
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
ɢɧɫɬɢɬɭɬ 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ 
ɤɚɮɟɞɪɚ 

 
ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
  ȿ.Ⱥ. Ȼɨɣɤɨ 

ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

13.03.01 – Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɤɨɞ-ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

 
ɉɪɨɟɤɬ ɪɚɫɲɢɪɟɧɢɹ Ɍɚɥɚɤɚɧɫɤɨɣ ȽɌɗɋ «ɋɭɪɝɭɬɧɟɮɬɟɝɚɡ» 

ɬɟɦɚ 

 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ     Ʌ.ɇ.ɉɨɞɛɨɪɫɤɢɣ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ     Ʉ.ȿ. Ⱥɡɚɧɨɜ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɍɟɯɧɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ     ȿ.Ⱥ. Ȼɨɣɤɨ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

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

 
 
 
 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2021



Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
ɢɧɫɬɢɬɭɬ 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ 
ɤɚɮɟɞɪɚ 

 
ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
  ȿ.Ⱥ. Ȼɨɣɤɨ 

ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

«  »   20  ɝ 
 
 
 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼЫɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

 
ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 

ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ, ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ, ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ, ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 



ɋɬɭɞɟɧɬɭ Ⱥɡɚɧɨɜɭ Ʉɨɧɫɬɚɧɬɢɧɭ ȿɜɝɟɧɶɟɜɢɱɭ 
ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ Ɏɗ17-01Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.01 
 ɧɨɦɟɪ  ɤɨɞ 

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɪɨɟɤɬ ɪɚɫɲɢɪɟɧɢɹ 
Ɍɚɥɚɤɚɧɫɤɨɣ ȽɌɗɋ «ɋɭɪɝɭɬɧɟɮɬɟɝɚɡ» 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 19492/ɫ ɨɬ 30.12.2020 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ʌ.ɇ. ɉɨɞɛɨɪɫɤɢɣ, ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɤɚɮɟɞɪɚ Ɍɗɋ 
 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ Ɍɨɩɥɢɜɨ – ɩɨɩɭɬɧɵɣ ɧɟɮɬɹɧɨɣ ɝɚɡ ɢ ɩɪɢɪɨɞɧɵɣ  
ɝɚɡ Ɍɚɥɚɤɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɢɟ – ɪɟɫɩɭɛɥɢɤɚ ɋɚɯɚ (əɤɭɬɢɹ),  
Ʌɟɧɫɤɢɣ ɪɚɣɨɧ, ɩɨɫёɥɨɤ ɉɟɥɟɞɭɣ 

 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ 

 
ȼɜɟɞɟɧɢɟ, ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 

ɋɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ, ɩɨɞɝɨɬɨɜɤɚ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ ɤ ɫɠɢɝɚɧɢɸ,  
ɪɚɫɱёɬ ȽɌɍ, ɬɟɩɥɨɜɨɣ ɪɚɫɱёɬ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ, ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱёɬ ɤɨɬɥɚ 
ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ, ɭɤɪɭɩɧёɧɧɵɣ ɪɚɫɱёɬ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɷɤɨɥɨɝɢɹ, ɜɵɛɨɪ  
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɨɟɤɬɚ, ɝɟɧɟɪɚɥɶ- 

ɧɵɣ ɩɥɚɧ 

 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: 

 
 

Ʌɢɫɬ 1. ɋɯɟɦɚ ɩɨɞɝɨɬɨɜɤɢ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ ɤ ɫɠɢɝɚɧɢɸ; 
Ʌɢɫɬ 2. ɑɟɪɬɟɠ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɷɧɟɪɝɨɛɥɨɤɚ ɉȽɍ; 
Ʌɢɫɬ 3. ɋɯɟɦɚ ɜɵɞɚɱɢ ɦɨɳɧɨɫɬɢ 

Ʌɢɫɬ 4. ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 

Ʌɢɫɬ 5. ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ; 
Ʌɢɫɬ 6. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ Ɍɗɋ. 

 
 
 
 
 
 
 
 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ    Ʌ.ɇ. ɉɨɞɛɨɪɫɤɢɣ 
  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ                              Ʉ.ȿ. Ⱥɡɚɧɨɜ 
  ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 
«  »   20  ɝ 
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ɊȿɎȿɊȺɌ 
 
 Ⱦɚɧɧɚɹ ɜɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «Ɋɚɫɲɢɪɟɧɢɹ 
Ɍɚɥɚɤɚɧɫɤɨɣ ȽɌɗɋ «ɋɭɪɝɭɬɧɟɮɬɟɝɚɡ»» ɫɨɞɟɪɠɢɬ 90 ɫɬɪɚɧɢɰ, 1 ɩɪɢɥɨɠɟɧɢɟ, 5 
ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
 ɉɈɉɍɌɇɕɃ ɇȿɎɌəɇɈɃ ȽȺɁ, ɉɈȾȽɈɌɈȼɄȺ ɉɈɉɍɌɇɈȽɈ ȽȺɁȺ, 
ɋɀɂȽȺɇɂȿ ɉɈɉɍɌɇɈȽɈ ȽȺɁȺ, ɇȿɎɌȿȽȺɁɈɄɈɇȾȿɇɋȺɌɇɈȿ 
ɆȿɋɌɈɊɈɀȾȿɇɂȿ, ɉȺɊɈȽȺɁɈȼȺə ɗɅȿɄɌɊɈɋɌȺɇɐɂə, ȽȺɁɈȼȺə 
ɌɍɊȻɂɇȺ, ɄɈɌЁɅ-ɍɌɂɅɂɁȺɌɈɊ, ɉȺɊɈȼȺə ɌɍɊȻɂɇȺ, ɌȿɏɇɂɄɈ-
ɗɄɈɇɈɆɂɑȿɋɄɈȿ ɈȻɈɋɇɈȼȺɇɂȿ, ɋɊɈɄ ɈɄɍɉȺȿɆɈɋɌɂ, 
ɗɇȿɊȽɈɋɂɋɌȿɆȺ. 
 Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɢɫɚɥɚɫɶ ɫ ɰɟɥɶɸ ɨɛɨɡɪɟɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ, ɚ ɬɚɤɠɟ ɞɨɤɚɡɚɬɶ ɢɥɢ ɨɩɪɨɜɟɪɝɧɭɬɶ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɭɬɢɥɢɡɚɰɢɢ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ ɜ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧɚɯ ɩɚɪɨɝɚɡɨɜɵɯ 
ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɭ. Ɉɫɧɨɜɧɵɦɢ 
ɡɚɞɚɱɚɦɢ ɛɵɥɨ: ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɨɞɧɨɝɨ ɢɡ ɜɵɛɪɚɧɧɵɯ 
ɜɚɪɢɚɧɬɨɜ ɫɨɫɬɚɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɱёɬɧɨɝɨ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɯɟɦɵ 
ɩɨɞɝɨɬɨɜɤɢ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ, ɩɪɨɢɡɜɟɫɬɢ ɬɟɩɥɨɜɨɣ ɪɚɫɱёɬ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɢ 
ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ, ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɫɱёɬ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ, ɭɤɪɭɩɧёɧɧɵɣ 
ɪɚɫɱёɬ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɜɵɹɜɥɟɧɢɟ ɮɚɤɬɨɪɚ, ɢɦɟɸɳɟɝɨ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ 
ɢɧɜɟɫɬɢɰɢɨɧɧɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
 ɉɨ ɢɬɨɝɭ ɩɪɨɜɟɞёɧɧɵɯ ɪɚɫɱёɬɨɜ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 
ɩɚɪɨɝɚɡɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧɚ ɩɨɩɭɬɧɨɦ ɝɚɡɟ ɨɩɪɚɜɞɚɧɨ ɤɚɤ ɫ ɷɤɨɧɨɦɢɱɟɫɤɨɣ, 
ɬɚɤ ɢ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɟɤ ɡɪɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɩɪɨɟɤɬ ɢɦɟɟɬ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɶ 7,6 
ɥɟɬ ɢ ɩɨɡɜɨɥɹɟɬ ɞɨɛɵɜɚɸɳɟɦɭ ɩɪɟɞɩɪɢɹɬɢɸ ɫɨɤɪɚɬɢɬɶ ɞɨɥɸ ɮɚɤɟɥɶɧɨɝɨ 
ɫɠɢɝɚɧɢɹ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ, ɱɬɨ ɜɟɞёɬ ɤ ɭɥɭɱɲɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɜ 
ɪɟɝɢɨɧɟ ɢ ɫɧɢɠɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɲɬɪɚɮɨɜ ɞɥɹ ɩɪɟɞɩɪɢɹɬɢɹ. 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɤɚɡɵɜɚɟɬ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɪɚɫɫɦɨɬɪɟɧɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫɬɪɚɧɵ. 
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ɋɈȾȿɊɀȺɇɂȿ 
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ȼȼȿȾȿɇɂȿ 
 
 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ ɡɚɧɢɦɚɟɬ ɥɢɞɢɪɭɸɳɢɟ ɩɨɡɢɰɢɢ ɩɨ ɞɨɛɵɱɟ ɜɫɟɯ 
ɜɢɞɨɜ ɬɨɩɥɢɜɧɵɯ ɪɟɫɭɪɫɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɟɮɬɢ. Ɉɛɴёɦ ɞɨɛɵɱɢ ɧɟɮɬɢ ɜ 2020 
ɝɨɞɭ, ɩɨ ɞɚɧɧɵɦ ɐɟɧɬɪɚɥɶɧɨɝɨ ɞɢɫɩɟɬɱɟɪɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɬɨɩɥɢɜɧɨ-
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɫɨɫɬɚɜɢɥ 512,68 ɦɥɧ. ɬɨɧɧ.  
  Ɉɞɧɚɤɨ ɞɨɛɵɱɚ ɷɬɨɝɨ ɰɟɧɧɨɝɨ ɪɟɫɭɪɫɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɬɚɤɠɟ ɞɨɛɵɱɟɣ 
ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ (ɞɚɥɟɟ – ɉɇȽ). Ɉɛɴёɦ ɞɨɛɵɱɢ ɷɬɨɝɨ ɝɚɡɚ ɜ ɩɪɨɲɥɨɦ 
ɝɨɞɭ ɫɨɫɬɚɜɢɥ 95,7 ɦɥɪɞ. ɦ3. Ɍɚɤɨɣ ɝɚɡ ɢɦɟɟɬ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ ɢ 
ɬɹɠёɥɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɩɪɢ ɷɬɨɦ ɟɝɨ ɫɨɫɬɚɜ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ 
ɞɚɠɟ ɜ ɪɚɦɤɚɯ ɨɞɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ȼɜɢɞɭ ɫɥɨɠɧɨɫɬɟɣ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɚɡɚ, 
ɟɝɨ ɭɬɢɥɢɡɚɰɢɸ ɡɚɱɚɫɬɭɸ ɩɪɨɢɡɜɨɞɹɬ ɜ ɮɚɤɟɥɚɯ, ɫɠɢɝɚɸɳɢɯ ɉɇȽ ɢ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɚɬɦɨɫɮɟɪɭ. ɉɨ ɜɫɟɦɭ ɦɢɪɭ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɢ ɩɪɟɞɩɪɢɹɬɢɹɯ 
ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɝɨɪɹɬ ɛɨɥɟɟ 17000 ɮɚɤɟɥɨɜ, ɩɪɢ ɷɬɨɦ ɜɵɛɪɨɫɵ ɋɈ2 ɜ 
ɚɬɦɨɫɮɟɪɭ ɨɬ ɬɚɤɨɝɨ ɫɠɢɝɚɧɢɹ ɫɨɫɬɚɜɥɹɸɬ ɨɤɨɥɨ 350 ɦɥɧ.ɬ. [1]. 
 ɉɪɢ ɜɫɟɯ ɫɜɨɢɯ ɧɟɞɨɫɬɚɬɤɚɯ ɉɇȽ ɜɫё ɟɳё ɢɦɟɟɬ ɰɟɧɧɨɫɬɶ ɞɥɹ ɯɢɦɢɱɟɫɤɨɣ 
ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɊɎ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɨɤɨɥɨ 90% ɞɨɛɵɜɚɟɦɨɝɨ ɉɇȽ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɧɢɡɤɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɜ 
ɫɪɚɜɧɟɧɢɢ ɫ ɞɪɭɝɢɦɢ ɫɬɪɚɧɚɦɢ, ɧɚɩɪɢɦɟɪ, ɋɒȺ ɢ ɇɨɪɜɟɝɢɟɣ, ɝɞɟ ɭɪɨɜɟɧɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ ɞɨɫɬɢɝɚɟɬ 98-99% [2]. 
 ȼ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɞɨɩɭɫɬɢɦɨɣ ɞɨɥɟɣ ɮɚɤɟɥɶɧɨɝɨ (ɜ ɚɬɦɨɫɮɟɪɭ) ɫɠɢɝɚɧɢɹ, 
ɫɨɝɥɚɫɧɨ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɭɫɬɚɧɨɜɥɟɧ ɭɪɨɜɟɧɶ ɜ 5% [3]. 
ɉɪɟɞɩɪɢɹɬɢɹ, ɧɟ ɜɵɩɨɥɧɹɸɳɢɟ ɞɚɧɧɨɝɨ ɬɪɟɛɨɜɚɧɢɹ, ɜɵɧɭɠɞɟɧɵ ɩɥɚɬɢɬɶ 
ɲɬɪɚɮɵ, ɱɬɨ ɡɚɫɬɚɜɥɹɟɬ ɪɭɤɨɜɨɞɫɬɜɨ ɧɟɮɬɟɞɨɛɵɜɚɸɳɢɯ ɤɨɦɩɚɧɢɣ ɜɫё ɱɚɳɟ 
ɡɚɞɭɦɵɜɚɬɶɫɹ ɨɛ ɭɜɟɥɢɱɟɧɢɢ ɞɨɥɢ ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɉɇȽ. 
 Ɉɫɧɨɜɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ (ɭɬɢɥɢɡɚɰɢɢ) ɉɇȽ [4] 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ ɧɢɠɟ. 
 
Ɍɚɛɥɢɰɚ – ɇɚɩɪɚɜɥɟɧɢɹ ɭɬɢɥɢɡɚɰɢɢ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ 

ɇɚɩɪɚɜɥɟɧɢɟ  ȼɚɪɢɚɧɬɵ 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɧɭɠɞɵ 

ɉɪɨɞɚɠɚ ɩɨɬɪɟɛɢɬɟɥɹɦ 
Ɋɟɚɥɢɡɚɰɢɹ ɨɫɭɲɟɧɧɨɝɨ ɉɇȽ ɩɨɬɪɟɛɢɬɟɥɹɦ 
ɉɨɞɚɱɚ ɩɨɞɝɨɬɨɜɥɟɧɧɨɝɨ ɨɫɭɲɟɧɧɨɝɨ ɝɚɡɚ ɜ 
ɝɚɡɨɬɪɚɧɫɩɨɪɬɧɭɸ ɫɟɬɶ 

ɉɟɪɟɪɚɛɨɬɤɚ  

Ɇɚɝɢɫɬɪɚɥɶɧɵɣ ɬɪɚɧɫɩɨɪɬ ɝɚɡɚ ɧɚ 
ɝɚɡɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɣ ɡɚɜɨɞ (ȽɉɁ) 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ (ɬɟɯɧɨɥɨɝɢɹ 
GTL), ɦɢɧɢ-ȽɉɁ 

Ɂɚɤɚɱɤɚ ɝɚɡɚ ɜ ɩɥɚɫɬ 
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɧɟɮɬɟɨɬɞɚɱɢ 
Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɩɥɚɫɬɨɜɨɝɨ ɞɚɜɥɟɧɢɹ 
Ⱦɥɹ ɯɪɚɧɟɧɢɹ 

 
 Ɉɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ ɭɬɢɥɢɡɚɰɢɢ ɉɇȽ ɜ ɊɎ ɹɜɥɹɟɬɫɹ ɡɚɤɚɱɤɚ ɷɬɨɝɨ ɝɚɡɚ 
ɨɛɪɚɬɧɨ ɜ ɩɥɚɫɬ, ɜ ɝɚɡɨɜɭɸ ɲɚɩɤɭ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉɇȽ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɟɝɨ ɫɠɢɠɟɧɢɟ ɢ ɩɟɪɟɪɚɛɨɬɤɭ ɧɚ 
ɝɚɡɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɚɯ ɢ ɫɠɢɝɚɧɢɟ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ – 
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ɝɚɡɨɬɭɪɛɢɧɧɵɯ, ɝɚɡɨɩɨɪɲɧɟɜɵɯ ɢɥɢ ɠɟ ɩɚɪɨɝɚɡɨɜɵɯ. ɂ ɟɫɥɢ ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ 
ɢɦɟɟɬ ɫɦɵɫɥ ɜ ȿɜɪɨɩɟɣɫɤɨɣ ɱɚɫɬɢ Ɋɨɫɫɢɢ, ɝɞɟ ɯɨɪɨɲɨ ɪɚɡɜɢɬɚ ɥɨɝɢɫɬɢɤɚ ɢ ɜɫɹ 
ɫɨɩɭɬɫɬɜɭɸɳɚɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ, ɬɨ ɞɥɹ ɛɨɥɟɟ ɭɞɚɥёɧɧɵɯ ɬɟɪɪɢɬɨɪɢɣ ɢɦɟɧɧɨ 
ɜɬɨɪɨɣ ɜɚɪɢɚɧɬ ɹɜɥɹɟɬɫɹ ɩɪɢɟɦɥɟɦɵɦ ɢ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɦ ɜ ɪɟɚɥɢɡɚɰɢɢ. 
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 1 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ 
 
 1.1 ȼɵɛɨɪ ɬɢɩɚ ɢ ɦɟɫɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 
 ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜɫɟɝɞɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɤɨɬɨɪɨɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɢɬ ɨɬ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ: ɧɚɥɢɱɢɟ 
ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ/ɢɥɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɛɥɢɡɨɫɬɶ ɤ ɷɬɨɦɭ ɫɚɦɨɦɭ 
ɩɨɬɪɟɛɢɬɟɥɸ ɢ ɬɨɩɥɢɜɧɨɦɭ ɦɟɫɬɨɪɨɠɞɟɧɢɸ (ɜ ɫɥɭɱɚɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɋ ɧɚ 
ɉɇȽ – ɤ ɧɟɮɬɟɝɚɡɨɜɨɦɭ ɦɟɫɬɨɪɨɠɞɟɧɢɸ), ɧɚɥɢɱɢɟ ɢɫɬɨɱɧɢɤɨɜ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɢ 
ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɞɥɹ ɩɟɪɟɞɚɱɢ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ.  
 ɍɬɢɥɢɡɚɰɢɹ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɰɟɥɹɦ ɭɫɬɨɣɱɢɜɨɝɨ ɪɚɡɜɢɬɢɹ Ɉɇɇ №7, №9, №12 [7].  
 ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɨɫɬɨɱɧɵɟ ɢ ɫɟɜɟɪɧɵɟ ɨɛɥɚɫɬɢ ɫɬɪɚɧɵ ɡɚɱɚɫɬɭɸ ɦɚɥɨ 
ɡɚɫɟɥɟɧɵ, ɨɞɧɚɤɨ ɢɦɟɸɬ ɛɨɥɶɲɢɟ ɡɚɩɚɫɵ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ 
ɬɨɩɥɢɜɧɵɯ. ɗɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɞɚɧɧɵɟ ɬɟɪɪɢɬɨɪɢɢ ɢɦɟɸɬ ɜɵɫɨɤɢɣ 
ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɪɚɡɜɢɬɢɹ. 
 ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɪɟɫɩɭɛɥɢɤɢ əɤɭɬɢɹ, Ʌɟɧɫɤɢɣ ɪɚɣɨɧ, ɪɚɫɩɨɥɨɠɟɧɨ 
Ɍɚɥɚɤɚɧɫɤɨɟ ɧɟɮɬɟɝɚɡɨɤɨɧɞɟɧɫɚɬɧɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ (ɜ ɞɚɥɶɧɟɣɲɟɦ – ɇȽɄɆ). 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɞɨɛɵɱɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɤ 2025 ɝɨɞɭ ɞɨɥɠɟɧ ɫɨɫɬɚɜɥɹɬɶ 
533,6 ɦɥɧ. ɦ3/ɝɨɞ, ɢɡ ɤɨɬɨɪɵɯ ɧɚ ɝɟɧɟɪɚɰɢɸ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɥɚɧɢɪɭɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ 141,78 ɦɥɧ. ɦ3/ɝɨɞ (26,6%) [5, ɫ. 30].  
 ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɚ Ɍɚɥɚɤɚɧɫɤɚɹ ȽɌɗɋ 
ɦɨɳɧɨɫɬɶɸ 144 Ɇȼɬ, ɪɚɛɨɬɚɸɳɚɹ ɧɚ ɉɇȽ ɢ ɩɨɤɪɵɜɚɸɳɚɹ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɩɪɢ ɷɬɨɦ ɪɭɤɨɜɨɞɫɬɜɨ ɈȺɈ «ɋɭɪɝɭɬɧɟɮɬɟɝɚɡ» 
ɜɵɪɚɠɚɟɬ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɨɫɬɶ ɩɨɞɤɥɸɱɟɧɢɹ ɫɬɚɧɰɢɢ ɤ ɟɞɢɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, 
ɨɞɧɚɤɨ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɟɞɥɨɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɟ ɛɵɥɨ. 
Ɍɚɤɠɟ ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ ɪɟɫɩɭɛɥɢɤɢ ɩɥɚɧɢɪɭɟɬɫɹ ɨɛɴɟɞɢɧɟɧɢɟ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
əɤɭɬɢɢ ɫ Ɉɛɴɟɞɢɧёɧɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ ɋɢɛɢɪɢ ɩɨ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ 220 ɤȼ 
ɉɟɥɟɞɭɣ - ɋɭɯɨɣ Ʌɨɝ – Ɇɚɦɚɤɚɧ [6]. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ Ʌɗɉ ɜ 
ɪɚɣɨɧɟ ɩɨɫёɥɤɚ ɉɟɥɟɞɭɣ. 
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Ɋɢɫɭɧɨɤ 1.1 – ɋɯɟɦɚ Ʌɗɉ ɜ ɪɚɣɨɧɟ ɩɨɫёɥɤɚ ɉɟɥɟɞɭɣ 

 
 ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɜɨɞɟ Ɍɚɥɚɤɚɧɫɤɚɹ ȽɌɗɋ ɩɨɤɪɵɜɚɟɬ ɡɚ ɫɱёɬ ɚɪɬɟɡɢɚɧɫɤɢɯ 
ɢɫɬɨɱɧɢɤɨɜ, ɩɪɢ ɷɬɨɦ ɜɛɥɢɡɢ ɬɚɤɠɟ ɪɚɫɩɨɥɨɠɟɧɚ ɪɟɤɚ Ʌɟɧɚ. 
 

 
Ɋɢɫɭɧɨɤ 1.2 – ɉɨɫёɥɨɤ ɉɟɥɟɞɭɣ 
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 ɋ 2017 ɝɨɞɚ ɜ ɫɜɹɡɢ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɬɟɩɥɨɜɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɜɟɞёɧ ɡɚɩɪɟɬ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɹɦɨɬɨɱɧɨɣ ɫɢɫɬɟɦɵ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɯɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫɬɚɧɰɢɢ – ɨɛɨɪɨɬɧɚɹ ɫ 
ɝɪɚɞɢɪɧɹɦɢ. 
 ȼ ɪɟɫɩɭɛɥɢɤɟ əɤɭɬɢɹ ɩɥɚɧɢɪɭɟɬɫɹ ɜɜɨɞ ɧɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɜ ɪɚɡɦɟɪɟ 701 
Ɇȼɬ ɞɨ 2032 ɝɨɞɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜ ɜɵɛɨɪɟ ɦɨɳɧɨɫɬɢ ɫɬɚɧɰɢɢ ɢɫɯɨɞɢɬɶ ɢɡ 
ɪɚɫɩɨɥɚɝɚɟɦɵɯ ɡɚɩɚɫɨɜ ɬɨɩɥɢɜɚ. Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɛɥɢɡɥɟɠɚɳɟɝɨ ɩɨɫёɥɤɚ ɦɚɥɚ 
ɢ ɩɨɤɪɵɜɚɟɬɫɹ ɤɨɬɟɥɶɧɵɦɢ, ɫɭɦɦɚɪɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɵɯ 8,6 Ƚɤɚɥ/ɱɚɫ 
[8]. 
 ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɦ ɬɢɩɨɦ ɬɟɩɥɨɜɨɣ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ ɩɚɪɨɝɚɡɨɜɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɫɧɢɠɟɧɢɟɦ ɭɞɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɚɧɧɭɸ ɢ ɨɬɩɭɳɟɧɧɭɸ 
ɬɟɩɥɨɜɭɸ ɢ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɡɚ ɫɱёɬ ɩɨɥɟɡɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɚ 
ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɨɬɪɚɛɨɬɚɜɲɢɯ ɜ ȽɌɍ. ɄɉȾ ɩɚɪɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɦɨɠɟɬ 
ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ 50-60% [12]. 
 ȼɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ [13]: 

1. ɋ ɜɵɫɨɤɨɧɚɩɨɪɧɵɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɦ. 
 

ȽɌ

ȼɨɡɞɭɯ

ȼɉȽ

Ƚȼɉ

Ƚɚɡɵ ɜ 
ɚɬɦɨɫɮɟɪɭ

ɉɌ

Ʉɨɦɩɪɟɫɫɨɪ

 
Ɋɢɫɭɧɨɤ 1.3 – ɉȽɍ ɫ ɜɵɫɨɤɨɧɚɩɨɪɧɵɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɦ 

 
2. ɋ ɧɢɡɤɨɧɚɩɨɪɧɵɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɦ. 
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ȽɌɍ

Ʉɋ

ȼɨɡɞɭɯ

Ɍɨɩɥɢɜɨ

ɉɄ

Ƚȼɉ

Ƚɚɡɵ ɜ 
ɚɬɦɨɫɮɟɪɭ

ɉɌ

 
Ɋɢɫɭɧɨɤ 1.4 – ɉȽɍ ɫ ɧɢɡɤɨɧɚɩɨɪɧɵɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɦ 

 
3. ɋ ɤɨɬɥɨɦ-ɭɬɢɥɢɡɚɬɨɪɨɦ (ɫɯɟɦɚ ɬɚ ɠɟ, ɱɬɨ ɩɪɢ ɧɢɡɤɨɧɚɩɨɪɧɨɦ 

ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ, ɧɨ ɫɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɜ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɟ); 
4. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɩɥɨɬɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ 

ɜɨɞɵ. 
  

ȽɌɍ

Ʉɋ

ȼɨɡɞɭɯ

Ɍɨɩɥɢɜɨ

ɉɄ

Ƚȼɉ

Ƚɚɡɵ ɜ 
ɚɬɦɨɫɮɟɪɭ

ɉɌ

 
Ɋɢɫɭɧɨɤ 1.5 – ɉȽɍ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɩɥɨɬɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɞɥɹ ɩɨɞɨɝɪɟɜɚ 

ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 
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 1.2 ȼɵɛɨɪ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
 Ɍɢɩ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ – ɉȽɍ ɫ ɤɨɬɥɨɦ-ɭɬɢɥɢɡɚɬɨɪɨɦ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, 
ɱɬɨ ɩɚɪɨɝɚɡɨɜɵɟ ɭɫɬɚɧɨɜɤɢ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɄɉȾ ɜ ɫɪɚɜɧɟɧɢɢ 
ɚɧɚɥɨɝɢɱɧɵɦɢ ɩɨ ɦɨɳɧɨɫɬɢ ɉɌɍ ɢ ȽɌɗɋ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɟɧɶɲɢɟ ɪɚɫɯɨɞ 
ɬɨɩɥɢɜɚ ɢ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɋɯɟɦɚ ɫ ɤɨɬɥɨɦ ɭɬɢɥɢɡɚɬɨɪɨɦ ɧɟ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɠɢɝɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɤɨɬɥɟ, ɱɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨ 
ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɹɯ ɭɫɬɚɧɨɜɤɢ. 
 Ɋɚɫɫɦɨɬɪɢɦ ɬɪɢ ɜɚɪɢɚɧɬɚ ɫɨɫɬɚɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɩɪɢɜɟɞɟɧɨ 
ɜ ɬɚɛɥɢɰɟ 1.1. 
 
