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ゑïöÜä 

 

Ɉɞɧɿɽɸ ɡ ɝɥɨɛɚɥɶɧɢɯ ɩɪɨɛɥɟɦ ɧɚɲɨɝɨ ɱɚɫɭ ɽ 
ɨɯɨɪɨɧɚ ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɩɪɢɪɨɞɧɨɝɨ ɫɟɪɟɞɨ-
ɜɢɳɚ (ɇɉɋ) ɬɚ ɮɨɪɦɭɜɚɧɧɹ ɭɦɨɜ ɞɥɹ ɫɬɿɣɤɨ-
ɝɨ ɪɨɡɜɢɬɤɭ ɠɢɬɬɽɞɿɹɥɶɧɨɫɬɿ ɥɸɞɢɧɢ. Ȼɚɝɚɬɨ-
ɝɪɚɧɧɚ ɝɨɫɩɨɞɚɪɫɶɤɚ ɞɿɹɥɶɧɿɫɬɶ ɫɭɫɩɿɥɶɫɬɜɚ, 

ɹɤ ɜɿɞɨɦɨ, ɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹ ɡɛɿɥɶɲɟɧɧɹɦ 

ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɧɚɜɤɨɥɢɲɧɽ ɫɟɪɟɞɨɜɢɳɟ, 
ɜɿɞɛɢɜɚɸɱɢɫɶ ɩɪɚɤɬɢɱɧɨ ɧɚ ɜɫɿɯ ʀʀ ɤɨɦɩɨɧɟɧ-

ɬɚɯ, ɳɨ ɩɪɢɜɨɞɢɬɶ ɞɨ ɩɨɫɢɥɟɧɧɹ ɡɦɿɧ ɧɚɜɤɨ-
ɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ, ɡɚɛɪɭɞɧɟɧɧɹ ɚɬɦɨɫ-
ɮɟɪɢ, ɝɿɞɪɨɫɮɟɪɢ ɿ ɥɿɬɨɫɮɟɪɢ. 

 



ǮȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 30, 2012 

 
34 

Ƚɚɥɭɡɶ ɫɿɥɶɫɶɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɧɚɥɟɠɢɬɶ ɞɨ 
ɨɞɧɨɝɨ ɡ ɱɢɧɧɢɤɿɜ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɜɩɥɢɜɭ ɧɚ 
ɞɨɜɤɿɥɥɹ. ɋɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɿ ɦɚɲɢɧɢ (ɋȽɆ) 

ɽ ɞɠɟɪɟɥɚɦɢ ɡɚɛɪɭɞɧɟɧɧɹ ɩɨɜɿɬɪɹ ɿ ɩɿɞɜɢ-

ɳɟɧɧɹ ɪɿɜɧɹ ɲɭɦɭ, ɳɨ ɡɚɜɞɚɽ ɧɟɩɨɩɪɚɜɧɨʀ 
ɲɤɨɞɢ ɡɞɨɪɨɜ’ɸ ɥɸɞɢɧɢ (ɧɟɝɚɬɢɜɧɨ ɜɩɥɢɜɚɽ 
ɧɚ ɮɿɡɿɨɥɨɝɿɱɧɢɣ ɫɬɚɧ ɥɸɞɟɣ ɬɚ ɬɜɚɪɢɧ), ɨɫɤɿ-
ɥɶɤɢ ɩɨɫɬɚɜɥɹɽ ɜ ɞɨɜɤɿɥɥɹ ɜɟɥɢɱɟɡɧɿ ɦɚɫɢ 

ɩɢɥɭ, ɜɿɞɩɪɚɰɶɨɜɚɧɢɯ ɝɚɡɿɜ (ȼȽ), ɦɚɫɬɢɥ, ɜɚ-
ɠɤɢɯ ɦɟɬɚɥɿɜ ɬɚ ɞɟɫɹɬɤɢ ɿɧɲɢɯ ɪɟɱɨɜɢɧ, ɡɧɚ-
ɱɧɚ ɱɚɫɬɢɧɚ ɹɤɢɯ ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɬɨɤɫɢɤɚɧɬɿɜ.  
 

んÖí¿：£ äÜß¿：¡íî：ú 

 

ɋȽɆ ɡɞɟɛɿɥɶɲɨɝɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɞɜɢɝɭɧɢ 

ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɚɧɧɹ (ȾȼɁ), ɜɢɯɥɨɩɧɿ ɝɚɡɢ 

ɹɤɢɯ ɦɿɫɬɹɬɶ ɛɿɥɶɲ ɧɿɠ 200 ɪɿɡɧɢɯ ɯɿɦɿɱɧɢɯ 
ɫɩɨɥɭɤ, ɡ ɹɤɢɯ 170 – ɨɬɪɭɣɧɿ. ɉɪɢ ɡɝɨɪɚɧɧɿ ɜ 
ȾȼɁ 1 ɬɨɧɧɢ ɩɚɥɢɜɚ ɜ ɚɬɦɨɫɮɟɪɧɟ ɩɨɜɿɬɪɹ 
ɜɢɤɢɞɚɽɬɶɫɹ ɜɿɞ 150 ɞɨ 800 ɤɝ ɲɤɿɞɥɢɜɢɯ ɪɟ-
ɱɨɜɢɧ. ɇɚɣɛɿɥɶɲ ɿɫɬɨɬɧɿ ɬɚɤɿ ɤɨɦɩɨɧɟɧɬɢ ɜɢ-

ɤɢɞɿɜ ɹɤ ɨɤɫɢɞ ɜɭɝɥɟɰɸ (CO), ɜɭɝɥɟɜɨɞɧɿ 
(ɋH), ɨɤɢɫɢ ɚɡɨɬɭ (NOx), ɚɥɶɞɟɝɿɞɢ (RCHO), 

