʨʘ ʩʘʜʨʞʝ ʟʥʘʪʘʥ ʥʠʚʦ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʢʦʿʠ ʫ ʟʘʪʚʦʨʝʥʦʤ ʧʨʦʩʪʦʨʫ 

ʿʝʩʪʝ ʚʝʦʤʘ ʪʦʢʩʠʯʘʥ. ɹʠʣʦ ʿʝ ʦʧʰʪʝ ʧʦʟʥʘʪʦ ʜʘ ʚʦʟʠʣʘ ʪʨʝʙʘ ʜʘ ʩʝ ʢʨʝ˂ʫ ʩʘʤʦ ʫ ʜʦʙʨʦ 

ʧʨʦʚʝʪʨʝʥʦʿ ʩʨʝʜʠʥʠ. ʆʜʛʦʚʘʨʘʿʫ˂ʝ ʨʝʰʝˁʝ ʙʠʣʦ ʿʝ ʜʘ ʧʦʿʝʜʠʥʘʮ ʤʦʨʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʦʢ 

ʫʧʨʘʚˀʘ ʚʦʟʠʣʦʤ, ʧʦʩʝʙʥʦ ʫ ʟʘʪʚʦʨʝʥʠʤ ʦʙʿʝʢʪʠʤʘ, ʧʦʧʫʪ ʧʘʨʢʠʥʛ ʧʨʦʩʪʦʨʘ (ʧʘʨʢʠʥʛ 

ʛʘʨʘʞʝ);  

¶ ɺʦʟʠʣʘ ʯʠʿʠ ʤʦʪʦʨʠ ʨʘʜʝ ʢʦʨʠʩʪʝ˂ʠ ʚʝʦʤʘ ʙʦʛʘʪʫ ʩʤʝʫh ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʠ ʚʘʟʜʫʭʘ 

ʧʨʦʠʟʚʦʜʝ ʥʝʪʦʣʝʨʘʥʪʘʥ ʥʠʚʦ ʮʨʥʦʛ ʜʠʤʘ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʠʟʜʫʚʥʝ ʛʨʘʥʝ. ʊʘʢʦʹʝ, ʫ 

ʟʦʥʘʤʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʢʣʠʧʥʠʭ ʧʨʩʪʝʥʦʚʘ ʧʨʦʠʟʚʦʜʠ ʩʝ, ʫ ʚʝʣʠʢʠʤ ʢʦʣʠʯʠʥʘʤʘ, ʧʣʘʚʦ-

ʩʠʚʠ ʜʠʤ.  

 

ʆʜ ʪʘʜʘ ʩʝ ʦʙʠʤ ʩʘʦʙʨʘ˂ʘʿʘ ʧʦʚʝ˂ʘʚʘʦ, ʫʟʨʦʢʫʿʫ˂ʠ ʩʚʝ ʯʝʰ˂ʘ ʩʘʦʙʨʘ˂ʘʿʥʘ ʟʘʛʫʰʝˁʘ, ʘ ʪʠʤʝ ʠ ʚʝ˂ʝ 

ʫʨʙʘʥʦ-ʝʢʦʣʦʰʢʝ ʧʨʦʙʣʝʤʝ. ʆʧʩʝʛ ʥʘʚʝʜʝʥʦʛ ʤʦʞʝ ʥʘʤ ʦʧʠʩʘʪʠ ʜʦʙʨʦ ʫʪʚʨʹʝʥʘ ʯʠˁʝʥʠʮʘ ʜʘ 

ʩʚʘʢʠ ʣʠʪʘʨ ʩʘʛʦʨʝʣʦʛ ʬʦʩʠʣʥʦʛ ʛʦʨʠʚʘ ʧʨʦʠʟʚʝʜʝ ʧʨʠʙʣʠʞʥʦ 100 g CO, 20 g VOC, 30 g NOx, 2,5 

kg CO2 ʠ ʤʥʦʛʦ ʜʨʫʛʠʭ ʰʪʝʪʥʠʭ ʠ ʦʪʨʦʚʥʠʭ ʤʘʪʝʨʠʿʘ, ʧʦʧʫʪ ʿʝʜʠˁʝˁʘ ʩʫʤʧʦʨʘ ʠ ʯʚʨʩʪʠʭ ʯʝʩʪʠʮʘ  

(ISF, 2010) [187], ʘ ʢʘʜʘ ʩʝ ʥʘʚʝʜʝʥʠ ʧʦʜʘʮʠ ʧʦʚʝʞʫ ʩʘ ʠʥʬʦʨʤʘʮʠʿʦʤ ʜʘ hʪʝʪʥʫ ʝʤʠʩʠʿʫ ʢʦʜ 

ʩʪʘʨʠʿʠʭ ʤʦʜʝʣʘ ʘʫʪʦʤʦʙʠʣʘ ʯʠʥʠ 75% ʝʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ, 20% ʟʘʛʫʰˀʠʚʠʭ ʠʩʧʘʨʝˁʘ ʠʟ 

ʢʘʨʪʝʨʘ ʠ 5% ʰʪʝʪʥʠʭ ʠʩʧʘʨʝˁʘ ʠʟ ʨʝʟʝʨʚʦʘʨʘ ʟʘ ʛʦʨʠʚʦ ʠ ʠʟ ʢʘʨʙʫʨʘʪʦʨʘ (Pfafflin et al., 2006) [56], 

ʜʦʧʨʠʥʦʩ ʚʦʟʠʣʘ ʤʦʞʝ ʚʘʨʠʨʘʪʠ ʦʜ 90%, 60% ʠ 40% ʟʘ ʝʤʠʩʠʿʝ ʛʘʩʦʚʘ CO, HC ʠ NOx 

ʨʝʩʧʝʢʪʘʙʠʣʥʦ, ʫ ʦʜʥʦʩʫ ʥʘ ʫʜʝʦ ʜʨʫʛʠʭ ʟʘʛʘʹʠʚʘʯʘ, ʧʦʧʫʪ ʠʥʜʫʩʪʨʠʿʝ ʠʣʠ ʦʩʪʘʣʠʭ ʚʠʜʦʚʘ 

ʩʘʦʙʨʘ˂ʘʿʘ (Eran, 1998) [44]. 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢʦʚʠ ʫʥʫʪʘʨ ʫʣʠʮʘ ʥʘʿʯʝʰ˂ʝ ʙʣʠʩʢʠ ɿʉʊ-ʫ,  ʤʦʪʦʨʠ ʬʫʥʢʮʠʦʥʠʰʫ 

ʫ ʥʝʧʦʚʦˀʥʠʤ ʨʘʜʥʠʤ ʨʝʞʠʤʠʤʘ ʩʘ ʘʩʧʝʢʪʘ ʢʦʣʠʯʠʥʝ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ. 

ʄʝʹʫʪʠʤ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʥʘʧʨʘʚʠʪʠ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʫʩʣʦʚʘ ʢʦʿʠ ʛʝʥʝʨʠʰʫ ʥʝʧʦʚʦˀʥʝ 

ʨʝʞʠʤʝ ʨʘʜʘ ʤʦʪʦʨʘ ʠ ʩʪʠʣʘ (ʥʘʯʠʥʘ) ʚʦʞˁʝ. ʇʨʚʠ ʿʝ ʠʟʘʟʚʘʥ ʠ ʤʦʞʝ ʩʝ ʦʜʨʝʹʝʥʠʤ ʪʨʘʥʩʧʦʨʪʥʠʤ 

ʧʦʣʠʪʠʢʘʤʘ ʩʤʘˁʠʪʠ, ʜʦʢ ʥʘ ʜʨʫʛʠ ʪʘʢʚʝ ʤʝʨʝ ʤʘˁʝ ʫʪʠʯʫ ʠ ʟʘʪʦ ʿʝ ʧʦʪʨʝʙʥʦ ʟʥʘʪʥʦ ʨʘʥʠʿʝ 

ʨʘʟʚʠʪʠ ʙʝʟʙʝʜʦʥʦʩʥʫ ʠ ʝʢʦʣʦʰʢʫ ʩʚʝʩʪ ʢʦʜ ʩʚʘʢʦʛ ʫʯʝʩʥʠʢʘ ʫ ʩʘʦʙʨʘ˂ʘʿʫ. ɼʚʝ ʫʣʠʮʝ ʛʨʘʜʘ 

ʂʨʘʝˀʚʘ ʫ ʢʦʿʠʤʘ ʩʫ ʠʟʚʨʰʝʥʘ ʤʝʨʝˁʘ ʧʨʠʤʝʨ ʩʫ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʫʩʣʦʚʘ, ʘ ʫ 

ʧʘʨ ʥʘʨʝʜʥʠʭ ʧʘʩʫʩʘ ʦʙʿʘʩʥʠ˂ʝ ʩʝ ʚʘʞʥʦʩʪ ʧʦʤʝʥʫʪʦʛ ʠʟʫʯʘʚʘˁʘ.      
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ʈʘʧʦʥ ʠ ʦʩʪʘʣʠ (ʝʥʛ. Rapone et al., 2000) [91] ʩʫ ʘʥʘʣʠʟʠʨʘʣʠ ʧʦʥʘʰʘˁʝ ʝʤʠʩʠʿʝ ʘʫʪʦʤʦʙʠʣʘ ʩʘ 

ʤʦʪʦʨʠʤʘ ʤʘʣʝ ʨʘʜʥʝ ʟʘʧʨʝʤʠʥʝ ʠ ʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ʇʨʠʣʠʢʦʤ ʚʝ˂ʝʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʟʘʛʫʝhˁʘ, 

ʘʫʪʦʤʦʙʠʣ ʝʤʠʪʫʿʝ ʜʚʘ ʧʫʪʘ ʚʝ˂ʫ ʢʦʣʠʯʠʥʫ CO [gĿkm
-1
] ʥʝʛʦ ʧʨʠ ʚʝ˂ʠʤ ʙʨʟʠʥʘʤʘ ʪʦʢʦʤ ʉʉʊ-ʘ 

(Boddy, 2005) (81). ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʠʩʪʨʘʞʠʚʘʯ ʊʝʿʪ (ʝʥʛ. ʊate, 2005b) [188] ʿʝ ʧʨʠʤʝʥʠʦ 

ʠʥʪʝʛʨʠʩʘʥʠ ʧʨʠʩʪʫʧ ʤʦʜʝʣʠʨʘˁʘ ʝʤʠʩʠʿʝ ʨʘʜʠ ʠʟʫʯʘʚʘˁʘ ʚʨʝʤʝʥʩʢʠʭ ʠ ʧʨʦʩʪʦʨʥʠʭ ʧʨʦʤʝʥʘ 

ʝʤʠʩʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʣʦʢʘʣʥʦʿ ʨʘʟʤʝʨʠ. ɿʘʢˀʫʯʘʢ ʿʝ ʫʢʘʟʘʦ ʜʘ ʿʝ ʝʤʠʩʠʿʘ CO ʿʘʢʦ ʧʦʚʝʟʘʥʘ ʩʘ 

ʫʙʨʟʘʚʘˁʝʤ ʚʦʟʠʣʘ, ʘ ʩʭʦʜʥʦ ʪʦʤʝ, ʥʠʚʦʠ ʝʤʠʩʠʿʝ ʙʠʣʠ ʩʫ ʚʝ˂ʠ ʥʘ ʨʘʩʢʨʩʥʠʮʘʤʘ ʥʝʛʦ ʥʘ 

ʜʝʦʥʠʮʘʤʘ ʠʟʤʝʹʫ ˁʠʭ. ʉʣʠʯʘʥ ʟʘʢˀʫʯʘʢ ʧʨʝʜʩʪʘʚʠʣʠ ʩʫ ɷʫʤʘʨʜ ʠ ʦʩʪʘʣʠ (ʝʥʛ. Joumard et al., 

1995) [189], ʧʨʠ ʯʝʤʫ ʩʫ ʟʥʘʯʘʿʥʠ ʥʘʧʦʨʠ ʙʠʣʠ ʧʦʩʚʝ˂ʝʥʠ ʨʘʟʚʦʿʫ ʤʦʜʝʣʘ ʢʦʿʠ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ 

ʧʨʦʤʝʥˀʠʚʦʩʪ ʙʨʟʠʥʝ ʠ ʜʦʟʚʦʣʠʪʠ ʪʨʝʥʫʪʥʦ ʤʦʜʝʣʠʨʘˁʝ ʝʤʠʩʠʿʝ, ʧʦʧʫʪ CME ʤʦʜʝʣʘ (ʝʥʛ. 

Comprehensive Modal Emission Model) (Barth et al., 1997; 2000) [190], [191].  

      

ʀʘʢʦ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʩʝ ʝʤʠʩʠʿʘ ʚʦʟʠʣʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʫ ʯʚʨʩʪʫ ʚʝʟʫ ʩʘ ʩʪʠʣʦʤ ʚʦʞˁʝ, ʜʠʨʝʢʪʥʘ 

ʤʝʨʝˁʘ ʦʚʘʢʚʠʭ ʝʬʝʢʘʪʘ ʚʝʦʤʘ ʩʫ ʪʝʰʢʘ. ʀʧʘʢ, ʛʨʫʧʘ ʠʩʪʨʘʞʠʚʘʯʘ ʿʝ ʪʦʢʦʤ ʜʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘ (De 

Vlieger, 1997; Vlieger et al., 2000) [192], [193] ʠʩʢʦʨʠʩʪʠʣʘ ʚʦʟʠʣʘ ʦʧʨʝʤˀʝʥʘ ʩʘʚʨʝʤʝʥʠʤ 

ʠʥʩʪʨʫʤʝʥʪʠʤʘ ʜʘ ʙʠ ʠʩʧʠʪʘʣʠ ʜʘ ʣʠ ʩʝ ʝʤʠʩʠʿʝ ʫ ʨʝʘʣʥʠʤ ʩʘʦʙʨʘ˂ʘʿʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʟʥʘʪʥʦ 

ʨʘʟʣʠʢʫʿʫ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʚʦʟʘʯʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʦʪʢʨʠʣʠ ʜʘ ʿʝ ʩʪʠʣ ʘʛʨʝʩʠʚʥʝ ʚʦʞˁʝ ʟʘʩʣʫʞʘʥ ʟʘ 

ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘˁʝ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʠ ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʥʦʨʤʘʣʥʦʤ ʚʦʞˁʦʤ.  

 

ʉʿʦʜʠʥ ʠ ʦʩʪʘʣʠ (ʝʥʛ. Sjodin et al., 1998) [194] ʩʫ ʢʦʥʢʨʝʪʥʦ ʜʦʢʘʟʘʣʠ ʜʘ ʝʤʠʩʠʿʘ ʛʝʥʝʨʠʩʘʥʘ 

ʘʛʨʝʩʠʚʥʦʤ ʚʦʞˁʦʤ ʿʝʩʪʝ ʠ ʜʦ 4 ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʦʥʝ ʜʦʙʠʿʝʥʝ ʥʦʨʤʘʣʥʦʤ ʚʦʞˁʦʤ, ʜʦʢ ʩʫ ʝʤʠʩʠʦʥʠ 

ʬʘʢʪʦʨʠ ʨʘʩʣʠ ʠ ʜʦ ʬʘʢʪʦʨʘ 10 ʪʦʢʦʤ ʩʠʪʫʘʮʠʿʘ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʟʘʛʫʰʝˁʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʤʠʨʥʠʤ 

(ʣʘʛʘʥʠʤ) ʫʩʣʦʚʠʤʘ ʚʦʞˁʝ. ʇʦʪʨʦʰˁʘ ʛʦʨʠʚʘ ʫ ʫʩʣʦʚʠʤʘ ʘʛʨʝʩʠʚʥʝ ʚʦʞˁʝ ʿʝ ʧʦʨʘʩʣʘ 12ï40%, ʜʦʢ 

ʩʫ ʝʤʠʩʠʿʝ CO ʫʚʝ˂ʘʥʝ ʬʘʢʪʦʨʦʤ 1ï8 ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʥʦʨʤʘʣʥʠʤ ʩʪʠʣʦʤ ʚʦʞˁʝ. ɿʘ VOC ʠ NOx 

ʫʚʝ˂ʘˁʝ ʝʤʠʩʠʿʝ ʫʩʣʝʜ ʘʛʨʝʩʠʚʥʦʛ ʩʪʠʣʘ ʿʝ 15ï400% ʠ 20ï150% ʨʝʩʧʝʢʪʘʙʠʣʥʦ. ʀʩʪʨʘʞʠʚʘʯ 

ɽʨʠʢʩʦʥ (ʝʥʛ. Ericsson, 2000) [195] ʿʝ ʧʨʠʢʘʟʘʦ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʤʦʜʝʣʘ ʛʨʘʜʩʢʝ ʚʦʞˁʝ ʠ ʚʦʟʘʯʘ ʠ 

ʩʫʛʝʨʠʩʘʦ ʜʘ ʙʠ ʟʥʘˁʝ ʦ ʦʚʦʿ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʧʦʤʦʛʣʦ ʦʩʤʠʰˀʘʚʘˁʫ ʧʦʣʠʪʠʢʝ ʢʦʿʘ ʙʠ ʧʨʦʤʝʥʠʣʘ 

ʩʪʠʣ ʚʦʞˁʝ ʠ ʪʠʤʝ ʩʤʘˁʠʣʘ ʠʟʜʫʚʥʫ ʝʤʠʩʠʫʿ. ʂʦʥʘʯʥʦ, ʪʨʝʙʘ ʟʘʧʘʤʪʠʪʠ ʜʘ ʚʝ˂ʠʥʘ ʝʤʠʩʠʿʘ ʧʦʪʠʯʝ 

ʦʜ ʤʘʣʦʛ ʙʨʦʿʘ ʩʣʘʙʦ ʦʜʨʞʘʚʘʥʠʭ ʚʦʟʠʣʘ (Singh and Huber, 2000) [196]. 

 

ɱʝʜʘʥ ʦʙʠʤʘʥ ʝʢʩʧʝʨʠʤʝʥʪ ʠʟʚʝʜʝʥ ʿʝ ʫ ʚʠʰʝ ʛʨʘʜʦʚʘ ʉʝʚʝʨʥʝ ɸʤʝʨʠʢʝ ʧʦʤʦ˂ʫ REMS ʪʝʭʥʠʢʝ 

ʢʘʢʦ ʙʠ ʩʝ ʠʩʧʠʪʘʣʘ ʝʤʠʩʠʿʘ ʚʦʟʠʣʘ ʥʘ ʫʟʦʨʢʫ ʦʜ 2 ʤʠʣʠʦʥʘ ʘʫʪʦʤʦʙʠʣʘ (Stedman, 1995) [197]. 

ʇʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ ʩʝ ʝʤʠʩʠʿe ʢʦʥʩʪʘʥʪʥʦ ʩʤʘˁʫʿʫ ʩʘ ʧʨʠʤʝʥʦʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ ʩʤʘˁʝˁʝ 

ʝʤʠʩʠʿʝ. ʄʝʹʫʪʠʤ, ʩʘʛʣʝʜʘʚʘˁʝ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʥʦʚʠʭ ʠ ʩʪʘʨʠʭ ʚʦʟʠʣʘ ʠʩʪʠʭ ʤʦʜʝʣʘ ʧʨʦʤʦʚʠʰʝ 

ʛʨʫʧʫ 20ï25% ʢʘʦ ʥʘʿʚʝ˂ʝ ʝʤʠʪʝʨʝ ʟʘʛʘʹʝˁʘ (ʟʘʛʘʹʠʚʘʯʝ), ʘ ʧʨʝʤʘ ʫʢʫʧʥʦ ʠʟʤʝʨʝʥʦ ʿʝʤʠʩʠʿʠ 

ʬʣʦʪʝ, ʫʜʝʦ ʪʘʢʚʝ ʝʤʠʩʠʿʝ ʧʨʝʣʘʟʠ 50%. ʏʠˁʝʥʠʮʘ ʜʘ ʧʦʣʦʚʠʥʘ ʝʤʠʩʠʿʝ CO ʠ HC ʧʦʪʠʯʝ ʦʜ 10% 

ʚʠʩʦʢʦ ʟʘʛʘʹʫʿʫ˂ʠʭ ʚʦʟʠʣʘ ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʧʦʿʘʯʘ ʥʘʧʦʨʝ ʢʘ ʫʚʦʹʝˁʫ ʀ/ʄ ʧʨʦʛʨʘʤʘ. ʇʨʠ ʪʦʤʝ ʿʝ 

ʟʥʘʯʘʿʥʦ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʫ ʚʝʣʠʢʠ ʝʤʠʪʝʨʠ ʦʪʢʨʠʚʝʥʠ ʢʦʜ ʩʚʠʭ ʤʦʜʝʣʘ ʚʦʟʠʣʘ ʠ ʪʦ ʥʠʩʫ ʙʠʣʘ ʩʘʤʦ 
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ʩʪʘʨʠʿʘ ʚʦʟʠʣʘ. ɿʘʪʦ ʿʝ ʚʘʞʥʦ ʧʨʠʣʠʢʦʤ ʪʝʩʪʠʨʘˁʘ ʭʠʧʦʪʝʟʝ ʦ ʟʥʘʯʘʿʥʦʩʪʠ ʝʤʠʩʠʿʝ ʥʘ ʨʝʟʫʣʪʘʪʝ 

ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ, ʰʪʦ ʧʨʝʮʠʟʥʠʿʝ ʜʝʬʠʥʠʩʘʪʠ ʩʪʨʫʢʪʫʨʫ ʚʦʟʥʦʛ ʧʘʨʢʘ, ʿʝʨ ʤʦʜʝʣʠ ʝʤʠʩʠʿʝ ʤʦʛʫ 

ʢʦʨʠʛʦʚʘʪʠ ʧʨʦʮʝʥʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʘʨʦʩʥʝ ʩʪʨʫʢʪʫʨʝ ʠ ʙʨʦʿʘ ʚʦʟʠʣʘ ʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. 

 

ʊʦʢʦʤ ʢʨʘʪʢʠʭ ʧʫʪʦʚʘˁʘ (ʪʠʧʠʯʘʥ ʧʨʝʜʩʪʘʚʥʠʢ ʿʝ ʛʨʘʜʩʢʘ ʚʦʞʘˁ) ʚʦʟʠʣʘ ʠʤʘʿʫ ʚʝ˂ʫ ʧʦʪʨʦʰˁʫ 

ʛʦʨʠʚʘ, ʿʝʨ ʩʝ ʥʘʿʚʝ˂ʠ ʜʝʦ ʤʘʨʰʨʫʪʝ ʧʨʝʣʘʟʠ ʫ ʨʝʞʠʤʫ ʧʦʪʭʣʘʹʝʥʦʛ ʤʦʪʦʨʘ. ʆʚʘʿ ʝʬʝʢʘʪ ʩʝ ʫʚʝ˂ʘʚʘ 

ʩʤʘˁʝˁʝʤ ʘʤʙʠʿʝʥʪʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʰʪʦ ʠʤʧʣʠʮʠʨʘ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘʥʫ ʧʦʪʨʦʰˁʫ ʧʦʛʦʥʩʢʦʛ 

ʛʦʨʠʚʘ. ʆʥʦ ʰʪʦ ʿʝ ʚʘʞʥʦ ʥʘʛʣʘʩʠʪʠ, ʘ ʪʠʯʝ ʩʝ ʦʙʣʘʩʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʿʝʩʪʝ 

ʧʦʥʘʰʘˁʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʦʧʫʪ, CO ʠ NOx-ʘ, ʪʦʢʦʤ ʚʦʞˁʝ ʧʦʪʭʣʘʹʝʥʠʭ ʤʦʪʦʨʘ. ʋʧʨʘʚʦ ʿʝ 

ʠʩʪʨʘʞʠʚʘˁʝ ɷʝʥʩʝʥʘ (ʝʥʛ. Jensen, 1999) [66] ʘʥʘʣʠʟʠʨʘʣʦ ˁʠʭʦʚʫ ʦʩʝʪˀʠʚʦʩʪ. ɿʘʚʠʩʥʦʩʪ ʿʝ 

ʧʦʢʘʟʘʣʘ ʣʠʥʝʘʨʥʠ, ʘʣʠ ʥʝ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʦʜʥʦʩ ʠʟʤʝʹʫ ʧʨʦʤʝʥʘ ʫ ʭʣʘʜʥʠʤ ʩʪʘʨʪʦʚʠʤʘ ʠ 

ʝʤʠʩʠʿʘʤʘ CO. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʭʣʘʜʥʠ ʩʪʘʨʪʦʚʠ ʩʫ ʠʤʘʣʠ ʤʘʣʠ ʫʪʠʮʘʿ ʥʘ ʝʤʠʩʠʿʫ NOx.    

 

ɱʦʰ ʿʝʜʥʫ ʟʘʥʠʤˀʠʚʫ ʘʥʘʣʠʟʫ ʧʨʫʞʠʣʦ ʿʝ ʠʩʪʨʘʞʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ ʢʦʿʠ ʩʫ 

ʩʧʨʦʚʝʣʠ ʄʠʣʝʨ ʠ ʦʩʪʘʣʠ (ʝʥʛ. Miller et al., 1995) [198]. ʆʪʢʨʠʣʠ ʩʫ ʜʘ ʧʨʠ ʘʤʙʠʿʝʥʪʘʣʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 0 ᴈ ʝʤʠʩʠʿʘ CO ʿ ʝʩʪʝ 3 ʧʫʪʘ ʚʝ˂ʘ ʪʦʢʦʤ ʭʣʘʜʥʦʛ ʩʪʘʨʪʘ ʥʝʛʦ ʢʘʜʘ ʩʝ ʤʦʪʦʨ ʟʘʛʨʝʿʘʦ 

ʜʦ ʨʘʜʥʦ ʩʪʘʙʠʣʥʦʛ ʩʪʘˁʘ. ɽʤʠʩʠʿʘ VOC ʙʠʣʘ ʿʝ 5 ʧʫʪʘ ʚʝ˂ʘ. ʅʘ ʚʠʰʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ (24ï35 ᴈ), 

ʝʤʠʩʠʿʘ ʭʣʘʜʥʦʛ ʩʪʘʨʪʘ ʙʠʣʘ ʿʝ ʤʘˁʘ, ʤʝʹʫʪʠʤ, ʪʦʢʦʤ ʪʦʧʣʦʛ ʩʪʘʙʠʣʥʦʛ ʨʝʞʠʤʘ, ʝʤʠʩʠʿʘ VOC ʠ 

ʝʤʠʩʠʿʘ CO ʙʠʣʝ ʩʫ ʚʝ˂ʝ (ʩʘ ʬʘʢʪʦʨʦʤ 2). ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʝʤʠʩʠʿʘ NOx ʙʠʣʘ ʿʝ ʤʘˁʝ ʦʩʝʪˀʠʚʘ ʥʘ 

ʨʘʜʥʠ ʨʝʞʠʤ ʠ ʥʝʟʥʘʪʥʦ ʚʝ˂ʘ ʪʦʢʦʤ ʭʣʘʜʥʦʛ ʩʪʘʨʪʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʧʨʦʛʨʘʤ ʝʤʠʩʠʿʝ OSPM ʤʦʜʝʣʘ 

ʩʘʜʨʞʠ ʙʘʟʫ ʩʘ ʫʧʠʪʦʤ ʦ ʧʨʦʮʝʥʪʫ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ, ʥʝʩʫʤˀʠʚʦ ʿʝ ʟʥʘʯʘʿʥʦ ʰʪʦ 

ʧʨʝʮʠʟʥʠʿʝ ˁʝʛʦʚʦ ʜʝʬʠʥʠʩʘˁʝ ʢʘʢʦ ʙʠ ʤʦʜʝʣ ʤʦʛʘʦ ʦʩʪʚʘʨʠʪʠ ʧʫʥ ʢʘʧʘʮʠʪʝʪ ʪʦʢʦʤ ʘʥʘʣʠʟʝ.  

 

ɹʨʟʠʥʘ ʚʦʞˁʝ ʿʝ ʚʝʦʤʘ ʟʥʘʯʘʿʥʘ ʩʘ ʘʩʧʝʢʪʘ ʧʦʪʨʦʰˁʝ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ, ʘ ʪʠʤʝ ʠ ʟʘ ʢʦʣʠʯʠʥʫ 

ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ. ɱʝʜʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʂʘʥʘʜʠ (TRANS, 1991) [199] ʿʝ ʘʥʘʣʠʟʠʨʘʣʦ 

ʚʘʨʠʿʘʮʠʿʫ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʫ ʬʫʥʢʮʠʿʠ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʧʨʠ ʫʩʣʦʚʠʤʘ ʛʨʘʜʩʢʝ ʚʦʞˁʝ. 

ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʧʦʪʨʦʰˁʘ ʛʦʨʠʚʘ ʥʦʨʤʘʣʠʟʫʿʝ ʠʟʥʘʜ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ ʦʜ 31 kmĿh
-1
, ʜʦʢ ʠʩʧʦʜ 

25 kmĿh
-1
 ʥʘʛʣʦ ʨʘʩʪʝ ʫʩʣʝʜ ʫʯʝʩʪʘʣʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʟʘʛʫʰʝˁʘ. ʅʝʦʧʭʦʜʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʠ ʜʘ 

ʧʦʪʨʦʰˁʘ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʠʤʘ ʪʨʝʥʜ ʙʣʘʛʦʛ ʧʦʨʘʩʪʘ ʧʨʠ ʧʨʦʩʝʯʥʠʤ ʙʨʟʠʥʘʤʘ ʠʟʥʘʜ 55 kmĿh
-1
, 

ʫʩʣʝʜ ʧʦʚʝ˂ʘˁʘ ʘʝʨʦʜʠʥʘʤʠʯʢʠʭ ʦʪʧʦʨʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʪʝʩʪʦʚʠ ʥʝ ʧʨʠʢʘʟʫʿʫ 

ʧʦʪʨʦʰˁʫ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʨʝʘʣʥʠʤ ʩʘʦʙʨʘ˂ʘʿʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʠʟ ʚʠʰʝ ʨʘʟʣʦʛʘ 

(Armstrong, 2000) [93]:  

1. ʅʝʤʦʛʫ˂ʥʦʩʪ ʩʠʤʫʣʘʮʠʿʝ ʚʠʰʝʩʪʨʫʢʠʭ (ʚʨʝʤʝʥʩʢʠ ʥʝʦʜʨʝʹʝʥʠʭ) ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʟʘʛʫʰʝˁʘ; 

2. ʉʪʦʭʘʩʪʠʯʥʦʩʪ ʘʪʤʦʩʬʝʨʩʢʠʭ ʫʩʣʦʚʘ; 

3. ʉʪʘˁʝ ʢʦʣʦʚʦʟʘ;  

4. ʉʪʝʧʝʥ ʪʝʭʥʠʯʢʝ ʠʩʧʨʘʚʥʦʩʪʠ ʚʦʟʠʣʘ;  

5. ʉʪʦʧʘ ʭʘʙʘˁʘ ʤʦʪʦʨʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ;  

6. ʆʙʫʯʝʥʦʩʪ, ʥʘʚʠʢʝ ʠ ʧʦʥʘʰʘˁʝ ʫʯʝʩʥʠʢʘ ʫ ʩʘʦʙʨʘ˂ʘʿʫ.  



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

55 

 

ʇʦʩʣʝʜˁʠ ʥʘʙʨʦʿʘʥʠ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʠ ʥʘʿʚʘʞʥʠʿʠʤ ʨʘʟʣʦʛʦʤ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʪʦʛʘ, ʟʘ ʥʦʚʘ ʚʦʟʠʣʘ 

ʩʝ ʧʦʪʨʦʰˁʘ ʛʦʨʠʚʘ ʤʦʨʘ ʧʦʚʝ˂ʘʪʠ ʟʘ 15% ʧʨʠ ʛʨʘʜʩʢʠʤ, ʦʜʥʦʩʥʦ ʟʘ 10% ʧʨʠ ʚʘʥʛʨʘʜʩʢʠʤ ʚʦʟʥʠʤ 

ʪʝʩʪʦʚʠʤʘ.  

 

ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, ʟʘʢˀʫʯʮʠ ʪʝʩʪʦʚʘ ʩʧʨʦʚʝʜʝʥʠʭ ʦʜ ʩʪʨʘʥʝ ʅʘʮʠʦʥʘʣʥʦʛ ʠʥʩʪʠʪʫʪʘ ʟʘ ʧʨʠʨʦʜʥʝ 

ʠʟʚʦʨʝ ʥʘʚʦʜʝ ʜʘ ʿʝ ʤʦʞʜʘ ʥʘʿʧʨʠʢʣʘʜʥʠʿʘ ʩʪʦʧʘ ʧʦʚʝ˂ʘˁʘ ʧʦʪʨʦʰˁʝ ʟʘ 20ï25% (Khan, 1999b) 

[200]. ɽʤʠʩʠʦʥʠ ʤʦʜʝʣʠ ʧʨʦʩʝʯʥʠʭ ʙʨʟʠʥʘ, ʘ ʿʝʜʘʥ ʦʜ ˁʠʭ ʿʝʩʪʝ COPERT4 ʧʨʦʛʨʘʤ, ʟʘʭʪʝʚʘʿʫ ʰʪʦ 

ʧʨʝʮʠʟʥʠʿʝ ʜʝʬʠʥʠʩʘˁʝ ʩʨʝʜˁʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ, ʿʝʨ ʦʜ ˁʝ ʟʥʘʯʘʿʥʦ ʟʘʚʠʩʝ ʫʩʚʦʿʝʥʠ ʝʤʠʩʠʦʥʠ 

ʬʘʢʪʦʨʠ ʟʘ ʩʚʘʢʫ ʰʪʝʪʥʫ ʤʘʪʝʨʠʿʫ ʧʦʥʘʦʩʦʙ. 

 

ɹʠʦ ʿʝ ʥʝʦʧʭʦʜʘʥ ʚʝʣʠʢʠ ʥʘʧʦʨ ʫ ʢʦʥʪʨʦʣʠ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʥʘ ʧʦʯʝʪʢʫ ʙʠʣʝ ʫʢˀʫʯʝʥʝ 

ʨʝʣʘʪʠʚʥʦ ʤʘʣʝ ʧʨʦʤʝʥʝ ʥʘ ʤʦʪʦʨʫ ʠ ʧʦʛʦʥʩʢʦʤ ʛʦʨʠʚʫ. ʇʦʰʪʦ ʩʫ ʩʪʘʥʜʘʨʜʠ ʝʤʠʩʠʿʝ ʙʠʣʠ ʩʪʨʦʞʠ, 

ʩʪʨʘʪʝʛʠʿʝ ʢʦʥʪʨʦʣʝ ʩʫ ʩʝ ʧʨʦʤʝʥʠʣʝ, ʧʘ ʿʝ ʙʠʣʦ ʥʝʦʧʭʦʜʥʦ ʚʠʰʝ ʜʝʪʘˀʘ ʠʟʤʝʥʠʪʠ, ʧʨʠʤʝʥʠʪʠ 

ʚʠʰʠ ʥʠʚʦ ʢʦʥʪʨʦʣʝ ʠ ʧʨʦʿʝʢʪʦʚʘʪʠ ʙʦˀʫ ʦʧʨʝʤʫ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ. ʇʨʦʮʝʥʝ ʩʫ ʜʘ ˂ʝ ʥʦʚʠʤ 

ʩʠʩʪʝʤʠʤʘ ʩʤʘˁʝˁʘ ʝʤʠʩʠʿʝ ʙʠʪʠ ʧʦʪʨʝʙʥʦ ʦʢʦ ʜʝʩʝʪ ʛʦʜʠʥʘ ʧʨʝ ʦʧʰʪʝ ʫʧʦʪʨʝʙʝ (Degobert, 1995) 

[201]. ɿʘʪʦ ʿʝ ʟʘʢʦʥʦʜʘʚʮʠʤʘ ʣʘʢʰʝ ʜʘ ʜʦʥʝʩʫ ʿʦʰ ʩʪʨʦʞʝ ʟʘʢʦʥʝ ʢʦʥʪʨʦʣʝ ʝʤʠʩʠʿʝ ʥʝʛʦ ʜʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʜʨʫʛʝ ʩʪʨʘʪʝʛʠʿʝ, ʧʦʧʫʪ ʫʥʘʧʨʝʹʝʥʦʛ ʫʧʨʘʚˀʘˁʘ ʩʘʦʙʨʘ˂ʘʿʥʠʤ ʪʦʢʦʚʠʤʘ ʠ 

ʘʣʪʝʨʥʘʪʠʚʝ ʧʨʠʚʘʪʥʦʛ ʧʨʝʚʦʟʘ. ʊʘʢʦʹʝ ʿʝ ʤʥʦʛʦ ʣʘʢʰʝ ʜʦʥʝʪʠ ʟʘʢʦʥʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʥʦʚʘ 

ʚʦʟʠʣʘ ʥʝʛʦ ʩʤʘˁʠʪʠ ʝʤʠʩʠʿʫ ʢʦʿʫ ʛʝʥʝʨʠʰʫ ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ.  

 

ʊʝʢ ʦʜʥʝʜʘʚʥʦ ʩʫ ʨʘʟʚʠʿʝʥʠ ʜʦʚʦˀʥʦ ʧʦʫʟʜʘʥʠ ʤʦʜʝʣʠ ʝʤʠʩʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʫʪʠʮʘʿʠ ʩʘʦʙʨʘ˂ʘʿʘ 

ʤʦʛʣʠ ʜʠʨʝʢʪʥʦ ʨʘʟʤʦʪʨʠʪʠ ʠ ʢʚʘʣʠʪʝʪʥʦ ʧʨʦʮʝʥʠʪʠ ʥʘ ʦʩʥʦʚʫ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʩʠʤʫʣʘʮʠʿʘ, ʧʨʠ ʯʝʤʫ 

ʟʘʭʪʝʚʘʿʫ ʧʦʜʘʪʢʝ ʦ ʠʟʚʦʨʠʤʘ ʝʤʠʩʠʿʝ ʠ ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘʥʝ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ. ʇʦʩʪʦʿʝ 

ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʟʘ ˁʠʭʦʚʦ ʦʜʨʝʹʠʚʘˁʝ, ʘʣʠ ʥʘʿʯʝʰ˂ʠ ʧʨʠʩʪʫʧ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʨʠʤʝʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʠʟ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʤʝʨʝˁʘ ʥʘ ʦʜʘʙʨʘʥʠʤ ʚʦʟʠʣʠʤʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ 

ʩʠʤʫʣʠʨʘʥʠʤ ʫʩʣʦʚʠʤʘ ʚʦʞˁʝ.  

 

ʋ ʧʨʘʢʩʠ ʩʝ ʨʝʜʦʚʥʦ ʧʨʠʤʝˁʫʿʫ ʧʨʦʛʨʘʤʠ ʟʘ ʧʨʦʮʝʥʫ ʝʤʠʩʠʿʝ ʧʦʧʫʪ MOBILE-ʘ ʠ COPERT-ʘ ʢʦʿʠ 

ʜʝʬʠʥʠʰʫ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ ʫ ʬʫʥʢʮʠʿʠ ʦʜ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ (Smit et al., 2007) [202]. 

ɿʘʧʨʘʚʦ, ʧʨʦʛʨʘʤʠ ʝʤʠʩʠʿʝ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʧʦʜʘʪʢʝ ʦ ʧʨʦʩʝʯʥʦ ʿʙʨʟʠʥʠ ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʝ ʟʘʿʝʜʥʦ ʩʘ 

ʤʦʜʝʣʠʤʘ  ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʭʪʝʚʘ ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʜʚʠʜʝʣʠ ʣʦʢʘʣʥʠ ʠ ʨʝʛʠʦʥʘʣʥʠ ʥʠʚʦʠ ʝʤʠʩʠʿʘ.    

 

ʋ ʥʘʨʝʜʥʠʤ ʪʘʯʢʘʤʘ ʙʠ˂ʝ ʜʝʪʘˀʥʦ ʘʥʘʣʠʟʠʨʘʥʝ ʤʝʪʦʜʝ ʟʘ ʧʨʦʮʝʥʫ ʝʤʠʩʠʿʝ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ 

(EEA, 2009) [128], ʢʦʿʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʩʧʦʣʦʞʠʚʠʭ ʧʦʜʘʪʘʢʘ ʦ ʚʦʟʥʦʤ ʧʘʨʢʫ, ʜʘʫʿ ʤʦʛʫ˂ʥʦʩʪ 

ʠʟʙʦʨʘ ʿʝʜʥʝ ʦʜ ʪʨʠ ʦʜʥʦʩʥʦ ʤʝʪʦʜʝ 1, ʤʝʪʦʜʦʝ 2 ʠʣʠ ʤʝʪʦʜʦʝ 3. ʊʘʢʦʹʝ, COPERT4 ʧʨʦʛʨʘʤ ʿʝʩʪʝ 

ʧʦʞʝˀʘʥ, ʘʣʠ ʥʝ ʠ ʥʫʞʘʥ ʧʨʠʣʠʢʦʤ ʫʧʦʪʨʝʙʝ ʤʝʪʦʜʝ 3, ʿʝʨ ʿʝ ˁʝʛʦʚʦʤ ʫʧʦʪʨʝʙʦʤ ʚʨʝʤʝ ʩʣʦʞʝʥʠʭ 

ʧʨʦʨʘʯʫʥʘ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʜʘʣʝʢʦ ʤʘˁʝ, ʘ ʪʘʢʦʹʝ ʿʝ ʩʤʘˁʝʥʘ ʠ ʤʦʛʫ˂ʥʦʩʪ ʧʦʪʝʥʮʠʿʘʣʥʝ 

ʛʨʝʰʢʝ.  
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3.1.1.1. ʄʝʪʦʜʘ 1 ʟʘ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ 

 
ʄʝʪʦʜʘ 1 ʢʦʨʠʩʪʠ ʧʦʪʨʦʰˁʫ ʛʦʨʠʚʘ ʢʘʦ ʧʦʢʘʟʘʪʝˀ ʘʢʪʠʚʥʦʩʪʠ ʜʨʫʤʩʢʦʛ ʪʨʘʥʩʧʦʨʪʘ ʟʘʿʝʜʥʦ ʩʘ 

ʧʨʦʩʝʯʥʠʤ ʩʧʝʮʠʬʠʯʥʠʤ ʝʤʠʩʠʦʥʠʤ ʬʘʢʪʦʨʠʤʘ ʛʦʨʠʚʘ (ʪʘʙʝʣʘ A12, ʧʨʠʣʦʛ ɸ). ʋ ʪʘʙʝʣʠ A13 

(ʧʨʠʣʦʛ ɸ) ʧʨʠʢʘʟʘʥʦ ʿʝ ʢʦʿʫ ʚʨʩʪʫ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʢʦʨʠʩʪʠ ʦʜʨʝʹʝʥʘ ʢʘʪʝʛʦʨʠʿʘ ʚʦʟʠʣʘ ʠ 

ʧʨʦʩʝʯʥʘ ʧʦʪʨʦʰˁʘ ʧʦ ʧʨʝʹʝʥʦʤ ʢʠʣʦʤʝʪʨʫ. ʋ ʤʝʪʦʜʠ 1 ʧʨʠʤʝˁʫʿʝ ʩʝ ʩʣʝʜʝ˂ʘ ʬʦʨʤʫʣʘ: 

 

Ὁ В В Ὂὅȟ ὉὊȟȟ ,                                                      (3.1) 

 

ʛʜʝ ʿʝ: Ὁ - ʝʤʠʩʠʿʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ i [g]; Ὂὅȟ  - ʧʦʪʨʦʰˁʘ m ʚʨʩʪʝ ʛʦʨʠʚʘ ʚʦʟʠʣʘ ʢʘʪʝʛʦʨʠʿʝ i [kg]; 

ὉὊȟȟ  - ʩʧʝʮʠʬʠʯʥʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ i ʟʘ ʢʘʪʝʛʦʨʠʿʫ ʚʦʟʠʣʘ j ʠ ʚʨʩʪʫ ʛʦʨʠʚʘ m  

[gĿkg
-1
]. ʂʘʪʝʛʦʨʠʿʝ ʚʦʟʠʣʘ ʩʫ: ʧʫʪʥʠʯʢʠ ʘʫʪʦʤʦʙʠʣʠ, ʣʘʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ, ʪʝʰʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ ʠ 

ʤʦʪʦʮʠʢʣʠ, ʘ ʚʨʩʪʝ ʧʦʛʦʥʩʢʠʭ ʛʦʨʠʚʘ ʩʫ: ʙʝʥʟʠʥ, ʜʠʟʝʣ ʠ ʊʅɻ. 

 

3.1.1.2. ʄʝʪʦʜʘ 2 ʟʘ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ   

 
ʄʝʪʦʜʘ 2 ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʨʘʟʣʠʯʠʪʝ ʢʘʪʝʛʦʨʠʿʝ ʚʦʟʠʣʘ ʠ ʥʠʚʦʝ ʝʤʠʩʠʿʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ (ʝʤʠʩʠʦʥʝ 

ʩʪʘʥʜʘʨʜʝ). ɼʘʢʣʝ, ʯʝʪʠʨʠ ʢʘʪʝʛʦʨʠʿʝ ʚʦʟʠʣʘ ʢʦʿʝ ʩʫ ʫʧʦʪʨʝʙˀʝʥʝ ʫ ʤʝʪʦʜʠ 2 ʨʘʟʚʨʩʪʘʥʝ ʩʫ ʥʘ 

ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʦʣʦʛʠʿʝ ʢ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʦʧʠʩʠʤʘ ʦ ʢʦʥʪʨʦʣʠ ʝʤʠʩʠʿʝ. ʇʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʝ ʦʙʝʟʙʝʜʝ 

ʧʦʜʘʮʠ ʦ ʙʨʦʿʫ ʚʦʟʠʣʘ ʠ ʛʦʜʠʰˁʝʤ ʧʨʝʹʝʥʦʤ ʧʫʪʫ ʧʦ ʪʝʭʥʦʣʦʛʠʿʠ ʚʦʟʠʣʘ, ʘ ʟʘʪʠʤ ʜʘ ʩʝ ʧʦʤʥʦʞʝ 

ʩʘ ʝʤʠʩʠʦʥʠʤ ʬʘʢʪʦʨʠʤʘ ʤʝʪʦʜʝ 2 ʠʟʨʘʞʝʥʠʤ ʫ ʛʨʘʤʠʤʘ ʧʦ ʚʦʟʠʣʦ-ʢʠʣʦʤʝʪʨʫ ʟʘ ʩʚʘʢʫ 

ʪʝʭʥʦʣʦʛʠʿʫ ʚʦʟʠʣʘ.  

 

ʇʨʦʩʝʯʥʠ ʝʚʨʦʧʩʢʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʦʜʨʝʹʝʥʠ ʩʫ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ 3, ʧʨʝʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʙʨʟʠʥʝ, ʘʤʙʠʿʝʥʪʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ ʚʦʞˁʝ ʥʘ ʘʫʪʦ-ʧʫʪʫ, ʫ 

ʚʘʥʛʨʘʜʩʢʦʤ ʠ ʛʨʘʜʩʢʦʤ ʧʦʜʨʫʯʿʫ, ʜʫʞʠʥʘʤʘ ʧʫʪʦʚʘˁʘ ʠ ʜʨ. ɱʝʜʥʘʯʠʥʘ ʿʝ: 

 

Ὁȟ В ộὓȟỚὉὊȟȟ           ̉̌ ̉          Ὁȟ В ὔȟ ὓȟ ὉὊȟȟ ,               (3.2) 

 

ʛʜʝ ʿʝ: ộὓȟỚ - ʫʢʫʧʘʥ ʛʦʜʠʰˁʠ ʧʨʝʹʝʥʠ ʧʫʪ ʢʦʿʠ ʩʫ ʧʨʝʰʣʘ ʩʚʘ ʚʦʟʠʣʘ ʢʘʪʝʛʦʨʠʿʝ i ʪʝʭʥʦʣʦʛʠʿʝ k 

[vozĿkm]; ὉὊȟȟ - ʪʝʭʥʦʣʦʰʢʠ ʩʧʝʮʠʬʠʯʥʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ i ʟʘ ʚʦʟʠʣʦ 

ʢʘʪʝʛʦʨʠʿʝ j ʪʝʭʥʦʣʦʛʠʿʝ k [g (voz km)
-1
]; ὓȟ - ʧʨʦʩʝʯʘʥ ʛʦʜʠʰˁʠ ʧʨʝʹʝʥʠ ʧʫʪ (ʧʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ 

ʢʠʣʦʤʝʪʨʘʞʘ) ʢʦʿʫ ʿʝ ʧʨʝʰʣʦ ʚʦʟʠʣʦ ʢʘʪʝʛʦʨʠʿʝ j ʪʝʭʥʦʣʦʛʠʿʝ k [km voz]; ὔȟ - ʙʨʦʿ ʚʦʟʠʣʘ 

ʢʘʪʝʛʦʨʠʿʝ j ʪʝʭʥʦʣʦʛʠʿʝ k ʫ ʚʦʟʥʦʤ ʧʘʨʢʫ. ʂʘʪʝʛʦʨʠʿʝ ʚʦʟʠʣʘ ʿ ʦʜʥʦʩʝ ʩʝ ʥʘ ʧʫʪʥʠʯʢʝ ʘʫʪʦʤʦʙʠʣʝ, 

ʣʘʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ, ʪʝʰʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ, ʤʦʪʦʮʠʢʣʝ ʠ ʤʦʧʝʜʝ. 
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3.1.1.3. ʄʝʪʦʜʘ 3 ʟʘ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ  

 
ʂʦʤʙʠʥʦʚʘˁʝʤ ʪʝʭʥʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʦ ʝʤʠʩʠʦʥʠʤ ʬʘʢʪʦʨʠʤʘ ʠ ʧʦʜʘʪʘʢʘ ʦ ʘʢʪʠʚʥʦʩʪʠʤʘ ʚʦʟʠʣʘ, 

ʢʘʦ ʰʪʦ ʿʝ ʫʢʫʧʘʥ ʧʨʝʹʝʥʠ ʧʫʪ, ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʝʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʫ ʤʝʪʦʜʠ 3. ʆʚʘʿ ʧʨʠʩʪʫʧ 

ʥʘʟʚʘʥ ʿʝ ,,ɼʝʪʘˀʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘñ ʠ ʦʙʫʭʚʘ˂ʝʥ ʿʝ ʧʨʦʛʨʘʤʦʤ COPERT4.  

 

ʋʢʫʧʥʘ ʝʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʠʟ ʚʦʟʠʣʘ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʢʘʦ ʟʙʠʨ ʪʦʧʣʠʭ ʝʤʠʩʠʿʘ ʠ ʝʤʠʩʠʿʘ ʧʨʠ 

,,ʭʣʘʜʥʦʤ ʩʪʘʨʪʫñ. ʇʦʪʨʝʙʥʦ ʿʝ ʨʘʟʣʠʢʦʚʘʪʠ ʝʤʠʩʠʿʫ ʪʦʢʦʤ ,,ʪʦʧʣʝñ ʠ ʧʨʝʣʘʟʥʝ ʬʘʟʝ ,,ʟʘʛʨʝʚʘˁʘñ 

ʤʦʪʦʨʘ ʟʙʦʛ ʨʘʟʣʠʢʝ ʫ ʢʦʣʠʯʠʥʠ ʝʤʠʩʠʿʝ ʦʚʘ ʜʚʘ ʨʝʞʠʤʘ ʨʘʜʘ. ʋʢʫʧʥʘ ʝʤʠʩʠʿʘ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ 

ʿʝʜʥʘʯʠʥʦʤ:  

Ὁ̔ ̋̔̐̎Ὁ̏̓ ̏̐̌ Ὁ̖̏ ̌́̅̎̏,                                                       (3.3) 

 

ʛʜʝ ʿʝ: Ὁ̔ ̋̔̐̎̏ - ʫʢʫʧʥʘ ʝʤʠʩʠʿʘ [g] ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ; Ὁ̓ ̏̐̌̏ - ʝʤʠʩʠʿʘ [g] ʢʘʜʘ ʿʝ ʤʦʪʦʨ ʥʘ ʨʘʜʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ; Ὁ̖ ̌́̅̎̏ - ʝʤʠʩʠʿʘ [g] ʫ ʧʝʨʠʦʜʫ ʜʦʢ ʩʝ ʤʦʪʦʨ ʥʝ ʟʘʛʨʝʿʝ (ʭʣʘʜʘʥ ʩʪʘʨʪ). 

 

3.1.1.3.1. ɽʤʠʩʠʿʘ ʫ ʧʝʨʠʦʜʫ ʩʪʘʙʠʣʠʟʦʚʘʥʦʛ ʨʘʜʥʦʛ ʨʝʞʠʤʘ ʤʦʪʦʨʘ (ʪʦʧʣʘ 

ʝʤʠʩʠʿʘ) 

 
ɽʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʫ ʧʝʨʠʦʜʫ ʩʪʘʙʠʣʠʟʦʚʘʥʦʛ ʨʘʜʥʦʛ ʨʝʞʠʤʘ ʤʦʪʦʨʘ (ʪʦʧʣʘ ʝʤʠʩʠʿʘ) ʟʘʚʠʩʠ 

ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʬʘʢʪʦʨʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʧʨʝʹʝʥʠ ʧʫʪ ʧʦʿʝʜʠʥʘʯʥʦʛ ʚʦʟʠʣʘ, ˁʝʛʦʚʫ ʙʨʟʠʥʫ (ʠʣʠ ʪʠʧ 

ʧʫʪʘ), ʛʦʜʠʰʪʝ, ʟʘʧʨʝʤʠʥʫ ʤʦʪʦʨʘ ʠ ʜʦʟʚʦˀʝʥʫ ʤʘʩʫ. ɿʘ ʩʚʘʢʫ ʢʘʪʝʛʦʨʠʿʫ ʠ ʪʝʭʥʦʣʦʛʠʿʫ ʚʦʟʠʣʘ 

ʪʨʝʙʘ ʧʨʠʤʝʥʠʪʠ ʨʘʟʣʠʯʠʪʝ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ, ʧʦʜʘʪʢʝ ʦ ʙʨʦʿʫ ʚʦʟʠʣʘ ʠ ʧʨʦʩʝʯʥʦʤ ʧʨʝʹʝʥʦʤ ʧʫʪʫ. 

ʌʦʨʤʫʣʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʪʦʧʣʝ ʝʤʠʩʠʿʝ ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ: 

 

Ὁ̓ ̏̐̌̏Ƞȟȟ ὔ ὓ ȟ Ὡ̓̏̐̌́Ƞȟȟ,                                              (3.4) 

 

ʛʜʝ ʿʝ: Ὁ̓ ̏̐̌̏Ƞȟȟ - ʪʦʧʣʘ ʝʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ i [g], ʚʦʟʠʣʘ ʪʝʭʥʦʣʦʛʠʿʝ k ʥʘ 

ʧʫʪʫ ʪʠʧʘ r (ʛʨʘʜʩʢʠ, ʚʘʥʛʨʘʜʩʢʠ, ʘʫʪʦ-ʧʫʪ); ὔ  - ʙʨʦʿ ʚʦʟʠʣʘ [voz] ʪʝʭʥʦʣʦʛʠʿʝ k; Ὡ̓̏̐̌́Ƞȟȟ - 

ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨ [gĿkm
-1
] ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ i, ʟʘ ʚʦʟʠʣʘ ʪʝʭʥʦʣʦʛʠʿʝ k ʥʘ ʧʫʪʫ ʪʠʧʘ r;  ὓ ȟ - ʧʨʝʹʝʥʠ 

ʧʫʪ ʧʦ ʚʦʟʠʣʫ [kmĿvoz
-1
] ʟʘ ʚʦʟʠʣʘ ʪʝʭʥʦʣʦʛʠʿʝ k ʥʘ ʧʫʪʫ ʪʠʧʘ r. 

 

ɹʨʟʠʥʘ ʚʦʟʠʣʘ ʠʤʘ ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʥʘ ʝʤʠʩʠʿʫ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ, ʧʘ ʿʝ ʨʘʟʚʠʿʝʥʦ ʚʠʰʝ ʧʨʠʩʪʫʧʘ 

ʨʘʟʤʘʪʨʘˁʘ ʦʚʦʛ ʫʪʠʮʘʿʘ. ɿʘ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ ʥʘʿʙʦˀʝ ʿʝ ʠʟʘʙʨʘʪʠ ʿʝʜʥʫ ʧʨʦʩʝʯʥʫ ʙʨʟʠʥʫ ʟʘ ʩʚʘʢʠ 

ʪʠʧ ʧʫʪʘ: ,,ʛʨʘʜʩʢʠñ, ,,ʚʘʥʛʨʘʜʩʢʠñ ʠ ,,ʘʫʪʦ-ʧʫʪñ, ʦʜʥʦʩʥʦ 20, 60 ʠ 100 kmĿh
-1
. ʀʧʘʢ, ʧʦʩʪʦʿʠ 

ʦʜʨʝʹʝʥʘ ʥʝʧʦʫʟʜʘʥʦʩʪ ʧʨʦʮʝʥʝ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʫʩʚʘʿʘˁʝʤ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ, ʧʘ ʿʝ ʥʝʦʧʭʦʜʥʘ 

ˁʝʥʘ ʰʪʦ ʙʦˀʘ ʧʨʦʮʝʥʘ. 
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3.1.1.3.2. ɽʤʠʩʠʿʘ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʤʦʪʦʨʘ 

 
ʋ ʧʝʨʠʦʜʫ ʜʦʢ ʩʝ ʤʦʪʦʨ ʥʝ ʟʘʛʨʝʿʝ ʥʘʩʪʘʿʝ ʜʦʜʘʪʥʘ ʝʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ. ʆʚʘʢʚʘ ʝʤʠʩʠʿʘ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʿʘʚˀʘ ʫ ʛʨʘʜʩʢʦʿ ʠ ʚʘʥʛʨʘʜʩʢʦʿ ʚʦʞˁʠ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʿʝ ʙʨʦʿ ʚʦʞˁʠ ʢʦʿʝ ʩʝ ʟʘʧʦʯʠˁʫ ʥʘ 

ʘʫʪʦ-ʧʫʪʫ ʤʘʣʠ. ʀʘʢʦ ʩʝ ʥʘʚʝʜʝʥʘ ʝʤʠʩʠʿʘ ʨʝʛʠʩʪʨʫʿʝ ʢʦʜ ʩʚʠʭ ʢʘʪʝʛʦʨʠʿʘ ʚʦʟʠʣʘ, ʝʤʠʩʠʦʥʠ 

ʬʘʢʪʦʨʠ ʩʝ ʤʦʛʫ ʘʜʝʢʚʘʪʥʦ ʧʨʦʮʝʥʠʪʠ ʩʘʤʦ ʟʘ ʧʫʪʥʠʯʢʝ ʘʫʪʦʤʦʙʠʣʝ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʙʝʥʟʠʥ, ʜʠʟʝʣ ʠ 

ʊʅɻ, ʢʘʦ ʠ ʟʘ ʣʘʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ, ʪʘʢʦ ʜʘ ʩʫ ʩʘʤʦ ʦʚʝ ʢʘʪʝʛʦʨʠʿʝ ʦʙʫʭʚʘ˂ʝʥʝ ʤʝʪʦʜʦʤ 3. ʆʥʘ ʩʝ 

ʠʟʨʘʯʫʥʘʚʘ ʢʘʦ ʜʦʜʘʪʥʘ ʝʤʠʩʠʿʘ ʥʘ ʝʤʠʩʠʿʫ ʚʦʟʠʣʘ ʢʦʿʘ ʥʘʩʪʘʿʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʙʠ ʩʚʘ ʚʦʟʠʣʘ ʫʚʝʢ 

ʨʘʜʠʣʘ ʩʘ ʪʦʧʣʠʤ ʤʦʪʦʨʦʤ ʠ ʟʘʛʨʝʿʘʥʠʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. 

 

ʈʝʣʝʚʘʥʪʥʠ ʬʘʢʪʦʨ, ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʦʜʥʦʩʫ ʝʤʠʩʠʿʝ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʠ ʪʦʧʣʝ ʝʤʠʩʠʿʝ, ʧʨʠʤʝˁʝʥ 

ʿʝ ʥʘ ʜʝʦ ʧʨʝʹʝʥʦʛ ʧʫʪʘ ʢʦʿʠ ʩʝ ʧʨʝʣʘʟʠ ʢʘʜʘ ʤʦʪʦʨ ʥʠʿʝ ʟʘʛʨʝʿʘʥ. ɽʤʠʩʠʿʘ ʭʣʘʜʥʦʛ ʩʪʘʨʪʘ ʫʚʝʜʝʥʘ 

ʿʝ ʢʘʦ ʜʦʜʘʪʥʘ ʝʤʠʩʠʿʘ ʧʦ ʢʠʣʦʤʝʪʨʫ ʠ ʪʦ ʧʨʝʢʦ ʠʟʨʘʟʘ:  

 

Ὁ̖ ̌́̅̎̏Ƞȟ ‍ȟ ὔ ὓ Ὡ̓̏̐̌́Ƞȟ  Ὡ̖̌́̅̎̏Ὡ̓̏̐̌̏ϳ ȿȟ ρ,                     (3.5) 

 

ʛʜʝ ʿʝ: Ὁ̖ ̌́̅̎̏Ƞȟ - ʝʤʠʩʠʿʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ i ʪʝʭʥʦʣʦʛʠʿʝ k ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ; ‍ȟ - ʜʝʦ ʧʨʝʹʝʥʦʛ 

ʧʫʪʘ ʢʦʿʠ ʿʝ ʧʨʝʹʝʥ ʩʘ ʭʣʘʜʥʠʤ ʤʦʪʦʨʦʤ ʠʣʠ ʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʢʦʿʠ ʨʘʜʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʦʿ ʦʜ 

ʨʘʜʥʝ ʟʘ ʰʪʝʪʥʫ ʤʘʪʝʨʠʿʫ i ʠ ʪʝʭʥʦʣʦʛʠʿʫ ʚʦʟʠʣʘ k; ὔ  - ʙʨʦʿ ʚʦʟʠʣʘ [voz] ʪʝʭʥʦʣʦʛʠʿʝ k; ὓ  - 

ʫʢʫʧʘʥ ʧʨʝʹʝʥʠ ʧʫʪ ʧʦ ʚʦʟʠʣʫ [kmĿvoz
-1
] ʟʘ ʚʦʟʠʣʦ ʪʝʭʥʦʣʦʛʠʿʝ k;  Ὡ̖̌́̅̎̏Ὡ̓̏̐̌̏ϳ ȿȟ - ʦʜʥʦʩ 

ʝʤʠʩʠʿʝ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʠ ʪʦʧʣʝ ʝʤʠʩʠʿʝ ʟʘ ʰʪʝʪʥʫ ʤʘʪʝʨʠʿʫ i ʠ ʚʦʟʠʣʦ ʪʝʭʥʦʣʦʛʠʿʝ k. 

 

ɓ-ʧʘʨʘʤʝʪʘʨ ʟʘʚʠʩʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʘʤʙʠʿʝʥʪʘ (ta) ʠ ʥʘʯʠʥʘ ʚʦʞˁʝ (ʧʦʩʝʙʥʦ ʟʘ ʧʨʦʩʝʯʥʝ ʜʫʞʠʥʝ 

ʧʫʪʦʚʘˁʘ - ὰ ). ɺʨʝʜʥʦʩʪ ὰ  ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʙʫʜʝ ʫ ʛʨʘʥʠʮʘʤʘ ʠʟʤʝʹʫ 8 ʠ 15 km. ʇʨʝʧʦʨʫʢʘ ʿʝ ʜʘ 

ʩʝ ʢʦʨʠʩʪʠ ʚʨʝʜʥʦʩʪ ʦʜ 12,4 km, ʦʩʠʤ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʧʦʩʪʦʿʝ ʧʨʝʮʠʟʥʠ ʧʦʜʘʮʠ. ʋ ʪʘʙʝʣʠ ɸ14 

(ʧʨʠʣʦʛ ɸ) ʜʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʥʘʚʝʜʝʥʦʛ ʧʘʨʘʤʝʪʨʘ ʢʦʿʝ ʩʫ ʧʦʿʝʜʠʥʝ ʜʨʞʘʚʝ ʯʣʘʥʠʮʝ ʢʦʨʠʩʪʠʣʝ ʢʘʦ 

ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʟʘ ʧʨʦʛʨʘʤ COPERT4. ʆʜʥʦʩ ʝʤʠʩʠʿʘ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʠ ʪʦʧʣʝ ʝʤʠʩʠʿʝ 

(ʝ
ʭʣʘʜʥʦ
/ʝ
ʪʦʧʣʦ

) ʟʘʚʠʩʠ ʦʜ ʩʧʦˀʘʰˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʢʦʘʿ ʩʝ ʘʥʘʣʠʟʠʨʘ. ʀʘʢʦ ʩʝ ʤʦʜʝʣ 

ʧʨʚʝ ʚʝʨʟʠʿʝ ʦʚʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʿʦʰ ʫʚʝʢ ʢʦʨʠʩʪʠ ʫ ʧʨʦʨʘʯʫʥʫ ʝʤʠʩʠʿʝ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ, ʟʘ 

ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʙʝʥʟʠʥ ʩʘ ʫʛʨʘʹʝʥʠʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʦʧʫˁʝʥʠ ʩʫ ʧʦʜʘʮʠ ʦʜʥʦʩʘ ʝʤʠʩʠʿʝ ʧʨʠ 

ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʠ ʪʦʧʣʝ ʝʤʠʩʠʿʝ (ʪʘʙʝʣʘ ɸ15, ʧʨʠʣʦʛ ɸ).  

 

3.1.1.3.3. ʂʦʨʝʢʮʠʿʘ ʝʤʠʩʠʿʝ 

 
ʅʘ ʜʦʙʠʿʝʥʝ ʨʝʟʫʣʪʘʪʝ ʙʘʟʥʝ ʝʤʠʩʠʿʝ ʧʨʠʤʝˁʫʿʫ ʩʝ ʦʜʨʝʹʝʥʝ ʢʦʨʝʢʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʧʨʠʣʘʛʦʜʠʣʠ 

ʨʘʟʣʠʢʘʤʘ ʫ ʝʤʠʩʠʿʠ ʢʦʿʝ ʩʫ ʧʦʩʣʝʜʠʮʘ:  

1. ʉʪʘʨʦʩʪʠ ʚʦʟʠʣʘ (ʧʨʝʹʝʥʘ ʢʠʣʦʤʝʪʨʘʞʘ - ʫʢʫʧʥʦ ʧʨʝʹʝʥʠ ʧʫʪ ʚʦʟʠʣʘ) - ʆʩʥʦʚʥʠ 

ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʦʜʥʦʩʝ ʩʝ ʥʘ ʚʦʟʥʠ ʧʘʨʢ ʧʨʦʩʝʯʥʝ ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ 30.000ï60.000 
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km, ʰʪʦ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʬʘʢʪʦʨ ʜʝʛʨʘʜʘʮʠʿʝ. ʉʘʤʦ ʟʘ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʙʝʥʟʠʥ ʠ 

ʣʘʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ, ʜʘˀʝ ʧʦʛʦʨʰʘˁʝ ʝʤʠʩʠʿʝ ʪʨʝʙʘ ʙʠʪʠ ʢʦʨʠʛʦʚʘʥʦ ʧʨʠʤʝʥʦʤ ʜʦʜʘʪʥʠʭ 

ʬʘʢʪʦʨʘ ʜʝʛʨʘʜʘʮʠʿʝ. ʄʝʹʫʪʠʤ, ʜʘ ʙʠ ʧʦʜʘʮʠ ʨʘʟʣʠʯʠʪʠʭ ʜʨʞʘʚʘ ʯʣʘʥʠʮʘ ʙʠʣʠ ʧʦʪʧʫʥʦ 

ʫʩʘʛʣʘʰʝʥʠ, ʧʨʝʜʣʦʞʝʥʦ ʿʝ ʜʘ ʩʝ ʥʝ ʫʚʦʜʝ ʪʘʢʚʝ ʢʦʨʝʢʮʠʿʝ ʧʨʠʣʠʢʦʤ ʩʘʩʪʘʚˀʘˁʘ ʦʩʥʦʚʥʦʛ 

ʧʦʧʠʩʘ ʜʦ 2000. ʛʦʜʠʥʝ, ʟʙʦʛ ʨʝʣʘʪʠʚʥʦ ,,ʤʣʘʜʠʭñ ʚʦʟʥʠʭ ʧʘʨʢʦʚʘ;  

2. ʂʦʨʠʰ˂ʝˁʘ ʨʝʬʦʨʤʫʣʠʩʘʥʠʭ ʛʦʨʠʚʘ - ʈʝʬʦʨʤʫʣʠʩʘʥʘ ʛʦʨʠʚʘ ʩʫ ʧʦʩʪʘʣʘ ʦʙʘʚʝʟʥʘ ʫ 

ɽʚʨʦʧʩʢʦʿ ʫʥʠʿʠ ʦʜ 2000. ʛʦʜʠʥʝ. ɽʬʝʢʪʠ ʨʝʬʦʨʤʫʣʠʩʘʥʠʭ ʛʦʨʠʚʘ ʥʘ ʝʤʠʩʠʿʫ ʚʦʟʠʣʘ 

ʘʢʪʫʝʣʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʩʪʘʨʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʤʦʛʫ ʩʝ ʜʦʜʘʪʥʦ ʧʨʠʣʘʛʦʹʘʚʘʪʠ ʧʨʠʤʝʥʦʤ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʦʨʝʢʪʠʚʥʠʭ ʬʘʢʪʦʨʘ. ʆʚʘʢʚʝ ʢʦʨʝʢʮʠʿʝ ʪʨʝʙʘ ʧʨʠʤʝʥʠʪʠ ʥʘ ʛʦʜʠʥʝ ʥʘʢʦʥ 

ʫʚʦʹʝˁʘ ʨʝʬʦʨʤʫʣʠʩʘʥʠʭ ʛʦʨʠʚʘ. 

 

3.1.1.3.3.1. ʇʦʛʦʨʰʘˁʝ ʝʤʠʩʠʿʝ ʫʩʣʝʜ ʩʪʘʨʦʩʪʠ ʚʦʟʠʣʘ 

 
ʋ ʧʨʦʨʘʯʫʥʫ, ʬʘʢʪʦʨʠ ʢʦʨʝʢʮʠʿʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʫ ʧʨʠʤʝˁʝʥʠ ʥʘ ʦʩʥʦʚʥʝ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ ʟʘ 

ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʙʝʥʟʠʥ ʠ ʣʘʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ ʧʨʝʤʘ ʩʪʘʨʦʩʪʠ ʚʦʟʠʣʘ. ʆʥʠ ʩʝ ʤʦʛʫ 

ʧʨʝʜʩʪʘʚʠʪʠ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ: 

 

ὓὅȟ ὃ ὓ̒ ̮̑̆̅̆ὄ ,                                                    (3.6) 

 

ʛʜʝ ʿʝ: ὓὅȟ - ʢʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʧʨʝʹʝʥʦʛ ʧʫʪʘ ʟʘ ʜʘʪʠ ʧʨʝʹʝʥʠ ʧʫʪ ʠ ʰʪʝʪʥʫ ʤʘʪʝʨʠʿʫ i; ὓ̒ ̮̑̆̅̆- 

ʧʨʦʩʝʯʘʥ ʧʨʝʹʝʥʠ ʧʫʪ ʚʦʟʥʦʛ ʧʘʨʢʘ ʟʘ ʚʦʟʠʣʘ ʥʘ ʢʦʿʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʢʦʨʝʢʮʠʿʘ; ὃ  - ʧʦʚʝ˂ʘˁʝ 

ʝʤʠʩʠʿʝ ʧʦ ʢʠʣʦʤʝʪʨʫ; ὄ  - ʥʠʚʦ ʝʤʠʩʠʿʝ ʚʦʟʥʦʛ ʧʘʨʢʘ ʥʦʚʠʭ ʚʦʟʠʣʘ.  

 

ɺʨʝʜʥʦʩʪ ὄ  ʤʘˁʘ ʿʝ ʦʜ 1 ʟʘʪʦ ʰʪʦ ʩʫ ʬʘʢʪʦʨʠ ʢʦʨʝʢʮʠʿʝ ʦʜʨʝʹʝʥʠ ʫʟʠʤʘˁʝʤ ʫ ʦʙʟʠʨ ʚʦʟʥʠʭ 

ʧʘʨʢʦʚʘ ʯʠʿʠ ʿʝ ʧʨʝʹʝʥʠ ʧʫʪ ʫ ʨʘʩʧʦʥʫ ʦʜ 16.000 ʜʦ 50.000 km. ʆʜ ʥʦʚʠʭ ʚʦʟʠʣʘ ʦʯʝʢʫʿʝ ʩʝ ʤʘˁʘ 

ʝʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʦʜ ʝʤʠʩʠʿʝ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʫʟʦʨʘʢʘ ʚʦʟʠʣʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʠʟʨʘʯʫʥʘʪʠ 

ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ. ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ʩʝ ʝʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʧʦʛʦʨʰʘʚʘ ʥʘʢʦʥ ʧʨʝʹʝʥʠʭ 

120.000 km ʟʘ ʚʦʟʠʣʘ ɽʫʨʦ 1 ʠ ɽʫʨʦ 2 ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ, ʘ ʥʘʢʦʥ 160.000 km ʟʘ ʚʦʟʠʣʘ ɽʫʨʦ 3 ʠ 

ɽʫʨʦ 4 ʩʪʘʥʜʘʨʜʘ (ʫʢʦʣʠʢʦ ʩʝ ʪʘʜʘ ʥʝ ʫʨʘʜʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʝʨʚʠʩʥʝ ʠʥʪʝʨʚʝʥʮʠʿʝ ʠ ʟʘʤʝʥʝ 

ʢʘʪʘʣʠʟʘʪʦʨʠ ʠʣʠ ʜʨʫʛʘ ʦʧʨʝʤʘ ʟʘ ʩʤʘˁʝˁʝ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ). 

 

3.1.1.3.3.2. ʋʪʠʮʘʿ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʥʘ ʝʤʠʩʠʿʫ 

 

ʋ ɽʚʨʦʧʠ ʿʝ ʫ ʜʚʘ ʥʘʚʨʘʪʘ ʫʚʝʜʝʥʘ ʦʙʘʚʝʟʘ ʢʦʨʠʰ˂ʝˁʘ ʨʝʬʦʨʤʫʣʠʩʘʥʠʭ ʛʦʨʠʚʘ: ʫ ʿʘʥʫʘʨʫ 2000. 

(ʛʦʨʠʚʦ 2000) ʠ ʿʘʥʫʘʨʫ 2005. (ʛʦʨʠʚʦ 2005). ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʚʝʜʝʥʠʭ ʛʦʨʠʚʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ 

ʪʘʙʝʣʘʤʘ ɸ(16-18) (ʧʨʠʣʦʛ ɸ) ʠ ʥʝʦʧʭʦʜʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʿʝ ʫʩʣʝʜ ʧʦʙʦˀʰʘˁʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʦʨʠʚʘ ʩʤʘˁʝʥʘ ʝʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ. ɽʫʨʦ 3 ʝʤʠʩʠʦʥʠ ʩʪʘʥʜʘʨʜʠ ʧʦʩʪʠʛʥʫʪʠ ʩʫ ʛʦʨʠʚʦʤ 

2000, ʘ ʩʪʨʦʞʠ ʝʤʠʩʠʦʥʠ ʩʪʘʥʜʘʨʜʠ ɽʫʨʦ 4 ʠ ɽʫʨʦ 5, ʛʦʨʠʚʦʤ 2005.  
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ʈʝʟʫʣʪʘʪ ʢʦʨʠʰ˂ʝˁʘ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠʭ ʧʦʛʦʥʩʢʠʭ ʛʦʨʠʚʘ ʿʝʩʪʝ ʠ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ ʢʦʜ ʚʦʟʠʣʘ 

ʯʠʿʘ ʿʝ ʪʝʭʥʦʣʦʛʠʿʘ ʩʪʘʨʠʿʘ ʦʜ ɽʫʨʦ 3 ʪʝʭʥʦʣʦʛʠʿʝ, ʟʘ ʢʦʿʫ ʩʝ, ʢʘʦ ʦʩʥʦʚʥʦ ʛʦʨʠʚʦ, ʧʦʩʤʘʪʨʘ 

ʧʨʦʩʝʯʥʦ ʛʦʨʠʚʦ ʥʘ ʪʨʞʠʰʪʫ ʫ 1996. ʛʦʜʠʥʠ. ʆʚʦ ʩʤʘˁʝˁʝ ʩʝ ʦʜʥʦʩʠ ʠ ʥʘ ʪʦʧʣʫ ʝʤʠʩʠʿʫ ʠ ʥʘ 

ʝʤʠʩʠʿʫ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ. ʋ ʉʨʙʠʿʠ ʿʝ ʪʝʢ ʦʜ ʿʘʥʫʘʨʘ 2014. ʛʦʜʠʥʝ ʥʘ ʧʫʪʝʚʠʤʘ ʫʚʝʜʝʥʦ ʛʦʨʠʚʦ 

ɽʫʨʦ 5 ʢʚʘʣʠʪʝʪʘ.  

 

ɿʘ ʢʦʨʝʢʮʠʿʫ ʬʘʢʪʦʨʘ ʪʦʧʣʝ ʝʤʠʩʠʿʝ, ʧʨʠʤʝˁʝʥʝ ʩʫ ʬʦʨʤʫʣʝ ʠʟʚʝʜʝʥʝ ʫ ʦʢʚʠʨʫ ɽʚʨʦʧʩʢʦʛ 

ʧʨʦʛʨʘʤʘ ʦ ʝʤʠʩʠʿʠ, ʧʦʛʦʥʩʢʠʤ ʛʦʨʠʚʠʤʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʤʦʪʦʨʘ, ʯʠʿʠ ʩʫ ʥʦʩʠʦʮʠ ʋʜʨʫʞʝˁʝ 

ʝʚʨʦʧʩʢʠʭ ʧʨʦʠʟʚʦʹʘʯʘ ʘʫʪʦʤʦʙʠʣʘ (ACEA) (ʝʥʛ. European Automobile Manufacturersô Association) 

ʠ ʋʜʨʫʞʝˁʝ ʝʚʨʦʧʩʢʝ ʥʘʬʪʥʝ ʠʥʜʫʩʪʨʠʿʝ (EuroPIA) (ʝʥʛ. European Petroleum Industry Association).   

 

ʌʘʢʪʦʨʠ ʪʦʧʣʝ ʝʤʠʩʠʿʝ ʢʦʨʠʛʦʚʘʥʠ ʩʫ ʧʨʠʤʝʥʦʤ ʬʦʨʤʫʣʝ (3.7), ʧʨʠ ʯʝʤʫ ʿʝ ʥʝʦʧʭʦʜʥʦ ʚʦʜʠʪʠ 

ʨʘʯʫʥʘ ʜʘ ʩʝ ʦʥʘ ʥʝ ʧʨʠʤʝˁʫʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʧʦʛʦʨʰʘˁʘ ʝʤʠʩʠʿʝ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ʩʪʘʨʠʿʝʛ 

ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʫ ʥʦʚʦʿ ʪʝʭʥʦʣʦʛʠʿʠ ʚʦʟʠʣʘ (ʥʧʨ. ʢʦʨʠʰ˂ʝˁʝ ʛʦʨʠʚʘ 2000 ʫ ʚʦʟʠʣʠʤʘ ɽʫʨʦ 4 

ʩʪʘʥʜʘʨʜʘ): 

 

ὊὅὩ̓̏̐̌̏ȟȟȟ Ὂὅέὶὶȟȟ̄̏̑̉̃Ὂ̏ὅέὶὶȟȟ̏̒̎̏̃̎̏ϳ Ὡ̓̏̐̌̏Ƞȟȟ,                            (3.7) 

 

ʛʜʝ ʿʝ: ὊὅὩ̓̏̐̌̏ȟȟȟ - ʬʘʢʪʦʨ ʪʦʧʣʝ ʝʤʠʩʠʿʝ, ʢʦʨʠʛʦʚʘʥ ʫʩʣʝʜ ʫʧʦʪʨʝʙʝ ʨʝʬʦʨʤʫʣʠʩʘʥʦʛ ʛʦʨʠʚʘ ʟʘ 

ʰʪʝʪʥʫ ʤʘʪʝʨʠʿʫ i, ʫ ʚʦʟʠʣʫ ʪʝʭʥʦʣʦʛʠʿʝ k, ʢʦʿʝ ʩʝ ʢʨʝ˂ʝ ʥʘ ʧʫʪʫ ʪʠʧʘ r; Ὂὅέὶὶȟȟ̄̏̑̉̃̏ - ʢʦʨʝʢʮʠʿʘ 

ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʟʘ ʰʪʝʪʥʫ ʤʘʪʝʨʠʿʫ i, ʪʝʭʥʦʣʦʛʠʿʫ ʚʦʟʠʣʘ k ʟʘ ʨʘʩʧʦʣʦʞʠʚʘ ʛʦʨʠʚʘ ʧʦʙʦˀʰʘʥʦʛ 

ʢʚʘʣʠʪʝʪʘ; Ὂὅέὶὶȟȟ̏̒̎̏̃̎̏ - ʢʦʨʝʢʮʠʿʘ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʟʘ ʰʪʝʪʥʫ ʤʘʪʝʨʠʿʫ i ʟʘ ʛʦʨʠʚʦ ʦʩʥʦʚʥʦʛ 

ʢʚʘʣʠʪʝʪʘ, ʪʝʭʥʦʣʦʛʠʿʝ ʚʦʟʠʣʘ k. 

 

3.1.1.3.4. ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʤʝʪʦʜʝ 3   

 
ɽʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ ʤʝʪʦʜʝ 3, ʟʘ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʙʝʥʟʠʥ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʜʨʝʜʠʣʘ ʿʝ ʨʘʜʥʘ 

ʛʨʫʧʘ CORINAIR, ʫʟʠʤʘˁʝʤ ʫ ʦʙʟʠʨ ʨʝʟʫʣʪʘʪʘ ʩʚʝʦʙʫʭʚʘʪʥʝ ʩʪʫʜʠʿʝ ʨʝʘʣʠʟʦʚʘʥʝ ʫ ʌʨʘʥʮʫʩʢʦʿ, 

ʅʝʤʘʯʢʦʿ, ɻʨʯʢʦʿ, ʀʪʘʣʠʿʠ, ʍʦʣʘʥʜʠʿʠ ʠ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ. ʇʦʨʝʜ ʦʚʠʭ, ʫʢˀʫʯʝʥʠ ʩʫ ʠ ʦʜʨʝʹʝʥʠ 

ʧʦʜʘʮʠ ʠʟʤʝʨʝʥʠ ʫ ɸʫʩʪʨʠʿʠ, ʐʚʝʜʩʢʦʿ ʠ ʐʚʘʿʮʘʨʩʢʦʿ. ɿʘ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʙʝʥʟʠʥ ʢʦʿʘ ʠʤʘʿʫ 

ʫʛʨʘʹʝʥ ʢʘʪʘʣʠʟʘʪʦʨ, ʟʘ ʧʦʙʦˀʰʘʥʘ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʜʠʟʝʣ (91/441/EEC ʠ ʥʦʚʠʿʘ) ʠ ʪʝʰʢʘ 

ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʜʠʟʝʣ, ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʜʦʙʠʿʝʥʠ ʩʫ ʢʘʦ ʨʝʟʫʣʪʘʪ ARTEMIS 

ʧʨʦʿʝʢʪʘ, ʜʦʢ ʟʘ ʣʘʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ ʧʦʪʠʯʫ ʠʟ ʧʨʦʿʝʢʪʘ ʄɽɽʊ. 

 

ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʤʦʛʫ ʩʝ ʧʦʜʝʣʠʪʠ, ʧʨʝʤʘ ʚʨʩʪʠ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ, ʫ ʜʚʝ ʢʣʘʩʝ: ʥʘ ʦʥʝ ʟʘ ʢʦʿʝ ʿʝ 

ʧʦʪʨʝʙʥʘ (ʠ ʤʦʛʫ˂ʘ) ʜʝʪʘˀʥʠʿʘ ʧʨʦʮʝʥʘ ʠ ʥʘ ʦʥʝ ʟʘ ʢʦʿʝ ʿʝ ʜʦʚʦˀʥʦ ʦʙʝʟʙʝʜʠʪʠ ,,ʟʙʠʨʥʝñ ʝʤʠʩʠʦʥʝ 

ʬʘʢʪʦʨʝ ʠʣʠ ʬʦʨʤʫʣʝ. ʐʪʝʪʥʝ ʤʘʪʝʨʠʿʝ CO, NOx ʧʨʠʧʘʜʘʿʫ ʧʨʚʦʿ ʢʘʪʝʛʦʨʠʿʠ, ʜʦʢ ʩʫ CO2, NH3, 

SO2, N2O ʠ ʜʝʣʠʤʠʯʥʦ CH4 ʫ ʜʨʫʛʦʿ ʢʘʪʝʛʦʨʠʿʠ ʠ ʦʥʠ ʥʝ˂ʝ ʙʠʪʠ ʨʘʟʤʘʪʨʘʥʠ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. 
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3.1.1.3.5. ʇʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ ʧʫʪʥʠʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʩʘ ʆʊʆ ʤʦʪʦʨʠʤʘ  

 
ʊʦʧʣʘ ʝʤʠʩʠʿʘ ʟʘ ʚʦʟʠʣʘ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ ʠ ʥʘʧʨʝʜʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʙʝʥʟʠʥ ʤʦʛʫ˂ʝ 

ʿʝ ʠʟʨʘʯʫʥʘʪʠ ʫ ʬʫʥʢʮʠʿʠ ʙʨʟʠʥʝ, ʧʨʠ ʯʝʤʫ ʩʫ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʦʜʨʝʹʝʥʠ ʫ ʦʢʚʠʨʫ ʧʨʦʿʝʢʪʘ 

ARTEMIS. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝʥ ʿʝ ʩʣʝʜʝ˂ʠ ʠʟʨʘʟ: 

 

ὉὊ .                                                               (3.8) 

 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʧʦʩʪʘʿʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʤʦʛʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ 5 ʢʦʝʬʠʮʠʿʝʥʘʪʘ (a, b, c, d ʠ e) ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ, ʪʝʭʥʦʣʦʛʠʿʝ ʚʦʟʠʣʘ, ʟʘʧʨʝʤʠʥʝ ʤʦʪʦʨʘ ʠ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ 

ʚʦʟʠʣʘ (V), ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ (ɽɽɸ, 2009) [128]. ɽʬʝʢʪʝ ʝʤʠʩʠʿʝ ʧʨʠ 

ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʪʨʝʙʘ ʜʝʪʘˀʥʦ ʤʦʜʝʣʠʨʘʪʠ ʟʘ ʚʦʟʠʣʘ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ ʠ ʥʘʧʨʝʜʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, 

ʿʝʨ ʿʝ ʩʤʘˁʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʥʠʞʠʤ ʦʜ ʨʘʜʥʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʜʘ ʿʝ 

ʝʤʠʩʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʦʜ ʚʦʟʠʣʘ ʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʪʦʢʦʤ ʟʘʛʨʝʚʘˁʘ ʤʦʪʦʨʘ ʟʥʘʪʥʦ ʚʝ˂ʘ ʥʝʛʦ ʟʘ 

ʚʨʝʤʝ ʩʪʘʙʠʣʠʟʦʚʘʥʦʛ ʨʝʞʠʤʘ ʨʘʜʘ ʤʦʪʦʨʘ ʥʘ ʨʘʜʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ.  

 

ʋ ʪʘʙʝʣʠ ɸ15 (ʧʨʠʣʦʛ ɸ) ʜʘʪʠ ʩʫ ʦʜʥʦʩʠ ʭʣʘʜʥʠʭ ʠ ʪʦʧʣʠʭ ʝʤʠʩʠʿʘ ( Ὡ̖̌́̅̎̏Ὡ̓̏̐̌̏ϳ ȿȟ) ʟʘ ʪʨʠ 

ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʠ ʧʦʪʨʦʰˁʫ ʛʦʨʠʚʘ (ɽɽɸ, 2009) [128]. ʂʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʬʘʢʪʦʨʘ 

ʪʦʧʣʝ ʝʤʠʩʠʿʝ, ʚʨʝʜʥʦʩʪʠ ʫʚʝʜʝʥʝ ʟʘ ʙʨʟʠʥʫ ʪʨʝʙʘ ʜʘ ʦʜʛʦʚʘʨʘʿʫ ʧʨʦʩʝʯʥʦʿ, ʘ ʥʝ ʪʨʝʥʫʪʥʦʿ ʙʨʟʠʥʠ. 

ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʝʬʝʢʘʪ ʝʤʠʩʠʿʝ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʩʝ ʫ ʩʣʫʯʘʿʫ Cʆ ʤʦʞʝ ʟʘʥʝʤʘʨʠʪʠ ʢʘʜʘ ʿʝ 

ʩʧʦˀʘʰˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʥʘʜ 25 ᴈ ʠ ʠʟʥʘʜ 30 ᴈ ʫ ʩʣʫʯʘʿʫ VOC. ʈʘʟʣʦʛ ʥʠʿʝ ʩʘʤʦ ʪʘʿ ʰʪʦ ʿʝ 

ʧʦʚʝ˂ʘˁʝ ʝʤʠʩʠʿʝ ʧʦʜ ʪʘʢʚʠʤ ʩʧʦˀʘʰˁʠʤ ʫʩʣʦʚʠʤʘ ʤʘʣʦ, ʚʝ˂ ʠ ʰʪʦ ʩʝ ʤʦʪʦʨʠ ʩʧʦʨʠʿʝ ʭʣʘʜʝ ʠ 

ʰʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʪʦʨʘ ʧʨʠ ʧʦʢʨʝʪʘˁʫ ʤʦʞʝ ʙʠʪʠ ʚʠʩʦʢʘ ʠ ʥʘʢʦʥ ʥʝʢʦʣʠʢʦ ʩʘʪʠ ʤʠʨʦʚʘˁʘ. ʋ 

ʧʦʨʝʹʝˁʫ ʩʘ ʚʦʟʠʣʠʤʘ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ, ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ (ʟʘ ʚʦʟʠʣʘ 

ʥʘʧʨʝʜʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ) ʧʦʩʪʠʞʝ ʩʝ ʩʢʨʘ˂ʝˁʝʤ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʢʘʪʘʣʠʪʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ ʜʘ 

ʜʦʩʪʠʛʥʫ ʨʘʜʥʫ ʪʝʤʧʝʨʘʪʫʨʫ. ʆʚʦ ʩʢʨʘ˂ʝˁʝ ʚʨʝʤʝʥʘ ʩʝ ʦʜʨʘʞʘʚʘ ʠ ʥʘ ʩʤʘˁʝˁʝ ʧʨʝʹʝʥʦʛ ʧʫʪʘ ʩʘ 

ʜʝʣʠʤʠʯʥʦ ʟʘʛʨʝʿʘʥʠʤ ʤʦʪʦʨʦʤ ʠ/ʠʣʠ ʫʨʝʹʘʿʠʤʘ ʟʘ ʥʘʢʥʘʜʥʫ ʦʙʨʘʜʫ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ. ʇʨʝʤʘ ʪʦʤʝ, 

ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʜʦʙʠʿʘ ʩʝ ʩʤʘˁʝˁʝʤ ʚʨʝʜʥʦʩʪʠ ɓ-ʧʘʨʘʤʝʪʨʘ (ʧʨʝʹʝʥʠ ʧʫʪ ʩʘ 

ʭʣʘʜʥʠʤ ʠʣʠ ʜʝʣʠʤʠʯʥʦ ʟʘʛʨʝʿʘʥʠʤ ʤʦʪʦʨʦʤ). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʠʩʫ ʠʟʚʝʜʝʥʠ ʜʦʢʘʟʠ ʢʦʿʠ ʙʠ 

ʦʧʨʘʚʜʘʣʠ ʫʧʦʪʨʝʙʫ ʨʘʟʣʠʯʠʪʠʭ ʦʜʥʦʩʘ ʝʤʠʩʠʿʘ ( Ὡ̖̌́̅̎̏Ὡ̓̏̐̌̏ϳ ȿȟ) ʟʘ ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʦʣʦʛʠʿʝ 

ʚʦʟʠʣʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʦʜʥʦʩʠ ʝʤʠʩʠʿʘ ( Ὡ̖̌́̅̎̏Ὡ̓̏̐̌̏ϳ ȿȟ), ʜʦʙʠʿʝʥʠ ʟʘ ʚʦʟʠʣʘ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ 

ʤʦʛʫ ʧʨʠʤʝˁʠʚʘʪʠ ʠ ʥʘ ʚʦʟʠʣʘ ʥʘʧʨʝʜʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʙʝʟ ʜʘˀʠʭ ʩʤʘˁʝˁʘ. ʉʣʠʯʥʦ ʪʦʤʝ, ʬʘʢʪʦʨ 

ʪʦʧʣʝ ʝʤʠʩʠʿʝ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʫ ʧʨʦʮʝʥʠ ʝʤʠʩʠʿʝ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ, ʪʨʝʙʘ ʙʠʪʠ ʚʨʝʜʥʦʩʪ ʢʦʿʘ 

ʦʜʛʦʚʘʨʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ʚʦʟʠʣʘ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ. ɼʘʢʣʝ, ʫ ʩʣʫʯʘʿʫ ʚʦʟʠʣʘ ʥʘʧʨʝʜʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ 

ʦʜ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ, ʬʦʨʤʫʣʘ (3.5) ʧʦʩʪʘʿʝ: 

 

Ὁ̖ ̌́̅̎̏Ƞȟ ὦὧȟ ‍ȟ˒̔̑ ὔ̏ ὓ Ὡ̓̏̐̌̏Ƞȟ˒̔̑̏ Ὡ
̖̌́̅̎̏Ὡ̓̏̐̌̏ϳ ȿȟ˒̔̑ ̏ ρ.        (3.9) 
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3.1.1.3.6. ʇʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ ʧʫʪʥʠʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʩʘ ɼʀɿɽʃ ʤʦʪʦʨʠʤʘ  

 
ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʤʝʨʝˁʘ ʥʘ ʧʫʪʥʠʯʢʠʤ ʘʫʪʦʤʦʙʠʣʠʤʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʜʠʟʝʣ (< 2,5 t) 

ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʫʦʯʘʚʘˁʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʟʘʧʨʝʤʠʥʝ ʮʠʣʠʥʜʨʘ ʟʘ ʝʤʠʩʠʿʫ NOx ʠ ʬʘʢʪʦʨʘ ʢʦʿʠ ʟʘʚʠʩʝ 

ʦʜ ʙʨʟʠʥʝ ʟʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʚʦʟʠʣʘ (ʚʦʟʠʣʘ ʧʨʝ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ). ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʢʦʿʝ ʪʨʝʙʘ 

ʫʚʝʩʪʠ ʫ ʬʦʨʤʫʣʫ (3.4), ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʧʣʝ ʝʤʠʩʠʿʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʧʫʪʥʠʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʩʘ 

ʧʦʛʦʥʦʤ ʥʘ ʜʠʟʝʣ, ʜʘʪʠ ʩʫ ʫ ʣʠʪʝʨʘʪʫʨʠ ɽɽɸ ʠʟ 2009. ʛʦʜʠʥʝ [128]. ʇʦʚʝ˂ʘʥʘ ʝʤʠʩʠʿʘ ʚʦʟʠʣʘ ʩʘ 

ʧʦʛʦʥʦʤ ʥʘ ʜʠʟʝʣ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʥʠʿʝ ʪʦʣʠʢʦ ʠʟʨʘʞʝʥʘ ʠʟʤʝʹʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʠ ɽʫʨʦ 1 

ʩʪʘʥʜʘʨʜʘ ʢʘʦ ʝʤʠʩʠʿʘ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʙʝʥʟʠʥ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʩʤʘʪʨʘ ʜʘ ʥʝʤʘ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʚʦʟʠʣʘ ʠ ʚʦʟʠʣʘ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ. ɺʨʝʜʥʦʩʪʠ ʦʜʥʦʩʘ ʝʤʠʩʠʿʘ ( Ὡ̖̌́̅̎̏Ὡ̓̏̐̌̏ϳ ȿȟ) 

ʟʘ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʜʠʟʝʣ ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʫ ʣʠʪʝʨʘʪʫʨʠ ɽɽɸ ʠʟ 2009. ʛʦʜʠʥʝ [128]. ʊʦʧʣʘ 

ʝʤʠʩʠʿʘ ʟʘ ʚʦʟʠʣʘ ɽʫʨʦ 1 ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʜʠʟʝʣ ʠ ʟʘ ʚʦʟʠʣʘ ʥʘʧʨʝʜʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʦʮʝˁʫʿʝ ʩʝ ʫ 

ʬʫʥʢʮʠʿʠ ʙʨʟʠʥʝ, ʧʨʠ ʯʝʤʫ ʩʫ ʝʤʠʩʠʦʥʝ ʬʫʥʢʮʠʿʝ ʨʘʟʚʠʿʝʥʝ ʫ ʧʨʦʿʝʢʪʫ ARTEMIS. ʀʟʨʘʟʠ ʟʘ 

ʧʨʦʨʘʯʫʥ ɽʌ ʥʘʚʝʜʝʥʝ ʝʤʠʩʠʿʝ, ʚʦʟʠʣʘ ʠ ʪʝʭʥʦʣʦʛʠʿʝ ʜʘʪʠ ʩʫ ʧʨʝʢʦ ʩʣʝʜʝ˂ʝ ʬʦʨʤʫʣʘʮʠʿʝ:  

 

ὉὊ ὥ ὧὠ Ὡὠ ρ ὦὠ Ὠ ὠϳ Ὢὠϳ .                              (3.10) 

 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʧʦʩʪʘʿʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʤʦʛʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ 6 ʢʦʝʬʠʮʠʿʝʥʘʪʘ (a, b, c, d, e ʠ f) ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ, ʪʝʭʥʦʣʦʛʠʿʝ ʚʦʟʠʣʘ, ʟʘʧʨʝʤʠʥʝ ʤʦʪʦʨʘ ʠ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ 

ʚʦʟʠʣʘ (V), ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ (ɽɽɸ, 2009) [128]. ɼʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʘ 

ʝʤʠʩʠʿʘ ʚʦʟʠʣʘ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ ʠ ʚʦʟʠʣʘ ʥʘʧʨʝʜʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʜʠʟʝʣ ʧʨʠ 

ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ, ʤʦʛʫ˂ʝ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ‍ȟ-ʧʘʨʘʤʝʪʘʨ ʟʘ ʩʚʝ ʧʦʪʢʘʪʝʛʦʨʠʿʝ ʚʦʟʠʣʘ ʧʨʠʤʝʥʦʤ 

ʬʦʨʤʫʣʝ ʫ ʣʠʪʝʨʘʪʫʨʠ (ɽɽɸ, 2009) [128], ʜʦʢ ʩʫ ʚʨʝʜʥʦʩʪʠ ʦʜʥʦʩʘ ʝʤʠʩʠʿʘ ( Ὡ̖̌́̅̎̏Ὡ̓̏̐̌̏ϳ ȿȟ) ʜʘʪʝ 

ʧʦʩʝʙʥʦ, ʪʘʢʦʹʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ɽɽɸ ʠʟ 2009. ʛʦʜʠʥʝ [128]. ʄʝʹʫʪʠʤ, ʟʘ ʥʘʧʨʝʜʥʠʿʝ ʪʝʭʥʦʣʦʛʠʿʝ 

ʚʦʟʠʣʘ ʦʜ ɽʫʨʦ 4 (ὙὊȟ) ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʝ ʧʨʠʤʝʥʝ ʦʜʨʝʹʝʥʘ ʜʦʜʘʪʥʘ ʩʤʘˁʝˁʘ. ʊʘʢʦ, ʥʘ ʧʫʪʥʠʯʢʝ 

ʘʫʪʦʤʦʙʠʣʝ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʜʠʟʝʣ ʜʦ ɽʫʨʦ 4 ʪʝʭʥʦʣʦʛʠʿʝ, ʙʠ˂ʝ ʧʨʠʤʝˁʝʥʘ ʬʦʨʤʫʣʘ (3.5), ʘ ʟʘ 

ʥʘʧʨʝʜʥʠʿʝ ʪʝʭʥʦʣʦʛʠʿʝ ʦʜ ɽʫʨʦ 4 ʚʦʟʠʣʘ, ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʩʝ ʧʨʠʤʝʥʠ ʩʣʝʜʝ˂ʘ ʬʦʨʤʫʣʘ:  

 

Ὁ̖ ̌́̅̎̏Ƞȟ
ȟ ȟ

̓̏̐̌̏Ƞȟ˒̔̑̏
̖̌́̅̎̏̓̏ ̐̌̏ϳ ȿȟ˒̔̑̏  

.                                    (3.11) 

 

3.1.1.3.7. ʇʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ ʧʫʪʥʠʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʊʅɻ  

 
ʌʦʨʤʫʣʘ (3.4) ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʧʣʝ ʝʤʠʩʠʿʝ ,,ʢʣʘʩʠʯʥʠʭñ ʚʦʟʠʣʘ ʠ ʚʦʟʠʣʘ ɽʫʨʦ 1 

ʩʪʘʥʜʘʨʜʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʊʅɻ. ʋ ʦʜʥʦʩʫ ʥʘ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʊʅɻ ʥʘʧʨʝʜʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʦʜ 

ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ, ʫ ʥʝʜʦʩʪʘʪʢʫ ʨʝʘʣʥʠʭ ʧʦʜʘʪʘʢʘ, ʦʜʨʝʹʝʥʠ ʩʫ ʬʘʢʪʦʨʠ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ (ʫ 

ʦʜʥʦʩʫ ʥʘ ɽʫʨʦ 1). ʆʚʠ ʬʘʢʪʦʨʠ ʩʝ ʫʚʦʜʝ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝ ʬʦʨʤʫʣʝ: 

 

Ὡ̓̏̐̌̏Ƞȟȟ ρππὙὊȟ ρππὩ̓̏̐̌̏Ƞȟ˒̔̑ȟ̏.                                     (3.12) 
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ʂʘʜʘ ʿʝ ʨʝʯ ʦ ʝʤʠʩʠʿʠ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʥʝ ʧʦʩʪʦʿʠ ʜʦʚʦˀʥʦ ʧʦʜʘʪʘʢʘ. ʄʝʹʫʪʠʤ, ʟʙʦʛ 

ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ, ʧʦʰʪʦ ʿʝ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ ʢʦʜ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʊʅɻ ʩʣʠʯʥʘ 

ʪʝʭʥʦʣʦʛʠʿʠ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʙʝʥʟʠʥ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʿʝ 

ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʙʝʥʟʠʥ.  

 

ɺʨʝʜʥʦʩʪʠ ʦʜʥʦʩʘ ʝʤʠʩʠʿʘ ( Ὡ̖̌́̅̎̏Ὡ̓̏̐̌̏ϳ ȿȟ)) ʟʘ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʊʅɻ ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ɽɽɸ ʠʟ 2009. ʛʦʜʠʥʝ [128]. ʌʦʨʤʫʣʘ (3.5) ʧʨʠʤʝˁʫʿʫ ʩʝ ʟʘ ʚʦʟʠʣʘ ʜʦ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ, 

ʜʦʢ ʩʝ ʬʦʨʤʫʣʘ (3.9) ʧʨʠʤʝˁʫʿʝ ʟʘ ʚʦʟʠʣʘ ʥʘʧʨʝʜʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʦʜ ɽʫʨʦ 1 ʩʪʘʥʜʘʨʜʘ. ʌʘʢʪʦʨʠ 

ʩʤʘˁʝˁʘ ʟʘ ‍ȟ-ʧʘʨʘʤʝʪʘʨ ʩʫ ʠʩʪʦʚʝʪʥʠ ʬʘʢʪʦʨʠʤʘ ʩʤʘˁʝˁʘ ʟʘ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʙʝʥʟʠʥ. 

ʈʘʟʣʠʯʠʪʝ ʬʠʟʠʯʢʝ ʦʩʦʙʠʥʝ ʛʦʨʠʚʘ (ʚʠʩʢʦʟʠʪʝʪ, ʥʘʧʦʥ ʧʘʨʝ, ʩʘʜʨʞʘʿ ʙʝʥʟʝʥʘ ʠ ʜʨ.) ʤʦʛʫ 

ʧʨʦʤʝʥʠʪʠ ʪʦʢ ʝʤʠʩʠʿʝ ʠ ʫʪʠʮʘʪʠ ʥʘ ʰʠʨʝˁʝ ʙʨʠʟʛʘˀʢʠ ʫ ʮʠʣʠʥʜʨʫ. ʆʚʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʣʦʰʠʿʝʛ 

ʩʘʛʦʨʝʚʘˁʘ ʠ ʧʦʚʝ˂ʘˁʘ ʢʦʣʠʯʠʥʝ ʯʚʨʩʪʠʭ ʯʝʩʪʠʮʘ. 

 

3.1.1.4. ɽʤʠʩʠʿʘ ʚʦʟʠʣʘ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʚʦʞˁʝ ʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ 

 

ɽʤʠʩʠʿʘ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʚʘʨʠʨʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʨʝʞʠʤʠʤʘ ʚʦʞˁʝ (Tong et al., 2000; Frey et al., 

2003)  [203], [204]. ɱʝʜʘʥ ʦʜ ʩʧʝʮʠʬʠʯʥʠʭ ʨʝʞʠʤʘ ʿʝʩʪʝ ʧʨʘʟʘʥ ʭʦʜ ʤʦʪʦʨʘ, ʪʦʢʦʤ ʢʦʛ ʚʦʟʠʣʦ ʤʦʞʝ 

ʧʨʦʚʝʩʪʠ ʚʠʰʝ ʦʜ 25% ʚʨʝʤʝʥʘ ʧʫʪʦʚʘˁʘ (Tong et al., 1999) [205]. ʉʧʝʮʠʬʠʯʥʘ ʚʨʩʪʘ ʧʨʘʟʥʦʛ ʭʦʜʘ 

ʿʝʩʪʝ Ăʩʪʘʥʠ ʠ ʯʝʢʘʿò, ʧʨʠ ʢʦʿʝʤ ʩʝ ʚʦʟʠʣʦ ʟʘʫʩʪʘʚʠ ʠʩʧʨʝʜ ʨʘʩʢʨʩʥʠʮʝ, ʥʘ ʫʣʠʮʠ ʠʣʠ ʪʝʨʤʠʥʘʣʫ, ʘ 

ʤʦʪʦʨ ʠ ʜʘˀʝ ʬʫʥʢʮʠʦʥʠʰʝ. ɽʤʠʩʠʿʘ ʧʨʘʟʥʦʛ ʭʦʜʘ ʩʤʘʪʨʘ ʩʝ ʰʪʝʪʥʠʿʦʤ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ, ʿʝʨ ʫ 

ʦʚʦʤ ʩʣʫʯʘʿʫ ʥʝ ʧʦʩʪʦʿʠ ʘʝʨʦʜʠʥʘʤʠʯʢʘ ʧʦʙʫʜʘ ʢʦʿʫ ʛʝʥʝʨʠʰʝ ʚʦʟʠʣʦ ʫ ʧʦʢʨʝʪʫ, ʦʜʥʦʩʥʦ ʠʟʦʩʪʘ˂ʝ 

ʧʦʙʫʜʘ ʢʦʿʘ ʤʦʞʝ ʤʝʭʘʥʠʯʢʠ ʫʩʢʦʤʝʰʘʪʠ ʚʘʟʜʫʰʥʫ ʤʘʩʫ ʠ ʪʠʤʝ ʨʘʩʧʨʰʠʪʠ (ʜʠʩʧʝʨʛʦʚʘʪʠ) ʰʪʝʪʥʝ 

ʤʘʪʝʨʠʿʝ. ʉʚʝ ʪʦ ʫʩʣʦʚˀʘʚʘ ʜʘ ˁʠʭʦʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʢʦ ʚʦʟʠʣʘ ʙʫʜʝ ʚʝ˂ʘ. ʅʝʦʧʭʦʜʥʦ ʿʝ 

ʥʘʛʣʘʩʠʪʠ ʜʘ ʿʝ ʩʘ ʚʦʟʠʣʠʤʘ ɽʫʨʦ 5 ʠ ɽʫʨʦ 6 ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʘ ʫʚʝʜʝʥʘ ,,ʩʪʘʨʪ-ʩʪʦʧñ ʪʝʭʥʦʣʦʛʠʿʘ 

ʢʦʿʘ ʠʩʢˀʫʯʫʿʝ ʤʦʪʦʨ ʫ ʨʝʞʠʤʫ ʧʨʘʟʥʦʛ ʭʦʜʘ Ăʩʪʘʥʠ ʠ ʯʝʢʘʿò. ʊʠʤʝ ʩʝ ʙʠʪʥʦ ʩʤʘˁʫʿʝ ʝʤʠʩʠʿʘ 

ʧʨʘʟʥʦʛ ʭʦʜʘ, ʘʣʠ ʩʘʤʦ ʢʦʜ ʪʘʢʚʠʭ ʚʦʟʠʣʘ. ʄʝʹʫʪʠʤ, ,,ʩʪʘʨʪ-ʩʪʦʧñ ʪʝʭʥʦʣʦʛʠʿʘ ʿʦʰ ʫʚʝʢ ʥʠʿʝ 

ʦʙʘʚʝʟʘ, ʥʝʛʦ ʩʘʤʦ ʦʧʮʠʿʘ ʢʦʿʫ ʧʦ ʩʚʦʿʦʿ ʚʦˀʠ ʙʠʨʘ ʚʣʘʩʥʠʢ. ɿʘʪʦ ʿʝ ʪʝʰʢʦ ʨʝ˂ʠ ʢʦʣʠʢʦ ʪʘʢʚʠʭ 

ʚʦʟʠʣʘ ʠʤʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ, ʘʣʠ ʿʝ ʩʠʛʫʨʥʦ ʜʘ ʿʝ ʙʨʦʿ ʪʘʢʚʠʭ ʚʝʦʤʘ ʤʘʣʠ. 

 

ʀʩʧʠʪʠʚʘˁʝ ʝʤʠʩʠʿʝ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʧʨʚʦʙʠʪʥʦ ʿʝ ʨʘʟʚʠʿʘʥʦ ʟʘ ʚʦʟʠʣʘ ʢʦʿʘ ʥʠʩʫ ʠʤʘʣʘ ʠʣʠ ʩʫ 

ʠʤʘʣʘ ʚʨʣʦ ʤʘʣʫ ʢʦʥʪʨʦʣʫ ʝʤʠʩʠʿʝ. ʂʦʜ ʪʘʢʚʠʭ ʚʦʟʠʣʘ ʙʠʣʦ ʿʝ ʤʦʛʫ˂ʝ ʜʝʪʝʢʪʦʚʘʪʠ ʤʦʪʦʨʝ ʢʦʿʠ ʩʫ 

ʣʦʰʝ ʧʦʜʝʰʝʥʠ ʠʣʠ ʥʝʠʩʧʨʘʚʥʠ. ʆʚʘʢʚʘ ʚʦʟʠʣʘ ʠʤʘʿʫ ʦʙʠʯʥʦ ʤʝʭʘʥʠʯʢʝ ʢʘʨʙʫʨʘʪʦʨʝ ʠʣʠ ʩʠʩʪʝʤʝ 

ʟʘ ʫʙʨʠʟʛʘʚʘˁʝ ʛʦʨʠʚʘ, ʛʜʝ ʦʜʥʦʩ ʩʤʝʰʝ ʚʘʟʜʫʭʘ ʠ ʛʦʨʠʚʘ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʤʦʪʦʨʘ ʦʜʛʦʚʘʨʘ ʦʜʥʦʩʫ 

ʩʤʝʰʝ ʚʘʟʜʫʭʘ ʠ ʛʦʨʠʚʘ ʢʘʜ ʿʝ ʤʦʪʦʨ ʧʦʜ ʦʧʪʝʨʝ˂ʝˁʝʤ. ʉʪʦʛʘ, ʤʝʨʝˁʘ ʝʤʠʩʠʿʝ CO ʠ HC ʪʦʢʦʤ 

ʧʨʘʟʥʦʛ ʭʦʜʘ ʠ ʧʨʠ 2.500 min
-1
 ʦʙʝʟʙʝʹʫʿʫ ʦʧʨʘʚʜʘʥʫ ʠʥʜʠʢʘʮʠʿʫ ʝʤʠʩʠʿʝ ʫ ʥʦʨʤʘʣʥʠʤ ʨʘʜʥʠʤ 

ʫʩʣʦʚʠʤʘ ʟʘ ʚʦʟʠʣʘ ʩʘ ʤʝʭʘʥʠʯʢʠʤ ʩʠʩʪʝʤʦʤ ʢʦʥʪʨʦʣʝ ʦʜʥʦʩʘ ʩʤʝʰʝ ʚʘʟʜʫʭʘ ʠ ʛʦʨʠʚʘ. ʆʚʘʢʚʘ 

ʚʦʟʠʣʘ ʦʙʫʭʚʘʪʘʿʫ ʘʫʪʦʤʦʙʠʣʝ ʩʪʘʨʠʿʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʣʘʢʝ ʢʘʤʠʦʥʝ, ʚʝ˂ʠʥʫ ʪʝʰʢʠʭ ʪʝʨʝʪʥʠʭ 

ʙʝʥʟʠʥʩʢʠʭ ʚʦʟʠʣʘ ʢʦʿʘ ʩʝ ʫʛʣʘʚʥʦʤ ʢʦʨʠʩʪʝ ʫ ʟʝʤˀʘʤʘ ʫ ʨʘʟʚʦʿʫ (Faiz et al., 1996) [97].  
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ʀʩʪʨʘʞʠʚʘʯ ʃʦʨʠʢʦ (ʝʥʛ. Laurikko, 1994) [206] ʿʝ ʦʪʢʨʠʦ ʜʘ ʧʦʩʪʦʿʠ ʨʝʣʘʪʠʚʥʦ ʜʦʙʨʘ ʢʦʨʝʣʘʮʠʿʘ ʟʘ 

ʝʤʠʩʠʿʫ CO ʠ ʠʩʧʠʪʠʚʘˁʘ ʧʨʘʟʘʥ ʭʦʜ/2.500 min
-1
 ʢʦʜ ʚʦʟʠʣʘ ʩʘ ʤʝʭʘʥʠʯʢʠʤ ʢʘʨʙʫʨʘʪʦʨʦʤ, 

ʤʝʹʫʪʠʤ, ʧʦʤʝʥʫʪʦ ʠʩʧʠʪʠʚʘˁʝ ʥʠʿʝ ʜʘʣʦ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʨʝʟʫʣʪʘʪʝ ʟʘ ʚʦʟʠʣʘ ʢʦʿʘ ʢʦʨʠʩʪʝ 

ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʩʪʝʤʝ ʢʦʥʪʨʦʣʝ ʦʜʥʦʩʘ ʚʘʟʜʫʭʘ ʠ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ.  

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʚʦʟʥʠ ʧʘʨʢ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ (2011.) ʧʨʦʩʝʯʥʝ ʩʪʘʨʦʩʪʠ 17,5 ʛʦʜʠʥʘ (ʄʋʇ 

ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, 2011) ʠ ʜʘ ʩʫ ʫʩʣʦʚʠ ʫ ʩʘʦʙʨʘ˂ʘʿʥʦʤ ʪʦʢʫ (ʫʥʫʪʘʨ ʘʥʘʣʠʟʠʨʘʥʠʭ ʫʣʠʮʘ ʟʘ 

ʧʦʪʨʝʙʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ) ʙʣʠʩʢʠ ɿʉʊ-ʫ, ʩʘʩʚʠʤ ʿʝ ʦʧʨʘʚʜʘʥʦ ʠʟʚʨʰʠʪʠ ʠʩʧʠʪʠʚʘˁʝ ʨʝʘʣʥʝ ʝʤʠʩʠʿʝ 

ʚʦʟʠʣʘ ʪʦʢʦʤ ʨʘʜʘ ʤʦʪʦʨʘ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʠ ʚʠʩʦʢʦʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʤʦʨʘ ʧʦʰʪʦʚʘʪʠ 

ʥʝʦʧʭʦʜʥʘ ʧʨʦʮʝʜʫʨʘ ʤʝʨʝˁʘ. 

  

ʄʥʦʛʝ ʠʥʩʧʝʢʮʠʿʝ ʫ ʌʠʥʩʢʦʿ, ʅʝʤʘʯʢʦʿ, ʐʚʝʜʩʢʦʿ ʜʦʧʫˁʫʿʫ ʤʝʨʝˁʝ ʝʤʠʩʠʿʝ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ 

ʤʦʪʦʨʘ ʿʦʰ ʿʝʜʥʠʤ ʢʦʿʝ ʩʝ ʩʧʨʦʚʦʜʠ ʢʘʜʘ ʤʦʪʦʨ ʨʘʜʠ ʧʨʠ 2.500 min
-1
 ʙʝʟ ʦʧʪʝʨʝ˂ʝˁʘ. ɸʫʩʪʨʠʿʘ ʿʝ 

ʫʩʚʦʿʠʣʘ ʧʨʦʮʝʜʫʨʫ ʧʨʘʟʘʥ ʭʦʜ/3.000 min
-1
, ʩʘ ʦʙʘʚʝʟʥʠʤ ʪʨʦʤʠʥʫʪʥʠʤ ʢʦʥʜʠʮʠʦʥʠʨʘˁʝʤ ʧʨʝ 

ʤʝʨʝˁʘ (ʝʥʛ. Laurikko, 1994) [206]. ʀʩʧʠʪʠʚʘˁʘ ʫ ʌʠʥʩʢʦʿ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ 95% ʚʦʟʠʣʘ ʩʘ 

ʪʨʦʢʦʤʧʦʥʝʥʪʥʠʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʦʩʪʠʞʫ ʩʪʘʙʠʣʥʘ ʦʯʠʪʘʚʘˁʘ ʫ ʨʦʢʫ ʦʜ 3 ʤʠʥʫʪʘ. ɺʠʰʝ ʦʜ 1/3 

ʚʦʟʠʣʘ ʢʦʿʘ ʥʝ ʧʨʦʹʫ ʧʦʯʝʪʥʦ ʠʩʧʠʪʠʚʘˁʝ, ʧʨʦʣʘʟʝ ʥʘʢʦʥ ʢʦʥʜʠʮʠʦʥʠʨʘˁʘ. ʇʨʦʧʠʩʠ ʫʩʚʦʿʝʥʠ ʦʜ 

ʩʪʨʘʥʝ US EPA-ʘ, ʘ ʧʨʠ FTP ʪʝʩʪʫ (ʝʥʛ. Federal Test Procedure) ʟʘʭʪʝʚʘʿʫ ʦʜ ʥʦʚʠʭ ʚʦʟʠʣʘ ʜʘ ʧʨʦʹʫ 

ʩʚʘ ʧʨʠʤʝʥˀʠʚʘ ʠʩʧʠʪʠʚʘˁʘ ʩʘ ʟʥʘʯʘʿʥʠʤ ʦʛʨʘʥʠʯʝˁʠʤʘ ʟʘ ʚʦʟʠʣʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʨʝʛʠʩʪʨʦʚʘʥʘ 

ʪʝʭʥʠʯʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪ, ʘ ʧʦʛʦʪʦʚʦ ʧʦʜʩʠʩʪʝʤʘ ʦʙʨʘʜʝ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ. ɼʘ ʙʠ ʩʝ ʩʤʘˁʠʣʠ ʣʘʞʥʠ 

ʢʚʘʨʦʚʠ ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʠʩʧʠʪʠʚʘˁʠʤʘ ʧʨʘʟʥʦʛ ʭʦʜʘ, ʧʦʿʝʜʠʥʘ ʠʩʧʠʪʠʚʘˁʘ ʪʘʢʦʹʝ ʟʘʭʪʝʚʘʿʫ 

ʢʦʥʜʠʮʠʦʥʠʨʘˁʝ ʙʝʟ ʦʧʪʝʨʝ˂ʝˁʘ ʦʜ 2.500 min
-1
 ʫ ʪʨʘʿʘˁʫ ʦʜ 3 ʤʠʥʫʪʘ ʧʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʠʟʚʨʰʠ 

ʢʨʘʿˁʝ ʦʜʨʝʹʠʚʘˁʝ ʥʝʜʦʩʪʘʪʘʢʘ. ʆʚʘʢʚʦ ʢʦʥʜʠʮʠʦʥʠʨʘˁʝ ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʢʦʥʪʨʦʣʥʠ ʩʠʩʪʝʤ ʝʤʠʩʠʿʝ 

ʩʪʘʙʠʣʠʟʫʿʝ ʨʘʜ ʠ ʢʘʪʘʣʠʟʘʪʦʨ ʘʜʝʢʚʘʪʥʦ ʟʘʛʨʝʿʝ. 

   

ʋʢʦʣʠʢʦ ʩʝ ʤʝʨʝˁʝ ʝʤʠʩʠʿʝ ʨʝʘʣʠʟʫʿʝ ʫ ʩʪʚʘʨʥʠʤ ʫʩʣʦʚʠʤʘ ʚʦʞˁʝ, ʤʦʛʫ˂ʝ ʿʝ ʜʦʙʠʪʠ ʚʨʝʜʥʝ 

ʧʦʜʘʪʢʝ ʦ ʨʝʘʣʥʠʤ ʝʤʠʩʠʿʘʤʘ ʜʨʫʤʩʢʠʭ ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ. ʈʝʟʫʣʪʘʪʠ ʨʝʘʣʥʠʭ ʪʝʭʥʠʢʘ 

ʫʛʣʘʚʥʦʤ ʩʫ ʤʘˁʝ ʧʦʫʟʜʘʥʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ɽʌ-ʘ ʟʙʦʛ ʦʜʩʫʩʪʚʘ ʩʪʘʥʜʘʨʜʥʦʛ ʚʦʟʥʦʛ ʮʠʢʣʫʩʘ 

ʠʩʧʠʪʠʚʘˁʘ ʠ ʧʨʠʩʫʩʪʚʘ ʜʦʜʘʪʥʠʭ ʠʟʚʦʨʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ, ʢʘʦ ʰʪʦ ʩʫ ʩʘʦʙʨʘ˂ʘʿʥʠ ʫʩʣʦʚʠ, ʫʩʣʦʚʠ 

ʦʢʦʣʠʥʝ ʠ ʧʦʥʘʰʘˁʝ ʚʦʟʘʯʘ. ʆʩʠʤ ʪʦʛʘ, ʨʝʘʣʥʝ ʪʝʭʥʠʢʝ ʧʦʢʘʟʫʿʫ ʜʨʫʛʝ ʪʝʭʥʠʯʢʝ ʥʝʜʦʩʪʘʪʢʝ ʢʦʿʠ 

ʦʛʨʘʥʠʯʘʚʘʿʫ ˁʠʭʦʚʫ ʧʨʠʤʝʥˀʠʚʦʩʪ ʫ ʨʘʟʚʦʿʫ ɽʌ-ʘ. ʀʧʘʢ, ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʦʚʘʢʚʠʤ ʤʝʨʝˁʠʤʘ 

ʤʦʛʫ ʠʛʨʘʪʠ ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʨʘʩʢʦʨʘʢʘ ʝʤʠʩʠʦʥʠʭ ʤʦʜʝʣʘ ʠ ʦʜʨʝʹʠʚʘˁʫ 

ʧʨʠʦʨʠʪʝʪʘ ʟʘ ʨʘʟʚʦʿ ʤʦʜʝʣʘ. ʈʝʘʣʥʦ ʤʝʨʝˁʝ ʝʤʠʩʠʿʝ ʿʝʩʪʝ ʟʥʘʯʘʿʥʦ ʧʨʠʣʠʢʦʤ ʧʨʦʚʝʨʝ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʜʦʙʠʿʝʥʠʭ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ.  

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʫ ʦʚʦʿ ʪʝʟʠ ʘʢʮʝʥʘʪ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ɽʌ-ʠʤʘ CO ʠ NOx ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ 

ʉʨʙʠʿʝ, ʥʘʨʝʜʥʠ ʧʘʩʫʩʠ ʥʝ˂ʝ ʘʥʘʣʠʟʠʨʘʪʠ ʜʨʫʛʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ. ʊʘʢʦʹʝ, ʩʘʤʦ ʧʘʨ ʩʪʫʜʠʿʘ ʿʝ 

ʜʝʬʠʥʠʩʘʣʦ ʤʝʪʦʜʦʣʦʛʠʿʫ ʧʨʦʨʘʯʫʥʘ ɽʌ-ʘ NOx, ʘʣʠ ʿʝ ʧʨʠ ʪʦʤʝ ʧʦʤʝʥʫʪʘ ʰʪʝʪʥʘ ʤʘʪʝʨʠʿʘ 
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ʧʨʝʜʩʪʘʚˀʝʥʘ ʢʘʦ NO2. ʉ ʦʙʟʠʨʦʤ ʜʘ NOx ʟʘʧʨʘʚʦ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʚʝ˂ʠʤ ʜʝʣʦʤ ʩʤʝʰʫ NO ʠ NO2, 

ʧʨʝʜʣʦʞʝʥʝ ʿʝʜʥʘʯʠʥʝ ʫ ʧʦʤʝʥʫʪʠʤ ʩʪʫʜʠʿʘʤʘ ʥʝ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʝ ʟʘ NOx, ʯʝʤʫ ʿʝ ʨʘʟʣʦʛ 

ʥʝʩʠʛʫʨʥʦʩʪʠ ʘʫʪʦʨʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʫ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪ ʜʝʬʠʥʠʩʘˁʘ ʧʦʤʝʥʫʪʠʭ ʿʝʜʥʘʯʠʥʘ. 

  

ɿʘ ʧʨʝʮʠʟʥʠʿʠ ʧʨʦʨʘʯʫʥ ɽʌ-ʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʧʦʪʨʦʰˁʠ ʛʦʨʠʚʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʪʚʨʜʠʪʠ ʦʜʥʦʩʝ 

ʠʟʤʝʹʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʠʟʜʫʚʥʠʤ ʛʘʩʦʚʠʤʘ ʠ ʿʝʜʠˁʝˁʘ ʫʛˀʝʥʠʢʘ (CO2, CO ʠ 

HC). ɼʘʢʣʝ, ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʜʠʪʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨ ʟʘʩʥʦʚʘʥ ʥʘ ʧʦʪʨʦʰˁʠ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʠ 

ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ,,Eñ ʫ ʛʨʘʤʠʤʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʧʦ ʣʠʪʨʫ ʫʪʨʦʰʝʥʦʛ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ [gĿL
-1
] 

(Schifter et al., 2005) [207] ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ:  

 

Ὁ ,                                                  (3.13) 

 

ʛʜʝ ʿʝ: Ὁ - ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨ ʫ ʛʨʘʤʠʤʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ὖ (ʝʥʛ. Pollutant) ʧʨʝʤʘ ʟʘʧʨʝʤʠʥʩʢʦʿ 

ʿʝʜʠʥʠʮʠ ʫʪʨʦʰʝʥʦʛ ʛʦʨʠʚʘ; ὖ - ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʫ ʠʟʜʫʚʥʦʿ ʝʤʠʩʠʿʠ [%vol]; ὓὡ- 

ʤʦʣʘʨʥʘ ʤʘʩʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ὖ [gĿmol
-1
]; ύ  - ʨʝʣʘʪʠʚʘʥ ʦʜʥʦʩ ʫʛˀʝʥʠʢʘ ʫ ʛʦʨʠʚʫ (ʟʘ ʙʝʥʟʠʥ 

0,856 kgĿkg
-1
, ʟʘ ʜʠʟʝʣ ʛʦʨʠʚʦ 0,865 kgĿkg

-1
); ” - ʛʫʩʪʠʥʘ ʛʦʨʠʚʘ (ʟʘ ʙʝʥʟʠʥ 750 kgĿm

-3
, ʟʘ ʜʠʟʝʣ 840 

kgĿm
-3
), ὅὕ - ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜ [%vol] ὅὕ - ʫʛˀʝʥ-ʜʠʦʢʩʠʜ [%vol], Ὄὅ - ʫʛˀʦʚʦʜʦʥʠʢ [%vol]. 

 

ɿʘ ʚʦʟʠʣʘ ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʊʅɻ, ɽʌ ʟʘʩʥʦʚʘʥ ʥʘ ʧʦʪʨʦʰˁʠ ʛʦʨʠʚʘ (Ning et al., 2005) [208] ʤʦʞʝ ʩʝ 

ʦʜʨʝʜʠʪʠ ʩʣʝʜʝ˂ʦʤ  ʿʝʜʥʘʯʠʥʦʤ: 

 

Ὁ
ϳ

ϳ ȟϳ ̄̏̑
Ὀ̄ ̏̑,                                               (3.14) 

 

ʛʜʝ ʿʝ: ὖ - ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʫ ʠʟʜʫʚʥʦʿ ʝʤʠʩʠʿʠ [%vol], ὓ̄ ̏̑ - ʤʦʣʘʨʥʘ ʤʘʩʘ ʛʦʨʠʚʘ 

(ʟʘ ʊʅɻ 14,45 gĿmol
-1
), ὓὡ  - ʤʦʣʘʨʥʘ ʤʘʩʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ὖ [gĿmol

-1
]; Ὀ̄ ̏̑ - ʛʫʩʪʠʥʘ ʛʦʨʠʚʘ (ʟʘ 

ʊʅɻ 0,5586 kgĿL
-1
), ὅὕ - ʫʛˀʝʥ-ʜʠʦʢʩʠʜ [%vol], Ὄὅ - ʫʛˀʦʚʦʜʦʥʠʢ [%vol]. 

 

ʄʝʹʫʪʠʤ, ʤʦʨʘʤʦ ʟʥʘʪʠ ʜʘ ʫʢʦʣʠʢʦ ʞʝʣʠʤʦ ʧʨʦʮʝʥy ʝʤʠʩʠʿe ʥʘ ʰʠʨʝʤ ʧʦʜʨʫʯʿʫ, ʝʤʠʩʠʦʥʠ 

ʬʘʢʪʦʨʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʧʦʪʨʦʰˁʠ ʛʦʨʠʚʘ ʤʦʛʫ ʙʠʪʠ ʘʜʝʢʚʘʪʥʠ, ʘʣʠ ʥʝ ʠ ʜʦʚʦˀʥʠ ʟʘ ʢʦʤʧʣʝʪʥʦ 

ʬʦʨʤʠʨʘˁʝ ʢʘʪʘʩʪʨʘ ʝʤʠʩʠʿʘ (Cadle and Stevens, 1994) [209]. ʅʠʿʝ ʿʝʜʥʦʩʪʘʚʥʦ ʧʦʚʝʟʘʪʠ ʪʨʝʥʫʪʥʦ 

ʠʟʤʝʨʝʥʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʝʤʠʩʠʿe ʩʘ ʦʥʦʤ ʢʦʿʘ ʩʝ ʢʘʩʥʠʿʝ ʧʨʦʜʫʢʫʿʝ, ʿʝʨ ʩʪʚʘʨʥʝ ʩʘʦʙʨʘ˂ʘʿʥʝ 

ʩʠʪʫʘʮʠʿʝ ʫʩʣʦʚˀʘʚʘʿʫ ʨʘʟʣʠʯʠʪʝ ʨʝʞʠʤʝ ʨʘʜʘ ʤʦʪʦʨʘ. 

 

 ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʩʝ ʤʦʛʫ ʠʟʨʘʟʠʪʠ ʠ ʫ ʢʚʘʣʠʪʘʪʠʚʥʦʤ ʩʤʠʩʣʫ ʨʘʜʘ ʤʦʪʦʨʘ, ʪʦʢʦʤ ʨʝʞʠʤʘ 

ʫʙʨʟʘˁʘ ʠʣʠ ʧʨʠ ʫʿʝʜʥʘʯʝʥʦʿ ʙʨʟʠʥʠ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʠ ʟʘʪʠʤ ʩʝ ʧʦʚʝʟʘʪʠ ʩʘ ʧʨʦʮʝˁʝʥʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʤʦʪʦʨʘ, ʧʦʧʫʪ ʩʧʝʮʠʬʠʯʥʝ ʩʥʘʛʝ (Frey et al., 2010) [210]. 
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3.1.2. ʄʘʪʝʤʘʪʠʯʢʦ-ʩʪʘʪʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʠʩʪʨʘʞʠʚʘˁʘ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ 

 

ʇʨʝʜʤʝʪ ʠʩʧʠʪʠʚʘˁʘ ʤʘʪʝʤʘʪʠʯʢʝ ʩʪʘʪʠʩʪʠʢʝ ʩʫ ʩʢʫʧʦʚʠ (ʧʦʧʫʣʘʮʠʿʝ, ʤʘʩʝ, ʮʝʣʦʢʫʧʥʦʩʪʠ) ʯʠʿʠ ʩʫ 

ʝʣʝʤʝʥʪʠ ʦʙʿʝʢʪʠ ʠ ʧʦʿʘʚʝ ʨʘʟʥʦʣʠʢʦʛ ʢʘʨʘʢʪʝʨʘ. ʊʠ ʩʢʫʧʦʚʠ ʩʝ ʥʘʟʠʚʘʿʫ ʩʪʘʪʠʩʪʠʯʢʠʤ 

ʮʝʣʦʢʫʧʥʦʩʪʠʤʘ ʠʣʠ ʧʦʧʫʣʘʮʠʿʘʤʘ, ʘ ˁʠʭʦʚʝ ʝʣʝʤʝʥʪʝ ʩʪʘʪʠʩʪʠʯʢʠʤ ʿʝʜʠʥʠʮʘʤʘ (ɺʫʢʘʜʠʥʦʚʠ˂ ʠ 

ʇʦʧʦʚʠ˂, 2008) [265]. ʆʩʦʙʝʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʨʝʜʩʪʘʚʘ ʤʦʛʫ ʩʝ ʦʧʠʩʘʪʠ ʨʘʟʣʠʯʠʪʠʤ 

ʦʙʝʣʝʞʿʠʤʘ ʯʠʿʝ ʩʝ ʟʘʢʦʥʠʪʦʩʪʠ ʚʘʨʠʨʘˁʘ ʫʦʯʘʚʘʿʫ ʫ ʤʘʩʠ, ʧʘ ʿʝ ʦʪʫʜʘ ʤʘʪʝʤʘʪʠʯʢʘ ʩʪʘʪʠʩʪʠʢʘ 

ʿʝʜʠʥʩʪʚʝʥ ʤʘʪʝʤʘʪʠʯʢʠ ʘʧʘʨʘʪ ʟʘ ˁʠʭʦʚʫ ʘʥʘʣʠʟʫ. ʉʚʘʢʘ ʩʪʘʪʠʩʪʠʯʢʘ ʿʝʜʠʥʠʮʘ ʩʘʜʨʞʠ ʚʝʣʠʢʠ 

ʙʨʦʿ ʦʙʝʣʝʞʿʘ. ɿʘ ʧʦʩʤʘʪʨʘʥʫ ʧʦʿʘʚʫ ʥʝʢʘ ʦʜ ʪʠʭ ʦʙʝʣʝʞʿʘ ʩʫ ʩʫʰʪʠʥʩʢʘ, ʜʨʫʛʘ ʪʦ ʥʠʩʫ. ɸʢʦ ʥʘ 

ʧʨʠʤʝʨ, ʧʨʦʫʯʘʚʘʤʦ ʜʘ ʣʠ ʿʝ ʚʦʟʠʣʦ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʦ, ʩʫʰʪʠʥʩʢʘ ʦʙʝʣʝʞʿʘ ʤʦʛʫ ʙʠʪʠ: ʩʪʘʨʦʩʪ 

ʚʦʟʠʣʘ, ʫʢʫʧʥʦ ʧʨʝʹʝʥʘ ʢʠʣʦʤʝʪʨʘʞʘ, ʤʘʨʢʘ ʠ ʪʠʧ ʚʦʟʠʣʘ, ʩʥʘʛʘ ʤʦʪʦʨʘ, ʪʠʧ ʥʘʧʘʿʘˁʘ ʛʦʨʠʚʦʤ, 

ʧʦʩʝʜʦʚʘˁʝ ʠ/ʠʣʠ ʪʝʭʥʠʯʢʘ ʠʩʧʨʘʚʥʦʩʪ ʫʨʝʹʘʿʘ ʟʘ ʢʦʥʪʨʦʣʫ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʠʪʜ. ʉ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʝʩʫʰʪʠʥʩʢʘ ʦʙʝʣʝʞʿʘ ʤʦʛʣʘ ʙʠ ʙʠʪʠ: ʥʘʮʠʦʥʘʣʥʘ ʧʨʠʧʘʜʥʦʩʪ ʚʦʟʘʯʘ ʠʣʠ ˁʠʭʦʚ 

ʧʦʨʦʜʠʯʥʠ ʧʦʣʦʞʘʿ (ʩʘʤʘʮ ʠʣʠ ʦʞʝˁʝʥʠ), ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʧʫʪʥʠʢʘ ʟʘ ʢʦʿʝ ʿʝ ʚʦʟʠʣʦ ʨʝʛʠʩʪʨʦʚʘʥʦ, 

ʜʘ ʣʠ ʿʝ ʜʥʝʚʥʘ ʠʣʠ ʥʦ˂ʥʘ ʚʦʞˁʘ, ʜʘ ʣʠ ʿʝ ʚʦʟʠʣʦ ʛʘʨʘʞʠʨʘʥʦ ʠʣʠ ʥʠʿʝ, ʟʘʧʨʝʤʠʥʘ ʧʨʪˀʘʞʥʦʛ 

ʧʨʦʩʪʦʨʘ ʠʪʜ. ʆʯʠʛʣʝʜʥʦ, ʩʫʰʪʠʥʩʢʘ ʦʙʝʣʝʞʿʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʙʠʪʘʥ, ʦʜʣʫʯʫʿʫ˂ʠ ʬʘʢʪʦʨ ʢʦʿʠ ʫʪʠʯʝ 

ʥʘ ʧʦʩʤʘʪʨʘʥʫ ʧʦʿʘʚʫ - ʢʦʥʢʨʝʪʥʦ ʫ ʦʚʦʤ ʧʨʠʤʝʨʫ, ʥʘ ʝʤʠʩʠʦʥʫ ʠʩʧʨʘʚʥʦʩʪ ʚʦʟʠʣʘ.  