Ɍɚɛɥɢɰɚ 1.1 – ȼɚɪɢɚɧɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 ȼɚɪɢɚɧɬ 1 ȼɚɪɢɚɧɬ 2 ȼɚɪɢɚɧɬ 3 
Ɇɨɳɧɨɫɬɶ ɉȽɍ 100 240 190 
Ʉɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ 2 1 1 
Ƚɚɡɨɜɚɹ ɬɭɪɛɢɧɚ ȽɌɗ-65 ȽɌɗ-160 PG9171E 
Ʉɨɬёɥ-ɭɬɢɥɢɡɚɬɨɪ ȿ-114/16-8,1/0,7-535/218-3,8 ɉ-100 ɉ-142 
ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɄɌ-36/33-7,5/0,12 Ʉ-80-7,0 SST PAC600 

 
 ɉɪɨɢɡɜɟɞёɦ ɪɚɫɱёɬ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ 
[9, 10] ɩɪɢ ɷɬɢɯ ɜɚɪɢɚɧɬɚɯ. ɏɨɞ ɪɚɫɱёɬɚ ɩɪɢɜɟɞёɧ ɜ ɬɚɛɥɢɰɟ 1.2. 
 
Ɍɚɛɥɢɰɚ 1.2 – Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɋ 

ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ ȼɚɪɢɚɧɬ 1 ȼɚɪɢɚɧɬ 2 ȼɚɪɢɚɧɬ 3 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, 
Ɇȼɬ ɭɫɬN  200 235 190 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
ȽɌɍ, Ɇȼɬ эN  61,5 155 126 

ɗɥɟɤɬɪɢɱɟɫɤɢɣ  ɄɉȾ ȽɌɍ  эɥ  34,20% 34,40% 34% 

Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, 
ɤȾɠ/ɤɝ 

ɪ
ɧQ  46719,831 

ɉɪɨɟɤɬɧɵɣ ɪɚɫɯɨɞ 
ɬɨɩɥɢɜɚ ɧɚ ȽɌɍ ȽɌɍB , ɤɝ/ɫ: 

.э
ȽɌɍ ɪ

ɧ эɥ

N
B

Q 



 3,85 9,64 7,93 

ɑɢɫɥɨ ɱɚɫɨɜ ɮɚɤɬɢɱɟɫɤɨɣ 
ɪɚɛɨɬɵ: 

8760

8760 3 482.
ɪ ɪɟɦT Ɍ  

  
 7314 7314 7314 

ȼɵɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, Ɇȼɬ ɱ : 

.ɭɫɬ ɭɫɬW N Ɍ   1367730 1648290 1332660 

Cɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ Ɍɗɋ, 
Ɇȼɬ: 

.ɌЭɋ
p

WɊ
T

  187,00 225,36 182,21 

ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɧɚɝɪɭɡɤɚ 
ɛɥɨɤɚ, Ɇȼɬ: 

.
2
ɌЭɋ

ɛɥ
ɊɊ   93,50 112,68 91,10 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 
ɜɵɪɚɛɨɬɤɭ ɜ 
ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɪɟɠɢɦɟ, 
ɬ.ɭ.ɬ/ɝɨɞ 

3,6
ɭɫɬ ȽɌɍ ȽɌɍ

ɪ ɛɥ

B B n

Ɍ n
  

  
 202691,34 253939,03 208856,42 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.2 
ɉɚɪɚɦɟɬɪ Ɏɨɪɦɭɥɚ ȼɚɪɢɚɧɬ 1 ȼɚɪɢɚɧɬ 2 ȼɚɪɢɚɧɬ 3 

Ɋɚɫɯɨɞ 
ɧɚɬɭɪɚɥɶɧɨɝɨ 
ɬɨɩɥɢɜɚ, ɬɵɫ. 
ɦ3/ɝɨɞ 

29310
.ɧɚɬ ɪ

ɧ ɝ

ȼ
B

Q 





 141761,18 177603,52 146073,00 

Ɂɚɬɪɚɬɵ ɧɚ 
ɬɨɩɥɢɜɨ, ɦɥɧ. 
ɪɭɛ/ɝɨɞ.* 

ɬU  110,58 136,25 113,67 

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ 
ɬɪɭɞɚ, ɦɥɧ.ɪɭɛ/ɝɨɞ 6(1 0,3) 10

ɡɩ ɭɫɬ ɭ ɡɩU N n Ɏ


   

  
 251,51 303,10 245,06 

Ʉɚɩɢɬɥɶɧɵɟ 
ɜɥɨɠɟɧɢɹ, ɦɥɧ.ɪɭɛ 

( ( 1))ɛɥ ɛɥ

i ɭɞ

К К К n
d k

    

 
 15372 19740 15960 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ, 
ɦɥɧ.ɪɭɛ/ɝɨɞ 

ɚ ɚU К ɇ   1024,8 1316 1064 

Ɋɚɫɯɨɞɵ ɩɨ 
ɪɟɦɨɧɬɭ, 
ɦɥɧ.ɪɭɛ/ɝɨɞ 

ɬɪ ɬɪU К ɇ   922,32 1184,4 957,6 

ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ, 
ɦɥɧ.ɪɭɛ/ɝɨɞ 

0,25 ( )ɩɪ ɚ ɬɪ ɡɩU U U U     549,66 700,88 566,67 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɢɡɞɟɪɠɤɢ, 
ɦɥɧ.ɪɭɛ/ɝɨɞ 

э ɬ ɡɩ ɚ ɬɪ ɩɪU U U U U U      2858,87 3640,63 2947,00 

Ɋɚɫɱёɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɫ 
ɲɢɧ ɫɬɚɧɰɢɢ, 
Ɇȼɬ ɱ  

(1 )ɈɌɉ ɫɧW W     1326698,10 1598841,30 1292680,20 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ 
ɨɬɩɭɳɟɧɧɨɣ 
ɷɧɟɪɝɢɢ 
ɪɭɛ./ɤȼɬ ɱ  

/э
ɈɌɉ э ɈɌɉU U W  2,155 2,277 2,280 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ 
ɜɵɪɚɛɨɬɚɧɧɨɣ, 
ɪɭɛ./ɤȼɬ ɱ  

/э
ȼЫɊ э ȼЫɊU U W  2,090 2,209 2,211 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ 
ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ 
ɧɚ ɜɵɪɚɛɨɬɚɧɧɵɣ 
ɤɝ.ɭ.ɬ/ɤȼɬ ɱ  

ȼЫɊ
ȼ

b
W

  0,148 0,154 0,157 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ 
ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ 
ɧɚ ɨɬɩɭɳɟɧɧɵɣ 
ɤɝ.ɭ.ɬ/ɤȼɬ ɱ  

ɈɌɉ
ɈɌɉ

ȼ
b

W
  0,153 0,159 0,162 

* – ɩɨɫɤɨɥɶɤɭ ɉɇȽ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɛɟɫɩɥɚɬɧɵɦ, ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ 
ɫɬɨɢɦɨɫɬɶɸ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɝɚɡɚ ɞɨ ɦɟɫɬɚ ɟɝɨ ɫɠɢɝɚɧɢɹ ɢ ɞɨɥɟɣ ɫɠɢɝɚɟɦɨɝɨ ɩɪɢɪɨɞɧɨɝɨ 
ɝɚɡɚ 
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 Ɋɚɫɱёɬ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɬɪёɯ ɜɚɪɢɚɧɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɜɫɟ ɬɪɢ ɜɚɪɢɚɧɬɚ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɦɟɸɬ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɦɟɧɟɟ 15 ɥɟɬ, ɧɨ 
ɧɚɢɦɟɧɶɲɢɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɫɨɫɬɚɜɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɟɪɜɨɝɨ 
ɜɚɪɢɚɧɬɚ. Ȼɨɥɟɟ ɬɨɝɨ, ɧɚɥɢɱɢɟ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɜɭɯ ɢ ɛɨɥɟɟ ɛɥɨɤɨɜ 
ɭɜɟɥɢɱɢɜɚɟɬ ɧɚɞёɠɧɨɫɬɶ ɪɚɛɨɬɵ Ɍɗɋ ɢ ɫɧɢɠɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɥɧɨɝɨ ɩɨɝɚɲɟɧɢɹ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɭɞɟɬ ɫɥɟɞɭɸɳɢɦ: 
 
Ɍɚɛɥɢɰɚ 1.3 – Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɬɚɧɰɢɢ 

Ɉɛɨɪɭɞɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ʉɨɥɢɱɟɫɬɜɨ, ɲɬ. ɂɡɝɨɬɨɜɢɬɟɥɶ 
Ƚɚɡɨɜɚɹ ɬɭɪɛɢɧɚ ȽɌɗ-65 2 ɈȺɈ «ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ» 

Ʉɨɬёɥ ɭɬɢɥɢɡɚɬɨɪ 
ȿ-114/16-8,1/0,7-

535/218-3,8 
2 ɈȺɈ «ɗɆȺ-Ⱥɥɶɹɧɫ» 

ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɄɌ-36/33-7,5/0,12 2 ɈȺɈ «ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ» 
 
 1.3 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
 1.3.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
 
 Ʉɨɬёɥ-ɭɬɢɥɢɡɚɬɨɪ ȿ-114/16-8,1/0,7-535/218-3,8 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 
ɭɫɬɚɧɨɜɤɢ ɜ ɫɨɫɬɚɜɟ ɉȽɍ-110, ɢɦɟɟɬ ɞɜɚ ɤɨɧɬɭɪɚ ɞɚɜɥɟɧɢɹ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ 
ɰɢɪɤɭɥɹɰɢɟɣ, ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɫ ɜɟɪɬɢɤɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɬɪɭɛ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɩɨɞɜɟɫɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. Ʉɨɬёɥ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɚɪɚ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɣ ɡɚ ɫɱёɬ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɚ 
ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɜɵɯɨɞɹɳɢɯ ɢɡ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ. 
 ȼ ɫɨɫɬɚɜ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɜɯɨɞɹɬ: 
 – ɝɚɡɨɜɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɤɨɧɞɟɧɫɚɬɚ; 
 – ɜɨɞɹɧɨɣ ɷɤɨɧɨɦɚɣɡɟɪ; 
 – ɢɫɩɚɪɢɬɟɥɶ ȼȾ ɢ ɇȾ; 
 – ɛɚɪɚɛɚɧ ȼȾ ɢ ɇȾ; 
 – ɬɪɭɛɨɩɪɨɜɨɞɵ, ɚɪɦɚɬɭɪɚ; 
 – ɤɚɪɤɚɫ, ɩɥɨɳɚɞɤɢ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɩɚɧɟɥɢ ɤɨɪɩɭɫɚ ɝɚɡɨɯɨɞɨɜ; 
 – ɞɵɦɨɜɚɹ ɬɪɭɛɚ; 
 – ɢɡɨɥɹɰɢɹ, ɞɟɤɨɪɚɬɢɜɧɚɹ ɨɛɲɢɜɤɚ. 
 ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɤɨɬɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.6. 
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ȽɉɄɂɇȾɉɉɇȾɂȼȾɉɉȼȾ ɗȼȾ

Ɋɗɇ

ȻȼȾ ȻɇȾ

ɍɯɨɞɹɳɢɟ 
ɝɚɡɵ

Ɉɬɪɚɛɨɬɚɜɲɢɟ 
ɝɚɡɵ

Ɉɫɧɨɜɧɨɣ ɤɨɧɞɟɧɫɚɬ
ɩɨɫɥɟ Ʉɇ

ɇɚ ɞɟɚɷɪɚɬɨɪ

ɉɨɫɥɟ ɞɟɚɷɪɚɬɨɪɚ (ȼȾ)

ɉɨɫɥɟ ɞɟɚɷɪɚɬɨɪɚ (ɇȾ)

ɇɚ ɑɇȾɇɚ ɑȼȾ

 
ɉɉȼȾ, ɉɉɇȾ – ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɢ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɣ; ɂȼȾ, ɂɇȾ – ɢɫɩɚɪɢɬɟɥɢ 

ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɣ, ɗȼȾ – ɷɤɨɧɨɦɚɣɡɟɪ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ȽɉɄ – ɝɚɡɨɜɵɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɤɨɧɞɟɧɫɚɬɚ, Ɋɗɇ – ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɷɥɟɤɬɪɨɧɚɫɨɫ 

Ɋɢɫɭɧɨɤ 1.6 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ȿ-114/16-8,1/0,7-
535/218-3,8 

 
 Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.4. 
 
Ɍɚɛɥɢɰɚ 1.4 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɚ ȿ-114/16-8,1/0,7-
535/218-3,8 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɉɪɨɢɡɜɨɞɢɬɟɥɶ  ɈȺɈ «ɗɆȺ-Ⱥɥɶɹɧɫ» 
Ɍɢɩ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɉɚɪɨɜɨɣ  
Ɇɨɞɟɥɶ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ȽɌɗ-65 

ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɬ/ɱ 
Ʉɨɧɬɭɪ ȼȾ 114 
Ʉɨɧɬɭɪ ɇȾ 16 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ, Ɇɉɚ 
Ʉɨɧɬɭɪ ȼȾ 8,1 
Ʉɨɧɬɭɪ ɇȾ 0,7 

Ɍɟɦɩɟɪɚɬɭɪɚ, °C 
Ʉɨɧɬɭɪ ȼȾ 535 
Ʉɨɧɬɭɪ ɇȾ 250 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, °C 80 
Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɥɚ, ɉɚ 3356 
Ɋɚɫɱёɬɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ, ɥɟɬ 40 

 
1.3.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ 

 
Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.5. 
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Ɍɚɛɥɢɰɚ 1.5 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ ȽɌɗ-65 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ «ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ» 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 61,5 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 65 
ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɨɪɚ 16 
ȼɵɛɪɨɫɵ xNO , ɦɝ/ɦ3 28,7 

ȼɵɛɪɨɫɵ ɋɈ , ɦɝ/ɦ3 10,48 
ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ 34,2% 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɵɯɥɨɩɚ, °C 555 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, °C 1370 
ɋɬɟɩɟɧɶ ɫɠɚɬɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ 15,6 
Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɦɩɪɟɫɫɨɪ, ɤɝ/ɫ  

 
 ɇɚ ɪɢɫɭɧɤɟ 1.7 ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ. 
 

 
Ɋɢɫɭɧɨɤ 1.7 – Ƚɚɡɨɜɚɹ ɬɭɪɛɢɧɚ ȽɌɗ-65 

 
1.3.3 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ 

 
 ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɄɌ-36/33-7,5/0,12 ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ 
Ʉɚɡɚɧɫɤɨɣ Ɍɗɐ-2 ɜ ɫɨɫɬɚɜɟ ɉȽɍ-110. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.6. 
 
Ɍɚɛɥɢɰɚ 1.6 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ ɄɌ-36/33-7,5/0,12   

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ, Ɇȼɬ 36 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ, Ɇȼɬ 33 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɤɨɧɬɭɪɚ ȼȾ, Ɇɉɚ 7,5 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɤɨɧɬɭɪɚ ɇȾ, Ɇɉɚ 0,12 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.6 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ȼȾ, °C 525 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɇȾ, °C 250 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɡɚ ɬɭɪɛɢɧɨɣ, ɤɉɚ 5 

 

 
Ɋɢɫɭɧɨɤ 1.8 – ɉɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɄɌ-36/33-7,5/0,12 

 
 1.4 ɉɨɞɝɨɬɨɜɤɚ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ ɤ ɫɠɢɝɚɧɢɸ 
 
 Ʉ ɫɠɢɝɚɟɦɨɦɭ ɩɨɩɭɬɧɨɦɭ ɝɚɡɭ ɩɪɟɞɴɹɜɥɹɟɬɫɹ ɪɹɞ ɬɪɟɛɨɜɚɧɢɣ: 

1. ɉɇȽ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɟɡɜɨɠɟɧ ɢ ɨɬɫɟɩɚɪɢɪɨɜɚɧ ɨɬ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ 
ɩɪɢɦɟɫɟɣ. Ⱦɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɧɚɥɢɱɢɹ ɜɥɚɝɢ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 9 
ɦɝ/ɧɦ3.  

2. Ƚɚɡ ɞɨɥɠɟɧ ɛɵɬɶ ɨɱɢɳɟɧ ɨɬ ɤɢɫɥɵɯ ɝɚɡɨɜ (ɋɈ2, H2S). ɋɨɞɟɪɠɚɧɢɟ 
ɫɨɟɞɢɧɟɧɢɣ ɫɟɪɵ (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɫɟɪɭ) ɜ ɉɇȽ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 0,2 
% (ɩɨ ɦɚɫɫɟ).  

3. ɋɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɹɠёɥɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ ɰɟɥɶɸ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɨɫɬɧɵɯ ɩɪɨɛɨɤ.  

 
ɉɨɞɝɨɬɨɜɤɚ ɉɇȽ ɤ ɫɠɢɝɚɧɢɸ ɛɭɞɟɬ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɧɟɫɤɨɥɶɤɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɷɬɚɩɨɜ: ɦɟɯɚɧɢɱɟɫɤɚɹ ɨɱɢɫɬɤɚ, ɨɫɭɲɤɚ, ɭɞɚɥɟɧɢɟ ɤɢɫɥɵɯ 
ɝɚɡɨɜ.  
 
 1.4.1 ɍɞɚɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ 
 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɨɱɢɫɬɤɢ ɝɚɡɚ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɚɩɩɚɪɚɬɵ ɫɥɟɞɭɸɳɢɯ ɬɢɩɨɜ: 

– ɦɚɫɥɹɧɵɟ ɩɵɥɟɭɥɨɜɢɬɟɥɢ (ɩɪɢɧɰɢɩ «ɦɨɤɪɨɝɨ» ɭɥɚɜɥɢɜɚɧɢɹ ɩɵɥɢ); 
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– ɰɢɤɥɨɧɧɵɟ ɩɵɥɟɭɥɨɜɢɬɟɥɢ (ɩɪɢɧɰɢɩ «ɫɭɯɨɝɨ» ɭɥɚɜɥɢɜɚɧɢɹ ɩɵɥɢ). 
 Ɇɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɩɪɢɦɟɫɢ ɩɪɢɜɨɞɹɬ ɤ ɢɡɧɨɫɭ ɝɚɡɨɩɪɨɜɨɞɨɜ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɟɪɟɪɚɛɨɬɤɢ ɝɚɡɚ, ɚ ɬɚɤɠɟ ɫɧɢɠɚɸɬ ɫɪɨɤ ɫɥɭɠɛɵ ɥɨɩɚɬɨɤ ɝɚɡɨɜɨɣ 
ɬɭɪɛɢɧɵ.  
 
 1.4.2 Ɉɫɭɲɤɚ ɝɚɡɚ 
 
 Ɉɫɭɲɤɭ ɝɚɡɚ ɩɪɨɢɡɜɨɞɹɬ ɦɟɬɨɞɚɦɢ ɚɛɫɨɪɛɰɢɢ ɢ ɚɞɫɨɪɛɰɢɢ, ɚ ɬɚɤɠɟ ɩɪɢ 
ɩɨɦɨɳɢ ɨɯɥɚɠɞɟɧɢɣ ɝɚɡɚ ɢ ɨɬɞɟɥɟɧɢɹ ɨɬ ɧɟɝɨ ɫɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɩɚɪɨɜ.  
 Ɇɟɬɨɞ ɚɛɫɨɪɛɰɢɢ ɨɫɧɨɜɚɧ ɧɚ ɢɡɛɢɪɚɬɟɥɶɧɨɦ ɩɨɝɥɨɳɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ 
ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɠɢɞɤɢɦ ɩɨɝɥɨɬɢɬɟɥɟɦ (ɚɛɫɨɪɛɟɧɬɨɦ). 
 ɉɪɨɰɟɫɫ ɜɵɞɟɥɟɧɢɹ ɢɡ ɚɛɫɨɪɛɟɧɬɚ ɩɨɝɥɨɳɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɨɜɨɣ 
ɫɦɟɫɢ ɧɚɡɵɜɚɟɬɫɹ ɞɟɫɨɪɛɰɢɟɣ. Ɉɛɵɱɧɨ ɩɪɢɦɟɧɹɸɬ: 
 – ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɚ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ; 
 – ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ, ɨɫɭɲɤɢ ɢ ɨɱɢɫɬɤɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɝɚɡɨɜ;  
 – ɞɥɹ ɡɚɳɢɬɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 
 

ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɨɰɟɫɫɵ ɚɛɫɨɪɛɰɢɢ ɢ ɞɟɫɨɪɛɰɢɢ ɨɛɵɱɧɨ 
ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɧɚ ɨɞɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɧɟɩɪɟɪɵɜɧɭɸ 
ɪɟɝɟɧɟɪɚɰɢɸ ɢ ɰɢɪɤɭɥɹɰɢɸ ɚɛɫɨɪɛɟɧɬɚ ɩɨ ɡɚɦɤɧɭɬɨɦɭ ɤɨɧɬɭɪɭ ɦɟɠɞɭ 
ɚɛɫɨɪɛɟɪɨɦ ɢ ɞɟɫɨɪɛɟɪɨɦ. 
  
 Ɉɫɭɲɤɚ ɝɚɡɚ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ ɦɟɬɨɞɚɦɢ (ɪɢɫɭɧɤɢ 1.9 ɢ 
1.10). 
 

Ƚɚɡ ɫɵɪɨɣ

Ƚɚɡ ɫɭɯɨɣ

1 23

4

5

6 7

8

9

10

11

ɉɚɪ

 
1 – ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɚɩɩɚɪɚɬ; 2 – ɤɨɥɨɧɧɚ ɪɟɝɟɧɟɪɚɰɢɢ; 3 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ ȾɗȽ-ȾɗȽ; 

4 – ɤɨɧɞɟɧɫɚɬɨɪ; 5-7 – ёɦɤɨɫɬɢ; 8-10 – ɧɚɫɨɫɵ; 11 – ɩɨɞɨɝɪɟɜɚɬɟɥɶ. 
Ɋɢɫɭɧɨɤ 1.9 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɨɫɭɲɤɢ ɝɚɡɚ 

ɞɥɹ ɫɟɜɟɪɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ 
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 Ƚɚɡ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɨɞɧɨɬɢɩɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɥɢɧɢɹɯ 
ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ɩɪɢɦɟɪɧɨ 5-10 ɦɥɧ. ɦ3/ɫɭɬ). ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɤɚɠɞɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɥɢɧɢɹ ɜɤɥɸɱɚɟɬ: ɜɯɨɞɧɨɣ (ɩɟɪɜɢɱɧɵɣ) ɫɟɩɚɪɚɬɨɪ, 
ɚɛɫɨɪɛɟɪ, ɮɢɥɶɬɪ ɞɥɹ ɭɥɚɜɥɢɜɚɧɢɹ ɢɡ ɩɨɬɨɤɚ ɨɫɭɲɟɧɧɨɝɨ ɝɚɡɚ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɝɨ 
ɝɥɢɤɨɥɹ (ɷɬɢ ɬɪɢ ɚɩɩɚɪɚɬɚ ɱɚɫɬɨ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɨɞɢɧ ɆɎȺ, ɫɦ. ɪɢɫɭɧɨɤ 1.8) ɢ 
ɫɢɫɬɟɦɭ ɰɢɪɤɭɥɹɰɢɢ ȾɗȽ. Ɉɛɳɢɦɢ ɞɥɹ ɜɫɟɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɥɢɧɢɣ ɹɜɥɹɸɬɫɹ: 
ɭɫɬɚɧɨɜɤɚ ɪɟɝɟɧɟɪɚɰɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ȾɗȽ ɢ ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɬɚɧɰɢɹ 
ɨɯɥɚɠɞɟɧɢɹ (ɋɈȽ) ɫ ȺȼɈ ɢ ɯɨɥɨɞɢɥɶɧɵɦɢ ɚɝɪɟɝɚɬɚɦɢ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ 
ɨɫɭɲɟɧɧɨɝɨ ɝɚɡɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɝɪɭɧɬɚ ɫ ɰɟɥɶɸ ɦɢɧɢɦɢɡɚɰɢɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 
ɩɨɫɥɟɞɫɬɜɢɣ ɢ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɫɢɫɬɟɦ ɬɪɚɧɫɩɨɪɬɚ ɝɚɡɚ [17].  
 

Ƚɚɡ ɫɵɪɨɣ

Ƚɚɡ ɫɭɯɨɣ

1 2

3

4

5

67

 
1, 2 – ɚɞɫɨɪɛɟɪɵ; 3 – ɪɟɝɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ ɬɢɩɚ «ɩɨɫɥɟ ɫɟɛɹ»; 4 – ɯɨɥɨɞɢɥɶɧɢɤ; 5 – ёɦɤɨɫɬɶ; 6 

– ɝɚɡɨɞɭɜɤɚ; 7 – ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɝɚɡɚ. 
Ɋɢɫɭɧɨɤ 1.10 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɨɫɭɲɤɢ ɝɚɡɚ ɦɟɬɨɞɨɦ ɚɞɫɨɪɛɰɢɢ 

 
 ȼɥɚɠɧɵɣ ɝɚɡ ɩɨɫɬɭɩɚɟɬ ɜ ɚɞɫɨɪɛɟɪ 1, ɝɞɟ ɨɧ ɩɪɨɯɨɞɢɬ ɫɧɢɡɭ-ɜɜɟɪɯ ɱɟɪɟɡ 
ɫɥɨɣ ɚɞɫɨɪɛɟɧɬɚ ɢ ɞɚɥɟɟ ɜɵɜɨɞɢɬɫɹ ɢɡ ɚɩɩɚɪɚɬɚ. ɉɪɨɰɟɫɫ ɨɫɭɲɤɢ ɝɚɡɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ (12-16 ɱ.) ɜɪɟɦɟɧɢ. ɉɨɫɥɟ ɷɬɨɝɨ 
ɜɥɚɠɧɵɣ ɝɚɡ ɩɭɫɤɚɸɬ ɱɟɪɟɡ ɚɞɫɨɪɛɟɪ 2, ɚ ɚɞɫɨɪɛɟɪ 1 ɨɬɤɥɸɱɚɸɬ ɢ ɜɵɜɨɞɹɬ ɧɚ 
ɪɟɝɟɧɟɪɚɰɢɸ. Ⱦɥɹ ɷɬɨɝɨ ɱɟɪɟɡ ɪɟɝɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ 3 ɬɢɩɚ «ɩɨɫɥɟ ɫɟɛɹ» ɢɡ ɝɚɡɨɜɨɣ 
ɫɟɬɢ ɨɬɛɢɪɚɟɬɫɹ ɫɭɯɨɣ ɝɚɡ, ɢ ɜɨɡɞɭɯɨɞɭɜɤɨɣ 6 ɩɨɞɚɟɬɫɹ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɶ 7, ɝɞɟ ɝɚɡ 
ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 180-200°ɋ. Ⱦɚɥɟɟ ɨɧ ɩɨɞɚɟɬɫɹ ɜ ɚɞɫɨɪɛɟɪ 1, ɝɞɟ 
ɨɬɛɢɪɚɟɬ ɜɥɚɝɭ ɨɬ ɚɞɫɨɪɛɟɧɬɚ, ɩɨɫɥɟ ɱɟɝɨ ɩɨɫɬɭɩɚɟɬ ɜ ɯɨɥɨɞɢɥɶɧɢɤ 4. 
ɋɤɨɧɞɟɧɫɢɪɨɜɚɜɲɚɹɫɹ ɜɨɞɚ ɫɨɛɢɪɚɟɬɫɹ ɜ ɟɦɤɨɫɬɢ 5, ɚ ɝɚɡ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɨɫɭɲɤɢ ɩɨɜɬɨɪɧɨ ɢ ɬ.ɞ. ɉɪɨɰɟɫɫ ɪɟɝɟɧɟɪɚɰɢɢ ɚɞɫɨɪɛɟɧɬɚ ɩɪɨɞɨɥɠɚɟɬɫɹ 6 –7 ɱ. 
ɉɨɫɥɟ ɷɬɨɝɨ ɜ ɬɟɱɟɧɢɟ ɨɤɨɥɨ 8 ɱ. ɚɞɫɨɪɛɟɪ ɨɫɬɵɜɚɟɬ [17].  
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 Ɉɫɭɲɤɭ ɝɚɡɚ ɚɞɫɨɪɛɟɧɬɚɦɢ ɩɪɨɜɨɞɹɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ 
ɧɟɨɛɯɨɞɢɦɨ ɞɨɫɬɢɱɶ ɬɨɱɤɭ ɪɨɫɵ ɦɟɧɟɟ –30°ɋ. ȼ ɤɚɱɟɫɬɜɟ ɚɞɫɨɪɛɟɧɬɨɜ 
ɢɫɩɨɥɶɡɭɸɬ ɛɨɤɫɢɬɵ, ɯɥɨɪɢɫɬɵɣ ɤɚɥɶɰɢɣ ɜ ɬɜёɪɞɨɦ ɜɢɞɟ, ɰɟɨɥɢɬɵ, ɫɢɥɢɤɚɝɟɥɶ ɢ 
ɞɪ. 
 