ɫɩɨɥɭɤɢ ɫɿɪɤɢ (ɨɫɧɨɜɧɚ – ɞɜɨɨɤɫɢɞ ɫɿɪɤɢ 

SO2), ɬɜɟɪɞɿ ɱɚɫɬɢɧɤɢ (ɫɚɠɚ), ɤɚɧɰɟɪɨɝɟɧɧɿ 
ɪɟɱɨɜɢɧɢ, ɞɨ ɹɤɢɯ ɧɚɥɟɠɚɬɶ ɫɤɥɚɞɧɿ ɚɪɨɦɚ-
ɬɢɱɧɿ ɜɭɝɥɟɜɨɞɧɿ ɩɨɥɿɰɢɤɥɿɱɧɨʀ ɛɭɞɨɜɢ (ɧɚɣ-

ɛɿɥɶɲɟ ɛɟɧɡ(ɚ)ɩɿɪɟɧ), ɫɩɨɥɭɤɢ ɫɜɢɧɰɸ, ɜɬɨ-
ɪɢɧɧɿ ɩɪɨɞɭɤɬɢ ɜ ɚɬɦɨɫɮɟɪɿ – ɮɨɬɨɯɿɦɿɱɧɿ 
ɨɤɫɢɞɚɧɬɢ (ɩɟɪɨɤɫɢɚɰɟɬɢɥɧɿɬɪɚɬ, ɚɡɨɬ) [1–3].  

 

Ɇɿɪɚ ɜɩɥɢɜɭ ɲɤɿɞɥɢɜɢɯ ɪɟɱɨɜɢɧ ɧɚ ɨɪɝɚɧɿɡɦ 

ɥɸɞɢɧɢ ɡɚɥɟɠɢɬɶ ɜɿɞ ʀɯ ɤɨɧɰɟɧɬɪɚɰɿʀ, ɬɪɢɜɚ-
ɥɨɫɬɿ ɞɿʀ, ɿɧɞɢɜɿɞɭɚɥɶɧɢɯ ɨɫɨɛɥɢɜɨɫɬɟɣ ɥɸ-

ɞɢɧɢ ɿ ɜɢɞɭ ɲɤɿɞɥɢɜɨʀ ɪɟɱɨɜɢɧɢ. 

 

ɍ 2008 ɬɚ 2009 ɪɨɤɚɯ ɜ ɏɚɪɤɿɜɫɶɤɿɣ ɨɛɥɚɫɬɿ ɜ 
ɚɬɦɨɫɮɟɪɧɟ ɩɨɜɿɬɪɹ ɩɟɪɟɫɭɜɧɢɦɢ ɞɠɟɪɟɥɚɦɢ 

ɛɭɥɨ ɜɢɤɢɧɭɬɨ 137 ɬɚ 127 ɬɢɫ. ɬɨɧɧ ɡɚɛɪɭɞ-
ɧɸɜɚɥɶɧɢɯ ɪɟɱɨɜɢɧ ɜɿɞɩɨɜɿɞɧɨ, ɭ ɬɨɦɭ ɱɢɫɥɿ 
27,1 ɬɚ 22,4 ɬɢɫ. ɬɨɧɧ ɜɿɞ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɢɡɟ-
ɥɶɧɨɝɨ ɩɚɥɢɜɚ. ȼ ɏɚɪɤɿɜɫɶɤɿɣ ɨɛɥɚɫɬɿ ɜɢɤɢɞɢ 

ɚɜɬɨɬɪɚɧɫɩɨɪɬɭ ɫɬɚɧɨɜɥɹɬɶ 44 % ɜɿɞ ɡɚɝɚɥɶ-
ɧɨɝɨ ɨɛɫɹɝɭ ɜɢɤɢɞɿɜ [3]. 

 

ȼɟɥɢɤɚ ɭɜɚɝɚ ɞɨɫɥɿɞɧɢɤɿɜ ɩɪɢɜɟɪɧɟɧɚ ɞɨ  
ɜɢɜɱɟɧɧɹ ɜɩɥɢɜɭ ɚɜɬɨɬɪɚɧɫɩɨɪɬɭ ɜ ɦɿɫɬɚɯ, 
ɨɫɤɿɥɶɤɢ ɫɚɦɟ ɬɚɦ ɦɚɽɦɨ ɜɟɥɢɤɭ ɤɨɧɰɟɧɬɪɚ-
ɰɿɸ ɚɜɬɨɦɨɛɿɥɿɜ. Ɇɢ ɡɜɟɪɬɚɽɦɨ ɭɜɚɝɭ ɧɚ 
ɜɩɥɢɜ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ ɦɚɲɢɧ ɧɚ ɞɨ-
ɜɤɿɥɥɹ, ɛɨ ɜɨɧɢ ɦɚɸɬɶ ɞɢɡɟɥɶɧɿ ȾȼɁ ɜɟɥɢɤɨʀ 
ɩɨɬɭɠɧɨɫɬɿ. Ⱦɢɡɟɥɶɧɿ ɞɜɢɝɭɧɢ ɽ ɛɿɥɶɲ ɟɤɨ-
ɧɨɦɿɱɧɢɦɢ, ɚɥɟ ɬɚɤɢɯ ɪɟɱɨɜɢɧ ɹɤ CO, NOx 

ɜɨɧɢ ɜɢɤɢɞɚɸɬɶ ɧɟ ɦɟɧɲɟ, ɧɿɠ ɛɟɧɡɢɧɨɜɿ, ɚ 
ɫɚɠɿ (ɨɱɢɳɟɧɧɹ ɜɿɞ ɹɤɨʀ ɞɨɬɟɩɟɪ ɧɟ ɦɚɽ ɤɚɪ-
ɞɢɧɚɥɶɧɢɯ ɪɿɲɟɧɶ) ɬɚ ɞɿɨɤɫɢɞɭ ɫɿɪɤɢ ɜɨɧɢ 

ɜɢɤɢɞɚɸɬɶ ɿɫɬɨɬɧɨ ɛɿɥɶɲɟ. ɍ ɫɩɨɥɭɱɟɧɧɿ ɠ ɡɿ 
ɫɬɜɨɪɸɜɚɧɢɦ ɲɭɦɨɦ ɞɢɡɟɥɶɧɿ ɞɜɢɝɭɧɢ ɧɟ ɽ 
ɛɿɥɶɲ ɟɤɨɥɨɝɿɱɧɢɦɢ, ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ ɛɟɧɡɢɧɨ-
ɜɢɦɢ. 