 

ʂʘʜ ʧʨʦʫʯʘʚʘʤʦ ʫʟʘʿʘʤʥʝ ʚʝʟʝ ʩʪʘʪʠʩʪʠʯʢʠʭ ʦʙʝʣʝʞʿʘ ʠʣʠ ʧʦʿʘʚʘ, ʫʪʚʨʹʫʿʝʤʦ ʦʙʣʠʢ ʠ ʩʤʝʨ 

ʧʦʚʝʟʘʥʦʩʪʠ ʢʘʦ ʠ ˁʝʥʫ ʿʘʯʠʥʫ. ʉʢʫʧ ʩʪʘʪʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʢʦʿʠʤʘ ʩʝ ʪʦ ʧʦʩʪʠʞʝ ʥʘʟʠʚʘ ʩʝ 

ʪʝʦʨʠʿʦʤ ʢʦʨʝʣʘʮʠʿʝ, ʘ ʦʩʥʦʚʥʠ ʧʦʢʘʟʘʪʝˀʠ ʢʦʨʝʣʘʮʠʦʥʠʭ ʚʝʟʘ ʩʫ ʿʝʜʥʘʯʠʥʝ ʨʝʛʨʝʩʠʿʝ ʠ 

(ʇʠʨʩʦʥʦʚ) ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ (ɺʫʢʘʜʠʥʦʚʠ˂ ʠ ʇʦʧʦʚʠ˂, 2008) [265] ʦʜʨʝʹʝʥ ʿʝʜʥʘʯʠʥʦʤ:   

 

ὶ
В

В
ρ ,                                                       (3.15) 

 

ʛʜʝ ʿʝ: ώ - ʧʨʦʮʝˁʝʥʘ (ʤʦʜʝʣʠʨʘʥʘ) ʚʨʝʜʥʦʩʪ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ (r=1,...,n) ; ώ - ʦʨʠʛʠʥʘʣʥʘ 

(ʠʟʤʝʨʝʥʘ) ʚʨʝʜʥʦʩʪ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ (i=1,...,n); ώ - ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ; 

Ὓ - ʩʪʘʥʜʘʨʜʥʘ ʛʨʝʰʢʘ ʨʝʛʨʝʩʠʿʝ; Ὓ - ʨʝʟʠʜʠʿʫʤʩʢʘ ʜʠʩʧʝʨʟʠʿʘ; ί - ʫʢʫʧʥʘ ʜʠʩʧʝʨʟʠʿʘ.  

 

ɱʝʜʥʘʯʠʥʝ ʨʝʛʨʝʩʠʿʝ ʧʨʠʧʘʜʘʿʫ ʨʝʛʨʝʩʠʦʥʦʿ ʘʥʘʣʠʟʠ ʢʦʿʘ ʠʜʝ ʢʦʨʘʢ ʜʘˀʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʨʝʣʘʮʠʦʥʫ 

ʘʥʘʣʠʟʫ. ɿʘʧʨʘʚʦ ʢʨʘʿˁʠ ʮʠˀ ʨʝʛʨʝʩʠʦʥʝ ʘʥʘʣʠʟʝ ʿʝʩʪʝ ʥʘ˂ʠ ʤʦʜʝʣ ʢʦʿʠ ʿʝ ʥʘʿʙʦˀʝ ʧʨʠʣʘʛʦʹʝʥ 

ʧʦʜʘʮʠʤʘ, ʘʣʠ ʠʧʘʢ ʧʨʠʭʚʘʪˀʠʚ ʤʦʜʝʣ ʢʦʿʠ ʦʧʠʩʫʿʝ ʚʝʟʫ ʠʟʤʝʹʫ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʠ ʩʢʫʧʘ 

ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʿʠ ʿʝ ʦʧʠʩʫʿʫ (Gvozdiĺ, 2011) [211]. ʋ ʧʨʘʢʩʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ 

ʣʠʥʝʘʨʥʘ ʠ ʣʦʛʠʩʪʠʯʢʘ ʨʝʛʨʝʩʠʿʘ. ʃʦʛʠʩʪʠʯʢʘ ʨʝʛʨʝʩʠʿʘ ʿʝ ʪʠʧ ʨʝʛʨʝʩʠʦʥʝ ʘʥʘʣʠʟʝ ʫ ʢʦʿʦʿ ʿʝ 

ʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʜʠʭʦʪʦʤʥʘ, ʦʜʥʦʩʥʦ ʙʠʥʘʨʥʘ ʠ ʢʦʜʠʨʘ ʩʝ ʩʘ 0 ʠʣʠ 1 ʠ ʧʦʩʪʦʿʠ ʥʘʿʤʘˁʝ ʿʝʜʥʘ 

ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ. ʇʨʦʙʣʝʤʠ ʦʚʝ ʚʨʩʪʝ ʩʝ ʤʦʛʫ ʨʝʰʠʪʠ ʠ ʧʨʝʢʦ ʚʠʰʝʩʪʨʫʢʝ ʣʠʥʝʘʨʥʝ 
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ʨʝʛʨʝʩʠʿʝ ʪʘʢʦ ʰʪʦ ʙʠ ʜʚʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʝ ʦʙʝʣʝʞʠʣʠ ʩʘ ʜʚʘ ʮʝʣʘ ʙʨʦʿʘ, ʪʘʢʦʹʝ ʩʘ 0 ʠ 1. 

ɼʦʙʠʣʠ ʙʠʩʤʦ ʨʝʛʨʝʩʠʦʥʠ ʤʦʜʝʣ ʢʦʿʠ ʙʠ ʤʦʛʘʦ ʜʘ ʧʨʝʜʚʠʜʠ ʚʨʝʜʥʦʩʪ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʟʘʿʝʜʥʦ 

ʩʘ ʨʝʛʨʝʩʠʦʥʠʤ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ ʢʦʿʠ ʙʠ ʧʦʢʘʟʠʚʘʣʠ ʨʝʣʘʪʠʚʥʠ ʫʪʠʮʘʿ ʩʚʘʢʝ ʥʝʟʘʚʠʩʥʝ 

ʧʨʦʤʝʥˀʠʚʝ. ʀʧʘʢ, ʫ ʪʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʣʦʛʠʩʪʠʯʢʘ ʨʝʛʨʝʩʠʿʘ ʿʝ ʘʜʝʢʚʘʪʥʠʿʝ ʨʝʰʝˁʝ.  

 

ʇʦʨʝʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʪʚʨʹʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʝ CO ʟʘ ʩʚʘʢʦ ʚʦʟʠʣʦ, ʧʦʟʥʘʚʘʿʫ˂ʠ ʝʤʠʩʠʦʥʝ 

ʩʪʘʥʜʘʨʜʝ ʪʘʢʦʹʝ ʩʝ ʜʦʙʠʿʘ ʦʜʛʦʚʦʨ ʜʘ ʣʠ ʿʝ ʚʦʟʠʣʦ ʝʤʠʩʠʦʥʠ ʠʩʧʨʘʚʥʦ ʠʣʠ ʥʠʿʝ. ɿʥʘʯʠ ʝʤʠʩʠʦʥʘ 

ʠʩʧʨʘʚʥʦʩʪ, ʦʜʥʦʩʥʦ ʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʤʦʞʝ ʙʠʪʠ ʩʘʤʦ ʜʠʭʦʪʦʤʥʘ ʠ ʟʘʪʦ ʙʠʥʦʤʥʘ ʣʦʛʠʩʪʠʯʢʘ 

ʨʝʛʨʝʩʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʘʨ ʤʘʪʝʤʘʪʠʯʢʦ-ʩʪʘʪʠʩʪʠʯʢʠ ʘʣʘʪ ʢʦʿʠ ʤʦʞʝ ʢʦʨʝʢʪʥʦ ʦʧʠʩʘʪʠ ʦʙʝʣʝʞʿʘ 

ʧʦʩʤʘʪʨʘʥʝ ʧʦʿʘʚʝ. ɼʦʜʘʪʥʦ, ʙʠʥʦʤʥʘ ʣʦʛʠʩʪʠʯʢʘ ʨʝʛʨʝʩʠʿʘ ʩʝ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠ ʠ ʟʘ: 1) ʇʨʝʜʚʠʹʘˁʝ 

ʚʨʝʜʥʦʩʪʠ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʥʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ; 2) ʈʘʥʛʠʨʘˁʝ 

ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʧʦ ʚʘʞʥʦʩʪʠ ʠ 3) ʇʨʦʮʝʥʫ ʝʬʝʢʘʪʘ ʠʥʪʝʨʘʢʮʠʿʝ. 

 

3.1.2.1. ɹʠʥʦʤʥʘ ʣʦʛʠʩʪʠʯʢʘ ʨʝʛʨʝʩʠʿʘ 

 

ɿʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʫ ʣʦʛʠʩʪʠʯʢʦʤ ʨʝʛʨʝʩʠʦʥʦʤ ʤʦʜʝʣʫ ʿʝ ʜʠʩʢʨʝʪʥʘ, ʦʙʠʯʥʦ ʙʠʥʘʨʥʘ ʠ ʨʝʪʢʦ 

ʤʦʞʝ ʠʤʘʪʠ ʚʠʰʝ ʦʜ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ ʠʟʣʘʟʘ (,,ʜʘñ ʠʣʠ ,,ʥʝñ; ,,ʿʝʩʪʝñ ʠʣʠ ,,ʥʠʿʝñ). ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, 

ʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʤʦʞʝ ʙʠʪʠ ʧʦʜʘʪʘʢ ʜʘ ʣʠ ʿʝ ʚʦʟʠʣʦ ʧʨʦʰʣʦ ʪʝʩʪ ʝʤʠʩʠʿʝ, ʦʜʥʦʩʥʦ ʜʘ ʣʠ ʿʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʦʿʝʜʠʥʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠʟ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʠ ʧʨʠ 

ʚʠʩʦʢʦʤ ʦʙʨʪʘʿʫ ʤʦʪʦʨʘ ʫ ʛʨʘʥʠʮʘʤʘ ʜʦʟʚʦˀʝʥʝ ʠʣʠ ʥʠʿʝ. ɺʦʜʝ˂ʠ ʨʘʯʫʥʘ ʦ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʤ, 

ʘʢʦ ʿʝ ʚʦʟʠʣʦ ʧʨʦʰʣʦ ʪʝʩʪ ʝʤʠʩʠʿʝ, ʠʩʭʦʜ ʪʝʩʪʘ ʿʝʩʪʝ ,,ʚʦʟʠʣʦ ʧʨʦʰʣʦ ʪʝʩʪñ, ʦʜʥʦʩʥʦ ,,ʚʦʟʠʣʦ ʥʠʿʝ 

ʧʨʦʰʣʦ ʪʝʩʪñ ʫʢʦʣʠʢʦ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʚʘʥ ʨʝʛʫʣʘʪʦʨʥʠʭ ʩʪʘʥʜʘʨʜʘ. ɿʘʚʠʩʥʫ 

ʧʨʦʤʝʥˀʠʚʫ ʦʟʥʘʯʘʚʘ˂ʝʤʦ ʩʘ Y, ʘ ʥʝʟʘʚʠʩʥʝ ʩʘ xi. Jʝʜʘʥ ʦʜ ʩʧʝʮʠʿʘʣʥʠʭ ʩʣʫʯʘʿʝʚʘ ʣʦʛʠʩʪʠʯʢʝ 

ʬʫʥʢʮʠʿʝ ʿʝʩʪʝ ʩʠʛʤʦʠʜ ʬʫʥʢʮʠʿʘ ʧʦʟʥʘʪʘ ʧʦʜ ʥʘʟʠʚʦʤ ʦʩʥʦʚʥʘ ʣʦʛʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ (Hosmer and 

Lemeshow, 2000) [212]. ʆʥʘ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

 

ὖ ,                                                            (3.16) 

 

ʛʜʝ ʿʝ: a - ʧʘʨʘʤʝʪʘʨ ʥʘʛʠʙʘ ʩʠʛʤʦʠʜʥʝ ʬʫʥʢʮʠʿʝ; P - ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʩʝ ʥʝʢʠ ʜʦʛʘʹʘʿ ʜʝʩʠ ʧʦʜ 

ʫʪʠʮʘʿʝʤ ʦʜʨʝʹʝʥʠʭ ʥʝʟʘʚʠʩʥʠʭ ʨʠʟʠʯʥʠʭ ʬʘʢʪʦʨʘ; t - ʧʨʦʤʝʥˀʠʚʘ ʦʙʣʠʢʘ: ‍ ‍ὼ Ễ ‍ὼ, 

ʛʜʝ ʩʫ ‍ȟὭ ρȣὯ ʨʝʛʨʝʩʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʿʠ ʦʧʠʩʠʿʫ ʚʝʣʠʯʠʥʫ ʜʦʧʨʠʥʦʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ 

ʬʘʢʪʦʨʘ ὼ. ʂʘʜʘ ʩʫ ʨʝʛʨʝʩʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʧʦʟʠʪʠʚʥʠ, ʪʘʜʘ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ὼ 

ʧʦʚʝ˂ʘʚʘʿʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʧʦʟʠʪʠʚʥʦʛ ʠʩʭʦʜʘ, ʘ ʢʘʜʘ ʩʫ ʥʝʛʘʪʠʚʥʠ, ʦʥʜʘ ʿʝ ʩʤʘˁʫʿʫ. ʋ ʙʠʣʦ ʢʦʤ 

ʨʝʛʨʝʩʠʦʥʦʤ ʤʦʜʝʣʫ ʢˀʫʯʥʦ ʿʝ ʦʜʨʝʜʠʪʠ ʦʯʝʢʠʚʘʥʫ ʚʨʝʜʥʦʩʪ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʟʘ ʜʘʪʫ 

ʚʨʝʜʥʦʩʪ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʫ ʦʟʥʘʮʠ Ὁὣȿὼ (Pohar et al., 2004) [213]. ʂʘʢʦ ʿʝ ʟʘʚʠʩʥʘ 

ʧʨʦʤʝʥˀʠʚʘ ʜʠʭʦʪʦʤʥʘ, ʟʘ ʫʩʣʦʚʥʫ ʩʨʝʜʠʥʫ ʚʘʞʠ π  Ὁὣȿὼ ρ. ʇʨʦʤʝʥʘ Ὁὣȿὼ ʧʦ ʿʝʜʠʥʠʮʠ 

ʧʨʦʤʝʥʝ ʟʘ x ʧʦʩʪʘʿʝ ʧʨʦʛʨʝʩʠʚʥʦ ʤʘˁʘ ʢʘʢʦ ʫʩʣʦʚʥʘ ʩʨʝʜʠʥʘ ʧʦʩʪʘʿʝ ʙʣʠʞʘ 0 ʠʣʠ 1. ʂʘʢʦ ʿʝ 

ʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʜʠʭʦʪʦʤʥʘ ʠ ʫʟʠʤʘ ʚʨʝʜʥʦʩʪʠ 0 ʠ 1, ʫʟʠʤʘ ʩʝ ʚʨʝʜʥʦʩʪ 1 ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ “, ʘ 
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ʚʨʝʜʥʦʩʪ 0 ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ρ “, ʦʜʥʦʩʥʦ ὣ
π ρ
ρ “ “

. ʉʣʫʯʘʿʥʘ ʧʨʦʤʝʥˀʠʚʘ ὣȿὼ ʪʘʢʦʹʝ 

ʫʟʠʤʘ ʚʨʝʜʥʦʩʪʠ 0 ʠ 1, ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ρ “ὼ, “ὼ ʨʝʜʦʤ, ʦʜʥʦʩʥʦ ὣȿὼ 
π ρ
ρ “ “

. ʉ 

ʦʙʟʠʨʦʤ ʜʘ ʥʘʩ ʠʥʪʝʨʝʩʫʿʝ ʦʯʝʢʠʚʘʥʘ ʚʨʝʜʥʦʩʪ ʦʜ ὣ ʟʘ ʜʘʪʦ ὼ, ʧʦʪʨʝʙʥʦ ʿʝ ʢʦʨʠʩʪʠʪʠ ʦʟʥʘʢʫ “ὼ 

ʟʘ ʧʨʠʢʘʟʠʚʘˁʝ ʫʩʣʦʚʥʝ ʩʨʝʜʠʥʝ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʣʦʛʠʩʪʠʯʢʘ ʨʘʩʧʦʜʝʣʘ. ɺʝʨʦʚʘʪʥʦ˂ʘ “ ʩʝ ʤʦʞʝ 

ʫʦʧʰʪʝʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʠʤʘʤʦ ʚʠʰʝ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʦʜʥʦʩʥʦ ʧʨʝʜʩʪʘʚˀʘ 

ʣʦʛʠʩʪʠʯʢʫ ʨʝʛʨʝʩʠʦʥʫ ʬʫʥʢʮʠʿʫ (Pohar et al., 2004) [213] ʫ ʦʙʣʠʢʫ ʿʝʜʥʘʯʠʥʝ:  

 

“ ὖὣ ρȿὢ ὼȟὢ ὼȟȣȟὢ ὼ
ȣ

ȣ .                     (3.17) 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝʜʥʘʯʠʥʘ (3.17) ʥʠʿʝ ʣʠʥʝʘʨʥʘ ʧʦ ʧʘʨʘʤʝʪʨʠʤʘ ‍ȟὭ πȣὴ, ʤʦʞʝ ʩʝ ʣʠʥʝʘʨʠʟʦʚʘʪʠ  

ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ,,logitñ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ (ʣʦʛʘʨʠʪʤʦʚʘˁʝ ʩʘ ʦʙʝ ʩʪʨʘʥʝ) (Dobson, 2002) [214]: 

 

ὰὲ ‍ ‍ὼ ‍ὼȣ ‍ὼ ȟ           π “ ρ.                                  (3.18) 

 

ɼʘ ʙʠ ʩʝ ʜʦʜʘʪʥʦ ʤʦʛʣʠ ʠʥʪʝʨʧʨʝʪʠʨʘʪʠ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʿʘʩʥʠʪʠ ʧʦʿʘʤ ʦʜʥʦʩʘ 

ʰʘʥʩʠ (OR) (ʝʥʛ. Odds Ratio), ʢʦʿʠ ʜʘʿʝ ʤʝʨʫ ʧʦʚʝʟʘʥʦʩʪʠ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʩʘ ʠʩʭʦʜʦʤ ʦʜ 

ʠʥʪʝʨʝʩʘ. ʐʘʥʩʘ (ʝʥʛ. odds) ʿʝ ʦʜʥʦʩ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʩʝ ʜʦʛʘʹʘʿ ʨʝʘʣʠʟʦʚʘʦ ʧʨʝʤʘ ʚʝʨʦʚʘʪʥʦ˂ʠ ʜʘ 

ʩʝ ʜʦʛʘʹʘʿ ʥʝ ʜʝʩʠ. ʊʘʢʦ ʩʝ OR ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ ʦʜʥʦʩ ʠʟʤʝʹʫ ʰʘʥʩʝ ʜʘ ʿʝ ʟʘʚʠʩʥʘ 

ʧʨʦʤʝʥˀʠʚʘ 1, ʢʘʜʘ ʿʝ ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ 1 ʠ ʢʘʜʘ ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʫʟʤʝ ʚʨʝʜʥʦʩʪ 0, ʩʘ 

ʰʘʥʩʦʤ ʜʘ ʿʝ ʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʫʟʝʣʘ ʚʨʝʜʥʦʩʪ 1 (Hosmer and Lemeshow, 2000) [212], ʦʜʥʦʩʥʦ:    

 

ὕὙ Ὡ .                                      (3.19) 

 

ʆʚʘʢʚʘ ʚʝʟʘ ʠʟʤʝʹʫ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʠ ʦʜʥʦʩʘ ʰʘʥʩʠ ʿʝʩʪʝ ʦʩʥʦʚʥʠ ʨʘʟʣʦʛ ʟʘʰʪʦ ʩʝ ʣʦʛʠʩʪʠʯʢʘ 

ʨʝʛʨʝʩʠʿʘ ʧʦʢʘʟʘʣʘ ʢʘʦ ʤʦ˂ʘʥ ʘʥʘʣʠʪʠʯʢʠ ʘʣʘʪ. ɸʢʦ ʿʝ ʚʨʝʜʥʦʩʪ ʝʢʩʧʦʥʝʥʪʘ ‍> 1, ʧʦʚʝ˂ʘˁʝʤ 

ʚʨʝʜʥʦʩʪʠ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ (ʧʨʝʜʠʢʪʦʨʘ), ʧʦʚʝ˂ʘʚʘ ʩʝ ʰʘʥʩʘ ʧʦʿʘʚʝ ʠʟʣʘʟʥʝ ʟʘʚʠʩʥʝ 

ʧʨʦʤʝʥˀʠʚʝ. ʋ ʩʣʫʯʘʿʫ ʥʘʰʝʛ ʤʦʜʝʣʘ, ʪʦ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʚʦʟʠʣʦ ʥʝ˂ʝ ʧʨʦ˂ʠ ʪʝʩʪ ʝʤʠʩʠʿʝ. ɸʢʦ ʿʝ 

ʚʨʝʜʥʦʩʪ ʝʢʩʧʦʥʝʥʪʘ ‍< 1, ʧʦʚʝ˂ʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʩʤʘˁʫʿʝ ʩʝ ʰʘʥʩʘ ʧʦʿʘʚʝ 

ʠʟʣʘʟʥʝ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ. ʊʘʢʦʹʝ, ʰʪʦ ʿʝ ʧʦʤʝʥʫʪʠ ʝʢʩʧʦʥʝʥʪ ʫʜʘˀʝʥʠʿʠ ʦʜ ʿʝʜʠʥʠʮʝ, ʪʘʢʚʘ 

ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ (ʧʨʝʜʠʢʪʦʨ) ʠʤʘ ʚʝ˂ʠ (ʩʥʘʞʥʠʿʠ) ʫʪʠʮʘʿ ʥʘ ʚʨʝʜʥʦʩʪ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ 

(Tabachnick and Fidel, 2013) [215].  

 

ʋ ʜʦʜʘʪʥʦʿ ʠʥʪʝʨʧʨʝʪʘʮʠʿʠ ʝʢʩʧʦʥʝʥʪʘ ‍ ʤʦʞʝʤʦ ʨʝ˂ʠ ʜʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʤʝʥʫ ʰʘʥʩʠ ʢʦʿʝ ʩʫ 

ʨʝʟʫʣʪʘʪ ʧʨʦʤʝʥʝ ʟʘ ʿʝʜʠʥʠʮʫ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ.  
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3.1.2.1.1. ʉʣʘʛʘˁʝ ʤʦʜʝʣʘ ʙʠʥʦʤʥʝ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ ʩʘ ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ 

 

3.1.2.1.1.1. ʄʝʪʦʜ ʤʘʢʩʠʤʘʣʥʝ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ 

 

ʋ ʣʠʥʝʘʨʥʦʿ ʨʝʛʨʝʩʠʿʠ, ʥʘʿʯʝʰ˂ʠ ʤʝʪʦʜ ʟʘ ʦʮʝˁʠʚʘˁʝ ʨʝʛʨʝʩʠʦʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʿʝʩʪʝ ʤʝʪʦʜ 

ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ (MLS) (ʝʥʛ. Method of Least Squares). ʄʝʹʫʪʠʤ, ʢʘʜʘ ʩʝ MLS ʧʨʠʤʝʥʠ ʥʘ ʤʦʜʝʣ 

ʩʘ ʜʠʭʦʪʦʤʥʠʤ ʠʩʭʦʜʦʤ, ʦʮʝʥʝ ʚʠʰʝ ʥʝʤʘʿʫ ʪʝ ʠʩʪʝ ʦʩʦʙʠʥʝ. ʂʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʣʦʛʠʩʪʠʯʢʘ 

ʨʝʛʨʝʩʠʿʘ ʟʘ ʦʮʝˁʠʚʘˁʝ ʨʝʛʨʝʩʠʦʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ, ʢʦʨʠʩʪʠʤʦ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʥʝ 

ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ (ML)  (ʝʥʛ. Maximum Likelihood). ʆʚʘʿ ʤʝʪʦʜ ʜʘʿʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ‍ȟὭ πȣὴ, ʢʦʿʝ 

ʤʘʢʩʠʤʠʟʠʨʘʿʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʦʙʠʿʘˁʘ ʨʝʛʠʩʪʨʦʚʘʥʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ. ʆʜʥʦʩʥʦ, ʫʪʚʨʹʫʿʝʤʦ 

ʚʝʨʦʜʦʩʪʦʿʥʦʩʪ ʨʝʛʠʩʪʨʦʚʘʥʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʢʦʤʙʠʥʘʮʠʿʝ ʚʨʝʜʥʦʩʪʠ ʨʝʛʨʝʩʠʦʥʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ MLS-a (Hosmer and Lemeshow, 2000) [212].  

 

ɼʘ ʙʠʩʤʦ ʦʧʠʩʘʣʠ ML ʤʦʜʝʣ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʝ ʫʧʦʟʥʘʤʦ ʩʘ ʬʫʥʢʮʠʿʦʤ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ, ʦʜʥʦʩʥʦ 

ʬʫʥʢʮʠʿʦʤ ʥʝʧʦʟʥʘʪʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʦʟʥʘʮʠ ὒ♫, ʛʜʝ ʿʝ ♫ ‍ȟ‍ȟȣȟ‍  ʠ ʧʨʝʜʩʪʘʚˀʘ 

ʚʝʨʦʚʘʪʥʦ˂ʫ ʢʦʿʘ ʢʦʤʙʠʥʫʿʝ ʜʦʧʨʠʥʦʩʝ ʩʚʠʭ ʩʫʙʿʝʢʘʪʘ ʫ ʠʩʪʨʘʞʠʚʘˁʫ. ɸʢʦ ʿʝ ʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ 

ὣ
π ρ
ρ “ “

, ʪʘʜʘ ʠʟʨʘʟ (3.17) ʟʘ ʧʨʦʠʟʚʦˀʥʫ ʚʨʝʜʥʦʩʪ ♫ ‍ȟ‍ȟȣȟ‍  ʜʘʿʝ ʫʩʣʦʚʥʫ 

ʚʝʨʦʚʘʪʥʦ˂ʫ ὖὣ ρȿὼ “ὼ  ʠ ὖὣ πȿὼ ρ “ὼ, ʛʜʝ ʿʝ ὼ ρȟὼȟὼȟȣȟὼ ȟὭ

ρȣὲ. ɿʘ ʧʘʨ ὼȟώ  ʛʜʝ ʿʝ ώ ρ, ʜʦʧʨʠʥʦʩ ʬʫʥʢʮʠʿʠ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʿʝ “ὼ, ʘ ʟʘ ʦʥʝ ʧʘʨʦʚʝ 

ὼȟώ  ʛʜʝ ʿʝ ώ π, ʜʦʧʨʠʥʦʩ ʬʫʥʢʮʠʿʠ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʿʝ ρ “ὼ. ʊʘʢʦ ʿʝ ʟʘ ʧʘʨ ὼȟώ  

ʜʦʧʨʠʥʦʩ ʬʫʥʢʮʠʿʠ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʜʘʪ ʠʟʨʘʟʦʤ:  “ὼ ρ “ὼ . ʇʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ 

ʩʫ ʨʝʛʠʩʪʨʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʥʝʟʘʚʠʩʥʝ, ʬʫʥʢʮʠʿʘ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʿʝ ʜʦʙʠʿʝʥʘ ʢʘʦ ʧʨʦʠʟʚʦʜ 

ʧʨʝʪʭʦʜʥʦʛ ʠʟʨʘʟʘ (Hosmer and Lemeshow, 2000) [212], ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʩʣʝʜʝ˂ʦʤ 

ʿʝʜʥʘʯʠʥʦʤ: 

  

ὰ♫ Б “ὼ ρ “ὼ Б ρ “ὼ .                      (3.20) 

ʀʟʨʘʟ  ʩʝ ʥʘʟʠʚʘ ʰʘʥʩʘ ʟʘ ὖὣ ρȿὼ  ʠ ʿʝʜʥʘʢ ʿʝ: Ὡ
ȣ

, ʦʜʥʦʩʥʦ 

ʚʝʨʦʜʦʩʪʦʿʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʬʫʥʢʮʠʿʫ ʨʝʛʠʩʪʨʦʚʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘʚʠʩʥʝ ʠ ʥʝʟʘʚʠʩʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ ʠ ʥʝʧʦʟʥʘʪʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʈʘʜʠ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʧʨʠʣʠʢʦʤ ʘʥʘʣʠʟʝ ʨʝʟʫʣʪʘʪʘ ʙʠʥʦʤʥʝ 

ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ ʫʧʦʪʨʝʙˀʘʚʘ˂ʝ ʩʝ ʣʦʛʘʨʠʪʘʤ ʜʝʬʠʥʠʩʘʥʝ ʬʫʥʢʮʠʿʝ, ʦʜʥʦʩʥʦ ʣʦʛʘʨʠʪʘʤ 

ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ (LL) (ʝʥʛ. Likelihood  Logarithm) (Hosmer and Lemeshow, 2000) [212], ʧʨʝʜʩʪʘʚˀʝʥ 

ʿʝʜʥʘʯʠʥʦʤ: 

 

ὒ♫ ÌÎὰ♫ В ώÌÎ“ὼ ρ ώ ÌÎ“ὼ .                                (3.21) 
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LL ʩʪʘʪʠʩʪʠʢʘ, ʢʘʦ ʫ ʚʠʰʝʩʪʨʫʢʦʿ ʣʠʥʝʘʨʥʦʿ ʨʝʛʨʝʩʠʿʠ, ʿʝʩʪʝ ʘʥʘʣʦʛʥʘ ʦʩʪʘʪʢʫ (ʨʝʟʠʜʫʘʣʫ) ʩʫʤʝ 

ʢʚʘʜʨʘʪʘ ʠ ʫ ʪʦʤ ʩʤʠʩʣʫ ʧʨʝʜʩʪʘʚˀʘ ʠʥʜʠʢʘʪʦʨ ʢʦʣʠʢʦ ʿʝ ʥʝʦʙʿʘʰˁʝʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʥʘʢʦʥ 

ʜʝʬʠʥʠʩʘˁʘ ʢʦʥʘʯʥʦʛ ʤʦʜʝʣʘ. ɺʝʣʠʢʝ ʚʨʝʜʥʦʩʪʠ LL-ʘ ʠʥʜʠʮʠʨʘʿʫ ʩʣʘʙʦ ʩʣʘʛʘˁʝ ʩʪʘʪʠʩʪʠʯʢʦʛ 

ʤʦʜʝʣʘ, ʿʝʨ ʿʝ ʪʘʜʘ ʚʠʰʝ ʥʝʦʙʿʘʰˁʝʥʠʭ ʦʧʩʝʨʚʘʮʠʿʘ ʫ ʫʟʦʨʢʫ. ɱʦʰ ʿʝʜʥʦ ʜʦʜʘʪʥʦ ʦʙʿʘʰˁʝˁʝ 

ʣʦʛʘʨʠʪʤʘ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʢʘʞʝ ʜʘ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪ ʣʦʛʘʨʠʪʤʘ ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ ʦʜʩʪʫʧʘˁʘ, 

ʦʜʥʦʩʥʦ ʤʝʨʫ ʨʘʩʪʫʨʘˁʘ ʧʦʜʘʪʘʢʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʫʧʦʨʝʜʠʪʠ ʩʘ ʜʠʩʧʝʨʟʠʿʦʤ ʧʦʜʘʪʘʢʘ ʫ ʣʠʥʝʘʨʥʦʿ 

ʚʠʰʝʩʪʨʫʢʦʿ ʨʝʛʨʝʩʠʦʥʦʿ ʘʥʘʣʠʟʠ.  

 

3.1.2.1.2. ʊʝʩʪʠʨʘˁʝ ʟʥʘʯʘʿʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʣʦʛʠʩʪʠʯʢʦʿ ʨʝʛʨʝʩʠʿʠ 

 

ʅʘʢʦʥ ʦʮʝˁʠʚʘˁʘ ʢʦʝʬʠʮʠʿʝʥʘʪʘ, ʜʘˀʝ ʨʘʟʤʘʪʨʘˁʝ ʢʦʥʘʯʥʦ ʫʩʚʦʿʝʥʦʛ ʤʦʜʝʣʘ ʩʝ ʫʦʧʰʪʝʥʦ ʦʜʥʦʩʠ 

ʥʘ ʦʮʝˁʠʚʘˁʝ ʟʥʘʯʘʿʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʤʦʜʝʣʫ. ʆʚʦ ʦʙʠʯʥʦ ʫʢˀʫʯʫʿʝ ʬʦʨʤʫʣʠʩʘˁʝ ʠ 

ʪʝʩʪʠʨʘˁʝ ʩʪʘʪʠʩʪʠʯʢʠʭ ʭʠʧʦʪʝʟʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʜʘ ʣʠ ʩʫ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʫ ʤʦʜʝʣʫ 

ʟʥʘʯʘʿʥʦ ʧʦʚʝʟʘʥʝ ʩʘ ʨʝʟʫʣʪʫʿʫ˂ʦʤ ʧʨʦʤʝʥˀʠʚʦʤ.  

 

ʆʜʛʦʚʦʨ ʥʘ ʦʚʦ ʧʠʪʘˁʝ ʩʝ ʜʦʙʠʿʘ ʫʧʦʨʝʹʠʚʘˁʝʤ ʨʝʛʠʩʪʨʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʫʿʫ˂ʝ ʧʨʦʤʝʥˀʠʚʝ 

ʩʘ ʧʨʝʜʚʠʹʝʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʧʦʤʦ˂ʫ ʩʚʘʢʦʛ ʦʜ ʜʚʘ ʤʦʜʝʣʘ: ʧʨʚʠʤ ʩʘ ʨʝʟʫʣʪʫʿʫ˂ʦʤ ʧʨʦʤʝʥˀʠʚʦʤ ʠ 

ʜʨʫʛʠ ʙʝʟ ˁʝ. ɸʢʦ ʩʫ ʧʨʝʜʚʠʹʝʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʢʦʿʠ ʩʘʜʨʞʠ ʪʫ ʧʨʦʤʝʥˀʠʚʫ ʙʦˀʝ, 

ʠʣʠ ʪʘʯʥʠʿʝ ʫ ʥʝʢʦʤ ʩʤʠʩʣʫ, ʥʝʛʦ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʨʝʜʚʠʹʝʥʝ ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʢʦʿʠ ʥʝ ʩʘʜʨʞʠ 

ʪʫ ʧʨʦʤʝʥˀʠʚʫ, ʪʘʜʘ ʢʘʞʝʤʦ ʜʘ ʿʝ ʧʨʦʤʝʥˀʠʚʘ ʫ ʤʦʜʝʣʫ ʟʥʘʯʘʿʥʘ. 

 

3.1.2.1.2.1. ɺʦʣʜʦʚ ʪʝʩʪ 

 

ʋ ʣʠʥʝʘʨʥʦʿ ʨʝʛʨʝʩʠʿʠ ʧʦʞʝˀʥʦ ʿʝ ʥʝ ʩʘʤʦ ʟʥʘʪʠ ʢʦʣʠʢʦ ʤʦʜʝʣ ʫʦʧʰʪʝʥʦ ʦʜʛʦʚʘʨʘ ʚʝ˂ ʠ  

ʠʥʜʠʚʠʜʫʘʣʥʠ ʜʦʧʨʠʥʦʩ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ʇʨʠ ʪʦʤʝ ʩʫ ʧʨʦʮʝˁʠʚʘʥʠ ʨʝʛʨʝʩʠʦʥʠ 

ʢʦʝʬʠʮʠʿʝʥʪʠ ʠ ˁʠʭʦʚʝ ʩʪʘʥʜʘʨʜʥʝ ʛʨʝʰʢʝ ʢʘʢʦ ʙʠ ʩʝ ʠʟʨʘʯʫʥʘʣʘ t ʩʪʘʪʠʩʠʪʠʢʘ. ʋ ʙʠʥʦʤʥʦʿ 

ʣʦʛʠʩʪʠʯʢʦʿ ʨʝʛʨʝʩʠʿʠ ʧʦʩʪʦʿʠ ʘʥʘʣʦʛʥʘ ʩʪʘʪʠʩʪʠʢʘ ʧʦʜ ʥʘʟʠʚʦʤ ɺʦʣʜʦʚ ʪʝʩʪ (ʝʥʛ. Wald test) ʠ ʦʥ 

ʧʨʝʜʩʪʘʚˀʘ ʢʦʣʠʯʥʠʢ ʦʮʝʥʝ ʤʘʢʩʠʤʘʣʥʝ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ‍ ʩʘ ˁʝʛʦʚʦʤ 

ʩʪʘʥʜʘʨʜʥʦʤ ʛʨʝʰʢʦʤ Ὓ  ʠ ʩʪʘʪʠʩʪʠʯʢʠ ʠʤʘ ~N(0,1). ʂʚʘʜʨʘʪ ʥʘʚʝʜʝʥʝ ʩʪʘʪʠʩʪʠʢʝ ʟʘ 

ʫʥʠʚʘʨʠʿʘʙʠʣʥʠ ʩʣʫʯʘʿ ʠʤʘ ~  … ʨʘʩʧʦʜʝʣʫ ʩʘ ʿʝʜʥʠʤ ʩʪʝʧʝʥʦʤ ʩʣʦʙʦʜʝ (Efremov, 2010) [216]. 

ɺʦʣʜʦʚʘ ʩʪʘʪʠʩʪʠʢʘ (Tabachnick and Fidell, 2013) [217] ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

 

ὡ
 
.                                                                      (3.22) 

 

ʇʦʧʫʪ t ʪʝʩʪʘ, ɺʦʣʜʦʚʘ ʩʪʘʪʠʩʪʠʢʘ ʥʘʤ ʫʢʘʟʫʿʝ ʜʘ ʣʠ ʩʝ ‍ ʢʦʝʬʠʮʠʿʝʥʪʠ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ 

ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʫ ʦʜ 0, ʠ ʘʢʦ ʩʝ ʨʘʟʣʠʢʫʿʫ, ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʩʝ ʤʦʞʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ ʪʘ ʥʝʟʘʚʠʩʥʘ 

ʧʨʦʤʝʥˀʠʚʘ ʠʤʘ ʟʥʘʯʘʿʘʥ ʜʦʧʨʠʥʦʩ ʧʨʝʜʚʠʹʘˁʫ ʠʟʣʘʟʥʝ ʟʘʚʠʩʥʝ ʚʘʨʠʿʘʙʣʝ Y.  
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ʊʝʩʪ ʢʦʣʠʯʥʠʢʘ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʠ ɺʦʣʜʦʚʘ ʩʪʘʪʠʩʪʠʢʘ ʜʘʿʫ ʧʨʠʙʣʠʞʥʦ ʠʩʪʝ ʚʨʝʜʥʦʩʪʠ ʢʘʜʘ ʩʫ ʫ 

ʧʠʪʘˁʫ ʚʝʣʠʢʠ ʫʟʦʨʮʠ, ʦʜʥʦʩʥʦ ʧʦʞʝˀʘʥ ʿʝ ʙʨʦʿ ʥʝʟʘʚʠʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ > 400 (Hosmer and 

Lemeshow, 2000) [212], ʧʘ ʘʢʦ ʿʝ ʩʪʫʜʠʿʘ ʜʦʚʦˀʥʦ ʦʙʠʤʥʘ, ʥʠʿʝ ʙʠʪʥʦ ʢʦʿʫ ʩʪʘʪʠʩʪʠʢʫ ʢʦʨʠʩʪʠʤʦ, 

ʤʝʹʫʪʠʤ, ʘʢʦ ʿʝ ʙʨʦʿ ʥʝʟʘʚʠʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʤʘʣʠ, ʨʝʟʫʣʪʘʪʠ ʩʪʘʪʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʩʝ ʤʦʛʫ 

ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʪʠ. ɼʦʢʘʟʘʥʦ ʿʝ ʜʘ ʿʝ ʪʝʩʪ ʩʪʘʪʠʩʪʠʢʘ ʢʦʣʠʯʥʠʢʘ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʪʘʜʘ ʪʘʯʥʠʿʘ 

(Efremov, 2010) [216]. 

 

3.1.2.1.3. ʇʨʦʮʝʥʘ ʩʣʘʛʘˁʘ ʙʠʥʦʤʥʦʛ ʣʦʛʠʩʪʠʯʢʦʛ ʤʦʜʝʣʘ ʩʘ ʠʟʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ 

 
ʇʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʤʦ ʟʘʜʦʚʦˀʥʠ ʧʦʢʫʰʘʿʠʤʘ ʛʨʘʹʝˁʘ ʤʦʜʝʣʘ, ʦʜʥʦʩʥʦ ʜʘ ʥʘʰ ʤʦʜʝʣ ʩʘʜʨʞʠ 

ʦʥʝ ʧʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʪʨʝʙʘ ʜʘ ʩʫ ʫ ʤʦʜʝʣʫ, ʧʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʤʝʨʘ ʢʦʿʝ ʥʘʤ ʤʦʛʫ ʜʘʪʠ ʦʜʛʦʚʦʨ 

ʢʦʣʠʢʦ ʥʘʰ ʤʦʜʝʣ ʝʬʠʢʘʩʥʦ ʦʧʠʩʫʿʝ ʟʘʚʠʩʥʫ ʧʨʦʤʝʥˀʠʚʫ (GOF) (ʝʥʛ. Goodnes Of Fit). ʅʝʦʧʭʦʜʥʦ 

ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʪʘʢʚʝ ʤʝʨʝ ʥʝ ʛʦʚʦʨʝ ʦ ʪʦʤʝ ʜʘ ʣʠ ʿʝ ʜʘʪʠ ʤʦʜʝʣ ʙʦˀʠ ʦʜ ʥʝʢʦʛ ʜʨʫʛʦʛ ʤʦʜʝʣʘ.   

 

ʇʠʨʩʦʥʦʚʘ … ʩʪʘʪʠʩʪʠʢʘ ʨʝʟʠʜʫʘʣʘ ʠ ˁʠʭʦʚʦ ʦʜʩʪʫʧʘˁʝ ʤʦʛʫ ʧʨʝʜʩʪʘʚˀʘʪʠ ʢʚʘʣʠʪʝʪʥʫ ʤʝʨʫ 

ʦʮʝʥʘ ʩʣʘʛʘˁʘ ʤʦʜʝʣʘ ʩʘ ʠʟʣʘʟʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ. ʄʝʹʫʪʠʤ, ʧʨʦʙʣʝʤ ʥʘʩʪʘʿʝ ʢʘʜʘ ʿʝ J  n (ʙʨʦʿ 

ʿʝʜʠʥʩʪʚʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ (J) ʿʝʜʥʘʢ ʠʣʠ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢ ʙʨʦʿʫ ʝʢʩʧʝʨʠʤʝʥʘʪʘ (n) (J - ʙʨʦʿ 

ʨʘʟʣʠʯʠʪʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʨʝʛʠʩʪʨʦʚʘʥʦ x, ʦʜʥʦʩʥʦ ʧʨʦʤʝʥˀʠʚʫ), ʿʝʨ ʿʝ ʨʘʩʧʦʜʝʣʘ n-ʘʩʠʤʧʪʦʪʩʢʘ, ʧʘ 

ʩʝ ʙʨʦʿ ʧʘʨʘʤʝʪʘʨʘ ʧʦʚʝ˂ʘʚʘ ʫ ʠʩʪʦʤ ʦʜʥʦʩʫ ʢʘʦ ʚʝʣʠʯʠʥʘ ʫʟʦʨʢʘ. ɼʘʢʣʝ, p - ʚʨʝʜʥʦʩʪʠ, ʠʟʨʘʯʫʥʘʪʝ 

ʟʘ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʝ ʤʝʨʝ ʢʘʜʘ ʿʝ J  n, ʢʦʨʠʰ˂ʝˁʝʤ …  ʨʘʩʧʦʜʝʣʝ, ʥʝʢʦʨʝʢʪʥʝ ʩʫ 

(Kleinbaum and Klein, 2010) [218].  

 

ʉʪʘʪʠʩʪʠʢʘ ʢʦʿʘ ʠʟʙʝʛʘʚʘ ʧʨʦʙʣʝʤʘʪʠʯʥʫ ʫʧʦʪʨʝʙʫ ʇʠʨʩʦʥʦʚʝ … ʩʪʘʪʠʩʪʠʢʝ ʨʝʟʠʜʫʘʣʘ ʠ ˁʠʭʦʚʘ 

ʦʜʩʪʫʧʘˁʘ ʢʘʦ ʤʝʨʫ ʩʣʘʛʘˁʘ ʤʦʜʝʣʘ ʩʘ ʠʟʣʘʟʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ, ʦʜʥʦʩʥʦ ʍʦʰʤʝʨ ʠ ʃʝʤʝʰʦʚˀʝʚ 

ʪʝʩʪ ʩʣʘʛʘˁʘ ʤʦʜʝʣʘ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ (HL GOF ʩʪʘʪʠʩʪʠʢʘ) ʙʠ˂ʝ ʧʨʝʜʩʪʘʚˀʝʥʘ 

ʫ ʪʘʯʢʠ 3.1.2.1.3.1. 

 

3.1.2.1.3.1. ʍʦʰʤʝʨ-ʃʝʤʝʰʦʚˀʝʚ ʪʝʩʪ 

 

ʅʘʫʯʥʠʮʠ ʍʦʰʤʝʨ ʠ ʃʝʤʝʰʦʚ (Hosmer and Lemeshow, 2000) [212] ʩʫ ʧʨʝʜʦʞʠʣʠ ʛʨʫʧʠʩʘˁʝ 

ʙʘʟʠʨʘʥʦ ʥʘ ʚʨʝʜʥʦʩʪʠʤʘ ʦʮʝˁʝʥʠʭ ʚʝʨʦʚʘʪʥʦ˂ʘ. HL GOF ʩʪʘʪʠʩʪʠʢʘ ʿʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ 

ʥʝʟʘʚʠʩʥʦ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʿʝ ʙʨʦʿ ʢʦʚʘʨʠʿʘʥʪʥʠʭ ʦʙʨʘʟʘʮʘ ʙʣʠʟʘʢ ʙʨʦʿʫ ʦʧʩʝʨʚʘʮʠʿʘ. ʇʨʝʪʧʦʩʪʘʚʠʤʦ ʫ 

ʮʠˀʫ ʨʘʟʤʘʪʨʘˁʘ ʜʘ ʿʝ J =  n. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʠʤʘʤʦ n ʢʦʣʦʥʘ ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʚʨʝʜʥʦʩʪʠʤʘ ʦʮʝˁʝʥʠʭ 

ʚʝʨʦʚʘʪʥʦ˂ʘ, ʩʘ ʧʨʚʦʤ ʢʦʣʦʥʦʤ ʢʦʿʦʿ ʦʜʛʦʚʘʨʘ ʥʘʿʤʘˁʘ ʚʨʝʜʥʦʩʪ ʠ n ʢʦʣʦʥʦʤ ʩʘ ʥʘʿʚʝ˂ʦʤ 

ʚʨʝʜʥʦh ˂ʫ. ʋ ʦʩʥʦʚʠ ʩʫ ʧʨʝʜʣʦʞʝʥʘ ʜʚʘ ʧʦʩʪʫʧʢʘ ʛʨʫʧʠʩʘˁʘ ʠ ʪʦ ʬʦʨʤʠʨʘˁʝʤ ʪʘʙʝʣʝ ʟʘʩʥʦʚʘʥʝ 

ʥʘ: 1) ʇʝʨʮʝʥʪʠʣʠʤʘ ʦʮʝˁʝʥʠʭ ʚʝʨʦʚʘʪʥʦ˂ʘ ʠ 2) ʌʠʢʩʠʨʘʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʦʮʝˁʝʥʠʭ 

ʚʝʨʦʚʘʪʥʦ˂ʘ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʢʦʨʠʩʪʠ˂ʝ ʩʝ ʧʨʚʘ ʤʝʪʦʜʘ, ʢʦʿʘ ʢʦʨʠʩʪʠ ὗ  10 ʛʨʫʧʘ, ʧʘ ʪʘʢʦ 

ʧʨʚʘ ʛʨʫʧʘ ʩʘʜʨʞʠ ὲȟ ὲρπϳ  ʩʫʙʿʝʢʘʪʘ ʢʦʿʠ ʠʤʘʿʫ ʥʘʿʤʘˁʝ ʦʮʝˁʝʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʜʦʢ ʧʦʩʣʝʜˁʘ 
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ʛʨʫʧʘ ʩʘʜʨʞʠ ὲȟ ὲρπϳ  ʩʫʙʿʝʢʘʪʘ ʩʘ ʥʘʿʚʝ˂ʠʤ ʦʮʝˁʝʥʠʤ ʚʝʨʦʚʘʪʥʦ˂ʘʤʘ. ɹʝʟ ʦʙʟʠʨʘ ʢʦʿʠ 

ʧʦʩʪʫʧʘʢ ʛʨʫʧʠʩʘˁʘ ʿʝ ʫ ʧʠʪʘˁʫ, HL GOF ʩʪʘʪʠʩʪʠʢʘ ὅ ʿʝ ʜʦʙʠʿʝʥʘ ʨʘʯʫʥʘˁʝʤ ʇʠʨʩʦʥʦʚʝ … 

ʩʪʘʪʠʩʪʠʢʝ ʠʟ ʪʘʙʝʣʝ ὗ ς ʩʘ ʦʧʩʝʨʚʠʨʘʥʠʤ ʠ ʦʮʝˁʝʥʠʤ ʦʯʝʢʠʚʘʥʠʤ ʬʨʝʢʬʝʥʮʠʿʘʤʘ. ʉʪʘʪʠʩʪʠʢʘ 

ὅ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʫ ʣʠʪʝʨʘʪʫʨʠ (Stevenson, 2008) [219] ʠ ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ:  

 

ὅ В
ȟ

ȟ  ,                                                             (3.23) 

 

ʛʜʝ ʿʝ: ὲȟ - ʫʢʫʧʘʥ ʙʨʦʿ ʩʫʙʿʝʢʘʪʘ ʫ k ʛʨʫʧʠ. ʅʝʢʘ ὧ ʦʟʥʘʯʘʚʘ ʙʨʦʿ ʢʦʚʘʨʠʿʘʪʥʠʭ ʦʙʨʘʟʘʮʘ ʫ k 

ʜʝʮʠʣʫ, ʪʘʜʘ ʚʘʞʠ ʜʘ ʩʝ ʙʨʦʿ ʿʝʜʠʥʠʮʘ ʤʝʹʫ ὧ ʢʦʚʘʨʠʿʘʪʥʠʭ ʦʙʨʘʟʘʮʘ (Stevenson, 2008) [219] ʤʦʞʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

έ В ώ.                                                                    (3.24) 

 

ɱʦʰ ʚʘʞʠ ʜʘ ʩʝ ʧʨʦʩʝʯʥʘ ʦʮʝˁʝʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ (Stevenson, 2008) [219] ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

 

“ В ȟ .                                                                  (3.25) 

 

ʍʦʰʤʝʨ ʠ ʃʝʤʝʰʦʚ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʟʘ J =  n (ʢʘʦ ʠ ʟʘ J  n) ʠ ʢʘʜʘ ʿʝ ʢʦʥʘʯʥʠ ʣʦʛʠʩʪʠʯʢʠ ʤʦʜʝʣ 

ʢʦʨʝʢʪʘʥ ʤʦʜʝʣ, ʨʘʩʧʦʜʝʣʘ ὅ ʩʪʘʪʠʩʪʠʢʝ ʜʦʙʨʦ ʘʧʨʦʢʩʠʤʠʨʘ ʩʘ …  ʨʘʩʧʦʜʝʣʦʤ. ʀʩʪʨʘʞʠʚʘˁʘ 

ʢʦʿʘ ʩʫ ʚʨʰʠʣʠ ʍʦʰʤʝʨ, ʃʝʤʝʰʦʚ ʠ ʂʣʘʨ (1988) ʧʦʢʘʟʘʣʘ ʩʫ ʜʘ ʤʝʪʦʜ ʛʨʫʧʠʩʘˁʘ ʙʘʟʠʨʘʥ ʥʘ 

ʧʝʨʮʝʥʪʠʣʠʤʘ ʦʮʝˁʝʥʠʭ ʚʝʨʦʚʘʪʥʦ˂ʘ ʠʤʘ ʧʨʝʜʥʦʩʪ ʥʘʜ ʦʥʠʤʘ ʢʦʿʠ ʩʫ ʙʘʟʠʨʘʥʠ ʥʘ ʬʠʢʩʠʨʘʥʠʤ 

ʥʠʚʦʠʤʘ ʦʜʣʫʯʠʚʘˁʘ ʫ ʩʤʠʩʣʫ ʙʦˀʝʛ ʩʣʘʛʘˁʘ ʩʘ …  ʨʘʩʧʦʜʝʣʦʤ (Stevenson, 2008) [219]. ʂʘʢʦ 

ʨʘʩʧʦʜʝʣʘ ʩʪʘʪʠʩʪʠʢʝ ὅ ʟʘʚʠʩʠ ʦʜ ά - ʘʩʠʤʧʪʦʪʩʢʝ ʨʘʩʧʦʜʝʣʝ, ʧʨʠʢʣʘʜʥʦʩʪ ὴ - ʚʨʝʜʥʦʩʪʠ ʟʘʚʠʩʠ 

ʦʜ ʚʘʣʠʜʥʦʩʪʠ ʧʨʝʪʧʦʩʪʘʚʢʠ ʜʘ ʩʫ ʦʮʝˁʝʥʝ ʦʯʝʢʠʚʘʥʝ ʬʨʝʢʬʝʥʮʠʿʝ ʚʝʣʠʢʝ. ʉʤʘʪʨʘʤʦ ʜʘ ʩʝ ʤʦʜʝʣ 

ʜʦʙʨʦ ʩʣʘʞʝ ʩʘ ʧʦʜʘʮʠʤʘ ʘʢʦ ʿʝ ὴ - ʚʨʝʜʥʦʩʪ ʦʜʛʦʚʘʨʘʿʫ˂ʝ …  ʩʪʘʪʠʩʪʠʢʝ ʚʝ˂ʘ ʦʜ 0,05. 

 

3.1.2.1.3.2. ɻʨʘʬʠʯʢʠ ʪʝʩʪ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ 

 

ʊʝʩʪ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʥʝʟʘʚʠʩʥʠʭ ʥʘ ʟʘʚʠʩʥʫ ʧʨʦʤʝʥˀʠʚʫ ʧʦʤʦ˂ʫ ROC ʢʨʠʚʝ (ʝʥʛ. Receiver 

Operating Characteristic Curve) ʿʝʩʪʝ ʛʨʘʬʠʯʢʘ ʪʝʭʥʠʢʘ ʠ ʚʠʰʝ ʦʜ 30 ʛʦʜʠʥʘ ʿʝ ʚʝʦʤʘ ʧʦʧʫʣʘʨʥʘ, 

ʧʦʩʝʙʥʦ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʿ ʤʝʜʠʮʠʥʠ. ɼʘ ʙʠ ʩʝ ʥʘ ʿʘʩʘʥ ʥʘʯʠʥ ʦʙʿʘʩʥʠʣʘ ʧʦʤʝʥʫʪʘ ʪʝʭʥʠʢʘ, 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʨʘʟʫʤʝʪʠ ʰʪʘ ʿʝ ʩʝʥʟʠʪʠʚʥʦʩʪ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪ ʪʝʩʪʘ. ʉʝʥʟʠʪʠʚʥʦʩʪ ʪʝʩʪʘ ʧʨʝʜʩʪʘʚˀʘ 

ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʿʝ ʧʨʝʜʚʠʹʝʥʘ ʚʨʝʜʥʦʩʪ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ 1, ʫʢʦʣʠʢʦ ʿʝ ʟʘʠʩʪʘ ʟʘʚʠʩʥʘ 

ʧʨʦʤʝʥˀʠʚʘ ʧʨʠʤʠʣʘ ʚʨʝʜʥʦʩʪ 1. ʉʧʝʮʠʬʠʯʥʦʩʪ ʪʝʩʪʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʿʝ ʧʨʝʜʚʠʹʝʥʘ ʚʨʝʜʥʦʩʪ 

ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ 0, ʘʢʦ ʿʝ ˁʝʥʘ ʩʪʚʘʨʥʘ ʚʨʝʜʥʦʩʪ 0. ʂʘʜʘ ʩʝ ʩʝʥʟʠʪʠʚʥʦʩʪ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪ ʪʝʩʪʘ 

ʠʟʨʘʯʫʥʘʿʫ ʟʘ ʯʠʪʘʚ ʥʠʟ ʥʠʚʦʘ ʚʝʨʦʚʘʪʥʦ˂a, ʤʦʛʫ˂ʝ ʿʝ ʢʦʥʩʪʨʫʠʩʘʪʠ ROC ʢʨʠʚʫ ʢʦʿʘ ʧʦʚʝʟʫʿʝ 

ʩʝʥʟʠʪʠʚʥʦʩʪ (ʚʝʨʦʚʘʪʥʦ˂ʫ ʪʘʯʥʦʛ ʜʝʪʝʢʪʦʚʘˁʘ ʧʨʠʩʫʩʪʚʘ ʦʩʦʙʠʥʝ) ʠ ,,1 ï ʩʧʝʮʠʬʠʯʥʦʩʪᾷᾷ 

(ʚʝʨʦʚʘʪʥʦ˂ʫ ʥʝʪʘʯʥʦʛ ʜʝʪʝʢʪʦʚʘˁʘ ʧʨʠʩʫʩʪʚʘ ʦʩʦʙʠʥʝ).  
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ʉʚʘʢʘ ʪʘʯʢʘ ROC ʢʨʠʚʝ ʧʨʝʜʩʪʘʚˀʘ ʫʨʝʹʝʥʠ ʧʘʨ (ʩʝʥʟʠʪʠʚʥʦʩʪ;  ,,1 ï ʩʧʝʮʠʬʠʯʥʦʩʪᾷᾷ), ʢʦʿʠ 

ʦʜʛʦʚʘʨʘ ʧʦʿʝʜʠʥʘʯʥʦʤ ʥʠʚʦʫ ʦʜʣʫʯʠʚʘˁʘ. ɸʢʦ ʿʝ ʮʠˀ ʫ ʬʫʥʢʮʠʿʠ ʰʪʦ ʪʘʯʥʠʿʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ, ʘ 

ʪʠʤʝ ʠ ʠʟʙʦʨʘ ʦʧʪʠʤʘʣʥʝ ʪʘʯʢʝ ʧʨʝʢʠʜʘ (ʝʥʛ. cutpoint), ʢʘʜʘ ʪʝʩʪ ʩʘ ʥʘʿʚʝ˂ʦʤ ʧʨʝʮʠʟʥʦʰ˂ʫ ʤʦʞʝ 

ʜʘʪʠ ʪʘʯʥʦ ʢʣʘʩʠʬʠʢʦʚʘʥʝ ʦʜʛʦʚʦʨʝ, ʪʨʝʙʘ ʠʟʘʙʨʘʪʠ ʦʥʘʿ ʟʘ ʢʦʿʠ ʿʝ max ʠ ʩʝʥʟʠʪʠʚʥʦʩʪ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪ (Hosmer, 2000) [212].  

 

ʂʘʜʘ ʨʘʟʤʘʪʨʘʤʦ ʨʝʟʫʣʪʘʪʝ ʦʜʨʝʹʝʥʦʛ ʪʝʩʪʘ ʫ ʜʚʝ ʧʦʧʫʣʘʮʠʿʝ, ʥʧʨ. ʿʝʜʥʫ ʧʦʧʫʣʘʮʠʿʫ ʢʦʿʘ ʥʠʿʝ 

ʧʨʦʰʣʘ ʪʝʩʪ ʝʤʠʩʠʿʝ, ʠ ʜʨʫʛʫ ʢʦʿʘ ʿʝ ʧʨʦʰʣʘ ʪʝʩʪ, ʨʝʪʢʦ ˂ʝ ʩʝ ʜʦʙʠʪʠ ʧʝʨʬʝʢʪʥʦ ʨʘʟʜʚʘʿʘˁʝ ʠʟʤʝʹʫ 

ʦʚʝ ʜʚʝ ʛʨʫʧʝ. ʋʤʝʩʪʦ ʪʦʛʘ, ʨʘʩʧʦʜʝʣʘ ʨʝʟʫʣʪʘʪʘ ʪʝʩʪʘ ˂ʝ ʩʝ ʧʨʝʢʣʘʧʘʪʠ. ROC ʢʨʠʚʘ ʢʦʿʘ ʩʝ 

ʦʜʣʠʢʫʿʝ ʢʦʤʧʣʝʪʥʠʤ ʨʘʟʜʚʘʿʘˁʝʤ (ʥʝʤʘ ʧʨʝʢʣʘʧʘˁʘ ʨʘʩʧʦʜʝʣʝ ʨʝʟʫʣʪʘʪʘ ʜʚʝ ʛʨʫʧʝ) ʧʨʦʣʘʟʠ ʢʨʦʟ 

ʛʦʨˁʠ ʣʝʚʠ ʫʛʘʦ ʛʜʝ ʩʪʚʘʨʥʦ ʧʦʟʠʪʠʚʥʠ ʫʜʝʦ ʠʟʥʦʩʠ 1, ʦʜʥʦʩʥʦ ʦʩʝʪˀʠʚʦʩʪ ʿʝ 100%, ʘ ʣʘʞʥʦ 

ʧʦʟʠʪʠʚʥʠ ʫʜʝʦ 0, ʦʜʥʦʩʥʦ ,,1 ï ʩʧʝʮʠʬʠʯʥʦʩʪᾷᾷ ʿʝ 100%.  

 

ʊʝʦʨʝʪʩʢʘ ʢʨʠʚʘ ʟʘ ʪʝʩʪ ʢʦʜ ʢʦʛʘ ʥʝʤʘ ʨʘʟʜʚʘʿʘˁʘ (ʠʜʝʥʪʠʯʥʘ ʨʘʩʧʦʜʝʣʘ ʨʝʟʫʣʪʘʪʘ ʜʚʝ ʛʨʫʧʝ) ʿʝʩʪʝ 

ʜʠʿʘʛʦʥʘʣʥʘ ʣʠʥʠʿʘ ʦʜ ʜʦˁʝʛ ʣʝʚʦʛ ʫʛʣʘ ʜʦ ʛʦʨˁʝʛ ʜʝʩʥʦʛ ʫʛʣʘ. ɺʝ˂ʠʥʘ ROC ʢʨʠʚʠʭ ʩʝ ʥʘʣʘʟʠ 

ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ ʢʨʘʿʥʦʩʪʠ ʠ, ʢʚʘʣʠʪʘʪʠʚʥʦ ʛʣʝʜʘʥʦ, ʦʥʘ ʢʦʿʘ ʿʝ ʙʣʠʞʘ ʛʦʨˁʝʤ ʣʝʚʦʤ ʫʛʣʫ ʫʢʘʟʫʿʝ ʥʘ 

ʪʝʩʪ ʩʘ ʚʝ˂ʦʤ ʪʘʯʥʦʰ˂ʫ. ʋʢʦʣʠʢʦ ʿʝ ʚʠʰʝ ROC ʢʨʠʚʠʭ ʧʨʠʢʘʟʘʥʦ ʥʘ ʿʝʜʥʦʤ ʜʠʿʘʛʨʘʤʫ, ʦʥʘ ʢʦʿʘ ʩʝ 

ʥʘʣʘʟʠ ʠʟʥʘʜ ʠ ʫʣʝʚʦ ʫ ʦʜʥʦʩʫ ʥʘ ROC ʢʨʠʚʫ ʩʘ ʢʦʿʦʤ ʩʝ ʧʦʨʝʜʠ ʫʢʘʟʫʿʝ ʥʘ ʪʝʩʪ ʩʘ ʚʝ˂ʦʤ 

ʪʘʯʥʦʰ˂ʫ. 

 

ʇʦʚʨʰʠʥʘ ʠʩʧʦʜ ROC ʢʨʠʚʝ, ʢʦʿʘ ʩʝ ʢʨʝ˂ʝ ʦʜ 0 ʜʦ 1, ʿʝʩʪʝ ʤʝʨʘ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʘ ʫ ʨʘʟʜʚʘʿʘˁʫ 

ʩʫʙʿʝʢʘʪʘ ʢʦʿʠ ʩʫ ʠʩʢʫʩʠʣʠ ʜʦʛʘʹʘʿ ʢʦʿʠ ʩʝ ʧʦʩʤʘʪʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʥʝ ʢʦʿʠ ʪʦ ʥʠʩʫ. ʇʦʚʨʰʠʥʘ ʠʩʧʦʜ 

ROC ʢʨʠʚʝ, ʫ ʦʟʥʘʮʠ AUC (ʝʥʛ. Area Under the Curve) ʿʝ ʧʨʠʭʚʘ˂ʝʥʘ ʤʝʨʘ ʟʘ ʢʚʘʣʠʪʝʪ ʪʘʯʥʦʛ 

ʨʘʟʜʚʘʿʘˁʘ. ʂʘʦ ʧʨʘʚʠʣʦ (Chatterjee and Hadi, 2006) [220], ʢʦʨʠʩʪʠʤʦ ʩʣʝʜʝ˂ʝ ʧʦʜʝʣʝ:  

¶ AUC = 0,5 - ʥʝʤʘ  ʨʘʟʜʚʘʿʘˁʘ;  

¶ 0,5 AUC 0,7 - ʣʦʰʝ  ʨʘʟʜʚʘʿʘˁʝ;  

¶ 0,7 AUC 0,8 - ʧʨʠʭʚʘʪˀʠʚʦ ʨʘʟʜʚʘʿʘˁʝ;  

¶ 0,8 AUC 0,9 - ʦʜʣʠʯʥʦ ʨʘʟʜʚʘʿʘˁʝ;  

¶ AUC Ó 0,9 - ʠʟʚʘʥʨʝʜʥʦ ʨʘʟʜʚʘʿʘˁʝ. 

 

3.1.2.1.3.3. ʊʘʙʝʣʘ ʢʣʘʩʠʬʠʢʘʮʠʿʝ 

 

ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʟʘ ʩʘʞʠʤʘˁʝ ʨʝʟʫʣʪʘʪʘ ʢʦʥʘʯʥʦʛ ʣʦʛʠʩʪʠʯʢʦʛ ʨʝʛʨʝʩʠʦʥʦʛ ʤʦʜʝʣʘ ʿʝʩʪʝ ʧʦʤʦ˂ʫ 

ʪʘʙʝʣʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ, ʢʦʿʘ ʿʝ ʨʝʟʫʣʘʪ ʫʢʨʰʪʘˁʘ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʩʘ ʜʠʭʦʪʦʤʥʦʤ 

ʧʨʦʤʝʥˀʠʚʦʤ ʯʠʿʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʠʟʚʝʜʝʥʝ ʠʟ ʦʮʝˁʝʥʠʭ ʣʦʛʠʩʪʠʯʢʠʭ ʚʝʨʦʚʘʪʥʦ˂ʘ. ɼʘ ʙʠ ʩʝ 

ʬʦʨʤʠʨʘʣʘ ʪʘʙʝʣʘ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ς ς ʧʨʝʜʚʠʹʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʤʦʜʝʣʘ, ʟʘ ʟʘʚʠʩʥʫ ʧʨʦʤʝʥˀʠʚʫ 

ʥʘʩʫʧʨʦʪ ʪʘʯʥʦʿ ʚʨʝʜʥʦʩʪʠ ʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ, ʤʦʨʘʤʦ ʧʨʚʦ ʜʝʬʠʥʠʩʘʪʠ ʥʠʚʦ ʦʜʣʫʯʠʚʘˁʘ ╬ ʩʘ 

ʢʦʿʦʤ ˂ʝ ʩʝ ʧʦʨʝʜʠʪʠ ʩʚʘʢʘ ʦʮʝˁʝʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ. ʅʘʿʯʝʰ˂ʝ ʚʨʝʜʥʦʩʪ ʿʝʩʪʝ ╬ πȟυ.  
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ʄʦʛʫ˂ʝ ʿʝ, ʫʢʦʣʠʢʦ ʤʦʜʝʣ ʧʨʝʜʚʠʹʘ ʪʘʯʥʦ ʛʨʫʧʫ ʯʣʘʥʦʚʘ ʧʨʝʤʘ ʥʝʢʦʤ ʢʨʠʪʝʨʠʿʫʤʫ, ʜʘ ʩʝ 

ʢʣʘʩʠʬʠʢʘʮʠʿʦʤ ʞʝʣʠ ʜʦʢʘʟʘʪʠ ʜʘ ʿʝ ʤʦʜʝʣ ʢʦʥʘʯʘʥ (ʬʠʪʦʚʘʥ).  

 

ʇʨʦʮʝʥʘʪ ʪʘʯʥʦ ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʦʜʛʦʚʦʨʘ ʧʨʝʜʩʪʘʚˀʘ ʪʟʚ. Hit ratio ʠ ʪʨʝʙʘ ʙʠʪʠ ʰʪʦ ʚʝ˂ʠ (Hosmer 

and Lemeshow, 2000) [212], ʜʦʢ ʛʘ ʜʨʫʛʠ ʠʩʪʨʘʞʠʚʘʯʠ ʧʦʧʫʪ, ʆʪʘ ʠ ʃʦʥʛʥʝʢʝʨʘ (ʝʥʛ. Ott and 

Longnecker, 2010) [221], ʜʝʬʠʥʠʰʫ ʢʘʦ ʩʪʦʧʫ ʪʘʯʥʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ, ʦʜʥʦʩʥʦ ʘʥʘʣʠʟʫ 

ʧʨʦʮʝʥʪʘ (PA) (ʝʥʛ. Percentage Analyses). 

 

3.1.2.1.4. ʂʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ ʙʠʥʦʤʥʦʛ ʣʦʛʠʩʪʠʯʢʦʛ ʤʦʜʝʣʘ 

 

ʋ ʙʠʥʦʤʥʦʿ ʣʦʛʠʩʪʠʯʢʦʿ ʨʝʛʨʝʩʠʿʠ ʤʝʨʘ ʦʮʝʥʝ ʢʦʥʘʯʥʦʛ ʤʦʜʝʣʘ ʩʝ ʦʮʝˁʫʿʝ R ʩʪʘʪʠʩʪʠʢʦʤ. R 

ʩʪʘʪʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʧʘʨʮʠʿʘʣʥʫ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʠ ʩʚʘʢʝ ʦʜ ʥʝʟʘʚʠʩʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ. ʇʨʠ ʪʦʤʝ, ʦʥʘ ʤʦʞʝ ʚʘʨʠʨʘʪʠ ʠʟʤʝʹʫ -1 ʠ 1. ʇʦʟʠʪʠʚʥʘ ʚʨʝʜʥʦʩʪ ʠʥʜʠʮʠʨʘ ʜʘ ʢʘʢʦ 

ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʨʘʩʪʝ, ʪʘʢʦ ʩʝ ʠ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪ ʠʟʣʘʟʘ (ʝʥʛ. likelihood of outcome) ʧʦʚʝ˂ʘʚʘ 

ʠ ʦʙʨʥʫʪʦ.  

 

ʋʢʦʣʠʢʦ ʧʨʦʤʝʥˀʠʚʘ ʠʤʘ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ R, ʪʘʜʘ ʦʥʘ ʤʘʣʦ ʜʦʧʨʠʥʦʩʠ ʤʦʜʝʣʫ (Hosmer and 

Lemeshow, 2000) [212] ʠ ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

 

Ὑ
 

.                                                               (3.26) 

 

ʄʝʹʫʪʠʤ, ʜʦʢʘʟʘʥʦ ʿʝ ʜʘ ʫ ʦʜʨʝʹʝʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ɺʦʣʜʦʚʘ ʩʪʘʪʠʩʪʠʢʘ ʜʘʿʝ ʥʝʪʘʯʥʝ ʨʝʟʫʣʪʘʪʝ (ʢʘʜʘ 

ʿʝ ʙʨʦʿ ʫʟʦʨʘʢʘ ʤʘʣʠ), ʧʘ ʿʝ, ʫ ʮʠˀʫ ʩʠʛʫʨʥʦʩʪʠ, ʙʦˀʝ ʢʦʨʠʩʪʠʪʠ ʬʦʨʤʫʣʘʮʠʿʝ ʂʦʭʘ ʠ ʐʥʝʣʘ, 

ʦʜʥʦʩʥʦ ʅʘʛʝʣʢʝʨʢʝʘ (Hosmer and Lemeshow, 2000) [212], ʛʜʝ n ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʫʟʦʨʘʢʘ: 

 

Ὑ ρ Ὡ    ̉   Ὑ .                                        (3.27) 

 

ʉʪʘʪʠʩʪʠʢʘ ʅʝʛʝʣʢʝʨʢʝʘ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘ ʠʟ ʧʨʘʢʪʠʯʥʠʭ ʨʘʟʣʦʛʘ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʂʦʭ-ʐʥʝʣ 

ʩʪʘʪʠʩʪʠʢʘ ʥʠʢʘʜʘ ʥʝ ʜʦʩʪʠʞʝ ʪʝʦʨʝʪʩʢʫ ʚʨʝʜʥʦʩʪ 1.  

 

ʂʘʦ ʿʦʰ ʿʝʜʥʘ ʤʝʨʘ ʧʨʦʮʝʥʝ ʩʥʘʛʝ ʤʦʜʝʣʘ ʫʧʦʪʨʝʙˀʘʚʘ ʩʝ Mc Faden ” ʫ ʛʨʘʥʠʮʘʤʘ ʦʜ 0 ʜʦ 1 

(Tabachnick and Fidell, 2013) [217]:  

 

” ρ .                                                                  (3.28) 

 

ɺʨʝʜʥʦʩʪʠ ” ʫ ʨʘʩʧʦʥʫ ʦʜ 0,2 ʜʦ 0,4 ʩʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʧʨʠʭʚʘʪˀʠʚʠʤ, ʘ ʠʟʥʘʜ 0,4 

ʚʠʩʦʢʦ ʧʨʠʭʚʘʪˀʠʚʠʤ (Tabachnick and Fidell, 2013) [217].  
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3.1.3. ʄʘʪʝʨʠʿʘʣ ʠ ʤʝʪʦʜ ʪʝʦʨʠʿʩʢʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʠʤʠʩʠʿʝ  

 

ʉʚʝ ʚʝ˂ʠ ʩʪʝʧʝʥ ʫʨʙʘʥʠʟʘʮʠʿʝ ʠ ʙʨʠʛʘ ˀʫʜʠ ʦʢʦ ʦʜʨʞʠʚʦʩʪʠ ʢʚʘʣʠʪʝʪʘ ʞʠʚʦʪʥʠʭ ʧʠʪʘˁʘ 

ʠʤʧʣʠʮʠʨʘʣʦ ʿʝ ʙʨʦʿʥʝ ʩʪʫʜʠʿʝ ʦ ʢʚʘʣʠʪʝʪʫ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ (Fenger, 1999) [70]. ɺʝʣʠʢʠ ʙʨʦʿ ˁʠʭ 

ʨʘʟʤʘʪʨʘ ʧʨʦʮʝʩʝ ʭʠʜʨʦʘʝʨʦʤʝʭʘʥʠʢʝ, ʙʠʣʦ ʜʘ ʩʫ ʦʜʚʦʿʝʥʠ ʠʣʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ 

ʜʠʩʮʠʧʣʠʥʘʤʘ, ʧʦʧʫʪ ʭʝʤʠʿʝ, ʝʧʠʜʝʤʠʦʣʦʛʠʿʝ, ʧʝʰʘʯʢʝ ʠʣʠ ʘʫʪʦʤʦʙʠʣʩʢʝ ʤʦʙʠʣʥʦʩʪʠ. ɺʝ˂ʠʥʘ 

ʧʨʦʮʝʩʘ ʭʠʜʨʦʘʝʨʦʤʝʭʘʥʠʢʝ ʿʝʩʫ ʨʘʟʫʤˀʠʚʠ, ʘʣʠ ʢʘʢʦ ʩʝ ʦʥʠ ʢʦʤʙʠʥʫʿʫ ʠ ʰʪʘ ʿʝ ʥʘʿʧʦʛʦʜʥʠʿʠ 

ʦʢʚʠʨ ʟʘ ʧʨʦʫʯʘʚʘˁʝ ʠ ʦʜʨʝʹʠʚʘˁʝ ʨʝʟʫʣʪʘʪʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʩʪʦʨʥʠʤ ʟʦʥʘʤʘ ʿʦʰ ʫʚʝʢ ʥʠʿʝ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʿʘʩʥʦ (Hanna and Britter, 2002) [222]. ʋʦʙʠʯʘʿʝʥʘ ʿʝ ʧʨʘʢʩʘ ʜʘ ʩʝ ʜʝʪʘˀʥʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ ʫ ʿʝʜʥʦʿ ʟʦʥʠ ʧʘʨʘʤʝʪʘʨʠʟʫʿʝ ʢʘʢʦ ʙʠ ʪʦ ʢʦʨʠʩʪʠʣʦ ʧʨʠ ʪʫʤʘʯʝˁʫ ʫ ʩʣʝʜʝ˂ʦʿ, ʚʝ˂ʦʿ 

ʟʦʥʠ. ʆʜ ʯʝʪʠʨʠ ʟʦʥʝ ʨʘʟʣʠʯʠʪʝ ʜʫʞʠʥʝ: ʨʝʛʠʦʥʘʣʥʘ (ʜʦ 100 ʠʣʠ 200 km), ʛʨʘʜʩʢʘ (10ï20 km), ʟʦʥʘ 

ʩʫʩʝʜʩʪʚʘ (1ï2 km) ʠ ʟʦʥʘ ʫʣʠʮʝ (ʤʘˁʘ ʦʜ 200 m) (Britter and Hanna, 2003) [223], ʜʘˀʘ ʜʠʩʢʫʩʠʿʘ 

ʦʙʨʘʪʠ˂ʝ ʧʘʞˁʫ ʩʘʤʦ ʥʘ ʧʦʩʣʝʜˁʫ ʧʦʤʝʥʫʪʫ, ʟʙʦʛ ʧʦʪʨʝʙʘ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

3.1.3.1. ɿʦʥʘ ʫʣʠʮʝ 

 

ɿʦʥʘ ʫʣʠʮʝ ʩʝ ʥʘʨʦʯʠʪʦ ʧʨʦʫʯʘʚʘ ʫ ʢʦʥʪʝʢʩʪʫ ʫʨʙʘʥʦʛ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʛʣʘʚʥʠ 

ʠʟʚʦʨ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ (,,ʝʤʠʩʠʿʘ ʚʦʟʠʣʘñ) ʤʥʦʛʦ ʙʣʠʞʠ ˀʫʜʠʤʘ ʠ ʤʝʩʪʫ ʤʝʨʝˁʘ ʘʝʨʦʟʘʛʘʹʝˁʘ. ʋ 

ʚʠʩʦʢʦ ʫʨʙʘʥʠʟʦʚʘʥʦʿ ʩʨʝʜʠʥʠ, ʠʟʚʦʨ ʠ ʤʝʩʪʦ ʤʝʨʝˁʘ ʩʝ ʯʝʩʪʦ ʥʘʣʘʟʝ ʫ ʚʝʦʤʘ ʦʛʨʘʥʠʯʝʥʦʿ 

ʛʝʦʤʝʪʨʠʿʠ ʢʦʿʘ ʠʩʧʦˀʘʚʘ ʝʬʝʢʪʝ ʟʘʢʣʦʥʘ ʦʜ ʤʦʛʫ˂ʝʛ ʨʘʟʨʝʹʠʚʘˁʘ ʰʪʝʪʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʦʜ 

ʫʪʠʮʘʿʝʤ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʿʝʩʫ ʧʨʝʜʤʝʪ ʦʜ ʧʦʩʝʙʥʦʛ 

ʠʥʝʪʝʨʝʩʦʚʘˁʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʫ ʜʘˀʝʤ ʠʩʪʨʘʞʠʚʘˁʫ ʦʥʝ ˂ʝ ʟʘʫʟʝʪʠ ʧʦʩʝʙʥʦ ʤʝʩʪʦ.  

 

3.1.3.1.1. ɻʝʦʤʝʪʨʠʿʘ ʫʣʠʮʘ ʦʙʣʠʢa ʢʘˁʦʥʘ 

 

ʇʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘʥʦ, ʫʣʠʮʝ ʦʙʣʠʢa ʢʘˁʦʥʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʩʢʝ ʫʣʠʮʝ ʩʘ ʦʙʦʩʪʨʘʥʦ ʧʦʨʝʹʘʥʠʤ 

ʟʛʨʘʜʘʤʘ ʜʫʞ ʢʦʣʦʚʦʟʘ ʠ ʙʝʟ ʧʨʦʣʘʟʘ (ʦʪʚʦʨʘ) ʫ ʟʠʜʦʚʠʤʘ ʟʛʨʘʜʘ (Nicholson, 1975) [224]. ʄʝʹʫʪʠʤ, 

ʥʘʚʝʜʝʥʠ ʧʦʿʘʤ ʩʝ ʤʦʞʝ ʧʨʦʰʠʨʠʪʠ ʨʘʜʠ ʦʧʠʩʘ ʤʥʦʛʦ ʰʠʨʠʭ ʫʣʠʮʘ, ʧʦʧʫʪ ʧʦʿʝʜʠʥʠʭ ʙʫʣʝʚʘʨʘ ʩʘ 

ʜʨʚʦʨʝʜʠʤʘ (Sini et al., 1996; Vardoulakis et al., 2002) [225], [34] ʠʣʠ ʫʣʠʮʘ ʩʘ ʦʪʚʦʨʠʤʘ ʜʫʞ ʟʠʜʦʚʘ 

ʢʘʜʘ ʩʝ ʙʦʯʥʠ ʢʦʣʦʚʦʟʠ ʫʢʨʰʪʘʿʫ ʩʘ ʫʣʠʮʦʤ (Nielsen, 2000) [226]. ʆʩʥʦʚʥʝ ʜʠʤʝʥʟʠʿʝ ʫʣʠʮʝ ʦʙʣʠʢʘ 

ʢʘˁʦʥʘ ʯʠʥʝ ʚʠʩʠʥʘ (H), ʰʠʨʠʥʘ (W) ʠ ʜʫʞʠʥʘ (L).  

 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʣʦʢʘʣʥʠʭ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʫʩʣʦʚʘ, ʚʝʪʘʨ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (ɺʆʉ) ʤʦʞʝ ʧʨʠ˂ʠ 

ʢʘˁʦʥʫ ʠʟ ʙʠʣʦ ʢʦʛ ʧʨʘʚʮʘ ʠ ʫʢʦʣʠʢʦ ʿʝ ʦʥ ʫʧʨʘʚʘʥ ʥʘ ʦʩʫ ʫʣʠʮʝ, ʦʙʿʝʢʘʪ ʢʦʿʦʿ ʚʝʪʘʨ ʧʨʚʦʿ ʧʨʠʣʘʟʠ 

ʿʝʩʪʝ ʫʟʚʦʜʥʘ ʟʛʨʘʜʘ (ʋɿ) (ʝʥʛ. upwind building), ʜʦʢ ʜʨʫʛʘ ʧʦ ʨʝʜʫ ʿʝʩʪʝ ʥʠʟʚʦʜʥʘ ʟʛʨʘʜʘ (ʅɿ) (ʝʥʛ. 

downwind building). ʋʧʨʘʚʦ ʥʘ ʩʣʠʮʠ 3.1 (Vardoulakis et al., 2003) [64] ʧʨʠʢʘʟʘʥʘ je ʦʩʥʦʚʥʘ 

ʛʝʦʤʝʪʨʠʿʘ ʢʘˁʦʥʘ ʠ ʪʨʠ ʫʦʧʰʪʝʥʘ ʧʨʘʚʮʘ ʧʨʠʣʘʟʘ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ. 
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ʅʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ ʧʫʪʝʤ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ H/W, ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʛʝʥʝʨʘʣʥʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʢʘˁʦʥʝ ʘʚʝʥʠʿʘ, ʨʝʛʫʣʘʨʥʝ ʠ ʜʫʙʦʢʝ ʢʘˁʦʥʝ. ʅʘ ʠʩʪʠ ʥʘʯʠʥ, ʚʨʝʜʥʦʩʪ 

ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ L/H ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʨʘʟʣʠʢʫʿʝʤʦ ʢʨʘʪʢʝ, ʩʨʝʜˁʝ ʠ ʜʫʛʝ ʢʘˁʦʥʝ. ʋ ʪʘʙʝʣʠ 3.1 

(Ģivkoviĺ, 2010; Afiq et al., 2012) [227], [228] ʩʫ ʜʘʪʝ ʥʘʚʝʜʝʥʝ ʧʦʜʝʣʝ.  

 

ʊʘʙʝʣʘ 3.1 ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʢʘˁʦʥʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʦʜʥʦʩʘ [227], [228] 

ɻʝʦʤʝʪʨʠʿʩʢʠ ʦʜʥʦʩ ʂʣʘʩʠʬʠʢʘʮʠʿʘ 

H/W< 0,5 ʂʘˁʦʥ ʘʚʝʥʠʿʘ 

H/W=1 ʈʝʫʣʘʨʘʥ ʢʘˁʦʥ 

H/W> 2 ɼʫʙʦʢʠ ʢʘˁʦʥ 

L/H< 3 ʂʨʘʪʢʠ ʢʘˁʦʥ 

L/H=5 ʂʘˁʦʥ ʩʨʝʜˁʝ ʜʫʞʠʥʝ 

L/H> 7 ɼʫʛʘʯʢʠ ʢʘˁʦʥ 

 

ʊʘʢʦʹʝ, ʤʦʞʝ ʩʝ ʠʟʚʨʰʠʪʠ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʧʨʝʤʘ ʩʠʤʝʪʨʠʿʠ ʢʘˁʦʥʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʩʠʤʝʪʨʠʯʘʥ ʦʥʘʿ 

ʢʦʠʿ ʠʤʘ ʟʛʨʘʜʝ ʧʨʠʙʣʠʞʥʦ ʠʩʪʝ ʚʠʩʠʥʝ ʩʘ ʿʝʜʥʝ ʠ ʜʨʫʛʝ ʩʪʨʘʥʝ ʢʦʣʦʚʦʟʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʘʩʠʤʝʪʨʠʯʥʠ ʠʤʘ ʨʘʟʣʠʢʫ ʫ ʚʠʩʠʥʘʤʘ ʟʛʨʘʜʘ, ʧʘ ʫʢʦʣʠʢʦ ʿʝ ʚʠʩʠʥʘ ʫʟʚʦʜʥʠʭ ʟʛʨʘʜʘ ʚʝ˂ʘ ʦʜ 

ʥʠʟʚʦʜʥʠʭ, ʟʘ ʪʘʢʘʚ ʢʘˁʦʥ ʢʘʞʝʤʦ ʜʘ ʿʝ ʩʪʝʧʝʥʘʩʪʦ ʦʧʘʜʘʿʫ˂ʠ (ʝʥʛ. step down), ʦʜʥʦʩʥʦ, ʫʢʦʣʠʢʦ ʿʝ 

ʦʙʨʥʫʪʦ, ʢʘʞʝʤʦ ʜʘ ʿʝ ʩʪʝʧʝʥʘʩʪʦ ʨʘʩʪʫ˂ʠ (ʝʥʛ. step up) (Kastner et al., 2004) [229]. 

 

3.1.4. ʈʝʞʠʤʠ ʩʪʨʫʿʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ 

 
ʇʨʠʣʠʢʦʤ ʠʟʫʯʘʚʘˁʘ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʪʨʝʙʘ ʧʨʘʚʠʪʠ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʚʝʪʨʘ ʢʦʿʠ ʩʪʨʫʿʠ ʚʠʩʦʢʦ 

ʠʟʥʘʜ ʛʨʘʜʘ ʠ ʚʝʪʨʘ ʢʦʿʠ ʩʪʨʫʿʠ ʠʟʥʘʜ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ (ʚʝʪʘʨ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ) (Dabberdt et al., 

1973) [230], ʿʝʨ ʩʪʨʫʿʘˁʝ ʚʘʟʜʫʭʘ ʫʥʫʪʘʨ ʢʘˁʦʥʘ (ʧʨʦʪʦʢ) ʿʝʩʪʝ ʠʟʨʘʟʠʪʦ ʢʦʤʧʣʝʢʩʥʦ ʫʩʣʝʜ 

ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʚʘʨʠʿʘʮʠʿʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʟʛʨʘʜʘ. ʈʝʞʠʤʠ ʩʪʨʫʿʘˁʘ (Sini et al., 1996) 
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ʙ) 

ʉʣʠʢʘ 3.1  ʘ) ɻʝʦʤʝʪʨʠʿʘ ʢʘˁʦʥʘ, ʙ) ʋʦʧʰʪʝʥʠ ʧʨʘʚʮʠ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (ɺʆʉ) [64]   
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[225] ʤʦʛʫ ʩʝ ʦʢʘʪʝʛʦʨʠʩʘʪʠ ʢʘʦ: 1) ʉʪʨʫʿʘˁʝ ʧʨʝʢʦ ʠʟʦʣʦʚʘʥʦʛ ʦʙʿʝʢʪʘ (ʉʀʆ) (ʝʥʛ. isolated 

roughness flow); 2) ʉʪʨʫʿʘˁʝ ʩʘ ʠʥʪʝʨʘʢʮʠʿʦʤ ʚʠʭʦʨʘ (ʉʀɺ) (ʝʥʛ. wake interference flow) ʠ 3) 

ʇʦʚʨʰʠʥʩʢʦ ʩʪʨʫʿʘˁʝ (ʇʉ) (ʝʥʛ. skimming flow). ʉʣʠʢʘ 3.2 (Baik and Kim, 1999) [231] ʧʨʠʢʘʟʫʿʝ 

ʩʪʨʫʢʪʫʨʫ ʩʪʨʫʿʘˁʘ ʫ ʩʚʘʢʦʤ ʦʜ ʧʦʤʝʥʫʪʠʭ ʨʝʞʠʤʘ.  

 

ʋʢʦʣʠʢʦ ʩʫ ʥʘʩʧʨʘʤʥʝ ʟʛʨʘʜʝ ʥʘ ʨʝʣʘʪʠʚʥʦ ʚʝ˂ʝʤ ʨʘʩʪʦʿʘˁʫ, ʩʝʧʘʨʘʮʠʿʘ (ʨʘʩʣʦʿʘʚʘˁʝ) ʚʝʪʨʘ ʠʟ 

ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʧʨʠ ʛʦʨˁʝʤ ʚʨʭʫ ʫʟʚʦʜʥʝ ʟʛʨʘʜʝ ʠʟʘʟʠʚʘ ʧʘʜ ʧʨʠʪʠʩʢʘ ʠ ʨʝʮʠʨʢʫʣʘʮʠʿʫ ʚʘʟʜʫʭʘ 

(ʚʠʭʦʨ). ʊʘʢʦʹʝ ʪʘʜʘ, ʠʩʪʠ ʬʝʥʦʤʝʥ ʧʨʠ ʛʦʨˁʝʤ ʚʨʭʫ ʥʠʟʚʦʜʥʝ ʟʛʨʘʜʝ ʛʝʥʝʨʠʰʝ ʤʘˁʠ ʚʠʭʦʨ ʧʨʠ 

ˁʝʥʦʤ ʜʥʫ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʥʘʩʧʨʘʤʥʝ ʟʛʨʘʜʝ ʚʠʰʝ ʫʜʘˀʝʥʝ, ʧʦʤʝʥʫʪʠ ʚʝʪʘʨ ʥʘʢʦʥ ʧʨʚʝ 

ʩʝʧʘʨʘʮʠʿʝ ʫʩʧʝʚʘ ʜʘ ʦʙʥʦʚʠ ʩʚʦʿ ʧʨʦʬʠʣ ʠ ʪʦ ʧʨʝ ʥʝʛʦ ʰʪʦ ʥʘʠʹʝ ʥʘ ʥʠʟʚʦʜʥʫ ʟʛʨʘʜʫ, ʧʘ ʿʝ 

ʙʝʟʥʘʯʘʿʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʜʚʘ ʚʠʭʦʨʘ (ʩʣʠʢʘ 3.2 ʘ). ʂʘʜʘ ʩʫ ʥʘʩʧʨʘʤʥʝ ʟʛʨʘʜʝ ʤʘˁʝ ʫʜʘˀʝʥʝ, 

ʥʠʟʚʦʜʥʘ ʟʛʨʘʜʘ ʦʤʝʪʘ ʨʝʮʠʨʢʫʣʘʮʠʿʫ ʚʘʟʜʫʭʘ ʧʨʝ ʥʝʛʦ ʰʪʦ ʚʝʪʘʨ ʧʦʚʨʘʪʠ ʩʚʦʿ ʧʨʦʬʠʣ, ʰʪʦ ʪʘʜʘ 

ʠʟʘʟʠʚʘ ʠʥʪʝʨʘʢʮʠʿʫ ʚʠʭʦʨʘ (ʠʥʪʝʨʬʝʨʝʥʮʠʿʫ) (ʩʣʠʢʘ 3.2 ʙ). ʋʢʦʣʠʢʦ ʩʫ ʥʘʩʧʨʘʤʥʝ ʟʛʨʘʜʝ ʥʘ 

ʨʝʣʘʪʠʚʥʦ ʙʣʠʩʢʦʤ ʨʘʩʪʦʿʘˁʫ (ʟʙʠʿʝʥʝ), ʤʘʣʦ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʫʣʘʟʠ ʫ ʢʘˁʦʥ (ʩʣʠʢʘ 3.2 ʮ).   

 

 

ʋʢʦʣʠʢʦ ʞʝʣʠʤʦ ʧʨʝʮʠʟʥʠʿʝ ʦʙʿʘʰˁʝˁʝ ʨʝʞʠʤʘ ʩʪʨʫʿʘˁʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʥʫʪʨʘʰˁʦʩʪ ʫʣʠʮʝ 

ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʨʘʟʜʚʦʿʠʪʠ ʥʘ ʜʚʝ ʦʙʣʘʩʪʠ. ʋ ʙʣʠʟʠʥʠ ʚʘʟʜʫʰʥʝ ʧʦʙʫʜʝ ʫʟʚʦʜʥʝ ʟʛʨʘʜʝ ʬʦʨʤʠʨʘ ʩʝ 

ʧʨʚʘ ʦʙʣʘʩʪ, ʘ ʫʢʦʣʠʢʦ ʿʝ ʫʣʠʮʘ ʜʦʚʦˀʥʦ ʰʠʨʦʢʘ, ʥʠʟʚʦʜʥʦ ʦʜ ʫʟʚʦʜʥʝ ʟʛʨʘʜʝ, ʦʙʨʘʟʫʿʝ ʩʝ ʜʨʫʛʘ, 

ʧʦʜ ʥʘʟʠʚʦʤ ʦʙʣʘʩʪ ʚʝʥʪʠʣʘʮʠʿʝ (ʧʨʦʚʝʪʨʘʚʘˁʘ). ʈʘʜʠ ʧʨʝʮʠʟʥʠʿʝʛ ʧʦʿʘʰˁʝˁʘ, ʧʨʚʫ ʦʙʣʘʩʪ, 

ʘ) 

ʙ) 

ʮ) 

ʉʣʠʢʘ 3.2 ʈʝʞʠʤʠ ʩʪʨʫʿʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ [231] 
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ʦʜʥʦʩʥʦ ʦʙʣʘʩʪ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʪʨʝʙʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʧʦʧʫʪ ʪʨʘʧʝʟʦʠʜʘ (ʩʣʠʢʘ 

3.3) (Favale, 2008) [232]. ʄʝʨʝˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʤʘʢʩʠʤʘʣʥʦ ʧʨʦʩʪʠʨʘˁʝ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ 

(ὒ) ʫ ʪʝʩʥʦʿ ʚʝʟʠ ʩʘ ʚʠʩʠʥʦʤ ʟʛʨʘʜʘ ʢʦʿʝ ʦʢʨʫʞʫʿʫ ʫʣʠʮʫ (Hertel and Berkowicz, 1989) [18].  

 

 

 

ʋ ʪʘʙʝʣʠ 3.2 (Oke, 1987) [233] ʩʫʤʠʨʘʥ ʿʝ ʧʨʠʢʘʟ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʠʭ ʨʝʞʠʤʘ ʩʪʨʫʿʘˁʘ ʢʦʿʠ 

ʟʘʚʠʩʝ ʦʜ ʚʘʨʠʨʘˁʘ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ H/W. ʇʨʝʣʘʟʘʢ ʠʟ ʉʀʆ ʫ ʉʀɺ ʨʝʞʠʤ ʥʘʩʪʘʿʝ ʫʢʦʣʠʢʦ ʿʝ 

W/H 8ͯï9, ʜʦʢ ʧʨʝʣʘʟʘʢ ʠʟ ʉʀɺ ʨʝʞʠʤʘ ʫ ʧʦʚʨʰʠʥʩʢʠ ʨʝʞʠʤ ʥʘʩʪʘʿʝ ʢʘʜʘ ʿʝ W/H 1ͯ,5. ɺʘʞʥʦ ʿʝ 

ʥʘʧʦʤʝʥʫʪʠ ʜʘ je ʫ ʛʫʩʪʦ ʥʘʩʝˀʝʥʠʤ ʛʨʘʜʩʢʠʤ ʟʦʥʘʤʘ ʥʘʿʚʠʰʝ ʟʘʩʪʫʧˀʝʥ ʧʦʚʨʰʠʥʩʢʠ ʨʝʞʠʤ 

ʩʪʨʫʿʘˁʘ. ʊʘʙʝʣʘ 3.3 ʩʫʤʠʨʘ ʟʘʚʠʩʥʦʩʪ ʦʜʥʦʩʘ H/W ʠ ʨʝʞʠʤʘ ʩʪʨʫʿʘˁʘ, ʘʣʠ ʩʘʤʦ ʢʘʜʘ ʿʝ ʙʨʟʠʥʘ 

ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (ό) (ʝʥʛ. background wind speed) ʠʟʤʝʹʫ 1,5 ʠ 2 mĿs
-1
 (Favale, 2008) [232].    

 

ʊʘʙʝʣʘ 3.2 ʆʜʥʦʩʠ ʠʟʤʝʹʫ ʨʝʞʠʤʘ ʩʪʨʫʿʘˁʘ, ʪʠʧʘ ʠ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʦʜʥʦʩʘ H/W [233] 

ʊʠʧʦʚʠ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʉʀʆ ʉʀɺ ʇʉ 

ʊʠʧ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʐʠʨʦʢ ʈʝʛʫʣʘʨʘʥ (H/W=1) ʋʟʘʢ 

ɻʝʦʤʝʪʨʠʿʩʢʠ ʦʜʥʦʩ ʢʘˁʦʥʘ (H/W) < 1/3 1/3 ï 2/3 > 2/3 

ʈʝʣʘʮʠʿʘ ʠʟʤʝʹʫ , ʠ W ,< W ,/2< W<  , W<  ,/2 

 

ʊʘʙʝʣʘ 3.3 ʆʜʥʦʩʠ ʠʟʤʝʹʫ ʨʝʞʠʤʘ ʩʪʨʫʿʘˁʘ, ό ʠ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʦʜʥʦʩʘ H/W [232] 

ʈʝʞʠʤ  

ʧʨʦʪʦʢʘ 

◊╫   
[mĿs

-1
] 

ɻʝʦʤʝʪʨʠʿʩʢʠ ʦʜʥʦʩ  
(H/W) 

ʉʀʆ 1,5ï2 < 3 

ʉʀɺ 1,5ï2 < 2 

ʇʉ 1,5ï2 1 

 

ʀʩʪʨʘʞʠʚʘʯʠ ʍʝʨʪʝʣ ʠ ɹʝʨʢʦʚʠ˂ (ʝʥʛ. Hertel and Berkowicz, 1989) [18] ʿʘʩʥʦ ʩʫ ʜʦʢʘʟʘʣʠ ʜʘ ʩʝ, 

ʫʢʦʣʠʢʦ ό ʜʦʩʪʠʛʥʝ 2 mĿs
-1
 ʠ ʘʢʦ ʿʝ W/H 1,5, ʬʦʨʤʠʨʘ ʿʝʜʘʥ ʠʣʠ ʚʠʰʝ ʚʠʭʦʨʘ. ʋʢʦʣʠʢʦ ʿʝ ό 

ʠʩʧʦʜ ʥʘʚʝʜʝʥʝ ʚʨʝʜʥʦʩʪʠ, ʥʝʩʪʘʿʝ ʠʟʚʦʨ ʢʠʥʝʪʠʯʝ ʝʥʝʨʛʠʿʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʢʦʚʠʪʣʘˁʝ ʚʘʟʜʫʰʥʝ 

ʤʘʩʝ. ʅʝʰʪʦ ʥʠʞʫ ʛʨʘʥʠʮʫ ʟʘ ʬʦʨʤʠʨʘˁʝ ʚʠʭʦʨʘ, ʦʜʥʦʩʥʦ 1,5ï2 mĿs
-1
 ʫʪʚʨʜʠʣʠ ʩʫ ʠʩʪʨʘʞʠʚʘʯʠ 

ɼʝʧʘʣ ʠ ʐʘʿ (ʝʥʛ. DePaul and Sheih, 1986) [162], ʧʨʠ ʪʦʤʝ ʥʝ ʥʘʚʦʜʝ˂ʠ ʛʝʦʤʝʪʨʠʿʩʢʠ ʦʜʥʦʩ W/H. ʋ 

ʩʣʫʯʘʿʫ ʢʦʤʙʠʥʘʮʠʿʝ ʢʦʩʠʭ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ ʠ ʇʉ ʨʝʞʠʤʘ, ʦʜʙʠʿʘˁʝ ʩʪʨʫʿʘˁʘ ʧʦʜ ʫʛʣʦʤ ʦʜ 

ʚʝʪʨʦʚʠʪʝ ʩʪʨʘʥʝ ʢʘˁʦʥʘ (ʫʥʫʪʨʘʰˁʘ ʩʪʨʘʥʘ ʥʠʟʚʦʜʥʝ ʟʛʨʘʜʝ) (ʝʥʛ. ,,windward sideñ) ʤʦʞʝ 

ʉʣʠʢʘ 3.3 ʇʨʝʩʝʢ ʢʘˁʦʥʘ ʩʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʜʠʤʝʥʟʠʿʘʤʘ ʟʦʥʝ ʨʝʮʠʨʢʫʣʘʮʠʿʝ [232] 

ɿʦʥʘ ʚʝʥʪʠʣʘʮʠʿʝ 

,/2 

W 

, 

H 

ɺʝʪʘʨ ʠʟ 

ʦʢʦʣʥʝ 

ʩʨʝʜʠʥʝ 

ɿʦʥʘ 

ʨʝʮʠʨʢʫʣʘʮʠʿʝ 
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ʠʟʘʟʚʘʪʠ ʩʧʠʨʘʣʥʦ ʩʪʨʫʿʘˁʝ ʚʘʟʜʫʰʥʝ ʤʘʩʝ ʜʫʞ ʫʣʠʮʝ. ʋ ʨʝʣʘʪʠʚʥʦ ʜʫʛʠʤ ʢʘˁʦʥʠʤʘ ʿʘʚˀʘʿʫ ʩʝ 

ʥʘʿʚʠʰʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʜʫʞ ʫʣʠʮʝ (ɾʠʚʢʦʚʠ˂, 2010) [227]. ʋʢʦʣʠʢʦ ʥʘʧʘʜʥʠ 

ʫʛʘʦ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʝʿʩʪʝ ʟʘʢʦʰʝʥ ʫʜʝʩʥʦ, ʫ ʢʘˁʦʥʫ ʩʝ ʬʦʨʤʠʨʘ ʦʩʥʦʚʥʠ ʚʠʭʦʨ ʩʘ ʩʤʝʨʦʤ 

ʦʢʨʝʪʘˁʘ ʧʦʧʫʪ ʢʘʟʘˀʢʠ ʥʘ ʩʘʪʫ. ʉʠʤʫʣʪʘʥʦ, ʙʣʠʟʫ ʜʦˁʝʛ ʫʛʣʘ ʚʝʪʨʦʚʠʪʝ ʩʪʨʘʥʝ ʢʘˁʦʥʘ, ʦʙʨʘʟʫʿʝ 

ʩʝ ʤʘˁʠ ʚʠʭʦʨ, ʘʣʠ ʩʫʧʨʦʪʥʦʛ ʩʤʝʨʘ ʦʢʨʝʪʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʥʠ.   

 

ʉʣʠʢʘ 3.4 (Favale, 2008) [232] ʠʣʫʩʪʨʫʿʝ ʚʝʨʪʠʢʘʣʥʝ ʧʨʦʬʠʣʝ ʚʝʨʪʠʢʘʣʥʠʭ ʙʨʟʠʥʘ ʥʘ ʫʥʫʪʨʘʰˁʠʤ 

ʩʪʨʘʥʠʮʘʤʘ ʢʘˁʦʥʘ ʠ ʧʦˀʝ ʪʫʨʙʫʣʝʥʪʥʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ. ʀʥʪʝʥʟʠʪʝʪ ʩʠʣʘʟʥʝ ʩʪʨʫʿʝ ʙʣʠʟʫ 

ʚʝʪʨʦʚʠʪʝ ʩʪʨʘʥʝ ʚʝ˂ʠ ʿʝ ʦʜ ʫʟʣʘʟʥʝ ʩʪʨʫʿʝ, ʘ ʙʣʠʟʫ ʟʘʚʝʪʨʝʥʝ ʩʪʨʘʥʝ ʢʘˁʦʥʘ (ʫʥʫʪʨʘʰˁʘ ʩʪʨʘʥʘ 

ʫʟʚʦʜʥʝ ʟʛʨʘʜʝ) (ʝʥʛ. ,,leeward sideñ) (ʩʣʠʢʘ 3.4 ʘ). ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʙʨʟʠʥʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ 

ʟʛʨʘʜʘ (ό) ʤʘˁʘ ʦʜ ό, ʧʨʠ ʚʨʭʫ ʢʘˁʦʥʘ ʩʝ ʬʦʨʤʠʨʘ ʩʥʘʞʘʥ ʠʟʚʦʨ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ (ʫʩʣʝʜ 

ʨʘʩʣʦʿʘʚʘˁʘ, ʦʜʥʦʩʥʦ ʩʝʧʘʨʘʮʠʿʝ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ) (ʩʣʠʢʘ 3.4 ʙ).       

 
Bʨʦʿ ʛʣʘʚʥʠʭ ʚʠʭʦʨʘ ʟʘʚʠʩʠ ʦʜ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ H/W (Baik and Kim, 1999) [231]. ʋ ʇʉ 

ʨʝʞʠʤʫ ʩʪʨʫʿʘˁʘ, ʚʠʭʦʨʠ ʥʝ ʤʦʛʫ ʠʟʘ˂ʠ ʠʟ ʢʘˁʦʥʘ ʠ ˁʠʭʦʚ ʙʨʦʿ ʩʝ ʫʤʥʦʞʘʚʘ ʧʦʚʝ˂ʘˁʝʤ 

ʚʨʝʜʥʦʩʪʠ H/W. ʇʨʘʛ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ H/W ʠʟ ʨʝʞʠʤʘ ʿʝʜʥʦʛ ʫ ʨʝʞʠʤ ʦʜ ʜʚʘ ʚʠʭʦʨʘ ʿʝʩʪʝ 

ʠʟʤʝʹʫ 1 ʠ 1,5, ʜʦʢ ʿʝ ʟʘ ʧʨʝʣʘʟʘʢ ʠʟ ʨʝʞʠʤʘ ʜʚʘ ʫ ʨʝʞʠʤ ʦʜ ʪʨʠ ʚʠʭʦʨʘ, ʥʝʦʧʭʦʜʘʥ ʧʨʘʛ 

ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ H/W ʠʟʤʝʹʫ 3 ʠ 3,5.  

 

ʋ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ, ʥʘ ʙʨʦʿ ʚʠʭʦʨʘ ʤʦʛʫ ʜʦʜʘʪʥʦ ʫʪʠʮʘʪʠ ʠ ʫʩʣʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʩʪʘʚʢʝ (Jeong 

and Andrews, 2002) [234]. ʋ ʪʘʙʝʣʠ 3.4 (ɾʠʚʢʦʚʠ˂, 2010) [227] ʜʘʪ ʿʝ ʫʪʠʮʘʿ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ 

H/W ʥʘ ʧʦʣʦʞʘʿ ʠ ʙʨʦʿʘ ʚʠʭʦʨʘ.  

 

 

ʉʣʠʢʘ 3.4 ʘ) ɺʝʨʪʠʢʘʣʥʠ ʧʨʦʬʠʣʠ ʚʝʨʪʠʢʘʣʥʝ ʙʨʟʠʥʝ [mĀs-1
] ʥʘ x/H=-0,425 (ʠʩʧʨʝʢʠʜʘʥʘ 

ʣʠʥʠʿʘ) ʠ x/H=0,425 (ʧʦʜʝʙˀʘʥʘ ʣʠʥʠʿʘ); ʙ) ʇʦˀʝ ʪʫʨʙʫʣʝʥʮʠʿʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ (log 

ʩʢʘʣʘ ʩʘ ʙʘʟʦʤ 10 ʠ ʠʥʪʝʨʚʘʣʦʤ ʠʟʦʭʠʧʩʝ (ʝʢʚʠʜʠʩʪʘʥʮʘ) ʦʜ 0,5 m
2
Ŀs

-2
 ʟʘ H/W=1 [232] 
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ʊʘʙʝʣʘ 3.4 ʋʪʠʮʘʿ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ ʢʘˁʦʥʘ (H/W) ʥʘ ʧʦʣʦʞʘʿ ʠ ʙʨʦʿ ʚʠʭʦʨʘ [227] 

 (H/W) ʆʧʠʩ ʚʠʭʦʨʘ 

1 
ʌʦʨʤʠʨʘ ʩʝ ʿʝʜʘʥ ʦʩʥʦʚʥʠ ʚʠʭʦʨ ʫ ʩʨʝʜʠʰʪʫ ʢʘˁʦʥʘ ʩʘ ʮʝʥʪʨʦʤ ʦʢʨʝʪʘˁʘ ʙʣʘʛʦ 

ʧʦʤʝʨʝʥʠʤ ʥʘʚʠʰʝ ʠ ʙʣʠʞʠʤ ʚʝʪʨʦʚʠʪʦ ʿʩʪʨʘʥʠ ʢʘˁʦʥʘ 

>1,3 
ʆʬʦʨʤˀʝʥʠ ʚʠʭʦʨ ʩʝ ʧʦʤʝʨʘ ʢʘ ʜʥʫ ʚʝʪʨʦʚʠʪʝ ʩʪʨʘʥʝ ʢʘˁʦʥʘ, ʩʘ ʛʦʪʦʚʦ ʩʪʘʛʥʘʥʪʥʠʤ 

ʚʘʟʜʫʭʦʤ ʠʩʧʦʜ ˁʝʛʘ 

>2 ʌʦʨʤʠʨʘ ʩʝ ʩʣʘʙ ʩʫʧʨʦʪʥʦʩʤʝʨʥʠ ʩʝʢʫʜʘʨʥʠ ʚʠʭʦʨ ʥʘ ʜʥʫ ʢʘˁʦʥʘ 

>3 
ʄʦʛʫ˂ʝ ʿʝ ʬʦʨʤʠʨʘˁʝ ʠ ʪʨʝ˂ʝʛ, ʩʣʘʙʦʛ ʚʠʭʦʨʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʮʝʥʪʨʘʣʥʠ ʥʘʿʚʝ˂ʠ ʫ 

ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʦʬʠʣʫ 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʮʨʪʝʞ ʤʦʞʝ ʿʘʩʥʠʿʝ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ, ʩʣʠʢʘ 3.5 ʧʨʠʢʘʟʫʿʝ ʨʝʟʫʣʪʘʪʝ 

CFD ʘʥʘʣʠʟʝ ʧʦˀʘ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʩʪʨʫʿʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ W/H. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʦʩʥʦʚʝ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʩʪʘʚʠʦ ʿʝ ʉʝʿʚʦʨʠ (ʝʥʛ. Savory, 2004) [235], ʧʨʠ ʯʝʤʫ ʿʝ 

ʘʥʘʣʠʟʠʨʘʥ ʫʪʠʮʘʿ ʧʝʪ ʨʘʟʣʠʯʠʪʠʭ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʦʜʥʦʩʘ W/H (2; 1; 0,7; 0,5 ʠ 0,3).  

 

 

          ʉʣʠʢʘ  3.5  ɺʘʨʠʿʘʮʠʿʝ ʩʪʨʫʿʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ W/H [235] 

 

ʄʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʫ ʤʦʜʠʬʠʢʘʮʠʿʘʤʘ ʩʠʩʪʝʤʘ ʚʠʭʦʨʘ, ʛʣʘʚʥʠ ʫʪʠʮʘʿ ʠʤʘ ʧʨʦʤʝʥʘ 

ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʦʜʥʦʩʘ, ʢʦʿʘ ʿʝ ʫʿʝʜʥʦ ʠ ʛʣʘʚʥʠ ʬʘʢʪʦʨ ʧʨʦʚʝʪʨʘʚʘˁʘ. ʀʧʘʢ, ʤʦʨʘʤʦ ʢʦʥʩʪʘʪʦʚʘʪʠ ʜʘ 

ʿʝ ʩʠʩʪʝʤ ʚʠʭʦʨʘ ʝʬʠʢʘʩʘʥ ʢʘʢʦ ʟʘ ʠʩʧʠʨʘˁʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʦʙʣʘʩʪʠ ʫʣʠʮʝ ʪʘʢʦ ʠ ʧʨʠʣʠʢʦʤ 

ʫʥʦʰʝˁʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠʟ ʩʧʦˀʥʝ ʩʨʝʜʠʥʝ. 

 

3.1.5. ʊʝʦʨʠʿʩʢʘ ʨʘʟʤʘʪʨʘˁʘ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ 

 

ʀʘʢʦ STREET ʤʦʜʝʣ ʥʝ ʧʨʠʧʘʜʘ ʧʦʣʫʝʤʧʠʨʠʿʩʢʠʤ ʤʦʜʝʣʠʤʘ ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ, ʚʝ˂ BOX 

ʤʦʜʝʣʠʤʘ, ˁʝʛʦʚ ʜʦʧʨʠʥʦʩ ʨʘʟʚʠʿʘˁʫ OSPM ʤʦʜʝʣʘ ʿʝʩʪʝ ʥʝʩʫʤˀʠʚʦ ʚʘʞʘʥ, ʧʘ ˂ʝ, ʠʟʤʝʹʫ 

ʦʩʪʘʣʠʭ, ʦʥ ʙʠʪʠ ʧʨʚʦ ʦʙʿʘʰˁʝʥ.  
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3.1.5.1. ʄʦʜʝʣ STREET 

 

ɱʝʜʘʥ ʦʜ ʧʨʚʠʭ ʤʦʜʝʣʘ ʟʘ ʧʨʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʘʤʙʠʿʝʥʪʘʣʥʝ ʩʨʝʜʠʥʝ ʿʝʩʪʝ STREET ʤʦʜʝʣ (Johnson et 

al., 1973) [236]. ʆʩʥʦʚʝ ʟʘ ʨʘʟʚʦʿ ʦʚʦʛ ʤʦʜʝʣʘ ʯʠʥʝ ʝʤʧʠʨʠʿʩʢʘ ʤʝʨʝˁʘ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʫʣʠʮʘʤʘ ʉʘʥ 

ʍʦʟʝ ʠ ʉʚʝʪʠ ʃʫʠʩ (ʝʥʛ. San Jose and St. Louis) ʫ ʉɸɼ-ʫ. ʋʩʪʘʥʦʚˀʝʥʠ ʦʙʨʘʟʘʮ ʧʨʝʪʧʦʩʪʘʚˀʘ 

ʧʦʩʪʦʿʘˁʝ ʜʚʘ ʛʣʘʚʥʘ ʜʦʧʨʠʥʦʩʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ (Favale, 2008) [232], ʰʪʦ ʩʝ ʤʦʞʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ:  

ὧ ὧ ὧ,                                                                 (3.29) 

 

ʛʜʝ ʿʝ: ὧ - ʜʦʧʨʠʥʦʩ ʘʝʨʦʟʘʛʘʹʝˁʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (ʝʥʛ. ,,background contributionñ); ὧ - 

ʜʦʧʨʠʥʦʩ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʫ ʦʙʣʘʩʪʠ ʫʣʠʮʝ (ʝʥʛ. ,,street contributionñ). 

 

ɼʦʧʨʠʥʦʩ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʿʝʩʪʝ ʫʧʨʘʚʦ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʝʤʠʪʦʚʘʥʦʿ ʢʦʣʠʯʠʥʠ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʫ 

ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ - Q [gĿm
-1
Ŀs

-1
], ʘ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʙʨʟʠʥʠ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ 

(ό) (ʦ.ʘ. ʧʦʿʝʜʠʥʠ ʘʫʪʦʨʠ ʿʝ ʥʘʚʦʜʝ ʢʘʦ ʙʨʟʠʥʫ ʚʝʪʨʘ ʧʨʠ ʚʨʭʫ ʢʘˁʦʥʘ). ʋʢʦʣʠʢʦ ʿʝ ʫʛʘʦ ʧʨʠʣʘʟʘ 

ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ > 30Ј ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ, ʠʟʚʝʜʝʥʝ ʩʫ ʜʚʝ ʬʦʨʤʫʣʘʮʠʿʝ 

ʜʦʧʨʠʥʦʩʘ ʦʜ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ (Favale, 2008) [232], ʦʜʥʦʩʥʦ ʟʘ: 

1. ɿʘʚʝʪʨʝʥʫ ʩʪʨʘʥʫ ʢʘˁʦʥʘ:  

 

ὧ В Ⱦ ,                                                 (3.30) 

 

2. ɺʝʪʨʦʚʠʪʫ ʩʪʨʘʥʫ ʢʘˁʦʥʘ:  

 

ὧ В ,                                                     (3.31) 

 

ʛʜʝ ʿʝ: ὑ - ʝʤʧʠʨʠʿʩʢʠ ʦʜʨʝʹʝʥʘ ʢʦʥʩʪʘʥʪʘ (ὑ 7); ό - ʙʨʟʠʥʘ ʩʪʨʫʿʘˁʝ ʚʘʟʜʫʭʘ ʫ ʥʠʚʦʫ ʫʣʠʮʝ ʢʘʦ 

ʧʦʩʣʝʜʠʮʘ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ (ό 0,5 mĀs-1
); Ὤ - ʠʥʠʮʠʿʘʣʥʘ ʚʠʩʠʥʘ ʢʦʤʝʰʘˁʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ 

(Ὤ 2 m); ὼ - ʭʦʨʠʟʦʥʪʘʣʥʦ ʨʘʩʪʦʿʘˁʝ i ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ ʦʜ ʧʦʣʦʞʘʿʘ ʤʝʩʪʘ ʤʝʨʝˁʘ; ᾀ - 

ʚʝʨʪʠʢʘʣʥʦ ʨʘʩʪʦʿʘˁʝ i ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ ʦʜ ʧʦʣʦʞʘʿʘ ʤʝʩʪʘ ʤʝʨʝˁʘ, ὗ - ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʝ ʫ 

ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʫ i ʩʘʦʙʨʘ˂ʘʿʥʦʿ ʪʨʘʮʠ; Ὄ - ʧʨʦʩʝʯʥʘ ʚʠʩʠʥʘ ʢʘˁʦʥʘ ʠ ὡ - ʰʠʨʠʥʘ ʢʘˁʦʥʘ. 

       

ʋʢʦʣʠʢʦ ʫʛʘʦ ʧʨʠʣʘʟʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ ʠʤʘ 30Ј ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ, 

ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʫʩʚʘʿʘˁʝ ʧʨʦʩʝʯʥe ʚʨʝʜʥʦʩʪʠ ʢʘʦ ʨʝʟʫʣʪʘʪ ʿʝʜʥʘʯʠʥʘ (3.30) ʠ (3.31). ʄʝʹʫʪʠʤ, 

ʤʦʜʝʣ ʥʠʿʝ ʧʨʦʿʝʢʪʦʚʘʥ ʟʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ ʩʪʘˁʝ. ɱʝʜʥʘʯʠʥʝ (3.30) ʠ (3.31) ʩʫ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʧʦʩʤʘʪʨʘˁʠʤʘ ʧʨʠ ʢʦʿʠʤʘ ʿʝ ʫʛʘʦ ʧʨʠʣʘʟʘ ʫʥʫʪʘʨ ʦʧʩʝʛʘ ʦʜ 60Ј ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ, ʩʘ 

ʤʦʛʫ˂ʥʦʰ˂ʫ ʦʙʨʘʟʦʚʘˁʘ ʩʧʠʨʘʣʥʠʭ ʮʠʨʢʫʣʘʮʠʿʘ.  
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ʀʟ ʥʘʚʝʜʝʥʦʛ ʨʘʟʣʦʛʘ, ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʠʟ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʫʩʤʝʨʘʚʘʿʫ ʢʘ ʟʘʚʝʪʨʝʥʦʿ 

ʩʪʨʘʥʠ ʢʘˁʦʥʘ, ʜʦʢ ʿʝ ʩʫʧʨʦʪʥʘ ʩʪʨʘʥʘ (ʚʝʪʨʦʚʠʪʘ ʩʪʨʘʥʘ) ʧʨʚʝʥʩʪʚʝʥʦ ʠʟʣʦʞʝʥʘ ʜʦʧʨʠʥʦʩʠʤʘ ʦʜ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʠ ʦʥʠʤʘ ʢʦʿʝ ʮʠʨʢʫʣʠʰʫ ʫ ʩʘʤʦʿ ʫʣʠʮʠ. ɿʘʪʦ ʤʦʜʝʣ STREET, 

ʧʨʠ ʧʨʦʮʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʜʘʿʝ ʥʝʰʪʦ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʟʘʚʝʪʨʝʥʫ ʫ ʦʜʥʦʩʫ ʥʘ ʚʝʪʨʦʚʠʪʫ ʩʪʨʘʥʫ 

ʢʘˁʦʥʘ (Favale, 2008) [232].  

  

ʆʚʦ ʩʫ ʥʘʿʙʠʪʥʠʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʤʝʥʫʪʦʛ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʠ ʪʘʢʦʹʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʥʘʛʣʘʩʠʪʠ 

ʜʘ ʿʝ ʤʦʜʝʣ STREET, ʫʟ ʤʘˁʝ ʤʦʜʠʬʠʢʘʮʠʿʝ (Sobottka and Leisen, 1980a; 1980b) [237], [238], ʠ ʜʘˀʝ 

ʫ ʰʠʨʦʢʦʿ ʫʧʦʪʨʝʙʠ, ʥʘʨʦʯʠʪʦ ʧʨʠʣʠʢʦʤ ʠʥʞʝˁʝʨʩʢʠʭ ʘʧʣʠʢʘʮʠʿʘ. ʄʝʹʫʪʠʤ, ʜʝʪʘˀʥʠʿʘ 

ʦʙʿʘʰˁʝˁʘ ʧʦʜ ʢʦʿʠʤ ʫʩʣʦʚʠʤʘ ʩʝ ʨʘʩʧʨʰʫʿʫ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ, ʥʝ ʤʦʞʝ ʜʘʪʠ ʥʘʚʝʜʝʥʠ ʤʦʜʝʣ.  

 

ʉʫʰʪʠʥʩʢʠ ʥʝʜʦʩʪʘʪʘʢ ʿʝʩʪʝ ʛʨʫʙʘ ʧʘʨʘʤʝʪʘʨʠʟʘʮʠʿʘ ʦʥʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ʧʨʘʚʮʝ ʠ ʫʛʣʦʚʝ 

ʧʨʠʣʘʟʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ. ʆʩʠʤ ʪʦʛʘ, ʫ ʫʩʣʦʚʠʤʘ ʘʤʙʠʿʝʥʪʘ ʧʨʠ ʢʦʿʠʤʘ ʩʫ ʟʘʙʝʣʝʞʝʥʝ 

ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ ό, ʪʘʢʦʟʚʘʥʠ ʤʠʨʥʠ ʫʩʣʦʚʠ (ʝʥʛ. ,,calm conditionñ), ʦʯʝʢʠʚʘˁʘ ʩʫ ʜʘ ʤʦʜʝʣ 

ʧʨʦʮʝʥʠ ʫʥʠʬʦʨʤʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʜʫʞ ʢʘˁʦʥʘ. ʄʦʜʝʣ STREET ʥʝ ʦʧʠʩʫʿʝ 

ʦʚʘʢʚʫ ʧʦʿʘʚʫ, ʘ ʟʘʧʨʘʚʦ ʩʝ ˁʝʛʦʚʘ ʫʧʦʪʨʝʙʘ ʠ ʥʝ ʧʨʝʧʦʨʫʯʫʿʝ ʢʘʜʘ ʿʝ ό< 1 mĀs-1
. ʋʧʨʢʦʩ 

ʦʛʨʘʥʠʯʝˁʠʤʘ, ʥʘʚʝʜʝʥʠ ʤʦʜʝʣ ʠ ʜʘˀʝ ʧʨʝʜʩʪʘʚˀʘ ʢʦʨʠʩʪʘʥ ʘʣʘʪ ʧʨʠ ʧʨʦʮʝʥʠ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫ 

ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ. 

 

3.1.5.2. ʄʦʜʝʣ CPBM 

 

ʀʩʪʨʘʞʠʚʘʯʠ ɱʘʤʘʨʪʠʥʦ ʠ ɺʠʛʘʥʪ (ʝʥʛ. Yamartino and Wiegant, 1986) [175] ʩʫ ʩʪʨʫʯʥʦʿ ʿʘʚʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʠʣʠ ʥʦʚʫ, ʠʥʦʚʘʪʠʚʥʫ ʪʝʭʥʠʢʫ ʟʘ ʧʨʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ ʧʦʜ ʥʘʟʠʚʦʤ 

CPBM ʤʦʜʝʣ (ʝʥʛ. Canyon Plume Box Model).  

 

ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʩʫ ʧʨʦʮʝˁʝʥʝ ʢʦʤʙʠʥʘʮʠʿʦʤ ʜʚʘ ʤʦʜʝʣʘ, ʦʜ ʢʦʿʠʭ ʿʝ ʧʨʚʠ ʤʦʜʝʣ 

ʦʙʣʘʢʘ (ʝʥʛ. ,,PLUME modelԁԁ) (ʛʝʥʝʨʠʰʝ ʜʠʨʝʢʪʘʥ ʫʪʠʮʘʿ ʦʜ ʝʤʠʩʠʿʝ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ) ʠ ʜʨʫʛʠ, 

ʤʦʜʝʣ ʢʫʪʠʿʝ (ʝʥʛ. ,,BOX modelԁԁ) (ʛʝʥʝʨʠʰʝ ʜʦʜʘʪʥʝ ʫʪʠʮʘʿʝ ʧʦʨʝʢʣʦʤ ʦʜ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʩʝ 

ʢʨʝ˂ʫ ʫ ʧʦˀʫ ʨʝʮʠʨʢʫʣʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʚʠʭʦʨʘ). ʉʪʨʫʿʘˁʝ ʚʘʟʜʫʭʘ ʫʥʫʪʘʨ ʢʘˁʦʥʘ (ʧʨʦʪʦʢ) ʿʝ 

ʜʝʬʠʥʠʩʘʥʦ HH ʤʦʜʝʣʦʤ (ʝʥʛ. ,,Hotchkiss and Harlowñ model).  

 

ɽʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ ʪʫʨʙʫʣʝʥʮʠʿʝ ʿʝ ʠʩʢʦʨʠʰ˂ʝʥ ʟʘ ʦʙʨʘʜʫ ʧʘʨʘʤʝʪʘʨʘ ʪʫʨʙʫʣʝʥʮʠʿʝ („ȟ„ȟ„  

ʢʦʠʿ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʪʘʥʜʘʨʜʥʘ ʦʜʩʪʫʧʘˁʘ ʙʨʟʠʥʝ ʚʘʟʜʫʰʥʠʭ ʩʪʨʫʿʘ ʫ ʛʣʘʚʥʦʤ ʧʨʦʪʦʢʫ. ʅʘ ʩʣʠʮʠ 

3.6 (Yamartino and Wiegant, 1986) [175] ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʛʣʘʚʥʝ ʦʩʦʙʠʥʝ CPBM ʤʦʜʝʣʘ, ʥʘ ʢʦʦʿ ʿʩʝ 

ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʿʝ ʦʙʣʘʢ ʛʘʩʦʚʘ ʧʦʜʝˀʝʥ ʥʘ ʪʨʠ ʜʝʣʘ (P1, P2 ʠ P3). ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝʩʪʝ ʜʘ 

ʥʘʚʝʜʝʥʠ ʜʝʣʦʚʠ ʩʣʝʜʝ ʧʨʘʚʫ ʧʫʪʘˁʫ ʠ ʜʠʩʧʝʨʛʫʿʫ ʩʝ ʧʨʝʤʘ ʤʦʜʝʣʫ ɻʘʫʩʦʚʝ ʜʠʩʪʨʠʙʫʮʠʿʝ. ʅʘʿʚʝ˂ʠ 

ʫʪʠʮʘʿʠ ʩʫ ʟʘʙʝʣʝʞʝʥʠ ʥʘ ʟʘʚʝʪʨʝʥʦʿ ʩʪʨʘʥʠ ʢʘˁʦʥʘ ʫʩʣʝʜ ʫʯʝʰ˂ʘ (ʢʦʥʪʨʠʙʫʮʠʿʝ) ʜʝʣʘ P1.   
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ʇʘʨʘʤʝʪʘʨ ʚʝʨʪʠʢʘʣʥʝ ʜʠʩʧʝʨʟʠʿʝ („) (Yamartino and Wiegant, 1986) [175] ʜʘʪ ʿʝ ʧʨʝʢʦ ʠʟʨʘʟʘ: 

 

„ ὸ
Ѝ

„ Ͻὸ,                                                        (3.32) 

 

ʛʜʝ ʿʝ: Ὄ  - ʧʦʯʝʪʥʘ ʚʠʩʠʥʘ ʜʠʩʧʝʨʟʠʿʝ ʦʙʣʘʢʘ (ʫ ʬʫʥʢʮʠʿʠ ʦʜ ʛʘʙʘʨʠʪʘ ʠ ʙʨʟʠʥʝ ʚʦʟʠʣʘ); „  - 

ʢʦʤʧʦʥʝʥʪʘ ʠʥʠʮʠʿʘʣʥʝ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ (ʩʚʦʿʝ ʜʝʿʩʪʚʦ ʟʘʧʦʯʠˁʝ ʥʘ ʧʦʣʦʚʠʥʠ ʚʠʩʠʥʝ 

ʚʦʟʠʣʘ); ὸ - ʚʨʝʤʝ ʪʨʘʥʩʧʦʨʪʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ: ὸ ὼόϳ  (ὼ - ʨʘʩʪʦʿʘˁʝ ʦʜ ʠʟʚʦʨʘ ʜʦ ʤʝʨʥʦʛ 

ʤʝʩʪʘ, ό  - ʧʦʧʨʝʯʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ ʫʥʫʪʘʨ ʢʘˁʦʥʘ (ʝʥʛ. cross canyon velocity)). ʉʣʠʯʥʝ 

ʬʦʨʤʫʣʘʮʠʿʝ ʫʧʦʪʨʝʙˀʝʥʝ ʩʫ ʟʘ ʧʨʦʨʘʯʫʥ P2 ʠ P3 ʜʝʣʘ, ʘʣʠ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʘʨʘʤʝʪʨʠʤʘ 

ʪʫʨʙʫʣʝʥʮʠʿʝ ʠ ʩʪʨʫʿʘˁʘ ʚʝʪʨʦʚʘ ʧʨʦʨʘʯʫʥʘʪʠʭ ʧʦʤʦ˂ʫ HH ʤʦʜʝʣʘ. ɼʦʧʨʠʥʦʩ ʦʜ ʦʙʣʘʩʪʠ  

ʨʝʮʠʨʢʫʣʘʮʠʿʝ (Yamartino and Wiegant, 1986) [175] ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

 

ὅ
Ͻ

ϳ
,                                                             (3.33) 

 

ʛʜʝ ʿʝ: ὗ - ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ; ὡ - ʰʠʨʠʥʘ ʢʘˁʦʥʘ; Ὂ - ʜʝʦ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ 

ʮʠʨʢʫʣʠʰʝ ʫʥʫʪʘʨ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ (Yamartino and Wiegant, 1986) [175] ʠ ʤʦʞʝ ʩʝ ʠʟʨʘʟʠʪʠ: 

 

Ὂ Ὡὼὴὸ †ϳ ,                                                              (3.34) 

 

ʛʜʝ ʿʝ: ὸ - ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʨʝʮʠʨʢʫʣʘʮʠʿʝ: ὸ ςὌ όϳ ; † - ʙʨʟʠʥʘ ʧʨʦʚʝʪʨʘʚʘˁʘ ʫʣʠʮʝ ʠ ʦʥʘ ʿʝ 

ʜʝʬʠʥʠʩʘʥʘ ʘʜʚʝʢʪʠʚʥʠʤ ʠ ʜʠʬʫʟʠʦʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ († ̉ †) (Yamartino and Wiegant, 1986) 

[175], ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʘʤʘ: 

 

P1 

P2 

P3 

ʆʙʣʘʢ ʩʚʝʞʝʛ 

ʚʘʟʜʫʭʘ 

ʌʣʫʢʩ  

ʜʠʬʫʟʠʿʝ 

ʌʣʫʢʩ 

ʘʜʚʝʢʮʠʿʝ 

ɽʤʠʩʠʿʘ ʦʜ ʚʦʟʠʣʘ 

(ʠʥʠʮʠʿʘʣʥʠ 

ʠʟʚʦʨ) 

           ʉʣʠʢʘ 3.6  ʐʝʤʘʪʩʢʠ ʜʠʿʘʛʨʘʤ ʧʨʠʥʮʠʧʘ CPBM ʤʦʜʝʣʘ [175] 
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† † † ;        †
Ѝ Ͻ Ͻ

Ͻ
 ;        †

Ѝ Ͻ Ͻ

Ѝ ϽϽ
 ,                        (3.35) 

 

ʛʜʝ ʿʝ: „ - ʨʘʟʤʝʨʘ ʦʙʣʘʢʘ ʩʚʝʞʝʛ ʚʘʟʜʫʭʘ ʧʨʠ ʚʨʭʫ ʢʘˁʦʥʘ (ʝʤʧʠʨʠʿʩʢʘ ʚʨʝʜʥʦʩʪ ~  25 m); ύ - 

ʙʨʟʠʥʘ ʦʙʣʘʢʘ ʩʚʝʞʝʛ ʚʘʟʜʫʭʘ; „  - ʙʨʟʠʥʘ ʪʫʨʙʫʣʝʥʮʠʿʝ ʦʙʣʘʢʘ ʩʚʝʞʝʛ ʚʘʟʜʫʭʘ ʧʨʠ ʚʨʭʫ ʢʘˁʦʥʘ.  

 

ʄʝʹʫʪʠʤ, ʧʦʤʝʥʫʪʠ ʠʩʪʨʘʞʠʚʘʯʠ ɱʘʤʘʨʪʠʥʦ ʠ ɺʠʛʘʥʪ ʫ ʩʚʦʿʠʤ ʟʘʢˀʫʯʮʠʤʘ ʪʚʨʜʝ ʜʘ ʘʜʚʝʢʪʠʚʥʠ 

ʧʨʦʮʝʩʠ ʤʘʨʛʠʥʘʣʥʦ ʜʦʧʨʠʥʦʩʝ ʧʨʦʚʝʪʨʘʚʘˁʫ. ʉ ʪʠʤ ʫ ʚʝʟʠ, ʘʢʦ ʩʝ ʚʝʣʠʯʠʥʠ „ ʜʦʜʝʣʝ ʥʫʣʪʝ 

ʚʨʝʜʥʦʩʪʠ, ʦʙʝʟʙʝʜʠ˂ʝ ʩʝ ʪʝʢ ʥʝʰʪʦ ʣʦʰʠʿʝ ʧʝʨʬʦʤʘʥʩʝ ʤʦʜʝʣʘ. ʅʘ ʩʚʠʤ ʟʘʚʝʪʨʝʥʠʤ ʤʝʩʪʠʤʘ 

ʤʝʨʝˁʘ (ʫʥʫʪʨʘʰˁʘ ʩʪʨʘʥʘ ʫʟʚʦʜʥʝ ʟʛʨʘʜʝ), ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫʥʫʪʘʨ ʦʙʣʘʩʪʠ 

ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʜʦʜʘʿʫ ʩʝ ʜʦʧʨʠʥʦʩʫ ʦʜ PLUME ʤʦʜʝʣʘ. ʅʘ ʩʫʧʨʦʪʥʦʿ ʩʪʨʘʥʠ ʢʘˁʦʥʘ (ʚʝʪʨʦʚʠʪʘ 

ʩʪʨʘʥʘ, ʦʜʥʦʩʥʦ ʫʥʫʪʨʘʰˁʘ ʩʪʨʘʥʘ ʥʠʟʚʦʜʥʝ ʟʛʨʘʜʝ), ʛʜʝ ʿʝ ʿʝʜʠʥʠ ʜʦʧʨʠʥʦʩ ʦʜ ʦʙʣʘʩʪʠ 

ʨʝʮʠʨʢʫʣʘʮʠʿʝ, ʨʘʟʙʣʘʞʘʚʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʩʚʝʞʠʤ ʚʘʟʜʫʭʦʤ (ʧʨʠ ʚʨʭʫ ʢʘˁʦʥʘ) ʧʨʦʨʘʯʫʥʘʚʘ ʩʝ 

ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʣʠʥʝʘʨʥʦʛ ʧʦʨʘʩʪʘ ʟʘʧʨʝʤʠʥʝ ʚʘʟʜʫʭʘ, ʩʘ ʢʦʣʠʯʠʥʦʤ ʩʚʝʞʝʛ ʚʘʟʜʫʭʘ ʫ 

ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʢʦʿʘ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʩʪʘʥʜʘʨʜʥʦʤ ʦʜʩʪʫʧʘˁʫ ʧʦʧʨʝʯʥʝ ʙʨʟʠʥʝ ʫʥʫʪʘʨ ʢʘˁʦʥʘ 

(„) (ʝʥʛ. standard deviation of the cross canyon velocity). CPBM ʤʦʜʝʣ ʿʝ ʪʝʩʪʠʨʘʥ ʫʧʦʪʨʝʙʦʤ 

ʝʤʧʠʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʥʝʤʘʯʢʦʤ ʛʨʘʜʫ ʂʝʣʥʫ (Yamartino and 

Wiegant, 1986) [175]. ʊʦʤ ʧʨʠʣʠʢʦʤ ʩʫ ʧʨʠʢʘʟʘʥʝ ʟʥʘʪʥʦ ʙʦˀʝ ʧʨʦʮʝʥʝ CPBM ʤʦʜʝʣʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʦʮʝʥʝ ʝʤʧʠʨʠʿʩʢʦʛ STREET ʤʦʜʝʣʘ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʫʩʣʦʚʘ ʟʘ ʢʦʿʝ 

ʜʨʫʛʠ ʧʦʤʝʥʫʪʠ ʤʦʜʝʣ ʥʠʿʝ ʧʦʩʝʙʥʦ ʜʠʟʘʿʥʠʨʘʥ.   