 1.4.3 Ɉɱɢɫɬɤɚ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ ɨɬ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ 
 
 ɋɯɟɦɚ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ ɝɚɡɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.11. 
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I – ɝɚɡ ɧɚ ɨɱɢɫɬɤɭ; II  – ɨɱɢɳɟɧɧɵɣ ɝɚɡ; III – ɷɤɫɩɚɧɡɟɪɧɵɣ ɝɚɡ; IV – ɤɢɫɥɵɣ ɝɚɡ; V – ɜɨɞɹɧɨɣ 
ɩɚɪ; 1 – ɚɛɫɨɪɛɟɪ; 2, 9 – ɧɚɫɨɫɵ, 3, 7 – ɯɨɥɨɞɢɥɶɧɢɤɢ; 4 – ɷɤɫɩɚɧɡɟɪ; 5 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 6 – 

ɞɟɫɨɪɛɟɪ; 8 – ɫɟɩɚɪɚɬɨɪ; 10 – ɤɢɩɹɬɢɥɶɧɢɤ; 11 – ёɦɤɨɫɬɶ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ ɚɦɢɧɚ. 
Ɋɢɫɭɧɨɤ 1.11 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɬɚɧɨɥɚɦɢɧɨɜɨɣ ɨɱɢɫɬɤɢ ɝɚɡɚ ɨɬ 

ɫɟɪɨɜɨɞɨɪɨɞɚ ɦɟɬɨɞɨɦ ɚɛɫɨɪɛɰɢɢ 
 
 ɉɨɫɬɭɩɚɸɳɢɣ ɧɚ ɨɱɢɫɬɤɭ ɝɚɡ ɩɪɨɯɨɞɢɬ ɜɨɫɯɨɞɹɳɢɦ ɩɨɬɨɤɨɦ ɱɟɪɟɡ 
ɚɛɫɨɪɛɟɪ ɧɚɜɫɬɪɟɱɭ ɩɨɬɨɤɭ ɪɚɫɬɜɨɪɚ. ɇɚɫɵɳɟɧɧɵɣ ɤɢɫɥɵɦɢ ɝɚɡɚɦɢ ɪɚɫɬɜɨɪ, 
ɜɵɯɨɞɹɳɢɣ ɫ ɧɢɡɚ ɚɛɫɨɪɛɟɪɚ, ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ 
ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɢɡ ɞɟɫɨɪɛɟɪɚ ɢ ɩɨɞɚёɬɫɹ ɜ ɟɝɨ ɜɟɪɯɧɸɸ ɱɚɫɬɶ. 
ɉɨɫɥɟ ɱɚɫɬɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɵɣ ɪɚɫɬɜɨɪ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɯɥɚɠɞɚɟɬɫɹ ɜɨɞɨɣ ɢɥɢ ɜɨɡɞɭɯɨɦ ɢ ɩɨɞɚɟɬɫɹ ɧɚ ɜɟɪɯ ɚɛɫɨɪɛɟɪɚ; 
ɷɬɢɦ ɡɚɜɟɪɲɚɟɬɫɹ ɰɢɤɥ. 

Ɉɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɫɟɪɨɨɱɢɫɬɤɢ ɦɨɝɭɬ ɫɬɚɬɶ ɛɥɨɱɧɨ-
ɤɨɦɩɥɟɤɫɧɵɟ ɭɫɬɚɧɨɜɤɢ ɫɟɪɨɨɱɢɫɬɤɢ ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, 
ɧɚɩɪɢɦɟɪ, ɭɫɬɚɧɨɜɤɢ Sulfurex. Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɬɚɤɢɯ ɭɫɬɚɧɨɜɨɤ ɹɜɥɹɸɬɫɹ 
ɩɪɨɫɬɨɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ɨɬ -60 ɞɨ +40). 
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ɉɪɨɰɟɫɫ ɨɱɢɫɬɤɢ ɝɚɡɚ «Sulfurex» ɨɫɧɨɜɚɧ ɧɚ ɯɢɦɢɱɟɫɤɨɣ ɚɛɫɨɪɛɰɢɢ 
ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɟɞɤɨɣ ɳɟɥɨɱɶɸ NaOH: 

 
H2S + NaOH → NaHS + H2O; 
CO2 + 2NaOH → Na2CO3+ H2O. 
 
Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɤɚɪɛɨɧɚɬ ɧɚɬɪɢɹ ɬɚɤɠɟ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ 

ɫɟɪɨɜɨɞɨɪɨɞɨɦ: 
 

Na2CO3+ H2S → NaHS + NaHCO3. 
 
ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.12. 

 

ȼɨɡɞɭɯ

ȼɟɧɬɢɥɹɰɢɹ

Ȼɥɨɤ ɚɧɚɥɢɡɚɬɨɪ ɝɚɡɚ

Ȼɥɨɤ ɩɨɞɝɨɬɨɜɤɢ 
ɜɨɞɵ

ȼɨɞɚ

NaOH ȼɟɧɬɢɥɹɰɢɹ

ȼɟɧɬɢɥɹɰɢɹ

ɋɬɨɤ

Ⱥɧɚɥɢɡɚɬɨɪ

Ɋɟɡɟɪɜɭɚɪ NaOH

Ɉɱɢɳɟɧɧɵɣ ɝɚɡ
Ƚɚɡ ɫ H2S

 
Ɋɢɫɭɧɨɤ 1.12 – ɍɫɬɚɧɨɜɤɚ ɨɱɢɫɬɤɢ ɝɚɡɚ Sulfurex 

 
 ɉɨɫɬɭɩɚɸɳɢɣ ɧɚ ɨɱɢɫɬɤɭ ɝɚɡ ɩɨɞɚɟɬɫɹ ɜ ɧɢɠɧɸɸ ɱɚɫɬɶ ɤɨɥɨɧɧɵ ɫɤɪɭɛɛɟɪɚ 
ɢ ɞɜɢɠɟɬɫɹ ɜ ɤɨɥɨɧɧɟ ɫɧɢɡɭ ɜɜɟɪɯ. ɓɟɥɨɱɧɨɣ ɪɚɫɬɜɨɪ ɢɡ ёɦɤɨɫɬɢ ɞɥɹ 
ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ ɩɨɞɚɟɬɫɹ ɧɚ ɨɪɨɲɟɧɢɟ ɤɨɥɨɧɧɵ. Ɂɚɞɚɧɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɳɟɥɨɱɢ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɭɬёɦ ɩɨɞɚɱɢ ɜ ɫɢɫɬɟɦɭ ɩɨɞɝɨɬɨɜɥɟɧɧɨɣ 
ɜɨɞɵ ɢ ɪɚɫɬɜɨɪɚ ɳёɥɨɱɢ ɢɡ ɪɟɡɟɪɜɭɚɪɚ NaOH. 
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɚɤɢɯ ɭɫɬɚɧɨɜɨɤ ɞɨɫɬɢɝɚɟɬ 18000 ɦ3/ɱ ɨɱɢɳɟɧɧɨɝɨ 
ɝɚɡɚ [21]. 

ȿɳё ɨɞɧɢɦ ɜɚɪɢɚɧɬɨɦ ɨɱɢɫɬɤɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɨɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ H2S ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɯɢɦɢɱɟɫɤɨɦ ɩɪɟɜɪɚɳɟɧɢɢ 
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ɫɟɪɨɜɨɞɨɪɨɞɚ ɜ ɦɚɥɨɪɚɫɬɜɨɪɢɦɵɣ ɜ ɜɨɞɟ ɫɭɥɶɮɢɞ. ɍɪɚɜɧɟɧɢɟ ɩɪɨɬɟɤɚɸɳɟɣ 
ɪɟɚɤɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɢɠɟ: 
 

Zn2+H2S+2NH4OH→ZnS+2NH2+2H2O 
 

Ƚɚɡ ɧɚ ɨɱɢɫɬɤɭ

ɇɚ ɪɟɝɟɧɟɪɚɰɢɸ

Ɉɱɢɳɟɧɧɵɣ ɝɚɡ

1

2 3

4

5

 
1 – ɚɛɫɨɪɛɟɪ (ɫɤɪɭɛɛɟɪ ȼɟɧɬɭɪɢ); 2 – ɧɚɫɨɫ; 3 – ɫɛɨɪɧɢɤ; 4 – ɫɛɨɪɧɢɤ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 

ɚɛɫɨɪɛɟɧɬɚ; 5 – ɫɟɩɚɪɚɬɨɪ. 
Ɋɢɫɭɧɨɤ 1.13 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɨɱɢɫɬɤɢ ɝɚɡɚ ɡɚ ɫɱёɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ H2S 

ɜ ZnS 
 
 1.4.4 Ʉɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ 
 
 ɇɚ ɩɪɚɤɬɢɤɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬɫɹ ɭɫɬɚɧɨɜɤɢ, ɜɤɥɸɱɚɸɳɢɟ ɜ ɫɟɛɹ ɫɪɚɡɭ 
ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ ɨɱɢɫɬɤɢ. 
 ɉɪɢɧɰɢɩ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɞɚɧɧɨɣ ɫɯɟɦɵ: 
 Ɉɱɢɳɟɧɧɵɣ ɨɬ ɤɢɫɥɵɯ ɝɚɡɨɜ ɉɇȽ (Ⱥ1) ɩɨɞɚɸɬ ɜ ɝɚɡɨɜɵɣ ɫɟɩɚɪɚɬɨɪ ɋȽ-1, 
ɝɞɟ ɨɱɢɳɚɸɬ ɨɬ ɤɚɩɟɥɶɧɨɣ ɜɥɚɝɢ ɢ ɧɚɩɪɚɜɥɹɸɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜ ɚɞɫɨɪɛɟɪɵ 
ɩɚɪɨɜ ɜɨɞɵ Ⱥ-1/1-3 (ɭɫɥɨɜɧɨ ɩɨɤɚɡɚɧ ɨɞɢɧ ɚɞɫɨɪɛɟɪ), ɡɚɩɨɥɧɟɧɧɵɟ ɤɨɦɩɨɡɢɬɧɵɦ 
ɚɞɫɨɪɛɟɧɬɨɦ ɩɚɪɨɜ ɜɨɞɵ ɢ ɚɞɫɨɪɛɟɪɵ ɬɹɠёɥɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɦɟɪɤɚɩɬɚɧɨɜ Ⱥ-
2/1-3, ɡɚɩɨɥɧɟɧɧɵɟ ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɭɝɥɟɪɨɞɧɵɦ ɚɞɫɨɪɛɟɧɬɨɦ, ɨɫɭɲɟɧɧɵɣ 
ɢ ɨɬɛɟɧɡɢɧɟɧɧɵɣ ɝɚɡ ɜɵɜɨɞɹɬ ɫ ɭɫɬɚɧɨɜɤɢ (Ȼ1).  
 Ⱥɞɫɨɪɛɟɪɵ ɨɫɧɚɳɟɧɵ ɜɫɬɪɨɟɧɧɵɦɢ ɬɟɩɥɨɨɛɦɟɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ 
ɞɥɹ ɤɨɫɜɟɧɧɨɝɨ ɩɨɞɨɝɪɟɜɚ/ɨɯɥɚɠɞɟɧɢɹ ɚɞɫɨɪɛɟɧɬɚ. ɉɨɫɥɟ ɩɪɨɫɤɨɤɚ ɜɥɚɝɢ, 
ɦɟɪɤɚɩɬɚɧɨɜ ɢɥɢ ɬɹɠёɥɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɨɬɨɤ ɫɵɪɶɟɜɨɝɨ ɝɚɡɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɨɱɢɫɬɤɢ ɩɟɪɟɤɥɸɱɚɸɬ ɧɚ ɚɞɫɨɪɛɟɪ, ɧɚɯɨɞɢɜɲɢɣɫɹ ɧɚ ɫɬɚɞɢɢ 
ɨɠɢɞɚɧɢɹ. 
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Ɋɢɫɭɧɨɤ 1.14 – Ɇɨɞɭɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɨɫɭɲɤɢ ɢ ɨɬɛɟɧɡɢɧɢɜɚɧɢɹ 

ɩɪɢɪɨɞɧɨɝɨ ɢ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ 
 
 Ɋɟɝɟɧɟɪɚɰɢɸ ɚɞɫɨɪɛɟɧɬɨɜ ɩɪɨɜɨɞɹɬ ɩɪɢ 130-150°ɋ (ɬɟɦɩɟɪɚɬɭɪɚ 
ɞɟɫɨɪɛɰɢɢ) ɩɨɞɚɜɚɹ ɜɨ ɜɧɭɬɪɟɧɧɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜɫɬɪɨɟɧɧɵɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ 
ɚɞɫɨɪɛɟɪɨɜ Ⱥ-1/2 ɢ Ⱥ-2/2 ɧɚɝɪɟɬɵɣ ɜɨɡɞɭɯ ɢɡ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 
ɜɨɡɞɭɯɚ ɇȼɄ-1, ɚ ɬɚɤɠɟ ɧɟɛɨɥɶɲɨɝɨ ɩɨɬɨɤɚ ɩɨɞɝɨɬɨɜɥɟɧɧɨɝɨ ɝɚɡɚ (ɞɨ 3% ɤ 
ɪɚɫɯɨɞɭ ɫɵɪɶɟɜɨɝɨ ɝɚɡɚ). Ⱦɟɫɨɪɛɚɬ ɨɯɥɚɠɞɚɸɬ ɚɬɦɨɫɮɟɪɧɵɦ ɜɨɡɞɭɯɨɦ 
ɜ ɯɨɥɨɞɢɥɶɧɢɤɟ-ɤɨɧɞɟɧɫɚɬɨɪɟ ɏɄ-1, ɫɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ 
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ɤɨɧɞɟɧɫɚɬ (ȼ1) ɢ ɜɨɞɭ (Ƚ1) ɜɵɜɨɞɹɬ ɫ ɭɫɬɚɧɨɜɤɢ. Ƚɚɡ ɝɚɡɨɞɭɜɤɨɣ ȽȾ-1 
ɪɟɰɢɪɤɭɥɢɪɭɸɬ ɜ ɩɨɬɨɤ ɫɵɪɶɟɜɨɝɨ ɝɚɡɚ.  
 ɉɨ ɨɤɨɧɱɚɧɢɢ ɪɟɝɟɧɟɪɚɰɢɢ ɚɞɫɨɪɛɟɪɵ ɨɯɥɚɠɞɚɸɬ ɩɪɨɞɭɜɤɨɣ 
ɚɬɦɨɫɮɟɪɧɵɦ ɜɨɡɞɭɯɨɦ ɢ ɩɟɪɟɜɨɞɹɬ ɜ ɪɟɠɢɦ ɨɠɢɞɚɧɢɹ. ɉɟɪɢɨɞɢɱɟɫɤɢ, ɩɪɨɜɨɞɹɬ 
ɭɝɥɭɛɥɟɧɧɭɸ ɪɟɝɟɧɟɪɚɰɢɸ ɚɞɫɨɪɛɟɧɬɨɜ ɩɭɬёɦ ɧɚɝɪɟɜɚ ɞɨ 200-250 °ɋ.  
 ɑɚɫɬɶ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɜ ɇȼɄ-
1, ɝɞɟ ɫɦɟɲɢɜɚɸɬ ɫ 4-5-ɬɢ ɤɪɚɬɧɵɦ ɢɡɛɵɬɤɨɦ ɜɨɡɞɭɯɚ, ɩɨɞɨɝɪɟɬɨɝɨ ɞɨ 300-
350°ɋ. ɍɝɥɟɜɨɞɨɪɨɞɵ ɬɨɩɥɢɜɚ ɨɤɢɫɥɹɸɬɫɹ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ ɛɥɨɱɧɨ-ɫɨɬɨɜɨɝɨ 
ɬɢɩɚ ɞɨ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ ɜɨɞɵ. ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɢɫɥɨɜ ɚɡɨɬɚ 
ɢ ɋɈ ɩɪɢ ɷɬɨɦ ɧɟ ɩɪɟɜɵɲɚɟɬ 10 ɦɝ/ɦ3. ɉɨɞɨɝɪɟɬɵɣ ɜɨɡɞɭɯ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 750-
800°ɋ ɨɯɥɚɠɞɚɸɬ ɞɨ 400-450°ɋ, ɩɨɞɨɝɪɟɜɚɹ ɜɨɡɞɭɯ, ɩɨɞɚɜɚɟɦɵɣ ɜ ɇȼɄ-1, 
ɧɚɩɪɚɜɥɹɸɬ ɧɚ ɧɚɝɪɟɜ ɚɞɫɨɪɛɟɪɨɜ Ⱥ-1/2 ɢ Ⱥ-2/2, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɫɬɚɞɢɢ 
ɪɟɝɟɧɟɪɚɰɢɢ, ɢ ɞɚɥɟɟ ɬɹɝɨɞɭɬɶɟɜɨɣ ɦɚɲɢɧɨɣ ȽȾ-2 ɜɵɜɨɞɹɬ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ ɌȾ-
1 [20]. 
 ɉɪɢ ɜɫɟɯ ɩɪɟɢɦɭɳɟɫɬɜɚɯ ɞɚɧɧɨɣ ɫɯɟɦɵ, ɨɧɚ ɧɟ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 
ɭɞɚɥɟɧɢɹ ɢɡ ɉɇȽ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, ɢɡ-ɡɚ ɱɟɝɨ ɧɟɨɛɯɨɞɢɦɚ ɭɫɬɚɧɨɜɤɚ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɱɢɫɬɤɢ ɝɚɡɚ ɨɬ ɤɢɫɥɵɯ ɝɚɡɨɜ. 
 Ʉɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɫɯɟɦɚ ɩɨɞɝɨɬɨɜɤɢ ɝɚɡɚ, ɨɩɬɢɦɚɥɶɧɚɹ ɞɥɹ ɞɚɧɧɵɯ 
ɭɫɥɨɜɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɩɟɪɜɨɦ ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
 
 2 Ɋɚɫɱёɬɧɚɹ ɱɚɫɬɶ 
 
 2.1 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ ɉȽɍ 
 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɩɚɪɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɨɫɧɨɜɚɧ ɧɚ ɰɢɤɥ Ȼɪɚɣɬɨɧɚ-
Ɋɟɧɤɢɧɚ [11]. ɐɢɤɥ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
 



24 

1

2

3

4

a

b

c d

e

f

T

S

T1

T3

 
Ɋɢɫɭɧɨɤ 2.1 – ɐɢɤɥ Ȼɪɚɣɬɨɧɚ-Ɋɟɧɤɢɧɚ 

 
 ɉɪɨɰɟɫɫɵ, ɢɡɨɛɪɚɠёɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 2.1: 
 1-2 – ɫɠɚɬɢɟ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ; 
 2-3 – ɩɨɞɜɨɞ ɬɟɩɥɨɬɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ; 
 3-4 – ɪɚɫɲɢɪɟɧɢɟ ɝɚɡɨɜ ɜ ɬɭɪɛɢɧɟ, ɫɨɜɟɪɲɟɧɢɟ ɪɚɛɨɬɵ; 
 4-1 – ɭɫɥɨɜɧɨɟ ɡɚɦɵɤɚɧɢɟ ɰɢɤɥɚ Ȼɪɚɣɬɨɧɚ; 
 b-c – ɧɚɝɪɟɜ ɜɨɞɵ ɜ ɤɨɬɥɟ-ɭɬɢɥɢɡɚɬɨɪɟ; 
 c-d – ɢɫɩɚɪɟɧɢɟ ɜɨɞɵ; 
 d-e – ɩɟɪɟɝɪɟɜ ɩɚɪɚ; 
 e-f – ɪɚɫɲɢɪɟɧɢɟ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ; 
 f-a – ɤɨɧɞɟɧɫɚɰɢɹ ɩɚɪɚ; 
 a-b – ɫɠɚɬɢɟ ɜɨɞɵ ɜ ɧɚɫɨɫɟ. 
 
 ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɫɫɱɢɬɵɜɚɟɦɨɣ ɉȽɍ [12] ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɜɬɨɪɨɦ 
ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
 
 2.2 Ɍɟɩɥɨɜɨɣ ɪɚɫɱёɬ ȽɌɍ 
 
 ɉɟɪɟɱɟɧɶ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢ ɪɚɫɱёɬɟ 
ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, ɩɪɢɜɟɞёɧ ɜ ɬɚɛɥɢɰɟ 2.1. 
 
Ɍɚɛɥɢɰɚ 2.1 – ɂɫɯɨɞɧɵɣ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱёɬɚ ȽɌɍ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ЭN , Ɇȼɬ 61,5 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ȽɌ ct , °ɋ 1370 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.1 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɦɩɪɟɫɫɨɪ ɚt , °ɋ -3,2 

ɋɬɟɩɟɧɶ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ   15,6 
ɇɚɢɛɨɥɶɲɚɹ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɫɨɩɥɨɜɵɯ ɢ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ 

wt , °ɋ 900 

ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ z 4 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ   0,95 
Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɤɫ  0,995 

Ɇɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ȽɌ ɦ  0,99 

ɄɉȾ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ .э ɝ  0,982 

ɂɡɨɷɧɬɪɨɩɢɣɧɵɣ ɄɉȾ ɬɭɪɛɢɧɵ ɬ  0,88 

ɂɡɨɷɧɬɪɨɩɢɣɧɵɣ ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ ɤ  0,86 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɬɟɱɟɤ ɭ  0,005 

 
 Ɍɨɩɥɢɜɨɦ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɟɦ ɫɦɟɫɶ ɩɪɢɪɨɞɧɨɝɨ ɢ ɩɨɩɭɬɧɨɝɨ ɝɚɡɨɜ 
Ɍɚɥɚɤɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɨɢɯ ɬɨɩɥɢɜ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 2.2. 
 
Ɍɚɛɥɢɰɚ 2.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɪɨɞɧɨɝɨ ɢ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ 

ɉɨɤɚɡɚɬɟɥɶ ɉɪɢɪɨɞɧɵɣ ɝɚɡ ɉɨɩɭɬɧɵɣ ɝɚɡ 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ 

CH4 94,3442 78,1036 
C2H6 2,9114 6,6898 
C3H8 0,4312 5,2149 

iC4H10 0,0457 2,7913 
C4H10 0,0719 2,0636 
iC5H12 0,0289 0,8086 
C5H12 0,0258 0,7923 
CO2 0,7379 1,7089 
N2 1,2906 1,4199 
H2S 0,0 0,0 

Ɏɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ⱦɨɥɹ ɜ ɝɚɡɨɜɨɣ ɫɦɟɫɢ, % 15 85 
ɉɥɨɬɧɨɫɬɶ ɫɭɯɨɝɨ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ 
ɭɫɥɨɜɢɹɯ .ɫ ɝ , ɝ/ɦ3 711,339 929,423 

ɉɥɨɬɧɨɫɬɶ ɫɦɟɫɢ .ɫ ɝ , ɝ/ɦ3 896,710 

ɇɢɡɲɚɹ ɪɚɛɨɱɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɧ
ɪQ , ɆȾɠ/ɦ3 36,300 42,881 

ɇɢɡɲɚɹ ɪɚɛɨɱɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɫɦɟɫɢ ɧ
ɪQ , 

ɆȾɠ/ɦ3 
41,894 

 
 ɇɚ ɪɢɫɭɧɤɚɯ 2.2 ɢ 2.3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɯɟɦɚ ɢ ɩɪɨɫɬɨɣ ɰɢɤɥ ȽɌɍ. 
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ȽɌ

Ʉɋ

ɄȼɈɍ

ɍɉɉȽ

ȼɨɡɞɭɯ

Ɍɨɩɥɢɜɨ

ɗȽ

Ʉ

 
Ʉ – ɤɨɦɩɪɟɫɫɨɪ; Ʉɋ – ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ; ȽɌ – ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ; 

ɗȽ – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɝɟɧɟɪɚɬɨɪ, ɄȼɈɍ – ɤɨɦɩɥɟɤɫɧɚɹ ɜɨɡɞɭɯɨɨɱɢɫɬɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, 
ɍɉɉȽ – ɭɫɬɚɧɨɜɤɚ ɩɨɞɝɨɬɨɜɤɢ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ 

Ɋɢɫɭɧɨɤ 2.2 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 
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Рɢɫɭɧɨɤ 2.3 – Цɢɤɥ ɩɪɨɫɬɨɣ ГɌɍ 

 

 2.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ 

 
 Ɍɟɩɥɨёɦɤɨɫɬɢ ɢ ɷɧɬɚɥɶɩɢɢ ɩɨ ɯɨɞɭ ɪɚɫɱёɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɦɟɬɨɞɢɤɨɣ [14]. 
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 Ɉɩɪɟɞɟɥɹɟɦ ɬɟɩɥɨёɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ, 3ɤȾɠ/(ɦ Ʉ) , ɩɪɢ 
ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ 3,2ɚt   °ɋ (ɨɛɥɟɞɟɧɟɧɢɹ 
ɜɯɨɞɧɨɝɨ ɩɚɬɪɭɛɤɚ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɛɥɚɝɨɞɚɪɹ  ɫɨɡɞɚɜɚɟɦɨɦɭ ɜ ɧёɦ ɪɚɡɪɹɠɟɧɢɹ): 
 
 1,2866 0,0001201 1,2866 0,0001201 ( 3,2) 1,286.ɜ ɚc t         (2.1) 
 

Ɍɟɩɥɨёɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25°ɋ, 3ɤȾɠ/(ɦ Ʉ) : 
 
 25 1,2866 0,0001201 25 1,29.ɜc      (2.2) 
 
 Ɍɨɝɞɚ ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɨɛɟɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤȾɠ/ɦ3, ɛɭɞɟɬ 
ɨɩɪɟɞɟɥɹɬɶɫɹ ɤɚɤ: 
 
 1,286 ( 3,2) 4,116;ɚ ɜ ah c t         (2.3) 
 
 25 25 25 1,29 25 32,24.ɜ ɜh c      (2.4) 
 
 ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɤȾɠ/ɦ3: 
 
 25 4,116 32,24 36,356.a a ɜh h h        (2.5) 
 
 Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ, °ɋ: 
 

 
1

1 ,
ɜm

b a
ɤ

T T



 
   

 
 (2.6) 

 
ɝɞɟ 3,2 273,15 269,95ɚɌ      – ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɟɪɟɞ 
ɤɨɦɩɪɟɫɫɨɪɨɦ (ɬɨɱɤɚ ɚ), Ʉ; 
 15,6   – ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ; 
 0,279ɜm  – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɞɥɹ ɜɨɡɞɭɯɚ; 
 0,86ɤ   – ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ. 
 