 

Ɉɞɧɢɦ ɡɿ ɲɥɹɯɿɜ ɩɿɞɜɢɳɟɧɧɹ ɟɤɫɩɥɭɚɬɚɰɿɣ-

ɧɢɯ ɿ ɬɟɯɧɿɤɨ-ɟɤɨɧɨɦɿɱɧɢɯ, ɚ ɬɚɤɨɠ ɟɤɨɥɨɝɿɱ-
ɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɋȽɆ ɽ ɡɚɫɬɨɫɭɜɚɧɧɹ  
ɝɿɞɪɨɩɪɢɜɨɞɿɜ. ɇɚ ɫɶɨɝɨɞɧɿ ɜ ɤɨɧɫɬɪɭɤɰɿɹɯ 
ɡɟɪɧɨɡɛɢɪɚɥɶɧɢɯ ɤɨɦɛɚɣɧɿɜ ɲɢɪɨɤɨ ɡɚɫ-
ɬɨɫɨɜɭɸɬɶɫɹ ɝɿɞɪɚɜɥɿɱɧɿ ɜɢɤɨɧɚɜɱɿ ɦɟɯɚɧɿɡɦɢ 

ɞɥɹ ɩɪɢɜɨɞɭ ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ, ɜ ɫɢɫɬɟɦɚɯ  
ɤɟɪɭɜɚɧɧɹ, ɚ ɬɚɤɨɠ ɹɤ ɝɿɞɪɚɜɥɿɱɧɿ ɬɪɚɧɫɦɿɫɿʀ 
[4]. 

 

Ɍɪɚɧɫɦɿɫɿɹ ɡɟɪɧɨɡɛɢɪɚɥɶɧɨɝɨ ɤɨɦɛɚɣɧɚ 
Ⱦɨɧ 1500 ɨɫɧɚɳɟɧɚ ɨɛ’ɽɦɧɢɦ ɝɿɞɪɨɩɪɢɜɨɞɨɦ 

ɬɢɩɭ ȽɋɌ-90 [5]. ɍ ɩɪɨɰɟɫɿ ɟɤɫɩɥɭɚɬɚɰɿʀ 
ɨɛ’ɽɦɧɨɝɨ ɝɿɞɪɨɩɪɢɜɨɞɭ ɬɪɚɧɫɦɿɫɿʀ (ɈȽɌ) ɩɪɢ 

ɡɧɨɫɿ ɪɨɛɨɱɢɯ ɩɨɜɟɪɯɨɧɶ ɡɛɿɥɶɲɭɸɬɶɫɹ ɡɚɡɨ-
ɪɢ ɿ ɡɦɟɧɲɭɽɬɶɫɹ ɬɢɫɤ ɧɚɝɧɿɬɚɧɧɹ, ɳɨ ɜɟɞɟ ɞɨ 
ɡɧɢɠɟɧɧɹ ɨɛ’ɽɦɧɨɝɨ ɿ ɡɚɝɚɥɶɧɨɝɨ ɤɨɟɮɿɰɿɽɧɬɚ 
ɤɨɪɢɫɧɨʀ ɞɿʀ (ɄɄȾ) ɿ, ɜ ɰɿɥɨɦɭ, ɞɨ ɧɟɩɪɨɞɭɤ-
ɬɢɜɧɨʀ ɜɢɬɪɚɬɢ ɩɚɥɢɜɚ ɡɟɪɧɨɡɛɢɪɚɥɶɧɨɝɨ 

ɤɨɦɛɚɣɧɚ [6], ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɞɨ ɚɬɦɨɫɮɟɪɧɨ-
ɝɨ ɩɨɜɿɬɪɹ ɩɨɬɪɚɩɥɹɽ ɛɿɥɶɲɟ ɜɿɞɩɪɚɰɶɨɜɚɧɢɯ 
ɝɚɡɿɜ.  
 

Ʉɿɥɶɤɿɫɬɶ ɲɤɿɞɥɢɜɢɯ ɪɟɱɨɜɢɧ, ɹɤɿ ɧɚɞɯɨɞɹɬɶ ɡ 
ȼȽ ɜ ɚɬɦɨɫɮɟɪɧɟ ɩɨɜɿɬɪɹ, ɜɢɡɧɚɱɚɸɬɶ ɡɚɡɜɢ-

ɱɚɣ ɡɚ ʀɯ ɦɚɫɨɸ. Ɇɚɫɨɜɿ ɜɢɤɢɞɢ ɡɚɛɪɭɞɧɸɜɚ-
ɥɶɧɨʀ ɪɟɱɨɜɢɧɢ (ɁɊ) ɪɨɡɪɚɯɨɜɭɸɬɶ ɿɡ ɜɢɤɨɪɢ-

ɫɬɚɧɧɹɦ ɪɿɡɧɢɯ ɦɟɬɨɞɢɤ.  
 

ȼ ɛɿɥɶɲɨɫɬɿ ɜɢɩɚɞɤɿɜ ɤɿɥɶɤɿɫɬɶ ȼȽ ɪɨɡɪɚɯɨ-
ɜɭɸɬɶ ɡɚ ɜɢɬɪɚɬɨɸ ɩɨɜɿɬɪɹ ɿ ɩɚɥɢɜɚ, ɳɨ  
ɛɪɚɥɢ ɭɱɚɫɬɶ ɭ ɡɝɨɪɚɧɧɿ, ɚɛɨ ɜɢɦɿɪɸɸɬɶ ɫɩɟ-
ɰɿɚɥɶɧɢɦɢ ɜɢɬɪɚɬɨɦɿɪɚɦɢ, ɚɥɟ ɱɚɫɬɿɲɟ ʀɯ ɪɨ-
ɡɪɚɯɨɜɭɸɬɶ ɡɚ ɪɿɜɧɹɧɧɹɦɢ ɬɟɨɪɿʀ ɞɜɢɝɭɧɿɜ [7].  