 

3.1.5.3. ʄʦʜʝʣ OSPM 

 

ʄʦʜʝʣʠ OSPM ʠ AEOLIUS ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʣʫʝʤʧʠʨʠʿʩʢʝ ʤʦʜʝʣʝ ʜʠʩʧʝʨʟʠʿʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʠʩʪʠʤ 

ʤʘʪʝʤʘʪʠʯʢʠʤ ʬʦʨʤʫʣʘʮʠʿʘʤʘ. ʄʝʹʫʪʠʤ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʧʨʚʦ ʧʦʤʝʥʫʪʠ ʤʦʜʝʣ ʧʨʝʪʨʧʝʦ ʦʜʨʝʹʝʥʝ 

ʤʦʜʠʬʠʢʘʮʠʿʝ ʠ ʜʘ ʿʝ ʫ ʧʨʘʢʪʠʯʥʦʿ ʫʧʦʪʨʝʙʠ ʧʦʢʘʟʘʦ ʙʦˀʝ ʧʨʦʮʝʥʝ ʦʜ ʜʨʫʛʦʛ ʥʘʚʝʜʝʥʦʛ, ʪʝʦʨʠʿʩʢʘ 

ʘʥʘʣʠʟʘ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʦʙʨʘʜʠ˂ʝ ʩʘʤʦ OSPM ʤʦʜʝʣ. ʇʨʦʨʘʯʫʥ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʦʤʦ˂ʫ OSPM ʤʦʜʝʣʘ ʟʘʩʥʦʚʘʥʘ ʿʝ ʥʘ ʩʣʠʯʥʠʤ ʧʨʠʥʮʠʧʠʤʘ ʢʦʿʠ ʚʘʞʝ ʟʘ CPBM 

ʤʦʜʝʣ, ʦʜʥʦʩʥʦ ʢʦʨʠʩʪʠ ʩʝ ʤʦʜʝʣ ɻʘʫʩʦʚʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʟʘ ʧʨʦʨʘʯʫʥ ʜʠʨʝʢʪʥʦʛ ʜʦʧʨʠʥʦʩʘ ʦʜ 

ʝʤʠʩʠʿʝ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ, ʜʦʢ BOX ʤʦʜʝʣ ʠʤʘ ʫʣʦʛʫ ʧʨʦʨʘʯʫʥʘ ʜʦʧʨʠʥʦʩʘ ʦʜ ʨʝʮʠʨʢʫʣʘʮʠʿʝ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ (ʩʣʠʢʘ 3.7) (Dabberdt et al., 1973) [239]. ɿʘʪʦ ʩʫ ʪʚʦʨʮʠ OSPM ʤʦʜʝʣʘ (Berkowicz 

et al., 1997) [240] ʧʨʝʪʧʦʩʪʘʚʠʣʠ 3 ʜʦʧʨʠʥʦʩʘ:  

 

ὅ ὅ ὅ ὅ,                                                          (3.36) 

 

ʛʜʝ ʿʝ: ὅ - ʜʠʨʝʢʪʘʥ ʜʦʧʨʠʥʦʩ ʘʝʨʦʟʘʛʘʹʝˁʘ ʥʘ ʨʝʣʘʮʠʿʠ ʠʟʚʦʨ-ʤʝʩʪʦ ʤʝʨʝˁʘ; ὅ - ʜʦʧʨʠʥʦʩ ʦʜ 

ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʫʩʣʝʜ ʢʦʚʠʪʣʘˁʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʦʢʦ ʛʣʘʚʥʦʛ ʚʠʭʦʨʘ; ὅ - ʜʦʧʨʠʥʦʩ 

ʘʝʨʦʟʘʛʘʹʝˁʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (ʝʥʛ. background pollution). 
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3.1.5.3.1. ɼʠʨʝʢʪʘʥ ʜʦʧʨʠʥʦʩ ʘʝʨʦʟʘʛʘʹʝˁʘ 

 

ʄʦʜʝʣ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢʦʚʠ ʠ ʝʤʠʩʠʿʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʠʤʘʿʫ ʨʘʚʥʦʤʝʨʥʫ ʠ 

ʫʿʝʜʥʘʯʝʥʫ ʧʨʦʩʪʦʨʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʜʫʞ ʫʣʠʮʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʦʙʣʘʢ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʪʨʝʪʠʨʘ ʢʘʦ 

ʙʝʩʢʦʥʘʯʘʥ ʙʨʦʿ ʣʠʥʠʿʩʢʠʭ ʠʟʚʦʨʘ ʥʦʨʤʘʣʥʦ ʧʦʨʘʚʥʘʪʠʭ ʥʘ ʧʨʘʚʘʮ ʩʪʨʫʿʘˁʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʫʣʠʮʝ 

(ɺʅʋ), ʜʝʙˀʠʥe ,,dxñ. ɻʫʩʪʠʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʤʠʩʠʿʝ ʫ ʿʝʜʥʦʿ ʠʟʚʦʨʥʦʿ ʣʠʥʠʿʠ (Berkowicz et al., 

1997) [240] ʤʦʞʝ ʩʝ ʠʟʨʘʟʠʪʠ: 

Ὠὗ Ὠὼ,                                                                (3.37) 

 

ʛʜʝ ʿʝ: Q - ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ [gĿm
-1
Ŀs

-1
]; W - ʰʠʨʠʥʘ ʫʣʠʮʝ. ɼʦʧʨʠʥʦʩ 

ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʜʝʬʠʥʠʩʘʥʦʿ ʪʘʯʢʠ ʥʘ ʨʘʩʪʦʿʘˁʫ ,,xñ ʦʜ ʣʠʥʠʿʝ ʠʟʚʦʨʘ (Berkowicz et al., 1997) [240] 

ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

Ὠὅ ,                                                           (3.38) 

 

ʛʜʝ ʿʝ: ό - ʙʨʟʠʥʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʫʣʠʮʝ; „ ὼ - ʧʘʨʘʤʝʪʘʨ ʚʝʨʪʠʢʘʣʥʝ ʜʠʩʧʝʨʟʠʿʝ ʦʙʣʘʢʘ ʟʘʛʘʹʝˁʘ, 

ʥʠʟʚʦʜʥʦ ʥʘ ʨʘʩʪʦʿʘˁʫ x. ɱʝʜʘʥʘʯʠʥʘ (3.38) ʿʝ ʠʥʪʝʥʛʨʠʩʘʥʘ ʜʫʞ ʧʫʪʘ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ, ʯʠʿʝ 

ʧʦʥʘʰʘˁʝ ʟʘʚʠʩʠ ʦʜ ʧʨʘʚʮʘ ʚʝʪʨʘ, ʧʨʦʰʠʨʝˁʘ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʠ ʜʫʞʠʥʝ ʫʣʠʮʝ. ʅʘ ʩʣʠʮʠ 

3.8 (Berkowicz et al., 1997) [240] ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ ʦʩʥʦʚʥʠ ʧʨʠʥʮʠʧʠ ʧʫʪʘ ʠʥʪʝʛʨʘʮʠʿʝ. 

ʉʣʠʢʘ 3.7  ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʘ ʤʦʜʝʣʘ OSPM [239] 

ɼʠʨʝʢʪʘʥ 

ʜʦʧʨʠʥʦʩ 

ʝʤʠʩʠʿʝ 

ʠʟʜʫʚʥʠʭ 

ʛʘʩʦʚʘ 

ɼʦʧʨʠʥʦʩ 

ʦʙʣʘʩʪʠ 

ʨʝʮʠʨʢʫʣʘʮʠʿʝ 

ɸʝʨʦʟʘʛʘʹʝˁʝ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ 

ɺʝʪʘʨ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ 
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ʋʟʚʦʜʥʘ 

ʟʛʨʘʜʘ 

ʅʠʟʚʦʜʥʘ 

ʟʛʨʘʜʘ 
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ʋʢʦʣʠʢʦ ʧʨʘʚʘʮ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʦʙʨʘʟʫʿʝ ʫʛʘʦ ,,Fñ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ, ʦʥʜʘ 

ʚʝʪʘʨ ʫ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʠ ʫ ʥʠʚʦʫ ʫʣʠʮʝ ʪʘʢʦʹʝ ʬʦʨʤʠʨʘ ʫʛʘʦ ,,Fñ. ʊʘʢʦʹʝ ʿʝ ʚʘʞʥʦ 

ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʝ ʪʘʜʘ ʪʨʘʥʩʬʝʨʟʘʣʥʘ (ʧʦʧʨʝʯʥʘ) ʢʦʤʧʦʥʝʥʪʘ ʨʝʬʣʝʢʪʫʿʝ ʧʦʧʫʪ ʦʛʣʝʜʘʣʘ. ʀʟʚʘʥ 

ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ, ʧʨʘʚʘʮ ʧʨʦʪʦʢʘ ʿʝ ʠʩʪʠ ʢʘʦ ʧʨʘʚʘʮ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ. ɼʫʞʠʥʘ 

ʚʠʭʦʨʘ (ὒ) (ʝʥʛ. vortex length) ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʚʦʩʪʨʫʢʦ ʚʠʰʘ ʦʜ ʚʠʩʠʥʝ ʫʟʚʦʜʥʝ ʟʛʨʘʜʝ 

(Hʫʟʚʦʜʥʦ) ʠ ʥʘʚʝʜʝʥʘ ʜʫʞʠʥʘ ʚʠʭʦʨʘ ʩʝ ʣʠʥʝʘʨʥʦ ʩʤʘˁʫʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʿʝ ό<2 mĿs
-1
. 

ʋʢʦʣʠʢʦ ʿʝ ʧʨʦʩʪʦʨ ʠʟʤʝʹʫ ʟʛʨʘʜʘ ʦʪʚʦʨʝʥ, ʚʠʩʠʥʘ ʫʟʚʦʜʥʝ ʟʛʨʘʜʝ ʙʠ˂ʝ ʿʝʜʥʘʢʘ 0 (Ὄ̔ ̈̃̏̅̎π̏), 

ʰʪʦ ʟʘ ʜʠʨʝʢʪʥʫ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʥʝʤʦʛʫ˂ʥʦʩʪ ʬʦʨʤʠʨʘˁʘ ʚʠʭʦʨʘ.  

 

ʄʘʢʩʠʤʘʣʥʦ ʧʨʦʰʠʨʝˁʝ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʟʘʚʠʩʠ ʦʜ W ʠʣʠ ʦʜ ὒ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʦʘʿ 

ʿʝ ʫ ʪʦʤ ʪʨʝʥʫʪʢʫ ʤʘˁʘ. ʋʢʦʣʠʢʦ ʿʝ ʫʛʘʦ ʧʨʠʣʘʟʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʦʰʪʘʨ ʠ ʫʢʦʣʠʢʦ ʿʝ 

ὒ 7, ʧʨʦʰʠʨʝˁʝ ὒ (Berkowicz et al., 1997) [240] ʤʦʞʝ ʩʝ ʬʦʨʤʫʣʠʩʘʪʠ ʢʘʦ: 

 

ὒ άὭὲὡȟὒὺϽίὭὲ  .                                                   (3.39) 

  

ɺʘʞʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʧʦʩʪʦʿʠ ʚʨʝʜʥʦʩʪ ʫʛʣʘ ,,Fñ ʟʘ ʢʦʿʝ ʿʝ ʧʨʦʰʠʨʝˁʝ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ 

ʤʘˁʝ ʦʜ W. ɿʘ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʢʦʜ ʢʦʿʠʭ ʿʝ H:W=1:1, ʫʛʘʦ ,,Fñ ʠʟʥʦʩʠ 30Ј. ʇʦʜ 

ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʝ ʜʠʩʧʝʨʟʠʿʘ ʦʙʣʘʢʘ ʟʘʛʘʹʝˁʘ ʿʝʜʠʥʦ ʫʧʨʘʚˀʘ ʤʝʭʘʥʠʯʢʦʤ ʪʫʨʙʫʣʝʥʮʠʿʦʤ 

(ʢʦʤʝʰʘˁʝ ʚʘʟʜʫʰʥʝ ʤʘʩʝ ʦʜ ʚʦʟʠʣʘ ʫ ʧʦʢʨʝʪʫ), ʤʦʜʝʣʠʨʘ ʩʝ ʧʘʨʘʤʝʪʘʨ ʚʝʨʪʠʢʘʣʥʝ ʜʠʩʧʝʨʟʠʿʝ 

(ʎ . ʊʘʢʦʹʝ, ʤʦʨʘ ʩʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʿʝ ʪʫʨʙʫʣʝʥʮʠʿʘ ʠʟʘʟʚʘʥʘ ʪʝʨʤʠʯʢʦʤ ʩʪʨʘʪʠʬʠʢʘʮʠʿʦʤ (ʦʜ 

ʟʘʛʨʝʿʘʥʦʩʪʠ ʤʦʪʦʨʘ ʠ ʢʘʨʦʩʝʨʠʿʝ ʚʦʟʠʣʘ) ʦʙʠʯʥʦ ʤʘʣʘ ʫ ʥʠʚʦʫ ʫʣʠʮʝ. ʄʝʭʘʥʠʯʢʘ ʪʫʨʙʫʣʝʥʮʠʿʘ ʿʝ 

ʛʝʥʝʨʠʩʘʥʘ ʙʨʟʠʥʦʤ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʫʣʠʮʝ ʠ ʚʦʟʠʣʠʤʘ ʫ ʧʦʢʨʝʪʫ (Berkowicz et al., 1997) [240] ʠ 

ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ:  

 

ʎ ‌Ͻό „ ,                                                     (3.40) 

ʉʣʠʢʘ 3.8  ʐʝʤʘ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ ʠ ʬʦʨʤʠʨʘˁʘ ʟʦʥʝ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʫ ʢʘʦˁʥʫ [240]       

(ɺʆʉ - ʚʝʪʘʨ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ; ɺʅʋ - ʚʝʪʘʨ ʫ ʥʠʚʦʫ ʫʣʠʮʝ) 
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      ὒ 

ɺʆʉ 

ɺʅʋ 

ʄʝʩʪʦ ʤʝʨʝˁʘ ʥʘ 

ʟʘʚʝʪʨʝʥʦʿ ʩʪʨʘʥʠ  

ʄʝʩʪʦ ʤʝʨʝˁʘ ʥʘ 

ʚʝʪʨʦʚʠʪʦʿ ʩʪʨʘʥʠ  
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ʇʫʪ ʠʥʪʝʛʨʘʮʠʿʝ     

 

ʇʫʪ ʠʥʪʝʛʨʘʮʠʿʝ 
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ʛʜʝ ʿʝ: „  - ʬʣʫʢʪʫʘʮʠʿʘ ʙʨʟʠʥʝ ʚʝʨʪʠʢʘʣʥʝ ʪʫʨʙʫʣʝʥʮʠʿʝ (ʝʥʛ. vertical turbulent velocity fluctuation) 

ʫʩʣʝʜ ʜʝʣʦʚʘˁʘ ʤʝʭʘʥʠʯʢʝ ʪʫʨʙʫʣʝʥʮʠʿʝ; ‌ - ʢʦʝʬʠʮʠʿʝʥʪ ʤʝʭʘʥʠʯʢʝ ʪʫʨʙʫʣʝʥʮʠʿʝ (ʝʤʧʠʨʠʿʩʢʘ 

ʚʨʝʜʥʦʩʪ  0,1, ʰʪʦ ʦʜʛʦʚʘʨʘ ʩʪʘʥʜʘʨʜʥʦʤ ʥʠʚʦʫ ʤʝʭʘʥʠʯʢʝ ʪʫʨʙʫʣʝʥʮʠʿʝ); „ - ʪʫʨʙʫʣʝʥʮʠʿʘ 

ʚʘʟʜʫʰʥʝ ʤʘʩʝ ʠʟʘʟʚʘʥʘ ʚʦʟʠʣʠʤʘ ʫ ʧʦʢʨʝʪʫ.  

 

ʇʘʨʘʤʝʪʘʨ „  ʥʘ ʨʘʩʪʦʿʘˁʫ x ʥʠʟʚʦʜʥʦ ʦʜ ʤʝʩʪʘ ʤʝʨʝˁʘ (ʩʣʠʢʘ 3.9) (Favale, 2008) [232] ʿʝʩʪʝ: 

 

„ ὼ „ Ὤ,                                                         (3.41) 

 

ʛʜʝ ʿʝ: Ὤ- ʠʥʠʮʠʿʘʣʥʘ (ʪʨʝʥʫʪʥʘ) ʚʠʩʠʥʘ ʜʠʩʧʝʨʟʠʿʝ ʦʙʣʘʢʘ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʫʩʣʝʜ ʘʝʨʦʜʠʥʘʤʠʯʢʝ 

ʧʦʙʫʜʝ ʠʟʘ ʚʦʟʠʣʘ ʫ ʧʦʢʨʝʪʫ (ʝʥʛ. ,,dispersion wakeñ) (Ὤ  2ï4 m). 

 

 

 

 

 

 

 

 

 

 

ʇʨʦʨʘʯʫʥ ʜʠʨʝʢʪʥʠʭ ʜʦʧʨʠʥʦʩʘ ʥʘ ʟʘʚʝʪʨʝʥʦ ʿʩʪʨʘʥʠ ʢʘˁʦʥʘ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʿʝʜʠʥʦ ʝʤʠʩʠʿʫ ʚʦʟʠʣʘ 

ʫ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ, ʜʦʢ ʩʝ ʥʘ ʚʝʪʨʦʚʠʪʦʿ ʩʪʨʘʥʠ ʨʘʯʫʥʘ ʩʘʤʦ ʜʠʨʝʢʪʘʥ ʜʦʧʨʠʥʦʩ ʦʜ ʝʤʠʩʠʿʝ 

ʚʦʟʠʣʘ ʛʝʥʝʨʠʩʘʥʝ ʚʘʥ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ. ʋʢʦʣʠʢʦ ʩʝ ʦʙʣʘʩʪ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʧʨʦʩʪʠʨʝ ʧʨʝʢʦ 

ʮʝʣʝ ʫʣʠʮʝ, ʥʝʤʘ ʜʠʨʝʢʪʥʦʛ ʜʦʧʨʠʥʦʩʘ ʥʘ ʚʝʪʨʦʚʠʪʦ ʿʩʪʨʘʥʠ (ʫʥʫʪʨʘʰˁʘ ʩʪʨʘʥʘ ʥʠʟʚʦʜʥʝ ʟʛʨʘʜʝ). 

ʂʘʢʦ ʩʝ ʦʙʨʘʩʮʠ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ ʫʥʫʪʘʨ ʠ ʚʘʥ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʥʝ ʨʘʟʣʠʢʫʿʫ ʤʥʦʛʦ (ʧʨʝʤʘ 

ʢʦʥʮʝʧʪʫ ʫʩʚʦʿʝʥʦʤ ʫ ʤʦʜʝʣʫ OSPM, ʪʘʜʘ ʫʛʘʦ ʠʟʤʝʹʫ ʦʚʠʭ ʩʪʨʫʿʘ ʠʟʥʦʩʠ 2F), ʝʤʠʩʠʿʘ ʚʘʥ 

ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʥʘ ʟʘʚʝʪʨʝʥʦ ʿʩʪʨʘʥʠ (ʫʥʫʪʨʘʰˁʘ ʩʪʨʘʥʘ 

ʫʟʚʦʜʥʝ ʟʛʨʘʜʝ). ʆʚʫ ʩʠʪʫʘʮʠʿʫ OSPM ʤʦʜʝʣ ʨʝʰʘʚʘ ʧʨʦʰʠʨʝˁʝʤ ʧʫʪʘ ʠʥʪʝʛʨʘʮʠʿʝ ʥʘ ʟʘʚʝʪʨʝʥʦʿ 

ʩʪʨʘʥʠ, ʮʝʣʦʤ ʜʫʞʠʥʦʤ ʫʣʠʮʝ. ʄʝʹʫʪʠʤ, ʜʦʧʨʠʥʦʩ ʠʟʚʘʥ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʧʦʥʜʝʨʠʰʝ ʩʝ 

ʫʛʣʦʤ ʠ ʫʩʣʦʚʥʦʤ ʙʨʟʠʥʦʤ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (Berkowicz et al., 1997) [240] ʠ ʤʦʞʝ ʩʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

Ὑ άὥὼπȟὧέίςὶϽF ,                                                   (3.42) 

 

ʛʜʝ ʿʝ: ὶ - ʫ ʬʫʥʢʮʠʿʠ ʦʜ ʙʨʟʠʥʝ ʚʝʪʨʘ (ὶ=1 ʟʘ όι2 mĿs
-1
 ʠ ʣʠʥʝʘʨʥʠʤ ʩʤʘˁʝˁʝʤ ʜʦ ʥʫʣʝ ʫʢʦʣʠʢʦ ʿʝ 

ό<2 mĿs
-1
). ʋʢʦʣʠʢʦ ʿʝ ʫʛʘʦ F 0 ʠʣʠ ʿʝ ό ʤʘʣo, ʬʘʢʪʦʨ ʧʦʥʜʝʨʘʮʠʿʝ ʠʟʥʦʩʠ 1. ɿʘ όι2 mĿs-1

, 

ʜʦʧʨʠʥʦʩ ʠʟʚʘʥ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʧʨʠ F >45Á ʠʟʥʦʩʠ 0. ʎʠˀ ʦʚʘʢʚʦʛ ʧʨʠʩʪʫʧʘ ʿʝʩʪʝ 

ʦʙʝʟʙʝʹʝˁʝ ʥʝʪʫʨʙʫʣʝʥʪʥʝ ʪʨʘʥʟʠʮʠʿʝ ʠʟ ʨʦʪʘʮʠʦʥʠʭ ʫ ʧʘʨʘʣʝʣʥʝ ʨʝʞʠʤʝ ʧʨʦʪʦʢʘ. ʂʘʜʘ ʿʝ ʜʫʞʠʥʘ 

ʎ 

x 

È 

ʉʣʠʢʘ 3.9 ʇʘʨʘʤʝʪʨʠ ʚʝʨʪʠʢʘʣʥʝ ʜʠʩʧʝʨʟʠʿʝ [232]  
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ʧʫʪʘ ʠʥʪʝʛʨʘʮʠʿʝ ʚʝʣʠʢʘ (ʩʣʫʯʘʿ ʧʘʨʘʣʝʣʥʦʛ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ) (ʩʣʠʢʘ 3.2 ʙ), ʦʙʣʘʢ ʟʘʛʘʹʝˁʘ 

ʩʝ ʤʦʞʝ ʠʥʪʝʥʟʠʚʥʦ ʨʘʩʝʿʘʪʠ (ʨʘʩʧʨʰʠʪʠ) ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ ʠ ʪʘʢʦ ʠʟʘ˂ʠ ʠʟ ʦʙʣʘʩʪʠ ʫʣʠʮʝ. 

ʊʘʜʘ OSPM ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʿʝ „ Ὄ ʠ ʜʦʧʨʠʥʦʩʠ ʫʟʚʦʜʥʦ ʜʘˀʝ ʦʜ ʠʟʚʦʨʘ ʩʝ ʨʘʯʫʥʘʿʫ ʧʦʜ 

ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʩʪʦʧʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʛ ʨʘʩʝʿʘʚʘˁʘ (Berkowicz et al., 1997) [240], ʦʜʥʦʩʥʦ: 

 

‖ „ Ὄϳ ,                                                               (3.43) 

 

ʛʜʝ ʿʝ: „  - ʙʨʟʠʥʘ ʚʝʥʪʠʣʘʮʠʿʝ ʫʥʫʪʘʨ ʫʣʠʮʝ (ʟʘʚʠʩʥʘ ʦʜ ʪʫʨʙʫʣʝʥʮʠʿʝ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ) 

(Berkowicz et al., 1997) [240] ʠ ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

 

„ ‗Ͻό πȟτ„ ,                                               (3.44) 

 

ʛʜʝ ʿʝ: ό - ʙʨʟʠʥʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ; „  - ʪʫʨʙʫʣʝʥʮʠʿʘ ʚʘʟʜʫʰʥʝ ʤʘʩʝ ʠʟʘʟʚʘʥʘ 

ʚʦʟʠʣʠʤʘ ʫ ʧʦʢʨʝʪʫ. ʂʦʥʩʪʘʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪʠ, ɚp, ʜʘʿʝ ʠʩʪʫ ʚʨʝʜʥʦʩʪ ʢʘʦ ɻ (0,1).   

 

ɸʥʘʣʠʪʠʯʢʠ ʠʟʨʘʟ ʟʘʚʠʩʥʦʩʪʠ ʜʠʨʝʢʪʥʦʛ ʜʦʧʨʠʥʦʩʘ ʦʜ ʧʨʘʚʮʘ ʩʪʨʫʿʘˁʘ ʚʝʪʨʘ ʜʘʣʠ ʩʫ ʠʩʪʨʘʞʠʚʘʯʠ 

ʍʝʨʪʣ ʠ ɹʝʨʢʦʚʠ˂ (ʝʥʛ. Hertel and Berkowicz, 1989a) [178]. ʋ ʧʦʯʝʪʢʫ ʩʫ ʩʝ ʥʘʚʝʜʝʥʠ ʠʟʨʘʟʠ 

ʦʜʥʦʩʠʣʠ ʥʘ ʚʝʦʤʘ ʜʫʛʘʯʢʝ ʫʣʠʮʝ, ʧʨʘʢʪʠʯʥʦ ʙʝʩʢʦʥʘʯʥʝ ʜʫʞʠʥʝ, ʜʦʢ ʥʦʚʠʿʘ ʚʝʨʟʠʿʘ ʤʦʜʝʣʘ OSPM 

ʫʚʦʜʠ ʦʜʨʝʹʝʥʝ ʧʨʦʤʝʥʝ, ʧʘ ʧʫʪʘˁʘ ʠʥʪʝʛʨʘʮʠʿʝ ʤʦʞʝ ʙʠʪʠ ʦʛʨʘʥʠʯʝʥʘ ˁʝʥʦʤ ʢʦʥʘʯʥʦʤ ʜʫʞʠʥʦʤ 

(ʥʘ ʧʨʠʤʝʨ: ʘʢʦ ʧʦʩʪʦʿʠ ʰʠʨʘ ʨʘʩʢʨʩʥʠʮʘ ʥʘ ʢʨʘ˂ʦʿ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʤʝʩʪʘ ʤʝʨʝˁʘ ʠʣʠ ʫʢʦʣʠʢʦ 

ʫʣʠʮʘ ʧʦʩʪʘʿʝ ʰʠʨʘ ʠʣʠ ʦʪʚʦʨʝʥʠʿʘ).  

 

ʋ ʩʧʝʮʠʿʘʣʥʦʤ ʩʣʫʯʘʿʫ, ʢʘʜʘ ʚʝʪʘʨ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʩʪʨʫʿʠ ʥʦʨʤʘʣʥʦ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ 

ʫʣʠʮʝ (ʧʝʨʧʝʥʜʠʢʫʣʘʨʘʥ ʚʝʪʘʨ) ʠ ʫʢʦʣʠʢʦ ʿʝ ʚʠʩʠʥʘ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʤʘˁʘ ʦʜ ʚʠʩʠʥʝ 

ʦʢʦʣʥʠʭ ʟʛʨʘʜʘ, ʜʠʨʝʢʪʘʥ ʜʦʧʨʠʥʦʩ ʟʘʛʘʹʝˁʘ (Berkowicz et al., 1997) [240] ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ 

ʿʝʜʥʘʯʠʥʦʤ: 

ὅ ὰὲ
Ͻ

.                                               (3.45) 

 

3.1.5.3.2. ɼʦʧʨʠʥʦʩ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ 

 

ɼʦʧʨʠʥʦʩ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʧʦʤʦ˂ʫ BOX ʤʦʜʝʣʘ (ʩʣʠʢʘ 3.10) (Favale, 2008) 

[232], ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʚʠʭʦʨ ʫʥʫʪʘʨ ʫʣʠʮʝ ʬʦʨʤʠʨʘ ʦʙʣʠʢ ʪʨʘʧʝʟʘ, ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ 

ʜʫʞʠʥʦʤ ʛʦʨˁʝ ʩʪʨʘʥʠʮʝ ʜʚʦʩʪʨʫʢʦ ʤʘˁʦʤ ʦʜ ʜʫʞʠʥʝ ʙʘʟʝ (ʦʩʥʦʚʝ ʚʠʭʦʨʘ). ʇʨʝʢʦ ʩʪʨʘʥʠʮʘ 

ʟʘʤʠʰˀʝʥʦʛ ʪʨʘʧʝʟʘ (Lt, Ls1 ʠ Ls2) ʦʙʘʚˀʘ ʩʝ ʚʝʥʪʠʣʘʮʠʿʘ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ, ʘʣʠ ʦʥʘ ʤʦʞʝ 

ʙʠʪʠ ʦʛʨʘʥʠʯʝʥʘ ʧʨʠʩʫʩʪʚʦʤ ʥʠʟʚʦʜʥʠʭ ʟʛʨʘʜʘ ʢʦʿʝ ʩʝʢʫ ʥʝʢʫ ʦʜ ʩʪʨʘʥʠʮʘ ʪʨʘʧʝʟʘ. Lt, Ls1 ʠ Ls2 ʩʝ 

ʨʘʯʫʥʘʿʫ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʛʝʦʤʝʪʨʠʿʫ ʫʣʠʮʝ ʠ ʧʨʦʰʠʨʝˁʝ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ.  
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ʂʦʣʠʯʠʥʘ ʧʨʠʣʠʚʘ (ʝʥʛ. inflow rate) ʚʘʟʜʫʭʘ ʧʦ ʿʝʜʠʥʠʮʠ ʜʫʞʠʥʝ, ʦʜʥʦʩʥʦ ʦʜʣʠʚʘ (ʝʥʛ. outflow rate) 

(Berkowicz et al., 1997) [240], ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʘʤʘ:  

 

ὍὔὊὒὕὡὒ,                                                              (3.46) 

ὕὟὝὊὒὕὡὅ „ ὒ όὒ όὒ ,                                       (3.47) 

ʛʜʝ ʿʝ: ὒ - ʰʠʨʠʥʘ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ (ʟʘ ʫʞʝ ʫʣʠʮʝ ὒ ʤʦʞʝ ʙʠʪʠ ʫʟʝʪʦ ʢʘʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ 

ʟʛʨʘʜʘ); „  - ʙʨʟʠʥʘ ʚʝʥʪʠʣʘʮʠʿʝ ʠʟʥʘʜ ʫʣʠʮʝ; ό - ʙʨʟʠʥʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ (ʧʨʠ ʚʨʭʫ 

ʢʘˁʦʥʘ); ό - ʙʨʟʠʥʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʫʣʠʮʝ. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ 

ʜʦʙʠʿʘ ʩʝ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʿʝ ʩʪʦʧʘ ʧʨʠʣʠʚʘ ʿʝʜʥʘʢʘ ʩʪʦʧʠ ʦʜʣʠʚʘ ʚʘʟʜʫʭʘ ʠ ʜʘ ʩʫ ʰʪʝʪʥʝ 

ʤʘʪʝʨʠʿʝ ʜʦʙʨʦ ʧʨʦʤʝʰʘʥʝ. ʋ ʿʝʜʥʦʩʪʘʚʥʦʤ ʩʣʫʯʘʿʫ, ʢʘʜʘ ʿʝ ʚʠʭʦʨ ʫ ʧʦʪʧʫʥʦʩʪʠ ʟʘʢʣʦˁʝʥ ʦʢʦʣʥʠʤ 

ʟʛʨʘʜʘʤʘ (ʫ ʧʦʪʧʫʥʦʩʪʠ ʫʨʦˁʝʥ) (H/W1), ʜʦʧʨʠʥʦʩ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ (Berkowicz et al., 

1997) [240] ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ:   

 

ὅ  ȟ        ̏̅̎̏̒̎̏        ὅ Ͻ .                               (3.48) 
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ὕόὸὪὰέύὅ „  ὒ 
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ʉʣʠʢʘ 3.10  ɻʝʦʤʝʪʨʠʿʘ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ [232] 
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90 

 

ʋʢʦʣʠʢʦ ʿʝ „ 0,1ό, ʜʦʧʨʠʥʦʩ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʜʘʪ ʿʝʜʥʘʯʠʥʦʤ (3.48) ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʘʿʝ 

ʠʥʜʝʥʪʠʯʘʥ ʩʘ ʠʟʨʘʟʦʤ (3.31), ʢʦʿʠ ʧʨʦʨʘʯʫʥʘʚʘ ʟʘ ʤʦʜʝʣ STREET ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʘʝʨʦʟʘʛʘʹʝˁʘ ʥʘ 

ʚʝʪʨʦʚʠʪʦʿ ʩʪʨʘʥʠʮʠ ʢʘˁʦʥʘ (ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʘʤʦ ʧʨʠʟʝʤʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ). ʐʠʨʠʥʘ ʙʘʟʝ 

ʪʨʘʧʝʟʘ (ʦʙʣʘʩʪ ʨʝʮʠʨʢʫʣʘʮʠʿʝ) (Favale, 2008) [232] ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

 

ὒ Ὂ̖̃̉̏Ͻ̑ὌϽὶÓÉÎ‰,                                                       (3.49) 

 

ʛʜʝ ʿʝ: Ὂ̖̃̉̏̑ - ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʢʦʥʩʪʘʥʪʘ (ʝʤʧʠʨʠʿʩʢʘ ʚʨʝʜʥʦʩʪ ~ 2); Ὄ - ʧʨʦʩʝʯʥʘ ʚʠʩʠʥʘ ʢʘˁʦʥʘ; 

ὶ - ʬʘʢʪʦʨ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʙʨʟʠʥʝ ʚʝʪʨʘ ʠ ʦʜʨʘʞʘʚʘ ʩʥʘʛʫ ʚʠʭʦʨʘ (ʢʦʚʠʪʣʘˁʘ ʚʘʟʜʫʰʥʝ ʤʘʩʝ); ‰ - 

ʫʛʘʦ  ʧʨʠʣʘʟʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ (ʩʣʠʢʘ 

3.8). ʌʘʢʪʦʨ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ό ʠ ʦʜʨʘʞʘʚʘ ʩʥʘʛʫ ʚʠʭʦʨʘ (ὶ) (Favale, 2008) [232] ʤʦʞʝ ʩʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫʩʣʦʚʠʤʘ:   

 
ὶ ρ                          ÁËÏ ό ό

̘̋̑̉̓̉̎̏

ὶ
ό
ό
̘̋̑̉̓̉̎̏

                ̔̏̒̓́̌̉̍ ̘̪̒̌̔́̆̃̉̍́
.                             (3.50) 

 

ʂʨʠʪʠʯʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ (ό
̘̋̑̉̓̉̎̏

) ʥʝʦʧʭʦʜʥʘ ʟʘ ʬʦʨʤʠʨʘˁʝ ʦʙʣʘʩʪʠ 

ʨʝʮʠʨʢʫʣʘʮʠʿʝ (ʦʜʥʦʩʥʦ ʜʦʧʨʠʥʦʩʘ ʨʝʮʠʨʢʫʣʘʮʠʿʝ) ʿʝ ~ 2 mĿs
-1
. ʊʘʢʦʹʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʥʘʧʦʤʝʥʫʪʠ ʜʘ 

ʰʠʨʠʥʘ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ (ὒ) ʫ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ ʥʝ ʤʦʞʝ ʧʨʝʣʘʟʠʪʠ ʰʠʨʠʥʫ ʫʣʠʮʝ. 

 

3.1.5.3.3. ɹʨʟʠʥʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʫʣʠʮʝ ʠ ʥʘ ʚʠʩʠʥʠ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ 

 

ɹʨʟʠʥʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʫʣʠʮʝ (ό) ʦʙʨʘʯʫʥʘʚʘ ʩʝ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʣʦʛʘʨʠʪʘʤʩʢʦʛ ʩʤʘˁʝˁʘ ʙʨʟʠʥʝ 

ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ (ό) ʠ ʟʘ ʨʝʛʫʣʘʨʥʝ ʢʘˁʦʥʝ (H/W=1) (Berkowicz et al., 1997) [240] 

ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ ʩʣʝʜʝ˂ʘ ʟʘʚʠʩʥʦʩʪ:  

 

ό ό
ϳ

ϳ
ρ πȟςὴίὭὲ‰ ,                                                (3.51) 

 

ʛʜʝ ʿʝ: Ὄ - ʧʨʦʩʝʯʥʘ ʚʠʩʠʥʘ ʢʘˁʦʥʘ; Ὤ - ʧʦʯʝʪʥʘ ʚʠʩʠʥʘ ʜʠʩʧʝʨʟʠʿʝ; ᾀ - ʚʠʩʠʥʘ ʥʝʨʘʚʥʦʩʪʠ 

ʛʨʘʜʩʢʝ ʦʙʣʘʩʪʠ; ὴ (̔ ̈̃̏̅̎̏(ϳ  (ʦʚʘʿ ʢʦʝʬʠʮʠʿʝʥʪ ʥʝ ʩʤʝ ʧʨʝ˂ʠ ʚʨʝʜʥʦʩʪ 1). ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, ʟʘ 

ʢʘˁʦʥ ʧʨʦʩʝʯʥʝ ʚʠʩʠʥʝ ʦʜ 15 m, ᾀ πȟφπ m ʠ ɮ πЈ, ʬʦʨʤʫʣʠʩʘʥʘ ʿʝ ʟʘʚʠʩʥʦʩʪ: ό πȟσχό. ɿʘ 

ɮ ωπЈ, ʩʤʘˁʝˁʝ ʿʝ ʟʘ 20% ʚʝ˂ʝ. ʅʝʦʧʭʦʜʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʝ ό ʧʨʦʨʘʯʫʥʘʚʘ ʥʘ ʦʩʥʦʚʫ 

ʧʦʟʥʘʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ό (Favale, 2008) [232], ʦʜʥʦʩʥʦ ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

 

ό Ὂ̪ ̵́̑̏̌Ͻό,                                                                (3.52) 

 

ʛʜʝ ʿʝ: Ὂ  - ʝʤʧʠʨʠʿʩʢʘ ʢʦʥʩʪʘʥʪʘ (ʧʨʝʧʦʨʫʯʝʥʘ ʚʨʝʜʥʦʩʪ 0,82).  
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ʋ ʮʠˀʫ ʧʨʝʮʠʟʥʠʿʝʛ ʧʦʿʘʰˁʝˁʘ ʿʝʜʥʦʛ ʚʘʞʥʦʛ ʧʦʿʤʘ, ʦʜʥʦʩʥʦ ʚʠʩʠʥʝ ʥʝʨʘʚʥʦʩʪʠ ʛʨʘʜʩʢʝ ʦʙʣʘʩʪʠ 

(z0), ʥʝʦʧʭʦʜʥʦ ʿʝ ʥʘ ʧʦʯʝʪʢʫ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʝ ʠʥʪʝʥʟʠʪʝʪ ʙʨʟʠʥʝ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (ό) 

ʥʝʧʨʝʩʪʘʥʦ ʤʝˁʘ. ʇʨʠ ʪʦʤʝ ʦʥʘ ʧʦʩʪʘʿʝ ʤʘˁʘ ʠʟʥʘʜ ʛʨʘʜʩʢʦʛ ʧʦʜʨʫʯʿʘ ʫʩʣʝʜ ʧʦʚʝ˂ʘʥʝ ʫʨʙʘʥʝ 

ʥʝʨʘʚʥʦʩʪʠ (Mimiĺ, 2007) [241]. ɼʝʪʘˀʘʥ ʦʧʠʩ z0 ʟʘ ʛʨʘʜʩʢʦ ʟʝʤˀʠʰʪʝ ʧʨʝʜʣʦʞʠʣʠ ʩʫ 

ʠʩʪʨʘʞʠʚʘʯʠ ɻʨʠʤʝʥʜ ʠ ʆʢʝ (ʝʥʛ. Grimmond and Oke, 1999) [242] ʠ ʿʝʜʘʥ ʜʝʦ ʦʩʥʦʚʥʝ ʪʘʙʝʣʝ ʜʘʪ ʿʝ 

ʫ ʪʘʙʝʣʠ 3.5 (5 ʢʘʪʝʛʦʨʠʿʘ ʟʛʨʘʜʘ ʠ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʨʝʧʨʝʢʘ). ɺʨʝʜʥʦʩʪʠ z0 ʩʝ ʢʨʝ˂ʫ 0,1ï2 m, ʠ ʫ 

ʩʢʣʘʜʫ ʩʫ ʩʘ ʧʨʝʜʣʦʟʠʤʘ z0 ʟʘ ʛʨʘʜʦʚʝ. ɺʝ˂ʠ ʩʝʪ ʦʜ 12 ʪʠʧʦʚʘ ʫʧʦʪʨʝʙʝ ʟʝʤˀʠʰʪʘ ʙʘʟʠʨʘ ʩʝ ʥʘ 

ʝʢʩʪʝʥʟʠʚʥʦʤ ʧʨʦʫʯʘʚʘˁʫ ʧʨʦʬʠʣʘ ʚʝʪʨʦʚʘ ʫ ʤʥʦʛʠʤ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ. 

 

ʊʘʙʝʣʘ 3.5  ʅʝʨʘʚʥʦʩʪ ʛʨʘʜʩʢʠʭ ʦʙʣʘʩʪʠ ʟʘ 5 ʢʘʪʝʛʦʨʠʿʘ ʫʨʙʘʥʠʭ ʠ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʦʚʨʰʠʥʘ [242] 

ʂʘʪʝʛʦʨʠʿʘ 
◑▫ 

[m] 
ʆʧʠʩ ʫʨʙʘʥʝ/ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʦʚʨʰʠʥʝ  

ʆʪʚʦʨʝʥʘ 

ʥʝʨʘʚʥʦʩʪ 
0,1 

ʋʤʝʨʝʥʦ ʦʪʚʦʨʝʥʘ ʟʝʤˀʘ ʩʘ ʧʦʚʨʝʤʝʥʠʤ ʧʨʝʧʨʝʢʘʤʘ (ʠʟʦʣʦʚʘʥʝ ʥʠʩʢʝ 

ʟʛʨʘʜʝ) ʠ ʨʘʩʝʜʠʤʘ ʜʫʞʠʥʝ ʦʜ ʥʘʿʤʘˁʝ 20 ʚʠʩʠʥʘ ʧʨʝʧʨʝʢʝ. 

ʅʝʨʘʚʥʠʥʘ 0,25 
ʈʘʟʫʹʝʥʝ ʟʛʨʘʜʝ ʠ/ʠʣʠ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʝʧʨʝʢʝ ʩʘ ʨʘʩʝʜʠʤʘ ʜʫʞʠʥʝ ʦʜ 8 ʜʦ 

12 ʚʠʩʠʥʘ ʧʨʝʧʨʝʢʝ. ʄʦʨʘ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʜʫʞʠʥʘ ʨʘʟʫʹʝʥʦʩʪʠ. 

ɺʝʦʤʘ 

ʥʝʨʘʚʥʦ 
0,5 

ʋʤʝʨʝʥʦ ʦʢʫʧʠʨʘʥʝ ʧʦʚʨʰʠʥʝ ʦʙʿʝʢʪʠʤʘ ʠ/ʠʣʠ ʠʥʜʫʩʪʨʠʿʩʢʠʤ 

ʨʝʟʝʨʚʦʘʨʠʤʘ ʩʘ ʨʘʩʝʜʠʤʘ ʜʫʞʠʥʝ ʦʜ 3 ʜʦ 7 ʚʠʩʠʥʘ ʧʨʝʧʨʝʢʝ. ɸʥʘʣʠʟʘ 

ʤʦʨʘ ʜʝʬʠʥʠʩʘʪʠ ʜʫʞʠʥʫ ʨʘʟʫʹʝʥʦʩʪʠ (dr). 

ʊʝʩʪʝʨʘʩʪʠ 1,0 
ɻʫʩʪʦ ʠʟʛʨʘʹʝʥ ʧʨʦʩʪʦʨ, ʙʝʟ ʤʥʦʛʦ ʢʦʣʝʙʘˁʘ ʫ ʚʠʩʠʥʘʤʘ ʧʨʝʧʨʝʢʘ. 

ɸʥʘʣʠʟʘ ʤʦʨʘ ʜʝʬʠʥʠʩʘʪʠ ʜʫʞʠʥʫ ʨʘʟʫʹʝʥʦʩʪʠ (dr). 

,,ʍʘʦʪʠʯʘʥñ 2,0 
ɻʨʘʜʩʢʠ ʮʝʥʪʨʠ ʩʘ ʤʝʰʘʚʠʥʦʤ ʟʛʨʘʜʘ ʥʠʩʢʦʛʨʘʜˁʝ ʠ ʚʠʩʦʢʦʛʨʘʜˁʝ. 

ɸʥʘʣʠʟʘ ʟʘʭʪʝʚʘ ʧʨʝʧʦʨʫʢʝ ʠʟ ʘʝʨʦʜʠʥʘʤʠʯʢʠʭ ʪʫʥʝʣʘ. 

 

3.1.5.4. ʄʦʜʝʣ CAL4 

 

ʄʦʜʝʣ CAL4 ʧʨʝʜʩʪʘʚˀʘ ʯʝʪʚʨʪʫ ʛʝʥʝʨʘʮʠʿʫ ʂʘʣʠʥʘ ʩʝʨʠʿʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʟʘ ʧʨʦʨʘʯʫʥ ʘʝʨʦʟʘʛʘʹʝˁʘ 

ʢʦʨʠʩʪʠ ʤʦʜʝʣ ɻʘʫʩʦʚʝ ʜʠʩʪʨʠʙʫʮʠʿʝ. ʄʦʜʝʣ CAL4 ʿʝ ʪʘʢʦ ʧʨʦʿʝʢʪʦʚʘʥ ʜʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʠʟʚʦʜ ʣʠʥʠʿʩʢʠʭ ʠʟʚʦʨʘ ʧʦʜʝˀʝʥʠʭ ʫ ʩʝʨʠʿʝ ʝʣʝʤʝʥʘʪʘ ʤʦʜʝʣʠʨʘʥʠʭ ʢʘʦ 

ʝʢʚʠʚʘʣʝʥʪ ʢʦʥʘʯʥʠʭ ʠʟʚʦʨʘ ʜʫʞ ʧʦʩʤʘʪʨʘʥʝ ʜʝʦʥʠʮʝ ʫʧʨʘʚʥʝ ʥʘ ʧʨʘʚʘʮ ʩʪʨʫʿʘˁʘ ʚʝʪʨʘ. ʆʙʣʘʩʪ 

ʥʝʧʦʩʨʝʜʥʦ ʠʟʥʘʜ ʢʦʣʦʚʦʟʘ, ʧʦʜ ʥʘʟʠʚʦʤ ʦʙʣʘʩʪ ʤʝʰʘˁʘ, ʧʨʝʜʩʪʘʚˀʘ ʦʙʣʘʩʪ ʫʥʠʬʦʨʤʥʝ ʝʤʠʩʠʿʝ ʠ 

ʪʫʨʙʫʣʝʥʮʠʿʝ. ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʝ ʫ ʦʢʚʠʨʫ ʧʦʤʝʥʫʪʝ ʦʙʣʘʩʪʠ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʠ ʤʝʭʘʥʠʯʢʘ 

ʪʫʨʙʫʣʝʥʮʠʿʘ ʚʘʟʜʫʰʥʝ ʤʘʩʝ ʠʟʘʟʚʘʥʘ ʚʦʟʠʣʠʤʘ ʫ ʧʦʢʨʝʪʫ, ʢʘʦ ʠ ʪʝʨʤʘʣʥʘ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ ʫʩʣʝʜ 

ʟʘʛʨʝʿʘʥʦʩʪʠ ʤʦʪʦʨʘ ʠ ʢʘʨʦʩʝʨʠʿʝ ʚʦʟʠʣʘ (Benson, 1992) [180]. 

  

CAL4 ʤʦʜʝʣ ʟʘʭʪʝʚʘ ʤʝʪʝʦʨʦʣʦh ʢʝ ʠ ʩʘʦʙʨʘ˂ʘʿʥʝ ʧʦʜʘʪʢʝ, ʢʘʦ ʠ ʧʨʝʮʠʟʥʝ ʛʝʦʤʝʪʨʠʿʩʢʝ ʦʜʨʝʜʥʠʮʝ 

ʧʫʪʘ, ʦʜʥʦʩʥʦ ʦʙʣʘʩʪʠ ʧʨʦʮʝʥʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʠʤʠʩʠʿʝ. ʄʦʛʫ˂ʝ ʿʝ ʜʝʬʠʥʠʩʘʪʠ 20ï100 ʤʝʩʪʘ ʧʨʦʮʝʥʝ 

ʠʤʠʩʠʿʝ (ʜʠʩʧʝʨʛʦʚʘʥʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʝʤʠʩʠʿʝ), ʥʘ 150 m ʤʘʢʩʠʤʘʣʥʝ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʢʦʣʦʚʦʟʘ. ʄʦʜʝʣ 

ʦʤʦʛʫ˂ʘʚʘ ʧʦʜʝʣʫ ʧʦʩʤʘʪʨʘʥʦʛ ʦʜʩʝʢʘ ʥʘ ʚʠʰʝ ʜʝʦʥʠʮʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʨʘʟʣʠʢʦʚʘʪʠ ʧʦ ʦʙʠʤʫ 

ʩʘʦʙʨʘ˂ʘʿʘ, ʢʦʣʠʯʠʥʘʤʘ ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ, ʥʘʛʠʙʫ ʠʣʠ ʰʠʨʠʥʠ ʧʫʪʘ.  
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ʄʦʜʝʣʦʤ CAL4 ʤʦʛʫ˂ʝ ʿʝ ʠʟʚʨʰʠʪʠ ʧʨʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫ ʚʠʩʠʥʠ ʧʫʪʝʚʘ, ʦʙʣʘʩʪʠ ʠʟʥʘʜ ʠ 

ʠʩʧʦʜ ʤʦʩʪʦʚʘ, ʥʘ ʧʘʨʢʠʥʛ ʧʦʚʨʰʠʥʘʤʘ ʠ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʧʦʩʣʝʜˁʘ ʥʘʙʨʦʿʘʥʘ 

ʦʙʣʘʩʪ ʜʝʬʠʥʠʩʘʥʘ ʢʘʦ ,,ʧˀʦʩʥʘʪʦ ʫʜʫʙˀʝˁʝñ. ʅʝʦʧʭʦʜʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʘʤʠ ʘʫʪʦʨʠ ʤʦʜʝʣʘ 

ʥʘʚʦʜʝ ʥʝʦʧʭʦʜʥʦʩʪ ʜʘˀʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʦʪʚʨʜʝ ˁʝʛʦʚʝ ʪʘʯʥʦʩʪʠ, ʧʦʩʝʙʥʦ ʟʘ ʫʣʠʮʝ ʦʙʣʠʢʘ 

ʢʘˁʦʥʘ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʦʩʪʘʣʠ ʪʠʧʦʚʠ ʿʝʩʫ ʜʦʙʨʦ ʧʦʪʚʨʹʝʥʠ ʫ ʧʨʘʢʩʠ.   

 

ʇʨʦʨʘʯʫʥ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʜʝʬʠʥʠʩʘʥʦʿ ʪʘʯʢʠ (Benson, 1992) [180] ʤʦʛʫ˂ʝ ʿʝ 

ʠʟʨʘʯʫʥʘʪʠ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ:  

 

ὅ Ὡὼὴ Ὡὼὴ Ὡὼὴ ,                            (3.53) 

 

ʛʜʝ ʿʝ: ὅ - ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʫ ʚʘʟʜʫʭʫ [gĿm
-3
]; ὗ - ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ 

ʚʨʝʤʝʥʘ [gĿs
-1
]; ό - ʙʨʟʠʥʘ ʚʝʪʨʘ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʧʨʘʚʮʫ [mĿs

-1
]; „ - ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʫ 

ʧʦʧʨʝʯʥʦʤ ʧʨʘʚʮʫ [m]; „ - ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ [m]; ώ - ʨʘʩʪʦʿʘˁʝ ʜʫʞ 

ʭʦʨʠʟʦʥʪʘʣʥʝ ʦʩʝ, ʩʘ ʫʧʨʘʚʥʠʤ ʧʨʘʚʮʝʤ ʥʘ ʩʤʝʨ ʚʝʪʨʘ [m]; ᾀ - ʨʘʩʪʦʿʘˁʝ ʜʫʞ ʚʝʨʪʠʢʘʣʥʝ ʦʩʝ [m],  

Ὄ - ʚʠʩʠʥʘ ʠʟʚʦʨʘ ʝʤʠʩʠʿʝ [m]. 

 

3.1.6. ʉʧʝʮʠʬʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʜʠʩʧʝʨʟʠʿʫ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ 

 

ʋʢʦʣʠʢʦ ʞʝʣʠʤʦ ʠʟʚʨʰʠʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʩʧʝʮʠʬʠʯʥʠʭ ʫʪʠʮʘʿʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʨʝʟʫʣʪʘʪʝ 

ʧʨʦʮʝʥʝ ʜʠʩʧʝʨʟʠʿʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, ʟʘ ʧʦʪʨʝʙʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʠʩʪʝ ʨʘʟʚʨʩʪʘʪʠ ʫ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ, ʦʜʥʦʩʥʦ:  

1. ʋʪʠʮʘʿ ʚʠʩʠʥʘ ʟʛʨʘʜʘ, ʦʙʣʠʢʘ ʢʨʦʚʦʚʘ ʠ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ;  

2. ʋʪʠʮʘʿ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ.  

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʿʝʜʘʥ ʜʝʦ ʫʪʠʮʘʿʘ ʧʨʚʝ ʧʦʜʝʣʝ ʚʝ˂ ʘʥʘʣʠʟʠʨʘʥ ʫ ʧʨʝʪʭʦʜʥʠʤ ʪʘʯʢʘʤʘ, ʫ ʜʘˀʝʤ 

ʠʟʣʘʛʘˁʫ ʧʘʞˁʘ ˂ʝ ʙʠʪʠ ʧʦʩʚʝ˂ʝʥʘ ʩʧʝʮʠʬʠʯʥʦʤ ʫʪʠʮʘʿʫ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, ʨʘʟʣʠʯʠʪʠʤ 

ʚʠʩʠʥʘʤʘ ʫʟʚʦʜʥʠʭ ʠ ʥʠʟʚʦʜʥʠʭ ʟʛʨʘʜʘ, ʢʘʦ ʠ ʦʙʣʠʮʠʤʘ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ. ʋ ʧʦʛʣʘʚˀʫ 3.1.6.2. ʙʠ˂ʝ 

ʘʥʘʣʠʟʠʨʘʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʭʘʥʠʯʢʝ ʪʫʨʙʫʣʝʥʮʠʿʝ ʚʘʟʜʫʭʘ ʠʤʧʣʠʮʠʨʘʥʘ ʚʦʟʠʣʠʤʘ ʫ ʧʦʢʨʝʪʫ ʠ ˁʝʥ 

ʫʪʠʮʘʿ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥa.  

 

3.1.6.1. ɽʬʝʢʪʠ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, ʚʠʩʠʥʘ ʟʛʨʘʜʘ ʠ ʦʙʣʠʢʘ ʢʨʦʚʦʚʘ  

 

ɺʝ˂ʠʥʘ ʊRAPOS ʩʪʫʜʠʿʘ (TRaffic POllution in Streets) (Berkowicz et al., 2004) [243] ʧʨʝʮʠʟʥʠʿʝ ʩʫ 

ʜʝʬʠʥʠʩʘʣʝ ʥʫʤʝʨʠʯʢʠʤ ʩʠʤʫʣʘʮʠʿʘʤʘ ʦʧʰʪʝ ʨʘʟʫʤʝʚʘˁʝ ʫʪʠʮʘʿʘ ʘʨʭʠʪʝʢʪʫʨʝ ʫʣʠʮʝ ʦʙʣʠʢʘ 

ʢʘˁʦʥʘ, ʢʘʦ ʠ ˁʝʥʝ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʥʘ ʜʠʩʧʝʨʟʠʿʫ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ, ʦʜʥʦʩʥʦ: 
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1) ʋ ʩʣʫʯʘʿʫ ʜʝʣʦʚʘˁʘ ʧʝʨʧʝʥʜʠʢʫʣʘʨʥʦʛ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, ʚʨʝʜʥʦʩʪʠ ʛʝʦʤʝʪʨʠʿʩʢʠʭ 

ʦʜʥʦʩʘ ʦʜʨʝʹʫʿʫ ʩʪʨʫʢʪʫʨʫ ʚʠʭʦʨʘ ʫʥʫʪʘʨ ʫʣʠʮʝ, ʦʜʥʦʩʥʦ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʩʝ ʧʨʦʚʝʪʨʘʚʘ. 

ʊʠʤʝ ʩʝ ʥʘ ʜʠʨʝʢʪʘʥ ʥʘʯʠʥ ʫʪʠʯʝ ʥʘ ʥʠʚʦ ʘʝʨʦʟʘʛʘʹʝˁʘ; 

2) ʄʘʣʦ ʩʢʨʝʪʘˁʝ ʧʝʨʧʝʥʜʠʢʫʣʘʨʥʦʛ ʚʝʪʨʘ ʫʪʠʯʝ ʥʘ ʧʨʦʪʦʢ ʜʫʞ ʫʣʠʮʝ, ʰʪʦ ʪʘʜʘ ʫʩʣʦʚˀʘʚʘ 

ˁʝʛʦʚʫ ʜʦʤʠʥʘʮʠʿʫ ʫ ʤʝʭʘʥʠʟʤʫ ʪʨʘʥʩʧʦʨʪʘ ʘʝʨʦʟʘʛʘʹʝˁʘ. ʅʘʚʝʜʝʥʘ ʧʦʿʘʚʘ ʤʦʞʝ 

ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʠʟʤʝʰʪʘˁʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠʟ ʿʝʜʥʝ ʫʣʠʮʝ ʫ ʜʨʫʛʫ ʫʣʠʮʫ.   

  

ʄʦʞʝʤʦ ʜʦʜʘʪʠ ʜʘ ʿʝ ʫʪʠʮʘʿ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʤʘʝˁ-ʚʠʰʝ ʜʦʙʨʦ ʩʭʚʘ˂ʝʥ ʠ ʜʝʬʠʥʠʩʘʥ ʫ 

ʨʝʘʣʥʠʤ ʛʨʘʜʩʢʠʤ ʩʨʝʜʠʥʘʤʘ ʥʝʛʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʩʘ ʤʝʨʝˁʠʤʘ ʫʥʫʪʘʨ ʘʝʨʦʜʠʥʘʤʠʯʢʠʭ ʪʫʥʝʣʘ 

ʠʣʠ ʧʨʠʣʠʢʦʤ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʠʨʘˁʘ. ʆʚʦ ʿʝ ʙʠʣʦ ʥʝʦʧʭʦʜʥʦ ʥʘʛʣʘʩʠʪʠ, ʿʝʨ ʫ ʪʦʢʫ ʢʨʘ˂ʠʭ 

ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʘ (ʥʘ ʧʨʠʤʝʨ: 1 ʯʘʩ) ʧʨʘʚʘʮ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʥʠʢʘʜʘ ʥʠʿʝ ʪʘʯʥʦ ʫʧʨʘʚʘʥ ʥʘ 

ʧʦʩʤʘʪʨʘʥʫ ʫʣʠʮʫ. ɿʘʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʝ ʧʦʩʤʘʪʨʘʪʠ ʧʨʦʩʝʯʘʥ ʧʨʘʚʘʮ ʧʦʤʝʥʫʪʦʛ ʚʝʪʨʘ ʢʦʿʠ 

ʦʙʫʭʚʘʪʘ ʪʨʝʥʫʪʥʝ ʧʨʘʚʮʝ ʫʟ ʦʜʩʪʫʧʘˁʝ ʦʜ ʧʨʦʩʝʯʥʦʛ ʟʘ  30Ј. ɿʘ ʨʝʛʫʣʘʨʥʝ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ 

(H/W=1) ʠ ʧʨʠ ʥʠʞʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ό, ʬʦʨʤʠʨʘ ʩʝ ʩʝʢʫʥʜʘʨʥʠ ʚʠʭʦʨ ʫ ʜʦˁʝʤ ʫʛʣʫ ʥʠʟʚʦʜʥʝ 

ʟʛʨʘʜʝ ʢʦʿʠ ʥʝʩʪʘʿʝ ʩʘ ʧʦʨʘʩʪʦʤ ό. ʀʩʪʦ ʩʝ ʜʝʰʘʚʘ ʫ ʫʣʠʮʠ ʪʠʧʘ ʢʘˁʦʥ ʘʚʝʥʠʿʘ (ʪʘʙʝʣʘ 3.1) ʛʜʝ ʩʝ 

ʩʘ ʧʦʨʘʩʪʦʤ ό ʚʨʝʜʥʦʩʪʠ, ʜʚʘ ʚʠʭʦʨʘ ʧʨʚʦʙʠʪʥʦ ʩʧʘʿʘʿʫ ʠ ʬʦʨʤʠʨʘʿʫ ʿʝʜʘʥ ʦʩʥʦʚʥʠ (Oke, 1987) 

[233].     

  

ɽʢʩʧʝʨʠʤʝʥʪʠʤʘ ʫ ʜʫʙʦʢʦʤ ʢʘˁʦʥʫ (H/W> 2) (Baik and Kim, 1999) [231], ʦʪʢʨʠʚʝʥʦ ʿʝ ʜʘ ʩʝ ʧʨʠ 

ʥʠʞʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ό, ʫ ʮʝʥʪʨʫ ʬʦʨʤʠʨʘ ʩʘʤʦ ʿʝʜʘʥ ʦʩʥʦʚʥʠ ʚʠʭʦʨ, ʩʠʤʫʣʪʘʥʦ ʩʘ ʿʦʰ ʜʚʘ 

ʨʝʣʘʪʠʚʥʦ ʤʘˁʘ ʫ ʜʦˁʝʤ ʫʛʣʫ. ʄʝʹʫʪʠʤ, ʧʦʨʘʩʪʦʤ ʚʨʝʜʥʦʩʪʠ ό, ʦʙʘ ʤʘˁʘ ʚʠʭʦʨʘ ʩʝ ʩʧʘʿʘʿʫ ʠ 

ʬʦʨʤʠʨʘʿʫ ʿʝʜʘʥ ʩʝʢʫʥʜʘʨʥʠ ʢʦʿʠ ʿʝ ʩʤʝʰʪʝʥ ʦʜʤʘʭ ʠʩʧʦʜ ʦʩʥʦʚʥʦʛ ʚʠʭʦʨʘ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, 

ʪʝʨʝʥʩʢʘ ʤʝʨʝˁʘ ʫʥʫʪʘʨ ʢʘˁʦʥʘ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ H/W= 1,5 (DePaul et al., 1986) [244] ʠ 

H/W= 0,8 (Mazzeo et al., 2007) [245] ʥʠʩʫ ʧʨʫʞʠʣʘ ʫʙʝʜˀʠʚʝ ʜʦʢʘʟʝ ʦ ʩʪʚʘʨʘˁʫ ʚʠʭʦʨʘ ʧʨʠʣʠʢʦʤ 

ʜʝʣʦʚʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʟʘ ό<1,5 mĿs
-1
. 

 

ʋʪʠʮʘʿ ʚʠʩʠʥʝ ʟʛʨʘʜʘ ʢʦʿʝ ʬʦʨʤʠʨʘʿʫ ʫʣʠʮʫ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʠʩʧʠʪʠʚʘʥ ʿʝ ʥʫʤʝʨʠʯʢʠʤ 

ʩʠʤʫʣʘʮʠʿʘʤʘ ʥʘ ʋʥʠʚʝʨʟʠʪʝʪʫ ɸʨʠʩʪʦʪʝʣ ʫ ʉʦʣʫʥʫ (Assimakopoulos et al., 2000) [246]. ʇʨʠ ʪʦʤʝ 

ʩʫ ʟʘ ʦʩʥʦʚ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫʧʦʪʨʝʙˀʝʥʠ ʧʦʜʘʮʠ ʧʨʝʟʝʥʪʦʚʘʥʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʈʘʬʘʠʣʠʜʠʩʘ ʠ 

ʦʩʪʘʣʠʭ (ʝʥʛ. Rafailidis et al., 1997) [247].  

 

ʅʘ ʩʣʠʮʠ 3.11 ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʝ ʥʫʤʝʨʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʪʦʢʦʚʠ 

ʩʪʨʫʿʥʠʮʘ ʠ ʧʦˀʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʘ ʟʘ 4 ʢʦʤʙʠʥʘʮʠʿʝ ʚʠʩʠʥʝ ʫʟʚʦʜʥʠʭ, ʦʜʥʦʩʥʦ ʥʠʟʚʦʜʥʠʭ 

ʟʛʨʘʜʘ. ʋ ʩʣʫʯʘʿʫ ʩʪʝʧʝʥʘʩʪʦʛ ʧʦʚʝ˂ʘˁʘ ʚʠʩʠʥʝ (ʝʥʛ. step-up height) ʠʟʤʝʹʫ ʥʘʩʧʨʘʤʥʠʭ ʟʛʨʘʜʘ, 

ʬʦʨʤʠʨʘ ʩʝ ʿʝʜʘʥ ʚʠʭʦʨ ʠ ʦʙʣʘʩʪ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʫ ʛʦʨˁʝʤ ʫʛʣʫ ʫ ʥʠʚʦʫ ʢʨʦʚʘ ʥʠʟʚʦʜʥʝ ʟʛʨʘʜʝ. 

ʄʘʢʩʠʤʘʣʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʘ ʨʝʛʠʩʪʨʦʚʘʥʝ ʩʫ ʥʘ ʟʘʚʝʪʨʝʥʦʿ ʩʪʨʘʥʠ ʢʘˁʦʥʘ (ʫʥʫʪʨʘʰˁʘ ʩʪʨʘʥʘ 

ʫʟʚʦʜʥʝ ʟʛʨʘʜʝ, ʮʨʚʝʥʘ ʦʙʣʘʩʪ), ʘʣʠ ʩʝ, ʫʿʝʜʥʦ, ʠ ʧʨʦʚʝʪʨʘʚʘˁʝ ʧʦʚʝ˂ʘʚʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʨʝʬʝʨʝʥʪʥʠʤ ʩʣʫʯʘʿʝʤ (ʟʛʨʘʜʝ ʫʿʝʜʥʘʯʝʥʝ ʚʠʩʠʥʝ). ʆʩʠʤ ʪʦʛʘ, ʧʦˀʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʘ ʪʝʞʝ 
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ʫʟʚʦʜʥʦʤ ʧʨʝʥʦʩʫ ʠ ʧʨʦʚʝʪʨʘʚʘˁʝ ʫʣʠʮʝ ʿʝ ʤʘˁʝ ʝʬʠʢʘʩʥʦ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʬʝʨʝʥʪʥʠʤ ʩʣʫʯʘʿʝʤ. 

ʋ ʩʣʫʯʘʿʫ ʩʪʝʧʝʥʘʩʪʦʛ ʩʤʘˁʝʥʘ ʚʠʩʠʥʝ (ʝʥʛ. step-down height) ʠʟʤʝʹʫ ʥʘʩʧʨʘʤʥʠʭ ʟʛʨʘʜʘ, ʿʘʚˀʘ ʩʝ 

ʩʠʩʪʝʤ ʜʫʧʣʠʭ ʚʠʭʦʨʘ. ʋ ʦʢʚʠʨʫ ʥʘʚʝʜʝʥʦʛ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʥʠ ʚʠʭʦʨ ʧʦʢʨʠʚʘ ʛʦʨˁʠ ʜʝʦ ʦʪʚʦʨʘ 

ʢʘˁʦʥʘ ʠ ʜʝʦ ʟʦʥʝ ʠʟʥʘʜ ʢʨʦʚa ʥʠʟʚʦʜʥʝ ʟʛʨʘʜʝ. ɼʨʫʛʠ ʢʦʥʪʨʘʨʦʪʘʮʠʦʥʠ ʚʠʭʦʨ ʿʘʚˀʘ ʩʝ ʫ ʫʛʣʫ 

ʚʝʪʨʦʚʠʪʝ ʩʪʨʘʥʝ ʫʟʚʦʜʥʝ ʟʛʨʘʜʝ. ʆʚʘʢʦ ʢʦʤʧʣʠʢʦʚʘʥ ʩʠʩʪʝʤ ʚʠʭʦʨʘ ʚʦʜʠ ʢʘ ʤʘʢʩʠʤʘʣʥʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʥʘ ʚʝʪʨʦʚʠʪʦ ʿ ʩʪʨʘʥʠ ʢʘˁʦʥʘ (ʫʥʫʪʨʘʰˁʘ ʩʪʨʘʥʘ ʥʠʟʚʦʜʥʝ ʟʛʨʘʜʝ). ʆʩʠʤ ʟʘ 

ʩʣʫʯʘʿ ʩʪʝʧʝʥʘʩʪʦʛ ʧʦʚʝ˂ʘˁʘ ʚʠʩʠʥʝ ʢʦʜ ʥʠʞʝ ʟʛʨʘʜʝ, ʫʚʦʹʝˁʝ ʟʛʨʘʜʘ ʨʘʟʣʠʯʠʪʠʭ ʚʠʩʠʥʘ ʫ 

ʭʦʤʦʛʝʥʦ ʫʨʝʹʝˁʝ ʟʛʨʘʜʘ ʤʝˁʘ ʩʠʩʪʝʤ ʚʠʭʦʨʘ ʠ ʦʤʝʪʘ ʧʨʦʚʝʪʨʘʚʘˁʝ ʫʣʠʮʝ.  

 

 

ʉʣʠʢʘ  3.11  ʊʦʢʦʚʠ ʩʪʨʫʿʥʠʮʘ ʠ ʧʦˀʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ [246] 

 

ɿʘʿʝʜʥʦ ʩʘ ʘʥʘʣʠʟʦʤ ʫʪʠʮʘʿʘ ʟʛʨʘʜʘ ʢʦʿʝ ʦʙʣʠʢʫʿʫ ʢʘˁʦʥ, ʥʘ ʋʥʠʚʝʨʟʠʪʝʪʫ ʂʘʨʣʩʨʫʝ (Kastner-Klein 

and Plate, 1999) [248] ʦʙʘʚˀʝʥʦ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʨʦʫʯʘʚʘˁʝ ʫʪʠʮʘʿʘ ʦʙʣʠʢʘ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ (12 

ʢʦʤʙʠʥʘʮʠʿʘ ʟʘ 4 ʪʠʧʘ ʢʨʦʚʘ ʫʟʚʦʜʥʠʭ, ʦʜʥʦʩʥʦ ʥʠʟʚʦʜʥʠʭ ʟʛʨʘʜʘ: ʧʨʘʚʦʫʛʘʦʥʠʢ, 

ʿʝʜʥʘʢʦʩʪʨʘʥʠʯʘʥ ʠ ʜʚʘ ʪʠʧʘ ʧʨʘʚʦʫʛʣʠʭ ʪʨʦʫʛʣʦʚʘ). ʇʨʝʛʣʝʜʦʤ ʝʬʝʢʘʪʘ ʢʦʿʠ ʩʝ ʜʦʚʦʜʝ ʫ ʚʝʟʫ ʩʘ 

ʠʟʤʝˁʝʥʠʤ ʦʙʣʠʮʠʤʘ ʢʨʦʚʦʚʘ ʥʘ ʫʟʚʦʜʥʠʤ ʠ ʥʠʟʚʦʜʥʠʤ ʟʛʨʘʜʘʤʘ, ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʫ ʨʝʟʫʣʪʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʘ ʚʝʦʤʘ ʟʘʚʠʩʥʠ ʦʜ ʢʦʤʙʠʥʘʮʠʿʝ ʥʘʚʝʜʝʥʠʭ ʬʦʨʤʠ. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʧʨʠʩʫʩʪʚʦ 

ʠʟʤʝˁʝʥʦʛ ʦʙʣʠʢʘ ʢʨʦʚʘ ʥʘ ʥʠʟʚʦʜʥʦʿ ʟʛʨʘʜʠ ʠʤʘ ʥʝʟʥʘʪʘʥ ʫʪʠʮʘʿ ʥʘ ʜʠʩʪʨʠʙʫʮʠʿʫ ʛʘʩʘ ʫʥʫʪʘʨ 

ʢʘˁʦʥʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʬʝʨʝʥʪʥʠʤ ʩʣʫʯʘʿʝʤ (ʥʝʤʘ ʢʨʦʚʘ). ʅʘ ʜʨʫʛʦʿ ʩʪʨʘʥʠ, ʧʨʠʩʫʩʪʚʦ 

ʤʦʜʠʬʠʢʦʚʘʥʦʛ ʦʙʣʠʢʘ ʢʨʦʚʘ ʥʘ ʫʟʚʦʜʥʦʿ ʟʛʨʘʜʠ ʟʥʘʯʘʿʥʦ ʤʝˁʘ ʩʠʩʪʝʤ ʚʠʭʦʨʘ ʫʥʫʪʘʨ ʫʣʠʮʝ ʠ 

ʠʤʧʣʠʮʠʨʘ ʚʝ˂ʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʘ ʥʘ ʚʝʪʨʦʚʠʪʦʿ, ʦʜʥʦʩʥʦ ʤʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘ ʟʘʚʝʪʨʝʥʦʿ 

ʩʪʨʘʥʠ ʢʘˁʦʥʘ (ʙʘʨ ʜʦ 1/3 ʚʠʩʠʥʝ ʧʦʩʤʘʪʨʘʥʝ ʟʛʨʘʜʝ). ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʪʘʢʚʝ ʤʦʜʠʬʠʢʘʮʠʿʝ 

ʩʪʨʫʢʪʫʨʝ ʚʠʭʦʨʘ, ʦʙʣʘʢ ʛʘʩʘ ʦʩʪʘʿʝ ʟʘʨʦʙˀʝʥ ʫ ʦʙʣʘʩʪʠ ʫʣʠʮʝ, ʦʜʥʦʩʥʦ ʠʟʤʝʹʫ ʥʘʩʧʨʘʤʥʠʭ ʟʛʨʘʜʘ.  
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ʄʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʫʪʠʮʘʿʠ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʚʠʩʠʥʝ ʟʛʨʘʜʝ ʠ ʦʙʣʠʢʘ ʢʨʦʚʦʚʘ ʥʠʩʫ ʙʝʟʥʘʯʘʿʥʝ ʿʝʨ 

ʤʝˁʘʿʫ ʩʪʨʫʢʪʫʨʫ ʚʠʭʦʨʘ ʫʥʫʪʘʨ ʫʣʠʮʝ, ʦʜʥʦʩʥʦ, ʤʦʞʝʤʦ ʨʝ˂ʠ, ʫ ʠʩʪʦʿ ʤʝʨʠ ʢʦʣʠʢʦ ʪʦ ʯʠʥʠ ʠ 

ʚʨʝʜʥʦʩʪ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ ʢʘˁʦʥʘ. ʆʚʠ ʝʬʝʢʪʠ ʥʠʩʫ ʩʘʤʦ ʧʨʦʫʟʨʦʢʦʚʘʥʠ ʦʜ ʩʪʨʘʥʝ ʢʘˁʦʥʘ, 

ʚʝ˂ ʠ ʦʜ ʫʪʠʮʘʿʘ ʫʟʚʦʜʥʠʭ ʟʛʨʘʜʘ. ʇʨʝʤʘ ʪʦʤʝ, ʛʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ,,ʫʟʚʦʜʥʝ ʛʨʘʜʩʢʝ ʩʪʨʫʢʪʫʨʝñ 

ʦʜʨʝʹʫʿʫ ʜʦ ʠʟʚʝʩʥʦʛ ʩʪʝʧʝʥʘ ʪʦʢ ʠ ʩʪʨʫʢʪʫʨʫ ʪʫʨʙʫʣʝʥʮʠʿʝ ʠ, ʩʪʦʛʘ, ʜʠʩʪʨʠʙʫʮʠʿʫ ʘʝʨʦʟʘʛʘʹʝˁʘ.  

 

ɿʘ ʧʨʘʢʪʠʯʥʝ ʠʣʠ ʦʧʝʨʘʪʠʚʥʝ ʤʦʜʝʣʝ, ʚʨʝʜʥʦʩʪʠ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʦʜʥʦʩʘ, ʧʨʘʚʮʠ ʜʝʣʦʚʘˁʘ ʚʝʪʨʘ ʠʟ 

ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, ʯʘʢ ʠ ʨʝʣʘʪʠʚʥʝ ʚʠʩʠʥʝ ʟʛʨʘʜʘ ʤʦʛʫ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʧʘʨʘʤʝʪʨʠ ,,ʧʨʚʦʛ ʨʝʜʘñ. 

ʋʣʠʯʥʠ ʠʥʚʝʥʪʘʨʠ (ʢʠʦʩʮʠ, ʥʘʜʩʪʨʝʰʥʠʮʝ ʩʪʘʿʘʣʠʰʪʘ ʿʘʚʥʦʛ ʧʨʝʚʦʟʘ, ʢʨʦʰˁʝ ʜʨʚʝ˂ʘ, ʩʪʫʙʦʚʠ 

ʫʣʠʯʥʝ ʨʘʩʚʝʪʝ, ʩʘʦʙʨʘ˂ʘʿ ʥʠ ʟʥʘʮʠ ʠʪʜ.) ʤʦʛʫ ʩʝ ʩʤʘʪʨʘʪʠ ʧʘʨʘʤʝʪʨʠʤʘ ,,ʜʨʫʛʦʛ ʨʝʜʘñ. ʇʠʪʘˁʝ 

ʢʘʢʦ ʧʘʨʘʤʝʪʘʨʠʟʦʚʘʪʠ ʥʘʚʝʜʝʥʝ ʠʥʚʝʥʪʘʨʝ ʫʥʫʪʘʨ ʧʨʘʢʪʠʯʥʠʭ ʠ ʦʧʝʨʘʪʠʚʥʠʭ ʤʦʜʝʣʘ ʦʩʪʘʿʝ ʪʝʤʘ 

ʜʘʝˀʛ ʨʘʜʘ ʠ ʠʩʪʨʘʞʠʚʘˁʘ. 

 

3.1.6.2. ʊʫʨʙʫʣʝʥʮʠʿʘ ʚʘʟʜʫʭʘ ʠʟʘʟʚʘʥʘ ʚʦʟʠʣʠʤʘ ʫ ʧʦʢʨʝʪʫ 

 

ʉʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢʦʚʠ ʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʘʤʦ ʠʟʚʦʨ ʘʝʨʦʟʘʛʘʹʝˁʘ ʚʝ˂ ʠ ʤʝʭʘʥʠʟʘʤ ʜʠʩʧʝʨʟʠʿʝ ʝʤʠʩʠʿʝ 

ʚʦʟʠʣʘ. ʋ ʪʦʤ ʩʤʠʩʣʫ ʩʝ ʚʦʟʠʣʘ ʤʦʛʫ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʧʦʢʨʝʪʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʢʦʣʦʚʦʟʫ ʢʦʿʠ 

ʜʝʬʦʨʤʠʰʫ ʚʘʟʜʫʰʥʫ ʤʘʩʫ ʠ ʧʨʠ ʪʦʤʝ ʛʝʥʝʨʠʰʫ ʜʦʜʘʪʥʝ ʤʝʭʘʥʠʯʢʝ ʪʫʨʙʫʣʝʥʮʠʿʝ (NERI, 1989c) 

[183]. ʅʘʚʝʜʝʥʘ ʧʦʿʘʚʘ ʩʝ ʫ ʩʪʨʫʯʥʦʿ ʿʘʚʥʦʩʪʠ ʜʝʬʠʥʠʰʝ ʢʘʦ ʪʫʨʙʫʣʝʥʮʠʿʘ ʚʘʟʜʫʭʘ ʠʟʘʟʚʘʥʘ 

ʩʘʦʙʨʘ˂ʘʿʥʠʤ ʪʦʢʦʚʠʤʘ (ʝʥʛ. traffic induce turbulence), ʦʜʥʦʩʥʦ ʪʫʨʙʫʣʝʥʮʠʿʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ 

(ʊʉʊ).    

  

ʋ ʧʨʦʰʣʦʩʪʠ ʿʝ ʊʉʊ ʙʠʦ ʧʨʝʜʤʝʪ ʩʘʤʦ ʥʝʢʦʣʠʮʠʥʝ ʩʪʨʫʯʥʠʭ ʩʪʫʜʠʿʘ (Thompson and Eskridge, 

1979; 1987; Grʦnskei, 1988; Eskridge et al., 1991) [249], [250], [251], [252], ʧʨʠ ʯʝʤʫ ʩʫ ʩʝ ʦʧʠʩʘʥʠ 

ʝʬʝʢʪʠ ʦʜʥʦʩʠʣʠ ʥʘ ʦʪʚʦʨʝʥʫ ʢʦʣʦʚʦʟʥʫ ʧʦʚʨʰʠʥʫ ʩʘ ʚʠʩʦʢʠʤ ʧʨʦʩʝʯʥʠʤ ʙʨʟʠʥʘʤʘ ʢʨʝʪʘˁʘ 

ʚʦʟʠʣʘ, ʧʦʧʫʪ ʘʫʪʦ-ʧʫʪʘ. ʄʝʹʫʪʠʤ, ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʯʝʩʪʦ ʩʝ ʨʝʛʠʩʪʨʫʿʫ ʚʝ˂ʝ ʛʫʩʪʠʥʝ 

ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ, ʧʘ ʩʝ ʛʝʥʝʨʠʩʘʥʦ ʪʫʨʙʫʣʝʥʪʥʦ ʚʘʟʜʫʰʥʦ ʧʦˀʝ ʥʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʬʦʨʤʘ 

ʤʝʹʫʩʦʙʥʦ ʥʝʟʘʚʠʩʥʠʭ ʪʨʘʛʦʚʘ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ ʢʦʿʠ ʦʩʪʘʿʫ ʠʟʘ ʚʦʟʠʣʘ ʫ ʧʦʢʨʝʪʫ (Thompson and 

Eskridge, 1979) [249].  

 

ʉʪʘʨʠʿʠ ʤʦʜʝʣʠ ʜʠʩʧʝʨʟʠʿʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ, ʠʤʘʣʠ ʩʫ ʧʨʦʙʣʝʤʘ ʧʨʠʣʠʢʦʤ ʧʨʦʮʝʥʝ ʘʝʨʦʟʘʛʘʹʝˁʘ, 

ʿʝʨ ʩʫ ʤʦʜʝʣʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʯʝʩʪʦ ʙʠʣʝ ʚʝ˂ʝ ʦʜ ʨʝʘʣʥʠʭ ʟʘ ʚʨʝʜʥʦʩʪʠ ό<1 mĿs
-1
. ʊʠʧʠʯʥʘ 

ʧʦʩʪʘʚʢʘ ʧʦʤʝʥʫʪʠʭ ʤʦʜʝʣʘ ʿʝʩʪʝ ʪʘʢʦ ʬʦʨʤʠʨʘʥʘ ʜʘ ʧʦʩʪʦʿʠ ʦʙʨʥʫʪʠ ʦʜʥʦʩ ʠʟʤʝʹʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠ ό ʢʘʦ ʬʘʢʪʦʨʘ ʥʦʨʤʘʣʠʟʘʮʠʿʝ, ʰʪʦ ʿʝ ʟʘ ʚʨʝʤʝ ʥʠʞʠʭ ό ʚʨʝʜʥʦʩʪʠ ʫʧʨʘʚʦ 

ʠʤʧʣʠʮʠʨʘʣʦ ʙʠʪʥʦ ʧʨʝʮʝˁʠʚʘʝˁ ʨʝʘʣʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ (Britter and Hanna, 2003) [223]. ɸʢʦ ʧʨʠ 

ʪʦʤʝ ʥʘʚʝʜʝʤʦ ʜʦʜʘʪʥʝ ʠʟʚʦʨʝ ʪʫʨʙʫʣʝʥʮʠʿʝ, ʧʦʧʫʪ ʪʦʧʣʦʪʥʝ ʨʘʜʠʿʘʮʠʿʝ ʦʜ ʦʙʿʝʢʘʪʘ ʫ ʦʢʨʫʞʝˁʫ 

ʠ/ʠʣʠ ʟʘʛʨʝʿʘʥʦʛ ʤʦʪʦʨʘ, ʧʦʩʣʝʜʠʮʝ ʧʨʝʮʝˁʠʚʘˁʘ ʤʦʛʫ ʙʠʪʠ ʿʦʰ ʚʝ˂ʝ. ʋ ʥʘʨʝʜʥʠʤ ʧʘʩʫʩʠʤʘ ʙʠ˂ʝ 

ʫʢʨʘʪʢʦ ʠʟʣʦʞʝʥʝ ʪʝʦʨʠʿʩʢʝ ʦʩʥʦʚʝ, ʢʘʦ ʠ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʘʥʘʣʠʟʝ ʊʉʊ-ʘ.   
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3.1.6.2.1. ʊʝʦʨʠʿʩʢʝ ʬʦʨʤʫʣʘʮʠʿʝ ʪʫʨʙʫʣʝʥʮʠʿʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ 

 

ʊʉʊ ʠʤʘ ʚʘʞʥʫ ʫʣʦʛʫ ʧʨʠʣʠʢʦʤ ʧʨʦʮʝʥʝ ʘʝʨʦʟʘʛʘʹʝˁʘ, ʧʦʩʝʙʥʦ ʫ ʩʣʫʯʘʿʫ ʫʣʠʮʘ ʢʘˁʦʥʩʢʦʛ 

ʦʙʣʠʢʘ. ʆʚʘʢʘʚ ʟʘʢˀʫʯʘʢ ʿʝʩʪʝ ʧʦʩʝʙʥʦ ʠʩʪʘʢʥʫʪ ʧʨʠ ʘʤʙʠʿʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʙʝʟ ʚʝʪʨʘ, ʯʠʤʝ 

ʊʉʊ ʦʩʪʘʿʝ ʿʝʜʠʥʠ ʜʦʧʨʠʥʦʩ ʤʝʭʘʥʠʟʤʫ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠ ʢʨʠʪʠʯʘʥ ʬʘʢʪʦʨ ʢʦʿʠ 

ʦʜʨʝʹʫʿʝ ʥʘʿʚʠʰʠ ʥʠʚʦ ʘʝʨʦʟʘʛʘʹʝˁʘ. ʇʦʣʘʟʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʟʘʜʘʿʝ ʧʦʜʝʣʫ ʤʝʭʘʥʠʯʢʝ ʪʫʨʙʫʣʝʥʮʠʿʝ 

ʥʘ ʜʚʘ ʜʝʣʘ: ʧʨʚʠ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, ʿʝʨ ʠʤʧʣʠʮʠʨʘ ʪʫʨʙʫʣʝʥʮʠʿʫ ʛʝʥʝʨʠʩʘʥʫ 

ʦʜ ʚʝʨʪʠʢʘʣʥʦʛ ʩʤʠʮʘˁʘ ʚʝʪʨʘ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ, ʠ ʜʨʫʛʠ ʫʩʣʝʜ ʊʉʊ-ʘ. ʂʘʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ό 

ʤʘʣʘ, ʊʉʊ ʜʦʤʠʥʠʨʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʦʜʝʣʠʨʘˁʝ ʦʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʿʝ ʧʨʝʩʫʜʥʦ ʟʘ ʪʘʯʥʫ 

ʧʨʦʮʝʥʫ ʘʝʨʦʟʘʛʘʹʝˁʘ (Kastner-Klein et al., 1998; 1999) [253], [254]. ʊʉʊ ʩʝ ʧʨʦʨʘʯʫʥʘʚʘ 

ʿʝʜʥʦʩʪʘʚʘʥʠʤ ʧʨʠʩʪʫʧʦʤ ʢʦʿʠ ʚʦʟʠʣʦ ʧʦʩʤʘʪʨʘ ʢʘʦ ʧʦʢʨʝʪʥʠ ʝʣʝʤʝʥʪ ʢʦʿʠ ʜʝʬʦʨʤʠʰʝ ʚʘʟʜʫʰʥʫ 

ʤʘʩʫ ʠ ʪʠʤʝ ʛʝʥʝʨʠʰʝ ʜʦʜʘʪʥʝ ʤʝʭʘʥʠʯʢʝ ʪʫʨʙʫʣʝʥʮʠʿʝ (NERI, 1989c) [183]. ʇʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ 

ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

 

„ ὦϽὠ ϽὋ,                                                              (3.54) 

 

ʛʜʝ ʿʝ: ὠ - ʩʨʝʜˁʘ ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ [kmĿh
-1
]; ὦ - ʝʤʧʠʨʠʿʩʢʘ ʢʦʥʩʪʘʥʪʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʘʝʨʦʜʠʥʘʤʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʦʪʧʦʨʘ (ʤʦʜʝʣ OSPM ʫʟʠʤʘ ʚʨʝʜʥʦʩʪ 0,3);  Ὃ - ʛʫʩʪʠʥʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ 

ʪʦʢʘ (ʙʨʦʿ ʚʦʟʠʣʘ ʥʘ ʦʜʨʝʹʝʥʦʤ ʨʘʩʪʦʿʘˁʫ ʠ ʢʦʿʠ ʿʝ ʦʜʨʝʹʝʥ ʦʜʥʦʩʦʤ ʠʟʤʝʹʫ ʧʦʚʨʰʠʥʝ ʢʦʿʘ ʿʝ 

ʟʘʫʟʝʪʘ ʚʦʟʠʣʠʤʘ ʠ ʧʦʚʨʰʠʥʦʤ ʫʣʠʮʝ) (NERI, 1989c) [183]:    

 

Ὃ ̃̏Ͻ̈

Ͻ
,                                                                     (3.55) 

 

ʛʜʝ ʿʝ: ὔ̃ ̏̈ - ʧʨʦʪʦʢ ʩʘʦʙʨʘ˂ʘʿʘ [vozĿh
-1
]; Ὓ - ʧʦʚʨʰʠʥʘ ʢʦʿʫ ʟʘʫʟʠʤʘ ʿʝʜʥʦ ʚʦʟʠʣʦ [m

2
] ; ὡ - ʰʠʨʠʥʘ 

ʫʣʠʮʝ (ʢʘˁʦʥʘ) [m] . ɿʘʤʝʥʦʤ ʿʝʜʥʘʯʠʥʘ (3.54) ʠ (3.55) ʜʦʙʠʿʘ ʩʝ ʠʟʨʘʟ: 

 

„ ὦ ̃̏Ͻ̈Ͻ
Ⱦ

.                                                          (3.56) 

 

ʀʟʨʘʟ (3.56) ʿʘʩʥʦ ʧʨʝʮʠʟʠʨʘ ʜʘ ʩʝ ʪʫʨʙʫʣʝʥʮʠʿʘ ʚʘʟʜʫʰʥʝ ʤʘʩʝ ʧʦʚʝ˂ʘʚʘ ʧʦʨʘʩʪʦʤ ʚʨʝʜʥʦʩʪʠ 

ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ, ʙʨʟʠʥʝ ʠ ʧʦʚʨʰʠʥʝ ʚʦʟʠʣʘ, ʦʜʥʦʩʥʦ ʩʤʘˁʫʿʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʰʠʨʠʥʝ ʫʣʠʮʝ. 

 

3.1.6.2.2. ɽʢʩʧʝʨʠʤʝʥʪʠ ʠ ʘʥʘʣʠʟʝ ʪʫʨʙʫʣʝʥʮʠʿʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ  

  

ʋ ʧʦʩʣʝʜˁʦʿ ʜʝʮʝʥʠʿʠ ʩʝ ʧʦʿʘʚʠʣʦ ʚʠʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʩʪʫʜʠʿʘ ʫʥʫʪʘʨ ʘʝʨʦʜʠʥʘʤʠʯʢʠʭ ʪʫʥʝʣʘ 

ʫ ʮʠʫˀ ʘʥʘʣʠʟʝ ʊʉʊ ʫʪʠʮʘʿʘ ʥʘ ʥʠʚʦ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ. ʇʨʠ ʪʦʤʝ ʩʫ 

ʨʘʟʤʘʪʨʘʥʠ ʥʘʿʯʝʰ˂ʠ ʩʣʫʯʘʿʝʚʠ ʛʨʘʜʩʢʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʨʝʞʠʤʘ (ʙʝʟ ʩʘʦʙʨʘ˂ʘʿʘ, ʿʝʜʥʦʩʤʝʨʥʘ ʠ 

ʜʚʦʩʤʝʨʥʘ ʫʣʠʮʘ) (Kastner-Klein et al., 1998; 1999; 2000; 2001; Di Sabatino et al., 2003) [253], [254], 

[255], [256], [257]. ʊʘʢʦ je, ʥʘ ʧʨʠʤʝʨ, ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ [253] ʠ [254], ʫʿʝʜʥʘʯʝʥʠʤ ʪʝʤʧʦʤ 
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ʦʩʣʦʙʘʹʘʥ ʦʙʦʿʝʥʠ ʛʘʩ (SF6) ʥʘ ʥʠʚʦʫ ʩʨʘʟʤʝʨʥʦ ʫʤʘˁʝʥʝ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, ʧʨʠ ʯʝʤʫ ʿʝ 

ʦʪʢʨʠʚʝʥʦ ʜʘ ʪʦʢʦʤ ʿʝʜʥʦʩʤʝʨʥʦʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʨʝʞʠʤʘ ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʞʝʥʦʛ ʧʨʦʪʦʢʘ ʚʘʟʜʫʭʘ ʠ 

ʜʠʩʧʝʨʟʠʿʝ ʛʘʩʘ. ʈʘʩʧʦʜʝʣʘ ʢʦʥʮʝʥʪʨʘʮʠʝʿ ʛʘʩʘ ʿʝ ʧʦʢʘʟʘʣʘ ʿʘʢʫ ʙʦʯʥʫ ʘʩʠʤʝʪʨʠʿʫ, ʧʨʠ ʯʝʤʫ ʩʫ ʩʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʦʚʝ˂ʘʚʘʣʝ ʫ ʧʨʘʚʮʫ ʢʨʝʪʘˁʘ ʚʘʟʜʫʰʥʠʭ ʩʪʨʫʿʘ ʠʤʧʣʠʮʠʨʘʥʝ ʩʘʦʙʨʘ˂ʘʿʥʠʤ 

ʪʦʢʦʚʠʤʘ. ʊʘʢʦʹʝ, ʨʝʟʫʣʪʘʪʠ ʩʫ ʜʦʢʘʟʘʣʠ ʜʘ ʿʝ ʨʝʛʠʩʪʨʦʚʘʥʘ ʪʫʨʙʫʣʝʥʮʠʿʘ ʫʥʫʪʘʨ ʫʣʠʮʝ ʠʤʘʣʘ 

ʚʘʨʠʿʘʮʠʿʫ, ʢʦʿʘ ʿʝ ʧʨʠʭʚʘʪˀʠʚʦ ʧʨʘʪʠʣʘ ʚʨʝʜʥʦʩʪʠ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ, ʩʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʢʦʿʝ 

ʩʫ ʩʝ ʩʤʘˁʠʚʘʣʝ ʢʘʜʘ ʩʝ ʩʘʦʙʨʘ˂ʘʿʥʠ ʧʨʦʪʦʢ ʧʦʚʝ˂ʘʚʘʦ (ʫʩʣʝʜ ʧʦʨʘʩʪʘ ʫʪʠʮʘʿʘ ʊʉʊ-ʘ). ʊʘʢʦʹʝ ʿʝ 

ʜʦʢʘʟʘʥʦ ʜʘ ʿʝ ʫʪʠʮʘʿ ʢʨʝʪʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʧʦˀʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʘ ʙʠʦ ʤʘˁʠ ʟʘ ʜʚʦʩʤʝʨʥʠ 

ʩʘʦʙʨʘ˂ʘʿʥʠ ʨʝʞʠʤ, ʧʘ ʦʚʘʿ ʟʘʢˀʫʯʘʢ ʜʠʨʝʢʪʥʦ ʧʦʩʪʘʚˀʘ ʧʠʪʘˁʝ ʜʘ ʣʠ ʿʝ ʊʉʊ ʚʘʞʘʥ ʩʘʤʦ ʫ 

ʫʣʠʮʘʤʘ ʩʘ ʿʝʜʥʦʩʤʝʨʥʠʤ ʨʝʞʠʤʦʤ ʩʘʦʙʨʘ˂ʘʿʘ.       

  

ɱʦʰ ʿʝʜʥʦ ʟʥʘʯʘʿʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʩʧʨʦʚʝʣʠ ʩʫ ʇʠʨʩ ʠ ɹʝʿ ʢʝʨ (ʝʥʛ. Pearce and Beaker, 1997) [258] ʥʘ 

ʩʨʘʟʤʝʨʥʦ ʫʤʘˁʝʥʠʤ ʚʦʟʠʣʠʤʘ ʫ ʧʦʢʨʝʪʫ, ʧʨʠ ʯʝʤʫ ʿʝ ʪʘʢʦʹʝ ʦʩʣʦʙʘʹʘʥ ʦʙʦʿʝʥʠ ʛʘʩ (SF6) ʩʘ ʧʦʜʘ 

ʘʝʨʦʜʠʥʘʤʠʯʢʦʛ ʪʫʥʝʣʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʫʪʚʨʜʠʣʠ ʜʘ ʧʨʦʣʘʟ ʿʝʜʥʦʛ ʚʦʟʠʣʘ ʥʠʿʝ ʫʪʠʮʘʦ ʥʘ ʧʦˀʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʘ, ʘʣʠ ʿʝ ʥʠʟ
 
ʦʜ 4 ʚʦʟʠʣʘ ʠʟʘʟʚʘʦ ʚʠʜˀʠʚ ʝʬʝʢʘʪ. ʊʘʢʦʹʝ, ʫʪʚʨʹʝʥʦ ʿʝ ʟʥʘʪʥʦ 

ʧʦʚʝ˂ʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʘ ʥʘ ʫʟʚʦʜʥʦʿ ʩʪʨʘʥʠ ʢʘˁʦʥʘ, ʿʝʨ ʩʝ ʫʪʠʮʘʿ ʊʉʊ-ʘ ʧʨʝʥʦʩʠʦ 

ʜʦʧʨʠʥʦʩʦʤ ʦʜ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʙʣʠʞʝ ʫʟʚʦʜʥʦʿ ʟʛʨʘʜʠ. 

 

ʇʨʝʪʭʦʜʥʠ ʟʘʢˀʫʯʘʢ ʧʦʪʚʨʹʝʥ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʫ ʜʫʙʦʢʦʤ ʢʘˁʦʥʫ (H/W=1,4) (Vachon  al., 2002) 

[259], ʧʨʠ ʯʝʤʫ ʿʝ ʘʥʘʣʠʟʠʨʘʥʘ ʿʝʜʥʦʩʤʝʨʥʘ ʫʣʠʮʘ ʩʘ ʪʨʠ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ ʫ ʅʘʥʪʫ (ʌʨʘʥʮʫʩʢʘ). 

ʋʪʚʨʹʝʥʦ ʧʦʚʝ˂ʘˁʝ ʥʠʚʦʘ ʪʫʨʙʫʣʝʥʪʥʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ (TKE) (ʝʥʛ. Turbulent Kinetic Energy) ʫ 

ʥʠʚʦʫ ʫʣʠʮʝ ʿʝ ʧʨʠʧʠʩʘʥʦ ʊʉʊ-ʫ. ʊʘʢʦʹʝ, ʦʪʢʨʠʚʝʥʘ ʿʝ ʦʙʦʩʪʨʘʥʦ ʠʥʪʝʥʟʠʚʥʘ ʪʫʨʙʫʣʝʥʮʠʿʘ ʙʣʠʟʫ 

ʟʦʥʝ ʩʘʦʙʨʘ˂ʘʿʘ ʩʘ ʫʟʚʦʜʥʝ ʠ ʥʠʟʚʦʜʥʝ ʩʪʨʘʥʝ ʢʘˁʦʥʘ. ʄʝʹʫʪʠʤ, ʫʪʠʮʘʿ ʠ ʚʝʨʪʠʢʘʣʥʦ ʧʦʜʨʫʯʿʝ 

ʊʉʊ-ʘ ʤʥʦʛʦ ʿʝ ʚʝ˂ʝ ʥʘ ʫʟʚʦʜʥʦʿ ʥʝʛʦ ʥʘ ʥʠʟʚʦʜʥʦʿ ʩʪʨʘʥʠ. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʪʘʢʘʚ ʬʝʥʦʤʝʥ 

ʠʤʧʣʠʮʠʨʘ ʭʦʨʠʟʦʥʪʘʣʥʠʤ ʧʦʤʝʨʘˁʝʤ ʪʫʨʙʫʣʝʥʮʠʿʝ, ʿʝʨ ʩʝ ʪʦʢʦʤ ʜʝʿʩʪʚʘ ʩʣʘʙʠʭ ʚʝʪʨʦʚʘ ʠʟ 

ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʬʦʨʤʠʨʘ ʚʠʭʦʨ ʩʘ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʧʦʨʘʚʥʘʪʦʤ ʦʩʦʤ ʠ ʩʘ ʜʦʥʝʢʣʝ 

ʜʝʩʪʘʙʠʣʠʟʦʚʘʥʦʤ (ʥʝʩʪʘʙʠʣʥʦʤ) ʩʪʨʫʢʪʫʨʦʤ.   

 

ɼʦ ʢʦʿʝ ʚʠʩʠʥʝ ʫʥʫʪʘʨ ʜʫʙʦʢʦʛ ʢʘˁʦʥʘ (H/W å 1,3) ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ ʤʦʞʝ ʙʠʪʠ ʟʥʘʯʘʿʘʥ ʫ ʧʦʚʝ˂ʘˁʫ 

ʪʫʨʙʫʣʝʥʮʠʿʝ ʚʘʟʜʫʭʘ, ʦʪʢʨʠʦ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪ ʩʘ ʘʥʝʤʦʤʝʪʨʦʤ (DePaul et al., 1986) [162]. 

ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʚʠʩʠʥʘ ʦʜ 7 m ʤʦʞʝ ʧʨʠʭʚʘʪʠʪʠ ʢʘʦ ʛʨʘʥʠʮʘ ʫʪʠʮʘʿʥʦʩʪʠ ʊʉʊ-ʘ. ʊʘʢʦʹʝ, ʿʦʰ 

ʿʝʜʥʦ ʠʩʪʨʘʞʠʚʘˁʝ (Qin and Kot, 1993) [260] ʜʦʢʘʟʘʣʦ ʿʝ ʜʘ ʫ ʫʞʝʤ ʢʘˁʦʥʫ (H/W=1,1) ʟʘ ʚʨʝʤʝ 

ʩʢʦʨʦ ʩʪʘʙʠʣʥʠʭ ʘʪʤʦʩʬʝʨʩʢʠʭ ʫʩʣʦʚʘ, ʫʪʠʮʘʿ ʊʉʊ-ʘ ʥʘ ʥʠʚʦʫ ʫʣʠʮʝ ʜʦʤʠʥʠʨʘ ʥʘʜ ʪʫʨʙʫʣʝʥʮʠʿʦʤ 

ʠʤʧʣʠʮʠʨʘʥʫ ʚʝʪʨʦʤ ʫ ʥʠʚʦʫ ʢʨʦʚʦʚʘ ʟʛʨʘʜʘ. ʋʪʚʨʹʝʥʘ ʚʠʩʠʥʘ ʧʨʝʦʚʣʘʹʫʿʫ˂ʝʛ ʫʪʠʮʘʿʘ ʙʠʣʘ ʿʝ ʚʝ˂ʘ 

ʥʝʛʦ ʫ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʜʥʦʩʥʦ ʫʪʚʨʹʝʥʘ ʿʝ ʛʨʘʥʠʮʘ ʦʜ 12 m. ʈʝʘʣʥʘ ʚʠʩʠʥʘ ʜʦ 

ʢʦʿʝ ʊʉʊ ʠʤʘ ʫʪʠʮʘʿʘ ʟʘʚʠʩʠ ʦʜ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢʘˁʦʥʘ ʠ, ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ, ʟʘʚʠʩʠ ʦʜ ʛʝʦʤʝʪʨʠʿʩʢʦʛ 

ʦʜʥʦʩʘ H/W ʠ/ʠʣʠ ʦʜ ʙʨʟʠʥʝ ʠ ʧʨʘʚʮʘ ʜʝʣʦʚʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ.  
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ʀʥʢʦʨʧʦʨʘʮʠʿʘ ʊʉʊ-ʘ ʫ ʧʦʣʫʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ OSPM ʧʨʦʫʟʨʦʢʦʚʘʣʘ ʿʝ ʠʟʨʘʟʠʪʦ ʧʦʙʦˀʰʘˁʝ 

ˁʝʛʦʚʠʭ ʧʨʦʮʝʥʘ, ʥʘʨʦʯʠʪʦ ʟʘ ʝʢʩʪʨʝʤʥʝ ʩʣʫʯʘʿʝʚʝ ʢʦʿʠ ʩʫ ʧʨʠʧʠʩʘʥʠ ʧʝʨʠʦʜʠʤʘ ʩʣʘʙʠʭ ʚʝʪʨʦʚʘ 

ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (Berkowicz, 2000) [28]. ɼʨʫʛʠ ʠʩʪʨʘʞʠʚʘʯʠ, ʧʦʧʫʪ ɼʠ ʉʘʙʘʪʠʥʘ ʠ ʦʩʪʘʣʠʭ (ʝʥʛ. 

Di Sabatino et al., 2003) [257] ʪʚʨʜʝ ʜʘ OSPM ʪʨʝʪʠʨʘ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ ʜʫʞ ʫʣʠʮʝ ʢʘʦ 

ʩʫʧʝʨʧʦʟʠʮʠʿʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʚʦʟʠʣʘ. ʆʩʠʤ ʪʦʛʘ, ʫʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʧʘʨʘʤʝʪʨʠʟʘʮʠʿʘ ʊʉʊ-ʘ ʟʘʩʥʠʚʘ ʥʘ 

ʧʨʝʪʧʦʩʪʘʚʮʠ ʜʘ ʫʧʨʘʚʦ ʢʨʝʪʘˁʝ ʚʦʟʠʣʘ ʠʟʘʟʠʚʘ ʫʢʫʧʥʫ ʚʘʨʠʿʘʥʩʫ (ʜʠʩʧʝʨʟʠʿʫ) ʬʣʫʢʪʫʘʮʠʿʘ 

ʙʨʟʠʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʢʚʘʜʨʘʪʫ ʙʨʟʠʥʝ ʚʦʟʠʣʘ. ʂʦʝʬʠʮʠʿʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪʠ ʿʝ ʧʦʚʝʟʘʥ ʩʘ 

ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ ʟʘ ʚʦʟʠʣʦ ʠ ˁʝʛʦʚʘ ʩʝ ʚʨʝʜʥʦʩʪ ʦʜʨʝʹʫʿʝ ʝʤʧʠʨʠʿʩʢʠ, ʪʘʢʦ ʰʪʦ ʩʝ 

ʫʩʢʣʘʹʫʿʫ ʚʘʨʠʿʘʥʩʝ (ʜʠʩʧʝʨʟʠʿʝ) ʙʨʟʠʥʝ ʠ ʧʦʜʘʮʠ ʦ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʜʦʙʠʿʝʥʠ ʥʘ 

ʪʝʨʝʥʫ. 

 

ʊʘʢʦ ʿʝ ʫ ʧʦʤʝʥʫʪʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ɼʠ ʩʘʙʘʪʠʥʘ ʠ ʦʩʪʘʣʠʭ (Di Sabatino  al., 2003) [257] ʧʨʝʜʩʪʘʚˀʝʥ 

ʪʝʦʨʠʿʩʢʠ ʤʦʜʝʣ ʟʘ ʧʨʦʮʝʥʫ ʤʘʛʥʠʪʫʜʝ ʊʉʊ-ʘ ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʠ ʪʦ ʙʘʣʘʥʩʦʤ ʛʝʥʝʨʠʩʘʥʝ 

ʠ ʜʠʩʧʝʨʛʦʚʘʥʝ ʊʂɽ. ʇʨʠ ʪʦʤʝ ʩʫ ʜʝʬʠʥʠʩʘʥʘ ʪʨʠ ʨʝʞʠʤʘ ʩʘʦʙʨʘ˂ʘʿʘ (ʫ ʬʫʥʢʮʠʿʠ ʛʫʩʪʠʥʝ 

ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ (ὲ) ʠ ʘʝʨʦʜʠʥʘʤʠʯʢʦʛ ʦʜʨʘʟʘ (ʧʦʙʫʜʝ) ʢʦʘʿ ʦʩʪʘʿʝ ʠʟʘ ʚʦʟʠʣʘ ʫ ʧʦʢʨʝʪʫ):  

1) ʃʘʛʘʥ ʨʝʞʠʤ - ʃʈ (ʤʘʣʘ ʛʫʩʪʠʥʘ ʩʘʦʙʨʘ˂ʘʿʘ, ʥʝʤʘ ʠʥʪʝʨʘʢʮʠʿʝ ʤʝʹʫ ʚʦʟʠʣʠʤʘ, ʩʣʫʯʘʿ 

ʠʟʦʣʦʚʘʥʦʛ ʚʦʟʠʣʘ);  

2) ʉʨʝʜˁʠ ʨʝʞʠʤ - ʉʈ (ʩʨʝʜˁʘ ʛʫʩʪʠʥʘ ʩʘʦʙʨʘ˂ʘʿʘ, ʧʦʩʪʦʿʠ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʚʘʟʜʫʰʥʠʭ 

ʧʦʙʫʜʘ ʚʦʟʠʣʘ, ʤʝʰʘˁʝ ʘʝʨʦʜʠʥʘʤʠʯʢʠʭ ʦʜʨʘʟʘ);  

3) ʀʥʪʝʥʟʠʚʥʠ ʨʝʞʠʤ - ʀʈ (ʚʝʣʠʢʘ ʛʫʩʪʠʥʘ ʩʘʦʙʨʘ˂ʘʿʘ, ʧʦʩʪʦʿʠ ʿʘʢʘ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ 

ʚʘʟʜʫʰʥʠʭ ʧʦʙʫʜʘ ʚʦʟʠʣʘ, ʧʨʝʢʣʘʧʘˁʝ ʘʝʨʦʜʠʥʘʤʠʯʢʠʭ ʦʜʨʘʟʘ).  

 

ɼʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʪʫʨʙʫʣʝʥʮʠʿʘ ʧʨʠ ʃʈ-ʫ ʧʦʚʝ˂ʘʚʘ ʣʠʥʝʘʨʥʦ ʩʘ ʛʫʩʪʠʥʦʤ ʩʘʦʙʨʘ˂ʘʿʘ (ʿʝʜʥʘʯʠʥʘ 

3.57). ʇʨʠ ʉʈ-ʫ, ʪʫʨʙʫʣʝʥʮʠʿʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʟʘʚʠʩʠ ʦʜ ὲ
Ⱦ

 (ʿʝʜʥʘʯʠʥʘ 3.58), ʜʦʢ ʟʘ ʀʈ-ʫ ʥʠʿʝ 

ʜʦʢʘʟʘʥ ʫʪʠʮʘʿ ʛʫʩʪʠʥʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ (ʿʝʜʥʘʯʠʥʘ 3.59):  

 

„ ίὺ ὧὲὦȾὬὛ ὺ,                                                  (3.57) 

 

„ ίὺ ὧ ὲὈὦȾὬὛ ὺ,                                                (3.58) 

 

„ ίὺ ὧὦȾὬȾὛ ὺ ,                                                   (3.59) 

 

ʛʜʝ ʿʝ: ὺȟὺ  ̉ ὺ - ʩʨʝʜˁʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʟʘ ʃʈ, ʉʈ ʠ ʀʈ; Ὓ - ʧʦʚʨʰʠʥʘ ʧʨʝʩʝʢʘ ʢʘˁʦʥʘ (0,5WH); 

ὦ - ʢʦʝʬʠʮʠʿʝʥʪ ʘʝʨʦʜʠʥʘʤʠʯʢʦʛ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ; ίȟί ̉ ί - ʧʨʠʧʘʜʘʿʫ˂ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ. 

 

ʂʦʥʘʯʥʠ ʨʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʫʪʠʮʘʿ ʊʉʊ-ʘ ʩʤʘˁʫʿʝ ʧʦʨʘʩʪʦʤ ὲ, ʰʪʦ ʿʝ 

ʫʟʨʦʢʦʚʘʥʦ ʩʤʘˁʝˁʝʤ ʢʦʝʬʠʮʠʿʝʥʪʘ ʘʝʨʦʜʠʥʘʤʠʯʢʦʛ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ ʥʘ ʚʦʟʠʣʠʤʘ ʢʦʿʘ ʩʫ ʫ ʥʠʟʫ. 
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3.2. ɸʥʘʣʠʪʠʯʢʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʤʝʪʦʜ ʠʩʪʨʘʞʠʚʘˁʘ ʠʤʠʩʠʿʝ 

 

ʇʨʝʤʘ ʆʛʠʩʪʫ ʂʦʥʪʫ (ʉʠʤʠ˂, 1997) [261], ʨʘʟʣʠʢʫʿʫ ʩʝ ʩʣʝʜʝ˂ʝ ʤʝʪʦʜʝ ʠʩʪʨʘʞʠʚʘˁʘ: ʪʝʦʣʦʰʢʘ, 

ʤʝʪʘʬʠʟʠʯʢʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠ ʤʘʪʝʤʘʪʠʯʢʘ. ʋ ʥʦʚʠʿʦʿ ʣʠʪʝʨʘʪʫʨʠ, ʧʦʯʝʚ ʦʜ 80-ʠʭ ʛʦʜʠʥʘ 20-ʦʛ 

ʚʝʢʘ, ʥʘʚʦʜʝ ʩʝ ʩʣʝʜʝ˂ʝ ʤʝʪʦʜʝ ʠʩʪʨʘʞʠʚʘˁʘ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ, ʘʥʘʣʠʪʠʯʢʘ ʠ ʘʥʘʣʠʪʠʯʢʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ.  

 

ʇʦʣʘʟʥʫ ʦʩʥʦʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʤʝʪʦʜʝ ʧʨʝʜʩʪʘʚˀʘ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʝ 

ʜʝʬʠʥʠʰʝ ʩʢʫʧʦʤ ʩʚʠʭ ʤʝʨʥʠʭ ʪʘʯʘʢʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʿ ʦʙʣʘʩʪʠ ʠʣʠ ʧʨʦʩʪʦʨʫ 

ʧʨʠʤʝʥʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʧʣʘʥ-ʤʘʪʨʠʮʦʤ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʿʝ ʟʘ ʩʚʘʢʫ ʧʨʦʤʝʥˀʠʚʫ 

(ʬʘʢʪʦʨ) ʫʟʝʪ ʠʩʪʠ ʙʨʦʿ ʠʟʚʦʹʝˁʘ ʠʣʠ ʥʠʚʦʘ ʧʨʦʤʝʥʝ N (Staniĺ, 1990) [262]:  

 

                                                                                                         (3.60) 

 

ʆʙʣʘʩʪ ʠʣʠ ʧʨʦʩʪʦʨ ὖ ʧʣʘʥʠʨʘˁʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʦʜʨʝʹʫʿʝ ʤʦʛʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʠʭ 

(ʬʘʢʪʦʨʘ) ὼ ; i=1,2......ʢ; =ʿ1,2.......N ʠʟ ʨʝʘʣʥʦʛ ʜʦʤʝʥʘ D, ʦʜʥʦʩʥʦ: X ʝ ὖ ʝ D. ʅʠʚʦʠ i ʬʘʢʪʦʨʘ ʩʝ 

ʢʦʜʠʨʘʿʫ ʿʝʜʥʘʯʠʥʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ (Staniĺ, 1980) [263]: 

 

ὼ ȠὭ ρȟςȣȢὯ,                                                        (3.61) 

 

ʛʜʝ ʿʝ: ὢ  
ρ  ʛʦʨˁʠ ʥʠʚʦ
  π  ʦʩʥʦʚʥʠ ʥʠʚʦ
ρ  ʜʦˁʠ ʥʠʚʦ

 ; Ὑ -  ʚʘʨʠʿʘʮʠʦʥʠ ʠʥʪʝʨʚʘʣ.                                                         (3.62) 

 

ʇʨʠʤʝʥʦʤ ʩʘʚʨʝʤʝʥʝ ʪʝʦʨʠʿʝ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʫ ʯʠʿʦʿ ʩʫ ʦʩʥʦʚʠ ʩʘʜʨʞʘʥʠ ʧʣʘʥʦʚʠ ʩʪʘʪʠʩʪʠʯʢʝ 

ʚʠʰʝʬʘʢʪʦʨʥʝ ʘʥʘʣʠʟʝ, ʤʦʛʫ˂ʝ ʿʝ ʥʘ ʚʨʣʦ ʫʩʧʝʰʘʥ ʥʘʯʠʥ ʧʦʩʪʠ˂ʠ ʨʝʰʘʚʘˁʝ ʙʨʦʿʥʠʭ ʟʘʜʘʪʘʢʘ ʠʟ 

ʜʦʤʝʥʘ ʚʠʰʝʬʘʢʪʦʨʥʠʭ ʠ ʜʠʬʫʟʥʠʭ ʩʠʩʪʝʤʘ, ʢʦʿʠ ʩʫ ʜʦ ʪʘʜʘ ʙʠʣʠ ʥʝʨʝʰʠʚʠ. ʈʘʟʚʦʿ ʪʝʦʨʠʿʝ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʚʝʟʫʿʝ ʩʝ ʟʘ ʨʘʜʦʚʝ ɹʦʢʩʘ, ʧʘ ʿʝ ʩʘʚʨʝʤʝʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʚʠʰʝʬʘʢʪʦʨʥʠ ʤʝʪʦʜ 

ʧʣʘʥʠʨʘˁʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʥʘʟʚʘʥ ɹʦʢʩʦʚ ʤʝʪʦʜ. ʇʘʨʘʣʝʣʥʦ ʩʘ ɹʦʢʩʦʤ, ʨʘʟʚʦʿʝʤ ʦʚʦʛ ʤʝʪʦʜʘ ʙʘʚʠʦ 

ʩʝ ʠ ɺʠʣʩʦʥ, ʧʘ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʫʩʨʝ˂ʝ ʠ ʥʘʟʠʚ ɹʦʢʩ-ɺʠʣʩʦʥʦʚ ʤʝʪʦʜ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʤʝʪʦʜ 

ʟʘʩʥʦʚʘʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠ ʧʨʠʤʝʥʠ ʜʠʩʧʝʨʟʠʦʥʝ ʠ ʨʝʛʨʝʩʠʦʥʝ ʘʥʘʣʠʟʝ ʢʘʦ 

ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ, ɹʦʢʩ-ɺʠʣʩʦʥʦʚ ʤʝʪʦʜ ʿʝ ʫ ʦʩʥʦʚʠ ʘʥʘʣʠʪʠʯʢʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʤʝʪʦʜ 

ʠʩʪʨʘʞʠʚʘˁʘ. ɿʘ ʧʨʠʤʝʥʫ ʦʚʦʛ ʩʘʚʨʝʤʝʥʦʛ ʤʝʪʦʜʘ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʟʥʘʚʘˁʝ ʜʠʩʧʝʨʟʠʦʥʝ ʠ 

ʨʝʛʨʝʩʠʦʥʝ ʘʥʘʣʠʟʝ.  
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ɼʠʩʧʝʨʟʠʦʥʦʤ ʘʥʘʣʠʟʦʤ ʩʧʨʦʚʦʜʠ ʩʝ ʠ ʚʝʨʠʬʠʢʫʿʝ ʧʦʩʪʫʧʘʢ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʧʨʠʨʦʜʝ-ʧʦʚʝʟʘʥʦʩʪʠ 

ʝʣʝʤʝʥʘʪʘ ʦʩʥʦʚʥʦʛ ʩʢʫʧʘ ʢʨʦʟ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʨʝʣʝʚʘʥʪʥʠʭ ʩʪʘʪʠʩʪʠʯʢʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʩʢʫʧʘ {ʉ}. ʄʝʪʦʜ ʜʠʩʧʝʨʟʠʦʥʝ ʘʥʘʣʠʟʝ ʟʘʩʥʦʚʘʥ ʿʝ ʥʘ ʤʘʪʝʤʘʪʠʯʢʦʿ ʜʝʢʦʤʧʦʟʠʮʠʿʠ 

(ʨʘʟʜʚʘʿʘˁʫ), ʠʣʠ ʧʦʜʝʣʠ ʟʙʠʨʘ ʢʚʘʜʨʘʪʘ ʦʜʩʪʫʧʘˁʘ ʝʣʝʤʝʥʘʪʘ ʫʟʦʨʢʘ ʦʜ ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ 

ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʩʢʫʧʘ {ʉ} (Vukadinoviĺ, 1990) [264]. ɸʢʦ ʥʘ ʝʣʝʤʝʥʪʝ ʦʩʥʦʚʥʦʛ ʩʢʫʧʘ {ʉ} ʜʝʣʫʿʝ 

ʿʝʜʘʥ ʧʨʦʤʝʥˀʠʚʠ ʬʘʢʪʦʨ, ʦʥʜʘ ʩʝ ʫʢʫʧʘʥ ʟʙʠʨ ʢʚʘʜʨʘʪʘ ʦʜʩʪʫʧʘˁʘ ʝʣʝʤʝʥʘʪʘ ʩʚʠʭ ʫʟʦʨʘʢʘ ʦʜ 

ʟʘʿʝʜʥʠʯʢʝ ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ ʨʘʩʪʘʚˀʘ (ʜʝʢʦʤʧʦʥʫʿʝ) ʥʘ ʜʚʘ ʜʝʣʘ, ʛʜʝ ʿʝʜʘʥ ʜʝʦ ʦʜʛʦʚʘʨʘ 

ʫʪʠʮʘʿʫ ʬʘʢʪʦʨʘ ʢʦʿʠ ʭʦ˂ʝʤʦ ʜʘ ʠʩʧʠʪʘʤʦ, ʘ ʜʨʫʛʠ ʜʝʦ ʦʜʛʦʚʘʨʘ ʩʣʫʯʘʿʥʠʤ ʚʘʨʠʿʘʮʠʿʘʤʘ. ɸʢʦ ʥʘ 

ʝʣʝʤʝʥʪʝ ʦʩʥʦʚʥʦʛ ʩʢʫʧʘ ʜʝʣʫʿʫ ʜʚʘ ʬʘʢʪʦʨʘ, ʦʥʜʘ ʩʝ ʟʙʠʨ ʢʚʘʜʨʘʪʘ ʝʣʝʤʝʥʘʪʘ ʦʩʥʦʚʥʦʛ ʩʢʫʧʘ ʦʜ 

ˁʝʛʦʚʝ ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ ʜʝʢʦʤʧʦʥʫʿʝ ʥʘ ʪʨʠ ʜʝʣʘ, ʧʨʠ ʯʝʤʫ ʜʚʘ ʜʝʣʘ ʦʜʛʦʚʘʨʘʿʫ ʫʪʠʮʘʿʫ ʪʠʭ 

ʬʘʢʪʦʨʘ, ʘ ʪʨʝ˂ʠ ʜʝʦ ʦʜʛʦʚʘʨʘ ʩʣʫʯʘʿʥʠʤ ʚʘʨʠʿʘʮʠʿʘʤʘ. 

 

ɺʠʰʝʬʘʢʪʦʨʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʣʘʥʦʚʝ ʢʘʨʘʢʪʝʨʠʰʫ, ʫ ʦʜʥʦʩʫ ʥʘ ʧʣʘʥʦʚʝ ʿʝʜʥʦʬʘʢʪʦʨʥʝ 

ʘʥʘʣʠʟʝ, ʜʚʘ ʦʩʥʦʚʥʘ ʦʙʝʣʝʞʿʘ (Staniĺ, 1990) [262]:  

1. ʄʠʥʠʤʘʣʥʠ ʩʢʫʧ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʪʘʯʘʢʘ ʨʘʩʧʦʨʝʹʝʥʠʭ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʧʨʦʩʪʦʨʫ, 

ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʧʦʩʣʝʜʠʮʦʤ ʚʠʰʝʩʪʨʫʢʦ ʥʠʞʠʭ ʪʨʦʰʢʦʚʘ ʠ ʢʨʘ˂ʝʛ ʚʨʝʤʝʥʘ ʠʩʧʠʪʠʚʘˁʘ; 

2. ʄʘʢʩʠʤʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʝʬʝʢʘʪʘ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʠ ʧʨʦʮʝʩʘ. 

 

ʇʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ ʩʝ ʧʦʩʪʠʞʝ ʩʧʝʮʠʿʘʣʥʠʤ ʧʣʘʥʦʤ X ʨʘʩʧʦʨʝʜʘ ʪʘʯʘʢʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ 

ʧʨʦʩʪʦʨʫ ʠʣʠ ʧʣʘʥʦʤ ʨʘʟʚʠʿʝʥʠʤ ʥʘ ʙʘʟʠ ʢʨʠʪʝʨʠʿʫʤʘ ʦʧʪʠʤʘʣʥʦʩʪʠ ʟʘ ʢʦʿʠ ʿʝ ʌʠʰʝʨʦʚʘ 

ʠʥʬʦʨʤʘʪʠʚʥʘ ʤʘʪʨʠʮʘ ὔ Ͻὢȟὢ Ὁ (Staniĺ, 1990) [262]. ʇʨʝʢʦ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʘʪʨʠʮʝ (ʧʣʘʥ 

ʤʘʪʨʠʮʝ) (3.59), ʩʧʝʮʠʬʠʯʥʝ ʩʪʨʫʢʪʫʨʝ ʦʙʣʠʢʘ ʠ ʦʙʠʤʘ (ʜʠʤʝʥʟʠʿʘ), ʦʜʨʝʹʫʿʝ ʩʝ ʨʘʩʧʦʨʝʜ ʤʝʨʥʠʭ 

ʪʘʯʘʢʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʧʨʦʩʪʦʨʫ ὖ. ʆʚʘʢʘʚ ʨʘʩʧʦʨʝʜ, ʦʜʥʦʩʥʦ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘ ʦʙʝʟʙʝʹʫʿʝ 

ʩʣʝʜʝ˂ʝ ʧʨʝʜʥʦʩʪʠ: 

1. ʆʧʪʠʤʘʣʘʥ ʨʘʩʧʦʨʝʜ ʤʝʨʥʠʭ ʪʘʯʘʢʘ; 

2. ʇʦʪʨʝʙʘʥ ʙʨʦʿ ʤʝʨʥʠʭ ʪʘʯʘʢʘ ʿʝ ʤʠʥʠʤʘʣʘʥ (ʤʘˁʠ ʙʨʦʿ ʤʝʨʝˁʘ); 

3. ʆʙʠʤ ʜʦʙʠʿʝʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʿʝ ʤʠʥʠʤʘʣʘʥ; 

4. ɼʠʩʧʝʨʟʠʿʘ ʤʝʨʥʠʭ ʨʝʟʫʣʪʘʪʘ ʿʝ ʤʠʥʠʤʘʣʥʘ, ʦʜʥʦʩʥʦ ʚʠʩʦʢʘ ʿʝ ʪʘʯʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ; 

5. ɽʬʠʢʘʩʥʘ ʦʙʨʘʜʘ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ; 

6. ʇʦʫʟʜʘʥʦʩʪ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʿʝ ʚʝʣʠʢʘ. 

 

ʌʦʨʤʠʨʘˁʝ ʤʘʪʨʠʮʝ ʨʘʩʧʦʨʝʜʘ ʤʝʨʥʠʭ ʪʘʯʘʢʘ (ʧʣʘʥ ʤʘʪʨʠʮʝ) ʤʦʛʫ˂ʝ ʿʝ ʫʨʘʜʠʪʠ ʧʨʝʢʦ: 

1. ʇʦʪʧʫʥʠʭ ʦʨʪʦʛʦʥʘʣʥʠʭ ʧʣʘʥʦʚʘ (ʟʘ ʙʨʦʿ ʤʝʨʥʠʭ ʚʝʣʠʯʠʥʘ ʢÒ5, ʪʿ. (x1,x2.......x5)); 

2. ʇʘʨʮʠʿʘʣʥʠʭ ʦʨʪʦʛʦʥʘʣʥʠʭ ʧʣʘʥʦʚʘ ʪʠʧʘ ʨʝʧʣʠʢʘ (ʟʘ ʙʨʦʿ ʧʨʦʤʝʥˀʠʚʠʭ ʤʝʨʥʠʭ ʚʝʣʠʯʠʥʘ, 

ʦʜʥʦʩʥʦ ʬʘʢʪʦʨʘ ʢÒ 15 (x1,x2.......x15)); 

3. ʇʣʝʮʝʪ-ɹʝʨʤʘʥʦʚʠʭ ʧʣʘʥʦʚʘ (ʟʘ ʥʝʦʛʨʘʥʠʯʝʥʠ ʙʨʦʿ ʧʨʦʤʝʥˀʠʚʠʭ ʤʝʨʥʠʭ ʚʝʣʠʯʠʥʘ 

(ʬʘʢʪʦʨʘ ὼ)). 
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ʇʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʦʮʝʩʘ ʨʘʜʠ ˁʝʛʦʚʦʛ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʠʨʘˁʘ, ʧʦʪʨʝʙʥʦ 

ʿʝ ʦʜʨʝʜʠʪʠ ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʦʜʥʦʩʥʦ ʙʨʦʿ ʤʝʨʥʠʭ ʚʝʣʠʯʠʥʘ (ʢ) ʩʘ ʢʦʿʠʤʘ ʪʨʝʙʘ 

ʦʙʘʚʠʪʠ ʠʩʧʠʪʠʚʘˁʘ, ʦʜʥʦʩʥʦ ʤʝʨʝˁʘ ʜʘʪʝ ʧʦʿʘʚʝ ʠʣʠ ʧʨʦʮʝʩʘ ʩʠʩʪʝʤʘ. ʇʨʠ ʠʩʪʨʘʞʠʚʘˁʫ ʫʚʝʢ ʿʝ 

ʙʦˀʝ ʫʟʝʪʠ ʥʝʢʫ ʧʨʦʤʝʥˀʠʚʫ ʚʠʰʝ ʥʝʛʦ ʤʘˁʝ, ʿʝʨ ʩʝ ʫ ʧʦʩʪʫʧʢʫ ʠʩʪʨʘʞʠʚʘˁʘ ʣʘʢʦ ʦʪʢʨʠʚʘ 

ˁʠʭʦʚʘ ʟʥʘʯʘʿʥʦʩʪ (ʩʠʛʥʠʬʠʢʘʥʪʥʦʩʪ), ʘʣʠ ʟʘʪʦ ʩʝ ʠʟʦʩʪʘʚˀʘˁʝʤ ʚʘʞʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʤʦʞʝ 

ʫʛʨʦʟʠʪʠ ʪʘʯʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ.  

 

ɼʘ ʙʠʩʤʦ ʚʨʝʜʥʦʚʘʣʠ ʫʪʠʮʘʿʝ ʧʦʿʝʜʠʥʠʭ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (ʧʨʝʜʠʢʪʦʨʘ) ʥʘ ʚʨʝʜʥʦʩʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO ʠ NOx ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʠʤʝʥʠʪʠ ʧʦʪʧʫʥʠ 

ʚʠʰʝʬʘʢʪʦʨʥʠ ʧʣʘʥ. ʅʠʚʦʠ i ʬʘʢʪʦʨʘ ʢʦʜʠʨʘʿʫ ʩʝ +1, 0 ʠ -1, ʛʜʝ ʧʨʚʘ ʠ ʧʦʩʣʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʘʥʠʮʝ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʧʨʦʩʪʦʨʘ. ɿʘʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʠʩʧʠʪʘʪʠ ʟʘʢʦʥʝ ʨʘʩʧʦʜʝʣʝ ʩʚʠʭ ʫʢˀʫʯʝʥʠʭ ʧʨʝʜʠʢʪʦʨʘ, ʯʠʤʝ ˂ʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʛʨʘʥʠʮʝ ʩʘ 

ʩʪʘʪʠʩʪʠʯʢʠ ʧʨʠʭʚʘʪˀʠʚʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ (P=95%), ʦʜʥʦʩʥʦ ʨʠʟʠʢʦʤ ʦʜ 5%. ʋ ʜʘˀʝʤ ʨʘʜʫ 

ʧʨʠʭʚʘʝ˂ʥʠ ʩʫ ʅʦʨʤʘʣʥʠ ʠ ʃʦʛʥʦʨʤʘʣʥʠ ʟʘʢʦʥʠ ʨʘʩʧʦʜʝʣʝ ʧʨʦʤʝʥˀʠʚʠʭ (ʧʨʝʜʠʢʪʦʨʘ), ʘ ʦʩʥʦʚʥʝ 

ʜʝʬʠʥʠʮʠʿʝ ʠ ʧʘʨʘʤʝʪʨʠ ʦʚʠʭ ʨʘʩʧʦʜʝʣʘ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʫ ʧʦʛʣʘʚˀʫ 4. 

 

3.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ 

 

3.3.1. ʄʝʪʦʜʘ ʠ ʤʝʨʥʘ ʦʧʨʝʤʘ ʟʘ ʤʝʨʝˁʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʤʦʪʦʨʘ 

 

ɽʢʩʧʝʨʠʤʝʥʪ ʤʝʨʝˁʘ ʝʤʠʩʠʿʝ CO ʢʦʜ ʧʫʪʥʠʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʩʘ ʆʊʆ ʤʦʪʦʨʠʤʘ ʿʝ ʨʝʘʣʠʟʦʚʘʥ ʥʘ 13 

ʣʦʢʘʮʠʿʘ ʛʨʘʜʘ ʂʨʘʛʫʿʝʚʮʘ (ʩʣʠʢʘ 3.12) ʠ ʥʘ ʪʝʭʥʠʯʢʦʤ ʧʨʝʛʣʝʜʫ ɸʫʪʦ-ʤʦʪʦ ʢʣʫʙʘ ʊʨʩʪʝʥʠʢ. ɼʘ ʙʠ 

ʩʝ ʚʦʟʠʣʦ ʨʘʜʠ ʤʝʨʝˁʘ ʙʝʟʙʝʜʥʦ ʠ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʢʦʥʦʤ ʠʩʢˀʫʯʠʣʦ ʠʟ ʩʘʦʙʨʘ˂ʘʿʘ, ʙʠʣʘ ʿʝ ʥʝʦʧʭʦʜʥʘ 

ʘʩʠʩʪʝʥʮʠʿʘ ʢʨʘʛʫʿʝʚʘʯʢʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʧʦʣʠʮʠʿʝ, ʜʦʢ ʟʘ ʪʠʤ ʥʠʿʝ ʙʠʣʦ ʧʦʪʨʝʙʝ ʪʦʢʦʤ ʤʝʨʝˁʘ 

ʝʤʠʩʠʿʝ ʥʘ ʪʝʭʥʠʯʢʦʤ ʧʨʝʛʣʝʜʫ.   

 

 

 

                                     

 

 

 

 

 

 

 

 
ʉʣʠʢʘ 3.12 ʄʘʧʘ ʛʨʘʜʘ ʂʨʘʛʫʿʝʚʮʘ (LM - ʣʦʢʘʮʠʿʝ ʤʝʨʝˁʘ) 
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ʄʝʪʦʜʦʣʦʛʠʿʘ ʤʝʨʥʦʛ ʧʦʩʪʫʧʢʘ ʿʝ ʫʩʢʣʘʹʝʥʘ ʩʘ ʜʠʨʝʢʪʠʚʠʤʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ: COUNCIL 

DIRECTIVE 92/55/EEC I Council Directive 72/306/EEC of 2 August 1972 Last amended by Directive 

91/441/EEC (OJ No L 242, 30. 8. 1991, p. 1.).  

 

ɿʘ ʤʝʨʝˁʝ ʝʤʠʩʠʿʝ ʠʩʢʦʨʠʰ˂ʝʥ ʿʝ ʫʨʝʹʘʿ AVL DiCom 4000, ʦʜʥʦʩʥʦ ʢʦʤʙʠʥʦʚʘʥʠ ʫʨʝʹʘʿ ʟʘ ʘʥʘʣʠʟʫ 

ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʠ ʜʠʿʘʛʥʦʩʪʠʢʫ ʦʪʦ ʠ ʜʠʟʝʣ ʤʦʪʦʨʘ (ʘʥʘʣʠʟʘʪʦʨ 5 ʛʘʩʦʚʘ ʟʘ ʦʪʦ ʤʦʪʦʨʝ ʠ 

ʦʧʘʮʠʤʝʪʘʨ ʟʘ ʜʠʟʝʣ ʤʦʪʦʨʝ), ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 3.13, ʩʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʫ ʪʘʙʝʣʠ 3.6. 

 

ʊʘʙʝʣʘ 3.6 ʆʧʩʝʛ ʠ ʪʘʯʥʦʩʪ ʤʝʨʥʝ ʦʧʨʝʤʝ 

ʄʝʨʥʘ 

ʚʝʣʠʯʠʥʘ 
ʄʝʨʥʠ ʦʧʩʝʛ 

ʈʝʟʦʣʫʮʠʿʘ 

CO 0...10 vol% 0,01 vol% 

HC 0é20.000 ppm 1 ppm 

CO2 0é20 vol% 0,1 vol% 

O2 0é22 vol% 0,01 vol% 

NOx 0,5000 ppm 1 ppm 

ʃʘʤʙʜʘ 0é9,999 0,001 

ɹʨ. ʦʙʨʪʘʿʘ 400-6.000 min
-1
 1 min

-1
 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʫˀʘ 
-30é125ᴈ 1ᴈ 

ʂʦʝʬ. 

ʘʧʩʦʨʧʮʠʿʝ 
0é9,99 m

-1
 0,01 m

-1
 

ʆʧʘʮʠʪʝʪ 0é100% 0,1% 

 

 

3.3.2. ʄʝʪʦʜʘ ʠ ʤʝʨʥʘ ʦʧʨʝʤʘ ʟʘ ʤʝʨʝˁʝ ʠʤʠʩʠʿʝ ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ 

 

ʄʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʚʘʟʜʫʭʫ (ʠʤʠʩʠʿʘ) ʩʧʨʦʚʝʦ ʿʝ ɻʨʘʜʩʢʠ ʟʘʚʦʜ ʟʘ ʿʘʚʥʦ 

ʟʜʨʘʚˀ ʝ ɹʝʦʛʨʘʜ (ɻɿɱɿ ɹʛʜ), ʢʦʠʿ ʿʝ ʫ ʩʘʩʪʘʚʫ ʎʝʥʪʨʘ ʟʘ ʭʠʛʠʿʝʥʫ ʠ ʭʫʤʘʥʫ ʝʢʦʣʦʛʠʿʫ ʠ ʅʘʮʠʦʥʘʣʥʝ 

ʣʘʙʦʨʘʪʦʨʠʿʝ ʟʘ ʭʫʤʘʥʫ ʝʢʦʣʦʛʠʿʫ ʠ ʝʢʦʪʦʢʩʠʢʦʣʦʛʠʿʫ. ʄʝʪʦʜʝ ʠʩʧʠʪʠʚʘˁʘ, ʦʜʥʦʩʥʦ ʫʟʦʨʢʦʚʘˁʝ 

ʠʤʠʩʠʿʘ, ʿʝʩʫ ʫʩʢʣʘʹʝʥʝ ʩʘ ʩʣʝʜʝ˂ʠʤ ʥʘʮʠʦʥʘʣʥʠʤ ʩʪʘʜʘʨʜʠʤʘ: 

¶ SRPS EN 14211 (ʩʪʘʥʜʘʨʜʥʘ ʤʝʪʦʜʘ ʟʘ ʤʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ NO2, NO ʠ NOx); 

¶ SRPS EN 14625 (ʩʪʘʥʜʘʨʜʥʘ ʤʝʪʦʜʘ ʟʘ ʤʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ O3); 

¶ SRPS EN 14626 (ʩʪʘʥʜʘʨʜʥʘ ʤʝʪʦʜʘ ʟʘ ʤʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO); 

¶ SRPS EN 14662-1 (ʩʪʘʥʜʘʨʜʥʘ ʤʝʪʦʜʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʙʝʥʟʝʥʘ). 

 

ʅʘ ʩʣʠʢʘʤʘ 3.14 ʠ 3.15 ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʜʚʝ ʫʣʠʮʝ ʛʨʘʜʘ ʂʨʘˀʝʚʘ ʫ ʢʦʿʠʤa ʿʝ ʠʟʚʨʰʝʥʦ ʤʝʨʝˁʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʦʜʥʦʩʥʦ ʫʣʠʮʘ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ (ʜʨʞʘʚʥʠ ʧʫʪ II ʨʝʜʘ, 

ʦʜʥʦʩʥʦ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ ʚʠʰʝʛ ʨʘʥʛʘ ʠ ʜʝʦʥʠʮʘ ʤʘʛʠʩʪʨʘʣʥʦʛ ʧʫʪʘ ʄ-5) ʠ ʫʣʠʮʘ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ 

(ʣʦʢʘʣʥʘ ʫʣʠʮʘ).  

ʉʣʠʢʘ 3.13 ʋʨʝʹʘʿ AVL DiCom 4000 ʥʘ ʪʝʨʝʥʫ 
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ʋʟʦʨʢʦʚʘˁʝ ʠʤʠʩʠʿʘ ʿʝ ʫʩʢʣʘʹʝʥʦ ʩʘ ʝʚʨʦʧʩʢʠʤ ʜʠʨʝʢʪʠʚʘʤʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ (EC Air Quality 

Directives): 

¶ ɽʋ ʜʠʨʝʢʪʠʚʘ 1999/30/EC (ʧʨʠʣʠʢʦʤ ʫʟʦʨʢʦʚʘˁʘ ʩʫʤʧʦʨ-ʜʠʦʢʩʠʜʘ ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ); 

¶ ɽʋ ʜʠʨʝʢʪʠʚʘ 2000/69/EC (ʧʨʠʣʠʢʦʤ ʫʟʦʨʢʦʚʘˁʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʠ ʙʝʥʟʝʥʘ); 

¶ ɽʋ ʜʠʨʝʢʪʠʚʘ 2002/3/EC (ʧʨʠʣʠʢʦʤ ʫʟʦʨʢʦʚʘˁʘ ʧʨʠʟʝʤʥʦʛ ʦʟʦʥʘ). 

 

ʇʦʿʝʜʠʥʠ ʠʩʪʨʘʞʠʚʘʯʠ, ʧʦʧʫʪ ɺʘʨʜʦʫʣʘʢʠʩʘ ʠ ʦʩʪʘʣʠʭ (ʝʥʛ. Vardoulakis et al., 2005) [69], 

ʧʨʝʮʠʟʠʨʘʿʫ ʜʘ ʚʠʩʠʥʘ ʤʝʨʝˁʘ ʪʨʝʙʘ ʙʠʪʠ ʠʟʤʝʹʫ 1,5 (ʚʠʩʠʥʘ ʥʘ ʢʦʿʦʿ ˀʫʜʠ ʜʠʰʫ) ʠ 4 m, ʥʝ ʤʘˁʝ 

ʦʜ 25 m ʦʜ ʛʣʘʚʥʠʭ ʨʘʩʢʨʩʥʠʮʘ ʠ 4 m ʦʜ ʩʨʝʜʠʥʝ ʥʘʿʙʣʠʞʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ. ɿʘ ʘʟʦʪ-ʜʠʦʢʩʠʜ ʠ 

ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜ, ʤʝʩʪʦ ʤʝʨʝˁʘ ʪʨʝʙʘ ʙʠʪʠ ʤʘˁʝ ʦʜ 5 m ʦʜ ʠʚʠʯˁʘʢʘ ʪʨʦʪʦʘʨʘ, ʘ ʟʘ ʯʝʩʪʠʮʝ ʦʜ 10 

ɛm ʠ ʙʝʥʟʝʥ ʫ ʙʣʠʟʠʥʠ ʬʘʩʘʜʝ ʟʛʨʘʜʝ (ʘʣʠ ʥʝ ʤʘˁʝ ʦʜ 0,5 m ʦʜ ʥʘʿʙʣʠʞʝʛ ʟʠʜʘ). ʋ ʩʣʫʯʘʿʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʚʠʩʠʥʘ ʤʝʨʝˁʘ ʿʝ 3 m, ʜʦʢ ʿʝ ʫʜʘˀʝʥʦʩʪ ʦʜ ʥʘʿʙʣʠʞʝ ʨʘʩʢʨʩʥʠʮʝ ʫ 

ʫʣʠʮʠ ɼʊ 30 m, ʦʜʥʦʩʥʦ 35 m ʫ ʫʣʠʮʠ ʄɺ. ʐʪʦ ʩʝ ʪʠʯʝ ʤʝʩʪʘ ʤʝʨʝˁʘ ʠ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʠʚʠʯˁʘʢʘ, 

ʧʦʤʝʥʫʪʦ ʨʘʩʪʦʿʘˁʝ ʿʝ ʤʘˁʝ ʦʜ 5 m ʫ ʦʙʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʫʣʠʮʝ, ʠ ʥʘ ʛʨʘʥʠʮʠ ʦʜ 4 m ʦʜ ʩʨʝʜʠʥʝ 

ʥʘʿʙʣʠʞʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ. ʋʧʦʪʨʝʙˀʝʥʘ ʦʧʨʝʤʘ ʨʘʜʠ ʨʝʛʠʩʪʨʦʚʘˁʘ ʠʤʠʩʠʿʝ ʧʨʠʧʘʜʘ I ʢʣʘʩʠ 

ʩʚʝʪʩʢʠ ʧʨʠʟʥʘʪʝ ʘʧʘʨʫʪʫʨʝ ʟʘ ʤʝʨʝˁʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʿʝʜʥʝ ʘʤʙʠʿʝʥʪʘʣʥʝ ʩʨʝʜʠʥʝ. ʇʦʜʘʮʠ ʩʝ 

ʦʯʠʪʘʚʘʿʫ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, ʘʫʪʦʤʘʪʩʢʠ ʥʘ ʜʠʛʠʪʘʣʥʦʤ ʜʠʩʧʣʝʿʫ, ʧʨʠ ʯʝʤʫ ʩʝ ʩʤʝʰʪʘʿʫ ʫ ʙʘʟʫ 

ʧʦʜʘʪʘʢʘ ʨʘʜʠ ʘʨʭʠʚʠʨʘˁʘ ʠ ʦʙʨʘʜʝ ʨʝʟʫʣʪʘʪʘ. ʅʝʦʧʭʦʜʥʫ ʦʧʨʝʤʫ ʿʝ ʯʠʥʠʣʘ ʩʣʝʜʝ˂ʘ ʘʧʘʨʘʪʫʨʘ: 

¶ ɸʫʪʦʤʘʪʩʢʠ ʘʥʘʣʠʟʘʪʦʨ ʟʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜ, ʤʦʜʝʣ APMA - 360 HORIBA; 

¶ ɸʫʪʦʤʘʪʩʢʠ ʘʥʘʣʠʟʘʪʦʨ ʟʘ ʦʢʩʠʜʝ ʘʟʦʪʘ, ʤʦʜʝʣ APHA - 360 HORIBA; 

¶ ɸʫʪʦʤʘʪʩʢʠ ʘʥʘʣʠʟʘʪʦʨ ʟʘ ʧʨʠʟʝʤʥʠ ʦʟʦʥ, ʤʦʜʝʣ APOA - 360 HORIBA; 

¶ ʆʩʤʦʢʘʥʘʣʥʠ ʘʧʘʨʘʪ ʟʘ ʫʟʦʨʢʦʚʘˁʝ ʚʘʟʜʫʭʘ ɸʊ 801H PROEKOS; 

¶ ɻʘʩʥʠ ʭʨʦʤʘʪʦʛʨʘʬ AGILENT 7890 ʩʘ ʪʝʨʤʘʣʥʠʤ ʜʝʩʦʨʙʝʨʦʤ GERSTEL TDS 3. 

 

ʅʘ ʩʣʠʮʠ 3.16 ʿʝ ʫ ʮʠˀʫ ʧʨʠʤʝʨʘ ʧʨʠʢʘʟʘʥ ʧʦʣʦʞʘʿ, ʦʜʥʦʩʥʦ ʤʝʨʥʦ ʤʝʩʪʦ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦʛ ʚʦʟʠʣʘ 

ɻɿɱɿ ɹʛʜ ʫ ʫʣʠʮʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʠ ʜʝʦ ʥʝʦʧʭʦʜʥʝ ʦʧʨʝʤʝ ʟʘ ʨʝʛʠʩʪʨʦʚʘˁʝ ʠʤʠʩʠʿʝ. 

ʉʣʠʢʘ 3.14 ʋʣʠʮʘ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʉʣʠʢʘ 3.15 ʋʣʠʮʘ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ 
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ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ OSPM ʧʦʣʫʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ, ʟʘ ˁʝʛʦʚ ʨʘʜ ʩʫ ʥʝʦʧʭʦʜʥʠ ʤʝʪʝʦʨʦʣʦʰʢʠ ʠ ʧʦʜʘʮʠ 

ʘʝʨʦʟʘʛʘʹʝˁʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ. ʅʘʿʧʦʫʟʜʘʥʠʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ʤʦʛʫ ʥʘʤ ʦʙʝʟʙʝʜʠʪʠ ʘʫʪʦʤʘʪʩʢʝ 

ʩʪʘʥʠʮʝ ʠ ʜʘʥʘʩ ʩʢʦʨʦ ʩʚʠ ʚʝʣʠʢʠ ʩʚʝʪʩʢʠ ʛʨʘʜʦʚʠ ʠʤʘʿʫ ʪʘʢʦ ʠʥʩʪʘʣʠʨʘʥʝ ʩʠʩʪʝʤʝ ʢʘʢʦ ʙʠ 

ʦʙʘʚʝʩʪʠʣʠ ʩʪʘʥʦʚʥʠʰʪʚʦ ʦ ʥʠʚʦʫ ʠʟʣʦʞʝʥʦʩʪʠ ʰʪʝʪʥʠʤ ʤʘʪʝʨʠʿʘʤʘ. ʇʨʠ ʪʦʤʝ ʿʝ ʚʘʞʥʦ ʥʘʛʣʘʩʠʪʠ 

ʜʘ ʟʘ ʤʝʩʪʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝ ʪʨʝʙʘ ʙʠʨʘʪʠ ʦʛʨʘʥʠʯʝʥʝ ʛʨʘʜʩʢʝ ʩʨʝʜʠʥʝ, ʠ ʜʘ ʤʝʩʪʦ ʤʝʨʝˁʘ ʪʨʝʙʘ ʜʘ 

ʧʨʝʜʩʪʘʚˀʘ ʥʠʚʦʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʫ ʦʙʣʘʩʪʠ ʦʜ ʥʘʿʤʘˁʝ 200 m
2
 (Vardoulakis et al., 2005) [69] (ʧʦʧʫʪ 

ʧʝʰʘʯʢʠʭ ʙʫʣʝʚʘʨʘ ʠʣʠ ʛʨʘʜʩʢʠʭ ʧʘʨʢʦʚʘ). ʅʘʨʝʜʥʠ ʧʘʩʫʩ ʦʙʿʘʰˁʘʚʘ ʟʘʰʪʦ ʿʝ ʛʨʘʜ ʂʨʘˀʝʚʦ 

ʠʟʘʙʨʘʥ ʢʘʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʤʝʩʪʦ ʤʝʨʝˁʘ ʠ ʧʨʦʮʝʥʝ ʠʤʠʩʠʿʝ. 

 

ɺʣʘʜʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʿʝ 2009.ʛʦʜʠʥʝ ʜʘʣʘ ʜʦʟʚʦʣʫ ʟʘ ʧʨʦʿʝʢʘʪ ʄʠʥʠʩʪʘʨʩʪʚʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ 

ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ ʠ ɸʛʝʥʮʠʿʝ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʦ ʘʫʪʦʤʘʪʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʫ 

ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ. ɼʚʘʜʝʩʝʪ ʦʩʘʤ ʩʪʘʥʠʮʘ ʪʘʢʦ ʦʨʛʘʥʠʟʦʚʘʥʠʭ ʤʨʝʞʘ ʿʝ ʨʘʩʧʦʨʝʹʝʥʦ ʫ 23 ʛʨʘʜʘ 

ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʠ ʿʝʜʘʥ ʦʜ ʪʠʭ ʛʨʘʜʦʚʘ ʿʝ ʛʨʘʜ ʂʨʘˀʝʚʦ (ʧʨʦʛʨʘʤ: EuropeAid/124395/D/SUP/YU 

Supply of Equipment for Air Monitoring). ʅʘ ʩʣʠʮʠ 3.17 ʿʝ ʧʨʠʢʘʟʘʥ ʧʦʣʦʞʘʿ ʘʫʪʦʤʘʪʩʢʝ ʩʪʘʥʠʮʝ ʟʘ 

ʤʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫ ʂʨʘˀʝʚʫ (ʧʦʟʠʮʠʿʘ ʮʨʚʝʥʝ ʩʫʟʝ ʩʘ ʪʘʯʢʦʤ), ʢʘʦ ʠ ʧʦʣʦʞʘʿ ʫʣʠʮʘ 

ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʠ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʤʝʥʫʪʫ ʣʦʢʘʮʠʿʫ. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʫ ʦʚʦʿ 

ʘʫʪʦʤʘʪʩʢʦʿ ʩʪʘʥʠʮʠ ʠʩʢʦʨʠʰ˂ʝʥʠ ʩʫ ʢʘʦ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʥʝʦʧʭʦʜʥʠ OSPM-ʫ ʨʘʜʠ ʜʝʬʠʥʠʩʘˁʘ 

ʥʝʦʧʭʦʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ.  

      ʉʣʠʢʘ 3.16  ʇʦʣʦʞʘʿ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦʛ ʚʦʟʠʣʘ ʫ ʫʣʠʮʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʠ ʜʝʦ ʤʝʨʥʝ ʦʧʨʝʤʝ 
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3.3.3. ʄʝʪʦʜʘ ʠ ʤʝʨʥʘ ʦʧʨʝʤʘ ʟʘ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ 

 

ʇʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʚʦʞˁʝ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʤʦʜʝʣʫ COPERT ʠ 

ʦʥʘ ʛʝʥʝʨʘʣʥʦ ʤʦʞʝ ʟʘʚʠʩʠʪʠ ʦʜ ʪʠʧʘ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʠ ʧʝʨʠʦʜʘ ʤʝʨʝˁʘ ʫ ʪʦʢʫ ʜʘʥʘ. ʅʝʣʠʥʝʘʨʥʠ 

ʦʜʥʦʩ ʠʟʤʝʹʫ ʙʨʟʠʥʝ ʠ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʿʝ ʜʦʙʨʦ ʫʩʧʦʩʪʘʚˀʝʥ. ʀʩʧʠʪʠʚʘˁʠʤʘ ʦʩʝʪˀʠʚʦʩʪʠ ʝʤʠʩʠʿʝ 

(Miller, 1995) [198], ʫ ʿʝʜʠʥʠʮʘʤʘ ʤʝʨʝˁʘ [gĿmin
-1
], ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ ʝʤʠʩʠʿʘ ʥʘʿʤʘˁʘ ʪʦʢʦʤ 

ʧʝʨʠʦʜʘ ʧʨʘʟʥʦʛ ʭʦʜʘ ʤʦʪʦʨʘ ʠ ʜʘ ʩʝ ʨʘʚʥʦʤʝʨʥʦ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ. 

ʄʝʹʫʪʠʤ, ʜʦʢ ʝʤʠʩʠʿʘ CO ʧʦʢʘʟʫʿʝ ʩʘʤʦ ʧʦʩʪʝʧʝʥʦ ʧʦʚʝ˂ʘˁʝ, ʝʤʠʩʠʿʘ NOx ʩʝ ʙʨʞʝ ʧʦʚʝ˂ʘʚʘ. ʋ ʦʙʘ 

ʩʣʫʯʘʿʘ, ʥʘʿʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ ʿʘʚˀʘʿʫ ʩʝ ʧʨʠ ʥʘʿʚʝ˂ʠʤ ʙʨʟʠʥʘʤʘ, ʢʘʜʘ ʿʝ ʦʧʪʝʨʝ˂ʝˁʝ ʤʦʪʦʨʘ 

ʥʘʿʚʝ˂ʝ. ɸʣʠ ʘʢʦ ʩʝ ʝʤʠʩʠʿʘ ʤʝʨʠ ʫ [gĿkm
-1
], ʩʪʘˁʝ ʿʝ ʜʨʫʛʘʯʠʿʝ. ʇʨʠ ʙʨʟʠʥʘʤʘ ~  0 kmĿh

-1
, ʢʦʣʠʯʠʥʘ 

ʝʤʠʩʠʿʝ ʩʝ ʧʨʠʙʣʠʞʘʚʘ ʙʝʩʢʦʥʘʯʥʦʩʪʠ, ʿʝʨ ʿʝ ʧʨʝʹʝʥʦ ʨʘʩʪʦʿʘˁʝ ʠʟʫʟʝʪʥʦ ʤʘʣʦ. ʉʭʦʜʥʦ ʪʦʤʝ, ʧʨʠ 

ʙʨʟʠʥʘʤʘ < 16 kmĿh
-1
, ʝʤʠʩʠʿʘ ʩʝ ʙʨʟʦ ʧʦʚʝ˂ʘʚʘ ʧʨʠ ʩʤʘˁʝˁʫ ʙʨʟʠʥʝ. ɽʤʠʩʠʿʘ ʿʝ ʥʘʿʤʘˁʘ ʧʨʠ 

ʙʨʟʠʥʘʤʘ ʢʦʿʝ ʩʝ ʢʨʝ˂ʫ ʫ ʦʧʩʝʛʫ ʠʟʤʝʹʫ 64 ʠ 88 kmĿh
-1
.  

 

ʋ ʩʚʝʪʫ ʥʝ ʧʦʩʪʦʿʠ ʩʪʘʥʜʘʨʜʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʢʦʿʘ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʤʝʨʝˁʝʤ 

ʢʚʘʣʠʪʝʪʘ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ. ɱʝʜʠʥʦ ʦ ʯʝʤʫ ʩʝ ʧʦʩʝʙʥʦ ʚʦʜʠʣʦ ʨʘʯʫʥʘ ʿʝʩʪʝ ʧʦʟʠʮʠʿʘ ʤʝʨʥʠʭ 

ʪʘʯʘʢʘ ʫ ʫʣʠʮʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʠ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ, ʢʘʢʦ ʙʠ ʩʝ ʨʝʛʠʩʪʨʦʚʘʥʘ ʙʨʟʠʥʘ ʚʦʟʠʣʘ 

ʤʦʛʣʘ ʧʦʚʝʟʘʪʠ ʩʘ ʧʦʜʘʮʠʤʘ ʠʤʠʩʠʿʘ ʟʘʙʝʣʝʞʝʥʠʭ ʦʜ ʩʪʨʘʥʝ ɱɿɻɿ ɹʝʦʛʨʘʜ.  

 

 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʩʧʨʦʚʝʜʝʥʦ ʫʨʝʹʘʿʝʤ I ʂʣʘʩʝ, ʦʜʥʦʩʥʦ ProLaser III, ʢʦʠʿ ʿʝ 

ʜʦʥʝʜʘʚʥʦ ʟʚʘʥʠʯʥʦ ʢʦʨʠʩʪʠʣʘ ʩʘʦʙʨʘ˂ʘʿʥʘ ʧʦʣʠʮʠʿʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʙʠʣʦ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʦʙʝʟʙʝʜʠʪʠ ˁʝʥʫ ʘʩʠʩʪʝʥʮʠʿʫ ʫ ʧʦʛʣʝʜʫ ʦʙʝʟʙʝʹʝˁʘ ʤʝʩʪʘ ʤʝʨʝˁʘ ʠ ʨʫʢʦʚʘˁʘ ʥʝʦʧʭʦʜʥʦʤ 

ʘʧʘʨʘʪʫʨʦʤ. ɻʨʝʰʢʘ ʤʝʨʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫʢʦʣʠʢʦ ʿʝ ʣʘʩʝʨʢʠ ʟʨʘʢ ʧʦʜ ʫʛʣʦʤ ʤʘˁʠʤ ʦʜ 8Á, ʿʝʩʪʝ ʜʦ 

         ʉʣʠʢʘ 3.17 ʇʦʣʦʞʘʿ ʩʪʘʥʠʮʝ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʠ ʤʝʪʝʦ-ʧʘʨʘʤʝʪʘʨʘ  
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1%, ʘ ʫʢʦʣʠʢʦ ʿʝ ʫʛʘʦ ʤʝʨʝˁʘ ʤʘˁʠ ʦʜ 14Á, ʛʨʝʰʢʘ ʦʯʠʪʘʥʝ ʙʨʟʠʥʝ ʤʦʞʝ ʙʠʪʠ ʥʘʿʚʠʰʝ ʜʦ 3%. 

ʋʢʦʣʠʢʦ ʿʝ ʨʘʟʜʘˀʠʥʘ ʤʝʨʝˁʘ ʠʟʤʝʹʫ 6 ʠ 60 m, ʛʨʝʰʢʘ ʠʟʤʝʨʝʥʝ ʙʨʟʠʥʝ ʤʦʞʝ ʙʠʪʠ ʥʘʿʚʠʰʝ 0,5%. 

ʀʟ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ ʠ ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʩʣʠʢʝ 3.19 ʠ 3.20, ʧʦʟʠʮʠʿʘ ʨʫʢʦʚʘʦʮʘ ʪʦʢʦʤ ʧʦʩʪʫʧʢʘ 

ʤʝʨʝˁʘ ʙʠʣʘ ʿʝ ʤʘˁʘ ʦʜ 8Á, ʜʦʢ ʿʝ ʨʘʟʜʘʠˀʥʘ ʤʝʨʝˁʘ ʠʟʥʦʩʠʣʘ 25 m ʫ ʫʣʠʮʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʠ 

20 m ʫ ʫʣʠʮʠ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ.  

 

 

ʉʣʠʢʘ 3.18 ʧʨʠʢʘʟʫʿʝ ʠʟʛʣʝʜ ʣʘʩʝʨʩʢʦʛ ʫʨʝʹʘʿʘ ProLaser III ʢʦʿʠʤ ʿʝ ʠʟʚʝʜʝʥ ʝʢʩʧʝʨʠʤʝʥʪ ʤʝʨʝˁʘ 

ʙʨʟʠʥʝ, ʜʦʢ ʩʫ ʫ ʪʘʙʝʣʠ 3.7 ʜʘʪʝ ˁʝʛʦʚʝ ʪʝʭʥʠʯʢʝ ʩʧʝʮʠʬʠʢʘʮʠʿʝ. 

 

Tabela 3.7  ʊʝʭʥʠʯʢʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʣʘʩʝʨʢʦʛ ʫʨʝʹʘʿʘ ʟʘ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ProLaser III 

ʆʧʰʪʝ ʠ ʦʧʝʨʘʮʠʦʥʝ ʩʧʝʮʠʬʠʢʘʮʠʿʝ ɺʝʣʠʯʠʥʝ 

ʈʘʜʥʠ ʥʘʧʦʥ 8,6ï16,5 V 

ʋʪʠʮʘʿ ʘʤʙʠʿʝʥʪʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ  

¶ ʦʜ -30 ᴈ ʜʦ 60 ᴈ; 

¶ ʜʦ 90% ʨʝʣʘʪʠʚʥʝ ʚʣʘʞʥʦʩʪʠ ʠ ʥʘ 37 ᴈ ʥʝ ʜʦʣʘʟʠ 

ʜʦ ʢʦʥʜʝʥʟʘʮʠʿʝ ʫʥʫʪʘʨ ʫʨʝʹʘʿʘ. 

ʊʝʞʠʥʘ 1,36 kg 

ɿʘʰʪʠʪʘ ʦʢʘ CDRH I ʂʣʘʩʘ ʟʘʰʪʠʪʝ 

ʈʘʩʧʦʥ ʤʝʨʥʝ ʙʨʟʠʥʝ 8ï320 kmĿh
-1
 

ʈʘʩʧʦʥ ʤʝʨʥʝ ʜʘˀʠʥʝ 3ï1.800 m 

ʊʘʯʥʦʩʪ ʧʨʦʮʝˁʝʥʝ ʙʨʟʠʥʝ  2 kmĿh
-1
 

ʊʘʣʘʩʥʘ ʜʫʞʠʥʘ ʣʘʩʝʨʩʢʦʛ ʟʨʘʢʘ 904 nm 10 nm 

ɺʨʝʤʝ ʘʢʚʠʟʠʮʠʿʝ 0,3 ʩʝʢʫʥʜʝ ʧʨʠ ʙʨʟʠʥʠ ʚʦʟʠʣʘ ʦʜ 96,5 kmĿh
-1
 

 

ʉʣʠʢʘ 3.19 ʧʨʠʢʘʟʫʿʝ ʝʢʩʧʝʨʠʤʝʥʪ ʤʝʨʝˁʘ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʫ ʫʣʠʮʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ (ɼʊ), ʜʦʢ 

ʩʣʠʢʘ 3.20 ʝʢʩʧʝʨʠʤʝʥʪ ʤʝʨʝˁʘ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʫ ʫʣʠʮʠ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ (ʄɺ). 

ʉʣʠʢʘ 3.18  ʃʘʩʝʨʩʢʠ ʫʨʝʹʘʿ ʟʘ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ProLaser III  
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3.3.4. ʄʝʪʦʜʘ ʤʝʨʝˁʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ ʠ ˁʝʛʦʚʝ ʩʪʨʫʢʪʫʨʝ 

 

ʊʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʤʝʨʝˁʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ ʨʝʛʠʩʪʨʦʚʘʥʦ ʿʝ ʫʢʫʧʥʦ 95.942 ʚʦʟʠʣʘ (ʫ ɼʊ - 

81.184 ʠ ʫ ʄɺ - 14.758). ʋʩʣʝʜ ʟʘʭʪʝʚʘ ʟʘ ʚʝʣʠʢʠʤ ʩʪʘʪʠʩʪʠʯʢʠʤ ʫʟʦʨʢʦʤ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʜʦʙʠʿʘˁʘ 

ʢʚʘʣʠʪʝʪʥʠʭ ʧʦʜʘʪʘʢʘ, ʙʨʦʿʘˁʝ ʚʦʟʠʣʘ ʫ ɼʊ ʿʝ ʩʧʨʦʚʦʹʝʥʦ ʪʦʢʦʤ ʮʝʣʝ ʩʝʜʤʠʮʝ, ʘ ʫ ʄɺ ʪʦʢʦʤ 3 

ʨʘʜʥʘ ʜʘʥʘ (+1 ʜʘʥ ʨʘʜʠ ʚʝ˂ʝʛ ʫʟʦʨʢʘ ʧʨʠʣʠʢʦʤ ʪʝʩʪʠʨʘˁʘ ʟʘʢʦʥʘ ʨʘʩʧʦʜʝʣʘ ʚʝʨʦʚʘʪʥʦ˂ʘ). 

ʇʨʠʤʝˁʝʥʘ ʿʝ ʪʝʭʥʠʢʘ ʥʝʧʨʝʢʠʜʥʦʛ ʤʘʥʫʝʣʥʦʛ ʤʦʥʠʪʦʨʠʥʛʘ ʫ ʧʝʨʠʦʜʫ 06.00ï17.00 ʯʘʩʦʚʘ (ʨʘʜʠ 

ʩʘʛʣʝʜʘʚʘˁʘ 3 ʚʨʰʥʘ ʩʘʦʙʨʘ˂ʘʿʥʘ ʧʝʨʠʦʜʘ, ʦʜʥʦʩʥʦ 06.30ï08.00 ʯʘʩʦʚʘ, 11.00ï13.00 ʯʘʩʦʚʘ ʠ 

14.30ï16.00 ʯʘʩʦʚʘ), ʩ ʪʠʤ ʰʪʦ ʿʝʜʥʦʯʘʩʦʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʧʦ ʩʤʝʨʦʚʠʤʘ ʧʨʝʜʩʪʘʚˀʘ ʩʫʤʫ ʯʝʪʠʨʠ 

ʧʝʪʥʘʝʩʪʦʤʠʥʫʪʥʠʭ ʠʥʪʝʨʚʘʣʘ ʩʥʠʤʘˁʘ. ɱʝʜʥʦʯʘʩʦʚʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʚʦʟʠʣʘ ʫ ʫʣʠʮʠ ʧʨʝʜʩʪʘʚˀʘ 

ʟʙʠʨ ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʧʦ ʩʤʝʨʦʚʠʤʘ. ʉʚʘʢʦ ʨʝʛʠʩʪʨʦʚʘʥʦ ʚʦʟʠʣʦ ʿʝ ʨʘʟʚʨʩʪʘʥʦ ʫ ʿʝʜʥʫ ʦʜ 

ʧʝʪ ʢʘʪʝʛʦʨʠʿʘ, ʦʜʥʦʩʥʦ: 1) ʇʫʪʥʠʯʢʦ ʚʦʟʠʣʦ (ʇɺ); 2) ʃʘʢʦ ʪʝʨʝʪʥʦ ʚʦʟʠʣʦ (ʃʊɺ); 3) ʊʝʰʢʦ 

ʪʝʨʝʪʥʦ ʚʦʟʠʣʦ (ʊʊɺ); 4) ɸʫʪʦʙʫʩ (ɹʋʉ) ʠ 5) Mʦʪʦʮʠʢʣʠ (2W) (ʝʥʛ. two-wheelers). 

ʉʣʠʢʘ 3.20  ʇʦʟʠʮʠʿʘ ʤʝʨʝˁʘ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʫ ʫʣʠʮʠ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ 

ʉʣʠʢʘ 3.19  ʇʦʟʠʮʠʿʘ ʤʝʨʝˁʘ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʫ ʫʣʠʮʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ 
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4. Eʂʉʇɽʈʀʄɽʅʊɸʃʅʀ ʈɽɿʋʃʊɸʊʀ ʀ ɸʅɸʃʀɿɽ 

 

4.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʠ ʘʥʘʣʠʟʘ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʤʦʪʦʨʘ 

 

ʋ ʧʨʠʣʦʛʫ ɸ, ʪʘʙʝʣʘ ɸ39, ʥʘʣʘʟʠ ʩʝ ʢʦʤʧʣʝʪʥʘ ʙʘʟʘ ʩʘ ʧʦʜʘʮʠʤʘ ʦ ʚʦʟʠʣʠʤʘ ʠ ʧʨʠʧʘʜʘʿʫ˂ʝ 

ʨʝʛʠʩʪʨʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ. ʇʨʠ ʧʦʩʪʘʚʮʠ ʙʠʥʦʤʥʦʛ ʣʦʛʠʩʪʠʯʢʦʛ ʨʝʛʨʝʩʠʦʥʦʛ 

ʤʦʜʝʣʘ (ɹʃʈ), ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʚʦ ʦʜʘʙʨʘʪʠ ʩʚʝ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ (ʧʨʝʜʠʢʪʦʨʝ) ʢʦʿe, ʧʦ 

ʠʥʪʫʠʮʠʿʠ ʠʣʠ ʠʩʢʫʩʪʚʫ, ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʨʝʟʫʣʪʘʪʝ ʪʝʩʪʘ, ʘʣʠ ʪʘʢʦ ʜʘ ʠʟʤʝʹʫ ˁʠʭ ʥʝ ʧʦʩʪʦʿʠ 

ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ (ʥʝʤʘʿʫ ʚʨʣʦ ʪʝʩʥʫ ʚʝʟʫ ʫ ʪʘʙʝʣʠ ʢʦʥʪʠʛʝʥʮʠʿʝ, ʥʘ ʧʨʠʤʝʨ: ʧʨʝʢʦ 0,9), ʿʝʨ 

ʫʢʦʣʠʢʦ ʫʩʚʦʿʠʤʦ ʧʨʦʤʝʥˀʠʚʝ ʢʦʝʿ ʩʫ ʩʥʘʞʥʦ ʧʦʚʝʟʘʥʝ, ʦʥʝ ˂ʝ ʩʝ ʩʪʘʣʥʦ ʩʫʢʦʙˀʘʚʘʪʠ ʫ ʤʦʜʝʣʫ, 

ʦʜʥʦʩʥʦ ʜʝʣʠ˂ʝ ʚʘʨʠʿʘʥʩʫ (ʜʠʩʧʝʨʟʠʿʫ) ʠ ʧʨʦʠʟʚʦʜʠ˂ʝ ʛʨʝʰʢʝ ʫ ʠʟʣʘʟʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ. ɿʘʪʦ ʿʝ ʥʘ 

ʧʦʯʝʪʢʫ ʘʥʘʣʠʟʝ ʦʜʘʙʨʘʥʦ 7 ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʧʨʝʜʠʢʪʦʨʘ ʢʦʿʠ ʥʘʤ ʩʚʦʿʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʤʦʞʜʘ ʤʦʛʫ 

ʜʘʪʠ ʧʨʠʭʚʘʪˀʠʚ ʦʜʛʦʚʦʨ ʦ ʚʝʨʦʚʘʪʥʦ˂ʠ ʜʘ ʣʠ ʿʝ ʚʦʟʠʣʦ ʝʤʠʩʠʦʥʦ ʥʝʠʩʧʨʘʚʥʦ, ʘʣʠ ʧʦʜ ʫʩʣʦʚʦʤ ʜʘ 

ʠʟʤʝʹʫ ˁʠʭ ʥʝ ʧʦʩʪʦʿʠ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ. ʋʧʨʘʚʦ ʟʘʪʦ ʿʝ ʬʦʨʤʠʨʘʥʘ ʪʘʙʝʣʘ 4.1 ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ 

ʪʘʙʝʣʫ ʢʦʥʪʠʛʝʥʮʠʿʝ, ʦʜʥʦʩʥʦ ʨʝʟʫʣʪʘʪʝ ʇʠʨʩʦʥʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ (ʿʝʜʥʘʯʠʥʘ 3.15) 

ʠʟʤʝʹʫ ʩʚʠʭ ʧʨʝʜʠʢʪʦʨʘ ʢʦʿʠ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʨʝʟʫʣʪʘʪʝ ʪʝʩʪʘ ʝʤʠʩʠʿʝ.  

 

ʊʘʙʝʣʘ 4.1  ʂʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠʭ ʫʪʠʮʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (ʧʨʝʜʠʢʪʦʨʘ) 

ᶻ zʫʪʚʨʹʝʥʘ ʟʥʘʯʘʿʥʘ ʢʦʨʝʣʘʪʠʚʥʦʩʪ ʟʘ ὴ πȟπρ;  zʫʪʚʨʹʝʥʘ ʟʥʘʯʘʿʥʘ ʢʦʨʝʣʘʪʠʚʥʦʩʪ ʟʘ ὴ πȟπυ 
 

ʊʘʙʝʣʘ ʢʦʥʪʠʛʝʥʮʠʿʝ ʿʘʩʥʦ ʧʦʢʘʟʫʿʝ ʚʠʩʦʢʦ ʟʥʘʯʘʿʥʫ ʢʦʨʝʣʘʪʠʚʥʦʩʪ ʠʟʤʝʹʫ ʩʥʘʛʝ ʠ ʟʘʧʨʝʤʠʥʝ 

ʤʦʪʦʨʘ. ɿʙʦʛ ʤʘˁʝʛ ʩʪʘʥʜʘʨʜʥʦʛ ʦʜʩʪʫʧʘˁʘ (3$ ςπȠ 3$ σπυ, ʢʘʦ ʠ ʩʪʘʥʜʘʨʜʥʝ ʛʨʝʰʢʝ 

3ɽ πȟτȠ 3ɽ ψȟρ) ʩʥʘʛʝ ʤʦʪʦʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ˁʝʛʦʚʫ ʟʘʧʨʝʤʠʥʫ, ʜʨʫʛʘ ʥʘʙʨʦʿʘʥʘ 

ʧʨʦʤʝʥˀʠʚʘ ʿʝ ʝʣʠʤʠʥʠʩʘʥʘ ʢʘʦ ʤʦʛʫ˂ʠ ʧʨʝʜʠʢʪʦʨ ɹʃʈ ʤʦʜʝʣʘ. ɼʨʫʛʠ ʨʘʟʣʦʛ ʦʜʙʘʮʠʚʘˁʘ ʿʝʩʫ 

ʫʩʣʦʚʠ ʢʦʿʝ ʧʦʩʪʘʚˀʘ ʙʠʥʦʤʥʘ ʣʦʛʠʩʪʠʯʢʘ ʨʝʛʨʝʩʠʿʘ, ʦʜʥʦʩʥʦ ʜʘ ʙʨʦʿ ʫʟʦʨʘʢʘ ʥʝ ʙʠ ʩʤʝʦ ʙʠʪʠ 

ʤʘˁʠ ʦʜ 400 (Hosmer and Lemeshow, 2000) [212]. ʈʘʜʠ ʧʨʝʮʠʟʥʦʩʪʠ ʤʦʜʝʣʘ, ʩʚʘʢʘ ʧʦʪʢʘʪʝʛʦʨʠʿʘ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʪʨʝʙʘ ʠʩʧʫʥʠʪʠ ʧʦʤʝʥʫʪʦ, ʰʪʦ ʥʠʿʝ ʟʘʜʦʚʦˀʝʥʦ ʢʦʜ ʧʦʜʝʣʝ 

ʥʘ ʧʦʪʢʘʪʝʛʦʨʠʿʝ ʟʘʧʨʝʤʠʥʝ ʤʦʪʦʨʘ. ʊʦʢʦʤ ʧʦʩʪʫʧʢʘ ʤʦʜʝʣʠʨʘˁʘ, ʤʦʛʣʘ ʿʝ ʙʠʪʠ ʥʘʧʨʘʚˀʝʥʘ ʪʘʢʚʘ 

ʧʦʜʝʣʘ ʢʦʿʘ ʙʠ ʠʩʧʫʥʠʣʘ ʪʨʘʞʝʥʦ, ʘʣʠ ʪʘʜʘ ʦʥʘ ʥʝ ʙʠ ʦʜʛʦʚʘʨʘʣʘ ʩʪʨʫʯʥʦ ʧʦʞʝˀʥʦʿ ʧʦʜʝʣʠ. ɿʘʪʦ ˂ʝ 

ʫʩʚʦʿʝʥʝ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʧʦʣʘʟʥʦʛ ɹʃʈ ʤʦʜʝʣʘ ʥʝʧʨʦʣʘʩʢʘ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ CO ʙʠʪʠ 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʪʘʙʝʣʠ 4.2. 

ʇʨʦʤʝʥˀʠʚʝ 

(ʧʨʝʜʠʢʪʦʨʠ) 

ʇʦʨʝʢʣʦ 

ʚʦʟʠʣʘ 

ʇʨʝʹʝʥʦ 

ʢʠʣʦʤʝʪʘʨʘ 

ʉʪʘʨʦʩʪ 

ʚʦʟʠʣʘ 

ɿʘʧʨʝʤʠʥʘ 

ʤʦʪʦʨʘ 

ʉʥʘʛʘ 

ʤʦʪʦʨʘ 

ʊʠʧ 

ʥʘʧʘʿʘˁʘ 
ʂʘʪʘʣʠʟʘʪʦʨ 

ʇʦʨʝʢʣʦ 

ʚʦʟʠʣʘ 
1 πȟτρσzz πȟπχτzz πȟχφχzz πȟχπσzz πȟυωπzz πȟυυχzz 

ʇʨʝʹʝʥʦ 

ʢʠʣʦʤʝʪʨʘ 

 
1 πȟυρςᶻz πȟυρρᶻz πȟτυρᶻz πȟρςωᶻz πȟπςς 

ʉʪʘʨʦʩʪ 

ʚʦʟʠʣʘ 

 
 1 πȟπτωz πȟρτπz πȟτςχzz πȟυρωzz 

ɿʘʧʨʝʤʠʥʘ 

ʤʦʪʦʨʘ 

 
  1 ȟ ᶻz πȟυωτzz πȟτφρzz 

ʉʥʘʛʘ ʤʦʪʦʨʘ     1 πȟφρυᶻz πȟτχυᶻz 

ʊʠʧ ʥʘʧʘʿʘˁʘ      1 πȟχωςzz 
ʂʘʪʘʣʠʟʘʪʦʨ       1 
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ʊʘʙʝʣʘ 4.2 ʇʨʝʛʣʝʜ ʫʩʚʦʿʝʥʠʭ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (ʧʨʝʜʠʢʪʦʨʘ) 

ʅʝʟʘʚʠʩʥʘ 

ʧʨʦʤʝʥˀʠʚʘ 
ʉʠʤʙʦʣ ʆʟʥʘʢʘ 

ɺʨʩʪʘ  

ʧʨʦʤʝʥˀʠʚʝ 
ʇʦʪʢʘʪʝʛʦʨʠʿʘ ʂʦʜʠʨʘˁʝ 

ʆʜʥʦʩ ʠ ʩʠʤʙʦʣ 

ʧʦʪʢʘʪʝʛʦʨʠʿʝ 

ʇʦʨʝʢʣʦ ʚʦʟʠʣʘ D ὼ 
ʥʦʤʠʥʘʣʥʘ 

ʙʠʥʦʤʥʘ 

ʩʪʨʘʥʦ 0 ʨʝʬʝʨʝʥʪʥʘ 

ʜʦʤʘ˂ʝ 1 D(1) 

ʂʠʣʦʤʝʪʨʘʞʘ L ὼ ʜʠʩʢʨʝʪʥʘ / / / 

ʉʪʘʨʦʩʪ ʚʦʟʠʣʘ S ὼ ʜʠʩʢʨʝʪʥʘ / / / 

ʉʥʘʛʘ ʤʦʪʦʨʘ kW ὼ ʠʥʪʝʨʚʘʣʥʘ 

ʜʦ 40 kW 0 ʨʝʬʝʨʝʥʪʥʘ 

41-70 kW 1 kW(1) 

>70 kW 2 kW(2) 

ʊʠʧ ʥʘʧʘʿʘˁʘ FI ὼ 
ʥʦʤʠʥʘʣʥʘ 

ʙʠʥʦʤʥʘ 

ʫʙʨʠʟʛʘʚʘˁʝ 0 ʨʝʬʝʨʝʥʪʥʘ 

ʢʘʨʙʫʨʘʪʦʨ 1 FI(1) 

ʂʘʪʘʣʠʟʘʪʦʨ K ὼ 
ʥʦʤʠʥʘʣʥʘ 

ʙʠʥʦʤʥʘ 

ʠʤʘ ʢʘʪʘʣʠʟʘʪʦʨ 0 ʨʝʬʝʨʝʥʪʥʘ 

ʥʝʤʘ ʢʘʪʘʣʠʟʘʪʦʨ 1 K(1) 

 

ʇʨʝ ʜʘˀʝ ʘʥʘʣʠʟʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʢʨʘʪʢʦ ʦʙʿʘʩʥʠʪʠ ʚʨʩʪʝ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʪʘʙʝʣʠ 4.2. ɸʢʦ ʩʣʫʯʘʿʥʝ 

ʧʨʦʤʝʥˀʠʚʝ ʫʟʠʤʘʿʫ ʩʘ ʧʦʟʠʪʠʚʥʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʢʦʥʘʯʘʥ ʙʨʦʿ ʚʨʝʜʥʦʩʪʠ ʠʣʠ ʧʨʝʙʨʦʿʠʚʦ ʤʥʦʛʦ 

(ʜʘ ʩʝ ʤʦʛʫ ʧʨʝʙʨʦʿʘʪʠ ʩʢʫʧʦʤ ʧʨʠʨʦʜʥʠʭ ʙʨʦʿʝʚʘ), ʦʥʝ ʩʝ ʥʘʟʠʚʘʿʫ ʜʠʩʢʨʝʪʥʠʤ ʩʣʫʯʘʿʥʠʤ 

ʧʨʦʤʝʥˀʠʚʠʤ (Vukadinoviĺ i Popoviĺ, 2008) [265]. ʇʨʦʤʝʥˀʠʚʝ ʢʦʝʿ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʧʨʝʤʘ 

ʨʘʟʣʠʯʠʪʦʤ ʦʙʝʣʝʞʿʫ ʿʝʩʫ ʢʘʪʝʛʦʨʠʿʩʢʝ (ʘʪʨʠʙʫʪʠʚʥʝ). ʇʨʠ ʪʦʤʝ, ʦʥʝ ʩʝ ʜʦʜʘʪʥʦ ʤʦʛʫ 

ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʧʨʝʤʘ ʩʢʘʣʠ ʤʝʨʝˁʘ ʥʘ ʥʦʤʠʥʘʣʥʝ, ʦʨʜʠʥʘʣʥʝ ʠʣʠ ʠʥʪʝʨʚʘʣʥʝ. ʋ ʦʢʚʠʨʫ 

ʥʦʤʠʥʘʣʥʠʭ ʩʢʘʣʘ ʥʝ ʧʦʩʪʦʿʠ ʧʨʠʨʦʜʘʥ ʧʦʨʝʜʘʢ (ʥʘ ʧʨʠʤʝʨ: ʤʫʰʢʦ, ʞʝʥʩʢʦ; ʧʣʘʚ, ʮʨʚʝʥ ʠʣʠ ʟʝʣʝʥ 

ʘʫʪʦ ʠʪʜ.), ʢʦʜ ʦʨʜʠʥʘʣʥʠʭ ʧʦʩʪʦʿʠ ʧʨʠʨʦʜʘʥ ʧʦʨʝʜʘʢ ʢʦʿʠ ʜʘʿʝ ʤʦʛʫ˂ʥʦʩʪ ʧʦʨʝʹʝˁʘ (ʥʘ ʧʨʠʤʝʨ: 

ʧʨʚʦ, ʜʨʫʛʦ ʠʣʠ ʪʨʝ˂ʝ ʤʝʩʪʦ ʥʘ ʪʘʢʤʠʯʝˁʫ), ʜʦʢ ʢʘʪʝʛʦʨʠʿʩʢʝ ʠʥʪʝʨʚʘʣʥʝ ʧʨʦʤʝʥˀʠʚʝ ʠʤʘʿʫ 

ʥʫʤʝʨʠʯʢʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʜʚʝ ʚʨʝʜʥʦʩʪʠ. ʅʘʯʠʥ ʥʘ ʢʦʿʠ ʩʝ ʧʨʦʤʝʥˀʠʚʘ ʤʝʨʠ ʦʜʨʝʹʫʿʝ ˁʝʥʫ 

ʢʣʘʩʠʬʠʢʘʮʠʿʫ (Agresti, 2007) [267]. ʊʘʢʦʹʝ ʿʝ ʚʘʞʥʦ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʫ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ 

ʥʝʧʨʝʢʠʜʥʝ ʘʢʦ ʩʘ ʧʦʟʠʪʠʚʥʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʤʦʛʫ ʫʟʝʪʠ ʧʨʦʠʟʚʦˀʥʫ ʚʨʝʜʥʦʩʪ ʥʘ ʦʜʨʝʹʝʥʦʤ 

ʠʥʪʝʨʚʘʣʫ (Vukadinoviĺ, 2008) [265].      

 

ʇʨʝ ʧʦʩʪʘʚʢʝ ɹʃʈ ʤʦʜʝʣʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʢʨʘ˂ʫ ʘʥʘʣʠʟʫ ʦʜʘʙʨʘʥʠʭ ʧʨʝʜʠʢʪʦʨʘ. ɹʘʟʫ ʯʠʥʠ 

1.785 ʚʦʟʠʣʘ ʩʘ ʨʝʛʠʩʪʨʦʚʘʥʦʤ ʝʤʠʩʠʿʦʤ CO ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʦʧʰʪʠʥʘ ʂʨʘʛʫʿʝʚʘʮ ʠ ʊʨʩʪʝʥʠʢ, ʧʨʠ 

ʯʝʤʫ ʩʫ ʚʦʟʠʣʘ ʜʦʜʘʪʥʦ ʨʘʟʚʨʩʪʘʥʘ ʥʘ ʜʦʤʘ˂ʘ (754) ʠ ʩʪʨʘʥʘ (1.031). ʆʚʘʢʦ ʩʪʨʫʢʪʫʠʨʘʥʘ ʘʥʘʣʠʟʘ 

ʥʠʿʝ ʙʠʣʘ ʥʝʦʭʦʜʥʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʮʠˀʘ ʣʦʛʠʩʪʠʯʢʦʛ ʤʦʜʝʣʘ, ʤʝʹʫʪʠʤ, ʨʝʟʫʣʪʘʪʠ ʧʦʜʝˀʝʥʝ 

ʘʥʘʣʠʟʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʘʞʥʫ ʜʦʧʫʥʫ ʦʩʥʦʚʥʠʤ ʟʘʢˀʫʯʮʠʤʘ ʠ ʤʦʛʫ ʧʦʤʦ˂ʠ ʢʚʘʣʠʪʝʪʥʠʿʝʤ 

ʫʧʨʘʚˀʘˁʫ ʠ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʊʘʢʦʹʝ, ʦʚʘʢʚʘ ʘʥʘʣʠʟʘ ʪʨʝʙʘ ʜʘ ʩʧʨʝʯʠ ʫʦʧʰʪʘʚʘˁʝ 

ʧʦʿʝʜʠʥʠʭ ʟʘʢˀʫʯʘʢʘ, ʿʝʨ ʩʫ ʜʦʤʘ˂ʘ ʚʦʟʠʣʘ ʜʦʥʝʜʘʚʥʦ ʙʠʣʘ ʥʝʢʦʥʢʫʨʝʥʪʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʝ˂ʠʥʫ 

ʩʪʨʘʥʠʭ, ʧʨʝʤʘ ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʠ ʫʨʝʹʘʿʠʤʘ ʟʘ ʩʤʘˁʝˁʝ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ ʤʦʪʦʨʘ.  

 

ʉʣʠʢʘ 4.1 ʧʨʠʢʘʟʫʿʝ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʜʠʩʢʨʝʪʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ὼ ʠ ὼ (ʘʣʠ ʩʘʤʦ ʢʘʦ ʩʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ ʥʘ ʦʨʜʠʥʘʪʠ) ʠ ʢʘʪʝʛʦʨʠʿʩʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ὼ, ὼ ʠ ὼ (ʥʘ ʘʧʮʠʩʠ). ʋʧʦʪʨʝʙʘ ʩʨʝʜˁʝ 

ʚʨʝʜʥʦʩʪʠ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʧʨʝʚʝʣʠʢʘ ʦʜʩʪʫʧʘˁʘ, ʦʜʥʦʩʥʦ ʜʝʣʦʚʘˁʝ ʝʢʩʪʨʝʤʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʜʝʣʠʤʠʯʥʦ ʫʤʘʠˁ, ʿʝʨ ʙʠ ʪʦ ʤʦʛʣʦ ʧʨʦʠʟʚʝʩʪʠ ʧʦʛʨʝʰʥʝ ʟʘʢˀʫʯʢʝ. ʂʦʣʠʢʘ ʿʝ ʚʝʣʠʯʠʥʘ ʪʘʢʚʠʭ 

ʝʢʩʪʨʝʤʘ ʤʦʞʝ ʥʘʤ ʨʝ˂ʠ ʠʥʪʝʨʚʘʣ ʧʦʚʝʨʝˁʘ ʦʢʦ ʩʚʘʢʝ ʜʠʩʢʨʝʪʥʝ ʧʨʦʤʝʥˀʠʚʝ ʧʨʝʜʩʪʘʚˀʝʥ ʥʘ ʙʘʨ 

ʜʠʿʘʛʨʘʤʫ ʩʘ 5% ʩʪʘʪʠʩʪʠʯʢʝ ʛʨʝʰʢʝ.   
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ʈʝʬʝʨʝʥʪʥʘ ʧʦʪʢʘʪʝʛʦʨʠʿʘ ʩʥʘʛʝ ʤʦʪʦʨʘ (< 40 kW) ʩʣʠʯʥʝ ʿʝ ʧʨʦʩʝʯʥʝ ʩʪʘʨʦʩʪʠ ʢʦʜ ʜʦʤʘ˂ʠʭ ʠ 

ʩʪʨʘʥʠʭ ʚʦʟʠʣʘ, ʘ ʢʘʢʦ ʩʝ ʧʦʪʢʘʪʝʛʦʨʠʿʘ ʜʘˀʝ ʧʦʤʝʨʘ, ʧʨʦʩʝʯʥʘ ʩʪʘʨʦʩʪ ʠ ʧʨʦʩʝʯʥʘ ʢʠʣʦʤʝʪʨʘʞʘ 

ʿʝʩʪʝ ʚʝ˂ʘ ʢʦʜ ʩʪʨʘʥʠʭ ʚʦʟʠʣʘ. ʂʘʦ ʦʩʥʦʚʥʠ ʫʟʨʦʢ ʥʘʤʝ˂ʝ ʩʝ ʯʠˁʝʥʠʮʘ ʜʘ ʿʝ ʨʝʘʣʥʦ ʤʘˁʠ ʙʨʦʿ 

ʚʦʟʠʣʘ ʚʝ˂ʝ ʩʥʘʛʝ ʤʦʪʦʨʘ ʜʦʤʘ˂ʝʛ ʧʨʦʠʟʚʦʹʘʯʘ, ʿʝʨ ʩʝ ʥʠʩʫ ʧʨʦʠʟʚʦʜʠʣʘ ʫ ʚʝʣʠʢʠʤ ʩʝʨʠʿʘʤʘ ʜʦ ʧʨʝ 

ʧʘʨ ʛʦʜʠʥʘ. ʊʘʢʘʚ ʟʘʢˀʫʯʘʢ ʧʦʜʨʞʘʚʘ ʩʣʠʢʘ 4.1 ʝ, ʿʝʨ ʩʫ ʫʧʨʘʚʦ ʜʦʤʘ˂ʘ ʚʦʟʠʣʘ ʩʘ ʫʙʨʠʟʛʘʚʘˁʝʤ, 

ʢʘʦ ʪʠʧʦʤ ʥʘʧʘʿʘˁʘ ʛʦʨʠʚʘ, ʥʦʚʠʿʝ ʧʨʦʠʟʚʦʜˁʝ. ʉʪʨʘʥʘ ʚʦʟʠʣʘ ʩʘ ʢʘʨʙʫʨʘʪʦʨʦʤ ʩʫ ʫ ʧʨʦʩʝʢʫ 

ʩʪʘʨʠʿʘ 3 ʛʦʜʠʥʝ, ʘ ʩʘ ʩʠʩʪʝʤʦʤ ʫʙʨʠʟʛʘʚʘˁʘ ʯʘʢ 9 ʛʦʜʠʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʦʤʘ˂ʘ ʚʦʟʠʣʘ. ʊʘʢʦʹʝ, ʢʦʜ 

ʩʪʨʘʥʠʭ ʚʦʟʠʣʘ ʧʨʦʩʝʯʥʘ ʢʠʣʦʤʝʪʨʘʞʘ ʿʝ ʚʝ˂ʘ 84%.  

ʉʣʠʢʘ 4.1 ʋʥʘʢʨʩʥʘ ʘʥʘʣʠʟʘ ʜʠʩʢʨʝʪʥʠʭ ʠ ʢʘʪʝʛʦʨʠʿʩʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ  
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ʉʣʠʯʥʠ ʟʘʢˀʫʯʮʠ ʩʝ ʥʘʤʝ˂ʫ ʫʧʦʨʝʹʫʿʫ˂ʠ ʨʝʟʫʣʪʘʪʝ ʧʨʠʩʫʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɸʢʦ ʩʝ ʧʨʠ ʪʦʤʝ 

ʧʨʠʜʦʜʘ ʜʘ 45% ʫʟʦʨʢʦʚʘʥʠʭ ʩʪʨʘʥʠʭ ʚʦʟʠʣʘ ʥʝʤʘ ʢʘʪʘʣʠʟʘʪʦʨ, ʘ 41% ʥʝ ʧʦʩʝʜʫʿʝ ʩʘʚʨʝʤʝʥʠ ʪʠʧ 

ʥʘʧʘʿʘˁʘ ʛʦʨʠʚʦʤ, ʚʦʟʠʣʘ ʩʪʨʘʥʦʛ ʧʨʦʠʟʚʦʹʘʯʘ, ʫ ʜʦʩʘʜʘʰˁʦʿ ʘʥʘʣʠʟʠ, ʤʦʞʜʘ ʤʦʛʫ ʙʠʪʠ ʚʝ˂ʠ 

ʟʘʛʘʹʠʚʘʯʠ ʫ ʦʜʥʦʩʫ ʥʘ ʜʦʤʘ˂ʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʧʨʝʪʭʦʜʥʘ ʢʨʘ˂ʘ ʘʥʘʣʠʟʘ ʥʝ ʙʠ ʙʠʣʘ ʧʦʪʧʫʥʘ ʙʝʟ 

ʨʝʟʫʣʪʘʪʘ ʪʝʩʪʘ ʝʤʠʩʠʿʝ, ʩʣʠʢʝ 4.2 ʠ 4.3 ʧʨʠʢʘʟʫʿʫ ʦʜʥʦʩʝ ʧʦʿʝʜʠʥʠʭ ʧʨʝʜʠʢʪʦʨʘ ʟʘ ʛʨʘʥʠʮʫ 

ʝʤʠʩʠʿʝ CO ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʦʜ 4,5 %vol ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʤʦʪʦʨʘ.  

 

 
ʉʣʠʢʘ 4.2 ɸʥʘʣʠʟʘ ʪʨʠ ʧʨʝʜʠʢʪʦʨʘ ʧʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ ʪʝʩʪʘ ʝʤʠʩʠʿʝ CO 

ɻʨʘʥʠʮʘ 
(4,5 %vol CO) 

 

ɻʨʘʥʠʮʘ 
(4,5 %vol CO) 

 

ɻʨʘʥʠʮʘ 
(4,5 %vol CO) 

 

ɻʨʘʥʠʮʘ 
(4,5 %vol CO) 

 

ɻʨʘʥʠʮʘ 
(4,5 %vol CO) 

 

ɻʨʘʥʠʮʘ 
(4,5 %vol CO) 
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ɼʦʤʘ˂ʘ ʚʦʟʠʣʘ ʨʝʬʝʨʝʥʪʥʝ ʧʦʪʢʘʪʝʛʦʨʠʿʝ ʩʥʘʛʝ ʤʦʪʦʨʘ (<40 kW) ʢʦʿʘ ʥʠʩʫ ʧʨʦʰʣʘ ʪʝʩʪ ʝʤʠʩʠʿʝ, ʫ 

ʧʨʦʩʝʢʫ ʧʨʝʣʘʟʝ ʥʘʿʚʠʰʝ ʢʠʣʦʤʝʪʘʨʘ (ʦʢʦ 110.000 km) ʠ ʥʘʿʩʪʘʨʠʿʘ ʩʫ, ʩʘ ʧʨʦʩʝʢʦʤ oʜ 20 ʛʦʜʠʥʘ. 

ɳʠʭʦʚ ʧʨʦʩʝʯʘʥ ʥʠʚʦ ʝʤʠʩʠʿʝ CO ʿʝʩʪʝ ʠʟʨʘʟʠʪʦ ʚʝʣʠʢʠ (6,03 vol%), ʤʝʹʫʪʠʤ, ʨʝʟʫʣʪʘʪ ʦʜ 7,27 

vol% CO II ʧʦʪʢʘʪʝʛʦʨʠʿʝ (40ï70 kW) ʠʩʪʠʯʝ ʿʝ ʢʘʦ ʢˀʫʯʥʫ ʩʘ ʘʩʧʝʢʪʘ ʢʦʣʠʯʠʥʝ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ, 

ʠʘʢʦ ʩʫ ʫ ʧʨʦʩʝʢʫ 8 ʛʦʜʠʥʘ ʤʣʘʹʘ ʠ ʧʨʦʩʝʯʥʦ ʧʨʝʣʘʟʝ 25.000 ʢʠʣʦʤʝʪʘʨʘ ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʨʝʬʝʨʝʥʪʥʫ ʧʦʪʢʘʪʝʛʦʨʠʿʫ. ɸʢʦ ʩʝ, ʧʨʠ ʪʦʤʝ, ʫʧʦʨʝʜʝ ʨʝʟʫʣʪʘʪʠ ʧʨʝʜʠʢʪʦʨʘ ὼ ʠ ὼ, (ʩʣʠʢʘ 4.3 ʮ) ʠ 

(ʩʣʠʢʘ 4.3 ʘ), ʧʨʝʧʦʟʥʘ˂ʝ ʩʝ ʧʨʝʪʭʦʜʥʠ ʟʘʢˀʫʯʮʠ ʠ ʜʦʧʫʥʠʪʠ ʪʠʤʝ ʜʘ ʩʫ ʪʦ ʚʦʟʠʣʘ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠ ʩʘ ʢʘʨʙʫʨʘʪʦʨʦʤ.   

 

ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʨʝʟʫʣʪʘʪʝ ʛʨʫʧʝ ʩʪʨʘʥʠʭ ʚʦʟʠʣʘ ʢʦʿʘ ʥʠʩʫ ʧʨʦʰʣʘ ʪʝʩʪ ʝʤʠʩʠʿʝ, ʥʘʿʩʪʘʨʠʿʘ ʩʫ ʪʨʝ˂ʝ 

ʧʦʪʢʘʪʝʛʦʨʠʿʝ, ʩʥʘʛʝ ʤʦʪʦʨʘ >70 kW, ʧʨʦʩʝʯʥʝ ʩʪʘʨʦʩʪʠ ʦʜ 23 ʛʦʜʠʥʝ ʠ ʧʨʝʹʝʥʠʭ 270.000 

ʢʠʣʦʤʝʪʘʨʘ. ʄʝʹʫʪʠʤ, ʘʢʦ ʩʝ ʩʘʛʣʝʜʘʿʫ ʨʝʟʫʣʪʘʪʠ ʧʨʦʩʝʯʥʝ ʝʤʠʩʠʿʝ CO, ʥʠʿʝʜʥʘ ʧʦʪʢʘʪʝʛʦʨʠʿʘ ʩʝ 

ʥʝ ʠʟʜʚʘʿʘ ʧʦʩʝʙʥʦ, ʦʜʥʦʩʥʦ ʠʟʥʦʩʝ: 6,15; 6,52 ʠ 6,20 vol% ʦʜ ʥʘʿʤʘˁʝ ʜʦ ʥʘʿʚʝ˂ʝ ʨʝʩʧʝʢʪʘʙʠʣʥʦ 

(ʩʣʠʢʘ 4.3 ʙ). ʊʘʢʦʹʝ, ʢʘʦ ʢʦʜ ʜʦʤʘ˂ʠʭ ʚʦʟʠʣʘ, ʜʨʫʛʘ ʧʦʪʢʘʪʝʛʦʨʠʿʘ ʩʥʘʛʝ ʤʦʪʦʨʘ ʿʝʩʪʝ ʥʘʿʣʦʰʠʿʘ ʩʘ 

ʘʩʧʝʢʪʘ ʝʤʠʩʠʿʝ, ʤʝʹʫʪʠʤ, ʘʢʦ ʩʝ ʩʘʛʣʝʜʘʿʫ ʦʩʪʘʣʝ ʩʣʠʢʝ, (ʩʣʠʢʘ 4.3 ʮ) ʠ (ʩʣʠʢʘ 4.3 ʘ), ʧʨʝʜʠʢʪʦʨʠ 

 ὼ ʠ ὼ ʥʠʩʫ ʫʪʠʮʘʿʥʠ ʬʘʢʪʦʨʠ ʥʘ ˁʝʥʦ ʩʤʘˁʝˁʝ. ʄʝʹʫʪʠʤ, ʢʦʜ ʧʨʝʜʠʢʪʦʨʘ ὼ ʧʨʠʤʝʪʥʦ ʿʝ ʚʝʣʠʢʦ 

ʩʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ (ʩʣʠʢʘ 4.3 ʮ), ʘ ʠʟʨʘʟʠʪʦ ʚʝʣʠʢʦ ʟʘ ʧʨʝʜʠʢʪʦʨ ὼ (ʩʣʠʢʘ 4.3 ʘ) (ʚʨʝʜʥʦʩʪ ʿʝ 

ʪʦʣʠʢʦ ʚʝʣʠʢʘ ʜʘ ʥʠʿʝ ʤʦʛʣʘ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʘ ʥʘ ʙʘʨʫ ʟʘ ʩʪʨʘʥʘ ʚʦʟʠʣʘ ʢʦʘʿ ʥʠʩʫ ʧʨʦʰʣʘ ʪʝʩʪ 

ʝʤʠʩʠʿʝ, ʘ ʧʦʩʝʜʫʿʫ ʢʘʪʘʣʠʟʘʪʦʨ). 

  

ʉ ʦʙʟʠʨʦʤ ʜʘ ʧʨʝʪʭʦʜʥʦ ʘʥʘʣʠʟʠʨʘʥʠ ʧʨʝʜʠʢʪʦʨʠ ʥʝ ʧʨʫʞʘʿʫ ʜʦʚʦˀʥʦ ʧʨʝʮʠʟʘʥ ʦʜʛʦʚʦʨ ʥʘ 

ʧʠʪʘˁʝ ʢʦʿʘ ʩʫ ʪʦ ʚʦʟʠʣʘ ʧʦ ʪʝʨʠʪʦʨʠʿʘʣʥʦʿ ʧʨʠʧʘʜʥʦʩʪʠ ʚʝ˂ʠ ʟʘʛʘʹʠʚʘʯʠ, ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʤ 

(3ɼ) ʜʠʿʘʛʨʘʤʦʤ ʨʘʩʪʫʨʘˁʘ (ʝʥʛ. scatter diagram) ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʟʘʚʠʩʥʦʩʪ ʧʨʝʦʩʪʘʣʝ ʜʚʝ 

ʜʠʩʢʨʝʪʥʝ ʧʨʦʤʝʥˀʠʚʝ, ὼ ʠ ὼ (ʩʣʠʢʘ 4.4) ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʝʤʠʩʠʿʝ CO ʥʘ z ʦʩʠ.    

ʉʣʠʢʘ 4.3  ɸʥʘʣʠʟʘ ʪʨʠ ʧʨʝʜʠʢʪʦʨʘ ʧʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ ʪʝʩʪʘ ʝʤʠʩʠʿʝ CO (ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ) 

ɻʨʘʥʠʮʘ 
(4,5 %vol CO) 

 

ɻʨʘʥʠʮʘ 
(4,5 %vol CO) 

 

ɻʨʘʥʠʮʘ 
(4,5 %vol CO) 

 

Ɍ) ɍ) ɢ) 
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ʆʩʥʦʚʥʘ ʧʨʝʜʥʦʩʪ 3ɼ ʜʠʿʘʛʨʘʤʘ ʨʘʩʪʫʨʘˁʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʫʦʯʘʚʘˁʘ ʪʨʝʥʜʦʚʘ ʟʘ ʚʝʣʠʢʠ ʙʨʦʿ 

ʧʦʜʘʪʘʢʘ ʠ ʪʨʠ ʧʨʦʤʝʥˀʠʚʝ ʩʠʤʫʣʪʘʥʦ. ʅʘ ʩʣʠʮʠ ʿʝ ʜʘʪ ʪʘʯʘʥ ʧʦʣʦʞʘʿ ʧʦʿʝʜʠʥʠʭ ʪʘʯʘʢʘ ʤʝʨʝˁʘ 

ʝʤʠʩʠʿʝ, ʢʘʢʦ ʙʠ ʩʝ ʠ ʦʩʪʘʣʝ ʤʦʛʣʝ ʣʘʢʰʝ ʩʘʛʣʝʜʘʪʠ. ʉʘ ʩʣʠʢʝ 4.4 ʘ, ʘʿʩʥʦ ʩʝ ʫʦʯʘʚʘ ʜʘ ʩʪʨʘʥʘ 

ʚʦʟʠʣʘ ʠʤʘʿʫ ʤʘˁʫ ʝʤʠʩʠʿʫ ʠ ʧʨʝʣʘʟʝ ʚʠʰʝ ʢʠʣʦʤʝʪʘʨʘ, ʧʘ ʤʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ʜʦʤʘ˂ʘ ʚʦʟʠʣʘ 

ʚʝ˂ʠ ʟʘʛʘʹʠʚʘʯʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʨʘʥʘ ʚʦʟʠʣʘ. ʊʦ ʧʦʪʚʨʹʫʿʝ ʠ ʘʥʘʣʠʟʘ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʝ CO 

(Øʜʦʤ σȟφȠØʩʪʨρȟωω).  

 

ɱʝʜʘʥ ʦʜ ʚʘʞʥʠʭ ʨʘʟʣʦʛʘ ʧʦʤʝʥʫʪʦʛ ʟʘʢˀʫʯʢʘ ʤʦʞʝ ʙʠʪʠ ʪʘʿ ʰʪʦ 97% ʫʟʦʨʢʦʚʘʥʠʭ ʜʦʤʘ˂ʠʭ ʚʦʟʠʣʘ 

ʧʦʩʝʜʫʿʝ ʢʘʨʙʫʨʘʪʦʨʩʢʠ ʪʠʧ ʥʘʧʘʿʘˁʘ ʠ ʥʝʤʘ ʢʘʪʘʣʠʟʘʪʦʨ. ʉʣʠʢʘ 4.4 ʙ ʧʨʠʢʘʟʫʿʝ ʟʘʚʠʩʥʦʩʪ ʩʨʝʜˁʝ 

ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʝ ʜʦʤʘ˂ʠʭ ʠ ʩʪʨʘʥʠʭ ʚʦʟʠʣʘ ʧʨʝʤʘ ˁʠʭʦʚʦʿ ʩʪʘʨʦʩʪʠ.  

 

 

 

ʅʘ ʩʣʠʮʠ 4.5 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʦʮʝʥʘʪ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʠʭ ʚʦʟʠʣʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʤʝˁʝʥʦʛ 

ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ. ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, ʩʪʘʥʜʘʨʜ ʝʤʠʩʠʿʝ ʤʦʜʝʣʘ ʉʈɹ (< 4,5 %vol CO) ʪʨʝʥʫʪʥʦ 

ʟʘʜʦʚʦˀʘʚʘ 85% ʫʟʦʨʢʦʚʘʥʠʭ ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ. ʋʢʦʣʠʢʦ ʩʝ ʫʩʚʦʿʠ ʥʘʩʿʪʨʦʞʠ ʩʪʘʥʜʘʨʜ, 

ʦʜʥʦʩʥʦ ʤʦʜʝʣ ʉɸɼ ( 1,0 %vol CO), ʙʨʦʿ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʠʭ ʚʦʟʠʣʘ ʜʨʘʩʪʠʯʥʦ ʦʧʘʜʘ ʥʘ 24,8% 

ʚʦʟʠʣʘ. ɿʥʘʯʠ, ʩʘ ʧʦʦʰʪʨʘʚʘˁʝʤ ʝʤʠʩʠʦʥʦʛ ʩʪʘʥʜʘʨʜʘ ʟʘ 4,5 ʧʫʪʘ, ʜʦʜʘʪʥʦ ʩʝ ʟʘ 60% ʧʦʚʝ˂ʘʚʘ ʙʨʦʿ 

ʝʤʠʩʠʦʥʦ ʥʝʠʩʧʨʘʚʥʠʭ ʚʦʟʠʣʘ. ɺʨʝʜʥʦʩʪ ʜʨʫʛʦʛ ʤʦʜʝʣʘ, ʦʜʥʦʩʥʦ ʤʦʜʝʣʘ ɽʋ (ʚʦʟʠʣʘ ʩʘ 

ʢʘʨʙʫʨʘʪʦʨʦʤ: Ò3,5 %vol CO ʠ ʩʘ ʫʙʨʠʟʛʘʚʘˁʝʤ: Ò 0,3 %vol CO) ʦʜ 70,03%, ʪʨʝʙʘ ʫʟʝʪʠ ʩʘ 

ʨʝʟʝʨʚʦʤ, ʿʝʨ ʩʝ ʫ ʛʨʘʥʠʮʘʤʘ ʜʦ 3,5 vol% CO ʫʙʨʘʿʘʿʫ ʠ ʚʦʟʠʣʘ ʩʘ ʜʠʨʝʢʪʥʠʤ ʫʙʨʠʟʛʘʚʘˁʝʤ, ʰʪʦ ʥʝ 

ʟʘʜʦʚʦˀʘʚʘ ʫʩʣʦʚʝ ʤʦʜʝʣʘ. ʄʝʹʫʪʠʤ, ʜʦʜʘʪʥʘ ʘʥʘʣʠʟʘ ʿʝ ʫʪʚʨʜʠʣʘ ʜʘ 44% ʚʦʟʠʣʘ ʠʩʧʫˁʘʚʘ 

ʩʪʘʥʜʘʨʜʝ ʝʤʠʩʠʿʝ ʟʘʭʪʝʚʘʥʝ ʤʦʜʝʣʦʤ ɽʋ.   

ʉʣʠʢʘ 4.4  ʘ) ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʝʜʠʢʪʦʨʘ L, S ʠ ʨʝʟʫʣʪʘʪʘ ʝʤʠʩʠʿʝ CO;  

ʙ) ɿʘʚʠʩʥʦʩʪ ʧʨʝʜʠʢʪʦʨʘ S ʠ ʝʤʠʩʠʿʝ CO (ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ) ʢʦʜ ʜʦʤʘ˂ʠʭ ʠ ʩʪʨʘʥʠʭ ʚʦʟʠʣʘ  

Ɍ) ɍ) 
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4.2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʠ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʝ ʠ ʧʘʨʘʤʝʪʘʨʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ 

ʪʦʢʘ 

 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʟʥʘʯʘʿʥʠʤ ʜʨʫʤʩʢʠʤ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘʤʘ ʢʦʿʝ ʧʨʝʩʝʮʘʿʫ ʪʝʨʠʪʦʨʠʿʫ ʛʨʘʜʘ, ʂʨʘˀʝʚʦ ʠʤʘ 

ʧʦʚʦˀʘʥ ʩʘʦʙʨʘ˂ʘʿʥʠ ʧʦʣʦʞʘʿ. ʊʨʠ ʩʫ ʙʠʪʥʘ ʧʫʪʥʘ ʧʨʘʚʮʘ ʢʦʿʘ ʧʨʦʣʘʟʝ ʪʝʨʠʪʦʨʠʿʦʤ ʛʨʘʜʘ ʠ ʪʦ 

ʤʘʛʠʩʪʨʘʣʥʠ ʧʫʪ ʄ-5 ʯʠʿʠ ʿʝʜʘʥ ʢʨʘʢ ʚʦʜʠ ʧʨʝʤʘ ʮʨʥʦʛʦʨʩʢʦʤ ʧʨʠʤʦʨʿʫ ʠ ʜʨʫʛʠ ʧʨʝʤʘ ʉʢʦʧˀʫ ʠ 

ʜʘˀʝ ʧʨʝʤʘ ɻʨʯʢʦʿ. ɿʘʪʠʤ ʧʫʪʥʠ ʧʨʘʚʘʮ ʄ-22 (ʟʘʧʘʜʥʦʤʦʨʘʚʩʢʘ ʤʘʛʠʩʪʨʘʣʘ) ʢʦʿʠ ʧʨʝʢʦ ʂʨʘˀʝʚʘ 

ʧʦʚʝʟʫʿʝ ɹʦʩʥʫ ʠ ʍʝʨʮʝʛʦʚʠʥʫ ʠ ʟʘʧʘʜʥʫ ʉʨʙʠʿʫ ʩʘ ʝʚʨʦʧʩʢʠʤ ʢʦʨʠʜʦʨʦʤ ʜʝʩʝʪ (ɽ-10). ʅʘ ʦʚʘ ʜʚʘ 

ʧʫʪʥʘ ʧʨʘʚʮʘ ʫʢˀʫʯʫʿʝ ʩʝ ʪʨʝ˂ʠ ʤʘʛʠʩʪʨʘʣʥʠ ʧʫʪ ʄ-23.1 ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʂʨʘˀʝʚʦ ʠ ʂʨʘʛʫʿʝʚʘʮ ʠ 

ʜʘˀʝ ʩʘ ɽ-10.  

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʥʝ ʧʦʩʪʦʿʝ ʠʟʛʨʘʹʝʥʝ ʦʙʠʣʘʟʥʠʮʝ ʢʦʿʝ ʙʠ ʧʨʝʫʩʤʝʨʠʣʝ ʪʨʘʥʟʠʪʥʝ ʪʦʢʦʚʝ ʦʢʦ 

ʪʝʨʠʪʦʨʠʿʝ ʛʨʘʜʘ ʂʨʘˀʝʚʘ (ʦʙʠʣʘʟʥʠʮʝ), ʫʛʨʦʞʝʥʦʩʪ ʟʜʨʘʚˀʘ ʛʨʘʜʩʢʦʛ ʩʪʘʥʦʚʥʠʰʪʚʘ ʰʪʝʪʥʦʤ 

ʝʤʠʩʠʿʦʤ ʠʟ ʜʨʫʤʩʢʠʭ ʚʦʟʠʣʘ ʿʝʩʪʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʚʝʣʠʢʘ.  

 

ʂʘʪʘʩʪʘʨ ʟʘʛʘʹʠʚʘʯʘ ʚʘʟʜʫʭʘ ʫ ʂʨʘˀʝʚʫ ʯʠʥʝ ʥʘʿʚʝ˂ʠʤ ʜʝʣʦʤ ʠʥʜʫʩʪʨʠʿʩʢʘ ʧʦʩʪʨʦʿʝˁʘ ʢʦʿʘ ʩʝ 

ʥʘʣʘʟʝ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʛʨʘʜʘ, ʠʥʪʝʥʟʠʚʥʠ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢʦʚʠ ʠ ʧʦʪʨʦʰˁ ʘ ʝʥʝʨʛʝʥʘʪʘ ʨʘʜʠ 

ʩʥʘʙʜʝʚʘˁʘ ʪʦʧʣʦʪʥʦʤ ʝʥʝʨʛʠʿʦʤ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʫ ʧʦʩʣʝʜˁʠʭ 10 ʛʦʜʠʥʘ ʙʝʣʝʞʠ ʩʪʘʣʘʥ ʧʘʜ 

ʧʨʠʚʨʝʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʛʝʦʛʨʘʬʩʢʠ ʧʦʣʦʞʘʿ ʂʨʘˀʝʚʘ ʠ ʨʝˀʝʬ, ʩʘʦʙʨʘ˂ʘʿ ʿʝ ʫ 

ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʟʨʦʯʥʠʢ ʘʝʨʦʟʘʛʘʹʝˁʘ. ʄʝʨʝˁʝ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʥʘ ʧʦʜʨʫʯʿʫ ʛʨʘʜʘ 

ʂʨʘˀʝʚʘ ʚʨʰʠ ɿʘʚʦʜ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ʂʨʘˀʝʚʦ. 

   

ʤʦʜʝʣ ʉɸɼ 

(24,82%) 

70,03% 

ʤʦʜʝʣ ʉʈɹ 

(85,15%)  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0

50

100

150

200

250

300

0

0
,5 1

1
,5 2

2
,5 3

3
,5 4

4
,5 5

5
,5 6

6
,5 7

7
,5 8

8
,5 9

9
,5 1
0

1
0
,5 1
1

1
1
,5 1
2

ʂ
ʫ
ʤ
ʫ
ʣ
ʘ
ʪ
ʠ
ʚ
ʥ
ʘ
 
ʬ
ʨ
ʝ
ʢ
ʚ
ʝ
ʥ
ʮ
ʠ
ʿ
ʘ
 

[%
] 

ɸ
ʧ
ʩ
ʦ
ʣ
ʫ
ʪ
ʥ
ʘ
 
ʬ
ʨ
ʝ
ʢ
ʚ
ʝ
ʥ
ʮ
ʠ
ʿ
ʘ
 

[ʚ
ʦ
ʟ

] 
 

ɽʤʠʩʠʿʘ CO [vol%] 

ɸʧʩʦʣʫʪʥa ʬʨʝʢʚʝʥʮʠʿa 

ʂʫʤʫʣʘʪʠʚʥa ʬʨʝʢʚʝʥʮʠʿa 

ʉʣʠʢʘ 4.5  ʍʠʩʪʦʛʨʘʤ ʘʧʩʦʣʫʪʥʠʭ ʬʨʝʢʬʝʥʮʠʿʘ ʠ ʧʨʦʮʝʥʘʪ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʠʭ ʚʦʟʠʣʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʘʥʜʘʨʜʘ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ  
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ɽʢʩʧʝʨʠʤʝʥʪ ʤʝʨʝˁʘ ʠʤʠʩʠʿʝ ʟʘʭʪʝʚʘʦ ʿʝ ʧʨʝʪʭʦʜʥʫ ʧʨʦʮʝʥʫ ʢʦʿʝ ʙʠ ʪʦ ʫʣʠʮʝ ʥʘ ʧʦʜʨʫʯʿʫ ʛʨʘʜʘ 

ʂʨʘˀʝʚʘ ʤʦʛʣʝ ʠʩʧʫʥʠʪʠ ʩʣʝʜʝ˂ʝ ʢʨʠʪʝʨʠʿʫʤʝ: 

¶ ɼʦʚʦˀʥʘ ʜʫʞʠʥʘ ʫʣʠʮʝ ʟʘ ʨʘʟʚʠʿʘˁʝ ʠ ʦʜʨʞʘʚʘˁʝ ʤʘʢʩʠʤʘʣʥʝ ʜʦʟʚʦˀʝʥʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ;  

¶ ʉʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ ʤʦʨʘ ʙʠʪʠ ʥʝʦʤʝʪʘʥ, ʦʩʠʤ ʫ ʦʙʣʘʩʪʠ ʨʘʩʢʨʩʥʠʮʘ; 

¶ ɺʠʩʦʢʘ ʟʘʩʪʫʧˀʝʥʦʩʪ ʧʫʪʥʠʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʫ ʩʪʨʫʢʪʫʨʠ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ (Ó70%); 

¶ ʋʣʠʮʘ ʤʦʨʘ ʙʠʪʠ ʜʚʦʩʤʝʨʥʦʛ ʨʝʞʠʤʘ ʩʘʦʙʨʘ˂ʘʿʘ; 

¶ ʉʘ ʿʝʜʥʝ ʠ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʫʣʠʮʝ ʤʦʨʘʿʫ ʙʠʪʠ ʚʠʩʦʢʦ ʫʟʜʠʛʥʫʪʝ ʟʛʨʘʜʝ ʢʦʿʝ ʩʚʦʿʠʤ 

ʜʠʤʝʥʟʠʿʘʤʘ ʬʦʨʤʠʨʘʿʫ ʦʙʣʠʢ ʢʘˁʦʥʘ.  

 

ʂʘʦ ʧʨʚʘ, ʠʟʘʙʨʘʥʘ ʿʝ ʫʣʠʮʘ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ (ɼʊ) ʩʘ ʧʦʩʤʘʪʨʘʥʦʤ ʜʫʞʠʥʦʤ ʦʜʩʝʢʘ ʦʜ 305 m. 

ʉʚʘʢʠ ʦʜ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʩʤʝʨʦʚʘ ʯʠʥʠ ʧʦ ʜʚʝ ʢʦʣʦʚʦʟʥʝ ʪʨʘʢʝ, ʧʨʠ ʯʝʤʫ ʩʫ ʠʩʪʠ ʨʘʟʜʚʦʿʝʥʠ 

ʨʘʟʜʝʣʥʠʤ ʦʩʪʨʚʦʤ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʫʣʠʮʘ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʠʟʨʘʟʠʪʦ ʪʨʘʥʟʠʪʥʘ 

ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ, ʿʝʨ ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʤʘʛʠʩʪʨʘʣʥʦʛ ʧʫʪʘ ʄ-5. ʊʘʢʦʹʝ, ʙʣʠʟʠʥʘ ʘʫʪʦʙʫʩʢʝ ʩʪʘʥʠʮʝ 

ʜʦʜʘʪʥʦ ʿʝ ʫʪʠʮʘʣʘ ʥʘ ˁʝʥ ʠʟʙʦʨ, ʿʝʨ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʚʝʣʠʢʦ ʫʯʝʰ˂ʝ ʘʫʪʦʙʫʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʤʦʛʣʦ 

ʿʝ ʩʘʤʦ ʜʦʧʨʠʥʝʪʠ ʧʦʚʝ˂ʘʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʿʝ ʪʨʝʙʘʣʦ ʧʨʦʮʝʥʠʪʠ 

ʪʝʩʪʠʨʘʥʠʤ ʤʦʜʝʣʠʤʘ ʜʠʩʧʝʨʟʠʿʝ. ʂʘʦ ʜʨʫʛʘ, ʠʟʘʙʨʘʥʘ ʿʝ ʫʣʠʮʘ ʛʨʘʜʩʢʦʛ ʮʝʥʪʨʘ ʧʦʜ ʥʘʟʠʚʦʤ 

ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ (ʄɺ), ʤʘˁʝʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʜʫʞʠʥʝ ʦʜ 205 m. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ 

ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʧʨʦʪʦʢʘ (06.00ï17.00 ʯʘʩʦʚʘ) ʧʦ ʜʘʥʠʤʘ ʫ ʪʦʢʫ ʥʝʜʝˀʝ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʙʘʨ 

ʜʠʿʘʛʨʘʤʦʤ ʥʘ ʩʣʠʮʠ 4.6. 

 

 

 

ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʩʣʠʢʫ 4.6 (ʫʣʠʮʘ ɼʊ), ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ ʩʫ ʩʚʠ ʜʘʥʠ ʫ ʩʝʜʤʠʮʠ (ʦʩʠʤ ʥʝʜʝˀʝ) 

ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʦ ʦʧʪʝʨʝ˂ʝʥʠ ʩʘʦʙʨʘ˂ʘʿʥʠʤ ʪʦʢʦʚʠʤʘ. ʅʝʜʝˀʦʤ ʿʝ ʨʝʛʠʩʪʨʦʚʘʥ ʧʘʜ ʩʘʦʙʨʘ˂ʘʿʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʦʜ 33% ʫ ʦʜʥʦʩʫ ʥʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ. ʇʦʥʝʜʝˀʘʢ ʠ ʧʝʪʘʢ ʩʝ 

ʙʨʦʿʝʤ ʚʦʟʠʣʘ ʠʟʜʚʘʿʘʿʫ ʦʜ ʦʩʪʘʣʠʭ ʜʘʥʘ. ʇʨʚʠ ʿʝ ʣʦʛʠʯʥʦ ʚʝʣʠʢʠ ʫʩʣʝʜ ʧʦʯʝʪʢʘ ʨʘʜʥʝ ʩʝʜʤʠʮʝ, ʜʦʢ 

ʜʨʫʛʠ ʚʝ˂ ʜʫʞʠ ʥʠʟ ʛʦʜʠʥʘ ʧʨʝʜʩʪʘʚˀʘ ʧʠʿʘʯʥʠ ʜʘʥ ʫ ʂʨʘˀʝʚʫ. ʉʚʠ ʦʩʪʘʣʠ ʜʘʥʠ ʠʤʘʿʫ ʤʘʣʫ 

ʚʘʨʠʿʘʥʩʫ (ʜʠʩʧʝʨʟʠʿʫ) ʙʨʦʿʘ ʚʦʟʠʣʘ ʫ ʧʝʨʠʦʜʫ ʙʨʦʿʘˁʘ. ʉʣʠʢʘ 4.6 (ʫʣʠʮʘ ʄɺ) ʧʨʠʢʘʟʫʿʝ 

ʉʣʠʢʘ 4.6  ʇʨʦʪʦʢ ʩʘʦʙʨʘ˂ʘʿʘ ʫ ʫʣʠʮʠ ɼ. ʊʫʮʦʚʠ˂ʘ (ʩʣ. ʣʝʚʦ) ʠ ʫʣʠʮʠ ʄ. ɺʝʣʠʢʦʛ (ʩʣ. ʜʝʩʥʦ) 
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ʩʘʦʙʨʘ˂ʘʿʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʟʘ ʧʦʿʝʜʠʥʝ ʜʘʥʝ ʫ ʥʝʜʝˀʠ ʪʦʢʦʤ 11 ʯʘʩʦʚʘ ʥʝʧʨʝʢʠʜʥʦʛ ʙʨʦʿʘˁʘ. ʅʘ 

ʦʩʥʦʚʫ ʨʘʥʠʿʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʙʨʦʿʘˁʘ ʠʟ ʫʣʠʮʝ ɼʊ, ʧʨʚʦ ʩʫ ʦʙʨʘʹʝʥʠ ʧʦʥʝʜʝˀʘʢ ʠ ʧʝʪʘʢ. ʂʘʜʘ ʿʝ ʠ 

ʯʝʪʚʨʪʘʢ ʧʦʢʘʟʘʦ ʧʨʠʙʣʠʞʥʫ ʚʨʝʜʥʦʩʪ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʙʨʦʿʘˁʝ ʿʝ ʧʨʝʢʠʥʫʪʦ. ʅʘ ʩʣʠʮʠ 

4.7 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʟʙʠʨʥʠ ʧʨʦʪʦʢ ʩʘʦʙʨʘ˂ʘʿʘ ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʥʝʜʝˀʝ ʟʘ ʫʣʠʮʫ ɼʊ ʠ ʫʣʠʮʫ ʄɺ, 

ʯʠʤʝ ʿʝ ʦʤʦʛʫ˂ʝʥʦ ʙʦˀʝ ʫʦʯʘʚʘˁʝ ʤʝʨʦʜʘʚʥʦʛ ʚʨʰʥʦʛ ʩʘʪʘ. ʅʘʢʦʥ ʧʨʦʮʝʥʝ ʢʦʣʠʯʠʥʝ ʝʤʠʪʦʚʘʥʠʭ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʛʨʘʜʩʢʠ ʧʣʘʥʝʨʠ ʤʦʛʫ ʿʘʩʥʦ ʧʨʝʮʠʟʠʨʘʪʠ ʚʨʝʤʝʥʘ ʢʘʜʘ ʧʦʿʝʜʠʥʠʤ ʢʘʪʝʛʦʨʠʿʘʤʘ 

ʚʦʟʠʣʘ ʤʦʞʝ ʙʠʪʠ ʟʘʙʨʘˁʝʥ ʫʣʘʟʘʢ ʫ ʛʨʘʜʩʢʦ ʿʝʟʛʨʦ. 

 

 

 

ɹʨʦʿ ʚʦʟʥʠʭ ʿʝʜʠʥʠʮʘ ʢʦʿʘ ʧʨʦʹʫ ʢʨʦʟ ʟʘʤʠʰˀʝʥ ʧʨʝʩʝʢ ʫʣʠʯʥʦʛ ʧʨʦʬʠʣʘ ʿʝʩʪʝ ʜʠʩʢʫʪʘʙʠʣʥʘ 

ʧʨʦʤʝʥˀʠʚʘ. ʏʘʢ ʩʝ ʪʨʝʥʜʦʚʠ ʢʨʝʪʘˁʘ ʫʪʚʨʹʝʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʧʨʦʪʦʢʘ ʠ ʥʘʢʦʥ ʜʫʞʝʛ ʧʦʩʤʘʪʨʘˁʘ 

ʤʦʨʘʿʫ ʫʟʝʪʠ ʩʘ ʦʜʨʝʹʝʥʦʤ ʨʝʟʝʨʚʦʤ. ɼʘʥ, ʩʝʟʦʥʘ ʫ ʪʦʢʫ ʛʦʜʠʥʝ ʠʣʠ ʛʦʜʠʥʘ ʧʦʩʤʘʪʨʘˁʘ ʥʝ ʤʦʛʫ 

ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʪʠ ʪʘʯʥʫ ʚʨʝʜʥʦʩʪ ʤʝʨʦʜʘʚʥʦʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ. ʄʦʛʫ ʜʝʬʠʥʠʩʘʪʠ ʩʘʤʦ 

ʧʨʠʙʣʠʞʥʫ, ʦʜʥʦʩʥʦ ʢʚʘʣʠʪʘʪʠʚʥʫ ʦʮʝʥʫ ʦʧʪʝʨʝ˂ʝʥʦʩʪʠ ʫʣʠʯʥʝ ʤʨʝʞʝ ʚʦʟʠʣʠʤʘ ʫ ʧʦʢʨʝʪʫ. ɿʘʪʦ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʚʦʟʠʣʘ ʢʘʪʝʛʦʨʠʩʘʪʠ, ʧʘ ʥʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʦʜʨʝʜʠʪʠ ʄɽʈʆɼɸɺʅʋ 

ʉʊʈʋʂʊʋʈʋ ʉɸʆɹʈɸɴɸɱʅʆɻ ʇʈʆʊʆʂɸ (ʄʉʉʇ) ʟʘ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʥ ʜʝʦ ʫʣʠʯʥʝ ʤʨʝʞʝ. ʉʣʠʢʘ 

4.8 ʧʨʠʢʘʟʫʿʫ ʨʝʟʫʣʪʘʪʝ ʪʘʢʚʦʛ ʤʝʨʝˁʘ ʟʘ ʫʣʠʮʫ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʠ ʟʘ ʫʣʠʮʫ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ. 

ʇʦʤʦ˂ʫ ʫʩʚʦʿʝʥʝ ʤʝʨʦʜʘʚʥʝ ʩʪʨʫʢʪʫʨʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ ʫ ʦʜʥʦʩʫ ʇɸ:ʃʊɺ:ʊʊɺ:ɹʋʉ:2W= 

80:8:8:3:1 % ʤʦʞʝʤʦ ʢʚʘʣʠʪʝʪʥʦ ʦʮʝʥʠʪʠ ʩʘʦʙʨʘ˂ʘʿʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʫʣʠʮʝ ɼʊ ʧʦʿʝʜʠʥʠʤ 

ʢʘʪʝʛʦʨʠʿʘʤʘ ʚʦʟʠʣʘ. ʊʘʢʦʹʝ, ʪʠʤʝ ʜʦʙʠʿʘʤʦ ʜʦʙʨʫ ʦʩʥʦʚʫ ʟʘ ʧʨʦʮʝʥʫ ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʧʦʨʝʢʣʦʤ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ, ʿʝʨ ʚʘʨʠʨʘˁʝʤ ʤʝʨʦʜʘʚʥʝ ʩʪʨʫʢʪʫʨʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ 

ʧʨʦʪʦʢʘ ʤʦʞʝʤʦ ʜʝʬʠʥʠʩʘʪʠ ʪʨʝʥʫʪʥʦ ʘʝʨʦʟʘʛʘʹʝˁʝ ʠ ʦʮʝʥʠʪʠ ʤʝʨʝ ʙʫʜʫ˂ʠʭ ʘʢʮʠʿʘ ʩʘ ʧʨʠʤʘʨʥʠʤ 

ʝʢʦʣʦʰʢʠʤ ʮʠˀʝʤ. ʋʢʦʣʠʢʦ ʩʝ ʥʝʜʝˀʘ ʠʟʫʟʤʝ ʠʟ ʫʩʚʦʿʝʥʦʛ ʄʉʉʇ-ʘ, ʧʨʦʮʝʥʪʠ ʤʦʛʫ ʚʘʨʠʨʘʪʠ 

ʥʘʿʚʠʰʝ 2ï3 %. ɿʘ ʫʣʠʮʫ ʄɺ ʫʩʚʦʿʝʥʘ ʿʝ ʤʝʨʦʜʘʚʥʘ ʩʪʨʫʢʪʫʨʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ ʫ ʦʜʥʦʩʫ 

ʇɸ:ʃʊɺ:ʊʊɺ:ɹʋʉ:2W = 90:6:0:0:4 %.  

ʉʣʠʢʘ 4.7  ɿʙʠʨʥʠ ʧʨʦʪʦʢ ʩʘʦʙʨʘ˂ʘʿʘ  ʫ ʫʣʠʮʘʤʘ ɼ. ʊʫʮʦʚʠ˂ʘ ʠ ʄ. ɺʝʣʠʢʦʛ ʧʦ ʩʘʪʠʤʘ 
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ʊʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʤʝʨʝˁʘ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʨʝʛʠʩʪʨʦʚʘʥʦ ʿʝ ʫʢʫʧʥʦ 327 ʫʟʦʨʘʢʘ, ʦʜ ʢʦʿʠʭ 261 ʫ 

ʫʣʠʮʠ ɼʊ ʠ 66 ʫ ʫʣʠʮʠ ʄɺ. ɹʨʟʠʥʝ ʩʫ ʟʘʩʝʙʥʦ ʤʝʨʝʥʝ ʧʨʝʤʘ ʢʘʪʝʛʦʨʠʿʠ ʚʦʟʠʣʘ ʠ ʩʤʝʨʫ ʢʨʝʪʘˁʘ, ʘ 

ʟʘ ʧʦʪʨʝʙʝ ʤʝʨʦʜʘʚʥʠʭ ʫʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʨʦʛʨʘʤʘ COPERT4, ʫʩʚʦʿʝʥʝ ʩʫ ʧʨʦʩʝʯʥʝ. ʋ ʪʘʙʝʣʘʤʘ 

4.3 ʠ 4.4 ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʠʟʤʝʨʝʥʝ ʙʨʟʠʥʝ ʧʨʝʤʘ ʢʘʪʝʛʦʨʠʿʠ ʠ ʩʤʝʨʫ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ.  

 

ʊʘʙʝʣʘ 4.3 ɹʨʟʠʥʝ ʚʦʟʠʣʘ ʧʨʝʤʘ ʢʘʪʝʛʦʨʠʿʠ ʠ ʩʤʝʨʫ ʢʨʝʪʘˁʘ ʫ ʫʣʠʮʠ ɼʊ [kmĿh
-1
] 

ʂʘʪʝʛʦʨʠʿʘ ʚʦʟʠʣʘ 
ʋʣʠʮʘ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ 

○ 
ʆʜ ʘʫʪʦʙʫʩʢʝ ʩʪʘʥʠʮʝ ʂʘ ʘʫʪʦʙʫʩʢʦʿ ʩʪʘʥʠʮʠ 

ʇɸ 41 35 38 

ʃʊɺ 36 36 36 

ʊʊɺ 32 28 30 

ɹʋʉ 34 34 34 

 

ʊʘʙʝʣʘ 4.4 ɹʨʟʠʥʝ ʚʦʟʠʣʘ ʧʨʝʤʘ ʢʘʪʝʛʦʨʠʿʠ ʠ ʩʤʝʨʫ ʢʨʝʪʘˁʘ ʫ ʫʣʠʮʠ ʄɺ [kmĿh
-1
] 

ʂʘʪʝʛʦʨʠʿʘ ʚʦʟʠʣʘ 
ʋʣʠʮʘ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ 

○ 
ʆʜ ʮʝʥʪʨʘ ʛʨʘʜʘ ʂʘ ʮʝʥʪʨʫ ʛʨʘʜʘ 

ʇɸ 29 28 28 

ʃʊɺ 28 33 31 

 

4.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʠ ʘʥʘʣʠʟʘ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠʟ ʦʢʦʣʥʝ 

ʩʨʝʜʠʥʝ 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ OSPM ʿʝʩʪʝ ʧʦʣʫʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ, ʜʘ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ˁʝʛʦʚʘ ʧʘʨʘʤʝʪʘʨʠʟʘʮʠʿʘ, 

ʤʦʨʘʿʫ ʩʝ ʟʥʘʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO [mgĿm
-3
] ʠ NOx [ʈgĿm

-3
], ʢʘʦ ʠ ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʮʠ ʦ ʧʨʘʚʮʫ ʠ 

ʙʨʟʠʥʠ ʩʪʨʫʿʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʧʦ ʩʘʪʠʤʘ. ʋʢʦʣʠʢʦ ʩʫ ʥʘʤ ʧʦʪʨʝʙʥʝ ʧʨʦʮʝʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ NO ʠ NO2 [ʈgĿm-3
], ʧʦʨʝʜ ˁʠʭʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʫʪʚʨʜʠʪʠ, ʪʘʢʦʹʝ ʧʦ ʩʘʪʠʤʘ, ʚʨʝʜʥʦʩʪʠ ʦʟʦʥʘ (O3) [ʈgĿm
-3
] ʠ ʩʫʥʯʝʚʝ ʠʨʠʜʠʿʘʮʠʿʝ [WĿm

-2
].  

ʉʣʠʢʘ 4.8  ʉʪʨʫʢʪʫʨʘ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ ʫ ʫʣʠʮʠ ɼ. ʊʫʮʦʚʠ˂ʘ ʠ ʄ. ɺʝʣʠʢʦʛ [%] 
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ʉ ʦʙʟʠʨʦʤ ʥʘ ʩʪʦʭʘʩʪʠʯʥʦʩʪ ʘʪʤʦʩʬʝʨʩʢʠʭ ʩʪʘˁʘ ʠ ʥʝʫʿʝʜʥʘʯʝʥʠ ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʿʝʜʥʝ ʛʨʘʜʩʢʝ 

ʩʨʝʜʠʥʝ, ʬʦʨʤʠʨʘʥʘ ʿʝ ʚʝ˂ʘ (ʦʜ ʧʦʪʨʝʙʥʝ OSPM-ʫ ʠ CAL4 ʤʦʜʝʣʫ) ʤʝʪʝʦʨʦʣʦʰʢʘ ʠ ʙʘʟʘ ʠʤʠʩʠʿʝ. 

ʆʥʘ ʿʝ ʩʚʘʢʦʜʥʝʚʥʦ ʘʞʫʨʠʨʘʥʘ ʥʦʚʠʤ ʧʦʜʘʮʠʤʘ ʧʨʝʫʟʝʪʠʭ ʩʘ ʚʝ˂ ʦʧʠʩʘʥʝ ʘʫʪʦʤʘʪʩʢʝ ʩʪʘʥʠʮʝ ʟʘ 

ʤʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʠ ʤʝʪʝʦ-ʧʘʨʘʤʝʪʘʨʘ ʫ ʛʨʘʜʫ ʂʨʘˀʝʚʫ (ʧʦʛʣʘʚˀʝ 3.3.2), ʪʦʢʦʤ 

ʧʝʨʠʦʜʘ ʦʜ 2,5 ʤʝʩʝʮʘ (ʿʫʣ, ʘʚʛʫʩʪ ʠ ʧʨʚʘ ʧʦʣʦʚʠʥʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜʠʥʝ). ʋʚʠʜʦʤ ʫ ʪʘʙʝʣʝ 

ɸ(22ï23) (ʧʨʠʣʦʛ ɸ), ʤʦʛʫ ʩʝ ʩʘʛʣʝʜʘʪʠ ʨʝʛʠʩʪʨʦʚʘʥʠ ʧʦʜʘʮʠ. ʈʘʜʠ ˁʠʭʦʚʝ ʙʦˀʝ ʧʨʝʛʣʝʜʥʦʩʪʠ, 

ʩʣʠʢʘ 4.9 ʧʨʠʢʘʟʫʿʝ ʠʭ ʫ ʬʦʨʤʠ ʧʦʣʘʨʥʦʛ ʜʠʿʘʛʨʘʤʘ (ʨʫʞʝ ʚʝʪʨʦʚʘ), ʜʦʢ ʩʫ ʧʨʝʦʚʣʘʹʫʿʫ˂ʠ ʧʨʘʚʮʠ 

ʩʪʨʫʿʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʨʫʞʥʠʤ ʜʠʿʘʛʨʘʤʦʤ. ʊʘʢʦʹʝ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʥʘʛʣʘʩʠʪʠ ʜʘ ʨʝʟʫʣʪʘʪʠ ʥʘ ʩʣʠʮʠ 4.9 ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʠʟʤʝʹʫ 06.00 ʠ 17.00 ʯʘʩʦʚʘ.  

  

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣʠʮʠ 4.9 ʠ ʪʘʙʝʣʠ ɸ23 (ʧʨʠʣʦʛ ɸ), ʙʨʟʠʥʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ 

(ό) ʨʝʪʢʦ ʧʨʝʣʘʟʠ ʚʨʝʜʥʦʩʪ ʦʜ 2,0 mĿs
-1
, ʯʠʤʝ ʿʝ ʧʨʘʢʪʠʯʥʦ ʦʥʝʤʦʛʫ˂ʝʥ ʜʦʧʨʠʥʦʩ ʫʢʫʧʥʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʘʝʨʦʟʘʛʘʹʝˁʘ ʦʜ ʦʙʣʘʩʪʠ ʨʝʮʠʨʢʫʣʘʮʠʿʝ (Favale, 2008) [232]. ɸʪʤʦʩʬʝʨʩʢʠ ʫʩʣʦʚʠ ʫ 

ʢʦʿʠʤʘ ʿʝ ό<  2,0 mĿs
-1
 ʩʤʘʪʨʘʿʫ ʩʝ ʩʪʘʙʠʣʥʠʤ ʘʪʤʦʩʬʝʨʩʢʠʤ ʩʪʘˁʠʤʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʪʦʢʦʤ 

ʧʝʨʠʦʜʘ ʦʜ 2,5 ʤʝʩʝʮʘ ʧʨʝʦʚʣʘʹʫʿʫ˂ʠ ʧʨʘʚʮʠ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʩʝʚʝʨ (N) ʠ ʟʘʧʘʜ (W), 

ʧʦʤʝʥʫʪʠ ˂ʝ ʫʿʝʜʥʦ ʙʠʪʠ ʠ ʛʨʘʥʠʮʝ ʢʘʩʥʠʿʝ ʜʝʬʠʥʠʩʘʥʝ ʚʘʨʠʿʘʙʣʝ ,,ʧʨʘʚʘʮ ʜʝʣʦʚʘˁʘ ʚʝʪʨʘñ. 

 ʉʣʠʢʘ 4.9  ʄʝʪʝʦʨʦʣʦʰʢʠ ʧʘʨʘʤʝʪʨʠ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ( ʫʿʣ, ʘʚʛʫʩʪ 2012.ʛ) (N - ʩʝʚʝʨ; NE 

- ʩʝʚʝʨʦʠʩʪʦʢ; E - ʠʩʪʦʢ; SE - ʿʫʛʦʠʩʪʦʢ; S - ʿʫʛ; SW - ʿʫʛʦʟʘʧʘʜ; W - ʟʘʧʘʜ; SW - ʩʝʚʝʨʦʟʘʧʘʜ) 
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ɱʫʣ 2012 

Mean Wind Speed Max Wind Speedʉʨʝʜˁʘ ʙʨʟʠʥʘ 

ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ 

ʩʨʝʜʠʥʝ  [mĿs
-1
] 

ʄʘʢʩʠʤʘʣʥʘ ʙʨʟʠʥʘ 

ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ 

ʩʨʝʜʠʥʝ [mĿs-1] 
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ɸʚʛʫʩʪ 2012 

Mean Wind Speed Max Wind Speedʉʨʝʜˁʘ ʙʨʟʠʥʘ 

ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ 

ʩʨʝʜʠʥʝ   [mĿs
-1
] 

ʄʘʢʩʠʤʘʣʥʘ ʙʨʟʠʥʘ 

ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ 

ʩʨʝʜʠʥʝ [mĿs
-1
] 



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

119 

 

5. ʄʆɼɽʃʀʈɸɳɽ ʀ ɺʈɽɼʅʆɺɸɳɽ 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀʍ ʈɽɿʋʃʊɸʊɸ 

 

5.1. ʄʦʜʝʣʠʨʘˁʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʤʦʪʦʨʘ 

 

ɼʦʟʚʦˀʝʥʘ ʛʨʘʥʠʮʘ ʝʤʠʩʠʿʝ ʟʘ ʧʨʦʣʘʟʥʦʩʪ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ CO ʨʘʟʤʘʪʨʘʥʘ ʿʝ ʟʘ 3 ʤʦʜʝʣʘ, 

ʧʨʠ ʯʝʤʫ ʤʦʪʦʨ ʨʘʜʠ ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʠ ʚʠʩʦʢʦʤ ʙʨʦʿʫ ʦʙʨʪʘʿʘ (ʤʠʥʠʤʘʣʥʦ 2.000 min
-1
). ʇʨʚʠ 

ʤʦʜʝʣ ʫʩʚʘʿʘ ʥʘʿʩʪʨʦʞʠ ʩʪʘʥʜʘʨʜ, ʦʜʥʦʩʥʦ ʛʨʘʥʠʮʫ ʝʤʠʩʠʿʝ CO ʫ ʜʨʞʘʚʠ ʆʨʝʛʦʥ (ʤʦʜʝʣ ʉɸɼ) 

(Ò1,0 %vol). ɼʨʫʛʠ ʤʦʜʝʣ ʫʩʚʘʿʘ ʛʨʘʥʠʮʫ ʜʝʬʠʥʠʩʘʥʫ ʯʣʘʥʦʤ 82 ʇʨʘʚʠʣʥʠʢʘ ʦ ʧʦʜʝʣʠ ʤʦʪʦʨʥʠʭ ʠ 

ʧʨʠʢˀʫʯʥʠʭ ʚʦʟʠʣʘ ʦʜ 26.04.2012. ʛʦʜʠʥʝ, ʢʦʿʘ ʧʨʝʮʠʟʠʨʘ ʜʘ ʚʦʟʠʣʘ ʧʨʚʠ ʧʫʪ ʨʝʛʠʩʪʨʦʚʘʥʘ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʜʦ 1.ʤʘʨʪʘ 2014. ʛʦʜʠʥʝ ʤʦʨʘʿʫ ʠʤʘʪʠ ʤʘˁʝ ʦʜ 4,5 %vol CO ʧʨʠ ʙʨʦʿʫ ʦʙʨʪʘʿʘ 

ʤʦʪʦʨʘ ʥʘ ʨʘʜʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʧʨʘʟʥʦʤ ʭʦʜʫ (ʤʦʜʝʣ ʉʈɹ). ʅʝʦʧʭʦʜʥʦ ʿʝ ʠʩʪʘ˂ʠ ʜʘ ʥʘʚʝʜʝʥʘ 

ʦʜʨʝʜʙʘ ʿʝʩʪʝ ʠʟʨʘʟʠʪʦ ʥʝʧʦʚʦˀʥʘ ʘʢʦ ʩʝ ʫʧʦʨʝʜʠ ʩʘ ʩʚʝʪʩʢʠʤ ʩʪʘʥʜʘʨʜʠʤʘ (ʪʘʙʝʣʘ 2.5). ʀʧʘʢ, ʩ 

ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ ʢʘʥʜʠʜʘʪ ʟʘ ʯʣʘʥʩʪʚʦ ʫ ɽʚʨʦʧʩʢʦʿ ʫʥʠʿʠ, ʧʨʘʚʠʣʥʠʢ ʿʝ ʫʩʢʣʘʹʝʥ ʩʘ 

ˁʝʥʠʤ ʜʠʨʝʢʪʠʚʘʤʘ ʠ ʪʦ ʟʘ ʚʦʟʠʣʘ ʨʝʛʠʩʪʨʦʚʘʥʘ ʧʨʚʠ ʧʫʪ ʧʦʩʣʝ 1.ʤʘʨʪʘ 2014. ʛʦʜʠʥʝ. ɿʘʪʦ ˂ʝ 

ʪʨʝ˂ʠ ʤʦʜʝʣ ʫʩʚʦʿʠʪʠ ˁʝʥʫ ʨʝʛʫʣʘʪʠʚʫ, ʦʜʥʦʩʥʦ ʨʝʛʫʣʘʪʠʚʫ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ (ʤʦʜʝʣ ɽʋ) 

(92/55/ɽCC: ʚʦʟʠʣʘ ʩʘ ʢʘʨʙʫʨʘʪʦʨʦʤ: Ò3,5 %vol CO ʠ ʩʘ ʫʙʨʠʟʛʘʚʘˁʝʤ: Ò 0,3 %vol CO). 

 

ʆʩʥʦʚʥʠ ʨʘʟʣʦʛ ʨʘʟʤʘʪʨʘˁʘ 3 ʤʦʜʝʣʘ ʿʝʩʪʝ ʧʨʝʧʦʟʥʘʚʘˁʝ ʦʥʠʭ ʧʨʝʜʠʢʪʦʨʘ ʢʦʿʠ ʢˀʫʯʥʦ ʫʪʠʯʫ ʥʘ 

ʪʘʯʥʦʩʪ ʧʨʦʮʝʥʝ ʜʘ ʣʠ ʿʝ ʚʦʟʠʣʦ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʦ ʠʣʠ ʥʝ, ʢʘʦ ʠ ʜʘ ʣʠ ʩʝ ʨʘʥʛ ʫʪʠʮʘʿʥʦʩʪʠ 

ʧʨʝʜʠʢʪʦʨʘ ʤʝˁʘ ʫʢʦʣʠʢʦ ʩʝ ʫʚʝʜʝ ʩʪʨʦʞʠ ʪʝʩʪ ʝʤʠʩʠʿʝ. ʄʦʜʝʣʠ ʩʝ ʥʝ ʤʦʛʫ ʧʦʨʝʜʠʪʠ ʫ ʠʟʣʘʟʥʦʤ 

ʨʝʟʫʣʪʘʪʫ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʦʛʘʹʘʿʘ, ʿʝʨ ʧʦʩʪʦʿʝ ʜʨʫʛʘʯʠʿʝ ʧʦʩʪʘʚˀʝʥʝ ʛʨʘʥʠʮʝ ʜʦʟʚʦˀʝʥʝ ʝʤʠʩʠʿʝ. 

ɼʦʜʘʪʥʦ, ʤʦʛʫ˂ʝ ʿʝ ʜʘ ʩʫ ʢʦʜ ʿʝʜʥʠʭ ʤʦʜʝʣʘ ʧʦʿʝʜʠʥʠ ʧʨʝʜʠʢʪʦʨʠ ʫʪʠʮʘʿʥʠ, ʜʦʢ ʢʦʜ ʜʨʫʛʠʭ, ʠʩʪʠ ʪʦ 

ʥʠʩʫ, ʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʦʛʘʹʘʿʘ ʥʝʧʨʦʣʘʟʥʦʩʪʠ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ ʿʝʩʫ ʤʦʞʜʘ ʧʨʠʙʣʠʞʥʝ. ɿʘʪʦ ʿʝ 

ʤʦʛʫ˂ʝ ʧʦʨʝʹʝˁʝ ʩʘʤʦ ʫʪʠʮʘʿʘ ʠʩʪʦʛ ʧʨʝʜʠʢʪʦʨʘ ʫ ʜʨʫʛʦʤ ʤʦʜʝʣʫ. ʋʢʦʣʠʢʦ ʩʝ ʧʨʝʧʦʟʥʘʿʫ ʢˀʫʯʥʠ 

ʬʘʢʪʦʨʠ, ʜʝʣʦʚʘˁʝʤ ʥʘ ˁʠʭ, ʩʪʚʘʨʘ ʩʝ ʨʝʘʣʥʘ ʤʦʛʫ˂ʥʦʩʪ ʨʘʥʠʿʝʛ ʫʩʧʦʩʪʘʚˀʘˁʘ ʩʪʨʦʞʠʭ ʩʪʘʥʜʘʨʜʘ 

ʝʤʠʩʠʿʝ, ʘ ʪʠʤʝ ʠ ʢʚʘʣʠʪʝʪʥʠʿʝ ʫʧʨʘʚˀʘˁʝ ʠ ʟʘʰʪʠʪʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʟʜʨʘʚˀʘ ˀʫʜʠ. 

 

ʅʘʨʝʜʥʠ ʧʘʩʫʩʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʪʫʧʘʢ ʧʨʦʨʘʯʫʥʘ ʤʦʜʝʣʘ ʉʈɹ, ʜʦʢ ʩʝ ʨʝʟʫʣʪʘʪʠ ʤʦʜʝʣʘ ʉɸɼ ʠ ɽʋ 

ʘʥʘʣʠʟʠʨʘʿʫ ʩʘʤʦ ʫ ʢʦʥʘʯʥʦʿ ʬʦʨʤʫʣʘʮʠʿʠ ʠ ʫʧʦʨʝʜʥʦʤ ʦʙʣʠʢʫ. ʇʦʣʘʟʥʘ ʿʝʜʥʘʯʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʝ 

ʜʦʛʘʹʘʿʘ ɹʃʈ ʤʦʜʝʣʘ ʜʘ ʚʦʟʠʣʦ ʥʠʿʝ ʧʨʦʰʣʦ ʪʝʩʪ ʝʤʠʩʠʿʝ ʛʣʘʩʠ:  

 

ὖὣ ρȿὢ ὼȟȣȟὢ ὼ
Ễ

Ễ ,                                   (4.1) 

ʛʜʝ ʿʝ: 

ὖὣ ρ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʚʦʟʠʣʦ ʥʠʿʝ ʧʨʦʰʣʦ ʪʝʩʪ ʝʤʠʩʠʿʝ; 

ὖὣ π ρ ὖὣ ρ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʿʝ ʚʦʟʠʣʦ ʧʨʦʰʣʦ ʪʝʩʪ ʝʤʠʩʠʿʝ. 
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ʎʠˀ ʙʠʥʦʤʥʝ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ ʿʝʩʪʝ ʥʘ˂ʠ ʤʦʜʝʣ ʢʦʿʠ ʿʝ ʥʘʿʙʦˀʝ ʧʨʠʣʘʛʦʹʝʥ ʧʦʜʘʮʠʤʘ, 

ʦʜʥʦʩʥʦ ʧʨʠʭʚʘʪˀʠʚ ʤʦʜʝʣ ʢʦʿʠ ʦʧʠʩʫʿʝ ʚʝʟʫ ʠʟʤʝʹʫ ʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʠ ʩʢʫʧʘ ʥʝʟʘʚʠʩʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʿʠ ʿʝ ʦʧʠʩʫʿʫ. ɿʘʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʦʩʪʘʚʠʪʠ ʩʣʝʜʝ˂ʝ ʫʩʣʦʚʝ: 

1. ʅʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ, ʦʜʥʦʩʥʦ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠ ʧʨʝʜʠʢʪʦʨʠ ʠʤʘʿʫ ʫʪʠʮʘʿ ʥʘ ʟʘʚʠʩʥʫ 

ʧʨʦʤʝʥˀʠʚʫ, ʫʢʦʣʠʢʦ ʿʝ ˁʠʭʦʚʘ Score ʩʪʘʪʠʩʪʠʢʘ ʟʥʘʯʘʿʥʘ (ʩʠʛʥʠʬʠʢʘʥʪʥʘ). ʇʦʜ 

ʭʠʧʦʪʝʟʦʤ ʜʘ ʩʫ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ ʿʝʜʥʘʢʠ ʥʫʣʠ, Score ʩʪʘʪʠʩʪʠʢʘ ʩʣʝʜʠ 

… ʨʘʩʧʦʜʝʣʫ ʩʘ ʿʝʜʥʠʤ ʩʪʝʧʝʥʦʤ ʩʣʦʙʦʜʝ. ʋʢʦʣʠʢʦ ʿʝ ʪʝʩʪʠʨʘʥʘ ʩʪʘʪʠʩʪʠʢʘ ʤʘˁʘ ʦʜ 

ὴ πȟπυ, ʧʨʝʜʠʢʪʦʨ ʠʤʘ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʠʟʣʘʟʥʝ ʨʝʟʫʣʪʘʪʝ ʤʦʜʝʣʘ (Rao, 1973) [268]; 

2. ʄʦʜʝʣ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ ʘʢʦ ʿʝ ʨʘʟʣʠʢʘ ʣʦʛʘʨʠʪʘʤʘ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ʥʦʚʦʛ (ὒ♫) ʠ 

ʙʘʟʥʦʛ ʤʦʜʝʣʘ (ὒ ) ʪʘʢʚʘ ʜʘ ʿʝ ʠʩʧʫˁʝʥʦ ὴ πȟπυ ʢʘʜʘ ʿʝ ʪʝʩʪʠʨʘʥʘ … ʨʘʩʧʦʜʝʣʦʤ ʩʘ 

Ὧ ρ ὲ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ (… ςὒὒ‍ ὒὒπ  (Tabachnick and Fidell, 2013) [217], 

ʦʜʥʦʩʥʦ ʤʦʨʘ ʩʝ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ʿʝ ʤʦʜʝʣ ʩʘ ʫʟʦʨʢʦʤ ʜʦʚʦˀʥʦ ʜʦʙʘʨ ʜʘ ʚʘʞʠ ʟʘ ʮʝʣʫ 

ʧʦʧʫʣʘʮʠʿʫ (Ὧ - ʙʨʦʿ ʧʦʿʝʜʠʥʘʯʥʠʭ ʝʬʝʢʘʪʘ ʥʦʚʦʛ ʤʦʜʝʣʘ ὒ♫ ; ὲ - ʙʨʦʿ ʧʘʨʘʤʝʪʘʨʘ ʫ 

ʙʘʟʥʦʤ ʤʦʜʝʣʫ ὒ  ʢʦʿʠʭ ʫʚʝʢ ʠʤʘ ʩʘʤʦ 1, ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʪʦ ʩʘʤʦ ʢʦʥʩʪʘʥʪʘ); 

3. ʇʨʠʣʠʢʦʤ ʦʮʝʥʝ ʟʥʘʯʘʿʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʠ ˁʠʭʦʚʠʭ 

ʧʦʪʢʘʪʝʛʦʨʠʿʘ ʪʝʩʪʦʤ ɺʦʣʜʦʚʘ, ʩʚʠ ʥʘʚʝʜʝʥʠ ʩʝ ʤʦʨʘʿʫ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʪʠ ʦʜ ʥʫʣʝ. ʇʦʜ 

ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʫ ʧʦʿʝʜʠʥʘʯʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ ʿʝʜʥʘʢʠ ʥʫʣʠ, ʦʚʘ 

ʩʪʘʪʠʩʪʠʢʘ ʩʣʝʜʠ ʥʦʨʤʘʣʥʠ ʟʘʢʦʥ ʨʘʩʧʦʜʝʣʝ. ʆʩʥʦʚʥʘ ʭʠʧʦʪʝʟʘ ʩʝ ʪʝʩʪʠʨʘ … ʨʘʩʧʦʜʝʣʦʤ ʠ 

ʘʢʦ ʿʝ ʠʩʧʫˁʝʥʦ ʜʘ ʿʝ ˁʝʥʘ ʚʨʝʜʥʦʩʪ ʤʘˁʘ ʦʜ ὴ πȟπυ, ʪʝʩʪʠʨʘʥʠ ʧʨʝʜʠʢʪʦʨ ʠʤʘ ʟʥʘʯʘʿʘʥ 

(ʩʠʛʥʠʬʠʢʘʥʪʘʥ) ʫʪʠʮʘʿ ʥʘ ʠʟʣʘʟʥʝ ʨʝʟʫʣʪʘʪʝ ʤʦʜʝʣʘ (Hosmer et al., 2003) [269];  

4. ʋʢʦʣʠʢʦ HL GOF ʩʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʫʿʝ ʜʦʙʨʦ ʩʣʘʛʘˁʝ ʤʦʜʝʣʘ ʩʘ ʧʦʜʘʮʠʤʘ, ὴ - ʚʨʝʜʥʦʩʪ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ …  ʩʪʘʪʠʩʪʠʢʝ ʤʦʨʘ ʙʠʪʠ ʚʝ˂ʝ ʦʜ 0,05 (ὗ - ʜʝʮʠʣʠ ʨʠʟʠʢʘ ʠ ʤʘʢʩʠʤʘʣʥʦ ʠʭ 

ʤʦʞʝ ʙʠʪʠ 10) (Kleinbaum and Klein, 2010) [218].  

 

ʅʘʢʦʥ ʦʜʘʙʠʨʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʛʨʫʧʘ ʧʨʝʜʠʢʪʦʨʘ ʧʦ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʠʤ 

ʢʨʠʪʝʨʠʿʫʤʠʤʘ, ʠʩʪʝ ʩʝ ʨʘʥʛʠʨʘʿʫ ʧʨʝʤʘ ʩʣʝʜʝ˂ʠʤ ʢʚʘʣʠʬʠʢʘʮʠʿʘʤʘ: 

¶ ɻʨʫʧʘ ʧʨʝʜʠʢʪʦʨʘ ʟʘ ʢʦʿʝ ʩʫ:  

a. ʈʘʟʣʠʢʝ ʫ ʣʦʛʘʨʠʪʤʠʤʘ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʠ ὒ♫  ʠ ὒ  ʥʘʿʚʝ˂ʝ (ʦʜʥʦʩʥʦ ὒ♫  

ʥʘʿʤʘˁʝ) (Field, 2009) [270]; 

b. McFaden ɟĮ ʢʦʝʬʠʮʠʿʝʥʪ ʥʘʿʚʝ˂ʠ (Hensher and Johnson, 1981) [271]; 

c. ʇʨʦʮʝʥʘʪ ʪʘʯʥʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ (PA) (ʝʥʛ. Percentage Analyses) ʥʘʿʚʝ˂ʠ (Ott 

and Longnecker, 2010) [221] ʠ  

d. ʂʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ ʂʦʢʩʘ ʠ ʐʥʝʣʘ ╡╒╢ ʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʿʝ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ ʅʘʛʝʣʢʝʨʢʝʘ ╡╝  ʥʘʿʚʝ˂ʠ 

(Nagelkerke, 1991) [272],  

ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʫʧʫ ʧʨʝʜʠʢʪʦʨʘ ʦʜ ʥʘʿʚʝ˂ʝʛ ʫʪʠʮʘʿʘ ʥʘ ʨʝʟʫʣʪʘʪʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʟʘʚʠʩʥʝ 

ʧʨʦʤʝʥˀʠʚʝ Y ʜʘ ʚʦʟʠʣʦ ʥʠʿʝ ʧʨʦʰʣʦ ʪʝʩʪ ʝʤʠʩʠʿʝ CO ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʤʦʪʦʨʘ. 
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ʉʥʘʛʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʫʪʠʮʘʿʘ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʠʟʘʙʨʘʥʦʿ ʛʨʫʧʠ ʧʨʝʜʠʢʪʦʨʘ ʙʠ˂ʝ ʦʮʝˁʝʥʘ 

ʧʨʝʤʘ 3 ʢʨʠʪʝʨʠʿʫʤʠʤʘ: 

I ʢʨʠʪʝʨʠʿʫʤ - ʐʪʦ ʿʝ ɺʦʣʜʦʚʘ ʩʪʘʪʠʩʪʠʢʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʛʨʝʩʠʿʝ ʟʘ ʘʥʘʣʠʟʠʨʘʥʠ ʧʨʝʜʠʢʪʦʨ 

ʚʝ˂ʘ ʦʜ ˁʝʛʦʚʝ ʩʪʘʥʜʘʨʜʥʝ ʛʨʝʰʢʝ, ʚʝ˂ʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʿʝ ʦʥ ʟʥʘʯʘʿʘʥ ʧʦ ʫʪʠʮʘʿʥʦʩʪʠ 

(Toġkoviĺ, 2012) [273]; 

II ʢʨʠʪʝʨʠʿʫʤ - ʐʪʦ ʿʝ ʦʜʥʦʩ ʰʘʥʩʠ  (OR) (ʝʥʛ. Odds Ratio) ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʫʜʘˀʝʥʠʿʠ 

ʦʜ 1, ʪʘʿ ʧʨʝʜʠʢʪʦʨ ʠʤʘ ʩʥʘʞʥʠʿʠ (ʚʝ˂ʠ) ʫʪʠʮʘʿ (Tabachnick and Fidell, 2013) [217]; 

III ʢʨʠʪʝʨʠʿʫʤ - ʆʙʣʘʩʪ ʠʩʧʦʜ ʢʨʠʚʝ (AUC) (ʝʥʛ. Area Under Curve) ʩʫʰʪʠʥʩʢʠ ʧʨʦʮʝˁʫʿʝ 

ʢʚʘʣʠʪʝʪ ʧʨʝʜʠʢʪʦʨʘ ʫ ʬʦʨʤʠʨʘʥʦʤ ʤʦʜʝʣʫ, ʯʠʿʠ ʧʨʦʨʘʯʫʥ ʟʘʭʪʝʚʘ ʢʦʥʩʪʨʫʠʩʘˁʝ ROC 

ʢʨʠʚʝ (Hosmer and Lemeshow, 2000; Gvozdiĺ, 2011) [212], [211] . 

 

ʋ ʪʘʙʝʣʠ 4.5 ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ Score ʪʝʩʪ ʩʪʘʪʠʩʪʠʢʘ ʫʥʠʚʘʨʠʿʘʙʠʣʥʝ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ ʟʘ 3 

ʤʦʜʝʣʘ. ʆʩʠʤ ʧʨʝʜʠʢʪʦʨʘ ,,ʧʨʝʹʝʥʘ ʢʠʣʦʤʝʪʨʘʞʘ (L)ñ ʫ ʤʦʜʝʣʫ ʉʈɹ (L: … ȟ Ƞ πȟρρρρὴ

πȟπυ), ʩʚʠ ʦʩʪʘʣʠ ʩʫ ʟʥʘʯʘʿʥʠ, ʦʜʥʦʩʥʦ ʠʤʘʿʫ ʫʪʠʮʘʿ ʥʘ ʠʟʣʘʟʥʝ ʨʝʟʫʣʪʘʪʝ ʤʦʜʝʣʘ. ʀʟ ʥʘʚʝʜʝʥʦʛ ʩʝ 

ʟʘʢˀʫʯʫʿʝ ʜʘ ʩʝ ʧʨʝʜʠʢʪʦʨ L ʥʝ˂ʝ ʨʘʟʤʘʪʨʘʪʠ ʢʘʦ ʫʪʠʮʘʿʥʦ ʤʦʛʫ˂ʠ ʫ ʤʦʜʝʣʫ ʉʈɹ.  

  

ʊʘʙʝʣʘ 4.5  Score ʩʪʘʪʠʩʪʠʢʘ ʫʥʠʚʘʨʠʿʘʙʠʣʥʝ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ ʟʘ ʪʨʠ ɹʃʈ ʤʦʜʝʣʘ  

ʇ
ʨ
ʝ
ʜ
ʠ
ʢ
ʪ
ʦ
ʨ
ʠ

 

ʄʦʜʝʣ ʉʈɹ 

(<4,5 vol% CO) 

ʄʦʜʝʣ ɽʋ 

(Ò0,3 & Ò3,5 vol% CO) 

ʄʦʜʝʣ ʉɸɼ 

(Ò1,0 vol% CO) 

Score 

ʩʪʘʪʠʩʪʠʢʘ 

ʉʪʝʧʝʥʠ 

ʩʣʦʙʦʜʝ 

p 

(ʩʠʛʥʠʬ.) 
Score 

ʩʪʘʪʠʩʪʠʢʘ 

ʉʪʝʧʝʥʠ 

ʩʣʦʙʦʜʝ 

p 

(ʩʠʛʥʠʬ.) 
Score 

ʩʪʘʪʠʩʪʠʢʘ 

ʉʪʝʧʝʥʠ 

ʩʣʦʙʦʜʝ 

p 

(ʩʠʛʥʠʬ.) 

D(1) 84,14 1 <0,001 53,79 1 <0,001 328,79 1 <0,001 

L 2,55 1 0,1111 198,26 1 <0,001 75,54 1 <0,001 

S 109,38 1 <0,001 55,37 1 <0,001 669,92 1 <0,001 

kW(1) 34,79 1 <0,001 47,18 1 <0,001 42,27 1 <0,001 

kW(2) 40,04 1 <0,001 88,31 1 <0,001 178,95 1 <0,001 

FI(1) 154,73 1 <0,001 172,46 1 <0,001 1.011,86 1 <0,001 

K(1) 148,62 1 <0,001 46,33 1 <0,001 1.133,36 1 <0,001 

 

ʅʘʢʦʥ ʦʜʘʙʠʨʘ ʢʦʤʙʠʥʘʮʠʿʘ ʩʢʫʧʘ ʧʨʝʜʠʢʪʦʨʘ, ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʠ ʨʘʥʛʠʨʘˁʘ ʧʨʝʤʘ ʧʨʝʪʭʦʜʥʦ 

ʜʝʬʠʥʠʩʘʥʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ, ʥʘʩʪʘʦ ʿʝ ʨʝʟʫʣʪʘʪ ʧʨʠʢʘʟʘʥ ʫ ʪʘʙʝʣʘʤʘ ɸ19, ɸ20 ʠ ɸ21 (ʧʨʠʣʦʛ ɸ).  

 

ʂˀʫʯʥʠ ʧʨʝʜʠʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʦʛʘʹʘʿʘ ʤʦʜʝʣa ʉʈɹ ʜʘ ʚʦʟʠʣʦ ʥʝ ʧʨʦʹʝ ʪʝʩʪ 

ʝʤʠʩʠʿʝ ʩʫ: ʩʪʘʨʦʩʪ ʚʦʟʠʣʘ, ʩʥʘʛʘ ʤʦʪʦʨʘ, ʪʠʧ ʥʘʧʘʿʘˁʘ ʠ ʧʨʠʩʫʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʨʦʨʘʯʫʥ ʚʝʨʦʚʘʪʥʦ˂ʝ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʤʘʪʝʤʘʪʠʯʢʦʤ ʦʙʣʠʢʫ:   

 

ὖʉʈɹὣ ρȿὢ ὼ
ȟ ȟ ╢ ȟ ▓╦ ȟ ▓╦ ȟ ╕╘ ȟ ╚

ȟ ȟ ╢ ȟ ▓╦ ȟ ▓╦ ȟ ╕╘ ȟ ╚ .                 (4.2) 

 

ʂˀʫʯʥʠ ʧʨʝʜʠʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʦʛʘʹʘʿʘ ʤʦʜʝʣʘ ɽʋ ʜʘ ʚʦʟʠʣʦ ʥʝ ʧʨʦʹʝ ʪʝʩʪ 

ʝʤʠʩʠʿʝ ʩʫ: ʫʢʫʧʥʦ ʧʨʝʹʝʥʘ ʢʠʣʦʤʝʪʨʘʞʘ, ʩʥʘʛʘ ʤʦʪʦʨʘ, ʪʠʧ ʥʘʧʘʿʘˁʘ ʠ ʧʨʠʩʫʩʪʚʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʜʥʦʩʥʦ ʧʨʝʜʩʪʘʚˀʝʥʦ ʫ ʤʘʪʝʤʘʪʠʯʢʦʤ ʦʙʣʠʢʫ:  
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ὖɽʋὣ ρȿὢ ὼ
ȟ ȟ ╛ ȟ ▓╦ ȟ ▓╦ ȟ ╕╘ ȟ ╚

ȟ ȟ ╛ ȟ ▓╦ ȟ ▓╦ ȟ ╕╘ ȟ ╚ .                 (4.3) 

 

ʂˀʫʯʥʠ ʧʨʝʜʠʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʦʛʘʹʘʿʘ ʤʦʜʝʣʘ ʉɸɼ ʜʘ ʚʦʟʠʣʦ ʥʝ ʧʨʦʹʝ ʪʝʩʪ 

ʝʤʠʩʠʿʝ ʩʫ: ʩʪʘʨʦʩʪ ʚʦʟʠʣʘ, ʫʢʫʧʥʦ ʧʨʝʹʝʥʘ ʢʠʣʦʤʝʪʨʘʞʘ, ʩʥʘʛʘ ʤʦʪʦʨʘ, ʪʠʧ ʥʘʧʘʿʘˁʘ ʠ 

ʧʨʠʩʫʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʜʥʦʩʥʦ ʧʨʝʜʩʪʘʚˀʝʥʦ ʫ ʤʘʪʝʤʘʪʠʯʢʦʤ ʦʙʣʠʢʫ:  

 

ὖʉɸɼὣ ρȿὢ ὼ
ȟ ȟ ╛ ȟ ╢ ȟ ▓╦ ȟ ▓╦ ȟ╕╘ ȟ ╚

ȟ ȟ ╛ ȟ ╢ ȟ ▓╦ ȟ ▓╦ ȟ╕╘ ȟ ╚ .          (4.4) 

 

ʋ ʪʘʙʝʣʠ 4.6 ʩʫ ʠʟʣʦʞʝʥʠ ʧʦʿʝʜʠʥʠ ʧʘʨʘʤʝʪʨʠ ɹʃʈ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ ʦʪʢʨʠʪʠ ʠʟ ˁʝʛʦʚʝ 

ʤʘʪʝʤʘʪʠʯʢʝ ʬʦʨʤʫʣʘʮʠʿʝ, ʘʣʠ ʩʝ ˁʠʭʦʚʠʤ ʪʫʤʘʯʝˁʝʤ ʤʦʛʫ ʩʫʰʪʠʥʩʢʠ ʩʘʟʥʘʪʠ ˁʝʛʦʚʝ ʦʩʦʙʠʥʝ. ʋ 

ʪʨʝ˂ʦʿ ʢʦʣʦʥʠ ʩʫ ʜʘʪʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ, ʫ ʯʝʪʚʨʪʦʿ ʿʝ ʜʘʪʘ ˁʠʭʦʚʘ ʩʪʘʥʜʘʨʜʥʘ 

ʛʨʝʰʢʘ, ʜʦʢ ʿʝ ʫ ʧʦʩʣʝʜˁʦʿ ʜʘʪ ʦʜʥʦʩ ʰʘʥʩʠ (ʝʢʩʧʦʥʝʥʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ). 