 
0,27915,6 1

269,95 1 631,649Ʉ;
0,86bT

 
    

 
 

 
 273,15 358,469 °ɋ.b bt T    (2.7) 
 
 ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ (ɬɨɱɤɚ b), ɤȾɠ/ɦ3: 
 
 25,b b ɜh h h   (2.8) 
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ɝɞɟ  1,2866 0,0001201b b bh t t     ; 

 25 32,24ɜh   – ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ 25°ɋ, ɤȾɠ/ɦ3. 
 
   31,2866 0,0001201 358,469 358,469 476,639ɤȾɠ/ɦ ;bh       

 
 3476,639 32,24 444,399ɤȾɠ/ɦ .bh     
 
 ɋɪɟɞɧɢɟ ɢɡɨɛɚɪɧɚɹ ɢ ɢɡɨɯɨɪɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɢ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, 
ɤȾɠ/ɦ3: 
 

 ,ɜ b ɚ
ɪ

b ɚ

h hɫ
t t

 


 (2.9) 

 ,ȼ

ɜ
ɪ

v
ɜ

ɫ
ɫ




 , (2.10) 

 
ɝɞɟ  1,293ɜ   – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3; 
 36,356ah    – ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ, 
ɤȾɠ/ɦ3. 
 358,469bt   – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ, °ɋ; 
 3,2at    – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ, °ɋ. 
 

 

3444,399 ( 36,356)
1,329ɤȾɠ/(ɦ Ʉ);

358,469 ( 3,2)

1,329
1,028ɤȾɠ/(ɤɝ Ʉ).

1,293
ȼ

ɜ
ɪ

v

ɫ

ɫ

    
 

  
 

 
 ɍɬɨɱɧɹɟɦ ɡɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɢ 

ȼ
m : 

 

 
ȼ ȼ

ɜ

v

R
m

ɫ
 , (2.11) 

 
ɝɞɟ  0,287ɜR   – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɞɥɹ ɜɨɡɞɭɯɚ, ɤȾɠ/(ɤɝ Ʉ) . 
 

 
0,287

0,279.
1,028ȼ

m    

 
 2.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɚ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ 
 
 Ɋɚɫɱёɬ ɨɛɴёɦɨɜ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɦɟɬɨɞɢɤɟ [15]. 
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 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɨɥɧɨɝɨ ɫɠɢɝɚɧɢɹ 1 ɦ3 
ɝɚɡɚ (ɩɪɢ α = 1), ɦ3/ɦ3 (ɦ3 ɜɨɡɞɭɯɚ ɧɚ ɦ3 ɫɠɢɝɚɟɦɨɝɨ ɝɚɡɚ): 
 
 0 2 20,0476 0,5 0,5 ( / 4) 1,5m nV CO H m n C H H S           , (2.12) 

 
ɝɞɟ CO, H2, CmHn, H2S – ɫɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɬɨɩɥɢɜɚ, %; 
 Ɉɛɴёɦ ɬɪёɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ɜ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ, ɦ3/ɦ3: 
 
 

2 2 20,01RO m nV CO ɋO H S mC H       . (2.13) 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɚɡɨɬɚ, ɦ3/ɦ3 
 
 

2 0 20,79 0,01NV V N    . (2.14) 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɜ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ, ɦ3/ɦ3 
 
 

2 2 2 00,01 ( / 2) 0,0161H O m nV H S H n C H V         , (2.15) 

 
 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɞɥɹ ɞɜɭɯ ɫɨɫɬɚɜɨɜ ɝɚɡɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. 
 
Ɍɚɛɥɢɰɚ 2.3 – Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɛɴёɦɵ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

ɉɚɪɚɦɟɬɪ ɉɪɢɪɨɞɧɵɣ 
ɝɚɡ 

ɉɨɩɭɬɧɵɣ ɝɚɡ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ 0V , ɦ3/ɦ3 9,605 11,29 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ ɞɥɹ ɫɦɟɫɢ 0V , ɦ3/ɦ3 11,037 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɬɪёɯɚɬɨɦɧɵɯ ɝɚɡɨɜ 
2ROV , ɦ3/ɦ3 1,027 1,282 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɬɪёɯɚɬɨɦɧɵɯ ɝɚɡɨɜ 
2ROV , ɦ3/ɦ3 1,244 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɚɡɨɬɚ 
2NV , ɦ3/ɦ3 7,601 8,934 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɚɡɨɬɚ ɞɥɹ ɫɦɟɫɢ 
2NV , ɦ3/ɦ3 8,734 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ 
2H OV , ɦ3/ɦ3 2,164 2,408 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɞɥɹ ɫɦɟɫɢ 
2H OV , ɦ3/ɦ3 2,371 

 
 Ɍɟɩɥɨёɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, 3ɤȾɠ/(ɦ Ʉ) : 
 
 

2
1,6990 0,0004798 ;RO cc t    (2.16) 

 
 

2
1,4733 0,0002498 ;H O cc t    (2.17) 

 
 

2
1,2799 0,0001107 ;N cc t    (2.18) 
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0

1,2866 0,0001201 ,V cc t    (2.19) 

 
ɝɞɟ 1370ct   – ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, °ɋ; 
 Ɍɨɝɞɚ: 
 
 

2

31,6990 0,0004798 1370 2,356ɤȾɠ/(ɦ Ʉ);ROc       

 
 

2

31,4733 0,0002498 1370 1,816ɤȾɠ/(ɦ Ʉ);H Oc       

 
 

2

31,2799 0,0001107 1370 1,432ɤȾɠ/(ɦ Ʉ);Nc       

  
 

0

31,2866 0,0001201 1370 1,451ɤȾɠ/(ɦ Ʉ).Vc       

 
 Ɍɟɩɥɨёɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25°ɋ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (2.16 – 2.19): 
 
 

2

3(25) 1,6990 0,0004798 25 1,711ɤȾɠ/(ɦ Ʉ);ROc       

 
 

2

3(25) 1,4733 0,0002498 25 1,480ɤȾɠ/(ɦ Ʉ);H Oc       

 
 

2

3(25) 1,2799 0,0001107 25 1,283ɤȾɠ/(ɦ Ʉ);Nc       

  
 

0

3(25) 1,2866 0,0001201 25 1,290ɤȾɠ/(ɦ Ʉ).Vc       

 
 ɋɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɢ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɩɨɫɥɟ 
ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɩɪɢ α = 1:  
 

 
2 2 2

,ɝ RO H O NV V V V     (2.20) 

 
ɝɞɟ 

2 2 2
, ,RO H O NV V V  – ɨɛɴёɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɦ3/ɦ3 (ɫɦ. ɬɚɛɥɢɰɭ 2.3). 

 

 3 31,244 2,371 8,734 12,349ɦ / .ɦɝV       
 
 Ɉɛɴёɦɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ: 
 

 2

2

1,244
0,101;

12,349
RO

RO
ɝ

V
r

V
  


 (2.21) 
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 2

2

2,371
0,192;

12,349
ɇ Ɉ

ɇ Ɉ
ɝ

V
r

V



  


 (2.22) 

 2

2

8,734
0,707.

12,349
N

N
ɝ

V
r

V
  


 (2.23) 

 
 ɗɧɬɚɥɶɩɢɸ ɱɢɫɬɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ tc ɩɨɫɥɟ ɤɚɦɟɪɵ 
ɫɝɨɪɚɧɢɹ ɨɩɪɟɞɟɥɹɟɦ, ɤɚɤ ɷɧɬɚɥɶɩɢɸ ɫɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɤȾɠ/ɦ3: 
 
  

2 2 2 2 2 21 ,c RO RO H O H O N N ch r c r c r c t           (2.24) 

 
ɝɞɟ 

2 2 2
, ,RO H O Nr r r   – ɨɛɴёɦɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ (ɫɦ. ɮɨɪɦɭɥɵ (2.21-2.23); 

 
2 2 2
, ,RO H O Nc c c  – ɬɟɩɥɨёɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ, 3ɤȾɠ/(ɦ Ʉ)  (ɫɦ. ɮɨɪɦɭɥɵ 

(2.16-2.18). 
  
   3

1 0,101 2,356 0,192 1,816 0,707 1,432 1370 2189,868 ɤȾɠ/ɦ .ch          

 
 ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25°ɋ, ɤȾɠ/ɦ3, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ: 
 
  

2 2 2 2 2 21 (25) (25) (25) 25,Ƚ RO RO H O H O N Nh r c r c r c          (2.25) 

 
ɝɞɟ 

2 2 2
, ,RO H O Nr r r   – ɨɛɴёɦɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ (ɫɦ. ɮɨɪɦɭɥɵ (2.21-2.23); 

 
2 2 2
(25), (25), (25)RO H O Nc c c  – ɬɟɩɥɨёɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

25°ɋ, 3ɤȾɠ/(ɦ Ʉ)  (ɫɦ. ɮɨɪɦɭɥɵ (2.16 – 2.18). 
 
   3

1 0,101 1,711 0,192 1,48 0,707 1,283 25 34,09ɤȾɠ/ɦ .Ƚh          

 
 Ɍɨɝɞɚ ɩɨɥɭɱɚɟɦ: 
 
 3

1 1 1 2789,868 34,09 2455,778ɤȾɠ/ɦ .ɫ c Ƚh h h      (2.26) 
 
 Ɉɛɴёɦɧɚɹ ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ tc ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, 
ɤȾɠ/ɦ3: 
 

 
3

(1,2866 0,0001201 ) (1,2866 0,0001201 25) 25

1955,818ɤȾɠ/ɦ .

ɜ
ɫ c ch t t        


 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ: 
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 0 0 1

0

(1 )
,

( )

ɧ ɜ
ɪ ɤɫ ɫ ɫ

ɜ
ɫ b

Q V h V h

V h h




     


 
 (2.27) 

 
ɝɞɟ 41894,158ɧ

ɪQ   – ɧɢɡɲɚɹ ɪɚɛɨɱɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɦ3; 

 0,995ɤɫ   – ɄɉȾ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ; 
 0 11,037V   – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ, ɦ3/ ɦ3; 

 1955,818ɜ
ɫh   – ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, 

ɤȾɠ/ɦ3; 
 1 2155,778ɫh   – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɦ3; 
 444,399bh   – ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɤȾɠ/ɦ3. 
 

 
41894,158 0,995 11,037 1955,818 (1 11,037) 2155,778

2,237.
11,037 (1955,818 444,399)

      
 

 
 

 
 ɋɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɩɪɢ α > 1, ɦ3/ ɦ3: 
 
 

2 2 00,0161 ( 1) ,H O H OV V V      (2.28) 

 
ɝɞɟ 

2
2,371H OV   – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ ɦ3; 

 0 11,037V   – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ, ɦ3/ ɦ3. 
 
 

2

3 32,371 0,0161 (2,237 1) 11,037 2,591ɦ /ɦ .H OV        

 
 ɋɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɝɚɡɨɜ ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɩɪɢ α > 1: 
 

 
2 2 2 0( 1) ,ɝ RO H O NV V V V V        (2.29) 

 
ɝɞɟ 

2 2 2 0, , ,RO H O NV V V V  – ɨɛɴёɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɢ ɜɨɡɞɭɯɚ, ɦ3/ɦ3. 
 
 3 31,244 2,591 8,734 (2,237 1) 11,037 26,224ɦ /ɦ .ɝV         
 
 Ɉɛɴёɦɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɭɦɦɚɪɧɨɦ ɨɛɴёɦɟ ɝɚɡɨɜ: 
 

 2

2

1,244
0,047;

26,224
RO

RO
ɝ

V
r

V
    (2.30) 

 

 2

2

2,591
0,099;

26,224
ɇ Ɉ

ɇ Ɉ
ɝ

V
r

V
    (2.31) 
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 2

2

8,734
0,333;

26,224
N

N
ɝ

V
r

V
    (2.32) 

 

 
0

0 11,037
( 1) (2,237 1) 0,521.

26,224V
ɝ

V
r

V
        (2.33) 

 
ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ tc ɩɨɫɥɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ, 

ɤɚɤ ɷɧɬɚɥɶɩɢɹ ɫɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɤȾɠ/ɦ3: 
 

  
2 2 2 2 2 2 0 0

,c RO RO H O H O N N V V ch r c r c r c r c t           (2.34) 

 
ɝɞɟ 

2 2 2 0
, , ,RO H O N Vr r r r – ɨɛɴёɦɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ (ɫɦ. ɮɨɪɦɭɥɵ (2.30-2.33)); 

 
2 2 2 0
, , ,RO H O N Vc c c ɫ  – ɬɟɩɥɨёɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ, 3ɤȾɠ/(ɦ Ʉ)  (ɫɦ. ɮɨɪɦɭɥɵ 

(2.16-2.19)). 
  

 
 

3

0,047 2,356 0,099 1,816 0,333 1,432 0,521 1,4511370

2087,273ɤȾɠ/ɦ .
ch          


 

 
 ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25°ɋ, ɤȾɠ/ɦ3, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ: 
 

 
2 2 2 2 2 2 0 0

(25) (25) (25) (25) (25) 25,Ƚ RO RO H O H O N N V Vh r c r c r c r c          (2.35) 

 
ɝɞɟ 

2 2 2 0
, , ,RO H O N Vr r r r – ɨɛɴёɦɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ (ɫɦ. ɮɨɪɦɭɥɵ (2.30-2.33); 

 
2 2 2 0
(25), (25), (25), (25)RO H O N Vc c c c  – ɬɟɩɥɨёɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 25°ɋ, 3ɤȾɠ/(ɦ Ʉ)  (ɩɨ ɮɨɪɦɭɥɚɦ (2.16-2.19)). 
 

 
3

(25) (0,047 1,711 0,099 1,48 0,333 1,283 0,521 1,29) 25

33,151ɤȾɠ/ɦ .
Ƚh          


 

 
 Ɍɨɝɞɚ ɩɨɥɭɱɚɟɦ: 
 
 3(25) 2087,273 33,151 2054,122ɤȾɠ/ɦ .ɫ c Ƚh h h      (2.36) 
 
 Ɉɛɴёɦɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, 3ɤȾɠ/(ɦ Ʉ) : 
 

 
2054,122

1,499.
1370

ɝ c
ɪ

c

h
c

t
     (2.37) 
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 Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɤɝ/ɦɨɥɶ: 
 
 

2 2 2 0
28,15 44,01 18,02 28,97 ,ɝ RO H O N Vr r r r          (2.38) 

 
ɝɞɟ 

2 2 2 0
, , ,RO H O N Vr r r r – ɨɛɴёɦɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ (ɫɦ. ɮɨɪɦɭɥɵ (2.30-2.33). 

 

 
28,15 0,047 44,01 0,099 18,02 0,333 28,97 0,521

28,328ɤɝ/ɦɨɥɶ.
ɝ         


 

 
 ɉɥɨɬɧɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3: 
 

 1,264.
22,41

ɝ
ɝ


    (2.39) 

 
 Ɇɚɫɫɨɜɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɤȾɠ/(ɤɝ Ʉ) : 
 

 
1,499

1,186.
1,264

ɝ
ɪɝ

ɪ
ɝ

c
c




    (2.40) 

 
 Ƚɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, ɤȾɠ/(ɤɝ Ʉ) : 
 

 
8,314 8,314

0,293.
28,328ɝ

ɝ

R


    (2.41) 

 
 ɉɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɞɥɹ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ: 
 

 
0,293

0,247.
1,186

ɝ
ɝ ɝ

ɪ

Rɬ
ɫ

    (2.42) 

 
 2.2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɚ ɜ ɬɭɪɛɢɧɟ 
 
 ɉɨɫɤɨɥɶɤɭ ɪɚɫɱёɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ, 
ɡɚɞɚёɦɫɹ ɭɬɨɱɧёɧɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɫɬɟɩɟɧɢ 0,228ɝɬ  . 
 Ɍɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ, °ɋ: 
 
  1 (1 ) ,ɝm

d c ɌT T        (2.43) 

 
 273,15,d dT    
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ɝɞɟ  15,6 0,95 14,82        – ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɨɬɧɨɲɟɧɢɟ ɞɚɜɥɟɧɢɣ ɜ 
ɬɭɪɛɢɧɟ; 
 0,95   – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜɨ ɜɯɨɞɧɨɦ ɢ ɜɵɯɨɞɧɨɦ 
ɩɚɬɪɭɛɤɚɯ; 
 1643,15cT   – ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, Ʉ; 
 0,88Ɍ   – ɄɉȾ ȽɌ. 
 
  0,2281643,15 1 (1 14,82 ) 0,88 979,178Ʉ;dT        

 
 979,178 273,15 706,028 °ɋ.d     
 
 Ɉɛɴёɦɧɵɟ ɬɟɩɥɨёɦɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɚ ɡɚ ɬɭɪɛɢɧɨɣ ɩɪɢ d , 

3ɤȾɠ/(ɦ Ʉ) : 
 
 

2
1,6990 0,0004798 2,038;RO dc      (2.44) 

 
 

2
1,4733 0,0002498 1,65;H O dc      (2.45) 

 
 

2
1,2799 0,0001107 1,358;N dc      (2.46) 

 
 

0
1,2866 0,0001201 1,371.V dc      (2.47) 

 
 ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ d  ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤ ɷɧɬɚɥɶɩɢɹ ɫɦɟɫɢ 
ɤɨɦɩɨɧɟɧɬɨɜ, ɤȾɠ/ɦ3: 
 

  
2 2 2 2 2 2 0 0

,d RO RO H O H O N N V V dh r c r c r c r c            (2.48) 

 
ɝɞɟ 

2 2 2 0
, , ,RO H O N Vr r r r – ɨɛɴёɦɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ (ɫɦ. ɮɨɪɦɭɥɵ (2.30 – 2.33). 

 

 
 

3

0,047 2,038 0,099 1,65 0,333 1,358 0,521 1,371 706,028

1006,835ɤȾɠ/ɦ .
dh          


 

 
 Ɍɨɝɞɚ: 
 
 (25),d d Ƚh h h   (2.49) 
 
ɝɞɟ (25) 33,151Ƚh   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɪɢ 25°ɋ, ɤȾɠ/ɦ3 (ɫɦ. ɮɨɪɦɭɥɭ (2.35)). 
 
 31006,835 33,151 973,684ɤȾɠ/ɦ .dh     



36 

 Ɇɚɫɫɨɜɚɹ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɤɝ: 
 

 ,d
d

ɝ

h
I


  (2.50) 

 
ɝɞɟ 1,264ɝ   – ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜ, ɤɝ/ɦ3 (ɫɦ. ɮɨɪɦɭɥɭ (2.39)). 
 

 
973,684

770,262ɤȾɠ/ɤɝ.
1,264dI    

 
 Ɉɛɴёɦɧɚɹ, 3ɤȾɠ/(ɦ Ʉ) , ɢ ɦɚɫɫɨɜɚɹ, ɤȾɠ/(ɤɝ Ʉ) , ɬɟɩɥɨёɦɤɨɫɬɢ ɝɚɡɨɜ ɡɚ 
ȽɌɍ (ɩɟɪɟɞ Ʉɍ): 
 

 3973,684
1,379ɤȾɠ/(ɦ Ʉ);

706,028
ɝ d
ɪ

d

h
c

t
      (2.51) 

 

 
1,379

1,091ɤȾɠ/(ɤɝ Ʉ).
1,264

ɝ
ɪɝ

ɪ
ɝ

c
c




     (2.52) 

 
 ɋɪɟɞɧɹɹ ɨɛɴёɦɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɬɭɪɛɢɧɵ, 

3ɤȾɠ/(ɦ Ʉ) : 
 

 . ,ɝ c d
ɪ ɫɪ

c d

h h
c

t 
 


 (2.53) 

 
ɝɞɟ 2056,112ch   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɟɪɟɞ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɦ3 (ɫɦ. 
ɮɨɪɦɭɥɭ (2.36)); 
 1370ct   – ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, °ɋ; 
 706,028d   – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ȽɌ, °ɋ (ɫɦ. ɮɨɪɦɭɥɭ (2.43)). 
 

 3
.

2054,122 973,684
1,627ɤȾɠ/(ɦ Ʉ).

1370 706,028
ɝ
ɪ ɫɪc

   


 

 
 ɋɪɟɞɧɹɹ ɦɚɫɫɨɜɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɬɭɪɛɢɧɵ, 
ɤȾɠ/(ɤɝ Ʉ) : 
 

 .
.

1,627
1,287ɤȾɠ/(ɤɝ Ʉ).

1,264

ɝ
ɪ ɫɪɝ

ɪ ɫɪ
ɝ

c
c




     (2.54) 

 
 ɍɬɨɱɧɹɟɦ ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɬɭɪɛɢɧɵ: 
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.

,ɝ
ɝ ɝ

ɪ ɫɪ

Rɬ
c

  (2.55) 

 
ɝɞɟ 0,293ɝR   – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, ɤȾɠ/(ɤɝ Ʉ) (ɫɦ. ɮɨɪɦɭɥɭ (2.41)). 
 

 
0,294

0,228.
1,287ɝɬ    

 
 Ɋɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɚ ɜ ɬɭɪɛɢɧɟ (ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ 
ɬɟɩɥɨɩɟɪɟɩɚɞ), ɤȾɠ/ɤɝ: 
 

 ,i c d
T

ɝ

h h
H




  (2.56) 

 
ɝɞɟ 2054,122ch   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɟɪɟɞ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɦ3 (ɫɦ. 
ɮɨɪɦɭɥɭ (2.36)); 
 973,684dh   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɦ3 (ɫɦ. ɮɨɪɦɭɥɭ 
(2.49)); 
 1,264ɝ   – ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜ, ɤɝ/ɦ3 (ɫɦ. ɮɨɪɦɭɥɭ (2.39)). 
 

 
2054,112 973,684

854,713ɤȾɠ/ɤɝ.
1,264

i
TH


   

 
 Ɋɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ: 
 

 0 ,
i
T

T
Ɍ

H
H


  (2.57) 

 
ɝɞɟ 0,88Ɍ   – ɄɉȾ ȽɌ. 
 

 0 854,713
971,265ɤȾɠ/ɤɝ.

0,88TH    

 
 Ɋɚɛɨɬɚ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɫɠɚɬɢɟ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, ɤȾɠ/ɦ3: 
 
 ,ɤ b aH h h   (2.58) 
 
ɝɞɟ 36,356ah    – ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɤȾɠ/ɦ3 (ɫɦ. 
ɮɨɪɦɭɥɭ (2.5)); 
 444,399bh   – ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɤȾɠ/ɦ3 (ɫɦ. ɮɨɪɦɭɥɭ 
(2.8)). 
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 3444,399 ( 36,356) 480,755ɤȾɠ/ɦ .ɤH      
 
 Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɬɟɱɤɢ ɜɨɡɞɭɯɚ: 
 

 0

0

(1 )
,

1
yV

b
V

 


  


 
 (2.59) 

 
ɝɞɟ 2,237   – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ (ɫɦ. ɮɨɪɦɭɥɭ (2.27)) 
 0 11,037V   – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ, ɦ3/ɦ3; 
 0,005y   – ɤɨɷɮɮɢɰɢɟɧɬ ɭɬɟɱɟɤ. 
 

 
2,237 11,037 (1 0,005)

0,966.
1 2,237 11,037

b
  

 
 

 

 
 ɉɨɥɟɡɧɚɹ ɪɚɛɨɬɚ ȽɌɍ ɧɚ ɜɚɥɭ ɚɝɪɟɝɚɬɚ, ɤȾɠ/ɦ3: 
 
 ,i

e T ɦ ɝ ɤH H b H       (2.60) 
 
ɝɞɟ 0,99ɦ   –ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ; 
 1,264ɝ   – ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜ, ɤɝ/ɦ3 (ɫɦ. ɮɨɪɦɭɥɭ (2.39)); 
 854,713i

TH   – ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ, ɤȾɠ/ɤɝ (ɫɦ. 
ɮɨɪɦɭɥɭ (2.56)). 
 
 3854,713 0,99 1,264 0,966 480,755 605,28ɤȾɠ/ɦ .eH        
 
 Ɉɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɬɭɪɛɢɧɭ, ɦ3/ɫ: 
 

 
.

,Э
T

e э ɝ

N
G

H 
 


 (2.61) 

 
ɝɞɟ 61500ЭN   – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ; 
 . 0,982э ɝ   – ɄɉȾ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ. 
 

 361500
103,468ɦ /ɫ.

605,28 0,982TG  


 

 
 Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ: 
 
 ,T T ɝG G    (2.62) 
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ɝɞɟ 1,264ɝ   – ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜ, ɤɝ/ɦ3 (ɫɦ. ɮɨɪɦɭɥɭ (2.39)). 
 
 103,468 1,264 130,794ɤɝ/ɫ.TG     
 
 Ɋɚɫɯɨɞ ɩɨɞɚɜɚɟɦɨɝɨ ɤɨɦɩɪɟɫɫɨɪɨɦ ɜɨɡɞɭɯɚ, ɦ3/ɫ: 
 
 ,ɤ TG G b   (2.63) 
 
ɝɞɟ 0,966b   – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱёɬɚ ɭɬɟɱɟɤ (ɫɦ. ɮɨɪɦɭɥɭ (2.59)). 
 
 3103,468 966 99,938ɦ /ɫ.ɤG     
 
 Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ȽɌɍ ɛɟɡ ɨɯɥɚɠɞɟɧɢɹ, ɦ3/ɫ: 
 

 
0

,
1

TGȼ
V




 
 (2.64) 

 
ɝɞɟ 2,237   – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ (ɫɦ. ɮɨɪɦɭɥɭ (2.27)); 
 0 11,037V   – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ, ɦ3/ɦ3. 
 

 3103,468
4,027ɦ /ɫ.

1 2,237 11,037
Tȼ  

 
 

 
 Ɇɨɳɧɨɫɬɶ, ɪɚɡɜɢɜɚɟɦɚɹ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɨɣ, ɤȼɬ: 
 
 ,i i

T T TN G H   (2.65) 
 
ɝɞɟ 854,713i

TH   – ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ, ɤȾɠ/ɤɝ (ɫɦ. 
ɮɨɪɦɭɥɭ (2.56)); 
 130,794TG   – ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.62)). 
 
 130,794 854,713 111791,105ɤȼɬ.i

TN     
 
 Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɤȼɬ: 
 
 ,ɤ ɤ ɤN G H   (2.66) 
 
ɝɞɟ 99,938ɤG   – ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɤɨɦɩɪɟɫɫɨɪ, ɦ3/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.63)); 
 480,755ɤH   – ɪɚɛɨɬɚ ɧɚ ɫɠɚɬɢɟ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, ɤȾɠ/ɦ3 (ɫɦ. 
ɮɨɪɦɭɥɭ (2.58)). 
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 99,938 480,755 48045,902ɤȼɬ.ɤN     
 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ ȽɌɍ: 
 

 ,
i
T ɤ

i
T

N N

N



  (2.67) 

 
ɝɞɟ 111,791i

TN   – ɦɨɳɧɨɫɬɶ, ɪɚɡɜɢɜɚɟɦɚɹ ɬɭɪɛɢɧɨɣ, Ɇȼɬ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.65)). 
 

 
111,791 48,046

0,57.
111,791

 
   

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ȽɌɍ (ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ȽɌɍ) ɛɟɡ 
ɨɯɥɚɠɞɟɧɢɹ: 
 

 
  .

