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ʇʣʦʚʜʠʚʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ Ăʇʘʠʩʠʡ ʍʠʣʝʥʜʘʨʩʢʠñ ʌʘʢʫʣʪʝʪ 

ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ  

 ʂʘʪʝʜʨʘ Ăʇʨʠʣʦʞʥʘ ʤʘʪʝʤʘʪʠʢʘ ʠ ʤʦʜʝʣʠʨʘʥʝñ

 

 

ɸʪʘʥʘʩ ɺʲʣʝʚ ʀʚʘʥʦʚ 

 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʦ ʤʦʜʝʣʠʨʘʥʝ  

ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ 
 

ɸʚʪʦʨʝʬʝʨʘʪ 
 

ʟʘ ʧʨʠʩʲʞʜʘʥʝ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʠ ʥʘʫʯʥʘ ʩʪʝʧʝʥ ñɼʦʢʪʦʨò ʚ 

ʦʙʣʘʩʪ ʥʘ ʚʠʩʰʝ ʦʙʨʘʟʦʚʘʥʠʝ: 4. ʇʨʠʨʦʜʥʠ ʥʘʫʢʠ, ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ 

ʇʨʦʬʝʩʠʦʥʘʣʥʦ ʥʘʧʨʘʚʣʝʥʠʝ: 4.5. ʄʘʪʝʤʘʪʠʢʘ 

ɼʦʢʪʦʨʩʢʘ ʧʨʦʛʨʘʤʘ: ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʤʘʪʝʤʘʪʠʢʘʪʘ 

 

 

ʅʘʫʯʥʠ ʨʲʢʦʚʦʜʠʪʝʣʠ: 

ʧʨʦʬ. ʜ-ʨ ʉʥʝʞʘʥʘ ɻʝʦʨʛʠʝʚʘ ɻʦʯʝʚʘ-ʀʣʠʝʚʘ 
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ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʦʙʩʲʜʝʥ ʠ ʥʘʩʨʦʯʝʥ ʟʘ ʟʘʱʠʪʘ ʥʘ ʨʘʟʰʠʨʝʥ ʢʘʪʝʜʨʝʥ ʩʲʚʝʪ ʥʘ ʢʘʪʝʜʨʘ 

Ăʇʨʠʣʦʞʥʘ ʤʘʪʝʤʘʪʠʢʘ ʠ ʤʦʜʝʣʠʨʘʥʝò ʧʨʠ ʌʘʢʫʣʪʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ ʥʘ ʇʣʦʚʜʠʚʩʢʠ 

ʫʥʠʚʝʨʩʠʪʝʪ Ăʇʘʠʩʠʡ ʍʠʣʝʥʜʘʨʩʢʠò, ʛʨʘʜ ʇʣʦʚʜʠʚ, ʧʨʦʚʝʜʝʥ ʥʘ 12.01.2015 ʛ. 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʩ ʦʙʱ ʦʙʝʤ ʦʪ 134 ʩʪʨʘʥʠʮʠ ʠ ʚʢʣʶʯʚʘ ʫʚʦʜ, ʯʝʪʠʨʠ ʛʣʘʚʠ, ʧʨʠʣʦʞʝʥʠʷ ʠ 

ʙʠʙʣʠʦʛʨʘʬʠʷ, ʩʲʩʪʦʷʱʘ ʩʝ ʦʪ 115 ʠʟʪʦʯʥʠʢʘ. ʉʧʠʩʲʢʲʪ ʥʘ ʘʚʪʦʨʩʢʠʪʝ ʧʫʙʣʠʢʘʮʠʠ ʚʢʣʶʯʚʘ 4 

ʟʘʛʣʘʚʠʷ, ʦʪ ʢʦʠʪʦ 1 ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ ʠ 3 ʥʘ ʘʥʛʣʠʡʩʢʠ ʝʟʠʢ. 

ɿʘʱʠʪʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʱʝ ʩʝ ʩʲʩʪʦʠ ʥʘ ............ ʛ. ʚ ɿʘʩʝʜʘʪʝʣʥʘ ʟʘʣʘ ʥʘ ʅʦʚʘ ʩʛʨʘʜʘ 

ʥʘ ʇʣʦʚʜʠʚʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ Ăʇʘʠʩʠʡ ʍʠʣʝʥʜʘʨʩʢʠò ʥʘ ʦʪʢʨʠʪʦ ʟʘʩʝʜʘʥʠʝ ʥʘ ʥʘʫʯʥʦ. 

 

 

 

 

 

 

 

ʅʦʤʝʨʘʮʠʷʪʘ ʥʘ ʬʦʨʤʫʣʠʪʝ, ʮʠʪʠʨʘʥʠʷʪʘ, ʧʨʠʤʝʨʠʪʝ, ʪʘʙʣʠʮʠʪʝ ʠ ʬʠʛʫʨʠʪʝ ʩʲʚʧʘʜʘ ʩ ʪʷʭʥʘʪʘ 

ʥʦʤʝʨʘʮʠʷ ʚ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ. 

ʄʘʪʝʨʠʘʣʠʪʝ ʧʦ ʟʘʱʠʪʘʪʘ ʩʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʠʥʪʝʨʝʩʫʚʘʱʠʪʝ ʩʝ ʚ ʩʝʢʨʘʪʘʨʠʘʪ ʥʘ ʌʄʀ, ʥʦʚʘ 

ʩʛʨʘʜʘ ʥʘ ʇʋ, ʢʘʙ. 330, ʚʩʝʢʠ ʜʝʥ ʦʪ 8:30 ʜʦ 17:00 ʯʘʩʘ. 

 

ɸʚʪʦʨ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʠʷ ʪʨʫʜ: ɸʪʘʥʘʩ ɺʲʣʝʚ ʀʚʘʥʦʚ 

ɿʘʛʣʘʚʠʝ: ʉʪʘʪʠʩʪʠʯʝʩʢʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ 
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ʉʲʜʲʨʞʘʥʠʝ 
ʆʙʱʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ     4 
ɻʣʘʚʘ 1. ʀʟʧʦʣʟʚʘʥʠ ʤʝʪʦʜʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 
ʚʲʟʜʫʭʘ           6 
ʊʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ ʥʘʯʘʣʥʠ ʜʘʥʥʠ        6 
ʌʘʢʪʦʨʝʥ ʘʥʘʣʠʟ          6 
ʉʪʦʭʘʩʪʠʯʥʠ ARIMA ʠ SARIMA ʤʝʪʦʜʠ       6 
ʄʦʜʝʣʠʨʘʥʝ ʩ ʦʙʦʙʱʝʥʘ PathSeeker (GPS) ʨʝʛʫʣʷʨʠʟʠʨʘʱʘ ʨʝʛʨʝʩʠʷ   7 

ɻʣʘʚʘ 2.1. ɺʨʝʤʝʚʠ ʘʥʘʣʠʟ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʛʨʘʜ ʂʲʨʜʞʘʣʠ 9 
ʆʧʠʩʘʪʝʣʥʘ ʩʪʘʪʠʩʪʠʢʘ ʥʘ ʜʘʥʥʠʪʝ ʟʘ ʛʨʘʜ ʂʲʨʜʞʘʣʠ     9 
ʇʦʩʪʨʦʷʚʘʥʝ ʥʘ SARIMA ʤʦʜʝʣʠ ʠ ʘʥʘʣʠʟ       10 

ɻʣʘʚʘ 2.2. ɺʨʝʤʝʚʠ ʘʥʘʣʠʟ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʛʨʘʜ ʐʫʤʝʥ 10 

ʆʧʠʩʘʥʠʝ ʥʘ ʜʘʥʥʠʪʝ ʟʘ ʛʨʘʜ ʐʫʤʝʥ       10 
ɻʨʫʧʠʨʘʥʝ ʥʘ ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʯʨʝʟ ʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ     13 
ɸʈʀʄɸ ʤʦʜʝʣʠ ʩ ʦʪʯʠʪʘʥʝ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠʪʝ ʨʝʜʦʚʝ     14 

ɻʣʘʚʘ 3. ɺʈɽʄɽɺʀ ɸʅɸʃʀɿ ʅɸ ɽɾɽɼʅɽɺʅʀʊɽ ɿɸʄʒʈʉʀʊɽʃʀ ʅɸ ɺʒɿɼʋʍɸ 
ɺ ɻʈɸɼ ɹʃɸɻʆɽɺɻʈɸɼ         15 

ʀʟʧʦʣʟʚʘʥʠ ʜʘʥʥʠ          15 
ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʜʘʥʥʠʪʝ         15 
ʌʘʢʪʦʨʝʥ ʘʥʘʣʠʟ          17 
ʇʦʩʪʨʦʷʚʘʥʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ SARIMA ʤʦʜʝʣʠʪʝ ʟʘ ʪʨʘʥʩʬʦʨʤʠʨʘʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ 18 

ɻʣʘʚʘ 4. ʇʈʀʃʆɾɽʅʀɽ ʅɸ SARIMA ʀ GPS ʈɽɻʈɽʉʀʗ ɿɸ ʀɿʉʃɽɼɺɸʅɽ 
ɿɸʄʒʈʉʗɺɸʅɽ ʅɸ ɺʒɿɼʋʍɸ ʉ PM10 ʅɸ ɻʈɸɼ ʐʋʄɽʅ    

    21 
ʀʟʧʦʣʟʚʘʥʠ ʜʘʥʥʠ          21 
ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʜʘʥʥʠʪʝ         22 
ʈʝʟʫʣʪʘʪʠ ʦʪ SARIMA ʤʦʜʝʣʘ        22 
ʉʨʘʚʥʝʥʠʝ ʥʘ ʧʨʦʛʥʦʟʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ SARIMA ʠ GPS-RuleLearner ʤʦʜʝʣʠʪʝ  24 

ɹʠʙʣʠʦʛʨʘʬʠʷ          27 
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ʆʙʱʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ 

ɸʢʪʫʘʣʥʦʩʪ ʥʘ ʧʨʦʙʣʝʤʠʪʝ 

ɺ ʜʥʝʰʥʦ ʚʨʝʤʝ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʘʪʤʦʩʬʝʨʥʠʷ ʚʲʟʜʫʭ ʠ ʧʨʦʙʣʝʤʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʪʦʚʘ, ʩʘ ʦʪ ʚʩʝ ʧʦ-

ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʟʘ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ ʠ ʮʷʣʦʩʪʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 

ɺ ɹʲʣʛʘʨʠʷ ʩʠʩʪʝʤʘʪʠʯʥʦ ʩʝ ʥʘʙʣʶʜʘʚʘʪ 12 ʪʠʧʘ ʘʪʤʦʩʬʝʨʥʠ ʟʘʤʲʨʩʠʪʝʣʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʦʚʝʯʝ 

ʦʪ 36 ʘʚʪʦʤʘʪʠʟʠʨʘʥʠ ʩʪʘʥʮʠʠ ʥʘ ʀʟʧʲʣʥʠʪʝʣʥʘʪʘ ʘʛʝʥʮʠʷ ʟʘ ʦʢʦʣʥʘ ʩʨʝʜʘ, ʢʦʷʪʦ ʫʧʨʘʚʣʷʚʘ ʠ 

ʢʦʦʨʜʠʥʠʨʘ ʜʝʡʥʦʩʪʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʢʦʥʪʨʦʣʘ ʠ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʚ ʩʪʨʘʥʘʪʘ. ʉʣʝʜʷʪ 

ʩʝ ʠ ʧʨʝʧʦʨʲʯʠʪʝʣʥʠʪʝ ʥʠʚʘ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝ ʩʧʦʨʝʜ ʝʚʨʦʧʝʡʩʢʠʪʝ ʠ ʥʘʮʠʦʥʘʣʥʠʪʝ ʥʦʨʤʠ [30, 31, 

32, 71]. ʉʲʦʪʚʝʪʥʠʪʝ ʜʘʥʥʠ ʩʝ ʧʨʝʧʨʘʱʘʪ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʢʲʤ ɽʚʨʦʧʝʡʩʢʘʪʘ ʘʛʝʥʮʠʷ ʟʘ ʦʧʘʟʚʘʥʝ 

ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʅʘ ʤʝʩʪʥʦ ʥʠʚʦ ʨʝʜʦʚʥʦ ʩʝ ʠʟʛʦʪʚʷʪ ʜʦʢʣʘʜʠ ʟʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʘʪʤʦʩʬʝʨʥʠʷ 

ʚʲʟʜʫʭ ʟʘ ʦʪʜʝʣʥʠʪʝ ʨʘʡʦʥʠ ʥʘ ʩʪʨʘʥʘʪʘ. 

ʂʦʥʩʪʘʪʠʨʘʪ ʩʝ ʨʝʜʠʮʘ ʩʠʩʪʝʤʘʪʠʯʥʦ ʧʨʝʚʠʰʝʥʠʷ ʥʘ ʟʘʤʲʨʩʷʚʘʥʠʷʪʘ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʥʘʩʝʣʝʥʠʪʝ 

ʤʝʩʪʘ ʚ ʧʦʯʪʠ ʮʷʣʘ ɹʲʣʛʘʨʠʷ [3, 5, 6, 30, 31, 32]. ʅʘʡ-ʩʝʨʠʦʟʥʦ ʩʘ ʟʘʤʲʨʩʝʥʠ ʥʘʩʝʣʝʥʠʪʝ ʤʝʩʪʘ ʚ 

ɹʲʣʛʘʨʠʷ ʩ ʬʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ (PM10). ʉʨʝʜ ʥʘʡ-ʧʨʦʙʣʝʤʥʠʪʝ ʛʨʘʜʦʚʝ ʩʘ: ʇʝʨʥʠʢ (ʥʘʡ-

ʟʘʤʲʨʩʝʥ ʟʘ ɽʚʨʦʧʘ ʧʨʝʟ 2011 ʛ.), ʇʣʦʚʜʠʚ, ʉʦʬʠʷ, ɹʣʘʛʦʝʚʛʨʘʜ ʠ ʜʨ. ɿʥʘʯʠʪʝʣʥʠ ʧʨʝʚʠʰʘʚʘʥʠʷ 

ʥʘ ʥʠʚʘʪʘ ʦʪ ʩʝʨʝʥ ʜʠʦʢʩʠʜ (SO2) ʠ ʘʟʦʪʥʠ ʦʢʠʩʠ (NO2, NO, NOx) ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʚ ɼʠʤʠʪʨʦʚʛʨʘʜ, 

ʉʪʘʨʘ ɿʘʛʦʨʘ ʠ ʜʨ. 