  

ʊʘʙʝʣʘ 4.6  ɹʃʈ ʧʘʨʘʤʝʪʨʠ ʟʘ ʪʨʠ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ 

ʄʦʜʝʣʠ ʇʨʝʜʠʢʪʦʨʠ ♫ ╢╔♫ ɺʦʣʜʦʚʘ ʩʪʘʪʠʩʪʠʢʘ ʉʉ ʉʠʛʥʠʬ. ▄♫ 

ʄ
ʆ
ɼ
ɽ
ʃ
 

ʉ
ʈ
ɹ 

S 0,077 0,014 31,08 1 <0,001 1,080 

kW(1) -0,766 0,173 19,580 1 <0,001 0,465 

kW(2) -1,14 0,29 15,453 1 0,045 0,319 

FI (1) 1,938 0,585 10,961 1 0,001 6,944 

K(1) 2,943 1,042 7,969 1 0,005 18,969 

ʄ
ʆ
ɼ
ɽ
ʃ
 
 

ɽ
ʋ 

L  0,000017 0,000001 217,803 1 <0,001 1,000017 

kW(1) -1,636 0,157 108,538 1 <0,001 0,195 

kW(2) -2,319 0,24 93,342 1 <0,001 0,098 

FI (1) -7,106 1,05 45,829 1 <0,001 0,00082 

K(1) 4,502 1,031 19,067 1 <0,001 90,181 

ʄ
ʆ
ɼ
ɽ
ʃ 

ʉ
ɸ
ɼ 

L  0,000045 0,000006 56,939 1 <0,001 1,000045 

S 0,597 0,078 59,413 1 <0,001 1,822 

kW(1) -6,436 0.98 43,167 1 <0,001 0,001603 

kW(2) -8,525 1,166 53,485 1 <0,001 0,000199 

FI (1) 9,5 1,366 48,339 1 <0,001 1.3360,72 

K(1) 6,41 1,246 26,483 1 <0,001 608,141 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʫʪʚʨʹʝʥʠ ʩʚʠ ʧʨʝʜʠʢʪʦʨʠ ʢʦʥʘʯʥʠʭ ʤʦʜʝʣʘ ʉʈɹ, ɽʋ ʠ ʉɸɼ, ʦʩʪʘʣʦ ʝʿ ʜʘ ʩʝ ʦʮʝʥʝ 

ʧʦʿʝʜʠʥʘʯʥʠ ʫʪʠʮʘʿʠ ʠ ˁʠʭʦʚʘ ʟʥʘʯʘʿʥʦʩʪ ʧʨʝʤʘ ʪʨʠ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʘ ʢʨʠʪʝʨʠʿʫʤʘ. 

 

ɸʢʦ ʩʝ ʫ ʤʦʜʝʣʫ ʉʈɹ ʧʦʩʤʘʪʨʘ ʫʪʠʮʘʿʥʦʩʪ ʧʨʝʜʠʢʪʦʨʘ ʧʨʝʢʦ ʦʜʥʦʩʘ ɺʦʣʜʦʚʝ ʩʪʘʪʠʩʪʠʢʝ ʠ 

ʩʪʘʥʜʘʨʜʥʦʛ ʦʜʩʪʫʧʘˁʘ ʨʝʛʨʝʩʠʦʥʠʭ ʢʦʝʬʠʮʠʿʝʥʪʘ (I ʢʨʠʪʝʨʠʿʫʤ), ʥʘʿʚʝ˂ʘ ʝʿ ʩʪʘʨʦʩʪ ʚʦʟʠʣʘ. ʉ 

ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʜʠʩʢʨʝʪʥʘ ʧʨʦʤʝʥˀʠʚʘ, ʙʠʣʦ ʙʠ ʠʥʪʝʨʝʩʘʥʪʥʦ ʠʟʨʘʯʫʥʘʪʠ ʰʘʥʩʫ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ 

ʝʤʠʩʠʿʝ ʟʘ 10, ʠʣʠ ʯʘʢ 20 ʛʦʜʠʥʘ ʩʪʘʨʦ ʚʦʟʠʣʦ. ɿʘ ʨʘʟʣʠʢʫ ʩʪʘʨʦʩʪʠ ʚʦʟʠʣʘ ʦʜ 1 ʛʦʜʠʥʝ, ʰʘʥʩʘ 

ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ ʝʤʠʩʠʿʝ ʩʝ ʧʦʚʝ˂ʘʚʘ 1,08 ʧʫʪʘ. ɿʘ ʚʦʟʠʣʦ ʩʪʘʨʠʿʝ 10 ʛʦʜʠʥʘ, ʰʘʥʩʘ ʩʝ ʧʦʚʝ˂ʘʚʘ 

2,15 ʧʫʪʘ (ρȟπψπ ςȟρυ, ʜʦʢ ʟʘ ʚʦʟʠʣʦ ʩʪʘʨʠʿʝ 20 ʛʦʜʠʥʘ, ʰʘʥʩʘ ʩʝ ʧʦʚʝ˂ʘʚʘ 4,7 ʧʫʪʘ. ʋʢʦʣʠʢʦ 

ʞʝʣʠʤʦ ʜʘ ʩʘʟʥʘʤʦ ʧʨʦʮʝʥʘʪ ʧʦʚʝ˂ʘˁʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʝʧʨʦʣʘʩʢʘ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ ʟʘ 5, 10 

ʠʣʠ 20 ʛʦʜʠʥʘ ʩʪʘʨʦ ʚʦʟʠʣʦ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʥʦʚʫ ʚʨʝʜʥʦʩʪ ʰʘʥʩʝ ʜʦʙʠʪʠ ʢʘʦ ʧʨʦʠʟʚʦʜ ʩʪʘʨʝ ʰʘʥʩʝ, 
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ʦʜʥʦʩʘ ʰʘʥʩʠ ʠ ʧʨʦʤʝʥʘʤʘ ʫ ʚʨʝʜʥʦʩʪʠ ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ (Hair et a., 2010) [274]. ʊʘʢʦ, ʚʦʟʠʣʦ 

ʩʪʘʨʦʩʪʠ ʦʜ 5 ʛʦʜʠʥʘ ʠʤʘ ʧʦʚʝ˂ʘˁʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ ʝʤʠʩʠʿʝ ʟʘ ʜʦʜʘʪʥʠʭ 31%, ʦʜ 10 

ʛʦʜʠʥʘ ʟʘ 41%, ʜʦʢ ʙʠ ʟʘ ʚʦʟʠʣʦ ʩʪʘʨʦʩʪʠ ʦʜ 20 ʛʦʜʠʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ ʧʦʨʘʩʣʘ ʟʘ 

ʜʦʜʘʪʥʠʭ 45% (ʦ.ʘ. ʥʘʚʝʜʝʥʠ ʧʨʦʮʝʥʪʠ ʩʝ ʜʦʜʘʿʫ ʥʘ 50%, ʦʜʥʦʩʥʦ ʥʘ ʧʦʣʘʟʥʦ ʧʨʝʪʧʦʩʪʘʚˀʝʥʫ 

ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʿʝ ʚʦʟʠʣʦ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʦ ʠʣʠ ʥʠʿʝ). 

    

ɽʢʩʧʦʥʝʥʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ɹʃʈ-ʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʤʝʥʫ ʫ ʰʘʥʩʘʤʘ ʢʦʿʝ ʩʫ ʨʝʟʫʣʪʘʪ ʧʨʦʤʝʥʝ ʟʘ ʿʝʜʥʫ 

ʿʝʜʠʥʠʮʫ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ. ɿʘʪʦ ʩʝ ʧʦʚʝ˂ʘˁʝʤ ʩʪʘʨʦʩʪʠ ʚʦʟʠʣʘ ʟʘ ʿʝʜʥʫ ʛʦʜʠʥʫ, ʧʦʚʝ˂ʘʚʘ 

ʰʘʥʩʘ ʥʝʧʨʦʣʘʩʢʘ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ ʟʘ 8%, ʜʦʢ ʙʠ ʟʘ ʤʦʜʝʣ ʉɸɼ ʧʦʤʝʥʫʪʦ ʧʦʚʝ˂ʘˁʝ 

ʠʟʥʦʩʠʣʦ 82,2%. ʇʨʘʢʪʠʯʥʦ, ʩʘ ʧʦʦʰʪʨʘʚʘˁʝʤ ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ 4,5 ʧʫʪʘ, ʿʝʜʥʦʛʦʜʠʰˁʝ 

ʧʦʚʝ˂ʘˁʝ ʩʪʘʨʦʩʪʠ ʚʦʟʠʣʘ ʫʪʠʯʝ ʜʘ ʩʝ ʰʘʥʩʘ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ ʝʤʠʩʠʿʝ ʧʦʚʝ˂ʘ ~ 10 ʧʫʪʘ. 

    

ʅʘ ʦʩʥʦʚʫ ʦʜʥʦʩʘ ɺʦʣʜʦʚʝ ʩʪʘʪʠʩʪʠʢʝ ʠ ʩʪʘʥʜʘʨʜʥʦʛ ʦʜʩʪʫʧʘˁʘ ʨʝʛʨʝʩʠʦʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ, ʫ 

ʤʦʜʝʣʠʤʘ ɽʋ ʠ ʉɸɼ ʧʦʿʘʚˀʫʿʝ ʩʝ ʧʨʝʜʠʢʪʦʨ L ʢʘʦ ʥʘʿʫʪʠʮʘʿʥʠ. ʅʝʧʨʘʢʪʠʯʥʦ ʿʝ ʦʙʿʘʰˁʝˁʝ ʜʘ ʟʘ 1 

ʢʠʣʦʤʝʪʘʨ ʚʠʰʝ, ʚʦʟʠʣʦ ʠʤʘ ʚʝ˂ʫ ʰʘʥʩʫ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ 1,000017 ʧʫʪʘ. ʈʝʘʣʥʠʿʝ ʿʝ ʩʘʛʣʝʜʘʪʠ 

ʢʦʣʠʢʘ ʙʠ ʧʨʦʤʝʥʘ ʰʘʥʩʝ ʠʟʥʦʩʠʣʘ ʟʘ 5.000, 10.000, 50.000 ʠʣʠ 100.000 ʜʦʜʘʪʥʦ ʧʨʝʹʝʥʠʭ 

ʢʠʣʦʤʝʪʘʨʘ. ʊʘʙʝʣʘ 4.7 ʜʘʿʝ ʦʜʛʦʚʦʨ ʥʘ ʧʦʩʪʘʚˀʝʥʦ ʧʠʪʘˁʝ.   

 

ʊʘʙʝʣʘ 4.7  ʇʨʦʤʝʥʘ ʰʘʥʩʠ ʥʝʧʨʦʣʘʩʢʘ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ ʟʘ ʧʨʝʜʠʢʪʦʨ L 

ɼʦʜʘʪʥʦ ʧʨʝʹʝʥʠʭ ʢʠʣʦʤʝʪʘʨʘ ʄʦʜʝʣ ɽʋ ʄʦʜʝʣ ʉɸɼ 

5.000 1,09 1,25 

10.000 1,18 1,57 

50.000 2,34 9,49 

100.000 5,47 90 

 

ʋ ʟʘʢˀʫʯʢʫ ʤʦʞʝʤʦ ʥʘʚʝʩʪʠ ʜʘ ʧʨʝʤʘ ʤʦʜʝʣʫ ɽʋ ʢʦʿʠ ʚʘʞʠ ʦʜ 01.03.2014.ʛʦʜʠʥʝ, ʫʟʦʨʢʦʚʘʥʘ 

ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ ʩʘ ʪʝʨʠʪʦʨʠʿʝ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʠʤʘʿʫ ʥʘ ʩʚʘʢʠʭ 100.000 km 5,47 ʧʫʪʘ ʚʝ˂ʫ 

ʰʘʥʩʫ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ ʝʤʠʩʠʿʝ, ʜʦʢ ʙʠ ʩʝ ʩʘ ʫʩʚʘʿʘˁʝʤ ʿʦʰ ʩʪʨʦʞʠʭ ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ (ʤʦʜʝʣ 

ʉɸɼ), ʰʘʥʩʘ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ ʧʦʚʝ˂ʘʣʘ 90 ʧʫʪʘ, ʦʜʥʦʩʥʦ 9,5 ʧʫʪʘ ʟʘ ʩʚʘʢʠʭ 50.000 km.    

 

ɱʝʜʠʥʠ ʧʨʝʜʠʢʪʦʨ ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʝ ʫ ʩʚʘ ʪʨʠ ʤʦʜʝʣʘ, ʘ ʧʨʠ ʪʦʤʝ ʠʤʘ ʚʠʰʝ ʦʜ ʜʚʝ ʧʦʪʢʘʪʝʛʦʨʠʿʝ, 

ʿʝʩʪʝ ʩʥʘʛʘ ʤʦʪʦʨʘ. ʈʝʬʝʨʝʥʪʥʘ ʧʦʪʢʘʪʝʛʦʨʠʿʘ ʿʝʩʫ ʚʦʟʠʣʘ ʩʥʘʛʝ ʜʦ 40 kW, ʧʨʠ ʯʝʤʫ ʩʫ ʦʩʪʘʣʝ ʜʚʝ 

ʫʧʦʨʝʹʝʥʝ ʩʘ ˁʦʤ. ʊʘʢʦ ʫ ʤʦʜʝʣʫ ʉʈɹ, ʝʢʩʧʦʥʝʥʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʜʨʫʛʝ (0,465) ʠ ʪʨʝ˂ʝ (0,319) 

ʧʦʪʢʘʪʝʛʦʨʠʿʝ ʩʥʘʛʝ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʰʘʥʩʠ ʥʝʧʨʦʣʘʩʢʘ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʨʝʬʝʨʝʥʪʥʦʤ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʪʦ ʚʨʝʜʥʦʩʪʠ ʤʘˁʝ ʦʜ 1, ʥʝʦʧʭʦʜʥʦ ʿʝ, ʠʟ ʧʨʘʢʪʠʯʥʠʭ ʨʘʟʣʦʛʘ, 

ʧʦʩʤʘʪʨʘʪʠ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʦʜʥʦʩ, ʦʜʥʦʩʥʦ ʩʘ 1 ʧʦʜʝʣʠʪʠ ʜʦʙʠʿʝʥʠ ʝʢʩʧʦʥʝʥʪ (ʤʘˁʝ ʦʜ 1 

ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘˁʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʘ ʿʝ ʚʦʟʠʣʦ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʦ). ʀʟ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ 

ʟʘʢˀʫʯʫʿʝʤʦ ʜʘ ʚʦʟʠʣʘ ʩʘ ʤʦʪʦʨʠʤʘ ʩʥʘʛʝ 40ï70 kW ʠʤʘʿʫ 2,15 ʧʫʪʘ ʚʝ˂ʫ ʰʘʥʩʫ ʠʩʧʫˁʝˁʘ 

ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ (1/0,465=2,15) (ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʫ), ʜʦʢ ʤʦʪʦʨʠ ʪʨʝ˂ʝ ʧʦʪʢʘʪʝʛʦʨʠʿʝ ʠʤʘʿʫ 

3,13 ʧʫʪʘ ʚʝ˂ʫ ʰʘʥʩʫ (ʪʘʢʦʹʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʫ).  



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

124 

 

ʋ ʪʘʙʝʣʠ 4.8 ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʘʥʘʣʠʪʠʯʢʠ ʩʫʙʣʠʤʠʨʘʥʠ ʦʜʥʦʩʠ ʟʘ ʪʨʠ ʤʦʜʝʣʘ. ʉʘ ʧʦʦʰʪʨʘʚʘˁʝʤ 

ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ, ʚʦʟʠʣʦ ʚʝ˂ʝ ʢʘʪʝʛʦʨʠʿʝ ʩʥʘʛʝ ʤʦʪʦʨʘ ʠʤʘ ʚʠʰʝ ʰʘʥʩʠ ʜʘ ʿʝ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʦ.  

 

ʊʘʙʝʣʘ 4.8  ɸʥʘʣʠʟʘ ʦʜʥʦʩʘ ʰʘʥʩʠ ʧʨʦʣʘʩʢʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ ʟʘ ʪʨʠ ɹʃʈ ʤʦʜʝʣʘ ʧʨʝʜʠʢʪʦʨʘ W 

ʇʦʪʢʘʪʝʛʦʨʠʿʘ ʄʦʜʝʣ ʉʈɹ ʄʦʜʝʣ ɽʋ ʄʦʜʝʣ ʉɸɼ 

kW (1) 2,15 5,13 623 

kW (2) 3,13 10,21 5.025 

ʅʘʧʦʤʝʥʘ: ʚʨʝʜʥʦʩʪʠ ʧʦʪʢʘʪʝʛʦʨʠʿʘ ʩʝ ʦʜʥʦʩʝ ʧʨʝʤʘ ʨʝʬʝʨʝʥʪʥʦ ʿʧʦʪʢʘʪʝʛʦʨʠʿʠ (<40 kW) 

 

ʊʘʢʦʹʝ, ʿʦʰ ʿʝʜʘʥ ʚʘʞʘʥ ʧʦʢʘʟʘʪʝˀ ʦʩʦʙʝʥʦʩʪʠ ʧʨʝʜʠʢʪʦʨʘ ʤʦʞʝ ʙʠʪʠ ʧʨʝʜʟʥʘʢ ʠʩʧʨʝʜ 

ʨʝʛʨʝʩʠʦʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ (Hair et a., 2010) [274]. ʋ ʤʦʜʝʣʫ ʉʈɹ, ʧʨʝʜʟʥʘʢ ʠʩʧʨʝʜ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʧʨʝʜʠʢʪʦʨʘ S, FI ʠ K ʿʝ ʧʦʟʠʪʠʚʘʥ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʪʘʨʠʿʘ ʚʦʟʠʣʘ, ʩʘ ʢʘʨʙʫʨʘʪʦʨʩʢʠʤ ʩʠʩʪʝʤʦʤ ʠ ʙʝʟ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʤʘʿʫ ʚʝ˂ʫ ʰʘʥʩʫ ʥʝʧʨʦʣʘʩʢʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ. ʀʩʪʠ ʟʘʢˀʫʯʘʢ ʚʘʞʠ ʟʘ ʤʦʜʝʣ ʉɸɼ, ʩ 

ʪʠʤ ʰʪʦ ʿʝ ʜʦʧʫˁʝʥ ʯʠˁʝʥʠʮʦʤ ʜʘ ʩʫ ʪʦ ʚʦʟʠʣʘ ʢʦʿʘ ʩʫ ʧʨʝʰʣʘ ʚʠʰʝ ʢʠʣʦʤʝʪʘʨʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ.  

ʂʦʝʬʠʮʠʿʝʥʪ FI ʫ ʤʦʜʝʣʫ ɽʋ ʠʤʘ ʥʝʛʘʪʠʚʘʥ ʧʨʝʜʟʥʘʢ. ʋʢʦʣʠʢʦ ʘʥʘʣʠʟʠʨʘʤʦ ʝʢʩʧʦʥʝʥʪʝ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʧʦʤʝʥʫʪʠʭ ʧʨʝʜʠʢʪʦʨʘ, ʫ ʩʚʠʤ ʤʦʜʝʣʠʤʘ ʦʜʩʫʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʢʘʨʙʫʨʘʪʦʨʩʢʠ 

ʩʠʩʪʝʤ ʥʘʧʘʿʘˁʘ ʠʤʧʣʠʮʠʨʘ ʚʝ˂ʫ ʰʘʥʩʫ ʝʤʠʩʠʦʥʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚʦʟʠʣʘ, ʦʩʠʤ ʟʘ FI ʢʦʜ ʤʦʜʝʣʘ 

ɽʋ, ʢʦʜ ʢʦʛʘ ʚʦʟʠʣʘ ʩʘ ʢʘʨʙʫʨʘʪʦʨʦʤ ʠʤʘʿʫ ~ 1.219 ʧʫʪʘ ʚʝ˂ʫ ʰʘʥʩʫ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ ʝʤʠʩʠʿʝ 

(1/0,00082=1.219). ɱʘʩʥʦ ʿʝ ʜʘ ʧʨʝʜʟʥʘʢ ʢʦʝʬʠʮʠʿʝʥʪʘ ɹʃʈ ʤʦʜʝʣʘ ʠʤʘ ʫʪʠʮʘʿ ʥʘ ʪʘʢʘʚ ʨʝʟʫʣʪʘʪ.  

 

ʋʧʦʨʝʹʫʿʫ˂ʠ ʢʨʠʪʝʨʠʿʫʤʝ ʦ ʫʪʠʮʘʿʥʦʩʪʠ ʧʨʝʜʠʢʪʦʨʘ ʠ ʨʝʟʫʣʪʘʪʝ ʠʟ ʪʘʙʝʣʝ 4.6, ʦʜʥʦʩʥʦ ʠʟʤʝʹʫ 

ɺʦʣʜʦʚʝ ʩʪʘʪʠʩʪʠʢʝ ʠʣʠ ʧʨʝʤʘ ʫʜʘˀʝʥʦʩʪʠ ʝʢʩʧʦʥʝʥʪʘ ʦʜ ʿʝʜʠʥʠʮʝ, ʧʨʠʤʝʪʥʦ ʿʝ ˁʠʭʦʚʦ ʙʠʪʥʦ 

ʥʝʩʣʘʛʘˁʝ. ʇʨʝʮʠʟʥʠʿʠ ʦʜʛʦʚʦʨ ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʫʧʦʪʨʝʙʦʤ ROC ʢʨʠʚʝ. ʉʚʘʢʘ ʪʘʯʢʘ ROC ʢʨʠʚʝ 

ʧʨʝʜʩʪʘʚˀʘ ʫʨʝʹʝʥʠ ʧʘʨ (ʩʝʥʟʠʪʠʚʥʦʩʪ,  1ïʩʧʝʮʠʬʠʯʥʦʩʪ) ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʧʦʿʝʜʠʥʘʯʥʦʤ ʥʠʚʦʫ 

ʦʜʣʫʯʠʚʘˁʘ. ɸʢʦ ʿʝ ʫ ʥʘʰʝʤ ʩʣʫʯʘʿʫ ʪʝʩʪʘ ʝʤʠʩʠʿʝ ʮʠˀ ʫ ʬʫʥʢʮʠʿʠ ʰʪʦ ʪʘʯʥʠʿʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ 

ʚʦʟʠʣʘ ʢʦʿʘ ʩʫ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʘ, ʦʜʥʦʩʥʦ ʥʠʩʫ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʜʨʝʜʠʪʠ ʢʘʜʘ ʪʝʩʪ ʩʘ ʥʘʿʚʝ˂ʦʤ 

ʧʨʝʮʠʟʥʦʰ˂ʫ ʤʦʞʝ ʜʘʪʠ ʪʘʯʥʝ ʦʜʛʦʚʦʨʝ. ʋʧʨʘʚʦ ʪʘʯʢʘ ʧʨʝʩʝʢʘ (ʝʥʛ. ,,cutpointsñ) (Hosmer et al., 

2003) [269] ʫ ʢʦʿʦʿ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʩʝʥʟʠʪʠʚʥʦʩʪ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʪʨʘʞʝʥʠ ʦʜʛʦʚʦʨ. 

ɺʝ˂ʠʥʘ ROC ʢʨʠʚʠʭ ʥʘʣʘʟʠ ʩʝ ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ ʢʨʘʿʥʦʩʪʠ ʠ, ʢʚʘʣʠʪʘʪʠʚʥʦ ʛʣʝʜʘʥʦ, ʦʥʘ ʢʦʿʘ ʿʝ ʙʣʠʞʘ 

ʛʦʨˁʝʤ ʣʝʚʦʤ ʫʛʣʫ ʫʢʘʟʫʿʝ ʥʘ ʪʝʩʪ ʩʘ ʚʝ˂ʦʤ ʪʘʯʥʦʰ˂ʫ. ʋʢʦʣʠʢʦ ʿʝ ʚʠʰʝ ROC ʢʨʠʚʠʭ ʧʨʠʢʘʟʘʥʦ ʥʘ 

ʿʝʜʥʦʤ ʜʠʿʘʛʨʘʤʫ, ʦʥʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʚʠʰʝ ʠʟʥʘʜ ʠ ʚʠʰʝ ʫʣʝʚʦ, ʫʢʘʟʫʿʝ ʥʘ ʪʝʩʪ ʩʘ ʚʝ˂ʦʤ ʪʘʯʥʦʰ˂ʫ 

(ʧʨʝʮʠʟʥʦʰ˂ʫ). ʊʘʢʦʹʝ, AUC (ʝʥʛ. Area Under the Curve) ʜʘʿʝ ʚʨʝʜʥʦʩʪ ʢʦʿʫ ʤʦʞʝʤʦ ʫʧʦʨʝʜʠʪʠ ʠ 

ʩʤʝʩʪʠʪʠ ʫ ʜʝʬʠʥʠʩʘʥʠʤ ʛʨʘʥʠʮʘʤʘ ʢʚʘʣʠʪʝʪʘ ʨʘʟʜʚʘʿʘˁʘ (ʩʪʨʘʥʘ 73, ʧʘʩʫʩ 3). 

 

ɺʨʝʜʥʦʩʪʠ AUC ʟʘ ʫʪʠʮʘʿʥʝ ʧʨʝʜʠʢʪʦʨʝ ʤʦʜʝʣʘ ʉʈɹ ʿʝʩʫ: ʩʪʘʨʦʩʪ ʚʦʟʠʣʘ (S) (0,702); ʩʥʘʛʘ ʤʦʪʦʨʘ 

(kW) (0,306); ʪʠʧ ʥʘʧʘʿʘˁʘ (FI) (0,698) ʠ ʧʨʠʩʫʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (K) (0,691) (ʩʣʠʢʘ 4.10). ɿʘʢˀʫʯʘʢ 

ʿʝ ʜʘ ʿʝʜʠʥʦ ʧʨʝʜʠʢʪʦʨ S ʠʤʘ ʧʨʠʭʚʘʪˀʠʚʦ ʨʘʟʜʚʘʿʘˁʝ, ʜʦʢ FI ʠ K ʧʨʠʧʘʜʘʿʫ ʛʨʫʧʠ ʢʦʿʘ ʣʦʰʝ 

ʨʘʟʜʚʘʿʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʦʜʨʝʹʝʥʘ ʿʝ ʪʘʯʢʘ ʧʨʝʩʝʢʘ, ʩʣʠʢʘ 4.10 ʙ, ʛʜʝ ʩʝ ʿʘʩʥʦ ʧʨʠʢʘʟʫʿʝ ʜʘ ʤʦʜʝʣ 

ʉʈɹ ʠʤʘ ʧʨʠʭʚʘʪˀʠʚʦ ʨʘʟʜʚʘʿʘˁʝ ʥʘ ʚʦʟʠʣʘ ʢʦʿʘ ʥʠʩʫ ʧʨʦʰʣʘ ʪʝʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʦʥʘ ʢʦʿʘ ʪʦ ʿʝʩʫ ʫ 

19. ʛʦʜʠʥʠ ʩʪʘʨʦʩʪʠ ʚʦʟʠʣʘ, ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʪʘʢʚʦʛ ʜʦʛʘʹʘʿʘ ʦʜ 50%. ʇʨʝʜʠʢʪʦʨ kW ʩʝ ʥʘʣʘʟʠ 

ʜʘʣʝʢʦ ʠʩʧʦʜ ʨʝʬʝʨʝʥʪʥʝ ʢʨʠʚʝ, ʘʣʠ ʪʘʢʚʦ ʧʦʥʘʰʘˁʝ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʫʪʠʮʘʿʝʤ ʢʦʿʠ ʧʦʤʝʥʫʪʘ 
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ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ ʠʤʘ ʥʘ ʚʝ˂ʫ ʧʨʦʮʝʥʫ ʚʦʟʠʣʘ ʢʦʿʘ ʪʝʩʪ ʤʦʛʫ ʧʨʦ˂ʠ, ʦʜʥʦʩʥʦ ʜʘ ʩʫ ʝʤʠʩʠʦʥʦ 

ʠʩʧʨʘʚʥʘ. ʋ ʟʘʢˀʫʯʢʫ ʤʦʞʝʤʦ ʢʦʥʩʪʘʥʪʦʚʘʪʠ ʜʘ ʫ ʤʦʜʝʣʫ ʉʈɹ ʧʨʝʜʠʢʪʦʨ S ʧʨʝʜʩʪʘʚˀʘ 

ʥʘʿʢʚʘʣʠʪʝʪʥʠʿʫ ʥʝʟʘʚʠʩʥʫ ʧʨʦʤʝʥˀʠʚʫ ʫ ʪʘʯʥʦʩʪʠ ʧʨʦʮʝʥʝ ʝʤʠʩʠʦʥʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚʦʟʠʣʘ.   

 

  

 

ʉʣʠʢʘ 4.11 ʧʨʠʢʘʟʫʿʝ ʨʝʟʫʣʪʘʪʝ ʤʦʜʝʣʘ ɽʋ, ʘ ʚʨʝʜʥʦʩʪʠ AUC ʟʘ ʫʪʠʮʘʿʥʝ ʧʨʝʜʠʢʪʦʨʝ ʿʝʩʫ: ʫʢʫʧʥʦ 

ʧʨʝʹʝʥʘ ʢʠʣʦʤʝʪʨʘʞʘ ʚʦʟʠʣʘ (L) (0,711); ʩʥʘʛʘ ʤʦʪʦʨʘ (kW) (0,568); ʪʠʧ ʥʘʧʘʿʘˁʘ (FI) (0,350) ʠ 

ʧʨʠʩʫʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (K) (0,424). ʇʨʝʜʠʢʪʦʨ L ʠʤʘ ʧʨʠʭʚʘʪˀʠʚʦ ʨʘʟʜʚʘʿʘˁʝ, ʜʦʢ kW ʧʨʠʧʘʜʘ 

ʛʨʫʧʠ ʢʦʿʘ ʣʦʰʝ ʨʘʟʜʚʘʿʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ, ʦʜʨʝʹʝʥʘ ʿʝ ʠ ʪʘʯʢʘ ʧʨʝʩʝʢʘ, ʩʣʠʢʘ 4.11 ʙ, ʛʜʝ ʿʝ ʿʘʩʥʦ 

ʧʨʠʢʘʟʘʥʦ ʜʘ ʤʦʜʝʣ ɽʋ ʠʤʘ ʧʨʠʭʚʘʪˀʠʚʦ ʠ ʥʘʿʧʨʝʮʠʟʥʠʿʝ ʨʘʟʜʚʘʿʘˁʝ ʥʘ ʚʦʟʠʣʘ ʢʦʿʘ ʥʠʩʫ ʧʨʦʰʣʘ 

ʪʝʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʦʥʘ ʢʦʿʘ ʪʦ ʿʝʩʫ, ʢʘʜʘ ʚʦʟʠʣʦ ʠʤʘ 110.000 ʫʢʫʧʥʦ ʧʨʝʹʝʥʠʭ ʢʠʣʦʤʝʪʘʨʘ. 

ʇʨʝʜʠʢʪʦʨʠ K ʠ FI ʥʘʣʘʟʝ ʩʝ ʠʩʧʦʜ ʨʝʬʝʨʝʥʪʥʝ ʢʨʠʚʝ, ʘʣʠ ʪʘʢʚʦ ʧʦʥʘʰʘˁʝ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ 

ʫʪʠʮʘʿʝʤ ʢʦʿʝ ʧʦʤʝʥʫʪʝ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʠʤʘʿʫ ʥʘ ʚʝ˂ʫ ʧʨʦʮʝʥʫ ʚʦʟʠʣʘ ʢʦʿʘ ʪʝʩʪ ʤʦʛʫ ʧʨʦ˂ʠ, 

ʦʜʥʦʩʥʦ ʜʘ ʩʫ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʘ. ʋ ʟʘʢˀʫʯʢʫ ʤʦʞʝʤʦ ʢʦʥʩʪʘʥʪʦʚʘʪʠ ʜʘ ʫ ʤʦʜʝʣʘ ɽʋ ʧʨʝʜʠʢʪʦʨ L 

ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʢʚʘʣʠʪʝʪʥʠʿʫ ʧʨʦʤʝʥˀʠʚʫ ʫ ʪʘʯʥʦʩʪʠ ʧʨʦʮʝʥʝ ʝʤʠʩʠʦʥʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚʦʟʠʣʘ.   

ʉʣʠʢʘ 4.10  ʘ) ROC ʢʨʠʚʘ ʠ ʙ) ʆʜʣʫʢʘ ʟʘ ʪʘʯʢʫ ʧʨʝʩʝʢʘ ʟʘ ʧʨʝʜʠʢʪʦʨ S ʢʦʜ ʤʦʜʝʣʘ ʉʈɹ  

Ɍ) ɍ) 

ʉʣʠʢʘ 4.11  ʘ) ROC ʢʨʠʚʘ ʠ ʙ) ʆʜʣʫʢʘ ʟʘ ʪʘʯʢʫ ʧʨʝʩʝʢʘ ʟʘ ʧʨʝʜʠʢʪʦʨ L ʢʦʜ ʤʦʜʝʣʘ ɽʋ  

Ɍ) ɍ) 
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ʉʣʠʢʘ 4.12 ʧʨʠʢʘʟʫʿʝ ʨʝʟʫʣʪʘʪʝ ʤʦʜʝʣʘ ʉɸɼ, ʘ ʚʨʝʜʥʦʩʪʠ AUC ʟʘ ʫʪʠʮʘʿʥʝ ʧʨʝʜʠʢʪʦʨʝ ʿʝʩʫ: 

ʫʢʫʧʥʦ ʧʨʝʹʝʥʘ ʢʠʣʦʤʝʪʨʘʞʘ ʚʦʟʠʣʘ (L) (0,623); ʩʪʘʨʦʩʪ ʚʦʟʠʣʘ (S) (0,890); ʩʥʘʛʘ ʤʦʪʦʨʘ (kW) 

(0,222); ʪʠʧ ʥʘʧʘʿʘˁʘ (FI) (0,919) ʠ ʧʨʠʩʫʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (K) (0,936). 

 

ʉ ʦʙʟʠʨʦʤ ʥʘ AUC ʚʨʝʜʥʦʩʪʠ, ʧʨʝʜʠʢʪʦʨʠ FI ʠ K ʧʨʠʧʘʜʘʿʫ ʛʨʫʧʠ ʢʦʿʘ ʠʤʘ ʠʟʚʘʥʨʝʜʥʫ ʩʧʦʩʦʙʥʦʩʪ 

ʨʘʟʜʚʘʿʘˁʘ. ʇʨʝʜʠʢʪʦʨ S ʩʝ ʫ ʤʦʜʝʣʫ ʉɸɼ, ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣ ʉʈɹ, ʠʟʜʠʞʝ ʟʘ ʿʝʜʥʫ ʣʝʩʪʚʠʮʫ ʚʠʰʝ 

ʫ ʪʘʯʥʦʩʪʠ ʧʨʦʮʝʥʝ ʝʤʠʩʠʦʥʦ ʥʝʠʩʧʨʘʚʥʠʭ ʚʦʟʠʣʘ ʠ ʩʘʜʘ ʧʨʠʧʘʜʘ ʛʨʫʧʠ ʢʦʿʘ ʦʜʣʠʯʥʦ ʚʨʰʠ 

ʨʘʟʜʚʘʿʘˁʝ. ʇʨʝʜʠʢʪʦʨ L ʫ ʤʦʜʝʣʫ ʉɸɼ ʥʝ ʧʨʠʧʘʜʘ ʢʚʘʣʠʪʝʪʥʠʤ ʧʦʢʘʟʘʪʝˀʠʤʘ, ʜʦʢ ʧʨʝʜʠʢʪʦʨ FI 

ʙʦˀʝ ʧʨʦʮʝˁʫʿʝ ʢʦʿʝ ʿʝ ʚʦʟʠʣʦ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʦ. ʄʦʜʝʣ ʉɸɼ ʠʤʘ ʦʜʣʠʯʥʦ ʠ ʥʘʿʧʨʝʮʠʟʥʠʿʝ 

ʨʘʟʜʚʘʿʘˁʝ, ʥʘ ʚʦʟʠʣʘ ʩʪʘʨʘ 11 ʛʦʜʠʥʘ ʢʦʿʘ ʥʠʩʫ ʧʨʦʰʣʘ ʪʝʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʦʥʘ ʢʦʿʘ ʪʦ ʿʝʩʫ (ʩʣʠʢʘ 

4.12 ʙ). ʊʘʢʦ ʤʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʦʦʰʪʨʘʚʘˁʝʤ ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ, ʧʨʝʜʠʢʪʦʨ S ʫʥʘʧʨʝʹʫʿʝ ʩʚʦʿ 

ʢʚʘʣʠʪʝʪ ʧʦ ʧʠʪʘˁʫ ʪʘʯʥʦʩʪʠ ʧʨʦʮʝʥʝ ʝʤʠʩʠʦʥe ʥʝʠʩʧʨʘʚʥoʩʪʠ ʚʦʟʠʣʘ (ʢʦʥʢʨʝʪʥʦ ʟʘ 8 ʛʦʜʠʥʘ). 

 

ɸʢʦ ʢʦʥʘʯʥʦ ʫʧʦʨʝʜʠʤʦ 3 ʪʝʩʪʘ ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ, ʦʜʥʦʩʥʦ ʟʥʘʯʘʿʥʦʩʪ ʧʨʝʜʠʢʪʦʨʘ ʫ ʤʦʜʝʣʫ, 

ʤʦʞʝʤʦ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʝ ʩʣʘʞʫ ʟʘʢˀʫʯʮʠ I ʠ III  ʢʨʠʪʝʨʠʿʫʤʘ, ʯʠʤʝ ʿʝ ʦʩʥʘʞʝʥ ʟʘʢˀʫʯʘʢ ʜʘ ʩʪʘʨʦʩʪ 

ʚʦʟʠʣʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʫʪʠʮʘʿʥʠʿʫ ʧʨʦʤʝʥˀʠʚʫ ʢʦʜ ʝʢʩʪʨʝʤʥʠʭ ʝʤʠʩʠʦʥʠʭ ʛʨʘʥʠʮʘ, ʜʦʢ ʿʝ ʢʦʜ 

ʫʤʝʨʝʥʠʿʠʭ ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ ʥʘʿʫʪʠʮʘʿʥʠʿʘ ʫʢʫʧʥʦ ʧʨʝʹʝʥʘ ʢʠʣʦʤʝʪʨʘʞʘ ʚʦʟʠʣʘ. ʅʘ ʢʨʘʿʫ 

ʘʥʘʣʠʟʝ ʪʨʝʙʘʣʦ ʙʠ ʩʘʛʣʝʜʘʪʠ ʨʝʟʫʣʪʘʪʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ ʝʤʠʩʠʿʝ ʤʦʜʝʣʘ ʉʈɹ. ʇʨʠ 

ʪʦʤʝ ʿʝ ʧʨʚʦ ʧʨʠʢʘʟʘʥʘ ʩʣʠʢʘ 4.13 ʩʘ ʧʦʜʝʣʦʤ ʥʘ ʜʦʤʘ˂ʘ ʠ ʩʪʨʘʥʘ ʚʦʟʠʣʘ ʠ ʧʨʝʜʠʢʪʦʨʝ S ʠ kW. 

ʆʩʥʦʚʥʠ ʨʘʟʣʦʛ ˁʠʭʦʚʦʛ ʦʜʘʙʠʨʘ ʿʝʩʪʝ ʪʘʿ ʰʪʦ K ʠ FI ʥʝʤʘʿʫ ʚʝʣʠʢʝ ʚʨʝʜʥʦʩʪʠ AUC ʢʘʜʘ ʿʝ ʫ 

ʧʠʪʘˁʫ ʧʨʝʮʠʟʥʦʩʪ ʧʨʦʮʝʥʝ ʝʤʠʩʠʦʥʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚʦʟʠʣʘ, ʜʦʢ ʧʨʝʜʠʢʪʦʨ L ʥʝ ʫʯʝʩʪʚʫʿʝ ʫ 

ʬʦʨʤʠʨʘˁʫ ʢʦʥʘʯʥʦʛ ʤʦʜʝʣʘ ʉʈɹ. ʅʘ ʦʨʜʠʥʘʪʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʚʝʨʦʚʘʪʥʦ˂ʝ 

ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ, ʜʦʢ ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ˁʝʥʫ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ. ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ 

ʜʦʤʘ˂ʘ ʚʦʟʠʣʘ ʠʤʘʿʫ ʚʝ˂ʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʥʝʧʨʦʣʘʩʢʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʚʦʟʠʣʘ ʩʪʨʘʥʦʛ 

ʧʨʦʠʟʚʦʹʘʯʘ ʠ ʜʘ ʿʝ ʚʝ˂ʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʝʤʠʩʠʦʥʝ ʠʩʧʨʘʚʥʦʩʪʠ ʦʥʠʭ ʚʦʟʠʣʘ ʢʦʿʘ ʠʤʘʿʫ ʚʝ˂ʫ ʩʥʘʛʫ, ʪʿ. 

ʚʝ˂ʫ ʟʘʧʨʝʤʠʥʫ ʤʦʪʦʨʘ (ʟʘʢˀʫʯʘʢ ʠʟʚʝʜʝʥ ʥʘ ʦʩʥʦʚʫ ʇʠʨʩʦʥʦʚʦʛ ʪʝʩʪʘ ʢʦʨʝʣʘʮʠʿʝ ʠʟ ʪʘʙʝʣʝ 4.1).   

ʉʣʠʢʘ 4.12  ʘ) ROC ʢʨʠʚʘ ʠ ʙ) ʆʜʣʫʢʘ ʟʘ ʪʘʯʢʫ ʧʨʝʩʝʢʘ ʢʦʜ ʤʦʜʝʣʘ ʉɸɼ ʟʘ ʧʨʝʜʠʢʪʦʨ S 

 

Ɍ) ɍ) 
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ʅʘ ʩʣʠʮʠ 4.14 ʧʨʠʢʘʟʘʥ ʝʿ ʩʫʙʣʠʤʠʨʘʥ ʜʠʿʘʛʨʘʤ ʩʨʝʜˁʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʝʧʨʦʣʘʩʢʘ ʜʦʤʘ˂ʠʭ ʠʩʪʨʘʥʠʭ 

ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ CO ʤʦʜʝʣʘ ʉʈɹ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʘʿʫʪʠʮʘʿʥʠʿʝʛ ʧʨʝʜʠʢʪʦʨʘ S. ʅʘ 

ʦʨʜʠʥʘʪʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʿʝ CO ʠ ʤʝʨʘ ʨʘʩʠʧʘˁʘ ʧʦʜʘʪʘʢʘ, ʦʜʥʦʩʥʦ 

ʠʥʪʝʨʚʘʣ ʧʦʚʝʨʝˁʘ ʟʘ ʧʦʧʫʣʘʮʠʿʫ ʩʘ 5% ʧʨʠʭʚʘʪˀʠʚʝ ʩʪʘʪʠʩʪʠʯʢʝ ʛʨʝʰʢʝ. ʉʘ ʩʣʠʢʝ ʤʦʞʝʤʦ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ʥʘ ʫʟʦʨʢʫ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʧʦʩʪʦʿʠ ʚʝʣʠʢʘ ʨʘʟʣʠʢʘ ʫ ʚʝʨʦʚʘʪʥʦ˂ʠ 

ʥʝʧʨʦʣʘʩʢʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ CO, ʟʘ ʚʦʟʠʣʘ ʩʪʘʨʦʩʪʠ ʠʟʤʝʹʫ 16 ʠ 20 ʛʦʜʠʥʘ. ʊʘʢʦ ʚʦʟʠʣʘ ʩʪʘʨʘ 16 

ʛʦʜʠʥʘ ʠʤʘʿʫ 9% ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ, ʜʘ ʙʠ ʚʝ˂ ʫ ʥʘʨʝʜʥʝ 4 ʛʦʜʠʥʘ ʧʦʨʘʩʣʘ ʟʘ ʚʝʣʠʢʠʭ 

12%, ʦʜʥʦʩʥʦ ʥʘ 21%.      

 

 

ʉʣʠʢʘ 4.13  a) ɺʝʨʦʚʘʪʥʦ˂ʘ ʥʝʧʨʦʣʘʩʢʘ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ CO ʟʘ ʧʨʝʜʠʢʪʦʨ S ʢʦʜ ʤʦʜʝʣʘ 

ʉʈɹ (ʜʦʤʘ˂ʘ ʠ ʩʪʨʘʥʘ ʚʦʟʠʣʘ) ʠ b) ɺʝʨʦʚʘʪʥʦ˂ʘ ʥʝʧʨʦʣʘʩʢʘ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ CO ʟʘ 

ʧʨʝʜʠʢʪʦʨ kW ʢʦʜ ʤʦʜʝʣʘ ʉʈɹ (ʜʦʤʘ˂ʘ ʠ ʩʪʨʘʥʘ ʚʦʟʠʣʘ)  

Ɍ) ɍ) 

 ʉʣʠʢʘ 4.14  ɺʝʨʦʚʘʪʥʦ˂ʘ ʥʝʧʨʦʣʘʩʢʘ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ CO ʟʘ ʧʨʝʜʠʢʪʦʨ S ʤʦʜʝʣʘ ʉʈɹ  
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ʀʟ ʩʚʝʛʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʧʦʛʣʘʚˀʝ 5.1 ʩʘʜʨʞʠ ʧʨʠʣʠʯʘʥ ʙʨʦʿ ʫʪʚʨʹʝʥʠʭ 

ʯʠˁʝʥʠʮʘ ʠ ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʠʟʚʝʜʝʥʠʭ ʟʘʢˀʫʯʘʢʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʘʪ ʫʧʦʪʨʝʙʝ ʿʝʜʥʝ ʩʘʚʨʝʤʝʥʝ 

ʩʪʘʪʠʩʪʠʯʢʝ ʤʝʪʦʜʝ, ʦʜʥʦʩʥʦ ʙʠʥʦʤʥʝ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ. ʀʘʢʦ ʩʝ ʧʦʛʣʘʚˀʝ 6 ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ 

ʩʘʩʪʦʿʠ ʦʜ ʢʨʘʪʢʦʛ ʧʨʠʢʘʟʘ ʠ ʟʘʢˀʫʯʘʢʘ ʪʝʟʝ, ʠʧʘʢ ʿʝ ʧʨʝ ˁʝʛʦʚʦʛ ʧʦʯʝʪʢʘ ʧʦʞʝˀʥʦ ʜʝʪʘˀʥʠʿʝ 

ʩʫʙʣʠʤʠʨʘʪʠ ʨʝʟʫʣʪʘʪʝ ʪʝʩʪʘ ʝʤʠʩʠʿʝ. ɼʦʜʘʪʥʦ, ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʜʦ ʩʘʜʘ ʫ ʦʚʦʤ 

ʦʙʠʤʫ ʥʠʿʝ ʩʧʨʦʚʝʜʝʥʦ ʩʣʠʯʥʦ ʠʩʪʨʘʞʠʚʘˁʝ, ʧʘ ʟʘʪʦ ʢʘʦ ʢʦʥʘʯʥʝ ʟʘʢˀʫʯʢʝ ʠʩʧʠʪʠʚʘˁʘ ʝʤʠʩʠʦʥʝ 

ʠʩʧʨʘʚʥʦʩʪʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛ ʫʟʦʨʢʘ ʬʣʦʪʝ ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ ʤʦʞʝʤʦ ʠʟʜʚʦʿʠʪʠ:     

1. ʇʨʝʤʘ ʪʨʝʥʫʪʥʦʿ ʟʘʢʦʥʩʢʦʿ ʨʝʛʫʣʘʪʠʚʠ, ʦʜʥʦʩʥʦ ʤʦʜʝʣʫ ʉʈɹ (Ò4,5 vol% CO), ʩʪʘʨʦʩʪ 

ʚʦʟʠʣʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʚʘʞʥʠʿʠ ʬʘʢʪʦʨ ʫʪʠʮʘʿʘ ʥʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʥʝʧʨʦʣʘʩʢʘ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ 

ʝʤʠʩʠʿʝ (ʩʣʘʛʘˁʝ I ʠ III ʢʨʠʪʝʨʠʿʫʤʘ ʦʮʝʥʝ ʧʦʿʝʜʠʥʘʯʥʦʛ ʫʪʠʮʘʿʘ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʫ 

ʠʟʘʙʨʘʥʦʿ ʛʨʫʧʠ ʧʨʝʜʠʢʪʦʨʘ). ʇʨʠ ʪʦʤʝ, ʚʦʟʠʣʦ ʩʪʘʨʦ 19 ʛʦʜʠʥʘ ʠʤʘ ʥʘʿʙʦˀʫ ʧʨʦʮʝʥʫ ʜʘ ʣʠ 

ʿʝ ʝʤʠʩʠʦʥʦ ʥʝʠʩʧʨʘʚʥʦ, ʜʦʢ ʩʘ ʧʦʦʰʪʨʘʚʘˁʝʤ ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ 4,5 ʧʫʪʘ, ʧʨʝʮʠʟʥʦʩʪ 

ʧʨʦʮʝʥʝ ʩʝ ʩʧʫʰʪʘ ʥʘ ʚʦʟʠʣʦ ʩʪʘʨʦ 11 ʛʦʜʠʥʘ. ʅʘʚʝʜʝʥʘ ʯʠˁʝʥʠʮʘ ʜʦʙʠʿʘ ʜʦʜʘʪʥʦ ʥʘ 

ʟʥʘʯʘʿʫ ʿʝʨ 83% ʫʟʦʨʘʢʘ ʝʤʠʩʠʿʝ CO ʧʦʪʠʯʝ ʩʘ ʪʝʨʠʪʦʨʠʿʝ ʦʧʰʪʠʥʝ ʊʨʩʪʝʥʠʢ ʫ ʢʦʿʦʿ ʩʪʝʧʝʥ 

ʤʦʪʦʨʠʟʘʮʠʿʝ ʠʟʨʘʞʝʥ ʧʨʝʤʘ ʙʨʦʿʫ ʧʫʪʥʠʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʨʘʩʪʝ ʙʨʞʝ ʦʜ ʙʨʦʿʘ ʚʦʟʠʣʘ ʧʦ 

ʛʣʘʚʠ ʩʪʘʥʦʚʥʠʢʘ ʦʧʰʪʠʥʝ. ʇʨʘʢʪʠʯʥʦ ʩʝ ʢʫʧʫʿʫ ʚʠʰʝ ʧʫʪʥʠʯʢʘ ʚʦʟʠʣʘ ʦʜ ʦʩʪʘʣʠʭ 

ʢʘʪʝʛʦʨʠʿʘ ʚʦʟʠʣʘ (Babiĺ et al., 2012) [266], ʧʘ ʿʝ ʧʨʝʮʠʟʥʦʩʪ ʧʨʦʮʝʥʝ ʜʦʜʘʪʥʦ ʦʿʘʯʘʥʘ. 

2. ɼʦʤʘ˂ʘ ʚʦʟʠʣʘ ʩʫ ʚʝ˂ʠ ʟʘʛʘʹʠʚʘʯʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʨʘʥʘ, ʤʘʜʘ ʩʫ ʫ ʧʨʦʩʝʢʫ ʤʣʘʹʘ ʠ ʧʨʝʰʣʘ ʩʫ 

ʤʘˁʝ ʢʠʣʦʤʝʪʘʨʘ ʪʦʢʦʤ ʝʢʩʧʣʦʘʪʘʮʠʿʝ;    

3. ɺʝʨʦʚʘʪʥʦ˂ʘ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ ʝʤʠʩʠʿʝ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʜʦʤʘ˂ʠʭ ʚʦʟʠʣʘ ʿʝ ʚʝ˂ʘ (ʦʩʥʦʚʥʠ 

ʨʘʟʣʦʛ ʿʝʩʪʝ ʪʘʿ ʰʪʦ 97% ʫʟʦʨʢʦʚʘʥʠʭ ʜʦʤʘ˂ʠʭ ʚʦʟʠʣʘ ʿʝʩʪʝ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʩʘ 

ʢʘʨʙʫʨʘʪʦʨʩʢʠʤ ʩʠʩʪʝʤʦʤ ʥʘʧʘʿʘˁʘ ʛʦʨʠʚʦʤ); 

4. ʀʘʢʦ ʩʝ ʧʨʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʦʯʝʢʠʚʘʣʦ ʜʘ ʫʢʫʧʥʘ ʧʨʝʹʝʥʘ ʢʠʣʦʤʝʪʨʘʞʘ ʙʫʜʝ ʿʘʢ ʘʨʛʫʤʝʥʪ 

ʢʦʿʠ ʥʘʤ ʤʦʞʝ ʨʝ˂ʠ ʜʘ ʣʠ ʿʝ ʚʦʟʠʣʦ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʦ ʠʣʠ ʥʝ, ʨʝʟʫʣʪʘʪʠ ɹʃʈ ʘʥʘʣʠʟʝ 

ʠʩʪʠʯʫ ˁʝʥ ʟʥʘʯʘʿ ʩʘʤʦ ʢʦʜ ʫʤʝʨʝʥʦ ʩʪʨʦʛʠʭ ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ (ʤʦʜʝʣ ɽʋ). ɺʝ˂ ʢʦʜ 

ʝʢʩʪʨʝʤʥʠʭ ʤʦʜʝʣʘ (ʤʦʜʝʣ ʉɸɼ ʠ ʤʦʜʝʣ ʉʈɹ), ʦʥʘ ʥʝʤʘ ʧʦʪʝʥʮʠʿʘʣ ʢʚʘʣʠʪʝʪʥʝ ʝʤʠʩʠʦʥʝ 

ʧʨʦʮʝʥʝ. ʉʫʤʠʨʘʿʫ˂ʠ ˁʝʥ ʟʥʘʯʘʿ ʫ ʤʦʜʝʣʫ ɽʋ, ʤʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʦʥʘ ʥʘʿʪʘʯʥʠʿʝ ʤʦʞʝ 

ʧʨʦʮʝʥʠʪʠ ʜʘ ʣʠ ʿʝ ʚʦʟʠʣʦ ʝʤʠʩʠʦʥʦ ʥʝʠʩʧʨʘʚʥʦ, ʫʢʦʣʠʢʦ ʿʝ ʧʦʤʝʥʫʪʦ ʧʨʝʰʣʦ 110.000 km; 

5. ʅʘ ʪʝʨʠʪʦʨʠʿʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʚʦʟʠʣʘ ʨʝʛʠʩʪʨʦʚʘʥʘ ʧʦʩʣʝ 1.03.2014.ʛʦʜʠʥʝ ʠʤʘʿʫ ʥʘ 

ʩʚʘʢʠʭ 50.000 ʜʦʜʘʪʥʦ ʧʨʝʹʝʥʠʭ ʢʠʣʦʤʝʪʘʨʘ, 2,3 ʧʫʪʘ ʚʝ˂ʫ ʰʘʥʩʫ ʜʘ ʥʝ˂ʝ ʧʨʦ˂ʠ ʪʝʩʪ 

ʝʤʠʩʠʿʝ. ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʙʠ ʩʝ ʦʜ ʧʦʤʝʥʫʪʦʛ ʜʘʪʫʤʘ ʫʚʝʦ ʥʘʿʩʪʨʦʞʠ ʩʚʝʪʩʢʠ ʩʪʘʥʜʘʨʜ 

ʜʦʟʚʦˀʝʥʝ ʝʤʠʩʠʿʘ (<  1,0 vol% CO), ʰʘʥʩʘ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ ʙʠ ʧʦʨʘʩʣʘ 9,5 ʧʫʪʘ;  

6. ʇʦʦʰʪʨʘʚʘˁʝʤ ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ 4,5 ʧʫʪʘ ʟʘ 1 ʛʦʜʠʥʫ ʩʪʘʨʦʩʥʝ ʨʘʟʣʠʢʝ ʚʦʟʠʣʘ, ʧʦʚʝ˂ʘʚʘ 

ʩʝ ʰʘʥʩʘ ʥʝʧʨʦʣʘʩʢʘ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ 10 ʧʫʪʘ, ʘ ʫʿʝʜʥʦ ʩʝ ʟʘ 60% ʩʤʘˁʫʿʝ ʙʨʦʿ 

ʚʦʟʠʣʘ ʢʦʿʘ ˂ʝ ʤʦ˂ʠ ʠʩʧʫʥʠʪʠ ʥʦʚʝ ʩʪʘʥʜʘʨʜʝ ʝʤʠʩʠʿʝ; 

7. ɺʦʟʠʣʦ ʩʪʘʨʦ 5 ʛʦʜʠʥʘ ʠʤʘ 31% ʚʝ˂ʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʥʝʧʨʦʣʘʩʢʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ CO ʫ 

ʦʜʥʦʩʫ ʥʘ ʚʦʟʠʣʦ ʩʪʘʨʦ ʿʝʜʥʫ ʛʦʜʠʥʫ, ʜʦʢ ʚʦʟʠʣʦ ʩʪʘʨʦ 20 ʛʦʜʠʥʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʠʩʪʠʤ 

ʿʝʜʥʦʛʦʜʠʰˁʠʤ ʚʦʟʠʣʦʤ ʠʤʘ 45% ʚʝ˂ʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʥʝʧʨʦʣʘʩʢʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ CO; 
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8. ɻʨʘʬʠʯʢʘ ʪʝʭʥʠʢʘ ʨʘʥʛʠʨʘˁʘ ʧʨʦʤʝʥˀʠʚʠʭ ʫ ʪʘʯʥʦʩʪʠ ʧʨʦʮʝʥʝ ʝʤʠʩʠʦʥʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʚʦʟʠʣʘ ʧʦʢʘʟʫʿʝ ʜʘ ʩʥʘʛʘ ʤʦʪʦʨʘ (kW) ʿʝʩʪʝ ʥʘʿʣʦʰʠʿʝ ʨʘʥʛʠʨʘʥʘ, ʠ ʪʦ ʩʘʤʦ ʫʢʦʣʠʢʦ ʩʝ 

ʧʨʠʤʝʥʝ ʝʢʩʪʨʝʤʥʠ ʩʪʘʥʜʘʨʜʠ ʝʤʠʩʠʿʝ (ʤʦʜʝʣ ʉʈɹ ʠ ɽʋ). ʈʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʪʘʜʘ kW 

ʤʦʞʝ ʙʠʪʠ ʧʨʝ ʠʩʢʦʨʠʰ˂ʝʥʘ ʟʘ ʧʨʦʮʝʥʫ ʜʘ ʣʠ ʿʝ ʚʦʟʠʣʦ ʝʤʠʩʠʦʥʦ ʠʩʧʨʘʚʥʦ ʥʝʛʦ ʜʘ ʣʠ ʥʠʿʝ;  

9. ʋʢʦʣʠʢʦ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʰʪʝʪʥʘ ʝʤʠʩʠʿʘ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʜʘʥʘʩ ʧʨʝʜʩʪʘʚˀʘ ʚʝʣʠʢʠ, 

ʘʢʦ ʥʝ ʠ ʛʣʘʚʥʠ, ʝʢʦʣʦʰʢʠ ʧʨʦʙʣʝʤ ʩʚʠʭ ʚʝ˂ʠʭ ʫʨʙʘʥʠʭ ʩʨʝʜʠʥʘ, ʧʦʩʪʘʚˀʘ ʩʝ ʧʠʪʘˁʝ ʜʘ ʣʠ 

ʿʝ ʰʦʢ ʪʝʨʘʧʠʿʘ, ʦʜʥʦʩʥʦ ʫʚʦʹʝˁʝ ʥʘʿʦʰʪʨʠʿʠʭ ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ ʥʘʿʙʦˀʘ ʝʢʦʣʦʰʢʘ ʤʝʨʘ. 

ʆʥʘ ʪʦ ʚʝʨʦʚʘʪʥʦ ʿʝʩʪʝ, ʘʣʠ ʰʪʘ ʫʢʦʣʠʢʦ ʿʝ ʩʪʘʨʦʩʥʘ ʩʪʨʫʢʪʫʨʘ ʚʦʟʥʦʛ ʧʘʨʢʘ ʿʝʜʥʝ ʜʨʞʘʚʝ 

(ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ) ʠʟʨʘʟʠʪʦ ʥʝʧʦʚʦˀʥʘ, ʦʜʥʦʩʥʦ ʚʝʣʠʢʘ. ʆʜʛʦʚʦʨ 

ʥʘ ʪʦ ʧʠʪʘˁʝ ʤʦʞʝ ʥʘʤ ʜʘʪʠ ʯʠˁʝʥʠʮʘ ʜʘ ʩʪʘʥʜʘʨʜʝ ʝʤʠʩʠʿʝ ʤʦʜʝʣʘ ʉʈɹ ʟʘʜʦʚʦˀʘʚʘ 

ʫʢʫʧʥʦ 85% ʚʦʟʠʣʘ, ʤʦʜʝʣʘ ɽʋ 44%, ʜʦʢ ʤʦʜʝʣʘ ʉɸɼ ʩʘʤʦ 25% ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ.  

ɿʥʘʯʠ, ʧʨʠʤʝʥʦʤ ʥʘʿʦʰʪʨʠʿʠʭ ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ, ʜʦʜʘʪʥʠʭ 60% ʚʦʟʠʣʘ ʩʝ ʥʝ ʙʠ ʩʤʝʣʦ 

ʥʘ˂ʠ ʥʘ ʧʫʪʝʚʠʤʘ. ɸʢʦ ʠʭ ʝʣʠʤʠʥʠʰʝʤʦ, ʿʝʜʥʦ ʜʨʫʰʪʚʦ ʩʝ ʥʝ ʤʦʞʝ ʥʘʜʘʪʠ ʥʘʧʨʝʪʢʫ, ʿʝʨ 

ʫʧʨʘʚʦ ʪʨʘʥʩʧʦʨʪʥʠ ʩʝʢʪʦʨ ʧʨʝʜʩʪʘʚˀʘ ʛʣʘʚʥʫ ʣʦʛʠʩʪʠʯʢʫ ʧʦʜʨʰʢʫ ʩʚʠʤ ʧʨʦʠʟʚʦʜʥʠʤ 

ʧʨʦʮʝʩʠʤʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ, ʩʘʩʚʠʤ ʿʝ ʦʧʨʘʚʜʘʥʦ ʧʨʠʤʝʥʠʪʠ ʩʪʨʦʞʝ, ʘʣʠ ʥʝ ʠ ʝʢʩʪʨʝʤʥʝ 

ʩʪʨʘʥʜʘʨʜʝ ʝʤʠʩʠʿʝ, ʢʘʢʦ ʙʠ ʩʝ ʜʘʣʦ ʜʦʚʦˀʥʦ ʚʨʝʤʝʥʘ ʤʝʨʘʤʘ ʯʠʿʠ ʙʠ ʛʣʘʚʥʠ ʮʠˀ ʙʠʦ 

ʧʦʜʤʣʘʹʠʚʘˁʝ ʚʦʟʥʦʛ ʧʘʨʢʘ. ɼʨʫʛʦʛ ʨʝʰʝˁʝ ʥʝʤʘ, ʘʣʠ ʿʝ, ʠʧʘʢ, ʧʦʨʘʟʥʦ ʜʘ ʩʝ ʜʘʥʘʩ 

ʝʢʦʥʦʤʩʢʠ ʧʨʦʩʧʝʨʠʪʝʪ ʥʘʣʘʟʠ ʠʩʧʨʝʜ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʟʜʨʘʚˀʘ ˀʫʜʠ;   

10. ʅʘ ʫʟʦʨʢʫ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʦʯʠʛʣʝʜʥʦ ʧʦʩʪʦʿʠ ʚʝʣʠʢʘ ʨʘʟʣʠʢʘ ʫ ʚʝʨʦʚʘʪʥʦ˂ʠ 

ʥʝʧʨʦʣʘʩʢʘ ʚʦʟʠʣʘ ʥʘ ʪʝʩʪʫ ʝʤʠʩʠʿʝ, ʩʪʘʨʦʩʪʠ ʠʟʤʝʹʫ 16 ʠ 20 ʛʦʜʠʥʘ. ʉʘ ʫʧʨʦʩʝʯʝʥʦʤ 

ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ, ʢʨʠʪʠʯʥʦ ʚʦʟʠʣʦ ʿʝʩʪʝ ʩʪʘʨʦ ʠʟʤʝʹʫ 15 ʠ 16 ʛʦʜʠʥʘ (9% 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʦʪʢʘʟʘ), ʜʘ ʙʠ ʚʝ˂ ʫ ʥʘʨʝʜʥʝ 4 ʛʦʜʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦ ʧʦʨʘʩʣʘ, ʦʜʥʦʩʥʦ ʟʘ 12% ʥʘ 21%; 

11. ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʧʦʟʥʘʪ ʜʦʤʘ˂ʠ ʟʘʢʦʥ ʟʘʙʨʘʥʝ ʫʚʦʟʘ ʚʦʟʠʣʘ ʯʠʿʘ ʝʤʠʩʠʿʘ ʥʝ ʟʘʜʦʚʦˀʘʚʘ 

ɽʋʈʆ 3 ʩʪʘʥʜʘʨʜʝ, ʘ ʧʨʝʪʭʦʜʥʦʤ ʘʥʘʣʠʟʦʤ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ 97% ʜʦʤʘ˂ʠʭ ʚʦʟʠʣʘ ʥʝ ʧʦʩʝʜʫʿʝ 

ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʩʘʚʨʝʤʝʥ ʪʠʧ ʥʘʧʘʿʘˁʘ ʛʦʨʠʚʦʤ, ʭʠʪʥʘ ʥʝʦʧʭʦʜʥʘ ʤʝʨʘ ʟʘʭʪʝʚʘʣʘ ʙʠ ʫʛʨʘʜˁʫ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʫ ʩʚʘ ʜʦʤʘ˂ʘ ʚʦʟʠʣʘ ʠʣʠ ʟʘʤʝʥʫ ʩʪʘʨʦʛ ʥʦʚʠʤ ʠ ʢʦʜ ʜʦʤʘ˂ʠʭ ʠ ʢʦʜ ʩʪʨʘʥʠʭ 

ʚʦʟʠʣʘ ʢʦʿʘ ʛʘ ʧʦʩʝʜʫʿʫ, ʫʢʦʣʠʢʦ ʩʝ ʢʨʦʟ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʨʦʛʨʘʤʝ ʠʥʩʧʝʢʮʠʿʝ ʠ ʦʜʨʞʘʚʘˁʘ 

ʫʪʚʨʜʠ ˁʝʛʦʚʘ ʥʝʠʩʧʨʘʚʥʦʩʪ. ʊʘʢʦʹʝ ʤʝʨʘ ʢʦʿʘ ʙʠ ʤʦʛʣʘ ʜʦʧʨʠʥʝʪʠ ʙʨʞʝʤ ʩʤʘˁʝˁʫ 

ʝʤʠʩʠʿʝ ʢʦʜ ʜʦʤʘ˂ʠʭ ʠ ʩʪʨʘʥʠʭ ʚʦʟʠʣʘ ʢʦʿʘ ʚʝʦʤʘ ʟʘʛʘʹʫʿʫ ʦʢʦʣʥʫ ʩʨʝʜʠʥʫ ʿʝʩʪʝ ʧʨʝʧʦʨʫʢʘ 

ʠʣʠ ʩʪʠʤʫʣʠʩʘˁʝ ʫʛʨʘʜˁʝ ʠʥʩʪʘʣʘʮʠʿʝ ʟʘ ʊʅɻ, ʧʨʠʨʦʜʥʠ ʛʘʩ ʠʣʠ ʙʠʦʛʦʨʠʚʦ (ʜʦʙʠʿʝʥʦ 

ʘʥʘʝʨʦʙʥʦʤ ʜʠʛʝʩʪʠʿʦʤ ʠʣʠ ʠʟ ʢʫʢʫʨʫʟʥʝ ʩʠʣʘʞʝ). ʄʝʹʫʪʠʤ ʫ ʧʨʝʧʨʝʢʝ ʟʘ hʠʨʫ ʫʧʦʪʨʝʙʫ 

ʤʝʪʘʥʘ ʢʘʦ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʤʦʛʫ ʩʝ ʫʙʨʦʿʘʪʠ (Milosavljevic et al., 

2012) [281]: 1) ʆʛʨʘʥʠʯʝʥʦ ʠʩʢʫʩʪʚʦ ʫ ʧʨʠʤʝʥʠ ʪʝʭʥʦʣʦʛʠʿʝ ʘʥʘʝʨʦʙʥʝ ʜʠʩʛʝʩʪʠʿʝ, ʿʝʨ ʩʝ 

ʦʙʠʯʥʦ ʩʤʘʪʨʘ ʜʘ ʩʫ ʧʦʪʨʝʙʥʘ ʚʝʣʠʢʘ ʫʣʘʛʘˁʘ, 2) ʊʨʝʥʫʪʥʦ ʿʝ ʠʩʧʣʘʪʠʚʠʿʝ ʫʧʦʪʨʝʙʠʪʠ 

ʤʝʪʘʥ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʟʙʦʛ ʪʨʦʰʢʦʚʘ ʦʙʨʘʜʝ ʙʠʦʛʘʩʘ ʠ ʥʝʜʦʩʪʘʪʢʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ ʟʘ ʦʚʫ ʚʨʩʪʫ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʠ 3) ʇʦʪʝʥʮʠʿʘʣʥʠ ʢʦʨʠʩʥʠʮʠ ʚʝʨʫʿʫ 

ʜʘ ʩʫ ʜʦʜʘʪʥʠ ʢʘʧʠʪʘʣʥʠ ʠʟʜʘʮʠ ʚʝ˂ʠ ʦʜ ʤʦʛʫ˂ʝ ʫʰʪʝʜʝ ʫ ʧʦʛʦʥʩʢʦʤ ʛʦʨʠʚʫ. 
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5.2. ʊʝʩʪʠʨʘˁʝ ʤʦʜʝʣʘ ʨʘʩʧʦʜʝʣʝ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʿʝ ʤʦʛʫ ʙʠʪʠ ʦʜ ʫʪʠʮʘʿʘ 

ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ 

 

ʉʚʝ ʤʘʩʦʚʥʝ ʧʦʿʘʚʝ ʤʦʛʫ ʩʝ ʦʢʘʨʘʢʪʝʨʠʩʘʪʠ ʦʜʨʝʹʝʥʠʤ ʟʘʢʦʥʠʤʘ ʨʘʩʧʦʜʝʣʝ. ʐʪʦ ʿʝ ʫʟʦʨʘʢ ʚʝ˂ʠ, 

ʚʝ˂ʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʩʝ ʨʝʛʠʩʪʨʦʚʘʥʘ ʧʦʿʘʚʘ ʤʦ˂ʠ ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʥʦʨʤʘʣʥʠʤ ʟʘʢʦʥʦʤ 

ʨʘʩʧʦʜʝʣʝ (ʮʝʥʪʨʘʣʥʘ ʛʨʘʥʠʯʥʘ ʪʝʦʨʝʤʘ) (Ott and Longnecke, 2010) [221]. ɺʠʰʝ ʤʦʜʝʣʘ 

ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ ʠʤʘʣʦ ʿʝ ʧʨʠʣʠʢʫ ʜʘ ʩʝ ʜʦʢʘʞʝ ʢʘʦ ʢʦʨʠʩʪʘʥ ʘʣʘʪ ʫ ʧʨʝʟʝʥʪʘʮʠʿʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ. ʅʘʿʥʦʚʠʿʠ ʪʨʝʥʜʦʚʠ ʨʝʛʫʣʘʪʠʚʥʠʭ ʩʪʘʥʜʘʨʜʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ 

ʟʘʭʪʝʚʘʿʫ ʫʧʦʪʨʝʙʫ ʠʟʨʘʞʝʥʫ ʫ ʬʦʨʤʠ ,,ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʝʢʦʨʘʯʝˁʘñ ʜʦʟʚʦˀʝʥʠʭ ʛʨʘʥʠʮʘ. ʋ 

ʧʦʩʣʝʜˁʦʿ ʜʝʮʝʥʠʿʠ ʩʪʨʫʯʥʘ ʣʠʪʝʨʘʪʫʨʘ ʦʪʢʨʠʚʘ ʜʘ ʧʦʩʪʦʿʠ ʤʘʣʦ ʩʪʫʜʠʿʘ ʢʦʿʝ ʩʫ ʠʟʥʝʣʝ 

ʤʝʪʦʜʦʣʦʛʠʿʫ ʤʦʜʝʣʠʨʘˁʘ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ. ʊʘʢʚʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʤʦʨʘ ʩʘʜʨʞʘʪʠ ʜʚʘ ʚʘʞʥʘ 

ʢʦʨʘʢʘ, ʢʘʦ ʰʪʦ ʩʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ (ʧʨʝʧʦʟʥʘʚʘˁʝ) ʬʦʨʤʠ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ ʠ ʦʮʝˁʠʚʘˁʝ 

ʥʝʦʧʭʦʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ɼʦʜʘʪʥʦ, ʬʘʢʪʦʨʩʢʠ ʧʣʘʥʦʚʠ ʟʘʭʪʝʚʘʿʫ ʜʝʬʠʥʠʩʘˁʝ ʛʨʘʥʠʮʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʧʨʦʩʪʦʨʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʫʧʨʘʚʦ ʧʦʤʝʥʫʪʠʤ ʟʘʢʦʥʠʤʘ ʨʘʩʧʦʜʝʣʝ ʠ ʢʦʿʝ ʩʫ 

ʩʪʘʪʠʩʪʠʯʢʠ ʧʨʠʭʚʘʪˀʠʚʝ ʟʘ ʧʦʧʫʣʘʮʠʿʫ ʩʘ 5% ʠʣʠ 1% ʨʠʟʠʢʘ. 

 

ɿʘʪʦ ˂ʝ ʥʘʨʝʜʥʘ ʧʦʛʣʘʚˀʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʫʪʚʨʜʠʪʠ ʟʘʢʦʥʝ ʨʘʩʧʦʜʝʣʝ ʧʦʿʝʜʠʥʠʭ ʩʣʫʯʘʿʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ, ʢʘʢʦ ʙʠ ʩʝ ʜʝʬʠʥʠʩʘʣʝ ʛʨʘʥʠʮʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʧʨʦʩʪʦʨʘ ʥʝʦʧʭʦʜʥʝ ʧʣʘʥʩʢʦʿ 

ʧʦʩʪʘʚʮʠ ʧʦʪʧʫʥʠʭ ʚʠʰʝʬʘʢʪʦʨʩʢʠʭ ʧʣʘʥʦʚʘ. ɼʘˀʘ ʘʥʘʣʠʪʠʯʢʘ ʦʙʨʘʜʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ 

ʫʩʣʦʚʠ˂ʝ ʧʨʠʤʝʥʫ ʩʘʚʨʝʤʝʥʠʭ ʩʪʘʪʠʩʪʠʯʢʠʭ ʪʝʭʥʠʢʘ ʨʘʜʠ ʫʪʚʨʹʠʚʘˁʘ ʭʠʿʝʨʘʨʭʠʿʝ (ʨʘʥʛʘ) ʠ 

ʚʨʝʜʥʦʚʘˁʘ ʫʪʠʮʘʿʥʦʩʪʠ ʠʟʘʙʨʘʥʠʭ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ 

ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ.  

 

ʊʘʢʦʹʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʥʘʛʣʘʩʠʪʠ ʜʘ ʿʝ ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ ʦʙʨʘʹʝʥʘ ʝʤʧʠʨʠʿʩʢʘ ʧʦʧʫʣʘʮʠʿʘ ʩʣʫʯʘʿʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ ʪʦʢʦʤ ʿʫʣa, ʘʚʛʫʩʪa ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ, ʫ ʧʝʨʠʦʜʫ ʠʟʤʝʹʫ 06.00 ʜʦ 17.00 ʯʘʩʦʚʘ. 

ʂʦʥʢʨʝʪʥʦ ʩʝ ʦʙʨʘʹʫʿʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠ ʫˀʝʥ-ʤʦʥʦʢʩʠʜʘ, ʿʘʯʠʥʘ (ʠʥʪʝʥʟʠʪʝʪ) ʚʝʪʨʘ 

ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʠ ʩʘʦʙʨʘ˂ʘʿʥʠ ʧʨʦʪʦʮʠ ʫ ʠʟʘʙʨʘʥʠʤ ʫʣʠʮʘʤʘ ʛʨʘʜʘ ʂʨʘˀʝʚʘ. 

 

5.2.1. ɸʥʘʣʠʟʘ ʟʘʢʦʥʘ ʝʤʧʠʨʠʿʩʢʝ ʨʘʩʧʦʜʝʣʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ  

 

ʋ ʧʦʜʘʮʠʤʘ ʜʦʙʠʿʝʥʠʤ ʥʝʧʦʩʨʝʜʥʦ ʠʟ ʧʦʩʤʘʪʨʘˁʘ ʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʪʝʰʢʦ ʿʝ ʦʜʤʘʭ ʫʦʯʠʪʠ ʤʘ 

ʢʘʢʚʫ ʧʨʘʚʠʣʥʦʩʪ. ʋʧʨʘʚʦ ʪʘʢʘʚ ʧʨʠʤʝʨ ʿʝʩʫ ʨʝʛʠʩʪʨʦʚʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ Nʆx ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, 

ʦʜʥʦʩʥʦ ὔὕ  (ʝʥʛ. background ὔὕ concentrations) ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʪʘʙʝʣʠ ɸ25 (ʧʨʠʣʦʛ ɸ). ɼʘ ʙʠ 

ʩʝ ʧʨʠʧʨʝʤʠʣʠ ʧʦʜʘʮʠ ʟʘ ʥʘʫʯʥʦ ʠʩʪʨʘʞʠʚʘˁʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ, ʧʨʝ ʩʚʝʛʘ, ʥʝ ʤʝˁʘʿʫ˂ʠ ʠʤ ʩʘʤʫ 

ʩʫʰʪʠʥʫ, ʫʚʝʩʪʠ ʤʝʹʫ ˁʠʭ ʥʝʢʠ ʧʦʨʝʜʘʢ ʠ ʜʘʪʠ ʠʤ ʜʦʚʦˀʥʦ ʿʘʩʥʫ ʬʦʨʤʫ ʧʦʛʦʜʥʫ ʟʘ ʙʨʟʦ 

ʠʩʧʠʪʠʚʘˁʝ. ɿʘʪʦ ʿʝ ʬʦʨʤʠʨʘʥʘ ʪʘʙʝʣʘ ɸ26 (ʧʨʠʣʦʛ ɸ), ʠ ʪʦ ʢʘʦ ʧʨʚʘ, ʥʝʦʧʭʦʜʥʘ ʜʨʫʛʠʤ ʪʘʙʝʣʘʤʘ 

ʨʘʜʠ ʜʘˀʝ ʤʘʪʝʤʘʪʠʯʢʦ-ʩʪʘʪʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ. ʉʣʝʜʝ˂ʠ ʧʘʩʫʩ ʦʙʿʘʰˁʘʚʘ ʜʝʦ ʩʪʘʪʠʩʪʠʯʢʝ ʪʝʦʨʠʿʝ 

ʚʘʞʥʦ ʿʧʣʘʥʩʢʦʿ ʧʦʩʪʘʚʮʠ ʧʨʠʣʠʢʦʤ ʪʝʩʪʠʨʘˁʘ ʟʘʢʦʥʘ ʝʤʧʠʨʠʿʩʢʝ ʨʘʩʧʦʜʝʣʝ. 
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ʅʝʢʘ ʦʙʝʣʝʞʿʝ X ʫʟʠʤʘ ὲ ʚʨʝʜʥʦʩʪʠ: ὼȟὼȟȣȟὼ, ʢʦʿʝ ʩʝ ʫ ʨʝʟʫʣʪʘʪʫ ʦʜ N ʧʦʥʘʚˀʘˁʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʦʿʘʚˀʫʿʫ άȟά ȟȣȟά  ʧʫʪʘ. ɺʝʣʠʯʠʥʝ άȟά ȟȣȟά  ʟʘʜʦʚʦˀʘʚʘʿʫ ʫʩʣʦʚ ά

 ά ȢȢȢά ὔ ʠ ʥʘʟʠʚʘʿʫ ʩʝ ʘʧʩʦʣʫʪʥʠʤ ʬʨʝʢʬʝʥʮʠʿʘʤʘ. ɸʢʦ ʿʝ ʙʨʦʿ N ʚʝʣʠʢʠ, ʢʘʦ ʠ ʙʨʦʿ 

ʚʨʝʜʥʦʩʪʠ ὲ ʢʦʿʝ ʦʙʝʣʝʞʿʝ X ʫʟʠʤʘ, ʦʥʜʘ ʩʝ ʮʝʦ ʠʥʪʝʨʚʘʣ ʧʨʦʤʝʥʝ ʦʙʝʣʝʞʿʘ R (ʥʘʟʠʚʘ ʩʝ ʠ ʨʘʟʤʘʢ 

ʚʘʨʠʿʘʮʠʿʝ ʦʙʝʣʝʞʿʘ, ʚʘʨʠʿʘʮʠʦʥʠ ʠʥʪʝʨʚʘʣ ʠʪʜ.) ʜʝʣʠ ʥʘ ʧʦʜʠʥʪʝʨʚʘʣʝ ʠʣʠ ʢʣʘʩʝ ʿʝʜʥʘʢʠʭ ʜʫʞʠʥʘ 

d. ɸʢʦ ʩʘ z ʦʟʥʘʯʠʤʦ ʙʨʦʿ ʢʣʘʩʘ, ʦʥʜʘ ʿʝ ʜʫʞʠʥʘ ʢʣʘʩʝ: Ὠ Ὑᾀϳ (Vukadinoviĺ i Popoviĺ, 2008) [265].  

 

ʋʪʚʨʹʝʥʦʛ ʧʨʘʚʠʣʘ ʟʘ ʙʨʦʿ ʢʣʘʩʘ ʥʝʤʘ, ʤʝʹʫʪʠʤ, ʩʪʘʪʠʩʪʠʯʘʨʠ ɺʫʢʘʜʠʥʦʚʠ˂ ʠ ʇʦʧʦʚʠ˂, ʧʦʨʝʜ 

ʦʩʥʦʚʥʦʛ ʧʨʘʚʠʣʘ ʠʟʨʘʞʝʥʦʛ ʫ ʬʦʨʤʫʣʘʮʠʿʠ: ᾀ Ѝὲ, ʧʨʝʧʦʨʫʯʫʿʫ ʠ ʩʣʝʜʝ˂ʝ ʫʧʫʩʪʚʦ:  

¶ ɸʢʦ ʿʝ n ʦʜ 40 ʜʦ 60, ʪʨʝʙʘ ʫʟʝʪʠ z ʦʜ 6 ʜʦ 8; 

¶ ɸʢʦ ʿʝ n ʦʜ 60 ʜʦ 100, ʪʨʝʙʘ ʫʟʝʪʠ z ʦʜ 7 ʜʦ 10; 

¶ ɸʢʦ ʿʝ n ʦʜ 100 ʜʦ 200, ʪʨʝʙʘ ʫʟʝʪʠ z ʦʜ 9 ʜʦ 12; 

¶ ɸʢʦ ʿʝ n ʦʜ 200 ʜʦ 500, ʪʨʝʙʘ ʫʟʝʪʠ z ʦʜ 12 ʜʦ 17;  

¶ ɸʢʦ ʿʝ n  ʚʝ˂ʝ ʦʜ 500, ʪʨʝʙʘ ʫʟʝʪʠ z ʦʜ 21.    

 

ʉʚʘʢʠ ʧʦʜʘʪʘʢ ʦ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ὔὕ  ʦʜ 634 ʪʘʢʚʠʭ ʫ ʪʘʙʝʣʠ ɸ25 (ʧʨʠʣʦʛ ɸ), ʜʦʙʠʿʝʥ ʿʝ ʢʘʦ 

ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʯʝʪʠʨʠ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʪʦʢʫ ʪʦʛ ʩʘʪʘ ʧʦʩʤʘʪʨʘˁʘ ʧʦʤʝʥʫʪʝ ʰʪʝʪʥʝ 

ʤʘʪʝʨʠʿʝ (ʤʝʨʝˁʝ ʩʝ ʦʙʘʚˀʘ ʥʘ ʩʚʘʢʠʭ 15 ʤʠʥʫʪʘ). ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʦʜʨʝʜʠʪʠ ˁʠʭʦʚ ʟʘʢʦʥ 

ʨʘʩʧʦʜʝʣʝ, ʧʨʝʤʘ ʫʧʫʪʩʪʚʫ ɺʫʢʘʜʠʥʦʚʠ˂ʘ ʠ ʇʦʧʦʚʠ˂ʘ, ʙʨʦʿ ʢʣʘʩʘ ʪʨʝʙʘ ʙʠʪʠ ʠʟʤʝʹʫ 21 ʠ 25. 

ʋʢʦʣʠʢʦ ʙʠ ʩʝ, ʥʘ ʧʨʠʤʝʨ, ʫʩʚʦʿʠʣʝ 22 ʢʣʘʩʝ, ʧʨʝʣʠʤʠʥʘʨʥʠ ʧʨʦʨʘʯʫʥʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʙʠ ʥʘʿʤʘˁʝ 

ʪʨʠ (ʠ ʪʦ ʥʝʩʫʩʝʜʥʝ) ʙʠʣʝ ʧʨʘʟʥʝ, ʰʪʦ ʧʨʠʣʠʢʦʤ ʧʦʩʪʘʚʢʝ ʤʦʜʝʣʘ ʪʨʝʙʘ ʤʘʢʩʠʤʘʣʥʦ ʠʟʙʝʛʘʚʘʪʠ. 

ʆʩʥʦʚʥʠ ʨʘʟʣʦʛ ʧʦʿʘʚˀʠʚʘˁʘ ʢʣʘʩʘ ʩʘ ʥʫʣʦʤ ʬʨʝʢʚʝʥʮʠʿʘ ʿʝʩʪʝ ʚʝʣʠʢʠ ʠʥʪʝʨʚʘʣ ʚʘʨʠʿʘʮʠʿʝ 

(Ὑ ψχȟψ ÕgĿm-3
) ʫ ʦʜʥʦʩʫ ʥʘ ʜʫʞʠʥʫ ʢʣʘʩʝ (Ὠ σȟωω ÕgĿm-3

).  

 

ʅʝʢʘʜʘ ʿʝ ʤʦʛʫ˂ʝ ʪʘʢʘʚ ʧʨʦʙʣʝʤ ʨʝʰʠʪʠ ʩʘʞʠʤʘˁʝʤ ʢʣʘʩʘ, ʤʝʹʫʪʠʤ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʜʦʜʘʪʥʘ 

ʧʦʪʝʰʢʦ˂ʘ ʿʝʩʪʝ ʯʠˁʝʥʠʮʘ ʜʘ 3% ʫʟʦʨʢʘ ʟʘʫʟʠʤʘ 50% ʚʨʝʜʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ ʚʘʨʠʿʘʮʠʿʝ ʢʘʜʘ ʩʫ 

ʧʦʨʝʹʘʥʝ ʦʜ ʥʘʿʤʘˁʝ ʧʨʝʤʘ ʥʘʿʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ὔὕ  (ʪʘʢʚʠʭ 20 ʿʝ ʫ ʨʘʩʧʦʥʫ 45ï88 ÕgĿm
-3
). ʋ 

ʪʘʢʚʦʤ ʩʣʫʯʘʿʫ, ʩʘʞʠʤʘˁʝʤ ʢʣʘʩʘ ʙʠʪʥʦ ʙʠ ʩʝ ʧʦʨʝʤʝʪʠʦ ʦʩʥʦʚʥʠ ʫʩʣʦʚ ʪʝʩʪ ʤʦʜʝʣʘ, ʦʜʥʦʩʥʦ ʜʘ 

ʜʫʞʠʥʝ ʢʣʘʩʘ ʙʫʜʫ ʿʝʜʥʘʢʝ.    

 

ʏʠˁʝʥʠʮʘ ʿʝʩʪʝ ʜʘ ʫ ʧʦʜʘʮʠʤʘ ὔὕ  ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʠʥʪʝʨʚʘʣ ʚʘʨʠʿʘʮʠʿʝ ʠ ʜʘ ʩʝ ʫʪʠʮʘʿ ʝʢʩʪʨʝʤʥʦ 

ʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʦʨʘ ʧʨʝʧʦʟʥʘʪʠ ʠ ʦʙʫʭʚʘʪʠʪʠ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠʤ ʟʘʢʦʥʦʤ ʨʘʩʧʦʜʝʣʝ. ɿʘʪʦ 

ʿʝ ʮʠˀ ʩʤʘˁʠʪʠ ʙʨʦʿ ʢʣʘʩʘ, ʩʤʘˁʠʪʠ ʠʥʪʝʨʚʘʣ ʚʘʨʠʿʘʮʠʿʝ ʠ ʧʦʚʝ˂ʘʪʠ ʜʫʞʠʥʫ ʢʣʘʩʝ, ʘ ʜʘ ʩʝ ʧʨʠ 

ʪʦʤʝ ʥʝ ʧʦʨʝʤʝʪʠ ʩʫʰʪʠʥʘ ʠ ʿʝʜʥʦʨʦʜʥʦʩʪ ʧʦʿʘʚʝ.         

 

ʈʝʰʝˁʝ ʧʨʝʪʭʦʜʥʦʛ ʧʨʦʙʣʝʤʘ ʩʘʩʪʦʿʠ ʩʝ ʫ ʩʤʘˁʝˁʫ ʙʨʦʿʘ ʫʟʦʨʘʢʘ, ʠ ʪʦ ʪʘʢʦ ʰʪʦ ʪʨʝʙʘ ʠʟʜʚʦʿʠʪʠ 

ʟʘʩʝʙʥʦ ʩʚʝ ʜʘʥʝ ʫ ʥʝʜʝˀʠ ʠ ʟʘ ʩʚʘʢʠ ʜʘʥ ʠʟʨʘʯʫʥʘʪʠ ʘʨʠʪʤʝʪʠʯʢʫ ʩʨʝʜʠʥʫ ʧʦ ʩʚʘʢʦʤ ʩʘʪʫ ʟʘ 11 
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ʩʘʪʠ ʤʝʨʝˁʘ, ʦʜʥʦʩʥʦ ʫ ʧʝʨʠʦʜʫ ʦʜ 06.00 ʜʦ 17.00 ʯʘʩʦʚʘ (ʪʘʙʝʣʘ ɸ26, ʧʨʠʣʦʛ ɸ). ʅʘ ʪʘʢʘʚ ʥʘʯʠʥ, 

ʩʤʘʝˁʥ ʿʝ ʙʨʦʿ ʧʦʜʘʪʘʢʘ ʩʘ 634 ʥʘ 77, ʰʪʦ ʢʘʩʥʠʿʝ ʫʩʣʦʚˀʘʚʘ ʤʘˁʠ ʙʨʦʿ ʢʣʘʩʘ, ʤʘˁʠ ʠʥʪʝʨʚʘʣ 

ʚʘʨʠʿʘʮʠʿʝ, ʘ ʫʿʝʜʥʦ ʿʝ ʠ ʧʦʚʝ˂ʘʥʘ ʜʫʞʠʥʘ ʢʣʘʩʝ. ʆʥʦ ʰʪʦ ʿʝ ʧʨʠ ʪʦʤʝ ʥʘʿʚʘʞʥʠʿʝ ʿʝʩʪʝ ʜʘ ʿʝ ʦʚʠʤ 

ʧʦʩʪʫʧʢʦʤ ʩʫʪhʠʥʘ ʠ ʿʝʜʥʦʨʦʜʥʦʩʪ ʧʦʩʤʘʪʨʘʥʝ ʧʦʿʘʚʝ ʥʝʧʨʦʤʝˁʝʥʘ, ʦʜʥʦʩʥʦ ʫʪʠʮʘʿ ʝʢʩʪʨʝʤʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʯʠʥʝ 3% ʫʟʦʨʢʘ, ʘ 50% ʨʘʩʧʦʥʘ ʚʘʨʠʿʘʮʠʿʝ ʪʘʢʦʹʝ ʿʝ ʦʙʫʭʚʘ˂ʝʥ. 

 

ʋ ʪʘʙʝʣʠ 4.9 ʜʘʪʠ ʩʫ ʝʣʝʤʝʥʪʠ ʧʦʣʘʟʥʦʛ ʤʦʜʝʣʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʟʘʢʦʥʘ ʨʘʩʧʦʜʝʣʝ ʩʨʝʜˁʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ὔὕ , ʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʥʝʦʧʭʦʜʥʠ ʟʘ ˁʝʥʦ ʬʦʨʤʠʨʘˁʝ ʩʫ: 

1. ʋʢʫʧʘʥ ʙʨʦʿ ʧʦʜʘʪʘʢʘ ʫ ʧʦʜʩʢʫʧʫ:  ὲ χχ  

2. ʈʘʟʤʘʢ ʚʘʨʠʿʘʮʠʿʝ: Ὑ Ὑ Ὑ τφȟςωσȟτρ τςȟψψ ÕgĿm-3
 

3. ɿʘ ʫʩʚʘʿʘˁʝ ʙʨʦʘʿ ʢʣʘʩʘ ʫʩʣʦʚʠ ʩʫ: 

a. ʟʘ ὲ χχ ʧʨʝʧʦʨʫʢʘ ʟʘ z ʿʝ ʠʟʤʝʹʫ 7 ʠ 10 

b. ᾀ Ѝὲ ψȟχχ 

ʋʩʚʦʿʝʥʦ ᾀ ψ ʢʣʘʩʘ 

4. ʐʠʨʠʥʘ ʢʣʘʩʝ: Ὠ Ὑᾀϳ υȟσφ ÕgĿm-3
 

 

ʊʘʙʝʣʘ 4.9  ɽʣʝʤʝʥʪʠ ʧʦʣʘʟʥʦʛ ʤʦʜʝʣʘ ʨʘʩʧʦʜʝʣʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ὔὕ  

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 8 

ʀʥʪʝʨʚʘʣ ʢʣʘʩʝ - ╝╞●╫  

[ÕgĿm-3] 

3,41ï

8,77 

8,77ï

14,13 

14,13ï

19,491 

19,49ï

24,85 

24,85ï

30,21 

30,21ï

35,57 

35,57ï

40,93 

40,93ï

46,29 

ʉʨeʜʠʥʘ ʢʣʘʩʝ -  ●▼░ 

[ÕgĿm-3] 
6,09 11,45 16,810 22,171 27,532 32,893 38,254 43,615 

ʌʨʝʢʚʝʥʮʠʿʘ - □░ 35 25 6 4 2 2 2 1 

 

ʋ ʪʘʙʝʣʠ 4.10 ʜʘʪʝ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ Ὑ  ʠ ʦʪʢʘʟʘ Ὂ . 

 

ʊʘʙʝʣʘ 4.10  ʌʫʥʢʮʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʦʪʢʘʟʘ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ὔὕ  

 

ɼʘ ʙʠ ʩʝ ʧʨʠʩʪʫʧʠʣʦ ʧʨʦʚʝʨʠ ʦʜʨʝʹʝʥʝ ʨʘʩʧʦʜʝʣʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʝ ʪʦʛʘ ʩʘʛʣʝʜʘʪʠ ʫ ʪʘʙʝʣʠ 4.9 

ʙʨʦʿ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʿʘʚˀʠʚʘˁʘ ʚʨʝʜʥʦʩʪʠ □░ ʫ ʩʚʘʢʦʿ ʢʣʘʩʠ. ɻʝʦʤʝʪʨʠʿʩʢʘ ʠʣʫʩʪʨʘʮʠʿʘ ʪʘʢʚʝ 

ʩʪʘʪʠʩʪʠʯʢʝ ʪʘʙʝʣʝ ʿʝ ʭʠʩʪʦʛʨʘʤ ʨʘʩʧʦʜʝʣʝ ʬʨʝʢʚʝʥʮʠʿʘ. ɱʘʩʥʦ ʿʝ ʜʘ log-ʥʦʨʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʠʤʘ 

ʧʦʪʝʥʮʠʿʘʣʘ ʟʘ ʧʨʠʭʚʘʪˀʠʚʦ ʩʣʘʛʘˁʝ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʩʣʫʯʘʿʥʝ 

ʧʨʦʤʝʥˀʠʚʝ, ʰʪʦ ʪʨʝʙʘ ʠ ʧʨʦʚʝʨʠʪʠ.       

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 8 

●▼░ [ÕgĿm
-3
] 6,09 11,45 16,810 22,171 27,532 32,895 38,254 43,615 

□░ 35 25 6 4 2 2 2 1 

◊░ 
59,5 29,5 14 9 6 4 2 0,5 

77 42 42 17 17 11 11 7 7 5 5 3 3 1 1 0 

╡░●
◊░
▪ 0,7727 0,38312 0,1818 0,1169 0,0779 0,05194 0,025974 0,006494 

╕░● ╡░● 0,227 0,617 0,8182 0,8831 0,92208 0,94805 0,974026 0,993506 
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5.2.1.1. ʍʠʧʦʪʝʪʠʯʢʠ ʤʦʜʝʣ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʢʦʥʮʝʥʪʨʘʮʠʿe ʦʢʩʠʜʘ 

ʘʟʦʪʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ  

 

ɸʢʦ ʩʫ ʚʨʝʜʥʦʩʪʠ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ ὼ ʛʨʫʧʠʩʘʥʝ ʧʦ ʠʥʪʝʨʚʘʣʠʤʘ (ʢʣʘʩʘʤʘ), ʘʨʠʪʤʝʪʠʯʢʘ 

ʩʨʝʜʠʥʘ ʠ ʩʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ (Ĺatiĺ, 2005) [275] ʤʦʞʝ ʩʝ ʠʟʨʘʟʠʪʠ: 

 

ὼӶ В ά Ͻὰὲὼ ,                                                             (4.5) 

 

„ В ὰὲὼ ὼӶϽάὭ,                                                   (4.6) 

ʛʜʝ ʿʝ: ὲ - ʙʨʦʿ ʚʨʝʜʥʦʩʪʠ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ; ᾀ - ʙʨʦʿ ʠʥʪʝʨʚʘʣʘ (ʢʣʘʩʘ) ʫ ʢʦʿʠʤʘ ʩʫ ʛʨʫʧʠʩʘʥʝ 

ʚʨʝʜʥʦʩʪʠ; ά  - ʙʨʦʿ ʚʨʝʜʥʦʩʪʠ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ (ʬʨʝʢʚʝʥʮʠʿʘ ʠʣʠ ʫʯʝʩʪʘʣʦʩʪ) ʫ i ʠʥʪʝʨʚʘʣʫ; 

ὼ  - ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ i ʠʥʪʝʨʚʘʣʘ.  

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʩʤʘʝˁʥ ʙʨʦʿ ʧʦʜʘʪʘʢʘ ʩʘ 636 ʥʘ 77, ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʠ ʩʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ 

ʭʠʧʦʪʝʪʠʯʢʦʛ ʤʦʜʝʣʘ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ὔὕ  ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (4.5) ʠ 

ʿʝʜʥʘʯʠʥʠ (4.6) ʿʝʩʪʝ ὼӶ ςȟσρτρυυ  ÕgĿm-3 
ʠ „ πȟυτψχωω ÕgĿm-3

. ʉʣʫʯʘʿʥʘ ʧʨʦʤʝʥˀʠʚʘ X ʠʤʘ 

log-ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʩʘ ʧʘʨʘʤʝʪʨʠʤʘ ὼӶ ʠ „, ʠʣʠ ʢʨʘ˂ʝ  Ὄȡ ὢͯ ὒὔὼӶȠ„ , ʘʢʦ ʿʝ ʦʜʨʝʹʝʥʘ ʪʨʠʤʘ 

ʬʫʥʢʮʠʿʘʤʘ (Walpole, 2012) [276], ʦʜʥʦʩʥʦ: 

¶ ʌʫʥʢʮʠʿʦʤ ʛʫʩʪʠʥʝ ʦʪʢʘʟʘ: 

 

Ὢ
Ͻ ϽЍ

Ὡ ȟ     ὼ πȟЊ ὼӶ Њȟ   „ π.                              (4.7) 

 

¶ ʂʫʤʫʣʘʪʠʚʥʦʤ ʬʫʥʢʮʠʿʦʤ ʦʪʢʘʟʘ (ʢʫʤʫʣʘʪʠʚʥʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʧʦʿʘʚʝ ʦʪʢʘʟʘ): 

 

Ὂ ὖὢ ὼ
Ͻ ϽЍ

᷿Ὡ Ὠὼ ȟ     ὼ πȟЊ ὼӶ Њȟ   „ π.               (4.8) 

 

¶ ʂʫʤʫʣʘʪʠʚʥʦʤ ʬʫʥʢʮʠʿʦʤ ʧʦʫʟʜʘʥʦʩʪʠ: 

 

Ὑ ρ ὖὢ ὼ ρ
Ͻ ϽЍ

᷿ Ὡ Ὠὼ ȟ    ὼ πȟЊ ὼӶ Њȟ   „ π.       (4.9) 

ʌʫʥʢʮʠʿʘ ʧʨʦʠʟʚʦˀʥʝ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʤʦʞʝ ʩʝ ʪʨʘʥʩʬʦʨʤʠʩʘʪʠ ʫ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠ ʦʙʣʠʢ 

ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ (ʃʘʧʣʘʩʦʚʘ ʬʫʥʢʮʠʿʘ) ʟʘ ʢʦʿʫ ʩʫ ʦʜʨʝʹʝʥʝ ʪʘʙʣʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʢʦʿʝ ʩʝ ʤʦʛʫ 

ʥʘ˂ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ (Vukadinoviĺ i Popoviĺ, 2008) [265]. ʇʦʩʪʫʧʘʢ ʩʝ ʩʘʩʪʦʿʠ ʫ ʫʚʦʹʝˁʫ ʩʤʝʥʝ: 

ᾀ
Ӷ
, ʧʘ ʿʝ ʢʦʥʘʯʘʥ ʦʙʣʠʢ ʃʘʧʣʘʩʦʚʝ ʬʫʥʢʮʠʿʝ ɮ(z) (Vukadinoviĺ i Popoviĺ, 2008) [265]: 

 

‰
Ѝ
᷿Ὡ Ὠὸ.                                                           (4.10) 
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ʇʦʟʥʘʿʫ˂ʠ ʦʩʦʙʠʥʝ ʃʘʧʣʘʩʦʚʝ ʬʫʥʢʮʠʿʝ, ʦʜʥʦʩʥʦ: ‰π πȠ  ‰ Њ πȟυȠ  ‰ ᾀ ‰ᾀ, 

ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʘ ʚʨʝʜʥʦʩʪ ʢʫʤʫʣʘʪʠʚʥʝ ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ (Vukadinoviĺ i Popoviĺ, 2008) [265] ʿʝʩʪʝ: 

 

Ὂ Ὂ ὖὢ ὰὲὼ ὖὤ ᾀ πȟυ ‰
Ӷ
.                       (4.11) 

 

ɺʦʜʝ˂ʠ ʩʝ ʿʝʜʥʘʯʠʥʦʤ (4.11) ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ʪʝʦʨʠʿʩʢʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ Ὂ  ʠ 

ʬʫʥʢʮʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ Ὑ , ʦʜʥʦʩʥʦ: 

Ὂ Ὂ ὖὢ ὰὲὼ ὖὤ
ρȟψπφφυςȟσρτρυυ

πȟυτψψ
ὖὤ πȟωςτχυπȟυ ɮπȟως 

Ὂ πȟυ πȟσςρςπȟρχψψȠ     Ὑ πȟψςρς 

Ὂ Ὂ ὖὢ ὰὲὼ ὖὤ
ςȟτσψςȟσρτρυυ

πȟυτψψ
ὖὤ πȟςςυφπȟυ ɮπȟςς 

Ὂ πȟυ πȟπψχρπȟυψχρȠ     Ὑ πȟτρςω 

Ὂ Ὂ ὖὢ ὰὲὼ ὖὤ
ςȟτσψςȟσρτρυυ

πȟυτψψ
ὖὤ πȟωςυσπȟυ ɮπȟωςυσ 

Ὂ πȟυ πȟσςρςπȟψςρςȠ     Ὑ πȟρχψψ 

Ὂ Ὂ ὖὢ ὰὲὼ ὖὤ
σȟπωψχψυςȟσρτρυυ

πȟυτψψ
ὖὤ ρȟτςω πȟυ ɮρȟτσ 

Ὂ πȟυ πȟτςσφπȟωςσφȠ     Ὑ πȟπχφτ 

Ὂ Ὂ ὖὢ ὰὲὼ ὖὤ
σȟσρυσυςȟσρτρυυ

πȟυτψψ
ὖὤ ρȟψςτ πȟυ ɮρȟψς 

Ὂ πȟυ πȟτφυφπȟωφυφȠ     Ὑ πȟπσττ 

Ὂ Ὂ ὖὢ ὰὲὼ ὖὤ
σȟτωσςφςȟσρτρυυ

πȟυτψψ
ὖὤ ςȟρτψ πȟυ ɮςȟρτψ 

Ὂ πȟυ πȟτψσψπȟωψσψȠ     Ὑ πȟπρφς 

Ὂ Ὂ ὖὢ ὰὲὼ ὖὤ
σȟφττςȟσρτρυυ

πȟυτψψ
ὖὤ ςȟτςτ πȟυ ɮςȟτς 

Ὂ πȟυ πȟτωςςπȟωωςςȠ     Ὑ πȟππχψ 

Ὂ Ὂ ὖὢ ὰὲὼ ὖὤ
σȟχχυτςȟσρτρυυ

πȟυτψψ
ὖὤ ςȟφφρ πȟυ ɮςȟφφ 

Ὂ πȟυ πȟτωφρπȟωωφρȠ     Ὑ πȟππσω 

 

ʇʨʦʚʝʨʘ ʧʨʠʭʚʘʪʘˁʘ ʤʦʜʝʣʘ, ʦʜʥʦʩʥʦ ʥʫʣ-ʭʠʧʦʪʝʟʝ Ὄȡ ὢͯ ὒὔὼӶȠ„ , ʧʨʠʤʝʥʦʤ ʪʝʩʪʘ ʩʘʛʣʘʩʥʦʩʪʠ 

ʂʦʣʤʦʛʦʨʦʚ-ʉʤʠʨʥʦʚʘ ʟʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʦʛʘʹʘʿʘ ὖ πȟωυ (Ross, 2004) [277] ʤʦʞʝ ʩʝ ʠʟʨʘʟʠʪʠ 

ʥʝʿʝʜʥʘʯʠʥʦʤ: 

άὥὼȿɝὊȿ ÍÁØ Ὂ Ὂ Ὀ .                                     (4.12) 

Ὀ ȟ

ȟ
ȟ

ȟ

ȟ
πȟρυτωψ                                             (4.13) 
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1

6,09 11,45 16,81 22,171 27,532 32,895 38,254 43,615

ʆʢʩʠʜʠ ʘʟʦʪʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, Õg/mį 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʪʝʦʨʠʿʩʢʠ  

ɸʢʦ ʿʝ: άὥὼȿῳὊȿ άὥὼὊ Ὂ Ὀ , ʥʫʣ-ʭʠʧʦʪʝʟʘ Ὄȡ ὢͯ ὒὔὼӶȠ„  ʩʝ ʥʝ ʦʜʙʘʮʫʿʝ, 

ʦʜʥʦʩʥʦ ʝʤʧʠʨʠʿʩʢʠ ʟʘʢʦʥ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʩʘ 95% ʧʦʫʟʜʘʥʦʩʪʠ ʨʝʧʨʝʟʝʥʪʫʿʝ ʨʝʟʫʣʪʘʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ὔὕ . ʋ ʪʘʙʝʣʠ 4.11 ʧʨʠʢʘʟʘʥʝ ʩʫ ʨʘʟʣʠʢʝ ʬʫʥʢʮʠʿʘ Ὂ ȟὊ  ̉ȿɝὊȿȢ   

 

ʊʘʙʝʣʘ 4.11  ʈʘʟʣʠʢʝ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʦʪʢʘʟʘ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ὔὕ  

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 8 

●▼░ [ÕgĿm
-3
] 6,09 11,45 16,810 22,171 27,532 32,895 38,254 43,615 

╕░● 0,227 0,617 0,8182 0,8831 0,922078 0,94805 0,974026 0,993506 

╕◄● 0,1788 0,5871 0,8212 0,9236 0,9656 0,9838 0,9922 0,9961 

ȿ◕╕░ȿ 0,0482 0,0299 0,003 0,0405 0,0435 0,0357 0,018174 0,00259 

 

ʂʘʢʦ ʿʝ άὥὼȿῳὊȿ πȟπτψςὈ πȟρυτψω, ʪʦ ʿʝ ʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ log-

ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ὔὕ : 

 

Ὂ Ὂ
ȟ ϽϽЍ

᷿Ὡ
ȟ

ȟ Ὠὼ,                                  (4.14) 

ʚʠʩʦʢʦ ʧʨʠʭʚʘʪˀʠʚ (σῳὊ Ὀ  ʠ ʧʦʫʟʜʘʥ ʩʘ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʦʜ ὖ πȟωυ. ʆʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ 

Ὂ  ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ Ὂ  ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ὔὕ  ʜʠʿʘʛʨʘʤʩʢʠ ʩʫ ʧʨʠʢʘʟʘʥa ʥʘ ʩʣʠʮʠ 4.15. 

 

 

Ὂ  

Ὂ  
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Ⱦɑɝɞ ɝɌɏɗɌɝəɚɝɞɔ ȶɚɗɘɚɏɚɜɚɎ-ȽɘɔɜəɚɎa ɓɌ P=0,95  

 ◕╕ ȟ ╓▀▫◑ ȟ  

ῳ
Ὂ

 

ʉʣʠʢʘ 4.15 ʆʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʘ ʦʪʢʘʟʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ὔὕ  ʟʘ log-ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ: ὢͯ ὒὔςȟσρτρυυȠπȟυτψχωω  
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5.2.2. ɸʥʘʣʠʟʘ ʟʘʢʦʥʘ ʝʤʧʠʨʠʿʩʢʝ ʨʘʩʧʦʜʝʣʝ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ  

 

ʊʘʙʝʣʘ ɸ27 (ʧʨʠʣʦʛ ɸ) ʧʨʝʜʩʪʘʚˀʘ ʙʘʟʫ ʦʜ 723 ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʪʦʢʦʤ ʤʝʩʝʮʘ 

ʿʫʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜʠʥʝ, ʫ ʧʝʨʠʦʜʫ 06.00ï17.00 ʯʘʩʦʚʘ. ʋʢʦʣʠʢʦ ʩʝ ʧʨʠʤʝʥʠ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʦʧʠʩʘʥʘ ʫ ʪʘʯʢʠ 5.2.1, ʪʘʙʝʣʘ ɸ28 (ʧʨʠʣʦʛ ɸ) ʧʨʠʢʘʟʫʿʝ, ʧʦʨʝʜ ʦʙʿʝʜʠˁʝʥʠʭ ʧʦʜʘʪʘʢʘ 

ʧʦ ʜʘʥʠʤʘ ʫ ʥʝʜʝˀʠ, ʠ ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO ʟʘ ʩʚʘʢʠ ʩʘʪ ʧʦʩʤʘʪʨʘˁʘ. ʊʠʤʝ ʿʝ 

ʬʦʨʤʠʨʘʥʘ ʝʤʧʠʨʠʿʩʢʘ ʧʦʧʫʣʘʮʠʿʘ ʦʜ 77 ʧʦʜʘʪʘʢʘ. ʋ ʪʘʙʝʣʠ 4.12 ʜʘʪʠ ʩʫ ʝʣʝʤʝʥʪʠ ʧʦʣʘʟʥʦʛ 

ʤʦʜʝʣʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʟʘʢʦʥʘ ʨʘʩʧʦʜʝʣʝ ʩʨʝʜˁʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO ʧʦ ʩʘʪʠʤʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, 

ʦʜʥʦʩʥʦ COb (ʝʥʛ. background CO concentrations), ʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʥʝʦʧʭʦʜʥʠ ʟʘ ˁʝʥʦ 

ʬʦʨʤʠʨʘˁʝ ʩʫ: 

1. ʋʢʫʧʘʥ ʙʨʦʿ ʧʦʜʘʪʘʢʘ ʫ ʧʦʜʩʢʫʧʫ: ὲ χχ 

2. ʈʘʟʤʘʢ ʚʘʨʠʿʘʮʠʿʝ: Ὑ Ὑ Ὑ πȟςτυππȟρπχφπȟρσχτ mgĿm
-3
 

3. ɿʘ ʫʩʚʘʿʘˁʝ ʙʨʦʘʿ ʢʣʘʩʘ ʫʩʣʦʚʠ ʩʫ: 

a. ʟʘ ὲ χχ ʧʨʝʧʦʨʫʢʘ ʟʘ z ʿ ʝ ʠʟʤʝʹʫ 7 ʠ 10 

b. ᾀ Ѝὲ ψȟχχ 

ʋʩʚʦʿʝʥʦ ᾀ ψ ʢʣʘʩʘ 

4. ʐʠʨʠʥʘ ʢʣʘʩʝ: Ὠ Ὑᾀϳ πȟπρχρχυ mgĿm
-3
 

 

ʊʘʙʝʣʘ 4.12  ɽʣʝʤʝʥʪʠ ʧʦʣʘʟʥʦʛ ʤʦʜʝʣʘ ʨʘʩʧʦʜʝʣʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ COb  

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 8 

ʀʥʪʝʨʚʘʣ ʢʣʘʩʝ - 

╒╞╫ [mgĿm
-3
] 

0,1076ï 
0,124775 

0,124775ï
0,14195 

0,14195ï
0,159125 

0,159125ï
0,1763 

0,1763ï
0,193475 

0,193475ï
0,21065 

0,21065ï
0,227825 

0,22782ï
0,2450 

ʉʨʝʜʠʥʘ ʢʣʘʩʝ -  

●▼░ [mgĿm
-3
] 

0,1162 0,1333 0,1506 0,1677 0,1849 0,2021 0,2193 0,2364 

ʌʨʝʢʬʝʥʮʠʿʘ - □░ 6 16 28 9 8 7 2 1 

 

ʋ ʪʘʙʝʣʠ 4.13 ʜʘʪʝ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ Ὑ  ʠ ʦʪʢʘʟʘ Ὂ . 

ʊʘʙʝʣʘ 4.13  ʌʫʥʢʮʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʦʪʢʘʟʘ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿa COb  

 

ɼʘ ʙʠ ʩʝ ʧʨʠʩʪʫʧʠʣʦ ʧʨʦʚʝʨʠ ʦʜʨʝʹʝʥʝ ʨʘʩʧʦʜʝʣʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʝ ʪʦʛʘ ʩʘʛʣʝʜʘʪʠ ʫ ʪʘʙʝʣʠ 4.9 

ʙʨʦʿ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʿʘʚˀʠʚʘˁʘ ʚʨʝʜʥʦʩʪʠ □░ ʫ ʩʚʘʢʦʿ ʢʣʘʩʠ. ɻʝʦʤʝʪʨʠʿʩʢʘ ʠʣʫʩʪʨʘʮʠʿʘ ʪʘʢʚʝ 

ʩʪʘʪʠʩʪʠʯʢʝ ʪʘʙʝʣʝ ʿʝ ʭʠʩʪʦʛʨʘʤ ʨʘʩʧʦʜʝʣʝ ʬʨʝʢʚʝʥʮʠʿʘ. ɱʘʩʥʦ ʿʝ ʜʘ log-ʥʦʨʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʠʤʘ 

ʧʦʪʝʥʮʠʿʘʣʘ ʟʘ ʧʨʠʭʚʘʪˀʠʚʦ ʩʣʘʛʘˁʝ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʩʣʫʯʘʿʥʝ 

ʧʨʦʤʝʥˀʠʚʝ, ʰʪʦ ʪʨʝʙʘ ʠ ʧʨʦʚʝʨʠʪʠ.  

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 8 

●▼░ [ÕgĿm
-3
] 0,1162 0,1333 0,15057 0,16774 0,18492 0,202092 0,2193 0,23644 

□░ 6 16 28 9 8 7 2 1 

◊░ 
74 63 41 22,5 14 6,5 2 0,5 

77 71 71 55 55 27 27 18 18 10 10 3 3 1 1 0 

╡░●
◊░
▪ 0,961 0,81818 0,532 0,292 0,181818 0,0844 0,02597 0,006493 

╕░● ╡░● 0,03896 0,1818 0,4675 0,7078 0,818181 0,91558 0,974026 0,993506 
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0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0,1162 0,1333 0,15057 0,16774 0,18492 0,202092 0,2193 0,23644

ʋʛˀʝʥ-ʤʦʥʦʢʩʠʜ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, mg/mį 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʪʝʦʨʠʿʩʢʠ  

5.2.2.1. ʍʠʧʦʪʝʪʠʯʢʠ ʤʦʜʝʣ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫʛˀʝʥ-

ʤʦʥʦʢʩʠʜʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʩʤʘʝˁʥ ʙʨʦʿ ʧʦʜʘʪʘʢʘ ʩʘ 723 ʥʘ 77, ʠ ʢʦʨʠʩʪʝ˂ʠ ʿʝʜʥʘʯʠʥʝ (4.5) ʠ (4.6), 

ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʠ ʩʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ ʭʠʧʦʪʝʪʠʯʢʦʛ ʤʦʜʝʣʘ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ COb ʿʝʩʪʝ ὼӶ ρȟψφςτχυ ʠ „ πȟρφυςςυ. ʊʝʩʪ ʩʘʛʣʘʩʥʦʩʪʠ ʂʦʣʤʦʛʦʨʦʚ-

ʉʤʠʨʥʦʚʘ ʟʘ ʫʩʚʦʿʝʥʦ ὖ πȟωυ ʠ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (4.11) ʜʝʬʠʥʠʰʝ Ὀ πȟρυτωψφ. ʋ ʪʘʙʝʣʠ 

4.14 ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʨʘʟʣʠʢʝ ʬʫʥʢʮʠʿʘ Ὂ ȟὊ  ̉ȿῳὊȿȢ  

 

ʊʘʙʝʣʘ 4.14  ʈʘʟʣʠʢʝ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʦʪʢʘʟʘ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ὅὕ  

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 8 

●▼░ [ÕgĿm
-3
] 0,1162 0,1333 0,15057 0,16774 0,18492 0,202092 0,2193 0,23644 

╕░● 0,03896 0,1818 0,4675 0,7078 0,818181 0,91558 0,974026 0,993506 

╕◄● 0,0401 0,1788 0,4277 0,6808 0,8554 0,9452 0,9812 0,9945 

ȿ◕╕░ȿ 0,0011 0,003 0,0398 0,027 0,0373 0,0296 0,00717 0,000994 

 

ʂʘʢʦ ʿʝ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (4.12) άὥὼῳὊ πȟπσωψὈ πȟρυτωψφ, ʪʦ ʿʝ ʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ 

ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʢʦʥʮʝʥʪʨʘʮʠʿa ὅὕ: 

 

Ὂ Ὂ ὖὢ ὼ ςȟτρυςςτψ᷿Ὡ ȟ ȟ Ὠὼ,                 (4.15) 

ʧʨʠʭʚʘʪˀʠʚ ʠ ʨʝʧʨʝʟʝʥʪʫʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ὅὕ. ʆʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ Ὂ  ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʚʨʝʜʥʦʩʪʠ Ὂ  ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʜʠʿʘʛʨʘʤʩʢʠ ʩʫ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 4.16. 

 

 

Ὂ  

 

Ὂ  

 

 

 

 

 

 

ῳ
Ὂ

 

╕● ╕╒╞╫ ȟ
●
▄ ȟ ■▪●ȟ ▀●

●

 

Ⱦɑɝɞ ɝɌɏɗɌɝəɚɝɞɔ ȶɚɗɘɚɏɚɜɚɎ-ȽɘɔɜəɚɎa ɓɌ P=0,95   
 

 ◕╕ ȟ ╓▀▫◑ ȟ  
 

ʉʣʠʢʘ 4.16 ʆʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʘ ʦʪʢʘʟʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ὅὕ ʟʘ log-ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ: ὢͯ ὒὔ ρȟψφςτχȠπȟρφυςς 
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5.2.3. ɸʥʘʣʠʟʘ ʟʘʢʦʥʘ ʝʤʧʠʨʠʿʩʢʝ ʨʘʩʧʦʜʝʣʝ ʙʨʟʠʥʝ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ  

 

ʊʘʙʝʣʘ ɸ23 (ʧʨʠʣʦʛ ɸ) ʧʨʝʜʩʪʘʚˀʘ ʙʘʟʫ ʦʜ 581 ʧʦʜʘʪʢʘ ʙʨʟʠʥʝ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (ό) (ʝʥʛ. 

background wind speed) ʪʦʢʦʤ ʤʝʩʝʮʘ ʿʫʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜʠʥʝ, ʫ ʧʝʨʠʦʜʫ 

ʧʦʩʤʘʪʨʘˁʘ ʦʜ 06.00 ʜʦ 17.00 ʯʘʩʦʚʘ. ʇʨʠʤʝʥʦʤ ʤʝʪʦʜʦʣʦʛʠʿʝ ʦʧʠʩʘʥʝ ʫ ʪʘʯʢʠ 5.2.1, ʪʘʙʝʣʘ ɸ24 

(ʧʨʠʣʦʛ ɸ) ʧʨʠʢʘʟʫʿʝ, ʧʦʨʝʜ ʧʦʜʘʪʘʢʘ ʧʦ ʜʘʥʠʤʘ ʫ ʥʝʜʝˀʠ, ʠ ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ ό ʚʨʝʜʥʦʩʪʠ ʟʘ 

ʩʚʘʢʠ ʩʘʪ ʧʦʩʤʘʪʨʘˁʘ. ʊʠʤʝ ʿʝ ʬʦʨʤʠʨʘʥʘ ʝʤʧʠʨʠʿʩʢʘ ʧʦʧʫʣʘʮʠʿʘ ʦʜ 77 ʧʦʜʘʪʘʢʘ.  

 

ʋ ʪʘʙʝʣʠ 4.15 ʜʘʪʠ ʩʫ ʝʣʝʤʝʥʪʠ ʧʦʣʘʟʥʦʛ ʤʦʜʝʣʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʟʘʢʦʥʘ ʨʘʩʧʦʜʝʣʝ ʙʨʟʠʥʝ ʚʝʪʨʘ ʠʟ 

ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, ʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʥʝʦʧʭʦʜʥʠ ʟʘ ˁʝʥʦ ʬʦʨʤʠʨʘˁʝ ʩʫ:  

1. ʋʢʫʧʘʥ ʙʨʦʿ ʧʦʜʘʪʘʢʘ ʫ ʧʦʜʩʢʫʧʫ: ὲ χχ 

2. ʈʘʟʤʘʢ ʚʘʨʠʿʘʮʠʿʝ: Ὑ Ὑ Ὑ ρȟςρπȟσς πȟψω mĿs-1
 

3. ɿʘ ʫʩʚʘʿʘˁʝ ʙʨʦʘʿ ʢʣʘʩʘ ʫʩʣʦʚʠ ʩʫ: 

a. ʟʘ ὲ χχ ʧʨʝʧʦʨʫʢʘ ʟʘ z ʿʝ ʠʟʤʝʹʫ 7 ʠ 10 

b. ᾀ Ѝὲ ψȟχχ 

ʋʩʚʦʿʝʥʦ ᾀ ψ ʢʣʘʩʘ 

4. ʐʠʨʠʥʘ ʢʣʘʩʝ: Ὠ Ὑᾀϳ πȟρρρςυ mĿs
-1
 

 

ʊʘʙʝʣʘ 4.15  ɽʣʝʤʝʥʪʠ ʧʦʣʘʟʥʦʛ ʤʦʜʝʣʘ ʨʘʩʧʦʜʝʣʝ ʚʨʝʜʥʦʩʪʠ ό   

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 8 

ʀʥʪʝʨʚʘʣ ʢʣʘʩʝ - 

◊╫ [mĿs
-1] 

0,32ï
0,43125 

0,43125ï
0,5425 

0,5425ï
0,65375 

0,65375ï
0,765 

0,765ï
0,87625 

0,87625ï
0,9875 

0,9875ï
1,09875 

1,0985ï
1,21 

ʉʨʝʜʠʥʘ ʢʣʘʩʝ -  ●▼░ 

[mĿs-1] 
0,37562 0,48687 0,59812 0,70937 0,82062 0,93187 1,04312 1,15437 

ʌʨʝʢʬʝʥʮʠʿʘ - □░ 6 9 9 14 19 12 5 3 

 

ʋ ʪʘʙʝʣʠ 4.16 ʜʘʪʝ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ Ὑ  ʠ ʦʪʢʘʟʘ Ὂ . 

ʊʘʙʝʣʘ 4.16  ʌʫʥʢʮʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʦʪʢʘʟʘ ʚʨʝʜʥʦʩʪʠ ό 

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 8 

●▼░  [mĿs
-1] 0,37562 0,48687 0,59812 0,70937 0,82062 0,93187 1,04312 1,15437 

□░ 6 9 9 14 19 12 5 3 

◊░ 
74 66,5 57,5 46 29,5 14 5,5 1,5 

77 71 71 62 62 53 53 39 39 20 20 8 8 3 3 0 

╡░●
◊░
▪ 0,961039 0,86363 0,746753 0,597403 0,383117 0,181818 0,07142 0,01948 

╕░● ╡░● 0,038961 0,13636 0,253247 0,402597 0,616883 0,818182 0,92857 0,98051 

 

ɼʘ ʙʠ ʩʝ ʧʨʠʩʪʫʧʠʣʦ ʧʨʦʚʝʨʠ ʦʜʨʝʹʝʥʝ ʨʘʩʧʦʜʝʣʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʝ ʪʦʛʘ ʩʘʛʣʝʜʘʪʠ ʫ ʪʘʙʝʣʠ 4.9 

ʙʨʦʿ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʿʘʚˀʠʚʘˁʘ ʚʨʝʜʥʦʩʪʠ □░ ʫ ʩʚʘʢʦʿ ʢʣʘʩʠ. ɻʝʦʤʝʪʨʠʿʩʢʘ ʠʣʫʩʪʨʘʮʠʿʘ ʪʘʢʚʝ 

ʩʪʘʪʠʩʪʠʯʢʝ ʪʘʙʝʣʝ ʿʝ ʭʠʩʪʦʛʨʘʤ ʨʘʩʧʦʜʝʣʝ ʬʨʝʢʚʝʥʮʠʿʘ. ɱʘʩʥʦ ʿʝ ʜʘ log-ʥʦʨʤʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʠʤʘ 

ʧʦʪʝʥʮʠʿʘʣʘ ʟʘ ʧʨʠʭʚʘʪˀʠʚʦ ʩʣʘʛʘˁʝ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʩʣʫʯʘʿʥʝ 

ʧʨʦʤʝʥˀʠʚʝ, ʰʪʦ ʪʨʝʙʘ ʠ ʧʨʦʚʝʨʠʪʠ. 
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ʉʣʠʢʘ 4.17 ʆʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʘ ʦʪʢʘʟʘ 

ʚʨʝʜʥʦʩʪʠ ό ʟʘ log-ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ: ὢͯ ὒὔ πȟσστσχȠπȟςωυρσυ 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0,37562 0,48687 0,59812 0,70937 0,82062 0,93187 1,04312 1,15437

ɹʨʟʠʥʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, m/sĮ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʪʝʦʨʠʿʩʢʠ  

5.2.3.1. ʍʠʧʦʪʝʪʠʯʢʠ ʤʦʜʝʣ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʙʨʟʠʥʝ ʚʝʪʨʘ ʠʟ ʦʢʦʣʠʥʝ  

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʩʤʘʝˁʥ ʙʨʦʿ ʧʦʜʘʪʘʢʘ ʩʘ 581 ʥʘ 77, ʠ ʢʦʨʠʩʪʝ˂ʠ ʿʝʜʥʘʯʠʥʝ (4.5) ʠ (4.6), 

ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʠ ʩʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ ʭʠʧʦʪʝʪʠʯʢʦʛ ʤʦʜʝʣʘ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ 

ʚʨʝʜʥʦʩʪʠ ό ʿʝʩʪʝ ὼӶ πȟσστσχ ʠ „ πȟςωυρσ. ʊʝʩʪ ʩʘʛʣʘʩʥʦʩʪʠ ʂʦʣʤʦʛʦʨʦʚ-ʉʤʠʨʥʦʚʘ ʟʘ 

ʫʩʚʦʿʝʥʦ ὖ πȟωυ ʠ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (4.11) ʜʝʬʠʥʠʰʝ Ὀ πȟρυτωψφ. ʋ ʪʘʙʝʣʠ 4.17 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʨʘʟʣʠʢʝ ʬʫʥʢʮʠʿʘ Ὂ ȟὊ  ̉ȿῳὊȿȢ  

 

ʊʘʙʝʣʘ 4.17  ʈʘʟʣʠʢʝ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʦʪʢʘʟʘ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ό  

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 8 

●▼░  [mĿs
-1] 0,37562 0,48687 0,59812 0,70937 0,82062 0,93187 1,04312 1,15437 

╕░● 0,03896 0,13636 0,253247 0,402597 0,616883 0,818182 0,92857 0,98051 

╕◄● 0,0146 0,0951 0,2709 0,488 0,6772 0,8133 0,8997 0,9474 

ȿ◕╕░ȿ 0,024361 0,041264 0,017653 0,085403 0,060317 0,004882 0,028871 0,033119 

 

ʂʘʢʦ ʿʝ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (4.12) άὥὼȿῳὊȿ πȟπψυτπσὈ πȟρυτωψφ, ʪʦ ʿʝ ʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ 

ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ LN ʨʘʩʧʦʜʝʣʝ ʚʨʝʜʥʦʩʪʠ ub: 

 

Ὂ Ὂ ὖὢ ὼ ρȟσυρχςχ᷿Ὡ ȟ ȟ Ὠὼ,                     (4.16) 

ʧʨʠʭʚʘʪˀʠʚ ʠ ʨʝʧʨʝʟʝʥʪʫʿʝ ʚʨʝʜʥʦʩʪʠ ό. ʆʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ Ὂ  ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʚʨʝʜʥʦʩʪʠ Ὂ  ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʜʠʿʘʛʨʘʤʩʢʠ ʩʫ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 4.17. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ὂ  

Ὂ  

ῳ
Ὂ

 

╕● ╕◊╫ ȟ
●
▄ ȟ ■▪●ȟ ▀●

●

 

 
Ⱦɑɝɞ ɝɌɏɗɌɝəɚɝɞɔ ȶɚɗɘɚɏɚɜɚɎ-ȽɘɔɜəɚɎa ɓɌ P=0,95   

 
 ◕╕ ȟ ╓▀▫◑ ȟ  
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5.2.4. ɸʥʘʣʠʟʘ ʟʘʢʦʥʘ ʝʤʧʠʨʠʿʩʢʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ (ʤʦʜʝʣ ʎ)  

 
ʇʨʦʚʝʨʘ ʟʘʢʦʥʘ ʝʤʧʠʨʠʿʩʢʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʿʝ ʠʟʚʝʜʝʥʘ ʟʘ ʜʚʝ ʫʣʠʮʝ, ʦʜʥʦʩʥʦ ʟʘ ʫʣʠʮʫ 

ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʠ ʫʣʠʮʫ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ. ʋ ʩʣʫʯʘʿʫ ʜʨʫʛʝ ʧʦʤʝʥʫʪʝ ʫʣʠʮʝ, ʪʝʩʪʠʨʘʥʘ ʿʝ 

ʭʠʧʦʪʝʟʘ ʦ ʩʣʘʛʘˁʫ ʧʦʜʘʪʘʢʘ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʩʘ log-ʥʦʨʤʘʣʥʦʤ ʨʘʩʧʦʜʝʣʦʤ (ʤʦʜʝʣ ʎ), ʜʦʢ ʿʝ ʫ 

ʩʣʫʯʘʿʫ ʫʣʠʮʝ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʫʢʘʟʘʥʦ ʢʘʢʦ ʚʠʰʝ ʭʠʧʦʪʝʪʠʯʢʠʭ ʤʦʜʝʣʘ ʨʘʩʧʦʜʝʣʝ (ʤʦʜʝʣ ɸ ʠ 

ʤʦʜʝʣ ɹ) ʤʦʛʫ ʧʨʠʭʚʘʪˀʠʚʦ ʩʣʝʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʜʘʪʢʝ, ʘʣʠ ˂ʝ ʤʝʨʦʜʘʚʘʥ ʙʠʪʠ ʦʥʘʿ ʟʘ ʢʦʿʠ 

ʪʝʩʪ ʩʘʛʣʘʩʥʦʩʪʠ ʂʦʣʤʦʛʦʨʦʚ-ʉʤʠʨʥʦʚʘ ʧʦʢʘʞʝ ʜʘ ʿʝ ʧʨʝʮʠʟʥʠʿʠ.  

 

ʋ ʪʘʙʝʣʠ 4.18 ʜʘʪʠ ʩʫ ʝʣʝʤʝʥʪʠ ʧʦʣʘʟʥʦʛ ʤʦʜʝʣʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʟʘʢʦʥʘ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ 

ʤʦʜʝʣʘ ʎ. ɹʨʦʿʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ ʿʝ ʠʟʚʝʜʝʥʦ ʪʦʢʦʤ 4 (3+1) ʨʘʜʥʘ ʜʘʥʘ ʫ ʤʝʩʝʮʫ ʿʫʣʫ ʠ ʘʚʛʫʩʪʫ 2012. 

ʛʦʜʠʥʝ, ʫ ʧʝʨʠʦʜʫ ʠʟʤʝʹʫ 06.00 ʠ 17.00 ʯʘʩʦʚʘ. ʇʦʜʘʮʠ ʧʦʪʨʝʙʥʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʪʘʙʝʣʝ 4.18 ʩʫ:   

1. ʋʢʫʧʘʥ ʙʨʦʿ ʧʦʜʘʪʘʢʘ ʫ ʩʢʫʧʫ: ὲ ττ 

2. ʈʘʟʤʘʢ ʚʘʨʠʿʘʮʠʿʝ: Ὑ Ὑ Ὑ υχυςφπσρυ vozĿh
-1
 

3. ɿʘ ʫʩʚʘʿʘˁʝ ʙʨʦʘʿ ʢʣʘʩʘ ʫʩʣʦʚʠ ʩʫ:  

a. ʟʘ ὲ ττ ʧʨʝʧʦʨʫʢʘ ʟʘ z ʿʝ ʠʟʤʝʹʫ 6 ʠ 8 

b. ᾀ Ѝὲ φȟφσ 

ʋʩʚʦʿʝʥʦ ᾀ χ ʢʣʘʩʘ 

4. ʐʠʨʠʥʘ ʢʣʘʩʝ: Ὠ Ὑᾀϳ τυ vozĿh
-1
 

 

ʊʘʢʦʹʝ ʿʝ ʚʘʞʥʦ ʥʘʛʣʘʩʠʪʠ ʜʘ ʫʩʣʝʜ ʤʘˁʝʛ ʙʨʦʿʘ ʨʝʛʠʩʪʨʦʚʘʥʠʭ ʚʦʟʠʣʘ ʧʦ ʩʘʪʠʤʘ ʠ ʥʝ ʩʫʚʠʰʝ 

ʚʝʣʠʢʦʛ ʨʘʟʤʘʢʘ ʚʘʨʠʿʘʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʰʠʨʠʥʫ ʢʣʘʩʝ, ʥʝ˂ʝ ʩʝ, ʢʘʦ ʫ ʧʨʝʪʭʦʜʥʠʤ ʪʘʯʢʘʤʘ, 

ʠʟʚʨʰʠʪʠ ʛʨʫʧʠʩʘˁʝ ʧʦʜʘʪʘʢʘ ʧʦ ʜʘʥʠʤʘ ʫ ʪʦʢʫ ʥʝʜʝˀʝ ʠ ʠʟʨʘʯʫʥʘʪʠ ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ ʧʦ 

ʩʘʪʠʤʘ, ʚʝ˂ ˂ʝ ʿʝ ʪʝʩʪʠʨʘʥ ʦʩʥʦʚʥʠ, ʦʜʥʦʩʥʦ ʥʝʩʘʞʝʪʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ. 

 

ʊʘʙʝʣʘ 4.18  ɽʣʝʤʝʥʪʠ ʧʦʣʘʟʥʦʛ ʤʦʜʝʣʘ ʨʘʩʧʦʜʝʣʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ʎ 

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 

ʀʥʪʝʨʚʘʣ ʢʣʘʩʝ - Ў▲░ [vozĿh-1] 260ï305 305ï350 350ï395 395ï440 440ï485 485ï530 
530ï
575 

ʉʨʝʜʠʥʘ ʢʣʘʩʝ -  ●▼►  [vozĿh-1] 282,5 327,5 372,5 417,5 462,5 507,5 552,5 

ʌʨʝʢʬʝʥʮʠʿʘ - □░ 4 2 2 8 10 13 5 

 

ʋ ʪʘʙʝʣʠ 4.19 ʜʘʪʝ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʘ ʧʦʫʟʜʘʥʦʩʪʠ Ὑ  ʠ ʦʪʢʘʟʘ Ὂ .  

 

ʊʘʙʝʣʘ 4.19  ʌʫʥʢʮʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʦʪʢʘʟʘ ʚʨʝʜʥʦʩʪʠ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ʎ 

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 

●▼►  [vozĿh-1] 282,5 327,5 372,5 417,5 462,5 507,5 552,5 

□░ 4 2 2 8 10 13 5 

◊░ 
42 39 37 32 23 11,5 2,5 

44 40 40 38 38 36 36 28 28 18 18 5 5 0 

╡░●
◊░
▪ 0,9545 0,8864 0,8409 0,7273 0,5227 0,2614 0,0568 

╕░● ╡░● 0,04545 0,1136 0,1591 0,2727 0,4773 0,7386 0,9432 
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282,5 327,5 372,5 417,5 462,5 5073,5 552,5

ʇʨʦʪʦʢ ʚʦʟʠʣʘ ʫ ʫʣʠʮʠ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ, voz/h 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʪʝʦʨʠʿʩʢʠ  

5.2.4.1. ʍʠʧʦʪʝʪʠʯʢʠ ʤʦʜʝʣ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ (ʤʦʜʝʣ ʎ)  

 

ʂʦʨʠʩʪʝ˂ʠ ʿʝʜʥʘʯʠʥʝ (4.5) ʠ (4.6), ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʠ ʩʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ ʭʠʧʦʪʝʪʠʯʢʦʛ 

ʤʦʜʝʣʘ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ʎ ʿʝ ὼӶ φȟπωυσσ ʠ „ πȟρωχφ . ʊʝʩʪ 

ʩʘʛʣʘʩʥʦʩʪʠ ʂʦʣʤʦʛʦʨʦʚ-ʉʤʠʨʥʦʚʘ ʟʘ ʫʩʚʦʿʝʥʦ ὖ πȟωυ ʠ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (4.11) ʜʝʬʠʥʠʰʝ 

Ὀ ‗ὖ ὲȟϳ ‗πȟωυ ττȟϳ πȟςπυρ. ʋ ʪʘʙʝʣʠ 4.20 ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ Ὂ ȟὊ  ̉ȿῳὊȿȢ  

 

ʊʘʙʝʣʘ 4.20  ʈʘʟʣʠʢʝ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ʎ 

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 

●▼► [vozĿh-1] 282,5 327,5 372,5 417,5 462,5 5073,5 552,5 

╕░● 0,04545 0,1136 0,1591 0,2727 0,4773 0,7386 0,9432 

╕◄● 0,0113 0,0618 0,1864 0,3783 0,4168 0,7517 0,8663 

ȿ◕╕░ȿ 0,0342 0,0518 0,0273 0,1056 0,0605 0,0131 0,0769 

 

ʂʘʢʦ ʿʝ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (4.12) άὥὼȿῳὊȿ πȟρπυφὈ πȟςπυρ, ʪʦ ʿʝ ʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ 

ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ʎ: 

 

Ὂ Ὂ ὖὢ ὼ ςȟπρωτυρϽ᷿Ὡ
ȟ

ȟ Ὠὼ,                          (4.17) 

ʧʨʠʭʚʘʪˀʠʚ ʠ ʨʝʧʨʝʟʝʥʪʫʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʧʦ ʩʘʪʠʤʘ ʙʨʦʿʘˁʘ. 