 

Ʉɨɠɧɿɣ ɲɤɿɞɥɢɜɿɣ ɪɟɱɨɜɢɧɿ (ɒɊ) ɡɚ ɫɬɭɩɟ-
ɧɟɦ ɜɩɥɢɜɭ ɧɚ ɨɪɝɚɧɿɡɦ ɥɸɞɢɧɢ ɜɥɚɫɬɢɜɚ  
ɩɟɜɧɚ ɚɝɪɟɫɢɜɧɿɫɬɶ ɱɢ ɧɟɛɟɡɩɟɤɚ. Ɂɚ ɨɞɢɧɢɰɸ 

ɜɿɞɧɨɫɧɨʀ ɚɝɪɟɫɢɜɧɨɫɬɿ ( iR ) ɩɪɢɣɧɹɬɨ ɚɝɪɟ-
ɫɢɜɧɿɫɬɶ ɨɤɫɢɞɭ ɜɭɝɥɟɰɸ ɋɈ.  

 

ぜñöí ： äÜïöíÖÜç¡í £íÑíô： 
 

Ⱦɨɬɪɢɦɚɧɧɹ ɪɟɝɥɚɦɟɧɬɭ ɬɟɯɧɿɱɧɨɝɨ ɨɛɫɥɭɝɨ-
ɜɭɜɚɧɧɹ ɦɚɲɢɧ ɞɨɡɜɨɥɹɽ ɡɧɚɱɧɨ ɫɤɨɪɨɬɢɬɢ 

ɬɨɤɫɢɱɧɿ ɜɢɤɢɞɢ ɞɨ ɚɬɦɨɫɮɟɪɢ. Ɍɨɦɭ ɦɟɬɨɸ 

ɞɚɧɨʀ ɪɨɛɨɬɢ ɽ ɜɢɡɧɚɱɟɧɧɹ ɜɩɥɢɜɭ ɡɚɡɨɪɿɜ 
ɤɚɱɚɸɱɢɯ ɜɭɡɥɿɜ ɝɿɞɪɨɚɝɪɟɝɚɬɿɜ ɈȽɌ ɡɟɪɧɨ-
ɡɛɢɪɚɥɶɧɨɝɨ ɤɨɦɛɚɣɧɚ ɧɚ ɡɛɿɥɶɲɟɧɧɹ ɜɢɤɢɞɭ 
ɲɤɿɞɥɢɜɢɯ ɪɟɱɨɜɢɧ ɡ ȼȽ. 
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ëñôÜçóÖ 

 

ɇɚɣɛɿɥɶɲ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɜ ɈȽɌ ɜɿɬ-
ɱɢɡɧɹɧɢɯ ɤɨɪɦɨ- ɬɚ ɡɟɪɧɨɡɛɢɪɚɥɶɧɢɯ ɤɨɦ-

ɛɚɣɧɿɜ ɚɤɫɿɚɥɶɧɨɩɨɪɲɧɟɜɿ ɪɟɝɭɥɶɨɜɚɧɿ ɧɚɫɨ-
ɫɢ ɡ ɩɨɯɢɥɢɦ ɞɢɫɤɨɦ ɦɚɪɤɢ ɇɉ 90 ɿ 
ɚɤɫɿɚɥɶɧɨɩɨɪɲɧɟɜɿ ɧɟɪɟɝɭɥɶɨɜɚɧɿ ɝɿɞɪɨɦɨɬɨ-
ɪɢ ɡ ɩɨɯɢɥɢɦ ɞɢɫɤɨɦ ɦɚɪɤɢ Ɇɉ 90. 

 

Ʉɪɢɬɟɪɿɽɦ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɬɟɯɧɿɱɧɨɝɨ 
ɫɬɚɧɭ ɈȽɌ ɽ ɡɧɢɠɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɚ ɩɨɞɚɱɿ 
ɧɚɫɨɫɚ ɚɛɨ ɝɿɞɪɨɦɟɯɚɧɿɱɧɨɝɨ ɄɄȾ ɝɿɞɪɨɦɨɬɨ-
ɪɚ ɧɟ ɛɿɥɶɲɟ ɧɿɠ ɧɚ 20 %. 

 

əɤ ɫɜɿɞɱɢɬɶ ɚɧɚɥɿɡ ɞɟɮɟɤɬɿɜ ɝɿɞɪɨɦɚɲɢɧ 

ɈȽɌ, ɨɫɧɨɜɧɢɦ ɩɪɨɰɟɫɨɦ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ 
ɜɬɪɚɬɢ ɧɢɦɢ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ, ɫɥɿɞ ɜɜɚɠɚɬɢ 

ɩɪɨɰɟɫɢ ɡɧɨɫɭ ɤɚɱɚɸɱɨɝɨ ɜɭɡɥɚ, ɚ ɬɨɱɧɿɲɟ –
ɪɨɛɨɱɢɯ ɩɨɜɟɪɯɨɧɶ ɩɨɪɲɧɿɜ ɿ ɜɬɭɥɨɤ ɛɥɨɤɚ 
ɰɢɥɿɧɞɪɿɜ (ɩɨɪɲɧɟɜɚ ɩɚɪɚ), ɬɨɪɰɟɜɢɯ ɩɨɜɟɪ-
ɯɨɧɶ ɪɨɡɩɨɞɿɥɶɧɢɤɚ ɿ ɩɪɢɫɬɚɜɧɨɝɨ ɞɧɚ (ɪɨɡ-
ɩɨɞɿɥɶɧɚ ɩɚɪɚ) ɿ ɩɨɜɟɪɯɨɧɶ ɩ’ɹɬɚ – ɨɩɨɪɚ [8].  

