
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 

ɢɧɫɬɢɬɭɬ 
Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ 

ɤɚɮɟɞɪɚ 
 
 
 ɍɌȼȿɊɀȾȺɘ 

 Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
  ȿ. Ⱥ. Ȼɨɣɤɨ 
ɩɨɞɩɢɫɶ  ɂɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
«____»   ____________ 2020 ɝ. 

 
 
 

ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 
 

Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɩɨ ɫɧɢɠɟɧɢɸ ɜɵɛɪɨɫɨɜ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɧɚ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɚɯ ȻɄɁ-500-140 Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 

ɬɟɦɚ 
13.04.01 – Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 

ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 
13.04.01.02 – ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ  

ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ  
ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɩɪɨɝɪɚɦɦɵ 

 
 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ   ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ.  ȿ. Ⱥ. Ȼɨɣɤɨ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ     ȿ. ɋ. Ʉɚɳɟɟɜɚ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɋɟɰɟɧɡɟɧɬ   

Ƚɥɚɜɧɵɣ ɢɧɠɟɧɟɪ 
ȺɈ «ȿɧɢɫɟɣɫɤɚɹ 
ɌȽɄ (ɌȽɄ-13)» ɮ-ɥ 
«Ʉɪɚɫɧɨɹɪɫɤɚɹ 
Ɍɗɐ-2» 

 Ⱥ. ȿ. Ɂɭɛɚɪɟɜ 

 ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ     ɉ. ȼ. ɒɢɲɦɚɪɟɜ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 

Ʉɪɚɫɧɨɹɪɫɤ 2020 



 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 

ɢɧɫɬɢɬɭɬ 
Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ 

ɤɚɮɟɞɪɚ 
 
 
 ɍɌȼȿɊɀȾȺɘ 

 Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
  ȿ. Ⱥ. Ȼɨɣɤɨ 
ɩɨɞɩɢɫɶ  ɂɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
«____»   ____________ 2020 ɝ. 

ɁȺȾȺɇɂȿ 

ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ, ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ, ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ, ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

ɋɬɭɞɟɧɬɭ Ʉɚɳɟɟɜɨɣ ȿɜɝɟɧɢɢ ɋɟɪɝɟɟɜɧɟ 
ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ Ɏɗ18-06Ɇ       ɇɚɩɪɚɜɥɟɧɢɟ(ɫɩɟɰɢɚɥɶɧɨɫɬɶ)   13.04.01.02 
ɧɨɦɟɪ                                                                                                   ɤɨɞ 

ɗɮɮɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ       Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɢɱɟɫɤɢɣ  
ɪɟɲɟɧɢɣ ɩɨ ɫɧɢɠɟɧɢɸ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɧɚ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɚɯ 
ȻɄɁ-500-140 Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №16699/ɫ ɨɬ 17.11.2017 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ   ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ. ȿ. Ⱥ. Ȼɨɣɤɨ  

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ Ʉɨɬɥɨɚɝɪɟɝɚɬ ȻɄɁ-500-140 ɫɬ. №6 
 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ:  
1) Ɉɛɡɨɪɧɚɹ ɱɚɫɬɶ 
2) Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ 
3) Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 
4) ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
5) ɉɪɢɥɨɠɟɧɢɹ 
 
 
 



 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ    ________                                              ȿ. Ⱥ. Ȼɨɣɤɨ 
                                                    ɩɨɞɩɢɫɶ                                                                    ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ              _______                 ȿ. ɋ. Ʉɚɳɟɟɜɚ 
ɩɨɞɩɢɫɶ                ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

«17» ɧɨɹɛɪɹ 2017 ɝ. 

 



 

2 

ɊȿɎȿɊȺɌ 

Ɋɚɡɪɚɛɨɬɤɚ ɤɨɦɩɶɸɬɟɪɧɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɩɪɢ 
ɩɨɦɨɳɢ ɫɪɟɞɫɬɜ ANSYS Fluent, ɩɨɡɜɨɥɹɸɳɚɹ ɩɪɨɢɡɜɨɞɢɬɶ ɨɰɟɧɤɭ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ 
ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ. ɇɚ ɩɪɢɦɟɪɟ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɩɨ 
ɬɟɯɧɨɥɨɝɢɢ OFA ɩɪɨɢɡɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɫɠɢɝɚɧɢɹ 
ɩɵɥɟɭɝɨɥɶɧɨɣ ɫɦɟɫɢ. ɉɪɢɥɨɠɟɧɵ ɜɚɪɢɚɧɬɵ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɭɩɟɧɱɚɬɨɝɨ 
ɫɠɢɝɚɧɢɹ, ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ NOx ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɢɧɠɟɤɬɨɪɨɜ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɢ ɭɝɥɚ ɜɨɞɨɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

ɉɪɨɟɤɬ ɧɚɩɪɚɜɥɟɧ ɧɚ ɩɨɜɵɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɚɪɨɜɵɯ 
ɤɨɬɥɨɜ ɩɭɬɟɦ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɞɥɹ ɝɨɪɟɧɢɹ ɩɨ ɜɵɫɨɬɟ 
ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. 
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ȼȼȿȾȿɇɂȿ 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ – ɨɫɧɨɜɧɨɣ ɤɨɦɩɨɧɟɧɬ ɝɟɧɟɪɢɪɭɸɳɢɯ 
ɦɨɳɧɨɫɬɟɣ, ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɟɟ 
ɡɧɚɱɢɬɟɥɶɧɨ ɢ ɦɧɨɝɨɨɛɪɚɡɧɨ. Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɜɢɞɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɨɣ ɹɜɥɹɟɬɫɹ ɡɚɝɪɹɡɧɟɧɢɟ ɜɨɡɞɭɲɧɨɣ 
ɫɪɟɞɵ ɞɵɦɨɜɵɦɢ ɜɵɛɪɨɫɚɦɢ ɢ ɜɪɟɞɧɵɦɢ ɝɚɡɚɦɢ (ɨɤɫɢɞɵ ɫɟɪɵ ɢ ɚɡɨɬɚ, 
ɦɨɧɨɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɢ ɞɪ.) ɢ ɬɜɟɪɞɵɦɢ ɚɷɪɨɡɨɥɹɦɢ (ɡɨɥɚ, ɫɚɠɚ), 
ɜɤɥɸɱɚɸɳɢɦɢ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɬɨɤɫɢɱɧɵɟ ɢ ɤɚɧɰɟɪɨɝɟɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɫɨɟɞɢɧɟɧɢɹ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ.  

Ʉɪɚɫɧɨɹɪɫɤ ɜɯɨɞɢɬ ɜ ɱɢɫɥɨ ɫɚɦɵɯ ɡɚɝɪɹɡɧɟɧɧɵɯ ɝɨɪɨɞɨɜ Ɋɨɫɫɢɢ ɢ 
ɡɚɧɢɦɚɟɬ 12 ɦɟɫɬɨ [3]. ɋɨɝɥɚɫɧɨ ɟɠɟɝɨɞɧɨɦɭ ɷɤɨɥɨɝɢɱɟɫɤɨɦɭ ɞɨɤɥɚɞɭ 
Ɇɢɧɩɪɢɪɨɞɵ ɡɚ 2018 ɝɨɞ ɤɨɥɢɱɟɫɬɜɨ ɜɵɛɪɨɫɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɚɬɦɨɫɮɟɪɭ 
ɜɟɳɟɫɬɜ, ɨɬɯɨɞɹɳɢɯ ɨɬ ɫɬɚɰɢɨɧɚɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɫɨɫɬɚɜɥɹɸɬ 2318,9 ɬɵɫ. ɬ. 
(1789 ɬɵɫ. ɬ. ɁɎ ɉȺɈ «ȽɆɄ «ɇɨɪɢɥɶɫɤɢɣ ɧɢɤɟɥɶ» - ɝ. ɇɨɪɢɥɶɫɤ). Ȼɟɡ ɭɱɟɬɚ 
ɜɵɛɪɨɫɨɜ ɁɎ ɉȺɈ «ȽɆɄ «ɇɨɪɢɥɶɫɤɢɣ ɧɢɤɟɥɶ» ɫɭɦɦɚɪɧɵɟ ɜɵɛɪɨɫɵ ɜ ɤɪɚɟ 
ɫɨɫɬɚɜɢɥɢ 529,9 ɬɵɫ. ɬ. ɇɚ ɞɨɥɸ ɨɬɪɚɫɥɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɝɚɡɚ ɢ ɜɨɞɵ ɫɨɫɬɚɜɢɥɢ 43,3% (229,4 ɬɵɫ. ɬ.), ɢɡ ɧɢɯ ɧɚ ɞɨɥɸ 
Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɩɪɢɯɨɞɢɬɫɹ 6,5% (14,9 ɬɵɫ. ɬ.) [3]. Ⱦɨɥɹ ɧɚɢɛɨɥɟɟ 
ɬɨɤɫɢɱɧɵɯ ɜɵɛɪɨɫɨɜ, ɬɚɤɢɯ ɤɚɤ ɨɤɫɢɞɵ ɚɡɨɬɚ, ɫɨɫɬɚɜɥɹɟɬ 37,4% (5710,14 
ɬɵɫ.ɬ). 

ɋɧɢɠɟɧɢɟ ɧɟɝɚɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 
ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ 
ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɫɧɢɠɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɞɧɟɣ ɫ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦɢ 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɢ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɠɢɡɧɢ ɧɚɫɟɥɟɧɢɹ 
ɩɪɟɞɥɚɝɚɸ ɪɚɫɫɦɨɬɪɟɬɶ ɬɟɯɧɢɱɟɫɤɨɟ ɩɪɟɞɥɨɠɟɧɢɟ ɩɨ ɫɧɢɠɟɧɢɸ ɜɵɛɪɨɫɨɜ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɧɚ ɩɪɢɦɟɪɟ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɯɧɢɱɟɫɤɨɟ ɩɪɟɞɥɨɠɟɧɢɟ, ɤɨɬɨɪɨɟ 
ɨɫɧɨɜɚɧɨ ɧɚ ɜɧɭɬɪɢɬɨɩɨɱɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɭɝɥɹ ɫ ɨɪɝɚɧɢɡɚɰɢɣ ɫɬɭɩɟɧɱɚɬɨɝɨ 
ɫɠɢɝɚɧɢɹ ɩɨ ɬɟɯɧɨɥɨɝɢɢ OFA (overfire air) ɧɚ ɩɪɢɦɟɪɟ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 
ȻɄɁ-500-140 ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɧɚ ɨɩɬɢɦɚɥɶɧɨɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɜɨɡɞɭɯɚ ɧɚ ɝɨɪɟɥɤɢ ɢ ɫɨɩɥɚ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɩɪɢ 
ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɜɵɛɪɨɫɨɜ NOx ɢ ɦɚɤɫɢɦɚɥɶɧɨ 
ɜɨɡɦɨɠɧɨɦ ɄɉȾ, ɢɫɩɨɥɶɡɭɹ ɫɪɟɞɫɬɜɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ 
ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɫɥɨɠɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, 
ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ. 
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1 Ɉɫɧɨɜɧɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɢ ɩɭɬɢ ɪɟɲɟɧɢɹ  

ɋɠɢɝɚɧɢɟ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɜ ɬɨɩɨɱɧɵɯ ɤɚɦɟɪɚɯ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ 
ɩɨɦɢɦɨ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ (CO2, H2Ɉ, N2) ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ – ɬɜɟɪɞɵɟ (ɡɨɥɚ) ɢ ɝɚɡɨɨɛɪɚɡɧɵɟ, ɬɚɤɢɟ ɤɚɤ ɨɤɫɢɞɵ 
ɫɟɪɵ (SO2 ɢ SO3), ɨɤɫɢɞɵ ɚɡɨɬɚ (NO ɢ NO2), ɛɟɧɡɚɩɢɪɟɧ ɢ ɞɪɭɝɢɟ, 
ɨɤɚɡɵɜɚɸɳɢɟ ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɱɟɥɨɜɟɤɚ. 

Ⱦɨɥɹ ɜɫɟɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɨɬ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɧɟɜɟɥɢɤɚ, ɧɨ 
ɜɨɡɧɢɤɚɸɳɢɟ ɦɟɫɬɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɜɫɥɟɞɫɬɜɢɟ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɚɬɦɨɫɮɟɪɟ, ɨɤɚɡɵɜɚɸɬ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɱɟɥɨɜɟɤɚ, 
ɪɚɫɬɢɬɟɥɶɧɵɣ ɢ ɠɢɜɨɬɧɵɣ ɦɢɪ. Ʉɢɫɥɨɬɧɵɟ ɞɨɠɞɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɜɫɥɟɞɫɬɜɢɟ 
ɫɨɟɞɢɧɟɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɢ ɫɟɪɵ ɫ ɜɥɚɝɨɣ ɚɬɦɨɫɮɟɪɵ, ɧɚɧɨɫɹɬ ɧɟɩɨɩɪɚɜɢɦɵɣ 
ɯɚɪɚɤɬɟɪ ɨɤɪɭɠɚɸɳɟɦɭ ɦɢɪɭ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɨɤɫɢɞɵ ɚɡɨɬɚ ɩɪɢɜɨɞɹɬ ɤ ɩɨɬɟɪɹɦ ɨɡɨɧɚ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ 
ɚɬɦɨɫɮɟɪɵ, ɨɛɪɚɡɨɜɚɧɢɸ ɫɦɨɝɚ. ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɬɟɩɥɨɜɵɦɢ 
ɫɬɚɧɰɢɹɦɢ ɜ Ɋɨɫɫɢɢ ɫɨɫɬɚɜɥɹɸɬ ɨɤɨɥɨ 60% ɨɬ ɢɯ ɨɛɳɟɝɨ ɩɨɫɬɭɩɥɟɧɢɹ ɜ 
ɚɬɦɨɫɮɟɪɭ [1]. 

1.1 ɗɤɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɜɵɛɪɨɫɨɜ 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɬɱɟɬɧɨɫɬɢ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɡɚ 
2018 ɝɨɞ ɤɨɥɢɱɟɫɬɜɨ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɪɚɫɩɪɟɞɟɥɢɥɨɫɶ ɫɨɝɥɚɫɧɨ 
ɪɢɫɭɧɤɭ 1. Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ: ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ – 
41,6 ɬ, ɞɢɨɤɫɢɞ ɫɟɪɵ – 6297,4 ɬ, ɨɤɫɢɞɵ ɚɡɨɬɚ – 6245,6 ɬ, ɨɤɫɢɞ ɭɝɥɟɪɨɞɚ – 
302,17 ɬ. 

 

Ɋɢɫɭɧɨɤ 1 – ȼɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ 

Ʉɨɥɢɱɟɫɬɜɨ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ NOx ɫɨɫɬɚɜɥɹɟɬ 6997,9 ɬ, 
SO2 – 9230,6 ɬ. Ⱥɧɚɥɢɡɢɪɭɸ ɩɪɢɜɟɞɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɨɬɧɨɲɟɧɢɟ 
ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɜɵɛɪɨɫɨɜ ɤ ɞɨɩɭɫɬɢɦɵɦ ɞɥɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɫɨɫɬɚɜɥɹɟɬ 89,2%, 
ɞɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ – 68,2%.  

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɚ ɫɬɚɧɰɢɢ ɪɚɛɨɬɚɟɬ ɜ ɩɟɪɟɦɟɧɧɵɯ 
ɪɟɠɢɦɚɯ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɤɨɥɢɱɟɫɬɜɨ 
ɜɵɛɪɨɫɨɜ ɭɜɟɥɢɱɢɬɫɹ ɢ ɞɨɫɬɢɝɧɟɬ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ. 

7,79

52,65

2,05

37,4

0,11
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Ɉɤɫɢɞ ɚɡɨɬɚ - ɛɟɫɰɜɟɬɧɵɣ ɹɞɨɜɢɬɵɣ ɝɚɡ, ɨɤɚɡɵɜɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɧɟɪɜɧɭɸ ɫɢɫɬɟɦɭ ɢ ɤɪɨɜɶ ɱɟɥɨɜɟɤɚ, ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɥɟɬɚɥɶɧɨɦɭ ɢɫɯɨɞɭ, ɨɬɧɨɫɢɬɫɹ ɤ ɬɪɟɬɶɟɦɭ ɤɥɚɫɫɭ ɨɩɚɫɧɨɫɬɢ; ɞɢɨɤɫɢɞ ɚɡɨɬɚ 
ɢɦɟɟɬ ɤɪɚɫɧɨ-ɛɭɪɵɣ ɰɜɟɬ, ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɥɟɝɤɢɟ ɢ 
ɞɵɯɚɬɟɥɶɧɵɟ ɩɭɬɢ, ɩɪɢ ɞɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɫɢɥɢɜɚɟɬ ɞɟɣɫɬɜɢɟ 
ɤɚɧɰɟɪɨɝɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɜɬɨɪɨɣ ɤɥɚɫɫ ɨɩɚɫɧɨɫɬɢ. 

ȼ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ ɫɨɞɟɪɠɢɬɫɹ ɨɤɫɢɞ ɞɢɚɡɨɬɚ N2O. Ɂɚɤɢɫɶ ɚɡɨɬɚ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ ɨɡɨɧɧɨɝɨ ɫɥɨɹ Ɂɟɦɥɢ ɢ ɭɫɢɥɟɧɢɸ ɩɚɪɧɢɤɨɜɨɝɨ 
ɷɮɮɟɤɬɚ ɜ ɚɬɦɨɫɮɟɪɟ. 

Ɉɞɧɢɦ ɢɡ ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɹɜɥɹɸɬɫɹ ɨɤɫɢɞɵ 
ɚɡɨɬɚ. ɉɪɢ ɜɵɯɨɞɟ ɢɡ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 40-80% ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɟɪɟɯɨɞɢɬ ɜ 
ɞɢɨɤɫɢɞ ɚɡɨɬɚ, ɩɪɢ ɷɬɨɦ ɨɛɪɚɡɨɜɚɧɢɟ ɞɢɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɤɨɪɧɟ ɞɵɦɨɜɨɝɨ 
ɮɚɤɟɥɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɤɢɫɥɨɪɨɞɨɦ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ 
ɩɪɢɡɟɦɢɫɬɨɦ ɫɥɨɟ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹ NO ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ 
ɨɡɨɧɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ. 

Ɇɚɫɫɨɜɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɨɪɦɚɬɢɜɧɵɯ ɭɞɟɥɶɧɵɯ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɩɪɢ ɧ.ɭ. ɞɥɹ ɤɨɬɥɨɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɫɜɵɲɟ 420ɬ/ɱ 
ɢ ɜɜɟɞёɧɧɵɯ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɞɨ 2001 ɝɨɞɚ ɫɨɫɬɚɜɥɹɸɬ 700ɦɝ/ɦ3, ɞɥɹ 
ɚɧɚɥɨɝɢɱɧɵɯ ɤɨɬɥɨɜ, ɜɜɟɞёɧɧɵɯ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɩɨɫɥɟ 2001 ɝ. ɫɨɫɬɚɜɥɹɸɬ 
300ɦɝ/ɦ3. ɉɨ ɞɚɧɧɵɦ ɮɚɤɬɢɱɟɫɤɢɯ ɡɚɦɟɪɨɜ ɧɚ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɜ ɡɢɦɧɢɟ 
ɦɟɫɹɰɵ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɞɨɫɬɢɝɚɥɚ ɩɪɟɞɟɥɨɜ, ɜɵɲɟ ɧɨɪɦɚɬɢɜɧɵɯ 
ɡɧɚɱɟɧɢɣ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɞɨɩɭɫɬɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɝɨɞ, 
ɢɦɟɸɬɫɹ ɟɞɢɧɨɜɪɟɦɟɧɧɵɟ ɩɪɟɜɵɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ. Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ 
ɜɨɡɦɨɠɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɞɥɹ ɫɧɢɠɟɧɢɹ NOx ɞɨ ɧɨɪɦɚɬɢɜɧɵɯ ɜɟɥɢɱɢɧ. 

1.2 Ⱥɧɚɥɢɡ ɧɚɢɥɭɱɲɢɯ ɞɨɫɬɭɩɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɫɧɢɠɟɧɢɹ NOx 

Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɭɬɟɣ ɭɦɟɧɶɲɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɧɢɦɚɧɢɟ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ. ɇɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɯɨɪɨɲɨ 
ɨɩɪɟɞɟɥɟɧɵ ɢ ɢɡɭɱɟɧɵ 3 ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɪɚɡɧɵɯ ɢɫɬɨɱɧɢɤɚ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, 
ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ: 

 
1. Ɍɟɪɦɢɱɟɫɤɢɟ ɨɤɫɢɞɵ ɚɡɨɬɚ 
Ɉɛɪɚɡɨɜɚɧɢɟ ɬɟɪɦɢɱɟɫɤɢɯ NO ɢɡ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɚ ɜɨɡɞɭɯɚ, 

ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɬɨɩɤɭ ɤɨɬɥɚ. Ɉɛɪɚɡɨɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɞɨɫɬɚɬɨɱɧɨɝɨ 
ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ ɢ ɩɪɢ ɜɵɫɨɤɢɯ (ɜɵɲɟ 
1300°ɋ) ɬɟɦɩɟɪɚɬɭɪɚɯ. ɋɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ NO ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ 
ɬɟɦɩɟɪɚɬɭɪɵ. ɍɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ 
ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɦɭ ɪɨɫɬɭ ɷɦɢɫɫɢɢ ɨɤɫɢɞɚ ɚɡɨɬɚ. Ʌɢɧɟɣɧɨ ɪɚɫɬɟɬ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ. 
ɉɟɪɜɢɱɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɞɥɹ ɫɧɢɠɟɧɢɹ NOx ɨɫɧɨɜɚɧɵ ɧɚ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɨɞɢɧ 
ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɮɚɤɬɨɪɨɜ ɜ ɡɨɧɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɝɟɧɟɪɚɰɢɢ NOx. 
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2. Ɍɨɩɥɢɜɧɵɟ ɨɤɫɢɞɵ ɚɡɨɬɚ 
Ɉɛɪɚɡɨɜɚɧɢɟ NO ɢɡ ɚɡɨɬɨɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ 

ɮɚɤɟɥɚ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ ɨɛɪɚɡɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɢɯ. 
Ⱦɚɧɧɵɟ ɨɤɫɢɞɵ ɨɛɪɚɡɭɸɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɝɨɪɟɧɢɟɦ ɬɨɩɥɢɜɚ, ɜ ɩɪɨɦɟɠɭɬɨɤ 
ɜɪɟɦɟɧɢ ɦɟɧɶɲɢɣ, ɱɟɦ ɜɪɟɦɹ ɟɝɨ ɝɨɪɟɧɢɹ ɢ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ (ɜɵɲɟ 1000°ɋ). ɋɬɟɩɟɧɶ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 670-
1050°ɋ, ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɤɜɚɞɪɚɬɭ ɫɪɟɞɧɟɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ ɜ ɮɚɤɟɥɟ. Ƚɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɷɦɢɫɫɢɹ NOx ɡɚɜɢɫɢɬ ɨɬ 
ɜɢɞɚ ɢ ɫɨɫɬɚɜɚ ɬɨɩɥɢɜɚ, ɨɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɟɦ ɹɜɥɹɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɜ 
ɬɨɩɥɢɜɟ.  