,
i
T ɤ э ɝ

Э ɧ
ɪ

N N

ȼ Q



 




 (2.68) 

 
ɝɞɟ . 0,982э ɝ   – ɄɉȾ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ; 
 4,027ȼ   – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ȽɌɍ ɛɟɡ ɨɯɥɚɠɞɟɧɢɹ, ɦ3/ɫ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.64)); 
 41,894ɧ

ɪQ   – ɧɢɡɲɚɹ ɪɚɛɨɱɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɆȾɠ/ ɦ3; 

 111,791i
TN   – ɦɨɳɧɨɫɬɶ, ɪɚɡɜɢɜɚɟɦɚɹ ɬɭɪɛɢɧɨɣ, Ɇȼɬ (ɫɦ. ɮɨɪɦɭɥɭ 

(2.65)). 
 

 
 111,791 48,046 0,982

0,371.
4,027 41,894Э

 
 


 

 
 2.2.4 ɍɱёɬ ɨɯɥɚɠɞɟɧɢɹ ɬɭɪɛɢɧɵ ȽɌɍ 
 
 Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɬɭɪɛɢɧɵ, ɦ3/ɦ3: 
 
 3

ɜ 0,02 0,32 10 ( )ɫ wg t t     , (2.69) 
 
ɝɞɟ  900wt   – ɧɚɢɛɨɥɶɲɚɹ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɥɨɩɚɬɨɤ, °ɋ; 
 1370ɫt   – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, °ɋ. 
 
 3

ɜ 0,02 0,32 10 (1370 900) 0,17g       ɦ3/ɦ3. 
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 Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɨɫɥɟ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, Ʉ, (ɟɫɥɢ ɩɪɢɧɹɬɶ ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ 
ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ z = 4 ɢ ɫɱɢɬɚɬɶ ɪɚɛɨɬɭ ɜɫɟɯ ɫɬɭɩɟɧɟɣ ɨɞɢɧɚɤɨɜɨɣ) 
ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ: 
 

 
1
2

.

1
,

i
Ɍ

c ɝ
p ɫɪ

H
T T

z c
    (2.70) 

 
ɝɞɟ 1643,15cT   – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, Ʉ; 
 854,713i

ɌH   – ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ȽɌ, ɤȾɠ/ɤɝ (ɫɦ. 
ɮɨɪɦɭɥɭ (2.56)); 
 . 1,287ɝ

p ɫɪc   – ɦɚɫɫɨɜɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ, ɤȾɠ/(ɤɝ Ʉ)
(ɫɦ. ɮɨɪɦɭɥɭ (2.54)). 
 

 1
2

1 854,713
1643,15 1477,157Ʉ.

4 1,287
T      

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɫɧɢɠɟɧɢɹ ɪɚɛɨɬɵ ɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɵ: 
 

 
1
2

1 1 0,6
1 ,

4
b

К ȼ Ɍ
Tz

z T
    

 
 

           
 (2.71) 

 
ɝɞɟ К  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɧɢɠɟɧɢɹ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɡɚ ɫɱёɬ ɡɚɬɪɚɬ ɧɚ ɫɠɚɬɢɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɧɚ ɨɯɥɚɠɞɟɧɢɟ; 
 Ɍ   – ɤɨɷɮɮɢɰɢɟɧɬ ɫɧɢɠɟɧɢɹ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɜɫɥɟɞɫɬɜɢɟ ɫɧɢɠɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɯɥɚɠɞɚɟɦɵɯ ɫɬɭɩɟɧɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɧɟɨɯɥɚɠɞɚɟɦɵɦɢ;
 ȼ  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɜɟɥɢɱɟɧɢɹ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɡɚ ɫɱɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɪɚɛɨɬɵ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ɫɛɪɚɫɵɜɚɟɦɨɝɨ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ; 
 0,57   – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ ȽɌɍ (ɫɦ. ɮɨɪɦɭɥɭ (2.67)); 
 631,619bT   – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ, Ʉ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.6)). 
   

 
1 4 1 631,619 0,6

1 0,57 0,454.
0,57 4 1477,157 4 0,57

  
         

 

 
 Ɋɚɫɩɨɥɚɝɚɟɦɚɹ ɪɚɛɨɬɚ ȽɌɍ, ɤȾɠ/ɦ3 
 
 ,i

ȽɌɍ Ɍ ɝ ɤH H b H     (2.72) 
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ɝɞɟ 854,713i
ɌH   – ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ȽɌ, ɤȾɠ/ɤɝ (ɫɦ. 

ɮɨɪɦɭɥɭ (2.56)); 
 1,264ɝ   – ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜ, ɤɝ/ɦ3 (ɫɦ. ɮɨɪɦɭɥɭ (2.39)); 
 480,755ɤH   – ɪɚɛɨɬɚ ɧɚ ɫɠɚɬɢɟ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, ɤȾɠ/ɦ3 (ɫɦ. 
ɮɨɪɦɭɥɭ (2.58)); 
 0,966b   – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱёɬɚ ɭɬɟɱɟɤ (ɫɦ. ɮɨɪɦɭɥɭ (2.59)). 
 

3854,713 1,264 0,966 480,755 616,084ɤȾɠ/ɦ .ȽɌɍH       
 
 ȼɧɭɬɪɟɧɧɹɹ ɪɚɛɨɬɚ ȽɌɍ ɫ ɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɦ3: 
 
 ɜ(1 ),ɨɯɥ

ȽɌɍ ȽɌɍH ɇ g     (2.73) 
 
ɝɞɟ ɜ 0,17g  – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɬɭɪɛɢɧɵ (ɫɦ. 
ɮɨɪɦɭɥɭ (2.69)). 
 
 3616,084 (1 0,454 0,17) 568,384ɤȾɠ/ɦ .ɨɯɥ

ȽɌɍH       
 
 Ɇɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ȽɌɍ: 
 

 
1

1 ,ȽɌɍ ɦ
ɦ







   (2.74) 

 
ɝɞɟ 0,99ɦ   – ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ; 
 0,57   – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ ȽɌɍ (ɫɦ. ɮɨɪɦɭɥɭ (2.67)). 
 

 
1 0,99

1 0,982.
0,57

ȽɌɍ
ɦ


    

 
 Ɋɚɫɯɨɞ ɝɚɡɚ ɧɚ ɬɭɪɛɢɧɭ ɫ ɨɯɥɚɠɞɟɧɢɟɦ (ɨɛɴёɦɧɵɣ), ɦ3/ɫ: 
 

 
.

,ɨɯɥ Э
Ɍ ɨɯɥ ȽɌɍ

ȽɌɍ ɦ э ɝ

N
G

H  
 

 
 (2.75) 

 
ɝɞɟ 61500ЭN   – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ȽɌɍ, ɤȼɬ; 
 . 0,982э ɝ   – ɄɉȾ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ; 
 568,384ɨɯɥ

ȽɌɍH   – ɜɧɭɬɪɟɧɧɹɹ ɪɚɛɨɬɚ ȽɌɍ ɫ ɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɨɣ, ɤȾɠ/ɦ3 
(ɫɦ. ɮɨɪɦɭɥɭ (2.73)); 
 0,982ȽɌɍ

ɦ   – ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ȽɌɍ (ɫɦ. ɮɨɪɦɭɥɭ (2.74)). 
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 361500
112,152ɦ /ɫ.

568,384 0,982 0,982
ɨɯɥ
ɌG   

 
 

 
 Ɋɚɫɯɨɞ ɝɚɡɚ ɧɚ ɬɭɪɛɢɧɭ ɫ ɨɯɥɚɠɞɟɧɢɟɦ (ɦɚɫɫɨɜɵɣ), ɦ3/ɫ: 
 

 ,ɨɯɥ ɨɯɥ
Ɍ Ɍ ɝG G    (2.76) 

 
ɝɞɟ 1,264ɝ   – ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜ, ɤɝ/ɦ3 (ɫɦ. ɮɨɪɦɭɥɭ (2.39)). 
 
 112,152 1,264 141,77ɤɝ/ɫ.ɨɯɥ

ɌG     
 
 Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ȽɌɍ ɫ ɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɨɣ, ɦ3/ɫ: 
 

 
0

,
1

ɨɯɥ
Ɍ

ɨɯɥ
G

B
V


 

, (2.77) 

 
ɝɞɟ 2,237   – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ (ɫɦ. ɮɨɪɦɭɥɭ (2.27)); 
 0 11,037V   – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ, ɦ3/ɦ3. 
 

 3112,152
4,365ɦ /ɫ.

1 2,237 11,037ɨɯɥB  
 

 

 
 Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ɫ ɭɱёɬɨɦ ɪɚɫɯɨɞɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ, ɦ3/ɫ: 

  
0

0

,
1

ɨɯɥ ɨɯɥ
ɤɫ Ɍ

V
G G

V



  

 
 (2.78) 

 

ɝɞɟ 112,152ɨɯɥ
ɌG    – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɬɭɪɛɢɧɭ ɫ ɭɱёɬɨɦ ɨɯɥɚɠɞɟɧɢɹ, ɦ3/ɫ (ɫɦ. 

ɮɨɪɦɭɥɭ (2.75)); 
 2,237   – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ (ɫɦ. ɮɨɪɦɭɥɭ (2.27)); 
 0 11,037V   – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ, ɦ3/ɦ3. 
 

 32,237 11,037
112,152 107,787ɦ /ɫ.

1 2,237 11,037
ɨɯɥ
ɤɫG


  

 
 

 
 ɇɟɨɛɯɨɞɢɦɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɫ ɭɱёɬɨɦ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ 
ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɬɭɪɛɢɧɵ, ɦ3/ɫ: 
 

 ɜ( ) ,ɨɯɥ ɨɯɥ
ɤɫ ɌG b g G     (2.79) 

 



44 

ɝɞɟ 0,966b   – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱёɬɚ ɭɬɟɱɟɤ (ɫɦ. ɮɨɪɦɭɥɭ (2.59)); 
 ɜ 0,17g  – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɬɭɪɛɢɧɵ (ɫɦ. 
ɮɨɪɦɭɥɭ (2.69)); 
 112,152ɨɯɥ

ɌG    – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɬɭɪɛɢɧɭ ɫ ɭɱёɬɨɦ ɨɯɥɚɠɞɟɧɢɹ, ɦ3/ɫ (ɫɦ. 
ɮɨɪɦɭɥɭ (2.75)). 
 

 3(0,966 0,17) 112,152 127,436ɦ /ɫ.ɨɯɥ
ɤɫG       

 
 Ɉɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ɫ ɭɱёɬɨɦ ɜɨɡɞɭɯɚ, 
ɫɛɪɚɫɵɜɚɟɦɨɝɨ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɢɡ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ, ɦ3/ɫ: 
 

 ɜ(1 ) ,ɨɯɥ
Кɍ ɌG g G      (2.79) 

 
ɝɞɟ ɜ 0,17g  – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɬɭɪɛɢɧɵ (ɫɦ. 
ɮɨɪɦɭɥɭ (2.69)); 
 112,152ɨɯɥ

ɌG    – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɬɭɪɛɢɧɭ ɫ ɭɱёɬɨɦ ɨɯɥɚɠɞɟɧɢɹ, ɦ3/ɫ (ɫɦ. 
ɮɨɪɦɭɥɭ (2.75)). 
 
 3(1 0,17) 112,152 131,262ɦ /ɫ.КɍG      
 
 Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ, ɤɝ/ɫ: 
 
 ,ɝ Кɍ ɝG G    (2.80) 
 
ɝɞɟ 1,264ɝ   – ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜ, ɤɝ/ɦ3 (ɫɦ. ɮɨɪɦɭɥɭ (2.39)). 
 
 131,262 1,264 165,928ɤɝ/ɫ.ɝG     
 
 ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ȽɌɍ ɫ ɨɯɥɚɠɞɟɧɢɟɦ: 
 
 ɷ (1 ),ɨɯɥ

Э ɜg       (2.81) 
 
ɝɞɟ ɜ 0,17g  – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɬɭɪɛɢɧɵ (ɫɦ. 
ɮɨɪɦɭɥɭ (2.69)); 
 0,454   – ɤɨɷɮɮɢɰɢɟɧɬ ɫɧɢɠɟɧɢɹ ɪɚɛɨɬɵ ɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɵ (ɫɦ. 
ɮɨɪɦɭɥɭ (2.71)); 
 ɷ 0,371   – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ȽɌɍ ɛɟɡ ɨɯɥɚɠɞɟɧɢɹ (ɫɦ. ɮɨɪɦɭɥɭ (2.68)). 
 
 0,371 (1 0,454 0,17) 0,342.ɨɯɥ

Э       
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 2.3 Ɋɚɫɱёɬ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ 
  
 Ɋɚɫɱёɬ ɤɨɬɥɚ ɭɬɢɥɢɡɚɬɨɪɚ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɬɟɩɥɨɜɨɝɨ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ 
ɪɚɫɱёɬɨɜ. ɉɟɪɜɵɣ ɧɚɩɪɚɜɥɟɧ ɧɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɛɨɢɯ 
ɤɨɧɬɭɪɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ. ȼɬɨɪɨɣ – ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɚɡɦɟɪɨɜ ɫɚɦɨɝɨ ɤɨɬɥɚ (ɲɢɪɢɧɚ, ɜɵɫɨɬɚ) ɢ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ 
(ɲɢɪɢɧɚ, ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɰɢɣ).  
 ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɛɭɞɟɬ ɫɨɫɬɚɜɥɟɧ ɩɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ 
ɤɨɬɥɚ ɭɬɢɥɢɡɚɬɨɪɚ (ɱɟɬɜёɪɬɵɣ ɥɢɫɬ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ). 
   
 2.3.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱёɬɚ Ʉɍ 
 
 Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.4. 
 

ɉɇɇȾ

ȽɉɄ

ɂɇȾɉɉɇȾ

Ʉɨɧɞɟɧɫɚɬɨɪ

ɉɌ

ɂȼȾɉɉȼȾ ɗȼȾ

Ʉɗɇ

Ɋɗɇ

ȻȼȾ ȻɇȾ
Ⱦɟɚɷɪɚɬɨɪ

ɍɯɨɞɹɳɢɟ 
ɝɚɡɵ

ɤ ɝɪɚɞɢɪɧɟ

ɗȽ

ɉɇȼȾ

Dɧɞ

Dɜɞ

DȾ

Dɧɞ - DȾ

Gɪɟɰ
Dɧɞ + Dɜɞ - DȾ

Ɉɬɪɚɛɨɬɚɜɲɢɟ 
ɝɚɡɵ

 
Ɋɢɫɭɧɨɤ 2.4 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɉɌɍ 

 
 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱёɬɚ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.4. ɉɪɢ ɷɬɨɦ ɱɚɫɬɶ ɞɚɧɧɵɯ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɜ ɯɨɞɟ 
ɚɧɚɥɢɡɚ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɱɚɫɬɶ – ɡɚɞɚɧɚ ɞɥɹ 
ɭɩɪɨɳɟɧɢɹ ɪɚɫɱёɬɚ. 
 
Ɍɚɛɥɢɰɚ 2.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱёɬɚ Ʉɍ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
Ɂɚɞɚɧɧɵɟ ɜɟɥɢɱɢɧɵ 

Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɬɭɪɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 0
ɜɞɪ , Ɇɉɚ 8,1 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.4 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɬɭɪɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 0
ɧɞɪ , Ɇɉɚ 0,7 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɞ
ɩɟt , °ɋ 535 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɞ
ɩɟt , °ɋ 250 

Ⱦɚɜɥɟɧɢɟ ɜ ɞɟɚɷɪɚɬɨɪɟ Ⱦɪ , Ɇɉɚ 0,6 

Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɤɪ , ɤɉɚ 5 
ɉɪɢɧɢɦɚɟɦɵɟ ɜɟɥɢɱɢɧɵ 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɩɟɪɟɞ ɗȼȾ эɤt , °ɋ 70 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɩɟɪɟɞ ȽɉɄ ȽɉКt , °ɋ 20 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ ɡɚ ȽɉɄ ȽɉКt , °ɋ 150 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ȽɉɄ ȽɉК
ɩɜt , °ɋ 60 

 
 Ɋɚɫɱёɬ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɨ ɦɟɬɨɞɢɤɟ [16]. 
 
 2.3.2 Ɍɟɩɥɨɜɨɣ ɪɚɫɱёɬ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
 
 Ʉɨɧɬɭɪ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.5. 

ɂȼȾɉɉȼȾ

ȻȼȾ

ɗȼȾ

d

ɝG ɝG

ɜɞ
ɭɯ

ɜɞ
ɩɟt ɜɞ

ɛt

ɜɞ
ɢɫɩ ɜɞ

эɤ

ɜɞD
ɜɞ
ɩɜt

ɜɞ
эɤt

 
Ɋɢɫɭɧɨɤ 2.5 – Ʉɨɧɬɭɪ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 

 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɫɨɜɨɤɭɩɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɢ ɢɫɩɚɪɢɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ Ʉɍ: 
 

 0( ) ( ),ɜɞ ɜɞ ɜɞ
ɝ d эɤ ɜɞ эɤG I I D h h      (2.82) 

 
ɝɞɟ 165,928ɝG   – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬёɥ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.80)); 
 770,262dI   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ Ʉɍ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ (2.50)); 
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  0 0 , 3484,263ɜɞ ɜɞ ɜɞ
ɩɟh f p t  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɉȼȾ ɩɪɢ 0

ɜɞɪ , 

ɤȾɠ/ɤɝ; 
  0 1321,862ɜɞ ɜɞ

эɤh h p   – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɗȼȾ (ɜ ɫɨɫɬɨɹɧɢɢ 

ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ 0
ɜɞɪ ), ɤȾɠ/ɤɝ; 

 Ɉɩɪɟɞɟɥɹɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɩɟɪɟɞ ɷɤɨɧɨɦɚɣɡɟɪɨɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
°ɋ, ɩɪɢ эɤt  = 70 ºɋ. 
 

 ,ɜɞ
эɤ ɜɞ эɤt t    (2.83) 

 

ɝɞɟ  0 295,878ɜɞ
ɜɞ st t p   – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɗȼȾ 

ɩɨ 0
ɜɞɪ , °ɋ. 

 
 295,878 70 365,878ɜɞ

эɤ    °ɋ. 
 
 ɋ ɩɨɦɨɳɶɸ ɜɞ

эɤ  ɧɚɯɨɞɢɦ ɷɧɬɚɥɶɩɢɸ ɝɚɡɨɜ ɩɟɪɟɞ ɗȼȾ, ɤȾɠ/ɤɝ: 
 
 ,ɜɞ эɤ ɜɞ

эɤ ɪ эɤI c    (2.84) 

 
ɝɞɟ эɤ

ɪc  – ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ɷɤɨɧɨɦɚɣɡɟɪɨɦ, ɤȾɠ/(ɤɝ Ʉ) , ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɚɦ (2.16-2.19, 2.40) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɞ
эɤ . 

 
 1,089 365,878 398,298ɤȾɠ/ɤɝ.ɜɞ

эɤI     
 
 ȼɵɪɚɠɚɟɦ ɢɡ ɭɪɚɜɧɟɧɢɹ (2.82) ɪɚɫɯɨɞ ɩɚɪɚ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɤɝ/c: 
 
 0( ) / ( ),ɜɞ ɜɞ ɜɞ

ɜɞ ɝ d эɤ эɤD G I I h h     (2.85) 
 

 
(770,262 398,298)

165,928 28,542ɤɝ/ɫ.
(3484,263 1321,862)ɜɞD


  


 

 
 Ⱦɥɹ ɗȼȾ ɛɭɞɟɬ ɫɩɪɚɜɟɞɥɢɜɵɦ ɫɥɟɞɭɸɳɟɟ ɫɨɨɬɧɨɲɟɧɢɟ: 
 
 ( ) ( ),ɜɞ ɜɞ ɜɞ ɜɞ

ɝ эɤ ɭɯ ɜɞ эɤ ɩɜG I I D h h      (2.86) 

 
ɝɞɟ ɜɞ

ɩɜ Ⱦ ɜɞh h h    – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɤȾɠ/ɤɝ; 
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 ( ) 670,501Ⱦ s Ⱦh t p   – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɟɪɟɞ ɉɇȼȾ, 
ɤȾɠ/ɤɝ; 
 12,547ɜɞh   – ɩɪɢɪɨɫɬ ɷɧɬɚɥɶɩɢɢ ɜ ɧɚɫɨɫɟ ɩɪɢ 0,8ɧ  , ɤȾɠ/ɤɝ; 
 ɜɞ

ɭɯI  – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ, ɩɨɤɢɞɚɸɳɢɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ ɤɨɧɬɭɪɚ ȼȾ, ɤȾɠ/ɤɝ. 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 
 

 
( )

,
ɜɞ ɜɞ

ɜɞ ɜɞ ɜɞ эɤ ɩɜ
ɭɯ эɤ

ɝ

D h h
I I

G

 
   (2.87) 

 
ɝɞɟ 683,048ɜɞ

ɩɜh   – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɤȾɠ/ɤɝ; 
 165,928ɝG   – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬёɥ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.80)); 

  0 1321,862ɜɞ ɜɞ
эɤh h p   – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɗȼȾ (ɜ ɫɨɫɬɨɹɧɢɢ 

ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ 0
ɜɞɪ ), ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ (2.82)); 

 398,298ɜɞ
эɤI   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɟɪɟɞ ɗȼȾ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ (2.84)). 

 

 
28,542 (1321,862 683,048)

398,298 288,413ɤȾɠ/ɤɝ.
165,928

ɜɞ
ɭɯI

 
    

 
 ɋ ɩɨɦɨɳɶɸ ɜɞ

ɭɯI  ɧɚɯɨɞɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɡɚ ɗȼȾ, °ɋ: 
 

 
.

,
ɜɞ
ɭɯɜɞ

ɭɯ ɭɯ ɜɞ
ɪ

I

c
   (2.88) 

 
ɝɞɟ .ɭɯ ɜɞ

ɪc  – ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ɷɤɨɧɨɦɚɣɡɟɪɨɦ, ɤȾɠ/(ɤɝ Ʉ) , 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (2.16-2.19, 2.40) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɞ
ɭɯ  (ɜ ɩɟɪɜɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ ɜɵɛɢɪɚɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɨ) ɫ ɞɚɥɶɧɟɣɲɢɦ ɭɬɨɱɧɟɧɢɟɦ. 
 

 
288,413

267,742
1,077

ɜɞ
ɭɯ   °ɋ. 

 
 ɇɚ ɪɢɫɭɧɤɟ 2.6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ. 
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ɂɇȾɉɉɇȾ

ȻɇȾ

ɝG

ɜɞ
ɭɯ

ɧɞD

ȾD

ɝG

ɧɞ
ȽɉК

ɧɞ
ɩɜt

ɧɞ
ɢɫɩ

ɧɞ
ɛt

 
Ɋɢɫɭɧɨɤ 2.6 – ɉɉ ɢ ɢɫɩɚɪɢɬɟɥɶ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 

 
 Ⱦɥɹ ɫɨɜɨɤɭɩɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɉɉ ɢ ɢɫɩɚɪɢɬɟɥɹ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
Ʉɍ ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 
 0( ) ( ),ɜɞ ɧɞ ɧɞ

ɝ ɭɯ ȽɉК ɧɞ ɩɜG I I D h h      (2.89) 

 

ɝɞɟ  0 0 , 2954,124ɧɞ ɧɞ ɧɞ
ɩɟh f p t  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɉɇȾ, ɤȾɠ/ɤɝ; 

 ɧɞ
ɩɜ Ⱦ ɧɞh h h    – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, 

ɤȾɠ/ɤɝ; 
 ( ) 670,501Ⱦ s Ⱦh t p   – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɟɪɟɞ ɉɇɇȾ, 
ɤȾɠ/ɤɝ; 
 0,33ɜɞh   – ɩɪɢɪɨɫɬ ɷɧɬɚɥɶɩɢɢ ɜ ɧɚɫɨɫɟ ɩɪɢ 0,8ɧ  , ɤȾɠ/ɤɝ; 
 165,928ɝG   – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬёɥ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.80)). 
 
 ȼ ɷɬɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ȽɉɄ ȽɉКI  ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ, °ɋ: 
 
 0 ,ɧɞ ɧɞ

ȽɉК ȽɉКt t    (2.90) 
 
ɝɞɟ 0 20ɧɞt   – ɜɵɛɪɚɧɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, ºɋ; 
 150ȽɉКt   – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɡɚ ȽɉɄ, ºɋ. 
 
 150 20 170ɧɞ

ȽɉК    °ɋ. 
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 ɋ ɩɨɦɨɳɶɸ ɧɞ
ȽɉК  ɧɚɯɨɞɢɦ ɷɧɬɚɥɶɩɢɸ ɝɚɡɨɜ ɩɟɪɟɞ ȽɉɄ, ɤȾɠ/ɤɝ: 

 
 ,ɧɞ ȽɉК ɧɞ

ȽɉК ɪ ȽɉКI c    (2.91) 

 
ɝɞɟ ȽɉК

ɪc  – ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ȽɉɄ, ɤȾɠ/(ɤɝ Ʉ) , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɚɦ (2.16-2.19, 2.40) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɞ
ȽɉК . 

 
 1,066 170 181,195ɤȾɠ/ɤɝ.ɧɞ

ȽɉКI     
 
 ɂɡ ɭɪɚɜɧɟɧɢɹ (2.89) ɨɩɪɟɞɟɥɹɟɦ ɪɚɫɯɨɞ ɩɚɪɚ ɱɟɪɟɡ ɤɨɧɬɭɪ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ Ʉɍ, ɤɝ/c: 
 

 
0

,
ɜɞ
ɭɯ ȽɉК

ɧɞ ɝ ɧɞ ɧɞ
ɩɜ

I I
D G

h h


 


 (2.92) 

 
ɝɞɟ 288,413ɜɞ

ɭɯI   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɤɨɧɨɦɚɣɡɟɪɚ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ (2.87)); 
 670,831ɧɞ

ɩɜh   – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɤȾɠ/ɤɝ; 
 0 2954,124ɧɞh   – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɉɇȾ ɩɪɢ 0

ɧɞɪ , ɤȾɠ/ɤɝ; 
 165,928ɝG   – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬёɥ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.80)). 
 

 
288,413 181,195

165,928 7,792ɤɝ/ɫ.
2954,124 670,831ɧɞD


  


 

 
 ɇɚ ɪɢɫɭɧɤɟ 2.7 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɞɥɹ ɞɟɚɷɪɚɬɨɪɚ. 
 

Ⱦɟɚɷɪɚɬɨɪ

0,6 Ɇɉɚ

ȾD

Dɧɞ + Dɜɞ - DȾ

ɜɞD

Ⱦh

0
ɧɞh ȽɉКh

0,6 Ɇɉɚ

ɧɞD

 
Ɋɢɫɭɧɨɤ 2.7 –  Ɇɚɬɟɪɢɚɥɶɧɨ-ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɞɟɚɷɪɚɬɨɪɚ 
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 ɍɪɚɜɧɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɞɟɚɷɪɚɬɨɪɚ ɛɭɞɟɬ 
ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 
 0( ) ( ) ,ɧɞ

ɜɞ ɧɞ Ⱦ ȽɉК Ⱦ ɜɞ ɧɞ ȾD D D h D h D D h         (2.93) 

 
ɝɞɟ  , 632,884ȽɉК Кɇ ȽɉКh f p t   – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɡɚ ȽɉɄ, ɤȾɠ/ɤɝ. 
 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ, ɤɝ/c: 
 

 
0

( ) ,Ⱦ ȽɉК
Ⱦ ɜɞ ɧɞ ɧɞ

ȽɉК

h h
D D D

h h


  


 (2.94) 

 
ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
 7,792ɧɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.93)); 
 0 2954,124ɧɞh   – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɉɇȾ ɩɪɢ 0

ɧɞɪ , ɤȾɠ/ɤɝ; 
 632,884ȽɉКh  – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɡɚ ȽɉɄ, ɤȾɠ/ɤɝ; 
 670,501Ⱦh   – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɟɪɟɞ ɉɇɇȾ, ɤȾɠ/ɤɝ. 
 