ɻʨʘʬʠʯʢʘ ʠʣʫʩʪʨʘʮʠʿʘ ʦʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ log-

ʥʦʨʤʘʣʥʝ ʟʘʢʦʥʘ ʨʘʩʧʦʜʝʣʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ ʧʦ ʩʘʪʠʤʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 4.18. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

╕● ╕▲ ȟ Ͻ
●
▄

■▪●ȟ
ȟ ▀●

●

 

Ⱦɑɝɞ ɝɌɏɗɌɝəɚɝɞɔ ȶɚɗɘɚɏɚɜɚɎ-ȽɘɔɜəɚɎa 
 

ɓɌ P=0,95  ◕╕ ȟ ╓▀▫◑ ȟ  
 

Ὂ  

Ὂ  

ῳ
Ὂ

 

ʉʣʠʢʘ 4.18  ʆʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʘ ʦʪʢʘʟʘ ʧʨʦʪʦʢʘ 

ʚʦʟʠʣʘ ʤʦʜʝʣʘ ʎ ʟʘ log-ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ: ήͯ ὒὔφȟπωυσσȠπȟρωχφ 
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5.2.5. ɸʥʘʣʠʟʘ ʟʘʢʦʥʘ ʝʤʧʠʨʠʿʩʢʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ (ʤʦʜʝʣ ɸ) 

 

ʋ ʪʘʙʝʣʠ 4.21 ʜʘʪʠ ʩʫ ʝʣʝʤʝʥʪʠ ʧʦʣʘʟʥʦʛ ʤʦʜʝʣʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʟʘʢʦʥʘ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ 

ʤʦʜʝʣʘ ɸ. ɹʨʦʿʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʪʦʢʦʤ 7 ʜʘʥʘ ʫ ʤʝʩʝʮʫ ʿʫʣʫ ʠ ʘʚʛʫʩʪʫ 2012. ʛʦʜʠʥʝ, ʫ 

ʧʝʨʠʦʜʫ ʠʟʤʝʹʫ 06.00 ʠ 17.00 ʯʘʩʦʚʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʥʝʦʧʭʦʜʥʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʪʘʙʝʣʝ 

4.21 ʩʫ:    

1. ʋʢʫʧʘʥ ʙʨʦʿ ʧʦʜʘʪʘʢʘ ʫ ʩʢʫʧʫ: ὲ χχ 

2. ʈʘʟʤʘʢ ʚʘʨʠʿʘʮʠʿʝ: Ὑ Ὑ Ὑ ρτρυφσψχχχ vozĿh
-1
 

3. ɿʘ ʫʩʚʘʿʘˁʝ ʙʨʦʘʿ ʢʣʘʩʘ ʫʩʣʦʚʠ ʩʫ:  

a. ʟʘ ὲ χχ ʧʨʝʧʦʨʫʢʘ ʟʘ z ʿʝ ʠʟʤʝʹʫ 7 ʠ 10 

b. ᾀ Ѝὲ ψȟχχ 

ʋʩʚʦʿʝʥʦ ᾀ χ ʢʣʘʩʘ 

4. ʐʠʨʠʥʘ ʢʣʘʩʝ: Ὠ Ὑᾀϳ ρρρ vozĿh
-1
 

 

ʊʘʙʝʣʘ 4.21  ɽʣʝʤʝʥʪʠ ʧʦʣʘʟʥʦʛ ʤʦʜʝʣʘ ʨʘʩʧʦʜʝʣʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ɸ 

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 

ʀʥʪʝʨʚʘʣ ʢʣʘʩʝ - Ў▲░ 
[vozĿh-1] 

638ï749 749ï860 860ï971 971ï1082 
1082ï

1193 

1193ï

1304 

1304ï

1415 

ʉʨʝʜʠʥʘ ʢʣʘʩʝ -  ●▼► 
[vozĿh-1] 

693,5 804,5 915,5 1026,5 1137,5 1248,5 1359,5 

ʌʨʝʢʬʝʥʮʠʿʘ - □░ 8 2 8 19 17 18 5 

 

ʋ ʪʘʙʝʣʠ 4.22 ʜʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ Ὑ  ʠ ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ Ὂ . 

ʊʘʙʝʣʘ 4.22  ʌʫʥʢʮʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʦʪʢʘʟʘ ʚʨʝʜʥʦʩʪʠ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ɸ 

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 

●▼► [vozĿh-1] 693,5 804,5 915,5 1026,5 1137,5 1248,5 1359,5 

□░ 8 2 8 19 17 18 5 

◊░ 
73 68 63 49,5 31,5 14 2,5 

77 69 69 67 67 59 59 40 40 23 23 5 5 0 

╡░●
◊░
▪ 0,948052 0,883117 0,818182 0,642857 0,409091 0,181818 0,032468 

╕░● ╡░● 0,051948 0,116883 0,181818 0,357143 0,590909 0,818182 0,967532 

 

 

5.2.5.1. ʍʠʧʦʪʝʪʠʯʢʠ ʤʦʜʝʣ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ (ʤʦʜʝʣ ɸ) 

 

ʂʦʨʠʩʪʝ˂ʠ ʿʝʜʥʘʯʠʥʝ (4.5) ʠ (4.6), ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʠ ʩʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ ʭʠʧʦʪʝʪʠʯʢʦʛ 

ʤʦʜʝʣʘ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ɸ ʿʝ ὼӶ φȟωφρφσ ʠ „ πȟρψυψρ. ʊʝʩʪ 

ʩʘʛʣʘʩʥʦʩʪʠ ʂʦʣʤʦʛʦʨʦʚ-ʉʤʠʨʥʦʚʘ ʟʘ ʫʩʚʦʿʝʥʦ ὖ πȟωυ ʠ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (4.11) ʜʝʬʠʥʠʰʝ 

Ὀ ‗ὖ ὲȟϳ ‗πȟωυ χχȟϳ πȟρυτωψ. ʋ ʪʘʙʝʣʠ 4.23 ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʨʘʟʣʠʢʝ ʬʫʥʢʮʠʿʘ 

Ὂ ȟὊ  ̉ȿῳὊȿȢ  
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ʉʣʠʢʘ 4.19 ʆʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʘ ʦʪʢʘʟʘ 

ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ɸ ʟʘ log-ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ: ήͯ ὒὔφȟωφρφσ Ƞπȟρψυψρ 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

693,5 804,5 915,5 1026,5 1137,5 1248,5 1359,5

ʇʨʦʪʦʢ ʚʦʟʠʣʘ ʫ ʫʣʠʮʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ (ʤʦʜʝʣ ɸ), voz/h 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʪʝʦʨʠʿʩʢʠ  

ʊʘʙʝʣʘ 4.23  ʈʘʟʣʠʢʝ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ɸ 

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 

●▼► 

[vozĿh-1] 
693,5 804,5 915,5 1026,5 1137,5 1248,5 1359,5 

╕░● 0,051948 0,116883 0,181818 0,357143 0,590909 0,818182 0,967532 

╕◄● 0,0119 0,0725 0,2206 0,4404 0,6554 0,8159 0,9406 

ȿ◕╕░ȿ 0,040048 0,044383 0,038782 0,083257 0,064491 0,002282 0,026932 

 

ʂʘʢʦ ʿʝ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (4.12) άὥὼȿῳὊȿ πȟπψσςυχὈ πȟρυτωψ, ʪʦ ʿʝ ʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ 

ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ log-ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ɸ: 

 

Ὂ Ὂ ὖὢ ὼ ςȟρτχπτϽ᷿Ὡ
ȟ

ȟ Ὠὼ,                           (4.18) 

 

ʧʨʠʭʚʘʪˀʠʚ ʠ ʨʝʧʨʝʟʝʥʪʫʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʧʦ ʩʘʪʠʤʘ ʙʨʦʿʘˁʘ.  

 

ɻʨʘʬʠʯʢʘ ʠʣʫʩʪʨʘʮʠʿʘ ʦʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ log-

ʥʦʨʤʘʣʥʦʛ ʟʘʢʦʥʘ ʨʘʩʧʦʜʝʣʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ ʧʦ ʩʘʪʠʤʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 4.19. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

╕● ╕▲ ȟ Ͻ
●
▄

■▪●ȟ
ȟ ▀●

●

 

Ⱦɑɝɞ ɝɌɏɗɌɝəɚɝɞɔ ȶɚɗɘɚɏɚɜɚɎ-ȽɘɔɜəɚɎa 
 

ɓɌ P=0,95  ◕╕ ȟ ╓▀▫◑ ȟ  
 

Ὂ  

Ὂ  

ῳ
Ὂ
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5.2.5.2. ʍʠʧʦʪʝʪʠʯʢʠ ʤʦʜʝʣ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ (ʤʦʜʝʣ ɹ) 

 

ɸʢʦ ʩʫ ʚʨʝʜʥʦʩʪʠ ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ ὼ ʛʨʫʧʠʩʘʥʝ ʧʦ ʠʥʪʝʨʚʘʣʠʤʘ (ʢʣʘʩʘʤʘ), ʘʨʠʪʤʝʪʠʯʢʘ 

ʩʨʝʜʠʥʘ ʠ ʩʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ (Ĺatiĺ, 2005) [275] ʤʦʞʝ ʩʝ ʠʟʨʘʟʠʪʠ: 

 

ὼӶ В ά Ͻὼ .                                                             (4.19) 

 

„ В ὼ ὼӶϽάὭ.                                                     (4.20) 

 

ʂʦʨʠʩʪʝ˂ʠ ʿʝʜʥʘʯʠʥʝ (4.19) ʠ (4.20), ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʠ ʩʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ ʭʠʧʦʪʝʪʠʯʢʦʛ 

ʤʦʜʝʣʘ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ɹ ʿʝ ὼӶ ρπχςȟφσ vozĿh
-1
 ʠ „ ρψςȟχυ vozĿh

-1
. 

ʅʝʧʨʝʢʠʜʥʘ ʩʣʫʯʘʿʥʘ ʧʨʦʤʝʥˀʠʚʘ X ʠʤʘ ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ʩʘ ʧʘʨʘʤʝʪʨʠʤʘ ὼӶ ʠ „, ʠʣʠ ʢʨʘ˂ʝ  

Ὄȡ ὢͯ ὔὼӶȠ„ , ʘʢʦ ʿʝ ʦʜʨʝʹʝʥʘ ʪʨʠʤʘ ʬʫʥʢʮʠʿʝ (Walpole et al., 2012) [276], ʦʜʥʦʩʥʦ:  

¶ ʌʫʥʢʮʠʿʦʤ ʛʫʩʪʠʥʝ ʦʪʢʘʟʘ: 

 

Ὢ
Ͻ ϽЍ

Ὡ ȟ             ὼ πȟὼӶ πȟ   „ π.                                 (4.21) 

 

 

¶ ʂʫʤʫʣʘʪʠʚʥʦʤ ʬʫʥʢʮʠʿʦʤ ʦʪʢʘʟʘ: 

 

Ὂ ὖὢ ὼ
Ͻ ϽЍ

᷿Ὡ Ὠὼȟ         ὼ πȟὼӶ πȟ   „ π.                    (4.22) 

 

¶ ʂʫʤʫʣʘʪʠʚʥʦʤ ʬʫʥʢʮʠʿʦʤ ʧʦʫʟʜʘʥʦʩʪʠ: 

 

Ὑ ρ ὖὢ ὼ ρ
Ͻ ϽЍ

᷿ Ὡ Ὠὼ ȟ        ὼ πȟὼӶ πȟ   „ πȢ            (4.23) 

 

ʌʫʥʢʮʠʿʘ ʧʨʦʠʟʚʦˀʥʝ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʤʦʞʝ ʩʝ ʪʨʘʥʩʬʦʨʤʠʩʘʪʠ ʫ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠ ʦʙʣʠʢ 

ʩʣʫʯʘʿʥʝ ʧʨʦʤʝʥˀʠʚʝ (ʃʘʧʣʘʩʦʚʘ ʬʫʥʢʮʠʿʘ) ʟʘ ʢʦʿʫ ʩʫ ʦʜʨʝʹʝʥʝ ʪʘʙʣʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʢʦʿʝ ʩʝ  ʤʦʛʫ 

ʥʘ˂ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ (Vukadinoviĺ i Popoviĺ, 2008) [265]. ʇʦʩʪʫʧʘʢ ʩʝ ʩʘʩʪʦʿʠ ʫ ʫʚʦʹʝˁʫ ʩʤʝʥʝ: 

ᾀ
Ӷ
, ʧʘ ʿʝ ʢʦʥʘʯʘʥ ʦʙʣʠʢ ʃʘʧʣʘʩʦʚʝ ʬʫʥʢʮʠʿʝ ɮ(z) (Vukadinoviĺ i Popoviĺ, 2008) [265]: 

 

‰
Ѝ
᷿Ὡ Ὠὸ.                                                             (4.24) 

 

ʇʦʟʥʘʿʫ˂ʠ ʦʩʦʙʠʥʝ ʃʘʧʣʘʩʦʚʝ ʬʫʥʢʮʠʿʝ, ʦʜʥʦʩʥʦ: ‰π πȠ  ‰ Њ πȟυȠ  ‰ ᾀ ‰ᾀ, 

ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʘ ʚʨʝʜʥʦʩʪ ʢʫʤʫʣʘʪʠʚʥʝ ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ (Vukadinoviĺ i Popoviĺ, 2008) [265] ʿʝʩʪʝ: 

 

Ὂ Ὂ ὖὢ ὼ ὖὤ ᾀ πȟυ ‰
Ӷ
.                            (4.25) 



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

145 

 

ɺʦʜʝ˂ʠ ʩʝ ʿʝʜʥʘʯʠʥʦʤ (4.25), ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ʪʝʦʨʠʿʩʢʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ Ὂ  ʠ 

ʬʫʥʢʮʠʿʝ ʧʦʫʟʜʘʥʦʩʪʠ Ὑ , ʦʜʥʦʩʥʦ: 

Ὂ Ὂ ὖὢ ὼ ὖὤ
φωσȟυ ρπχςȟφσ 

ρψςȟχυ
ὖὤ ςȟπχ πȟυ ɮςȟπχ 

Ὂ πȟυ πȟτψπχπȟπρωσȠ     Ὑ πȟωψπχ 

Ὂ Ὂ ὖὢ ὼ ὖὤ
ψπτȟυ ρπχςȟφσ 

ρψςȟχυ
ὖὤ ρȟτχ πȟυ ɮρȟτχ 

Ὂ πȟυ πȟτςωςπȟπχπψȠ     Ὑ πȟωςως 

Ὂ Ὂ ὖὢ ὼ ὖὤ
ωρυȟυ ρπχςȟφσ 

ρψςȟχυ
ὖὤ πȟψφ πȟυ ɮπȟψφ 

Ὂ πȟυ πȟσπυρπȟρωτωȠ     Ὑ πȟψπυρ 

Ὂ Ὂ ὖὢ ὼ ὖὤ
ρπςφȟυ ρπχςȟφσ 

ρψςȟχυ
ὖὤ πȟςυ πȟυ ɮπȟςυ 

Ὂ πȟυ πȟπωψχπȟτπρσȠ     Ὑ πȟυωψχ 

Ὂ Ὂ ὖὢ ὼ ὖὤ
ρρσχȟυ ρπχςȟφσ 

ρψςȟχυ
ὖὤ πȟσυ πȟυ ɮπȟσυ 

Ὂ πȟυ πȟρσφψ πȟφσφψȠ     Ὑ πȟσφσς 

Ὂ Ὂ ὖὢ ὼ ὖὤ
ρςτψȟυ ρπχςȟφσ 

ρψςȟχυ
ὖὤ πȟωφ πȟυ ɮπȟωφ 

Ὂ πȟυ πȟσσρυπȟψσρυȠ     Ὑ πȟρφψυ 

Ὂ Ὂ ὖὢ ὼ ὖὤ
ρσυωȟυ ρπχςȟφσ 

ρψςȟχυ
ὖὤ ρȟυχ πȟυ ɮρȟυχ 

Ὂ πȟυ πȟττρψπȟωτρψȠ     Ὑ πȟπυψς 

 

ʊʝʩʪ ʩʘʛʣʘʩʥʦʩʪʠ ʂʦʣʤʦʛʦʨʦʚ-ʉʤʠʨʥʦʚʘ ʟʘ ʫʩʚʦʿʝʥʦ ὖ πȟωυ ʠ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (4.12) ʜʝʬʠʥʠʰʝ 

Ὀ πȟρυτωψ. ʋ ʪʘʙʝʣʠ 4.24 ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʨʘʟʣʠʢʝ ʬʫʥʢʮʠʿʘ Ὂ ȟὊ  ̉ȿῳὊȿȢ  

 

ʊʘʙʝʣʘ 4.24  ʈʘʟʣʠʢʝ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ɹ 

ʇʘʨʘʤʝʪʘʨ 
ʂʣʘʩʝ 

1 2 3 4 5 6 7 

●▼►  

[vozĿh-1] 
693,5 804,5 915,5 1026,5 1137,5 1248,5 1359,5 

╕░● 0,051948 0,116883 0,181818 0,357143 0,590909 0,818182 0,967532 

╕◄● 0,0193 0,0708 0,1949 0,4013 0,6368 0,8315 0,9418 

ȿ◕╕░ȿ 0,032648 0,046083 0,013082 0,044157 0,045891 0,013318 0,025732 

 

ʂʘʢʦ ʿʝ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (4.12) άὥὼȿῳὊȿ πȟπτφπψσὈ πȟρυτωψ, ʪʦ ʿʝ ʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ 

ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ɹ: 

 

Ὂ Ὂ ὖὢ ὼ πȟππςρψσϽ᷿Ὡ
ȟ

ȟ Ὠὼ,                            (4.25) 

 

ʧʨʠʭʚʘʪˀʠʚ ʠ ʨʝʧʨʝʟʝʥʪʫʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʧʦ ʩʘʪʠʤʘ ʙʨʦʿʘˁʘ.   
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693,5 804,5 915,5 1026,5 1137,5 1248,5 1359,5

ʇʨʦʪʦʢ ʚʦʟʠʣʘ ʫ ʫʣʠʮʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ (ʤʦʜʝʣ ɹ), voz/h 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʪʝʦʨʠʿʩʢʠ  

ʇʦʰʪʦ ʿʝ άὥὼȿɝὊȿ ɝὊ πȟπψσςυχὈ πȟρυτωψ ʟʘ ʫʩʚʦʿʝʥ ʥʠʚʦ ʧʦʫʟʜʘʥʦʩʪʠ ʦʜ P=0,95 ʟʘ 

log-ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ήͯ ὒὔφȟωφρφσȠπȟρψυψρ ʠ άὥὼȿῳὊὭȿ ɝὊ πȟπτφπψσὈ

πȟρυτωψ ʟʘ ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ ήͯ ὔρπχςȟφσȠρψςȟχυ, ʢʘʦ ʙʦˀʠ (ʪʘʯʥʠʿʠ) ʝʤʧʠʨʠʿʩʢʠ ʤʦʜʝʣ 

ʨʘʩʧʦʜʝʣʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ, ʫ ʫʣʠʮʠ ɼʊ, ʫʩʚʘʿʘ ʩʝ ʅʆʈʄɸʃʅʀ ʟʘʢʦʥ ʨʘʩʧʦʜʝʣʝ 

ʧʨʝʜʩʪʘʚˀʝʥ ʿʝʜʥʘʯʠʥʦʤ (4.25). ʆʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ Ὂ  ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ Ὂ  

ʬʫʥʢʮʠʿʝ ʦʪʢʘʟʘ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʜʠʿʘʛʨʘʤʩʢʠ ʩʫ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 4.20. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

5.3. ɺʝʨʠʬʠʢʘʮʠʿʘ ʠ ʚʘʣʠʜʘʮʠʿʘ ʨʝʟʫʣʪʘʪʘ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ  

 

ʂʘʦ ʰʪʦ ʿʝ ʥʘʛʣʘʰʝʥʦ ʫ ʧʨʝʪʭʦʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ, ʤʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʠ NOx ʠʟʚʝʜʝʥʦ je ʫ 

ʪʨʘʿʘˁʫ ʦʜ 7 ʜʘʥʘ ʫ ʫʣʠʮʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠʘ˂ ʠ 3 ʜʘʥʘ ʫ ʫʣʠʮʠ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ. ɿʘʿʝʜʥʠʯʢʦ ʟʘ 

ʦʙʝ ʿʝʩʪʝ ʯʠˁʝʥʠʮʘ ʜʘ ʧʨʠʧʘʜʘʿʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, ʦʜʥʦʩʥʦ ʩʘ ʦʙʝ ʩʪʨʘʥʝ ʩʫ ʦʧʦʿʘʩʘʥʝ 

ʚʠʩʦʢʠʤ ʟʛʨʘʜʘʤʘ. ʊʘʢʦʹʝ ʩʫ ʧʦʿʝʜʠʥʠ ʢʨʠʪʝʨʠʿʫʤʠ, ʦʙʿʘʰˁʝʥʠ ʫ ʧʘʩʫʩʫ 1 ʥʘ ʩʪʨʘʥʠ 115 ʦʚʝ 

ʜʠʩʝʨʪʘʮʠʿʝ, ʤʦʨʘʣʠ ʙʠʪʠ ʠʩʧʫˁʝʥʠ ʜʘ ʙʠ ʧʦʤʝʥʫʪʝ ʫʣʠʮʝ ʤʦʛʣʝ ʙʠʪʠ ʧʨʠʭʚʘ˂ʝʥʝ ʢʘʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʠ ʟʘ ʘʥʘʣʠʟʫ ʫʦʧʰʪʝ.   

 

ɼʘ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʦʮʝʥʘ ʪʘʯʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʧʦʣʫʝʤʧʠʨʠʿʩʢʦʛ ʤʦʜʝʣʘ OSPM, ʧʦʪʨʝʙʥʦ ʿʝ ʫʨʘʜʠʪʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʧʘʨʘʤʝʪʘʨʠʟʘʮʠʿʫ ʜʚʘ ʧʨʦʛʨʘʤʘ. ʇʨʚʠ ʧʨʦʛʨʘʤ, COPERT4, ʚʨʰʠ ʧʨʦʮʝʥʫ ʝʤʠʩʠʿʝ ʠ 

ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ, ʜʦʢ ʜʨʫʛʠ ʧʨʦʛʨʘʤ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʠ ʜʨʫʛʠʭ 

ʫʩʣʦʚʘ, ʚʨʰʠ ʧʨʦʨʘʯʫʥ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠ ʪʘʢʦ ʧʨʦʮʝˁʫʿʝ ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ 

ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ.  

  

Ὂ  

Ὂ  

╕● ╕▲ ȟ Ͻ
●
▄

● ȟ
ȟ ▀●

●

 

 
Ⱦɑɝɞ ɝɌɏɗɌɝəɚɝɞɔ ȶɚɗɘɚɏɚɜɚɎ-ȽɘɔɜəɚɎa 

 
ɓɌ P=0,95  ◕╕ ȟ ╓▀▫◑ ȟ  

 

ῳ
Ὂ

 

ʉʣʠʢʘ 4.20 ʆʜʩʪʫʧʘˁʘ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʘ ʦʪʢʘʟʘ 

ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʤʦʜʝʣʘ ɹ ʟʘ ʥʦʨʤʘʣʥʫ ʨʘʩʧʦʜʝʣʫ: ήͯ ὔρπχςȟφσȠρψςȟχυ 



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

147 

 

ʇʘʨʘʤʝʪʘʨʠʟʘʮʠʿʘ ʧʨʦʛʨʘʤʘ COPERT4 ʟʘʭʪʝʚʘ: 

1. ɼʝʬʠʥʠʩʘˁʝ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʧʨʝʤʘ ʢʘʪʝʛʦʨʠʿʠ, ʪʝʭʥʦʣʦʛʠʿʠ ʠ ʧʦʛʦʥʩʢʦʤ 

ʛʦʨʠʚʫ ʫ 2011.ʛʦʜʠʥʠ; 

2. ʄʝʨʦʜʘʚʥʫ ʩʪʨʫʢʪʫʨʫ ʨʝʛʠʩʪʨʦʚʘʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ;  

3. ɺʨʩʪʫ ʠ ʩʧʝʮʠʬʠʢʘʮʠʿʫ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ; 

4. ʉʘʪʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʚʦʟʠʣʘ ʧʦ ʢʘʪʝʛʦʨʠʿʘʤʘ (ʇɸ, ʃʊɺ, ʊʊɺ ʠ ɹʋʉ); 

5. ʉʨʝʜˁʫ ʩʘʪʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʙʨʟʠʥʘ ʢʨʘʪʢʠʭ (ʇɸ ʠ ʃʊɺ) ʠ ʜʫʛʘʯʢʠʭ (ʊʊɺ ʠ ɹʋʉ) ʚʦʟʠʣʘ; 

6. ʉʘʪʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ ʫ ʧʨʦʮʝʥʪʠʤʘ; 

7. ʇʨʦʮʝʥʘʪ ʚʦʟʠʣʘ ʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʦʜ ʫʢʫʧʥʦ ʘʥʘʣʠʟʠʨʘʥʦʛ ʚʦʟʥʦʛ ʧʘʨʢʘ; 

8. ʉʘʪʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʘʤʙʠʿʝʥʪʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ; 

9. ʋʩʚʘʿʘˁʝ ʦʙʨʘʩʮʘ ʥʝʦʧʭʦʜʥʦʛ ʟʘ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʦʥʦʛ ʬʘʢʪʦʨʘ CO ʠ NOx ʩʚʘʢʝ 

ʢʘʪʝʛʦʨʠʿʝ ʠ ʪʝʭʥʦʣʦʛʠʿʝ ʚʦʟʠʣʘ; 

10. ʋʩʚʘʿʘˁʝ ʦʙʨʘʩʮʘ ʟʘ ʢʦʨʝʢʮʠʿʫ ʝʤʠʩʠʿʝ ʫʩʣʝʜ ʫʢʫʧʥʦ ʧʨʝ́ʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ ʩʚʘʢʝ 

ʢʘʪʝʛʦʨʠʿʝ ʠ ʪʝʭʥʦʣʦʛʠʿʝ ʚʦʟʠʣʘ (ʟʘ ɽʋʈʆ1 ʠ ʚʠʰʝ ʩʪʘʥʜʘʨʜʝ); 

11.  ʋʩʚʘʿʘˁʝ ʦʙʨʘʩʮʘ ʟʘ ʢʦʨʝʢʮʠʿʫ ʝʤʠʩʠʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʮʝʥʪʘ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ 

ʤʦʪʦʨʘ ʧʦ ʢʘʪʝʛʦʨʠʿʠ ʠ ʪʝʭʥʦʣʦʛʠʿʠ ʚʦʟʠʣʘ; 

12. ʋʩʚʘʿʘˁʝ ʦʙʨʘʩʮʘ ʟʘ ʢʦʨʝʢʮʠʿʫ ʩʘʩʪʘʚʘ ʛʦʨʠʚʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʘʜʨʞʘʿʘ ʙʝʥʟʝʥʘ;  

13. ʉʨʝʜˁʫ ʛʦʜʠʰˁʫ ʠ ʜʥʝʚʥʫ ʢʠʣʦʤʝʪʨʘʞʫ ʧʦ ʢʘʪʝʛʦʨʠʿʠ ʠ ʪʝʭʥʦʣʦʛʠʿʠ ʚʦʟʠʣʘ.  

 

ʋʩʚʦʿʝʥʠ ʧʦʜʘʮʠ ʟʘ ʚʦʟʥʠ ʧʘʨʢ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ (2011.) ʥʘʣʘʟʝ ʩʝ ʫ ʪʘʙʝʣʠ ɸ29 (ʧʨʠʣʦʛ ɸ), ʜʦʢ ʿʝ 

ʤʝʨʦʜʘʚʥʘ ʩʪʨʫʢʪʫʨʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʜʝʬʠʥʠʩʘʥʘ ʫ ʜʘʥʠʤʘ ʠ ʩʘʪʠʤʘ ʤʘʥʫʝʣʥʦʛ ʙʨʦʿʘˁʘ. 

ʅʝʦʧʭʦʜʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʚʝʟʘʥʝ ʟʘ ʚʨʩʪʫ ʠ ʩʧʝʮʠʬʠʢʘʮʠʿʫ ʜʦʤʘ˂ʠʭ ʧʦʛʦʥʩʢʠʭ ʛʦʨʠʚʘ (ʙʝʥʟʠʥ, 

ʜʠʟʝʣ ʠ ʊʅɻ) ʥʘʣʘʟʝ ʩʝ ʫ ʪʘʙʝʣʘʤʘ ɸ(16ï18) (ʧʨʠʣʦʛ ɸ). ɼʠʩʪʨʠʙʫʮʠʿʝ ʚʦʟʠʣʘ ʧʦ ʩʘʪʠʤʘ ʠ 

ʢʘʪʝʛʦʨʠʿʘʤʘ ʩʫ ʫʪʚʨʹʝʥʝ ʙʨʦʿʘˁʝʤ ʥʘ ʪʝʨʝʥʫ, ʜʦʢ ʩʝ ʫʩʚʦʿʝʥʝ ʩʨʝʜˁʝ ʙʨʟʠʥʝ ʢʨʘʪʢʠʭ ʠ ʜʫʛʘʯʢʠʭ 

ʚʦʟʠʣʘ ʧʦ ʩʘʪʠʤʘ ʥʘʣʘʟʝ ʫ ʪʘʙʝʣʘʤʘ 4.3 ʠ 4.4. ʋʩʚʦʿʝʥ ʿʝ ʧʨʦʮʝʥʘʪ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ ʦʜ 

10% ʫ ʧʝʨʠʦʜʫ ʦʜ 6.00 ʜʦ 9.00 ʯʘʩʦʚʘ ʠ ʦʜ 14.00 ʜʦ 15.00 ʯʘʩʦʚʘ, ʘ ʦʩʥʦʚʥʠ ʨʘʟʣʦʛ ʿʝʩʫ ʚʦʟʠʣʘ ʢʦʿʘ 

ʢʦʨʠʩʪʝ ʟʘʧʦʩʣʝʥʠ ʨʘʜʠ ʦʜʣʘʩʢʘ ʥʘ ʧʦʩʘʦ ʠ ʧʦʚʨʘʪʢʘ ʩʘ ʧʦʩʣʘ. ʇʨʝʮʠʟʥʠʿʠ ʙʨʦʿ ʪʘʢʚʠʭ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʩʘʪʠʤʘ ʧʦʩʤʘʪʨʘˁʘ ʤʦʞʝ ʙʠʪʠ ʧʨʝʜʤʝʪ ʢʘʩʥʠʿʠʭ ʠʩʪʨʘʞʠʚʘˁʘ.    

 

ʂʦʨʝʢʮʠʿʘ (ʧʦʚʝ˂ʘˁʝ) ʝʤʠʩʠʿʝ ʫʩʣʝʜ ʫʢʫʧʥʦ ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ ʚʦʟʠʣʘ, ʧʨʝʤʘ COPERT 

ʤʝʪʦʜʦʣʦʛʠʿʠ, ʚʘʞʠ ʩʘʤʦ ʟʘ ʚʦʟʠʣʘ ʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʢʦʿʘ ʩʫ ʧʨʝʰʣʘ ʜʦ 120.000 km, ʿʝʨ ʩʝ 

ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʥʘʩʪʘʚʢʦʤ ʧʦʚʝ˂ʘˁʘ ʧʨʝʹʝʥʠʭ ʢʠʣʦʤʝʪʘʨʘ ʥʝ ʜʦʣʘʟʠ ʜʦ ʟʥʘʯʘʿʥʠʿʝʛ, ʦʜʥʦʩʥʦ 

ʣʠʥʝʘʨʥʦʛ ʧʦʚʝ˂ʘˁʘ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ. ɿʘʪʦ ʩʫ ʧʦʿʝʜʠʥʝ ʨʫʙʨʠʢʝ ʫ ʪʘʙʝʣʘʤʘ ɸ(31ï34) (ʧʨʠʣʦʛ ɸ) 

ʦʩʪʘʚˀʝʥʝ ʧʨʘʟʥʝ.   

 

ʋʩʚʦʿʝʥʠ ʦʙʨʘʩʮʠ ʟʘ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʩʚʘʢʝ ʢʘʪʝʛʦʨʠʿʝ ʚʦʟʠʣʘ, ʜʝʛʨʘʜʘʮʠʿʘ ʝʤʠʩʠʿʝ 

ʫʩʣʝʜ ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ, ʢʘʦ ʠ ʢʦʨʝʢʮʠʿʘ ʝʤʠʩʠʿʝ ʫʩʣʝʜ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ (ʭʣʘʜʥʘ 

ʝʤʠʩʠʿʘ) ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʘʤʘ ɸ(31ï36) (ʧʨʠʣʦʛ ɸ).   
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ʊʘʙʝʣʘ 4.25 ʧʨʠʢʘʟʫʿʝ ʧʨʦʮʝʥʪʫʘʣʥʫ ʟʘʩʪʫʧˀʝʥʦʩʪ ʚʦʟʠʣʘ ʧʨʝʤʘ ʪʝʭʥʦʣʦʛʠʿʠ ʫ 2011. ʛʦʜʠʥʠ ʟʘ 

ʚʦʟʥʠ ʧʘʨʢ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʀʟ ʧʨʠʣʦʞʝʥʦʛ ʿʝ ʫʩʚʦʿʝʥʦ ʜʘ 46,6% ʚʦʟʠʣʘ ʥʝʤʘ ʢʘʪʘʣʠʟʘʪʦʨ, ʜʦʢ 

ʧʦʤʝʥʫʪʠ ʧʦʩʝʜʫʿʝ 53,4% ʚʦʟʠʣʘ.   

 

ʊʘʙʝʣʘ 4.25  ɿʘʩʪʫʧˀʝʥʦʩʪ ʚʦʟʠʣʘ ʧʨʝʤʘ ʪʝʭʥʦʣʦʛʠʿʠ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʟʘ 2011. ʛʦʜʠʥʫ 

ʇɸ [%] ʃʊɺ [%] ʊʊɺ [%] ɹʋʉ [%] 2W [%] 

K  E (1ï4) K E (1ï4) K E (1ï4) K E (1ï4) K E (1ï4) 

42,1 47,3 2,2 1,4 1,7 3,7 0,1 0,3 0,6 0,8 

ʅʘʧʦʤʝʥʘ: ʂ - ʢʣʘʩʠʯʥʘ; ɽ (1ï4) - ʝʫʨʦ 1 ʜʦ ʝʫʨʦ 4 ʩʪʘʥʜʘʨʜʘ ʝʤʠʩʠʿʝ 

 

ʂʘʦ ʧʦʨʝʹʝˁʝ ʤʦʞʝ ʩʝ ʥʘʚʝʩʪʠ ʧʦʜʘʪʘʢ ʚʦʟʥʠʭ ʧʘʨʢʦʚʘ ʧʦʿʝʜʠʥʠʭ ʯʣʘʥʠʮʘ ɽʋ, ʧʦʧʫʪ ɼʘʥʩʢʝ, ʢʦʿʘ 

ʿʝ 1993. ʛʦʜʠʥʝ ʧʦʩʝʜʦʚʘʣʘ 17% ʚʦʟʠʣʘ ʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, 1994. ʛʦʜʠʥʝ 25%, 1998. ʛʦʜʠʥʝ 51,7%, 

2001. ʛʦʜʠʥʝ 67,1%, 2005. ʛʦʜʠʥʝ 83,1% ʠ 2010. ʛʦʜʠʥʝ 95,2% (Berkowitz et., 1997b; 2002) [184] 

[30], ʦʜʥʦʩʥʦ ʅʝʤʘʯʢʝ, ʢʦʿʘ ʿʝ 1994. ʛʦʜʠʥʝ ʧʦʩʝʜʦʚʘʣʘ 65% ʚʦʟʠʣʘ ʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ 1995. 

ʛʦʜʠʥʝ 70% (Aquilina and Micallef, 2004) [33]. ɸʢʦ ʩʝ ʫʧʦʨʝʜʝ ʧʨʦʮʝʥʪʠ ʠ ʛʦʜʠʥʝ, ʫ ʟʘʢˀʫʯʢʫ 

ʤʦʞʝʤʦ ʥʘʚʝʩʪʠ ʜʘ ʿʝ ʚʦʟʥʠ ʧʘʨʢ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʧʨʝʤʘ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʩʘʚʨʝʤʝʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ 

ʟʘ ʩʤʘˁʝˁʝ ʰʪʝʪʥʝ ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʤʦʪʦʨʘ, ʦʢʦ 14 ʛʦʜʠʥʘ ʫ ʟʘʦʩʪʘʪʢʫ ʟʘ ʧʦʿʝʜʠʥʠʤ ʨʘʟʚʠʿʝʥʠʤ 

ʟʝʤˀʘʤʘ ʯʣʘʥʠʮʘʤʘ ɽʋ. 

 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ OSPM-ʘ, CAL4 ʜʝʬʠʥʠʰʝ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ ʢʘʦ ʙʝʩʢʦʥʘʯʘʥ ʙʨʦʿ ʣʠʥʠʿʩʢʠʭ ʠʟʚʦʨʘ 

ʝʤʠʩʠʿʝ, ʘ ʩʘʦʙʨʘ˂ʘʿʥʠ ʦʜʩʝʢ ʢʘʦ ʛʨʫʧʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʧʨʘʚʦʣʠʥʠʿʩʢʠʭ ʜʝʦʥʠʮʘ (ʩʝʛʤʝʥʘʪʘ) ʫ 

ʢʦʿʠʤʘ ʿʝ ʧʨʠʩʫʪʥʘ ʢʦʥʩʪʘʥʪʥʘ ʚʨʝʜʥʦʩʪ ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ. ɿʘ ʧʨʦʮʝʥʫ ʝʤʠʩʠʿʝ 

ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʚʨʝʜʥʦʩʪ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʧʦ ʩʘʪʠʤʘ (ʙʝʟ ʜʝʬʠʥʠʩʘˁʘ ʢʘʪʝʛʦʨʠʿʝ, 

ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʛʦʨʠʚʘ) ʠ ʚʨʝʜʥʦʩʪ ʝʤʠʩʠʦʥʦʛ ʬʘʢʪʦʨʘ [gĿmile
-1
] ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʦʜ ʠʥʪʝʨʝʩʘ. ʅʝʤʘ 

ʢʦʨʝʢʪʠʚʥʠʭ ʧʨʦʨʘʯʫʥʘ ʜʝʛʨʘʜʘʮʠʿʝ ʝʤʠʩʠʿʝ ʫʩʣʝʜ ʫʢʫʧʥʦ ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ ʚʦʟʠʣʘ, ʢʘʦ ʥʠ 

ʦʜʥʦʩʘ ʭʣʘʜʥʝ ʠ ʪʦʧʣʝ ʝʤʠʩʠʿʝ, ʪʘʢʦ ʜʘ ʧʨʝ ʧʨʦʨʘʯʫʥʘ ʥʠʿʝ ʥʝʦʧʭʦʜʥʦ ʧʦʟʥʘʚʘʪʠ ʧʨʦʮʝʥʘʪ ʭʣʘʜʥʦ 

ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ. ʈʘʟʣʦʛ ʟʘʰʪʦ CAL4 ʤʦʜʝʣ ʥʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʧʨʦʮʝʥʘʪ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ 

ʤʦʪʦʨʘ ʿʝʩʪʝ ˁʝʛʦʚʘ ʧʨʚʦʙʠʪʥʘ ʥʘʤʝʥʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠʣʘ ʥʘ ʧʨʦʮʝʥʫ ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ ʫ ʙʣʠʟʠʥʠ 

ʘʫʪʦ-ʧʫʪʝʚʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʩʝ ʩʤʘʪʨʘ ʜʘ ʩʪʦʧʘ ʭʣʘʜʥʝ ʝʤʠʩʠʿʝ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʠʤʘ ʚʝ˂ʠ ʫʪʠʮʘʿ, ʿʝʨ 

ʩʫ ʥʘ ʩʘʦʙʨʘ˂ʘʿʥʠʮʠ ʚʠʩʦʢʦʛ ʨʘʥʛʘ ʢʘʪʘʣʠʟʘʪʦʨʠ ʬʫʥʢʮʠʦʥʘʣʥʦ ʚʝ˂ ʦʧʪʠʤʘʣʥʦ ʟʘʛʨʝʿʘʥʠ.   

       

CAL4 ʤʦʞʝ ʦʙʝʟʙʝʜʠʪʠ ʠʟʣʘʟʥʝ ʨʝʟʫʣʪʘʪʝ ʟʘ ʪʨʠ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ, ʦʜʥʦʩʥʦ ʟʘ CO, NO2 ʠ ʿʝʜʥʫ 

ʢʣʘʩʫ ʯʚʨʩʪʠʭ ʯʝʩʪʠʮʘ ʦʜ 10 ɛm. ɼʦʜʘʪʥʦ ʩʝ ʤʦʨʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʿʝ ʛʨʫʧʘ ʘʫʪʦʨʘ, ʧʦʤʝʥʫʪʦʛ ʤʦʜʝʣʘ, 

ʠʟʣʘʟʥʝ ʨʝʟʫʣʪʘʪʝ NO2 ʠʟʿʝʜʥʘʯʠʣʘ ʩʘ NOx. ʇʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʘʣʪʝʨʥʘʪʠʚʥʠʭ ʥʘʯʠʥʘ ʧʨʦʨʘʯʫʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ NOx ʢʦʿʠ ʩʝ ʧʨʝʧʦʨʫʯʫʿʫ ʟʘ CAL4, ʘʣʠ ʟʘʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʦʟʥʘʚʘʪʠ ʢʦʣʠʯʠʥʫ 

ʝʤʠʩʠʿʝ CO ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ, ʢʘʦ ʠ ʬʦʨʤʫʣʘʮʠʿʫ ʢʦʥʚʝʨʟʠʿʝ ʿʝʜʠʥʠʮʘ [ppm] ʫ [ɛgĿm
-3
]          

(ςψ ÇÍÏÌ ρȢπππ ,Í Ⱦςςȟτ  ,ÍÏÌ ρȢςυπ ÇÍ . ʅʘ ʧʨʠʤʝʨ, ʘʢʦ ʿʝ ʜʝʬʠʥʠʩʘʥ ɽʌ CO 

ʦʜ 10 gĿmile
-1
, ʿʝʜʥʦ ʚʦʟʠʣʦ ʧʨʦʠʟʚʦʜʠ˂ʝ ʧʨʝʤʘ CAL4 3,1 ppm CO, ʜʘ ʙʠ ʫ ʠʩʪʦ ʚʨʝʤʝ, ʟʘ ʝʤʠʩʠʦʥʠ 

ʬʘʢʪʦʨ NOx ʦʜ 2 gĿmile
-1
, ˁʝʛʦʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʠʟʥʦʩʠʣʘ (ςȾρπσȟρρȢςυπ 775 ɛgĿm

-3
. 
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ɿʘʪʦ ʤʦʞʝʤʦ ʦʜʤʘʭ ʥʘ ʧʦʯʝʪʢʫ ʘʥʘʣʠʟʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩ ʦʙʟʠʨʦʤ ʜʘ OSPM ʤʦʞʝ ʧʨʦʮʝʥʠʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʟʘ ʯʝʪʠʨʠ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ (CO, NOx, NO ʠ NO2) ʠ 3 ʢʣʘʩʝ ʚʝʣʠʯʠʥʘ ʯʚʨʩʪʠʭ 

ʯʝʩʪʠʮʘ (2,5; 5 ʠ 10 ɛm), ʤʦʜʝʣ  CAL4 ʙʫʜʫ˂ʠʤ ʢʦʨʠʩʥʠʮʠʤʘ ʥʫʜʠ ʤʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʙʠ ʙʠʣʝ 

ʫʧʦʪʨʝʙˀʝʥʝ ʧʨʠʣʠʢʦʤ ʝʢʦʣʦʰʢʠʭ ʧʨʦʮʝʥʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʿʝʜʥʝ ʩʧʝʮʠʬʠʯʥʝ ʘʤʙʠʿʝʥʪʘʣʥʝ 

ʤʠʢʨʦʩʨʝʜʠʥʝ. 

 

ʇʘʨʘʤʝʪʘʨʠʟʘʮʠʿʘ ʧʨʦʛʨʘʤʘ ʟʘ ʧʨʦʨʘʯʫʥ ʠʤʠʩʠʿʝ OSPM-ʘ ʟʘʭʪʝʚʘ ʜʝʬʠʥʠʩʘˁʝ: 

1. ɻʝʦʤʝʪʨʠʿʝ ʫʣʠʮʝ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʠ ˁʝʥʝ ʦʨʿʝʥʪʘʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʝʚʝʨ; 

2. ɺʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʧʦ ʩʘʪʠʤʘ; 

3. ʄʝʪʝʦʨʦʣʦʰʢʠʭ ʧʦʜʘʪʘʢʘ (ʙʨʟʠʥʝ ʠ ʧʨʘʚʘʮʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ) ʧʦ ʩʘʪʠʤʘ; 

4. ʇʦʟʠʮʠʿʝ ʠ ʚʠʩʠʥʝ ʿʝʜʥʦʛ ʠʣʠ ʜʚʘ ʤʝʩʪʘ ʤʝʨʝˁʘ (ʥʘ ʿʝʜʥʦʿ ʠʣʠ ʦʙʝ ʩʪʨʘʥʝ ʫʣʠʮʝ); 

5. ʇʦʟʠʮʠʿʝ ʠ ʚʝʣʠʯʠʥʝ ʩʚʠʭ ʦʪʚʦʨʘ ʥʘ ʩʪʨʘʥʠʮʘʤʘ ʢʘˁʦʥʘ. 

  

ʉʣʠʢʘ 4.21 ʧʨʠʢʘʟʫʿʝ ʛʝʦʤʝʪʨʠʿʫ ʫʣʠʮʝ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ, ʜʦʢ ʩʣʠʢʘ 4.22 ʛʝʦʤʝʪʨʠʿʫ ʫʣʠʮʝ 

ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ. ʄʘʢʩʠʤʘʣʥʘ ʜʫʞʠʥʘ (ʥʘ ʩʣʠʮʠ ʦʟʥʘʯʝʥʦ ʩʘ ,,lenghtñ) ʥʘ ʢʦʿʦʿ ʿʝ ʤʦʛʫ˂ʝ ʜʦʙʠʪʠ 

ʤʦʜʝʣʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠʟʥʦʩʠ 75 m ʩʘ ʿʝʜʥʝ ʠ 75 m ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʧʦʟʠʮʠʿʝ ʤʝʨʝˁʘ (ʦʟʥʘʯʝʥʦ 

ʟʝʣʝʥʦʤ ʪʘʯʢʦʤ). 

 

 

ʉʣʠʢʘ 4.21  ʇʘʨʘʤʝʪʘʨʠʟʦʚʘʥʘ ʛʝʦʤʝʪʨʠʿʘ ʫʣʠʮʝ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ 

ʉʣʠʢʘ 4.22 ʇʘʨʘʤʝʪʘʨʠʟʦʚʘʥʘ ʛʝʦʤʝʪʨʠʿʘ ʫʣʠʮʝ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ 
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ʂʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, CAL4 ʦʙʝʟʙʝʹʫʿʝ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʠʥʪʝʨʧʨʝʪʘʮʠʿʫ ʩʘʤʦ 

ʿʝʜʥʦʛ ʩʝʛʤʝʥʪʘ, ʧʘ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʥʝ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʘ. ʆʜ ʜʨʫʛʠʭ ʥʝʦʧʭʦʜʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ, ʘ ʧʨʝ 

ʧʨʦʨʘʯʫʥʘ ʧʨʦʮʝˁʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ: 

1. ʅʘʜʤʦʨʩʢʫ ʚʠʩʠʥʫ ʤʝʨʥʝ ʣʦʢʘʮʠʿʝ;  

2. ɸʝʨʦʜʠʥʘʤʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʛʨʘʜʩʢʝ ʦʙʣʘʩʪʠ; 

3. ɹʨʟʠʥʫ ʠ ʧʨʘʚʘʮ ʜʝʣʦʚʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ; 

4. ʂʣʘʩʫ ʘʪʤʦʩʬʝʨʩʢʝ ʩʪʘʙʠʣʥʦʩʪʠ; 

5. ɺʠʩʠʥʫ ʤʝʰʘˁʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠ ʙʨʦʿ ʤʝʨʥʠʭ ʤʝʩʪʘ; 

6. ɸʤʙʠʿʝʥʪʘʣʥʫ ʪʝʤʧʝʨʘʪʫʨʫ; 

7. ɼʠʩʪʨʠʙʫʮʠʿʫ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ ʧʦ ʩʘʪʠʤʘ; 

8. ɼʠʩʪʨʠʙʫʮʠʿʫ ʝʤʠʩʠʦʥʦʛ ʬʘʢʪʦʨʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʦʜ ʠʥʪʝʨʝʩʘ ʧʦ ʩʘʪʠʤʘ. 

 

ʅʘʜʤʦʨʩʢʘ ʚʠʩʠʥʘ ʛʨʘʜʘ ʂʨʘˀʝʚʘ ʿʝ 206 m, ʜʦʢ ʘʝʨʦʜʠʥʘʤʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʛʨʘʜʩʢʝ ʦʙʣʘʩʪʠ 

ʧʨʝʜʩʪʘʚˀʘ ʥʝʨʘʚʥʦʩʪ ʛʨʘʜʩʢʝ ʦʙʣʘʩʪʠ (ᾀ), ʧʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʜʝʬʠʥʠʩʘʥʠʭ ʢʣʘʩʘ ʠʟ ʪʘʙʝʣʝ 3.5, 

ʫʩʚʦʿʝʥʘ ʚʨʝʜʥʦʩʪ ʦʜ 0,5. ɹʨʟʠʥʝ ʠ ʧʨʘʚʮʠ ʜʝʣʦʚʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʫʩʚʦʿʝʥʠ ʩʫ ʠʟ ʪʘʙʝʣʘ 

ɸ(22ï23) (ʧʨʠʣʦʛ ɸ), ʜʦʢ ʢʣʘʩʘ ʘʪʤʦʩʬʝʨʩʢʝ ʩʪʘʙʠʣʥʦʩʪʠ ʧʨʠʧʘʜʘ ʧʨʚʦʿ ʛʨʫʧʠ (ʧʨʝʧʦʨʫʯʝʥʦ ʦʜ 

ʘʫʪʦʨʘ CAL4 ʤʦʜʝʣʘ, ʘ ʫʩʚʘʿʘ ʩʝ ʪʦʢʦʤ ʧʦʩʪʫʧʢʘ ʧʘʨʘʤʝʪʘʨʠʟʘʮʠʿʝ ʤʦʜʝʣʘ), ʦʜʥʦʩʥʦ ʢʘʜʘ ʩʫ 

ʧʨʝʦʚʣʘʹʫʿʫ˂ʝ ʙʨʟʠʥʝ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ Ò 4 mĿs
-1
. ɺʠʩʠʥʘ ʤʝʰʘˁʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, 

ʧʨʝʤʘ ʟʘʭʪʝʚʫ ʤʦʜʝʣʘ, ʥʝ ʤʦʞʝ ʙʠʪʠ ʥʠʞʘ ʦʜ 5 m, ʧʘ ʿʝ ʦʥʘ ʠ ʫʩʚʦʿʝʥʘ ʢʘʦ ʤʝʨʦʜʘʚʥʘ. ʇʦʜʘʪʘʢ ʦ 

ʘʤʙʠʿʝʥʪʘʣʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʿʝ ʦʙʝʟʙʝʹʝʥ ʤʝʪʝʦʨʦʣʦʰʢʠʤ ʤʝʨʝˁʝʤ ʩʘ ʚʝ˂ ʧʦʤʝʥʫʪʝ ʘʫʪʦʤʘʪʩʢʝ 

ʩʪʘʥʠʮʝ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫ ʛʨʘʜʫ ʂʨʘˀʝʚʫ, ʜʦʢ ʿʝ ʜʠʩʪʨʠʙʫʮʠʿʘ ʧʨʦʪʦʢʘ 

ʩʘʦʙʨʘ˂ʘʿʘ ʜʝʬʠʥʠʩʘʥʘ ʤʘʥʫʝʣʥʠʤ ʙʨʦʿʘˁʝʤ ʚʦʟʠʣʘ ʫ ʩʘʪʠʤʘ ʤʝʨʝˁʘ. 

 

ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʟʘʭʪʝʚ CAL4 ʦ ʜʠʩʪʨʠʙʫʮʠʿʠ ɽʌ-ʘ CO ʠ NOx ʧʦ ʩʘʪʠʤʘ, ʫʩʚʦʿʝʥʘ ʿʝ ʿʝʜʠʥʩʪʚʝʥʘ 

ʚʨʝʜʥʦʩʪ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʢʦʣʝʙʘˁʝ ɽʌ-ʘ ʟʘʚʠʩʠ ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʬʘʢʪʦʨʘ (ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ, ʚʦʟʥʦʛ ʧʘʨʢʘ ʢʘʦ ʠ ʨʘʜʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʟʠʣʘ) 

ʢʦʿʠ ʥʠʩʫ ʤʦʛʣʠ ʙʠʪʠ ʧʨʝʮʠʟʥʦ ʦʜʨʝʹʝʥʠ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ. ɿʘ ʩʚʘ ʚʦʟʠʣʘ ʿʝ ʧʨʠʤʝˁʝʥ ʙʣʘʞʠ 

ʌʝʜʝʨʘʣʥʠ ʩʪʘʥʜʘʨʜ ʉɸɼ-ʘ ʟʘ ʠʟʜʫʚʥʫ ʝʤʠʩʠʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʢʘʣʠʬʦʨʥʠʿʩʢʠ LEVII ʩʪʘʥʜʘʨʜ (ʪʘʙʝʣʘ 

2.4). ʂʦʣʠʢʦ ʩʫ ʪʘʢʚʠ ʩʪʘʥʜʘʨʜʠ ʨʝʘʣʥʠ, ʧʦʢʘʟʘʣʦ ʿʝ ʠʩʪʨʘʞʠʚʘˁʝ ʥʘ ʫʟʦʨʢʫ ʦʜ 1.005.446 ʚʦʟʠʣʘ, 

ʧʨʠ ʯʝʤʫ ʩʫ ɽʌ-ʠ CO ʠ NOx ʦʜʨʝʹʝʥʠ EPA MOBILE6.2 ʤʦʜʝʣʦʤ (ʪʘʙʝʣʘ ɸ37, ʧʨʠʣʦʛ ɸ), ʦʜʥʦʩʥʦ 

ʤʝʪʦʜʦʣʦʛʠʿʦʤ ʢʦʿʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʫʧʦʪʨʝʙˀʘʚʘ ʥʘ ʩʝʚʝʨʥʦʘʤʝʨʠʯʢʦʤ ʢʦʥʪʠʥʝʥʪʫ. ɱʘʩʥʦ ʿʝ ʜʘ ʧʦʨʝʜ 

ʫʧʦʨʝʜʥʝ ʘʥʘʣʠʟʝ ʤʦʜʝʣʘ OSPM ʠ CAL4, ʩʣʠʯʥʝ ʩʪʫʜʠʿʝ ʤʦʛʫ ʦʙʝʟʙʝʜʠʪʠ ʠ ʧʦʨʝʹʝˁʝ ʫʩʚʦʿʝʥʠʭ 

ɽʌ-ʘ ʜʦʙʠʿʝʥʠʭ COPERT4 ʠ EPA MOBILE6.2 ʧʨʦʛʨʘʤʦʤ. 

  

ʋ ʪʘʙʝʣʠ ɸ38 (ʧʨʠʣʦʛ ɸ) ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʤʦʜʝʣʠʨʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO ʠ NOx, ʟʘ ʫʣʠʮʫ 

ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʠ ʫʣʠʮʫ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ, ʤʦʜʝʣʠʤʘ OSPM ʠ CAL4, ʧʨʠ ʯʝʤʫ ʩʫ ʫʿʝʜʥʦ ʜʘʪʝ 

ʠ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʦʤʝʥʫʪʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʦʜ ʩʪʨʘʥʝ ɻɿɱɿ-ʘ ɹʛʜ. ɻʨʘʬʠʯʢʠ 

ʧʨʠʢʘʟ ʤʦʜʝʣʠʨʘʥʠʭ ʠ ʠʟʤʝʨʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʠʣʫʩʪʨʦʚʘʥ ʿʝ ʩʣʠʢʘʤʘ ɸ(1-4) (ʧʨʠʣʦʛ ɸ). 
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5.4. ʀʟʙʦʨ ʤʦʜʝʣʘ ʟʘ ʧʨʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʚʘʟʜʫʭʘ 

 

ɼʘ  ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ ʍʠʧʦʪʝʟʘ 2, ʦʜʥʦʩʥʦ ʫʪʚʨʜʠʣʦ ʢʦʿʠ ʤʦʜʝʣ ʜʠʩʧʝʨʟʠʿʝ ʙʦˀʝ ʧʨʦʮʝˁʫʿʝ 

ʚʨʝʜʥʦʩʪʠ ʨʝʛʠʩʪʨʦʚʘʥʝ ʠʤʠʩʠʿʝ, ʫʧʦʪʨʝʙʠ˂ʝ ʩʝ 10 (8+2) ʩʪʘʪʠʩʪʠʯʢʠʭ ʠʥʜʠʢʘʪʦʨʘ ʩʣʘʛʘˁʘ  

ʧʦʜʘʪʘʢʘ (Gualtieri, 2010) [278], ʦʜʥʦʩʥʦ: 

1. ʅʦʨʤʘʣʠʟʦʚʘʥʦ ʦʜʩʪʫʧʘˁʝ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ  (ʝʥʛ. Fractional Bias):  

Ὂὄ
ᶻ ᶻ

ȟ ᶻ ᶻ     ȟ    ȿὊὄȿ πȟσ.                                                   (4.26) 

2. ʉʨʝʜˁʝ ʦʜʩʪʫʧʘˁʝ ʛʝʦʤʝʪʨʠʿʩʢʝ ʩʨʝʜʠʥʝ (ʝʥʛ. Geometric mean bias): 

ὓὋ ÅØÐὰὲὅzὰὲὅz  ȟ   πȟχ ὓὋ ρȟσ.                                     (4.27) 

3. ʉʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ (ʝʥʛ. Mean square error): 

ὓὛὉ В ὅᶻ ὅᶻ .                                                      (4.28) 

4. ʅʦʨʤʘʣʠʟʦʚʘʥʘ ʩʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ (ʝʥʛ. Normalized Mean Square Error): 

ὔὓὛὉ
Ͻzᶻ
   ȟ    ὔὓὛὉτ.                                                    (4.29) 

5. ʂʦʨʝʥ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ (ʝʥʛ. Root mean square error): 

ὙὓὛὉЍὓὛὉ.                                                                 (4.30) 

6. ʅʦʨʤʘʣʠʟʦʚʘʥʠ ʢʦʨʝʥ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ (ʝʥʛ. Normalized root mean square error): 

ὔὙὓὛὉ
Ͻzᶻ
    ȟ    ὔὙὓὛὉσ.                                                 (4.31) 

7. ɻʝʦʤʝʪʨʠʿʩʢʘ ʜʠʩʧʝʨʟʠʿʘ (ʝʥʛ. Geometric Variance): 

Ὃὠ Ὡὼὴὰὲὅzὰὲὅᶻ    ȟ    Ὃὠ ρȟφ.                                           (4.32) 

8. ʊʝʞʠʥʩʢʠ ʬʘʢʪʦʨ ʜʚʝ ʧʨʦʮʝʥʝ (ʝʥʛ. Fraction of predictions within a factor of two of observation): 

Ὂὃὅς πȟυ
ᶻ

ᶻ ςȟπ   ȟ   Ὂὃὅς πȟυ.                                            (4.33)  

9. ʀʥʜʝʢʩ ʩʣʘʛʘˁʘ (ʝʥʛ. Index of agreement): 

Ὅὃ ρ
Ͻ

В ᶻ ᶻ ᶻ ᶻ
.                                                (4.34) 

10. ʇʠʨʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ: 

Ὑ
В ᶻ ᶻ Ͻ ᶻ ᶻ

Ͻ
.                                                       (4.35) 

ʛʜʝ ʿʝ: ὅz - ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʠʟʤʝʨʝʥʠʭ ʠʤʠʩʠʿʘ; ὅz  - ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʤʦʜʝʣʠʨʘʥʠʭ ʠʤʠʩʠʿʘ; N - 

ʙʨʦʿ ʫʟʦʨʘʢʘ; ὅᶻ - ʚʨʝʜʥʦʩʪ ʠʟʤʝʨʝʥʝ ʠʤʠʩʠʿʝ; ὅᶻ - ʚʨʝʜʥʦʩʪ ʤʦʜʝʣʠʨʘʥʝ ʠʤʠʩʠʿʝ; „ - ʩʪʘʥʜʘʨʜʥʦ 

ʦʜʩʪʫʧʘˁʝ ʠʟʤʝʨʝʥʝ ʠʤʠʩʠʿʝ; „  - ʩʪʘʥʜʘʨʜʥʦ ʦʜʩʪʫʧʘˁʝ ʤʦʜʝʣʠʨʘʥʝ ʠʤʠʩʠʿʝ. 
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ʀʜʝʘʣʥʠ ʤʦʜʝʣ ʙʠ ʠʤʘʦ (MG, GV, FAC2, R, IA)=1, ʘ (FB, NMSE, NRMSE)=0. ʀʧʘʢ, ʥʘ ʧʨʠʤʝʨ, 

ʧʨʠʭʚʘʪˀʠʚʝ ʛʨʘʥʠʮʝ FB ʩʫ Ñ30%, ʟʘʪʠʤ ʙʘʨ 50% ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʤʦʨʘ ʙʠʪʠ ʤʘˁʝ ʦʜ 

ʜʚʦʩʪʨʫʢʝ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ (FAC2). ʄʫʣʪʠʧʣʠʢʘʪʠʚʥʠ ʬʘʢʪʦʨ 4, ʦʜʥʦʩʥʦ 3, ʿʝʩʪʝ ʛʦʨˁʘ 

ʛʨʘʥʠʮʘ ὔὓὛὉ ʠ ὔὙὓὛὉ, ʨʝʩʧʝʢʪʘʙʠʣʥʦ. ʄʝʹʫʪʠʤ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʟʥʘʪʠ ʜʘ ʩʝ ʣʠʥʝʘʨʥʠ 

ʠʥʜʠʢʘʪʦʨʠ FB ʠ NMSE ʧʦʥʘʰʘʿʫ ʧʨʠʣʠʯʥʦ ʥʝʩʪʘʙʠʣʥʦ ʧʨʠ ʧʦʿʘʚʠ ʚʝ˂ʠʭ ʚʨʝʜʥʦʩʥʠʭ ʢʦʣʝʙʘˁʘ, ʧʘ 

ʩʫ ʣʦʛʘʨʠʪʘʤʩʢʠ ʩʪʘʪʠʩʪʠʯʢʠ ʧʘʨʘʤʝʪʨʠ MG ʠ GV ʪʘʜʘ ʤʥʦʛʦ ʩʪʘʙʠʣʥʠʿʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, MG ʠ 

VG ʩʫ ʦʩʝʪˀʠʚʠ ʥʘ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʫʦʙʠʯʘʿʝʥ ʩʣʫʯʘʿ ʢʦʜ ʘʪʤʦʩʬʝʨʩʢʠʭ ʩʪʘˁʘ. 

ʊʘʢʦʹʝ ʩʝ ʤʦʨʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʿʝ FAC2 ʥʘʿʨʦʙʫʩʥʠʿʠ ʩʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʥʘ ˁʝʛʘ 

ʥʝ ʫʪʠʯʫ ʠʟʨʘʟʠʪʦ ʝʢʩʪʨʝʤʥʝ ʚʨʝʜʥʦʩʪʠ (Galeriu and Patryl, 2011) [290].  

 

ʊʘʙʝʣʘ 4.26  ʀʟʜʚʦʿʝʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨʠ 

ʉʪʘʪʠʩʪʠʯʢʠ 

ʧʘʨʘʤʝʪʨʠ 

ʦʮʝʥʝ 

ʋʣʠʮʘ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʋʣʠʮʘ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ 

CO  

[mgĿm
-3
] 

NOx  

[ÕgĿm
-3
] 

CO  

[mgĿm
-3
] 

NOx  

[ÕgĿm
-3
] 

OSPM CAL4 OSPM CAL4 OSPM CAL4 OSPM CAL4 

MSE
 0,068 0,106 5.045,87 8.031,23 0,025 0,154 295,461 3.983,77 

RMSE
 0,261 0,326 71,034 89,617 0,160 0,392 17,194 63,117 

ʉʘʤʦ ʟʘ ʨʝʟʫʣʪʘʪʝ ʠʤʠʩʠʿʝ ʧʨʠ   Ñ30Á ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ 

MSE
 0,056 0,032 2.872,27 4.949,06 0,002 0,059 56,065 4.038,19 

RMSE
 0,236 0,180 53,594 70,350 0,049 0,244 7,488 63,547 

ʅʘʧʦʤʝʥʘ:  - ʧʨʘʚʘʮ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ 

 

ʊʘʙʝʣʘ 4.27  ʉʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨʠ ʧʨʦʮʝʥʝ ʩʣʘʛʘˁʘ ʠʟʤʝʨʝʥʠʭ ʠ ʤʦʜʝʣʠʨʘʥʠʭ ʠʤʠʩʠʿʘ 

ʉʪʘʪʠʩʪʠʯʢʠ 

ʧʘʨʘʤʝʪʨʠ 

ʦʮʝʥʝ 

ʋʣʠʮʘ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʋʣʠʮʘ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ 

CO NOx CO NOx 

OSPM CAL4 OSPM CAL4 OSPM CAL4 OSPM CAL4 

FB 0,034 0,137 0,334 0,337 0,052 0,397 0,215 0,881 

MG 1,034 0,885 1,49 1,427 1,074 0,689 0,799 0,378 

NMSE 0,095 0,134 0,215 0,343 0,083 0,319 0,178 1,153 

NRMSE 0,308 0,366 0,463 0,585 0,289 0,565 0,421 1,074 

GV 1,101 1,169 1,427 1,447 1,091 1,348 1,274 2,973 

FAC2 1,035 1,147 0,714 0,712 0,950 1,496 1,241 2,575 

IA  0,825 0,631 0,825 0,666 0,703 0,475 0,642 0,300 

R 0,783 0,415 0,833 0,579 0,514 0,383 0,467 0,451 

ʉʘʤʦ ʟʘ ʨʝʟʫʣʪʘʪʝ ʠʤʠʩʠʿʝ ʧʨʠ   Ñ 30Á ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʢʦʣʦʚʦʟʘ 

FB 0,026 0,173 0,288 0,177 0,001 0,352 0,129 0,844 

MG 1,039 0,854 1,298 1,287 0,996 0,695 0,872 0,429 

NMSE 0,064 0,035 0,121 0,151 0,008 0,139 0,033 1,102 

NRMSE 0,253 0,186 0,348 0,388 0,089 0,372 0,182 1,050 

GV 1,051 1,032 1,095 1,226 1,010 1,161 1,037 2,379 

FAC2 0,975 1,190 0,748 0,838 0,996 1,427 1,138 2,461 

IA  0,549 0,763 0,819 0,580 0,911 0,481 0,516 0,149 

R 0,334 0,668 0,939 0,352 0,846 0,722 0,345 0,185 

ʅʘʧʦʤʝʥʘ:  - ʧʨʘʚʘʮ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ 

 

ʊʘʙʝʣʘ 4.27 ʧʨʠʢʘʟʫʿʝ ʩʪʘʪʠʩʪʠʯʢʝ ʠʥʜʠʢʘʪʦʨʝ ʫ ʬʫʥʢʮʠʿʠ ʢʦʤʧʘʨʘʪʠʚʥʝ ʘʥʘʣʠʟʝ ʤʦʜʝʣʘ OSPM ʠ 

CAL4. ʇʨʝʤʘ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʩʘ ʩʪʨʘʥʝ 150 ʠ ʩʪʨʘʥʝ 151 (ʧʘʩʫʩ 1) ʦʚʝ 

ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʨʘʜʠ ʙʦˀʝ ʧʨʝʛʣʝʜʥʦʩʪʠ, ˂ʝʣʠʿʝ ʩʫ ʦʙʦʿʝʥʝ ʪʘʢʦ ʜʘ ʟʝʣʝʥʘ ʧʨʝʜʩʪʘʚˀʘ ʙʦˀʫ ʧʨʦʮʝʥʫ 

ʫ ʦʜʥʦʩʫ ʥʘ ʮʨʚʝʥʫ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʣʦʰʠʿʫ ʧʨʦʮʝʥʫ. ʊʘʢʦʹʝ, ʩʘʛʣʝʜʘʚʘʿʫ˂ʠ ʛʨʘʥʠʮʝ ʩʪʘʪʠʩʪʠʯʢʠʭ 
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ʠʥʜʠʢʘʪʦʨʘ, ʦʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʧʨʝʢʦʨʘʯʫʿʫ ʧʦʞʝˀʥʝ ʛʨʘʥʠʮʝ ʧʦʤʝʥʫʪʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʩʫ ʦʙʦʿʝʥʝ 

ʧʣʘʚʦʤ ʙʦʿʦʤ. ʈʝʟʫʣʪʘʪʠ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʛʨʝʰʢʝ ʠ ˁʝʥʦʛ ʢʦʨʝʥʘ ʠʟʜʚʦʿʝʥʠ ʩʫ ʧʦʩʝʙʥʦʤ ʪʘʙʝʣʦʤ 

4.26, ʿʝʨ ʟʘ ˁʠʭ ʥʝ ʧʦʩʪʦʿʝ ʜʝʬʠʥʠʩʘʥʝ ʛʨʘʥʠʮʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ. ʊʘʢʦʹʝ, ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʩʝ ʥʝ 

ʤʦʞʝ ʚʨʰʠʪʠ ʧʦʨʝʹʝˁʝ ʤʦʜʝʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʫʣʠʮʘʤʘ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʚʨʝʜʥʦʩʪʠ ʩʘʦʙʨʘ˂ʘʿʥʦʛ 

ʧʨʦʪʦʢʘ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʫ. ʄʝʹʫʪʠʤ, ʙʝʟ ˁʠʭʦʚʦʛ ʧʨʦʨʘʯʫʥʘ ʥʝʤʦʛʫ˂ʝ ʿʝ ʜʦʙʠʪʠ ʦʩʪʘʣʝ 

ʥʝʦʧʭʦʜʥʝ ʩʪʘʪʠʩʪʠʯʢʝ ʠʥʜʠʢʘʪʦʨʝ, ʧʘ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʥʠʩʫ ʠʟʦʩʪʘʚˀʝʥʠ. ɼʦʜʘʪʥʦ ʩʫ ʨʝʟʫʣʪʘʪʠ 

ʧʦʜʝˀʝʥʠ ʥʘ ʦʥʝ ʜʦʙʠʿʝʥʝ ʧʨʠ ʫʩʣʦʚʠʤʘ ʜʝʣʦʚʘˁʘ ʧʘʨʘʣʝʣʥʠʭ ʠʣʠ ʧʨʠʙʣʠʞʥʦ ʧʘʨʘʣʝʣʥʠʭ ʚʝʪʨʦʚʘ 

ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ( Ñ30Á), ʿʝʨ ʧʦʩʪʦʿʠ ʩʪʨʫʯʥʦ ʩʪʘʥʦʚʠʰʪʝ, ʧʦʧʫʪ ɻʫʘʣʪʠʿʝʨʠʿʘ (ʝʥʛ. Gualtieri, 

2010) [278] ʜʘ ʧʦʿʝʜʠʥʠ ʤʦʜʝʣʠ ʪʘʜʘ ʜʘʿʫ ʧʨʝʮʠʟʥʠʿʝ ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ.    

 

ʆʜʤʘʭ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʚʝ˂ʠ ʙʨʦʿ ʧʣʘʚʠʭ ʧʦˀʘ ʟʘ CAL4 ʫ ʦʜʥʦʩʫ ʥʘ OSPM (8:2). ʀʩʪʠ ʪʨʝʥʜ ʩʝ 

ʥʘʩʪʘʚˀʘ ʠ ʢʘʜʘ ʩʪʨʫʿʝ ʧʘʨʘʣʝʣʥʠ ʠʣʠ ʧʨʠʙʣʠʞʥʦ ʧʘʨʘʣʝʣʥʠ ʚʝʪʨʦʚʠ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ (6:0). ɿʘʪʦ 

ʧʨʝʤʘ ʦʚʦʤ ʢʨʠʪʝʨʠʿʫʤʫ ʤʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʨʝʟʫʣʪʘʪʠ CAL4 ʤʦʜʝʣʘ ʤʦʛʫ ʯʝʰ˂ʝ ʙʠʪʠ ʠʟʫʟʝʪʠ 

ʢʘʦ ʢʚʘʣʠʪʝʪʘʥ ʘʣʘʪ ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʫ ʦʜʥʦʩʫ ʥʘ OSPM 

ʤʦʜʝʣ. ɸʢʦ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʤʦʞʝʤʦ ʩʤʘʪʨʘʪʠ ʩʪʘʪʠʩʪʠʯʢʠ ʧʨʠʭʚʘʪˀʠʚʠʤ ʟʘ 

ʢʦʤʧʘʨʘʮʠʿʫ (ʿʝʜʠʥʠʮʝ ʩʫ ʥʦʨʤʘʣʠʟʦʚʘʥʝ), ʫ ʦʧʰʪʦʿ ʧʨʦʮʝʥʠ OSPM ʧʨʝʜˁʘʯʠ ʫ ʪʘʯʥʦʩʪʠ 

ʤʦʜʝʣʠʨʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ CAL4, ʢʘʢʦ ʟʘ ʩʠʤʫʣʠʨʘʥʦ CO, ʪʘʢʦ ʠ ʟʘ NOx. ʄʝʹʫʪʠʤ, 

ʘʢʦ ʩʝ ʠʟʜʚʦʿʝ ʫʩʣʦʚʠ ʩʪʨʫʿʘˁʘ ʧʘʨʘʣʝʣʥʠʭ ʠʣʠ ʙʣʠʩʢʦ ʧʘʨʘʣʝʣʥʠʭ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, 

ʧʨʝʪʭʦʜʥʘ ʧʨʝʜʥʦʩʪ ʚʠʰʝ ʥʠʿʝ ʫ ʪʦʣʠʢʦʿ ʤʝʨʠ ʠʟʨʘʞʝʥʘ, ʧʦʛʦʪʦʚʦ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ CO ʫ ʫʣʠʮʠ 

ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ (IACO=0,763 ʠ RCO=0,668). ʇʦʤʝʥʫʪʘ ʧʦʿʘʚʘ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʯʠˁʝʥʠʮʦʤ ʜʘ 

ʧʨʠʣʠʢʦʤ ʧʘʨʘʤʝʪʘʨʠʟʘʮʠʿʝ CAL4 ʥʠʿʝ ʥʝʦʧʭʦʜʥʦ ʜʝʬʠʥʠʩʘʪʠ ʦʪʚʦʨʝ ʠʟʤʝʹʫ ʟʛʨʘʜʘ, ʪʘʢʦ ʜʘ ʩʝ 

ʤʦʨʬʦʣʦʛʠʿʘ ʢʘˁʦʥʘ ʫʚʝʢ ʧʨʝʧʦʟʥʘʿʝ ʙʝʟ ʰʫʧˀʠʥʘ ʫ ˁʝʛʦʚʠʤ ʩʪʨʘʥʠʮʘʤʘ.  

 

ʇʦ ʩʚʝʤʫ ʩʫʜʝ˂ʠ, CAL4 ʤʦʞʝ ʜʘʪʠ ʙʦˀʫ ʧʨʦʮʝʥʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʩʘʤʦ ʢʦʜ ʠʜʝʘʣʠʟʦʚʘʥʠʭ 

ʢʘˁʦʥʘ ʠ ʢʘʜʘ ʩʪʨʫʿʝ ʧʘʨʘʣʝʣʥʠ ʠʣʠ ʙʣʠʩʢʦ ʧʘʨʘʣʝʣʥʠ ʚʝʪʨʦʚʠ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ. ʊʘʢʚʫ ʢʦʥʩʪʘʪʘʮʠʿʫ ʧʦʪʚʨʹʫʿʫ ʨʝʟʫʣʪʘʪʠ ʫ ʫʣʠʮʠ ʄʠʣʦʰʘ ɺʝʣʠʢʦʛ, ʛʜʝ ʿʝ ʜʘʪʘ 

ʧʨʝʜʥʦʩʪ ʩʠʤʫʣʠʨʘʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ OSPM-ʘ ʫ ʦʜʥʦʩʫ ʥʘ CAL4, ʿʝʨ ʿʝ ʩʘʤ ʧʦʣʦʞʘʿ ʤʝʨʥʦʛ 

ʤʝʩʪʘ ʙʣʠʟʫ ʜʝʬʠʥʠʩʘʥʠʭ ʰʫʧˀʠʥʘ, ʧʘ CAL4 ʥʠʿʝ ʤʦʛʘʦ, ʢʘʦ ʢʦʜ ʫʣʠʮʝ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ, 

ʠʟʚʨʰʠʪʠ ʜʦʚʦˀʥʦ ʢʚʘʣʠʪʝʪʥʫ ʧʨʦʮʝʥʫ, ʯʘʢ ʥʠ ʫ ʩʣʫʯʘʿʫ ʧʘʨʘʣʝʣʥʠʭ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ. 

ɼʘ ʣʠ ʙʠ ʙʦˀʘ ʧʨʦʮʝʥʘ ʙʠʣʘ ʧʦʩʪʠʛʥʫʪʘ ʠʟʤʝʰʪʘˁʝʤ ʤʝʩʪʘ ʤʝʨʝˁʘ ʥʘ ʩʨʝʜʠʥʫ ʫʣʠʮʝ, ʦʜʥʦʩʥʦ 

ʜʘˀʝ ʦʜ ʰʫʧˀʠʥʘ ʫ ʩʪʨʘʥʠʮʘʤʘ ʢʘˁʦʥʘ, ʤʦʞʝ ʙʠʪʠ ʧʨʝʜʤʝʪ ʢʘʩʥʠʿʠʭ ʠʩʪʨʘʞʠʚʘˁʘ.  

 

ʀʟ ʩʚʝʛʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ, ʜʦʢʘʟʘʥʘ ʿʝ ʍʠʧʦʪʝʟʘ 2 - ʤʦʜʝʣ OSPM ʿʝʩʪʝ ʙʦˀʠ ʫ ʦʧʰʪʦʿ ʧʨʦʮʝʥʠ 

ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʩʧʝʮʠʬʠʯʥʝ ʘʤʙʠʿʝʥʪʘʣʥʝ ʤʠʢʨʦʩʨʝʜʠʥʝ, ʢʘʦ ʰʪʦ ʿʝ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ. ʉʘʤʦ 

ʫ ʩʣʫʯʘʿʫ ʢʘˁʦʥʘ ʙʝʟ ʰʫʧˀʠʥʘ ʫ ˁʝʛʦʚʠʤ ʩʪʨʘʥʠʮʘ ʠ ʧʨʠ ʫʩʣʦʚʠʤʘ ʩʪʨʫʿʘˁʘ ʧʘʨʘʣʝʣʥʠʭ ʚʝʪʨʦʚʘ 

ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, CAL4 ʤʦʜʝʣ ʤʦʞʝ ʜʘʪʠ ʙʦˀʝ ʧʨʦʮʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO, ʘʣʠ ʪʦ ʪʨʝʙʘ ʜʦʜʘʪʥʦ 

ʠʩʪʨʘʞʠʪʠ.  
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5.5. ɺʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦ ʚʨʝʜʥʦʚʘˁʝ ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠʤʠʩʠʿʝ 

 

ʊʝʭʥʠʢʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ ʿʝʩʫ ʚʝʦʤʘ ʧʦʧʫʣʘʨʥʝ, ʿʝʨ ʦʤʦʛʫ˂ʘʚʘʿʫ ʠʩʪʨʘʞʠʚʘʯʠʤʘ 

ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʹʝˁʝ ʢʚʘʣʠʪʝʪʘ ʜʦʥʝʩʝʥʠʭ ʦʜʣʫʢʘ. ɺʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʘ ʘʥʘʣʠʟʘ ʩʝ ʤʦʞʝ ʧʦʜʚʝʩʪʠ 

ʧʦʜ ʩʚʝ ʩʪʘʪʠʩʪʠʯʢʝ ʪʝʭʥʠʢʝ ʢʦʿʝ ʩʠʤʫʣʪʘʥʦ ʘʥʘʣʠʟʠʨʘʿʫ ʚʠʰʝʩʪʨʫʢʘ ʤʝʨʝˁʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʤ 

ʦʙʿʝʢʪʠʤʘ. ʊʘʢʦ ʩʝ ʠ ʩʚʘʢʘ ʩʠʤʫʣʪʘʥʘ ʘʥʘʣʠʟʘ ʩʘ ʚʠʰʝ ʦʜ ʜʚʝ ʧʨʦʤʝʥʠˀʚʝ ʤʦʞʝ ʫ ʜʦʩʪʘ ʰʠʨʦʢʦʤ 

ʦʧʩʝʛʫ ʩʤʘʪʨʘʪʠ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʤ ʘʥʘʣʠʟʦʤ (Hair et al., 2010) [274]. ɹʦʢʩ-ɺʠʣʩʦʥʦʚ ʤʝʪʦʜ 

ʧʨʠʧʘʜʘ ʪʝʭʥʠʢʘʤʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʝ ʘʥʘʣʠʟʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʙʘʚʠ ʧʣʘʥʠʨʘˁʝʤ ʝʢʩʪʨʝʤʥʦʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʚʠʰʝʬʘʢʪʦʨʥʠʭ ʪʝʭʥʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ (ņuriļiĺ, 1995) [279]. 

ɼʦʜʘʪʥʦ, ʦʜʨʝʹʝʥʠʤ ʩʪʘʪʠʩʪʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʤʦʞʝ ʩʝ ʨʘʥʛʠʨʘʪʠ ʠ ʚʨʝʜʥʦʚʘʪʠ ʟʥʘʯʘʿʥʦʩʪ (ʫʪʠʮʘʿ) 

ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (ʬʘʢʪʦʨʘ), ʘʣʠ ʠ ʜʦʜʘʪʥʦ ʧʨʦʮʝʥʠʪʠ ʢʘʢʦ ʩʝ ˁʠʭʦʚʦʤ ʧʨʦʤʝʥʦʤ ʨʘʥʛ 

ʫʪʠʮʘʿʥʦʩʪʠ ʧʦʚʝ˂ʘʚʘ, ʦʜʥʦʩʥʦ ʩʤʘˁʫʿʝ.    

 

ʇʦʪʧʫʥʠʤ ʚʠʰʝʬʘʢʪʦʨʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʨʝʘʣʠʟʦʚʘ˂ʝ ʩʝ ʪʘʯʥʦ ʦʜʨʝʹʝʥʘ ʩʝʨʠʿʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫʟ 

ʠʩʪʦʚʨʝʤʝʥʦ ʚʘʨʠʨʘˁʝ ʬʘʢʪʦʨʘ ʢʦʿʠ ʜʦʧʨʠʥʦʩʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ CO [mgĿm
-3
] ʠ NOx [ɛgĿm

-3
]. 

ʇʨʦʮʝˁʝʥʠ ʙʨʦʿ ʬʘʢʪʦʨʘ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʚʝʣʠʢʠ, ʚʝ˂ ʥʘʿʤʘˁʝ ʤʦʛʫ˂ʠ, ʘʣʠ ʯʠʿʠʤ ʜʝʣʦʚʘˁʝʤ 

ʩʝ ʤʦʞʝ, ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ, ʧʨʝʮʠʟʥʦ ʦʜʨʝʜʠʪʠ ʚʨʝʜʥʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʿʝ. ɿʘʪʦ ʩʫ ʠʟʜʚʦʿʝʥʘ 4 ʬʘʢʪʦʨʘ, 

ʦʜʥʦʩʥʦ: ʧʨʦʪʦʢ ʩʘʦʙʨʘ˂ʘʿʘ - ὢ [vozĿh
-1
]; ʙʨʟʠʥʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ - ὢ [mĿs

-1
]; ʫʛʘʦ 

ʜʝʣʦʚʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ - ὢ [
ʦ
] ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO - ὢ [mgĿm

-3
], ʦʜʥʦʩʥʦ NOx [ɛgĿm

-3
], 

ʪʘʢʦʹʝ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ. ʅʝʦʧʭʦʜʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʮʠˀ ʥʠʿʝ ʥʘ˂ʠ ʦʧʪʠʤʫʤ ʨʘʜʘ ʪʘʢʚʦʛ ʩʠʩʪʝʤʘ, 

ʚʝ˂ ʦʜʨʝʜʠʪʠ ʫʪʠʮʘʿ ʣʠʥʠʿʩʢʠʭ ʬʘʢʪʦʨʘ ὢ, ὢ, ὢ ʠ ὢ, ʫʪʠʮʘʿ ʜʚʦʬʘʢʪʦʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ὢὢ, 

ὢὢ, ὢὢ, ὢὢ, ὢὢ ʠ ὢὢ, ʫʪʠʮʘʿ ʪʨʦʬʘʢʪʦʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ὢὢὢ, ὢὢὢ ʠ ὢὢὢ ʠ 

ʫʪʠʮʘʿ ʯʝʪʚʦʨʦʬʘʢʪʦʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ὢὢὢὢ ʥʘ ʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ CO ʠ NOx. 

 

ɿʘ ʘʥʘʣʠʟʫ ʫʪʠʮʘʿʘ ʬʘʢʪʦʨʘ ὢ, ὢ, ὢ ʠ ὢ ʥʘ ʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ CO ʠ NOx ʫʧʦʪʨʝʙˀʝʥʘ ʿʝ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʦʜʟʠʚʘ ʧʦʚʨʰʠʥʝ (RSM) (ʝʥʛ. Response Surface Methodology) (Anderson and 

Whitcomb, 2005; Dean and Voss, 2001; Staniĺ, 1990) [280], [282], [262], ʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʧʨʦʮʝʥʪʫʘʣʥʦʛ ʫʪʠʮʘʿʘ ʩʚʘʢʦʛ ʬʘʢʪʦʨʘ, ˁʠʭʦʚʦ ʚʨʝʜʥʦʚʘˁʝ ʠ ʨʘʥʛʠʨʘˁʝ ʫʧʦʪʨʝʙˀʝʥʘ ʿʝ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʠʟʙʦʨ ʬʘʢʪʦʨʘ ʤʦʜʝʣʘ ʠ ʨʝʛʨʝʩʠʦʥʦʛ ʤʦʜʝʣʘ ʟʘʩʥʦʚʘʥ ʥʘ ʪʦʪʘʣʥʦʤ ʝʬʝʢʪʫ ʬʘʢʪʦʨʘ 

ʠʣʠ ʠʟʙʦʨ ʚʠʰʝ-ʬʘʢʪʦʨʥʦʛ ʨʝʛʨʝʩʠʦʥʦʛ ʤʦʜʝʣʘ ʥʘ ʦʩʥʦʚʫ ʫʜʝʣʘ ʩʚʘʢʦʛ ʬʘʢʪʦʨʘ ʫ ʫʢʫʧʥʦʿ 

ʚʘʨʠʿʘʮʠʿʠ (SMLRM-TE) (ʝʥʛ. Selection of Multi-Factor Linear Regression Models-Based on Total 

Effect), ʢʦʿʘ ʿʝ ʧʨʝʜʣʦʞʝʥʘ ʫ ʨʘʜʦʚʠʤʘ (Daġiĺ, 1987; 2013; 2001; 2003) [283], [284], [285], [286].  

 

ʋ ʦʢʚʠʨʫ ʤʝʪʦʜʦʣʦʛʠʿʝ ʦʜʟʠʚʘ ʧʦʚʨʰʠʥʝ (RSM) ʟʘ ʧʣʘʥʠʨʘˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ (DoE) (ʝʥʛ. Design of 

Experiments) ʫʧʦʪʨʝʙˀʝʥ ʿʝ ʧʦʪʧʫʥʠ ʯʝʪʚʦʨʦʬʘʢʪʦʨʥʠ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘ (FFD) (ʝʥʛ. Full Factorial 

Design). ʂʦʤʧʣʝʪʥʘ ʨʘʯʫʥʘʨʩʢʘ ʦʙʨʘʜʘ ʧʦʜʘʪʘʢʘ ʿʝ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʤʦ˂ʫ ʢʦʤʧʿʫʪʝʨʩʢʦʛ ʧʨʦʛʨʘʤʘ ʟʘ 

ʠʟʙʦʨ ʨʝʛʨʝʩʠʦʥʝ ʿʝʜʥʘʯʠʥʝ ʚʠʰʝʬʘʢʪʦʨʥʠʭ ʧʣʘʥʠʨʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʧʦʥʘʚˀʘˁʝʤ ʠ ʙʝʟ 

ʧʦʥʘʚˀʘˁʘ (CoREMED) (ʝʥʛ. Choice of Regression Equation of Multifactor Experiment Design with 

and without Repeating) (Daġiĺ, 2010) [287]. 
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5.5.1. ɸʥʘʣʠʟʘ ʫʪʠʮʘʿʘ ʬʘʢʪʦʨʘ ʥʘ ʤʦʜʝʣʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ 

 

ʄʦʜʝʣʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʟʘ ʨʘʟʣʠʯʠʪʝ ʢʦʤʙʠʥʘʮʠʿʝ ὢ, ὢ, ὢ ʠ ὢ ʢʦʜ ʧʦʪʧʫʥʦʛ 

ʯʝʪʚʦʨʦʬʘʢʪʦʨʥʦʛ ʧʣʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 4.28. ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʘˁʘ ʧʦʪʧʫʥʦʛ 

ʚʠʰʝʬʘʢʪʦʨʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʦʟʥʘʯʘʚʘˁʝ ʜʚʘ ʥʠʚʦʘ (+1, -1). ʋ ʜʨʫʛʦʿ ʢʦʣʦʥʠ ʪʘʙʝʣʝ 

4.28 ʥʘʣʘʟʝ ʩʝ ʥʦʨʤʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ ʬʠʢʪʠʚʥʦʛ ʧʘʨʘʤʝʪʨʘ ὢ (+1), ʯʠʿʠʤ ʫʚʦʹʝˁʝʤ ʿʝ ʦʤʦʛʫ˂ʝʥʦ ʜʘ 

ʩʝ ʩʚʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʨʝʛʨʝʩʠʿʝ ʧʨʦʨʘʯʫʥʘʚʘʿʫ ʧʦ ʿʝʜʠʥʩʪʚʝʥʦʤ ʢʨʠʪʝʨʠʿʫʤʫ. ɺʨʝʜʥʦʩʪ ʩʣʦʙʦʜʥʦʛ 

ʯʣʘʥʘ ‍ ʫ ʿʝʜʥʘʯʠʥʠ ʨʝʛʨʝʩʠʿʝ ʿʝ ʦʮʝʥʘ ʬʠʢʪʠʚʥʦʛ ʧʘʨʘʤʝʪʨʘ ὢ. ɹʨʦʿ ʨʝʜʦʚʘ ʫ ʤʘʪʨʠʮʠ ʿʝ ʦʜʨʝʹʝʥ 

ʙʨʦʿʝʤ ʝʢʩʧʝʨʠʤʝʥʘʪʘ. ʂʦʨʠʩʪʝ˂ʠ ʦʙʨʘʟʘʮ: ὲ ς (ņuriļiĺ, 1995) [279], ʫ ʥʘʰʝʤ ʩʣʫʯʘʿʫ ʟʘ Ὧ τ 

ʧʨʝʜʠʢʪʦʨʘ (ʬʘʢʪʦʨʘ), ʙʨʦʿ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʿʝ 16.  

 

  ʊʘʙʝʣʘ 4.28  ʇʣʘʥ ʤʘʪʨʠʮʘ ʧʦʪʧʫʥʦʛ ʯʝʪʚʦʨʦʬʘʢʪʦʨʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO 

ʈ.ʙʨ. 
ʂʦʜʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ ʇʨʠʨʦʜʥʝ ʚʨʝʜʥʦʩʪʠ CO 

[mgĿm-3] X0 X1 X2 X3 X4 X1  [vozĿh-1] X2  [mĿs
-1] X3  [

o] X4  [mgĿm-3] 

1. 1 -1 1 -1 1 638 1,21 270 0,24503 0,6870966 

2. 1 -1 -1 1 1 638 0,32 0 0,24503 1,1598140 

3. 1 1 -1 -1 1 1.415 0,32 270 0,24503 1,6659200 

4. 1 1 -1 1 -1 1.415 0,32 0 0,1076 1,5306810 

5. 1 -1 -1 -1 -1 638 0,32 270 0,1076 1,0211420 

6. 1 1 1 1 -1 1.415 1,21 0 0,1076 0,3512805 

7. 1 -1 1 1 -1 638 1,21 0 0,1076 0,2242956 

8. 1 1 1 -1 1 1.415 1,21 270 0,24503 1,0543200 

9. 1 1 -1 -1 -1 1.415 0,32 270 0,1076 1,5284900 

10. 1 1 1 -1 -1 1.415 1,21 270 0,1076 0,9168898 

11. 1 -1 -1 1 -1 638 0,32 0 0,1076 1,0223840 

12. 1 -1 1 1 1 638 1,21 0 0,24503 0,3617256 

13. 1 -1 -1 -1 1 638 0,32 270 0,24503 1,1585720 

14. 1 -1 1 -1 -1 638 1,21 270 0,1076 0,5496666 

15. 1 1 -1 1 1 1.415 0,32 0 0,24503 1,6681110 

16. 1 1 1 1 1 1.415 1,21 0 0,24503 0,4887105 

 

ʉʣʦʙʦʜʥʠ ʯʣʘʥ ʧʦʣʠʥʦʤʘ ‍ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʿʝʜʥʘʯʠʥʦʤ: 

 

‍ В ὢ Ͻὣ .                                                            (4.36) 

ʂʦʝʬʠʮʠʿʝʥʪʠ ʣʠʥʠʿʩʢʠʭ ʝʬʝʢʘʪʘ ʬʘʢʪʦʨʘ ‍ (i=1,2,3,4) ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʘ: 

 

‍ В ὢ Ͻὣ .                                                             (4.37) 

ʂʦʝʬʠʮʠʿʝʥʪʠ ʜʚʦʬʘʢʪʦʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ‍  (i=1,2,3,4; j=1,2,3,4) ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʿʝʜʥʘʯʠʥʦʤ: 

 

‍ В ὢ Ͻὢ Ͻὣ .                                                       (4.38) 

ʂʦʝʬʠʮʠʿʝʥʪʠ ʪʨʦʬʘʢʪʦʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ‍  (i=1,2; j=2,3; k=3,4) ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʿʝʜʥʘʯʠʥʦʤ: 

 

‍ В ὢ Ͻὢ Ͻὢ Ͻὣ .                                                  (4.39) 

ʂʦʝʬʠʮʠʿʝʥʪʠ ʯʝʪʚʦʨʦʬʘʢʪʦʨʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ‍  (i=1; j=2; k=3; l=4) ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʿʝʜʥʘʯʠʥʦʤ: 

 

‍ В ὢ Ͻὢ Ͻὢ Ͻὢ Ͻὣ .                                             (4.40) 
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ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʯʫʥʘʪʠʭ ʧʘʨʘʤʝʪʘʨʘ ʨʝʛʨʝʩʠʿʝ ‍, ‍, ‍ , ‍  ʠ ‍  ʠ ʥʘ ʦʩʥʦʚʫ ʤʝʪʦʜʦʣʦʛʠʿʝ 

SMLRM-TE, ʠʟʨʘʯʫʥʘʪ ʿʝ ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʩʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʨʝʛʨʝʩʠʿʝ ‍, ‍, ‍ , ‍  ʠ ‍  

(ʪʘʙʝʣʘ 4.29). 

 

ʊʘʙʝʣʘ 4.29 ʈʘʥʛʠʨʘˁʝ ʠ ʩʝʣʝʢʮʠʿʘ ʬʘʢʪʦʨʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO 

ɹʨ. 
ʌʘʢʪʦʨʠ ʨʝʛʨʝʩʠʿʝ 

b0, bi, bij  

ʈʘʥʛ 

ʬʘʢʪ. 

ɿʂ 

(ʟʙʠʨ ʢʚʘʜʨʘʪʘ) 
Fʪʝʩʪ ɿʥʘʯʘʿʥʦʩʪ 

ʂʦʝʬ. 

ʜʝʪʝʨʤ. 

R2 

ʋʢʫʧʥʠ 

ʝʬʝʢʘʪ  

ʇʨʦʮʝʥʘʪ 

bi, bij  

[%] 

1. b0 =  0,90789659 - 16,48552 70,72731 - - - - 

2. b1 =  0,18873165 2 0,56991 2,44508 ɿʥʘʯʘʿʘʥ 0,78396 0,1794 17,94 

3. b2 = -0,38257055 1 2,34176 10,04679 ɿʥʘʯʘʿʘʥ 0,63051 0,2974 29,74 

4. b3 = -0,11094343 4 0,19694 0,84490 ɿʥʘʯʘʿʘʥ 0,89083 0,1528 15,28 

5. b4 =  0,06871501 5 0,07555 0,32412 ɿʥʘʯʘʿʘʥ 0,91117 0,0972 9,72 

6. b12 = -0,06517960 6 0,06797 0,29163 ɿʥʘʯʘʿʘʥ 0,92947 0,0486 4,86 

7. b13 = -0,02991118 8 0,01431 0,06141 ɿʥʘʯʘʿʘʥ 0,93724 0,0347 3,47 

8. b14 =  0,00000001 9 0,00000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,93724 0 0 

9. b23 = -0,11180168 3 0,19999 0,85803 ɿʥʘʯʘʿʘʥ 0,83781 0,1529 15,29 

10. b24 =  0,00000001 9 0,00000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,93724 0 0 

11. b34 = -0,00000001 9 0,00000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,93724 0 0 

12. b123 = -0,03014843 7 0,01454 0,06239 ɿʥʘʯʘʿʘʥ 0,93339 0,0348 3,48 

13. b124 =  0,00000001 9 0,00000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,93724 0 0 

14. b234 = -0,00000001 9 0,00000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,93724 0 0 

15. b1234 = -0,00000001 9 0,00000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,93724 0 0 

16. 
ɻʨʝʢhʘ  

(ʦʩʪʘʪʘʢ ʚʘʨʠʿʘʮʠʿʝ) 
 0,23309   - 0,0021 0,21 

 

5.5.2. ɸʥʘʣʠʟʘ ʫʪʠʮʘʿʘ ʬʘʢʪʦʨʘ ʥʘ ʤʦʜʝʣʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʢʩʠʜʘ ʘʟʦʪʘ  

 
ʄʦʜʝʣʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ NOx ʟʘ ʨʘʟʣʠʯʠʪʝ ʢʦʤʙʠʥʘʮʠʿʝ ὢ, ὢ, ὢ ʠ ὢ ʢʦʜ ʧʦʪʧʫʥʦʛ 

ʯʝʪʚʦʨʦʬʘʪʦʨʥʦʛ ʧʣʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 4.30. ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʯʫʥʘʪʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʨʝʛʨʝʩʠʿʝ ‍, ‍, ‍ , ‍  ʠ ‍  ʠʩʪʠʤ ʿʝʜʥʘʯʠʥʘʤʘ ʢʘʦ ʟʘ CO (4.36ï4.40), ʠ ʥʘ ʦʩʥʦʚʫ 

ʤʝʪʦʜʦʣʦʛʠʿʝ SMLRM-TE, ʠʟʨʘʯʫʥʘʪ ʿʝ ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʩʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʨʝʛʨʝʩʠʿʝ ‍, ‍, ‍ , 

‍  ʠ ‍  (ʪʘʙʝʣʘ 4.31). 

 

  ʊʘʙʝʣʘ 4.30  ʇʣʘʥ ʤʘʪʨʠʮʘ ʧʦʪʧʫʥʦʛ ʯʝʪʚʦʨʦʬʘʢʪʦʨʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ NOx  

ʈ.ʙʨ. 

ʂʦʜʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ ʇʨʠʨʦʜʥʝ ʚʨʝʜʥʦʩʪʠ 
NOx 

[ɛgĿm-3] X0 X1 X2 X3 X4 
X1 

[vozĿh-1] 

X2 

[mĿs-1] 

X3 

[o] 

X4 

[ɛgĿm-3] 

1. 1 -1 1 -1 1 638 1,21 270 46,296 109,06570 

2. 1 -1 -1 1 1 638 0,32 0 46,296 176,18770 

3. 1 1 -1 -1 1 1.415 0,32 270 46,296 246,69090 

4. 1 1 -1 1 -1 1.415 0,32 0 3,41 204,11400 

5. 1 -1 -1 -1 -1 638 0,32 270 3,41 133,12520 

6. 1 1 1 1 -1 1.415 1,21 0 3,41 37,77742 

7. 1 -1 1 1 -1 638 1,21 0 3,41 19,97980 

8. 1 1 1 -1 1 1.415 1,21 270 46,296 160,43400 

9. 1 1 -1 -1 -1 1.415 0,32 270 3,41 203,80490 

10. 1 1 1 -1 -1 1.415 1,21 270 3,41 117,54800 

11. 1 -1 -1 1 -1 638 0,32 0 3,41 133,30170 

12. 1 -1 1 1 1 638 1,21 0 46,296 62,86580 

13. 1 -1 -1 -1 1 638 0,32 270 46,296 176,01120 

14. 1 -1 1 -1 -1 638 1,21 270 3,41 66,17974 

15. 1 1 -1 1 1 1.415 0,32 0 46,296 247,00000 

16. 1 1 1 1 1 1.415 1,21 0 46,296 80,66342 
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ʊʘʙʝʣʘ 4.31 ʈʘʥʛʠʨʘˁʝ ʠ ʩʝʣʝʢʮʠʿʘ ʬʘʢʪʦʨʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ NOx 

ɹʨ. 
ʌʘʢʪʦʨʠ ʨʝʛʨʝʩʠʿʝ 

b0, bi, bij  

ʈʘʥʛ 

ʬʘʢʪ. 

ɿʂ 

(ʟʙʠʨ ʢʚʘʜʨʘʪʘ) 
Fʪʝʩʪ ɿʥʘʯʘʿʥʦʩʪ 

ʂʦʝʬ. 

ʜʝʪʝʨʤ. 

R2 

ʋʢʫʧʥʠ 

ʝʬʝʢʘʪ 

ʇʨʦʮʝʥʘʪ 

bi, bij  

[%] 

1. b0 =  128,52789050 - 330.388,3727 75,53621     

2. b1 =  26,33223750 2 11.094,1877 2,53645 ɿʥʘʯʘʿʘʥ 0,72901 0,1592 15,92 

3. b2 = -54,10760750 1 46.842,1310 10,70945 ɿʥʘʯʘʿʘʥ 0,58941 0,2701 27,01 

4. b3 = -15,68561250 4 3.936,6150 0,90002 ɿʥʘʯʘʿʘʥ 0,92141 0,1441 14,41 

5. b4 =  21,44299750 3 7.356,8343 1,68198 ɿʥʘʯʘʿʘʥ 0,82158 0,156 15,6 

6. b12 = -9,04076250 6 1.307,7662 0,29899 ɿʥʘʯʘʿʘʥ 0,93787 0,0452 4,52 

7. b13 = -4,17975750 8 279,5260 0,06391 ɿʥʘʯʘʿʘʥ 0,94496 0,0337 3,37 

8. b14 =  0,00000250 9 0,0000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,94496 0 0 

9. b23 = -15,80701250 5 3.997,7863 0,91401 ɿʥʘʯʘʿʘʥ 0,87188 0,1341 13,41 

10. b24 = -0,00000250 9 0,0000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,94496 0 0 

11. b34 = 0,00000250 9 0,0000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,94496 0 0 

12. b123 = -4,21290750 7 283,9774 0,06493 ɿʥʘʯʘʿʘʥ 0,94144 0,0339 3,39 

13. b124 = 0,00000250 9 0,0000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,94496 0 0 

14. b234 = 0,00000250 9 0,0000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,94496 0 0 

15. b1234 = -0,00000250 9 0,0000 0,00000 ɹʝʟʥʘʯʘʿʘʥ 0,94496 0 0 

16. 
ɻʨʝʰʢʘ 

(ʦʩʪʘʪʘʢ ʚʘʨʠʿʘʮʠʿʝ) 
 4.373,9073    0,0237 2,37 

 

ʅʘʢʦʥ ʩʘʛʣʝʜʘʚʘˁʘ ʨʝʟʫʣʪʘʪʘ ʠʟ ʪʘʙʝʣʝ 4.29 ʠ ʪʘʙʝʣʝ 4.31, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʨʝʜʠʢʪʦʨ 

(ʬʘʢʪʦʨ) ʙʨʟʠʥʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, ʧʨʠ ʩʪʘʙʠʣʥʠʤ ʘʪʤʦʩʬʝʨʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʧʨʝʜʩʪʘʚˀʘ 

ʢˀʫʯʥʠ ʬʘʢʪʦʨ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ 

ʢʘˁʦʥʘ. ʅʘ ʜʨʫʛʦʤ ʤʝʩʪʫ ʿʝʩʪʝ ʫʪʠʮʘʿ ʚʝʣʠʯʠʥʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ, ʤʘʜʘ ʩʝ, ʧʨʝ ʝʢʩʧʝʨʠʤʝʥʪʘ, 

ʦʯʝʢʠʚʘʣʦ ʜʘ ʫʧʨʘʚʦ ʦʥ ʠʤʘ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ, ʧʨʠ ʩʪʘʙʠʣʥʠʤ ʘʪʤʦʩʬʝʨʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʥʘ ʚʨʝʜʥʦʩʪʠ 

ʧʨʦʮʝˁʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʦʜ ʠʥʪʝʨʝʩʘ.  

 

ɼʘ ʙʠ ʩʝ ʦʪʢʣʦʥʠʣʝ ʩʚʝ ʜʠʣʝʤʝ ʦ ʚʝʣʠʯʠʥʠ ʫʪʠʮʘʿʥʦʩʪʠ ʠʟʘʙʨʘʥʠʭ ʬʘʢʪʦʨʘ ʠ ˁʠʭʦʚʠʭ ʟʜʨʫʞʝʥʠʭ 

ʜʝʿʩʪʘʚʘ, ʧʨʘʚʘʮ ʜʝʣʦʚʘˁʘ ʚʝʪʨʘ ʿʝ ʧʦʜʝˀʝʥ ʥʘ 4 ʩʝʢʪʦʨʘ (W-N, N-E, E-S ʠ S-W), a ʙʨʟʠʥʘ ʚʝʪʨʘ ʿʝ 

ʧʨʦʰʠʨʝʥʘ ʢʦʨʘʢʦʤ ʦʜ 0,5 mĿs
-1 
ʜʦ ʚʨʝʜʥʦʩʪʠ ʦʜ 3 mĿs

-1
. ʇʨʘʢʪʠʯʥʦ, ʫ ʩʚʘʢʦʤ ʩʝʢʪʦʨʫ ʿʝ ʚʘʨʠʨʘʥʘ 

ʙʨʟʠʥʘ ʚʝʪʨʘ, ʜʦʢ ʩʫ ʦʩʪʘʣʠ ʬʘʢʪʦʨʠ, ʧʨʝʤʘ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʫʟʠʤʘʣʠ ʤʘʢʩʠʤʘʣʥʝ ʠʣʠ 

ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ. ʅʘ ʪʘʢʘʚ ʥʘʯʠʥ ʿʝ ʫʢʫʧʥʦ ʨʝʘʣʠʟʦʚʘʥʦ 48 ʧʦʪʧʫʥʠʭ ʯʝʪʚʦʨʦʬʘʢʪʦʨʥʠʭ 

ʧʣʘʥʦʚʘ (ʜʚʘ ʪʘʢʚʘ ʧʨʠʤʝʨʘ ʩʫ ʚʝ˂ ʜʝʪʘˀʥʦ ʦʙʨʘʹʝʥʘ ʫ ʪʘʯʢʘʤʘ 5.5.1 ʠ 5.5.2). ʊʘʢʦʹʝ, ʪʠʤʝ ʿʝ 

ʩʧʨʦʚʝʜʝʥʦ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦ ʚʨʝʜʥʦʚʘˁʝ ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ (ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ) ʧʨʝʤʘ 

ʢʨʠʪʝʨʠʿʫʤʫ ʧʨʦʤʝʥʝ ʧʨʘʚʮʘ ʠ ʙʨʟʠʥʝ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ.  

 

ʋʢʫʧʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʛʨʘʬʠʯʢʠ ʥʘ ʩʣʠʢʘʤʘ 4.23 ʠ 4.24, ʟʘ ʚʨʝʜʥʦʩʪʠ ʤʦʜʝʣʠʨʘʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO ʠ NOx ʨʝʩʧʝʢʪʘʙʠʣʥʦ. ʊʘʢʦʹʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʜʦʜʝˀʝʥʝ ʩʠʤʙʦʣʝ 

ʘʥʘʣʠʟʠʨʘʥʠʭ ʬʘʢʪʦʨʘ, ʢʦʿʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʢʘʤʘ 4.23 ʠ 4.24, ʦʜʥʦʩʥʦ:  

¶ ɹʨʟʠʥʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ - ό;  

¶ ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ - ὅὕ ;  

¶ ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ - ὔὕ ;  

¶ ʇʨʘʚʘʮ ʜʝʣʦʚʘˁʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ - ʃ;  

¶ ʇʨʦʪʦʢ ʚʦʟʠʣʘ - ή.  
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ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʨʝʟʫʣʪʘʪʝ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʩʣʠʢʘʤʘ 4.23 ʠ 4.24, ʥʘʤʝ˂ʝ ʩʝ ʟʘʢˀʫʯʘʢ ʜʘ ʧʨʦʪʦʢ 

ʚʦʟʠʣʘ ʠʤʘ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO ʠ Nʆx ʥʘ ʚʝʪʨʦʚʠʪʦʿ ʩʪʨʘʥʠ ʢʘˁʦʥʘ, 

ʢʘʜʘ ʿʝ ό ʜʦ 0,6 mĿs
-1
, ʦʜʥʦʩʥʦ ʥʘ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO ʠ Nʆx ʥʘ ʟʘʚʝʪʨʝʥʦʿ ʩʪʨʘʥʠ 

ʢʘˁʦʥʘ, ʢʘʜʘ ʿʝ ό ʜʦ 1,5 mĿs
-1
. ʆʜ ʥʘʚʝʜʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʘ ʥʘʜʘˀʝ, ʫʪʠʮʘʿ ό ʧʦʩʪʘʿʝ ʜʦʤʠʥʘʥʪʘʥ 

ʉʣʠʢʘ  4.23  ʋʪʠʮʘʿʥʦʩʪ ʬʘʢʪʦʨʘ ʥʘ ʤʦʜʝʣʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO 

ʉʣʠʢʘ 4.24  ʋʪʠʮʘʿʥʦʩʪ ʬʘʢʪʦʨʘ ʥʘ ʤʦʜʝʣʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ NOx 
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ʬʘʢʪʦʨ ʯʠʤʝ ʩʝ ʦʯʠʛʣʝʜʥʦ ʩʪʚʘʨʘʿʫ ʫʩʣʦʚʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʚʠʭʦʨʘ. ʊʠʤʝ ʿʝ ʧʦʪʚʨʹʝʥʘ ʪʝʦʨʠʿʘ 

ʥʘʫʯʥʠʢʘ, ʧʦʧʫʪ ʍʝʨʪʝʣʘ, ʌʘʚʘʣʝʘ, ɼʝʧʘʫʣʘ ʠ ʜʨʫʛʠʭ ʘʫʪʦʨʘ, ʜʘ ʩʝ ʜʦʧʨʠʥʦʩ ʪʨʝ˂ʝ ʢʦʤʧʦʥʝʥʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʜʦʧʨʠʥʦʩ ʨʝʮʠʨʢʫʣʘʮʠʿʝ (ὅ), ʪʨʝʙʘ ʧʦʿʘʚʠʪʠ ʧʨʠ ό ~ 1,5ï2 mĿs
-1
, ʩʪʠʤ 

ʰʪʦ ʿʝ ʩʘʜʘ, ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʤ ʘʥʘʣʠʟʦʤ, ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘʥʦ 1,5 mĿs
-1 
ʠ ʚʨʝʜʥʦʚʘʥʦ 

ʧʨʦʮʝʥʪʫʘʣʥʦ ʫʯʝʰ˂ʝ (ʫʪʠʮʘʿ) ʧʦʿʝʜʠʥʘʯʥʠʭ ʠ ʟʜʨʫʞʝʥʠʭ ʬʘʢʪʦʨʘ (ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ). 

ʄʝʹʫʪʠʤ, ʥʝ ʪʨʝʙʘ ʟʘʙʦʨʘʚʠʪʠ ʜʘ ʜʦ ʜʘʥʘʩ ʩʪʫʜʠʿʝ ʚʘʣʠʜʘʮʠʿʝ OSPM-ʘ ʥʠʩʫ ʧʨʝʣhʝ ʚʨʝʜʥʦʩʪ 

R
2
=0,89 (ʫʣʠʮʘ ʙʝʟ ʦʪʚʦʨʘ ʫ ʩʪʨʘʥʠʮʘʤʘ ʢʘˁʦʥʘ ʠ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʜʥʦʩʘ H/W=1,1) (Berkowitcz et 

al., 1997b) [184] ʰʪʦ ʟʥʘʯʠ ʜʘ je 11% ʫ ʟʘʚʠʩʥʦʿ ʧʨʦʤʝʥˀʠʚʦ ʿ(ʤʦʜʝʣʠʨʘʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ) ʿʦʰ 

ʫʚʝʢ ʥʝʧʦʟʥʘʥʠʮʘ ʠ ʥʠʿʝ ʦʙʫʭʚʘ˂ʝʥʦ ʪʝʦʨʠʿʩʢʠʤ ʧʦʩʪʘʚʢʘʤʘ ʠ/ʠʣʠ ʦʜʥʦʩʠʤʘ ʫ ʤʦʜʝʣʫ.   

 

ʉʘʛʣʝʜʘʚʘˁʝʤ ʧʨʝʪʭʦʜʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʜʦʜʘʪʥʦʤ ʩʪʘʪʠʩʪʠʯʢʦʤ ʘʥʘʣʠʟʦʤ ʪʝʩʪʠʨʘ˂ʝ ʩʝ ʍʠʧʦʪʝʟʘ 1- 

ʜʘ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʝ ʠʟʜʫʚʥʠʭ ʛʘʩʦʚʘ ʠʟ ʚʦʟʠʣʘ, ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʘʨʘʤʝʪʨʠ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʫʪʠʯʫ ʥʘ ʠʤʠʩʠʿʫ ʢʦʿʘ ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʪʘʿ ʩʝ ʫʪʠʮʘʿ ʤʦʞʝ ʩʘʛʣʝʜʘʪʠ 

ʧʨʠʤʝʥʦʤ ʧʨʝʪʭʦʜʥʦ ʠʟʘʙʨʘʥʦʛ ʤʦʜʝʣʘ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ OSPM-ʘ.  

 

ʊʦʢʦʤ ʤʝʨʝˁʘ ʠʤʠʩʠʿʝ, ʧʨʠʤʝ˂ʝʥ ʿʝ ʪʨʝʥʜ ʜʘ ʩʝ ʫ ʿʫʪʘʨˁʠʤ ʩʘʪʠʤʘ, ʦʜʥʦʩʥʦ ʫ ʧʝʨʠʦʜʫ ʠʟʤʝʹʫ 

06.00 ʠ 08.00 ʯʘʩʦʚʘ, ʨʝʛʠʩʪʨʫʿʫ ʚʠʩʦʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʠ NOx. ʊʘʢʦʹʝ, ʠʤʠʩʠʿʝ ʧʨʦʮʝˁʝʥʝ ʦʜ 

ʩʪʨʘʥʝ OSPM ʤʦʜʝʣʘ ʧʨʘʪʠʣʝ ʩʫ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ. ʊʘʢʚʘ ʢʦʥʩʪʘʥʪʘʮʠʿʘ ʤʦʞʝ ʙʠʪʠ ʥʝʦʙʠʯʥʘ, 

ʿʝʨ ʫ ʪʦʤ ʚʨʝʤʝʥʫ ʥʝʤʘ ʚʝʣʠʢʦʛ ʧʨʦʪʦʢʘ ʩʘʦʙʨʘ˂ʘʿʘ, ʯʘʢ ʩʝ ʥʠ ʙʨʦʿ ʣʘʢʦ ʪʝʨʝʪʥʠʭ, ʪʝʰʢʦ ʪʝʨʝʪʥʠʭ 

ʚʦʟʠʣʘ ʠ ʘʫʪʦʙʫʩʘ ʥʝ ʨʘʟʣʠʢʫʿʝ ʤʥʦʛʦ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʩʘʪʝ ʙʨʦʿʘˁʘ. ʇʨʦʪʦʢ ʩʘʦʙʨʘ˂ʘʿʘ ʜʦʩʪʠʞʝ 

ʩʚʦʿʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʢ ʫ ʧʝʨʠʦʜʫ ʦʜ 11.00 ʜʦ 12.00 ʯʘʩʦʚʘ. ʇʦʩʪʘʚˀʘ ʩʝ ʧʠʪʘˁʝ ʰʪʘ ʿʝ 

ʧʨʝʧʦʟʥʘʪʦ ʢʘʦ ʥʘʿʚʘʞʥʠʿʝ ʫ ʥʘʚʝʜʝʥʦʤ ʤʦʜʝʣʫ ʰʪʦ ʙʠ ʨʝʣʘʪʠʚʥʦ ʜʦʙʨʦ ʧʨʦʮʝʥʠʣʦ ʩʪʚʘʨʥʝ 

ʚʨʝʜʥʦʩʪʠ ʤʝʨʝˁʘ ? 

 

ɸʢʦ ʩʝ ʧʦʜʩʝʪʠʤʦ ʨʝʟʫʣʪʘʪʘ ʛʨʫʧʝ ʥʘʫʯʥʠʢʘ ʩʘ ɸʨʠʩʪʦʪʝʣ ʋʥʠʚʝʨʟʠʪʝʪʘ (Assimakopoulos et al., 

2000) [246], ʢʦʿʠ ʩʫ ʥʫʤʝʨʠʯʢʠʤ ʩʠʤʫʣʘʮʠʿʘʤʘ ʪʝʩʪʠʨʘʣʠ ʪʦʢʦʚʝ ʩʪʨʫʿʥʠʮʘ ʠ ʧʦˀʘ ʨʦʪʠʨʘʿʫ˂ʠʭ 

ʚʘʟʜʫʰʥʠʭ ʤʘʩʘ ʟʘ 4 ʚʨʩʪʝ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʢʘˁʦʥʘ (ʩʣʠʢʘ 3.11), ʤʦʞʝʤʦ ʚʠʜʝʪʠ ʜʘ ʫʢʦʣʠʢʦ ʩʪʨʫʿʠ 

ʧʝʨʧʝʥʜʠʢʫʣʘʨʥʠ ʚʝʪʘʨ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, ʧʨʠ ʢʦʥʬʠʛʫʨʘʮʠʿʠ ,,stepdown" ʢʘˁʦʥʘ, ʧʨʠ ʜʥʫ 

ʚʝʪʨʦʚʠʪʝ ʟʛʨʘʜʝ, ʨʝʛʠʩʪʨʫʿʫ ʩʝ ʚʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ ʠʤʠʩʠʿʝ, ʦʜʥʦʩʥʦ ʫʧʨʘʚʦ ʛʜʝ ʿʝ ʣʦʮʠʨʘʥʦ ʠ ʥʘʝh 

ʤʝʨʥʦ ʤʝʩʪʦ. ɿʘʪʦ, ʘʢʦ ʙʠ ʩʝ ʠ ʫ ʦʩʪʘʣʠʤ ʩʘʪʠʤʘ ʤʝʨʝˁʘ ʧʦʪʚʨʜʠʦ ʪʨʝʥʜ ʧʨʘ˂ʝˁʘ ʤʦʜʝʣʠʨʘʥʠʭ ʠ 

ʨʝʘʣʥʦ ʠʟʤʝʨʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO ʠ NOx, ʭʠʧʦʪʝʟʘ 1 ʙʠ ʙʠʣʘ ʧʨʠʭʚʘ˂ʝʥʘ ʢʘʦ ʪʘʯʥʘ.   

 

ɿʘ ʪʝʩʪʠʨʘˁʝ ʥʘʚʝʜʝʥʝ ʭʠʧʦʪʝʟʝ ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʢʘˁʦʥ ʫʣʠʮʝ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʫ 

ˁʦʿ ʠʟʚʨʰʝʥ ʚʝ˂ʠ ʙʨʦʿ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʥʘ ʚʝ˂ʝʤ ʫʟʦʨʢʫ ʚʦʟʠʣʘ ʠ ʩʘ ʚʝ˂ʦʤ ʤʝʪʝʦʨʦʣʦʰʢʦʤ ʙʘʟʦʤ. 

ʊʘʢʦʹʝ, ʧʦʤʝʥʫʪʘ ʫʣʠʮʘ ʿʝ ʠʤʘʣʘ ʠ ʥʘʿʚʝ˂ʫ ʚʨʝʜʥʦʩʪ ʩʪʘʪʠʩʪʠʯʢʠʭ ʠʥʜʠʢʘʪʦʨʘ ʩʣʘʛʘˁʘ ʧʨʠ 

ʦʧʰʪʠʤ ʫʩʣʦʚʠʤʘ ʤʝʨʝˁʘ ʠʤʠʩʠʿʝ CO (R=0,783; IA=0,825), ʦʜʥʦʩʥʦ NOx ((R=0,833; IA=0,825). ʅʘ 

ʩʣʠʮʠ 4.25 ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʩʣʘʛʘˁʘ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʠʤʠʩʠʿʘ ʧʦʤʝʥʫʪʠʭ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ, ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʜʘʥʘ, ʟʘʿʝʜʥʦ ʩʘ ʤʝʨʦʤ ʨʘʩʪʫʨʘˁʘ ʧʦʜʘʪʘʢʘ ʦʢʦ ˁʠʭ (P=95%).  
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ʅʘ ʧʨʠʢʘʟʘʥʦʿ ʩʣʠʮʠ ʿʘʩʥʦ ʩʫ ʫʦʯˀʠʚʠ ʪʨʝʥʜʦʚʠ ʧʨʘ˂ʝˁʘ ʤʦʜʝʣʠʨʘʥʠʭ ʠ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʠ NOx. ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʠʭ ʟʘʩʝʙʥʦ, ʧʨʠʤʝʪʥʦ ʿʝ ʜʘ OSPM ʤʦʜʝʣ ʢʦʥʩʪʘʥʪʥʦ 

ʧʨʘʪʠ ʠ ʧʦʪʮʝˁʫʿʝ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ NOx. ɱʝʜʥʦ ʦʜ ʨʝʰʝˁʘ ʤʦʛʣʘ ʙʠ ʙʠʪʠ ʢʦʨʝʢʮʠʿʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʩʚʦʿʝʥʝ ʙʨʟʠʥʝ, ʧʦ ʩʚʠʤ ʩʘʪʠʤʘ ʤʝʨʝˁʘ, ʟʘ ʪʝhʢʘ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ ʠ ʘʫʪʦʙʫʩʝ, ʿʝʨ 

ʢʘʢʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 4.26, ʜʠʟʝʣ ʚʦʟʠʣʘ ʝʤʠʪʫʿʫ ʚʝ˂ʫ ʝʤʠʩʠʿʫ Nʆx ʧʨʠ ʤʘˁʠʤ ʙʨʟʠʥʘʤʘ (ʦ.ʘ. 

ʧʨʝʫʟʝʪʦ ʢʘʦ ʧʨʠʤʝʨ ʠʟ ʝʤʠʩʠʦʥʦʛ ʧʦʜʬʘʿʣʘ COPERT4 ʧʨʦʛʨʘʤʘ). 

 

 

ʉʣʠʢʘ 4.26  ɽʤʠʩʠʿʘ NOx ʟʘ ʊʊɺ, ɹʋʉ ʠ ʇɸ (ʊʊɺ ʜʠʟʝʣ, 3,5-7 t, ɽʫʨʦ 1; ʜʠʟʝʣ ɹʋʉ ɽʫʨʦ 2 

ʪʝʭʥʦʣʦʛʠʿʝ; ʜʠʟʝʣ ʇɸ, < 2 L, ɽʫʨʦ 3 ) ʠ ʝʤʠʩʠʿʘ CO ʟʘ ʇɸ ʠ ʊʊɺ (ʇɸ 1,4-2 L, ʙʝʥʟʠʥ Euro 

3; ʇɸ < 2 L, ɽʫʨʦ 3; ʊʊɺ ʜʠʟʝʣ, 3,5-7 t, ɽʫʨʦ 2)  

ʉʣʠʢʘ 4.25  ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ CO (ʩʣʠʢʘ ʣʝʚʦ) ʠ NOx (ʩʣʠʢʘ ʜʝʩʥʦ) ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʜʘʥʘ 
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Aʥʘʣʠʟʘ ʠ ʦʙʿʘʰˁʝˁʝ ʫʧʦʨʝʜʥʠʭ ʨʝʟʫʣʪʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ CO ʿ ʝ ʟʥʘʪʥʦ ʩʣʦʞʝʥʠʿʝ. ʅʘ ʩʣʠʮʠ 4.25 

ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ʫ ʧʝʨʠʦʜʫ ʜʦ 10.00 ʯʘʩʦʚʘ, ʦʜʥʦʩʥʦ ʦʜ 16.00 ʯʘʩʦʚʘ, ʧʨʠʤʝʪʥʘ ʧʨʝʮʝʥʘ 

ʤʦʜʝʣʠʨʘʥʠʭ ʫ ʦʜʥʦʩʫ ʥʘ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ (ʫ ʧʝʨʠʦʜʫ ʤʘʣʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʧʨʦʪʦʢʘ) (ʩʣʠʢʘ 4.7), 

ʜʘ ʙʠ ʫ ʧʝʨʠʦʜʫ ʚʝ˂ʠʭ ʧʨʦʪʦʢʘ, OSPM ʨʝʟʫʣʪʘʪʝ ʧʦʪʮʝʥʠʦ. ɸʢʦ ʙʠ ʫ ʧʝʨʠʦʜʫ ʤʘʣʦʛ ʧʨʦʪʦʢʘ 

ʩʤʘˁʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʩʚʦʿʝʥʫ ʧʨʦʩʝʯʥʫ ʙʨʟʠʥʫ (ʪʘʙʝʣʘ 4.3), ʪʦ ʙʠ ʠʤʧʣʠʮʠʨʘʣʦ, ʢʘʦ ʫ 

ʩʣʫʯʘʿʫ ʩʘ NOx, ʧʦʚʝ˂ʘʚʘˁʝ ʝʤʠʩʠʿʝ, ʦʜʥʦʩʥʦ ʿʦʰ ʚʝ˂ʫ ʧʨʝʮʝʥʫ ʨʝʟʫʣʪʘʪʘ. ʀʩʪʠ ʟʘʢˀʫʯʘʢ ʩʝ 

ʦʜʥʦʩʠ ʥʘ ʧʨʦʮʝʥʘʪ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ, ʿʝʨ ʩʝ ˁʝʛʦʚʠʤ ʧʦʚʝ˂ʘˁʝʤ, ʧʦʚʝ˂ʘʚʘ ʢʦʣʠʯʠʥʘ 

ʝʤʠʩʠʿʝ CO. ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ʧʨʦʪʦʢʘ ʩʣʫʯʘʿʥʘ ʧʨʦʤʝʥˀʠʚʘ, ʥʝʧʭʦʜʥʦ ʿʝ ʧʨʦʥʘ˂ʠ 

ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ ʫ ʩʝʙʠ ʩʘʜʨʞʠ ʩʚʝ ʤʦʛʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ, ʘ ʜʘ ʥʝ ʟʘʚʠʩʠ ʦʜ 

ʧʨʦʮʝʥʪʘ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ. ɿʘʪʦ ʿʝ ʙʦˀʝ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʦʮʝʥʫ ʤʦʜʝʣʠʨʘʥʠʭ ʠ ʠʟʤʝʨʝʥʠʭ 

ʠʤʠʩʠʿʘ CO ʩʘ ʦʜʥʦʩʦʤ ʨʝʘʣʥʦʛ ʠ ʪʝʦʨʠʿʩʢʠ ʤʘʢʩʠʤʘʣʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʧʦʩʤʘʪʨʘʥʦʛ ʦʜʩʝʢʘ ʫʣʠʮʝ. 

ʂʘʧʘʮʠʪʝʪ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ ʥʘ ʧʨʠʣʘʟʫ ʨʘʩʢʨʩʥʠʮʝ ʦʧʨʝʤˀʝʥʝ ʩʚʝʪʣʦʩʥʠʤ ʩʠʛʥʘʣʠʤʘ 

(ɺʫʢʘʥʦʚʠ˂, 2003) [288] ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʘʯʠʥʦʤ: 

ὑ ὛϽ ὛϽ‗ ,                                                             (4.41) 

ʛʜʝ ʿʝ: Ὓ - ʟʘʩʠ˂ʝʥʠ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ Ὥ ʩʠʛʥʘʣʥʝ ʛʨʫʧʝ; ‗ - ʦʜʥʦʩ ʪʨʘʿʘˁʘ ʧʨʠʧʘʜʘʿʫ˂ʝʛ ʟʝʣʝʥʦʛ 

ʠʥʪʝʨʚʘʣʘ (ᾀ ʠ ʮʠʢʣʫʩʘ (ὅ) ʩʝʤʘʬʦʨʠʩʘʥʝ ʨʘʩʢʨʩʥʠʮʝ.  

 

ʇʨʠʣʠʢʦʤ ʦʜʘʙʠʨʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʫʣʠʮʘ ʨʘʜʠ ʝʢʩʧʝʨʠʤʝʥʪa ʠ ʧʨʦʚʝʨʝ OSPM-ʘ ʠ CAL4 ʤʦʜʝʣʘ, 

ʠʩʪʝ ʩʫ ʤʦʨʘʣʝ ʠʩʧʫʥʠʪʠ ʫʩʣʦʚ ʜʘ ʥʘ ʧʦʩʤʘʪʨʘʥʦʿ ʜʝʦʥʠʮʠ ʥʝ ʩʤʝ ʜʦ˂ʠ ʜʦ ʧʨʝʢʠʜʘ ʠʣʠ ʦʤʝʪʘˁʘ 

ʩʘʦʙʨʘ˂ʘʿʘ ʦʜ ʩʪʨʘʥʝ ʜʨʫʛʠʭ ʪʦʢʦʚʘ. ʂʦʥʬʣʠʢʪʥʦʩʪ ʿʝ ʤʦʨʘʣʘ ʙʠʪʠ ʨʝʛʫʣʠʩʘʥʘ, ʦʜʥʦʩʥʦ ʫʩʢʣʘʹʝʥʘ 

ʧʨʝʤʘ ʫʩʚʦʿʝʥʦʤ ʧʣʘʥʫ ʩʪʘˁʘ ʠʟ ʜʝʬʠʥʠʩʘʥʦʛ ʨʝʞʠʤʘ ʨʘʜʘ ʩʝʤʘʬʦʨʠʩʘʥʝ ʨʘʩʢʨʩʥʠʮʝ. ʊʘʢʦ, ʫ 

ʩʣʫʯʘʿʫ ʫʣʠʮʝ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ, ʪʝʦʨʠʿʩʢʠ ʤʘʢʩʠʤʘʣʥʠ ʢʘʧʘʮʠʪʝʪ ʜʝʦʥʠʮʝ ʟʘʚʠʩʠ ʦʜ ʠʟʣʘʟʥʠʭ 

ʩʘʦʙʨʘ˂ʘʥʿʠʭ ʪʦʢʦʚʘ ʜʚʝʿʫ ʨʘʩʢʨʩʥʠʮʘ: 1) ɺʦʿʚʦʜʝ ʇʫʪʥʠʢʘ ʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ (ʨʘʩʢʨʩʥʠʮʘ 1) 

ʠ 2) ʍʘʿʜʫʢ ɺʝˀʢʘ ʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ (ʨʘʩʢʨʩʥʠʮʘ 2). ʅʘʢʦʥ ʜʝʬʠʥʠʩʘˁʘ ʮʠʢʣʫʩʘ ʨʘʜʘ 

ʨʘʩʢʨʩʥʠʮʘ 1 ʠ 2 ʤʝʪʦʜʦʤ ʢʨʠʪʠʯʥʦʛ ʪʦʢʘ (ɺʫʢʘʥʦʚʠ˂, 2003) [288], ʥʘ ʩʣʠʮʠ 4.27 ʩʫ ʧʨʠʢʘʟʘʥʠ 

ʧʣʘʥʦʚʠ ʩʪʘˁʘ, ʥʝʦʧʭʦʜʥʠ ʨʘʜʠ ʧʨʦʨʘʯʫʥʘ ʟʘʩʠ˂ʝʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ ʩʚʠʭ ʩʠʛʥʘʣʥʠʭ ʛʨʫʧʘ. 

ʉʣʠʢʘ 4.27 ʋʩʚʦʿʝʥʠ ʧʣʘʥ ʩʪʘˁʘ ʨʘʩʢʨʩʥʠʮʝ 1 (ʛʦʨˁʝ ʩʣʠʢʝ) ʠ ʨʘʩʢʨʩʥʠʮʝ 2 (ʜʦˁʝ ʩʣʠʢʝ) 
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ʋ ʪʘʙʝʣʘʤʘ 4.32 ʠ 4.33 ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʧʨʦʨʘʯʫʥ ʟʘʩʠ˂ʝʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ, ʪʘʙʝʣʘʤʘ 4.34 ʠ 

4.35 ʧʣʘʥ ʠʟʤʝʥʝ ʩʪʘˁʘ, ʜʦʢ ʩʫ ʥʘ ʩʣʠʢʘʤʘ 4.28 ʠ 4.29 ʧʨʝʜʩʪʘʚˀʝʥʠ ʧʣʘʥʦʚʠ ʪʝʤʧʠʨʘˁʘ ʩʠʛʥʘʣʘ 

ʟʘ ʮʠʢʣʫʩʝ ʜʦʙʠʿʝʥʝ ʤʝʪʦʜʦʤ ʢʨʠʪʠʯʥʦʛ ʪʦʢʘ.  

 

ʊʘʙʝʣʘ 4.32 ɿʘʩʠ˂ʝʥʠ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ ʠ ʢʘʧʘʮʠʪʝʪ Ὥ ʩʠʛʥʘʣʥʝ ʛʨʫʧʝ (ʨʘʩʢʨʩʥʠʮʘ 1) 

ʉʠʛʥʘʣʥʘ 

ʩʪʘˁʘ 

ʉʠʛʥʘʣʥʘ 

ʛʨʫʧʘ 
N ╢̏ 

ʂʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨʠ 
╢░ ⱦ░ ╚░ Ὢ Ὢ Ὢ Ὢ 

ɸ 
1.1 1 2.050 1 1 0,86 0,9 1.587 0,35 555 

2.2 1 2.050 1 1 0,84 0,9 1.542 0,35 540 

B 
1.2 1 1.500 1 1 0,95 0,9 1.282 0,15 192 

3.1 1 1.500 1 1 0,94 0,9 1.269 0,288 365 

C 
2.1 1 1.500 1 1 0,82 0,9 1.107 0,525 581 

3.2 1 1.500 1 1 0,82 0,9 2.214 0,20 443 

ʅʘʧʦʤʝʥʘ: Ὢ - ʢʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʫʪʠʮʘʿʘ ʧʝʰʘʯʢʦʛ ʪʦʢʘ; Ὢ - ʢʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʫʪʠʮʘʿʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ 

ʪʦʢʘ; Ὢ - ʢʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʫʪʠʮʘʿʘ ʩʪʨʫʢʪʫʨʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ (% ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʦʟʠʣʘ); Ὢ - 

ʢʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʫʪʠʮʘʿʘ ʚʝʣʠʯʠʥʝ ʛʨʘʜʘ; N - ʙʨʦʿ ʪʨʘʢʘ ʠʩʪʠʭ ʥʘʤʝʥʘ; Ὓ̏ - ʚʨʝʜʥʦʩʪ ʥʝʦʤʝʪʘʥʦʛ 

ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ (ʨʘʜʥʠ ʠʣʠ ʦʧʝʨʘʪʠʚʘʥ ʪʦʢ); Ὓ - ʟʘʩʠ˂ʝʥ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ 
 

ʊʘʙʝʣʘ 4.33  ʇʣʘʥ ʠʟʤʝʥʝ ʩʠʛʥʘʣʥʠʭ ʩʪʘˁʘ (ʨʘʩʢʨʩʥʠʮʘ 1) 

ʉʠʛʥʘʣʥʘ 

ʩʪʘˁʘ 
ʄʝʹʫʟʝʣʝʥʦ 

ʉʪʚʘʨʥʦ 

ʟʝʣʝʥʦ 

ʊʨʝʥʫʪʘʢ 

ʠʟʤʝʥʝ 

ɿʝʣʝʥʠ ʠʥʪʝʨʚʘʣ 

ʇʦʯʝʪʘʢ ʟʝʣʝʥʦʛ ɿʘʚʨʰʝʪʘʢ ʟʝʣʝʥʦʛ 

ɸ 7 25 0 7 32 

B 5 20 32 37 57 

C 5 23 57 62 85 

 

 
ʉʣʠʢʘ 4.28   ʇʣʘʥ ʪʝʤʧʠʨʘˁʘ ʩʠʛʥʘʣʘ ʨʘʩʢʨʩʥʠʮʝ 1 

 

ʊʘʙʝʣʘ 4.34  ɿʘʩʠ˂ʝʥʠ ʩʘʦʙʨʘ˂ʘʿʥʠ ʪʦʢ ʠ ʢʘʧʘʮʠʪʝʪ Ὥ ʩʠʛʥʘʣʥʝ ʛʨʫʧʝ (ʨʘʩʢʨʩʥʠʮʘ 2) 

ʉʠʛʥʘʣʥʘ 

ʩʪʘˁʘ 

ʉʠʛʥʘʣʥʘ 

ʛʨʫʧʘ 
N ╢̏ 

ʂʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨʠ 
╢░ ⱦ░ ╚░ Ὢ Ὢ Ὢ Ὢ 

ɸ 
3.1 1 1.400 0,97 1 0,83 1 1.127 0,31 349 

3.2 1 1.470 0,97 1 0,90 1 1.283 0,31 398 

B 
1.1 1 1.550 1 1 0,83 1 1.286 0,31 399 

1.2 1 1.490 1 1 0,95 1 1.415 0,31 439 

C 

2.1 1 1.500 0,97 1 0,97 1 1.411 0,19 268 

2.2 1 1.400 0,97 0,83 1 1 1.127 0,19 214 

4.1 1 1.400 0,95 0,95 0,97 1 1.226 0,19 233 

 

ʊʘʙʝʣʘ 4.35  ʇʣʘʥ ʠʟʤʝʥʝ ʩʠʛʥʘʣʥʠʭ ʩʪʘˁʘ (ʨʘʩʢʨʩʥʠʮʝ 2) 

ʉʠʛʥʘʣʥʘ 

ʩʪʘˁʘ 
ʄʝʹʫʟʝʣʝʥʦ 

ʉʪʚʘʨʥʦ 

ʟʝʣʝʥʦ 

ʊʨʝʥʫʪʘʢ 

ʠʟʤʝʥʝ 

ɿʝʣʝʥʠ ʠʥʪʝʨʚʘʣ 

ʇʦʯʝʪʘʢ ʟʝʣʝʥʦʛ ɿʘʚʨʰʝʪʘʢ ʟʝʣʝʥʦʛ 

ɸ 7 31 0 7 38 

B 7 31 38 45 76 

C 5 19 76 81 100 

 

 
ʉʣʠʢʘ 4.29  ʇʣʘʥ ʪʝʤʧʠʨʘˁʘ ʩʠʛʥʘʣʘ ʨʘʩʢʨʩʥʠʮʝ 2 
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ʄʘʢʩʠʤʘʣʥʠ ʪʝʦʨʠʿʩʢʠ ʢʘʧʘʮʠʪʝʪ ʫʣʠʮʝ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ (ὑ ) ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʢʘʧʘʮʠʪʝʪʘ 

ʩʠʛʥʘʣʥʠʭ ʛʨʫʧʘ ʠʟ ʨʘʩʢʨʩʥʠʮʝ 1, ʫʩʤʝʨʝˁʘ ʧʨʝʤʘ ʘʫʪʦʙʫʩʢʦʿ ʩʪʘʥʠʮʠ (ὑ ὑȢ ὑȢ) ʠ 

ʩʠʛʥʘʣʥʠʭ ʛʨʫʧʘ ʠʟ ʨʘʩʢʨʩʥʠʮʝ 2, ʫʩʤʝʨʝˁʘ ʧʨʝʤʘ ɸʫʪʦ-ʤʦʪʦ ʢʣʫʙʫ ʂʨʘˀʝʚʦ (ὑ ὑȢ

ὑȢ  ὑȢ ὑȢ). ʋʢʦʣʠʢʦ ʿʝ ʩʠʛʥʘʣʥʘ ʛʨʫʧʘ, ʦʜʥʦʩʥʦ ʪʨʘʢʘ ʤʝʰʦʚʠʪʦʛ ʪʠʧʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʟʥʘʪʠ ʠ 

ʧʨʠʙʣʠʞʥʠ ʧʨʦʮʝʥʘʪ ʚʦʟʠʣʘ ʫ ʩʢʨʝʪʘˁʫ. ʋ ʪʘʙʝʣʠ 4.36 ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʢʦʥʘʯʥʝ ʚʨʝʜʥʦʩʪʠ 

ʪʝʦʨʠʿʩʢʠʭ ʢʘʧʘʮʠʪʝʪʘ ὑ ʠ ὑ . 