3. Ȼɵɫɬɪɵɟ ɨɤɫɢɞɵ ɚɡɨɬɚ 
Ɉɛɪɚɡɨɜɚɧɢɟ NO ɩɭɬɟɦ ɪɟɚɤɰɢɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɚ ɜɨɡɞɭɯɚ ɫ 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɦɢ ɪɚɞɢɤɚɥɚɦɢ, ɨɛɪɚɡɭɸɳɢɦɢɫɹ ɜ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɟɚɤɰɢɹɯ 
ɝɨɪɟɧɢɹ («ɛɵɫɬɪɨɟ» NO). Ɉɛɪɚɡɭɸɬɫɹ ɜ ɡɨɧɟ ɮɪɨɧɬɚ ɩɥɚɦɟɧɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɨɤɨɥɨ 1300°ɋ. ɍɫɬɚɧɨɜɥɟɧɚ ɩɪɟɨɛɥɚɞɚɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ NOx ɨɬ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɢ ɫɦɟɳɟɧɢɹ ɟɝɨ ɦɚɤɫɢɦɭɦɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 
ɨɛɥɚɫɬɶ ɨɛɨɝɚɳɟɧɧɵɯ ɝɨɪɸɱɢɯ ɫɦɟɫɟɣ. Ʉɨɥɢɱɟɫɬɜɨ «ɛɵɫɬɪɵɯ» ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɟɧɢɹ. Ⱦɨɥɹ ɷɬɢɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɫɭɦɦɚɪɧɨɦ 
ɢɯ ɜɵɛɪɨɫɟ ɫɨɫɬɚɜɥɹɟɬ 10-15% [2]. 

ɂɡɦɟɧɹɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ (ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ 
ɬɨɩɤɟ, ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɯ ɩɪɟɛɵɜɚɧɢɹ) ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ 
ɭɦɟɧɶɲɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ NOx. Ɋɚɫɫɦɨɬɪɢɦ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨ 
ɫɧɢɠɟɧɢɸ ɷɦɢɫɫɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɢɧɰɢɩɵ ɨɝɪɚɧɢɱɟɧɢɹ ɧɟɝɚɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ Ɍɗɋ ɧɚ 
ɚɬɦɨɫɮɟɪɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɩɨɞɚɜɥɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ 
ɩɪɨɰɟɫɫɟ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ ɜ ɬɨɩɤɟ ɤɨɬɥɚ, ɭɞɚɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɜ ɚɩɩɚɪɚɬɚɯ 
ɩɵɥɟ ɢ ɝɚɡɨɨɱɢɫɬɤɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚ ɤɨɬɥɨɦ. 

Ʉ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨ ɭɦɟɧɶɲɟɧɢɸ ɨɛɪɚɡɨɜɚɧɢɹ NOx 
ɨɬɧɨɫɹɬɫɹ ɧɢɡɤɨɷɦɢɫɫɢɨɧɵɟ ɝɨɪɟɥɤɢ. 

ȼ ɷɬɢɯ ɝɨɪɟɥɤɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɝɨɪɚɧɢɹ ɜ 
ɨɛɥɚɫɬɢ ɮɚɤɟɥɚ ɝɨɪɟɥɤɢ (ɪɢɫ. 2). ɗɬɨ ɩɨɥɭɱɚɟɬɫɹ ɩɭɬɟɦ ɫɨɡɞɚɧɢɹ ɡɨɧɵ ɝɨɪɟɧɢɹ 
ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɡɞɭɯɚ ɧɢɠɟ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ. Ⱦɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɡɨɧɵ 
ɢɫɩɨɥɶɡɭɸɬ ɫɦɟɫɶ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɫ ɱɚɫɬɶɸ ɜɬɨɪɢɱɧɨɝɨ. Ɉɫɬɚɥɶɧɨɣ 
ɜɨɡɞɭɯ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ, ɜɜɨɞɢɬɟ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɫɨɩɥɚ 
ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪɚɡɨɦ, ɧɟ ɭɯɭɞɲɚɟɬ ɩɟɪɜɢɱɧɵɣ ɩɪɨɰɟɫɫ ɫɧɢɠɟɧɢɹ ɜɵɯɨɞɚ 
NOx, ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɨɟ ɫɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ. 

ɉɵɥɟɜɨɡɞɭɲɧɚɹ ɫɦɟɫɶ ɩɨɞɚɟɬɫɹ ɱɟɪɟɡ ɰɟɧɬɪɚɥɶɧɭɸ ɬɪɭɛɭ, ɜ ɬɨ ɜɪɟɦɹ 
ɜɬɨɪɢɱɧɵɣ ɜɨɡɞɭɯ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ 2 ɤɨɥɶɰɟɜɵɯ ɩɨɬɨɤɚ: ɩɟɪɢɮɟɪɢɣɧɵɣ ɢ 
ɜɧɭɬɪɟɧɧɢɣ. Ƚɨɪɟɥɤɚ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɟɟ ɚɷɪɨɞɢɧɚɦɢɤɚ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɫɲɢɪɟɧɧɭɸ ɜɧɭɬɪɟɧɧɸɸ ɡɨɧɭ ɪɟɰɢɪɤɭɥɹɰɢɢ. ȼɚɠɧɚɹ 
ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɝɨɪɟɥɤɢ – ɷɬɨ ɧɚɥɢɱɢɟ ɫɬɚɛɢɥɢɡɚɬɨɪɚ. ɂɦɟɧɧɨ 
ɛɥɚɝɨɞɚɪɹ ɟɦɭ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɟ ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɜ ɛɥɢɡɢ ɨɬ ɫɨɩɥɚ 
ɩɵɥɟɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ. ɉɨɜɵɲɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɨɩɪɟɞɟɥɹɟɬ 
ɛɵɫɬɪɨɟ ɜɵɞɟɥɟɧɢɟ ɥɟɬɭɱɢɯ ɢ ɟɝɨ ɪɚɧɧɢɟ ɜɨɫɩɥɚɦɟɧɟɧɢɟ. ɗɬɨ, ɧɚɪɹɞɭ ɫ 
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ɪɚɫɲɢɪɟɧɧɨɣ ɜɧɭɬɪɟɧɧɟɣ ɡɨɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɥɚɝɨɩɪɢɹɬɧɵɟ 
ɭɫɥɨɜɢɹ ɢ ɞɨɫɬɚɬɨɱɧɨɟ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɜ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɡɨɧɟ ɮɚɤɟɥɚ. 

 
Ⱥ — ɡɨɧɚ ɜɵɯɨɞɚ ɥɟɬɭɱɢɯ; ȼ — ɜɵɞɟɥɟɧɢɟ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɞɢɤɚɥɨɜ; ɋ — ɡɨɧɚ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ NO; D — ɨɤɢɫɥɢɬɟɥɶɧɚɹ ɡɨɧɚ1 — ɦɚɡɭɬɧɚɹ ɮɨɪɫɭɧɤɚ; 2 — ɚɷɪɨɫɦɟɫɶ; 3 — 
ɜɧɭɬɪɟɧɧɢɣ ɜɨɡɞɭɲɧɵɣ ɤɚɧɚɥ; 4 — ɜɧɟɲɧɢɣ ɜɨɡɞɭɲɧɵɣ ɤɚɧɚɥ; 5 — ɚɤɫɢɚɥɶɧɵɣ 

ɥɨɩɚɬɨɱɧɵɣ ɚɩɩɚɪɚɬ; 6 — ɫɬɚɛɢɥɢɡɚɬɨɪ 
Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɜ ɝɨɪɟɥɤɟ 

ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɚɹ ɜɧɭɬɪɟɧɧɹɹ ɡɨɧɚ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɚɥɚ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɭɜɟɥɢɱɟɧɢɸ ɜɵɯɨɞɚ ɥɟɬɭɱɢɯ. ɂɯ ɧɟɡɚɦɟɞɥɢɬɟɥɶɧɨɟ ɩɨɩɚɞɚɧɢɟ ɜ ɨɛɥɚɫɬɶ ɫ 
ɝɥɭɛɨɤɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɤɢɫɥɨɪɨɞɚ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɫɢɥɟɧɧɨɦɭ ɩɟɪɟɯɨɞɭ 
ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɦɨɥɟɤɭɥɹɪɧɵɣ ɚɡɨɬ, ɚ ɧɟ ɜ ɨɤɫɢɞ ɚɡɨɬɚ. 

Ⱦɪɭɝɨɣ ɧɟ ɦɟɧɟɟ ɷɤɨɥɨɝɢɱɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɹɜɥɹɟɬɫɹ ɨɪɝɚɧɢɡɚɰɢɹ 
ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ. ɉɪɢ ɫɬɭɩɟɧɱɚɬɨɦ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ ɝɨɪɟɥɤɢ ɜ ɬɨɩɤɟ 
ɤɨɬɥɚ ɪɚɡɦɟɳɚɸɬ ɜ ɧɟɫɤɨɥɶɤɨ ɹɪɭɫɨɜ, ɫ ɨɪɝɚɧɢɡɚɰɢɟɣ ɩɨɹɪɭɫɧɨɝɨ ɢɡɦɟɧɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ 
ɫɠɢɝɚɧɢɹ ɩɨ ɬɟɯɧɨɥɨɝɢɢ OFA (ɢɥɢ ɦɟɬɨɞ «ɨɫɬɪɨɝɨ ɞɭɬɶɹ») ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 3. 

 

 - ɩɨɞɜɨɞ ɜɨɡɞɭɯɚ;  - ɩɨɞɜɨɞ ɬɨɩɥɢɜɚ 

Ɋɢɫɭɧɨɤ 3 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ ɜ 
ɬɨɩɤɟ ɤɨɬɥɚ. 
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ȼ ɡɨɧɭ I ɩɨɞɚɟɬɫɹ 70−90 % ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɝɨɪɟɥɤɢ ɝɨɪɟɥɤɢ. ɉɪɢ 
ɫɦɟɲɢɜɚɧɢɢ ɜ ɝɨɪɟɥɤɟ ɬɨɩɥɢɜɚ ɫ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɩɨɬɨɤɨɦ ɜɨɡɞɭɯɚ ɫɨɡɞɚɟɬɫɹ 
ɨɛɟɞɧɟɧɧɚɹ ɤɢɫɥɨɪɨɞɨɦ ɢ ɨɛɨɝɚɳɟɧɧɚɹ ɬɨɩɥɢɜɨɦ ɡɨɧɚ ɝɨɪɟɧɢɹ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɫɩɨɫɨɛɫɬɜɭɸɳɚɹ ɫɧɢɠɟɧɢɸ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
ɢɡ ɚɡɨɬɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɬɨɩɥɢɜɟ. 

ɇɚɞ ɨɫɧɨɜɧɨɣ ɡɨɧɨɣ ɝɨɪɟɧɢɹ – ɜɬɨɪɚɹ ɡɨɧɚ, ɬɟɯɧɨɥɨɝɢɟɣ ɨɫɬɪɨɝɨ ɞɭɬɶɹ 
ɱɟɪɟɡ ɢɧɠɟɤɬɨɪɵ ɧɚɞ ɝɨɪɟɥɤɚɦɢ ɩɨɩɚɞɚɟɬ ɨɫɬɚɜɲɚɹɫɹ ɱɚɫɬɶ ɜɨɡɞɭɯɚ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ. ɋɧɢɠɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɟ ɜɨɡɞɭɲɧɵɯ NOx 
ɩɪɨɢɫɯɨɞɢɦ ɜɫɥɟɞɫɬɜɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɡɨɧɟ ɞɨɠɢɝɚɧɢɹ. 
Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɡɚɬɪɚɬɧɨɣ ɢ ɷɮɮɟɤɬɢɜɧɨɣ. ȼ 
ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɛɵɥɢ ɧɚɣɞɟɧɵ ɫɬɚɬɶɢ ɨ ɜɧɟɞɪɟɧɢɢ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɥɢ 
ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɧɟɣ ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɬɟɩɥɨɜɵɯ ɫɬɚɧɰɢɹɯ Ɋɨɫɫɢɢ. 

ɇɚ Ⱥɥɦɚɬɢɧɫɤɨɣ Ɍɗɐ ɞɥɹ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ȻɄɁ-160 ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ 
ɬɟɯɧɨɥɨɝɢɹ Overfire Air ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɜ ɬɨɩɤɟ. 
ɉɨɞɚɱɚ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜ ɧɟɫɤɨɥɶɤɨ ɜɨɡɞɭɲɧɵɯ ɤɚɧɚɥɨɜ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɫɬɟɧɤɚɯ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɧɚɞ ɜɟɪɯɧɢɦ 
ɭɪɨɜɧɟɦ ɝɨɪɟɥɨɤ (ɪɢɫ. 4). ɉɨɞɚɱɚ ɬɨɩɥɢɜɚ ɢ ɨɤɢɫɥɢɬɟɥɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ 
ɬɚɧɝɟɧɰɢɚɥɶɧɨ ɱɟɪɟɡ ɱɟɬɵɪɟ ɛɥɨɤɚ ɩɪɹɦɨɬɨɱɧɵɯ ɳɟɥɟɜɵɯ ɝɨɪɟɥɨɤ. Ⱦɥɹ 
ɪɟɚɥɢɡɚɰɢɢ OFA-ɬɟɯɧɨɥɨɝɢɢ ɛɵɥɨ ɜɵɛɪɚɧɨ 2 ɪɟɠɢɦɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 10% ɢ 
20% ɨɬ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɜɨɡɞɭɯɚ ɩɨɞɚɜɚɥɨɫɶ ɱɟɪɟɡ ɢɧɠɟɤɬɨɪɵ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 
ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɧɢɠɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɞɨɫɬɢɝɥɨ 27%(ɩɪɢ OFA=20%) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɛɚɡɨɜɵɦ ɪɟɠɢɦɨɦ. 

 
Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨ OFA-ɬɟɯɧɨɥɨɝɢɢ 

ɇɚ ɗɤɢɛɚɫɬɭɡɫɤɨɣ ȽɊɗɋ-1 ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɤɨɬɥɚ           ɉ-
57-3Ɇ ɫ ɩɟɪɟɜɨɞɨɦ ɧɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ. ɋ ɩɨɦɨɳɶɸ 24 ɜɢɯɪɟɜɵɯ 
ɧɢɡɤɨɷɦɢɫɫɢɨɧɧɵɯ ɩɵɥɟɭɝɨɥɶɧɵɯ ɝɨɪɟɥɨɤ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɛɨɤɨɜɵɯ 
ɫɬɟɧɤɚɯ ɜ 2 ɹɪɭɫɚ ɩɨ ɜɫɬɪɟɱɧɨɣ ɫɯɟɦɟ ɢ 8 ɫɛɪɨɫɧɵɯ ɝɨɪɟɥɨɤ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɧɚɞ ɨɫɧɨɜɧɵɦɢ ɝɨɪɟɥɤɚɦɢ, ɩɨ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɯɟɦɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɜ 
ɤɚɠɞɨɣ ɩɨɥɭɬɨɩɤɟ ɨɪɝɚɧɢɡɭɟɬɫɹ ɜɢɯɪɟɜɨɟ ɞɜɢɠɟɧɢɟ ɩɵɥɟɜɨɡɞɭɲɧɨɣ ɩɨ 
ɞɢɚɦɟɬɪɭ ɜɨɨɛɪɚɠɚɟɦɨɣ ɨɤɪɭɠɧɨɫɬɢ (ɪɢɫ. 5,6) 
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Ɋɢɫɭɧɨɤ 5 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɫɧɨɜɧɵɯ ɝɨɪɟɥɨɤ ɢ 

ɧɚɩɪɚɜɥɟɧɢɹ ɢɯ ɤɪɭɬɨɤ ɧɚ ɗɤɢɛɚɫɬɭɡɫɤɨɣ ȽɊɗɋ-1 

Ɉɪɝɚɧɢɡɚɰɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ 
ɫɱɟɬ ɩɨɞɚɱɢ ɱɚɫɬɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ (OFA), 
ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ 2 ɹɪɭɫɚ ɜɵɲɟ ɫɛɪɨɫɧɵɯ ɝɨɪɟɥɨɤ (ɪɢɫ 5,6). ȼ ɰɟɥɨɦ, ɩɪɢ 
ɩɪɢɦɟɧɟɧɢɢ ɬɟɯɧɨɥɨɝɢɢ OFA ɫɨɜɦɟɫɬɧɨ ɫ ɧɢɡɤɨɷɦɢɫɫɢɨɧɧɵɦɢ ɝɨɪɟɥɤɚɦɢ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɢɠɟɧɢɟ ɜɵɛɪɨɫɨɜ NOx≤600ɦɝ/ɧɦ3 (ɜɦɟɫɬɨ ~1200-1400 
ɦɝ/ɧɦ3)[5]. 

 
Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɛɪɨɫɧɵɯ ɫɨɩɟɥ (ɚ) ɢ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ 

ɞɭɬɶɹ (ɛ,ɜ) 

ɂɦɟɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɛɭɫɬɟɪɧɨɝɨ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ. Ɉɫɧɨɜɧɚɹ 
ɢɞɟɹ – ɭɫɬɚɧɨɜɤɚ ɢɧɠɟɤɬɨɪɨɜ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɤɚɤ ɦɨɠɧɨ ɛɥɢɠɟ ɤ 
ɜɵɯɨɞɭ ɢɡ ɬɨɩɤɢ. ɋɤɨɪɨɫɬɶ ɜ ɬɚɤɢɯ ɫɨɩɥɚɯ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɫɤɨɪɨɫɬɶ 
ɩɪɢ ɨɛɵɱɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ. Ȼɨɥɟɟ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ 
ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɫɦɟɲɢɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɢ 
ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɫɤɨɪɨɫɬɢ ɬɪɟɛɭɟɬɫɹ 
ɭɫɬɚɧɨɜɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ 
ɭɞɨɪɨɠɚɧɢɸ ɩɪɨɟɤɬɚ. 
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ȿɳɟ ɛɨɥɟɟ ɫɢɥɶɧɵɣ ɷɮɮɟɤɬ ɩɨɞɚɜɥɟɧɢɹ NOx, ɨɫɨɛɟɧɧɨ ɧɚ ɤɨɬɥɚɯ ɫ 
ɠɢɞɤɢɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɞɚɟɬ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ, ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ 
ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 7. 

 

 - ɩɨɞɜɨɞ ɜɨɡɞɭɯɚ;  - ɩɨɞɜɨɞ ɬɨɩɥɢɜɚ. 