 
670,501 632,884

(28,542 7,792) 0,589ɤɝ/ɫ.
2954,124 632,884ȾD


   


 

 
 ɇɚ ɪɢɫɭɧɤɟ 2.8 ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɚɬɟɪɢɚɥɶɧɵɟ ɢ ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ ɞɥɹ ɬɨɱɤɢ 
ɫɦɟɲɟɧɢɹ ɢ ȽɉɄ. 
 

ȽɉɄ

Ɋɗɇ

Gɪɟɰ

Dɧɞ + Dɜɞ - DȾ

ɭɯ

ɝG

ɧɞ
ȽɉК

ȽɉКt

ȽɉК
ɩɜt

 
Ɋɢɫɭɧɨɤ 2.8 – Ɇɚɬɟɪɢɚɥɶɧɨ-ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ 

 
 ɍɪɚɜɧɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ: 
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 ( ) ( ) ,ȽɉК
ɜɞ ɧɞ Ⱦ ɤ ɪɟɰ ȽɉК ɜɞ ɧɞ Ⱦ ɪɟɰ ɩɜD D D h G h D D D G h           (2.95) 

 
ɝɞɟ ɤ ɤ ɤh h h     – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ɬɨɱɤɭ ɫɦɟɲɟɧɢɹ, ɤȾɠ/ɤɝ; 
 ( ) 137,765ɤ ɤh h p   – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ, 
ɤȾɠ/ɤɝ; 
 1,879ɤh   – ɩɪɢɪɨɫɬ ɷɧɬɚɥɶɩɢɢ ɜ ɤɨɧɞɟɧɫɚɬɧɨɦ ɧɚɫɨɫɟ, ɤȾɠ/ɤɝ; 

  , 252,397ȽɉК ȽɉК
ɩɜ Кɇ ɩɜh f p t   – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ȽɉɄ, 

ɤȾɠ/ɤɝ; 
 ɪɟɰG  – ɪɚɫɯɨɞ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɪɟɰɢɪɤɭɥɹɰɢɸ, ɤɝ/ɫ. 
 
 Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɪɟɰɢɪɤɭɥɹɰɢɸ ȽɉɄ, ɤɝ/ɫ: 
 

 
( ) ( )

,
ȽɉК

ɜɞ ɧɞ Ⱦ ɩɜ ɤ
ɪɟɰ ȽɉК

ȽɉК ɩɜ

D D D h h
G

h h

   



 (2.96) 

 
ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
 7,792ɧɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.93)); 
 0,589ȾD   – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.94)); 
 134,644ɤh   – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ɬɨɱɤɭ ɫɦɟɲɟɧɢɹ, ɤȾɠ/ɤɝ; 
 632,884ȽɉКh  – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɡɚ ȽɉɄ, ɤȾɠ/ɤɝ; 
 252,397ȽɉК

ɩɜh   – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ȽɉɄ, ɤȾɠ/ɤɝ. 
 

 
(28,542 7,792 0,589) (252,397 134,644)

10,593ɤɝ/ɫ.
632,884 252,397ɪɟɰG

   
 


 

 
 ɋɨɫɬɚɜɥɹɟɦ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ȽɉɄ: 
 
 ( ) ( ) ( ).ȽɉК

ɝ ȽɉК ɭɯ ɜɞ ɧɞ Ⱦ ɪɟɰ ȽɉК ɩɜG I I D D D G h h         (2.97) 

 
 ȼɵɪɚɠɚɟɦ ɢɡ ɭɪɚɜɧɟɧɢɹ ɷɧɬɚɥɶɩɢɸ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ: 
 

 
( ) ( )

,
ȽɉК

ɜɞ ɧɞ Ⱦ ɪɟɰ ȽɉК ɩɜɧɞ
ɭɯ ȽɉК

ɝ

D D D G h h
I I

G

    
   (2.98) 

 
ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
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 7,792ɧɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.93)); 
 0,589ȾD   – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.94)); 
 10,593ɪɟɰG   – ɪɚɫɯɨɞ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɪɟɰɢɪɤɭɥɹɰɢɸ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.97)); 
 632,884ȽɉКh  – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɡɚ ȽɉɄ, ɤȾɠ/ɤɝ; 
 252,397ȽɉК

ɩɜh   – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ȽɉɄ, ɤȾɠ/ɤɝ; 
 165,928ɝG   – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬёɥ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.80)); 
 181,195ɧɞ

ȽɉКI   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɟɪɟɞ ȽɉɄ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ (2.80)). 
 

 
(28,542 7,792 0,589 1,593) (632,884 252,397)

181,195
165,928

74,94ɤȾɠ/ɤɝ.

ɭɯI
    

  



 

 
 ɋ ɩɨɦɨɳɶɸ ɭɯI  ɧɚɯɨɞɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɡɚ Ʉɍ, °ɋ: 
 

 ,ɭɯ
ɭɯ ɭɯ

ɪ

I

c
   (2.99) 

 
ɝɞɟ ɭɯ

ɪc  – ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ, ɤȾɠ/(ɤɝ Ʉ) , 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (2.16-2.19, 2.40) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɭɯ  (ɜ ɩɟɪɜɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ ɜɵɛɢɪɚɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɨ) ɫ ɞɚɥɶɧɟɣɲɢɦ ɭɬɨɱɧɟɧɢɟɦ. 
 

 
74,94

71,076
1,054ɭɯ   °ɋ. 

 
 Ɉɩɪɟɞɟɥɹɟɦ ɷɧɬɚɥɶɩɢɸ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɂȼȾ, ɤȾɠ/ɤɝ: 
 

 0( )
,

ɜɞ ɜɞ
ɜɞ ɜɞ ɛ
ɢɫɩ d

ɝ

D h h
I I

G

 
   (2.100) 

 
ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
 165,928ɝG   – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬёɥ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.80)); 
 770,262dI   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ Ʉɍ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ (2.50)); 
 0 3484,263ɜɞh  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɉȼȾ ɩɪɢ 0

ɜɞɪ , ɤȾɠ/ɤɝ (ɫɦ. 
ɮɨɪɦɭɥɭ (2.82)); 
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 ( ) 2757,116ɜɞ
ɛ ɜɞh h p   – ɷɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɂȼȾ, 

ɤȾɠ/ɤɝ. 
 

 
28,542 (3484,263 2757,116)

770,262 645,182ɤȾɠ/ɤɝ.
165,928

ɜɞ
ɢɫɩI

 
    

 
 ɋ ɩɨɦɨɳɶɸ ɜɞ

ɢɫɩI  ɧɚɯɨɞɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɡɚ ɉɉȼȾ, °ɋ: 
 

 
.

,
ɜɞ

ɜɞ ɢɫɩ
ɢɫɩ ɢɫɩ ɜɞ

ɪ

I

c
   (2.101) 

 
ɝɞɟ .ɢɫɩ ɜɞ

ɪc  – ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ɢɫɩɚɪɢɬɟɥɟɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 

ɤȾɠ/(ɤɝ Ʉ) , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (2.16-2.19, 2.40) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɞ
ɢɫɩ  (ɜ 

ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɜɵɛɢɪɚɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɨ) ɫ ɞɚɥɶɧɟɣɲɢɦ ɭɬɨɱɧɟɧɢɟɦ. 
 

 
645,182

579,459
1,113

ɜɞ
ɢɫɩ   °ɋ. 

 
 Ɉɩɪɟɞɟɥɹɟɦ ɷɧɬɚɥɶɩɢɸ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɂɇȾ, ɤȾɠ/ɤɝ: 
 

 0( )
,

ɧɞ ɧɞ
ɧɞ ɜɞ ɧɞ ɛ
ɢɫɩ ɭɯ

ɝ

D h h
I I

G

 
   (2.102) 

 
ɝɞɟ 288,413ɜɞ

ɭɯI   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɡɚ ɗȼȾ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ (2.87)); 
 165,928ɝG   – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬёɥ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.80)); 
 7,792ɧɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.93)); 
 0 2954,124ɧɞh   – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɉɇȾ ɩɪɢ 0

ɧɞɪ , ɤȾɠ/ɤɝ; 
 ( ) 2762,749ɧɞ

ɛ ɧɞh h p   – ɷɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɂɇȾ, 
ɤȾɠ/ɤɝ. 
 

 
7,792 (2954,124 2762,749)

288,413 279,427ɤȾɠ/ɤɝ.
165,928

ɧɞ
ɢɫɩI

 
    

 
 ɋ ɩɨɦɨɳɶɸ ɧɞ

ɢɫɩI  ɧɚɯɨɞɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɡɚ ɉɉɇȾ, °ɋ: 
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.

,
ɧɞ

ɧɞ ɢɫɩ
ɢɫɩ ɢɫɩ ɧɞ

ɪ

I

c
   (2.103) 

 
ɝɞɟ .ɢɫɩ ɧɞ

ɪc  – ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɨɜ ɩɟɪɟɞ ɢɫɩɚɪɢɬɟɥɟɦ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, 

ɤȾɠ/(ɤɝ Ʉ) , ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (2.16-2.19, 2.40) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɞ
ɢɫɩ  (ɜ 

ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɜɵɛɢɪɚɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɨ) ɫ ɞɚɥɶɧɟɣɲɢɦ ɭɬɨɱɧɟɧɢɟɦ. 
 

 
279,427

559,626
1,076

ɜɞ
ɢɫɩ   °ɋ. 

 
 Ɉɩɪɟɞɟɥɹɟɦ ɄɉȾ Ʉɍ: 
 

 
( )

,
( )

d ɭɯ
ɤɭ

d ɚ

I I

I I






 (2.104) 

 
ɝɞɟ 770,262dI   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ Ʉɍ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ (2.50)); 
 74,94ɭɯI   – ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ (2.98)); 

 ta
ɚ ɪ ɚI ɫ t   – ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ, ɤȾɠ/ɤɝ; 
 3,2ɚt    – ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, °ɋ; 
 ta

ɪɫ  – ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɚt , ɤȾɠ/(ɤɝ Ʉ) (ɩɨ ɮɨɪɦɭɥɚɦ 
(2.16-2.19, 2.40)). Ɍɨɝɞɚ: 
 
 1,046 ( 3,2) 3,346ɤȾɠ/ɤɝ;ɚI       
 

 
(770,262 74,94)

0,899.
(770,262 ( 3,346))ɤɭ 

 
 

 

 
 Ɍɟɩɥɨ, ɩɨɞɜɨɞɢɦɨɟ ɤ ɜɨɞɟ (ɩɚɪɭ) ɜ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɚɯ Ʉɍ. Ⱦɥɹ ȽɉɄ ɤȼɬ: 
 

    ,ȽɉК
ȽɉК ɧɞ ɜɞ Ⱦ ɪɟɰ ȽɉК ɩɜQ D D D G h h       (2.105) 

 
ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
 7,792ɧɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.93)); 
 0,589ȾD   – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.94)); 
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 10,593ɪɟɰG   – ɪɚɫɯɨɞ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɪɟɰɢɪɤɭɥɹɰɢɸ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.97)); 
 632,884ȽɉКh  – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɡɚ ȽɉɄ, ɤȾɠ/ɤɝ; 
 252,397ȽɉК

ɩɜh   – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ȽɉɄ, ɤȾɠ/ɤɝ. 
 

 
   7,792 28,542 0,598 10,589 632,884 252,397

17630,714ɤȼɬ.
ȽɉКQ       


 

 
 Ⱦɥɹ ɂɇȾ, ɤȼɬ: 
 

  ,ɧɞ ɧɞ
ИɇȾ ɧɞ ɛ ɩɜQ D h h    (2.106) 

 
ɝɞɟ 7,792ɧɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.93)); 
 ( ) 2762,749ɧɞ

ɛ ɧɞh h p   – ɷɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɂɇȾ, 
ɤȾɠ/ɤɝ; 
 670,831ɧɞ

ɩɜh   – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɤɨɧɬɭɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɤȾɠ/ɤɝ. 
 
  7,792 2762,749 670,831 16299,306ɤȼɬ.ИɇȾQ      

 
 Ⱦɥɹ ɉɉɇȾ, ɤȼɬ: 
 

  0 ,ɧɞ ɧɞ
ɉɉɇȾ ɧɞ ɛQ D h h    (2.107) 

 
ɝɞɟ 7,792ɧɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.93)); 
 ( ) 2762,749ɧɞ

ɛ ɧɞh h p   – ɷɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɂɇȾ, 
ɤȾɠ/ɤɝ; 
 0 2954,124ɧɞh   – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɉɇȾ ɩɪɢ 0

ɧɞɪ , ɤȾɠ/ɤɝ. 
 
  7,792 2954,124 2762,749 1491,108ɤȼɬ.ɉɉɇȾQ      

 
 Ⱦɥɹ ɗȼȾ, ɤȼɬ: 
 

  ,ɜɞ ɜɞ
ЭȼȾ ɜɞ эɤ ɩɜQ D h h    (2.108) 
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ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
 683,048ɜɞ

ɩɜh   – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɤȾɠ/ɤɝ; 
 1321,862ɜɞ

эɤh   – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɗȼȾ (ɜ ɫɨɫɬɨɹɧɢɢ 
ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ 0

ɜɞɪ ), ɤȾɠ/ɤɝ. 
 
  28,542 1321,862 683,048 18232,966ɤȼɬ.ЭȼȾQ      

 
 Ⱦɥɹ ɂȼȾ, ɤȼɬ: 
 
 ,ИȼȾ ɜɞ ɜɞQ D r   (2.109) 

 
ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
 1435,254ɜɞr   – ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, Ⱦɠ/ɤɝ. 
 
 28,542 1435,254 40964,937ɤȼɬ.ИȼȾQ     

 
 Ⱦɥɹ ɉɉȼȾ, ɤȼɬ: 
 

  0 ,ɜɞ ɜɞ
ɉɉȼȾ ɜɞ ɛQ D h h    (2.110) 

 
ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
 0 3484,263ɜɞh  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɉȼȾ ɩɪɢ 0

ɜɞɪ , ɤȾɠ/ɤɝ; 
 2757,116ɜɞ

ɛh   – ɷɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɂȼȾ, ɤȾɠ/ɤɝ. 
 
  28,542 3484,263 2757,116 20754,204ɤȼɬ.ɉɉȼȾQ      

 
 ɋɭɦɦɚɪɧɚɹ ɬɟɩɥɨɬɚ, ɩɨɥɭɱɟɧɧɚɹ ɪɚɛɨɱɢɦ ɬɟɥɨɦ ɜ ɤɨɬɥɟ-ɭɬɢɥɢɡɚɬɨɪɟ, Ɇȼɬ: 
 
 ;ɤɭ ȽɉК ИɇȾ ɉɉɇȾ ЭȼȾ ИȼȾ ɉɉȼȾQ Q Q Q Q Q Q       (2.111) 

 
 17,631 16,299 1,491 18,233 40,965 20,754 115,373Ɇȼɬ.ɤɭQ         

  
 Ɍɟɩɥɨɬɚ, ɨɬɞɚɧɧɚɹ ɝɚɡɚɦɢ ɜ Ʉɍ, ɤȼɬ: 
 

   ,ɝ ɝ d ɭɯQ G I I    (2.112) 
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ɝɞɟ 770,262dI   – ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ Ʉɍ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ (2.50)); 
 74,94ɭɯI   – ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ (2.98)); 
 165,928ɝG   – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬёɥ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.80)). 
 
  165,928 770,262 74,94 115373,238ɤȼɬ 115,373 Ɇȼɬ.ɝQ       

 
 ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ: 
 

 0,153;ȽɉК
ȽɉК

ɤɭ

Q
Q

Q
   (2.113) 

 0,141;ИȼȾ
ИȼȾ

ɤɭ

Q
Q

Q
   (2.114) 

 0,013;ɉɉɇȾ
ɉɉɇȾ

ɤɭ

Q
Q

Q
   (2.115) 

 0,158;ЭȼȾ
ЭȼȾ

ɤɭ

Q
Q

Q
   (2.116) 

 0,355;ИȼȾ
ИȼȾ

ɤɭ

Q
Q

Q
   (2.117) 

 0,180.ɉɉȼȾ
ɉɉȼȾ

ɤɭ

Q
Q

Q
   (2.118) 

 
 ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɫɨɫɬɚɜɥɹɟɦ ɬɟɩɥɨɜɭɸ ɞɢɚɝɪɚɦɦɭ. 
 

ɉɉȼȾQ ИȼȾQ ЭȼȾQ

ɉɉɇȾQ

ИɇȾQ ȽɉКQ

Ɍɟ
ɦ

ɩɟ
ɪɚ

ɬɭ
ɪɚ

, ɨ ɋ

Ⱦɨɥɹ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ

 
Ɋɢɫɭɧɨɤ 2.9 – Ɍɟɩɥɨɜɚɹ ɞɢɚɝɪɚɦɦɚ 
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 2.3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
 
 Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɭɛ ɢ ɨɪɟɛɪɟɧɢɹ ɹɜɥɹɸɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦɢ 
ɜɟɥɢɱɢɧɚ. ȼ ɬɚɛɥɢɰɟ 2.5 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɭɛɧɨɝɨ ɩɭɱɤɚ ɫɟɤɰɢɣ Ʉɍ. 
 
Ɍɚɛɥɢɰɚ 2.5 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɣ ɞɥɹ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɫɱёɬɚ Ʉɍ 

ɉɚɪɚɦɟɬɪ  Ɂɧɚɱɟɧɢɟ  
Ⱦɢɚɦɟɬɪ ɬɪɭɛ ɧd , ɦɦ 32 

Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ ɫɬ , ɦɦ 4 

ɒɚɝ ɪɟɛɪɚ ɪɟɛb , ɦɦ 5 

ȼɵɫɨɬɚ ɪɟɛɪɚ ɪɟɛh , ɦɦ 9 

Ɍɨɥɳɢɧɚ ɪɟɛɪɚ ɪɟɛ , ɦɦ 1 

ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ 1s , ɦɦ 72 

ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ 2s , ɦɦ 85 

 
 ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɝɚɡɨɯɨɞɚ Ʉɍ, ɦ2: 
 

 
( 273)

,
273

ɝ ɝ ɉɉɫɪ
ɭɫɥ
ɝ

G V
f





  



 (2.119) 

 

ɝɞɟ 
1

0,791ɝ
ɝ

V


   – ɭɞɟɥɶɧɵɣ ɨɛɴёɦ ɝɚɡɨɜ, ɦ3/ɤɝ; 

 165,928ɝG   – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬёɥ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.80)).  

 1 642,744
2

d
ɉɉɫɪ

 



   – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɉɉ, ɨɋ; 

 ɭɫɥ
ɝ   – ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ, ɦ/ɫ. ɉɪɢɧɢɦɚɟɬɫɹ 7ɭɫɥ

ɝ  ɦ/ɫ. Ɍɨɝɞɚ: 
 

 2165,928 0,791 (642,774 273)
67,257ɦ .

7 273
f

  
 


 

 
 Ɂɚɞɚɜɚɹɫɶ ɱɢɫɥɨɦ ɫɟɤɰɢɣ ɜ ɪɹɞɭ 3ɫɟɤm   ɢ ɲɢɪɢɧɨɣ ɫɟɤɰɢɢ 2,5ɫɟɤb  ɦ, 
ɨɩɪɟɞɟɥɢɦ ɲɢɪɢɧɭ ɤɨɬɥɚ, ɦ: 
  
 2,5 3 7,5ɦ.ɤɨɬɥɚ ɫɟɤ ɫɟɤb b m      (2.120) 
 
 Ɍɨɝɞɚ ɞɥɢɧɚ ɬɪɭɛ, ɦ: 
 

 
67,257

8,968ɦ.
7,5ɬɪ

ɤɨɬɥɚ

f
l

b
    (2.121) 
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 ɑɢɫɥɨ ɬɪɭɛ ɜ ɨɞɧɨɦ ɪɹɞɭ ɤɚɠɞɨɣ ɫɟɤɰɢɢ: 
 

 
1

1,1
ɫɟɤ

ɬɪ
b

m
s

   (2.122) 

 
ɝɞɟ 1 72s   –  ɩɨɩɟɪɟɱɧɵɣ ɲɚɝ ɬɪɭɛ, ɦɦ; 
 2500ɫɟɤb   – ɲɢɪɢɧɚ ɫɟɤɰɢɢ, ɦɦ. 
 

 
2500

1 33,722 34.
721ɬɪm      

 
 ɉɨɥɧɨɟ ɱɢɫɥɨ ɬɪɭɛ ɜ ɤɚɠɞɨɣ ɫɟɤɰɢɢ: 
 
 12 2 34 68.ɬɪ ɬɪm m      (2.123) 

 
 Ɍɨɝɞɚ ɨɞɧɚ ɫɟɤɰɢɹ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 
 

 
Ɋɢɫɭɧɨɤ 2.10 – ɋɟɤɰɢɹ ɬɪɭɛ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 

 
 ɉɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɤɨɬɥɚ ɞɥɹ ɝɚɡɨɜ ɜ ɡɨɧɟ ɉɉ, ɦ2:  
 

 2 ,1

ɬɪ
ɩɪ ɬɪ ɫɟɤ ɧ ɬɪ ɪɟɛ ɪɟɛ

ɪɟɛ

l
F f m m d l h

b


 
          

 
 (2.124) 
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ɝɞɟ , , ,ɪɟɛ ɪɟɛ ɪɟɛ ɧb h d  – ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɬɪɭɛɵ ɢ ɟё ɨɪɟɛɪɟɧɢɹ (ɫɦ. 
ɬɚɛɥɢɰɭ 2.5). 
 

 28,968
67,257 34 3 0,032 8,968 2 0,009 0,001 34,694ɦ .

0,005ɩɪF
 

          
 

 

 
 ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɦɟɠɬɪɭɛɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɉɉ, ɦ/ɫ: 
 

 
( 273)

,
273

ɝ ɝ ɉɉɫɪ
ɝ

ɩɪ

G V

F




  



 (2.125) 

 
ɝɞɟ 0,791ɝV   – ɭɞɟɥɶɧɵɣ ɨɛɴёɦ ɝɚɡɨɜ, ɦ3/ɤɝ; 
 165,928ɝG   – ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɤɨɬёɥ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.80)).  
 642,744ɉɉɫɪ   – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɉɉ, ɨɋ; 
 

 
165,928 0,791 (642,744 273)

12,632ɦ/ɫ.
34,694 273ɝ

  
 


 

 
 Ɉɩɬɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɤɨɬɥɟ ɫɨɫɬɚɜɥɹɟɬ: ωɝ=12-18 ɦ/ɫ.  
 ɋɤɨɪɨɫɬɶ ɩɚɪɚ ɜ ɬɪɭɛɤɚɯ ɉɉ, ɦ/ɫ: 
 

 
2

4
,ɜɞ ɩɚɪɚ

ɩ
ɜɧ ɬɪ ɫɟɤ

D

d m m




 

 

  
 (2.126) 

 
ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
 24ɜɧd   – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ; 

  , 0,03508ɫɪ
ɩɚɪɚ ɜɞ ɩf p t    – ɭɞɟɥɶɧɵɣ ɨɛɴёɦ ɩɚɪɚ, ɦ3/ɤɝ; 

 68ɬɪm   – ɱɢɫɥɨ ɬɪɭɛ ɜ ɫɟɤɰɢɢ (ɫɦ. ɮɨɪɦɭɥɭ (2.123)); 
 3ɫɟɤm   – ɱɢɫɥɨ ɫɟɤɰɢɣ. 
 

 
2

4 28,542 0,03508
10,849ɦ/ɫ.

0,024 68 3
ɩ 

 
 


  

 

 
 2.3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɨɞɧɨɣ ɫɟɤɰɢɢ 
 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɝɥɚɞɤɨɣ ɬɪɭɛɵ, ɦ2: 
 
 . ,ɝɥ ɬɪ ɧ ɬɪF d l    (2.127) 
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ɝɞɟ 8,968ɬɪl   – ɞɥɢɧɚ ɬɪɭɛɵ, ɦ (ɫɦ. ɮɨɪɦɭɥɭ (2.121)); 
 0,032ɧd   – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 2.5). 
 
 2

. 0,032 8,968 0,902ɦ .ɝɥ ɬɪF      

 
 ɉɥɨɳɚɞɶ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɛɪɚ, ɦ2: 
 

  2 22 ,
2ɪɟɛ ɧ ɪɟɛ ɧF d h d
        

 (2.128) 

 
ɝɞɟ 0,032ɧd   – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 2.5); 
 0,009ɪɟɛh   – ɜɵɫɨɬɚ ɪɟɛɪɚ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 2.5); 
 

  2 2 20,032 2 0,009 0,032 0,00232ɦ .
2ɪɟɛF
       

 
 

 
 ɉɥɨɳɚɞɶ ɜɧɭɬɪɟɧɧɟɣ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɛɪɚ, ɦ2: 
 
 . ,ɜɧ ɪɟɛ ɧ ɪɟɛF d     (2.129) 

 
ɝɞɟ 0,032ɧd   – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 2.5); 
 0,001ɪɟɛ   – ɬɨɥɳɢɧɚ ɪɟɛɪɚ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 2.5). 
 
 2

. 0,032 0,001 0,0001ɦ .ɜɧ ɪɟɛF      

 
 ɉɥɨɳɚɞɶ ɧɚɪɭɠɧɨɣ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɛɪɚ, ɦ2: 
 

  . 2 ,ɧ ɪɟɛ ɧ ɪɟɛ ɪɟɛF d h       (2.130) 

 
ɝɞɟ 0,032ɧd   – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 2.5); 
 0,009ɪɟɛh   – ɜɵɫɨɬɚ ɪɟɛɪɚ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 2.5); 
 0,001ɪɟɛ   – ɬɨɥɳɢɧɚ ɪɟɛɪɚ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 2.5). 
 
   2

. 0,032 2 0,009 0,001 0,00016ɦ .ɧ ɪɟɛF        

 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɨɪɟɛɪɟɧɧɨɣ ɬɪɭɛɵ, ɦ2: 
 

  . . . ,ɬɪ
ɬɪ ɝɥ ɬɪ ɪɟɛ ɧ ɪɟɛ ɜɧ ɪɟɛ

ɪɟɛ

l
F F F F F

b
      (2.131) 



63 

ɝɞɟ 8,968ɬɪl   – ɞɥɢɧɚ ɬɪɭɛɵ, ɦ (ɫɦ. ɮɨɪɦɭɥɭ (2.121)); 
 0,005ɪɟɛb   – ɲɚɝ ɪɟɛɪɚ, ɦɦ (ɫɦ. ɬɚɛɥɢɰɭ 2.5). 
 

   28,968
0,902 0,00232 0,00016 0,0001 5,161ɦ .

0,005ɬɪF        

 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɨɞɧɨɣ ɫɟɤɰɢɢ (ɞɜɭɯ ɪɹɞɨɜ ɬɪɭɛ), ɦ2: 
 
 ,ɫɟɤ ɬɪ ɬɪF F ɬ   (2.132) 

 
ɝɞɟ 68ɬɪm   – ɱɢɫɥɨ ɬɪɭɛ ɜ ɫɟɤɰɢɢ (ɫɦ. ɮɨɪɦɭɥɭ (2.123)). 
 