 

ɉɪɨɚɧɚɥɿɡɭɜɚɜɲɢ ɨɫɨɛɥɢɜɨɫɬɿ ɪɨɛɨɬɢ ɤɨɦ-

ɛɚɣɧɿɜ, ɨɛɪɚɧɨ ɦɟɬɨɞɢɤɭ ɪɨɡɪɚɯɭɧɤɭ ɜɚɥɨɜɢɯ 

ɜɢɤɢɞɿɜ ɞɥɹ ɫɬɚɰɿɨɧɚɪɧɢɯ ɞɢɡɟɥɶɧɢɯ ɞɜɢɝɭ-

ɧɿɜ. 
 

ȼɚɥɨɜɢɣ ɜɢɤɢɞ i-ʀ ɪɟɱɨɜɢɧɢ ɡɚ ɪɿɤ ɫɬɚɰɿɨɧɚɪ-
ɧɨɸ ɞɢɡɟɥɶɧɨɸ ɭɫɬɚɧɨɜɤɨɸ ɜɢɡɧɚɱɚɽɬɶɫɹ ɡɚ 
ɮɨɪɦɭɥɨɸ [9] 

 

ɬei eiW q G  ,                       (1) 

 

ɞɟ eiq  – ɜɢɤɢɞ i-ʀ ɲɤɿɞɥɢɜɨʀ ɪɟɱɨɜɢɧɢ, ɳɨ 
ɩɪɢɩɚɞɚɽ ɧɚ ɤɝ ɞɢɡɟɥɶɧɨɝɨ ɩɚɥɢɜɚ, ɩɪɢ ɪɨɛɨɬɿ 
ɫɬɚɰɿɨɧɚɪɧɨʀ ɞɢɡɟɥɶɧɨʀ ɭɫɬɚɧɨɜɤɢ ɡ ɭɪɚɯɭ-
ɜɚɧɧɹɦ ɫɭɤɭɩɧɨɫɬɿ ɪɟɠɢɦɿɜ, ɹɤɿ ɫɤɥɚɞɚɸɬɶ 
ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɣ ɰɢɤɥ [10] (ɜɢɡɧɚɱɚɽɬɶɫɹ ɡɚ 
ɬɚɛɥɢɰɹɦɢ); ɬG  – ɜɢɬɪɚɬɚ ɩɚɥɢɜɚ ɫɬɚɰɿɨɧɚɪ-
ɧɨɸ ɞɢɡɟɥɶɧɨɸ ɭɫɬɚɧɨɜɤɨɸ ɡɚ ɩɟɪɿɨɞ ɱɚɫɭ.  
 

ɉɟɪɟɜɢɬɪɚɬɚ ɩɚɥɢɜɚ ɫɢɥɨɜɨɸ ɭɫɬɚɧɨɜɤɨɸ 

ɡɟɪɧɨɡɛɢɪɚɥɶɧɨɝɨ ɤɨɦɛɚɣɧɚ, ɨɛɭɦɨɜɥɟɧɚ 
ɨɛ’ɽɦɧɢɦɢ ɜɢɬɨɤɚɦɢ ɜ ɈȽɌ, ɜɢɡɧɚɱɚɽɬɶɫɹ ɡɚ 
ɮɨɪɦɭɥɨɸ 

 

ɩɪ ɦ
ɬ

ɬ ɧ

1 1

ȡ Ș Ș
N q K

G
   

  
 

,           (2) 

 

ɞɟ ɩɪN  – ɩɨɬɭɠɧɿɫɬɶ, ɳɨ ɜɢɬɪɚɱɚɽɬɶɫɹ ɧɚ ɩɟ-
ɪɟɫɭɜɚɧɧɹ ɤɨɦɛɚɣɧɚ ɿ ɩɨɞɨɥɚɧɧɹ ɩɿɞɣɨɦɭ; 

q  – ɩɢɬɨɦɚ ɜɢɬɪɚɬɚ ɩɚɥɢɜɚ ɫɢɥɨɜɨɸ ɭɫɬɚɧɨ-

ɜɤɨɸ; ɦK  – ɤɨɟɮɿɰɿɽɧɬ ɡɚɜɚɧɬɚɠɟɧɨɫɬɿ (ɤɨɦ-

ɩɥɟɤɫɧɢɣ ɩɨɤɚɡɧɢɤ, ɳɨ ɜɢɡɧɚɱɚɽ ɪɟɠɢɦ ɡɚɜɚ-
ɧɬɚɠɟɧɨɫɬɿ ɝɿɞɪɨɚɝɪɟɝɚɬɿɜ) [11]; ȡ  – ɳɿɥɶ-
ɧɿɫɬɶ ɩɚɥɢɜɚ; ɬ ɧȘ , Ș  – ɩɨɬɨɱɧɟ ɿ ɩɨɱɚɬɤɨɜɟ 
ɄɄȾ ɈȽɌ. 

 

ɉɨɬɭɠɧɿɫɬɶ, ɳɨ ɜɢɬɪɚɱɚɽɬɶɫɹ ɧɚ ɩɟɪɟɫɭɜɚɧɧɹ 
ɤɨɦɛɚɣɧɚ ɿ ɩɨɞɨɥɚɧɧɹ ɩɿɞɣɨɦɭ, ɜɢɡɧɚɱɚɽɬɶɫɹ 
ɡɚ ɮɨɪɦɭɥɨɸ [12] 

 

 ɤ ɤ ɪ
ɩɪ

įȘ
G f i

N
  

 ,                (3) 

 

ɞɟ ɤG  – ɟɤɫɩɥɭɚɬɚɰɿɣɧɚ ɜɚɝɚ ɋȽɆ; ɤf  – ɤɨɟ-
ɮɿɰɿɽɧɬ ɨɩɨɪɭ ɤɨɱɟɧɧɸ; i  – ɭɯɢɥ ɦɿɫɰɟɜɨɫɬɿ; 
ɪ  – ɪɨɛɨɱɚ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɤɨɦɛɚɣɧɚ; įȘ  – 

ɄɄȾ, ɳɨ ɜɪɚɯɨɜɭɽ ɜɬɪɚɬɭ ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɛɭɤ-
ɫɭɜɚɧɧɹ. 
 