Ɋɢɫɭɧɨɤ 7 - – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ ɜ 
ɬɨɩɤɟ ɤɨɬɥɚ 

ɉɨ ɜɵɫɨɬɟ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɨɛɪɚɡɭɸɬɫɹ ɬɪɢ ɡɨɧɵ. ȼ ɩɟɪɜɭɸ ɡɨɧɭ 
(ɧɢɠɧɹɹ ɱɚɫɬɶ ɬɨɩɤɢ) ɩɨɞɚɟɬɫɹ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɬɨɩɥɢɜɚ (70-85%) ɩɪɢ ɢɡɛɵɬɤɟ 
ɜɨɡɞɭɯɚ ɛɥɢɡɤɨɦ ɤ ɟɞɢɧɢɰɟ. ɇɚ ɜɵɯɨɞ ɢɡ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɩɨɞɚɟɬɫɹ 
ɨɫɬɚɥɶɧɚɹ ɱɚɫɬɶ ɬɨɩɥɢɜɚ (15–30 %) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ ɫ 
ɬɚɤɢɦ ɪɚɫɱɟɬɨɦ, ɱɬɨɛɵ ɫɭɦɦɚɪɧɵɣ ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ ɜ ɧɟɣ ɫɨɫɬɚɜɥɹɥ 0,9–0,95 
(ɬ. ɟ. ɧɟɛɨɥɶɲɨɣ ɧɟɞɨɫɬɚɬɨɤ ɞɥɹ ɩɨɥɧɨɝɨ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ), ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɜ 
ɷɬɨɣ ɱɚɫɬɢ ɬɨɩɤɢ ɫɨɡɞɚɟɬɫɹ ɡɨɧɚ ɫ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɪɟɞɨɣ, ɜ ɤɨɬɨɪɨɣ 
ɩɪɨɞɭɤɬɵ ɧɟɩɨɥɧɨɝɨ ɝɨɪɟɧɢɹ (ɋɈ, ɇ2, ɋnɇm) ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɭɠɟ 
ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɨɤɢɫɥɵ ɚɡɨɬɚ NO ɞɨ N2 [6]. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɢɡɤɢɯ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 
ɩɵɥɟɭɝɨɥɶɧɵɯ ɤɨɬɥɚɯ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɟɚɥɢɡɭɟɬɫɹ ɰɟɥɵɣ ɤɨɦɩɥɟɤɫ 
ɜɧɭɬɪɢɬɨɩɨɱɧɵɯ (ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ) ɦɟɪɨɩɪɢɹɬɢɣ. ɉɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɥɚ 
ɈɊ-210Ɇ ɮɢɪɦɵ Rafako ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ «ɋɤɚɜɢɧɚ» (ɉɨɥɶɲɚ), ɜɧɟɞɪɟɧɚ 
ɫɢɫɬɟɦɚ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ (reberning) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɣ ɭɝɨɥɶɧɨɣ ɩɵɥɢ. ɉɨɫɥɟɞɧɹɹ ɜ 
ɜɢɞɟ ɩɨɬɨɤɚ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɞɚɟɬɫɹ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɳɟɥɟɜɵɟ 
ɝɨɪɟɥɤɢ ɬɪɟɬɶɟɝɨ ɹɪɭɫɚ ɢ ɫɠɢɝɚɟɬɫɹ ɫ ɦɚɥɵɦɢ ɢɡɛɵɬɤɚɦɢ ɜɨɡɞɭɯɚ (αɬ=0,45-
0,75). Ɉɫɬɚɜɲɢɣɫɹ ɬɪɟɬɢɱɧɵɣ ɜɨɡɞɭɯ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ, ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɨ 25% ɩɨɫɬɭɩɚɟɬ ɜ ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɬɨɩɤɢ ɱɟɪɟɡ ɩɥɨɫɤɢɟ 
ɫɨɩɥɚ [7]. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɷɦɢɫɫɢɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɞɨɫɬɢɝɧɭɬɨ ɬɚɤɠɟ 
ɬɚɧɝɟɧɰɢɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ ɜ ɬɪɟɯ ɹɪɭɫɚɯ ɢ ɨɪɝɚɧɢɡɚɰɢɟɣ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɬɚɞɢɣɧɨɫɬɢ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɞɚɱɢ ɱɚɫɬɢ 
ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɛɨɤɨɜɵɟ ɫɨɩɥɚ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɪɹɞɨɦ ɫ ɨɫɧɨɜɧɵɦɢ ɝɨɪɟɥɤɚɦɢ 
(ɤɨɧɰɟɧɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɠɢɝɚɧɢɹ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɛɵɥɢ ɫɧɢɠɟɧɵ ɫ 800 ɞɨ 350-380 ɦɝ/ɧɦ3[7]. 
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ȿɳɟ ɨɞɧɢɦ ɩɪɢɦɟɪɨɦ ɤɨɦɩɥɟɤɫɧɨɝɨ ɜɧɟɞɪɟɧɢɹ ɜɧɭɬɪɢɬɨɩɨɱɧɵɯ 
ɦɟɪɨɩɪɢɹɬɢɣ ɹɜɥɹɟɬɫɹ ɫɨɜɪɟɦɟɧɧɵɣ ɤɨɬɟɥ ɷɧɟɪɝɨɛɥɨɤɚ 1000 Ɇȼɬ ɧɚ ɋɋɄȾ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ Niederaussem (Ƚɟɪɦɚɧɢɹ), ɪɚɛɨɬɚɸɳɢɣ ɧɚ ɛɭɪɨɦ ɭɝɥɟ. 
ɋɠɢɝɚɧɢɟ ɨɫɧɨɜɧɨɣ ɦɚɫɫɵ ɭɝɥɹ (ɨɤɨɥɨ 90%) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɢɡɛɵɬɤɨɦ 
ɜɨɡɞɭɯɚ αɝɨɪ=0,94 ɜ ɜɨɫɶɦɢ ɨɫɧɨɜɧɵɯ ɦɚɥɨɷɦɢɫɫɢɨɧɧɵɯ ɩɪɹɦɨɬɨɱɧɵɯ 
ɝɨɪɟɥɤɚɯ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɚɧɝɟɧɰɢɚɥɶɧɨ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɫɬɟɧɚɯ 
ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. ɇɚɞ ɤɚɠɞɨɣ ɨɫɧɨɜɧɨɣ ɝɨɪɟɥɤɨɣ ɪɚɫɩɨɥɨɠɟɧɵ ɫɛɪɨɫɧɵɟ 
ɝɨɪɟɥɤɢ ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɞɭɯɚ ɫɧɢɠɚɟɬɫɹ ɞɨ 0,9. ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɝɚɡɨɜ ɧɚ 
ɫɭɲɤɭ ɜ ɞɜɚ ɹɪɭɫɚ ɪɚɫɩɨɥɨɠɟɧɵ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ. ɋ ɭɱɟɬɨɦ ɜɜɨɞɚ 
ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɫɨɫɬɚɜɥɹɟɬ 1,15. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɜ ɬɨɩɤɟ ɪɟɚɥɢɡɨɜɚɧɨ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ ɭɝɥɹ ɫ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɨɤɫɢɞɨɜ ɜ ɨɛɴɟɦɟ ɦɟɠɞɭ ɫɛɪɨɫɧɵɦɢ ɝɨɪɟɥɤɚɦɢ ɢ ɫɨɩɥɚɦɢ 
ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ. Ȼɥɚɝɨɞɚɪɹ ɜɧɟɞɪɟɧɢɸ ɞɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɦɟɪɨɩɪɢɹɬɢɣ 
(ɦɚɥɨɷɦɢɫɫɢɨɧɧɵɟ ɝɨɪɟɥɤɢ, ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɤɨɦɩɨɧɨɜɤɚ, ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɟ 
ɫɠɢɝɚɧɢɟ) ɭɞɚɥɨɫɶ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɧɧɵɯ ɧɨɪɦ ɩɨ ɫɨɞɟɪɠɚɧɢɸ 
ɩɪɢɦɟɫɟɣ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ: NOx<200ɦɝ/ɦ3[7]. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɢɪɚɟɦ ɫɚɦɵɣ ɦɚɥɨɡɚɬɪɚɬɧɵɣ ɢ ɷɮɮɟɤɬɢɜɧɵɣ 
ɦɟɬɨɞ – ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ ɫ ɨɪɝɚɧɢɡɚɰɢɟɣ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɩɨ 
ɬɟɯɧɨɥɨɝɢɢ «overfire air». ȼ ɤɚɱɟɫɬɜɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɢ ɭɝɨɥ ɩɨɞɜɨɞɚ ɜɨɡɞɭɯɚ. 
ɋɪɚɜɧɢɬɶ ɩɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɫ ɩɨɥɭɱɢɜɲɢɦɢɫɹ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ɫ ɬɜɟɪɞɵɦ 
ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ȻɄɁ-500-140 Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɫɬɚɧɰɢɨɧɧɵɣ ɧɨɦɟɪ 6, 
ɫɠɢɝɚɸɳɢɣ ɭɝɨɥɶ ɛɭɪɵɣ ɭɝɨɥɶ Ȼɨɪɨɞɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. 

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɹɜɥɹɸɬɫɹ ɩɪɨɰɟɫɫɵ ɨɛɪɚɡɨɜɚɧɢɹ ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ, ɬɚɤɢɟ ɤɚɤ ɨɤɫɢɞɵ ɚɡɨɬɚ, ɩɪɢ ɫɠɢɝɚɧɢɢ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. 

ɐɟɥɶ: ɩɪɟɞɥɨɠɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɫɧɢɠɟɧɢɟ 
ɨɛɪɚɡɨɜɚɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ – ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ ɤɨɬɟɥɶɧɨɝɨ 
ɚɝɪɟɝɚɬɚ ȻɄɁ-500-140 ɫ ɭɱɟɬɨɦ ɫɨɯɪɚɧɟɧɢɹ ɟɝɨ ɬɟɤɭɳɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɡɚɞɚɱɢ: 

1. Ɋɚɫɫɦɨɬɪɟɬɶ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɛɨɪɶɛɵ ɧɚ 
ɩɵɥɟɭɝɨɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɚɯ ɫ ɨɤɫɢɞɚɦɢ ɚɡɨɬɚ, ɩɭɬɟɦ ɥɢɬɟɪɚɬɭɪɧɨɝɨ 
ɨɛɡɨɪɚ ɪɨɫɫɢɣɫɤɢɯ ɢ ɢɧɨɫɬɪɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɜ ɜɢɞɟ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɨɜ ɢ 
ɫɬɚɬɟɣ. ȼɵɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɫ ɰɟɥɶɸ ɪɚɫɫɦɨɬɪɟɬɶ ɞɚɥɶɧɟɣɲɟɣ 
ɩɪɢɦɟɧɢɦɨɫɬɢ ɧɚ ɨɛɴɟɤɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

2. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɨɛɴɟɦ ɢ ɫɨɫɬɚɜ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, 
ɨɩɪɟɞɟɥɢɬɶ ɩɪɟɨɛɥɚɞɚɸɳɢɟ ɫɪɟɞɢ ɧɢɯ. ȼɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɫɫɦɨɬɪɟɬɶ ɦɟɬɨɞɵ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɢ ɫɠɢɝɚɧɢɢ 
ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ.  

3. Ɋɚɫɫɦɨɬɪɟɬɶ ɦɟɬɨɞɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɰɟɧɤɢ ɫɧɢɠɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ. 
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4. ȼɵɩɨɥɧɢɬɶ ɪɹɞ ɪɚɫɱɟɬɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɢɤɢ ɋɈ 153-34.02.304-2003 ɢ ɜɵɩɨɥɧɢɬɶ ɩɨɡɨɧɧɵɣ 
ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 

5. ȼɵɩɨɥɧɢɬɶ ɪɹɞ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɪɟɞɫɬɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɰɟɥɶɸ 
ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɫ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ (ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɛɚɡɨɜɨɝɨ ɪɟɠɢɦɚ) ɢ ɞɟɬɚɥɶɧɨɣ ɩɪɨɪɚɛɨɬɤɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɬɟɯɧɨɥɨɝɢɢ OFA. 

6. ȼɵɩɨɥɧɢɬɶ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɠɢɝɚɧɢɹ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɩɥɚɧɢɪɭɟɬɫɹ 
ɩɪɢɦɟɧɹɬɶ ɦɟɬɨɞɵ ɪɚɫɱɟɬɧɨ-ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɫɪɟɞɫɬɜɨɦ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢ ɦɟɬɨɞɵ ɤɨɦɩɶɸɬɟɪɧɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɨɩɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɫɱɟɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ANSYS Fluent. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ: 
1. Ɋɚɫɫɦɨɬɪɟɬɶ ɜɚɪɢɚɧɬɵ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɧɚ 

ɤɨɬɟɥɶɧɨɦ ɚɝɪɟɝɚɬɟ ȻɄɁ-500-140, ɩɨɡɜɨɥɹɸɳɢɟ ɫɧɢɡɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ. 

2. Ɋɚɡɪɚɛɨɬɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɤɨɬɥɚ, ɭɱɢɬɵɜɚɸɳɭɸ ɢɡɦɟɧɟɧɢɹ 
ɪɟɠɢɦɧɵɯ ɮɚɤɬɨɪɨɜ, ɩɨɡɜɨɥɹɸɳɭɸ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɫ 
ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ. 
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2 Ɋɚɡɪɚɛɨɬɤɚ ɩɨɞɯɨɞɚ ɤ ɨɰɟɧɤɟ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ  

Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-2 — ɬɟɩɥɨɜɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ɜ Ʉɪɚɫɧɨɹɪɫɤɟ, ɨɞɧɚ ɢɡ 
ɤɪɭɩɧɟɣɲɢɯ Ɍɗɐ ɋɢɛɢɪɢ. Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-2 ɜɯɨɞɢɬ ɜ ɝɪɭɩɩɭ ɈɈɈ 
«ɋɢɛɢɪɫɤɚɹ ɝɟɧɟɪɢɪɭɸɳɚɹ ɤɨɦɩɚɧɢɹ». Ɋɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɸɠɧɨɣ ɱɚɫɬɢ ɝɨɪɨɞɚ 
Ʉɪɚɫɧɨɹɪɫɤɚ, ɧɚ ɩɪɚɜɨɦ ɛɟɪɟɝɭ ɪɟɤɢ ȿɧɢɫɟɣ ɜɛɥɢɡɢ ɠɢɥɵɯ ɞɨɦɨɜ. Ɉɛɳɚɹ 
ɩɥɨɳɚɞɶ ɬɟɪɪɢɬɨɪɢɢ, ɡɚɧɢɦɚɟɦɨɣ ɫɨɨɪɭɠɟɧɢɹɦɢ Ɍɗɐ, ɫɨɫɬɚɜɥɹɟɬ 110,3 ɝɚ. 

ȼ ɤɨɬɟɥɶɧɨɦ ɨɬɞɟɥɟɧɢɢ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɭɫɬɚɧɨɜɥɟɧɨ ɲɟɫɬɶ 
ɭɝɨɥɶɧɵɯ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ (ɬɪɢ ɤɨɬɥɚ ȻɄɁ-420-140-ɉɌ1 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 
ɩɨ 380 ɬ/ɱ ɢ ɬɪɢ ɤɨɬɥɚ ȻɄɁ-500-140 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 500 ɬ/ɱ). ȼ 
ɦɚɲɢɧɧɨɦ ɡɚɥɟ ɭɫɬɚɧɨɜɥɟɧɨ ɱɟɬɵɪɟ ɬɭɪɛɢɧɵ (ɬɪɢ ɬɭɪɛɢɧɵ Ɍ-110/120-130 ɫ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ ɨɬɛɨɪɚɦɢ ɢ ɨɞɧɚ ɬɭɪɛɢɧɚ ɉɌ-135/165-130/15 ɫ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɨɬɛɨɪɚɦɢ ɩɚɪɚ). Ɇɚɤɫɢɦɚɥɶɧɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɨɬɛɨɪɨɜ ɫɨɫɬɚɜɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
175 ɢ 110 Ƚɤɚɥ/ɱ. ȼ ɩɢɤɨɜɨɣ ɤɨɬɟɥɶɧɨɣ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɜɚ ɩɢɤɨɜɵɯ 
ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɚ ɉɌȼɆ-180 ɫ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɩɨ 
135 Ƚɤɚɥ/ɱ ɤɚɠɞɵɣ. 

Ɉɫɧɨɜɧɵɦ ɬɨɩɥɢɜɨɦ ɞɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɨɜ ɹɜɥɹɟɬɫɹ ɛɭɪɵɣ ɭɝɨɥɶ 
ɛɨɪɨɞɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɦɚɪɤɢ Ȼ2Ɋ, ɨɫɧɨɜɧɵɦ ɬɨɩɥɢɜɨɦ ɞɥɹ ɩɢɤɨɜɵɯ 
ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ ɹɜɥɹɟɬɫɹ ɬɨɩɨɱɧɵɣ ɦɚɡɭɬ ɦɚɪɤɢ Ɇ100, ɤɨɬɨɪɵɣ ɬɚɤ ɠɟ 
ɹɜɥɹɟɬɫɹ ɪɚɫɬɨɩɨɱɧɵɦ ɬɨɩɥɢɜɨɦ ɞɥɹ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ȻɄɁ-420-140 ɢ ȻɄɁ-
500-140 [3]. 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ — 465 Ɇȼɬ. ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ — 1405 Ƚɤɚɥ/ɱ.  

ɍɝɨɥɶɧɵɣ ɫɤɥɚɞ ɨɬɤɪɵɬɵɣ, ɦɚɤɫɢɦɚɥɶɧɨ-ɜɨɡɦɨɠɧɚɹ ɜɦɟɫɬɢɦɨɫɬɶ 
ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ 400 ɬɵɫ. ɬɨɧɧ. ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɜɦɟɫɬɢɦɨɫɬɶ ɦɚɡɭɬɧɵɯ 
ɪɟɡɟɪɜɭɚɪɨɜ ɫɨɫɬɚɜɥɹɟɬ 5150 ɬɨɧɧ. Ⱦɨɫɬɚɜɤɚ ɭɝɥɹ ɫ ɭɝɨɥɶɧɨɝɨ ɪɚɡɪɟɡɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ ɜ ɩɨɥɭɜɚɝɨɧɚɯ, ɞɚɥɶɧɨɫɬɶ 
ɞɨɫɬɚɜɤɢ – 200ɤɦ. Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɭɝɥɹ ɨɤɨɥɨ 16 ɆȾɠ/ɤɝ.  

Ɋɚɫɫɟɢɜɚɧɢɟ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɞɜɟ ɞɵɦɨɜɵɟ ɬɪɭɛɵ 
ɜɵɫɨɬɨɣ 180 ɦ, ɨɞɧɚ ɨɛɳɚɹ ɞɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɨɜ ɫɬ.№1,2,3,4 ɢ 
ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ ɫɬ.№1,2 ɢ ɜɬɨɪɚɹ ɞɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɨɜ ɫɬ.№5,6. 

ɋɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɪɹɦɨɬɨɱɧɚɹ, ɢɫɬɨɱɧɢɤɨɦ 
ɤɨɬɨɪɨɣ ɫɥɭɠɢɬ ɪ. ȿɧɢɫɟɣ. ɉɨɞɚɱɚ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɟɪɟɝɨɜɨɣ ɧɚɫɨɫɧɨɣ 
ɫɬɚɧɰɢɟɣ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɨ. Ɉɬɞɵɯɚ ɜ ɩɹɬɢ 
ɤɢɥɨɦɟɬɪɚɯ ɨɬ Ɍɗɐ. ɇɚɩɨɪɧɵɟ ɩɨɞɜɨɞɹɳɢɟ ɜɨɞɨɜɨɞɵ ɜɵɩɨɥɧɟɧɵ ɫɬɚɥɶɧɵɦɢ 
ɞɢɚɦɟɬɪɚɦɢ 1200 ɦɦ ɜ ɞɜɟ ɧɢɬɤɢ. Ɉɬɜɨɞɹɳɢɟ ɛɟɡɧɚɩɨɪɧɵɟ ɜɨɞɨɜɨɞɵ ɡɚ 
ɩɪɟɞɟɥɚɦɢ ɩɪɨɦɩɥɨɳɚɞɤɢ ɩɪɨɥɨɠɟɧɵ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ ɬɪɭɛɚɦɢ, ɞɢɚɦɟɬɪɨɦ 
1400 ɦɦ. ɋɛɪɨɫ ɨɬɪɚɛɨɬɚɧɧɨɣ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɵɩɭɫɤɨɦ ɜ Ⱥɛɚɤɚɧɫɤɭɸ ɩɪɨɬɨɤɭ ɪ. ȿɧɢɫɟɣ.  

Ɉɬɩɭɫɤ ɬɟɩɥɚ ɜ ɬɟɩɥɨɜɵɟ ɫɟɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɞɜɚ ɬɟɩɥɨɜɵɯ 
ɜɵɜɨɞɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɹɦɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɨɬɩɭɫɤɚɟɦɨɣ ɩɨɬɪɟɛɢɬɟɥɹɦ, 
ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. 
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ɉɨɞɩɢɬɤɚ ɬɟɩɥɨɫɟɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɜɨɫɩɨɥɧɟɧɢɹ ɛɟɡɜɨɡɜɪɚɬɧɵɯ 
ɩɨɬɟɪɶ ɝɨɪɹɱɟɣ ɜɨɞɵ ɭ ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɟɩɥɚ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ ɩɪɢ ɨɬɤɪɵɬɨɣ ɫɯɟɦɟ 
ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

Ɍɗɐ-2 ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɟɩɥɨɦ ɋɜɟɪɞɥɨɜɫɤɢɣ, Ɉɤɬɹɛɪɶɫɤɢɣ, ɐɟɧɬɪɚɥɶɧɵɣ 
ɢ ɀɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɪɚɣɨɧɵ ɝɨɪɨɞɚ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɨɬɩɭɫɤ ɩɚɪɚ 
ɩɪɨɦɵɲɥɟɧɧɵɦ ɩɨɬɪɟɛɢɬɟɥɹ Ʉɪɚɫɧɨɹɪɫɤɚ: ɁȺɈ «Ʉɪɚɫɤɨɧ», ɈɈɈ 
«Ʉɪɚɫɧɨɹɪɫɤɢɣ ɰɟɦɟɧɬɧɵɣ ɡɚɜɨɞ», ɈɈɈ «ɏɆɁ», ȺɈ «Ʉɭɥɶɛɵɬɫɬɪɨɣ», ɈɈɈ 
«ɉɨɥɢɩɚɤ». 

Ⱦɥɹ ɨɱɢɫɬɤɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚɦɢ ȻɄɁ-420-140 ɉɌ1 ɫɬ. № 
1-3 ɭɫɬɚɧɨɜɥɟɧɵ ɷɥɟɤɬɪɨɮɢɥɶɬɪɵ ɬɢɩɚ ɍȽ2-4-74 ɫ ɩɪɨɟɤɬɧɵɦ ɤɩɞ 98%. Ɂɚ 
ɤɨɬɥɨɚɝɪɟɝɚɬɚɦɢ ȻɄɁ-500-140 ɫɬ. № 4,5,6 - ɷɥɟɤɬɪɨɮɢɥɶɬɪɵ ɗȽȺ-88-12-6-4 ɫ 
ɩɪɨɟɤɬɧɵɦ ɤɩɞ 98,8%. 