ʇʨʦʙʣʝʤʠ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ 

ɺ ʩʚʝʪʦʚʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʩʲʱʝʩʪʚʫʚʘ ʦʛʨʦʤʝʥ ʙʨʦʡ ʠʟʩʣʝʜʚʘʥʠʷ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ 

ʚʲʟʜʫʭʘ ʚʲʚ ʚʩʠʯʢʠʪʝ ʤʫ ʘʩʧʝʢʪʠ ʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʝʤʧʠʨʠʯʥʠ ʤʦʜʝʣʠ. ʉʨʝʜ 

ʥʝʨʝʰʝʥʠʪʝ ʧʨʦʙʣʝʤʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʤʦʜʝʣʠʨʘʥʝʪʦ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ɹʲʣʛʘʨʠʷ ʩʘ: 1) 

ʆʙʨʘʙʦʪʢʘ ʥʘ ʥʘʣʠʯʥʠʪʝ ʨʝʘʣʥʠ ʜʘʥʥʠ ʠ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʥʠʚʘʪʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ ʦʩʥʦʚʥʠ 

ʟʘʤʲʨʩʠʪʝʣʠ, ʠ ʚ ʯʘʩʪʥʦʩʪ ʪʝʟʠ ʟʘʤʲʨʩʠʪʝʣʠ, ʢʦʠʪʦ ʩʘ ʧʨʦʙʣʝʤʥʠ ʚ ʦʪʜʝʣʥʠ ʛʨʘʜʦʚʝ ʠ ʦʙʣʘʩʪʠ; 2) 

ɸʥʘʣʠʟʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʠ ʤʦʜʝʣʠʪʝ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʩʲʱʝʩʪʚʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʪʷʭ ʟʘ 

ʠʥʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʚʟʘʠʤʦʚʨʲʟʢʠ ʤʝʞʜʫ ʦʪʜʝʣʥʠ ʟʘʤʲʨʩʠʪʝʣʠ, ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʦʪʯʠʪʘʥʝ ʥʘ 

ʤʝʪʝʦʨoʣʦʛʠʯʥʠʪʝ, ʝʢʦʣʦʛʠʯʥʠ ʠ ʜʨʫʛʠ ʬʘʢʪʦʨʠ; 3)  ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʤʝʪʦʜʠʪʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ 

ʤʦʜʝʣʠʨʘʥʝ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʩ ʮʝʣ ʧʨʝʚʝʥʮʠʷ ʦʪ ʟʘʤʲʨʩʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʚ ɹʲʣʛʘʨʠʷ; 4) 

 ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʤʦʜʝʣʠʪʝ ʠ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʠʷ ʪʨʫʜ 

ʆʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ: ʆʩʥʦʚʥʠ ʟʘʤʲʨʩʠʪʝʣʠ ʥʘ ʯʠʩʪʦʪʘʪʘ ʥʘ ʚʲʟʜʫʭʘ ʚ ʥʘʩʝʣʝʥʠ ʤʝʩʪʘ ʚ 

ɹʲʣʛʘʨʠʷ. 

ʍʠʧʦʪʝʟʘ: ʅʘʪʨʫʧʘʥʠʪʝ ʛʦʣʝʤʠ ʤʘʩʠʚʠ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʘʥʥʠ ʩʲʜʲʨʞʘʪ ʩʲʱʝʩʪʚʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʠ ʩʢʨʠʪʠ ʚʟʘʠʤʦʚʨʲʟʢʠ, ʯʠʝʪʦ ʨʘʟʢʨʠʚʘʥʝ ʝ ʚʲʟʤʦʞʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦ 

ʤʦʜʝʣʠʨʘʥʝ ʠ ʧʦʜʭʦʜʷʱʠ ʤʝʪʦʜʠ. 

ʆʩʥʦʚʥʘ ʮʝʣ: ʉʲʟʜʘʚʘʥʝ, ʠʟʩʣʝʜʚʘʥʝ ʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʥʠ 

ʟʘʤʲʨʩʠʪʝʣʠ ʥʘ ʚʲʟʜʫʭʘ ʚ ʥʘʩʝʣʝʥʠ ʤʝʩʪʘ ʚ ɹʲʣʛʘʨʠʷ ʟʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠ 

ʟʘʤʲʨʩʷʚʘʥʠʷ ʦʪ ʦʙʱʠ ʠʟʪʦʯʥʠʮʠ, ʦʪʢʨʠʚʘʥʝ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʠ 

ʧʨʦʛʥʦʟʠ ʟʘ ʧʨʝʚʝʥʮʠʷ ʠ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ. 

ɿʘʜʘʯʠ: 

1) ʉ ʧʦʤʦʱʪʘ ʥʘ ʝʜʥʦʤʝʨʝʥ ʩʪʦʭʘʩʪʠʯʝʥ ʩʝʟʦʥʝʥ ARIMA (SARIMA) ʤʝʪʦʜ ʜʘ ʩʝ ʧʦʩʪʨʦʷʪ ʠ 

ʠʟʩʣʝʜʚʘʪ ʤʦʜʝʣʠ ʥʘ ʟʘʤʲʨʩʷʚʘʥʠʷʪʘ ʥʘ ʚʲʟʜʫʭʘ ʩ PM10 ʠ SO2 ʥʘ ʛʨʘʜ ʂʲʨʜʞʘʣʠ ʠ ʜʘ ʩʝ 

ʧʦʣʫʯʘʪ ʢʨʘʪʢʦʩʨʦʯʥʠ ʧʨʦʛʥʦʟʠ. 
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2) ɼʘ ʩʝ ʧʨʦʚʝʜʝ ʚʨʝʤʝʚʠ ʘʥʘʣʠʟ ʥʘ 6 ʦʩʥʦʚʥʠ ʟʘʤʲʨʩʠʪʝʣʠ (NO2, NO, O3, PM10, SO2, NOx) ʥʘ 

ʛʨʘʜ ʐʫʤʝʥ ʯʨʝʟ ʧʦʩʪʨʦʷʚʘʥʝ ʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʪʦʭʘʩʪʠʯʥʠ ARIMA ʤʦʜʝʣʠ ʩ ʦʪʯʠʪʘʥʝ ʥʘ 6 

ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʬʘʢʪʦʨʠ. 

3) ɿʘ ʜʘʥʥʠʪʝ ʦʪ 6-ʪʝ ʟʘʤʲʨʩʠʪʝʣʷ ʥʘ ʛʨʘʜ ʐʫʤʝʥ ʜʘ ʩʝ ʥʘʤʝʨʠ ʛʨʫʧʠʨʘʥʝ ʯʨʝʟ ʤʥʦʛʦʤʝʨʝʥ 

ʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ ʠ ʜʘ ʩʝ ʧʨʠʣʦʞʘʪ ʧʦʣʫʯʝʥʠʪʝ ʬʘʢʪʦʨʥʠ ʚʨʝʤʝʚʠ ʨʝʜʦʚʝ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ 

ARIMA ʤʦʜʝʣʠ ʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʠ ʧʨʦʛʥʦʟʠ. 

4) ɼʘ ʩʝ ʥʘʤʝʨʠ ʛʨʫʧʠʨʘʥʝ ʥʘ 6-ʪʝ ʦʩʥʦʚʥʠ ʟʘʤʲʨʩʠʪʝʣʠ ʥʘ ʚʲʟʜʫʭʘ (NO2, NO, O3, PM10, SO2, 

NOx) ʥʘ ʛʨʘʜ ɹʣʘʛʦʝʚʛʨʘʜ ʯʨʝʟ ʤʥʦʛʦʤʝʨʝʥ ʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ ʠ ʜʘ ʩʝ ʠʥʪʝʨʧʨʝʪʠʨʘʪ 

ʨʝʟʫʣʪʘʪʠʪʝ. 

5) ɼʘ ʩʝ ʧʦʩʪʨʦʷʪ ʩʪʦʭʘʩʪʠʯʥʠ SARIMA ʤʦʜʝʣʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʜʠʥʘʤʠʢʘʪʘ ʠ ʧʨʝʜʩʢʘʟʚʘʥʝ ʥʘ 

ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʥʘ ʚʲʟʜʫʭʘ ʥʘ ʛʨʘʜ ɹʣʘʛʦʝʚʛʨʘʜ, ʠ ʜʘ ʩʝ ʧʨʦʚʝʜʝ ʜʝʪʘʡʣʝʥ ʘʥʘʣʠʟ, ʠ ʧʦʜʙʦʨ 

ʥʘ ʤʦʜʝʣʠʪʝ. 

6) ɼʘ ʩʝ ʧʨʦʚʝʜʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʥʘ ʚʨʝʤʝʚʠʷ ʨʝʜ ʟʘ ʟʘʤʲʨʩʷʚʘʥʝ  ʥʘ ʚʲʟʜʫʭʘ ʩ PM10 ʥʘ 

ʛʨʘʜ ʐʫʤʝʥ ʩ ʦʪʯʠʪʘʥʝ ʥʘ 6-ʪʝ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʬʘʢʪʦʨʠ, ʯʨʝʟ ʧʦʩʪʨʦʷʚʘʥʝ, ʠʟʩʣʝʜʚʘʥʝ ʠ 

ʩʨʘʚʥʝʥʠʝ ʥʘ ʩʪʦʭʘʩʪʠʯʥʠ SARIMA ʤʦʜʝʣʠ ʠ ʤʦʜʝʣʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʦʙʦʙʱʝʥʘ Pathseeker 

(GPS) ʨʝʛʫʣʷʨʠʟʠʨʘʱʘ ʨʝʛʨʝʩʠʷ ʠ ʧʨʝʜʩʢʘʟʚʘʱʠ ʪʝʭʥʠʢʠ. ɼʘ ʩʝ ʧʨʠʣʦʞʘʪ ʤʦʜʝʣʠʪʝ ʟʘ 

ʢʨʘʪʢʦʩʨʦʯʥʠ ʧʨʦʛʥʦʟʠ. 
 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʝʤ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʠʷ ʪʨʫʜ 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʩʪʨʫʢʪʫʨʠʨʘʥ ʚ ʫʚʦʜ, 4 ʛʣʘʚʠ, ʟʘʢʣʶʯʝʥʠʝ ʠ ʣʠʪʝʨʘʪʫʨʘ ʩ ʦʙʱ ʦʙʝʤ ʦʪ 134 

ʧʝʯʘʪʥʠ ʩʪʨʘʥʠʮʠ.  

ɻʣʘʚʘ 1 ʥʷʤʘ ʧʨʠʥʦʩʝʥ ʭʘʨʘʢʪʝʨ. ʊʷ ʩʲʜʲʨʞʘ ʧʨʝʛʣʝʜ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʧʨʦʙʣʝʤʘ, ʦʧʠʩʘʥʠʝ ʥʘ 

ʠʟʧʦʣʟʚʘʥʠʪʝ ʚ ʜʠʩʝʨʪʘʮʠʷʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʝʪʦʜʠ ʠ ʪʝʭʥʠʢʠ ʠ ʬʦʨʤʫʣʠʨʘ ʮʝʣʠʪʝ ʠ ʟʘʜʘʯʠʪʝ ʥʘ 

ʠʟʩʣʝʜʚʘʥʠʷʪʘ.  

ɺ ʛʣʘʚʠ 2 ʩʘ ʚʨʝʤʝʥʥʠʪʝ ʨʝʜʦʚʝ ʟʘ ʟʘʤʲʨʩʷʚʘʥʠʷ ʩ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ (PM10) ʠ ʩʝʨʝʥ ʜʠʦʢʩʠʜ (SO2) 

ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʨʝʤʝʪʦ ʩʝ ʠʟʩʣʝʜʚʘʪ ʯʨʝʟ SARIMA ʤʦʜʝʣʠ. ɺ ʩʲʱʘʪʘ ʛʣʘʚʘ ʝ ʇʨʦʚʝʜʝʥ ʝ ʘʥʘʣʠʟ 

ʥʘ ʚʨʝʤʝʥʥʠ ʨʝʜʦʚʝ ʠ ʧʨʝʜʩʢʘʟʚʘʥʝ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ ʟʘ 6 ʟʘʤʲʨʩʠʪʝʣʷ (ʘʟʦʪʝʥ 

ʜʠʦʢʩʠʜ(NO2), ʘʟʦʪʝʥ ʦʢʩʠʜ(NO), ʦʟʦʥ(O3), ʬʠʥʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ (PM10), ʩʝʨʝʥ ʜʠʦʢʩʠʜ(SO2), 

ʘʟʦʪʥʠ ʦʢʩʠʜʠ(NOx) ʩ ʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ ʠ ARIMA ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ. 

ɺ ʛʣʘʚʘ 3 ʩʝ ʠʟʩʣʝʜʚʘʪ ʚʨʝʤʝʥʥʠ ʨʝʜʦʚʝ ʟʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ ʥʘ 6-ʪʝ ʚʲʟʜʫʰʥʠ 

ʟʘʤʲʨʩʠʪʝʣʷ ʚ ʛʨʘʜ ɹʣʘʛʦʝʚʛʨʘʜ ʩ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ ʠ SARIMA ʤʝʪʦʜ. 

ɺ ʛʣʘʚʘ 4 ʩʝ ʠʟʩʣʝʜʚʘʪ ʜʘʥʥʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ ʬʠʥʠ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ PM10 ʟʘ ʛʨʘʜ ʐʫʤʝʥ. 

ʂʦʥʮʝʥʪʨʘʮʠʠʪʝ ʧʨʝʚʠʰʘʚʘʪ ʤʥʦʛʦʢʨʘʪʥʦ ʜʦʧʫʩʪʠʤʠʪʝ ʥʦʨʤʠ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʧʦʩʪʨʦʷʪ ʩʲʦʪʚʝʪʥʠ 

ʝʤʧʠʨʠʯʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʩ ʦʪʯʠʪʘʥʝ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʜʚʘ 

ʨʘʟʣʠʯʥʠ ʧʦʜʭʦʜʘ - ʩʪʦʭʘʩʪʠʯʝʥ SARIMA ʠ General Pathseeker ʨʝʛʨʝʩʠʷ, ʜʘ ʩʝ ʩʨʘʚʥʠ 

ʩʧʦʩʦʙʥʦʩʪʪʘ ʠʤ ʜʘ ʧʨʝʜʩʢʘʟʚʘʪ ʨʝʘʣʥʠʪʝ ʥʠʚʘ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝ ʩ PM10, ʢʘʢʪʦ ʠ ʧʨʠʣʦʞʠʤʦʩʪʪʘ ʠʤ 

ʟʘ ʢʨʘʪʢʦʩʨʦʯʥʦ ʧʨʦʛʥʦʟʠʨʘʥʝ. 

 ɺ ʟʘʢʣʶʯʝʥʠʝʪʦ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʢʨʘʪʢʦ ʨʝʟʶʤʝ, ʩʧʠʩʲʢ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʧʦ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʠ 

ʘʧʨʦʙʘʮʠʠ, ʠ ʩʘ ʩʠʩʪʝʤʘʪʠʟʠʨʘʥʠ ʧʨʝʪʝʥʮʠʠʪʝ ʟʘ ʥʘʫʯʥʠʪʝ ʧʨʠʥʦʩʠ ʥʘ ʜʦʢʪʦʨʘʥʪʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʘʪʤʦʩʬʝʨʥʠ ʟʘʤʲʨʩʷʚʘʥʠʷ. ʃʠʪʝʨʘʪʫʨʘʪʘ ʚʢʣʶʯʚʘ 115 ʠʟʪʦʯʥʠʢʘ. 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʨʘʟʨʘʙʦʪʝʥ ʢʲʤ ʢʘʪʝʜʨʘ ñʇʨʠʣʦʞʥʘ ʤʘʪʝʤʘʪʠʢʘ ʠ ʤʦʜʝʣʠʨʘʥʝò ʥʘ 

ʌʘʢʫʣʪʝʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ ʥʘ ʇʣʦʚʜʠʚʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ ñʇʘʠʩʠʡ ʍʠʣʝʥʜʘʨʩʢʠò ʚ 

ʧʝʨʠʦʜʘ 2011-2014 ʛʦʜʠʥʘ. 
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ʂʨʘʪʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʠʷ ʪʨʫʜ 

ɻʣʘʚʘ 1. ʀʟʧʦʣʟʚʘʥʠ ʤʝʪʦʜʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʚʲʟʜʫʭʘ 

ʊʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ ʥʘʯʘʣʥʠ ʜʘʥʥʠ 

ɺ ʜʠʩʝʨʪʘʮʠʷʪʘ ʝ ʠʟʧʦʣʟʚʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ ʥʘ ʁʝʦ-ɼʞʦʥʩʲʥ, ʢʦʷʪʦ ʦʙʦʙʱʘʚʘ ʠʟʚʝʩʪʥʘʪʘ 

ʩʪʝʧʝʥʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ [12], ʟʘ ʩʣʫʯʘʷ ʥʘ ʥʫʣʝʚʠ ʠ ʦʪʨʠʮʘʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ.  

ʉʪʝʧʝʥʥʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʁʝʦ-ɼʞʦʥʩʲʥ, ʟʘ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʜʘʜʝʥʘ ʧʨʦʤʝʥʣʠʚʘ ʭ ʠʤʘ ʚʠʜʘ 

[100]:  
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ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʩʪʘʥʪʘʪʘ 
[ 2,2]lÍ -

 ʚʲʚ ʬʦʨʤʫʣʘ (1.1) ʩʤʝ ʨʘʟʨʘʙʦʪʠʣʠ ʩʲoʪʚʝʪʝʥ ʢʦʜ ʥʘ 

ʩʠʩʪʝʤʘ Wolfram Mathematica [99, 107] ʟʘ ʧʨʦʤʝʥʣʠʚʘ ʭ, ʧʨʠ ʟʘʜʘʜʝʥʘ ʩʪʲʧʢʘ ʥʘ l. ʇʨʠ ʧʦʜʙʦʨ ʥʘ 

ʦʧʪʠʤʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ l ʩʨʘʚʥʷʚʘʤʝ ʦʧʪʠʤʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʧʦʢʘʟʘʪʝʣʷ ʥʘ ʂʦʣʤʦʛʦʨʦʚ-

ʉʤʠʨʥʦʚ ʟʘ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʘʥʥʠʪʝ. 

ʌʘʢʪʦʨʝʥ ʘʥʘʣʠʟ 

ʄʝʪʦʜʲʪ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʟʘ ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʧʦʜʦʙʥʦʩʪʪʘ ʠ ʨʘʟʣʠʢʠʪʝ ʚ ʤʥʦʛʦʤʝʨʥʦ ʤʥʦʞʝʩʪʚʦ ʦʪ 

ʜʘʥʥʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʦʩʥʦʚʠ ʥʘ ʤʝʪʦʜʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʘʤʝʨeʥʠ ʚ ʨʝʜʠʮʘ ʢʥʠʛʠ ʠ ʩʪʘʪʠʠ [51]. 

ʅʘʣʠʯʠʝʪʦ ʥʘ ʚʠʩʦʢʠ ʢʦʝʬʠʮʠʝʥʪʠ (ʥʘʜ 0.5) ʚ ʢʦʨʝʣʘʮʠʦʥʥʘʪʘ ʤʘʪʨʠʮʘ ʟʘ ʜʘʥʥʠʪʝ ʯʝʩʪʦ ʧʦʢʘʟʚʘ 

ʥʘʣʠʯʠʝʪʦ ʥʘ ʤʫʣʪʠʢʦʣʠʥʝʘʨʥʦʩʪ (ʪ.ʝ. ʜʝʪʝʨʤʠʥʘʥʪʘʪʘ ʝ ʙʣʠʟʢʘ ʜʦ 0). ʇʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ 

ʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ, ʩʠʣʥʘʪʘ ʢʦʨʝʣʘʮʠʷ ʥʘ ʜʚʝ ʠʣʠ ʧʦʚʝʯʝ ʧʨʦʤʝʥʣʠʚʠ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʯʨʝʟ ʦʙʱʘ 

ʣʘʪʝʥʪʥʘ (ʠʟʢʫʩʪʚʝʥʘ) ʧʨʦʤʝʥʣʠʚʘ, ʥʘʨʝʯʝʥʘ ʬʘʢʪʦʨ. ʇʦ ʚʨʝʤʝ ʥʘ ʪʦʟʠ ʧʨʦʮʝʩ ʩʝ ʛʫʙʠ ʯʘʩʪ ʦʪ 

ʠʥʬʦʨʤʘʮʠʷʪʘ, ʥʦ ʩʝ ʦʪʢʨʠʚʘʪ ʚʟʘʠʤʦʚʨʲʟʢʠ ʤʝʞʜʫ ʛʨʫʧʠʨʘʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ. ʇʨʠ ʬʘʢʪʦʨʥʠʷ 

ʘʥʘʣʠʟ ʩʝ ʧʨʠʣʘʛʘʪ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʟʘ ʠʟʚʣʠʯʘʥʝ ʠ ʪʨʘʥʩʬʦʨʤʠʨʘʥʝ (ʨʦʪʘʮʠʷ) ʥʘ ʬʘʢʪʦʨʠʪʝ. 

ɼʨʫʛ ʢʣʶʯʦʚ ʤʦʤʝʥʪ ʝ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʙʨʦʷ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʜʘ ʟʘʤʝʩʪʷʪ ʧʲʨʚʦʥʘʯʘʣʥʠʪʝ 

ʥʝʟʘʚʠʩʠʤʠ ʧʨʦʤʝʥʣʠʚʠ. ʀʟʙʦʨʲʪ ʥʘ ʢʦʥʢʨʝʪʝʥ ʤʝʪʦʜ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʙʨʦʡ ʬʘʢʪʦʨʠ ʟʘʚʠʩʠ ʦʪ 

ʠʟʩʣʝʜʦʚʘʪʝʣʷ. 

ʇʨʦʮʝʜʫʨʘʪʘ ʩʝ ʩʲʩʪʦʠ ʦʪ 5 ʦʩʥʦʚʥʠ ʩʪʲʧʢʠ: 

(1)  ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʨʝʣʘʮʠʦʥʥʘʪʘ ʤʘʪʨʠʮʘ 

(2)  ʪʝʩʪ ʟʘ ʘʜʝʢʚʘʪʥʦʩʪ ʥʘ ʬʘʢʪʦʨʥʠʷ ʘʥʘʣʠʟ 

(3)  ʠʟʚʣʠʯʘʥʝ ʥʘ ʬʘʢʪʦʨʠʪʝ, ʠʟʙʦʨ ʥʘ ʦʧʪʠʤʘʣʝʥ ʙʨʦʡ ʬʘʢʪʦʨʠ 

(4)  ʚʲʨʪʝʥʝ ʥʘ ʬʘʢʪʦʨʠʪʝ  

(5) ʠʟʯʠʩʣʷʚʘʥʝ ʠ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʬʘʢʪʦʨʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝ 

ʥʘ ʩʣʝʜʚʘʱʠ ʘʥʘʣʠʟʠ. 

 

ʉʪʦʭʘʩʪʠʯʥʠ ARIMA ʠ SARIMA ʤʝʪʦʜʠ 

ɽʜʥʦʤʝʨʥʠʷʪ ARIMA (ʘʚʪʦʨʝʛʨʝʩʠʦʥʝʥ ʘʥʘʣʠʟ, ʪʝʥʜʝʥʮʠʷ ʠ ʧʣʘʚʘʱʠ ʩʨʝʜʥʠ) ʝ ʥʘʟʚʘʥʠʝ ʥʘ 

ʦʙʦʙʱʝʥ ʢʣʘʩ ʦʪ ʤʝʪʦʜʠ, ʚʲʚʝʜʝʥʠ ʦʪ ɹʦʢʩ ʠ ɼʞʝʥʢʠʥʩ ʧʨʝʟ 1976 ([13]). ARIMA ʥʘʤʠʨʘ ʰʠʨʦʢʦ 

ʧʨʠʣʦʞʝʥʠʝ ʚ ʝʢʦʣʦʛʠʯʥʘʪʘ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ʦʮʝʥʢʘ ʠ ʧʨʝʜʩʢʘʟʚʘʥʝ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʚʨʝʤʝʚʠ ʨʝʜʦʚʝ. 

ʆʙʱ ʚʠʜ ʥʘ ARIMA ʠ SARIMA ʤʦʜʝʣ ʩʝ ʧʨʝʜʩʪʘʚʷ ʩ ʣʠʥʝʡʥʦ ʠʣʠ ʥʝʣʠʥʝʡʥʦ ʜʠʬʝʨʝʥʯʥʦ 
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ʫʨʘʚʥʝʥʠʝ. ɺʢʣʶʯʚʘ ʙʨʦʡ ʧʘʨʘʤʝʪʨʠ (p,d,q), ʩʲʦʪʚʝʪʥʦ (P,D,Q)(p,d,q)s, ʢʲʜʝʪʦ: p ï ʘʚʪʦʨʝʛʨʝʩʠʷ 

(AR), P ï ʩʝʟʦʥʝʥ AR, d ï ʪʝʥʜʝʥʮʠʷ (I), D ï ʩʝʟʦʥʝʥ I ʧʘʨʘʤʝʪʲʨ, qï ʧʣʘʚʘʱʠ ʩʨʝʜʥʠ (MA), Q ï 

ʩʝʟʦʥʥʠ MA. s ï ʩʝʟʦʥʥʦʩʪ, ʮʠʢʣʠʯʥʦʩʪ. 

ʅʝʢʘ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ ʚʨʝʤʝʪʦ ʜʘ ʙʲʜʘʪ t = 1, 2, 3, ..., n, ʢʲʜʝʪʦ n ʝ ʦʙʱʠʷʪ ʙʨʦʡ ʥʘʙʣʶʜʝʥʠʷ 

ʚʲʚ ʚʨʝʤʝʚʠʷ ʨʝʜ. ʉ iX  ʝ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʧʨʦʤʝʥʣʠʚʘ ʦʪ ʚʨʝʤʝʚʠʷ ʨʝʜ (ʟʘʤʲʨʩʠʪʝʣ) ʚ ʤʦʤʝʥʪ t = i, 

ʘ L  ʝ ʦʧʝʨʘʪʦʨʲʪ ʟʘ ʟʘʙʘʚʷʥʝ, ʜʝʡʩʪʚʘʱ ʧʦ ʬʦʨʤʫʣʠʪʝ: 

2
1 2, ,... , , 0 .k

i i i i i i kLX X L X X L X X i k n- - -= = = ¢ - ¢  (1.2) 

ʉʪʘʪʠʯʥʠʷʪ ʚʨʝʤʝʚʠ ʨʝʜ ʠʤʘ ʬʠʢʩʠʨʘʥʘ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʠ ʥʷʤʘ ʪʝʥʜʝʥʮʠʷ, ʪ.ʝ. d = 0. ʇʨʠ 

ʧʦ-ʩʣʦʞʥʠ ʩʣʫʯʘʠ ʙʠ ʤʦʛʣʘ ʜʘ ʩʲʱʝʩʪʚʫʚʘ ʪʝʥʜʝʥʮʠʷ, ʢʦʷʪʦ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ 

ʧʦʣʠʥʦʤ (ʣʠʥʝʝʥ, ʢʚʘʜʨʘʪʝʥ ʠʣʠ ʦʪ ʧʦ-ʚʠʩʦʢʘ ʩʪʝʧʝʥ, ʜʦ d). ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ ʷʩʥʦ ʠʟʨʘʟʝʥʘ ʩʝʟʦʥʥʘ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʝʜʥʦʤʝʨʝʥ ʚʨʝʤʝʥʝʥ ʨʝʜ, ʟʘʚʠʩʝʱ ʝʜʠʥʩʪʚʝʥʦ ʦʪ ʚʨʝʤʝʪʦ t, ARIMA ʩʝ ʦʙʦʙʱʘʚʘ 

ʢʲʤ SARIMA. 

ɽʜʥʦʤʝʨʥʠʷʪ ʤʫʣʪʠʧʣʠʢʘʪʠʚʝʥ SARIMA (p, d, q) (P, D, Q)s ʤʦʜʝʣ ʠʤʘ ʩʣʝʜʥʠʷ ʦʙʱ ʚʠʜ: 

() ( )( )( ) () ( ) 2ű ū 1 1 ɗ Ū , ~ ( )
Dds s s

p P t q Q t tL L L L Y L L a c a WNs- - = +   (1.7) 

ʢʲʜʝʪʦ ű ,p pF  ʩʘ ʜʠʬʝʨʝʥʯʥʠ ʧʦʣʠʥʦʤʠ ʟʘ ʥʝʩʝʟʦʥʥʠ ʠ ʩʝʟʦʥʥʠ ʘʚʪʦʨʝʛʨʝʩʠʦʥʥʠ ʧʘʨʘʤʝʪʨʠ, ʘ 

,q qq Q  ʩʘ ʧʘʨʘʤʝʪʨʠ ʥʘ ʥʝʩʝʟʦʥʥʠ ʠ ʩʝʟʦʥʥʠ ʧʣʘʚʘʱʠ ʩʨʝʜʥʠ, ʦʟʥʘʯʝʥʠ ʩ ʠʟʨʘʟʠʪʝ 

() ( ) () ( )
0 0 0 0

ű , ū , ɗ , Ū
p q QP

j s j s j s j s
p j P j q j Q j

j j j j

L L L L L L L Lf q+ +

= = = =

å õ å õ å õ å õ
= = F = = Qä ä ä äæ ö æ ö æ ö æ ö
æ ö æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷ ç ÷

  

ta ʝ ʙʝʣʠʷʪ ʰʫʤ ʚ ʤʦʤʝʥʪʘ t, c ʝ ʢʦʥʩʪʘʥʪʘ. ʇʨʠʝʤʘ ʩʝ, ʯʝ ʚʨʝʤʝʥʥʠʷʪ ʨʝʜ ʝ ʩʪʘʮʠʦʥʘʨʝʥ (ʧʣʦʩʲʢ). 

ɸʢʦ ʝ ʥʝʩʪʘʮʠʦʥʘʨʝʥ, ʪʦʡ ʤʦʞʝ ʜʘ ʙʲʜʝ ʪʨʘʥʩʬʦʨʤʠʨʘʥ ʚ ʪʘʢʲʚ ʯʨʝʟ ʜʠʬʝʨʝʥʯʥʠ ʨʘʟʣʠʢʠ ʦʪ 

ʥʷʢʘʢʲʚ ʨʝʜ d, ʢʦʝʪʦ ʝ ʦʟʥʘʯʝʥʦ ʩ ʦʧʝʨʘʪʦʨ ( )1 L-  ʚ (1.7). ʊʨʷʙʚʘ ʜʘ ʧʨʠʧʦʤʥʠʤ, ʯʝ 

ʩʪʘʮʠʦʥʘʨʥʠʷʪ ʧʨʦʮʝʩ ʠʤʘ ʧʦʩʪʦʷʥʥʘ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʠ ʜʠʩʧʝʨʩʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʦʪʙʝʣʝʞʠʤ, 

ʯʝ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʦʜʝʣʘ (1.7) ʦʪʛʦʚʘʨʷʪ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʠʟʠʩʢʚʘʥʠʷ. 

ʂʦʛʘʪʦ ʚʨʝʤʝʥʥʠʷʪ ʨʝʜ Y  ʩʝ ʚʣʠʷʝ ʦʪ ʥʷʢʦʣʢʦ ʚʭʦʜʷʱʠ ʚʨʝʤʝʥʥʠ ʨʝʜʘ 1 2, ,..., rX X X , 

ʜʝʬʠʥʠʨʘʥʠ ʟʘ ʩʲʱʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʨʝʤʝʪʦ, SARIMA ʤʦʜʝʣʲʪ ʩʝ ʦʙʦʙʱʘʚʘ ʜʦ ʤʦʜʝʣ ʩ 

ʪʨʘʥʩʬʝʨʥʠ ʬʫʥʢʮʠʠ ʦʪ ʜʠʬʝʨʝʥʯʝʥ ʚʠʜ [13, 14] 

()

()

()

()1

r bj aj
t jt t

j j a

L L
Y L X a

L L

w q

d=
= +ä

F
  (1.8) 

ʢʲʜʝʪʦ () () () (), , ,j j a aL L L Lw d q F  ʩʘ ʜʠʬʝʨʝʥʯʥʠ ʧʦʣʠʥʦʤʠ ʦʪ ʜʘʜʝʥ ʨʝʜ ʥʘ L, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ 

ʚʢʣʶʯʚʘʪ ʥʝʩʝʟʦʥʥʠ, ʩʝʟʦʥʥʠ ʯʣʝʥʦʚʝ, jb  ʩʘ ʥʝʦʪʨʠʮʘʪʝʣʥʠ ʮʝʣʠ ʯʠʩʣʘ ʟʘ ʟʘʙʘʚʷʥʠʷʪʘ.  

ʇʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ARIMA/SARIMA ʤʦʜʝʣ ʠʟʠʩʢʚʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠʥʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ 

ʧʘʨʘʤʝʪʨʠʪʝ (p,d,q) ʠʣʠ ʩʲʦʪʚʝʪʥʦ (P,D,Q)(p,d,q)s, ʢʦʝʪʦ ʩʝ ʧʨʦʚʝʞʜʘ ʯʨʝʟ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ACF 

(ʘʚʪʦʢʦʨʝʣʘʮʠʦʥʥʠ ʬʫʥʢʮʠʠ) ʠ PACF (ʯʘʩʪʠʯʥʠ ʘʚʪʦʢʦʨʝʣʘʮʠʦʥʥʠ ʬʫʥʢʮʠʠ). ɿʘ ʧʦ-ʜʝʪʘʡʣʥʦ 

ʠʟʩʣʝʜʚʘʥʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʪʨʝʥʜ ʠ ʥʝʛʦʚʠʷ ʧʦʨʷʜʲʢ (ʩʪʦʡʥʦʩʪ ʥʘ d), ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʚʘʪ 

ʩʧʝʮʠʬʠʯʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʪʝʩʪʦʚʝ, ʥʘʧʨʠʤʝʨ ʥʘ ɼʠʢʠ-ʌʫʣʲʨ ʠ ʥʝʛʦʚʦ ʦʙʦʙʱʝʥʠʝ, ʟʘ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʝʜʠʥʠʯʝʥ ʢʦʨʝʥ (ʢʦʨʝʥ =1) ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʥʘ ʤʦʜʝʣʘ. 

ʂʘʯʝʩʪʚʘʪʘ ʥʘ ʤʦʜʝʣʘ ʩʝ ʦʮʝʥʷʚʘʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʢʨʠʪʝʨʠʠ, ʢʘʪʦ ʢʦʝʬʠʮʠʝʥʪ ʥʘ 

ʜʝʪʝʨʤʠʥʘʮʠʷ (ʩʪʘʮʠʦʥʘʨʝʥ ʠ ʥʝʩʪʘʮʠʦʥʘʨʝʥ), ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʠ ʛʨʝʰʢʠ, ʚʢʣʶʯʠʪʝʣʥʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʢʨʠʪʝʨʠʠ ʢʘʪʦ BIC (Bayersian ʠʣʠ Schwarz Information Criterion) [80] Swartz ʠ ʜʨʫʛʠ. 

ʇʨʠ ʠʟʙʦʨʘ ʥʘ ʤʦʜʝʣ, ʜʦʢʘʪʦ ʩʝ ʘʧʨʦʢʩʠʤʠʨʘʪ ʜʘʥʥʠʪʝ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʚʟʝʤʘʪ ʧʨʝʜʚʠʜ ʩʣʝʜʥʠʪʝ 

ʦʙʱʠ ʠʟʠʩʢʚʘʥʠʷ:  

Å ʆʩʪʘʪʲʮʠʪʝ ʥʘ ʤʦʜʝʣʘ ʪʨʷʙʚʘ ʜʘ ʠʤʘʪ ʦʪʥʦʩʠʪʝʣʥʦ ʤʘʣʢʘ ʜʠʩʧʝʨʩʠʷ;  
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Å ʆʩʪʘʪʲʮʠʪʝ ʪʨʷʙʚʘ ʜʘ ʠʤʘʪ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ  

Å ʄʦʜʝʣʲʪ ʪʨʷʙʚʘ ʜʘ ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʧʨʠʥʮʠʧʘ ʟʘ ʧʨʦʩʪʦʪʘ [51]. 
 
ʄʦʜʝʣʠʨʘʥʝ ʩ ʦʙʦʙʱʝʥʘ PathSeeker (GPS) ʨʝʛʫʣʷʨʠʟʠʨʘʱʘ ʨʝʛʨʝʩʠʷ 

ʈʝʛʫʣʷʨʠʟʠʨʘʱʘʪʘ GPS ʨʝʛʨʝʩʠʷ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʝʪʦʜ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ, ʨʘʟʨʘʙʦʪʝʥ ʦʪ 

ɼʞʝʨʦʤ ʍ. ʌʨʠʜʤʘʥ ʧʨʝʟ 2008 [36]. ʄʝʪʦʜʲʪ ʝ ʧʨʝʜʚʠʜʝʥ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʥʝʧʨʝʢʲʩʥʘʪʠ ʠʣʠ 

ʜʚʦʠʯʥʠ ʜʘʥʥʠ ʠ ʧʨʦʠʟʚʝʞʜʘ ʥʷʢʦʣʢʦ ʧʲʪʝʢʠ (ʢʣʘʩʦʚʝ) ʟʘ ʠʟʙʦʨ ʥʘ ʤʥʦʛʦʤʝʨʥʘ ʣʠʥʝʡʥʘ ʨʝʛʨʝʩʠʷ 

ʠʣʠ ʤʦʜʝʣʠ ʟʘ ʣʦʛʠʩʪʠʯʥʘ ʨʝʛʨʝʩʠʷ, ʢʦʠʪʦ ʩʘ ʧʦ-ʝʬʝʢʪʠʚʥʠ ʦʪ ʚʩʠʯʢʠ ʜʨʫʛʠ ʚʠʜʦʚʝ ʨʝʛʨʝʩʠʦʥʥʠ 

ʤʦʜʝʣʠ [87]. ʏʨʝʟ GPS ʩʝ ʧʦʩʪʨʦʷʚʘʪ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʠ ʣʠʥʝʡʥʠ ʤʦʜʝʣʠ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ 

ʥʦʨʤʘʣʥʘ ʤʥʦʛʦʤʝʨʥʘ ʨʝʛʨʝʩʠʷ. ʄʝʪʦʜʲʪ ʥʝ ʦʩʠʛʫʨʷʚʘ ʘʚʪʦʤʘʪʠʯʥʦ ʦʪʢʨʠʚʘʥʝ ʥʘ ʥʝʣʠʥʝʡʥʦʩʪʠ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʝʜʠʢʪʦʨʠ ʠʣʠ ʬʫʥʢʮʠʷ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʣʠʧʩʚʘʱʠ ʜʘʥʥʠ. 

ʇʲʨʚʦʥʘʯʘʣʥʠʷʪ ʤʦʜʝʣ, ʩʲʟʜʘʜʝʥ ʯʨʝʟ TreeNet ʝ ʩʲʚʢʫʧʥʦʩʪ ʦʪ ʩʪʦʪʠʮʠ ʠʣʠ ʜʦʨʠ ʭʠʣʷʜʠ ʤʘʣʢʠ 

ʜʲʨʚʝʪʘ. ʄʥʦʛʦ ʦʪ ʪʷʭ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʝʜʥʘʢʚʠ ʠʣʠ ʠʤʘʪ ʤʥʦʛʦ ʧʦʜʦʙʥʘ ʩʪʨʫʢʪʫʨʘ. ʂʦʤʧʨʝʩʠʷʪʘ ʥʘ 

TreeNet ʤʦʜʝʣʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ISLE ʘʣʛʦʨʠʪʲʤ ʯʨʝʟ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ 

ʠʟʣʠʰʥʠʪʝ ʜʲʨʚʝʪʘ. ʂʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʤʦʜʝʣʠʪʝ ʩʝ ʢʦʨʠʛʠʨʘʪ ʯʨʝʟ GPS ʤʝʪʦʜʘ. ʅʘʢʨʘʷ 

RuleLearner ʘʣʛʦʨʠʪʲʤʲʪ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʪʝʭʥʠʢʘ ʟʘ ʧʦʩʣʝʜʚʘʱʘ ʦʙʨʘʙʦʪʢʘ, ʧʨʠ ʢʦʝʪʦ ʩʝ ʠʟʙʠʨʘ 

ʧʦʜʤʥʦʞʝʩʪʚʦʪʦ ʦʪ ʚʲʟʣʠ ʩ ʥʘʡ-ʛʦʣʷʤʦ ʚʣʠʷʥʠʝ, ʥʘʤʘʣʷʚʘʡʢʠ ʩʣʦʞʥʦʩʪʪʘ ʥʘ TreeNet ʤʦʜʝʣʘ.  

ɿʘ ʜʘ ʚʲʚʝʜʝʤ GPS ʤʝʪʦʜʘ, ʨʘʟʛʣʝʞʜʘʤʝ ʠʟʚʘʜʢʘ ʦʪ n ʥʘʙʣʶʜʝʥʠʷ, ʜʘʜʝʥʠ ʢʘʪʦ 

{ } { }
n

i 1i=1 1
Y , , ,..., ,

n
i i i im i

Y X X
=

=X   (1.9) 

ʢʲʜʝʪʦ Y ʝ ʦʪʢʣʠʢʲʪ, ʘ { }1,..., mX X=X  ʩʘ ʧʨʝʜʠʢʪʦʨʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ.   

GPS ʤʦʜʝʣʲʪ ʩʝ ʪʲʨʩʠ ʚʲʚ ʚʠʜʘ [36]  

0 1 1
Ĕ ... m mY a a X a X= + + +   (1.10) 

ʟʘ ʧʨʝʜʩʢʘʟʚʘʥʝ ʥʘ Y ʧʦ ʜʘʜʝʥʦ X ,  ʘ { }0 1, ,..., ma a a=a  ʩʘ ʧʘʨʘʤʝʪʨʠʪʝ. ɿʘ ʜʘ ʩʝ ʧʦʣʫʯʘʪ ʧʦ-

ʨʘʚʥʦʤʝʨʥʠ ʦʮʝʥʢʠ Ĕa  ʥʘ a, ʚ ʨʝʛʫʣʷʨʠʟʠʨʘʱʠʪʝ ʤʝʪʦʜʠ ʩʝ ʨʝʰʘʚʘ ʦʧʪʠʤʘʣʥʘʪʘ ʟʘʜʘʯʘ  

() () ()ĔĔ argmin L Pgl lè ø= +
ê ú

a

a a a   (1.11) 

ɺ (1.11) ()L a  ʝ ʝʤʧʠʨʠʯʥʘ ʬʫʥʢʮʠʷ ʥʘ ʛʨʝʰʢʘʪʘ, ʥʘʧʨʠʤʝʨ:  

() ( )
2

1

1 Ĕ ,
n

i i
i

L Y Y
n =
= -äa   (1.12) 

ʘ ()P a  ʝ ʢʦʨʠʛʠʨʘʱʘ (ʥʘʢʘʟʘʪʝʣʥʘ, ʦʛʨʘʥʠʯʠʪʝʣʥʘ) ʬʫʥʢʮʠʷ, ʧʨʝʜʩʪʘʚʝʥʘ ʚʲʚ ʚʠʜʘ 

() [ ]
1

, 0,2 .
m

m
i

P a
g

g g
=

= Íäa   (1.13) 

ʂʣʶʯʦʚ ʠʟʙʦʨ ʚ (1.11) ʝ ʧʘʨʘʤʝʪʲʨʲʪ ʟʘ ʨʝʛʫʣʷʨʠʟʘʮʠʷ . l, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠ ʧʦʜʙʦʨʘ 

ʥʘ ʤʦʜʝʣ. ʇʘʨʘʤʝʪʲʨʲʪ g ʦʙʦʙʱʘʚʘ ʠ ʢʦʤʙʠʥʠʨʘ ʪʨʠ ʜʦʙʨʝ ʧʦʟʥʘʪʠ ʤʝʪʦʜʘ. ʇʨʠ 0g=  ʩʝ 

ʧʦʣʫʯʘʚʘ ʤʝʪʦʜʲʪ ʥʘ ʢʦʤʧʘʢʪʥʘ ʝʣʘʩʪʠʯʥʦʩʪ, ʧʨʠ 1g=  ʝ Lasso ʤʝʪʦʜ (ʤʝʪʦʜ ʥʘ ʤʠʥʠʤʘʣʥʦʪʦ 

ʘʙʩʦʣʶʪʥʦ ʩʚʠʚʘʥʝ ʠ ʩʝʣʝʢʪʠʨʘʱ ʦʧʝʨʘʪʦʨ) [95], ʘ ʧʨʠ 2g= -ʭʨʝʙʝʪʥʘ ʨʝʛʨʝʩʠʷ [46]. ʇʦʩʣʝʜʥʠʪʝ 

2 ʤʝʪʦʜʘ ʩʝ ʦʙʦʙʱʘʚʘʪ ʦʪ ʬʘʤʠʣʠʷʪʘ ʝʣʘʩʪʠʯʥʠ ʤʝʪʦʜʠ [103] ʩ ʠʟʙʦʨ ʥʘ ʢʦʨʠʛʠʨʘʱʘ ʬʫʥʢʮʠʷ 

() ( ) ( )2
1( ) 1 / 2 2 , 1 2m

j jjP P a ab b b b== = - + - ¢ ¢äa a ,  (1.14) 

ʢʲʜʝʪʦ b  ʩʝ ʥʘʨʠʯʘ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ. 

ɺ GPS ʤʝʪʦʜʘ ʩʝ ʦʙʦʙʱʘʚʘʪ ʚʩʠʯʢʠ ʛʦʨʥʠ ʤʝʪʦʜʠ, ʢʘʪʦ 0 2b¢ ¢. ɼʨʫʛ ʩʲʱʝʩʪʚʝʥ ʤʦʤʝʥʪ 

ʝ, ʯʝ ʥʝ ʩʝ ʨʝʰʘʚʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʪʘ ʟʘʜʘʯʘ (1.11) ʥʘ ʚʩʷʢʘ ʩʪʲʧʢʘ, ʘ ʢʦʨʠʛʠʨʘʱʘʪʘ ʬʫʥʢʮʠʷ 
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()P a  ʩʝ ʠʟʙʠʨʘ ʪʘʢʘ, ʯʝ ʜʘ ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʟʘ ʚʩʠʯʢʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ a  ʫʩʣʦʚʠʝʪʦ  

{ }
1

( ) / 0 .
m

j
j

P a
=

µ µ >a   (1.15) 

ʇʨʦʛʨʘʤʥʦ GPS ʥʘ SPM ʩʝ ʨʝʘʣʠʟʠʨʘ ʢʘʪʦ ʤʥʦʛʦ ʙʲʨʟ ʩʪʲʧʢʦʚ ʘʣʛʦʨʠʪʲʤ ʩʲʩ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘ 

ʧʨʦʮʝʜʫʨʘ ʟʘ ʧʦʜʙʦʨ ʥʘ ʧʨʦʤʝʥʣʠʚʠ [36, 37, 87]. 

 

ɻʣʘʚʘ 2.1. ɺʨʝʤʝʚʠ ʘʥʘʣʠʟ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʛʨʘʜ ʂʲʨʜʞʘʣʠ 

ʇʦʩʪʘʥʦʚʢʘ ʥʘ ʟʘʜʘʯʘʪʘ 
ɺ ʪʘʟʠ ʛʣʘʚʘ ʝ ʥʘʧʨʘʚʝʥ ʚʨʝʤʝʚʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʛʨʘʜ 
ʂʲʨʜʞʘʣʠ, ʢʘʪʦ ʩʝ ʘʢʮʝʥʪʠʨʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʟʘʤʲʨʩʠʪʝʣʠ, ʚʣʠʷʝʱʠ ʥʘ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ - ʧʨʘʭʦʚʠ 
ʯʘʩʪʠʮʠ (PM10) ʠ ʩʝʨʝʥ ʜʠʦʢʩʠʜ (SO2). ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠ ʥʘ ʧʦʯʘʩʦʚʠ ʜʘʥʥʠ ʦʪ ʤʦʥʠʪʦʨʠʥʛʘ 
ʟʘ 4 ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʛʦʜʠʥʠ, ʦʪ 2008 ʛʦʜʠʥʘ ʜʦ 2011 ʛʦʜʠʥʘ. 
ʂʦʥʢʨʝʪʥʠʪʝ ʟʘʜʘʯʠ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ: 1) ʇʨʦʚʝʞʜʘʥʝ ʥʘ ʚʨʝʤʝʚʠ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʪʘ ʥʘ 
ʤʝʪʦʜʘ ARIMA ʠ ʠʟʙʦʨ ʥʘ ʘʜʝʢʚʘʪʥʠ ʧʘʨʘʤʝʪʨʠʯʥʠ ʤʦʜʝʣʠ; 2) ʄʘʪʝʤʘʪʠʯʝʩʢʘ ʦʮʝʥʢʘ ʠ ʘʥʘʣʠʟ ʥʘ 
ʧʦʩʪʨʦʝʥʠʪʝ ʤʦʜʝʣʠ; 3) ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʤʦʜʝʣʠʪʝ ʟʘ ʢʨʘʪʢʦʩʨʦʯʥʘ ʧʨʦʛʥʦʟʘ; 
 
ʆʧʠʩʘʪʝʣʥʘ ʩʪʘʪʠʩʪʠʢʘ ʥʘ ʜʘʥʥʠʪʝ ʟʘ ʛʨʘʜ ʂʲʨʜʞʘʣʠ 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʲʨʚʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣʠʮʘ 2.1. ʑʝ ʦʪʙʝʣʝʞʠʤ, ʯʝ ʠʤʘ 14 
ʙʨʦʷ ʣʠʧʩʚʘʱʠ ʜʘʥʥʠ ʟʘ SO2, ʩʲʩʪʘʚʣʷʚʘʱʠ ʧʦʜ 1% ʦʪ ʮʝʣʠʷ ʥʘʙʣʶʜʘʚʘʥ ʚʨʝʤʝʚʠ ʨʝʜ. 