 

ʊʘʙʝʣʘ 4.36  ʄʘʢʩʠʤʘʣʥʠ ʪʝʦʨʠʿʩʢʠ ʢʘʧʘʮʠʪʝʪ ʫʣʠʮʝ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʠʟʤʝʹʫ ʜʚʝ ʨʘʩʢʨʩʥʠʮʝ  

ʉʠʛʥʘʣʥʘ 

ʛʨʫʧʘ 

ʂʘʧʘʮʠʪʝʪ 

ʩʠʛʥʘʣʥʝ ʛʨʫʧʝ [vozĀh
-1
] 

ʇʨʦʮʝʥʘʪ ʚʦʟʠʣʘ 

ʧʨʝʤʘ ʫʣʠʮʠ ɼʊ [%] 
ʂʘʧʘʮʠʪʝʪ ʫʣʠʚʘ 

ʧʨʝʤʘ ʫʣʠʮʠ ɼʊ [vozĀh
-1
] 

╚□╪● 
[vozĀh

-1
] 

1.1 555 100 555 
╚╘ 998 

1.795 

3.2 443 100 443 

3.2 398 82 326 

╚╘╘ 797 
3.1 349 70 244 

4.1 233 70 163 

2.2 214 30 64 

 

ʅʘʢʦʥ ʫʩʚʘʿʘˁʘ ʪʝʦʨʠʿʩʢʦʛ ʤʘʢʩʠʤʘʣʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʫʣʠʮʝ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʦʜ 1.795 ʚʦʟʠʣʘ ʥʘ 

ʯʘʩ (ʠʟʤʝʹʫ ʨʘʩʢʨʩʥʠʮʘ 1 ʠ 2), ʧʨʠʩʪʫʧʠʣʦ ʩʝ ʧʨʦʨʘʯʫʥʫ ˁʝʛʦʚʦʛ ʧʨʦʮʝʥʪʫʘʣʥʦʛ ʠʩʢʦʨʠʰ˂ʝˁʘ ʫ 

ʜʘʥʠʤʘ ʤʝʨʝˁʘ ʠʤʠʩʠʿʝ CO. ʂʨʘʿˁʠ ʨʝʟʫʣʪʘʪ ʧʨʝʜʩʪʘʚˀʘ ʩʣʠʢʘ 4.30. 

 

 
 

 

 

ʅʘ ʩʣʠʮʠ ʿʝ ʿʘʩʥʦ ʫʦʯˀʠʚʦ ʜʘ ʧʨʠʣʠʢʦʤ ʠʩʢʦʨʠʰ˂ʝˁʘ ʪʝʦʨʠʿʩʢʦʛ ʢʘʧʘʮʠʪʝʪʘ ʫʣʠʮʝ ʚʝ˂ʝʛ ʦʜ 60%, 

ʤʦʜʝʣ OSPM ʧʦʪʮʝˁʫʿʝ ʠʤʠʩʠʿʫ CO, ʜʘ ʙʠ ʫ ʩʣʫʯʘʿʫ ʠʩʢʦʨʠʰ˂ʝˁʘ ʠʩʧʦʜ 60%, ʠʤʠʩʠʿʘ CO ʙʠʣʘ 

ʧʨʝʮʝˁʝʥʘ. ɿʘʪʦ ʙʠ ʿʝʜʥʦ ʦʜ ʨʝʰʝˁʘ ʧʨʠʣʠʢʦʤ ʧʘʨʘʤʝʪʘʨʠʟʘʮʠʿʝ OSPM-ʘ ʙʠʣʦ ʧʦʚʝ˂ʘˁʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʩʚʦʿʝʥʝ ʙʨʟʠʥʝ ʫ ʩʘʪʠʤʘ ʢʘʜʘ ʩʫ ʤʘʣʠ ʪʦʢʦʚʠ ʩʘʦʙʨʘ˂ʘʿʘ, ʦʜʥʦʩʥʦ ʢʘʜʘ ʿʝ 

ʠʩʢʦʨʠʰ˂ʝˁʝ ʪʝʦʨʠʿʩʢʦʛ ʢʘʧʘʮʠʪʝʪʘ ʧʦʩʤʘʪʨʘʥʝ ʫʣʠʮʝ ʠʩʧʦʜ 60%. ʊʘʢʦʹʝ ʿʝ ʚʘʞʥʦ ʥʘʛʣʘʩʠʪʠ ʜʘ 

ʩʣʠʢʘ 4.30 ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʢʘʟ ʫʩʨʝʜˁʝʥʠʭ ʤʦʜʝʣʠʨʘʥʠʭ ʠʤʠʩʠʿʘ ʢʘʦ ʨʝʟʫʣʪʘʪ ʟʘʿʝʜʥʠʯʢʦʛ 

ʜʝʣʦʚʘˁʘ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʬʘʢʪʦʨʘ ʠ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ, ʘ ʥʝ ʩʘʤʦ ʜʨʫʛʝ ʧʦʤʝʥʫʪʝ ʧʨʦʤʝʥˀʠʚʝ. 
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ɱɿɻɿ ɹʛʜ 

ʀʩʢʦʨʠʰ˂ʝˁʝ ʢʘʧʘʮʠʪʝʪʘ (%) 

ʉʣʠʢʘ 4.30  ʆʜʥʦʩʠ ʠʟʤʝʹʫ ʠʟʤʝʨʝʥʠʭ ʠ ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠʤʠʩʠʿʝ CO ʠ ʠʩʢʦʨʠʰ˂ʝˁʘ 

ʤʘʢʩʠʤʘʣʥʦʛ ʪʝʦʨʠʿʩʢʦʛ ʢʘʧʘʮʠʪʝʪʘ ʜʝʣʘ ʫʣʠʮʝ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ 
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5.6. ʇʨʝʜʣʦʟʠ ʟʘ ʘʜʘʧʪʘʮʠʿʫ ʫʩʚʦʿʝʥʦʛ ʤʦʜʝʣʘ ʟʘ ʧʨʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ 

 

ʇʨʠʣʠʢʦʤ ʧʦʩʪʫʧʢʘ ʘʜʘʧʪʘʮʠʿʝ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʨʘʜʠ ˁʝʛʦʚʦʛ ʫʥʘʧʨʝʹʝˁʘ, ʦʜʥʦʩʥʦ ʙʦˀʝʛ 

ʩʣʘʛʘˁʘ ʤʦʜʝʣʠʨʘʥʠʭ ʠ ʠʟʤʝʨʝʥʠʭ ʠʤʠʩʠʿʘ, ʥʝ˂ʝ ʩʝ ʧʨʠʩʪʫʧʠʪʠ ʧʦʩʪʫʧʢʫ ʢʦʨʠʛʦʚʘˁʘ ʿʝʜʥʘʯʠʥʘ ʠ 

ʦʜʥʦʩʘ ʢʦʿʠ ʩʫ ʚʝ˂ ʜʝʬʠʥʠʩʘʥʠ ʫʥʫʪʘʨ ʩʚʘʢʝ ʦʜ 3 ʢʦʤʧʦʥʝʥʪʝ ʠʤʠʩʠʿʝ (ʿʝʜʥʘʯʠʥʘ 3.35). ʈʝʘʣʥʠʿʝ ʿʝ 

ʠʟʚʨʰʠʪʠ ʢʦʨʝʢʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ, ʧʦʧʫʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʪʚʨʹʝʥʝ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ 

(ʫʩʚʦʿʝʥʦ ʠʩʪʝ ʧʦ ʩʘʪʠʤʘ) ʠ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦʛ % ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ (ʥʝʫʩʚʦʿʝʥʦ ʠʩʪʦʛ ʧʦ 

ʩʘʪʠʤʘ), ʿʝʨ ʢʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʚʠʰʝ ʧʫʪʘ ʥʘʚʝʜʝʥʦ, ʤʦʜʝʣʠʨʘʥʘ ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ 

ʠʤʠʩʠʿʝ, ʚʝʦʤʘ ʟʘʚʠʩʠ ʦʜ ʪʘʯʥʦʩʪʠ ʧʨʦʮʝˁʝʥʝ ʙʨʟʠʥʝ ʠ ʧʨʦʮʝʥʪʘ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ. 

ɺʦʜʝ˂ʠ ʨʘʯʫʥʘ ʦ ʛʨʘʬʠʯʢʦʿ ʠʥʪʝʨʧʨʝʪʘʮʠʿʠ ʨʝʟʫʣʪʘʪʘ ʠʟʤʝʹʫ ʩʨʝʜˁʝ ʤʦʜʝʣʠʨʘʥʝ ʠ ʠʟʤʝʨʝʥʝ 

ʠʤʠʩʠʿʝ (ʩʣʠʢʘ 4.25), ʢʘʦ ʠ R ʠ IA (ʪʘʙʝʣʘ 4.27), ʫʢʦʣʠʢʦ ʦʜʨʝʹʝʥʘ ʢʦʤʙʠʥʘʮʠʿʘ (ʩʘ ʥʦʚʦʫʩʚʦʿʝʥʠʤ 

ʩʨʝʜˁʠʤ ʙʨʟʠʥʘʤʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʠ ʧʨʦʮʝʥʪʠʤʘ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ ʧʦ ʩʘʪʠʤʘ) ʜʘʿʝ 

ʙʦˀʫ ʚʨʝʜʥʦʩʪ ʧʦʤʝʥʫʪʠʭ ʩʪʘʪʠʩʪʠʯʢʠʭ ʠʥʜʠʢʘʪʦʨʘ ʩʣʘʛʘˁʘ, OSPM ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʢʚʘʣʠʪʝʪʘʥ 

ʘʣʘʪ ʫ ʧʨʦʮʝʥʠ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʿʝʜʥʝ ʩʧʝʮʠʬʠʯʥʝ ʘʤʙʠʿʝʥʪʘʣʥʝ ʤʠʢʨʦʩʨʝʜʠʥʝ. ʊʘʢʦʹʝ, 

ʧʦʩʪʫʧʢʦʤ ʜʝʜʫʢʮʠʿʝ ʿʝ ʪʘʜʘ ʤʦʛʫ˂ʝ ʜʝʬʠʥʠʩʘʪʠ ʨʝʘʣʥʝ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ ʥʘ ʫʟʦʨʢʫ ʚʦʟʥʦʛ ʧʘʨʢʘ 

ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʠ ʪʘʢʦ ʠʭ ʥʘ ʿʝʜʘʥ ʿʝʬʪʠʥ ʠ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ ʫʩʚʦʿʠʪʠ ʢʘʦ ʤʝʨʦʜʘʚʥʝ.  

 

ʇʨʠʣʠʢʦʤ ʧʘʨʘʤʝʪʘʨʠʟʘʮʠʿʝ ʧʨʦʛʨʘʤʘ ʝʤʠʩʠʿʝ, ʫʩʚʦʿʝʥʠ ʩʫ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʧʨʦʨʘʯʫʥʘʪʠ 

COPERT4 ʧʨʦʛʨʘʤʦʤ (ʤʝʪʦʜʘ 3). ɳʠʭʦʚ ʧʨʝʛʣʝʜ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʫ ʪʘʙʝʣʠ 4.39. ʋ ʪʘʙʝʣʠ 4.37 

ʥʘʣʘʟʝ ʩʝ ʥʦʚʦʫʩʚʦʿʝʥʝ ʙʨʟʠʥʝ ʠ ʧʨʦʮʝʥʪʠ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ ʧʦ ʯʘʩʦʚʠʤʘ. ʇʨʠ ʪʦʤʝ ʿʝ 

ʚʘʞʥʦ ʥʘʛʣʘʩʠʪʠ ʜʘ ʝʤʠʩʠʿʘ NOx ʤʥʦʛʦ ʟʘʚʠʩʠ ʦʜ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʪʝʰʢʠʭ ʪʝʨʝʪʥʠʭ ʚʦʟʠʣʘ ʠ 

ʘʫʪʦʙʫʩʘ, ʘ ʤʘʣʦ ʦʜ ʧʨʦʮʝʥʪʘ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʘ ʝʤʠʩʠʿʫ CO ʫʪʠʯʫ 

ʙʨʟʠʥʝ ʧʫʪʥʠʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʠ ʩʥʘʞʥʦ ʧʨʦʮʝʥʘʪ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ. 

 

       ʊʘʙʝʣʘ 4.37  ʅʦʚʦʫʩʚʦʿʝʥʝ ʙʨʟʠʥʝ ʠ ʧʨʦʮʝʥʪʠ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ 

ʉʘʪ  

ʩʥʠʤʘˁʘ [h] 
ɹʨʟʠʥʘ 

ʢʨʘʪʢʠʭ ʚʦʟʠʣʘ 

ɹʨʟʠʥʘ 

ʜʫʛʘʯʢʠʭ ʚʦʟʠʣʘ 

ʇʨʦʮʝʥʘʪ ʭʣʘʜʥʦ 

ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ 

06.00ï07.00 40 35 10 

07.00ï08.00 40 35 0 

08.00ï09.00 40 35 0 

09.00ï10.00 35 30 5 

10.00ï11.00 30 25 5 

11.00ï12.00 30 25 5 

12.00ï13.00 30 25 5 

13.00ï14.00 30 25 5 

14.00ï15.00 30 25 5 

15.00ï16.00 35 30 0 

16.00ï17.00 35 30 0 

 

ʊʘʙʝʣʘ 4.38 ʧʨʠʢʘʟʫʿʝ ʩʪʘʨʝ ʠ ʥʦʚʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ ʠ ʠʥʜʝʢʩʘ ʩʣʘʛʘˁʘ, ʜʦʢ 

ʪʘʙʝʣʘ 4.39 ʧʨʠʢʘʟʫʿʝ ʩʪʘʨʝ ʠ ʥʦʚʦʜʦʙʠʿʝʥʝ ʝʤʠʩʠʦʥʝ ʬʘʢʪʦʨʝ ʟʘ CO ʠ NOx ʜʦʙʠʿʝʥʝ COPERT4 

ʧʨʦʛʨʘʤʦʤ. ʂʘʦ ʤʝʨʦʜʘʚʥʘ, ʫʟʝʪʘ ʿʝ ʫʣʠʮʘ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʫ ˁʦʿ OSPM ʤʦʜʝʣ 

ʧʦʢʘʟʘʦ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʩʣʘʛʘˁʘ ʤʦʜʝʣʠʨʘʥʠʭ, ʥʘʩʧʨʘʤ ʠʟʤʝʨʝʥʠʭ ʠʤʠʩʠʿʘ. 
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ʊʘʙʝʣʘ 4.38  ʉʪʘʨʝ ʠ ʥʦʚʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ ʠ ʠʥʜʝʢʩʘ ʩʣʘʛʘˁʘ 

CO NOx 

R IA  R IA  

ʇʨʝ ʇʦʩʣʝ ʇʨʝ ʇʦʩʣʝ ʇʨʝ ʇʦʩʣʝ ʇʨʝ ʇʦʩʣʝ 

0,783 0,883 0,825 0,918 0,833 0,883 0,825 0,787 

 

ʊʘʙʝʣʘ 4.39  ʉʪʘʨʝ ʠ ʥʦʚʝ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ ʟʘ CO ʠ NOx 

 
ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨ [gĿkm

-1
] 

PA LTV  TTV1 TTV2 BUS 

CO 

IGB 2009 (ʤʝʪʦʜʘ 2) 4,407 3,081 1,554 1,554 3,98 

ʇʨʝ * (ʤʝʪʦʜʘ 3) 7,145 2,364 3,338 2,816 3,266 

ʇʦʩʣʝ * (ʤʝʪʦʜʘ 3) 5,438 6,183 2,13 3,041 2,391 

NOx 

IGB 2009 (ʤʝʪʦʜʘ 2) 0,802 1,181 7,292 7,292 13,059 

ʇʨʝ * (ʤʝʪʦʜʘ 3) 0,689 1,327 7,164 13,957 10,938 

ʇʦʩʣʝ * (ʤʝʪʦʜʘ 3) 1,552 0,673 1,268 6,605 12,243 

ʅʘʧʦʤʝʥʘ: IGB - Inventar guide book; * - ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʜʦʙʠʿʝʥʠ ʤʝʪʦʜʦʤ 3 

 

ʋʩʚʦʿʝʥʠ ʧʦʜʘʮʠ ʫ ʪʘʙʝʣʠ 4.37 ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʟʫʣʪʘʪ ʟʘʢˀʫʯʘʢʘ ʩʘ ʩʣʠʢʝ 4.25 ʠ ʩʣʠʢʝ 4.30. ʉ 

ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʧʨʦʮʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ NOx ʢʦʥʩʪʘʥʪʥʦ ʧʦʪʮʝˁʝʥʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʤʘˁʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʩʚʦʿʝʥʫ ʙʨʟʠʥʫ ʪʝʰʢʠʭ ʪʝʨʝʪʥʠʭ ʚʦʟʠʣʘ ʠ ʘʫʪʦʙʫʩʘ (ʜʫʛʘʯʢʘ ʚʦʟʠʣʘ) ʟʘ 10%, ʿʝʨ 

ʩʝ ʪʘʜʘ ʦʩʣʦʙʘʹʘ ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʝʤʠʩʠʿʝ ʧʦʤʝʥʫʪʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ. ʐʪʦ ʩʝ ʪʠʯʝ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ, 

ʙʨʟʠʥʘ ʧʫʪʥʠʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʿʝ, ʪʘʢʦʹʝ, ʩʤʘˁʠʚʘʥʘ ʫ ʦʥʠʤ ʩʘʪʠʤʘ ʢʘʜʘ ʿʝ ʠʩʢʦʨʠʰ˂ʝʝˁ 

ʪʝʦʨʠʿʩʢʦʛ ʢʘʧʘʮʠʪʝʪʘ ʚʝ˂ʝ ʦʜ 60%, ʘʣʠ ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʙʨʟʠʥʘ ʧʫʪʥʠʯʢʠʭ ʚʦʟʠʣʘ ʤʘˁʝ ʫʪʠʮʘʿʥʠʿʠ 

ʬʘʢʪʦʨ ʥʘ ʢʦʣʠʯʠʥʫ ʝʤʠʩʠʿʝ CO ʥʝʛʦ ʧʨʦʮʝʥʘʪ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ, ʜʦʜʘʪʥʦ ʿʝ ʥʘʚʠʰʝ 

ʢʦʨʠʛʦʚʘʥ ʧʨʦʮʝʥʘʪ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ ʫ ʧʦʤʝʥʫʪʠʤ ʩʘʪʠʤʘ.  

 

ʆʯʠʛʣʝʜʥʦ ʜʘ OSPM ʠʤʘ ʦʜʨʝʹʝʥʠʭ ʥʝʜʦʩʪʘʪʘʢʘ ʫ ʪʘʯʥʦʩʪʠ ʧʨʦʮʝˁʝʥʝ ʠʤʠʩʠʿʝ, ʧʘ ʩʝ ʥʘʤʝ˂ʫ 

ʩʣʝʜʝ˂ʠ ʧʨʝʜʣʦʟʠ ʫ ʮʠˀʫ ʘʜʘʧʪʘʮʠʿʝ ʫʩʚʦʿʝʥʦʛ ʤʦʜʝʣʘ ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ: 1) ʋʩʚʦʿʝʥʘ 

ʙʨʟʠʥʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʤʦʨʘ ʙʠʪʠ ʰʪʦ ʧʨʝʮʠʟʥʠʿʝ ʠʟʤʝʨʝʥʘ ʠ ʪʦ ʟʘʩʝʙʥʦ ʧʦ ʩʚʘʢʦʤ ʩʘʪʫ; 2) 

ʅʝʦʧʭʦʜʥʦ ʿʝ ʰʪʦ ʪʘʯʥʠʿʝ ʧʨʦʮʝʥʠʪʠ ʙʨʦʿ ʚʦʟʠʣʘ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʣʠ ʦʥʘ ʩʘ ʩʪʘʨʠʿʦʤ 

ʪʝʭʥʦʣʦʛʠʿʦʤ ʩʤʘˁʝˁʘ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ; 3) ʋ ʦʥʠʤ ʩʘʪʠʤʘ ʢʘʜʘ ʿʝ ʠʩʢʦʨʠʰ˂ʝˁʝ ʪʝʦʨʠʿʩʢʦʛ 

ʢʘʧʘʮʠʪʝʪʘ ʚʝ˂ʝ ʦʜ 60%, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʚʝ˂ʘʪʠ ʧʨʦʮʝʥʘʪ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ, ʢʘʢʦ ʙʠ 

ʧʨʦʮʝʥʘ ʠʤʠʩʠʿʝ CO ʙʠʣʘ ʢʦʨʝʢʪʥʠʿʘ. 

       

ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʧʦʜʘʪʢʝ ʠʟ ʪʘʙʝʣʝ 4.39, ʥʦʚʦʫʩʧʦʩʪʘʚˀʝʥʠ ɽʌ-ʠ ʩʫ ʜʦʙʠʿʝʥʠ ʧʦʩʪʫʧʢʦʤ ʜʝʜʫʢʮʠʿʝ, 

ʦʜʥʦʩʥʦ ʧʦʟʥʘʿʫ˂ʠ ʢʦʥʘʯʥʫ ʚʨʝʜʥʦʩʪ ʤʦʜʝʣʠʨʘʥʝ ʠʤʠʩʠʿʝ, COPERT4 ʥʘʤ ʿʝ ʦʤʦʛʫ˂ʠʦ ʜʝʬʠʥʠʩʘˁʝ 

ʨʝʘʣʥʠʭ ɽʌ-ʘ ʥʘ ʫʟʦʨʢʫ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʣʠʢʝ ʉʨʙʠʿʝ. ʀʥʪʝʨʧʦʣʘʮʠʿʦʤ ɽʌ-ʘ, ʧʨʝʤʘ ʪʝʭʥʦʣʦʛʠʿʠ 

ʩʤʘˁʝˁʘ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ ʩʘ ʙʨʦʿʝʤ ʚʦʟʠʣʘ ʩʚʘʢʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʤʦʛʫ˂ʝ ʿʝ ʜʦʙʠʪʠ ʦʙʿʝʜʠˁʝʥʝ ɽʌ-ʝ, 

ʧʨʠ ʯʝʤʫ ʩʫ ʟʘ ʦʩʥʦʚ ʦʙʿʝʜʠˁʘʚʘˁʘ ʧʦʩʣʫʞʠʣʠ ʧʨʝʧʦʨʫʯʝʥʠ ɽʌ-ʠ ʠʟ ʇʨʠʨʫʯʥʠʢʘ ʟʘ ʧʨʦʮʝʥʫ 

ʝʤʠʩʠʿʝ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʤʝʪʦʜʦʤ 2 (IGB, 2009). ɺʘʞʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʝ ʥʘ ˁʠʭ (ʟʘ 

ʨʘʟʣʠʢʫ ʦʜ ʤʝʪʦʜʝ 3 ʢʦʿʫ ʫʧʦʪʨʝʙˀʘʚʘ ʧʨʦʛʨʘʤ COPERT4) ʥʝ ʧʨʠʤʝˁʫʿʫ ʠʟʨʘʟʠ ʢʦʨʝʢʮʠʿʝ ʟʙʦʛ 

ʜʝʛʨʘʜʘʮʠʿʝ ʝʤʠʩʠʿʝ (ʫʩʣʝʜ ʫʢʫʧʥʦ ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ ʚʦʟʠʣʘ), ʢʦʨʝʢʮʠʿʝ ʝʤʠʩʠʿʝ ʫʩʣʝʜ ʦʜʥʦʩʘ 

ʪʦʧʣʝ ʠ ʭʣʘʜʥʝ ʝʤʠʩʠʿʝ ʠ ʥʝ ʧʦʩʪʦʿʠ ʜʝʬʠʥʠʩʘʥʠ ʫʪʠʮʘʿ ʨʝʬʦʨʤʫʣʠʩʘʥʠʭ ʧʦʛʦʥʩʢʠʭ ʛʦʨʠʚʘ. 
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ʀʟ ʩʚʝʛʘ ʧʨʝʪʭʦʜʥʦʛ ʥʘʚʝʜʝʥʦʛ ʠ ʨʝʟʫʣʪʘʪʘ ʫ ʪʘʙʝʣʠ 4.38, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʤʦʛʫ˂ʠʤ ʢʦʨʝʢʮʠʿʘʤʘ 

ʧʦʿʝʜʠʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʤʦʜʝʣ OSPM ʫʥʘʧʨʝʹʫʿʝ ʩʚʦʿ ʢʚʘʣʠʪʝʪ ʧʦ ʧʠʪʘˁʫ ʪʘʯʥʦʩʪʠ ʧʨʦʮʝˁʝʥʠʭ 

ʨʝʟʫʣʪʘʪʘ, ʧʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʦʤʝʥʫʪʠ ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʢʚʘʣʠʪʝʪʘʥ ʘʣʘʪ ʫ ʩʪʨʘʪʝʛʠʿʠ 

ʢʦʥʪʨʦʣʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʿʝʜʥʝ ʩʧʝʮʠʬʠʯʥʝ ʘʤʙʠʿʝʥʪʘʣʥʝ ʤʠʢʨʦʩʨʝʜʠʥʝ. ʊʠʤʝ ʿʝ ʫʿʝʜʥʦ 

ʜʦʢʘʟʘʥʘ ʠ ʦʩʥʦʚʥʘ ʭʠʧʦʪʝʟʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

5.7. ʀʟʛʣʝʜʠ ʠ ʧʦʙʫʜʝ ʟʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʋ ʮʠˀʫ ʩʠʩʪʝʤʘʪʠʟʘʮʠʿʝ ʟʘʢˀʫʯʘʢʘ, ʦʚʘ ʛʣʘʚʘ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʫ 8 ʪʘʯʘʢʘ ʢʦʿʝ ʿʘʩʥʦ 

ʫʢʘʟʫʿʫ ʥʘ ʠʟʛʣʝʜʝ ʠ ʧʦʙʫʜʝ ʜʘˀʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʝʤʠʩʠʿʝ, ʫʥʘʧʨʝʹʝˁʘ ʢʚʘʣʠʪʝʪʘ ʤʝʨʝˁʘ ʠʤʠʩʠʿʝ, 

ʢʘʦ ʠ ʨʝʘʣʥʦ ʧʨʦʮʝˁʝʥʠʭ ɽʌ-ʘ ʥʘ ʫʟʦʨʢʫ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ɿʘ ʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ: 

1. ʆʙʝʟʙʝʜʠʪʠ ʚʝ˂ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʫʟʦʨʘʢ ʚʦʟʠʣʘ ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʮʠʟʥʠʿʝ ʩʘʛʣʝʜʘʣʦ 

ʧʦʥʘʰʘˁʝ ʧʨʝʜʠʢʪʦʨʘ ʩʥʘʛʘ ʤʦʪʦʨʘ (W) ʧʦʪʢʘʪʝʛʦʨʠʿʝ 41ï70 kW. ɼʦʩʘʜʘʰˁʠ ʨʝʟʫʣʪʘʪʠ 

ʧʦʪʝʥʮʠʨʘʿʫ ʢʘʦ ʚʝ˂ʝ ʝʤʠʪʝʨʝ ʚʦʟʠʣʘ ʤʘʣʝ ʩʥʘʛʝ ʤʦʪʦʨʘ (Ò40 kW), ʘʣʠ ʚʝʣʠʢʦ ʩʪʘʥʜʘʨʜʥʦ 

ʦʜʩʪʫʧʘˁʝ ʝʤʠʩʠʿʝ II ʧʦʪʢʘʪʝʛʦʨʠʿʝ (41ï70 kW) ʟʘʭʪʝʚʘ ʜʦʜʘʪʥʘ ʠʩʪʨʘʞʠʚʘˁʘ;   

 

2. ʋʢʦʣʠʢʦ ʩʝ ʫ ʧʦʩʤʘʪʨʘʥʦʿ ʫʣʠʮʠ ʧʨʦʩʪʠʨʫ ʜʨʚʦʨʝʜʠ ʦʙʦʩʪʨʘʥʦ ʠʣʠ ʩʘ ʿʝʜʥʝ ʩʪʨʘʥʝ (ʢʘʦ ʫ 

ʩʣʫʯʘʿʫ ʫʣʠʮʝ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ), ʥʝʦʧʭʦʜʥʦ ʙʠ ʙʠʣʦ ʧʨʦʮʝʥʠʪʠ ʫ ʢʦʣʠʢʦʿ ˂ʝ ʤʝʨʠ 

ʜʦ˂ʠ ʜʦ ʧʦʚʝ˂ʘˁʘ, ʦʜʥʦʩʥʦ ʩʤʘˁʝˁʘ ʩʣʘʛʘˁʘ ʩʪʘʪʠʩʪʠʯʢʠʭ ʠʥʜʠʢʘʪʦʨʘ (ʠʟʤʝʹʫ 

ʤʦʜʝʣʠʨʘʥʝ ʠ ʠʟʤʝʨʝʥʝ ʠʤʠʩʠʿʝ), ʫʢʦʣʠʢʦ ʩʝ ʢʦʤʙʠʥʫʿʫ ʨʘʟʣʠʯʠʪʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ 

ʰʫʧˀʠʥʘ ʫ ʩʪʨʘʥʠʮʘʤʘ ʢʘˁʦʥʘ (ʙʨʦʿ ʠ ʨʘʟʤʘʢ). ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʿʝ ʥʝʦʧʭʦʜʥʦ ʩʤʝʩʪʠʪʠ 

ʨʝʮʝʧʪʦʨ ʫ ʙʣʠʟʠʥʠ ʜʨʚʦʨʝʜʘ, ʰʪʦ ʿʝ ʫ ʩʣʫʯʘʿʫ ʝʢʧʝʨʠʤʝʥʪʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠʟʙʝʛʥʫʪʦ. 

ʋʧʨʘʚʦ ʿʝ ʟʘʪʦ ʥʝʜʦʩʪʘʪʘʢ (ʤʘʥʘ) OSPM ʤʦʜʝʣʘ ʥʝʤʦʛʫ˂ʥʦʩʪ ʜʝʬʠʥʠʩʘˁʘ ʧʦʟʠʮʠʿʝ ʠ 

ʩʘʛʣʝʜʘʚʘˁʝ ʫʪʠʮʘʿʘ ʜʨʚʦʨʝʜʘ ʥʘ ʚʨʝʜʥʦʩʪʠ ʤʦʜʝʣʠʨʘʥʝ ʠʤʠʩʠʿʝ;  

 

3. ʇʦʩʪʘʚˀʘˁʝ ʠʥʜʫʢʪʠʚʥʝ ʧʝʪˀʝ ʫ ʧʦʩʤʘʪʨʘʥʦʿ ʫʣʠʮʠ (ʧʦʛʦʪʦʚʦ ʫʢʦʣʠʢʦ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ 

ʧʨʠʧʘʜʘ ʢʘʪʝʛʦʨʠʿʠ ʧʫʪʘ ʩʘ ʚʝʠ˂ʤ ʩʘʦʙʨʘ˂ʘʿʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ, ʦʜʥʦʩʥʦ Ó12.000 ʚʦʟʠʣʘ ʥʘ 

ʜʘʥ) ʨʘʜʠ ʰʪʦ ʧʨʝʮʠʟʥʠʿʝʛ ʜʝʬʠʥʠʩʘˁʘ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ ʧʦ ʢʘʪʝʛʦʨʠʿʘʤʘ ʚʦʟʠʣʘ, ʿʝʨ 

ʛʨʝʰʢʘ ʫ ʧʨʦʮʝʥʠ ʦʜ 5 kmĿh
-1
 ʤʦʞʝ ʧʨʦʠʟʚʝʩʪʠ ʛʨʝʰʢʫ ʫ ʢʦʣʠʯʠʥʠ ʝʤʠʩʠʿʝ CO ʦʜ 42% 

(Chatterjee et al., 1997) [136]. ʊʘʢʦʹʝ ʿʝ ʚʘʞʥʦ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʘʚʨʝʤʝʥʝ ʠʥʜʫʢʪʠʚʥʝ ʧʝʪˀʝ, 

ʦʩʠʤ ʤʝʨʝˁʘ ʪʨʝʥʫʪʥʝ ʙʨʟʠʥʝ, ʤʦʛʫ ʥʝʧʨʝʢʠʜʥʦ ʙʨʦʿʘʪʠ ʚʦʟʠʣʘ ʧʦ ʢʘʪʝʛʦʨʠʿʘʤʘ. ʊʠʤʝ ʩʝ 

ʦʙʝʟʙʝʹʫʿʝ ʚʠʩʦʢʘ ʧʦʫʟʜʘʥʦʩʪ ʪʘʢʚʠʭ ʧʦʜʘʪʘʢʘ, ʘ ʚʨʝʤʝ ʙʨʦʿʘˁʘ ʥʝ˂ʝ ʙʠʪʠ ʦʛʨʘʥʠʯʝʥʦ 

ʩʘʤʦ ʥʘ ʩʘʪʝ ʚʨʰʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʫ ʩʣʫʯʘʿʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ; 

4. ʉʧʨʦʚʝʩʪʠ ʩʪʫʜʠʿʫ ʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤ ʫʟʦʨʢʫ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʨʘʜʠ ʰʪʦ 

ʧʨʝʮʠʟʥʠʿʝʛ ʜʝʬʠʥʠʩʘˁʘ ʧʨʦʮʝʥʪʘ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʜʘʥʘ 

(ʘʥʢʝʪʦʤ ʠʣʠ ʩʠʩʪʝʤʘʪʩʢʠʤ ʧʨʘ˂ʝˁʝʤ ʚʦʟʠʣʘ); 

 

5. ʇʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʤʝʨʝˁʘ ʠʤʠʩʠʿʝ CO ʫ ʠʜʝʘʣʥʠʤ ʫʣʠʮʘʤʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ (ʙʝʟ ʰʫʧˀʠʥʘ ʫ 

ʩʪʨʘʥʠʮʘʤʘ) ʨʘʜʠ ʧʨʦʚʝʨʝ ʭʠʧʦʪʝʟʝ ʜʘ ʣʠ ʤʦʜʝʣ CAL4 ʤʦʞʝ ʜʘʪʠ ʙʦˀʝ ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ 
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ʚʘʟʜʫʭʘ ʫ ʦʜʥʦʩʫ ʥʘ OSPM ʤʦʜʝʣ, ʧʨʠ ʧʨʘʚʮʠʤʘ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʢʦʿʠ ʩʪʨʫʿʝ 

ʧʘʨʘʣʝʣʥʦ ʠʣʠ ʩʢʦʨʦ ʧʘʨʘʣʝʣʥʦ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʤʝʪʨʘʣʫ ʫʣʠʮʝ (Ñ30Á); 

 

6. ʋʢʦʣʠʢʦ ʩʝ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʥʘʣʘʟʠ ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ ʠ ʨʝʣʘʪʠʚʥʦ ʙʣʠʩʢʝ 

ʨʘʩʢʨʩʥʠʮʝ ʫʧʨʘʚˀʘʥʝ ʩʚʝʪʣʦʩʥʠʤ ʩʠʛʥʘʣʠʤʘ (ʜʦ 800 m), ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʚʦ ʠʟʿʝʜʥʘʯʠʪʠ 

ʪʨʘʿʘˁʝ ˁʠʭʦʚʠʭ ʮʠʢʣʫʩʘ (C), ʘ ʟʘʪʠʤ ʧʦʜʝʩʠʪʠ ʧʦʯʝʪʢʝ ʟʝʣʝʥʠʭ ʠʥʪʝʨʚʘʣʘ ʤʝʹʫ 

ʩʠʛʥʘʣʠʤʘ (ʪʘʢʦʟʚʘʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʘ). ʊʠʤʝ ʩʝ ʩʪʚʘʨʘʿʫ ʫʩʣʦʚʠ ʟʘ ʢʦʦʨʜʠʥʠʩʘʥ ʨʘʜ 

ʩʚʝʪʣʦʩʥʠʭ ʩʠʛʥʘʣʘ ʜʫʞ ʧʦʪʝʟʘ (ʥʘ ʥʠʟʫ ʨʘʩʢʨʩʥʠʮʘ), ʯʠʤʝ ʩʝ ʫ ʟʦʥʠ ʨʘʩʢʨʩʥʠʮʘ ʠʩʧʨʝʜ 

ʣʠʥʠʿʝ ʟʘʫʩʪʘʚˀʘˁʘ ʤʦʞʝ ʜʠʨʝʢʪʥʦ ʜʦʧʨʠʥʝʪʠ: 1) ʉʤʘˁʝˁʫ ʫʢʫʧʥʠʭ ʛʫʙʠʪʘʢʘ ʚʨʝʤʝʥʘ 

ʩʚʠʭ ʚʦʟʠʣʘ ʥʘ ʩʘʦʙʨʘ˂ʘʿʥʦʿ ʪʨʘʮʠ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʟʝʣʝʥʦʛ ʠʥʪʝʨʚʘʣʘ; 2) ʉʤʘˁʝˁʫ ʙʨʦʿʘ 

ʚʦʟʠʣʘ ʫ ʨʝʜʫ (ʠʣʠ ʜʫʞʠʥʝ ʨʝʜʘ ʚʦʟʠʣʘ) ʥʘ ʢʨʘʿʫ ʮʨʚʝʥʦʛ ʠʥʪʝʨʚʘʣʘ ʠ 3) ʉʤʘˁʝʥʦʤ ʙʨʦʿʫ 

ʟʘʫʩʪʘʚˀʘˁʘ ʚʦʟʠʣʘ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʮʨʚʝʥʦʛ ʠʥʪʝʨʚʘʣʘ. ʅʘʚʝʜʝʥʝ ʧʦʩʣʝʜʠʮʝ ʟʘʧʨʘʚʦ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʚʘʣʠʪʘʪʠʚʥʝ ʧʦʢʘʟʘʪʝˀʝ ʝʬʠʢʘʩʥʦʩʪʠ ʫʧʨʘʚˀʘˁʘ ʨʘʩʢʨʩʥʠʮʦʤ ʠ ʤʝʨʝ 

ʢʦʿʠʤʘ ʩʝ ʤʦʞʝ ʩʤʘˁʠʪʠ ʢʦʣʠʯʠʥʘ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ.  

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʧʨʦʛʨʘʤ COPERT4 ʥʝʤʘ ʫ ʩʚʦʤ ʘʣʛʦʨʠʪʤʫ ʧʨʦʨʘʯʫʥ ʝʤʠʩʠʦʥʠʭ ʬʘʢʪʦʨʘ 

ʢʦʠʿ ʟʘʚʠʩʠ ʦʜ ʪʨʠ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʘ ʧʦʢʘʟʘʪʝˀʘ ʝʬʠʢʘʩʥʦʩʪʠ ʫʧʨʘʚˀʘˁʘ (ʛʫʙʠʪʘʢ 

ʚʨʝʤʝʥʘ, ʜʫʞʠʥʘ ʨʝʜʘ ʠ ʙʨʦʿ ʟʘʫʩʪʘʚˀʘˁʘ ʚʦʟʠʣʘ), ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʙʿʝʜʠʥʠʪʠ ʨʘʜ 

ʩʘʚʨʝʤʝʥʠʭ ʢʦʤʧʿʫʪʝʨʩʢʠʭ ʧʨʦʛʨʘʤʘ, ʯʠʿʠ ʿʝ ʮʠˀ ʫʧʨʘʚˀʘˁʝ ʪʦʢʦʚʠʤʘ ʩʘʦʙʨʘ˂ʘʿʘ (LISA+, 

VISSIM) ʩʘ OSPM ʤʦʜʝʣʦʤ. ʊʘʜʘ ʥʝ ʙʠ ʙʠʣʦ ʤʦʛʫ˂ʝ ʜʘ ʩʝ ʧʨʦʮʝˁʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ, ʧʨʠ ʩʪʘʙʠʣʥʠʤ ʘʪʤʦʩʬʝʨʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʢʦʥʩʪʘʥʪʥʦ ʧʦʪʮʝˁʫʿʝ ʧʨʠ 

ʤʘʣʠʤ ʠ ʚʝʣʠʢʠʤ ʧʨʦʪʦʮʠʤʘ ʩʘʦʙʨʘ˂ʘʿʘ ʟʘ NOx, ʘ ʟʘ CO ʢʘʜʘ ʩʝ ʦʩʪʚʘʨʝʥʠ ʢʘʧʘʮʠʪʝʪʠ 

ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʧʨʠʙʣʠʞʘʚʘʿʫ ʟʘʩʠ˂ʝˁʫ. ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʿʝ ʫʪʚʨʹʝʥʘ ʤʘʥʘ OSPM ʤʦʜʝʣʘ - 

ʥʝʧʦʫʟʜʘʥʦʩʪ ʧʨʦʮʝˁʝʥʝ ʠʤʠʩʠʿʝ ʢʘʜʘ ʩʝ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʥʘʣʘʟʠ ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ 

ʠ ʨʝʣʘʪʠʚʥʦ ʙʣʠʩʢʝ ʨʘʩʢʨʩʥʠʮʝ ʫʧʨʘʚˀʘʥʝ ʩʚʝʪʣʦʩʥʠʤ ʩʠʛʥʘʣʠʤʘ. ʉʣʠʯʥʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʩʫ ʠʟʚʝʜʝʥʘ ʩʠʤʫʣʘʮʠʿʦʤ ʩʤʘˁʝˁʘ ʧʨʦʩʝʯʥʝ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʩʚʠʭ ʚʦʟʠʣʘ ʥʘ ʥʠʚʦʫ ʮʝʣʦʛ 

ʛʨʘʜʘ (ʄʘʜʨʠʜ, ɹʘʨʩʝʣʦʥʘ), ʘʣʠ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʫʢˀʫʯʫʿʫ 3 ʥʘʚʝʜʝʥʘ ʧʦʢʘʟʘʪʝˀʘ 

ʝʬʠʢʘʩʥʦʩʪʠ ʫʧʨʘʚˀʘˁʘ ʨʘʩʢʨʩʥʠʮʦʤ ʜʦ ʩʘʜʘ ʥʠʩʫ ʩʧʨʦʚʝʜʝʥʘ; 

 

7. ʊʘʢʦʹʝ, ʧʦʤʝʥʫʪʠʤ ʧʨʦʛʨʘʤʠʤʘ ʟʘ ʢʦʤʧʿʫʪʝʨʩʢʫ ʩʠʤʫʣʘʮʠʿʫ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ ʤʦʛʫ˂ʝ 

ʿʝ ʧʨʦʤʝʥʠʪʠ ʩʪʨʫʢʪʫʨʫ ʚʦʟʥʦʛ ʧʘʨʢʘ, ʦʜʥʦʩʥʦ ʢʘʪʝʛʦʨʠʿʘ ʢʦʿʝ ʫʯʝʩʪʚʫʿʫ ʫ ʩʘʦʙʨʘ˂ʘʿʥʦʤ 

ʪʦʢʫ, ʰʪʦ ˂ʝ, ʚʝʨʦʚʘʪʥʦ, ʧʦʤʦ˂ʠ ʫ ʧʨʝʮʠʟʥʠʿʝʤ ʦʙʿʘʰˁʝˁʫ ʧʦʚʝ˂ʘʥʝ ʝʤʠʩʠʿʝ NOx ʠ CO ʫ 

ʿʫʪʘʨˁʠʤ ʩʘʪʠʤʘ, ʢʘʜʘ ʥʝʤʘ ʠʟʨʘʟʠʪʦ ʚʝʣʠʢʦʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʧʨʦʪʦʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ 

ʩʘʪʝ ʙʨʦʿʘˁʘ ʚʦʟʠʣʘ;  

 

8. ʉʧʨʦʚʝʩʪʠ ʤʝʨʝˁʘ ʨʝʘʣʥʝ ʝʤʠʩʠʿʝ (ʩʝʥʟʦʨʠʤʘ ʫ ʚʦʟʠʣʫ ʠʣʠ ʜʘˀʠʥʩʢʠʤ ʦʯʠʪʘʚʘˁʝʤ) ʥʘ 

ʫʟʦʨʢʫ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʨʘʜʠ ʜʝʬʠʥʠʩʘˁʘ ɽʌ-ʘ ʧʦ ʢʘʪʝʛʦʨʠʿʘʤʘ ʚʦʟʠʣʘ ʠ 

ʪʠʤʝ ʧʦʪʚʨʜʠʪʠ, ʦʜʥʦʩʥʦ ʢʦʨʠʛʠʛʦʚʘʪʠ, ʥʦʚʦʫʩʚʦʿʝʥʝ ʫ ʪʘʙʝʣʠ 4.39. 
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6. ɿɸʂɲʋʏʎʀ ʀ ʇʈɽɼʃʆɿʀ 

 

ʋ ʫʚʦʜʫ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʮʠʟʠʨʘʥʝ ʩʫ ʦʩʥʦʚʥʝ ʭʠʧʦʪʝʟʝ, ʧʨʝʜʤʝʪ ʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ 

ʘʢʪʫʝʣʥʦʩʪʠ ʫ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʘˁʘ ʠʤʠʩʠʿʝ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ, ʢʘʦ ʠ ʚʝʟʘ ʩʘ 

ʜʦʩʘʜʘʰˁʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠ ʤʝʪʦʜʝ ʢʦʿʝ ʩʫ ʧʨʠ ʪʦʤʝ ʫʧʦʪʨʝʙˀʝʥʝ. 

 

ʇʨʝʛʣʝʜʦʤ ʩʘʚʨʝʤʝʥʝ ʣʠʪʝʨʘʪʫʨʝ, ʭʨʦʥʦʣʦʰʢʠ ʠ ʩʠʩʪʝʤʘʪʠʯʥʦ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʮʝʣʦʚʠʪ ʧʨʦʙʣʝʤ 

ʢʦʿʠ ʫʨʙʘʥʘ ʟʘʿʝʜʥʠʮʘ ʠʤʘ ʩʘ ʧʨʦʙʣʝʤʦʤ ʢʚʘʣʠʪʝʪʘ ʘʪʤʦʩʬʝʨʝ, ʢʦʿʠ ʩʫ ʤʝʭʘʥʠʟʤʠ ʠ ʤʝʨʝ 

ʥʝʦʧʭʦʜʥʠ ʟʘ ˁʝʥʦ ʧʨʘ˂ʝˁʝ ʠ ʢʦʥʪʨʦʣʫ, ʢʘʦ ʠ ʢʦʣʠʢʘ ʿʝ ʰʪʝʪʥʦʩʪ ʧʦ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ ʠʟʘʟʚʘʥʘ 

ʘʝʨʦʟʘʛʘʹʝˁʝʤ. ʊʘʢʦʹʝ, ʧʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʫʣʦʛʘ, ʟʥʘʯʘʿ ʠ ʫʪʠʮʘʿ ʜʨʫʤʩʢʦʛ 

ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʥʠʚʦ ʢʚʘʣʠʪʝʪʘ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ ʠ ʧʦʢʘʟʘʥʦ ʿʝ ʢʦʿʠ ʩʫ ʤʦʜʝʣʠ ʧʨʦʮʝʥʝ ʝʤʠʩʠʿʝ 

ʚʦʟʠʣʘ ʪʨʝʥʫʪʥʦ ʥʘʿʚʠʰʝ ʟʘʩʪʫʧˀʝʥʠ ʧʨʠʣʠʢʦʤ ˁʝʥʦʛ ʤʦʜʝʣʠʨʘˁʘ. ʋ ʧʦʩʣʝʜʝˁʝʤ ʜʝʣʫ ʧʨʝʛʣʝʜʘ 

ʣʠʪʝʨʘʪʫʨʝ ʿʝ ʨʘʟʤʦʪʨʝʥʦ ʤʦʜʝʣʠʨʘˁʝ ʘʝʨʦʟʘʛʘʹʝˁʘ ʠ, ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʧʨʝʛʣʝʜʘ ʤʦʜʝʣʘ ʝʤʠʩʠʿʝ, 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʦʥʠ ʢʦʿʠ ʧʨʦʮʝˁʫʿʫ ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ, ʩʘ ʘʢʮʝʥʪʦʤ ʥʘ ʤʦʜʝʣʝ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ 

ʤʘʪʝʨʠʿʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ. 

 

ʇʦʛʣʘʚˀʝ 3 ʿʝ ʧʦʜʝˀʝʥʦ ʥʘ ʪʝʦʨʠʿʩʢʦ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʪʨʘʞʠʚʘˁʝ. ʅʝʤʦʛʫ˂ʝ ʿʝ ʘʜʝʢʚʘʪʥʦ 

ʫʧʦʟʥʘʪʠ ʪʦʢ ʠ ʜʠʩʧʝʨʟʠʿʫ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫʥʫʪʘʨ ʫʨʙʘʥʠʭ ʩʨʝʜʠʥʘ, ʘʢʦ ʩʝ ʧʨʝʪʭʦʜʥʦ ʥʝ 

ʩʘʛʣʝʜʘʿʫ ʨʝʣʘʮʠʿʝ ʢʦʿʝ ʚʘʞʝ ʫʥʫʪʘʨ ʫʣʠʮʝ. ʊʝʢ ʥʘʢʦʥ ʪʦʛʘ ʩʝ ʜʝʪʘˀʥʠʿʝ ʧʨʠʩʪʫʧʠʣʦ ʪʝʦʨʠʿʩʢʦʤ 

ʨʘʟʤʘʪʨʘˁʫ ʩʘʚʨʝʤʝʥʠʭ ʤʦʜʝʣʘ ʜʠʩʧʝʨʟʠʿʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʦʜʥʦʩʥʦ 

ˁʠʭʦʚʠʭ ʚʝʟʘ ʩʘ ʠʤʠʩʠʿʦʤ ʧʨʠʤʘʨʥʦ ʥʘʩʪʘʣʦʤ ʦʜ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ. ʌʦʨʤʫʣʘʮʠʿʘ ʝʤʠʩʠʦʥʠʭ 

ʬʘʢʪʦʨʘ, ʢʘʦ ʠ ʧʦʩʪʫʧʮʠ ʧʨʦʨʘʯʫʥʘ COPERT ʤʝʪʦʜʦʣʦʛʠʿʦʤ, ʟʘʫʟʝʣʘ ʿʝ ʟʥʘʯʘʿʥʦ ʤʝʩʪʦ ʫ ʦʢʚʠʨʫ 

ʧʦʛʣʘʚˀʘ 3. ʄʘʪʝʨʠʿʘʣ ʿʝ ʧʦʿʘʩʥʠʦ ʦʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʝʣʘ,  ʤʝʪʦʜʝ ʠ ʤʝʨʥʫ ʦʧʨʝʤʫ 

ʥʝʦʧʭʦʜʥʫ ʨʘʜʠ ʨʝʘʣʠʟʘʮʠʿʝ ʤʝʨʝˁʘ ʝʤʠʩʠʿʝ ʠ ʫʨʙʘʥʝ ʠʤʠʩʠʿʝ. 

 

ʂʘʦ ʥʘʿʚʘʞʥʠʿʝ ʤʦʞʝ ʩʝ ʠʩʪʘ˂ʠ ʯʝʪʚʨʪʦ ʧʦʛʣʘʚˀʝ, ʫ ʢʦʤʝ ʩʫ ʜʝʪʘˀʥʦ ʦʙʿʘʰˁʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 

ʨʝʟʫʣʪʘʪʠ. ʇʨʚʠ ʜʝʦ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠʤʘʦ ʿʝ ʟʘ ʮʠˀ ʜʘ ʫʪʚʨʜʠ ʥʠʚʦ ʝʤʠʩʠʿʝ CO ʥʘ ʧʨʘʟʥʦʤ ʭʦʜʫ ʟʘ 

1.785 ʚʦʟʠʣʘ ʩʘ ʆʊʆ ʤʦʪʦʨʦʤ ʫ ʮʠˀʫ ʧʨʦʚʝʨʝ ʝʤʠʩʠʦʥʝ ʠʩʧʨʘʚʥʦʩʪʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛ ʫʟʦʨʢʘ 

ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʄʝʪʦʜʦʤ ʙʠʥʦʤʥʝ ʣʦʛʠʩʪʠʯʢʝ ʨʝʛʨʝʩʠʿʝ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʪʨʝʥʫʪʥʝ 

ʩʪʘʥʜʘʨʜʝ ʝʤʠʩʠʿʝ ʠʩʧʫˁʘʚʘ 85% ʚʦʟʠʣʘ, ʫʤʝʨʝʥʦ ʩʪʨʦʛʝ 44%, ʜʦʢ ʙʠ ʩʘ ʫʩʚʘʿʘˁʝʤ ʥʘʩʿʪʨʦʞʠʭ, 

ʠʩʧʨʘʚʥʦ ʙʠʣʦ ʪʝʢ 25% ʚʦʟʠʣʘ. ʂʨʘʿˁʠ ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʩʫ ʜʦʤʘ˂ʘ ʚʦʟʠʣʘ 

ʟʥʘʪʥʦ ʚʝ˂ʠ ʟʘʛʘʹʠʚʘʯʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʨʘʥʘ ʚʦʟʠʣʘ, ʠʘʢʦ ʩʫ ʫ ʧʨʦʩʝʢʫ ʤʣʘʹʘ ʠ ʧʨʝʣʘʟʝ ʤʘˁʝ ʫʢʫʧʥʦ 

ʢʠʣʦʤʝʪʘʨʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʊʘʢʦʹʝ, ʧʨʠʤʝʪʘʥ ʿʝ ʪʨʝʥʜ ʜʘ ʚʦʟʠʣʘ ʤʘʣʝ ʩʥʘʛʝ ʤʦʪʦʨʘ 

ʿʝʩʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʚʝ˂ʠ ʟʘʛʘʹʠʚʘʯʠ, ʦʜʥʦʩʥʦ ʠʤʘʿʫ ʤʘˁʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʧʨʦʣʘʩʢʘ ʪʝʩʪʘ ʝʤʠʩʠʿʝ. 

ɺʦʟʠʣʘ ʩʪʘʨʠʿʘ ʦʜ 1992. ʛʦʜʠʥʝ ʠʤʘʿʫ ʟʥʘʯʘʿʥʦ ʚʝ˂ʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʥʝʧʨʦʣʘʩʢʘ ʪʝʩʪʘ, ʘ ʪʦ ʿʝ ʫʧʨʘʚʦ 

ʛʦʜʠʥʘ ʢʘʜʘ ʚʝ˂ʠʥʘ ʩʚʝʪʩʢʠʭ ʧʨʦʠʟʚʦʹʘʯʘ ʧʦʯʠˁʝ ʜʘ ʩʝʨʠʿʩʢʠ ʧʨʦʠʟʚʦʜʠ ʚʦʟʠʣʘ ʩʘ ʫʛʨʘʹʝʥʠʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ɿʘʧʨʘʚʦ, ʝʿʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʨʘʟʣʦʛʘ ʪʘʢʚʝ ʦʜʣʫʢʝ ʿʝʩʪʝ ʩʪʘʨʪ ɽʋʈʆ1 ʩʪʘʥʜʘʨʜʘ 

ʝʤʠʩʠʿʝ ʧʦʤʝʥʫʪʝ ʛʦʜʠʥʝ.  
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ʂʘʜʘ ʩʫ ʧʦʜʘʮʠ ʦ ʜʥʝʚʥʠʤ ʠʤʠʩʠʿʘʤʘ ʜʦʩʪʫʧʥʠ ʟʘ ʦʜʨʝʹʝʥʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ, ʤʦʛʫ ʩʝ ʬʦʨʤʠʨʘʪʠ 

ʿʝʜʠʥʩʪʚʝʥʝ ʩʪʘʪʠʩʪʠʯʢʝ ʨʘʩʧʦʜʝʣʝ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʠ ʢʘʦ ʪʘʢʚʝ ʥʘʤ ʜʘʪʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 

ʰʪʝʪʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʥʘ ʤʥʦʛʦ ʦʨʛʘʥʠʟʦʚʘʥʠʿʠ ʠ ʝʬʠʢʘʩʥʠʿʠ ʥʘʯʠʥ. ʆʙʣʠʢʦʚʘˁʝ ʧʦʜʘʪʘʢʘ ʦ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʬʦʨʤʝ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ ʦʤʦʛʫ˂ʫʿʝ ʬʠʣʪʨʠʨʘˁʝ 

ʥʝʧʦʞʝˀʥʠʭ ʝʬʝʢʘʪʘ (ʦʙʠʯʥʦ ʫʩʣʝʜ ʛʨʝʰʢʝ ʤʝʨʝˁʘ ʠʣʠ ʥʝʜʦʚʦˀʥʦ ʧʦʫʟʜʘʥʠʭ ʠʥʩʪʨʫʤʝʥʘʪʘ). 

ɼʝʪʝʨʤʠʥʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʜʘʿʝ ʧʨʦʮʝʥʫ ʢʘʦ ʿʝʜʥʫ ʚʨʝʜʥʦʩʪ, ʙʝʟ ʥʝʠʟʚʝʩʥʦʩʪʠ ʦ ʜʦʛʘʹʘʿʫ, ʜʦʢ 

ʩʪʘʪʠʩʪʠʯʢʠ ʤʦʜʝʣ ʨʘʩʧʦʜʝʣʝ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʮʝʥʝ ʠʟʚʝʩʥʦʩʪʠ ʨʝʣʘʪʠʚʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʧʘ ʿʝ ʠʟ 

ʪʦʛ ʨʘʟʣʦʛʘ ʠ ʧʦʫʟʜʘʥʠʿʠ. ɺʠʰʝ ʤʦʜʝʣʘ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ ʠʤʘʣʦ ʿʝ ʧʨʠʣʠʢʫ ʜʘ ʩʝ ʜʦʢʘʞʝ ʢʘʦ 

ʢʦʨʠʩʪʘʥ ʘʣʘʪ ʫ ʧʨʝʟʝʥʪʘʮʠʿʠ ʠʤʠʩʠʿʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ. ʅʘʿʥʦʚʠʿʠ ʪʨʝʥʜʦʚʠ ʨʝʛʫʣʘʪʠʚʥʠʭ 

ʩʪʘʥʜʘʨʜʘ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʟʘʭʪʝʚʘʿʫ ʫʧʦʪʨʝʙʫ ʠʟʨʘʞʝʥʫ ʫ ʬʦʨʤʠ ,,ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʝʢʦʨʘʯʝˁʘñ 

ʜʦʟʚʦˀʝʥʠʭ ʛʨʘʥʠʮʘ. ʋ ʧʦʩʣʝʜˁʦʿ ʜʝʮʝʥʠʿʠ, ʩʪʨʫʯʥʘ ʣʠʪʝʨʘʪʫʨʘ ʦʪʢʨʠʚʘ ʜʘ ʧʦʩʪʦʿʠ ʤʘʣʦ ʩʪʫʜʠʿʘ 

ʢʦʿʝ ʩʫ ʠʟʥʝʣʝ ʤʝʪʦʜʦʣʦʛʠʿʫ ʤʦʜʝʣʠʨʘˁʘ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ. ʊʘʢʚʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʤʦʨʘ 

ʩʘʜʨʞʘʪʠ ʜʚʘ ʚʘʞʥʘ ʢʦʨʘʢʘ, ʢʘʦ ʰʪʦ ʩʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʬʦʨʤʠ ʩʪʘʪʠʩʪʠʯʢʠʭ ʨʘʩʧʦʜʝʣʘ ʠ 

ʦʮʝˁʠʚʘˁʝ ʥʝʦʧʭʦʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ.  

 

ʋʧʨʘʚʦ ʨʝʛʠʩʪʨʦʚʘʥʠ ʜʚʦʠʧʦʤʝʩʝʯʥʠ ʧʦʜʘʮʠ ʩʣʘʙʠʭ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʥʘʤʝʪʥʫʣʠ ʩʫ 4 

ʧʨʦʤʝʥˀʠʚʝ (ʬʘʢʪʦʨʘ) ʢʦʿʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠʤʠʩʠʿʝ ʫʥʫʪʘʨ ʫʣʠʮʝ ʦʙʣʠʢʘ 

ʢʘˁʦʥʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʫ ʩʚʘʢʦʿ ʪʘʯʢʠ ʫʣʠʮʝ ʨʝʛʠʩʪʨʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʩʘʩʪʦʿʠ 

ʦʜ 3 ʜʦʧʨʠʥʦʩʘ (ʜʠʨʝʢʪʥʦ ʦʜ ʝʤʠʩʠʿʝ ʠʟʘʟʚʘʥʝ ʩʘʦʙʨʘ˂ʘʿʥʠʤ ʪʦʢʦʚʠʤʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʝ 

ʤʘʪʝʨʠʿʝ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʠ ʨʝʮʠʨʢʫʣʘʨʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʥʘʩʪʘʣʝ ʩʘʤʦ ʫʢʦʣʠʢʦ ʿʝ ό ς mĿs-1
), 

ʪʨʝ˂ʘ ʢʦʤʧʦʥʝʥʪʘ ʿʝ ʜʠʩʢʚʘʣʠʬʠʢʦʚʘʥʘ ʫʩʣʝʜ ʩʪʘʙʠʣʥʠʭ ʘʪʤʦʩʬʝʨʩʢʠʭ ʫʩʣʦʚʘ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʤʝʨʝˁʘ ʠʤʠʩʠʿʝ. ʊʘʢʚʘ ʩʠʪʫʘʮʠʿʘ ʿʝ ʦʤʦʛʫ˂ʠʣʘ ʢʦʤʧʿʫʪʝʨʩʢʠʤ ʧʨʦʛʨʘʤʠʤʘ ʩʠʤʫʣʘʮʠʿʫ ʫʪʠʮʘʿʘ 

ʧʦʿʝʜʠʥʘʯʥʦʛ ʠ ʟʘʿʝʜʥʠʯʢʦʛ ʜʝʣʦʚʘˁʘ ʙʨʦʿʘ ʚʦʟʠʣʘ, ʙʨʟʠʥʝ ʠ ʧʨʘʚʮʘ ʚʝʪʨʦʚʘ, ʢʘʦ ʠ ʥʠʚʦʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʥʘ ʚʨʝʜʥʦʩʪʠ ʤʦʜʝʣʠʨʘʥʝ ʠʤʠʩʠʿʝ.   

 

ɼʘ ʙʠ ʩʝ ʤʦʛʘʦ ʩʧʨʦʚʝʩʪʠ ʧʣʘʥ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿʘ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (ʬʘʢʪʦʨʘ) ʩʘʚʨʝʤʝʥʠʤ 

ʩʪʘʪʠʩʪʠʯʢʠʤ ʪʝʭʥʠʢʘʤʘ ʠ ʢʦʤʧʿʫʪʝʨʩʢʠʤ ʧʨʦʛʨʘʤʠʤʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʧʨʠʧʨʝʤʝ ʢʦʿʝ 

ʟʘʭʪʝʚʘʿʫ ʜʝʬʠʥʠʩʘˁʝ ʛʨʘʥʠʮʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʧʨʦʩʪʦʨʘ, ʘ ʟʘʪʠʤ ʘʥʘʣʠʟʫ ʩʣʘʛʘˁʘ ʩʪʘʪʠʩʪʠʯʢʠʭ 

ʠʥʜʠʢʘʪʦʨʘ ʠʟʤʝʨʝʥʠʭ ʠ ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʜʚʘ ʤʦʜʝʣʘ ʟʘ ʧʨʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ. ɿʘʢʦʥʠ 

ʨʘʩʧʦʜʝʣʝ ʤʦʛʫ ʧʦʤʦ˂ʠ ʧʨʠʣʠʢʦʤ ʜʝʬʠʥʠʩʘˁʘ ʛʨʘʥʠʮʘ ʧʨʦʩʪʦʨʘ, ʿʝʨ ʧʨʠʭʚʘʪʘˁʝʤ ʦʜʨʝʹʝʥʦʛ 

ʟʘʢʦʥʘ ʨʘʩʧʦʜʝʣʝ, ʦʜʨʝʹʝʥʝ ʩʫ ʠ ʛʨʘʥʠʮʝ ʩʘ ʧʨʠʭʚʘʪˀʠʚʦʤ ʩʪʘʪʠʩʪʠʯʢʦʤ ʛʨʝʰʢʦʤ ʦʜ 5%. ʉʚʝ 

ʫʢˀʫʯʝʥʝ ʧʨʦʤʝʥˀʠʚʝ ʩʫ ʫʩʚʦʿʠʣʝ LOG-ʅʆʈʄɸʃʅʀ ʟʘʢʦʥ ʨʘʩʧʦʜʝʣʝ, ʘ ʫ ʩʣʫʯʘʿʫ ʫʣʠʮʝ ɼʊ, 

ʜʦʢʘʟʘʥʦ ʿʝ ʙʦˀʝ ʩʣʘʛʘˁʝ ʅʆʈʄɸʃʅɽ ʨʘʩʧʦʜʝʣʝ ʧʨʦʪʦʢʘ ʚʦʟʠʣʘ ʫ ʦʜʥʦʩʫ ʥʘ LOG-ʅʆʈʄɸʃʅʀ. 

 

ɸʥʘʣʠʟʦʤ ʩʪʘʪʠʩʪʠʯʢʠʭ ʠʥʜʠʢʘʪʦʨʘ ʩʣʘʛʘˁʘ ʠʟʤʝʨʝʥʠʭ ʠ ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʤʦʜʝʣ OSPM 

ʧʦʢʘʟʫʿʝ ʟʥʘʯʘʿʥʦ ʙʦˀʝ ʩʚʝʫʢʫʧʥʦ ʩʣʘʛʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ CAL4 ʤʦʜʝʣ. ɱʝʜʠʥʦ ʫ ʩʣʫʯʘʿʫ ʜʝʣʦʚʘˁʘ 

ʧʘʨʘʣʝʣʥʠʭ ʠʣʠ ʩʢʦʨʦ ʧʘʨʘʣʝʣʥʠʭ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, CAL4 ʧʨʦʮʝˁʫʿʝ ʥʝʰʪʦ ʙʦˀʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO.  
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ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʫ ʫʣʠʮʠ ɼʠʤʠʪʨʠʿʘ ʊʫʮʦʚʠ˂ʘ ʜʦʢʘʟʘʥʦ ʙʦˀʝ ʩʣʘʛʘˁʝ ʩʪʘʪʠʩʪʠʯʢʠʭ ʠʥʜʠʢʘʪʦʨʘ ʟʘ 

CO ʠ NOx, ʢʘʦ ʠ ʫʩʣʝʜ ʚʝ˂ʝʛ ʙʨʦʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʧʦʪʨʝʙˀʠʚʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʧʝʨʠʦʜʠʤʘ 

ʩʪʘʙʠʣʥʝ ʘʪʤʦʩʬʝʨʩʢʝ ʘʢʪʠʚʥʦʩʪʠ, ʟʘ ʘʥʘʣʠʟʫ ʫʪʠʮʘʿʘ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ (ʬʘʢʪʦʨʘ) ʥʘ 

ʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ CO ʠ NOx ʠʩʢʦʨʠʰ˂ʝʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʦʜʟʠʚʘ ʧʦʚʨʰʠʥʝ (RSM), ʘ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʧʨʦʮʝʥʪʫʘʣʥʦʛ ʫʪʠʮʘʿʘ ʩʚʘʢʦʛ ʬʘʢʪʦʨʘ ʠ ˁʠʭʦʚʦ ʨʘʥʛʠʨʘˁʝ ʢʦʨʠʰ˂ʝʥʘ ʿʝ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʠʟʙʦʨ ʬʘʢʪʦʨʘ ʤʦʜʝʣʘ ʠ ʨʝʛʨʝʩʠʦʥʦʛ ʤʦʜʝʣʘ ʟʘʩʥʦʚʘʥ ʥʘ ʪʦʪʘʣʥʦʤ ʝʬʝʢʪʫ ʬʘʢʪʦʨʘ 

ʠʣʠ ʠʟʙʦʨ ʚʠʰʝʬʘʢʪʦʨʥʦʛ ʨʝʛʨʝʩʠʦʥʦʛ ʤʦʜʝʣʘ ʥʘ ʦʩʥʦʚʫ ʫʜʝʣʘ ʩʚʘʢʦʛ ʬʘʢʪʦʨʘ ʫ ʫʢʫʧʥʦʿ 

ʚʘʨʠʿʘʮʠʿʠ (SMLRM-TE). ʋ ʦʢʚʠʨʫ ʤʝʪʦʜʦʣʦʛʠʿʝ ʦʜʟʠʚʘ ʧʦʚʨʰʠʥʝ ʟʘ ʧʣʘʥʠʨʘˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ 

(DoE) ʫʧʦʪʨʝʙˀʝʥ ʿʝ ʧʦʪʧʫʥʠ ʯʝʪʚʦʨʦʬʘʢʪʦʨʥʠ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘ (FFD). ʂʦʤʧʣʝʪʥʘ ʨʘʯʫʥʘʨʩʢʘ 

ʦʙʨʘʜʘ ʧʦʜʘʪʘʢʘ ʨʝʘʣʠʟʦʚʘʥʘ ʿʝ ʧʦʤʦ˂ʫ ʢʦʤʧʿʫʪʝʨʩʢʦʛ ʧʨʦʛʨʘʤʘ ʟʘ ʠʟʙʦʨ ʨʝʛʨʝʩʠʦʥʝ ʿʝʜʥʘʯʠʥʝ 

ʚʠʰʝʬʘʢʪʦʨʥʠʭ ʧʣʘʥʠʨʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʧʦʥʘʚˀʘˁʝʤ ʠ ʙʝʟ ʧʦʥʘʚˀʘˁʘ (CoREMED). 

 

ʈʝʟʫʣʪʘʪʠ ʿʘʩʥʦ ʧʦʢʘʟʫʿʫ ʜʘ ʢʘʜʘ ʿʝ ʤʝʨʥʦ ʤʝʩʪʦ ʥʘ ʟʘʚʝʪʨʝʥʦʿ ʩʪʨʘʥʠ ʠ ʫ ʧʝʨʠʦʜʠʤʘ ʩʪʘʙʠʣʥʠʭ 

ʘʪʤʦʩʬʝʨʩʢʠʭ ʩʪʘˁʘ (ʢʘʜʘ ʦʢʦʣʥʘ ʪʫʨʙʫʣʝʥʮʠʿʘ ʥʝʩʪʘʿʝ), ʜʦʤʠʥʘʥʪʘʥ ʧʨʦʮʝʩ ʧʨʠ ʜʠʩʧʝʨʛʦʚʘˁʫ 

ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʝʤʠʪʦʚʘʥʠʭ ʥʘ ʫʣʠʯʥʦʤ ʥʠʚʦʫ ʠʤʘ ʪʫʨʙʫʣʝʥʮʠʿʘ ʚʘʟʜʫʰʥʝ ʤʘʩʝ ʛʝʥʝʨʠʩʘʥʘ 

ʚʦʟʠʣʠʤʘ ʫ ʧʦʢʨʝʪʫ, ʦʜʥʦʩʥʦ ʪʫʨʙʫʣʝʥʮʠʿʘ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ (ʊʉʊ), ʘʣʠ ʩʘʤʦ ʧʨʠ ʙʨʟʠʥʠ ʚʝʪʨʦʚʘ 

ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʜʦ 1,5 mĿs
-1
 ʟʘ CO, ʦʜʥʦʩʥʦ 1,3 mĿs

-1
 ʟʘ Nʆx. ʋ ʩʣʫʯʘʿʫ ʧʦʟʠʮʠʿʝ ʤʝʨʥʦʛ ʤʝʩʪʘ ʥʘ 

ʚʝʪʨʦʚʠʪʦʿ ʩʪʨʘʥʠ ʢʘˁʦʥʘ, ʙʨʟʠʥʘ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʧʦʩʪʘʿʝ ʜʦʤʠʥʘʥʪʥʠ ʬʘʢʪʦʨ ʿʦʰ 

ʨʘʥʠʿʝ, ʦʜʥʦʩʥʦ ʧʨʠ ʙʨʟʠʥʘʤʘ ʦʜ 0,6 mĿs
-1
, ʢʘʢʦ ʟʘ CO, ʪʘʢʦ ʠ ʟʘ NOx. ɼʦʜʘʪʥʦ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ 

ʦʩʪʘʣʝ ʧʦʿʝʜʠʥʘʯʥʝ ʠ ʟʜʨʫʞʝʥʝ ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ (ʬʘʢʪʦʨʠ) ʿʝʩʫ ʜʘʣʝʢʦ ʤʘˁʝ ʫʪʠʮʘʿʥʝ ʥʘ 

ʢʦʥʘʯʥʝ ʚʨʝʜʥʦʩʪʠ ʠʤʠʩʠʿʝ CO ʠ NOx ʫʥʫʪʘʨ ʫʣʠʮe ʦʙʣʠʢʘ ʢʘˁʦʥʘ. 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʜʦʢʘʟʘʥʘ ʍʠʧʦʪʝʟʘ 2 ʜʘ OSPM ʿʝʩʪʝ ʙʦˀʠ ʧʨʦʮʝʥʠʪʝˀ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫʥʫʪʘʨ 

ʫʣʠʮʘ ʦʙʣʠʢʘ ʢʘˁʦʥʘ ʫ ʦʜʥʦʩʫ ʥʘ CAL4 ʤʦʜʝʣ, ʦʜʥʦʩʥʦ ʍʠʧʦʪʝʟʘ 1 ʜʘ ʚʨʝʜʥʦʩʪʠ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ, 

ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʘʨʘʤʝʪʨʠ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʫʪʠʯʫ ʥʘ ʠʤʠʩʠʿʫ ʢʦʿʘ ʚʦʜʠ ʧʦʨʝʢʣʦ 

ʦʜ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ, ʠ ʜʘ ʩʝ ʪʘʿ ʫʪʠʮʘʿ ʤʦʞʝ ʧʦʫʟʜʘʥʦ ʩʘʛʣʝʜʘʪʠ ʧʨʠʤʝʥʦʤ OSPM-ʘ, ʚʘʨʠʿʘʮʠʿʦʤ 

ʫʦʧʰʪʝʥʦ ʫʩʚʦʿʝʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʧʦʧʫʪ ʩʨʝʜˁʝ ʙʨʟʠʥʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʠ ʧʨʦʮʝʥʪʘ ʭʣʘʜʥʦ 

ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ, ʜʦʙʠʿʝʥʠ ʩʫ ʥʦʚʠ ʧʦʜʘʮʠ ʠʤʠʩʠʿʝ, ʢʦʠʿ ʩʫ ʧʦʢʘʟʘʣʠ ʙʦˀʝ ʩʣʘʛʘˁʝ ʩʘ 

ʦʩʤʦʪʨʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ. ʇʨʝʮʠʟʥʠʿʦʤ ʧʘʨʘʤʝʪʘʨʠʟʘʮʠʿʦʤ ʧʨʦʛʨʘʤʘ ʝʤʠʩʠʿʝ OSPM ʤʦʜʝʣʘ, 

ʦʜʥʦʩʥʦ COPERT4 ʧʨʦʛʨʘʤʘ, ʘ ʫ ʮʠˀʫ ʙʦˀʝʛ ʩʣʘʛʘˁʘ ʤʦʜʝʣʠʨʘʥʠʭ ʠ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʠʤʠʩʠʿʝ, ʤʝʪʦʜʦʤ ʜʝʜʫʢʮʠʿʝ ʩʫ ʫʪʚʨʹʝʥʠ ʥʦʚʠ, ʦʜʥʦʩʥʦ ʢʦʨʠʛʦʚʘʥʠ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ ʧʦ 

ʢʘʪʝʛʦʨʠʿʘʤʘ ʚʦʟʠʣʘ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʊʠʤʝ ʿʝ ʜʦʙʠʿʝʥ ʘʣʘʪ ʢʦʿʠʤ ʩʝ ʥʘ ʿʝʜʥʦʩʪʘʚʘʥ 

ʥʘʯʠʥ ʧʨʝʮʠʟʠʨʘ ʧʦʜʨʫʯʿʝ ʢʦʿʝ ʥʠʿʝ ʙʠʣʦ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ.  

 

ʅʘ ʧʦʯʝʪʢʫ ʧʨʝʜʣʦʛʘ ʟʘ ʩʤʘˁʝˁʝ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʠʩʪʘ˂ʠ ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ ʦʥ ʚʝʣʠʢʝ ʩʪʘʨʦʩʪʠ (ʧʨʦʩʝʢ 17,5 ʛʦʜʠʥʘ) ʠ ʜʘ ʫʧʨʘʚʦ ʦʚʦ ʦʙʝʣʝʞʿʝ ʢˀʫʯʥʦ 

ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘʥ ʙʨʦʿ ʚʠʩʦʢʦ ʟʘʛʘʹʫʿʫ˂ʠʭ ʚʦʟʠʣʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʪʠʤʝ ʩʪʚʘʨʘʿʫ ʦʟʙʠˀʥʠ 

ʧʨʦʙʣʝʤʠ ʩʘ ʢʚʘʣʠʪʝʪʦʤ ʫʨʙʘʥʝ ʘʪʤʦʩʬʝʨʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʩʚʦʿʠʪʠ ʩʪʨʦʛʝ ʧʨʦʮʝʜʫʨʝ ʠʩʧʠʪʠʚʘˁʘ 

ʝʤʠʩʠʿʝ, ʦʜʥʦʩʥʦ ʫʚʝʩʪʠ ʧʨʦʛʨʘʤʝ ʠʥʩʧʝʢʮʠʿʝ ʠ ʦʜʨʞʘʚʘˁʘ ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ (ʀ/ʄ 
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ʧʨʦʛʨʘʤʠ). ʀʜʝʘʣʥʦ ʙʠ ʙʠʣʦ ʢʘʜʘ ʙʠ ʩʝ ʧʨʦʮʝʜʫʨʝ ʠʩʧʠʪʠʚʘˁʘ ʜʝʬʠʥʠʩʘʣʝ ʥʘ ʦʩʥʦʚʫ ʿʘʢʝ 

ʢʦʨʝʣʘʮʠʿʝ ʩʘ ʨʝʘʣʥʠʤ ʝʤʠʩʠʿʘʤʘ, ʘ ʜʘ ʩʝ ʛʨʘʥʠʮʝ ʩʚʘʢʝ ʧʨʦʮʝʜʫʨʝ ʦʜʨʝʜʝ ʪʘʢʦ ʰʪʦ ʙʠ ʩʝ ʫʟʝʣʝ ʫ 

ʦʙʟʠʨ ʪʝʭʥʠʯʢʝ ʤʦʛʫ˂ʥʦʩʪʠ ʚʦʟʠʣʘ ʠ ʩʪʘʥʜʘʨʜʠ ʝʤʠʩʠʿʝ. ʄʦʥʠʪʦʨʠʥʛʦʤ ʥʠʚʦʘ ʝʤʠʩʠʿʝ ʚʦʟʠʣʘ ʠ 

ʘʥʘʣʠʟʦʤ ʩʪʦʧʝ ʪʝʭʥʠʯʢʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʤʦʛʫ˂ʝ ʿʝ ʧʦʦʰʪʨʠʪʠ ʩʪʘʥʜʘʨʜʝ, ʿʝʨ ʩʝ ʫʩʣʝʜ ʥʘʧʨʝʪʢʘ 

ʪʝʭʥʦʣʦʛʠʿʝ ʤʦʪʦʨʘ ʠ ʚʦʟʠʣʘ, ʪʝʭʥʠʯʢʘ ʠʩʧʨʘʚʥʦʩʪ ʚʨʝʤʝʥʦʤ ʫʥʘʧʨʝʹʫʿʝ. ɿʘʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ 

ʀ/ʄ ʧʨʦʛʨʘʤʦʤ ʠʥʜʝʥʪʠʬʠʢʫʿʫ ʚʦʟʠʣʘ ʢʦʿʘ ʚʝʦʤʘ ʟʘʛʘʹʫʿʫ ʦʢʦʣʥʫ ʩʨʝʜʠʥʫ ʠ ʪʠʤʝ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ 

ʥʘ ʫʥʘʧʨʝʹʝˁʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʿʝʜʥʝ ʩʧʝʮʠʬʠʯʥʝ ʫʨʙʘʥʝ ʤʠʢʨʦʩʨʝʜʠʥʝ, ʢʘʦ ʰʪʦ ʿʝ ʫʣʠʮʘ ʦʙʣʠʢʘ 

ʢʘˁʦʥʘ. ʋ ʧʨʝʜʣʦʛʝ ʩʤʘˁʝˁʘ ʰʪʝʪʥʝ ʝʤʠʩʠʿʝ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʧʦʪʨʝʙʥʦ ʿʝ:  

1. ʋʚʝʩʪʠ ʚʝ˂ʫ ʝʢʦʣʦʰʢʫ ʪʘʢʩʫ ʟʘ ʚʦʟʠʣʘ ʢʦʿʘ ʥʝ ʠʩʧʫˁʘʚʘʿʫ ʤʠʥʠʤʫʤ ɽʋʈʆ3 ʩʪʘʥʜʘʨʜʝ 

ʠʟʜʫʚʥʝ ʝʤʠʩʠʿʝ ʤʦʪʦʨʘ; 

2. ʇʦʩʝʙʥʠʤ ʩʪʠʤʫʣʘʪʠʚʥʠʤ ʤʝʨʘʤʘ (ʟʘʤʝʥʘ ʩʪʘʨʦ ʟʘ ʥʦʚʦ ʫʟ ʜʦʧʣʘʪʫ) ʫʪʠʮʘʪʠ ʥʘ ʩʤʘˁʝˁʝ 

ʧʨʦʩʝʯʥʝ ʩʪʘʨʦʩʪʠ ʚʦʟʥʦʛ ʧʘʨʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ; 

3. ʅʘ ʪʝʭʥʠʯʢʠʤ ʧʨʝʛʣʝʜʠʤʘ ʚʝ˂ʫ ʧʘʞˁʫ ʦʙʨʘʪʠʪʠ ʥʘ ʚʦʟʠʣʘ ʤʘʣʝ ʩʥʘʛʝ ʤʦʪʦʨʘ, ʧʦʩʝʙʥʦ 

ʜʦʤʘ˂ʝʛ ʧʨʦʠʟʚʦʹʘʯʘ; 

4. ʋʚʝʩʪʠ ʧʨʦʛʨʘʤʝ ʀʥʩʧʝʢʮʠʿʝ ʠ ʆʜʨʞʘʚʘˁʘ ʟʘ ʚʦʟʥʠ ʧʘʨʢ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ; 

5. ɺʣʘʩʥʠʢʫ ʚʦʟʠʣʘ ʢʦʿʝ ʥʝ ʟʘʜʦʚʦˀʘʚʘ ʩʪʘʥʜʘʨʜʝ ʧʦʥʫʜʠʪʠ ʪʝʭʥʠʯʢʫ ʠ ʬʠʥʘʥʩʠʿʩʢʘ ʧʦʤʦ˂ 

ʨʘʜʠ ʦʧʨʝʤʘˁʘ ʚʦʟʠʣʘ ʦʧʨʝʤʦʤ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ (ʢʘʪʘʣʠʟʘʪʦʨ), ʤʦʛʫ˂ʥʦʩʪ ʟʘʤʝʥʝ 

ʤʦʪʦʨʘ, ʠʣʠ ʩʪʘʨʦʛ ʚʦʟʠʣʘ ʥʦʚʠʤ ʤʘˁʝ ʝʤʠʩʠʿʝ, ʠʣʠ ʤʦʛʫ˂ʥʦʩʪ ʫʚʦʹʝˁʘ ʯʠʩʪʠʿʝʛ, ʦʜʥʦʩʥʦ 

ʘʣʪʝʨʥʘʪʠʚʥʦʛ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ (ʊʅɻ, ʂʇɻ). ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʫ ʧʦʩʣʝʜˁʝ ʚʨʝʤʝ 

ʩʚʠ ʧʨʦʠʟʚʦʹʘʯʠ ʚʦʟʠʣʘ ʥʫʜʝ ʦʧʮʠʿʝ ,,start-stopñ ʢʦʝʿ ʠʩʢˀʫʯʫʿʫ ʨʘʜ ʤʦʪʦʨʘ ʥʘ ʧʨʘʟʥʦʤ 

ʭʦʜʫ ʠ ʪʠʤʝ ʩʤʘˁʫʿʫ ʢʦʣʠʯʠʥʫ ʝʤʠʩʠʿʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ; 

6. ɸʣʪʝʨʥʘʪʠʚʥʠ ʧʨʠʩʪʫʧ ʩʤʘˁʝˁʘ ʝʤʠʩʠʿʝ, ʦʜʥʦʩʥʦ ʙʨʦʿʘ ʚʦʟʠʣʘ ʩʘ ʚʠʩʦʢʦʤ ʝʤʠʩʠʿʦʤ, 

ʧʦʜʨʘʟʫʤʝʚʘʦ ʙʠ ʫʚʦʹʝˁʝ ʧʦʨʝʟʘ ʥʘ ʝʤʠʩʠʿʫ, ʘ ʥʝ ˁʝʥʠʭ ʩʪʘʥʜʘʨʜʘ. ʊʦ ʙʠ ʧʦʥʫʜʠʣʦ ʚʝ˂ʫ 

ʬʣʝʢʩʠʙʠʣʥʦʩʪ, ʧʨʠ ʯʝʤʫ ʙʠ ʩʝ ʩʪʠʤʫʣʠʩʘʣʦ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ ʢʦʿʝ ʙʠ ʙʠʣʦ ʤʘˁʝ ʦʜ 

ʧʨʦʧʠʩʘʥʠʭ ʩʪʘʥʜʘʨʜʘ; 

7. ʆʙʘʚʝʟʘʪʠ ʚʣʘʩʥʠʢʝ ʧʫʪʥʠʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ ʩʘ ʆʊʆ ʤʦʪʦʨʠʤʘ ʜʘ ʿʝʜʘʥʧʫʪ ʛʦʜʠʰˁʝ ʦʙʘʚʝ 

ʧʨʦʮʝʜʫʨʫ ʀ/ʄ ʧʨʦʛʨʘʤʘ ʢʘʜʘ ʚʦʟʠʣʦ ʥʘʧʫʥʠ 3 ʛʦʜʠʥʝ, ʃʊɺ ʩʘ ʜʠʟʝʣ ʤʦʪʦʨʠʤʘ ʢʘʜʘ 

ʚʦʟʠʣʦ ʥʘʧʫʥʠ 4 ʛʦʜʠʥʝ, ʘ ʥʘʜʘˀʝ ʩʚʘʢʝ ʜʨʫʛʝ ʛʦʜʠʥʝ, ʜʦʢ ʙʠ ʊʊɺ ʟʘʭʪʝʚʘʣʘ ʠʩʧʠʪʠʚʘˁʝ 

ʿʝʜʘʥʧʫʪ ʛʦʜʠʰˁʝ (ʧʨʘʢʪʠʯʥʦ ʫʩʢʣʘʹʠʚʘˁʝ ʩʘ ʝʚʨʦʧʩʢʠʤ ʀ/ʄ ʧʨʦʛʨʘʤʦʤ). ʂʘʦ ʧʨʠʤʝʨ 

ʧʦʨʝʹʝˁʘ, ʫ ɱʘʧʘʥʫ ʩʝ ʚʦʟʠʣʘ ʤʦʨʘʿʫ ʧʦʜʚʨʛʥʫʪʠ ʠʩʧʠʪʠʚʘˁʫ ʪʨʠ ʛʦʜʠʥʝ ʥʘʢʦʥ ʢʫʧʦʚʠʥʝ, ʘ 

ʥʘʢʦʥ ʪʦʛʘ ʥʘ ʩʚʘʢʝ ʜʚʝ ʛʦʜʠʥʝ. ɼʦʥʝʜʘʚʥʦ ʩʫ ʫ ʉɸɼ-ʫ ʚʝ˂ʠʥʘ ʀ/ʄ ʧʨʦʛʨʘʤʘ ʟʘʭʪʝʚʘʣʠ 

ʠʩʧʠʪʠʚʘˁʝ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ, ʘʣʠ ʩʘʜʘ US EPA ʬʦʨʩʠʨʘ ʠʩʧʠʪʠʚʘˁʝ ʥʘ ʩʚʘʢʝ ʜʚʝ 

ʛʦʜʠʥʝ, ʿʝʨ ʿʝ ʧʦʜʿʝʜʥʘʢʦ ʝʬʠʢʘʩʥʦ, ʘ ʫʿʝʜʥʦ ʩʫ ʠ ʪʨʦʰʢʦʚʠ ʠʩʧʠʪʠʚʘˁʘ ʟʥʘʪʥʦ ʤʘˁʠ. 

 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʥʘʚʝʜʝʥʦ, ʫ ʩʣʫʯʘʿʫ ʜʝʣʦʚʘˁʘ  ʧʘʨʘʣʝʣʥʠʭ ʠʣʠ ʩʢʦʨʦ ʧʘʨʘʣʝʣʥʠʭ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ 

ʩʨʝʜʠʥʝ, CAL4 ʧʨʦʮʝˁʫʿʝ ʥʝʰʪʦ ʙʦˀʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʫ ʦʜʥʦʩʫ ʥʘ OSPM. ʄʝʹʫʪʠʤ, ʫ ʩʣʫʯʘʿʫ 

ʜʝʣʦʚʘˁʘ ʧʝʨʧʝʥʜʠʢʫʣʘʨʥʠʭ ʠ ʢʦʩʠʭ ʚʝʪʨʦʚʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ, CAL4 ʥʝʤʘ ʜʦʙʨʝ ʧʨʦʮʝʥʝ, ʧʘ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʧʦʥʫʹʝʥʫ ʦʧʮʠʿʫ ,,ʧˀʦʩʥʘʪʦ ʫʜʫʙˀʝʥ ʜʝʦñ ʤʦʜʠʬʠʢʦʚʘʪʠ ʪʘʢʦ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʠ 
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ʜʝʬʠʥʠʩʘˁʝ ʦʪʚʦʨʘ ʫ ʩʪʨʘʥʠʮʘʤʘ ʢʘˁʦʥʘ. ʊʘʢʦʹʝ, ʧʨʦʛʨʘʤ ʟʘ ʧʨʦʨʘʯʫʥ ʠʤʠʩʠʿʝ OSPM-a ʪʨʝʙʘʣʦ 

ʙʠ ʫʥʘʧʨʝʜʠʪʠ ʢʘʢʦ ʙʠ ʙʦˀʝ ʧʨʦʮʝʥʠʦ ʨʝʟʫʣʪʘʪʝ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ 

ʩʝʤʘʬʦʨʠʩʘʥʠʭ ʨʘʩʢʨʩʥʠʮʘ, ʿʝʨ ʧʨʦʛʨʘʤ COPERT4 ʫ ʢʦʤʝ ʩʝ ʧʨʦʨʘʯʫʥʘʚʘʿʫ ʝʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ, ʘ 

ʪʠʤʝ ʠ ʫʢʫʧʥʘ ʝʤʠʩʠʿʘ, ʠʤʘ ʚʝ˂ʠ ʙʨʦʿ ʥʘʫʯʥʦ ʧʨʠʟʥʘʪʠʭ ʚʘʣʠʜʘʮʠʿʘ ʫʥʫʪʘʨ ʧʦʤʝʥʫʪʠʭ ʟʦʥʘ. 

 

ʂʘʜʘ ʿʝ ʨʝʯ ʦ ʫʦʧʰʪʝʥʠʤ ʟʘʢˀʫʯʮʠʤʘ ʧʨʦʮʝʥʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʧʦʤʦ˂ʫ OSPM ʤʦʜʝʣʘ, ʥʝʦʧʭʦʜʥʦ 

ʿʝ ʠʩʪʘ˂ʠ ʜʚʘ ʧʨʝʜʣʦʛʘ ʢʦʿʠ ʩʫ ʜʦʢʘʟʘʥʦ ʧʦʙʦˀʰʘʣʠ ˁʝʛʦʚʝ ʧʨʦʮʝʥʝ. ɿʘ ʪʘʢʚʝ ʨʝʟʫʣʪʘʪʝ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʢʦʥʩʪʘʥʪʥʦ ʧʨʘ˂ʝˁʝ ʙʨʟʠʥʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʧʦ ʩʘʪʠʤʘ, ʘ ʥʝ ʫʟʠʤʘˁʝ ʿʝʜʥʝ ʚʨʝʜʥʦʩʪʠ 

ʟʘ ʩʚʝ ʩʘʪʝ ʤʝʨʝˁʘ (ʢʦʥʢʨʝʪʥʦ ʟʘ NOx), ʜʦʢ ʩʫ ʙʦˀʠ ʨʝʟʫʣʪʘʪʠ ʠʤʠʩʠʿʝ CO ʜʦʙʠʿʝʥʠ ʩʤʘˁʝˁʝʤ 

ʙʨʟʠʥʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʪʦʢʦʤ ʧʨʝʣʘʩʢʘ ʠʩʢʦʨʠʰ˂ʝˁʘ ʢʘʧʘʮʠʪʝʪʘ ʫʣʠʮʝ ʦʜ 60%. ʊʘʢʦʹʝ, ʥʦʚʝ 

ʚʝʨʟʠʿʝ ʧʦʤʝʥʫʪʦʛ ʤʦʜʝʣʘ, ʢʘʦ ʠ ʥʦʚʘ ʨʝʰʝˁʘ ʜʠʩʧʝʨʟʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʫʥʫʪʘʨ ʫʣʠʮʘ ʦʙʣʠʢʘ 

ʢʘˁʦʥʘ, ʤʦʨʘʿʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʜʦʧʨʠʥʦʩ ʨʝʮʠʨʢʫʣʘʮʠʿʝ ʚʝ˂ ʧʨʠ ʙʨʟʠʥʠ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʦʜ 

1,5 mĿs
-1
 ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʠ 1,3 mĿs

-1
 ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ NOx (ʦʙʝ ʥʘ ʟʘʚʝʪʨʝʥʦʿ ʩʪʨʘʥʠ ʢʘˁʦʥʘ). 

ʊʠʤʝ ʿʝ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʥʘ ʛʨʘʥʠʮʘ ʩʪʚʘʨʘˁʘ ʚʠʭʦʨʘ (ʪʨʝ˂ʝ ʢʦʤʧʦʥʝʥʪʝ ʠʤʠʩʠʿʝ), ʘ ʢʦʿʘ ʿʝ ʧʨʝ 

ʚʘʨʠʨʘʣʘ ʫ ʛʨʘʥʠʮʘʤʘ 1,5ï2,0 mĿs
-1
.   

 

ʄʘʜʘ ʧʨʝʜʤʝʪ ʜʠʩʝʨʪʘʮʠʿʝ ʥʠʿʝ ʙʠʦ ʫʪʚʨʹʠʚʘˁʝ ʤʝʨʘ ʣʦʢʘʣʥʠʭ ʚʣʘʩʪʠ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʢʚʘʣʠʪʝʪʘ 

ʚʘʟʜʫʭʘ ʿʝʜʥʝ ʩʧʝʮʠʬʠʯʥʝ ʫʨʙʘʥʝ ʩʨʝʜʠʥʝ, ʠʧʘʢ ʙʠ ʪʨʝʙʘʣʦ ʦʙʨʘʪʠʪʠ ʧʘʞˁʫ ʥʘ ʤʝʨʝ ʠ ʘʢʪʠʚʥʦʩʪʠ 

ʩʘ ʧʨʠʤʘʨʥʦ ʝʢʦʣʦʰʢʠʤ ʮʠˀʝʤ. ʅʘ ʧʨʚʦʤ ʤʝʩʪʫ, ʣʦʢʘʣʥʝ ʚʣʘʩʪʠ ʪʨʝʙʘ ʜʘ ʬʦʨʤʫʣʠʰʫ ɸʢʮʠʦʥʠ 

ʧʣʘʥ ʦ ʢʚʘʣʠʪʝʪʫ ʚʘʟʜʫʭʘ ʨʘʜʠ ʫʥʘʧʨʝʹʝʥʘ ˁʝʛʦʚʦʛ ʢʚʘʣʠʪʝʪʘ. ʊʘʢʦʹʝ, ʥʘ ʨʝʛʠʩʪʨʦʚʘʥʠʤ 

ʞʘʨʠʰʪʠʤʘ ʘʝʨʦʟʘʛʘʹʝˁʘ, ʣʦʢʘʣʥʝ ʚʣʘʩʪʠ ʪʨʝʙʘ ʜʘ ʧʨʠʤʝʥʝ ʩʣʝʜʝ˂ʝ ʩʪʨʘʪʝʛʠʿʝ: 

1. ʋʥʘʧʨʝʹʝˁʝ, ʦʜʥʦʩʥʦ ʦʧʪʠʤʠʟʘʮʠʿʘ ʨʘʜʘ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʩʠʛʥʘʣʘ ʫ ʢʦʦʨʜʠʥʘʮʠʿʠ ʜʘ ʙʠ ʩʝ 

ʩʤʘˁʠʣʠ ʛʫʙʠʮʠ ʚʨʝʤʝʥʘ ʥʘ ʧʨʠʣʘʟʫ ʩʝʤʘʬʦʨʠʩʘʥʦʿ ʨʘʩʢʨʩʥʠʮʠ (ʥʘʨʦʯʠʪʦ ʢʦʜ ʩʫʩʝʜʥʠʭ ʠ 

ʨʝʣʘʪʠʚʥʦ ʙʣʠʩʢʠʭ); 

2. ʇʨʝʫʩʤʝʨʘʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʦʢʦʚʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʤʦʛʫ˂ʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʟʘʛʫʰʝˁʘ, ʢʘʦ ʠ 

ʧʨʝʫʩʤʝʨʘʚʘˁʝ ʪʝʨʝʪʥʠʭ ʚʦʟʠʣʘ ʥʘ ʦʜʨʝʹʝʥʝ ʧʫʪʥʝ ʧʨʘʚʮʝ ʫ ʦʜʨʝʹʝʥʦ ʚʨʝʤʝ; 

3. ʋʚʦʹʝˁʝ ʟʦʥʘ ʤʘʣʝ ʝʤʠʩʠʿʝ ʠ ʪʘʨʠʬʝ ʘʝʨʦʟʘʛʘʹʝʥʦʩʪʠ;  

4. ʇʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʿʘʚʥʦʛ ʧʨʝʚʦʟʘ (ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʩʘ ʩʪʘʥʦʚʠʰʪʘ 

ʫʩʣʫʛʝ) ʠ ˁʝʛʦʚʝ ʝʚʝʥʪʫʘʣʥʝ ʩʫʙʚʝʥʮʠʿʝ; 

5. ʆʛʨʘʥʠʯʝˁʝ ʚʨʝʤʝʥʘ ʦʢʫʧʘʮʠʿʝ ʧʦʿʝʜʠʥʘʯʥʦʛ ʧʘʨʢʠʥʛ ʤʝʩʪʘ, ʢʘʦ ʠ ʫʚʦʹʝˁʝ ʧʦʨʝʟʘ ʠ ʪʘʢʩʠ 

ʥʘ ʥʘʧʣʘʪʫ ʧʘʨʢʠʥʛʘ, ʥʘʨʦʯʠʪʦ ʫ ʮʝʥʪʨʘʣʥʠʤ ʧʦʩʣʦʚʥʠʤ ʢʚʘʨʪʦʚʠʤʘ ʛʨʘʜʩʢʠʭ ʮʝʥʪʘʨʘ; 

6. ʋʥʘʧʨʝʹʝˁʝ ʤʦʪʦʨʠʟʦʚʘʥʦʛ ʠ ʥʝʤʦʪʦʨʠʟʦʚʘʥʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʜʚʦʪʦʯʢʘʰʘ; 

7. ʉʤʘˁʝˁʝ ʙʨʦʿʘ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʟʘʛʫʰʝˁʘ ʫʥʫʪʘʨ ʛʨʘʜʩʢʠʭ ʟʦʥʘ; 

8. ɿʘʙʨʘʥʘ ʫʣʠʯʥʦʛ ʧʘʨʢʠʨʘˁʘ ʩʚʫʜʘ ʛʜʝ ʿʝ ʪʦ ʤʦʛʫ˂ʝ, ʜʘ ʙʠ ʩʝ ʩʤʘˁʠʣʦ ʥʝʧʦʪʨʝʙʥʦ 

ʧʨʝʢʠʜʘˁʝ, ʦʜʥʦʩʥʦ ʦʤʝʪʘˁʝ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ ʠ ʪʘʢʦ ʦʜʨʞʘʦ ʧʦʥʫʹʝʥʠ ʢʘʧʘʮʠʪʝʪ ʫʣʠʮʝ;  

9. ʄʝʨʝ ʫʨʙʘʥʦʛ ʧʣʘʥʠʨʘˁʘ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʠʟʣʦʞʝʥʦʩʪʠ ʧʦʧʫʣʘʮʠʿʝ ʰʪʝʪʥʠʤ ʤʘʪʝʨʠʿʘʤʘ; 

10. ʆʙʝʟʙʝʹʝˁʝ ʠʟʙʦʨʘ ʞʠʚʦʪʥʦʛ ʩʪʠʣʘ, ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʘ ʝʤʠʩʠʿʘ ʜʨʫʤʩʢʠʭ ʚʦʟʠʣʘ ʠ 

ʧʦʿʝʜʠʥʘʯʥʘ ʠʟʣʦʞʝʥʦʩʪ ʰʪʝʪʥʠʤ ʤʘʪʝʨʠʿʘʤʘ. 
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8. ʇʈʀʃʆɻ ɸ 
 

ʊʘʙʝʣʘ ɸ1 ʎʠˀʥʝ ʠ ʜʫʛʦʨʦʯʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʨʠʟʝʤʥʦʛ ʦʟʦʥʘ  

(Air Quality Directive, EU, 2008c) 

ʎʠ ˀ
ʇʝʨʠʦʜ ʨʘʯʫʥʘˁʘ 

ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ 
ɻʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ 

ʈʦʢ ʟʘ ʜʦʩʪʠʟʘˁʝ 

ʮʠˀʥʝ ʚʨʝʜʥʦʩʪʠ 

ʆʟʦʥ 

ɿʘʰʪʠʪʘ 

ʟʜʨʘʚˀʘ 

ˀʫʜʠ 

ʄʘʢʩʠʤʘʣʥʘ ʜʥʝʚʥʘ 

ʦʩʤʦʯʘʩʦʚʥʘ ʩʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ 

120 ɛgĿm
-3 
ʥʝ ʩʤʝ ʩʝ ʧʨʝʢʦʨʘʯʠʪʠ ʫ 

ʚʠʰʝ ʦʜ 25 ʜʘʥʘ ʧʦ ʢʘʣʝʥʜʘʨʩʢʦʿ 

ʛʦʜʠʥʠ ʫ ʪʦʢʫ 3 ʛʦʜʠʥʝ ʤʝʨʝˁʘ 

1.ʿʘʥʫʘʨ 2010. 

ʛʦʜʠʥʝ 

ɼʫʛʦʨʦʯʥʠ 

ʮʠ ˀ

ʄʘʢʩʠʤʘʣʥʘ ʜʥʝʚʥʘ 

ʦʩʤʦʯʘʩʦʚʥʘ ʩʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ 

120 ɛgĿm
-3
  

ʆʙʘʚʝʰʪʝˁʝ 1 ʩʘʪ 180 ɛgĿm
-3
  

ʋʧʦʟʦʨʝˁʝ 1 ʩʘʪ 240 ɛgĿm
-3
  

ʅʘʧʦʤʝʥʘ 1: ʉʚʝʪʩʢʘ ʟʜʨʘʚʩʪʚʝʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʿʝ ʧʨʦʧʠʩʘʣʘ ʤʘʢʩʠʤʘʣʥʫ ʜʥʝʚʥʫ ʦʩʤʦʯʘʩʦʚʥʫ 

ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʟʘ ʦʟʦʥ 100 ɛgĿm
-3
 (WHO, 2008); ʅʘʧʦʤʝʥʘ 2: Air quality in Europe ï 2011 report, 

EEA Technical report, No. 12/2011, ISSN 1725-2237  

 

ʊʘʙʝʣʘ ɸ2 ɻʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʟʦʪ-ʜʠʦʢʩʠʜʘ ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ  

(Air Quality Directive, EU, 2008c) 

ʎʠ ˀ
ʇʝʨʠʦʜ ʨʘʯʫʥʘˁʘ 

ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ 
ɻʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ 

ɹʨʦʿ ʜʦʟʚʦˀʝʥʠʭ 

ʧʨʝʢʦʨʘʯʝˁʘ 

NO2 ʠ NOx 

ɿʘʰʪʠʪʘ ʟʜʨʘʚˀʘ ˀʫʜʠ 
1 ʩʘʪ 200 ɛgĿm

-3
 

18 ʩʘʪʠ ʫ ʪʦʢʫ 

ʛʦʜʠʥʝ 

ʿʝʜʥʘ ʢʘʣʝʥʜʘʨʩʢʘ ʛʦʜʠʥʘ 40 ɛgĿm
-3
  

ʋʧʦʟʦʨʝˁʝ 1 ʩʘʪ 400 ɛgĿm
-3
  

CO 

ɿʘʰʪʠʪʘ ʟʜʨʘʚˀʘ ˀʫʜʠ 

1 ʩʘʪ /  

ʄʘʢʩʠʤʘʣʥʘ ʜʥʝʚʥʘ 

ʦʩʤʦʯʘʩʦʚʥʘ ʚʨʝʜʥʦʩʪ 
10 mgĿm

-3
  

ʅʘʧʦʤʝʥʘ: ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʧʘʩʥʝ ʧʦ ʟʜʨʘʚˀʝ ʫˀʜʠ ʤʝʨʝ ʩʝ ʪʦʢʦʤ ʪʨʠ ʫʟʘʩʪʦʧʥʘ ʩʘʪʘ ʥʘ 

ʣʦʢʘʮʠʿʘʤʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʤ ʟʘ ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʯʠʿʘ ʧʦʚʨʰʠʥʘ ʥʠʿʝ ʤʘˁʘ ʦʜ 100 km
2
, ʠʣʠ ʫ 

ʟʦʥʘʤʘ ʠʣʠ ʘʛʣʦʤʝʨʘʪʠʤʘ, ʘʢʦ ʿʝ ˁʠʭʦʚʘ ʧʦʚʨʰʠʥʘ ʤʘˁʘ.  

 

ʊʘʙʝʣʘ A3 ɻʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʟʦʪ-ʜʠʦʢʩʠʜʘ (WHO, 2006) 

ʎʠ ˀ ʇʝʨʠʦʜ ʨʘʯʫʥʘˁʘ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ɻʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ 

NO2 

ɿʘʰʪʠʪʘ ʟʜʨʘʚˀʘ ˀʫʜʠ 
1 ʩʘʪ 200 ɛgĿm

-3
 

ʿʝʜʥʘ  ʢʘʣʝʥʜʘʨʩʢʘ ʛʦʜʠʥʘ 40 ɛgĿm
-3
 

CO 

ɿʘʰʪʠʪʘ ʟʜʨʘʚˀʘ ˀʫʜʠ 
1 ʩʘʪ 30 mgĿm

-3
 

ʄʘʢʩʠʤʘʣʥʘ ʜʥʝʚʥʘ ʦʩʤʦʯʘʩʦʚʥʘ ʚʨʝʜʥʦʩʪ 10 mgĿm
-3
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ʊʘʙʝʣʘ ɸ4 ʂʨʠʪʝʨʠʿʫʤʠ ʟʘ ʦʮʝˁʠʚʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ hʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ (ʛʦʨˁʘ ʠ ʜʦˁʘ ʛʨʘʥʠʮʘ) 

( ʉʣ. ʛʣʘʩʥʠʢ ʈʉ, ʙʨ. 11/2010 ʠ 75/2010) 

 

NO2 NOx C6H6 CO 

ɱʝʜʥʦʯʘʩʦʚʥʘ 

ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ 

ʟʘʰʪʠʪʫ ʟʜʨʘʚˀʘ 

ˀʫʜʠ 

ɻʦʜʠʰˁʘ 

ʛʨʘʥʠʯʥʘ 

ʚʨʝʜʥʦʩʪ ʟʘ 

ʟʘʰʪʠʪʫ 

ʟʜʨʘʚˀʘ 

ˀʫʜʠ 

ɻʦʜʠʰˁʠ 

ʢʨʠʪʠʯʥʠ ʥʠʚʦ 

ʟʘ ʟʘʰʪʠʪʫ 

ʚʝʛʝʪʘʮʠʿʝ ʠ 

ʧʨʠʨʦʜʥʠʭ 

ʝʢʦʩʠʩʪʝʤʘ 

ɻʦʜʠʰˁʠ 

ʧʨʦʩʝʢ 

ʆʩʤʦʯʘʩʦʚʥʠ 

ʧʨʦʩʝʢ 

ɻʦʨˁʘ 

ʛʨʘʥʠʮʘ 

ʦʮʝˁʠʚʘˁʘ 

 

70% 

ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 

(105 ɛgĿm
-3
, ʥʝ ʩʤʝ ʩʝ 

ʧʨʝʢʦʨʘʯʠʪʠ ʚʠʰʝ ʦʜ 

18 ʧʫʪʘ ʫ ʿʝʜʥʦʿ 

ʢʘʣʝʥʜʘʨʩʢʦʿ ʛʦʜʠʥʠ) 

80% 

ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 

(32 ɛgĿm
-3
) 

80%  

ʢʨʠʪʠʯʥʦʛ 

ʥʠʚʦʘ 

(24 ɛgĿm
-3
) 

70% 

ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 

(3,5 ɛgĿm
-3
) 

70% 

ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 

(7 mgĿm
-3
) 

ɼʦˁʘ 

ʛʨʘʥʠʮʘ 

ʦʮʝˁʠʚʘˁʘ 

 

50 % 

ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 

(75 ɛgĿm
-3
, ʥʝ ʩʤʝ ʩʝ 

ʧʨʝʢʦʨʘʯʠʪʠ ʚʠʰʝ ʦʜ 

18 ʧʫʪʘ ʫ ʿʝʜʥʦʿ 

ʢʘʣʝʥʜʘʨʩʢʦʿ ʛʦʜʠʥʠ) 

65% 

ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 

(26 ɛgĿm
-3
) 

65% 

ʢʨʠʪʠʯʥʦʛ 

ʥʠʚʦʘ 

(19,5 ɛgĿm
-3
) 

40% 

ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 

(2 ɛgĿm
-3
) 

50% 

ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 

(5 mgĿm
-3
) 

 

ʊʘʙʝʣʘ ɸ5 ʂʨʠʪʝʨʠʿʫʤʠ ʟʘ ʧʨʦʚʝʨʫ ʚʘʣʠʜʥʦʩʪʠ ʧʨʠʣʠʢʦʤ ʫʟʦʨʢʦʚʘˁʘ (NO2, NOx, C6H6 ʠ CO)  

(ʉʣ. ʛʣʘʩʥʠʢ ʈʉ, ʙʨ. 11/2010 ʠ 75/2010) 

ʇʘʨʘʤʝʪʘʨ ɿʘʭʪʝʚʘʥʠ ʫʜʝʦ ʚʘʣʠʜʥʠʭ ʧʦʜʘʪʘʢʘ 

ɱʝʜʥʦʯʘʩʦʚʥʝ ʚʨʝʜʥʦʩʪʠ 75% (45 ʤʠʥʫʪʘ) 

ʆʩʤʦʯʘʩʦʚʥʝ ʚʨʝʜʥʦʩʪʠ 75% ʚʨʝʜʥʦʩʪʠ (6 ʩʘʪʠ) 

ʅʘʿʚʝ˂ʘ ʜʥʝʚʥʘ 

ʦʩʤʦʯʘʩʦʚʥʘ ʚʨʝʜʥʦʩʪ 

75% ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʧʨʦʩʝʢʘ ʟʘ 8 ʫʟʘʩʪʦʧʥʠʭ ʩʘʪʠ 

(18 ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʧʨʦʩʝʢʘ ʜʥʝʚʥʦ) 

24-ʯʘʩʦʚʥʘ ʚʨʝʜʥʦʩʪ 
75% ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʧʨʦʩʝʢʘ 

(ʙʘʨʝʤ 18 ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʚʨʝʜʥʦʩʪʠ) 

ɻʦʜʠʰˁʠ ʧʨʦʩʝʢ 
90% ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠʣʠ (ʘʢʦ ʥʠʩʫ ʨʘʩʧʦʣʦʞʠʚʝ) 

24-ʯʘʩʦʚʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʪʦʢʫ ʛʦʜʠʥʝ 

 

ʊʘʙʝʣʘ ɸ6 ʂʨʠʪʝʨʠʿʫʤʠ ʟʘ ʧʨʦʚʝʨʫ ʚʘʣʠʜʥʦʩʪʠ ʧʨʠʣʠʢʦʤ ʫʟʦʨʢʦʚʘˁʘ (ʧʨʠʟʝʤʥʠ ʦʟʦʥ)  

(ʉʣ. ʛʣʘʩʥʠʢ ʈʉ, ʙʨ. 11/2010 ʠ 75/2010) 

ʇʘʨʘʤʝʪʘʨ ɿʘʭʪʝʚʘʥʠ ʫʜʝʦ ʚʘʣʠʜʥʠʭ ʧʦʜʘʪʘʢʘ 

ɱʝʜʥʦʯʘʩʦʚʥʝ ʚʨʝʜʥʦʩʪʠ 75% (45 ʤʠʥʫʪʘ) 

ʆʩʤʦʯʘʩʦʚʥʝ ʚʨʝʜʥʦʩʪʠ 75% ʚʨʝʜʥʦʩʪʠ (6 ʩʘʪʠ) 

ʅʘʿʚʝ˂ʘ ʦʩʤʦʯʘʩʦʚʥʘ ʩʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ ʟʘ 8 ʫʟʘʩʪʦʧʥʠʭ 

ʩʘʪʠ ʫ ʪʦʢʫ ʜʘʥʘ 

75% ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʧʨʦʩʝʢʘ ʟʘ 8 ʫʟʘʩʪʦʧʥʠʭ ʩʘʪʠ  

(18 ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʧʨʦʩʝʢʘ ʜʥʝʚʥʦ) 

ɻʦʜʠʰˁʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 
75% ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʣʝʪʠ (ʦʜ ʘʧʨʠʣʘ ʜʦ ʩʝʧʪʝʤʙʨʘ) ʠ 75% 

ʟʠʤʠ (ʦʜ ʿʘʥʫʘʨʘ ʜʦ ʤʘʨʪʘ, ʦʜ ʦʢʪʦʙʨʘ ʜʦ ʜʝʮʝʤʙʨʘ) ʟʘʩʝʙʥʦ ʤʝʨʝʥʦ  

ɹʨʦʿ ʧʨʝʢʦʨʘʯʝˁʘ ʠ 

ʤʘʢʩʠʤʘʣʥʝ ʤʝʩʝʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 

90% ʤʘʢʩʠʤʘʣʥʠʭ ʜʥʝʚʥʠʭ ʦʩʤʦʯʘʩʦʚʥʠʭ ʧʨʦʩʝʯʥʠʭ ʚʨʝʜʥʦʩʪʠ  

(27 ʜʦʩʪʫʧʥʠʭ ʜʥʝʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʤʝʩʝʯʥʦ)  

90% ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʹʫ 8.00 ʠ 20.00 ʯʘʩʦʚʘ ʧʦ 

ʮʝʥʪʨʘʣʥʦʝʚʨʦʧʩʢʦʤ ʚʨʝʤʝʥʫ 

ɹʨʦʿ ʧʨʝʢʦʨʘʯʝˁʘ ʠ 

ʤʘʢʩʠʤʘʣʥʝ ʛʦʜʠʰˁʝ 

ʚʨʝʜʥʦʩʪʠ 

5ï6 ʤʝʩʝʮʠ ʫ ʪʦʢʫ ʣʝʪʘ (ʦʜ ʘʧʨʠʣʘ ʜʦ ʩʝʧʪʝʤʙʨʘ) 
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ʊʘʙʝʣʘ ɸ7 ɻʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ, ʪʦʣʝʨʘʥʪʥʘ ʚʨʝʜʥʦʩʪ ʠ ʛʨʘʥʠʮʘ ʪʦʣʝʨʘʥʮʠʿʝ (NO2, C6H6 ,CO)  

(ʉʣ. ʛʣʘʩʥʠʢ ʈʉ, ʙʨ. 11/2010 ʠ 75/2010) 

ʇʝʨʠʦʜ 

ʫʩʨʝʜˁʘʚʘˁʘ 
ɻʨʘʥʠʮʘ ɻʨʘʥʠʮʘ ʪʦʣʝʨʘʥʮʠʿʝ 

ʊʦʣʝʨʘʥʪʥʘ 

ʚʨʝʜʥʦʩʪ 

ʈʦʢ ʟʘ 

ʜʦʩʪʠʟʘˁʝ 

ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 

NO2 

ɱʝʜʘʥ ʩʘʪ 

150 ɛgĿm
-3
, 

ʥʝ ʩʤʝ ʩʝ 

ʧʨʝʢʦʨʘʯʠʪʠ 

ʚʠʰʝ ʦʜ 18 

ʧʫʪʘ ʫ 

ʛʦʜʠʥʠ 

50% ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 

1.01.2010.ʛʦʜ. ʫʤʘˁʫʿʝ ʩʝ 1.01.2012. 

ʛʦʜ., ʘ ʧʦʪʦʤ ʥʘ ʩʚʘʢʠʭ 12 ʤʝʩʝʮʠ ʟʘ 

5% ʛʦʜʠʰˁʝ ʜʘ ʙʠ ʩʝ ʦʜ 1.01. 2021. 

ʛʦʜ. ʜʦʩʪʠʛʣʦ 0% 

225 ɛgĿm
-3
 

1.ʿʘʥʫʘʨ 

2021. 

ʛʦʜʠʥʝ 

ɱʝʜʘʥ ʜʘʥ 85 ɛgĿm
-3
 

47% ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 1.01.2010. 

ʛʦʜ. ʫʤʘˁʫʿʝ ʩʝ 1.01.2012. ʛʦʜʠʥʝ, ʘ 

ʧʦʪʦʤ ʥʘ ʩʚʘʢʠʭ 12 ʤʝʩʝʮʠ ʟʘ 5% 

ʛʦʜʠʰˁʝ ʜʘ ʙʠ ʩʝ ʜʦ 1.01.2021.ʛʦʜ. 

ʜʦʩʪʠʛʣʦ 0% 

125 ɛgĿm
-3
 

1.ʿʘʥʫʘʨ 

2021. 

ʛʦʜʠʥʝ 

ʂʘʣʝʥʜʘʨʩʢʘ 

ʛʦʜʠʥʝ 
40 ɛgĿm

-3
 

50% ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 1.01.2010. 

ʛʦʜ. ʫʤʘˁʫʿʝ ʩʝ 1.01.2012. ʛʦʜʠʥʝ, ʘ 

ʧʦʪʦʤ ʥʘ ʩʚʘʢʠʭ 12 ʤʝʩʝʮʠ ʟʘ 5% 

ʛʦʜʠʰˁʝ ʜʘ ʙʠ ʩʝ ʦʜ 1.01.2021. ʛʦʜ. 

ʜʦʩʪʠʛʣʦ 0% 

60 ɛgĿm
-3
 

1.ʿʘʥʫʘʨ 

2021. 

ʛʦʜʠʥʝ 

C6H6 (ʙʝʥʟʝʥ) 

ʂʘʣʝʥʜʘʨʩʢʘ 

ʛʦʜʠʥʘ 
5 ɛgĿm

-3
 

3 ɛgĿm
-3 
(60% ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ) 

1.01.2010. ʛʦʜ. ʫʤʘˁʫʿʝ ʩʝ ʩʚʘʢʠʭ 12 

ʤʝʩʝʮʠ ʟʘ 0.5 ɛgĿm
-3
 ʜʘ ʙʠ ʩʝ ʦʜ 

1.01.2016. ʛʦʜ. ʜʦʩʪʠʛʣʦ 0% 

8 ɛgĿm
-3
 

1.ʿʘʥʫʘʨ 

2016. 

ʛʦʜʠʥʝ 

CO 

ʄʘʢʩʠʤʘʣʥʘ 

ʜʥʝʚʥʘ 

ʦʩʤʦʯʘʩʦʚʥʘ 

ʚʨʝʜʥʦʩʪ 

10 mgĿm
-3
 

60% ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 1.01.2010. 

ʛʦʜʠʥʝ ʫʤʘˁʫʿʝ ʩʝ 1.01.2012.ʛʦʜ., ʘ 

ʧʦʪʦʤ ʥʘ ʩʚʘʢʠʭ 12 ʤʝʩʝʮʠ ʟʘ 12% 

ʛʦʜʠʰˁʝ ʜʘ ʙʠ ʩʝ ʜʦ 1.01.2016. ʛʦʜ. 

ʜʦʩʪʠʛʣʦ 0% 

16 mgĿm
-3
 

1.ʿʘʥʫʘʨ 

2016. 

ʛʦʜʠʥʝ 

ɱʝʜʘʥ ʜʘʥ 5 mgĿm
-3
 

100% ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 1.01.2010. 

ʛʦʜʠʥʝ ʫʤʘˁʫʿʝ ʩʝ 1.01.2012. 

ʛʦʜʠʥʝ, ʘ ʧʦʪʦʤ ʥʘ ʩʚʘʢʠʭ 12 ʤʝʩʝʮʠ 

ʟʘ 20% ʛʦʜʠʰˁʝ ʜʘ ʙʠ ʩʝ ʜʦ 

1.01.2016. ʛʦʜʠʥʝ ʜʦʩʪʠʛʣʦ 0% 

10 mgĿm
-3
 

1.ʿʘʥʫʘʨ 

2016. 

ʛʦʜʠʥʝ 

ʂʘʣʝʥʜʘʨʩʢʘ 

ʛʦʜʠʥʘ 
3 mgĿm

-3
  3 mgĿm

-3
 

1.ʿʘʥʫʘʨ 

2016. 

ʛʦʜʠʥʝ 
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ʊʘʙʝʣʘ ɸ8 ʎʠˀʥʘ ʚʨʝʜʥʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʨʠʟʝʤʥʦʛ ʦʟʦʥʘ  

(ʉʣ. ʛʣʘʩʥʠʢ ʈʉ., ʙʨ. 11/2010 ʠ 75/2010) 

ʎʠ ˀ

ʇʝʨʠʦʜ ʨʘʯʫʥʘˁʘ 

ʧʨʦʩʝʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ʎʠˀʥʘ ʚʨʝʜʥʦʩʪʠ 
ʈʦʢ ʟʘ ʜʦʩʪʠʟʘˁʝ 

ʮʠˀʥʝ ʚʨʝʜʥʦʩʪʠ 

ʆʟʦʥ 

ɿʘʰʪʠʪʘ 

ʟʜʨʘʚˀʘ 

ˀʫʜʠ 

ʄʘʢʩʠʤʘʣʥʘ ʜʥʝʚʥʘ 

ʦʩʤʦʯʘʩʦʚʥʘ 

ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

120 ɛgĿm
-3 
ʥʝ ʩʤʝ ʩʝ  

ʧʨʝʢʦʨʘʯʠʪʠ ʫ ʚʠʰʝ  

ʦʜ 25 ʜʘʥʘ ʧʦ ʢʘʣʝʥʜʘʨʩʢʦʿ  

ʛʦʜʠʥʠ ʫ ʪʦʢʫ 3 ʛʦʜʠʥʝ ʤʝʨʝˁʘ 

1.ʿʘʥʫʘʨ 2016. 

ʛʦʜʠʥʝ 

ɿʘʰʪʠʪʘ 

ʚʝʛʝʪʘʮʠʿʝ 
ʆʜ ʤʘʿʘ ʜʦ ʿʫʣʘ 

ɺʨʝʜʥʦʩʪ ɸʆʊ40 

(ʜʦʙʠʿʝʥʘ ʨʘʯʫʥʘˁʝʤ  

ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʚʨʝʜʥʦʩʪʠ) 

18 000 ɛgĿm
-3
  ʫ ʪʦʢʫ ʿʝʜʥʦʛ  

ʯʘʩʘ ʫ ʪʦʢʫ 5 ʛʦʜʠʥʘ ʤʝʨʝˁʘ 

1.ʿʘʥʫʘʨ 2016. 

ʛʦʜʠʥʝ 

ʅʘʧʦʤʝʥʘ: ɺʨʝʜʥʦʩʪ ɸʆʊ40 [ɛgĿm
-3
Āh] ʦʟʥʘʯʘʚʘ ʩʫʤʫ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʚʝ˂ʠʭ ʦʜ 80 ɛgĿm
-3
 (= 40 ppb) ʠ 80 ɛgĿm

-3
 ʫ ʪʦʢʫ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʠʟʨʘʯʫʥʘʪʫ ʥʘ ʦʩʥʦʚʫ 

ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʤʝʨʝʥʠʭ 8.00ï20.00 ʯʘʩʦʚʘ ʧʦ ʮʝʥʪʨʘʣʥʦʝʚʨʦʧʩʢʦʤ ʚʨʝʤʝʥʫ ʩʚʘʢʦʛ ʜʘʥʘ.  

 

ʊʘʙʝʣʘ ɸ9 ɼʫʛʦʨʦʯʥʠ ʮʠˀʝʚʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ  ʧʨʠʟʝʤʥʦʛ ʦʟʦʥʘ  

(ʉʣ. ʛʣʘʩʥʠʢ ʈʉ, ʙʨ. 11/2010 ʠ 75/2010 

ʎʠ ˀ ʇʝʨʠʦʜ ʫʩʨʝʜˁʘʚʘˁʘ ɼʫʛʦʨʦʯʥʠ ʮʠˀ 
ʈʦʢ ʟʘ ʜʦʩʪʠʟʘˁʝ 

ʜʫʛʦʨʦʯʥʦʛ ʮʠˀʘ 

ʆʟʦʥ 

ɿʘʰʪʠʪʘ 

ʟʜʨʘʚˀʘ 

ˀʫʜʠ 

ʄʘʢʩʠʤʘʣʥʘ ʜʥʝʚʥʘ 

ʦʩʤʦʯʘʩʦʚʥʘ ʩʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ ʫ ʿʝʜʥʦʿ 

ʢʘʣʝʥʜʘʨʩʢʦʿ ʛʦʜʠʥʠ 

120 ɛgĿm
-3
 ʅʝʫʪʚʨʹʝʥ 

ɿʘʰʪʠʪʘ 

ʚʝʛʝʪʘʮʠʿʝ 
ʆʜ ʤʘʿʘ ʜʦ ʿʫʣʘ 

ɺʨʝʜʥʦʩʪ ɸʆʊ40 

(ʜʦʙʠʿʝʥʘ ʨʘʯʫʥʘˁʝʤ  

ʿʝʜʥʦʯʘʩʦʚʥʠʭ ʚʨʝʜʥʦʩʪʠ) 

6.000 ɛgĿm
-3
  ʫ ʪʦʢʫ ʿʝʜʥʦʛ ʯʘʩʘ 

ʅʝʫʪʚʨʹʝʥ 

 

ʊʘʙʝʣʘ ɸ10 ʂʦʥʮʝʥʪʨʘʮʠʿʝ NO2 ʦʧʘʩʥʝ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ  

(ʉʣ. ʛʣʘʩʥʠʢ ʈʉ, ʙʨ. 11/2010 ʠ 75/2010) 

ʐʪʝʪʥʘ  

ʤʘʪʝʨʠʿʘ 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʦʧʘʩʥʘ  

ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ 

ɸʟʦʪ-ʜʠʦʢʩʠʜ 400 ɛgĿm
-3
 

ʅʘʧʦʤʝʥʘ: ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʧʘʩʥʝ ʧʦ ʟʜʨʘʚˀʝ ʫˀʜʠ ʤʝʨʝ ʩʝ ʪʦʢʦʤ ʪʨʠ ʫʟʘʩʪʦʧʥʘ ʩʘʪʘ ʥʘ 

ʣʦʢʘʮʠʿʘʤʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʤ ʟʘ ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʥʘ ʧʦʜʨʫʯʿʫ ʯʠʿʘ ʧʦʚʨʰʠʥʘ ʥʠʿʝ ʤʘˁʘ ʦʜ 100 

km
2
, ʠʣʠ ʫ ʟʦʥʘʤʘ ʠʣʠ ʘʛʣʦʤʝʨʘʪʠʤʘ, ʘʢʦ ʿʝ ˁʠʭʦʚʘ ʧʦʚʨʰʠʥʘ ʤʘˁʘ. 

 

ʊʘʙʝʣʘ ɸ11 ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʧʨʠʟʝʤʥʦʛ ʦʟʦʥʘ ʦʧʘʩʥʝ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦ 

ʢʦʿʠʤʘ ʩʝ ʠʟʚʝʰʪʘʚʘ ʿʘʚʥʦʩʪ (ʉʣ. ʛʣʘʩʥʠʢ ʈʉ, ʙʨ. 11/2010 ʠ 75/2010) 

ʉʚʨʭʘ 
ʇʝʨʠʦʜ  

ʫʩʨʝʜˁʘʚʘˁʘ 
ɻʨʘʥʠʮʘ 

ʆʙʘʚʝʰʪʝˁʝ 1 ʩʘʪ 180 ɛgĿm
-3
 

ʋʧʦʟʦʨʝˁʝ 1 ʩʘʪ 240 ɛgĿm
-3
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ʊʘʙʝʣʘ ɸ12 ɽʤʠʩʠʦʥʠ ʬʘʢʪʦʨʠ [gĿkg
-1
 ʟʘʛʘʹʠʚʘʯʘ] ʟʘ ʟʝʤˀʝ ɹʘʣʢʘʥʘ (2005.) - Tʠʝʨ 1 ʤʝʪʦʜ [128] 

ʂʘʪʝʛʦʨʠʿʘ 

ʚʦʟʠʣʘ 

ʐʪʝʪʥʘ ʤʘʪʝʨʠʿʘ 

CO NOx NMVOC  CH4 PM CO2 

ʇɸ ʙʝʥʟʠʥ 221,70 28,39 34,41 1,99, 0,00 2,72 

ʇɸ ʜʠʟʝʣ 12,66 11,68 3,73 0,12 4,95 3,09 

ʃʊɺ ʙʝʥʟʠʥ 305,63 26,58 32,61 1,51 0,00 2,59 

ʃʊɺ ʜʠʟʝʣ 15,94 20,06 2,08 0,08 4,76 3,09 

ʊʊɺ ʜʠʟʝʣ 11,54 38,34 6,05 0,34 2,64 3,09 

ɹʋʉ 15,71 49,18 4,13 0,51 2,15 3,09 

ʄʦʧʝʜʠ 10,61 42,02 5,75 0,44 2,24 3,09 

ʄʦʪʦʮʠʢʣʠ 600,00 1,20 357,70 8,76 0,00 1,07 

ʅʘʧʦʤʝʥʘ 1: ʟʘ CO2 ʢgĿkg
-1
 ʟʘʛʘʹʠʚʘʯʘ; ʅʘʧʦʤʝʥʘ 2 : ʥʠʿʝ ʢʦʨʠʰ˂ʝʥ ,,ʊʨʝʤʦʚʝñ; ʅʘʧʦʤʝʥʘ 3: 

NMVOC - ʥʝʤʝʪʘʥʩʢʘ ʠʩʧʘʨˀʠʚʘ ʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ (ʝʥʛ. Non-Methane Volatile Organic 

Compounds)  

 

ʊʘʙʝʣʘ ɸ13 ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʧʦʪʨʦʰˁʘ ʛʦʨʠʚʘ ʧʦ ʢʠʣʦʤʝʪʨʫ, ʧʦ ʢʘʪʝʛʦʨʠʿʘʤʘ ʚʦʟʠʣʘ [128] 

ʂʘʪʝʛʦʨʠʿʘ ʚʦʟʠʣʘ ʇʦʛʦʥʩʢʦ ʛʦʨʠʚʦ 

ʇʨʦʩʝʯʥʘ ʧʦʪʨʦʰˁʘ 

ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ  

[gĿkm
-1
] 

ʇɸ 

ɹʝʥʟʠʥ 70 

ɼʠʟʝʣ 60 

ʊʅɻ 57,5 

ʃʊɺ 
ɹʝʥʟʠʥ 100 

ɼʠʟʝʣ 80 

ʊʊɺ 
ɼʠʟʝʣ 240 

ʂʇɻ (ʘʫʪʦʙʫʩʠ) 500 

ɼʚʦʪʦʯʢʘʰʠ ɹʝʥʟʠʥ 35 

 

ʊʘʙʝʣʘ ɸ14 ʇʨʠʤʝʨʠ ʧʨʦʮʝˁʝʥʝ ʧʨʦʩʝʯʥʝ ʜʥʝʚʥʝ ʜʫʞʠʥʝ ʧʫʪʦʚʘˁʘ ʫ ʥʝʢʠʤ ʟʝʤˀʘʤʘ ɽʋ [128] 

ɼʨʞʘʚʘ 
ʇʨʦʩʝʯʥʘ ʜʫʞʠʥʘ ʧʫʪʦʚʘˁʘ 

[km] 
ɼʨʞʘʚʘ 

ʇʨʦʩʝʯʥʘ ʜʫʞʠʥʘ ʧʫʪʦʚʘˁʘ 

[km] 

ɸʫʩʪʨʠʿʘ 12 ʄʘʹʘʨʩʢʘ 12 

ɹʝʣʛʠʿʘ 12 ʀʨʩʢʘ 14 

ɼʘʥʩʢʘ 9 ʀʪʘʣʠʿʘ 12 

ʅʝʤʘʯʢʘ 14 ʃʫʢʩʝʤʙʫʨʛ 15 

ʐʧʘʥʠʿʘ 12 ʍʦʣʘʥʜʠʿʘ 13,1 

ʌʨʘʥʮʫʩʢʘ 12 ʇʦʨʪʫʛʘʣ 10 

ʌʠʥʩʢʘ 17 ɺʝʣʠʢʘ ɹʨʠʪʘʥʠʿʘ 10 

ɻʨʯʢʘ 12   

 

ʊʘʙʝʣʘ ɸ15 ʆʜʥʦʩ ʝʤʠʩʠʿʘ ʧʨʠ ʭʣʘʜʥʦʤ ʩʪʘʨʪʫ ʟʘ ʚʦʟʠʣʦ ʩʘ ʢʣʘʩʠʯʥʦʤ ʪʝʭʥʦʣʦʛʠʿʦʤ ʩʤʘˁʝˁʘ 

ʝʤʠʩʠʿʝ ʠ OTO ʤʦʪʦʨʦʤ [128] 

  

 

 

 

 

 

ʐʪʝʪʥʘ ʤʘʪʝʨʠʿʘ  ▄̖̌́̅̎̏▄̓̏̐̌̏ϳ ȿ░ȟ▓ 

CO 3,7 ï 0,09ta 

NOx 1,14 ï 0,006ta 

VOC 2,8 ï 0,06ta 
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Tʘʙʝʣʘ ɸ16 ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ - ʙʝʥʟʠʥ (SRPS EN 228) 

ʉʘʩʪʘʚ 
ʆʩʥʦʚʥʦ ʛʦʨʠʚʦ 1996. 

(ʧʨʦʩʝʯʥʦ ʥʘ ʪʨʞʠʰʪʫ) 
ɻʦʨʠʚʦ 2000 ɻʦʨʠʚʦ 2005 

ʉʫʤʧʦʨ [ppm] 165 130 40 

ɹʝʥʟʝʥ [vol%] 2,1 0,8 0,8 

ʂʠʩʝʦʥʠʢ [wt.%] 0,4 1,0 1,5 

RVP [kPa] 
ʃʝʪʠ 68 60 60 

ɿʠʤʠ 81 70 70 

ɸʨʦʤʘʪʠ [vol%] 39 37 33 

ʆʣʝʬʠʥʠ [vol%] 10 10 10 

ɽ 100 [%] 52 52 52 

ɽ 150 [%] 86 86 86 

ʊʨʘʛʦʚʠ ʦʣʦʚʘ [gĿL
-1
] 0,005 0,002 0,00002 

 

ʊʘʙʝʣʘ  ɸ17 ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ - ʜʠʟʝʣ (SRPS EN 590) 

ʉʘʩʪʘʚ 
ʆʩʥʦʚʥʦ ʛʦʨʠʚʦ 1996. 