ɇɚ Ɍɗɐ ɭɫɬɚɧɨɜɥɟɧɵ ɤɨɬɥɵ ȻɄɁ-420 ɫ ɠɢɞɤɢɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɢ ȻɄɁ-
500 ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. ɋɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɩɨɜɵɲɟɧɧɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ NOx ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ, ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɬɨɪɨɣ, ɧɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚɯ 
ɜɵɩɨɥɧɟɧɚ ɫɢɫɬɟɦɚ ɩɨɞɚɱɢ ɫɦɵɜɧɨɣ ɜɨɞɵ ɜ ɤɚɦɟɪɭ ɝɨɪɟɧɢɹ. 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɉɚɪɨɜɨɣ ɤɨɬɟɥ ȿ-500-140 (ɦɨɞɟɥɶ ȻɄɁ-500-140-1) ɨɞɧɨɛɚɪɚɛɚɧɧɵɣ, 
ɜɟɪɬɢɤɚɥɶɧɨ-ɜɨɞɨɬɪɭɛɧɵɣ, ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɩɚɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɨɝɨ ɛɭɪɨɝɨ 
ɭɝɥɹ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. 

Ʉɨɦɩɨɧɨɜɤɚ ɤɨɬɥɚ ɜɵɩɨɥɧɟɧɚ ɩɨ ɉ-ɨɛɪɚɡɧɨɣ ɫɯɟɦɟ (ɪɢɫ. 8). Ɍɨɩɨɱɧɚɹ 
ɤɚɦɟɪɚ ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɦ ɜɨɫɯɨɞɹɳɢɦ ɝɚɡɨɯɨɞɨɦ. ȼɨ ɜɬɨɪɨɦ (ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ) 
ɝɚɡɨɯɨɞɟ ɪɚɫɩɨɥɨɠɟɧ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ. ȼ ɬɪɟɬɶɟɦ (ɨɩɭɫɤɧɨɦ) ɝɚɡɨɯɨɞɟ 
ɪɚɫɩɨɥɨɠɟɧɵ: ɜɨɞɹɧɨɣ ɷɤɨɧɨɦɚɣɡɟɪ ɢ ɬɪɭɛɱɚɬɵɣ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ. 

Ɉɫɧɨɜɧɵɟ ɪɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 – Ɉɫɧɨɜɧɵɟ ɪɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ȻɄɁ-
500-140. 

№ɩɩ ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
1 Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɛɚɪɚɛɚɧɟ ɤɨɬɥɚ 162 ɤȽɫ/ɫɦ2 
2 Ɋɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜ ɩɚɪɨɫɛɨɪɧɨɣ ɤɚɦɟɪɟ 140 ɤȽɫ/ɫɦ2 
3 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 560ɋ 
4 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 230ɋ 
5 Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 158ɋ 
6 ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 85,9ɬ/ɱɚɫ 
7 ȼɨɞɹɧɨɣ ɨɛɴɟɦ ɤɨɬɥɚ 96ɦ3 
8 ɉɚɪɨɜɨɣ ɨɛɴɟɦ ɤɨɬɥɚ 102ɦ3 
9 ɄɉȾ ɤɨɬɥɚ, ɛɪɭɬɬɨ 91,2% 
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Ɋɢɫɭɧɨɤ 8 – Ɉɛɳɢɣ ɜɢɞ ɤɨɬɥɚ ȻɄɁ-500-140 

Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ ɩɪɢɡɦɚɬɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɨɥɧɨɫɬɶɸ 
ɜɵɩɨɥɧɟɧɚ ɢɡ ɰɟɥɶɧɨɫɜɚɪɧɵɯ ɩɚɧɟɥɟɣ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɫɜɚɪɤɨɣ ɬɪɭɛ 60ɯ6 ɫ 
ɩɨɥɨɫɨɣ 6ɯ20. ɒɚɝ ɬɪɭɛ 80ɦɦ. 

ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɮɪɨɧɬɨɜɨɣ ɢ ɡɚɞɧɢɣ ɷɤɪɚɧɵ ɨɛɪɚɡɭɸɬ 
ɫɤɚɬɵ «ɯɨɥɨɞɧɨɣ» ɜɨɪɨɧɤɢ. Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɨ 
ɨɫɹɦ ɬɪɭɛ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɷɤɪɚɧɨɜ ɢɦɟɟɬ ɪɚɡɦɟɪ 11260ɯ10260 ɦɦ. Ɉɛɴɟɦ 
ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɫɨɫɬɚɜɥɹɟɬ 3770 ɦ3. 

Ʉɨɬɟɥ ɨɛɨɪɭɞɨɜɚɧ ɩɪɹɦɨɬɨɱɧɵɦɢ ɝɨɪɟɥɤɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ 
ɤɚɠɞɨɦ ɭɝɥɭ ɬɨɩɤɢ ɜ ɬɪɢ ɹɪɭɫɚ. Ʉɚɧɚɥɵ ɚɷɪɨɫɦɟɫɢ ɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ 
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ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ ɩɪɢɦɵɤɚɸɳɢɯ ɞɪɭɝ ɤ ɞɪɭɝɭ ɜɟɪɬɢɤɚɥɶɧɵɯ ɳɟɥɟɣ. ɉɨɞɚɱɚ 
ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɟ ɜɪɚɳɟɧɢɹ ɮɚɤɟɥɚ ɜ 
ɬɨɩɤɟ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɢ ɬɟɩɥɚ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɧɚ ɤɨɬɥɟ 
ɡɚɜɟɞɟɧɨ ɧɢɠɧɟɟ ɞɭɬɶɟ. 

2.2 Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɨɰɟɧɤɢ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɫɨɤɪɚɳɟɧɢɟ NOx 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɭɠɟ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɢɤ. Ɋɚɫɫɦɨɬɪɢɦ ɦɟɬɨɞɢɤɭ ɪɚɫɱɟɬɚ ɜɵɛɪɨɫɨɜ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ. 

Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɜɵɛɪɨɫɨɜ 
ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɫɬɚɧɰɢɹɯ ɞɥɹ ɪɚɫɱɟɬɚ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ 

ɜɟɳɟɫɬɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɋɈ 153-34.02.304-2003 «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɩɨ 
ɪɚɫɱɟɬɭ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɫ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɤɨɬɥɨɜ ɬɟɩɥɨɜɵɯ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ». 

Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɫ ܯேைమ = ேைమܥ ∙ ˓ܤ ∙ ܸʒ = 𝐾ேைమ ∙ ˓ܤ ∙ ܳ˓ː , (1) 

ɝɞɟ  ܥேைమ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɦ3; ܸʒ – ɨɛɴɟɦ ɫɭɯɢɯ ɝɚɡɨɜ, ɦ3/ɤɝ; 𝐾ேைమ  -ɭɞɟɥɶɧɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɆȾɠ; 
ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɰɟɧɤɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɫɧɢɠɟɧɢɹ 

ɜɵɛɪɨɫɨɜ, ɢɧɬɟɪɟɫɧɚ ɜɬɨɪɚɹ ɱɚɫɬɶ ɮɨɪɦɭɥɵ. Ʉɚɱɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ 
ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɭɞɟɥɶɧɵɟ ɜɵɛɪɨɫɵ ɪɚɫɫɦɨɬɪɟɧɵ ɧɢɠɟ. ɉɟɪɜɚɹ ɱɚɫɬɶ ɮɨɪɦɭɥɵ 
ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɢɡɜɟɫɬɧɚ ɤɨɧɰɟɧɬɪɚɰɢɹ NOx.  

ɍɞɟɥɶɧɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ NO2), ɝ/ɆȾɠ: 𝐾ேைమ = 𝐾ேைమ˕ˑ˒ˎ + 𝐾ேைమ˅ˑˊˇ, (2) 

ɝɞɟ  𝐾ேைమ˕ˑ˒ˎ – ɬɨɩɥɢɜɧɵɟ ɨɤɫɢɞɵ ɚɡɨɬɚ, ɝ/ɆȾɠ; 𝐾ேைమ˅ˑˊˇ – ɜɨɡɞɭɲɧɵɟ ɨɤɫɢɞɵ ɚɡɨɬɚ, ɝ/ɆȾɠ; 
Ɍɨɩɥɢɜɧɵɟ ɨɤɫɢɞɵ ɚɡɨɬɚ ɩɨɞɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ: 𝐾ேைమ˕ˑ˒ˎ = Ͳ,ͳʹ ∙ 𝜀ேை𝑥 ∙ ˕ఈߚ ∙ ఈభߚ ∙ ோߚ ∙ 𝜗ߚ ∙  (3) ,ˏ˔ߚ

ɝɞɟ  𝜀ேை𝑥 - ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɨɩɥɢɜɚ; 𝜀ேை𝑥 = ଴,଺ܴܨ + ሺͳ + ܰௗሻ, (4) 

ɝɞɟ  ܴܨ – ɬɨɩɥɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ; ܰௗ – ɫɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɜ ɫɭɯɨɣ ɦɚɫɫɟ ɬɨɩɥɢɜɚ, %; 
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ܴܨ = ଵ଴଴−ௐ𝑟−஺𝑟−௏𝑟௏𝑟  ఈ˕ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚߚ (5) ,
ɜɨɡɞɭɯɚ ɜ ɩɪɹɦɨɬɨɱɧɨɣ ɝɨɪɟɥɤɟ; ߚఈ˕ = ሺͲ,ͷ͵ ∙ ˆߙ + Ͳ,ͳʹሻଶ, (6) ߙˆ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɟ; ߚఈభ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɞɨɥɢ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 
ɝɨɪɟɥɤɟ; ߚఈభ = ͳ,͹͵ ∙ ଵߙ + Ͳ,Ͷͺ, (7) ߚோ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 
ɜ ɩɟɪɜɢɱɧɵɣ ɜɨɡɞɭɯ; ߚோ = ͳ − Ͳ,Ͳͳ͸ ∙  𝜗 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵߚ (8) ,ܴ√
ɧɚ ɭɱɚɫɬɤɟ ɨɛɪɚɡɨɜɚɧɢɹ ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ; ߚ𝜗 = Ͳ,ͳͳ ∙ √ܶ́ ˃ˆ′′ − ͳͳͲͲయ  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɤɨɪɧɟ – ˏ˔ߚ (9) ,
ɮɚɤɟɥɚ; ߚ˔ˏ = Ͳ,ͻͺ ∙ ௪మ௪భ − Ͳ,Ͷ͹, (10) 

ȼɨɡɞɭɲɧɵɟ ɨɤɫɢɞɵ ɚɡɨɬɚ ɩɨɞɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ: 𝐾ேைమ˅ˑˊˇ = ଵ,ହସ∙ଵ଴భల√்́ ˃ˆ′′ ∙ √ఈˊ˃ˆ′′ −ଵఈˊ˃ˆ′′ ∙ exp⁡ሺ− ଺଻଴଴଴்́ ˃ˆ′′ ሻ, (11) 

ɝɞɟ ߙˊ˃ˆ′′  - ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɡɨɧɟ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ; 
Ɏɨɪɦɭɥɚ ɫɩɪɚɜɟɞɥɢɜɚ ɜ ɞɢɚɩɚɡɨɧɟ ͳ,Ͳͷ ൑ ′′ˆ˃ˊߙ ൑ ͳ,Ͷ ɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ܶ́ ˃ˆ′′ = ʹͲͷͲ⁡К, ɩɪɢ ɷɬɨɦ ɩɪɢ ܶ ˊ˃ˆ′′ < ͳͺͲͲ⁡К ɡɧɚɱɟɧɢɟɦ 𝐾ேைమ˅ˑˊˇ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ܶ́ ˃ˆ′′  ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɩɥɨɜɵɦ ɪɚɫɱɟɬɨɦ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. 
Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɬɚɤɢɯ ɮɚɤɬɨɪɨɜ, ɤɚɤ 

ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɚɯ, ɞɨɥɹ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, 
ɪɟɰɢɪɤɭɥɹɰɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɫɤɨɪɨɫɬɶ 
ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ NOx. 

Ɉɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ ɦɟɬɨɞɢɤɢ – ɩɨɤɚɡɵɜɚɟɬ ɩɪɢɦɟɪɧɨɟ ɜɥɢɹɧɢɟ 
ɭɤɚɡɚɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɞɥɹ ɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɪɟɯɦɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɨɩɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɩɨɦɨɳɢ 
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ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦ. ȼ ɤɚɱɟɫɬɜɟ ɨɞɧɨɣ ɢɡ ɧɢɯ ɪɚɫɫɦɨɬɪɢɦ 
ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ANSYS Fluent. 

2.3 Ʉɨɦɩɶɸɬɟɪɧɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɨɰɟɧɤɢ ɜɵɛɪɨɫɨɜ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ 

ȼɫɟ ɬɨɩɨɱɧɵɟ ɩɪɨɰɟɫɫɵ, ɚ ɢɦɟɧɧɨ ɚɷɪɨɞɢɧɚɦɢɤɚ,  ɯɢɦɢɱɟɫɤɨɟ 
ɪɟɚɝɢɪɨɜɚɧɢɟ, ɝɨɪɟɧɢɟ, ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ 
ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɪɚɫɫɦɨɬɪɟɧɵ ɜɡɚɢɦɨɫɜɹɡɚɧɨ ɜ ɟɞɢɧɨɦ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ Ansys Fluent v. 17.2. ɍɫɥɨɜɧɨ ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ 
ɝɚɡɨɜɵɣ ɩɨɬɨɤ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ ɩɪɟɞɫɬɚɜɥɟɧ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɩɟɪɟɱɧɹ 
ɤɨɦɩɨɧɟɧɬɨɜ: ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɋɈ2, ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɚ N2, ɜɨɞɹɧɵɯ ɩɚɪɨɜ 
ɇ2Ɉ,  ɤɢɫɥɨɪɨɞɚ Ɉ2  ɢ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ. Ɉɩɢɫɚɧɢɟ ɬɭɪɛɭɥɟɧɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɬɟɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɦɨɞɟɥɶɸ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ k-ε 
Standard.  

Ɋɚɫɱɟɬ ɬɪɚɟɤɬɨɪɢɣ ɞɜɢɠɟɧɢɹ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ ɜɵɩɨɥɧɟɧ ɜ Ʌɚɝɪɚɧɠɟɜɨɣ 
ɩɨɫɬɚɧɨɜɤɟ. Ⱦɥɹ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɨɩɢɫɵɜɚɥɫɹ ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧ, 
ɨɩɪɟɞɟɥɹɥɢɫɶ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɭɝɥɹ. Ⱦɥɹ ɭɱɟɬɚ 
ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ ɱɚɫɬɢɰ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɨɪɦɭɥɚ Ɋɨɡɢɧɚ – Ɋɚɦɦɥɟɪɚ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ ɭɝɨɥɶɧɨɣ ɩɵɥɢ 
ɛɵɥɚ ɩɪɢɧɹɬɚ ɦɨɞɟɥɶ, ɭɱɢɬɵɜɚɸɳɚɹ ɨɫɧɨɜɧɵɟ ɫɬɚɞɢɢ ɜɵɝɨɪɚɧɢɹ, ɚ ɢɦɟɧɧɨ: 
ɢɫɩɚɪɟɧɢɟ ɜɥɚɝɢ, ɩɪɨɝɪɟɜ, ɜɨɫɩɥɚɦɟɧɟɧɢɟ, ɝɨɪɟɧɢɟ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɢ 
ɜɵɝɨɪɚɧɢɟ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ. ȼ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ ɭɝɨɥɶɧɚɹ ɱɚɫɬɢɰɚ 
ɩɨɞɜɟɪɝɚɟɬɫɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɡɚ ɫɱɟɬ ɪɚɞɢɚɰɢɨɧɧɨ-ɤɨɧɜɟɤɬɢɜɧɨɝɨ 
ɬɟɩɥɨɨɛɦɟɧɚ (ɪɢɫɭɧɨɤ 9).  

 

Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɵ ɜɵɝɨɪɚɧɢɹ ɭɝɨɥɶɧɨɣ ɱɚɫɬɢɰɵ 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɪɟɚɝɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ «ɨɛɪɵɜɚ 
ɜɢɯɪɹ» Eddy Dissipation (Eddy break-up model). ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɦɟɧɹɟɬɫɹ 
ɞɜɭɯɫɬɚɞɢɣɧɵɣ ɦɟɯɚɧɢɡɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ 
(vol) ɫ ɤɢɫɥɨɪɨɞɨɦ. ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ ɞɥɹ ɜɵɯɨɞɚ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɢ ɝɨɪɟɧɢɹ 
ɤɨɤɫɨɜɵɯ ɱɚɫɬɢɰ ɜɵɛɪɚɧɵ: “ Single Rate Devolatilization Model ” ɢ 
Kinetics/Diffusion-Limited Combustion Model (ɞɢɮɮɭɡɢɨɧɧɨ –ɤɢɧɟɬɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ ɝɨɪɟɧɢɹ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɦɨɞɟɥɢ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ 
ɫɤɨɪɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɪɟɚɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɥɢɛɨ ɤɢɧɟɬɢɤɨɣ ɩɪɨɰɟɫɫɚ, ɥɢɛɨ 
ɫɤɨɪɨɫɬɶɸ ɞɢɮɮɭɡɢɢ. 

https://www.yandex.ru/search/?text=%D0%B4%D0%B8%D1%84%D1%84%D1%83%D0%B7%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%20-%20%D0%BA%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F%20%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C%20%D0%B3%D0%BE%D1%80%D0%B5%D0%BD%D0%B8%D1%8F&lr=62&clid=9582&msp=1
https://www.yandex.ru/search/?text=%D0%B4%D0%B8%D1%84%D1%84%D1%83%D0%B7%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%20-%20%D0%BA%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F%20%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C%20%D0%B3%D0%BE%D1%80%D0%B5%D0%BD%D0%B8%D1%8F&lr=62&clid=9582&msp=1
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ȼ ɬɚɛɥɢɰɚɯ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɤɚɡɚɬɟɥɢ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɤɨɤɫɨɜɵɯ ɱɚɫɬɢɰ ɢ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɍɚɛɥɢɰɚ 2 – ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ “Kinetics/Diffusion-Limited Combustion Model”. 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɂɧɚɱɟɧɢɟ 

  Ʉɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɞɢɮɮɭɡɢɢ 125 10−  
ɉɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ,  

ɝ/(ɫɦ2   ɫ   ɚɬɦ) 
120 

ɗɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ, Ⱦɠ/(ɤɝɦɨɥɶ) 81,55 10  

 
Ɍɚɛɥɢɰɚ 3 – ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ “Single Rate Devolatilization Model”     

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɂɧɚɱɟɧɢɟ 

  ɉɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ, 1/ɫ 10000 

ɗɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ, Ⱦɠ/(ɤɝɦɨɥɶ) 74,19 10  

 
ɍɫɪɟɞɧɟɧɧɵɟ ɩɨ ɜɪɟɦɟɧɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɛɵɥɢ ɪɟɲɟɧɵ ɞɥɹ 

ɭɪɚɜɧɟɧɢɣ ɩɟɪɟɧɨɫɚ ɦɚɫɫɵ, ɢɦɩɭɥɶɫɚ, ɷɧɟɪɝɢɢ ɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɢɫɩɨɥɶɡɭɹ, SIMPLEC-ɩɪɨɰɟɞɭɪɭ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɣ ɫɯɟɦɵ ɩɨɡɜɨɥɢɥɨ 
ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɭɸ ɫɯɨɞɢɦɨɫɬɶ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. 

ȼɵɫɨɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɭɪɨɜɟɧɶ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ ɢ ɷɤɪɚɧɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɪɟɨɛɥɚɞɚɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɟɩɥɨɨɛɦɟɧɚ. Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ 
ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɦɨɞɟɥɢ P1 ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɦɟɬɨɞɚ ɫɮɟɪɢɱɟɫɤɢɯ ɝɚɪɦɨɧɢɤ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɝɚɡɨɜɨɣ ɮɚɡɵ ɪɚɫɫɱɢɬɚɧ ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɥɢ ɫɟɪɵɯ 
ɝɚɡɨɜ, ɚ ɢɦɟɧɧɨ WSGGM  –  domain  –  based (Weighted-sum-of-gray-gases 
model).  

Ɉɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɬɪɟɦ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɦɟɯɚɧɢɡɦɚɦ, ɚ ɢɦɟɧɧɨ:  ɬɟɪɦɢɱɟɫɤɢɟ, ɛɵɫɬɪɵɟ ɢ 
ɬɨɩɥɢɜɧɵɟ.  

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɬɨɩɥɢɜɧɵɯ NOx ɭɱɢɬɵɜɚɥɨɫɶ, ɱɬɨ ɚɡɨɬɨɫɨɞɟɪɠɚɳɢɟ 
ɪɚɞɢɤɚɥɵ, ɜɵɫɜɨɛɨɠɞɚɸɬɫɹ ɢɡ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ 
ɫɨɟɞɢɧɟɧɢɹ ɜ ɜɢɞɟ ɰɢɚɧɢɫɬɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ HCN ɢ ɚɦɦɢɚɤɚ NH3 ɫ 
ɫɨɨɬɧɨɲɟɧɢɟɦ 9:1 [11]. ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɬɚɤɠɟ ɭɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɫɜɹɡɚɧɧɵɣ ɫ 
ɚɡɨɬɨɦ ɤɨɤɫɨɜɵɣ ɨɫɬɚɬɨɤ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ NO. ɉɨɩɪɚɜɨɱɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɫɱɟɬɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1 ɞɥɹ ɥɟɬɭɱɢɯ 
ɜɟɳɟɫɬɜ ɢ 0,7 ɞɥɹ ɤɨɤɫɨɜɨɣ ɨɫɧɨɜɵ [10].  