 
ʊʘʙʣʠʮʘ 2.1. ʆʧʠʩʘʪʝʣʥʘ ʩʪʘʪʠʩʪʠʢʘ ʥʘ ʜʘʥʥʠʪʝ ʟʘ ʛʨʘʜ ʂʲʨʜʞʘʣʠ

1
. 

ʇʨʦʤʝʥʣʠʚʘ ɹʨʦʡ 
ʩʣʫʯʘʠ 

ʄʠʥʠ- 
ʤʫʤ 

ʄʘʢʩʠ- 
ʤʫʤ 

ʉʨʝʜʥʘ 
ʩʪʦʡ- 
ʥʦʩʪ 

ʉʪʘʥʜ. 
ʦʪʢʣʦ-
ʥʝʥʠʝ 

ɼʠʩʧʝʨ-ʩʠʷ ɸʩʠ- 
ʤʝʪʨʠʷ 

ɽʢʩʮʝʩ 

PM10 (µg/m
3
) 35016 -0.401 663.832 45.821 46.239 2138.035 3.913 23.288 

SO2 (µg/m
3
) 35003 -2.462 1977.232 39.439 89.937 8088.658 7.352 78.716 

1
ʉʪʘʥʜʘʨʪʥʘ ʛʨʝʰʢʘ ʥʘ ʘʩʠʤʝʪʨʠʷ=0.013, ʩʪʘʥʜʘʨʪʥʘ ʛʨʝʰʢʘ ʥʘ ʝʢʩʮʝʩ=0.026. 

 

ʄʘʢʩʠʤʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ ʦʪ 663.8 Õg/m3 ʥʘ PM10 ʧʨʝʚʠʰʘʚʘ ʥʘʜ 13 ʧʲʪʠ ʩʨʝʜʥʦʜʥʝʚʥʘʪʘ ʥʦʨʤʘ ʦʪ 
50 Õg/m3 [32]. ʊʘʢʲʚ ʪʠʧ ʧʨʝʚʠʰʝʥʠʷ ʥʝ ʩʘ ʝʜʠʥʠʯʥʠ. ʍʘʨʘʢʪʝʨʲʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʩ ʪʝʯʝʥʠʝ ʥʘ 
ʚʨʝʤʝʪʦ (ʧʦ ʯʘʩʦʚʝ) ʝ ʧʦʢʘʟʘʥ ʥʘ ʌʠʛʫʨʘ 2.1. ʆʪ ʪʘʙʣʠʮʘ 2.1 ʚʠʞʜʘʤʝ, ʯʝ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʦʪ 
45,821 ʟʘ PM10 ʧʨʝʚʠʰʘʚʘ ʛʦʜʠʰʥʘʪʘ ʥʦʨʤʘ ʦʪ 40 Õg/m3 ʩʲʛʣʘʩʥʦ ʙʲʣʛʘʨʩʢʦʪʦ ʠ ʝʚʨʦʧʝʡʩʢʦʪʦ 
ʟʘʢʦʥʦʜʘʪʝʣʩʪʚʦ [6, 110]. ʉʲʦʪʚʝʪʥʦ, ʦʪ ʩʲʱʘʪʘ ʪʘʙʣʠʮʘ 2.1 ʚʠʞʜʘʤʝ, ʯʝ ʤʘʢʩʠʤʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ 
ʦʪ 1977,232 Õg/m3 ʥʘ SO2 ʩʲʱʦ ʧʨʝʚʠʰʘʚʘ 13,181 ʧʲʪʠ ʩʨʝʜʥʦʜʥʝʚʥʘʪʘ ʥʦʨʤʘ, ʘ ʩʨʝʜʥʘʪʘ 
ʩʪʦʡʥʦʩʪ ʦʪ 39,439 Õg/m3 ʝ ʧʦʜ ʥʦʨʤʘʪʠʚʥʠʷ ʧʨʘʛ. 

 
ʌʠʛ. 2.1. ʅʘʙʣʶʜʘʚʘʥʠ ʧʦʯʘʩʦʚʠ ʩʪʦʡʥʦʩʪʠ ʥʘ PM10 ʟʘ ʛʨʘʜ ʂʲʨʜʞʘʣʠ, ʤʦʜʝʣʥʠ ʩʪʦʡʥʦʩʪʠ ʦʪ SARIMA ʠ ʧʨʝʜʩʢʘʟʘʥʠ 

ʩʪʦʡʥʦʩʪʠ ʟʘ 14 ʜʥʠ ʥʘʧʨʝʜ. 
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ʌʠʛ. 2.2. ʅʘʙʣʶʜʘʚʘʥʠ ʧʦʯʘʩʦʚʠ ʩʪʦʡʥʦʩʪʠ ʥʘ SO2 ʟʘ ʛʨʘʜ ʂʲʨʜʞʘʣʠ, ʤʦʜʝʣʥʠ ʩʪʦʡʥʦʩʪʠ ʦʪ SARIMA ʠ ʧʨʝʜʩʢʘʟʘʥʠ 

ʩʪʦʡʥʦʩʪʠ ʟʘ 14 ʜʥʠ ʥʘʧʨʝʜ. 

 

ʇʦʩʪʨʦʷʚʘʥʝ ʥʘ SARIMA ʤʦʜʝʣʠ ʠ ʘʥʘʣʠʟ 

ɹʷʭʘ ʧʦʜʙʨʘʥʠ SARIMA ʤʦʜʝʣʠʪʝ, ʜʘʜʝʥʠ ʥʘ ʊʘʙʣʠʮʘ  2.2. 

ʊʘʙʣʠʮʘ 2.2  SARIMA ʤʦʜʝʣʠ ʥʘ ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʥʘ PM10 ʠ SO2 ʟʘ ʛʨʘʜ ʂʲʨʜʞʘʣʠ. 

ʇʨʦʤʝʥʣʠʚʘ ʄʦʜʝʣ 
SARIMA   

ʂʘʯʝʩʪʚʘ ʥʘ ʤʦʜʝʣʘ Ljung-Box Q(18) ɹʨʦʡ ʦʪʜʘʣʝʯʝʥʠ 
ʩʣʫʯʘʠ ʉʪʘʮ. R

2
 R

2
  Statistics DF Sig. 

SO2, µg/m
3
 (4,0,10)(2,0,1)24 0.521 0.521 5.874 1 0.015 0 

PM10, µg/m
3
 (4,0,10)(2,0,1)24 0.822 0.822 27.411 1 0.000 0 

 

ʄʦʞʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ ʤʥʦʛʦ ʜʦʙʨʘʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ (Sig.=0.000 ʠ Sig.=0.015) ʥʘ 

ʤʦʜʝʣʠʪʝ ʠ ʟʘ ʜʚʘʪʘ ʟʘʤʲʨʩʠʪʝʣʷ, ʨʘʟʛʣʝʞʜʘʥʘ ʧʨʠ ʥʠʚʦ Ŭ=0.05. ʂʦʝʬʠʮʝʥʪʲʪ ʥʘ ʜʝʪʝʨʤʠʥʘʮʠʷ 

ʟʘ ʢʘʯʝʩʪʚʦʪo ʥʘ ʧʨʠʙʣʠʞʝʥʠʝʪʦ ʥʘ ʤʦʜʝʣʘ ʟʘ PM10 ʝ R
2
=0.822, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ ʯʝ ʤʦʜʝʣʲʪ 

ʦʧʠʩʚʘ 82% ʦʪ ʜʘʥʥʠʪʝ. ʉʲʦʪʚʝʪʥʦ ʟʘ ʤʦʜʝʣʘ ʟʘ SO2 ʠʤʘʤʝ R
2
=0.521. 

 

ɻʣʘʚʘ 2.2. ɺʨʝʤʝʚʠ ʘʥʘʣʠʟ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʛʨʘʜ ʐʫʤʝʥ 
 
ʇʦʩʪʘʥʦʚʢʘ ʥʘ ʟʘʜʘʯʘʪʘ 
ʊʲʨʩʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ, ʦʧʠʩʚʘʱʠ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ 
(PM10), ʩʝʨʝʥ ʜʠʦʢʩʠʜ (SO2), ʘʟʦʪʝʥ ʜʠʦʢʩʠʜ (NO2), ʘʟʦʪʝʥ ʦʢʩʠʜ (NO), ʘʟʦʪʥʠ ʦʢʩʠʜʠ (NOx) ʠ ʦʟʦʥ 
(O3), ʩʲʦʪʥʝʩʝʥʠ ʩʧʨʷʤʦ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠʪʝ ʜʘʥʥʠ. ɼʘʥʥʠʪʝ ʩʘ ʠʟʨʘʟʝʥʠ ʚ ʝʜʠʥʠʮʠ ʤʘʩʦʚʘ 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʚ Õg/m

3
, ʟʘ NOx - ʯʘʩʪʠʮʠ ʥʘ ʤʠʣʠʦʥ.  

ʀʟʧʦʣʟʚʘʪ ʩʝ ʠ ʩʣʝʜʥʠʪʝ 6 ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ: ʘʪʤʦʩʬʝʨʥʦ ʥʘʣʷʛʘʥʝ (PRESS), ʧʦʩʦʢʘ ʥʘ 
ʚ̫ ʪʲʨʘ (DVP), ʧʨʠʟʝʤʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ (TEMP), ʩʣʲʥʯʝʚʘ ʨʘʜʠʘʮʠʷ (RADST), 
ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ (UMR) ʠ ʩʢʦʨʦʩʪ ʥʘ ʚʷʪʲʨʘ (VVG). 
 
ʎʝʣʠ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ: 1) ʇʨʦʚʝʞʜʘʥʝ ʥʘ ʚʨʝʤʝʚʠ ʘʥʘʣʠʟ ʥʘ ʦʪʜʝʣʥʠʪʝ ʟʘʤʲʨʩʠʪʝʣʠ ʚ 
ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠʪʝ ʨʝʜʦʚʝ; 2) ɻʨʫʧʠʨʘʥʝ ʥʘ ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʯʨʝʟ 
ʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ; 3) ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʬʘʢʪʦʨʥʠʪʝ (ʛʨʫʧʠʨʘʥʠʪʝ) ʨʝʜʦʚʝ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ ʤʦʜʝʣʠ; 
4) ʆʮʝʥʢʘ ʠ ʘʥʘʣʠʟ ʥʘ ʤʦʜʝʣʠʪʝ; 5) ʇʨʦʚʝʞʜʘʥʝ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʠ ʧʨʦʛʥʦʟʠ. 
 
ʆʧʠʩʘʥʠʝ ʥʘ ʜʘʥʥʠʪʝ ʟʘ ʛʨʘʜ ʐʫʤʝʥ 
ʆʙʱʠʷʪ ʦʙʝʤ ʥʘ ʜʘʥʥʠʪʝ ʚʢʣʶʯʚʘ ʦʪ 8546 ʜʦ 8702 ʩʣʫʯʘʷ, ʧʦ ʯʘʩʦʚʝ. ʅʘʙʣʶʜʘʚʘʥʠʷʪ ʤʘʢʩʠʤʘʣʝʥ 
ʙʨʦʡ ʣʠʧʩʚʘʱʠ ʩʪʦʡʥʦʩʪʠ (ʟʘ ʚʩʝʢʠ ʧʘʨʘʤʝʪʲʨ) ʝ ʧʦʜ 2% ʠ ʥʷʤʘ ʧʦʚʪʘʨʷʱʘ ʩʝ ʪʝʥʜʝʥʮʠʷ. ʇʦʨʘʜʠ 
ʪʘʟʠ ʧʨʠʯʠʥʘ ʥʝ ʙʝʰʝ ʧʨʠʣʦʞʝʥʘ ʩʧʝʮʠʘʣʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʣʠʧʩʚʘʱʠʪʝ ʜʘʥʥʠ. ʆʩʚʝʥ 
ʪʦʚʘ ʜʘʥʥʠʪʝ ʩʝ ʤʦʜʝʣʠʨʘʪ ʙʝʟ ʜʘ ʩʝ ʧʨʝʤʘʭʚʘʪ ʛʦʣʝʤʠ ʦʪʢʣʦʥʝʥʠʷ (outliers). 
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ʊʘʙʣʠʮʘ 2.4.  ʆʧʠʩʘʪʝʣʥʘ ʩʪʘʪʠʩʪʠʢʘ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʟʘʤʲʨʩʠʪʝʣʠ ʠ ʤʝʪʝʦʨʦʣʠʛʯʥʠ ʜʘʥʥʠ ʥʘ ʛʨʘʜ ʐʫʤʝʥ. 

ʇʨʦʤʝʥʣʠʚʘ N ʄʠʥʠʤʫʤ ʄʘʢʩʠʤʫʤ ʉʨʝʜʥʘ ʉʪʜ.ʦʪʢʣ. ɸʩʠʤʝʪʨʠʷ ɽʢʩʮʝʩ 

NO2, µg/m
3
 8546 1.229 344.618 18.419 17.221 2.781 19.469 

NO, µg/m
3
 8546 1.299 282.535 6.010 18.164 6.510 54.188 

O3, µg/m
3
 8661 3.201 1445.880 59.384 34.928 7.344 285.792 

PM10, µg/m
3
 8699 0.794 530.790 47.368 52.192 3.251 13.512 

SO2, µg/m
3
 8662 0.354 1091.003 4.8159 14.114 54.276 4065.040 

NOx, µg/m
3
 8546 0.507 261.447 14.447 21.525 4.455 26.421 

PRESS, hPa 8798 956.714 1000.333 980.678 6.556 0.167 0.076 

DVP, degrees 8798 33.626 299.665 182.462 48.610 0.090 -1.032 

TEMP, 
o
C 8798 -12.065 32.381 9.386 9.529 0.142 -0.914 

RADSTW/m
2
 8798 0.000 1086.172 172.556 252.206 1.655 1.620 

UMR, % 8798 13.065 93.627 62.891 18.062 -0.444 -0.828 

VVG, m/s  8798 0.039 7.596 2.218 0.782 1.496 3.719 

 

ʇʦʜʨʦʙʥʠʷʪ ʘʥʘʣʠʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʊʘʙʣʠʮʘ 2.4 ʧʦʢʘʟʚʘ, ʯʝ ʟʘ ʥʷʢʦʠ ʧʨʦʤʝʥʣʠʚʠ (NO2, PM10 ʠ 

TEMP) ʩʲʦʪʚʝʪʥʠʪʝ ʩʪʘʥʜʘʨʪʥʠ ʦʪʢʣʦʥʝʥʠʷ ʠ ʩʨʝʜʥʠ ʩʪʦʡʥʦʩʪʠ ʩʘ ʧʦʯʪʠ ʨʘʚʥʠ. ʆʩʚʝʥ ʪʦʚʘ 

ʧʦʨʷʜʲʢʲʪ ʥʘ ʩʪʘʥʜʘʨʪʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʥʝʦʪʨʠʮʘʪʝʣʥʠʪʝ ʧʘʨʘʤʝʪʨʠ NO ʠ SO2 ʝ ʧʦʚʝʯʝ ʦʪ ʪʨʠ 

ʧʲʪʠ ʧʦ-ʛʦʣʝʤʠ ʦʪ ʩʲʦʪʚʝʪʥʠʪʝ ʩʨʝʜʥʠ ʩʪʦʡʥʦʩʪʠ. ʊʦʚʘ ʝ ʠʥʜʠʢʘʪʦʨ ʟʘ ʚʠʩʦʢʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʢʲʤ 

ʥʝʦʧʨʝʜʝʣʝʥʦʩʪʠʪʝ ʧʨʠ ʪʝʟʠ ʧʘʨʘʤʝʪʨʠ. 