Ɂɚɝɚɥɶɧɢɣ ɄɄȾ ɈȽɌ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɡɚ ɬɚ-
ɤɨɸ ɡɚɥɟɠɧɿɫɬɸ: 

 

1o 1ɝɦ 2o 2ɝɦ 3 4 5 6Ș Ș Ș Ș Ș Ș Ș Ș Ș        ,     (4) 

 

ɞɟ 1ɨȘ  – ɤɨɟɮɿɰɿɽɧɬ ɩɨɞɚɱɿ ɧɚɫɨɫɚ; 1ɝɦȘ  – ɝɿɞ-
ɪɨɦɟɯɚɧɿɱɧɢɣ ɄɄȾ ɧɚɫɨɫɚ; 2ɨȘ  – ɨɛ’ɽɦɧɢɣ 

ɄɄȾ ɝɿɞɪɨɦɨɬɨɪɚ; 2ɝɦȘ  – ɝɿɞɪɨɦɟɯɚɧɿɱɧɢɣ 

ɄɄȾ ɝɿɞɪɨɦɨɬɨɪɚ; 3Ș  – ɄɄȾ ɞɿɚɩɚɡɨɧɭ ɤɨɪɨ-
ɛɤɢ ɩɟɪɟɞɚɱ; 4Ș  – ɄɄȾ ɝɨɥɨɜɧɨʀ ɩɟɪɟɞɚɱɿ ɿ 
ɞɢɮɟɪɟɧɰɿɚɥɚ; 5Ș  – ɄɄȾ ɛɨɪɬɨɜɢɯ ɩɟɪɟɞɚɱ; 

6Ș  – ɄɄȾ ɤɥɢɧɨɩɚɫɨɜɨʀ ɩɟɪɟɞɚɱɿ. 
 

əɤ ɜɿɞɨɦɨ, ɤɨɟɮɿɰɿɽɧɬ ɩɨɞɚɱɿ ɧɚɫɨɫɚ ɜɢɡɧɚɱɚ-
ɽɬɶɫɹ ɜɢɪɚɡɨɦ 

 

 ɍɌ ɩ ɪ
1o

Ɍ

į ,į
Ș 1

Q

Q
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ɞɟ ɍɌQ  – ɡɚɝɚɥɶɧɿ ɜɢɬɨɤɢ ɪɨɛɨɱɨʀ ɪɿɞɢɧɢ ɤɚ-
ɱɚɸɱɨɝɨ ɜɭɡɥɚ ɝɿɞɪɨɦɚɲɢɧɢ; ɌQ  – ɬɟɨɪɟɬɢɱ-
ɧɚ ɩɨɞɚɱɚ ɤɚɱɚɸɱɨɝɨ ɜɭɡɥɚ ɝɿɞɪɨɦɚɲɢɧɢ; pį  – 

ɬɨɪɰɟɜɢɣ ɡɚɡɨɪ ɭ ɪɨɡɩɨɞɿɥɶɧɿɣ ɩɚɪɿ; ɩį  – ɤɿ-
ɥɶɰɟɜɢɣ ɡɚɡɨɪ ɩɨɪɲɧɟɜɨʀ ɩɚɪɢ. 

 

Ɉɛ’ɽɦɧɢɣ ɄɄȾ ɝɿɞɪɨɦɨɬɨɪɚ ɜɢɡɧɚɱɚɽɬɶɫɹ 
ɜɢɪɚɡɨɦ 
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ȼ ɪɨɛɨɬɿ [13] ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɟɬɨɞɢɤɭ ɪɨɡɪɚ-
ɯɭɧɤɭ ɜɢɬɨɤɿɜ ɭ ɤɚɱɚɸɱɨɦɭ ɜɭɡɥɿ ɝɿɞɪɨɦɚ-
ɲɢɧ. Ɂɚɩɪɨɩɨɧɨɜɚɧɭ ɦɟɬɨɞɢɤɭ ɜɢɤɨɪɢɫɬɨɜɭ-

ɽɦɨ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɨɬɨɱɧɢɯ ɿ ɩɨɱɚɬɤɨɜɢɯ 
ɩɨɤɚɡɧɢɤɿɜ ɤɨɟɮɿɰɿɽɧɬɚ ɩɨɞɚɱɿ ɧɚɫɨɫɚ ɿ ɨɛ’ɽɦ-

ɧɨɝɨ ɄɄȾ ɝɿɞɪɨɦɨɬɨɪɚ. 
 

ɉɿɞɫɬɚɜɥɹɸɱɢ ɡɚɥɟɠɧɨɫɬɿ (3), (4), (5), (6) ɭ 
ɜɢɪɚɡ (2), ɨɬɪɢɦɭɽɦɨ ɩɟɪɟɜɢɬɪɚɬɭ ɩɚɥɢɜɚ  
ɫɢɥɨɜɨɸ ɭɫɬɚɧɨɜɤɨɸ ɡɟɪɧɨɡɛɢɪɚɥɶɧɨɝɨ ɤɨɦ-

ɛɚɣɧɚ ɹɤ ɮɭɧɤɰɿɸ ɡɚɡɨɪɿɜ ɭ ɩɨɪɲɧɟɜɢɯ ɿ ɪɨɡ-
ɩɨɞɿɥɶɧɿɣ ɩɚɪɚɯ ɤɚɱɚɸɱɢɯ ɜɭɡɥɿɜ ɝɿɞɪɨɦɚɲɢɧ 

ɈȽɌ. 

 

Ɇɨɞɟɥɸɜɚɧɧɹ ɩɪɨɜɨɞɢɬɶɫɹ ɨɪɿɽɧɬɭɸɱɢɫɶ ɧɚ 
ɩɚɫɩɨɪɬɧɿ ɞɚɧɿ ɡɟɪɧɨɡɛɢɪɚɥɶɧɨɝɨ ɤɨɦɛɚɣɧɚ 
Ⱦɨɧ-1500, ɨɫɧɚɳɟɧɨɝɨ ȾȼɁ əɆɁ–238ȺɄ. 