ɉɪɢɫɭɬɫɬɜɢɟ ɫɜɨɛɨɞɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɟɠɟɥɚɬɟɥɶɧɨɦɭ 
ɨɛɪɚɡɨɜɚɧɢɸ NO. Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɜɵɯɨɞɚ ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɭɝɨɥɶ 
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ɞɨɥɠɟɧ ɨɫɜɨɛɨɠɞɚɬɶɫɹ ɨɬ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɡɨɧɟ ɨɛɨɝɚɳɟɧɧɨɣ ɬɨɩɥɢɜɨɦ, ɝɞɟ ɩɪɟɨɛɥɚɞɚɸɬ ɪɟɚɤɰɢɢ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ N2 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ NO.  ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɟɚɤɰɢɣ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ NOx ɫ ɭɱɟɬɨɦ ɩɪɨɰɟɫɫɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ (reburning) 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10. 

 

Ɋɢɫɭɧɨɤ 10 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɟɚɤɰɢɣ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 

3 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ 
ɝɨɪɟɧɢɹ 

3.1 Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 

Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɢɤɢ ɋɈ 153-34.02.304-2003 ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɢɡɜɟɫɬɢ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɤɨɬɥɚ, ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ܶ́ ˃ˆ′′  ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ. Ⱦɥɹ ɟɟ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɢɤɨɣ ɩɨɡɨɧɧɨɝɨ ɪɚɫɱɟɬɟ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 
[8]. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɹɜɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɨɩɥɢɜɚ, 
ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ. 

 
Ɍɚɛɥɢɰɚ 4- Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ 

Ɋɚɛɨɱɚɹ ɦɚɫɫɚ ɬɨɩɥɢɜɚ, % 

ȼɵ
ɯɨ

ɞ 
ɥɟ

ɬɭ
ɱɢ

ɯ,
 

V
ɝ , 

%
 

Ɍɟɩɥɨɬɚ 
ɫɝɨɪɚɧɢɹ ܳɧ
௣, 

ɆȾɠ/ɤɝ 

Ɍɟɦɩɟɪɚɬɭɪɵ 
ɩɥɚɜɥɟɧɢɹ ɡɨɥɵ, 0ɋ 

Wɪ Ⱥɪ Sɪ Cɪ Hɪ Nɪ Oɪ t1 t2 t3 

33 7,4 0,2 42,6 3 0,6 13,2 47 15,28 1180 1010 1230 
 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ tɝ.ɜ.=340°ɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ 
ɜɨɡɞɭɯɚ tɯ.ɜ.=10°ɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ tɭɯ.ɝ..=160°ɋ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɩɪɢɧɢɦɚɟɦ ߙ˕ = ͳ,ʹ. ɉɪɢɫɨɫɵ ɯɨɥɨɞɧɨɝɨ 
ɜɨɡɞɭɯɚ ɩɨ ɝɚɡɨɯɨɞɚɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ: ∆ߙ˒ˎ = Ͳ,ͲͶ - ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ 
ɜ ɩɵɥɟɫɢɫɬɟɦɟ; 
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Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ: 
Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ܸ˅଴,ɦଷ/ɤɝ ɞɥɹ ɫɠɢɝɚɧɢɹ ɨɞɧɨɝɨ ɤɝ 

ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

ɜܸ
଴ = Ͳ,Ͳͺͺͻ ∙ ሺɋ௣ + Ͳ,͵͹ͷ ⋅ ܵ௣ሻ + Ͳ,ʹ͹ͷ ⋅ H௣ − Ͳ,͵͵͵ ∙ ܱ௣, (12) 

ɝɞɟ ɋ௣, ܵ௣⁡ˋ⁡˕. ˇ. – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %; 

ɜܸ
଴ = Ͳ,ͲͺͺͻሺͶʹ,͸ + Ͳ,͵͹ͷ ⋅ Ͳ,ʹሻ + Ͳ,ʹ͸ͷ ⋅ ͵⁡ − ⁡Ͳ,Ͳ͵͵͵ ⋅ ͳ͵,ʹ = Ͷ,ͳͶͻ 

Ɉɛɴɟɦ ɚɡɨɬɚ, ɦଷ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

ேܸమ଴ = Ͳ,͹ͻ ⋅ ɜܸ
଴ + Ͳ,ͺ ⋅ ேɪଵ଴଴, (13) 

ɝɞɟ  ܸ˅଴ – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ˏଷ/ɤɝ; 

ேܸమ଴ = Ͳ,͹ͻ ⋅ Ͷ.ͳͶͻ + Ͳ,ͺ ⋅ ଴,଺ଵ଴଴ = ͵,ʹͺ͵, 

Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ோܸைమ , ɦଷ/ɤɝ , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 
ɮɨɪɦɭɥɟ: 

ோܸைమ = ͳ,ͺ͸͸ ⋅ ஼ು+଴,ଷ଻ହ⋅ௌುଵ଴଴ , (14) ோܸைమ = ͳ,ͺ͸͸ ⋅ ସଶ,଺+଴,ଷ଻ହ∙଴,ଶଵ଴଴ = Ͳ,͹ͻ͸, 

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɞɥɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ, ɦଷ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

ுܸమை଴ = Ͳ,ͳͳͳ ∙ ௣ܪ + Ͳ,ͲͳʹͶ ∙ ܹ௣ + Ͳ,Ͳͳ͸ͳ ∙ ܸ˅଴, (15) 

ɝɞɟ  ܹɪ– ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %; 

ுܸమை଴ = Ͳ,ͳͳͳ ∙ ͵ + Ͳ,ͲͳʹͶ ∙ ͵͵ + Ͳ,Ͳͳ͸ͳ ∙ Ͷ,ͳͶͻ = Ͳ,ͺͳ 

ɋɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦଷ/ɤɝ , ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: ܸ̂଴ = ேܸమ଴ + ோܸைమ + ுܸమை଴ , (16) ܸ̂଴ = ͵,ʹͺ͵ + Ͳ,͹͸ͻ + Ͳ,ͺͳ = Ͷ,ͺͺͺ. 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɨ ɝɚɡɨɯɨɞɚɦ ɩɪɢ 

ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ߙ˕ > ͳ 
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Ɍɚɛɥɢɰɚ 5 - Ɉɛɴёɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɛɴёɦɧɵɟ ɞɨɥɢ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ 
ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ 

ɇɚɡɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɢ ɨɛɨɡɧɚɱɟɧɢɟ 
Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ߙ˕ = ͳ,ʹ ߙ˕˓.ˇ˖˕ = Ͳ 
˕ߙ = ͳ,ʹ ߙ˕˓.ˇ˖˕ = ͳͲ% 

˕ߙ = ͳ,ʹ ߙ˕˓.ˇ˖˕ = ͳͷ% 
Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ  
ȼɨɡɞɭɯɚ ɫɪɟɞɧɢɣ ߙ″=αɌ +  𝑖 1,2 1,14 1,11ߙ∑

Ɉɛɴёɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɤɝ , ுܸమை = ுܸమை଴ + Ͳ,Ͳͳ͸ͳ ⋅ ሺߙɬ − ͳሻ ⋅ ȼܸ
଴ 0,822 0,818 0,816 

ɉɨɥɧɵɣ ɨɛɴёɦ ɝɚɡɨɜ ɦ3/ɤɝ, Ƚܸ = Ƚܸ
଴ +ͳ,Ͳͳ͸ ⋅ ሺߙɫɪ − ͳሻ ⋅ ȼܸ

଴ 5,731 5,225 4,972 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ ɬɪёɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ݎோைమ = ோܸைమ/ Ƚܸ 0,139 0,152 0,16 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ݎுమை = ுܸమை/ Ƚܸ 0,143 0,157 0,164 

ɋɭɦɦɚɪɧɚɹ ɨɛɴёɦɧɚɹ ɞɨɥɹ ݎɩ = ோைమݎ +  ுమை 0,282 0,309 0,324ݎ

Ɇɚɫɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ܩȽ = ͳ − Ͳ,Ͳͳ ⋅ Ⱥɪ + ͳ,͵Ͳ͸ ⋅ ɫɪߙ ⋅ ȼܸ
଴ 7,429 7,104 6,941 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ  
ɱɚɫɬɢɰ, ɤɝ/ɤɝ,  𝜇ɡɥ = ȺɊ ⋅ ɚɭɧ/ͳͲͲ ⋅  Ƚܩ

0,00946 0,0099 0,01013 

 
Ɋɚɫɱɟɬ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ  
ɉɪɢ ɫɠɢɝɚɧɢɢ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɷɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ܪɝ

଴, ɤȾɠ/ɤɝ, 
ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: ܪ଴̂ = (ܿோைమ ∙ ோܸைమ + ܿுమை ∙ ுܸమை + ܿேమ ∙ ேܸమ଴ ) ∙ 𝜗, (17) 

ɝɞɟ  ோܸைమ– ɨɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦଷ/ɤɝ; ܿோைమ –ɬɟɩɥɨɟɦɤɨɫɬɶ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, 
ɤȾɠ/(ɦ3K), ேܸమ଴ – ɨɛɴɟɦ ɚɡɨɬɚ, ɦଷ/ɤɝ; ܿேమ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɚɡɨɬɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɤȾɠ/(ɦ3K); ுܸమை଴  – Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦଷ/ɤɝ; ܿுమை – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, 
ɤȾɠ/(ɦ3K). 𝜗 −ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, 0ɋ; 

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ: ܪ଴˅ = ܸ˅଴ ∙ ܿ˅ ∙ 𝜗, (18) 

ɝɞɟ  ܿɜ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɤȾɠ/ɦ3. 
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ɗɧɬɚɥɶɩɢɹ ɡɨɥɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ: ܪˊˎ = Ͳ,Ͳͳ ∙ 𝑎˖ː ∙ ௣ܣ ∙ ܿˊˎ ∙ 𝜗, (19) 

ɝɞɟ  ܿɡɥ −ɬɟɩɥɨɟɦɤɨɫɬɶ ɡɨɥɵ, ɤȾɠ/ɤɝɄ; 
Ⱥɪ − ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ; 
 𝑎ɭɧ=0,95 – ɞɨɥɹ ɡɨɥɵ ɬɨɩɥɢɜɚ, ɭɧɨɫɢɦɚɹ ɝɚɡɚɦɢ; 
ɇɚɣɞɟɦ ɩɪɢɜɟɞɟɧɧɭɸ ɜɟɥɢɱɢɧɭ ɭɧɨɫɚ ɡɨɥɵ ɢɡ ɬɨɩɤɢ, %: ⁡⁡⁡𝑎˒˓ = 𝑎˖ː ∙ ˓˒ܣ (20) ,˓˒ܣ = ஺೛ொ೛ː ൒ ͳ,Ͷ, (21) 

ɝɞɟ  ܣ˒˓ - ɩɪɢɜɟɞɟɧɧɚɹ ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ; ܳ௣ː - ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, ɆȾɠ/ɤɝ; А˒˓ = ͹,Ͷͳͷ,ʹͷ = Ͳ,Ͷͺ 𝑎˒˓ = Ͳ,ͻͷ ∙ ʹ,ͺ = Ͳ,Ͷ͸. 
Ɍɚɤ ɤɚɤ ɩɪɢɜɟɞɟɧɧɚɹ ɡɨɥɶɧɨɫɬɶ ɦɟɧɶɲɟ 1,4%, ɬɨ ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɡɨɥɵ 

ɧɟ ɭɱɢɬɵɜɚɟɦ. 
ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɧɚ 1 ɤɝ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ, 

ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܪˆ = ଴̂ܪ + ሺߙ − ͳሻ ∙ ˅଴ܪ  (22) ,ˎˊܪ+

ɝɞɟ  ɇɝ
଴– ɷɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ; ߙ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɧɚɝɪɟɜɚ; 
– ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ; 

ɉɨɞɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɣ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ: 
Ɍɚɛɥɢɰɚ 6 - ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ. 

0
ɜɇ

𝝑0ɋ ܪ଴̂ ܪ଴˅ ܪˆ = ଴̂ܪ + ሺߙ − ͳሻ ∙ ˅଴ܪ ˕ߙ ˎˊܪ+ = ͳ,ʹ ߙ˕˓.ˇ˖˕ = Ͳ 
˕ߙ = ͳ,ʹ ߙ˕˓.ˇ˖˕ = ͳͲ% 

˕ߙ = ͳ,ʹ ߙ˕˓.ˇ˖˕ = ͳͷ% 

100 673,7 547,6    
200 1366,1 1099,8    
300 2077,9 1659    

400 2851,8 2249,7    
500 3616,6 2840,8    
600 4402 3445,5    
700 5207,9 4062,2    
800 6031,6 4688,3 6969,3 6406,67 6125,38 
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Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ, ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɢ ɪɚɫɯɨɞ 
ɬɨɩɥɢɜɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

ɉɨɬɟɪɹ ɬɟɩɥɚ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ, %, ɡɚɜɢɫɢɬ ɨɬ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ tɭ.ɝ. ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ݍଶ = ሺுɭх−ఈɭх⋅ு𝑥ɜబ ሻ⋅ሺଵ଴଴−௤రሻொɧು , (23) 

ɝɞɟ  ܪ⁡˖˘.ˆ.– ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ, ɧɚɯɨɞɢɬɫɹ ɦɟɬɨɞɨɦ ɥɢɧɟɣɧɨɣ 
ɢɧɬɟɪɩɨɥɹɰɢɢ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ tɭɯ.ɝ.=1600ɋ: ܪɭх.ɝ. = ଵ଴଴ܪ + ሺܪଶ଴଴ ଵ଴଴ሻܪ− ⋅ ௧ɭх.ɝ.−ଵ଴଴ଵ଴଴ .ˆ.˘˖ܪ (24) , = ͸͹͵,͹ + ͳ͵͸͸,ͳ − ͸͹͵,͹ͳͲͲ ∙ ሺͳͷͺ − ͳͲͲሻ = ͳ͵Ͳͻ,͸ͷ͵, ܪ˘.˅– ɷɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ, ɧɚɯɨɞɢɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ 
ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ tɯ.ɜ.=100ɋ : ܪ˘.˅ = ͷͶ͹,͸ͳͲͲ ∙ ͳͲ = ͷͶ,͹͸, ߙɭɯ=1,27 – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ  ݍସ– ɩɨɬɟɪɹ ɬɟɩɥɚ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ, % ݍସ = Ͳ,ͷ%, (25) ܳː˓– ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ. 

ɉɨɬɟɪɹ ɬɟɩɥɚ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ: ݍଶ = ሺͳ͵Ͳͻ,͸ͷ͵ − ͳ,ʹ͹ ∙ ͷͶ,͹͸ሻ ∙ ሺͳͲͲ − Ͳ,ͷሻͳͷʹͺͲ = ͺ,Ͳ͹. 
ɉɨɬɟɪɹ ɬɟɩɥɚ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɧɭɥɸ: 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 6 
900 6870,2 5324,8 7935,1 7296,17 6976,68 

1000 7723,1 5968,3 8916,7 8200,53 7842,44 
1100 8589,3 6661 9921,5 9122,21 8722,55 

1200 9466,8 7280,9 10922,9 10049,23 9612,37 
1300 10356,4 7948,6 11946,2 10992,32 10515,40 
1400 11252,3 8621,1 12976,5 11941,95 11424,69 
1500 12157,4 9296,6 14016,8 12901,17 12343,37 
1600 13070,1 9977,4 15065,5 13868,25 13269,60 
1700 13991,6 10660,3 16123,6 14844,40 14204,78 
1800 14915,3 11344,1 17184,2 15822,86 15142,21 
1900 15845 12036,6 18252,4 16807,98 16085,78 



 

26 

ଷݍ = Ͳ, (26) 

ɉɨɬɟɪɹ ɬɟɩɥɚ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ݍହ, %, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ: ݍହ = ହɧݍ ⋅ ஽ɧɨɦ஽ , (27) 

ɝɞɟ  ܦ˒ˈ– ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɤɝ/ɫ (ɫɦ. ɬɚɛɥɢɰɭ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ); ܦ˒ˈːˑ ˏ = ͷͲͲ͵,͸ = ͳ͵ͺ,ͺͺͻ, ݍହɧ = ሺ଺଴/஽ɧɨɦሻబ,ఱ𝑙𝑔 ஽ɧɨɦ
, (28) 

ହːݍ = ቀ ͸Ͳͳ͵ͺ,ͺͺͻቁ଴,ହlg⁡ሺͳ͵ͺ,ͺͺͻሻ = Ͳ,͵ͳ. 
ɇɚɯɨɞɢɦ ɩɨɬɟɪɸ ɬɟɩɥɚ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɩɨ ɮɨɪɦɭɥɟ (3.16):  ݍହ = Ͳ,͵ͳ ∙ ͷͲͲͷͲͲ = Ͳ,͵ͳ. 
ɇɚɣɞёɦ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɚ 𝜑: 𝜑 = ͳ − ௤ఱଵ଴଴, (29) 𝜑 = ͳ − Ͳ,͵ͲͳͳͲͲ = Ͳ,ͻͻ͸ͻ. 
ɉɨɬɟɪɹ ɫ ɮɢɡɢɱɟɫɤɢɦ ɬɟɩɥɨɦ ɲɥɚɤɚ q6 , %, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ: ݍ଺ = 𝑎ɲɥ⋅ሺɋ𝑡ሻɲɥ⋅஺ɪொɧ
ɪ , (30) 

ɝɞɟ  С шˎ ⋅  шˎ– ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ 1 ɤɝ ɡɨɥɵ, ˍʓˉ/ˏଷ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦݐ
560 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɲɥɚɤɚ ݐɲɥ = ͸ͲͲ଴ܥ. 𝑎шˎ = ͳ − 𝑎˖ː, (31) 𝑎шˎ = ͳ − Ͳ,ͻͷ = Ͳ,Ͳͷ, ݍ଺ = Ͳ,Ͳͷ ∙ ͷ͸Ͳ ∙ ͵ͷ,͹ͳͷʹͺͲ = Ͳ,Ͳͳͳ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, %, ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɛɪɭɬɬɨ: 𝜂ˍ˄˓ = ͳͲͲ − ଶݍ − ସݍ−ଷݍ − ହݍ − ˓˄ˍ଺ (32) 𝜂ݍ = ͳͲͲ − ͺ,Ͳ͹ − Ͳ − Ͳ,ͷ − Ͳ,͵ͳ − Ͳ,Ͳͳͳ = ͻͳ,ͳ. 
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ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ: ܤ = ஽ɩе⋅ሺℎɩе−ℎɩɜሻ+஽ɩɪ⋅ሺℎɩɪ−ℎɩɜሻொɧ
ɪ⋅𝜂кɚɛɪ , (33) 

ɝɞɟ  ܦ˒ˈ– ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɪɚɜɧɚɹ 138,889 ɤɝ/ɫ;⁡ℎ˒ˈ, ˒̅ݐ ˅, ˒̅ݐ ˓ − 
ɷɧɬɚɥɶɩɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢ ɜɨɞɵ ɧɚ 
ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦ 
ɩɚɪɚ ɢ ɜɨɞɵ ɢ ɞɚɜɥɟɧɢɸ ɜ ɩɚɪɨɜɨɞɹɧɨɦ ɬɪɚɤɬɟ: ℎ˒ˈ = ݂ሺܲ˒ ˈ, ˒̅ݐ ሻ, (34)ˈ˒ݐ ˅ = ݂ሺܲ˒ ˅, ˒̅ݐ ሻ, (35)˅˒ݐ ˓ = ℎ′ሺݐ௦ሺܲ˄ ሻሻ (36) 

ɝɞɟ  ݐ ,˅˒ݐ ,ˈ˒ݐ௦- ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɩɢɬɚɬɟɥɶɧɨɣ 
ɜɨɞɵ ɢ ɜɨɞɵ ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ,°ɋ; ⁡ܲ˒ ˈ, ܲ˄ = ͳ,ͳ ∙ ܲ˒ ˈ, ܲ˒ ˅ = ͳ,ʹ ∙ ܲ˒ ˈ ɞɚɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɟɝɪɟɬɨɝɨ 
ɩɚɪɚ, ɞɚɜɥɟɧɢɟ ɜ ɛɚɪɚɛɚɧɟ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ ɢ ɞɚɜɥɟɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, 
ɤɝɫ/ɫɦ2; ܩ˒˓ − ɪɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɢɡ ɛɚɪɚɛɚɧɚ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ, ɤɝ/ɫ, 
ɩɪɢɧɢɦɚɟɦ ɜ ɪɚɫɱёɬɟ ܩ˒˓ = ሺͳ − ʹሻ% ∙ ˈ˒ℎ .ˈ˒ܦ = ݂ሺܲ˒ ˈ, ሻˈ˒ݐ = ͵ͶͻͲ,͵, ܲ˒ ˅ = ͳ,ʹ ∙ ܲ˒ ˈ = ͳ,ʹ ∙ ͳͷ = ͳͺ, ̅ݐ˒ ˅ = ݂ሺܲ˒ ˅, ሻ˅˒ݐ = ͻͻ͵,͵ͺ, ܲ˄ = ͳ,ͳ ∙ ܲ˒ ˈ = ͳ,ͳ ∙ ͳͶͲ = ͳͷͶ, ̅ݐ˒ ˓ = ℎ′(ݐ௦ሺܲ˄ ሻ) = ͳ͸ͳͶ,ʹ, ܩ˒˓ = Ͳ,Ͳͳͷ ∙ ˈ˒ܦ = ʹ,Ͳͻ. 
ɝɞɟ  𝜂ˍ˄˓ − ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, % (ɫɦ. ɮɨɪɦɭɥɭ 3.20). ܤ = ଵସଵ,଺଺଻∙ሺଷସଽ଴,ଷ−ଽଽଷ,ଷ଼ሻ+ଶ,଴ଽ∙ሺଵ଺ଵସ,ଶ−ଽଽଷ,ଷ଼ሻଵହଶ଼଴∙଴,ଽଵଵ = ʹͷ, 

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɫ ɭɱɟɬɨɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ, 
ɤɝ/ɫ: ܤ˓ = ܤ ∙ ሺͳ − ସݍ ∙ Ͳ,Ͳͳሻ, (37) ܤ˓ = ܤ ∙ ሺͳ − Ͳ,ͷ ∙ Ͳ,Ͳͳሻ = ʹͶ,ͺͺ. 

Ɋɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɡɨɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɢɤɨɣ ɩɨɡɨɧɧɨɝɨ ɪɚɫɱɟɬɚ ɬɨɩɨɱɧɨɣ 
ɤɚɦɟɪɵ ɢ ɪɚɡɞɟɥɢɦ ɟɟ ɧɚ ɞɜɟ ɱɚɫɬɢ: 
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Ɋɢɫɭɧɨɤ 11 – Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 

Ɍɚɛɥɢɰɚ 7 – Ɉɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɬɨɩɤɢ ɡɨɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ. 

ȼɵɫɨɬɚ 
ɬɨɩɤɢ , 
ɦ 

ɒɢɪɢɧɚ 
ɬɨɩɨɱɧɨɣ 
ɤɚɦɟɪɵ 

, ɦ 

ɉɥɨɳɚɞɶ 
ɮɪɨɧɬɚɥɶɧɨɣ 
ɫɬɟɧɤɢ , 

ɦଶ 

ɉɥɨɳɚɞɶ 
ɡɚɞɧɟɣ 
ɫɬɟɧɤɢ , 

ɦଶ 
ɉɥɨɳɚɞɶ 
ɛɨɤɨɜɨɣ 
ɫɬɟɧɤɢ 

, ɦଶ 
ɉɥɨɳɚɞɶ 
ɜɵɯɨɞɧɨɝɨ 
ɨɤɧɚ , 

ɦଶ 
29 11,26 289 289 224 115 

Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɡɨɧɵ I, ɬ.ɤ. ɜ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɚɯ 
ɧɟɨɛɯɨɞɢɦɚ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡ ɡɨɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ. 

Ɍɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɡɨɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ 𝜗ଵ" , °С, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɩɨ ɭɪɚɜɧɟɧɢɸ: 𝜗ଵ" = ఉ˔′̂ ∙ொː˓+ொ˅௏∙஼′′ − ହ,଺଻∙ଵ଴−భభ∙𝑎˕∙(்̞")ర஻˓ ∙௏∙஼಺′′ ∙ ሺ ∙  ሻ, (38)ܨ

ɝɞɟ  ܳ˅ – ɬɟɩɥɨɬɚ ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɬɨɩɤɭ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ. ߚ˔ˆ′ = Ͳ,ͻͺͷ - ɫɬɟɩɟɧɶ ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɜ ɡɨɧɟ; ܸ ∙  ,ɫɭɦɦɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɡɨɧɟ ɹɞɪɚ ɮɚɤɟɥɚ - ′′ܥ
ɤȾɠ/ɤɝ  

Th
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ܸ ∙  ூ′′ - - ɫɭɦɦɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɡɨɧɵܥ
I, ɤȾɠ/ɤɝ 𝑎˕ – ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɬɨɩɤɢ; 

 ∙  ɩɪɨɢɡɜɟɞɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚ – ܨ
ɫɭɦɦɚɪɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɨɝɪɚɧɢɱɢɜɚɸɳɭɸ ɡɨɧɭ; 

Ɍɟɩɥɨɬɚ ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɬɨɩɨɱɧɭɸ ɤɚɦɟɪɭ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ, 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܳ˅ = ˅ˆߚ ∙ ˅଴ˆܪ + ሺ∆ߙ˕ + ሻˎ˒ߙ∆ ∙ ˅଴˘ܪ , (39) 

ɝɞɟߚ⁡⁡⁡⁡⁡⁡ˆ˅– ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ; ܪˆ଴˅  – ɷɧɬɚɥɶɩɢɹ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȾɠ/ɤɝ; ∆ߙ˕ = Ͳ,Ͳ͹ – ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɬɨɩɨɱɧɭɸ ɤɚɦɟɪɭ; ∆ߙ˒ˎ = Ͳ,ͲͶ – ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɩɵɥɟɫɢɫɬɟɦɭ; 
ɗɧɬɚɥɶɩɢɢ ɝɨɪɹɱɟɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɬɟɦɩɟɪɚɬɭɪɚɦ tɝɜ ɢ tɯɜ ɩɪɢ ߚˆ˅ = ͳ,Ͳͺ: ܪˆ଴˅ = ͳͻͷͻ,Ͳ͵ͷ ɤȾɠ/ɤɝ. 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ: ߚˆ˅ = ˓ˑˆߙ∆ − ˎ˒ߙ∆ = ˕ߙ − ˕ߙ∆ −  (40) ,ˎ˒ߙ∆

ɝɞɟ  ߙ˕⁡ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ. ߚˆ˅ = ͳ,ʹ − Ͳ,Ͳͺ − Ͳ,ͲͶ = ͳ,Ͳͺ, ܳ஻ = ͳ,Ͳͺ ∙ ͳͻͷͻ,Ͳ͵ͷ + Ͳ,ͳͳ ∙ ⁡ͷͷ,ͻʹ = ͳ͹ͻͺ,͵ʹͻ 

Ɂɚɞɚɞɢɦɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚ ɜɵɯɨɞɟ ɢɡ ɡɨɧɵ - 𝜗ଵ" = ͳʹ͸ͷ 

 ∙ ܨ = эˍ˓ ∙ ܨ̝ ˕ + ′ ∙ ′ܨ + ′′ ∙  (41) ,′′ܨ

эˍ˓ = ′′ = 𝜉эˍ˓ ∙  ,ݔ

ɝɞɟ  𝜉эˍ˓ – ɭɫɥɨɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɹɡɧɟɧɢɹ; 
х – ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɚ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɹɡɧɟɧɢɹ ɷɤɪɚɧɨɜ ɜɵɛɢɪɚɟɦ⁡𝜉эˍ˓ = Ͳ,ͷ; 

ɍɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɚ ɩɪɢɧɢɦɚɟɦ х=0,97 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɪɚɧɨɜ: 𝜓эˍ˓ = Ͳ,ͷ ∙ Ͳ,ͻ͹ = Ͳ,ͶͶ͸ ̝ܨ ˕ =705 – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɡɨɧɭ, ɦ2; ܨ′ = ′′ܨ = ͳͳͷ – ɫɟɱɟɧɢɟ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɡɨɧɭ 
ɫɜɟɪɯɭ ɢ ɫɧɢɡɭ, ɦ2; 

 ∙ ܨ = Ͳ,Ͷͺͷ ∙ ͹Ͳͷ + Ͳ,Ͷͺͷ ∙ ͳͳͷ + Ͳ,ͳ ∙ ͳͳͷ = ͶͲͻ,͵, 
ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɬɨɩɤɢ ɜ ɡɨɧɟ: 
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𝑎˕ = 𝑎˗𝑎˗+ሺଵ−𝑎˗ሻ∙˔˓, (42) 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɮɚɤɟɥɚ: 𝑎˗ = ͳ −  ஻௨̃, (43)−݌ݔ݁

ɝɞɟ  ݑ̃ܤ – ɩɪɢɜɟɞɟɧɧɵɣ ɤɪɢɬɟɪɢɣ ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ; ݑ̃ܤ = ͳ,͸ ݈݊ ቀଵ,ସ஻௨మ+஻௨+ଶଵ,ସ஻௨మ−஻௨+ଶቁ, (44) ݑܤ = ݇ ∙ ݌ ∙  (45) ,˕ݏ

ɝɞɟ ݇ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ, 1/(ɦ·Ɇɉɚ); ݌ = Ͳ,ͳ – ɞɚɜɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, Ɇɉɚ; ݏ˕⁡– ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɢɡɥɭɱɚɸɳɟɝɨ ɫɥɨɹ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɦ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ, 1/(ɦ·Ɇɉɚ), ɩɪɢ ɫɠɢɝɚɧɢɢ 

ɬɜɟɪɞɵɯ ɬɨɩɥɢɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ݇ = ݇ˆ ∙ ݎ˒ + ݇ˊˎ ∙ 𝜇ˊˎ + ݇ˍ, (46) 

ɝɞɟ  ݇ˆ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɝɚɡɨɜɨɣ ɮɚɡɨɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, 
1/(ɦ·Ɇɉɚ); ˒ݎ  – ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ; ݇ˊˎ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɥɭɱɟɣ ɜɡɜɟɲɟɧɧɵɦɢ ɜ ɬɨɩɨɱɧɨɣ ɫɪɟɞɟ 
ɱɚɫɬɢɰɚɦɢ ɥɟɬɭɱɟɣ ɡɨɥɵ, 1/(ɦ·Ɇɉɚ); 𝜇ˊˎ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ; ݇ˍ⁡– ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɥɭɱɟɣ ɱɚɫɬɢɰɚɦɢ ɝɨɪɹɳɟɝɨ ɤɨɤɫɚ, 
ɩɪɢɧɢɦɚɟɦ ݇к = Ͳ,ͷ 1/(ɦ·Ɇɉɚ). 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ, 1/(ɦ·Ɇɉɚ), ɝɚɡɨɜɨɣ ɮɚɡɨɣ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ: ݇ɝ = (଻,଼+ଵ଺௥ಹమೀ√௥ɩ௦ɬ − ͳ) ⋅ (ͳ − Ͳ,͵͹ Ɍɬ

"ଵ଴଴଴), (47) 

ɝɞɟ  ݎுమை – ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ; 
Ⱥɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, ɬɟɦɩɟɪɚɬɭɪɭ 

ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ  𝜗 "̞ = ͳͳͶʹ°С ̞ܶ" = 𝜗 "̞ + ʹ͹͵ = ͳͳͶʹ + ʹ͹͵ = ͳͶͳͷ⁡К.  ݇ˆ = (͹,ͺ + ͳ͸ ∙ Ͳ,ͳͶ͵√Ͳ,ʹͺʹ ∙ ͹,ͻ͸ − ͳ) ∙ (ͳ − Ͳ,͵͹ ∙ ͳͶͳͷͳͲͲͲ) = ʹ,͹͵. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɥɭɱɟɣ ɜɡɜɟɲɟɧɧɵɦɢ ɜ ɬɨɩɨɱɧɨɣ ɫɪɟɞɟ 

ɱɚɫɬɢɰɚɦɢ ɥɟɬɭɱɟɣ ɡɨɥɵ: ݇ɡɥ = ସଷ⋅𝜌ɝ(Ɍɬ
" ⋅ௗɡɥ)బ,లళ, (48) 
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ɝɞɟ 𝜌ˆ = ͳ͵ͲͲ ɝ/ɦ3 – ɩɥɨɬɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ; ݀ˊˎ⁡– ɷɮɮɟɤɬɢɜɧɵɣ ɞɢɚɦɟɬɪ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ, ɞɥɹ ɦɨɥɨɬɤɨɜɵɯ 
ɦɟɥɶɧɢɰ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ݀ˊˎ = ͳ͸ ɦɤɦ. 𝐾ˊˎ = Ͷ͵ ∙ ͳ͵ͲͲሺͳͶͳͷ ∙ ͳ͸ሻ଴,଺଻ = ͸͹,ͷͷ 

Ɍɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ,1/(ɦ·Ɇɉɚ), ɬɨɩɨɱɧɨɣ ɫɪɟɞɨɣ: ݇ = ʹ,͹͵ ∙ Ͳ,ʹͺʹ + ͸͹,ͷͷ ∙ Ͳ,ͲͲͻ + Ͳ,ͷ = ͳ,ͻͳ 

Ʉɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ: ݑܤ = ͳ,ͻͳ ∙ Ͳ,ͳ ∙ ͹,ͻ͸ = ͳ,ͷʹ 

ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ Bu ɨɩɪɟɞɟɥɹɟɦ ɩɪɢɜɟɞɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 
ɤɪɢɬɟɪɢɹ Ȼɭɝɟɪɚ ݑ̃ܤ: 

ݑ̃ܤ = ͳ,͸ ∙ ݈݊ ቆͳ,Ͷ ∙ ͳ,ͷʹଶ + ͳ,ͷʹ + ʹͳ,Ͷ ∙ ͳ,ͷʹଶ − ͳ,ͷʹ + ʹቇ = Ͳ,ͻͷ͸ 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɮɚɤɟɥɚ: 𝑎˗ = ͳ − ஻௨̃−݌ݔ݁ = Ͳ,͹ͺͳ 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɬɨɩɤɢ ɜ ɡɨɧɟ: 𝑎˕ = Ͳ,͹ͺͳͲ,͹ͺͳ + ሺͳ − Ͳ,͹ͺͳሻ ∙ Ͳ,Ͷͺͷ = Ͳ,ͺͺ 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɡɨɧɟ ɹɞɪɚ ɮɚɤɟɥɚ: ܸ ∙ ′′ܥ = ு˃𝜗˃ = ଵ଻଴଻଺,଺ଵ଻଼ଽ,ଽ = ͻ,ͷͶ, (49) 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɡɨɧɵ I: ܸ ∙ ′′ூܥ = "ଵ"𝜗ଵܪ = ͳͳͷͺͺͳʹ͸ͷ = ͻ,ͳ͸ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɡɨɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ: 𝜗ଵ" = Ͳ,ͻͺͷ ∙ ͳͷ͸͹ͳ + ͳ͹ͻͺ,͵ͻ,ͷͶ − ͷ,͸͹ ∙ ͳͲ−ଵଵ ∙ Ͳ,ͺͺ ∙ ሺͳͷ͵ͺሻସʹͶ,ͺͺ ∙ ͻ,ͳ͸ ∙ ͶͲͻ,͵ == ͳʹ͸Ͷ 

Ɋɚɡɧɢɰɚ ɨɬ ɪɚɧɟɟ ɩɪɢɧɹɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɬɚɜɥɹɟɬ 1°С, ɪɚɫɱɟɬ ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ ɤɨɪɪɟɤɬɧɵɦ. 
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ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɫ ɨɪɝɚɧɢɡɚɰɢɟɣ 
ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɩɪɢ 
ɩɨɞɚɱɟ 10% ɜɨɡɞɭɯɚ ɨɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɝɨɪɟɧɢɹ – 1216°ɋ , ɩɪɢ 15% ɩɨɞɚɱɢ 
ɜɨɡɞɭɯɚ - 1202°ɋ. 

ɉɨɥɭɱɟɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɨɥɶɡɭɟɦ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ. 
Ɋɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ – ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ NO2 

ɩɨ ɦɟɬɨɞɢɤɟ ɋɈ 153-34.02.304-2003 «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɩɨ ɪɚɫɱɟɬɭ 
ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɫ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɤɨɬɥɨɜ ɬɟɩɥɨɜɵɯ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ». 

Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɫ 
ɍɞɟɥɶɧɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ NO2), ɝ/ɆȾɠ: 𝐾ேைమ = 𝐾ேைమ˕ˑ˒ˎ + 𝐾ேைమ˅ˑˊˇ, (50) 

ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɚ ܶ́ ˃ˆ′′ < ͳͺͲͲ𝐾, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɨɡɞɭɲɧɵɦɢ ɨɤɫɢɞɚɦɢ 
ɚɡɨɬɚ ɩɪɟɧɟɛɪɟɝɚɟɦ 𝐾ேைమ˅ˑˊˇ = Ͳ. 

Ɋɚɫɱɟɬ ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 8. 
Ɍɚɛɥɢɰɚ 8 – Ɋɚɫɱɟɬ ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. 

Ɏɨɪɦɭɥɚ ߙˆ = ͳ,ͳʹ ߙ˕˓.ˇ˖˕ = Ͳ ߙˆ = ͳ ߙ˕˓.ˇ˖˕ = ͳͲ% 
˕ߙ = Ͳ,ͻͶ ߙ˕˓.ˇ˖˕ = ͳͷ% 𝐾ேைమ˕ˑ˒ˎ = Ͳ,ͳʹ ∙ 𝜀ேை𝑥 ∙ ˕ఈߚ ∙ ∙ ఈభߚ ∙ ோߚ ∙ 𝜗ߚ ∙  ˉМʓ/ˆ⁡,ˏ˔ߚ

ܴܨ 0,131 0,147 0,184 = ͳͲͲ −ܹ௥ − ௥ܣ − ܸ௥ܸ௥  0,268 ܰௗ 0,896 𝜀ேை𝑥 = ଴,଺ܴܨ + ሺͳ + ܰௗሻ 
 

˕ఈߚ 2,35 = ሺͲ,ͷ͵ ∙ ˆߙ + Ͳ,ͳʹሻଶ 
 

ఈభߚ 0,38 0,42 0,51 = ͳ,͹͵ ∙ ଵߙ + Ͳ,Ͷͺ 
ɉɪɢ ߙଵ = ͷ͵% 

ோߚ 1,397 = ͳ − Ͳ,Ͳͳ͸ ∙ √ܴ 
ɉɪɢ ܴ = Ͳ 

𝜗ߚ 1 = Ͳ,ͳͳ ∙ √ܶ́ ˃ˆ′′ − ͳͳͲͲయ  
 

ˏ˔ߚ 0,796 0,803 0,835 = Ͳ,ͻͺ ∙ ଵݓଶݓ − Ͳ,Ͷ͹ 

ɉɪɢ ௪మ௪భ = ͳ,͸ 
1,1 

ேைమܯ = 𝐾ಿೀమ ∙஻˓∙ொ˓ːଵ଴଴଴ , ɝ/ɫ 69,9 55,8 49,8 ܥேைమ = ெಿೀమ ∙ଵ଴଴଴஻˓∙ܸȽ , ɤɝ/ɦ3 490,2 391,3(-20,2%) 349,6(-28,7%) 

 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɩɨ ɜɵɫɨɬɟ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɢɡɦɟɧɟɧɢɹ 

ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɚɯ. ȿɫɥɢ ɞɨɩɭɫɬɢɬɶ ɬɨɬ ɜɚɪɢɚɧɬ, ɱɬɨ ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ 
ɜ ɝɨɪɟɥɤɚɯ ɧɟ ɢɡɦɟɧɢɬɶɫɹ, ɢ ɪɚɫɫɦɨɬɪɟɬɶ ɬɨɥɶɤɨ ɜɥɢɹɧɢɟ ɢɡɦɟɧɟɧɢɹ 
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ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɛɥɚɫɬɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ, ɬɨ ɪɟɡɭɥɶɬɚɬɵ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ: 
Ɍɚɛɥɢɰɚ 9 – Ɋɚɫɱɟɬ ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. 

Ɏɨɪɦɭɥɚ ߙˆ = ͳ,ͳʹ ߙ˕˓.ˇ˖˕ = Ͳ ߙˆ = ͳ ߙ˕˓.ˇ˖˕ = ͳͲ% 
˕ߙ = Ͳ,ͻͶ ߙ˕˓.ˇ˖˕ = ͳͷ% 𝐾ேைమ˕ˑ˒ˎ = Ͳ,ͳʹ ∙ 𝜀ேை𝑥 ∙ ˕ఈߚ ∙ ∙ ఈభߚ ∙ ோߚ ∙ 𝜗ߚ ∙  ˉМʓ/ˆ⁡,ˏ˔ߚ

ܴܨ 0,131 0,147 0,184 = ͳͲͲ −ܹ௥ − ௥ܣ − ܸ௥ܸ௥  0,268 ܰௗ 0,896 𝜀ேை𝑥 = ଴,଺ܴܨ + ሺͳ + ܰௗሻ 
 

˕ఈߚ 2,35 = ሺͲ,ͷ͵ ∙ ˆߙ + Ͳ,ͳʹሻଶ 
 

ఈభߚ 0,51 0,51 0,51 = ͳ,͹͵ ∙ ଵߙ + Ͳ,Ͷͺ 
ɉɪɢ ߙଵ = ͷ͵% 

ோߚ 1,397 = ͳ − Ͳ,Ͳͳ͸ ∙ √ܴ 
ɉɪɢ ܴ = Ͳ 

𝜗ߚ 1 = Ͳ,ͳͳ ∙ √ܶ́ ˃ˆ′′ − ͳͳͲͲయ  
 

ˏ˔ߚ 0,796 0,803 0,835 = Ͳ,ͻͺ ∙ ଵݓଶݓ − Ͳ,Ͷ͹ 

ɉɪɢ ௪మ௪భ = ͳ,͸ 
1,1 

ேைమܯ = 𝐾ಿೀమ ∙஻˓∙ொ˓ːଵ଴଴଴ , ɝ/ɫ 

 
 ேைమ, ɤɝ/ɦ3 490,2 472,4(-3,6%) 466,5(-4,8%)ܥ 66,5 67,3 69,9

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɚɫɱɟɬɨɜ, ɨɪɝɚɧɢɡɚɰɢɹ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɩɨɡɜɨɥɹɟɬ 

ɞɨɫɬɢɱɶ ɞɨ 30% ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ NOx. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ 
ɨɤɚɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɚɯ. 
ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ ɨɛɴɟɦɭ ɬɨɩɤɢ ɩɨɡɜɨɥɹɟɬ 
ɫɧɢɡɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɧɚ 4,8%.   

ɉɪɢ ɷɬɨɦ ɜ ɪɚɫɱɟɬɟ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɧɚ ɤɚɤɨɣ ɤɨɧɤɪɟɬɧɨ ɜɵɫɨɬɟ 
ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɨɥɚɝɚɬɶ ɩɨɞɜɨɞ ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɚ ɬɚɤ ɠɟ ɧɟ ɭɱɢɬɵɜɚɟɬ ɬɨɬ 
ɮɚɤɬɨɪ, ɱɬɨ ɫ ɩɨɞɜɨɞɨɦ ɜɨɡɞɭɯɚ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨɝɨɪɚɧɢɟ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ. Ⱦɥɹ 
ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɝɨɪɟɧɢɹ ɜ 
ɩɪɨɝɪɚɦɦɟ ANSYS Fluent. 