 
ʌʠʛ. 2.6.  ʅʘʙʣʶʜʘʚʘʥʠ, ʦʧʠʩʘʥʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠ ʜʘʥʥʠ ʥʘ NO2 ʟʘ ʛʨʘʜ ʐʫʤʝʥ. 

 
ʌʠʛ. 2.7  ʅʘʙʣʶʜʘʚʘʥʠ, ʦʧʠʩʘʥʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠ ʜʘʥʥʠ ʥʘ NO ʟʘ ʛʨʘʜ ʐʫʤʝʥ. 
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ʌʠʛ. 2.8.  ʅʘʙʣʶʜʘʚʘʥʠ, ʦʧʠʩʘʥʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠ ʜʘʥʥʠ ʥʘ O3 ʟʘ ʛʨʘʜ ʐʫʤʝʥ. 

 
ʌʠʛ. 2.9.  ʅʘʙʣʶʜʘʚʘʥʠ, ʦʧʠʩʘʥʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠ ʜʘʥʥʠ ʥʘ PM10 ʟʘ ʛʨʘʜ ʐʫʤʝʥ. 

 

 
ʌʠʛ. 2.10.  ʅʘʙʣʶʜʘʚʘʥʠ, ʦʧʠʩʘʥʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠ ʜʘʥʥʠ ʥʘ SO2 ʟʘ ʛʨʘʜ ʐʫʤʝʥ. 
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ʌʠʛ. 2.11.  ʅʘʙʣʶʜʘʚʘʥʠ, ʦʧʠʩʘʥʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠ ʜʘʥʥʠ ʥʘ NOx ʟʘ ʛʨʘʜ ʐʫʤʝʥ. 

 

ɻʨʫʧʠʨʘʥʝ ʥʘ ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʯʨʝʟ ʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ 

ʌʘʢʪʦʨʥʠʷʪ ʘʥʘʣʠʟ ʝ ʧʨʠʣʦʞʝʥ ʟʘ ʠʟʩʣʝʜʚʘʥʠʪʝ 6 ʟʘʤʲʨʩʠʪʝʣʷ ʚ 5 ʩʪʲʧʢʠ:  

1) ʉʲʦʪʚʝʪʥʘʪʘ ʢʦʨʝʣʘʮʠʦʥʥʘ ʤʘʪʨʠʮʘ ʟʘ 6-ʪʝ ʟʘʤʲʩʠʪʝʣʠ ʝ ʜʘʜʝʥʘ ʚ ʊʘʙʣʠʮʘ 2.10. ʆʪ ʥʝʷ ʩʝ 

ʚʠʞʜʘ, ʯʝ ʜʝʪʝʨʤʠʥʘʥʪʘʪʘ ʝ ʤʘʣʢʘ (7.21*10
-6
) ʠ ʠʤʘ ʛʦʣʝʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ 

ʢʦʨʝʣʘʮʠʦʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ (ʜʘʜʝʥʠ ʚ ʧʦʣʫʯʝʨʥʠ ʮʠʬʨʠ). ʄʦʞʝ ʜʘ ʩʝ ʜʦʙʘʚʠ, ʯʝ O3 ʢʦʨʝʣʠʨʘ 

ʦʪʨʠʮʘʪʝʣʥʦ ʩ ʜʨʫʛʠʪʝ ʥʘʙʣʶʜʘʚʘʥʠ ʟʘʤʲʨʩʠʪʝʣʠ. ɺʩʠʯʢʦ ʪʦʚʘ ʝ ʠʥʜʠʢʘʪʦʨ, ʯʝ ʧʨʦʚʝʞʜʘʥʝʪʦ 

ʥʘ ʬʘʢʪʦʨʥʠʷ ʘʥʘʣʠʟ ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ. 

2) ʆʙʠʢʥʦʚʝʥʦ ʧʨʠ ʬʘʢʪʦʨʥʠʷ ʘʥʘʣʠʟ, ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʪʘ ʩʪʘʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʠʥʜʝʢʩʠ ʥʘ ʂʘʡʟʝʨ-ʄʘʡʝʨ-ʆʣʢʠʥ (KMO) ʟʘ ʘʜʝʢʚʘʪʥʦʩʪʪʘ ʥʘ ʠʟʚʘʜʢʘʪʘ ʠ 

ʪʝʩʪʲʪ ʟʘ ʩʬʝʨʠʯʥʦʩʪ ʥʘ ɹʘʨʪʣʝʪ, ʢʲʜʝʪʦ KMO ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʦ-ʚʠʩʦʢ ʦʪ 0.5, ʘ ʪʝʩʪʘ ʟʘ 

ʩʬʝʨʠʯʥʦʩʪ ʥʘ ɹʘʨʪʣʝʪ ʜʘ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤ (sig<0.05). ɺ ʥʘʰʠʷ ʩʣʫʯʘʡ ʂʄʆ =0.590, ʘ 

ʪʝʩʪʲʪ ʥʘ ɹʘʨʪʣʝʪ ʝ ʟʥʘʯʠʤ ʧʨʠ Sig. =0, ʢʦʝʪʦ ʧʦʢʘʟʚʘ, ʯʝ ʩʲʱʝʩʪʚʫʚʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʥʷʢʦʠ 

ʧʨʦʤʝʥʣʠʚʠ ʠ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ. ʊʘʙʣʠʮʘ 2.5, ʥʘʧʨʠʤʝʨ, 

ʧʦʢʘʟʚʘ ʩʠʣʥʘʪʘ ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ NO ʠ NOx, ʟʘ ʢʦʠʪʦ ʩʝ ʦʯʘʢʚʘ ʜʘ ʙʲʜʘʪ ʛʨʫʧʠʨʘʥʠ ʚ ʝʜʠʥ 

ʬʘʢʪʦʨ. ʅʘʡ-ʛʦʣʝʤʠʪʝ ʢʦʨʝʣʘʮʠʦʥʥʠ ʢʦʝʬʠʮʝʥʪʠ ʚ ʪʘʙʣʠʮʘ 2.5 ʩʘ ʚ ʫʜʝʙʝʣʝʥ ʰʨʠʬʪ. 

3) ʌʘʢʪʦʨʠʪʝ ʩʘ ʠʟʚʣʝʯʝʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ PCA ʤʝʪʦʜ [54] Jolifee, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʩʘ ʧʦʣʫʯʝʥʠ 

4 ʬʘʢʪʦʨʘ.  

4) ʄʝʪʦʜʲʪ ʟʘ ʬʘʢʪʦʨʥʦ ʚʲʨʪʝʥʝ Promax ʩʝ ʦʢʘʟʘ ʥʘʡ-ʧʦʜʭʦʜʷʱʠʷʪ. ɿʘ ʥʘʰʠʪʝ ʜʘʥʥʠ ʦʩʠʛʫʨʷʚʘ 

ʨʷʟʢʦ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʤʝʞʜʫ ʬʘʢʪʦʨʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ Varimax ʠ ʜʨʫʛʠ ʤʝʪʦʜʠ ʟʘ ʚʲʨʪʝʥʝ. 

Promax ʚʲʨʪʝʥʝʪʦ ʝ ʜʦʙʨʝ ʠʟʚʝʩʪʥʘ ʪʝʭʥʠʢʘ ʚ ʝʢʦʣʦʛʠʷʪʘ ʠ ʢʣʠʤʘʪʦʣʦʛʠʷʪʘ [78]. ɿʘ ʥʘʰʠʪʝ 

ʜʘʥʥʠ, ʪʦʡ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ 4 ʬʘʢʪʦʨʘ ʚ ʥʝʦʨʪʦʛʦʥʘʣʥʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ. 

ʇʦʣʫʯʝʥʠʪʝ ʬʘʢʪʦʨʥʠ ʪʝʛʣʘ ʩʘ ʜʘʜʝʥʠ ʚ ʊʘʙʣʠʮʘ 2.6, ʢʲʜʝʪʦ ʪʝʛʣʘʪʘ ʧʦʜ 0.3 ʩʘ ʧʨʦʧʫʩʥʘʪʠ, ʚ 

ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ [21] (ʚʠʞ ʩʲʱʦ ɻʣʘʚʘ 1).   

5) ɺʘʞʝʥ ʨʝʟʫʣʪʘʪ ʦʪ ʬʘʢʪʦʨʥʠʷ ʘʥʘʣʠʟ ʝ ʠʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʬʘʢʪʦʨʥʠʪʝ 

(ʣʘʪʝʥʪʥʠ) ʧʨʦʤʝʥʣʠʚʠ. ɺ ʥʘʰʠʷ ʩʣʫʯʘʡ ʨʝʟʫʣʪʘʪʥʠʪʝ ʥʦʚʠ ʧʨʦʤʝʥʣʠʚʠ ʩʘ ʦʟʥʘʯʝʥʠ ʧʦ-

ʥʘʪʘʪʲʢ ʩʲʦʪʚʝʪʥʦ ʩ F1, F2, F3 ʠ F4. 

 

ɿʘʤʲʨʩʠʪʝʣʠʪʝ ʩʘ ʷʩʥʦ ʨʘʟʜʝʣʝʥʠ ʧʦ ʛʨʫʧʠ. ʀʟʧʲʣʥʝʥʦ ʝ ʠʟʠʩʢʚʘʥʝʪʦ ʚʩʷʢʘ ʧʨʦʤʝʥʣʠʚʘ ʜʘ 

ʫʯʘʩʪʚʘ ʩʲʱʝʩʪʚʝʥʦ ʩʘʤʦ ʚ ʝʜʠʥ ʬʘʢʪʦʨ ʠ ʤʥʦʛʦ ʤʘʣʢʦ ʚ ʜʨʫʛʠʪʝ.  

ʇʦʣʫʯʝʥʠʪʝ ʯʝʪʠʨʠ ʬʘʢʪʦʨʘ ʦʧʠʩʚʘʪ 97.43% ʦʪ ʦʙʱʘʪʘ ʠʟʤʝʥʯʠʚʦʩʪ ʥʘ ʜʘʥʥʠʪʝ. ʏʘʩʪʠʯʥʠʷʪ 

ʧʨʠʥʦʩ ʥʘ ʬʘʢʪʦʨʠʪʝ ʝ ʩʲʦʪʚʝʪʥʦ: 32% ʟʘ F1, 32% ʟʘ F2, 22% ʟʘ F3 ʠ 14% ʟʘ F4. 
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ʊʘʙʣʠʮʘ 2.5. ʂʦʨʝʣʘʮʠʦʥʥʘ ʤʘʪʨʠʮʘ ʥʘ ʟʘʤʲʨʩʠʪʝʣʠʪʝ

1
. 

ʇʨʦʤʝʥʣʠʚʘ NO2 NO O3 PM10 SO2 NOx 

NO2 1 0.653 -0.482 0.805 0.302 0.859 

NO 0.653 1 -0.348 0.686 0.068 0.948 

O3 -0.482 -0.348 1 -0.468 0.357 -0.436 

PM10 0.805 0.686 -0.468 1 0.125 0.800 

SO2 0.302 0.068 0.357 0.125 1 0.173 

NOx 0.859 0.948 -0.436 0.800 0.173 1 
1
ɺʩʠʯʢʠ ʢʦʨʝʣʘʮʠʦʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ ʩʘ ʟʥʘʯʠʤʠ ʩʲʩ Sig.= 0.001. 

ʊʘʙʣʠʮʘ 2.6.  ʄʘʪʨʠʮʘ ʩ ʪʝʛʣʘʪʘ ʥʘ ʰʝʩʪʝ ʟʘʤʲʨʩʠʪʝʣʷ ʚ 4 ʬʘʢʪʦʨʥʠ ʛʨʫʧʠ
1
.  

ʇʨʦʤʝʥʣʠʚʘ ʌʘʢʪʦʨ F1 ʌʘʢʪʦʨ F2 ʌʘʢʪʦʨ F3 ʌʘʢʪʦʨ F4 

NO 1.102    

NOx 0.806       

PM10   1.108     

NO2   0.550     

O3     -1.020   

SO2       1.001 
1
 ʀʟʧʦʣʟʚʘʥʠ ʩʘ: PCA ʤʝʪʦʜ ʠ Promax  ʚʲʨʪʝʥʝ ʩ ʂʘʡʟʝʨ ʥʦʨʤʘʣʠʟʘʮʠʷ. ʊʝʛʣʘʪʘ ʧʦ-ʤʘʣʢʠ ʦʪ 0.3 ʩʘ ʧʨʦʧʫʩʥʘʪʠ. 

 

ɸʈʀʄɸ ʤʦʜʝʣʠ ʩ ʦʪʯʠʪʘʥʝ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠʪʝ ʨʝʜʦʚʝ 

 

ɿʘ ʚʩʝʢʠ ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ 6 ʟʘʤʲʨʩʠʪʝʣʷ ʥʘ ʛʨʘʜ ʐʫʤʝʥ ʙʷʭʘ ʧʦʩʪʨʦʝʥʠ ʛʦʣʷʤ ʙʨʦʡ ARIMA ʤʦʜʝʣʠ 

ʩ ʧʨʝʜʠʢʪʦʨʠ ï ʦʧʠʩʘʥʠ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʧʘʨʘʛʨʘʬʠ 2.2 ʠ ʪʘʙʣʠʮʘ 2.4. 

ʀʟʙʨʘʥʠʪʝ ʥʘʡ-ʜʦʙʨʠ ʤʦʜʝʣʠ, ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʩʪʘʪʠʩʪʠʢʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʘ 2.7 

ʆʪ ʪʘʙʣʠʮʘ 2.7 ʩʝ ʚʠʞʜʘʪ ʚʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʜʝʪʝʨʤʠʥʘʮʠʷ 

R
2 
ʟʘ 5 ʟʘʤʲʨʩʠʪʝʣʷ (NO2, NO, O3, SO2, NOx) ʠ ʥʠʩʢʘ ʩʪʦʡʥʦʩʪ R

2
=0,307 ʟʘ PM10. ʉʲʱʦ R

2 
ʦʪ 

ʢʦʣʦʥʘ 4 ʥʘ ʪʘʙʣʠʮʘ 2.7 ʧʦʢʘʟʚʘ, ʯʝ ʠʟʙʨʘʥʠʪʝ ʤʦʜʝʣʠ ʦʙʷʩʥʷʚʘʪ ʦʪ 67% ʜʦ 88% ʦʪ ʜʘʥʥʠʪʝ. 

ɺʩʠʯʢʠ ʤʦʜʝʣʠ ʩʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʠ ʩʲʩ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʧʘʨʘʤʝʪʨʠ. ʂʦʥʢʨʝʪʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʦʜʝʣʠʪʝ ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣʠʮʘ 2.6. 