 25,161 68 350,965ɦ .ɫɟɤF     
 
 2.3.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɉɉȼȾ 
 
 ɋɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ˚ɋ: 
 

 ,

ln

ɛ ɦ
ɉɉȼȾ

ɛ

ɦ

t t
t

t

t


 

 
 
 

 (2.133) 

 
ɝɞɟ ɜɞ

ɦ d ɩɟt t   – ɦɟɧɶɲɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɬɟɩɥɨɧɨɫɢɬɟɥɹɦɢ, ɞɥɹ 
ɉɉȼȾ, ˚ɋ; 
 ɜɞ ɜɞ

ɛ ɢɫɩ ɛt t   – ɛɨɥɶɲɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɬɟɩɥɨɧɨɫɢɬɟɥɹɦɢ ɞɥɹ 
ɉɉȼȾ. 
 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ, 2ȼɬ/(ɦ Ʉ) : 
 

 

0,6
0,33

1 Pr ,ɝ ɝ ɧ
ɝ z s

ɧ ɝ

d
C C

d

 



 

     
 

 (2.134) 

 
ɝɞɟ , , Prɝ ɝ ɝ   – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ·Ʉ), ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ, 
ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɝɚɡɚ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɡɧɚɱɟɧɢɹɦ; 
 zC  – ɩɨɩɪɚɜɤɚ ɧɚ ɱɢɫɥɨ ɩɨɩɟɪɟɱɧɵɯ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɨɜ; 
 2z  – ɱɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɯɨɞɭ ɝɚɡɚ; 
 sC  – ɩɨɩɪɚɜɤɚ ɧɚ ɤɨɦɩɨɧɨɜɤɭ ɩɭɱɤɚ; 
 ɧd  – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ, ɦ. 
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 Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɫɬɟɧɤɢ ɤ ɩɚɪɭ, 2ȼɬ/(ɦ Ʉ) : 
 

 

0,8
0,4

2 0,023 Pr ,ɩ ɩ ɜɧ
ɩ

ɜɧ ɩ

d

d

 



 

    
 

 (2.135) 

 
ɝɞɟ , , Prɝ ɝ ɝ   – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ·Ʉ), ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ, 
ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɝɚɡɚ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɡɧɚɱɟɧɢɹɦ. 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɉɉ, 2ȼɬ/(ɦ Ʉ) : 
 

 1

1

2

,
1

ɉɉȼȾk







 (2.136) 

 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɉɉȼȾ, ɦ2: 
 

 
310

,ɉɉȼȾ
ɉɉȼȾ

ɉɉȼȾ ɉɉȼȾ

Q
F

k t




 
 (2.137) 

 
 Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ɉɉ, ɲɬ.: 
 

 ,ɉɉȼȾ
ɉɉȼȾ

ɬɪ

F
z

F
  (2.138) 

 
ɝɞɟ 7,59ɬɪF   – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɵ, ɦ2.(ɫɦ. ɮɨɪɦɭɥɭ (2.131)). 

 
 ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ   ɉɉ ɩɨ ɯɨɞɭ ɝɚɡɨɜ, ɲɬ.: 
 

 ,ɉɉȼȾ
ɉɉȼȾ

ɫɟɤ ɫɟɤ

F
z

F m



 (2.139) 

 
ɝɞɟ 349,143ɫɟɤF   – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɨɞɧɨɣ ɫɟɤɰɢɢ, ɦ2 (ɫɦ. ɮɨɪɦɭɥɭ 
(2.132)); 
 3ɫɟɤm   – ɱɢɫɥɨ ɫɟɤɰɢɣ. 
 
 Ʉɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɉɉȼȾ ɩɨ ɯɨɞɭ ɝɚɡɨɜ, ɲɬ.: 
 

 2.ɉɉȼȾ
ɉɉȼȾ

ɫɟɤ ɫɟɤ

F
z

F m
 


 (2.140) 
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 2.3.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɂȼȾ 
 
 ɋɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɢɫɩɚɪɢɬɟɥɹ, ˚ɋ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɠɟ ɩɨ ɮɨɪɦɭɥɟ (2.128), ɞɥɹ ɤɨɬɨɪɨɣ ɜɞ ɜɞ

ɦ ɢɫɩ ɛt t   ɢ .ɜɞ ɜɞ
ɛ эɤ ɛt t   

 Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ 
ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ, 2ȼɬ/(ɦ Ʉ) , ɩɨ ɮɨɪɦɭɥɟ (2.129). 
 Ʉɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɫɬɟɧɤɢ ɤ ɩɚɪɨɜɨɞɹɧɨɦɭ 
ɪɚɛɨɱɟɦɭ ɬɟɥɭ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɬ.ɤ. ɜ ɢɫɩɚɪɢɬɟɥɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ ɤɢɩɟɧɢɹ 

ɜɨɞɵ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɱɟɧɶ ɜɟɥɢɤ, ɢ ɜɟɥɢɱɢɧɚ 
2

1


ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ. 
 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢɫɩɚɪɢɬɟɥɹ, ȼɬ/(ɦ2·Ʉ): 
 

 

1

1

1
ИɋɉȼȾ

ɬɪ

ɦ

k


 




, (2.141) 

 
ɝɞɟ ɦ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɞɥɹ ɫɬɚɥɢ 20. 
 

  50,6 0,0263 100 ,ɫɬ
ɦ ɫɪt      (2.142) 

 
 Ɂɞɟɫɶ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ, ˚ɋ: 
 

 .
2

ИȼȾ ИȼȾ
ɫɪ ɫɪɫɬ

ɫɪ
t

t


  (2.143) 

 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɂȼȾ, ɦ2, ɢ ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ 
ɯɨɞɭ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɚɦ (2.137 ɢ 2.140). 
 
 2.3.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɷɤɨɧɨɦɚɣɡɟɪɚ 
 
 ɋɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɢɫɩɚɪɢɬɟɥɹ, ˚ɋ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɠɟ ɩɨ ɮɨɪɦɭɥɟ (2.128), ɞɥɹ ɤɨɬɨɪɨɣ ɜɞ ɜɞ

ɦ эɤ ɛt t   ɢ ɜɞ ɜɞ
ɛ ɭɯ ɩɜt t   

 Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ ɞɥɹ ɷɤɨɧɨɦɚɣɡɟɪɚ, 
ȼɬ/(ɦ2·Ʉ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2.129): 
 

 

0,6
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ɝ z s
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d
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ɝɞɟ , ,Prɝ ɝ ɝ   – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ·Ʉ), ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ, 
ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɝɚɡɚ. 
 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɷɤɨɧɨɦɚɣɡɟɪɚ, ȼɬ/(ɦ2·Ʉ): 
 
 1.эɤk   (2.145) 
 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɗȼȾ, ɦ2, ɢ ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ 
ɯɨɞɭ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɚɦ (2.137 ɢ 2.140). 
  
 2.3.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
 
 ɉɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɉɉɇȾ, ɂɇȾ, ȽɉɄ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɹɦ, 
ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɜ ɩɭɧɤɬɚɯ 2.3.5 – 2.3.7. 
 
 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɞɥɹ ɞɜɭɯ ɤɨɧɬɭɪɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.6. 
 
Ɍɚɛɥɢɰɚ 2.6 – Ɋɟɡɭɥɶɬɚɬɵ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɫɱёɬɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɉɉȼȾ, ˚ɋ ɉɉȼȾt  222,58 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɉɉȼȾ, ȼɬ/(ɦ2·Ʉ) ɉɉȼȾk  99,935 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɉɉȼȾ, ɦ2 ɉɉȼȾF  933,04 

Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ɉɉ, ɲɬ. ɉɉȼȾz  180 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɉɉȼȾ, ɲɬ. ɉɉȼȾ
ɫɟɤz  1 

ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ  ɉɉ ɩɨ ɯɨɞɭ ɝɚɡɨɜ, ɲɬ. 2
ɉɉȼȾz  2 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɉɉȼȾ, ɦ/c ɝ  
10,336 

ɋɤɨɪɨɫɬɶ ɩɚɪɚ ɜ ɬɪɭɛɤɚɯ ɉɉȼȾ, ɦ/c ɩ  
10,849 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɂȼȾ, ˚ɋ ИȼȾt  152,67 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɂȼȾ, ȼɬ/(ɦ2·Ʉ) ИȼȾk  119,069 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɂȼȾ, ɦ2 ИȼȾF  2253,636 

Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ɂȼȾ, ɲɬ. ИȼȾz  436 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɂȼȾ, ɲɬ. ИȼȾ
ɫɟɤz  3 

ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɢɫɩɚɪɢɬɟɥɹ ɩɨ ɯɨɞɭ ɝɚɡɨɜ, ɲɬ. 2
ИȼȾz  6 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɂȼȾ, ɦ/c ɝ  
10,336, 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɷɤɨɧɨɦɚɣɡɟɪɚ, ˚ɋ эɤt  87,30 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɷɤɨɧɨɦɚɣɡɟɪɚ, ȼɬ/(ɦ2·Ʉ) эɤk  101,445 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɷɤɨɧɨɦɚɣɡɟɪɚ, ɦ2 эɤF  2065,34 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.6 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ɗȼȾ, ɲɬ. эɤz  2972 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɗȼȾ, ɲɬ. эɤ
ɫɟɤz  2 

ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɗȼȾ ɩɨ ɯɨɞɭ ɝɚɡɨɜ, ɲɬ. 2
эɤz  4 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɗȼȾ, ɦ/c ɝ  
8,176 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɉɉɇȾ, ˚ɋ ɉɉɇȾt  44,74 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɉɉɇȾ, ȼɬ/(ɦ2·Ʉ) ɉɉɇȾk  60,625 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɉɉɇȾ, ɦ2 ɉɉɇȾF  549,709 

Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ɉɉɇȾ, ɲɬ. ɉɉɇȾz  106 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɉɉɇȾ, ɲɬ. ɉɉɇȾ
ɫɟɤz  1 

ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɉɉɇȾ ɩɨ ɯɨɞɭ ɝɚɡɨɜ, ɲɬ. 
2
ɉɉɇȾz  2 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɉɉɇȾ, ɦ/c ɝ  
7,44 

ɋɤɨɪɨɫɬɶ ɩɚɪɚ ɜ ɬɪɭɛɤɚɯ ɉɉɇȾ, ɦ/c ɩ  
19,16 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɂɇȾ, ˚ɋ ИɇȾt  20,58 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɂɇȾ, ȼɬ/(ɦ2·Ʉ) ИɇȾk  109,828 

ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɂɇȾ, ɦ2 ИɇȾF  7212,627 

Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ɂɇȾ, ɲɬ. ИɇȾz  1397 

ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɂɇȾ, ɲɬ. ИɇȾ
ɫɟɤz  7 

ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ɂɇȾ ɩɨ ɯɨɞɭ ɝɚɡɨɜ, ɲɬ. 
2
ИɇȾz  14 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɂɇȾ, ɦ/c ɝ  
6,76 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ȽɉɄ, ˚ɋ ȽɉКt  15,10 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ȽɉɄ, ȼɬ/(ɦ2·Ʉ) ȽɉКk  108,144 
ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ȽɉɄ, ɦ2 ȽɉКF  10795,91 
Ɉɛɳɟɟ ɱɢɫɥɨ ɬɪɭɛ ȽɉɄ, ɲɬ. ȽɉКz  2092 
ɑɢɫɥɨ ɪɹɞɨɜ ɫɟɤɰɢɣ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ȽɉɄ, ɲɬ. ȽɉК

ɫɟɤz  10 

ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛ ȽɉɄ ɩɨ ɯɨɞɭ ɝɚɡɨɜ, ɲɬ. 
2
ȽɉКz  20 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ȽɉɄ, ɦ/c ɝ  
5,46 

 
 Ʉɨɧɟɱɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɫɱёɬɚ ɫɬɚɧɨɜɢɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɪɚɡɦɟɪɨɜ ɜɫɟɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɢ ɩɨɫɬɪɨɟɧɢɟ ɬɪёɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɤɨɬɥɚ-
ɭɬɢɥɢɡɚɬɨɪɚ (ɪɢɫɭɧɨɤ 2.11). 
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Ɋɢɫɭɧɨɤ 2.11 – 3D-ɦɨɞɟɥɶ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 

 
 2.4 ɍɤɪɭɩɧɟɧɧɵɣ ɪɚɫɱɟɬ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ 
 
 Ɋɚɫɱёɬ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ [19]. 
 ɇɚ ɪɢɫɭɧɤɟ 2.12 ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ. 
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Ɋɢɫɭɧɨɤ 2.12 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ h-s-ɞɢɚɝɪɚɦɦɟ 

 
 ɄɉȾ ɑȼȾ 0

ɜɞ
i  ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɩɪɢɛɥɢɠɟɧɧɨɣ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ 

ɞɥɹ ɝɪɭɩɩɵ ɫɬɭɩɟɧɟɣ ɦɚɥɨɣ ɜɟɟɪɧɨɫɬɢ: 
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 (2.146) 

 
ɝɞɟ 0,5

0( )ɫɪ z     – ɫɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɨɛɴёɦ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ, ɦ3/ɤɝ; 

  0 00,95 , 0,046ɜɞ
ɜɞf ɪ h     – ɭɞɟɥɶɧɵɣ ɨɛɴёɦ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɑȼȾ ɫ 

ɭɱёɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɚɯ, ɦ3/ɤɝ; 
 0,294z   – ɭɞɟɥɶɧɵɣ ɨɛɴёɦ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɑȼȾ, ɦ3/ɤɝ; 
 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
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 0 0 0 656,607ɜɞ ɜɞ zH h h   – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɝɪɭɩɩɵ ɫɬɭɩɟɧɟɣ, 
ɤȾɠ/ɤɝ;  
 0 3484,263ɜɞh  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɉȼȾ ɩɪɢ 0

ɜɞɪ , ɤȾɠ/ɤɝ; 

  0 0, 2827,657z ɧɞ
ɧɞh f p s   – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɑȼȾ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ, ɤȾɠ/ɤɝ; 
 1ɜɥk   – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɚɠɧɨɫɬɶ ɩɚɪɚ. 
 Ɍɨɝɞɚ ɩɨɥɭɱɚɟɦ: 
 

 
2
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 ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ, ɤȾɠ/ɤɝ: 
 
 0 0 ,ɜɞ ɜɞ ɜɞ

i iH H    (2.147) 
 

ɝɞɟ 0 656,607ɜɞH   – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɝɪɭɩɩɵ ɫɬɭɩɟɧɟɣ, ɤȾɠ/ɤɝ;  
 0 0,771ɜɞ

i   – ɄɉȾ ɑȼȾ. 
 
 656,607 0,771 506,348ɤȾɠ/ɤɝ.ɜɞ

iH     
 
 ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɑȼȾ, ɤȾɠ/ɤɝ: 
 
 0 ,ɜɞ ɜɞ ɜɞ

ɜыɯ ih h H   (2.148) 
 
ɝɞɟ 0 3484,263ɜɞh  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɉȼȾ ɩɪɢ 0

ɜɞɪ , ɤȾɠ/ɤɝ; 
 
 3484,263 506,348 2977,915ɤȾɠ/ɤɝ.ɜɞ

ɜыɯh     
  
 ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɑɇȾ, ɤȾɠ/ɤɝ: 
 

 0( )
,

ɜɞ ɧɞ
ɜɞ ɜыɯ ɧɞ Ⱦɧɞ

ɫɦ
ɜɞ ɧɞ Ⱦ

D h D D h
h

D D D

   


 
 (2.149) 

 
ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
 7,792ɧɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.93)); 
 0,589ȾD   – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.94)); 
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 0 2954,124ɧɞh   – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɉɇȾ ɩɪɢ 0
ɧɞɪ , ɤȾɠ/ɤɝ. 

 
  

 
28,542 2977,915 (7,792 0,589) 2954,124

2973,121ɤȾɠ/ɤɝ.
28,542 7,792 0,589

ɧɞ
ɫɦh

   
 

 
 

 
 Ⱦɥɹ ɪɚɫɱɟɬɚ ɄɉȾ ɑɇȾ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɷɦɩɢɪɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ: 
 

 0
0 4

0

400
0,87 1 ,

10

ɧɞ
ɧɞ ɜɫ
i ɜɥ ɧɞ

H H
k

H


  
      

 
 (2.150) 

 
ɝɞɟ 0 0 788,048ɧɞ ɧɞ ɧɞ

ɫɦ zH h h    – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑɇȾ, ɤȾɠ/ɤɝ; 
 0 2185,073ɧɞ

zh   – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɶɸ, ɤȾɠ/ɤɝ; 
 16ɜɫH   – ɩɨɬɟɪɢ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɤȾɠ/ɤɝ. 
 
 Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɜɥɚɠɧɨɫɬɢ: 
 

 0
0

0

1 0,4 (1 ) ( ) ,
ɜɥ

ɜɥ ɜɥ z ɧɞ
H

k
H

  
 

         
 

 (2.151) 

 
ɝɞɟ 0 788,048ɧɞH   – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑɇȾ, 
ɤȾɠ/ɤɝ;
 0 0 2700,837 2185,073 515,764ɜɥ ɧɞ

ɜɥ zH h h      – ɪɚɫɩɨɥɚɝɚɟɦɵɣ 
ɬɟɩɥɨɩɟɪɟɩɚɞ ɜ ɡɨɧɟ ɜɥɚɠɧɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ; 
 0 0  – ɤɨɷɮɮɢɰɢɟɧɬ ɜɥɚɠɧɨɫɬɢ ɩɟɪɟɞ ɑɇȾ; 
 0,155z ɜɥ   – ɤɨɷɮɮɢɰɢɟɧɬ ɜɥɚɠɧɨɫɬɢ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ. 
  

 
515,764

1 0,4 (1 0,155) (0 0,155) 0,966;
788,048ɜɥk

 
        

 
 

 0 4

788,048 400 16
0,87 1 0,966 0,852.

788,04810
ɧɞ
i        

 
  

 
 ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑɇȾ, ɤȾɠ/ɤɝ: 
 
 0 0 ,ɧɞ ɧɞ ɧɞ

i iH H    (2.152) 
 
ɝɞɟ 0 788,048ɧɞH   – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑɇȾ, ɤȾɠ/ɤɝ. 
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 788,048 0,852 671,779ɤȾɠ/ɤɝ.ɧɞ
iH     

 
 ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ, ɤȾɠ/ɤɝ: 
 
 ,ɧɞ ɧɞ ɧɞ

ɜыɯ ɫɦ ih h H   (2.153) 
 
ɝɞɟ 2973,121ɧɞ

ɫɦh   – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɑɇȾ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.149)). 
 
 2973,121 671,779 2301,342ɤȾɠ/ɤɝ.ɧɞ

ɜыɯh     
 
 ȼɧɭɬɪɟɧɧɹɹ ɦɨɳɧɨɫɬɶ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɤȼɬ: 
 
   ,ɉɌ ɜɞ ɧɞ

i ɜɞ i ɜɞ ɧɞ Ⱦ iN D H D D D H       (2.154) 

 
ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
 7,792ɧɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.93)); 
 0,589ȾD   – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.94)); 

 506,348ɜɞ
iH   – ɩɨɥɟɡɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑȼȾ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ 

(2.147)); 
 671,779ɧɞ

iH   – ɩɨɥɟɡɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑɇȾ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.152)). 
 

  28,542 506,348 28,542 7,792 0,589 671,779

38464,708ɤȼɬ.

ɉɌ
iN       


 

 
 Ɋɚɫɩɨɥɚɝɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɤȼɬ: 
 
  0 0 0 ,ɉɌ ɜɞ ɧɞ

ɜɞ ɜɞ ɧɞ ȾN D H D D D H       (2.155) 

 
ɝɞɟ 28,542ɜɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.85)); 
 7,792ɧɞD   – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɝ/ɫ 
(ɫɦ. ɮɨɪɦɭɥɭ (2.93)); 
 0,589ȾD   – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ, ɤɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (2.94)); 

 0 0 0 656,607ɜɞ ɜɞ zH h h    – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɝɪɭɩɩɵ ɫɬɭɩɟɧɟɣ, 
ɤȾɠ/ɤɝ; 
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 0 788,048ɧɞH   – ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɑɇȾ, ɤȾɠ/ɤɝ. 
 

  0 28,542 656,607 28,542 7,792 0,589 788,048

46909,372ɤȼɬ.

ɉɌN       


 

 
 Ɇɨɳɧɨɫɬɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɜɧɭɬɪɟɧɧɢɣ ɄɉȾ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ: 
 

 0
0

38,465
0,82.

46,909

ɉɌ
ɉɌ i
i ɉɌ

N

N
     (2.156) 

 
 2.5 Ɋɚɫɱёɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ  
 
 Ⱦɨɥɹ ɬɟɩɥɨɬɵ ȽɌɍ, ɧɚɩɪɚɜɥɹɟɦɨɣ ɫ ɜɵɯɨɞɧɵɦɢ ɝɚɡɚɦɢ ɜ ɤɨɬёɥ-
ɭɬɢɥɢɡɚɬɨɪ: 
  

 ,
Кɍ
ɝ

ɭɬ ɧ
ɪ

Q

ȼ Q
 


 (2.157) 

 
ɝɞɟ 115,373ɝQ   – ɬɟɩɥɨ, ɨɬɞɚɧɧɨɟ ɝɚɡɚɦɢ ɜ ɤɨɬɥɟ, Ɇȼɬ (ɫɦ. ɮɨɪɦɭɥɭ (2.112)); 
 41,894ɧ

ɪQ   – ɧɢɡɲɚɹ ɪɚɛɨɱɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɆȾɠ/ɦ3; 

 4,365ȼ   – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ȽɌɍ, ɦ3/ɫ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.77)). 
 

 
115,373

0,631.
4,365 41,894ɭɬ  


 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɉȽɍ: 
 

 ,
ȽɌɍ
Э

ɉȽɍ ȽɌɍ ɉɌɍ
Э Э

N
К

N N



 (2.158) 

 

ɝɞɟ 61,5ȽɌɍ
ЭN   – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ȽɌɍ, Ɇȼɬ; 

 38,465ɉɌɍ
ЭN   – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɉɌɍ, Ɇȼɬ (ɫɦ. ɮɨɪɦɭɥɭ 

(2.154)). 

 
61,5

0,615.
61,5 38,465ɉȽɍК  


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 ɄɉȾ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ȽɌɍ: 
 

 ,
ȽɌɍ

ȽɌɍ Э
Э ɧ

ɪ

N

ȼ Q
 


 (2.159) 

 

ɝɞɟ 61,5ȽɌɍ
ЭN   – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ȽɌɍ, Ɇȼɬ; 

 41,894ɧ
ɪQ   – ɧɢɡɲɚɹ ɪɚɛɨɱɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɆȾɠ/ɦ3; 

 4,365ȼ   – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ȽɌɍ, ɦ3/ɫ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.77)). 
 

 
61,5

0,336.
4,365 41,894

ȽɌɍ
Э  


 

 
 ɄɉȾ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɉɌɍ: 
 

 ,
ɉɌɍ

ɉɌɍ Э
Э

Кɍ

N

Q
   (2.160) 

 

ɝɞɟ 38,465ɉɌɍ
ЭN   – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɉɌɍ, Ɇȼɬ (ɫɦ. ɮɨɪɦɭɥɭ 

(2.154)); 
 115,373КɍQ   – ɬɟɩɥɨɬɚ, ɩɨɥɭɱɟɧɧɚɹ ɩɚɪɨɦ ɜ Ʉɍ, Ɇȼɬ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.111)). 
  

 
38,465

0,333.
115,373

ɉɌɍ
Э    

 
 ɄɉȾ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɉȽɍ: 
 

 ,
ȽɌɍ ɉɌɍ

ɉȽɍ Э Э
Э ɧ

ɪ

N N

ȼ Q






 (2.161) 

 

ɝɞɟ 61,5ȽɌɍ
ЭN   – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ȽɌɍ, Ɇȼɬ; 

 38,465ɉɌɍ
ЭN   – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɉɌɍ, Ɇȼɬ (ɫɦ. ɮɨɪɦɭɥɭ 

(2.154)); 

 41,894ɧ
ɪQ   – ɧɢɡɲɚɹ ɪɚɛɨɱɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɆȾɠ/ɦ3; 
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 4,365ȼ   – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ȽɌɍ, ɦ3/ɫ (ɫɦ. ɮɨɪɦɭɥɭ 
(2.77)). 
 

 
61,5 38,465

0,547.
4,365 41,894

ɉȽɍ
Э


 


 

 
 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɢɡɜɨɞɢɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɤɝ/(ɤȼɬ ɱ): 
 

 
0,123

0,225ɤɝ/(ɤȼɬ ɱ).ɉȽɍ
Э ɉȽɍ

Э
b


    (2.162) 

 
 3 ɗɤɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ ɩɪɨɟɤɬɚ 
 
 ɉɨɫɤɨɥɶɤɭ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɩɚɪɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɨɬɫɭɬɫɬɜɭɸɬ ɬɜёɪɞɵɟ 
ɱɚɫɬɢɰɵ, ɚ ɫɟɪɚ ɢɡ ɬɨɩɥɢɜɚ ɭɞɚɥɹɟɬɫɹ ɧɚ ɷɬɚɩɟ ɩɨɞɝɨɬɨɜɤɢ ɤ ɫɠɢɝɚɧɢɸ, 
ɨɫɧɨɜɧɵɦɢ ɡɚɝɪɹɡɧɹɸɳɢɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɜɵɛɪɚɫɵɜɚɟɦɵɦɢ ɜ ɚɬɦɨɫɮɟɪɭ, 
ɹɜɥɹɸɬɫɹ ɨɤɫɢɞɵ ɚɡɨɬɚ. 
 ɗɤɨɥɨɝɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ ɢ ɧɟɨɛɯɨɞɢɦɨɣ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ [22]. 
 
 3.1 Ɋɚɫɱёɬ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
 
 ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɜ ɚɬɦɨɫɮɟɪɭ NOx ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɝ/ɫ: 
 
 ,NO NOx ɋȽ nx

M C V B K     (3.1) 

 
ɝɞɟ NOxC  – ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɝɚɡɚɯ ɡɚ ȽɌ, ɦɝ/ɧɦ3; 

 ɋȽV  – ɨɛɴёɦ ɫɭɯɢɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ, ɦ3/ ɦ3; 

 15,714B   – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ Ʉɋ, ɬɵɫ. ɦ3/ɱ; 
 30,278 10nK    – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɫɱёɬɚ. 
 
 Ɉɩɪɟɞɟɥɢɦ ɧɟɞɨɫɬɚɸɳɢɟ ɜɟɥɢɱɢɧɵ. Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ɛɟɡ ɭɱёɬɚ ɜɩɪɵɫɤɚ 
ɜɨɞɵ: 
 
 ,ɋɍɏ

NO T Px
C a K K    (3.2) 
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ɝɞɟ 6,2a   – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱёɬɚ ɜɢɞɚ ɬɨɩɥɢɜɚ ɢ ɬɢɩɚ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ (ɞɥɹ 
ɦɢɤɪɨɮɚɤɟɥɶɧɵɯ ɝɨɪɟɥɨɤ) 
 6TK   – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱёɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɩɟɪɟɞ ȽɌ; 
 PK  – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ ɨɬ ɞɚɜɥɟɧɢɹ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 
 

 
16 0,23

,
6 0,77

ȿ
P

ȿ

Ɋ
K

Ɋ
 


 

 (3.3) 

 
ɝɞɟ 1,56ȿɊ   – ɞɚɜɥɟɧɢɟ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, Ɇɉɚ. 
 

 
16 1,56 0,23

2,879;
6 1,56 0,77PK
 

 
 

 

 
 36,2 6 2,879 107,096ɦɝ/ɧɦ .ɋɍɏ

NOx
C      

 
 Ʉɨɧɰɟɧɬɪɚɰɢɹ NOx ɫ ɭɱёɬɨɦ ɜɩɪɵɫɤɚ ɜɨɞɵ: 
 

 ,
ɋɍɏ
NOx

NOx
ɜɥ

ɋ
C

K
  (3.4) 

 
ɝɞɟ 4ɜɥK   – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱёɬɚ ɪɚɫɯɨɞɚ ɜɥɚɝɢ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ. 
 

 3107,096
26,774ɦɝ/ɧɦ .