3.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɝɨɪɟɧɢɹ ɜ ɬɨɩɤɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ: ɛɚɡɨɜɵɣ 
ɜɚɪɢɚɧɬ, ɛɟɡ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɬɪɢ ɜɚɪɢɚɧɬɚ ɫ ɩɨɞɜɨɞɨɦ ɨɫɬɪɨɝɨ 
ɞɭɬɶɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1,5, 3 ɢ 4,5 ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɵ 
ɝɨɪɟɥɨɤ ɢ 6 ɜɚɪɢɚɧɬɨɜ ɫ ɚɧɚɥɨɝɢɱɧɵɦ ɩɨɞɜɨɞɨɦ ɞɭɬɶɹ, ɧɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɭɝɥɚ 
ɩɨɞɜɨɞɚ ɜɨɡɞɭɯɚ 45° ɢ -45°. 
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Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ 3D 
ɦɨɞɟɥɶ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɫ ɜɵɯɨɞɧɵɦɢ ɫɟɱɟɧɢɹɦɢ ɝɨɪɟɥɨɤ. Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ 
ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ ȻɄɁ-500-
140 ɜɡɹɬɵ ɢɡ ɱɟɪɬɟɠɟɣ ɤɨɬɥɚ. ɋɟɱɟɧɢɟ ɩɨɞɜɨɞɚ ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢ 
ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɥɨɫɶ ɢɫɯɨɞɹ ɢɡ ɨɛɟɫɩɟɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɨɞɜɨɞɚ, 
ɞɥɹ ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ 23,1ɦ/ɫ, ɞɥɹ ɜɬɨɪɢɱɧɨɝɨ/ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ -
36,8ɦ/ɫ. ɗɫɤɢɡ ɪɚɫɱɟɬɧɨɣ ɫɟɬɤɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 
12. 

 
Ɋɢɫɭɧɨɤ 12 - Ɋɚɫɱɟɬɧɚɹ ɫɟɬɤɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ȻɄɁ-500-140 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɩɪɢɜɥɟɤɚɥɫɹ 
ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ Solid Works. Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ 3D ɦɨɞɟɥɶ 
ɪɚɫɩɪɟɞɟɥɹɥɚɫɶ ɧɚ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ, ɹɱɟɟɤ ɪɚɫɱɟɬɧɨɣ ɫɟɬɤɢ. 

ȼɚɠɧɵɦ ɷɬɚɩɨɦ ɜɟɪɢɮɢɤɚɰɢɢ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɟɟ 
ɫɟɬɨɱɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɜɚɪɢɚɧɬ ɪɚɫɱɟɬɚ ɪɟɲɚɥɫɹ 
ɞɥɹ ɫɟɬɨɤ ɫ ɭɜɟɥɢɱɢɜɚɸɳɢɦɫɹ ɱɢɫɥɨɦ ɹɱɟɟɤ (ɞɨ 512 ɬɵɫ – ɨɝɪɚɧɢɱɟɧɢɟ 
ɭɱɟɛɧɨɣ ɜɟɪɫɢɢ). ɉɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɥɨ ɫɪɚɜɧɟɧɢɟ ɫ ɞɚɧɧɵɦɢ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɱɟɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. Ȼɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɦɨɞɟɥɟɣ ɫɜɵɲɟ 300 ɬɵɫ. 
ɹɱɟɟɤ ɞɚɥɶɧɟɣɲɟɟ ɫɧɢɠɟɧɢɟ ɪɚɡɦɟɪɨɜ ɹɱɟɣɤɢ ɧɟ ɨɤɚɡɵɜɚɥɨ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 
ɜɥɢɹɧɢɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɥɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɩɥɨɜɵɦ ɪɚɫɱɟɬɨɦ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. Ɋɚɫɯɨɞ ɭɝɥɹ ɧɚ ɨɞɧɭ ɝɨɪɟɥɤɭ ɫɨɫɬɚɜɢɥ 
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1,9 ɤɝ/ɫ, ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ – 17,15 ɤɝ/ɫ. ɋɜɨɣɫɬɜɚ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥɢɰɟ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚ ɫɬɟɧɤɟ ɡɚɞɚɜɚɥɢɫɶ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ɫɬɟɧɤɟ 
- 300°ɋ ɢ ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ ɫɬɟɧɨɤ – 0,76. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚ ɜɵɯɨɞɧɨɝɨ 
ɨɤɧɚ ɡɚɞɚɜɚɥɢɫɶ pressure-outlet. 
Ɍɚɛɥɢɰɚ 10 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɭɝɥɹ 

Proximate analysis 
Volatile Fixed carbon Ash Moisture 
0,28 0,316 0,074 0,33 

Ultimate Analysis (DAF) 
C H O N 
0,717511 0,050176 0,222278 0,010035 

 
ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɨɛɪɚɡɨɜɚɧɢɹ NO ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ 

ɩɚɪɚɦɟɬɪɵ: ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɚɡɨɬɚ ɜ ɥɟɬɭɱɢɯ 0,00363, ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɜɟɳɟɫɬɜɚ 
NH3(0,1) ɢ HCN(0,9), ɫɬɟɩɟɧɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɚɡɨɬɚ ɜ ɥɟɬɭɱɢɯ ɩɪɢɧɹɬɨ 1, 
ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɜ ɤɨɤɫɟ 0,006, ɫɬɟɩɟɧɶ ɤɨɧɜɟɪɫɢɢ ɚɡɨɬɚ ɜ ɤɨɤɫɟ 0,7. ɉɚɪɚɦɟɬɪ 
BET ɩɪɢɧɹɬ 25000 ɦ2/ɤɝ. 

Ɍɪɟɯɦɟɪɧɵɟ ɪɚɫɱɟɬɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɫɪɟɞɫɬɜ ɤɨɦɩɶɸɬɟɪɧɨ-
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ANSYS Fluent ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɪɚɫɫɦɨɬɪɟɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ 
ɩɨ ɜɵɫɨɬɟ ɢ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɫɟɱɟɧɢɹɯ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ 
ɧɟɨɛɯɨɞɢɦɵɯ ɬɨɱɤɚɯ ɢ ɩɪɨɫɥɟɞɢɬɶ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ. 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɞɚɧɧɵɦ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ. 
Ɍɚɛɥɢɰɚ 11 – ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɉɛɨɡɧɚɱɟɧɢɟ Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ 
ɑɢɫɥɟɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1042 1071 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,5 0,605 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 490,2 435 
 
ɉɨɬɟɪɢ ɫ ɦɟɯɧɟɞɨɠɨɝɨɦ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ: ݍସ =  (51) ,ʹ݋ͳ,ͺ͸͸∙𝜌ܿ∙ܨܣܦܥ∙ܤݐݑʹ݋ܱܥ

ɝɞɟ  ܱܥଶ௢௨௧ – ɤɨɥɢɱɟɫɬɜɨ ɧɟɞɨɝɨɪɟɜɲɢɯ ɱɚɫɬɢɰ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɤɝ/ɫ; ܥ஽஺ி – ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɧɚ ɫɭɯɭɸ ɦɚɫɫɭ; 𝜌௖௢మ – ɩɥɨɬɧɨɫɬɶ ɜɟɳɟɫɬɜɚ ɜ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ, ɤɝ/ɦ3; 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, ˏˆ/ːˏଷ: 
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ேை𝑥ܥ = ௡೙೚𝑥∙ଵ଴లଵ−௡ಹమೀ , (52) 

ɝɞɟ  ݊௡௢௫ – ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ NOx, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɦɨɥɶ; ݊ுమை – ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ H2O, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

Ɋɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɫɨɫɬɚɜɥɹɟɬ 2,5%, ɩɪɢ ɷɬɨɦ ɫɬɨɢɬ 
ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɪɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɨɩɤɢ ɩɪɨɢɡɜɨɞɢɥɫɹ ɛɟɡ ɭɱɟɬɚ 
ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɲɢɪɦ, ɩɨɷɬɨɦɭ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɥɭɱɢɥɚɫɶ ɜɵɲɟ. Ɍɚɤ ɠɟ 
ɢɦɟɟɬɫɹ ɨɬɤɥɨɧɟɧɢɟ ɩɨ ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɧɟɞɨɠɨɝɭ (30%), ɧɨ ɰɢɮɪɵ ɛɥɢɡɤɢ ɢ 
ɨɞɧɨɝɨ ɩɨɪɹɞɤɚ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɫɭɯɢɯ ɝɚɡɨɜ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɚ 11%. ȼ ɰɟɥɨɦ ɪɚɡɧɢɰɚ ɧɚɣɞɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟɜɟɥɢɤɚ, 
ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɫɦɨɞɟɥɢɪɨɜɚɧɧɭɸ ɦɨɞɟɥɶ ɪɟɠɢɦɚ ɤɨɪɪɟɤɬɧɨɣ. 

ɇɢɠɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɨɦɢɧɚɥɶɧɨɝɨ 
ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ȻɄɁ-500-140. 

 
 ɚ) ɛ) ɜ) ɝ) 

ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ 
ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ 

Ɋɢɫɭɧɨɤ 13 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 
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 ɚ) ɛ) ɜ) ɝ) 

ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ 
ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ 

Ɋɢɫɭɧɨɤ 14 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ 
ɚɡɨɬɚ NO, ɦ3/ɦ3; ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ 15 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɥɭɱɲɟɝɨ ɜɚɪɢɚɧɬɚ ɭɦɟɧɶɲɟɧɢɹ NOx ɩɪɢ 
ɧɚɢɦɟɧɶɲɟɦ ɪɨɫɬɟ q4 ɪɚɫɫɦɨɬɪɢɦ 6 ɜɚɪɢɚɧɬɨɜ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɭɩɟɧɱɚɬɨɝɨ 
ɫɠɢɝɚɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɫɩɨɥɨɠɟɧɢɹ 4ɯ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɜ ɭɝɥɚɯ 
ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɧɚ 1,5,3 ɢ 4,5 ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ ɢ ɩɨɞɚɱɢ ɜ ɧɢɯ ɜɨɡɞɭɯɚ 
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ɜ 10% ɢ 15% ɨɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɝɨɪɟɧɢɹ ɫ ɡɚɞɚɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ. 

Ɋɚɫɯɨɞ ɩɟɪɜɢɱɧɨɣ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ. Ⱦɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɢɡɦɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ(36,8ɦ/ɫ) 
ɜɵɩɨɥɧɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɪɚɫɱɟɬ ɟɝɨ ɪɚɫɯɨɞɚ ɜ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɢ 
ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɚ ɬɚɤɠɟ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɣ ɩɨɞɜɨɞɚ. 

Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɨɞɧɭ ɝɨɪɟɥɤɭ, ɤɝ/ɫ: ܩˆˑ˓ = ஻ଵଶ ∙ ܸ˅଴ ∙ ˕ߙ ∙ 𝜌˅, (53) 

ɉɥɨɳɚɞɶ ɩɨɞɜɨɞɚ ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ/ɜɨɡɞɭɯɚ, ɦ2: ܵ = ˆீˑ˓𝜌˅∙௏, (54) 

ɝɞɟ ܸ – ɫɤɨɪɨɫɬɶ ɩɨɞɜɨɞɚ ɜɨɡɞɭɯɚ/ɫɦɟɫɢ, ɦ/ɫ; 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɨɞɧɨɣ ɝɨɪɟɥɤɢ (ɢɡ 12) ɢ 

ɨɞɧɨɝɨ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ (ɢɡ 4) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ ɧɢɠɟ. 
Ɍɚɛɥɢɰɚ 12 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ 

˓ூூூ̞ܨ 15% 10%  .ˇ˖˕, ˏଶ 0,447 0,547 ܨூூ , ˏଶ 0,246 0,212 ܩூூூ˕˓.ˇ˖˕, ூூܩ 5,489 6,347 ˔/ˆˍ , ூܩ 7,719 5,146 ˔/ˆˍ , ˍˆ/˔ 9,092 9,092 
 
Ɉɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɫɬɚɜɚɥɢɫɶ ɧɟɢɡɦɟɧɧɵɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɚɡɨɜɨɝɨ 

ɪɚɫɱɟɬɚ. ȼ ɩɟɪɜɢɱɧɨɦ ɜɚɪɢɚɧɬɟ ɪɚɫɫɦɨɬɪɟɧ ɩɨɞɜɨɞ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢ 
ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɦɟɲɢɜɚɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ. 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ: 
Ɍɚɛɥɢɰɚ 13 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
Ȼɟɡ ɨɪɝɚɧɢɡɚɰɢɢ ɨɫɬɪɨɝɨ ɞɭɬɶɹ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1095 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,6 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 380 
  OFA=10% OFA=15% 

ɇɢɠɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 1,5ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1089 1055 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,605 0,602 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 13 
Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 363 372 

ɋɪɟɞɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 3 ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1064 1045 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,601 0,604 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 366 355 
ȼɟɪɯɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 4,5 ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1063 1038 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,606 0,596 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 359 362 
 
ɉɪɟɞɫɬɚɜɢɦ ɪɟɡɭɥɶɬɚɬɵ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ: 

 
Ɋɢɫɭɧɨɤ 16 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɟ q4 ɢ NOx ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɫɬɪɨɝɨ 

ɞɭɬɶɹ, 10% 

 
Ɋɢɫɭɧɨɤ 17 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɟ q4 ɢ NOx ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɫɬɪɨɝɨ 

ɞɭɬɶɹ, 15% 
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Ɋɢɫɭɧɨɤ 18 – ɂɡɦɟɧɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɟ NOx ɨɬ ɜɟɥɢɱɢɧɵ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ 

ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɢɥɢɫɶ ɧɟɨɞɧɨɡɧɚɱɧɵ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ 
ɜɨɡɞɭɯɚ ɜ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɜ ɧɢɠɧɟɦ ɢ ɜɟɪɯɧɟɦ ɹɪɭɫɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɨɛɪɚɡɨɜɚɧɢɟ NOx, ɩɪɢ ɷɬɨɦ ɜ ɫɨɩɥɚ ɧɚ ɨɬɦɟɬɤɟ ɧɚ 3ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɩɨɞɚɱɢ 
ɝɨɪɟɥɨɤ, ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɬɧɚɹ ɫɢɬɭɚɰɢɹ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɞɚɱɢ ɩɪɨɢɫɯɨɞɢɬ 
ɫɧɢɠɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ NOx. ɉɨɬɟɪɢ ɬɟɩɥɚ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ 
ɢɡɦɟɧɹɸɬɫɹ ɫɥɚɛɨ ɢ ɞɚɠɟ ɧɟ ɢɡɦɟɧɹɸɬɫɹ.  

Ɍɚɤɢɦ ɪɟɲɟɧɢɟɦ ɭɞɚɟɬɫɹ ɞɨɫɬɢɱɶ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ NOx ɞɨ 6%, 
ɩɪɢ ɩɨɱɬɢ ɧɟɢɡɦɟɧɧɵɯ ɩɨɬɟɪɹɯ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ.  

Ⱦɚɧɧɨɟ ɪɟɲɟɧɢɟ ɧɟ ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɝɨɪɟɥɤɟ, ɢ ɞɚɟɬ ɥɢɲɶ ɩɨɧɢɦɚɧɢɟ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɮɚɤɟɥɚ ɜ ɫɥɟɞɫɬɜɢɢ ɢɡɦɟɧɟɧɢɟ 
ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɉɬɧɨɫɢɬɟɥɶɧɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɨ 
ɦɟɬɨɞɢɤɟ ɋɈ 153-34.02.304-2003 ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɤɚɡɵɜɚɟɬ 
ɫɧɢɠɟɧɢɟ ɧɚ 2 % ɛɨɥɶɲɟ.  

Ɋɚɫɫɦɨɬɪɢɦ ɜɚɪɢɚɧɬ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɫɦɟɲɟɧɢɟɦ ɬɨɩɥɢɜɧɨ-
ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɞɥɹ ɷɬɨɝɨ ɭɜɟɥɢɱɢɦ ɞɥɢɧɭ ɩɨɞɜɨɞɚ ɫɦɟɫɢ ɢ ɜɨɡɞɭɯɚ ɫ ɰɟɥɶɸ 
ɩɪɢɧɹɬɢɹ ɜɨ ɜɧɢɦɚɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ ɫɭɲɤɟ ɬɨɩɥɢɜɚ. 
Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɛɚɡɨɜɨɝɨ ɜɚɪɢɚɧɬɚ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɵɲɟ. Ɋɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɚ 6-ɬɢ ɜɚɪɢɚɧɬɨɜ ɨɪɝɚɧɢɡɚɰɢɢ ɨɫɬɪɨɝɨ ɞɭɬɶɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ. 
Ɍɚɛɥɢɰɚ 14 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
Ȼɟɡ ɨɪɝɚɧɢɡɚɰɢɢ ɨɫɬɪɨɝɨ ɞɭɬɶɹ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1071 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,605 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 435 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 14 
  OFA=10% OFA=15% 

ɇɢɠɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 1,5ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1028 1023 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,618 0,609 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 390 413 
ɋɪɟɞɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 3 ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1005 992 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,605 0,617 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 415 365 
ȼɟɪɯɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 4,5 ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1000 981 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,616 0,61 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 370 375 
 
ȼ ɞɚɧɧɨɦ ɜɚɪɢɚɧɬɟ ɪɚɫɱɟɬɟ ɫ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɫɦɟɲɢɜɚɧɢɹ ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɞɨɫɬɢɠɟɧɢɟ ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɫɨɫɬɚɜɥɹɟɬ 16%. ɂɦɟɧɧɨ ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɟ 
ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɭɦɟɧɶɲɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ. ɋɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ NOx ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ 
ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ.  

  
Ɋɢɫɭɧɨɤ 19 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɟ q4 ɢ NOx ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɫɬɪɨɝɨ 

ɞɭɬɶɹ, 10% 
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Ɋɢɫɭɧɨɤ 20 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɟ q4 ɢ NOx ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɫɬɪɨɝɨ 

ɞɭɬɶɹ, 15% 

 
Ɋɢɫɭɧɨɤ 21 – ɂɡɦɟɧɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɟ NOx ɨɬ ɜɟɥɢɱɢɧɵ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ 

ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 

Ʉɚɪɬɢɧɚ ɩɨ ɯɚɪɚɤɬɟɪɭ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɥɭɱɢɥɚɫɶ ɚɧɚɥɨɝɢɱɧɚ. ȼɟɪɨɹɬɧɨ, 
ɫɭɳɟɫɬɜɭɟɬ ɬɨɱɤɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬɫɹ ɧɚɢɦɟɧɶɲɟɟ ɨɛɪɚɡɨɜɚɧɢɟ NOx. ɉɪɢ 
ɷɬɨɦ ɧɟɫɦɨɬɪɹ ɧɚ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ, ɤɚɪɬɢɧɚ ɪɚɫɱɟɬɨɜ ɝɨɜɨɪɢɬ ɨ 
ɬɨɦ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɨɫɬɪɨɝɨ ɞɭɬɶɹ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟ NOx.  

Ɋɚɫɫɦɨɬɪɢɦ ɜɥɢɹɧɢɟ ɭɝɥɚ ɩɨɞɜɨɞɚ ɜɨɡɞɭɯɚ ɜ ɫɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ. 
ȼ ɩɟɪɜɨɦ ɜɚɪɢɚɧɬɟ ɩɨɞɜɨɞ ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɫɨɩɥɚ ɨɫɬɪɨɝɨ ɞɭɬɶɹ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞ ɭɝɥɨɦ -45° ɤ ɝɨɪɢɡɨɧɬɚɥɢ ɩɨ ɨɫɢ Z. 

 
Ɋɢɫɭɧɨɤ 22 – ȼɟɤɬɨɪɵ ɫɤɨɪɨɫɬɟɣ ɩɨɞɜɨɞɚ ɜɨɡɞɭɯɚ ɩɨɞ ɭɝɥɨɦ -45° 
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Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
15. 
Ɍɚɛɥɢɰɚ 15 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
Ȼɟɡ ɨɪɝɚɧɢɡɚɰɢɢ ɨɫɬɪɨɝɨ ɞɭɬɶɹ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1071 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,605 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 435 
  OFA=10% OFA=15% 

ɇɢɠɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 1,5ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1026 1000 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,616 0,619 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 415 405 
ɋɪɟɞɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 3 ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1007 1000 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,619 0,618 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 379 388 
ȼɟɪɯɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 4,5 ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1004 - 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,615 - 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 398 - 
 
ɉɪɢ ɨɪɝɚɧɢɡɚɰɢɢ 15% ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɜɟɪɯɧɢɣ ɫɨɩɥɚ ɜɨɡɧɢɤɚɟɬ 

ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɮɚɤɟɥɚ ɢ ɡɚɬɹɝɢɜɚɧɢɟ ɟɝɨ ɝɨɪɟɧɢɹ ɜ ɩɨɜɨɪɨɬɧɭɸ ɤɚɦɟɪɭ, ɫɦ 
ɩɪɢɥɨɠɟɧɢɟ Ⱥ. 