 
ʊʘʙʣʠʮʘ 2.7.  ARIMA ʤʦʜʝʣʠ ʥʘ ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʟʘ ʛʨʘʜ ʐʫʤʝʥ ʠ ʛʨʫʧʠʨʘʥʠʪʝ ʬʘʢʪʦʨʥʠ ʧʨʦʤʝʥʣʠʚʠ.  

ʇʨʦ 
ʤʝʥ 
ʣʠʚʘ 

ɹʨʦʡ 
ʧʨʝ 
ʜʠʢ 
ʪʦʨʠ 

ʉʪʘʪʠʩʪʠʢʠ ʥʘ ʤʦʜʝʣʘ Ljung-Box Q(18) ʊʨʘʥʩ 
ʬʦʨ 
ʤʘʮʠʷ 

ɹʨʦʡ 
ʦʪʜʘʣʝ 
ʯʝʥʠ 

ARIMA  
ʤʦʜʝʣ 

ʉʪʘʮ. R
2
 R

2
 RMS ʀʥʜʝʢʩ DF Sig.    

NO2 5 0.763 0.763 8.383 34.895 8 0.000 - 0 (3,0,7)  

NO 6 0.673 0.673 10.402 77.127 9 0.000 - 0 (3,0,9) 

O3 6 0.738 0.738 17.903 24.405 9 0.002 - 0 (3,0,7) 

PM10 6 0.307 0.878 18.011 28.173 13 0.009 Nat log 0 (2,1,9) 

SO2 6 0.922 0.922 13.218 65.318 6 0.000 - 0 (5,3,7) 

NOx 6 0.747 0.747 10.832 68.109 13 0.000 - 0 (3,0,9) 
 

F1 6 0.706 0.706 0.543 83.183 13 0.000 - 0 (3,0,9)  

F2 6 0.851 0.851 0.383 42.380 9 0.000 - 0 (2,0,7) 

F3 6 0.795 0.795 0.543 41.011 12 0.000 - 0 (3,0,7) 

F4 6 0.921 0.921 0.919 54.505 11 0.000 - 0 (5,3,7) 

 

ʀʟʚʦʜʠ ʢʲʤ ʛʣʘʚʘ 2 

ɺ 2.1 ʩʘ ʠʟʩʣʝʜʚʘʥʠ ʧʦʯʘʩʦʚʠ ʜʘʥʥʠ ʟʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʩ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ʧʦʜ 10 ʤʠʢʨʦʥʘ PM10 ʠ 

ʩʝʨʝʥ ʜʠʦʢʩʠʜ SO2 ʥʘ ʛʨ. ʂʲʨʜʞʘʣʠ ʟʘ ʧʝʨʠʦʜ ʦʪ 4 ʛʦʜʠʥʠ. ɿʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ 

PM10 ʠ SO2 ʩʘ ʧʦʩʪʨʦʝʥʠ ʝʜʥʦʤʝʨʥʠ ʩʪʦʭʘʩʪʠʯʥʠ SARIMA ʤʦʜʝʣʠ. ʋʩʪʘʥʦʚʠ ʩʝ, ʯʝ ʠʟʙʨʘʥʠʷʪ 

ʧʦʜʭʦʜ ʥʘ ʤʦʜʝʣʠʨʘʥʝ ʝ ʘʜʝʢʚʘʪʝʥ, ʢʘʪʦ ʧʦʣʫʯʝʥʠʪʝ ʤʦʜʝʣʠ ʩʘ ʩ ʤʥʦʛʦ ʜʦʙʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʧʦʢʘʟʘʪʝʣʠ. ʇʨʝʜʩʢʘʟʘʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʦʪ ʤʦʜʝʣʠʪʝ ʠʤʘʪ ʜʦʙʨʦ ʩʲʚʧʘʜʝʥʠʝ ʩ ʠʟʤʝʨʝʥʠʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʦʣʫʯʝʥʠ ʩʘ ʢʨʘʪʢʦʩʨʦʯʥʠ ʧʨʦʛʥʦʟʠ ʟʘ ʧʝʨʠʦʜ ʦʪ 14 ʜʥʠ ʥʘʧʨʝʜ.  

ɺ 2.2 ʩʘ ʠʟʩʣʝʜʚʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ 6 ʟʘʤʲʨʩʠʪʝʣʠ ʥʘ ʚʲʟʜʫʭʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 6 

ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʨʦʤʝʥʣʠʚʠ, ʦʧʠʩʚʘʱʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʘʪʤʦʩʬʝʨʥʠʷ ʚʲʟʜʫʭ ʚ ʛʨʘʜ ʐʫʤʝʥ. ɹʝ 
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ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʜʘʥʥʠʪʝ ʟʘ 6-ʪʝ ʟʘʤʲʨʩʠʪʝʣʷ ʢʦʨʝʣʠʨʘʪ ʩʠʣʥʦ. ɹʝ ʧʨʠʣʦʞʝʥ ʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ ʠ ʪʝ 

ʙʷʭʘ ʛʨʫʧʠʨʘʥʠ ʚ 4 ʜʦʙʨʝ ʨʘʟʛʨʘʥʠʯʝʥʠ ʬʘʢʪʦʨʘ, ʢʦʝʪʦ ʩʝ ʦʙʷʩʥʷʚʘ ʩ ʥʘʣʠʯʠʝ ʥʘ ʦʙʱʠ ʠʟʪʦʯʥʠʮʠ 

ʥʘ ʟʘʤʲʨʩʷʚʘʥʝ. ʉʣʝʜ ʪʦʚʘ ʩʲʱʠʪʝ ʜʘʥʥʠ ʩʘ ʤʦʜʝʣʠʨʘʥʠ ʩ ARIMA ʤʝʪʦʜʦʣʦʛʠʷʪʘ. ʇʦʩʪʨʦʝʥʠ ʩʘ 

ʤʦʜʝʣʠ ʟʘ ʦʪʜʝʣʥʠʪʝ 6 ʟʘʤʲʨʩʠʪʝʣʠ ʩ ʫʯʘʩʪʠʝ ʥʘ 6-ʪʝ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʨʝʜʘ, ʩ ʤʥʦʛʦ ʜʦʙʨʠ 

ʢʘʯʝʩʪʚʘ. ɸʥʘʣʦʛʦʯʥʠ ʤʦʜʝʣʠ ʩʘ ʧʦʣʫʯʝʥʠ ʠ ʟʘ ʯʝʪʠʨʠʪʝ ʬʘʢʪʦʨʥʠ ʧʨʦʤʝʥʣʠʚʠ. ʄʦʜʝʣʠʪʝ ʩʘ 

ʧʨʠʣʦʞʝʥʠ ʟʘ ʢʨʘʪʢʦʩʨʦʯʥʠ ʧʨʦʛʥʦʟʠ ʟʘ ʩʨʦʢ ʦʪ 72 ʯʘʩʘ ʥʘʧʨʝʜ, ʢʘʪʦ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʘʭʘ ʤʥʦʛʦ 

ʜʦʙʨʦ ʩʲʚʧʘʜʝʥʠʝ, ʩʨʘʚʥʝʥʠ ʩ ʠʟʚʝʩʪʥʠ ʠʟʤʝʨʚʘʥʠʷ, ʥʝʫʯʘʩʪʚʘʣʠ ʚ ʤʦʜʝʣʠʨʘʥʝʪʦ. ɺʩʠʯʢʠ 

ʧʦʣʫʯʝʥʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʩʘ ʚ ʜʦʙʨʦ ʩʲʛʣʘʩʠʝ ʩ ʜʦʢʣʘʜʠʪʝ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ [115]. 

 

 

ɻʣʘʚʘ 3. ɺʈɽʄɽɺʀ ɸʅɸʃʀɿ ʅɸ ɽɾɽɼʅɽɺʅʀʊɽ ɿɸʄʒʈʉʀʊɽʃʀ ʅɸ ɺʒɿɼʋʍɸ ɺ ɻʈɸɼ 

ɹʃɸɻʆɽɺɻʈɸɼ 

ʇʦʩʪʘʥʦʚʢʘ ʥʘ ʟʘʜʘʯʘʪʘ  

ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʧʨʦʫʯʚʘʥʝ ʝ ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʟʘʚʠʩʠʤʦʩʪ ʩ ʚʘʨʠʨʘʥʝʪʦ ʚ ʥʠʚʘʪʘ 

ʥʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ ʠ ʚʲʟʤʦʞʥʠʪʝ ʢʦʤʙʠʥʠʨʘʥʠ ʚʲʟʜʝʡʩʪʚʠʷ ʚ ʨʘʤʢʠʪʝ ʥʘ ʝʜʥʘ ʛʦʜʠʥʘ, 

ʢʘʢʪʦ ʠ ʨʘʟʢʨʠʚʘʥʝʪʦ ʥʘ ʪʝʭʥʠʪʝ ʠʟʪʦʯʥʠʮʠ. ʇʨʠʣʦʞʝʥʠ ʩʘ ʜʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʧʦʜʭʦʜʘ - ʬʘʢʪʦʨʝʥ 

ʘʥʘʣʠʟ ʠ SARIMA. 

ɺʲʧʨʦʩʠʪʝ, ʨʘʟʛʣʝʜʘʥʠ ʚ ʛʣʘʚʘʪʘ ʩʘ: 1) ɻʨʫʧʠʨʘʥʝ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʟʘʤʲʨʩʠʪʝʣʠ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʬʘʢʪʦʨʝʥ ʘʥʘʣʠʟ ʠ ʠʟʚʣʠʯʘʥʝ ʥʘ ʬʘʢʪʦʨʥʠ ʧʨʦʤʝʥʣʠʚʠ, ʦʙʷʩʥʷʚʘʱʠ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʚʲʟʜʝʡʩʪʚʠʝ 

ʥʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ; 2) ʇʨʦʚʝʞʜʘʥʝ ʥʘ ʘʥʘʣʠʟ ʥʘ ʚʨʝʤʝʥʥʠ ʨʝʜʦʚʝ ʯʨʝʟ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠʯʥʠ ʩʝʟʦʥʥʠ ARIMA ʤʦʜʝʣʠ (ʙʘʟʠʨʘʥʠ ʥʘ ʧʦʯʘʩʦʚʠ ʜʘʥʥʠ) ʥʘ ʟʘʤʲʨʩʠʪʝʣʠʪʝ; 3) ɸʥʘʣʠʟ 

ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ ʧʦʩʪʨʦʝʥʠʪʝ ʤʦʜʝʣʠ; 4) ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʤʦʜʝʣʠ ʟʘ ʢʨʘʪʢʦʩʨʦʯʥʦ ʧʨʝʜʩʢʘʟʚʘʥʝ; 5) 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʫʩʣʦʚʠʷʪʘ, ʥʘ ʢʦʠʪʦ ʩʝ ʜʲʣʞʠ ʥʘʜʚʠʰʘʚʘʥʝʪʦ ʥʘ 

ʧʨʝʜʝʣʥʦ ʜʦʧʫʩʪʠʤʠʪʝ ʥʦʨʤʠ ʩʧʦʨʝʜ ʥʘʮʠʦʥʘʣʥʠʪʝ ʠ ʝʚʨʦʧʝʡʩʢʠʪʝ ʩʪʘʥʜʘʨʪʠ ʟʘ ʨʘʟʛʣʝʞʜʘʥʠʪʝ 

ʟʘʤʲʨʩʠʪʝʣʠ ʥʘ ʚʲʟʜʫʭʘ. 

ʀʟʧʦʣʟʚʘʥʠ ʜʘʥʥʠ  

ʅʘʙʣʶʜʘʚʘʥʠʪʝ ʩʘ ʧʦʯʘʩʦʚʠ ʜʘʥʥʠ ʟʘ ʚʲʟʜʫʰʥʠʪʝ ʟʘʤʲʨʩʠʪʝʣʠ ʟʘ ʛʨʘʜ ɹʣʘʛʦʝʚʛʨʘʜ ʚ ʧʝʨʠʦʜʘ 

ʩʝʧʪʝʤʚʨʠ 2011 ʛ. - ʘʚʛʫʩʪ 2012 ʛ. ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣʠʮʘ 3.1. 
ʊʘʙʣʠʮʘ 3.1: ʆʧʠʩʘʪʝʣʥʘ ʩʪʘʪʠʩʪʠʢʘ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʚʲʟʜʫʰʥʠ ʟʘʤʲʨʩʠʪʝʣʠ ʟʘ ʛʨʘʜ ɹʣʘʛʦʝʚʛʨʘʜ

1
. 

ʇʨʦʤʝʥʣʠʚʘ ʄʠʥʠʤʫʤ ʄʘʢʩʠʤʫʤ ʉʨʝʜʥʘ ʉʪʘʥʜ.ʆʪʢʣ. ɸʩʠʤʝʪʨʠʷ ɽʢʩʮʝʩ K-S ʪʝʩʪ 

NO2, µg/m
3
 0.121 166.6 21.70 27.07 1.90 4.79 0.137 

NO, µg/m
3
 0.000 179.1 5.75 10.50 5.14 41.02 0.293 

O3, µg/m
3
 1.078 174.5 61.90 64.52 0.37 -0.53 0.043 

PM10,µg/m
3
 0.467 555.5 46.87 38.90 2.87 11.77 0.213 

SO2, µg/m
3
 0.000 321.5 17.44 25.33 3.60 21.83 0.212 

NOx, ppb 1.184 188.2 16.00 24.64 2.81 12.27 0.188 
1 
ʉʪʘʥʜ. ʛʨʝʰʢʠ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʘʩʠʤʝʪʨʠʷ ʩʘ 0.026, ʘ ʩʪʘʥʜ. ʛʨʝʰʢʠ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʝʢʩʮʝʩ ʩʘ 0.052. 

 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʜʘʥʥʠʪʝ  

ɽʬʝʢʪʲʪ ʦʪ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ ʥʘ ʁʝʦ-ɼʞʦʥʩʲʥ ʝ ʧʦʢʘʟʘʥ ʠʘ ʥʘ ʩʨʘʚʥʠʪʝʣʥʠʪʝ 
ʯʝʩʪʦʪʥʠ ʛʨʘʬʠʢʠ ʦʪ ʬʠʛʫʨʠ 3.7-3.12. 
 

ʊʘʙʣʠʮʘ 3.2. ʆʧʠʩʘʪʝʣʥʘ ʩʪʘʪʠʩʪʠʢʘ ʥʘ ʪʨʘʥʩʬʦʨʤʠʨʘʥʠʪʝ ʜʘʥʥʠ ʟʘ ʛʨʘʜ ɹʣʘʛʦʝʚʛʨʘʜ
1,2

. 

ʊʨʘʥʩʬ. 
ʧʨʦʤʝʥʣʠʚʘ 

ʂʦʝʬʠ 

ʮʠʝʥʪl 
 

ʄʠʥʠʤʫʤ ʄʘʢʩʠʤʫʤ ʉʨʝʜʥʦ 
ʉʪʘʥʜ.
ʦʪʢʣ. 

ɸʩʠʤʝʪʨʠʷ ɽʢʩʮʝʩ K-S ʪʝʩʪ 

trNO2 0 -2.12 5.12 2.82 0.73 0.01 -0.18 0.02 
trNO -0.2 -9.80 3.23 0.75 0.97 -0.28 1.58 0.02 
trO3 0.8 -1.25 76.44 31.72 15.33 0.14 -0.68 0.03 
trPM10 -0.2 -0.82 3.59 2.47 0.42 -0.46 1.58 0.03 
trSO2 0 -5.95 5.78 2.30 1.09 -0.17 0.04 0.03 
trNOx -0.2 0.17 3.25 1.89 0.48 -0.04 -0.34 0.02 

1 
ʉʪʘʥʜʘʨʪʥʘʪʘ ʛʨʝʰʢʘ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʘʩʠʤʝʪʨʠʷ ʝ 0.026, ʩʪʘʥʜʘʨʪʥʘʪʘ ʛʨʝʰʢʘ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʝʢʩʮʝʩ ʝ 0.052. 