4NOxC    

 
 Ɉɛɴёɦ ɫɭɯɢɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ, ɦ3/ ɦ3: 
 

    0 0 0
2

1 ,ɋȽ Ƚ H OV V V V      (3.5) 

 

ɝɞɟ 0 12,349ȽV   – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɦ3/ ɦ3; 

 0
2

2,371H OV   – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ ɦ3; 

 0 11,037V   – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ, ɦ3/ ɦ3; 
 2,237   – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ  
 

     3 312,349 2,371 2,237 1 11,037 23,633ɦ /ɦ .ɋȽV        
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 ȼɨɡɜɪɚɳɚɹɫɶ ɤ ɮɨɪɦɭɥɟ (3.1), ɨɩɪɟɞɟɥɹɟɦ ɜɟɥɢɱɢɧɭ ɜɵɛɪɨɫɨɜ: 
 
 326,774 23,633 15,714 0,278 10 2,479ɝ/ɫ.NOx

M        

  
 3.2 Ɋɚɫɱёɬ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 
 Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɜɵɫɨɬɚ ɞɵɦɨɜɵɯ ɬɪɭɛ, ɦ: 
 

 ,
ɩɞ

А Ɇ F m nɇ
C V T

  
 

 
 (3.6) 

 
ɝɞɟ 200А   – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɩɪɢɦɟɫɢ ɜ ɜɨɡɞɭɯɟ; 
 Ɇ  – ɫɭɦɦɚɪɧɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɫ; 
 2,479Ɇ  – ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɫ; 
 

2
1NOF   – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɯɚɪɚɤɬɟɪ 

ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɡɚɝɪɹɡɧɟɧɢɣ (ɞɥɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ); 
 0,9m  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɟɣ 
ɜɵɯɨɞɚ ɝɚɡɨɜ ɢɡ ɭɫɬɶɹ ɬɪɭɛɵ (ɞɥɹ 25 ɦ/ɫ); 
 1n   – ɱɢɫɥɨ ɬɪɭɛ ɨɞɢɧɚɤɨɜɨɣ ɜɵɫɨɬɵ; 
 330,78V   – ɫɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɢɡ ɬɪɭɛ 
(ɞɥɹ ɞɜɭɯ ɛɥɨɤɨɜ), ɦ3/ɫ; 
 71,076 19 52,076ɭɯ ɜT t       – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɭɯɨɞɹɳɢɯ ɢɡ 
ɬɪɭɛɵ ɝɚɡɨɜ ɢ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ℃; 
 2 0,084NO

ɩɞC   – ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɦɝ/ɦ3. 

 Ɍɨɝɞɚ:  
 

 
2

200 2,479 2 1 0,9 1
20,282ɦ.

0,084 330,78 52,076NOɇ    
  


 

 
 ȼɵɛɢɪɚɟɦ ɜɵɫɨɬɭ ɬɪɭɛɵ ɢɡ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ – 33,8 ɦ [23]. 
 Ɉɩɪɟɞɟɥɢɦ ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ: 
 

 0
0

3600
0,0188 ,

V
d




   (3.7) 

 
ɝɞɟ 330,78V   – ɨɛɴёɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɵ, ɦ3/ɫ; 

 0 25   – ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɬɪɭɛɵ, ɦ/ɫ. 
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 Ɍɨɝɞɚ: 
 

 0

330,78 3600
0,0188 4,103ɦ.

25
d


    

 
 ɗɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ: 
 
 ,эɮɇ ɇ ɇ    (3.8) 

 
ɝɞɟ ɇ  – ɜɵɫɨɬɚ ɩɨɞɴёɦɚ ɮɚɤɟɥɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ. 
 

 0. 01,9 ,
dɇ
V





  


 (3.9) 

 
ɝɞɟ 0. 4,2d   – ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ; 
 2V   – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦɟɬɪɨɜ ɧɚɞ ɭɪɨɜɧɟɦ ɡɟɦɥɢ, ɦ/ɫ; 
 1,42   – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ 
ɜɵɫɨɬɨɣ ɬɪɭɛɵ; 
 0 25   – ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɬɪɭɛɵ, ɦ/ɫ. 
 

 
4,2 25

1,9 70,246ɦ;
2 1,42

ɇ 
   


 

 
 33,8 70,246 104,046ɦ.эɮɇ     

 
 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ, ɦɝ/ɦ3: 
 

 
2 3

,ɦ
ɞɬ

А Ɇ F m nɋ
H V T

   


  
 (3.10) 

 
ɝɞɟ 200А   – (ɫɦ. ɮɨɪɦɭɥɭ (3.6));  
 2,479Ɇ   – ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (3.6)); 
 

2
1NOF   – (ɫɦ. ɮɨɪɦɭɥɭ (3.6)); 

 0,9m  – (ɫɦ. ɮɨɪɦɭɥɭ (3.6)); 
 1n   – (ɫɦ. ɮɨɪɦɭɥɭ (3.6)); 
 330,78V   – ɫɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɢɡ ɬɪɭɛ 
(ɞɥɹ ɞɜɭɯ ɛɥɨɤɨɜ), ɦ3/ɫ (ɫɦ. ɮɨɪɦɭɥɭ (3.6)); 
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 52,076T   – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɭɯɨɞɹɳɢɯ ɢɡ ɬɪɭɛɵ ɝɚɡɨɜ ɢ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ℃ (ɫɦ. ɮɨɪɦɭɥɭ (3.6)). Ɍɨɝɞɚ: 
 

 3

2 3

200 2,479 2 1 0,9 1
0,038ɦɝ/ɦ .

33,8 330,78 52,076
ɦɋ

    
 

 
 

 
 Ɂɧɚɱɟɧɢɟ ɩɪɢɡɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ 

2 30,084ɦɝ/ɦ .NO
ɩɞC   

 
 4 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɷɥɟɤɬɪɨɰɟɯɚ 
  
 4.1 ȼɵɛɨɪ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ 
 

ɉɨɦɢɦɨ ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɝɨ, ɤ ɨɫɧɨɜɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ 
ɬɚɤɠɟ ɨɬɧɨɫɹɬ ɝɟɧɟɪɚɬɨɪɵ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ.  
 Ƚɟɧɟɪɚɬɨɪɵ ɜɵɛɢɪɚɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɢɯ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ – ɩɨɥɧɨɣ ɦɨɳɧɨɫɬɢ [24]. 
 ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɰɟɯɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4.1. 
 
Ɍɚɛɥɢɰɚ 4.1 – ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɰɟɯɚ 

Ɉɛɨɪɭɞɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ƚɟɧɟɪɚɬɨɪ 
ȽɌ ɌɎ-65 
ɉɌ Ɍ-50-2 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 
ȽɌ ɌȾ-80000/220 
ɉɌ ɌɊȾɐɇ-63000/220 

 
 4.2 Ɋɚɡɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ 

 
 ɇɚ ɪɢɫɭɧɤɟ 4.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
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Ʉɍ

ɁɊɍ 220 ɤȼ

Ʉɍ

ɄɋɄɋ

ȼɨɡɞɭɯ ȼɨɡɞɭɯ

Ɍɨɩɥɢɜɨ Ɍɨɩɥɢɜɨ

ɌɎ-65

Ɍ-50-2

ɌɎ-65

Ɋɍ 6 ɤȼ - 2Ɋɍ 6 ɤȼ - 1

Ɍ-50-2

ɌɊȾɐɇ-
63000/220

ɌɊȾɐɇ-
63000/220

ɌȾ-80000/220ɌȾ-80000/220

 
Ɋɢɫɭɧɨɤ 4.1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ɍɗɋ 

 
 ɇɚ ɪɢɫɭɧɤɟ 4.2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
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11Ɍ

Ɋɚɛ. ɩɢɬ.-1ɉɇɇȾ11ɉɇȼȾ12ȽȾ12 ȽȾ11

ȼ2 ȼ1 Ɋɗɇ12 Ʉɗɇ12 Ʉɗɇ11

ɊɆɇ1ɐɇ11 ɆɇȽɌ1ɐɇ12 ɉɆɇ1

ɇ4 ɇ3 ɇ2 ɇ1

Ɍɇ-1

1Ɍɋɇ

Ɋɟɡ. ɩɢɬ.-1

Ɋ-1

ɊȼɆ-1

ɉɇɇȾ22ɉɇȼȾ22 Ɋɗɇ11

11ɌȽ

 
Ɋɢɫɭɧɨɤ 4.2 – ɋɯɟɦɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 6 ɤȼ 

  
 ɇɚ ɬɪɟɬɶɟɦ ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɜɵɞɚɱɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ. 
 
 4.3 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
 Ʉ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ ɨɬɧɨɫɹɬɫɹ ɪɚɡɥɢɱɧɵɟ ɧɚɫɨɫɵ, 
ɜɟɧɬɢɥɹɬɨɪɵ ɢ ɩɪɨɱɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 
 ȼɵɛɨɪ ɧɚɫɨɫɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɧɟɨɛɯɨɞɢɦɵɦ ɡɧɚɱɟɧɢɹɦ ɧɚɩɨɪɚ ɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ [26]. ȼɵɛɪɚɧɧɵɟ ɉɇ, Ʉɇ, ɐɇ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 
 
Ɍɚɛɥɢɰɚ 4.2 – ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɍɢɩ ɧɚɫɨɫɚ Ʉɨɥɢɱɟɫɬɜɨ Ɇɚɪɤɚ 
Ʉɨɧɞɟɧɫɚɬɧɵɣ 2×100% 8ɄɫȾ-5×3 
ɉɢɬɚɬɟɥɶɧɵɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 2×100% Ⱦ160-112ɚ 
ɉɢɬɚɬɟɥɶɧɵɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 2×100% ɉɗ-150-95 
ɐɢɪɤɭɥɹɰɢɨɧɧɵɣ 2×50% Ɉɉ2-87 
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 Ⱦɟɚɷɪɚɬɨɪ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɪɚɫɯɨɞɭ ɞɟɚɷɪɢɪɭɟɦɨɣ ɜɨɞɵ ɢ ɞɚɜɥɟɧɢɸ. ȼ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵɛɢɪɚɟɦ Ⱦɋɉ-160. 
 ȼɵɛɨɪ ɝɪɚɞɢɪɟɧ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɪɚɫɯɨɞɭ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɦ3/ɱ: 
 

 
 

3600,
ɜɞ ɜɞ Ⱦ

ɨɜ
ɜ

m D D D
D



  
   (4.1) 

 
ɝɞɟ 100m  – ɤɪɚɬɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɨɛɨɪɨɬɧɵɯ ɫɢɫɬɟɦ ɫ ɝɪɚɞɢɪɧɹɦɢ; 
 35,745ɜɞ ɜɞ ȾD D D    – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪ, ɤɝ/ɫ; 

 1000ɜ   – ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ, ɤɝ/ ɦ3. Ɍɨɝɞɚ: 
 

 3100 35,745
3600 14154,9ɦ /ɱ.

1000ɨɜD


    

 
 ɇɚ ɬɚɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨɞɯɨɞɢɬ ɜɟɧɬɢɥɹɬɨɪɧɚɹ ɝɪɚɞɢɪɧɹ ɄȾȼ 
20×20 ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɜɭɯ ɲɬɭɤ ɧɚ ɛɥɨɤ. ȼɵɛɨɪ ɨɛɭɫɥɨɜɥɟɧ ɜɨɡɦɨɠɧɨɫɬɶɸ ɬɚɤɢɯ 
ɝɪɚɞɢɪɟɧ ɪɚɛɨɬɚɬɶ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ –60 ɞɨ +60℃ ɡɚ ɫɱёɬ ɧɚɥɢɱɢɹ ɦɟɪ 
ɩɪɨɬɢɜɨɨɛɥɟɞɢɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɥёɝɤɨɫɬɶɸ ɜ ɦɨɧɬɚɠɟ (ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɛɚɲɟɧɧɵɦɢ) 
[25]. 
  
 5 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ 
   

Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɚɤɬɨɪɚ ɫ 
ɧɚɢɛɨɥɶɲɢɦ ɜɥɢɹɧɢɟɦ ɧɚ ɢɧɜɟɫɬɢɰɢɨɧɧɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ. 
ɉɪɨɢɡɜɟɞёɦ ɪɚɫɱёɬ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ 
ɭɬɨɱɧёɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɄɉȾ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɢ ɨɬɩɭɳɟɧɧɨɣ ɷ/ɷ.
  
 ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ, ɦɥɧ ɪɭɛ.: 
 

   
 

1
,

1 0,14
Э

э ɈɌɉ ɈɌɉ АɆ n
ЧȾȾ Ɍ U W U K

 
      

  
 (5.1) 

 
ɝɞɟ   15479K  – ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɦɥɧ ɪɭɛ.; 
 2,13Э

ɈɌɉU   – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ/ɤȼɬ ɱ;   

 1031,93АɆU   – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ ɪɭɛ.; 

 1353912ɈɌɉW   – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ ɱ;  

 n  – ɧɨɦɟɪ ɝɨɞɚ; 
 4,55эɌ   – ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ ɤȼɬ ɱ  (ɩɨ ɧɵɧɟɲɧɟɦɭ ɬɚɪɢɮɭ), 
ɪɭɛ/ɤȼɬ ɱ;  
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 ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɩɨ ɨɬɩɭɫɤɭ ɷ/ɷ, ɦɥɧ ɪɭɛ.: 
 

   ,Э
э ɈɌɉ ɈɌɉЧȾɉ Ɍ U W    (5.2) 

 
 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ Ⱥ.1. 
 Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1 ɢ 5.2. 
 
Ɍɚɛɥɢɰɚ 5.1 – Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɚɛɫɨɥɸɬɧɵɯ ɜɟɥɢɱɢɧɚɯ 

Ɏɚɤɬɨɪ  -30% -20% -10% 0 10% 20% 30% 

Ɍɚɪɢɮ ɧɚ ɷ/ɷ -3457,04 -490,88 2475,29 5 864,21 8407,61 11373,78 14339,94 

ɐɟɧɚ ɬɨɩɥɢɜɚ 5593,62 5542,90 5492,17 5 864,21 5390,73 5340,00 5289,28 

Ʉɚɩɢɬɟɥɶɧɵɟ 
ɜɥɨɠɟɧɢɹ 

12078,30 9866,02 7653,73 5 864,21 3229,17 1016,89 -1195,40 

ɇɨɪɦɚ ɞɢɫɤɨɧɬɚ 10783,76 8779,58 7010,01 5 864,21 4045,77 2799,33 1682,19 

 
Ɍɚɛɥɢɰɚ 5.2 – Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɜɟɥɢɱɢɧɚɯ 

Ɏɚɤɬɨɪ  -30% -20% -10% 0 10% 20% 30% 

Ɍɚɪɢɮ ɧɚ ɷ/ɷ -164% -109% -55% 0% 55% 109% 164% 

ɐɟɧɚ ɬɨɩɥɢɜɚ 3% 2% 1% 0% -1% -2% -3% 

Ʉɚɩɢɬɟɥɶɧɵɟ 
ɜɥɨɠɟɧɢɹ 

122% 81% 41% 0% -41% -81% -122% 

ɇɨɪɦɚ ɞɢɫɤɨɧɬɚ 98% 61% 29% 0% -26% -49% -69% 

 
 Ƚɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.1. 
 

 
Ɋɢɫɭɧɨɤ 5.1 – Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤɪɢɬɟɪɢɹ NPV 

-200%

-150%

-100%

-50%

0%

50%

100%

150%

200%

-30% -20% -10% 0% 10% 20% 30%

Ɍɚɪɢɮ ɧɚ ɷ/ɷ ɐɟɧɚ ɬɨɩɥɢɜɚ Ʉɚɩ. ɜɥɨɠɟɧɢɹ ɇɨɪɦɚ ɞɢɫɤɨɧɬɚ
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 Ɏɢɧɚɧɫɨɜɵɣ ɩɪɨɮɢɥɶ ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ ɧɚ ɪɢɫɭɧɤɟ 
Ⱥ.1. 
  
 6 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɫɬɚɧɰɢɢ 
 
 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɥɢɫɬ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫ 
ɢɡɨɛɪɚɠɟɧɢɟɦ ɜɫɟɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɩɪɟɞɟɥɚɯ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɧɨɜɧɵɦɢ ɨɛɴɟɤɬɚɦɢ.  
 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɉȽɍ-110 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɲɟɫɬɨɦ ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ 
ɱɚɫɬɢ.  
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ɁȺɄɅɘɑȿɇɂȿ 
 
 ɉɨ ɢɬɨɝɭ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥ ɜɵɛɪɚɧ ɫɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ:  
 – ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ ȽɌɗ-65; 
 – ɤɨɬёɥ ɭɬɢɥɢɡɚɬɨɪ ȿ-114/16-8,1/0,7-535/218-3,8; 
 – ɩɚɪɨɜɚɹ ɬɭɪɛɢɧɚ ɄɌ-36/33-7,5/0,12; 
 – ɝɟɧɟɪɚɬɨɪ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɌɎ-65; 
 – ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɌȾ-80000/220; 
 – ɝɟɧɟɪɚɬɨɪ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ Ɍ-50-2; 
 – ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ ɌɊȾɐɇ-63000/220. 
 Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɫɯɟɦɚ ɩɨɞɝɨɬɨɜɤɢ ɉɇȽ ɢ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ ɉȽɍ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɥɢɫɬɚɯ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ 1 ɢ 2. 
 Ɋɟɡɭɥɶɬɚɬɨɦ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱёɬɚ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɫɬɚɥ ɄɉȾ ȽɌɍ ɫ ɭɱёɬɨɜ 
ɨɯɥɚɠɞɟɧɢɹ ɥɨɩɚɬɨɤ ɩɟɪɜɵɯ ɫɬɭɩɟɧɟɣ 0,342 ɢ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ 
4,365 ɦ3/ɫ. 
 Ɍɟɩɥɨɜɨɣ ɪɚɫɱёɬ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ ɧɚ ɪɚɫɱёɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɝɚɡɨɜ ɡɚ ȽɌ 
ɡɚɜɟɪɲɢɥɫɹ ɨɩɪɟɞɟɥɟɧɢɟɦ ɄɉȾ Ʉɍ 0,899 ɢ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɧɬɭɪɚ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 102,75 ɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 28,05 ɬ/ɱ. 
 ȼ ɯɨɞɟ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɪɚɫɱёɬɚ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɧɨɜɵɟ ɡɧɚɱɟɧɢɹ ɱɢɫɥɚ 
ɪɹɞɨɜ ɫɟɤɰɢɣ ɜ ɤɚɠɞɨɣ ɢɡ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɢ ɢɫɩɚɪɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6. 
 Ɋɟɡɭɥɶɬɚɬɨɦ ɭɤɪɭɩɧёɧɧɨɝɨ ɪɚɫɱёɬɚ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ ɫɬɚɥ ɜɧɭɬɪɟɧɧɢɣ 
ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ 0,82 ɢ ɜɧɭɬɪɟɧɧɹɹ ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ ɧɚ ɪɚɫɱёɬɧɵɯ 
ɩɚɪɚɦɟɬɪɚɯ 38,465 Ɇȼɬ. 
 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɞɥɹ ɞɚɧɧɨɣ ɉȽɍ: 
 – ɄɉȾ ɉȽɍ: 0,547; 
 – ɍɊɍɌ: 0,225 ɤɝ/ɤȼɬ ɱ.  
 Ɋɚɫɱёɬ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɢ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢɡɟɦɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ NOx ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ ɜ 30,084ɦɝ/ɦ .  
 Ɍɚɤɠɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ 
ɡɧɚɱɟɧɢɹ, ɨɩɪɟɞɟɥёɧɧɵɟ ɜ ɯɨɞɟ ɪɚɛɨɬɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɡɧɚɱɟɧɢɟ 
ɱɢɫɬɨɝɨ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɨɝɨ ɞɨɯɨɞɚ (NPV) 5864,21 ɦɥɧ ɪɭɛ. ɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ 
ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 7,6 ɥɟɬ. 
 ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ, ɱɬɨ ɭɬɢɥɢɡɚɰɢɹ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ ɜ ɩɚɪɨɝɚɡɨɜɵɯ 
ɭɫɬɚɧɨɜɤɚɯ ɜɵɝɨɞɧɚ ɤɚɤ ɫ ɷɤɨɧɨɦɢɱɟɫɤɨɣ, ɬɚɤ ɢ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. 
Ɍɚɤɨɣ ɩɪɨɟɤɬ ɩɪɢɜɥɟɤɚɬɟɥɟɧ ɞɥɹ ɢɧɜɟɫɬɨɪɨɜ ɡɚ ɫɱёɬ ɜɵɫɨɤɨɣ ɜɧɭɬɪɟɧɧɟɣ ɧɨɪɦɵ 
ɞɨɯɨɞɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɥɭɱɲɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɜ 
ɪɟɝɢɨɧɟ, ɛɥɚɝɨɞɚɪɹ ɫɧɢɠɟɧɢɸ ɞɨɥɢ ɮɚɤɟɥɶɧɨɝɨ ɫɠɢɝɚɧɢɹ ɉɇȽ ɧɚ 
ɦɟɫɬɨɪɨɠɞɟɧɢɢ.  
 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɩɭɬɧɨɝɨ ɝɚɡɚ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ 
ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɜɢɬɢɹ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
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ɤɨɦɩɥɟɤɫɚ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɧɚ ɬɚɤɨɦ ɞɟɲёɜɨɦ ɬɨɩɥɢɜɟ, ɤɚɤ ɉɇȽ, 
ɜ ɫɟɜɟɪɧɵɯ ɢ ɞɚɥɶɧɟɜɨɫɬɨɱɧɵɯ ɪɟɝɢɨɧɚɯ ɩɨɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɡɜɢɬɢɸ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɞɪɭɝɢɯ ɫɮɟɪ ɱɟɥɨɜɟɱɟɫɤɨɣ ɠɢɡɧɢ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.1 – Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 

ɉɟɪɢɨɞ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ ɩɨ 
ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ 

-15479,0 

               

Ɍɚɪɢɮ ɧɚ ɷ/ɷ, 
ɪɭɛ./Ɇȼɬ⋅ɱ 

 

4,5500 

              

ȼɵɪɭɱɤɚ ɨɬ 
ɪɟɚɥɢɡɚɰɢɢ, ɦɥɧ. ɪɭɛ 

 

6160,3 

              

Ɋɚɫɱёɬɧɵɟ ɡɚɬɪɚɬɵ  
ɦɥɧ.ɪɭɛ. 

 

2884,1 

              

ɋɬɨɢɦɨɫɬɶ ɮɨɧɞɨɜ ɧɚ 
ɧɚɱɚɥɨ ɝɨɞɚ 

 

15479,0 

14447,1 

13415,1 

12383,2 

11351,3 

10319,3 

9287,4 

8255,5 

7223,5 

6191,6 

5159,7 

4127,7 

3095,8 

2063,9 

1031,9 

ɋɬɨɢɦɨɫɬɶ ɮɨɧɞɨɜ ɧɚ 
ɤɨɧɟɰ ɝɨɞɚ 

 

14447,1 

13415,1 

12383,2 

11351,3 

10319,3 

9287,4 

8255,5 

7223,5 

6191,6 

5159,7 

4127,7 

3095,8 

2063,9 

1031,9 

0,0 
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ɞɨ
ɜɚ

ɹ 
ɫɬ

ɨɢ
ɦɨ

ɫɬ
ɶ 

ɮɨ
ɧɞ

ɨɜ
 

  

14963,0 

13931,1 

12899,2 

11867,2 

10835,3 

9803,4 

8771,4 

7739,5 

6707,6 

5675,6 

4643,7 

3611,8 

2579,8 

1547,9 

516,0 

ɇ
ɚɥ

ɨɝ
 ɧ

ɚ 
ɢɦ

ɭɳ
ɟɫ

ɬɜ
ɨ 

  

329,2 

306,5 

283,8 

261,1 

238,4 

215,7 

193,0 

170,3 

147,6 

124,9 

102,2 

79,5 

56,8 

34,1 

11,4 
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3276,2 

3276,2 

3276,2 

3276,2 

3276,2 

3276,2 

3276,2 

3276,2 
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3276,2 

3276,2 

3276,2 
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3276,2 
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ɚɝ
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ɦɚ
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ɩɪ
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ɵɥ
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2947,0 

2969,7 

2992,4 

3015,1 

3037,8 

3060,5 

3083,2 

3105,9 

3128,6 

3151,3 

3174,0 

3196,7 

3219,4 

3242,1 

3264,8 
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, ɦ
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589,4 

593,9 

598,5 

603,0 

607,6 

612,1 

616,6 

621,2 

625,7 

630,3 

634,8 

639,3 

643,9 

648,4 

653,0 
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2357,6 

2375,8 

2393,9 

2412,1 

2430,2 

2448,4 

2466,6 

2484,7 

2502,9 

2521,0 

2539,2 

2557,4 

2575,5 

2593,7 

2611,9 
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ɱɢ
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1031,9 

1031,9 

1031,9 

1031,9 

1031,9 

1031,9 

1031,9 

1031,9 

1031,9 

1031,9 

1031,9 

1031,9 

1031,9 

1031,9 

1031,9 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 
ɉɟɪɢɨɞ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

ɋɚɥɶɞɨ ɨɬ 
ɨɩɟɪɚɰɢɨɧɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ 

0,0 

3389,5 

3407,7 

3425,8 

3444,0 

3462,2 

3480,3 

3498,5 

3516,7 

3534,8 

3553,0 

3571,1 

3589,3 

3607,5 

3625,6 

3643,8 

ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ 
ɩɨɬɨɤ ɑȾɉ, ɦɥɧ. ɪɭɛ 

-15479,0 

3389,5 

3407,7 

3425,8 

3444,0 

3462,2 

3480,3 

3498,5 

3516,7 

3534,8 

3553,0 

3571,1 

3589,3 

3607,5 

3625,6 

3643,8 

ɑȾɉ ɧɚɪɚɫɬɚɸɳɢɦ 
ɢɬɨɝɨɦ    (ɑȾɉɇɂ)        

-15479,0 

-12089,5 

-8681,8 

-5255,9 

-1811,9 

1650,2 

5130,6 

8629,1 

12145,7 

15680,5 

19233,5 

22804,7 

26394,0 

30001,4 

33627,1 

37270,9 

Ⱦɢɫɤɨɧɢɪɨɜɚɧɧɵɣ 
ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ȾȾɉ 

-15479,0 

2973,3 

2622,1 

2312,3 

2039,1 

1798,1 

1585,6 

1398,1 

1232,8 

1087,0 

958,4 

845,0 

745,0 

656,8 

579,0 

510,5 

ȾȾɉ ɧɚɪɚɫɬɚɸɳɢɦ 
ɢɬɨɝɨɦ (ȾȾɉɇɂ) 

-15479,0 

-12505,7 

-9883,6 

-7571,3 

-5532,2 

-3734,0 

-2148,4 

-750,3 

482,5 

1569,5 

2527,9 

3372,9 

4117,9 

4774,7 

5353,7 

5864,2 

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ NPV, ɦɥɧ. ɪɭɛ. 5 864,21 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ IRR, % 21,08 
ɂɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɯ ɢɧɜɟɫɬɢɰɢɣ DPI 1,38 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ DPP, ɥɟɬ 7,6 
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Ɋɢɫɭɧɨɤ Ⱥ.1 – Ɏɢɧɚɧɫɨɜɵɣ ɩɪɨɮɢɥɶ ɩɪɨɟɤɬɚ 

-16000,0

-6000,0

4000,0

14000,0

24000,0

34000,0

0 2 4 6 8 10 12 14

Ɂɧ
ɚɱ

ɟɧ
ɢɟ

, ɦ
ɥɧ

.ɪ
ɭɛ

ɉɟɪɢɨɞ, ɝɨɞ

ɑȾɉ (ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ), ɦɥɧ.ɪɭɛ

ɑȾɉɇɂ (ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ), ɦɥɧ.ɪɭɛ

ȾȾɉ (Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ), ɦɥɧ.ɪɭɛ