ɉɪɢɣɧɹɬɨ ɫɟɪɟɞɧɿ ɜɟɥɢɱɢɧɢ ɄɄȾ ɚɝɪɟɝɚɬɿɜ.  
 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɩɨɤɚɡɚɥɢ, ɳɨ ɡɚ ɡɛɿ-
ɥɶɲɟɧɧɹ ɡɚɡɨɪɿɜ ɤɚɱɚɸɱɢɯ ɜɭɡɥɿɜ ɝɿɞɪɨɚɝɪɟ-
ɝɚɬɿɜ ɭ ɩɪɨɰɟɫɿ ɟɤɫɩɥɭɚɬɚɰɿʀ ɜɿɞɛɭɜɚɽɬɶɫɹ  
ɡɛɿɥɶɲɟɧɧɹ ɩɟɪɟɜɢɬɪɚɬɢ ɩɚɥɢɜɚ ɫɢɥɨɜɨʀ 
ɭɫɬɚɧɨɜɤɢ, ɜɟɥɢɱɢɧɚ ɹɤɨɝɨ ɞɨɫɹɝɚɽ 3 ɥ/ɝɨɞ 

ɩɪɢ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɟɯɧɿɱɧɨɦɭ ɫɬɚɧɿ 
ɈȽɌ. 

 

Ɋɨɡɪɚɯɭɧɨɤ ɜɢɤɢɞɿɜ ɜɢɤɨɧɚɧɨ ɞɥɹ ɧɚɫɬɭɩɧɢɯ 
ɲɤɿɞɥɢɜɢɯ ɪɟɱɨɜɢɧ, ɳɨ ɧɚɞɯɨɞɹɬɶ ɞɨ ɚɬɦɨɫ-
ɮɟɪɢ ɡ ȼȽ ɫɬɚɰɿɨɧɚɪɧɢɯ ɞɢɡɟɥɶɧɢɯ ɭɫɬɚɧɨ-
ɜɨɤ: ɨɤɫɢɞ ɜɭɝɥɟɰɸ (ɋɈ), ɨɤɫɢɞɢ ɚɡɨɬɭ (NOɯ) 

(ɜ ɩɟɪɟɪɚɯɭɧɤɭ ɧɚ NO2), ɜɭɝɥɟɜɨɞɧɿ (ɋɇ), ɫɚ-
ɠɚ (ɋ), ɞɿɨɤɫɢɞ ɫɿɪɤɢ (SO2), ɮɨɪɦɚɥɶɞɟɝɿɞ 

(ɋɇ2Ɉ), ɛɟɧɡ(a)ɩɿɪɟɧ (Ȼɉ). Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚ-
ɯɭɧɤɿɜ ɡɛɿɥɶɲɟɧɧɹ ɜɢɤɢɞɿɜ ɜɿɞɧɨɫɧɨ ɩɨɱɚɬ-
ɤɨɜɢɯ ɡɧɚɱɟɧɶ ɫɢɥɨɜɨɸ ɭɫɬɚɧɨɜɤɨɸ ɡɟɪɧɨ-
ɡɛɢɪɚɥɶɧɨɝɨ ɤɨɦɛɚɣɧɚ ɩɪɢ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫ-
ɬɢɦɨɦɭ ɬɟɯɧɿɱɧɨɦɭ ɫɬɚɧɿ ɈȽɌ ɧɚɜɟɞɟɧɨ ɜ 
ɬɚɛɥ. 1.  

 
Ɍɚɛɥɢɰɹ 1 Ɂɧɚɱɟɧɧɹ ɡɛɿɥɶɲɟɧɧɹ ɜɚɥɨɜɢɯ  
ɜɢɤɢɞɿɜ ɫɢɥɨɜɨɸ ɭɫɬɚɧɨɜɤɨɸ (ɝ/ɝɨɞ) 

 

ɋɈ 58,8 ɋɇ 27,2 

NO2 90,5 ɋ 4,5 

SO2 11,3 Ȼɉ 1,2·10-4 

ɋɇ2Ɉ  1,1   

 

Ɂɚ ɦɚɫɨɜɢɦɢ ɜɢɤɢɞɚɦɢ ɨɤɪɟɦɢɯ ɲɤɿɞɥɢɜɢɯ 

ɪɟɱɨɜɢɧ, ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɤɨɟɮɿɰɿɽɧɬɚ ɜɿɞɧɨɫ-
ɧɨʀ ɚɝɪɟɫɢɜɧɨɫɬɿ iR , ɪɨɡɪɚɯɨɜɚɧɨ ɫɭɦɚɪɧɿ 
ɦɚɫɨɜɿ ɜɢɤɢɞɢ, ɡɜɟɞɟɧɿ ɞɨ ɋɈ, ɬɨɛɬɨ ɫɭɦɚɪɧɭ 
ɬɨɤɫɢɱɧɿɫɬɶ ɞɠɟɪɟɥɚ ɡɚɛɪɭɞɧɟɧɧɹ, ɜ ɭɦɨɜɧɢɯ 
ɤɿɥɨɝɪɚɦɚɯ ɡɚ ɩɟɜɧɢɣ ɩɟɪɿɨɞ ɱɚɫɭ [7] 
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Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɡɛɿɥɶɲɟɧɧɹ ɫɭɦɚɪɧɢɯ 
ɦɚɫɨɜɢɯ ɜɢɤɢɞɿɜ ɲɤɿɞɥɢɜɢɯ ɪɟɱɨɜɢɧ, ɡɜɟɞɟ-
ɧɢɯ ɞɨ ɋɈ, ɫɢɥɨɜɨɸ ɭɫɬɚɧɨɜɤɨɸ ɡɟɪɧɨɡɛɢɪɚ-
ɥɶɧɨɝɨ ɤɨɦɛɚɣɧɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 1. 