2 
Lilliefors ʢʦʨʝʢʮʠʷʪʘ ʝ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʪʝʩʪʘ ʥʘ ʂʦʣʤʦʛʦʨʦʚ-ʉʤʠʨʥʦʚ (K-S test) ʚ SPSS. 
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ʌʘʢʪʦʨʝʥ ʘʥʘʣʠʟ 

ʌʘʢʪʦʨʥʠʷʪ ʘʥʘʣʠʟ ʝ ʧʨʠʣʦʞʝʥ ʟʘ ʠʟʩʣʝʜʚʘʥʠʪʝ 6 ʟʘʤʲʨʩʠʪʝʣʷ. ʉʲʦʪʚʝʪʥʘʪʘ ʢʦʨʝʣʘʮʠʦʥʥʘ 

ʤʘʪʨʠʮʘ ʩ ʢʦʨʝʣʘʮʠʷ ʥʘ ʇʠʲʨʩʲʥ ʝ ʜʘʜʝʥʘ ʚ ʊʘʙʣʠʮʘ 3.3. ʆʪ ʥʝʷ ʩʝ ʚʠʞʜʘ, ʯʝ ʜʝʪʝʨʤʠʥʘʥʪʘʪʘ ʝ 

ʤʘʣʢʘ (8,53*10
-7

 ) ʠ ʠʤʘ ʛʦʣʝʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʢʦʨʝʣʘʮʠʦʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ. 

ʊʘʙʣʠʮʘ 3.3: ʂʦʨʝʣʘʮʠʦʥʥʘ ʤʘʪʨʠʮʘ ʥʘ ʰʝʩʪʝ ʟʘʤʲʨʩʠʪʝʣʷ ʥʘ ʚʲʟʜʫʭʘ (ʥʝ ʪʨʘʥʩʬʦʨʤʠʨʘʥʠ) 
ʥʘ ʛʨʘʜ ɹʣʘʛʦʝʚʛʨʘʜ. 

 
NO2  
µg/m

3
 

NO  
µg/m

3
 

O3 
µg/m

3
 

PM10  
µg/m

3
  

SO2  
µg/m

3
 

NOx 
 ppb 

ʂʦʨʝʣʘʮʠʷ 
ʧʦ ʇʠʨʩʲʥ 

NO2  1       
NO  0.63 1      
O3  -0.56 -0.41 1     
PM10  0.84 0.629 -0.45 1    
SO2  0.35 0.15 -0.07 0.33 1   
NOx  0.91 0.90 -0.54 0.82 0.28 1  

a
 ɼʝʪʝʨʤʠʥʘʥʪʘ = 8.53*10

-7
. ɿʥʘʯʠʤʦʩʪʪʘ ʥʘ ʚʩʠʯʢʠ ʢʦʨʝʣʘʮʠʦʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ ʝ  0.000. 

 

ʌʘʢʪʦʨʠʪʝ ʩʘ ʠʟʚʣʝʯʝʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʤʝʪʦʜʘ ʥʘ ʛʣʘʚʥʠʪʝ ʝʣʝʤʝʥʪʠ (PCA ʤʝʪʦʜ), ʢʘʪʦ ʩʘ 

ʧʦʣʫʯʝʥʠ 3 ʬʘʢʪʦʨʘ. ʄʝʪʦʜʲʪ ʟʘ ʬʘʢʪʦʨʥʦ ʚʲʨʪʝʥʝ Promax ʩʝ ʦʢʘʟʘ ʥʘʡ-ʧʦʜʭʦʜʷʱʠʷʪ. ɿʘ ʥʘʰʠʪʝ 

ʜʘʥʥʠ ʦʩʠʛʫʨʷʚʘ ʨʷʟʢʦ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʤʝʞʜʫ ʬʘʢʪʦʨʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ Varimax ʠ ʜʨʫʛʠ ʧʦʧʫʣʷʨʥʠ 

ʤʝʪʦʜʠ ʟʘ ʚʲʨʪʝʥʝ. Promax ʚʲʨʪʝʥʝʪʦ ʝ ʜʦʙʨʝ ʠʟʚʝʩʪʥʘ ʪʝʭʥʠʢʘ ʚ ʝʢʦʣʦʛʠʷʪʘ ʠ ʢʣʠʤʘʪʦʣʦʛʠʷʪʘ 

[78]. ɿʘ ʥʘʰʠʪʝ ʜʘʥʥʠ, ʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ 3 ʬʘʢʪʦʨʘ ʚ ʥʝʦʨʪʦʛʦʥʘʣʥʘ ʢʦʦʨʜʠʥʘʪʥʘ 

ʩʠʩʪʝʤʘ. ʇʦʣʫʯʝʥʠʪʝ ʬʘʢʪʦʨʥʠ ʪʝʛʣʘ ʩʘ ʜʘʜʝʥʠ ʚ ʊʘʙʣʠʮʘ 3.4, ʢʲʜʝʪʦ ʪʝʛʣʘʪʘ ʧʦʜ 0.3 ʩʘ 

ʠʛʥʦʨʠʨʘʥʠ. 

ɿʘʤʲʨʩʠʪʝʣʠʪʝ ʩʘ ʷʩʥʦ ʨʘʟʜʝʣʝʥʠ ʚ 3 ʛʨʫʧʠ. ʀʟʧʲʣʥʝʥʦ ʝ ʠʟʠʩʢʚʘʥʝʪʦ ʚʩʷʢʘ ʧʨʦʤʝʥʣʠʚʘ ʜʘ 

ʫʯʘʩʪʚʘ ʩʘʤʦ ʚ ʝʜʠʥ ʬʘʢʪʦʨ.  
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ʇʦʣʫʯʝʥʠ ʩʘ ʩʣʝʜʥʠʪʝ ʬʘʢʪʦʨʠ:  

F1={NO2, NO, NOx, PM10},    F2={O3},    F3={SO2}.     (3.1)   

ʊʝʟʠ ʪʨʠ ʬʘʢʪʦʨʘ ʦʧʠʩʚʘʪ 90.74% ʦʪ ʦʙʱʘʪʘ ʠʟʤʝʥʯʠʚʦʩʪ ʥʘ ʜʘʥʥʠʪʝ. ʏʘʩʪʠʯʥʠʷʪ ʧʨʠʥʦʩ ʥʘ 

ʬʘʢʪʦʨʠʪʝ ʝ ʩʲʦʪʚʝʪʥʦ: 45% ʟʘ F1, 27% ʟʘ F2, 19% ʟʘ F3. 

 
ʊʘʙʣʠʮʘ 3.4: ʄʦʜʝʣʥʘ ʤʘʪʨʠʮʘ ʥʘ ʬʘʢʪʦʨʥʠʷ ʘʥʘʣʠʟ

a,b
. 

ʇʨʦʤʝʥʣʠʚʠ 
ʂʦʤʧʦʥʝʥʪʘ  

Factor F1 Factor F2 Factor F3 

NO2, µg/m
3
 1.075     

NO, µg/m
3
 0.979     

NOx, ppb 0.775     

PM10, µg/m
3
 0.703     

O3, µg/m
3
   -1.027   

SO2, µg/m
3
     1.014 

Extraction  method: Principal Component Analysis; Rotation method: Promax with Kaiser Normalization; Rotation converged in 5 
iterations.

b
 Factor loadings less than 0.3 are omitted. 

 

 

ʇʦʩʪʨʦʷʚʘʥʝ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ SARIMA ʤʦʜʝʣʠʪʝ ʟʘ ʪʨʘʥʩʬʦʨʤʠʨʘʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ 

ʆʙʠʢʥʦʚʝʥʦ, ʟʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʜʘʣʠ ʪʨʘʥʩʬʦʨʤʠʨʘʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʧʨʝʜʩʪʘʚʷ ʩʪʘʮʠʦʥʘʨʝʥ 

ʧʨʦʮʝʩ, ʩʝ ʧʨʘʚʠ ʪʝʩʪ ʟʘ ʝʜʠʥʠʯʥʠ ʢʦʨʝʥʠ. ʇʨʠʣʦʞʠʭʤʝ ʜʦʧʲʣʥʝʥʠʷ ʪʝʩʪ ʥʘ ɼʠʢʠ-ʌʫʣʲʨ (ADF) [24, 

79] ʟʘ ʚʩʷʢʘ ʦʪ ʠʟʚʘʜʢʠʪʝ ʩ ʪʨʘʥʩʬʦʨʤʠʨʘʥʠ ʜʘʥʥʠ ʟʘ ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʦʬʪʫʝʨʘ 

EViews 7 [33]. ʀʤʘʡʢʠ ʧʨʝʜʚʠʜ, ʯʝ RMSE ʝ ʜʦʙʲʨ ʧʦʢʘʟʘʪʝʣ ʟʘ ʪʦʯʥʦʩʪʪʘ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 

ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʛʨʝʰʢʘʪʘ ʧʨʠ ʧʨʝʜʩʢʘʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʦʜʝʣʠ ʟʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʤʝʥʣʠʚʘ, ʘ ʥʝ 

ʤʝʞʜʫ ʧʨʦʤʝʥʣʠʚʠʪʝ. ʇʨʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʝ ʩʝ ʚʟʝʤʘ ʧʨʝʜʚʠʜ MASE. ɺ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ BIC 

ʢʨʠʪʝʨʠʷ, ʩʪʘʥʜʘʨʪʥʠʪʝ ʛʨʝʰʢʠ (RMSE) ʠ ʩʨʝʜʥʘ ʘʙʩʦʣʶʪʥʘ ʧʨʦʮʝʥʪʥʘ ʛʨʝʰʢʘ (MAPE) ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʧʦ-ʚʘʞʥʠ ʩʪʘʪʠʩʪʠʢʠ ʟʘ ʧʨʠʙʣʠʞʝʥʠʝ ʥʘ ʤʦʜʝʣʘ ʢʲʤ ʜʘʥʥʠʪʝ. ʈʝʟʫʣʪʘʪʠʪʝ ʟʘ 

ʩʪʘʪʠʩʪʠʢʘʪʘ ʥʘ ʤʦʜʝʣʘ, ʢʘʢʪʦ ʠ ʦʙʠʯʘʡʥʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʝʨʢʠ ʟʘ ʧʨʠʙʣʠʞʝʥʠʝ, ʢʘʪʦ ʩʪʘʮʠʦʥʘʨʥʠʷ 

R
2
, R

2
 ʠ ʜʨ. ʇʨʠ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ SARIMA ʤʦʜʝʣʠʪʝ ʩʝ ʟʘʜʘʚʘʪ ʨʘʟʣʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ 

(p,d,q)(P,D,Q)24 ʠ ʩʝ ʠʟʯʠʩʣʷʚʘʪ ʢʦʝʬʠʮʝʥʪʠʪʝ ʥʘ ʠʟʙʨʘʥʠʷ ʤʦʜʝʣ ʩʲʩ ʩʪʘʪʠʪʠʯʝʩʢʠʪʝ ʠʤ ʠʥʜʝʢʩʠ. 

ɹʷʭʘ ʧʦʩʪʨʦʝʥʠ ʥʷʢʦʣʢʦʩʪʦʪʠʥ ʤʦʜʝʣʘ, ʦʪ ʢʦʠʪʦ ʩʘ ʧʦʜʙʨʘʥʠ ʦʧʪʠʤʘʣʥʠʪʝ ʚ ʩʣʝʜʚʘʱʘʪʘ ʪʘʙʣʠʮʘ. 

ʀʟʙʦʨʲʪ ʥʘ ʤʦʜʝʣʠ ʝ ʥʘʧʨʘʚʝʥ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩʲʩ ʩʣʝʜʥʠʪʝ ʢʦʤʙʠʥʠʨʘʥʠ ʢʨʠʪʝʨʠʠ 1) ʄʠʥʠʤʘʣʝʥ 

BIC; 2) ʄʠʥʠʤʘʣʥʘ RMSE; 3) ʄʘʢʩʠʤʘʣʥʘ ʩʪʦʡʥʦʩʪ ʥʘ R
2
; 4) ɿʥʘʯʠʤʦʩʪ ʥʘ ʥʠʚʦ 0.05;5) ʄʠʥʠʤʘʣʥʘ 

MAPE.  

ʅʷʢʦʠ ʦʪ ʜʨʫʛʠʪʝ ʢʘʥʜʠʜʘʪ ʤʦʜʝʣʠ, ʩʦʨʪʠʨʘʥʠ ʩʧʦʨʝʜ ʪʦʟʠ ʢʨʠʪʝʨʠʠ ʩʘ ʜʘʜʝʥʠ ʧʦʜ ʠʟʙʨʘʥʠʪʝ 

ʦʧʪʠʤʘʣʥʠ ʤʦʜʝʣʠ.  

ʈʘʟʧʨʝʜʝʣʝʥʠʷʪʘ ʥʘ ʦʩʪʘʪʲʮʠʪʝ ʚ ʨʘʤʢʠʪʝ ʥʘ 5% ʜʦʚʝʨʠʪʝʣʥʠ ʠʥʪʝʨʚʘʣʠ ʠ ʥʦʨʤʘʣʥʦʩʪʪʘ ʥʘ 

ʦʩʪʘʪʲʮʠʪʝ ʚʲʚ ʚʩʠʯʢʠ ʢʘʥʜʠʜʘʪ ʤʦʜʝʣʠ ʙʷʭʘ ʧʨʦʚʝʨʝʥʠ ʧʨʝʜʠ ʜʘ ʙʲʜʝ ʧʨʠʣʦʞʝʥʘ ʧʨʦʮʝʜʫʨʘʪʘ ʟʘ 

ʧʨʝʜʣʦʞʝʥʠʪʝ ʢʦʤʙʠʥʠʨʘʥʠ ʢʨʠʪʝʨʠʠ. 

 

ʊʨʘʥʩʬ.  
ʇʨʦʤʝʥʣʠʚʠ 

SARIMA 
ʤʦʜʝʣ 

ʉʪʘʮ.R
2
 R

2
 RMSE MAPE 

ʅʦʨʤ. 
BIC 

Sig. 

trNO2 (2,0,1)(2,0,1)24 0.841 0.841 0.290 8.461 -2.467 0.003 

trNO (1,0,7)(2,0,1)24 0.783 0.783 0.451 225.84 -1.579 0.003 

trO3 (2,1,1)(1,1,1)24 0.437 0.941 3.740 13.813 2.643 0.000 

trPM10 (4,0,4)(1,0,1)24 0.888 0.888 0.142 4.170 -3.897 0.000 

trSO2 (2,0,2)(2,0,1)24 0.887 0.887 0.369 20.492 -1.988 0.000 

trNOx (3,0,2)(2,0,1)24 0.841 0.841 0.191 8.595 -3.302 0.009 
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ʉʨʘʚʥʝʥʠʝ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʜʘʥʥʠ ʟʘ ʧʦʩʣʝʜʥʠʪʝ 72 ʯʘʩʘ (ʚʣʷʚʦ ʦʪ ʚʝʨʪʠʢʘʣʥʘʪʘ 

ʣʠʥʠʷ) ʠ ʧʨʝʜʩʢʘʟʘʥʠʪʝ ʜʘʥʥʠ ʟʘ ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʠʟʧʦʣʟʚʘʡʢʠ ʚʲʥʰʝʥ ʪʝʩʪ ʟʘ ʩʨʘʚʥʝʥʠʝ ʩ 
ʠʩʪʠʥʩʢʠ ʜʘʥʥʠ ʟʘ 72 ʯʘʩʘ (ʚʜʷʩʥʦ ʦʪ ʚʝʨʪʠʢʘʣʥʘʪʘ ʣʠʥʠʷ) ʟʘ ʨʝʪʨʘʥʩʬʦʨʤʠʨʘʥʠʪʝ ʜʘʥʥʠ 
ʟʘ ʩʲʦʪʚʝʪʥʠʪʝ SARIMA ʤʦʜʝʣʠ ʦʪ ʛʦʨʥʘʪʘ ʪʘʙʣʠʮʘ. 

 