 
Ɋɢɫɭɧɨɤ 23 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɟ q4 ɢ NOx ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɫɬɪɨɝɨ 

ɞɭɬɶɹ, 10% 
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Ɋɢɫɭɧɨɤ 24 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɟ q4 ɢ NOx ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɫɬɪɨɝɨ 

ɞɭɬɶɹ, 15% 

Ʉɚɪɬɢɧɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɵɝɥɹɞɢɬ ɡɟɪɤɚɥɶɧɨ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɨɞɜɨɞɨɦ 
ɜɨɡɞɭɯɚ ɩɨ ɧɨɪɦɚɥɢ ɫɨɩɟɥ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɫɨɩɥɚ «niz» 
ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɜ ɬɨ ɜɪɟɦɹ 
ɤɚɤ ɜ ɩɪɟɞɵɞɭɳɟɦ ɜɚɪɢɚɧɬɟ ɧɚɛɥɸɞɚɥɫɹ ɪɨɫɬ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɨɞɚɱɢ ɜ ɫɨɩɥɚ 
«sered» ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɜɵɛɪɨɫɨɜ NOx. 

ɇɚɢɦɟɧɶɲɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɩɨɞɜɨɞɟ 
ɨɫɬɪɨɝɨ ɞɭɬɶɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 3 ɦ ɨɬ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɝɨɪɟɥɨɤ ɜ ɤɨɥɢɱɟɫɬɜɟ 10% 
ɨɬ ɨɛɳɟɝɨ ɩɨɞɜɨɞɚ, ɩɪɢ ɷɬɨɦ ɫɧɢɠɟɧɢɟ ɜɵɛɪɨɫɨɜ ɫɨɫɬɚɜɥɹɟɬ 12,9%. ȼ ɰɟɥɨɦ ɜ 
ɞɚɧɧɨɦ ɜɚɪɢɚɧɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɪɟɞɵɞɭɳɢɦ ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ 
ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ.  

Ɋɚɫɫɦɨɬɪɢɦ ɜɚɪɢɚɧɬ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɫɨɩɥɚ ɨɫɬɪɨɝɨ ɞɭɬɶɹ 
ɩɨɞ ɭɝɥɨɦ 45° ɤ ɝɨɪɢɡɨɧɬɚɥɢ ɩɨ ɨɫɢ Z. 

 
Ɋɢɫɭɧɨɤ 25 – ȼɟɤɬɨɪɵ ɫɤɨɪɨɫɬɟɣ ɩɨɞɜɨɞɚ ɜɨɡɞɭɯɚ ɩɨɞ ɭɝɥɨɦ 45° 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
16. 
Ɍɚɛɥɢɰɚ 16 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
Ȼɟɡ ɨɪɝɚɧɢɡɚɰɢɢ ɨɫɬɪɨɝɨ ɞɭɬɶɹ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1071 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,605 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 435 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 16 
  OFA=10% OFA=15% 

ɇɢɠɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 1,5ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1004 980 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,619 0,611 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 416 425 
ɋɪɟɞɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 3 ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1001 988 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,623 0,619 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 409 399 
ȼɟɪɯɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɧɚ 4,5 ɦ ɜɵɲɟ ɭɪɨɜɧɹ ɝɨɪɟɥɨɤ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 

𝜗 ′̞′, °С 1012 975 

ɉɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɧɟɞɨɠɨɝɨɦ 

,ସݍ % 0,625 0,621 

Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ܰ ௫ܱ, ˏˆ/ːˏଷ 405 361 
 

 
Ɋɢɫɭɧɨɤ 26 - Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɟ q4 ɢ NOx ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɫɬɪɨɝɨ 

ɞɭɬɶɹ, 10% 

 
Ɋɢɫɭɧɨɤ 27 - Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɟ q4 ɢ NOx ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɫɬɪɨɝɨ 

ɞɭɬɶɹ, 15% 
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Ʉɚɪɬɢɧɚ ɩɨ ɯɚɪɚɤɬɟɪɭ ɚɧɚɥɨɝɢɱɧɚ ɫ ɜɚɪɢɚɧɬɨɦ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ ɩɨ ɧɨɪɦɚɥɢ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɧɢɠɧɢɟ ɫɨɩɥɚ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ NOx. ɋɧɢɠɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɟ NOx ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɫɪɟɞɧɢɟ ɫɨɩɥɚ ɜɨɡɞɭɯɚ. ɋɬɨɢɬ ɨɛɪɚɬɢɬɶ 
ɜɧɢɦɚɧɢɟ ɧɚ ɫɚɦɵɣ ɤɪɚɣɧɢɣ ɜɚɪɢɚɧɬ ɪɚɫɱɟɬɚ ɫ ɩɨɞɚɱɟɣ 15% ɜɨɡɞɭɯɚ ɜ ɜɟɪɯɧɢɟ 
ɫɨɩɥɚ. Ɂɞɟɫɶ ɞɨɫɬɢɝɚɟɬɫɹ ɫɚɦɚɹ ɦɚɥɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɜɪɟɞɧɨɝɨ 
ɜɟɳɟɫɬɜɚ. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɜɥɢɹɧɢɹ ɭɝɥɚ ɩɨɞɜɨɞɚ ɜɨɡɞɭɯɚ ɧɚ 
ɤɨɧɰɟɧɬɪɚɰɢɸ NOx. 

 
Ɋɢɫɭɧɨɤ 28 – ɂɡɦɟɧɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɟ NOx ɨɬ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɩɨɞɜɨɞɚ 

ɜɨɡɞɭɯɚ, 10% ɩɨɞɚɱɚ ɜ ɫɨɩɥɚ 

 
Ɋɢɫɭɧɨɤ 29 – ɂɡɦɟɧɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɟ NOx ɨɬ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɩɨɞɜɨɞɚ 

ɜɨɡɞɭɯɚ, 15% ɩɨɞɚɱɚ ɜ ɫɨɩɥɚ 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɭɝɨɥ ɞɨɜɨɞɚ ɨɤɚɡɵɜɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɨɛɪɚɡɨɜɚɧɢɟ NOx, ɢɡ 11 ɜɚɪɢɚɧɬɨɜ 7 ɩɨɤɚɡɵɜɚɸɬ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, 4 
ɧɚ ɫɧɢɠɟɧɢɟ. 

ɇɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɢɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɹɜɥɹɟɬɫɹ ɜɚɪɢɚɧɬ ɫ 
ɩɨɞɜɨɞɨɦ ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 15% ɨɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɝɨɪɟɧɢɹ 
ɫ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 4,5 ɦ ɨɬ ɜɟɪɯɧɟɣ ɝɨɪɟɥɤɢ ɫ ɩɨɞɜɨɞɨɦ 
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ɜɨɡɞɭɯɚ ɩɨ ɧɨɪɦɚɥɢ ɫɨɩɟɥ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ 
16% ɢ ɫɨɫɬɚɜɥɹɟɬ 365 ɦɝ/ɧɦ3. 

ȼ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɚɪɢɚɧɬɚɯ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟ ɭɱɬɟɧ ɮɚɤɬɨɪ ɬɢɩɚ 
ɝɨɪɟɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɫɭɲɤɢ ɬɨɩɥɢɜɚ ɬɨɩɨɱɧɵɦɢ ɝɚɡɚɦɢ. ɉɪɢ ɩɪɚɜɢɥɶɧɨ 
ɩɨɞɨɛɪɚɧɧɵɯ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɢ ɟɳɟ ɛɨɥɟɟ ɭɝɥɭɛɥɟɧɧɨɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ. 
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4 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 

ɐɟɥɶɸ ɪɚɫɱɟɬɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɱɚɫɬɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɪɨɤɚ 
ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ – ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɨɝɨ ɞɟɧɟɠɧɨɝɨ ɩɨɬɨɤɚ ɧɚɪɚɫɬɚɸɳɢɦ 
ɢɬɨɝɨɦ. 

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ 1 ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ. 
ɋɦɟɬɚ ɡɚɬɪɚɬ ɧɚ ɪɟɚɥɢɡɚɰɢɸ ɦɟɪɨɩɪɢɹɬɢɣ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ: 
 

Ɍɚɛɥɢɰɚ 17 – ɋɦɟɬɚ ɡɚɬɪɚɬ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɡɚɬɪɚɬ ɢ 
ɪɚɛɨɬ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɟɞɢɧɢɰ 

ɋɬɨɢɦɨɫɬɶ 
ɟɞɢɧɢɰɵ, ɬɵɫ. ɪɭɛ. Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 

ɋɨɩɥɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 4 400 1 600 
Ɇɨɧɬɚɠ ɫɨɩɟɥ 
ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 

1 1 200 1 200 

Ⱦɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ 1 500 500 
ɂɬɨɝɨ 3 300 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 18. 
 

Ɍɚɛɥɢɰɚ 18 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɉɨɤɚɡɚɬɟɥɶ ȿɞɢɧɢɰɚ 
ɢɡɦɟɪɟɧɢɹ 

ɍɫɥɨɜɧɨɟ 
ɨɛɨɡɧɚɱɟɧɢɟ 

Ɂɧɚɱɟɧɢɟ 
ɩɨɤɚɡɚɬɟɥɹ 

ȿɞɢɧɨɜɪɟɦɟɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɜɟɞɟɧɢɟ 
ɦɟɪɨɩɪɢɹɬɢɹ 

 Ʉɦ 3 300 

ɇɨɪɦɚɬɢɜ ɩɥɚɬɵ ɡɚ ɜɵɛɪɨɫ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ: 
Ⱦɜɭɨɤɢɫɶ ɚɡɨɬɚ 

ɪɭɛ/ɬ ɉNO2 138,8 

ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɤɨɬɥɚ ɜ ɬɟɱɟɧɢɢ ɝɨɞɚ ɱ Ɍɤ 6800 
ɉɪɨɰɟɧɬ ɧɚɥɨɝɨɜ ɢ ɨɬɱɢɫɥɟɧɢɣ % g 20 
ɇɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ % Ha 2 

 
ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɷɤɨɧɨɦɢɢ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɧɚ 

ɫɨɤɪɚɳɟɧɢɢ ɩɥɚɬɵ ɡɚ ɜɵɛɪɨɫɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɵɯ 
ɦɟɪɨɩɪɢɹɬɢɣ. 

Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɩɥɚɬɵ ɡɚ ɜɵɛɪɨɫɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ19. 
 

Ɍɚɛɥɢɰɚ 19 

ɉɨɤɚɡɚɬɟɥɶ ȿɞɢɧɢɰɚ 
ɢɡɦɟɪɟɧɢɹ 

Ⱦɨ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ɉɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɤɨɥɨɝɢɱɟɫɤɨɣ 
ɫɢɬɭɚɰɢɢ 

 1,68 1,68 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɧɞɟɤɫɚɰɢɢ ɩɥɚɬɵ 
ɡɚ ɜɵɛɪɨɫɵ 

 2,45 2,45 

Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɞɜɭɨɤɢɫɢ ɚɡɨɬɚ ɝ/ɫ 69,9 52,04 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 19 
Ɇɚɫɫɚ ɜɵɛɪɨɫɨɜ ɞɜɭɨɤɢɫɢ ɚɡɨɬɚ ɬ 1 711,15 1 282,75 
ɉɥɚɬɚ ɡɚ ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ 
ɜɟɳɟɫɬɜ: 
Ⱦɜɭɨɤɢɫɶ ɚɡɨɬɚ 

ɬɵɫ. ɪɭɛ. 977,58 732,84 

ɍɦɟɧɶɲɟɧɢɟ ɩɥɚɬɵ ɡɚ ɜɵɛɪɨɫɵ ɬɵɫ. ɪɭɛ. 244,75 
 
ȼ ɬɚɛɥɢɰɟ ɧɢɠɟ ɩɪɢɜɟɞɟɧ ɪɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɤɨɦɦɟɪɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ. 
 

Ɍɚɛɥɢɰɚ 20 – ɉɨɤɚɡɚɬɟɥɢ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɜ ɩɪɨɟɤɬ 

ɉɨɤɚɡɚɬɟɥɢ ɩɨ ɩɪɨɟɤɬɭ Ɂɧɚɱɟɧɢɟ 
ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ (NPV) ɡɚ 15 ɥɟɬ, ɦɥɧ. ɪɭɛ 786,5 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ (IRR), %  1 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ (DPI), ɞɨɥɢ 1,09 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ (DPP), ɥɟɬ 11,8 
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Ɍɚɛɥɢɰɚ 21 – Ⱦɟɧɟɠɧɵɟ ɩɨɬɨɤɢ ɢ ɤɪɢɬɟɪɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 

Ƚɨɞ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
ɋɬɨɢɦɨɫɬɶ ɫɷɤɨɧɨɦɥɟɧɧɵɯ 
ɫɪɟɞɫɬɜ, ɬɵɫ. ɪɭɛ. 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 

Ƚɨɞɨɜɨɣ ɩɪɢɪɨɫɬ ɛɚɥɚɧɫɨɜɨɣ 
ɩɪɢɛɵɥɢ, ɬɵɫ. ɪɭɛ 

178,75 178,75 178,75 178,75 178,75 178,75 178,75 178,75 178,75 178,75 178,75 178,75 178,75 178,75 178,75 

Ⱥɦɨɪɬɢɡɚɰɢɹ, ɬɵɫ. ɪɭɛ 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 

ɇɚɥɨɝɢ, ɬɵɫ. ɪɭɛ 35,75 35,75 35,75 35,75 35,75 35,75 35,75 35,75 35,75 35,75 35,75 35,75 35,75 35,75 35,75 

ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ, ɬɵɫ. ɪɭɛ 143 143 143 143 143 143 143 143 143 143 143 143 143 143 143 
ȿɞɢɧɨɜɪɟɦɟɧɧɵɟ ɡɚɬɪɚɬɵ, ɬɵɫ. 
ɪɭɛ 

-3300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, 
ɬɵɫ.ɪɭɛ 

-3300 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ 
ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ, ɬɵɫ. ɪɭɛ 

-3300 -3055,25 -2810,5 -2565,7 -2321 -2076,2 -1831, -1586,7 -1342 -1097,2 -852,5 -607,75 -363 -118,25 126,5 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ 
ɩɨɬɨɤ, ɬɵɫ.ɪɭɛ 

-2640 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 244,75 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ 
ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ, 
ɬɵɫ. ɪɭɛ 

-2640 -2395,25 -2150,5 -1905,7 -1661 -1416,2 -1172 -926,75 -682 -437,25 -192,5 52,25 297 541,75 786,5 
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɩɪɢɜɟɞɟɧɧɵɯ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧ ɜɚɪɢɚɧɬ 
ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɧɚ ɤɨɬɟɥɶɧɨɦ ɚɝɪɟɝɚɬɟ ȻɄɁ-500-140 
Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2, ɩɨɡɜɨɥɹɸɳɢɣ ɭɦɟɧɶɲɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ 
– ɨɤɫɢɞɨɜ ɚɡɨɬɚ. ɉɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɮɚɤɬɨɪɨɜ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɪɟɠɢɦɚ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ ɢ ɜɥɢɹɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚ 
ɨɛɪɚɡɨɜɚɧɢɟ NOx. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɜɵɩɨɥɧɟɧɨ: 
1. Ɋɚɫɫɦɨɬɪɟɧɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɛɨɪɶɛɵ ɧɚ 

ɩɵɥɟɭɝɨɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɚɯ ɫ ɨɤɫɢɞɚɦɢ ɚɡɨɬɚ. Ɋɚɫɫɦɨɬɪɟɧɵ 
ɬɟɯɧɨɥɨɝɢɢ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ ɢ ɨɩɵɬ ɩɪɢɦɟɧɟɧɢɹ ɧɚ 
ɞɟɣɫɬɜɭɸɳɢɯ ɬɟɩɥɨɜɵɯ ɫɬɚɧɰɢɹɯ Ɋɨɫɫɢɢ. ɋɪɟɞɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
ɩɨɞɨɛɪɚɧ ɷɮɮɟɤɬɢɜɧɵɣ ɢ ɦɚɥɨɡɚɬɪɚɬɧɵɣ ɫɩɨɫɨɛ – ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ 
«OFA (overfire air)». 

2. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɨɛɴɟɦ ɢ ɫɨɫɬɚɜ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɫɪɟɞɢ 
ɩɪɟɨɛɥɚɞɚɸɳɢɯ ɢ ɬɪɟɛɭɸɳɢɯ ɧɟɡɚɦɟɞɥɢɬɟɥɶɧɨɝɨ ɭɥɭɱɲɟɧɢɹ – ɨɤɫɢɞɵ ɚɡɨɬɚ. 
Ɉɩɪɟɞɟɥɟɧɵ ɩɭɬɢ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 
ɭɦɟɧɶɲɟɧɢɹ NOx ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɬɨɩɥɢɜɧɵɯ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ. 

3. Ɋɚɫɫɦɨɬɪɟɧɚ ɦɟɬɨɞɢɤɚ ɋɈ 153-34.02.304-2003 «Ɇɟɬɨɞɢɱɟɫɤɢɟ 
ɭɤɚɡɚɧɢɹ ɩɨ ɪɚɫɱɟɬɭ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɫ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɤɨɬɥɨɜ 
ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ», ɜɵɹɜɥɟɧɵ ɟɟ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ. Ⱦɥɹ 
ɩɨɤɪɵɬɢɹ ɧɟɞɨɫɬɚɬɤɨɜ ɜɵɲɟɧɚɩɢɫɚɧɧɨɣ ɦɟɬɨɞɢɤɢ, ɪɚɫɫɦɨɬɪɟɧɚ ɩɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ ANSYS Fluent. 

4. ȼɵɩɨɥɧɟɧ ɪɹɞ ɪɚɫɱɟɬɧɨ-ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɪɢ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɩɨ ɜɵɫɨɬɟ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɞɨɫɬɢɝɚɟɬɫɹ 
ɫɧɢɠɟɧɢɟ NOx ɧɚ 4%, ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ 
ɝɨɪɟɥɤɚɯ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɠɢɝɚɧɢɹ – 26%. 

5. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. 
ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ NOx ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɨɩɟɥ 
ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ ɢ ɭɝɥɚ ɩɨɞɜɨɞɚ ɜɨɡɞɭɯɚ ɜ ɧɢɯ (ɪɢɫ. 30).  

  
ɚ) ɛ) 

ɚ) 10% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ ɫɨɩɥɚ; ɛ) 15% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ ɫɨɩɥɚ 

Ɋɢɫɭɧɨɤ 30 – ɂɡɦɟɧɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɟ NOx ɨɬ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɩɨɞɜɨɞɚ ɜɨɡɞɭɯɚ 
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ɋɪɟɞɢ ɫɦɨɞɟɥɢɪɨɜɚɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɣ ɹɜɥɹɟɬɫɹ 
ɩɨɞɜɨɞ ɬɪɟɬɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 15% ɨɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɝɨɪɟɧɢɹ ɫ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɩɟɥ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 4,5 ɦ ɨɬ ɜɟɪɯɧɟɣ ɝɨɪɟɥɤɢ ɫ ɩɨɞɜɨɞɨɦ 
ɜɨɡɞɭɯɚ ɩɨ ɧɨɪɦɚɥɢ ɫɨɩɟɥ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ 
16% ɢ ɫɨɫɬɚɜɥɹɟɬ 365 ɦɝ/ɧɦ3. 

6. ȼɵɩɨɥɧɟɧɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɠɢɝɚɧɢɹ, ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɡɚ ɫɱɟɬ 
ɫɧɢɠɟɧɢɹ ɩɥɚɬɟɠɟɣ ɡɚ ɜɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɫɨɫɬɚɜɥɹɟɬ 11,8 ɥɟɬ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

ȼɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ 
ɫɠɢɝɚɧɢɹ ɭɝɥɹ ɧɚ ɤɨɬɥɟ ȻɄɁ-500-140 

1. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 10% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «niz». 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.1- Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.2 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.3 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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2. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 15% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «niz». 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.4 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.5 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.6 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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3. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 10% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «sered». 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.7 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.8 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.9 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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4. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 15% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «sered». 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.10 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.11 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.12 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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5. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 10% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «verh». 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.13 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.1431 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.1532 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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6. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 15% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «verh». 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.16 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.17 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.18 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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7. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 10% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «niz», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ -45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ 
Ɋɢɫɭɧɨɤ Ⱥ.1933 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.2034 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.21 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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8. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 15% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «niz», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ -45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.22 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.23 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.24 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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9. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 10% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «sered», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ -45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.2535 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.2636 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.27 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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10. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 15% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «sered», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ -45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.2837 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.29 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.30 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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11. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 10% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «verh», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ -45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.31 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.3238 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.33 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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12. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 15% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «verh», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ -45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.34 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.35 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

    
 ɚ)  ɛ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 
Ɋɢɫɭɧɨɤ Ⱥ.36 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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13. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 10% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «niz», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.37 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.38 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.39 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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14. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 15% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «niz», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.40 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.4139 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.42 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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15. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 10% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «sered», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.43 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.44 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.45 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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16. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 15% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «sered», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.46 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.47 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.48 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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17. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 10% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «verh», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.49 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.50 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.51 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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18. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, 15% ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ 
ɫɨɩɥɚ «verh», ɭɝɨɥ ɩɨɞɜɨɞɚ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ 45° 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.52 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ 

  

   

 ɚ) ɛ) ɜ) ɝ) 
ɚ) ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ; ɛ) ɫɟɱɟɧɢɟ 1 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) ɫɟɱɟɧɢɟ 2 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; ɜ) 

ɫɟɱɟɧɢɟ 3 ɹɪɭɫɚ ɝɨɪɟɥɨɤ; 
Ɋɢɫɭɧɨɤ Ⱥ.53 – ȼɟɤɬɨɪɧɵɟ ɫɤɨɪɨɫɬɢ 

      
 ɚ)  ɛ)  ɜ) 

ɚ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ O2, ɦ3/ɦ3; ɛ) ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɦ3/ɦ3; 
ɜ) ɤɨɧɰɟɧɬɪɚɰɢɹ CO2, ɦ3/ɦ3; 

Ɋɢɫɭɧɨɤ Ⱥ.5440 – Ʉɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ 
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