 

 
 

Ɋɢɫ. 1. Ɂɚɥɟɠɧɿɫɬɶ ɡɛɿɥɶɲɟɧɧɹ ɫɭɦɚɪɧɢɯ ɦɚ-
ɫɨɜɢɯ ɜɢɤɢɞɿɜ ɒɊ ɜɿɞɧɨɫɧɨ ɩɨɱɚɬɤɨɜɢɯ 

ɡɧɚɱɟɧɶ ɫɢɥɨɜɨɸ ɭɫɬɚɧɨɜɤɨɸ ɡɟɪɧɨɡɛɢ-

ɪɚɥɶɧɨɝɨ ɤɨɦɛɚɣɧɚ ɜɿɞ ɡɚɡɨɪɿɜ ɭ ɩɨɪɲ-

ɧɟɜɢɯ ɿ ɪɨɡɩɨɞɿɥɶɧɿɣ ɩɚɪɚɯ ɤɚɱɚɸɱɨɝɨ 
ɜɭɡɥɚ ɝɿɞɪɨɦɚɲɢɧ ɈȽɌ (1), ɮɭɧɤɰɿɹ ɩɪɢ 

ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɤɨɟɮɿɰɿɽɧɬɿ ɩɨ-
ɞɚɱɿ ɧɚɫɨɫɚ (2) 

 

əɤ ɜɢɞɧɨ ɡ ɝɪɚɮɿɤɚ ɧɚ ɪɢɫ. 1, ɡɚ ɡɛɿɥɶɲɟɧɧɹ 
ɡɚɡɨɪɿɜ ɭ ɩɨɪɲɧɟɜɢɯ ɿ ɪɨɡɩɨɞɿɥɶɧɿɣ ɩɚɪɚɯ 
ɤɚɱɚɸɱɢɯ ɜɭɡɥɿɜ ɝɿɞɪɨɦɚɲɢɧ ɈȽɌ ɜɿɞɛɭɜɚ-
ɽɬɶɫɹ ɡɛɿɥɶɲɟɧɧɹ ɫɭɦɚɪɧɢɯ ɦɚɫɨɜɢɯ ɜɢɤɢɞɿɜ 
ɡɚɛɪɭɞɧɸɜɚɥɶɧɢɯ ɪɟɱɨɜɢɧ ɜɿɞɧɨɫɧɨ ɩɨɱɚɬɤɨ-
ɜɢɯ ɡɧɚɱɟɧɶ ɫɢɥɨɜɨɸ ɭɫɬɚɧɨɜɤɨɸ ɡɟɪɧɨɡɛɢ-

ɪɚɥɶɧɨɝɨ ɤɨɦɛɚɣɧɚ. 
 

ゑóïÖÜç¡ó 

 

ɉɪɨɜɟɞɟɧɨ ɨɰɿɧɤɭ ɜɩɥɢɜɭ ɡɚɡɨɪɿɜ ɤɚɱɚɸɱɢɯ 
ɜɭɡɥɿɜ ɝɿɞɪɨɚɝɪɟɝɚɬɿɜ ɈȽɌ ɡɟɪɧɨɡɛɢɪɚɥɶɧɨɝɨ 

ɤɨɦɛɚɣɧɚ ɧɚ ɩɟɪɟɜɢɬɪɚɬɭ ɩɚɥɢɜɚ ɣɨɝɨ ɫɢɥɨ-
ɜɨɸ ɭɫɬɚɧɨɜɤɨɸ, ɜɟɥɢɱɢɧɚ ɹɤɨʀ ɞɨɫɹɝɚɽ  
3 ɥ/ɝɨɞ ɩɪɢ ɞɨɫɹɝɧɟɧɧɿ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɨ-
ɝɨ ɬɟɯɧɿɱɧɨɝɨ ɫɬɚɧɭ ɈȽɌ.  

 

ɉɨɤɚɡɚɧɨ, ɳɨ ɡɚ ɡɛɿɥɶɲɟɧɧɹ ɡɚɡɨɪɿɜ ɡɛɿɥɶ-
ɲɭɸɬɶɫɹ ɦɚɫɨɜɿ ɜɢɤɢɞɢ ɡɚɛɪɭɞɧɸɜɚɥɶɧɢɯ 
ɪɟɱɨɜɢɧ. Ɋɨɡɪɚɯɨɜɚɧɨ ɡɛɿɥɶɲɟɧɧɹ ɦɚɫɨɜɢɯ 
ɜɢɤɢɞɿɜ ɜɿɞɧɨɫɧɨ ɩɨɱɚɬɤɨɜɢɯ ɡɧɚɱɟɧɶ ɞɥɹ 
ɧɚɫɬɭɩɧɢɯ ɪɟɱɨɜɢɧ: ɨɤɫɢɞɭ ɜɭɝɥɟɰɸ, ɨɤɫɢɞɭ 
ɚɡɨɬɭ, ɜɭɝɥɟɜɨɞɧɿɜ, ɫɚɠɿ, ɞɿɨɤɫɢɞɭ ɫɿɪɤɢ, ɮɨ-
ɪɦɚɥɶɞɟɝɿɞɭ, ɛɟɧɡ(a)ɩɿɪɟɧɭ. ȼɟɥɢɱɢɧɚ ɫɭɦɚɪ-
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ɧɢɯ ɦɚɫɨɜɢɯ ɜɢɤɢɞɿɜ ɲɤɿɞɥɢɜɢɯ ɪɟɱɨɜɢɧ, 

ɡɜɟɞɟɧɢɯ ɞɨ ɋɈ, ɜɿɞɧɨɫɧɨ ɩɨɱɚɬɤɨɜɢɯ ɡɧɚ-
ɱɟɧɶ ɞɨɪɿɜɧɸɽ 4,85 ɤɝ/ɝɨɞ ɩɪɢ ɞɨɫɹɝɧɟɧɧɿ 
ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɬɟɯɧɿɱɧɨɝɨ ɫɬɚɧɭ ɈȽɌ.   
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