(ʧʨʦʩʝʯʥʦ ʥʘ ʪʨʞʠʰʪʫ) 

ɻʦʨʠʚʦ  

2000 

ɻʦʨʠʚʦ 

2005 

ʎʝʪʘʥʩʢʠ ʙʨʦʿ 51 53 53 

ɻʫʩʪʠʥʘ ʥʘ 15 ᴈ  840 840 835 

T95 [ᴈ] 350 330 320 

PAH [%] 9 7 5 

ʉʫʤʧʦʨ [ppm] 400 300 40 

ʋʢʫʧʥʦ ʘʨʦʤʘʪʘ [%] 28 26 24 

 

ʊʘʙʝʣʘ ɸ18 ʆʩʥʦʚʥʘ ʛʦʨʠʚʘ ʧʨʝʤʘ ʥʠʚʦʫ ʪʝʭʥʦʣʦʛʠʿʝ ʚʦʟʠʣʘ 

ʅʠʚʦ ʪʝʭʥʦʣʦʛʠʿʝ ʚʦʟʠʣʘ ʆʩʥʦʚʥʦ ʛʦʨʠʚʦ 
ʈʘʩʧʦʣʦʞʠʚʦ ʛʦʨʠʚʦ 

ʧʦʙʦˀʰʘʥʦʛ ʢʚʘʣʠʪʝʪʘ 

ʇʨʝʪʭʦʜʝ ɽʫʨʦ 3 ʩʪʘʥʜʘʨʜʫ ʝʤʠʩʠʿʝ ʆʩʥʦʚʥʦ ʛʦʨʠʚʦ 1996 ɻʦʨʠʚʦ 2000, ɻʦʨʠʚʦ 2005 

ɽʫʨʦ 3 ɻʦʨʠʚʦ 2000 ɻʦʨʠʚʦ 2005 

ɽʫʨʦ 4 ɻʦʨʠʚʦ 2005  
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ʊʘʙʝʣʘ ɸ19 ʉʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨʠ ʩʣʘʛʘˁʘ ʧʦʜʘʪʘʢʘ ɹʃʈ ʤʦʜʝʣʘ ʉɸɼ 

ʈ.ʙʨ. 

 

ʄʦʜʝʣ ʉɸɼ (max. 1,0 vol% CO); ╛╛  Ȣ ȟ  

ʂʦʤʙ. 

ʧʨʝʜʠʢʪʦʨʘ 
╛╛♫ 

Ⱶ▓ ▪

 

╛╛♫

╛╛  

ʉʪʝʧ. 

ʩʣʦʙ. 

(ʩʩ) 

ʉʠʛʥʠʬ. 
McFaden 

ɟĮ 

PA 

[%]  
RĮcs RĮN ɢĮHL  (╠▼) ʉʠʛʥʠʬ. 

1 23456 174,284 1.805,885 6 <0,0001 0,91198529 97,3 0,636 0,95 1,364(8) 0,995 

2 12345 196,72 1.783,449 6 <0,0001 0,90065494 97,2 0,632 0,943 1,538(8) 0,992 

3 2345 202,427 1.777,742 5 <0,0001 0,89777286 97,4 0,631 0,941 2,234(8) 0,973 

4 2346 278,07 1.702,099 5 <0,0001 0,85957259 96,5 0,615 0,917 3,521(8) 0,898 

5 2356 288,085 1.692,084 4 <0,0001 0,85451494 96,8 0,612 0,914 6,767(8) 0,562 

6 1235 301,219 1.678,950 4 <0,0001 0,84788217 96,7 0,61 0,91 5,33 (8) 0,722 

7 235 307,099 1.673,070 3 <0,0001 0,84491273 96,7 0,608 0,908 6,61 (8) 0,579 

8 3456 311,442 1.668,727 5 <0,0001 0,84271948 96,1 0,607 0,906 11,654(8) 0,167 

9 12456 318,994 1.661,175 6 <0,0001 0,83890566 96,5 0,606 0,904 1,879 (8) 0,985 

10 2456 328,978 1.651,191 5 <0,0001 0,83386367 96,4 0,603 0,9 2,775 (8) 0,948 

11 345 332,117 1.648,052 4 <0,0001 0,83227845 96 0,603 0,899 9,804 (8) 0,279 

12 356 358,301 1.621,868 3 <0,0001 0,81905534 95,4 0,597 0,891 3,062 (8) 0,93 

13 346 371,125 1.609,044 4 <0,0001 0,81257912 95,7 0,594 0,886 7,353 (8) 0,499 

14 135 376,728 1.603,441 3 <0,0001 0,80974957 95,3 0,593 0,884 6,611 (8) 0,579 

15 236 377,298 1.602,871 3 <0,0001 0,80946171 95,2 0,593 0,884 4,745 (8) 0,784 

16 35 380,224 1.599,945 2 <0,0001 0,80798406 95,3 0,592 0,883 6,492 (8) 0,592 

17 246 406,858 1.573,311 4 <0,0001 0,79453369 95,5 0,586 0,874 4,396 (8) 0,82 

18 245 411,692 1.568,477 4 <0,0001 0,79209249 95,4 0,585 0,872 2,235 (8) 0,973 

19 36 420,104 1.560,065 2 <0,0001 0,78784437 94,8 0,583 0,869 5,307 (8) 0,724 

20 256 429,962 1.550,207 3 <0,0001 0,78286600 95,2 0,58 0,866 15,056(8) 0,058 

21 1234 485,854 1.494,315 5 <0,0001 0,75464013 95,1 0,567 0,846 13,524(8) 0,095 

22 25 495,573 1.484,596 2 <0,0001 0,74973196 94,7 0,565 0,843 6,502 (8) 0,591 

23 26 544,017 1.436,152 2 <0,0001 0,72526738 93,4 0,553 0,825 10,393(8) 0,239 

24 156 620,327 1.359,842 3 <0,0001 0,68673027 93,3 0,533 0,796 0,162 (3) 0,983 

25 146 698,966 1.281,203 4 <0,0001 0,64701699 91,4 0,512 0,764 5,465 (4) 0,243 

26 16 736,726 1.243,443 2 <0,0001 0,62794791 90,9 0,502 0,749 2,229 (2) 0,328 

27 15 853,195 1.126,974 2 <0,0001 0,56913021 88,5 0,468 0,698 5,356 (2) 0,069 

28 124 926,451 1.053,718 4 <0,0001 0,53213538 87,5 0,446 0,665 6,097 (8) 0,636 

29 24 1125,24 854,929 3 <0,0001 0,43174547 84,9 0,381 0,568 14,984(8) 0,059 

 
ʊʘʙʝʣʘ ɸ20 ʉʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨʠ ʩʣʘʛʘˁʘ ʧʦʜʘʪʘʢʘ ɹʃʈ ʤʦʜʝʣʘ ʉʈɹ 

ʈ.ʙʨ. 

 

ʄʦʜʝʣ ʉʈɹ (max. 4,5 vol% CO);  ╛╛  Ȣ ȟ  

ʂʦʤʙ. 

ʧʨʝʜʠʢʪʦʨʘ 
╛╛♫  

Ⱶ▓ ▪  

╛╛♫

╛╛  

ʉʪʝʧ. 

ʩʣʦʙʦʜʝ 

(ʩʩ) 

ʉʠʛʥʠʬ. 
McFaden 

ɟĮ 

PA 

[%]  
RĮcs RĮN ɢĮHL  (╠▼) ʉʠʛʥʠʬ. 

1 3456 1.194,87 304,618 5 <0,0001 0,203148 85,2 0,157 0,276 11,947(8) 0,154 

2 346 1.209,239 290,249 4 <0,0001 0,193565 85,2 0,15 0,264 12,421(8) 0,133 

3 1356 1.209,661 289,827 4 <0,0001 0,193284 85,2 0,15 0,264 4,481 (8) 0,811 

4 345 1.213,748 285,74 4 <0,0001 0,190558 85,2 0,148 0,26 14,145(8) 0,078 

5 1456 1.225,504 273,984 5 <0,0001 0,182718 85,2 0,142 0,25 3,611 (5) 0,607 

6 135 1.228,335 271,153 3 <0,0001 0,18083 85,2 0,141 0,248 4,7 (8) 0,789 

7 146 1.240,891 258,597 4 <0,0001 0,172457 85,2 0,135 0,237 1,154 (4) 0,886 

8 46 1.245,632 253,856 3 <0,0001 0,169295 85,2 0,133 0,233 0,862 (3) 0,834 

9 56 1.252,699 246,789 2 <0,0001 0,164582 85,2 0,129 0,227 0,443 (1) 0,506 

10 16 1.272,288 227,2 2 <0,0001 0,151518 85,2 0,12 0,21 0,040 (2) 0,978 

11 34 1.278,222 221,266 3 <0,0001 0,147561 85,2 0,117 0,205 7,252 (8) 0,51 

12 15 1.279,797 219,691 2 <0,0001 0,146511 85,2 0,116 0,204 0,151 (2) 0,927 

 
ʊʘʙʝʣʘ ɸ21 ʉʪʘʪʠʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨʠ ʩʣʘʛʘˁʘ ʧʦʜʘʪʘʢʘ ɹʃʈ ʤʦʜʝʣʘ ɽʋ 

ʈ.ʙʨ. 

 

ʄʦʜʝʣ Eʋ (max. 0,3 vol% CO ʟʘ ʫʙʨʠʟʛʘʚʘˁʝ ʠ 3,5 vol% CO ʟʘ ʢʘʨʙʫʨʘʪʦʨʝ); ╛╛  Ȣ ȟ  

ʂʦʤʙ. 

ʧʨʝʜʠʢʪʦʨʘ 
╛╛♫  

Ⱶ▓ ▪

 

╛╛♫

╛╛  

ʉʪʝʧ. 

ʩʣʦʙʦʜʝ 

(ʩʩ) 

ʉʠʛʥʠʬ. 
McFaden  

ɟĮ 

PA 

[%]  
RĮcs RĮN ɢĮHL  (╠▼) ʉʠʛʥʠʬ. 

1 2456 1.836,864 612,194 5 <0,0001 0,249971213 74,6 0,29 0,389 11,534(8) 0,173 

2 12356 1.875,963 573,095 5 <0,0001 0,2340063 71,7 0,275 0,368 8,857 (8) 0,355 

3 1256 1.944,51 504,548 4 <0,0001 0,206017171 70,5 0,246 0,33 7,376 (8) 0,497 

4 125 2.008,325 440,733 3 <0,0001 0,179960213 69,6 0,219 0,293 10,536(8) 0,229 

5 1456 2.094,314 354,744 5 <0,0001 0,144849162 66,1 0,18 0,241 3,637 (6) 0,726 

6 56 2.171,582 277,476 2 <0,0001 0,113299073 63 0,144 0,193 0,56 (1) 0,454 

7 145 2.179,947 269,111 4 <0,0001 0,109883474 65,2 0,14 0,187 1,798 (4) 0,773 

8 16 2.383,853 65,205 2 <0,0001 0,026624523 59,2 0,036 0,048 3,294 (2) 0,193 
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ʊʘʙʝʣʘ ɸ22 ʇʨʘʚʘʮ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʝʚʝʨ ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ 

ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜ. [Á] 

ɼʘʪʫʤ 

ʤʝʨʝˁʘ 

ʇʨʘʚʘʮ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʝʚʝʨ  

ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜ.  

[Á] 

06ï07 h 07ï08 h 08ï09 h 09ï10 h 10ï11 h 11ï12 h 12ï13 h 13ï14 h 14ï15 h 15ï16 h 16ï17 h 

11.7.2012. 0 293 295 112 25 191 160 330 326 359 359 

12.7.2012. *  *  *  *  *  *  12 12 8 9 4 

13.7.2012. 260 343 161 13 44 63 83 41 48 48 33 

14.7.2012. 13 34 5 43 4 14 *  67 109 50 69 

15.7.2012. 0 12 270 347 60 45 41 40 130 209 258 

16.7.2012. 0 243 249 251 260 281 311 243 244 244 240 

17.7.2012. 0 310 300 306 311 244 268 255 *  263 269 

18.7.2012. 0 312 326 210 323 247 *  257 296 305 288 

19.7.2012. 0 199 275 250 109 54 61 60 52 39 56 

20.7.2012. 0 278 288 292 295 128 147 76 83 90 70 

21.7.2012. 13 272 324 190 69 309 159 15 5 5 5 

22.7.2012. 258 269 334 260 258 *  *  *  *  0 356 

23.7.2012. 0 270 263 291 344 220 21 239 221 212 180 

24.7.2012. 0 60 41 33 49 57 59 *  *  *  *  

25.7.2012. 1 2 1 2 337 162 20 211 238 229 248 

26.7.2012. 244 249 259 140 349 171 187 12 10 149 134 

27.7.2012. 0 250 253 306 292 279 303 279 273 280 53 

28.7.2012. 0 280 264 283 311 251 18 35 32 186 15 

29.7.2012. 0 0 29 91 38 64 44 40 31 50 65 

30.7.2012. 0 0 289 310 284 128 45 189 283 314 5 

31.7.2012. 0 268 268 338 303 301 11 180 290 293 *  

1.8.2012. 254 255 259 248 268 301 346 184 8 10 11 

2.8.2012. 0 328 334 304 160 98 59 52 67 109 67 

3.8.2012. 0 296 297 166 241 62 33 159 280 184 50 

4.8.2012. 0 1 309 317 296 *  *  *  *  *  *  

5.8.2012. 19 0 318 52 98 48 81 99 52 79 31 

6.8.2012. 0 150 10 34 39 135 156 299 4 182 194 

7.8.2012. 0 280 261 292 245 265 306 179 11 10 9 

8.8.2012. 0 269 337 313 273 21 183 20 12 10 11 

9.8.2012. 0 268 295 301 245 246 10 16 18 10 11 

10.8.2012. 0 1 13 328 268 265 255 264 300 290 346 

11.8.2012. 0 1 281 265 266 258 255 *  *  *  *  

12.8.2012. 0 269 294 262 273 274 298 317 316 342 298 

13.8.2012. 0 280 275 240 259 270 298 176 293 318 298 

14.8.2012. 0 36 309 304 179 347 326 312 170 3 3 

15.8.2012. 0 285 289 265 278 164 170 184 346 322 171 

16.8.2012. 0 1 289 227 199 295 *  240 155 9 5 

17.8.2012. 0 1 295 296 *  *  *  25 30 11 10 

18.8.2012. 0 1 275 260 305 182 179 10 358 180 8 

19.8.2012. 0 271 283 272 268 269 249 269 329 174 11 

20.8.2012. 279 0 288 322 289 35 *  *  *  *  *  

22.8.2012. *  *  *  *  *  *  *  *  343 315 310 

23.8.2012. 0 1 0 294 200 309 310 302 *  *  *  

24.8.2012. 0 271 0 302 199 80 72 93 *  *  *  

25.8.2012. *  *  *  *  *  *  353 178 139 270 31 

26.8.2012. 0 1 288 0 120 353 *  26 90 91 89 

27.8.2012. 263 268 228 249 253 242 273 *  *  *  *  

29.8.2012. *  *  *  262 154 320 *  *  160 18 11 

30.8.2012. 277 284 290 294 269 141 27 294 *  125 8 

31.8.2012. 19 0 311 33 53 50 53 48 *  *  *  

10.9.2012. 27 25 23 69 78 69 42 58 50 53 43 

11.9.2012. 0 34 59 80 62 67 81 57 *  *  *  

12.9.2012. 0 292 55 66 68 67 62 80 101 98 54 

13.9.2012. *  *  *  *  *  *  *  *  *  *  *  

14.9.2012. *  *  *  *  *  *  *  *  *  259 0 

15.9.2012. 31 0 0 223 210 259 299 285 258 *  *  

17.9.2012. *  *  *  *  *  *  *  *  58 46 33 

18.9.2012. 0 0 308 50 48 80 61 95 *  *  *  

20.9.2012. 259 274 310 287 250 250 258 249 252 250 252 

21.9.2012. 0 0 275 278 250 270 276 298 286 297 326 

ʅʘʧʦʤʝʥʘ: * - ʥʝʨʝʛʠʩʪʨʦʚʘʥʦ ʦʜ ʩʪʨʘʥʝ ʘʧʘʨʘʪʫʨʝ 
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ʊʘʙʝʣʘ ɸ23 ɹʨʟʠʥʘ ʚʝʪʨa ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 

2012. ʛʦʜ. [mĀs
-1
] 

ɼʘʪʫʤ 

ʤʝʨʝˁʘ 

ɹʨʟʠʥʘ ʚʝʪʨa ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ  

ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜ.  

[mĿs-1] 

06ï07 h 07ï08 h 08ï09 h 09ï10 h 10ï11 h 11ï12 h 12ï13 h 13ï14 h 14ï15 h 15ï16 h 16ï17 h 

11.7.2012. 0,4 0,4 0,6 0,8 0,8 0,8 0,9 0,9 0,8 0,8 0,8 

12.7.2012. *  *  *  *  *  *  1,6 2,1 1,5 1,8 1,6 

13.7.2012. 0,5 0,5 0,7 0,8 1,0 1,3 1,3 1,4 1,4 1,5 1,1 

14.7.2012. 0,7 0,6 0,7 0,7 0,8 0,8 *  1,0 0,9 1,0 1,1 

15.7.2012. 0,5 0,6 0,8 0,7 0,8 1,3 1,4 1,4 1,3 1,8 1,4 

16.7.2012. 0,4 0,9 0,9 1,0 0,9 0,8 0,8 1,0 1,2 1,1 1,3 

17.7.2012. 0,4 0,5 0,7 0,7 0,9 1,3 1,1 1,0 *  1,0 1,0 

18.7.2012. 0,4 0,6 0,6 0,8 0,4 1,2 *  1,3 1,1 1,0 1,0 

19.7.2012. 0,4 0,6 0,7 0,8 1,0 1,0 1,0 1,1 1,1 1,0 1,2 

20.7.2012. 0,4 0,5 0,6 0,7 0,8 0,8 0,9 0,9 1,0 1,0 1,0 

21.7.2012. 0,4 0,6 0,5 0,6 0,8 0,8 1,0 1,5 2,4 2,4 2,1 

22.7.2012. 0,6 0,6 0,7 1,0 1,1 *  *  *  *  0,7 0,6 

23.7.2012. 0,5 0,6 0,8 0,6 0,6 0,7 0,6 0,7 1,2 1,2 0,6 

24.7.2012. 0,4 0,5 1,2 1,6 1,3 1,3 1,3 *  *  *  *  

25.7.2012. 0,3 0,3 0,3 0,4 0,5 0,6 0,7 0,6 0,9 1,0 0,6 

26.7.2012. 0,6 0,7 0,7 0,6 0,6 0,6 0,7 1,2 0,6 0,7 0,6 

27.7.2012. 0,2 0,7 0,9 0,7 0,8 0,9 0,8 0,8 1,2 1,1 1,3 

28.7.2012. 0,4 0,4 0,5 0,8 0,7 0,9 0,8 0,9 0,8 0,8 0,8 

29.7.2012. 0,5 0,5 0,5 0,7 1,1 1,0 1,2 1,1 1,2 1,0 0,9 

30.7.2012. 0,3 0,4 0,6 0,8 0,8 0,9 0,9 1,2 0,9 0,7 1,5 

31.7.2012. 0,4 0,6 0,7 0,7 0,9 0,8 0,8 0,7 0,7 0,7 0,7 

1.8.2012. 0,7 0,9 0,9 1,0 0,9 0,8 0,9 1,0 1,0 1,5 1,1 

2.8.2012. 0,3 0,5 0,6 0,7 0,8 0,9 1,2 1,1 1,1 1,0 0,8 

3.8.2012. 0,4 0,5 0,5 0,6 0,7 0,9 0,8 0,8 0,8 0,8 0,8 

4.8.2012. 0,3 0,4 0,5 1,6 0,8 *  *  *  *  *  *  

5.8.2012. 0,5 0,4 0,5 0,8 1,0 1,2 1,1 1,1 1,0 0,9 0,7 

6.8.2012. 0,4 0,5 0,5 0,6 0,7 0,9 0,8 0,9 0,8 0,7 0,6 

7.8.2012. 0,4 0,6 0,6 0,8 1,4 1,0 0,8 0,9 1,5 1,4 1,6 

8.8.2012. 0,4 0,8 0,5 0,7 0,8 0,9 1,0 1,2 1,4 1,4 1,6 

9.8.2012. 0,5 0,7 0,7 0,7 0,8 0,9 1,4 1,7 1,3 1,3 1,5 

10.8.2012. 0,4 0,4 0,6 0,7 0,8 1,1 1,2 1,1 1,0 0,7 0,7 

11.8.2012. 0,4 0,4 0,7 0,7 0,8 1,2 1,3 *  *  *  *  

12.8.2012. 0,4 0,6 0,8 1,0 0,9 1,0 1,0 0,9 0,8 0,7 0,7 

13.8.2012. 0,4 0,6 0,6 0,7 1,0 1,1 1,1 1,0 0,8 0,9 0,7 

14.8.2012. 0,4 0,5 0,6 0,6 0,7 1,0 0,9 0,8 0,9 1,0 1,2 

15.8.2012. 0,3 0,5 0,6 0,8 1,1 0,8 0,9 0,9 0,8 0,8 0,9 

16.8.2012. 0,3 0,5 0,6 0,6 0,7 0,7 *  1,3 0,8 1,3 1,2 

17.8.2012. 0,3 0,4 0,6 0,6 *  *  *  1,3 1,4 1,3 1,4 

18.8.2012. 0,5 0,4 0,7 0,7 0,7 0,9 0,8 1,2 1,0 1,2 1,1 

19.8.2012. 0,4 0,7 0,6 0,7 0,9 1,0 1,2 1,1 1,0 1,2 1,4 

20.8.2012. 0,5 0,4 0,5 0,6 0,7 0,7 *  *  *  *  *  

22.8.2012. *  *  *  *  *  *  *  *  0,7 0,6 0,5 

23.8.2012. 0,3 0,4 0,4 0,6 0,6 0,6 0,9 0,7 *  *  *  

24.8.2012. 0,3 0,5 0,5 0,5 0,6 0,7 0,8 1,0 *  *  *  

25.8.2012. *  *  *  *  *  *  0,8 0,8 0,7 0,7 0,5 

26.8.2012. 0,4 0,4 0,5 0,5 0,6 0,7 *  0,6 0,8 0,8 0,6 

27.8.2012. 0,9 1,0 1,3 1,6 1,6 1,7 1,4 *  *  *  *  

29.8.2012. *  *  *  0,8 0,8 0,8 *  *  0,9 1,0 1,1 

30.8.2012. 0,5 0,5 0,5 0,6 0,7 0,7 0,7 0,8 *  0,9 0,9 

31.8.2012. 0,6 0,4 0,5 0,8 1,4 1,2 1,4 1,5 *  *  *  

10.9.2012. 0,64 0,66 0,9 1,46 1,48 1,6 1,58 1,4 1,3 1,24 1,2 

11.9.2012. 0,18 0,49 1,38 1,52 1,46 1,38 1,4 1,42 *  *  *  

12.9.2012. 0,2 0,42 0,52 0,9 1,18 1,2 1,16 1,1 1,02 0,78 0,72 

13.9.2012. 0,66 1,04 1,06 1,24 1,28 0,97 0,99 0,96 *  *  *  

14.9.2012. *  *  *  *  *  *  *  *  *  0,52 0,39 

15.9.2012. 0,46 0,36 0,35 0,62 0,88 0,76 0,77 0,69 0,83 *  *  

16.9.2012. *  *  *  *  *  *  *  *  *  *  *  

17.9.2012. 0,3 0,2 0,24 0,3 0,5 0,52 0,7 0,8 0,98 1,2 1 

18.9.2012. 0,36 0,14 0,56 0,96 1,2 1,3 1,24 1,28 *  *  *  

19.9.2012. 0,46 0,7 1,12 1,3 1,34 1,52 1,36 1,42 1,1 1 0,78 

20.9.2012. 1,13 1,07 0,8 0,63 0,88 0,71 0,78 1,165 1,28 1,025 1,052 

21.9.2012. 0,355 0,37 0,66 0,95 1,265 1,445 1,28 1,23 1,23 1,02 0,64 

ʅʘʧʦʤʝʥʘ: * - ʥʝʨʝʛʠʩʪʨʦʚʘʥʦ ʦʜ ʩʪʨʘʥʝ ʘʧʘʨʘʪʫʨʝ 
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ʊʘʙʝʣʘ ɸ24 ʇʨʠʧʨʝʤʥʘ ʪʘʙʝʣʘ ʟʘ ʩʪʘʪʠʩʪʠʯʢʫ ʦʙʨʘʜʫ ʚʨʝʜʥʦʩʪʠ ʙʨʟʠʥʝ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ  

ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜ. [mĿs
-1
] 

ɼʘʥʠ ʫ 

ʥʝʜʝˀʠ 

ɹʨʟʠʥʘ ʚʝʪʨʘ ʠʟ ʦʢʦʣʥʝ ʩʨʝʜʠʥʝ ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜ. ʠ 

 ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ ʛʨʫʧʠʩʘʥʠʭ ʧʦʜʘʪʘʢʘ ʧʦ ʜʘʥʠʤʘ ʠ ʩʘʪʠʤʘ ʤʝʨʝˁʘ 

[mĀs-1] 

06ï07 h 07ï08 h 08ï09 h 09ï10 h 10ï11  h 11ï12 h 12ï13 h 13ï14 h 14ï15 h 15ï16 h 16ï17 h 

ʇ
ʦ
ʥ
ʝ
ʜ
ʝ
ˀ
ʘ
ʢ

 

0,4 0,9 0,9 1 0,9 0,8 0,8 1 1,2 1,1 1,3 

0,5 0,6 0,8 0,6 0,6 0,7 0,6 0,7 1,2 1,2 0,6 

0,3 0,4 0,6 0,8 0,8 0,9 0,9 1,2 0,9 0,7 1,5 

0,4 0,5 0,5 0,6 0,7 0,9 0,8 0,9 0,8 0,7 0,6 

0,4 0,6 0,6 0,7 1 1,1 1,1 1 0,8 0,9 0,7 

0,5 0,4 0,5 0,6 0,7 0,7 *  *  *  *  *  

0,9 1 1,3 1,6   1,6 1,7 1,4 *  *  *  *  

0,64 0,66 0,9 1,46 1,48 1,6 1,58 1,4 1,3 1,24 1,2 

0,3 0,2 0,24 0,3 0,5 0,52 0,7 0,8 0,98 1,2 1 

● 0,48 0,58 0,70 0,85 0,92 0,99 0,88 0,78 0,80 0,78 0,77 

ʋ
ʪ
ʦ
ʨ
ʘ
ʢ

 

0,4 0,5 0,7 0,7 0,9 1,3 1,1 1 *  1 1 

0,4 0,5 1,2 1,6 1,3 1,3 1,3 *  *  *  *  

0,4 0,6 0,7 0,7 0,9 0,8 0,8 0,7 0,7 0,7 0,7 

0,4 0,6 0,6 0,8 1,4 1 0,8 0,9 1,5 1,4 1,6 

0,4 0,5 0,6 0,6 0,7 1 0,9 0,8 0,9 1 1,2 

0,18 0,49 1,38 1,52 1,46 1,38 1,4 1,42 *  *  *  

0,36 0,14 0,56 0,96 1,2 1,3 1,24 1,28 *  *  *  

● 0,36 0,48 0,82 0,98 1,12 1,15 1,08 0,87 0,44 0,59 0,64 

ʉ
ʨ
ʝ
ʜ
ʘ

 

0,4 0,4 0,6 0,8 0,8 0,8 0,9 0,9 0,8 0,8 0,8 

0,4 0,6 0,6 0,8 0,4 1,2 0 1,3 1,1 1 1 

0,3 0,3 0,3 0,4 0,5 0,6 0,7 0,6 0,9 1 0,6 

0,7 0,9 0,9 1 0,9 0,8 0,9 1 1 1,5 1,1 

0,4 0,8 0,5 0,7 0,8 0,9 1 1,2 1,4 1,4 1,6 

0,3 0,5 0,6 0,8 1,1 0,8 0,9 0,9 0,8 0,8 0,9 

*  *  *  *  *  *  *  *  0,7 0,6 0,5 

*  *  *  0,8 0,8 0,8 *  *  0,9 1 1,1 

0,2 0,42 0,52 0,9 1,18 1,2 1,16 1,1 1,02 0,78 0,72 

0,46 0,7 1,12 1,3 1,34 1,52 1,36 1,42 1,1 1 0,78 

● 0,32 0,46 0,51 0,75 0,78 0,86 0,69 0,84 0,97 0,99 0,91 

ʏ
ʝ
ʪ
ʚ
ʨ
ʪ
ʘ
ʢ

 

*  *  *  *  *  *  1,6 2,1 1,5 1,8 1,6 

0,4 0,6 0,7 0,8 1 1 1 1,1 1,1 1 1,2 

0,6 0,7 0,7 0,6 0,6 0,6 0,7 1,2 0,6 0,7 0,6 

0,3 0,5 0,6 0,7 0,8 0,9 1,2 1,1 1,1 1 0,8 

0,5 0,7 0,7 0,7 0,8 0,9 1,4 1,7 1,3 1,3 1,5 

0,3 0,5 0,6 0,6 0,7 0,7 *  1,3 0,8 1,3 1,2 

0,3 0,4 0,4 0,6 0,6 0,6 0,9 0,7 *  *  *  

0,5 0,5 0,5 0,6 0,7 0,7 0,7 0,8 *  0,9 0,9 

0,66 1,04 1,06 1,24 1,28 0,97 0,99 0,96 *  0 *  

1,13 1,07 0,8 0,63 0,88 0,71 0,78 1,165 1,28 1,025 1,052 

● 0,47 0,60 0,61 0,65 0,74 0,71 0,93 1,21 0,77 0,90 0,89 

ʇ
ʝ
ʪ
ʘ
ʢ

 

0,5 0,5 0,7 0,8 1 1,3 1,3 1,4 1,4 1,5 1,1 

0,4 0,5 0,6 0,7 0,8 0,8 0,9 0,9 1 1 1 

0,2 0,7 0,9 0,7 0,8 0,9 0,8 0,8 1,2 1,1 1,3 

0,4 0,5 0,5 0,6 0,7 0,9 0,8 0,8 0,8 0,8 0,8 

0,4 0,4 0,6 0,7 0,8 1,1 1,2 1,1 1 0,7 0,7 

0,3 0,4 0,6 0,6 *  *  *  1,3 1,4 1,3 1,4 

0,3 0,5 0,5 0,5 0,6 0,7 0,8 1 *  *  *  

0,6 0,4 0,5 0,8 1,4 1,2 1,4 1,5 *  *  *  

*  *  *  *  *  *  *  *  *  0,52 0,39 

0,355 0,37 0,66 0,95 1,265 1,445 1,28 1,23 1,23 1,02 0,64 

● 0,35 0,43 0,56 0,64 0,74 0,83 0,85 1,00 0,80 0,79 0,73 

ʉ
ʫ
ʙ
ʦ
ʪ
ʘ

 

0,7 0,6 0,7 0,7 0,8 0,8 *  1 0,9 1 1,1 

0,4 0,6 0,5 0,6 0,8 0,8 1 1,5 2,4 2,4 2,1 

0,4 0,4 0,5 0,8 0,7 0,9 0,8 0,9 0,8 0,8 0,8 

0,3 0,4 0,5 1,6 0,8 *  *  *  *  *  *  

0,4 0,4 0,7 0,7 0,8 1,2 1,3 *  *  *  *  

0,5 0,4 0,7 0,7 0,7 0,9 0,8 1,2 1 1,2 1,1 

*  *  *  *  *  *  0,8 0,8 0,7 0,7 0,5 

0,46 0,36 0,35 0,62 0,88 0,76 0,77 0,69 0,83 *  *  

● 0,40 0,40 0,49 0,72 0,69 0,67 0,68 0,76 0,83 0,76 0,70 

ʅ
ʝ
ʜ
ʝ
ˀ
ʘ

 

0,5 0,6 0,8 0,7 0,8 1,3 1,4 1,4 1,3 1,8 1,4 

0,6 0,6 0,7 1 1,1 *  *  *  *  0,7 0,6 

0,5 0,5 0,5 0,7 1,1 1 1,2 1,1 1,2 1 0,9 

0,5 0,4 0,5 0,8 1 1,2 1,1 1,1 1 0,9 0,7 

0,4 0,6 0,8 1 0,9 1 1 0,9 0,8 0,7 0,7 

0,4 0,7 0,6 0,7 0,9 1 1,2 1,1 1 1,2 1,4 

0,4 0,4 0,5 0,5 0,6 0,7 *  0,6 0,8 0,8 0,6 

● 0,47 0,54 0,63 0,77 0,91 0,89 0,84 0,89 0,87 1,01 0,90 
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ʊʘʙʝʣʘ ɸ25 ʂʦʥʮʝʥʪʨʘʮʠʿʘ ὔὕʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪ. 2012. ʛʦʜ. [‘gĿm-3
] 

ɼʘʪʫʤ 

ʤʝʨʝˁʘ 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ ╝╞●╫  

ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜ.  

[‘gĿm-3] 

06ï07 h 07ï08 h 08ï09 h 09ï10 h 10ï11 h 11ï12 h 12ï13 h 13ï14 h 14ï15 h 15ï16 h 16ï17 h 

11.7.2012. 56,4 7,8 6,95 5,9 *  2,97 1,9 1,9 16,95 1,4 1,2 

12.7.2012. *  *  *  *  *  *  2 5,9 8 2 2,9 

13.7.2012. 67 28,1 6,4 5 7,4 6,4 8,9 7,5 7,6 6,4 7,9 

14.7.2012. 23,8 20,2 14,3 7 5,9 1,7 6,1 5,95 8,9 3,9 5,96 

15.7.2012. 42,8 20,5 11,9 7 6 4 4,8 6,5 6,96 8,96 9,4 

16.7.2012. 58,7 13,9 10,1 10,1 10,4 8,15 8,5 13 13,8 10,1 15,2 

17.7.2012. 14,2 5,15 4,95 17,2 3,9 9,1 7,8 6,1 7,9 10 6,3 

18.7.2012. 43,2 25,8 12 10 9 8,4 8 5,4 7,9 3,7 6 

19.7.2012. 82 21,2 11,2 9,3 13,8 *  *  *  *  *  *  

20.7.2012. 28 10,8 12,7 12,7 6,1 10 10,9 14 5,7 4,3 5 

21.7.2012. 33,9 17,5 15,8 17,6 11,1 4,3 4,3 19,8 4,4 1,3 1,3 

22.7.2012. 8 3,4 1,9 2,9 4 7 4,4 6,8 5 2 2 

23.7.2012. 12,5 13,7 14,5 11,7 5,1 6,4 5,6 6,6 14,2 9,9 2,2 

24.7.2012. 21,5 25,9 8 5,5 6,8 6 4 5,4 6,1 5 6,9 

25.7.2012. 20,3 20 15 15,2 3,6 6,1 9 10,95 18,8 9,9 11,85 

26.7.2012. 24,8 17,7 10,8 5,7 38,1 9 8,9 1,5 8 24 17,8 

27.7.2012. 37,3 24,95 14,68 21,9 4,95 4,3 4,81 8,12 10,52 8,07 11,8 

28.7.2012. 68,3 18 20,8 5,8 6,95 7,9 5,8 18,6 30,42 2,87 2,1 

29.7.2012. 11,5 10 6 7,9 4,4 4,2 3 4 3 3,95 3,7 

30.7.2012. 22,17 12,82 10,74 5 4,5 5,05 2,86 13,8 3,12 7,18 4,74 

31.7.2012. 37,1 17,95 9,55 4,45 2,7 3,18 2,05 43,1 5 3 2,96 

1.8.2012. 27,2 8,9 8,9 6,95 10,9 4 1,5 1,8 6 2,4 1,4 

2.8.2012. 16 17 8 4,8 6,8 8,6 4 5,9 7,2 4,9 4 

3.8.2012. 25,8 24,8 10,2 9,6 10,7 9,9 3,3 8,4 40,2 18 10,9 

4.8.2012. 49,9 21,6 8,6 6,1 7,2 3,4 4,8 9,3 4,1 2,8 1,4 

5.8.2012. 8,95 4,15 4,33 7,55 5,5 2,62 2,92 5,41 2,1 3 3,94 

6.8.2012. 44,3 24 34,17 26,1 15,8 3,45 1,8 3,95 10,35 1,2 5,35 

7.8.2012. 24,9 16,3 12,8 9 10,1 4,9 5,1 26,1 2,5 1,8 1 

8.8.2012. 57,3 12,4 7,1 5 4,05 2,4 2 2,2 2,4 7,7 8,2 

9.8.2012. 37,9 14,8 5,15 4,8 8,3 3,4 1,2 8 4,85 1,5 4,9 

10.8.2012. 81,8 28,7 8,2 8 9,8 6,8 4,5 4,5 9,2 2,9 2 

11.8.2012. 45 15 7,1 6,9 5 5,8 5,8 22,8 3,8 3,2 4,3 

12.8.2012. 15,5 2,9 2,95 4,8 4,8 4,2 2,2 6,8 4 2,15 0,3 

13.8.2012. 44,9 21 16,8 9,1 3,7 4,3 4,9 32 3,3 2,2 2,2 

14.8.2012. 22,2 22 15,6 8,1 3,4 1,4 3 2 15,1 4 8,15 

15.8.2012. 38,2 28,4 8,2 7 6,8 2 5 7,4 3,3 3,1 1,3 

16.8.2012. 18,9 29,9 10,1 13,15 13,9 8,5 5,45 10 10 1,2 4 

17.8.2012. 30,8 30,9 8,9 5,75 6,2 4,1 1,2 12,8 3,2 1,8 1,1 

18.8.2012. 23,7 22,8 10 5,2 3,4 1,1 0,6 12,15 4,9 5 1 

19.8.2012. 88,1 19 5,7 3,9 4 3,9 7,3 2,8 1,9 4 0,6 

20.8.2012. 21,3 11,3 6,1 6,7 6,3 3,9 *  *  *  *  *  

24.8.2012. 41 18 11,3 11,9 20,9 17,4 6,2 8,7 7,2 7 8,6 

25.8.2012. *  *  *  *  *  *  49,1 75,4 31,1 18 3 

26.8.2012. 42 19,1 10,1 7,8 8,2 6,9 19 16,3 9,8 6 6,4 

27.8.2012. 5,5 5,4 16,1 11 6,8 10,1 11 2,8 13,6 4,9 3,3 

28.8.2012. 32 11 13,6 4,1 8,2 4,7 *  *  *  *  *  

29.8.2012. *  *  *  9,7 9 2,8 4,9 21 5,9 1 1,8 

30.8.2012. 14 14 14 10,8 9,8 6 5,8 12 13 7,8 1,3 

31.8.2012. 27 30 21,1 16 15 9,1 10,9 9,1 10,2 *  *  

9.9.2012. 44 29,2 13 11 18,2 8 7,1 10,1 9,3 7,2 5,7 

11.9.2012. 77,8 59 12 15,8 11,1 13,9 12 8 7 7,3 6 

12.9.2012. 30,9 32,8 13,3 11,8 6,9 7,9 5,9 8 7 8,2 8,7 

13.9.2012. 16,7 14,9 10,7 11,5 10,4 8,3 6,7 18,8 3,8 2,7 10,8 

14.9.2012. *  22 19,9 15,5 18 16,8 14,8 13,9 28,2 12 8,7 

15.9.2012. 23,2 24,3 19,6 21,9 14 32,5 6 9 15,3 21,8 8,2 

16.9.2012. 16 *  6 7,3 8,7 11 6,8 8,7 27,3 6,2 3,8 

17.9.2012. 16,2 21,5 24,6 12,5 22 12,9 9 11,15 10,75 7,2 6,1 

18.9.2012. 36,8 53,5 14,8 13,8 8,2 9,5 7,6 9,5 12,4 7,6 7,7 

19.9.2012. 24,8 25,1 10 13,5 11,5 8 8,15 12,65 11,95 7,75 12 

20.9.2012. 15,1 6 3,85 *  16,4 17,8 17,8 21,3 33,35 42 17,2 

21.9.2012. 78 25,9 23,4 19 33,8 34 20,4 46,6 12 5,8 6,9 

ʅʘʧʦʤʝʥʘ: * - ʥʝʨʝʛʠʩʪʨʦʚʘʥʦ ʦʜ ʩʪʨʘʥʝ ʘʧʘʨʘʪʫʨʝ 
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ʊʘʙʝʣʘ ɸ26 ʇʨʠʧʨʝʤʥʘ ʪʘʙʝʣʘ ʟʘ ʩʪʘʪʠʩʪʠʯʢʫ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ὔὕʧʦ ʩʘʪʠʤʘ 

ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜ. [‘gĿm-3
] 

ɼʘʥʠ ʫ 

ʥʝʜʝˀʠ 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ ╝╞●╫ ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜ. ʠ  

ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ ʛʨʫʧʠʩʘʥʠʭ ʧʦʜʘʪʘʢʘ ʧʦ ʩʘʪʠʤʘ ʠ ʜʘʥʠʤʘ ʤʝʨʝˁʘ 

[‘gĿm-3] 

06ï07 h 07ï08 h 08ï09 h 09ï10 h 10ï11  h 11ï12 h 12ï13 h 13ï14 h 14ï15 h 15ï16 h 16ï17 h 

ʇ
ʦ
ʥ
ʝ
ʜ
ʝ
ˀ
ʘ
ʢ

 

58,7 13,9 10,1 10,1 10,4 8,15 8,5 13 13,8 10,1 15,2 

12,5 13,7 14,5 11,7 5,1 6,4 5,6 6,6 14,2 9,9 2,2 

22,17 12,82 10,74 5 4,5 5,05 2,86 13,8 3,12 7,18 4,74 

44,3 24 34,17 26,1 15,8 3,45 1,8 3,95 10,35 1,2 5,35 

44,9 21 16,8 9,1 3,7 4,3 4,9 32 3,3 2,2 2,2 

21,3 11,3 6,1 6,7 6,3 3,9 *  *  *  *  *  

5,5 5,4 16,1 11 6,8 10,1 11 2,8 13,6 4,9 3,3 

77,8 59 12 15,8 11,1 13,9 12 8 7 7,3 6 

16,2 21,5 24,6 12,5 22 12,9 9 11,15 10,75 7,2 6,1 

● 33,71 20,29 16,12 12,00 9,52 7,57 6,96 11,41 9,52 6,25 5,64 

ʋ
ʪ
ʦ
ʨ
ʘ
ʢ

 

14,2 5,15 4,95 17,2 3,9 9,1 7,8 6,1 7,9 10 6,3 

21,5 25,9 8 5,5 6,8 6 4 5,4 6,1 5 6,9 

37,1 17,95 9,55 4,45 2,7 3,18 2,05 43,1 5 3 2,96 

24,9 16,3 12,8 9 10,1 4,9 5,1 26,1 2,5 1,8 1 

22,2 22 15,6 8,1 3,4 1,4 3 2 15,1 4 8,15 

32 11 13,6 4,1 8,2 4,7 *  *  *  *  *  

36,8 53,5 14,8 13,8 8,2 9,5 7,6 9,5 12,4 7,6 7,7 

● 26,96 21,69 11,33 8,88 6,19 5,54 4,93 15,37 8,17 5,23 5,50 

ʉ
ʨ
ʝ
ʜ
ʘ

 

56,4 7,8 6,95 5,9 *  2,97 1,9 1,9 16,95 1,4 1,2 

43,2 25,8 12 10 9 8,4 8 5,4 7,9 3,7 6 

20,3 20 15 15,2 3,6 6,1 9 10,95 18,8 9,9 11,85 

27,2 8,9 8,9 6,95 10,9 4 1,5 1,8 6 2,4 1,4 

57,3 12,4 7,1 5 4,05 2,4 2 2,2 2,4 7,7 8,2 

38,2 28,4 8,2 7 6,8 2 5 7,4 3,3 3,1 1,3 

*  *  *  9,7 9 2,8 4,9 21 5,9 1 1,8 

30,9 32,8 13,3 11,8 6,9 7,9 5,9 8 7 8,2 8,7 

24,8 25,1 10 13,5 11,5 8 8,15 12,65 11,95 7,75 12 

● 37,29 20,15 10,18 9,45 7,72 4,95 5,15 7,92 8,91 5,02 5,83 

ʏ
ʝ
ʪ
ʚ
ʨ
ʪ
ʘ
ʢ

 

*  *  *  *  *  *  2 5,9 8 2 2,9 

82 21,2 11,2 9,3 13,8 *  *  *  *  *  *  

24,8 17,7 10,8 5,7 38,1 9 8,9 1,5 8 24 17,8 

16 17 8 4,8 6,8 8,6 4 5,9 7,2 4,9 4 

37,9 14,8 5,15 4,8 8,3 3,4 1,2 8 4,85 1,5 4,9 

18,9 29,9 10,1 13,15 13,9 8,5 5,45 10 10 1,2 4 

14 14 14 10,8 9,8 6 5,8 12 13 7,8 1,3 

16,7 14,9 10,7 11,5 10,4 8,3 6,7 18,8 3,8 2,7 10,8 

15,1 6 3,85 *  16,4 17,8 17,8 21,3 33,35 42 17,2 

● 28,18 16,94 9,23 8,58 14,69 8,80 6,48 10,43 11,03 10,76 7,86 

ʇ
ʝ
ʪ
ʘ
ʢ

 

67 28,1 6,4 5 7,4 6,4 8,9 7,5 7,6 6,4 7,9 

28 10,8 12,7 12,7 6,1 10 10,9 14 5,7 4,3 5 

37,3 24,95 14,68 21,9 4,95 4,3 4,81 8,12 10,52 8,07 11,8 

25,8 24,8 10,2 9,6 10,7 9,9 3,3 8,4 40,2 18 10,9 

81,8 28,7 8,2 8 9,8 6,8 4,5 4,5 9,2 2,9 2 

30,8 30,9 8,9 5,75 6,2 4,1 1,2 12,8 3,2 1,8 1,1 

41 18 11,3 11,9 20,9 17,4 6,2 8,7 7,2 7 8,6 

27 30 21,1 16 15 9,1 10,9 9,1 10,2 *  *  

*  22 19,9 15,5 18 16,8 14,8 13,9 28,2 12 8,7 

78 25,9 23,4 19 33,8 34 20,4 46,6 12 5,8 6,9 

● 46,30 24,42 13,68 12,54 13,29 11,88 8,59 13,36 13,40 7,36 6,99 

ʉ
ʫ
ʙ
ʦ
ʪ
ʘ

 

23,8 20,2 14,3 7 5,9 1,7 6,1 5,95 8,9 3,9 5,96 

33,9 17,5 15,8 17,6 11,1 4,3 4,3 19,8 4,4 1,3 1,3 

68,3 18 20,8 5,8 6,95 7,9 5,8 18,6 30,42 2,87 2,1 

49,9 21,6 8,6 6,1 7,2 3,4 4,8 9,3 4,1 2,8 1,4 

45 15 7,1 6,9 5 5,8 5,8 22,8 3,8 3,2 4,3 

23,7 22,8 10 5,2 3,4 1,1 0,6 12,15 4,9 5 1 

*  *  *  *  *  *  49,1 75,4 31,1 18 3 

23,2 24,3 19,6 21,9 14 32,5 6 9 15,3 21,8 8,2 

● 38,26 19,91 13,74 10,07 7,65 8,10 10,31 21,63 12,87 7,36 3,41 

ʅ
ʝ
ʜ
ʝ
ˀ
ʘ

 

42,8 20,5 11,9 7 6 4 4,8 6,5 6,96 8,96 9,4 

8 3,4 1,9 2,9 4 7 4,4 6,8 5 2 2 

11,5 10 6 7,9 4,4 4,2 3 4 3 3,95 3,7 

8,95 4,15 4,33 7,55 5,5 2,62 2,92 5,41 2,1 3 3,94 

15,5 2,9 2,95 4,8 4,8 4,2 2,2 6,8 4 2,15 0,3 

88,1 19 5,7 3,9 4 3,9 7,3 2,8 1,9 4 0,6 

42 19,1 10,1 7,8 8,2 6,9 19 16,3 9,8 6 6,4 

44 29,2 13 11 18,2 8 7,1 10,1 9,3 7,2 5,7 

16 *  6 7,3 8,7 11 6,8 8,7 27,3 6,2 3,8 

● 30,76 13,53 6,88 6,68 7,09 5,76 6,39 7,49 7,71 4,83 3,98 
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ʊʘʙʝʣʘ ɸ27 ʂʦʥʮʝʥʪʨʘʮʠʿʘ COb ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪ. 2012. ʛʦʜ. [mgĀm
-3
] 

ɼʘʪʫʤ 

ʤʝʨʝˁʘ 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ COb  

ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜ. [mgĿm-3] 

06ï07 h 07ï08 h 08ï09 h 09ï10 h 10ï11 h 11ï12 h 12ï13 h 13ï14 h 14ï15 h 15ï16 h 16ï17 h 

11.7.2012. 0,193 0,17 0,168 0,168 0,165 0,168 0,158 0,142 0,132 0,128 0,125 

13.7.2012. 0,17 0,152 0,144 0,139 0,147 0,137 0,151 0,158 0,166 0,158 0,151 

14.7.2012. 0,198 0,218 0,22 0,17 0,144 0,125 0,122 0,12 0,126 0,116 0,124 

15.7.2012. 0,296 0,24 0,181 0,192 0,18 0,148 0,15 0,18 0,15 0,12 0,15 

16.7.2012. 0,09 0,27 0,875 0,05 0,051 0,065 0,046 0,131 0,136 0,142 0,138 

17.7.2012. 0,14 0,08 0,065 0,071 0,06 0,128 0,09 0,12 0,105 0,1 0,095 

18.7.2012. 0,164 0,136 0,14 0,141 0,105 0,121 0,119 0,118 0,12 0,06 0,121 

19.7.2012. 0,155 0,177 0,141 0,168 0,169 0,187 0,211 0,228 0,316 0,371 0,44 

20.7.2012. 0,228 0,15 0,174 0,15 0,147 0,182 0,168 0,167 0,152 0,144 0,153 

21.7.2012. 0,272 0,242 0,28 0,305 0,265 0,181 0,161 0,175 0,178 0,171 0,163 

22.7.2012. 0,152 0,139 0,138 0,146 0,151 0,172 0,148 0,152 0,158 0,158 0,154 

23.7.2012. 0,171 0,15 0,143 0,141 0,131 0,152 0,164 0,172 0,192 0,205 0,148 

24.7.2012. 0,322 0,338 0,168 0,141 0,164 0,172 0,148 0,191 0,192 0,181 0,196 

25.7.2012. 0,275 0,248 0,22 0,217 0,164 0,197 0,21 0,294 0,248 0,24 0,232 

26.7.2012. 0,25 0,205 0,194 0,186 0,181 0,174 0,178 0,179 0,182 0,393 0,358 

27.7.2012. 0,258 0,269 0,195 0,177 0,16 0,167 0,168 0,166 0,182 0,179 0,193 

28.7.2012. 0,238 0,197 0,192 0,183 0,168 0,162 0,16 0,177 0,176 0,166 0,1675 

29.7.2012. 0,198 0,188 0,167 0,191 0,181 0,171 0,138 0,159 0,16 0,159 0,141 

30.7.2012. 0,1777 0,12 0,1046 0,1095 0,1285 0,1285 0,115 0,129 0,112 0,1033 0,1122 

31.7.2012. 0,228 0,18 0,167 0,16 0,157 0,155 0,147 0,161 0,157 0,155 0,153 

1.8.2012. 0,255 0,167 0,174 0,17 0,175 0,161 0,144 0,161 0,162 0,163 0,164 

2.8.2012. 0,2 0,184 0,219 0,147 0,178 0,176 0,138 0,159 0,152 0,14 0,14 

3.8.2012. 0,187 0,279 0,185 0,187 0,19 0,187 0,127 0,12 0,14 0,108 0,12 

4.8.2012. 0,19 0,18 0,175 0,173 0,17 0,152 0,152 0,148 0,146 0,151 0,105 

5.8.2012. 0,181 0,17 0,171 0,187 0,185 0,174 0,176 0,183 0,173 0,179 0,184 

6.8.2012. 0,342 0,281 0,338 0,352 0,253 0,167 0,145 0,143 0,155 0,155 0,162 

7.8.2012. 0,26 0,248 0,218 0,161 0,178 0,163 0,149 0,144 0,118 0,108 0,105 

8.8.2012. 0,198 0,167 0,157 0,154 0,146 0,137 0,137 0,13 0,147 0,143 0,152 

9.8.2012. 0,224 0,167 0,143 0,133 0,15 0,13 0,125 0,137 0,138 0,146 0,138 

10.8.2012. 0,192 0,162 0,151 0,152 0,16 0,143 0,134 0,135 0,134 0,13 0,138 

11.8.2012. 0,181 0,154 0,148 0,149 0,138 0,14 0,138 0,13 0,128 0,125 0,127 

12.8.2012. 0,161 0,11 0,09 0,122 0,127 0,13 0,126 0,129 0,128 0,124 0,126 

13.8.2012. 0,162 0,153 0,142 0,12 0,05 0,11 0,118 0,117 0,119 0,123 0,119 

14.8.2012. 0,176 0,184 0,138 0,129 0,121 0,117 0,122 0,117 0,124 0,123 0,131 

15.8.2012. 0,218 0,2 0,129 0,124 0,118 0,05 0,075 0,128 0,129 0,127 0,122 

16.8.2012. 0,163 0,21 0,154 0,179 0,184 0,135 0,127 0,142 0,148 0,133 0,131 

17.8.2012. 0,235 0,218 0,146 0,131 0,138 0,127 0,125 0,137 0,141 0,128 0,131 

18.8.2012. 0,164 0,171 0,152 0,14 0,138 0,126 0,125 0,133 0,128 0,126 0,127 

19.8.2012. 0,2 0,143 0,133 0,127 0,129 0,128 0,138 0,13 0,13 0,132 0,131 

20.8.2012. 0,175 0,154 0,128 0,126 0,13 0,125 0,1 0,06 0,04 0,145 0,075 

21.8.2012. 0,18 0,14 0,131 0,285 0,23 0,105 0,13 0,08 0,075 0,04 0,045 

22.8.2012. 0,18 0,14 0,342 0,278 0,233 0,128 0,173 0,08 0,02 0,035 0,03 

23.8.2012. 0,331 0,238 0,251 0,215 0,235 0,28 0,168 0,151 0,175 0,21 0,215 

24.8.2012. 0,25 0,205 0,195 0,23 0,295 0,322 0,138 0,228 0,233 0,235 0,238 

25.8.2012. 0,41 0,46 0,58 0,51 0,41 0,22 0,185 0,187 0,19 0,185 0,192 

26.8.2012. 0,331 0,43 0,56 0,5 0,495 0,38 0,32 0,33 0,36 0,37 0,42 

27.8.2012. 0,03 0,035 0,1 0,035 0,02 0,034 0,036 0,01 0,02 0,01 0,02 

28.8.2012. *  *  *  0,05 0,055 0,048 0,042 0,044 0,072 0,03 0,04 

30.8.2012. 0,151 0,141 0,138 0,09 0,08 0,061 0,051 0,05 0,08 0,085 0,052 

31.8.2012. 0,186 0,241 0,225 0,168 0,173 0,187 0,218 0,261 0,248 0,261 0,187 

4.9.2012. 0,242 0,172 0,17 0,146 0,122 0,132 0,138 0,182 0,135 0,13 0,136 

5.9.2012. 0,228 0,387 0,381 0,292 0,193 0,187 0,118 0,105 0,11 0,131 0,181 

6.9.2012. 0,315 0,168 0,142 0,115 0,124 0,144 0,15 0,144 0,132 0,129 0,138 

7.9.2012. 0,072 0,02 0,01 0,01 0,01 0,02 0,068 0,059 0,082 0,067 0,043 

8.9.2012. 0,12 0,13 0,075 0,05 0,01 0,02 0,03 0,02 0,04 0,01 0,02 

9.9.2012. 0,08 0,07 0,05 0,04 0,08 0,04 0,02 0,01 0,01 0,01 0,01 

10.9.2012. 0,2 0,1 0,08 0,05 0,06 0,09 0,095 0,098 0,132 0,091 0,123 

11.9.2012. 0,51 0,342 0,136 0,135 0,137 0,151 0,155 0,168 0,146 0,153 0,147 

12.9.2012. 0,193 0,177 0,162 0,151 0,132 0,152 0,129 0,171 0,134 0,136 0,159 

13.9.2012. 0,181 0,164 0,152 0,151 0,158 0,163 0,156 0,161 0,123 0,114 0,156 

14.9.2012. 0,172 0,158 0,125 0,117 0,162 0,164 0,128 0,141 0,13 0,144 0,145 

15.9.2012. 0,22 0,238 0,169 0,182 0,184 0,168 0,121 0,131 0,321 0,174 0,129 

16.9.2012. 0,128 0,111 0,01 0,03 0,04 0,05 0,01 0,096 0,129 0,087 0,089 

17.9.2012. 0,171 0,151 0,221 0,171 0,152 0,172 0,164 0,218 0,177 0,15 0,13 

18.9.2012. 0,147 0,163 0,181 0,162 0,162 0,159 0,195 0,179 0,171 0,153 0,152 

19.9.2012. 0,18 0,169 0,168 0,152 0,153 0,162 0,164 0,178 0,182 0,171 0,19 

20.9.2012. 0,028 0,01 0,01 0,03 0,093 0,083 0,075 0,088 0,097 0,18 0,063 

21.9.2012. *  0,09 0,075 0,028 0,04 0,018 0,02 0,01 0,01 0,01 0,01 



ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 
 

197 

 

ʊʘʙʝʣʘ ɸ28 ʇʨʠʧʨʝʤʥʘ ʪʘʙʝʣʘ ʟʘ ʩʪʘʪʠʩʪʠʯʢʫ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ COb ʧʦ ʩʘʪʠʤʘ ʫ 

ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜ. [mgĿm
-3
] 

ɼʘʥʠ ʫ ʥʝʜʝˀʠ 
ʂʦʥʮʝʥʪʨʘʮʠʿʘ COb ʧʦ ʩʘʪʠʤʘ ʫ ʪʦʢʫ ʫʿʣʘ, ʘʚʛʫʩʪʘ ʠ ʜʝʣʘ ʩʝʧʪʝʤʙʨʘ 2012. ʛʦʜ. ʠ  

ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ ʛʨʫʧʠʩʘʥʠʭ ʧʦʜʘʪʘʢʘ ʧʦ ʩʘʪʠʤʘ ʠ ʜʘʥʠʤʘ ʤʝʨʝˁʘ [mgĿm-3] 
06ï07 h 07ï08 h 08ï09 h 09ï10 h 10ï11  h 11ï12 h 12ï13 h 13ï14 h 14ï15 h 15ï16 h 16ï17 h 

ʇ
ʦ
ʥ
ʝ
ʜ
ʝ
ˀ
ʘ
ʢ

 

0,09 0,27 0,875 0,05 0,051 0,065 0,046 0,131 0,136 0,142 0,138 

0,171 0,15 0,143 0,141 0,131 0,152 0,164 0,172 0,192 0,205 0,148 

0,1777 0,12 0,1046 0,1095 0,1285 0,1285 0,115 0,129 0,112 0,1033 0,1122 

0,342 0,281 0,338 0,352 0,253 0,167 0,145 0,143 0,155 0,155 0,162 

0,162 0,153 0,142 0,12 0,05 0,11 0,118 0,117 0,119 0,123 0,119 

0,175 0,154 0,128 0,126 0,13 0,125 0,1 0,06 0,04 0,145 0,075 

0,03 0,035 0,1 0,035 0,02 0,034 0,036 0,01 0,02 0,01 0,02 

0,2 0,1 0,08 0,05 0,06 0,09 0,095 0,098 0,132 0,091 0,123 

0,171 0,151 0,221 0,171 0,152 0,172 0,164 0,218 0,177 0,15 0,13 

● 0,168744 0,157111 0,236844 0,128278 0,108389 0,115944 0,109222 0,119778 0,120333 0,124922 0,114133 

ʋ
ʪ
ʦ
ʨ
ʘ
ʢ

 

0,14 0,08 0,065 0,071 0,06 0,128 0,09 0,12 0,105 0,1 0,095 

0,322 0,338 0,168 0,141 0,164 0,172 0,148 0,191 0,192 0,181 0,196 

0,228 0,18 0,167 0,16 0,157 0,155 0,147 0,161 0,157 0,155 0,153 

0,26 0,248 0,218 0,161 0,178 0,163 0,149 0,144 0,118 0,108 0,105 

0,176 0,184 0,138 0,129 0,121 0,117 0,122 0,117 0,124 0,123 0,131 

0,18 0,14 0,131 0,285 0,23 0,105 0,13 0,08 0,075 0,04 0,045 

   
0,05 0,055 0,048 0,042 0,044 0,072 0,03 0,04 

0,242 0,172 0,17 0,146 0,122 0,132 0,138 0,182 0,135 0,13 0,136 

0,51 0,342 0,136 0,135 0,137 0,151 0,155 0,168 0,146 0,153 0,147 

0,147 0,163 0,181 0,162 0,162 0,159 0,195 0,179 0,171 0,153 0,152 

● 0,245 0,205222 0,152667 0,144 0,1386 0,133 0,1316 0,1386 0,1295 0,1173 0,12 

ʉ
ʨ
ʝ
ʜ
ʘ

 

0,193 0,17 0,168 0,168 0,165 0,168 0,158 0,142 0,132 0,128 0,125 

0,164 0,136 0,14 0,141 0,105 0,121 0,119 0,118 0,12 0,06 0,121 

0,275 0,248 0,22 0,217 0,164 0,197 0,21 0,294 0,248 0,24 0,232 

0,255 0,167 0,174 0,17 0,175 0,161 0,144 0,161 0,162 0,163 0,164 

0,198 0,167 0,157 0,154 0,146 0,137 0,137 0,13 0,147 0,143 0,152 

0,218 0,2 0,129 0,124 0,118 0,05 0,075 0,128 0,129 0,127 0,122 

0,18 0,14 0,342 0,278 0,233 0,128 0,173 0,08 0,02 0,035 0,03 

0,228 0,387 0,381 0,292 0,193 0,187 0,118 0,105 0,11 0,131 0,181 

0,193 0,177 0,162 0,151 0,132 0,152 0,129 0,171 0,134 0,136 0,159 

0,18 0,169 0,168 0,152 0,153 0,162 0,164 0,178 0,182 0,171 0,19 

● 0,2084 0,1961 0,2041 0,1847 0,1584 0,1463 0,1427 0,1507 0,1384 0,1334 0,1476 

ʏ
ʝ
ʪ
ʚ
ʨ
ʪ
ʘ
ʢ

 

0,155 0,177 0,141 0,168 0,169 0,187 0,211 0,228 0,316 0,371 0,44 

0,25 0,205 0,194 0,186 0,181 0,174 0,178 0,179 0,182 0,393 0,358 

0,2 0,184 0,219 0,147 0,178 0,176 0,138 0,159 0,152 0,14 0,14 

0,224 0,167 0,143 0,133 0,15 0,13 0,125 0,137 0,138 0,146 0,138 

0,163 0,21 0,154 0,179 0,184 0,135 0,127 0,142 0,148 0,133 0,131 

0,331 0,238 0,251 0,215 0,235 0,28 0,168 0,151 0,175 0,21 0,215 

0,151 0,141 0,138 0,09 0,08 0,061 0,051 0,05 0,08 0,085 0,052 

0,315 0,168 0,142 0,115 0,124 0,144 0,15 0,144 0,132 0,129 0,138 

0,181 0,164 0,152 0,151 0,158 0,163 0,156 0,161 0,123 0,114 0,156 

0,028 0,01 0,01 0,03 0,093 0,083 0,075 0,088 0,097 0,18 0,063 

● 0,1998 0,1664 0,1544 0,1414 0,1552 0,1533 0,1379 0,1439 0,1543 0,1901 0,1831 

ʇ
ʝ
ʪ
ʘ
ʢ

 

0,17 0,152 0,144 0,139 0,147 0,137 0,151 0,158 0,166 0,158 0,151 

0,228 0,15 0,174 0,15 0,147 0,182 0,168 0,167 0,152 0,144 0,153 

0,258 0,269 0,195 0,177 0,16 0,167 0,168 0,166 0,182 0,179 0,193 

0,187 0,279 0,185 0,187 0,19 0,187 0,127 0,12 0,14 0,108 0,12 

0,192 0,162 0,151 0,152 0,16 0,143 0,134 0,135 0,134 0,13 0,138 

0,235 0,218 0,146 0,131 0,138 0,127 0,125 0,137 0,141 0,128 0,131 

0,25 0,205 0,195 0,23 0,295 0,322 0,138 0,228 0,233 0,235 0,238 

0,186 0,241 0,225 0,168 0,173 0,187 0,218 0,261 0,248 0,261 0,187 

0,072 0,02 0,01 0,01 0,01 0,02 0,068 0,059 0,082 0,067 0,043 

0,172 0,158 0,125 0,117 0,162 0,164 0,128 0,141 0,13 0,144 0,145 

 
0,09 0,075 0,028 0,04 0,018 0,02 0,01 0,01 0,01 0,01 

● 0,195 0,176727 0,147727 0,135364 0,147455 0,150364 0,131364 0,143818 0,147091 0,142182 0,137182 

ʉ
ʫ
ʙ
ʦ
ʪ
ʘ

 

0,198 0,218 0,22 0,17 0,144 0,125 0,122 0,12 0,126 0,116 0,124 

0,272 0,242 0,28 0,305 0,265 0,181 0,161 0,175 0,178 0,171 0,163 

0,238 0,197 0,192 0,183 0,168 0,162 0,16 0,177 0,176 0,166 0,1675 

0,19 0,18 0,175 0,173 0,17 0,152 0,152 0,148 0,146 0,151 0,105 

0,181 0,154 0,148 0,149 0,138 0,14 0,138 0,13 0,128 0,125 0,127 

0,164 0,171 0,152 0,14 0,138 0,126 0,125 0,133 0,128 0,126 0,127 

0,41 0,46 0,58 0,51 0,41 0,22 0,185 0,187 0,19 0,185 0,192 

0,12 0,13 0,075 0,05 0,01 0,02 0,03 0,02 0,04 0,01 0,02 

0,22 0,238 0,169 0,182 0,184 0,168 0,121 0,131 0,321 0,174 0,129 

● 0,221278 0,221167 0,214056 0,193833 0,162278 0,138222 0,134167 0,147444 0,147611 0,132139 0,128278 

ʅ
ʝ
ʜ
ʝ
ˀ
ʘ

 

0,296 0,24 0,181 0,192 0,18 0,148 0,15 0,18 0,15 0,12 0,15 

0,152 0,139 0,138 0,146 0,151 0,172 0,148 0,152 0,158 0,158 0,154 

0,198 0,188 0,167 0,191 0,181 0,171 0,138 0,159 0,16 0,159 0,141 

0,181 0,17 0,171 0,187 0,185 0,174 0,176 0,183 0,173 0,179 0,184 

0,161 0,11 0,09 0,122 0,127 0,13 0,126 0,129 0,128 0,124 0,126 

0,2 0,143 0,133 0,127 0,129 0,128 0,138 0,13 0,13 0,132 0,131 

0,331 0,43 0,56 0,5 0,495 0,38 0,32 0,33 0,36 0,37 0,42 

0,08 0,07 0,05 0,04 0,08 0,04 0,02 0,01 0,01 0,01 0,01 

0,128 0,111 0,01 0,03 0,04 0,05 0,01 0,096 0,129 0,087 0,089 

● 0,191889 0,177889 0,166667 0,170556 0,174222 0,154778 0,136222 0,152111 0,155333 0,148778 0,156111 
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ʊʘʙʝʣʘ ɸ29 ɹʨʦʿ ʚʦʟʠʣʘ ʫ ʈʉ ʧʨʝʤʘ ʢʘʪʝʛʦʨʠʿʠ, ʪʝʭʥʦʣʦʛʠʿʠ ʠ ʧʦʛʦʥʩʢʦʤ ʛʦʨʠʚʫ [187] 
ʇ
ɸ
 

ʂ
ʘ
ʪ
ʝ
ʛ
ʦ
ʨ
ʠ
ʿ
ʘ

 

ʇ
ʦʪ

-

ʢ
ʘ
ʪ
ʝ
ʛ
ʦ
ʨ
ʠ
ʿ
ʘ

 

ʊ
ʝ
ʭ
ʥ
ʦ
ʣ
ʦ
ʛ
ʠ
ʿ
ʘ

 

2002. 2003. 2004. 2005. 2006. 2007. 2008. 2009. 2010. 2011. 
ʇ
ɸ
 
ʙ
ʝ
ʥ
ʟ
ʠ
ʥ

 

Ò
 
1

,4
 

 

PRE ECE 8.802 8.080 7.180 6.274 5.812 5.112 3.958 3.107 2.253 1.383 

ECE 15/00-01 51.236 48.621 42.345 37.183 33.446 29.563 22.331 17.205 16.668 12.183 

ECE 15/02 62.552 58.317 57.040 50.223 45.582 41.207 30.335 23.253 27.191 22.283 

ECE 15/03 189.521 185.470 179.109 165.511 144.367 122.830 113.105 91.742 132.559 127.570 

ECE 15/04 406.023 407.028 408.765 401.556 377.851 363.690 340.871 321.817 388.241 390.510 

Euro 1 40.452 40.336 41.192 41.508 40.963 38.791 37.675 42.541 45.458 46.493 

Euro 2 52.112 66.841 77.363 77.937 74.191 71.269 69.683 72.076 91.313 96.349 

Euro 3 37.251 51.070 62.030 67.396 77.629 80.667 86.845 99.722 111.853 121.415 

Euro 4    16.026 54.236 69.598 70.665 98.962 116.588 134.818 

1
,4

 ï
 2

,0
 

 

PRE ECE 2.356 2.114 2.096 1.910 1.841 1.625 1.497 1.325 895 680 

ECE 15/00-01 8.102 7.211 6.319 5.485 4.107 3.487 3.281 2.512 1.262 378 

ECE 15/02 16.258 15.031 14.019 12.360 10.031 9.023 7.755 5.915 4.657 3.169 

ECE 15/03 55.117 53.997 53.813 52.195 44.367 42.193 43.104 37.810 51.624 52.574 

ECE 15/04 138.220 139.671 140.727 139.694 129.069 122.097 121.814 119.521 151.408 156.511 

Euro 1 23.145 22.873 23.055 24.247 24.256 24.158 24.066 35.970 32.696 34.368 

Euro 2 36.435 46.955 66.300 66.204 63.005 60.058 59.279 62.669 78.801 83.877 

Euro 3 22.183 28.376 35.531 40.982 46.487 61.214 68.393 78.272 82.852 90.587 

Euro 4    4.838 12.458 18.930 22.757 29.130 35.288 41.176 

Ó
2,0

 

 

PRE ECE 345 318 289 254 205 181 161 145 73 35 

ECE 15/00-01 888 810 768 668 557 410 385 257 241 185 

ECE 15/02 1.789 1.693 1.538 1.335 1.108 825 763 535 616 482 

ECE 15/03 5.392 4.919 4.789 4.323 3.782 3.010 3.036 2.321 2.283 2.016 

ECE 15/04 11.098 10.258 11.252 10.852 9.125 8.895 8.671 7.696 7.215 6.887 

Euro 1 4.964 4.888 4.691 4.648 4.231 4.026 3.978 3.923 3.862 3.788 

Euro 2 5.412 6.329 6.806 6.779 6.443 6.123 5.868 5.481 7.635 8.003 

Euro 3 2.639 3.478 4.198 5.252 6.652 7.523 7.771 7.947 9.555 10.422 

Euro 4    523 1.893 3.214 3.239 4.053 5.106 5.947 

ʇ
ɸ
 
ʜ
ʠ
ʟ
ʝ
ʣ

 

Ò
 
2

,0
 

 

Konvencionalna 87.147 88.349 90.607 93.246 94.461 96.361 106.377 110.871 112.683 116.693 

Euro 1 11.028 11.138 11.391 12.058 13.058 13.663 15.079 22.696 23.566 24.521 

Euro 2 11.899 20.531 29.920 32.320 33.650 34.971 37.398 43.166 46.291 49.905 

Euro 3 5.539 9.458 16.249 23.801 40.118 67.556 78.641 99.984 110.232 125.885 

Euro 4    5.936 18.844 33.369 48.503 64.297 78.104 92.742 

Ó
 
2

,0
 Konvencionalna 12.987 12.369 12.455 11.926 11.300 10.250 9.875 8.742 8.042 7.328 

Euro 1 2.654 2.778 2.697 2.791 2.577 2.611 2.802 3.266 3.435 3.584 

Euro 2 2.631 3.557 4.211 4.366 4.233 4.136 4.384 4.787 5.710 6.106 

Euro 3 1.150 1.581 2.613 3.682 4.587 8.845 9.038 10.069 10.802 11.998 

Euro 4    623 3.225 5.982 6.201 7.951 10.086 11.849 

ʊ
ʅ
ɻ 

Konvencionalna 789 1.189 1.987 5.930 8.693 20.367 32.577 30.284 28.665 27.554 

Euro 1 96 147 186 610 1.940 3.269 3.788 4.720 5.866 7.235 

Euro 2 209 357 454 1.461 2.633 6.125 6.470 7.871 9.045 12.599 

Euro 3 185 441 674 1.930 3.187 7.153 7.363 6.195 7.766 9.865 

Euro 4    337 2.269 6.918 7.813 4.923 8.867 10.338 

ʃ
ʊ
ɺ 

ʃ
ʊ
ɺ
 

ɹ
ʝ
ʥ
ʟ
ʠ
ʥ

 

Konvencionalna 11.935 13.385 14.138 14.244 14.160 16.072 16.487 17.743 17.477 18.094 

Euro 1 1.085 1.245 1.515 1.544 1.727 1.960 2.035 2.169 2.260 2.390 

Euro 2 407 623 673 858 691 784 814 839 1.027 1.102 

Euro 3 136 311 505 515 521 588 814 921 969 1.064 

Euro 4     169 196 204 224 242 259 

ʃ
ʊ
ɺ
 

ɼ
ʠ
ʟ
ʝ
ʣ

 

Konvencionalna 28.433 29.185 27.301 26.717 29.066 30.023 30.227 29.497 30.785 29.864 

Euro 1 5.606 6.166 6.205 6.475 7.751 7.633 8.197 8.253 9.496 10.092 

Euro 2 4.005 3.700 4.550 5.164 5.329 6.106 5.636 5.307 5.433 5.589 

Euro 3 2.002 2.055 3.309 4.750 4.844 5.597 5.123 5.215 6.630 7.199 

Euro 4     1.453 1.527 2.049 2.060 2.358 2.592 

ʊ
ʊ
ɺ 

ʊ
ʊ
ɺ 

Ò
 
7

,5
 t
 

Konvencionalna 8.044 7.589 7.411 7.746 7.224 7.101 7.440 7.112 6.733 6.513 

Euro 1 1.331 1.584 1.924 2.011 2.131 2.122 2.256 2.180 2.274 2.224 

Euro 2 2.395 2.850 3.463 3.619 3.256 3.919 4.059 3.923 4.598 4.867 

Euro 3 3.359 3.998 4.857 5.075 4.891 5.356 5.693 5.503 6.313 6.651 

Euro 4     754 1.174 1.248 1.207 1.454 1.597 

Euro 5        79 125 188 

ʊ
ʊ
ɺ 

7
,5

 ï
 1

2
 t 

Konvencionalna 4.658 4.394 4.291 4.497 4.243 4.053 4.307 4.118 3.890 3.761 

Euro 1 771 917 1.114 1.167 1.180 1.229 1.306 1.262 1.308 1.356 

Euro 2 1.387 1.650 2.004 2.101 1.986 2.211 2.350 2.271 2.388 2.298 

Euro 3 1.945 2.314 2.811 2.947 2.743 3.101 3.296 3.186 3.638 3.833 

Euro 4     630 680 723 699 746 771 

Euro 5        46 95 187 
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ʅʘʩʪʘʚʘʢ ʪʘʙʝʣʝ ɸ29 
ʊ
ʊ
ɺ 

ʊ
ʊ
ɺ 

1
2ï

 1
4

 t 

Konvencionalna 3.810 3.594 3.510 3.679 3.716 3.315 3.524 3.269 3.211 3.104 3.810 

Euro 1 630 750 912 955 965 1.005 1.068 1.012 1.066 1.104 630 

Euro 2 1.134 1.350 1.640 1.719 1.737 1.809 1.923 1.803 1.927 1.986 1.134 

Euro 3 1.591 1.894 2.301 2.411 2.245 2.487 2.697 2.416 2.878 3.023 1.591 

Euro 4       410 556 591 572 663 715 

Euro 5         37 68 112 

ʊ
ʊ
ɺ 

1
4
 ï

 2
0

  t
 

Konvencionalna 9.740 9.187 8.972 9.403 9.499 8.472 9.006 8.152 8.153 7.884 9.740 

Euro 1 1.611 1.917 2.329 2.442 2.466 2.469 2.731 2.359 2.655 2.749 1611 

Euro 2 2.899 3.450 4.192 4.394 4.438 4.623 4.914 4.649 5.600 5.927 2.899 

Euro 3 4.066 4.839 5.879 6.162 5.406 6.431 6.892 6.521 6.621 6.698 4.066 

Euro 4      925 1.422 1.511 1.423 1.716 1.874 

Euro 5         96 112 139 

ʊ
ʊ
ɺ 

2
0
 ï

 2
6

  t
 

Konvencionalna 815 798 785 828 839 749 797 709 707 685 815 

Euro 1 164 154 217 224 228 235 252 218 247 256 164 

Euro 2 269 301 372 401 395 409 433 409 495 505 269 

Euro 3 401 401 515 538 548 572 602 546 645 675 401 

Euro 4      98 129 135 127 146 155 

Euro 5         8 18 31 

ʊ
ʊ
ɺ 

2
6
 ï

 2
8

  t
 

Konvencionalna 753 779 775 806 811 723 769 739 678 657 753 

Euro 1 143 157 189 200 200 211 222 221 225 232 143 

Euro 2 277 281 358 363 377 395 421 406 474 500 277 

Euro 3 354 421 507 534 534 556 596 554 578 592 354 

Euro 4       118 128 127 131 126 

Euro 5         8 14 17 

ʊ
ʊ
ɺ 

2
8
 ï

 3
2

  t
 

Konvencionalna 1.693 1.597 1.560 1.635 1.652 1.473 1.566 1.314 1.399 1.352 1.693 

Euro 1 280 333 405 425 429 447 475 459 476 493 280 

Euro 2 504 600 729 764 772 804 855 826 880 862 504 

Euro 3 707 842 1.023 1.072 1.083 1.128 1.199 1.159 1.240 1.196 707 

Euro 4      210 247 263 254 281 274 

Euro 5         17 29 36 

ʊ
ʊ
ɺ 

Ó
 
3
2
 
 

t 

Konvencionalna 12.702 11.981 11.702 12.266 12.391 1.1787 12.529 11.878 11.135 10.817 12.702 

Euro 1 2.101 2.501 3.038 3.185 3.217 3.574 3.799 3.442 3.566 3.610 2.101 

Euro 2 3.782 4.501 5.468 5.731 5.789 6.432 6.836 6.593 6.674 6.587 3.782 

Euro 3 5.297 6.312 7.669 8.038 6.058 9.021 9.589 9.168 9.223 9.286 5.297 

Euro 4      1.850 1.978 2.103 2.032 2.159 2.109 

Euro 5         133 139 152 

ʊ
ʝ
ʛ
ˀ
ʘ
ʯ
 
ʩ
ʘ
 

ʧ
ʦ
ʣ
ʫ
ʧ
ʨ
ʠ
ʢ
ʦ
ʣ
ʠ

ʮ
ʦ
ʤ 

3
4

 ï
 4

0
 t 

Konvencionalna 2.753 2.451 2.225 2.394 2.111 2.152 2.110 1.982 1.964 1.888 2.753 

Euro 1 619 622 629 675 720 733 731 686 708 729 619 

Euro 2 574 635 726 780 812 963 1.021 959 1.112 1.179 574 

Euro 3 756 1.008 1.258 1.353 1.401 1.510 1.589 1.493 1.618 1.674 756 

Euro 4      469 613 853 794 986 1.014 

Euro 5         7 15 13 

ɹ
ʋ
ʉ 

ɻ
ʨ
ʘ
ʜ
ʩ
ʢ
ʠ
 

ʤ
ʠ
ʜ
ʠ
 
Ò
 
1
5
 

t 

Konvencionalna 734 728 705 745 575 441 360 341 340 288 734 

Euro 1 80 82 80 86 83 81 80 78 85 86 80 

Euro 2 201 201 206 217 210 215 203 198 207 218 201 

Euro 3 202 298 334 353 345 336 327 321 332 341 202 

Euro 4      255 326 329 321 318 322 

Euro 5         15 18 19 

ɻ
ʨ
ʘ
ʜ
ʩ
ʢ
ʠ
 

ʩ
ʪ
ʘ
ʥ
ʜ
ʘ
ʨ
ʜ
ʥ
ʠ
 

1
5
 ï

 1
8

 t 

Konvencionalna 2.187 1.936 1.595 1.684 1362 1.248 1.153 1.126 1.108 1.003 2.187 

Euro 1 174 174 175 185 188 194 195 168 195 192 174 

Euro 2 250 251 252 266 255 253 248 242 253 249 250 

Euro 3 583 852 1151 1.218 1.226 1.141 1.133 1.107 1.125 1.148 583 

Euro 4      101 288 391 382 427 488 

Euro 5         23 31 48 

ɻ
ʨ
ʘ
ʜ
ʩ
ʢ
ʠ
 

ʟ
ʛ
ʣ
ʦ
ʙ
ʥ
ʠ

 

Ó
 
1

8
 t 

Konvencionalna 554 446 337 356 305 217 125 122 82 31 554 

Euro 1 163 169 165 174 173 172 168 158 162 171 163 

Euro 2 168 159 171 181 175 172 168 164 172 170 168 

Euro 3 241 347 417 440 439 421 409 400 389 381 241 

Euro 4      67 144 206 201 224 232 

ʄ
ʝ
ʹ
ʫ
ʛ
ʨ
ʘ
ʜ

 

ʩ
ʪ
ʘ
ʥ
ʜ
ʘ
ʨ
ʜ
ʥ
ʠ
 
 

Ò
 
1
8
 

t 

Konvencionalna 2.485 2.417 2.372 2.506 2.153 2.114 1.901 1.857 1.833 1.755 2.485 

Euro 1 240 242 238 251 278 286 303 228 247 255 240 

Euro 2 280 288 287 303 295 290 282 275 268 259 280 

Euro 3 273 476 547 573 561 543 533 521 511 524 273 

Euro 4      89 187 360 352 378 386 

Euro 5         69 78 2 

ʄ
ʦ
ʪ
ʦ
ʮ
ʠ
ʢ
ʣ
ʠ

 

ɼ
ʚ
ʦ
ʪ
ʘ
ʢ
ʪ

ʥ
ʠ
 
Ó
 
5
0
 

c
c
m

 

Konvencionalna 2.453 2.418 2.625 2.643 2.841 3.675 4.848 3.898 3.171 3.196 2.453 

Euro 1 361 395 463 481 736 1.104 1.428 1.244 1.288 1.315 361 

Euro 2   369 652 673 728 841 1.057 921 965 996 

Euro 3      821 2.008 2.713 2.764 3.112 3.188 

ʏ
ʝ
ʪ
ʚ
ʦ
ʨ
ʦ

 

ʪʘ
ʢ
ʪ
ʥ
ʠ
 
Ò
 

7
5

0
 c

c
m
 Konvencionalna 1.903 1.983 2.112 2.133 2.378 3.644 4.952 4.163 4.365 4.687 1.903 

Euro 1 131 146 167 275 414 581 749 731 754 730 131 

Euro 2   122 139 304 404 571 735 695 702 728 

Euro 3      587 830 1.069 1.263 1.301 1.335 
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ʊʘʙʝʣʘ ɸ30 ʇʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʢʠʣʦʤʝʪʨʘʞʘ ʚʦʟʠʣʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʧʨʝʤʘ ʢʘʪʝʛʦʨʠʿʠ, 

ʪʝʭʥʦʣʦʛʠʿʠ ʠ ʧʦʛʦʥʩʢʦʤ ʛʦʨʠʚʫ [187] 
ʇ
ɸ
 

ʂ
ʘ
ʪ
ʝ
ʛ
ʦ
ʨ
ʠ
ʿ
ʘ

 

ʇ
ʦʪ

- 

ʢ
ʘ
ʪ
ʝ
ʛ
ʦ
ʨ
ʠ
ʿ

ʘ
 

ʊ
ʝ
ʭ
ʥ
ʦ
ʣ
ʦ
ʛ
ʠ
ʿ
ʘ

 

2002. 2003. 2004. 2005. 2006. 2007. 2008. 2009. 2010. 2011. 

ʇ
ɸ
 
ʙ
ʝ
ʥ
ʟ
ʠ
ʥ

 

Ò
 
1

,4
 

 

PRE ECE 4.646 4.694 4.741 4.789 4.837 4.885 4.933 4.981 4.992 5.037 

ECE 15/00-01 5.596 5.653 5.711 5.769 5.826 5.884 5.942 5.999 6.013 6.067 

ECE 15/02 5.666 5.725 5.783 5.842 5.900 5.959 6.017 6.075 6.089 6.144 

ECE 15/03 6.678 6.747 6.815 6.884 6.953 7.022 7.091 7.160 7.176 7.240 

ECE 15/04 8.971 9.063 9.156 9.248 9.341 9.433 9.526 9.618 9.641 9.726 

Euro 1 10.799 10.910 11.022 11.133 11.244 11.356 11.467 11.578 11.710 11.829 

Euro 2 12.513 12.642 12.771 12.900 13.029 13.158 13.287 13.416 13.511 13.639 

Euro 3 14.438 14.587 14.736 14.885 15.033 15.182 15.331 15.480 15.629 15.778 

Euro 4    15.768 15.926 16.083 16.241 16.399 16.557 16.714 

1
,4

 ï
 2

,0
 

 

PRE ECE 4.979 5.030 5.082 5.133 5.184 5.236 5.287 5.338 5.351 5.398 

ECE 15/00-01 5.961 6.022 6.084 6.145 6.207 6.268 6.330 6.391 6.405 6.462 

ECE 15/02 6.254 6.318 6.383 6.447 6.512 6.576 6.641 6.705 6.721 6.781 

ECE 15/03 7.168 7.242 7.316 7.390 7.464 7.538 7.612 7.685 7.703 7.772 

ECE 15/04 9.640 9.739 9.839 9.938 10.038 10.137 10.236 10.336 10.360 10.452 

Euro 1 11.930 12.053 12.176 12.299 12.422 12.545 12.668 12.791 12.937 13.068 

Euro 2 13.453 13.592 13.730 13.869 14.008 14.146 14.285 14.424 14.526 14.664 

Euro 3 15.523 15.683 15.843 16.003 16.163 16.323 16.484 16.644 16.804 16.964 

Euro 4    16.003 16.163 16.323 16.484 16.644 16.804 16.965 

Ó
2,0

 

 

PRE ECE 5.236 5.290 5.344 5.398 5.452 5.506 5.560 5.614 5.627 5.677 

ECE 15/00-01 6.264 6.328 6.393 6.458 6.522 6.587 6.651 6.716 6.732 6.792 

ECE 15/02 6.373 6.439 6.504 6.570 6.636 6.702 6.767 6.833 6.849 6.910 

ECE 15/03 7.559 7.637 7.715 7.793 7.871 7.949 8.027 8.105 8.124 8.196 

ECE 15/04 10.029 10.132 10.235 10.339 10.442 10.546 10.649 10.752 10.777 10.873 

Euro 1 12.222 12.348 12.474 12.600 12.726 12.852 12.978 13.104 13.253 13.387 

Euro 2 14.358 14.506 14.655 14.803 14.951 15.099 15.247 15.395 15.504 15.651 

Euro 3 15.986 16.150 16.315 16.480 16.645 16.810 16.974 17.139 17.304 17.469 

Euro 4    18.527 18.712 18.897 19.082 19.268 19.453 19.638 

ʇ
ɸ
 
ʜ
ʠ
ʟ
ʝ
ʣ

 

Ò
 
2

,0
 

 

Konvencionalna 16.283 16.451 16.619 16.787 16.954 17.122 17.290 174.58 17.567 17.732 

Euro 1 18.344 18.533 18.722 18.911 19.100 19.289 19.479 19.668 19.892 20.093 

Euro 2 21.606 21.829 22.052 22.275 22.497 22.720 22.943 23.166 23.330 23.551 

Euro 3 24.517 24.769 25.022 25.275 25.528 25.780 26.033 26.286 26.539 26.791 

Euro 4    25.498 25.753 26.008 26.263 26.518 26.773 27.028 

Ó
 
2

,0
 Konvencionalna 17.982 18.167 18.352 18.538 18.723 18.909 19.094 19.279 19.400 19.582 

Euro 1 20.372 20.582 20.792 21.002 21.212 21.422 21.632 21.842 22.090 22.314 

Euro 2 22.903 23.139 23.375 23.611 23.847 24.083 24.319 24.555 24.729 24.964 

Euro 3 26.773 27.049 27.325 27.601 27.877 28.153 28.429 28.705 28.981 29.257 

Euro 4    28.559 28.844 29.130 29.415 29.701 29.986 30.272 

ʊ
ʅ
ɻ 

Konvencionalna 26.357 26.628 26.900 27.172 27.444 27.715 27.987 28.259 28.435 28.703 

Euro 1 29.916 30.225 30.533 30.842 31.150 31.459 31.767 32.075 32.440 32.769 

Euro 2 31.763 32.090 32.418 32.745 33.073 33.400 33.728 34.055 34.296 34.621 

Euro 3 33.295 33.638 33.982 34.325 34.668 35.011 35.355 35.698 36.041 36.384 

Euro 4    33.555 33.891 34.226 34.562 34.589 35.200 35.527 

ʃ
ʊ
ɺ 

ʃ
ʊ
ɺ
 

ɹ
ʝ
ʥ
ʟ
ʠ
ʥ

 

Konvencionalna 12.746 12.878 13.009 13.140 13.272 13.403 13.535 13.666 13.698 13.820 

Euro 1 14.670 14.822 14.973 15.124 15.275 15.426 15.578 15.729 15.767 15.904 

Euro 2 16.410 16.580 16.749 16.918 17.087 17.256 17.426 17.595 18.041 18.279 

Euro 3 18.616 18.808 19.000 19.192 19.384 19.576 19.768 19.960 20.152 20.344 

Euro 4     21.918 22.135 22.352 22.569 22.786 23.003 

ʃ
ʊ
ɺ
 

ɼ
ʠ
ʟ
ʝ
ʣ

 

Konvencionalna 16.769 16.942 17.115 17.288 17.461 17.634 17.806 17.979 18.021 18.182 

Euro 1 19.454 19.655 19.855 20.056 20.256 20.457 20.657 20.858 20.908 21.089 

Euro 2 21.401 21.621 21.842 22.062 22.283 22.504 22.724 22.945 23.333 23.599 

Euro 3 23.349 23.590 23.831 24.071 24.312 24.553 24.794 25.034 25.275 25.516 

Euro 4     28.033 28.310 28.588 28.865 29.143 29.420 

ʊ
ʊ
ɺ 

ʊ
ʊ
ɺ 

Ò
 
7

,5
 t
 

Konvencionalna 24.276 24.527 24.777 25.027 25.278 25.528 25.778 26.028 26.089 26.321 

Euro 1 28.464 28.757 29.051 29.344 29.638 29.931 30.225 30.518 30.865 31.178 

Euro 2 33.535 33.881 34.227 34.573 34.918 35.264 35.610 35.955 36.354 36.727 

Euro 3 39.242 39.647 40.052 40.456 40.861 41.265 41.670 42.074 42.479 42.883 

Euro 4     44.185 44.622 45.060 45.497 45.935 46.372 

Euro 5        14.140 16.852 19.258 

ʊ
ʊ
ɺ 

7
,5

 ï
 1

2
 t 

Konvencionalna 24.974 25.231 25.488 25.746 26.003 26.261 26.518 26.776 26.838 27.077 

Euro 1 31.361 31.685 32.008 32.331 32.655 32.978 33.301 33.625 34.007 34.352 

Euro 2 36.833 37.213 37.592 37.972 38.352 38.732 39.111 39.491 39.929 40.338 

Euro 3 43.559 44.009 44.458 44.907 45.356 45.805 46.254 46.703 47.152 47.601 

Euro 4     49.513 50.003 50.494 50.984 51.475 51.965 

Euro 5        14.140 16.852 19.258 
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ʅʘʩʪʘʚʘʢ ʪʘʙʝʣʝ ɸ30 
ʊ
ʊ
ɺ 

ʊ
ʊ
ɺ 

1
2
  ï

 1
4
 t 

Konvencionalna 21.779 22.003 22.228 22.452 22.677 2.2901 23.126 23.350 23.405 23.613 21.779 

Euro 1 28.446 28.739 29.032 29.326 29.619 2.9912 30.205 30.499 30.846 31.158 28.446 

Euro 2 34.006 34.357 34.707 35.058 35.408 3.5759 36.109 36.460 36.864 37.242 34.006 

Euro 3 42.427 42.864 43.302 43.739 44.177 4.4614 45.051 45.489 45.926 46.364 42.427 

Euro 4      4.5559 46.010 46.462 46.913 47.365 47.816 

Euro 5         14.140 16.852 19.258 

ʊ
ʊ
ɺ 

1
4
 ï

 2
0

  t
 

Konvencionalna 27.410 27.692 27.975 28.257 28.540 2.8822 29.105 29.388 29.456 29.718 27.410 

Euro 1 34.370 34.724 35.079 35.433 35.787 3.6142 36.496 36.850 37.269 37.647 34.370 

Euro 2 39.608 40.017 40.425 40.833 41.242 4.1650 42.058 42.467 42.938 43.378 39.608 

Euro 3 45.922 46.396 46.869 47.342 47.816 4.8289 48.763 49.236 49.709 50.183 45.922 

Euro 4      4.8864 49.347 49.831 50.315 50.799 51.282 

Euro 5         14.140 16.852 19.258 

ʊ
ʊ
ɺ 

2
0
 ï
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6

  t
 

Konvencionalna 27.450 27.733 28.016 28.299 28.582 2.8865 29.148 29.431 29.500 29.762 27.450 

Euro 1 34.828 35.187 35.546 35.905 36.264 3.6623 36.982 37.341 37.766 38.148 34.828 

Euro 2 39.937 40.349 40.761 41.173 41.584 4.1996 42.408 42.820 43.295 43.738 39.937 

Euro 3 47.432 47.921 48.410 48.899 49.388 4.9877 50.366 50.855 51.344 51.833 47.432 

Euro 4      4.4995 45.441 45.886 46.332 46.778 47.223 

Euro 5         14.140 16.852 19.258 

ʊ
ʊ
ɺ 

2
6
 ï
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8

  t
 

Konvencionalna 27.341 27.623 27.905 28.186 28.468 28.750 29.032 29.314 29.382 29.644 27.341 

Euro 1 33.652 33.999 34.346 34.693 35.040 35.387 35.734 36.081 36.491 36.861 33.652 

Euro 2 38.687 39.086 39.484 39.883 40.282 40.681 41.080 41.479 41.939 42.368 38.687 

Euro 3 45.459 45.928 46.397 46.865 47.334 47.803 48.271 48.740 49.209 49.677 45.459 

Euro 4       49.097 49.579 50.060 50.542 51.023 

Euro 5         14.140 16.852 19.258 

ʊ
ʊ
ɺ 

2
8
 ï

 3
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 t
 

Konvencionalna 27.403 27.686 27.968 28.251 28.533 28.816 29.098 29.381 29.449 29.711 27.403 

Euro 1 34.092 34.444 34.795 35.147 35.498 35.850 36.201 36.553 36.969 37.343 34.092 

Euro 2 39.227 39.631 40.036 40.440 40.844 41.249 41.653 42.058 42.524 42.960 39.227 

Euro 3 46.578 47.058 47.539 48.019 48.499 48.979 49.459 49.940 50.420 50.900 46.578 

Euro 4      45.716 46.168 46.621 47.074 47.527 47.979 

Euro 5         14.140 16.852 19.258 

ʊ
ʊ
ɺ 

Ó
 
3
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Konvencionalna 33.762 34.111 34.459 34.807 35.155 35.503 35.851 36.199 36.283 36.606 33.762 

Euro 1 37.254 37.638 38.022 38.406 38.790 39.174 39.558 39.942 40.396 40.806 37.254 

Euro 2 45.713 46.184 46.655 47.127 47.598 48.069 48.540 49.012 49.555 50.063 45.713 

Euro 3 52.651 53.194 53.736 54.279 54.822 55.365 55.908 56.450 56.993 57.536 52.651 

Euro 4      50.220 50.717 51.215 51.712 52.210 52.707 

Euro 5         14.140 16.852 19.258 

ʊ
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3
4

 ï
 4
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 t 

Konvencionalna 40.527 40.945 41.363 41.781 42.199 42.616 43.034 43.452 43.553 43.941 40.527 

Euro 1 52.102 52.639 53.176 53.713 54.250 54.787 55.324 55.862 56.497 57.069 52.102 

Euro 2 61.797 62.434 63.071 63.708 64.345 64.982 65.619 66.256 66.991 67.677 61.797 

Euro 3 74.610 75.380 76.149 76.918 77.687 78.456 79.225 79.995 80.764 81.533 74.610 

Euro 4      82.354 83.169 83.984 84.800 85.615 86.430 

Euro 5         66.192 68.255 69.668 

ɹ
ʋ
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ɻ
ʨ
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ʩ
ʢ
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ʤ
ʠ
ʜ
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1
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Konvencionalna 43.402 43.849 44.297 44.744 45.192 45.639 46.087 46.534 46.643 47.058 43.402 

Euro 1 53.437 53.988 54.539 55.090 55.641 56.192 56.743 57.294 57.945 58.533 53.437 

Euro 2 57.036 57.624 58.212 58.800 59.388 59.976 60.564 61.152 61.830 62.464 57.036 

Euro 3 60.841 61.469 62.096 62.723 63.350 63.977 64.605 65.232 65.859 66.486 60.841 

Euro 4      59.846 60.439 61.031 61.624 62.217 62.809 

Euro 5         62.400 63.325 63.996 

ɻ
ʨ
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ʩ
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 t 

Konvencionalna 45.957 46.431 46.904 47.378 47.852 48.326 48.800 49.273 49.388 49.828 45.957 

Euro 1 55.854 56.430 57.006 57.582 58.158 58.733 59.309 59.885 60.566 61.180 55.854 

Euro 2 62.257 62.899 63.541 64.182 64.824 65.466 66.108 66.750 67.490 68.182 62.257 

Euro 3 66.390 67.075 67.759 68.444 69.128 69.812 70.497 71.181 71.866 72.550 66.390 

Euro 4      66.931 67.593 68.256 68.919 69.582 70.244 

Euro 5         93.600 94.220 95.669 

ɻ
ʨ
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1
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t 

Konvencionalna 44.026 44.480 44.934 45.388 45.842 46.296 46.749 47.203 47.313 47.734 44.026 

Euro 1 56.167 56.746 57.325 57.904 58.483 59.062 59.642 60.221 60.905 61.523 56.167 

Euro 2 63.266 63.918 64.570 65.222 65.874 66.527 67.179 67.831 68.584 69.286 63.266 

Euro 3 67.146 67.838 68.530 69.222 69.915 70.607 71.299 71.991 72.683 73.375 67.146 

Euro 4      66.379 67.036 67.693 68.350 69.007 69.664 
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Konvencionalna 44.284 44.741 45.197 45.654 46.110 46.567 47.023 47.480 47.590 48.014 44.284 

Euro 1 51.779 52.312 52.846 53.380 53.914 54.448 54.981 55.515 56.147 56.716 51.779 

Euro 2 57.084 57.672 58.261 58.849 59.438 60.026 60.615 61.203 61.882 62.516 57.084 

Euro 3 61.791 62.428 63.065 63.702 64.339 64.976 65.613 66.250 66.887 67.524 61.791 

Euro 4      67.305 67.972 68.638 69.304 69.971 70.637 

Euro 5         93.600 94.220 95.669 
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Konvencionalna 4.019 4.060 4.102 4.143 4.185 4.226 4.268 4.309 4.319 4.358 4.019 

Euro 1 4.192 4.235 4.278 4.321 4.364 4.408 4.451 4.494 4.537 4.581 4.192 

Euro 2   4.797 4.846 4.895 4.944 4.993 5.042 5.091 5.140 5.189 

Euro 3      5.067 5.118 5.168 5.218 5.269 5.319 
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 Konvencionalna 5.357 5.412 5.467 5.523 5.578 5.633 5.688 5.743 5.757 5.808 5.357 

Euro 1 6.027 6.089 6.151 6.213 6.275 6.337 6.399 6.462 6.524 6.586 6.027 

Euro 2   5.456 5.512 5.567 5.623 5.679 5.734 5.790 5.846 5.901 

Euro 3      5.703 5.759 5.816 5.872 5.929 5.985 
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ʊʘʙʝʣʘ ɸ31 ʋʩʚʦʿʝʥʝ ʬʦʨʤʫʣʝ ʠʟ COPERT4 ʧʨʦʛʨʘʤʘ ʟʘ ʧʨʦʨʘʯʫʥ ɽʌ CO ʠ ʢʦʨʝʢʮʠʿʫ ʝʤʠʩʠʿʝ 

ʫʩʣʝʜ ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ ʠ ʧʨʦʮʝʥʪʘ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ ʟʘ ʇɸ ʠ ʃʊɺ (ʤʝʪʦʜʘ 3) 
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(ta - ʪʝʤʧ. ʘʤʙʠʿʝʥʪʘ) 
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PRE ECE 10ï100 ςψρὠ ȟ  

*  ςȟχ πȟπωὸ 

ECE 15/00-01 10ï50 σρσὠ ȟ  

ECE 15/02 10ï60 σππὠ ȟ  

ECE 15/03 20ï130 σχȟως πȟφψὠ πȟππσχχὠ  

ECE 15/04 10-60 ςφπȟχψψὠ ȟ  

Euro 1 

10ï130 

ωȟψτφπȟςψφχὠ πȟππςςὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ1 
ψȟψςφπȟτττὸ
πȟπψπσςὠ 

Euro 2 πȟφψωȟψτφπȟςψφχὠ πȟππςςὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ2 
ρȟπφψȟψςφπȟτττὸ
πȟπψπσςὠ  

Euro 3 πȟυφωȟψτφπȟςψφχὠ πȟππςςὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ3 
ρȟρρψȟψςφπȟτττὸ
πȟπψπσςὠ  

Euro 4 πȟστωȟψτφπȟςψφχὠ πȟππςςὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ4 
πȟυσψȟψςφπȟτττὸ
πȟπψπσςὠ  
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PRE ECE 10ï100 ςψρὠ ȟ  

*  ςȟχ πȟπωὸ 

ECE 15/00-01 10ï50 σρσὠ ȟ  

ECE 15/02 10ï60 σππὠ ȟ  

ECE 15/03 20ï130 σχȟως πȟφψὠ πȟππσχχὠ  

ECE 15/04 10ï60 ςφπȟχψψὠ ȟ  

Euro 1 

10ï130 

ωȟφρχπȟςτυὠ πȟππρχςψυὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ5 
χȟφπτπȟσφσὸ
πȟπυπσὠ 

Euro 2 πȟφψωȟφρχπȟςτυὠ πȟππρχςψυὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ6 
ρȟπφχȟφπτπȟσφσὸ
πȟπυπσὠ  

Euro 3 πȟυφωȟφρχπȟςτυὠ πȟππρχςψυὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ7 
ρȟρρχȟφπτπȟσφσὸ
πȟπυπσὠ  

Euro 4 πȟστωȟφρχπȟςτυὠ πȟππρχςψυὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ8 
πȟυσχȟφπτπȟσφσὸ
πȟπυπσὠ  

Ó
2,0

 

PRE ECE 10ï100 ςψρὠ ȟ  

*  ςȟχ πȟπωὸ 

ECE 15/00-01 10ï50 σρσὠ ȟ  

ECE 15/02 10ï60 σππὠ ȟ  

ECE 15/03 20ï130 σχȟως πȟφψὠ πȟππσχχὠ  

ECE 15/04 10ï60 ςφπȟχψψὠ ȟ  

Euro 1 

10ï130 

ρςȟψςφπȟςωυυὠ πȟππρχχὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ9 
υȟσσςπȟςυςὸ
πȟπσςρὠ 

Euro 2 πȟφψρςȟψςφπȟςωυυὠ πȟππρχχὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ10 
ρȟπφυȟσσςπȟςυςὸ
πȟπσςρὠ  

Euro 3 πȟυφρςȟψςφπȟςωυυὠ πȟππρχχὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ11 
ρȟρρυȟσσςπȟςυςὸ
πȟπσςρὠ  

Euro 4 πȟστρςȟψςφπȟςωυυὠ πȟππρχχὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ12 
πȟυσυȟσσςπȟςυςὸ
πȟπσςρὠ  
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Konv. υȟτρσὠ ȟ  

*  

πȟω πȟπσὸ 

 

Euro 1 

ρȟττωχπȟπσσψυὠ πȟπππςρυὠ  
Euro 2 

Euro 3 

Euro 4 
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Konv. υȟτρσὠ ȟ  

Euro 1 

ρȟττωχπȟπσσψυὠ πȟπππςρυὠ  
Euro 2 

Euro 3 

Euro 4 

ʊ
ʅ
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Konv. ρςȟυςσπȟτρψὠ πȟππσωὠ  
ςȟφφ πȟπωὸ 

Euro 1 τȟςπωψπȟρρφυὠ πȟππρρὠ  

Euro 2 πȟφψτȟςπωψπȟρρφυὠ πȟππρρὠ  
ρȟρςȟφφ πȟπωὸ  

Euro 3 πȟυφτȟςπωψπȟρρφυὠ πȟππρρὠ  

Euro 4 πȟσττȟςπωψπȟρρφυὠ πȟππρρὠ  πȟσυςȟφφ πȟπωὸ  
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Konv. 10ï110 υχȟχψωρȟυρσςὠ πȟπρρπτὠ  ςȟχ πȟπωὸ 

Euro 1 

10ï120 

ρωȟρςχπȟυςρυὠ πȟππσχὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ13 
υȟσσςπȟςυςὸ
πȟπσςρὠ 

Euro 2 πȟφρρωȟρςχπȟυςρυὠ πȟππσχὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ14 
ρȟρψυȟσσςπȟςυςὸ
πȟπσςρὠ  

Euro 3 πȟυςρωȟρςχπȟυςρυὠ πȟππσχὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ15 
ρȟρωυȟσσςπȟςυςὸ
πȟπσςρὠ  

Euro 4 πȟςψρωȟρςχπȟυςρυὠ πȟππσχὠ  ʊʘʙʝʣʘ ɸ35, ʿ ʝʜʥʘʯʠʥʘ ɸ15 
πȟφτυȟσσςπȟςυςὸ
πȟπσςρὠ  
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Konv. 10ï110 ρȟψςψρπȟπςυφὠ πȟπππςὠ  

*  

πȟω πȟπσὸ Euro 1 

10ï120 

ρȟπχφπȟπςφὠ πȟπππςςσὠ  
Euro 2 

Euro 3 πȟψςρȟπχφπȟπςφὠ πȟπππςςσὠ  ρȟςςπȟω πȟπσὸ  

Euro 4 πȟφυρȟπχφπȟπςφὠ πȟπππςςσὠ  ρȟυτπȟω πȟπσὸ  
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ʊʘʙʝʣʘ ɸ32 ʋʩʚʦʿʝʥʝ ʬʦʨʤʫʣʝ ʠʟ COPERT4 ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ ʧʨʦʨʘʯʫʥ ɽʌ CO ʠ ʢʦʨʝʢʮʠʿʫ ʝʤʠʩʠʿʝ 

ʫʩʣʝʜ ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ ʠ ʧʨʦʮʝʥʪʘ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ ʟʘ ʊʊɺ ʠ ɹʋʉ (ʤʝʪʦʜʘ 3) 
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ʋʩʚʦʿʝʥʘ ʬʦʨʤʫʣʘʮʠʿʘ 

ʝʤʠʩʠʦʥʦʛ ʬʘʢʪʦʨʘ CO 

[g km
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ʂʦʨʝʢʮʠʿʘ ʝʤʠʩʠʿʝ ʫʩʣʝʜ 

ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ ʚʦʟʠʣʘ 

ʂʦʨʝʢʮʠʿʘ ʝʤʠʩʠʿʝ 

ʫʩʣʝʜ ʭʣʘʜʥʦ 

ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ 

(ta - ʪʝʤʧ. ʘʤʙʠʿʝʥʪʘ) 
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σχȟςψὠ ȟ  

*  *  

Euro 1 πȟυσχȟςψὠ ȟ  

Euro 2 πȟτσχȟςψὠ ȟ  

Euro 3 πȟςψσχȟςψὠ ȟ  

Euro 4 
πȟςπτσχȟςψὠ ȟ  

Euro 5 
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Konv. σχȟςψὠ ȟ  

Euro 1 πȟυσχȟςψὠ ȟ  

Euro 2 πȟτσχȟςψὠ ȟ  

Euro 3 πȟςψσχȟςψὠ ȟ  

Euro 4 
πȟςπτσχȟςψὠ ȟ  

Euro 5 
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Konv. σχȟςψὠ ȟ  

Euro 1 πȟυυσχȟςψὠ ȟ  

Euro 2 πȟτυσχȟςψὠ ȟ  

Euro 3 πȟσρυσχȟςψὠ ȟ  

Euro 4 
πȟςσσχȟςψὠ ȟ  

Euro 5 
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Euro 2 πȟτυσχȟςψὠ ȟ  

Euro 3 πȟσρυσχȟςψὠ ȟ  

Euro 4 
πȟςσσχȟςψὠ ȟ  

Euro 5 
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Konv. υωȟππσὠ ȟ  

Euro 1 πȟυυωȟππσὠ ȟ  

Euro 2 πȟτυωȟππσὠ ȟ  

Euro 3 πȟςψυωȟππσὠ ȟ  

Euro 4 
πȟςρτυωȟππσὠ ȟ  

Euro 5 

 
ʊʘʙʝʣʘ ɸ33 ʋʩʚʦʿʝʥʝ ʬʦʨʤʫʣʝ ʠʟ COPERT4 ʧʨʦʛʨ. ʟʘ ʧʨʦʨʘʯʫʥ ɽʌ NOx ʠ ʢʦʨʝʢʮʠʿʫ ʝʤʠʩʠʿʝ ʫʩʣʝʜ 

ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ ʠ ʧʨʦʮʝʥʪʘ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ ʟʘ ʊʊɺ ʠ ɹʋʉ (ʤʝʪʦʜʘ 3) 
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ʋʩʚʦʿʝʥʘ ʬʦʨʤʫʣʘʮʠʿʘ 

ʝʤʠʩʠʦʥʦʛ ʬʘʢʪʦʨʘ NOx 
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Konv. ψωȟρχτὠ ȟ  

Euro 1 πȟχψωȟρχτὠ ȟ  

Euro 2 πȟυψωȟρχτὠ ȟ  

Euro 3 πȟσυψωȟρχτὠ ȟ  
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Euro 5 πȟρτψωȟρχτὠ ȟ  
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ʊʘʙʝʣʘ ɸ34 ʋʩʚʦʿʝʥʝ ʬʦʨʤʫʣʝ ʠʟ COPERT4 ʧʨʦʛʨʘʤʘ ʟʘ ʧʨʦʨʘʯʫʥ ɽʌ NOx ʠ ʢʦʨʝʢʮʠʿʫ ʝʤʠʩʠʿʝ 

ʫʩʣʝʜ ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ ʠ ʧʨʦʮʝʥʪʘ ʭʣʘʜʥʦ ʩʪʘʨʪʦʚʘʥʠʭ ʤʦʪʦʨʘ ʟʘ ʇA ʠ ʃʊɺ (ʤʝʪʦʜʘ 3) 
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PRE ECE 

10ï130 

ρȟρχσπȟπςςυὠ πȟπππρτὠ  

*  πȟρτ πȟππφὸ 

ECE 15/00-01 

ECE 15/02 ρȟτχωπȟππσχὠ πȟπππρψὠ  

ECE 15/03 ρȟφρφπȟππψτὠ πȟπππςυὠ  

ECE 15/04 ρȟτσςπȟππσὠ πȟππππωχὠ  

Euro 1 πȟυυωυπȟπρπτχὠ πȟπππρπψὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ16 
πȟπςστὸ πȟσψτ
πȟπυρσὠ 

Euro 2 πȟσφπȟυυωυπȟπρπτχὠ πȟπππρπψὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ17 
ςπȟπςστὸ πȟσψτ
πȟπυρσὠ  

Euro 3 πȟςτπȟυυωυπȟπρπτχὠ πȟπππρπψὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ18 
ρȟσσπȟπςστὸ πȟσψτ
πȟπυρσὠ  

Euro 4 πȟρσπȟυυωυπȟπρπτχὠ πȟπππρπψὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ19 
ρȟσψπȟπςστὸ πȟσψτ
πȟπυρσὠ  

1
,4

 ï
 2

,0
 

PRE ECE 
ρȟσφ πȟπςρχὠ πȟππππτὠ  

*  πȟρτ πȟππφὸ 

ECE 15/00-01 

ECE 15/02 ρȟφφσπȟππσψὠ πȟπππςὠ  

ECE 15/03 ρȟςωὉὼὴπȟππωωὠ  

ECE 15/04 ρȟτψτπȟπρσὠ πȟππππχτὠ  

Euro 1 πȟυςφπȟππψυὠ πȟππππψυτὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ20 
πȟπςςψὸ πȟσρυ
πȟπτψτὠ 

Euro 2 πȟσφπȟυςφπȟππψυὠ πȟππππψυτὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ21 
ςπȟπςςψὸ πȟσρυ
πȟπτψτὠ  

Euro 3 πȟςτπȟυςφπȟππψυὠ πȟππππψυτὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ22 
ρȟσσπȟπςςψὸ πȟσρυ
πȟπτψτὠ  

Euro 4 πȟρσπȟυςφπȟππψυὠ πȟππππψυτὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ23 
ρȟσψπȟπςςψὸ πȟσρυ
πȟπτψτὠ  

Ó
2,0

 

PRE ECE 
ρȟυ πȟπσὠ πȟπππρὠ  

*  πȟρτ πȟππφὸ 

ECE 15/00-01 

ECE 15/02 ρȟψχ πȟππσωὠ πȟπππςςὠ  

ECE 15/03 ςȟχψτπȟπρρςὠ πȟπππςωτὠ  

ECE 15/04 ςȟτςχπȟπρτὠ πȟπππςφφὠ  

Euro 1 πȟφφφπȟππωὠ πȟππππχυυὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ24 
πȟπρχςὸ πȟςχς
πȟπσχυὠ 

Euro 2 πȟσφπȟφφφπȟππωὠ πȟππππχυυὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ25 
ςπȟπρχςὸ πȟςχς
πȟπσχυὠ  

Euro 3 πȟςτπȟφφφπȟππωὠ πȟππππχυυὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ26 
ρȟσσπȟπρχςὸ πȟςχς
πȟπσχυὠ  

Euro 4 πȟρσπȟφφφπȟππωὠ πȟππππχυυὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ27 
ρȟσψπȟπρχςὸ πȟςχς
πȟπσχυὠ  

ʇ
ɸ
 
ʜ
ʠ
ʟ
ʝ
ʣ

 

Ò
 
2

,0
 

Konv. πȟωρψπȟπρτὠ πȟπππρπρὠ  

*  

πȟσ πȟπρσὸ Euro 1 
ρȟτσσυπȟπςφὠ πȟπππρχψυὠ  

Euro 2 

Euro 3 πȟχχρȟτσσυπȟπςφὠ πȟπππρχψυὠ  ρȟσπȟσ πȟπρσὸ  

Euro 4 πȟυσρȟτσσυπȟπςφὠ πȟπππρχψυὠ  ρȟψωπȟσ πȟπρσὸ  

Ó
 
2

,0
 

Konv. ρȟσσρπȟπρψὠ πȟπππρσσὠ  

πȟσ πȟπρσὸ Euro 1 
ρȟτσσυπȟπςφὠ πȟπππρχψυὠ  

Euro 2 

Euro 3 πȟχχρȟτσσυπȟπςφὠ πȟπππρχψυὠ  ρȟσπȟσ πȟπρσὸ  

Euro 4 πȟυσρȟτσσυπȟπςφὠ πȟπππρχψυὠ  ρȟψωπȟσ πȟπρσὸ  

ʊ
ʅ
ɻ 

Konv. πȟχχὠȟ  
πȟπς πȟππφὸ 

Euro 1 πȟυςψχπȟππφσὠ πȟππππτὠ  

Euro 2 πȟσφπȟυςψχπȟππφσὠ πȟππππτὠ  ς πȟπς πȟππφὸ  

Euro 3 πȟςτπȟυςψχπȟππφσὠ πȟππππτὠ  πȟςτπȟπς πȟππφὸ  

Euro 4 πȟρσπȟυςψχπȟππφσὠ πȟππππτὠ  ρȟσωπȟπς πȟππφὸ  

ʃ
ʊ
ɺ 

ʃ
ʊ
ɺ
 
ɹ
ʝ
ʥ
ʟ
ʠ
ʥ

 

Konv. 10ï110 ρȟωυτχπȟπρχωὠ πȟρτ πȟππφὸ 

Euro 1 

10ï120 

πȟφφφπȟππωὠ πȟππππχυυὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ28 
πȟπρχςὸ πȟςχς
πȟπσχυὠ 

Euro 2 πȟστπȟφφφπȟππωὠ πȟππππχυυὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ29 
ςȟρςπȟπρχςὸ πȟςχς
πȟπσχυὠ  

Euro 3 πȟςρπȟφφφπȟππωὠ πȟππππχυυὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ30 
ρȟυςπȟπρχςὸ πȟςχς
πȟπσχυὠ  

Euro 4 πȟρπȟφφφπȟππωὠ πȟππππχυυὠ  ʊʘʙ. ɸ36, ʿ ʝʜʥʘʯʠʥʘ ɸ31 
ρȟψπȟπρχςὸ πȟςχς
πȟπσχυὠ  

ʃ
ʊ
ɺ
 

ɼ
ʠ
ʟ
ʝ
ʣ

 

Konv. 10ï110 υȟρςστπȟρρψωὠ πȟπππψρφὠ  

*  

πȟσ πȟπρσὸ Euro 1 

10ï120 

ςȟπςτχπȟπσρψρὠ πȟπππςτρὠ  
Euro 2 

Euro 3 πȟψτςȟπςτχπȟπσρψρὠ πȟπππςτρὠ  ρȟτχπȟσ πȟπρσὸ  

Euro 4 πȟφψςȟπςτχπȟπσρψρὠ πȟπππςτρὠ   
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ʊʘʙʝʣʘ ɸ35 ʋʩʚʦʿʝʥʝ ʬʦʨʤʫʣʝ ʠʟ ʧʨʦʛʨʘʤʘ ʝʤʠʩʠʿʝ OSPM ʤʦʜʝʣʘ (COPERT4 ʧʨʦʛʨʘʤ) ʨʘʜʠ 

ʢʦʨʝʢʮʠʿʝ ʝʤʠʩʠʿʝ CO ʫʩʣʝʜ ʫʢʫʧʥʦ ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ ʚʦʟʠʣʘ 

ɱʝʜʥʘʯʠʥʘ  ʀʟʨʘʟ ʢʦʨʝʢʮʠʿʝ ʝʤʠʩʠʿʝ CO 

ɸ1 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυυχςȟσω πȟυυχρȟυςσὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟυπω

ςȟυτ πȟυπωὊ ρȟφψωὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ2 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυυχςȟσω πȟυυχρȟυςσὉ πȟυz ˜ː̠ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟυπω

ςȟυτ πȟυπωὊ ρȟφψωὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ3 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυυχρȟωσ πȟυυχρȟρτφὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟυπω

ςȟπχ πȟυπωὊ ρȟςωχὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ4 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ᶻπȟυυχρȟωσ πȟυυχρȟρτφὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟυπω

ςȟπχ πȟυπωὊ ρȟςωχὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ5 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυτσρȟως πȟυτσρȟρτψὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟφρχ

ρȟχχ πȟφρχὊ ωȟφπχὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ6 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυτσρȟως πȟυτσρȟρτψὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟφρχ

ρȟχχ πȟφρχὊ ωȟφπχὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ7 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυτσρȟυτ πȟυτσψȟστφὉ πȟφz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟφρχ

ρȟτρ πȟφρχὊ φȟυωςὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ8 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυτσρȟυτ πȟυτσψȟστφὉ πȟφz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟφρχ

ρȟτρ πȟφρχὊ φȟυωςὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ9 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυφυρȟφχ πȟυφυωȟςτσὉ πȟφz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟψχσ

ρȟςπ πȟψχσὊ ςȟχπτὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ10 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυφυρȟφχ πȟυφυωȟςτσὉ πȟφz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟψχσ

ρȟςπ πȟψχσὊ ςȟχπτὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ11 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυφυρȟσσ πȟυφυφȟτρρὉ πȟφz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟψχσ

πȟψω πȟψχσὊ ρȟψςσὉ πȟχz ˜ː Ⱦ̠ττ 

ɸ12 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυφυρȟσσ πȟυφυφȟτρρὉ πȟφz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟψχσ

πȟψω πȟψχσὊ ρȟψςσὉ πȟχz ˜ː Ⱦ̠ττ 

ɸ13 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυφυρȟφχ πȟυφυωȟςτσὉ πȟφz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟψχσ

ρȟςπ πȟψχσὊ ςȟχπτὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ14 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυφυρȟφχ πȟυφυωȟςτσὉ πȟφz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟψχσ

ρȟςπ πȟψχσὊ ςȟχπτὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ15 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟυφυρȟσσ πȟυφυφȟτρρὉ πȟφz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟψχσ

πȟψω πȟψχσὊ ρȟψςσὉ πȟχz ˜ː Ⱦ̠ττ 

ʅʘʧʦʤʝʥʘ: ʇɻʂ - ʧʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʢʠʣʦʤʝʪʨʘʞʘ ʚʦʟʠʣʘ ʦʜʨʝʹʝʥʝ ʢʘʪʝʛʦʨʠʿʝ, ʪʝʭʥʦʣʦʛʠʿʝ ʠ 

ʚʨʩʪʝ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ; Ὂ  - ʜʝʦ ʚʦʟʥʦʛ ʧʘʨʢʘ (0 ʜʦ 1) ʢʦʿʠ ʫ ʩʚʦʿʦʿ ʢʘʪʝʛʦʨʠʿʠ ʧʨʝʚʘʟʠʣʘʟʠ 

ʤʘʢʩʠʤʘʣʥʫ ʢʠʣʦʤʝʪʨʘʞʫ ʦʜ 120.000 km ʟʘ ʛʦʜʠʥʫ ʜʘʥʘ (ʫʩʚʦʿʝʥʦ ʿʝ 1).  
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ʊʘʙʝʣʘ ɸ36 ʋʩʚʦʿʝʥʝ ʬʦʨʤʫʣʝ ʠʟ ʧʨʦʛʨʘʤʘ ʝʤʠʩʠʿʝ OSPM ʤʦʜʝʣʘ (COPERT4 ʧʨʦʛʨʘʤ) ʨʘʜʠ 

ʢʦʨʝʢʮʠʿʝ ʝʤʠʩʠʿʝ NOx ʫʩʣʝʜ ʫʢʫʧʥʦ ʧʨʝʹʝʥʝ ʢʠʣʦʤʝʪʨʘʞʝ ʚʦʟʠʣʘ 

ɱʝʜʥʘʯʠʥʘ  ʀʟʨʘʟ ʢʦʨʝʢʮʠʿʝ ʝʤʠʩʠʿʝ NOx 

ɸ16 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςςȟς πȟςψςρȟυωψὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟψω πȟτςτὊ ρȟςςωὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ17 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςςȟς πȟςψςρȟυωψὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟψω πȟτςτὊ ρȟςςωὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ18 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςρȟψτ πȟςψςρȟςωυὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟυυ πȟτςτὊ ωȟτςρὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ19 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςρȟψτ πȟςψςρȟςωυὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟυυ πȟτςτὊ ωȟτςρὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ20 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςςȟς πȟςψςρȟυωψὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟψω πȟτςτὊ ρȟςςωὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ21 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςςȟς πȟςψςρȟυωψὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟψω πȟτςτὊ ρȟςςὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ22 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςρȟψτ πȟςψςρȟςωυὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟυυ πȟτςτὊ ωȟτςρὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ23 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςρȟψτ πȟςψςρȟςωυὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟυυ πȟτςτὊ ωȟτςρὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ24 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςςȟς πȟςψςρȟυωψὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟψω πȟτςτὊ ρȟςςὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ25 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςςȟς πȟςψςρȟυωψὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟψω πȟτςτὊ ρȟςςὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ26 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςρȟψτ πȟςψςρȟςωυὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟυυ πȟτςτὊ ωȟτςρὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ27 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςρȟψτ πȟςψςρȟςωυὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟυυ πȟτςτὊ ωȟτςρὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ28 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςςȟς πȟςψςρȟυωψὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟψω πȟτςτὊ ρȟςςὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ29 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςςȟς πȟςψςρȟυωψὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟψω πȟτςτὊ ρȟςςὉ πȟυz ˜ː Ⱦ̠ττ 

ɸ30 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςρȟψτ πȟςψςρȟςωυὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟυυ πȟτςτὊ ωȟτςρὉ πȟφz ˜ː Ⱦ̠ττ 

ɸ31 
φσ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσᶻπȟςψςρȟψτ πȟςψςὊ ρȟςωυὉ πȟυz ˜ː˗ ̍̉̎̍ ́̋ὠ̒ȟρωȟφσ ρωz πȟτςτ

ρȟυυ πȟτςτὊ ωȟτςρὉ πȟφz ˜ː Ⱦ̠ττ 

ʅʘʧʦʤʝʥʘ: ʇɻʂ - ʧʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʢʠʣʦʤʝʪʨʘʞʘ ʚʦʟʠʣʘ ʦʜʨʝʹʝʥʝ ʢʘʪʝʛʦʨʠʿʝ, ʪʝʭʥʦʣʦʛʠʿʝ ʠ 

ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ; Ὂ  - ʜʝʦ ʚʦʟʥʦʛ ʧʘʨʢʘ (0 ʜʦ 1) ʢʦʿʠ ʫ ʩʚʦʿʦʿ ʢʘʪʝʛʦʨʠʿʠ ʧʨʝʚʘʟʠʣʘʟʠ ʤʘʢʩʠʤʘʣʥʫ 

ʢʠʣʦʤʝʪʨʘʞʫ ʦʜ 120.000 km ʟʘ ʛʦʜʠʥʫ ʜʘʥʘ (ʫʩʚʦʿʝʥʦ ʿʝ 1).  
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ʊʘʙʝʣʘ ɸ37 ʇʨʦʨʘʯʫʥʘʪʠ ɽʌ ʟʘ CO ʠ NOx US EPA Mobile6.2 ʤʦʜʝʣʦʤ [gĿmile
-1
] 

ɻʦʜʠʥʘ 

ʧʨʦʠʟʚʦʜˁʝ 

ʚʦʟʠʣʘ 

ʂʘʪʝʛʦʨʠʿʘ ʚʦʟʠʣʘ (ʧʨʝʤʘ US EPA Mobile6.2 ʢʣʘʩʠʬʠʢʘʮʠʿʠ) 
LDGV  LDGT1 LDGT2 LDGT3 LDGT4 LDDV  LDDT12 LDDT34 

CO NOx CO NOx CO NOx CO NOx CO NOx CO NOx CO NOx CO NOx 

2006. ʠ ʤʣʘʹʝ 5,139 0,083 4,078 0,083 4,258 0,076 3,987 0,125 4,160 0,133 0,426 0,084 0,194 0,059 0,222 0,092 

2005. 7,608 0,185 6,012 0,185 5,513 0,129 5,158 0,237 5,385 0,246 0,426 0,120 0,194 0,084 0,222 1,151 

2004. 8,508 0,292 7,074 0,314 6,539 0,217 6,297 0,427 6,530 0,432 0,450 0,163 0,211 0,116 0,240 0,223 

2003. 10,202 0,409 13,249 0,523 12,173 0,717 12,464 0,789 12,722 1,117 0,945 0,210 0,568 0,380 0,751 1,137 

2002. 12,857 0,570 16,651 0,725 15,448 0,956 15,607 1,018 15,875 1,409 1,000 0,219 0,614 0,401 0,808 1,200 

2001. 15,396 0,727 19,709 0,918 18,395 1,178 19,191 1,279 19,473 1,751 1,055 0,227 0,660 0,420 0,865 1,259 

2000. 16,200 0,963 20,358 1,186 22,134 1,840 22,579 1,921 22,960 2,805 1,110 1,178 0,707 0,850 0,921 1,341 

1999. 18,144 1,081 22,652 1,334 24,580 2,059 25,106 2,145 25,503 3,106 1,166 1,217 0,755 0,881 0,979 1,393 

1998. 19,990 1,200 24,842 1,475 26,985 2,264 27,569 2,354 27,975 3,383 1,222 1,255 0,805 0,910 1,036 1,442 

1997. 21,736 1,311 26,954 1,615 29,327 2,457 29,922 2,549 30,338 3,636 1,279 1,291 0,857 0,936 1,095 1,487 

1996. 23,418 1,419 29,058 1,750 31,627 2,640 34,195 2,504 34,410 3,072 1,337 1,325 0,912 0,961 1,370 1,615 

1995. 26,627 1,639 33,305 1,973 35,525 2,718 38,988 2,394 38,988 2,394 1,396 1,358 1,128 1,132 1,669 1,744 

1994. 31,929 1,989 40,376 2,283 41,575 2,671 43,302 2,513 43,302 2,513 1,456 1,390 1,538 1,459 1,758 1,786 

1993. 37,257 2,383 51,455 2,816 51,455 2,816 51,267 2,841 51,267 2,841 1,517 1,421 1,997 1,798 1,850 1,826 

1992. 38,992 1,489 55,504 2,980 55,504 2,980 54,904 2,992 54,904 2,992 1,580 1,450 2,128 1,832 1,947 1,863 

1991. 41,633 2,661 64,093 3,363 64,093 3,363 62,769 3,336 62,769 3,336 1,645 1,479 2,270 1,865 2,049 1,899 

1990. 43,674 2,768 66,480 3,402 66,480 3,402 64,428 3,361 64,428 3,361 1,711 1,506 2,425 1,896 2,156 1,933 

1989. 48,898 2,976 71,807 3,547 71,807 3,547 68,666 3,477 68,666 3,477 1,779 1,533 2,594 1,973 2,270 2,010 

1988. 50,002 3,154 79,505 3,898 79,505 3,898 74,667 3,759 74,667 3,759 1,849 1,559 2,779 2,004 2,391 2,042 

1987. 67,059 3,679 103,708 3,638 103,708 3,638 96,919 3,615 96,919 3,615 1,921 1,584 2,983 2,507 2,520 2,533 

1986. 69,688 3,734 117,432 3,662 117,432 3,662 106,530 3,594 106,530 3,594 1,996 1,608 3,207 2,543 2,657 2,565 

1985. 80,756 4,170 148,505 3,481 148,505 3,481 130,146 3,354 130,146 3,354 2,074 1,632 3,454 2,581 2,804 2,597 

1984. 90,061 4,428 165,772 3,547 165,772 3,547 140,638 3,371 140,638 3,371 2,155 2,150 3,727 2,620 2,962 2,629 

1983. 94,737 4,573 145,134 4,016 145,134 4,016 127,904 3,790 127,904 3,790 2,239 2,174 4,027 2,660 3,131 2,660 

1982. 127,616 4,443 155,508 4,079 155,508 4,079 133,156 3,807 133,156 3,807 2,326 2,198 4,360 2,704 3,313 2,692 

1981. 131,205 4,559 167,067 4,225 167,067 4,225 138,579 3,874 138,579 3,874 2,416 2,221 4,728 2,751 3,509 2,725 

ʅʘʧʦʤʝʥʘ: LDGV - Light-duty gas vehicles; LDGT1 - Light-duty gas trucks (ʤʘʩʝ ʜʦ 6.000 lbs, 

ʥʦʩʠʚʦʩʪʠ 0 ï 3.750 lbs); LDGT2 - Light-duty gas trucks (ʤʘʩʝ ʜʦ 6.000 lbs, ʥʦʩʠʚʦʩʪʠ 3.751 ï 5.750 

lbs); LDGT3 - Light-duty gas trucks (ʤʘʩʝ 6.001 ï 8.500 lbs, ʥʦʩʠʚʦʩʪʠ 0 ï 5.750 lbs); LDGT4 - Light-

duty gas trucks (ʤʘʩʝ 6.001 ï 8.500 lbs, ʥʦʩʠʚʦʩʪʠ ʚʝ˂ʝ ʦʜ 5.750 lbs); LDDV - Light-duty diesel 

vehicles;  LDDT12 - Light-duty diesel trucks (ʥʦʩʠʚʦʩʪʠ 0 ï 6.000 lbs); LDDT34 - Light-duty diesel 

trucks (ʥʦʩʠʚʦʩʪʠ 6.001 ï 8.500 lbs) 
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ʊʘʙʝʣʘ ɸ38 ʈʝʟʫʣʪʘʪʠ ʤʦʜʝʣʠʨʘʥʠʭ ʠ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠʤʠʩʠʿʝ CO [mgĿm
-3
] ʠ NOx [ÕgĿm

-3
] 

ʈʝʜʥʠ ʙʨʦʿ 

ʠ ʤʝʩʪʦ 

ʤʝʨʝˁʘ 

ʉʘʪ ʤʝʨʝˁʘ 
OSPM (ʤʦʜʝʣʠʨʘʥʦ) CAL4 (ʤʦʜʝʣʠʨʘʥʦ) ɱɿɻɿ ɹʝʦʛʨʘʜ (ʤʝʨʝʥʦ) 

CO NOx CO NOx CO NOx 

1. 

ɼʠʤʠʪʨʠʿʘ 

ʊʫʮʦʚʠ˂ʘ 

(ʧʦʥʝʜʝˀʘʢ) 

06.00ï07.00 1,72 293,58 0,98 271,2 1,1 386,4 

07.00ï08.00 1,54 224,18 1,32 171,3 1 288,5 

08.00ï09.00 0,88 129,49 1,14 102,3 0,9 283,8 

09.00ï10.00 0,86 127,22 1,02 96,3 0,9 261,2 

10.00ï11.00 0,62 105,82 0,86 86,3 0,8 234,8 

11.00ï12.00 0,67 116,61 0,69 108,6 0,9 188,4 

12.00ï13.00 0,84 163,68 1,42 295,4 1,1 222,1 

13.00ï14.00 0,69 107,63 1,25 96,3 1 138,6 

14.00ï15.00 0,43 64,63 1,22 55,5 0,5 97,3 

15.00ï16.00 1,18 153,32 1,14 101,8 0,9 218 

16.00ï17.00 1,12 183,11 1,01 288,1 0,9 242,2 

2. 

ɼʠʤʠʪʨʠʿʘ 

ʊʫʮʦʚʠ˂ʘ 

(ʫʪʦʨʘʢ) 

06.00ï07.00 1,68 315,48 1,85 189 1,3 402,6 

07.00ï08.00 1,44 211,53 1,02 158,3 1,1 236,9 

08.00ï09.00 0,89 130,25 0,29 263,2 0,7 177,2 

09.00ï10.00 0,58 84,33 0,68 66,3 0,5 133,8 

10.00ï11.00 0,63 114,88 1,14 83,5 0,6 139,9 

11.00ï12.00 0,65 109,27 1,01 172,2 0,6 120,1 

12.00ï13.00 0,35 47,43 0,69 44,6 0,5 72,2 

13.00ï14.00 0,74 150,32 0,82 146,6 0,9 226,9 

14.00ï15.00 1,19 192,81 0,58 116,6 1,1 199,4 

15.00ï16.00 1,13 138,57 0,69 94,3 1,2 175,2 

16.00ï17.00 0,51 64,70 0,88 41,3 0,5 96 

3. 

ɼʠʤʠʪʨʠʿʘ 

ʊʫʮʦʚʠ˂ʘ 

(ʩʨʝʜʘ) 

06.00ï07.00 1,61 336,44 1,1 178,6 1,3 423 

07.00ï08.00 1,31 175,78 0,85 106,3 0,7 197,6 

08.00ï09.00 0,63 79,45 0,96 56,3 0,5 121,3 

09.00ï10.00 0,70 99,64 0,66 77,3 0,6 144,1 

10.00ï11.00 0,71 127,69 1,14 96,3 0,7 161,6 

11.00ï12.00 0,28 31,58 1,02 35,2 0,4 96,5 

12.00ï13.00 0,74 133,50 0,77 196,3 0,8 174,5 

13.00ï14.00 0,23 20,27 0,36 42,5 0,5 131,1 

14.00ï15.00 0,30 28,17 0,85 44,8 0,6 60,8 

15.00ï16.00 0,30 27,05 0,33 138,6 0,6 72,4 

16.00ï17.00 0,28 28,73 0,89 38,3 0,6 113,2 

4. 

ɼʠʤʠʪʨʠʿʘ 

ʊʫʮʦʚʠ˂ʘ 

(ʯʝʪʚʨʪʘʢ) 

06.00ï07.00 1,83 315,01 1,68 198,6 1,2 303,4 

07.00ï08.00 1,49 190,45 1,22 128,3 0,8 222,2 

08.00ï09.00 0,92 124,36 1,28 108,3 0,7 175,2 

09.00ï10.00 1,02 154,37 1,36 169,2 1 245,3 

10.00ï11.00 0,51 111,59 1,11 101,3 0,5 161,1 

11.00ï12.00 0,77 121,41 0,75 198,2 0,9 216,7 

12.00ï13.00 0,93 161,80 0,68 212,3 0,9 185,3 

13.00ï14.00 0,30 21,65 0,39 55,6 0,5 144,9 

14.00ï15.00 0,74 105,05 0,88 169,3 0,9 253,4 

15.00ï16.00 1,41 152,88 0,69 155,2 1 228,3 

16.00ï17.00 1,31 171,67 0,85 165,6 1 257,3 

5. 

ɼʠʤʠʪʨʠʿʘ 

ʊʫʮʦʚʠ˂ʘ 

(ʧʝʪʘʢ) 

06.00ï07.00 2,11 321,27 1,15 309,3 1,4 414,1 

07.00ï08.00 1,49 205,64 1,88 174,4 1,3 333,1 

08.00ï09.00 0,79 144,25 0,36 136,3 0,7 235,2 

09.00ï10.00 0,84 166,80 0,85 136,8 1 242,8 

10.00ï11.00 0,60 154,77 0,69 102,3 0,7 169,2 

11.00ï12.00 0,59 136,29 0,45 185,6 0,7 129,3 

12.00ï13.00 0,87 189,51 1,1 98,3 0,8 140,7 

13.00ï14.00 0,61 151,41 1,36 134,6 0,8 95,4 

14.00ï15.00 1,06 192,01 0,76 182,9 0,6 142,3 

15.00ï16.00 1,09 137,11 0,96 78,4 0,8 108,8 

16.00ï17.00 0,71 110,73 0,82 101,2 0,6 117,6 




